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METOOUKA NONYYEHUA OBOBLUEHHbBIX CTATUCTUYECKUX
XAPAKTEPUCTUK CETEBOIO ObOPYJOBAHUA
anAa cCo3gAHUA UMUTALMOHHBIX MOAEJEN

W.INM. bonodypuHa, FO.A. Ywakoe, M.B. Ywakoea
OpeHbypackul eocydapcmeeHHnbili yHusepcumem, 2. OpeHbype, Poccus

Pabota mocpsimieHa mpobieMe pa3pabOTKH MOJAEICH CETeBOro 000pYIOBaHHs, KOTOPhIC TOYHO
BOCIIPOU3BOMAT PabOTy peabHOrO 000PYIOBAHUS IO BPEMEHHBIM XapaKTCPUCTHKAM.

Hean ucciaenoBanns. JlaHHOEe MCCIEIOBaHNE HAMPABICHO HA pa3paOOTKy METOAWKH, KOTOpast
MO3BOJIIET OBICTPO MOTYyYaTh MOIEIH, CTATUCTUYECKU COBIAAIOIINE TI0 MOBEJACHUIO BEIOPAHHBIX ITa-
paMeTpoB C peabHBIM U3MEPEHHBIM 00OPYIOBaHUEM HA CYIIECTBYIOIIUX OTKPBITBIX CHCTEMaX MOJIE-
JIUPOBAHUSL.

Metoapl. Iy MOIy4eHHs MapaMETPOB IPOU3BOIAMTEIBHOCTH U BPEMEHHBIX XapaKTEPUCTUK
pearbHOrO 00OPYIOBaHUS CO3/]aHa METOIUKA, BKIIOYAIOIIAS TUIAHUPOBAHUE SKCIIEPUMEHTA IS TIO-
JIY4CHUsT CTATUCTHYCCKUX NAHHBIX B IIMPOKOM JHAIa30HE BXOMHBIX HMHTCHCHUBHOCTEH Tpaduka,
KOH(UTypaIrIio U CXeMY COSTUHECHUS 000pYIOBaHNUs, BKIIOYAIOIIYIO BHEITHEE YIIPABICHUE KOMMY-
TaTOPOM [T TECTHPOBAHUS BIMSHUSA Pa3IMYHBIX HACTPOCK Ha MPOM3BOIUTEIBHOCTh M BpeMs oOpa-
OOTKM TaKeTa, CKPUITHI I aBTOMATH3aIMU CO3/IaHUs TECTOBBIX HAOOpPOB Tpaduka ¢ TpeOyeMbIMHU
mapaMeTpaMu paclpeeliCHUs] BpEMEHA MEXIy MaKeTaMH, CXEMY MOJKITIOUCHHS Yepe3 KOHTeHHep-
HBIC CIIY)KOBI M CXeMYy CheMa JaMIlOB Tpaduka. B MeTOAMKy He BOIUIO TECTHPOBAaHHE PabOTHI BbI-
XOJHBIX OUEpEe/ICH, IEeNbI0 OBLIO HCCIICI0BATh U IEPEHECTH B MOEIH MPOIECCHI, POUCXOISIIUE IO
moMeIIeHus GpeliMOB B UCXOJAIIUE odepean nHTepdeiicoB. B kauecTBe cpebl MOJACTUPOBAHUS HC-
ITOJIH30BAJICS MAKET C OTKPHITHIM UCXOMHBIM KomoM Omnet++.

PesynbraTel. B pabore HM3ydyeHa CTPYKTypa CYIICCTBYIOIIETO MOJCIBHOIO KOMMYTAaTOpa
Omnet++, BBIIBICHBI HEAOCTATKH, BIUAIOIIME HA TOYHOCTh M JOCTOBEPHOCTH PE3yJIBTATOB, MPEI-
JIOXKECH METOJI peau3aliy JHHUNH MOJCIbHOM 3aIepP’KKA Ha OCHOBE MHTEPITOJAIUK TaOJIHI BPEMEH-
HBIX MAPaMETPOB, MOJYYCHHBIX IO PE3yJbTaTaM PEATbHBIX JAHHBIX IS TPEOYeMOro COYETaHHUs Ia-
paMeTpoB Tpaduka M BXOIAAIUX HHTepdeicor. Jnsa anpodammu pa3pabOTaHHBIX MOAXOI0B pa3pa-
0OTaH TECTOBBIM CTCH]] HAa pEaJIbHOM 00OPYIOBaHUM, CPOPMHUPOBAH IUIAH SKCIEPUMEHTAIBHBIX HC-
CIIeJIOBAHUH, peaIr30BaH CKPUIT aBTOMATHUECKOIO TECTUPOBAHHMS 110 33JJaHHOMY ILIaHy, MpOBeEJIe-
HO TECTUPOBAHHE B PEKUME OOBIUHOW KOMMYTAIUU (DPEHMOB M B PeXKMME KOMMYTAITUM Ha OCHOBE
tabnui Openflow. Takke MONMydeHBl BpEMEHHBIC XapaKTESPUCTUKH MIPOMEKYTOUHOT'0 000 YI0BAHHUS
JUTSL ydeTa WX BJIMSHUSA Ha PE3yJabTaThl dKCIIepuMeHTa. [1o MoNydeHHBIM pe3yibTaTaM IMPOBEACH
9KCIEPUMEHT Ha Mojaeiau B cpene Omnet++. IToCKOIBKY HMONTYYEHHBIC BHIOOPKH TPU CTATHCTHYC-
CKOM aHajH3¢ MOKa3aJlH BUIBI pacHpe/eCHUN, OTIIMYHbIE OT HOPMAJBHBIX M KCIIOHCHIIUATBHBIX,
JIJISl CPaBHEHUS CPEJTHUX UCIONb30Basics cratucTuaeckuit U-kputepuit ManHa—Y uTHH.

3axurrouenne. [TonydeHHble pe3yabTaThl pu ypoBHE 3HauuMocTu 0,05 moarBepawiu paboTo-
CIIOCOOHOCTh JTAHHOTO MOAXOMa MPU CO3JTaHUM MOJEJICH, 00ee TOYHO OMUCHIBAIONIMX BPEMEHHBIC
XapaKTEePUCTHKU TIPOIIECCOB 00paboTKU TpadhuKa B CETEBOM 000PYOBAHUH.

Kniouesvle cnosa: modenuposanue, UMUMayUOHHAsl MOOELb, KOMMYMAYUS, 3A0EPIUCKU.

BBeaenue

CoBpeMeHHBIE BBICOKOCKOPOCTHBIE CETH Mepeavr TaHHBIX JTOJMKHBI o0J1a1aTh IIpEACKa3yEeMbIM I10-
BEJCHHEM IPH JIIOOBIX COYCTAHMSX MapaMETPOB MPOXOIAIICTo Tpaduka W HACTPOCK O0OPYIOBAaHMS.
OCHOBHOI €MHUIIEH MOCTPOCHHS BEICOKOCKOPOCTHBIX MAarucTpaieil 1o KOHEYHOro 000pYAOBaHUS SIB-
JIAKOTCA KOMMyTaTopBI, KOTOpBIe ITIOCTCIICHHO yCHO)I(HHHHCB, YBGHI/I‘II/IBaSI (bYHKIII/IOHaHBHOCTI). Ha CEro-
THSIIHAKA JIGHb TPOBaiJiepbl HAYMHAIOT HCIOJIb30BaTh OOOpPYJOBAaHHWE Ha OCHOBE IPOrPaMMHO-
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KOH(HUTYpHPYEMBIX ceTell, KOTOpbIE MPENOCTABIIIOT Ooliee THOKKE TTOAXO0 bl K YITPABICHUIO TPa(hUKOM.
[NoBcemecTHOE BHEIPEHUE BHPTYAIU3allUH YBEIHUUBAECT TPEOOBAHMS K O0OPYIOBaHHIO, TAK KaK KOM-
MYTaTOPhI JIOJDKHBI COBMEIIATh PAa3HOPOIHBIN Tpa(uK BUPTYaIbHBIX CEPBUCOB, OCOOCHHO ISl MOJX0/1a
C WCIoJb30BaHUEeM BUpTyanu3anmu cereBblx QyHkuii (NFV, Network Function Virtualization) [1].
OCHOBHO# MPOOIEMOI MCIONB30BAHUSI COBMECTHO BCEX ATHX MHCTPYMEHTOB SIBJISIETCSI ITPOTHO3MPOBA-
HUE 3aJIepKeK, TIOTEPH MTAKETOB, Pa3MepOB odepeleit st obecriedeHus: TpedyeMoro KayecTBa 00CITyKH-
BaHug (QoS). MccrnenoBanue Takux ceTei 4acTO BBIMOIHIIOT HA MOAEISIX, K KOTOPBIM MPEIbSIBIAIOTCS
MOBBIIICHHBIE TPEOOBAHMS K TOYHOCTH BOCIIPOU3BEACHUS YCIIOBHI PEANTbHOTO 000pPYIOBaHHUS.

HNmutanmoHHOe MOJENIMPOBaHHE MPEIOCTABISET IIMPOKHE BO3MOXKHOCTH JUISi WCCIENOBAHUN U
MO3BOJISIET MOJTYYHTH PE3YIIBTAThI, COMIOCTABUMEIC C PE3yJIbTaTaMH PEabHOr0 000py10BaHUs, HO TOJb-
KO B CIIy4ae TOYHOTO OITUCAHHS BCEX MEXaHW3MOB pabOoThl M X BPEMEHHBIX M HATPY30YHBIX XapaKTepH-
CTHK. DTOT TOJXOJ AacT BO3MOXKHOCTh TPOBENECHHUS SKCIIEPUMEHTOB 0€3 TOCTPOCHHSI pealibHOM CeTH,
YTO CYNIECTBEHHO CHUKAET BpeMEHHbIE H (PMHAHCOBEIC 3aTPaThI [2].

Ha ceropssmnuii 1eHb CyIECTBYET JOBOJIHHO OONBIIOE KOIUIECTBO CUCTEM MOJICITHPOBAHUS CETH.
OHH HCTIONB3YIOT B CBOCH paboTe IaHHBIC O KOJMYECTBE Y3JIOB, KOH(DUTYpaIllUU CBS3EH, CKOPOCTSIX TIe-
pelavr TaHHBIX, UCIIONB3yEMBIX TPOTOKOIAX U BHJaX 00OPYAOBaHMsI, a TAKXKE O BBITIONHAEMBIX B CETH
IpUIoKEHUIX [3].

BonpImHCTBO cMCTEM MMUTAIIMOHHOTO MOJICITHPOBAHUS MO3BOJISIIOT HE CTPOUTH MOJIENb C HYJIS, a
WCIIOJIb30BAaTh TOTOBBIE MOJIEIH OCHOBHBIX DJIEMEHTOB CETH, TaKUX KaK, HallpHUMEp, HEKOTOPHIC THIIBI
MapIIpyTHU3aTOPOB, KaHAJbI CBS3H, MPOTOKOIBI U T. A. B pe3ynpTare TECTOBBIX HCIBITAHUHA PEATBHOTO
000py/IOBaHMS W aHAJIM3a MPHHIUIOB KX paboThl co3laercsi OMOIMOTEKa THIIOBBIX JJIEMEHTOB CETH,
KOTOphIE MOYXHO HACTpaWBaTh C IOMOIIbIO 3apaHee MPEeJyCMOTPEHHBIX B MOJEISAX IapaMeTpOB.
Hcnonb3oBanne OMOMMOTEK T'OTOBBIX PEIICHHWH CYIIECTBEHHO YIPOIIAET Pa3padOTKy MOJENH CETH.
Tem He MeHee BBICOKHE TEMIThI Pa3BUTHUSI CETEBBIX TEXHOJIOTHHA MPUBOJST K TOMY, YTO CYIIECTBYIOIINE
MOJICNIU HE YJOBJICTBOPSIOT MOTPEOHOCTSIM pa3pabOTUNKOB.

MopnenupoBanue cereBoii mH(pacTpykTypbl Ha ocHoBe I[IKC wmmeer psim ocobenHocterr [4].
Bo-miepBbIX, BpeMsi IPUHATHS PEIICHHH MO KOMMYTAIlMM U MapIIpyTH3allid B TaKOM OOOpYJIOBaHHU
MPAKTUYECKU HE OTIMYACTCS M 3aBUCHUT TOJNBKO OT peann3anuu noucka B Tabminax OpenFlow B peak-
TUBHOM PEXHME (C 3apaHee 3arpykKeHHbIMHU JaHHBIMH O TOIIOJIOTHH). BO-BTOpPEIX, oTinyaercst mpoduib
HArpy3KH Ha TPOIECCOp W MaMsITh NMpU TPOXOKIeHHH Tpaduka. B-Tperbux, Takoe o0opyaoBaHHE
MOXeET padoTaTh B THOPHUIHBIX PeKHUMaX, KOI/ia 4acTh MopToB padotaer B pexxume [1KC, a ocranbHbIe B
peKUME TPATUIIMOHHON KOMMYTAIIHU WIIH MapIIPyTU3AIHH.

Pabora ouepeneii B TaKHX CUCTEMax HE OTIMYAETCS OT TPAJUIMOHHBIX KOMMYTATOPOB H MapIipy-
THU3aTOPOB, KPOME TOr'0, YTO HACTPOWKA MapaMeTpoB 3THUX Oyepeleil MOXKET MPOUCXOAUThH JAUHAMUYE-
cku. Cozanne MoJienield, B KOTOPBIX UCIIONB3YETCs TaKKe MPOaKTUBHEINA pexxumM padotsl [TIKC, Tpebyer
BBEJICHUS B MPOIIECC KOMMYTAIlMK M MapIIpyTU3alliH Mpolecca paboThl CTOPOHHETO MPHIIOKEHUS Ha
BHEIITHEM CcepBepe, JOCTYITHOTO TaKKe uepe3 CeTh Iepeadd JAaHHBIX C 3apaHee HEM3BECTHBIMH Iapa-
MeTpaMu IO peaKlMK Ha Harpy3ky [5].

[Mony4eHnue xapakTepHCTHK 0OOpYJOBaHUS W MPOTPAMMHBIX MOIYJeld BO3MOXKHO TIPU MOMOIIH
MPOTrOHA CTpPEeCcC-TECTUPOBaHUs, TpUdeM Tpu ucmonb3oBaHuu [IKC MoXHO TeHepupoBath Tpaduk u
MPUHUMATH €r0 C TMOMOIIBI0 TONBKO MexaHu3MoB mporokona OpenFlow B NpoakTHBHOM pexuMe.
Jnist MUHUMU3aIiY BIMSHUSI BPEMEHHU 3allpoca M OTBETa K CepBEpY BCE OCTaJbHBIE MPOIECChl, KpOMe
reHepaluy nprueMa Tpaduka, TODKHBI TPOXOAUTh B PEAKTHBHOM PEXHUME ¢ MUHHUMAIBHO HEOOXOJIH-
MBIMH pa3mepaMu Tabmun. CTpecc-TeCTHpOBaHHE HA PeaslbHO PabOTAIOMIMX CETSIX CBSI3aHO C TPYIHO-
CTSMH COCYIIIECTBOBAHHS CHHTETHYECKOTO U peanbHoro TpadukoB. C TOUKH 3peHUs TOIYUCHHs BCEX
BO3MOXXHBIX BapHaHTOB W COYETAHHH XapaKTCPHCTHK OOOPYAOBAHMS TaKOW PEKUM TO3BOIUT CO31aTh
MOJIETIM TOJILKO U HATPY3KH PAaBHOM WM BBINIE cyliecTByomeld. [10CKOIbKY MpH UCIOIL30BAHUU
I[NIKC MOXHO CHHMATh OYCHb TOAPOOHYIO CTATHCTHKY C KaXIIOH CIMHHUIILI 00OpYIOBaHUs, €CTh BO3-
MOXHOCTb MPOBOJINTH TAKHE CTPECC-TECTHI IO JIEPEBY CBA3aHHBIX KOMMYTATOPOB M MapHIpyTH3aTOPOB,
OJTHOBPEMEHHO CHUMasI XapaKTEPUCTHKH CO BCEX YCTPOMCTB Ha OJJHOM M TOM JKe MaTTepHe TpaduKa.

B nmanHoli pabore paccMOTpeHa METOIMKA PACIIMPEHHUS BO3ZMOXXHOCTEH 110 MOJICITUPOBAHHIO BHYT-
PeHHUX TpolieccoB kommyTaropa B cpene OMNeT++ ¢ ucnonbzoBanuem (perimBopka INET, koTopblit
o0JaiaeT IMUPOKUM HAOOPOM YiKE TOTOBBIX KOMIIOHEHTOB TSI OITMCAHUS PA3JINYHBIX 3JIEMEHTOB CETH [6].
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1. CHAATHe XapaKTePUCTUK PeaJbHOr0 CeTeBOro 000pyA0BaHuUs

AJIS1 eJieid MOJeIbHOT0 Hccael0BaHU S

[Ipu MonenupoBaHHU CETEBOTO 0OOPYIOBAHHS MPUMEHSIOT HECKOJIBKO CTEIEHEH JeTalu3alyy H,
COOTBETCTBEHHO, YPOBHEH JIEKOMITO3UIIMU. BOJBIIMHCTBO MOJENBHBIX HCCIENOBAHUN KOMMYTaTOPOB
OPHCHTHPYIOTCSI Ha M3Y4YCHUE MPOITYCKHON CITOCOOHOCTH, 3aJIepiKeK, MOTeph MaKeTOB, MOBEICHUS Ove-
peneii, uto Tpebyer neranm3anuu A0 ypoBHS MHTep(deiicoB, HO HE BHYTPEHHHX MPOIECCOB MPUHSATHS
pelleHni, TOUCKa aipecoB, KiacCUpUKaIMY, GUIBTPAIIMHA U TPOYUX BAXKHBIX MPOIECCOB. 3aBUCUMOCTh
3aJIep)KKA 00pabOTKH MaKeTa OT THIlA HACTPOEK U MX KOJIMYECTBA ObIBAECT OUCHH CYIIECTBEHHON M He-
nuHeHHOoN. BeposTHOCTh MoTepr makera BO BpeMsi 00paboTKH BHYTPEHHUMH MPOrPAaMMHBIMH MOJTYJISI-
MU, ero GWIbTPaly, U3MEHEHHS CYIIECTBEHHBIX MOJIEH 3aroj0BKOB, BIUSIONIMX Ha TOMNaJaHue B pa3-
HBIC OYepe/IH, HE YUUTHIBAIOTCS B CTAHAAPTHBIX MOJIEISIX OONbBIICH YaCcTH CUCTEM MOJIETUpOoBaHMs [7].

PaccMoTpuM cxeMy IpOXOXKICHHS TTaKeTa CKBO3b KOMMYTaTop. 1Jis mprMepa BO3bMEM MTPOrpaMMHOE
obecrieuenue it kommytaropa: Cisco [0S — kak Hanboee moHO OTpakaroliee Bce PYHKIMH KOMMYTa-
Topa B KaMmmycHbIX cersix, Mikrotik — kak mpeactaBuTenst Linux KOMMyTalluu W MapHIpyTH3alWH,
Huawei — kak mpencraButelns allbTEpHATUBHOTO MOJIX0Ja K PACHPEICIICHUIO YITPaBICHHUs TOTOKOM JIaH-
HBIX. OOImas cxeMa NPOXOXKICHHS TTAKeTa MPH YCIOBHHA KOMMYTAIIMK BTOPOTO YPOBHS BBITJISLIUT, KaK I1O-
ka3zaHo Ha puc. 1. [Topsaok nelicTBUI y pa3HBIX MPOU3BOAMUTENEH MOKET OTJIMYATHCS, HEKOTOPBIX IIaroB
MOJKET HE OBITh WJIM, HA000POT, UMEIOTCSI IOMTOJIHUTENBHBIC, HO caM IPUHIIKI colOitoaaeTcs. Bee Heobxo-
TUMBIC JICHCTBHS Ha BXOJC B HHTEP(EHC BBINONHAIOTCA IOCIEAOBATESIBHO, BHOCS 3aJCpPKKy [8].
Kaxnoe neiicTBue BHYTpH COCTOUT M3 PACUETOB (HAPUMEDP, B TPOPUIMPOBIINKAX M OTPAHUYUTENSX T10-
TOKa), MHOYKECTBA CPAaBHEHHI CO CIIMCKaMHU MIEPEMEHHON JUTMHHBI (PUIbTphI, MOAM(MHUKATOPEI, Kiacchudu-
KaTOpbI), IOCTYIIOM K OOIIEel acCOIMATUBHOM MPOrpaMMHOM MaMsTH (OBICTpasi KOMMYTAIHsI) WM aria-
patHbIM criocobam pabotel ¢ Tabmuiamu TCAM (knaccuveckas koMmyTanust) [9].

YnpaeneHve n
P | KOHTporb usnyeckum
lanHble | YPOBHEM
duandeckuii ey NamsATb Ana | P
UHTepebeiic 3 nakeToB
k Y i Bxoasujue Mowck B Tabnmue 1
i 3 o6paboTunkn-chunbpbl OpenFlow z
I | BxoaHoi 6110k : 2
3» o6paboTku 1 [ v 32 |e
chrsnyeckoro | Bxoasujne 3ajepxka t3 L 3 'c:g
YpPOBHSA | 06 paboTunku- 5 5 x
| MPODUNAPOBLYWKA Mowck B Tabnuue N g ° &
: NI Mamate Ans (orpaHnyeHue no Tuny OpenFlow = 8
H ‘ ‘ ‘ ‘ Ouepeab L2 gk },,,J MeTaAaHHbIX naketa) ™
[ v
gg, BXoALLe 3agepxkka t4 + 4
KaHarnbHas o6pa6oTka, R 6 g‘ ”“ ObpaboTumku-
nposepka CRC, bfz&‘ R 00paboTHMKK- MOANCPUKATOPbI MO
CO3AaHne CTPYKTYpbl U3 KnacenukaTopb! AaHHbIM Ta6nmy,
saronoska L2,L3... [ v OpenFlow
Bajepxka ti | Brosme 3agepkkats ¥
i obpaboTunkn- KommyTauus no
i mMoanchbMKaTopbI AaHHbIM Tabnny,
3agepxka to ; OpenFlow
P 1| o3y v
| BbicTpas kommyTaums 3aaepxkka te
Knaccuueckas | Q CEF(Cisco), fast-
KOMMyTaLUus | forward(Huawei),
T e — . ;
! FastPath(mikrotik)
| ]
| Bapepxka t7
\ﬁ v v Aep
WnHa/chabpurka komMmMyTaLmn <

3aaepxkka ts

Puc. 1. Cxema 06paboTku AaHHbIX Ha BXoA4e B KOMMyTaTop
Fig. 1. Switch input data processing scheme

Bosnblnyto 3a1epKy MOIyT BHOCUTh JUIMHHBIC CIIUCKH B ONEpalusaX (GUIbTPALUU, KIACCH(PUKAIIUH
1 MOIU(HUKALINH, a TAKKE 3aHATOCTh MIPOIECCOpa, MaMITH M allapaTHBIX MOJYJICH MPU paboTe C BHEIII-
HUMH JAHHBIMU (K31IaMK U TaOauiaMu). BiusHue Harpys3ku mpoieccopa, KOJIMYeCTBa 3alpoCcoB K Ia-
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MATU U MOAYJIAM Ha 061]_[on 3aACPKKY MOXKET GBITB BE€CbMa CYHICCTBCHHBIM, ITOOTOMY B COBPEMCHHBIX
KOMMYTAaTOpax pa3JIeiisioT YPOBEHb YIPABJICHUS U YPOBEHb NEPEIaul JAHHBIX U YaCTO BBIACISIIOT UM
CBOHM TIpOIIeCCOpBI/sapa U namsTh. Ho oOlee BIUSHAE BCEX ITUX MPOIECCOB MOXKET OBITh CYIIECTBEH-
HO [10]. Tak, Mikrotik 3asBnsieT 0 NBYKpaTHOM CHW)KEHHH MPOU3BOIUTEIBHOCTH TIPU BKIIOUCHUH
¢unprpanun. B kommyTatopax Cisco yactb ¢puneTpoB ACL, Route-map oOpabaTsiBaercss B anmapat-
Heix TCAM-tabnunax (Hanpumep, B Catalyst 4500 Tonbpko o Mackam nozcerelt /24 u /32), octanbHbIe
(GUIBTPEI 00Pa0ATHIBAIOTCS MPOIIECCOPOM M CHHUYKAFOT OOIIYIO ITPOM3BOIUTEIBHOCTb.

OOIiyto 3aep)KKy MPOXOXKICHHUS MaKeTa 4epe3 KOMMYTaTOp MOKHO TPHHSATH 38 CyMMY 3aIepiKeK
00paboTKH, 0XKUIAHKS B OUEPEIH, OTIIPABKH.

t t +t +1

switch — process queue transmit ’ (1)

THE £ cess — CYMMAPHOE BpEMsi 00paboTKK TMaKera OT MOJTY4YEeHHUs TOocieAHero OuTa Ha BXOJe JI0 T0-

MEIIIeHNUs [TaKeTa B ouepenp; ¢ — BpeMsl OKUJIaHUs B odepenu; ¢ — BpeMs Ha Iepejady JaH-

queue transmit

HBIX B JIMHUIO CBA3U, JUISl TOJHOYIUIEKCHBIX JIMHUM ¢ =[/C,rae L — nnvHa nepenaBaeMbIX JaH-

transmit
HBIX, BMECTE ¢ TpeamMOysIoi 1 oKoH4YaHHeM, B OUT; C — CKOpOCTh TUHHH, B OUT/C.
Paccmotpum cocTaB 3a1epKK 00pabOTKH

it rwait
tprocess = Z(tini + tz’nz, + tiwal + ti " )’ (2)
i

T f; — BPeMs BBINOIHEHHUS OJHOH omepauuu i-ro 010ka 00paboTKM B NPOrPAMMHOM PEKHMME;
n; — KOJIIMYECTBO ONepauui i-ro 61oka 06paboTKH, BBIIOIHIAEMOrO IPOrPAMMHBIM CIIOCOOOM, ISl Kax-
JIOrO MaKeTa MOXKET ObITh Pa3HBIM; ¢/ — BPEeMsl BbINOJIHCHNUS OJIHOM omepanuu i-ro 0J0ka 00pabOTKHU B
annapaTHOM PEXHME; p/ — KOJIMYECTBO Onepauuii i-ro 0oka o6paboTKH, BBIIOIHIEMOrO annapaTHbl-
MH MOJYJISIMH, JUISL K&XK0T0 [IAKeTa MOXKET ObITh Pa3HbIM; ¢ — CyMMapHOE BpeMsl OKUJaHHUs 10CTyIa
K pasienseMblM pecypcaM Ipolieccopa TpHU BBIMOIHEHHH i-T0 OJOKa B MPOrPAMMHOM PEXHME;

rwait
t

i
i-ro OJIOKa B ammapaTHOM PEKUME.

[TockonabKy COBpEMEHHBIN KOMMYTATOP — YCTPOMCTBO ¢ HECKOIBKUMH BBIUMCIUTEIBHBIME SIAPaMHU,
JeCITKaMH UHTep(EiCOB, COBPEMEHHOM OMEPaIlMOHHON CHCTEMOW W HECKOJBKMMHM IIMHAMU JTaHHBIX,
3aJIep’KKa BBITIOJTHEHUS KaXKIIOW OIepaliiid MOXET BapbHPOBATHCS B LIMPOKUX IMpeneiax, HO HE Oyaer
MEHEC fp, +¢ n] . [IOCKOIBKY MaKCHMMalbHOC 3HAYCHHE CYMMApHOI 3a/IepKKH 3aBHCUT OT OXKMIaHUs

— CYMMapHO€ BpEM: OXXKHJaHUA JOCTYIIAa K pa3aciIaA€MbIM peCypcaM IMpoueccopa mpu BbIITOJTHCHUU

JIOCTyIa K pecypcaM MpH MOBBIMIEHHH HATPY3KW HA KOMMYTATOpP B LENIOM, HEOOXOIUMO OIICHUTH BEPO-
SITHOCTH BO3HUKHOBEHMSI IOCTYIIA K pa3aeisieMbiM pecypcam [11].

HanoxeHre MHOXeCTBa HE3aBHCUMBIX CIYYallHBIX TIOTOKOB IPUBOJHT K MPOCTEHIIEMY MOTOKY C
9KCIIOHEHIIMANBHBIM 3aKOHOM pactipenenenus [12]. Oynkuus pacnpeneneHus F(?) BpeMeHU ¢ MeXAy
MOCTYIUICHUSMH JBYX 3a7ad 0OpaOOTKH OJHOro Kiacca (3ama4 paOdoThl C OAHUMHU pa3ieisieMbIMU pe-
CypcaMH) OTpeAeNnsIeTcs Kak

F(i)=1-¢"%, 3)
rae )

[Mony4enue naHHBIX O 3a/iepKKe 00pabOTKY MaKeTa B peallbHOM KOMMYTaTOpE BO3MOXKHO U3 JUTHHEI
BXOJIHOM ouepean ¢; (I KOMMYTAaTOpPOB C amIapaTHBIMU 00pabOTYMKaMM MOPTOB, HAIpUMEp B

— MHTCHCHUBHOCTD IIOCTYIIJICHUA 3a/la4 OJHOI'0 KJj1acca.

i

Cisco — koMaH0 show buffers input-interface, B Linux njuHbI o4epeny apaiiBepa yepe3 YTHIUTY eth-
tool ¢ xirouom —S, aiis OpenvSwitch — komaH0# ovs-ofctl queue-stats).
W3 Teopum cucTeM MaccoBOIr0 0OCTY)KHBAaHUS M3BECTHO, YTO BPEMs OXKHIaHHUS B OUEPEIU CBSI3aHO
C IJIMHHOM OYeped COOTHOIICHUEM
= L 4
Th :7/(: ( )
A
IJe [, — CPemHsAs JJIMHA O4Yepe]M B JAHHBIM BPEeMEHHOW MHTEpBal Ha mHTepdetice k; A, — WHTCHCHB-
HOCTb IOCTYIUICHHS HOBBIX NIAKETOB Ha MHTEp(eiice k, 4, =1/7, I SKCIOHCHUMAIBHOTO 3aKOHa pac-

npeaciICHruA HHTECPBAJIOB BPEMCHHU MCXKAY MaKECTaMU T,
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Jns anmapaTHbIX KOMMYTaTOpPOB fk =t JUIS TIOpTa k, TIOCKOJIBKY IMaKeT HaXOAUTCS BO BXOJS-

process
el oduepenu 10 MOMEHTa KoMMyTanuu. s 3agaHust mapaMeTpoB MOJEIH, aIEKBATHOW peaJlbHOMY
KOMMYTAaTOpPY B TUIaHE 3aJIepKeK 1Mo 00paboTKe MaKkeToB 0 KOMMYTAIMH, HEOOXO0AUMO CO3/1aTh MOAYITh
odepenu ¢ oOpabaTHIBAIOIINM YCTPOHCTBOM, BHOCSIIMM 3aJIEp)KKH B COOTBETCTBHH C (YHKIIMEH 3a-
JIEPKKH peabHOro KoMMyTatopa. B o0rieM ciydae mjist aToro Tpedyercs pacnpeaeicaue (3).

Jns cHATHSA mokazaHWil 3aIepKKU BO BXOJSLIEH OYEpEeNr PEeaJbHOTO KOMMYTAaTopa JIOCTATOYHO
CO3JIaTh IJIAH 3KCIIEPUMEHTAIBHBIX UCCIEIOBAaHU, TOCTENEHHO YBEIHMUMBAIOIINN KOINYECTBO MAKETOB
HAa OJHOM HWHTepdeiice u 00liee KOIUYECTBO 3aJCHCTBOBAHHBIX HHTEPPECOB Ha KOMMYTATOPE.
Jnist aTOoro ynoOHee BCEro MCIoib30BaTh BTOPO KOMMYTATOp B pexume Mocta (uist Cisco 3To BKITIOYe-
HUE BCEX MOPTOB B bridge-group ¢ ycTaHOBIEHHBIM protocol ieee), coennuéHHbIN BceMu moptamu 1:1 ¢
HCCIIelyeMbIM KOMMYTATOPOM, a Takke Linux KOMIBbIOTEp ¢ HECKOIBKUMH CETEBBIMU KapTaMu C arla-
paTHOH 00paboTKol Tpaduka (I CHIYKCHHs MCIIONB30BaHMs Ipoleccopa Mmpu o0paboTke Tpaduka).

] Ha puc. 2 mokasan npuMep cXeMbl CHATHS TAHHBIX O MPOU3BOIN-
; I. 5 TEIBHOCTH U 3aJIeP)KKE Iepeaadyd KoMmyraTopa. Tpaduk reHe-
3 » 3 pupyercs B KoHTeiiHepe 1, mpuHHMaeTcsl B KOHTeiHepe 2, AaMmIl
S 4L p 4 é TpaduKa 3alKUChIBACTCS C BPEMEHHBIMH METKaMU TOYHOCTBIO 10
g 5—m S 2 MUKpocekyH . [lTaHnpoBIIMK 3aMyCcKaeT pa3InyHble CXEMbI pac-
L, 6—» 6
% - > 7 E MpOCTpaHeHus Tpaduka yepe3 BKIUYCHUE HOBBIX MOPTOB (Uepes
o5 8 > 8 § 9 MpsSIMOE  YIIPaBJICHHE KOMMYTaTOPOM), BapI)I/IpyeTu WUHTEHCHUB-
10 10 HOCTB, 3allpallliBacT JAHHBIC O COCTOSHHUHU O4YEpEAcH, ITOTEPsH-
4> = QN s
11 ’% Q11 HBIX MAKETOB, 3arpy3KU IMaMsTH, MIPOILleccopa, IpepbIBaHUH, Cpa-
12 wEe 12 OaTeiBaHus K3ma. KpecTnkaMu moka3aHbl BpEMEHHO OTKITFOYCH-
E HBIC KaHallbl. JTa cxeMa IMO3BOJIIET MPOBECTU IOJTHOE MCCIIEHO-
1~ Config- 5 BaHHE BCEX aCIEKTOB PabOThl KOMMYTATOpA.
2 E upload E 6
; 53 9 Q7
o) o
40 Scheduler Q|8 Puc. 2. Cxema cTeHAOBOro cbemMa AaHHbIX Ans Mmoaenu

Fig. 2. Scheme of bench data acquisition for the model
[TnaH sKcHepUMEHTa TOJDKEH BKIIIOYATh pa3IMyYHbIC COUYETaHMs KaK MaTTePHOB TpaduKa, TaK U KOJIHU-
YECTBa 33JIEMICTBOBAHHBIX OPTOB HA BXOJ M BbIXOJA. HECKONBbKO BBHIXOJAIIUX MTOPTOB U, COOTBETCTBEHHO,
aJIpecoB HA3HAUEHHUS MAKETOB UCIOJNb3YIOTCA JUIsi MUHUMU3AI[MK BO3/IEHCTBHUSI BBIXOIAILEH OUepeiu.
[IpocTeiimuii maaH SKCIepUMEHTa BKIIIOYAET B ce0s reHepaluio Tpaduka 1Mo SKCIOHCHINAIbHOMY
3aKOHY pachpeiesieHus] BPEMEHU MEXIY MaKeTaMH, C MOCTENEHHBbIM YBEJIUYEHUEM WHTEHCUBHOCTH U
KOJIMYECTBA 3aJIeHCTBOBAHHBIX TTOPTOB.

Ay A Ay )
A=| 2y o |
lml j“mk
rzie k — Komu4ecTBo NHTEP(HEHCOB sl TECTUPOBAHHUS; /1 — KOJMYECTBO IUTAHOB SKCIIEPHMEHTA.
ﬂ,i,j =h(i,j)- li,j_l,i e(Lk],je(2,m], (6)
rae Gynkums A, j)=(i-m+ j)-22R MPEJOCTABIISIET MPOTPECCUBHBIA KO3 QHUIMEHT JUIsl 1TOKA3aTENb-

HOro yBenuueHHs Tpaduka, kodhduIHMeHT R UCHONb3yercs Ui BbhIOOpa TaKOro Iara, YTOOBI

k
Ry < Z y1; » TA€ M; — IPOM3BOMTENLHOCTE o0cimyxuBaHus i-ro nHTEpQeiica.

i=1

Kaskiplid 571EeMEHT MaTPUIBl A UCMIONB3YETCs JUTS TeHEpaluu Tpaduka MHTEHCHBHOCTBIO A, ; npu

KOJTMYECTBE 3aJICHCTBOBAHHBIX BXOIHBIX HHTEP(EHCOB, paBHOM j. Pe3ynbTaThl 3aMCHIBAIOTCS B BBIXOJI-
HBIE MaTpHUIIBl D (CpemHss MoJHas 3aAepikKka mepenadn), O; (cpemuuii pasmep Bxomsmen ouepenn), O,
(cpenHuii pa3mep HCXOZIIEH odepenan — TOIBKO €CIH HCIONb3yeTcs OJUH HCXOASIINN B reHepaTop
Tpaduka nopt), L (KOINIeCTBO MOTEPSHHBIX TAKETOB).

Ecnu yxe cymecTByromiast MaTpulia pe3y/ibTaTOB SKCIIEPUMEHTA CIMIIKOM TTOAPOOHAS ISl HCIIONb-
30BaHMS B MOJICIH, €€ alMpOKCUMHPYIOT MaTpUIled MEHbBIIET0 paHTa JIIOOBIM BBIOPaHHBIM METOJIOM,
HampuMep METO0M HaWMEHBIINX KBaJAPATOB MM CIUTafHAMH.

BecTHuk IOYplY. Cepus «KoMmnbloTepHbie TeXHONOrMM, ynpaBrneHue, paguo3NeKTPOHUKa». 9
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2. Ucnop30BaHMe MOJYyYEHHBIX TAHHBIX B MOJIEJTH KOMMYTaTopa

Paccmorpum Ga3oByro Mojeinb KOMMyTaTopa, HpeacraBieHHOro B ¢gpeiimopke INET Omnet++.
KommyTtaTop mpezcTaBieH HaOOpOM MOJIyJeH, B3aMMOJCHCTBYIONINX Yepe3 CUCTEMY Iepeadn coo0-
mennii Omnet [13]. HauGonee moxpobHO peanu3oBanbl Moaynu uHTepdeiicor Ethernet, B yacTHoCTH
HMEIOTCS peau3aliuu Bxojsmeil ouepenu tuna Tail-Drop, ucxomsammx ouepeneit Tunos FIFO, RED,
WRED, PQ, CBFQ, Takxe BO3MOXHA peajin3aius 3aIep KKy nepeaadn Ha tuHud. OIHaKo B 3TOH 6a30-
BOW MOJIEH OTCYTCTBYET peasi3alisl WM UMUTALUS IPOIIECCOB BHYTPEHHEH 00paOOTKH MaKeToB, BCs
KOMMyTalus npeacrasieHa MmonyiemM MacAddressTable ¢ mouckom anpecos, momynem MacRelayUnit,
MPOCTO MEPeNaloMM MaKeThl Ha ucxoasaiuid uaTepderic 0e3 3anepkek. bonee moapobHas peanusanus
KoMMyTaTopa oT ¢peiiMBopka ANSA Omnet++ uMeer MHOXKecTBO npotokonos L3-L4 B cocTaBe KOM-
MyraTopa, peanuzauun OpenFlow-koMMyTaTopa Hamboliee TOJIHO OMHUCHIBAIOT MpoIecc paboThI, HO
TonbKo B pexkume Openflow, a He B 00b14HOM peskume koMmyTtanuu [14]. TIpu stom B Openflow pexu-
M€ CYIIECTBYET BO3MOXXHOCTh T€HEpaIlMH PEallbHBIX 3alPOCOB K HACTOSIIEMY BHEIIHEMY KOHTPOIUIEPY
W MHTEpIIPETaIl OTBETOB. MoIeNMpoBaHue BCEX BHYTPEHHUX MPOIECCOB 00pabOTKU MakeTa B o0IIeM
cirydae He TpeOyeTcs, OCKOIbKY M3YYaloTCs TIOBEACHUE 3aICPKKH, ouepeieli, OTepH MaKeToB U MPH-
opure3anuu. s nenei momy4yeHus aekBaTHON MOJIENTd Ha YPOBHE MEPBBIX MOMEHTOB pacIpeieIeHusI
BpPEMEHH MEX]y ITaKeTaMH JIOCTATOYHO CUMYJIHPOBATh MOBEACHUE PYHKIIUU 00pabOTKH 10 3aEepKKe C
TEMH K€ MIEPBBIMU MOMEHTAMU paclpenesIeHUi.

Paccmorpum coznmanue Onoka QyHKIHMH 3aepKKu 00pa0OTKH Ha MpUMEpPE BBIXOIHON MAaTpHIIBI
CpemHel NIUHBI BXOMAMUX ouepeneit (J;, UMEIoIIel Ty K€ pa3MepHOCTh, YTO U A , T. €. K&KIOMY 3Ha-
HEHHIO 7, . O/IHO3HAYHO COOTBETCTBYET 3HAUCHHE ;) Jist TOro 4To0BI ONpPEACIUTh CpEHEe 3HAUCHHE

0uepeH F(J,, j) Al IPOU3BOJIBHOIO } MPH 33/JaHHOM KOJIMYEeCTBE MHTEP(ElicoB j, HEOOXOMUMO Hali-

TH TaKOE 3HAYEHUE I, TPU KOTOPOM A ;< Ao < sy Iz

Toraa B ciay4yae MCIOJNBb30BaHUS JIMHEHHON MHTEPIOJAIMN OTPE3KOB MEXAY y3J1aMH, 00pa30oBaH-
HBIMH CTOJIOIIOM j MaTpHIbI A , 3HaYCHHE JJIMHBI OUEPEIU ISl MATPHIIBI PE3YJIBTaTOB (HApUMeEp, MaT-
puisl Qi) Beramcisiercs mo hopmyiie

F(A,))=¢; ; +u-(qgis1,; =4 ;)> ()
Ao~ 4, )

A,

Kak npaBuiio, QyHKIMH 3aBUCUMOCTH 3aJICP>KKA OT MHTEHCHBHOCTH TOCTYTUICHUS NTAKETOB UMEIOT
BUJ| CTCTICHHBIX (YHKIMH, TOrPEIIHOCTh KyCOUYHO-JIMHEHHONH MHTEPIOJISIIUY 110 CPABHEHHUIO C HCIIONb-
30BaHUEM 60nee BBICOKHUX IMOPAAKOB MHTEPHIOIAINN 3aBUCUT OT YMCJIa CTPOK MAaTPUIIbL A u miara mu3s-
MeHeHus napaMerpoB. OHa MOXKET ObITh CpaBHHUMA C MOTPEITHOCTHIO AKCIIEPUMEHTAIBHBIX H3MEPEHUH
IIprU KOPOTKOM IIare U BHOCUTH CYIICCTBEHHLIC M3MCHCHUS B (bYHKHI/IOHI/IpOBaHI/Ie CCTHU Ha AJIMHHBIX
marax. J[js mara Mexay u3MepeHusIMHu oonee 50 makeToB JIydlle UCIOIb30BaTh HHTEPIIONIAIHIO OoJiee
BBICOKMMU CTCIICHAMU.

rjae Ko3pPUIHMeHT 4 =

}“i+1,j -

3. [locTaHoBKa 3KCIePUMEHTA

Cxema JU1sl CHATHS MTOKA3aHUI BBITIOTHEHA 110 cXeMe puc. 2. B kauecTBe KOMMyTaTopa Iuisi pacrpe-
nenenus ucnonb3oBancs Cisco 3750x, B kauecTBe uccaenyemoro kommyraropa — HP 3500y1-24. Cran-
nus tectupoBanus —Ubuntu 18.04 na 6a3e Xeon ES ¢ 4 BcrpoeHHbiMu ceTeBbiMU KapTamu 10I°0/c ¢
MOJJICPXKKON anmapaTHol 00pabOTKH MaKeTOoB.

Crenndukanuss M3y4aeMoro KOMMYTaTtopa COAEpXKHUT cBeleHuss o Hamuuuu 3000 3ammceil B
TCAM-tabnuie 11 pa3IndHbIX IpaBui, BKIoUas kiaccupukanuio, ACL. Kpome atoro, yrBepxaaer-
sl OZITHOBPEMEHHAss KOMMYTAIIMsI HA CKOPOCTH JIMHUK 4yepe3 Bce mopThl. Ho npu Brimtouennn Openflow-
peXHMMa BCE MOXKET M3MEHHTBCS JIaXKe MPU PEaKTHBHOM CIIOCO0E 3aqaHus mpaBiil. [IepByro 4acTh JKc-
MEepUMEHTa MPOBEAEM C 3arpy3koit mopToB 1-20 Tpadukom 64 Oaiita (kak HauboJee pecypco3aTpaTHO-
ro). MakcuMambHBIA TEOpETHUECKHI MAaKCUMYM TIepeadd ¢ Y4eTOM NpeaMOyibl 1 HHTEpBaIa MEKIY
¢petimamu coctapisser 1,488 MiIH (peiiMOB/C C TOJE3HBIM HCIONB30BAHMEM IIOJIOCHI MPOMYCKAHUS
761 Mo6wut/c. 20 TOpTOB TeOpeTUUIeCKH MOTYT nepenath 28,960 MiH dpeiimos/c. B Taba. 1 mokaszaH npo-
IPECCUBHBIN IJIaH SKCHepuMenTa (MaTpuia A ).

10 Bulletin of the South Ural State University. Ser. Computer Technologies, Automatic Control, Radio Electronics.
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Tabnuua 1
MnaH JKCnepuMeHTa — Mmatpuua A , B TbiIC. nakertos/c
Table 1
Experiment plan — matrix A , thousands of packets per second
Ne Kon-Bo 3aeiicTBOBaHHBIX TTOPTOB
1 2 5 10 15 20
1 2 5 38 313 1352 4145
2 38 62 219 1043 3380 8679
3 219 313 793 2731 7291 16464
4 793 1043 2185 6084 14139 28959

Tpaduk UDP Oyner reHepHpoBaThCs YTUIMTOW mgen 1O CTeHEPUPOBAHHOMY CKPHITY TOCBLIKH
MaKeTOB ¢ TpeOyeMbIM 3aKOHOM pacrnpezeneHus. CheM MOCIaHHOTO M HPUHATOrO TpaduKa OCYIIECTB-
JsleTca YTUIIMTON tcpdump ¢ 3aIUChIO HA tmpfS-TUCK U OMIKEH 3aIMCH BPEMEHHBIX METOK ¢ MUKpOCe-
KyHaaMmu. Kax1piif maket uMeeT B MOJIE3HOM Harpyske nmopsiakoBbiii Homep B ASCII, yTo mo3BoiUT OT-
CIIEZIUTD €r0 3aJep>KKy MPOCTHIMU YTHIIMTAMU CPaBHEHUS [inux.

4. DKcnepMMeHT

TectupoBaHre NPOBOAUIIOCH HAa CTEHJE, COCTOAIIEM W3 2 KOMMYTaTOpPOB M OJHOTO CepBe-
pa (cM. puc. 2). B kauecTBe koMMyTaTopa Iuisi pacrpezaeneHus ucronb3oBaicst Cisco 3750x, B KayecTBe
uccnenyemoro kommyraropa — HP 3500yl-24. Crannms tectupoanus — Ubuntu 18.04 na 6aze Xeon
E5/32I'6 JPE/4ANVe SSD RAIN 10, matepunckas ruata Supermicro ¢ 4 cereBeiMu KapTamu 10I°6/c Ha
6a3ze momynst AOC-STG-b4S ¢ moanepskkoii anmapatHoi 00padOTKH TaKETOB.

Jlia aBTOMaTH3alMK aHAJIKM3a MapaMeTpPOB KOMMYTaTopa CO3JIaH CKPHIT, KOTOPBI MO IJIaHy JKC-
MEepUMEeHTa TeHepupyeT TpaduK Ha TpeOyeMoe KOJIMYECTBO MOPTOB ¢ TpeOyeMBbIMHU IMapaMeTpaMH pac-
MpeieeHus, COOMpaeT AaMibl Tpaduka (KCIoIb30BajIoCh OrpaHUYCHHE — 3aIHCHIBATUCH TONBKO 3aro-
JIOBKHM U BpeMs (peiima). Kaxxaplii makeT mochliaeTes Ha clienyroiui mo nopsaky nopt UDP, mis Toro
YTOOBI OBICTPO HAWTH 3TOT MAKET HA PUEMHON CTOPOHE B CJIydae pa3HOro MopsijiKa MolydeHus. 3anuch
MPOUCXOIUT Ha (Qaitoyto cucremy TMPFES ¢ 3apaHee BbIICICHHBIM yY4aCTKOM HaMSTH JJIs CHUXKCHHUS
BpEMEHH BBIJICTICHHUS HOBOW IMaMSsITH, BKIIFOUCHHOW OMIMeN «noatime» ¢ BBICOKOW CKOPOCTBIO 3aIHCH H
MOYTH HYJIEBBIM BpeMeHeM Toucka. [locie Kaxaoro mporoHa U3 3ammucy JaMIloB U3BJIEKAIOCh BPEMS U
nomep UDP nopra no kaxmoMy nHTepdelicy, 3aTeM pacCUUTHIBAINCH Pa3HOCTH BPEMEHU B MHUKpOCE-
kyHnax. [Torom aiinel 3anucu Tpadrka OUHIIATIMCE sl OCBOOOXKACHUS MECTa [T HOBOT'O TIPOT'OHA.

[Ipr TecTpOBaHMM BBIACHHUIIOCH, YTO HMMEIOMIASCS MAaTEpPUHCKAs IUlaTa UMEET OrpaHHuYCHUE B
40 I'0ut/c Ha BCIO MIMHY C CETEBBIMU KapTaMH, IO3TOMY MaKCHMallbHasl IT0JI0ca IPOIYCKaHUs Ha BBIXO-
Jie U3 JIBYX CETEBBIX KapT cocTaBmiia He Oomnee 23,5 ['OUT/C ¢ ydeToM HaKIaJHBIX PACXOJIO0B.

Jnst u3MepeHusl 3aJiep>KKd Ha CeTeBOM MHTepdelice MPOBENEH AKCIEPUMEHT C COCAWHEHHEM Ha-
MPSIMYIO BXOZOB ¥ BbIXoJ0B 10 I'6ut/c (Tadun. 2, 3).

Tabnuua 2 Tabnuua 3
Mpsimoe coeanHeHue ceTeBbIX KapT 3apepxku B cnyxe6Hom kommyTaTtope Cisco 3750x
Table 2 Table 3
Direct network card connection Latency of intermediate switch Cisco 3750x
Hapamerp 3aziepiKKa [aKeToB [Tapamerp 3azepKka maxe-
TOB
Pa3smep naxera 64 512 1518 Pazmep makera 64 512 1518
3agepxka Ha Tepena-
ﬂ1(1)391o re /p A4 407 | 489 | 5,96
3azepxkka, Mkc | 2,04 2,19 2,21 e UT/C, MKC

3azepikka Ha mepenade
10->1 I'6ut/c, MKcC 7,21 12,1 18,41

Amnanu3 Tpaduka IpOBOIUIICS CPENICTBAMU 3bIKa R, MMeroIero mupokuii BeIOop Onbmnorek cra-
TUCTHYECKOT0 aHanmu3a. Ha puc. 3 mokasaHo pacnpenelieHne 3aep>KKH MPOXOKICHUS MAKeTa B KOMMY-
TaTope MNPy MakKCUMaJibHOW Harpyske 28960 nakeros/c pasmepoM 64 Oaiir.

BecTHuk IOYplY. Cepus «KoMmnbloTepHbie TeXHONOrMM, ynpaBrneHue, paguo3NeKTPOHUKa». 11
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Puc. 3. N'mcrtorpamma(a) u chyHkumusa pacnpeaeneHnus (6) 6eta-pacnpeneneHns (MMHUA)
1 BbIGOPKU BpeMeHU 3aAepXXK1 Ha BCeM AnanasoHe AaHHbIX
Fig. 3. Histogram (a) and distribution function (b) beta distribution (line)
and sampling for full-range latency

JUTHHHBIA XBOCT pacripeiesieHus: o0pa3yeTcs M3-3a MONafaHus OT/ETbHBIX MTaKEeTOB B HCXOIIYIO O4e-
penb U, COOTBETCTBEHHO, CYLIECTBEHHO OOJIBIIErO BPEMEHH OKUAaHUs OChUIKY. [Ipy yBenmueHun neranusa-

MM B JWamasoHe [0;107°] BUIHBI SIBHBIC HEOJHOPOXHOCTH (CTyNeHH), XOTS 00beM BBIOOpKH Ooee

1 MitH (puc. 4). DTH 3aAep>KKU COOTBETCTBYIOT PaO0TE CUCTEM KAIIIMPOBAHKS U alllapaTHBIX Ouepecii.
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Puc. 4. Tucrtorpamma (a) u cbyHkuMUA pacnpeaeneHus (6) HopmanbHOro pacnpeaeneHus (NUHAR)

Fig. 4. Histogram (a) and distribution function (b) of the normal distribution (line)
and sampling latency for range up to 1e-5

3aTeM IIPOroH 3KCIIEPUMEHTA 110 TUIaHy (CM. TaOJl. 1) mokasan cienyroliue 3HadeHus (Tadi. 4).

Tabnuua 4
3apnepxku B uccnenyemom kommyrtatope HP 3500yl
B 0GbIYHOM pexume, MKC
Table 4
Latency in the test switch HP 3500yl
in legacy mode, ps
No Kon-Bo 3a1eiicTBOBaHHBIX TTOPTOB
- 1 2 5 10 15 20
1 6,91 6,91 6,94 7,19 7,40 7,55
2 6,94 7,05 7,08 7,33 7,55 7,70
3 6,98 7,19 7,22 7,48 7,70 7,86
4 7,01 7,33 7,36 7,63 7,85 8,51
12 Bulletin of the South Ural State University. Ser. Computer Technologies, Automatic Control, Radio Electronics.
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Cpennsisi auHa BXOIAIIEH OYepenyd BO BCEX IKCIIEpUMEHTax, kpome mociemanero (20 moprtos,
28959 Thic. makeroB/c, ouepens — 3 makera), coctapmia 1 maker. B Tabn. 5 moka3aHbl pe3ylbTaThl DKC-
nepuMenTa 1o 4-it crpoke Marpuisl A s Openflow B peakTuBHOM pexxume ¢ paspeniennem 0,5 MKc.
Mo rpaduky noBexeHus 3aaepKKu (pUc. 5) BUIHBI ONpeacieHHbIe (IPaKTHUECKH AUCKPETHBIE), Hanbo-
JIee YacTO BCTPEUAIOIINECS] YPOBHHU 3aIePKKH — 0koio 4, 5, 10, 11 mkc. 3HadyeHus Boime 10 MKC — OXKu-
JIAaHWS B BBIXOJIHOM OUepe/u.
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Puc. 5. M'pachmk 3apepKkn BHYTpU KOMMYyTaTopa
Fig. 5. Latency graph for the switch
Ta6bnuua 5
3apepxku B uccnepyemom kommytatope HP 3500yl B Openflow-pexxume, mkc
Table 5
Latency in the test switch HP 3500yl in the Openflow mode, ps
No Kon-Bo 3a1e#icTBOBaHHBIX TIOPTOB

1 2 5 10 15 20
4 271,3 284.,9 2934 299,3 305,3 308,3

Kak Bumum, ontumusanus padotsl ¢ Openflow Ha 3TOM KOMMYTaTOpe OTCYTCTBYET, U JIATCHTHOCTD
MIOMICKA B TAaOJIMIIE MOBBIIIACTCS B HECKOJIBKO pas.

Jnsa cpaBHenus naHHbIx Monenb kommyTtatopa OMNET TectupoBanach Ha 4-if CTpoke IjiaHa dKc-
nepuMeHTa. bputo 3a7eficTBOBaHO CTONBKO I'€HEPaTOPOB IKCIIOHEHLIUAIBHOTO TpaduKa, CKOJIBKO MOp-
TOB TpeOOBaJIOCh B IJIaHe dKcrepuMenTa. CTaTHCTHKA CpelHel 3aJepKKU PacCUUTHIBAIACh 110 AaMIlaM
COOBITHIA TTAKETOB, COXPAHEHHBIX B CKAISIPHBIN (aiin. Pe3yapTaTsl mokasaHsl B Ta0II. 6.

Tabnuua 6
3apepxku B MoaeNnbHOM KOMMyTaTope B 0GbLIYHOM peXuMe, MKC

Table 6
Latency in the model switch in legacy mode, ps
No Kon-Bo 3aeiicTBOBaHHBIX TTIOPTOB

] 1 2 5 10 15 20
4 7,00 7,15 7,25 7,38 7,5 8,25
BecTHuk KOYpIY. Cepus «KomnbloTepHble TexHONormu, ynpasneHue, paguoaneKTpoHUKa». 13
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Cpennuii pasmep odepenu rmpu k = 20 coctaBuil 3 makeTa, TaHHBIC MOJEIH COIIACYIOTCS C JIaHHBI-
MH SKCIIEpUMEHTa B Tipenenax 5 %.

J17ist OLEHKH pas3iuyuuil MeXly BBIOOPKOM C SKCIIEpUMEHTaIbHBIMU JAHHBIMU O 3aJIepiKKE U BBIOOD-
KO, TIOTy4eHHOM B AKCIEPUMEHTE C MOJEIBIO MO Ka)KJOW MO3UIMH IIaHa IKCIIEPUMEHTA, UCIOIb30-
Basica cratuctuyeckuil U-kputepuii MaHHa—YHUTHH KaKk MEHee IOJBEPKEHHBIN BIUSHUIO BUAA CTATU-
cTudeckoro pacupeaenenus. Jms yposus 3naunmoctu 0,05 3Hauenune U-KpuTeprs MO KaKI0H MO3UIIHH
MIPEBBICHIIO KPUTUYECKOE, a 3TO O3HAYaEeT, YTO MOJAENb aJeKBAaTHO OMHUCHIBAET PEasIbHbI KOMMYTaTOp
10 KPUTEPHIO 3aJICPHKKH, BOSHUKAIOIICH ITpH 00pabOTKE MaKEeTOB.

3akJ0uenue

PaccMOTpeHHBIH MOIX0/ TO3BOJISICT OBICTPO MOMYYaTh MOJCIH, CTATHCTHYSCKH COBIMAJAIOIINE 1O
IIOBCACHUIO BLIGpaHHLIX mapamMeTrpoB C pC€ajlbHbBIM H3MEPCHHBIM OGOpy}lOBaHI/IeM Ha CYIICCTBYIOIIUX
OTKPBITBIX CHCTEMax MOJAeIHpoBaHUs. JlaHHBIH TOAX0J OyJeT pa3BUBATHCS B JAILHEHIIEM B CTOPOHY
0oJiee IeTaNbHOrO OMKMCAHKS BHYTPEHHUX MPOIIECCOB M MX CTATHCTHMYECKOTrO OMUCAHUS Ha OCHOBE JKC-
NMEPUMCEHTAJIbHBIX JaHHBIX.

Paccmotpena crpykrypa moneneir Omnet++, MpeayiosKeHbl METOABI MOTU(BUKAIIMKA MOJENEH JUIs
MOBBIIICHUST YPOBHS a/ICKBATHOCTH BHYTpPEHHEH 00pabOTKH MaKeTOoB.

[MonyueHHbIe pe3ynbTaThl pu ypoBHE 3HaunMocTd 0,05 moATBepaniIn paboToCmoCOOHOCTh JaHHO-
ro MOJAX0/a NPHU CO3JaHUHM MOJeNeH, Oojiee TOYHO OIMUCHIBAIOIINX BPEMEHHBIC XapaKTEPUCTUKU MPO-
1eccoB 00paboTKH Tpahuka B CETEBOM 000pPYI0BaHUU.

Pa3paboranHass MeToaMKa HCCIEAOBaHUs 00OPYIOBaHMS IMMO3BOJSAET OBICTPO HCCIIENOBATh CTaTH-
CTUYCCKHEC MMapaMETPhbl IPOMU3BOANUTECIBHOCTH U 6szeT Pa3BUBATLCA AAJIbIIC B CTOPOHY IIOJIYYCHHA JaH-
HBIX 0€3 OTKJIFOUEHHS OT CETH.

HccnenoBanue BbINOJHeHO npu ¢uHAHCOBOH mnogaep:xkke POPOU B pamkax HaydyHOro mNpoeKTa
Ne 20-07-01065, a taxxke rpanta Ilpesugenta Poccuiickoii @egepanuu Qs rocy1apcTBeHHOM MOAJEPKKH
BelYIIUX HAYYHBIX MK Pocceniickoii @epepanun (HII-2502.2020.9).
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METHOD OF OBTAINING GENERALIZED STATISTICAL
CHARACTERISTICS OF NETWORK EQUIPMENT
FOR CREATION OF SIMULATION MODELS
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Orenburg State University, Orenburg, Russian Federation

The research is devoted to the problem of the development models of network equipment that
precisely reproduce the operation of real equipment by the time characteristics.

Aim. This research is aimed at developing a methodology that allows you to quickly obtain
models that statistically coincide in the behavior of the selected parameters with real measured
equipment on existing open modeling systems.

Methods. To obtain the performance parameters and time characteristics of the real equipment,
an approach was proposed, which includes experiment planning to compute the characteristics for a
wide range of input traffic intensities. In addition, the approach describes the connection scheme and
equipment configuration including external switch control to test the effect of various settings on the
performance and packet processing times. It also includes the scripts to automate the creation of traf-
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fic test sets with the required parameters of time distribution between the packets as well as the
scheme of connection through the container services and receiving traffic dumps. The approach does
not include the testing of the output queues operation because the goal was to investigate and trans-
fer into the model processes, which occur before the frames are placed in the outgoing interface
queues. An open-source Omnet++ software was used as a modeling environment.

Results. We studied the structure of its existing switch model and identified disadvantages that
affect the accuracy and reliability of the results. In addition, we proposed an approach for imple-
menting model delay lines based on the interpolation of time parameter tables obtained from real da-
ta for the required combination of traffic parameters and inbound interfaces. To test the developed
approaches, a test bench on real equipment was assembled, and an experimental research plan was
developed. Finally, an automated testing script was implemented according to a given plan. Testing
was carried out in the conventional frame switching mode as well as in the switching mode based on
OpenFlow tables. In addition, the time characteristics of the intermediate equipment were also ob-
tained in order to take into account their influence on the experimental results. Based on them, a ta-
ble of parameters was computed for the processing delay line in the model, and the experiment was
conducted on the model in Omnet++. Since the obtained samples in the statistical analysis showed
the types of distributions that are different from the 3 normal and exponential, the statistical Mann—
Whitney U-test was used to compare the mean values.

Conclusion. The results obtained at a significance level of 0.05 confirmed the efficiency of this
approach for models that more accurately describe the temporal characteristics of the traffic pro-
cessing in network equipment.

Keywords: modeling, simulation model, switching, delays.
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NCNONIb30OBAHUE FTEOMETPUYECKON NMPOrPECCUU
AnA ONPEAENEHUA NAPAMETPOB ®YHKLUWU NPUHAANEXXKHOCTHU
NMPU HACTPOUKE HEYETKOI'O PEINYNATOPA MNMA-TUMA

A.B. Konomesa

lNMepmckuli HayuoHarnbHbIlU uccrnedogameribCKUl noaumexHuU4YecKul yHugepcumem,
unuan e 2. bepesHuku, . bepesHuku, Poccusi

Beenenue. B crathe paccMaTpuBaeTcs BO3MOXKHOCTh HCIOJIB30BAHUS T'€OMETPUUYECKON Mpo-
rpeccud sl oJ0opa HACTPOEK HEYETKHX JIOTMUECKHX PEryiIsTopoB. TpeyroibHble W Tparenne-
BUIHBIE QYHKIUH TPUHAJIEKHOCTH JIOCTATOYHO YaCTO MCIONB3YIOTCS ISl ONMCAHUs apaMeTpoB
HEYETKUX PETYJISATOPOB, a HACTPOHKA PEryJsiTopa CBOAUTCS K MOAOOPY OCHOBAHWH TaKuX (DYHKIHWH.
0030p MyOIMKAIMOHHOW aKTUBHOCTH 10 JIAaHHOM TEMAaTHKE IOKa3all, YTO He CYIIECTBYET yHHUBEp-
CaJIbHOI'0 METOJ]a HACTPOMKHN HEUETKUX PEryiasTOpOB, a Te, YTO CYIIECTBYIOT, BECbMa CIOKHBI U He-
JIOCTaTOYHO MOAPOOHO ONHMCAHBI, YTOOBI UX MOYKHO OBLJIO JIETKO ITOBTOPHTH.

Lean uccienoBanus. Mbl PEANONOKUIN, YTO OCHOBaHMS (DYHKIMH MTPUHAIEKHOCTEN Tep-
MOB [apaMETPOB HEYETKUX PETYISTOPOB MOTYT OBITH OIMMCAHBI HEKOTOPOW YMCIOBOH MPOrpeccuei,
B YaCTHOCTH, T€OMETPUUECKOH, YTO MO3BOJIUT CBECTH MPOILEYypPY HACTPOHKH PETYNATOPa K Og00py
€IMHCTBEHHOT0 ITapaMeTpa — 3HaMeHaTeNsl IPOrPeCcCH.

Martepuansl ¥ MeTOAbl. B npennonoxeHnuu, 4To MepBbIi YjeH MPOrpeccuu paBeH €IUHUIIE,
OBbUT BBINOJHEH PacyeT €e BTOPOTro M TPETHErO WICHOB C Pa3IMYHBIMK 3HAMEHATESIMUA B HHTEpBaJie
ot 1,5 no 3,5 ¢ marom 0,2, KoTOpbIe OBUTH MPHHATHI 32 OCHOBAHUA ()YHKIIHH MPHUHAIICKHOCTH Tep-
MOB YCJIOBHOW JHHrBHCTHYecKOW mepemenHod. B FIS-penakrope MATLAB 0Obi1 cipoexTupoBaH
[M1-nogoOHBIi HEYETKUH PEryIsaTOp C METUTEPMOBBIME IapaMeTrpamu. [locie 3Toro Ha OCHOBaHUH
aHaJM3a pe3yJabTaToB pabOThl aBTOMAaTH4eCKH HacTpoeHHoro [1M-perymnsropa 1uist BBIOpaHHOTO 00b-
€KTa yIpaBlIeHUs] OBUTU OIpEJeNIeHbl MHTEPBAJIbI M3MEHEHHS BXOJHBIX U BBIXOJHOTO MapaMeTpoB
Heuetkoro [IM-perynsropa, Ha KOTOpble OblIa CIIPOEIMPOBAHA YCIOBHAsI JIMHIBHCTHYECKAs Iepe-
MeHHas. B pesysnpraTe ObUTM MOJTYYEHBI OAMHHAJATH Pa3lIMUHBIX HACTPOEK, KOTOpbIe OBUIM HC-
TIOJIB30BAHBI JJIs1 YIIPABIICHUS TEXHOJIOTUUECKUM OOBEKTOM C 3aIla3/IbIBAHHEM.

PesynbtaTbl. CeMb U3 MOTYYEHHBIX HEUETKUX PETYIATOPOB OKA3aJUCh BIOJIHE HMPUTOAHBIMU
JUIsl yIIpaBJeHus BBIOpaHHBIM 0ObekToM. IlomydeHHbIe Ha OCHOBaHWH PE3yNbTUPYIOUIUX MEepexo-
HBIX MPOLIECCOB MTOKA3aTeNM KaYeCTBa PETYIMPOBAHUS OBUIM COIOCTABJIEHBI C COOTBETCTBYIOMINMHU
TOKa3aTesIMUA KauecTBa yrpasiieHus: o0braHoro [11-perynstopa. beuto ycTaHOBiIEHO, 4TO BCE CEMb
HEYETKHUX PETYISATOPOB O0ECHEeYMBAIOT TOpa3io Jydlllee KayeCTBO YIPABJICHHS II0 CPAaBHEHUIO C
00b1unbIM [TH-perymnsropom.

3aknnrouenne. [lonydeHHbIe pe3ynbTaThl O3BOMISIOT YTBEPXKAATh, YTO IPUMEHEHUE T€OMETPU-
YecKOll mporpeccuu AJs onpeseseHHs MapaMeTpoB HEYETKUX PETYIATOPOB SBJSIETCA NMPOCTBIM U
3¢ PEKTUBHBIM CIIOCOOOM MOIYYEHHUS] HX HACTPOEK YIOBJIETBOPUTEIHLHOTO KA4eCTBA.

Knouesvle cnosa: neuemkuil 102uteckuti pecyiamop, QyHKyus npuHaonedrCHocmu, eeomempu-
yeckas npozpeccus, 00beKm ynpasgieHus ¢ 3ana3ovbleanuem, OWUOKa pecyiuposanis, pems pecyiu-
posanus, [1H-pezynamop

BBeaenue

anaBneHHe CJIIO)KHBIMU TCXHOJIOTMYCCKUMHN 06’beKTaMI/I Ha 633e HCUYCTKUX JIOTUYCCKUX peFYJISITO-
pOB ABJISICTCA BECbMaA paCnpOCTpaHeHHLIM COBpeMeHHbIM HaHpaBHeHI/IeM HpI/IKJ]a)Z[HLIX I/ICCHC}Z[OBaHI/II\/'I.
[Ipu 5TOM He cymiecTByeT OOLICTPHHATHIX METOJ0B MX NMPOEKTHPOBAHUS, 2 HACTPOWKH MOIOHPAIOTCS
AKCIIEPUMEHTAIBHO O] KaXK/IbIi KOHKPETHBIM 00BheKT yhpapiieHHs. Kak mpaBuiio, mpoiecc HacTPOHKU
peryisropa MpeACTaBiIseT COOOH CIOKHYK ONTHMHM3AIMOHHYIO WM HTEPALlMOHHYIO IPOLEIYPY.
B wactHOocTH, B [1] mpuBOAATCA NMpUMeEphl HACTPOSHHBIX HEUETKHUX CHUCTEM JJISl YIPABICHHS PAIOM
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MPOMBIIIUICHHBIX OOBEKTOB, a TAaKKe Ui pelleHUs 3a/la4 pacro3HaBaHUs 0Opa3oB M PE4d, OIHAKO O
MIPOEKTUPOBAHUU M HACTPOMKE TAKUX CUCTEM aBTOPHI yMaTYHBAIOT. ABTOpPHI [2] pu 0OOCHOBAHUH Tpe-
MMYIIECTB UCIOJIb30BAHUS HEUETKUX JIOTHYECKUX PEryJIsITOPOB Ul YIPABIEHHS MPOLECCOM CTaOWIH-
3allM¥ KaTajin3aTra YCTAaHOBKU KaTaIUTHYECKOro puopMHUHTa OSH3MHOB 110 CPABHEHHIO C KIIACCHYECKH-
mu [MH/]l-perynsaTopaMun paccMaTpUBAIOT pa3liUYHbIe BapHaHTHl (DYHKIHMH NPHHAIISKHOCTH TEPMOB
MapaMeTpoB PEryysaTopa, MpHYeM OTCYTCTBYET Kak 00OCHOBaHWE BBIOOpa JMANa30HOB M3MEHEHHs Ma-
paMeTpoB perynsTopa, Tak U CChUIKAa HAa COOTBETCTBYIOIINI McTouHHK. B [3] paccmarpuBaercs rudpu-
Has cucreMa U3 00bMHOro M Heuerkoro [T J[-perynsTopoB IUis ympaBieHHUs dJEKTPOABHTATENEM IMO-
CTOSIHHOI'0 TOKa, OJHAKO IMpoleAypa Moa00pa OCHOBaHHMM (PYHKIMH MPUHAICKHOCTSH TEPMOB mNapa-
METPOB HEUETKOM COCTABIISIIOIIEH pery/sTopa noApoOHO He onucaHa. B psae pa0boT a1 HACTPOMKH ma-
paMeTpoB HEYETKUX PEryJISITOPOB pa3padaThIBAOTCS TOCTATOYHO CIOXKHBIC M TPYAOEMKHE aJIrOPUTMBI
pasnuyHoi pupossl. B wactHocTH, B [4] moaOop mapaMeTpoB HEYETKOTO PEryJsTopa s yIpaBICHHS
HECTaIlMOHAPHBIM MPOLIECCOM PAINOXUMHYECKOT0 MPON3BOICTBA OCYIIECTBISETCA B paMKaX COBOKYII-
HOCTH ONITHUMH3AIIMOHHOW M UTEPAIIMOHHON TPOIEAYp. ABTOPHI [S] I HACTPOUKH ITapaMeTpOB HEUpo-
HEYETKOT0 PEryjisiTopa MpeiaraoT UCIOJIb30BaTh TeHEeTHUECKUi anroputM. B [6] mis moxbopa mapa-
METPOB HEYETKOI'0 PEryasTopa UCIOIB3yETCs YUCIEHHBIH alfOPUTM ONTHUMU3ALNNA METOOM I'PaIUeHT-
HOro crycka. B [7] mpumeHseTcss MeToJ HaCTPOWKH HEYETKUX PErysTOpOB Ha OCHOBAHHH aHAIN3a pe-
3yIBTaTOB WX Pa0OTHI, B [8] aBTOPHI paccMaTpUBAIOT BO3MOXKHOCTh CAMOHACTPOWKH HEHpPO-HEUETKOro
perynsaropa, a B [9] — Heuerkoro [IH-perynstopa. B [10] mogbop mapamMeTpoB HEUYETKOTO peryisiTropa
OCYILIECTBIISIETCS Ha OCHOBAHWHU peKypcuBHOro anroputma Kanmana, B [11] — Ha ocHOBaHMM ONTHMH3a-
IIMOHHOTO aJITOPUTMAa «CEPBIX BOJNKOB», B [12] — «post yacTui» ((GpOpMBI POCBOrO0 HHTEIUICKTA).
B [13] aBTopsl pa3pabaThBarOT M MPUMEHSIOT THOPHIHBIN JETEPMUHHPOBAHO-CTOXACTHYECKUH airo-
PUTM JJIsl ONTHMH3AIMY TapaMeTpoB (QYHKIMI MPUHAUISKHOCTH TEPMOB.

