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UHopmaTuKa n BblYUCIUTESNIbHAA TeXHUKA
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KNACCU®UKATOP OBJTIACTU 3HAHUN

KAK UHOOPMALMOHHAA MOLEJb

CUCTEMbI CTPYKTYPHOI'O CUHTE3A.
NMPOBJIEMbI ETO CO30AHUA U PACLULMPEHUA

O.B. ManuHa, A.C. Moucees, E.A. ManuHa

Wxesckul eocy@apcmeeHHbIU mexHudeckul yHueepcumem umeHu M. T. KanawHukoea,
2. Mxesck, Poccusi

Heasp. Mcnonp3oBaHue NPUHIMNAAIBHO HOBBIX MOIXOAO0B I PEIICHUS 3a/1a4H CTPYKTYpHOTO
cuHTe3a cnabo (popMaTH30BaHHBIX O0BEKTOB — C OJTHOW CTOPOHEI, BRI30B BPEMEHH, TPEOYIOIMIHUI CO-
KpallleHUsI BpEMEHH pa3pabOTKH W TIONYYCHHUS KAaYeCTBCHHBIX TEXHHYECKHX pCIICHUH, C APYroi
CTOPOHBI, Pe3yNbTaT UCCICIOBAaHUM, TIO3BOIIIONINX HCIIONF30BaTh HHBAPHUAHTHBIC MIEPEOOPHBIC al-
TOPHUTMBI JUIS PEIICHUS 3aIa49H CTPYKTYPHOTO CHHTe3a. PelieHne yka3aHHOH 3aadu IpeaiaracMbIM
crocoOoM TpeOyeT Co3IaHUs MHOXKECTBA JaHHBIX W 3HAHHM, Mepebop KOTOPOTO AACT HUCKOMEIH pe-
3ynbraT. @opMHpOBaHHE JaHHOTO MHOXKECTBA, MOAEPKaHHE ero B KOPPEKTHOM M aKTyaJIbHOM CO-
CTOSIHMM — Cepbe3Hasi 3ajia4ya, TpeOyromas BbIpa00OTKH HOBBIX MOJXO0J0B, (hOPMAaTH3aHU MTPOIUKTO-
BaHHBIX 3TUMH II0JIXOJJAMHU MPOLIECCOB U pa3paboTku anroputMoB. Meroabl. Jtanamu GpopmupoBa-
HUS YKa3aHHOTO MHOXKECTBA SIBJIAIOTCS: COOP MAHHBIX O CYIIECTBYIOUIMX TEXHHYECKUX PEIICHUSX,
ux QopmanbHOe omucaHue, 0000IIeHHEe ITHX OMUCAHHI ¢ (POPMUPOBAHUEM HEKOTOPOM CTPYKTYPBI,
MTO3BOJISIIOIIEH OJJHO3HAYHO MJCHTU(UIIMPOBATH KaXIbIH CYLIECTBYIOIINN O0BEKT M CO3JaBaTh HO-
BB ITyTeM KOMOWHAITUY UMCIOIIUXCS 3HAHUN U IyTeM MOJCPHU3AINH U3BECTHBIX TEXHHUYCCKIX
pemreHmii. B kauectBe cTpyKTYpHI, 0000mMaromeii JaHHbBIC KOHKPETHON 00JIacTH 3HAHMH, Ipe/yiara-
€TCs MCIIONIF30BaTh KIACCU(PUKATOP, OCOOCHHOCTBI0 KOTOPOTO SBISACTCS TO, YTO MPH €ro OpraHU3a-
IUHU pealM30BaHbI JIBa METOJA CO3JaHUA: Mepapxudeckuii u QacetHelil. Co3maHue TaKoro KIIACCH-
¢uKaTopa M moAIepKaHUEe €r0 B KOPPEKTHOM COCTOSIHUH — 3ajlada, TIO3BOJIAIONIAs PEIIUTh Mpooiie-
My (opMHEpoBaHUS HHHOPMAIIMOHHOTO 00ECIeUeHIsI CHCTEM CTPYKTYPHOTO CHHTe3a ciabo gopma-
JIN30BaHHBIX OOBEKTOB Cpe/iHEl U BBICOKOI cTeneHu cinokHocTH. PesyabTatsl. [Iporece co3ganus
TaKOTO0 KJIaCCHU(PHUKATOpa CTATIKUBACTCA C PAIOM IIPOoOIIeM, BBISIBIEHHE KOTOPBIX — MEPBBIN IIar B Ha-
MIpaBJICHUU Pa3paboTKH KayeCTBEHHOTOo MH(OPMAIMOHHOTO oOecredeHus. YKa3aHHbIE TpPOOIEeMBbI
BO3HHUKAIOT Ha Ka)KIOM M3 ITAIlOB aHAJIN3a NMPEeIMETHOI 007acTi (aHATU3 CYIIECTBYIOIINX BapHaH-
TOB HCIIOJIHEHHSI 00BEKTOB; 0000IIeHHE 3HAHUH O PACCMOTPEHHBIX 00BEKTaX; AOMOIHEHUE (PacIIy-
penue) kaaccudpukatopa). IlpuanHamMu UX BO3SHUKHOBEHHUS MOT'YT CTaTh HapylICHHE MPHHIIUIA JT0C-
TATOYHOCTH TPH aHAN3E U JCKOMIIO3UINH, HAPYIICHIE HEPAPXUIHOCTH CTPYKTYPHI P 00001mIIe-
HUH B IPOIECCE MOCTPOCHUSI MOICTH MPEIMETHON 00JacTH, HapyIICHHE MPHU3HAKOB 00513aTeIBHO-
CTH W HEOOS3aTEIBPHOCTH IIPH CHHTE3C W PACIIMPCHUU MOJCIH, OCHOBY KOTOPOW COCTABIIIET KIIAC-
cudukarop. 3akiaoueHne. BrliBieHIe yKa3aHHBIX MPOOJIEM M UCCICIOBAHUS MPOIEcca WX HENOIy-
IICHUS ¥ TIPEOIONICHUS — BayKHAs 3a]a4ya, PEeIICeHHEe KOTOPOH TO3BOJIUT MaKCHMAIFHO (hOpMai30BaTh
IIPOLIECC CO3JJaHMUS KilacCU(pHKaTopa Kak MHPOPMAITHOHHON MOJIETTH CUCTEMBI CTPYKTYPHOT'O CHHTE3a.

Kniouesvie cnosa: xknaccugpurkayus, xkiaccuguxamop, 0606wennas mooeib, NPUHyUn 00Ccma-
MOYHOCTU, NPUHYUN IMEPOHCEHMHOCMU, CBOUCMBO «00A3AMENbHOCMUY.

Beenenne

ABTOMAaTH3aIHUs MPOILECCOB CO3J]AHHUS HOBBIX O0BEKTOB, OyJb TO KOHCTPYKIIUHM H3ACITUN Mallu-
HOCTPOEGHUSI, MPOTPaMMHBIE KOMIUIEKCHI MM TEXHHYECKHUE CHCTEMBI, SBISICTCS aKTyalbHOH 3amadei,
MOCKOJIbKY MMEHHO aBTOMAaTH3alHsl MO3BOJISIET CYIIECTBEHHO YCKOPHUTDH MPOLECC Pa3pabOTKH, MOTY-
YUTh CTPYKTYPHI C y4eTOM 0000IICHHOTO POQeCCHOHATBLHOTO ONbITa B chepe NesTeIbHOCTH, MAaKCH-
MaJIbHO COKPATHTh BEPOSTHOCTH IMOSIBICHUS OMIMOOK, CTABIIMX CIICJACTBUEM BIIMSHUS YEIOBEYECKOTO
¢akropa.
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VYpoBeHb mpoliecca aBTOMAaTU3aLMU IPOSKTUPOBAHHUA 00BEKTOB BO MHOT'OM OIIPEIEISETCS YPOBHEM
(hopmanmu3auy MpoIecCcoB, ONHUCHIBAIONINX KOHKPETHYIO MPEAMETHYIO 00JacTh, 4TO B CBOIO OYepellb
HaAIPAMYIO 3aBUCUT OT CJIOKHOCTH 00BEKTa MPOEKTUPOBAHUSI.

Menee ¢popMan30BaHHBIM, a 3HAYNUT, 1 MEHEE aBTOMAaTU3UPOBAHHBIM Ha CETOMHSIIHUNA IEHb OCTa-
eTcs TPOIIECC CTPYKTYPHOT'O CHHTE3a, B pe3yibTaTe KOTOporo GopMupyeTcs 00bEKT, OTBEUAIOIINIA Ha-
00Opy KpHTEpHEB, HAKIIAIBIBAEMBIX TTOCTAHOBIIIUKOM 3a]1a4H, KaKk HabOp KOHKPETHBIX MOJYJIEH, oXapak-
TEPU30BaHHBIX HAOOPOM MapaMETPOB, OAHO3HAYHO HICHTU(UIHUPYIOIUX STH MOTYIIH.

3amadya CTPYKTYPHOT'O CHHTE3a BO3HUKAET HE TOJNBKO MPH MPOEKTUPOBAHUM HOBBIX CTPYKTYyp. Bax-
HBIM HaIlpaBJICHUEM MPUMEHEHHSI CTPYKTYPHOTO CHHTE3a SIBIISIETCS MPOIlecC KOHDUTYPUPOBAHHUS CTPYK-
TYpBI IPH MOJIEPHU3ALNH CYIIECTBYIOLIETO U3AETH (3aMEHBI y3JI0B, AeTaleil).

B nanHOil cTaThe peub MOWIET O CTPYKTYpPHOM CHHTE3€ OOBEKTOB CpEAHEH CTENEHH CIIOXKHOCTH,
JUTS. KOTOPBIX HE CYIIECTBYET TMOJHAs MpeaMeTHas (0OecrieueHHast alrOpuTMaMH MPEIMETHOM 00IacTH)
(opmanuzanus npouecca Co3aaHus.

1. IToaxoa k pa3padoTke CHCTEMbI CTPYKTYPHOI'0 CHHTE3a

CornacHo pacCMOTpPEHHBIM paHee KiaccupukannoHHbIM (akTopam [1, 2], 1t u3nenuid cpeaHeid cre-
NICHH CJIOKHOCTH, PACCMOTPEHHIO KOTOPBIX IOCBSAILICHA JaHHAs CTaThs, B Ka4ecTBE 0a30BOI BBIOMPACTCS TUIT
CTPYKTYPbI aBTOMaTU3UPOBAHHOM CUCTEMBI, OTBEYAIOIICH CIIEAYIOINM KBATH(HKALIMOHHBIM IPU3HAKAM:

— 1o (HOpMYIHPOBKE 3a/1a4d MMPOSKTHPOBAHUS — TIONyYEHHE BapUaHTa KOHCTPYKIUH, YAOBJIETBO-
psiro1eil TpeOOBaHUSIM TEXHUYECKOTO 3a1aHHS;

— 110 0a30BOMY MOAXOJY K IMOJIyYCHHIO 33JJaHHON CTPYKTYPBI — IPOLIECCHI BEIOOPHI 3 MHOXKECTBA;

— 0 onpeeieHnto 0a30BOH QYHKIMHM CHCTEMBI M POJIM TEXHHYECKOTO 3a/IaHHsI B MPOIIECCE aBTO-
MaTH3UPOBAHHOIO MTPOEKTUPOBAHUS — IOOTIPEIETICHNE MHOKECTBA XapaKTEPUCTHUK;

— 110 0a30BOMY aJTOPUTMY IIPOLiecca CUHTE3a — ePeOOPHBIE AT OPUTMBI.

COBOKYIHOCTh KJIAaCCH()MKAMOHHBIX NPU3HAKOB, OMHCAHHBIX BBILIE, ITO3BOJSET CHOPMUPOBATH
TpeOOBaHMsI, BBITIOJHEHNUE KOTOPBIX CTAHET ATAallaMu pa3pabOTKU YKa3aHHON CUCTEMBI.

Urtak, ykazaHHas cucTeMa J0JKHA!

— (opMHUpOBaTH MHOKECTBO TEXHUYECKHUX PEIICHHH, OTBEYAIOLINX TPEOOBAaHUAM TEXHHUECKOTO 3a-
JTaHUs Ha OCHOBE TIEpEOOPHBIX AITOPUTMOB;

— IPeJOCTaBUTh MOTPEOUTENO BO3MOKHOCTh BapHaIliK TPeOOBaHNUN TEXHUYECKOTO 33aJjaHHs B IIH-
POKHX mpefenax (Koraa oJHa U Ta e XapaKTepUCTUKA MOXET BBICTYIIATh WM [IapaMEeTPOM — Pe3yibTa-
TOM IIPOCKTHUPOBAaHMsA, NJIN KPUTCPUCM — UCXOJHBIM OTPAaHNYCHHUEM Ha IMPOLCCC NPOCKTUPOBAHUA.

CdopmynupoBaHHble TpeOOBaHUS, TPEABSIBIIEMble K (QYHKIHOHHUPOBAHUIO CHCTEMBI, TPEOYIOT
NPEeXJE BCETO CO3JaHMsI MHOKECTBA XapaKTEPUCTUK, ONMMCHIBAIOIINX KIACC MPOCKTHPYEMBIX OOBEKTOB,
Ha KOTOPBIX CUCTEMOH M OyAET OCYIIECTBIATHCSI KOMOMHATOPHBIN 1epedop.

2. Kinaccnduxarop — 0CHOBHbIE IOHATHSI U HCTOPHSA BOIIpOca

MHOXECTBO JaHHBIX, XapaKTePU3YIOMIMX NPEAMETHYI O0JIaCTh, OBLIO CHCTEMATH3WPOBAHO H
odopMIIEHO B BH/IE Ki1accu(puKaTopa.

[Monstue «knaccuukaum» U «KiIacCH(PHUKATOPa» HMCIONb3YeTCs B HAydyHOU cepe JTOCTaTOUHO
yacto [3—13], mpu 3TOM BapbUPYETCSl CMBICH, BKJIAAbIBAEMbIA B 3TH MOHATHUS, B 3aBUCUMOCTH OT 3aJad,
B PEIICHUH KOTOPHIX OHU HUCIOJIB3YIOTCS.

B 001eM noHMMaHuM «KjaacCH(PUKAIMsD» — 3TO, C OJHOW CTOPOHBI, CIIOCOO OpPraHU3aIui KaKoro-
00 MacCcHBa JAHHBIX C IEJhI0 CHCTEMAaTH3AINN 3HAaHUH 0 HEKOTOPOU 00JIacTH MM 00BEKTE, C IPYrou —
MIPOIIECC YKA3aHHOW CUCTeMAaTH3aIlNH.

Lenbto knaccu(puKaiy sSBJISICTCS YCTAHOBJICHHUE OINPEICIICHHON CTPYKTYpPBI MOPsIKa, HOPMATHBHO-
MEPHOTO YIOPSAI0YSHHSI MHOYKECTBA, KOTOPOE pa30nBaeTCs Ha TeTePOHOMHEIE (Pa3HOPOIHBIE) APYT TO
OTHOINICHUIO K JAPYTY, HO TOMOTEHHbIE (OHOPOJHBIC) BHYTPH ceOs 10 KaKOMY-THOO MpPU3HAKY, OTIe-
JICHHBIE JIPYT OT JIpyra moaMHokecTna [14].

OnHaKo MOHATHE «KJIACCU(PHUKAIUSI» HE CIEAYET pacCMaTPUBaTh KakK MPOCTOE JAeJIeHHEe 00bEKTOB Ha
rpyNIbBl — Kiacchl. J{iist kmaccugukay CBOHCTBEHHEI CIIeIYIOIINE TPUHITUITHATEHBIE 0COOCHHOCTH.

1. Kitaccudukanus — 370, Kak IpaBUJIo, CHCTEMA TOCIEeI0BATCIBHBIX JEICHUH.

2. JleneHus Ha KjJacchl B paMKax KilacCU(DUKALMK OCYIICCTBISICTCS C TOUKU 3PCHUS HAJTUYUS WM
OTCYTCTBHS Y 00bEKTOB HEKOTOPBIX IPHU3HAKOB.
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3. Ilo mecTy 00BeKTa B cCTEME KIaCCU(PHUKALUU MOXKHO CYAHUTh O €r0 CBOWCTBAX.

4. Pe3ynbrathl KiIaccuUKaMKU MOTYT OBITh HPEACTAaBICHBI B BHIAC HEKOTOPHIX YHOPSIAOYEHHBIX
CTPYKTYP, YIOOHBIX Ul CHCTEMaTH3aIM1 YEIOBEKOM 3HAHUHN O MPEIMETHON 00IACTH.

OnpenenuBILINCH C TOHATHEM «KJIACCH(HKAIUs», BBEIEM HOHITHE «KJacCu()UKATOP», KOTopoe Oy-
JeT OTIMYaThesi oT obmenpuHsToro. Kak mpasuio, moj kiaccu@UKaTOpoM MOHUMAETCS CHCTEMAaTH3H-
POBaHHBIN epeyeHb HAMMEHOBAHUH 00BEKTOB, Ka’KAOMY M3 KOTOPBIX B COOTBETCTBHE JaH YHUKAJIbHBIH
koa. Takum oOpa3om «kiaccu(puKaTop» — 3TO Pe3ybTaT KiIacCupHUKaInu.

UYacro ki1accupuKaTopoM Ha3bIBAIOT JIHIIO, OCYIIECTBIISIONIEE KIAacCU(PUKAIIHIO.

OnHako B JaHHBIX HCCIIENOBAHUSX, MOCBSICHHBIX pa3padoTKe CHCTEM CTPYKTYPHOTO CHHTE3a, KIilac-
cuuKaTopoM OylieM Ha3bIBaTh MHCTPYMEHT, HA OCHOBAaHWH KOTOPOTO MOXKHO peajn30BaTh Kilaccu(uka-
LIUIO TaK, YTOOBI B Pe3yJsIbTaTe €€ KaXIblii OOBEKT MPeAMETHOM 001aCTH MOy CBOH YHUKAIBHBIN KOII.

3. TpedoBanus k kiaaccudpuraropy

[IpuBenenHoe BhIllEe OMpeneNeHUe MO3BOJSIET CPOPMYTUPOBATh TPeOOBaHMs, KOTOpBbIE HEOOXOAU-
MO BBITIOJIHUTD, YTOOBI KIaCCU(PHUKATOP MOT BBICTYNAaTh B KadecTBEe MH(OPMALIMOHHON 0a3bl mpoiecca
nepedopa B paMKax CTPYKTYPHOTO CHHTE3a.

[lepBoe TpebGoBaHME MOXHO C(OPMYIHPOBATH KaK COOJIIOJCHUE «IIPUHLUNA IOCTATOYHOCTI.
[IprdyeM OOCTaTOYHOCTH NOJKHA OBITH COOMIOACHA KaK «CBEPXY» — MEHBIIE HENb3f, TAK U «CHU3Y» —
OoJIbIIIe HE CTOUT.

JoCTaTouHOCTh «CBEPXY» MOXKHO c(hOpMYIHpPOBaTH TakK: KOJMYECTBO KIACCU(PHUKAIMOHHBIX MPH-
3HAKOB JIOJDKHO OBITH JOCTaTOYHBIM ISl TOTO, YTOOBI KaXKIBIH 3K3EMIUIIP OOBEKTa MMET CBOW YHH-
KaJIbHBIM KOJI, TAK 4TO JFOOBIC IBa PA3THMYHBIX IO CTPYKTYpe 00BEKTa UMEIOT OTIIMYHBIC KOJIBL.

JoCcTaTouHOCTh «CHU3Y» MO3BOJISIET OTCEYb HE3HAUUMEIE JIJIsl MPOSKTHUPOBIIMKA MPU3HAKU — CBOW-
cTBa 00BEKTA, OTPAHUYMB TEM CaMbIM KOJIMYECTBO NPU3HAKOB, YYaCTBYIOLIUX B PACCMOTPEHHUH.

Bropoe TpeboBanue npu co3naHnM Kiaccupukaropa Kak HHOOPMALMOHHOTO 00ECTICYEHUS CHUCTE-
MBI CTPYKTYPHOTO CHHTE3a — 3TO BO3MOKHOCTh peallu3allis CMEIaHHOH cTpyKTypbl. Kak npaBuiio, BbI-
JETSIOT Ba METOa co3Manus Kiaccudukaropa [15]: nepapxuueckuii 1 paceTHBIMH.

Uepapxuueckuil mpeanonaracT MocieAoBaTeIbHOE JEJICHUE MHOXKECTBa Ha MOAYMHEHHBIC IOJ-
MHOXECTBA, OCHOBaHHEM JICJICHHsI KOTOPOTO SBISIETCS KiacCU(UKAIIMOHHBIH MPHU3HAK, ¢ POpPMUPOBa-
HUEM CTPYKTYPBI THIIA «ICPEBOY.

DacerHas knaccu(pUKaLKs MO3BOJSET pacCMaTPUBATh MHOKECTBO PU3HAKOB, Pa30MBAIOIINX OJHO
M TO K€ UCXOJJHOE MHOYKECTBO OOBEKTOB Ha Pa3IMYHbIC IOJJMHOKECTBA, B 3aBUCHIMOCTH OT BEIOPaHHOTO
npusHaka — ¢acera. iIMeHHO (haceTHBIN MeTO]| T03BOIIsieT (HOPMHUPOBATH KOJ OOBEKTA.

PaccmarpuBass B KauecTBe OOBEKTa KiacCU(DUKALMM M3ICIUS CPEAHEH CTElEHH CIIOXHOCTH,
HMEIOILETO HEMPOCTYIO0 BHYTPEHHIOIO CTPYKTYPY, JJOTMYHO BBHIIOJIHUTH aHaJIu3 (yHKINOHAIBHOTO YCT-
POKCTBa MEPAPXUYECKUM METOJIOM, HCIOJIb3Ysl MPUBBIYHBIC B MIPEIMETHONW O00JACTH TEPMUHBI, HATIPHU-
Mep: «y3JIbD», «IIOJY31IbD», «COOPKN», IIOJCOOPKI», «IETAIN, KIIOBEPXHOCTUY.

Bce npoune knaccudukanroHHble 0COOCHHOCTH 00BEKTOB (KaK TO: MaTepHal, pasMmep, Bec, popma
U T. JI.) — pe3yibTaT paceTHOH KiaccupuKammu.

B pesynbraTte Takoro moaxoaa Kiaccu(pUKAIMOHHBIH KO 00BEKTa — 3TO COBOKYITHOCTh BCEX KOJIOB
BCEX AIIEMEHTOB HEPAPXUUECKOTO PA3I0KEHHUSL.

Tpetbe TpeOoBanue npu pa3paboTke KinaccuukaTropa — 3TO COOIMIOAEHHE «IPUHLINIA IMEPIKCHT-
HOCTH», COCTOSIIIETO B HEAOMYIIECHUH TOSBIICHHUS B XapaKTEPUCTHKAX 00BEKTa CBOWCTB, PUCYIIUX €TO
3JIEMEHTaM.

Peanuzanust 1aHHOTO MPHHLMIA OCBOOOAMT MH(OPMAIMOHHYIO 0a3y OT AyOnMpOBaHHS JaHHBIX
(xorza OfIHO M TO K€ CBOMCTBO MPUHAJICIKUT U OOBEKTY, U €T0 YaCTH M TIPU OMUCAHUM TyOIUPYETCs).

PaccmoTtpeB 6a3oBbie TpeOOBaHHS, MOKHO KPaTKO MPEACTaBUTh OCHOBHBIE METO/IbI (DOPMHUPOBAHUS
KJaccu(puKaTopa, NpeIBapuTeIbHO ONPEAETHB €r0 CTPYKTYPY.

4. MeToabl MOCTPOeHUs KaaccuduraTopa

CTpyKTypHO KiIacCH(UKATOpP MPEACTABISICT COO0H MEepapXHYECKU JICKOMIIO3MPOBAHHOE U YIOpSI-
JOYEHHOE MHOXKECTBO BCEX CTPYKTYPHBIX JIEMEHTOB pacCMaTpHBAEMOro Kiacca 00bEKTOB, I KaXI0-
T'0 U3 KOTOPBIX cPOPMUPOBAHO HEOOXOJMMOE M IOCTATOYHOE MHOKECTBO (aceToOB — KJIacCH(UKAIIHOH-
HBIX NIPU3HAKOB C U3BECTHHIM HAOOPOM 3HAYCHHH.
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B paborax [16—-19] paccMoTpeHBl OCHOBHBIE METObI CO3AaHUs Kiaccu(uKaTopa, KOTOpbIE coaep-
JKaT CJIEAYIOIIUE JTalbl.

1. AHanmu3 CyIEeCcTBYIONINX BaApPUAHTOB HCIIOIHEHUSI O0BEKTOB.

2. O6001eHne 3HaHU| O PACCMOTPEHHBIX 0OBEKTAaX.

3. HononHenue (pacmupenue) KiaccuukaTopa.

5. IIpodsaemMbl mocTpoeHus KiaccupukaTopa (0c00eHHOCTH MO EIH)

AHanu3 CymecTBYIOINX BAPHAHTOB UCIIOIHEHHUS IS KaXKIOT0 BapuaHTa BHITIOIHIETCS B JBa Iara:

— MepapXU4ecKoe CTPYKTYPHOE pa3iokKEHHE «CBEPXY-BHU3;

— ONHMCaHUE KaXKAO0T0 CTPYKTYPHOTO 3JIEMEHTa «CHHU3Y-BBEPX» (IJIs1 MPENOTBPALLCHUS HapyLICHUS
MIPUHLIMIIA 3MEPIKEHTHOCTH, KOTa XapaKTepUCTHKAa KOMIIOHEHTAa OTHECEHA K IEJIOMY).

Onucanue KaXA0ro CTPYKTYPHOT'O 3JIEMEHTa BBIMOIHAETCS MOCPEICTBOM BBIABIECHHUS BCEX 3Haya-
IIMX XapaKTEPHCTHUK, COCTOSAIMX U3 KATETOPUU M 3HAUYCHUsI, HAIPUMED, «IIBET — KPACHBIN», «popma —
KpYTJIas», «KOJINYECTBO MOIIIUITHUKOB — 2.

[IpobnemMHBIMI 30HAMH 3Tala aHaIU3a CYIIECTBYIONINX BAPHAHTOB UCTIOIHEHHS OOBHEKTOB SIBIISIOTCS:

— He00X0AMMOCTH BBIIIOJIHEHHS IPUHIINIIA JOCTAaTOYHOCTH;

— He00X0AUMOCTh IPEOJONICHUS HAPYIIEHUSI NepapXUIeCKON CTPYKTYPBl NIPU Pa3oKEHUH, KOTAa
HEKOTOPBIN AJIEMEHT MMeEeT JABe MaTePUHCKHE BEPIIMHBI (BBIXOJHOW BaJl IEPBOM CTYNEHH JABYXCTYIECH-
4aTOTrO PEAYKTOpa ABISAETCS BXOIHBIM BaJIOM BTOPOM CTYIIEHH BYXCTYIEHYATOTO PEAYKTOPA.

Otan 0600meHus — 3To 3Tan HOPMHUPOBAHUS KIACCUPHUKATOPA, KOTIA YETKO YCTaHOBJICHBI CBSI3H
MEXY dJIEMEHTaMH, Pa3IoKEHHBIMH HEPAPXUUECKUM METOIOM, & MHOXKECTBO XapaKTEPUCTHK Ipeodpa-
30BaHO B MHOKECTBO (paceToB.

KoppekTHOCTh BBITOMHEHUS JAHHOTO 3Tala — HEMPEMEHHOE YCIOBHE BO3MOYKHOCTH HCIIOJIB30Ba-
HUSI TOJTY9YEHHOT0 KIacCU(pHUKaTopa Kak MOJIEJIN CHHTE3a.

[Ipobnembl JaHHOTO dTana 00yCcIOBICHBI HEOOSI3aTENEHOCTHIO OTJENBHBIX 3JIEMEHTOB, COCTABIISIO-
IIMX HEPAPXUUECKUIA CKEJIET Kilaccu(uKaTopa.

CrnenctBueM yKazaHHOH MpoOJeMbl SBISIETCS HECOOTBETCTBHE KOJIMUYECTBA (PYHKLIMOHAIBHBIX BJIe-
MEHTOB, COCTABISIIOIIMX CKEJIET KIacCU(pHUKATOpPa, KOJIMYECTBY IJIEMEHTOB KOHKPETHOW peau3aluu
00BEKTa, IPU ITOM MOIIHOCTH KoJia (KOJMYECTBO MPHU3HAKOB, XapaKTEPH3YIOIINX OOBEKT) OJMHAKOBA
IUIs BceX 0OBEKTOB AAHHOTO Kiacca.

Ycrpanenue ykazaHHOH NPOOJIEMBI pean3yeTcs 3a CUeT JIOTIOJHEHUSI B MHOXKECTBA IPU3HAKOB He-
00s13aTEIHHBIX BEPIIUH MyCTHIX 3HaUeHMH — NIL — «He uMeeT 3HauCHUD.

6. HeoOxogumocTh pacimupenns Kiaccupukaropa

Jononaenue kiaccu(ukaTopa — 3T0 OYeHb BAXKHBIN U TPYJO0EMKHUH Tporiecc. JJonoIHeHHe KIIacCH-
(i)I/IKaTopa B OTJIMYMEC OT IICPBBLIX JABYX 3TAallOB MOKET BBIMNOJHATHCA MHOTOKPATHO IO MEPEC ITOABJICHUA
HOBBIX 3HaHHH 00 00BEKTaX paccMaTpUBaeMOro Kiacca.

[lepBelii pa3 gononHeHne KiaccupuKaTopa MPOUCXOANUT IPU EPBOHAYATIHHOM (POPMUPOBAHUN MO-
Jienu.

HcxomHoe MHOKECTBO paccMaTprBaeMbIX 00BbEKTOB (TIepBOHAYANbHAS BEIOOpPKA), HA OCHOBE KOTO-
PBIX CTpouTCsl 0000IICHHAsT MOJIENIb, UMEET, KaK MPaBMIIO, HEOOJBIIYI0 MOIIHOCTH (0T 3 A0 5). DToro
OBIBacT JOCTATOYHO, YTOOBI c(HOPMHUPOBATH MEPBOHAYAILHBIN CKelleT 0000IIEHHON MOeIH U omnpee-
JIUTHh 0a30BOE€ MHOXKECTBO (haceTOB (IIPHU3HAKOB).

OpnHako A7l MOMyYeHHsT MAaKCHUMAIIBHO TOJHOTO MPEACTABICHUS O KJIACCe OOBEKTOB MPOUCXOIUT
aHaJN3 MOJIyYeHHOW 00O0O0IEHHO MOJieNn, B paMKaxX KOTOPOro B MPOLECCE 3KCIIEPTHOIO OIpoca Mpo-
WCXOJIUT JIOTIOJTHEHUE MOJIENTU U PacUIMpeHue Kiaccu(ukaTopa.

Pacimpenue BHIOMHSIETCS B HECKOJIBKO ATAIIOB.

Ha nepBoMm 3Tamne 3KcnepT aHAIW3UPYET CKeJIeT MOAEIH, B PaMKaX KOTOPOTO OH JOJDKEH OTBETUTh
Ha BOIIPOC, BCE JIU CTPYKTYpPHBIE JIEMEHTHI CKeJleTa, IPU3HaHHbIe 00s13aTeNbHBIMU Ha 3Tare o0o0rie-
HUSI, SIBJISIFOTCSL 00si3aTeNbHBIMU Beeraa. [IpeoOpazoBanue 00s3aTeNbHBIX (PYHKIIMOHATBHBIX BEPIIMH B
HeoOs13aTeNbHbIE MOXKET OBITh CIEACTBUEM OCOOCHHOCTEH CTPYKTYp, MOMABLUIMX B MEPBOHAYAILHYIO
BBIOOpKY. Tak, HampuMep, NP CO3JaHUK MOJIENIN Kilacca CITUPOUTHBIX PEIYKTOPOB B IMEPBOHAYAIBEHON
BBIOOPKE PacCMAaTPUBAINCH TOJIBKO PEAYKTOPHI, B y3Jie Kojeca KOTOPHIX TPH ONophl. B pesymbrare
0000111eHHSI BCE TPH OMOPHI OYAYT MPU3HAHBI 00s3aTeIbHBIMU (PYHKLIHMOHAIBHBIMHU BepIIMHaMu. OIHAKO
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9KCIIEPT CIPaBEAIMBO OTMETHUT, YTO CYLIECTBYIOT KOHCTPYKLIMH CIUPOUIHOTO PEAYKTOpa, B KOTOPBIX
y3€eJ1 KoJleca UMEET TOJIbKO ABE ONOpbl. B pesynbraTe 3TOro TpeThs onopa kojeca OyaeT npu3HaHa HeoOs-
3aTeNbHONW. HeoO0s3aTenbHOCTh ONOPHI MOBJIEUET Psii JOIONHEHUH KiaccuduKaTopa: BO-TIEPBBIX, B MHO-
KECTBE 3HAUCHHH BCEX MPHU3HAKOB MOATpada MOoJIeNu, KOPHEBOW BEPIIMHON KOTOPOTO SIBIISIETCS BEpIINHA
«TPEThS OIIOPay», JOJLKHO MOSIBUTHCS 3HaueHue NIL; BO-BTOPBIX, Y QYHKIIMOHATBHON BEPIIMHbI Y3l KO-
Jiecay TOSIBUTCS PU3HAK «KOJIMYECTBO OTOP», 3HAUCHUSIMH KOTOPOTO OYIIYT «JIBE» U «TPW.

Ha BTOpOM 3Tame skcnepT aHaIUM3UPyeT MHOXECTBO 3HAYEHHH KOJUYECTBEHHBIX MpH3HaKoB. Ha-
MpUMEp, y BEPIIMHBI «y3ell YepBsiKa» B 0000LUIEHHONH MoJenu chOpPMUPOBAIICS MPU3HAK «KOJIUYECTBO
OTIOp» CO 3HAYCHUSIMH «OIHa» U «IBE». AHAJIN3 MO3BOJIUT 3KCIIEPTY NJOOABUTH B YKa3aHHBIN (haceT ere
OJTHO 3HAYEHHE «TPH», IIOCKOJIbKY OBIBAIOT TPEXOMOPHBIE HCIIONHEHUS y37a uepBska. [losBienue yka-
3aHHOT'O 3HAYEHHsI TOBOPUT O TOM, YTO B CKeJieTe 0000IIEHHON MOJIETH y3/1a YePBIKa JOJDKHA MOSIBUTh-
Csl BepIIMHA «TPEThs ONIOPay», a BMECTE ¢ Hell moarpad, mpeaCcTaBISIOINA €€ CTPYKTYPY, BKIIOUAOIINI
CKeJIeT U MHOXECTBO IPU3HAKOB.

Ha TpeTbeM dTame SKCHEpPT aHANM3UPYET OCTAJbHBIC NMPHU3HAKH HA MpeAMeT (PUKCAIMU JOTOTHH-
TEJNBHBIX 3HAYCHHUH, KOTOPbIE HE IPUCYTCTBOBAJIHN B CTPYKTYpax MepBOHaYanbHOH BeIOOpKH. [losiBneHue
HOBBIX 3HAYEHHUI MOXKET TaKKe MPUBECTU K JaJbHEHIIEeMy paciuupeHuio moaenu. Hanpumep, nononse-
HHE MPH3HAKA «CNOCO0 COeTMHEHHMS KOJIeca C BAJIOM) 3HAYCHHEM «IITIIOHOYHOE COSANHEHUE)» TpeIoa-
raeT JOMOJIHEHNE MOETH (GYHKIMOHAIBHBIM 3JIEMEHTOM «IIITOHKA» C COOTBETCTBYIOIINM ONUCAHUEM.

YkazaHHbIE BBIIIC JOMOJIHEHHUS HE PEaln3yIOTCsS JIMHEHHBIM IPOLIECCOM, NMOCKOIBKY BBHIIIOJHEHUE
OJTHOTO MOXET MOTPeOOBaTh MOBTOPHOE BHITIOJHEHHE IPYrOro, MO3TOMY, B TOM YHCIIE, IPOIIecC NMepBo-
HAYaJIbHOTO JIOMIOHEHHS MOJIETTH — BEChMa TPYAOEMKUN U OTHIOAb HE TPUBUAIBHBIH.

[ocnenyromniyie JONOTHEHHUS WIK PACIIMPEHUS KilacCU()UKATOPa OCYIIECTBISIIOTCS IEPMAHEHTHO 110
Mepe IMOSIBICHUS HOBBIX 3HaHUH 00 00BEKTE.

ITo Mepe HaKOIJIEHHS TaHHBIX yYKa3aHHbBIE BBIIIE IPOLEAYPHI JOIIOJHEHUS MOTYT CYIIECTBEHHO H3-
MEHHTH KJIacCU(pHUKATOp 00JacTH 3HAHUN, IPU ATOM 0A30BBIM YCIOBHEM €TO HCIOIb30BAHHS CTAHOBUT-
Csl €0 KOPPEKTHOCTh, 00ecIieueHre KOTOPOi B IPOLIecCce PacIMpeHus TpeOyeT peleHus paga mpoodieMm.

7. IIpo0aemMsbl paciimpeHust KiaccuUKATOPa M IyTH UX pelieHust

PaccmoTpum npo0GiieMbl, KOTOpPBIE BO3HUKAIOT KaK B MpoLecce co3aanus 0000IIEHHON MOAETH, TaK
U B IIPOLIECCE €€ JAOIOJIHEHHUS.

[leppas mpobnema — 3To HapyllleHHEe [IPUHIMIA JOCTATOYHOCTH. B mponecce co3nanus u A0NOIHE-
HUS MOJICJIM JIMLIA, OTBETCTBEHHBIC 3a €€ HAIIOJIHEHHE, JOJDKHBI YETKO OTPaHUYUTh 001acTh 3HAHUH, IS
KOTOpO# (opMupyeTcs MoJelb, KPYT 3aja4, pelraeMbIX Ha 0a3e yKa3aHHOH MOJENH, U, KaK CIIC/ICTBHUE,
YPOBEHbB JIeTaNHU3alHH.

O4eBHUIHO, UTO HE UMEET CMBICIIA PACKIAAbIBATh Ha KOMIIOHEHTHI CTaHAAPTHBIE 3JEMEHTHI. Tak, B
MOJI€TH CIMPOUIHBIX PETYKTOPOB MOIINITHUK — CIOKHBIA TEXHHUYECKUH JIEMEHT — HE PACKIIaAbIBACT-
CA Ha COCTABJIAIOIINE KOMIIOHCHTBI U ONIMCBIBACTCA JIMIIb CTaHAAPTHBIM IlII/I(i)pOM.

He nMeer cmbIcna BBOOUTH B MOJIENb MPU3HAKH, HECYHIECTBEHHBIE IS pellacMbIX 3aaad. Tak, B
MOJIETH CIIMPOUIHBIX PEAYKTOPOB HE MMEET CMBICIA BBOAUTH IMPU3HAK «IBET KOPITyCa», IOCKOJIBKY 3TO
JUIS1 TAaHHOTO 00BbeKTa abCOTIOTHO HE MMEET 3HAYCHUSL.

OueHb BaXXHO, YTOOBI B Ka4eCTBE MPHU3HAKOB KiaccH(pUKATOpa MPUCYTCTBOBAIM BCe TpeOOBaHUS,
KOTOpbIC B BU/I€ KPUTEPUEB NMPEIBSIBIAIOTCS K 00BEKTaM JaHHOTO Kjacca MOTPEeOUTENIsIMH, U BCE Mapa-
METPHI, KOTOPBIMHU OIEPUPYIOT Pa3pabOTUUKHU B Mpolecce co3MaHusa 00BbEeKTa, OTBEUYaloIIero Tpedosa-
HUSAM 3aKa34rKa.

Bropas npobnema — 3T0 HapylIeHHE IPUHLUIA SMEPPKEHTHOCTU. 3a9acTyI0 SKCIEpTy OBbIBAaeT He-
MIPOCTO ONMPEAETUTH MPUHAIUIEKHOCTH TON WM MHOM XapaKTEPUCTHKH CTPYKTYPHOMY 3JIEMEHTY.

HekoppekTHoe oTHECEHHE XapaKTEPUCTHKH K 3JIEMEHTY BIJIEUET 3a COOO0I JIorTHYecKie HapyIIeHHs B
polecce CTPyKTYPHOIO CUHTE3a.

PaccmoTpum mocnencTBusi OmMOKH, KOTJa XapaKTEPUCTHKAa KOMIIOHEHTa Oblla OTHECEHa K €ro
IpEAKY — MAaTEPUHCKOM BEPILIUHE.

ITpoGriema BOSHUKHET TOT/1a, KOT/Ia C HOMOIIBIO YKa3aHHOTO KiaccudukaTopa Mel Oy1eM co3/1aBaTh
HE U3JIENINE B LIEIOM, a €T0 OTAEIbHBIA KOMIIOHEHT WM PellaTh 3a/1ayy 3aMEHbl YKa3aHHOTO KOMIIOHEH-
Ta — MOJEpPHU3aLUsA CTPYKTYphl. B 3TOM ciydae XapakTepHCTHKa, OTHECEHHas K APYyroMy 3JIEMEHTY,
BBITA/IET U3 PACCMOTPEHHUS U MPOLIECC CTPYKTYPHOTO CHHTE3a JacT HEKOPPEKTHBIN pe3ynbTarT.

BecTHuk HOYplY. Cepus «<KomnbioTepHble TEXHONOrMK, ynpaBreHue, PaauoaneKkTPoHUKay. 9
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Tpetbst npoOeMa — 3TO HapylLIEeHWE CBOMCTBA 005A3aTEILHOCTH BEPIIMHBI. JTO HAPYILIEHHE MOXET
OBITh IBYX BUJIOB: 00S5I3aTENBHON BEPIIMHE CIYYalilHO PUCBOMIIM CTATyC HEOOS3aTeNIbHONW 1 HA000POT.

UyTh paHee MBI YK€ OTMeUalld, YTO OT/AEIbHbIC JOTIONHEHHS KiacCH(PUKATOpa MOTYT OKa3aTh Cy-
LIECTBEHHOE KaK HEMOCPEACTBEHHOE, TaK U OIIOCPEIOBAHHOE BIIMSAHHUE HA COCTOSHUE MOJEIHU B LIEIIOM.
3OT0 KacaeTcs B IEPBYIO O4epe/[b HA0Opa BEPIIMH 1 H3MEHEHUS CBOMCTBA «0053aTEIIbHOCTH.

HccnenoBanue cBOWCTBa 00s3aTENIBHOCTH BEPIIMH — 3TO JOCTATOYHO CEPhE3HOE HCCIEOBAaHME,
LeJIb KOTOPOro — pazpaboraTh (popManbHbIE MpaBuiia, MO3BOJISAIOLIME HA OCHOBAHWU OTPAHUYEHHOIO
Ha0opa SKCHEPTHBIX OLIEHOK MO M3MEHEHMIO JAaHHBIX 00 OTAEIBHOM 3JIEMEHTE CKOPPEKTHPOBATH MO-
JIeNb B LEJIOM.

Yersepras npobiema, KOTOpas yKe yIIOMHUHAJIACh paHee, — 3TO HapyIIEHHE JPEBOBUIHOCTH CKeJle-
Ta knaccudukaropa. lanHas npoOieMa BO3HHKAET, KOTAa HEKUH CTPYKTYPHBIA 3J€MEHT MMEET ABYX
poauTenen.

st mpeononeHus yKa3aHHOTO JIOTMYECKOr0 HAPYIIECHUSI B MOZEIIb BBOJIUTCS IOHITUE «BEPLIMHA-
(hoHTOM», KOTOpAas MPEICTABISIET Ty K€ CaMyl0 BEPLIMHY, HO B paMKax MHOH cTpyKTypbl. Takum obpa-
30M, OJIMH CTPYKTYPHBIN 3JIEMEHT NPEACTABICH B MOJENH JBYMS BEPILIMHAMM.

[Ipu 5TOM yKa3aHHBIE BEPIIMHBI MOTYT UMETh Pa3HOE CBOHCTBO «00s3aTENLHOCTH» M JIaXKe Pa3HbIH
Ha0Op ONMHUCHIBAIOIIMX WX MPU3HAKOB. Tak, HapUMep, IPH PACCMOTPEHUH MOJEIN CTPYKTYPBI PEIYKTO-
POB OYEBHIHO, YTO BBIXOJHOM BaJl y3/1a KOJeca EPBOM CTYIIEHU SIBJISIETCA BXOIHBIM BaJIOM y3Ja YepBsi-
Ka BTOPOM CTYIIEHHU.

BrixonHo# Ban mepBO# CTyIEHH — 3JIEMEHT 00s3aTeNIbHbII, TOCKOJIBKY B JIFOOOM PEIyKTOpE OnHa
CTYIIEHb €CTh BCETAa, a BOT BXOJHOW BaJI BTOPOW CTYIEHH B CIy4ae PacCMOTPEHHS OJHOCTYIIEHYATOTO
pelyKTOpa MOXKET OTCYTCTBOBaTh. TakMM 00pa3oM, 3JIE€MEHT 3TOT HEOOs3aTeNbHBINA U, CIIEI0BATENBHO,
BCE€ IIPU3HAKH, €TO XapaKTEPU3YIOIIKE, JOJDKHBI UMETh 3HaueHne NIL.

Bosnee Toro, B paMkax mepBoil CTyeHH yKa3aHHBINA Bajl XapaKkTepu3yercss HAOOpOM MPU3HAKOB, KO-
TOPBIH MOXKET HE COBIAJaTh C HAOOPOM MIPU3HAKOB, XapaKTEPHU3YIOILINX €ro B paMKax BTOPOW CTYICHHU.

dopmanuzanus peneHus mpodieMbl HAPYIICHUST CBOWCTBA «00SI3aTEIIBHOCTHY — Cephe3Has 3a1a4a,
TaKXe TpeOyromas pereHus.

3akiaouenne

Takum 00pa3oM, BBISIBUB M pACCMOTPEB YKa3aHHBIE MPOOJIEMbI, MOKHO BBEIPA0OTATh TUIAH CO3/IaHUS
(hopMaTM30BaHHOTO MOAXO/A K pa3paboTke KiaccupukaTropa OONACTH 3HAHWUH, MMO3BOJISIOIIETO M30e-
KaTb JJOTUYCCKHUX OIHI/I6OK HpI/I HUCIIOJIB30BAHUHU €TI0 B KAaUCCTBEC HHq)OpMaHPIOHHOﬁ MOACIN CUCTEMBbI
CTPYKTYPHOI'O CUHTE3A.
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CLASSIFIER OF THE KNOWLEDGE AREA
AS AN INFORMATION MODEL OF STRUCTURAL SYNTHESIS
SYSTEM. PROBLEMS OF ITS CREATION AND DEVELOPMENT

O.V. Malina, malina_0705@mail.ru,
A.S. Moiseev, moiseyx86@yandex.ru,
E.A. Malina, liza.06041234@mail.ru

Kalashnikov Izhevsk State Technical University, I1zhevsk, Russian Federation

Goal. Application of fundamentally new approaches to solving the problem of structural syn-
thesis of ill-defined objects is, on the one hand, a challenge of time that requires reducing the time
for development and obtaining high-quality technical solutions, and, on the other hand, the result of
research that allows the use of invariant trial and error algorithms for structural synthesis. Solving
this problem by the proposed method requires the creation of the set of data and knowledge, the
search of which will give the desired result. Formation of this set and control of its correct and actual
state is a serious task requiring the development of new approaches, formalization of processes and
development of algorithms imposed by these approaches. Methods. The stages of formation of
the pointed set are: collection of data on existing technical solutions, their formal description, gene-
ralization of these descriptions with the formation of a certain structure, which allows for identifying
each existing object unambiguously and creating a new one either by a combination of existing
knowledge or by upgrading the known technical solutions. It is proposed to use a classifier as
a structure that summarizes the data of a specific area of knowledge. The peculiarity of this classifier
is that two methods of development are implemented here: hierarchical and faceted. Creation of such
a classifier and its correct state is a problem that allows to solve the problem of formation of infor-
mation support for structural synthesis systems of ill-defined objects of medium and high complexity.
Results. The process of creating such a classifier deals with a number of problems, the identification
of which is the first step towards the development of high-quality information support. These prob-
lems arise at each stage of the domain analysis (analysis of existing versions of objects; generaliza-
tion of knowledge about the considered objects; addition (extension) of the classifier). The reasons
for their occurrence may be violation of the principle of sufficiency in analysis and decomposition,
violation of the hierarchy of the structure when generalizing in the process of building a domain
model, violation of the signs of mandatory and optional when synthesizing and expanding the model,
which is based on the classifier. Conclusion. Identifying these problems and studying the process
of avoiding and overcoming them is an important task, the solution of which will allow you to for-
malize the process of creating a classifier as an information model of a structural synthesis system.

Keywords: classification, classifier, generalized model, sufficiency principle, emergence principle,
“obligation” property.
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PETPOCMNEKTUBA PA3BUTUA BEB-TEXHONOIMA B CO30AHUN
KOPMOPATUBHbLIX UHO®POPMALMOHHbLIX CUCTEM

A.A. lluHkapes
000 «Cogpmmacm-UTy, e. HenabuHck, Poccusi

Beenenue. IlepBble ymOMUHAHUS O KOPIIOPATUBHBIX MH()OPMANMOHHBIX CHCTEMaX MOSBUIINCH
B 60-x 1. XX B. Co BpeMeHEM 3TH CHCTEMBI Pa3BHBAINCH, CTAHOBWINCH 00Jiee CI0XKHBIMH, HO TIPH
STOM MO3BOJISUIA peliaTh MUPOKUN Kpyr 3amad. Haumnas ¢ 90-x rr. XX B. cTajgu aKTUBHO pa3BH-
BaThCs BEO-TEXHOJOTMH. EcTecTBeHHBIM 00pa30M OHHM HAIILJIM CBOE IMPUMEHEHHUE U MPH pa3paboTke
KOPIIOPAaTUBHBIX MH(POPMALIMOHHBIX CHCTEM pa3ziauyHoro HazHaueHus. Lleas uccaenoBanus. Omu-
CaHHMEe OCHOBHBIX 3TAIlOB PAa3BUTHS BEO-TEXHOJIOTHH, HAUWHAS OT MOSABJICHUS A3bIKA THIIEPTEKCTOBOM
Pa3sMETKH IO COBPEMEHHBIX OTHOCTPAHUYHBIX BEO-TIPUIIOKEHUH, a TAKOKe UX BIMSAHUSA HA MTOIXOABI K
CO3JJAaHUIO KOPIIOPATUBHBIX WH(OPMAIMOHHBIX CHUCTEM. BBISBICHUE MEPCHEKTUBHBIX HANpPaBICHUH
pa3BUTHS pelieHnid Ha 0a3e BeO-TEeXHOJIOTHH, KOTOPhIE MOTYT YCHENIHO HCIIONB30BAThCs IPHU MO-
CTPOCHHMHU KOPIOPATHBHBIX MH()OPMAMOHHEIX ciucTeM. MaTepuajbl 1 MeToAbl. PaccMaTpuBaioTcs
COBPEMEHHBIC BEO-TEXHOJIOTHH, aHAIU3MPYETCS MPOIECC WX Pa3sBHTHS OT 3Tala IOSBICHHS 10 Ha-
CTOSIIIEr0 BPEMEHH, PacCMaTpUBAIOTCS MPUMEPHI HHCTPYMEHTOB, KOTOPBIE OBIIM IPHU3HAHBI yCTapEB-
HIMMH, ¥ OIPUYMHBI HEBO3MOKHOCTH JAIBHEHIIEr0 pa3sBUTUS 3THX TexHonoruil. Pesyabrarel B cra-
ThE MPUBOIUTCA HCTOPHsI NOSBIEHUS PA3IMYHBIX TEXHOJIOTUH, ONMUCHIBAETCA UX BIMSAHUE HA MOJXO-
JIBI K peasn3alliil KOPIOPAaTHBHBIX CHCTEM, a TaK)Ke NMPUBOJHUTCSA CIIOCOO Mepexoia OT HacTOJIBHOU
BEPCUM CUCTEMBI K €€ OHJIalH-Bepcuu. B TOM 4ucie gaercs OLeHKa NEPCIEKTUBHOCTH OTIEJIBHBIX
TEXHOJIOTMYECKUX HalpaBlIEHUH, KOTOPbIE UMEIOT XOPOIIUE IIAHCHl YCIEIIHO Pa3BUBATbCS B Jallb-
HermeM. JlaeTcs olleHKa pacTyIei CI0XKHOCTH BeO-IPHUIOKEHUH, X CPAIIMBaHUs C TIOAXOJaMH U
MHCTPYMEHTaMHU DPa3pabOTKU CepBEpPHON YacTH. BBIABISETCA aKTyaJbHOCTh Pa3pabdOTUYHUKOB IIPO-
TpaMMHOT'0 00€CTIeYeHNUsI, KOTOPhIE MOTYT pa3pabaThIBaTh KaK CEPBEPHYIO, TaK M KIMEHTCKYIO 9aCTh
HMPUITO0KEHUS.

Kniouegvie cnosa: eeb-mexnonozuu, KopnopamugHvie UHGOPMAYUOHHbIE CUCHEMbI, Opaysep,
6e0-cepsep, oOHocmpanuunsie npunodcenus, JavaScript, ERP.

Beenenue

B Tedenune mocneqHUX AECATH JIET MPOU3OILIN 3HAYUTEIbHbIE H3MEHEHHS B TOM, KaK MBI CO37[aeM
nporpaMMHoe o0ecredeHre. DTOT 3BOJIIOLUUOHHBIN MPoLEecC 3aTPOHY HE TOJIBKO CEPBEPHYIO 4acTh C
MacCOBBIM IEPEXOJIOM K HCIOJIB30BAHHUIO OCTYMHBIX OOJaYHBIX TEXHOJOTWH M IIMPOKHM BBIOOpOM
TEXHOJIOTHH XpaHEHUS JaHHBIX, OTIIMYHBIX OT TPATUIMOHHBIX PEISIUOHHBIX CUCTEM YIpaBieHHs Oa3a-
MU JaHHBIX. BO MHOrOM M3MEHWIICS M TOAXO[ K CO3IaHMIO MOJIb30BAaTEIbCKUX HHTep(eiicoB. bonpmoit
AKLEHT CErOJHsI CMECTHIICS IMEHHO Ha BeO-npuiiokeHusa. OHM MPOAOIDKAIOT, KaK U MPEXE, UCIIONb30-
BaThCs JUIS MPOJABIKEHUSI MyOIMYHBIX MHTEpHET-pecypcoB. Ho 4To BakHee, BeO-IPUIIOKEHUS CTaHO-
BSATCS OJIHUM M3 OCHOBHBIX CIIOCOOOB pealn3aliy PeIIeHuil Kyaa 0ojiee IMUPOKOro CIEKTpa 3a1a4. ITo
Y KOPIOPAaTUBHBIE CEPBHCHI, KOTOPHIE PaHbIIC B OONBLICH CTEIIEHH PEaIM30BHIBATIHCH YE€PE3 HACTONb-
uele npunoxkenust (Desktop Applications). Pa3paboTka MOOMIBHBIX TPHIOKEHUN TaKKe BO MHOTOM
CTPEMHUTCS MCIIONB30BaTh BCIO MOIIb COBPEMEHHBIX Opay3epoB. Jlaxe Te MPUIIOKEHHS, KOTOPHIE BBITIIS-
JST ¥ yCTaHABIMBAIOTCS KaK KJIACCUYECKUE HACTOJIbHBIC MPUIIOKEHUS, HA CAMOM JI€jIe TEXHHUYECKHU SIB-
JSIFOTCA BEO-TPUIIOKEHUSAMH, 3allyLICHHBIMU B Opay3epe, JIMIIEHHOM KJIACCHYECKHUX 3JIEMEHTOB yIpaB-
neHus M HaBuramuu B cetn WHtepHer. [IpuMepaMu Takux NpuiioXeHW# celivac siBisttorcest Skype n
Slack. Peanu3zauus npuiaoxeHuil B Bue BeO-pelIeHHH MO3BOJSET CAeNaTh UX KPOCCIIAT()OPMEHHBIMH,
TO €CTh MX MOKHO 3aIlyCTUTh Ha JI000H M3 COBPEMEHHBIX ONEPALMOHHBIX CHCTEM, KaK U B OCHOBHOM B
Tr000M COBpeMEHHOM Opaysepe.

1. OcHOBHBIE 3Tanbl Pa3BUTHS Be0-TEXHOJIOTHIi
B nauane 1990-x rr. MuTepHeT cymiecTBOBal B BHIE MPOTOKOJIOB, KOTOPBIE MO3BOJSUIA OOMEHU-
BaThcs coOOIeHusAMHU U iicbMami. [lepBbrii caifT (info.cern.ch) nmosBuiicst mumb B konue 1990 . u co-
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CTOsUT MONMHOCTHIO U3 TekcTa. Tak 3apoamncas HTML (HyperText Markup Language — si3bIK rUmepTeK-
CTOBOW Pa3METKH), OCHOBBI KOTOPOro ObUIM omucaHsl Ha 3ToM caiite. HTML moBonbHO ObICTpO cTan
MoAAepXKUBaTh 16 IBETOB U MMO3BOJISAT BCTABIATh M300pakeHus. [losBnenue Takux BO3MOXKHOCTEH CTa-
JI0 TOTYKOM K TIOSIBJICHHUIO TIEPBBIX Opay3epoB — Mosaic (1993) u NetScape (1994) [1, 2].

B 1991 r. nosBunace nepsas cneundukanus nporokona HTTP 0.9 (Hyper Text Transfer Protocol —
MPOTOKOI Tepenadyn runeprekcra). C MOMOINBI0 TOH BEPCHUHM MPOTOKOIA MOXKHO OBLIO BBHITOTHSTH
tonpko GET-3ampoch (mpocTeiimme 3ampockl Ha uTeHue). [lpu 3TOM OH HE coaeprKan HUKAKUX 3aro-
JIOBKOB, TIOSTOMY C €T'0 TIOMOIIIBI0 MOXKHO OBLIO TepenaBaTh Tobko HTML-ctpanumnsl. B 1996 r. mos-
Buinack Bepcus HTTP 1.0, B kotopoii Oblia peann3oBaHa MOAAEP)KKa 3ar0JIOBKOB M KOAA COCTOSHHMSA, a
TaKXKe MOSIBHIIACH BO3MOXHOCTD TepeiaBaTh pa3HbIi (popMaT JOKyMEHTOB. Bce 3T HOBOBBeIeHUS 1O~
BUJIMCHh HE OTHOMOMEHTHO, a MocTeneHHo B nepuo ¢ 1991 mo 1995 r. C tex nop HTTP pa3suBaincs u
MPOI0JDKAET COBEPIICHCTBOBATHCS 10 cell neHb. OH cTan OblcTpee, HaJe)KHee U yHuBepcanbHee |3, 4].

B 1991 r. Tum Bepuepc-Jlu paspaboran mepebiii BeO-cepep CERN-httpd. Ilo mepe paszurus
HTML, HTTP u HWHuTepHeTa B 1eJIOM MOSBUIACh HMOTPEOHOCTH B Oosiee ObicTpoM cepBepe. MM cran
NCSA httpd. HemHoro nosanee K pa3BUTHIO 3TOTO CE€pBEpa MOAKIIOYMINCH Ipyrue pa3paboTUUKH, KO-
TOpBIE J00ABISIIM HOBYIO (DYHKIIMOHAJIBHOCTD M YIyUIICHHUS ¢ ucrpasieHusMUA. B 1995 r. Bce u3mene-
HUs ObUTM OOBEIUHEHBI B HOBBIN CepBep, U3BEeCTHBIN Kak Apache. [1o pa3BUTHIO BEO-CEpBEPOB MOYKHO
CYAMTBH O TOM, YTO VIHTEpHET U BeO-TEXHOJIIOTUH 3BOIIOLUOHUPOBAIN U CTAHOBUIIMCH MOLIHEE U YH00-
Hee. baarogaps sToMy cTanu JOCTYIHBI T€ BO3MOKHOCTH Web, KOTOphIMU MBI 00J1aiaeM ceituac [5, 6].

Mapk AHapecceH, ocHoBaTenb Netscape Communications v 4wieH ObIBIICH KoMaHIbl Mosaic, cuu-
Tai, yto MHTepHeTY HyXeH crocob craTh Ooliee AMHAMHYHBIM. AHAMAIIHS, B3aUMOJICHCTBUE U PyTHE
(hopMbl HEOOIBLION aBTOMATH3AIMU JOJDKHBI CTAaTh YacThIo ceTr Oyaymero. [lockonbky Ha TOT MOMEHT
BEO-TEXHOJIOT MU HAXOJMIIUCH HA TOM YPOBHE, YTOOBI OBITh TIOHSITHBIMU «HETIPOTPAMMECTaM», TO B TEX-
HOJIOTHS, KOoTopasi Okl cenana ctpaHunbl MHTepHeTa Oojiee TUHAMUYHBIMH, JOJDKHA ObLIa CTAaTh JIOC-
TYNHOW OOBIYHBIM IIOJIB30BATENSAM, & HE TOJBKO pazpadorunkam. Tak Obul co3man JavaScript, KOTOpBIi
cHayana HasbiBasicsi Mocha. {751 pa3paOoT4YnKOB MJIaHUPOBAJIOCH UCTIONB30BaHUE OYCHB HOMYJISIPHOTO B
TO BpeMs si3bika Java, a TouHee Java-anmieToB, KOTOPbIE MOIJIM BBIOJHATHCS B Opay3epe. B 1994 r.
nosiBUIack mepsasi Bepcus JavaScript. B Teduenue aecatunetus Hanbosee HOMYJISIPHBIM €r0 HUCIOJb30-
BaHUEM ObLT Ko Takoro Buaa (JIuctur 1), 4To HArJSIIHO [MOKAa3bIBACT, HACKOJIBKO OTPAHUYEHHBIM ObI-
JI0 U3HAYAJIbHOE MTpeIHa3HauYeHue s3bika JavaScript [7].

element.onClick = function () {
document.getElementById ("myImage") .src = "image.Jjpg";
}
JNuctuHr 1
Listing 1

SA3pIk mporpammupoBanus JavaScript u3HauaIbHO He OBIT pa3paloTaH Uil CO3JaHMS CIOKHOIO
MPOTrpaMMHOI0 00eciedeHHst. ITO SA3bIK MPOrPaMMHUPOBAHMS C ITMHAMUYECKON THUIM3aLMeH, C CHHTAK-
CHCOM, KOTOPBIH MPOIIaeT OMMOKH, HEOJHO3HAYHBIM MEXaHU3MOM HACJICJOBAaHHS MPOTOTHIIA U OTCYT-
CTBYIOIIVM TIOHITHEM ITaKeTa Wik MOIyJisi. Bce 3T 0cOOEHHOCTH NepBOHAYATIBLHBIX BEPCHUH JIENAIOT €ro
OoJiee YeM HEOJHO3HAYHBIM S3bIKOM MPOTPAMMHUPOBAHUS, HO MUMEHHO €My IIOCYACTIMBHIIOCH OKa3aThCs
B HY)KHOM Opay3epe B Hy»KHOE BpeMsl JIJIsl TOTO, YTOOBI CEro/iHs eMy He ObLI0 anbTepHatuB. To, 4To Ha-
YHHAIOCh KaK CKPHUITOBBIA s3bIK ais ykpameHuss HTML-ctpanun, ceiiyac wcnoib3yeTcst OOIIUpHEe,
4yeM Korga-nmi6o. HecMoTps Ha BCIo €ro pacpocTpaHEeHHOCTh, U3HAYAJIbHBIE C1a0ble CTOPOHBI S3bIKA 110
CHUX IOp MO3BOJISIOT MUCATh KOJI TaK, KaK 3TOTO JIENaTh HE CIEAYET.

[Momumo JavaScript B 1994 1. 6bu1 co3nan s3b1k nporpammupoBanusi PHP B Bune CGI-ckpunTos,
HalMCAaHHBI C MOMOLIBIO si3bIKa mporpammupoBanus C. Yxe depe3 ron morpeboBanach Oonblias
(YHKLIMOHANIBHOCTB, KOTOpas Obuta peanun3zoBana B PHP B 1995 r. Orta HoBast peanuszauus Obu1a criocoo-
Ha B TOM YHCJIe B3aUMOJIEHCTBOBATh ¢ 6a3amu JaHHBIX. Ee mupokne BO3MOKHOCTH JIEKAIU B OCHOBE
(dpeliMBOpKa, C TIOMOIIBIO KOTOPOTO TOJIb30BATENN MOTJIH CO3/1aBaTh MPOCThIE TUHAMUYECKUE BeO-
MIPWIOKEHUS, TAKHE KaK FOCTEBbIE KHUTH [8].

Jns mpocThix moJib3oBatenield kommaHus Microsoft Beimyctmna HTML-pemaktop FrontPage.
Cpenu HenpodeccHOHANOB MPUIIOKEHNE TOTYYHIIO OTPOMHYIO TOMYJIIPHOCTB: TEIeph JII000H ueno-
BEK B JOMallHUX YCIOBHSX MOr 33 HECKOJIbKO MHHYT CO3JaThb CHMIATHUYHBIA cailT. Ilpu stoMm
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FrontPage otnmnuHo B3ammozeiicTBoBan ¢ Internet Explorer, uro cnenano ero momyJsipHbIM B cpelie
Be0-pa3pabOTUHKOB.

Be6-nporpammebl, HanmomuHaromue coBpeMmeHnubsle SPA-caiitel (Single Page Application — oaHo-
CTpaHWYHbIE MPUJIOKEHHUS), HA CAMOM JIeJIe CYIIECTBYIOT ¢ cepeuHbl 90-x. DT0 calfThl, HCIIOB3YIOLIHNE
Java-anmnersr u Flash. Takke WHTEpEeCHBIM TEXHOJIOTHMUYECKHM pelieHueM, NosBuBmUMcs B 2007 T.,
obuta Texnonorus Silverlight, mo3BonsBIast mucaTh KpoccriatdhopMeHHbIi koa Ha CH#, 3amyckaemblil B
Opaysepe. OnHako n3-3a 3ampeTa Ha 3amyck B Opaysepe Safari qanHast Texnomorus yxe B 2011 r. cuuta-
Jach OTMUPAIOIIEH M Mocie OpUIHUAIBHOIO OOBABICHUS O MpeKpameHnu noanepxkku B 2015 r. crana
aKTHBHO BBIBOJUTHCS U3 UCIIOJIB30BAHUS B IIPOTPAMMHBIX MPOAYKTax [9].

Tax Ha3pIBacMble TEMHBIE BeKa BeO-TexHONMOrni npoamwinck 10 2005 r. B navyane 2000-x rr. B Opay-
3epax CTajlo ucrnons3oBaThesi ManonsectHoe APl mox nasBanmem XML HTTP Request (ono e XHR).
[Ipumep mpocreiiniero Koja, MO3BOJIAIONIMNA ACHHXPOHHO 3arpy3uTh M OTOOpPAa3UTh JIaHHBIE, NPHBEICH
awke (JIucruar 2). AcuaxponHsliit JavaScript B couetanunu ¢ TexHonorueit XML nmosuiics B 2005 r.

var request = new XMLHTTPRequest()
request.onload = function() {

alert (this.responseText) ;
i
request.open('get', 'endpoint.php');
request.send() ;

JInctuHr 2
Listing 2

PaccMoTpuM OCHOBHBIE BEXH Pa3BHTHS 3KOCHCTEMBI BeO-pa3padboTku B X XI B.

1. JSON (2001) — nosiBnenue ¢opmara npencrasieHus naHubix JavaScript Object Notation, koTo-
pBII ceifuac SBIISIETCS CaMbIM IOMYJSPHBIM (OPMATOM, HCIONB3yeMbIM JUIS pa3paOOTKH WHTEPHET-
pemenuii. Cam popmaT OCHOBaH Ha 0OBEKTHO-TUTEPATIbHOM CHHTaKCHUCe s3bIka JavaScript.

2. JsLint (2002) — mosiBneHre HHCTPYMEHTA KOHTPOJISI KA4eCTBa MPOrPaMMHOI0 KOJ1a, HATMCAHHOTO
Ha s3bIKe JavaScript. Jta OubnmoTeka SBIsSETCS IPEAKOM JI0 CUX TOp nomyispHoi oudmunoreku JSHint.

3. JsMin (2003) — mosiBjieHHE MHCTPYMEHTa MUHU(HUKALIMK MPOTrPaMMHOTO KOJla, HATUCAHHOTO Ha
si3pike JavaScript. MuHH(UKaLUs MOXKET 3HAYUTENFHO COKPAIIaTh BPEMsl, KOTOPOE HEOOXOIUMO IS
3arpy3Ku pecypcoB BeO-caiiTa 3a CUET COKpalleHHUs pa3Mepa utorosoro JavaScript-¢aiina, 4To B CBOIO
ouepesb MO3BOJISIET caliTaM 3arpyKarbcest ObicTpee. B ToM umciie B paMKax arpecCMBHON MHUHU(DHUKAIIN
NPOM3BOAMTCS TaK HasbiBaeMas ariupukanus (uglification), cTaHOBUTCS 3HAYUTEIBHO CIOXKHEE YUTATh
KOJI ¥ pa30upaThbCs B HEM.

4. jQuery (2006) — co3nanre OMOTUOTEKH, TIO3BOJISIIONIEH MUCATh KPOcc-Opay3epHbIid KOJl, paciiu-
psroleit GyHKIMOHALHOCTD CTaHAAPTHOW OMONMMOTEKH si3biKa JavaScript, a Taxke qo0asistomiei 6uo-
noTeKy 06a30BbIX UI-KOMIIOHEHTOB.

5. JavaScript: CubHble croponbl (2008) — u3naHue KHUTH, OKa3aBIlICH 3HAYMTEIBHOE BIIMSHUC HA
coobmiecTBo BeO-pa3pabOTUMKOB U HA TO, KAK OHHU IMUIIYT MPOTPAMMHBIN KOJI.

6. NodelJS (2009) — penu3 mnatdopMbl, MO3BOJIONICH 3amycKaTh NPOrPaMMHBINA KOJ Ha SI3BIKE
JavaScript Ha cepBepe. C 3TOro MOMEHTa SI3bIK IIEPECTAET CYLIECTBOBAThH TOJIBKO B IIECOUYHHIIE Opay3epa
Y HaYMHAET PacpOCTPAHATHCS U Ha OeKeHI-pa3padoTKy U 0OpacTaTb OTPOMHBIM KOJMYECTBOM pa3iiny-
HBIX (peMBOPKOB M OMONIMOTEK, KOTOPBIC HA CErOAHSIIHUMN ACHb MOKPHIBAIOT HOYTH JIOOYI0 HE00XO-
JUMOCTb IIPU pa3pabOoTKe KOPIOPATHBHBIX U MyOJINYHBIX BEO-PEILICHUH.

2. [lepexoa oT cTaTU4ECKUX BeO-CTPAHUI K OIHOCTPAHUYHBIM NMPUIOKEHUAM

B naugane 2000-x rr. 1 Ha Ooyiee MO3JAHUX dTalaxX Pa3BHTUS MHTEPHET-TEXHOJIOTHUH MPOU3OIILIO
MHOro coObITHid. K TOMy BpemMeHH BeO-calThl HAalIM NPUMEHEHHE BO MHOTMX cdepax MOBCEAHEBHON
xu3Hu. MHpopmanus nprodpena O6onbloe 3HaUeHue. B ocHOBe OOJIBIIMHCTBA CAWTOB JieXKasl CTaTHde-
ckuii HTML ¢ ucnosb30BaHHEM HEKOTOPBIX CEPBEPHBIX TEXHOJOTMM, UCTOPUS IOSBIEHUS KOTOPBIX
Obuta onmcana panee. C mpuxonoM B MHp BeO-TexHodoruid ondmnoreku jQuery B 2006 r. Ob110 mosio-
JKE€HO Havano pa3BUTHIO SPA-pemenuil. CinenyeTr OTMETUTh, YTO B HA3BaHUU 3TON TEXHOJOTUU HUCIONb-
3yeTcs CJIoBO «application», a He «website», 4TO MOXKET CBHICTEILCTBOBATh O TOM, YTO HUCIOJIb30BAHHE
BeOa BBILIO HA HOBBIH YPOBEHb.
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Opnako jQuery ObIJT OPHEHTHPOBAH Ha IMOJBL30BATENLCKUN HHTEpdeEiic U He MOAXOIUI Al oOpa-
OOTKHM JaHHBIX NpwiIokeHus. CleIylouM JOrMYHBIM IIaroM pa3BUTUS BEO-TPUIIOKEHHH CTAHOBHUTCS
peanuzanus oubnuoreku Knockout)S, Beimyck nepBoii Bepcuu koTopoii coctosuics B 2010 r. OHa pea-
JIN30BBIBaJIa MaTTepH npoektupoBaHust MVVM (Model-View-ViewModel) u mo3Bosisiia CBA3BIBATH
JaHHBIE W WX TPEJICTaBJICHNE B TOIb30BaTenbckoM nHTepdetice [10]. Tem He MeHee co3maHUE ITOHO-
neHnoro SPA eme npencrapisuiock MaioBo3MoxkHbIM. Hezamonro go KnockoutJS B 2009 r. 6bi1a nipen-
craBnena oubnroreka Backbone.js, koTopas nmpezanarana MoJHONEHHYIO Cpeay Ui pa3paOdoTKH MaKCH-
ManbHO TpubmkeHHoro k SPA mpunoxenus. B 2010 r. mosBunace mepsas Bepcusi Angular]S —
¢peliMBOpKa, 0OBEANHUBILETO JYYIINE TOAXO0Ab! B co3nanny SPA U O3BOJIMBIIETO PEaIU30BBIBATE UX
B TOM BHJIC, B KOTOPOM MBI MX 3HaeM ceiuac. Angular]S peann3oBbiBai IByCTOPOHHIOI NPUBSI3KY JIaH-
HBIX, KIHeHTckrni MV C, mabioHb U BHEAPEHHUE 3aBUCUMOCTEH B o1HOM (peiimBopke [11].

B coBpemenHoil pa3paboTke KIMEHTCKON YacTH NPWIOKEHUH IIUPOKOE PACHPOCTPAHEHHUE MOTYUIH-
JIO IPUMEHEHUE YIIOMSHYTOI'O paHee MarrepHa MpoeKTupoBanus MV VM, pazBuBaroLIero narrepH pas-
pabotkn MVC (Model View Conroller) 1 BO3MOXHO JIy4llle MOAXOSIIETO sl pa3paboTKH MOJIb30Ba-
TenbCcKUX uHTEepdeiicoB. B coBpemennsix SPA-(peiiMBopkax mpuCyTCTBYET ABYCTOPOHHEE WJIM OJHO-
cTopoHHee cBs3piBaHue naHHbIX (Data Binding). [lns opraHm3anuy acMHXPOHHOTO B3aHMMOJCHCTBUS
HCTIONB3YIOTCS poMUCH! (Promises) wiu ske peaktuBHOe mporpammupoBanue (Reactive Programming).
Taxoke nabekuus 3asucumocterd (Dependency Injection) siBisieTCsl HEOTHEMIEMOW YaCThIO APXUTEKTY-
PBI COBPEMEHHBIX BeO-peIICHHH.

Ha ceronusmuuii 7eHh KaXETCS BIIOJIHE BEPOSTHBIM JaNbHEHIee ycuieHne poiau SPA-mpuioxe-
HUI Ha PBIHKE Pa3pabOTKH MPHUKIAJIHOTO MPOTPAMMHOIO OOecredYeHusl. DTOT WHCTPYMEHT YCIEITHO
3apeKOMEHI0BaJ ce0sl Kak IJIsl CO3JaHusl MyOJIMYHBIX CATOB C BBICOKMMHU TPEOOBAHUSIMH MPOU3BOIM-
TEJNBHOCTU U TOJJICPKKU KOIOBOM 0a3bl, TaK M JJIsl TIOCTPOCHUSI KOPTIOPATHBHBIX BEO-TIPHUIOKEHUH C
Ooratoii JOMEHHOM JIOTMKOM, SBJISIONICHCS YacThIO KIMEHTCKOTO IMPUIOXKCHHS, TaK Ha3bIBAEMBIX TOJI-
CTBIX KIHMEHTOB. [loMuMO myOIMYHBIX ¥ KOPIIOPATUBHBIX cUcTeM SPA-pemieHust HaXoIsIT CBOE IpUMe-
HEHHE U B CO3JaHUH MOOWIBHBIX U JECKTOMHBIX MPUIOKEHUH, TOTOMY YTO MO3BOJISIIOT MHUCATh JIOTHKY
Ha TOMYJSIPHBIX y pa3pabOTYMKOB KpPOCCIUIATQPOPMEHHBIX TeXHoJorusx, takux kak HTML, CSS u
JavaScript [12].

