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3anuiaHupoBaHHbIE Pe3yJbTAThl 00y4eHHs BbIIYCKHIKAa 00pa30BaTe/IbHOM NPOrpaMMbl
maructpa no HanpasJjieHu10 13.04.01 «TeniodHepreTnka u TenJI0TeXHUKA»

Kon Tpebdosanus GI'OC,
pe3yib- Pesynprar 0byucims KPUTEPHEB W/WIH
(BBIILYCKHUK JOJKEH OBITh TOTOB)
TaTa 3aMHTEPECOBAHHBIX CTOPOH

YHuBepcajabHble KOMIIETEHIINH

P1 Hcnonp3oBath npeacTaBiaeHus o Tpebosanus ®I'OC (OK- 8, 9; IIK-
METO/I0JIOTHYECKMX OCHOBAX HAYYHOTO 4), Kpurepuit 5 AHNOP (m.2.1),
[IO3HAHUS U TBOPUYECTBA, AHAJIU3UPOBATD, COTJIaCOBAHHBIM C TpeOOBaHUAMHU
CUHTE3UPOBATHh U KPUTHYECKH OLICHUBATh MeXayHapoaHbIX cTaHaapToB EUR-
3HAHUS ACE u FEANI

P2 AKTHBHO BJIaIETh THOCTPAHHBIM SI3BIKOM Ha TpeboBanus ®I'OC (OK-3; TIK-8,
YpOBHE, TIO3BOJIAIOLIEM padOTaTh B 24), Kputepuit 5 ANOP (m.2.2),
MHOSI3bIYHOM cpesie, pa3padaThIBaTh COTJIaCOBAHHBIN ¢ TpeOOBaHUAMU
JOKYMEHTALMIO, IPE3EHTOBATH U 3aAIUILATh MeXAyHapoAHbIX cTaHaapToB EUR-
pe3yJbTaThl ”THHOBAIIMOHHON MHKEHEPHOU ACE u FEANI
JeSITeIbHOCTH

P3 O¢ddexTrBHO paboTaTh UHINBUIYATHHO, B Tpe6osanus ®I'OC (OK-4, 5; T1K-3,
KauyeCTBE YJICHA U PYKOBOJUTEIS TPYIIIIHI, 16, 17, 25, 27, 28, 32), Kpurepwuii 5
COCTOSIIIEN U3 CHEIUAINCTOB Pa3IMYHbIX AHNOP (nm.1.6, 2.3), cornmacoBaHHbIN
HamnpaBJIEHUH U KBaTH UKL, c TpeOOBaHUSMHU MEXAYHAPOIHBIX
JIEMOHCTPUPOBATh OTBETCTBEHHOCTH 32 crannaptoB EUR-ACE u FEANI
pe3ynbTaThl paboThl U TOTOBHOCTH CIIE0BATh
KOPHOPaTUBHON KYJIbType OpraHU3alluy,
OCYILIECTBIISITh NIEArOTUYECKYIO NS TEIbHOCTh
B o0actu mpohecCHOHATBHOM IMOATOTOBKH

P4 JleMOHCTpHUpOBATh ITYOOKHE 3HAHMS TpeboBanus droc (OK-7),
COIMAJIBHBIX, ATUYECKUX U KYJIBTYPHBIX Kpurepuit 5 AUOP (nm.2.4, 2.5),
aCIeKTOB MHHOBALIMOHHOM MHKEHEPHOM COTJIACOBAHHBIH ¢ TpeOOBaHUSIMH
JeSITeNIbHOCTH, KOMIIETEHTHOCTh B BOIIPOCAX MeXayHapoaHbIX ctanaapToB EUR-
YCTOWYUBOTO Pa3BUTHA. ACE u FEANI

P5 CaMOCTOATENLHO YYUTHCS U HETIPEPHIBHO Tpe6oBanus PI'OC (OK-1, 2, 6),
MOBBIIIATh KBATU(PHUKAIIUIO B TEUCHHUE BCETO Kpurepuii 5  AHWOP  (11.2.6),
nepuoja npopecCUOHANbHOMN 1eATeIbHOCTH. COTJIaCOBAHHBIM C TpeOOBaHUAMHU

MeXayHapoaHbIX ctanaaptoB EUR-
ACE u FEANI

IIpodeccnonanbHbIe KOMIIETEHIIUMA

P6 Hcnonws3oBath rnyookue | TpeboBanus @®IOC (TIK-1, 5),
€CTeCTBEHHOHay4yHble, Maremarudeckue U | Kputepun 5  AMOP  (m.1.1),
WHXXEHEepHbIE 3HAHUS JUISI  CO3/IaHUs U | COTJIACOBaHHbIE C TPeOOBaHUSAMU
MPUMEHEHHS] MHHOBAIIMOHHBIX TEXHOJIOTHM B | MEXIyHapoIHbIX crangapToB EUR-
TEIUIODHEPreTUKE ACE u FEANI

P7 [Ipumensats rnybokue 3HaHus B obOmactu | Tpebosanus ®I'OC (I1K-2, 7, 11, 18

COBPEMCHHBIX TEXHOJIOTHI
TCIIOHEPTCTUICCKOT'O MMPpONU3BOACTBA JJIA
NOCTAHOBKHU U PCHICHUA 3adda49 HHKXCHCPHOTO

aHaJin3a, CBA3aHHBIX C CO3JaHUCM u
SKCHHyaTaHHCﬁ TCINIOTCXHUYCCKOI'O u
TCIINIOTCXHOJIOTHYCCKOI'O 060py110BaH1/15{ 151
YCTAHOBOK, C HCIIOJB30BAHUECM CUCTCMHOI'O

— 20, 29, 31), Kpurepuit 5 AUOP
(mm.1.1, 1.2, 1.5), coryiiacoBaHHBIN C
TpeOOBaHUAMU MEXTyHapOHbIX
crannaproB EUR-ACE n FEANI




aHaJI3a W  MOJACIIMPOBAHUA O0BEKTOB U

IIPONECCCOB TCINIOOHCPICTUKHU

P8 PazpabaTeiBaTh W MIaHupoBaTh K pazpabotke | Tpebosanus ®I'OC (I1K-9, 10, 12 —
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WCIOJb30BaTh HOBOE TEIUIOTEXHOJOTHYECKOE | COTIACOBAHHBIM ¢ TpeOOBaHUAMHU
o0opynoBaHue u TEIJIOTEXHUYECKHE | MEXAyHapoaHbIX crannaproB EUR-
ycTaHOBKM, B TOM uucie ¢ npuMmeHenueM | ACE u FEANI
KOMITBIOTEPHBIX u MH(OPMALIMOHHBIX
TEXHOJIOTUI

P9 Hcnonw3oBate  coBpeMeHHble — gocTkeHus | Tpeboanuss PI'OC (I1IK-6, 22 —
HaykKu W 1nepenoBod  TexHosorun B | 24, ), Kpurepuit 5 AUOP (m. 1.4),
TEOPETUYECKUX u AKCHEPUMEHTAJIbHBIX | COTJIACOBAHHBIM C  TpeOOBaHUSIMU
Hay4HBIX MCCIIEIOBAHUSIX, MHTEPHPETHPOBATH | MEXAYHApOIHbIX craHaaproB EUR-
U TpeAcTaBiATh UX pe3yibTarsl, naBaTh | ACE nu FEANI
MPaKTUYECKUE PEKOMEHIALMHU IO BHEIPEHUIO B
IIPOU3BOJICTBO

P10 [IpumeHsTh METOABI U CpEACTBA Tpeodoanus PI'OC (T1K-21, 26),
ABTOMAaTHU3UPOBAHHBIX CUCTEM YIIPaBJICHUS Kputepuit 5 AWOP (m. 1.5),
MIPOU3BOJICTBA, 00ECTIEYNBATh €r0 BHICOKYIO COTJIaCOBAHHBIN ¢ TpeOOBaHUAMU
3¢ deKTUBHOCTD, COOMIONATh PABUJIA OXPaHbl | MEXKIyHapoaHbIX cTaHgapToB EUR-
3I0POBBS U OE30MACHOCTH TPy/ia Ha ACE u FEANI
TEIUIOHEPTreTHUECKOM IIPOU3BOICTBE,

BBITIOJIHATH TPEOOBAHMUS IO 3aIUTE
OKpY)KaroIlen CpeJibl

P11 ['oTOBHOCTH K Memarornueckou nesareabHocTd | TpeGoBaHus dIrocC (TIK-32),

B o0actu mpohecCHOHATBHOM MOTOTOBKH Kpurepuit 5 AHWOP (m. 1.5),
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ACE u FEANI




MunncrepcrBo o6pazoBanusi U Hayku Poccuiickoii ®@enepannu
(benepanabHOE TOCYAaPCTBEHHOE aBTOHOMHOE 00pa30BaTeIbHOE YUpEKACHNE
BBICIIIETO 00pa30BaHuUs
«HAITMOHAJIbHBIA HCCJIEJOBATEJIbCKUM
TOMCKHU MOJIATEXHUYECKA YHUBEPCUTET»

HNuctutyr DHepreruueckuit

Hanpasienne noaroropku 13.04.01 TennosHepreTrika M TEIIIOTEXHUKA

Kadenpa Apromarnsanus TENI03HEPreTHIECKUX IPOIIECCOB

YTBEPX/AIO:
3aB. kadenpoit
Crpwxkak 1. A

(ITonmucws)  ([ata) (®.1.0.)
3AJIAHUE
HA BbINOJIHEHNE BbINYCKHON KBAJIN(PUKAIMOHHON PadoThI
B dopwme:
‘ Marucrepckoi 1uccepTanuu

CryneHry:

I'pynna dPUO

SBM4 /1 3akamanauHy AHIpero AHIpeeBUYY
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MogennpoBaHre aJanTUBHOM CUCTEMBI HEMPO-HEYETKOTO YIIPABIEHUS BETPOIHEPTETUUECKON

YCTaHOBKOU
YTBepxaeHa IPUKA30M JUPEKTOpa (1aTa, HOMEp) ‘ 28.01.2016, Ne 488/c
Cpok crauu CTYZICHTOM BBITIOJTHEHHOHW paOOTHI: ‘ 17.06.2016

TEXHUYECKOE 3ATAHHE:

Hcxoanbie JaHHBbIE K padoTe

Berposnepreruueckas ycTaHOBKa HOMHHAJIBHOM
MOIITHOCTBIO 1,5 MBT C ACHHXPOHHBIM
FEeHepaTOPOM JIBOMHOTO MHUTAaHUS MOJETUpPYETCS B
pexxuMe paboThl  MapajjiesibHO ¢ cerbto. [lpum
pa3paboTke cucteMbl yrnpapiieHus BOY Ha ocHoBe
HEHpPO-HEUEeTKOr0  KOHTpOJUiepa, B  KadyecTBE
obpa3ua TUIS CpaBHEHHUS UCIIOJIb3YETCS
KJIACCUYECKasl cucTema yrpasieHus BOY.

Ilepeyens moaIesKANMX HCCIET0OBAHNIO,
NMPOEKTHPOBAHNIO U Pa3padoTKe
BOIIPOCOB

1) OG630p CyYIIECTBYIONIMX CHCTEM YIPABICHUS
BETPOIHEPIreTHYECKON YCTAHOBKOM.

2) MaremaTHueckast MOJIENb o0BeKTa
yIIpaBJICHUS.

3) MogenupoBaHue  KIACCHYECKOH  CHCTEMBI
yrnpaBineHuss BOY wu aHanu3 MOTydYeHHBIX
pe3yIbTaTOB.

4) Heiipo-ceTeBble TEXHOJOTHM W  HEYETKHE
MHO>KECTBA B 33J]a4ax YIpaBIICHUS.

5) Cunre3 cucteMsl yrnpasieHus BDY Ha ocHoBe
HEHpPO-CeTeBBIX TEXHOJNOTUH M  HEUETKUX
MHOKECTB.

6) MoaenupoBanue W aHaJIM3  TOJIYYCHHOMN
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CUCTEMBI ylipaBieHus BOY.

7) Texuuueckoe obecrnieueHue CUCTEMBI
yIpaBICHUS

8) duHaHCOBBIM MEHEIKMEHT,
pecypcoddekTuBHOCTD U
pecypcocOepekeHue.

9) CormanbHasi OTBETCTBEHHOCTb

Ilepeyensb rpaguyeckoro marepuasa 1) TlocraHoBKa 3a7a4H.

2) CTpyKTypHBIE CXEMbI Pa3pab0TaAHHBIX CHCTEM
yIpaBJICHHUS.

3) Kormuu 3kpaHOB pe3yIbTaTOB MOJICITUPOBAHUSL.

KoHCyJIbTaHTBI 10 pa3/ieiaM BbINYCKHOM KBAJTH(HKALMOHHOI padoT

Paszpnen KoHncyabTant
duHaHCOBBINM MEHEKMEHT, ITonoBa Csetnana HukonaeBHa, K.3.H., TOLIEHT
pecypcorhHeKTUBHOCTD U
pecypcocOepeskeHII
ConpanpHas OTBETCTBEHHOCTh AnTtonesnu Onbra AJjlekceeBHa, K.0.H., TOIIECHT

HaszBanus pa3aejioB, KOTOPbLIC T0J/I’KHbI ObITH HamUCaHbLI Ha PYCCKOM M HMHOCTPaAaHHOM
AI3BIKAX:

00630p CyIIECTBYIOIIUX CUCTEM YIIPABJICHUS BETPOIHEPTreTUYECKOM yCTaHOBKOM

JarTa BbI1a4M 321aHUS HA BBINIOJIHEHHE BBIIIYCKHOM
KBAJIM(UKANMOHHOM padoThI 110 JUHEHHOMY rpadguKky

3ananue Bb11aJ1 PYKOBOJAUTEIIb:

JloJzKHOCTH DdUO Yuenasi cTeneHb, Hoanmucny Jara
3BaHHe
Joment xad. ATII AHnnpik Bnagumup K.T.H.
CepreeBuu
3ana}me NPUHAJ K HCIIOJITHCHHUIO CTYACHT:
I'pynna ®uo Moanucey Jara
S5bM4/] 3akamanauH AHapeit AHIpeeBuY




PE®EPAT

Boeinycknas kBanugukanuonHas padora 140 c., 59 puc., 22 Tabn., 64
UCTOYHUKA, 1 mpui.

KiroueBbie cioBa: HEHPO-HEUETKUU KOHTPOJUIEP, BETPOIHEPTETHUECKAS
YCTaHOBKA, aJalTUBHAs HEMPO-HEUETKas CHCTEMa YINPABICHUS, MOAECIUPOBAHUE,
TE€HepaTop JBOMHOIO NMUTAHUS, HEYETKAs JIOTMKa, HEUPOHHBIE CETH.

Lens pabGoTel — ouneHka 53(P(GEKTUBHOCTH MOBBILIEHUS PEKUMHOM
ynpasigemMoctd BJY nyreM [pPUMEHEHMSI HWHTEIUICKTYaJbHOM  CUCTEMBI
ynpasiieHus: BOY Ha O0CHOBE ajaliTUBHOIO HEMPO-HEYETKOrO KOHTpoJuiepa. SAmapo
koHTpoyuiepa — rubpunnas cucrema ANFIS, coctaBnennas u3 HelpoHHOU ceTu
PSIMOTO PACPOCTPAHEHUS C HEYETKUM JIOTMYECKUM BbIBOAOM CyI3HO.