B GonpmmHCTBE paboT B KauecTBe (PYHKIMI MPUHAUICGKHOCTEH TEPMOB IapameTpa BBIOHpacTCs
COBOKYITHOCTb U3 IIEHTPAIBHBIX TPEYTOIBHBIX U OOKOBBIX TparenueBUIHBIX WX BUIOB. [Ipu 3TOM HC-
XOJIHbIC OCHOBaHUS (QYHKIIUI MPUHAUICSKHOCTEH TEPMOB HEUETKUX IMEPEMEHHBIX OOBIYHO BBIOMPAIOTCS
PaBHBIMH, YTO MPEANOAraeT MOCTOSHHYIO TOYHOCTh PEryJIMPOBaHHUS Ha BCEM MHOXKECTBE 3HAUCHUU
BXOJHBIX MapaMeTPOB HEYETKOTO PEryysaTopa; KOPPEeKTUPOBKA 3TUX OCHOBAHWI M MPOUCXOAUT B MPO-
1Iecce HaCTPOIKHU perynaropa.

HenocraTkoM Bcex pacCMOTPEHHBIX paboT MOMUMO CIIOKHOCTH HACTPOHKH HEYETKOTO PErylsTopa
SIBIISIETCSl OTCYTCTBUE PE3YNIBTATOB PabOThI aITOPUTMOB HACTPOMKH B (hOpME UTOTOBBIX (PYHKIHMH TPH-
HAJIKHOCTH TEPMOB MapaMeTpoB. DTO HE TO3BOJISIECT MPOBEPUTH pabOTOCIIOCOOHOCTh HAalACHHBIX Ha-
CTPOEK Ha JAPYTHX 00BEKTax ynpaBieHus. [Ipy 3TOM JOTHYHO MPEIOIOKUTh, YTO YIPABICHUE TPH Ma-
JIOM OTKJIOHEHHH OTKIHKA YIPAaBIIAEMOro 00beKTa ¥ OT 1eIeBOro 3Hauenus Y (T. e. BOIH3M HOpMalh-
HOT'O pexXuMa paboThl 00BEKTa) JIOMHKHO OCYIIECTBIISATHCS aKKypaTHee, 4YeM MpPU ero OOJNbIIOM 3Haye-
HUW, T. €. OCHOBaHUS (QYHKIMIA MPHUHAIISKHOCTEH OTJIENFHBIX TEPMOB MapaMeTpa PeryisTopa TOKHBI
YBEITUYMBATRCS TI0 MEpe yIIAJIICHHSI OT €ro yciIoBHOW HOpMbI. KOHKpETHbIC 3HAUYEHHS OCHOBAaHUH (yHK-
U MPUHAUISKHOCTH B TAKOM CIlydae MPEJCTaBISIFOT cOOON 3JIEMEHTHI YHCIOBOH IMOCIEI0BATEFHO-
CTH, OJIHOH M3 BO3MOXKHBIX (POPM KOTOPOI1 SIBIISIETCS TEOMETPHYIECKAs IIPOTPECCHsI.

B manHOM mccnenoBaHUM paccCMaTPUBAIOTCS BOIIPOCHI O €€ MCIOJIb30BaHUH JUIA HACTPOWKH HeyeT-
koro [TH-1momoGHOoro JIOrHYecKoro peryisTopa, a TaAKkKe O BIMSHUM BETMYWHBI 3HAMEHATENS Mporpec-
CHHM Ha Ka4eCTBO Pe3yJbTHUPYIOIIEro mepexoaHoro mnpouecca. s aroro B cpene MATLAB Simulink
CHHTE3UPYETCs] KOHTYP YIPaBJICHHUS XHMHUKO-TEXHOIOTHYECKUM OOBEKTOM C 3aIa3/bIBaHHEM C KIIaCCH-
yeckuM [IH-perynsaTopom, Ha OCHOBaHMM KOTOPOT'O OIpPEENIOTCA AUana30Hbl H3MEHEHHSI BXOJHBIX U
BBIXO/IHBIX MAapaMETPOB HEUETKOro jorumueckoro perynsropa I[IM-tuna. [lamee mpous3BoguTCa pacyer
JUITMH OCHOBaHHM TEPMOB BXOAHBIX U BBIXOJHBIX TAPAMETPOB HEUETKOIO PErYIISITOPa B MIPEANOI0XKEHHH,
YTO OHH 00pa3yloT T€OMETPUIECCKUE IPOTPECCUHU C TIEPBHIM YWICHOM, paBHBIM 1,0, 1 ¢ pa3IM4YHbIMU 3Ha-
MEHATEIIMU B AMamna3one ot 1,5 1o 3,5, KoTophie 3aTeM MPOCIUPYIOTCS Ha HalJICHHBIC paHee Arana3o-
HbI U3MEHEHUs nmapaMeTpoB. [lomydeHHble HACTPOWKN MPUMEHSIOTCS K HEYETKOMY JIOTHYECKOMY PeryJisi-
topy [MH-Tmna ¢ eHTpaIbHBIMU TPEYTONIbHBIMEA U OOKOBBIMHU TPATICIIMEBHIHBIME (PYHKIMSAMU TPHUHAIIICHK-
HOCTH TEPMOB €0 MapaMeTpoB, CKOHCTpyHpoBaHHOMY cpeacTBamu FIS-pemakropa MATLAB. Pesynstu-
pYyIOIIME TepeXoIHbIe MPOIECCH CPABHUBAIOTCS MEXTy COOOH U C MEpEeXOHBIM MIPOLIECCOM B CITydyae Kiac-
cuyeckoro [TH-perynsTopa o KpuTepusiM BpeMEHH PEryIUPOBAHUS U MAKCUMYMY a0COJIIOTHOM BEMUYHUHBI
paccoriacoBaHuUsL.
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KonTypsl ynpaBienus: Ha 6a3e kiaccuuyeckoro I[IU-peryasitopa

U HeyeTKoro Jornyeckoro IIU-noxo6Horo peryasropa

B kauectBe 00beKTa yrpaBiieHHs paccMOTpUM pH pacTBopa aMMHa4YHOM CENUTpHI B amnmapare Hel-
TpaJIM3allid a30THOM KHUCIIOTHI aMMHAaKOM B 3aBHCHMOCTH OT MOJIOKEHHUS PEryIupyIoIIero opraHa
Ha JuHUM amMmuaka B Quamane «Azom» AO «OXK «Ypanxum» r. bepesnumku IlepMckoro kpas.
[MocTpoeHHass MO HOPMHUPOBAHHBIM JAHHBIM IepefaTovHas (QYHKIUS o0beKTa umeeT BUA W(s) =
~ 6 —25-s
~ 5 e

6974 -5~ +152-5+1

HEUETKOT'0 Peryisiropa crykut omodnslii [IM-perynsarop, HAaCTpOSHHBIH C TIOMOIIBIO CPEJICTBA aBTOMA-
tnueckori Hactpoliku MATLAB PID-tuner (puc. 1). MccnenoBanue pe3yiabTaToB pabOThl COOTBETCT-
BYIOIIIETO KOHTYpa YIpaBJICHHUS TO3BOJIWIO YCTAHOBHUThH THANa30HBI M3MEHEHHS OIIMOKH pPeryanpoBa-
Hust Error (ot 0 mo 3,034), ee uaTerpana mo BpeMmenu peryiaupoBanus Error Int (ot 0 mo 820,387) u
ympasienust Control (ot 0 mo 1,071). [Ipu 3ToM MakcUMyM aOCONIOTHON BETUYMHBI PACCOTTIACOBAHMSI
(max|AY(#)|) cocraBun 3,034, a Bpemsi peryaupopanus (f,) — 1989,6 c. (3a qaHHBIH MOKa3aTeNb Mbl BbI-
6paji MOMEHT BPEMEHH, KOT/Ia OLIHNOKA PeryTMpOBaHHs CTAHOBUTCS CTAOMIBHO MeHbIe 1077,

[14]. Ba3oii cpaBHEHUS! U UCTOYHUKOM JIAaHHBIX YIS TOI00pa MapaMeTpoB

1 exp(-25s) i
1 == D@ —> 6 : | Ermor
: 6974524162541 !
Bosmymienne i [epenarounast pyHKIHS ! Onmbka
! 00BbEKTa yHpaBJIeHus | PeryITHpOBaHHUs
'~ WMatérpan GInOKiA PeryaipoBaHus ~ "
1
Error_Int 5
CreHepupoBaHHOE é‘ 0
yTIpaBJIcHHe [MN-perynsTop
IleneBoe
Control | Plis}
3HAYCHHUE

Puc. 1. KoHTyp ynpaBneHnus c NMN-perynsatopom
Fig. 1. Control loop with PI controller

[MN-niogoOHBIN HEYETKUH JIOTMYECKUH PEryjsaTop s COOTBETCTBYIOIIETO KOHTypa yIpaBlic-
Hus (puc. 2) ckonctpyupyem B FIS-penakrope MATLAB, ucxosst U3 cieayromux cooOpaKeHni.

I exp(=25-s) !
: 6 !
1 i D@ > ; » Fuzzy Pl
: 6974 2+1525+1 :
Bosmymienne i Ilepenarounas GpyHKIUsI oObeKTa | Omnbka
! yIIpaBJIECHUS : peryaupoBanus X
inieiaiieiete ettt VaTerpai OmHoKy +
T[T -mto100HbIH HeYETKU HTCTPAJ! OIIHOKH - 0
N perynupoBanus X,
JIOTHYECKUH PETYIATOP
1 - 4 Lienesoe
5 3HauCHHE
U

Puc. 2. KoHTyp ynpaBneHus ¢ HeyeTkum NMN-noago6GHLIM perynsatopom
Fig. 2. Control loop with fuzzy PI controller

1. Bxonnbie (X; u Xz) u BeixogHo# (U) mapaMeTphl peryasTopa ONMHUCHIBAIOTCS JTMHTBUCTHYECKUMU
1
TIepEMEHHBIMH, COJICPIKAIIIMHE IITh TEPMOB M ONpeeseMbIMU Kak L’ = {I°' = «Gonploe oTpuuaTes-
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noe» (BO), I = «wmanoe orpumarensuoey (MO), I = «wuynesoe» (H), I’* = «vanoe moxoxurens-
Hoe» (MII), I’ = «6Gomnbioe nonoxutensuoe» (BII)}.

2. OYHKIUY MPUHAIISKHOCTH TEPMOB «MAJIO€ OTPULIATEIBHOEY Llsy(X), HYIEBOEY Lls3(X) U «Majoe
MTOJIOYKUTEIILHOE» WUs4(X) SIBJISAIOTCA TPEYrOJbHBIMH, @ TEPMOB «OOJIBIIOE OTPUIATEIILHOE» Wsi(X) U
«0ONBIIOE TTOJNIOKUTENBHOE» ss(X) — TpaneuueBUIHbIMU [15]. TpeyronbHbie GyHKINN TPUHAIICKHO-
CTH UMEIOT 110 TPH MapamMerpa: JEeBbIi U NpaBblii MUHUMYMEBI (lmins; ¥ rmins;) Takue, 4to ps(Imins;) =
= usi(rmins;) = 0, ¥ muKoBOE 3HaueHue peaks; Takoe, uTo us(peaks) =1, i = 2,3,4, npuueM MUK HYJIEBOrO
3HAUCHHUS CHMMETPHUYEH OTHOCUTEIBLHO €r0 MHUHUMYMOB, T. €. peaks; = (Imins;trmins;)/2. Tpamerue-
BHJIHBbIC (DYHKIIMH MPHHAUICKHOCTH UMEIOT M0 4 mapamerpa: JeBbld M HpaBblii MUHUMYMBI (Imins; u
rmins;) Takue, 910 Ws;(lmins;) = ps;(rmins;) = 0, ¥ JIeBOe M MpaBoe MUKOBbIC 3HauUeHUs Ipeaks; u rpeaks;
takue, 9to Us(lpeaks;) = ps(rpeaks;) = 1, i = 1,5. [Ipu 3ToM nuK QYHKINU MPHUHAIIEKHOCTA KAXKIIOTO
TepMa COBIAJACT C MUHUMYMaMH COCEIHUX TEPMOB (pHUC. 3), a JJIMHBI X OCHOBAHUH SBJISIOTCS 3Jic-
MEHTaMH FeOMETPUYCCKON IIPOrPECcCCUr CO 3HaMeHaTeieM g > 1.

Imins;=rmin; 1:_[}63.]{53 “-{t) PEﬂl{jf Iminss=rminss

:\ .f!ﬁ'l £ Ih' ': ---------
Hs1(x) i\ s N /i /| Hss(x)
i FAR DS A o
CNAN NS
Hs3(x) ! / I Y A S
a BENE a
e z)\ A f - \ e
i | " H T
HSJ(-’P ff \ i : i‘ / " i 'rf \H 3-!#(1;)
o | g \ o | =
-xl:]:tl T ;.fl T \' 0 L 1:' T \ T I:[:]:ﬂl
rpeaks;=lmins, peaks;=mins,~rmins; lpeakss=rmins,

Puc. 3. JluHrencrnyeckas nepeMeHHas ¢ NATbLIO TepMaMu
Fig. 3. Linguistic variable with five terms

3. Perymsarop sBnsiercsi OTHOKOMITOHEHTHBIM, T. €. (YHKIHOHHPYET HAa OCHOBAHWU €IWHOW Oazbl
MIPaBHIT «ECJIH — TO», COCTOSAIICH U3 25 MpaBwJI, ONPEACIAeMON B COOTBETCTBUHU € Ta0I. 1.
4. B xauecTBe Ha4albHOTO WHTEpBaa I BxonHoro [I-mapamerpa HJIP BeiOupaercs cummerpuy-

HBI OTHOCHTEIILHO HYJSI MHTepBall BUja [—max |Error|; + max |Error|] = [-3,034; 3,034].
t t

Ta6bnuua 1
MaTpuua 3HaHwit ansa MU-NofoGHOro HeveTKoro perynaTopa fable 1
Knowledge matrix for a Pl fuzzy controller

I7,=B0 | [, =MO | [},=H | I}},=MIl| [}, =BI
I}, =BO U=50 U=50 U=50 U=MO U=H
[ =MO U=B0 U=B0 U=MO U=H U=MII
7, = U=50 U=MO U=H U=MII U=BII
7, =M1 U=MO U=H U=MII U=BII U=BII
I3, =Bl U=H U=MII U=BII U=BII U=BII

5. B kauecTBe Ha4YaJIBHOTO MHTEpBaia Jyisi BxogHoro U-mapamerpa HJIP BeiOupaercs cummerpud-

HBIM OTHOCHTEIBHO HYJIsI HHTEpBa BUAa [—max |Error Int|; +max |Error Int[] = [-820,387; 820,387].
t t
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6. B kauecTBe HayaJILHOrO MHTEpPBANA Ul BRIXOAHOTO napamerpa HJIP BeiOupaercst cummerpuy-
HBIM OTHOCHTEIBHO BEIMYMHBI BXOJHOTO BO3MYIICHHUs (€AMHMIIBI) MHTEpBal Buaa [2—max |Control-
t

ler output|; max |Controller output|] = [0,929; 1,071].
t

Pacuer mapameTrpoB QyHKIUH NPUHANJIEKHOCTEH TEPMOB BX0/10B

U BBIXOJ0B HEYeTKOr0 peryjasaropa

TIpeaIonoXuM, uTo ocHOBaHHs (GYHKIMil npuHaanexKHOCTei Tepmos 1>, 12 u 'Y, P! u I° nuursuc-
THYECKOI IepeMeHHOi L’ 06pa3yioT TeOMETPHYECKYIO MPOrPECCHI0 ¢ HAYaTBHBIM DIEMEHTOM do = 1 n
3HaMeHareneM ¢ > 1. DTo o3Haudaer, 4To OCHOBaHHME (PYHKIIMH MPUHAIICKHOCTH Ls3(X) paBHO ap = 1,
OCHOBaHHS (HYHKIMH TPUHAIISKHOCTH sp(X) M Wsq(X) COCTABIIAIOT MO @ = do'q = 1'q¢ = ¢, a OCHOBaHUsA
(YHKIMIT MPUHAUIOKHOCTH [s;(X) U [ss(X) COCTABISIOT MO @ 2= d¢'q” = 1'¢> = ¢*. Pe3yapTaThl pacueroB
WX 3HAYCHUH JUIsl pa3iIMYHbIX YPOBHEW ¢ MPEACTaBICHBI B Ta0I. 2.

Tabnuua 2
[OnNuHbI ocHOBaHUM YHKUUIA NPUHAANIEXHOCTU TePMOB L
Table 2
The lengths of the bases of the membership functions of the terms L°
Tepmbl 4
1,5 1,7 1,9 2,1 2,3 2,5 2,7 2,9 3,1 3,3 3,5

P 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00

Prt ) 1,50 | 1,70 | 1,90 | 2,10 | 2,30 | 2,50 | 2,70 | 2,90 | 3,10 | 3,30 | 3,50

PLr | 225 | 2,89 | 3,61 | 441 | 529 | 625 | 7,29 | 841 | 9,61 | 10,89 | 12,25

Panee MbI yc10BHIIHCE, 4TO MUK (DYHKIIMU MPUHAIISKHOCTH KQKJIOr0 TepMa COBIAAeT C MUHUMY-
MaMH COCEIHHX TepMoB. Tor/Ia B IPEINON0KEHHH, UTO UK 3HA4YeHHs [ = «Hy/1eBoe» peaks; paBHseTCS
HYJII0, MOYKHO PaCCUUTATh MapaMeTpbl GYHKIUI MPUHAIUISKHOCTH OCTATIBHBIX TEPMOB (Tabd. 3).

Ta6bnuua 3
MapamMeTpbl PYHKLMIA NPpUHAANEXHOCTU TEPMOB L
Table 3
The parameters of the membership functions of the terms L°
Tepmbt [Tapamerpsl g=15 qg=19 qg=23 q=2,7 qg=3,1 q=3,5
Imins; -2,75 4,11 -5,79 -7,79 —-10,11 -12,75
P Ipeaks; -2,75 4,11 -5,79 -7,79 —-10,11 -12,75
rpeaks; -1,5 -1,9 -2,3 2,7 -3,1 -3,5
rlmins, -0,5 -0,5 -0,5 -0,5 -0,5 -0,5
Imins, -1,5 -1,9 -2,3 2,7 -3,1 -3,5
I peaks, -0,5 -0,5 -0,5 -0,5 0,5 0,5
rmins, 0 0 0 0 0 0
Imins; -0,5 -0,5 -0,5 0,5 0,5 0,5
P peakss 0 0 0 0 0 0
rmins; 0,5 0,5 0,5 0,5 0,5 0,5
Iminsy 0 0 0 0 0 0
r peaks, 0,5 0,5 0,5 0,5 0,5 0,5
rmins 1,5 1,9 2,3 2,7 3,1 3,5
Iminss 0,5 0,5 0,5 2,7 0,5 0,5
o Ipeakss 1,5 1,9 2,3 7,79 2,7 3,5
! rpeakss 2.75 411 5.79 7.79 1011 12,75
rminss 2,75 4,11 5,79 7,79 10,11 12,75
22 Bulletin of the South Ural State University. Ser. Computer Technologies, Automatic Control, Radio Electronics.
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JanHbie Tabl. 3 SBIAIOTCS BCIIOMOTaTEIbHBIMU. ByieM cuuTath Aj1st onpeeeHHOCTH, YTO OCHOBA-
HUSl QYHKIHMHA TPUHAIUISKHOCTEH TEPMOB O0OMX BXOJHBIX M BBIXOJAHOTO Mapamerpa Hederkoro [TH-
perynsaTopa orpenensoTcs reoMeTpUYecKon Mporpeccuel ¢ OJJHIUM U TEM K€ 3HaMeHaTeneM. Toraa Juis
MOJTy4EHHs] KOHKPETHBIX MapaMeTpoB (yHKINH MPUHAUISKHOCTEH TepMOoB X U X, maHHbIe Ta0l. 3 moc-
TATOYHO MacIITaOUpoBaTh Ha KO3(P(HUIMEHT OTHOIICHUS JUIMH (PAKTUYECKOrO0 MHTEPBalla COOTBETCT-
BYIOIIIET'0 BXOJHOT'O MapaMerpa (WM €ro MOJIOBHMHBI) U €r0 pacueTHOro ’KBHUBaJieHTa. Hampuwmep, npu
q = 1,9 pacuernsiii uaTepBan coctasusier [—4,11; 4,11], T. e. umeer mmHy 4,112 = 8,22, J[1g BXOAHBIX
napaMeTpoB HEUETKOTO peryisaropa X; u X, pakrudeckue WHTEpBaIbI ONpeAcieHbl Bhile Kak [—3,034;
3,034] u [-820,387; 820,387], T. e. ux anuHa cocrasisier 3,034-2 = 6,068 u 820,387-2 = 1 640,774 co-
oTBeTCTBeHHO. [l BrIxoAHOro napamerpa U dakrtuyeckuit mHTepBan ompeneneH kak [0,929; 1,071],
T. €. ero anuna cocrasisier 0,142. Torna Ui onpeneneHus napaMeTpoB GYHKIUN MPUHAUIKHOCTH X|
mpu ¢ = 1,9 HEOOXOIUMO JaHHBIC COOTBETCTBYIOIIETO CTOJI0IA Ta0d. 3 YMHOXHUTh Ha KOI((UIIMEHT
11,9 = 6,068/8,22 = 3,387/4,11 = 0,74, a ana Xo — Ha KO3pPHUIMEHT 1123 = 1640,774/8,22 =

= 820,387/4,11 = 199,61 (Tabn. 4). [Ans pacuera KOHKPETHBIX MapamMeTpoB QYHKIMIA MPHHAIIISKHOCTEH
tepmoB U panHbIe cronbua Tabm. 3 HeoOXoauMo MacimTabupoBath Ha KoddummeHnt po = (1,071-
—0,929)/4,11 = 0,035 u cnBuHYTH Ha 1 BIIpaBo.

JanHple Ta0). 3 W MX aHAJIOTH MPH MPOYUX 3HAUYCHHUSIX 3HAMEHATENS ¢ TO03BOJSIOT HACTPOUTH 11
[MN-moqo0HBIX HEYeTKHX Jormueckux perynstopoB Fuzzy PI 1,5, Fuzzy PI11,7, Fuzzy PI 1,9,
Fuzzy PI 2,1, Fuzzy P1 2,5, Fuzzy PI 2,7, Fuzzy PI 2,9, Fuzzy PI 3,1, Fuzzy PI 3,3 u Fuzzy PI 3,5.

Ta6bnuua 4
®dakTnyeckue napameTpbl TepmoB X1, X u Unpn gq=1,9
Table 4
Actual parameters of terms X;, X;and U at g=1.9
Tepmbl [Tapamerpsl X X5 U
Imins, -3,034 —820,387 0,929
i Ipeaks; 3,034 820,387 0,929
rpeaks, —-1,403 —379,254 0,967
rlmins, —0,369 —99,804 0,991
Imins, —-1,403 —379,254 0,967
I peaks, ~0,369 —99,804 0,991
rmins, 0,000 0,000 1,000
Imins; —0,369 —99,804 0,991
I peaks; 0,000 0,000 1,000
rmins; 0,369 99,804 1,009
Imins, 0,000 0,000 1,000
r* peaks, 0,369 99,804 1,009
Minsy 1,403 379,254 1,033
Iminss 0,369 99,804 1,009
55 Ipeakss 1,403 379,254 1,033
rpeakss 3,034 820,387 1,071
rminss 3,034 820,387 1,071

AHau3 3aBUCHMOCTH KayecTBa ynpasJjenus [IU-nmogo6Horo HeueTkoro

JIOTHYECKOI'0 PeryJsiTtopa otT napamMeTpoB (P)YHKUHMHA IPUHALICKHOCTEH

TEPMOB €ro BXOJHbIX U BBIXOJHBIX NepeMeHHbIX

AHanM3 MepexXoIHbIX MPOLIECCOB B KOHTYpE ynpasieHus ¢ I1-mogo0HbIM HEYSTKUM JIOTHYECKUM
perynsaTopoM Ha BpemeHHOM uHTepBasie 3 000 c. MO3BOIMI YCTAaHOBUTH HAJIMYWE JBYX HX THUIIOB.
[pu ge{1,5; 1,7; 1,9; 2,1; 2,7; 3,1; 3,5} ommbKa peryjiMpoBaHHs B PacCMaTpPUBaeMOM IPOMEKYTKE
BPEMEHHU JTOCTUTAET HYJEBOrO MM OJIM3KOrO K HyJIeBOMY 3HaueHus (puc. 4); npu g€{2,3; 2,5; 2,9; 3,3}
omuOKa peryIupoBaHusl KOJIeOIeTcsl ¢ He3aTyXamlel aMIUTUTYIOH B OKPECTHOCTH HYJIEBOTO 3Hade-
Hus (puc. 5). [lomydeHHbIe JaHHBIC TO3BONSAIOT MPENOIOKUTE, YTO JUIS pAcCMaTPUBAaeMOro 00beKTa
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YIpaBiIeHHs] HEUETKUE PEryJsTophl, TOCTPOEHHBIE Ha TEOMETPUYECKON MPOrPEcCHH CO 3HaAMEHaTeleM

g < 2,3, IO3BOJIAIOT AOOMTHCS YJIOBJIETBOPUTEILHOIO KauecTBa PEryIUpOBaHus, TOTAa Kak mpH ¢ > 2,3
COOTBETCTBYIOIIIME MEPEXOHBIEC TIPOIIECCH BEAyT ceOsl HempeackazyeMo. EcTecTBeHHO, TaHHOE yTBEp-

KHUM IIarom.

XKJIeHHe TpeOyeT MPOBEpKH IMyTeM Tepedopa 3HaYeHUI 3HaMeHaTeNs nmporpeccuu ¢ < 2,3 ¢ Gonee Men-

\ // Fuzzy Pl 1.5
4 \ p —=—Fuzzy PI 1.7
‘\ -7 —e—Fuzzy Pl 1.9
\ P — — —Fuzzy Pl 2.1
6 - T Fuzzy Pl 2.7
————— Fuzzy Pl 3.1
—*— Fuzzy Pl 3.5
8 | | | | | | | | ! I
0] 200 400 600 800 1Q_p0 1200 1400 1600 1800 2000
Puc. 4. NepexogHblie npouecckl npu q € {1,5; 1,7; 1,9; 2,1; 2,7; 3,1; 3,5}
Fig. 4. Transient processes at q € {1,5; 1,7; 1,9; 2,1; 2,7; 3,1; 3,5}
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Puc. 5. NepexoaHblie npouecckl npu q € {2,3; 2,5; 2,9; 3,3}
Fig. 5. Transient processes at q € {2,3; 2,5; 2,9; 3,3}

Jnst OLIEHKM KadecTBa YIPaBICHHS HEYCTKUX JIOTHUECKHX PETYIATOPOB IIEPBOTO THIA
(Fuzzy PI 1,5, Fuzzy PI 1,7, Fuzzy PI 1,9, Fuzzy PI 2,1, Fuzzy PI 2,7, Fuzzy PI 3,1 u Fuzzy PI 3,5) no-
MuMO max|AY(#)| u t, 6bLIO MOACYNTAHO KOJIMUYECTBO CMEH 3HaKa IepexoaHoro mporecca N (Tabm. 5).
Ha ocHOoBaHHMM CpaBHEHHs IOJyYEHHBIX MOKa3aTeled MexIy co0ol, a Takke C COOTBETCTBYIOIIMMHU

nmokazartelsiMu padboTbl oosraHOro [TU-perynsaTopa MOXXHO yTBEPKIATh CIEAYIOIICE:
24
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Tabnuua 5
Moka3aTenu kayecTBa ynpaBneHUsl HeYeTKUX PerynsTopoB
Table 5
Control quality indicators of fuzzy regulators
Perynstop max|AY(?)| b N
[IU-perynsTop 3,034 1990 0
Fuzzy PI 1,5 0,00034 762 8
Fuzzy PI 1,7 0,0001 584 1
Fuzzy PI 1,9 0,0 0 0
Fuzzy PI 2,1 0,0006 746 1
Fuzzy PI 2,7 0,0003 585 1
Fuzzy PI 3,1 0,0002 457 3
Fuzzy PI 3,5 0,00007 0 15

— ITo ypoBHIO max|AY(#)| Bce paccMOTpEHHbBIE HEUETKUE PETYIATOPHI MO3BOISIOT TOOUTHCS CyIlle-
CTBEHHO JIy4IIIero KauyecTBa YIPaBJIEHUS MO CpaBHEHHUIO ¢ 00brHbIM [IM-perymstopom. Ilpu satom pe-
rymsatop Fuzzy PI 1,9 no3Bosnsier moouthest HyleBoro ypoBHsi maxAY(¢); ycTaHOBUTB, AEHCTBUTENBHO JTX
perynsaTop SABISETCS «UAeaTbHBIMY» HIIM MOTYYEHHBIN pe3ylbTaT eCTh HeKas aHOMaius, 0e3 JOMOIHH-
TENFHOT'O MCCIIEIOBAHUS HE MPEICTABIISICTCS BO3MOXHBIM. 3a uckmodeHnneMm Fuzzy PI 1,9 dopmanbho
TydInee 3HaYeHNE TaHHOTO TIoKa3aTens JocTuraercs perymsitopom Fuzzy PI 3,5.

— Ilo BennunHe BpeMEHH PEryJIMpPOBaHMsA f, BCE PACCMOTPEHHBIE HEYETKHE PETYIATOPHI TAKKE JIe-
MOHCTPHUPYIOT 3HAYHTENHHO JIYYIIHe Pe3yibTaThl 0 cpaBHEHHIO ¢ 00bIYHbIM [IH-perymstopom. JIyd-
HIMMH 10 JAHHOMY KPHUTEPHUIO BHOBB SABJISIOTCA peryistopsl Fuzzy PI 1,9 u Fuzzy PI 3,5.

— Ilo umcny mepexomoB uepe3 HOIb BCE PACCMOTPEHHBIE HEUETKHUE PEryJsITOphl, KpoMe
Fuzzy PI 1,9, ycrynator xnaccuueckomy IIM-perymsaropy. Hauxynmme pe3ynabTraTtbl JeMOHCTPUPYIOT
PEryIaTOpHl C TPAaHUYHBIMHU MTOKa3aTeNsAMU ¢, T. €. Ny s= 8 npu g = 1,5 u N3 5= 15 ipu ¢ = 3,5.

B npeanonoxxennu, 4T0 OCHOBHBIM KPUTEPUEM SIBIISIETCS MAaKCUMYM MOJYJISl PacCOriacoBaHUs MPH
YCIOBHM MHHHUMAJIbHO BO3MOXKHOT'O YHCJIA MEPEXO0J0B Yepe3 HOMb M 32 MCKIIOUEHHEM BO3MOXKHO aHO-
MajbHoro perynsaropa Fuzzy PI 1,9, nyummmm Heuerkum perynstopom siBiserca Fuzzy P11 1,7. [lpu Tom
K€ OrpaHMYCHHWH HA CMEHY 3HaKa PacCOoriiacoBaHMs OH TaKkKe 0OecreurMBaeT U MUHUMAIBHOE BpeMs
peryanpoBaHus.

3ak0ueHue

[IpoBenenHoe HamMM HCCIEOBaHUE TO3BOJISET YTBEPXKAATh, YTO HCIIOIB30BAHHE T'€OMETPUUYECKOI
nporpeccul mist HacTpoku [TH-mogoOHBIX HEYETKHX JIOTMYECKUX PEryJsiTOpPOB IMO3BOJISIET MOMYYUThH
BeChbMa HEIUIOXHE pe3yJbTaThl yIpaBicHUsA. EcTecTBeHHO, Kak W B ciydae C¢ oObraHbIMEH [TM]]-
peryasTopaMu, JajeKo He BCe HACTPOMKH JAIOT yIOBJIETBOPUTENBHOE KaYeCTBO YIPABIECHUS: MpH TIpe-
BBIIIEHUH 3HAMEHATENs IPOrPECCHH BEIUYHHBI 2,3 MOBEACHNE CUCTEMbI CTAHOBHUTCS HENPEACKAa3yeMbIM.
Tem He MeHee MOKazaTeNN KayecTBa PEryaHpOBaHUS CEMH W3 OJUHHAALATH HEYETKUX PETYJSTOPOB 3HA-
YHUTENTBHO TIPEBOCXOUT COOTBETCTBYIONINE TIOKa3aTenu kiaccuueckoro [TH-perymsropa, mpu 3Tom obec-
MEYNBACTCS COKpAallleHHE KaK BPEMEHH pEeryJHpOBaHUsS, TAK U MaKCUMaJbHOW aOCONIOTHOW BETHYMHEI
paccoriacoBanus. [Ipy 3TOM BBISBIEH HEOCTATOK YIIPAaBIEHUS HA HEUETKOMN JIOTMKE — HAJIMYKE Tepexoa
OIIMOKK PETYITMPOBAHUS Yepe3 HOMb, MHOT/IA HE SIMHCTBEHHOTO. B CBS3M € 9TUM ClleyeT OTMETHTh, YTO
MIPY HACTPOHKE PEryJsITOPOB Mbl BAPLHPOBAIH TOJBKO JJIHHAMUA OCHOBAaHUN (YHKIMH TPHHAIICKHOCTEH
TEPMOB HX MapaMeTpoB, T. €. ObUIH MCIOIB30BaHbI HE BCE BO3ZMOKHOCTH HacTpoiku. Kpome Toro, ObutH
paccMOTPEHbI PEryJIsATOPHI C TapaMeTpaMu, HACTPOSHHBIMU TTOCPEACTBOM I€OMETPHYECKON MTPOrPECCUH C
OJIMHAKOBBIM 3HaMEHATEJIEM, U BOMPOC 00 MCIOJIb30BaHUU Pa3HBIX 3HAMEHATENeH Uil pa3HbIX Mapamer-
pOB TpeOyeT nanpHelInero mzydeHus. Tawke B MpoIECcEe MCCIENOBAaHHUS ObUIO YCTAaHOBJICHO, YTO TPH
YpOBHE 3HaMeHaTeJIsl mporpeccuu g = 1,9 ommbka peryaupoBaHus OKa3bIBACTCSl HYJICBOM HA BCEM MHTEp-
BaJie MOJICTTMPOBAHUS. JTO MOXET O3HAYATh CYIIECTBOBaHHME «HjeanbHoroy» [1H-nogobHOro HeyeTkoro
peryasTopa, OAHAKO JaHHOE IPEATONIoKeHHE TPeOyeT TOMOIHUTEIHHOT0 HCCIIEI0BAHMS.
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PI-TYPE FUZZY CONTROLLER TUNING
BY MEMBERSHIP FUNCTIONS PARAMETERS
DETERMINATION USING GEOMETRIC SERIES

A.V. Kopoteva, kopoteva_av@mail.ru

Perm State National Research Polytechnical University, Berezniki Branch,
Berezniki, Russian Federation

Introduction. In the issue we consider the possibility of geometric series application for fuzzy
logic controller tuning. Triangular and trapezoidal membership functions are often used for fuzzy
controller parameters description, and determination of those functions bases is a common way to
tune the controller. Our related publications review revealed that there is no universal fuzzy control-
lers tuning method, and that approaches to the problem are usually quite difficult and not sufficiently
described to understand and reiterate.

Aim. So for the purpose of our research we assumed that bases of fuzzy controller input and out-
put parameters membership functions could be described with a numerical sequence. In that case the
entire tuning procedure may be reduced to mere selection of such numerical sequence parameters.

Materials and methods. Geometric series with unit as a first member were chosen to avoid am-
biguity, different ratios from 1.5 to 3.5 with an increment of 0.2 were chosen for second and third series
members calculations. Calculated values were used as membership functions term bases for eleven
subsidiary linguistic variables. Then we obtained ranges of control, control error and its time integral
values variations for a specific control object using automatically tuned PI-controller. Using MATLAB
FIS-editor we constructed Pl-type fuzzy controller assuming that both of its input and an output param-
eters has five terms. By projecting the subsidiary linguistic variables gained earlier on each parameter
range we obtain eleven different types of PI-type fuzzy controller tunings. They then were applied for
time delay technological object controlling, seven of which proved to be functioning.

Results. Comparison of functioning fuzzy controllers’ transient processes with corresponding
ordinary PI-controller transient process allowed us to determine that all seven Pl-type fuzzy control-
lers’ quality criteria values are much better that those of ordinary PI-controller. Conclusion. Our re-
search showed that usage of geometric series can be an effective and easy way to obtain fuzzy con-
trollers tunings of satisfactory quality.

Keywords: fuzzy logic controller, membership function, geometric series, control object with
time delay, control error, control time, Pl-controller.
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NMPOrHO3HOE YMNPABIEHMUE NTOKANbHOW
rOPOACKOWN CUCTEMOWU TEMNJIOCHABXXEHUA
HA OCHOBE HEMPOCETEBOI'O MOAEJINPOBAHUA

I.B. Hem6aii', B.[]. OHuckue', B.lO. Cmon6oe’, P.P. Kapumog?

1/76,0MCKUL7 HayuoHarnbHbIlU uccriedosamersibCckull noaumexHU4YecKkul yHueepcumem,
2. lNMepmb, Poccus,

2000 «CO®T-M» 2. Mepmb, Poccusi

Beenenue. PaccmatpuBaercs 3a/1aua IPOrHO3HOTO YIPABJIEHHS TEIUIOCHA0KEHNUEM MTOTpeduTe-
JIel ¢ IOMOIIBI0 HelpoceTH, 0O0y4YeHHOW Ha CTaTHCTHYECKUX JAHHBIX, MOJY4aeMBbIX C MOJICUCTEMBI
MoOHUTOpHHTa. ONTHMaIbHOE YIpaBJiIeHUE TEMIIEPaTypoil BOJbI Ha BBIXO/IE U3 KOTEIbHOM MO3BOISAET
9KOHOMHTH TOIUIMBO M HE JOIMYCKATh €ro mepepacxona, 0COOEHHO IpH OBICTPOM CMEHE IMOTOAHBIX
ycaoBuil. OkumaemMasi 5KOHOMUSI TOIUIMBA COCTaBUT 5—15 % B 3aBHCHMOCTH OT TEMIEpaTyphbl BO3-
JTyXa B OTONUTENIBHBIN CE30H M COCTOSHUS TETJIOCETH.

Leas uccaeqoBanusi. PazpaboTka MHTEIUIEKTYaIBHOTO MOAYJIS JJIsl IPOrPaMMHO-aIIapaTHON
ABTOMATH3UPOBAHHOW CHCTEMBI yrpaBieHus «Aurora. TeruoBoii Oananc B XKKX», mo3posnsromniero
BCCTH aBTOMATHYCCKOC PEryJIMPpOBAHHUC TEMIICPATYpPhl BOAbLI HAa BBIXOIC KOTEJILHOM ¢ Y4€TOM IIpO-
T'HO3HOI'O UBMEHCHUA ITOI'OAHBIX yCHOBHl;’l IpH BBINIOJTHCHUN O6ﬂ3aTeHbeIX TpeGOBaHl/lPll Ha TeMIIC-
paTypy Ha BXOJ€ K IOTPEOUTEIISIM.

Martepuanbsl M MeToabl. VIcKyccTBEHHass HEWpOHHas CeThb pacCMaTpHUBaeTcs B KadyecTBE OC-
HOBHOT'O MHCTPYMEHTA, MHHHUMU3UPYIOIIEr0 OIINOKH, CBSI3aHHBIE C PYYHBIM YIIPaBJICHHEM TeMIle-
patypoii Ha BeIXOJle U3 KOTenbHON. HelipoHHbIE ceTH B BUJIe MHOTOCIIOWHOTO MTEPCENTPOHA U TITy0o-
koro ooydenuss LSTM mo3BONSIOT MpeacKa3biBaTh HEOOXOMUMYIO TEMIIEPaTypy KOTIa ¢ Y4eTOM
WHEPLUUOHHOCTHU TEIUIOCETH M MPOTHO3HBIX TEMIIEpaTyp BO3ayXa. J{Jst 3aMThl MOAEIH OT Mepeody-
YEeHHs UCTIONB30BajIcs MeToa dropout ¢ BeposiTHOCTEIO 0,2.

Pesyabratbl. VccnenoBansl BO3MOXKHOCTH HelpoceTell, 00y4eHHBIX Ha OCHOBE CTAaTHCTHYeE-
CKUX JTaHHBIX, IpeACKa3bIBaTh ONTHMANBHYIO TEMIEpaTypy HarpeBa KOTia ¢ y4eTOM OTrpaHHYeHUM
Ha TeMIIepaTypy TEIUIOHOCUTENs, MOCTYIAIOIMIEro B JOMa, U MPOTHO3HBIX 3HAUEHHUH TeMIepaTypbl
Bo3ayxa. OOOCHOBaHO NPHMEHEHHE HEHPOCETEBOW MOJENU B BHJE MHOI'OCIOWHOIO IEepCenTpOoHa,
MIOKa3aBIIeH XOpOIINe Pe3ynbTaThl IPU HCCIEIOBAHUU BpEMEHHBIX psioB. [IpencraBieH JeMOHCT-
PALMOHHBIN NpUMep NPUMEHEHUS MHTEUIEKTYalbHOM CHCTEMBI yNpaBJeHHUs A 3aJaHHOW Topoj-
CKOM TEI0CeTH.

3akmouenue. [IpeyioxkeHHbIE METO/IBI M MOJIENTU arnpoOUpPOBAaHBl HA PEANIbHBIX JaHHBIX, YTO
MOATBEPXKIAET BO3MOXKHOCTh MX HMCIOJNB30BaHUS MPH pa3pabOTKe WHTEIEKTyaJbHOW MH(popManu-
OHHOM CHUCTEMBI YIPaBIICHUS TEITIOCHA0KEHUEM.

Kniouesvie cnosa: mennocems, npocHosnoe ynpaeieHue, UHMEIIEKMYAIbHAsA CUCeEMA, Heupo-
cemegoe MOOenuposanue, Heupocemu 21y60K020 00yYeHUsl, YNpasileHue Mmemnepamypoi Komid,
UHEPYUOHHOCHb MEeN0Cemu.

Beenenue

B nacrosiee Bpemst s yripaBieHHs Ta30BBIMHU KOTEIbHBIMUA HAYMHAIOT BHEJPSTH CUCTEMBI, TTO3BO-
JISIONIE B @aBTOMAaTHYECKOM PEXUME MOAIeP KUBATh HEOOXOAUMYIO TEMIIEPATypy TEINIOHOCUTENS Ha BBI-
XO0JIC M3 KOTEJIbHOW COrJIacHO yTBepkaeHHOMY «TemmnepaTypHomy rpaduky» [1]. Kak mpaBuio, TpeOye-
MYIO TeMIIepaTypy 3a/JaeT OonepaTrop JASKYPHOH CMEHBI B PYyYHOM PEXHME ITOCPEICTBOM BBOJA HY)KHOU
TeMIIepaTyphl B MHTepdelice OJioka yrnpaBieHus: KOTJIOM. KoppekTHpoBKa 3HaUeHHUH TeMITepaTypbl IPOu3-
BOJIUTCS OJIMH pa3 B JiBa Yaca COrJIacHO MOKa3aHUSIM TEPMOMETPa TEMIIEPaTyPhbl OKPYKaIOIIEH CPE/IbL.

Hcnonp3oBanne mogoOHON aBTOMATHUKU TIO3BOJISIET OOECIIEUUTH IMPOIECC PAMOHAIBHOTO PEXHMA
CrOpaHus TOIUIMBA C TOCTIKEHUEM MakcuMaibHO Bo3MOoKHOTo KII/[ [2]. DTo cyrecTBEeHHO CHIDKAET ce-
0ecTOMMOCTh Tpollecca MOAICPKaH!sT HEOOXOAUMOTO TEMITEPaTypHOTO pekrMa B JoMax. s paccmar-
pHuBaeMoii B TaHHOH paboTe KoTenbHOU 3ddexT gocturaer 12—15 % mo rogoBoit 3koHOMEN ra3a. OTMe-
THM, YTO SKOHOMHSI 3aBUCHT OT TEMIIEpaTypbl OKPY>KaIOIIeH Cpeibl BO BpeMs OTOIUTEIHHOIO CE30Ha.

JansHelyM pa3BUTHEM HJIEM aBTOMATU3UPOBAHHONW CUCTEMBI YIIPABIECHUS TEMIIEPATYypPOM TEII0-
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HOCHUTENS SIBJSIETCSl pa3paboTKa ¥ BHEIPEHUE CHCTEMBI, MOJJICPKHUBAIOIICH ONTHMalbHOEC 3HAUCHUE
TEMIIepaTyphl B JIOMax MMOTPEOUTENEH C y4EeTOM NMPOrHO3HOTO 3HAYECHHUS TEMIIEpaTyphl BO3/IyXa.

[Ipu nBMKEHUU TETUIOHOCUTENA IO TEMJIOCETH MPOUCXOAUT YaCTUYHOE PACCeUBAHNUE €r0 BHYTPEH-
HEl YHEPTUU B OKPYKAIOIIYIO cpefy. TakuM o0pa3oM, CYIIECTBYET pa3HHUIA B TEMIIEpAType TEIJIOHO-
CHUTEJIS Ha BBIXOJIC M3 KOTEIbHOW U MPH JOCTUXKCHUH TIOMOB moTpeduTenei [3]. Pa3Huia aTux Temriiepa-
Typ €CTb BC€JIMYMHA HE IMOCTOAHHAsA, U, KpOME€ TOIO, OHa M3MCHIACTCA B 3aBUCUMOCTU OT TEMIICPATYpPbI
TEIUIOHOCUTENS U OKPY’)Kalollel cpelibl HETMHEWHO. Y CTAaHOBJIEHHWE 3TOM 3aBUCHMOCTH €CTh HETPUBH-
anbHasg 3a/1ava, JUId pelieHus] KOTOpOil MpeAronaraercs HUCIOIb30BaTh COBPEMEHHBIE JTOCTHKEHHS B
O6JIaCTI/I MaTEéMaTHKH U, B YaCTHOCTHU, MAallIMHHOI'O O6yquI/I$I, HeﬁpOCGTeBOFO MOACINPOBAHUA U HEYCT-
Koii noruku [4, 5].

Ceituac 11st moiep>KaHUs TEMIIEPAaTyphl B IoMax MOTpeOuTeNeil B paMkax HOpMAaTHBOB, OpraHU3a-
oy, nocraBjigromias yCeiayru TCHJ’IOCH&G)KCHI/IH, BBIHYX/JICHA IMOJACPKUBATH 3aB€AOMO BBICOKYIO TEMIIC-
paTypy TeIJIOHOCHUTENS Ha BBIXOJIE U3 KOoTenbHON. Kak ciencTBue, Temneparypa B AoMax morpedurenen
TOXE 3HAYUTENHHO BhIle TpeOoBaHui «TemmepatypHoro rpadukay. [lo mpeaBapuTenbHBIM pacyeram,
npenoctaBieHHbIM Kommnanued «CODT-My, 3aHuMaromieiicsi apToMaTu3ayei mpoiecca TemiocHao-
KEHUSI ¢ TIOMOIIBbI0 pa3paboTaHHON MH(YOPMAIMOHHOW CHCTEMBI ynpaBiieHusi «Aurora. TerutoBoit Oa-
nanc B JKKX», cHIDKeHUE TeMIlepaTyphbl TEIUIOHOCUTENS B IOMax JI0 YPOBHs, HE HIDKE TpeOyeMol Ha
3 %, MO3BOJIAT TOOMTEHCS ITOMOIHUTENLHON YKOHOMHHM TOIUIMBA 0K0I0 5—10 % 3a 1o B 3aBUCHMOCTH OT
TEMIIEPaTyphl OKPYKAIOLICH CpPEnbl.

B nmannoi craThe paccMaTpuBaeTcs Mpolecc pa3paboTKU WHTEIUIEKTYaIBHOTO MOIYJISl aBTOMATH-
3UPOBAHHON CHCTEMBI YIPABIICHUS TEIUIOBOW CETHhIO IJISi TOPOJCKOW KOTenbHOUN. Kommanwei, 3aHuU-
Maroleics TernaocHabXeHneM, ObITH MPEJOCTABICHBI CTATHCTHYECKHUE JaHHBIC O TEMIIepaType TEeIIo-
HOCHUTENS Ha BBIXOJE M3 KOTeNbHOM 3a nepuon 01.12.2018-31.05.2019. Kpome Toro, ObuIH npeaocTas-
JIEHB! JaHHBIE O TeMIlepaType TEIUIOHOCUTENI Ha BXOJE B IoMa U TeMIlepaTypa OKpYKaloIlel cpesbl.
CHATHe TOKa3aHuN TeMIepaTyphbl TEIITOHOCUTENS IPOU3BOANUIINCH pa3 B 3 MUHYTHI. 3HaUeHUS TeMIlepa-
TYpBl OKpYIKaroleil cpenpl ObUIM 3amucanbl ¢ HHTepBaIoM pa3 B 10 muHyT. C UCIONB30BaHUEM 3THUX
JaHHBIX MNPEAIoaaracrCsa yCTaHOBUTHL 3aBUCUMOCTE MCEKIY TGMHCpﬂTypOﬁ TECINIOHOCHUTCIISI HA BXOJC B
JIOMa ¥ €ro TeMIepaTypoll Ha BBIXOJE M3 KOTeNbHOH. J[Js ycTaHOBIEHUS STOIM 3aBHCUMOCTH ObLiIa IMO-
CTpOEHa MaTeMaTH4yecKas MOJielb B BHJIe OOyUYEeHHOW HEHpOCeTH, KOTopas TMOJ0KEHa B OCHOBY MHTEI-
JIEKTYaJIbHOI'O MOAYJISl aBTOMaTU3UPOBAHHONW CHCTEMBI YIIPABJICHUS TEILUIOBON CETBIO.

B nocnennee Bpemsi oTedecTBEHHBIE [6] 1 3apyOekHbIe [ 7] MCCIenoBaTEN MPOSBIIAIOT OONBITION WH-
TEPEC K MCIOJIB30BAHUIO METOJ0B MCKYCCTBECHHOI'O MHTCIIJICKTA I YHPAaBJICHUA WHXCHCPHBIMU CUCTC-
Mamy, 00eCTICYMBAIONIMMHE TOJJIep)KaHHe B 3aJaHHBIX MpeieNiaXx MapaMmeTpoB BO3ayxa (TeMIepaTypebl,
BJIAKHOCTHU B XUMHWYECKOI'O COCTaBa) BO BHYTPCHHHX ITOMCIICHUAX 3}13HHI>'I. B anrnosseraHoit JMTepaTrype
Takue cuctembl HaspiBaloT HVAC-System (Heating, Ventilation, & Air Conditioning System). 3agaua
ynpaeneane HVAC-cuctemamu 0113Ka K MOCTaBICHHOH ITpo0iieMe ONTHMAIILHOTO YIIPABIEHHS TETUIOBOI
CEThI0, IIOATOMY NPEK/E BCETrO BBI3BIBAIOT MHTEPEC METO/IbI, KOTOPHIMH MOJIB3YIOTCS HCCIIeIOBATEINH.

Hampumep, B pabore [8] mis co3nanus 6esmonenbHoi (model-free) onTumanbHOM OagaHCHPOBKU
HVAC-3nmanus, koropoe ObUIO KOHAWIIMOHUPOBAHO UYETHIPHMS KOHJUIIMOHEPAaMH, JBYMS JJIEKTpUYE-
CKUMH YWIJIEPAMH, TPaJUpPHEH M JABYMsI HacOCaMH, MCIOIb30BAJICS COBPEMEHHBIH METOA OOYYEHUS C
nonkperuienueM DQN, KOTOpBIi MO3BOJIMII CHU3UTh 00I11ee moTpediieHrue suepruu Ha 15,7 % mo cpas-
HEHUIO C 6330BBIM PEXKUMOM, COXpaHUB KOHICHTPAIIHUIO C02 B NIOMCHICHNU HWKEC YCTaAaHOBJICHHOT'O OI'-
pannyenusi. B pabdore [9] ans moBbIIeHUs] KauecTBa pabOTHl CHCTEMbI BEHTHIISIIUN METPOIIOJIUTEHA U
CHIDKCHUS €€ HEPronoTpeOJICHHs NCTIONIb30BANIACh HHTEIUIEKTYaNbHAS CHCTEMA YIPaBJICHUS] BEHTHIIS-
e, OCHOBaHHAsi HA alTOpUTME TIyOoKoro oOy4deHHs ¢ ToakperseHueM. [loctpoeHHass HelpoceTh
MO3BOJIMJIA CHU3UTH NOTpebaenne dHepruu 10 14,4 % v MOBBICHTH KA4eCTBO BO3/IyXa.

[IpuBeneHHBIe TPUMEPBHI MOKA3BIBAIOT, YTO MPOOJIeMa WHTEIIEKTYalbHOTO YIPABICHUS TEIIOBOH
cerblo, oTHocsmuercs kK HVAC-cucremawm, sIBIsieTcsi akTyanbHOW, a BRIOpAHHBIM METO/I yIIPaBJICHHS HA
OCHOBE HEHPOCETEBOI'0 MOICITMPOBAHHMSI 00J1a1a€T HOBU3HOM.

Henp uccenoBanust — pa3paboTka MHTEIICKTYaIFHOTO MOl JUIsl IIPOrpaMMHO-aINapaTHOW aB-
TOMATH3UPOBAHHON CHUCTEMBI yrpaBlieHus1 «Aurora. Terooii 6ananc B JKKX», M0o3BOJISIONIETO0 BECTH
ABTOMATHUYCCKOC PEryJIMpOBaHNEC TEMIICPATYpPhbl BOJbI HAa BbIXOAC U3 KOTEIbHOM ¢ YUY€TOM ITPOIrHO3HOI'O
HU3MCHCHHS IIOT'OAHBIX yCJIOBI/II‘/'I IIpU BBIITIOJIHCHUHU O6H33T€HBHI)IX TpC6OB3HHI7[ Ha TEMIIEpaTypy TCILIO-
HOCHUTCIIA ITPU BXOAC K HOTpe6I/ITeJI$[M.
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OHTI/IMEU'H)HOC YIIpaBJICHUC TeMHepaTypOﬁ BOAbBI HA BBIXOAC KOTJIA ITO3BOJIMT DKOHOMUTH TOIIJIMBO U
HE JIONYCKAaTh €ro rnepepacxoa, 0cOOCHHO MpH ObICTPOI CMEHE MOrOAHBIX YCIOBHM.

1. IlocTanoBKa 33124y yNpaBJIeHUs

Ha puc. 1 nokazana ycinoBHasi cxemMa TEIJIOCETH, OCHOBHBIMHU 3JIEMEHTAMHU KOTOPOM SIBIAIOTCA y3-
Jipl, 00pa3yrolpe e€ Tonojaoruio: Temiopbie kKowiekTopsl (TK) n mMHorokBaptupusie qoma (MKJI), co-
eIIMHEHHBIC MKy cO00M TpyOaMu, 10 KOTOPBHIM JTOCTAaBISACTCS TEIUIOHOCHTENb. TerioceTh mpecTas-
JsieT co00i IPEBOBHIHYIO CTPYKTYPY, JIeecTKaMu KOTopoi siBistirorest MK/,

LI 1

KotenbHas

e TK 2

’ | 00

MKJL 6

T

MK]] 2 MK 5

Puc. 1. Mpumep MmoaenupyemMmon ApeBOBUAHON CTPYKTYPbI TENJIOCETH
Fig. 1. An example of a simulated tree structure of a heating network

Tpebyercss HAWTH TaKyl0 ONTHMAaJIbHYIO TEMIIEPATypy Ha BBIXOJC M3 KOTENBHON B Ka)IIbIi 3a/1aH-
HBII MOMEHT BPEMEHH, MPHU KOTOPOW OYAYT BBITIONHATHCS CIEAYIONIME OTPAaHUYCHHS TPH 3aJaHHOU
MPOTHO3HOM TeMIepaType BO3ayXa:

®  [IOJIHOCTHI MCKJIFOUHTh OTKIOHEHHE TEMIIEPATYPhl TEIUIOHOCUTENS Ha BXOJE B OTAILIMBAEMBbIE
3/1aHMS OT 33JJaHHOW B MEHBIIIYIO CTOPOHY;

®  COBOKYIIHOE OTKJIOHEHUE TEMIIEPATypbl TEIUIOHOCUTENS HA BXOJE B OTAIlJIMBAEMBbIE 3/1aHUS OT
3aJJaHHBIX B OOJBIIYIO CTOPOHY JJOJDKHO OBITh MUHUMAITEHBIM.

CdopmynupoBaHHast BhIIIE 3a7jadya MPOrHO3HOTO YIPABJICHHSI MOXET OBITh 3allicaHa B MaTeMaTH-
YECKOM BUJIE KaK JUCKPETHAS 110 BPEMEHH 3aa4a YIIPABJICHUS TEMIIEPATYpPO Ha BBIXOAE U3 KOTEIbHON
B 3aBUCHMOCTH OT IIPOIHO3HOI'O 3HAYEHUS TEMIIEpaTyphl BO3AyXa.

IIyctb B HEKOTOpBII MOMEHT ¢ H3BECTHO TEMIIEPATYPHOE COCTOSIHUE TEIUIOCETH, a HMEHHO:
T, — TemmiepaTypa BOJbI Ha BBIXOZE U3 KOTNA, 15, i = 1...m, — TemmepaTypa TeIJIOHOCUTENS Ha BXOJE B i-
it MKJI, m — xonu4ecTBo notpebutenei B cetu. Kpome Toro, B MOMEHTEHI ¢ U (¢ + Af) U3BECTHBI HAPYK-
Has TeMmeparypa Bosayxa T, u ee mporHosHoe usmenenue 7, + AT, 3a Bpemst Af. Heobxoaumo omnpese-
JUTH TaKoe U3MEHEeHHe Temnepartypa kKorna ATy 3a Bpems Af, 4To B MOMEHT ( #+ Af) BBIIIOIHAIOTCS Orpa-
HUYEHUA TUIA HEPaBEeHCTBA!

Tyt + At > T (T, + AT,), Vi=1...m.

3necy T° — HOpMATUBHAs TEMIIEpATypa TEIIOHOCUTENs Ha Bxonae B MKJI, 3aBucsimas or akTyaib-
HO TeMIiepaTypbl Hapy>XKHOT'O BO3AyXa (OIMpenessercss COOTBETCTBYIOIIMMH HOPMATHBHBIMU JOKYMEH-
TaMH M3 3aJaHHOr0 TeMiepaTypHoro rpaduxka). Ipu stom cymma X" (Ti(t + AT (Ty(t + Af))) —0.
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Crnenyer oTMETUTh, OCTABIICHHAS 3aj1a4a UMEET PsJ] 0OCOOCHHOCTEH, 3aTPYAHSIONINX €€ PellcHue.
Bo-nepBrIX, TeMnepaTypsl Ha BXOJI€ B JOMa 3aBUCST HE TOJIBKO OT 1} U T, HO U OT TOIIOJIOTMH TEIJI0CE-
TH, CKOPOCTH JIBMKEHUS TEIUIOHOCUTENS, COCTOSHUS TEIUIOCETH U €€ TeIuionoTeps. Jpyrumu cioBamu,
3aBUCUMOCTb MeXAy 1} u TemmepaTypamu 7;,i = 1...m HOCUT CIOKHBIN HEMTWHEHHBIN XapaKTep, 3aBH-
CAIIMI OT MHOTHX (pakTOpoB. Bo-BTOpEIX, Jt00ast TemioceTh obnagaeT HEPIHOHHOCTHIO, TI0J KOTOPOit
TTOHMMAETCsl BpeMs 3ama3/bIBaHusl PeaKkINy M3MEHEHHUsS TeMIepaTyphl Ha BXOJE B JIOM OT M3MEHEHUs
TeMIepaTyphl Ha BBIXOZE U3 KOTEIbHOW. DTO BpeMs 3apaHee HEM3BECTHO M 3aBUCHT OT TOIOJIOTHH CETH
W CKOPOCTH JIBUXKCHUS TEIIIOHOCUTENS. be3ycloBHO, ero menecooOpa3Ho 3HATH Ui BEIOOpa meproja
MIPOrHO3HOTO YIIPABIICHHUS.

Jnist penreHus 3TuX mpodiaeM BO3MOXKHBI JiBa oaxoAa. [1epBhlif U3 HUX CBSI3aH ¢ HEOOXOIUMOCTBIO
MOCTPOCHUSI MaTEeMAaTHUECKOH MOJIENN TEIIOCETH, TO3BOJISIONICH HAaXOMUTh BCE HEOOXOJMMBIC HEJH-
HeWHbIe 3aBUCHUMOCTH. Jlpyrod moaxoj mpenmnonaraer Oe3MOJENbHOE ONTHMAaJIbHOE YIIPaBIICHHE
(model-free optimal control [8]), mpu KOTOPOM BCE 3aBHCHMOCTH OIPEICISAIOTCS M3 CTAaTUCTHYCCKUX
JAaHHBIX B X07i¢ oOyueHus HelpoceTd. OUeBHIHO, YTO BTOPOH MyTh oOMagaeT HEoOXOIUMOH OOIIHO-
CThIO ¥ siByIsgeTCst Oomee A dexkrrBHBIM. OH UCIOIB3YETCs B JaHHOM padorTe.

2. HeiipoceTeBoe MoJe1upOBaHue

B xauectBe HeiipoceTeBbIX MojeNell paccMaTpUBaJINCh MHOT'OCIOWHBIE TMEPCENTPOHBI U PEKyp-
peHTHBIe ceTH rirybokoro ooydyenus Tana LSTM [4, 10]. B xoxe mocTpoeHus: ONTUMAIBHON apXUTEKTY-
pBI Helpocern ObUTM OMPOOOBaHBI ceTH € 1, 2 U 3 CKPHITHIMU ciosiMU. Jlydiime pe3ynbTaThl MoKa3all
MHOTOCIIOWHBIN MEPCENTPOH C TPEMsI CKPBITHIMH CIIOSIMU. J{JIst 3aIIUTHI OT 1epeoOyueHHs UCIIOTb30Ball-
cs merox dropout [11, 12] ¢ BepositHOCcTBIO 0,2. CxemMaTHUHOE M300pakeHHUE UTOrOBOM apXUTEKTYPhI
nepcenTpoHa ¢ 3 cinosMu U 224 HelipoHaMHy MOKa3aHo Ha puc. 2. KomudyecTBO BX0J0B B HEUPOCETH CO-
OTBETCTBYET YHCITY TOTpeOUTENeH B cucTeMe U paBHO m. Ha BbIXoJe mony4aercsl 3Ha4eHHe TeMIepaTy-
PBI TEIIOHOCHUTEINS, pAaBHOM TeMIlepaType Ha BBIXOJE U3 KOTEIbHOM.

Input Dropout = 0.2
Dense x128 Dense x32
Dropout = 0.2 Dropout = 0.2
I ¥y
Dense x64 Dense x1

Puc. 2. ApxutekTypa HenpoceTu
Fig. 2. The architecture of the neural network

J1st ipoBepku pabOTOCIIOCOOHOCTH HEHPOCETH HMCHOIb30BATHMCh CTATUCTUYECKUE JAaHHBIC, MOTY-
YaeMble C MTOMOIIBI0 aBTOMATH3MPOBAHHON CUCTEMbI yrpaBieHus «Aurora. TerutoBoit 6ananc B JKKX»
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B IpoOIlecce PYYHOrO YIPaBJICHHUS TEIJIOCHAOXKEHHEeM Ha KoTenbHOM T. JIbichBa [lepMmckoro kpast B me-
puoa oronutenbHOro cezona 2018/19 roma. Moaens obydanack B xonae 200 utepanuii. B xauectBe
(GYHKIMU OTeph OBUIO BBIOPAHO KBaJIPaTHUYHOE OTKIOHEHHE. [Ipr 00y4eHNN HeHpOCEeTH MCIONb30BalI-
cst onrtumu3atop Adam [13]. locTHTHYTBIE MOJENBIO MIOKA3aTEIH TPUBEACHBI B Ta0MI. 1.

[IpoBepka Ha TECTOBOM MHOYKECTBE ITOKa3ajia, 9YTO MO/IENb KOPPEKTHO yCTaHABIIMBAET 3aBHCUMOCTD
MEKIY TeMIlepaTypol B JOMax W Ha BBIXOJIE M3 KOTENbHOW. Pe3ynbraT paGoThl MOAETH Ha TECTOBOM
MHOXECTBE MpHBeJieH Ha puc. 3. ['paduk ObLT criakeH npu noMonm anroputMa Xansa [14].

Ta6bnuua 1
ﬂOCTMrHyTbIe MoAenbio noKasaTtenu
Table 1
Indicators achieved by the model
[TokazaTens 3HaveHHe Ha 00yJaroIeM 3HaYeHHE Ha TECTOBOM
MHOKECTBE MHOKECTBE
CpenHee KBaJpaTUYHOE OT- 0.87 13
KIIOHeHue, % ’ ’
Cpenusis ~ OTHOCHTEIbHAs 13 71
ommnoka, % ’ ’
CpenHee 3HaYCHHE OIIMOKH, B 0.35
rpa. ’
MakcumaiibHOE ~ 3HayY€HUE B 343
OIIMOKH, Ipa. ’

| — PeanbHas TemnepaTypa Goiinepa
2 — PaccyuTaHaHa TemnepaTypa Goiinepa
?  — PasHWua no MOAYMIO
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Puc. 3. PeaynbTatbl paboTbl MOAenu Ha TECTOBOM MHoXecTBe (1 — peanbHas TeMnepartypa TenfoHocuTens
Ha BbIXxoAe U3 KOTeNbHOW, 2 — NpeAcka3aHHasA MoAenblo, 3 — Mmoayfib Pa3HOCTU Temnepartyp)
Fig. 3. The results of the model operation on the test set (1 — real temperature coolant at the outlet
from the boiler room, 2 — predicted by the model, 3 — difference modulus temperatures)

W3 npuBeneHHBIX pe3yNbTaTOB BUAHO, YTO OOydUeHHAs HEHPOCETh JIOBOJLHO TOYHO OIpPEeNseT
TeMIepaTypy TEIJIOHOCUTENS Ha BBIXOJIE U3 KOTEIbHOM, HCIIONb3Ys B Ka4eCTBE BXOJHBIX JAHHBIX TEM-
nepaTyphl TEIIOHOCUTENS Ha BXOJIE K MOTPEOUTENSIM Tera.

[IpencrarienHbie pe3ynbTaThl OOyUYEHHS M TECTUPOBAHHUS HEHPOCETH MOKAa3bIBAIOT, YTO TIOCTPOCH-
HYIO MOJIENTb MOXHO OY/IET MCIIONIb30BaTh JIsi BHIYMCICHUS TpeOyeMOl TeMIepaTyphl TEIOHOCUTENS
Ha BXOJZI€ B JIOMa U BBITIOJIHATH YIIPaBJIeHHE KOTEIbHOM.
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3. AHau3 pe3yJIbTaTOB

[Ipu ynpaBneHHH Ha OCHOBE IPOTHO3HOM TEMIIEPATYPhI OKPYKAIOIIEH Cpebl 1O 3aJaHHBIM TEMIIE-
paTypHbIM rpadukaM BBIYHCIISTIOTCS TpeOyeMble TeMITepaTypbl HOCUTENS TeIUla Ha BXOJE B JoMa, a Ha
OCHOBE 3TOH TEeMIIepaTyphl BBIYHCISIETCS ¢ TOMOIIBIO HeHpoceTH Tpebyemasi TemrepaTrypa Ha BBIXOJE
13 KOTEJIbHOM.

Jig TecTHpOBaHUS BO3MOXKHOCTH ITPOTHO3HOTO YIIPaBJIeH!Us ObLT BBIOpaH MepHOJT OTOMUTEIFHOTO Ce-
3oHa ¢ 01.02.2019 mo 01.03.2019. Inst sToro Mecsina OblIM cOOpaHbl TaHHBIE O TEMIIEpPAaType BO3IyXa,
cpenHee 3Ha4YeHHE KOTOPOK OKazanock Hanbosee HU3KkuM. [leproa yrpapneHus ObLI 3a/laH PaBHBIM 3 4a-
caM, YUYUThIBasd MHCPLIMOHHOCTL HCCJIeleeMOﬁ TCIJIOCETH U BO3MOXXHOCTHU IMOJYUYCHHUA JaHHBIX O ITPOTHO3E
norozsl. [Ipu aTOM B Iponiecce ynpasieHHs B KaX/Ibli 3aJaHHbI MOMEHT BPEMEHH 110 ITPOrHO3HOMY 3HA-
YEHHIO TeMIlepaTypbl BO3AyXa Ha 3 dyaca BIEpes OIMpPEAesyioch HOPMAaTUBHOE 3HAYEHHE TEMIIEPaTyphl
TEIJIOHOCHTEIISl Ha BXOJIE B JIoMa, KOTOPOE TI0IaBaIoch Ha BXOJ] O0yUeHHOW Helpocern. Ha BeIxone Hell-
pOCeTH MONTyYalioch ONTUMAIbHOE 3HAaYEHHE TeMIIepaTyphbl TEIUIOHOCUTENS Ha BBIXOJIE U3 KOTEIbHOM, KO-
TOPOE JJOJDKHO 00ECIIEUNBAThH TEMITEPATyPhl Ha BXOJIE B IOMa, OJIM3KHE K HOPMATHBHBIM 3HAUCHHUSIM.