CpaBHUTENBHO HETAaBHO MOSBHIIACH KOHIETLUS 110/ HazBaHueM Micro Frontends, koropas Hamiia B
nocieHee Bpemst OoJiee cepbe3Hy0 TOJIEPKKY Ha YPOBHE OQHIMABLHBIX CTAHIAPTOB TAKUX TEXHOJIO-
ruif, kak Web Components [13]. CyTs ueu 3aKkiito4aercsi B TOM, YTOOBI 1aTh BO3MOKHOCTh 3aITyCKaTh B
Opaysepe Al OHOTO U TOTO K€ IPWIOKEHHS HECKOJIBKO Pa3HbIX (peiMBOPKOB pabOTHI C JEpeBOM
DOM (Document Object Model) uepe3 yaudumpoBanusiii uaTepdeiic B3anmoseiictaus. [lomaepxka
3TOTO BapuaHTa B3aUMOJCUCTBHS YK€ MPUCYTCTBYeT BO Bcex Beaymux SPA-dpeiimBopkax. Dta noj-
JepkKa OyIeT TONBbKO PaclIMpsThCs cO BpeMeHeM. Vaes pa3aenuTs MOHOIUTHYIO KIMEHTCKYIO JIOTHKY
BEO-NIPUIIOXKEHUSI TI0 CYTH CBOEH 3aMMCTBYET HJIEM MUKPOCEPBHUCHOM apXUTEKTYpHI, TOIBKO NPUMEHU-
TEJNBHO K KIMEHTCKOW CTOpPOHE MpOrpaMMHOro obecnieueHus. EcTecTBEHHO, Wies pasfeleHUs MPHIIO-
KEHUSl Ha M30JIMPOBAHHbBIC YacTH, OOLIAroIIUecs MeXay coOOW uepe3 YHU(PHUIMUPOBAHHBIA MPOTOKOI,
N00aBIseT CIOKHOCTH IpoLeccaM pa3padOTKU U MOAACPKKH BeO-npuiiokeHnid. OAHAKO BapHaHT MOJI-
HOM M30JIAUU MOKET MOJONTH KPYIHBIM MPOEKTaM, B pa3pab0OTKy KOTOPHIX BOBJIEYEHO HECKOJIBKO OT-
JeNTbHBIX KOMaH/I pa3pabOTYUKOB. DTOT MIAr MO3BOJUT CHAENATh POCT CIOKHOCTH MPOrpaMMHOro obec-
NEYEHHsI, KOTOPBIH MPOUCXOTUT C POCTOM 00BbeMa (PYHKIHMOHAIBHOCTH, 00Jiee JIMHEHHBIM, a HE 3KCIIO-
HEHLIHATbHBIM.

CToUT OTMETUTh, YTO TOAXOJ C HCIOJNBb30BaHMEM TexHouoruu iframe [14], cymiecTByromui mo
MepKaM BeO-pa3pabOTKH OYECHb JaBHO, A0 CHX MOP MOXET YCIICHIHO HCIIOJIB30BAaThCS ISl pa3OueHHs
MPWIOKEHHUS ¢ 00IIKM HHTepdeiicoM Ha YacTH, 00JIalaroIine U30JIMPOBAaHHOCTHIO M HE3aBUCHMOCTHIO
pasBeprhiBaHus. Kaxercs, YTo Ha JaHHOM 3Tare MOJXOJ CO BCTpauBaHHEM depe3 iframe Ooinee mpen-
MOYTHTENICH 10 CPaBHEHUIO C BAPMAHTOM HCIONB30BaHHSA HE JIO KOHIA 3pesiol TexHoyoruu Micro
Frontends [15].

CToUT OTMETUTH, YTO W HAIlpaBIICHUE BHEIPEHUS KOJa, HalMCcaHHOTo He Ha JavaScript, uMeeT cBoe
MPOJIOJDKEHUE, B YACTHOCTH 4epe3 TexHoioruto WebAssembly [16]. Hanpumep, ee ucnonezyer Blazor,
siBIsTroUiics dacThio TuiatdopmMel .NET. DTo Takke SIBISETCS MHTEPECHBIM BApPUAHTOM JAIBHEHIIETO
PasBUTHS KIMEHTCKHX BEO-MPHUIIOKEHUH CO CIOXKHOW JIOTUKOM, BBIHECEHHOW 3a TMpENelibl CepBEPHOM
YacTu.
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[ToMuMO TEXHONOTMH WHTETPAlMK KPYIHBIX MOAYJEH, KOTOpble OBIIM pacCMOTPEHBI BBIIIE, BaXK-
HYIO POJIb UTPAIOT CHCTEMBI peali3alii MOIYJIFHOCTH Ha YPOBHE KOJIA OTAEIBHO B3ATOTO MPUIIOKEHHSL.
Jns pa3orieHust Koga Ha MOJYJIM M UX BCTPAUBAHHUS B KOJ| MCIOJIB30BANNCH TaKWe MakeThl, kKak AMD,
Require]S, CommonJS. PacnpocTpanenue nakeToB NPOMCXOIWIO C HCIOIb30BAHUEM TaKHX CEPBHCOB,
kak NPM u Bower. OcHOBHBIMU cpelicTBaMH aBToMaTu3aruu seisuiuchk Grunt u Gulp. Co3ganue ciox-
HBIX TPOTrPaMMHBIX MPOJYKTOB, TAKUX Kak, HalpuMep, O(UCHBIC TTAKEeThI pabOTHI C JOKYMEHTaMH, YKe
BO MHOTOM IiepexoauT B BeO-popmat. B wactHOCTH, pabouas BepcHs CTaTbM HaOMpanach B OHJIANH-
Bepcuu Microsoft Word.

Bo MHOTOM MOXHO CKa3aTh, 4TO pa3paboTKa IMOJIb30BATENBCKOTO MHTepdeiica BeO-pelieHuii cra-
HOBHUTCSI Bce OOJIbILIE MOX0XKa HA Pa3pabOTKy CEpBEPHON YacTH 3a CUET aKTUBHOTO BHEIPEHHs CTaTHYe-
CKOM THNH3aLUK C MCIIONB30BaHUEM Takux Oubiunorek, kak TypeScript u Flow. Pacnpoctpanena ten-
JICHIIUS, KOT/Ia pa3paboTuNKH (PPOHTEH I-PEIICHIH MEPEXOAST K pa3padoTke OEKEeH-CEpBUCOB Ha ILIAT-
tdopme NodelS, Bens Bes akocucTeMa UM 3HaKoMa. Takxke U OeKeHI-pa3padoTUUKU epexoisT K paboTte
HaJ JOTUKOHM YpOBHS NpEACTaBJICHUS, BCTpeyast Bce OOJIbIIE 3HAKOMBIX KOHLENIHN, KOTOpBIE ObLTH Y
HUX [T03aMMCTBOBaHbBI. B 11eI0M KakeTcsl, 4TO TEHJCHIIMS Ha CMEIICHHE OTBETCTBEHHOCTH M TIEPEX0J] K
yHHUBepcanbHOMY THITYy pa3paboruunka (Full-Stack Developer) Tonpko Oynet HabupaTs 000pPOTHI B Jallb-
HeHIeM.

3. Ucnioib30BaHue Be0-TEXHOJIOTHI B IIOCTPOCHMH KOPIIOPATHBHBIX MH(OPMALHOHHBIX CHCTEM

PazBuTie HHPOPMAIMOHHBIX TEXHOIOTUH HEN30EKHO MPHUBENO K HHPOpMaTH3anuu OOJbIIECH YacTH
NPOLIECCOB, NPOTEKAIOMKX B o0miecTBe u Ou3Hece. Bee pasBuBaroyecs KOMIAHUM PAHO WIIM HO3THO
CTOJIKHYJIUCh C HEOOXOJUMOCTBIO CUCTEMAaTHU3alUl U CTPYKTYPHUPOBaHUS MH(OpMALUH, a TAKXKE C aB-
TOMaTH3alKed MpoIeccoB 00paboTku 3Tol mHpopmanuu. Ha HavyaabHOM YypOBHE OBLIO BO3MOXHO HC-
MOJIb30BaHUE PA3MYHBIX HACTOJIBHBIX MPHJIOKEHUH Ui paboThl ¢ nHGOpManuei, OHAKO ¢ yBennde-
HHEM ee 00BEMOB CTaJIO SICHO, YTO HEOOXOAUMO CO3AaHUE KOPIOPATUBHBIX HH(OPMALIMOHHBIX CHCTEM.
Kopnoparusnas Uudopmarmonnas Cucrema (KHMC) — 310 MaciitabupyeMas cucteMa, IpeHa3HaueH-
Has JUIsl KOMIUIEKCHOW aBTOMAaTU3allMA BCEX BUJOB XO3IMCTBEHHOW JEATENBHOCTU KOMIIAHUM, a TAKXKE
Kopropauui, TpeOyIoImux equHoro ynpasiaenus [17].

PaccMmoTpuMm 3Tansl pa3BUTHS KOPIIOPATHBHBIX HH)OPMALMOHHBIX CUCTEM.

1. 1960-¢ rr.: noseneane MRP (Material Requirements Planning) — mianupoBanue moTpeOHOCTH
B MaTepuaiax.

2. 1980-¢ rr.: nosinenne MRP 2 (Manufactory Resource Planning) — mianupoBanue mpou3BOACT-
BEHHBIX PECYpCOB.

3. 1990-¢ rr.: nosienienue ERP (Enterprise Resource Planning) — HaOop MHTErpUPOBAaHHBIX MPHUIIO-
KEHUH, MO3BOJLIIONINX CO3/1aTh HHTETPUPOBAHHYI0 MH()OPMAIMOHHYIO Cpey Ul aBTOMAaTHU3alUH IUIa-
HUPOBAHUS, y4eTa, KOHTPOJISI U aHAJIM3a BCEX OCHOBHBIX OM3HEC-ONepalui IpeanpusaTHs.

4. 2000-¢ rr.: mosieenue CSRP (Customer Synchronized Resources Planning) — miianupoBanue pe-
CypCOB, CHHXPOHU3HPOBAHHOE ¢ MOKymnaTeneM [18].

Hcnonb3oBanue BeO-TEXHOJIOTHH B MOCTPOSHUH KOPIIOPATUBHBIX CHCTEM HA4YaJlOCh Ha 3TaIe IOsB-
nenust ERP. Ilockonbky MH(DOpPMAlMOHHBIC TEXHOJOTMH aKTUBHO Pa3BUBAIMCh, TO KOMIIAHHWH, 3aHU-
Marorruecs paspaborkoii KMC, noHuManu, 4to yJI00CTBO MCIOJIL30BaHUS CHCTEM OyIeT HAMHOTO BbI-
1I1e, eclM B3auMMOJICHCTBHE ¢ STUMHU cuCTeMaMH Oyner JocTynHo o cetu Murepuer. M3HauanbHO 3TO
B3aMMOJICCTBHE OrpaHuunBajock Hcrnonb3oBanneM HTML u XML. ApxurekTtypa Takux CHCTEM
BKITfo4asa B ceds Hannune cepepa HTML-untepdeiica, ceppepa XML-1aHHbBIX, cepBepa MPUIOKEHUS,
a taxxe cepBepa CYB/] (cucrema ynpasnenus 0azamu ganubix). Cepepa HTML nu XML peanu3oBsi-
Banuchk Ha ocHoBe Apache nim Netscape [19].

ITo mepe pazsuruss HTTP, HTML, cpencts [uist co3iaHus MOJIb30BATEILCKUX HHTEP(EHCOB, CIIOCO-
00B XpaHeHuUs! U 00pabOTKH NAaHHBIX, @ TAKXKE YBEIMUYEHUsI 00beMa ITUX JAaHHBIX 3apoJuiiach Ues pea-
JM3alMHU pacTpeieNeHHbIX HHPOPMaMOHHBIX ciucTeM. [IepBbIM 1aroM Ha IMyTH K 3TOMY CTaJIO HCIOJIb-
3oBanue ASP (Application Service Provider). Texuonorus ASP no3Bossiia odecreunBaTh JOCTYI K WH-
(hopMaIMOHHO# cucTeMe, KOTOpast OblIa YCTAHOBJICHA HAa CTOPOHHEM cepBepe. Takol Mmoaxo1 3apoIuii-
cs1 mo npuuuHe toro, uro KUC yxke cronnu GONbIIMX AEHET, YTO AEaqo HEBO3MOXKHBIM MX HOKYIKY
MPEINPUATHIMU MaJIOro U cpeHero ousneca. Kpome Toro, 3HaUMTENBHO BBIPOCTA M CIOKHOCTh CAaMHX
CHCTEM, YTO MPHBOJAWIO K OTPOMHBIM pacxojlaM Ha paclpoCTpaHEHUE MPOrPaMMHOTO O0OeCHeucHHs
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Cpeau KOHEYHBIX monb3oBareneil. Joctyn ¢ ucnons3oBanueM ASP mpepoctasnana komnanus SAP k
cBoemy npoxnykry SAP R/3 [20].

TpaauiMoHHasi CTPYKTYpHasi CXeMa JIOKAIbHOW WH(POPMAIMOHHONW CHUCTEMBI BBITJISIIHUT CIEIYIO-
UM o0pazom.

1. UnTepdeiic nonp3oBaTens.

2. Snpo cuctemsl.

3. MudopmanroHHbIH MacCHUB.

4. NnTepdeiic anMuHACTpaTOPA.

5. YTWINTBl aAMUHHCTPATOPA.

[epexox ot nokanpHOM MHGOpMarmonHoit crucremsl (MC) k ee BeO-BepcHr BO3MOXKEH TIPU peajin-
3alUH €€ CTPYKTYPHBIX 3JIEMEHTOB C HCIIONb30BaHUEM BeO-TexHonoruil. C TOUKH 3peHus! B€O-TEXHOIO-
Uy UHTEpQENc moIb30BaTeis — 3T0 Opay3ep, KOTOpbIid B3aumoaeicTByet ¢ aapom yepe3 HTTP-cepsep.
TakuM 00pa3oM IPOUCXOIUT MEPBBI TAl JSKOMITO3UIuH TpaaulinonHoit FIC B BeO.

Bropoii mar — 310 BO3MOXKHOCTB UCTIONB30BaHUS Opay3epa B KadecTBe UHTep(deiica anMuHHICTpaTOpA.
31eck BOHUKAIOT BOIPOCH! Pa3rpaHUUuEHHs JOCTYIA U aKTyaln3aliy HHQOpMaLy B 0a3ax JAHHBIX CHCTEMBI.

Crenyromuii mar — pacupeAeseHue Harpy3K 10 HECKOJIBKUM CepBepaM, a TakKe HCIIOIb30BaHUE
K3LINPOBAHU Ha CepBepax-MOCpeTHUKAX.

[Toka neKOMIO3MIMK MOJBEPraiach CBSI3Ka «KOHEUHBINA MONb30BaTeNb — AApo». MOXKHO MpoBecTH
JEKOMIIO3HLIMIO M Ha CTOpPOHE cepBepa. IlepBriM TakuM 1marom ssisiercs npumenenne CGI npu gocryne
K pecypcam. CepBep CTaHOBUTCSI TIOCPEIHUKOM MEXKIy Opay3epoM U cepBepoM pecypca. bonee addek-
THUBHO 3TO0 pemraetcs 3a cueT API (Application Programming Interface), korna cam HTTP-cepBep umeer
MOJYJb JOCTYIA K CEPBEPHOMY IIPOLIECCY.

JpyruM BayKHBIM MOMEHTOM SIBIIIETCS] BHEAPEHHUE PE3YIbTAaTOB 00paIlleHUs] K BHEIITHEMY PECypCy B
rOTOBBIE Ta0JIOHKI cTpaHull. B TepMuHonorun Bed — 310 Server Site Include. BeraBka MoskeT ocyrect-
BIISITBCS KaK JIOKAJIBHO, TaK U C UCIOJIb30BaHUEM JIaHHBIX yIaJeHHOro cepBepa. Takum oOpa3om, cepBep
OCHAILAETCS SI3IKOM MAHHUITYTUPOBAHUS JAaHHBIMH IIPU (OPMUPOBAHUU OTKIIHKA.

Jpyroli HHCTPYMEHT — 3TO BHJIOM3MEHEHHE CTPAHHIl HA CTOPOHE KIIMEHTa. YIpaBJieHue (HopMoi
uHTEpdeiica MoIb30BaTENs OCYIIECTBISIETCS HA CTOPOHE KJIMEHTA MPU MOMOIIU CKPHIITOBBIX S3BIKOB,
Takux Kak JavaScript. B mepByto ouepens, 3T0 MO3BOMIAET MOBBICUTH HHTepakTHBHOCTH MC, mocTpoeH-
HOM Ha OCHOBE BeO-TexHoyoruid. Ceiiuac akTMBHO HMCIONIb3yeTcsl SPA-101X0/1 B OpraHu3aiy Mojb30-
BaTeIbCKOr0 HHTEpQeiica.

s monmepkku ceanca paboThl ¢ cepBepoM B BeO mpumensiercs cnenudukanus Cookie. Unes co-
CTOHUT B TOM, YTOOBI IIepe/iaBaTh OT KIMEHTA Ha cepBep U 00paTHO MHPOPMAIIUIO O MOJIL30BATENE H €T
JNEHCTBHSX, KOTOpas MPHUBS3BIBACTCSA M0 TUIY MH()OPMAIIMOHHOTO pecypca U Bpemenu [21]. Hampumep,
komnanus SAP npenocrasnser ERP, peannzoBanHyro 10 CX0XKEMY HOAXOAY.

Takum 00pa3om, ucronb3oBanue BeO-TexHonorui npu paspadorke KMC no3sonser B moboe Bpems
U JII000M MecTe:

1) noceIaTh NTUCbMEHHBIE COOOIICHUS;

2) npeAcTaBiATh CBOE NPEANpPUSATHE, CBOU TOBAphl U YCIYIH, OCYLIECTBIATH OOPAaTHYIO CBSI3b C
KJIMEeHTaMH (TIOTy9aTh 3aKa3bl, peKJIaMaliu U T. 11.);

3) 3aHMMATHCS MapKETUHTOM;

4) nckath COTPYAHUKOB,;

5) ycTaHaBIMBAaTh JIEJIOBBIE CBSA3H, IOKYNIATh TOBAPHI U YCIYTH;

6) IPOM3BOJUTH MPSIMBIE PACUETHI C MOKYIATENIMU U MOCTABIINKAMHU.

[lepexox VIC U3 rpOMO3AKHX U CJIOKHBIX JIOKAJIBHBIX NMPHJIOKEHUH HAa CTOPOHY BEO-TEXHOIOTUH
MO3BOJISIET MPEANPHUATHSM Majoro U CpegHero OM3Heca B MOJIHOW MEpe HCIONb30BaTh BO3MOKHOCTH,
KOTOPBIEC CErO/IHS NPEOCTABISAIOT HHPOPMAIIOHHBIE TEXHOJIOTHH, & 3HAYUT, BHIUTH Ha HOBBI YPOBEHb
3G PEKTHBHOCTH BelleHHs OU3HEca.

3akioueHue

PazBurue BC6-TCXHOJ’IOI‘I/II\/'I ChIr'paJI0 BAXXHYIO POJIb B IOAXO0JaX K CO3JaHUIO KOPIIOPATHBHBLIX WH-
(hopMaIMOHHBIX CUCTEM. TEXHOJIOTHN CO3IaHUS BEO-TPUIIOKESHH ITPOILTH OOJIBIION MyTh Pa3BUTHS OT
MPOCTEHIIINX TEKCTOBBIX CTPAHHUII IO OOJBIIHX U CIIOKHBIX MPHUIIOKEHUH, CITIOCOOHBIX pemaTh IMUPOKHUN
KpyT OU3Hec-3aau.
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ITo mMepe pa3BUTHS KOPIOPATUBHBIX MHMOPMAIMOHHBIX CHCTEM OT MPOCTHIX HACTOIBHBIX MPHIIO-
JKEHHUH JI0 KPYITHBIX CUCTEMHBIX KOMIUIEKCOB CO CIIOKHOW apXUTEKTypOH MX CTOMMOCThH Ha PhIHKE IPO-
TPaMMHOTO O00ECIIEYeHHs TaKXKe pOcya, POCIH 3aTpaThl HA PACIPOCTPAHEHHE CUCTEM MEXIY KOHEUHbI-
MU TIOJIB30BATENSAMU B opranu3anud. 11o 3Toi npuurHe npennpusiTHS MaJloro U CpelHero Ou3Heca He
MOTJIW TI03BOJIUTH ce0e MCIOIb30BaHIE KOPIIOPATUBHBIX HHPOPMAITHOHHBIX CHCTEM.

[TockonmpKy B COBPEMEHHOM MHpE CIOXKHJIACh TEHACHLHUS Iepexona pa3iIMyHBIX CHCTEM B BeO-
NPOCTPAHCTBO, & TAKXKE TOT (HAKT, YTO BEO-TEXHOJOTHH TOCTUTIIM BBICOKOTO YPOBHS Pa3BUTHS, 3aKOHO-
MEPHO, YTO CTaJla BO3MOXKHA M Peatn3alus KOPIOPaTUBHBIX HHPOPMAIIMOHHBIX CUCTEM C HCIIOJIB30Ba-
HHEM HOBEHIMX BEO-TEXHOJOTHH. DTO B CBOIO OYepelb OTKPHIBAET HOBBIC IyTH Pa3BUTHS TAKUX CHC-
TEM H J]aeT BO3MOXKHOCTh MX HCIIONB30BaTh MaJBIM M CPETHUM KOMITAHUSM JUIsl JOCTHXKEHUsT OU3HEC-
neneil. JIocTynHOCTh cucTeMsl, TpeOyIoIIeH OT MOoIbp30BaTeNs JIMIIb HANW4Ks Opaysepa, 24 yaca 7 qHei
B HEJIEIIO B IMyOJINYHOM NPOCTPAHCTBE, B 3HAYNTEIHHON CTEIICHH ONpe/esiia JIHUPYIOILy0 poib BeO-
peIIeHNH TI0 CPABHEHUIO C KIACCHYECKUMH HACTOJLHBIMH MPHIIOKEHHSIMU.

Pemenus, 6asupyromuecs: Ha SPA-ppeiiMBOpKax, UMEIOT BCE IAHCHI TPOAOJIKHUTEH TOCTIOICTBOBATD
Cpeay HHCTPYMEHTOB CO31aHus BeO-npriioskeHnid. OTHAKO HE CTOUT cOpachIBaTh CO CUETOB KOHLETILIUIO
MUKPO(PPOHTEHIOB, KOTOPasi, BO3MOKHO, HUBEIUPYET CUHTAKCHYECKYIO MPOMNACTh MEXIY JHIHPYIO-
mmMu SPA-dpeiiMBopkamut cerojiast. Takke BO3MOXKHBIM HalpaBlICHHEM YHHUBEPCAIM3AINH SIBISICTCS
pasBUTHE TAKUX TEXHOJOTHWH, KaKk paccMOTpeHHas TexHojorus WebAssembly, 3amycka B Opaysepe Ko-
Jla, HAIIMCAaHHOT'O HE Ha SI3bIKE porpammupoBanus JavaScript.

BeccniopHo o/1HO — pa3paboTKa KIMEHTCKOW 4YacTh BeO-TPUIIOKEHUH OyAeT MpoaoInKaTh YCIIOXK-
HATBCS M DKOCHUCTEMA TEXHOJIOTHH BOKPYT OYJET JHIIb PACTH, BMECTE C TEM POXKJasi HOBBIC allbTepHa-
TUBBI PeANTU3aLUH TOH K€ (PYHKIHOHATBHOCTH, HO UCIOJIb3YS pa3HbIC S3bIKH, OMOIMOTEKH U MOIXOIBI K
uHTerpauy. CIOXXHOCTh 3TOW YacTH MPOrPaMMHOT0 00ecHeueHHss BO MHOTOM OYZET CpaBHUBATHCS C
peanu3anyeil cepBepHON YacTH, a aKTyalbHOCTh IMPOrPAMMHUCTOB-YHHUBEPCAJIOB HAa PBIHKE Tpyna Oyner
JIWIIb YCUITMBATHCS.
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IN DEVELOPMENT OF ENTERPRISE INFORMATION SYSTEMS
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Introduction. The first mentions of enterprise information systems refer to the 1960s. These sys-
tems developed over time, becoming more complex and allowing to solve a wide range of problems.
The 1990s mark the beginning of the active development of web technologies. Naturally, they found
way into the development of enterprise information systems used for various purposes. The purpose of
the study was to describe the main stages in the development of web technologies, from the appear-
ance of the hypertext markup language to modern single-page web applications, as well as the impact
they had on approaches to the development of enterprise information systems. The author meant
to identify promising trends in web-based solutions that can be successfully used in the development
of enterprise information systems. Materials and methods. The paper discusses modern web techno-
logies, their development from the dawn to the present day, as well as some tools recognized as obso-
lete, and the reasons why it is impossible to develop them further. Results. The paper gives the history
of the emergence of various technologies, describes their impact on approaches to the implementation
of enterprise systems, and a way to move from a desktop version of the system to an online one. Some
predictions are made concerning the prospects of certain technological areas that have good chances
to successfully develop in the future. The author assesses the growing complexity of web applications,
the way they merge with the server side development approaches and tools. The demand of software
engineers who can develop both the server and client side of an application is rationalized.
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application, JavaScript, ERP.
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ADAPTIVE GUARANTEED ESTIMATION OF A CONSTANT SIGNAL
UNDER UNCERTAINTY OF MEASUREMENT ERRORS

D.V. Khadanovich, khadanovichdv@susu.ru,
V.I. Shiryaev, shiriaevvi@susu.ru

South Ural State University, Chelyabinsk, Russian Federation

In the guaranteed estimation problems under uncertainty relative to disturbances and measure-
ment errors, the admissible sets of their possible values are determined. The solution is chosen due to
conditions of guaranteed bounded estimates optimization corresponding to the worst realization of
disturbances and measurement errors. The result of the guaranteed estimation is an unimprovable
bounded estimate (information set), which turns to be overly pessimistic (reinsurance) if a prior ad-
missible set of measurement errors is too large compared to their realized values. The admissible sets
of disturbances and measurement errors can turn to be only rough upper estimates on a short obser-
vation interval. The goal of research is the accuracy enhancement problem of guaranteed estimation
when measurement errors are not realized in the worst way, i.e. the environment in which the object
operates does not behave as aggressively as it is built in a priori data on the permissible set of error
values. Research design. The problem of adaptive guaranteed estimation of a constant signal from
noisy measurements is considered. The adaptive filtering problem is, according to the results of
measurement processing, from the whole set of possible realizations of errors, to choose the one that
would generate the measurement sequence. Results. An adaptive guaranteed estimation algorithm
is presented. The adaptive algorithm construction is based on a multi-alternative method based on
the Kalman filter bank. The method uses a set of filters, each of which is tuned to a specific hypothe-
sis about the measurement error model. Filter residuals are used to compute estimates of realized
measurement errors. The choice of the realization of possible errors is performed using a function
that has the meaning of the residual variance over a short time interval. Conclusion. The computa-
tional scheme of the adaptive algorithm, the numerical example, and comparative analysis of ob-
tained estimates are presented.

Keywords: constant signal estimation, guaranteed estimation, adaptive algorithm, bounded
estimate, measurement residual.

Introduction
The estimation problem of a constant signal x from noisy measurements is considered [1]
Vi=x+v, k=12,..,N, (D)

where x € R' is a constant value (useful signal), v, € R' are the measurement errors. Under natural con-

ditions, the values of measurement errors v, k =1, N, are unknown (uncontrolled). A priori information

about measurement errors is formalized by choosing a hypothesis about the properties of errors v .
The following hypotheses are traditional.

1. The measurement errors v, are random and given by probability density function with known
parameters.

2. The measurement errors v, are uncertain quantities: v, € /', where V' is a given convex set of
their possible values.

Acceptance of the hypothesis about the probabilistic nature of measurement errors makes it possible
to formulate the problem within the framework of the stochastic approach as the problem of finding
the optimal estimate in the mean square sense and to use statistical methods [2]. The most common is
the use of the least-squares method (LS) [1, 2], i.e. minimizing a function

N
J(x)= (3 —x)*, # =argminJ(x).
k=1 *
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Recurrent algorithms are most widely used in solving problems of processing noisy measurements
when an estimate of an unknown quantity is formed by the sequential processing of each available
measurement and the results obtained at the previous processing step. The recurrent LS-method is
the relations of the Kalman filter (KF) for the considered problem (1) [3, 4]. However, any inaccuracy in
the knowledge of the probabilistic characteristics of errors v, can cause divergence of the filtering pro-
cess [5-8].

However, in many situations, the application of stochastic estimation methods can be difficult: due
to the small number of available measurements, based on the results of which the search for the best
estimate is carried out, or the absence of probabilistic characteristics of measurement errors. Besides,
the assumption about the random nature of measurement errors is not always justified [5, 8]: often it is
only known that the measurement errors v, are bounded.

Given a set of possible values of measurement errors, it is possible to formulate the problem within
the guaranteed (set-membership approach) as the problem of finding the bounded set of possible values
of an unknown quantity [9-26]. In this case, the problem solution is selected from the condition of
the optimization of guaranteed bounded estimates corresponding to the worst realization of measurement
errors [8, 12, 18, 24]. The advantage of guaranteed estimation methods is the absence of random filtering
errors [10-15, 21, 23, 27]. However, the resulting bounded estimate (information set) may turn out to be
overly pessimistic (reinsurance) if the set of possible values of measurement errors is too wide [8, 17, 18].
The problem of adaptive algorithm development for guaranteed estimating becomes relevant [28].
The adaptive guaranteed estimation problem is, according to the results of measurement processing,
from the whole set of possible realizations of errors, to choose the one that would generate the sequence
of measurements [8].

One of the central issues of modern estimation theory [29-32] is the synthesis of adaptive filters
enabling of providing a sufficiently accurate estimate of the state vector in the absence of accurate a priori
information about disturbances and measurement errors is one of the. In [6, 7, 29, 32], various algo-
rithms for adaptive filtering of stochastic systems with unknown values of the noise covariance matrices
are discussed.

This article is focused on the problem of adaptive guaranteed estimation of a constant signal from
noisy measurements. The development of an adaptive estimation algorithm is based on a multi-
alternative method based on a Kalman filter bank, which was first proposed in [33] for estimating ran-
dom processes with unknown constant parameters [34, 35]. This method has found wide application in
problems with a multi-alternative description of a system state or process [36—38]. The work continues
research [39, 40].

Statement of the problem

Consider the estimation problem solution of unknown constant signal from a single realization of
measurements (1) in the framework of a guaranteed (set-membership) approach. A priori information
about the initial value x, of a variable and errors v, is represented in the form of admissible sets of

the corresponding quantities [9-12, 1620, 24, 26]
Xy € X, :[_xo, +xo], v, eV = [_v, +v], k=12,..,N, 2)

where _x, "x are respectively left and right bounds of the set X,,, _v, v are respectively left and
right bounds of the set V.

The result of guaranteed estimation is the construction of the information set X, that is guaranteed
to contain an unknown signal x [10-24].

xe)_(k:[ka, +xk], k=12,..,N. 3)
The information set is defined as follows [18, 23]:

X, =X, nX[y] Xo=Xy k=12,.,N, )
where X[y, ] is the measurement consistent set

X[yk]z{x|x=yk—v,veV}, k=12,...,N. ®)
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The presence of the estimate X « (4) is fundamentally important from determining the consistency
of a priori information (2) [23]. The algorithm efficiency mainly depends on a priori estimate J* which
is adequate to the realized errors v, :

1. Errors in the set V' definition, i.e. a failure of the assumptions (2) when v, ¢}, can lead to
the fact that the information set X , May be empty at some time step & : X « = . Errors in set X, defini-
tion can also lead to such a situation.

2. If the set V' is too wide, then the information set X « Will regularly within the measurement con-
sistent set X[y, ]: X, c X[»e] X, =X, . In this case, measurement processing is useless, i.e. it

does not lead to an increase in the estimation accuracy — a decrease in estimation errors.
Consider an algorithm for solving the guaranteed estimation problem for the case, when a prior

admissible set V' is too wide, as a result )?k_l = )_(k ,k=1,2,....

Adaptive algorithm of guaranteed estimation
By following the LS-method and the KF, consider the measurement residual formed as the diffe-
rence between the measured value and the estimate obtained at the previous step [4, 8, 9]

Wi = Vi = X1 X1 € )?k—l = |:—xk—1’ +xk—1:|’ ©)
.x;:71 :(7xk71++xk71)/2, kzl, 2,..., N.

Substituting the measurement equation (1) into this equation, we find that

W =€ +v,, k=L2,..,N, @)
where ¢, =x—x;_, is the estimation error of unknown signal x .

Thus, the residual p, (7) corresponding to the current moment of time £ is an estimate of the reali-
zed measurement error v, , and the estimation error of the measurement error is equal to the estimation

error of the signal x.
As for estimation error ¢ , it is known that

e e X{y =[xl x| k=120, N, (8)
where

X) =X, ,-x,,, k=12,..,N,
is the centered set symmetric about zero, 0 X}, .

The estimate (8) is guaranteed and means that the actual estimation error e, can take any value

from the set X, .
Taking into account the constraint (8) on the error value e, , the permissible set of measurement

errors v, can be represented as
Vi :{V|V:Hk _eaveEXl(c)—l} :{V|Hk — T SvSy - —xl(c)—l} =
== we- x| k=12, N, (9)
In the equation for the measurement residual (6) substitute the estimate x; given a priori for the es-

. . . . *
timate obtained at the previous time step x;_,

W=y, —xy=e+v,, k=1,2,.., N, (10)

x;eon[_xO, +x0], sz(_x0++xo)/2. (11)
The value

e=x-x, (12)

is the error of the initialization of x.
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The centered set
ee[_xo—x;, +x0—x:;} (13)
is the set of possible values of errors ¢ (12), symmetric about zero.

Taking into account equations (10) and conditions (11), (13), represent the admissible set of meas-
urement errors in the form

v €V :{V|Hk —(+xo_x;)3"3uk _(Jfo—x;)} =
Z[Hk —(+xo_x8)’ uk—(_xo—x;)], k=1,2,...,N. (14)

Thus, the width of the permissible set V), (14) of measurement errors v, is determined by the width
of the permissible set of errors e in setting information about the actual value x (13).

Explain this choice. As shown above, if the admissible set =[7v, +v] of errors v, is a priori

given too wide, so that X, V', then the information set X « 1s within the measurement consistent set:
X < X[y] and X,_, =X, . According to the minimax principle, the estimation error ¢, =e=x-Xx,
(12) will be the minimum of the maximum possible (minimum in the worst case) at point x; (11). Be-

sides, its value does not depend on measurements y,,k =1, N and is constant over the entire considered

time interval. The admissible set (13) of the estimation error e can be represented as the sum of two
subsets

ee[_xo—x;, 0]+[0, +x0—x8]. (15)
The value and sign of the actual estimation error e are unknown. Therefore, we can talk about

accepting one of two hypotheses, a hypothesis H,: e<0,ec [ _Xp— x;, O] or a hypothesis H:
e>0,ec [O, X0 — xS] . The acceptance of the hypothesis /, with the fulfillment of conditions
ee |:7x0 - x;, O} leads to a guaranteed result

v eV, = {v|pk vy —(_xo —xg)} =|:|,lk, L —(_xo —x;)], k=1,2,..,N. (16)
The acceptance of the hypothesis H,,, while ee [0, Txo — x;} , leads to the fact that

Vi &V = {V“'lk SVS iy —(—xo —xS)} Z[Mka My —(—xo —x;)},

V, ={v|uk —(+x0—x;)SvSuk}=[uk —(+xo—x;), uk} k=1,2,..,N.

An error in setting the set V), (17) can lead to the fact that the information set X © at some time step

)

k may turn out to be empty: X, « =% . In this case, further construction of the sets using the filter equa-
tions (4), (5) becomes impossible. However, it may turn out that X 1 NX [ yk] #J, but the result of
the estimation is false x & X, .

In case of this situation, it is possible (given a priori information (15) about the possible values of
estimation errors e € [ _Xp —x;, O] — hypothesis H, and e [O, "X, —x;] — hypothesis H,) to solve
the guaranteed estimation problem using parallel computations considering the results of the algorithm
for different values V, (16), (17):

1. If, given a hypothesis H,/ H,, it turned out that v, ¢V, at some time step k, then the infor-
mation set obtained by time step k& becomes empty X, « =0 . Starting from a time step k +1, an alterna-
tive hypothesis is taken into account H, / H,,.

2. If, given a hypothesis H / H,, it turned out that v, ¢V, at some time step k but the presence of
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bounded set X, # @ does not allow to recognize this situation, then the criterion for choosing a set ¥

is the accuracy of the obtained estimates x; .

To characterize the actual quality of estimation, one can use a sequence of a posteriori residuals of
measurements [8, 9, 39, 40].

ykzyk—x;:, xZe)?kz[kaka], k=12,..,N, (18)

where x;: is the estimate of unknown signal x obtained by the time step & .

Of particular interest is to obtain the best (optimal) estimates x;:. These estimates can be obtained
by solving the problem of minimizing the function
N
> y¢ — min . (19)
k=1 XXy
Function (19), which is the sum of the squares of a posteriori residuals, carries information about
the estimated error of estimation [8, 9]. Therefore, the criterion for choosing the admissible set of reali-

zed measurement errors is the accuracy of the obtained point estimates xZ of the signal x for different
values of V, (16), (17). In this case, the algorithm accuracy for the selected set V) is estimated by

averaging over the considered measurement interval.

Thus, it is possible to specify the following guaranteed estimation algorithm, which is adaptive to
the realized measurement errors.

1. The measurement interval £ =1,..., N is divided into equal / sub-intervals.

2. Two competing hypotheses /) and /, are accepted that the estimation errors e model given in
the form of a set of their possible values e e[fxo —x;, O] and ee [O, "X, —x;] respectively, rather

accurately describes the behavior of actual estimation errors on the measurement interval y;, ,,..., ;.

3. Following the accepted hypotheses, the admissible sets of measurement errors are calculated (16)
and (17), respectively. We will consider the results of the estimation algorithm for different admissible
sets of measurement errors.

4. The estimate of the signal x obtained on this measurement interval will be denoted x; and will

be found by the criterion of the minimum squared residuals (19), comparing the results of the algorithm
for different admissible sets of measurement errors.
5. For the next measurement interval y,,, ¥,,5,..., V;,; as a priori estimate of the signal x, we will

consider the estimate obtained from measurements at the last time steps /: x, =x,, X, = X .
The measurement processing on the interval k=/+1,/+/ is carried out in the same way as

the measurement processing on the interval & =1,/. The application of the algorithm does not require

storing / measurements, but only calculating and storing estimates with the width of the measurement
interval equal to /.

Represent a multi-alternative model of the algorithm in the following form.

Algorithm 1

Step 0. Determine the admissible sets x, € X, =[7x0, +xo] , e €V =[7v, +v] , k :1,_1, I<N.
Step 1. Define k =1.
Step 2. Calculate x; following (11). Accept the hypothesis H,, :e e [ Xy — x;, O] .

Step 3. Calculate p, following (10) and the admissible set of measurement errors v, following (16).
Step 4. Calculate X « following (4), (5).
Step 5.1f X =%, go to Step 2 of Algorithm 2. Otherwise, go to Step 6.

Step 6. Calculate y, following (18).
Step 7. Define k=k+1 goto Step 3. If k=1, go to Step 8.
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!
Step 8. Calculate Zyi .
k=1

! !
Step 9. If the value Zﬁ corresponding to Step 8 of Algorithm 1 is less than the value Zﬁ cor-

k=1

k=1

responding to Step 8 of Algorithm 2, define k=/+1, X, = X ; and go to Step 2. Otherwise, go to Step 2

of Algorithm 2.
Algorithm 2

Step 0. Determine the admissible sets x; € X, :[Jco, +x0} , v eV :[J, *v} , k =m, < N.

Step 1. Define k =1.

Step 2. Calculate x; following (11). Accept the hypothesis H, :e € [0, "Xy — xz] .

Step 3. Calculate n, following (10) and the admissible set of measurement errors v, following (17).

Step 4. Calculate X « following (4), (5).

Step 5. 1If )?k =(J, go to Step 2 of Algorithm 1. Otherwise, go to Step 6.

Step 6. Calculate v, following (18).

Step 7. Define k=k+1 goto Step 3. If k=1, go to Step 8.

!
Step 8. Calculate Zyi .
k=1

/ /
Step 9. If the value Zﬁ corresponding to Step 8 of Algorithm 2 is less than the value Zﬁ cor-

k=1

k=1

responding to Step 8 of Algorithm 1, define k=/+1, X, = X ; and go to Step 2. Otherwise, go to Step 2

of Algorithm 1.

Numerical simulations

The problem of constant signal estimation from noisy measurements is considered

Vi=x+v, k=1.,N.

(20)

The true value is x=0.5, the number of measurements is N =100. The noisy measurements y,

(20) and measurement errors v, are shown in Fig. 1. The measurement errors are assumed to be zero

mean Gaussian white noise sequence with standard deviation 6, =0.17. The prior admissible sets are

taken as follows:

XO:[_xO, +x0]:[—1, 1], V:[_v, +v}=[—3cv, 30V].

As Fig. 1b shows, the realization of measurement errors is such that |vk| <30

v

0 1 1 L 1 1 L 1 L L’
0 1o 20 30 40 50 10 20 30 40 50 60 0 80 90 100
k &
a) b)
Fig. 1. The processes considered in the example: a — noisy measurements y, ; b — measurement errors v,
BecTHuk HOYplY. Cepus «KomnbioTepHble TEXHONOrMK, ynpasreHue, PaauoaneKkTPoHUKay. 27

2020. T. 20, N2 4. C. 22-36



anaBneHMe B TeEXHUYECKNX CUcCTemMax

The measurement interval was divided into 5 equal sub-intervals. According to the results of measu-
rement processing, the information set of possible values of the signal x is obtained (Fig. 2)

xeXy=[0.4688, 0.5], x) =0.4844, k<[80, 100].
The information set of possible values of the signal x computed by “non-adaptive” filter is (Fig. 2)
xeXy= [0.343 1, 0.5779], x;, =0.4605, ke [92, 100].

A

1
\
A
0.9 L
0.8 LS
0.7+ 3
1
\

0.6 e LR EEE R EEEEEEEEEEEE P

0 10 20 30 40 50 60 70 80 90 100

Fig. 2. Bounded estimates of the signal x: 1, 2 — respectively the upper and lower

bounds of the information set computed by the adaptive guaranteed algorithm;

3, 4 — respectively the upper and lower bounds of the information set computed
by “non-adaptive” algorithm

The maximum possible error of the adaptive filter is mgx|x—c|=0.0312, and that of “non-
ceXy

adaptive” filter becomes mgx|x—c|=0.1569. As a quantitative characteristic of the efficiency of
ceXy

the proposed adaptive estimation algorithm, consider the ratio &, =%-100% of intervals
0

XN:[*XN’ +)CN:| and onl:ixO, +x0:|.

The quantity 6 shows what part of the prior uncertainty is the information set [41]. The information
set computed by the adaptive guaranteed algorithm does not exceed 2% (8 = 1.56) of the prior uncer-
tainty value, while the information set computed by the “non-adaptive” guaranteed algorithm exceeds
11% (8=11.74) of the prior uncertainty value.

Application of the Kalman Filter
Recurrence equations of LSE [3, §]

=%+ o (v —%el)s k=12, N, 21

_ e
pe=(pch+r') (22)

As mentioned above, equations (21), (22) are the KF equations for the considered problem (20).
The variance of measurement errors is known: r =c?. Initial conditions for the KF are: x e N (0, py),

- 1
X =0, py Ty

From a comparison of the results of the adaptive guaranteed estimation and the KF (Fig. 3, Table 1),
it follows that the implementation of the adaptive guaranteed estimation algorithm made it possible to
reduce the initial uncertainty in the knowledge of the signal x by 64 times, and the use of the Kalman

filter — by 20 times.
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Fig. 3. Bounded estimates of the signal x: 1, 2 — respectively the upper and lower
bounds of the information set; 3, 4 — respectively the upper +3c and lower —3c
bounds of the confidence set computed by the KF

Table 1
Characteristics of bounded estimates
Adaptive guaranteed algorithm The Kalman Filter

k max|x — max x-c

ce)?);j |x C| 8k ce|:—3\/ﬁ,3 Dk ]| | Sk
20 0.5 25 0.1330 11.33
40 0.25 12.5 0.0928 8.04
60 0.125 6.25 0.0726 6.57
80 0.0625 3.125 0.0643 5.7
100 0.0312 1.56 0.0620 5.09

For the relative errors of the Kalman estimate X and the estimate x;, of the adaptive guaranteed
algorithm, respectively, we have (Fig. 4, Table 2)

x*
xX—Xx X—x
e |
-100% =17.74%, -100% = 50%.
max |x—c| max |x —c|
ce|:—31/pN 3 pN:I ceXy
A
0.6-_,“,-_/__3
0551 A S A o Bk SR iadetebdeintohde
u;.-:i'h’xf'g,a_,;:lu";”h' g g e o e A
X,
14 kg . 7/_______,“_ ,,,,,, o
04;—\ pr— R T R -
T
0.4 f
J
0351
2
03F
025
1 1 1 1 1 1 #
40 50 60 70 80 90 100
k

Fig. 4. Point estimates of the signal x: 1, 2 — respectively the upper and lower
bounds of the information set; 3, 4 — respectively the upper +3c and lower —3c
bounds of the confidence set computed by the KF
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Table 2
Characteristics of point estimates
The Kalman filter Adaptive gl aranteed Mean type method
algorithm
k estimation error . estimation error | 1 & estimation error
Yk |x— % Yk ‘x—x;: Yk ZE;% ‘x—x;:
20 0.5197 0.0197 0.25 0.25 0.5265 0.0265
40 0.5124 0.0124 0.375 0.125 0.5157 0.0157
60 0.5090 0.0090 0.4375 0.0625 0.5112 0.0112
80 0.5074 0.0074 0.4688 0.0312 0.5090 0.0090
100 0.5110 0.0110 0.4844 0.0156 0.5124 0.0124

The relative error of the Kalman estimate x, turned out to be 3 times less than the relative er-

ror of the estimate x;, of the adaptive guaranteed algorithm. The Kalman estimate turns out to
be more accurate since the real probability distribution law of measurement errors v, is Gaussian.
The estimate of the guaranteed algorithm is selected based on the worst realization of measurement
errors. In the case of a single realization of measurements { Vi }]]:’:1 , the solution of the guaranteed

estimation problem, when the estimate is a point which is equidistant from bounds of the infor-
mation set (middle point of the interval), is nonrational [41]. In the considered example, the true
value of the signal x is on the border of the information set. However, in practice, such a situation
cannot be recognized.

Consider the measurement errors v; in terms of uniformly distributed in the interval [-v, v] white

noise at level of about v=0.5 (Fig. 5). The prior admissible sets are
Xo=| x "xo|=[-1 1], =] v, "v]=[-05, 05].

Initial conditions for the KF are: xeN(O, po), X =0, p, =é, r =(0.5/3)2.
vk A T

0.4

041

0.6 1 1 1 1 1 1 1 1 1 1 >

Fig. 5. Measurement errors v,

As Fig. 5 shows, the realization of measurement errors is such that at some time steps |vk| ~0,5.

A comparison of the results of “non-adaptive” guaranteed estimation and the KF is shown in Fig. 6
and Table. 3.
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Fig. 6. Bounded estimates of the signal x: 1, 2 — respectively the upper and lower
bounds of the information set; 3, 4 — respectively the upper +3c and lower —3c
bounds of the confidence set computed by the KF

Table 3
Characteristics of bounded estimates
Guaranteed algorithm The Kalman filter

k max(x—c max X—C

ceXy | | Ok ce|:—3\/ﬁ,3 Pk ]| | Ok
20 0.0653 3.65 0.1463 11.54
40 0.009 0.83 0.1046 8.19
60 0.009 0.83 0.0848 6.69
80 0.009 0.83 0.0713 5.8
100 0.0077 0.41 0.0664 5.19

The information set X N =[7xN, *xN} computed by the guaranteed algorithm does not exceed

1% (8=0.41) of the prior uncertainty value, while the confidence set [—3 Pys 3Py ] computed by

the KF exceeds 5% (8 = 5.19) of the prior uncertainty value. The maximum possible error of the guaran-

teed estimate is max |x - c| =0.0077, which is almost 10 times less than the maximum possible error of
ceXy

the Kalman estimate, which is max

ce[—3\/p_,3 PN}

may not belong to the confidence set: x ¢ [—3 Pn> 3\ Py ] .

|x —c| =0.0664 . In addition, the true value of the signal x

Thus, in the case when the admissible set of measurement errors V' :[J}, +v} is adequate to

the realized measurement errors so that the measurement errors can take values on the set bound or close
to its bound, the guaranteed estimation errors are minimal. For the considered realization of measure-
ment errors (Fig. 5), at time steps k& =13,34,84 the values of measurement errors are closest to

the boundary values. At these time steps, the guaranteed algorithm provides the most accurate estimates.
In this case, the application of adaptive methods is not required.

Conclusion

The article has proposed a solution to the problem of adaptive guaranteed estimation for a constant
signal from noisy measurements. It is based on a multi-alternative method when a set (bank) of filters is
used, with each of which tuned to a specific hypothesis about possible realizations of measurement er-
rors. Filter residuals are used to compute estimates of realized measurement errors. Choosing the possi-
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ble implementation of errors is made by using a composed function that makes sense of the variance of
residuals over a short time interval.

Numerical simulations have confirmed the effectiveness of the proposed adaptive guaranteed esti-
mation algorithm. Exploring further the issues: the statement of the necessary criterion for an opportuni-
ty of adaptive adjustment of the algorithm; properties of the adaptive filter on short time intervals; gene-
ralization of obtained results to the multidimensional case in the presence of unknown bounded distur-
bances. One of the promising directions for further research is the development of an algorithm that
combines the guaranteed estimation algorithm and the Kalman filter.

The work was supported by Act 211 Government of the Russian Federation, contract No. 02.A03.21.0011.
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AOQANTUBHOE TAPAHTUPOBAHHOE OLUEHUBAHUE
NMOCTOAHHOIO CUITHAJA B YCITOBUAX §
HEOMNPEAENEHHOCTU OLULMBOK UBMEPEHUUA

A.B. XadaHosuu, B.W. LLlupsiee
FOxHo-Ypanbckuli 2ocydapcmeeHHbil yHusepcumem, 2. YensbuHck, Poccus

B 3amagax rapaHTHPOBAaHHOTO OLICHMBAHHSA B YCIOBHAX HEONPEAEICHHOCTH OTHOCHTEIIBHO
BO3MYIICHUH U ONIMOOK M3MEpPEHUH OMPEAETICHbI OMYCTHMbIE MHOXKECTBA UX BO3MOJXKHBIX 3Haue-
Hul. Pemenune BeIOMpaeTCs U3 yCIOBUS ONTUMU3AIMHN TApaHTUPOBAHHBIX MHOXXECTBEHHBIX OIICHOK,
COOTBETCTBYIOITNX HaMXy/IIECH pealn3aliy 3HaueHUH BOZMYIICHUH U OMNOOK u3MepeHuil. Pe3yinb-
TATOM TapaHTHPOBAHHOTO OLICHUBAHMWS SBILICTCS HEyTydlllacMas MHOXKCCTBCHHas oreHka (MHpop-
MAIIMOHHOE MHOXECTBO), KOTOpPAs MOXKET OKa3aThCs HM3JIUIIHE IMECCHMHUCTUYHON (IIepecTpaxoBOU-
HOM), €CITH AOMYCTUMBIC MHOXECTBA 3HAUYCHHUN OMMOOK M3MEPEHHUI CIUIIKOM OOJBIINE TI0 CpaBHE-
HUIO C PEaJM30BaBIIMMUCS 3HAYCHUSAMH omuOOK. Tak, Ha KOPOTKOM HHTEpBaIe HAOIIOJCHHUN TO-
MyCTUMBIC MHOJKECTBA 3HAYCHHU BO3MYIICHUH M OMIMOOK M3MEPEHUI MOTYT OKa3aThCs JIHIIb TPY-
ObIMH OIleHKaMH cBepXy. Lle1bIo uccae0BaHMSA SBISICTCS MOBBIMICHHE TOYHOCTH FrapaHTHPOBAHHO-
TO OILCHWBAHMS, KOT/Ia OIIMOKY M3MEPEHUH pearn3yloTcs He HauXyIIIUM 00pa3oM, T. €. cpena, B KO-
TOpO# (YHKIIMOHUPYET OOBEKT, BeleT ceOs He TaK arpecCHBHO, KaK 3TO 3aJI0KEHO B alpHOPHBIX
JIAHHBIX O JOMYCTHMOM MHOKECTBe omuOok. MeToabl uccjeaoBanusi. PaccmarpuBaercs 3amada
aJalITUBHOTO TapaHTHUPOBAHHOTO OICHWBAHUS BEJIMYMHBI TOCTOSHHOTO CHUTHAJA IO 3aIlyMJICHHBIM
U3MepeHusIM. 3ajada aJanTUBHOW (GUIBTpallMK 3aKI0YaeTCcsl B TOM, YTOOBI B Mpoliecce 00paboTku
3alTyMIJICHHBIX H3MEPEHH, U3 BCETO MHOKECTBAa BOBMOXKHBIX pealH3aluii OIMHOOK BEIOPATh Ty, KO-
Topasi mopoxaana Obl HMEIOUIYIOCS IOCIeIOBaTENbHOCTE m3MepeHnid. PesyabsTatsl. [IpencrasieHn
aJlalTUBHBIN AJITOPUTM FapaHTHUPOBAHHOTO olleHHBaHUs. [locTpoeHHe aganTUBHOTO aaropuUTMa OC-
HOBAaHO Ha MHOTOAIBTCPHATHBHOM METOJIc Ha ocHOBe OaHKa (ripTpoB Kammana. B merone mpume-
HseTCS Ha0Op (QUIBTPOB, KAKIBIA U3 KOTOPHIX HACTPOCH Ha KOHKPETHYIO THUIIOTE3y O MOJICIH OIIH-
0ok m3MepeHHi. HeBsi3kun (QMIBTPOB MCIONB3YIOTCS IS BBIYUCICHHUS OIICHOK PEai30BaBIINXCS
omuboK u3MepeHuid. BriOOp BO3MOXKHON peanu3aliii OMHMOOK OCYIIECTBISIETCS MPU TTOMOIIH
(hyHKIIMOHAJIA, UMEIOIIET0 CMBICH JHCIIEPCHH HEBSI30K Ha KOPOTKOM MHTEpBalie BpeMEHH. 3aK.Iio-
yeHue. [IpuBeieHB! BEIYMCIUTENBHAS CXEMa aJJalTUBHOTO ANTOPUTMA, YHCICHHBIA TpUMeEp U CpaB-
HUTEIHHBIN aHAIN3 MOTYICHHBIX OI[CHOK.

Kniouesvie cnosa: oyenusauue noCMoAHHO20 CUSHALA, 2apPAHMUPOBAHHOE OYeHUusaHue, adan-
MUBHBILL ANIOPUMM, MHOHCECHBEHHAS OYEHKA, HeBA3KA U3MepeHUll.

Cratbs BbINOJHeHA npu noaaep:kke IlpaButeascrBa P® (IlocranoBiaenue Ne 211 ot 16.03.2013 r.),
coriamenue Ne 02.A03.21.0011.
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NMPOrHO3NPOBAHUE TEXHUYECKOIO COCTOAHUA
ANEKTPOLEHTPOBEXHOIO HACOCA HA OCHOBE
HEWPOCETEBOIO MOOENUPOBAHUA

U.B. Kapakynoe, A.B. Knroes, B.FO. Cmonb6oe

lNMepmckuti HayuoHarnbHbIU uccrnedogamernibCKUl noaumexHuU4YecKul yHueepcumem,
e. lNepmb, Poccusi

Beenenne. PaccmarpuBaeTcs 3aa4a NpOrHO3UPOBaHUS COCTOSIHUS 3JIEKTPONPUBOJIHOTO LIEH-
TpoOeKHOI0 Hacoca B Ipoliecce 3KcIuryatanuu. Ilpocton n HeoOOphl, BEI3BaHHBIC OJIOMKOW Ha-
coca, MPUBOAAT K IMOTEPSIM IIpH 100bIde HePTH U TPeOYIOT BPEMEHHM IS 3aMEHBI 000pyIOBaHHUS.
[Ipy oMoy NPOrHO3UPOBAHMS TEXHHYECKOTO COCTOSHUS MOSBIIACTCS BO3MOKHOCTH MHUHHUMM3HPO-
BaTh 3aTpaThl Ha OOCITYXHMBaHHWE HACOCA W COKPATHTh BPEMs NMPOCTOsI CKBAXUHBL [l aHanmmza co-
CTOSTHMSL CUCTEM HCIIOJIB3YIOT IKCIICPTHBIE CHCTEMBI, OCHOBAaHHBIEC Ha 3HAHUSAX, U METOJBI MIPEAUKTHB-
HOHM aHaJMTHKH, OCHOBHBIM M3 KOTOPBIX SIBISIETCS HCIIOJIBb30BAHME MOJENCH MAIIMHHOTO OOYyYEHHS.
B paboTe mcmonp3yroTcsi METOABI, OCHOBaHHBIE Ha MCKYCCTBEHHBIX HEHpPOHHBIX ceTsx. Lleanb mccie-
aoBaHus. [IpopaboTka BOIPOCOB BO3MOXHOCTH MPOTHO3MPOBAHUS TEXHUYECKOTO COCTOSIHUS Ha-
coca 3a CYeT MCIOJIh30BAaHUSI COBPEMEHHBIX MOJENeH MalnHHOTO 00y4ueHus. MaTepuajabl U Me-
ToAbl. [IporHO3MpPOBaHHE TEXHUYECKOT'O COCTOSHHS 00OPYIOBAaHHUS OCYIIECTBISETCS NPH MOMOIIU
aHalu3a BPEMEHHBIX PANOB. JlaHHBIE MOIYYEHBI C TENEMETPUUECKUX NATYUKOB CUCTEMBI MOHUTO-
pHUHTa, YCTAaHOBJIEHHBIX Ha AJIEKTPOIEHTPOOEKHOM Hacoce. VIcXxoaHble TaHHbIe CHUMAIUCh C HHTEP-
BAJIOM B OJHY MHUHYTY. bblna ocymiecTBieHa npenoOpaboTKa MCXOAHBIX NaHHBIX. JaHHBIE ObIIH
OYHIIEHB! OT IMHUKOB, KOTOPbIE SBHO BHIOMBAIOTCS M3 HOPMAJIBHOTO PEXHMa pabOTHI, M YOpaHHI Ie-
PHO/IBI IPOCTOSI CKBAXKMHBI, HA KOTOPBIX (pa3HOE HANpPsDKEHUE PAaBHSUIOCH HyIO. [l Mporao3upo-
BaHUS BPEMEHHBIX PSIOB MCIIONIB3YeTCS HCKYCCTBEHHAsI HEHPOHHASA CeTh ¢ TUIIOM HelipoHoB LSTM.
IIporuosupoBaHye BpeMEHHOI'O Psijia OCYLECTBIIOCH HA IATh JHEH. OlleHKa MapaMeTpOB CHUCTEMBI
Ha JJHUTENbHBIC NIEPUOIbI BPEMEHH MO3BOJISIET OLIEHUTHh COCTOSIHHE €€ KOMIIOHEHTOB U IpPeIoTBpa-
IIaTh MOJIOMKY 00opyznoBanus. Pe3yabTarsl. MccnenoBansl BO3MOXXHOCTH HelipoceTel, 00ydeHHBIX
Ha OCHOBE JIaHHBIX TEIEMETPUYECKHUX TaTYUKOB CHCTEMbl MOHMTOPHHTA, NPEICKA3bIBATh 3HAUCHUS
BEpTHKaJIbHOM BUOparuu Hacoca. OOOCHOBaHO IpUMEHEHHE HelipoceTeBoi Mozenu B Buae LSTM,
MTOKa3aBILIei XOpoIIre pe3yIbTaThl P aHAJIH3e BPEMEHHBIX psAI0oB. BeIBIEHO, YTO HelpoceTH Xo-
POIIO YNaBIUBAIOT TPEHJ BHYTPH BPEMEHHOT'O Psiia, YTO TOBOPUT O BO3MOMKHOCTH UX IPUMEHEHUS
COBMECTHO C IKCHEepTHOU cucteMoil. 3akiouenue. [IpeaokeHHbIe METOABI M MOJIENIH anpoOHpo-
BaHbI Ha PEaJbHBIX TAHHBIX, YTO MOJITBEPKAACT BO3MOXKHOCTh MX HMCIOJB30BAHUS IIPU pa3paboOTKe
MHTEIJICKTya bHOW MH(MOPMAIIOHHOW CHCTEMBl YNPABJICHUS TEXHHYECKUM COCTOSIHHEM 3JIEKTPO-
LEHTPOOEKHOTO HAacOoca B IPOIEcce HKCITYaTalHH.

Kniouegvie cnosa: 2nexmponpusoonblii YeHmpoOedCHbIl HACOC, NPOSHO3UPOBAHUE, BPEMEHHbLE
PAObL, UCKYCCMBEHHAS, HEUPOHHAS CeMb, OYeHKa MoyHoCmu npoznosuposanus, LSTM cemo.

Beenenne

Hedtsable MECTOpOXKIEHHUS YacTO HAaXOIATCS B TPYJHOMOCTYIHBIX MecTaxX. B Hacrosmiee Bpems
IpU KaKIO0H mosioMke HedTenoOpIBaromIell YCTaHOBKH TpeOyeTcs cOopMUPOBaTh U OTIPABUTH HA 00b-
€KT PEeMOHTHYIO TPYIITY, KOTOpasi Ha MECTE MMPOBOAUT aHAJIU3 TIOJOMKH U TIPOU3BOAUT PeMOHT. Kaxkmast
MOJIOMKa 00OpYIOBaHMSI MPUBOAUT K MPOCTOI He(dTeNoOBIBAIOIIEH YCTAaHOBKH, YTO BIIEUET 3a cOoOOM
3HAUUTEJbHbIC YOBITKM M HAPYLICHUE MIOCTABOK MPOAYKTA.

s yMeHbLIeHUs! TPOCTOEB, BBI3BAHHBIX IOJIOMKOH 000pyHOBaHMsA, TpeOyeTCsl HEMPEPHIBHBIA MO-
HUTOPUHT COCTOSIHUSI 00opynoBaHus. [T1aBHOMW 3a/a4eii sIBNsieTCs BBISIBICHUE HETONAI0K B HEPTE00bI-
BaloOIIeM 00OpPYIOBaHMHU JO MOMEHTA aBapuu. DTO MO3BOJIUT CIKOHOMHTH BPEMs HA OTIIPABKY PEMOHT-
HOW TpYIIIBI, KOTOpas CMOXKET NPENOTBPATHTh Oyayllyro aBapuio. [Ipn 3TOM BaKHO COKpAaTUTh YUCIIO
omuOoK, 4TOObI B OymynieM u30eraTb CUTyalni, IIPH KOTOPHIX PEMOHTHAS IpyIina Obla OTHpaBlicHa Ha
00BEKT, a 000pyI0OBaHKHEe PAabOTAET UCTIPABHO.

OnHoli U3 MaBHBIX YyacTel HedTemoObIBatoIel YCTAHOBKH SBJISIETCS 3IEKTPONPUBOAHBIA LIEHTPO-
6exublii Hacoc (DLIH). PemonT DLH — nonruii mporiecc, KOTOPBIA BKIIOYAaeT B ceOsl MOTHITHE HACOCa
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Ha MOBEPXHOCTbh, PEMOHT U HOTpYyKeHUe 00paTHO B ckBaxxuHy. Ha xaxmom DIIH ucnonesyrores natyum-
KW KOHTpOJIA. J[aTYMKy CHUMAIOT pa3iMYHbIC MMOKA3aTelH, TaKhe Kak JaBJieHHe, TeMIlepaTypa, BUOpa-
1Usl, CHJia Toka | T. . [Ipu aHanu3e JaHHBIX, TOMYYEHHBIX MPH MOMOIIU JAaTYNKOB, MOYKHO CIIPOTHO3H-
POBaTh COCTOSIHUE CHCTEMBI M TMarHOCTHPOBAThH OyAyIiyro mojsoMKy. Hanpumep, kak ormeueHo B [1],
Ha HMCCIIEyeMOM MECTOPOKICHUH MPOU3BOJUTCS KPYTIOCYTOUYHOE HAOINIOJCHUE B PEKHUME PEATBHOTO
BpeMeHH 3a paboroit DIIH, 4To crocoOCTBYET YBEIMUCHHUIO CPOKA CIIYKObl 00OPYJ0BaHUA. YBeIHYe-
HHE CPOKa CIYXOBI TOCTUraeTcs 3a CUeT NPEAOTBPALCHHS HENPAaBHIIBHOIO HCIOJIBb30BAaHHUS HAcoca U
OTCIIE)KMBAaHUS YPE3MEPHBIX HATPY30K.

Jl1a aBTOMaTU3MPOBAHHOM OLIEHKH cOCTOsSHUS y3710B OIH mcnonp3yroTcs sKCHepTHBIE CHUCTEMBI
OCHOBAaHHBIC HA 3HAHUSX U HEUETKOW Joruke [2—5]. V3BecTHBIE SKCIEPTHBIE CUCTEMBbl HCIONb3YIOT
MPOAYKIMOHHYIO MOJIENb NPEACTABICHNS 3HaHUM, YTO MO3BOJSAET MPOrHo3uposaTh otka3 OLH u ompe-
JIENATh TPUYHMHBI, U3-32 KOTOPBIX MPOU30IILIA ITOJIOMKA, 32 CUET MOJIyYE€HHUS U COMOCTABICHUS TPEH/IOB,
MOJYYEHHBIX C YYaCTKOB BPEMEHHOTO psilia 3HAUCHHWH M3MEpseMbIX MapaMeTpoB (YHKIIMOHUPOBAHHS
000pyIOBaHMsL, C ONPEACICHHBIM HA0OPOM MpaBWII AJISl TOMYyCTUMBIX H3MEHEHUH 3TUX napameTpoB. Oc-
HOBHOW TPYAHOCTBIO TPH pa3paboTke MomoOHBIX HH()OPMALMOHHBIX CHUCTEM SBIsieTCs (POPMHPOBAHHE
aKTyaJbHOM 0a3bl 3HAHHI, OCHOBAaHHON Ha OMBITE 3KCIIEPTOB M JAHHBIX O MPOUIEAIINX OJIOMKAaX.

B nacrosimee Bpemst B Mupe OypHO pa3BuBatoTcst Metoasl MU, BkiItovas NpeANKTUBHYIO aHAJTUTUKY
[6, 7], ocHOBaHHYIO Ha I1yOOKOi 00paboTke naHHBIX (data mining) ¢ MOMOILIBI0 MAIIMHHOTO O0YYEHUs
U HEHPOCETEBBIX TeXHONOTHH. OIHAKO W3BECTHHI JIMIL CAMHUYHBIC CIy4dau BHEApEHUs mMeTonoB MU
B Hedrera3oBoil orpacinu. Hanpumep, kak oTmedeHo B [8], HOpBexckas HedTsHas komnaHus Equinor
B 2018 r. coobunna o cozganuu Llentpa cOopa 1 00pabOTKH NaHHBIX AT YIIy4IIEHHs MIpolecca IpUHs-
THUS YIIPABIEHYECKUX PELICHUMN.

B co3nmannm nofo0HBIX HHTEIUIEKTya bHbIX MHopManmnonHeix cucteM (MUC) 3anmHTEepecoBanbl U
MHOTHE KpYIHBIE poccuiickue HedTerazobblie komnanuu. OgHaxo s pa3padorku u BHeapenus UMC B
NPaKTUKy HePTeI00BIYH HE0OX0IUMO NpopadboTaTh BOIPOCH NPUMEHUMOCTH CYILECTBYIOIINX METOAOB
WU u, B citydae MOJIIOKUTEIBHOTO pe3yiibTaTa HCCIICOBAHNH, pa3padoTaTh Ha X 0a3ze MOJAEIH, CIIOCO0-
HBIE 110 MH(OpMAIHMY, TOCTYHAIOMIEH ¢ 000PYAOBaHHA B PEXHUME PEabHOIO BPEMEHH, ONPEACTSTh €ro
TEXHUYECKOE COCTOSIHHE U MPECKa3bIBaTh BO3MOKHBIC ITOJIOMKH Y3JI0B M OTKa3bl B OJMKaiieM Oyay-
mem. s moctpoeHus moxoOHBIX MOJeNel, OCHOBAHHBIX, HAIIPUMEp, Ha HEHPOCETEBhIX TEXHOJOTHUSIX,
HEOOXOAMMBI OOJBIINE MAaCCUBBI JaHHBIX, MOMYYEHHBIX C AATYMKOB 3a JUINTENBHBIA MEPHOJ] BPEMEHU
IKCIUTyaTally, a TAKKe CBEACHHUS O IMPOM3OLICAIINX MMOJIOMKaX M MPOBEICHHBIX PEMOHTaX 000pyI0Ba-
Hust. Kpome Toro, a7 BRISIBIICHHST BO3MOKHBIX aHOMAaIUii B pabote 000opynoBaHus, HEOOXOMMO C I10-
MOIIBIO SKCIEPTOB HAKOMUTH HEOOXOIUMBIC 3HAHUS, HA OCHOBE KOTOPBIX MOXHO c(pOpMHUpPOBATH KpH-
TEPUU HACTYIUICHUS PAa3IUYHBIX aHOMAJHHA 10 MHOTO(AKTOPHOMY aHAIM3y AAHHBIX, MOCTYMAIOMIUX C
JTaTYNKOB 32 ONPENEICHHBIN IEPHOA.

[MosTOoMy mesbI0 HacToOsAIIEH pabOTHI SBISIETCS MPOPAOOTKA BOMPOCOB MPUMEHEHHS METOJIOB HC-
KYCCTBEHHOTO MHTEJUIEKTa [UIS OLIEHKH TEXHUYECKOTO COCTOSHUS Y3JIOB 3JEKTPOLEHTPOOEKHBIX HACO-
COB Ha OCHOBE ITyOOKOH 00pabOTKM TEKYIIMX AAHHBIX C TIOMOIIBbIO HEHPOCETEBBIX TEXHOJIOTHI.

O0padoTKa HCXOIHBIX JAHHBIX

Jns ananuza cocrostaus D1IH OB monydeH MacCUB NAHHBIX C OJHOW M3 He(Tea00BIBAIOIIIX
wiatdopm, pacmnonoxeHHor Ha menbde [lewepckoro mops. U3yvanuck gaHHbIe, MONYYCHHBIE C J10-
OBIBAIOIINX CKBAXKHH, Ka)/Jas U3 KOTOPBIX XapaKTepH3yeTcs CIEAYIOIIHM HabOpOM TEXHOJIOTHYe-
CKHX IapaMeTpOB: 3HaueHue (Il Kaxxgou ¢aspl) Tpex(asHOro HaMpsDKEHHS JIEKTponuTaHus, B;
TOK 3JIEKTpOoJBHraTes, A; 3a00iiHOe naBieHHe Ha KpoBito 1iacta, MIla; naBienue Ha mpueme Ha-
coca, MIla; napnenue Ha BeIKHJe Hacoca, MIla; naBnenue B 3aTpyOHOM mpocTpancTBe, MIla; maB-
JeHue Ha ycThe ckBaxuHsl, MIla; Temnepatypa Ha nmpueMe Hacoca, °C; Temmeparypa Ha BBIKHIE
Hacoca, °C; temnepaTypa snektpoasuraresns, °C; BuOpamus Hacoca 1o ocu X, M/c?; BUOpauus Haco-
ca 1mo ocu Y, m/c?.

HcrounnkoM mH(OpMAIMK MO BCEM IEPEUMCIICHHBIM MapaMeTpaM SBISIOTCS TEJIEMETPUYECKUE
JaTYMKH CUCTEMbl MOHUTOPHHIA, CUTHAJIBI OT KOTOPBIX (PMKCHPYIOTCS B BUAE IOMHUHYTHBIX 3HAYCHHH.

B kadecTBe mpumepa aHann3a BpEMEHHBIX PSIOB paCCMOTPHUM JaHHBIE BUOpAIMK Hacoca 1o ocH Y.
Ha puc. 1 npencrapieH BpeMEHHOH psifl, IO OCH aOcIUce KOTOPOTO pa3MeIeHbI AaThl MTOMyYeHUs JIaH-
HBIX, @ 10 OCH OpAMHAT — 3HAYCHUS MOKa3aTes BUOpauuu.
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Puc. 1. N'padmk BU6pauum Hacoca no ocu Y (MOMUHYTHbIE AaHHbIE)
Fig. 1. Y-axis pump vibration graph (minute data)

AHan3upyst KICXOAHBIE JaHHBIC, MOKHO C/IeTIaTh BBIBOJ, YTO HACOC BRIKIIOUANU Ha Mecsi B 2016 1.,
Ha montopa Mecsna B 2017 . 1 Ha Hememio B koHile 2018 1. DakT BBHIKITIOUCHHS TaKKE MMOATBEPIKIAIOT
JaHHBIE, OTOOPAYKAIOIINE HAIIPSKEHUE CETH C aHATOTMYHBIX YYaCTKOB BpeMeHH. MOXKHO 3aMETUTh, Y4TO
nociie BKroueHus DIH mmeer apyroii pesxkxum paOoOThI, 4TO OOYCIIOBICHO TTUKAMH B 3HAYSHHIX BHOpa-
1IUH, cpa3y MOCJIe MOMEHTOB BBIKIIIOUCHUSI.
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Puc. 2. O6paboTaHHbI BpeMeHHOMN psAA AaHHbIX BUGpaLuum Hacoca no ocu Y (noyacoBble AaHHbIE)
Fig. 2. Processed time series of pump vibration data in Y-axis (hourly data)

B nporuecce nccnenoBannst HCXOMHBIX JaHHBIX ObLIO MPHUHATO PeUIeHHE yOopars U3 o0ydaromiell Bbl-
0opku MecTa, rae (hazHoe HANPsDKEHUE PABHSIOCH HYJIO, U OYHCTUTH BEIOOPKY OT THKOB, KOTOPBIE SIBHO
BBIOMBAIOTCSI M3 HOPMAIILHOTO peskuMa paboThl. OIHUM H3 peoOpa3oBaHuil TaHHBIX OBUIO YMEHBIIICHHE
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Pa3MEPHOCTH BBIOOPKH 3a CUET YCPEAHEHHs 3Ha4eHWH 1mo dacaM. lIpu moiydeHnr 3HaueHUi, KOTOphIe
OMHKCHIBAIA pabOTy Hacoca 3a CICAYIOIIUE CYTKH, TpeOOoBanoch npenckaszarh 1440 3HaYeHM, a IPU yc-
pPEeTHEHNH JTAaHHBIX 10 YacaM TpeOoBajoch HalTH 24 3HaueHHs. YMEHBIIICHHE KOJIUYECTBa MpeIcKa3aH-
HBIX 3HaYCHUH MO3BOJIUT YMEHBIINUTE OIIMOKY HA JUTUTEIhHBIE TPOMEKYTKH BpeMeHU. Pe3ynbraTsl mpe-
00pa3zoBaHUl MIPENCTABICHBI HA PUC. 2.

HeiipocereBoe MonesnpoBanue

Ilo onenke aBTOpa paboThl [9] Hambosee MOMYMAPHBIMH U MIMPOKO HCHOJIB3YEMBIMH SIBISIOTCS
KJIACChl aBTOPETPECCHOHHBIX U HEMPOCETEBBIX MOJEJeH POTHO3UPOBAHUSI. ABTOPETPECCHOHHBIE METO-
nel Hanogooue ARIMA [10] u ero momudukaiuii TpeOyrOT onpeeieHuss MHOXKECTBa MOATOHOYHBIX
apaMeTpoB, NpoIeIypa ONpeNeIeHH KOTOPBIX HE SIBISETCS OJHO3HauyHOW. KpoMe Toro, naHHble Me-
TOMBI HEe 001a/IaI0T HYKHOMN CTETIEHbIO0 THOKOCTH.