Bce monenu B mporiecce ncciaeaoBaHus ObUIH OCTPOEHBI B TPOrPAMMHOM
nakere Simulink cpensi MATLAB. B pesynbrate MOAEIMPOBAaHUS MOJYYCHBI
3aBUCUMOCTH OCHOBHBIX Xapaktepuctuk BJOY ¢ kiaccuueckod cuctemoi
ynpasieHus u BOY ¢ pa3paboTraHHON HEMPO-HEUETKON CHCTEMOM yIpaBiIeHUS, a
TaK)Ke TMPOBEJICH CPAaBHUTENbHBIN aHaNM3 IokKaszaTenei padorsl BOY B TomM u
IPYroM CiIy4ae.

OcHOBHbIE KOHCTPYKTHUBHBIE, TE€XHOJIOTUYECKHE u TE€XHUKO-
AKCIUIYyaTallUOHHBIE XAaPAaKTEPUCTUKHU: TOPU30HTAIBHO-OCEBAs TPEXJIOMACTHAs
BETPOPHEPreTUYecKass yYCTaHOBKA C  TEHEpPAaTOpOM  JBOMHOIO  IUTAHUS
HOMUHAJIBLHONH MomHOCThIO 1,5 MBT, paccuutaHa Ha HOMHMHAJBbHYIO CKOPOCTH
BeTpa — 12 M/C 1 cTapTOBYIO CKOPOCTH BeTpa — 4,5 m/c.

CreneHb BHEIpPEHUA: peE3yJbTaThl NpeIaraercsi KCIOJb30BaTh s
pa3paboTku 3P HEeKTUBHOU CHCTEMBI yrpapieHus BOY.

O6nacTte npuMeHeHus : BOY 00abIIuX U CpeaHUX €TMHUIHBIX MOIITHOCTCH,
KPYITHBIE BETPSHbIC 3JIEKTPOCTAHIIUH.

Jns pa3BUTUA METOAMKH HEHPO-HEUYETKOrO YMPAaBJICHUS AKTyalbHbl U
MEPCTIEKTUBHBI UCCIIETOBAHMS B 00J1aCTH Pa3pabOTKU PEATbHOTO MPOMBIIIIICHHOTO

oOpasiia Helpo-HEeUETKOTO KOHTPOJLIEepa.



OBO3HAYEHMA U COKPAILIEHUA

AT'IIT — acHHXpOHHBIN reHepaToOp JBOMHOIO MUTAHUS;
BXB — ObICTpOXOHBIN BaI;

BAX — BosibT-amniepHasi XapaKTepHUCTHKA;

BOC — BeTpoBast 3nE€KTPOCTAHIIUS;

B3OV — BerposHepreTnueckas yCTaHOBKA;

NHC — uckyccTBeHHas HEMPOHHAS CETb;

HHC — neiipo-HeueTkas cucrema,

0.¢. (PU) — OTHOCHUTEJIbHBIC CTUHHUIIBI;

I[TJIUC — nporpammupyemas JOTHUecKasi HHTErpajabHas CXeMa;
IJIK — mporpaMMupyeMslii JIOTHYECKU KOHTPOJLIED;
TXB — TUXOXO/JHBIN BaJ;

ANFIS — adaptive network based fuzzy inference system;
ANN — artificial neural network;

Fuzzy logic — HeueTKas JOTHKa;

FIS — fuzzy inference system;

RMSE - root-mean-square deviation.



BBEJAEHUE
1. MATEMATUYECKAA MOJIEJIb OB BbEKTA VYIIPABJIEHUA

Ornasnenue

1.1 VerpoiictBo n knaccuduranust BOVY ...
1.2 MareMaTuuecKas MOJETb BETPOKOIIECA ..uvvrrrrreeeessaauerrrrneereasaeeasaannnnnenns

1.3 MareMaTuyecKast MOJAECD PEIYKTOPA «.veeerurrrrreessnnnreeesssnnneeessannneeeesanes

1.4 Marematuueckasi MOJIeSIb ACHHXPOHHOTO T€HEpaTopa IBOMHOTO

1107205 0% GO PP
1.5 Maremaruyeckas MOJIEIb CUIIOBOTO IPEOOPAZOBATEIS ...vvvveeervrrreeennne

1.6 MareMaTuyeckast MOJEIb CKOPOCTH BETPA ..uvvvreerrurrrrreesiinrnreeessannneneeaans

. MOJIEJITMPOBAHME KJIACCUYECKOI CUCTEMBI YITIPABJIEHUS

BOY U AHAJIN3 ITOJIYUEHHBIX PE3YJIBTATOB.......ccoviiiieiiiieeiiienns
2.1 MognenupoBanue BOVY B cpene MATLAB. ...

2.2 AHanu3 pe3yJabTATOB MOJCITUPOBAHMSI ....cceerurrrrreesintnrreeesssnnnreeessannneeeens

HENPO-CETEBBIE TEXHOJIOTMU U HEUETKME MHOXECTBA B

SAJAUAX VIIPABIIEHUS ..ot
3.1 Heuetkue MHOKECTBA. OCHOBHBIC HOJOKEHHUS ...eerenvreieiiriieniirinesiinneens

3.2 Hetiponnbie ceTH. OCHOBHBIC TIOTIOMKCHIS «.vvvvvvrrrreesessssssinrnnrerneesseessnnns

3.3 IlpuMeHeHue rUOPHUIHBIX HEHPO-HEUCTKUX TEXHOJIOTUH B 3a7a4ax

20N L0 EN) (S 5126 PP

CUHTE3 CUCTEMBI YIIPABJIEHMS B3Y HA OCHOBE HENPO-

CETEBBIX TEXHOJIOTUI 1 HEUETKUX MHOXECTB .............c.........

2 I o Yol 25 (0):3 (%2 C T2 i - ¢ 0

4.2. Onucanue apXUTeKTypbl HEUPO-HEUETKOW CUCTEMBI U TIPEUMYIIIECTB

LSS 10 2 17 () = () 2 I

4.3. CuHTe3 HeMpO-HEYETKOW CHCTEMBI YIIPABIICHUS YTJIOM aTaKu

nonacteit Berpokoneca B cpefie MATLAB ...,

4.4. CuHTe3 HEUPO-HEUETKON CUCTEMBI YIPABJIEHUS CKOPOCThIO

BpauieHus potopa reaepatopa BOY B cpene MATLAB............co....



5. MOJIEJINPOBAHUE W AHAJIM3 TIOJYYEHHON CHUCTEMBI
VIIPABIIEHHUS BOY ..o 63

5.1 MogenupoBanue BOVY ¢ nmonyueHHOU cUCTEMO yIipaBlIeHHs B Cpejie

MATLAB ..t 63

5.2 AHaN3 Pe3yTbTATOB MOJCTUPOBAHMS ....eeveererrreeeessnrrreeessannnnenessnnnneeeens 67

6. TEXHUYECKOE OBECIIEHEHUE CUCTEMBI YIIPABJIEHUA............. 73
7. ®UHAHCOBBIII MEHEJKMEHT, PECYPCOR®PEKTUBHOCTH U

PECYPCOCBEPEKEHUE ........ccocoiiiiiiiiiiii e 80

7.1 OI_IeHKa KOMMECPYCCKOI'O IMMOTCHIMUAJIA U TICPCIICKTUBHOCTU

TCXHUYCCKOTI'O MIPOCKTA C MMO3UIHNHU pecprOB(b(beKTI/IBHOCTI/I 151

PECYPCOCOCPEIKECHIS ...vvvveenetreteessitteeaessansbeeeeesanssnneeesanbne e e e e aannneeeeeannes 81
7.2 TlnaHUpOBaHUE MATUCTEPCKOM JTUCCEPTALIMM ...cveennvrrereesinrrreeeesannnnneeeanns 86
7.3 3atpatbl Ha Pa3pabOTKY TEXHUUYECKOTO TIPOCKTA ...oovvvvrvrrrrrieneenssnnnnennnnnns 93
8. COUUAJIBHAS OTBETCTBEHHOCTD .......ccvvviiiiiiiiiiieeeeciiee e 99
8.1 IIpodeccronanbHas COIMUATBHAS OC30TIACHOCTD «oveeeersisvriviirerreeeeessnnnnns 103
8.2 DKOJOTHYECKAS OC30TTACHOCTD ...vvvvreesiuurrrreessansrreeeesaannnreeeesasnneeesssnnnnnes 109
8.3 be30macHOCTb B UPE3BBITANHBIX CHUTYALIHSIX +vvvvvrreeesesssssssirnnnerneeeeesssanns 111
8.4 3akoHoAaTENIBLHOE PETYIUPOBAHUE MPOCKTHBIX PEIICHUH ...ovvveeeennnneee, 113
BAKITHOUEHUE ...ttt 115
CITMCOK UCIIOJIB30BAHHBIX UCTOYHUKOB ........cccoiiiiiiiiiiiiiiceee 117
I[MPUJIOXKEHUME A. Review of existing wind turbine control systems............... 121
['paduueckuit maTepuar: Ha ornenpHbIX
JTUCTaX
IToctanoBka 3agaumn (IeMOHCTPALIMIOHHBIH
JIUCT)
CTpyKTypHBIE CXEMBbI pa3pabOTaHHBIX CUCTEM YIPABICHUS  (JI€MOHCTPALIMOHHBIH
JIUCT)
Komnuu skpaHoB pe3ybTaToB MOACIUPOBAHUS (TeMOHCTpaIMOHHBIT
JIUCT)



BBEJAEHUE

Berep — HeuccskaeMblii HCTOYHHMK SHEPIHUM. OHEPrUI0 BETpa JIIOAU
WCMOJIB3YIOT C JPEBHUX BpeMeH. Panblie Takas sHeprus npeBalvpoBana U
3aMeHsJIa MYCKYJbHYIO CHITY, TTOCKOJIbKY OCBOCHHE APYTUX BUIOB DHEPIUU OBLIO
IIPOCTO HEBO3MOKHO.

CoBpeMeHHasi pbIHOYHAsI YKOHOMHYECKAs CUCTEMA OTAAET MPEAIIOYTECHUE
OTHOCUTEJIBHO [ICIIEBBIM TEXHOJIOTUSIM HCIOJIB30BAHUS KUIKUX OPraHUYECKUX
TOIUIMB M MPUPOAHOrO Taza. Takod MOAXOA BCerja TOPMO3WI pa3paboOTKH
aJbTEPHATUBHBIX MCTOYHUKOB JHEPruu. biiarojgaps TEXHUYECKOMY Iporpeccy u
0O0I1IECTBEHHOMY Pa3BUTHUIO CEHYAC BETPOIHEPreTUKA SIBISCTCS MEPCIEKTUBHBIM U
MOJATOTOBJICHHBIM K  MIUPOKOMY  BHEJIPEHUIO  CIIOCOOOM  TOJTy4YEHUS
AIEKTPOIHEPTUH.

['maBHBIM HEJOCTATKOM BETPOIHEPIETUKU  SBJISCTCS HEMOCTOSHCTBO
CaMOro UCTOYHHUKA IHEpruu - Berpa. KojebaHust ero ckopocTy HempeackazyeMbl U
HOCSIT BEPOSTHOCTHBIN XapakTep. AKTUBHOCTh BETPA MOYKET MEHATHCS MTHOBEHHO
32 OYEHb Majble BPEMEHHbIE NPOMEXYTKH. I[lo3TOMy B KOHCTPYKIMSAX
BETPOIHEPIrETHUECKUX YCTaHOBOK (BIY) MIOCTOSIHHO BHOCATCS
YCOBEpIICHCTBOBAHUSA W HOBIIECTBA JUIsI MakCUMU3aMu Hu 3(PPEeKTUBHOCTH
U3BJICUCHHS AJIEKTPUUYECKOM SHEpPruM U3 3Hepruu BeTpa. OrpomMHoe BHHUMaHUE
yIENseTCs TOBBIIICHUIO PEryaupoBoYHOM crmocobnoctn BDOY. Haxg »stum
BOIIPOCOM paboran KOJIJIEKTUB uccueaoBaTeneit HoBocubupckoro
rocyJapcTBeHHoro texuuueckoro ynuepcutera C.H. Yapanos, B.3. Manycos,
H.B. 3y6oBa. B Tom umucie oHn paccMOTpenu MPUMEHEHHUE psifa alrOpUTMOB Ha
HEUYETKOM JIOTHUKE C LIENBbI0 U3BJICYEHUSI MAKCUMYyMa 3HEPIUU U3 B3aUMOACHUCTBUS
JomacTei BETpOKoJieca C BETpOM. Takke WMHU OBLIM CHENaHbl BBIBOJBI 00
3¢ (HEKTUBHOCTH MPUMEHEHHS YCTPOUCTB YIPABICHUS TOTOKOM.

HecmoTps Ha 3HauMTeNnbHBIM OOBEM YK€ BBINOJHEHHBIX paboOT H
JOCTUTHYTHIX TPAKTUYECKUX PE3YNbTATOB B ITOM 00JacTH, MMeeTcs OOIbIIon

IoTCHOUaJI 414 HCCJ’IGI[OBElHHfI.
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Hogeiiine texHuYeckue penieHus HE MOTYT NPUHOCUTH TOJIB3y 0e€3
COOTBETCTBYIOIIMX KOHUENUMUA peryiupoBanus. BOY — BBICOKO MHEpUHOHHAA
CHUCTEMA C TOYKHU 3PEHUS YIPABICHUSA, & YEM CIIOKHEE CUCTEMA, TEM CIIOXKHEE
JaTh TOYHBIE U B TO K€ BPEMs UMEIOLIME NIPAKTUYECKOE 3HAYECHUE CYXKIEHHUS O ee
nopeneHuy. Hanuuyue HenpeackasyemMoro HW3MEHYMBOIO BO3JCHCTBUS BETpa
BBI3bIBAET B IIOBEACHUM CHUCTEMBI 3aAlIYMJICHHOCTh U HECTALMOHAPHOCTb,
MEXaHU3M KOTOPBIX ONMCAaThb MaTeMaTUYECKU 3aTpyAHUTENbHO. [l cuHTe3a
KJIACCUYECKUX PETYJATOPOB MPUXOIUTCSA UATH HA 3HAYUTEIIBbHBIC YIIPOLIECHUS IS
ONUCAHUS TUHAMUKU CHUCTEMBI.

VYuutbiBas HeNUWHEWHBIM XxapakTtep pabouux xapaktepuctuk BIY,
AKTYAJIbHBIMU SBJISIFOTCS MCCIIEJOBAaHMUS IPUMEHEHUS CHUCTEM YIIPABICHUS C
UCIIOJIb30BAHUEM TEOPUU UCKYCCTBEHHOI'O UHTEIIEKTA.

[Ipumepom TakoW CHUCTEMBI SBIIETCS aJalTUBHAS WHTEJUICKTyajlbHAs
CUCTEMA YIPABJICHUS HAa OCHOBE HEHUPOCETEBBIX TEXHOJOTMM M HEYETKUX
MHOXKECTB, KOTOpasi CHocOOHa IMOACTPAaUBATBhCS TIOJI W3MEHEHUS COCTOSHHS
00BEKTa U BXO/IHBIE BO3MYIIICHUSI.