PesynbTar paboThl MOzIENH, a TAaK)Ke 3HAYCHUS PEATbHON TeMIepaTyphl TEINIOHOCHTENST HA BBIXOJIE
13 KOTENbHOW MOKa3aHbl Ha puc. 4.

W3 npuBeneHHBIX TpaUKOB BUAHO, YTO HEHPOCETh U3MEHSET TEMIIEPATYPy TEIJIOHOCUTENS Ha BBI-
XO/Ie M3 KOTENBHOM MO CpPaBHEHHIO C TOH, KOTopas Oblia 3aQUKCHpOBaHA JATYMKAMH IPH PYyYHOM
yrpasieHud. [Ipy 5ToM OTKIOHEHHS TemIepaTyp HaOmogarorcs B 00e cTopoHbl. Hanpumep, B iepuon
co 2-ro 1o 5-¢ deppanst 2019 roaa, korjaa HaOMIOIATIOCH PE3KOE MOXonoAanue (cM. Tab. 2), HeHpoceTh
TpeyIaraer MOBBICUTH TEMIIepaTypy MPUMEPHO Ha § TpajycoB MO CPaBHEHHIO C TOW, KOTopas 3ajaBa-
JIaCh B pEaJIbHBIX YCIOBHUAX OMEpaTOpOM KOTEIHHOM.

90 1 — PeancHas TemnepaTypa DoAnepa
7 = PaccunTaHHaa TemnepaTypa Golinepa
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Puc. 4. UameHeHune TemnepaTypbl Ha BbIXxoAe U3 KOTeNbHOW (2 — npeAcKka3aHHas Mopaenbio
TeMnepaTypa TennoHocuTens, 1 — peanbHas TemnepaTtypa 3a 3TOT XXe nepuoa)
Fig. 4. Change in temperature at the outlet of the boiler room (2 — predicted
by the model coolant temperature, 1 — real temperature for the same period)

3T0 MO3BONMIIO OBl HE JOMYCTUTh CHIDKEHHE TEMIIEPaTyphbl TEIUIOHOCUTENS Ha BXOJE B HEKOTOPHIE
JIoOMa HI)KE HOPMATUBHBIX 3HaYeHUH. B 1ieromM U3 aHanm3a rpadukoB Ha puc. 4 BUIHO, YTO HEHpoceTeBoe
yIpaBIieHUE sIBIIsieTcsl Oonee MIaBHBIM IO CPAaBHEHHIO C PYYHBIM, MIPU KOTOPOM OMEpaTop KaxkIble 3 vaca
peryaupyeT TemiepaTypy TEIUIOHOCUTENS Ha BBIXOJE U3 KOTENbHOM 0e3 yuera mporHo3a Morojbl Ha He-
CKOJIBKO YacOB BIIEPE], a TOJIBKO MO 3HAYEHHIO TEMIIEPaTyphl BO3/AyXa B JAHHBIA MOMEHT BPEMEHH.

B Tabn. 2 mpuBeneHsl OCpeHEHHBIC JaHHBIC IO MPOTHO3HBIM TEMIIEpaTypaM BO3.yXa, a TakKe
MPOTHO3HBIC W 3a()UKCUPOBAHHBIC TATYUKAMH TEMITEpATYphl HA BXOJIE B OJIMH M3 JJOMOB CHCTEMBI TeIl-
nocHa0XKeHMs, HaXOAAUIerocsi MPUMEPHO B cepenuHe Terutocetd. OcpenHenne MpoBOAUIIOCH MO MEPHO-
JlaM BpEMEHH, B KOTOPBIX HAOIIOIANMCh 3HAYUTENLHBIE CKAUKH 110 TEMITEPAaType BO3IyXa.
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W3 tabn. 2 BUAHO, 4TO KOJIEOAHUsSI TEMIIEpaTyphl BO3/IyXa B paccMaTpUBAEMbIl MepUOJ] BPEMEHH
nocturany 20 rpagycoB MOpo3a, a 3TO MPeanoaaraio HeoOXOAUMOCTh YaCTOr0 PEryJIUpOBaHUS TEMIIe-
paTypsl TETIJIOHOCUTEIS.

CpaBHeHME peanbHBIX M MPEeNCKa3aHHBIX 3HAUYEHUH TeMIepaTyp Ha BXOAE B JIOM IPEACTaBICHO

Ha puc. 5.
Tabnuua 2
HopmaTtuBHbIe U NpeAcka3aHHble 3HaYeHUsl TeMnepaTtyp Ha BxoAde B AOMa
B 3aBMCUMOCTM OT NPOrHo3a TemnepaTtypbi Bo3gyxa
Table 2
Standard and predicted temperatures at home entrances depending on the forecast air temperature
Havanpnas | Kowneunas Cpenpits Cpenws Cpennee
pcajibHasd npeackazanHas
Jara Jara 3HAUYECHUE
TeMIIepaTypa TeMIIepaTypa OTKJI0HEHHE,
(aucmno, (aucmno, TeMIepaTypsl
TEIJIOHOCUTES TEIJIOHOCUTES rpazx BO3IYXA
11;4621\;/[[;13 ]1;46:;;13 Ha BXO0Jle Ha BXOJE B JIOM, - zx ’
p P B IOM, I'pal rpan paa
01.02 00:00 | 01.02 08:00 60,80 60,46 —-0,34 -7,40
01.02 08:00 | 05.02 12:00 77,36 78,20 0,84 -20,06
05.02 12:00 | 06.02 06:00 78,17 78,17 0,00 -22,88
02.06 06:00 | 09.02 18:00 72,11 72,53 0,42 -15,88
09.02 18:00 | 10.02 18:00 61,05 61,04 —-0,02 -7,65
10.02 18:00 | 12.02 08:00 61,54 62,00 0,45 -7,87
12.02 08:00 | 13.02 08:00 62,93 62,87 —-0,06 -8,92
13.02 08:00 | 13.02 18:00 58,78 59,38 0,60 -5,95
13.02 18:00 | 14.02 08:00 59,41 58,91 -0,50 -6,59
14.02 08:00 | 18.02 00:00 61,40 61,71 0,31 -7,93
18.02 00:00 | 19.02 00:00 55,72 55,41 -0,31 -3,75
19.02 00:00 | 22.02 08:00 65,15 65,57 0,41 -10,61
22.02 08:00 | 23.02 06:00 52,86 52,59 —-0,26 -1,68
23.02 06:00 | 01.03 00:00 62,11 62,63 0,53 -8,30
1 —— PaccyuTaHHaa TeMnepaTypa
2 —— PeanbHas TemnepaTypa
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Puc. 5. UameHeHne TemnepaTypbl Ha BxoAe B oM (2 — peanbHas Temneparypa
B AOMe noTpebuTtens, 1 — BoccTaHOBIEHHas Mo NpeAcKka3aHHbIM AaHHbIM)
Fig. 5. Change in temperature at the entrance to the house (2 — real temperature
in the consumer's house, 1 — restored according to the predicted data)
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U3 sToro rpaduka BHIIHO, YTO MpeJcKa3aHHas HEHPOCEThIO TEMIIEpaTypa Ha BHIXOJIE U3 KOTEIbHOU
obecrieunBaer OJIM3KHE K peallbHBIM 3HAYCHHs TeMIlepaTypbl Ha Bxozae B AoM. OqHaKo HeipoceTeBoe
yIpaBJIeHHEe MO03BOIAeT Oonee OBICTPO pearnupoBaTh Ha M3MEHEHHs TeMIepaTyphl BO3ayXa IyTeM Kop-
PEKTHPOBKU TEeMIIEpaTyphl Ha BBIXOJIE M3 KOTEIBbHOW, OOecredyrBas TEMIIepaTypbl TEIIOHOCHTENS Ha
BXOJI€ K TIOTpEOUTENIO, OIM3KHE K HOPMATHBHBIM 3HAUCHHSIM.

3aki0uenue

B pesynbTare mpoBeIEHHBIX MCCIICIOBaHUN Obula COPMYIHPOBaHA M MOCTABICHA BEChMa aKTy-
anpHas 3a1a4a 6e3MOIEIbHOIO ONTUMAIBHOTO MPOrHO3HOTO YIPABJICHHS JIOKAIbHON CHCTEMOW TEIIo-
cHabxeHus morpedureneii. OOOCHOBaH W BBIOpaH METOJ PEUICHUs 3aJayl, UMEIoIIeld CYIIeCTBEHHO
HEJIMHEWHBINH xapakrep. OmnpezeneHa U o0ydeHa Ha peabHBIX CTATUCTHYSCKMX TAHHBIX HEHpPOCETh B
BUJAC NEPCCIITPOHA C TPEMA CKPBITBIMU CJIOAMHU, IMO3BOJIAIOMIAA IMOJYYAaTh aAC€KBATHBLIC PE3YJIbLTATHI.
OOy4eHHast HefipoceTh ObLiIa UCIOb30BaHa MPHU MPOTHO3HOM YIIPABIICHUH JIOKAJILHOH CHCTEMOM TOPOJI-
ckoro TerocHadxkenus. [IpencraBieHbl pe3ynbTaThl PElICHHs IEeMOHCTPAIIMOHHON 3a]1a9l YIIPaBICHUS
TEIUIOCHAOKEHHEM, TOATBEPIKAAIOIINE BO3MOKHOCTh MPUMEHEHUs TPEUIOKEHHOr0 moaxona 6e3mo-
JIETIBHOTO YIIPABIICHUS.
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Introduction. The article deals with the problem of managing the heat supply of consumers,
taking into account the weather forecast using a neural network. The monitoring subsystem was used
to obtain statistical data that was used to train the neural network. Optimal control of the temperature
of the coolant allows you to save fuel especially effectively, in case of rapid changes in weather con-
ditions. The expected fuel economy reaches 5-15 % depending on the air temperature in the season
and the state of the heating network.

Aim. The purpose of the research is to develop an intelligent module for the automated control
system “Aurora Heat balance in GCH”. The intelligent module allows you to automatically adjust
the water temperature in network, taking into account the weather forecast and when the mandatory
temperature limits for consumers are met.

Materials and methods. Artificial neural network is considered as the main tool that minimizes
errors in manual control of the boiler room temperature. A neural network in the form of a multi-layer
perceptron and a deep learning LSTM procedure were used. This made it possible to predict the tem-
perature of the coolant taking into account the inertia of the network and the forecast of air temperature.
To protect the model from overtraining, the Dropout method was used with a probability of 0.2.

Results. The possibilities of neural networks to predict the optimal heating temperature of the
boiler are investigated. This temperature is calculated taking into account restrictions for heat con-
sumers and taking into account the forecast air temperature. The application of a neural network
model in form of a multilayer perceptron is justified. A demonstration example of using an intelli-
gent information system for heat supply management is presented.

Conclusion. The proposed methods and models are tested on real data. This confirms the possi-
bility of their use in the development of intelligent information systems for heat supply management.

Keywords: heating network, forecast management, intelligent system, neural network modeling,
deep leaning neural networks, temperature control of boiler, inertia of the heating network.

BecTHuk IOYplY. Cepus «KoMmnbloTepHbie TeXHONOrMM, ynpaBrneHue, paguo3NeKTPOHUKa». 37
2020. T. 20, Ne 3. C. 29-38



anaBneHMe B TeXHU4YEeCKUX cnctemax

References

1. Belousov O.A., Ivanov S.V. [Intelligent Control System and Monitoring of a Gas Boiler]. Soft-
ware products and systems, 2012, no. 1. Available at: https://cyberleninka.ru/article/n/intellektualnaya-
sistema-upravleniya-i-monitoringa-gazovoy-kotelnoy (accessed 02.06.2020).

2. Regulirovaniye temperatury teplonositelya. Energetika prostymi slovami [Regulation of the tem-
perature of the coolant. Energy in simple words] Available at: https://energoworld.ru/blog/regulirovanie-
temperatury-teplonositelya/ (accessed 02.06.2020).

3. Panferov V.1., Gavey O.F. [On the Optimal Control of the Coolant Temperature in Heating Net-
works]. Bulletin of South Urals State University. Series: Computer technology, control, radio electron-
ics, 2014, no. 4, pp. 65-70 (in Russ).

4. Yasnitsky L.N. Intellektual'nyye sistemy [Intelligent systems]. Moscow, Laboratoriya znaniy,
2016. 221 p. 4.

5. Istomin D.A., Stolbov V.Yu. [An Expert System for Assessing the Technical Condition of Nodes
of an Electric Centrifugal Pump Based on the Production Representation of Knowledge and Fuzzy Log-
ic]. Bulletin of South Urals State University. Series: Computer technology, control, radio electronics,
2020, vol. 20, no. 1, pp. 133—143. (in Russ)

6. Komarov N.M., Zharov V.G. [Management of Engineering Systems of an Intelligent Building
Using Information and Infographic Modeling]. SERVICE Plus, 2013, no. 2, pp.74—81. (in Russ)

7. What’s So Cool About Smart HVAC Systems? Available at: https://www.link-labs.com/-
blog/smart-hvac (accessed 02.06.2020).

8. Ki Uhn Ahn, Cheol Soo Park. Application of Deep Q-networks for Model-free Optimal Control
Balancing Between Different HVAC Systems. Science and Technology for the Built Environment, 2020,
vol. 26, no. 1, pp. 61-74.

9. SungKu Heo, KiJeon Nam, Jorge Loy-Benitez, Qian Li, SeungChul Lee, ChangKyoo Yoo. A
Deep Reinforcement Learning-based Autonomous Ventilation Control System for Smart Indoor Air
Quality Management in a Subway Station. Energy & Buildings, 2019, vol. 202.

10. Sepp Hochreiter, Jiirgen Schmidhuber. Long Short-term Memory. Neural Computation. jour-
nal, 1997, vol. 9, no. 8, pp. 1735-1780.

11. Pereobucheniye v statistike i mashinnom obuchenii [Retraining in Statistics and Machine
Learning]. Available at: https://ru.wikipedia.org/wiki/ITepeodyuenue (accessed 22.05.2020).

12. Dropout — metod resheniya problemy pereobucheniya v neyronnykh setyakh [Dropout — a
Method for Solving the Problem of Retraining in Neural Networks]. Available at: https://habr.com/-
ru/company/wunderfund/blog/330814/ (accessed 22.05.2020).

13. Kingma D.P., Ba J.L. Metod stokhasticheskoy optimizatsii. [A Method for Stochastic Optimiza-
tion], 2014, arXiv:1412.6980. Available at: https://arxiv.org/abs/1412.6980.

14. Nekotoryye okonnyye funktsii i ikh parametry [Some Window Functions and Their Parameters].
Available at: http://www.dsplib.ru/content/winadd/win.html (accessed 02.06.2020).

Received 30 June 2020
OBPA3ELl HUTUPOBAHUS FOR CITATION
[IporHo3Hoe yrpaBiieHHE JTOKAIBHOW IOPOJICKOH CHC- Netbay G.V., Oniskiv V.D., Stolbov V.Yu., Kari-
TEMOH TEIUIOCHA0XEHUsI HA OCHOBE HEHpOCETeBOro Moje- mov R.R. Managdment of a Local Urban Heat Supply
maposanus / I'.B. Her6aii, B./l. Onuckug, B.1O. Cron6os, System Based on Neural Network Modeling Taking into
P.P. Kapumos // Becruuk IOVpI'Y. Cepus «Komnbrorep- Account the Weather Forecast. Bulletin of the South Ural
HBIE TEXHOJIOTHHM, YIPABJIEHHE, DPAJAMOIEKTPOHHKA». — State University. Ser. Computer Technologies, Auto-
2020. —T. 20, Ne 3. — C. 29-38. DOI: 10.14529/ctcr200303 matic Control, Radio Electronics, 2020, vol. 20, no. 3,

pp- 29-38. (in Russ.) DOI: 10.14529/ctcr200303

38 Bulletin of the South Ural State University. Ser. Computer Technologies, Automatic Control, Radio Electronics.
2020, vol. 20, no. 3, pp. 29-38



DOI: 10.14529/ctcr200304

INTEGRATION OF FIRE PROTECTION SYSTEMS BASED
ON THE DIGITAL AUTOMATIC MODEL

K.M. Volkova, ksenifire@bk.ru
State Fire Academy of EMERCOM of Russia, Moscow, Russian Federation

The development of refineries increases the number and scale of fires and accidents, which
cause damage both to the facilities themselves and to the surrounding buildings and structures, lives
and health of people, the environment. That is why increasing the level of fire protection systems at
refineries remains one of the most important components of ensuring the protection of the population
from anthropogenic threats.

The article presents the results of the analysis of accidents and fires at oil refineries (refinery)
for 2015-2019. The issue of necessity to integrate fire protection system at the refinery is consid-
ered. The process of creation and functioning of the automated integrated fire protection manage-
ment system is described in the article. This system is a new approach to solving the issue of safety
of industrial facilities of oil refining industry. Creation of a new model of fire protection system
based on digital automatic system is described. The article considers the scheme of generalized
structure of digital automatic machine and graphs of digital automatic machine of automated inte-
grated fire detection and monitoring system.

The developed technology makes it possible to process the incoming signal contained in
cyclograms into an intermediate form for synthesis of digital automatic machines by means of inno-
vative tools.

Keywords: fire protection, automated control system, digital automatic machine, detection
and monitoring system.

Introduction

The oil refining industry plays an important role in the country's economy and at the same time car-
ries a danger as a source of fire and man-made accidents. The development of oil refineries increases the
number and scale of fires and accidents, which cause damage both to the objects itself and to the sur-
rounding buildings and structures, lives and health of people, environment. That is why increasing the
level of fire protection systems at refineries remains one of the most important components of ensuring
the protection of the population from anthropogenic threats [1]. Accidents and fires at oil refineries
(Refineries) are difficult conditions with a rapid spread of fire to nearby areas and vehicles, which most
often turn into a catastrophe whose material damage is huge. Refinery fires can be significant because of
the large volume of flammable and combustible liquids stored in the territory [1].

Refinery accident and fire analysis

According to the data, the number of fires and explosions at the refinery over the last 5 years has
been analyzed. The analysis results show that the annual number of fires ranges from 30 to 50. Accor-
ding to the analysis for 2015-2019, there were 186 fires (Fig. 1).

Refinery fires cause great material damage as expensive equipment, raw materials and communica-
tions cannot be restored. Fig. 2 shows that the average material damage from one fire is more than 1 mil-
lion rubles, this value is much higher than the average damage from the total number of fires. Whereas,
larger fires at refineries cause several times more damage. The average damage is the expected damage,
i.e. more likely, and the maximum damage is the damage in the worst-case scenario. This large differ-
ence between the expected damage and the maximum damage makes it possible to conclude that refin-
ery fire protection needs to be improved by integrating fire protection systems.

In order to effectively address the issue of integrating fire protection systems in refineries, it is nec-
essary to understand the causes of fire. During the analysis the main interconnected groups of fire causes
have been formed (Fig. 3).
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Based on the diagram of analysis of the main causes of fire, it can be concluded that the main ones are:

— emergency operation of the equipment;

— violation of the technological regulations of the production process.

Technological process of refinery is complicated, so it is necessary to control from the side of ser-
vice personnel for the regulatory values of parameters and the timeliness of measures for localization
and liquidation of emergency situations, as there is a possibility of output of parameters for critical val-
ues, depressurization of equipment (from partial to full) and release of hazardous substances [2]. Errors
in transient modes (start and stop of equipment), at operations, at drainage, repair, preventive and other
works connected with unstable modes, release and filling of equipment with hazardous substances repre-
sent special danger in technological process of refinery [2].

As a result, the analysis of reasons of origin of fires on refineries has defined, that all of them have
essential feature: the reason of these fires, as a rule, the whole set of circumstances, each of which by
itself could not initiate a large fire, and only their set can lead to scale consequences. In turn, the ques-
tion on integration of system of fire-prevention protection of oil refining objects has matured.

Every year technological processes of refineries become more advanced, innovative technologies
become more widespread, the process and organization of production in the majority is accompanied by
the use of potentially dangerous technologies, and this has led to the complication of equipment and
processes, as the provision of integrated safety of technical production at the enterprise includes auto-
mated integrated fire protection systems (AISPEZ). Automated integrated systems of fire detection and
monitoring, fire extinguishing, evacuation and smoke removal play one of the main roles in the structure
of technological processes of industrial facilities.

The development and distribution of these systems requires new solutions in the synthesis of their
operation models. In the event of an emergency situation, fire, or fire at an industrial facility, an auto-
mated integrated fire detection and monitoring system (AISOMP) should immediately operate. For the
purpose of demonstration of all cause-and-effect relations in AISOMP it will be rational to apply struc-
tural-functional models of the digital automatic machine (CA), with their help it is possible to minimize
and exclude probability of errors at the further synthesis of the automatic machine project by means of
the specialized software. Similarly, AISOMP will provide an opportunity to formalize the synthesis pro-
cess of transitions and outputs functions, without which it is impossible to build CA models [3].
Thus, the main purpose of synthesis of the model of digital automaton and automated integrated fire de-
tection system is to minimize and exclude the probability of errors arising from the improvement of
methods of information transformation into AISOMP. The system based on the CA model is synthesized
in a specialized design environment, such as Active-HDL. The model is built in a cyclogram, which dis-
plays the AISOMP cycle [4]. The system design algorithm according to the proposed integrated model is
shown in Fig. 4.

According to a given cyclogram, structural-functional models of digital automata are designed, for
which unified tables of transitions and outputs functions are compiled, and then a hierarchical system
model of CA is designed.

The sequence of switching mechanisms on and off is determined by the technologist, and cause-effect
relations between commands are indicated on the cyclogram. To start AISOMP it is necessary to carry out
several of conditions of its occurrence: an emergency mode, a flame, smoke, collapse of building designs
the received control information, it is necessary to transform to a logic signal convenient for working out
of algorithms, and debugging of a program code of the controllers realised in the form of CA [5, 6].

In the structure of CA there is a transition graph. The transition graph has the following properties:

a) the graph does not contain parallel arcs;

b) there is one vertex in the set of vertices of the graph, which is called the input of the graph;

¢) in the set of vertices of the graph one vertex, which is called the output of the graph, is selected;

d) each vertex of the graph reaches its output.

Fig. 5 shows the screen of the modeling panel of the digital machine, the working area of which is
divided into two parts: the base of announcements and the working area in which the model CA is de-
signed [7]. The declaration header includes the declaration of the automaton's input and output ports.
The above functions of Active-HDL environment reduce the time-consuming design and verification of
CA models for automated control devices.
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Using the State Diagram Editor allows you to automate the formation of HDL-code of the project,

to verify it and select a promising control system.
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The incoming signal in the model of the AISPPPZ refinery digital automatic machine will pass
through 4 stages before starting one of the systems to localize a fire or an accident. The synthesis of the
digital automatic machine is divided into four stages (Fig. 6). They are called conditionally:

(a) The stage of block synthesis of the automatic machine — it is divided into separate blocks;

b) stage of abstract synthesis — the amount of memory consumed for the given block is determined,

c¢) the stage of structural synthesis, when there is a choice of logical and memory elements for
building a block;

d) the stage of synthesis reliability — the conversion and addition of the schemes built to provide
reliability is performed [8, 9].

Data

jl> Exgceyimg I# Output data

Input data

Control signal @ | |
set Set of warning
signals
|::> Control
machine
Operation
Code

Fig. 6. CA model

Let's consider the model of CA AISOMP Refinery without taking into account the mechanics of
this system. The device can be in several states:

1) C1 — AISOMP in the open state;

2) C2 — AISOMP in working process at signal transfer on AISOMP;

3) C3 — AISOMP in the open state after receiving the fire signal;

4) C4 — AISOMP is off.

Signals sent to the device: a signal about the flame (al), a signal about the safe flame (technological pro-
cess, for example, burning parts) (a0), a signal about dangerous fire (a2), a signal about the emergency situa-
tion (a3), a signal about security violation (a4), a signal about returning to the previous state (a5) [10—12].

The initial state is C2. If a flame occurs, the system will respond and signal al, the state will change
to C3. After identifying a fire as a fire, the system must change to the previous state with signal a2.
In the case of a safe fire that does not need to be localized and the fire extinguishing system is started,
the signal a0 will not change the state.

This device is connected to the general system of the enterprise and, in case of emergency, the sig-
nal will go to the AISP and AISE system to notify the refinery employees. In order to do so, the device
must receive an a3 signal, and therefore the C2 status will be replaced by the C1 status. To ensure in-
formation protection of the refinery in case of arson, signal a4 should be sent to the unit. It will transfer
the system from state C2 to state C4. The refinery security will have a5 signal, which will change state
C1/C4 to C2. For illustration let's consider the described examples in the form of graphs, in which the
points “C” are the system state, arc “a” — transitions from these states (Fig. 7).

The problem of synthesis of the digital automatic machine for AISPPZ arises because there is no
ready standard integrated circuit suitable for unity of work of AISPPZ refinery and reliability and sim-
plicity of algorithm of work of model CA AISOMP solves this question. The model of the digital auto-
matic machine for AISPPPZ refinery will be constructed of separate standard integrated schemes in Ac-
tive-HDL program. As the whole AISPPZ system is complex, there is a necessity to create several CA
algorithms which will work in one system [13—15].
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Fig. 7. The graph of CA AISOMP model states

Conclusion

Integration of the system based on the digital automat model will minimize and eliminate errors in
the operation of the AFPZ. The advantage of the described model of the digital automatic machine is
that it makes it possible to determine the required number of input signal states corresponding to control
and monitoring operations. The developed technology makes it possible to process the incoming signal
contained in cyclograms into an intermediate form for synthesis of digital automata using innovative
tools.
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WHTErPUPOBAHUE CUCTEM NMPOTUBOMNOXAPHOW 3ALLMTDI
HA OCHOBE MOJENN LULUPPOBOIO ABTOMATA

K.M. Bosnikoea
Akademus eocydapcmeeHHoU ripomusgornoxapHol cryx6bl MYC Poccuu, 2. Mockea, Poccusi

PazBuTHe HedTenepepabaTHIBAIONINX 3aBOA0B YBEIMYMBAET KOJINIECTBO U MACIITAObI IT0KAaPOB
W aBapHii, KOTOpbIE HAHOCAT ymepO Kak caMMM OOBEKTaM, TaK U OKPYXKAIOIIMM 3aHUSIM U COOpY-
YKEHUSIM, JKH3HAM U 3JI0POBBIO JIIOJIeH, OKpYKatomiel cpeae. FIMEHHO MO3TOMY NOBBIIIIEHUE YPOBHS
CHCTEM MPOTUBOIIOKApHOM 3amuThl HII3 ocTaeTcs oHOMN M3 Ba)KHEHIINX COCTaBHBIX yacTeil obec-
TIeYEeHNS 3aIUTHI HACEJIEHUS OT YTPO3 TEXHOI'€HHOT O XapakTepa.

B cratbe mpuBOISITCS pe3yabTaThl aHAIW3a aBapHil M MOXapoB Ha HedrTenmepepadaThIBalONINX
3aBomax (HII3) 3a 2015-2019 rr. PaccMoTpeH BoIlpoc HEOOXOAMMOCTH WHTEIPHUPOBAHHS CHCTEMBI
nporuBonoxapHoii 3amutel Ha HII3. B craThe u3noxkeHn npouecc co3aanust U GpyHKIMOHUPOBAHUS
aBTOMAaTU3UPOBAHHOW HMHTETPUPOBAHHOM CHCTEMBI YIpaBJICHHUS ITPOTUBOIOXKAPHOH 3aIIUTOM
(AMCVYII3). lanHas cucTeMa sABJISETCS HOBBIM IMOAXOIOM K PEIICHUIO BOIPOca 0€30MacHOCTH IIPO-
MBIIICHHBIX 00bEKTOB HeTenepepadarriBatomieii orpaciu. OnUCkIBaeTCsl CO3J[aHue HOBOM MOJIEIH
CHCTEMBI POTUBOIIOKAPHOH 3aIUTHI HA OCHOBE LU(pPOBOro aBToMaTa. B craTthe paccMaTpuBaercs
cxema 000OIIEHHOM CTPYKTYpBI IU(PPOBOro aBToMaTa u rpad 1uppoBoro aBToMata aBTOMaTH3HPO-
BaHHOW MHTETPUPOBAHHOIN CUCTEMBI OOHAPYKEHUSI I MOHUTOPUHTA [10XKapa.

Pa3paboranHasi TEXHOJIOTHSI TaeT BO3MOXKHOCTh 00pabOTKM MOCTYMAIOUIEro CHI'HANa, COAEp-
JKaIerocs Ha IMKJIOrpaMMax, B POMEXYTOUHYIO (opMy aiisi cuHTe3a IU(POBBIX aBTOMATOB IPH
TIOMOIIY MHHOBAIIMOHHBIX WHCTPYMEHTAJIBHBIX CPEICTB.

Kntouesvie cnoea: npomugonoosicapnas sawuma, asmomamu3upo8arHds CUCHEMA YNPAGIeHU,
yughposoii asmomam, cucmema oOHAPYHCEHUA U MOHUMOPUHRA.
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Beenenue. B HacTosMii MOMEHT NIpH peayii3alyy MPOEKTOB 10 pa3paboTKe U MPOU3BOJICTBY
BBICOKOTEXHOJIOTMYHON TPOAYKIMU Pa3paboTYHKu paboTaroT B Koomepauun. B paMkax Takux mpo-
€KTOB CO3Jar0TCs 1H(POBBIE TUIATPOPMBI, MO3BOJISIONINE CHU3UTh TPAH3aKIHOHHBIE MU3IEPKKU 32
CYET MOJIEPHU3AIMU ¥ aTOPUTMU3AIMU OM3HEC-TIpoleccoB. [IpuMeHeHne NBOWHHUKA TaKOW INpen-
METHO-OPUEHTUPOBAHHOM IIaT(OPMBI B KOPIIOPATUBHON MH()OPMALMOHHOW CUCTEME YHUBEPCHTETA
MIO3BOJIUT MOJEPHU3UPOBATH €ro y4eOHbIe IPOrpaMMBbl, a TAKXKe HOBBICHTH 3((EKTUBHOCTD ITOATO-
ToBKH cTyneHToB. Lleab mcciienoBanusi. PaccMoTpers cucTeMHYI0 MoJenb TpaHcdopMmanuu mpo-
1ecca 0Oy4eHHUsl C MCIONIb30BaHUEM I(POBOro JBOMHUKA MH(POPMAIMOHHON TIAT(GOPMBI, MO03BO-
JISIOIIEN pellaTh aKkTyallbHBIE 3aJaudl B 3aJaHHOM INpeAMeTHoW obnactu. PaspaboraTte mMeToauky
MpUMeHeHHsT (PYHKIIMOHAIBHO-CTOMMOCTHOTO aHaJIM3a NPHU y4ueTe 3aJaHHbIX OrpaHMYEHUH Ha pac-
TioJiaraeMble MPOEKTHBIE PECYPChI, BKIIOUasi BpEMEHHBIE.

MeToab! Hcciief0BaHusl, HCTIOIBL30BAHHbIE B padoTe:

— NPUHLUITE METOJIONOTHH CHCTEMHON WHXXEHEPUH (TIPOIIECCHOr0 MOIX0/1a, KU3HEHHOTO [IUK-
JIa ¥ Jp.);

— KOMIUIEKCHBIM MOJXO0J U CTPYKTYPHBIH aHaIK3 Ipolecca MPOeKTUPOBAHMUS IO METOOIOTUH
SADT (Structured Analyze and Design Technology);

— QyHKUMOHaNBHOE MozenupoBanue (B Hotaruu IDEFO).

Pesyabratbl. [IpemnokeHn MeToJ| ompeieseHus] PeCypCHBIX OTpaHMYEHHH, BKIIOYAs BPEMEH-
HbIC, Ha OCHOBE ()YHKIIMOHAJILHO-CTOMMOCTHOrO aHanm3a (DCA) mo MozaensiM MmpoIecCOB B HCCITe-
JTyeMO# IpeIMETHOH 00JIaCTH ¢ UCIOIb30BaHNeM NH(POPMAIMOHHOH TIAT)OPMBI.

[pennoxxeH MOMYIBHBIA MOAXO/A, OCHOBAHHBIM Ha JIOTMKE MPSMOro M 00paTHOTO OTHOUICHHHA
KOMITO3HMILIMHA — JIEKOMITO3UIIMK, ITyTeM BBIJEICHUS AJIEMEHTApHBIX OOBEKTOB HCCIENIyeMOW Mpen-
METHOH 00JIacTh 1o NpaBmwiaM AnudepeHaIbHO-UHTErPAIbHOIO UCYUCICHUS (OIpeneNEHHBIX U
HeonpeIeEHHBIX UHTErPajioB) U Jajiee TEOPHU TUHAMHUUYECKHX cHcTeM. [1oaxon 1eMOHCTpUpyeTcs
Ha pelIeHny 3a1a4i (POPMUPOBAHUS YUEOHBIX IIPOrpaMM I10 JUCHUILIMHAM 0a30Boi kadenps! «VH-
(OopMaIOHHbIE TEXHOJOTMH B MalIMHOCTPOSHUM», CBS3aHHBIX C IPOM3BOJACTBEHHON NESATEIHHO-
ctbto. [TokazaHo, 4TO MpUMEHEHUE TPEIUIOKEHHOTO TOIX0/1a TO3BOJIsIeT (popMaTn30BaTh IPOTHUBO-
peurs B KOMIIETEHIIUSX CTYIEHTOB C TpeOOBaHUSIMHU paboTonaTeNneii U ONpeAeIuTh KOMIIPOMHCCHBIE
peLIeHus Ui UX YyCTpaHEeHUsI.

3akiouenne. Pa3paOboTaHHBIN 1TOIX0]] CUCTEMHOTO (DYHKIIMOHAILHOTO MOJIETUPOBAHUS Ha OC-
HOBe IM(POBOro NBOHHMKA MIIaTGOPMBI TIPEMETHO-OPHEHTUPOBAHHON 00JIACTH MTO3BOJISIET TIPOU3BE-
CTH KOJIMYECTBEHHYIO OLIEHKY TPY/I03aTpar IPH PECyPCHBIX OrpaHUYEHHUSIX, BKITIOUAsi BpEMEHHEIE.

Kniouesvle crosa: npedmemno-opueHmupo8antas o01acms, CUCIEMHOE MOOeauposanue ou3-
Hec-npoyeccos, ungopmayuonnas niamegpopma, PLM-cucmema, GyHKyuonaibno-cmoumocmuou
ananus, cozoanue pabouezo npoyecca, bazoeas kageopa.
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MupoBoe pazBuTue MH(PPOBU3AINK B PA3INIHBIX 00JIACTSIX JIEATEILHOCTH OOIIECTBa, B TOM YHCIIE
B TMPOMBIIICHHOCTH, YK€ CO3/1a710 HEOOXOJUMbIC YCIIOBHS JUTS peau3allii KOHIICTIINH 4-i HHIYCTPH-
anpHoii peomorui INDUSTRY 4 [1]. B aTuX yclaoBHAX aKkTyalbHOW SBIsieTCs 3a7ada GopMai3aiun
MPHUKIIAIHBIX 3HAHUI HA OCHOBE MOJIENBHOW THITOTE3bl. DTO MPUBOJUT K HEOOXOJUMOCTA UHTETrPAIHH
nesteabHocTH By30B, OKDB 1 Mpon3BOACTBEHHBIX IUIOMAI0K HA OCHOBE JTYYIIUX MPAKTHK, ONBITA B BUIE
CHCTEMHBIX MOJIelield, BKIItovast iudpoBbie nBoMHKUKH 1 [ T-Texnonoruu [2—4]. Pa3zButue B yHUBEpCUTE-
Tax MexaHu3Mma 0a30BbIX (MPOM3BOJCTBEHHBIX) Kadenp, OpUeHTAIS WX MPOrpaMM Ha HCIOIb30BAaHHE
MEePEOBBIX TEXHOJIOTHI KOHKPETHOTO MPEANPUATHS OTPACIH MPUBOANUT K aKTyaJIbHOM 3ajade: opraHu-
3alliil B YHHBEPCUTETE TUIOIIAJKH WHHOBAIIMOHHOW OOydYaromied ¥ HayYHO-TIPOM3BOACTBEHHOM mesi-
TenpHOCTH B BUe nudposoro apoiHuka (L) xopnoparuBHoii mHpopmManmonHoii cucrembl (KHC)
npeanpuarus [5-9].

KHWC npenmnpusitst (CO CBOUM BHEIIHUM M BHYTPEHHHM COJIEPKAHUEM) — 3TO MPEXKJIE BCETO MHO-
KECTBO MHTEIPHUPOBAHHBIX MEXKJIY C000# cucrem paznmuHbix kiaccoB (PLM/CAD/CAM/CAE/PDM/
ERP/SRM/1C np.). Hudporoit (MHPOPMAIIMOHHBII) ABOMHUK KaK aJIeKBaTHOE OTOOpa)keHne 00bEKTOB
W UX CBf3CH B HCCIEAYEMOH MpeIMETHO-OPHECHTHPOBAHHONW OOJIACTH B COOTBETCTBHH C TPUHIIAIIOM
JIBOMCTBEHHOCTH, B CBOIO OYepe/lb, MapaliebHO 0TOOpaXkaeTcsi CTPYKTYpOH BHEIIHEH cpellbl U CTPYK-
Typoi BHyTpeHHero conepkanus. Opranuzanus no co3nanuto L[/ KMC moxpobHo paccmoTpena aBTo-
pamu B [10].

Ha puc. 1 moka3zaHa cxema pacrnonokenus nudpoporo apoiinuka KMC npou3BoacTBEHHOrO Mpe-
MPHUATHUS B CTPYKTYpE By3a U poiib 0a30BOH Kadenpbl HH(OPMAIMOHHBIX TEXHOIOTHH.

basoeas kacbegpa AT I KWC YTATY
NP, KP, ®11K, HXP, npakTiKa
NeoiHuk KMC
—_ [olnl > NpeqnpUATHA
OUPT || MATM || OADST || MBTO | rpame
P CAD/ ERP
CAM
| cag
O6beKThl ObbekTbl OBbeKThl OBbERTb
NpeaMeTHOR npeamMeTHOR npeamMeTHO npeaMeTHOR Pezyneratsi pabor (/1R
oBnactn obnact obnacti obnactu KP, BKP, HWAP, npaktuku)
DUPT . WATM . ©ANST . WBTO
| ) Bzaumoceasb
pesynsTartos
.| |Mogenu,yepre- PYHOBOACTBO 1 OTUETHBIX
MporpammHel MM OCHACTKK, Mozenu, MO SKCMAyaTawmm, [OKYMEHTOB
KOMMOHEHT, TEXHOOTHM, HepTeku, NacnopT U3aenus, DO
SNrOpHTMAK AR. | |nporpamme:4My| | PECHETBIM AD. dopmynapw op. 1-C
nap. Al OTueTHbie
\ LORYMEHTHI
] (NP, KF, BKP
I N m ¥ A N \i W T.0.)
HT3 \ ABaHrpoexT> PaspafioTka » Mpow3s-80 » JKcnn-uA “Kan. pem. > YTiunua. >
CTaguu XXU3HEHHOr O LIMKNAa usgenns
ﬂpeﬂnpng'r”e | YnanéHHblid gocTyn

Puc. 1. Mecto U KUC npeanpusatusa B coctase KUC yHuBepcurtera
Fig. 1. Place of the digital twin of the enterprise’s corporate information
system within the corporate information system of the university

Brigenum Buytpennee coneprkanue [J] KMC kak npeacrapiseMoe OnucaHueM OM3HEC-TTPOIECCOB,
CBsI3aHHBIX ¢ o0ydeHreM Ha 0a3oBoii kadenpe, a orHomenus LIJ] KUC ¢ KUC yauBepcutera (BHEIIHEE
COZICpKaHUe), ONMUCHIBAEMOE MHTETrPaTbHBIMU OM3HEC-TIPOIIeCCAMU B3aHMMOJICHCTBUS (DaKyJIbTETOB Me-
XK1y co00H, ¢ 6a30Bol Kadenpoii, ¢ MPOU3BOICTBEHHBIM MPEIIPUSTHEM.

BHenpenue nepeoBbIX TEXHOJIOTMM B Y4eOHBIH MPOIECC MPOUCXOIMT 3a CYET pa3pabOTKH yued-
HBIX [TPOTPAMM CIICIHATHCTaAMU 0a30BOM Ka(eapsl, YCTPAHSIOMINX Pa3PhIB MKy KOMITCTCHIUSIMHU BbI-
MyCKHUKOB By3a U TPpeOOBaHMSIMHU MPOU3BOACTBA (Oyayliero padboToaaress) 3a cueT aganTalu yueo-
HBIX TIPOrPaMM I0]] PEIICHHE aKTyalbHBIX 33124 IPSIIPHUITHS.
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Kaxxnass U3 akTyanbHBIX 33/1a4 U3 MPEAMETHOH 00JacTH COOTBETCTBYET OMNPEACICHHOMY 3Taly
xu3HeHHoro nukina (OKL) m3genms [11, 12]. x pemeHnemM B yHUBEpPCHUTETE 3aHUMAIOTCS COOTBETCT-
Byromue paboune rpynnsl ([II1C, HayuHO-HCCcenoBaTenbekue JlabopaTopud U T. 1.). Onucanue 3amaq
HA €CTECTBEHHOM SI3bIKE OTKPBIBAET BO3MOXKHOCTh JalIbHEHIIeH (opMaTn3alnui U MpeaCcTaBICHUS 3HA-
HUIl B (opMme OHTOIOrMYECKOH Mojenu, B (opMe CIPaBOYHHKOB W OpPraHH3alMOHHO-PACIIOPSIN-
TENBHBIX JIOKYMEHTOB W Jaliee B ()OpME CHCTEMHOW MOJICNI Ha MPEAMETHO-OPHEHTHPOBAHHBIX MeTa-
si3pikax IDEF, UML, BPMN [13-15].

Ha puc. 2 npeacrasinen ¢pparmMenT GyHKIIMOHATBEHONH MOJIEH, T/J€ TIOKA3aHO BIMSHUE aKTYaJIbHBIX
MPOM3BOJICTBEHHBIX 3a7]ad Ha COCTaBJICHUE WHAWBUAYaIbHOH TpaekTopuu o0y4deHus. OCHOBHBIMH
VIPaBISIONIMMY BO3/ICHCTBUSMH MPU DTOM SIBJSIFOTCS PO CTaHAAPTHI, ONMUCHIBAIONINE KOMITETCHIIUHN K
KOHKPETHBIM JIOJDKHOCTSIM, JIOTIOJTHEHHBIE TPEOOBAaHUSIMHU C TOUYKH 3PEHUSI KOHKPETHOT'O IPEANIPHSITHS, a
Takxke (emepanbHble TOCYIapCTBEHHBIE 00pa3oBaTelbHBIC CTAHAAPTHI, ONPEIEISIIOIINE KOMIIETCHIIMH
CIIEUAILHOCTEH B YHUBEPCUTETE, C YUYETOM €ro HayqHO-TPOU3BOJICTBEHHON JEATEILHOCTH.

OeneW ‘ ,1 CTNBY3a
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0,04. 1
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N0 JOPKHOCTHOM
VHCTPY KUMK

0,04.
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6a30Boit kadpenpe
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Puc. 2. ®parmeHT hyHKUMOHaNLHOW Moaenu (2-1 ypoBeHb)
Fig. 2. Fragment of the functional model (2nd level)

Ha npaktuke yueOHbIe TporpaMMbl 6a30Boi Kadeapsl orpaHHYeHbl 00bEMOM YacoB, BIIEISIEMBIM
Ha BapUaTHBHBIC JUCIHUILTUHEL [109TOMY /ISl MOCTpOCHUSI THOKOH TPaeKTOpUU 00yYeHUs Ierecoodpas-
HO NMPUMEHATh MOJYJIbHBIA MOJXOJ K COCTaBJCHHIO yueOHBIX mporpamm [16]. Ha puc. 3 mpuBeneHo
BIHsiHKE (0OpaTHAs CBSI3b) MPENNPUATHS Ha yueOHBIN Mpolece YHUBEPCUTETA B BUJIC BKITIOUCHUS JIHC-
IUIUTMH 0a30BOH Kadenpsl B y4eOHbIH TuiaH. OTMETUM, YTO Hajauure oOpaTHOW CBS3M IMperonaract
COXpaHEHHE YCTOMYMBOCTH 00BEKTa, TO €CTh €ro IEJIOCTHOCTH B PaMKax 3aJaHHbIX orpaHudeHui [17].

CyTh TaHHOTO MOJX0Ja OTpa)KeHa B TaOMHIIE, U3 KOTOPOH BHIHO, YTO OJMH M TOT € MOAYJb MO-
KET TPUMEHSATHCS MPU TIOATOTOBKE YUAIIUXCS Pa3HBIX CIEIHAIBHOCTEH M ¢ pasInyHbIX (HaKyJIbTETOB,
obecnieunBaronmx B meiaoM Bech XKL mznenusa. UT; u AJl; o603HaYaloT MOIYJIH y4eOHOH HMporpamMmbl
JUISL CTYZICHTOB, 00YYaIOIUXCsl M0 CIIENUATFHOCTSIM B 00J1aCTH HH()OPMAIIMOHHBIX TEXHOJIOTHI U aBUa-
IMOHHBIX JIBUTATENeH COOTBETCTBEHHO.

CTpYKTYpHBIM 3JIEMEHTOM Ka)JIOTO MOJYJISI SIBIISIETCS TEMa 3aHsTHs, HAallpaBJeHHAs Ha puoope-
TEHHE CTYJCHTOM Habopa KOHTPOIUPYEMBIX JCHCTBHI MPH PEIICHUH aKTyalbHBIX 3ajlad IPEIMETHON
obnacTH.

Kak mpaBuiio, Ha TiepBOM 3Tarie BHEAPEHHS OICHUBAIOTCS BPEMEHHBIC [TOKA3aTeld BHEAPEHUS OH13-
Hec-iporteccos [18]. [ToaTromy pa3paboraHHas MOJETL UCIIOIB30BAIACK JJIS pacyéTa BPEMEHHBIX 3aTpat
OpH  CO3JAaHMM  y4eOHO-METOMUYECKUX MaTepHalloB MOIYJs IO MeToAuke (yHKIHOHAIBHO-
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crouMmocTtHOro ananusa [19, 20]. Ha puc. 4 npuBeaeH pparMeHT Mmojaenu s pacuera moayist All; «ba-
30BbIi Kypc MoaenupoBanus B CAD/CAM-cucreMe», TpyA0eMKOCTh KOTOporo cocraBmia 270,1 4.

®epepansHole
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Kacenps! ‘ ‘ ]
Puc. 3. ®parmeHT hyHKLMOHaNbHON MoAenu (3- ypoBeHb)
Fig. 3. Fragment of the functional model (3rd level)
MoaynbHbIA cocTaB y4eOHbIX NporpamMmm
The modular structure of training programs
JlomKHOCTD VueOHas HaunmenoBanue
Ne CrieransHOCTh
(mpodeccus) mporpamMma MO
CucTeMHbIi OcHoBbl aamunuctpupoBanust | UT, — «OcHoBbl agmMuHucTprpo- | MHbopmaTtika
aIMUHUCTPATOP CAD/CAM/ Banusi CAD/CAM-cucrem» u
PLM-cucrem NT; — «OcHOBBI aIMUHUCTPH- BBIYHCIIUTEIIbHAS
1. poBanust PLM-crucrem» TEXHHUKA
UT, — «OcHOBBI ynpaBiIeHUs
KOH(UTypauuen u3aenus
B PLM-cucreme»
Wmnxenep- OcHoBsl iporpammupoBanust | T, — «Pa3BepTeiBanne [Ipuxnaanas
IIPOrPaMMHUCT nox CAD/CAM/ PLM-cucrembn» nHpopmartuka
2 CAE/PLM-cucTems! UTs — «Pa3paboTka NPUKIATHOrO
I10 B PLM-cucreme»
Wnxenep- OcHOBBl ~ KOHCTpyKTOpcKo# | AJl; — «ba3oBblil kype JBurarenu
KOHCTPYKTOp MIOJTOTOBKH IIPOM3BO/ICTBA MOJIETUPOBAHUS JIETaTeNIbHBIX
(IPOEKTUP OBIIHK) B CAD/CAM-cucreme» arnmnapaToB;
AJl, — «Monynb Drafting MIPOEKTUPOBAHUE
3. B CAD/CAM-cucreme. ABMAIMOHHBIX
BasoBbIif kype» JIBUTaTeNEeH.
UT, — «OcHOBBI ynpaBJiIeHUs
KOH(UTypauuen u3aenus
B PLM-cucreme»
Wnxenep- OCHOBBI HH)KEHEPHOT'0 AJl; — «ba3oBsIii Kypc [IpoexTupoBanue
KOHCTPYKTOP ananusza B CAD/CAM/ Mozenuposanus B CAD/ aBHUAITMOHHBIX
4 (pacuer4uk) CAE-cucteme CAM-cucteme» JIBUTATENeH.
’ AJl; — «ba3oBbIit Kypc
HMH)XEHEPHOTr0 aHaJIn3a
B CAE-cucreme»
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Fig. 4. Calculation of time costs using the method of functional cost analysis

for the discipline “Basic course of modeling in CAD / CAM-system”

HopmupoBanue BpeMeHH A OTJIENbHBIX BHIOB 3a7a4 (pUC. 5) IPOU3BOAMIOCH IO CTAaHAAPTY YHHU-

Bepcuteta (CTII).
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Fig. 5. Fragment of the Activity Cost Report
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Hwxe npuBenensr popMysibl CyMMUpPOBaHHS 3aTpat Juisi pabodeid nmporpammbl auctmruinabl (PI1]])
C Pa3MUYHBIMH Pa3MEPHOCTAMH TI0 CXeMe KOMITO3UIIUH (CHU3Y BBEPX).
— n
PIIA, = )iz M;,
rae PI1/l, — Bpems Ha paspabotky p-it PIIJ[; n — konu4ecTBo HOBBIX Moayied B PI1/l,; M; — Bpems Ha
pa3paboTKy i-T'0 MOAYJISL.

— m
Ml - Zk:l tk s
T t, — BpeMs Ha pa3paloTKy k-i TEeMBbI; m — KOIIMYECTBO TEM B MOJYJIE.
— y4
te = L= Ni * Vi,

rne V; — odwveMm i-ro Buja paboT B JaHHOW TeMe; ¢ — KOJIMYECTBO BUAOB paboT npu pa3paboTKe TEMBI;
N; — HOpMa BpeMEHHU JUTS pacueTa Harpy3KH, COOTBETCTBYOMIAS I-My BUY padorT.

[Ipu pa3paboTke JNEKIMOHHOTO MaTepuana (Ipe3eHTalluii), BUAeoMaTepHaIoB U 3aJJaHui JJIs TIpak-
TUYECKUX 3aHATHH, a TaKKe YI1eOHO-METOJMUECKIX YKa3aHUH I MPOBEJeHHUs J1a00OpaTOPHBIX padoT Mo
JaHHOW NUCIUIUIMHE COTJIACHO pacueTaM 3aTpaThl COCTaBHIM 258 4acoB, YTO COIVIacyeTcs C pe3yibTa-
tamu OCA.

Kpome xonmnyecTBeHHON OLIGHKH TPYA03aTpaT JaHHBIN aHaJIN3 MO3BOJSET BBINOJHUTH IJITAHUPOBA-
HUe paboT U pacrpeaeieHne Harpy3Ka MEKIy COTpYTHIUKaMu 0a30Boi Kadepsl.

B mensix 0000MIeHUsT TOTYEPKHEM, YTO B PACCMOTPEHHOM IpuMepe ObLTH UCIIONB30BaHbBI TOJIBKO
MPOrpaMMHBIE CPEICTBA, METOJMYECKHE U WH(OPMAIMOHHBIE PECYPChI, UCIIONb3yeMbIe B paMKax IUd-
poBoro asoitnuka KMC npennpusrus.
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APPLICATION OF THE DIGITAL TWIN OF THE ENTERPRISE
INFORMATION PLATFORM IN PRODUCTION AND EDUCATIONAL
PROCESSES ACCOUNTING FUNCTIONAL, COST AND TIME
CONSTRAINTS (ON THE EXAMPLE OF BUSINESS PROCESSES
OF THE INFORMATION TECHNOLOGY BASIC CHAIR)
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Introduction. Currently, developers work in cooperation in implementing projects for the de-
velopment and production of high-tech products. Digital platforms are being created for these pro-
jects that reduce transaction costs by modernizing and algorithmization business processes. The ap-
plying of such a subject-oriented platform of digital twin in the corporate information system of the
University allows modernizing its educational programs, as well as improving the efficiency student
training. Aim. The purpose of the article is to consider a transformation systematic model of the ed-
ucational process by using the digital twin of an information platform that provides solving actual
problems in researched subject area. It is necessary to develop a method for applying ABC-cost ac-
counting the specified restrictions on available project resources, including time. Materials and
methods. The methods used in the work: the principles of system engineering methodology (process
approach, life cycle, etc.); the complex approach and structural analysis of the design process using
the SADT methodology (structured analysis and design technology); the functional modeling (in
IDEFO notation). Results. It was suggested a method for determining resource constraints including
time constraints, based on ABC-cost of process models in the researched subject area using an
information platform. A modular approach based on the logic of direct and inverse composition —
decomposition relations is proposed. The elementary objects of the researched subject area according
to the rules of differential integral calculus (definite and indefinite integrals) and then the theory of
dynamical systems were identified. Conclusion. The developed approach of system functional mod-
eling based of the platform digital twin of the subject-oriented area provides a quantitative working
hour costs including time and resource constraints.

Keywords: subject-oriented area, system modeling of business processes, information platform,
PLM-system, ABS-cost, workflow design, basic chair.
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Introduction. In the context of the transition of the world industry to new production technolo-
gies, the task of monitoring the technical condition of automatic control systems components, includ-
ing pressure sensors, is urgent. Despite the existence of research and development aimed at creating
systems for diagnostics and self-diagnosis of pressure sensors, the degradation mechanisms of me-
chanical parts of sensors and diagnostics algorithms during operation remain insufficiently studied.

Aim. Propose algorithms for condition monitoring of the mechanical and hydraulic system of
in-line pressure transducers.

Materials and methods. This study is based on tests conducted on pressure modules with de-
fects that simulate the lack of liquid in the separation cavity of the mechanical and hydraulic system
of the transducer, manufactured by the industrial partner. The method of fault diagnosis is based on
the analysis of statistical characteristics of the ADC signal of the pressure modules.

Results. During the tests, hypotheses were confirmed about the dependence of the standard de-
viation of the output signal of the pressure module on the volume of liquid-oil in the channel. Based
on the obtained data, algorithms for diagnosing the technical condition of the pressure sensor were
proposed, which use the values of the sensor signal STD as a diagnostic parameter. The algorithms
provide verification of the applicability conditions of the considered method and use additional in-
formation about the technological process. The problems that need to be solved for the practical im-
plementation of algorithms in real production are formulated.

Conclusion. The proposed algorithms for condition monitoring of the pressure sensor differ
from the known diagnostic algorithms in that they use the results of experimental studies and are
aimed at detecting a malfunction of the mechanical part of the sensors. Algorithms can be used to
monitor the technical condition of in-line pressure sensors during operation under certain conditions
that need to be clarified in the course of further research and field tests.

Keywords: condition monitoring, pressure transducers, fault detection, noise analysis, standard
deviation.

Introduction

In the context of the transition of the global industry to new digital and intelligent production technol-
ogies, the key is to use a large amount of data that is transmitted and processed digitally. The source of the
data, as a rule, are the sensors and other measuring devices. Features of Industry 4.0 include sensor revolu-
tion — a mass transition to the use of digital sensors, actuators and automatic control systems [1]. The num-
ber of sensors used in various applications of Industry 4.0 is increasing at an enormous rate.

At the same time, the problem is not only an increase in the number of sensors, but also an increase
in the requirements for the measurement quality. Since it is assumed to manage all technological objects
and processes based on mathematical models and digital data, the increasing challenges of digital condi-
tion monitoring of equipment and automation of production processes increase the requirements for the
new measurement, control and diagnostics techniques. The development of digital, intelligent produc-
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tion technologies leads to an increased need for intelligent sensors of a new type. The growing number
of sensors and their integration into automatic control systems requires new approaches to the methods
of their metrological maintenance.

Due to the fact that the equipment is subject to break during operation, the task of monitoring its
technical condition is relevant, especially at present, in the context of transition to new production tech-
nologies. Sensors are key elements of the automatic control system and the reliability of the entire sys-
tem depends on the their reliability.

Many papers describe diagnostics and forecasting of various technical systems, in particular, there
are works related to online monitoring of technical condition and self-diagnostics (self-check) of pres-
sure sensors. Various solutions to the problem of increasing the reliability of sensors during operation
are proposed, from redundant sensors to the development of new designs of pressure sensors with the
function of self-diagnosis or metrological self-check [2—8].

Mass-produced pressure sensors have implemented algorithms for basic diagnostics of their own
condition. There are also developments that allow condition monitoring of the technological process
based on sensors of physical quantities [9—11]. There are works devoted to the study of possible errors
of pressure sensors during operation and their signatures [12—16]. Nevertheless, the mechanisms of deg-
radation of the mechanical parts of sensors and their manifestation in the sensor signals available for
monitoring are insufficiently studied [14]. Overcoming this problem is an urgent task for the develop-
ment of industry.

In this paper, we consider the problem of diagnostics of the technical condition of the mechanical
and hydraulic system of an in-line pressure transmitter during operation. The paper suggests ideas for
implementing diagnostic algorithms based on tests of pressure transmitters. The result of the study is
that in conjunction with the pressure sensor manufacturer, an experimental study of the effect of sensor
fill-oil leakage on the characteristics of sensor output signal was conducted. The results obtained will
allow to refine the program of research and development work to create a full-fledged system for sensor
condition monitoring.

1. A pressure transmitter fault symptoms

In this paper, we have studied in-line gauge pressure transmitters. The mechanical and hydraulic
system (MGS) of a pressure transmitter is a part of the sensor that is directly affected by the working
medium. The main function of the MGS is to transform the pressure of the working medium into the
strain of the measuring membrane of the transmitter. Failure of the system leads to its inability to trans-
mit the pressure of the working medium to the measuring membrane and the sensor becomes inoperable.
For example, fill-oil leakage leads to a violation of the mechanical connection between the measured
medium and the sensor. The failure of this system is manifested as a lack of technical ability to perform
the required function.

The condition of the mechanical and hydraulic system is characterized by its physical parameters —
mass, stiffness, geometry, etc. Defects in the mechanical and hydraulic system can lead to its failure, but
in general it can perform its function even if minor defects occur, although the conversion function
changes and the measurement error increases [12].

It was not intended to make changes to the design of sensors, so it was decided to select a method
for sensor condition monitoring based on the output signal noise analysis. A review of the literature and
theoretical analysis allowed us to formulate hypotheses that were tested experimentally during tests of
faulty pressure modules. A total of 6 normal and 14 faulty pressure modules were tested.

The faulty modules simulating fill-oil leakage were manufactured by the industrial partner. The modules
differed in the percentage of remaining liquid — from 53 % to 94 %. The percentage of remaining liquid cor-
responds to the stage of development of this fault, which allows us to investigate not only the presence of this
fault, but also to determine at what stage it can be detected by the proposed method.

The tests were conducted using specialized test facility at SUSU, which allows you to regulate the
flow rate of the working medium and its pressure up to 500 kPa. The tests were performed at room tem-
perature. The pressure was controlled using the pressure sensor BD SENSORS DMP 331. The required
pressure was set by regulating the actuators — the GRUNDFOS pump and the regulating valve.

According to the test results, all modules were divided into two groups. The first group consists of
modules with fill-oil from 53 % to 87 %. The second group consists of modules with fill-oil of 89 % or
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more. The behavior of the first group (which can be considered faulty) is distinguished by the minimum
value of the standard deviation (STD) of analogue-to-digital converter (ADC) output signal, which is
constant with the input pressure, as well as the weak influence of the input pressure on the average value
of the ADC codes (when the pressure increases above 100 kPa). The dependence of the average value
and the output signal STD for modules with a fill-oil of 83-87 % is shown in fig. 1. For comparison,
fig. 1 also shows a dependency graph for the module with a 94 % fill-oil.
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Fig. 1. The dependence of the average value (a) and STD (b) of ADC codes for the first group
of faulty modules in comparison with the module with 94 % fill-oil

Fig. 1 shows that the STD of the output signal of faulty modules with fill-oil of 87 % or less does not
depend on the input pressure and takes a minimum value approximately equal to the STD value at zero
overpressure. For the second group of modules (with fill-oil of 89 % or more), this effect is not observed or
is not always observed, and their behavior is indistinguishable from the behavior of healthy modules.

Fig. 2 shows the interval estimates of the STD of the sensor output signal for modules with different
fill-oil percentages at an input pressure of 500 kPa, where the vertical value stands for the sample
STD estimate with an interval of £2c, and the horizontal value stands for the percentage of fill-oil.
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Fig. 2. Graph of STD estimates for pressure modules
with different amount of fill-oil

The hypothesis of the dependence of the noise STD on the amount of fill-oil was confirmed.
The value of the STD of the output signal from the pressure sensor can act as a diagnostic parameter of
the pressure transmitter condition. This value can be used in pressure sensor monitoring systems.
The conducted tests confirmed the possibility of using the ADC codes of the sensor as the basis of the
method of diagnostics of its technical condition and allow us to offer possible diagnostic algorithms.
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2. Algorithms for sensor condition monitoring during operation

Currently, the transition to new production technologies raises the question of the possibility of im-
plementing systems for on-line condition monitoring of sensors, and increasing the calibration interval
or completely abandon their scheduled metrological maintenance, as well as more economical ways to
preserve or improve the reliability of automatic control systems.

The traditional way to ensure reliability is redundancy. Many important systems have triple redun-
dancy. It is known that for condition monitoring of a pressure sensor only according to its indications, it
is necessary to use at least three pressure sensors measuring the same medium under the same
conditions [13]. If the readings from one of the sensors differ significantly from the readings from the
other two, it can be concluded that this sensor is faulty.

In [14], such a monitoring system is used at nuclear reactors for increased monitoring of indications
for an aggressive environment. This type of system uses redundant sensors, which are combined sensors
that measure the same process parameter under the same environmental conditions.

Emerson Process Management offers a statistical process monitoring technology [10, 11] that can
be used to detect anomalies in the impulse lines of various pressure transducers. This is achieved by us-
ing statistical methods to determine the characteristics of the signal received from the sensor and record
their changes. This system uses mean and standard deviation values. For example, when impulse lines
are plugged, the average value of the measured value remains constant, while the value of STD changes
significantly. In this case, the monitoring system informs the operator that a fault has occurred.

The proposed algorithm for diagnosing the technical condition of a pressure transmitter is based on
the calculation of the ADC codes STD during the sensor operation and comparing it with the reference
value, which can either be pre-set when calibrating the sensor, or set at the beginning of using the sensor
in the process. The study shows that in the presence of a sufficiently pronounced fault (the percentage of
fill-oil leakage is more than 11 %), the output signal STD level remains at the minimum level and is
constant with the input pressure. This suggests that the reference value of the STD can be set together
with the zero-offset setting at zero overpressure.

Next, there are two possible ways to implement the algorithm. The first is a simple comparison of
the calculated current STD value (for example, for 1 second on 20 conversions) with the minimum ref-
erence value. If the difference between the current value and the reference value of a pre-set threshold is
exceeded, the message “Pay attention” is displayed. The second variant of the algorithm implementation
is memorization of pairs of values (STD, mean) in the training mode for this technological process. In
monitoring mode, every two newly calculated values (STD, mean) are compared with the database of
values. If for this mean value, the current STD value is significantly less than the value from the data-
base, an error message is returned. The specific numerical values and the details of calculating the refer-
ence values depend on the conditions in which the sensor is intended to be used, and must be established
through application studies for a specific type of task.

The diagnostic algorithm based on monitoring of STD is similar to the well-known Statistical Pro-
cess Monitoring (SPM) algorithm implemented in some Rosemount products [11], but it also has some
differences. The Statistical Process Monitoring algorithm continuously calculates the mean value of the
signal and its STD in the “Monitoring” mode. An alarm signal is triggered if the STD significantly de-
creases with the mean value unchanged.

If there is a malfunction of the sensor associated with its mechanical and hydraulic system, the cor-
rect display of the pressure value will fail, so the mean value will not be unchanged. Accordingly, to
implement the function of diagnostics by the sensor of its own condition, it is necessary to update the
SPM algorithm, taking into account the knowledge of the nature of the sensor's fault manifestation in its
output signal.

In some cases, in order to detect the sensor's failure, it is enough to monitor the value of the signal's
STD. But in general, even if the condition for the presence and power of noise is met, the STD may be a
necessary but not sufficient indication of a fault. In order to reliably determine the condition of the sensor,
additional parameters must be monitored, such as response time or parameters related to the signal spec-
trum. It is probably possible to take into account the dynamics of the sensor in the form of a time constant
of a transient characteristic or other parameter. It is also possible to use information from multiple sensors.
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Fig. 3. Diagram of a pressure sensor monitoring system The scheme consists of a

pipe section with flow parameters
P, — flow pressure at the pipe inlet, P, — flow pressure at the pipe outlet (subject to restrictions: P; is ap-
proximately equal to P,), two pressure sensors and a transmitter of process variables that sends data to the
control system. Fig. 4 shows the flowchart of the condition monitoring algorithm.
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Fig. 4. Flowchart of a pressure sensor condition monitoring algorithm
based on the readings of two sensors

The condition monitoring algorithm shown in fig. 4 includes a sequential set of actions. In block 1,
process and variable data are obtained from pressure sensors. Further, the block 2 is the main data pro-
cessing that allows you to check limitations of the method (block 3), and calculate the reference values
of STD for which we can conclude about the sensor error. In block 3, data from both sensors can be tak-
en into account. Block 5 compares the calculated values of the standard deviation with a reference value,
which can either be pre-set during calibration of the sensor or calculated at the beginning of the use of
sensor technology process. The final stage of the algorithm is block 7, which generates the output.

BecTHuk IOYplY. Cepus «KoMmnbloTepHbie TeXHONOrMM, ynpaBrneHue, paguo3NeKTPOHUKa». 61
2020. T. 20, Ne 3. C. 57-65



MpubopocTpoeHue, MeTposnorus...

3. Applicability and limitations of diagnostic algorithms

There are limitations and conditions for the applicability of the method considered, as well as ques-
tions that have not yet been investigated or have not been finally resolved within the framework of the
study. The main condition for the applicability of the method of technical diagnostics of the pressure
sensor based on noise analysis is the presence of technological noise of a sufficient amplitude in the
technological process, of which the pressure sensor being diagnosed is a part. Despite the fact that this
condition is usually met in a real technological process, noise characteristics, which are generally un-
known, can have a significant impact on the diagnostic algorithm.

The very nature of the technological process also affects the possibility of diagnostics. As a diag-
nostic parameter, STD is not suitable if there is zero overpressure in the process or processes that change
rapidly over time. You can overcome this limitation if you use additional sources of information about
the process, including data from other sensors (pressure, flow, etc.) installed to monitor the process.

The sufficient level of fault development is also a significant limitation. For failures associated with
fill-oil leakage, this parameter is the percentage of liquid outflow from the separation channel. Based on
the results of the study, it can be argued that the percentage of fill-oil leakage should be sufficient (more
than 10 %) to change the value of the output signal STD so that it can be detected.

Conclusions

In this paper, methods for pressure transmitters condition monitoring are considered. Based on the
hypothesis of the dependence of the noise amplitude on the amount of fill-oil in the pressure sensor
channel, a possible scheme for condition monitoring in the pipe section is presented. The algorithm for
condition monitoring is also considered in stages. This algorithm is implemented on the basis of pro-
cessing the readings from two pressure sensors and analyzing the noise of the output signal. For practi-
cal implementation of algorithms, additional research is required, including the study of the influence of
process noise characteristics on the possibility of detecting a fault, the search for symptoms of early de-
velopment of defects and field trials.
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ANrOPUTMbl AUATHOCTUKN TEXHUYECKOI'O COCTOAHUA
AOATYUKOB OABINEHUA WUTYLEPHOIO UCIMOJTHEHUA

O.10. bywyes, E.C. Ty2coea, M.A. MomopuHa
HOxHo-Ypanbckul eocydapcmeeHHnbili yHUsepcumem, 2. HensbuHck, Poccus

BBenelme. B YCJIOBHUAX NI€pexona MHpOBOﬁ MIPOMBIIIJICHHOCTU K HOBBIM IPOU3BOACTBCHHBIM
TCXHOJIOI' UM aKTyaJ'ILHOﬁ SABJIACTCA 3aJada MOHUTOPUHI'a TEXHUYCCKOI'0 COCTOSAHUA KOMIIOHCHTOB
CHUCTEM aBTOMATHUYCCKOI'O yIpaBJICHHA, KOTOPBIMHU, B YaCTHOCTH, ABJIAIOTCA JATYUKU JABJICHUA. He-
CMOTps Ha HAJIUIUC I/ICCJ'IEI[OBaHI/Iﬁ u p8.3pa60TOK, HallpaBJICHHbLIX Ha CO3JaHUC CUCTEM AUAIrHOCTU-
KU 1 CaMOJIUAaTrHOCTHUKHU JAaTUYUKOB AJaBJICHHA, OCTAIOTCA HEAOCTATOYHO U3YYCHHBIMU MEXAHU3MBEI JIC-
rpagaiiui MEXaHUYCCKUX yacren JaTYUKOB U aJITOPUTMBI JUATHOCTUKU HUX COCTOSHUA B IPOLECCCE
OKCILTyaTaluu.

ue.]'lb HCCJIea0BaHus. Hpez[nompm, AJITOPUTMBI TUATHOCTUKU TEXHUYECKOI'O COCTOSIHUA MEXa-
HPIKO-FPIZ[paBJ'IPI‘IeCKOﬁ CHUCTCMBI npeoGpasoBaTeJm JAaBJICHU INTYHEPHOT'O UCITOJTHCHU.
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Marepuaibl 1 MeTOAbI. JlaHHOE HCCIeOBaHUEe OCHOBBIBAETCS HA MPOBEACHHBIX UCTIHITAHUIX
9KCIEPUMCHTABHBIX 00pa3IOB MOIYJIEH MaBjicHUS ¢ nedeKTaMu, MOICTUPYIOIIUMHU BBITCKaHUE
JKUJIKOCTH U3 Pa3ACIUTEIbHON MOJOCTH MEXaHUKO-TUIPABINICCKON CHCTEMBI IIPEOOpa3oBaTes, U3-
TOTOBJICHHBIX C YY4aCTHUEM MPOU3BOJUTENS JATUMKOB JaBieHHs. MeTol TUarHOCTHKH HEUCTPABHO-
CTH OCHOBAH Ha aHAIM3€ CTATUCTUYECKUX XapaKTEPUCTUK CUTHAJIA Ha BBIXOJE aHAJIOrO-IM(POBOro
npeoOpaszoBarens (ALIIT) moxyins naBieHuUs.