HawnGonee ruOKuMu K XapakTepy BPEMEHHBIX PSIZIOB SIBISTIOTCS Moienu, ocHoBaHHble Ha MHC. Cpenn
Mozesel JaHHOTO THIa B MPWIOKEHUSX K 3a/lauaM MPOrHo3a BeLACISIOT Tyookue cetn LSTM. B pabo-
tax [11-14] nmokazana 3¢dextuBHOCTE ceTrt LSTM B 3aaue mporHO3UpoBaHus TOOBIMM HEPTH IO CpaB-
HEHUIO C TpaguuroHHBIMU MeTonamu. LSTM oxkazanacs Tounee moaenun ARIMA wa 8-37 % Ha pa3HbIx
MmectopokaeHusix B Kurae u Muanu. Ilo cpaBHeHHIo ¢ Moau¢uKanuei MeToa aHanu3a KpUBOW craia
(DCA), mupoko ucnons3zyemoro B HeTsiHOM npombliinienHoctd, LSTM oka3anack Tounee Ha 17-29 %.

[TosToMy B HacToOsIIeH paboTe B KA4ECTBE OCHOBHOI'O METO/Ia ITPOrHO3UpoBaHust coctosiHus D1H Obin
BBIOpaH MeETOA HeipoceTeBOro MopenupoBaHus. [Ipuuem B KauecTBe MCKYCCTBEHHOW HEMPOHHOM CETH
(MHC) 6b11a BoiOpana cets LSTM. [lannas cets — coBpemenHast pexyppentHas MHC, criocobHast 00y4aTsest
JIONTOBPEMEHHBIM 3aBUCHUMOCTSIM U JUTUTENILHOE BPEMSI COXPaHATh KOHTEKCT HCTOPUYECKHUX JaHHBIX [15,16].

Brun mpoBenieHs! HecnenoBaHus BO3MOXKHOCTH MpOorHo3upoBanus Heifpoceteld LSTM Ha kopoTkwmii
nepuof BpemeHH (1o 3 cyt). s oOyueHuss HeWpoceTH HCIOIb30BANINCH JaHHBIE BUOPALlMKM Hacoca Mo
ocu Y B nepuox ¢ 24.09.2016 nmo 11.03.2019. Pazmep oOyuatomiero MHOkecTBa paBHsIics 18 425 sme-
MeHTaM. TO4YHOCTh HelpoceTeBO MOJIeNn OleHHBAJIACh TP MOMOIIHU MoKa3arens «CpemHsst abcomoT-
Hasl OIIMOKa B IPOLIEHTAX», (hopMya i BEIYUCIEHUS] KOTOPOTO UMEET BUA

MAPE = L3, EO=S0L 100 %,
rae N — KOJMYecTBO OTCUETOB PSNA; { — JAUCKPETHOE BpeMs; Z(f) — 3HA4eHHs MCXOmHOro psaa; Z(f) —
MpeICKa3aHHbIC 3HAUCHUS.
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Puc. 3. MporHo3upoBaH1e BpeMeHHOro psiga Ha cneagytowme 135 3HauyeHnn
Fig. 3. Forecasting a time series for the next 135 values

Ha puc. 3 npuBenen npeacka3zaHHbIl BpeMEHHOM psJ] U3 3HAYEHUH BUOpalliu Hacoca MPUMEPHO Ha
Scyr (c 11.03.2019 mo 17.03.2019). Jlns mpencka3aHus WCIIONB30BAINCH 12 3HaYCHHWI M3 MCXOIHBIX

40 Bulletin of the South Ural State University. Ser. Computer Technologies, Automatic Control, Radio Electronics.
2020, vol. 20, no. 4, pp. 37-46



Kapakynoe U.B., Knroes A.B., lIpo2Ho3upoBaHUe MexHU4YeCKO20 COCMOSIHUST
Cmon6oe B.1O. anekmpouyeHmpobexxHo20 Hacoca...

JaHHBIX B BUJE BPEMEHHOTO OKHA, KOTOPOE CIBUTaJOCh HA KaXKJIOM IIare Ha OAHO 3Ha4E€HHUE, PH 3TOM
KaXAbI pa3 Jo0aBiIsIOCh 3HAUEHHE, NPEACKa3aHHOe HEHPOHHOW ceThio. IIporHo3upoBanuchk cie-
nytomye 135 movacoBbIx 3HaYeHHUI BUOpanuu Hacoca. [IpoueHT cpenneit ommnbOkyu 00y4eHHOH ceTr Ha
BceM mccienoBanHoM uaTepBasie Bpemen (MAPE) cocrasun 11,23 %. Ha puc. 3 o60o3HaueHsl: input
data — peanpHBIE TaHHBIC O BHOpAIMK, MMOMyYSHHBIE C aTuuKa, a predictions — JaHHBIE, MpeAcKa3aH-
HBIE CeThl0. BHAHO, UTO ¢ pOCTOM MHTEpBasia MpenCcKa3aHus OMMOKa pacTeT W B KOHILIE MHTEpBaja
nocturaet 30 %.

JJis mOBBILIEHUS] TOYHOCTH HPOTHO3a OBLIO YBEIMYEHO KONWYECTBA 30X B IOJITOpa pa3a U KOJIH-
YEeCTBO WUTEpalMii B OJHOW 310Xe MpH 00y4eHHH HEWPOCETH, TAKUM 00pa3oM KOJIHYECTBO AMOX COCTa-
Bwio 1500, a xomuyecTBO uTepanmii B kaxaon smoxe — 500. [[ns oOyueHus Takke HUCIOIB30BAIOCH
CKOMB3sIIee OKHO B 12 3HaueHUH, BBIXOJ y CETU PaBHSJICS OXHOMY 3HaueHUIo. /s mpeackasaHus
UCIIOJIb30BANUCh 12 3HAYEHUH M3 UCXOAHBIX AAHHBIX, BPEMEHHOE OKHO CABUIajach HA Ka)KJIOM IIare
Ha OJHO 3HA4YCHME, IIPH 3TOM KaXIbIH pa3 J00aBiIsIOCh 3HAYCHHE, MOJYyYeHHOE HEHPOHHOH CEThIO.
[Iporuno3upoBanuce cienyromiue 135 3Hauenuit. IlporneHT cpeaHedt OmMMOKKM TMPH TECTUPOBAHUU
(MAPE) cocraBun 10,34 %. Ha puc. 4 o6o3nadenus: input data — cxonHeie qaHHble, predictions —
JaHHbIE, IPEICKA3aHHBIC CETHIO.

—— input data
o~ 0.22 - —— predictions
<
.

S
=
> 0.20
5 I\
o \
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Puc. 4. NMporHo3npoBaHne BpeMeHHOro psiga Ha cnepytowme 135 3HayeHumn
Fig. 4. Forecasting a time series for the next 135 values

U3 puc. 4 BUaHO, 4TO Ha BCEM MHTEpBaJie MPOTHO3a TOYHOCTH NOBBICHIACH, HO MAKCUMAJIbHBIE OT-
KJIOHEHHS Pe3yabTaroB Mo gocturats 20 %, 4yTo BpsiA M JOIMyCTUMO HPH MPOTHO3UPOBAHUH MOJIO-
MOK B PeajlbHOM BPEMEHHU.

[TosTOoMy OBITH TPOBEJEHBI JOTONHUTEIBHBIC MCCIIEI0BaHMS 110 00yYeHUIO0 HEeHpoceTell M TOBbI-
LICHUIO TOYHOCTH MpOorHo3a. s 3Toro ObL1a M3MEHEHa apXUTEKTypa HEHPOCETH U YMEHBLICH MEPHOL
nporuosa a0 3 cyt. PaccmatpuBanucs 2 Bapuanrta ooyuenus. O0ydeHne B 000MX clydasx MpOU3BOIH-
nock Ha Buzneokapte nvidia gtx 1080 ti, npoueccop Intel Core 17, onepatusHoit mamsitu 16gb. s nep-
BOro BapuaHTa oOyueHue 3aHsu10 4 4 (12 ¢ Ha oxHy 3moxy). ns Broporo BapuaHTa Bpems 0OydeHHs
coctaBmwio 11 1 (26 ¢ Ha 3110XY).

[Ipu nepBom Bapuanrte oOyyenue ocymecTsisuiock Ha 1100 smoxax, a KOJIMYECTBO UTEpaLUi B O1-
Hoit snoxe — 200. Ilomyumnu cienyronryto QyHKIHIO OOpaTHOTO pacnpoCTpaHEHUs! OMMOKH (pHC. 5),
rZie o ocu abciuce MmoKa3aH HOMEp 3IO0XH, a 0 OCH OpAWHAT — 3HaueHne QyHKuuu omuoku. s o0y-
YEHUS TAK)KE HCIIONB30BAJIOCh CKONB3SIIEee OKHO B 12 3HaYCHUH, BBIXOJ Y CETH PABHSUICS OJHOMY MOYa-
COBOMY 3Ha4YeHHIO BUOpanuu Hacoca. Ha puc. 5 cHHEM 1BEeTOM IMOKa3aH rpauK OMMUOKH Mpu o0yde-
HUH, a KPACHBIM — IIPH BUTUAALIUH.
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Multi-Step Training and validation loss

0.12 A —— Training loss
—— Validation loss
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T T T T T
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Puc. 5. ®PyHKUuA obpaTHOro pacnpocTpaHeHusi oWnbKn
Fig. 5. Backpropagation function

Ha puc. 6 npeacrasnen npeackazaHHbId BpeMeHHOH psia. [IpoueHT cpenneit ommbKu Ha BceM Bpe-
menHoM uHTepBaie (MAPE) cocrasun 2,79 %. Ha puc. 6 npusATH crneayromye o003Ha4eHus: input
data — ucxoanele nanHele, predictions — maHHBIe, TpeAcKa3aHHbe ceThlo. Ha puc. 6 Takke mOKa3aHbI
MIpe/ICKa3aHHbIe TPEH ! (JINHEHHBIN — CUPEHEBBIN [[BET U HETMHEHHBINA — 3eJICHBIH IIBET).

0.43 4
0.42
0.41
0.40
0.39 -
03] — Fitted line _

— |east square fit

—— input data
0.37 1 —— predictions

04.11.2017 06.11.2017 07.11.2017

Puc. 6. NMporHosnpoBaHue BpeMeHHOro psiga Ha cnepyrowme 84 3HavyeHUA
Fig. 6. Forecasting the time series for the next 84 values

W3 puc. 6 BuAHO, 4TO HENWHEHHBIN TPEeH] MPEACKa3aH JOCTaTOYHO TOYHO, HO Mpe/CKa3aHHbIe 3Ha-
YyeHus1 BUOpaLMi B HEKOTOPBIX TOYKaX CHIIBHO OTJIMYAIOTCS OT PeajbHBIX.

[TosTOMY OBLT paccMOTpEH BTOPOW BapHaHT OOYYEHUS C YBEIMUYCHHBIM YHCIOM uTeparmii 10 500
Ha KaKJ0M dI10Xe, KOIMIECTBO KOTOPHIX TakxKe ObLI0 yBenmmueHo a0 1500.

OOyueHHass HEHPOCETh IMOKAa3bIBACT HEIUIOXHE PE3yNbTaThl MPOTHO3a, NMPHBEICHHBIE HA pHUC. 7.
[Ipouent cpeaneit o BceMy BpeMmeHHOMY uHTepBany omubOku (Test MAPE) cocraBun Bcero 2,54 %.
Ha puc. 7: input data — ucxomnsie qanHble, predictions — JaHHBIE, MTONyYeHHBIE CEThIO. Takke Ha puc. 7
NpUBEACHBI TpaQUKH TMHEHHOTO U HETMHEHHOTO TPEHAOB.
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Puc. 7. NporHo3npoBaHue BpeMeHHOro psiaa Ha 3 CyTok
Fig. 7. Forecasting the time series for 3 days

U3 puc. 8 BuaHO, 00ydeHHass HEHPOCETh MPAKTUYECKHU TOYHO MPEICKa3bIBAeT 3HAUECHUSI BUOpAINH B
nepBble 12 4 BpeMeHHu (cpeaHee OTKJIIOHEHHE MPOTHO3HOTO 3HAYEHHS OT PEaJbHOTO COCTABIISIET MEHEe
0,5 %), 4TO ABNSAETCS OYCHB XOPOLINM PE3YJILTATOM ISl HeHpOCeTH.
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Puc. 8. UameHeHUue cpegHel oLLIMGKN HA BpeMEHHOM MHTepBare NporHosa
Fig. 8. Change in the average error over the forecast time interval

JlanpIie morpentHocTh pacTeT U JocTUraeT 4 % B KOHIIE MHTEpBaia MPOTHO3a, YTO BUIHO U3 pPHC. 8.
JlaHHBI pe3yabTaT MOXKHO CUMTATh MPUEMIIEMBIM 10 TOYHOCTH MPOTHO3a HA TIEPBBIE CYTKH, HO 00yde-
HUE ceTd TpeOyeT OONBIINX 3aTPaT BPEMEHHU.

3akiiouenue

B pesynmsrate mpoBeneHHBIX HCCIENOBAaHWA OBUT OMPOOOBAaH METON MPOTHO3UPOBAHHS BUOpaIuu
ANEKTPOIIEHTPOOSIKHOTO HACOCA TIPU MOMOIIM UCKYCCTBEHHBIX HEWPOHHBIX CeTel. AHaIM3 pe3yJabTraToB
IIoKasall, 4To HpOHeHT OHII/I6KI/I JOBOJIBHO BBICOK IJIsI TOYHOI'O HpOI‘HO3I/IpOBaHI/I$I 3Ha‘IeHPII>'I, HO HpI/I 3TOM
HEHPOCETH XOPOLIO YIABIMBAIOT TPEHJ BHYTPH BPEMEHHOIO psfia, YTO TOBOPUT O BO3MOYKHOCTH IPHMeE-
HEHHs HEHpOoceTell COBMECTHO C 3KCIIEPTHON CHCTEMOM, OCHOBAaHHOW HAa 3HAHUSX SKCIEPTOB, IPECTAB-
JICHHBIX B BUe HaOopa mpaBwi. OmnpenerneHHe TpeHAa MO3BOJUT 3KCIICPTHOH cUCTeMe 0oiee TOYHO
CIPOTHO3UPOBATH MOBEICHUE 000PYIOBAHMS U 32 CUCT 3TOI'0 YMEHBIIUTH 3aTPaThl HA €r0 00CIY)KMBaHHE.
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Introduction. The problem of predicting the state of an Electric Submersible Pump during
operation is considered. Downtime and shortages caused by pump failure lead to losses in oil pro-
duction and require time to replace equipment. By predicting the condition of the equipment, it is
possible to minimize pump maintenance costs and reduce well downtime. Expert systems and pre-
dictive analytics methods are used to analyze the state of systems. The scientific work uses methods
that are based on artificial neural networks. Purpose of research. Elaboration of the issues of fore-
casting the technical condition of the pump through by using machine-learning models. Materials
and methods. Equipment failure forecasting is carried out using time series analysis. The data was
obtained from telemetric sensors of the monitoring system installed on an electric submersible pump.
The initial data were taken at one-minute intervals. Initial data preprocessing was carried out.
The data was cleared of values (peaks) that are clearly got out of normal operation and places where
the phase voltage was equal to zero were removed. An artificial neural network with the LSTM
neuron type is used to predict time series. Time series forecasting was carried out for five days.
Evaluating system parameters over long periods allows you to assess the condition of its components
and prevent equipment failure. Results. The possibilities of neural networks trained on the basis of
data from telemetric sensors of the monitoring system for predicting the values of vertical vibration
of the pump are investigated. The use of a neural network model in the form of LSTM, which has
shown good results in the analysis of time series, is justified. It was found that neural networks cap-
ture the trend well within the time series, which indicates the possibility of using it together with the
expert system. Conclusion. The proposed methods and models are tested on real data, which con-
firms the possibility of their use in the development of an intelligent information system for managing
the technical condition of an Electric Submersible Pump during operation.

Keywords: Electric Submersible Pump, forecasting, time series, artificial neural network, esti-
mation of forecasting accuracy, LSTM network.
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Introduction. In this article, we show the importance of potash fertilizers produced by PJSC
Uralkali, Berezniki, Perm Territory for agriculture and the economy in general. A process of potas-
sium ore underground mining is described from breaking up moment till transportation to the sur-
face. An importance of production planning for the mining enterprise functioning is substantiated.
Various levels of planning, from a general production plan to a weekly and daily plans are described.
The problem of such planning at PJSC Uralkali is in using only integral performance indicators,
it leads to significant errors. It is proposed to use simulation modeling as a possible solution to
the problem. Purpose of work. The purpose of this work is to develop a simulation model of mining
operations, from the process of breaking and transporting ore to a conveyor-transport system, and to
test model’s applicability for ore mining planning. Since the existing software has a number of limi-
tations in applies to potash mines, a specialized object-oriented library allows modeling queuing sys-
tems, multi-agent and active systems is used as a basis for modeling. The limitations and assump-
tions of the model are described. Materials and methods. The model is igned as a deterministic
automaton. The end point for ore mining process modeling is the transfer of ore to the unloading
point, because further transportation of ore is not a limiting factor for mining. Conclusion. The spe-
cial states of all objects of the system including mining combine — self-propelled car — unloading
point and all possible transitions between them are described. A data from open sources is taken to
check the adequacy of the model. Changes in the simulation results are investigated for various input
parameters in the developed software. The simulation results are of a pulsating character due to
the periodic execution of the harvester drive away. A productivity of the combine decreases with
an increase in the distance traveled by a self-propelled car. The possibility of transition to a stochas-
tic model is investigated. An expected decrease due to an increase in the downtime of the combine is
shown. A conclusion about the applicability of the model to improve the quality of planning for un-
derground potassium ore mining is made based on obtained data.

Keywords: potash ore, mining machine, modeling, planning, object-oriented library, adequacy
research, output pulsation, deterministic model, stochastic model.

Introduction

Potash fertilizers have great importance for world agriculture, increasing yields storability and re-
sistance of plants to diseases. Three countries, including Russia have more than 80% of potash ore re-
serves. Ore reserves and finished products made in Russia take the second place in the world after Cana-
dian products Verkhnekamsk potash ore deposit is developed by PJSC Uralkali (Berezniki town, Perm
Region). Uralkali’s potassium chloride reserves are more than 20% of world's reserves.

The most important stage of the production chain is the extraction of ore (halite, sylvinite and
carnallite). The ore is mined underground; the depths of the mines are from 200 to 450 meters. The mine
rock is both a source of useful materials and a building material to ensure the stability of an ore-breaking
floor. The mining is performed in underground blocks by a special underground mining machine. The
mining machine loads mined ore into the storage hopper with a capacity of 15 to 25 tons during the ope-
ration. The ore is carried from the mining machine to the conveyor-transport system by self-moving
cars. The conveyor-transport system aim is the transportation of the ore to shafts. Further the ore is ele-
vated to the surface by skip winder located in the mine shafts.

The long-term plan is usually created for the entire period of deposit exploitation and other plans
(annual, monthly and weekly-daily) are based on it [1]. The annual plan is the most important, and
a crucial stage of the plan is designed using a block model of the deposit and all known geological
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information of the blocks. The monthly plan is a more detailed because of geophysical testing using then
an annual plan, and a weekly-daily plan is the latest and takes into account schedules of repairs, equip-
ment maintenances and workers jobs [1, 2]. Deterministic resource models are typically used to improve
the accuracy of mining planes for each mining machine by estimating an ore content in blocks and ave-
rage values for geological variables, but assumptions of them lead to big errors in planning [3, 4].

A simulation modeling is one of the ways to refine production plans and it has fount application in
a wide range of studies. The mining process can be considered as a queuing system (QS) with random
distributions of operations times, or as an automaton with the assumption that all planned actions are
performed just in time, and emergencies do not arise. The existing mine simulation models focus on coal
and nickel mines and cannot be applied for potash mines due to specifical ore composition [5-9]. The pa-
per [10] is devoted to the potash industry but focuses on ore transportation issues. Therefore, it seems
relevant to develop a new simulation model for mining operations planning.

Materials and methods

A simulation model software implementation was created using an object-oriented library deve-
loped at the Automation of Technological Processes Department of Berezniki Branch of Perm National
Research Polytechnic University. This library allows to simulate complex and multiply connected queuing
systems, active, multi-agent systems and deterministic automatons as a particular case of the QS [11].
We consider only a mining operations modeling from the mining machine to an unloading point because
a conveyor-transport system has no limitations as an assumption [12].

For a model creation we have to describe all special states of the system “mining machine — self-
propelling car — unloading point” and all possible transitions between them. For example, a “mining ma-
chine” object has sixteen states [13]:

1. An ore breaking. The mining machine performs this action from the point where the ore breaking
can be started (the beginning of a new stope or partially completed stope continuation) and the storage
hopper has an available free space. Ore breaking every time is performed till a user-specified length, and
other mining machine could continue it till a new user-specified length.

2. An ore loading from the storage hopper into the self-propelled car is performed when the hopper
is full, and the self-propelled car is ready for ore reception and is placed near the mining machine.

3. A mining machine reverse moving is performed after ore breaking ending.

4. A long-term periodic maintenance is carried out after specific time from a previous analogical
maintenance, and the mining machine has to be placed at the output of the stope.

5. A passage of the mining machine is transfer from one local place of work to another.

6. A begin of stope mining is driving with a variable cut area from a transportation corridor.

7. An electrical generator transition is performed periodically or according to a user-specified schedule.

8. A downtime of the mining machine for maintenance or change of a staff is performed by a schedule.

9. A transfer of a fan is performed at a certain mining machine distance from a previous fan disposition.

10. A timbering installation is performed at a certain distance from the previous timbering position
or at a place of geological deformation (the last one cannot be modeled with assumptions about the de-
terministic model).

11. A ventilating pipe extending is performed when the mining machine reaches a certain distance
from the previous ventilating pipe extending point.

12. An anchor transfer is performed when the mining machine reaches a certain distance from
the previous anchor transfer point.

13. A drilling of degasification wells (by short-hole and long-hole methods) is performed when
the mining machine reaches a certain distance from the previous point according to a chart of working
and type of mining machine.

14. An extension of the power supply wires is performed when the mining machine reaches a maxi-
mum distance from electrical generator. Fuel and lubricant storages can be transferred at the same time.

15. A mine surveyor’s mark installation or replacement is performed when the mining machine
reaches a certain distance from the previous mark.

16. A downtime of mining machine because waiting for the self-propelled car. This unintended idle
state occurs when the mining machine reaches such a distance from the unloading point so the car has
no time to return before the hopper will full of ore. Mining companies aim is to decrease downtime of
the mining machine by changing the stope length and other factors.
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Objects “Self-propelled car” and “unloading point” have six and three states respectively. Fig. 1 is
the visual demonstration of all special states and all transitions between them.
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Fig. 1. Scheme of special states and transitions between them
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Result and discussion

The model is equipped by the data from open sources about an ore density, a mining machines
Ural-20R technical specification, physical parameters in blocks, average times of technological opera-
tions and the intervals between them [7]. A validation of the model for adequacy and operability was
made by investigating of model responses to changes of parameters. For example, the percentage of ore
breaking time should decrease when a distance to unloading point growths because of the mining machine
has to wait more time for the self-propelled car return. A first experiment was carried out when the unloa-
ding point located at distance of 50 meters from the entrance of the stope. Each unload point served 20 self-
propelled cars from 20 mining machines; the aim of testing is a study of a queue growth. A self-propelled
car carriage waiting time is increased for each mining machine as expected (Fig. 2). Salient points on
the graph are relevant to mining machine movement between pairs of oppositely located stopes.
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Fig. 2. Dependence between carriage waiting time and modeling time

The graph shows that the productive time of the mining machine is more at the stope begin in
a compare with the machine moves farther from the starting point of mining, and self-propelled car dis-
tance for carriage grows. Later the production time is stabilized at the same level and further pulsations
are explained by the passages of the mining machine and the performing of mandatory operations with-
out carriage waiting.

The influence of the distance from the beginning of the stope to unloading point on the self-
propelled carriage waiting time was studied. It is obviously that waiting time should increase due to pas-
sage increase. This assumption is confirmed by experimental results (Fig. 3).
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When the unloading point is moved away from the beginning of the stope, the productive time of
the mining machine decreases in accordance with the growing of mandatory operations and idles.

The queuing system performance decreases if stochastic delay appears, especially with a uniform
statistical distribution of random numbers [14, 15].

60%

30% == -

20%

Carriage waiting time percentage

— 3

1 ()00 T T T T T
20% 30% 40% 50% 60% 70% 80% 90% 100%

Modeling time percentage

Fig. 4. Growth of carriage waiting time due to stochastic additional delay of carriage:
#0 — no delay, #1 — delay is 0—1 min, #2 — delay is 0—-3 min, #3 — delay is 0-5 min

The following experiment shows that model adequately responses to self-propelled car passage time
changes (for example, due to unloading queues, interference with movement, etc.) by growing the car-
riage waiting time (Fig. 4).

Conclusion
Thus, the model of underground mining operations is enough adequate and close to reality. It can be
used for planning mining operations providing that its parameters values will be refined to the reality.
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PA3PAEOTKA MMUTALMOHHON MOOENN FOPHO-BBIEMOYHbIX
PABOT AnsA nNiAHWPOBAHUA OOBbIYU KATTIMMHOW PYAbI

A.B. 3amoHckuii’, I.A. S1zee?

" Mepmckutll HayuoHanbHbIL uccrnedosamesnbCKull MOMUMEexXHUYECKUl yHusepcumem,
GepesHukosckul ¢unuarn, 2. bepesHuku, lNepmckul kpad, Poccus,

2 Mepmckuil HayuoHarnbHbIl uccredosamernbCKull MOMUMEXHUYEcKUll yHusepcumenmn,
2. lNMepmb, Poccust

Beenenne. [loka3zaHa 3HAYMMOCTH KAJTMHHBIX yI00peHuil, mpon3BoauMsix [TAO «Ypankanuity,
bepesnuku, [lepMckuii kpai, A1 CENBCKOTO XO3SAHCTBa M 3KOHOMHUKH B IiefioM. OMHUCaH Ipolecce
MOJ3eMHON OOBIYM KAIWHHONW PyOsl OT MOMEHTa ero OTOOHKH 1O TPaHCIIOPTHPOBKH Ha MOBEPX-
HOCTb. [loka3zaHa BaXXHOCTH IUIAHMPOBAHMS JAOOBIYH Uit (DYHKIIMOHUPOBAHHUS TOPHOI0OBIBAIOLIETO
npeanpusTua. OnucaHsl pa3InyHbIE YPOBHH IJIAHWPOBAHUS OT OOIIEro IulaHa JOOBIYH 10 HEAeNb-
HO-CyTO4YHOTO TuiaHa. [IpoGiiema Takoro mmanupoBanus B [TAO «Ypanmkanuit» 3akmodaercs B HUC-
MOJb30BAHUU TOJIBKO MHTETPANIbHBIX MOKa3aTelel MPOU3BOAUTENLHOCTH, YTO MPUBOAUT K CYHIECT-
BEHHOW MOTPENIHOCTH. B KadecTBe BO3MOXHOTO PELICHHs MPOOIEMBbI TpeiaraeTcsl UCIoib30BaTh
UMHTannoHHoe Mojenuposanue. Lleanb padorel. Llenpio maHHOM paboThl cTaBUTCS pa3paboTKa
MMHTAIMOHHON MOJIEJIM TOPHBIX paboT OT mporecca OTOOWKU M TPAHCTIOPTHPOBKH PYIbI 10 KOHBEH-
€pHO-TPAHCIIOPTHOM CHCTEMbl W TMPOBEpKa €€ NMPUMEHUMOCTH JUIsl IUIAHUPOBAHUS NOOBIYM PYHBIL.
CymiecTBylolee NporpaMMHOE 00ecriedeHre NMeeT sl OrpaHWYEHHH Ha MCIOJIb30BaHUE B KaJIHH-
HBIX IIaXTaX, [03TOMY B Kaue€CTBE OCHOBBI MOJEIMPOBAHUS HUCIOJIb30BaHAa CIECLMAIU3UPOBAHHAS
00BEKTHO-OpPUEHTHPOBaHHAsT OMOIMOTEKa, MMO3BOJIAIOIIAS MOAEINPOBATH CUCTEMBI MAacCOBOro 00-
CIIY>)KUBaHHUsI, MHOTOAreHTHBIE U aKTHBHbIC CHUCTEMBI. OIHCBIBAIOTCS OTPaHMYCHHS CO3/1aBaeMOit
Mozenu. Marepuajbsl 1 MeTOAbI. Mozenb CTPOUTCS KaK NeTCPMUHUPOBAHHBIN aBTOMAT, KOHEUHOU
TOYKOM 111 MOJETUPOBaHUS IIpoIiecca J0ObIYN PYy/IBI ABJSIETCS Iepeiada PyAbl Ha TOUKY Pa3Tpy3KH,
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TaK Kak JalbHeHInas TPaHCIOPTUPOBKA PYIbl HE SBJIACTCS OrPaHUYMBAIOIINM (HAKTOPOM JOOBIYH.
3akmouenue. Onmcansl 0cOObIE COCTOSHUS BceX 00BEKTOB CHCTEMBI TOPHBIN KOMOAaltH — caMoXo0.1-
HBII BaroH — TOYKa Pa3rpy3KH U Bce BOBMOXKHBIC MEPEXOAbl MeXAy HUMH. J{J1s MpoBEepKU aJieKBaT-
HOCTH MOJICNH B3STHl JaHHBIC U3 OTKPBITHIX HCTOYHHKOB U B pa3pabOTaHHOM MPOrpaMMHOM obec-
MCYCHUH HCCIICIOBAHbl M3MEHCHHUS PEe3yJIbTATOB MOJACIUPOBAHUS MPH PA3IMYHBIX BXOMHBIX Mapa-
MeTpax. Pe3ynbTaThl MOIETHPOBAHHS HOCAT IyJIbCUPYIOIIHN XapaKTep BCICACTBHE NEPHOIMICCKO-
T'O BBIIIOJIHEHUSI OTTOHOB U NeperoHoB komOaiiHa. [Ipu yBennueHnn paccTosHUS, KOTOPOE MPOXOJUT
CaMOXO/IHBIH BaroH, MPOU3BOIUTENLHOCTh KOMOaiiHa cHIKaeTcsl. VccaenoBaHa BO3MOXKHOCTb Iiepe-
X0/la K CTOXaCTHYECKOH MOJIENH, MOKa3aHO OXKMJAeMOE CHW)KEHHE BBUJY YBEJIHYCHHUS MPOCTOCB
komOaiiHa. Ha ocHOBe mosTy4eHHBIX AHHBIX JIENACTCsl BHIBOJ O MIPUMEHUMOCTH CO3JIAaHHOW MOJIEIH
JUIsl YITy4IlIeHHs] KauecTBa IJIaHUPOBaHHS NOA3EMHOMN TOOBIYN KaJTUWHON PYAbI.

Knrwouesvle crosa: kanutinas pyoa, 20pHO-8bleMOYHAS MAWUHA, MOOETUPOBAHIUe, NIAHUPOBAHUE,
00beKMHO-0pUEHMUPOBAHHAsL OUOIUOMEKA, UCCAe008aHUe A0eKEAMHOCU, OemepPMUHUPOBAHHAS
MOO€Nb, CIMOXACMUYecKdas MOOeb.

Jlumepamypa

1. Kanymun, FO.E. Hugopmayuonnvie mexnono2uu niaHupo8aHus 20pHuIX pabom (0N 20pHbIX
unoicernepos) / FO.E. Kanymun. — CI10.: Hedpa, 2004. — 424 c.

2. Hustrulid, W. Open Pit Mine Planning and Design / W. Hustrulid, M. Kuchta. — London: Taylor
& Francis/Balkema, 1995.

3. Incorporation of Geometallurgical Attributes and Geological Uncertainty into Long-Term
Open-Pit Mine Planning / N. Morales, S. Seguel, A. Caceres et al. // Minerals. — 2019. — No. 9 (2). —
P. 108.

4. Matamoro, M.E.V. Stochastic short-term mine production schedule accounting for fleet alloca-
tion, operational considerations and blending restrictions / M.E.V. Matamoro, R. Dimitrakopoulos //
European Journal of Operational Research. —2016. — Vol. 255. — P. 911-921.

5. Salama, A. The Use of Discrete Event Simulation for Underground Haulage Mining Equipment
Selection / A. Salama, J. Greberg, H. Schunnesson // International Journal of Mining and Mineral Engi-
neering. — 2014. — Vol. 5, no. 3. — P. 256-271.

6. Pop-Andonov, G. Simulation Modeling and Analyzing in Underground Haulage Systems with
Arena Simulation Software / G. Pop-Andonov, D. Mirakovski, Z. Despotov // International Virtual Jour-
nal for Science, Technics and Innovations for the IndustryMachines, Technologies, Materials. — 2012. —
No. 6. — P. 48-50.

7. Conoeves, B.A. Paspabomka kanuiinvix mecmopooicoenuii: npaxmukym / B.A. Conosves, A.H1. Ce-
KyHyo8. — llepmsv: U30-60 ITHUITY, 2013. — 265 c.

8. O’Sullivan, D. Extraction and backfill scheduling in a complex underground mine / D. O’Sul-
livan, A. Newman // Interfaces. — 2014. — Vol. 44 (2). — P. 204-221.

9. Lukichev, S. Asystemic Approach to Solving the Mining Technology Tasks Based on Modeling
its Objects and Processes / S. Lukichev, O. Nagovitsyn, O. Belogorodtsev // Application of Computers
and Operations Research in the Mineral Industry Proceedings of the 38th International Symposium. —
2017. — P. 29-34.

10. Yyounos, I'.B. Onvim pazpabomku cucmemvl UMUMAYUOHHO20 MOOEIUPOBAHUS 2PY30NOMOKA 8
kanutineix pyonukax — IIK «Pyoonomoxy / I'.B. Yyounos // Umumayuonnoe modeauposanue. Teopus u
npakmuxa: c6. 00OKI. nAmou 0ouneinolu ecepoc. Hayy.-npakm. xough. HMMOL-2011. —CI16.: OAO
«TCC», 2011.-T. 2. - C. 311-315.

11. 3amonckuii, A.B. Pazpabomka 00vbeKmHbIX CPeOCms UMUMAYUOHHO20 U MHO20A2EHMHO20 MO-
denuposanusa npouzsoocmeennvix npoyeccos / A.B. 3amounckuil, B.H. Ypumyesa // Becmuux Acmpa-
XAHCK020 20Cy0apcmeenHozo mexhudeckoeo yuusepcumema. Cepus: Ynpaenenue, @vluuciumenvHast
mexHuka u ungopmamuxa. — 2018. —Ne 4. — C. 56-62.

12. Cobonw, A.B. Mexanuzayus mpancnopmuposarus kaautinvix pyo / A.B. Cobonv, B.JI. unckuil. —
JI.: Xumusa, 1973. — 160 c.

13. Bpycunoscxuil, /[.B. Mexanuzayusi npoéedenusi 20puvix 6blpabOOmMoK HA KATUUHBIX PYOHUKAX /
J.B. hpycunoecxuti, A.B. Cobonw. —JI.: Xumus, 1973. — 156 c.

14. Ucnonvzosanue sudeocpagpuueckoii ungpopmayuu 0si ymouHeHUus OUHAMUYECKOlU cmoxacmuye-

BecTHuk HOYplY. Cepus «KomnbioTepHble TEXHONOrMK, ynpasreHue, PaauoaneKkTPoHUKay. 53
2020. T. 20, N2 4. C. 47-54



anaBneHMe B TeEXHUYECKNX CUcCTemMax

cKotl modenu npoyecca gromayuu kaautinou pyost / A.B. 3amoncxui, C.A. Bapnamosa, A.B. Manviue-
6a, A.A. Macnuxoe // Unmepuem-aicypnan «Hayxoseoenuen. —2017. — T. 9, Ne 2. — C. 87.

15. Zatonskiy, A.V. Verification of Kolmogorov Equation Usability for Reproduction and Death
Processes / A.V. Zatonskiy // Becmnux FOYpl'Y. Cepusi «KomnviomepHvle mexunonocuu, ynpaeienue,
paouosaexkmpornuray. — 2019. — T. 19, Ne 3. — C. 60-67. DOI: 10.14529/ctcr190306

3aronckuii Anapeii BiragumupoBuy, 1-p TexH. Hayk, npodeccop Kadenpbl aBTOMAaTH3alUU TeX-
HOJIOTHYECKHX MpoleccoB, [lepMCcKkuil HalMOHAIBHBIN HCCIEN0BATENBCKAN TOTUTEXHUUECKUN YHUBED-
curert, bepesunkoBckuiil punuan, . bepeznuku, [lepmckuii kpaif; zxenon@narod.ru.

SI3eB IlaBea AJiekcaHApPOBUY, acnupaHT, [lepMcKkuil HallMOHAIBHBIM MCCIE0BATENbCKUN TOJIN-
TEeXHUYECKUH YHHBEpcHUTeT, I. [lepmb; yazev1988@gmail.com.

Ilocmynuna e pedaxyuro 30 cenmaopa 2020 a.

OBPA3EIl HUTUPOBAHUS

Zatonskiy, A.V. Development of a Mining Simu-
lation Model for Potassium Ore Mining Planning /
A.V. Zatonskiy, P.A. Yazev // Bectauk IOYpI'Y. Cepus
«KOMIBIOTEPHBIC TEXHOJOTHH, YIPABICHHE, PaIHOdJICK-
tpoHHKay. — 2020. — T. 20, Ne 4. — C. 47-54. DOL
10.14529/ctcr200405

FOR CITATION

Zatonskiy A.V., Yazev P.A. Development of a Mining
Simulation Model for Potassium Ore Mining Planning.
Bulletin of the South Ural State University. Ser. Com-
puter Technologies, Automatic Control, Radio Elec-
tronics, 2020, vol. 20, no. 4, pp. 47-54. DOL
10.14529/ctcr200405

54 Bulletin of the South Ural State University. Ser. Computer Technologies, Automatic Control, Radio Electronics.

2020, vol. 20, no. 4, pp. 47-54



UH(pOKOMMYHUKALMOHHbIE TEXHOJNOMUMU
M CUCTEMbI

DOI: 10.14529/ctcr200406

OPTO-ULTRASONIC COMMUNICATION CHANNELS

B.B. Saidov'? matem.1994@mail.ru, saidovb@susu.ru
V.F. Telezhkin, telezhkinvf@susu.ru

" South Ural State University, Chelyabinsk, Russian Federation,
2 Tajik Technical University named after academician M.S. Osimi, Dushanbe, Republic of Tajikistan

Introduction. Ultrasound is widely used in various applications, such as monitoring the state of
structures, biomedical ultrasound imaging, and information (data) transmission. Ultrasonic trans-
ceivers are one of the modern communication systems, both for short-range and remote access. In-
deed, the technology of the process of transmitting information using communication channels based
on ultrasonic (US) vibrations and the physical implementation of transmission using optical fiber are
widely used in conditions of confidentiality of data processing. At the same time, the needs of wire-
less and wired communication demanded the development of more advanced applications (software,
hardware solutions). In particular, new challenges have arisen requiring transceivers to have high
frequency, wide bandwidth and compact size. Aim. Consider the “technology — opto-ultrasonic”
approach used in data transmission and reception channels. This technology involves the generation
of ultrasound by a pulse using the optical-acoustic effect, followed by the reception and processing
of ultrasonic vibrations. Optical ultrasonic transceivers based on the photo-acoustic (US) principle
of operation have great potential, in particular, to obtain the necessary: (super high) frequency of
the transmitted signal; wide bandwidth (speed); ease of use as transceivers; low manufacturing cost.
Materials and methods. Various methods of spectral analysis (Fourier and Wavelet) have been inves-
tigated to ensure the achievement of the above goal. Results. Compared to traditional technologies of
information reception and transmission, optical ultrasonic transceivers provide high-frequency
communication, wide bandwidth and compact size. Conclusion. The paper investigates the methods
of spectral analysis (Fourier and Wavelet) and proposes, based on these studies, possible options for
the implementation of optical ultrasonic transceivers that can generate ultrasonic pulses with a dura-
tion on a nanosecond scale using an ultrafast laser and receive confidential data with a high degree of
security. At the same time, by combining the principle of generating photo-acoustic ultrasound with
the use of optical fiber, it is possible to obtain compact and inexpensive ultrasonic transceivers.

Keywords: ultrasound, receivers and transmitters (generation) of information, data, communi-
cation channels, fiber optic, bandwidth, technology, laser ultrasound, sensors, optical-acoustic effect.

Introduction

The development of wireless high-frequency communication technology has been going on for
more than 10 years, but it has not received widespread use. The leaders of the mobile markets cannot
agree on a single format for the near-field communication protocol: Apple ignores this direction, and
manufacturers of phones with the Android platform, on the contrary, are promoting [1, 2]. Due to
the fact that the emergence of a generally accepted standard for short-range communication is now ques-
tionable, data transmission via ultrasound could be a good alternative. The advantage of this method
(method) is that, in contrast to NFC (near-field communication), data transmission via ultrasound can be
carried out on almost any phone, since any phone is equipped with a speaker and a microphone [3, 4].
The only thing that is necessary is that the phone processor must be able to carry out the necessary cal-
culations. This is due to the fact that the use of the proposed method does not impose specific require-
ments on the technical characteristics of the phone, but is implemented at the software level. Sound
wave data can be used to exchange information between phones with a wide variety of operating sys-
tems, which is especially important in the current situation of increasing differentiation of mobile plat-
forms. Ultrasound technology can be used not only for data transmission, but also for object recognition
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in space and suppression of physical carriers for undesirable information sources [5, 6]. The theory of
wavelet transform is used to study the processes of processing an ultrasonic signal. Wavelet transform is
a transform using functions localized both in real time and in Fourier frequency space. Basically, it is
divided into two types. One type of wavelet transform is easily reversible. That is, the original signal can
be recovered after being converted. For example, image compression and cleaning [7, 8]. The second
type of wavelet transform is intended for signal analysis. For example, analysis and processing of ultra-
sonic signals. In this work, we propose a variant for implementing a communication channel with ultra-
sonic sensors, which combines the use of ultrasound and a method for creating optical pulses of a given
duration. This improves the efficiency of information transfer compared to standard ultrasonic tech-
niques, while providing reduced signal energy loss and maximum control over the waveforms of the ul-
trasonic transmitter and data receiver [9—-12].

1. Statement of the problem

It is required to research and develop a new approach “opto-ultrasound” effective for use in data
transmission and reception channels. This technology involves the generation of ultrasound by a pulse
due to the optical-acoustic effect. Optical ultrasonic transceivers based on the photo-acoustic principle of
operation have a great potential for obtaining a high frequency of the transmitted signal, a wide band-
width (speed), ease of use as transmitters and a relatively low cost of implementation.

2. Solution of the problem. Methods and Approaches

2.1. Digital signal processing

Continuous signals are described by continuous functions of time. The instantaneous values of such
signals change in time smoothly, without abrupt jumps (breaks). Many real signals are continuous. These
include, for example, electrical signals in the transmission of speech, music and images [1, 4]. All signals
are divided into four groups according to the way of presentation: analog, discrete, quantized and digital.

In order to start transmitting useful information using signals, it is necessary to modify the carrier
frequency so that it repeats the patterns of the useful signal. This transformation is called modulation.
Vibrations of various shapes (rectangular, triangular, etc.) can be used as a carrier. However, harmonic
oscillations are most often used [12—14]. Depending on which of the parameters of the carrier oscilla-
tion changes, the following types of modulation are distinguished: amplitude, frequency, phase, etc.
[10, 11]. Modulation with a discrete signal is called digital modulation or keying. The following types of
keying are available: frequency shift keying, phase shift keying, amplitude shift keying, and quadrature
amplitude shift keying. Fig. 1 shows the main characteristics of signals, spectra of modulated signals
depending on the modulation parameters [13—15].
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Fig. 1. Modulation of the signal and their spectrum
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2.2. Wireless communication system using ultrasonic signals

This system includes a transmission module and a receiving module (Fig. 2). The transmission
module receives input signals from the wireless device, modifies the received input signals so that it
converts each received input signal into a cor-
responding ultrasonic signal, and wirelessly f")_.j ' _~
transmits each said ultrasonic signal through |
the ultrasonic channel [8, 9]. L

The receiving module (Fig. 2) receives ;
the transmitted ultrasonic signals, reconstructs [
the corresponding input signals, and allows :
each corresponding input signal to be output ;
through one or more output devices. Conver-
sion of input signals can include compression,  Fig. 2. Block diagram of a wireless communication system
encoding, and modulation of input signals. using ultrasonic signals: TM — transmission module,
The input signals can be voice audio signals RM - receiving module

put signals g

allowing the use of a telephone call support system by provinding ultrasonic communication capabili-
ties. For example, communication between a wireless headset and a mobile phone. The transmit and re-
ceive modules can be linked to a wireless headset and a mobile phone to provide ultrasonic communica-
tion and, if necessary, radio frequency communication between them [2, 3].

i Receiving module
Transmission Module &

Y

Receive audio input

- |

Convert ultrasonic signal to digital

Receive ultrasonic signal

Compress audio signal

signal
Encode compressed signal Digital signal demodulation
Digital modulation of encoded Decode demodulated signal

signal

¢ A 4

Unpack decoded audio signal

Convert modulated signal to
analog ultrasonic signal

v
Outputting the reconstructed audio
signal through the audio output

v devices

Amplify ultrasonic signal

v

Transmit ultrasonic signal

Fig. 3. Block diagram of the organization of the transmitting and receiving process
of ultrasonic communication

In Fig. 3 is a block diagram based on ultrasonic communication (Fig. 2), schematically illustrating
the process of ultrasonic communication between the transmitting module and the receiving module.
According to this process, the transmitting module receives an input audio signal through one or more
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receivers, such as a microphone, and converts the received audio signal in accordance with one or more
modification methods with different conditions, which ultimately result in a corresponding ultrasonic
signal. As shown in Fig. 3, the modification can include: compressing the input audio signal, encoding
the compressed signal, resulting in the encoded and compressed audio signal at this stage. The encoded
audio signal can then be digitally modulated in accordance with one or more modulation techniques
such as single-carrier and / or multi-carrier modulation, i.e. OFDMA or CDMA modulation. This stage
will allow you to move on to the digital signal, which is the input audio signal. The digital signal can
then be converted to an analog ultrasonic signal, which is fed to the transducer of the transmission mo-
dule to enable the transmission of the ultrasonic signal. The transmission of ultrasonic signals may be
accomplished, as indicated above, by one or more acoustic output devices that can output ultrasonic sig-
nals, such as speakers, piezoelectric devices, and the like. These devices can be included as part of
the transmission module or be external to it (for example, a speaker of a wireless device associated with
the transmission module). The ultrasonic analog signal can be amplified for transmission by the amplifi-
er of the transmission module.

The transmitted ultrasonic signal can be received (detected) in the receiving module, which can then
reconstruct the original input audio signal with an accuracy that depends on the quality and conditions
of the communication, as well as on the components and configuration of the system. Reconstruction of
the input audio signal can include as shown in Fig. 3, converting the ultrasonic analog signal to a digital
signal, demodulating the digital signal according to the modulation techniques used to modulate
the original input signal (for example, using FMDMA-reversed or CDMA-reversed). The resulting sig-
nal can be a recovered decoded and compressed audio signal, which can then be decoded and decom-
pressed to thereby restore the original audio signal. The reconstructed audio signal can then be output
using the built-in or separate audio output device such as speaker, headset, etc.

The article proposes a variant of the implementation of a communication channel with ultrasonic
sensors, which combines the use of ultrasound and a method of creating optical pulses of a given dura-
tion. This improves communication efficiency over standard ultrasonic techniques, while providing
reduced signal energy loss and maximum control over the waveforms of the ultrasonic transmitter and
data receiver.

2.3. Description of the opto-ultrasonic transmitter and receiver system

The block diagram shown in Fig. 4 [16] illustrates the transmission of a stream of infrared and
ultrasonic signals. Microcomputers control the operation of the system. Initially, an optical pulse is
transmitted from an ultrasonic receiver. After receiving the optical pulse in another unit, the ultrasonic
pulse is transmitted back to the receiver unit. The transmission time of the optical signal is negligible,
so the microcontroller (on the receiving device) starts a timer when the optical signal is sent. Therefore,
the timer value when the ultrasonic pulse is detected in the receiver is the transit time of the ultrasonic
signal between the transducers. From this transmission time and speed of sound, the distance between
the transducers can be calculated. This approach is limited to situations where transducers and associated
electronics can be installed at both ends of the distance being measured [17-19].

Ultrasonic Transmitter Module Ultrasonic Receiver module
. ‘ . ‘ Amplifier / ‘ . ‘ Data
Microcontroller Driver p Microcontroller
‘ ‘ Comparator ‘ ‘ output
Opti .
p .cal Driver
receiver
Fig. 4. Block diagram of the system
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2.4. Optical description of the signal

An IR transmitter (infrared wavelength range of 870 nm) is an LED that is turned on (pulsed) by
a transistor connected to a microcomputer [20, 21]. This pulse (0.5 ms) acts as a trigger signal. The lens
built into the LED provides a 10 degree beam width.

The photodiode on the ultrasonic transmitter (IR receiver) is equipped with an IR cut filter to pre-
vent accidental room illumination. Its current output is converted into a voltage pulse by an input am-
plifier. Subsequent amplifier stages increase the signal level and act as a high pass filter to further re-
duce low frequency noise. At the output of the comparator, the optical signal has the shape shown in
Fig. 5 (the transmitted signal has a similar shape). The rising edge of the pulse is the synchronization
signal.

Fig. 5. Received optical pulse

2.5. Transmission of an ultrasonic signal

Conventional ceramic piezoelectric transducers are used for both the transmitter and receiver.
The tuned transducer rings (40 kHz) when excited by a single square-wave pulse (pulse). Due to the low
damping, the transmitted wave sequence has a long exponential decay due to a single pulse or pulse.
While the signal transmission rise time is different, there is no received signal.

The voltage waveform of the transmitter transmitter is shown in Fig. 6.

Fig. 6. Measuring form of the transmitter

2.6. Ultrasonic receiver (UR)

An UR with a high gain (x100) amplifies the signal from the receiving sensor, and the output is
connected to a comparator, which, when the signal exceeds the threshold level, detects the received
pulse (Fig. 7). The advantage is a faster rise time and a more accurate waveform, while the disad-
vantage is a much lower transmission amplitude than with conventional multi-cycle waveform exci-
tation. This disadvantage is overcome here by using one-way transmission of the ultrasonic signal.
If the transmitted waveform was not correctly formed by the second pulse, the transducer will ring
excessively [14, 15].
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Fig. 7. Received ultrasonic signal

2.7. Microcomputer signal processing

The microcontroller (Fig. 8) detects the signal from the comparator and records the arrival time,
which allows you to measure the time between the transmission of the optical pulse and the reception
of the ultrasonic pulse. Knowing the speed of sound, the microcontroller converts this information into
the distance between the ultrasonic transducers.
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Fig. 8. Microcontroller circuit

Data is transferred to an external computer using the RS485 serial data bus.

Conclusion

In this work, optical ultrasonic transceivers have been investigated and developed, which can re-
ceive and generate ultrasonic pulses with a duration in the nanosecond range when using an ultrafast
laser. As a result of the development of the opto-ultrasound technology, it can be noted that it is more
efficient than the standard ultrasonic signal, providing with less signal loss and more accurate location
of the reference points of the sensor, in particular, the transmitting and receiving transducers (sensors).
In addition, by combining the principle of generating photo-acoustic ultrasound with optical fibers,
compact ultrasonic transmitters can be obtained.

An optical pulse is used to synchronize the transmitter and receiver. In the block diagram shown in
Fig. 4, an optical pulse is transmitted from the ultrasonic receiver unit, initiated by its microcontroller, to
the ultrasonic transmitter unit. Thus, the proposed approach based on ultrasound signal transmission and
reception using optics (fiber optics) allows obtaining the following advantages:

— the loss of an ultrasonic signal is much less than with traditional reception and transmission;

— the location of the transducers is clearly defined;

— the phase and shape of the pulses are controllable and reproducible.
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OMNTOYJIbTPA3BYKOBbLIE KAHAJIblI CBA3U

B.5. Caudoe’?, B.®. Tenexkun'

" fOxHO-Ypanbckuli 2ocydapcmeeHHbIll yHusepcumem, . YensbuHck, Poccus,
2 Tadxukckull mexHudyeckull yHusepcumem umeHu akademuka M.C. Ocumu,
2. [ywarbe, Pecrniybniuka TadxukucmaH

BBenenue. YIbTpa3ByK OIMPOKO HCIIONB3YETCS B PA3IMYHBIX NPHIIOKECHHUIX, TAKMX KaK MOHH-
TOPHHI COCTOSIHHSL KOHCTPYKLMH, OWOMEIMIIMHCKas YyIbTPa3BYKOBas BH3yaJlM3alus, INPHEMO-
nepenada nHGopManuu (IaHHBIX). YJIBTPa3BYKOBBIC IPHEMO-TIEPEIATINKH SBISIOTCS OJHON M3 CO-
BPEMECHHBIX CHCTEM KOMMYHMKAIIMH KakK Ha OJIMDKHEM, TaK M yIaJIeHHOM JocTyne. /[lelicTBUTENbHO,
TEXHOJIOTHSI TIpoliecca Mepeaadn HHPOPMarH C ITIOMOIIBI0O KaHAIOB CBS3HM Ha OCHOBE YIIBTPa3BYKO-
BeIX (Y3) Konebanuii M (hU3NUECKON peanu3anuyl Iepeladdl ¢ MIOMOIIbI0 ONTOBOJIOKHA HaXOIST
00JIbIIIOE PUMEHEHHE B YCIOBUSAX KOH(DHUACHIMAIBHOCTH 00pabOTKH JaHHbIX. [Ipu 3TOM HOTpEO-
HOCTH OeCIpPOBOJHON U MPOBOTHON KOMMYHHUKAIIMU NOTpeOOBaIH pa3paboTKy 0ojiee COBEPIIEHHBIX
NPUIOKEHUH (porpamMmM, annapaTHbhIX pelieHnii). B yacTHOCTH, BO3HHUKIIM HOBBIE TPOOJIEMHBIC BbI-
30BBI, TpeOyrouue, 9TOO MPHUEMO-TIEPEIATINKH UMENN BBICOKYIO YacTOTY, IUPOKYIO MOJIOCY TPo-
MyCKaHUS M KOMITakTHBIE pasMepsl. Lleib mcciaenoBaHusi. PaccMOTpeTs MOAXOMA «TEXHOJOTHS —
ONTOYNBTPA3BYK», MPHUMEHAEMBIN B KaHallaX MpHUEMO-IIepeiadl JaHHBIX. DTa TEXHOJOTHS MPEeao-
JaraeT TeHEepalMio YJIbTpa3ByKa MMITYJIECOM C IOMOIIBbIO ONTHKO-aKycTHYeckoro addekra, ¢ mo-
CIICAYIONIMM TpUeMOM M 00paboTkoi VY3-konebanuil. ONTHYECKHE YIBTPAa3BYKOBBIC IPHUEMO-
nepeaTIvKy, OCHOBaHHbBIE HA (oToakycTnueckoM (Y3) mpHHIHIIE IeHCTBHA, NMEIOT 0OIBIION To-
TEHLIMAJ, B YaCTHOCTH, JUIA IOJIYYEHHsS HEOOXOAMMOH (CyNepBBICOKOI) YacTOTHI IEpeaBacMoro
CHUTHAJIa; MIMPOKOH ITOJIOCHI ITPOITYCKaHUs (OBICTPOICHCTBIE); TIPOCTOTHI HCIIOJIB30BAHUS B KAUECTBE
IpUEMO-TIepeIaTINKOB; HE BHICOKYIO CTOMMOCTh U3TrOTOBIICHNs. MaTepuanasl U MeToabl. beim nc-
CJIeIOBaHbl pa3IMyHble METOJbI CTIeKTpaIbHOrO aHau3a (Pypre u Belirner), mo3pomstoniue odec-
MEYHUTh JIOCTHKEHHUS TIOCTABJICHHOH Bhille 1end. Pe3yabrarsl. [o cpaBHEHHIO C TpaIUIIMOHHBIMU
TEXHOJIOTHSIMU TIPUEMO-Tiepejadyl MHPOPMAIK ONTHYECKHE YJIbTPa3BYKOBBIC MPUEMO-TIEPENIaTYnKN
00eCTIeYnBalOT BEICOKOYACTOTHYIO CBSI3b, IHPOKYIO MOJIOCY MPOIMYCKAHUSA U KOMIIAKTHBIE Pa3MEpHI.
3akaiouenue. B paboTe mccienoBaHel METOABI cliekTpaidbHOTro aHanu3a (Pypre u BeiiBrer) n
IPE/UIOKEHBl HAa MX OCHOBE BO3MOXXHBIC BapHaHThl pEAM3alUM ONTHYECKUX YIIBTPa3BYKOBBIX
IpUEMO-TIepeIaTINKOB, KOTOPhIe MOTYT T€HEPHUPOBATh YIHTPA3BYKOBBIC HMITYJIBCHI C AJIHTEIHHO-
CTBIO B MacmTabe HaHOCEKYH/] C IIOMOIILIO CBEPXOBICTPOTO J1a3epa U NPUHUMATH C BHICOKOH CTerle-
HBIO 3alIMIIEHHOCTH KOH(UIEHInanbHble NaHHble. [Ipn 3TOM KOMOMHUpYS NpPHUHIMI TE€HEpaLUH
(hoTOaKyCTHYECKOTO yIbTPa3ByKa ¢ IPUMEHEHHEM OINTOBOJIOKHA, MOXKHO IOJYYUTh KOMIAKTHBIC H
HEJIOpOTHUE YIbTPa3BYKOBbIE IPHUEMO-TIEPEIaTIHKH.

Knrouesvie cnosa: ynempaszgyx, npuemMHuxu u nepedamyuxy (cenepayus) ungopmayuu, Oanmwle,
KAHAbl C6A3U, ONMOBOIOKHO, NOJIOCA NPONYCKAHUS, MEXHON02USA, 1A3ePHbII YIbMPa3eyK, OamuuKu,
ONMUKO-aKycmu4eckutl d¢hgexm.

Cannos bexpy3 BaapuaunoBuy, acriipanT Kadeapbl HHPOKOMMYHHKAIIMOHHBIX TeXHOIOTHIA, FOKHO-

Ypanbckuii rocyAapCTBEHHBIN YHUBEPCHUTET, T. YensiOnHCK; TaKUKCKU TEXHUIECKUH YHUBEPCUTET MIMEHU
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METOO CUHTE3A CUCTEMbI KOMIMNEKCHOIO OLLEHUBAHUA

B.H. bypkoe, U.B. bypkoea, A.B. LljenkuH

WHcmumym npobnem yrnpaesneHus um. B.A. TpanesHukosa Pocculickoli akademuu Hayk,
2. Mockea, Poccus

Bgenenue. [Tokazano, uro cucreMsl KomiiekcHoro oneHnBanus (KO) Ha ocHOBe muxoTroMuye-
CKOTO JIepeBa KPUTEPHEB W COBOKYITHOCTH MAaTPHIl CBEPTKH KpUTEpHEB (0OOOIICHHBIX KPUTEPHUEB)
IIMPOKO MPUMEHSIOTCS MPU OLEHKE CaMbIX PasIM4YHBIX 00bekToB. Ilers mccaenoBanus. /s mo-
ctpoenus cuctems! KO 1pu 3alaHHON COBOKYITHOCTH KPUTEPHEB HEOOXOAMMO PEIIHTH JIBE 3a1a4H.

1. BeIOpath CTpYKTYypy AMXOTOMHYECKOTO A€pEBa KPUTEPUECB.

2. OnpenenuTs MaTpUYHBIE CBEPTKHU Map KputepreB (000OIIEHHBIX KPUTEPHUEB) B KAXKION Bep-
IIMHE JIepeBa (3a UCKIIFOUEHUEM BUCSYHX).

B cratbe paccMaTpuBaeTcs BTOpas 3ajaua, T. €. 3a7ada OIpeAeNeHHs MaTPUl] CBEPTKU KpHTe-
pueB. Ha mpakTuke 3Ta 3amadya 4yacToO pemIaeTCs Ha OCHOBE IKCIEPTHBIX MHEHHMH. Martepuajbl U
MeToabl. [IycTh 3ajaHO MHOXKECTBO BapHaHTOB (TI0J BAPHAHTOM ITOHUMAETCs COBOKYITHOCTh OLIEHOK
KPUTEPHEB) U 3KCIIEPTHI OIPEISIMIN KOMIUIEKCHBIE OLEHKH Ka)I0T0 BapHaHTa M3 3TOI0 MHOXECT-
Ba. 3aJaya 3aKII04aeTcs B ONPEAEICHIH MAaTPUUHBIX CBEPTOK B KaXK/IOH BEpIIMHE JIepeBa TaKHX, YTO
KO xaxxporo Bapnanra B noxydennoi cucreme KO paBHa skcniepTHOH orieHke. B pabore onpenenen
KJacc yHU(UIMPOBaHHBIX MexaHn3MoB KO, KOTOpBIEe yIOBIETBOPSIOT CIIEIYIONINM YCIOBHSIM.

1. Bce mMarpunbl yHHQHUIMPOBAHHOTO MEXaHM3Ma KOMIIJIEKCHOTO OIIEHMBAHMS MMEIOT OJMHa-
KOBYIO pa3MEpHOCTb.

2. ns mo00# MaTpHILBl BCE CTPOKU PA3TIHMYHBI M BCE CTOJIOIIBI Pa3IHYHBL.

3. Bce MaTpuIlsl MOHOTOHHBI 110 CTPOKaM M CTOJIOIAM.

Ecnu Bce omieHKM BapHaHTa paBHBI HEKOTOPOMY 0aluly, TO U KOMIUIEKCHAs OIIEHKA paBHA 3TOMY
6amry. To ects ecnu j(S) — BapuaHT U3 MHOXKECTBA .S, Y KOTOPOTO OLIEHKH BCEX KPUTCPUEB PABHHI J,
To ero koMmiutekcHas oueHka (KO) paBua K(j(S))=j. PesyabTaTnl. PaccMoTpeHs! 1Ba ciydas.

B mepBoMm ciydae 3KcTepThl MOTYT AaBaTh OLEHKHM BapUAHTOB C JIIOOBIM MHOKECTBOM OIIEHOK KpH-
TepueB. Bo BTopoM citydae skcnepTsl MOTyT AaBaTh KO TOIBKO MONHBIX BAPHAHTOB, TO €CTh BapH-
aHTOB, COJEPIKAIIMX OIICHKH BCeX KpHUTepueB. s mepBoro ciy4as mpeaiokeH 3(pQeKTHBHBINA a-
FOPHTM C OLICHKOH BBIYHCIINTEIBHOMN CIIOKHOCTH MOpsiAKa [m”, Tie | — YHCio KpUTEpHeB, a m — unc-
JIO Tpajialivii KAkl OLIEHOK. AJNTOPUTM B CYLIIECTBEHHOW CTEIIEHU MCIOJb3yeT CBOMCTBO 4 yHUDH-
LUPOBAHHBIX MEXaHU3MOB. J[JIs1 BTOpOro cirydas NpenoKeH METOJ PEIIeHHs 3aJadyd ITyTeM II0-
CTPOCHHUS MATPHIl «CBEPXY-BHU3Y, T. €. IIOCTPOCHUS MATPHIbI JUISI KOPHEBOM BEPIIUHEI, 3aT€M IS
CMEXHBIX ¢ Hell U T. 1. 3akiaioueHue. Takum o6pa3oM, B paboTe IMPEATIOKEHBI aNTOPUTMBI CHHTE3a
YHA(QHUIUPOBAHHBIX MEXaHU3MOB KOMIIJIEKCHOT'O OLICHWBAHMS, IIPH KOTOPBIX YUCIIO TPEOyEeMBIX JKC-
MIEPTHBIX BapUaHTOB MUHUMAJIBHO.

Kniouesvie cnosa: xomnnexcnoe oyenusanue, YHUGUYUPOBAHHBITL MEXAHUZM, IKCHEPMHbLI 8a-
puanm, mampuiHvle cepmKu.

BBenenue

3amaun koMmruiekcHoro oneHuBaHus (KO) cocrosiHuS mnm pe3ynbTaToB ACSTEIHLHOCTH CIOKHOTO
00BbeKTa MIUPOKO pacHpocTpaHeHbl Ha mpakTuke [1-5]. I[lycTh ClOXHBIH 00BEKT OIICHUBAETCS MHOXE-
cTtBOM [ KpuTepueB. [Ipeanonoxxum, 9To OICHKA MO KKIOMY KPUTEPHUIO MOXKET MPUHUMATH 3HAYCHHUS

13 MHOXeCTBa X = (O, L,2,...,m— 1) . COBOKYIHOCTB OLICHOK BCEX KPUTEPUEB OyZeM Ha3bIBaTh MOJIHBIM

BapHaHTOM M 0003Ha4aTh X € X = HX ; » @ COBOKYIIHOCTb OLICHOK ITOJMHOKECTBa kpurepues O Oynem
1
Ha3bpIBaTh BapuaHToM. PyHkuus K(x), onpeaeneHHas A BCEX BapUaHTOB, HA3bIBAETCS KOMIUIEKCHON
(uHTerpanbHOM) oueHKOW BapuaHTa. CyIIECTBYET MHOTO PasjIMUHBIX MPEACTaBICHUH 3TOW (DyHKUHH
(nuHeltHbIe, aJANTUBHBIC, MYJIbTHILTUKATUBHBIE U 1Ip. [6, 7]).
Inpokoe pacnpocTpaHEHUE MOIYYNIN MEXaHU3Mbl KOMIUIEKCHOTO OLICHUBAaHUS Ha OCHOBE TUXO-
TOMHUYECKHX JEPEBHEB U COBOKYITHOCTH MAaTpHl] (MaTpUYHBIX CBEPTOK), ONPEAEICHHBIX B BEPLIMHAX
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nepeBa (3a HCKIoueHHeM BUcAunx BepiuuH) [8—15]. [lpumep mexannzma KO anst cimywas Tpex Kpure-
pHeB, KaXIbIA U3 KOTOPBIX MPUHUMAET J1Ba 3HaueHus — 0 unu 1, npueneH Ha puc. 1.

KO

*2 0 | 1 V1 0 | 1

X1 X3

Puc. 1. Npumep mexaHnama KO
Fig. 1. An example of a KO mechanism

Onpeodenenue 1. Ctpykrypoir Mexann3ma KO Ha3piBaeTcs AMXOTOMHYECKOE IEpeBO (IpaaepeBo)
¢ / BUCSYMMU BEPILIMHAMU, KaXKI0H U3 KOTOPBIX COOTBETCTBYET ONPEACICHHBINA KPUTECPHIA.

Onpeoenenue 2. Mexann3am KO Ha3pIBacTCSI MOHOTOHHBIM, €CJIM KOMILJICKCHAsI OIICHKA SIBIISICTCS
HeyObIBarolei QyHKIMEH CBOMX MepeMEHHBIX (KpUTEPHEB).

Onpeodenenue 3. Kputepuil Ha3pIBaeTCs 3HAUUMBIM, €CJIM NpH ero u3MeHenuwn ot 0 mo (m—1),

KOMIIJIEKCHAsI OLIEHKA XOTsI Obl OJJHOTO MOJTHOT'0 BapHAHTa U3MEHHUTCS (ITOBBICHTCS).

B nanpHeiimem 6yzem paccMaTpuBaTh MOHOTOHHBIE MexaHnU3MbI KO.

3aMeTuM, 4TO €clii KpUTEepHUil He SBIAETCS 3HAYMMBIM, TO €0 MOXKHO HCKIIIOYUTH M3 MHOYKECTBA
KpUTEPHUEB, IOCKOJIBKY OH HUKAK HE BJIMSACT Ha BEITUYNHY KOMIUIEKCHON OLEHKH.

Taxum o0pazom, aiist cozaanus Mexannzma KO HeoOXoauMo permuTh ABe 3a1auu.

1. BeiOpath cTpyKTYpy MEXaHU3Ma.

2. IIpeanoxxuTh COBOKYMHOCTH U3 (/ —1) MaTpuIl A KaxI0il He BUCSYEH BEPIIUHBI AepeBa.

CerojHs 3TH 337]a9u PEIaOTCS HA OCHOBE MHEHUIT SKCIIEPTOB.

B crathe paccMaTpuBaeTCs MOIXO0M K PEIICHUIO 3a7a4H 2, B OCHOBE KOTOPOU JIEKHUT (HOPMHUPO-
BaHHE MAaTPUYHBIX CBEPTOK IPH 3aJJaHHOM MHOXXECTBE BapUAHTOB, JJI KOTOPHIX AKCIEPTHI ONpe/e-
muanu KO.

1. ITocTaHoBKA 3a1a4H

B cratse paccmarpuBatorcst yHuduuupoBanabie Mexann3Mbl KO (YMKO), kotopsie ynoBieTBo-
PSIIOT CIEYIOIINM YCIOBHSIM.

1. Bce Matpunsl YMKO uMeEOT OAMHAKOBYIO pa3MEPHOCTb.

2. J1nst mo6oi MaTpHUIBl BCE CTPOKH Pa3IMYHBI U BCE CTOJIOIBI Pa3THUHBI.

3. Bce MaTpHIisl MOHOTOHHBI TIO CTPOKAM H CTOJIOIAM.

4. Ecin Bce OLIGHKM BapHaHTa PaBHBI HEKOTOPOMY Oallly, TO M KOMIUICKCHAs OLICHKA PaBHA ATOMY
6amty. To ects ecnu j(S) — BapuaHT U3 MHOXKECTBa S, y KOTOPOTO OLIEHKH BCEX KPUTEPHUEB PABHBI j, TO
ero komruiekcHas ouenka (KO) pasna

K(jSN=J.

[Ipumewm, uto 3amana cTpykrypa Mexann3ma KO. [ kaxaoro Bapuanta x € X 3KCIEpTHI ompeie-
JIMJTH KOMIUIEKCHYIO OLeHKY K (X).

Jis hopManbHO# MMOCTAHOBKH 33/1a4l 0003HAYHMM S; — MHOXKECTBO OIIEHOK KPUTEPHUEB, KOMILIEKC-
Hasl OlleHKa K; KOTOPBIX ompeaensieTcs B Bepuinae i. Eciu j, K — MHOXeCTBO BEpIIIMH JepeBa, HETIOCPE/-
CTBEHHO NPE/IIICCTBYIOIIUX BEPIIMHE i, TO

S;=8; U8,
a olleHKa K; moJTy4aeTcsi Ha OCHOBE MAaTPUYHOM CBEPTKH 0000LIeHHBIX olleHOK K; 1 K. B ciyuae, ecinu
KPUTEPUU OLICHUBAIOTCS 10 m-0aJIbHON IIKalle, MaTpUYHas CBEPTKa A; IBYX KOMIUIEKCHBIX OIIEHOK —
3TO MaTpuIla m X m, CTOJOIBI KOTOPOH COOTBETCTBYIOT BO3MOKHBIM OIICHKAM BapHUaHTOB MHOXECTBA
KPUTEPUEB S, CTPOKU — BO3MOKHBIM OLIEHKAM BAPMAHTOB MHOXKECTBA KPUTEPUEB Sy, @ dj ONMPENESAIOT
KOMIUIEKCHYIO OLIEHKY BapHaHTOB MHOKECTBA KPUTEPHEB ;.

3aoaua. Onpenenuts ([ —1) maTpuibl 4; Takue, 9TO AJS JIOOOTO SKCIEPTHOTO BapHUaHTa X KOM-

TJICKCHAs OIleHKa paBHa K(x).
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y‘II/ITI)IBaH, YTO IKCIIEPTH3a BApHUAHTOB Tpe6yeT BPEMCHHU, XKCIIATCIIbHO, YTOOBI YHCIIO OKCIIEPTHBIX
BApHUAHTOB OBLTIO MHHUMAJILHEIM.

2. IByx0aajibHbIe HIKAJIbI

PaccmoTpum ciyvaii ABYyXOaTHHBIX TIKAJ (KaXKIbIi KPUTEPHI IPUHUMAET OJHO M3 IBYX 3HAYCHUA —
0 mn 1).

3aMeTuM, 4TO CYIIECTBYIOT YeThIPE BO3MOXKHBIE MATPHIIBI CBEPTKH 2 X 2 I KOKAOW BEPIIUHBI Jie-
peBa, 3a UCKIFOUSHUEM BUCSYHX (pHC. 2).

a) 6) B) r)

Puc. 2. Bo3amMOXHble MaTpuLbl CBePTKU Ana m = 2
Fig. 2. Possible convolution matrices for m =2

Martpuiibl B) ¥ T) COOTBETCTBYIOT CIIy4asiM, KOTJa OJIMH U3 KPUTEPUEB MM 000OIIEHHBIX KPUTEPH-
€B HE SIBIISICTCS 3HAYMMBIM. MaTpHIia a) COOTBETCTBYET CIYYar0 B3STHS MUHHUMAIBHOW U3 JIBYX OLCHOK,
a Marpuua 0) — B35THIO MAaKCUMAJIBHOH U3 IBYX OLICHOK.

3aMeTuM, YTO JUII MOHOTOHHBIX KOMIUICKCHBIX OLIEHOK HMEIOT MECTO CIICAYIONIHE YTBEPIKICHHS.

1. [Tpu HyEBBIX 3HAYEHUSIX KPUTEPUEB JIFOOOT0 BAPUAHTa COOTBETCTBYIOIIAsI KOMITJICKCHASI OLIEHKA
paBHa 0. [leficTBUTENHHO, €CIM KOMILJIEKCHAs OIleHKa paBHA 1, TO B CHJy MOHOTOHHOCTH KOMIIJIEKC-
HBIE OLICHKH BCEX JIPYTMX BapHUAaHTOB JOJDKHBI OBITH paBHEI 1. B aTOoM ciydae 3amaga KO Tepsier cmbicn
(KO nmoboro Bapuanrta paBHa 1).

2. Ilpy eAMHWYHBIX 3HAYCHUSIX BCEX KPUTEPHEB JIIOOOTO BapHAHTa COOTBETCTBYIOIIAS KOMILIEKCHASI
oleHKa paBHa 1. JlelicTBuTENIBHO, €citi oHa paBHA 0, TO B CHITy MOHOTOHHOCTH KOMILIEKCHBIE OLICHKH BCEX
JPYTHX BapUaHTOB JIOJDKHBI ObITH paBHEI 0 1 3amaya KO TepsieT cMbIch (OLICHKH BceX BapHAHTOB paBHBI 0).

PaccmoTpum BepuiMHY i JiepeBa, B KOTOPOW MPOUCXOIUT CBEPTKA MHOMKECTB KpUTepHEB S; U Sy,
S; =8; VS, . Heobxomumo onpezemurs 2x 2 mMatpuuy (puc. 3).

1 alo 1

0 0 aoq
Si

S, 0 1

Puc. 3. Matpuua 2 x 2
Fig. 3. Matrix 2 x 2

PaccMoTpuM TpH BO3MOXKHBIX CITydasl.

1. DkcnepThl MOTyT Oo1leHUTH (onpeaenuts) KO mroboro Bapuanra.

2. DKCTepTHl MOT'YT OLICHUTH TOJIBLKO MOJIHBIC BAPUAHTHI.

3. DKCHepThl MOTYT OLIEHUTH TOJILKO BAPUAHTHI C YUCIIOM KPUTEPUEB He Oonee my <m .

PaccMoTpuM nepBbIii ciry4aii.

O0603HauuM M; — MaTpHily B BepIIMHE 7; S; — MHOXECTBO BapUAHTOB, OLICHUBAEMBIX B BEpLIMHE ;
n, m — BEPIIUHBI, HEMTOCPEJCTBEHHO MPE/IICCTBYIOIIUE BEPIIHHE i; S, S,, — COOTBETCTBYIOIINE MHOXKE-
cTBa BapuaHTOB. O4YEBHIHO, YTO

S;=5,US,,.
O6o03naunm nanee 0(S) — BapuaHT x €S, Bce oneHku KoToporo pasusl 0; 1(S) — Bapuant x €S, Bce
oueHku kotoporo pasHel 1; (0(S,), 1(S,)) — Bapuant x€S§;, y koToporo oueHku x €S, pasbl 0, a

ouekn xe€S,, paHel 1. CoorserctBeHHo (1(S,), 0(S,)) — Bapuant xe€.S;, y KOTOPOro BCE OLEHKH
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x €S, pasubl 1, a Bce onenku x € S,, passl 0. 3amernm, uro K(0(S))=0, K(1(S)) =1 nna moboro S.
O0603HauuM @ — PKCHepTHYIO oueHKy BapuaHta (0(S,), 1(S,)); @10 — SKCIEPTHYIO OLIEHKY BapuaHTa

(15, 0 (Sw))-

3aMeTHM, YTO dg; U djp IOJHOCTBIO ONPEAEIIIOT MaTpuLy M;, a UMEHHO, €clH dg; = ayp = 0, TO 31O
min-mMaTpuua, eciu do; = dio = 1, TO 3TO Max-MaTpuLa, eciu do; = 0, a;p = 1, TO MHOKECTBO KPUTEPHUEB,
OILICHMBAaEMBIX B BEPIIMHE 71, HE SIBISIETCA 3HAYUMBIM, U X MOYHO HCKIIIOUUTb, €CIH dg; = 1, ajo =0, TO
MHO>KECTBO KPUTEPHEB, OIICHUBAEMBIX B BEPIIUHE M, HE SBJSAETCS 3HAYMMBIM, U 3TH KPUTEPUHU MOXKHO
UCKJIIOYHUTD U3 PACCMOTPEHHUS.