CucreMbl Ha OCHOBE HEYETKOW JIOTUKH TMPOSBUIU CeOsl MPHU YNpaBIeHUU
CIIOXHBIMH OOBEKTaMHM M TOKa3aJdd CBOE MPEUMYIIECTBO HAJ TPaIULIMOHHBIMU
cnocobamu yrnpaneHus. CUCTEMBI ¢ IPUMEHEHUEM HEMPOHHBIX CETEH HE TpeOyIoT
NOCTpOCHMsT 0a3bl MPaBWJI M MOTYT padOTaTh B YCIOBUAX IapaMeTPUYECKOM
HEOTPEICICHHOCTH 00BEKTa YIpaBiICHHUS.

['uOpuaHbie CUCTEMBI YNPABICHUS, COUYCTAIOIINE YKA3aHHBIC MPUHIIMIIHI,
CHOCOOHBI BO MHOTOM  Y/IOBJETBOPUTH COBPEMEHHBIM TpeOOBaHUSAM K
MMPOEKTUPYEMBIM JIMHAMUYECKHUM CHCTEMAM, a TAKXKE IOBBICUTH HAJEKHOCTHb U
rUOKOCTh YIIPABJICHHUS.

Han wccnepoBaHneM  TEOpETHYECKMX M NPAKTHYECKUX  ACTIEKTOB
MPUMEHEHUSI TIEPEUYNCICHHBIX METOJ0B pPa0OTaii MHOTOYHCICHHBIE aBTOPBI
nyomukanuii: A.A. Bomogun, ®. ITamuc, B.®. ®unaperos, 0. llenkosckuit, J[.A.
IOxumen, A.B. Jlesmos, H. N. Nwobodo, A. Abraham, Jianzhong Z, C. Omary u

ap.
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KonkpeTHo B obnactu uccnegoBanus BOY aBTopsl BeLACHSIIOT poOieMy
MIPUMEHEHHS HOBBIX KOHUETIIMNA PETYIUPOBAHUS ISl YMEHBIICHUS] MEXaHUYECKUX
Harpy3oK u it ooecrieueHust Hai€xxHoil paboTel. C yueToM HalM4uus MHOXECTBA
nyOIuKalMii MO MPUMEHEHUI0 METOJa WHTEIUIEKTYaJlbHOrO YIpaBJIEHUS B
pasnuuHbIX c@epax, MNEepCHEeKTHUBHBIM M aKTyaJbHbIM OyIeT HCIHOJIb30BaHUE
MoA00HOI0 MOJX0/1a UMEHHO B IIpHIIOKeHuH aiis BOY.

Lenpto MarucTepckodl AuccepTalvM SBISETCS OUEHKAa 3(P(EKTUBHOCTH
NOBBIIICHUSI ~ PEeXHUMHOW  ympasmsieMocth  BDY  nyreM  nmpumeHeHus
MHTEJUIEKTYalbHON CUCTEMBI ynpaBiieHHs BOY Ha OCHOBE aJalnTHBHOTO HEWpO-
HEYETKOro KOHTposuiepa. SAapo koHtposepa — rubOpumHas cucrema ANFIS,
COCTaBJIEHHAs W3 HEHWPOHHON CETH MpPSMOr0 pPaCIHpOCTPAHEHUS C HEYETKUM
JOTUYECKUM BbIBOJIOM CyT3HO.

OOBEeKTOM  HCCIIEIOBAaHUSI  SIBJIETCS  MOJIEJb  BETPOIHEPTreTUUYECKOU
YCTAaHOBKM HOMHUHaJIbHOW MomHoctu 1,5 MBT, paboraromieit mapamuienbHO C
CETBIO.

[Ipeamer ucciaegoBaHUs — CHUHTE3 HEHPO-HEUETKUX CHUCTEM YIPABICHUS
yIJOM aTakW JIONAcTeld BETPOKOJieca W YIVIOBOWM CKOPOCTHIO BpAIIEHUsT poTOpa

reHeparopa.
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3 HEWPO-CETEBBIE TEXHOJIOI'M 1 HEUETKUE MHOXECTBA B
SAJAYAX VIIPABJIEHUA

3.1 Heuerkue mHOXxecTBa. OCHOBHBIE MOJIOKEHUA

Teopust HeueTKUX cucteM Oepet cBoe Hadano ¢ 1965 r., koraa npodeccop
JI. 3age omyOJMKOBajl OCHOBOIOJAraromyr padboTy MO TEOpUM HEUETKUX
MHOXKECTB, B KOTOPOW W3JI0KMUJ MaTEMaTHYCCKUI armapaT TCOpUU HEUYETKUX
MHOJKECTB.

Heuetkoe muoxectBo (fuzzy set) 3To COBOKYImHOCTH 00BEKTOB, B KOTOPOU
HET SPKO BBIPAKCHHOW TPAHMIBI MEXKAY BXOIAIIUMH B HEE OOBEKTaAMH W
00BEKTaMH W3 APYIMX OKPYKAOIIMX MHOXECTB. JIpyrUMHU CJIOBaMH, TPaHUIIBI
MHOECTBa «HEUETKO OIPECICHBI» UITA «Pa3MBIThI».

PaccMOTprM OCHOBHBIC TIOHSTHS, CBOMCTBA M OIEpaIldU I HEYCTKUX
MHOJKECTB.

ABTOpPBI TEOPUH HEUETKUX MHOKECTB OINPEEISIIOT HEYETKOE MHOKECTBO A
KaK:

A= {xr ,UA(X)},X € X, (31)
rie X — COBOKYITHOCTh OOBEKTOB;
Uy (x) — crenens mpuHamiexxkHocT X k A, [0, 1];
Ua: X = M — oTtobpaxkeHne X B IPOCTPAHCTBO MPUHAIICIKHOCTH M.

UYem BbIllIe CTEMEHb NMPUHAMJICKHOCTHU, TEM OOJBIIE DJIEMEHT M3 MHOXKecTBa X
COOTBETCTBYET HEUETKOMY MHOXKECTBY A.

OyHKIUS TPUHAMICKHOCTH — (QYHKIUSA, C TOMOIIBI0  KOTOPOW
BBIYHCIISICTCS CTENEHb MPUHAIJICKHOCTH.

JluHrBUCTHYECKAsT TIEPEMEHHAass — TEPEMEHHAas, KOTopas OMpeesieTCs
CIOBaMH €CTECTBEHHOTO sI3bIKa, HANpUMEpP, «OYCHb XOJOJIHAs BOJA» WIH
«BBICOKOE 37aHWE». Takas WHTEpIpeTanus HE ClIydyaiiHa, TOCKOJBKY YEIOBEKY

JICTYC BOCIIPUHUMATD U XPAHUTDb I/IH(I)OpMaI_[I/HO HNMCHHO B TaKOM BHAC.

13



TepM-MHOXKECTBO  —  MHOXECTBO  BCE€X  BO3MOXHBIX  3HAa4YC€HUU
JIMHTBUCTUYECKOU ITIEPEMEHHOM.

Tepm — »2JeMEHT TepM-MHOXKECTBA, KOTOPBIM 3amaercs (pyHKIUeH
MPUHAJICAKHOCTH (HAIIPUMED, «OOJIBIIONY, «KMATIEHBKHUII).

HocuTtenb HEUeTKOro MHOKECTBA — JIEMEHTHI, CTENEHb MPUHAMJIEKHOCTH
KoTopeIx Oonbiie nyias, A = {x, u,(x) > 0}.

Snpo HEYeTKOro MHOXKECTBA — 3JEMEHTHI CO CTENEHbIO MPUHAIJICKHOCTH
pasnoii exunnne, A = {x,u,(x) = 1}.

O -C€YeHHe HEYETKOTO MHOXKECTBA — AJIIEMEHTBI, KOTOPbIE UMEIOT CTEEHH
IPUHAIICKHOCTH 0oJblre Wi paBHbie Hymo, A = {x,0 < pu, (x) < 1}

B Tabmune @ 3.1 npuBeAeHbl ~ HamboJee  pacupoCTpaHEHHBIE
napameTpuyeckue QYHKIIMU MPUHAJICKHOCTH.

Ta6nuna 3.1 — [Napametpuueckue GyHKIIMHA TPUHAICIKHOCTH [7]

HaunmenoBanue
— AHaIUTUYECKOE BBIPAKECHNE WHTepnperanus napameTpoB
Obu<fawmuzc
U—a (a, C) - HoCHTENh HEYETKOTO
TpeyroabHas ,u(U) = 3 b—, a<u<b MHOYKECTBA,
—a b — KoopMHATA MaKCUMyMa
c—u
—,b<u<c
. ¢c—b
(O, u<awmu>c
u—a
b—a’ as<u<b (a, d) - Hocurens HEUETKOTO
TpaneuueBunnas | U (U) =9 MHOECTBA,
1, b<u<c
[b, c] — sapo HeyeTkOrO MHOKECTBA
d—-u
, c<u<d
. d—c
(u— b)2 b — koopauHaTa MakcuMyma
r = = 7
ayecosa H (U) exp( 2C2 ) C — k03 UITUEHT KOHIIEHTPAIHH
CrrvowHas 2(U) = 1 a — K03(h(UIIUEHT KPYTHU3HBI

14 exp(—a(u—c)) |c¢—xoopaunara mepexoga sepes 0,5

OHepaHI/II/I C HCUCTKNMHU MHOKCCTBAMM.
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1) JlonoiHHUTEIBHOE MHOXECTBO ISt HEYETKOTO MHOKECTBA
A= {X,,UA (X)} ,X € X, ompenensercs Kak:
—A={x, (1- 1, (X))}, x € X. (3.2)
2) Tlepeceuenme M s HedeTKMX MHOXecTB A = {X, )22 (X)} Xe X, u
A = {X,,Uz (X)} , X € X, ompenensercs Kax:
A=A A ={xmin(u, 1)} X e X, (33
3) O60benunenue MJIN nis HEYETKMX MHOXKECTB A= {X, y2 (X)} Xe X, u
A = {X,,Uz (X)} ,X€ X, onpenensercs Kak:
A=A UA ={x,max(z4, 1£,)}, X € X. (3.4)
B o6mem ciyuae, ompeseneHusi TMepeceueHuss U OOBEIUHEHUS eCTh
YaCTHBIC CIy4aW HCIOJB30BaHHUS |-HOPM M S-KOHOPM: MIN COOTBETCTBYET T-
HOpMeE, a MaX COOTBETCTBYET S-kKoHOpME [8].
HNedazudukanus — mnpeoOpa3zoBaHUE HEUETKOTO MHOXKECTBA B YETKOE

yucio. Paznuunsie MmeTonpl hazudukauu npuBeieHs! B Tadauie 3.2,

Ta6auma 3.2 — Mertoasl nedasudukarmu [7]

®opmyra 1715 HEUeTKOI0 MHOKECTBa

Merton nedazuduxarum
A=1{uu,(x)},u € [a,b]

Tu - i, (u)du

LenTp TsKecTH (LEHTPOU)

[ a(u)du

HaiiTn Takoe 4mciio ¢, 4ToObI:

Menuana r "
[ a1 (u)du = [ 42, (u)du
a C
judu
G
IleHTp MakCUMyMOB , 20e G = arg sup (,uA (u))
J. du U uefa,b]
G
Haumenbmmit 13 MakcUMymMOB min (G)
Haun6op1mmii U3 MaKCHMYMOB max(G)
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HeueTkuii 1orudyeckuii BBIBOJ — 3TO MPEACTABICHUE 3aBUCHUMOCTH BXOJI-
BBIXOJI Ha OCHOBE JIMHI'BUCTHYECKUX BBICKa3bIBaHUN «EciIM — TO» M JIOTMUECKUX
omnepalun HaJ HEYETKMMU MHOKECTBaMu. [IpumMeHsieTcs mpu MOAEIUPOBAHUM KaK
00BEKTOB C HEMPEPHIBHBIM BBIXOJIOM, TaK U C JUCKPETHBIM. THUIOBasi CTPyKTypa

HEYETKOro BbIBOJIA MPEACTaBIeHA Ha pucyHke 3.1.

Baza npaewxn

MprEEAEHHE K MprEEAEHHE K
—# HEYETHOCTH YETKOCTH e
. (thazmtmiaTop) (aedaskgrcaTop) y
YeTHaA v YETHAA
BENHYHHS HeueT i EENHYHHS
NOrHYEDHIA
ELIE0A,

Pucynok 3.1 — CTpykTypHasi cxema CUCTEMbl HEYETKOTO JIOTHUYECKOTO BBIBOJIA

Heuertkas 0a3a 3HaHUI — COBOKYIHOCTh HeUYeTKHX mpaBui «Eciam — oy,
kotopele otpaxaror 3aucumocth Y = f(X). ViBepxkmenume Buma «X ectb
BBICOKHUI» SIBIIIETCS MOCBUIKOW MpaBuiia (AHTELEACHTOM). Y TBEpKICHHE BUAA «Y
€CTb BBIIIE CPEAHETO» SBIIAECTCS 3aAKIOYEHUEM IIPaBUila WM KOHCEKBEHTOM.

CxeMa HE4eTKOro BhIBOJA BapMaTHBHA B 3aBUCUMOCTH OT IMPEACTABIICHHUS
HEYETKUX TOHATUN (QYHKIMH TPUHAIJICKHOCTH), BBIYMCICHUSA JIOTHYECKUX
BeipakeHuit 1, MJIN (T-Hopmbl, S-KOHOpMBI), TpaBWJ HMIUTUKAUU. baszoBbie
ATarbl HEYETKOI'O BHIBOJA!

1) ®asudukaius. OyHKIUH TPUHAIICHKHOCTH, ONPEICICHHBIC HA BXOTHBIX

!

MEPEMCHHBIX X, X, IPUMEHSIOTCA K WX (PAKTHUCCKUM 3HAUYCHHSIM X/, X, JUIA
ONPEJICJICHUS] CTENEHU HCTUHHOCTH KaXKIAOW MPEANOCHUIKH KaXXIOTo IpaBHUiia
A (%), B (X;) .

2) Jlornyeckuii  BBIBOJ.  BbIUMCIEHHOE  3HAYCHHE  WCTHHHOCTH IS

MPEANOCHIIOK KaXJA0ro IpaBwia R, NOpuMEHSeTCs K 3aKIIYEHUAM KaKIO0ro
npaBuia R,. DTO NpUBOAUT K OTHOMY HEYETKOMY MOJMHOXKECTBY, KOTOpOE OyaeT

HAa3HAUYCHO Ka)XKI0M IEPEMEHHOW BBIBOJA I KaXJOro mpasBuia. B kadecTtse
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NOpaBWJ JIOTHYECKOTO BBIBOAA OOBIYHO HCHONB3YIOTCS TOJBKO OMepanuu
min(MuaEMYM) WK prod(yMHOKEHHE).

3) Kommosumusi. Bce HeueTkue MOAMHOXKECTBA, HAa3HAYCHHBIC K KaxJIOH
MEepEeMEeHHOM BbIBOJa (BO BCEX TMpaBujax), OOBEIUHSIOTCS BMECTE, YTOOBI
(GopMuUpOBaTH OJHO HEYETKOE MOAMHOMXKECTBO IJISI KXKIOW MEPEMEHHOW BBIBOJA.
OOBIYHO KCTIOIB3YIOTCA OlNepalui max(MakCUMYyM) WU sum(cymma).

4) Nedaszudukanms (tadbauna 3.2).