PesynbraTel. B xone ucnbiTaHuil OBUTM MOATBEPKACHBI THUIOTE3BI O 3aBUCHMOCTH CpEIHE-
kBaapatudeckoro oTkioHeHus (CKO) BBIXOMHOTO CHrHajia MOIYJIS TABJICHUSA OT KOJIMYESCTBA pas3fe-
JIUTEIBHOM JKUIKOCTH B KaHaie. Ha OCHOBE MOJYYECHHBIX JAHHBIX OBUTH MPEIIOKCHBI alTOPUTMBI
JIMaTHOCTUKU TEXHUUYECKOT'0 COCTOSIHUS JJaTuMKa JAaBJICHHUs, KOTOPhIE B KAUYECTBE JUArHOCTUYECKOT O
napamerpa ucnonb3yoT 3HaueHus: CKO curHaia JaT4uukoB. AJTOPUTMBI TIPETyCMaTPUBAIOT MPO-
BEpPKY YCJIOBUUA NMPUMEHUMOCTH PAacCMaTPUBAEMOr0 METOAAa M HCIOJIB3YIOT JOMOJHUTENbHYIO WH-
¢dopmaruo o0 TexHonoruueckoM mporecce. CPopMyIUpoBaHbl 33a4H, KOTOPblE HEOOXOAUMO pe-
LIUTh JIJIS IPAKTUYECKON peasn3aliy ajJropuTMOB B peajbHOM MPOU3BOICTBE.

3akirouenue. [IpenoxeHHbIE alrOPUTMbI JUATHOCTUKH TEXHUYECKOTO COCTOSHUS JaTuhKa
JIaBJICHUS] OTJIMYAIOTCS OT U3BECTHBIX alTOPUTMOB JUATHOCTUKU TEM, YTO UCIIOIB3YIOT PE3YJIbTAThI
SKCIIEPUMEHTAIILHBIX HCCIICIOBAaHUM W HampaBlieHbl Ha BBISIBIIEHUE HEUCIIPABHOCTH MEXaHUYECKOM
YacTH JaTYMKOB. AJITOPUTMBI MOT'YT OBITh UCIIOJB30BaHbI JIsi MOHUTOPUHTA TEXHUYECKOTO COCTOS-
HUS TATYUKOB JABJICHHS MITYIIEPHOT'O UCIIOJHEHUS B MPOIIECCE IKCILUTYATALlUH TPH COOJTIOACHUH OIl-
PENeNeHHBIX YCIIOBHA, KOTOPhIE HEOOXOMUMO YTOUHHTH B MPOIECCe AATBHEHUIINX MCCICIOBAHUN U
TTOJICBBIX UCIBITAaHHH.

Kniouegvle crosa: monumopune mexHu4ecko2o0 COCMOSHUSL, 0amyuKy O0asieHusl, MexHU4ecKast
OUASHOCMUKA, AHATU3 ULYMA, CPEOHEKBAOPATNUYECKOe OMKIIOHEHUE.
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®OPMUPOBAHUE OLI,EHO':IHOVI MOZAEJIU YNPABJIEHUA
PECYPCHbIM BSBAMMOOEUCTBUEM CTEUKXOJIAEPOB
B NMPOEKTE

C.A. bapkanos, T.A. AeepuHa, 3.0. bpexHeea
BopoHexckul eocydapcmeeHHbIli mexHudeckul yHusepcumem, 2. BopoHex, Poccus

AnHotamus. «[loaximovyeHre» K MpoekTaM OOJNBIIOro YKCiIa 3aUHTEPECOBAHHBIX CTOPOH H
00BEKTHBHASI HEBO3MOXKHOCTD Y/IOBJIETBOPEHHUSI HHTEPECOB aOCONOTHOTO OONBIIMHCTBA CTEHKXOJI-
JepoB 00yCIIaBIMBAIOT AKTYaJbHOCTh Pa3pabOTKH MopeNeil pecypCHOro oOMeHa, OpHEHTHPOBaH-
HBIX, B [IEPBYIO OY€pe/b, HA UX JOMYCTUMOCTD AJIS ar€HTOB M TOJIBKO MOTOM — Ha ONTHUMAaJIbHOCTb.

Leas nccnenoBanusi. PazpaboraTh NpUKIaIHYI0 MOJENb OIEHKH M YIPABJICHHS PECYpCHBIM
B3aNMO/IeIICTBHEM MPUYACTHBIX CTOPOH IIPOEKTA.

Matepuanbl 1 MeToABI. B kadecTBe 06a30BOM MOjeNH ISl peaIn3aliy MOCTABICHHOH Lenu
IIpUMEHSIETCS JIMHEHHAs MOJeNlb MEXIyHapOIHON TOProBiiu. VIcXxonHble JaHHbIE U1 TOJICTAHOBKH B
MOJIEJIb XapaKTEPU3YIOT CTPYKTYPY B3aUMOOTHOIIIEHUH MEXy areHTaMHU OOMEeHa U MOT'YT OBITh I10-
Jy4eHbI B pe3yJIbTaTe MPUMEHEHHsT MOAN(DHUIIMPOBAHHOIO MHCTPYMEHTA aHaJN3a UePAPXHUiL.

Pesyabtatsl. [lonyyeHa npuxiagHas MOJEIb OLIEHKU U YIPABIECHHUS PECYPCHBIM B3aUMOJEH-
crBueM. C nomomipio cpenctea «llouck pemenuin» nporpamMbl MS Excel monydeHsl pe3ynbTaThl
MPaKTHYECKOT0 anpoOMpOBaHHUS MOJENU OLEHKH JOIMYCTHMOIO pECYpCHOrO B3aUMOJCHCTBUS
CTEUKXOJIEPOB.

3akouenne. Pe3ynbTaThl MIPaKTUYECKOr0 TPUMEHEHUSI MOJIENU TPEACTaBISIIOTCS B (hopMate
JIBYX BEKTOPOB: «JIOMYCTHMOTO» M «JIEHCTBUTEIHLHOIO» PECYPCHBIX 0OMEHOB. B 3aBucMMOCTH OT
COJIepKaTeNbHON MHTEPIPETALNHA PE3YJbTaTOB HCCIEN0BAaTENh MOXKET OIIEHMBATh pa30allaHCHPO-
BaHHOCTh PECYpPCHOI0 OOMEHa WIIM YCTaHABIHMBATh MPUOPHUTETHOCTH CTEHKXONJIEPOB B IPOEKTE,
YIIPaBJIATH OTKIOHEHUSAMHU.

Knouesvle crosa: cmetikxondep, pecypchbvlii 00MeH, 0Onycmumoe peuteHue, CUMMempus, au-
Helinas Mooeb.

Beenenue

[upokoe pacrpocTpaHeHHe CTEHKXONAep-MEHEDKMEHTa Hauanochk mocie myonukanuu B 1984 ro-
ny pabotel P. ®pumena [1]. B Heit BiepBbie ObLI IPEIJIOKEH TEPMUH «CTCUKXOJIICP» U HIIES PACCMOT-
peHust UPMBI U €€ OKPY)KEHUSI KaK COBOKYITHOCTH CTEHKXOJJIEPOB, MHTEPECH KOTOPBIX JOJIKHBI OBITH
yuteHbl. Ecim ToBOpHTH O TepMuHONOTMH, TO «stakeholder» B mepeBoje ¢ aHIIIMIICKOrO O3HAayaer
«aepxaTens HHTepeca». B pyccKoM sI3bIKe CYIIECTBYIOT pa3fUYHble WHTEPIPETAIMU U CHHOHUMBI: 3a-
WHTEpECOBaHHAsg CTOPOHA, TPYINa BIMSIHUA, TPYINa HHTEPECOB, IpPHUYACTHAs CTOpPOHA M JpYTHE.
UroOBl ompenenuTh, Kakas Bapualus Hanbojee TOYHO COOTBETCTBYET OPUTHHAIBHOMY BHJICHUIO, pac-
CMOTpHUM TpakToBKY P. @pumena: «Crelikxonaep — at00ast rpyIa Uik WHIUBH], KOTOPbIE MOT'YT BIIH-
SITh FUIA HA KOTOPBIE BIUSCT JOCTHKEHHE IeNel opranu3anum» [1].

Uccnenosarens M.A. TletpoB [2] oTrMedaeT, 4To omub0ouHO cunTath P. dpumeHa nmepBOOTKpHIBa-
TENIeM TEOPHH CTEHKXOJJIEPOB, TAK KaK HEKOTOPHIE BEIBOJIBI O HAJIMYHU B OKPY)KEHUH (UPMBI 3aHHTEpE-
COBaHHBIX CTOPOH COJAEPXKATCA U y Oosiee paHHUX HMccienoBareiei [3]. Omnako Tpyn P. ®pumena, 6e3-
YCIIOBHO, Ba)eH, paboTa BHeC/Ia ICHOCTh B TIOHMMAaHUE TEOPUH 3aMHTEPECOBAHHBIX TPYIIIIL.

K umcny npyrux 3acimyKeHHBIX 3apyOeXKHBIX aBTOPOB B HCCIEIyeMOW OOJIAaCTH MOXXHO OTHECTH
P. Mutuenna, JI. [Ipecrona, [Ix. ®pymena, A. llanupo [4, 5]. na paccMaTpuBaeMoil TeMbl HHTEPECHBI
TaKke HUAeH OCHOBOIIOJO)KHMKOB TEOpPHH pecypcHbIX orHomeHuit — JIx. bapuu [6], P. I'pant,
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Bapkanoe C.A., AsepuHa T.A., PopmuposaHue oueHO4YHOU Modesiu yripaesieHust
BpexHeea 3.0. pecypcHbIM 83aumodelicmeuemM cmelikxos10epoes 8 rnpoekme

k. [lpeddep, I'. Camancuk. Cpean oTeuecTBEHHBIX HCCIIENOBaTeNeH, pa3BUBAIONIMX HAlpaBlICHHE
PECYPCHOTO B3aUMOJEHCTBUS CTEUKXONAepoB, MOKHO BbienuTh M.A. Ilerposa [2], B.H. bypxkosa [7],
C.A. Bapkanosa [8], A.A. I'pecsko, K.C. Comomyxuna [9, 10] u ap.

CerofHs CTEMKXOJICP-MCHEIKMEHT BBICTYNACT B KA4eCTBE OMHOM M3 (YHKIMOHAJIBHBIX OOJacTel
YIIpaBJIEHUS MIPOEKTaMH, I0OITOMY ITOIXO/] HAallpaBJIeH Ha N3y4eHrE B3aMMOOTHOIIIEHUNA MEXTy HHIUBUIAMHU
W TPYIIaMH, UHTEPEChl KOTOPBIX 3aTparvBaer (akT MHUIWALMKA NpoekTa. [Ipr S5TOM BIUsIHUE HENb3s Ha-
3BaTh OJIHOCTOPOHHUM: MPOIIECC PEATU3alNU U KOHEUHBIE Pe3yAbTaThl MIPOEKTa MOT'YT OKa3bIBaTh BIIUSHUE
Ha JISITENbHOCTD MPUYACTHBIX CTOPOH JIMOO TTOCIIEIHIE BIMSIOT Ha IIPOEKT U MOMTyYaroT Beirony [11, 12].

Pa3BuBas JIOTMKy IOAX0za, MOXKHO IPUMTH K IOHMMAHHUIO NPOEKTA KAaK HEKOW COBOKYIHOCTHU
B3aMMOOTHOIIEHUN CTEHKXONAepoB. TakoW B3IISIL Ha MPOEKT KOPPEIHUPYET C INPEACTABICHUSIMU O
(upMe OCHOBATENSI IKOHOMHUYECKOH IIKOJIBI HOBOro mHCTUTyanu3Ma P. Koysa. B tpyne [13] uccinenosa-
TEb TPAKTYET €€ B KAYECTBE «IIY4YKa» KOHTPAKTOB. MIHTepnperanus AAaHHOM JOTMKU B TEOPUM CTEHK-
XOJIJIEpOB TO3BOJISIET TOBOPUTH O TOM, YTO OHH KaK pa3 M ABIISAIOTCS CTOPOHAMH KOHTPAKTOB, «ITYYOK»
KOTOPBIX COCTaBIIIECT COIEPKaHNE TIPOEKTA.

OmnpenenuB MPOEKT KaK MHOXECTBO B3aUMOOTHOIICHUH CTEHKXOJIIEPOB, HEOOXOUMO YCTAHOBHUTH,
YTO JISKUT B OCHOBE TaKHMX B3amMojeciicTBuii. OCHOBaHHMEM JUTS BCTYIUICHHS B IPOEKT sIBJISIETCST 00a-
JIAHHE HEKOTOPBIM PECYPCOM, HEOOXOIUMBIM JPYTUM YYaCTHUKAM JUISl peali3allii X MPOSKTHBIX PO-
JIel, TIPU 3TOM TIPEUIOKEHHBIH pecypc MOKHO OOMEHSTh Ha pecypchl OCTalbHBIX. OTMETHM, YTO OIle-
HUTB PECYPCHBIN BKJIAJ U PECYPCHBIE BHITOABI CTEHKXOJIJIEPOB B MPOEKTE IOCTATOYHO CIOXKHO, TOITOMY
nmoJ| pecypcamMu OyJieM MMOHHMATh BCE, YTO MOXKET OBITh IOJIE3HO M COOTBETCTBYET chepe MHTEpECOB
3aMHTEPECOBAHHBIX CTOPOH.

Cornacuo kiaccudukaiuu P. 'panra [14], pecypchl AensITcs Ha (MHAHCOBBIC, MATEepUANIbHbIC, Ye-
JIOBEYECKHE, TEXHOJIOTHUCCKHUE, PEMyTallMOHHbIC U OpraHu3annoHHbie. KoOMOMHUpOBaHHE PECYpPCOB TO-
3BOJISIET CO3/1aBaTh HOBBIE LIEHHOCTH. 10, UYTO BHICTYNAeT KOHEYHBIM MPOIYKTOM JUISI OJ0OH CTOPOHBI,
SIBIISIETCSL PECYPCOM ISl IPYroi. DTa 3aKOHOMEPHOCTh M CO371aeT BO3MOXKHOCTH JUISI PECYPCHOTO 00Me-
Ha. ONITUMHU3UPOBATH PECYPCHBI OOMEH — 3HAYUT JOCTUYHh HAHOONBIIYIO MOJOKHUTENBHYIO JIENBTY Me-
Iy IPUTOKOM U OTTOKOM pecypcoB. OHaKO BO3HUKAET JJOTMYECKUH BOMPOC: YTO JIKUT B OCHOBE T10-
JIOXKHUTENFHOTO pe3ynbraTa? Y4acTHHKH PECYpCHOTO OOMEHA UMEIOT Pa3liudHbIe TIPEICTABICHHS O I[CH-
HOCTH PECYPCOB U UX II€JIEBOM HCIOJIB30BAaHUH. PecypcHble OIeHKH OJHOTO CTEHKXOJiepa eiBa JIn Mo-
I'YT COBIIACTh C OI[CHKAMH JIPYTrOi 3aMHTEPECOBAHHON CTOPOHBI. Pa3Hble B3rAasl U (YOPMHUPYIOT MOJIO-
KHUTEIBHYIO JeNbTy. MOXKHO CKa3aTh, YTO MOWUCK HAWIYYIIEr0 COOTHONICHUS! COOCTBEHHBIX OIICHOK C
OLIEHKaMH OIIOHEHTa COCTaBJISIET CYTh ONTUMHU3AIINH.

B pabore npencraBiieHa ¢popManbHas MOAETH YIpPaBICHHs 3aMHTEPECOBAHHBIMA CTOPOHAMHM ITPO-
€KTa C MO3MIINH LIENIEBOr0 CTEHKXONIep-MEHEKMEHTa 1 000CHOBaHNE BO3MOKHOCTEH U OrpaHHYCHUH
ee IPaKTHUYeCKOro mpuMeHeHus. Tak Kak MOJelb OPHUEHTHPOBAaHA Ha JOCTHKEHHE IIeJIEBBIX YCTAHOBOK
MEHE/PKMEHTa TIPH yJIOBJICTBOPEHUN HIDKHUX TPAHHUI] HENEBbIX (YHKIUH OCTANBHBIX MPUYACTHBIX CTO-
POH, BBEJICH KPUTEPH JOMYCTHMOCTH PECYPCHOI'0 OOMEHa, IPU KOTOPOM OTHOIICHHsI OOMEHa MEXITY
3aWHTEPECOBAHHBIMU CTOPOHAMH OYIIyT XapaKTepH30BATHCS CUMMETpHEH (T. €. HEOTPHIATEIbHOCTHIO,
PaBEHCTBOM «HCXOISIINX) U «BXOISIINX)» PECYPCOB).

Janee mjs penieHus OCTaBJICHHOW 3aaudl MPUBOAUTCS ONKCAaHWE M KOMOHMHUPOBAHHE JIMHCHHOM
MOJICITH MEXTyHApOTHOU TOPTOBIH M MeToaa ananm3a uepapxuit (MAN). [locnennuii mo3BOISET yCTaHO-
BUTH COOCTBEHHBIE OI[CHKU areHTOB OTHOCHTENILHO 3HAYMMOCTH TIOTy4aeMBIX PECYpPCOB, a JIMHEWHAS MO-
JIeTb MEXKIyHapOJAHOI0 O0OMEHa pea3yeT MOMCK CHMMETPUYHOTO COOTHOIICHHS COOCTBEHHBIX OIIEHOK
OIIIOHEHTOB. B KauecTBe pe3yNbTaTOB MPaKTHUECKOrO MPUMEHEHHS MOMyYEeHHOW METOAMKH OLIEHKHU JI0-
MyCTUMOCTH DPECYpPCHOTO B3aUMOJEUCTBHUS C MOMOIIBI0 cpeactBa «llouck pemeHui» mporpaMMel
MS Excel MoryTt OBITb TOJYYEHBI BEKTOPHI «JICHCTBHTEILHOTO» U «JIOMYCTUMOI0» PECYPCHOr0 OOMEHa.
B 3aBrucumocTH OT coneprkaTenbHONW WHTEPHpPETalu Pe3yabTaToOB MEHEIKep MOXET OIleHHMBaTh pa3la-
JIAHCUPOBAHHOCTH PECYPCHOT0 0OMEHa MII YCTaHABIIMBATH IPHOPUTETHOCTH CTEHKXOJZIEPOB B TIPOCKTE.

Orenka pecypcHOr0 oOMeHa 10 KPUTEPHUIO JOMYCTUMOCTH TPENCTABISETCS BAXKHOM 3a1auei, Tak
Kak 0OMEH HE MOXKET XapaKTepH30BaThCsl YCTOWYMBOCTHIO B YCIOBUSIX aCHMMETPHH W HapYIICHHS yC-
JIOBMSI HEOTPHUIIATEIHHOCTH JIJIsl ar€HTOB.

JIOCTOMHCTBOM METOJIOB, MCIOJNB3YEMBIX ISl pa3pabOTKU METOMUKH OIEHKH JTOMYCTHMOCTH pe-
CYpPCHOT'O B3aMMOJICHCTBHS CTEHKXOJIJIEPOB, SIBISAETCS OTHOCHTENbHAS MPOCTOTA PEaTH3alMU C ITOMO-
b0 U3BECTHBIX BBIYMCIUTENBHBIX CPENCTB. biaromaps neTalbHOMY pacCMOTPEHHIO CTPYKTYP «HCXO-
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YHpaBneHMe B counarbHO-3KOHOMN4YeCKUX cuctemax

JUSIIX» U «BXOJISIIMX» PECYPCOB U OLIEHKE YIOBJIETBOPEHHOCTEH OOMEHOM C MO3UIIMU KaXI0r0 CTEHK-
XOJJiepa MOJIENb MO3BOJISIET OLIEHUTh BKJIAl KaX/I0M CTOPOHBI B HAPYIIIEHHE CUMMETPHH, YTO OTKPHIBAET
JOTTOJTHUTENTFHBIE BO3MOKHOCTH ISl peanu3aliii TOUeUHBIX YIpaBlIeHUYeCKUX BOo3AelcTBUN. B ycnoBu-
X TPOOJIEM UCCIeyeMOoro HanmpaBieHus (TpyAHOCTh (hOPMaIbHOTO ONMUCAHUS MTOBEICHUS CTEHKXOIIIe-
POB H, KaK CIIEACTBHUE, OTCYTCTBUE JOCTATOYHOT'0 KOJTMYECTBA IIPUKIIATHBIX HHCTPYMEHTOB YIIPABIICHHUS)
MpeICTaBIeHHAs MOJIeNb, TIO3BOJISIONIAS TIONYYUTh MapaMeTpbl CHMMETPHYHOTO PECYPCHOrO oOMeHa 1
OIIEHHTH JIOMYCTUMOCTD CYIIECTBYIOIIETO B3aMMOJICHCTBHUS CTEHKXOJIIEPOB, SBISIETCSI BOCTPEOOBAHHOM.

1. Moneas ynpaBJ/ieHHs 3aMHTePeCOBAHHBIMU CTOPOHAMU MPOEKTA:

BO3MOKHOCTH U OTPAaHMYEHHA

Crenndurka mpoexTa odepurBaeT Kpyr 3aUHTEPECOBAHHBIX CTOPOH M CTPYKTYPY PECYpPCHBIX OTHO-
HICHUH, TJIe KaXIbIid CTEHKXONIep MmpecieayeT cOOCTBEHHBIC 1IeNH, HHCTPYMEHTOM JOCTHXKEHHUSI KOTO-
PBIX fABISETCA y4acTue B MpoekTe. Mcrmonp3yss TEpPMUHONIOTHIO TEOPUH aKTHUBHBIX CHCTEM [7], MOXHO
CKa3aTh: Ka)K/1asi CTOPOHA MMEET COOCTBEHHYIO IENEBYIO (GYHKIUIO BH/IA:

fi(x) - max, (1)
IJie | — IOPSIIKOBBIM HOMEp cTeikxomnaepa, X — BEKTOp peCcypcoB, y4acTBYIOIINX B oOMeHe. Tak kak pe-
CYPCBHI XapaKTepU3yIOTCs OTPaHUYEHHOCTHIO, 3HAYEHUS X JOJDKHBI COOTBETCTBOBATD YCIOBUIO: Xpin <
Sx= Xmax-

Creiikxosiep — aKTUBHBIA areHT W MOYET OCYIIECTBIATh BbIOOP, IOATOMY ¢ OOJIbIIICH BEPOATHO-
CTBIO TIPUMET YYaCTHE B TOM IPOEKTE, KOTOPHIH MOTEHIMAIBHO CMOXKET MPUHECTH HAuOOIbIINHA 3¢-
(eKT, TO ecTh IMEET HauOOBIINN HIKHUN YPOBEHB JIOCTHKECHUS 1ENeBON (DyHKINU:

Fi = Fyp 2 Fi, 2)
rie F; — HWOKHSIS TpaHUIa JOCTHIKCHUS 1eNeBOd (QYHKIUU I-TO CTEHKXOJ/Iepa Ha ONpeneNIeHHOM MHO-
YKECTBE MIPOEKTOB, TO €CTh MUHUMAJIBHO JIOMYCTUMBIN YPOBEHb, IIPH KOTOPOM CTEHKXOJIIEp COTJIallaer-
cst Ha oOMeH, O — MOPSIKOBBI HOMEP JAHHOTO MPOEKTa, Fj; — CTEeNeHb JOCTHKEHUS 1IeIeBOi QYHKIINH,
obecrieunBaeMas MPOEKTOM IOl HOMepoM k. [IJist yOBIIETBOpEHHS i-T'O HHTEpEca MPOEKT JTOMKEH Kak
MHUHHUMYM COIIPOBOXKJIATHCSI HYJIEBBIMH M3AEP’KKaMH, TO €CTh YIOBJIETBOPATH HIKHEW I'paHHIlE JOCTH-
JKEHUS 11e1eBOi (DYHKIIMU CTEHKXOMepa UM MPUHOCUTD MOJIOKUTENBHOE CANBII0:

fikx) = F, 3)
rae i = l:n, n — KOMUYECTBO YYaCTHUKOB IIPOEKTa KPOME I[€JIEBOT0 CTEHKXOJAepa.

Oco0bIit cTaTyc B MPOEKTE UMEET 1IEIEBON CTEUKXOIJIEP, MOITOMY MY TPHUCBAUBACTCS MOPSIKOBBIN
HoMep m + 1. MeHeKMEHT OCYIIECTBIAET YIpaBieHHE KOMIaHWEH, B paMKax KOTOPOHl peamn3yeTcs
MPOCKT (eCITM paccMaTpUBAIOTCSl BHYTpU(UPMEHHBIE MTPOEKTHI), OPraHU3yeT pecypcHbIi oOMeH. MoXHO
CKa3aTh, YTO IENEBOM CTEHKXOIAEP BBICTYIIAET TAPaHTOM COOJIOACHUS TPABHUI UTPHI, OJHAKO IIPU 3TOM
0CTaeTCs 3aMHTEPECOBAHHON CTOPOHOM MPOEKTa, HA KOTOPYIO TakKe pacnpocTpanstorcs yciaoBus (1)—(3).

[Toka3zaTeneM peaau3allii MPOSKTa SBJISICTCA HEKOTOPBIH 3P QeKT (caibao A), KOTOPhIM pacnpese-
JISIeTCS MEXIy YYACTHUKAMH B 3aBHCHMOCTH OT CTPYKTYPBI pECYpCHOTO OOMEHAa M PacCTaHOBKH CHII B
MpoeKTe (TO €CTh B 3aBUCUMOCTH OT IPHUOPUTETHOCTH, 3HAYMMOCTH CTEHKXONIepoB) [2]:

Fi(X) = Fi + Ai- (4)

Takum 00pazoM, MBI TOJONLTH K BO3MOKHOCTH MaTEeMAaTHUECKOH MMOCTAHOBKHM 3a/Ia4H YIPABICHUS
CTEHKXOJIepaMHy B MPOIIECCE pean3aIiuy IpoekTa [2]:

fm+i(x) » max, D(x): {fi(x) = Fi,ie[L,m+1], Xmin < x < Xmax}- (%)

ConeprxatenpHas HHTEpIIpeTalus 3a1a4u (5) COCTOUT B TOM, YTO MEHEIKMEHT, peayin3ys yrpasie-
HUE CTEHKXOIJIepaMH TPOEKTa, CTPEMUTCSI MAKCHMU3UPOBATh CBOIO LIENEBYIO ()YHKIIMIO HA MHOXKECTBE
nonycTuMbix pemennii D(x). JIomycTHMOe MHOKECTBO OIPENENSETCs COBOKYIIHOCTBIO YCIOBMH: CO-
OMrojieHNe HEOTPHLATETHHOCTH pecypcHOro ooMeHa (3) ocTalbHBIX 3aMHTEPECOBAHHBIX CTOPOH IPH
OIPaHUYEHHOCTH PECYPCOB.

[IpuBenem comeprkaTenbHYI0 HHTEPIPETAIIMIO OCHOBHBIX IMapaMeTpoB Mojiend (5).

LeneBast ¢pyHKIUS yCTaHABIMBAET 3aBUCHMOCTh CTENEHH YIOBIETBOPEHHOCTH CTEUKXOJIepa OT
BEKTOpa Mmoly4aeMbix pecypcoB. @opmanuzanust QyHKIMK HE BCErjja BO3MOXKHA, TaK KaK ObIBAeT CIIOXK-
HO OLEHHUTh PECypCHbIE OKHIAHHS KOJMYECTBEHHO. B 3TOM ciyyae BO3MOXKHO MCIIONB30BaTh KayecT-
BEHHBIC MTOKA3aTeNN WM OTPAaHUYUTHCS (PAKTOM CTPEMIICHHS CTOPOH MpPU YCTAHOBIICHHMH B3aHMOOTHO-
IIICHUH HANTH BBITOIHBIN [Tt ce0sl peCypCHBIH OaaHc.
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F;— HWKHSS TPaHHIA 1IeTIeBOi PYHKIMH CTEHKXOMJIepa, KOTopas ONpeAeNseTcs] phIHOYHBIMH, JIOTO-
BOPHBIMH, TIPABOBBIMHU YCIIOBHSMH, MIPU 3TOM TOCIEHUE SBISIOTCS TPEOOBAHUSIMU BBICIIIETO YPOBHS,
TpeOyIOT 00sI3aTELHOIO MCIOMHEHM: Hampumep, codmonenue MPOT, skomorudeckux TpeOOBaHUI.
TpeboBaHus CpelHEro YpOBHSI ONPEACISIOTCS KOHKYPSHTHBIME TPEUIOKEHUAMHU pbiHKa. Hampumep,
KIICHT, MIPOSIBIISS PAllOHAIIN3M, BEIOEpET MPOEKT ¢ OoJiee MPUBIIEKATEILHON IIEHOW, TIOATOMY BBIXOJ 32
MpeIeibl PhIHKA MPHUBEAET PUPMY K IMOTepe aKTUBHON KIMEHTCKOW 0a3bl. MOXKHO CKa3aTh, YTO PHIHOK
yCTaHaBIIMBAeT UHTEPBAJI, B KOTOPOM JISKUT 3HaueHue F; [2].

OxonvatenbHo F; ycTanaBnuBaercs Ha HIKHEM YPOBHE B TIPOIECCE B3AMMOICHCTBUN CTEUKXOIIe-
POB U 3aBHCST OT COOTHOIIIEHUH BIACTH M YMEHHUS BBHICTPaUBaTh KOMMYHHUKAIIHU.

['paHuIlBl MHOKECTBA JOMYCTUMBIX pertenuii D (x)onpenessarores IByMsl THIIAMA OrpaHddeHuit. Bo-
TEPBBIX, OTPAHUYEHUS Ha BEKTOP X 03HAYAIOT, YTO TPEOOBaHMS CTOPOH MOT'YT COOJFOJIATHCS TOJBKO B OIpe-
JICIICHHBIX paMKaX. Bo-BTOPBIX, OrpaHUYeHNs] HA MUHUMAITLHO JIOMYCTUMBIC YPOBHH HIENIEBBIX (YHKIIUH.

[leneBast pyHKIUS YIPABIAIOMIETO CTERKXONAEPA fr, +1ONpPEEIcHa HA MHOXKeECTBE pemtenuii D (x),
KOTOPOE UMEET OrPaHMUYMBAIONIME YCIIOBHS, TOITOMY 3aj1aua OyleT UMeTh petenue, eciu D (x)okaxer-
cs HemycThiM. [lycToTa o3HawaeT Hed(PHEKTHUBHOCTL MEHEDKMEHTA, TO €CTh HApYIICHHE YCIOBUH pe-
CYpPCHOr0 0OMeHa.

Crout oT™MeTHTh, 9T0 D (X)— HECTaOWILHOE MHOXKECTBO, TaK KaK Ha €ro MapaMeTpbl MOXKET 3HAUMTENb-
HBIM 00pa30M IOBJMSATH BHEIIHSS cpefa npoekTa. OrpaHnueHHsI MHOYKECTBA ONPEEIIIOT MUHIMAJIBHO He-
00XO/IMMBbIE YCIIOBUS ISl YOBIETBOPEHUS TPEOOBAHMI MPUYACTHBIX CTOPOH, TO3TOMY HapyIlIEHHUE TPaHUIL
TIPUBEJIET K MOTEPE MHTEPECA U BBHIXOAY CTEHKXOJAepa U3 OTHOIIEHUH pecypCHOT0 0OMEHa.

Ha ocHoBaHNM BBIIIEN3T0KEHHON MOJIETH YIIPaBICHHUS 3aHTEPECOBAHHBIMI CTOPOHAMH MpoeKTa (5)
MOJKHO 3aKJIIOUUTh, YTO JJISl YAOBJIETBOPEHHUS i-T'O HHTEpeca MPOEKT JOJIKEH, KaK MUHHUMYM, COIPOBOX-
JIaThCS HYJIEBBIMU HM3JIEP)KKAMH, TO €CTh YAOBIICTBOPATh HIKHEH TpaHHIE TOCTHXKECHUS LENeBOH (QyHK-
. CHTyanuio JOCTHXKCHHUS HIDKHEH TPaHUWIbl I1eJeBOW (QYHKIUU OyaeM Ha3bIBaTh CHMMETPHEH.
CumMeTpust OTHOIICHHH OOMeHa sl creiikxonaepa (T. €. PaBEHCTBO «HCXOMSIIMX» U «BXOJSIIIX»
pecypcoB, HyseBoi 3 (ekT) 03HaYaeT TOJbLKO 00OCHOBAHHE BO3MOXKHOCTH (JIOMYCTUMOCTH) OTHOIICHHH.
ApryMeHTHpYeM: JIaxke ecIi 3aMHTEPECOBAHHAs CTOPOHA MomydaeT 3QdeKT oT ydacTus B IPOCKTE B BHJIE
HEOTPUIATEIHHOT0 CaJIbJI0, 3TO €Ille HE 03HAYaeT, YTO €€ OTHOIICHUS C HEEBbIM CTEHKXOJIIEPOM OITH-
ManbHel. C TMO3WIMK paccMaTpUBaeMON 3aMHTEPECOBAHHOW CTOPOHBI CHMMETPUYHOE paclpeesieHue
pecypcoB, Oyay4r BO3MOXKHBIM (T. €. HE MPOTUBOPEYAIIMM YCIIOBHUSIM), €IIe HE SBIISCTCS HAMITYYIIHM,
MOCKOJTIBKY MOJIENb (5) MaKCUMHU3UPYET 1eJIeBYI0 (GYHKIIHIO IIeIeBOro MeHemkMeHTa. CoBnajieHue 1ene-
BBIX (DYHKIIMI MEHEKMEHTA U IPYTUX CTEHKXOJJIEPOB BO3MOXKHO JIUIIIL CITYYaiHO.

BBuay TOro, 4To Ha MPAKTHKE YIOBIECTBOPEHHE a0COIIOTHO BCEX MHTEPECOB B MPOEKTE HE Mpell-
CTaBJISIETCSI BO3MOXHBIM M OCYIIECTBIISIETCS Ha OCHOBE IMPHUOPUTETOB, BAXKHOM XapaKTEPUCTUKOW Ba-
JUIHOCTH Mojenn oOMeHa (5) sIBJIsIeTCs ee OPHEHTHPOBAHHOCTh B TIEPBYIO OYepelb Ha JIOMYCTUMOCTD,
HEMPOTUBOPEUUBOE PEIIEHHE, U TOIBKO MOTOM — Ha ONTUMAJIBHOCTh. TaKoe 3aKII0UeHHE COOTBETCTBYET
CTPEMIICHUIO MEHEKMEHTA K pealln3alliid CHMMETPHUYHOr0 YIPaBIIeHHs, OpPUEHTHPOBAHHOTO, B TIEPBYIO
odepellb, Ha YIOBJIETBOPEHNE HIKHUX TPAHHUIIL 1eJIeBbIX (DYHKIUI MPHUYACTHBIX CTOPOH.

Wrak, ycTaHOBIIEHO, UTO MpaKTHUECKas peajn3alivs MOJEH YIPaBIeHUs CTEHKXOJIepaMy IIPOeKTa
MOXeET OBITh 3aTpyJHEHA OMpeNelIeHHEeM PsiJia ee MapaMeTpoB, B YACTHOCTH TapameTpa F;, To ecTb HUXK-
HEW TpaHUIIBI IENEeBBIX (PYHKIMA 3aHHTEPECOBAHHBIX CTOPOH, MPH KOTOPOH PECYpCHBIH 0OMEH SIBIISIETCS
CUMMETPHYHBIM. [lo1 CHMMETpUYHBIM OOMEHOM MBI OyJIeM MOHUMATh CUTYAIIHIO, TP KOTOPO BKJIA] B
mpoekT paBHseTcst 3Q(eKTy OT ydacTusi B HEM, TO €CTh PAaBEHCTBO CallbA0 HYIO. [IJist pereHus JanHoH
mpoOIeMbl IPEATIOKEHA METOJMKA OIEHKA PECYPCHOTO B3aUMOJICHCTBHSI CTEHKXONIEPOB, MO3BOJISIO-
1asi yCTAaHOBUTD MapaMeTpsl F; OJHOBPEMEHHO JJISl BCEX MPUYACTHBIX CTOPOH, TO €CTh TaKylO CTPYKTY-
py oOMeHa, mpu KOTOpod OH OyneT cuMMeTpuuHbIM. CHTyalisl CHMMETPHH TapaHTHPYET IONTydeHHE
HEOTPHIIATENHHOIO CaJbA0, YTO MPH HAJMYWU TPAHCAKIIMOHHBIX M3AEP’KEK 3aMHTEPECOBAaHHBIX CTOPOH
MO3BOJISIET CYMTATH TAKYIO MOJIENTb PECYPCHOTO B3aUMOACHCTBHS CTCHKXOJIJIEPOB 000CHOBAHHOM.

2. BazoBasi MojieJib VIS Pa3padoTKU METOAUKH OLEHKH H YIIPABJICHUSI

pPecypCcHBIM B3aMMO/IEHCTBHEM CTEHKXO0JI1€POB

B kauecTBe 6a30BOM MOIENU Ui Pa3pabOTKA METOIMKHU OICHKH M YIPAaBJICHHS PECYPCHBIM B3au-
MOJICHCTBHEM ITPUMEM aJITOPUTM MOACTH cOaTaHCHPOBAHHON MEKIYHAPOIHOM Toprosiau [15].
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YHpaBneHMe B counarbHO-3KOHOMN4YeCKUX cuctemax

[Tycte mpOEKT OOBEAMHSET 1 TPYII CTEHKXOJAEPOB, Kaxaash U3 KOTOPBIX MMEET HEKOTOPYIO pe-
cypcHyro 6azy X;. O6G03Ha4MM 4epe3 @;; MO0 PECYPCHOM 6asbl, KOTOPYIO i-IpyIma CTEHKXOIIEPOB
IIOJIy4aeT OT j-IPYILIBL.

Jlist Toro 4To0bl MOnellb 0OOMeHa Oblla JOMyCTHUMOMN, OHA JOJKHA ObITh CHMMETPUYHOM, TO €CTh
YIOBJICTBOPSATh YCIOBHIO: CyMMa BCEX PECYpPCHBIX OOMEHOB j-CTEHKXOJZEpPa C OCTAIbHBIMH JOJDKHA
COOTBETCTBOBATh BEJIMUYMHE PECYPCHOH 0a3bl (TO eCcTh 00beM MPHOOPETEHHBIX B MPOCKTE PECYpCOB
JIOJDKEH COOTBETCTBOBATh 00BEMY IMEpelaHHBIX PECYPCOB APYTUM 3aUHTEPECOBAHHBIM CTOPOHAM).

I[Tpu B3auMoEiiCTBUH Mapbl 3AMHTEPECOBAHHBIX CTOPOH PECYPChI, MOTy4aeMble OT OJHOI CTOPOHBL;
SIBJISIFOTCSI PE3yJIbTaTOM ISl IPYTOid, HO OJHOBPEMEHHO 3aTpaTaMu JJIsl TIEPBOi CTOPOHBI, U HA0OOPOT.
[TosTomy, 4TOOBI OOMEH OBLT ONTHMAaJIBHBIM, HEOOX0MMa B3aMMHAasl YIOBJIETBOPEHHOCTh CTOPOH. JlaH-
HOE YCJIOBHE 03HAYAET, YTO CTEHKXOJIJIEp B MPOCKTE MOJTydaeT TaAKOe K€ KOJTHYECTBO PECYPCOB, KOTOPOE
BKJIQ/IBIBACT B €TI0 Pean3almIo.

S S,
Martpuiy ) S, a, .. a, OyJeM MHTEpIIPEeTUpoBaTh KaK CTPYKTYPy CHMMETPHYHOTO Pecypc-
S, a, .. a,
X, X .. X

J
HOro 00MeHa MEX]ly 3aMHTEPECOBAaHHBIMK CTOPOHAMH B TIpOeKTe. Tak Kak HEOOXOMMO IOyYUTh UMEH-
HO CTPYKTYpy OOMEHa, CyMMa SJIEMEHTOB @;j 1O CTONIOIAM MATPHIIbI IOJDKHA OBITh PABHA €IMHHUILE.

Kaxk npaBuio, KonuyecTBo ¥ Ka4ecTBO PECYPCOB, MOITYYaeMbIX IPHYACTHBIMU CTOPOHAMH, B AEHCT-
BUTENBHOCTH MOXET OTJINYaThCs OT ONTHMMAJIBHOTO, TO €CTh 3aJaBaeMoro marpuieil A. BcnenctBue
3TOr0 MOXET BO3HUKATh B3aMHAasl HEYIOBJIETBOPEHHOCTh CTOPOH.

Jlanee BBEIEM MaTpHIly B yIOBIETBOPEHHOCTH PECYPCHBIM OOMEHOM, DJIEMEHTBI KOTOPOH b; j — KO-
s¢¢unmentsl Ha uHTepBaie [0; 1], BeIpakalolmue CTeneHb YAOBICTBOPEHHS B3aMMHBIX OXXUIAHUH 3a-
MHTEPECOBAHHBIX CTOPOH. Takke BBeseM Matpuily C, dJIEMEHTBI KOTOPOH Cjj PACCUMTBHIBAIOTCS IO

(bopMmyIe 1 OTpaXkaroT peasbHyI0 CTPYKTypy OOMEHa MEXy CTEHKXOJIIEPAMH C yUETOM yIOBJIETBOPEH-

HOCTH OT KOJIMUECTBA U Ka4eCTBa MOIYICHHBIX pecypcoB [7-9].
i (©)
Y, aijbij’

e N, a; j * bij — oTHOCHTENBHAS BeMMYMHA PECYpPCHOM Gasbl j-To cTelikxomaepa (CymMMa Ipous3Beie-

Cij =

HUH 351eMeHTOB MaTpull A 1 B o cTonoty ).

Hanee, cienys anroputMy 3alaqyl MEKIYHAPOAHON TOPTOBIH, I KaXKJIOW M3 BBEIEHHBIX MaTpPHII
MOXHO OTBICKaTh COOCTBEHHBIC BEKTOPHI, COOTBETCTBYIONIME COOCTBEHHBIM 3HAYCHUSIM MaTpHII, paB-
HBIM EIIHHUIIE.

CdopmupyeM mMaTemMaTH4yeckyro MoJelib. B kadecTBe meneBol (pyHKIMH MPHUMEM CYMMY pecypc-
HBIX 0a3 CTEHKXOJIepOB, KOTOpas JOIDKHA OCTHraTh MakcuMyma. CymMa pecypcHbIX 6a3 CTEHKXOJ-
JIepOB HE JIOJDKHA OBbITH OOJNbIe 3aJaHHOM BENMWYHMHBL Tak Kak B 3a/1a4e HEOOXOIMMO MOTYYHTh BEKTO-
PBI CTPYKTYpPBI ONITUMAIBHOTO U JICHCTBUTENBFHOTO PECYpCHOrO OOMEHa, IPUMEM B KauecTBE 3aJlaHHOM
BEITUYHHEI 1, TO cThb X1 + X, + -+ X, < 1.

Toraa 3ajjaya TpuMeT BUA:

F=x;+ x, + x, > max

(a11 — Dxg + apx; + ajpx, =0

az1x1 + (a2 — Dxy + azpx, =0 (7

Ap1X1 + AppXy + o+ (apn — Dx,, =0

X1+ xp+ 4 x, < 1.

U1 pemieHuss JAaHHOW 3a1auyd JIMHEMHOrO NPOrpaMMHUPOBAHMS IOAXOAUT CHMILIEKC-METOIUKA.
ABTOMaTHU3MPOBAHHBIH pacdeT MOYKHO IPOU3BECTH € MOMOIIIbI0 HasicTpoiiku MS Excel «ITonck pereHuiny.

Takum obpaszom, st MaTpullel A OyJeT HalJeH BEKTOp 000CHOBAHHOTO CHMMETPHYHOTO pecypc-
Horo o6mena X°. Ananoruuno, nojacrasus B (7) naHHble MaTpHibl C, PaCCUMTaEM BEKTOp AEHCTBH-
TEIBHOTO pecypcHoro obmena XA,
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Otnuune cTpykTyp BeKTOpoB A H C CBUACTENBCTBYET O pa30alaHCHPOBAHHOCTH CYIIECTBYIOLIET0
pecypcHoro ooMena. [l neTanbHOro aHaIu3a MPUYUH pa30alaHCHPOBAaHHOCTH 11€71ec000pa3HO BBIYHC-

JINTh OTHOCHUTENBHBIE pa3inuus BeKTopos k; [9, 10].

[Mony4eHnuble 3HaUeHHS OYAYT COOTBETCTBOBATH CTENECHU Pa30alaHCHPOBAHHOCTH PECYPCHOT0 00-
MEHa i-T0 CTEMKXO0JIepa ¢ OCTaIbHBIMU. UeM HIKe 3HaYeHue K;, TeM MeHblIe pa30alaHCUPOBAHHOCTb.

o = et

(= o ®)
rie xiﬂ, x{ — KOOPIMHATBI BEKTOPOB JEHCTBUTENHHOIO M CHMMETPHUYHOIO PECYPCHOr0 0GMEHA COOTBET-
CTBEHHO.

Crnenyromuii 5Tan aHamm3a pa3danaHCHPOBAaHHOCTH — ONpEACICHUE BKIIaia TIPUYACTHBIX CTOPOH B
Hapylienue Oananca. J[ist atoro odpatumces k Matpuile B u HaliéMm pa3HOCTh €€ 3JIEMEHTOB OTHOCH-
TENBHO TJIABHOW auaronanu. [loidydeHHble TaHHBIE OYIyT CBUJETEIHLCTBOBATH O PAa3IUYUsAX B yJOBJIE-
TBOPEHHOCTH 3aMHTEPECOBAHHBIX CTOPOH B3aMMOJICHCTBUEM MEXKIY cO00i. BaxkHO OTMETUTB, UTO TO-
JMy4CHHBIC PA3HOCTH SIBIISTIOTCS KIFOYEBBIMH WHIMKATOPAMH, TaK KaK €M Obl BCE MPOTHBOIOIOKHEIC
3JIEMEHTHI MaTpHIlbl B coBmaganu, coBnamm Okl 1 00€ CTPYKTYpBI OOMeHa.

3. Odecneyenue Mo/ieJIM OLEHKHU U YIIPaBJIEHUS PeCypCHBIM B3auMojeiicTBHeM

BXOJHBIMH TAHHBIMH: MeTO/l AaHAJIM3a MepapXuii

Bo 2-m pazzaene crathu Oblia chopMysarpoBaHa 3ajada 1Mo ONpPEeTICHUI0 BEKTOPOB CTPYKTYPHI J0-
MYCTAMOTO U JIEUCTBUTEIBHOTO PECYPCHBIX OOMEHOB MPHYACTHBIX K MPOEKTY CTOPOH. MoJens uMeer
TPYAHOCTH MPAKTHYECKOTO TIPUMEH EHHSI, 00YCIIOBIICHHBIE HEOOXO0IUMOCTBIO TPOBEACHUS 3HAYUTEIBHO-
rO YHciia U3MEPEHUN I HaXOXKIACHUU 3JEeMEHTOB MaTpHIl A (CHMMeTpUYHas CTPYKTypa peCcypCcCHOro
obMmeHa) 1 B (YIOBJIETBOPEHHOCTh PECYPCHBIM OOMEHOM). DTO OTKPHIBAET JOMOIHUTEILHBIC BO3MOXK-
HOCTH JUIsl MEHEIKepa B BEIOOpE METOIMK cOopa u 00pabOTKK AaHHBIX JJIS UX MOCISAYIOIIEro MpuMe-
HEHHS B MOJIETH OIIEHKH 00OCHOBAHHOCTH PECYPCHOTO B3aWMOJICHCTBHSI CTEHKXOJIepoB. Panee ObLIO
OIPEIETICHO, YTO MPOEKT C MO3WIMU CTEHKXOJJIEp-MEHEPKMEHTa TpEICTaBisieT co0ol pecypcHoe
B3aMMOJICHCTBUE €r0 YYACTHUKOB. Y CTAHOBJIEHHE IPUOPUTETOB OTHOCUTEIHHO Pa3IUYHBIX 3aMHTEPECO-
BaHHBIX CTOPOH ITO3BOJISIET ONPENENNUTh, KAKOE UM CJelyeT yAeNsITh BHUMaHUE NPU YIIPABICHHUH.

B kauecTBe MeTo/a yCTaHOBIIEHUS! OTHOCHUTEIBHON 3HAYMMOCTH PECYPCOB MPHUHATO UCIOIH30BAThH
METO/I TapHBIX cpaBHeHUH. TakuM 0Opa3oM, UCXOTHBIC DIIEMEHTHI JUTSl MATPHUIIBI A OMPENENsIOTCS MO-
TGUIIMPOBAaHHBIM METOIOM aHamm3a uepapxuii (nanee — MAN) T. Caatu [16].

OTO cuCTeMHas METOJAWKa, MO3BOJAIONIas JIUIY, MPUHUMAIONIEMY pelIeHHe, HaXOAUTh BapHaHT,
MaKCHMAaJbHO COTJIACOBAHHBIN C €ro BUACHHEM M MOHUMaHHEM Mpobiembl. CI0XKHOE SBIEHHE JEKOM-
MO3UPYETCs Ha MPOCTHIC COCTABJISIIONINE, MEXKIY KOTOPBIMH OCYIIECTBISIETCS BBIOOp MO 3aJlaHHOMY
kputeputo. [Tocie 00paboTku CykIeHHH U HEOOXOMUMBIX BBIUYMCICHUH YHCICHHO OMPEACISETCs] OTHO-
CUTEIbHAs 3HAYMMOCTh aJbTepHATHB B BHUJE BeKTOpa MpuopuTeroB. CUIIbHAS CTOPOHA METOIUKH — €€
YHHBEPCATBHOCTh (ITPUMEHSIETCS TS PEIICHUs] pa3HOOOPa3HbIX 3ajau: Uil CPaBHEHUST 00bEKTOB WITH UX
CBOWCTB, JJISl PAHKHPOBAHMSI, pacIipeeIeHUsI PeCypCcoB).

JIOTIOMHUTENEHO MOXKHO OTMETUTh €CTeCTBeHHOCTh MAU niist MeHemkepa, Tak Kak YeIOBEKYy B CH-
Jy €ro TNCHXOJOTMYECKUX OCOOCHHOCTEH JOBOJBHO TPYIHO JeNaTh BHIOOP M3 MHOXKECTBA BapHUAHTOB,
ropasJio MpolIe OCYHIECTBIATH MAPHOE CPAaBHEHUE albTEPHATHB MO 33IAHHOMY KPUTEpHIO 0TOOpa. AJ-
roput™ MoruduupoBanaoro MAU npeicTaBiieH Ha pUCYHKE.

3akJr04eHue

Ilo pe3ynbraTaM HcCleOBaHUS MOXHO clielaTh Clelyroliue BelBobl. OnpeneneHue napaMmerpoB
BBIIIEU3JI0KEHHOI MOJIENTU YIIPaBJIEHUS 3aMHTEPECOBAHHBIMU MPOEKTA (5) TaeT OCHOBaHUE YTBEPKAATh,
YTO JJISl YIOBJIETBOPEHUS i-T0 HHTEpEca pecypcooOMEH B MPOEKTE JOIDKEH, KaK MUHIUMYM, YIOBIIETBO-
PATH HIDKHEH rpaHuIle i-i 11ei1eBoi QyHKIHY, TO €CTh OBITh CHMMETPUYHBIM.

Cummerpust OTHOIICHUI oOMeHa Juis cTeiikxomnepa (T. €. paBEeHCTBO «HUCXOJSIIUX» H «BXOISIIIX )
pecypcoB) 03HaYaeT TOJIbKO 0OOCHOBaHHE BO3MOXKHOCTH (JIOIYCTHMOCTH) OTHOMEHNH. ClieoBaTenbHO,
YIOBJIETBOPEHHE a0COIIOTHO BCEX MHTEPECOB B ITPOEKTE — JIOBOJILHO CIIOXKHAA 3a/1ada. Pacnpenenenue
BBITO/I, KaK IIPaBUJIO, OCYIIECTBIISIETCA HA OCHOBE MTPHUOPHUTETOB.
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J7ist onyveHus mapaMeTpoB CHMMETPHYHOTO PECYpCHOT0 0OMeHa U MPOBEPKH JIOMTyCTUMOCTH CY-
IIECTBYIOLIET0 PECypcHOro oOMeHa pa3paboTaHa OLEHOYHAsi MOZENb YIPaBJIEHUS PECYpPCHBIM B3aUMO-
JeCTBIEM CTEHKXONIepoB. B kauecTBe 6a30BOr0 alropuT™Ma MOJEIH HCIOIb3yeTCs JTHHEHHBIH HHCT-
PYMEHT MEXIYHApOJAHOTO OOMEHa, MO3BOJSIONINI HANTH ONTHMAIBHOE COOTHOIICHHE WHIUBUIYallb-
HBIX OLICHOK CTEHKXOJIIEPOB OTHOCHTEIBLHO 3HAYUMOCTH PeCypcoB B mpoekTe. st obecnedeHust ajiro-
pUTMa BXOIHBIMU JaHHBIMH IIPUMEHSAETCS MOAU(DUIIMPOBAHHBIM METO/ aHajM3a UEPapPXUi, MO3BOJISIO-
IlII/II71 MMOJIY4YUTh MHANBUAYAJIbHBIC OLICHKH NPUYaCTHBIX CTOPOH.

1, OnpezeneHAe Nepesn PECYPCOR, IOIYIAEMEIX CTEHRXOIASPOM 0T
'*®  OCTANBHBIX TPAYACTHBIX K MPOSKTY CTOPOH

'

2. DopMHPOBAHKE KBAIPATHOH 06PATHO CHMMETPHYHOH MATPHIIE! MAPHBIY
CPABHEHKH TONVUAEMEIX PECYPCOB. DUIEMENT 3; jMATPHIEL OTPAKAET
CTENCHB 3HAYAMOCTH (NPEROCKOICTEA) =T PECYPCa MEPE j-BIM.

y

3. Kaxoit uz pecypeos sancnee/mpednoumumensiee?
ConoctasienHe Karoir uz pecypeos nautonee eeposmen?
DECYDCOR MEKILY OlieHka Cofepkatenbas HHTEPTpETALHA
coBoii TyTEM I CpaBHHBAEMBIE KOMIOHEHTBI MATPHIIB! PABHOZHATHE]

I Hadnionaerea yMepeHHOE NPeBOCNOICTRG

TIPHCBOEHHS Bl o = - =
3(1/5) HadmonaeTea cylleeTReHHOS NPeROCXMICTRO

(G ORI i h( 7 Hadnonaerca 3HaUMTENEHOE NPEBOCXDACTRO
LIRS (A (T 9 HadmoaaeTca Kpaiinge NpeBocxoICTED
NpOABJICHHA 2468 [MpomeRcyToMHbIE THAUEH g
NPEAIOYTEHHH
4. ]z““”':m"“c 8 8 S, W Bexmop Wi Gyoem
r
CORCIRCHHOLD S a ap Ay Yizy aj AGAAMBCA
BEKTOpa Fe1Zitg 8 e HCXOOHBLM i-bL
MATPHILEL TO €CTE S, | &z | B | - | g Th cmoabyon ons
CTPYKTYPHOTO E_n T Aempugor A
. jElai=1%]
Bﬁ“mpﬂ Wl t’)ﬁl‘)[,‘”l‘)(:’f”’”h‘)?ﬂ
=(Wy e W 0 vacnpedeiens
—( L ") Sn CI I I E:1'=1Flllj - 3 .! \
IHASMHMOCTH TS o pecypeos
f=1&i=1%i
PECYNCORB

'

===~ 3. [logropenne anropuTMa [TA KaAKA0r0 CTEHKXOIIepa K IEPexon K
PelIeHHEO 3aa90 PECYPCHOTD ODMEHA IPHYACTHLLX CTOPOH

v

Janoanentie uexoMbiiu danrsimy Mampingst A cpyrRmyps!
RO TR O3 PECVIICHOS0 GSM-BHCE r:mer]rc_\'o_ﬁdepo& RO

Anroput™m moandMUMpoOBaHHOro MeToAa aHanu3a uepapxumn
Algorithm of the modified hierarchy analysis method

[IpakTHueckas peanu3anys OLEHOYHOM METOAUKU YHPABJIECHHS PECYPCHBIM B3aUMOJECHCTBUEM IIO-
3BOJISICT MOJTYYUTh BEKTOPBI CTPYKTYPhl CHMMETPHYHOTO ¥ JIOIYCTUMOT'O PECypCHOT0 0OMEeHa, Ha OCHO-
BAHUM KOTOPBIX MEHEIKEP MOXKET MPOU3BECTU OLEHKY JOIYCTUMOCTH B3aUMOJECHCTBUM, BBIIBUTH OT-
KJIOHEHHS U OCYILIECTBUTH YIIPABIISAIOIIUE BO3AECUCTBUS 110 BOCCTAHOBJICHUIO CUMMETPHH.
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FORMATION OF AN ASSESSMENT MODEL FOR RESOURCE
INTERACTION OF STAKEHOLDERS IN THE PROJECT

S.A. Barkalov, barkalov@vgasu.vm.ru.,
T.A. Averina, ta_averina@mail.ru,
Z.0. Brezhneva, z.ya609@mail.ru

Voronezh State Technical University, Voronezh, Russian Federation

The participation in projects of a large number of stakeholders and the objective impossibility
of satisfying the interests of the absolute majority of stakeholders determine the relevance of devel-
oping resource exchange models, focused primarily on their acceptability for agents and only then on
optimality.

Research objective. To develop an applied model for assessing and managing the resource in-
teraction of the project stakeholders.

Materials and methods. A linear model of international trade is used as a base model for the
implementation of the goal. Initial data for substitution into the model characterize the structure of
relationships between exchange agents and can be obtained as a result of using a modified hierarchy
analysis tool.

Results. An applied model for evaluating and managing resource interaction is obtained. Using
the tool “Solver” of MS Excel.

Conclusion. The results of the practical application of the model are presented in the format of
two vectors: the “permissible” and the “real” resource exchanges. Depending on the meaningful in-
terpretation of the results, the researcher can evaluate the imbalance of the resource exchange or set
the priority of stakeholders in the project, manage deviations.

Keywords: stakeholder, resource exchange, acceptability solution, symmetry, linear model.
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ANHAMUYECKAA MOLOEJIb PASPABOTKU U PEANTU3ALIUA
NMPOEKTA nog BNNAHUEM BHELUHUX ®AKTOPOB

C.A. Bapkanosg’, A.F0. Mywkoe’, C.1. Moucees™?

"BopoHexckuti 2ocydapcmeeHHbill mexHu4eckull yHusepcumem, 2. BopoHex, Poccus,
Poccutickuti skoHoMuyeckuli yHusepcumem um. I.B. [MnexaHoea, BopoHexckuli ghunuarn,
2. BopoHex, Poccusi

Beenenue. [Ipu niaHupoBaHUH MPOEKTOB, MEPONPHUATHH, KOMIUIEKCOB paboT Bcerna HeoOXo-
JIMMO YYUTHIBATh BIIMSIHUE BHYTPEHHHUX YCJIOBUH M BHENIHEH cpenbl. B OOJBIIMHCTBE Clly4yaeB BIHs-
HHE BHEIHUX ()aKTOPOB Ha MPOEKT SBJISIETCSI CTOXACTUYECKUM U TPENCTaBIsieT cO00M CydaiHbIH
npouecc. Hay4ansie pa3paboTKy, TO3BOJISIONINE YUUTHIBATh BIMSHUE BHEITHEW cpebl Ha pa3paboTKy
U peaju3alfio MPOEKTOB, BCEr/a aKTyaJbHbI, TAK KaK OHU IO3BOJAT IMPOTHO3UPOBATH BPEMEHHBIE
XapaKTEPUCTUKH MIPOEKTOB B PEATHHBIX YCIOBUSIX.

Leas nccnenoBanmsi. B uccienoBanuu craButcs 3ajada pa3zpadboTaTh MaTeMaTHYECKYIO MO-
JleNlb, TO3BOJIAIONIYIO B JMHAMHUKE MPOTHO3UPOBATh BPEMEHHBIE IIOKA3aTelIH MPOEKTOB C YUETOM
BJIMSIHUS HA HUX CIIyYaiHbIX BHEITHHUX (PaKTOPOB.

Martepuanbsl ¥ MeTOAbl. PelUTh MOCTABIEHHYIO 3a/ady yAaeTcs IyTeM ONMCaHMs Ipoliecca
BJIMSIHUS BHEUIHMX (DaKTOPOB Ha MPOEKT MaTEeMaTHYECKUMH METOJaMH TEOPHU MapKOBCKHX CITy-
YaiHbIX mporeccoB. [Ipu 3ToOM BiHsIONME HAa MPOEKT (HAKTOPHI YCIOBHO NENSATCS Ha T€, KOTOPHIE
MIPUBOAAT K HEOOXOJUMOCTH MPOBENEHHUS TOMOTHUTEIBHBIX MEPONPHUATHIA TIPH pa3padoTKe IpOoeK-
TOB, ¥ Ha (haKTOPBI, KOTOphIE TPEOYIOT KapIUHAILHO MEHSTH MIPOEKT. B paboTe mpumeHsroTcs: Ma-
TEMaTUYECKHE METO/IbI TEOPUH BEPOSTHOCTH, TEOPUH AU PEpeHIINATBHBIX YpaBHEHHH, YUCICHHbIE
METOJBI.

Pe3yabraTbl. Ha ocHOBaHMM TEOpHHM MapKOBCKUX CIIy4aWHBIX MPOIECCOB pa3paboTaHa JIUHA-
MHYECKas MOJENb pa3pabOTKH M PeaIn3aliy MMPOEKTa C yYETOM BIIMSHHS HA 3TH MPOLECCHl BHEII-
HUX CIy4aiHbIX (hakTopoB. OmnrcaHa MeToanKa (POPMUPOBAHUS M PELICHUS] MATEMaTHYECKOH MOJie-
JIY, TIO3BOJIAIONIEH HAXOJUTh BPEMEHHBIE 3aBUCUMOCTH BEPOSTHOCTEN 3aBEepIIeHUs] OTACIBHBIX 3Ta-
TIOB pa3padOTKU MPOEKTa U BEPOSTHOCTH YCIIEIIHON pealu3alliy MpoeKTa B 1enoM. [IpoBeneH aHa-
JIU3 TIOJYyYEHHBIX PEIIeHUH, OMUCaHbl OOIIMe TEHACHIMH pa3pa0dOoTKU M pealn3alyd MPOEKTOB C
Y4ETOM BIIMSHHS HA HUX BHEITHHUX (DAKTOPOB.

3akmrouenne. [IpencraBieHHas MOAeIb MO3BOJIAET OLIEHUBATH BEPOSTHOCTH BBIMOIHEHHS MIPO-
€KTa KakK B 0OIlIeM, TaK U OTJEIbHBIX €€ ITAIOB ISl Pa3HBIX BPEMEHHBIX HHTEPBAJIOB, YTO MO3BOJIHT
IUTAaHUPOBAaTh BPEMEHHBIE CPOKU IPU YIIPaBIEHUU MPOeKTaMH. MoJenb MOXKET CIY)KUTh JOIOJIHE-
HUEM JJIS TIPOLEyp CETEBOro INIAHUPOBAHUS U YIIPABJIEHUS U AaBaTh JOMOJIHUTEIbHBIE BEPOATHO-
CTHBIE OLIEHKH BPEMEHH BBIITOJHEHUS MPOEKTA.

Kniouesvie cnoea: ynpasnenue npoexmamu, CIyHAUHbIL NPOYecc, 6EPOAMHOCHb, GHEUIHUE
@axmopwl, mamemamuyeckoe MoOOeIUPOsaAHLe.

Beenenue

Pa3paboTka CIOXKHBIX POEKTOB — ATO JJUHAMUYECKHIA MPOIIecC, Ha KOTOPBIN BIMSET MHOXKECTBO CITy-
YaiHbIX (PAKTOPOB, MPUBOASIINX K OBICTPOI CMEHE BHEIITHUX YCIOBUI M BHYTPEHHUX ()aKTOPOB, BIUSFOLINAX
Ha MPOEKT. J{Jisi MaTeMaTuueckoro MOJEIMPOBAHHS TAKUX MPOIIECCOB YIOOHO MCIONB30BaTh BEPOSITHOCT-
HBIE TIOAXO/bI, a YUUTbHIBAs TUHAMHKY, CpeI HUX HanOosee MOIXOSIIIUMH SIBJISIFOTCS] TIOAX O/, OCHOBAH-
HBIE Ha TEOPHUHU CIydaiHbIX mporeccoB [1—4]. YuuTeIBas, 4To Ha CHCTEMY MOATOTOBKU M PEATIH3aLUH TpPO-
€KTa OKa3bIBAET BIIMSHHE MHOMKECTBO CITy4alHBIX (DAaKTOpOB, CIyHaifHbIE MPOIECCHI, TIPOTEKAOINE B HEH,
OyayT OMM3KUMH K MApKOBCKUM H TSI MOJICITUPOBAHHUS TAKUX CUCTEM PAIIMOHAIIBHO UCTIONB30BaTh METOJIBI
MapKOBCKUX CITy4aifHbIX MPOLIECCOB C HEMPEPHIBHBIM BPEMEHEM U TUCKPETHBIM COCTOSTHUEM [ 1-4].

B nanHoit pabore nmpuBeneHa METOAMKA MOJCIMPOBAHMS IIpoliecca pa3paboTKu U MOCIenyrouei
peanu3aiyyi HEKOTOPOro MPOEKTa MpH OBICTPOi cMeHEe YCIoBHH M (PAKTOPOB, BIUSIOIIUX HA MPOEKT,
OCHOBaHHasi HA MapKOBCKUX CITy4ailHBIX MpolLieccax.
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1. ITocTaHoBKAa 3324 U ee MaTeMaTHYeCKasi MO b

PaccMOTpuM HEKOTOpBIN MPOEKT, KOTOPBIM HEOOXOIUMO Peaanu30BaTh B OYAYyIIEM, W ONPEACIUM
BECh LIMKJI €ro pa3paboTKK M peaiu3allii, HAYMHAS ¢ CaMOr0 PaHHEr0 MOMEHTA MPUHSATHS PEIICHUN 00
OCYIIECTBICHUH MPOEKTA.

[uk ocymecTBICHUS IPOEKTa MOKHO YCIOBHO pa3OMTh Ha JIBa TOCIIEIOBATENLHBIX JTAla: CTa IO
pa3paboTKH U CTaJIUIO pealin3alyy. JTan peau3aliy IPoeKTa H3y4eH JI0CTaTOYHO XOPOIIo, CYIIECTBY-
€T MHOXKECTBO METOJMK IO €r0 OCYIIECTBICHUIO W KOHTPOJIO MCIIONHEHMs, Hanboyiee W3BECTHBIC U3
KOTOPBIX — 3TO METOJIbI CETEBOr0 IJIAHWPOBAHUS M ympaBieHus [5, 6]. Mcxoms u3 3TOro, OCHOBHOE
BHMMaHHUE YCIHM MIEPBOMY dTally, 3aKIFYAONIEMYCs B pa3padOTKe MEPOIIPUATHH MO MIIAHUPOBAHUIO
MPOEKTa B YCIOBUSAX MEHSIOIICHCS 00CTAHOBKH M CPEIIbI Peain3alliy MPOSKTa.

BBenem HECKOIBKO JOIMYILEHUH, KOTOPBIE JIATYT B OCHOBE MpeijiaracMoi TUHAMHYSCKON MOJIEIIH

1. IIpu pa3paboTKe MpoeKTa BO3MOYKHO J[Ba BapHaHTa €ro OKOHYAHUS: MO0 Ipoliecc pa3padoTku Oy-
JICT YCIICIIHO OKOHYECH U MOYKHO IIPUCTYIATh K PeaM3alliy IPOeKTa, JMO0 HaXOAATCsA HEKOTOpbIe (hakTo-
pBI WM YCIOBHUS (HAa30BEM MX HEOJIarompHATHBIMH), KOTOPbIC HE MO3BOJIIOT PEAM30BBIBATH MPOCKT B
3TOM BHJIE, U BOHHUKACT HEOOXOAMMOCTD TIepeCMaTPUBATh IIPOCKT U pa3padaThiBaTh €rO 3aHOBO.

2. IIpu pa3paboTKe MpoeKTa MOTYT BO3HUKATH (PAKTOPHI MJIM YCJIOBHS, KOTOPhIC BHOCAT HEOMPEIe-
JICHHOCTh B YCJIOBHS pealii3alliy MPOeKTa (HA30BEM WX HEONPENEICHHBIMH), YTO TPEOYET IOMOIHH-
TEJIBHBIX MEPOIPHUSITHH, CCIIEAOBaHUM, cOopa MH(GOPMAIIMH U ITOJOOHOT0, OAHAKO 3TO HE MIPUBOJIUT HA
JAHHOM 3TaIle K U3MEHECHHUIO MPOEKTa, a TPEOYET JIMIIL €ro KOPPEKIUH.

3. HeGnaronpusTHbIC U HEONPEASICHHbIC (PaKTOPBI SBIISIOTCSA CIAYYalHBIMU U MOTYT BOSHHKHYTH C
OIIPEJEIIEHHON BEPOSTHOCTBIO B CIIy4aliHBII MOMEHT BPEMEHH.

4. Peanmu3anusi mpoekTa HAYMHACTCS TONBKO TIOCIIE YCIICIIHON ero pa3padoTKH.

B cooTBeTcTBUM C ONMCAaHHON CXEMOW MapKOBCKMW CIy4dailHbIM IPOLIECC MOXKHO 33/1aTh B BUIE
MHOECTBA CIIEIYIONINX COCTOSHUN:

S| — cocTosiHME Havasa pa3pabOTKU MPOSKTa, MPUHATHS PEIICHUH 0 MEPONPHUATHIX MPOEKTa, cOopa
1 00paboTKK MHPOPMAIUH;

S> — cocTosiHHME, KOrja He0OXOIMMO ITPOBOAUTE JOMOJHUTEIBHBIC MEPOIIPHUATHS M HCCACIOBAHMS
JUTs HauOosee 3 GeKTUBHON pean3aliy MPOeKTa;

S5 — cocTosiHME, KOr/ia pa3paboTKa MPOeKTa OKOHYEHA W MIPUHUMAETCS PellieHre JIN0O O ero peau-
3anuu, 1100, U3-3a e¢ HEBO3MOXKHOCTH, O Hadalsle pa3padOTKU HOBOTO MPOCKTA;

S4 — COCTOSTHIE OKOHYAHUS peai3aiiy MPOeKTa U CIA4l ero B IKCILTyaTaI|Io.

B cooTBercTBHM ¢ MOJZIENBIO MAPKOBCKUX CIIyYaHBIX MPOLIECCOB IEPEXOJ] MEKIY COCTOSHUAMM S; U S;
OCYIIECTBIISIETCS 11071 BIUSHUEM HEKOTOPOro MOTOKA COOBITHH A;;, KOTOPBIN CBS3aH CO CPEIHUM BPEMEHEM
T} HaXOXJIEHUsI CUCTEMBI B COCTOSIHUM S; TIepe] IIepexoioM B coctosHue Sj: A;= 1/T;. BBumy aToro ciydaii-
HBIN MPOLIECC pa3pa0dOTKU U PeasTM3aliy IMPOeKTa OYIET OIMUCHIBATHCS CACTYIOINIUMH MapaMeTPaMu

T\ — cpeaHee BpeMs pa3pabOTKU MPOEKTA 10 MOMEHTA peali3alliy Wi MPOBEICHUS J0MOIHUTEIb-
HBIX MEPONPHUATHH, CBSI3aHHBIX C HEONPEIEICHHBIMH (PaKTOPaMH;

T, — cpenHee BpeMs MPOBEICHHMSI TOMOTHUTEIBHBIX MEPONPHUATHI 10 pa3pabOTKe MPOEKTa, CBSI3aH-
HBIX C IMOSBJICHUEM HEONPEICICHHBIX (PaKTOPOB;

T5 — cpermHee BpeMsi pealin3aliiy MPOeKTa;

T, — cpenHee BpeMst MKy BO3HMKHOBCHUEM HEOJIaroMpHUATHBIX (PaKTOPOB, MPUBOIAIIMX K pa3pa-
00TKe HOBOT'O MPOEKTA;

P — BEPOSITHOCTh HEOOXOJMMOCTH IIPOBEACHHUS JTOMOJHUTEIBHBIX MEPONPHUATUH, CBI3aHHBIX C HE-
ornpe/elIeHHBIMA (haKTOpaMHu.