Takum o0pa3oMm, Ui MONyYEHHsT MaTpULbl M; TOCTATOYHO MOJyYUTh 3KCIIEPTHBIC OLIGHKU BCETO
JIBYX BapuaHToB. /{1 momyyeHus Bcex MaTpul JOCTATOYHO MOJIYYHUTh dKCIEepTHhIe onleHku 2(/ —1) Ba-
pPHUAHTOB.

PaccmoTpuM BTOpO# Cory4aid.

ANTOPHUTM CYIIECTBEHHO YCIOXKHSETCS, OCKOJIBKY 9KCIEPTHI JAIOT OLEHKH TOJIBKO MOJIHBIX BapHu-
aHTOB. [103TOMY OIIEHKHM OCTaJbHBIX BAPHAHTOB IMPUXOAUTCS MOITY4aTh HA OCHOBE OLIEHOK ITOJIHBIX Ba-
pHAHTOB. ANTOPUTM PacCMOTPUM CHadalla Ha IpUMeEpeE.

IIpumep 1. PaccMoTpuM 3aaady ¢ 5 kputepusMu. CTpyKTypa MEXaHU3Ma IIPUBEACHA Ha pHC. 4.

M, M,
111 1|o]1

yAKRE VAKER
M, M,
1ol 11
ojlolo| ——— 0o o 1
yAKRER M0 1

Puc. 4. Mexanuam KO npumepa 1
Fig. 4. KO mechanism of example 1

laz 1. Tlonygaem matpuiry M. st 3Toro 6epemM 1Ba MOJHBIX BapruaHTa

(xl, Xy, X3, Xyg, x5) = (001 1) u (xl, Xy s X3, Xyg, x5) = (1 1000)
C 9KCITEPTHBIMH OIIEHKAMH

K(00111)=1 u K(11000)=1.
Marpuua M, siBisieTcsi max-MaTpuLeH.

Ilae 2. Tomydaem matpuity M,. Jlns oToro paccmarpuBaem 1Ba Bapuanta — (x,x,)=(01)
(x5 x2) = (10) . Ho y Hac HeT 3KCIepTHBIX OIEHOK 3TUX BapUAHTOB. [103TOMY paccMaTpHBaeM MOJHbIC
BapHUaHTHI

(xl, Xy, X3, Xyg, x5)=(01000) U (xl, Xy X3, Xyg, x5) = (Ol 11 l)
jutst BapuanTa (x;,x, ) = (01) 1 moNHbIe BapHaHTHI

(%1, X3, X3, x4, X5 ) = (10000) m (x, x5, X3, x4, x5 ) = (10111)
quist BapuanTa (x;, x, ) =(10).

ITycTh 9KCIIEPTHERIE OIIEHKH BAPHAHTOB

K(01000)=0 u K(01111)=1.

B atom citygae komruiekcHas onienka Bapuanta (0, 1) pasua 0.
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HYCTL OKCICPTHBIC OICHKU BApUAHTOB
K(10000)=0 u K(10111)=1.

CnenoBatenibHO, MaTpulia M, ABJISCTCS Min-MaTPHUIICH.

3aMeTHM, 4TO IOTPEOOBAIOCH PACCMOTPETH 4 MOJHBIX BApUAHTA.

Llaz 3. Ilomyuaem matpuiy M;. Ilo anamoruu ¢ marom 2 paccMaTpuBaeM 4 TOJHBIX BapuaHTa —
(00100), (11100), (00011), (11011). ITycTh UX IKCTIEPTHBIE OLIEHKU

K(00100)=0, K(11100)=1, K(00011)=0, K(11011)=1.

CriezioBaTelIbHO, KOMILICKCHBIC OleHKH BapranToB K (100) n K (011) paemsr 0 u MaTpuua M; sBiser-
sl min-MaTpuIei.

Ilae 4. Tlonygaem matpuity M. PaccmartpuBaem jiBa Bapuanta — (x4, x5) =(01) u (x,, x5)=(10).
Ho uX OIEHOK MbI Takke He uMeeM. JlIs MOdydeHMs OLEHOK paccMaTpuBaeM 4 BapMaHTa —
(x3, Xy, x5) = (001) , (101), (010) u (110). Ho ux omeHok MbI Taxxe He umeeM. [loaToMy paccmaTtpuBa-

eM § MOJIHBIX BAPUAHTOB!

(00001), (11001), (00101), (11101), (00010), (11010), (00110), (11110).
[IycTh UX 3KCHEpTHBIE OLIEHKU PaBHBI

K(00001) =0, K(11001) =1, K(00101) =1, K(11101) =1,

K(00010) =0, K(11010) =1, K(00110) =1, K(11110) = 1.

[Mockomeky K(00001) =0, K(11001) =1, To K(001) = 0. Hamee, Tak kak K(00101)=1 u K(11101) =1,
to K(101)=1. Anamormuno K(010)=0, K(110)=1. Haxonen, nmockonpky K(001)=0, K(101)=1,
to K(01) =1, a mockonmeky K(110)=1, a K(010) =0, To Ko = 1. CnenoBarensHo, M, sBISCTCA Max-
MaTpHUIIEH.

Onpeoenenue 4. YpoBHeM MaTpulbl M; Ha3bIBAETCSA YMCIIO CIACAYIONIMX 32 BEPUIMHOH j BEPLIMH,
BKJII0YAasl BEPLIMHY j.

Kopuesas BepinHa nmeeT ypoBeHb |, HEIOCPEICTBEHHO CIICAYIOIIAs 32 HEH — YPOBEHb 2 U T. [I.

Hanum onrcanue anropurma.

ITycTs MaTpuna M; nMeeT ypoBEHb ¢ U SBIIAETCS CBEPTKOW MOJMHOXKECTB KpuTepHes S, u S,. Tpe-
Oyercs nmomyunts oueHku K(K—1) Bapuanrtos. IIpumem, uto yxke momydeHo (¢—1) maTpul, cienyro-
mux 3a M. Ilycte M; — MaTpuia, HEOCPEICTBEHHO caeayromas 3a M;. PaccmoTpum npouenypy mosmy-
YCHHS DJIEMEHTA aj, MATpuLpl M;. JIist 5T0ro Hy»KHO mony4uts oueHky K(i(S,); p(S,)). Ho skcrepTsr

HE MOTYT JaTh TaKyo OLEHKY, eciu BapuaHt (i(S,); p(S,)) He smisercs nomubiM. [lostomy paccmar-

puBaeM matpuny M;;. IlycTb 5Ta MaTpuia sBIA€TCS CBEPTKOM MOAMHOXKECTB (S, S;) U S,. Ilomyunm
OLIEHKH CJIeYIOIINX JIByX BapHAHTOB:

(i(Sy), p(S,), 0(S,)), (i(S,), p(S)), 1(S,.)).

Bo3moskHbI 1Ba ciy4ast.
1. Sq U S, US, — MHOXECTBO OLICHOK IIOJIHBIX BapHAHTOB. B 3TOM ciy4ae Mbl UMEEM JKCIIEPTHBIE

OLIEHKHM paccMaTpHBAaeMbIX 2 BapHaHTOB. CpaBHMBAEM IOJIyYEHHYIO IMTOCIEAOBATEIBHOCTh OLIEHOK CO
CTpoKaMu MaTpulsl M;. Ecnu HalgeTcsa cTpoka MaTpuisl M;, SIEMEHTBI KOTOPOM COBIIAAAIOT C IOJTY-
YEHHOH NOCJIEJOBATENBHOCTBIO OLIEHOK, TO OLICHKA, COOTBETCTBYIOLIASl 3TOU CTPOKE, OIPENEIIAECT KOM-
IUIEKCHYIO OLICHKY

2.8, U8, US, He SBISCTCS MHOXKCCTBOM OLICHOK IOJIHBIX BAPHAHTOB. B 5TOM cirydae mepexonnm

K Matpuue M, HETOCPENCTBEHHO CIIEIYIONIEH 3a MaTPULIEH M), U TIOBTOPSIEM MPEABIAYIIYIO IPOLENY-
Py AJIs KaKI0ro U3 JByX BapuaHToB U T. A. Ecau Marpuna M; uMeeT ypoBEHb ¢, TO ONMCAHHYIO IPOIe-
nypy npumensem (¢ — 1) pas. B pesynbrare nomyuaem 2¢ ' monueix BapuanTa. [1oTyunB UX SKCIIEpTHBIE
OLIEHKH, METOIOM 00paTHOIo0 X0/a onpeaessieM oueHkH (1).

Kak cnengyer u3 mpumepa, Ui NOTyYeHHs MaTPHULbI, UMEIOLIEH YPOBEHb ¢, HEOOXOAUMO HUMETh
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SKCIICPTHBIC OLECHKH 27 MONMHBIX BapuaHTOB. Ecim 0003HAUHUTh ¢; ypOBEHb MAaTPHIBI M), TO YHCIO MOJI-
HBIX BapHAHTOB, HEOOXOAUMOE U IOCTATOYHOE ISl MTOTyYEeHHs MaTPHILbI M), paBHO

-1
N=)2%.
j=1

Teopema 1. MUHNMaIBPHOE YHCIIO BAPUAHTOB /N IMEET MAaKCUMAIBHO CHMMETPHUYHAS CTPYKTYpa.

Paccmorpum Tpertuii ciayyaii.

OKcnepThl MOTYT JJaBaTh OLCHKH BapHaHTOB C YHCIIOM KpuTepueB He Ooinee p </. B aTtom ciyuae
TpeOyeTcs IEeKOMIO3MLMS AepeBa Ha MOANEPEBbs C YHCIOM BHCSYUX BepLIMH He Ooinee p. [anee mns
Ka)KA0T0 TOoJiepeBa MPUMEHSIETCS aITOPUTM, OTIMCAHHBIN B IIEPBOM CIIydae.

[IpuBeneM npocTyr0, HO BaXKHYIO TEOPEMY.

Teopema 2. I[TycTs KoMIUIEKCHas olleHKa BapuaHTta paBHa 0. Torna cymecTByer X0oTs Obl OAMH Iy Th
W3 BUCSYMX BEPIIMH B KOPHEBYIO, IJIMHA KOTOporo paBHa 0 (myiuHbl Ayr myTd paBHel KO B cOOTBETCT-
BYIOIIIEH BEPILIUHE).

Jloxazamenvcmeo. O4eBUIHO, YTO HalAeTCs XOTs ObI 01HA Bucsyas BepmuHa ¢ KO, pasHoii 0. Ilo-
METHM BCE€ Takue BHCSUME BEpIIMHBI 3HaKOM (+). Jlajee momeuaem 3HaKOM (+) BCe BEPUIMHBI, B KOTO-
pBI€ BXOJAT OYTH U3 MoMeueHHBIX BepuuH AauHb 0. [IycTs B pe3ynpTaTe KOpHEeBas BepIIMHA HE TToMe-
yeHa. Torzma Bce Ayru, HCXOISIIUE U3 IOMEUYEHHBIX BEPIIUH B HEMOMEUEHHBIE, UMEIOT JJIMHBI, paBHbIE 1.
Ho B s3Tom citydae KO ne mosxeT ObITh paBHOii 0.

Onpeoenenue 5. 1lyTH U3 BUCAYNX BEPIIMH B KOPHEBYIO HYJEBOW JJIUHBI HA3BIBAIOTCS KPHUTHYE-
CKUMH (COOTBETCTBYIOIIME BEPIINHBI TAKXKE HA3BIBAIOTCS KPUTUICCKUMH).

BaxHOCTh KPUTHYECKUX ITyTEH 3aKIIFOYAETCSl B TOM, YTO NPHU pa3padoTke mMep no nosbimenuio KO B
TIEPBYIO OUepeIb clieyeT o0paliaTh BHUMaHNE Ha KPUTEPHH, COOTBETCTBYIOIINE KPUTUUECKIM BEPILITHAM.

3. IIpon3BoabHBIE IIKAJIbI

Paccmorpum o6mmii ciydaitl mkan ¢ m rpaganusiMu. O6o3HaunM j(S) BapuaHT U3 MHOXECTBa S,
y KOTOPOTO OLEHKH BCEX KpUTepHeB paBHBI j. OCHOBHOE MPEATNOIOKEHHE COCTOUT B TOM, YTO
K(j(S))=j, 10O ecTb ecnu BapHaHT COCTOUT U3 OJMHAKOBBIX OIICHOK j, TO ¥ €r0 KOMILJIEKCHAs OIICHKa

paBHa j. Kak u ¢ 1ByxO0aipHOM MIKaIoH, pacCMOTPUM TP BapHaHTA.
1. Dxcnepmul mocym dagams OYeHKU TH0ObIX 8APUAHINOG.

Paccmorpum matpuity M;. O603Ha4nM €€ IIEMEHTHI gy, i, p =0,m —1. B cuiy cienanHbIX mpeano-

ip»
JOKEHUH a;; =1, =0,m—1. Ocranocs onpenenuTs m(m—1) 21eMeHToB a,,, i # j . Ilycte MaTpune M;
COOTBETCTBYIOT IOJMHOKECTBA OLIEHOK S; U S, S ;= S;uS s S;NS p= . Jlna ompeneneHus sie-
MCHTa a;, paccMOTpuUM Bapuant (i(S,); p(S,)) ¢ akcreprHoit onenkoit K (i(S,); p(S,)).

YrBepxaenue. a,, = K(i(S,); p(S,)).

Mokasamenvcmso. Ouenka apuanta (i(S,))=i. Ouenka Bapuanta (p(S,))=t. Bapuanr
(i(S,); p(S,)) €S, sABISIETCS CBEPTKOM STUX JBYX BAPHAHTOB, KOTOPASI [0 ONPE/ICICHUIO PABHA djp.

Takum 00pasom, i MOdydeHHs MaTpULbl M; HOCTaTOYHO PacCMOTPETh m(m—1) BapUAHTOB W3
MHOYKECTBA S; C MX DKCIEPTHBIMU oleHKaMu. Jlis noctpoenus mexanusma KO ¢ / kputepusamu nocra-
TOYHO paccMmoTpeTh m(m—1)(/—1) BapuaHTOB.

IIpumep 2. Nmeetcs nocnenoBaTenbHas CTPYKTypa ¢ TpeMsl KpUTEpUsIMH, IpUYeM CHavasa Mpouc-
XOJTUT CBEPTKA OIICHOK KpuTepueB | 1 2, a 3aTeM CBEPTKa OIEHOK ITUX KPUTEPUEB C OIEHKAMHU KpUTe-
pust 3 (em. puc. 1). [Ipumem m = 3.

a2z 1. Paccmorpum MaTpuity M. Heo0Xoa1uMo NONTy4YHTh HIECTh 3HAYEHUH a;;. MiMeem 6 momHbIX
BapHaHTOB:

1. (001), K(001) =0 = aq,.

2.(002), K(002) =1 = agp,.

3.(110), K(110) =1 = ay,.

4.(112), K(112) =2 =ay,.

5.(220), K(220) = 2 = ay.

6. (221), K(221) =2 = a,,.
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Marpuua M, npuBesicHa Ha puc. 5.

Illaz 2. PaccmoTtpuM matpuily M. Umeem:

1. (01), K(01) =1 =ay,.

2.(02), K(02) =1 = ag,.

3. (10), K(10) = 0 = ay,.

4.(12), K(12) =2 = ay,.

5. (20), K(20) = 1 = ay.

6. (21), K(21) =1 =ay,.

CootBeTcTByOIAs MaTpua M, npuBeseHa Ha puc. 6.
Bcero nmorpedoBanoch

m(m—l)(l—1)=12

OKCIICPTHBIX BAPpHUAHTOB.

2 2 2 2 2 1 1 2
1 1 1 2 1 0 1 2
0 0 0 1 0 0 1 1
X1, X X1
X 0 1 2 X 0 1 2
Puc. 5. Matpuua M, Puc. 6. MaTtpuua M,
Fig. 5. Matrix M, Fig. 6. Matrix M.

2. Dxcnepmoi MO2ym 0aeams OYeHKU MOJbKO HOIHBIX 8APUAHINOE.

ITycTs MaTpuna M; MeeT ypOBEHb ¢ U ABJIAETCSA CBEPTKOM MOJMHOXKECTB KpuTepues S; u S,. Tpe-
OyeTcs Moay4uTh onieHku m(m— 1) BapuanToB. [Ipumem, uTo yxe mosydeHo (g — 1) MaTpull, Cleayro-
mwx 3a M;. Ilycte M;; — maTpuia, HEMIOCPEACTBEHHO cexyomas 3a M;. PaccmoTpum npoueaypy moiy-
YEHHMs DJIEMEHTA @, MaTpulbl M;. I 3TOro Hy:)KHO MONy4YHTh OoUeHKy K(i(S q); p(S,)) . Ho akcneptsl

HE MOTYT J]aTh TaKy!0 OLCHKY, eciu BapuaHT (i(S,); p(S,)) He sBisiercs noaHeiM. [loatomy paccmarpu-

BaeM Matpuiy M;,. IlycTe 3Ta MaTpua ABIS€TCS CBEPTKOH MOAMHOXKECTB (S, S;) U S,. [Tomyynum onen-
KU CJIEAYIOIUX 71 BAPUAHTOB!

(i(S,). P(S,). 05, s (i(S, ). P(S)). (K ~1)(S,)):

Bo3moskHbI 1Ba ciydast.
1. § 4 U S, US, — MHOXECTBO OLEHOK IIOJIHBIX BapUAHTOB. B 3TOM cilydae MBI HMEEM 3KCIIEPTHBIE

OLIEHKU PaccMaTpUBaeMbIX /7 BapHaHTOB. CpaBHMBAaeM IOJIYYEHHYIO I1OCIEI0BATENIbHOCTh OLIEHOK CO
CTpoKaMu MaTpulsl M;;. Ecnu HalgeTcsa cTpoka MaTpuisl M;, SIEMEHTBI KOTOPO COBIIAAAIOT C IOJTY-
YEHHOH MOCJIE0BATENBHOCTIO OLIEHOK, TO OLIEHKA, COOTBETCTBYIOLIASl 3TOW CTPOKE, ONPENENIET KOM-
IJIEKCHYIO OLICHKY

K(@i(S,); p(S,) =ay,. (2
2. S P S, U S, He ABJIAETCS MHO>KECTBOM OLICHOK IIOJIHBIX BapUAaHTOB. B 3TOM ciydae mepexoaum

K Matpuue M, HEIOCPEACTBEHHO CIIEIYIONIEH 3a MaTPULIEH M), U TIOBTOPSIEM MPEIBIAYILYIO IPOLENY-
py AJIs KaXKJI0ro U3 /1 BapuaHToB U T. 1. Eciu Matpuna M; uMeeT ypoBeHb ¢, TO OIMCAHHYIO IPOLEAYPY
npumensieM (¢— 1) pa3. B pesynbrate monyuaem m?  moiHbIX BapuaHTOB. [loNydnB MX 3KCHOEpTHbIC
OLIEHKH, METOZOM O0OPaTHOTO X0/a OIpeaeieM OLeHKH (2).

IIpumep 2. Bo3pMeM JaHHBIE NPEABIAYIIETO IPUMEpA.

Llae 1. Matpuna M, sBIsieTCS MaTpULe CBEPTKH MOJIHBIX BapuaHToB. IlosTomy oHa Obuia mosy-
YeHa B MPEIbIYIEM IPUMEpE.

Llae 2. Matpunia M, umeet ypoBeHb g = 2. OrpaHHYrMcs TIOTy9eHHEM dJIEMEHTa d . Heooxonnmo
MOJTy4UTh 7 = 3 OLIEHOK BApPUAHTOB

(1,2,0), (1,2, H)u(l, 2, 2).
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OT0 nonHele BapuaHThl. [IycTh UX SKCHEPTHBIE OLIEHKH

K(1,2,00=K(1,2,1)=K(1,2,2)=2.
Crpoka 3THX OIIEHOK COBIIaJIaeT CO CTPOKOM Marpuibsl M, cooTBeTcTBYyIomeH oreHke 2. Iloaromy
a = 2. IloBTOpsieM 3Ty mpoueAypy A OCTAIBHBIX IISITH 2JIEMEHTOB MaTPHLI M.

3ameuanue 1. Ecou He HalieTcs HU OJHOW CTPOKH MATPHIIBI, OIEHKH KOTOPOH COBMIAAAIOT C IIO-
CJIEIOBATEIHLHOCTHIO U3 M MONYYEHHBIX OLIEHOK, TO Mexann3ma KO He cymiecTByer.

3ameuanue 2. [Ipeanonaraercs, 4T0 BCE CTPOKM MaTpHLL, CIEAYIOIMX 3a M, pasnuyarorcs. B mpo-
THUBHOM CJy4ae pa3Mep IIKaJIbl OLEHOK MOKHO YMEHBIIUTD.

Taxum 006pazom, 1uist moctpoeHus Mmexanu3zma KO 10cTaTouHO MOMYYHTh SKCIIEPTHBIE OI[CHKH

-1

S (m-1)

j=1
TOJIHBIX BapUAHTOB, I/Ie ¢; — YPOBEHb MaTPHIIBI M,.

Octaercs cnpaBe/UIMBOI TeopeMa 00 ONTHMATbHOCTH MaKCHMAalbHO CUMMETPHUYHOW CTPYKTYPHI.
Janum 00o01eHrne Teopemsr 2.

Teopema 3. [IycTh KOMIUIEKCHAs OLICHKAa BapHaHTa paBHa j. Toraa cymecTByeT MyTh U3 BUCSYMX
BEPIIMH B KOHEYHYIO, BCE JITMHBI IyT KOTOPOT'O HE MPEBBIIIALOT .

Jloka3aTensCTBO aHAIOTUYHO JI0KA3aTebCTBY TEOPEMEI 2.

3. Dxcnepmul mocym 0asamov OYeHKU 8APUAHIMOE C YUCTIOM Kpumepues He boaee m; < m.

Kak u B cnydae nByXOaJlsIbHBIX IIIKaJI, B 3TOM ClIy4ae pa30MBaeM JepeBO Ha MOAACPEBbs C YUCIOM

BUCSIYMX BEPIIMH He OoJiee 7| U IPUMEHSEM MPOLEAYPY ABYX MPEIbIAYIINX CIYYaeB I KaXKI0r0 MO~
JepeBa.

3akino4eHue

B craTtbe paccmoTpeHa 3amada MocTpOeHHUS YHU()UIMPOBAHHBIX MEXaHW3MOB KOMIUIEKCHOTO OIie-
HUBAHUS COCTOSIHHS WJIN PE3YJIbTATOB AEATEIBHOCTH CIOXKHBIX CHCTEM Ha OCHOBE AKCIEPTHBIX BapHaH-
TOB. 3aMETHM, YTO MEXaHU3MBbl KOMIUIEKCHOT'O OLICHHBAHMUsI, OMUCAaHHBIC B [ 1-5], sBustorcst yHudum-
POBAHHBIMH.

[TockonpKy sKCIEepTaM IMpensaraeTcsl OLEHUTh TOJBKO YacTh BO3MOXHBIX BapUaHTOB, HENb3d YT-
BEPIXK/IaTh, YTO MONy4YeHHBIH MexaHn3M KO Oyzaer yZoBiIeTBOPSATh MPEANOYTEHHUSIM SKCIIEPTOB HA JpY-
TUX BapHaHTax. MBI MOXEM JHILIb YTBEP>KATh, YTO €ClU cymecTByeT MexaHn3M KO, ynosieTBopsro-
IIMH BCEM MPEATNOYTEHUSIM JKCIEPTOB, TO 3TO MEXAHU3M, MOJYyYCHHBI HAa OCHOBE ONMMCAHHBIX BBIIIE
aJIrOPUTMOB.

[lomryueHHBIE OLEHKN YMCIIAa 3KCIEPTHBIX BAPHAHTOB €CTECTBEHHO JOCTATOYHBI AJISI CHHTE3a MEXa-
Hm3Ma KO. [l nByxOayuibHBIX LIKall OHH SIBISIFOTCS M HEOOXOOUMBIMH, T. €. ONPEIEIISIOT MUHHUMAb-
HOE YHCJIO KCIIEPTHBIX BAPHAHTOB, TpeOyemoe IS CUHTe3a MexaHu3ma. J[JIsl MpOW3BOIBHBIX MIKAI
OIIEHKa MUHUMAJIBHOTO YHCJIa SKCIIEPTHBIX BAPHAHTOB TpeOyeT NaTbHEUIIINX UCCIIeT0BAaHMH.

B paccMoTpeHHOH MOCTaHOBKE dKCNEPTaM MPEeUIaracTcsl OLEHUTh NMPENBSIBIIEMOE UM MHOXKECTBO
BapuaHTOB. [IpeacTaBnser uHTEpec apyrasd 3aj1ada, KOTJa 3KCIEePTHI MpeiaraloT MHOXECTBO BapHaH-
TOB C UX OIIeHKaMH u TpeOyerca nmoctpouth Mexanu3Mm KO, yqoBIeTBOPSIONIMNA MPEAOYTEHUSIM KC-
MEPTOB.

Padora BbInoTHeHA IPH YacTUYHOI puHAHCOBOII noanep:kke rpanta PO®U Ne 18-07-01258.
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METHOD OF SYNTHESIS
OF THE INTEGRATED ASSESSMENT SYSTEM
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V.A. Trapeznikov Institute of Control Sciences of Russian Academy of Sciences,
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Introduction. Systems of complex estimation (CO) based on a dichotomous tree of criteria and
a set of criteria convolution matrices (generalized criteria) are widely used in the evaluation of a
wide variety of objects. Purpose of the study. To build a CO system for a given set of criteria, you
need to solve two problems:

1. To choose the structure of the dichotomous tree of criteria.

2. To define matrix convolutions of pairs of criteria (generalized criteria) at each vertex of
the tree (except for hanging ones).

The article deals with the second problem, i.e. the problem of determining matrices the crite-
ria convolution. In practice, this task is often solved based on expert opinions. Materials and
methods. Let us assume that there are a set of options (a variant is a set of criteria estimates) and
experts have defined complex estimates for each option from this set. The task is to define matrix
convolutions at each vertex of the tree such that the CO of each variant in the resulting system CO is
equal to the EXPERT estimate.

The paper defines a class of unified CO mechanisms that meet the following conditions:

1. All matrices of the unified complex estimation mechanism have the same dimension.

2. For any matrix all rows are different and all columns are different.

3. All matrices are monotonous in rows and columns;

4. If all the variant scores are equal to a certain score, then the complex score is equal to this
score.

Results. Two cases are considered. In the first case, experts can give estimates of options
with any set of criteria estimates. In the second case, experts can give a CO of only complete op-
tions, that is, options that contain estimates of all criteria. For the first case, an efficient algorithm
with an estimate of computational complexity of the order of /m” is proposed, where / is the number
of criteria, and m is the number of gradations of the rating scale. The algorithm makes significant use
of the 4 property of unified mechanisms.

For the second case, we propose a method for solving the problem by constructing “top-down”
matrices, i.e. constructing a matrix for the root vertex, then for adjacent ones, and so on. Conclu-
sion. Thus, the paper proposes algorithms for the synthesis of unified mechanisms for complex eva-
luation, in which the number of required expert options is minimal.

Keywords: complex assessment, unified mechanism, export version, matrix convolution.
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Yn paBJieHune B COUNasiibHO-3KOHOMUNYECKUX
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O NPOrHO3MPOBAHUU PUHAHCUPOBAHUA
KOHBEPCWUU NPEAONPUATUN

O.U. fipaHko

UHecmumym npobnem ynipaeneHusi um. B.A. TpanesHukosa Pocculickoli akademuu Hayk,
2. Mockea, Poccusi

Henr ucciaenoanusi. IlocraBnennas IIpesunentom Poccum 3azmada yBesnndeHMs! BBIILYCKa
Tpa)xXIaHCKOW MPOAYKIIMH Ha IPEANPHUATHAX 000poHHOTO KoMImiekca 0 50 % B 2030 r. TpeOyert uc-
CIICZIOBAHUS Pa3JINYHBIX HEOOXOIMMBIX PECYPCOB, a TaKXKe MOJENEH M METO/I0B YIPABJICHUS HUMHU.
B ycnoBusx 3KOHOMHYECKOTO KpH3HCa, BBI3BAHHOTO KOpoHaBHpycoM B 2020 T., BO3pacTaeT akTy-
QIBHOCTh HCCJIEJOBaHMS BO3MOKHOCTEH NOCTIDKGHHUSI 5TOM 3HaYMMOW 3amaun. B nmanHOW padote
CTaBUTCS LIENb — pa3pabOTKa MaTeMaTHYeCKOH MOJENH, NPOBEJCHNUE MOJCINPOBAHMUS U OLICHKA I10-
TpeOHOCTH B (PMHAHCHPOBAHUM POCTA BBITYCKa TPAXKIAHCKOM MPOIYKIMH HA MPEINPHUATHIX OTpac-
JM HAay4YHBIX HCCIENOBaHWI M pa3paborok. Meroapl. PazpabarsiBacTCsi MMHUTAIIMOHHAS MOJEIb
MHOTOIIEPUOJHOTO MTPOTHO3UPOBAHUS (PMHAHCOBOTO COCTOSHUS NMPEANpuATHs. s moiydeHus uc-
XOAHOW UH(OPMALIUK UCIIONIB3YIOTCSI METO/IbI 00pabOTKK OONBIINX MAaCCHUBOB AaHHBIX. [list onpesie-
JIEHUS] 3aBUCUMOCTEN cTaTell (PMHAHCOBOW OTUETHOCTH MPUMEHSIOTCS CPEACTBA PETPECCHOHHOTO
aHanu3a. MeTo/bl CLIEHAPHOTO aHAJIM3a MO3BOJISIIOT PACCMOTPETh M BBIICIUTH CYIIECTBEHHbIC (ak-
TOpHI BIMSHUA Ha LIeTb HccienoBaHus. Pesyabrarhl. Pazpaborana MHOronepuoaHas MOJEIb Ipo-
THO3UPOBaHMs (PUHAHCOBO-9KOHOMHYECKOTO COCTOSIHUS MPEINPHUATHS JIsl OLICHKH IOCJECTBUM
YBEJIMYCHUS] TPAXIAHCKON MPOAYKIMU HA MPEINPHUATHIX HAYYHBIX HCCICIOBAaHMH M Pa3pabOTOK.
[IpoBeneno arperupoBaHue rnokasarene GUHAHCOBOW OTYETHOCTH, HOIYUYCHHON U3 OTKPBITHIX JaH-
HBIX Poccrara. BeInmosmHeHs! MMHTaMOHHBIE pacdeThl B CIEHApHUsIX MHEPLHUOHHOTO POCTa, POCTa C
MOBBIIIEHHEM (PPEKTUBHOCTH, 3aMEIIAIOIIET0 pocTa. 3aJada yBEJINUYEHHS IO TPAXIaHCKON Mpo-
nykua 10 50 % x 2030 r. Ha HayYHO-TEXHMYECKHUX HpennpusaTusx Poccun morpedyer 3HAYMTEINB-
HOTO JIOTIOJIHUTENLHOTO (prHAHCHPOBaHMS, OlleHKa — okosto 1300 mMipza pyO. B MHEPIIMOHHOM CLICHA-
pun. Pa3paboTka u peanusanusi IporpaMMBbl MOBBIIICHUS 3¢ (HEKTHBHOCTH MPEATIPUATHH 3HAUUTENb-
HO COKpAII[aeT MOTPEOHOCTh B AOMOJHUTEILHOM (DHHAHCUPOBAHHH, OllcHKa — 0K0j10 1100 mMiups pyo.
NpY He3HAYUTEJBHOM YJIy4IIEHUU apaMeTpoB dGPEeKTUBHOCTH. 3aKa0ueHne. Pe3ynbTaThl JaHHO-
IO UCCIEOBAaHMS MOTYT OBITh MCIOJIb30BaHBI Ul pa3paboTKU MPOrpaMM Pa3BUTHUS MPOMBIIILIEHHO-
CTH KaKk Ha ypOBHE OTPAC/H, TaK M Ha YPOBHE OTIENIbHBIX IPEANPUATHIN. YBEINUYCHHE BBITYCKa TPaX-
JAHCKOH NMPOIYKIWHU MOTpeOyeT 3HAauuTeNbHOTO (MHAHCHpOBaHMA. Pa3zpaboTka u peanmuszanus mpo-
rpaMM TOBBIIICHHS ONEPAMOHHON 3()(EKTUBHOCTH NPEANPUSTHH MOXKET B Pa3bl COKPAaTUTh IIO-
TPeOHOCTH B JOTIOJIHUTEILHOM (PHAHCHPOBAHHY.

Kniouegvie cnosa: umumayuonnoe Mooeauposanue, npocHO3Uposanie, Cmpamezus, KOH8epCcus,
pasgumue npeonpusmuii, OoIbulle MACCUBbL OAHHBIX.

Beenenue

[pesunent Poccuiickoii deaeparuu B [locnanuun denepansnomy codpanuo 01.12.2016 mocrasun
3a/1a9y — JOBECTH JOJIO TPAKIAHCKON MPOAYKIIMH Ha TMPEANPHUATUIX 000POHHO-TIPOMBIIIIICHHOTO KOM-
wiekca B 2025 r. — g0 30 %, k 2030 r. — He MeHee 50 % [1]. OueHka noau rpaxaaHCKON MPOIYyKUIUU B
2020 r. — 20 %.

Koponakpusuc mpuTOpMO3III, HO HE OTMEHWI 3a7ady KOHBEPCHUH HAYYHO-TEXHUUYECKUX TpE]-
MPUSTUH.

B pamkax mpoOiieMaTHKU pa3BUTHS MPOMBIIUICHHBIX OpraHH3aluid pa3paboTaH MUPOKHUN CIIEKTP
METO/I0B UIMHUTAIIMOHHOTO ¥ ONTUMHU3AIMOHHOTO yIIpaBiaeHus [2, 3].
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Aparko O.U. O npoz2Ho3upoeaHuu ¢huHaHcUpo8aHus
KOHeepcuu npednpusimuli

Jannas paboTa mocBsiieHa MOIEINPOBaHNIO (PUHAHCOBOTO COCTOSHUS MPEANPUATHH POMBIIIIICH-
HOCTH U HaYYHBIX Pa3pabOTOK NP YBEINYEHUH 00beMa IPaXkAaHCKONW NPOIYKIUH.

MMuTanuonHas MOJeNb pacCMaTpUBAaeTCs B paMKax ABYXYPOBHEBOM MOJENU «OTpacib (COBOKYII-
HOCTb MPEANpPUATHI) — IPEANPHUATHE» KaK YacTh Oojiee MHMPOKOro MOAX0Aa K MOAETHUPOBAHHIO COIIH-
QJIbHO-3KOHOMHYECKUX CHUCTEM «CTpPaHa — PErHOH / OTPACib — NPEANPHUITUE — IPOSKT.

1. MoaeJib IPOrHO3UPOBAHMS

Ucnonp3yercs MMHUTAIMOHHAs MOZENb NMPOTHO3UPOBAHUS (PMHAHCOBOW OTYETHOCTH IIOCTIENIOBA-
TEJIBHO MO HECKONBKUM rojam [4—6].

OuHAHCOBOE COCTOSIHHE MPEIPHUSATHS OTPaXKaeTCsl B 2 OCHOBHBIX JIOKYMEHTaX — OanaHce W TUlaHe
npubbLieli / yObITKOB. B 0011eM Buzae nporHo3 (PMHAHCOBOTO COCTOSIHMSL KaK CHCTeMbl U3 OanaHca B u
TUTaHa O ToX0Jax / pacxoaax (MpuObLIsaM / yObITKaM) P 3aIuiieM ¢ TIOMOIIHIO MOJIEHA IPOTHO3UPOBAHHS:

(B, P)" = M(B;, P;, U, Cu), €]
rae B — 6ananc; P — miaH npuOsuieil / yobITKoB; M — Moens nporao3uposanusi; U — ynpaBieHue mo-
kazarensiMu; Cy — 3aTpaThl Ha yIpaBleHHE TIOKa3aTelsIiMH; F' — HHIEKC MPOTHO3a; i, j — UHAEKCHI T0-
KazareJyeu.

[lonmonenu mporHo3UpPOBaHMsI OTACIBHBIX CTATEH MOTYT OBITH Pa3IMYHBIMHU U CYLICCTBEHHO OIH-
patbest Ha cnenuUKy OTpaciy U NpeAnpuatus. B ganHol paboTe MCHONb3yeTcs MOAX0]l COXPaHECHHS
rapamMeTpoB OM3HEC-TIPOIIECCOB (CPOKH 000paUNBAEMOCTH, YACIbHBIC 3aTPATHI, YICIbHBIC HHBECTHUITHHN)
U PEMHBECTHUPOBAHUS HEPACHPEAEICHHON IPUOBLIH.

W3mMeHnenune BBIpYUKH S SBISAETCS BHEIIHUM IIAPaMETPOM JIJIsl JAHHOW MOZCIH.

Mogenb MporHo3upoBaHus OONBIINHCTBA OT/AEIBHBIX MOKa3aTenel G u3 MHoxkecTBa {B;, P;} BbI-
TJISANT CIEAYIOIUM 00pa3oM:

G,f =G, + ks AS +¢,, )
rae S — BeIpyuka; G — crarba OamaHca/npuObuieit 1 yOBITKOB; k& — KO3(G(UIMEHT NEepeMEHHOCTH;
€ — MOTPEIIHOCTh; A — CUMBOJI IPUPOCTA; 1 — HHAEKC ToKa3aTeneil; 0 — HHAeKC Ha4yaJIbHOTO TIePHO/a.

[epedens nokazateneit G Biovaet oT 20 g0 50 mokazaTeneil OCHOBHBIX (PHHAHCOBBIX JOKYMEH-
TOB B 3aBUCHMOCTH OT JIOCTYITHOCTH WH(OPMALIUH U CTEIICHU arperupoBaHusl JOKYMEHTOB.

CBs13b, yBA3BIBAIOIIAS /1Ba OCHOBHBIX (DMHAHCOBBIX JOKYMEHTA, COCTOUT B YBEJIMUYEHHH COOCTBEH-
HOTO KanuTaia Ha BEIMYHHY HepacnpeneneHHoN npruosiu N

AEqg=S-XC, 3)
rie XC; — nepeyeHb BCEX PacXo0B, BKIIOYAs TUBHICHIbIL.

[Ipn mporHo3upoBaHWM Pa3UYHBIX CTaTe€dl OTAENIBHO APYT OT APYra BO3HUKACT «IOTPEOHOCTH B
(bUHAHCUPOBAHUUY NIPH OTPULIATEIEHOM JIEHEKHOM ITOTOKE:

CF =min(- FA" — CA" + CL" + D" + Eq4", 0), 4)
rne CF — nmenexnbrii motok (Cash Flow); 4 — BHeoOopoTHble akTHBB; CA — OOOPOTHBIE AKTUBHI;
CL — xpenuropckasi 3aJI0JbKeHHOCTh; D — tonr; Eg — COOCTBEHHBIH KaruTal.

BennunHa HOBOrO moira OmpenenseTcss U3 YCIOBHS HEOTPHULATEIBHOCTH OCTAaTKOB JCHEKHBIX
CpeACTB

CF">0.

2. Ucxoanblie 1aHHBIE

CrpykTypa (uHAHCHPOBAaHHS NPEANPHATHI OOBIYHOM MPOMBIIUIEHHOCTH M HAy4YHBIX Pa3pabOTOK
3HAYUTENHHO OTIIMYAETCS IPYT OT Jpyra. B pabote paccMoTpeHs! AanHble GUHAHCOBON OTYETHOCTH Opra-
HU3AILUIA U3 OTKPBITHIX UCTOUYHUKOB Poccrara [7]. Hexotopbie nanHble nipuBeeHb! B Tabn. 1 u Ha puc. 1.
JlaHHbIe OpraHu3alyii HAYYHBIX pa3pabOTOK mpuBeneHbl cornacHo BbiOopke o OKBO/-2 «Hayunsie
HCCTIEAOBaHMS M Pa3paboTKU B 00JACTH €CTECTBEHHBIX U TEXHUYECKUX HayK npoune (72.19)». Breinene-
HO 243 npeanpustus ¢ Belpyukoil 6o1ee 800 muH py6. B 2018 1. ¢ mpeacTaBieHHON OTUYETHOCTHIO C
2015 .

B kauecTBe 0OBIYHOM MPOMBIIIEHHOCTH PACCMOTPEHBI aHAIOTHYHbIE BEIOOPKH 10 kKogamM OKBJ/I-2
«25. IIpousBoacTBO MeTayuindeckux u3aenuin» (240 npeanpustuii), «27. IIpon3BoACTBO AMEKTPHUIECKO-
ro obopymoBanus (259 npeanpusituii), «28. [Tpor3BoJCTBO MPOUMX MalIvH U 000pymoBaHus (292 mpen-
TIPUSITHSA).
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[Ipu nmpoBeaenun aHanu3a ObUTH UCKIIIOYECHBI OTACIbHBIEC MPENNPUATHS C BHINAAAIOMINMHI XapaKTe-
pucTuKamMu (PMHAHCOBOM OTYETHOCTH (PE3KUE W3MEHEHUS BBIPYUYKH, IPUOBLIH, aKTHBOB).

HopmupoBaHHbIii cOOCTBEHHBIH 00OPOTHBIN KanuTal (Ha pyOib BEIPYYKH) MO OTPACIISIM COCTABIIs-
et 57 % g HaydHBIX pa3paboTok u 12—18 % — amst 0ObIYHON NPOMBILIIEHHOCTH (CM. pHC. 1).

UHdopmaumsa HeKoTopbIX oTpacsriel NPOMbILNEHHOCTH

Information from some industries

Tabnuua 1

Table 1

25. Ilponzsoactso | 27. Ilponssoactso | 28. [Iponssoncteo | 72. Hayunsie
[loxazarenp METAJTMYECKUX | AJIEKTPUYECKOTO | MPOYHMX MAIIWH | UCCIEIOBAHUS
130631 () 1707 obopyZioBaHus | U 000pY/IOBaHUs | ¥ pa3pabOTKu
Kon-Bo opranuzanuii, mwr. 240 259 292 243
Bripyuka 2018 r., mapa py0. 592 818 874 1140
Yucrast mpudsuis 2018 ., 1 36 30 66
MIIpI pyoO.
Axtussl 2018 r., Mipa pyo. 589 581 1062 2837
CoOcTBeHHBIN 00OPOTHBIH 70 147 205 649
kanutan 2018 r., mupa pyo.
HoganOBaHHI{H COﬁCTBGIj)- 11,9 18,0 10,7 57.0
HBIH 000POTHBIN KanuTa, %
CpennerogoBoi poct
BEIpy4KH (2015-2018), % 14,3 12,1 12,5 8,5
PenrtabensHocTh, % 3,6 4.4 3,7 5,8
HopmupoBaHHbIi cOOCTBEHHBI 000POTHBIIH
KaIluTaJjJa
60%
50%
40%
30% 579,
20%
10% 18%
12% 11%
0%
25. IIpou3BoacTBO 27. IIpon3BoacTBO 28. [IpouzBocTBO 72. Hayunsie
MCTAIIMYCCKUX I/I3)ICJ'II/II71 SJICKTPUIECKOTO IpoYux MalluH U HCCIICA0OBAHUA U
000pyI0BaHUS 000pyIOBaHUs pa3paboTKu

Puc. 1. O60pOTHbIN KanuTan HeKOTOpPbIX OoTpacnemn
Fig. 1. Working capital of some industries

ConepxarenbHo mpolenaypa GUHaHCHPOBAaHUS TPEANIPUATHH HAYYHBIX Pa3pab0TOK BKIIOYAET PHK-
CHUPOBAaHHBIN 3aKa3, IUIMTEIBHBIA CPOK M3TOTOBJICHUS MPOAYKLIHH (CpeqHHH Cpok — 238 nHeil), 60ib-
1IyI0 JEOUTOPCKYIO 3a/I0JPKEHHOCTD, B TOM YUCJIE 33 CUET aBaHCUPOBAHMUsI [IOCTABIIUKOB (CpEIHUI CPOK —
291 neHb), OONBINYIO KPEIUTOPCKYIO 3aJ0JDKEHHOCTh, B TOM 4YHCJE 32 CYET IOJyYCHHBIX aBaHCOB
(cpennuii cpok — 425 nHeil), NpaKTHYECKYI0 HEBO3MOKHOCTh CPbIBa CPOKOB 3aKka30B. OuHaHCHpOBaHHE
IrpaXJaHCKOH MPOAYKLUUH HECKOJBKO OTIMYAETCS: HEONPEIEJIEHHOCTh (BOJIATWIBHOCTh) CIPOCa, OTHO-
CUTEJIBHO KOPOTKHE CPOKH U3IOTOBJIEHNUS, I0OCTOIIATA, JOIIYCTUMOCTD IIEPEHOCOB 3aKa30B.
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Ha puc. 2 BHUIHO, YTO KaIlMTaJIOEMKOCTDH (OTHOIHGHI/IG AaKTHUBOB K BLIpyLIKe) OoTpaciin ««Hay‘{HLIC
HCCJICOOBAHU. ..» B PA3bI 6OJ'II>IIIC, 4CeM B OTpacCiigx Fpa)K}IaHCKOI\/II NpOAYyKIHU. I[J'ISI HarisiAiHOCTHU aKTH-
BbI ITOKa3aHbl KaK ITOJOXHWUTCJIbHBIC 3HAUCHUS, ITACCUBBI — KaK OTPULIATCIILHBIC.

CpaBHeHue oTpacJieit

250% >
\ * HopmupoBaHHbI€
200% BHEOOOPOTHEIC
& aKTHUBBI
150%
N Hopmuposannbie
100% ~ \\ 000pOTHBIC aKTHBEI
0% NN
HopmupoBansslit
0% CcOOCTBEHHBIH
25. 27 28: 72.Hay4Hsle KaItuTan
-50%  TIpoussozicTBo  IIpoM3BOACTBO  IIpOM3BOACTBO  MCCIEAOBAHUS U
METAMIAYECKUX SJIEKTPHIECKOr0 MPOYHX MALIMH U pa3pabOTKu Hopmuposanmbie
-100% n3Aenni o0opyznoBaHH  0OOPYAOBAHUS JOJITOCPOYHBIC
[aCCHBBI
-150%
Hopmuposannsie
-200% KpaTKOCPOYHBIE
MaCCHBBI
-250%

Puc. 2. CTpykTypa huHaHCUPOBaHMSA HEKOTOPbLIX OoTpacren
Fig. 2. Financing structure of some industries

Takxe OTMETHM, YTO TEMITbI POCTa BBIPYYKM OOBIYHON MpoMbIIUIeHHOCTH Bhime (12-14 %) 3a
2015-2018 rr., yeM B HayYHBIX UCCIaeAOBaHMSIX (8,5 %).

Juis «3penbix» opraHu3aluii XapakTepHbl THIIOBBIE, HHEPLUUOHHbBIE MpoLecchl. B mpou3BoacTBeH-
HOM U YIPaBJICHYECKOM Ipoleccax YCTOSIIMCh TEXHOIOTUH U Ou3Hec-npouecchl. C TOYKH 3pEHUs] MO-
JICTUPOBAHUST 3aBHCUMOCTH W3MEHEHUS OT/ENBbHBIX TOKa3aTeliell Mpu M3MEHEHHH (POCTe) BBIPYUKH
MOYHO OKHJIATh BHICOKYIO KOPPEIIALHMIO (3aBHCHMOCTB) TIOKa3aTeleil oT BEIpyukH (¢ GompmumM R?).

Tak, npupocT BHEOOOPOTHBIX aKTHBOB OT MPHUPOCTA BBIPYUKU JIJIsl HAYYHO-TEXHUUECKUX MPeIIpH-
aruii (ungexc 1) xapakrepusyetcst ki goa = 0,646 mpu R* = 0,954, 11 060POTHBIX aKTHBOB KOI(D(HIH-
€HT npupocta k;oa = 2,182 mpu R* = 0,984. J{ns BEIOPAHHOM OTPACIM IPaXKIAHCKOH TIPOLYKIHH (MH-
niekc 2) ky paa = 0,262 mpu R* = 0,913, k05 = 0,695 mpu R* = 0,967.

3. PaccMoTpeHHBIH cnieHapuii

CueHapwii IpOBEICHUS PACUETOB CYIIECTBEHHO OIMpPEENsIeT pe3yIbTaThl U BEIBOJLL. B maHHOMU pa-
00Te paccMOTpEH CIeAYIONIHI ClIeHApUH H3MEHEHHs TTapaMeTPOB MOJICIH TIPH MIPOTHO3UPOBAHUU:

— POCT BBIIIyCKa HAyYHO-TEXHUYECKON MPOAYKIIUH C MPEKHUM TeMIloM — 8,5 % B rof;

— 3aJlaH Ha4aJIbHBIA YPOBEHb IpakaaHCcKoM nmpoaykuuu B 2020 1. — 20 %;

— OTIEPEKAIOIIUN POCT TPAKITAHCKON TIPOIYKITUH JUTSI JOCTHKEHUS IEeNIeBBIX Tokazateneit — 24,7 %
B T'OJ;

— COXpaHeHHe yAeTbHON ce0eCTOMMOCTH MPOAYKIINH, IIOCTOSHCTBO aJMAHUCTPATUBHBIX PACXO0B;

— COXpaHEHHE [UTUTEIBHOCTA OM3HEC-TIPOIECCOB;

— COXpaHEeHHe TEMITOB MHBECTUIIHOHHOW ITPOTPaMMBI.

st Toro uto6bl mons rpaxaanckoi npoaykiuu ¢ 20 % B 2020 1. mocturna 30 % B 2025 . 1 50 %
B 2030 r., OHa TOJDKHA YBEITMYUBATHCS OMEPEKAIONIMMY TEMIITaMH 110 OTHOIICHUIO K MPOIYKIINH HAYY-
HBIX HccienoBanuil. Eciyu BeIpydka HaydHBIX HCCIeOBaHUU yBenuduBaercs Ha 8,5 % B rox, To
rpakJaHCKas MPOIYKIINS JOJDKHA YBEIUIUBATHCS CO CPEIHETOJOBEIM TeMIIOM pocta okosio 20 % B
2020-2025 rr. m 27-30 % B 20262030 rr. OT™METHM, 4TO 3TO BJIBOE NMPEBBIIIAET TEMIBI POCTA TPaXK-
JAaHCKOW MPOAYKLHHU B TPAJAULIMOHHBIX OTPACIIAX U 3TO 3a7ada — BHI30B.
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4. Pe3y1bTaThI pacyeToB

OrneHka 00EMOB IPUPOCTA TPAKIAAHCKON MPOIYKIIUH JUIS TOCTHIKECHHUS ITOCTABJICHHBIX IEIEBBIX
nokasartesiei i OTpaciii HayYHbIX UCCIICIOBAaHUN M pa3pa0d0TOK NpuBeacHA B Tabi. 2. J{sd oLeHKH
napaMeTpoB TpaXIAHCKOH MPOAYKLIMU HCIOJIb30BaHbl HUCXOIHBIE JaHHble Mo kony OKBOJI-2
«25. IIpon3BOACTBO METAITMICCKUX U3ACTUI.

Tabnuua 2
OueHKa npupocTa o6bemMa rpaxxaaHckon NpoayKuum
Table 2
Assessment of the increase in the volume of civilian products
3a mepuon
IToxa3zarens 2020r. | 2025r. | 2030T. 2021-2030 -

Bripyuka, cymMmmapHo, Miipz pyo. 1343 2311 4874 27733
[IpoayKiist HAYYHBIX HCCIESIOBAHUH, MIPJ PYO. 1074 1618 2437 17 328
['paxxganckas npoayKuusi, MIpa pyo. 269 693 2437 10 405
[Ipupoct rpaxaanckoit mpoaykuuu k 2020 r., Miapa pyo. 425 2169 7720
Jons HaydHBIX HccaeaoBaHmid, % 80 70 50
Hons rpaxxaganckod npoaykuuu, % 20 30 50
[Ipupoct nonu rpaxaaHCcKol NpoayKiuy, % 0 10 30

B pacuerax npuHSTO, 4TO (UHAHCHPOBAHME HWHBECTUIUI NPOU3BOAUTCS M3 HEpaCIpelelIeHHON
MPUOBLITH, TOTIOJIHUTENIBHBIX KPEIUTOB U aMOPTH3AIHH.

Pesynbratel pacueToB mpuBeaeHsl B Tabn. 3. OueHka MOTPEOHOCTH B MHBECTUPOBAHUH 00OPOT-
HBIX U BHEOOOPOTHBIX aKTHBOB JUIS MPHPOCTA HAYYHO-TEXHUYECKOH MPOYKIIMK COCTABIISIET B CPEAHEM
160 mupa py6. B rog a0 2025 r. u 200 mupa py6. B rox B nepuog 2026—2030 rr., CyMMapHO OKOJIO
2031 mapa py6. HanHast moTpeGHOCTH B (PMHAHCUPOBAHUH MTOKPHIBACTCS] HEPACIPEAETICHHON NPUOBUTBIO
524 mapn py0., kpeauramu 882 Mipa py0. 1 aMOPTHU3ALUEH.

OneHka NOTPeOHOCTH B MHBECTUPOBAHHU OOOPOTHBIX M BHEOOOPOTHBIX aKTHBOB JUISL POCTa TPaK-
JAHCKOM MpOAyKUMH cocTaBisieT B cpegHeM S0 mupa py6. 1o 2025 r. u 210 miapa py6. B mepuox 2026—
2030 rr., cymmapso 1292 mnpa py6. lanHast notpeGHOCTD B (priHaHCHPOBAaHUK OKPBIBACTCS Hepacipe-
JICIICHHOM MPHOBLIBIO 644 Miipa py0. v KpeautaMu 345 miipa pyo. 3a IepHo, a TAK)KE aMOPTHU3AIHEH.

Ta6nuua 3
Pe3ynbTaTbl MoAenbHbIX pac4yeToB, 2021-2030 rr., mnpA pyo6.
Table 3
Results of model calculations, 2021-2030, billion rubles
Ilokazarenn Hayro- I'paxxnanckas CyMMapHO
TEXHHYECKas
Bripyuka 17 279 10 372 27 651
Yucrast npuObLIb 819 1007 1826
Hepacnpenenennas npuOblIb 524 644 1168
JluBuaeH B! 295 362 657
IloTpeOHOCTH B MHBECTHIMSAX 2031 1292 3322
WuBectuiu B 000pyAoBaHHE 874 565 1439
[IpupocT yrcToro 00OPOTHOTO KamuTajia 1157 727 1883
Iloctynnenue IeHer OT Kpeaura 882 345 1227

5. 3apauya ynpasjenus

[IpuBeneHHBI pacyeT OCYIIECTBICH B CLEHApUH MHEPLHMOHHOTO pocTa, 0e3 MOBhIIICHUS d(pdek-
TUBHOCTH. «3aIlyCcK» BHYTPEHHHX MEPONPHUATHHA MO MOBBIIEHHIO 3PQeKTHBHOCTH [7-9] mO3BOIUT B
pa3bl COKPATUTh OTPEOHOCTh B (PMHAHCHPOBAHUU.

OmnpIT pa3paboOTKU U pealu3aluy IPorpaMM U MEPOIIPUATHHA MOBBIIEHUS 3P PEKTUBHOCTH ONKCaH,
HO ITOKa HETOCTaTOYHO HIMPOKO UCIOIb3yeTCs B HaydHO! Juteparype [10-12].

[lycth ympaBieHHe OTIENbHBIMH MOKa3aTeNsIMU Pacxol0B U akTHUBOB U COCTOMT B oOecleueHHH
noBbIeHus d3QdexTuBHOCTH HA Ug st G-To moKa3aTedsl.
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Torna Mozenb NpOrHO3UPOBaHM NoKazareneil G BRIMIAUT CIEAYIOIUM 00pa3oM:

G,F =G, + (kg — Ug) AS - Cy.

Jns manHO# paboTHI 3aTpaThl Ha yrpaBieHue nokazarensiMu Cy OyaeM cuuTaTh MpeHeOpe:KuMo
MaJIBIMU TSI OTHOCUTENBHO MaTbIX Ug. ONBIT pa3paboTKH W peanu3aiuy nporpaMM pedopMHUPOBaHUS
U TOBBIIICHUS 3((EKTUBHOCTU poccuiickux opranuzanuii [13—16] mokaspiBaeT BBHICOKYIO 3¢ (EKTHB-
HOCTb peau3allii STUX MEPOIPHUATHI U JOITyCTUMOCTb TAaKOT'0 IMOAX0/A.

Pe3ynpTraThl MOETBHBIX PacueTOB MPHUBEAEHBI HUKE MPH MOCIEA0BATEILHOM COKPAIIEHUH 3aTpaT
Ha 0,1 % B rog u cokpamieHnn cpoka obopaunBaeMocTr Ha 1 % B rox:

— 110 HAYYHO-TEXHUUYECKON MPOAYKLIUH NOTPEOHOCTh B MHBECTHLIMSIX COKparaercs 1o 1616 mupx pyo.,
Hepacnpe/eieHHass NpUObUTh yBenuumBaetcst 10 650 mipn py0., mMOTpeOHOCTH B KpeauTax —
1o 366 mapn pyo.

— M0 TPAKAAHCKON NPOAYKLMH MOTPEOHOCTh B MHBECTULMAX cokpainaercs 1o 1113 mupa pyo., Hepac-
MpeeeHHas MPUObLTL yBearurBaeTcs 10 703 Mipa pyo., OTpeOHOCTh B KpeauTax — 10 138 mipx pyo.

Juns peanuzanyu 3a1a4y pocTa MpoAax IpakJaHCKON MPOIYKIIMH HEOOXO0AUMO PaCCMOTPETh APY-
rue (hakTopsl ynpaBieHHUs MPEIIPUSATHEM: CUCTEMY INPOJAX IPaXIaHCKON NPOIYKLMH, KaJIpoBoe obec-
nedeHne, pa3padoTKy U AW3aliH MPOAYKLHH, CEPBHC, PACIPEeIICHUE PECYPCOB MEKAY BOCHHOW H Tpa-
XKJIAHCKOW mpoIyKiuel u npyrue. bes ydera aTux GakTopoB pUCKU Hepeaar3aiyy OCTaBICHHOW 3a/1a-
YH BO3paCTaIOT.

Takum 00pa3oM, OTHOCHUTENIHHO HEOOJBIIOE, HO TOCIEA0BATEIbHOE 110 TOAaM U peanu3yemMoe Ha
MPaKTUKE MOBBINICHHE d(PPEKTUBHOCTH MO3BOJISET B Pa3bl COKPATHTh 3aBUCHMOCTh OT BHEIIHETrO (u-
HaHCHPOBaHMS.

6. Cuenapmii 3aMenieHHs] BBITYCKA MPOAYKIHH

VYBennueHue BBITycKa TPAKIAaHCKOW MPOAYKLIHUH MOKET CIIYKUTh KOMIUIEKCOM MEPOTIPUSATHIA IS
MoJAepKaHUsA CYMMapHOTO BBIITYCKA MPOAYKLIWH HA NPEINPUATHIX HAYYHO-TEXHUIECKOTO MPOQHIIS.

Ucxons u3 3TOro, BOZHUKAET BOMPOC: KaKOW JOJDKEH OBITh TEMIl pocTa HAYyYHO-TEXHHYECKOW U
TPAXJAHCKON MPOAYKIUH, YTOOBI COXPAHSUIMCh TPEKHUE CPEIHETOJIOBBIE TEMITBI POCTa BBIPYYKH?
OTBeT: cpeHeroAoBoOil TEMN POCTa HAYYHO-TEXHUYECKONW MPOAYKIUHU JOJLKEH COCTaBUTH 3,6 %, Tpax-
nmanckor — 19,0 %.

st aTOTO CclieHapusi MOTPEOHOCTh B MHBECTHIIUAX 627 MiIpa pyO. Juisi o0ecriedeH s pocTa HayqHO-
TEXHUYECKOW TPOMYKIIMK TOKPHIBACTCS HEpaclpe/IeieHHOW NMPHOBLIbI0 W aMOpTH3aluel, JAONOIHU-
TeNbHBIE KpeauThl He HyHbI. [loTpeOHOCTh B mMHBecTHLUAX 689 Mipa pyO. ans oOecrnedeHus: pocTa
TpaXTaHCKOM MPOIYKIIUH MTOKPBIBAETCS MPEXK/IEe BCET0 HepaclpeAeIeHHON MPUOBUIHIO B aMOpTU3aIuei,
JIOTIOJTHUTEIIbHBIC KPEAUThI HY)KHBI B OTHOCHUTEILHO HeOOIbIIoM 00beMe — 81 mip pyo.

Takum 00pazoMm, «3aMeIIaoNK pOcT» NOTPeOyeT 3HAUUTEIFHO MEHBIIET0 (PMHAHCUPOBAHUSL.

3akjoueHue

Pesynprarhl JaHHOTO HICCIEMOBaHMSI MOTYT OBITh UCIIONB30BAHEI JIJISl Pa3padOTKU MPOrpaMM pa3BH-
THSI IPOMBILIICHHOCTU KaK Ha YPOBHE OTPACIH, TaK U HA YPOBHE OTACIbHBIX NPEANPUATUH.

s oueHku oO0beMa (DMHAHCHUPOBAHHUS MPHUMEHSCTCS UMHUTAIIMOHHAS MOJICNb MPOTHO3HPOBAHHMS
(PMHAHCOBOI'O COCTOSIHUS HPEANPUATHS W/WIH TPYIIIBI IPEAIPUITHH.

3ajaya yBenMYEeHUs O0JU rpaxaaHckod npoaykuuu 10 50 % k 2030 r. Ha HaAYYHO-TEXHMYECKHUX
npennpustusix Poccun motpedyer 3HAaUUTENBHOTO JOMOIHUTENFHOTO (DMHAHCHPOBAHUS, OIIEHKA — OKO-
s0 1300 mupz py6. Oe3 mporpaMMbl OBBIIICHUS Y3PPEKTUBHOCTH TPEATPUATHIA.

Komrekc MepornpusiTuii 10 TOBBIIEHUIO 3PQEKTUBHOCTH NEATEIHHOCTH TPEANPUATHI 3HAYU-
TEJIHHO COKpaIlaeT NOTPeOHOCTh B IOTIOJTHUTEIHPHOM (PMHAHCHPOBAHUH.

[Ipu cHUKEHUH TEMIIOB POCTA BBIPYYKH IMOTPEOHOCTh B MHBECTHIIMSX YMEHBIIIACTCS B Pa3bl.

IIpoBeaeHHOE HMCCIENOBAaHNE OTKPBIBACT IEJIBINA CIIEKTP JOMOJHUTEIHHBIX BOIIPOCOB.

— Kakne HedmHaHCOBEIE (haKkTOpBI OyIyT ONpenenaTs (M CAeP)KUBATH) MPOAAKY TPAKIAHCKON MPO-
TYKITAA Ha KOHKYPEHTHBIX PBIHKAX.

— IIpu coxpanenuu temnos pocra HTII rpaxxnanckas npoayKIus TOJKHA YBEIUYHUBATHCS CO CPEIl-
HETOJIOBBIM TEMIIOM POCTa 0KOJIO 25 %. BypHBIN pOCT MPOAYKLMH T'PaKTAHCKOTO HA3HAYEHUS U YBEIU-
4yeHne ee o0beMa 110 2,4 TpiH pyO. MpHUBENET K 3HAYUTEIBHON KOHKYPEHIIMH C TPAJAUIIMOHHBIMHU OTpac-
JISIMH TTPOMBITTUICHHOCTH, YTO MOXET OBITh TEMOU OTAETHHBIX UCCIICIOBAHUM.
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Purpose of the study. The task set by the President of Russia to increase the output of civilian
products at the enterprises of the defense complex to 50% in 2030 requires the study of various ne-
cessary resources, as well as models and methods of managing them. In the context of the economic
crisis caused by the coronavirus in 2020, the relevance of studying the possibilities of achieving this
significant task is increasing. In this work, the goal is to develop a mathematical model, conduct
modeling and assess the need for financing the growth of civilian output at enterprises in the re-
search and development industry. Methods. A simulation model for multi-period forecasting of
the financial state of the enterprise is used. Methods of processing big data are used to obtain the ini-
tial information. The means of regression analysis are used to determine the dependencies of the fi-
nancial statements. Scenario analysis methods allow us to consider and highlight the significant fac-
tors influencing the research goal. Results. A multi-period model of forecasting the financial and
economic state of an enterprise has been developed to assess the consequences of an increase in ci-
vilian production at enterprises of scientific research and development. The initial data of financial
statements based on open data from Russian Agency for Statistics (Rosstat) were obtained, and
the aggregation of reporting indicators was carried out. Simulation calculations were carried out
in the scenarios of inertial growth, growth with an increase in efficiency, and replacement growth.
The task of increasing the share of civilian products to 50% by 2030 at scientific and technical enter-
prises in Russia will require significant additional funding, an estimate of about 1,300 billion rubles
in an inertial scenario. The development and implementation of a program to improve the efficiency
of enterprises significantly reduces the need for additional financing, the estimate is about 1,100 bil-
lion rubles with a slight improvement in efficiency parameters. Conclusion. The results of this study
can be used to develop industrial development programs both at the industry level and at the level of
individual enterprises. Increasing the output of civilian products will require significant funding.
Development and implementation of operational efficiency programs of enterprises can significantly
reduce the need for additional funding.

Keywords: simulation, forecasting, strategy, conversion, enterprise development, big data.
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MOOENAN N AINTOPUTMbIl COrMACOBAHHOIO PACTIPEOENEHUA
®PUHAHCOB NMPU PEAJITU3ALIMU NPOEKTOB OB bEANHEHUA
XO3AUCTBYIOWNX CYBBEKTOB

10.B. BoHdapeHko™?, A3u3 Ammap Umad’,
E.B. Bacunbyukoea®, O.B. BoHAapeHKo'

" BopoHexckuli 20cydapcmeeHHbiil yHusepcumem, 2. BopoHex, Poccus,
2 BopoHexckuti 2ocydapcmeeHHbili mexHuYeckull yHusepcumem, 2. BopoHex, Poccusi

BBeaenue. XapakTepHOH 4epTOH Pa3BUTHs COBPEMCHHBIX SKOHOMHYECKHX CHCTEM SIBJIACTCS
aKTHBHOE OOBCIUHCHHE, HHTErPalsl MPEANPUIATHIA B 0oJiee KPYIHbIE XO3IHCTBYIOIIUE CYOBEKTHI.
OTIMYUTENFHONH OCOOEHHOCTBIO TaKUX OOBEAMHEHMH SIBISETCS Pa3sHOHAIPABICHHOCTh MHTEPECOB
€ro y4acTHHKOB. Pa3pa0oTka MHHOBALIMOHHBIX MEXAaHHW3MOB YIpaBJIcHUS (DHHAHCAMH HHTETPUPO-
BaHHOM CTPYKTYPBHI, MO3BOJIAIOIINX YYecTh MPOTHBOPCUMBBIC MHTEPECHl MPEINPUATHI 0ObeaAnHe-
HUS, SBJISACTCS aKTyalbHOH 3anaueil. Llesb nccaenoBanus. PazpaboraTs MaTeMaTHYeCKHE MOJICIH U
QITOPUTMBI, IO3BOJISIOMINE TOBBICUTH 3(PPEKTUBHOCTH YIMpPaBICHUSA (PUHAHCOBBIMU CPEACTBAMHU
00BeIMHEHNS XO3SIMCTBYIOMUX CYyOBEKTOB 3a cUeT (OPMHUPOBAHUS ONTUMAIHHOTO MaKeTa MPOEKTOB
U COIJIACOBAHHOTO pacrpejelieHus MPHObUIM OT €ro peaiM3alud MEXIy Hpennpustusmu. Mate-
pHaIbI U MeToAbI. [Ipe/uiaraemplii MOAX0/] OCHOBBIBACTCS HA MCIOJIb30BAHUU METOJI0B CHCTEMHOTO
aHaJIn3a, METOA0B ONTUMU3AINH, TCOPUH MIPUHATHS pPelIeHnH U Teopun urp. B padore paccmatpu-
BACTCS MEXaHH3M COTJIACOBAHHOTO PACIIPENICNICHHS CPEICTB MPEANPUSITHI 00bEIUHCHNUS TIPU peau-
3allMU MPOCKTOB, COCTOSIIIMI M3 BYX YKPYITHEHHBIX 3TanoB. Ha mepBoM atane GpopmMupyercs OnTH-
MaJbHBIl MakeT MPOeKToB o0beauHeHus. Kaxmoe mpennpustie oObeIUHEHUS TpeiaraeT coocT-
BCHHbBIC BapUAHTBI MPOCKTOB, U3 MHOKECTBA KOTOPBIX (hOPMHUPYETCs makeT NpoeKkToB. [locTpoeHHast
Mozenb (GOpMHUPOBaHHMS MaKeTa MPOCKTOB, 00CCIECUYNBAIOIIETO OOBEIMHCHUIO MOTyYCHHEe HauOOIb-
1reit npuObLTH, SBISIETCS 3a1adeil 0 paHIe U peliaeTcss METOIOM BeTBel U rpanui. Ha BropoM srarme
OCYIIECTBIISICTCSI pacipeielieHne TPUOBbLIH OT peau3aliy MPOSKTOB MEXIy MPEANPHUATHIMU 00be-
JuHeHus1. J{iis oThICKaHMs pacipeiesieHus: NPUObLIH, 00eCIIeunBAaOIIEro COrJIacOBaHHEe YKOHOMUYe-
CKHUX HHTCPECOB HpeﬂHpHHTHﬁ 06’])6,[[1/IHCHI/I${7 npeajara€Tca HUCHOJIb30BaThb METOAbBI U ITPUHIUIIBI
TEOpPUH KOOMNEpaTUBHBIX HMIrp. B pabore mokasaHo, YTO ONMUCAHHYIO 3aJady MOKHO (opmaibHO
MIPECTaBUTh B BHJEC UTPHI B (OpME XapaKTEPUCTUUECKON (yHKIMU. B KauecTBe COTIacOBaHHOTO
pacripezeneHus npuobUIN MpejyiaraeTcsi BLIOpaTh onpeeneHublil aiaement C-sapa. dopmupoBanue
JIAHHOT'O 3JIEMEHTa OCYILECTBISICTCS HA OCHOBE ONTUMH3ALMOHHON MOZIENH, B (DYHKLUH LEIH U CHC-
TeMe OrPaHWYCHUH KOTOPOHl YUYUTBHIBAOTCS KOJMYECTBEHHBIC MOKA3aTeNH AKTHBHOCTH YYacTHs
NPEeINpHUATHI B pealu3aliy NPOeKToB oObenuHeHus. PedynbTarsl. PaspaboTaH MexaHU3M corJa-
COBaHHOTO pacrpe/esicHus] (UHAHCOBBIX CPEACTB NPEANPUATUHI OObEIUHCHUS NPU pean3aluu
MPOCKTOB, OCHOBAHHBI Ha MaTEMaTHYECKUX MOJEISIX B MeToaax. OCOOCHHOCTBIO MEXaHU3Ma SIBJISI-
eTcs MPUMEHEHHE UTPOBOTO MPUHIINIA TP PACTIPEICICHUN MPUOBUIH MPOEKTOB. [IpoBeeHs! mpak-
THUYECKUE pacdeTbl, 00OCHOBBIBAIOIIME MMPEHUMYIIECTBA MPECTABICHHOTO MOJX0/a MO CPABHEHUIO C
M3BECTHBIMH MeToaMu. 3ak/aioueHue. [IpenmaraemMoe B paboTe coriacoBaHHOE paclpesneneHue Gu-
HAHCOB OOOCHOBaHHO O0ECIIEUMBAET BBITOAY KAXKIOMY HPEINPHATHIO OT COBMECTHOHM pean3aluu
MIPOEKTOB U CTUMYJIHPYET PYKOBOJCTBA PEINPHUATHI K MONUCKY BBICOKOI(h(HEKTUBHBIX MIPOCKTOB.

Knouegvie cnosa: obvedunenue Xo3aUcmayiomux cyobekmos, npoexkn, coanacosanue, pacnpe-
OelleHue YUHAHCO8, MAMeMAMU4ecKdas MoOeb.

BBenenne

CoBpeMeHHbIe peAnpUATHs GYHKIIMOHUPYIOT B OCTATOYHO CIIOXKHBIX YCIOBHUSAX BHEIIHEU CPEJbI,
OCHOBHBIMH XapaKTEPUCTUKAMH KOTOPOU SIBISIOTCS HECTAOMIBHOCTH, HEOINPEACICHHOCTD, Pa3IMIHbBIC
MOJIMTUYCCKHE, JEeMOrpaUIecKue M COIHAbHO-D)KOHOMUYECKHE BbI30BBI. JIOOMTHhCS KOHKYPEHTHBIX
MPEUMYIIECTB, WHBECTHIIMOHHON MPHUBIEKATEIHHOCTH, BBHICOKMX SKOHOMUYECKHX U (DMHAHCOBBHIX pe-
3yJIBTATOB MPEINPHUATUIM TO3BOJISCT UX 00beAUHEHUE B 00JIee KPYIHBIC XO3AHUCTBYIONUE CYOBEKThI —
XOJIMHTH, (PMHAHCOBO-IIPOMBIIIIJICHHBIC TPYIIIbI, KOHIIEPHBI, HEKOMMEPYECKHE MapTHEPCTBA, accolha-
LMW, KOHCOPLUUYMBI U T. 1. [1-5].
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B nutepaTtype B camoM o01ieM cMbicie 00beJUHEHHE X03SHUCTBYIOIUX CYOBEKTOB (MM MHTErpU-
POBaHHBIN XO3SHCTBYIOIIMI CYOBEKT) MPUHATO pacCMaTpUBaTh KaK IPYIIY NPEeANpPUATHA I OpraHu-
3anmii, GYHKIIMOHUPYIOMINX Ha OCHOBE OOIIUX IieNiel U cHCcTeMbI ynpasieHus [6]. Koopaunarus nerict-
BUH MpeNnpUsATHI B TAKKX CTPYKTYpax BBIXOAMT 32 paMKH OOBIYHBIX KOHTPAKTOB. Bmecte ¢ Tem, kak
NPaBUIIO, COXPAHIETCs CTAaTyC MapTHEPOB 1O TPYIIE KaK OTICIBHBIX XO3SMHCTBYIONMMX CYOBEKTOB, 00-
JAJA0NTIX COOCTBEHHBIMU IEJISIMU | 3a1adamu [4, 6].

OnHoli U3 BaKHEUIIHX (PYHKIIMOHAIBLHBIX 00S3aHHOCTEH YIPaBIISIONICTO IEHTPA HHTETPUPOBAHHO-
ro XO34HCTBYIOIIEro cyObekTa siBisercs 3¢dexkTuBHOE ynpapieHne (UHAHCOBBIMH CPEICTBAMHU B Ha-
NPaBJICHUHU JOCTIKCHHUS SKOHOMUYECKUX PE3YJIbTATOB KaK 00BbEIMHEHHUS B LIEJIIOM, TaK U KaKIOIr0 €ro
npennpuatus. [Ipu 3ToM pykOBOJACTBO Ka)J0OTO OTAEIBHOIO NMPEANPUATHS 3aHHTEPECOBAHO, B MEPBYIO
odepe/lb, B YCIICITHOM Pa3BUTHH COOCTBEHHOTO XO3SWCTBYIOIIETO CyOBEKTa M MOJMYYEeHHH HanOOJbINIEH
JIOJIA B COBOKYIHOW NpuObIH. MIMEHHO M03TOMY Tipoliece pacnpeiesieHus MPUObIIA OT PeaIu3alyy 1mpo-
€KTOB, COBMECTHO (PMHAHCHUPYEMBIX MPEANPUATHIMHU OOBETUHEHHS, HOCUT KOH(QIUKTHBIA Xapaktep [7].
[Torck MHHOBAIIMOHHBIX MEXaHU3MOB pacrpeieieHus] PUHAHCOB NPU pealIn3alliK IPOSKTOB, 00ecIeyu-
BAIOIIMX YYET U COIJIACOBaHME MHTEPECOB BCEX YYACTHHUKOB, SBISIETCS aKTyaJlbHOHW 3ajadeil, peleHue
KOTOPOI HEBO3MOXKHO 0€3 MPUBJICYCHUSI MATEMaTHIECKOr0 HHCTPYMEHTAPHUSL.