OTH dTambl SABJISAIOTCS OOIIEH CXeMOl pabOThl HEYETKOro KOHTPOJUIEpa.
Bcero pacnpocTpaHeHo TSATh CXeM HEYETKOro BbIBoAa: Mampanu, llykamoTo,
CyraHo, JlapceHa u ynpoIneHHasi cxema.
Paccmotpu anroputm Cyrano (Sugeno) st 1Byx mpaBuit (pUCYHOK 3.2):
11, . ecnuxecmv Auyecmv B, mozoaz, =a,x+b.y,
11, : ectuxecmv A,uyecmv B,, mozoaz, =a,x +b,y.
1) ®a3udukanusi: HAXOMATCS CTENEHH HMCTUHHOCTH JUIS  MPEINOCHIIOK

Kaxaoro npaswia: 4 (x,), 4,(x,), B,(3,), B,(,)-
2) Ha Bropom sTane Haxomsatest o, = A (X)) A B(Yy), o= 4,(x)) A B,(3,)-
3) Ha tpeTheM 3Tarne omnpeaenseTcs YeTKoe 3HaUCHUE MEPEMEHHON BBIBOJIA:

Z, =X, +b1y0’
Z,=a,X, +Db,Y,.

ITpasuno 1
uk uk ming uA
1F Il g, 1k
|
I
1
1
|
! a
___________ ATER W, IR T W B 1
A » ' » Y -
: v Zi=ayxpt by W
uh : uh
1k : B, 1}
|
1_ -— e e - ———— ———
|
I 25
___________ . S
I
I
g B
v ZE=a,xpt by w

Pucynok 3.2 - Anroputm CyraHo
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3.2 Heiiponnsie cetu. OCHOBHBIE MOJOXKECHUS

HckyccrBennas Heriponnas ceth (artificial neural network, ANN) siisiercs
MaTeMaTU4eCKONM MOJIETbI0 OMOJIOTMYECKOM CHCTEMBbI YMpAaBICHUS, KOTOpas B
CBOIO OuYepe/lb COCTOMT M3 MWUIMAPJOB HEPBHBIX KIETOK (HelpoHOB). Mojenb
CUJIBHO YIIPOIlEHa, HO paboTaeT Mo MNPUHIUIY (YHKIIMOHUPOBAHUS HEPBHBIX
KJIETOK HBOT'0 OpTaHU3Ma, U CIIOCOOHA pemniaTh 3aJja4d B paMKax BCEBO3MOXKHBIX
MIPUJIOKEHU I KOHKYPUPYS € KIIACCUYECKUMHU TOIXOIaMHU.

Mogens HelipoHa npemioxkenHas Y. MakKamokom u VY. Ilurrcom

npesicTaBieHa Ha pUcyHke 3.3.

~Azi-e
/@/

wo

Pucynok 3.3 — Monens MakKanoka-ITutrca

NckyccTBeHHBI HEMPOH COCTOUT WX BXOJOB (JICHIPUTOB) — N-MEPHBIM

— (1 n o
Bektop X = (X", ...,X"). WMmynscel MOCTYNAalOT MO CHHANCAM, KaXIbI M3
KOTOpBIX uMeeT cBoil Bec Wi,...,W,, Takum oOpa3oMm, Ha BXOJ  HEHpoHa

nocrynaetr npousseaecaue X W, ..., X,W,, . B 3aBucuMocTH OT 3HaKa BECa UMIYJIbC

b0 cTpeMUTCs BO30YIUTh HEWPOH (BEC MOJOKHUTENbHBIN), OO 3aTOPMO3UTH
(Bec otpuuarenbHblil). B Tene HelpoHa (come) MPOU3BENCHUS CYMMHPYIOTCS.

Korma cymma BO30YXIarOIIUX HMIYJIBCOB IPEBBICHT ONPEACIICHHBIA IOPOT
aktuBauuu W, HEUPOH BBIAAET BHIXOAHOW curHai 1, mHade 0. MareMaTudecku

9TO MOJKHO 3aIMCaTh CISTYIONIAM 00Pa3oM:

a(x) = (D w;x’ —w), (3.5)
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rie ¢ — (PyHKIMS akTUBAllMM HEHWPOHA, B TAHHOM Ciydae CTyneH4aTas QyHKUUS
XsBucanga. Beipemstor okosno 50 pa3snuyHBIX TUIOB HEWPOHOB, KOTOpBIE IIO-
cBoeMy yHUKaNIbHBI [9]. Tak, B kadecTBe (DYHKIMHM aKTUBAIMU MOTYT BBICTYIATh
pa3nuYHbIE 3aBUCUMOCTH, B Tabmuue 3.3 TMpUBEIEHb Hauboyiee dYacTo
UCIOJIb3YIOIIHECH.

Tabnuua 3.3 — yHKUMM aKTUBALUU

HazBanue dpopmysb dopmyna

0, z<0;
Crynenuarast pyHkuust XsBucanaa 0(2) = 1750
CurmougHast pyHKIHS o(2)=@1+e )™
['unepOonnyeckuii TaHTEHC th(z) = 20(22) -1
Jlorapudmuueckast QyHKIMS In(z + M)
Oynknus [Maycca exp(—z°/2)
Jluneitnas pyHKUIMS z

Boi6op (yHKIIMU aKTHBalMM B OCHOBHOM OMpENEseTCs CHelupuKon
3a/layu ¥ ynoOCcTBOM peanusainuu Ha OBM. XoTs 4eTKux aJiropuTMOB sl BEIOOpa
¢yukun aktuBanuu HeT [10].

Heckonpko OIMHOYHBIX HEHUPOHOB MOTYT OBITh OOBEIUHEHBI B CETh.
OOBIYHO CETh COCTOMUT W3 (PYHKIMOHAIBHBIX CIIOEB, MO 3TOMY MPHU3HAKY CETH
pa3geNsIIOTCA  HAa  OJHOCIOWMHBIE W MHOTOCIOWHBIE. SpkuM  mpumepoMm

MHOTOCIIOMHOM CETH SABJISAETCS IMEPUENTPOH (pUCYHOK 3.4).

Pucynok 3.4 — Cxema MHOTOCJIIOWHOTO TIEPIEIITPOHA
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KonnuectBo cnoeB MOXeT OBbITh NpOU3BOJBHBIM. Kaxablii HEHpoH
NPEABIAYILIETO CJIOA COCIAUHEH C KaXIbIM HEMPOHOM Iocieayroumero. llepsein
CJIOM BBIMOJIHAET PACHPEICICHHE BXOJHBIX CUTHAJIOB U HA3bIBA€TCS BXOJHBIM,
MOCJIeAHUHN, B OOJILIIMHCTBE CIy4aeB COCTOMT U3 OJHOTO HEMpOHA — BBIXOJIHBIM.
Crnon Mexay NepBbIM U TMOCIEIHUM Ha3bIBAIOT CKPBITHIMU WJIU aCCOIMATHBHBIMH,
YHUCJIO0 HEUPOHOB B CJIOSX MOXKET ObITh MPOU3BOIBHBIM. OOBIYHO BO BCEX CKPBITHIX
CIOSIX OJWHAKOBOE KOJIMYECTBO HEHUpOHOB. [IpuMeHeHHe MHOTOCIOIHOTO
neprenTpoHa IJis perieHus 3aJauu UICHTUUKAIMA 00bEKTa yrpaBjieHUs ObLia
paccmotpena B [11].

JIs HACTPOMKM CHUHANTHUYECKUX BECOB CETU JJIsSI PEIICHUs MOCTaBIECHHOU
3a/1a4u, HEOOXOIMMO TTPOBECTH 00YUYEHUE CETH. AJNTOPUTMBI 00yUeHHUs OBIBAIOT C
yUHTEelIeM, €CJTM 00ydJaroiasi BHIOOpKa COCTaBJIeHa Ha OCHOBE M3BECTHBIX BXOJHBIX
U BBIXOJHBIX BEKTOPOB CE€THU, U O€3 yuuTess, KOTrJa MU3BECTHBI TOJBKO BXOIHBIC
BekTopa. [lo aTOMy mpu3HaKy HEHPOHHBIE CETH TOXKE MOXKHO KJIacCU(HUITMPOBATH,
HanmpuMmep, Haumbolsiee HW3BECTHBIE CETH, OOydarouiuecss 0e3 yduTenss 3TO CETh
Koxonena wu cerp Xonduiga. Mx B OCHOBHOM TMNPUMEHSIOT B 3ajaydax
KJIaCTEpU3aLUU.

PaccmoTpum mMeTo 00ydeHHUst 1711 MHOTOCJIOMHOTO MEepUENnTPOHa (PUCYHOK

3.5), KOTOpEIi MOTYYNIT HA3BAHHE METO/Ia OOPATHOTO PACIIPOCTPAHECHUS OIIHOKH.

BXOIHOI cioii, CKPBITEI C/I0ii, BLIXOIHON CiIoil,
7t IPHZHAKOE H uneiiposos M uefiponos
f"_'ﬁ'_"\ - e = - e )

Tm

Ty h—* aM

.
" =7
g

/w o
il ) I@ -

Pucynok 3.5 — Cxema MHOTOCIIOHOM CETH C OJJHUM CKPBITBIM CIIOEM
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. y n M
[Ipeanosnoxkum, 4to BXOAHON BekTop u Beixoxnoirt X =R, Y =R™
BrixomHO# cioii cocrouMm u3 M HeHpoHOB ¢ QYHKIMSIMHU aKTHBALUH O, H

Beixomamu a", m = 1,..., M. CkpsiTeiii cioii coctour u3 H HelpoHOB ¢

GyHKIMSAMH akTHBamuM o, W Beixomamu U', h = 1,..., H. CunanTnueckue Beca
MeXIy N-M HEHPOHOM CKPBITOrO CIIOS U M-M HEeWpoHOM 0003HauuMm W, . [lepen
CKPBITBIM CJIOEM MOJKET OBITh PACIPEICIIUTEIILHBIA CIIOW WU €IIe OJWH CKPBITHIH
¢ BeIxogamu V! (X), j=1,..., J ¥ cCHHANTHYECKMMH BECaMH W, .

BBIXOIHBIE U IPOMEXKYTOUHBIE 3HAUEHHMS CETH JJIS X, BBEIYMCIISIOTCS KaK
H ) ) J _
m .
a"(x)=o, (Z WU (%)) Ut (X) = o, (szhVJ (%;))- (3.6)
h=0 =0
DyYHKIMOHAJ CPEAHEKBAIPATHYHON OMINOKH
14 )
m m
Q(w) ZEZ(a %)=y (3.7)
m=1

m
Ha cicayroaiemMm mare — ajJropurma, BBIXOIHBIC CHUTHAJIbI a (Xi )

CPaBHMBAIOTCA C KEIaeMBIMU JaHHBIMH TPEHHPOBOUHOH BHIOOPKH Y. UacTHBIE
pom3BoiHbEIe Q TI0 BBIXOJAM HEHPOHOB I BEIXOTHOTO CIIOS
—da =a (X)-VYi =¢",

m

" I10 BBIXOJaM CKPBLITOI'O CJIOA
dQ(w) ¥ M h
dUh - Z (am (Xi) B yim)ar’nwhm = Zgimo-r:’lwhm =&,
m=1 m=1

r7ie o, - MPOU3BOIHAS (PYHKIIUU aKTUBAIIIH.

Unest anroputmMa 0OpaTHOTO PacHpOCTpaHEHUS OMIMOKH 3aKIII0YaeTCs B
pacipocTpaHCHHH CUTHAJIA OMMUOKK &' OOpaTHO HAa BCE HEHPOHBI, YbH BBIXOHBIC
CUTHAJIBI OBLTM BXOJSIIIIAMHY JJIS TIOCTIEHEr0 HepoHa. BecoBbie k03¢ duiineHTh
W,,, MCIIOJb3YyEMbIE JJIsi OOpAaTHOrO PacHpOCTPAHEHHUsS! OLIMOKH, PaBHBI TEM XKe

KOB(i)CI)I/II_II/IeHTaM, 4qTO HCIIOJIB30BAJIMCh BO BpCM:A IIPAMOIO BBIYHCIICHHA.

MeHnseTcs TOJIbKO HaIIpaBJICHUC ITIOTOKA JaHHBIX (CI/IFHaJ'IBI nepeaar0TCAa OT BbIXOJa
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ko Bxoay). Ilpomecc BbelmosHseTCs 1 Bcex cino€B cetu. Jlanee mis
KOPPEKTUPOBKH BecoBbIX Kod(pduuuentoB npu odyuennn HMHC c momoinsio
anropuTMa OOpaTHOrO PACIPOCTPAHEHHMsI, UCHOJIB3YeTCS METOJl TPagUEHTHOIrO
crycka [12].

MMes gacTHbBIE IPOU3BOIHbIE IO a" U U", TpaaueHT Q Mo Becam

dQ(w) _ dQ(w) da”™ _ 'u", m=1..,M, h=0,...,H;

dw, | da" owy O
h
dSV\EW):dgLEXV)aaVL:I :giho-r,nvj’ h=1...H, j=0,...,J,

jn i
[IpumeHsieMOCTh HEWPOHHBIX ceTel riay0oka B cBoed 3(DPeKTUBHOCTU U

0o0JaCTH TMPWIOXKEHUsS, €ClId CJIeJOBaTh OCHOBHBIM JTalaM IpU PpPEUICHUU
MOCTaBJICHHOM 3aJ1a4H.

1) Tloadop TPEeHUPOBOYHBIX BEIOOPOK JJIsi OOYUCHHS.

2) TloaroToBka M HOpMaIHM3allMs JaHHBIX.

3) BsIOOp TOMONOrHHK CETH.

4) DKcIepuMEHTAIBHBIN MTOI00P XapaKTEPUCTHK CETH.

5) DkcnepuMeHTANBHBIN TOI00P MapaMeTPOB OOYUCHHS.

6) OOyucHwue.

7) TlpoBepka ajgeKBaTHOCTH OOYyUCHHUSI.

8) KoppekTrpoBka mapamMeTpoB, OKOHYATEIHLHOE 00yUEHHE.

3.3 Ilpumenenne THOPUIHBIX HEHPO-HEUYETKUX TEXHOJOTHH B 3aaadax

yIpaBIICHUS

CoBpeMeHHBIE HMHXXEHEPHl CTAJIKUBAIOTCS C TpoOJIeMamMu, OTMHCAaHHEe
KOTOPBIX HEAOCTATOYHO IIOJIHO WM JJIl UX PELUICHUS HEBO3MOKHO IOJYYUTh
HeoOxomuMyro wuHGopmaruioo. Takue CUTyalMd XapaKTepHBI IS  CIIOXKHBIX
TEXHUYECKUX cucTeM. B ToM yucie ynpaBieHue 00bEKTaMH, MOBEEHUE KOTOPBIX
3aBUCUT OT NEPEMEHHBIX, KOTOPBIE HOCAT HENPEICKAa3yEMbId BEPOSITHOCTHBIN

XapaKkTep.
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Jist pemieHuss NOJOOHBIX 3a7ad BO3MOXHO IPUMEHEHHUE 3JIEMEHTOB
MCKYCCTBEHHOI'O MHTEJUIEKTa, TEOPETHUECKUI (PYyHIaMEHT KOTOPOI'O COCTABIISIIOT
MIPOTUBOIIOJIOKHBIE TPAAUIUOHHBIM (UETKMM) KOMIIBIOTEPHBIM BBIYMCICHUAM
(hard computing) wsrkwe BblumciacHus (SOft computing). DT1o cnoxHas
KOMIIBIOTEpHAsI METOI0JIOT U, OCHOBHBIMU KOMIIOHEHTAMHU KOTOPOH SIBJISIOTCS

— HEeYeTKas JIOTMKa;
— HEUPOHHBIE CETH.