B coorBercTBUM C omucaH-

p / S, HOM cxeMol (PyHKIIMOHHPOBAHUSI
Ty 1 / CIIy4ailHOrO Mpoliecca CTPOUM
Ty { ero rpad CcOCTOSHHH, KOTOpBIN
/T3 Ss | mpexcrasnen Ha puc. 1.
S (1-p) /
N’ Puc. 1. N'pac cocTosHun cny4yanHoro
1 s npouecca
/T4 3 Fig. 1. State graph of a random
process
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CraBuTcs 3allauya paccunTaTh BPEMEHHBIC 3aBHCHMOCTH BEPOSTHOCTEH KaKIOTO COCTOSHHS
F(t), B (t), B(t) n Py(t) , iMeroLxe CMBICI BEPOATHOCTH TOT'0, YTO B IIPOM3BOJIBHBIA MOMEHT BPEMEHH
¢t cucreMa OyleT HaXOJUTHCS B 3TOM cocTosHUM. [locienusisi BEpOsSTHOCTh paBHA BEPOSATHOCTH pa3pa-
OOTKHU U pearn3aluy BCEro MPOeKTa.

2. MeToauka peunieHus MOCTABJIEHHOI 3axaun

B cootBercTBum ¢ rpadoM cOCTOSHUIA U3 prc. | sl OMUCcaHusl JUHAMUKH TIpoliecca pa3padoTKe 1
peanu3anyy MpoeKTa cocTaBisieM cucteMy ypaBHeHui Kommoroposa [1], B KoTopoi KaXXIoMy COCTOSI-
HUIO OYyJIeT COOTBETCTBOBATH AU PepeHIInaIbHOS YPaBHEHHUE BUIA:

dR(@) _ B() RO

dt T4 Tl ’

db(t) _pA@) B,

dt 1, T, '

)]

ar() _R© , (1-p)RO) _[LJ,L]]%@);

dt T2 Ti T;‘ T3

dB(0) _ R

dt T,

Cucrema ypaBHeHmid (1) sIBIS€TCS BBIPOXKICHHOH, W B Hell omHO (J1F000€) YpaBHEHHE CHCTEMbI
HY>KHO 3aMEHHUTb Ha YCIIOBUE HOPMUPOBKH BUIa B (¢) + P, (¢)+ B (¢)+ P,(t) =1, caenaem 3TO ¢ TPETbUM
ypaBHeHHEeM. B utore nomyunm cucremy auddepeHuanbHbpIX ypaBHEHUH BUIA:
dh() _ B _RQ®.

dt T, T,

dP,(t) _ pR() _PR(®).

dt T, 7, Q)
dP,(6) _ B(1)
dt 7’

R@)+P () +B()+P(1)=1.
J1 HaXOXKIEHHS YaCTHOTO PEIIEHUsI CUCTEMBI (2) BOCTIONb3yeMCSl HAa4aJIbHBIMHU YCIOBUSAMU:
£(0)=1; £(0)=0; 5(0) =0; £,(0)=0, 3)
KOTOpBIE€ MMEIOT CMBICT TOT'0, YTO B HAYaJIbHBIA MOMEHT BPEMEHH CHCTeMa HaXOAMUJIACh B COCTOSTHUH S.

Hcrnonp3yst mocieanee ypaBHEHUE CUCTEMBI, MOXXHO MCKIIOUHUTH U3 (2) BEPOSTHOCTH TPETHETO CO-
CTOSIHUS, TIEPEHIA K CUCTEME U3 TpeX MU depeHIInaibHbIX YpaBHCHHI:

ABAO__ (L Yppn-Lpin-L 1.

19 (T4+TIJPI(0 RO RO

aB@) _p 1 .

#=71P1(t)—721’2(t), @)
an@__1 1

i T}(Pl(t)Jer(t)Jert(t)F%-

Beipaxenue (4) mpeactaBisier co0Oi CHCTeMy JIMHEHHBIX HEOJIHOPOAHBIX AU epeHIHaIbHbIX
YpaBHEHUH ¢ TIOCTOSIHHBIMH K03 dunuentamu [5, 6], KOTOpyro yIOOHO pelmaTh METOJJOM COOCTBEHHBIX
3HAYEHMH U COOCTBEHHBIX BEKTOPOB [7].

OOmiee pemieHue OyJeT COCTOSATh M3 CYNEPHO3UIMM  OOIIEr0  OJHOPOJHOIO  PEIICHHUS
P’(t), i=1,2,4 ¥ 4aCTHOrO HEOMHOPOJHOTrO pemenus P (t): P, (t)= P’(t)+ P"(¢). Paccmorpum 06-
IIMH TOIX0/] K HAXOXKJICHUIO 00IIEro OAHOPOAHOr0 perieHus. OHO UMeeT BU/I:
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1)10 (Z) — Clel(l)el]t + C2V2(1)6K2t + C3Vv3(l)e7»3t;
P ()= CPeM + s Pe + Cy{Pe™

1)40 (Z) — CII/]G)@M[ + C2V2(3)e7»2t + C3V3(3)e7»3t ,
rze Ay, Ay, A3 — COOCTBEHHBIE YHCIIa CHCTEMBI (4), KOTOpBIE HAXOAATCS U3 PEUICHHS XapaKTEePHCTHIECKOTO
ypaBHEHHUSL:

1 1 1 1
- —4+— =2 - -
T, T T, I,
1
£ —— % 0 |=0, (5)
I T,
_1 11,
I L I
1 1 1
Vi( ) V2( ) V3( )
aVs= Vl(z) V2(2) V3(2) — MaTpHIia U3 COOCTBEHHBIX BEKTOPOB CHCTEMBI (4), COOTBETCTBYIOIIAS Xa-

Vl(3) V2(3) V3(3)

PaKTePUCTUIECKOMY ypaBHEHHIO (5).
C y4eToM TOro, 4To BEKTOP HEOJHOPOAHBIX (QDYHKIUN CUCTEMBI (4) IpeACTaBiIsIeT COO0N KOHCTAHTHI:
v,
0 |, HeomHOPOHOE peleHne OyAeT UMETh BUJl HEKOTOPBIX MOCTOSHHBIX P = A, , KOTOpble HAXOJAT-
1T
Csl IyTeM TOACTaHOBOK HEOJHOPOAHOrO pelieHus B (4). B urore, Taxoke uCronb3ys yciloBHe HOPMUPOBKH,
HAXO/IUM YaCTHOE HEOIHOPOJHOE pelIeHHE:
H _N. H _ . H _ (). Ho_
P'"=0; ,'=0; 5'=0; P/ =1.
Jnst HaxoxkaeHus: HeompeneneHHbx KoHcTaHT Cj, C,, C; ucmoinb3dyeM HadalbHble ycinoBus (3).

BeposaTHOCTE coCcTOsHMA S3 TOTy4aeM U3 yCIOBHsS HOPMUPOBKU B Busie: P5(1)=1-F(t)— B (¢) - P, (1) .

3. AHau3 NOJIy4eHHBIX Pe3yJabTaTOB

IIpoBenem aHanu3 MOJYYEHHOT'O PELICHUS AJI pa3HbIX 3HAUYECHUN MapaMeTpoB 3anauu. g Hars-
HOCTH, ¥ YYUTBIBasl TO, YTO aHAJMTUYECKOE PElICHHE CHIBHO 3aBHUCHT OT MapaMeTpOB 3a/ladud, CAeNaeM
3TO rpaduIecKy.

Ha pwuc.2 npuBeneHbl BpeMEHHBIE 3aBUCUMOCTH  BEPOSTHOCTEH  KaXIOTO  COCTOSHUSA
F(t), P (t), P(¢t) u P,(t) 3a 20 nHeii mocie Hayana pa3pabOTKU IMPOEKTa, KOTOPbIE XapaKTepH3yIoT Be-

POSITHOCTHYIO MTPOIODKUTEIBHOCTh KAXKIOTr0 dTarna pa3padoTKu U pean3aini 00beKTa ¢ y4eTOM BIIHS-
HUS BHEIIHUX (haKTOPOB.

Kak BugHO M3 pHC. 2, IPOIOKUTEIBHOCTh dTalla Hadayia pa3paboTKK IIPOSKTa OBICTPO HMpUOIHIKa-
€TCA K HYJIIO, BEPOATHOCTHU COCTOSIHUM C IMPOBCACHHUEM JOIOJIHUTCIBbHBIX MepOHpI/IHTI/Iﬁ H mpormecca
MNPUHATUS PELICHUH O peanu3alry IPOeKTa UMEIT SKCTPEMYMBI, @ BEPOSITHOCTh BBIIIOJHEHUS IIPOEKTa
B 001IIEM MOHOTOHHO CTPEMHUTCS K SIMHHUIIE, YTO COrIACyeTCsl C MOCTaBICHHOM 3a1aueii.

[IpoananusupyeM Tenepb BIUSHUE TapaMETPOB MOJIETM Ha pacCUMTAaHHbBIE BEPOATHOCTH. B kauecT-
BE aHaHH?»PIpyeMOﬁ BEPOATHOCTU BO3BMEM P4, TaK KaK OHa HMMCECT CMBICIT BEPOATHOCTHU BBIITOJIHCHHUA
BCero mpoekra B 1enoM. Ha puc. 3 npuBeneHa BpeMeHHas 3aBHCUMOCTh 3TOTO TIOKA3aTelisi OT CPEIHEro
BPEMEHH peann3aiuu npoekra 7.
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Kax BH/IHO M3 puUC. 3, CpeaHss MPOAOJDKUTECIIBHOCTE 3Tala pain3allii IMPOCKTa CUJIIBHO BJIUACT Ha
BECHb IIUKJI, ITIOHUKAA €€ IIPU YBCIUYCHUHU ITPOAOJDKUTCIBHOCTU 3Tala.
O‘ICBI/IIIHO, 4YTO Ha YKa3zaHHYIO BCPOATHOCTH OOJI’)KHA OKa3blBaTh BJIMAHHUEC U MHTCHCHUBHOCTL IIOSB-

JIeHWs1 HeOMaronpusATHBIX (HaKTOpPOB, KOTOpas XapakKTeph3yercsl mapameTpoM Ty. DTa 3aBHCHMOCTD

TIpeJcTaBlIeHa Ha puc. 4.

1-

Bpewmsi ¢ ( nHeit )

Puc. 2. BpeMmeHHble 3aBUCUMOCTU BEPOATHOCTEN COCTOSAHUI NPU 3HAYEHUAX NapaMeTpoB
T1= 3 gHA, T.=5 aHen, T3 = 15 gHen, T, =12 gHen, p = 0,5
Fig. 2. Temporal dependences of state probabilities at parameter values
T,1= 3 days, T, =5 days, T3= 15 days, T,=12 days, p=0,5

—— T53=10 gueit

Pa(t 3
ORI Ts=15 nqueil
0,6[ -... T3=20 nueii

=
+

=
i

0 5 10 15 20
Bpewmsi ¢ ( nueit )

Puc. 3. BpemeHHble 3aBUCMMOCTU BEPOATHOCTU BbINOSTHEHUS NPOeKTa

npu pasHbiX 3Ha4YeHusx napameTtpa T3 (T1 = 3 gHA, T2 = 5 gHen, T,= 12 gHen, p = 0,5)
Fig. 3. Temporal dependences of the probability of the project

at different values of the parameter T; (T, = 3 days, T, =5 days, T3 =5 days, p =0,5)

Kax BUINUM, 3TO BJIMUAHUC MCHCC BBIPAXXCHHOC, YEM B INPCABIAYHIEM rpa(bMKe, HO 3HAYHUTCIIBHECC,
MIPpHUYEM YEM BLIINIC MHTCHCUBHOCTD ITOABJICHUSA He6JIaI‘OHpI/I$ITHbIX (I)aKTOPOB, TEM MCHBIIC BEPOATHOCTDH

peann3alyy MpoeKTa.
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Kak ObU10 CKa3aHO paHee, 3Tal IPOBEACHHUS JOMOIHUTEIbHBIC MEPOIPUATUH M UCCICIOBAHUMN IS
HauOoee 3pPeKTUBHON peaau3aliii MPOeKTa S, SBISICTCSA BEPOSTHOCTHBIM M €0 HEOOXOAUMOCTD OII-
penessieTcs mapaMmeTpom p. 3aBUCUMOCTh BEPOSITHOCTH pean3aliii MPOEKTa OT 3TOr0 MapaMerpa mpe-
CTaBJIeHa Ha puC. 5.

BuHo, 4TO HEOOXOAUMOCTD MPOBEACHHMS TOMOTHUTEIBLHBIX MEPOIIPUATHIA TOHIKAET OOIIYI0 BEpO-
SATHOCTD BBITIOJTHCHHS ITPOCKTA 3a 3aJaHHOC BPEMHL.

0,57 .o
P4(?) T4= 8 nuen x

041 T4= 12 nuent /‘,.-f."

---- T4=16 nuent Let
0’3__ '.‘f.'..
0,27 _.«'!.

P

0,17 g

0 5 10 15 20

Bpewmsif ( nHu )

Puc. 4. BpeMmeHHble 3aBUCUMOCTN BEPOATHOCTEN BbINONIHEHUS NPoOeKTa
npu pa3HbiX 3Ha4YeHusx napameTtpa T4 (T =3 gHA, T. =5 gHen, T3 =15 gHen, p = 0,5)
Fig. 4. Temporal dependences of the probabilities of the project
at different values of the parameter T, (T, = 3 days, T, =5 days, T3= 15 days, p = 0,5)

0,61
P (f) | — Beposruocts p=0,3
4
----- BeposTtHocTte p=0,5 .
---- BepostHocts p=0,7 R ...' .
0’4-- _."...“'
0,21 e

Bpewmsi ¢ (uacer )

Puc. 5. BpemeHHble 3aBUCMMOCTU BEPOATHOCTU peanu3aummn npoekTa
npu pasHbiX 3Ha4YeHusx napameTpa p (T1= 3 gHen, T.= 5 aHen, Tz= 15 gHen, T, = 12 gHeNn)
Fig. 5. Temporal dependences of the probability of project implementation
at different values of the parameter p (T = 3 days, T.= 5 days, T;= 15 days, T4 = 12 days)

3akJouenue

Takum 00Opa3oM, Ha OCHOBaHHUH TCOPHHM MApPKOBCKHX CIYYalHBIX MPOILIECCOB pa3paboTaHa JUHAMH-
Yyeckas MaTeMaTH4ecKasi MOJCb pa3pa00TKU M pean3aliy MPOEKTa ¢ y4ETOM BIIUSHUS Ha 3TH IPOIeC-
CBI BHEIIHUX CITy4alHbBIX (DaKTOPOB.

HpeZICTaBJIeHHaH MOACIIb IMO3BOJJACT OUCHHUBATH BepOHTHOCTH BBIITOJTHCHU A HpOGKTa KaK B O6IlIeM,
TaK U OTACIIbHBIX €€ O3TAaIlOB IJIA paSHbIX BpeMeHHBIX I/IHTepBaJ]OB, YTO ITO3BOJIUT HJ]aHI/IpOBaTI) BpeMeH-
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HbIE CPOKH TIpH yIpaBJIeHUH npoekTamu. IlyTem mepepacnpenenenus pecypcoB Ajsl pa3HbIX 3TanoB [8]
MOXHO U3MEHATh UX CPEHIOI0 MPOJIOJKUTEIHLHOCTD U IOOMBATHCsI O0Jiee BBICOKOI'O KayecTBa MpHU pas-
paboTke u peanu3anyy MPOeKTOB C YUETOM BIIUSHUS HA HUX HEMPEABUICHHBIX U (OPC-MaKOPHBIX 00-
CTOSITEJILCTB.

Mopnenp MOXET CIyKUTh JONOJHEHHEM K CTaHAAPTHBIM IMPOLEAYPAM CETEBOIO IUIAHUPOBAHUS U
YOpaBJIECHUS U JaBaTh JONOJHUTEIbHBIE BEPOSATHOCTHBIC OLICHKHM BPEMEHHU BBIIIOJIHEHUS MPOEKTOB.
IIpencraBieHHast METOAMKA pacyeTa BEPOSITHOCTHBIX APAMETPOB B TMHAMUKE €€ U3MEHEHUH MTO3BOJINT
[IPOBOJUTH AHAJIOTUYHBIE PACUETHI JUISI HHBIX COCTOSIHUM CUCTEMBI, B KOTOPOH peain3yeTcsi MapKOBCKHI
CILy4aiHBI NPOLECC, YTO MO3BOJIUT MPOBOJUTH PACUEThI JUIsl KOHKPETHBIX IIPOEKTOB C ONPEAEIICHHBIMU
BHEIIHUMH BO3JICHCTBUSMU HA HETO.
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Introduction. When planning projects, events, work packages, it is always necessary to take into
account the influence of internal conditions and the external environment. In most cases, the influence
of external factors on the project is stochastic and is a random process. Scientific developments allow-
ing to take into account the influence of the external environment on the development and implementa-
tion of projects are always relevant, since they will allow to predict the temporal characteristics of pro-
jects in real conditions.

Aim. In scientific research, the task is to develop a mathematical model that allows dynamics to
predict the temporal performance of projects, taking into account the influence of random external fac-
tors on them.

Materials and methods. It is possible to solve the problem by describing the process of the influ-
ence of external factors on the project by mathematical methods of the theory of Markov random proc-
esses. At the same time, factors affecting the project are conditionally divided into those that lead to the
need for additional activities in the development of projects, and to factors that require a fundamental
change in the project. In a scientific study, mathematical methods of probability theory, the theory of
differential equations, and numerical methods are used.

Results. Based on the theory of Markov random processes, a dynamic model for the development
and implementation of the project was developed taking into account the influence of external random
factors on these processes. A methodology for the formation and solution of a mathematical model is
described, which allows one to find the time dependences of the probabilities of completion of individ-
ual stages of project development and the probability of successful implementation of the project as a
whole. The analysis of the solutions obtained is carried out, general trends in the development and im-
plementation of projects are described taking into account the influence of external factors on them.

Conclusion. The presented model makes it possible to evaluate the probabilities of the project in
general and of its individual stages for different time intervals, which will allow you to plan timelines
for project management. The model can complement the network planning and management proce-
dures and provide additional probabilistic estimates of the project time.

Keywords: project management, random process, probability, external factors, mathematical
modeling.
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MOOEJINPOBAHUE NMOKA3ATENA PA3BUTUA
YENOBEYECKOIO NOTEHUUWAIA B TEPMAHUA

C.A. Bapnamoea, 1.B. Komkoe

lNMepmckuli HayuoHarnbHbIlU uccrnedogameribCKUl noaumexHuU4YecKul yHugepcumem,
unuan e 2. bepesHuku, . bepesHuku, Poccusi

Beenenue. B crathe paccMaTpuBaeTcs HOBasi MOJEND 3aBHCHMOCTH MHJIEKCA UYEIOBEYECKOI'0
pecypca rocynapcra oT Habopa ¢axTopoB. MHaeKc YenoBedeckoro pecypca He UMeeT OOMIeMHpo-
BOM METOIUKH OICHKH, OJHAKO BeChbMa Ba)KEH IS YIPaBJICHHs TocyaapcTBoM. OIHUM M3 METOMIOB
(hopMaJIbHOTO OLICHUBAHMS XapaKTCPUCTHUKH OOJBIION COIUATBHO-I9KOHOMHYECKONH CHCTEMBI SIBIIS-
eTcs 000CHOBAHHOE PAHKHPOBAHUE YACTHBIX KPUTCPHUCB.

Hens padorsl. C UCIIONB30BaHUEM TOJBKO (HOPMATBHBIX METOJ0B MAaTEMATHUECKOTO MOJICITH-
poBaHHs pa3paboTaTh PEKOMEHIAIMH 110 TOBBIIICHHIO [TOKa3aTellei HHIIEKCa YeTI0BEUYECKOTr0 pa3BHy-
THS Ha TOCYJapCTBCHHOM YPOBHE.

Martepuaabl 1 MeTOABI. BEIOpaHbI YaCTHBIC KPUTEPUH, OMMCHIBAIOIINAE HHICKC YEIIOBEYECKOTO
pasButus. OmpeneneHa WX pPaHXUPOBKA, OOecCleYMBaroIas HAUOONBIIYIO TJAaJKOCTh T'OJOBOTO
TpeHna. [loctpoeH HabOp MaTeMaTHYECKHX MOJENEH, KOTOphIe OICHUBAIIUCH KaK MO aripoKCHMa-
IIUM UCXOIHBIX JaHHBIX, TaK U 10 KaYECTBY IMOCTIIPOrHO3a. B kauecTBe paboueii BhIOpaHa perpeccu-
OHHO-TU((epeHIMATBHAS MOJIC]IH BTOPOT0 MOPsKA, TIOKa3aHbl ¢ MPSHUMYIINECTBA U HEOCTATKU O
CPaBHEHHIO C JIMHEHHON MHOTrO(paKkTOPHOIH MoJebio. MccienoBaHo BIMSHAE U3MECHECHUH yIIpaBJise-
MBIX U HEYIpPaBJIIEMBIX (haKTOPOB Ha IMMOKA3aTEHd HHICKCA YEIOBEUECKOro pa3BuUTHs. [loka3aHbI
BO3MO)KHOCTH TI0 YIIPABJICHUIO CUCTEMOM.

3axuouenne. Ha oCHOBaHUM KpPaTKOCPOYHBIX IMPOrHO30B C(HOPMYIHUPOBAHBI PEKOMEHIAIMU
IO YJYYIIEHHIO TIOKa3aTeIel HHAEKCa YeJIOBEUECKOTr0 Pa3BUTHSL.

Kniouesvle crosa: npoenosuposanue, mamemamuyeckoe MoOeIUposanue, UHOEKC 4el08e4ecko-
20 pazeumusl.

Beenenue

Wnpexc yenoseueckoro pazputusi (MYP) [1] — mokazaTenb, KOTOPHI peoOpasyeT JaHHbBIC YPOBHS
KHU3HH, 00pa30BaHHOCTH ¥ JIOJITOJIETHSI 33 OMpENEICHHBIN MeprUoJ] BpEMEHH KaK OCHOBHBIX XapaKTepH-
CTHK YeJIOBEYECKOTr0 IMOTEHIINAIa Ha UCCIIeNYEMO TEpPUTOPHH B €AMHOe 3HaueHue. MHekc yenoBede-
CKOT'0 pa3BUTHS MO3BOJISIET OLIEHUTH, PA3BUBAETCS JIM CTpaHa B KIIIOUYe MHTEPECOB CBOMX TPakJaH HIIU
xe HeT. OJJHAKO Ha TIOKa3aTenu, ydacTByromue B UUP, oka3pIBaloT cBOe BIUSHUE U JApYyrue QPakTopbl —
Kakue-TO B OOJIBIIEH CTEIeHH, KaKhe-TO B MEHBIIIEH.

PaccmatpuBaeMas 3amada SIBISICTCS MHOTOKPUTEPHATBHON, U UTOTOBBIN KpuTepuit (y,) IpencraB-
nsieT co0OH B3BEIICHHYIO CYMMY YacTHBIX KpUTepHeB. B KauecTBe YacCTHBIX KPHTEPUEB paccMaTpHBa-
10TCs: cpemnsisa 3apruiata mo crpane (mon. CIIA) (y;), cpemHss mpoaoKUTEIBHOCTE XU3HU (JIeT) (12),
BaJIOBBI HAIIMOHAIBHBIN JIOXOJ MO MPUOPHUTETY MoKymaTtenbekoi crocobnoctr (BH/ TITIC) Ha mymnry
Hacenenus (mon. CIHA) (y;), rocymapcTBeHHBIE pacxojbl Ha oOpa3oBanue (MiaH mon. CIIHA) ().
JlaHHBIE peakiuy OBUTH BBIOPAHBI, TOCKOJIBKY OHHU cojepxatcs B TUP.

B kauectBe (hakTOpPOB, OKa3bIBAIOIIMX BO3ACHCTBHE HA O0BEKT UCCIICAOBaHUS, BBIOpaHbI [2, 3]: KO-
4ecTBO 0e3paboTHBIX (MIH 4Yen.) (x;), BajoBbIi BHyTpeHHHH npomykt (BBII) Ha uenmoBeka (TbIC. 1O
CIIIA) (x;), pacxoz rocyJaapcTBa Ha MEAMIMHY Ha oxHoro uenoeka (mon. CIIA) (x;), KOIHYECTBO 3a(HK-
CHUPOBaHHBIX MPECTYIUICHUH (X,), IIleHa MPOAYKTOBOM Kop3uHbI (1071, CIIIA) (xs5), Kypc momapa K HaIuo-
HaJIBHON BaJIIOTE (X5), KOJIMYECTBO TYPUCTHICCKUX OTIIPABICHUN U3 CTpaHBI (MJIH Yell. TOM) (X7), KOTHMIe-
CTBO YEJIOBEK, MMEIOIIMX MOCTYM K cetu MuTepHer (MiH 4den.) (Xs), KOTMIECTBO MEPENICTOB BHYTPH CTpa-
HBI (MJTH. 9€71.) (X9), PACXOJBI TOCYJaPCTBA HA MHHOBAIIMOHHBIEC pa3padoTku (M goi. CIIA.) (x;9).

BriOpanHbie akToOphl BIHAIOT HAa PEAKIUK CIEAYIOIINM 00pa3oM: KOIHYECTBO 0e3paboTHBIX KOC-
BEHHO yKa3bIBaeT Ha HaIM4KEe pabounx mMecT B crpane; BBII Ha denoBeka KOCBEHHO yKa3bIBaeT HA KO-
HOMHYECKOE COCTOSIHAE CTpaHbl; KOJMYECTBO 3a(MKCUPOBAHHBIX HANaJICHUH KOCBEHHO YKas3bIBaeT Ha
001Iyr0 6€30MacHOCTh TPaXKAaH CTPaHbI; IIeHA MPOILYKTOBOH KOP3WHBI B IIEJIOM YKa3bIBACT Ha MPOJIO-
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BOJIbCTBEHHYIO 0€30I1aCHOCTD; KOJIMUYECTBO IEPEIeTOB BHYTPU CTPAHBI U 3a €€ MpeielaMi COOTBETCTBY-
eT mapaMerpaM MOOWMIIBHOCTH TPaKJaH; KOJIMYECTBO BIOXKEHHBIX JICHET B HAYKYy KOCBEHHO YKa3bIBaeT
Ha BKJIAJ] FOCY/IapCcTBa B HAYKY M KOCBEHHO — Ha TIOSIBJIICHHE WHHOBAIMI B CTpaHe.
VcxoHble TaHHEIE GbITH B3SThI U3 OTKPHITOrO MCTOYHHKA B ceTH VHTepHer .
TonoBsie psbl HaKTOPOB M KPUTEPHUEB MIPEACTaBICHBI B Ta0I. 1.

Ta6bnuua 1
Kputepuu un caktopsbl
Table 1
Criteria and factors

2005 2006 2007 2008 2009 2010 2011
Vi 2920 2950 3004 3103 3141 3227 3311
V2 78,9 79,13 79,53 79,74 79,84 79,99 80,44
V3 32634 34332 36990 38400 37870 39960 43770
V4 126,73 128,18 148,68 165,11 166,31 167,03 180,32
X; 3,17 3,01 2,81 2,59 2,67 2,38 1,98
X2 32133 33777 36451 38029 37042 39187 42693
X3 3268 3461 3631 3857 4120 4315 4578
X4 0,49 0,51 0,52 0,51 0,14 0,14 0,13
Xs 2350 2380 2469 2522 2485 2422 2540
X6 1,1829 1,3321 1,3219 1,4408 1,5108 1,3756 1,3037
X7 86,62 81,80 82,09 86,20 85,52 85,87 84,69
Xs 56,65 59,47 61,86 64,04 64,70 67,05 65,26
X9 90,78 99,64 106,10 107,94 103,33 97,33 107,04
X0 | 68,352 74,875 82,224 97,344 92,016 91,854 104,97

2012 2013 2014 2015 2016 2017 2018
Vi 3391 3449 3527 3612 3703 3771 3842
b2 80,54 80,49 81,09 80,64 80,99 80,99 81,4
V3 44590 46250 48110 49010 50910 53680 54890
V4 173,97 184,08 191,38 161,71 166,46 174,08 190,43
X; 1,81 1,76 1,69 1,57 1,44 1,30 1,16
X7 43564 45232 47191 47979 49921 52574 53735
X3 4696 4945 5174 5329 5463 5748 5955
X4 0,13 0,12 0,12 0,12 0,14 0,13 0,13
X5 2317 2469 2576 2228 2257 2380 2563
X6 1,2905 1,3426 1,2258 1,1045 1,0389 1,1956 1,1463
X7 82,72 87,45 83,008 83,73 90,96 92,40 91,55
Xs 66,19 67,90 69,80 71,71 73,78 69,76 70,82
X9 105,97 109,06 112,35 117,22 116,71 114,16 109,79
x| 102,34 104,55 112,81 97,498 100,57 109,95 121,41

1. JInneiinas MHOrogakTopHasi MoJeJb

Ha nepBoM 3Tane HE0OXOIMMO UCKITIOYUTH Pa3MEPHOCTh BEMUYMH. J{J1st 3TOro paccynutaeM HOPMU-

POBaHHBIE 3HAYECHUS KDUTEPUEB )~V

(¢, )—min y, (¢
“(p e »i(te) in v, (1) (1)
Vi ( k ) = .
mtax Yilty) — min y; (%)
rac
! Caiir crarucruku https://www.statista.com/
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4Yesiogeqyecko20 nomeHyuana e NepmaHuu

te =1ttty ) =1k )
k — nepuo, 3a KOTOPBIN JOCTYIHBI JaHHBIE [0 HCCIEAYEMOMY 00BEKTY. 3aTeM HEOOXOAUMO aHAJIOTHY-
HBIM 00pa30M HOPMHPOBATEH (HAKTOPBI X;—X 0.

Paccunrtaem oOliiee 3HaUEHUE KPUTEPHUS Yy HA OCHOBE YACTHBIX HOPMHUPOBAHHBIX KPUTEPUEB ), — V-

k
Yo (tk)zzaiyi(tk )Q 3)

TI€ a; — BEC i-I'0 KPUTEPUSL.
Bec kaxxnoro xpurepus pacCUUTBIBAECTCS:

L. “4)

rae R; — 3HaYeHHe paHra Ka)Ioro Kpurepusa. PaHT KakJ0oro KpUTEpHs OIMpeNneNnseTrcs TOIbKO C MOMO-
IIbI0 KOMOMHAIIMY YaCTHBIX KPUTEPHUEB JIJISI V; — )y TAKAM 00pa3oM, 4TOObI COXPaHSIIOCh YCIIOBHE:

K-l
R:Z|y(lk+1)—y(tk)|—>min. (5)
K=l

OT0 yCcIOBHE HEOOXOIUMO COONIOIATh, ITOCKOJNBKY HCCIEAyeTcs Oonblias COLMAIbHO-
SKOHOMHYECKasl CHCTeMa, W JUIsl Heé pe3Kknue M3MEHEHHsI HeBO3MOXKHBI. J[aHHbIE KPUTEPHH MOTYT OBITh
moj00paHbl pa3MUHBIMU criocobamu. [Ipu STOM YeM MeHbllle 3HaUeHUE paHra — TeM OoJIblliee BIMSHHE
OH OKa3bIBaCT Ha CUCTEMY B IIeNIoM [4, 5].

B nanHOM HcclieioBaHMY 3HAUCHUSI PaHTOB OBUTH OMpeeNieHbl METOIOM MOoIHOro nepedopa. Uto-
rOBBIC 3HaUEHUS paHToB: R;=1, R,=3, R;=2, R,=4.

Bec kpuTepus u paHr UMEIOT 00paTHO MPOMOPIHOHATBLHYIO 3aBUCHMOCTD, TIO3TOMY CPEIHSIS 3ap-
r1ata UMeeT Ha 00BbEeKT Hauboblliee BIMSHUE, 8 PACXO/IBI TOCYyIapcTBa Ha 00pa3oBaHnEe — HAaUMEHBIIIEe.
3TO MOKa3bIBAET, YTO OOJBIINE 3aPIUIATHI CIIOCOOCTBYIOT TONYUECHHIO OOJIBIINX MPEUMYIIECTB, YTO HE
MPOTUBOPEYUT JIOTHKE.

[Nocre BHITOTHEHNS ONMMCAHHON BBIIIE pabOThI HEOOXOMMO HCCIIEIOBATh BIUSHUE OTACIBHBIX (aK-
TOPOB Ha HCCIIeNyeMblii 00beKT. OIHUM U3 CIIOCOOOB TIPOBE/ICHHS TAKOTO aHAIN3a SBIISETCS] TOCTPOCHUE
nuHeitHol MHOTo(dakTopHON Moaenu (JIMM). Jluneiinas MHOrodakToOpHast MOJICb UMEET BUIL:

yo(x(2))=co+ icl-x,-(tr (6)

e ¢; — Ko3(pPUIMEHTHI BIUSHUSA i-T0 (haKkTopa.

Kak mpaeuio, u3 JIMM wuckimouyarorcs (hakToOpbl, UMEIOIINE BBICOKYIO B3aMMHYIO KOPPEIISALIUIO
apyr ¢ apyrom [6]. Takumu dakTopaMu B paccMaTpruBaeMoi 3aaade sBISIFOTCS pakTopel HoMep 1, 2, 3 u
8, Mo3TOMY UX HEOOXOJMMO HCKITIOUUTH U3 mocTpoeHus JIMM.

Koaddunmentsr Mmogenu onpenenum, pemias 3ajaqy MUHIMH3AIMA KBAIPATUIHON HEBSI3KH:

K
S = o(te) (1) — min )
k=1
T7Ie Vo(t;) — U3BECTHOE 3HauUeHHe, }(f;) — pacueTHOE 3HaUeHHe. 3ajauya MUHIMH3AIMH PeliaeTcss MeToa-
MH TTOKOOPAMHATHOTO WK TPaJUeHTHOrO cimycka [7, §8].
B pesynberare perieHus 3aaud ONTHMHU3AIUKA OBUIM TONYYEHBI KOX(QQHUIIMEHTHI BIUSHHS, TPE-
CTaBIICHHBIC B Ta0II. 2.

Tabnuua 2
KoaddumumeHTbl BNusaHusa cdaktopor ansa JIMM
Table 2
Coefficients of factor influences for LMM
C] (%] C3 Cy Cs Cs C7 Cs Co Clo
-0,2756 0 0,5594 0 0,0124 0 0,036 0 0,0585 0,1024

3nauenus 0 y ko3 pUIMEHTOB 03HAYAIOT, YTO OHH BBIKIFOUCHBI M3 MTOCTPOCHHS MOJICIH, & UMEHHO
(akKTOpHI Cy, C4, C, Cg. JHAK KODPPHUIMEHTA CBUACTEIBCTBYET O MOJOKHUTEIHHOM WM OTPHIIATEILHOM
BIMSIHAM (paKToOpa Ha UTOTOBBIN KpuTepwid. Tak, HampuMep, KOIU4ecTBO 0e3paboTHBIX (¢;) OKa3bIBaeT
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HanOoJbIllee OTPHUIIATENILHOE BIMSIHUE HA CHCTEMY, YTO HE MPOTHBOPEUYHT 37PAaBOMY CMBICITY; KOJINYe-
CTBO 0e3pabOTHBIX KOCBEHHO YKa3bIBAaeT Ha KOJIMYECTBO pabOYMX MECT B CTpaHe, M €CIIU IOoKa3aTelb
Oe3paborullsl pacrer (KOCBEHHO TaJIaeT 1MOKa3aTelb JOCTYIHBIX Pa00OYHX MECT), 3HAYUT, U BIUSHHUE HA
cucremy Oyner OTpUIIATEIbHBIM. Pacxoipl Ha MENWIIMHY OKa3bIBAIOT HAWOONbBIIEE IOJIOKUTEIHHOE
BIIMSIHME: 3TOT TIOKa3aTellb BIUSACT Ha MEIUIIUHCKOE 0OCITy>)KHUBaHHE, YTO TAKXKE HE IIPOTHBOPECUYHT 3/Ipa-
BOMY cMbICTy. HamMmeHblee MONOKUTENbHOE BIMSHHE OKa3bIBAET II€HA MPOAYKTOBOM KOP3UHBI, MO-
CKOJIbKY JaHHBIE O CPEAHEH 3apIulaTe [0 CTpaHe Ha UCCIeLyeMOM IIPOMEXYTKE BCErla BhIIIE, UeM LieHa
MPOIYKTOBOH KOP3MHBI, IOATOMY JaHHBIH ITOKa3aTelb BIHMIET HA CUCTEMY B MeHbIIel creneHu. Koad-
(UIMEHTEHI ¢, Cy, €19 TAKKE UMEIOT TIONOXKUTENBHBIN KO3 (PUIIMEHT TPU MOCTPOCHUN MOJIEINH, TaK KaK
o01Me 3aTpaThl TOCyIapcTBa HA MHHOBAIMOHHBIE MCCIEIOBAHMSI, KOIMYECTBO aBUANECPEIETOB BHYTPU
cTpaHbl (KOCBEHHBIH IMOKa3aTelnb TOPH30HTAIBHONH MOOMIBHOCTH), a TaKKe BO3MOXKHOCTH BHEUIHETrO
TypU3Ma KHUTEIeH CTPaHbI MOJIOKUTENBHO BIUSAIOT HA YPOBEHB JKU3HU.

[Moce momy4yeHust MOJEIH, a TAKKe MOTYYEeHHs 3HAYCHUI BIUSAHUS (HaKTOPOB HEOOXOAUMO MOIPO-
00BaTh CIPOrHO3UPOBATH MOBEACHUE HUCCIENYeMOro o0beKkTa. J{Jsl Toro 4To0bl MPOBEPUTH BO3MOXKHO-
CTH TIOJYYEHHOM MOJIENH, MPUMEHUM METOJ MOCTIPOTrHO3a, KOTOPHII MO3BOJISIET ONPEAeTUTh TOPU3OHT
IIPOTHO3UPOBAHUS HCCIEAYEMOI cucTeMbl. MeToA 3aK/Io4yaeTcsl B pacuere peaklUM CUCTEMBbl Ha YK€
W3BECTHBIX NaHHbIX [9]. [TocTeneHHo OyaeM yMEHbIIATh KOJMHYECTBO U3BECTHBIX JIET ISl HAaXOXKJCHUS
TOpPU30HTA IPOTHO3UpPOBaHUs (puc. 1).
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0
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Puc. 1. AnnpokcuMauus 1 NOCTNPOrHO3 NO U3BECTHbLIM JAaHHbIM
Fig. 1. Approximation and post-forecast based on known data

Kak BugnO 13 rpaduka (puc. 1), MoJenb XOpOIIo armpoKCHMUPYET JaHHBIC H CTPOUT ITOCTIIPOTHO3,
OYeHb OJM3KUI K HACTOALIMM 3HAYEHHUSAM HcclienyeMoro oobekra. [1oaToMy Bocmonb3yemcst MoaydeH-
HOW paHee MOJENBIO JUIS MPOrHO3UPOBAHMUS MOBEICHUST 00beKTa Ha Ommkaiiie 3 roga: Tak Kak 3TO
OorpIasl COIMATFHO-YKOHOMHYECKAsE CHCTEMa, 3aBUCSIIAs OT MHOTHX (PaKTOpPOB, TO JeNaTh MPOTHO3HI
Ha CpoK Ooree 3 JIeT HepalnoHAIBHO.

Jiist TOro 4To0Bl CIIPOTHO3UPOBATH PEAKITHIO UCCIEAYEMOro o0bekTa ¢ MI3MEHEHHUEM 3HaYeHHUs 3Ha-
gamux (akTopoB, HEOOXOAUMO TPHUHATH JIONMYIICHUE, YTO XapakTep M3MEHEHUs! (JaKTOPOB OCTaHETCS
MPEeKHUM Ha BECh MEPUOJ HAOIOACHHS UM XOTsI OBl Ha €T0 4acTh.

[MoaTOMy ompenenum, o KaKOMY 3aKOHY U3MEHSITHCH (DaKTOpBI, U 3aTEM PacCUUTAEM WX 3HAYCHHS
C TIOMOIIIbIO COOTBETCTBYIOMUX ypaBHeHuUH [10].

OCHOBHBIE 3aKOHBI H3MCHEHHS 3HAYAINX (PaKTOPOB:

1. ®axTOophl U3MEHSIOTCS KBAAPATHYHO:

2
x(t)za+b-t+c-t : ®)
2. @axTOpbl U3MEHSIOTCS TUHEHHO:
x(t)=a+b-t. ©9)
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Nzmenenue 3HayeHnil (HakTOPOB HE MPHHAIICKUT HU K KBAJIPATUIHOMY 3aKOHY, HU K JIMHEHHOMY
Y TIPOUCXOJUT OTHOCUTEIHHO KAKOT0-THO0 3HAUCHUSI:

x(t)= X+ Ax. (10)
Jiist TOro 4ToOBI ONMPEENTUTh, 0 KAKOMY 3aKOHY U3MEHSIOTCS HCCIIenyeMbie (akTOphl, HEOOX OTU-

MO BBIYHMCIUTH KO DUITMSHTHI IHHESHHON KOPPEISIMKA MEXKTY ITOJyYSHHBIMA U HCXOJIHBIMHU JaHHBIMH.
Ha cnemyrommemM srtame CIporHo3upyeM IOBEICHUE HCCIETyeMOro oOheKTa Ha Ommxkaimme 3 To-

na (puc. 2).

1.4 — Hcxonnas
’ ITporH. 6e3 u3M. (akr.
1,2 x7-10%
. x7+10%
******* x10-10%
08 x10+20%
0,6
0,4
0,2
0o -

5 6 7 8 910111213 14151617 18 19 20 21

Puc. 2. NMporHo3 JIMM Ha 3 ropga
Fig. 2. LMM forecast for 3 years

Onenka MYP I'epmanuu BeipacteT Ha 22,5 % depe3 Tpu rofa (pe3ynbTaT Ha pHC. 2) MPH YCIOBUU
COXpaHEHUs TeHJICHIINU Pa3BUTH (HaKTOPOB.

@akTopbl pacxofa Ha Hay4HbIE UCCIENOBAHUS (X;9) M YUCIO TYPUCTUYECKHX OTHpPABIEHUN W3 CTpa-
HBI (X7) MOT'YT OBITh YIPaBISIEMBIMHU, TAK KaK OpPraHaM BIIACTH TIOJI CHITy KOHTPOJIMPOBATh M U3MCHSTH X.
O0a ¢hakTopa OKa3bIBaIOT BIMSHUE HA UCCIIEYEMBbIH OOBEKT NPH YBETMUCHUH MM YMECHBIICHAN UX OOMbIIe
yem Ha 10 % (puc. 2). B tabn. 3 npencrarieHa 3aBUCUMOCTh U3MEHEHHST 00bEKTa OT U3MEHEHHUS (PaKTOPOB.

Tabnuua 3
MporHo3 Ha Tpu roaa Npu M3MeHeHUM ynpasnsieMbix ¢akTopoB
Table 3
Forecast for three years with a change in managed factors
Uzmenenue daxropa/ | Hcxonnsle 1 ) 3
HOMEp roja JaHHbIE
x0+20% 1,255 1,766 2,615 3,654
X0 —10 % 1,255 1,51 2,1 2,7
x;—10% 0,6236 —0,1169 -1,91 —4,458
x7+10 % 0,6236 1,364 2,132 3,225

[To naHHBIM Tab1. 3 MOYKHO CAENATh BBIBOI, UTO U3MEeHEHHE (pakTopa x;p Ha 20 % BeIeT K 3HAYUTEIIb-
HOMY yBenmueHuto 3Hauenust UUP u Takomy ke pe3ynbTaTy, 4To U u3MeHenue ¢akropa x; Ha 10 %. Us-
MEHEHHUE ke (PaKTOPOB B CTOPOHY YMEHBIIICHHS 3HAUCHHN BENET K CHH)KCHHUIO 3HAYCHUH CHUCTEMBI, HO
CHCTEMa COXpaHseT CBOH POCT, a HE CHUIKACTCSI.

CpaBHUM MOJYYCHHBIC PE3YJIBTAThI IIPH MOJCITUPOBAHUH TTOBEICHUS CUCTEMBI C IIOMOIIBIO JTUHEH-
HOM MHOTO(aKTOPHON MOEIHN C IOCTPOCHHOW Jajiee perpecCHoHHO-Au( G epeHITNaTbHON MOACIBIO.
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2. Perpeccuonno-auddepeHnuaibuas Moaeb
Jnst  nanbHEWIero WCCIeJOBaHUS PACCMOTPUM  PErpecCHOHHO-TU(PPEepeHIIUANBHYI0 MOJCTb
(PAM), ona umeer cnenyromuii Bua [11, 12]:

V(1) gy () =a+bey(t)+ 36 x, () (in
i=1

rae g — Ko3QQHUIUEHT BIUSHAS POU3BOJHON TIEPBOTO MOPSKA, ¢ — KOHCTAHTA BIUSHUS BTOPOU TPO-
M3BOJHON pEaKIHUU MPH MOCTPOCHUHU TPpeHIa, b — K03(DPUIHEHT «0OpaTHOM CBS3M», ONHMCHIBAIOIIUN
BIIMSIHUE 3HAYCHUS PEAKIMH Ha e¢ e BTOPYIO MPOU3BOAHYIO, ¢;— KOAPPHUIIMEHTHI BIUSHUS (PaKTOPOB.

JUid MHTEepHONSLIUN TOIOBOTO psiia KPUTEpHs HCIONB3YIOTCS CIUIAMHBL, a HE KyCOYHO-JIHHEHHbIe
MpUOIKEHUS, TaK Kak pu uHTerpupoBanny OJ1Y BTOpOro mopsijika u BBIIIE TOMXyYaeTCs TaaKas Kpu-
Bas, HA KOTOPYIO HE OKa3bIBACT BIUSHHUE XapaKTep W3MCHEHHs 3Havamux ¢aktopoB [13, 14]. IIpu stom
OyneM moa0uparh 3Ha4eHHs AKTOPOB TAaKUM 00pa3oM, YTOOBI UCXOHAS MOJICIb XOPOIIO AlMPOKCHMH-
poBaJia JaHHBIE U MTOTyYEeHHbIC KOA(PQHUIEHTH UMENH BIMSHUAE HA CHCTEMY C HY>KHBIM 3HaKoM [15, 16].

MeronoM NoHOTO Mepedopa OBUTH TOMYYEHBI 3HAUYCHHS 1151 KOO PHUIIMEHTOB H MOCTPOCHA MOJIENb
P/IM4 (puc. 3), oHa Taxke XOpOIIO NMPUBOIUT JaHHBIE K HCXOIHBIM, HO JAaeT HE MPOTHBOpEYallne
3[PaBOMY CMBICITY KO3 QHUIIMEHTHI BIUSHUS (HakTOpoB (Tad. 4).

Ta6nuua 4
KoaddpmumeHTbl BNusHua cakTopoB
Table 4
Factors influence factors
Cy (&%) C3 Cy Cs Cs C7 Cs Co Co
-1,63 | 11,3 | 0,16 -1,2 0,36 0,11 0,22 0 0 0,24

1 —— Hcxonuas

0,9 P/IM1

0,8

0,7 PJIM2

06 PJIM3

0,5 ——= PIIM4

0,4

0,3

0,2

0,1

0

5 6 7 & 9 10 11 12 13 14 15 16 17 18

Puc. 3. POM
Fig. 3. RDM

Honb o3Hawaer, yTo (haKkTOphI BHIKIIOUEHBI U3 TIOCTPOCHHUST MOJICIH, & UMEHHO KOJMYECTBO Teperie-
TOB BHYTPH CTpPaHbl U KOJIMYECTBO JIFOJAEH, UMEIOIIUX A0cTyl K cetu MHTepHer. Buano, yto BBII Ha
IyIly HaceleHUs MMeeT HamOoibllee MOJOKUTEIbHOE BO3JCHCTBHE, TaK KaK 3TO MOKa3aTelb, OTpa-
KAIONIMH SKOHOMHYECKOE Pa3BUTHE CTPaHBl OTHOCUTEIHHO CBOMX Tpa)kIaH. A KOIW4YecTBO Oe3padot-
HBIX — HanOoITbIlIee OTPHUIIATENLHOE, TaK KaK dTOT MOKa3aTellb KOCBEHHO YKa3bIBaeT HA KOIUYECTBO Pa-
Oounx MecT B cTpaHe. Takke oTpUlIaTeIbHOE BIMSHUE HA CUCTEMY OKa3bIBaeT KOJMUYECTBO 3a(UKCHPO-
BaHHBIX MMPECTYIUICHUH, ICHCTBUTEIHHO ATOT MOKA3aTellb KOCBEHHO YKa3bIBaeT Ha 0€30MacHOCTh IPax-
JIlaH CTPaHbl, ¥ YEM BBIIIEC YPOBEHb MPECTYIHOCTH, TEM BbILIE KOJUYECTBO MPECTYIUIEHUM, 3TO JIOTHYHO.
A HauMeHblIIEe MOJI0KUTENBHOE BO3JEHCTBUE OKa3bIBaET KypcC Jo/ulapa K €Bpo, 3TO JIOTUYHO, 1OCKOIb-
Ky €BpO, NIUPOKO Hcronb3yemoe B ['epmannu, oneHnBaercs Boiie, yem jgoiap CIHIA mo 6aHKOBCKOMY
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Kypcy oomeHa. Takxke MONOXKHUTETBHOE BIMSHUE Ha MOBEICHUE CHCTEMBbl OKa3bIBAIOT KPUTEPHUH Cjg, C7,
cs, ¢;. KonnuecTBo BiIOKeHUH B MHHOBAIIMH, a TAKXKE PAcXO/bl HA MEAMIIMHY B LIEIOM MOJI0XKHUTEIHHO
BIIUSIOT HA pa3BUTHE CHCTEMBI, TaK KaK yKa3bIBaIOT Ha MOSABJICHHE MHHOBAIIMI B CTpaHe M yPOBEHb Me-
JMIAHCKOTO 00cnyxuBaHus. Kod(QUIMEHT TypHCTHYECKUX OTIPABICHUH U3 CTPAaHBI TAKXKE MOJIOXKH-
TENFHO BJIMSCET HA )KHUTENEH CTpaHbI: €Cli BO3MOXHBI ITyTEIIECTBHS B JIPyTUe CTPaHbl, 3HAYUT, (DHMHAH-
COBOE COCTOsSIHUE 3TO 103BOMsAeT. LleHa MpoayKTOBOI KOP3UHBI [TOJI0KUTENIBHO BIUSET HA CUCTEMY, TaK
KaK UMeeT TEHJEHIUIO K JIMHEITHOMY YMEHBIIEHHUIO, T. €. MPOAYKTOBasg KOpP3WHA CTOUT JEIIeBIe, YeM
paHBbIIIe, YTO TAK)Ke MOJIOKUTENBHO BIHAET Ha KUTENEH, 3TO He MPOTUBOPEUHUT JIOTHKE.

Tenepb HEOOXOUMO MTOTYYUTH TOPU3OHT MPOTHO3UPOBAHHS C TOMOIIHIO METO/Ia MTOCTIPOTHO3a TaK
xe, kak u panee ¢ JIMM. IlocMoTpuM, XOpOIIO U MOJENb ANMPOKCUMHUPYET NaHHbIE U WMEEeT U
OOIBIIION TOPU30HT MPOTHO3UPOBaHUS (puUC. 4).

1 — Hcxonnas
M-1 L
0,8 g
0,6
0.4

0,2

5 6 7 8 9 10 11 12 13 14 15 16 17 18

Puc. 4. MocTnporHo3 ¢ ymeHbLlIeHneM KonuyectBa U3BeCTHbIX NneT
Fig. 4. Post-forecast with a decrease in the number of known years

Kax Bugno, P/IM annpokcumupyeT naHubie xyxe, ueM JIMM monens, u yxe npu M-4 H3BECTHBIX
JIET TIOTPEIIHOCTD ANMPOKCUMAIINY 3HAYUTEIFHO YBEIMYUBACTCA, U MOJTydeHHas: MOJIENb Y)Ke He coxpa-
HAIOT TEHACHLIUIO MOJEINH, TOCTPOEHHOMN 10 MCXOAHBIM JaHHBIM 110 CPaBHEHUIO ¢ M-3 H3BECTHBIX JIET.
3TO 3HAYUT, YTO MOENH TaKXkKe IMO3BOMISIET CTPOUTH IMPOTHO3BI U €€ BO3MOXKHBIA TOPU30HT MPOTHOZUPO-
BaHWUS TIPU UCIIOIB30BAHUH 3TOM MOJICIIA COCTAaBIISECT MaKCUMyM 3 roja (puc. 5).

1.2 — Hcxonnas
’ [Iporx. 6e3 n3M. daxr.

1 x7-10%
rrrrrrrrrrrrrrr x7+10%

08 — x10-10%
06 x10+20%
0,4
0,2

o

56 7 8 910111213 14151617 1819 20 21
Puc. 5. NMporHosupoBaHue Ha 3 no POM
Fig. 5. Prediction of 3 by RDM
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Ecnu npearnonoxuth, 4To TEHACHIUS pa3BUTHS GakTopoB coxpaHutcs, To MUP I'epmanuu BoIpac-
ter Ha 17 % yepes Tpu roga (cM. puc. 5).

Jiist Toro 4To0bl CPaBHUTH PE3yIbTAThI MPOrHO3MPOBAHUS MOJIENICH, BO3bMEM Te K€ (DaKTOpHI, YTO
u npu noctpoernu JIMM, ¢ Temu ke IpOLIeHTHBIMA U3MEHEHUSIMH (CM. pUc. 5), a TaK)Ke ITOCMOTPHUM Ha
3Ha4YeHus1 KodpPunueHToB (Tadai. 5).

Tabnuua 5
MporHo3 Ha Tpu roaga Npu U3MeHeHUM ynpasnseMbix cpakropos POAM
Table 5
Forecast for three years with a change in the controlled factors of the RDM
Hsuenerme daxtopa/ WUcxonupie maHabIe 1 2 3
HOMEp roaa
x10— 10 % 1,255 1,026 1,055 1,088
x10+t 20 % 1,255 1,776 2,615 3,653
x7— 10 % 0,6236 -0,117 -1,91 —4,459
x7t 10 % 0,6236 1,36 2,13 3,225

B nenom perpeccuonHo-mudepeHIinaibHas MOIEb BeIeT ceOs IIaBHee, YeM JIMHeHHas MHOro(ak-
TOpHAS MOJIEIb.

BriBoabI

O6e mocTpoeHHBIE MOJICNTU TTO3BOIISIIOT Mporuo3uposath MUP, a Takke ucciienoBaTh BIMSHUAE OT-
nenbHBIX (hakTopoB. CamMu MOJENH BEAyT ceOsl JIOTHYHO 10 OTHOIICHHUIO K M3MEHEHHIO OTJIENbHBIX (ak-
TOPOB, HET CIIUIIKOM OOJBIINX BO3PACTAHUN U CIHUIIKOM OONBIINX CIaJI0B OTHOCHTEIHEHO MPOTHO3a 6e3
nu3MeHeHus: paxkropos, Tak kak MUP cioxHBIM napaMeTp, ¥ OH HE MOXET ObICTPO YBEINYMBATHCS WIIH
YMEHBIIATHCS, TIO3TOMY BCE ClIEIaHHBIC TPOTHO3bI 3aKOHOMEPHBI U COOTBETCTBYIOT BHIOPaHHOW YKOHO-
MHYECKOM cucreMe, a uMeHHO MUP. B nanpHeieM nporHo3upoBaHUM MOKHO IOJIB30BaThCs Kak JIM,
tak 1 P/l MozensiMu, OHM TIOKa3bIBAaIOT CXOXKee MoBeneHne caMoil Mozenu u paxkropos. Ecn NUP Hau-
HET CHUXXAThCS IO €CTECTBEHHBIM IIPUYMHAM, TO MO>KHO BOCIIOJIb30BaThCSl YBEIMYEHUEM H3MEHSIEMBIX
(hakTOpOB X7 U X9 IJIS1 TOTO, YTOOBI HAIIPABUTH CUCTEMY K pOCTY. Eci e 1o ecTecTBEHHBIM MPUYHHAM
3Hayenue MYP Oyner cHukaThesl 3HAUUTENBHO Ooubiie 6—8 %, TO H3MEHEHUs yIpaBIisieMbIX (pakTopoB
0 OTAEIBHOCTH OyIeT HeIOoCTaTOYHO Juisi Bo3BpaTa MUP k mpeaplayIiyM 3HAYCHHUSIM M €rO IOBBIIIIE-
HUI0. MOXHO CKa3aTh, YTO MPHU HEM3MEHHOM TOBeeHUH pakTopoB Monenu JIM u PJI moka3siBaroT, 4To
WNYP Oyzmer pacté u 3TOT pocT cocTaBuT oT 17 % 1o 22 % B Teuenne Onmkaimux Tpex jer. Takxke obe
MOJIETM MTOKA3bIBAIOT, YTO MPU BO3ACHCTBHH Ha yIpaBiisieMble (HaKTOphl MOXKHO JTIOOMTHCS KaK CHUXKe-
HHUsl, TaK W yBenuueHus nokasatenss MYP, makcuManbHOro yBeNMYEHUS W YMEHBUICHUS ITOKa3aTess
MOXHO JIOOMTHCS TIPH M3MEHEHHHU TTapamMeTpa Xio.
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MODELING THE INDICATOR OF HUMAN POTENTIAL
DEVELOPMENT IN GERMANY

S.A. Varlamova, varlamovasa@mail.ru,
P.V. Kotkov, give88@mail.ru

Perm National Research Polytechnic University, Berezniki Branch, Berezniki, Russian Federation

Introduction. The article is about a new model of the dependence of the state’s human resource
index on a set of factors. The human resource index does not have a global assessment methodology,
but it is very important for government management. One of the methods for the formal assessment of
the characteristics of a large socio-economic system is the reasonable ranking of particular criteria.

Purpose. The aim is a development of recommendations for increasing the indicators of human
development index at the state level using only formal methods of mathematical modeling.

Materials and methods. Particular criteria described the human development index are select-
ed. Their ranking is determined, which ensures the greatest smoothness of the annual trend. A set of
mathematical models is designed. They are estimated both by approximating the initial data and by
the quality of post-forecast. The second-order regression-differential model is chosen as the working
one, its advantages and disadvantages in compare with the linear multifactor model are shown. The
influence of changes in controlled and uncontrolled factors on indicators of the human development
index is studied. System management features are shown.

Conclusion. Some recommendations are formulated based on short-term forecasts to improve
the human development index.

Keywords: forecasting, mathematical modeling, human resource index.
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®OPMUPOBAHUE CTPATEIT'M COUUATIbHO-3KOHOMUYECKOIO
PA3BUTUA CYBBEKTA P® B COBPEMEHHbIX YCITOBUAX

O.B. JlozuHoeckuii*, C.A. 3onomsix*, A.C. XanouH’

! FOxHo-Ypanbckuil 20cydapcmeeHHbIll yHusepcumem, 2.YensbuHck, Poccus,
2 UHxeHepHO-busuyeckuli uHcmumym 6uomeduyuHsi 2. Mocksa, Poccust

Beenenune. Ecin 10 90-X T010B BOIPOCH! COLMAIEHO-DKOHOMHUYECKOT'O Pa3BUTHS CYyOBEKTOB
P® nocraTouHO XECTKO KOOPAMHHMPOBAINCH U KOHTPOJIUPOBaIMCh U3 LleHTpa, TO BIOCIEACTBUU
(enepaTHBHOE Hayaylo B YIPaBICHUU TOCYIAPCTBOM /a0 BO3MOKHOCTh PErHOHAM IPOBOJHUTH COO-
CTBEHHYIO COLUAJIbHO-3KOHOMUYECKYIO IOJIUTHKY B 3aBUCUMOCTU OT CKJIAbIBAIOIIMXCS CUTyalLUH.
TeMm He MeHee 3a MpoUIeAIINe TPUALATE JIET PA3BUTHS PETMOHAIBHOTO YIIPABJICHUS B HAILIEH CTpaHe
MpoOJIEMbI COLMATTBHO-IKOHOMUYECKOTO Pa3BHUTHsI CyOBeKTOB Poccuiickoit denepanun 10 cux mop
HYXJaroTcs B 6osiee 3 PEeKTUBHBIX IMOIX01aX, MOJIEIAX U aJITOPUTMAX.

IHeabio ucciieaoBaHus ABIseTcsS GOPMUPOBAHHE CTPATETUH COIMATbHO-3KOHOMHYECKOTO pa3-
BUTHS OTZENBHBIX CyOBEKTOB PD B COBPEMEHHBIX YCIOBHSX.

Matrepuansl 1 MeTOAbl. B cocTaBe MaTepHanoB U METOAOB MOXKHO yKa3aTh Ha aHAJIW3 MOAXO-
JI0B, METOJOB M MOJIENIEH COLUAIbHO-D)KOHOMUYECKOTO Pa3BUTHsI PETUOHOB, IIPEICTABICHHbBIX B Ha-
YYHO-TEXHUUYECKOH JIUTepaType, a TAK)KE Pe3yJIbTaTOB X BHEJPEHHMS B IIPAKTUKY YIPaBIeHUS CyOb-
exramu PO.

Pe3yabTaThl. B cTathe 000CHOBBIBAIOTCSI OCHOBHBIC HAaYYHBIE TIOJIOKESHHUS M PEKOMEH/IAIUHU 110
(hOpMHPOBAHHUIO CTPATErvu COLUAIBHO-IKOHOMHUUECKOTO pa3BUTHs pernoHoB Poccuiickoit denepa-
uu. B ToM uncne pa3paboTaH KOMIUIEKC HAYYHBIX MOJIOXKEHHH, MO3BOJIAIONIMX OCYLIECTBISATh CO-
BEPLICHCTBOBAHKE YIIPABICHHS COLUAIBHO-)KOHOMUUYECKUM PA3BUTHEM TEX HMIM UHBIX PETUOHOB B
3aBUCHUMOCTH OT CKJIabIBAIOLINXCS TaM COLMaIbHO-3KOHOMUYECKHUX CUTYaIUH.

3akaouenne. GopmMupoBaHne CTpaTeTHH COLMAIBLHO-KOHOMHUYECKOTO Pa3BUTHS CYyOBEKTOB
P® nenecoobpazHO OCyNIECTBIISATH HA OCHOBE HAYYHBIX MOJOXKEHUH U PEKOMEHJANN, YIIOMSIHYTHIX
B JIAaHHOM CTaThe B MPHUBS3KE K MECTHBIM CIIEIIM(PUIECKIM OCOOCHHOCTSM KOHKPETHOTO PETHOHA.

Kniouegvie crnosa: coyuanbno-skoHoMU"ecKoe pazsumue, peuoH, cmpamezus, Mooeiu, Memo-
Obl, noxkasameinu.

BBenenue

CyliecTByeT JIOBOJILHO OOIIUpPHAs HAYYHO-TEXHUUECKAs JIUTEPATYPa, CBA3aHHAS C UCCIICIOBAHUEM
CTPATECTUYCCKOr'o U OINCPATUBHOI'O YIIPaBJICHUA PETHUOHAMMU. HeKOTOpLIe U3 3TUX pa60T IMpEeACTaBJICHEI B
cocTtaBe OMONIMOTpadUUEcKOro crucka K gaHHoW crathe [1-11]. JocTaToyHo moapoOHO HpoOJieMbl
KOHIICTIIIHH, ITOIXO/Ibl K METOJIbI X PEIICHUS PaCCMOTPEHBI B paboTax [3-5].

TepMUH «CONMATBHO-D9KOHOMUYECKOE PA3BUTHE» MO0 OTHOIICHHIO K PETHOHY, KaK MPaBHJIO, YIOT-
pebisieTcst B CIIEAYIOIUX COYETAHHAX: YIKOHOMHYECKOE PAa3BUTHE, COIUALHO-DKOHOMHUYECKOE pa3BU-
TUEC, PA3BUTUC C(i)ep KUBHEACATCIIbHOCTU PETHOHA U T. II. HOII Pa3BUTHUEM B ITHUX ClIy4dasx ImoAgpasyme-
BaeTCs OMPEACICHHOE M3MEHEHHE COIMATbHO-9KOHOMUYECKUX XapPaKTEPUCTHK 00BEKTa. DTH HM3MEHE-
HUA MOTYT OLITH KOJIMYCCTBECHHBIMU, U B 3TOM CJIy4a€ MOXXHO I'OBOPUTH O COIUATIBHO-ODKOHOMUYCCKOM
pocre. Ecnin n3MeHeHus1 KaueCTBEHHBIE, TO CJIEIyeT TOBOPUTH O CTPYKTYPHBIX U3MEHEHUSX, iU 00 H3-
MEHEHUH COJICPIKAHUS PA3BUTHS, WJIH O MPHOOPETEHHH COIMATHHO-9KOHOMHYECKONH CHUCTEMON HOBBIX
xapakrepuctuk [12-15].

KpOMe A3MEHEHUS YMCTO SKOHOMHUYECKHX ITOKa3aTelIe paccMaTpuBarOT U COLMAJIBHBIC XapaKTCPpUCTH-
Ku pa3sutusl. [locneHre MO3BONSIOT TAKXKE OIIEHUBATEL CTEIICHD PA3BUTHS TOTO WITH HHOTO peruoHa [4].

B 3T0# CBSI3M pa3BUTHE PETHOHOB MPE/CTABIsACT COOOH MHOTOACIIEKTHBIN MPOIECC, KOTOPBIM B Kaxk-
JIOM M3 pa3InvHbIX PETHOHOB CBS3aH KaK C HCXOJHBIM COCTOSIHHEM PErdoHa, TakK M ¢ 0COOEHHOCTSIMU €To
MPOU3BOJICTBEHHOW CTPYKTYPHI, TeOrpagHIecKoro MoJ0KEHs, MPOMBIIUICHHON Crielalii3alield u T. 1.
Creayer OTMETUTb, YTO PA3BUTHE TOTO WM MHOTO PETHOHA MPECTABISCT COOO0 HEKHil BEKTOP HENIEBOM
HAIPaBJIEHHOCTH (MMeEET IIeJIb WM CHCTEMY IeJIel 1 3a/1a4, TpeOyIommx cBoero pemienus) [16-18].

Kak mpaBuiio, oCHOBHAsI MHTETpaJIbHASI [IE)Ib COIUAIbHO-OYKOHOMHUYECKOTO Pa3BUTHS PErHOHa CBS-
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3aHa C MOBBIIICHHEM OJIATOCOCTOSIHUS €T0 HACEJICHUS MPH 00ecriedeHnr 0e30MacHOCTH KU3HEACATEb-
HOCTH. DTO MPEAIONaraeT MOBBIIIEHIE JOXO0I0B HACETICHHSI, YIIydIlIeHHEe 3I0POBbS U TIPOJAOKUTEIEHO-
CTH KM3HH, a TAK)Ke MOBBIICHUE YPOBHS €ro 00pa3oBaHMSI.

Crenyer otaaBaTh cebe OTUET B TOM, YTO HAIIW CETOAHSIIHUE OTHIOIb HE BBIIAIOIINECS PE3yIbTaThl
¥ Pa3NUIHOTO POJA MPOCYUETH B CTPATEIMYECKOM TOCYAapCTBEHHOM, PETHMOHAJIBHOM U KOPIIOPATHBHOM
yIIpaBJIeHHH 0a3upYIOTCS BO MHOTOM Ha MPEHEOPEKEHUH K TPAIULUSIM PYCCKOTO MPEANPUHIMATENbCTBA
JOPEBOJTIONMOHHON Poccuu, coOCTBEHHOMY OMBITY BBICOKO3()(EKTUBHOTO PAa3BUTHSI HAPOAHOTO X035 CT-
Ba coBerckoro repuoaa 1930-1960-x romoB, HeXKETaHUH UM HECTTIOCOOHOCTH HM3BJICYh YPOKU W3 ILIOXO
MPOJYMaHHBIX ¥ OpPraHn30BaHHbIX pedopm konra 1980-1990-x ronos, a Takke Ha MPEYBEITUUCHUU 3HA-
YeHUst 3apyO0esKHOTO OITbITA ISl CTAHOBJICHHSI PHIHOYHBIX OTHOILICHUH B coBpeMeHHOoM Poccun [12] .

K 0coOeHHOCTSAM CIIOKHMBIIETOCS] TPON3BOICTBEHHO-XO3SHMCTBEHHOTO KOMILIEKCA COBPEMEHHOM
Poccum cnmemyer OTHECTH: TEpPPHUTOPHANBHYIO pPa300IIEHHOCTh CYOBEKTOB MPOU3BOICTBEHHO-
XO3AHCTBEHHOHU JCSATENbHOCTH; TUCIIPOIIOPIIMY B Pa3BUTHUH MPOMBIIUICHHBIX OTpaciel, ele doyee ycu-
JIMBHINECSA 3a I'OAbI pe(bopM; JACKJIapaTUBHOCTb U HCKOHKPETHOCTh MHOT'MX 3a/1ay 110 YIIPaBJICHUIO CTpa-
HOW W ee pEermOHaMM; Pa3MBITOCTh OTBETCTBEHHOCTH Ha MHOTHX YPOBHSAX B CTPYKTYpPax rOCyJapCTBEH-
HOTO PETHOHAIBLHOTO YIIPABICHUS.

ObecnieueHre BEICOKUX TEMIIOB SKOHOMHYECKOTO POCTa SBIseTCs il Poccuu 1 ee permoHOB Bax-
HeWIeH 3aJa4eil cTpaTeruueckoro 3HaueHusl. bytyiiee cTpaHbl HANPSMYIO 3aBUCUT OT TOTO, HACKOJIBKO
yAacTcsl TIEPEeBECTH KITFOYEBBIE OTPACIN MPOMBIIUICHHOTO MPOU3BOJCTBA HA YPOBEHH YKOHOMHUYECKH
BBICOKOPA3BUTHIX TocynapcTB. Poccrnu mpocTo HE0OX0AUMO JOOHUTHCS OTIEPEKAIOIINX 3analHble CTPaHBI
HSKOHOMHMYECKHX IOKa3aTenell u pe3ynbTaToB. K COXaJeHUIO, CEroiHsl B SKOHOMHKE U MPOMBIIIICHHO-
cti PO cymiecTByeT SIBHBIN MEPEKOC B CTOPOHY Pa3BUTHS TOOBIBAIOIINX OTPACIEH U METAILTYyPrUYeCKIX
IMPOU3BOJACTB HU3KHUX NCPECACIIOB. B 37011 cBSI3M TeMIIbI 06HOBHCHH5{ MAalIMHOCTPOUTCIIBHOI'O KOMITJICKCA
M Ba)KHEUIINX BBICOKOTEXHOJIOTMYHBIX IMPOU3BOJACTB IIpU CYHICCTBy}OIHCﬁ JUHAaMHUKE HU B 6J'II/I)KEII7H.HI/IC
TOJIBI, HA B OTAJICHHOM OyAyIIeM He MO3BOJAT Poccru 3aHATH CKOJIh-HUOYIh 3aMETHOE MECTO B MUPO-
BOM pEHTHHTE TIPOMBIIIJICHHO PAa3BUTHIX CTPaH.

s nukBuaanuu nogoOHoro orcraBanus [IpaBurensctBom Poccutickoit @eaeparuu B 2020 romay
npuHATa porpamMMa «CBOJIHAS CTpATErys pa3BUTHs 00padaThIBaroIIel MpOMBINUIEHHOCTH Poccuiickoi
®enepanuu 1o 2024 roxa u Ha nepuoy 1o 2035 romay (pacnopsokenue [IpaButenscTBa PO ot 6 ntoHs
2020 1. Ne 1512-p).