Bomnpock! pacnpenenenus pecypcoB, B TOM duciie (PMHAHCOBBIX CPEIACTB, HEOAHOKPATHO CTAaHOBU-
JIMCh TPEIMETOM HAYYHBIX MCCIIEIOBAHUI POCCHICKHX U 3apyOekKHBIX yueHbIX. DopMHpOBaHUIO Mexa-
HU3MOB paclpeziesieHHs] PeCypCcoB B aKTUBHBIX CHCTEMaX MOCBAIIEHB MHOTOYHCICHHbIE UCCIIEOBAHUS
J.A. HoBuxosa, B.H. bypkosa u ap. [8, 9]. Bompocs! pacnpenenenus pecypcoB Ipy peanu3alnuy mpo-
eKTOB uccliiefoBansl B pabotax C.A. bapkanosa, [1.H. Kypouku, A.B. llenkuna u ap. [10, 11]. B pa6o-
tax JK. Tupons, I1. bontona, E. bepnunrep, A. JloBac paccMaTpuBarOTCsl BOIIPOCH! YIPABIEHHS KOPITO-
paTuBHBIMHU (DMHAHCAM W COTJIACOBAaHUS MHTEPECOB B TEOPHH KOHTPaKTOB [12—-14]. Teopernueckoii oc-
HOBOH MaTEMAaTHYECKOTO MOAXO0Ja K COIIACOBAaHUIO IMPOTHBOPEUMBBIX MHTEPECOB areHTOB CIIy)KaT pa-
60T1HI B 06mactu Teopun urp [15—17]. OOmuit moaxoa U MEXaHU3MBI COTJIIACOBAHMSI COITMAIBHBIX MTOKa-
3areneil pa3BUTHs PETHOHAa U SKOHOMHMYECKUX TMOKa3aTeNel eATeIbHOCTH X03IUCTBYIONIUX CYOBEKTOB
onmcansl B uccienosanusx M.B. I'opomko, F0.B. bonmapenko u np. [18, 19]. AnropuTmsl coriacoBa-
HUSI HHTEPECOB MEXY MPEANPHUITUIMEI (HUHAHCOBO-IIPOMBIIUICHHON TPYIIBI IPH (OPMHUPOBAHUH TTJ1a-
Ha HOBOBBeAeHUi nmpeacrasiensl B padote b.U. Kysuna, B.H. FOpsesa, [.M. lllaxaunaposa [7].

B HacToseii paboTte paccmarpuBaeTcsi 0ObeAMHEHHE XO3SHCTBYIOMINX CyOBEKTOB, BKIIOYAIOIIEE
YIOpaBISIOMNN HEHTP U npeanpusatus. Kaxxnoe npennpusitie pacmnojiaracT HEKOTOPIMUA (PHHAHCOBBIMU
CpeZIcCTBaMH, KOTOPbIE OHO IUIAHHPYET HMHBECTHPOBATh B MPOEKThl. Ha ocHoBe 3ToM WHpOpMarmu
YOPABJISIFOLINMI LIEHTP AOJDKEH:

— chopMupoBaTh ONTHMAIBHBIH MAKET MPOEKTOB OOBEIMHEHHsS, 00ECIIEYHBAIONINNA HANOOIBIIYIO
MPUOBLITE;

— MPEUIOKUTh ITOPUTM (MPUHLMUI) TOCIEAYIOWIEr0 paclpeaeieHus] o0Imeld NpuObUIn MEXIY
OPEANPHUITUSIME, 00ECTICYHBAIOIINN YUET U COTJIACOBAHHE UX MHTEPECOB.

B ocHOBY mpenaraeMoro B HacTosIIeH padOTe MOAX0/Aa K COIJIACOBAaHHOMY pacipenefcHuo (u-
HAHCOB IPH PealH3alliil MPOEKTOB OObEAMHEHHS MOJ0XKeHa ujest (OpMaTbHOTO CBEJCHHUS 3alaud K
urpe B GopMme xapaxTepucTHuecKol (yHKIMU. B KkadecTBe cOTiacoBaHHOrO pacrpeseieHus oOuiei
MPUOBLTN OT peau3aliy MPOEKTOB MpeIaraeTcsa pacCMaTpUBaTh onpeAeneHHbIH anemenT C-aapa. s
(hopMHpOBaHUS JAHHOTO AJIEMEHTa pa3paboTaHa MaTeMaTH4yecKas MOJeib, (PYHKIHS IEJIH W CHCTEMa
OTpaHUYEHHUH KOTOPOI MO3BOJISAIOT YIPABIAIOIEMY LIEHTPY Y4€CTh aKTUBHOCTD NMPEANPUATHH U CTUMY-
JUPOBaTh UX K €€ MOBbIMIEHUI0. [IpeanaraeMelil MoaX0, B OTIMYUE OT U3BECTHBIX, AEIAET BBITOJIHBIM
KaXXIOMY MPEINPHUATHIO aKTUBHOE yYacTHE B COBMECTHOH pean3alyu NPOEKTOB BCETO 00beIMHEHUSI.

Pa3zpaboTranHblii mporpaMMHBIN MPOAYKT MO3BOJISIET BHEAPUTH MpeiaraeéMblil IOJX0A B MpaKTHUe-
CKYIO JIEATEIbHOCTb NPEATPUATUN.

1. Onucanmne moaxoaa

PaccMoTpuM HEKOTOpBI HMHTETPUPOBAHHBIA XO3SAUCTBYIOIIUNA CyOBEKT, CTPYKTypa KOTOPOTO
BKITIOUYAET YIPABJISIONINN SHTP U 7 TIPEATIPUSITHH.

Kaxnoe mpeanpusitue i pacnonaraeT coOCTBEHHBIMH cpeiacTBaMu K, >0, KOTOpbIE OHO MOXKET

CaMOCTOATCIIbPHO MHBECTUPOBATH B 1; IIPOCKTOB. B kadecTBe Takux IMPOCKTOB MOI'YT BBICTYIIaTh, Ha-
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NpuMEpP, MNPOCKTHI HOBOBBC,I[GHI/Iﬁ Ha CaMOM MNpCANpUATUN [7], a X MHOXECTBO 0003HAYUM Kak

P'= {Pl’,Pz’ ,...,P,ﬁ,i } [lonaraem, 4T0 Bce MPOEKTHI paCCUYUTAHBl HA OAMH U TOT e MEePHOJ BpeMEHH (Ha-

npUMep, OOUH TOJ) U U3BECTHA BbIroja (mpuobuib) I1;;, KOTOPYIO0 0XKHUAAETCS MOIyYUTh OT peau3aliu

ij’

, . . i
npoeKTa j, Tae j =1,...,m;. 3aTparsl Ha peanu3alHio MPOeKTa j 0003HAYMM KakK C; .

Bynem mosarate, 4To NpeaNpUsITHE I MOXKET MEPEAATh B PACIOPSIKEHUE YIPaBIAOLIIEH KOMIIa-

HUH (B LEHTPAIM30BaHHbIN (OH/T) CBOM (DMHAHCOBBIE CPEACTBA B 00beMe K; U IepedeHb MpoeKToB P'.

n
B oToM ciryuae COBOKYNHBIC (PMHAHCOBBIC CPEACTBA OOBEIMHCHMs COCTaBAT BeanunHy K =) K;, a
i=l
MHOXECTBO MTPOEKTOB O0bEINHEHHUS

P={P P P"}={B By s B B .

3agaua ynpasisIOIIEro EHTpa — MPEIIOKUTh PYKOBOJCTBAM MPEANPHUITHH MEXaHU3M pacrpesie-
JICHHUs1 JOCTYIHBIX (PMHAHCOBBIX CPENCTB, OOECHEUMBAIOLINM IMONyYyeHHE HauOOJbIICH COBOKYIMHOM
npuObBUTM OOBEAMHEHHS U COTJIACOBAHHOE paclpefesicHHe MOMyUYeHHON OT peann3aluy MPOeKTOB MpH-
OBUIH MEXTy MTPEIIPUATHIMH.

[Ipennaraemplii B HacTosmield paboTe MEXaHM3M COTJIACOBAHHOTO paclpeliesicHHsl CPEACTB MPEATpH-
ATHN 00bEIMHEHHMS Ha PealH3alltIo POEKTOB OyleM pacCMaTpHUBaTh B paspese ABYX YKPYIHEHHBIX TAIlOB.

Ortan 1. ®opMupoBaHre ONTUMAIBFHOTO NTAKETa MPOEKTOB.

Oran 2. CortacoBaHHOE pacrpeielieHHe COBOKYITHON PUOBLTH 00beTMHEHUSI.

Ha mepBom stame ¢opmupyercs ONTHMAaNbHBIA MAaKET MPOEKTOB, JOCTYNHBIA MO (PUHAHCOBBIM
CpeAcTBaM U 0OecHeuuBaroOIi HanOoJbliee 3HaueHHe NpUObLTH 00beAuHEHHUs. Peanu3annio 1aHHOTO
JTara MpearaeTcsl OCyIIECTBIATh HA OCHOBE OITUMU3ALIMOHHON 3a7au.

BBenem B paccMoTpeHHe creayromue OMHapHble IepeMEeHHbIE:

1, ecru MPOEKT P/’ BKJIFOYAETCS B ITAKET,
Yij = '
0, mHaye.

3az[aqa (1)OpMI/IpOBaHI/IH OINITUMAJIBHOTO MaKeTa MMPOCKTOB UMECT CHGZ[YIOH_II/Iﬁ BU:

n m;
f(y)zZZHijyij — max, (1)
i=1 j=1
nom
l
Z;‘. 1cj-yl-j.SK, )
i=lj=
vy €101} i=1m; j =1, m,. 3)

3amaua (1)~(3) npeacrariser coboi 3aqady O paHIle U MOXKET ObITh pEIIeHa METOJIOM BETBEH U rpa-

o * * * * *
Hui. Ha ocHOBe MOJNYyYeHHBIX ONTUMANbHBIX 3HAYCHUH MEPEMEHHBIX ) =( Vitsewes Vi seees Yo+ o5 ynmn)
o * i *
(dbopMHpyeTCsl ONITUMAJIBHBIN TTAKET POCKTOB O0bEJUHEHUSI P = {Pj’ eP|y; = 1}, a TaKk)Ke pacCUUTHI-

o * *
BaeTCSd MaKCHUMaJbHBIA pa3Mep NpuObLTH 00beiuHeHusT f = f ( y )

CJIG]IYIOIHI/IM 9TaloM Ipe€aiaracMoro MexaHmismMa ABJIACTCA PACIIPEACIICHUC (bI/IHaHCOBBIX CpeacTs
* 3
06L€L[I/IHGHI/I$I f MCKAY NPCANPUATUAMU, 06ecneqHBanmee YUYCT UX BJIOKCHHU, UHTCPCCOB U BO3-
MOXHOCTE!. ITpu 3TOM Kaxa0e npearnpusTUe i I0ay4aeT BEIUYUHY
I, =K, + f, 4)

rz[efiZO,Zfi:f*.
in1

Cnaraemoe f; B ¢opmyine (4) mpeacTtaBiseT coOoi TOT pasMep NMPUOBLIM, KOTOPbIH MOIydaeT
MpeNnpusITAE U3 00IIel MPUOBLITN 00bETUHEHHS, U OTIPECIICHIE €T0 KOHKPETHOT'O 3HAUSHHS COCTaBIISI-

€T OCHOBHYIO np06neMy BTOPOT'O 3TaIlla MCXaHU3Ma COIJIACOBAHHOI'O pacrpeAciICHUus CPCACTB.
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OGo3HaunM uepes f =( fl, fz,..., fn) UCKOMBIH Habop (BEKTOpP) pacmpelesieHHs NpPEeANpHATHSIM

MPUOBLTN 00BETUHECHUS OT peaanu3allii MIPOCKTOB.

Bynem roBoputh, 4To f SBISETCS COTJIACOBAHHBIM paclpeesieHHeM NPUObUTH, €CIH BBIIOIHSIOT-

Cs1 CIIeLyIOIIHE YCIOBUS:
~ * * .
1) f;>f;, rae f; — pa3Mep NpUOBLIU, KOTOPYIO MOIJIO Obl MOIYYUTH MPEIIPUITUE i, CAMOCTOS-
TEJIbHO UHBECTUPYS COOCTBEHHBIE CPEJICTBA B COOCTBEHHBIE TIPOCKTHI,
L *
WISV
i=1

B pamMkax moHATHI TEOPUH UTP MEPBOE U3 YCIOBUH MOKHO 00O3HAYUTH KaK YCIOBHUE MHAUBHIY-
ANBHON PallMOHAILHOCTHU MPEANPUITHN 00bETUHEHHS, BTOPOE — YCIOBHE KOJUIGKTHBHOM palioHallb-
HOCTH.

s ompenesneHus: MakCUMAIBHOTO pa3Mepa MPUOBUTH MPEINPHUATHsI, HEOOXOAUMOTO IS y4yeTa
YCIIOBUS WHAWBUAYAIbHON PallMOHATBHOCTH, YIPABIAIOIIEMY [EHTPY MpeiaraeTcsl peuIuTh Il Ka-
xporo mpennpusatus i (roe i=1,...,n) cuemyouyo 3anady (GOpMUPOBAaHHUs ONTHMAaIbHOTO IMaKeTa
MIPOEKTOB:

. m;
f (x’ ) => I1;,x; — max, (5)
j=1
;oo .
2.¢;x; <K, (6)
=1
xj. e{O,l},jzl,...,ml-. (7

HepeMeHHBIe MOACIH xl-J SBIIAAIOTCA 6I/IHapHBIMI/I " IMMPUHUMAIOT CJIICAYIOIINC 3HAUYCHUA:

i

. 1, eciu IpoekT P/’ BKJIFOYAETCS B [IAKET IPOEKTOB IPEANPUATHS,

0, naayge.

Amnanornuno 3amade (1)—(3) 3agaua (5)—(7) sBusercs 3anayeit o panie. Pemennem (5)—(7) sBusercs

*

sextop (+') = (+)

i-T0 MPEAIPUATHS B* = {Pj’ d |(x

*

*
,...,(x;n_) j, Ha OCHOBE KOTOPOTO (pOpMHUpYyeTCs] ONTUMAJBHBIA MaKEeT MPOSKTOB
1

*
;) zl} U PaCCUMTHIBACTCS ONTUMAIILHOE 3HaYCHHE (PYHKIIUH LEN

*
* i o .
fi=f (( x’) ) — MaKCHMAaIIbHBIH pa3Mep MPHOBLIH, KOTOPYIO MOXET TOIYYUTh MPEIANpUSITHAE I MPU

pcaiun3anuu COOCTBEHHBIX IIPOCKTOB COOCTBEHHBIMU CpeaACTBaMU.

*

x*
* 1 o o
3aMeTuM, 4TO BEKTOp X =((x ) ,...,(x" ) j, MOJTy4YeHHBIN Ha OCHOBe perneHuit n 3amad (5)—(7),

SIBIIICTCS TOIyCTUMOM TouKo# 3anauw (1)—(3), mo3TOMY BBEIIOTHSETCS CIEIyOIIee HEpaBEHCTBO

2+t Sy, (8)

9TO 00ECIICUNBACT CYIIECTBOBAHIE COITIACOBAHHOTO paclpeaeineH s npuosum f .
Torna kaxxjo0e NpeInpusITHE TOTYyYaeT CICAYIONINN pa3Mep BBITUIAT

/=1 A
n « n %
rae A; —BenuuuHa HanbaBku, A; 20, DA, =1 =) f;.

i=l i=l1
* /1 *
Ecmm IIPpU 5TOM BBITIOJIHACTCA PABECHCTBO f = Zﬁ , TO OYCBUAHO, YTO COIJIACOBAHHOC PACIIPCAC-
i=1

~ . _
JeHUe NpUOBLIN 03HAYAET, 4TO f; = f; U BCeX i =1,...,n. B npoTHBHOM city4ae, eciu (8) BBIIOIHAETCS
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KaK CTpOroe HepaBeHCTBO, BEJMUYMHA HaAOABKU XOTs Obl OHOTO MPEANPUSATHA MOJOXKUTENbHA. s on-
peaeneHust HaAOABOK MPEANIPUATHAM, OOECIIEUHUBAIOIINX COTJIACOBAHNE MHTEPECOB, BOZMOYKHO HCIOJb-
30BAHHUE OJHOTO M3 CIEAYIOIIMX ITPUHIIUIIOB.

1. Ilpuniun pacnpeeneHus MponopLUUOHATBFHO BIOXKEHHBIM CPEICTBAM.

B stoMm ciydae HanbaBka A; pacCUMTBIBAeTCs O popMyIie

K' * 1 *
Aj=—=| [ =21 |
>K N

i=1

CoOTBETCTBEHHO, KaX10€ IIPEANIPUATHUE [I0JIydaeT CIeIyOUHi 00beM CPEICTB

[ A e ) ©)

n

W
i=1

2. IlpuHnun pacnpeaeneHus IpONOPUHUOHATBHO OCTATOYHBIM CPEACTBAM.
B sToM ciywae s KaKAOTO NpEANpHATHS Ha OCHOBe pewieHus 3agadu (5)—(7) paccumTeiBaeTcs
00bEM JICHEIKHBIX CPEJICTB, 3aTPAUYUBACMBIX Ha PEATM3AIMI0 ONTUMAIFHOTO IaKeTa MIPOSKTOB:

*

m;
* hoi i .
K. =Zlcj-(xj) , i=L...n
=

*
Torna ¢gunancoBble cpenactBa B o0beMe AK,; = K; — K; Kaka0ro HpeAnpusTus, nepeaaBaeMble B

LEHTPaTN30BaHHbIN (DOHI, HE y4yacTBYIOT B (OPMUPOBAHUU MPHOBIIM HETIOCPEACTBEHHO CAMOTO Mpea-
MIPUATHSL.
B atoM ciydae Han0aBky A; IpeularaerTcs paCCUMTBIBATH O CleAyIoIel Gpopmyie
AK' * 1 *
_ 1
Aj=>—| S -2 0
i=l
2AK;
i=l

CornacoBaHHOE pacnpeacicHmuc HpH6BIJII/I 06’BeﬂI/IHeHI/IH UMECT CJ‘IC,Z[YIOH_II/Iﬁ BHU/JL
~ % AK. * L *
fi=fit——|f -2/ | (10)
i=1
2 AK; l
i=1

OnucaHHbIe BBILIE MPUHIMIGI SBISIIOTCS MPOCTHIMH, JOCTATOYHO M3YUYEHHBIMU B JUTepatype [7],
HO BMECTE C TeM 00JIaJjaloT CYLIECTBEHHBIMH HegocTaTkaMu. CornacHo nepsomy npuHuumy (9) B 60-
Jiee BBIFOJTHOM IOJIOXKEHUH OKa3bIBAIOTCS MPEANPHUATHS, KOTOPBIE PACIIONAraioT OOJIBIIMMHU CPEACTBAMH
W TpeJiaraloT MeHee MpHOBLIbHBIE MPOeKTHI [7]. CorimacHO BTOPOMY MPUHIMITY PACTpEIeIeHUs TpH-
obutn (10) mpeAnpHUATHSAM BBITOJHO paccMaTPUBATh TOJIBKO BBHICOKO MPHUOBLIHHBIC MPOEKTHI, OCTABIISS
9acTh JCHEKHBIX CPEACTB CBOOOIHBIMU. MOXKET HOIYyYUTHCA, YTO Y OOBEAMHEHHS OKAXKETCS JOCTaTOY-
HO MaJio TIPOEKTOB JIJISl Pealn3aliiil U 9acTh JCHEKHBIX CPEJCTB HE MPUMET y4acTue B (OPMHUPOBAHUH
npubbu. KpoMe Toro, BO3MOKHO BOBHUKHOBEHHE TAKUX CHUTYAIMi (M 3TO Oy/eT MMOoKa3aHO B MPaKTH-
YEeCKHUX pacyerax), KOraa OAHOMY WM HECKOJIBKUM MPEINPHUSITHAM OKAXKETCSl HE BBITOJHBIM y4dacTHE B
peanu3anuy IpOoeKTOB BCEro 00beIMHEHNUS, YTO IPUBEACT K KOH(PIUKTAM.

[Ipennaraemplii HaMH TPETHH MPUHIUI OCHOBBIBAETCS HAa HAy4YHO OOOCHOBAaHHBIX IOJIOKEHUSIX
TEOPUHN KOOIIEPATUBHBIX UTD.

3. UrpoBoii NpHHIUT pacipeacacHus..

[V *
KoHduukT nHTEpEecoB MpeAnpuaTHii IPU pacrpeesieHnd MpuobuiH f (OpManbHO TPEICTABUM B

BUZE UTPHI B popMe xapakTepucTuueckon pynkuuu [15, 16].
Jns popMupoBaHHs XapaKTEPUCTHUECKON (PYHKIIMH PAaCCMOTPUM MHOXKECTBO WHJICKCOB TIPEATIPH-

STUH oObenuHEeHUS: [ = {1,2,...,n} , @ TaKXXe€ BCEBO3MOYKHBIE IIyCThIE ITOJAMHOKECTBA STOIO0 MHOXKECTBA

(KOZU'II/II_II/II/I npeunpnﬂTnﬁ), YUCJIO KOTOPBIX 2n. HO,I[MHO)KQCTBO, BKJIFOYAKOMEC MpCANpuUsITusa ¢ HOMC-

paMH iy, i, ,...,I; , 0003HAUMM KaK [;; ;.
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Xapakrepuctuueckass QyHKIMA V' KoomepaTHBHOW UIPBHI ONpEAeseTcss Ha MHOXKECTBE KOATUIMN
UTPOKOB, a €€ 3HAYeHUE HA KKIOH KOATUIUH V(i1 ,iz,...,ik) HUMEET CMBICI BBIUTPBIIIA, KOTOPBII MOKET

MOJTyYUTh KOATHUILNS, AEUCTBYS OTAEIBHO OT OCTAJIbHBIX YYACTHUKOB.
OCHOBHBIM CBOHCTBOM XapaKTEPHCTHUECKON (YHKIIUU SIBISIETCS BHITIOJIHEHHUE YCIOBUS Cylep-
aJIUTUBHOCTH

V(nUnL)=v(1)+V(1,)
JU1s TIOOBIX ABYX HEIepeceKaroluxcs koanuuuid /; u /,.

Jiist K01 KOANMIUU TPENNPUATHA PACCMOTPUM 33/1a4y (OPMHUPOBAHHS ONTUMAIBHOTO TaKeTa
IIPOEKTOB KOAJINLIUNU:

m;
Siiyi, (2)= X 2 1z — max, (11)
i6111i2mik J=1
Y 2z <K +K +.+K,, (12)
i€lyjy iy J=1
zy {01} i, 5j=1...m. (13)

OnrtumManeHoe 3HaueHue (yHkimu nenu 3agayun (11)—(13) obo3HaumM Kax fi:‘z...z‘k- JlanHoe 3Haue-
HHEe 000CHOBAHHO MOXKET OBbITh MIPUHATO KAK 3HAYEHHE XapaKTEPUCTUUECKOH (DYHKIUM KOAIULUH Ipe]-
TIPUATHINA: V(il,iz,...,ik) = fi:'z...ik‘ B cuiry 0TMEYEHHOTO HaMM PaHEE CBOMCTBA PEIICHUS 3a1a41 O PAHIIE
YCJIOBUE CYNEPaJAUTUBHOCTH J1JI IOCTPOEHHOH (D)YHKIIMH BBIOIHAETCS.

Tora BEKTOp COTIACOBAHHOTO PACTIPEIEIIEH s IPHOBUIH | :( FirSorern fn) MOKET OBITh HalJeH

KaK HeZJJOMUHUPYMBIN BekTOp C-gapa KOOIEepaTUBHOM UTPHI, T. €. BEKTOP, YAOBIECTBOPSIOLINI CIeayI0-
el cucTeMe ypaBHEHHH U HEPABEHCTB:

~ .
fi=f . i=Lo,n;
~ ~. ~. *
fi1 +fi2 +"'+fl'k = fl’ﬂz--ik > vIl'll'2~~-,i1« <1 (14
~, ~, ~, *
h+h++f,=1.

BCKTOp BBIILJIAT, HBJ'IHIOI].[HﬁCSI peHICHUEM CUCTCMbI (14), o0ecreunBaeT HE TOJIHKO COIrJIaCOBaHUE
UHTEPECOB MPEINPHUATHH, HO U CTUMYJIHUPYET PYKOBOJICTBO MPEANPHUITHH K MOUCKY MPOEKTOB, o0ecIe-
YUBAIOIIMX BBICOKYIO MPHOBLIb. bojiee TOro, mpu TakoM pacupee/ieHUH CPEACTB HU OJHOM M3 KOaju-
I_[I/Iﬁ HpCHHpI/IﬂTI/Iﬁ HC BBII'OJJHO CaMOCTOATCIIBHO PCAIN30BbIBATh CBOW MTPOCKTHI.

3aM€TI/IM, 4YTO CUCTEMA (14) MOXKET UMCTh MHOXCCTBO peHIeHHfI, KaXa0€ U3 KOTOPBIX ABJIACTCA CO-
TJIaCOBAHHBIM PACHPCACIICHUCM HpI/I6LIJ'II/I. B sToMm Cllydac BO3HHKACT 3a/ada BI:I60pa CANHCTBCHHOI'O

BeKTOpa f , KOTOpPBIA M OyJeT NPUHAT KaK OCHOBA paclpeleleHus NpuObuin oObearnHeHus. Pemenne
3TOH 3aJauu MpeIaraeTcsi OCyIIECTBISATh HA OCHOBE CIIEAYIOLIETO allrOPUTMA.

Anzopumm coznacosannozo pacnpeoenenus npuObLIU Ha OCHOBE USPOBO20 NPUHYUNA
Llae 1. YnpapmsiomUi LEHTP IS KaXI0ro NPEANpUsITHs { GOPMUPYET HUKHIOI A; H BEPXHIOIO

A_l- IPaHULBI CTUMYIUPYIOIEH HafOaBKu A;, Tae A, € [Ai,A_i] .

Illaz 2. Ha ocHOBe aHaiIW3a ONTHMAJbHOIO ITaKeTa IIPOCKTOB 06’LGI[I/IHGHI/I$I OKCIICPTHI YIIPABJIALO-
mero neHTpa ONpCAC/IaT o; — KOJWYECTBEHHBIN TMOKa3aTellb 3HAUYMMOCTH BKJIaga HOpCANpHUATHIL I

n
B peasi3aluio mpoekTa, o, >0, D o, =1.
i=l
Ulae 3. Perienue 3aaun GOPMUPOBAHHS ONTHMAIBHOT'O BEKTOPa COTIIACOBAHHOTO PacIpe/elIeHUs
npuObUIN OOBEANHEHHS C YIETOM 3HAYMMOCTH HPEATIPUSTHIA:
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n A=A
> a; ——=— — max, (15)
i=1 A —A;

2 fi+Ai=1,.,n

»fl:l +f12 +"'+fik Zﬁliz...l'k’ vjiliz...,ik CI’
h+hH++f=1,

A, EI:AI-,A_Z-:I.

(16)

3agaua (15), (16) sBusieTcsa 3amadeil TMHEHHOro0 MPOrPaMMHUPOBAHUS U MOXET OBITh PEIIeHa CUM-
miekc-MeTooM. IlepeMeHHbIMU MOJENH SABIAOTCA f;, A;,TAe i =1,...1n.

Paccunrannoe kak pemenue 3agaun (15), (16) cormacoBaHHOe pacmpeneseHue npuobid f  yIoB-

neTBopsieT cooTHowmeHuo (14) u, cnenoBarenbHo, sSBiIsETCA eMeHTOM C-sapa KOONepaTuBHON HIPHI.
Tem cambiM oOecriednBaeTCs HE TOIBKO HAYYHO OOOCHOBAaHHOE COTJIACOBAaHME MHTEPECOB MPEANIPUATHIA
00bEeIMHEHUS XO3AUCTBYIOIINX CYOBEKTOB, HO ¥ CTUMYJIHPOBAHUE PYKOBOJHUTENEH K OTBHICKAHHUIO HaH-
OoJiee MPUOBLIBHBIX MPOEKTOB.

2. [IpakTHyeckue pacyersl

JUst MpakTHYEeCKOH pean3aliy aJITOpUTMa COTJIACOBAHHOTO pactpeiesieHusl (PUHAHCOB IPH peau-
3alUH MIPOEKTOB OOBEANHEHUS XO3SMICTBYIOIINX CYOBEKTOB pa3padoTaH mporpaMMHbiil mpoaykT. Ipo-
rpaMMma HamucaHa Ha s3bIke nporpammupoBanus C# B cpene paspaborku Microsoft Visual Studio
Enterprise 2015 Bepcun 14.0.25431.01. [IpuBeaem npumep NpakTHYECKUX PacyETOB.

PaccmoTpum o0bennHeHne XO3sMCTBYIONMX CYOBEKTOB, BKIIOUaromee 3 npeanpusitus. llepeoe u
TpeThe MPEANPHUITHE MPEUIaraloT K pealn3aliy Mo 5 MPOeKTOB, BTOPOE MpeAnpusiTie — 4 MpoeKTa.
[TpoekThl KaXKI0T0 MPEANPHUATHS, 3aTPaThl Ha MX peai3aluio, IIaHupyeMasi PUOBLIh OT peallu3aliu
KaXJIOTO MPOEKTa U (PMHAHCOBBIE CPENICTBA KaXJIOTO MPEANPHUATHS, BEIPAKEHHBIC B YCIOBHBIX JICHEXK-
HBIX €MHULAX, IPEICTABJICHBI B Ta0I. 1.

Tabnuua 1
HavyanbHble pgaHHbIe
Table 1
Initial data
3arpatbl [TpuOsuH ®uUHAHCOBBIE
IIpennpusitus IIpoexTsr Ha peanu3anuro OT peaJIn3alnu CpeACTBa Ipe-
MIPOEKTa, JIeH. e]1. MIPOEKTA, JIeH. €] MPUATHS, IEH. €]l
11 200 70
12 250 64
[penmpustue 1 13 120 18 600
14 300 120
15 150 18
21 180 57,6
22 250 75
[Ipeanpusrue 2 3 100 75 300
24 200 36
31 400 72
32 300 36
[penmpustue 3 33 200 10 1000
34 300 80
35 500 100

PesynbTarhl pemieHrss ONTUMHU3AIMOHHBIX 33724 (OPMUPOBAHHS ONTUMAILHOTO MaKeTa MPOCKTOB
oobenunaenust (1)—(3) u kaxaoro npeanpusaTus B oraenbHocTH (5)—(7) npeacrasieHsl B Ta0. 2
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Tabnuua 2

Pe3yanaTb| pewieHna 3agay (t)OpMI/IpOBaHI/IiI ONTUManbHbIX NAKETOB NPOEKTOB

Table 2

Results of solving problems of forming optimal project packages

OnTuManbHbINA OnTtumanbsHast OcTtatok HEn3pacxo-
[Ipennpustusa 3atpaTsl

MAaKeT MPOEKTOB pUObLTH JIOBaHHBIX ()MHAHCOB
[Ipennpusitue 1 11, 14 190 500 100
IIpennpusitue 2 21,23 82,6 280 20
[Ipenmpusitue 3 33, 34,35 190 1000 0

11,12, 13, 14, 21,
O0bennHeHNE 22.23.24, 34 545,6 1900 1900

Kak mokazanu pe3ynbTaThl pacyeToB, B ONTUMAJIBHBIM MakeT MpoekToB Bouuin 4 npoekta [lpen-
npusrtus 1, 4 npoekra Ipeanpusatus 2 u Tonbko onuH npoext [Ipenmpustus 3.

CornacoBaHHBIM pacrpeziefieHHeM MPUObUIN SIBIAETCS BEKTOp f = ( Sis f2s /5 ), KOOPJHHATHI KOTO-

pOro YIOBJIETBOPSIIOT YCIOBUSAM WHIUBUIYaJIbHOM M KOJJIGKTMBHOM paluOHaIbHOCTH: f; =190,

f>282,6, 132190, f,+ f, + f3 =545,6.
Paccuntannbple 3HaUYE€HUS COTJIACOBAHHOTO PACHpENeNIeHUs MPHOBUTM MO MPHUHLHUIY MPOIOPIHO-

HAJIHO BJIOKEHHBIM CpeAcTBaM (MPUHUMN 1) ¥ 10 NPUHLMIY MPONOPLHUOHATIBHO OCTATOYHBIM CPEICT-
BaM (TpUHIMI 2) IpUBEACHBI B Ta0MI. 3.

Ta6nuua 3
Pe3ynbTaTtbl pacyeTtoB Ansa npuHumMnos 1 n 2
Table 3
Calculation results for principles 1 and 2

[Ipennpusitus CoracoBaHHOE paclpeseneHue IpuobUIY, JIeH. e
[Tpuntum 1 [Tpuntumn 2
[Ipeanpusrue 1 216,20 259,17
[Ipennpusitue 2 95,70 96,43
[Ipenmpusitue 3 233,68 190

AHanu3 NpoBeICHHBIX PAacyeTOB MOKa3al, 4To MO IepBoMy pacnpenenenuio [Ipeqnpustue 3, npeacra-
BUBLIee MeHee 3P PEKTHUBHBIC TPOEKTHI, HO O0JIbIIee KOINYECTBO (PUHAHCOBBIX CPEACTB, OKa3bIBACTCS B 0O-
Jiee BBITOIHOM MOJIOKeHuH, deM [Ipenmpusitue 1. C npyroi CTOpOHBI, COTJIACHO BTOpOMY NpuHIwITY, [Ipen-
npuATHE 3 HE TOYYaeT JOMOIHUTEIBHBIX CPEICTB, UTO JIENAaeT /Il HEro HEBBITOJHBIM 00beIMHEHHE.

Bonee Toro, kak Oyzaer mokazano Hwxke, [Ipeanpustue 2 u [lpeanpusitue 3, 00beAMHUB COOCTBEH-
HBIE CPE/ICTBA M MPOCKTHI, MOTYT MONYyYUTh 312,6 enuHuIbl puObLIH. [laHHas CyMMa MPEBBIIIAET CyM-
MY CPEJIICTB, KOTOPBIE TOIYYaAIOT 3TU MPENPUATHS MO0 BTOPOMY NpUHIHMITY. Takum oOpazom, JaHHOU
KOQJIUIMK HEBBITOAHO 00beauHAThCS ¢ [Ipennpusituem 1. OTOT dakT NpUBOIUT K MPOTHBOPEUHAM U
KOH(JIUKTY MHTEpecoB. MOXKHO MMOKa3aTh, YTO AaHHAs KOH(IMKTHAs CUTyalus BO3MOXKHA U NPH pac-
NpeIeTICHNH 110 IEPBOMY PUHIIUITY.

N36exaTh OMMCaHHOTO BBIIE KOH(IINKTAa HHTEPECOB MO3BOJISIET IPUMEHEHNE UTPOBOTO MIPUHIIHIIA.
Heo6xonumsle misa popmupoBanust monenu (15), (16) pacueTs! npuBeaeHs! B Tadm. 4.

Ta6bnuua 4
Pe3ynbTaThl pacyeToB AN UTPOBOro NpMHUUNa
Table 4
Calculation results for the game principle

Koamums mpepuswii OnTuManbHBINA TaKeT OnTumanbsHasi IpUObLIb,
MIPOEKTOB JICH. €]1.
IIpennpustuel, [pennpusitue 2 11, 13,14, 21, 23 290,6
IIpennpustue 1, [lpennpusitue 3 11, 12, 14, 34, 35 434
IIpennpustue 2, [lpennpusitue 3 21,22, 34, 35 312,6
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Bribepem crepyromnie 3HaueHusT KOA((GUIIUEHTOB 3HAYMMOCTH BKJIaja MPEATIPUATHNA B peau3a-
muro npoekra: o, =0,4, o, =0,5, a; =0,1.

BeiOpanHble uHTEpBabl U3MEHEHMs CTHUMynMpyromed HagbaBku: 40<A; <50, 5<A, <40,

2<A;<10.
Mopgens (15), (16) npuHMMaeT cleayIOUTNi BUI:
- - Ay -2
0,4-A1—40+0,5- 8, =3 +0,1-—=—= — max,
10 35 8

fi=A; =190, f, — A, >82,6, f, — A, =190,
Fi+ 7, 22906, F + f, 2434, f, + [, 2312,6,

fi+ o+ f; =545,6,
40 <A, <50,5<A, <40,2< A, <8.

Penrennem 3aavu ABJISICTCA CICAYHOIICC pacClpeaCICHUC HpI/IGBIJ'II/IS

£y =233, f, =111,6, f;=201.

[TomyueHHBIN BEKTOp pacnpeaeaeHus NpuObLUIH NpUHAIEKUT C-apy, T. €. ABISeTCS HENOMHUHHU-
pyembiM. [Ipu TakoM pacnpeneeHU BCeM MPEANPUITUSIM U KOATUIMSAM BBITOAHO O0BbEIUHATHCS IS
COBMECTHOMW peaNn3aiuy MpoeKToB. YdeT K03()OHUIMEHTOB 3HAYUMOCTH W UHTEPBAIOB CTUMYIHUPYIO-
el 100aBKM MOTUBHPYET MPEANPHUATHS K AKTUBHOMY MOHMCKY 3(pPEeKTHUBHBIX MPOEKTOB ISl 00BbEenH-
HCHUSI.

3akioueHne

B Hacrosimeit crathe pa3paboTaH MEXaHHU3M COTIIACOBAaHHOTO PacIpe/ieieHns] (PUHAHCOBBIX CPECTB
MpU pean3aIliil MPOCKTOB, OCHOBY KOTOPOTO COCTABJIIIOT MAaTeMaTUYECKUE MOJCIH M METOJEI.
Ha mepBoMm atare mexaHw3Ma mpejiaracTcs MOJENb (OPMHUPOBAHHS MaKeTa MPOEKTOB OOBEIUHEHUS,
obecrneunBaromero moxydeHne HauOoubInei npuopu. Ha BTOpOM 3Tame OCyIIecTBIsIeTCs pachpee-
JIeHHEe TIPUOBLTH MEXy NPEANpUIATHsIMEA 00beTUHEeHU. BBEJIeHO MOHATHE COTIaCOBAHHOTO paclpesie-
JICHUA HpI/I6BI.HI/I. Ha OCHOBC aHaJIn3a HEAOCTATKOB HU3BCCTHBIX HpI/IHHI/IHOB pacnpeﬂeneHH;I CpeJICTB
c(hOpMHUPOBAH AITOPUTM COTJIACOBAHHOTO PACIIpE/IeIeHNs] MPUOBLIN Ha OCHOBE MTPOBOTO IPUHIIHIIA.
Paccunrannoe pacnpezeneHre oOeceUUBACT MPEANPUATHIM BBITOY OT OOBEAMHEHUS U MOTHBHUPYET
PYKOBOJICTBO K IOHMCKY MpeaiioxkeHnH 3(h(EeKTUBHBIX MPOEKTOB. TeopeTnyeckrue BBIKIAIKU IMOJITBEP-
KIAFOTCS TPOBEICHHBIMH IMPOTPAMMHEIMY pacdeTaMu. Pa3paOoTaHHBIN MMPOrpaMMHBINA MPOIYKT MO3BO-
JISIET BHEAPUTH MPEATIaraeMbIid IMOX0]] B ACSITETLHOCTh NpeAnpusaTiii. OOCyXaeHne Tpe/iaraeMbIX Mo-
JIeTIEd U aJTOPUTMOB C PYKOBOJUTESIMU psAlla KOMIaHUM T'. BopoHexa Mmo3BONMIO cAenaTh BBIBOBI
0 Ux HpaKTquCKOﬁ OCHHOCTHU U onpezerme HaHpaBHeHI/IH I[aJII)HeI‘/'IH_IeFO paSBI/ITI/IH.
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MODELS AND ALGORITHMS OF THE CONSISTENT FINANCIAL
DISTRIBUTION IN THE IMPLEMENTATION OF PROJECTS
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Introduction. A characteristic feature of the development of modern economic systems is ac-
tive association, integration of enterprises into larger economic entities. A distinctive feature of such
associations is the multidirectional interests of its members. The development of innovative mecha-
nisms for financial management of an integrated structure, allowing to take into account the conflic-
ting interests of the enterprises of the association, is an urgent task. Aim. To develop mathematical
models and algorithms to improve the efficiency of financial management of the association of busi-
ness entities by forming an optimal package of projects and coordinated distribution of profits from
its implementation between enterprises. Materials and methods. The proposed approach is based on
the use of systems analysis methods, optimization methods, decision theory and game theory. The pa-
per discusses the mechanism for the coordinated distribution of funds of the enterprises of the asso-
ciation in the implementation of projects, which consists of two enlarged stages. At the first stage,
an optimal package of merger projects is formed. Each enterprise of the association offers its own
variants of projects, from which a package of projects is formed. The constructed model of the for-
mation of a package of projects that ensures the amalgamation of obtaining the greatest profit is
a knapsack problem and is solved by the branch and bound method. At the second stage, the distribu-
tion of profits from the implementation of projects between the enterprises of the association is car-
ried out. To find the distribution of profits, ensuring the coordination of the economic interests of
the enterprises of the association, it is proposed to use the methods and principles of the theory
of cooperative games. The paper shows that the described problem can be formally represented as
a game in the form of a characteristic function. It is proposed to choose a certain element of the C-core
as an agreed profit distribution. The formation of this element is carried out on the basis of an opti-
mization model, the function of the goal and the system of restrictions of which takes into account
quantitative indicators of the activity of enterprises' participation in the implementation of merger
projects. Results. A mechanism has been developed for the coordinated distribution of financial re-
sources of the enterprises of the association during the implementation of projects, based on mathe-
matical models and methods. A feature of the mechanism is the application of the game principle
when distributing the profit of projects. Practical calculations are carried out to substantiate the ad-
vantages of the presented approach in comparison with the known methods. Conclusion. The coor-
dinated distribution of finances proposed in the work reasonably ensures the benefit of each enter-
prise from the joint implementation of projects and stimulates the management of enterprises to
search for highly effective projects.

Keywords: association of business entities, project, reconciliation, financial distribution, mathe-
matical model.
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NCIMNOJIb3OBAHUE MATEMATUYECKUX METOOOB
ANATHOCTUKU KAK ®AKTOP 3PPEKTUBHOIO YNPABIEHUA
MEOMUUHCKOU OPITAHU3ALUUEN

O.B. JlozuHosckuii’, [.B. Funée’

" fOxHO-Yparnbckuli 2ocydapcmeeHHbill yHusepcumem, 2. YensbuHck, Poccus,
2 Ypanbckuli pedeparbHbill yHUSepcumem umeHu nepsozo [peaudeHma Poccuu
b.H. EnbyuHa, 2. EkamepuHbype, Poccusi

JlaHHas cTaThs 3HAKOMHUT C OCHOBHBIMH MaTeMaTHYECKHUMHU METOJaMU AUArHOCTHKH 3a00JeBa-
uuil. Ile1blo nccnenoBaHus SBIAETCS NPUMEHEHHE KOMUTETHBIX METOIOB IS JHAarHOCTHKH 3200-
JeBaHMi U1 obecredeHus 3(pHeKTUBHOTO yrnpaBiIeHNsT MEIUINHCKOM oprann3anueil. MeToasl uc-
ciaefoBaHMs. [T JOCTIDKEHHS MOCTAaBJICHHON IETH MCIOJIb30BaH YCOBEPIICHCTBOBAHHBIN METOX
KOMHTETOB, HCIIOJIb30BAHHE KOTOPOTO IMO3BOJSCT 3((HEKTUBHO PEIINTh 3a4a4y AMACHOCTHKH 3300-
neBaHusA. C MOMOIIBIO CTATUCTHYECKOTO aHaiIM3a ObUIM 00paboTaHbI JaHHBIE MO KiIacCHU(pHKAIUN
TOJIOBHBIX 0o0Jieil, Ha KOTOPBIX ObLT anpoOHPOBaH METOJ] KOMUTETOB. BhIBOABI HcciienoBanus. B pa-
00Te BHayaJie HA OCHOBAHMHU M3YYEHHUS BOIPOCA JeNaeTCs BBIBOJ, UYTO AMATHOCTHUKA SBISIETCS BaXK-
Heime#t 3agaueit s ocyiiecTriIeHUS 3GGEKTHBHON ACSITEIBHOCTH JTIO00I0 MEAMIIMHCKOTO YUPEiK-
neHus. Jlanee, B TeopeTndeckol 4acTH, GOPMyNUPYIOTCS OCHOBHBIE MOJAENH TUATHOCTHKH, TaKHCE
KaK JUCKPUMHHAHTHBIH aHAIW3 W TaKCOHOMHS (KJacTep-aHayin3). 3aTreM Ui JAWarHOCTHPYIOIICH
CUCTEMBI IPUMEHSIOTCS METObl AUCKPUMHUHAHTHOTO aHAIN3a, HO3BOJISIONUE MEAULINHCKYIO 3a1a4y
CBECTH K CHCTEME JINHEHHBIX HEPaBEHCTB, HCIIOIB3YS MPHEM PasiIoKeHHs (QYHKIMH MO 0a3MCHBIM
¢GyHKIMAM. B KOHIIE CTAaThH eNaroTCsl BaXKHBIE BHIBOJBI O TOM, YTO MTEPALIMOHHBIC METOABI pelle-
HUS 9TOH 3aJjaudl TPYHNIUPYIOTCS B OCHOBHOM BOKPYT METOJA JIMHEHHON KOppEKLIHHU, a KOHEUHbIE
METOABI — BOKPYI' CUMILICKC-METOAA. Taxoke 3aTparuBacTCsd BOIIPOC HCIIOJIB30BaHUA KOJJICKTHBOB
peLIaoIIKX IPaBUJ B IaKeTaxX NMPUKIAAHBIX IporpaMM. Jlanee B kauecTBe NPAaKTUYECKOM YacTH pac-
CMaTpuBacTCA MPUMEHCHUC ONMCAaHHBIX METOJOB Ha KOHerTHOI‘/'I MeI[PIHI/IHCKOﬁ 3aga4c, a UMCHHO
Ha TUAarHOCTUPOBAHUHU NEPBUYHBIX I'OJIOBHBIX Oouteii Mo IIpU3HAKaM. JIJ'IH PEeUICHUSA 3a/lauU CTPOATCA
pelaromuye npaBuia, IBISIOIINECS CIEACTBUEM AUCKPUMUHAHTHOTO aHaimu3a. i aTux 1eneit moa-
KJIF04aeTCsl METOJ KOMHTETOB, a B CPABHEHHM C HUM IPUMEHSIOTCS Ipyrue MeToAsl. Pe3ynpTaTsl
MOKa3bIBAIOT JTYYIIYI0 MPOTHOCTHUYECKYIO CHIIY Y METOAAa KOMUTETOB. B 3aKio4eHnn 1enatTcs Bbl-
BOJIBI TIPO CBOECOOPA3HYIO0 CHENU(UKY YNPABICHUS MEAWLIMHCKUMH OPTaHM3alUsIMU U BBIICISIETCS
KpUTEpHH — NpaBUIbHAS U CBOEBPEMEHHAs JUArHOCTHKA — KaK OJUH U3 OCHOBHBIX, MO3BOJIIOLINX
TOBOPHTH 00 3P (PEKTUBHOCTH YIIPABIECHHS C TOUYKH 3PEHUSI OXPaHbI 310pOBbs HACEIECHUs, YTO U SIB-
JSIeTCSl BAKHBIM B KOMIIJIEKCHOM TOAXOZAE OUEHKH 3()(EKTHBHOCTH MEIWIMHCKON OpraHH3alyy.
3akiouenue. Pa3paboTaHHBIA METOM, CBA3aHHBIN C JUATHOCTHPOBAHHUEM TOJIOBHBIM 0OJEH, cMor
obecrieunTh 3PPEKTUBHYIO PabOTy Bpadei ¥ MO3BOIKMI CHH3UTh IIOCTAHOBKY HEMPABHILHOIO IHAr-
HO3a B 2 pa3a, YTO COOTBETCTBEHHO MOBBICHIIO KA4eCTBO MEAUITUHCKON TTOMOIITH.

Knouegvie crnosa: meouyunckas OuazHOCmMuKa, mMemoo KOMumemos, 3gpghexmusnocms ynpas-
JIeHUsl, KOMNJeKCHbI NOOX00.

BBenenue

J171s OIIeHKHM Ka4yecTBa OKa3aHWs MEAMIIMHCKOMN TOMOIIM WM MEIUIIMHCKON YCIYTH 1eJIeCo00pa3Ho
WCIIONIb30BaTh KOMIUIEKCHBIM METOJ], KOTOPBIH Hanboee mprueMiIeM IS YIIPaBICHUs Ka4eCTBOM MeIH-
LIMHCKOM MOMOIIU. B OCHOBY €ro nojoeH CUCTEMHbIA aHaJIN3 TEXHOJIOTHUH NpPOolEecca, B3aUMOIECTBUS
MoApa3AeTICHUH METUITMHCKON OpraHU3aIii U KOPPEISAIIMOHHON 3aBUCUMOCTH TOKa3aTeNIe MX paboThHI
C y4eTOM BKJIaja B OOIIUIl pe3ynbTar. 3/eCh MPUMEHUMBI HHCTPYMEHTHI, UCTIOIb3yEeMbIe TSl yITydIle-
HUSA MIPOLIECCOB MIPOU3BOJCTBA, SKCIEPTHBIA METOJl U CaMbl€ MPOTPECCUBHBIE — MATEMAaTHYECKUE METO-
nel. TeM He MEHee MepBoe, Ha YTO O0paIlaroT BHUMAaHKUE IPHU KOMILICKCHOM MOAX0JIE, 3TO Ha KOPPEKT-
HOCTh U CBOEBPEMEHHOCTH MOCTAaBJICHHOTO AUArHo3a. VMIMEHHO OT HpaBHJIBHOCTH JUArHo3a 3aBUCUT
JanbHeillee afeKBaTHOE JICUCHHE, BBI3JOPOBICHUE YETIOBEKA U YIYUIICHHE €r0 KaueCTBa KU3HU, U KaK
CJICJICTBHE — MOBBIIICHUE CYyOhEKTUBHOM OIICHKH KaueCTBa OPraHu3aluy JieueHus. FIMeHHO Oe3 IOJIHOro
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JIUana3oHHOr0 AMarHo3a HEBO3MOXKHO BCKPBITh MCTHHHBIC MMPUYMHBI 3200JI€BaHUs U MOIYyYUTh dPQek-
TUBHOE JiedeHue. [locTaBieHHBIH AMarHo3 MO BHEIIHUM IPOSBICHUSM TIOPOi He OOBSCHSET MPUYNHY
3a00JIeBaHU, YTO TOBOPUT 00 YCTAPEBIIUX METOAAX AUATHOCTUKH. J{JIsl TOCTHKEHHUSI TIOBBIIICHUS TIPO-
LIEHTA NPABMIBHOW JUATHOCTUKHA HEOOXOIUMO M3YyYCHHE M aHaJHM3 CYIIECTBYIOLIMX METOIOB JHArHO-
CTHKH 3a00JIeBaHMI M WX OICHKA C TO3HUIUH COOTBETCTBHS COBPEMEHHOMY HAayYHO-TEXHHUYECKOMY
YPOBHIO. YBEIMYCHUE YKCIIa MPABUIBHO TIOCTABIICHHBIX JHAarHO30B MPUBE/IET K TIOBBIIICHUIO KAauecTBa
OKa3aHMs MEAMLIMHCKON MOMOIIY M MEIUIMHCKON YCIIyTH B LiesioM. HecMoTps Ha oOunue cymiecTByro-
IIMX METOJOB JAMArHOCTHKH, BCE €LIE OCTAIOTCs Hepas3pelInMble MpoOsieMbl B 3ToH oOnactu. Bpauam
NPUXOJIUTCS CTAIKUBATHCA C METOJIAMH, TIPU KOTOPBIX HEOOXOIUMO 00paboTars O0IbIoi 00BEM pas-
HOPOAHOH HH(pOpMaLuK (CUMIITOMOB) U MOMBITATHCS 10 HEH KnaccuuuupoBats 60se3Hb. Takum obpa-
30M, B&KHO HAWTH TOUHBIE METO/IbI ONIMCAHMS, UCCIEIOBAHMS, OLIEHKN U KOHTPOJIS IIpoLiecca MOCTaHOB-
KU Auarfo3a. Hamrydmmii myTs K TOYHOCTH U JIOTUKE PACCYXICHHI NPU PElICHUH 000 3a1a9u — 9TO
MaTeMaTHYecKHid oAX0/l. B mpHUHIHIIE 3TOT MOX0/1 MOXKHO BHIOMPATh HE3aBUCUMO OT TOTO, HACKOJIBKO
TPYZAEH M CIIOKEH paccMaTpuBaeMblii Bonpoc. Ecnu Mbl nmeeM A€o ¢ GOJIBIIMM YUCIIOM B3aUMO3aBU-
CHUMBIX (haKTOPOB, OOHAPYKUBAIOIIUX 3HAYUTEIHHYIO €CTECTBEHHYIO H3MEHYHBOCTD, TO JUISL JOCTATOYHO
3¢ PEKTUBHOTO OMUCAHUS CIIOKHOW CXEMBI UX BIIMSHUS CYIIECTBYET JIUIIb OJIUH CIIOCOO — UCTIONb30Ba-
HHE COOTBETCTBYIOLIETO CTATUCTUYECKOr0 MeToAa. Eciam 4ucio ¢pakTopoB MM YUCIO KATETOPUIl JaH-
HBIX OY€Hb BEJHKO, TO JKEJATEeIbHO, WM JaKe HE0OXOIUMO, HCIOIb30BaTh KOMIBIOTEP, YTOOBI HCKO-
MBIE PE3yJbTaThl MOXHO OBUIO TOJYYUTH 32 JAOCTaTOYHO KOPOTKOe BpeMs. Takoil moaxoj HU B KOel
Mepe He yMalseT 3HaYeHUsI HHTYULH U BOOOPaXEHHUSI.

1. Moaeau 1 TMATHOCTHKA

UccnenoBanne 00bEKTOB WM SBJICHUNH HAYUHAETCS ¢ IOCTPOEHUS] HEKOTOPBIX MCXOTHBIX MPENAIo-
JIOKEHUH U THIIOTE3 O €r0 XapaKTEPUCTUKAX. BRIABUTAIOTCSA MPEANONOKEHNS O TOM, KaKue CBOMCTBa
SIBJIAIOTCA CYHIECTBEHHBIMHM, B KAKUX MpeAenaax 3TH CBOMCTBA BapbUPYIOT, KaK UX U3MEpATh. B pe3ynsb-
TaTe JKCIEPHUMEHTOB M JKCIepTH3 (opMHpYyeTcss Marepuai HaOJIOJEHHH, Ha OCHOBaHHH KOTOPOTO
MOJKHO BBIIBUHYTb YTBEPKACHUS, HA3bIBAEMbIE 3aKOHOMEPHOCTAMH. 3aKOHOMEPHOCTH HY>KHBI JJIS1 CUC-
TEMaTU3aliu U OOBSICHEHUs] MaTepuasia HaONMIOICHUH, a TaKkKe AJSl IPOTHO3UPOBAHUS HOBBIX (DaKkTOB
WJIH Pe3yJIbTaTOB HOBBIX BO3MOKHBIX 3KCTIEPUMEHTOB MIIH IKCIIEPTHU3.

B HamieMm uccieoBaHUM MPUHIUITAAIBHBIM SIBJISIETCS. BONIPOC O MOJAETHPOBAHUH HE(OPMAIHLHOTO
3HaHHA. KiTr04eBBIMU MOHATHSMHU B 3TOM MPOLIECCE ABISIOTCS TUarHOCTHKA U MaTepuall IPELEACHTOB.

Urak, moOble 1Ba 00beKTa MOTYT OBITH MOJENSIMU JAPYT JApyra. Ho nuie HEKOTOpble 0OBEKTHI MBI
BBIOMpAEM B KauecTBE MOJXOJSAIINX MoJesiell. DTOT 0TOOp BeleTcs Ha 0a3e BBISABICHHUS PEJICBaHTHBIX
CBOWCTB, CBSI3BIBAIOIINX OOBEKTHI MEXKIY COOOM.

[Ipu mocTpoeHnH MaTeMaTHYECKUX MOJENEH paclo3HaBaHUs 00pa30B OJHUM M3 OCHOBHBIX HCXOJ-
HBIX TTOHATHH SABJSETCS MOHATHE Kiacca (paHee KIacchl YacTO Ha3bIBAIM «00Opa3zaMu», HO TOHATHO, YTO
TEpMUH «00pa3» B IaHHOM Cilyyae BECbMa HEyJaueH, Bellb peub UACT HE TOJIBKO O 3pUTEIbHBIX 00pa3-
ax). 3aeck moA KiaccoM OyaeM MOHMMAaTh MPOCTO HEKOTOPOE MHOXKECTBO OOBEKTOB, CXOIHBIX IPYT C
JIPYTOM B OIpEIeIEHHOM OTHOIIECHUH.

Mopens 00BEKTa WM CUTYallu — 1 -MEPHBIH BEKTOP COCTOSHHS

x=[x,....,x,],
rJe X; —3HaueHue i -ro NpHu3HakKa (i -ro napamerpa, u3MepseMoro Ha 0ObeKTe).

[TpocTpaHCTBO COCTOSIHUI OOBEKTOB — 71-MEPHOE BEKTOPHOE MPOCTPAHCTBO, MPOCTPAHCTBO R” .
B sTOM mpocTpaHCTBE pearbHOE MHOXKECTBO COCTOSHUI OOBEKTOB HalIeH KaKOH-THMOO KOHKPETHOM 3a-
Jlauu o0pa3yeT IoImycTuMoe MHOKecTBO D . Jlanee momycTuMoe MHOKECTBO TpeIoaraetcst pasouThiM
Ha Kkiaccel: D =UD;. OO0BEKThI OHOTO KJ1acca CXOIHBI APYT € APYroM B HEKOTOPOM OTHOILEHUH, 00b-
€KTBI Pa3HBIX KIIACCOB Pa3IMYAIOTCs [0 3TOMY OTHOIIEHHIO. [Ipr 3TOM MBI IIpe/roiaraeM, 9To Mbl 3Ha-
€M, 4TO €CTh HEKOTOpbIe Kiacchl. Ho Kak IMEHHO OHM MOCTPOEHBI, 3TO HaM Heu3BecTHO. W uHpopma-
LHs1 0 KJlaccax, KOTOPOH MBI peasIbHO paciojaraeM, — 3TO IpUMepbl 00bEKTOB U3 pa3HbIX KiaccoB. Cre-
JI0BaTeJIbHO, Mbl 3HAa€M MpELeIeHTHbIE TTOJMHOXKECTBA KIACCOB: A; — M3BECTHOE HAM IOJMHOXKECTBO

knacca D;. B 3agade TMCKPUMHUHAHTHOTO aHaiu3a TpeOyeTcs Mo 3Toi MH(GOpPMALUM COCTaBUTH Ipe]-
CTaBJICHHE O KJIAcCaX W JIaTh WX aHAINTHYECKOe onmucanne. HampumMep, y Hac €CTh 3K3eMIUISPBI TEXHO-
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JOTUH, 3PPEKTUBHOCTH KOTOPBIX MBI 3HAEM U3 MPOM3BOJICTBEHHOTO ONbITa. TpedyeTcs maTh MporHO3
3¢ (HEeKTUBHOCTH ISl HOBBIX MPEAIONIaraeMbIX TEXHOJIOTHH, €Il He MPOIIE/IINX JOCTATOYHYIO TPOBEP-
KY B pCIBHOM IIPOU3BOJICTBE.

ITonsTHO, U4TO 3a7a9a TUCKPUMHHAHTHOTO aHATN3a C HECKOJIBLKIMH KJIacCaMH CBOJMTCS K MOCIIEO-
BaTEIBLHOCTH 3a/1a4, KaK/as U3 KOTOPhIX AByxkimaccoBas [1]. IloaTomy HaM 10OCTaTOYHO MOSCHUTH, Kak
pernaeTcs 3aada IOCTPOCHUS MOJIETICH ABYX KJIACCOB I10 WX MPEIEICHTHRIM MHOXKECTBaM A U B . DT
MHO>KECTBA SABIIAIOTCA 4aCTAMHU MHOXecTB D), D, , Ha KOTOpbIE Pa30UTO JOIyCTUMOE MHOXKECTBO D B

3aJTaHHOM MPOCTpaHCTBe R” .
[ocnenuss 3anava pemaercs tak. Ctpoum ¢pynkuuto f(x), rae x mpoderaer AOMyCTUMOE MHOXKeE-

crBo D . Ora (yHKIUS onpenenseT NOBEPXHOCTh, ONpeaeisieMyto ypaBHeHrneM f(x) =0, npuuem yka-
3aHHas TOBEPXHOCTh pas3lenseT MHOxecTBa A u B. Drto 3Hauut, uyro f(x)>0Vxed wu

f(x)<0Vx e B. Ecnu ota 3anava pemieHa 1 GyHKIus f(x) SBISETCS €€ PEUICHUEM, TO MBI TOJydaeM
MPaBUIO TUATHOCTHKH (OHO K€ — MPAaBUJIO KJIACCHU(UKAIMK) JIF0OOT0 HOBOTO 00BEKTa, BEKTOP COCTOSI-
HHMsA KOTOPOrO — 3TO, Hampumep, BEKTOp y =[)y,...,»,]. A MMEHHO, Mbl nonaraem: y €D, eciu

f(y) >0,u yeD,, ecu f(y) <0. Ecnu xe f(y) =0, TO y NpUHAMJIEKUT TPAHULIE MEXKIY ITUMU
KJIACCaMH.

Cremyromiasi MOJIENb paclio3HaBaHus 00pa30B — 3TO 3aja4a TAKCOHOMUH (3a7a4a aBTOMATHIECKOM
KiaccuUKaI|y, 3a/1a4a pacrio3HaBaHus «0e3 yuuTelnsn»). B aTol 3anave nano (Kak mpaBuiio, KOHEYHOE)
MHOXeCcTBO M n -MepHBIX BEeKTOpOB. Tpedyercs pa30ouTh MHOKECTBO M Ha HemepeceKarourecs mo/-
MHOXeCTBa (TaKCOHBI), TIPHUEM OOBEKTHI, BXOASAIINE B OJIMH TAKCOH, JIOJDKHBI OBITh JOCTATOYHO OJIH3-
KHMHM JPYT K JPYTY C TOUKH 3pEHUs 3apaHee BHIOPAHHOTO KpUTepus OJIM30CTH, a DIIEMEHTHI U3 Pa3HbBIX
TaKCOHOB JIOCTaTOYHO JAJEKUMH JIPYT OT JApyra 0 3TOMY e KpUTepHuio. B sKkoHOMHKe — 3Ta 3ajaya
KJaccu(puKaIng, UX Macca.

Crenyromast 00macTb 3ajad pacro3HaBaHusl 00pa3oB — ATO 3aJauu BHIOOpA MPHU3HAKOB, UX MPE00-
pa3oBaHus, 5TO 3a7aydl OLEHKH MPHU3HAKOB U CHCTEM MPHU3HAKOB. DTO HA3bIBACTCS OOILMMH CIIOBAMH:
pewmuTs 3a1auy 00 HHPOPMATUBHOCTH MPU3HAKOB [2].

Urak, MaTeMaTHUECKHE MOJEIN M METOJABI B MPUKIAIHBIX 00JACTSAX JOJDKHBI CYIIECTBEHHO HC-
MOJIb30BAaTh JIMArHOCTHKY, TaK KaK OCHOBaHHBIC Ha HUX CHCTEMBI JOJDKHBI pa0oTaTh B YCIOBHSIX CYIIe-
CTBEHHOM alpHOPHOI HEOMpPEeeIEHHOCTH 3HaHU O CBOMCTBAX BHEIIHEH cpepl. DTO JenaeT 3aTpyaHH-
TEJNBbHBIM KOHCTPYHPOBAaHHE MX TOJIBKO HAa OCHOBE allPUOPHBIX AaHHBIX. TakuM 00pa3zoM, HEOOXOAUMO
CO3JJaHHE CHCTEM, CIIOCOOHBIX B peXuMe (PYHKIHMOHUPOBAHUS U3MEHATH Ha 0aze 00pabOTKH HOCTYMHON
TeKyler uHpopMauuu CBOM HapameTpbl WM CBOI CTPYKTYPY C TeM, YTOOBI ¢ TE€YEHHEM BPEMEHH
o0ecTeunTh BHIMOJTHEHUE LEJIEBBIX YCTAHOBOK U 3a7ad. Takue CUCTEMBbl Ha3bIBAlOTCS 00y4aeMbIMHU HITH
aJIaTHBHBIMU. B MX ocHOBE — Kilaccu(UKAIHS COCTOSHHH.

ITon cuctemoil moapa3zymMeBaeTCsl YCTPOMUCTBO WIIM MOJIENb, OCYIIECTBIIONNE OTOOpakeHHe (Kak
MPaBIJIO, OJJHO3HAYHOE) MHOKECTBA BXOJIHBIX CTUMYJIOB MJIM CUTHAJIOB BO MHOKECTBO BBIXOJIHBIX CHUT-
HaJIOB. BXOAHBIE CHTHAJIBI MOKHO Ha3bIBaTh M300PaKEHUSIMU, BBIXOIHBIE — OTKIIMKAMH cHCcTeMbl. Pac-
Mo3HaroUIas (IMarHOCTUPYIOLIAs) CHCTeMa WK KiacCU(pHUKATOp — 3TO CHCTEMa, CIIOCOOHAs K Kiaccugu-
KallMi MHOXECTBA M300pa)KEHHI B COOTBETCTBUH ¢ HEKOTOPOU anpHopHOU Kinaccudukanuei [3].

2. MaTtemaTnuyeckue MeTOAbl 00y4YeHHs TUATHOCTUKH

Belmie MbI ipeienbHO KPaTKO MEePedHCIIIn HEKOTOphIe HJIed METOA0B pacrno3HaBanus. Ceituac Ha-
CTYIHJI MOMEHT JJISl CKAaTOTO U3JI0KEHUS KITF0UEBbIX MOMEHTOB.

Brauane paccMOTpUM METOBI PELICHUS 3aaull JUCKPUMHUHAHTHOTO aHaJM3a, TO €CTh CIEAYIOIIeH
3aJaud: HaUTH pa3aensiomyo GyHKouo f U3 QyHKIHOHATBHOIO Kjlacca F Takyro, 9To

f(x)>0Vxe 4, f(x)<0VxeB.

[Nonmasnstomias rpymmna METOIOB PEIICHHUS ATOH 3a/1a4d OCHOBAaHA HA €€ CBEJCHUH K JIMHEHHBIM He-
paBeHCTBaM, a JUIs HaXOXICHHUS PEIICHUs] CUCTEMbI JIMHEHHBIX HEPABEHCTB MPUMEHSIOTCS UTEPaIllUOH-
HbIE METOJIbI [4].

Uro0Obl cBecTH 3aja4y IUCKPUMHHAHTHOTO aHAIM3a K JIMHEWHBIM HEPaBEHCTBAM, IOJIb3YIOTCS
npueMoM pasnoxeHus: GyHkiuu f(x) mo OasucHeIM QyHKIusM. Tornga 3amava AUCKPUMHUHAHTHOTO
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aHaJIM3a CBOJUTCS K MOUCKY KO3(DQUIIMEHTOB pa3ioKeHHUs, a OTHOCUTEIHHO 3TUX KOI(PPHUIIMEHTOB I10-
JTydaeM CUCTEMY JIMHEWHBIX HepaBEHCTB [5].

[Ipu 3TOM UTEpAMOHHBIE METOIBI PEIICHIS 3TOM 3a7a4u TPYIIUPYIOTCS B OCHOBHOM BOKPYT Me-
TOAA JIMHEHMHOM KOPPEKLUH, a KOHEYHbIE METOABl — BOKPYr CHUMILUIEKC-MeTona [6]. MHorue makersl
MPHUKJIATHBIX MIPOrPaMM HCIIONB3YIOT 0ojiee 00IMe KOHCTPYKIIMHU JJIsl IMHEHHBIX HEepaBeHCTB [7]. OTu
KOHCTPYKITUHU TTO3BOJISIOT HAXOJUTh KOJIJICKTUBHI PEMIAONMX MpaBwil. [Ipu 3TOM IOKa3aHO, 4TO KOJI-
JIEKTUBBI O00see 3P PEeKTUBHBI, YEM SIMHUYHBIC MpaBWiIa. boliee TOTro, KOJIIEKTHUBBI MPABUIT IPUBOMIAT K
HelipoHHBIM ceTssiM. Hanbonee riry0oko pa3paboTaHHasi TEOPUS B TOM HAMpaBICHUU — 3TO TEOPHUS KO-
MHUTETOB M KOMHUTETHBIX KOHCTpyKIMii [8]. B pamkax 3ToH Teopuu MOIY4YECHBI TOYHO OOOCHOBAaHHBIC
MIpaBIJia KOJUICKTUBHBIX PENICHUH AMATHOCTUKU W TIPOTHO3UPOBAHUS COCTOSIHHNA 00BEKTOB. OTMETHM,
YTO MapaiokC Ippoy, OTHOCIIIUIC K KOJUIEKTUBHBIM METO/IaM YIOPSI0UYeHUs 00hEKTOB, HE HAOI0Ia-
eTCs B CTy4ae JUArHOCTHKH.

3. KonstekTHBHBIE METOAbI IHATHOCTHKHA

Paznensromuit KOMUTET — 3TO Mojedh KoHcuauyMa. C ero moMouiso MOKHO, UCIIONB3YS TOJBKO
nvHeHHble Wwin adGUHHbIC (GYHKIIUH, KOT/Ia IPHHUMAIOT B PACCMOTpPEHHE Beca MPHU3HAKOB, COCTABIISTH
KOPPEKTHBIEC KOJUIEKTUBHBIE PEIIAIOIIUe IPaBUiIa AUATHOCTUKU U KJIacCU(UKAIIHH.

MeTton KOMUTETOB — 3TO MOJIHOCTBIO COBPEMEHHBIH WHCTPYMEHTapuil MH(POPMATHUKH, TO3BOJISIO-
U peraTh caMble TPYIHBIC 3aaa4u [9].

C Gomnee oOuIel TOUYKH 3pEHUS] METOJ KOMHUTETOB — 3TO alapaT aHaju3a MPOTHBOPEUMBBIX MOJE-
Jieid, cioco® KOPPEKTHON pa3BsA3KH MPOTHBOPEUHH C yKa3aHUEM CMBICIIA 3TOH Pa3BsI3KH.

Ecnmu cpaBHHUTH KOMHTET ¢ METOZOM OJIDKAMIEro cocena, B KOTOPOM TaKKe JaeTcs HeJIMHEWHas
(B WacTHOM cilydae KyCOYHO-TMHEWHas) (yHKIUS MPUHATHS PELICHUH, TO UCCIEIOBAHUSAMH TTOKA3aHO
(yHAaMEHTaTIBHOE TIOJOXKUTEIBHOE OTIIMYME METOIa KOMUTETOB: Y HEro 0oJiee MHUPOKHE BO3MOKHOCTH H
Oonee riryOoKoe MaTeMaTHUECKOe 0O0CHOBAHUE — OH 00JIee BRIYUCIUTENHHO d(h(DEeKTUBEH, IPUTOICH IS
OoJiee MMPOKOTO Kpyra 3a7ad BeIOOpa, B TOM YHCIE JUIS 337a4 BEIOOpa M CPaBHEHHsI BAPUAHTOB MPAK-
TUYECKUX pelIeHUH. MeTox KOMUTETOB — 3TO LieNask TEOPHs, Pa3ied COBpeMEHHOW MaTeMaThkH [10].

Ho cnpammBaercsi, B 4eM BCe-TaKd MO>KHO YCMOTPETh 3()(hEeKTUBHOCTH METOAa KOMUTETOB?

Ona nokazaHa MPAaKTHYECKON M TEOPETHUECKON anpoOalieli, yCenHbIM PEICHUEM MAacChl TIPaKTH-
YyecKHx 3a1a4. Ha KOMUTEeTHBIX KOHCTpYKUUAX ocHOBaH nakeTr KBA3AP, onuH U3 HEMHOTHX MOTY4HB-
IIMX IIHAPOKOE MPU3HAHUE U IIHUPOKOE BHeApeHNE B PO, 0H MMeeT 1 KoMMepUecKyro peanu3anuro [11].

KakoBa cBsi3p METO/Ia KOMHTETOB C METOIaMHU KyCOYHO-IMHEHHBIX perratonmx GyHkuuii? Unm xy-
COYHO-HETIPEPHIBHBIX ?

MeToa KOMUTETOB JaeT KyCOUHO-TMHEHHbIE U KyCOUHO-HETIPephIBHbIE peliaroniye npasmwia. M Beskas
3a71a4a, paspernmas B Kiacce JMHEHHBIX Wi ahGUHHBIX QYHKLIHN, pa3peliMa i METOA0M KOMHTETOB.

HckmountensHO BaXKHO TO, YTO METOJ KOMHTETOB UMEET HEeMpOCceTeBO BapHaHT U MO3BOJISET I10-
CTPOUTH MHOTOCJIOHHYIO HEHPOHHYIO CETh [UISl AUATHOCTUKH U IPOTHO3UPOBAHHMS.

OLeHKH CI0KHOCTU MAaTEeMAaTHYECKH BBIBEACHBI: OHM OTBEYAIOT B TOUHOCTH CJIOKHOCTH CaMoil pe-
maeMoi 3amauu. Hampumep, eciu B 3amade quddepeHIMalbHON THarHOCTHKH KJIacChl OYCHb CI0MKHO
pa3IN4aloTCs, TO 3Ta CIOXKHOCTh OYJET U B pa3iessiomeM KOMUTeTe. B MUHUMAaIBHOM pa3liesonieM
KOMHTETEC HE HY)KHO HCIIOJIb30BaTh MaMsTh OOJIBIIYIO, YeM B MaTepHaje MpELeleHTOB, HA KOTOPOM
00yJaroTCsl AMArHOCTHKE.

B meTone KOMUTETOB OIIEHHBAETCS U BaXKHOCTh MPU3HAKOB. HampumMep, CHMIITOMOB M CHHJIPOMOB.
OHu onpeaensIoTcs BENWYMHAMH KO3(QHUUUEHTOB NPU INEPEMEHHBIX B KOJUICKTHBE Ppa3AesIsSIOIIUX
(hyHKIHA.

Take CTOMT OTMETUTh, YTO METOJI KOMHUTETOB CTPOUT CIIOMCTYI0 HEMPOHHYIO CeTh. DTO OIUH U3
HanOoJee BaXHBIX U 3(PPEKTUBHBIX KIacCcOB HEHpOHHBIX cereil. Ecnu orpy0msars, To Apyroil kmacc —
¢ OOpaTHBIM paclpoCTpaHEHHEM OLIMOKK — 3TO HE YTO MHOE, KaK MPUMEHEHHE AaBHO M3BECTHOI'O METO-
Jla HAMMEHBIIINX KBaJpaToB, HO €CTh U JAPYyTue Kiacchl HEHPOHHBIX ceTell.

4. Ilpumep penieHusi 3a1a4M TUATHOCTUKH 3a00J1eBaHMil Ha 0a3e ONMCAHHBIX METO0B

Hamu Opima pemieHa 3amada, TocTaBlIeHHas HeBpolioraMu. HeoOXOoAmMo IMMOCTPOUTH pelaroliee
MPaBUJIO, TTO3BOJIIONIEE BEPHO JUATHOCTHPOBATH MEPBUYHYIO TOJOBHYIO 0O0JIb, 8 UIMEHHO TOJOBHYIO
00nb HampspKeHUs U MUTpeHb. CortacHO MPOBEAEHHBIM UCCIIEAOBaHUAM KoJuter-MeaukoB [12], B 80 %
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ClIlyyaeB JMArHo3bl IO TOJOBHBIM OO0JIIM OBUIM MOCTABJICHBI HEBEPHO, TAK YTO 3a/ada SIBISCTCS aKTy-
JIBHON M Ba)KHOH, TaK KaK METOJIbI JICYCHHUS ITUX BHIOB 'OJOBHBIX 00JIeH COBEPILICHHO pa3Hble. Meau-
KM coOpaiu JaHHbIe, @ UMEHHO MIPOBEIH MOITYCTPYKTYPUPOBAHHOE WHTEPBHIO C 3aIIOJTHEHHEM aHKETHI Y
TPEX COIMANBHBIX TPYIII: JOHOPHI KpoBH, paboune CypryrHedrel asa, crynentst YIMY u YpOV.