CoBMecTHOE HCMOJIB30BAHME ATUX KOMIIOHEHTOB SBJsieTCs Oa3oil s
TMOPUIHBIX HEHPO-HEYETKUX CUCTEM.

Heuetkoii Helipornoit cetpto (HHC) Ha3piBaloT 4eTKyl0 HEMPOHHYIO CETh
IpPSAMOrO  pAacHpOCTPAaHEHUs CUTHAlla, KOTOpas IIOCTPOEHAa Ha  OCHOBE
MHOTOCJIOHOM apXUTEKTYphI ¢ ucnoib3oBanueM U-, NI -ueiponos [13]

N-HeiipoHOM Ha3bIBa€TC HEUPOH, B KOTOPOM YMHOXKEHHE Beca W Ha BXOJ

X Moxenupyercs koHopmoni  S(W, X), a cioxenue Hopmoit T (W, X).

HHH-HGﬁpOHOM Ha3bIBACTCs HGﬁpOH, B KOTOpPOM YMHOXC€HHE Beca W Ha

BXOJ X Mozenupyercst Hopmoit T (W, X), a cioxkenue BecoB KoHopmoit S(W, X).

\ (min{max(wy, X,), max(w,, x,)))

X

> v
X. / Y = T(S{wy, X;), S(wy X5))
2
a
X4
\ (max(min{w,, X,), min{w,, X,))) y
5 / Y = S(T(wy, X,), T(ws, X,))
2

6

Pucynok 3.6 — Mojenu HeueTKuX HelpoHOB: a) M-netipon; 6) NJIN-uelipon

Jliist HepoHOB, M300paKEHHBIX HA PUCYHKE 3.6 CIIpaBeIUBBI CIICTYIOIIHE

3aBUCHUMOCTH:

Y =T (S(W, %), S(W,, X)), (3.8)
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Y :S(T(Wl’xl)’T(WZ’XZ))’ (3-9)

B 00bpuHOM moOpsKe I8 HEYETKOTO BBIBOJIa (DYHKIIMU MPUHAIJICKHOCTH

bopMUPYIOT IBYMsSI CIOCOOAMU: METOJOM ASKCHEPTHOM OIEHKH WM Ha OCHOBE

CTaTUCTUKU. B THOpUIHBIX cHUCTeMax mnapaMmeTpbl (PYHKUUN TPUHAIIEKHOCTH

HACTPAUBAIOTCS C TIOMOIIBIO HEWPOHHBIX ceTer. [t 3TOM 1Uenu yCHemHo

UCIIOJIB3YETCSl  aIrOpUTM OOpaTHOrO PacHpoOCTPaHEHUS OUIMOKH, KOTOPBIU

IMO3BOJISICT HACTPOUTH CCTh HA TAHHBIC o6yqa10meﬁ BBI60pKI/I.

BoeigenstoT cienyronme OTAWYaONMecs: MO CTPYKTYpe U MPUMEHEHHIO

apXUTEKTYPhl THOPUIHBIX CETEH M1 pelieHus 3aaa4 ynpasaenus [13]:

ANFIS (adaptive network based fuzzy inference system);

FUN (Fuzzy net);

GARIC (Generalized approximate reasoning based intelligent control);
NNDFR (Neuron network driven fuzzy reasoning);

NNFLC (Neurons network fuzzy logic controller).

[Toapo6Ho paccmoTpum anantuBHyo ANFIS HelipoHHYIO CETh ¢ HEUETKUM

BbIBOJIoM CyraHo. Takas CTpyKTypa, COBMENIAIONIAs MPEUMYIIEeCTBA HEHPOHHBIX

CeTel U HEeUeTKYIO JIOTHKY, Obliia pa3padorana B Havajiae 1990-x romos Surom [14].

ANFIS npexncraBiaser coOoi MATHUCIOWHYIO HEHPOHHYIO CETh IPSMOTO

pacrnipocTpaneHus curnana. Ha pucynke 3.7 npuBenen npumep ANFIS ceTn, rue:

X,y X, - BXOJHBIE ITIEPEMEHHbBIE (HYJIEBOU CIIO0M);

B TIEPBOM CJIOE JUISI TUHTBUCTHYECKON OIICHKH Ha S3BIKE HEYETKOW JIOTUKHU
UCITONIB3YIOTCS TEPMBI BXOJIHBIX IIEPEMEHHBIX C TraycCoOBOW (yHKIHEH
MPUHAICKHOCTH (U1 X, - TpU TepMa, JJIs X, - iBa TepMa);

Ha BTOpOoM cJioe M-HelpoHbl MOJIETUPYIOT aHTEIICACHTH HEUETKUX MPaBUI;
TPETUH CJIOM BBIYMCIAET CHJIY WIH CTENEHb BBIMOJIHEHUS KaX0To
npaBuia,

HEUPOHBI YETBEPTOTO CJIOSI BBIMOJHSIIOT OINEpPAIMU BBIYUCICHUS 3HAYCHUM

TUTst QYHKITUI TPUHAITICKHOCTEH BBIXOTHOTO TTapaMeTpa;
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— DNATBIA CJIOW, COCTOAIIMKA W3 OJHOTO HEWPOHA, BBIYMCISIET BBIXOJHOE

3HA4YCHUC y KaK CYMMY BCCX BXOJHBIX B HCI'O CUTHAJIOB.

N
NN
@" °4\'

¥1

=
|
-

5
4K

=

=

b
’ B KRR
Pucynok 3.7 — Ctpykrypa ANFIS cetn

[Tycte ANFIS ceThi0 TOMKHO OBITH aNIpPOKCUMHPOBAHO HEU3BECTHOE

oToOpakeHue
Y =f(X)=f(x,x5,....x), k=1...,N . (3.10)
[Tpu HaMM4YMK MHOKECTBA O0YYArOIINX BEIOOPOK
{0,y (XN Y™} (3.11)

I[J'I}I MOICIIMPOBAHUA HCUCTKOI'O BbIBOJA, IIPUMCHUM CJIICAYIOIIYIO 3aIIMCh

IpaBUII

11, : ecnu x, ecmo Ay, u x, ecmo A, u ... ux, ecmo 4;,moy =z, i=1,...,m,

Tac Aij - HCUCTKHC YHuCJiia, Z, - BCHICCTBCHHBIC YHCIIA. CreneHb UCTUHHOCTH I-TO

npaBwia BbluuciseTcsa M-neliponamu (BTOpoi ciioi)

n
_ k
o =]]A ).
j=1
Jlanee Ui KakIOro mpaBuiia ONPENENAIOT YacTHBIE BBIXOABI Z,..,Z, B
3aBUCUMOCTH OT (YHKIMM TPUHAUICKHOCTH  HEYETKUX  MHOXKECTB, U
[IEHTPOUTHBIM METOIOM BBIUUCIISIETCSI OOIINI BBIXOJ] HEYETKOW CHCTEMBI
K _ L+ a2, +. a7,

0" =1z, , 1=1....m
o, +o,+..+a,

Eciu BBecTH QyHKIHIO OmMOKH Ji1s K-ro oOpa3za
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1
E, = E(Ok - yk)z,
TO 3TO MO3BOJISIET UCIIOIB30BATh METOJ] OOPATHOTO PACTIPOCTPAHEHHUS OMIMUOKHU TSt
MOACTPOMKH TMapaMeTPOB 3aJlaHHBIX MpaBui. Takke MPUMEHSIOT KOMOWHAIIMIO
ATOTO ajJropuT™Ma C METOJOM HaMMEHBIIUX KBajpaToB. C MOMOIIBIO OOpPaTHOTO
pacrpoCTpaHeHUs: OUIMOKM HACTPAaWBAIOTCS IMapaMeTpPbl AHTEIEACHTOB IPaBUII
(byHKIMI TPUHAJICAKHOCTH MEPBOrO CJIOSI), & METOJOM HAUMEHBIIUX KBaJpPaTOB
MOJATOHSIOTCS. ONTUMAJIbHbIE KOA(DPUIMEHTHI 3aKIIOUCHHN MpaBul (Y4ETBEPTHIN

cioit). Ilpouenypa HacTpoilku mpoaoKaeTcss A0 TeX Nop, MOoKa OouuoKa

MPCBBINIACT 3aPaHCC YCTAHOBJIICHHOC 3HAYCHUC.
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6 TEXHUYECKOE OBECIIEHEHUWE CUCTEMBI YIIPABJIEHUA

B arom paszgene pemaercs mpoGiiemMa anmapaTHOrO BOIUIOLIEHUS HEUpO-
HEUYETKOI'O0 KOHTPOJIIEpa, PACCMOTPEHBI HECKOJIBKO BO3MOXHBIX BapUaHTOB
TEXHUYECKOro oOecrneueHus cuctembl ympaBieHus BDY. Cuenyer cpasy
OTMETHUTh, YTO TOTOBBIX MPOAYKTOB /I HEMPO-HEUETKOrO YIPABJIEHUSA HA PBIHKE
HE HalJIEeHO.

IIo cBoel CyTH HEHUPO-HEUETKUMU KOHTPOJUIEP COCTOUT U3 YCTPOMCTB,
UMEIOLIHUX BO3MOKHOCTD PEAIN30BaTh:

— HEYETKYIO JIOTHKY;
— HEUPOCETEBOU AJITOPUTM.
Jlanee Mo OTAENBHOCTU PACCMOTPEHO, KAKUM 00pPa3oM MO>KHO BOILJIOTHUTD

9TH JiBa aJTOpUTMa Ha (PU3UYECKOM YPOBHE.

1) HeueTkuii KOHTpOJLIEP

Peanu3oBaTh anroputM HEYETKOrO BBIBOJA HA MUKPOKOHTPOJUIEPE MOYKHO
IBYMS ITYTSAMU:

— anmnapaTHas peaju3anus;
— TIpOrpaMMHO-AIapaTHAs pean3alus.

B mepBoMm ciygae, paspabarbiBaeTCs CHEIMAIbHOE YCTPOMCTBO JIst
MOCTABIICHHOM 3a/layd WM K€ UCIOJIb3YyeTCs TPOMBIIUIEHHBI o0pasel:
MUKPOKOHTPOJUIEP CHEIUANTbHOTO HAa3HAYEHUS WJIM OOINEero Ha3HAYCHHUS C
anmapaTHOM  MOAAEpKKoMl  HeweTkod  jorukd. Cpenm  BBIMYCKaeMbIX
MPOMBIIIJIEHHBIX KOHTPOJUIEPOB €CTh TAaKHE, Yy KOTOPBIX B SAPO MHUKPOCXEM
BCTPOCHA ammapaTHas TOJAJepKKa O0a30BBIX HEYETKUX Olepanuil (He4eTKHe
KOMaH/Ibl HHTETPUPOBAHBI HETIOCPEICTBEHHO B acceMOuepn) [24].

Bo BTOpOM ciyuae, mNpuUMEHSIETCS MPOTpaMMHas peaju3alusi Ha OCHOBE
MHKpPOKOHTpOJUIepoB oOmero HasHauenus (AVR, PIC, MSP, ARM) s
YIpaBICHUS 3JCKTPOHHBIME ycTpoicTBamu [25]. [l X mporpaMMUpOBaHHUS

HCIIOIB3YIOT CHEUAIN3UPOBaHHBIE IPOrPAMMHBIE CPEJICTBA Pa3pabOTKH.
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[Intockl amnmapaTHOW pealu3alMd — CKOPOCTh M yAOOCTBO, HO MpH
CPaBHUTEIBHO BBICOKOW 1eHe. lIpu mnporpaMMHON peanu3aldd BBIACIAIOT
MPEUMYILIECTBA: MPOCTOTA UCHOJIb30BAHMS, JOCTYIMHOCTh, THOKOCTh CO3J]aBa€MbIX
pemennii. K MuHycaM OTHOCAT CKOPOCTh W IIOIPEIIHOCTh BBIYMCIEHUN 10

CPaBHEHUIO C aNIIapaTHOM peanu3alueH.

2) Heiiponporeccop

AnmapaTHO peanu30BaTh HEHPOHHYIO CETh HECKOJIBKO CJIOXKHEE, YeM
HEYETKYI0 CHUCTEMY, IIOCKOJBKY TOJOOHBIX MPOMBIIUICHHBIX  00pa3IoB
MUKPOKOHTPOJJIEPOB IS PEIICHHUS 3a/1a4 aBTOMATH3aI[H HET.

B ocHOBHOM, HeHpoHHasT CeThb CO3MAaeTCA MPOTPAMMHBIM ITyTEM Ha
KomImbloTepe, Hanpumep, B cpeae MATLAB. Otciona BeiTekaeT nepBblii BApUAHT
MIOCTPOEHUSI HEHPO-HEUYETKOW CETH — MPUMEHEHUE KOMITBIOTEPA HETIOCPEICTBEHHO
B KOHTYpE ympasJieHus. B 3ToM citydae, IJIsl CBS3M KOMITBIOTEpA C JATYMKAMH U
UCTIOJTHUTEIBHBIMA OpraHaMH, B JIIOOOM cllydae, NPHUICTCS HCIOIh30BATh
KOHTposuiepbl.  OJHOBPEMEHHO  HUCIOJIb30BaTh  Jake  MalorabapuTHBIHI
OJIHOIUTATHBIA KOMITBIOTEP U KOHTPOJIJIEP B CHCTEME YIPABIECHUS B HEKOTOPHIX
cuTyanusx BooOmie Henpuemiemo. [lockoabky B MepByI0 odepeib 3TO CHUIIBHO
MOBJIUSET HAa HAJIEKHOCTh CUCTEMBI YIPaBJICHHUS W3-3a BO3MOXKHBIX 3aBHCAHHUI
OIepaIMOHHOM CHCTEMBI KOMITbIoTEpa [26].

Jlpyroil BapuaHT BBITEKAaeT M3 HEJIOCTATKOB IEPBOr0 - OOOWUTHCH 0Oe€3
KOMIIBIOTEPA, UCIOIB30BaATh TOJBKO KOHTPOJUIEP KaK JJIA CBSA3M C JaTYNKAMH, TaK
W I JIOTUYeCKOM oO0pabOTKM JaHHBIX. Takas cucteMa OyIeT HMETh Psl
NPEUMYIIECTB: HaJIe)KHOCTh, O0Jiee HU3Kasi CTOMMOCTb, MEHbIIIUE TabapuThl, Oosee
mpoctas cxema. KoHTposuiep MOXKeT OBITh peain30BaH Ha Pa3IUYHON AIIEMEHTHOU
0a3e, HO HamOOJbIIEEe PACIPOCTPAHEHUE MOJYUMIH YCTPOMCTBA C MPUMEHEHUEM
MU(POBBIX CUTHAIBHBIX TPOIECCOPOB M MPOTPAMMHPYEMBIX JIOTHYECKUX
uaTerpanbHbix  cxeM (IJIMC) [27]. Takwe KOHTpOJUIEPHl  HA3BIBAIOTCS

HEUPOKOMITbIOTEpAMHU (BBIUMUCIUTENbHASI CUCTEMA, HA OCHOBE HEWpompoleccopa,
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npcaHasHauYCHHAasA Jid pcaln3alnn HeﬁpOCCTeBBIX AJIrOpuTMOB B pCaJIbHOM

MaciTade BpeMEHH).