1. llean, kputepuu, GaKTOPbI CONUATHHO-IKOHOMHYECKOT0 PA3BUTHS PErHoOHa

Hensim 1 3aayaM pa3BUTHS PETMOHOB JOJKHA COOTBETCTBOBATH CHCTEMa KpUTEpUEB (XapakTepu-
CTHK Pa3BUTHsI) U MOJIEJIEH, KOTOPBIE MTO3BOJISIOT 00ECIICUNTh YITYUIIEHHE COOTBETCTBYIOIINX COIHAITb-
HO-?KOHOMHYECKHUX TTOKa3aTelNeil pa3BUTHS PeTHOHA.

HawnbGonee m3BecTHBIM CrOcOOOM OIEHKH SKOHOMHYECKOTO Pa3BHUTHS PETHOHA SIBIIAETCS OIICHKA
YPOBHS €r0 MPOU3BOICTBEHHOTO IOTEHITHAIA.

MexmyHapoIHbIe OpraHU3alH OIEHUBAIOT CTETIEHb Pa3BUTHs CTPAaH U PETHOHOB MO HEKOTOPHIM
YHHUBEPCAIBHBIM MHTErPAIbHBIM MoKa3aTensaM. OJTHUM U3 TaKHX MTOKa3aTelel SABIsIeTCS MHIEKC Pa3BU-
THS Y€JI0BEUECKOT0 MMOTeHITHAIA, pa3paboTanublid B pamkax «lIporpammer pazsutus»y OOH.

OTmeTuM, 9TO KpUTEPHUH IKOHOMHUYECKOTO Pa3BUTHS HE BCET/a WIPAIOT POJIb HEJel WM IIeJIeBBIX
OPHEHTUPOB M HaoOopoT. Hepeako B kauecTBe TAKTUUECKHX 1IEIeH PErHOHAIBHOTO Pa3BUTHSI BHICTYAIOT
MPOMEXXYTOYHBIE 3aJ1aull 110 U3MEHEHUIO HeONAronpusATHBIX CUTYalllid M CO3MaHHUIO yCIOBHH, HEOOXOIH-
MBIX JUIS YCHEeNTHOTO pa3BuTHsL. Cpeay TaKMX TaKTUIECKUX IeNieil pa3BUTHSI pETMOHA MOYKHO Ha3BaTh:

— IpUBJICYEHUE HOBBIX BUJIOB OM3HECA;

— paciiupeHue CynecTBYIOLIero Ou3Heca;

— pa3BHUTHE MaJIOTo OHM3HECA;

— pa3BUTHE MPOMBIIUIEHHOCTH;

— pa3BuTHE cepsl yCIyT;

— TIOBBIIIIEHNE YPOBHA 3aHATOCTH HACEJICHUS PETHOHA.

Oco0oe 3HaUYeHNE B OMPEIEIIEHUH YPOBHS SKOHOMHYECKOTO PAa3BUTHSI PErHOHA UMEIOT TPaIHIIHOH-
HBIE TIOKa3aTelll, OLCHUBAIOIINE YPOBEHb MIPOM3BOJACTBA U TMOTPeOIeHUsT OJlar ¥ pocT 3TOTO YPOBHS B
pacuere Ha Oylry HaceJeHus (BaJIOBOM pernoHanbHbIN goxon (BPJI), BanoBoi pernoHaNbHBINA MPOLYKT
(BPII), peanbuerit BPII Ha aynry HacenmeHUs, TEMITBI pOCTa dTUX MOKa3aTenei) [4].
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Jis OIeHKH MTUHAMUKH Pa3BHTHS IEIECOO0Pa3HO HMCIIONB30BAThH MOKA3ATENH, OTPAYKAIOIINE TEMITBI
SKOHOMHYECKOI'0 pOCTa B perroHe. B mepByro odyepenb, 3T0 TEMITbI pOCTa AYIIEBOIO JOX0a, IPOU3BOIU-
TENBHOCTH TPYZa, & TAK)KE TEMITBI CTPYKTYPHOU TpaHc(opMaI Ipou3BOACTBA U o0mecTBa. Bozaeiict-
BHE Ha TEMIIbl 3KOHOMHUYECKOT'O POCTa — KU3HEHHO BaXKHBIM BOMPOC ISl SKOHOMUYECKON MOIUTUKHA KaK
CTpaHbl B IIEJIOM, TaK U OTAEIBHOr0 pervoHa. IlporpeccuBHas mocneoBaTenbHas TUHAMUKA KOJIUYECT-
BEHHBIX MOKa3aTeIel SKOHOMHUYECKOTO POCTA SIBISIETCS OCHOBHBIM (DPAKTOPOM yYCTOHYMBOTO PA3BUTHAL.

OueHuTh TMHAMUKY Pa3BUTHS PETMOHA MOXKHO Ha OCHOBE HanOoJiee aJleKBaTHBIX CIEAYIOIINX KpHU-
TEPUEB U COOTBETCTBYIOIUX UM ITOKa3aTeNIel COLMATbHO-3KOHOMUYECKOTIO Pa3BUTHUS:

— BPJI unm BPII (abGconroTHast BeTMYMHA U HA AYITY HACEICHHS) M TEMITBI POCTa STHX MOKa3aTelei;

— CpeIHMiA ypOBEHb JOXOJIOB HACEJICHUS U CTelleHb nX nuddepernnaniy;

— MPOJOJKUTEIBHOCTD JKU3HH, YPOBEHb (PH3MUYECKOTO U TICUXHYECKOTO 3710POBbSI JIIOJIEH;

— YpOBeHb 00pa30BaHUS;

— YpOBEHb MOTPeOIICHUSI MaTepHaIbHBIX OJIar U yCiyr (IPOIXyKTOB UTAHUS, KHJIbsI, YCIYT CBSI3U
T. I1.), 00ECTIEYeHHOCTh JOMAITHUX XO3SHCTB TOBApaMH JUINTEILHOTO MOJIb30BAHUS;

— YPOBEHB 3/IpaBOOXpaHeHus (00eCTIeYeHHOCTh ONMKIMHUKAaMH, OOJBHUIIAMH, alITEKaMH, JUATHOCTH-
YECKUMH IIEHTPaMH U YCITyTaMU CKOPOH TTOMOIIH, KA9eCTBO MPETOCTABISEMBIX METUIIMHCKHUX YCIIYT);

— COCTOSIHUE OKPY KaIOLIEH Cpeibl;

— PaBEHCTBO BO3MOXKHOCTEH JIFO/ICH, pa3BUTHE MaJIOro OM3Heca;

— oboralieHue KyJbTyPHOU KU3HH JTHOICH.

[lpu ympaBiIeHWH CONMATBHO-OKOHOMUYECKHM pa3BUTHEM OTAEIBHOTO PETHOHA Lesecoo0pa3Ho
BBIJIETISTH BBIIIETIEPEUNCIIEHHBIE OTHOCUTEIBFHO CaMOCTOSITEIbHBIE IIETH M OCYLIECTBIATE MOHUTOPUHT
uX JocTmkeHus. Hanbonee 3HaYMMBIMHI B STOM OTHOIIIEHHH MOTYT BBICTYIIATh TAaKHE IMapaMeTphl OIeH-
KH YPOBHSI PETMOHAIHHOTO Pa3BHUTHS, KaK HAMYHME M Ka4eCTBO IIKOJ, AETCKUX CajoB, APYTUX 00pa3o-
BaTENBHBIX YUPEXKIESHUN U UX TOCTYIMHOCTh, CHAOXKEHHE TIPOXYKTaMH MUTAaHUS, KOHTPOJIb X Ka4ecTBa,
coOJIF0ICHUE TIPaB OTPeOUTENICH Ha PO3HUYHOM PhIHKE [3].

B HayyHO-TeXHUYECKOi InTeparype npeAcTaBIeHbl HECKOJIBKO TEOPHI, aHATM3UPYIONINX U 00BsIC-
HSIOIINX JEWCTBHE OCHOBHBIX (PAKTOPOB SKOHOMHYECKOTO Pa3BUTHS PETMOHOB U TOpOo10B [3-5].

OpHOM U3 TaKUX TEOPHM ABISAETCS TEOpHs MPOCTPAHCTBEHHBIX MPEUMYILECTB, U TEOpUs pa3Mme-
MICHHS, COTJIACHO KOTOPOM MPOCTPAHCTBEHHBIE TPEUMYIIIECTBA TPOSBISIOTCS B IFO00H SKOHOMHYECKON
JEATEIbHOCTH. DTH MPEUMYILECTBA 3aCTaBJISIIOT T€ WJIM HWHBIE BUABI MPOU3BOJACTB PACIIONAraThCs BO
BIIOJIHE OTpeeNIeHHBIX perruoHax. Hampumep, mro0bie pOU3BOJICTBA, CHIIBHO 3aBUCSIINE OT CHIPBS U
JPYTrUX MaTepHalibHBIX PECYpCOB, PACIOIAraroTCsl, Kak MpaBmilo, OJIM3KO K MecTaM uX Jo0srau. Hanpu-
Mep, METAJUTYPrHUECKHe 3aBO/IbI TATOTEIOT K MecTaM JOObIUHM KENe3HON pyJbl M KOKCa, aTIOMUHHEBBIC
MIPOM3BO/ICTBA — K HCTOYHHUKAM JIEIIEBOM 3JeKTpodHepruu. HekoToprie MaccoBble TPOM3BOACTBA (0CO-
OCHHO TOBAapPOB MAaCCOBOI'0 CIPOCa), OPUSHTUPOBAHHBIC HA MECTHBIC PHIHKH, TPEOYIOIIUE IIUPOKOH CETH
pacrpocTpaHeHus], a MOTOMY U 3HAYUTEIbHBIX TPAHCIIOPTHBIX U3AEPKEK, CTPEMATCA AUCIOLUPOBATHCS
MOOJIM30CTH PHIHKOB COBITA.

Takum 00pazom, KaxIblil PETUOH WK TOPOJ 00JIalaeT CBOUMHU TEPPUTOPHUATBHBIME TTPEUMYIIECT-
BaMH, CBSI3aHHBIMHU JIMOO C UCTOYHUKAMHM CHIPbS, 100 ¢ ApyruMu (pakropamu pou3BojIcTBa (padbodas
CHJIa, 3eMJISI, SIEKTPOIHEPTrHs), OO0 ¢ OJIM30CThIO K PhIHKAM cObITa. JlaHHAs TeopHs B 3HAYMTEIbHON
CTeTIeHH OOBSICHSET CIOKHUBIINECS PETHOHANBHBIE Pa3IUYHsl pa3MelIeHHeM PON3BOIUTENbHBIX CHIL.

WHble TpaauIioHHBIe TIPEJCTABIECHUS O COMUAIBHO-YKOHOMUYECKOM Pa3BUTHH PETHOHOB, CBS3aH-
HBIE HE TOJIBKO C T€OpHel, HO M C MPAKTUKON 3KOHOMHYECKOTO Pa3BHUTHS, OCHOBBIBAIOTCA HA 3aKOHO-
MEPHOCTSIX ariioMepaluii, KOHIIEHTPaii 1 KOMOMHAIIUN TPOM3BOJCTB. B KPYIHBIX TOpOIaxX WM To-
POJICKHX arjoMepanusx JOTOTHUTEIbHAsT SKOHOMHS WM JIOTIOJHUTEIHHBIH SKOHOMHYECKHH A deKT
oOpasyeTtcsi B 3TOH cBs3M Ojarojaps TOMY, YTO BOKPYT YCIIEIIHO ACHCTBYIOLIMX IIPOU3BOJACTB (HOpMU-
pyercss ux okpyxeHue. brmaromaps o0beIMHEHHOMY HCIIOJIB30BaHUIO OOIIMX PECYpCOB (TPYIOBBIX,
SHEPreTHUECKUX, HHPPACTPYKTYPHBIX) JOCTUTACTCS JOTIOTHHUTEIbHAS DKOHOMUS. Bhicokas KOHIIEHTpa-
IIUS] TPOMBIIIUIEHHOCTH B KPYITHBIX TOPO/IaX TO3BOJISET MONMYYUTh JOTIOJHUTENBHYIO IKOHOMHIO KaK pe-
3yJbTAT arjOMepanroHHOTO 3(PQeKTa: COBOKYITHBIC MPOM3BOJICTBEHHBIC 3aTPaThl KPYITHOW ariiomepa-
LMY MEHBIIIE, YeM CyMMa 3aTpaT KaKJOro MpPOU3BOACTBA B CIy4ae UX OJAMHOYHOI'O PAa3MEIICHUS BHE
MIpeIesiOB JaHHOM armomepanuu. JJonoIHUTENbHBIN MOTEHIMAN Pa3BUTHSI KPYITHBIX LICHTPOB BO3HUKACT
TaKXe B CBSI3U C TEM, YTO TOJBKO 37€Ch BO3MOXKHA 3 (EKTHBHAS DKCILUTyaTaIlisi HEKOTOPhIX BUJIOB BbI-
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COKOKBAM()UITNPOBAHHON AESITETFHOCTH: 0COOBIEe BHABI MEIULIMHCKOTO OOCITY>KWBaHUS, My3eWHas W
TeaTpaibHasl )KU3Hb, aBTOTEXO0CTYKHBaHHE U JIP.

M3BecTHO# KOHIEIIHEH, MO3BOISIIONIECH A(()EKTHBHO aHAM3UPOBATH MPOOIEMBI SKOHOMHYECKOTO
Pa3BHUTHsI PETHOHA, SBJISIETCS KOHLEMIUs OCHOBHOTO M BCIIOMOTaTeJIbHOIO MPOM3BoACTBA. B mroboMm pe-
THOHE MOYXHO BBIJIEINTH OTPACIX 0a30BOM MPOMBIIUIEHHOCTH, TO €CTh T€, IPOIYKIHS KOTOPBIX B OCHOB-
HOM BBIBO3WTCSI M3 PETHOHA, W BCIIOMOTAaTEIbHOE IPOW3BOJICTBO, MPOMYKIHMA KOTOPOTO TMOTpedIseTcs
MPEUMYIIECTBEHHO B Mpeaenax perrona. OOBYHO NPH PaCIIMPEHUH OCHOBHOTO MPOU3BOACTBA YBEIUYH-
BAalOTCSl M BCIIOMOTaTENNbHbIE TIPOM3BOJCTBA, a TAKXKE BCS OOCITyKUBatoLIasl ero HHGpacTpykTypa. Boznu-
KaeT TaK Ha3bIBAEMBIH MYIbTHIDIMKATUBHBIN 3((EeKT: OCHOBHOE MPOM3BOACTBO CTAHOBHUTCS CBOEOOpa3-
HBIM YCKOpHUTEJIEM 3KOHOMHUYECKOTo pocTa. Kak mpaBuio, B KauecTBe OCHOBHOTO MPOM3BOJICTBA BBICTY-
MArOT TAKKUe JJOKOMOTHBBI MHIYCTPHH, KaK IPEANPHUITHS METAILTYPIUH, MAITMHOCTPOCHHSI, XUMHH.

OcCHOBHOE MTPOM3BOACTBO MOXKET OBITHh HE TOJBKO YCKOPUTENIEM, HO M1 TOPMO30M Pa3BUTHS, B 4aCT-
HOCTH, B TOM CJIy4ae, KOTJa KOJINIeCTBO pab0YNX MECT B OCHOBHOM IPOU3BOJICTBE COKPAIAETCS B XO/IE
CTPYKTYPHOU IIEPECTPOMKH.

[Mpu nmoctaTodHO OBICTPBIX CTPYKTYPHBIX CABHIaX, OOYCJIOBJIEHHBIX HayYHO-TEXHHYECKHM IIPO-
TpeccoM, TIaBHBIM (PAaKTOPOM YCIIEIIHOTO PA3BHTHS PErMOHA CTAHOBHUTCS HE OCHOBHOE, a BCIIOMOTa-
TeNbHBIE POU3BOACTBA. J[0OJITOCPOYHOE MPOLBETAHUE PETHOHA 3aBHCUT OT TOTO, HACKOJIBKO Pa3BHTA B
HEM MH(PACTPYKTypa U HACKOIBKO TOTOBA OHA B35Th Ha ceOS HArpy3Ky HOBOTO OCHOBHOTO TPOM3BO/I-
ctBa. Uem Oomblie pazBuTa MHPpPACTPyKTypa (BCIIOMOTATENFHOE MPOU3BOACTBO), TeM Oosee THOKOH
SIBIISIETCS BCSI 9KOHOMHKA PETHOHA.

Takum 00pa3om, B YCIOBUSX OBICTPOI CMEHBI OCHOBHBIX MPOU3BOJICTB TJIaBHBIM (JAKTOPOM YCTOWYH-
BOT'0 SKOHOMHYECKOTO Pa3BUTHS CTAHOBHUTCS CTENIEHb Pa3BUTOCTH BCEH TOPOJCKON HHQPACTPYKTYPHL. DTO
JTaeT OCHOBaHHE IMO-HOBOMY B3IJITHYTh Ha POJIb TaK HA3hIBAEMBIX BCIIOMOTATEIHHBIX MPOM3BOACTB, OIle-
HUTB UX KaK MePBUYHBIN (PaKTOp IKOHOMHYECKOTO Pa3BUTHS U 3aJI0T €T0 MPOLBETAHHUS B OYIyLIEM.

[pu ananu3e KauecTBa PErHOHAILHOTO PA3BUTHS TIOJIE3HO HCIIONB30BATh KOHIICHIIMIO CTa il pocTa,
TIPEJUIOKEHHYIO aMEPUKAHCKIM COIHOJIOTOM 1 3koHOMHUCTOM /], bemmtom. B cooTBetcTBHHE € ero kimaccu-
¢uKanueii Bce 00IECTBEHHOE TIPOU3BOACTBO TIO/IPA3/IEIISIeTCs] HA TPU CEKTOpa: IEPBUYHBIN, BTOPUYHBIN U
TpeTuuHbid [4]. K mepBHYHOMY CEKTOPY OTHOCHUTCS CEJIBCKOE XO3SHCTBO, JOObIYA TOJIC3HBIX HCKOIAEMBIX,
PBIOOJTIOBCTBO W JIECOBOZICTBO, TO €CTh T€ BHIBI JIEATEIBHOCTH, KOTOPHIE CBA3aHBI MPEUMYIIECTBEHHO C
MIPUPOAHBIMU pecypcamu. K BTOpHYHOMY CEKTOpPY OTHOCSTCS OTpaciid, 3aHSThie 00pabOTKON JOOBITHIX
PECYPCOB: METAJLTYPrHs, MAIIHHOCTPOSHUE B METAIIO00paboTKa, XUMUS U He(DTEeXMMHUSL, JIerKas 1 THIIe-
Basi POMBIIIUIEHHOCTb, SHEPTeTHKA, CTPOUTENLCTBO U Tp. K TpeTHdHOMY CeKTOpYy OTHOCSTCS HayKa, MC-
KyCCTBO, TEJIEKOMMYHHUKAITUH, TIPOU3BOACTBO MPOrPaMMHOTO oOecriedeHunsi, 000pOHa, TOPTOBIIA, MeH-
IIUHCKOE 00CITy>)KUBaHUe, 00pa30BaHUE, aIMUHICTPATUBHOE YIIPABICHHE U APYTUE BUIBI YCIIYT.

2. PoJib 1 0COOEHHOCTH rocyIapCTBEHHOT0 YIIpaBJeHUs MPHU Nepexoae

K YCTOHYHBOMY Pa3BUTHIO PETHOHOB

BaxHo moHMMaTh, YTO HU MacIITa0bl SKOHOMHUKH, HU YMCJICHHOCTh HACEJICHHUS CTPaHbI, HU €€ T0-
JIUTHYECKUN BEC B MUpPE, HU 00ECIIEUEHHOCTh MPUPOIHBIMU pecypcamMu, HU reorpadudeckoe MmooxKe-
HUE, HA BEIMYWHA 3apyOeKHOW TTOMOINHU, HU 00bEMbI HMHOCTPAHHBIX KPEJAUTOB HE SBISIOTCS (paKTopa-
MH, 00CCIICEUUBAIOIIMMH HAYaja0 SKOHOMHUYECKOI0 POCTa U JAaJbHEHINEro yCTOHYUBOro pa3Butus. bo-
Jiee BaXHBIM (haKTOPOM SIBJIIETCS COLMATbHO-3KOHOMHYECKAs MOJUTHKA. IMEHHO jkellaHhe U YMEHHE
BJIACTH BJIAJIETh STHM MHCTPYMEHTOM, TOOUTHCS 3 (hEKTUBHOCTH 3KOHOMHKH, (PMHAHCOBOW CTaOMIIH3a-
MM, TPOBOJUTH HAIIEJICHHYIO Ha pe3yJbTaTbhl CTPATErHI0 Pa3BUTUA CTPaHbl U BEAET COLMAIBHO-
SKOHOMHUYECKOE Pa3BUTUE PETMOHOB B TO3UTUBHOM HaIlpaBJIEHUH.

[IpoGema coruaibHO-3KOHOMHUYECKOTO Pa3BUTHS PETHOHOB OCOOCHHO aKTyallbHa B COBPEMEHHBIX
YCIIOBUSX.

CerosiHsi HEOOXOIMMBI HOBBIC KA4e€CTBEHHBIC HAYYHO-TEXHHUYECKHE DPa3pabOTKH IO COLHAIBHO-
SKOHOMHUYECKOMY Pa3BHTHIO Pa3IMUHBIX CyObekTOB PD, oOecnieunBaromiyie noapeM ux Mpou3BOJICTBEH-
HOTO W PECYpPCHOTO MOTEHIHAala C HMCIIOJIb30BAHUEM aKTYallbHBIX TEXHOJIOTHH ITU(PPOBU3AIUN U BHE-
JIpEeHHEM MaTeMaTHYeCKHX METOAO0B U Mmozeneil. OmpenereHne MEepCreKTUBHBIX IyTeH, METOJOB U
CPEICTB HEOOXOTUMOTI0 IKOHOMHYECKOTO POCTa, ONTHMHU3AINY BHEIIHWX W BHYTPEHHHUX SKOHOMHYE-
CKUX TPOTOPIHN JIOJHKHO OBITh OCYIIECTBICHO HE TOJIHKO HAa YPOBHE TOCYAapCTBa B IEJIOM, HO U Ha
ypoBHe Bcex cyObekToB P®. Ilpm 3TOM HEOOXOMUMO HYETKO OCO3HABATh, YTO HAWOOJEee 3HAYUMBIMU
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YnpaBneHue B counaribHO-3KOHOMMUYECKUX CUCTEeMaXx

¢akTopamu CHIDKEHUS A(PPEKTUBHOCTH SKOHOMHUKH SIBIISIOTCS OMACHOCTH (PH3MUECKOTO pPa3pyIICHUS
OCHOBHBIX (DOH/IOB, OTKa3 OT YCHJICHHS TOCYAapCTBEHHOTO PETYJIMPOBAHUS U CTUMYIHUPOBAHUS HPOH3-
BOJICTB, IPEHEOPEXKEHNS COLMATIBHBIMU POOIeMaMy HaceJICHUSI.

Takum ob6paszom, pernonam Poccun HeoOxonuma He JeKJIapaTHBHAs, a MPOJyMaHHasl, TIIATEIbHO
pa3paboTaHHasi KOHUEMLHUS COLMaIbHO-9KOHOMUYECKOTO pa3BuTHA CyObekToB P®, BhIMONHEHHAs HE B
Buje HaOopa Oyarux MoXKelnaHWil, a Kak KOMIUIEKCcHas pa3paboTka ux 3¢pdexkTuBHOrO pa3BUTHS B CO-
BPEMEHHBIX yCIOBUSIX.

Omnopoil 310l HOBOM KOHLENIMH JOJDKHBI CTaTh CYILECTBYIOIIME (DaKTOPHI, ONPEAEIIIONINE BECh
3HAYUTENBHBIN MOTEHIMA] FOCYJapCTBa U PETHOHOB (IPUPOIHO-PECYPCHBIM, TPOU3BOICTBEHHBIN, TEX-
HUYECKH, YHEPTeTUIECKIA, MHPPACTPYKTYPHBINA U JIp.).

IIpu 3TOM BaxXHO OOECHEUUTH TAKKE CTAOMIM3ALMIO W YIy4IIEHHE SKOJIOTMYECKOW CUTyallud B
CTpaHe U €€ OTACIbHBIX (MPOOJIEMHBIX) PETHOHAX, HCIOIB30BAHHS TPEUMYIIESCTB BHYTPEHHUX PECYPCOB
Poccun, mpexxe BCero MHTEIUIEKTYaJIbHOTO M HAy4YHOT'O MOTEHIIMaa, pa3BUTUS BBICOKOTEXHOJIOTHYE-
CKHX npousBoacTs, BIIK u T. 1.

Crenyer oka3bIBaTh rOCYIAPCTBEHHYIO TOIIEPKKY Pa3BUTHIO BHICOKOI()()EKTUBHBIX MPOU3BOJICTB,
OTKa3aThCs OT pealli3allii MPOCKTOB, CIIOCOOHBIX HAHECTH YIIEpO OKpYIKaIoIIeH cpese, 1100 mocie/-
CTBHS U OCYIIECTBJICHHE KOTOPHIX HEAOCTATOYHO SICHBL.

[Ipu 3TOM CoBepIIeHHO HEOOXOAMMO OOECTIEYHUTh JOCTONHBIN YPOBEHb KH3HH IOJEH, SKOIOTHYe-
CKYI0 YHCTOTY M KOHKYPEHTOCIIOCOOHOCTH MPOAYKIIMH, aJaNTaluio MPOU3BOJICTBEHHOTO MOTEHIMANA K
M3MEHEHUSIM PBIHOYHOW KOHBIOHKTYPBI Ha 0a3e MOICPHM3ALMU MPOU3BOJCTB KaK YCJIOBHUS MOBBIILICHUS
HKOHOMHYECKOH 3()(HeKTUBHOCTH 1 PEIOTBPAILIECHHS YpE3BbIYaiHBIX CUTYallUH TEXHOI'€HHOTO XapaKTepa.

Bce 3TO He UCKIIIOYaeT TOro, 4YTo B OTAEIBHBIX pernoHax Poccuiickoit denepanuu TEMIIBI U CPOKH
npeoOpa3oBaHuil MOTYT OBITH OoJiee ObicTpbiMU. TpeOoBaHue OOIIEH HAaNpaBICHHOCTH CTPATETHH pe-
THOHOB B KPaTKO-, CPEIHECPOUHOM U JOITOCPOUHON MEPCIIEKTUBAX JODKHBI YETKO COTIIACOBBIBATHCSA C
KOHKPETHBIMH COLMAIbHO-3KOHOMHYECKUMH TapaMeTPaMu Pa3BUTHA TOCYAapCTBa B LejIoM [4].

[Ipu 3TOM cTpaTermyeckoe ympaBjieHHE PETHMOHAMM JOJDKHO JaBaThb OPUEHTHPHI I Pa3BUTHUA
KPYIMHEWIINX MPOMBIIUICHHBIX NPEANPUATHN U UHBIX XO3SIMCTBYIOUINX CyOBEKTOB TOPOIOB U TEPPHUTO-
PHiA, a TaKKe ONPEeNsITh CTPATeTHUECKUE IPUOPUTETHI AJIsl OPraHOB MECTHOT'O CaMOYITPaBJICHUSI.

OtMeTnM, 9TO OOJBIIMHCTBO HAYYHBIX pa3padOTOK B O0JIACTH TOCYIAPCTBEHHOTO YIIPABIICHUS B
cyObektax P® He HaleneHO Ha KOMIUIEKCHOE pellieHHe HanOojiee BaKHBIX BOIPOCOB COIHANBHO-
KOHOMHYECKOTO Pa3BUTHs PETMOHOB. B pe3yibraTte perynupyromye BO3AeHCTBHS OPraHOB rocy1apeT-
BEHHOH BJIACTH Ha MPOM3BOJICTBEHHBIC MPOIIECCHI CBSI3aHBI B OCHOBHOM C 3alpeTUTEIbHBIME, (PHCKaTh-
HBIMHU MEpaMH, a CaMO TOCYJapCTBEHHOE PErMOHAILHOE YIPaBJIeHHEe UMEET CUTYallMOHHBII XapakTep U
HE T03BOJISIET IUIAHUPOBATh U OCYLIECTBIIATH PELICHUE 3HAYUTEIIBHBIX CTPATETHUECKUX 3a7ad JJaKe Ha
JIOCTaTOYHO OJIM3KYIO TIepcrieKTuBy [12].

Ceroans utst IOBBIIEHNS 3()(EKTHBHOCTH YIIPABJICHHSI PETHOHAMH HY>KHA ITPOIyMaHHAs! COBPEMEH-
Hasl 1eJIOCTHAs CUCTeMa YIPaBJICHUS COLMAIbHO-IKOHOMHYECKUM Pa3BUTHEM TEPPUTOPHUIL, B 3aJa4l KO-
TOPOI BXOAUT HE MPOCTOX MOHUTOPHHT AEATEILHOCTH MPOMBILUICHHBIX MIPEATPUSTHN U APYTHX X035HCT-
BYIOIIIUX CYOBEKTOB, a 0OecreueHne yBEeIHMYeHNsI TEMIIOB POCTa MPOMBIIIIIEHHOTO TIPOU3BOACTBA U APY-
ruX NoKa3zaTelsledl TeppUTOPUAIBHO-IIPOU3BOIACTBEHHON IMHAMUKU. [[oCcTHKEHHE ATOM LIeJIM HEBO3MOXKHO
0e3 BCECTOPOHHETO HAyYHOTO 00OCHOBAaHUSI KOHUETIIUH M TEXHOJIOTHU CO3/IaHMs TT0100HOH CHCTEMBI.

DopMHUpPOBaHHE CTPATETUN COIUAITBHO-3KOHOMUYECKOTO Pa3BUTHs CyOhekToB PD B cOBpeMEHHBIX
YCIIOBUSIX 1I€7IECO00pa3HO OCYIIECTBIATH B COOTBETCTBUH C aJITOPUTMOM, MPEICTABIEHHBIM B MOHOTpa-
¢un «O¢ddexTuBHOE yrnpaBieHHe OpraHU3alMOHHBIMU U TPOM3BOJACTBEHHBIMH CTPYKTypammu» (IO pe-
nakuueit npodeccopa O.B. Jlorunosckoro) [5].

3akaoueHne

B coBpeMeHHBIX YCIOBHAX KHU3HEACATECIHHOCTH CyOBeKTOB P®, XapakTepu3yrOMMUXCs MOJUTHYC-
CKOH, DKOHOMHYECKOW M CONMAILHON HECTaOMIBHOCTBIO, 8 TAaKKE BO3PACTAIOIIUMH CIOKHOCTSIMH B
BEJICHUHM OW3HEca M0 KOMIUIEKCY Pa3HOOOpa3HBIX MPUYHMH (XOJIOJHbIE ¥ THOPHIHBIC BOWHBI, CAHKITUH,
YIpO3bl PEBONIIONUN U CMEH MOIUTHUYECKUX PEKHUMOB, PACUIATHIBAHHE T'OCYAAPCTBEHHBIX YCTOEB BO
MHOTUX CTpaHaX, KPU3WCBhI PA3IUYHOTO BUJA PECYPCOB, HECTAOWILHOCTh MEKIYHAPOIHBIX PHIHKOB,
SIUIEMHUOJIOTHYECKIE BOWHBI UM Jp.), 3HAYCHHUE CTPATETHUCCKOTO YIPABICHUS COIHAIBHO-
SKOHOMHUYECKUM Pa3BUTHUEM PETHMOHOB CYIIECTBEHHO BBIPOCIIO.
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PaccMmoTpeHHbIe B TaHHOW CTaThe BOMPOCHI CTPATETHIECKOTO YIIPABICHHUS PETHOHAMHE JOJDKHBI 110~
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Introduction. If until the 90s the issues of socio-economic development of the constituent
entities of the Russian Federation were rather tough, then they had to be monitored and controlled
from Central Europe, and then at the federal level in management in order to be able to use socio-
economic policy depending on the emerging situations. The problems of the existence of the so-
cio-economic development of the constituent entities of the Russian Federation still need more ef-
fective approaches, models and algorithms.

Aim of the study is to form a strategy for the socio-economic development of individual sub-
jects of the Russian Federation in modern conditions.

Materials and methods. As part of the materials and methods, one can point to the analysis
of approaches, methods and models of socio-economic development of regions presented in the
scientific and technical literature, as well as the results of their implementation in the practice of
managing the subjects of the Russian Federation.

Results. The article substantiates the main scientific provisions and recommendations for the
formation of a strategy for the socio-economic development of the regions of the Russian Federa-
tion. In particular, a set of scientific provisions has been developed that allow for the improvement
of the management of the socio-economic development of certain regions, depending on the socio-
economic situations developing there.

Conclusion. It is advisable to form a strategy for the socio-economic development of the
constituent entities of the Russian Federation on the basis of scientific provisions and recommen-
dations mentioned in this article in relation to the local specific features of the region.

Keywords: socio-economic development, region, strategy, models, methods, indicators.
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COMPUTATIONAL MODELING OF LIQUID FILM
FLOW REGIMES IN HEAT AND MASS TRANSFER
DEVICES AT LOW REYNOLDS NUMBERS
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Introduction. Heat and mass transfer devices based on flow of a thin layer of viscous fluid are
widely used in numerous industry fields (chemical, petrochemical, energy, food, etc.). Falling film
devices (film rectifiers, absorbers, steam generators, etc.) efficiency is related to large contact sur-
face area and low liquid flow rate.

Aim. Numerical study of wave characteristics of a thin layer of a viscous liquid both during free
flow and during evaporation.

Materials and methods. This work presents results of computational modeling of vertical water
liquid film flow at low Reynolds numbers in the framework of partial differential equation of the state
of the free surface of the liquid film. Equation coefficients include different physicochemical factors
such as surface tension parameter and temperature gradients influence parameter. Analytic dependence
of Marangoni parameter critical values is presented. Liquid film flow is investigated both at free flow
and at evaporation of liquid. Temperature gradients influence causing increase of instability region and
changing parameters of liquid film wave flow is taken into account. Utility developed in C++ is used
for computation of wave characteristics and instability regions of liquid films.

Results. Computational experiments were carried out for the vertical water film both at free
flow and at evaporation. As a result of computational experiments liquid film flow regimes with a
maximum value of the increment were selected; such regimes are shown in experimental studies of
other researchers. Marangoni parameters critical values, at which destruction of film is possible,
were calculated.

Conclusion. Increment increases and phase velocity decreases under conditions of evaporation,
and conditions are created for the destruction of the liquid film in heat and mass transfer devices and
formation of “dry spot” on their surface. Liquid films flows investigation is relevant due to wide use
of industrial falling film devices based on evaporating liquid films (evaporators, vaporizing appa-
ratus); its results could be used in the design or modernization of existing equipment and in the de-
sign of technological processes in liquid films.

Keywords: liquid film, evaporation, instability, Marangoni parameter, low Reynolds numbers.

Introduction

First experimental and theoretical studies of the flow of a thin viscous liquid layer we carried out by
P.L. Kapitza [1, 2]. Liquid film is an effective tool of interfacial heat and mass transfer due to large con-
tact surface area and low liquid flow rate [3—5], so it is widely used in industry. Falling film devices are
used for working with substances, that can only be processed in thin layers: manufacture of certain types
of plastics, evaporation of food products, that are sensitive to high temperatures, heating up and concen-
trating of substances, that can be burnt or polymerized at prolonged contact with heating surface.
Also falling film evaporators and distillers are widely used in manufacture of chemical and food prod-
ucts. Due to short contact with heating surface, these devices save chemical properties of substances and
vitamins of food products [4].
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Influence of different physicochemical factors on liquid film flow regimes should be considered
when designing falling film devices [6, 7]. Due to wide use of industrial falling film devices based on
evaporating liquid films (evaporators, vaporizing apparatus), investigation of liquid films flows at evap-
oration of liquid are relevant.

The aim of this work is numerical study of wave characteristics of a thin layer of viscous fluid at
free flow and evaporation of liquid.

1. Formulation of the problem
We consider the flow of a thin viscous liquid layer with a thickness & at Reynolds numbers 1 <Re <5
on a vertical solid heated surface in the coordinate system OXY as shown on fig. 1.

Y

g
>

2 SOOI

Fig. 1. Flowing liquid film model

Denote deviation of the liquid film free surface from the undisturbed state by y(x,7). Taking into ac-
count, that surface tension ¢ is a function of liquid temperature 7 and liquid film surface chemical com-

0c [ Oc

position [8, 9], we introduce dimensionless parameter j/ — (j i , called Marangoni num-
or ay y=3 Uygp
ber, where uy — fluid flow average velocity, p — fluid density.

2. Mathematical model of liquid film free surface state
Liquid film free surface state is described by following partial differential equation [0]:

4 2
a—1]8\V+a v oy

1 1
- +tla —ta—+as—+

(RePrKu RePrKu Wj ( 7 ox o loaxt 0 a2 0
+"11@=O,

Ox
where
ay=-ORE go= ReM 3 g2, 2 ResignAT

3 240 3 (RePrKu)

617 :254R62Fx, all =—R€Fx,
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Re — Reynolds number, F, — Froude number, Ku — Kutateladze number, Pr — Prandtl number, signAT = 0
corresponds to free flow regime and signA7 =—1 corresponds to evaporation process.

In heat and mass transfer processes, including liquid film evaporation process, high temperature gradi-
ents could cause destruction of liquid film and formation of “dry spot” on film device surface. Marangoni
parameter critical values, at which destruction of film is possible, are given by the following formula [0]:

MKziRezsz— 22 b _ﬁ N 4s1gnAT2’ Q)
20 Rek; b, ) 3(RePrKu)

where bo = alk;:, bl = _al 1kx, b2 = a7kx.

3. Computational experiments
Using the solution type y = 4 exp[i(k,x —wt)] of equation (1) we obtain the following disper-

sion equation:

o(ask, +i)+ak? —agk? +ay ik, =0, 3)
where ® = ®,. +i®; (o, — frequency, o; — increment).

Separating (3) into real and imaginary parts we obtain solutions for frequency and increment:

o, ZLXZZ, @)
1+7
0 =X+0,Z, ®)

Where X = alk;: - aékf, Y = _al 1kx, Z = a7kx.
Phase velocity values could be calculated by the following formula:

¢, =—". (6)

Computational experiments were carried out for the vertical water film at Reynolds numbers
1 £ Re <5 and wave numbers 0 < k£ <0.5. Liquid film free flow and evaporation process were studied.

C++ utility, calculating frequency, increment, phase velocity and Marangoni number critical values
by formulas (4)—(6) and (2) was developed.

Flow of vertical water film is unstable at positive increment values (table 1). Liquid film flow is
more unstable at evaporation.

Table 1
Instability regions
k
ke signAT =0 signAT = -1
1 [0; 0.0272] [0; 0.029]
2 [0; 0.0484] [0; 0.0492]
3 [0; 0.0679] [0; 0.0684]
4 [0; 0.0862] [0; 0.0866]
5 [0; 0.1038] [0; 0.1041]

Results of calculation of increment values at Re = 3 are shown on fig. 2.

Flow instability region at Re = 3 corresponds to 0 < k£ < 0,0679 range at free flow and 0 < k£ < 0,0684
at evaporation. Increment curve inflection point k£ = 0,025 and maximum increment points £ = 0,0478 at
free flow and k = 0,0482 at evaporation could be noted.

Results of calculation of phase velocity values at Re = 3 in instability region are shown on fig. 3.
It could be noted that evaporation leads to small decrease of phase velocity.

Maximum increment values and corresponding phase velocity values at different Reynolds numbers
are presented in table 2.

Evaporation leads to increase of maximum increment values and decrease of corresponding phase
velocity values in whole considered Reynolds numbers range.
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Marangoni parameter critical values, calculated at maximum increment values for different Reyn-
olds numbers, are presented in table 3.
i

y N

0,003 / \
/ \
0,001 / /
0 / / k
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Fig. 2. Increment at Re = 3: | - sighAT =0, Il - sighAT = -1
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Fig. 3. Phase velocity at Re = 3: | - sighAT =0, Il — signAT = -1

Table 2
Increment and phase velocity
Re signAT =0 signAT = —1
k i max Cr max k i max Cr max

1 0.0192 0.000221 2.99986 0.0205 0.000287 2.99982

2 0.0342 0.001401 2.99825 0.0348 0.0015 2.99813

3 0.0478 0.004104 2.9923 0.0482 0.004231 2.99207

4 0.0606 0.008709 2.97823 0.0608 0.008859 2.97785

5 0.0725 0.015357 2.95201 0.0727 0.015524 2.95149
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Table 3
Critical values of Marangoni parameter
Re signAT =0 signAT = -1
k M, k M,

1 0.0192 26044.2 0.0205 22845.9

2 0.0342 2054.46 0.0348 1984.28

3 0.0478 469.388 0.0482 461.655

4 0.0606 165.92 0.0608 164.834

5 0.0725 75.5772 0.0727 75.1689

Liquid film flow regimes with a maximum value of the increment are observed to occur in practical
experiments [3] and parameters of such flow regimes are necessary for designing of technological pro-
cesses in liquid films.

Conclusion

1. Mathematical model of free surface state of viscous fluid thin layer at low Reynolds numbers at
free flow and evaporation of liquid is presented.

2. Results of numerical study of liquid film flow regimes are presented. Liquid film flow is unstable
at 1 < Re < 5. Wave characteristics (frequency, increment and phase velocity), instability regions and
Marangoni parameter critical values of viscous fluid thin layer flow at free flow and evaporation are cal-
culated.

3. Evaporation is more unstable process and it causes increase of increment and decrease of the
phase velocity, as well as the critical value of the Marangoni parameter, which can lead to the destruc-
tion of the liquid film during heat and mass transfer.
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Beenenne. TerutomaccooOMeHHBIE ammapathl, B KOTOPBIX PEaJIM3yeTcs TeYEeHHE TOHKHX CJIOEB
BSI3KHX JKHJKOCTEH, NIMPOKO MPUMEHSIOTCS B Pa3JIMYHBIX O0JIACTSX MPOMBIIUIEHHOCTH (XUMHYECKOHH,
HeTeXUMUUECKOW, SHEPreTHYECKOH, MUIIEBOH U 1p.). DPEeKTUBHOCTh MCHONB30BAHMUS TIEHOYHBIX
anmnaparoB (IWIEHOYHbIE PEKTH(HHUKATOPBI, a0copOephl, MAPOreHePaTOPhI U JIp.) CBS3aHa ¢ OOJBIION T10-
BEPXHOCTBIO KOHTaKTa ITPY MaJIbIX YIEIbHBIX PACXOAAX JKUJIKOCTH.

Lenn padoThl. UncneHHOe nccie0BaHUE BOTHOBBIX XapaKTEPUCTHK TEUEHHSI TOHKOTO CJIOS BSI3-
KO JKUJIKOCTH B YCIIOBUSIX CBOOOTHOTO CTEKaHUS TUICHKHU Y UCTIAPEHUS )KUIKOCTH.

Matepuanbl 1 MeToabl. B pabore npencTaBieHbl pe3ynbTaThl YUCISHHOT'O MOJEIHPOBAHHMS
TEUeHHs] BEPTUKAIBLHOMN JKUAKOHM IUIEHKH BOABI CO CBOOOJHOM TMOBEPXHOCTHIO IPH MAaJbIX YHCIAX
Peiinonbica B pamkax nuddepeHnnanbHoro ypaBHeHNs! B YaCTHBIX MTPOU3BOIHBIX JJIsI OTKIIOHEHUS
CBOOO/IHOW TIOBEPXHOCTH IUIEHKH OT HEBO3MYIIEHHOro coctosius. Koaddunmentsr ypaBHeHUS
BKITIOYAIOT Pa3yInuHble (PU3NKO-XUMHYECKUE (DAaKTOPHI, B YACTHOCTH, ITapaMeTp TTOBEPXHOCTHOTO Ha-
TSDKEHMs, TIapaMeTp BIMSHUS TPagueHTOB Temmneparypbl. llpencraBieHa aHanuTH4YecKas 3aBUCH-
MOCTb JUISl KPUTHYECKHX 3HaueHHi napamerpa MapaHronu. TedeHue ®UIKOW TUIEHKH HCCIIEI0BaHO
Kak Ipy CBOOOHOM CTEKaHHH, TaK U MPU HCHAPEHUH. YUTEHO BIMSIHKE B TUICHKE XKHUJKOCTH I'paiu-
€HTOB TEeMIIEpaTyphl, IPUBOAAIINX K PACIIMPEHUIO 00JIACTH HEYCTOHYMBOCTH U M3MEHSIONIUX Napa-
METpPBI BOJIHOBOT'O TEUEHHMS! )KUAKOH IJICHKHU (4acTOTy, HHKpEMEHT, (ha30BYyI0 cKopocTb). Jlist pacue-
Ta BOJHOBBIX IIapaMETPOB, 00J1acTell HEYCTOMYMBOCTH JKUIKUX IIEHOK UCIIONB3YeTCs YTUIINTA, pa3-
paboranHas Ha si3bike C++.

Pesynbratsl. [IpoBeneHbl BBMUCIHUTENBHBIE SKCIIEPUMEHTHI [UIsSl BEPTUKAIBHON IUIEHKH BOABI
KaK B P&KHUME CBOOOIHOTO CTEKaHHs, TaK U B Mpollecce McnapeHus. B pe3ynabraTe BEIYHCIUTEIBHBIX
SKCIIEPUMEHTOB BBIJICIEHBI PEKUMBI TEUEHHUS JKHIIKON TUIEHKH ¢ MaKCHMaJIbHBIM 3Ha4€HHEM WHKpe-
MEHTa, TaAKHE PEKUMBI 3a()UKCUPOBAHBI B SKCIIEPUMEHTAIILHBIX MCCIIEIOBAHUSX IPYrUX YYeHbIX. Pac-
CYMTAHBI KPUTUYECKUE 3HAYCHUS TTapamMeTpa MapaHroHu, pu KOTOPoM JoctiraeTcs 3h(eKT pa3pbiBa
KHUJIKOM TICHKH.

3akiouenne. B ycrnoBusx nporiecca UCTIapeHusl IIPOUCXOUT YBEIMYEHUE 3HAYCHUH HHKPEMEH-
Ta U CHIKEHHUE (ha30BOil CKOPOCTH, UTO YCKOPSET AP PEKT pa3pbiBa >KUKOH IIEHKH B TEINIOMAcCO00-
MEHHBIX aImapaTtax U o0pa3oBaHHE Ha MX IMOBEPXHOCTU «CYXOro MATHa». BBHIy mmpokoro pacrpo-
CTpaHEeHUs! IPOMBIIIUIEHHBIX TNIECHOYHBIX allapaToB, B KOTOPBIX UCIIONB3YETCs UCTIAPSIOIIASCS TUICHKa
(ucnapureny, BeITIAPHBIE alllIapaThl), UCCIEIOBAHUE TEUCHUH JKUJIKUX TUICHOK aKTyallbHO, €ro Pe3yiib-
TaThl MOTYT OBITh MCIOJb30BaHBl NPH KOHCTPYMPOBAHHU WIIM MOJIEPHH3AIMH CYIIECTBYIOIIEro 000-
PYZIOBaHUs, a TaKKe NPH pa3paboTKe TEXHOIOTHUECKUX MPOLIECCOB B )KUJIKUX IICHKAX.

Kniouesvle cnosa: scuokas nienka, ucnapewue, neycmouuugocmuv, napamemp Mapaneonu,
manvie yucna Petinonvoca.
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OMNPEAENEHUE OUWHAMUWYECKUX NMAPAMETPOB
NMOCTOAHHOIO MAITHUTA MNPU Ero YOEPXAHUN
B UMIMYJIbCHOM MAITHUTHOM MNOJIE

U.M. Slyukoe’, B.W. lupsiee®
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Beenenue. CymniecTByIOT pa3iudHble PAKTHIECKHE CIIOCOOBI peau3alii MAarHUTHO# JIeBUTA-
MM KaK METOJ[a YAepKaHHUsI WK MOJbeMa 00BEKTa C MOMOIIBI0 OHOIO TOJHKO MATHUTHOTO TIOJISL.
B pabote paccMaTpUBAaeTCsl CIEAYIONINHA MPUHITUIT CO3/aHMs paBHOBeCHs Tea. HeOombIIon 1HInH-
JPUYECKUI HEOJAUMOBBIA MarHHUT YACPKHUBACTCS MPH 3JIEKTPOMArHUTHOM B3aUMOJCHCTBHU C MYJlb-
CHPYIOIIMM TOKOM, MPOTEKAIOMIUM 4epe3 KaTymky. J[as BO3HUKHOBEHHs mapsimiero 3d¢exra npu
TOPUOIMKEHUH MAarHUTa K KaTYIIKEe TOK 4Yepe3 Hee OTKIFYAeTCs 3JEKTPOHHBIM KITFOUOM, cpabaTthl-
BaloONMM OT mUdpoBoro marunka XoIia, pacrloNokKEeHHOT0 Ha OCH KaTYIIKH. BbI3bIBaeT mpakTHye-
CKHi HHTepec pa3paboTKa MPOCTHIX PEKOMEHIANNH, MO3BOJMIOMINX TPOrHO3UPOBATh (HaKT yaepika-
HUS TeNa TPY JAHHONW KOHCTPYKIIMH KaTYIIKH, TOKE Uepe3 Hee, pa3Mepax U CBOUCTBAX MOCTOSHHOTO
MarHuTa. Majio WHXCHEPHBIX METO/IHK, MO3BONSIONINX ONPENeATh MOI0KEHHE Tella, ero YCTOWYH-
BOCTb M XapaKTep JABMKEHHUs BO B3BEIIEHHOM COCTOSIHHH.

Henapio uccienoBaHus SBISCTCS TEOPETHIECKOE U IKCIIEPUMEHTANBHOE MCCIICOBAHHE JTHHA-
MHYECKHX MapaMeTPOB MOCTOSHHOTO MArHUTA TPH €T0 YACPKAHUH B UMITYJIbCHOM MarHUTHOM T10Jie
U CO3/IaHHE YIPOIICHHOW PaCUeTHO-IKCIEPUMEHTATHLHON METOMUKH ISl OMpE/CTeHHsT XapaKTepu-
CTHK MOBE/ICHHUSI TeIa BO B3BEIICHHOM COCTOSHUH.

Marepuanbl 1 MeTobl. [Ipy BHITIOTHEHUH PaOOTHI IPUMEHSITHCH METOIbI MATEMATHIECKOTO
KOMIIBIOTEPHOTO MOJIEITUPOBAHUS, & TAKXKe KCIEPUMEHTAIbHOrO HcciaenoBanus. Co3IaHHOE MPO-
rpaMMHOE 0OeCTieYeHHE ¢ UCTIOIb30BAHMEM CPEICTB pa3paboTku makera Mathcad OCHOBBIBAIOCH Ha
H3BECTHBIX METO/IaX YHCICHHOIO HHTETPUPOBAHHUSI CHCTEMbI T PepeHIHaIbHBIX ypaBHEHUIA.

PesyabTatel. [IpeioxkeHa ynpoiieHHas pacdeTHO-3KCIIePUMEHTAIbHASL METOJMKA TI0 OTpe/e-
JICHHIO MarHUTHBIX MOMEHTOB JUTSl TOCTOSHHOTO IIMIHHIPUYECKOr0 MarHUTA U KATYIIKA C TOKOM, a
TaKKe TPUMEPHOr0 3HAYCHHUS KOOPIUHATHI MMOJIOXKEHHUSI TeNa BO B3BEIICHHOM COCTOsIHHH. Pa3pabo-
TaHa MaTeMaTHYeCKass MOJeIb OJJHOMEPHOTO JBMKCHHUS MarHWTa MOJ JACHCTBHEM CHIIBI TSDKECTH U
3IIEKTPOMATHUTHON CHJIBI B3aUMOJCHCTBHUSI C UMITYJIbCHBIM MarHUTHBIM TIOJIEM TIPH U3BECTHOM pac-
CTOSIHMH, HA KOTOPOM TPOHCXO/IUT BHIKIFOYESHHE TOKA.

3akiawyeHne. DKCIICPUMEHTAIBHO M MTOCPEACTBOM KOMIIBIOTEPHOI'O MOJICTTHPOBAHHUS YCTAHOB-
JICHO, YTO Y€M BBINIEC YacTOTa MyJAbCAIMil, TeM MPH yAEPKaHHH Tela HaOI0MAeTCs ero MEHbINAst
aMIUTATY/a MYJbCAIMA U YCTaHABIUBAeTCs Oojee ycTOHYMBOE paBHOBecHe. YacTora mysbcariuit
YMEHBIIAETCS C YBETHUYCHHEM MAcCChl IOCTOSHHOI'O MAarHUTa, IPHYEM €CTh KPHTHUYECKas Macca, KO-
TOpas yXKe He yJEePKUBACTCS B 3JEKTPOMATHUTHOM Tione. [Ipu yBennueHnH HATIPsDKEHUs, o/1aBae-
MOr0 Ha KOMMYTAaTOp KaTYIIKH, BO3PACTACT YacTOTa MyNIbCALUHA Tela U MoTpebiisieMas SIeKTpuye-
CKast MOIITHOCTb, TIPH 3TOM KO3 (HUIIMEHT 3aM0IHEH ST UMITYILCOB TOKA CHIXKAETCS.

Knmiouesvie cnosa: nocmosntuill MazHum, UMnyibCHoe MazHumHoe noie, oamuux Xonia, ocmamou-
HAA MAZHUMHASA UHOYKYUSA, DNEKMPOMALHUMHAS CUNG, MASHUMHAS TeSUMAYUs, Yacmoma KoneOanuil.

Beenenue

Anrnuiickuit pusuk Camyanb pHioy B ceperune XIX Beka Joka3an TeopeMy, 4TO acCHBHAs Jie-
BUTAlUA MariuTta HaJa APYIrUM MAarouToM HEBO3MOXXHa, OJJHHUM U3 €€ CJ]C)Z[CTBI/IfI ABJISACTCSA HEBO3MOX-
HOCTb JIEBUTHPOBATh OAHOMY MarHuTy Haja ApyruMm. OmHaKo 3Ta TeopemMa BepHa TOJBKO U ciiydas
CTaTUYCCKOI'0 paBHOBECHA M HE paCCMaTpPUBACT CUTYyallUIO, KOrJla MAaroHuTHOC I1OJIC ABJIACTCA TUHAMU-
yeckuM. MaruuTHas nesurtauus (magnetic levitation) BO3MOXHA B CIEIYIOIIUX ClydyasiX: KOrja Mar-
HHUTHOC I10JI€ U3MCHACTCA BO BpEMCHH, KOrJa HECTAOMIIBHEIN ITOCTOSHHEIN MarHUT CTaGI/IIII/BI/IpyeT CBOC
IIOJIOKEHUE C IOMOILBIO AKTUBHOM CHCTEMBI YIIPABIICHUS U KOTJa CaMa CUCTEMA COCTOUT U3 AJIEMEHTOB
C HCKOTOPBIMU ABMXXYIIUMU CHIIaMU.
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CyIecTBYIOT pa3/IM4HbIe MPAKTHYECKHE CIIOCOOBI peanu3allii MarHUTHOM JIEBUTALIMM KaK METO/a
yIep KaHusl WK TToIbeMa 00bEKTa C IIOMOIIBIO OJJHOTO TOJIBKO MAarHUTHOTO MOJS. JTO MOTYT OBITH CIO-
COOBI, CBSI3aHHBIC C UCIIONB30BAHUEM BUXPEBBIX TOKOB, YICPKHUBAIOUINX TEJIO B MOTEHIUATIBHOU siMe [1],
WM TIOCTOSHHOTO MAarHUTa, HaXOJIIIErocsl B OOPAaTHOM CBSI3W C WMITYJBCHBIM MArHUTHBIM TojieM [2].
OcHoBHasl mpoOieMa MarHUTHOW JICBUTHUPYIOIICH CHCTEMBI CBSA3aHA C €€ JMHAMHUYECKOW YCTOHUHUBOCTHIO,
TO €CTh CIIOCOOHOCTBIO MOMIABIISATH JTF000E BO3MOXKHOE KOJebaTeNbHOE JABKEHUE. BOMBIIMHCTBO CyIecT-
BYIOIIIMX CXEM JICBUTAIIMK UMEIOT HEJIOCTATOYHOE MOJaBJIeHHe KOJeOaHui Tena, U ero BUOparud MOryT
BBIBECTH OOBEKT 3a TpE/elbl 30HbI paBHOBecus. [lomaBiieHne mepeMelieHus Tena U3 30Hbl PaBHOBECHSI
MOXET OCYIIECTBIISITHCS HECKOJIBKIMHU CIIOCOOAMU, OJJHUM W3 KOTOPBIX SIBJSIETCSI MCIOJIB30BaHHUE DJICK-
TPOMarHUTOB, YIIPABIISIEMBIX TOCPEACTBOM AJIEKTPOHUKH.

Ha ceronmusmmnuii 1eHb caMbIMU CHJIBHBIMH NOCTOSIHHBIMU MarHuTamu (IIM) sBisitoTcst HEOIUMO-
Bbie MarauThl (NdFeB), B KOTOPBIX HCTIONB3YeTCs CIUIaB, COACPIKAIINN PEAKO3EMENIbHBIA MaTepral He-
OIIMM, a TaKXKe kene30 u 0op. PaccmarpuBaembie [IM MMEIOT BBHICOKHME MMOKA3aTeNH OCTATOYHON Mar-
HUTHOW MHAYKIIMH U YCTOMYHMBOCTH K pa3MarHMYMBAHUIO, YTO TTO3BOJISIET MCIIONB30BATh UX B U3JEIHSIX
1 000pyI0BaHMH, T]Ie TPEOYETCs CUIIBHOE MAarHUTHOE ITOJIE.

PaccmarpuBaemas B HacTosieil pabore ujest JeBUTAIMH JOCTATOYHO MPOCTa M MIMPOKO PacCMOT-
peHa B MlHTepHETe npex e BCEro i AEMOHCTPAIIMM MATHUTHOM JIeBUTAlMKU Teja. HeOombIon muinH-
JPUYECKU HEOAWMOBBIM MarHUT YAEP>KWBAETCS MPU AJIEKTPOMArHUTHOM B3aWMOJEHCTBUU C TOKOM,
MPOTEKAIONINM Yepe3 KaTyliky. Jins Bo3HUKHOBeHUs mapsiero dddexra npu npuoOImKeHd MarduTa K
KaTyIIKe TOK Yepe3 Hee OTKIFOYACTCS SJIEKTPOHHBIM KIIIOYOM, CpabaThIBAIOIIUM OT (POTONATIMKA WIIH
UGPOBOro JaTyrKa XoJuia, PACIIONIOKEHHOTO Ha OCH KaTymkH [3, 4]. OmHa U3 mpocTeHIINX dJIeKTpH-
YECKUX CXEM TaKOT0 yCTPOMCTBA MoKa3aHa Ha puc. 1. MarHuT moj AeWCTBUEM CHUIBI TSKECTH HaUMHACT
najaTh, yAAJISLSICh OT KaTYIIKH, IPH HEKOTOPOM PACCTOSHHUU OT Hee TOK IOJAETCS BHOBB, yJEpXKUBas
MarHuT B «IOJBEIIEHHOM)» COCTOSHMM. B peanbHOCTH ero MoAHATHE M OIyCKaHWE OCYIIECTBIISIETCS B
OYeHb HEOONBIIOM JHara3oHe BBICOT, HO C JOBOJBHO BBICOKOW YacCTOTOH. JTa cucTeMa BIlepBbie Oblia
peanmm3oBaHa XoaMCOM [5], KOTOPBIH 3aCTaBUI HAXOAUTHCA B «ITOJBEIICHHOM» COCTOSSHUHM MarHUTHYIO
crpenky. EcTb psim pabot, MOCBAIIEHHBIX pa3paboTke pa3IHYHBIX METOJOB YIPaBJICHHUS CHCTEMaMH
MAarHUTHOM JieBUTaIuu [6, 7].
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Puc. 1. MpuHuMnuansHasa cxema 3MeKTPOHHOro KOMMyTaTopa ToKa Yepes3 KaTyLKy ynpaBnisieMoro CUrHasiomM
Aatyumka Xonna, ucnonb3yemMas AnA BO3HUKHOBEHUA napsuwero adpcpekTa npu NpudnnkKeHnn NnocToAsHHOro
MarHuTa K KaTyluke
Fig. 1. Schematic diagram of an electronic switch of current through a coil controlled by a signal Hall
sensor used to create a hover effect when approaching a constant magnet to coil

B npombinuieHHO#M chepe caMblii 00JIbIIOH 00beM UCCIICIOBaHNI B 00JIACTH MAarHUTHOM JICBUTAIUH
CBSI3aH C MCITOJIb30BAaHUEM TPAHCIIOPTUPOBKU PA3JIMYHBIX TPY30B. Ero 11efib COCTOUT B TOM, YTOOBI HC-
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MOJIb30BaTh «IAPSIINI» TPAHCIIOPT U 00ECIICUNTh MAKCUMAJIBHO OBICTPYIO M 3(P(HEKTUBHYIO TEPEBO3KY.
Crnenytoliee UCIIOTL30BAHNE JICBUTAITUN — TO MAarHUTHBIC TOIIIMITHUKY, TTPeAHA3HAUCHHBIC IS YIep-
JKaHMS IBYX CUCTeM 0€3 HEeIOCPEICTBEHHOr0 KOHTaKTa. BMECTO TOro 4To0bl H30JIMPOBATH KOMIIOH CHThI
OT TPWIOKEHHBIX HArpy30K, MarHWTHAs Mapa CIYXKUT JJIs Mepefadd CHJIBI U BPAIAIONIUX MOMEHTOB
JUIS COCIMHEHUS IBYX KOMIIOHEHTOB BMECTE 0€3 HEIOCPEACTBEHHOr0 KOHTakTa [8, 9].

CucreMa MarHWTHOW JICBHUTAIIMU SBISETCS HETUHEHHON M OTKPHITOM HEYCTOMYMBOW CHUCTEMOM.
JlaHHBIC aCTHEKTHI JAENA0T MOACTUPOBAHUE MOBEACHUS W 3aJady YIPaBICHHUS TaKHMH CHCTEMaMH JO-
BOJIFHO CIIOKHBIMU. B HacTosIiee BpeMs B JTUTEpaType MPAKTHUECKHA OTCYTCTBYIOT KPUTEPHH, IIPOCTHIE
(opMyITBI U pEKOMEHIAIINH 110 BOMPOCY: Oy/AET M HaOII0AaThCs B3BEIICHHOE COCTOSHHIE MPU JaHHON
KOHCTPYKITMH KaTYIIK{, TOKE Yepe3 Hee, pa3Mepax M CBOMCTBAxX IMOCTOSTHHOrO MarHuTa. Her nnxenep-
HBIX METOJMK, TTO3BOJISTFOIIMX MTPOTHO3UPOBATH TOJIOKEHUSI TeJla, €r0 YCTOMYUBOCTH M XapaKTep JABUKE-
HUSI BO B3BEIIICHHOM COCTOSIHUH.

Henbio padoThl SBISETCd TEOPETHUECKOE M IKCIEPHMEHTATbHOE HCCIEeOBAHME JHHAMHYECKUX
rapaMeTpoB MOCTOSHHOI'0O MAarHHUTAa MPH €ro yAep KaHUH B UMITYJIbCHOM MarHUTHOM IIOJI€ M CO3/IaHHE
YIPOIIEHHOW PacdeTHO-IKCIIEPUMEHTATLHON METOIMKH JUISI ONPEICICHHUS XapaKTePUCTHK TOBCICHUS
TeNa BO B3BEIIEHHOM COCTOSTHUH.

1. PacyeT nmoJist NOCTOSIHHOT'0 HUJIMHPUYECKOT0 MArHUTA

U CWJIBbI B3aMMO/IeiiCTBUS ABYX MATHUTOB

JUid TOCTOSHHBIX MarHUTOB, KaK IMPaBHUJIO, MCIONB3YIOTCSA JOMYIIEHHS, YTO HAaMarHW4YeHHOCTb
M onHOpoAHA MO BceMy 00BbeMY M CYIIECTBYET 3KBHBAJIEHTHOCTh MAarHUTHOIO MOJIS, CO371aBaeMOr0 TO-
KOM KaTYIIK{ U TIOCTOSTHHOTO MarHuTa. BHyTpu camoro Maraura (0e3 Apyrux BHENIHHUX TOJIEH) HHIYK-

M. MATHUTHOT'O TI0JIs 331a€TCsl COOTHOIeHueM B =y, -M , rae p, =4mn- 107 I'm/m — yHEBepcabHast
MarHuTHas MOCcTosiHHAs. HaMarHW4eHHOCTh MMOCTOSHHOTO MarHUTa MOJKHO pacCMaTpUBATh KaK pe3yilb-
TaT MOBEPXHOCTHOM INIOTHOCTH TOKa, KoTopas onpenensercs kak J, =V xM =rot M .

21_115[ TOr0 4TOOEI pasindaTtb MHAYHUHPOBAHHOC MAarHMTHOC I10JI€ U TO I10JI€, YTO BBI3BAHO CIIOHTAHHO
MAarouMTHBIM MaT€prajioM, BBOJAUTCA MHAYHIHPOBAHHOC MAarHuTHOC I10JIC, 0003HaYaeEMOe Kak H, " o1pe-

nensercsa oHo kak J,, =VxH =rot H .

[I10THOCTP MAarHUTHOIO MOTOKA BHYTPU ITOCTOSHHOI'O MarHHUTa SBJISIETCS BEKTOPHOM CyMMOH [
u M, B TO BpeMms kak cHapyxH [IM namarununBanne M = 0 ¥ TUIOTHOCTh MarHUTHOTO MTOTOKA B CBsA3aHa
C HANPSHKEHHOCTHIO MAarHUTHOT'O MO /4 KOHCTAaHTON. DTO MPUBOIUT K TOMY, YTO MHAYKIIMS MAarHUTHO-
o ToJisl B sBnsiercsl HenpepbiBHOHN QyHKIMEH, a M u H SBISIOTCS Pa3pbIBHBIMU (QYHKITHSIMH.

J1st To4HOrO pacuera IoJisi NOCTOSHHOTO LUJIMHAPUYECKOIO MATHUTA BEKTOP MAarHUTHOM WMHIYK-

=
LMK ONpeJiensercs Kak B = [V X ;1], rae V — omeparop HaGma, A(X) :H—Oj{L(f,)dV'— BEKTOPHBIH
4n |x -X |
norernuan, J (X) — muorHocts Toka, dV' — snement oobema [10, 11]. B uumuHapuyeckoii cucreme
KOOPJMHAT M0 3TUM YPaBHEHUSIM MOYKHO OINPEIEINUTh PAJNAIbHYIO U OCEBYIO COCTABJISIOIINE OIS JJIs
IIM ¢ 3amanHOM HaMarHUYEHHOCTRIO M.

Jlist MHYKEHEPHOT'0 pacdeTa BOCIOJIb3YeMCsl allTOPUTMOM, MPENIOKEHHBIM B pabore [12]. B kaue-
CTBE YIPOILIAIOIIUX JOIYLICHUI IPUHUMAEM, YTO Mbl pacCMaTPUBAE€M MAarHUTHOE I0JI€ HA PACCTOSHUU
CYIIECTBEHHO OOIIbIIe, YeM pa3Mepbl MaruTa. Eciu 3aMeHHUTh MarHuT ¢ OJHOPOAHOW HaMarHHYeHHO-
CTBIO M KpYrOBBIM TOKOM [, TEKYIIIUM 110 OOKOBOHM TOBEPXHOCTH LWJIMHAPA paanyca R, TO CUIIy TOKOB
MO>KHO BBIPa3HTh Yepe3 HaMarHHYEHHOCTh MarHuTa kak [, = M -2n- R. Paccmorpum B3aumoseiictere

JIBYX KPYTOBBIX TOKOB, PacHoOJIOKEHHBIX Ha omgHON ocu Oz (puc. 2). Vcnonb3ys MpaBmiio JIEBOH PYKH,
MOXKHO TTOKa3aTh, YTO OCEBAsI COCTABJISAIONIAS MATHUTHOTO MOJSI B, IPUBOIUT K MOSBICHUIO CHJI AMIIe-
pa, CTPEMSIIUXCS PAaCTSIHYTh (MJIM CKaTh) KOJIBII0, — BEKTOPHAS CyMMa 3THX CHJI paBHa Hymro. Hanmnuue
paJuaibHON COCTaBIIAIONICH MO B, MPUBOIUT K BO3HUKHOBEHHIO CHJI AMIIepa, HAIIPaBICHHBIX BIOJb
OCH MarHUTOB, TO €CTh K UX MPUTSKEHUIO WM OTTAIKUBAHUIO.

Tak kak paccMaTpuBaeMasl cucreMa oOjaZaeT OCEBOH CHMMMETpHel, TO MOAY/Ib pagdHaibHOH CO-
CTaBJISIONICH TTOCTOSHEH BO BCEX TOYKAX KOJIBIIEBOIO TOKa BTOpPOro MaruuTa. CienoBaTelbHO, MPOEK-
LM CUJIbI, JEMCTBYIOIIEH Ha BTOPOM MAarHuT, ¢ Y4Y€TOM I[paBWiia JIEBOM PYKH OIpenessercd Kak
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F = —LB27r,. llonoxutrensHOe HAIIPABICHUE CHIIBI COOTBETCTBYET IMPUTSDKEHUIO MAarHUTOB, TOJIOMKH-
TEJIbHOE HAIIPaBJIEHUE TOKA TPAJUIIMOHHO — IPOTUB YaCOBOM CTPENIKH.

P, 4B,
iz B L
hz ?&
e :
pml * Z
rl Fe
1

k, -

Puc. 2. BzaumogencTBue ABYX LUNIMHAPUYECKUX NOCTOAHHbLIX MarHMToB,
pacnonoXeHHbIX Ha OAHON ocu (a), 1 IKBMBaNeHTHasA 3aMmeHa UX KpyroBbiIMu Tokamu (6)
Fig. 2. Interaction of two cylindrical permanent magnets,
located on the same axis (a), and their equivalent replacement by circular currents (6)

MarsuTtHoe Imojie, co3aaBa€MoO€ NEPBLIM MAariHuTOM, 3KBUBAJICHTHO ITOJII0 KPYIrOBOI'O TOKaA. B pam-
Kax CJIeIIaHHbIX MPHONMKEHUH (z>>7, h) oceBast COCTaBIISIONIAs TIOJIs onpeaensercs: popmynoi

-P
B Ko * L (1)

T
rae Py = 1,8, = Jihymr* 1= J, Vi — MaruuTHBINH MOMEHT nepBoro Maruuta (¥, — ero oobem).
PanmuanbHas cocTaBisromas mojs
:r_zﬂz—&’to i) p )
T2 Az 424
Cuia B3aMMOACHCTBUS MEXIY MarHUTaMH OIPEICIACTCS CKOPOCThIO M3MEHEHHsI OCEBOM COCTaB-
Jstoniel mons dB,/dz. TloacTaBiss BhIpaXKeHHE IS paIdaIbHON COCTABIIAIONICH OIS, HOIYIrM (op-
MYJTy JUISl BBIYMCIICHHS CHJIbl B3aUMOJICHCTBHUS JIBYX MarHUTOB

3u,-P 3ug-P, - P
Mo an = Ho ml4 m2‘ (3)

4n-z 21z

B nonydennoit 3aBucumMocty (3) B Ka4eCTBE XapaKTEPUCTUK MAarHUTOB BXOMAAT TOJBKO MX MarHUT-

HbIC MOMEHTBI, [TO3TOMY OHa MOJKET MPUMEHSTHCS JUIS MAarHUTOB M KaTYIICK ¢ TOKOM JIFO00H (OpMBEI,

Ba)KHO TOJIbKO, YTOOBI PACCTOSHHE MEXKAY HUMH IPEBBIIANI0 UX pa3Mepbl ¥ UX MArHUTHBIC MOMEHTBI
OBLIH TTapaJUICITbHBI.