AHKeTa BKJIIOYAJIa XapaKTEPUCTUKU TOJIOBHBIX 0OJel, BO3pacT, B KOTOPOM Ha4ajHCh TOJIOBHEBIE 00-
71, yacToTy OO0JIeH 3a MOCIEeIHUI roJl M YaCTOTY B MECSL, UX JCYCHHE, UCIIOIb30BaHUE aHAIBIC€TUKOB U
TPUIITAHOB AJIS1 KyNUpoBaHMs O0Jel, a Takke NPEALISCTBYIOLIYI0 TUATHOCTHKY. 3aTeM HaMH ObLIH
chopMupoBaHbl Tpu 0a3bl AaHHBIX Ipo Ms Excel aiis nocienyrolieii MaTeMaTH4eCKONH 00pabOoTKH.

s mocTpoeHus peiaoniero mpaBuiia UCII0JIb30BaId BHIOOPKY JOHOPOB KPOBU KaK CUHATAFOIUXCS
OTHOCHUTEJILHO 370pOBEIMU (0€3 XpoHHUecKux 3aboneBanuii). Beibopka Oblia ynopsgodeHa no aigasu-
Ty IUIS TOTO, YTOOBI ObUT «CITy4alHbII» MOPAIOK BEKTOPOB. bbl1o BEIOpaHO 56 BEKTOPOB C (akTOpoM
«MUTpeHb» U 147 — ¢ «ronoBHAas 00Ib HAMIPSHKCHUSD).

[IpuBeném CIMCOK MCMOJB3YIONMIMXCSI TPU3HAKOB B Ta0M. 1.

Tabnuua 1
Table 1
Ne [TpusHak Ne IIpuznak
1 | Auarno3 (1 — murpens, 2 — I'bH) 18 | Ilynmecupyromme
2 | OnHOCTOpOHHHE 19 | Cnabblie
3 | JIBycropoHHHE 20 | YMepeHHBIE
4 | B 106Hoii o0nactu 21 | CunbHble
5 | B BucoyHoM 22 | Pa3zuble
6 | B remennoit 23 | Ycunernue npu oObIMHOM (HU3HMYECKOM Harpy3Ke
7 B 3aTeputounoin 24 | IIpomomxkurensHOCTh I'b < 1/2 waca
& | B 110y10BUHE T'OJIOBEI ClI€Ba 25 | [IponomkurenbHocTh I'b 1/2—4 vaca
9 | B nmonoBuHe royioBsl cpasa 26 | IIpopomxurenpHocTs I'b 5-23 yaca
10 | JaBsiue 27 | HpogomxutensHocTh I'b 1-3 nua
11 | B Buge «obpy4a» 28 | llpomomxutenpHOCTs I'D 4—7 mueit
12 | Komromue 29 | lIpogomxutensHocTh I'b > 7 nuelt
13 | MOHOTOHHBIE 30 | TomrHOTa
14 | Horomue 31 | Peora
15 | Tynsie 32 | ®orodobus
16 | Pacrupatomme 33 | ®oHODOOUS
17 | Jlomsimue 34 | I'onoBokpyxeHue

[lepBrIii MpU3HAK — Ki1accooOpa3yromuii, B Ipoliecce MOCTPOSHHSI PEIIAOIINX MPaBMJI HE WCIIOJb-
3yercsl.

3arem Obla nmpoBeaeHa o0padoTka B makere KBA3AP, a Taxke npu ucnons3zoBanuu R-studio. bri-
Jla TpoBeZieHa HOPMHUPOBKA 3HAUCHHWU MPU3HAKOB, OICHKAa WH()OPMATHBHOCTH NPHU3HAKOB W 3aJaHUC
Pa3sMEpPHOCTH IIPOCTPAHCTBA, IIOCTPOECHUE PELIAIOLIETO IPAaBUIa OJHUM U3 aJITOPUTMOB:

— PeKypPEHTHBIN anroput™ JuHelHoro paszaenenus 2 MmuoxecTs (b.H. Kosunen);

— MeToJl MoTeHIManbHbIX GyHKImH (A.I'. Apkangse, 3.M. bpaBepman);

— noctpoenue komureta crapmuacTsa (W.L. Osborne, H.I'. beneukuit);

— METOJI CIIy4alHOro JIeca;

— METO/JI ONIOPHBIX BEKTOPOB (SVM).

OntrManbHBIM MOMYYHIIOCH UCTIONB30BaHKue § Hanbosee MH(GOPMATUBHBIX MPHU3HAKOB. B merone
OIIOPHBIX BEKTOPOB UCII0JIb30BAJIOCH [AYCCOBCKOE SAPO.

st otieHKH HHPOPMATHBHOCTH PU3HAKOB UCIIOJIB30BAIUCH J[BA aJITOPUTMA!

[TycTb umeetcs k 00y4arouX MoABBIOOPOK BEKTOPOB: X, ..., X; € R" COOTBETCTBEHHO YHCIY pac-
CMaTpPUBaEMBIX KJIacCcOB. B COOTBETCTBUU C MEPBBIM AITOPUTMOM (IO PA3HOCTH CPeTHUX 3HAYEHHIT)
JUIS1 KQKJ0T0 IIPU3HAKA BEIYUCISIOTCS €ro CpelHIe 3HAUCHHsI B 3TUX MHOXECTBaX, 0003HaYaeMble yepes

a,”, ..., a,"). IudopMaTHBHOCTS i-ro MPU3HAKA PACCUMTHIBACTCA 110 CIIEAyIOMEH dopmyIie
2 S &0 o
__ = 0 (@
Ji_k(k—l)z Z ‘al am‘.
=1 m=I+1
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anaBneHMe B coOUuMnaribHO-3AKOHOMUMNYECKUX cuctemax

[Ipy ncnoabp30BaHUM BTOPOTO alropuTMa (1o 4acToTam») 00JacTh U3MEHEHUS 3HAYCHUH KaXI0-
ro MpHU3HaKa pa3OuBaeTCs Ha z MHTEPBAJIOB, MIOCIIE YETO PACCUMTHIBAIOTCS OTHOCUTEIBHBIC YaCTOTHI 110~
MaJaHys 3HAYeHUH paccMaTprUBaeMoro MpU3HaKa U3 BEKTOPOB Pa3HBIX KJIACCOB B KaXKJbIH M3 3TUX UH-
TepBaioB. IHGOPMAaTUBHOCTH i-r0 MPHU3HAKA PACCUUTHIBAETCS 10 HopmyIie

J.:LZZ: kz_i i ‘pm 0
i k(k—l) 1t m,t

t=1 I=l m=l+1

2

rie pl(,l)t’ p,(,;,), — YacCTOTHI NONAJAHUK 3HAYECHHWH i-IO IPHU3HAKA U3 BEKTOPOB /[-T0 M m-TO KJIACCOB B

t-i uHTEepBa. 3HAYCHHE YUCIIa HHTEPBAJIOB Pa30MEHHs z 3aBUCUT OT 00beMa BHIOOPOK M PACCUUTHIBA-
ercsa B makere KBA3AP mo u3BectHo#t popmyne 1+ 1,39Inm, rne m — 4YUCIEHHOCTh HaWMEHbIICH

MTOIBBIOOPKH.
[TonyueHHbIC 3HAYECHUST HOPMHUPYIOTCSL:
J; —minJ i
. 'el,in.
Viel,n:J!' = &S
maxJ j—min J f
jel,7 Jjeln

¥ 00pa3yroT OTHOCHUTENIbHbIC 3Ha4eHUsI HHPopMaTuBHOCTHU. 1Ipu 3TOM Hanbonee HHPOPMATHUBHBIN NPH-
3HaK IOJTy4yaeT 3HaueHue 1, a HamMeHee nHpopMaTUBHEI — 0. B pe3ynbrare Bce MpU3HAKH OKa3bIBAOT-
sl YIOPSZIOUEHHBIMU TI0 YOBIBaHHIO MH(GOpMATUBHOCTH B nuanazoHe ot 1 g0 0. [lepBbie 7’ mpu3HaKoB
UCIIOJIB3YIOT B KAUECTBE HCKOMOM MOICUCTEMBI.

Hns kaxporo merona Obula peaiM3oBaHa MepeKpEcTHas mpoBepka. s 3TOro »IeMeHTHl ABYX
KJIACCOB JIEIMIMCh Ha 7 Ipymi, 6 U3 KOTOPBIX UCIOIb30BAIUCH B KauecTBEe 00ydarollel BEIOOPKH, a Of-
Ha B KadecTBe TecToBOU. [Iponeaypa nosropsanach 7 pa3; B UTOTe Kaxkaas U3 6 TPy JaHHBIX HUCIOIb-
30BaJIach Ui TecTUpoBaHus. OCHOBHBIE Pe3yIbTaThl IPUBEACHBI B Ta0. 2.

Tabnuua 2
Table 2
Ne Metoz o6yucHms Yucno Cpennuii IponeHT
/o MIPU3HAKOB | pacro3HaBaHUS Ha dK3aMEHe
1 MeTo/1 NOTCHIMATBHBIX (DYHKITUH 8 94,7
2 MeTtoa KOMUTETOB CTapIIMHCTBA 8 98,8
3 | PekKypeHTHBII aJITOPUTM JIMHEHHOTO pa3AeIeHus] 8 94,6
4 | Merox cimydalfHOTO Jieca 8 95,6
5 | MeTo OOPHBIX BEKTOPOB 8 84,6
6 | Meton ciygaitHoro Jreca 32 933
7 | MeTton OTIOpHBIX BEKTOPOB 32 75,3

[locTpoeHHbIE pemaronye NpaBuia SBISIOTCA «KOMIBIOTEPOOPHUEHTHPOBaHHBIMIY. Kiaccuduka-
A0 C UX MOMOIIBI0 MOXHO TpoBoANTh B makere KBA3AP wim jke Ha MX OCHOBE MOXXHO HamUCaTh
CHENMATFHYI0 PACIIO3HAOIIYIO ITPOrpaMMy ¢ HEOOXOAMMBIM HHTEP(]EHcoM st Bpadel.

5. IloBbimenue 3(pGeKTHBHOCTH YIIPABJIeHUS] MeAULMHCKONH OPraHn3anuu

3a cYeT COBEPIIEHCTBOBAHMSA Mpolecca TMATHOCTUKHU

VYnpasneHne MEAMLMHCKUMHU OPTaHU3ALMAMHU UMEET CBOCOOpasHylo crenu(UKy, TaK KakK 37paBo-
oXpaHeHHne — 0cobast cepa IesATeNbHOCTH, KOTOpask CYIIECTBEHHO OTJIMYAETCS OT APYTUX. 31IECh BO
IJIaBe yria BCTaeT MMEHHO OXpaHa 3/I0POBbSl HaceleHHs. B cBs3U ¢ 3TUM 3P PEKTHBHOCTh YIPaBICHUS
paccMaTpuBaeTcsa HE CTOJIBKO C TOUKH 3PEHHUS IKOHOMHKH, a CKOJIBKO CO CTOPOHBI MOBBIIICHHUS KauecTBa
U TOCTYITHOCTH MEINLUHCKOW TOMOIIH.

Hexotopsie aBTops! [13] mpuaepkuBaroTCsS MHCHHS, YTO JIJISl OTIICHKH KaueCTBa OKa3aHUs MEIUITNH-
CKOW MOMOIIY HJIH MEIUIIMHCKOMN YCIYTH 1eJIec000pa3HO UCTIONB30BaTh KOMIUIEKCHBIN METOJ, KOTOPBIN
HauboJee MpUeMIIeM JUI YIIPaBIeHUS KaueCTBOM MEIUIIMHCKOHN MOMOIIH. B 0CHOBY €ro TOoJ0XeH CHUC-
TEMHBIH aHAJIN3 TEXHOJIOTHU MPOLECCA, B3aUMOAEHCTBUS NOAPa3IeIeHN MEAUIMHCKON OpraHu3aiy 1
KOPPETSIMOHHOW 3aBUCUMOCTH TIOKa3aTesiel ux paboThl ¢ y4eToM BKJIaJa B oOmIMH pe3ynbTar. 31ech
MPUMEHUMBI MHCTPYMEHTHI, HUCIOJIb3yeMble Ul YIyYIIEHHS MPOIECCOB MPOHM3BOJACTBA, IKCHEPTHBIN
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METO/Jl ¥ CaMble TIPOTPECCUBHBIE — MaTeMaTHYECKUEe METObI. TeM He MeHee MepBoe, Ha YTO OOpaIlaroT
BHMMAaHHE MPU KOMIUIEKCHOM monxoje [14, 15], 3To Ha KOPPEKTHOCTh U CBOEBPEMEHHOCTh MOCTABIICH-
HOTO nuarHo3a. IMEHHO OT MPaBWJIBHOCTH NHUArHO3a 3aBUCHUT JANbHEHINEee aleKBaTHOE JICUCHUE, BHI-
3JIOPOBIICHUE YEIOBEKA U YIIYUIIICHUE €T0 KaueCTBA KU3HH, U KaK CJICJICTBUE — MOBBIIICHUE CYOHhEKTUB-
HOW OIIEHKM KauyecTBa OpraHM3aluy JiedeHus. MIMeHHO 0e3 MOJTHOro JMAana3oHHOTO JHUAarHo3a HEeBO3-
MOJKHO BCKPBITh UCTHHHBIC MPUYMHBI 3a00JICBaHUS U MTOJYYUTh 3P PekTuBHOE JeueHue. [locTarneHHbIH
JIUATHO3 IO BHEITHUM TPOSBICHUSAM TIOPOH JAJIEKO HE OOBSICHIET MPUIMHY 3a00I€BaHUM, YTO TOBOPUT
00 ycTapeBImIuX MeTOJaX AUArHOCTHKHU. [|JIs JOCTHKEHUS MOBBINICHUS MPOIIEHTA MIPABUIIBHON JUarHo-
CTUKU HEOOXOAMMO W3YYCeHHE W aHaJIW3 CYIIECTBYIOIUX METOJOB TUATHOCTHKH 3a00JI€BaHUNA W WX
OIICHKA C TO3HIIMA COOTBETCTBHS COBPEMEHHOMY HAYYHO-TEXHHYECKOMY YPOBHIO. YBEIHMYCHHE UHCIIA
MPaBUIBHO MOCTaBJICHHBIX AUATHO30B MPUBEAET K MOBBILICHUIO KAYeCTBA OKa3aHUs MEAUIIMHCKOMN MO-
MOIIY WM MEIULHUHCKOW YyCciayru B ueiaoMm [16]. DTo ke MOATBEPKAACTCS U HALLIUM HCCIEIOBAaHUEM.
A WMEHHO: Halu pa3pabOTKH, CBS3aHHBIC C JIUATHOCTHPOBAHUEM TOJIOBHBIM OOJeH, cMorim obdecre-
4uTh 3QPEeKTHBHYIO padOTy Bpauci-HEBPOJOTOB B MEIUIIMHCKOM IICHTPE JICUCHHUS T'OJIOBHBIX OOJeH
r. EkarepuHOypra 1 mo3BOJMIIO CHU3UTH ITOCTAHOBKY HEMPAaBUIHLHOTO TMATHO3a B 2 pa3a, 4TO COOTBET-
CTBEHHO MOBBICHJIO KaUeCTBO MEIHIIMHCKOM ITOMOIIIH.
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Introduction. This article introduces the main mathematical methods of diagnosis of diseases.
At first, based on the study of the issue, it is concluded that the task of diagnostics is the most important
task for the implementation of effective activities of any medical institution. Methods. Further,
in the theoretical part, the main diagnostic models are formulated, such as discriminant analysis and
taxonomy (cluster analysis). Then methods of discriminant analysis are applied for the diagnostic sys-
tem, which allow reducing the medical problem to a system of linear inequalities, using the method of
decomposition of the function by basic functions. Results. At the end of the article, important con-
clusions are made that iterative methods for solving this problem are grouped mainly around
the linear correction method, and final methods are grouped around the simplex method. The issue of
using decision rule collectives in application packages is also discussed. Further, as a practical part,
we consider the application of the described methods to a specific medical task, namely,
the diagnosis of primary headaches by signs. To solve the problem, we construct the decisive rules
that are the result of discriminant analysis. For these purposes, the Committee method is enabled,
and other methods are used in comparison with it. The results show better predictive power for
the Committee method. Conclusion. In the conclusion the author about kind of the specifics of mana-
gement of medical institutions, and highlighted the criterion of a correct and timely diagnosis —
as one of the main, lets talk about the efficiency of management from the point of view of public health
that is Central to an integrated approach of evaluating the effectiveness of medical organizations.

Keywords: medical diagnostics, method of control, management efficiency, integrated approach.
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PASPABOTKA CUCTEMbl ABTOMATUYECKOI' O PEIYIIMPOBAHUA
®JIEFMOBOIO YACHA PEKTUPUKALIMOHHOWU KOJIOHHbI
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2 MepmcKuil HayuoHarnbHbIl uccredosamernbCKull MoMUMexHUYeckull yHusepcumem,
GepesHukosckul ¢unuan, e. bepesHuku, lNepmckuli kpau, Poccusi

BBenenne. B crathe npuBeneH 0030p criocoOOB yIpaBieHUs YCTAHOBKAMH TEPBUYHON Tepe-
pabotku HedTu. [nst ymydmeHus 3¢GEGEKTUBHOCTH pa3leNeHUus MPeaioKeHO CTaOMIN3UPOBAThH
(rermoBbIe uyncna B pekTH(uKannoHHOH KoioHHE. Llean padoTsl. Pazpaborats cucremy aBTOoMa-
THYECKOTO PETYINPOBaHUS (PIETMOBOTO YMCIa CEKIMU JU3EIBHOTO TOIUIMBA aTMOC(EPHOH KOJIOH-
HBI He(TerepepadaThIBaronell yctaHoBKH. McenenoBars pexuMbl paboThl aTMOC(EPHOH KOJIOHHBI C
y4acTHEM IOJIydYEeHHOH CHCTEMBI aBTOMAaTHYECKOTO PeryaupoBaHus. MaTepuajsl H MeToAbl. Pac-
CMOTpPEHBI 0COOEHHOCTH TIporiecca peKTudukanun Hegtu atMocdepHOro Oiioka HedTenepepadaThI-
BAIOIEH YCTAaHOBKM Majoil MomiHOcTH. OTMEUeHBl 0COOCHHOCTH OTBOJA TEIUIA C IPOMEKYTOYHBIM
UPKYJISIIMOHHBIM OPOLICHUEM IO CPAaBHEHHIO C KPYMHOTOHHA)KHOHM YCTaHOBKOW. BrInonHeH BBIOOD
napaMeTpoB 00beKTa C pasjieieHHeM Ha rpynnbl. [ JOCTH)KEHHsl MOCTAaBJICHHON B paboTe Henu
COCTaBJICHA JAWHAMUYECKAsi MOJENb CEKIMH KOXXYXOTPYOHBIX TEIJIOOOMEHHBIX allapaToB Ui Ha-
rpeBa He()TH AM3ENBHBIM TOILUIMBOM Ha He(TernepepadaThIBaIOIIEH yCTAHOBKE MajlOi MOILIHOCTH B
BUE CHCTeMBI MU epeHIMaIbHbIX YpaBHEHUI TemioBoro GamaHca. [l HaXoXAEHHUS pacxoia
obeccoeHHON He()TH M pacxoAa COJEHOW BOJBI COCTABICHO YpaBHEHHE MaTepHalbHOTrO OamaHca
anekTpoaeruapartopa. Ilomyuena 3aBuCHMOCTh (IETMOBOTO YHMCIIA CEKLIUH JU3EIHHOTO TOIUINBA aT-
Moc(epHOIl KOJIOHHBI OT TEMIEpaTyp Ha BXOJAE M BBIXOZE HUPKYJISIIMOHHOIO OPOLIEHHs aTMochep-
HOH KOJIOHHBI, PacX0JI0B OCTPOI'O OpPOILICHUS, IMPKYJISLHOHHOTO OPOIICHHUS W O0TOOpa HE(TIHBIX
¢pakuuii. Pe3ynpTupyromas Moiesb COCTOUT U3 JABYX YacTeH: JIMHEHHON YacTH CEKIUH 3JIEKTpo/ie-
THIpaTopa M TEINIOOOMEHHHMKOB, ONPENEIISIOMEH TeMIIepaTypbl TEIUIOHOCUTENEH, W HEIMHEHHOM
BBIXO/IHOH 4acTH, onpenessitomeii GpaerMoBoe 9uciio B 3aBUCHMOCTH OT TEXHOJIOTHYECKHX ITapaMeT-
poB. Ilpenmaraemasi Mozesb TO3BOJISIET HCCIIEOBATH BIUSHUE BO3MYINAIOIIUX BO3JCHCTBHI Ha
yIpaBisieMble napamMerpbl. IHCTpYMEHTOM peaju3aliy NOJYYeHHOW MOJEeNU BBIOpaH Mporpam-
MHBIHA TponykT MATLAB/Simulink. C y4yactuem pa3pabOTaHHONH MOJEIH OOBEKTa HCCIICAOBAHHUS
MOCTPOEHa CHUCTEMa aBTOMATHYECKOTO peryiupoBaHus QuermoBoro uucina B MATLAB/Simulink.
3akirouenue. [lonydeHsl pe3yabTaThl MOACIMPOBAHUS CUCTEMbI aBTOMAaTHUECKOTO PEryJIMPOBaHUS
(h1erMoBOTO YMCIIA CEKIUH IHM3EIbHOTO TOIUIMBAa aTMOc(epHON KOJOHHBI HedremepepabarhiBaio-
el yCTaHOBKM MaJIOH MOIIHOCTH C y4eTOM OCOOCHHOCTEH Mpolecca B YCIOBHAX BO3JACHCTBHSA
BO3MYILIEHHUH.

Kniouesgvie crosa: pexmughuxayus, ynpagienue no mMooenu, meniooOMenHbll annapam, yupky-
JAYUOHHOE OpouieHUe, (eeMosoe YUCIO, OUHAMULECKAs MOOeb, Napamemp.

Beenenue

B Hacrosimee Bpemsi Ha HedrenepepabaTHIBAIONINX YCTAHOBKAX, SBIISIOIIUXCS CIIOKHBIMH MHOTO-
MEpPHBIMH 00bEKTaMH, aKTyaJbHON 3aJaueil SBISETCS YIPaBICHUE B YCIOBUSAX BO3IEHCTBHS Pa3IUYHbIX
BO3MYILIEHHUH NPHU BBINOJHEHUN TPeOOBAaHUM K KayecTBY MoJydyaeMbIX HedTenpoaykTos. [Ipu ympasie-
HUH 00BbeKkTamMH HedTenepepadarpiBaromux 3aBojoB (HII3) (pekTudukamoHHBIMU KOJIOHHAMH, TEIIO-
0OMEHHBIMH ammapaTaMy, TeYaMu U JIp.) HapsAAy C TUIMOBBIM PELICHHEM, IPENoiIaraloiiM OJHOKOH-
TypHbIE ¥ KacCKaJHble CHUCTeMBI aBToMaTtuieckoro ynpasienus (CAY), npumeHseTcs ynpaBjieHUe C UC-
MOJIb30BAHUEM MAaTEMAaTHUECKUX MOJAEIEH.
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Tyzawoea JI.I'., 3amoHckul A.B. Pa3pabomka cucmembl a8MoOMamu4ecKko20 peayuposaHusi
¢hrreamMo8020 Yuca pekmuguKkayuoHHOU KOJIOHHbI

Hanpumep, B craTse [1] npuBeneHo onucanne NPUMEHEHHS B YIPaBIEHHUH PEKTHU(HUKATMOHHON KO-
JIOHHOH 3TanioHHOW Mozenu. B pabote [2] paccMoTpeHa cucTeMa YCOBEPIIEHCTBOBAHHOIO YIPABICHUS
KoMMaHuu Yokogawa, npenHazHadeHHas JUIs yrpasieHus: KpynueiM HII3 Ha ocHOBE MPOTHOZHUPYIONIUX
Mozenei. B padote [3] mpenmokeH METOJ yrpaBiaeHus o Mojaenu MaibiM HII3 B ycrmoBusx mepeMeH-
HOTO pacxojla U cocTaBa ChIPbsl. [ JOCTIOXKEHUS LeNin yIpaBJIeHUs IpeAiaraeTcsl MPUHLMUI yIipaBiie-
HUS aTMOC(EpPHON yCTAaHOBKOHM pEeKTU(PHKAINNN HEPTH, COUSTAIONINN CBEJICHUE 3a7aull YIIPABICHUS OT-
0opoM He(TermpPOAYKTOB 3a1aHHOr0 (hPAKIIMOHHOI'O COCTaBa K YIPABJICHUIO TEMIIEPATYPHBIM PEKUMOM
YCTaHOBKH M CTAaOMJIM3ALUIO IPOMEKYTOUHBIX MTAPAMETPOB.

[IpumensiroTest Takxke perynaropsl ¢ BHyTpeHHel [nternal model control (IMC)-monensio. Perymns-
TOp TMPEICTaBIsIeT coO0W MHBEPTUPOBAHHYIO MOJIENIb OOBEKTa YIPaBICHHs, KOTOPYIO HE BCeria BO3-
MOKHO monyuuts. Hanpumep, B padore [4] npumensiercst /M C-Moienb ynpaBieHUs] TEMIIEPaTypor Ha-
rpeBaeMoil KUAKOCTH B KOXYXOTpyOHOM TeriooOMeHHuKe. B craree [5] mpeanokeHO NMpUMEHEHHE
kackagHoit CAY TeIio3HepreTHYeCKMMU 00BbEKTaMH Ha 0a3e peryyisaropoB ¢ [MC-Moneibio sl KOM-
neHcanuu Bo3MmytmieHuid. B merone Skogestad IMC (SIMC) [6] 3amaeTcs KenaeMbIii BHJ TIEPEXO0THOM
XapaKTepUCTUKH 3aMKHYTOH CAY, onuchiBaeMblii HHEPIIMOHHBIM 3BEHOM IEpBOro nopsaka. Ilapamer-
pom Hactpoiiku SIMC-MeTona sSBisieTcs OKuaaeMas IOCTOsIHHAsS BPEMEHH 3TOro 3BeHa. Mojenb 00b-
€KTa almpoKCUMHPYETCS AUHAMHUYECKHM 3B€HOM IIEPBOTO MM BTOPOTO MOPSIIKA C 3aMa3JbIBaHHUEM.

MaremaTrueckas MOAENb Mpolecca HIUKIMYECKOH OMHApHON PEeKTU(UKALIMH C YIETOM TPaHCIOPT-
HOTO 3ama3ablBaHus npuBeneHa B [7]. B pabore [8] momydensl momenu mokasaTeseil kadecTBa HedTe-
MPOJYKTOB C YYETOM TPAHCIIOPTHOTO 3ara3AbIBaHus ¢ IpUMeHeHneM EM-MmeTona.

B cratbe [9] mpemnoxeHa amanTHBHAs CUCTEMa PETYJIMPOBAHUSA TEMIIEPATypbl YIIEBOJOPOIHOTO
KOHJICHCATa Ha BBIXOJE U3 KOXYXOTPYOHOTO TemIoo0OMeHHHKa, cocTtosmas u3 [IM-perymnsropa u nocie-
JIOBaTENILHOT'O NICEBA0JIMHEHOTO KOPPEKTUPYIOIIETO YCTPOUCTBA JMHAMHUECKUX CBOMCTB cucteM CAY.

B cratpe [10] paccMoTpeHa BO3MOXKHOCTh IMTPUMEHEHHUSI KOMIIEHCATOPOB BO3MYIIEHHI MO pacxomy
U COCTaBY CBHIPbS NIPH YNPaBJICHUH PEKTU(HUKALMOHHON KOJIOHHOW. 1Ipu mpruMeHeHnn KOMIIEHCaTOpPOB
3aTpyIHUTEIbHA IPAaKTHUECKasl pealn3alusl 1 BO3MYILEHHH B CHCTEME MOXET ObITh TOBOJIBHO MHOTO.

Jns ynyumenuns: 3pPeKTuBHOCTH paszencHus B arMmochepHoit kononue (AK) manomorHoi HedTe-
nepepadaThIBaoLIel YCTAHOBKY MpeIaraeTcs oAIepKaHnue Ha 3alaHHOM 3HA4eHHH (JIETMOBOTO YHC-
na (DY) B cexkuusax KomoHHbI. Llenbio paboTel ABIseTCs pa3padoTKa JUHAMUYECKONH MOJIENN TeII000MEH-
HBIX amnmapatoB B cxeme mupkyisiuonHoro opomenus (L1O) AK. [{ns ompenenenna @Y nHeobxomumo
JIOTIOJTHUTE MOJIEITh TETNIOOOMEHHUKOB BBIpakeHHEM, ornpeaeisstonM Y B 3aBUCHMOCTH OT TEMITEpaTyp
Ha Bxoze u Bbixofe (Bo3Bpate) LIO auzenbHOro torumsa, pacxoaa L{O, oTOOpoB ANM3EIBHOTO TOIUTUBA U
OCH3MHOBOM (PpaKIlMK ¥ IPYTHUX IMapaMeTPOB Mpoliecca. 3aTeM HEOOXOIMMO IPOBECTH MCCIICIOBAHUE MO-
JICJIA CUCTEMBI aBTOMAaTHYECKOr0 perynrupoBanus @Y B yCIIoBUsAX BO3ACUCTBUS BO3MYILEHUH.

Omnpenesena cieayromas NociIeoBaTeIbHOCTD PEIICHNS 3a/1aud: BBISIBICHHE OCOOEHHOCTEH Ipo-
necca pekTu(UKauu He(pTH HA UCCIEAYEMOH YCTaHOBKE; BHIOOP BXOIHBIX M BBIXOJHBIX MapaMeTPOB
o0bekTa ynpasnenus (OY) u onpeneacHre B3aUMOCBI3H MEX/y HUMHU; pa3pad0TKa TUHAMHUYCCKON Ma-
TEMaTUYEeCKOM MOJEIH CEKUUH TEIUIOOOMEHHHKOB C YYETOM BO3MYIIEHHS IO PAacXoxy ChIpoil HedTH,
MOCTYMAIOIIEH Ha YCTAHOBKY; MOJYYEHHE MAaTEeMaTHUECKOro BeIpaskeHHs Ais onpexaeneHus ®Y B cek-
MU 0TOOpa JM3EJIBLHOrO TOIUIMBA; peanu3aius mnoiaydeHHodt momenun OY u CAP B mporpamme
MATLAB/Simulink; onpenenenne HaCTPOSYHBIX MAPAMETPOB PEryJIsATOPA.

1. OcoGenHocTH Mponecca peKTH(PUKANH He)TH HA HCCJIeAyeMOH YCTAHOBKe

OnucaHue TEXHOJIOrM4ecKoro mpomecca. [Ipusenem Kparkoe onvcaHue TEXHOJIOTHYECKOTO Mpo-
necca arMocepHoro Onoka MajoOMOIIHOW HedTenepepadareiBatomieid yctaHoBkd (1o 500 ThvIC. T).
[locne Gnoka crabunu3aury OTOCH3MHEHHAs He(Th mocTymnaer Ha yerBepTyto Tapenky AK. C tpuna-
niaroi tapenku AK orOupaetcst qusenbHas ¢pakius. Mexay ceibMON U BOCBMOMN TapelikaMu PacIio-
JIOKCHA HAKOTMTENIbHAS Tapelika, ¢ KOTOPOH MPOU3BOAMUTCS OTOOP aTMOCc(epHOro ra3oisi. B komoHHy
MOJAeTCs IIEPETPETHIN BOASHON Nap.

[Tapsl 6eH3MHA, OTBOAKMMBIE C BepXa KOJOHHBI, KOHJEHCUPYIOTCA B allapaTe BO3AYIIHOTO OXJIaX-
JICHUS1 U TIOCTYTAIOT B Pe(UIIIOKCHYIO eMKOCTb. [JIs TojiepkaHus TeMIeparypbl Bepxa KOJIIOHHBI B TIpe-
nemnax 125-140 °C npssMOTOHHBIM OSH3WH ToAaeTcs Ha opoineHne. Dpaknus JU3ENBHOTO TOIUIUBA OT-
Oupaercsi ¢ TpUHAILATON Tapenku KOJOHHBI ¢ Temneparypoil 210-240 °C, yactb KOTOpoO#l mojgaercs B
OTHAapHYIO KOJOHHY JJIsl JOTIOJHUTEIBFHONH OTTOHKH JIeTKUX (pakiuuii U crabunm3anuu. Jpyras dacts
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OXJIaXKJIAeTCsl CHIPOH U 00ecconeHHON He(ThIO B TEIIIOOOMEHHUKAX M B KAYECTBE BHYTPEHHETO LIUPKY-
JSIIIMOHHOTO OPOIICHUST BO3BpallaeTcs Ha mectHaauaryio tapeiky AK. Bricokokumsmme HedTsIHbIC
OCTaTKH CTEKAIOT IO TapeiKaM OTTOHHOH YacTh B KyO KOJOHHBI. Ma3yT u3 Ky0a KOJIOHHBI C TeMIIepaTy-
poii 300-340 °C Hacocamu mojiaeTcs B 1edb, 3aT€M B BaKyyMHYI0 KoioHHy [11, 12].

Oco0eHHOCTH TeXHOJIOIMYeCKOro npouecca MaJIOTOHHAKHOH ycTaHoBKH. Kak Buanum, ocobeH-
HOCTBIO BBIIICONIMCAHHON HedTenepepabaThIBarOIIei YCTAHOBKU MaJloll MOIITHOCTH SIBJISIETCSl OpraHu3a-
sl TOTOKOB LUPKYJISILIMOHHOTO OpoIleHHs U 0oTOopa HedrenpoaykroB. CTaHAApPTHRIE CXEMBI OTBOAA
TEeIJIa ¢ MPOMEKXYTOUHBIM LIUPKYISLUOHHBIM OpOIICHHEM (KaK B KPYITHOTOHHa)KHBIX ycTaHOBKax [13])
HEe TPUMEHSIOTCS. Ha MamoMomHOH ycTaHOBKEe cChipas HEe(Th MojaeTcs Ha OJIOK TEIUIOOOMEHHHKOB
(puc. 1), rie TpoxXoauT Mo TpyOHOMY MPOCTPAHCTBY TEIUIOOOMeHHHKa T-2, TaM MOJO0rpeBacTCs AU3Eb-
HBIM TOIUTUBOM (LMPKYJISILUOHHBIM opomeHneM AK).
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&
.

mn

<
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‘ 1
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Puc. 1. Cxema aBTOMaTu3auumm ceKLumm Tens1Ioo6MeHHbIX annapaToB LiMPKYNSILMOHHOFO OPOLUEeHWA:
T-1 — TennoobmeHHuK 1; T-2 — TennoobMeHHuk 2; Bl — anekTpogerngpartop; | — cbipas HeddTb B TENNOOOMEHHUK T-2;
Il — Boga B 3[; /Il — coneHas Boga u3 3[; IV — obecconeHHas HedTb Ha cTabunusauuto; V — ausenbHoe Tonnmeo ns AK;
VI — pusenbHoe Tonnueo B AK; TI1, TI2, TI3, TI5 — gatuukm Temnepatypbl; FIC4 — perynsatop pacxoaa LMpKyNSLMOHHOIO
opoLueHusa guaeneHoro Tonnmea; LC6 — perynatop MexdasHoro ypoBHsi; 7 — napameTpbl NOTOKa Cbipo HeddT Ha BXo4e
T-2; 2 — napameTpbl NOTOKa NPOMbIBOYHOW BOAbl Ha Bxode Ofl; 3 — napameTpbl NOTOKa CofieHon BoAbl Ha Bbixoae J[;
4 — napameTpbl noToka HedTH Ha Bbixoade T-1; 5 — napameTpbl noToka AnsensHoro Tonnuea u3 AK B T-1; 6 — napameTpbl
noToka amsensHoro Tonnmea B AK n3 T-2 (Bo3spart LIO); 7 — napameTpbl noToka cbipo HedTn 13 T-2 B J; 8 — napamerT-
pbl NoToka obecconeHHon HedpTn 3 B0 B T-1; 9 — napameTpbl NOTOKa Au3enbHoro Tonnmea u3 T-1 B T-2 (3HayeHus
napameTpoB 7-9 npuBeaeHsl B Tabnuue)

Fig. 1. Scheme of automation of the section of heat exchangers for circulation flash:
T-1 — heat exchanger 1; T-2 — heat exchanger 2; EDM — electric dehydrator; / — crude oil in the heat exchanger T-2;
Il — water in EDM; /Il — salt water from EDM; /V — desalted crude oil for stabilization; V — diesel oil from AT; VI — diesel oil
from AT; TI1, TI2, TI3, TI5 — temperature sensors; FIC4 — diesel oil circulation flash flow regulator; LC6 — interphase level
regulator; 1 — stream variables of crude oil at T-2 inlet; 2 — stream variables of drilling water at EDM inlet; 3 — stream
variables of salty water at EDM outlet; 4 — stream variables of oil at T-1 outlet; 5 — stream variables of diesel oil from AT to T-1;
6 — stream variables of diesel oil in AT from T-2 (returning of circulating reflux); 7 — crude oil stream variables from T-2
to electrical detonator; 8 — desalted oil stream variables from electrical detonator to T-1; 9 — diesel oil stream variables from
T-1 to T-2 (stream variables 7-9 are given in the table)
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[locne tennmoobmennuka T-2 ceipast HedTh ¢ Temmepatypoit 100-120 °C moctymaeT B 31eKTpoze-
rugpartop (3/1), B KOTOPOM MpPeIyCMOTPEHBI JIMHUM CO CMECHTENBHBIMU YCTPOHCTBAMHU JJIsl BBOAA BO-
noHeQTsHOM cMecH. [t CHIDKEHHS KOHIICHTPAILMU PACTBOPEHHBIX COJICH M MPENOTBPAILICHHS UX OTJIO-
KCHUS B TETNIOOOMEHHHUKAX M3 €MKOCTH B JIMHUIO ChIpOH Hedtu nepen D] mogaercss mpoMBIBOYHAS BO-
na B KosmuecTBe 4 % ot pacxoaa ceipoit HedTH. OOe3BOXKEHHAS U 00ecconeHHass HeTh BBIBOAUTCS C
Bepxa D]l U nmpoXoAuT depe3 TpyOHOE MPOCTPAHCTBO TeIUIoOOMeHHMKa T-1, rae momorpeBaeTcs Iu-
3eJbHBIM TOTIJTHBOM.

2. PazpadoTka MaTeMaTH4eCKOIl MOJEIH CeKINHU TeNJ1000MEeHHMKOB

HHMPKYJISHMOHHOT0 OPOLIEHUS U 3JIEKTPoAeruaparopa

Bri0op mapameTpoB 00beKTa ynpaBiaeHHs. VcXonsd U3 BBIIEIPUBEICHHOTO ONKCAHUS TEXHOJO-
THYECKOT0 TpoLecca, pa3desiuM IapaMeTpbl, OTHOcsAmMecs K Onoky TemnoooMeHHHkoB T-1 m T-2,
Ha rpymisl napamerpoB. O003HAYEHNS TAPAMETPOB TPHUBEICHB B COOTBETCTBHU C HOMEPAaMH MOTOKOB
Ha puc. 1.

Bce mapamerpsl OY MOKHO pa3feuTh Ha CIEIYIOINE B3aUMOCBS3aHHBIE TPYIIIBL:

1. Bxognsle mapamerpsl: F| — pacxof cbipoil HedTH; Fs — pacxo] HUPKYISLIHOHHOTO OPOLICHUS
(mM3eMHHOTO TOTUIHBA).

2. I[IpomesxyTouHble mapaMeTpsl: 14 — Temreparypa cbipoil HedTu Ha Beixozae T-1; T — Temmeparty-
pa auzenbHoro toruBa B AK u3 T-2 (Bosspar LIO); 77 — temnepatypa coipoir Hept u3 T-2 B D/I;
Ty — remneparypa obecconennoir Hedpru uz 1 B T-1; Ty — Temneparypa qu3ensHoOro tormisa u3 T-1
B T-2; Typ — TeMnepaTypa cTeHku Tpyook T-2; T 1 — TeMnepartypa cTeHku Tpyook T-1.

3. BeixonHoit mapametp: R — hjerMoBo€ YHCII0 CEKIMH 0TOOpa AU3EIbHOTO TOIUINBA.

st ynoOGcTBa pH COCTABIICHUN MaTEMaTHIeCKON MOJICIIN BXO/IHBIC TTapaMeTpbl OObEINHIM B BEK-
TOp U, IPOMEKYTOYHBIE — B BEKTOP X, Y — BBIXOJIHOM MapaMeTp:

{F, Fsleu;
L T6. . T3, T, Ty Ty f €%

{R} €y.

IHosyyenne cucTeMbl ypaBHeHUH JMHAMHUYECKOH MATEeMaTHYeCKON MOJeIH CeKIMH TeIi000-
MeHHHKOB. Ha atmMocheprom Onoke paccmarpuBaeMoil HedTenepepaOaThIBaIOICH yCTaHOBKU IPUMeE-
HSIOTCSI IPOTUBOTOYHBIE KOXKYXOTPYOHBIE TeTI000MeHHHKH. COCTaBHM MaTEeMaTHUECKYI0 MOJEIb CEK-
UM TEIJI00OMEHHHUKOB C yYETOM B3aUMOCBS3EH BHIOPAHHBIX TapaMETPOB.

PaccmoTpuM cekuuio Tenmno0OMEHHUKOB CUCTEMbI HUPKYIILMOHHOTO OPOLICHUsI aTMOC(epHOil KO-
JIOHHBI KaK 00BEKT C COCPEOTOUCHHBIMH apaMeTpamMu. JMHaAMHUECKYIO0 MOJIENb CEKIIUN KOXKYXOTpYO-
HBIX TETNIOOOMEHHUKOB JUIsl HarpeBa HeTH MUPKYISAIHUOHHBIM ITIOTOKOM JIM3EIBHOTO TOTLTUBA OIpe/ie-
JIMM B BUJI€ CHCTEMbI OOBIKHOBEHHBIX AuddepeHunanbueix ypasHenuit (OY) temoBoro 6ananca:

d(AT,)
PeVsC6 76 =—0pS(ATy — AT p) — coFg 0 ATy + coFy g ATy
d(AT,) o
PstVstCst — 2 o S(ATy — ATy ) — 0 S (AT, —ATY);
d(AT,) ., .,
p7Vo¢s 77 =08 (AT —AT) + T )AF) — 1 F5 AT
1
d(AT) o
PoVocg ———= =0 S(ATy — AT 1) — coFy g ATy + ¢5T5 y AFs;
d(ATy ) ' o
PstVtCst T;m =0 S(ATy — AT ) —ay S'(ATy, —ATY);
d(AT,) ., o
PaVacy 74 =0 S (AT — ATY) + cgFy g ATy — ey Fy yATY,

rjae ¢ — yaeiabHas TerioeMkoctb, Jk/(kr-K); F — pacxon, kr/c; h — sHtanenus, [Hk/kr; S — HapyKHas
2 2

MOBEPXHOCTH TEIUIO0OMEHA, M, S’ — BHYTPEHHsISI IIOBEPXHOCTh TeIIooOMeHa, M-, T — Temmeparypa, °C;

t — Bpems, c; V — oObeM, M o — KOA(PUIMEHT TETUIOOTAAYN OT AM3EIHLHOTO TOTLIUBA, BT/(M2~K);
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o' — ko3 durment TermooTaaun K HedtH, Br/(M*-K); A — OTKIOHEHHE; p — IIIOTHOCTD, KI/M°; HHICKCHI:
0 — HoMHHANBPHOE 3HAUEHHE MapameTpa; 1-9 — Homepa MOTOKOB; st.t] — CTeHKH TPyOOK TerI000MeHHH-
ka T-1; st.t2 — crenku TpyOOK TernmooOMennrka T-2.

Cuctemy OV (1) momomHuM ypaBHEHHEM IMHAMUKU TEMIEpaTyphl 00€cCONCHHOW HedTH Ha BbBI-
xoze u3 I/1;

d(ATy)
(PsVics +p3Vscs) 5= ¢ F ATy — ¢ Fy ATy = ¢3F3 o AT, (1)
[Ipeobpazyem cuctemy OV (1), (1a) k cneayromemy BUILY:

dT,
st(t) B _a(l)T6 (t)+a(2)Tst.tz 0+ 0(3)Tg (®);
dt
an@ _
e
dT;
%t(l): —a(9)T9(t) + a(lo)Tsm(t) +b(2)FS(¢); o
dt
dT,(t
% - _a(14)T4 (l)+a(15)TSt.tl (t) + a(16)718 (Z),

dTg(t
c?’t( ) ==\ I3() + a1 (1),

_a(4)Tst.t2 (f)"‘a(s)Té )+ a(e)T7 (®);

—ayI7(0) + a4\ T 2 () + by 1 (1)

—4q l)Tst.tl (t)+ a(12)T9 @)+ a(13)T4 ();

rIe
S +ceFy oS coFy g 0pS +apS oS
Y 2 Y 7 7 Ol H ) = ’
P6VsCs PeVsCs PeVsCs PstVstCst PstVstCst
al,S' o S'+erky oS’ coFy o ta,, S oS
a(e) = 12 g = 2 ag) = 12 ! ago) = 949,00y : djyq) = a>
p7V;¢s Po¥oco PoVocy

PstVsiCst ) p7V7¢
g = oS +ogS’ 4 oyS ais) = oy Ly = oS+ ey s = ayS ;
PstVstCst PstVstCst PaVacy P4Vacy
G = sl . o = Ccslgo +3l5y | oo = 1570 P = alio - ¢sTs ‘
(16 > H(17) > (18) ) 2)
PaVacy pshscs +p3lse; Pshscs +p3hsc; p7V7¢7 Po¥oco

[Ipunumaem ycnosue, uto 75 = Ts. KoaddunuenTs! TemooTraun, moBepXHOCTh TEII0O0OMEHa, Te-
IJIOEMKOCTb M JIPYTHE NapaMeTphbl, HEOOXOIMMBIE JUI HAX0KACHHUA KOYPQUIMEHTOB ay—a(s), b1y—b(),
OTpeJiesICHbI 10 OOIENPUHATHIM QopmynaM u3 [14—16], TEXHOIOTHYECKOrO periiaMeHTa Ha IeHCTBYIO-
myro ManomMouHyto ycranoBky JIOY-ABT. Koadduuuent temnoornaun Kk HeQTH Ui TEIII000MEH-
muka T-1 cocrapnser 668,3 Br/(m*-K), mis temnoodmennunka T-2 — 602,1 Br/(m*K). Kospdurment
TEIIOOTAA4YH OT JU3EJILHOIO TOILIMBA IS TeriooOMenHuka T-1 cocrasiser 812,8 BT/(Mz'K), U1 Tell-
noo6mennuka T-2 — 760,1 Br/(M>K). Onpe/ienieHa BHYTPEHHsS ¥ HAPYXKHAS TIOBEPXHOCTh TEIIOOOME-
Ha: 32,91 1 41,68 M’ COOTBETCTBEHHO.

Jlis HaxoXIeHus pacxoja o0eccolIeHHON HedTH [y M pacxoia coleHo# Boawl F3 Ha BbIxoae /]
cocTaBUM ypaBHeHue marepuanbHoro 6amanca JJ[. CormacHo ['OCT 2477-2014 conmepxaHue BOIbI B
CBIpOH He()TH, MOCTYHAOLIEH HA YyCTAaHOBKY, TOJDKHO OBITh He Ooinee 1 %, B o0ecconeHHoil HehTH — HE
6omee 0,02 %.

Hcxons U3 3TUX yClI0BUM, COCTABUM CJIEYIOILYIO CUCTEMY YPaBHEHUM:

0,99F; =0,9998F;

0,01F, +0,04F, = F; +0,0002F.

Pemum cuctemy ypaBuenuii (3) B MATLAB, ucnions3ys ¢ynkuuto mldivide [17]. Ha yctanoBKy
nocrynaet ceipas HepTh B Koamuecte 12,14 kr/c, mpombiBouHast Boxa B kKonuuectBe 0,4856 kr/c

) PstVstCst ’

3)
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(4 % ot F;). llomyueHo pemenue cuctemsl (3) A M3BECTHOTO 3HAYCHHUS pacxoia ChIpo HedTu:
Fy=12,02 xr/c u F; = 0,6046 xr/c. HalineHHble 3HaUE€HUS TApaMETPOB IMOTOKOB IIPUBEICHBI B TaOJIHIIE.

MapameTpbl NOTOKOB
Stream variables

Ne p, KI/M F, xr/c T, °C ¢, kxJx/xr K
1 874,2 12,14 98,60 1,174

2 998.8 0,4846 93,30 1,079

3 998.8 0,6046 115,7 1,156

4 872,2 12,02 151,2 1,366

5 840,2 8,126 2327 1,694

6 840,2 8,126 151,2 1,392

7 874,2 12,14 122,9 1,263

8 874,2 12,02 115,7 1,237

9 840,2 8,126 191,6 1,542

Momyuyenne matemaruueckoid mogean @Y. B pabote [18] momyyeHa ceKIMOHHAsS MOJIENb aTMO-
chepHOl YCTAaHOBKM MaJlo MOIIHOCTH, BKIIOYAOINAsl TTOCEKIIMOHHBIE MaTepUAIIbHBIE U TEIUIOBBIC Oa-
JIAHCHI ¥ YYUTHIBAIOIIAsA COCTAB CHIPHSI.

YpaBHeHHe TEIIOBOro GajiaHca sl CEeKIMU JU3ENbHOT0 TorumBa (0T 12-i 1o 23-if Tapenku) nuMeeT
CIEAYIOIIUN BUIL:

14 14 14 L
Fg hpyy+ Fp hpyy + F, - (hpyy —hry3) =
=Fy ‘h¥23 +Fp ‘h%la +Fp '(hTV23 _h%o) + Fe ‘(hTL13 _h%c)a 4)

rne F — pacxon, kr/c; h — sutanenust, Jx/kr; T — Temnepatypa, °C; nnaekcel: B — OeH3uHOBas ppakius
n3 AK (ot6op); C — uupkyasiuonHoe opouieHue; O — ocTpoe opoliieHue; D — Au3eabH0e TOIIMBO U3
AK (ot6op); r — BHyTpenHee opormenue; 112, 713, 723 — temneparypa Ha 12-#, 13-it u 23-if Tapenke
AK, °C; TO — temneparypa octporo opomenus, 'C; TC — TeMIepaTypa BO3BpaTa IUPKYJISIHOHHOIO
opoutenus, °C; V' — napoBas daza; L —xuakas dasa.

B coorBercTBMM ¢ 0003HAYCHHSIMH MapaMeTpoB B cucteme (2) mpunumaem: Fe=Fs; TC = T
U3 ypaBHeHus (4) MOXKHO ONpPEICTUTh PAcXoj BHYTPEHHETO OpOIIeHUs — (hJerMbl, yxoasmen ¢ 13-i
tapenku AK:

By oy + Fp - hiys + Fo - (s = hip) + F - (s _hTLG)_(FB by + Fp - hypy)

(hr12 = hpis)

Jl1st onpenieNieHrst SHTAIBITUU He(TEIPOTYKTOB KUIAKOM (ha3bl ucmonb3yercs Gopmyia Kpara. s
OTIpe/IeTICHHsI SHTANBITNY He(PTIHBIX MMapoB HCIIONB3yeTcs (hopMyna Yoaiipa u Utora. OTOopsr OeH3UHO-
BOH (hpaKINK U TU3EITHHOTO TOIUIMBA, PACXOJl OCTPOTO OPOIICHUS MOTYT OBITH OTpEACIIeHbI U3 TUHAMHU-
YECKOW MOJIEIH Ipoliecca pekTudukanun HegTu arMocdepHoro 6moka manoro HII3, npumensemoii B
CTPYKType cUCTeMHI yrpanieHus [19]. MaremaTtuueckast MOJCNIb COACPKUT CUCTEMY YpaBHEHHUI Mate-
PHATBHOTO, MOKOMIIOHEHTHOTO MaTEPUAIILHOTO M TETIOBOTO OallaHCOB aTMOC(epHOro OJI0Ka.

3arem onpenenum @Y R ¢ yuetoM ypaBHeHUs (4) B cIeqyOLIEM BUAE:

)

r

F
= r (6)
Fg+Fp
IIpencraBuM cuctemy ypaBHeHU# (2), (6) B CIEAyIOIMIEM BHIIE:
% = Ax(t) + Bu(?); @)

y(@) = [ (x(@), u(®)).
C y4eToM BBIYMCIEHHBIX KO3()OHULUMEHTOB a(1—a(13), b1y—b) (cucTemMa ypaBHeHMH (2)) MOIyYeHBI
CJIEYFOIINE MATPHUIIBI CHCTEMBI (7):
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0,1754  0,1209 0 0,06037 0 0 0
0,1867 -0,3729 0,1861 0 0 0 0
0 0,2302 -0,383 0 0 0 0
A=l 0 0 0 -0,1757  0,1212 0 0
0 0 0 0,2073 -0,4063 0,199 0
0 0 0 0 0,2129 -0,3622 0,1352
0 0 0,3677 0 0 0 -0,352
0 0
0 0
0 4,018
B=|3,727 0
0 0
0 0
0 0
y(t)=R.

Takum oOpa3om, Mojieib (7) COCTOMT U3 IBYX YacTeW: JTMHEHHON 4acTH CEKIIMU TEIIO0OMEHHUKOB
U 3JEKTPOACTUIPATOPA, ONPEACIISIONICH TeMIepaTyphl TEIIOHOCUTENEH, U HETMHEUHON BBIXOJHOU Yac-
TH, onpenenstomeid OY B 3aBUCUMOCTU OT TeMIlepaTyp Ha Bxonae u Bo3Bpate IO, pacxomoB ocTporo
opomienus u L{O, oT60poB HeDTAHBIX (paKInii.

3. Peasmzanus nmosrydeHHoi Monesan B nporpamme MATLAB/Simulink
B MATLAB nony4ena monenb oobekta (7) B BuIe m-Qaiina, kotopas noaxiodaercs B Simulink c
MOMOIIIbIO OMOIMOTEYHOTO OJ10Ka S-function (puc. 2).

ISR
7 [ ]
g
L
J model J—h

_.. ~

4 J
1 2 3

Puc. 2. AnHamunyeckas mogenb cekuumn TennooomeHHmnkoB B MATLABISimulink:
1 — Gnok BO3MyLLAIOLLLErO BO3OEWUCTBUS; 2 — MyNbTUNNEKcop, 3 — Mmoaenb obbekTa B Simulink;
4 — 6nok 3agaHus; 5 — cymmarop; 6 — 610k aAna otobpaxeHus rpadmKoB; 7 — perynstop

Fig. 2. Dynamic model of the heat exchanger section in MATLAB/Simulink:
1 — perturbation action block; 2 — multiplexer, 3 — object model in Simulink; 4 — job block;
5 — summator; 6 — graph display block; 7 — regulator

B S-pynkuuu Flag ykaspiBaeT 3a1ady, KOTOpas J0JDKHA ObITh BhINOAHEHA: Flag = (0 — HHUIMATH-
3anus (3aJaHre HadalbHBIX YCIOBUH); Flag = 1 — BEIUMCIIEHNE POU3BOIHBIX (cucTeMa ypaBHeHul (7));
Flag = 3 — BeIunCIIEHNE BBIXOAA V.

3ajailuM UCXOJIHBIC TaHHBIC, pa3MeCTUM B Simulink OJTI0KM HCTOYHUKOB BXOJHBIX CUTHAJIOB (0J10-
ku [, 4), mynsTumiekcop (6ok 2), Mmonenb B Buae S-function (6mox 3), mucIuield 1y HaOIIOSHYS T0-
Jy4eHHBIX pe3ynpTaTtoB (010K ), cymmarop (6sok 6), [T -perynsarop (6:10k 7). Ilognepxanue ier-
MOBOTI'0 YHCJIa OCYIIECTBIIICTCS MMyTEM U3MEHEHUS pacXxoja HUPKYISIIUMOHHOTO OPOIICHUS.
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Tyeawoea J1.I"., 3amoHckul A.B.
¢hrieamM08020 Yucsia peKmuguUKayuOHHOU KOJIOHHbI

B Simulink 8 PID-6noke omnpenensem Hactpoiiku [IHM/[-perynsiTopa ¢ mOMOIBI0 HHCTPYMEHTa
pidtune. 3anannoe 3HaueHne (GruermMoBoro yncia B cekuuu cocrasisiet 0,57. Pacxox ceipoii Hedru, sB-
JA0IINKcs Bo3MylieHrueM, B MoMeHT BpeMeHu 300 ¢ uzmenuncs Ha 10 %. IIpu BxonHOM BO3AEHCTBUU
MOCTPOCHBI Tpa)MKU MEPEXOAHBIX HPOIIECCOB (pHC. 3): IO MapaMeTpaM HacTPOUKH pidfune (CIUIOIIHAS

JIUHYS) U C IPUMEHEHNEM MOJENH (MMyHKTHUPHAS JINHUS).

R
0.7571

0.7F
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Ll T S
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Puc. 3. Npachmku nepexogHoro npouecca ¢psierMoBOro 4Yucra cekuuv amsernbHoro Tonnmea:
CnnowHasa NuHKus — Hactpowka MO-perynstopa B8 MATLAB/Simulink; nyHKTUPHas NUHUS —
ynpasneHue no Moaenu

Fig. 3. Transition graphs for the reflux ratio of the diesel section:
solid line — controller of proportional —integrational-differential setting in MATLAB/Simulink;
phantom line — model control

Pe3ynpTarhl moay4eHsl Opy MOTEHIHAIBLHOM COJIEPKAHUHU B COCTaBE CHIPbS OCH3MHOBOM (hpakuuu
14,52 %, muzenvHON Qpakuuu — 26,91 %. [Ipu u3sMeHeHNH cocTaBa CBHIPbS MOTYT MEHSATHCS OTOOPHI

HEPTSIHBIX QPaKIHiA, YTO TAKIKE YUUTHIBACTCS B MOJICIIH.

3ako4yenne
ITomydena nuHaMUYecKass MOJETh CEKIIMU TETUIOOOMEHHBIX amlmapaToB W 3IEKTPOAETHApATOpa B

JUHAY TUPKYJSIUOHHOTO OPOLICHUSI aTMOC(EPHON KOJIOHHBI MaJIOMOIIHON HedTenepepadaThIBaroIEi
YCTaHOBKH B BHJIE CUCTEMBbI OOBIKHOBEHHBIX NU(PepeHINANbHBIX ypaBHeHHH. B Moienu yureHa 3aBu-
CHUMOCTB (PJIETMOBOTO YHMCIIA CEKI[MH TU3EIBHOTO TOIUIMBA aTMOC(HEPHON KOJIOHHBI OT MapaMeTpPOB TeX-
HOJIOTHYECKOTO Tporiecca (0TOOPOB JAU3EIBHOTO TOILIMBA U OCH3MHOBOH (PpaKIIUM, PACXOI0B OCTPOTO H
LIUPKYJISIUOHHOTO OPOLICHHS, TEMIEpPaTyp Bepxa KOJIOHHBI, OCTPOTO OPOILICHHs, BXOJa M BO3BpaTa
LHUPKYJSUOHHOTO opolieHus ). Beimonnennas B nporpammuoM nakere MATLAB/Simulink monens 00b-
€KTa TMO3BOJISIET UCCIIEIOBATh PEKUMBI PAOOThHI YCTAHOBKHU.

[ony4yennas moaens CAP MOXKeT IPUMEHSTBCS TIPH YIIPaBJICHUH aTMOC(hEpHBIM OJIOKOM HedTere-
pepabaThIBaroliell YCTaHOBKH B YCIIOBHSIX BO3ACHCTBHS BO3MYIIEHHN JUTsl ynydmieHus 3QpPeKTUBHOCTH
paszerneHus HepTAHBIX cMecel myTeM crabunnzanuu ¢guaermoBoro uucna. Ha puc. 3 nokaszansl rpaduku
MEPEXOAHBIX MPOLECCOB ISl citydyast HacTporiku napamerpoB TN -perynaropa B MATLAB/Simulink u
MOJIEJIA B KOHTYpE YIPaBJIICHHUs, U3 YETO BUIHO, YTO MOKA3aTeNN NePEXOTHBIX TPOLECCOB B TIPUBEICH-

HBIX CiIydadaX OTINYarOTCs.
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DEVELOPMENT OF AN AUTOMATIC REFLUX RATIO
REGULATION SYSTEM FOR THE RECTIFICATION COLUMN

L.G. Tugashova’', tugashova@yandex.ru,
A.V. Zatonskiy?, zxenon@narod.ru

1Almetyevsk State Oil Institute, Almetyevsk, Russian Federation,
2 Perm National Research Polytechnic University, Berezniki Branch, Berezniki,
Perm region, Russian Federation

Introduction. This article provides an overview of the methods of managing the primary petro-
leum refining. To improve separation efficiency was proposed to stabilize the reflux ratio in the rec-
tifying column. Purpose of work. To develop a system for automatic regulation of the reflux ratio of
diesel fuel sections in an atmospheric column of the refinery oil. To study the operating modes of
an atmospheric column with the participation of the obtained automatic control system. Materials
and methods. The article presented the features of the oil rectification process at the atmospheric
unit of a small capacity refinery. The features of heat dissipation with intermediate circulation flash
compared to a large-capacity unit will be shown in this article. The parameters of the facility were
selected and divided into groups. A dynamic model of the section of shell-and-tube heat exchangers
for heating oil with diesel fuel at a low-power refinery unit in the form of differential equations of
heat balance has been developed to achieve the goal set work. An electrode dehydrator material
balance equation has been compiled to find desalted oil consumption and saltwater consumption.
The dependence of the reflux ratio of diesel fuel sections of the atmospheric column on the inlet and
outlet temperatures of the atmospheric column circulation flash, the acute fractionation consumption,
circulation flash, and oil fraction selection was obtained. The resulting model of the facility consists
of two parts: the linear part of the electric dehydrator and heat exchanger section, which determines
the temperatures of the coolants, and the nonlinear output part, which determines the reflux ratio de-
pending on technological parameters. The proposed model makes it possible to investigate the effect
of disturbances on the controlled parameters. The MATLAB/Simulink software product has been cho-
sen as a tool to implement the model. A system of automatic regulation of the reflux ratio in
MATLAB/Simulink has been built with the participation of the developed model of the study object.
Conclusion. The results of modeling a system for automatic regulation of the reflux ratio of diesel
fuel sections in the atmospheric column of a low-power refinery unit has been obtained, taking into
account the peculiarities of the process under disturbance conditions.

Keywords: fractionation, model control, heat exchanger, circulation flash, reflux ratio, dynamic
model, parameter.
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METOAONOINMA CUCTEMHOIO MOAEJNTIMPOBAHUA AOANTUBHOIO
YNPABJIEHUA MALLUWHOCTPOUTEJIbHBIM NMPOU3BOACTBOM

I.I. Kynukoe', A.B. Pe4kanoe? A.B. Apmioxoe’

" Yepumckuii 20cydapcmeeHHbIl aguauUoHHbILU mexHuYecKull yHusepcumem, 2. Yepa, Poccus,
2 AO «O6beduHéHHas O8uzamernecmpoumernbHasi Koprnopauus», 2. Mockea, Poccust

MonenpHas mapagurma MUGpPOBOTO YIPABICHUS B MPOHU3BOJICTBEHHBIX CHCTEMaX OCHOBaHA
Ha HHTeJ’[J’IeKTyaJ’[LHOf/'I HUHTCTpaliu BUPTYaAJbHBIX W PC€aJIbHbIX ITPOLECCOB C 00bEKTAMH IIpoun3-
BOACTBa (MX CHCTEMHBIMH MoAensaMu). [Ipu 3ToM mratdopmoit (cpenoi) MHTEIUICKTYalbHONH MH-
TErpalnuy BUPTYATbHBIX U PEaTbHBIX MPOIECCOB BRICTYIACT HHPOPMAIOHHAS Cpela IpeIMETHO-
OpUEHTHPOBAaHHOHN 06sacTH. OYHKIIUHN CIICIHATUCTOB B 3TOM CIydae CBOIATCS K POJIM IKCIEPTOB,
KOTOPBIE pean3yIOT (opMalbHbIC IPEANKATHRIC 3HAHUS, TIPOIHCAHHBIC B COOTBETCTBYIOIINX METO-
IUKaX W JOJDKHOCTHBIX MHCTPYKIMSX (IOKYMEHTaX) W aHAIM3HUPYIOT aKTyaJIH3HPOBAHHBIC TaHHBIC
peanbHOTO MPOU3BOJACTBA M3 cooTBETCTBYIOMMX b/l m B3. DTM obecneunBaroTcs CBONCTBA UICH-
TUQULIUPYEMOCTH U TPOCIEIKUBAEMOCTH O00BEKTOB MPOM3BOJCTBA M MX IpoueccoB. [IpoctpaHcT-
BEHHOC M BPEMEHHOE paclpeseieHHe OOBEKTOB MPOM3BOJCTBA XOJIUHTA OMPEACIIIOT 0a30BYIO
CUCTEMY KOOpAWHAT MJII UX CHUCTEMHOI'0O MOACIWPOBAHUA W YIIPABJICHHA. ABTOMaTI/I?;aL[I/IS[ HUHTCII-
JICKTYAJIbHBIX MPOLCCCOB OpraHU3alny, IJIAHUPOBAHHA, MOHUTOPHUHIAa U YHNPABJIICHUA B3aWMOCBS-
3aHHBIMHU TIPOU3BOJICTBEHHBIMH 00BEKTaMH B IIPOCTPAHCTBE M BPEMEHHU C YICTOM BIUSHUS BHEITHEH
cpenbl B peallbHOM M BUPTYAJIbHOM acIieKTax sBIISETCS BAXKHON M akTyaJbHOU 3amaueil. CucTeMHOe
MOJIEIMPOBAaHHIE — OJJHA U3 OCHOBHBIX COCTABIIAIONIMX OpPraHU3aIMK JH000T0 Ipolecca, B TOM YUCIIe
U TPOU3BOJICTBEHHOTO. HeoOX0MMMO TakKe OTMETHTBH, YTO IPOLECC CHCTEMHOTO MOJCIHPOBAHUS
caM 1o ce0e ABIACTCA WHTEIUIEKTYaIbHBIM, TPYIOEMKUM U 00BeKTUBHBIM IporieccoM. Lleanb mccie-
aoBaHusi. Pa3paboTaTh METOIOJIOTHIO CHUCTEMHOIO MOCTHPOBAHHSA (CHCTEMHOTO OIMCAHHA) U
aJalTUBHOTO YIIPABICHUS MMPOU3BOJICTBCHHOMN NEATEIHHOCTHIO OTACIEHBIMA MPEANPUSITHIMA B CO-
CTaBe MAIIMHOCTPOHTENBHOTO XOJNIuHra. Pa3paboTaTh METOMUKY peain3alliél JaHHOW CUCTEMHOU
Mozeny. MeToabl HCC/IeA0BaHNA, HCIIOJIb30BAHHBIE B padoTe:

— IPUHIIAIIBEI METOIOJIOTHH CUCTEMHOW HWHXKCHEPHH (TIPOLIECCHOTO MOIX0/1a, )KU3HCHHOTO ITUK-
Ja ¥ 1ap.);

— KOMIUIEKCHBIH TOJXOJ M CTPYKTYPHBIM aHAJIU3 pa3Ho00pa3us HHOOPMAIIMOHHBIX IPOIIECCOB
BBaHMOHeﬁCTBHﬂ OTACJIBbHBIX MMPONU3BOJACTBCHHBIX Hpe}:[HpI/ISITI/Iﬁ B COCTABC XOJIJIUHTI A,

— (PYHKIIMOHATEHOE MOJICIIUPOBAHIE THHAMHYCECKUX CHCTEM.

PesyabTarsl. [IpeanoxeHa METOROIOTHSA CUCTEMHOTO MOJEIHUPOBAHUS (CHCTEMHOTO OIMCAHMA)
MHOTI'OYPOBHCBOI'O aJalITUBHOTO YIPABJICHHUA PACHPEACIICHHBIMU B MPOCTPAHCTBE U BPEMCHU ITPOU3-
BOJICTBEHHBIMH CHCTEMaMH C YYETOM BIHSIHUS BHENTHEH cpenbl. Ha mpuMepe MalmmHOCTPOUTEIBHOTO
XOJIIUHTa TMOKa3aHO, YTO AaHHAasd WHTCIUVICKTYAJIU3UPOBAaHHAA CUCTEMHAA JMHAMUYECKasd MOJCIb MO-
JKeT OBbITh peai3oBaHa B (QOpMe uH@opmayuonHo-cosemyoueli CACTEMbl. 3akirouenue. IIpemio-
JKCHHAss METOHOJIOTHS CHCTEMHOTO aHaj3a U MOJCIUPOBAHHS ATAalTUBHOTO YIIPABICHHUS MAIIAHO-
CTPOUTENBHBIM ITPOU3BOJICTBOM B COCTaBE XOJIMHTA MTO3BOJISCT PEIIaTh aKTyalbHbIe 3a1a4uu 3 dek-
TUBHOI'O YIIpaBJICHUA HpOH3BO}10TBeHHOﬁ JACATCIBHOCTBIO C YYETOM BJIMAHUSA BHEIIHEN CpCanl.

Krouesvie cnosa: cucmemuoe modenupoganue (cucmemuoe onucatue), a0anmueroe ynpagie-
HUe, MAWUHOCMPOUMENbHbIl XOA0UH2, NPOU3BOOCBEHHAS CUCMEMA, NPEOMEMHO-OPUEHIMUPOBAH-
Has obnacmos, OUHAMUYECKASL MOOEb.

[Ipon3BOACTBO KaK CIOXHAs CUCTEMA W3HAYAIBHO B TOM WJIM MHOW CTENEHH 00JaaeT CBOMCTBAMHU
aIalITHBHOTO TIOBEACHUS. DTO O3HAYaEeT, YTO TPOU3BOJICTBEHHBIM MPOIIECC BCETJa UMEeT Habop BO3-
MO>KHOCTEH U HHCTPYMEHTOB M MOJCTPAaNUBAETCS 110/ N3MEHEHHUS BHELTHEH 1 BHYTPEHHEH Cpeibl, YTOOBI
00ecTIeYnTh 3aIJIaHUPOBAHHbIC PE3YIbTAThl JCSTEIBHOCTH.

Cucrema yrpaBlieHUS! IPOU3BOACTBOM IO CBOEH CYTH BBIIIOJIHSAET 3a7jauy IUIAHUPOBAHUS U KOPPEK-
THPOBKH MPOU3BOJCTBEHHOTO MpPOIECCa B 3aBUCHUMOCTH OT M3MEHEHMs BHEUIHHX M BHYTPEHHHUX Iapa-
METPOB (CIpoca, TOCTYITHOCTH PECYPCOB, M3MEHEHHS KOHCTPYKLMH NPOAYKLWH U T. I1.). Takas cucrema
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MOXeET OBITh OTHECEHA K KJIAcCy aAalTHBHBIX CHCTEM, a MPOLECC NPUHSITHS PELICHUI U X HCIIOJHEHUS
MOJKHO OXapaKTepu30BaTh Kak mporiecc aaanrtanuu. Ha puc. 1 mpuBeaeHa KoHIENTyalbHas CTPYKTypa
(yHKIIMOHUPOBAHHSL CHCTEMBI YIPABJICHUS MPOU3BOJICTBOM B YCIOBHSAX JEHCTBUS BO3MYIICHHH OT
BHEIIHEH U POU3BOICTBEHHON CPEIBI.

/_\

Buemmnss cpena (XonauHr)
(cil <C, dj; < D), CVY, (vll <V)

CY,(ul < U)

N\

OYi(yi <Y))

IIpousBoncTeennas cpena (OV,)
(xj <X)

\___/

Puc. 1. KoHuentyanbHas cTpykTypa (PyHKLMOHMPOBaAHUA CUCTEMbI
ynpaBrneHusi NpousBOACTBOM B YCMOBUSAX AEWCTBUA BO3MYLUEHUMU
OT BHELWHEeWN 1 NPOU3BOACTBEHHOW cpeabl

Fig. 1. The conceptual structure of the production management system
functioning under the influence of disturbances from the external and
production environment

Ha puc. 1: CY — cucrema ynpasnenus npou3BoactsoM; OY — o0BbeKT ynpaBiieHHUs — IPOU3BOJACTBO;
— — peanbHble U MHQOPMAIIMOHHBIC BO3JICHCTBUS (CBSI3M) HAa MPOU3BOJICTBEHHYIO M YIIPABICHUECKYIO
nesitenbHOCTh; Y (1), X(j), U(l) — MHOXeCTBa AUCKPETHBIX JKeTaeMbIX (IJIAHOBBIX ), BO3MOXKHBIX (HeTLIa-
HOBBIX, BO3MYIIEHHBIX) U YIPaBIIE€MbIX B MPOU3BOJICTBEHHOU cpene coctosHuil; I, J, L — MomHocTn
cootBeTcTByrommx MHOXkecTB; C(il), D(j1), V(I1) — MHOXecTBa NUCKPETHBIX JKETaeMbIX (TUIAHOBBIX),
BO3MOXKHBIX (HEIUIAHOBBIX, BO3MYIIICHHBIX) U yNPAaBIsieMbIX BO BHEIIHEH cpene (B XOJAWHIE) COCTOS-
HUI TPOM3BOJICTBEHHON CHCTEMBI KaKk 00BEKTa YIpaBJIeHHs co cTOpoHBI Xomaunra; 11, J1, L1 — momiHo-
CTH COOTBETCTBYIOIINX MHOKECTB.

Bynem cunrtath cucteMy amanTHBHOM, €CIIM OHa MOXET HPUCIIOCAOINBATHCA K U3MEHEHHUSIM BHYT-
PEHHUX M BHEIIHUX YCJIOBHMA. Takas cucTtema cOXpaHseT paboTOCIIOCOOHOCTH MPH HENpPEIBUACHHBIX
W3MEHEHUSX CBOMCTB YIPaBIISIEMOT0 OOBEKTA, LENICH YIpaBIeHNsl WIH YCIOBHH OKPY)Kalolel cpejibl
MyTEeM CMEHBI JITOPUTMa CBOEr0 (DYHKIIMOHUPOBAHHS, POrPaMMBbI [TOBEJCHUS MM IIOMCKA ONTUMAaIIb-
HBIX COCTOSIHUH. ATalITHBHOE YNPaBJICHUE MPECIEAYET LeNb KOMICHCAIMK HEONPEACICHHOCTH WK He-
M30C)KHBIX U3MEHEHUH MapaMeTpOB COCTOSHHSI MPOHU3BOJCTBEHHOTO TPOIlEcca, BBI3BAHHBIX KaK BHEI-
HUMH (aKTOpPaMH, CBS3aHHBIMH MPEXKIE BCEIO C M3MEHEHUSIMH CIIPOCA, TaK M BHYTPEHHUMHU (aKTopa-
MH, CBSI3aHHBIMU C HEONPEAETIEHHOCTHIO WU TUHAMHUKON JOCTYITHOCTH pecypcoB [1-3].

COOTBETCTBEHHO, aalTanusi — 3TO mpolecc GOpMUPOBAHUS W W3MEHEHHUS TTapaMeTpoB (QYHKITHO-
HUPOBAHUS TPOU3BOJICTBEHHOTO IpoIlecca M BO3JCUCTBHI Ha OCHOBE TEKYIeH MH(POPMAIIUU C LEIBI0
JOCTIKEHHS ONPENEIEHHOr0, a 0 BO3SMOKHOCTH ONTUMAJIbHOTO COCTOSHHUS CUCTEMBI [UISl BBITIOIHEHHS
OCHOBHOM 3aJ]auy — BBIITYCKa MPOIYKLIUH.

MOXHO OTMETHTb, YTO NMPUMEHEHHE MPHHIUIIOB aJalTUBHOTO YIpaBICHUS B MHOOPMAIIMOHHBIX
cUCTEeMax YIpaBJCHUS MPOU3BOJICTBOM ITO3BOJISIET:

— 00ecneyuTh ONTUMH3ALUIO UCIIOIB30BAHUS IPOU3BOJICTBEHHBIX PECYPCOB;
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— MOBBICUTH 000PaYNBAEMOCTh MIPOU3BOJCTBEHHBIX OOOPOTHBIX CPEICTB U COKPATHThH MPOU3BOJICT-
BEHHBIH [TUKI U3TOTOBJICHHS TPOAYKIINH;

— o0ecrneunTh YIpaBIeHYeCKUH TIepcoHall JOCTOBEPHON W OnepaTUBHON MH(opMarmei o cocTos-
HUU POU3BOJICTBEHHOTO TIPOIIecca;

— MPEeIOCTaBUTh MHCTPYMEHT MPOTHO3UPOBAHNUS PA3BUTHUS IPOU3BOJACTBEHHON CUTYalluH B PEXKUME
«UTO-ECIIN» U KaK Pe3yJbTaT — HOBBICUTH 3 (EKTUBHOCT NPUHUMAEMBIX YIIPABICHYECKUM IIEPCOHATIOM
peuieHui.