Takum 00pa3oM, ecThb ABa MYTH peann3aluu HEHPO-HEUETKOIO aJropuTMa:
— CO3JJaHH€ YHMKAJbHOTO YCTPOMCTBAa Ha DJIEMEHTHOW Oaze, uMeroIei
BO3MOXXHOCTh peaju3alud HelpoceTH (Helpompoueccop) COBMECTHO C
MHUKPOKOHTPOJIJIEPOM HEUYETKOM JIOTMKM Ha OJHOM DJJIEKTPOHHOW IuIaTe
[24];
— MHCHOJb30BaTh MPOTPAMMHUPYEMBIH JIOTMYECKUH KOHTpOJUIEp OOIIero
Ha3HAYeHUs, UMEIOIUNH «HEYETKYI» OUOIHOTeKY, C OTACIbHBIM

KOHTPOJJICPOM, HA base HCﬁpOKOMHBIOTCpHOFO MOIYJIA.

Ha pucynke 6.1 mpeacraBieH mnpumep 3JIE€MEHTHOM 0a3bl sl HEWpo-

HEYETKOT0 KOHTPOJIJIEpa IO MEPBOMY IIyTH peau3alluy.

//( o cllulc’s
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Pucynoxk 6.1 — Baemnuii Bug MuUKpokoHTpoiepa «Motorola» u meiipomporeccop

«Moayns JI1879BM1»

Bce xe BTOpoit BapuaHT 60jiee MPUBJICKATEICH C TOYKU 3PEHHS TPOCTOTHI,
peanu3anuu, CUHTE3a W  HACTPOWKM cucteMbl. HeoOxomuMo  BbIOpaTh
MNPOrpaMMHUPYEMBIHA JIOTUHYECKAN KOHTPOJIJIEP C MOAAEPKKON HEUETKOW JIOTUKU U
HEHPOKOMITBIOTEp, WJIM JAPYTUMH CIIOBAMH anmapatHyro Tuatgopmy c
HEUPOIMPOIIECCOPOM.

B [28] mpemioxkeH MeToJ MOCTPOCHMS HEHMPOHHOM ceTH Ha 0a3e IUIaThl
mukpokoHnTposutepa Arduino Due. Tlnata mmeer nBa mopra MicroUSB, onun u3

KOTOPBIX MOJKHO HCIIOJIB30BAaTh KaK KOMMYHI/IKaHI/IOHHBIﬁ JJIA CBA3M C HCUCTKHM
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koHTposutepoMm 1o nportokoay CAN (Devicenet), a Taxke At IporpaMMUpPOBaHHS.
Coznannyio B cpene MATLAB HelipoHHYIO CeThb MOYKHO BBITPY3UTh U3 S3bIKa
MATLAB B Buzae nmporpammHoro kojaa Ha sizblke C u C++, KOTOpBIHA SIBIsE€TCA
I1aT(OPMOHE3aBUCUMBIM M MOXKET OBITh HCIIOJIb30BaH KaK HMCXOMHBIA KOJ IS
nporpaMMHUpOBaHus. BeraucnutenbHble Bo3MoxkHOocTH Arduino Due moxHO
MOBBICUTh, TOAKIIOYasS K HEW JOMOJHUTENbHBIE  MOIYJIU-PACIIUPEHUS.

TexHuueckue XxapakTepUCTUKU MPUBEACHBI B Ta0uIe 6.1.

Pucynok 6.2 — Buemnuii Buj miardopmsr Arduino Due

Tabmuma 6.1 - Texunueckue xapakrepuctuku Arduino Due

MHUKpPOKOHTPOJLIED AT91SAM3XS8E (ARM Cortex-M3 32-6ur)
Pabouee HanpsoxkeHne 3,3B
Bxoanoe Hanpspkenue (pekomenayemoe) | 7-12 B
Bxoanoe HanpspkeHue (peaenbHoe) 6-20 B
Hudpossie Bxoapl/Beixoapi+6 54 (na 12 u3 koTOphIX peanusyercs Bbixoa LIIMM)
AHanoroBsle BXOIbI 12
AHaJI0TOBBIC BBIXO/IBI 2 (ITAIT)
OOIIUH BBIXOIHOM OCTOSHHBIA TOK
50 MA
Ha BCEX BXOJIaX/BBIX0JIaX
[ToctostHubIi TOK Yepe3 BoiBOA 3,3 B 800 MA
[ToctostHHBIN TOK Yepe3 BeiBOA 5 B 800 MA
dren-naMsTh 512 Kb
o3y 96 Kb (nBa 6anka: 64 Kb u 32 Kb)
TakroBas yacrora 84 MI'n

[TompobHOe ommcanme (yHkuuonupoBanus Arduino Due B kadecTBe
HEHPOHHOU CeTH MpuBeAcHO B [28].
AJIbTepHaTHBHBIM BapHAHTOM MOXET OBITh TOTOBas Iuiardopma Braincard

win NeuroStack na 6ase ueiiponnoro mpoueccopa (-oB) CM1K, coxepikariero

30


http://arduino.ru/Tutorial/PWM

cetb u3 1024 HeiipoHOB (MamsiThb OAHOTO HeWpoHa 256 Oaiit). TexHuueckue

XapaKTePUCTUKH IJIAT MPUBEACHBI B TaOHIe 6.2.

-
-
o
-
-
-

Pucynoxk 6.3 — Buemnuii Bua npoueccopa CM1K u mnatdopmer NeuroStack

Ta6nuua 6.2 - Xapakrepuctuku miatel Braincard u NeuroStack

Braincard NeuroStack
Yucno npoueccopo CM1K 1 4
Yucito JONOJIHUTEIBHBIX
mporeccopoB CM1K / o 9 1o 64/ mo 16
JOTIOTHATEIBHBIX MOTYJICH
Kondurypupyemas
. Korbrrvoupyemas 0JIb30BaTEIEM
oo | Latce xP2FRGA
Xilinx Spartan 6 FPGA (mporpaMmupoBaHUe
uyepe3 JTAG, USB, SPI)
[TamsaTh 16 M6aiit SDRAM 2 Mo6aiit MRAM

Pa3zbemsl pacmmpenus

KonnekTop noakmrouenus moayneit RaspBerry Pi,
M0CaI0YHOE MECTO JUIsl pa3beMa MOKII0UYEeHNUS MOayIen
Arduino, KOHHEKTOP JJIs1 TTOAKITFOYCHUS
nporeccopa Intel Edison

Hutepdeticbr

USB 2.0, Micro SD, HDMI

USB, JTAG, SPI

IIutanue

5 B ot nuraromero pazbema (power jack) uiam ot Motyseit
Arduino u Raspberry Pi

Ecnu BeIOMpaTh U3 MPEASIOKEHHBIX PEIICHUA, C yY€TOM TOT0, YTO Ha BCEX

rarGopMax MOXKHO pealin30BaTh pa3paboTaHHbBIM anroputm, To Arduino Due

sHauyurelibHo Jneuiesne Braincard u tem Oonee NeuroStack. Ho Braincard u

NeuroStack mpennoutuTensHee MO TEXHUYSCKUM IapamMeTpaM W OHH SBISIOTCS

yXKE€ TOTOBBIM KOMMEPUYECKHM MPOIYKTOM,

HCIIOJIB3YIOIINM HCﬁpOCGTeBBIe

TexHosioruu. McciaemoBaTes OTMEUYArOT, YTO CO3/1aTh JECMCTBYIOIIYI0O HEHPOCETh
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OKa3bIBaeTCsl J1eJIoM HempocThiM. [loatomy mnsa Gonee 3¢dexTuBHOrO mMpoiiecca
IPOrpaMMHUPOBAHUS, OTJAJKHU, Aydine UCII0JIb30BaTh CHEeUAIBHO
npeHa3HauYeHHbIe U Hehpocerel yctpoiictBa. Tem Oosee rurater Braincard u
NeuroStack ycrmemHo npHUMEHSOTCS B 00JAaCTAX  MAIIMHHOTO  3PCHHS,
ABTOMOOMJIBHBIX CUCTEM O€30MaCHOCTH.

IIporpaMMupyeMBbIN JIOTUYECKUM KOHTPOJUIEP C MOAJEPKKON HEUYETKON
JIOTUKM MOXHO BbIOpaTh W3 KatainoroB mnpousBoautenei [1IJIK. Ilpu BwiOOpeE,
BHUMAaHHUE CTOUT YJIEJIUTh MOJJCPKKE CelUanbHbIX QyHKIMHA - Fuzzy Logic, niu
K€ BO3MOXXHOCTH NPOrpaMMHUpPOBAaHMUS TMOJA  HEYETKYI0 JIOruKy. Ywucno
BXOJIOB/BBIXOJIOB  TpeOYyIOMIUXCSA JUIsi  pa3pabOTaHHOM CHUCTEMBl HEBEJIUKO:
KoHTpoJuiepa ¢ 16 (12) auckpeTHBIMH BXodaMmu (Bbixogam#u), 8 (4) aHAJIOrOBBIMHU
BXoJaMu (BbIxojamMu) Oyzaet poctatouyHo. C yyeToM TOro, 4To OOMEH JTaHHBIMU
MEXIy IMporpaMMaMu HeHporpoleccopa W HEYETKOro KOHTposuiepa Oyner
OCYHIECTBIISITBCSL Y€pe3 CTaHJAPTHBIN, MOJIEPKUBAIOIIMICS 0OOUMH TPOTOKOI
CBs13U. TUIOBBIMU PEIICHUSIMH MOTYT ObITh KOHTPOJLIEPHI:

— Simens Simatic S7-200;

— Schneider Electric Modicon Micro;
— OMRON Sysmac C200H,;

— OBEH IIJIK160.

Pucynok 6.4 — Baemnwuii Bua [1JIK ciieBa Hanpaso: Simatic S7-200, Modicon
Micro, OMRON C200H
B 3aBUCMMOCTH OT KOHCTPYKTHBHOTO WCIIOJHEHUS TIEPBBIC TpPH
kouTposuiepa — moxyiaeHbie. OBEH IIJIK160 — mpencraButenbs MOHOOJIOYHOTO
koHcTpykTHBa. Bce IIJIK wmmeror B oOomouke mnporpammupoBanusi Ha [IK

MOJIb30BATENbCKUN UHTEpPENC Is1 KOHPUTYPUPOBAHUS HEUETKOM JIOTUKH.
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HanexxHpiM pemeHnem sl CUCTEMBI HEUPO-HEYETKOro yrpasieHus BOY
ObuTO0 OBI Mcmosb3oBaHue Iwiatopmel NeuroStack B couetanwm ¢ JIOOBIM W3
npeokeHHbIXx MoayibHbIX [1IJIK. [Ipu TakoM pemreHnyu NMpOU3BOIMUTENBHOCTD U
CKOPOCTb pabOThl CUCTEMBI OYJET HAMITYUIIeH.

Campblii OFOJDKETHBIN BapuaHT UCTOHEHUs Oyaer coderanue Arduino Due
¢ OBEH IIJIK160.

Cnengyer OTMETUTb, YTO MPOIIECC HACTPOMKU MX Ha COBMECTHYIO paloTy,
KaKk  HeHpo-HEYeTKOM ceTu, MOoTpeOyeT TMPOBEIECHUS  JIOMOJIHHUTEIbHBIX

UCCJIeIOBAaHUIN U HKCIIEPUMEHTOB Ha peajbHOM anmaparype.
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3AJAHUE JUISI PA3JIEJIA
«@UHAHCOBBINA MEHEUKMEHT, PECYPCOD®®EKTUBHOCTD 1

PECYPCOCBEPEKEHUE»
Crynenry:
I'pynna DPUO
S5BM4 /1 3akamanuHy AHApero AHJIpeeBUUy
HAncruryr DHepreTudyecKkuit Kagenpa ATII
Yposenn o0pa3oBanust MarHCTpaTypa Hanpagsaenne/cnennansnocts | 13.04.01

«Tennosneprerrka u
TEIUIOTEXHUKA»

Hcxoanblie nanHblie K pasgeny «PHHAHCOBbIH MEHEIKMEHT, pecypcod(p(peKTHBHOCTH U
pecypcochepeskeHne»:

1. Cmoumocmo pecypcog nayunozo uccieoosarnus (HH):
MAMepuanbHO-MeXHUUECKUX, IHEPLETNUUECKILX,
PUHAHCOBBIX, UHDOPMAYUOHHBIX U YETOBEUCCKUX

MartepuanbHble 3aTpaThl I peaau3aluu
TEXHUYECKOM COCTaBIISAIONIEH MPOEKTa 3aBUCAT
oT IIEH, YCTaHOBJICHHBIX 3aBOAAMHU
HU3roTOBUTCIISIMHU. 3anaTI)I, CBs3aHHBIC C
OIIATOM  TpyZJa UCIOIHUTENEH  IPOEKTa,
ONPECNAIOTCST B 3aBHCHUMOCTH OT TapU(HON
CTaBKU M KOO((HUIIMEHTOB.

2. HCV!OJle’yeMaﬂ cucmema H[IJZOZOO6JZO.?¥C€HM}1, cmaesku
HAl0208, omuumeﬂuﬁ, ()UCKOHMMPOSCIHM}Z u er()umoecmuﬂ

OturcneHus: BO BHEOIOKETHBIE CTPaXOBBIC
(hoHtbI OTIpeNeNsIIoTCs COTJIaCHO
OenepanbHOMy 3akoHY OT 24.07.2009 No212-
®3.

IlepeyeHb BOPOCOB, MOMJIEKANMX HCCTEIOBAHNIO, IPOEKTHPOBAHMUIO U pa3padoTKe:

HTH

1. OueHKa KomMMmMep4ecKo20 U UHHOB8AYUOHHO20 nomeHyuala

SWOT-ananu3 cuctemMsbl yrpasiieHusI.

3AK)YNnoK

2. [Tnanuposanue npoyecca ynpaenenuss HTU: cmpykmypa u
epadux nposedeHus, 61004cem, PUCKU U OPAHU3AYUL

OmnpeneneHue  TPYHLOEMKOCTH  BBIIOIHEHUS
BKP wu koopmunupoBanue pabot. Pacuer
3apa0OTHOM IJIATHI UCTIOIHUTEISIM.

aghpexmusnocmu

3. Onpedenenue pecypcHoll, PUHAHCOBOU, IKOHOMUUECKOL

Pacuer cmeTsl npoekTa.

Hepeqeﬂb Fpaq)l/l'-leCKOFO MAaTEPHUAJIA (c mounvim yrasanuem obs3amenvuvlx yepmedicel).

1.

2.

3.

4. Huacpamma FAST
5. Mampuya SWOT
6.
7.
8.

CeeMeHmupoeaH ue polHKa

I'pagux nposedenus u 6r0dxcem HTHU

HomeHuuaﬂbele PUCKU

«Ilopmpem» nompebumens pesyromamos HTH

OI/]EHKLZ KOHKypeHWIOC}’lOCO6H00mM MQXHHHBCKMXPEWEHMIJ

Oyenka pecypcHol, puHancosotl u s9KoHomudeckoti d¢pgpexmusnocmu HTH

‘ JlaTta BpIIauM 3a1aHMsA JIs1 pa3/ena no JuHeiiHoMy rpadguky ‘

3agaHue BbI/1aJ KOHCYJbTAHT!