E77 = 727‘”’2 IZBr: _12 ‘27'[‘}"2

2. MaTreMaTH4ieCKas MO/ieJIb MOBEIeHUs MOCTOSIHHOT0 MATHUTA
B MMITYJIbCHOM MATHUTHOM I10J1€
CuuraeMm, uro Ha [IM B «IOIBEIMIEHHOM) COCTOSHHUU JCUCTBYIOT JIBE MPOTHUBOIOIOKHO HATIPaB-

JICHHBIC CHUJIBL: TSXKECTU mg W JJICKTPOMAarHuTHOIO BSaHMOﬂeﬁCTBHH F;n C ITOJIEM KaTYIIKH. BH6epeM

HAJIMHIPHYECKYIO CUCTEMY KOOPIMHAT ¢ HAa4yaJlOM, PACIOIOKEHHBIM Ha MEPECCUCHUU OCH KATYIIKU U
HIDKHETO ee Top1a (puc. 3).
Cornacuo 3akony Hetorona mdW /dt =mg — F,,, tie m, W — Macca 1 CKOPOCTb TeJla COOTBETCTBEHHO.

st obecriedeHus] TUHAMUYECKOTO PaBHOBECHS Tela MPUMEHsIeTCS IaTYMK XO0Jla cO CXeMOW KOM-
MyTalll¥, MO3BOJIAIONIEH MpU KOOPAMHATE z Tella MEHbIIEW WM PaBHOM Z,y OTKIIOYaTh MArHUTHYIO
cuity (Tok 4yepe3 katymky / = (), a Ipu KoopJrHATE z OoJiee MK PaBHOU Z,, — ee BKIIIOYaTh (TOK Yepe3
karymky I #0).
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Puc. 3. Cuctema koopAvMHaT Npu pacyete ABMKEHUSA MarHuTa
B MMNYJNIbCHOM MarHUTHOM MoJie KaTyLUKK
Fig. 3. Coordinate system for calculating the movement of the magnet

C ydJeToM BKIIIOUYCHHS M BBIKIIOUCHUS 3JICKTPOMArHUTHOM CHIIBI, ompezensieMoi mo gopmyne (3),

JIBIDKEHHE Tela B BEPTUKAIBHOM HalpaBICHUH MPUOIIKEHHO MOXKHO 3aMucaTh cucTeMoi nuddepen-
nuanbHbIX ypaBHeHui (CY):

3u P P
d—W =g-a- l’l()—mer.Z (4)
dt 2n-m-z
dz
“ _w 5
7 ()
rJle napaMeTp KOMMYTAI[MU TOKA, TPOXO/IAIIEro Yepes KaTyIKy,
0, z<Z,
a=1<1, z2Z7Z,,
o, Z,,<z<Z,y
3ugP P
O603Ha4uB 3a P = w , MoxkHO CJTY (4)—(5) 3amucaTh Kak
dw B
—_— -l — B 6
a5 (6)
dz
—=Ww. 7
7 (7)

Jna pemenus 3amaun Komm cucremy (6)—(7) momonHuM HaudanbHBIMH yCIOBUAMHU. bynem morma-
rath, 4TO TEJIO B HAYaJbHBIH MOMEHT BPEMEHH IOMEIIACTCS C HYJIEBOH CKOPOCTBIO B 00JacCTh MEKIY
Zoit U Zon, IPA 3TOM MarHUTHOE I10JIE KATYLIKK BKIIOYEHO. Mmeem:

2(0)=0,5(Z,, + Zyy) »
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w(0)=0, ®)

a=1.

Jlnst mpenmoxkeHHoN MaTematudeckor monenu (6)—(8) B cpene Mathcad cozmana mporpamma «/[6u-
JHCeHUe NOCMOSTHHO20 MA2HUmay, TIO3BOJISIONIAsT MIPOBOANTh KOMIIBIOTEPHOE MOJIETMPOBAHHUE JBHKCHUSI
IIM B HUMITYJIbCHOM MAarHvuTHOM II10JIC. B xauectBe HUCXOOHBIX JaHHBIX HCO6XO}II/IMO OKCIICPUMEHTAJILHO

OIPEeTUTh MarHUTHBIC MOMEHTHI [IM u kaTyiiku P ml > sz , Maccy MarHuta m 1 KOOPAUHATBI Loy U Loy,

3. OkcnepuMeHTAIbLHOE ONpeAeieHue MapaMeTPOB MOCTOAHHOI0 MATHUTA U KATYIIKH
Jlns SKCnepuMEHTANIbHBIX HMCCIIEIOBAHUN W IIPOBEICHUS MOJICIUPOBAHMS OBLI MCIIOJIB30BAH IH-
JUHAPUYEeCKU mocTossHHBI MarHuT NdFeB ¢ akcnaibHONH HaMarHUYEHHOCTBHIO, UMECIOIIUN JUaMeTp

d = 14 mm, BeICOTY L = 5 MM, Maccy m = 5,76 T 1 00beM V = nd? -L/4 ~ 770 mm’. Co3aHHas SKCIIEPH-

MEHTaJIbHAsl YCTaHOBKA BKJIIOYaJa B ce0s HEMOJIBMIKHYIO KATYIIKY BBICOTOH 19 MM C BHYTpEHHUM H
BHEIIIHUM JMaMETPOM OOMOTKH 35 MM u 59 MM coOTBeTCTBEHHO. Vcmonbp3yemas karyika 0e3 cepjied-
HUKa MMeNa aKTHBHOe compotuBieHne R, = 155 Om u mnayktuBHocTh L = 160 MmI'. [{ns ynmpaBnenus
TOKOM 4epe3 KaTyIIKy MCIoIb30Baics nudpoBoil matunk Xomra A3141. B kauecTBe UCTOYHMKA ITHTA-
Hust BeIOpan CPS-3205 ¢ BO3MOXKHOCTBIO TOYHOM perynupoBky HampspkeHus ot 0 no 32 B. s u3me-
peHMsI TapaMeTPOB MMITYJIBCOB TOKA, MOAABAaEMbIX Ha KaTyIIKy B IpoIlecce JIEBUTAIIMM MarHura, Uc-
nosb3oBasics ocuuiutorpad Tektronix DPO 3012.

g ompeneneHus mapamMeTpoB MCIONB3YEMOro TMOCTOSHHOTO MarHWTa ObUT B3AT BTOPOM Takoi xke
MAarHuT, Y, MOJIKJIaIbIBasi MKy JI€PEBIHHBIM OPYCKOM M BEPXHUM MarHUTOM JIUCTHI OyMaru, orpesess-
JIOCh MAaKCUMAaJIbHOE PACCTOSIHUE Fyax, HA KOTOPOM BEPXHHUI MarHUT €€ y/epKUBAET HIDKHUM B TIOJIE TS-
KECTH 3eMJIHM. OKCIEePUMEHTAJIBbHO Ui paccMOTpeHHoro Bbimie [IM Obulo monmydeHO 3HaveHHe
Fvax 44 MM. Jlarnee ompenensiy BeTUUYMHY MarHUTHOrO MomeHTa [IM, mpupaBHSB CHUy HPUTSKEHHS

3Ho‘Prr2l

4
2ﬂ:'rmax

JABYX MarHUTHBIX JUIONen F, = cune TsxecTd F, =mg . BpUN MOMy4YeHBl CleyIoIue YHCIIo-

. > [2-m m- 2
BbI€ 3HAYEHWs: MArHUTHBIA MOMEHT P, =r. . ST s, 0,46 (A-™M°); HamarHuuMBaHue M =
Ho

~7,58 10° (A/M) 1 OCTaTOUHAsA MATHUTHASA HHAYKIUA B, = uoM ~ 0,953 (Tn).

Q

~ |§~°

[Ipu ananorudHOM XapakTepe B3aUMOACHCTBHA KATYIIKA U PACCMOTPEHHOI'O BBIIIIE MATHUTA TPH T10-
CTOSTHHOM TOKe uepe3 KaTymky /o= 0,12 A (manpsokenue Uy = 19 B) skcnepuMeHTaIbHO MOMYYMIIN pac-
CTOSTHHE, HAa KOTOPOM 3JIEKTPOMAarHWTHas cujia B3auMozencTBus [IM ¢ moneM KaTyIiky repecTaer yaep-

KUBATb CUJIY TSDHKCECTH. JIJIS[ IMOTYYCHHOI'O 3HAYCHUSA 7, ~ 22 MM OIpeacicH MarHUTHBII MOMEHT Ka-

4

TYWKH P (1) = 27 Fmax - Mg ~0,036 (A-M). Jl1st IPOM3BONIBHOrO TOKa I yepe3 KaTyIIKy HMeeM dMIIU-
1o Bt

puteckoe ypasuenue P,,(1)=P,,(I,)-1/1,~0,3-1 (A-M’). MOKHO OTpEIENUTh Takke KOHCTAHTY [,

HaIpuMep, /U TOKa Yepe3 KaTywky Iy momyanm P = 2,27 10° (/).

4. Pe3y1bTaThl 3KCIIEPUMEHTAILHOIO Y TEOPETHYECKOr0 MCCIeJOBAHUA TUHAMMYECKUX

napaMeTpoB noseaeHusi IIM npu ero yaep:;kaHuM B MMITYJIbCHOM MATHUTHOM MOJI€e

Jig mosry4eHHBIX 3KCTIepUMEHTaIbHBIX MapamMeTpoB KaTymku u [IM Ha puc. 4, a moka3zaHo pacuer-
HOE 3HAYEHHE €r0 YCKOPEHUS IO/ JASHCTBHEM AJIEKTPOMArHUTHOMN CHIIBI B 3aBUCHMOCTH OT PacCTOSHUS
710 KaTyKU. BunHo, 4To Ha HEKOTOPOM PAaCCTOSHUU YCKOPEHHE CTAaHOBUTCS PABHBIM YCKOPEHHUIO CBO-
0omHOrO TaJleHUs g ¥, BUIAMMO, 3TO KPUTHYECKOE PACCTOSHHE TPU JIEHCTBUU CTATHYECKUX CHII
Zp= 22 MM, Ha KOTOPOM II0JI€ IEPECTaeT yJep:KUBaTh Teno. IlomydeHHOe pacyeTHOE 3HaYEHHE COOT-

BCTCTBYCT OKCIICPUMCHTAJIBHOMY 3HAYCHHUIO 7, .

OKCIIePUMEHTAIBHO OBLJIO TMOAYYEHO, YTO MOJ JACHCTBUEM IOJIS TOJBKO MOCTOSHHOTO MarHUTa MC-
MOJIb3YEMbIH JaTyrK XoJiia cpadaThiBacT Ha BBIKIIOUYECHHUE M BKIIOYCHHE TOKA HA PACCTOSHUU OT HErO
21~ 20 MM 1 z, = 25 MM COOTBETCTBEHHO.
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Puc. 4. PacuyeTtHoe 3Ha4yeHue yckopeHus MMM non aenctBMeM 3neKTPOMarHMTHOM cunbl Fm ot paccrosiHusa
A0 KaTyLlKu (ToK Yyepe3 KkaTywky | = 10) (a) u pacueTHas oceBasa cocTaBnAloLWas UHAYKUUN MarHUTHOro nons
Ha ocu M (6)
Fig. 4. The calculated value of the acceleration of a permanent magnet under the action
of the electromagnetic force Fm from the distance to the coil (current through the coil | = 10) (a)

and the calculated axial component of the magnetic field induction on the axis of the permanent magnet (6)

[Ipu mpoxokeHNH yepe3 KaTyIIKy ToKa /o M YCTaHOBKE JaTYMKa Ha OCH KAaTYIIKU Ha PaCCTOSHHH
Zp=—13 MM OH BBIKJIIOYAET TOK NpH z = Xor ® 9 MM. [Ipu manpHeiiem nepeMenieHn MarHuTa BJOJIb
ocu Oz HabmroaNCcst aBTOKOJIEOATENFHBIH PEKUM (BKITFOUCHHS M BBIKITIOUEHHUS TOKA) C U3MEHSIOLIEHCS
gactorol. [TocTOSHHBIN TOK 4Yepe3 KAaTylIKy YCTaHaBIHMBAJCS HA PacCTOSHUM OonblieM X,, = 13 MM
(xonebanus Toka npomagani). C y4eroM YCTaHOBKH JaT4HKa B TOYKE Zg TOJTHOE BBIKIIIOYEHUE U BKITIO-
YEHHE TOKA MPOUCXOIUIIO Ha PACCTOSTHUY OT MarHUTA JI0 KaTYIIKH Xo — Zg 22 MM U Xon— Zg = 26 MM.

OOBSACHUTH BO3HUKAIOIIME KOJICOAHHUS TOKA MOXKHO CIICAYIOIIMM 00pa3oM: JaT4MK Xojuia padoTaer
B MHBEPCHOM PEXHME: IIPH €ro cpadaThIBAHUM TOK Yepe3 KaTYIIKy BBIKIoUaercs u Haobopot. 1o mac-
MOPTHBIM JaHHBIM A3141 oH BKJIIOYaeTCs IPU MarHUTHOM Toje B cpeaneM okono 10 mTin u BeIKITIOUa-
eTcs TIpH ToJie B cpemneM okoio 4,5 mTu, ructepesric MOXKET COCTaBiIATh OoT 2 10 8 MT1 (B cpemHemM
5,5 MTn) [13]. Ha puc. 4, 6 moka3aHa oceBasi COCTABJISAIOLIAs MAarHUTHOIO IOJII Ha OCH ITOCTOSHHOTO
MarHuTa, paccuntannas no ¢opmysne (1). BuaHo, 94To Ha paccTosHUSX, T'/ie BO3MOXKHO paBHoBecre [IM
oT 22 MM 70 26 MM, MarauTHoeE moie nmagaer Ha 4—5 mT1. [lone, BKiIto9aromiee JaTIUK, SBJISIETCS CyM-
Mmoii nosner [IM u katymiku. OTKIII0YeHHEe TOKa B KaTyIIKe B TOYKE X, MPUBOAUT K TOMY, YTO MarHHUT-
HOE ToJie BOJIM3M JIaTYMKa MajaeT Ha Moje KaTYIIKH, YTO MPUBOMUT K (PaKTHUYECKOMY YMEHBIICHUIO
paccrosiHusL Xy, TAE TOK OMSITH BKIIOYaercs. Bce 3To BeleT K BOSHHKHOBEHUIO aBTOKOJIEOATENBHOrO
pexxnMa. B 3ToM pexxrMe U yCTaHaBIIMBaeTCsa JUHAMHYECKOE PAaBHOBECHE TEa.

Ha puc. 5 a, 6 11 noMy4eHHBIX SKCIIEPUMEHTAIBHBIX apaMeTPOB MOKa3aH MPUMEp pacuera JIBU-
JKEHMs Tella MPH MAarHUTHOW JIEBUTAIIMHM C HCIIOIB30BAHUEM IIPOTpaMMBl «/[guoicerue noCmosHHO20
Mmaenumay. Habmronaempie koneOaHus MpU yaep>KaHUH TOCTOSHHOTO MarHUTa ONHM3KH K TapMOHHYe-
CKOMY CHTHAIy, aHajli3 C HCIOJIb30BAHUEM JHCKPETHOrO mpeodpasoBanusi Dypbe MoKazal Malyro
MOIITHOCTh TAPMOHUYECKIX COCTABJISIONNX (PHUC. 5 B, T).

OKCIEepUMEHTAIFHO OBIJIO YCTAHOBIICHO, YTO YEM BBIIIEC YACTOTA IYJbCAIMA, TEM MPH yIepKaHUH
Tena HabIoaercss Ooee yCcTOWYMBOE paBHOBeCHE. DTO OBLIO MOATBEPIKICHO TOCPEACTBOM KOMIIBIO-
TEPHOTO MOJEMUPOBAaHUA. DBBUIO TMONMy4eHO, YTO YEeM MEHbIIE PACCTOSHUE MEXAY KOOpIMHATaMH
AX = Xon—Xof, TeM BbIllIe YacTOTa MyJbCAI[Mil ¥ MEHBIIIC NX aMIUIMTY/Ia, @ 3HAYHT, MOJIOKEHHE PaBHO-
BecHus Oojiee ycToluuBoe. JJaHHBIN BBIBOI MOXKHO MOJYYHTh U3 CPABHEHMS pPHC. 5 a U 5 0 U U3 pacyera
Y4acTOTHI MyJIbCallUi B 3aBUCUMOCTH OT AX, IMOKa3aHHOTO Ha puc. 6.

Yacrora nmynbcanuii [IM Kak XapaKT€pUCTHKA, BIMAOLIAS HA YCTOMYMBOCTb JUHAMUYECKOTO PaB-
HOBECHS, 3aBUCUT OT MHOXECTBA JPYTUX MapaMeTpoB, HAIIPUMEpP, OHA OIPEeIsIeTCs] MacCoi MOCTOSH-
HOTI'O MarHuTa MpH ero yaepxanuu. [Ipu sKkcriepuMeHTaIbHOM HCCIIENOBAHUM JJISl TOTO YTOOBI Y MarHu-
Ta OCTaBaJICS MOCTOSHHBIM MAarHUTHBIA MOMEHT, €r0 MacCy M3MEHsUIM 3a CUeT NMPHUKIEHBAHHSI K HEMY
CHHM3Y KYCOYKOB HedeppoMarHUTHOro marepuana. Ha puc. 7 mpuBeJeHbl pacyeTHOE W HKCIEPHUMEH-
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TaJIbHOE U3MEHEHUS YacCTOThI Iylbcaluii oT cyMMapHoi Maccel [IM. BuiHo, 4TO ¢ yBEIMYEHHEM MACChI
yICpP/)KUBAEMOr0 Tella 4acToTa KojleOaHWH Majaer, a UX aMIUIMTYyAa pacTeT, KpOMe TOro, eCTbh HeKas
KpUTHYECKasl Macca, KOTOpasl YK€ HE YIEPKUBACTCS B JIEKTPOMATHUTHOM I10JIE.
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8

Bbumn TarKe SKCIEpUMEHTANBHO HCCIE0BAHbI TIAPAMETPhI 3JIEKTPUUECKUX MTYJIbCALNN B 3aBUCHMOCTH
OT IIOJABAEMOr0 Ha KOMMYTATOp HaIpspKeHus Ipu yaepxkanun 1IM maccoit m. HanpsbkeHue Ha KaTylike
Bceraa nMmeno (GopMmy MeaHapa, TIpH TOM MEHSUTUCHh YacToTa, aMIUIUTYa U KO3 (UIMEHT 3aIoMHeHUs M-

ITYJIbCOB. HOII MOCJIICAHUM IMapaMETPOM IMOHMMACTCA OTHOUICHUEC JJIUTCIIBHOCTU UMITYJIbCaA K IICPUOIY.

Ha puc. 8 mokazano mony4eHHOE N3MEHEHNE YaCTOTHI MyJIbCAIUii, CPEIHEro U aMIUTUTY/Ibl MMITYJIbC-
HOT'O TOKa 4€pe3 KaTyIlIKy OT II0JaBaeMOr0 Ha 3JIEKTPOHHBIN KIto4u HanpsbkeHus U. BuaHo, 4to npu yBe-
JWYCHUN HampsokeHus B 1,78 pasza CyIecTBEHHO pacTeT YacToTa IMyJbcaluid ImpuMepHo B 2,9 pasa.
AMIUINTY]a UMITYJIBCOB TOKa pacTeT HENMHEHHO MpuMepHO B 1,3 paza, 4To CBA3aHO C HAJIMYMEM B KaTyII-
K€ MHIYKTUBHOTO conpoTuBieHus. [Ipu aTom cpennuii Tok magaer nmpumepHo Ha 30 % u cBsi3aHO 3TO €O
CHIKEeHHEM Ko3(h(HIMEHTa 3aIloHEHUsI HMITYJIBCOB, TIOKa3aHHBIM Ha pHc. 9. XOTs IIMpHHA UMITYIbCa
YMEHbIIAeTCsI, TOTpedisieMast KaTyIIKOH MOIITHOCTh YBEITMYNBAETCS IPUMEPHO Ha 25 %.
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BriBoabI

1. [IpennokeHa ynpoleHHas pacyeTHO-OKCIIEPUMEHTATbHAS METOMKA TI0 OMpPEeICHHI0 MarHHUT-
HBIX MOMCHTOB JId IMOCTOAHHOI'O MUJIMHAPHUYCCKOr0 MarouTa U KaTyllKh C TOKOM, a TaKK€ 3HAUCHHA
KOOpAWHATEI ITOJIOKCHUS TEIa BO B3BCIICHHOM COCTOAHUU.

2. C0311aHa MaTeéMaTU4YCCKasA MOACIb ABUKCHUA ITOCTOAHHOIO MaromuTa mnpu €ro yacpXaHum B UM-
MyJIbCHOM MarHUTHOM I10JI€, BKIFOYAlolias B ce0sl mapameTp KOMMYTAIlMH TOKa, MPOXOASIIEro Yepe3
KaTyIIKY.

3. DKCnepruMEHTAIIbHO U MOCPEACTBOM KOMIIBIOTEPHOTO MOJCIHPOBAHUS OBUIO YCTaHOBIICHO, UTO
4YeM BBIIIE YacToTa MyJbcalldi, TeM MpH YAEpKaHWM Tella HaOIoJaeTcs ero MEHbIIas aMILUIATYZa
nyJbcalliii U yCTaHABJIMBaeTCsl Ooliee YCTOHYMBOE paBHOBECHE.

4. YacroTa mynbcalyii mpu MpoYnX pPaBHBIX YCIOBUSX YMEHBIIAETCS C YBEMTUYEHHEM MacChl MOCTO-
STHHOT'O MarHuTa, IpUYeM eCTh KPHUTHYeCKash Macca, KOTopasi yKe He YIIepKHBAaeTCsS B DJIEKTPOMArHuT-
HOM TIOJIE.

5. Ilpu yBennueHnr HaNpsKEHUs, IOAABAEMOr0 Ha KOMMYTATOp KaTyLIKH, YBEJIUYMBAETCS 4acToTa
nyJbcallnil Tena 1 moTpedsemMast JJIeKTpUIecKasi MOUTHOCTh, ITPH 3ToM K03 (HUIIMEHT 3armomTHeHusT M-
MyJIbCOB TOKA CHUYKACTCSI.

6. Pe3ynbraThl MOJENUPOBAHHUS M CO3JaHHOE MPOrpaMMHOE OOecredeHue MOXKHO HCIONb30BaTh
JUISL YHpOIHeHHOﬁ HH)KeHepHOﬁ MCTOIHUKH, HO3BOJ’I$IIOHICI71 IIPOrHO3UPOBATh IMOJOXKCHUC IMUIUHAPHUYC-
CKOro MarauTa, onpeaciiATb €ro OTHOCHUTCIbHYIO YCTOﬁQHBOCTB IIpyu U3MCHCHUU IMapaMCTpOB B HM-
IMyJIbCHOM MAariuTHOM I10JIC U TapaMETPbl ABMKCHUA BO B3BCIICHHOM COCTOSHHU.
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DETERMINATION OF DYNAMIC PARAMETERS OF A PERMANENT
MAGNET WHILE | HOLD IN A PULSE MAGNETIC FIELD
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"Nosov Magnitogorsk State Technical University, Magnitogorsk, Russian Federation
2South Ural state University, Chelyabinsk, Russian Federation

Introduction. There are various practical ways to implement magnetic levitation as a method of
holding or lifting an object using a magnetic field alone. The following principle of creating the balance
of the body is considered in the work. A small cylindrical neodymium magnet is held during electro-
magnetic interaction with a pulsating current flowing through the coil. For a soaring effect to occur
when the magnet approaches the coil, the current through it is switched off by an electronic key that is
activated by a digital Hall sensor located on the axis of the coil. Of practical interest is the development
of simple recommendations to predict the fact of body retention with a given coil design, current
through it, dimensions and properties of a permanent magnet. There are few engineering techniques to
determine the position of the body, its stability and the nature of movement in suspension.

The aim of the study is a theoretical and experimental study of the dynamic parameters of a
permanent magnet when it is held in a pulsed magnetic field and the creation of a simplified compu-
tational-experimental technique for determining the characteristics of the body in suspension.

Materials and methods. When performing the work, methods of mathematical and computer
modeling were used, as well as experimental studies. The created software using the development
tools of the Mathcad package was based on well-known methods: numerical integration of a system
of differential equations.

Results. A simplified computational and experimental technique is proposed for determining
magnetic moments for a permanent cylindrical magnet and coil with current, as well as an approximate
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value of the coordinate of the position of the body in suspension. A mathematical model of the one-
dimensional motion of a magnet under the influence of gravity and electromagnetic forces of interac-
tion with a pulsed magnetic field at a known distance at which the current is turned off is developed.

Conclusion. It was established experimentally and through computer simulation that the higher
the frequency of the pulsations, the more rigid the pulsation amplitude is observed when the body is
held and a more stable equilibrium is established. The ripple frequency decreases with increasing
mass of the permanent magnet, and there is a critical mass that is no longer held in the electromag-
netic field. As the voltage supplied to the coil switch increases, the frequency of the pulsations of the
body and the consumed electric power increase, while the duty cycle of the current pulses decreases.

Keywords: permanent magnet, pulsed magnetic field, Hall sensor, residual magnetic induction,
electromagnetic force, magnetic levitation, vibration frequency.
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HEKOTOPBIE ACMNEKTbI NOBbIWWEHNA HAOEXXHOCTH
YNPABNEHYECKUX PELLEHWA B CTPOUTENbLCTBE

E.B. lyces
HOxHo-Yparnbckul eocydapcmeeHHnbili yHUsepcumem, YenabuHck, Poccus

Hens nccaemoBanusi. PaccMOTpeHBl M IPOaHATHU3UPOBAHBI HaMOOJIEe BaKHBIC MPUYHUHBI HE-
CTaOWJIBHOCTH YIIPABJICHUECKUX PEHICHUN NPU PEIICHUH 3a]1a4 KaJCHIapHOTO UIAHUPOBAHMUS, JIOTU-
CTHYECKOr0 00ECTICUCHUS M OPTaHU3aIUU CTPOUTEIBCTBA.

Marepuanbl 1 MeToabl. OCHOBOH UIS POBEICHUS MCCICIOBAHUS BBICTYIIACT MOJCIH TEXHO-
JIOTUYECKUX OOBEKTHBIX 3aBUCUMOCTEH.

PesynbraTel. OnmchiBaeTCS OBYXITANHBIA METON PEUICHHS TJIABHOW 3aladyd yIpPaBICHUS
cTpouTeNlbcTBAa 00BbeKTa. Ha mepBoM 3Tame permaercs 3ajadya pachpeieicHus o0beMoB paboT BO
BpEMEHH, I10 IIAHUPYEMBIM TIepuojiaM (Jekaaa, Mecsi, kBaptai). C yd4eToM 3TOro pacrhpeieneHus
Ha BTOPOM JTalle pa3padaThIBAIOTCA OpraHU3alMOHHBIC PEIICHHUs IS TOCTPOeHHs rpaduka CTPOu-
TeJIhCTBA OOBEKTA.

3axuouenne. [IpuHATas Moaenb Ui pelIcHHs 3a1ad YIPAaBICHUS IPOU3BOJCTBEHHOU es-
TENBHOCTU CTPOHUTEIBHON OpraHU3aIlK TO3BOJIUIIA PACHIUPUTH O0JIACTh MOBBINICHHUS HAISKHOCTU
YIIPaBJICHYCCKUX PEIICHHUIA HA CTaIUU TUITAHUPOBAHUS CTPOUTEIbHO-MOHTAXXHBIX Pa0OT, a Ha CTaJuU
OpraHU3aIUuH [TPOM3BOJICTBA — IIOBBICUTh BAPHATHBHOCTH 3TUX PEIICHUI.

Kmouesvie cnosa: mooenv mexnonocuueckux obovexmuwvix 3asucumocmeti, MOT3, asmomamu-
3UPOBAHHbBIE CUCTEMbL YAPAGLEHUsl, OCOOCHHOCMU CIMPOUMENbHO20 NPOU3600CMEA.

ABTOMaTH3AIMHN YIIPABJICHUS CTPOUTEIBCTBA U CTPOUTENHLHOTO MPOou3BoAcTBa B 1970—80-¢ TOIBI B
CCCP ynensinocs Ooibllioe BHUMaHKE. bbl1o pa3paboTaHO W BHEIPEHO B AKCILUTYaTaI[HIO OOJIBIIOE KO-
JIUYECTBO aBTOMATU3UPOBAHHBIX CUCTEM yripaBieHus B ctpoutensbcrse (ACYC), moacucreM, KOMILIEK-
COB WM OTAENBHBIX 33/1a4 C MCIOJIh30BAHHEM 3KOHOMHKO-MATEMaTHYECKUX METOI0B M KOMIIBIOTEPHBIX
TexHonoru# [1]. 3agaun KajaeHAapHOTO TUIAHUPOBAHUS CTPOUTENBCTBA O0BEKTOB 3aHUMAIOT IEHTPAITh-
Hoe MecTo B ACYC. DT0 cBS3aHO C TE€M, YTO COTJIACOBaHHAsi paboTa BCEX YYACTHHKOB CTPOUTEIHCTBA
HE MOXET CTpOUThCs 0e3 KaneHaapHoro ruraHa. ONTHMH3alUsl PacCTAHOBKH MEXaHU3MOB, CHUCTEMBI
yIpaBieHHs epeBO3KaMy, ONTHMH3AIIHS 3a[lacOB MaTePHAJIOB U JIPYTHX 3a/ay 3aTparuBaroT JIMIIb JIO-
KaJIbHBIE TIPOM3BOJICTBEHHBIC MPOOIEMBI MTPOU3BOICTBEHHO-XO3SMCTBEHHOW JEATEIBHOCTH CTPOUTENb-
HOI opranuzauuu [2—4].

3a 9TH MpoIIennIue To/Ibl ObUT HAKOIJICH OIBIT, 0COOCHHO B 001aCTH 9KOHOMHKO-MAaTEMaTHIECKOT0
MOJIETUPOBAHUS U KOMITBIOTEPU3AI[UH B CTPOUTEIHCTBE, CTPOUTEIHHOM MPOU3BOJICTBE U KaJleHAapHOM
TUTAaHUPOBaHWU. bpun ynaun u pasodapoBanus. Heymad Ob11o OobIe, YTO MPUBEIO K OMPEeICHHOMY
MIECCUMHU3MY.

[epuon mepexoa 5KOHOMUKH Ha PIHOYHBIE PEITLCHl XapaKTepeH OTCYTCTBUEM HAyYHBIX MyOJIMKa-
Ui B 00JIaCTH aBTOMATH3AIMHM B PELICHWH 3aJlad 110 YIPABICHHIO CTPOUTENBCTBOM, CTPOUTEIHHOTO
MIPOM3BOICTBA U KaJEHIAPHOTO MJIAHUPOBAHMUSL.

Paspurue Texnonoruii napopmanmonHoro moaenuposanus (TYIM) B 3HaUnTENHHON Mepe aKTHBU-
3UPOBANO paboTy 1O aBTOMATH3allMK PEIIeHUs 3ajad ynpasieHus. 3D-nmporpaMMHbie KOMIUIEKCHI 00-
NafaoT 00NBIION HHPOPMATUBHOCTBIO U HATIISITHOCTBIO [5—14]. DTo Mo3BONSET peliaTh 3aaun IIaHu-
poBanus (4D), ydyera u kouTpois (5D) u apyrue 6onee agdexrnBHo. Hamo oTMETUTB, YTO pelieHue 3a-
a4 TUTAHUPOBAHUS, OPTaHM3AllUM CTPOUTENBCTBA M CTPOUTENHHOTO IMPOU3BOJACTBA OazupyeTcs Ha
NpexHENR METOI0NOTUM U noaxojax. [IpuunHol Takoil CuTyaluu sIBUIIOCH OTCYTCTBUE aHAIU3a Heyaad
paHee pa3paOOTaHHBIX CHCTEM YIIPaBJICHUS. DTOMY MOJIOKEHHUIO JIel CIIOCOOCTBOBA OOJIBIION BpeMEH-
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Hoii iepuox (opsiaka 15-20 5er), korjaa Hay4HO-HCCISI0BATEIbCKUE pa0OThI B 00J1aCTH IJIAHUPOBAHUS
W OpTaHH3alli¥ CTPOUTEIHCTBA 00BEKTOB HE IIPOBOJIUIINCE.

CTpoUTENbCTBO U CTPOUTEIBHOE MPOHM3BOJICTBO UMEET Psiji CYIECTBEHHBIX OCOOCHHOCTEH, OTIIH-
YAIOUIMX €ro OT MPOMBIIUICHHOTO IPon3BoCcTBA. OHM 00YCIOBIIIM OTJIMYME TTOIXOM0OB K pa3pa0doTKe aB-
TOMATU3UPOBAHHBIX CHUCTEM YIIPABJICHUA B IIPOMBIINUICHHOM CTPOUTCILCTBE. Ecmu B MPOMBIINIIICHHOCTH
0asoit mst paspaborku ACY sBisieTCs caMa CHCTEMa YIPaBIICHHS, TO B CTPOUTEILCTBE 3TO CaM OOBEKT
VIIpaBIICHUS, TO €CTh MPOIECC U3rOTOBIICHUS TIPOAYKIIMM CTPOUTENBHON opranu3arueil. Ha mpakruke Ta-
KOl 0a30BOM MOJENbIO SIBISIETCS KAJICHIAPHBIA TUIAH CTPOUTENBCTBA OOBEKTA M €ro COCTaBISIONIAs —
rpaguK CTPOMTENLCTBA O0BEKTA B BUJE IUKIOTPaMMEI, JIMHEWHOH W ceTeBoi Moxeneil. Kanennapheie
IJIaHBI CTPOUTCIILCTBA O6’beKTa BXOOAT B NCPCUCHDb 06H33T6J'II)HI)IX JOKYMCHTOB IIPOCKTa OpraHu3anyun
crpoutenbetBa ([IOC) u npoekra mpoussoactea padot (ITT1P). Ha ux ocHOBE pelaroTcss MHOTHE 3a1a4u
TUTAHAPOBAHMS, OPTaHW3allMH, y4eTa, KOHTPOJS M PEryJHpOBaHHs CTPOHMTENbCTBA oObekTa. [ paduru
CTPOUTENBCTBA 00ECTICYMBAIOT PELICHHE YIIPABICHYSCKUX 3a]lau HeoOXoauMol nHpopmanueid. Paccmor-
PUM MPUHIUIHATIBHYIO CXEMY TTOCIE0OBAaTENFHOCTH PEIIEHUS JIOTHCTHIECKON 3aaaun (puc. 1).

Boibop
PraHW3aLHoHHO-

. OnpegeneHue Pacuet a3zpaboTka nnaH-
EXHONOTHYECKON

ofibemoe pabot HaNeHAapHOH rpad1Hoe
no NAaHWPYeMbIM noTpebHocTH B . NOCTaBOK

nepuoaam pecypcax pecypcoe

mogenu (OTM) n

NPHUBA3IKE K

MNocnepoBaTenbHOCTL pelleHUs NOrMcTMYecKon 3agayuu (NpuHUMNuanbHas cxema)
The sequence of solving a logistics problem (schematic diagram)

BaxxHo orMeTHTh 0IMH MOMeEHT. M3 BceX MpHBEICHHBIX OJOKOB TOJBKO Ha YETBEPTOM pa3padaThi-
BAaIOTCS IOKYMEHTBI, 00JIa/Ia0IINE FOPUANICSCKON CHITOM.

[epBeIii 610K cBs3aH ¢ pa3pabOTKON KaJEHAAPHOTO TUIaHa CTPOUTENBCTBA O0OBEKTa M ero TIaBHOM
cocTaBJIstoNIel — 00beKTHOTO rpaduka. ['paduku CTPOUTENBCTBA OTHOCITCS K KIaccy OpTraHMU3aliOH-
Ho-TexHonmorndeckux mozeneil (OTM), B KOTOPhIX OTpa)kaloTCsl OpraHHU3AIHs CTPOUTENBHOIO MPOU3-
BOJICTBA U TEXHOJIOTHYECKAsl ITOCIIEI0BATEILHOCTh B3aMMOCBS3aHHBIX padorT.

Cama 1o cebe 1mocIeIoBaTeNbHOCTh PEIICHUs 3a/1a4 JJOTUCTUIECKOr0 00ecIiedeH s CTPOUTENBCTBA
00beKTa HE BHI3BIBACT HUKAKMX COMHEHHH. ['paduik MO3BOJNSET ONpPEACIHUTh pacrpeselieHne 00beMOB
Ka)KJ0H paboThl BO BpeMeHH (010K 2), 9TO MO3BOJSET pACCUMUTATh KaJICHAAPHYIO MOTPEOHOCTD (0J10K 3).
Ha ocHoBaHuM KaneHIapHOHW MOTPEOHOCTH (POPMUPYIOTCS U YTBEPKAAIOTCS TUTaH-TpaUKH ¢ TIOCTaB-
IIMKaMHU pecypcoB. Pa3zpaboTaHHbIe TUIaHBl 00eCTIeueHUs HAlpaBIIeHbl Ha peai3ainio pa3paboTaHHOro
KaJICHJapHOT'O IJIaHa CTPOUTEIBCTBA O0BEKTA.

Ho Ha X0 CTpOMTENBHOTO MPOU3BOJICTBA BO3JICHCTBYIOT pa3iHyHble (pakTophl BHEIIHEH M BHYT-
peHHeil cpenbl. ITH BO3EHCTBUS TPEOYIOT KOPPEKTUPOBKHU TpadyiKa CTPOUTENbCTBA. HO 3TH KOppeKTH-
POBKH TpeOYIOT H3MEHEHHUS B pacrpeielieHnH 00beMOB paboT BO BPEMEHH, KalleHIapHOH MOTPeOHOCTH
U rpaduka moctaBok. [Inan-rpaduku mpakTHYECKH HE MOIUIEKAT U3MEHEHHUIO ONaroaps CBOeH I0pHIH-
4ecKoi 0cOOEHHOCTH. BO3HHMKAeT BOWCTBEHHOCTh TPEOOBAaHHMI K UCTOUHHKY MH(POPMAIUH, TO €CTh K
rpaduky crpoutenbcrBa. C OHONW CTOPOHBI, OH JOJDKEH HE U3MEHSITHCS, YTOObI WH(pOpPMALUS sl pe-
IIeHHs 3a1a4 Oblia Obl CTaOMIIBHOM M ycToluKMBOH. Ho rpaduk — 3T0 Mojenb, oTpakaroias xapakrep-
HBIC YepThl 00BEKTA YIIPaBICHHsI. ITO TEXHOIOrMYEeCKas MOCIEA0BATEIbHOCTh B3aUMOCBA3aHHBIX padoT
M KOMILIEKC OpTaHW3allMOHHBIX pemeHni. OpraHu3alioHHbIE PENICHUs] BKIIOYAIOT ONpeAeieHrne Ho-
MEHKIIATyphl pa0boT, BEIOOP MEXaHWU3MOB, cocTaBa OpuTrall, pacdeT MPOJOJKHTEILHOCTH BBIMTOTHEHUS
Ka)XJ0H paboThl, COBMEIIIEHHE MPOU3BOACTBAa paboT M mpouee. B 3TOM ciyuae omHO M3 TpeOOBaHUM,
KOTOpBIM JIOJDKHA 00J1a/IaTh MOJICNb, — OHA JIOJDKHA JIETKO KOppeKTHpoBaThcs. Ha nuio o0bekTUBHOE
MPOTHUBOpEYHNE: OBITh YCTOMYMBBIM K BO3JCHCTBHIO (PAKTOPOB U JIETKO KOPPEKTHPOBATHCA.

OnHo W3 HampaBleHWI B MOBBINICHUM CTAOWJILHOCTH WHQOpMAIMH, MOMydaeMod M3 TpaduKoB
CTPOUTENBCTBA, 3aKITI0YASTCSl B IMOBBINICHUN HAJIKHOCTH PEIICHUH MPU pa3padoTKe caMoro rpaduka.
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Pa3paboranbl M HCMONB3YIOTCS Pa3MUYHBIE METOBI ONpENeNeHHs MPOIOKUTETLHOCTH, COBMEIICHUS
BBITTOJIHEHUSI B3aUMOCBSI3aHHBIX pa0oT, yUeT BIMSHUS Pa3InYHbIX (pakTopoB (YIpaBieHUE PHUCKAMHU) U
npyrue. OQHAKO JOOUTHCS aJeKBaTHOCTH pa3paboTaHHOro TrpaduKa W JEHCTBUTENHHOTO XO/a CTPOH-
TENBCTBA O0BEKTA HE ylaeTcs. ITO OAWH M3 acleKTOB HecOaaHCHPOBAHHOCTH YIPABICHYECKHUX pelle-
HUI ¥ UX pean3aluu.

Paccmotpum emie oaun acnekt. Lens connanbHO-3KOHOMUYECKOW CHCTEMBI, B TOM YHCIE U CTPOU-
TEIHHOM OpraHU3alliH, OMICHIBACTCS CUCTEMOM TeXHUKO-d3KoHoMuYeckux nokazareneit (TOIT). Cormac-
HO cXeMe B3auMojieiicTBUs 00IuX (DYHKIMH yIpaBlieHus, mociie GopMUpOBaHHS IENEBbIX 337249 B BUJIC
cucrembl TOII BcTynaer B neiicrBue Qynknus «[InmanupoBanuey». 3amadeil Ha 3TOM dTare pa3paboTKU
YIIpaBJIEHUYECKUX PEIICHUN SBISETCS ONpeNeNieHne «4TO Hal0 CAenaTh?», YToO0Bl JOCTUYD 3arlIaHUPO-
BaHHBIX MOKa3aTeNeil. IT0 CTOMMOCTh U (U3UYecKre 00beMbl paboT B IIETIOM M B KaXKIOM TUTAHUpYe-
MOM TIEpPHO/Ie, JOXOA U 3aTpaThl, PEHTa0eIbHOCTh M TPUOBUTE U T. 1. [anee GyHkums «OpraHu3amnusy)
HarpaBiicHa Ha pa3pabOTKy YIpaBICHUECKHX PEHICHUH, CBA3aHHBIX C pealu3alueil 3ariaHipOBaHHBIX
00beMOB paboT U JIOTUCTUYECKOTO 00ECIICUeHHS CTPOHUTENHFHOIO MPOU3BoACTBA. DOPMHUPYIOTCS TOKY-
MEHTBI, KOTOpbIE 00ECIIEUUBAIOT «KaK Oy/eM JeraTh?» To, 4TO 3aIUIAHUPOBAHO.

dakTHYecKH MocIeNoBaTeIbHOCTh peanu3auu GyHkiwin «[InanupoBanney» n «OpraHuzaius» Ha-
pymieHa. CHauana pa3pabaThiBacTCsi OpraHU3aIl[IOHHO-TEXHOJIOTHYEeCKass MOJICNb B BHJIE JIMHEHHOTO,
CETEeBOro rpadika WM IUKIOTPaMMEI, a 3aTEM ONpPENeNstoTcsi 00beMHbIEC TIOKa3aTeNl, KOTOphIe HE00-
XOJIMMO BBITIONHUTS JIUIsI IOCTHIKEHHS [IEJIEBBIX YCTaHOBOK. [lomydaercs, 4To mepBoHavaIbHO peracTcs
«Kak OyzieM Jienathb?», a 3aTeM «4To OyJaeM JIenaTh?.

OpraHn3aimoHHO-TEXHOJIOIMYECKHE MOJICTH 10 CBOEW CYTH JIOJDKHBI JIETKO M3MEHSTH CBOW Tapa-
METPBI COIUAILHOM aJlanTalliy K BO3JCHCTBHIO BHEIIHUX U BHYTPEHHUX (PAKTOPOB. YUUTHIBASI 3TH OCO-
OCHHOCTH TpadMKOB CTPOUTEIHCTBA, MOXKHO C/ICNIATh CIICTYIONINE BBIBOJIBIL:

1. [IpumeHeHue TpagUKOB CTPOUTENBCTBA B KauecTBE MOJENH O0BbEKTa YIPaBIEHUSI HE TIO3BOJISIET
cOpMHUPOBATh YCTOHYMBBHIH M CTAOHMIIBHBIA JOKYMEHTOOOOPOT, HEOOXOMUMBIN Uil JIOTHCTHYECKOTO
obecriedeH s CTPOUTENLCTBA 00BEKTa U CTPOUTENLHOT'O TIPOU3BOJICTBA.

2. 'padku cTPOUTEILCTBA HEOOXOAMMBI JJIsl PEIICHUS 3a]1a4, CBSI3aHHBIX C OOIMMMHU (YHKIIMSIMH
ynpasinenus «PerynupoBanuey, «Yder», « KoHTpoOIb.

3. Hapymienne B3aumocBsi3zeil B peanuzanuu odmmx (yHkumid ynpaienus «l[lnanupoBanue» u
«Opranmzanys» He crocoOCTBYIOT pa3paboTke JOKyMEHTO000pOTa, COOTBETCTBYIOIIETO JACHCTBHTEIb-
HOMY XOJIy peaslu3allii poeKTa.

Jnist pa3pelieHus onpeneneHHbIX MPOTHBOPEYNI U MOBBIIICHNST HA/ISKHOCTH YIIPABICHUYECKUX pe-
nIeHui HeoOXoAMMO B Tipoliecc GOPMUPOBAHUS JTIOKYMEHTO000pOTa BHECTH HM3MeHeHus. OHM 3aKioya-
IOTCSI B CIIGYIOIIEM.

[pexne Bcero HeoOXOAMMO U3MEHHUTH 0a30BYIO0 MOJIENb YIIPaBIIeHUs Ha Ooliee ycToiuuByto. Takoit
MOJICNIbI0 MOYKET CITY)KUTh MOJICNIb O0OBEKTHBIX TeXHOJMOrn4deckux 3aBucumocreit (MOT3). Dta Mmoaens
OITUCBHIBAET HE TOJIBKO TEXHOJOTHMUECKYIO MOCTIEI0BATEIILHOCTh B3aHMOCBSI3aHHBIX padoT, HO M KOJINYe-
CTBEHHBIC OIICHKH 3TUX B3auMOcBs3el. [1ompoOHO 0 MOAETHPOBaHNUH TEXHOJOTHU CTPOUTENBCTBA 00b-
€KTa MOXKHO 03HAKOMHTBHCS B [15]. OHa obnajaer 3HAUYUTEIbHOM CTaOMIBHOCTBIO, TAK KaK TEXHOJIOTHS
BO3BE/ICHHS 00BEKTa COXPAHACTCS W HE M3MEHSETCS B XOJ€ CTPOMTEIbHOro npoussoiactea. MOT3 mo-
3BOJISIET pellaTh 3a]a4d TUIAHUPOBAHWSI U OPTaHU3AIMK CTPOMUTENBCTBA, HE HapyIIas MOCIeA0BaTEb-
HOCTH B3anMOcBs3u (pyHkmu ynpaenenus «[lnanupoanue» u «Opranuzanusi». [Ipu 3ToM KaneHmap-
HOE IJIJAHMPOBAHHUE CTPOUTENIBCTBA 00BhEKTa pa30UBaeTCs Ha JiBa dTara.

Ha mepBoM stame onpenensrorcs BUABI U 00beMBI PabOT, KOTOPhIE HEOOXOIUMO BBIMOJIHUTE IS
peanu3aiyy 3arIaHuiPOBaHHBIX TEXHHKO-DKOHOMHUYECKUX MOKa3aTelneH Mo IIaHOBBIM MEepUoaM C yde-
TOM TIOTEHIIMAJNIA CTPOUTEIBHOW OpraHu3anuy, (UHAHCUPOBAHUS, JIOTHCTHYECKOTO O0ECIICUCHUS, TEX-
HOJIOTUW CTPOMTEIBCTBA O0BEKTA U APYTHX (PaKTOPOB M YCIOBUH.

Ha BTropom 3Tarme pa3pa0aThIBarOTCsl OpraHU3alMOHHbBIE PELICHUS C YUETOM paHee 3aIllaHu POBAHHBIX
IO TUTAHOBBIM TIepro/iaM 00bEMOB paboT, TO €CTh PACCUMTHIBAETCS Ipa(UK CTPOUTENLCTBA OOBEKTA.

JIByXOTaIHbINA MOIXO0J K PElICHHIO 3a7aul KaneHaapHoro mianupoBanus CMP umeer psin ocoben-
HocTel. Ha mepBom aTare, HCX0/sl U3 TIOCTAaBIICHHON 3aJlaud — BBINOJTHEHUE 3aIUTAHUPOBAHHBIX TEXHH-
KO-9KOHOMHMYECKHX 3aJaHuii, He0OX0IuMO pa3paboraTh TAaKOH IJIaH pacrnpeneicHus o0beMOB padorT,
KOTOPBIN JOJKEH ObITh COQIaHCHPOBaH C TUIAHOBBIMU 3aJIaHUSIMU U JIOTUCTHUYECKAM O0eCIieueHHEM.
JlesTenbHOCTh CTPOUTENBHON OPraHn3alii IPOTEKAET B KECTKUX paMKax OOJBIIOr0 KOJIMYECTBA pa3iiny-
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HBIX OTPaHMYEHUI OpraHU3alUOHHOTO, COIIHATEHOT0, TEXHOJIOTHYECKOT0, TEXHUIECKOT0, CHaA0XKEHYECKO-
IO XapaKTepOB U JAPYruXx TPeOOBaHUM. YUeT TAKOro MHOKECTBA OTPaHUYCHUIM M TPEOOBAHUN CTABUT IO
COMHEHHE MPENOCHUIKY O HaJIMUUK Y PYKOBOJCTBA CTPOUTENBHON OpraHu3aliid HEKOTOPOTO MHOMKECTBA
pewennii B mianuposannu CMP. [loatoMy, B OTIHUYNE OT M3BECTHBIX MOCTAHOBOK, pPellIeHHEe JaHHOM 3a-
Jla4¥l HATIPaBJICHO HE Ha BHIOOP HAMIIYYIIErO BApHAHTA [0 YCTAHOBICHHOMY KPUTEPHUIO, 2 Ha MOUCK MyTH
JOCTIDKEHHS LIeH NP AaHHBIX yCIoBHsIX. CyITHOCTBIO 331a4H SIBIISIETCS MTOMCK Takoro Habopa paboT Ha
00BEKTax MPOU3BOACTBEHHOH MPOrpaMMbI B HATYpPaJbHOM M CTOMMOCTHOM BBIPKEHUH, KOTOPBIH obec-
TI€YMBAET BHINOIHEHHE SKOHOMUYECKHX TUIAaHOBBIX 3aJ[aHuil. PemeHne cBOIUTCA K HAXOXKACHUIO CIIOXKHOM
COBOKYITHOCTH 00BHEMOB PabOT, KOTOPBIE CTPOUTEbHASI OPraHU3aIs IOJKHA BHITOJTHUTH B KaXKJIOM ILJIa-
HOBOM TIEpHOJIe TUITAHUPYEMOT'O TO/Ia JJIsl 00ecriedeHns: COOCTBEHHOM JKU3HECTIOCOOHOCTH.

Ha BTOpoMm sTane paccunthiBaercs rpaduk cTpoUTENbCTBA 00beKTa. HekoTopeie ocobeHHOCTH pas-
paboTKHu Tpaduka CBA3aHbI ¢ MPUMECHEHHEM 0a30BOH MOJEIH OOBEKTHBIX — TEXHOIOIHMUCCKUX 3aBUCH-
MOCTEW M pellIeHHeM 3aJlaui Ha repBoM dtarne. [lockonbky pacnpezaeneHne 00beMOB padOT BEAETCS 110
Ka)X/IOMy TIJIAHOBOMY TEPUOJY IJIAHUPYEMOTO T'ojia, TO U OPTaHU3AIMOHHBIEC PENICHUS pa3pabaThIBAIOT-
Csl COTJIACHO ATOMY pacrpeneneHnto. OCHOBOH /IS ONpeIeneHus] KOJIMYecTBa BO30OHOBISIEMBIX H HEBO-
300HOBJISIEMBIX PECYpPCOB SIBJISCTCS 3aIIAHUPOBAHHBIA paHEe Ha MEPBOM dTane 00beM pabOThI B pac-
CMaTpHBAaeMOM IUIAHOBOM repuoje. [loTpebiaeHrne U UCIONB30BaHUE dTHX PECYpPCOB MOXKET OBITh He-
PaBHOMEPHBIM Ha BCEM MPOTSHKEHUH BBITIONHEHHS PaOOTHI.

I'paduk cTpoutenncra, paspadboranubiii Ha ocHope MOT3 B Buie mHeiHOr0 rpaduka ["anTa, 00-
naiaer 0onbInoi HHYOPMATHBHOCTHIO IO OTHOIICHHIO K OOBIYHOMY. DTO CBSI3aHO C MOSBICHUEM YacT-
HBIX U TIOJIHBIX PE3EPBOB BPEMEHH I10 HAYaly M OKOHYAHHUIO KaXI0W paOdOThI, BOSMOXKHOCTBIO TPOEK-
THPOBATh HAYAJIO U OKOHYaHHE paboT «BHYTPH» BPEMEHHOH 00JIACTH Pa3lIeNibHO IPYT OT ApyTa.

JByxaTamHoe cOanaHcHpoBaHHOE KajeHaapHoe TuiaHnupoBanne CMP mo3BosieT MoBBICHTh HaIeK-
HOCTH YIPABJIICHYECKUX PEIICHUNA Ha dTale TUTAaHUPOBaHUA (pacmpeeneHus) 00heMOB paboT 1Mo IJIaHU-
PYEMBIM TIeproJiaM, a Ha JTare OpraHu3alluy IPOU3BOJICTBA PA0OT — YBEIMYHUTH aJlalTallHOHHbIC Kade-
CTBa MOJENH YIPaBICHHUS.

HanexHocth ynpapieHUecKrX pelIeHU Ha dTare onpeseieHus 00beMHBIX apaMeTpoB KaJeHIAPHOTO
TUIAHA TTOBBIIACTCS 332 CYET OTCYTCTBHUS 3aBHCHMOCTH — TUIAHUPOBAHUSI 00BEMOB pabOT Ha OCHOBE TIPHHSI-
ThIX OPraHU3aLMOHHBIX pelleHNi. B TaHHOM Cilydae OCHOBOW peLleHMs 3a1a4H sIBJISIETCS MOJENIb TEXHOJIO-
THU CTPOUTEIBCTBA OOBEKTa, OTOOPAXKAIONIAs TEXHOIOIMIECKUE B3aMMOCBSI3U MEKIY paboTaMH 10 UX Ha-
YaTy ¥ OKOHYAHHUIO, KOJIMYECTBEHHBIE OIIEHKH 3THX CBsI3el W BpeMEHHBIE 00JIaCTH BBITIONHEHHUS PaboT.

OpraHu3aioHHbIE PEIIeHU 10 CBOEH CYTH HE JOKHBI ObITh TAKUMHU CTaOMIBHBIMH, KaK peleHus
Ha CTaJH IUIAHUPOBAHHS. JTO OOBICHSETCS TEM, UTO B Ipoliecce pa3paboTku rpaduka CTPOUTEIHCTBA
00BbeKTa y4ecTh Bce (paKTOphl, KOTOPBIE MOT'YT MOBIIUSATH Ha TIPOU3BOJICTBEHHBIN MPOIIECC, HEBO3MOXKHO.
[MosTOMy rpaduk Kak MOAENb CTPOUTEIHHOTO MPOM3BOJCTBA JIOJDKEH JIETKO KOPPEKTUpOBaThes. Mo-
Jenb OOBEKTHBIX TexHonorndeckux 3aBucumocteid (MOT3), mpunsTas A pemieHus MOCTaBICHHBIX
3aj]a4, T03BOJISIET PACHIMPHUTH BO3MOXKHOCTH Irpaka CTPOUTENHCTBA K BO3JACHCTBHIO HEYUTCHHBIX (pak-
TOPOB BHYTPEHHEN U BHEIIHEN CPElbl 33 CYET HOBBIX CBOMCTB KOMMYHUKAIIMOHHOIO Xapakrepa.
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SIGNIFICANT FEATURES OF IMPROVING RELIABILITY
OF DECISION-MAKING IN CONSTRUCTION MANAGEMENT

E.V. Gusev, gusevev@susu.ru
South Ural State University, Chelyabinsk, Russian Federation

Aim. The author is considered and analyzed the most important reasons for the instability of
managerial decisions in solving problems in construction, for example, scheduling in construction,
logistics and construction administration.

Materials and methods. The basis of the research is Project Technological Dependencies
Model.

Results. A two-stage method for solving the main task of managing the construction of an ob-
ject is described. At the first stage the task of distributing the volume of work over time for the
planned periods (decade, month, quarter) is solved. At the second stage organizational solutions are
developed to build a construction schedule for the facility with distribution from the first step
in mind.

Conclusion. The author suggests using a project technological dependencies model to solve the
problems of managing the production activities of a construction organization. This model allows
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you to expand the field of improving the reliability of management decisions at the planning stage of
construction and installation works. Also, this model allows to increase the variability of solutions at
the stage of production organization.

Keywords: project technological dependencies model, PTDM, automated control systems, con-

struction features.
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OPTIMIZATION OF THE LINING WEAR COEFFICIENT
ON THE BASIS OF CONTROL OF THREE-PHASE
CURRENT ELECTRIC ARCS CHARACTERISTICS
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I.M. Yachikov?, jachickov@mail.ru

" South Ural State University, Chelyabinsk, Russian Federation,
2 Nosov Magnitogorsk State Technical University, Magnitogorsk, Russian Federation

Introduction. Currently, the most important task of the steel industry is to constantly update the
product range, increase its operational characteristics, and increase the efficiency of equipment use.
Achieving goals is possible with a methodological base based on the principles of system analysis.

In metallurgy, multi-electrode arc furnaces using three-phase alternating current are widely
used. The lining layer present in such units during operation is subjected to thermal and electromag-
netic effects created by the arc. A quantitative measure of this effect is the lining wear coefficient
(LWC). In most studies, the influence of the described factors on the LWC is not taken into account.
At the same time, heat fluxes affecting all elements of the furnace structure, including the lining, de-
pend on the shape of the arc.

Aim. Selecting the parameters of the electric arc furnace, which optimizes the lining wear coefficient.

Materials and methods. When performing the work, methods of computational mathematics
and evolutionary methods of numerical optimization of functions of many variables were used.
Software which uses freely distributed scientific libraries was based on them.

Results. The influence of the system of three burning arcs on the wear coefficient of the lining
is considered taking into account the shape of the axis of the arc column.

Conclusion. An algorithm and program have been elaborated that allow us to evaluate the
thermal perception of the lining depending on the shape of the arcs. Based on the developed algo-
rithm, special software can be created that is integrated into the system of automated regulation and
prediction of the thermal operation of multi-electrode arc units to increase the reliability of assessing
the wear of the furnace lining under different technological modes of arc burning.

Keywords: electric arc, multi-electrode arc furnace, three-phase alternating current, electro-
magnetic interaction, arc post axis shape, lining wear coefficient, evolutionary algorithms.

Introduction

The problems of increasing the efficiency of industrial enterprises are now becoming increasingly
relevant [1, 2], while the task of optimizing the activity of industrial units and machines is of particular
importance. There are a large number of industrial units, the basis of which is the use of energy created
by an electric arc. The lining layer present in such units during operation is subjected to thermal and
electromagnetic effects created by the arc. A quantitative measure of this effect is the lining wear coeffi-
cient (LWC), one of the most important technological characteristics of modern multi-electrode arc fur-
naces. The most significant effect on the LWC is exerted by the arc power, the distance from the arc axis
to the lining, and the applied voltage. In most studies, the influence of the described factors on the LWC
is not taken into account. At the same time, heat fluxes affecting all elements of the furnace structure,
including the lining, depend on the shape of the arc.

The aim of the work is to study this effect and find the parameters that provide optimization of the
LWC. To achieve this goal, an algorithm for calculating the shape of arcs in an AC steelmaking furnace
has been developed, which will be used to optimize the objective function.

Analysis of the shape of alternating current electric arcs parallel burning

in the direction of the horizontal surface during their electromagnetic

interaction and the influence of this shape on the lining wear coefficient

The electromagnetic interaction of the arcs is determined by the equilibrium equation of the arc col-
umn element [3—6]
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dF,_, +dF_ +dF,_, =0, (D
where dF,_, is the force of interaction of an arc element with another arc (or other arcs), dF,_, is the force

of interaction of an arc element with itself, dﬁl_u is centrifugal force seeking to straighten an arc column.

Electromagnetic interaction of three arcs through which harmonic currents with phase shift flow
.. .2t . . . (2n_ 2m . . . (2m_ 2m .. . .
2n/3: i =i, sm7r , Iy =iy, sin 71 +? U i3 =ip;sin 71—? , where iy, iy, iy are ampli-

tude values of currents [4]. Consider the case when the current value of the currents is the same
Ioy = Ty =loz =y -

In the electromagnetic interaction of three alternating currents, two repulsive forces act on the element
dl: dF_, =7y ijiydl, dF,;=7-ijidl . Direction of the resulting force dF, , ; changes over time and

coincides at any time with the vector dF , +dF,_;. The modulus of the resulting force is equal to

dfy g3 = \/ngi—Z = \/§F0

2n
sin—m|-d/,, 2
T | ()

2
where F, = Ll

Since the instantaneous strength values dF, , ; are continuously changing during each half-cycle,

the electrodynamic forces acting on the arc element change in magnitude and direction. We find the av-
erage integral force over half a period that determines the average position of the arc

T
2 2
dF, , 4 = —ﬂ-&jsm(z—“r)dr dl = -ﬁzg -l ~—0,551-i -dI,. 3)
T 2 0 T b

This force is directed from the center of decay of the electrodes.

Consider the electromagnetic interaction of an arc element d/; and direct current from the side of
the arc. Vector dF , is in the plane yOz, is perpendicular to dil and oppositely directed to the vector
dF,_, , and its module [4]

dy(C)
21| (6-2)=(¥(€)-¥(2)
‘dﬁ]—l‘ZHOIl j( = " : )J

d¢-dly= yI? -dl, . 4)
47

3
0 I3
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In the electromagnetic interaction of a harmonic current i; = iy, sin (71 + ¢J with itself average in-

tegral value of force

o & it o 2 i
dF_ =2 [ifdv="20 | sin==1+¢ | dv-dl, =220 dl, = y,i, - dI; .
-1 7 _([ 1 T '([ T 0 177 1= Xalot 44
It is seen that the electromagnetic interaction of direct current with itself is the same as an alternat-
ing current with the same effective value.
In the general case, equation (1) of the equilibrium of an element of an arc column during its elec-
tromagnetic interaction with one or two arcs of constant or alternating currents can be written as

kydF_, +dF,_ +dF,_, =0. (5)

Based on the algorithms proposed in [3, 4, 6—12], one can solve equation (5) and obtain an approx-
imate description of the shape of the arc.
The most important indicator of the thermal load of the furnace lining is the lining wear coefficient

(LWC) [13-15]. LWC is defined as e =14V

a
a distance from the arc axis to the lining [13—15].

, where P, is the arc power, Uy is the arc voltage, a is
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To more accurately determine the heat perception of the side wall, we modify the LWC calculation
formula taking into account the shape of the axis of the arc column found when solving equation (5). To
do this, we will find the LWC at the minimum distance from the wall from the arc. From physical con-
siderations, we can conclude that the minimum distance from the arc to the lining is achieved at the
point of contact of the arc with the surface of the melt. Based on this, it is possible to formulate a control
problem for finding the optimal coefficient of wear of the lining, changing within acceptable limits the
parameters that determine the operation of the furnace. As such parameters, the applied voltage and the
distance from the surface of the melt to the end of the electrode can act, which can be adjusted during
each stage of the process. To solve the problem of optimizing the LWC value, we use an approximately
determined dependence of the shape of the arc on the control parameters. Since this dependence cannot
be described analytically, the use of gradient optimization methods seems inappropriate. Therefore, for
optimization, evolutionary methods are used.

For optimization, a genetic algorithm was chosen [16] with a population size of 17 individuals, a sim-
ple single-point crossover, a mutation with a probability of 0.2 was implemented. The software implemen-
tation is done using freely distributed Python packages. It was found that at currents of about 50 kA and
arc powers of about 20 MW, the lining wear coefficient varies from 1630 to 1750 MW « V/n1’.

Conclusions

Based on the shape of the arcs, algorithmic and software have been developed to optimize the wear
coefficient of the lining from three arcs of three-phase alternating current burning in the direction of a
horizontal surface, make decisions on the effective heat transfer of the radiation of the arcs to the charge,
depending on the shape of the arcs, determined by the power and voltage of the arc, the distance from
the arc to the axis of the electrode.
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onTMMnM3ALNA KOSPPULMEHTA UBHOCA ®YTEPOBKU
HA OCHOBE YINPABJIEHUA XAPAKTEPUCTUKAMU
ANEKTPUYECKUX OAYI TPEX®A3HOIO TOKA

O.B. JlozuHoeckuii', E.M. Kocmbineea', U.M. Sluukoe?

" fOxHO-Ypanbckuli 2ocydapcmeeHHbill yHusepcumem, 2. YensbuHck, Poccus,
’MazaHumozopckuii 2ocydapcmeeHHbIli mexHuyeckull yHusepcumem um. .M. Hocoea,
2. MazHumoeopck, Poccus

BBenenue. B Hacrosiee BpeMsi BaXHEHIIEH 3aaueil YepHOM METaJUTypTUH SIBISIETCS MTOCTOSH-
HOE OOHOBJIEHHE COPTAMEHTA MTPOJYKIIMH, TOBBIIIEHHE €€ IKCIUTYaTAOHHBIX XapaKTEPUCTHUK, ITOBBI-
nreHre 3(pQEKTHBHOCTH UCTIONB30BaHMs 000pyaoBaHus. JIOCTH)KEHNE TTOCTaBIEHHBIX 1€l BO3MOX-
HO TP HAIMYUH METO/I0JIOTNYeCKON 0a3bl, OCHOBAHHOW Ha MPHHIIMIIAX CHCTEMHOTO aHAIN3a.

B MeTautyprum mmpoKoe pacrnpocTpaHeHHe TOMyqrIId MHOTO3JIEKTPOIHBIE AYTOBBIE TIEUU C UC-
TIOJIb30BaHUEM TpeX(a3zHOro MepeMeHHOro Toka. Meromumiicss B TAKUX arperarax ciioil (yTepoBKH B
nporiecce (pyHKIIMOHUPOBAHMUS TIOJIBEPTACTCS TEIUIOBOMY W 3JIEKTPOMArHUTHOMY BO3JIEHCTBHIO, CO3-
nmaBaeMoMy ayroil. KomuuecTBeHHOM Mepoil JaHHOTO BIMSHESA SBIsCTC KO3(DGUIMEHT M3HOoca (yTe-
poBku (KM®). B OGonpmmHCTBE MCClieoBaHU BIUAHKS onrcaHHbIX (akropoB Ha KUD dopma myru
He yYHUThIBaeTCs. B TO jxe Bpems 0T )OpMbI TYTH 3aBUCST TEILIOBBIE TOTOKH, BO3/ICHCTBYIOIINE HA BCE
AJIEMEHTBI KOHCTPYKIIUH [1€9H, ¥ B TOM YHCIIE Ha (DYyTEPOBKY.

Leas uccaenoBannsi. BeiOop mapamMerpoB paOOTHI JEKTPOIYrOBOM TEYH, OOCCIICUNBAIOIINI
ONITHUMU3ALHIO Kod(duIrenTa usHoca QyTepoBKH.

Marepuanbl U Metonbl. [Ipu BBITONIHEHNH pabOTHI MPUMEHSUIMCH METOBI BBIYUCIUTELHON
MaTEeMaTHKUd ¥ DBOJIIONMOHHBIE METONbl YMCIEHHOW ONTUMHU3AIWK (YHKIMH MHOTHX TI€pEeMEHHBIX.
Ha HUX OCHOBBIBaIOCH CO3JIAHHOE C UCIIONIE30BAaHHEM CBOOOITHO PACIPOCTPaHsEMbIX OHOIHOTEK Mpo-
rpaMMHOe obOecriedeHue. Pe3yabTaThl. PACCMOTPEHO BIMSIHAE CHCTEMBI TPEX TOPSIIUX YT Ha KOA(]-
¢urmeHT usHoca GyTepoBKH C yIeToM (hOPMBI OCH CTONIOA TyTH.

3akimouenne. Co3iaH aJIrOPUTM U TIPOTrpaMMa, O3BOJISIOIINE OL[EHHBATh TEIJIOBOCIIPUSTHE (Y-
TEPOBKHU B 3aBUCHMOCTH OT (hopMbI ayr. Ha ocHOBe pa3paboTaHHOTO ajropuTMa MOXKET OBITh CO3JJaHO
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CIeNUaIbHOE TIPOrPaAMMHOE 00ECTeUeH e, BCTPOSHHOES B CHCTEMY aBTOMATH3MPOBAHHOTO PEryIHpO-
BaHMS U MPOTHO3MPOBAHMS TEIUIOBOM PabOTHl MHOIO3JIEKTPOIHBIX JTYrOBBIX arperatos, IS MOBBILIE-
HUSI JTOCTOBEPHOCTH OIIEHKH M3HOCA (hYTEPOBKH IEYH NMPH Pa3HbIX TEXHOIOTHUECKUX PEXHMMAxX rope-
HUS JTIyT.

Kniouesvle cnosa: snexmpuueckas 0yea, MHOLOINEKMPOOHAs 0y208as nedv, mpexasnulil ne-
PEMEHHbIL MOK, 3JIeKMPOMASHUMHOe 83aumooeticmeue, gopma ocu cmoaba oyau, Kodp@uyuenm
U3HOCA (hymeposKil, I60TIOYUOHHBLE AN2OPUNMBL.
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Introduction. With the development of digital technology, most familiar processes are chang-
ing. Without information technology, it is already impossible to imagine either medicine or the field
of education. Big data and artificial intelligence come to almost every area of society, everything
around is becoming “smart”. According to the forecasts of the participants of the St. Petersburg In-
ternational Economic Forum, held in 2019, the global market for products using artificial intelli-
gence and advanced information technologies can grow by almost 17 times by 2024. A national
strategy for the development of technologies in the field of artificial intelligence and information
technologies has been prepared in the Russian Federation, and a detailed action plan has been inte-
grated into the national program “Digital Economy”. Digitalization today covers almost all aspects
of the interaction of the citizen and business with authorities. Digitalization of business processes
takes place, technologies are introduced into the activities of industrial enterprises, in the organiza-
tion of public services and financial institutions.

Aim. Consider the technology of blockchain, its origin, advantages and disadvantages, as well
as the possibilities and prospects of using this technology.

Materials and methods. As part of the materials and methods, one should point to an analysis
of the theoretical foundations of the blockchain technology, the practical results of its implementa-
tion and use in various fields of activity: from public life to business. Since it is blockchain technol-
ogy that occupies a special place among the promising information technologies and is increasingly
used in business, as well as government, and will undoubtedly affect the familiar picture of the
world, how the Internet has changed the world of information exchange in its time.