Metoponorusi aganTUBHOTO YHPABICHUS TMPOW3BOJICTBOM JOJDKHA OOECIICUMBATh HMHTETPALIUIO
YIpPaBIEeHUYECKUX KaTErOpHid, 3aKOHOB, MIPUHIIUIIOB U METOJIOB, PEACTABIAIONINX LIEJIOCTHYIO CUCTEMY,
peannzyemMylo 4epe3 MeXaHU3M YIpPaBJIeHHs Ha OCHOBE CHCTEMHBIX TWHAMHUYECKHX MOJEJei B cocTaBe
ERP cucrems! [4-8].

s matematnueckoi (opMaau3andy CUCTEMHONW MOAEIH MPOU3BOACTBEHHOMN NEATENbHOCTH MIPH-
MEHHMM IOJX0A DmOH, OCHOBaHHBIN Ha ONPEAETICHUH CBS3CH MEXAy HOMHHAIBHBIMHU, HOPSIIKOBBIMH,
WHTEPBaIbHBIMU U KapAWHAIBHBIMY IEPEMEHHBIME TIPH OMMMCAHUH COCTOSIHUS MOJICUCTEM — PETYJIISIUH,
ajlanTalny, CaMOOpIraHU3alyy U Ap. (10 3aKkoHaM Dmlu: KHOepHEeTHUKA pacCMaTPUBAET HE BEILH, a CIO-
coObI moBenenus) [9].

Tax, o jjoruke DmOH sl afanTali HeOOXOIUMBI JIBE NIETIIM 00paTHOM CBsi3u. I1epBbIil UK 00-
paTHOM CBs3M pabOTaeT 4acTO W BHOCUT HEOOJIbIINE KOPPEKTUBBI. BTopoii muki paboTaeT HEYacTo W
U3MEHSIET CTPYKTYPY CHCTEMBI, KOT/Ia «CYILIECTBEHHBIE IEPEMEHHBIC) BBIXOIAT 32 Mpeesibl, HE0OX0a1-
MbI€ JUIsl BEDKHBaHUS.

OY MoxeT HaxoauTCs B IUIAHUPYEMOM COCTOSHUHM Yi, 1 = {1, I} momyctumoro mMHoxecTBa Y U B
COCTOSIHMH Xj, ] = {l,J} BO3MOXHOro MHOXeCTBa COCTOSHMM X, BKIIOYAsl IJIAHUPYEMbIE COCTOSHHS,
OIIpEIeNIIEMOM MIPOU3BOJICTBEHHOM CpeIoii, TOTIa B COOTBETCTBUU C 3aKOHOM HEOOXOJUMOTO Pa3HO00-
paszust Dmou aist ynpasnseMocT OY HE0OX0UMO BBITIONHEHHE CIEAYIOMINX YCIOBHUI.

Ecnu ynpasnenue uk nepeBogut cocrosiaue OY u3 Xj B cocTosiHUE Yi, TO ecTh uk: Xj —» yi<Y <X
W U3BECTHBI BEPOSITHOCTH MX peanu3auuii, Torga OY Oyner neympasisiembiM, ecnd H(y) > H(x), rae
H(...) — sarponus. Llenpto ympaBneHus siBIsieTcs CHUKeHHE 3HTponuu H(y), TO ecTh MOBBILICHHS
BeposaTHocTr HaxoxkaeHus OY B cocrossanu Y, H(y) < H(x) , 3T0 03Havaer, 4To

H(y) > H(x) — I(u, x), @)
rae I(u, x) = H(u) — H(u/x) — xomuuectBo nHpopManuu B u 00 X, a H(u/X) — ycioBHast S3HTPOMHS.

To ectb paznoodpasue (3nmponuio) cocmosnuii OY MoxcHo nonusumos He Ooaee uem HaA GETUHUHY
Konuvecmea ungpopmayuu 6 YC 06 OV, komopoe pasno paznoobpasuio (dumponuu) ynpasieHus 3a Guvl-
uemom nomepu UHGOPMayuy 0m HeOOHO3HAUHO20 YNPABICHUS.

Takxum 00pa3oM, Kak B HAIlIEM CITydae, MEXaHM3M YIIPABICHUS M0 DNUION MpEAIoIaraeT pexkuM CTa-
OMM3auuy LEeNeBBIX COCTOSHUN Xj < Y M mpeoOpa3oBaHus COCTOAHUM Xj < X, HE BXOISIINX B MHOXe-
ctBo Y, B Y. To ecTb ycnoBue Dmbu obecrniednBaeT cTaOMIN3aluio 1IEJIEeBbIX (JKelIaeMbIX) COCTOSIHUN
xj <Y B IpOM3BOACTBEHHOH cpee X, TO €CTh aJlaNTaluio K 3To# cpexe. Ecin ke MHOXKECTBO COCTOSI-
Hult cuctembl OY + CVY pacimpsieTcst 10 MX COCTOSIHHN BO BHelIHeH cpene D, To MoxkHO GopMupoBaTh
0 MpaBWjiaM DO CUCTeMY YIPaBJICHHs U aJanTallid BTOporo koHtypa. O0o00Iias, MOKHO cKa3aTb,
YTO aJANTUBHBIA KaHAJT YIPaBICHUS — 3TO KaHAJ CBA3HM COCTOSHUSA CHCTEMBI C BHYTPEHHUM KOHTYPOM U
OJTHOBPEMEHHO C HOBBIMH COCTOSIHUSIMH BO BHEIIHEM KOHTYpE.

[Tokaxkem, 4TO JaHHBIA MOAXOJ MO3BOJSET (HOPMATIM30BATh CTPYKTYPY MOJIEIM MHOTOYPOBHEBOTO
yIpaBJIeHHUs TPOU3BOJICTBOM Ha OCHOBE HAOIIOIAEMOCTH (M3MEPHUMOCTH) 38 COCTOSHHUEM KENAeMbIX H
BO3MOXHBIX COCTOSIHUH CHCTEMBI W (POPMUPOBAHUS HEOOXOIUMBIX M JIOCTATOYHBIX YIIPABICHUH
(ympaBnsieMOCTH) W3 YCJIOBHS JIOTHYECKOH yCTOMUMBOCTH (CXOIMMOCTH) K KETA€MBIM COCTOSHHSIM.
B TAY nns permneHust Takoro Kjacca 3a1ad MPUMEHSIOT METObI TEOPHH CTPYKTYPHOU M IapameTpude-
CKOM WMIEHTHU(PUKAIUN peaNbHbIX cucTeM. OYEeBHIHO, YTO HAIMYUE JIOTUYECKH HETPOTHBOPECUHBON
(uckiroyaromield omMOKK MEPBOro U BTOPOTO poJa) WACHTH(GHULIUPOBAHHON CTPYKTYpPhI IPOU3BOICTBEH-
HOW CHUCTEMBI SIBIIICTCA HEOOXOANMBIM yCIOBUEM AJISI IOCTPOCHUS ee U(POBOro ABOMHUKA IMyTEM Ma-
LIMHHOT'O O0Y4EHHUSI.

s ONHOTO CTPYKTYPHOTO OMHCAaHHUS JIOTHKH OTHOLIEHHM MEXIY MHOKECTBOM BO3MOXKHBIX CO-
CTOSIHUH TPOU3BOICTBEHHON CUCTEMbI X U TUTAHUPYEMBIX (1I€JIEeBBIX) COCTOSTHUM Y MPUMEHUM MOJEINb B
¢dopme tornyeckoro kpanapara Jlekapra [10, 11] (puc. 2).
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Puc. 2. Cxema OTHOLUEHWIA MeXAY MHOXECTBOM MnaHuMpyembix (LeneBbix) coctosiHun S=Y
M BO3MOXHbIX COCTOSIHMM Npou3BoacTBeHHOW cuctembl P =X
Fig: 2. Scheme of relations between the set of planned (target) states S =Y and possible states

of the production system P =X

HHH HNCKIJIFOUYCHUS JIOTHYCCKHUX HpOTHBOpC‘II/Iﬁ n obecrieueHus HCJIOCTHOCTU CUCTEMBI IOCTPOUM

MOZCJIb, YAOBJICTBOPAOIYIO OCHOBHBIM ITOJIOKCHUAM TCOPUHN KaTeFOpI/Iﬁ MHOXXCCTB.

HGO6XO,Z[I/IM06 YCJIOBUEC HUCKIIIOYCHUSA CTPYKTYPHBIX HpOTHBOpe‘{I/Iﬁ B CUCTEMC (COXpaHGHI/ISI oeIo-

CTHOCTU MCXOJIHBIX 00BEKTOB U CUCTEMBI B LIesioM) U peanu3anuu npuHimna OC — OTHOIICHUS! MEXTY
00beKTaMU ¢ OMHApHOW BHYTPEHHEW CTPYKTYPOH JOJDKHBI OBITh HAIPaBICHHBIMH, MOHOMOP(HBIMU
(MHBEKTUBHBIMU MM (PYHKIIMOHAJIBLHBIMH) U OTBEYATh YCIOBHAM KOMITO3HULIMH.

B namrem ciydae 310 00beKT O0; — MHOXKECTBO IUIAHOBBIX COCTOSHHM Y B MHOYKECTBE COCTOSHHIA

[C X; 06, — mHO)ecTBO cocrosiHuid [IC X, BHEe MHOXecTBa MIaHOBBIX cocTosHUNA X, (Y); O0; —
MHOXeECTBO Y = X,

B 3TOM ciiyyae MOKHO MOCTPOUTH CXEMY CTPYKTYPHOH KOMITO3HULIMK C MOHOMOP(HBIMH ((PYyHKIIHO-

HAJIBHBIMH ) OTHOIIICHUSAMH MEXKIy 0003HaueHHBIMU 00bekTamu 00;, O0,, 005 (puc. 3).

F(Xmut > Xmp)

G(Y > Xmn)

U(Xnp > Xrmmr)

Puc. 3. Cxema CTPYKTYpPHOM KOMNO3ULUM C MOHOMOP(MHbIMU

(cbyHKUMOHANBbHBLIMU) OTHOLIEHUAMU

Fig. 3. Scheme of structural composition with monomorphic

(functional) relations
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[Tyrem ecTecTBeHHBIX NMpeoOpa30BaHMi JaHHAS KOMIIO3HLIUS MOXKET TIOPOXK/IATh HOBBI OMHAPHBII
O00BEKT C MOJMHOXECTBOM COOCTBEHHBIX COCTOSHHI BO MHOXECTBE BO3MOXHBIX COCTOSIHWH, ompee-
JIAEMBIX BHEITHEN CPEIOM.

OTMeTUM TaKXKe, YTO yKa3aHHbBIC BBINIE MPEOOpPa3oBaHHsS PACKPBHIBAIOT (OPMATBHBIA ANTOPUTM
npeoOpa3oBaHMs JIOTHYECKOTO KBaapaTa Jlekapra mo jormueckoro tpeyronsHuka H.A. BacuibeBa B
HCCIIeyeMOH MPeIMETHON 00/1aCTH POU3BOICTBEHHOMN JESITEIBHOCTH.

OCHOBHBIM MEXaHM3MOM pPean3alliyl aJIANITHBHOTO YIPaBJICHHUs MPOU3BOACTBOM sIBIsieTCsl cop-
MHPOBAHHAS TEXHOJIOTHUSI IPUHATHS U HCIIOJHEHHUS YIIPABJICHYSCKUX PEIICHUI HA OCHOBE KauyeCTBEHHOM
nH(pOpPMALUK M UCIIONB30BAHUS MHTEIUICKTYAIBHBIX WH()OPMALMOHHBIX CHCTEM M CHCTEM IOIICPIKKU
IIPUHATHUS PELLICHUI.

CrnenmoBatesbHO, 1eNb aJallTHBHOTO YIPaBJICHUS MOKHO c(hOpMYIHpOBaTh KakK IMOWCK BapHUAHTOB
NPUHATHS ¥ UCTIOJHEHMS YIIPABICHYECKUX PEelIeHHuH, o0ecneynBaromux Hanoonee g dekTHBHOE B3au-
MOJEHCTBUE M MCIOJIb30BaHHE MPOU3BOJICTBEHHBIX PECYPCOB. A OCHOBHOM 3a/1a4eii IIOCTPOCHUS CHUCTe-
MBI QJIAITHBHOTO YIPABICHUS B 3TOM CIIydae SBISICTCS HEMPEPHIBHOE COBEPIICHCTBOBAHHE METO/OB U
MoJIeJIel yIpaBlieHHsT POU3BOICTBEHHBIMHU MPOIECCAMHU HA OCHOBE UCIIOJIb30BAHUSI COBPEMEHHBIX WH-
(bopMaunMoHHBIX TexHOJOoTHH [12—14].

WudopmanmoHHbIe CHCTEMBI, TPHUMEHSIEMbIE B YIPABICHUH IPOHM3BOJICTBEHHBIMHU IIPOIECCAMH,
MOXHO pa3/ieNiuTh Ha WH()OPMAITMOHHO-CTIPABOYHBIE, HH(POPMAIIMOHHO-COBETYIOIINE U HHPOPMAIMOHHO-
YIpaBJISIIONIHE.

Hngopmayuonno-cnpagounvle CUCTEMBI BHIIOIHAIOT 3a1a4y 00CCICYCHUS YIIPABICHYECKOTO Iep-
COHaJIa HeOOXOAMMOM M JOCTYNHOH MH(opMalueil o 3ampocamM, Ha OCHOBAaHHU KOTOPOH aHAIN3UpPYyeT-
Csl COCTOSIHME O00BEKTa YIpaBJIeHHUs (MPOU3BOJICTBEHHOI'O Mpoliecca) U GOpMUPYETCs YIIPAaBIEHYECKOE
peleHue.

Hngpopmayuonno-cosemyrouyue CUCTEMBI 10 pe3ylbTaTaM coopa u 00padoTKH HHGOPMAIIUU Ha OC-
HOBE 3aJI0KEHHBIX AITOPUTMOB TIPEIUIATal0T PEKOMEHIAINH, KOTOPbIE MCIONB3YIOTCS MPU NPHHATUHH
YIPaBJICHUYCCKUX PEIICHUH.

Hugpopmayuonno-ynpasasiiowjye CUCTEMbI MO3BOJSIIOT HE TOJBKO BOCIIONB30BAThCS PEKOMEH/Ia-
[USIMH TIPY TIPUHSTHU PElIeHU, HO U (OPMHUPOBAThH YIIpaBICHYCCKHE BO3CUCTBHS O€3 MpeBapuTeIhb-
HOM OIIEHKH ITUX PEIICHUH yIPaBICHIYECCKHM IIEPCOHAIIOM.

Ucxons u3 Takod knaccupukanui, MOKHO c(hOPMUPOBATH OCHOBHOHM MOAXOJ K OLIEHKE U3MEHe-
HUSl YPOBHS aJanTaiui IPOU3BOJICTBEHHON CUCTEMBI C MPUMEHEHUEM WHPOPMAIIMOHHBIX CHCTEM KaK
TpaHchopMalnio HHOOPMAINMOHHBIX CHUCTEM B HH(OPMAIMOHHO-COBETYIONIHE W WH(POPMAIMOHHO-
YIPaBJISIONIHe, 00eCIeYHBAIOIINE POCT YPOBHS (hOpMATH3aMK IPUHIMAECMBIX YIPaBICHYECKUX pelle-
HUI ¥ CHIDKCHUE BIMSHHS CyOBEKTUBHOTO (haKTOpa Ha pe3yJIbTaThl MPOIeccoB ynpasnenus. Hampumep,
TaKoe MOJIOKECHNE MOXKET OTHOCHUTHLCS K HanboJee CII0KHOMY ISl OLIEHKH IIEPCOHAIIOM H B TO K€ BpeMs
HanboJiee BAXKHOMY JUIS ONTHMHU3AIUH POU3BOJCTBEHHOTO Mpoliecca MmapaMeTpy B MEIKOCEPUHHOM U
eIMHUYHOM MPOU3BOJICTBE — PAaCcUeTy NPUOPUTETA MCIOJHEHUS MPOU3BOJCTBCHHBIX 3aKa30B Ha pado-
4eM IeHTpE.

Kak 0b110 OTMEUECHO paHee, CyTh aJIAIITHBHOTO YIIPABICHHS MAITMHOCTPOUTEIBHBIM TPEIIPHITHEM —
3TO yIpaBleHYECKas JESATENbHOCT, COCTOSIIAS B BHJIE B3aUMOCBSI3aHHBIX BO3JCHCTBHI Ha 3JIEMEHTHI
aJIAalITUBHOCTH YIPABISIEMOT0 OOBEKTA C TIOMOILBIO MEXaHH3Ma YIPABICHHS — IPUHATHUS U UCTIOTHEHHS
YIPaBJICHUYCCKUX PEIICHUH, KOTa KeIaTeNbHOe COCTOSHUE CHCTEMBI OMPEACISICTCS Ha OCHOBE HAKOII-
JICHHOT'O OTIbITa TIOCPEICTBOM HAOIOICHHS 32 YIIPABICHYECKAMH ITOKA3aTEISIMU.

AJanTUBHAS MOJIENIb CUCTEMBI YIIPABIICHHS TPOMBIIIJICHHBIM MPEANPHUSITAEM OCHOBBIBAETCS HA MO-
JeTM aHaI3a COCTOSIHUS TIPOM3BOACTBEHHOTO Mpoliecca U MPOrHO3a BOSMOXKHBIX TOCIEICTBUI TPHHS-
THIX YIPABICHYCCKUX PEHICHUI, YTO TPeOyeT pelicHUs 3a1a4u MapaMeTPU3aliH, T. €. BBIABICHUS MU-
HUMAaJIbHO HEOOXOAMMOT0 Habopa JaHHbBIX, ONMMCHIBAIOIINX 33]]auy yIPABICHHS U B TO )K€ BpeMs JJOCTa-
TOYHBIX JIJISI OLIEHKH PE3YJbTAaTOB MPHHATHIX perieHuii. COOTBETCTBEHHO, METOAOJIOTHS aIallTHBHOTO
YIIpaBJICHUs TOJKHA OBITh OCHOBaHA HA Pa3padOTKE CUCTEMbI KOJIMYECTBEHHBIX M KaUCCTBEHHBIX ITOKA-
3aTelield, ONpeNeNSIONX B COOTBETCTBYIONICH CHCTEME KOOPIUHAT BO3MOXKHBIE cocTosiHu OY U ero
CVY B mpoH3BOCTBEHHOI M BHELIHEH Cpeaax, BBIACIATh B HUX LEJEBBIE COCTOSHUSA U (POPMHUPOBATH J0-
MYCTUMBIC YIIPaBIIsieMble TPAEKTOPHH UX JOCTHKECHUSI.
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Merton onpeaeeHust MHOKECTBA BO3MOKHBIX COCTOSTHUH

NMPOU3BOJACTBEHHBIX CHCTEM B COCTABE XOJJIMHIA MO PeajibHbIM JaHHbIM

W3BecTHO, YTO MPOW3BOJICTBEHHAS! CUCTEMA SIBISIETCS TUHAMUYECKON CHCTEMOM, 3TO 3HAYHT, YTO
OHa 00JaJaeT «IPOU3BOACTBCHHOI MaMATHIO U MoaenupyeTcs and¢epeHInaIbHbIMA YPAaBHEHUAMHU.
VYdeTHbIe ke JaHHbIE B PEAIbHOM MAallMHOCTPOUTEIHHOM TIPOU3BOCTBE SBIISIIOTCS, KaK MPaBUIIO, JIHC-
KPETHBIMH M MHTETPAJILHBIMHA 1 (DUKCUPYIOTCS B MHOTOMEPHBIX Tabmuiax (pensuuonHbix BJI). CxeMmsbl
TabJHUI COOTBETCTBYIOT YNOPSAOYEHHBIM KOHEYHBIM HOMHHAJIBHBIM IIKaJlaM, TO €CTh HM3BECTHA HX
MOIIHOCTH (KOJIM4YecTBO 3neMeHToB). Kpome Toro, 3amaercs ux pasMepHOCTb. [ paduuecku 3TH LIKaIbI
OTIPEJICIISIIOT OPTOTOHAIBHYIO KOHEUHYIO TUCKPETHYIO CHUCTEMY KOOpJMHAT, B KOTOPOH 3a/laHa B HEsB-
Ho#i ¢popme nuddepennmanbaas GyHKIUS.

Ilpumep 1

Ha ocHOBe maHHBIX, IPUBEACHHBIX B paboTe [15], onmpenenuM ABYMEPHYIO OPTOTOHAJIBHYIO Orpa-
HUYEHHYIO AMCKPETHYIO CUCTEMY KOOPIHMHAT C YIOPAJOYCHHBIMH HOMHHATHUBHBIMH HiKanamu <lIIpen-
npusATHS XOJAuHTa, Bpems™> u cuctemy ¢ koopauHatamu oO0bekTa <OOBEMBI POU3BOICTBA, 3aMachl,
O6opaunBaeMocTs™>. B 3THX cucTemMax KOOpPAMHAT 3a/aHbl MapaMeTpbl PEaIbHBIX HHTErPalbHBIX CO-
CTOSIHUH NPOU3BOJICTBEHHON CUCTEMBI B ()OPME COBOKYIHOCTHU TaOJIMII, CBI3aHHBIX PENISHOHHBIMH OT-
HOILICHUSMH, U B (POpPME COOTBETCTBYIOLINX AUarpaMm (puc. 4-6).

B 00600mennoii popMe Takoe MpeaCTaBICHUE COOTBETCTBYET HEKOTOPOU CIOXHOM JUCKPETHOH
MOJIENH, 3aaBa€MOM CHCTEMON YHCIIOBBIX IOCIEN0BATEIBHOCTEM, BKIIIOYAasl U caM HaTypaJbHBINA psf
YHCcel, KOTOpasi MOXKET OBITh MPEICTaBICHA OCIEA0BATEIbHOCTHIO

®(1a laJ) = ®(Hp(1) VOG.]‘Ip (L L J)a V06.3an (L L J)a N (L L J))' (2)
PeanbHoe cocTosiHUE HpOH?)BOJICTBeHHOﬁ CHCTCMBI, KaK OBLJIO OTMEYEHO BBIIIIC, O6HaﬂaeT IIaMATBIO

U COOTBCTCTBCHHO OIPCACIIACTCA ,I[I/I(l)(i)epeHI_II/IaJ'IBHO—PIHTeraJ'ILHBIMI/I CBOﬁCTBaMH, TO €CTh €€ Mozaec-
JIBIO ABJIACTCS CJIOXKHAA aHAJIMTHYCCKast q)yHKLII/IH, 3agaBacMasl B HeﬂBHOﬁ, L[HCKpCTHOﬁ (I)OpMe.

35000000
30000000
25000000
20000000 1 2011 pakT
W 2012 paut
15000000 - —
2013 Qaki
10000000 - —
5000000 - —
D .
[p/Tox 1/TIpl 2/1Ipl 3MIpl 4/Tlpl 5Mpl 5/Sum
1/2011 V11/21 V12/8 V13/3 V14/4,5 V15/9 65,5
2/2011 26 22 13 4,6 14 79,6
3/2011 32 23 12 4,7 16 87,7
3 69 63 38 13,8 39 232,8/222

Puc. 4. luHamnka o6emMoB npousBoAacTBa no npeanpuAaTuaM: Vs, (I, j), py6./rop — o6ém nponsBoacTBa
I1={1, 2, ..., 5}-ro npeanpuaTtusa B roga u no rogam J = {2011, 2012, 2013}

Fig. 4. Dynamics of production volumes by enterprises: V.. (I, j), rub./year — production volume
I={1, 2, ..., 5} enterprise per year and by years J = {2011, 2012, 2013}
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Puc. 5. luHamuka sanacoB marepuanoB u H3MM no npegnpuatuam: Vgg..q (i, I, j), py6./roa — o6bém
3anacoB matepuanoB 1 H3MN 1 = {1, 2, ..., 5}-ro npeanpuaTua B rog n no rogam J = {2011, 2012, 2013}

Fig. 5. Dynamics of stocks of materials and WIP by enterprises. Vg, .., (I, I, j), rub./year — the volume
of stocks of materials and WIP I = {1, 2, ..., 5}enterprise per year and by years J = {2011, 2012, 2013}

2,5

2,0

Ob6opaumBaemocTtb, 060POTOB B rog,

1,5
W 2011 rog,
W 2012 rog,
1,0
m 2013 rog,
0,5
0,0 - MNpeanpnatue Mpeanpuatue Mpeanpuatue Mpeanpuatue MpeanpuaTtue
2 3 4 5
[Ip/Tox 1/1lpl 2/1pl 3/1Ipl 4/11pl 5/1Ipl 5/Sum
1/2011 2,2 1,25'Y 1,5-Y’ 09Y’ 0,8 Y* 6,65
2/2011 2,22-X 1,6 2,1 1,2 0,9 8,02
3/2011 1,8-X° 1,3 1,7 1,1 1,1 7
3 6,22 4,15 5,3 3,2 2,8 21,67

Puc. 6. luHamnka o6opauymaemocTtu 3anacoB matepuanos v H3M no rpynne npeanpusatuin: N(I, L, j), K-
konuyecTtso o6opoToB I-ro npeanpuaTusa B rogmu norogam J (I1={1, 2, ..., 5}, J = {2011, 2012, 2013})

Apmioxoe A.B. ynpaeJsieHuUsi MawuHocmpoumeJsibHbIM IPOU3800CcMeoM
20000000
3anacbl matepuanos 1 H3M, py6.
18000000
16000000
14000000
12000000
m2011
10000000
w2012
8000000 = 2013
6000000
4000000
2000000
0 - Mpeanpuatne Mpeanpuatne Mpeanpuatne Mpeanpuatne Mpeanpuatune
1
[Ip/Tox 1/1Ipl 2/1pl 3/1Ipl 4/11pl 5/1Ipl 5/Sum
1/2011 9 14,5 8,5 5 12 49
2/2011 12,5 13,5 6 5,8 15 52,8
3/2011 17 17,5 7 6,5 15,5 63,5
3 38,5 45,5 21,5 17,3 42,5 116,3/165,3

Fig. 6. Dynamics of material inventory turnover and work in progress for a group of enterprises: N(I, L, j), K-
the number of turnovers of the I-th enterprise per year and by years J (I ={1, 2, ..., 5}, J = {2011, 2012, 2013})
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Ji1st mocTpoeHHs aHATTUTUIECKOH MOJENI MPUMEHNM METO/I IPOU3BOASIINX (QYHKIIHH.
Jnist onuvcaHusi UHTETPATBHBIX CBOMCTB MOCIENOBATENLHOCTH OOBEMOB MPOM3BOJICTB, 3aIaCOB U
000paunBaEMOCTH T10 TMPEIIPUATHIM TIOCTPOUM MPOU3BOIAIINE (PYHKIIUH OT apamerpa Y B BUJE:

Vooup (¥, L)) =Ag+ Ay + Ay + Asy + Agyh (3)
Vosaan (V> L, j) =Bo+ A’y + By’ + Byy’ + Byy's 4)
N(y,Lj)=Co+Cpy+Cry’ +Cyy +Coy. (5)

OtmMeTnM, 4TO 3Ha4eHUS PYHKIHMH Kak onpeaenéHHbIXx naTerpanoB oT Y =0 1o Y = 1 coBmaaaior ¢
TaOJIMYHBIMHU 3HAYCHUSMH.

Jnist omuvcaHusi MHTETPAIBHBIX CBOMCTB MOCJIENOBATENLHOCTH OOBEMOB NPOM3BOJCTB, 3aIaCOB M
000paunBaeMOCTH 110 BpEMEHH (roAaM) MOCTPOUM MIPOU3BOsIME (PYHKIMK OT mapaMeTpa X B BUJE:

Vosp (i, X, j) = Do+ Dy-x + Dyx’; (3a)
V06.3an (1: X, _]) = E0 + El'X + EZ'XZ; (43)
N(, x, j) =Py + P;'x + P, x%. (5a)
Ilpumep 2

Tonooicum, umo 8 ungopmayuonHo-cosemyiouell CUCTEME BO3HUK BOIMPOC: KaKUM 00pa3oM Mpo-
W30WJET mepepacnpeescHne 00bEMOB MTPOM3BOJICTBA HA MPEANPUATHIX HPU YCIOBHUH M3MEHEHHUS CO-
OTHOIIICHHUS HA 33J]aHHYI0 BeJTMYUHY L 00beMOB MPOM3BOJICTB 32 MOJHBII Nepro (32 TpH rojia) U B Te-
yeHue Tpéx net? Hackonbko nmpu 3TOM U3MEHSTCA 3anachl 1 000pavyuBaeMOCTh?

CocraBuM QYHKIIMOHATBHYIO MOJIEIb JJIs HCKOMOT'O COCTOSIHUS TIPOU3BOJICTBEHHOW CUCTEMBI B CO-
OTBETCTBHUH C JIOTHKOM ITOCTABJICHHOT'O BOMPOca, 00beauHUB ypaBHeHus (3) u (3a).

V06»HD (ya I’ J) - L'VOG»HD (1, X, J) =0 (6)
WIN

(Aot Ary + Ary’ + Ay’ + Ayy’) — L-(Do + Dix + Dyx?) =0. (62)

[Monaraem, uto y(X) QyHKIIMOHATBHO 3aBHCUT OT X, TOTJa OTBETOM Ha TOCTABJICHHBIA BOIMpPOC OY-
IoyT pemeHust quddepeHnnanbHoro ypasHeHus (7), B CBOIO O4epeb SIBISIOMIECIOCs peleHneM (6a):

dy(x)/dx = (L(D; + 2D,x))/(A; + 2A5y + 3Asy” + 4A4y°). (7)

BriBoabI
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4. [TokazaHo, YTO TpEANIOKEHHAsI TWHAMHUYECKAash MOJIENb SIBJSIETCS OCHOBOM ISl TIOCTPOSHUS HH-
(hopMaIMOHHO-COBETYIONIECH CHCTEMBI.
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METHODOLOGY OF SYSTEM MODELING OF ADAPTIVE
MANAGEMENT OF MACHINE-BUILDING PRODUCTION
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A.V. Rechkalov?, av@rechkalov.ru,
A.V. Artyukhov?

" Ufa State Aviation Technical University, Ufa, Russian Federation,
2 United Engine Corporation JSC, Moscow, Russian Federation

The Model Paradigm of digital control in production systems is based on the intelligent integra-
tion of virtual and real processes with production objects (their system models). In this case, the plat-
form (environment) for the intelligent integration of virtual and real processes is the information
environment of the subject-oriented area. The functions of specialists, in this case, are reduced to
the role of experts who implement the formal predicate knowledge prescribed in the corresponding
methods and job descriptions (documents) and analyze the updated data of real production from
the corresponding databases and knowledge bases. This ensures the properties of identifiability and
traceability of production facilities and their processes. The spatial and temporal distribution of
the holding's production facilities determine the basic coordinate system for their system modeling
and management. Automation of intellectual processes of organization, planning, monitoring and
management of interconnected production facilities in space and time, taking into account the influ-
ence of the external environment, in real and virtual aspects, is an important and urgent task. System
modeling is one of the main components of the organization of any process, including production.
It should also be noted that the system modeling process itself is an intellectual, laborious and objec-
tive process. Purpose of the study. To develop a methodology for system modeling (system de-
scription) and adaptive management of production activities by individual enterprises as part of
a machine-building holding. Develop a methodology for implementing this system model. Research
methods used in the work:

— principles of system engineering methodology (process approach, life cycle, etc.);

—an integrated approach and structural analysis of the diversity of information processes in
the interaction of individual production enterprises within the holding;

— functional modeling of dynamic systems.

Results. A methodology of system modeling (system description) of multilevel adaptive control
of production systems distributed in space and time is proposed, taking into account the influence of
the external environment. On the example of a machine-building holding, it is shown that this intel-
lectualized system dynamic model can be implemented in the form of an Information-Advisory Sys-
tem. Conclusion. The proposed Methodology of System Analysis and Modeling of Adaptive Mana-
gement of Machine-Building Production as a part of the holding allows solving urgent problems of
effective management of production activities, taking into account the influence of the external envi-
ronment.

Keywords: system modeling (system description), adaptive control, machine building holding,
production system, subject-oriented area, dynamic model.
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PASPABOTKA MOOND®PULIMPOBAHHOIO METOA
WINNOWING AnA ArPEFTMPOBAHUA OAHHbIX
BUBJIMOTPA®UYECKOU MHO®OPMALIMU N3 CUCTEM
LMTUPOBAHUA B YCNOBUAX HEMNOJIHOU UHO®OPMALIMU

W.I. bBonodypuHa, KO.I1. UeaHoea (Ily2oeckoea), J1.M. AHuyughepoea, B.[]. briuHoe
OpeHbypackuti 2ocydapcmeeHHbili yHugepcumem, 2. OpeHbype, Poccus

B HacTosmee BpeMs nepexo K IpecTaBiIeHnio oubnuorpadudaeckoit nHGOpMaIK 0 HayYHBIX
paboTax K 3MEKTPOHHOMY BUIY TOCIYKWJI MPUIMHOM IMOBBIIIEHHOTO HMHTEpeca K HayKOMETpHUe-
cKuM uccienoBaHusaM. [lpu 3ToM cymiecTByromue HayKOMETPUIECKHE METOBI TTOABEPTaloTCs KpHU-
THKE CO CTOPOHBI YUYEHbBIX, TaK KaK HerojHas oubnuorpaduueckast 6a3a U MHCTPYMEHTHI €€ OlCHHU-
BaHMs HE IMO3BOJIIIOT HanOoJiee TOYHO OIEHHUTH BKJIAJ HaydHOro Tpyna. IIpobiema kadecTBa Hay-
KOMETPHUYECKHX OLEHOK, KaK MPaBHJIO, OCHOBBIBACTCS Ha MCCIICOBAHUY JITaHHBIX HEKOTOPOH CHCTe-
MBI UTUPOBAHUS, KOTOPasi HE BKJIIOYACT IIOJIHBIC CBEJCHUS 000 BceX ITyOJIMKalMsAX aBTOPOB, CO-
JepKaIuxcst B APYrux cucremax nuruposanus. Leab ucenenoBanus. JlaHHoe MccienoBaHue Ha-
IpaBJICHO HA pa3pabOTKy aIanTHBHOIO ITOAX0AA Uil (OPMUPOBAHUS arperMpOBaHHBIX JaHHBIX
6ubmmorpaduueckoil MHGOPMAIMKM HAYYHONH OPraHM3allMU B YCJIOBUSX HEIOJHOM MHpOpManuu u3
cucrem nutupoanus PUHI, «Akamemust Google» u Scopus. Meroabl. OnpeaencHue arperupo-
BaHHOTO CITMCKa MyOJIMKAIMil A aHaln3a HAyKOMETPHUYECKUX IOKaszaTesled MPOBEACHO METOA0M
Winnowing, anropurmom JleBeHmrelina, MeTooM mUHTIOB U JI)kapo — Bunkiepa. B pamkax skc-
NEePUMEHTAIBLHOTO MCCIIEI0BaHuUS TPOBe/ieHa OlleHKa () (EeKTUBHOCTH TPUMEHEHHS PACCMOTPEHHBIX
METOOB ISl arperupoBaHys HHGOPMAIIMK CUCTEM LIUTHPOBHUS HA OCHOBE aHAJIN3a TOYHOCTH, TOJI-
HOTHI U F-Mepbl. Pe3ysbTaThl. DKCIIEpUMEHTHI Ha TECTOBBIX JAHHBIX CIHCKA ITyOJIMKannii aBTOPOB
OpenOyprckoro rocyaapcTBEHHOTO YHHBepcuTeTa n3 cucteM mmrtupoBanus PUHII, «Axamemus
Google» n Scopus moka3zany, 4To HauOoJee TOYHBIE CIHMCKU ITyOJMKalWi 1Mo KpuTepuio F-mepsr
chopmupoan Mmerox Winnowing. /Iyt HOBBIIIEHHUS IPOU3BOJUTENIFHOCTH JAHHOTO ajrOpUTMa IIpo-
BE/ICHA JBYXOITAITHAs ONTHMU3AIMS MPOLecca arpernpoBaHusl, KOTOPas MO3BOJIMIA YIYUIIHTh BPEMS
paboTsl anropuT™a npHu GOPMUPOBAHHUM CIHCKA OnOIMorpaduyueckux omicanuid. 3akaodenue. [Ipen-
JIO)KEHHBIN TOAX0J /U1 (pOpPMUPOBAHHS arperHpOBaHHBIX JaHHBIX OuOnmorpaduueckoit nHpoOpMa-
IIUM Hay4YHOW OPraHM3allié B YCIOBMAX HEMOJHOW MH(popMammu u3 cucteM nutupoanus PMHI,
«Axanemus Google» 1 Scopus NO3BOJISIET MOBBICUTh NPOM3BOAUTEIBHOCTh HPH (HOPMUPOBAHUH
CIHCKa MyOJMKALUi aBTOPOB U TOKa3bIBAET XOPOIIYIO (P (HEKTUBHOCTD MPU ONpPEICICHUH HayKO-
METPHUUECKUX XapaKTEPUCTHK aBTOPOB.

Knrouesvie crosa: cucmema yumupo6anus, HayKomMempuyeckue memoovl, azpecuposanue ouo-
nuoepaguueckoll ungopmayuu, moouguxayus memooa Winnowing, memoo Jlesenwmetina, memoo
WUHETI08.

Beenenue

B Hactosmiee BpeMs HmccieaoBaHHUA B O0JIACTH HAyKOMETPHM CTasd HauOojiee akTyalbHOH oOuia-
CTBIO JUISl JUCKYCCHH cpeu HaydHOro coodmiecTBa. CBA3aHO 3TO C TEM, YTO CYIIECTBYIOIINE CHCTEMBI
MUTHPOBaHMS HAYYHBIX paboT npeacTaBuiin Oubdarorpadudeckyro HHGOPMAIIUIO B SJIEKTPOHHOM BHJIE U
CTaJii pa3padaTbiBaTh HOBbIE HHCTPYMEHTHI 1711 yA0OHOI pabothl ¢ Hell [1]. IIpu aToM cymecTByromume
HayKOMeTpHYeCKHe MeTojpl [2, 3], KaK MpaBUiIO, OCHOBBIBAIOTCS HA HETONHOW OMOMMOrpaduuecKoi
6a3e 1 He MO3BOJISIOT HanboJee TOYHO OLEHUTH BKJIAA HaydHOro Tpyna. OqHako HE0OXOAUMOCTh oOlle-
HHUTH XOTSI OBl KOCBEHHO KaUeCTBEHHYIO CTOPOHY IyOJMKaluil aBTOPOB OCTAaeTcs M, CIEAOBATEIBHO,
BO3HMKAET MOTPEOHOCTH B pa3paboTKe HOBBIX, 00jee OOBEKTUBHBIX AJITOPUTMOB (OPMHUPOBAHHS arpe-
TUPOBaHHBIX JaHHBIX OHONMMorpaduveckoi HHGOPMAIMU HAYIHOW OpraHU3aIMH B YCIOBHUIX HETIONHOM
uHopmaruu u3 cucreMm nurupoBanusa PUHIL, «Axagemus Google» u Scopus.
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OCHOBHBIMH HEIOCTATKaMHU CYILECTBYIOIIUX HAYKOMETPUYECKHX METOIOB OLICHKM KauyecTBa Haydy-
HBIX ITyONUKaLUil ABISIIOTCS:

—npobiemMa OTCYTCTBUS MOJIHOM OuOianorpaduueckoit 6a3bl, CB3aHHAA C MyONMKalueil Hayd-
HBIX paboOT TOJBKO B TEX CHCTEMax IIUTHPOBAHUS, HA OCHOBAHWUU KOTOPHIX OHU HHJCKCHPYIOTCS
[4, 5];

— HU3KHE TOKa3aTesld MPOU3BOJUTEIBHOCTH CYIIECTBYIOIMX METOIOB arperupoBanusi Oubdarorpa-
¢duueckoii HHGOPMAMK U OTCYTCTBHE HanOO0JIee TOYHBIX HHCTPYMEHTOB OLICHKH [6];

— BOJIbHASI HHTEPIPETALIUS PE3YJIbTATOB aHAIN3a HAYKOMETPUIECKHUX TOKa3aTtenel [7] mpu cocrtas-
JICHUM PESHTUHIOB HA OCHOBAHUHU KaKOH-1100 Onbmnorpaduueckoit 6a3sl.

Junst pemieHusi OCTaBICHHON MPOOJIEMbl BOCIIONB3yeMCsl MATEMaTHUECKUM alapaToM HEYeTKOH
JIOTHKH 7151 POPMUPOBAHMS arperupoBaHHOTO CIKCKa OMONMOrpaduuecKuX OMHMCAHWNA C MCIOJIb30Ba-
HUEM DPa3IUYHBIX (YHKLUMI X3LIMPOBAHMS, a TaKXKE€ COBPEMEHHBIMH TEXHOJIOTHUSIMH HPOCKTHPOBAHHS
0a3 JaHHBIX U HapaJUIEIBHOTO MPOrPAMMHUPOBAHUSL.

1. O630p ucciaexoBanuii

UccnenoBanusmu 1 pa3pabOTKON HAYKOMETPUUECKUX METOAOB C LENBI0 (HOPMUPOBAHUS arperupo-
BaHHBIX JaHHBIX OnOIMorpadguyeckoi HHGOPMALUN HAYYHOW OpPraHU3alUHU B YCIOBHUSIX HEMOJIHON WH-
(dbopMannu U3 pa3IUUHBIX CUCTEM LUTHPOBAHUS 3aHUMAIOTCS IO BCEMY MUDY.

B uccnenosanuu [8] aBTOpPBI pacCMOTPENTH BO3MOXXHOCTH MMPUMEHEHHUS TAHHBIX IBYX CHCTEM ITUTH-
poBanus Oubnmomerpudeckoit nHpopmaruu Scopus U1 Web of Knowledge npu onenuBannu Bkiaaa
Hay4YHOTO TpyJa aBTOpa WIM HEKOTOPON OpraHu3alyy. Pe3ynpTaTel HcclaeI0BaHHU MOKa3ald, YTO Hau-
OoJiee TOHYIO Ha JaHHBIA MOMEHT HH(POPMALUIO IpelocTaBiseT pecype «Poccuiickoro naaekca Hay4-
HOT'O LIUTUPOBAHUS), OJHAKO HE BCEI/a IOJIyYCHHbIE CIIMCKKU OMOIMorpaguyecKux ONMCAaHUH MOKa3bl-
BaIOT UCYEPIBIBAIOILYI0 HHPOPMAIIHIO.

OnHako npobiieMa MaHHITYJISIHN ¢ OMOTHMOMETPHYECKUMU TTOKA3aTeNsIMU CBsI3aHa ¢ HEOPaBIaHHO
LIMPOKHUM HCTIONB30BAHUEM OMOIMOMETPUYECKUX NAHHBIX Pa3IMYHBIMH KOHTPOJIMPYIOIIMMH HHCTHUTY-
Tamu [9, 10]. B cBs31 ¢ 3TUM TOYHOCTb JaHHBIX, KoTopble nomy4yaeT PUHII, HanpsMyro 3aBUCHT OT Op-
raHu3allH, a TAK)Ke €ro OTBETCTBEHHOT'O IPEICTABUTEIS.

ABTopbI cTaThy [11] mpoBenu 600bIIOH 0630p OCHOBHBIX HAYKOMETPHUYECKHX TIOKa3aTelei, mo3Bo-
JSIOMIMX YYUTHIBATH KOJMMYECTBO MyONMKanuii U 1uTtupoBaHuii. PazpaboraH HOBBIM MOAXOM K YYETy
JOTIOJHUTENIFHOH MH(OpMalMy MO COaBTOpaM, MO YPOBHIO KypHala, MPOJODKUTEIBHOCTH HAay4HOU
Kapbepsl U T. 1. BelsiBineHa npobiemMa CKphITBIX U HE(OPMaIbHBIX CCHIJIOK, a TAKXKe OLIMOOK B CIHCKE
UCTOYHUKOB. B wactHOCTH, B padore [12] uccnemnoBatens A.C. XoiomoBa NpeiioKEHO UCKIIOYHUTH U3
paccMOTpeHUs] UMIAKT-PaKTOPhI KYPHAIOB, ONMUCHIBAIONINE PAHXHUPOBAHUE THIIOB MyOJMKAIMA U HE
BIUSIONINE HA 3HAYUMOCTh HAyYHOTO TPy/Aa aBTopa.

B nyOnuxkanum [13] npeacraBieHbl JaHHBIE BHIYUCICHUN U aHAJIM3a UHAEKCOB XHpIIa AJIs Mpero-
naBateneil B 00JacTH METOAOJIOTHH TOBEACHUYECKMX HayK B VMcmanuu. Pe3ynbpTaThl MOKas3bIBAIOT, YTO
WHJEKC XUpIIa CYIIECTBEHHO YBEIWYMBACTCS 3a CUET CAMOLUTHPOBAHMA U CPEAHEE 3HAUYEHHE y MpO-
(eccopoB CYIIECTBEHHO HE NPEBBIINIACT CPEAHEE 3HAUYCHUE TOKa3aTels y JOIEHTOB. DPQPEKTHBHOCTh
BBIUUCIICHHS WHJIeKca XHUpIla MOATBEpXkKIeHa B pabdote [14], rae npoaHan3upoBaHa BO3MOKHOCTh yUH-
THIBATh aBTOPCTBO IIUTUPYEMBIX CTaTel APOOHO.

B uccaenosanuu [15] mpoananu3upoBaHbl aBTOMaTH3UPOBAHHBIE CHCTEMBI arperUpOBAaHUSI LIUTH-
POBaHUI POCCHICKUX YUEHBIX, HAPaBJICHHbIC HA ONTUMU3ALUIO CIIMCKA HAYYHBIX paboT, MX LUTHPOBA-
HUS, @ TaKXKe BBIYUCIICHUS HAYKOMETPUYECKHX IOKazaTeneid. ABTOPHI MPEATOKUIN MOAXO0J, MO3BO-
JSIOMKN HE TOJNBKO ONTHMHU3UPOBATH CIHCOK OMOIHOrpaduIecKux OMHMCAHWA, HO M arperupoBarth pe-
3yNbTaThl U3 HECKOJIBKUX CHCTEM ITUTHPOBAHUA.

Takum o0pa3om, 0030p MCCIeTOBaHUHN MOKAa3aJl, YTO UCIONb30BAaHUE PA3TUYHBIX MOJXOMOB K BbI-
YHCJICHUIO MyOIMKAIMOHHON aKTHUBHOCTH M arperupoBaHUI0 OMOIMOrpaguyecKux AaHHBIX UIPAeT Bax-
HYIO pOJIb B OLIEHKE KayecTBa HayYHOI0 MOTEHIHAIA.

JanHoe mccienoBaHie HANIPaBICHO Ha Pa3pabOTKy aJalTHBHOTO MOAX0Aa sl GOPMHPOBAHUS ar-
PETUPOBAHHBIX JAHHBIX OMONIHOTrpaduyeckoil HHPOPMAIKH HAYYHOW OpPraHU3aluU B yCIOBUSIX HEMOJI-
Hoit nHopmauu u3 cuctem nurtupoBanus PUHL, «Axagemust Google» u Scopus.
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2. [locTaHoBKA 321241 MOMCKA HEYETKHUX IMyOJIMKAIUIA

HA OCHOBE JAHHBIX CHCTEM LUTHPOBAHMSA

PaccmoTpum 3amady noucka qyOoIuKaToB OMOIUOTpadUUeKUX ONMMCAHUHN JIJIsl aHAJIN3a CXOJICTBA Ha-
yUHBIX yOnuKkanuii B cucremax uutuposanust PUHL, Scopus n «Akagemust Google». CTOUT OTMETHUTD,
YTO IPU aHAJIN3E CXOXKUX ITyOJTUKAIuil HEOOXOIUMO YUUTHIBATH:

1) OPSIOK CIIOB, TPAHCIIO3UIIMY CHMBOJIOB, a Takxke oporpaduiecKue OmuOKu;

2) nannuue onuHakoBbIX ®PHO y pa3HBIX aBTOpPOB,;

3) cornacoBannocts ®PHO aBTOpa paboTHI;

4) oTCyTCTBHE MOJIHOTO TEKCTA HAYYHOM IMyOIMKaAIIH.

IycTh HEOOXOIMMO ONPE/IENTHTE, ABJISAETCS i OuOIHOrpaduyeckas 3ammch X, u X ; AyOIMKaToOM Wi
HEYCTKUM NyOIMKaToM. DTO O3HAYACT, YTO HEOOXOAMMO BBIMHCIHTE Mepy Ommsoctu p(X;, X ;) €[0;1],

XapaKTePU3YIOLIYIO CTCNCHb CXOACTBA OHOIHOrpadUIeCKuX OMUCAHUH 3amuch X, u X ;.

Bynem cuurath, 4to ABe myOmukauun X, u X SBISIIOTCS NOAHbIMU OYOIuKamamu, eCIH Mepa

6mmsoctu p(X, i,/\_’ ;)=1. Ilpu sToM zBe myOnMKaLUH X ;U X ; SABISIOTCS HeuemKumu oybauxamamu,

ecnu Mepa 6nusoctu p(X;, X ;) >0, rae 6 — noporosoe 3HaueHue Ist OLEHKH cxozcTsa. Kak mpasuio,

3HaueHue 0 noz[61/1paeTc;1 SKCIICPUMCHTAJIbHBIM ITYTEM U SBJIACTCS INIaBHBIM HCJOCTATKOM AJITOPUTMOB
HCYCTKOI'O BbIBOJA.

3aziaua noCcTpoeHUs TakoH Mepbl 6iu3ocT P(X;, X ;) 1 ONpe/IeNIeHNs: COOTBETCTBYOLIETO II0POro-

BOT'O 3HaueHHUs O sBiseTCS 3amadei moucka AyOJIMKaToB OMOIHMOrpadyMIeCKUX ONMMCaHUM I aHalIu3a
CXOJICTBAa HaYYHBIX ITyOJIMKAIMH B Pa3IMYHBIX CHCTEMaX IIMTHPOBAHUSA, KOTOPYIO MOXKHO peliarh C Io-
MOIIBI0 CHHTETHYECKUX M JICKCUUECKHUX METOJIOB. B paMkax NaHHOIO MCCIICAOBaHUS MPOaHATM3UPOBa-
HO TIpUMEHEHNE CIeHaTn3npoBaHHbIX MeTpuK JleBeHmTeliHa 1 [)xapo — BuHkiepa, MeTo1a IIMHTIIOB
u Mogudukarnun Winnowing.

3. MeToabl BbIsIBJIEHUSI HeYeTKUX Ay0JMKATOB

Memoo wiunznoe

OcHOBHasl HJEsl MemoOa WUH2I08 3aKIHYAeTCs B TOM, 4TOOBI IPEJACTaBUTh OubOIHorpaduueckoe
ONKMCaHUE B BHUJE IMOCIICIOBATEIBHOCTEH IIMHON & (IIIMHIJIOB), KOTOPBHIE COCTOSAT U3 COCEACTBYIOIIMX

CJIOB. HpI/I 3TOM JiBa OIIMCaHUuA )_(i n Xj ABISAKOTCA HCUCTKHMHU I[y6J'II/IKaTaMI/I, €CJIM MHOXKECCTBa HUX

IIMHIJIOB B OOJIBIIEH YacTH MEPEeCeKatoTCst MEXKIY COOO.

Memoo /Ixcapo — Bunknepa

Memoo [capo — Bunknepa NpeacTaBiseT co00H Mepy CXO0XKECTH CTPOK IS U3MEPEHHUS PacCTos-
HUS MEX]Ty IByMsI TIOCJIEIOBATEIHHOCTIMU CUMBOJIOB. MOXHO CUHMTAaTh, UTO pacctosiHue [[xapo Mexay
JIByMsI CIIOBaMH (JISKCEMaMM) BBIYHCISETCS KaK MUHUMAJIBLHOE KOJIWYECTBO OJHOCHMBOJBHBIX OIepa-
1A, HEOOXOMMBIX JUTS IPe0oOpa3oBaHMs OJJHOTO CJIOBa B JPYTOE.

Memoo Jleeenwimeiina

MertpuKa, BBIUUCIIAIONIas MUHUMAIBHOE KOIWYECTBO 3aMEH, BCTABOK M YIaJCHHUH, HEOOXOIMMBIX
IUIs TIpeoOpa3oBaHusl OAHOM CTPOKU B APYTYIO, HA3BIBAIOT Mempuxoul Jlegenwmerina. [lpu sTom aHanu-
3UpYEMbIE CTPOKH CUUTAIOTCS JyOJIUKaTaMu, eciii MeTprKka JIeBeHITeliHa paBHa HYIIO.

Memoo Winnowing

JlaHHBII aNTOpUTM SIBIISIETCS MOIUGUKAIIUEH METO1a ITUHTIIOB, OJHAKO MIPE/CTaBIICHHBIE MOCIIEIO0-
BaTEILHOCTH IIMHTIIOB XAIIUPYIOTCS U Pa3OMBAIOTCS Ha «OKHAy pazMepoM (f — k + 1), Tae ¢ — mryMoBO#H
nopor (MUHHMaJbHas JJIUHA TOACTPOKH, MPU KOTOPOH 0OIIMe MOACTPOKH He urHopupytotcs). Ilocne
3TOTO M3 KaKIOr0 OKHA BBIOMPAIOTCS MHUHMMAJIBHBIC 3HAUYEHHUS COOTBETCTBYIOLIMX XAII-(PYHKIHHA, KO-
TOpBIE CPABHHUBAIOTCS HA OCHOBE KOA(QQHIIMEHTa acCONMAaTHBHOCTH [[)kakkapa.

Kpumepuu ouyenku kauecmea u I¢pghexmugnocmu anzopummos

6bvlA61eHUsA HeuemKUX 0yOnuKamoe

Juis oneHkH KadecTBa M 3 (EKTUBHOCTA OMUCAHHBIX BBIIIE AITOPUTMOB BBISBICHUS HEYETKUX
IyOnuKaToB i (hOPMHUPOBAHMS ArpErMPOBAHHOIO CIHCKAa OMONIMOrpaduuecKux ONMUCAHMN BBIICITHM
OCHOBHbIEC KPUTEPHUU KaueCTBEHHOHN OLICHKH B Ta0m. 1.
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Tabnuua 1
Kputepun oueHku BbISABNEeHNUS HEYeTKUX AyGnukaToB
Table 1
Evaluation criteria for detecting fuzzy duplicates
HaunmeHnoBanue kpurepus dopmyiia pacuéra
WCTUHHO ITOJIOKUTEIIBHBIX
ToyHOCTH prec =
TOJIOKUTEIbHBIX
UCTHUHHO TOJIOXKUTEIBHBIX
IlomnoTa rec =
WCTUHHBIX
2. prec-rec
F-mepa F=———
prec +rec

Hamubonee mocTOBEpHBIM KpUTEpUEM OICHKH KauyecTBa MOCTPOCHHOTO arpernpoBaHHOTO CITHCKA
OoubIMorpadMuecKux ONMUCaHUH SIBIsIETCA «F-Mepay, Tak KaK JaHHBIH KPUTEPHI OJJHOBPEMEHHO YUHTHI-
BAaET BIHMSIHUE TOYHOCTH U MOJHOTHL.

OTMeTHM, YTO TOYHOCTDH BBIYMCIIACTCS KaK OTHOLICHHE KOJIMYECTBA BEPHO NOOABICHHBIX MyOJnKa-
LU B OOIINH CIIMCOK KO BCEMY KOJIMYECTBY BHIOpaHHBIX MyOnukauuid. [Ipu 5ToM mosHoTa BEIYMCIISETCS
KaK OTHOILIEHHE KOJIMYECTBA BEPHO JOOABICHHBIX MyOJUKALMKA B OOLINI arperupoOBaHHBIA CIIMCOK OMO-
TrorpagUUecKuX OMUCAHHK K OOIIEMY KOJIMYECTBY MCTHHHBIX MyOJUKAIMHA, KOTOPBIC JOJDKHBI ObLIH
MPUCYTCTBOBATh B arpETUPOBAHHOM CITHCKE ITyOIMKAINH.

4. BoluucjauTe/IbHbIE IKCIIEPUMEHTbI

BrruncnuTensHble SKCIIEPUMEHTHI, BHIIIOJHEHHBIE B paboTe, MPOBOIMINCH Ha TECTOBOH BEIOOpPKE
CHHCKa IMyONHUKaIuii OJJHOTO U3 aBTOPOB OpeHOYpPrcKOro roCyJapCTBEHHOTO YHHBEPCHUTETA, UMEIOIIETO
JOCTaTOYHOE KOJIMYECTBO MyOIUKAIMK B cucTeMax IutupoBanus — 439 (213 — 8 PUHIL, 220 — B «Akape-
must Google», 6 — B Scopus).

Pe3ynbTaThl pabOThI MPEACTABICHHBIX BBIIIC AJITOPUTMOB ISl OCTPOCHHUS arperupoBaHHOTO
criicka OuOauorpad@UyYecKUX OMMCAHUN C PACCUMTAHHBIMH KpUTEpHSIMH 3()()EKTHBHOCTH MpeaCTaBie-
HBI B Ta01. 2.

Tabnuua 2
Pe3yanaTb| paGOTbI MeToAOB BbisiBIIeHUA HeYeTKUX AyﬁﬂMKaTOB
Table 2
The results of the methods for detecting fuzzy duplicates
Ha3zpanus Merona To4yHOCTH TlosHoTa F-mepa
MeTo IIIMHIJIOB 0,918 0,948 0,932
Merog Jxapo — Bunknepa 0,901 0,936 0,923
Merton JleBeHmTEHHA 0,897 0,979 0,936
Meton Winnowing 0,920 0,957 0,938

Cpenn pacCMOTPEHHBIX METOJOB BBISBJICHUS HEYCTKHX MyOnuKaToB Hambosiee 3(h()EeKTUBHBIM IO
KpuTeputo F-Mepsl sBisercs Meron Winnowing. B pamkax JaHHOTO MCCIIEZOBaHUS MpEACTaBIeHA €ro
MOAU(HUKAINS C TENBIO0 TIOBHIIICHUS MPOU3BOUTEIHFHOCTH alrOPUTMa U TMIOHMKEHUS BPEMEHH Pa0OTHI.
B cBsi3u ¢ TeM, 4TO CyIIeCTBYIOIINE aNTOPUTMBI HEUETKOTO MOMCKA JTyOIUKATOB TPeOYIOT 3HAYUTEINb-
HBIX BBIYUCIIUTEIIbHBIX PECYPCOB, IPOBEAECM JIBYXATAIHYIO ONTHMH3ALIHIO:

1) oTKa3 OT KAHOHU3AIIMU UCXOTHOTO TEKCTa OMOINOrpad MuIeCKOTo OIIMCAHNUS;

2) mpoBeJicHrE pacrapauieiiBaHus anropurmMa Winnowing.

Pe3ynbraThl MCCIeIOBaHUN TOKAa3add, YTO MPUMEHEHUE KAaHOHU3ALUU HE MO3BOJISET CYIICCTBEH-
HO yNyYIIUTh MOKA3aTeTd TOYHOCTH M TIOJHOTHI U, CIIEOBATEIIBEHO, TO3BOJISIET OTKA3aThCs OT 3TOTO
stana 0e3 ymepOa kadectBa peanusaruu. C Ipyroil CTOPOHBI, HA JaHHBI MOMEHT CYIIECTBYET MHO-
JKECTBO MHCTPYMEHTOB TOBBIIIEHUSI CKOPOCTH Pa0OTHI allTOPUTMOB, TAKHX KaK CIIeHaTU3UpOBaHHASL
oubauoreka Numba, KOTOpas MO3BOJIIET aBTOMATHUYECKH ONTHMHM3UPOBATh W paclapaIeIUTh IPo-
rpaMMHBIN KO/I.
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CpaBHUTENBHBIN aHAIN3 BPEMEHH BBITTOJIHEHUS KIaCCHYECKOro MeToa Winnowing ¢ ONTHMH3UPO-
BaHHBIM BAapHMAaHTOM Ha pa3HBIX BBIOOpKax myOumkanuii aBTopoB OpeHOyprcKoro rocynapCTBEHHOTO
YHHBEpCUTETa MPECTaBlIeH Ha pHC. 1.

10

9

6
Bpems
(cek.)

(%]

w

=N

87 182 439

Konunuectso nybamnkauni

—e— Winnowing —o - OnTmmsmnposaHHbin Winnowing

Puc. 1. CpaBHUTeNbHbIE aHanNM3 NPOM3BOAUTENLHOCTU anropuTMoB
Fig. 1. Comparative analysis of algorithms performance

Taxkum o0pa3om, B pe3ysibTaTe HCCIIEA0BAHUS AITOPUTMOB ITOCTPOEHHS arperHPOBAHHOTO CITHCKA
OoubnmorpaduuecKux ONMMCAaHUK ONTHMHU3UPOBAHHBIA MeTox Winnowing mokasan mpuemjeMoe 3Haue-
HUE MoKa3zatesst F-Mepbl 1 Hanbosiee BBICOKYIO POU3BOAUTENBHOCTD.

Teramatre = QA0S
Morsory = 0927

Foidaua = 0365

Browa padoTe = 534

Cnucok nyBnuKaLmin: S—
ol [ e [ewe] |
1 JIOTHCTHEA PEHY
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B MEHPIMPIUECCOPHEIE YETRORCTES FENERHOA SALMTH ¥ ARTOMATMAALUME B ANEXTAISHEPT ETWMEC KW CURTEMAX PHHLY
L] MY 3L EANEH]-3CTETHHECKOE EOCMMTAHME (KPEAMTHEE OTHOLEHAS B COBPEMEHHIA SHOHOMMEE) PHHY
L=} TECFETHRD-RETOIDNCT PHECKAA MNATTA TP KOCEEHHDND HANONODENDEEHIA PEHY
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Puc. 2. ABToMaTM3MpoBaHHaA cUCTeMa NOCTPOEHUSA arperMpoBaHHOro cnucka ny6nukaumm
Fig. 2. Automated system for building an aggregated list of publications

B pesynbrare BBIMOTHEHUS MPEACTABICHHOIO AITOPUTMa (POPMHUPYETCSl arperUpOBAHHBINA CIHCOK
HETIOBTOPSIONINXCS HAYYHBIX TPYAOB aBTOpA, MPUYEM JUIS KAKIOW ITyOIMKAIUK BBIYUCISETCS KOJIHYe-
CTBO IUTHPOBAHMI B pa3IMYHBIX cHCcTeMaX. Pazpaborana aBToMaTH3MpoBaHHAS cucTeMa (puc. 2), pea-
JU3YIOIas BO3MOXKHOCTD pacuéTa OCHOBHBIX HAYKOMETPUYECKUX MOKa3aTelel OpraHn3alii Ha OCHOBE
oubarorpaduIecKux onvcanui u3 cuctem nuruposanus PUHII, Scopus u «Akagemus Googley.
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3akiouenne

B pamkax ganHoro mcciemoBaHus pa3paboTaH afanTHBHBIA MOIX0A Ui HOPMUPOBAHUS arperupo-
BaHHBIX JIaHHBIX OMONMHOrpaduueckoil HHPOPMALIUN HAYYHOW OpPraHW3allu B YCIOBHUIX HEMOJIHON WH-
¢dopmanuu u3 cucrem nutupoanust PUHLI, «Akanemus Google» u Scopus.

OmnpeneseHue arperupoBaHHOTO CHMCKA MyONMKaLUi s aHajiu3a HayKOMETPHUYECKHX IOKa3arte-
nei mposeneHo MetogoM Winnowing, anroputMom JleBeHmTelHa, METOJOM MIMHTIOB U Jlkapo —
Bunkiepa. B paMkax sKCHepHUMEHTAILHOTO HUCCIIEIOBAHUS MTPOBEICHA OlleHKa dPPEKTHBHOCTH MPUMe-
HEHHS PACCMOTPEHHBIX METOAOB JAJISl arperupoBaHus HHOPMALIMU CUCTEM LUTHPOBHUS Ha OCHOBE aHa-
JIM3a TOYHOCTH, MOJTHOTEI U F-MepBlI.

OKCIEPUMEHTBl Ha TECTOBBIX JAaHHBIX CIHMCKa MyOJUKaIuii aBTopoB OpeHOYprckoro rocynaapcr-
BEHHOTo yHHBepcuTeTa u3 cucteM nurupoBanus PUHLI, «Akagemus Google» u Scopus mokaszanu, 4to
HanOoJiee TOYHBIC CNIMCKU MyOJIMKauui Mo Kputepuio F-mepsl copmuposan meron Winnowing. s
MOBBILICHHS POU3BOIUTENFHOCTH JAHHOTO aIrOPUTMa MPOBEIeHa ABYX3TalHas ONTUMHU3AIUS poIiec-
ca arperupoBaHusl, KOTopas MO3BOJIMIIA YIYUIIUTh BpeMsi paboThl anropuT™a mnpu GOpMUPOBAHUHN CITH-
cka Oubaunorpaduyeckrux onucaHui

[Ipennoxxennsiii moaxox Ais GOPMHUPOBAHMS arperupoOBaHHBIX NAHHBIX OMONIHOrpaduveckol MH-
(dhopMaluy Hay4IHOM OpraHU3al[MK B YCIOBUSAX HEMOIHON HH(pOpMAIMK U3 CUCTeM nutupoBanus PUHII,
«Axkagemust Google» 1 Scopus MO3BOJISET MOBBICUTH MPOU3BOIUTEIBHOCTD TP (POPMUPOBAHUH CIIHCKA
MyOJIMKAIMii aBTOPOB M MIOKA3bIBAET XOPOLIYIO 3P PEKTUBHOCTH MPH OINpEaeSICHUH HAyKOMETPUIECKUX
XapaKTepPUCTUK aBTOPOB.

HUccnenoBanue BbINOJHEHO NpU GuHAHCOBOH moagep:kke POD®U B pamMkax HAydYHOr0 NHpPOEKTa
Ne 20-07-01065, a Tak:ke rpanta Ilpe3sugenra Poccuiickoii ®@egepanum s rocyJapcTBEHHON NMOAIEPKKH
BeYLIMX Hay4YHbIX m1Kk0J1 Poccuiickoii ®enepanun (HII-2502.2020.9).
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DEVELOPMENT OF A MODIFIED WINNOWING METHOD
FOR AGGREGATING BIBLIOGRAPHIC INFORMATION DATA
FROM CITATION SYSTEMS UNDER THE CONDITIONS

OF INCOMPLETE INFORMATION
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Orenburg State University, Orenburg, Russian Federation

Currently, transition to the electronic presentation of bibliographic information about scientific
works has caused an increased interest in scientometric research. At the same time, the existing
scientometric methods are criticized by scientists, since the incomplete bibliographic base and tools
for its assessment do not allow the most accurate assessment of the contribution of scientific work.
The problem of the quality of scientometric assessments, as a rule, is based on the study of the data
of a certain citation system, which does not include complete information about all publications of
the authors contained in other citation systems. Aim. This study is aimed at developing an adaptive
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approach for the formation of aggregated data of bibliographic information of a scientific organiza-
tion in conditions of incomplete information from the citation systems of the RSCI, “Google Aca-
demy” and Scopus. Methods. The definition of the aggregated list of publications for the analysis of
scientometric indicators was carried out by the Winnowing method, the Levenshtein algorithm,
the shingle method and the Jaro—Winkler method. In the framework of the experimental study, the ef-
fectiveness of the application of the considered methods for aggregating information from citation
systems was assessed based on the analysis of accuracy, completeness and F-measure. Results. Expe-
riments on test data from the list of publications by authors of the Orenburg State University from
the citation systems RSCI, Google Academy and Scopus showed that the Winnowing method
formed the most accurate lists of publications by the F-measure criterion. To improve the perfor-
mance of this algorithm, a two-stage optimization of the aggregation process was carried out, which
made it possible to improve the running time of the algorithm when generating a list of bibliographic
descriptions. Conclusion. The proposed approach for the formation of aggregated data of biblio-
graphic information of a scientific organization in conditions of incomplete information from the cita-
tion systems of the Russian Science Citation Index, Google Academy and Scopus allows increasing
productivity in the formation of a list of authors' publications and shows good efficiency in determining
the scientometric characteristics of authors.

Keywords: citation system; scientometric methods; aggregation of bibliographic information;
modification of the Winnowing method; Levenshtein method, shingle method.
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BNMUAHUE OPITAHOB rOCYOAPCTBEHHOW BITIACTU
CYBBEKTOB P® HA PASBUTUE MNPOMbILLIEHHBIX
NMPEANPUATUA N KOPINMOPALIUUA

O.B. JlozuHosckuii’, A.C. XanduH', A.A. llunkapea?

" fOxHO-Ypanbckuli 2ocydapcmeeHHbill yHusepcumem, 2. YensbuHck, Poccus,
2000 «Cogpmmacm-UT», 2. YensibuHck, Poccusi

Beenenne. IlokazaHo, 4TO B CBSI3M C IMPOUCXOISANIUMH B MUpPe (HPUHAHCOBO-3KOHOMHYECKIMHU
KpPHU3HCaMH, a TaKKe PE3KHMM O00OCTpEHHEM KOHKYPEHIIMH Ha MEKAYHApPOAHBIX PHIHKaX MPOMBIII-
JICHHOHW TIPOJXYKIMH H LEJBIM PAIOM APYTHX (akTOPOB BOMPOCH! MOBHIMEHUS 3PPEKTUBHOCTH Oes-
TEJILHOCTU TPOMBIIUICHHBIX MPEANPUATHIA W KOPIIOpalrii B PErHOHaxX CTPaHbl HYXIAIOTCs B Ooiee
KOMIIJICKCHOM U BCECTOPOHHE MpoJxyMaHHOM obocHoBanuu. Llens mccaenoBanus. Lenecoobpas-
HO pa3paboTaTh KOMIUIEKC HAYYHBIX ITOJIOKCHHH M PEKOMEHIAUWH MO aHaIHM3y JesTEeIbHOCTH
MIPOMBIIIJICHHBIX TPEANPUATHH B PETHOHAX, KOTOPBIH OBl CrIocOOCTBOBAJ IleJICHANPABICHHOMY
Pa3BUTHIO SKOHOMHKH CyOBEKTOB P® B COBpEeMEHHBIX yCIOBHIX BeleHHs Ou3Heca. MaTepuaabl
U MeToabl. Mcnonb3yeMble MaTepuaibl U METOJbl OUEPUYEHBI COACPKAHUEM TEOPETUUECKUX pa3pa-
00TOK M MPAKTUYIECKOTO OIBITA, HMOJTYYEHHBIX B IPOLIECCE HCCIEAOBAHMS PAa3BUTHSA 3KOHOMUKU H
MIPOMBIIICHHOCTH pernoHoB Poccuiickoit @enepannu. PedyabTaTbl. OO0OCHOBaH MepeyeHb HAyd-
HBIX TMOJOXXEHUH M PEKOMEHAAIMH 10 TOBBIIEHHIO Y(PPEKTUBHOCTH BIUSIHUS OPraHOB IOCYAapCT-
BEHHOW Bi1acTH cyOBeKkTOB Poccuiickoit @enepannyu Ha pa3BUTHE NMPOMBIIUIEHHOCTH U 9KOHOMHKH
peruoHoB cTpaHsbl. IlpeacTaBieH coCcTaB METOJOB TOCYAAPCTBEHHOIO PETYIUPOBAHUS B 3KOHOMUKE
U TIPOMBIIUIEHHOCTH PETUOHOB, MPEICTABICH IEPEYeHb OCHOBHBIX 337a4 MPOMBIILIEHHO-
HKOHOMHYECKOTO OJI0Ka JUII OPraHOB TOCY/AAPCTBEHHOHN BacTu cyobekToB PD, a Takxke GpyHKINHU U
MEXaHU3MBbl UX peanu3alnud. 3akiadeHue. PasBuTve >KOHOMUKM M IMPOMBIIIIEHHOCTH PETHOHOB
Poccun cnegyer ocymiecTBAATH ¢ UCHOIB30BAHUEM HAyUYHBIX MOJIOKEHUH M pEKOMEHAALUH, Mpen-
CTaBJICHHBIX B JAaHHOW CTAThE, YTO TIO3BOJIUT NPH (HOPMUPOBAHUHU YIIPABICHUECKUX PELICHNUH YIeCTh
3a4acTyI0 HEHCIOIb3yeMble paHee (aKTOpbI U OOOCHOBAHUSL.

Kniouegvie cnoea: npomviuinennvie NpeOnpuAmuUs u KOpnopayull, npoMeluleHHOCMb U IKOHO-
MUKA pecuoHa, mMemoobl, nokasamenu, paxmopbvl, Op2anvl 20cyOapCmeeHHol aracmu cyovekmos PP.

Beenenue

Ilocnennue 15 ner mpouwioro Beka B HALIEH CTpaHE, OCYIIECTBUBILIEH MEPEXOi OT COLUANIM3Ma K
KanUTAIA3MYy, HaIJSIAHO MOKA3aJId, YTO XKEIAHWS PYKOBOIUTENEH rocyJapcTBa TOro IMepuoaa cielaTh
Poccuto onHOM U3 KpyNHEHWINUX MPOMBILUIEHHO PA3BUTBIX CTPaH IUIAHETHl OCYLIECTBUTh TaK U HE yJa-
nock. [IporpaMmbpl HHTEHCU(UKAIINY, YCKOPEHHUS, TIEPECTPOUKHI HAPOJIHOTO XO3SICTBA, a 3aTeM IpHUBa-
TH3alUU MPOMBILUICHHBIX MPEAIPUITUN MPUBEIN K TOMY, YTO K KOHIy MHPOILIOrO BEKa pOCCUMCKas
MPOMBIIIICHHOCTh OKa3ajach BO MHOTOM pa3rpalJicHHOHW M OCKYJIEBIICH, a BAJIOBBIA HAIlMOHAIbHBIN
MNPOAYKT yHaia A0 HEJOMYCTUMO HU3KOTO YPOBHS. B TO ke BpeMs MO yAeIbHOMY BECY B MUPOBOM Bajo-
BoM npoxykre Coserckuil Coro3 3annman sropoe Mecto nocne CHIA, PCOCP — tpetse.

B nauane XXI Beka HoBbIM [Ipesunentom Poccuiickoit @eneparnuu B.B. IlyTuHbIM ObLIH TIpE.-
MPUHATHl BECbMa SHEPIHMYHbIC U COBEPIICHHO HEOOXOAWMBIE MEpBHI JUIS YIOPSAOYCHUS] CUTYyallud BO
BCEX 00JacTsSIX HApOTHOT'O XO3AHUCTBA CTPAHBI M MPEX/IE BCETO B MPOMBINUICHHOCTH. OTHAKO MUPOBBIC
(hMHAHCOBBIC KPU3UCHI TIPOIIIOTO U HBIHEITHETO JECATHIICTHH, a TAKXKE YCHIIME CTpaH 3amnaja 1o paspa-
JIy SKOHOMHKH HaIllel CTpaHbl Hapsay ¢ (PaKTOpaMu Pe3KOro YBEIHUYCHHUS TI00ATFHON HeCTaOMITbHOCTH
HE J]aJTi BO3MOKHOCTH 00€CTIeUUTh POCT IKOHOMUKH B Poccuu 1 ee BBIXO/ Ha TUIUPYIONIHE TIO3UIIUN B
mupe. UMeHHO 3TH 1 Apyrue $GakTopbl BCEMUPHON JMHAMUKY HE TIO3BOJISIFOT M CETOHS 00ECIICYHTh TaK
HEOOXOIMMBIH HallIeH cTpaHe SKOHOMHYECKHI PHIBOK M ITPOPHIB B TEXHOJIOTMYECKOM Pa3BUTHH.

C mo3uIMY CETOJHSIIHETO JHS CTAHOBHUTCS BCe O0JIee SICHBIM, YTO KPYITHEUIITNE MAPOBEIE IEPKaBBI
BCTYIIWJIM B 3I0XY JKECTKOIO IIPOTUBOCTOSIHUS 32 BIAJCHHUE PECYpPCaMu, TEPPUTOPUSIMU, TEXHOIOTUSIMU
W BO3JIeHCTBHEM Ha MH(QOPMAIMOHHOE MPOCTPAHCTBO IUIaHETHI. Pasymeercs, uTo ocobast poib B 3TOM
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NPOTHUBOCTOSIHUM OyAET NMPHUHAAJEkKATh W MPOMBILUICHHO-TEXHOJIOTMYECKOMY Pa3BUTHIO KPYMHEHIINX
CTpaH ¥ SKOHOMHYECKUX PETHOHOB, HAXOAIINXCS MO/ BIMSHUEM MOCTIETHUX.