JloJZKHOCTH DOUO Y4eHasi cTeneHb, Hoanucy Jara
3BaHHE
JOTI[EHT ITonosa C. H. K.3.H.
3az[aﬂne NPUHAJ K UCITIOJTHCHUIO CTYAECHT:
I'pynna DPUO Moanucey Jara
5bM4]], 3akamanauH A.A.
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7 ®UHAHCOBBII MEHE[)KMEHT, PECYPCO®®EKTUBHOCTH U
PECYPCOCBEPEXEHUE

enbto pasnmena sBAsSETCS aHAIU3 TMEPCIEKTUBHOCTH TPOBEICHHBIX B
MarucTepCcKoM JUcCepTallui MPOEKTHBIX PadoT, MCCIETOBAHUE BCEX BO3MOXKHBIX
aJbTEPHATUBHBIX BapUAHTOB peAM3AlMU TPOEKTUPYEMOU 3a7ayM, BBISBICHHE
CUJIBHBIX M CJIA0BIX CTOPOH MPOEKTa, a TaKke ornpejeicHue (PUHAHCOBBIX 3aTpaT
JUIS peaju3aliii MPoeKTa U pa3paboTKy.

JlocTrkeHue e 00ecneynBaeTcsl pelieHUEeM CIIEeIYIONINX 3a1a4:

— OIICHKa KOMMEPUYECKOTO TOTEHIMaja M MEePCHEKTUBHOCTH MPOBEICHUS
TEOPETUYECKUX U DKCICPUMEHTATBHO-TIPAKTUUECKUX HCCIEOBAHUM B
paMKax MarucTepcKor auccepTaluu;

— TUTAaHUPOBAHUE TEXHUKO-KOHCTPYKTOPCKUX PadoT;

— ONpEIENeHUE  PeCcCypCHOMU U DKOHOMHYECKOU s peKkTUBHOCTH

TCXHUYICCKOI'O IIPOCKTA.

7.1 OHGHKa KOMMCPUYCCKOTO IIOTCHIIMAaJIa )41 IMMCPCIICKTUBHOCTH

TEXHUUYECKOTO MPOEKTa C O3UIUU PecypcodPPEeKTUBHOCTH U PECypcoCcOepexeHuUs

Kommepueckass mnOpHBIEKAaTENIbHOCTh MPOBEACHHBIX B MarucTEpPCKOU
JUCCEpPTAllUd  WCCIIEIOBAHUN  OINPENENAeTcsl HE  TOJbKO  MPEBBIIICHUEM
TEXHUYECKUX T[apaMeTpPOB HaJl TMPEAbIAYIIUMU pa3paboTKaMH, HO U TEM,
HACKOJIBKO OBICTPO pa3pabOTYMK CyMEeT HalTH OTBETHI Ha TAKHE BOMPOCHI — OyIeT
U TPOAYKT BOCTpeOOBAaH PBIHKOM, KakoBa OyIeT ero IeHa, KaKOB OOJKET

TEXHUYECKOr0 MIPOEKTa, KaKO CpOK MOTpeOyeTcs ISl BBIXO/1a HA PHIHOK U T.1.

7.1.1 TloTeHuManbHbIC MOTPEOUTEITH

s ananu3a mnoTpeOuTene pe3yJlbTaTOB HCCIEI0BAaHUS HEOOXOAMMO

PacCMOTPETH 1LIEJIEBON PHIHOK U MPOBECTHU €TI0 CETMEHTUPOBAHUE.
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[leneBoit pHIHOK — CETMEHTHI PBIHKA, HA KOTOPOM OYIET MpOaaBaThCs B
Oyaymiem paspadotka. [29]

CerMeHTHpOBaHHE — 3TO Pa3/esieHHE TOKYaTeNe Ha OTHOPOIHBIE TPYIIIIHI,

JUTSL K&KJIOU M3 KOTOPBIX MOKET OTPeOOBATHCS ONpeiesieHHBIN ToBap (yciayra).

VY BeTpOIHEPreTHKH OYEeHb OOJIbIIOE OYyayIee, O YeM TOBOPUT MOKa3aTelb
€XEroTHOTO MPHUPOCTa YCTAHOBJICHHBIX MOIIHOCTEH B MUpPE, KOTOPBIA COCTaBISICT
25%. BetposHepreTuka B NEPCHEKTHBE CMOXKET KOHKYPUPOBATH C OCHOBHBIMU
MUCTOYHUKAMH DHEPTUHU, TaKKE KaK HePTh U ra3, IO3TOMY C KaXKIbIM T'OJJOM PHIHOK
BETPODHEPIeTUYECKUX YCTAaHOBOK pacIIUpsieTcss. OJTO CBSI3aHO C TEM, HTO
BHE/IPSIOTCS. HOBEUIITNE TEXHOJIOTHH TIO3BOJIAIONINE UCIIOIB30BAaTh SHEPTHIO BETPa
MakcuMainbHO 3 dextuBHO. CTpansl EBpornelickoro cor3a, KOTOPhIE UCIIBITHIBAIOT
HEXBaTKy COOCTBEHHBIX 3aI1acOB OPraHUYECKOTO TOIUIMBA, IABHO CAENANIH YKIOH
Ha pa3BUTHE BETPOIHEpreTUKH. [103TOMYy CIpOC C X CTOPOHBI C KAKIBIM T'OJIOM
pacret, B ocooeHHocTr Ha BOY Gonbimoit u cpeaneid MonHocTH. OTedecTBEHHAS
HHEpreTuka B JTOM IUIaHE CWIbHO otTcraer (umeer yumb 0,8% MolHOCTH,
BbIpa0aThIBAEMOIl BeTporeHepaTopaMu, mo cpaBHeHuio ¢ EBpomoii — 16%) u B
OCHOBHOM TIE€PCTIEKTUBHO UCIOJIb30BAaHUE BETPOTEHEPATOPOB MAJION MOIIHOCTH.

Cucrema ympaBieHusi, pa3paboTaHHas B XOJle€ HCCIIEJOBAaHUN, HMEET
HAIPABJIICHHOCTh Ha BETPOYCTAHOBKU OOJBIION M cpeaHedt MomHocTu. Co3mpanue
takux BOY T1peOyeT orpoMHbIX KamuTanbHbBIX 3arpaT (mopsaka 1000-2000
noiuiapoB 3a 1 kBT ycTaHOBIEHHON MOIIHOCTH), OT KOTOPBIX CTOMMOCTH CUCTEMBI
yrpaBieHusi cocTaBisier Bcero 3-5% [30]. 3akazumkoMm Ha TOJOO0HBIC CTAHIIHH
BBICTYIAIOT B OCHOBHOM T'OCKOPITOPAIIHH.

Takum 00pa3oM, CEerMEHTHPOBATh OYAYIIUH PBIHOK YCIYT MOXHO TIO
OJIHOMY OCHOBHOMY KPHUTEPHUIO: pa3Mep KOMIIaHUU-3aKa3unKa.

Pasmep xommanum-3akazuuka: KpymHble, cpeaaue u menkue. OT pasmepa
KOMITAaHUU 3aBUCHUT OIOJIKET, BBIJCISIEMBI HA KamUTaIbHBIC 3aTpaThl. [I0oCKOIBKY
Opy  BHEAPCHUH CHUCTEMBI yNPaBIEHUS HEOOXOJUMO YUUTHIBATH CPOKHU
OKYIaeMOCTH KaUTAIBHBIX 3aTPaT, TO JIJISi MEITKUX U CPETHUX KOMITAHUN JTaHHAS

pazpaboTka OyaeT MeHee mpeAnoYTUTeNbHA. {1 KpYIMHBIX KOMIAaHUM 3aKa34YMKOB
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JaHHas pa3pabOTKa MOXKET COCTABUTh MHTEPEC MO OTHOIICHHUIO K TPAJUIMOHHBIM
aHajoraMm, MO3TOMY MMEHHO Ha HHUX JIOJDKEH OBITb OPUEHTHUPOBAH OyAylui

PBIHOK.

7.1.2 SWOT — aHanu3 cucTeMsbl yIpaBieHUs

SWOT — ananu3 npenHa3Hau€H AJid BBISBJICHUS CUIIbHBIX, CIa0bIX CTOPOH
IPOEKTa, a TaKXKe BO3MOXKHOCTEH CO3/1aBaeMOro IMpoeKTa M ero yrpos3. AHajius3
IPOBOJMTCS B JBa dTama: Ha MEPBOM JTarle OMUCHIBAIOTCS CHUJIBHBIC M CIIa0bIe
CTOpPOHBI pa3pabaThIBAEMON TEXHOJIOTHH, BBISBISIOTCS BO3MOXHOCTH M YIPO3bI

IIpu pc€aimn3alnn IPOCKTA, Ha BTOPOM ITall€ aHalIn3a CTPOATCA HMHTCPAKTHBHLIC

MaTpulbl JJIs1 OOCHKHW BAPUAHTOB CTPATCTUYICCKOTO BBI60pa.

CuiibHBIE U cl1a0bIe CTOPOHBI IMPOCKTA, 4 TAKKC BO3MOKHOCTH U YI'PO3bI

peam3anu IpPpCACTABIICHBI

B TaOimmue 7.1.

NCIIOJIb30BAHBI CJIICAYIOIIUC 0003HaYEHHUS

C — cuiIbHBIC CTOPOHBHI ITPOCKTA,

Cn — cnabGbie CTOPOHBI MPOEKTA;

B — Bo3MOKHOCTH;

Y — yrpo3sl.

Tabmuma 7.1 - Matpunia SWOT cuctemsl yripaBieHHUsI

[Ipu cocraBieHun TAOTUIBI

Bo3moxxHoctu (B),

CuinpHbIE CTOPOHBI ITPOCKTA:

Cnabble CTOPOHBI MPOEKTA:

C1. Bricokast 5JKOHOMUYHOCTh
1 SHEProdhHEKTUBHOCTH
TEXHOJIOTHH.

C2. DKOJOrU4HOCTh
TEXHOJIOTHH.

Cinl. OrcyrcTBUE
WH)XHUHUPUHTOBOM KOMITaHUH,
CHOCOOHON NOCTPOUTH
IIPOM3BOJICTBO MO KIIIOY.
Cn2. OrcyrcTBUE

yrposst (Y) C3. IloBbllieHue HEOOXO0IMMOTO 000PYTIOBAHUS
0€30MacHOCTH MPOU3BOJICTBA. | JJISl IPOBEACHUS HCTIBITAHUS
C4. YmMeHbleHue 3aTpaT Ha OTIBITHOTO 00pas3Ia.
peMOHT 000pyI0BaHUS. Cn3. OTcyrcTBHE IPOTOTHUIA
C5. HagexxHocTb B HAy4YHOU pa3paboTKu.
JKCIUTyaTaIuu.
1 2 3

B1. Ucnons3oBanue

WHHOBALlMOHHOU

uHopactpykrypsl TITY.

B2. IlosBnenune
JOTIOJIHUTEIBHOTO CIIPOCa Ha
HOBBIN IIPOJYKT.
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[Iponomxenue Tabmuusl 7.1

1

B3. CHuxenue 3aTpaT Ha
TaMOKCHHBIC ITIOIIJIMHBI 3a
CUET MaJIOro KOJINYECTBA

HHOCTPAHHBIX KOMIIOHCHTOB.

B4. Ucnons3oBanue
uHopactpykrypst 093 TBT
ToMck.

V¥1. OrcyrcTBHE cipoca Ha
TEXHOJIOTUH TPOU3BOICTBA.
V2. Orpannuenus Ha
AKCTIOPT TE€XHOJIOTHH.

V3. Beenenus
JOTIOJTHUTEITHHBIX
roCyJIapCTBEHHBIX
TpeOOBaHUMN K
CTaHIAPTH3AIHNA U
cepTU(UKAIIMA TTPOTYKIIHH.
V4. OrcyrcTBue
(hrHAHCOBOTO OOECTICYCHUS
CO CTOPOHBI TOCY/IapCTBA.

Ilocne cocraBiaeHuUs MaTpHUIbI H€06XO,III/IMO COCTAaBUTb HHTCPAKTHBHBLIC

MaTpulbl, IJI BBIABJICHUA CUJIBHBIX U ca0BIX CTOPOH pa3pa60TaHHOﬁ CHUCTCMBEI.

HpI/I IMOCTPOCHUHN HWHTCPAKTHBHBIX MAaTpPHIL] HCIIOJB3YIOTCA CIICAYIOIHUC

0003HAYEHHUS:

«1T» — CUIIBHOE COOTBETCTBUE;

«-» — cnaboe COOTBCTCTBHC,

«0» — eclu eCTb COMHCHHUS B TOM, YTO ITOCTABUTH «1» HUIIA «-».

Tabmuma 7.2 — IaTepakTUBHAS MaTpHIa BOBMOXKHOCTEH

CuibHbIE CTOPOHBI TPOEKTA
Cl C2 C3 C4 C5
B1 + + - + _
B2 + + + - 0
B3 - - - - +
Bo3moxHocTH B4 " . - 0 0
IIpOeKTa
Cnalble CTOPOHBI IPOEKTA
Cal Cn2 Cn3
B1 + + -
B2 - - -
B3 - - -
B4 - + +
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Tabnuma 7.3 — UHTEepakTUBHAS MaTpUIla yTpo3

CuinpHBIE CTOPOHBI IPOEKTA
Cl C2 C3 C4 C5
4! - - - - -
y2 - - 0 - -
V3 + - 0 - +
Y4 - - + - +
Yrposst Cnabble CTOPOHBI IPOEKTa
Cal Cn2 Cn3
Vi + - 0
V2 + - -
V3 - - -
Y4 + + +

[lo uHTEepaKTUBHBIM MaTpHIlaM, MPEICTaBIECHHbIM B Tabiuuax 7.2 u 7.3

BUAHO, qTo

HaunboJiee

KOPPEJIUPYIOLUIUMU

Bo3MokHOCTSIMU sBisioTcs: BIC1C2C4, B2C1C2C3.

CHUJIbHBIMH

CTOPOHAMH |

HaubGonee uacto koppenupytoniye ciaadble CTOPOHBI M BO3MOXKHOCTH:

B2Cal1Cn2, B4Cn2Cn3.

CHWIIBHO KOppENUPYIOUIME CUIIbHBIE CTOPOHBI U yrpo3bl: Y4C3CS5.

CwibHO KOoppenupyroIue ciaadbie CTOpoHbI U yrpo3sl: Y4Ca1Cn2Cn3.

[lony4yenHsle pe3ynbTaThl aHalu3a 3aHOCATCS B Tadmumy 7.4, 108

H&FHHHHOﬁ ACMOHCTpAIIUH BO3MOKHBIX KOPPCILIMUOHHBIX BAPHAHTOB.

Tabmuma 7.4 — Utorosas matpuiia SWOT-ananmmza ACP

Bo3moxxnoctu (B),

CuinpHbBIE CTOPOHBI ITPOCKTA:

Cnabble CTOPOHBI MPOEKTA:

C1. Bricokast 5JKOHOMUYHOCTh
1 SHEProdhHEKTUBHOCTH
TEXHOJIOTHH.

C2. DKOJOrU4HOCTh
TEXHOJIOTHH.