Results. The article makes an attempt to assess the origin, current state, the possibilities of us-
ing blockchain technology, as well as its impact on traditional business processes and socio-
economic transformation as a result of the digitalization process.

Conclusion. It is believed that blockchain technology can be a real breakthrough in the field of
finance, secure databases and the reliability of certain facts. For the largest foreign and domestic
companies, this is not just a concept from an approximate future, but now it is part of the business,
and the future life of society as a whole depends on how well it is to use and manage blockchain
technology.

Keywords: blockchain technology, digitalization, digital economy.

Introduction

In simple terms, blockchain is a database that is stored and updated simultaneously on different de-
vices. Database management is autonomous and decentralized. The database stores and confirms the
accuracy of the information and the safety of this data is provided by cryptographic algorithms. Infor-
mation with this architecture is stored reliably, since many copies of the same data set are simultaneous-
ly stored on computers of an unlimited number of users of the entire system. Depending on the order of
access to information, system management, participant’s capabilities, a private blockchain and a public
blockchain are distinguished. And each type of system is applicable to individual tasks of the project and
to different goals [1-5].

The origin of blockchain technology

There are several versions of the origin of blockchain. The most common version is associated with
the development in 2008 by Satoshi Nakamoto of the protocol of the famous Bitcoin cryptocurrency and
the alternative infrastructure of the Bitcoin system of the same name. This system is based on the
blockchain and quickly entered the business cycle. The second version is historically perhaps more fair.
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The technology of software processing distributed databases has been known since the 70s of the last cen-
tury to programmers and mathematicians who took a special course in “Structures and Algorithms for Data
Processing” at higher educational institutions. It’s just that this cryptographic technology, based on the
well-known principles of distributed interaction, was not claimed by the business and the business com-
munity until a certain point, since there were other more understandable and affordable mechanisms for
doing business. The third version of the origin of blockchain technology has a “spy subtext”. Cryptograph-
ic data processing algorithms that protect this data from modification and hacking have long been devel-
oped and actively implemented in security agencies for military and intelligence purposes [6-10].

Use of blockchain technology

It is worth noting that blockchain is not only cryptocurrency and not only ISEO — international
search engine optimization. Blockchain is also a system for registering rights and assets, for example,
registration of copyrights, property rights, certification of transactions, etc. Blockchain technology is
used in a broad sense to ensure the safety of the storage, use, retrieval and fixing of any kind of infor-
mation. The bright areas of its application are the following [11-21]:

o transfers of funds and units of virtual currency;

e automatic execution of smart contracts [22, 23];

o confirmation of the origin and identification of complex, special or rare things (objects of art,
jewelry);

e maintaining a register of assets, including ISEO, a register of rights, facts or actions;

e secure and anonymous voting;

e conducting trade calculations and logistics;

¢ improvement of the regime of financial transactions and reduce transaction costs.

In fact, with a competent approach and reliable observance of the unshakable principles of infor-
mation reliability and data safety, there is practically no limit to the application of blockchain technolo-
gy. Blockchain can also be actively used in financial markets, in particular when making cross-border
interbank payments, for example, as part of the SWIFT system or its analogues. Blockchain technology
is also the basis for such actively developing fields of activity around the world as:

o LegalTech — a business sector that provides information technology services for professional legal
activities and the provision of legal services to consumers using IT;

e FinTech — a business sector consisting of companies that use technology and innovation to com-
pete with traditional financial institutions represented by banks and intermediaries in the financial ser-
vices market.

In addition, blockchain as a technology can be the basis for many financial, economic, social and
legal processes.

Advantages and disadvantages of blockchain technology

The disadvantages of this technology are mainly technical and legal. For example, there may be
doubts about the security of such technology, since the data registry does not have a single control center
and can theoretically be hacked. In addition, since the transaction database is not linked to any specific
territory or state, the rules for making transactions in different States may cause contradictions and legal
conflicts [22]. There are also still open questions about the storage and protection of personal data of
participants and users of systems based on blockchain technology, as well as questions about canceling
and correcting erroneous or false transactions. At the same time, there is an engineering complexity of
modern blockchain solution’s architectures [24—26].

Speaking about the advantages of this technology, it should be noted, first of all, the functionality:
blockchain is a flexible, open technology with potentially wide opportunities, which allows you to au-
tomatically conclude many transactions, register facts, which allows you to reduce the time, costs, and
operational risks [27-30].

Conclusion
It is obvious that blockchain technology, as well as global ideas of decentralization, are becoming
more and more popular in many areas of public life. Many companies, both in the manufacturing, finan-
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cial and social sectors, are working on implementing potentially promising technology for the develop-
ment of their business. It is worth noting that the capabilities of this technology are already used in com-
pletely different spheres of life: from intellectual property rights to electronic medical records, as well as
real estate turnover, and can qualitatively change our daily existence, so it is necessary to be prepared
for further development and management of such technologies.
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TEXHOJTOIN'A BLOCKCHAIN 1 BO3MOXHOCTHU
EE UCIMNOJIb3OBAHUA

B.B. 3axapos’, B.Jl. Pbi6ak’

LtOxHO-Ypanbckuli 2ocydapcmeeHHnbiti yHusepcumem, 2. YensbuHck, Poccus,
2@uHaHcosbIl yHusepcumem npu lpasumenscmese P®, 2. Mockea, Poccus

Beenenne. C pa3ButreM mU(POBBIX TEXHOJIOTHH MEHSETCS OOJBITMHCTBO NPHUBBIYHBIX IIPO-
neccoB. be3 HH(MOPMAIIMOHHBIX TEXHOJIOTHH yKe HEBO3MOXKHO MPEICTaBUTh HA MEAHULIUHY, HU cde-
py obpa3zoBaHus. bonbire JaHHBIE M HCKYCCTBEHHBIH HHTEIDICKT MPUXOIST MPAKTUICCKH B KAXKIYIO
cdepy KU3HU OOIIECTBa, BCE BOKPYI CTAHOBHTCS «yMHBIM». [lo mporrosam ywactHukoB [letep-
OyprcKoro MexayHapoJHOTO SKOHOMIYECKOro Gopyma, npoxoausmero B 2019 roay, MHPOBOH phI-
HOK TPOJIYKTOB C MCITOJIb30BAHMEM MCKYCCTBEHHOTO MHTEJUIEKTA M MEPCIEKTUBHBIX MHPOPMAIUOH-
HBIX TexHoJoTrui K 2024 roxy MoxeT BeIpacTH oyt B 17 pa3. B Poccuiickoit @enepannu moaro-
TOBJICHA HAIIMOHAJIbHAS CTPATETUS PA3BUTHSI TEXHOJIOTHH B 00JaCTH UCKYCCTBEHHOTO WHTEIIEKTA U
MH(POPMAIMOHHBIX TEXHOJOTHH, a IeTaTbHBIN TUTaH JEeHCTBUI MHTETPUPOBAH B HAITMOHAIBHYIO TP O-
rpammy «lludposas skoHOMEKaY. [{ndpoBU3aIus ceroaHs] OXBATHIBAET MOYTH BCE CTOPOHBI B3aU-
MOJICHCTBUSL TpaKAaHWHA W OW3Heca ¢ opraHaMu BiacTH. [Ipowmcxomut mudpoBH3anus OU3HEC-
MPOIIECCOB, TEXHOJIOTHH BHEAPSIOTCS B JCSTEIBHOCTD MPOMBIIIICHHBIX MPEANPUATHH, B OpraHu3a-
IO TOCYIAPCTBEHHBIX YCIYT U (PUHAHCOBBIX YUPEIKICHUH.

Heas nccaenoBanus. Paccmorpers Texnonoruto blockchain, ee nmpoucxoxxaeHue, JOCTOUHCT-
Ba M HEJOCTATKH, a TAK)KE BO3MOXKHOCTH U MEPCIIEKTUBBI IPUMEHEHHUS TaHHON TEXHOJIOTHH.

MaTtepuaabl 1 MeTOIbI. B cocTaBe MaTepraioB U METOOB CIICAYET YKa3aTh Ha aHAIH3 TEOpe-
THYECKUX OCHOB TexHoJoruu blockchain, mpakTHUecKuX pe3ylnbTaTOB €€ BHEAPEHUS U MCIIOIh30Ba-
HUS B Pa3IMIHBIX cepax NeAaTeNbHOCTH — OT OOIMIECTBEHHOW XWU3HU 70 OM3HECa, TaK KaK UMEHHO
texHosorus blockchain 3anuMaeT 0oco6oe MecTO B psity NMEPCIIEKTHBHBIX WHPOPMAIIMOHHBIX TEXHO-
JIOTUH M HaXOIUT Bce OoJiblliee MpuMeHeHHe B cepe Om3Heca, a TakkKe rocyIapCTBEHHOTO YIIpaB-
JICHWS 1, HECOMHEHHO, TIOBJIHSIET HA IPUBBIYHYIO KapTHHY MHpa, Kak B cBoe BpeMs VIHTepHeT n3Me-
HWJI MHp oOMeHa HH(OpMAaIHEeH.
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PesyabTathl. B crathe nemaercs MONBITKAa OLCHUTH NPOHCXOXKACHUE, TEKYIEe COCTOSHUE, BO3-
MOKHOCTH HCIOJNB30BaHMS TexHoJoruu blockchain, a Taxoke ee BiMsAHWE Ha TPaJWIIOHHBIE OH3HEC-
MPOLIECCH U COLUATIBEHO-?KOHOMHYECKYIO TpaHC(HOPMALHIO B pe3ybTaTe IpoLecca HH(pOBU3ALHHL

3akaouenue. Cauraercs, yto TexHosorus blockchain cmocob6Ha cTaTh HACTOSIIAM TIPOPHIBOM
B 0o0yacTé (pUHAHCOB, 3AIIMIICHHBIX 0a3 AaHHBIX W JOCTOBEPHOCTH TEX WM MHBIX (akToB. [
KPYIHEHIINX 3apy0e)HBIX U OTEUSCTBEHHBIX KOMIIAHHH 5TO HE IIPOCTO MOHATHE U3 MPUOIMKESHHOTO
Oynymiero, a yxe ceiyac yacTb OnW3Heca, U OT TOTO, HACKOJIBKO I'PaMOTHO MOAXOAUTH K IPUMEHe-
HUIO W yIpaBlieHUIo TexHojoruei blockchain, 3aBucur u Oymymias >kn3Hb 00IIECTBa B LIEJIOM.

Kouesvie cnosa: mexnonoeus blockchain, yugposuszayus, yugposas sxoHomuka.
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KOMMYHUKALUA KAK KNIOYEBOW 3NIEMEHT NMOCTPOEHUA
NONE3HbLIX KOPNOPATUBHbIX UHO®POPMALIMOHHbLIX CACTEM

A.A. lWuHkapes®, M.E. Kosanb?

000 «Copmmacm-UT», 2. YensbuHck, Poccus,
2tOxHO-Ypanbckull 2ocydapcmeeHHbill yHusepcumem, 2. Yensaburck, Poccus

Brenenne. Ha ceromHsmHuil 1eHh B MHPE HCIOJB3YeTCS OOJBIIOC KOJIMYECTBO METOIUK U
MOJIXOJIOB K YIIPABICHHUIO MPOIECCOM pa3pabOTKKU KOPIOPATHBHBIX MH()OPMAIMOHHBIX cucTeM. Ho
HE MHOTHE OpraHU3alliy, UCIOJb3YIOIINE T€ WX UHbIE METOA0JIOTUH, IOHUMAIOT, HACKOJIBKO BayKEH
OTJIQXKEHHBIN MPOLIECC KOMMYHHUKAIIMU MEXAY OTACIbHBIMU TPYINaMu COTPYAHUKOB, KOTOPBIE TPY-
JIITCS HAJl CO3IaHHEM KOPIIOPATUBHBIX HH(MOPMAITMOHHBIX CUCTEM Pa3IMIHOIO POJa.

Heas uccaenoBanusi. O60CHOBaTh HEOOXOIUMOCTh IIOCTPOCHUS W OTIATKU CHCTEMBI KOMMY-
HUKallMU BHYTPU KOMIIAHUU U MEXIY HUMH, a TaKXe I0Ka3aTh, HACKOJBKO LIEHHO BKJIAJbIBATh pe-
CYPCHI B 3TO HaIlpaBIICHHE Pa3BUTH MPOIECCOB, IEIbI0 KOTOPHIX ABISACTCS MOBBIIICHNE d(P(PEKTHB-
HOCTH JESTEIbHOCTH KOMIIaHUH.

Marepuanbl 1 MeToabl. PaccMaTpuBaloTCa UCCIEI0BAHUS KOMIIAHUHN O M3YYEHHIO MOTHBa-
MM COWCKaTeledl MpH YCTpPOHCTBE Ha pabOTy. AHaNM3UMPYIOTCS OCHOBHBIE TNoJiokeHus Agile-
MaHudecta. JlaeTcs OlEHKA MOCICACTBUSAM HEAOCTATOUYHOW KOMMYHHMKALMU WM HAPYIICHUS €€
(yHKIIMOHUPOBAHUSI.

PesyabTaTbl. B cratbe aBTOpaMM [enaeTcs MOMBITKA OLEHUTh HEraTMBHOE BO3JEHCTBHE Ha
orepanyoHHbIC M3ePKKU B pabore U T-noapasencHus BCICACTBAC HEOTIAKCHHON WM HAPYIICH-
HOW KOMMYHUKAIIMM BHYTPH KOMaH[bl. Tarxke 000CHOBBIBACTCSI BAXKHOCTh POJICH Bianeblia Mpo-
IyKTa U Scrum-MacTepa B paboTe yCIenrHo#i 1 3QPeKTHBHON KOMaHAbI. J[aloTcs mpakTHYECKUe Co-
BETHI 10 MOCTPOEHHUIO M HAIAKMBAaHUIO CUCTEMbl KOMMYHHKAllMM B KOMaHJA€ M IO TOMY, KaK pac-
MPOCTPAHUTEH CO3J]ABAEMYI0 BHYTPHUKOPIOPATHBHYIO KYIBTYpy OOIICHHS C YpPOBHS KOMaHIBI Ha
YPOBEHB BCel KOMITAHUH IS JABHEHUIIIETO YCIIEITHOTO Pa3BUTHUS BCETO OM3HECa B LIEIIOM H OT/IENTb-
HBIX IIPOEKTOB B YACTHOCTH.

Kniouesvie cnosa: kopnopamueHvie uHgoOpmayuoHHvle cucmemvl, KOMMYHUKAYUS, NPOYecc,
memooonoeuu, Agile, Scrum-macmep, énadeney npooykma.

Beenenue

Korga mbl TOBOpHM O CO3IaHMM KOPIIOPAaTHBHBIX MH(OPMAIMOHHBIX CHUCTEM, Ha YM HIPUXOIUT
MHO’KECTBO BaXXHBIX COCTABISIOUIMX. JTO W TEXHHYECKHE PEIEHHs, U OpPTaHH3allMOHHbIE, U MHOTA
MapKeTHHroBble. OHAKO 3a4acTy0 MBI HE 33 yMbIBAEMCs B SIBHOM BHJE O KOMMYHHKAIIUH KaK O CBS-
3YIOLIEM DJIEMEHTE 3TUX COCTaBJIAIOIINX, a 3psA. be3 oTina)keHHOW KOMMYHHMKAallMM HEBO3MOXKHO Ipe[-
CTaBUTH YCIEIIHOE PAa3BUTHE TIPEINIPUATHS U ero MpoeKkToB. [Ipobiema HerocTaTOUHOW KOMMYHHKAIIUN
MIPOSBIISIETCS 0COOEHHO OCTPO, €CIIM COTPYTHUKH KOMITAaHUH pabOTa0T yAaJeHHO. Y CIIEITHO MMOCTPOCH-
Hoe 00IIeHre MEXIy KOMaHIaMH pa3padOTKH, TECTUPOBAHMsI, OM3HEC-aHaIN3a, BHEAPEHUS U OM3HECOM
KaK TaKOBBIM — 3TO 3aJI0T 3((eKTUBHOTO PEIIECHH 3a/1a4, CTOSIIUX Mepe]] IPEATIPHATHEM.

C OypHBIM pa3BUTHEM pPBIHKA TPyJa M TPYAOCOEPEraromux TEXHOIOTUN TaKUe MOHSATHS, KaK «I0-
JKU3HEHHBIH HailM», MOTEpsUIn akTyalbHOCTh. CeromHs HeOOJbIINEe KOMIIAHUU TOTOBBI MOOMIPSTH CO-
TPYAHUKOB HapaBHE C KPYNMHBIMU opranu3anusiMu. Hambosnbliee 3HaueHne npu BeIOOpe Mecta padoTh
uMeeT CTaOMIIBHOCTh OpTraHU3allid, MEPCHEKTHBHI €€ Pa3BHTHS, BO3MOXKHOCTh CaMOpean3alud Co-
TpyaHukoB [1]. IloaTroMy OTia)KeHHBIH MpOLecC BHYTPHUKOPIIOPATHBHON KOMMYHUKAIMH SIBIISICTCA HE
TOJIBKO YacThIO OOILIEro mpolecca CO3JaHUs KOPIOPATUBHBIX WH(POPMALMOHHBIX CHCTEM, HO M BaXK-
HEWIIIel YacThiO PEIyTalHOHHOTO MEHE/DKMEHTA KOMITAHUH [2].

1. BaskHocTh BbIOOPA MOAXOsIIEH METOI0I0THH YIIPABJIeHUSI Pa3pad0TKOii MPOEKTOB

Ha texymuii MOMEHT CO31aHO U HCIIOJB3YETCS MHOXKECTBO METOAOJIOTHI pa3paboTKH M yHpasiie-
Hus mipoekTamu. [IpuMeHenune mo060i METOMOMOTHH YIIpaBiIeHUs pa3paboTKOM MporpaMMHOTO o0ecIte-
YEeHHUs TOJDKHO CTaBUTh CBOEH LIEJIBI0 YCHEITHOE BBHIMOJIHEHHE TIPOEKTa. ITO MOXKET OBITh KPaTKoCpoU-
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Has IeNb JUIS HeOOJBITHX IO JUTHTEILHOCTH padoT, Koraa BaKHO 3(PPEKTHBHO MOTPATHTh UMEIOIIHECS
pecypchl OrOJKEeTa, BpEMEHH H CICIUAIMCTOB M 3aKOHYUTH MPOEKT. Takke YCHEelHbIM BBIIOJTHEHUEM
MOKET OBITh JJIUTEIbHAs MJIOJOTBOPHAs paboTa HaA MPOAYKTOM, KOTOpas He MpeKpamaeTcs A0 TeX
Mop, MOKa MPOEKT HE 3aKPHIT.

MeTtomonoruu pa3pabOTKH HCIONB3YIOTCS IS BHICTPAUBAHUS TPAMOTHOTO M TPOJYKTUBHOTO MPO-
1ecca co3fanusi HOBoro mpoaykta. Ilpomecc cam mo cede AOMKEH CBS3BIBATH BOSAUHO OM3HEC, HCIOJI-
HUTEJICH, KIMEHTOB M KOHEYHBIH MPOAYKT. BakHO MOHMMAaTh, 4TO M00OH KOHKPETHBI METOI WIH
(dpelMBOpK, Kak, Hampumep, SCrum, HeoOXOAUMO MOJCTPaWBaTh W aNaNTHPOBATh MOJ KAKIYIO KOH-
KPETHYIO KOMaHTy. MOKHO CJIETIO CJIe/IOBAaTh BCEM PEKOMEHAIMAM M YKa3aHHsSIM, KOTOpPBIE Tpe/iaract
METOAOJIOTHS], HO, CKOpPee BCEro, 3TO HEe MOBBICUT 3()(EKTUBHOCTh M YCIIEIIHOCTh pa3paboTku. HyxHo
MPOBOJUTH aHAJIN3 TOW WJIM WHOW METOIOJIOTUH ¥ OpaTh U3 HEe TO, YTO JICHCTBUTEIHHO MOXKET ITOMOYb
B IIpoIlecce CO3JIaHusI MPOyKTa. B TOM umcIie cieyer NMpuHUMAThL BO BHUMaHKE, YTO C TEUCHHEM Bpe-
MCHH BMECTC C PA3BUTUCM KOMaHAbBI U HaJTAXKUBAHUCM B3aHMOH€I710TBPIH B HEel AOJDKCH pa3BUBATHCA U
mpoIriecc, KOTOPOro OHa mpuaepkuBaercs [3, 4].

Cpenu CyIIECTBYIOIIEIO MHOXECTBA PA3UYHBIX METOJONOTUN XOUYETCS OCTAHOBUTHCS MMEHHO Ha
THOKON METOMOIIOTHN Pa3pabOTKH MPOrpaMMHOTO oOecriedeHns 1o Ha3panneM Agile. imeHHO B pam-
KaX HEC yAacTCs BLICTpanBaThb HaI/IGOHCe a[[aHTprCMBIP'I K U3MCHAIONIUMCS yCJIOBUAM IIPOLECC pa6OTI)I
KoMaHs! [5].

2. T'ubkue MeTOI0JIOTHH Pa3padoTKN MPOrpaMMHOro odecniedenus Agile

Agile — 310 ceMeiicTBO THOKHX MTEPaTUBHO-UHKPEMEHTAIBHBIX METOJIOB YIIPABJICHHS IPOCKTAMHU U
npoaykramu. Cam 1o cebe Agile — He MeTox yrpaBiieHHs IPOEKTaMu. DTO CKopee Habop Wael U MpHH-
IUIIOB TOI'O, KaK HYXHO pCain30BbIBATH IIPOCKTHI. Y3ke Ha OCHOBE ATHX MIPUHIUIIOB U JIYUIIHX IMPaKTUK
pa3paboTaHbl OTHENbHBIE THOKHME METOAbl WIIM, KaK MX HMHOTJAA Ha3blBalOT, (PEHMBOPKH
(frameworks): Scrum, Kanban, Crystal u muaorue apyrue. DTH METOIbI MOTYT JOCTATOYHO CHJIBHO OT-
JMYATHCSI APYT OT Jpyra, HO OHU CJIEAYIOT OJHUM M TE€M K¢ MpuHIUam [6].

Otu npuHImne otpaxkeHsl B Agile-manudecte [7] (Agile Manifesto):

1) nro ¥ B3aUMOJICHCTBHE BaXKHEE MPOIIECCOB U HHCTPYMEHTOB;

2) paboTaroIINi MPOAYKT BaXKHEE HCUEPIIBIBAIOIIEH IOKYMEHTAIHH;

3) COTpyIHMYECTBO C 3aKa3YMKOM BayKHEE COTJIACOBAHMS YCIOBHIA KOHTPAKTA;

4) TOTOBHOCTH K U3MEHECHHUSIM Ba)KHEE CIICJI0OBAHMUS TIEPBOHAYAIBHOMY IUIaHY.

B ynomsHyTOH BBIllIE METOMOJOTHH SCIUM BBIZCISIOT TAaKUE POJIM, Kak: KOMaHIa pa3paboTKh
(Development Team), Scrum-mactep (Scrum Master) u Biagener npoaykra (Product Owner). B mpo-
1ecce MOCTPOCHMSI KOMMYHUKAIINY U YIYUIIeHUs Mpoliecca pa3paboTKu Hanboliee BaXKHa POk Scrum-
Mactepa. IMEHHO 3TOT YeloBeK OTBeuaeT 3a paboumii mporece, 3QHEKTUBHOCTh KOMMYHHKAIIUH, Pa3-
BUTHE KOMaHJIbI M 9KOCHCTEMBI, a B 00Jiee 3peibIX OpraHu3alusIX — 38 KOPIOPaTUBHYIO KYJIBTYPY B Iie-
JoM. Scrum-Mactep IMOMOTaeT BBICTPOUTH dPPEKTHBHYI0O KOMMYHHKAIIMIO B KOMaH/ie, B TOM YHCIIE 32
CUET MPO3PAYHOCTH MPOIECCa BBIABICHUS M 3CKAIUPOBAHHS MPOOJIEM M OTKPBITHIX BOMPOCOB. Scrum-
MacTep TaKkKe CIEAUT 3a COOIIOICHNEM MPOLIECCOB B KOMaH/IE, €€ BOBJICUEHHOCTHIO B paboTy [8].

B ornmume ot ponm SCrum-macrepa, poib Biadensiia npoaykra (Product Owner) sakmogaercst B
KOHTpOJIE 32 TeM, YTO KIMEHHO pa3padaThiBacT KOMaHJIa B paMKax NpoJyKTa. Biajener npojykra B 0T-
BETE 3a €T0 IeJIOCTHOCTh, HEMPOTUBOPEYMBOCTh U (PYHKIIMOHAJIBHYIO 3HAUUMOCTbD J1J151 KOHEYHBIX MOJIb-
30BaTesie CUCTEMBI. DTOT YeJIOBEK ONpEAesIeT caMM 3aJaud M MX NPUOPHUTETHL. B ero Bmactu oTka-
3aThCSl OT pealn3allii KOHKPETHOM 3a7jadyll B Yrojay CpoKam, OFOJDKETY, €ro BHJICHHIO MPOJYKTa Kak
eanHoro nenoro. CHiIbHBIN Baener MpoayKTa ¢ OJHOH CTOPOHBI OepeT Ha ceds BCIO MOJIHOTY OTBET-
CTBEHHOCTH 32 KQ4eCTBO NPUHUMAEMbIX PEILICHHUH, a C IPYro — OKa3bIBaeT HEOOXOIUMYIO MOMOIb KO-
MaH/IE B OTIPEICIICHIH BEKTOpa Pa3BUTHS IIPoeKTa [9].

HemnonnMaHnne UCTUHHBIX IPUYMH BO3HUKHOBCHMS TOW MJIM MHOM NMOTPEOHOCTH OM3HECa 3a4acTyio
NPUBOIUT K HEKOPPEKTHOH peanm3anuu npoekTa. [1oJ HeKOppeKTHOH peanuzanueil moapazyMeBaeTcs
TO, 94TO pabOTAIONTUI MPOEKT HE pelraeT mpodiieMy OM3HEca, paau KOTopoi oH co3maBaics. [Ipobiema
HEJIOCTATOYHON KOMMYHHKAIMM, HEyMEHHE 3a7aBaTh HYXHbIE OTKPBITBIE BONPOCH OW3HEC-
MPEICTaBUTENSIM, a TaKKe HEeI0CTaTOYHas BOBJICYEHHOCTh KOHEUHBIX BIIAJICIbIIEB MPOIYKTa Ha BCEX
dTanax XU3HEHHOTO IHUKJIA MPOEKTa — BCE 3TO BEACT K CO3JAaHUIO HEMPaBWIBHO paboTaloLIero mpo-
TPaMMHOTO 00CCTICUCHHUS.
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3. [Ipods1eMa HeIOCTATOYHOI BOBJIEYEHHOCTH OH3HECA B MIPOEKT

CroxHOM poOIeMOil MOXKET OKa3aThCsl BOBJICUCHHE OM3HECa B MPOEKT. Tak Kak MpOIyKT cOo3AaeT-
sl B IIEPBYIO OYepenb Ui pelieHus npoodieM Onu3Heca, TO OUeHb BAXKEH YPOBEHB €r0 BOBICYEHHOCTH U
3aMHTEPECOBAHHOCTH B YCIEIIHOW peayr3aliy IpoekTa. MOXXHO Jake cKa3aTh, 9To 0e3 JOJDKHOTO WH-
Tepeca W TPyAO3aTpaT CO CTOPOHBI OM3HEca HEMHOTHE MpPOeKThl JoOmBatorcs ycrexa [10]. BaxubM
(bakTopoM 31ech SABJIsIeTCS KBadu(UKaLus, pa3Mep KOMaHAbl U CTENICHb €¢ aBTOHOMHOCTH B NPUHITUU
pemenuii. Jlu3aiiH-MBIIIICHHE, JISKaIlee B OCHOBE PabOThI TaKOH KOMaH/IBI, MOKET OBITH BITOJTHE YKH3-
HECTIOCOOHBIM pelIeHneM MpoOIeMbl Ype3MEPHOI 3arpyKEHHOCTH TpecTaBuTenell om3Heca. B Takom
ciydae OM3HEC IOJDKEH MPUBJICKATHCS HA TaK HAa3bIBAEMBIX JIEMO-TIOKa3aX, IIe MOKHO MPOJIEMOHCTPH-
pOBaTh HaIpaBIIEHHUE Pa0OTHI, IPH HEOOXOINMOCTH CKOPPEKTHPOBATH €r0 Ha MECTE W IOyYUTh IeH-
HYyI0 00paTHyIO cBs3b. [Ipr TakoMm moaxoae BaKHA PUTMHUYHOCTD 3THUX JIEMOHCTpANnid, 6€3 CPhIBOB CPO-
KOB M HapylLIeHUs] HOroBopeHHOCTel. [lonokuTenbHbIil TOOOUHBIH SPQEKT Takoro pexxuma paboTbl —
3TO COKpAIIICHHE BPEMEHHU BBHIBOJA MPOEKTA WM €ro OOHOBJICHMI KOHEUHBIM IOJIB30BaTEIIAM. Tarke
TIPEJICTABUTEISIM OM3HECa CIeAyeT CBOEBPEMEHHO OTBEUaTh Ha BOMPOCH! KacaTeNbHO pa3padaTbiBaeMoi
CHCTEMBI, €€ TMOBEJCHUS U JPYTHX TpeOyeMbIX (QYHKIIMOHAIBHBIX 0coOeHHOCTe# [11-13].

4. [Ipo6jemMa HEAOCTATOYHO PA3BUTOI CHCTEMBI KOMMYHHKAIIMH

3mopoBoe o0IIeHHe MEeXAY KOJJIeraMd B KOMaH/IE SIBISIETCS BAKHOM cocTaBirtomieil ycnexa. OT-
CYTCTBHE €CTECTBEHHOTO ITOCTOSTHHOT'O KOHTYpa B3aMMOJIEHCTBUS sBiseTcs mpodaemMoit. OcobeHHO OCT-
PO Takast mpobiemMa MOKET HPOSIBISTHCS, €CIIM KOMaH/la pacipeieliecHHas, TO eCTh He BCE WIeHBI pabo-
4yeil TPyl HaXOmATCsl B OJHOM oducHOM mpocTpaHcTBe [14]. UneHbl KOMaHIBI 3a1al0T IPYT APYTY
BOTIPOCHI U TTOTy4alOT OTBETHI B OHJNAiH-4aTax. Ho Hepeako BO3HUKAET CHTYyaIHsl, KOT/Ia BOIIPOC 3ajaH,
a OTBETa Ha HEro He mocjenoBano. Hemp3s octaBnsaTe O0e3 orBera cooOmeHus koyer. CoBpeMeHHbIE
CUCTEMBI OHJIAMH-OOIICHHUS TTO3BOJISAIOT MOJy4YaTh aBTOMOIATBEPKACHUS O MPOYTCHUU coobmeHuid. O-
HAKO YeJIOBEK MOT IMPOCMOTPETh COOOIIeHNEe, HO HIUKaK He 3a)UKCHPOBATh €r0 B CBOEH T'OJIOBE, MOMPO-
CTY TOBOPSI, TPONYCTUTh MUMO yiiel. Cpeii BO3MOXKHBIX TIPUYWH CUTYAIMH, KOTJa COOOLICHNE TPOYH-
TaHO, HO B TO K€ BPEMSI MPOMYIIEHO, MOYKHO BBIICIHUTH CIICTYIOLIHE:

1) BHe3aITHOE TIEpeKITIoUeHIe KOHTEKCTa Ha IPYTYIO 3a/1a4y;

2) xenaHue 00IyMaTb OTBET Ha COOOIICHUE C MOCIEAYIONTNM 3a0bIBaHHEM;

3) GoJibIION 00BEM PHUIIEIIMX PA30M COOOIICHUH, U3-3a Yer0 COOOIICHHE MOTJIO BBINIACTh U3 T0-
TSl 3pCHHUS;

4) cmydaiiHOe MPOYTEHHE COOOIIEHUS B MOMEHT €ro MOJYYeHHsS MPHU NMEePeKIIOYSHUH UaIora Ha
JIPYTOH.

3TO IUIIIL HEKOTOPHIE M3 OYEBHIHBIX M PACIIPOCTPAHEHHBIX CIy4aeB, KOTJa O COOOIIEHUH 3a0bITH
WJIH BOBCE HE YBHUJIEIH €T0, B TO BpEeMs KaK OTHPaBUTENb MOJYYHJ YBEAOMIICHHE O pouTeHnd. besyc-
JIOBHO, CYIIECTBYIOT U Apyrue OoJiee 3K30THUECKUE CIIOCOOBI «ITOTEPU» COOOIICHHUH |, YTO Ba)KHO, WH-
(dbopmannu, KOTOpYI0 OHHU cojiepxat. B pesynbrare BakHas WHPOpMAIUs OT OU3HECa MOXKET HE JIOMTH
0 pa3paboTdrKa, W Kakas-TO U3 3a/a4 Oy/JeT peali30BaHa HEBEPHO WJIM HE B MOJHOM 00beMe H3-3a
U3MeHUBIIMXCs TpeOoBanumit [15].

[TosTOMY KpaliHe Ba)KHO OTBEYATh Ha COOOIICHUS B SIBHOH (hopMe, IMyCTh JTa)ke B BUAE IIPOCTEHIIIe-
rO OTBETa, KOTOPHII NOATBEPKAAET MOJYYEHHE MUCbMa. DTO JaeT OTIPABUTEINIO MOHUMAaHHUE TOTO, YTO
MOJTy4aTelib MPHUHSI K CBEACHUIO MH(POPMALIUIO, U3JI0KEHHYIO B MHUChMeE. B anekTpoHHOH mepenucke
IMOJIC3HBIM ITPHUEMOM SABJIACTCA IIOGaBHeHI/Ie B KOHIIC COOGHIGHI/ISI HpOCI)6BI IMMOATBEPANUTDH IMOJTYUYCHUEC UITU
OTKPBITOT'O BOTIPOCA KacaTelIbHO MHEHHS TIOJTydaTells TI0 TeMe nicbMa [16]. SIBHBIN OTBET 0 mosryueHun
coobuieHus: 0cBOOOKAAET OOIIEHHE OT JIBYCMBICICHHOCTH M HEOIHO3HAYHOCTH, JaeT 0a30BbE, B TOM
yHcIe IPUANYECKHUE, TapaHTHH TOTO, YTO HHPOPMALHS MOJIyYeHa, MPUHITA K CBEIEHHIO M YTO UMEIOT-
CA UJIN OTCYTCTBYIOT BO3paXCHUA.

B ciyuae eciu KynpTypa oOmIeHHs: B KOMaH/Ie ellle He Ha TpeOyeMOoM ypOoBHE, BaKHO He 0OSThCs OT-
NPaBUTh OBTOPHO LIEHHOE COOOILEHNE, OTBETa HA KOTOPOE BB OCOOCHHO OXujaeTe. B cBere BhImensio-
’KEHHBIX MIPUYUH — 3TO HOpMasbHas MpakTuka. OTBETCTBEHHOCTH 32 HENOMyUeHHne He0OXOIMMOTO OTBETA
CBOEBPEMEHHO MOJKET OBITh BO3JIOXKEHA HA OTIIPABUTEIS B CIydae, €CJIM TOT HE MMOCYUTA HEOOXOAUMBIM
JepkaTh PyKy Ha MyJbce, KOHTPOJIMPOBATH U HAPABISATH MPOLECC MPUHATHS PEICHUs IO JaHHOMY BO-
mpocy [13]. BaxkHo moOHMMATh, 94TO MPOCTOW B MPUHATHH PEIICHUS 110 PUIMHE ITOTEPH COOOIIECHUS JIUIITH
Ka)XeTCsl He3HAUMTENFHON MpOoOJIeMOl, HO B JEWCTBUTEIBHOCTH STO MOXKET NMPHUBECTH KaK MHHUMYM K
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MycTON Tpare pabodero BpeMeHHN WA CEPhE3HBIM MaTePHAJIBHBIM W PEIyTalHOHHBIM moTepsiM. CrcTem-
HOE JXK€ BBIpaKEHHE TaKOTo MOX0/a K paboTe BBI3BIBACT KyZa OOINBIINE W3EPKKH, BOJIOKUTY U HEOIIpe-
JeNeHHOCTh. [IpuBeeM M3BECTHYIO BOCTOUHYIO MYAPOCTh, WLUTIOCTPUPYIONIYIO H3JaraeMblii B3I Ha
BaKHOCTB KYJIETYPBhI OOIICHHUS U IICHY, KOTOPYIO MOXKHO 3aIlIaTUTh MPH €€ HU3KOM ypoBHe: «/3-3a He3a-
OWTOrO TBO3AS MOTEPSUTH TOJKOBY, W3-3a MOTEPSTHHOW MOJKOBHI IMOTEPSUIN JIOMIAIh, W3-3a MOTEPIHHON
JIOIIAAY TOHEI[ He JOCTaBWII IOCTaHKe, U3-3a HEJJOCTABICHHOTO MOCIAHUS IPOUTPATTA BOUHY.

5. Ba:kHOCTH Pa3BUTHS JHYHBIX HABBIKOB 00IIEHHSI

HaBbix 0011eHIs B COBPEMEHHOM MHpPE MH(POPMALIMOHHBIX TEXHOJIOIHH SBIIACTCS TAKUM e 0a30BBIM U
HEOOXOJMMBIM, KaK HaBBIK HAIMMCAHUS TPOrpaMM Ha sI3bIKE MPOrpaMMHpOBaHMs. BeIBaloT ciydau, Koraa
YJIeHy KOMaH/Ibl HY>KHO HEOTJIOKHO MOTYYHTh OTBET OT OM3Heca Ha BOIPOC, BOSHHUKIINI BO BpeMs peajin3a-
MK 3a7a4d. M eciy y coTpyIqHMKAa HEAOCTATOYHO Pa3BUThl KOMMYHHKATHBHBIE HABBIKM (YaCTO CErOIHS
o6o06mraembie 10 Soft Skills), To Bormpoc MOKeT OBbITh MOCTABIECH HEKOPPEKTHO HJIM JBYCMBICIICHHO HHTEP-
MpEeTUPOBaH ousnecoM. Jlornuno MPCAIIOIOXUTh, YTO B TAKOM CJIyda€ pCIICHUC 3a1aun HOﬁHCT B HCBECPHOM
HAalpapJIeHUH. A 3TO YK€ CIIOCOOHO MPUBECTH K IIOTEPSM, O KOTOPBIX HJET peub B cTaThe [17].

OpHO M3 caMbIX HENPUATHBIX IMOCIECACTBHH CIa0OPa3BUTOrO HaBbIKa OOMICHHS —3TO KOH(IUKT
MEXy YYaCTHHKaMU KOMaHJbl Pa3paOdOTKH WIIM Ke MEKAY yYaCTHUKOM IMPOEKTa U MpPEeACTaBUTEICM
ousHeca. Yenoeueckuil pakTop Heb3s1 cOpackIBaTh CO CYETOB, U 0€3 YMEHUS KOHTPOJIUPOBATH IMOIIHU
1 BECTH OOILEHHUE C JTIOIbMH HEBO3MOXKHO BBICTPOUTH IPYKECKYIO aTMOC(epy B KOMaH/E.

3axinoyeHue

B cBeTe M3/I0KEHHOTO B CTAaThE MOYKHO C/IENIaTh BBIBOJI, YTO KOMMYHHKAIIHS UTPACT BaXKHYIO POJIb NIPH
MIOCTPOCHHN KOPIIOPATHBHBIX MH(POPMAIMOHHBIX cHcTeM. HO 171 TOro 9ToOBI BBICTPOHTH IPAMOTHYIO U
3} heKkTHBHYIO CHCTeMy KOMMYHHUKAIIHH, HY’KHO ITPOBOANTE aHAJIN3 MPOIIECCOB, MPOTEKAOMINX B KOMAH/IE,
cTaparthbcs UX YIYUIIHUTh U UCTIONB30BaTh Hanbosee SpQEeKTHBHO B paMKaX pealn3yeMOl CUCTEMBI.

B HacTosiiee BpeMst [IMPOKO HCIIONB3YIOTCS METOJOJIOTHH, KOTOpbIE CiieaytoT mpuHimmnaM Agile.
MHorue KpynHble KOMIITAaHUM BHEAPHIM B CBOCH paboTe HEKOTOPBIE M3 STHX IPHHIMIIOB U MOJI0KEHHH.
Omnupasich Ha OMBIT TUX KOMITAaHHW, MOKHO TPHUHATH K BBIBOAY O TOM, 4TO HCHOib30BaHue Agile-
METOIOJIOTUI B TOM YHCIE TIO3BOJISIET HANAJWTh KOMMYHUKAIMIO BHYTpU opranuzanuu. OHaKo Mpu
UCIIONIb30BAaHUU KAKHUX-JIMOO METOJIOJOTHI YIIPaBIEHHS POLECCOM pa3pabOTKU M YIpPaBIECHHS POEK-
TaMH cJielyeT He TOJIBKO N3ydaTh Jy4llue MPaKTHKA WX BHEJAPEHHUS, HO ¥ aJallTUPOBATh UX TOJ] HYK/IbI
KOHKPETHOH KoMaH[pl. boipllioe BHUMaHUE CTOUT YAETUTh Pa3BUTHIO HABBIKOB OOIIEHUsI BHYTPH KOJI-
JIEKTUBA, MOCKOJBbKY OJHO HENPOYHTAHHOE COOOIICHHE WM HEBEPHO IOCTABICHHBIH BOIPOC MOTYT
HUMETb Cepbe3HbIE TOCIEACTBHUS KakK AJIs MPOEKTa, Tak U AJs Ou3Heca B neinoM. OHaKO NpaBo HA OLIMO-
KY JOJDKHO OBITh Y BCEX, U JIMIIb TIOCTOSHHO TIOBTOPSIOIIUECS OCO3HAHHBIE HAPYIIEHUsI OOIETIPHHSTO-
r'o TpoIlecca OJHUM M3 YJIEHOB KOMaHJbl MOTYT HECTH MOWCTHHE Pa3pyLIUTENLHBIN XapakTep sl Co-
TJIACOBAHHOM PabOThI KOMaHIbI.
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Introduction. Nowadays there are numerous techniques and approaches widely used in the
management of enterprise information systems development. However, few organizations that use
certain methodology understand the importance of efficient communication between teams of em-
ployees that develop enterprise information systems of various kinds.

The purpose of the study was to justify the need for building and mending communication
systems within and between companies, as well as to show how valuable it is to invest in this area
of processes development aimed to improve the company’s efficiency.

Materials and methods. The paper considers findings of companies regarding job appli-
cants’ motivation. The authors analyze the main principles behind the Agile Manifesto, and assess
the consequences of inadequate or broken communication.

Results. In the paper, the authors attempt to assess how poor or inadequate communication
within a team affects operating costs of the IT department. The authors also rationalize why the
roles of a product owner and Scrum Master are so important in the work of a successful and effec-
tive team. Practical advice is given on building and improving the system of communication in a
team, as well as spreading the evolving internal communication culture from the team level to the
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level of the entire company for the further successful development of the business as a whole and
individual projects in particular.

Keywords: enterprise information systems, communication, process, methodology, Agile,
Scrum Master, Product Owner.
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CUCTEMHbIV Noaxon K UH®OPMALIMOHHOMY
MOOEJIMPOBAHUIO UHTENNEKTYAIIbHOIO

YMNPABJIEHUA BPEMEHHBbIMU PECYPCAMU

B NPEOAMETHO-OPUEHTUPOBAHHOW OBJIACTU (HA NPUMEPE
YNPABNEHUA PACNTUCAHUEM 3AHATUA YHUBEPCUTETA)

r.r. Kynukoe, B.A. Cyeopoea, M.A. lunuHa, A.K. XucamemduHoea
Ypumckul eocydapcmeeHHbili asualyUoHHbIU mexHuU4YecKul yHueepcumem, 2. Y¢ha, Poccus

Beenenue. [lapagurma 1mmdpoBoil TpaHchopManuy pecypcHOrO YIPaBiCHHS B MPOHU3BOJCT-
BEHHBIX CHCTEMax OCHOBaHA Ha MHTEJUIEKTYaJbHOW WHTErpalliil BUPTYaJIbHBIX M PEATBHBIX MPOLIEC-
COB ¢ 00BbEKTaMH MPOMU3BOJCTBA (MX aTpHOYTHBHBIMU MozesaMu). [Tpu atom ruatdopmoit (cpenoit)
MHTEIUIEKTYyaIbHOW MHTErpallii BUPTYaJIbHBIX M PEAlbHBIX MPOIECCOB BHICTYMAaeT WH(OpMaIoH-
Hasl cpelia MPeAMETHO OPUEHTUPOBAHHOM 00acTH. DYHKIMY CIIEUAINCTOB B 3TOM CIydae CBOJST-
Csl K POJIM 9KCHEPTOB, KOTOPBIE PEN3yIoT (hopMajIbHbIC IIPEIUKATHbIE 3HAHUS, TIPOIMCAHHBIE B CO-
OTBETCTBYIOIINX METOJMKAX WU JODKHOCTHBIX MHCTPYKIMAX (mokyMmeHTax). [Ipu aTom obecreunBa-
I0TCS CBOWCTBAa HMICHTU(HUIMPYEMOCTH, MPOCIEKMUBAEMOCTH W TIOBTOPSEMOCTH (TIOJHOTO OTKAaTa)
nporeccoB. BpeMeHHOW pecypc — BakHEHIIHMHA ()akTop B OpraHM3allMK YIPaBJICHHS IMPEAMETHO-
opuenTupoBaHHbIMU obOnactamu (ITO0). ABTomMarTu3alys IpPOLECCOB OPraHU3ALMH, TTIAHUPOBAHUS
Y MOHHMTOPHMHI2 BPEMEHHBIX PECYPCOB B PEaJbHOM U BUPTYaJbHOM aCHEKTaxX SIBISIETCS Ba)KHOH M
aKTyaJIbHOW 3a/aueil. Pacnincanue — oHa M3 OCHOBHBIX COCTABIISIOIINX OPTaHU3ALUH JII0OOr0 Mpo-
necca. Heo0X0MMO OTMETHTB, YTO IIPOLIECC COCTABIICHUS PACIUCAHHs — JOBOJILHO TPYAOEMKHH U
00BEKTHBHBIH.

Lean uccaenoBanmusi. PaccMoTpersh cHCTEMHYIO MOJIENb (CUCTEMHOE ONKCaHue) TpaHchopMa-
LMK TIpoliecca YIpaBJieHHUs PACIMCAHUEM C HCIIOJIb30BaHHEM IH(ppoBOH MHPOPMAIMOHHOW ILIAT-
(opMB1, oTBeyarolieil TpeOoBaHUSIM 4-TO YPOBHS 3pENIOCTH, MMO3BOJISIONIEH pelIaTh aKTyaJbHbIE 3a-
nauu B 3aganHoM acrekte B [100. PazpaboraTs METONUKY pean3aliuy JaHHOH CUCTEMHOM MOJEIH.

MeToab! Hcciief0BaHusl, HCTIOIBL30BAHHbIE B padoTe:

— NPUHLUITE METOJIONIOTHH CHCTEMHON MHXXEHEPUH (TIPOIIECCHOr0 MOIX0/1a, KU3HEHHOTO [IUK-
JIa ¥ Jp.);

— KOMIUIEKCHBIM MOJXO0J U CTPYKTYPHBIH aHaIK3 Ipolecca MPOSKTUPOBAHUS IO METOOIOTUH
SADT (Structured Analyze and Design Technology);

— QyHKUMOHaNBHOE MozenupoBanue (B Hotaruu IDEFO).

Pesyabratel. [IpeniokeH MeTOa CUCTEMHOI0 MoaenupoBaHus (cucremHoro onucanus [100)
MIPOLIECCOB, CBSI3aHHBIX BPEMEHHBIMH PECypCaMH, U3 yciIoBuUs (pOpMaIi30BaHHON MAEHTHOUIHPYE-
MOCTH H MPOCISKUBAEMOCTH UX B aTpuOyTHBHOMN Monemu [100.

Ha npumepe YT'ATY mnokazano, 4TO JaHHAs MHTEIUIEKTyaJU3UPOBAHHASI CUCTEMHAs MOJIENb
(cucremuoe ommcanue [100) Moxer ObITH peann3oBaHa Ha 0aze HU(POBON NPOrpaMMHON aHAIHUTH-
4yeckol m1aThopMbl B MHPOPMAIMOHHOM MPOCTPAHCTBE YKa3aHHBIX IPH OMHCAHWU AJIEKTPOHHBIX
JIOKYyMEHTOB (DYHKIIMOHAJILHBIX MOJIPa3/eJIeHUi yIeOHOro 3aBe/ICHNSI.

3akouenne. Pa3paboTaHHBIA MOAXOA CHCTEMHOTO (DYHKIIMOHAIBHOTO MOEIHPOBAHMS Ha
OCHOBE IM(POBOH MIATHOPMBI, OTBEUAIOIIeH TpeOOBaHUIM 4-T0 YPOBHS 3pPEJIOCTH, ITO3BOJISET pe-
IIaTh AaKTyaJbHbIE 3a/a4d HMHTEUIEKTYaJIU3UPOBAaHHOTO YIPABJIEHHS B MPEIMETHO-OPUEHTH-
POBaHHOM 00JIaCTH.

Kniouesvle cnosa: cucmemnoe modenupoganue (CUCmeMHOe Onucaumue), npeoMemHo-
OpUEHMUPOBAHHASL 0OIACMb YHUBEPCUMEMA, BPEMEeHHble pPecypcbl, UHGOPMAYUOHHASL CUCmeMd
(nramegopma) ynusepcumema, pacnucanue sanamutl, cucmema «1C. Ilpeonpusmuey.

Beenenue

H3BecTHO, 4TO HEOOXOAMMBIMU CUCTEMHO-TEXHUYECKUMHU YCIOBUSAMH JIJIS IOCTAHOBKU M PEIICHUS
3aJla4¥l MHTEJICKTYaIM3allii ¥ aBTOMAaTH3aI[MK MPOLIECCOB yIpaBiieHus B BbiaeneHHon [100 spistores
TpeOoBaHus MH(GOPMAIMOHHOW 3pEIOCTH caMoi MHpopMalmoHHO-ynpasstoliei cuctembl (MYC) He
Hmwke 4 yposus [1-3].
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HccnemyeM moaxo/ K MHTEIUIEKTYATH3aldU 1 aBTOMATH3AIMH MTPOIIECCOB YIIPABIICHHS HA MTpUMeEpe
CHUCTEMHOT'0 MOJICIHPOBAHMSI (CHCTEMHOTO OMMCAHMUS) U MOHUTOPUHTA IPOIlecca PacuCaHusl YHUBEP-
CHUTETa KaK BUPTYAIBHOTO M PEabHOTO MPOIIECCOB YIPaBIICHUS BPeMEHHbIM pecypcoM [4]. [lomaraem,
4TO YpOBEHb MH(OPMAIMOHHON 3pENOCTH YHHUBEPCHTETa, ero MH(opManuoHHO cpeasl Y C Boimie
YETBIPEX.

Paccmotpum miporiecc cocTaBlieHHsT paclicaHus 3aHATHH B Y PUMCKOM rocyapCcTBEHHOM aBHAIlU-
OHHOM TexHU4eckoM yHuBepcutere (nanee YI'ATY) kak oH ecTh Ha TeKyluii MOMeHT. COCTaBIEHUEM
pacnucaHus 3aHATHH W 9K3aMEHOB 3aHMMaercsi Otopo pacnucanuid. [lanHoe OI0PO OTHOCHUTCS K OTACTY
OpraHM3alMy Y4eOHOro mpoiiecca yueOHoro ynpasieaus YI'ATY. Ilonaraem, uyTo Bcst HHpOpMAIIMS 110
COCTaBIICHHIO PACIUCAHUS 3aHATHH HICHTU(HUIMPOBAHA COOTBETCTBYIOIIMMH KiIacCH(PHUKATOpamMu M
CIIPaBOYHUKAMH U OTMEUEHA CCHUIKAMH B TIOJIOKEHUH M MHCTPYKIMH PaOOTHUKOB O0r0po. Bech mportecc
COCTaBIICHUSI PACIUCAHUS 3aHATUH MPOMCXOAUT MO MIA0IIOHY MPEbIAyIUX (OpM U ONBITA CIICIHATH-
cToB «BpyuHyto». C nomorpio [Iporpammer «1C: Ilpennpusruey oOecreunBaeTCcs aHAIU3 U JAOCTYI K
COCTaBIICHHOMY PaCITHCaHHIO.

OynknmroHanbHas GopManu3aiysl Mpolecca COCTABICHUSI PAcIUCAHUs 3aHSATHH BKIIOYAeT B cels
HECKOJIbKO II1aroB: cOOp M aHajM3 BXOMMINMX JaHHBIX, 00pa0oTka 3ToW HMH(OpPMAIMH, COCTABJICHUE
pachucaHus 3aHATUH, BHECEHHE COCTABIIEHHOTO pacnucaHus B 6a3y mporpammsl «1C: Ilpennpustuey.
Kaxaplii 5TOT mar paszaensercst Ha MHOXKecTBO mojzanad. CocraBieHHe pacluCanus 3aBUCUT U OT Kyp-
ca, Ha KOTOPOM YUYHUTCS JaHHAs Ipymma. Y Kaxaoro Kypca 0akanaBpuaTa, CIeHaIMTeTa U MarucTpary-
PBI €CTh CBOM OCOOEHHOCTH, CIIEI(HKA COCTABIICHHUS.

B mnardopme «1C: Ipeanpusrue» pa3BepHyTa HeoOXoAUMAas YacTh 00IIEH 0a3bl JAHHBIX YHUBEP-
curera. [t cOTpyHUKOB OFOpO pacmimcaHuid gocTynHa uH(popmarmonHas 6a3a «Pacnucanne». B nan-
HOW 0a3e JMaHHBIX COAEPIKUTCS CIIMCOK BCEX MpernojaBareieil, ayJAuTOPHiA, CTUCOK YU4EOHBIX TPYII €
HAMMEHOBAaHUSIMH MPEMETOB JIIsl KQXKJIO0ro y4eOHOro cemecTpa, KOIUYECTBOM CTyaeHToB. Ilocie co-
CTaBJICHHUA pacClrCaHus 3aHATUH B 6yMa)KHOM BapHuaHTE BCC paCIIMCaHUC BBOJAUTCA B 633y JaHHBIX MIPO-
rpammebl «1C: [peanpusituey. [Janee 3To pacnucaHue nepeBoaAnTCs Ha opuiraibhblii cait YIATY.

Ha puc. 1 moka3ana KoHTEKCTHas JuarpaMma OMUCaHHOTO MPOoIlecca COCTABIICHHS PAacIMCaHMs 3a-
gsatuii B Hotaumu IDEFQ.

BepbanbHas HHCTPY KLU

I'padux yuebnoro npouecca Tpynosoit kozekc PO

Paboune yueOHbIe mnans—]

Kadenpamsubie
Harpy3sku [1TIC

AyauTOopHBIi (oHxT—P]

3auaTHS HA Pacniucanue

Boex oit kadespe CocTtaBuTh paciiCaHuc 3aHATHH S —

Bamstis Ha YBII——
3aHaTus
0 (hH3HIECKOMy——P
BOCTIUTAHHIO A0
{enb: omucaTh MPOLECC COCTABIICHHS Co T - T
PACTIHCAHNUS 3aHATHI B YHHBEPCHTETE TprH Cotpy 1HHK Cotpy 1HHK c
10po Tlexanara  Kadenper

Touxa 3penus: coTpynuuk bropo

pacnucaHuit pacnucanuii

Puc. 1. KOoHTeKCcTHas agMarpamma npouecca CoCTaBNeHUs pacnucaHus 3aHATUN «KaK eCTb»
Fig. 1. Context diagram of the process of scheduling classes «as is»
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Ha ompenenennom stamne coopa u 00pabOTKM MH(POPMAILIMK TOApa3IelieHue, 3aHuMaroleecs (op-
MHUPOBAaHHEM PACITUCAHUS, B TOW WIIM WHOW CTEIEHH CTAIKHBACTCS C PSIOM ITpodieM:

— HECUCTEMATU3UPOBAHHBIC JAaHHBIC 1 TOKYMCHTEI,

— TPYIOEMKHH MHTEIUIEKTYa bHBIN (YHKIIMOHAIBHBIN Mpoliecc cOopa M aHajIM3a aKTyaJlu3upPOBaH-
HBIX JTAHHBIX I 3(QPEKTUBHOrO MCIIOIb30BaHUS BPEMEHHBIX, MAaTCPHAIIbHBIX M AP. PECYPCOB (3aHATO-
CTH 110 BpeMEHH ayauTopHOro (oHa, o0ecredeHne CpeaCTBaMK HH(DOpMAaTH3aIUK U Ip. );

— HHIUJACHTHBI, CBA3AaHHBIC C YCJIIOBCUCCKNMHU OTHOIICHUAMMH,

- HeO6XOIII/IMOCTB IMOCTOSTHHOI'O MOHUTOPHHTA JJIsA 06eCHequH$I CTEI6I/IJ'H:HOI71 CBsA3U C APpYTHMHU OT-
AclIaMi YHUBCPCUTETA I YTOUHCHUSA WX JOITOJIHCHUA JaHHBIX 10 IMPEA0CTAaBJICHHBIM JOKYMCHTAM.

CeronmHsi KOHTPOJIb MPOBENCHHS 3aHATHH MPOUCXOIUT 110 3aIPOCy OT y4eOHOTrO YIpaBJICHHS HITH
M3peqKa OT WHUIMATHBBI COTPYIHHKOB OIOpO pacnucaHuil. MHorna JekaHaThl YHHBEPCHUTETA TaKKe
HPOSIBILSIIOT JIMYHYK) MHULMATUBY U MPOBOAAT KOHTPOJb 3aHATHUH WIM SK3aMEHOB. JlaHHBIN mponecc
TOXKE BBHIOOPOYHBIN M HEMOCTOSHHBIN. TpurrepoM s Hadajga mpoiiecca siBisiercs GpopMupoBaHue 3a-
mpoca Ha MPOBEPKY 3aHATHI OT yuyeOHOro ympasieHus: B Otopo pacnucanuii. OOBIMHO JaHHBIA 3ampoc
COCTOHMT U3 YKa3aHHOTO IeproJia BpEMEHH, 32 KOTOPBIA HEOOXO0ANMO TPOBECTH MPOBEPKU MPOBEACHUS
3aHsATHA. Jlajee coTpyqHHK OI0pO pacnucaHuil BEIOOPOYHO M3 PACIIMCAHUS 3aHATHI OTOMPAET M COCTaB-
JISIET CITUCOK YYEeOHBIX TPYII ¥ ayJAUTOPHA JUTS poBepKH. 1 B ompeneneHHOe BpeMs BBIICICHHBIC TS
3TOH MPOBEPKH COTPYAHUKHU, PYKOBOJICTBYSICh C(OOPMUPOBAHHBIM CITHCKOM, IPOBEPSIOT KAKAYIO ay/IH-
Topuro. B mporiecce mpoBepku MporucxoautT coop clenyromei nahopMaum:

— HaMMEHOBaHHE YUE€OHBIX TPYIIII, KOTOPbIE HAXOAATCS B YKAa3aHHBIX ayJAHTOPHSIX;

— ®UO npenonaBarens u kadeapa, Ha KOTOPOH OH IIPEIOIAET;

— BpeMs ITPOBEPKH.

Hanee coTpyIHHUKOM OIOpPO paclUCaHWil aHAIM3UPYIOTCS TOJYYEHHBIE NaHHBIC HA COOTBETCTBHE
PAaCIHCaHUIO 3aHATUH, a UIMEHHO Ha!

— COOTBETCTBHE BPEMEHH MPOBEPKU M YIEOHOU TPYIIIBL;

— COOTBETCTBHE y4eOHON TPYIIIBI M IPENOAaBaTENs;

— COOTBETCTBHE y4eOHOU TPYIIIBI M Ay JUTOPHH.

Ecnu HEecooTBeTCTBHUS HaWEHbI 110 OTHOIIEHHUIO K MPENnoJaBaTelio, TO Jaiee STOT BOIPOC pellaer
kadenpa, K KOTOPOH OTHOCUTCS MpernojaBaTenb. ECIM HECOOTBETCTBHSI HAWICHBI 1O OTHOIICHHIO K
y4eOHOW TpyIile, TO pelaeT 3TOT BOMPOC JeKaHaT (akylbTeTa, K KOTOPOW NMPUHAUICKUT ydeOHAs
rpymnmna. CoTpyIHUK OFOpO paciucaHuil 3BOHUT B COOTBETCTBYIOUIMI BOMPOCY OTAET M YKa3bIBaeT Ha
pacxoxacHus € paCliiCaHnuEM. )Ianee YKE€ 3T OTACIbI BBIACHAIOT IPUYUHBI HCCOOTBETCTBUSA (I)aKTI/I‘Ie-
CKUX JTaHHBIX C pacHucaHueM 3aHsaTHd. M oHM nepenarT HaljeHHYI0 HH(OPMAIUH COTPYIHHUKY OFOpPO
pacnucannii. COTpyAHHK YK€ Ha OCHOBAHHH BCEX 3THX COOPaHHBIX JAHHBIX COCTABJISET OTYET O IMPO-
BEpKE MPOBEJICHUS 3aHATUHN U MepeaaeT ero B yueOHoe yrnpaBieHue yHuBepcutera. OTUeT COACpKUT B
ce0e: CIUCOK y4eOHBIX TPYI C yKa3aHHEM IperojaBaTelieif, KOTOpble COOTBETCTBYIOT PACIUCAHUIO
3aHSATHHA, CIIUCOK YUEOHBIX TPYII U MpenojaBarenei, Mo OTHONIEHHIO K KOTOPhIM ObLITH HaMICHBI pac-
XOXOCHUSA C paCliMCaHuEM, C YKa3aHUEM IIPUYUHBI PACXOXKIACHUA.

VYdyer pabouero BpeMEHHU IperoaaBaTeiei OCYIIECTBIISACTCS HAa OCHOBE IPEMNoiaBaTeIbCKOW Ha-
TPy3KH, KOTOPYIO mpenoctaBistor kadenpsl. OTaen, OTBETCTBEHHBIN 3a OIUIATy 3apIliaThl MpernojiaBa-
TEINI0, OPUEHTUPYETCA JHUIIb HAa JOKYMEHT, KOTOPbIM eMy MpeAoCTaBUIN. ABTOMAaTHIECKUNH HHCTPYMEHT
ydera pabovero BpeMEHH MPENoAaBaTelIbCKOr0 COCTaBa OTCYTCTBYyeT. QOUeBHIIHO, YTO TOBBICHTH (-
(I)CKTI/IBHOCTB 1 Ka4€CTBO JaHHBIX IMIPOLECCOB — INIaHMPOBAaHWA, MOHUTOPUHI'A, KOHTPOJIA U YIIPpaBJICHU,
CBA3aHHBIX BPEMCHHBIM PECYPCOM — pacCllMCaHUEM, — MOXXHO IIPEKAC BCEro IYTEM aBTOMaTHU3allUN
HUICHTU(OULIIUPYEMOCTH, MPOCISKUBAEMOCTH JaHHBIX, XapaKTEPU3YIOIIUX PECYPCHl M MPOLECCHI UX 00-
paboTKu. DTO 00ECIeYNBACTCS METOIaMH M CPEICTBAMHU CHCTEMHOMN uHxeHepuu [5, 10-13].

PaspaboTka yHHBepcanbHON Moaenu (GOpMHPOBAHMS paclUCaHus, €€ peau3alnus U JalbHEHIIHIA
MOHUTOPUHT MO3BOJIAT TIOCTPOUTH aJalTHBHYIO CHCTEMY C BO3MOXKHOCTBIO 3(h(DEKTHBHOTO pearupopa-
HUSI K I3MEHEHHUIO BHEITHUX JaHHBIX [6-9, 12].

[Ipenmnaraerca cucremMHas MOZENb aBTOMATHU3AIIMHU MIPOIEcca COCTABIIEHHS PACIMCAHUs 3aHATHH 1O
MpaBWJIaM JIOTHKHU TJIAHUPOBAHUA U YIIPAaBIECHUS TMpPEeNNpHATHEM, peaJn30BaHHBIM B mporpamme «1C:
ABTOMaTH3MpPOBAaHHOE COCTaBJICHHE pacnucaHusy» ¢ muatpopmoin «1C: Ilpennpusituey», uMeromiei
CTPYKTYpY ¥ (QYHKIIHOHAI, OTBevatonuii ocHoBHbIM Tpeboanusm KNC knacca ERP [14].

148 Bulletin of the South Ural State University. Ser. Computer Technologies, Automatic Control, Radio Electronics.
2020, vol. 20, no. 3, pp. 146-154



Kynukoe I'.I"., Cyeopoea B.A., CucmemHbIl N100x00 K UHhOpMayUOHHOMY
WunuHa M.A., XucamemduHoega A.K. ModennupogaHur0 UHMeJsIeKmyasbHOg20...

QOyHKIIMOHAT TPOTrpamMMbl TO3BOJIAET PEAU30BbIBATh NMPOrPAMMHYI0 MHOTOBapHAaHTHYIO CHCTEM-
HYIO MOJIETIb COCTABJICHHUS PACITUCAHU B TPEX PEKMMaX: pyYHOM, aBTOMAaTHYECKOM, CMEIIAaHHOM:

— pacmucaHre MOYXHO COCTaBJISAThH 10 MOMEIEHHIM, 110 TPYIIaM U IIPenoJaBaTesiM;

— pacnucaHue COCTaBIsIeTcs B (POpMeE «IIaXMaTKH», YTO YAOOHO /sl OBICTPO py4HOH MoauduKa-
LMY pacIucaHus neperackuBanueM «drap&dropy;

— COCTaBJISIETCSI HECKOJIBKO BApUAHTOB PACIMCaHUS M BEIOUpAETCS JIyUIINH Cpelld HUX.

Baxxnast pyHKIMSI B JaHHOH pOrpaMMe — ONITUMH3AIHS YIeOHbBIX PaclMCaHUi TI0 KOIMYECTBY HC-
MOJIB3YEMBIX TTOMEIIEHNI 1 MUHUMH3AIUH KOJIMYECTBa OKOH.

[Iporecc cocraBieHus paciCaHus 3aHATHH MOCTIe aBTOMAaTH3AIIH:

— BBOJI IEPBUYHOIN WHPOPMAIIUK: KYpChI, TPYIIIBL, JUCIUILINHEI, IPENOAaBaTeNH, TOMEIICHHS;

— BBOJ] YUeOHOTO TUTaHAa Ha CEMECTP, B KOTOPOM YKa3bIBA€TCsI, KTO, JIJIsl KOT0O, KAKOE 3aHsTHE U B Ka-
KOM 00beMe JIOJKEH TIPOBECTH;

— BBOJI O'paHUYEHUH U MIPEANOYTEHUM Ha MPENoaBaTelel, CTyIEHTOB, TOMEILICHHUS;

COCTaBIICHHE YUCOHOTO PACIIUCAHUS;

— MIPH BBOJIC HOBOTO pacCIUCaHHUS HEOOXOAMMO 3aIlOHUTh CIIEMYIONINE PEKBU3HUTHI: CEMECTp; Clie-
Hapuil («IECCUMHUCTHUYHBINY», ONTHMUCTUYHEIN); Kadenpa, THIT pacliucaHus; MepuoJ], Ha KOTOPBIH co-
CTaBJIEHO paclHCaHue.

Ha puc. 2 onmcana (yHKIMOHAIBHAS MOJIENb MPOIIECCa COCTABJICHUS PACIUCAHUs 3aHATHN TOcTe
BHeApeHus nporpammsl «1C: ABTOMaTH3MPOBaHHOE COCTaBJICHNE PACITUCAHUSD.
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Puc. 2. dyHKUMOHanbHasA MoAaenb Npolecca CoCTaBNIeHUs pacnycaHus 3aHATUI nocne aBToMaTusauum
Fig. 2. Functional model of the process of scheduling classes after automation

Jnst aBTOMaTH3allMK MPOIlecca MOHUTOPHHTA TPOBEACHUS 3aHATUH B YHUBEPCHTETE MOXKHO HC-
MI0JIB30BaTh CHUCTEMBI KOHTPOJSA U ympasieHus nocrynom (namee CKYJl) B unterpamuu ¢ «1C: [Ipen-
MIPHATHEY.

Ha cxeme puc. 3 npusenen npumep IT-manamadra B nnpopmanmonnoit cpene YLATY (mis 4-ro
YpOBHSI HH()OPMAIIMOHHON 3pENOCTH) ISl ONpeeNieH sl aTpHOYTHBHON MOJIENN PECYpCOB MpenoaaBa-
Tenst, Kaeaphl, yHUBEPCUTETA | JIp., CBI3aHHBIX BPEMEHHBIM pecypcoM «Pacrucanuey.

BecTHuk KOYplrY. Cepus «KomnbloTepHble TeXHONOrMuU, ynpaerneHue, paguoaneKTPoOHUKay. 149
2020. T. 20, Ne 3. C. 146-154



KpaTtkue coobLieHus

Jns obecrieueHrs HASHTH(MUIMPYEMOCTH U MPOCISKUBAEMOCTH PECYpPCOB M MPOILIECCOB MX 00pa-
00TKM Ha 3TOM ypoBHe MH(popmanuonHoil 3penoctu YI'ATY nenecooOpasHo ucronb3oBath 1T-Tex-
nosoruu BlockChein [15].
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Puc. 3. ®parmeHT aTpubyTMBHOM MOoAenu pacnucaHusa npenogasartens B IT-naHpwadTte
MH(OPMaLMOHHOW cpeabl YyHMBepcuTeTa u kad. ACY
Fig. 3. Fragment of the attributive model of the teacher's schedule in the IT-landscape
of the information environment of the university and the department of automated control systems
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Introduction. The paradigm of digital transformation of resource management in production sys-
tems is based on the intellectual integration of virtual and real processes with production objects (their
attribute models). In this case, the platform (environment) for intellectual integration of virtual and real
processes is the information environment of the subject-oriented domain. The functions of specialists
(in this case) are reduced to the role of experts who implement the formal predicate knowledge pre-
scribed in the relevant methods and job descriptions (documents). This ensures the properties of
identifiability, traceability, and repeatability (complete rollback) of processes. Time resource is the
most important factor in the organization of management of subject-oriented areas (VET). Automation
of the organization's processes, planning and monitoring of time resources in real and virtual aspects is
an important and urgent task. A schedule is one of the main components of organizing any process. It
should be noted that the scheduling process is quite time-consuming and objective.

Purpose of research. Consider a system model (system description) of the transformation of
the schedule management process using a digital information platform that meets the requirements of
the 4th level of maturity, allowing to solve current problems in a given aspect in VET. Develop a
methodology for implementing this system model. Research methods used in the work: principles of
system engineering methodology (process approach, life cycle, etc.); integrated approach and struc-
tural analysis of the design process using the SADT methodology (Structured analysis and Design
Technology); functional modeling (in IDEFO notation).

Results. A method of system modeling (system description of VET) of processes associated
with time resources is proposed from the condition of formalized identifiability and traceability in
the attribute model of VET. Using the example of UGATU, it is shown that this intellectualized sys-
tem model (system description of VET) can be implemented in the form of a digital software analyt-
ical platform in the information space of the functional divisions of the educational institution speci-
fied in the description of electronic documents.

Conclusion. The developed approach of system functional modeling based on a digital platform
that meets the requirements of the 4th level of maturity allows solving actual problems of intellectu-
alized management in a subject-oriented area.
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