B »1ux ycnoBusx BecbMa BaXKHO MOHSTH, KAKUE CPEICTBA, METOBI M YIIPaBIEHYECKHE MEXaHU3MBI
CMOT'YT cTaTh Haubosee 3¢ eKTUBHBIMH B OOpbOE 3a MUPOBOE JIUAECPCTBO U MO3BOJIAT HAILLICH CTpaHe HE
TOJIKO HE OTCTaTh, HO M ONIEPEANTD 3aMaHBIX U BOCTOUHBIX KOHKYPEHTOB.

OTmeTHM, YTO METOJIbI YIIPaBJIEHHUS TPOMBIIIEHHOCTHIO, HCToNb3yeMble B CoBeTckoM Coro3e, He-
CMOTpSI Ha UX COKPYIIMTEIbHYIO KPUTHKY, a 3aT€EM U IMoJIHOE pa3pymeHue B 1990-x rogax, TeM He Me-
HEe MO03BOJISUTN HAlllEMY TOCYJapCTBY YCIEIHO MPOTUBOCTOSITh SKOHOMHYECKOW MOIIY CTpaH 3amnaja.

CeroyiHs )K€ OTEUECTBEHHBIC MPOMBIIICHHBIEC TIPENNPUSATHS 1 KOPIIOPAIIMU BO MHOTOM «OTOHITUCH
oT pyk». X upe3mepHas caMOCTOSTEIbHOCTh YaCTO MPUBOJUT K TOMY, YTO UX KOPIIOPAaTUBHBIE HHTEPE-
CBI IIEPECTAIOT COOTBETCTBOBATh I'OCYIapPCTBEHHBIM HHTEpecaM pa3BUTUsl Poccun, 1 pyKOBOACTBY CTpa-
HBI TIPUXOJUTCA MPUKIIAAbIBATh HHOT/Ia BEChMa 3HAYMTEIbHBIE U HE BCETJa IKOHOMHUYECKH 000CHOBAH-
HBIE YCHJIUSI JUISl TOTO, YTOOBI POCCUICKHI OM3HEC OCYIIECTBIISUT CBOE Pa3BUTHE C YIETOM HAIMOHAIb-
HBIX UHTEPECOB.

CrnoxuBIIasicst CUTyalusi B MUpPE CTaBHUT Iepell pPyKOBOJICTBOM Poccuu u ee permoHamu BOIIPOC O
HEOOXOIUMOCTH TIOBBILIICHUS BIUSHHUS OPTaHOB TOCYAapCTBEHHOHN BIIACTH Ha JESATENLHOCTH BCeX cdep
HKOHOMHUKH CTPaHbI U €€ «Cepaua» — 000pOHHO-NPOMBIIIJICHHOTO KOMILIEKCA.

Ilo Teme ynpaBieHHs pa3BUTHEM SKOHOMMKHM W NPOMBIIUIEHHOCTH UMEETCS BECbMa 3HAYUTEIb-
HO€ KOJIMYECTBO MyOnukanuii. OTMETUM HEKOTOpbIe U3 HHUX, IPUYEM KaK OT€YeCTBEHHBIX [2—16, 18-21,
23-25, 27-29], Tak u 3apyOexxHbIX aBTopos [1, 17, 22, 26].

BcecToponHuii aHanu3 vccieJOBaHUH B 00JIACTH YIPABICHUS SKOHOMHUKONH M MPOMBIIIIEHHOCTHIO
PETHOHOB TO3BOJIMI KOHCTaTUPOBATh, YTO COBPEMEHHBIE OTE€YECTBEHHBIE MPOMBIIIICHHbBIE MPEATpH-
ATHS U KOPIIOPALMU OCYIIECTBISIOT CBOIO JIEATENBHOCTh B OCHOBHOM IO COOCTBEHHOMY pPazyMEHHIO,
MaJio oOpaiasi BHUMaHUsI Ha WHTEPEChl CTPaHbl, PETHOHOB U TOPOAOB Aa)X€ B TOM Cllydyae, eClid OHU
JUCIIOLUPYIOTCS. HA UX TEPPUTOPHAX. VIMeromuecss KOHIENIUHY COLMATbHO-9)KOHOMUYECKOTO Pa3BUTHS
PETHOHOB, WX MPOMBIIIICHHOW 1 o0ecriednBaronield HHQPACTPYKTYPHI 3a4acTyio He CoJepKaT 000CHO-
BaHHBIX Mep MO UX 3P (PEKTUBHOMY pa3BuTHIO [14].

B pesynbTare neATeNnbHOCTh MHOTMX OTEYECTBEHHBIX MPOMBIIUIEHHBIX MPENNPHATANR U KOpIIOpa-
Ui TPUBOJUT K TOMY, YTO X COOCTBEHHHKH HE TOJILKO BBIBOAST CBOM KalHMTANbI 33 PyOek, HO H TOJ
PasHBIMH TPEJIOTaMH TIePEIAal0T HECOPa3MEPHO OOJBIIYIO YacTh COOCTBEHHOCTH CBOMX KOMITAHHH 3a-
pyOekHBIM BragenbuaM. Bee atTu m MHOrMe npyrue ¢akTopbl CHUXKAIOT 3QPEKTUBHOCTh CUCTEMBI pe-
THOHAJIBHOTO YIPABJIEHHUS W OTHIOAb HE CIIOCOOCTBYIOT MOABEMY IMPOMBIIUIEHHOCTH B PErHOHAaX H
o0ecrnedeHnIo IKOHOMHUYECKOTO pOCTa.

Marepuanbl KOMIDIEKCHOTO aHAJIN3a MOJIOKEHUH U PEKOMEHIAaUi 0 MpeoOpa3oBaHusIX B yIpaBiie-
HUH IPOMBIIUIEHHOCTBIO U COLNAIBHO-9KOHOMHUYECKUM Pa3BUTHEM CTPAHBI M €€ PETHOHOB MOKHO Haii-
TH B MOHOTpaduu [14].

1. OcHOBHBIE 32J2a41 U METOABI NOBBbIIEHUS I(PPEeKTHBHOCTH yIIPABJICHUSI

NPOMBbIILIEHHBIMHU NPEINPUATHAMHA U KOPIOPAIUSIMHU B PErMOHAX CTPAHBI

Haunbonee BaxkHOI 3a7adyeil pa3BUTHsI MIPOMBIIIJICHHOCTH U SKOHOMHUKH B PETHOHAX SBIISICTCS aHa-
JU3 COCTOSIHHSI M TIEPCIIEKTUBHOW TUHAMUKHU 0a30BBIX OTpaciiell MPOMBIIUIEHHOCTH B CyObekTe PO,
a TaKXKC€ KOOpAWHalWA MHBECTUPOBAHUA NHUJIOTHBLIX IMPOCKTOB IJIA Hpe):[HpI/IﬂTI/Iﬁ peruoHa B COUYCTAaHUU
C aKTUBHOW MEKPETHOHATILHON M BHEIIHE3KOHOMUYECKON JEATENbHOCTHIO.

Cy1ecTByOIINE METO I MOBBITIICHHS d(h(DEKTUBHOCTH YIIPABICHHS IIPOMBIIIIICHHOCTEIO B PO 1 ee
CyOBeKTaxX B COBPEMEHHOW POCCHIICKON MPaKTHUKE TOCYAaPCTBEHHOTO YIPABIEHUS MPOMBIIUIEHHOCTHIO
Y 3KOHOMMKOM OTpa)K€Hbl Ha pUCYHKE. HacTh U3 HUX OTHOCUTCS K MPABOBOMY PETYJIUPOBAHHUIO, KOTO-
pPO€ COCTOUT B YCTAaHOBIICHHH OpTraHaAMH TOCYAapCTBEHHOH BiacTu cyObekToB PD cBOEro pona «IpaBui
UTPHI HA PKOHOMHUYECKOM ITOJIe» JIJIsl MPOMBIIUICHHBIX MPEATIPUATHIA, B TOM YUCIIe HOPM U TIPaB COOCT-
BCHHOCTH, yCHOBI/Iﬁ 3aK/IIOYCHUA KOHTPAKTOB, B3aWMHbBIX 06${3aTeJ'IbCTB 10 TPYAOBBIM OTHOIICHUAM
pohcor030B, paboToAaTeNCH U PErHOHAIBHBIX OPIaHOB rOCYAapCTBEHHOMN BIIACTH M T. II. [ 14].

Hpyrast yacTh CBsI3aHa C aAMUHUCTPATUBHBIM PETYIUPOBAHUEM, UCIIOJIB3YIOIIUM PA3IUYHBIE MEPBI
M0 JIMLIEH3UPOBAHUIO, KBOTUPOBAHHUIO, KOHTUHT€HTUPOBAHUIO, C MOMOILBIO KOTOPBIX MyTEM 3aKperie-
HUA, pa3pCUICHUA WK 3alPCIICHUA, NPUHYXXACHHUA OCYHICCTBIIACTCA YIIPABJICHUC U KOHTPOJb Hal LIC-
HaMU, JOXOJIaMH, YUYETHOU CTaBKOH U Jp.
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Jlozurnoeckuti O.B., XanduH A.C., BnusiHue op2aHoe 2ocydapcmeeHHoU enacmu cy6bekmoe P®
WuHkapees A.A. Ha paszsumue npoMbIWIIeHHbIX Npednpusmul u Kopropayuu

METO/1bl TOCYJAPCTBEHHOI'O PEI'YJIMPOBAHUA
B 3KOHOMMKE H MIPOMBIIIJIEHHOCTH

PETYJIHPOBA-
_ HOPMATHBHBIE | 0 HHE — | xPEMTHO-| PUCKATE- | e | b rpipg | = | MEAMKATHE-
METO/IbI NPEIPHSI- JEEHEAKHBIE HBIE ’ - HBIE
THH
HOPMHWPOBAHWE PEIYJIHPOBAHHE — . - -
- TAPHDbI L KBOTBI l— | sankosekux | fe HAZIOTOOBNO- | | F:&ﬁ:{’ggﬁ'&'&’ O
PE3EPBOB KEHHS : b
BAPBHPOBAHHE
CTAIAPTH LEHOBBIE o e FOC3AKA3bI MH/MKATHBHBIE
— - JIMHTBI — |t ol = o — | urocakviin | e HOPMATHBbI
[POLIEHTA
JOTALMH,
OTEPALTAHN . AOTALIM
HOPMATHBBI JIMLIEH3HH HA OTKPLITOM HA;‘}U[ OBBIE L ? bL ”A”“
| | . P n JLTOThI | cvesenm,
X
KOMIIEHCALWH
S BBIMYCK FOCY-
TOCY/IAPCTBEHHBIE PEFHCTPALTHS 1 . . E/IEHME JIAPCTBEHHBIX
WHBECTHIIHH PECJIAMEHTALIS CEHBOPAK MECTHBLX 11 OBJIACTHBIX
- - - - HAJIOFOB - p
3AIMOB
TPOEKTBI 1 LEJEBBIE AHTHMOHOMOJTb- BAJIIOTHBIE
| TIPOI PAMMBI HBIE MEPBI I P
OI'PAHHYEHMA 110 KPE/IMTHBIE
OTUTATE TPYJIA L JBFOThI

MeTOAbI rocyaapCcTBeHHOro perynmpoBsaHus B 3KOHOMUKE U NPOMbILUIEHHOCTU
Methods of state regulation in the economy and industry

OKOHOMHMYECKOE PETYIUPOBAaHUE B CBOIO OUEPEb BKIIFOUAET BO3IEMCTBUS HA XapaKTEP PHIHOYHBIX
CBsI3¢il, pacIiupeHe PIHKOB MOCTABKH TOTOBOW MPOAYKIIUH MU MPUOOPETEHHUS ChIPhS, MATEPUAIOB U
nony(aOpUKaToB U T. . 32 CYET TOCYJAapPCTBEHHOTO BIMSHHS Ha (AKTOPhl 3KOHOMHYECKOT'O POCTa,
CTPYKTYPY NPOMBIIIJIEHHOCTH, COBOKYITHBIM CIIPOC M MPEAJIOKEHUE, KOHIIEHTPALUIO KalUTaJIoB U TIp.
JUis 3THUX 1ejel UCHONb3YI0TCA METOAB! OI0KETHO-HAJIOr0BOH, (PUCKaIbHON U ACHEKHO-KPEAUTHON
MOJINTUKH, & TaK)Xe TOCYJapCTBEHHOIO IUIAHMPOBAHMUS M TMPOTPAMMHUPOBAHMS B paMKax KpaTKo-,
cpeqHe- ¥ AOJITOCPOYHBIX MPOrpaMM OOBIYHOTO, IIEJIEBOr0, OOIIEHAIIMOHAILHOTO M YPE3BBIYAHOrO
Ha3Ha4YEHHUS.

B cocTtaBe MeTOOB MPSMOro TOCYJapCTBEHHOT'O PETyJIMPOBaHUs HEOOXOJMMO BBIIEIUTH (HOPMBI
0€3BO3BPATHOTO IENIEBOT0 (PMHAHCHPOBAHUS CEKTOPOB 3KOHOMHUKH, OTIENBHBIX TEPPUTOPHA, KOHKPET-
HBIX MPOMBIIIJICHHBIX NMPEANPHUATHN B BUAE CyOBEHUMH MM CyOCHIU, BKIIOYAIOMINX AOTALKH, TOCO-
Ous1, TOTIJIATHI U3 CTICIIUATTBHBIX OFOJKETHBIX U BHEOIOJKETHBIX (DOHJIOB, & TAK)KE JILTOTHBIX KPEJUTOB.

HemocpeacTtBenHoe BO3AEWCTBHE HAa COCTOSHHWE MPOMIIPENINPHUITHNA OCYIIECTBIISETCS TaKKe Io-
CPEICTBOM HMHBECTHUIMHM B OTpaciId MPOMBIIICHHOCTH M KOHKpeTHbIE Ipeanpusatus. Otpaciu U oT-
JeNbHBIE IPOMIPEATIPUATHS MOTYT CTaTh 00BEKTaMHU TOCYAapCTBEHHOTO CYOCHANPOBAHHS B COOTBETCT-
BUU C PEIICHHNEM IOCyJIapCTBEHHBIX OPTaHOB BJIACTH O BKIIOYEHHH UX B MPOTPAMMBI MOJIEPKKH 00pa-
30BaHUs, 31paBOOXPAHEHMS], OXPAHBI OKPYXKAIOIIEH Cpeasl U JIp.

B 4ucno MeTonoB mpsIMOro BO3ACHCTBHUS BXOAAT: OCBOOOKACHUE OT YIUIAThl SKCHOPTHBIX MOILIMH,
JIBTOTHOE KPEAUTOBAHUE IKCIIOPTA, MPEIOCTaBICHIE T'OCYAaPCTBEHHBIX TapaHTHi MO/l BHEITHHE KPeau-
Thl. OHUM U3 BechMa 3(PPEKTUBHBIX CPEICTB MOACPKKU IPOMIIPEIIPUSTHN SIBISCTCS PETHOHABHBIHA
roCyZapCTBEHHBIN 3aKa3 Ha BBITYCKAEMYI0 UMH ITPOMBIIUIEHHYIO MPOTYKIIHIO.
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HekoTopsie MeTOIBI peryIupoBaHus BBIXOIAT 32 MPEENbl KOMIIETEHIINHM PETHOHAIBHBIX OPTaHOB U
SBIISAIOTCS TPEPOraTUBOM IIEHTPAIBHBIX OPraHOB rOCYIapPCTBEHHOM BiacTH CyOBeKkToB PD.

Kak BuIHO U3 pUCYHKA, METOJIBI, CPEJICTBA, CIIOCOOBI, phlYaru, MHCTPYMEHTBI WM MEXaHU3MBI I'0-
CYJapCTBEHHOT'O PETYIMPOBAHMS 3KOHOMUKOW U MPOMBIIIJICHHOCTBIO Ha YpoBHE cyOBbekToB PP Bechma
pa3sHOOOpa3HbI M BO3JIEHCTBYIOT HA MHOTHE CTOPOHBI JICATENILHOCTH O0BEKTOB IPOU3BOJICTBA POMBIIII-
JIEHHOU NMPOAYKLMH B PETMOHE U KOMMEPYECKUE OPraHU3aL1H.

B »TOM KOHTEKCTE OYEHb BaYKHO IMOHUMATh, YTO €CJIM OpPraHbl FOCYJapCTBEHHON BIACTH CYyOBbEKTa
P® camu emnie BO MHOIOM HE CMEHWIN CIOXKUBIIEHCS €IIe TPU COLMAIU3ME CUCTEMBI YIIPaBJICHUS U HE
MMEIOT YETKOW IPOrpaMMbl IEWCTBUM IO O3J40POBJICHUIO ITPOMBIIUICHHBIX NPEIIPUATHI PErMOHA, TO
UCIIOJIb30BaHNE YKAa3aHHBIX METOJIOB ¥ PHIYAaroB BO3ACHCTBUS Ha MPOMIPEAIPUATHSI MOKET HE CTOIBKO
CIOCOOCTBOBATh Pa3BUTHIO MPOMBILUIEHHOCTH, CKOJIBKO TOPMO3UTH 3TOT mpouecc. M cienaHo 31o, Mo-
KeT ObITh, COBCEM HENPEAYMBIIUIEHHO, a MIPOCTO M3 HEKOMIIETCHTHOCTH U OTCYTCTBHUSI TPAMOTHO Pa3-
paboTaHHOH, 0OOCHOBAaHHOW CTPATETHUH Pa3BUTHS MPOMBIIIICHHOCTH B cyObekTe PD. B 310ii cBs3u B
COCTaB 3aJja4, KOTOpBIE JOIDKHBI PELIAaTh PETMOHANIBHBIE OPIaHbl BIACTH, 4 TAKXKE TEXHOJIOTUU U MeXa-
HU3MBI 11eJIecO00pa3H0 BHECTH HEOOXOJMMBbIE KOPPEKTHBBI, CBA3aHHBIE C HCIIOJIH30BAHUEM CPEJICTB,
KOTOpBIE OpraHbl TOCYIapCTBEHHON BIIACTH JOJKHBI MPUMEHSTH B IENAX COBEPIICHCTBOBAHHS COOCT-
BEHHOH CTPYKTYpBI, pa3paboTKu COOCTBEHHON MPOMBIIIJICHHONW CTPAaTETHH, a TaKkKe COOCTBEHHOU pe-
THOHAJIBHON CHCTEMBI YIPABICHHS NMPOMBIIUIEHHOCTHIO M 3KOHOMHUKOM, BKJIIOYAOLIEH COBPEMEHHBIE
TEXHOJIOTMH TIOATOTOBKH MPUHSATHS pelieHu, 3Q(QEeKTUBHBIE MOJIENIN YIPABJICHUS, a TAaK)Ke aBTOMATH-
3UPOBaHHbBIC HH(POPMALMOHHBIE CUCTEMBI YIIPABICHHS Pa3BUTHEM MPOMBIIUIEHHOCTH B peruone [14].

2. OcHOBHBIE 32/1a4H NPOMBIILIEHHO-9KOHOMHYeCKOro 0J10ka cyobekTa PO

U MeXaHU3MbI X peain3aluuu

OcHOBHBIE 33[a4i MPOMBIIIJICHHO-3)KOHOMUYECKOr0 0JIOKa IJIsl OPraHoOB rOCyJapCTBEHHON BJIACTH
cyonekTa PO, a Taxke QyHKINU U MEXaHU3MBI UX pealn3aliii MOKHO MPEACTaBUTh B CJEIYIOIIEM BUIE:

1. AHanu3 COCTOSHUS U MPOTHO3 PAa3BUTHS MPOMBIIINIEHHOCTH ¥ 9KOHOMUKH cyOhekTa PO.

2. CTtparernueckoe IJIaHUPOBAaHKE, pa3padoTKa KOHLUENIUH U IPOrpaMM MPOMBIIIIEHHOH U CO-
UAIbHO-9KOHOMUYECKON TIOJTUTHKH.

3. ®opMUPOBaHUE CUCTEMBI MEXXPETHOHAIBHBIX ¥ BHEITHEIKOHOMUYECKUX MTPUOPUTETOB HA YPOBHE
cyonsekTa POD.

4. PazpaboTka cucTeMbl (PMHAHCOBO-3KOHOMUYECKUX YCIOBHH, ONPEACISIOUINX OCHOBHBIC NMPHH-
[UIIBI, TEXHOJIOTHH U JAPYTHe OTPaHUYEHUs JUIS BCEX CyOBEKTOB MPOMBIIUIEHHOCTH W DKOHOMUKHU pe-
THOHA.

5. OnepaTHBHOE PeryJupoOBaHKE, KOOPIUHALMSA ACATEIBHOCTH MPEANPUATUH, accounanuii 1 oobeau-
HEHUI.

6. ®UHAHCOBO-3KOHOMUYECKOE 03/10POBJICHHUE MPOMBIIUIEHHBIX MPEANPHUATHH.

7. Ocy1iecTBIIEeHHE CKOOPIMHUPOBAHHON EHOBOW M TapU(HON MOIUTHKH.

8. IoBeimenue 3¢)(heKTUBHOCTH YIPABJICHUS TOCY1aPCTBEHHON COOCTBEHHOCTBIO.

9. ParmmonanbHOE HCTIOIB30BaHUE PECYPCHOTO KOMILIEKCa CyObhekTa PO,

10. Coznanue cucteMbl HHGOPMAIIMOHHO-aHATUTHIECKOTO 00ECIeUeHHs CTPATETNYeCKOro ynpas-
JICHWsI TPOMBIIIIEHHOCTBIO H SKOHOMHUKOH pETHOHA.

CoBepIileHHO OYEeBHIHO, YTO MEPEUNCIIEHHBIE 33Ja4l PEIIaloTCs OpraHaMH roCyIapCTBEHHO Bia-
ctr cyobekta PO He B MOTHON Mepe, Kak U IpYTHe 33/1a4d, CBSI3aHHbIE ¢ HEOOXOAUMOCTBIO TIOBBIIIICHUS
3 PEKTUBHOCTH ESATEIBHOCTH MPOMBILUICHHBIX NPEIIPUATHIA 1 KOPIIOpALMK PEeruoHa.

Crenyer OTMETUTb, UTO CO3JJaHUE COBPEMEHHOI CHCTEeMBbI yrpaBieHus B cyorekTax PO caepxusa-
eTcs CIEAYIOINMHI 00CTOSTEILCTBAMHU:

— OTCYTCTBHUEM JAEMCTBEHHBIX MEXaHW3MOB TI'OCYJapCTBEHHOTO YIPABIEHUS, KOTOPBIE MO3BOJIMIN
Obl o0ecreunTh peIIeHHE OCHOBHBIX COLHMAJIbHO-IMOJUTUYECKUX M MPOU3BOJACTBEHHO-3KOHOMHUYECKUX
3agad B PO u mepeiitu oT Giarux mokejgaHWi MO MOBBHIICHHIO YIPABISIEMOCTH B PEaIbHOM CEKTOPE
SKOHOMHUKH K JEUCTBUTEIFHOMY PETyJINPOBAHUIO SKOHOMHKOW CTPaHBI H, MPEXkAe BCETr0, MPOMBIIIEH-
HBIM ITPOU3BOACTBOM;

— HECOTTIACOBAHHOCTBIO U JJa)K€ MPOTHBOPEUNUBOCTBIO MOIUTHYECKUX M SKOHOMUYECKUX MHTEPECOB
[EHTpa U pernoHoB PD, opueHTaluel pernoHaIbHBIX JIUACPOB Ha pa3Hble SIKOHOMHUYECKHUE TIAT(OPMEI,
OJINTAPXHUYECKUE CTPYKTYPBI, MOJUTHYECKNE TApTUH, IBM)KEHUS U T. 11.;
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— OTCYTCTBUEM CETOAHSA, O OONBLIOMY CUETY, YCTOHYMBBIX MEKPETHMOHAJIBbHBIX 3KOHOMHYECKUX
cBsi3eil 1 00OCHOBAHHBIX KOHLEMIUH COLMAIEHO-3KOHOMHYECKOrO pa3BuTHA cyObekToB PD, a Tarke
CHCTEMBbI OPraHU3alMOHHOT0 M MH(POPMAIIIOHHOTO B3aWMOJICHCTBUS MEX/y BCEMU YYaCTHHKAMU IIPO-
W3BOJICTBEHHOI'O U YIPABJIECHYECKOIO KOHBEHEPa;

— CJIO)KHOCTBIO YCIIOBHH 3KOHOMHYECKOW NIEATEIBHOCTH NMPOMBIIIIEHHBIX MPEANPUITHH, XapakKTe-
pHU3yeMBbIX HEOIAroNpUsTHBIM JJIsl UX HOPMAIIbHOH paOOoThI IEHCTBYIOIIUM 3aKOHO/IATEILCTBOM, 3a4ac-
TYIO HEBBITOJHBIMU JJI1 SKOHOMHUKH PETHOHOB CIIOKUBIIIMMHCSA KOOTIEPAIIIOHHBIMU CBS3AMH, IIPaKTHYE-
CKH TIOJIHBIM OTCYTCTBUEM Y MPOMBIIIJICHHBIX MPEAIPUATHH OOOPOTHBIX CPENCTB;

— HE3aBHCUMOCTBIO BBIOOpA CTpaTErHMYeCcKUX LeNeil M TaKTHUECKUX 3a/ad YIPaBICHUS IPUBATH3H-
POBAHHBIMH MPEANPHUATUAMU OT UCTIOTHUTEIBHBIX OPraHOB TOCYJapCTBEHHOM BiIacTu cyonekToB PO (3a
WCKIIIOYEHHEM TeX NPENNpPUATHH, I/1Ie KOHTPOJIBHBIA MaKeT aKIUi NMPUHAUIEKUT PETHOHATIBHOW aaMu-
HUCTPALUH) U AK€ OT MHTEPECOB COOCTBEHHBIX MPOU3BOICTBEHHBIX KOJJICKTHBOB.

B mogo6HBIX YCIOBUSAX PYKOBOJUTENH MHOTHX MpOMOpeanpusaTuii cyobekToB PO oTHIOOL HE 3a-
WHTEPECOBAHBI ICHCTBOBATh B HHTEpPECaX HACEeJIeHHs, COOCTBEHHBIX paOOTHUKOB, a YK TeM 0oJiee peKo-
MEHJAIHH 00JIACTHBIX OPraHOB rOCYJAaPCTBEHHON BIIACTH.

Tem He MeHee MOAXO[bl, HANIPABIEHUS U CPEACTBA PEAM3ALMU NMPOrPAMMBl Pa3BUTHS MPOMBILI-
JICHHOCTH ¥ DKOHOMUKH CyObheKTOB PD n0omkHBI 0a3UpoBaThCsl Ha UCTIONB30BAHUU CIICAYIOIINX MeXa-
HU3MOB:

— CTPaTErn4YecKOro INIAHUPOBAHMS U ONIEPATHBHOTO PETYJIHPOBAHUS MPOMBIIIEHHOCTBIO M 9KOHO-
MHKOH 00J1aCTH;

— pa3BUTHS BHYTPUOOIACTHON KOOTEPAIIUH, BBITOHOM IS SKOHOMUKHU PETUOHA;

— ¢opmupoBaHus THOKOH, cOanaHCHpOBaHHON Tapu(HON M IICHOBOM MOJUTHKH B c(epe MPOMBIIII-
JICHHOTO TPOW3BOJICTBA, HAMPABICHHON HA IMOBBIIIEHHE KOHKYPEHTOCIIOCOOHOCTH MPOIYKIUH IPOM-
npeanpusTuii cyobekTa PO Ha 0TEUECTBEHHOM M MUPOBOM PBIHKAX;

— pa3BUTHS PErHOHAIBHOM 0a3bl CHIPHEBBIX PECYPCOB C YYETOM MMEIOLIUXCS MPOU3BOJACTBEHHBIX
MOIITHOCTEN 1 MOTPeOHOCTEHN PHIHKA,;

— peCTpYKTypH3alud U (PUHAHCOBOTO O3JJOPOBJIICHUS MPOMBIIUICHHBIX MPEANPUITHNA C HCIOIB30-
BaHUEM JJIS 3TUX LIE€TEN BCEX NMEIOIUXCA B PaclOpsKEHNH OpraHOB FOCYy1apCTBEHHOW BIIACTH PETHOHA
pbryaroB (0aHKPOTCTBA, BHELIHETO YIPABICHUS, YIIPABICHUS FOCYJapCTBEHHONH COOCTBEHHOCTBIO, yCTa-
HOBJICHHEM JIbIOT, 3aPETOB U T. I1.);

— paciupeHus UCTOYHUKOB MOBBIIICHHS JOXOIHOCTH OrokeTa cyobekTa PD;

— Pa3BUTHSA MEKPETUOHAIBHBIX NPOU3BOJACTBEHHBIX OTHOIIEHUH, MOATOTOBKH KapTEIbHBIX COIJIA-
IIEeHUH, UCTIOIb30BaHNS MApPKETUHTOBBIX HCCIIEA0BaHU;

— noBbIIeHUS 3D (HEKTUBHOCTH TapUPHBIX OpraHoB cyosekTa PD;

— COBEPLICHCTBOBAHMS WHBECTULIMOHHON M WHHOBAIIMOHHOW MOJMTUKHU (BKJIIOYAs CUCTEMY yIIPaB-
JICHHS IPOCKTAMH);

— MOMCKA CTPATETHIECKUX MapTHEPOB U HOPMUPOBAHUS CHCTEMBI TEOMOIUTHYCCKUX HHTEPECOB Pe-
THOHa;

— ¢opmupoBaHus HHPOPMALMOHHO-aHATUTUIECKOH OCHOBBI MOATOTOBKY M MPUHATHUS YIIpaBIeHYE-
CKHX pEIIeHHH OpraHOB roCylIapCTBEHHOI BiacTu cyonpekTa PD, cozgaBaemoil B paMKax pernoHaaIbHON
aBTOMATHU3UPOBAHHOM WHPOPMAIIMOHHON CHCTEMBI YIIPABIICHHSL.

3akiouenne

[IpoBeeHHbIE UCCIETOBAHMS MTOKA3aJIH, YTO PA3BUTHE MPOMBIIUICHHBIX MPEINPUITANR U KOpIOpa-
il B cyobekTax PO He NOKHO OCYLIECTBIATHCS OECCUCTEMHO, XaOTHYECKH, KOT/Ia OpraHbl Tocyaap-
CTBEHHOH BJIACTH PETHOHA U CTPAaHbl HEAOCTATOYHO BIUSIOT Ha MX MPOU3BOACTBEHHO-TEXHHUUYECKYIO TH-
HAMHKY.

[IpencraBieHHbIC B TaHHON CTaThe HAy4YHBIE TIOJIOKEHUS U PEKOMEHJIAIIMA MOTYT OBITh HCIIOIB30-
BaHbl PYKOBOIMTESIMH OPTraHOB TOCYAAapCTBEHHOH BiacTH cyObekToB P®D, a Takke MPOMBIIUICHHBIX
MPENPHUITAN ¥ KOPIOPAIHA, PACTION0KEHHBIX HA TEPPUTOPUH TTOCIEIHUX, sl KOMIUIEKCHOTO aHaIn3a
paboThl MPOMBIIICHHOCTH PETHOHA M (POPMUPOBAHHS OOOCHOBAHHBIX MEPCIIEKTUB MO0 MOJCPHU3AIUH
MPOM3BOJCTB, OJHO3HAYHO CHOCOOHBIX OOECIIEYUTH CYLIECTBEHHBI 3KOHOMHYECKHI POCT SKOHOMHKH
cyobekra PO.
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Introduction. It is shown that in connection with the ongoing financial and economic crises in
the world, as well as a sharp aggravation of competition in the international markets of industrial
products and a number of other factors, the issues of increasing the efficiency of industrial enter-
prises and corporations in the regions of the country need a more comprehensive and comprehen-
sively thought-out justification. Purpose of the study. It is advisable to develop a set of scientific
provisions and recommendations for the analysis of the activities of industrial enterprises in the re-
gions, which would contribute to the purposeful development of the economy of the constituent enti-
ties of the Russian Federation in modern business conditions. Materials and methods. The materi-
als and methods used are outlined by the content of theoretical developments and practical experi-
ence obtained in the process of researching the development of the economy and industry of the re-
gions of the Russian Federation. Results. The list of scientific provisions and recommendations for
increasing the effectiveness of the influence of state authorities of the constituent entities of the Rus-
sian Federation on the development of industry and economy of the country's regions has been sub-
stantiated. The composition of methods of state regulation in the economy and industry of the re-
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gions is presented, a list of the main tasks of the industrial and economic block for state authorities
of the constituent entities of the Russian Federation, as well as the functions and mechanisms of their
implementation, is presented. Conclusion. The development of the economy and industry of the re-
gions of Russia should be carried out using the scientific provisions and recommendations presented
in this article, which will allow, when forming management decisions, to take into account factors
and justifications that were often unused before.

Keywords: industrial enterprises and corporations, industry and economy of the region, methods,
indicators, factors, government bodies of the constituent entities of the Russian Federation.
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ONTUMAINBbHOE YNPABNEHUE OAUHAMUKOW PErYNAUun
MUKEMUN Y BOJIbHbIX CAXAPHbIM OUABETOM MNEPBOIO TUMA

W.I. BonodypuHa, KO.I1. UeaHoea (ITly2oeckoea), J1.M. AHuughepoea
OpeHbypackuli 2cocydapcmeeHHsbil yHusepcumem, 2. OpeHbype, Poccus

PaboTa mocBsmeHa mpoOieMe MaTeMaTHYeCKOr0 MOJEIMPOBAHMSA M IIOMCKA ONTHMAlIbHOTO
YIpaBJICHUS] ANHAMUKON OajlaHca MHCYJIMH — IUIIOKO3a B KPOBH UEJIOBEKA, IPEJICTABICHHON Hermal-
KOii cucteMoit nudhepeHnnabHbIX ypaBHEHHI ¢ MIOCTOSHHBIM 3ana3siBanveM. Lleas ucciienoBa-
Hus. J[aHHOE HCClleoBaHNE HANPaBICHO Ha pa3paboTKy M YHCIIEHHOE pelleHHe 3aJa4l ONTHMAaIb-
HOTO YIPaBJICHHUS TIIMKEMHYECKUM MTpoQuiieM y OOJIbHBIX CaxapHbIM 11a0eTOM MEPBOroO TUIA MyTEM
HMHCYJIMHOTEPAIINU, OCHOBAHHOTO HAa YCIOBHUSIX ONTHMAJIBHOCTH JJIS HETVIAAKUX CHCTEM C MOCTOSH-
HBIM 3ama3/bIBaHueM B (a30Boil nepeMeHHONH. MeToabl. OOmIas METOaKa UCCIIeOBAaHUS H3ydae-
Mo# mpobieMbl 6a3upyeTcs Ha MaTeMaTHUECKOH TEOPHH ONTUMAJIBHOTO YIPABICHUS, TEOPHH YHC-
JICHHBIX METO/I0B, TeopHu Au(depeHnnanbHbIX ypaBHEHUH ¢ HETJIaAKOH paBoil 4acThIo M C 3amas-
JbIBAfOIIMM apryMmeHToM. [Ipn peanmsamum nmporpaMMHOTO KOMIUIEKCAa HPUMEHEHBI METOJIBI 00b-
€KTHO-OPHEHTHPOBAHHOTO NpoeKTHpoBaHus. Pe3yabTarnl. B manHoM uccienoBanuu Ha 0ase uc-
XOJIHOM AvHaMHuyecKol monenu, npemtoxkenHol H.A. IlupokoBo#i, mocTpoeHa 3ajaya ONTHUMAaJIb-
HOTO YNPaBJICHHUS AUHAMUKOW PETYJISALUH TJIMKEMUH Y OOJBHBIX CaXxapHBIM ANA0ETOM IIEpBOTO THUIIA
C HETJIAJKON NMpaBOH YacThIO M MOCTOSHHBIM 3amaszplBaHueM B (azoBoii nmepemenHoil. Ha ocHoBa-
HUH TOJIYYECHHOTO JJIS MOCTPOEHHOH 3aJaul ONTHMAJBHOTO YIPABJICHHS HEOOXOIUMOI'O YCIOBHUS
ONTUMAJIFHOCTH pa3paboTaH alrOPUTMHUYECKUN U IPOTPaMMHBIA HHCTPYMEHTAPHH, ¢ TOMOIIBIO KO-
TOPOTO TOJTyYCHBI ONTHMAJIBHBIE POTPAMMBI, PEACTABICHA UX CoJiepXKaTelIbHas WHTEepIpeTalys.
3akarouenue. Pe3ynbTaThl, IOJy4YeHHBIE HA OCHOBE IMPOTPAMMHOM pealM3alliil YHUCICHHBIX aJro-
PUTMOB pa3pabOTaHHOI HErJaAKol 3aJadyy ONTHUMAJIHHOTO YIPaBJICHUS OanaHCOM MHCYJIWH — IIIIO-
K032 C MOCTOSIHHBIM 3aMa3/[bIBaHieM B (pa30BbIX MEPEMEHHBIX, II03BOJISIIOT MOIYYUTh JaHHBIE, KOTO-
pBle HEOOXOIUMBI NPH MOHUTOPHHIE CHTYAIlMH MO W3MEHEHHIO TNIMKEMHYECKOro Npoduis, mpu
MPOTHO3UPOBAaHNH 3a00JIEBaHUs caXxapHBIM JHa0beToM H BbIOOpE 3(h(hEeKTHBHOTO JICUCHHSI.

Kniouegvie crosa: modenuposanue, onmumaibHoe ynpasnenue, Caxapuviili ouabem, onmumais-
Hble NPO2PaAMMbL KOMNEHCAYUL.

Beenenue

CaxapHblif TuabeT MepBoro TUIa — 3T0 MeTaboIIMYecKoe, ayTOMMMYHHOE 3a00JIeBaHNE, XapaKTepH-
3yloIIeecs] HeCIIOCOOHOCTBIO OpPTaHU3Ma MOJICPKUBATh YPOBEHb IUIFOKO3bI B KPOBH B LIEJIEBOM HHTEP-
BaJIe M0 MPUYMHE Pa3pyLIeHUs B-KIETOK MOHKEITYA0UYHON Kele3bl, OTBEHAIOINX 32 CEKPELHI0 HHCYIH-
Ha. /[nabeT BBI3BIBAET MHOXKECTBO OIACHBIX OCIIOKHEHUH, M30€kKaTh KOTOPHIE MOXKHO TOJNBKO ITyTEM
KOHTPOJISI yPOBHSI TJIFOKO3bI B KPOBH YEJIOBEKA H €T0 yIepKaHus B PU3HOIIOTHIECKOM UHTEpBaie [1].

Haubonee 3¢ dexkTuBHBIN cocob ymydimeHus IIUKEMAYeCKOT0 NpoQHiIs U KayecTBa KU3HU OO0JIb-
HOT'O CaxapHBIM JHa0eTOM IEPBOTO THMA SIBJISIETCS WCIIOJIF30BAaHHE MHTCHCUBHON WHCYJIWHOTEPAIINH,
OCHOBAaHHOW Ha MHJIMBUIYaJHbHOM TOAOOpE CXEMBI U 103 BBOJAUMOIO WHCynnHA. [loaToMy onpaBnana u
aKTyanbHa pa3pab0TKa CHelUaIM3UPOBAHHBIX METOIOB IMOMCKA ONTHMAILHOTO BBEACHUS MHCYJIUHA IS
NOJ/ACPKaHHS YPOBHS IIIIOKO3bI B KPOBU YeJIOBEKa B LIEJIEBOM MHTEPBANE, AJIS YEro MIMPOKO HCTIONb3Y-
eTCsl MaTeMaTHIECKOe MOJIeIupoBanue [2-9].

JlaHHOE HCCcIeqoBaHUE MOCBAIICHO Pa3pabOTKe M YMCICHHOMY PELICHMIO 33Ja4M ONTHMAaIbHOTO
yIpaBlieHHUs BIUSHUS WHCYJTMHOTEPANUH HA TIMKEMHYECKUNA MPOHIb Y OOJIBHBIX CaXxapHBIM JHA0ETOM
MEPBOTO THUITA, OCHOBAHHOMY Ha YCJIOBHUSX ONTHUMAIBHOCTH JUIsI HETJaJKUX CHUCTEM C TIOCTOSHHBIM 3a-
na3/bIBaHueM B (ha30BOM MepeMeHHO.

1. MaTemaTn4eckasi MoeJb U3MEeHeHUs] JMHAMMKH HHCYJMH — [JII0OK03a B KPOBH YeJI0BeKa

Jnst n3ydenus: Hanbosee OOIIMX 3aKOHOMEPHOCTEW W3MEHEHHUsS JMHAMHKH MHCYJIHH — TIIIOK03a B
OpraHu3Me YeJI0BeKa pacCMOTPHUM MaTEMATHUECKYIO MOAENb, npeiokeHHyto H.A. [lupokosoit [10-12].
Jannas MoJens MOCTpOoeHa Ha OCHOBE COOTHOWIEHMs Oanmanca ypoBHs rmoko3bl (I'=1'(f)) u xoHuen-
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Tpauuu uHCynuHa (/= I(f)) B KpOBH 4YelOBEKa Ha BPEMEHHOM OTpeske t € [ty; T]u mpexcrasiena cuc-

TeMOH HEeJTMHEHHBIX Au(depeHINaIbHbIX YPaBHEHUH, 3aIMCaHHBIX B HOpMalibHOH (opme Kormmn:
di
2 = (T = To)8(r = o) = BI, (M

ar
& = Y(Ty — )B(Ty — T) — oI — u(I' = T, )B(T — Tp) + S(t)
C HaYaJIbHbIMU YCJIOBUSIMU

I(ty) = 1°, I(ty) =17, (2)
U (I)a?,OBI)IMI/I OI‘paHI/I‘IeHI/IHMI/I
I(t) 2 0,I(t) = 0,t € [to; T]. A3)

Buonoruueckuii cMpicn u 3HaueHus napametpos monenu (1)—(3) mpencrasnenst B Tabn. 1. Ilapa-
METPBI ONPENIEICHBI COTJACHO COOTHOIICHUSIM, MONy4eHHbIM B [10—12], Ha OCHOBE KaueCTBEHHOT'O HC-
cnenoBanus Mozaenu (1)—(3) u yTouHEHBI B X0J/I€ BBIYHCIUTEIBHBIX IKCIIEPUMEHTOB 10 HACTPOIKEe MO-
JIeN Ha TaHHbIe 0000IIeHHOM KapTHHBI OaTaHca WHCYIIHH — TIII0KO03a.

[Ipennonoxxum uaeaIbHYI0 MOAEIb MUTAHUS, KOTJa YEJIOBEK, HE UCIBITHIBAIOMINI (PU3NUECKUX Ha-
(t-8)? (t-14)2 (t—20)2
IPY30K, €CT B CTPOTrO OIPENENICHHOE BpeMsl TpH pas3a B CYTKU. S(f)=A| e 202 +2e 202 +e 202 | —

1,x>0
0,x<0
caiifia, orpeeNIsIoNIas HapyuIeHUe TIIaJAKOCTH CUCTEMBI Tu(depeHInaNbHBIX ypaBHeHui (1).

YpoBeHb KOHIIGHTpAIMU TIFOKO3bI B KPOBU HEJIOBEKA CIY)KUT OCHOBHBIM IIOKa3aTejeM, OmNpeie-
JSFOLIIAM €T0 TIIMKEMUYECKHH MPOQMIb W MO3BOJSIONIMM JHAaTHOCTHPOBATh HAPYIICHHUE YTIICBOJHOTO
obmena. Ilyrem uncnennoro peuenusi cuctemsl (1)—(3) Ha untepBane 7 =24 4 npu HadaIbHBIX YCIIO-
Busx I(ty) = 0,T'(ty) = 5, rme t, = 0 u mapameTpax, MPeACTABICHHBIX B TabI. 1, moaydeHsl rpapuku
TITMKEMUYECKOT0 MPO(UIIS IPH Pa3InYHBIX 3HAYCHUSX MapaMeTpa o, IpeICTaBIeHHbIE Ha puC. 1.

BHEITHUH HCTOYHHUK MOCTYIIJICHUS TIIOKO3BI B TEUEHHE OJHHUX CYTOK. B(x) = { ¢ynkuus XeBu-

Tabnuua 1
3HauyeHun napamMeTpoB Mmoaen AUHaAMUKU UHCYJTUH — FMHOKO3a
Table 1
Values of the parameters of the insulin-glucose dynamics model
[TapameTp CMPBICTOBas HHTEPITPETAIIHSI 3nauenne |PazmepHOCTh
Iy HopmasibHBIH YPOBEHB IIIFOKO3BI =5 MMOJIB/JT
r Kputndecknii ypoBeHb TIIOKO3BI, T. €. YPOBEHb TIIIOKO3BI, BbI- ~ 10 MM/
cr 11I¢ KOTOPOT'O MTPOMCXOIMT BBIBOJI €€ U3 OPraHU3Ma uepes MOYKU
a Koadduiment, oTBeyaroniuii 3a 4yBCTBUTENLHOCT K TIIIOKO3€ 1 1/4
B KoadduueHt yruausaiiy HHCYJIMHA TITFOK0301 2 1/En.-u
v Koadduiment, orBevaromuii 3a BHIXOJ] TIFOKO3bI U3 IICUCHU 6 1/4
JUTS TIOIJICPKAHMSI €€ HOPMAILHOTO YPOBHSI
c Koadduuument yrunuzanuu riaroKo3sl HHCYJIHHOM 44 1/Ep.-u

[TapameTp, oTBeUaroluii 3a BBIBOA INIFOKO3bI YEPE3 MTOYKH, ECIIN

K OHA NPEBBIIIAET KPUTUIECCKUN YPOBEHb > 1
D2 CKOpoCTh YCBOCHUS MHUIIM WU TTHKEMHUYECKUI WHAEKC IpH- 0.5 .
HUMAaeMOH ITHIIHA ’
A CpenHecyTo4HOE NMOTPeOIESHUE TITIOKO3BI 31 MMOJIB/JI 4

rit)

006121824 3 36424854 6 66727884 9 96 10,56 11,76 1296 1416 151584 1704 181884 20,04 21 2184 2304

Puc. 1. Tnukemuyecknin npocbunb Npu pasnmM4HbIX 3Ha4YeHUAX NapamMmeTpa o
Fig. 1. Glycemic profile at different values of the parameter a
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KpaTtkme coobLieHus

CornacHo TpadukaM, IpeACTaBICHHBIM Ha pUC. 1, YMEHBIIIEHHUE TapamMeTpa O, OMPEAEISIOIIEeTo
CKOpPOCTh BHIPAOOTKH WHCYJIMHA, MPUBOAMT K 3a00JICBaHUIO caxapHbIM nuabetoMm 1-ro tuma. [lpudem
o = 1 onpenenser ciydail 370poBoro opranusma, o = 0,1 — ckpeiTyio popmy amadbera, o« = 0,01 u
a = 0,001 — sBayto ¢opMmy amadera, UYTO MOJATBEPIKIAOT PE3YJIBTATHl YHUCIEHHOTO MOJETHPOBAHUS
cuctemsl (1)—(3), mpencraBieHHbIe B Ta0M. 2.

Tabnuua 2
Table 2
Crnyyait CkpsiTast | SIBHble hopmbl nuabera
dopmyna 3n0opoBoro | ¢Gopma
CwMpbIciioBast HHTEPIIpEeTalys opranusma | auabera | a = 0,01 | a =0,001

a=1 a=0,1

<I>= f024 I'(t)dt/24 — cpenHecyTOUHBIH YpOBECHb

5,89 7,94 10,06 10,44
[JINKEMHH
<[>= f0241(t)dt/24 — CPeNHeCyTOYHas KOHICH-| 5 0.01 0.001 0.0001
Tpalysi HHCYJINHA ' ’ ’ '
24
Al=af "(T(t) —T)B(T(t) —To)dt-V,V =5 — 4333 29.4 547 0.59

OOIIMIA TPOU3BEICHHBINA MHCYJIMH 34 CYTKU

24
AT = uf2*(T() = To)8(T(6) — T )de -V /5,5,
V =5 — xonn4ecTBO TIIIOKO3BI, BRIBEACHHON Yepes 0 75,6 168,74 187,01
TIOYKH 34 CYyTKH

2. [TocTpoeHue ynpapisieMoii MOJIe/IH JIe4HeHUs CAXapPHOT0 AuadeTa MepBoro TMMIa

st pa3paboTKH ONTHUMAJIbHBIX METOZOB CTAOWMIIM3AI[MH KOHIIEHTPAIIUH TIIFOKO3bl B KPOBU YeIIOBe-
Ka OOJBHOTO CaxapHBIM MuabeToM IMEPBOTO THIA B MpeieliaX e HOPMAaJbHOTO YPOBHS Ha 0a3e MCXOJ-
HoW nuHammdeckod monemu (1)—(3), mpemanoxxenHorr H.A. [lupoxosoii [10—-12], myTrem BBeneHUS uC-
KYCCTBEHHOTO MHCYJIMHA M pacIIUpeHHs MPOCTPaHCTBA (a30BbIX IMEPEMEHHBIX 33 CUET y4eTa KOHIICH-
TpaIuu UCKyCCTBEHHOTO MHCYJIMHA B KpOBU ueinoBeka (K = K()), mocTpoeHa yIpasisieMas MoJieib 0a-
nanca uacynuH (I = I(f)) — rmoko3a (I' = ['(¢)), npeacraBieHHasl HelWHEHHOW cucteMol auddepeH-
[MUATBHBIX YPaBHEHHIA C HETJIAIKOM MPaBOii YacThIO U 3aNa3bIBAIONIIM apTYMEHTOM:

dI

i a(T' = Te)6(T —Tp) — B, 4)
& =y(To —1)B(To —T) — oTI — 6, TK(t — 1) — (T’ — T, )8(T — T,) + S(©),
‘;—’; = (1 — )ud(T — Ty) — B,TK
C HA4YaJIbHBIMH YCHOBI/IHMI/I
t€[—1,0], I(t) =1° T(t) =T° K(t) = K° (5)
nu (i)a3OBI)IMI/I OI‘paHI/IquI/IﬂMI/I
I(t) = 0,T(t) = 0, K(t) = 0, t € [to; T]. (6)

OyHKus ¢ = u(t) OMUCHIBAET NOCTYIUICHHE UCKYCCTBEHHOTO WHCYJIMHA U3BHE U YJOBJIETBOPSET OT-
PaHUUYCHUIO, YUUTHIBAIOIIEMY (PU3HMOIOTMUECKH AOMYCTUMYIO 03y BBOAMMOI'O HHCYJIMHA

0<u(t)<B,te€tyT], (7)
I7ie MaKCUMaJbHas 71032 BBOJAMMOI'O MHCYJIMHA B onpeaensieTcs: JTUTEIbHOCTHIO 3a00JI€BaHus, BECOM H
YpOBHEM TJTIOKO3BI B KPOBH U UIMEET BUJ, MpeIcTaBiIeHHbIN B [13].

B mozenu (4) mapameTp o — BecoBoil KO3()(DUIIMEHT, XapaKTEPU3YIOIIUI CTENICHb BIUSHHUS €CTECT-
BEHHOTO M MCKYCCTBEHHOI'O MHCYJIHHA MU ompenemssoonmid Gopmy nuadera (a = 1 ompenenser ciaydai
3nopoBoro opranmsma, o = 0,1 — ckpeiTyio popmy nuadera, &« = 0,01 u a = 0,001 — sBHYIO Dhopmy
nrabeTa,); T — BpeMeHHas 3aJiep)KKa Havasa JeHCTBHUS MHCYJIMHA C MOMEHTA BBEJICHHSI, OTIPEIEISIoNIast
THUI BBOJMMOTO HHCYJHHA.
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3. Be10op KpuTepHs KavyecTBa B MOJeJH YIIPABJIeHUsI MeTa00JIN3MOM

NPH caXapHOM AuadeTe MepPBOro THNA M MOCTAHOBKA 321241 ONTHMAJILHOTO YIIPABJICHHS

Lenb HHCYIMHOTEPAITUH 3aKITFOYACTCSl B TOM, YTOOBI KOIMPOBATh €CTECTBEHHYIO PEAKIIHIO YeIIOBE-
YEeCKOro OpraHu3Ma Ha M3MEHEHHE YPOBHS IUIIOKO3bl B KPOBU M BBOJUTH WHCYJIMH B OPTaHU3M B HYX-
HBIE MOMEHTBI B HEOOXOIUMBIX KOJH4YecTBaX. B KauecTBe KpUTEpHEB ONTHMH3ALMHU, BBIPAKAIOIINX
eJIb YIPaBJICHUS TMHAMUKON caXxapHOTO JuadeTa MepBOro THIA, MOTYT OBITh MCTIONB30BaHbI pa3iiny-
HBIC IMOKA3aTelH, HaIpaBJICHHBIE, HANIPUMEp, HA CTAOWIIM3AIMI0 YPOBHs caxapa B KPOBH YEIIOBEKa;
YMEHBIICHHE 103 BBOAUMOI'O HHCYJIMHA, C [EJIbI0 3KOHOMHUH TOCYAaPCTBEHHBIX CPEACTB MU N30SKAHUS
MOOOYHBIX ACHCTBUM MHCYJIMHA, CIIOCOOCTBYIOIIETO PA3BUTHIO META0OINIECKOTO CHHAPOMA U Iporpec-
CUpOBaHUs psja 3a0oieBaHuil; HaUOBICTpelilee JOCTIKEHHUE 3aaHHOTO JOIyCTHMOTO IOKa3aTens ca-
Xapa IocJje mpremMa MUy U Apyrue KPUTEPUU.

I'muxemuueckuii npoduiab y OONBHBIX caxapHbIM IMa0ETOM MEPBOTO TUIA ONpPEIeIsieTCS AUHAMMU-
KO KOHIEHTpauuu Tioko3sl ' =I'(f) B kpoBu venoseka. [[nsg uccrienoBanus 3akOHOMEPHOCTEH TUHa-
MUKH WHCYJIMH — TJIIOKO32 B KPOBH YeJNOBEKa MPEINOJIOXKHM, YTO CPEOu JOMYCTHMBIX BapHaHTOB
yIOpaBJICHUs PEeaNn3yIoTcsa Te, KoTopble olOecrneunBatoT Onmzocts I =1'(¢) k omopHomy pemenuro [y,
COOTBETCTBYIOLIEMY MOAEPKaHNUIO0 HOPMAJIBHOTO YPOBHS [ITFOKO3BL.

Torma B pamkax MOCTpOEHHOH ympapisiemoit mojenu (4)—(7) BBIOOp ONTHMAILHOTO YHpaBICHUS
paccMOTpHUM Kak 3a7ady MUHUMH3aLUH (yHKIHOHAIA

I(u) = \/% ftTo(F(t) — T'y)2dt - min. (8)

Munumuzanus GyHknroHana (8) mo3BoiseT Moa00paTh WHCYIMHOTEPAINIO, CTAOMIN3UPYIOLIYIO
YPOBEHb caxapa B KPOBH UEIOBEKa B Mpeeax nokasareyneid Hopmsal [y.

Takxum oOpa3oM, 3aa4a ONTUMAITBHOTO YIPABICHUS JUHAMHUKON caXxapHOTro quadeTa IMepBOro THIA
OTIPEIENAETCS CUCTEMOW HETMHEHHBIX MU PEpEeHINATLHBIX YPABHEHUH C HETJIaJKON MPaBOil 4acThi0 U
MOCTOSIHHBIM 3alla3/bIBaHUEM B (pa30BBIX MEPEMEHHBIX, 3aIMCaHHON B HOpMaibHOM (hopme Ko Buma (4),
C HavaJdbHBIMU ychoBusMH (5), ha3oBbMu orpaHudeHusMH (6), rae GyHKIUS u = u(f) ONMCHIBAET IO-
CTYIUIEHHE UCKYCCTBEHHOTO WHCYJMHA U3BHE B €MHMILY BPEMEHHUH YAOBJIETBOPsET orpanuyeHuio (7).
MowmeHT okoHuaHUs 7 OUHAMHKH cucTeMbl (4) 3amaH. Llenpio yrmpaBieHus sSBISETCS MHHUMH3ALUS
¢dyskonana (8).

3amaya ONTUMANBHOTO YIPABIEHUS COCTOMT B HAXOXKICHUH ONTHMAIBHOTO YIpaBieHus u(f),
t € [to; T], xotopoe MuHHUMU3MpPYET GyHKIHOHANT (8) Tpu orpannucHusx (4)—(7). 3amaua (4)—(7) sBis-
ercs 3ajadeil Jlarpanxka oNTUMaIbHOrO YIIPaBICHUS.

4. Heob6xoaumoe yciioBHe ONTUMATBHOCTH U YHCJIEHHOE pelieHne 3a1a4i ONTHMAJIbHOI0

ynpaBjeHus: 0aJaHCOM HHCYJIHH — IVTI0K03a IIPH caXapHOM naleTe MepBOro THIA,

3aJaHHOI HerJIaJKoi CHCTEMOM ¢ MOCTOSHHBIM 3ana3AbIBaHueM B ()a30BbIX NepeMeHHBIX

B ontumuzanmonnoit 3agaye (4)—(8) cucrema muddepeHunanbHpIX ypaBHeHHH (4) mpencTaBiseT
co00# cucTeMy ¢ HEeTJIAJAKOH MPaBoi YacThIO U € 3aMa3/IbIBAIONIMM apryMEHTOM, OOIIUIA BUI KOTOPOI

fri(6,x(®), x(t — O, u(®)),S;(T) <0, ©)

foi(6,x(@), x(t — D), u(®)),S;(T) = 0,
roe x = x(t) = (F(t),l(t),l{ (t)) — a0COJIIOTHO HENpepbIBHAsE Ha OTpeske [ty; T] BekTOp-PyHKIUS CO-
crostHust; u = u(f) — KyCOYHO-HeTpepbIBHAsE Ha oTpe3ke [to; T] Gpynkumst ynpasierus. [loBepXHOCTb 1ie-
pekioueHust S(z, x) — HenpepbIBHO AubdepeHIupyeMast Mo COBOKYITHOCTH apryMEHTOB BEKTOP-(YHK-
s, umetornast Bua S(t,x) = S(I) = (I =Ty, Ty — I, T —T.), roe Ty = 5 mmons/x; T, =10 Mmous/in —
HOPMAJIbHBI W KPUTHUYECKUI YPOBHU TJIIOKO3bI COOTBeTCTBeHHO. Bymem cumrate S;(I) =T — T;
S,(I) =Ty —T;8;() = I' = T,,.. PaccMoTpuM ciyyaili MHOTOKPATHOTO MHPOTHIKAHHS TPAaeKTOPHEH
x = x(t) = (T(t),I(t), K(t)) nosepxuocreit nepekmouenns S;(T),i = 1,3 B ToUKax, ONpeIEICHHBIX BEK-

TOPOM r’éi, k=1,n,i=1,3,rae ‘[’O‘u- Jk=1,ni= ﬁ — MOMEHTBI IIEPEKITIOYEHHS, TO €CTh TOYKH, B KOTO-
prxcS; (T(tk,)) = 0,k = Tn, i = T3 dymum f, (£, x(6), x(t — ), u(®)) 1 s (£, 2(8), 2(t — ), u(®)),

i = 1,3 B (9) — byHKIMH, OMHUCHIBAONIHME MPABYIO YaCTh CHCTEMbI UM dEpEHIMATBHBIX ypaBHEHHIT (4)

JI0 ¥ TIOCJIE MOMEHTOB TIEPEKITIOUCHHUS T’o‘( ji k=1,n,j =1,2,i = 1,3 COOTBETCTBEHHO.
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JUIs HOCTpOEHNUs! ONTUMANIBHOTO YIPaBJIEHHs IPUMEHUM NpUHIMN MakcuMyMa [TonTpsaruna [14-16].
Tak xak B 3ajjaue UMEIOTCs (a3oBbie OrpaHudeHus (6), To 00ecIeYrM UX BBIMOIHEHUE MIyTEM BBEICHHUS
mrrpadHOTrO ciaaraeMoro B pyHKIMOHAN (8) M mepelizieM K MOCTaHOBKE 3a/lau, B KOTOPOW OTCYTCTBYIOT
(hazoBble orpaHUYeHUs, @ PYHKIIMOHAT UMEET BUJT

1(u)=J1fT(F(t) —Ty)2dt + A > min, (10)

rae A = Akf [(max{-T,0}? + (max{—I,0})? + (max{—K, 0})?]dt,
k=1, 2..., A4, >0, l}lm 4, =, A, —napametpsl mwrpada.
—>0

Oynknus [lortpsaruna s 3amgaqn (4), (5), (7), (10) umeer Bua

_ H i(t, X(t), X(t - T)' u(t), l-|J i(t)' A )' Sl(F) < 0:
A& 3016 = D@ 0020 = Y0 e o) (000 510 =0,
rie

H(t, (), (¢ = 0, u(0), $(0), A0) = (W2, fu (£ 2(0), x(t — 1), u(®)))
-2 [\/; (T(t) — Ty) + Ax(max{-T,0})? + (max{—1I, 0})? + (max{—K, 0})2)],
j=12,i=13,k=12.., A4, >0, klim A, =, A, —napamerpsl wTpada.

Oy §j;(¢):Tj; > R, j = 1,2,i=13 - CONPSKCHHBIE BEKTOP-(QYHKIUH, ONpEACICHHBIE Ha

MIPOMEKYTKAX [to;r’éi] = T1ki' k= 1,_n,i = ﬁ U Ha IPOMEXKYTKax [‘t’éi; T] = Tzki, k= 1,_n,i = ﬁ
HEIPEPBIBHBI U TIOYTH BCIOIY HEMPEPBIBHO AU GepeHIUpYEeMbl HA 3TUX OTPE3Kax.

O6o3naunm ckansapusie Gynxmun Hj;(t) = Hj; (¢, x(t), x(t — 1), u(t), ¥(t), 4), t € T]’f,k =1,n,
j=12,i=13.

Bocnonp3oBaBmmch npuHnmnoMm makcumyMa llonTpsruna, chopMynupyem Teopemy o He0OXOu-
MBIX YCJIOBUSX ONTHMAJIBHOCTH IS 33Ja4d ONTHManbHOro yrpasieHus (4), (5), (7), (10) ¢ mermaakoi
MPaBOil YAaCThIO U MMOCTOSIHHBIM 3ama3AblBaHueM [4].

Teopema: ITycts mporece @ = (f(t),f(t T), u(t), T4 )k =1,n,i=13, e ‘[’O‘a — TOYKH MPOTHIKA-
HUS TPAEKTOPHEN TIOBEPXHOCTEHN NEPEKITIOUEHHS S; (F(Tai)) =0,k = 1,n,i = 1,3, ABI5ETCS ONTUMATHHBIM
B TocTaBlieHHOH 3anaue (4), (5), (7), (10). Toraa ¢ HEOOXOAUMOCTBIO CYIIIECTBYET MHOXKHUTENL A >0 1 He-
PaBHbIE OHOBPEMEHHO Hymo dyHKimm Pq; ()Y, (t) ,i = 1,3 Takue, YTO BHITOTHSIOTCS CCAYIOIME YCIO-

BUSL:
1) onrtumarbHOE yripasiieHne U(t) BO BCeX TOYKAX HEMPEPHIBHOCTH JIOCTABIISCT MAKCUMYM (YHKIHH

[MoHTpsArMHA Hji(t,f(t),f(t —1),u(®), yj;(0), AO),j =1,2,i = 1,3mo Bcem 0 < u(t) < B, 10 ectb
Hji (6, %(0), X(t — 0, @), ¥ (), Ao) = maxosurysp Hji(t, £(6), X(t — 0, u(®), b (), A),
j=12,i=13;

2) conpsuxennele BekTop-Gyrkmmm Y j;(t),j = 1,2,i = 1,3 ynosnersopsior cucteme aupdepen-

LUAJIbHBIX YPABHEHUM:
OH i (t,2(1),X(t—D), U)W ()Ao)  OH i (t+Tx(t+1), (), T(t+D),P ;i (t+T).A0)

qJ]l(t) == Ix - x 5
j=12,i=13,t€ [ty;T],

Ui =0,j=12i=13,t>T;

3) yciioBre TpaHCBEPCATBEHOCTH

Yi(T) =0,j=12,i=13;

4) ycnoBus nomyctumocTd (4)—(5);

5) B TouKkax r’éi, k =1,n,i = 1,3 nepeceyeHus: TpaeKTOpUeH NOBEPXHOCTH MEPEKIIOYCHHUS BBIIOI-
HSIETCSl YCIIOBHE CKavKa COMPSHKEHHOHN BEKTOP-(QYHKIIMN:

Py (t — 0) = Y (T + 0) + A ds(m‘“”  Hy (T4 — 0) = Hyy (75, +0),
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k ok ofk ook K ok N ofk ook k
N (f Zi(Tai'x (Tai)® (Tai_":)'u(‘[ai"'o))_f li(Tai'x (Tai) X (Tai_T)'u(Tai_O)))'qJZi(Tai)
i = =k )
as(T(rg)) K (kY afok ) (K
Tm'fli(Tai'x(Tai)'x(Tai_T)'u(Tai_O))
rJie A; — BEJIMYUHBI CKa4YKa B TOUKAX ‘r’&i, k=1ni=1,3.
Tak kak moBepxHocTh nepekmouenus S(t,x) = S(I) = ([ — Ty, [y — I, T —T.) He 3aBHCUT OT
aprymenra ¢, 1o GyHkius [IoOHTpriHa MOCTOSHHA M HE MIMEET CKAYKOB Ha ONTUMAJIbHOM PEIICHUH.
Tak xak (yHkuus [ToHTpsArMHA JTUHEHHA [0 YNPABJIECHHIO, TO BBEAEM (QYHKIHMH MEPEKIIOYECHHS:
@=1-a)b8( —Ty)Y3 U3 ycnous makcumyma (yHKIMH [IOHTpATMHA HAXOAUM ONTHUMAIbHOE

0, P <0,
ynpasnenue i = {B, ¢ >0,
€ [0;B], ¢ = 0.

Takum 00pazom, IMeeM KpaeBylO 3a/lady MpUHIHIA MakcuMyMa [[oHTpsITHHA, 3aMKHYTYIO YIIpaB-
JICHUEM U.

Jlns penienns KpaeBoM 3a1a4uM NpUHOUNA MakcuMyMa [IoHTpsArvHa NpUMEHEH METOA MHOXKHUTENEH
Jlarpanrka, OCHOBaHHBIM Ha CBEICHHWU UCXOAHOW HEMPEPBIBHOW 33aJaud ONTHUMAJIBHOIO YIIPABIEHUS K
JUCKpeTHOU 3anmade. [l peanu3allid YHCIEHHOIO aJIrOpUTMa IOJIYYEHB! YCIOBHSI CTAalMOHAPHOCTH
¢ynkunn Jlarpamka u ycnoBue MuHUMyMa (pyHKImu Jlarpamxa mo ynpaBJIeHHIO, KOTOPBIM ¢ HEOOXO-
JUMOCTBIO YAOBJIETBOPSIET ONTUMAIBHBIN IpoLecc. (s moncka onTUMAalbHBIX AHHAMUYECKHX TPaeK-
TOPUI U ONTUMAJIBHOTO YIPABJIECHUS IPOIPaMMHO PEaIM30BaHbl AITOPUTMBI, OCHOBAHHBIE HA UTEPALIH-
OHHOM METOJE M METOJE IPOEKIUHU TPAJUCHTA M0 YIPABICHUIO, TIO3BOJIIOIINE [TOIYYUTh YHCICHHBIC
pe3yNbTaThl PEIEHNS TOCTABICHHOM 3a1a4u.

5. OnTuMajibHbIE MPOrpaMMbl KOMIIEHCAIIHH CAXapHOIro 1uafeTa mepBoro THIA

IlyreM mporpaMMHONM peasu3alMid YUCICHHBIX AJITOPHUTMOB PEHICHHS 3aJaud ONTHMAIbHOTO
ynpasnenust (4)—(8) Ha unrepsaie 7= 24 41 npu HadanbHbIX yenoBusx I(ty) = 0,K(ty) = 0, T'(ty) =5,
rae to = 0, 1 mapameTpax, MpeACTaBICHHBIX B TaOMI. 1, mony4eHsl rpaMKu TITHKEMUAYECKOTro MpoGmis y
OOJIBHBIX CaXapHBIM ITHA0ETOM MEPBOTO THIA TPH Pa3HBIX 3HAYECHHSAX MapaMeTpa O, COOTBETCTBYOIINX
SIBHOH M CKpBITOH (popMme auabeTa, nmpecTaBiIcHHbIC Ha puc. 2—4 U B Tabn. 3. Pemenue 3agauu (4)—(8)
MOJIy4E€HO Ha OCHOBE MPOrPAMMHOM pealn3aliy arOPUTMOB UTEPALIMOHHOTO METO/Ia M METO/Ia POCK-
MU IPaHEHTA [0 YIIPABICHHUIO.

TnurkesMudeckdi npodHIs HOIEHOTO CAXAPHEM AHADeTOM [ THOA 083 HHCYIHHOTEDATIHH
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TauxeMpdecKHH opodHIb DOIPHOLO caXxapHeM THabeToM I THIA ¢ OpHMeHEeHHEM
HHCYVIHHOTEpATHH
MeToa OpoeKITHH IpaJHeHTa HTepalHoHHBIA MeTOI
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Puc. 2. Fnukemuyecknn npocouns npu o = 0,001
Fig. 2. Glycemic profile at a = 0,001
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Puc. 3. Fnukemunyeckun npocdmnb npn a = 0,01
Fig. 3. Glycemic profile at a = 0,01
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Puc. 4. Frnukemuyecknun npocpvnb npu a = 0,1
Fig. 4. Glycemic profileat a = 0,1

150

Bulletin of the South Ural State University. Ser. Computer Technologies, Automatic Control, Radio Electronics.
2020, vol. 20, no. 4, pp. 144-154




Bonodypuna WU.I1., UeaHoea (JTy2oeckoea) 10.11., OnmumansHoe ynpaeneHue GUHamMukol peaynsyuu

AHyudpepoea J1.M. asiukemuu y 6osbHbIX caxapHbiM Ouabemom nepeo2o muna
Tabnuua 3
CpaBHUTeNbHbIE AaHHbIE MPOrpaMM feYeHust
Table3
Comparative data of treatment programs
Dopmyna, Ckpeitas popma | SIBHas dpopma SBHas popma
nuabera nuabera nuadeTta
CMBICIIOBAs] HHTEPIIPETALINSL «=01 o« =001 « = 0,001
<I>= f024 ['(t)dt/24 — cpenHeCyTOUHBIH YPOBEHD 7.94 6,04/ 10,06 5,9/ 10,44 6,07/
TTIMKEMUH 6,17 6,5 6,53
<[>= f0241(t)dt/24- — CPeIHECYTOYHas KOHUCH-| o 0,002/ 0.001 0,0002/ 0.0001 0,000022/
Tpalys €CTECTBEHHOI0 HHCYIMHA ’ 0,004 ’ 0,0006 | 0,000064
A= af (D) =T)O(M(®) = To)dt -V, V=5-| 500 | 48 | <40 | 048 | o0 0,07/
0OLIMiA IPOU3BEICHHBIH MHCYIUH 33 CYyTKH ’ 1,57 ’ ’ ’ 0,14

24
V =5 — KOJIM4eCTBO TJIFOKO3bI, BEIBEICHHOMN depe3 > 8,76 > 15,35 > 18,86
IMOYKH 3a CYTKH

[max = max{l'(t),t € [ty; T} — MakcumanbHas 16.75 13,79/ 20,93 14,9/ 2152 16/

KOHIICHTPAITH TIIFOKO3HI 32 CYTKH 10,8 12,3 12,6

[min = min{l'(t), t € [ty; T]} — MUHMMaNbHAs KOH- 5,47/ 5,49/ 5,49/

5,5 8,5 9,9

[CHTPAIVS TIFOKO3BI C MOMEHTA TIPHEeMa TTHIII 5,5 6,44 6,58

<K>=| 024 K(t)dt/24 — cpenHecyToYHass KOHICH- 0 0,002/ 0 0,0002/ 0 0,00002/

Tpalysi UHCKYCCTBEHHOTO HHCYJIMHA 0,004 0,0006 0,00006
1T

Iu)= \/—f (T(t) — Ty)2dt — uenepoii GyHKIHOHAN 2,68/ 2,44/ 2,81/
T Jto 12,01 3.29 22,38 4.9 24,23 507

IIOCTABJIEHHOM 33/1a4i ONTUMAJIBHOTO YIIPaBJICHHUS

CornacHO pe3yabTaTaM YHCIEHHOTO MOJEIHPOBAHMS, MPEICTaBICHHBIM Ha puc. 2—4 u Tadm. 3,
yIpaBJIeHHE, OTpaXKarolllee peaan3alrio HHCYJINHOTEpauy Ipy CKPHITOH U SBHBIX (hopmax 3aboseBa-
HUH caxapHbIM JHa0ETOM MEPBOro THIA, MPUBOAUT K KOMIICHCAIIMK CaXapHOro nuadera ImepBOro TUIa,
CHIDKEHHUIO MaKCHUMaJIbHOM KOHOCHTpAalluKU TJIIOKO3bI 3a CYTKH, CHMIXCHUIO CPCAHCCYTOYHOI'O YPOBHIA
[JINKEMHH, YTO ABIISETCS KEIAEMBbIM PE3YIBTATOM.

3axinoueHue

C HCronp30BaHUEM YHCIICHHBIX METOJIOB PElIeHus (METOJ MPOSKIUK TPaTUCHTOB, HTEPAIlHOHHBIH
METOA) 3aJaydl ONTHMalbHOTO yrpasieHHs (4)—(8) peanusyercs moadop KOPPEKTHBIX J03 BBOAUMOIO
WHCYJIMHA JUIs CTa0MIM3alKy YPOBHS caxapa B KPOBH YeJIOBEKA B Ipe/ieNax HOPMAJILHOTO YPOBHSL.

[MocTpoeHHbIe ONTHMaIbHBIE TIPOrPaMMBI KOMIICHCAIIMM CaxapHOro nuabeTa mepBOro THIIA MO3BO-
JSIIOT €O3/1aTh O€30MacHble yCTPOICTBA AJIsl aBTOMAaTHYECKOTO HOAJEPKAHUS 3aJaHHON KOHLCHTPALUH
[JIIOKO3bl B IIa3M€ KPOBH, TEM CaMbIM BOIUIOTHB HJIEI0 HMCKYCCTBEHHOH MOJKEITYIOYHON >KEJIe3bl,
(YHKIIMOHUPYIOIIEH B 3aMKHYTOM KOHTYpE.

HUccnenoBanue BbINOJAHEHO NpU GuHAHCOBOH moagep:kke POD®U B pamMkax HAydYHOro HpPOEKTa
Ne 20-07-01065, a Taxxe rpanta Ilpe3sunenta Poccuiickoii ®@egepanuu A5 rocyiapcTBeHHON NMOAIEPKKH
BeyLIUX HAYYHBIX WKo0J Poccuiickoii @enepanun (HII-2502.2020.9).
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The work is devoted to the problem of mathematical modeling and search for optimal control of
the dynamics of the insulin-glucose balance in human blood, represented by a nonsmooth system of
differential equations with a constant delay. Aim. This study is aimed at developing and numerically
solving the problem of optimal control of the glycemic profile in patients with type 1 diabetes mel-
litus by insulin therapy, based on the optimality conditions for nonsmooth systems with a constant
delay in the phase variable. Methods. The general research technique of the problem under study is
based on the mathematical theory of optimal control, the theory of numerical methods, the theory of
differential equations with a nonsmooth right-hand side and with a lagging argument. When imple-
menting the software package, the methods of object-oriented design are used. Results. In this study,
on the basis of the initial dynamic model proposed by N.A. Shirokova, the problem of optimal con-
trol of the dynamics of glycemic regulation in patients with type 1 diabetes mellitus with a non-
smooth right side and a constant delay in the phase variable is constructed. On the basis of the neces-
sary optimality condition obtained for the constructed optimal control problem, algorithmic and
software tools have been developed, with the help of which optimal programs are obtained, and their
meaningful interpretation is presented. Conclusion. The results obtained on the basis of the software
implementation of numerical algorithms of the developed nonsmooth problem of optimal control
of the insulin-glucose balance with a constant lag in the phase variables, make it possible to obtain
the data that are necessary for monitoring the situation regarding the change in the glycemic profile,
for predicting diabetes mellitus and choosing an effective treatment.

Keywords: modeling, optimal management, diabetes mellitus, optimal compensation programs.
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