Cnl. OrcyrcTBHE
WHKUHAPUHTOBON KOMITAHUH,
CIIOCOOHOM OCTPOUTH
HPOU3BOACTBO MO KITIOY.
Cn2. OtcyrcTBHE

yrposet (Y) C3. IloBbllIEHUE HEe00X0MMOT0 000PYI0BAHMS
0€301aCHOCTH MPOU3BOJICTBA. | JJIsl IPOBEACHHS UCIIBITAHHS
C4. YMeHbIIICHHE 3aTpaT Ha OTIBITHOTO 00pa3Ia.
peMOHT 000pyI0BaHUS. Cn3. OtcyTcTBUE IPOTOTHIIA
C5. HanexHocTs B HAy4YHOU pa3paboTKu.
IKCIUTyaTaIuu.
1 2 3

B1. Ucnions3oBanue B1C1C2(C4; B1Cnl Cn2;

MHHOBAIIMOHHOM B2C1C2C3; B4Cn2Cn3.

uHopactpykrypsl TITY. B3C5;

B2. IlosBiaenue B4Cl.

JOTIOJIHUTEIBHOTO CIIPOCa Ha
HOBBIN IIPOJYKT.
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[Iponomkenue Tabnuusl 7.4

1 2 3

B3. CHuxenue 3aTpaT Ha
TaMOXEHHBIE MOIUTNHBI 32
CYET MaJIOr0 KOJIMYECTBA
WHOCTPaHHBIX KOMIIOHEHTOB.
B4. Ucnons3oBanue
unppactpykrypsl 093 TBT
Tomck.

Yrpo3sl: V3CICS; V1Cnl,

V¥1. OrcyrcTBUE cipoca Ha Y4C3Cs. Y2Cnl,
TEXHOJIOTUU TIPOU3BO/ICTBA. Y4Cn1Cn2Cn3.
¥2. OrpannyeHust Ha HIKCIOPT
TEXHOJIOTHH.

V3. Benenus
JOTIOJTHUTEITHHBIX
roCyJIapCTBEHHBIX
TpeOOBaHUH K
CTaHIApPTH3AINA U
CepTU(PHUKAIMA TTPOTYKIIHH.
VY4. OrcyrcTBrEe (PMHAHCOBOTO
ofecrnevyeHus co CTOPOHbI
rocyJIapcTBa.

Ilo IMOJIYUYCHHBIM pe3yiibTaTaM MOKHO CAcCJIaThb BBIBO/, qTo
pa3pa6aTLIBaeMaﬂ aBTOMaTHUYCCKas1 CHUCTCMaA PETYIINPOBAHUA ABJIACTCA
INCPCIICKTUBHBIM IIPOCKTOM, O 4YCM CBHUIACTCILCTBYCT OONBIIOE  KOJHUYECTBO

CUJIBHBIX CTOPOH Y MAJIOBEPOSITHBIEC YTPO3BL.

7.2 TlnanupoBaHHE MaruCTEPCKOM AUCCEpTAIIUN

HHaHI/IpOBaHI/Ie KOMINICKCA IIPCAIIOJIaracMbIX pa60T OCYHICCTBILICTCA B

CJICTYIOIIEM TOPSIIIKE:

omnpezeaeHue paboT B paMKax MaruCTepCKOM TUCCepTalNH;

OTIpEJICIICHNE YIACTHUKOB KaXK0i paOOTHI;

YCTaHOBJIEHUE MPOAOIKUTEILHOCTH PadoT;

MOCTpoeHUE rpaduka MpoBeICHUS MAaruCTEPCKOi JUCCEepTAIUU.
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7.2.1 Onpenenenue pabOT U YHaCTHUKOB B paMKaX MarucTepCcKou

JUCCePTAIUH

B nanHOM pasznene HEOOXOAMMO COCTaBUTH IIEPEUYEHb JTANOB U pabOT B

paMKax TMPOBEACHUS MAruCTepCKOM AucCepTalliy, TMPOBECTH pacHpeIeliCHHe

WCIIOTHUTENEH 1o BujaM padot (tabmaumua 7.5).

Tabmuma 7.5 — Ilepedyers paboT u pacrpeeseHue UCTIOTHUTEIEH

Ucnonaurenn
HaumenoBanue pabot
JIOJIKHOCTD Koauuectro
PykoBoaurens

1. Be16op u yTBEp:K/IeHUE TEMBI AUCCEPTALIMU YROBOX 1

CryzeHt
2. Co3nianue 0030pHOH TIaBbI AUCCEPTAIHH Crynent 1
3. UccnenoBanne COBPEMEHHBIX METOJIOB aHAIIN3A U CrVIeHT 1
CHUHTE3a CHCTEM aBTOMATHYECKOTO YITPaBICHUS yA
4. OnpeneneHue MaTeMaTHYECKON MOIeNTH 00BEKTa 1
yrnpasieHus. MoaenupoBaHue CyIIECTBYIONUX CHCTEM CrynmeHT
VIpaBJICHUS ¥ aHAJIN3 MTOJTYdEHHBIX PE3YJIbTAaTOB. 1
5. Hammmcauwue crareid CryneHt 1
6. CuHTEe3 CHUCTEeMBI YIIPABICHUS BETPOIHEPTETUUECKON
YCTaHOBKOM Ha OCHOBE HEWPO-CETEBBIX TEXHOJIOTUHN U CryneHt 1
HEYETKHX MHOYKECTB
7. MonenupoBaHHEe U aHATIU3 MTOTYYCHHON CUCTEMBI Crynent 1
YIIPaBJICHUS] BETPOIHEPreTUUECKON YCTAaHOBKOM y
8. Pa3paboTka pa3jiena (GMHAHCOBBIH MEHEHDKMEHT CryneHt 1
9. Pa3paboTka pazaerna couuagbHasi OTBETCTBEHHOCTh CryneHt 1
10. IloaroToBka tekcra auccepraiuu. [logroroska Crynent 1
J€MOHCTPAIIMOHHBIX MaTEpUAJIOB U IOKJIAI0B IS 3alIUThI Y
11. TIpoBepka coCcTaBICHHON JOKYMEHTALIUH U

POBEp JIOKYM I PykoBoaurenn 1
pa3paboTaHHBIX CXEM
12. 3amuTa mpoekTa CryneHnt 1
Cnenuanuct 1no

13. Peanuzanums mpoekTa Ha 0OBEKTE 1t 1

HaIaJIKe

7.2.2 OrnpeneneHne TPyI0EMKOCTH BBITIOJTHEHUS paboT

pr,Z[OGMKOCTB BBIITOJIHCHU A MaFHCTepCKOﬁ AuccepTraiu OLCHHUBACTCA

OKCIICPTHBIM IIYTEM B YCJIOBCKO-AHAX WM HOCHUT BepOHTHOCTHBIfI XapakTep, T.K.

3aBUCUT OT MHOXECTBA TPYIHO YUYWUThIBaeMbIX ¢akTopoB. g ompenereHus
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OKHJAEeMOTO (CpEIHEro) 3HAYEHUsS] TPYJOEMKOCTH t ; MCHOJIB3YETCs CIEAYyIOoIast

dbopmyna:
t = 3tmini + 2tmaxi
0XK1 5 ]

rne 1, — oxugaemas TpyIOEMKOCTh BLITOJHEHUS i-0i pabOTHI Yell.-/IH. ;

t

mini _ MHHUMAaJIbHO BO3MOXKHAsI TPYJAOEMKOCTh BBITIOJHCHHUS 3aIaHHOM 1-0i
paboThl (ONTUMUCTUYECKAS OLIEHKA: B MPEIOJIOKEHUHN Harboiee 0JaronpusaTHOTO

CTEYEHHS 0OCTOSATEIBCTB), YeH.-IH.;

tmaxi — MAKCHMAJIBHO BO3MOJKHasl TPYAOCMKOCTb BBIIIOJIHCHUA BaHaHHOﬁ i-

o paboThl (TEeCCMMHCTHYECKas OICHKAa: B MPEANOJIOKEHUH Hauboiee
HEOIarONPUATHOTO CTEUCHHUSI 0OCTOSITEIIHCTB), YEII.-/TH.

PesynbTaThl pacueToB O0XKHIAAEMON TPYIOEMKOCTH TPEACTaBICHBI B
tabnuie 7.6.

Ucxomst w3 oxugaeMod  TPYIOEMKOCTH  paboT,  ompenensercs
IPOJOJKUTENBHOCTh KakA0H paboTel B pabounx HAHAX 1},, y4YUTHIBArOLIas
NapajuieIbHOCTh BBIMOJHEHUS] Pa0OT HECKOJbKUMHU HCIOJHUTEISAMH. Takoe

BBIYUCJIICHUC H€06XOIII/IMO JIIA 000CHOBaHHOTO pacucTa 3apa6OTHOﬁ IIJIaTHI.

rae  Tpi — IPOJOJIKUTENBHOCTh OJHOW paboThl, pad. IH.;
l,,i — oxnmaemas TPYJAOEMKOCTh BBIMIOJTHEHUSI OHON PabOTHI, Yell.-H.
Y, - uucnennocts ncnonuuTeNEil, BHIIONHAIOLIIX OJTHOBPEMEHHO OJ[HY U

Ty K€ paboTy Ha TaHHOM JTarie, Yel.

PaccuuTannbie mokazaTenu MpoI0JKUTETLHOCTH B Tabmutie 7.6.
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Tabnuia 7.6 — KanennapHas npooJKUTEIbHOCTh padoT

HasBanne paboTs1

TpymoéMkocTs pabot

t. |t

min, max,

qen-
IIHA

qen-
JIHA

t

qen-
IIHA

oorci

Hcnomaurenn

JmurensHOCT
pabot B
pabounx JTHIX

T .
p!

JmurensHOCT
pabot B
KaJIEHAAPHBIX
JTHSIX

Ki

1. BeiGop u yTBepKACHUE
TEMBI JFCCEePTALIUN

40 46

42,4

PykoBonurens
CryneHt

52

61

2. Co3nanue 0030pHOH
rJ1aBbl JUCCEpTALIUU

18 23

20

CryneHt

26

30

3. UccaenoBanue
COBpeMeHHBIX MCTOO0OB
ananu3a u cuaresa CAY

30 38

33,2

CryneHt

53

62

4. Onpenenenue
MaTeMaTH4YEeCKON MOJEITN
00BeKTa yIpaBJICHUS.
MoaenupoBanne
CYIIECTBYIOIIUX CUCTEM
VIpaBJICHUS U aHAITN3
MTOJTYYCHHBIX PE3yIbTaTOB.

35 42

37,8

Crynent

50

59

5. Hammmcauwue crareit

30 40

34

Crynent

52

61

6. CHHTE3 CHCTEMBI
yIpaBieHUs
BETPOIHEPTETUUECKOM
YCTaHOBKOM Ha OCHOBE
HEUPO-CETEBBIX
TEXHOJIOTUH U HEYETKUX
MHOKECTB

80 | 100

88

CryneHt

104

122

7. MonenupoBaHue u
aHaJIu3 MOJTYYEHHOU
CUCTEMBbI yIIPaBJICHUS
BETPOIHEPTreTHUECKOU
YCTaHOBKOM

80 85

77,8

CryneHnt

78

91

8. Pa3zpaboTka pazzaena
(MHAHCOBBIH MCHEPKMEHT

10 15

12

CryneHnt

13

15

9. PazpaboTka pazzaena coil.
OTBETCTBEHHOCTD

10 15

12

CryneHt

13

15

10. [Toaroroska Tekcra
nuccepTaruu. [ToarotroBka
JEMOHCTPAIIMOHHBIX
MaTePHAaJIOB M JOKIaa s
3aIHUTEI

18 23

20

CryneHt

26

31

11. IIpoBepka
COCTaBJICHHOM
JOKYMEHTAUU U
pa3paboTaHHBIX CXeM

3,4

PykoBoaurens

12. 3ammra mpoekrta

Crynent

13. Peanuzanus nmpoekta Ha
00BEKTE

4.6

Coenuanuct
[10 HAJIAIKE
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7.2.3 Pa3paboTtka rpaduka mpoBeeHNs] HAYYHOTO HCCIEOBaHUS

Y100HBIM ¥ HarjasigHbIM SBISETCS JICHTOUHBIA TIpaduK MPOBEACHUS
TEXHUYECKHUX paboT B popme nuarpamms ['anTa [31].

Juarpamma ['aHTa — ropHU30HTaJIbHBIN JEHTOYHBIM TpaduK, HA KOTOPOM
paboThl MO TEME€ MPEACTABIAIOTCS NPOTSKEHHBIMU BO BPEMEHU OTpE3KaMH,
XapaKTepU3YIOIUMHUCS JaTaMH Hayajga U OKOHYaHUS BBINIOJHEHUS JaHHBIX padoT .

Jnst ynobcTBa mocTpoeHusi rpaduka, IIUTEIbHOCTh KaXAOro M3 ATaroB
paboT M3 pabouux OHEH cieayeT NepeBecTH B KajeHaapHble OHU. [[nst aToro

HEO0OX0IMMO BOCIIOJIb30BATHCS Cleytouiel (hopMyIoii:

TKi :Tpi'kxan,

rac TKi_ MPOOJOJLKUTCIIBHOCTDb BBITIOJTHCHUA I-i pa6OTBI B KAJICHAAPHBIX THAX,
Tpi — [IPOAOJIZKUTCIIbHOCTD BBIITOJIHCHHA I-i pa6OTBI B pa60‘H/IX JHAX .

Kean ™ KO3 PUIIMEHT KaJIeHIapPHOCTH.

KoadhdummenT xaneHmapHocTH onpeaensercs 1no cieayromuiei hopmyne:

== IO g 47g
T, T, -T, 365-118 /

Kaj BBIX np

rIe T, — KOJIMYECTBO KAJICHIAPHBIX JTHEH B TOY;

T, — KOJWYECTBO BBIXOJIHBIX THEU B roAy;

BBIX

T,, — KOJIMYECTBO MIPa3THUYHBIX JHEH B TOMY.

I'padux cTpoutcs Aji MaKCUMAaIbHOTO MO JJIUTEIBHOCTA HUCIOJIHEHHUS
paboT B pamMKax MarucTepCKOW OHMCCepTalliy MPOEKTa Ha OCHOBE Tadiwmie 6 ¢
pa30uBkoii mo MecsamaMm. llpu sTom paboTel Ha rpaduke CIEAyeT BBIICTUTH
Pa3IMYHON IITPUXOBKOM B 3aBUCUMOCTH OT UCIIOJIHUTEIIEH, OTBETCTBEHHBIX 3a TY
WM UHYIO paboTy.

JlenTounblii rpaduK sl AAHHON MarucTepCKOW TUccepTalvy IpeaCcTaBlIeH

B Tabiuue 7.7.
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Tabnuua 7.7 - Kanenaapublil mian-rpaduk nposenenus BKP no teme

HpOI[OJI)KI/ITCJII)HOCTI) BBITIOJTHCHU L pa60T

Ki
: 2014 2015 2016
Ne KaJ
: ) )
pabor Bun pa6or Hcnonunrenn o Al Al al & 2| 2 A Bl Al al &l 2| & " .
MH. | & | &| &l &| | 2|l el Bl xS &| &l &| | 2| 2] 8=
w O < o | &| o < S O < S| &| o = s
ElE|l 5| 8|2l a|s|le|s|E|E|ls5|g|e|alg|e| S8
5| 2| 2| e8| 8| & *| & 5| 2| 2| 8| B|&| *| & =
o S¢ o S¢
Q ()
e
BuiG PykoBonurens 61 /
1 BIOOP U YTBEPIKIACHUC T
TEMBbI JUCCEpTALIU
recepra cryrenr | 61 [N
Co3nganne 0030pHOI TITaBBI -
2 P CryneHT 30
JICCepTaIHH
UccnenoBanue
3 COBPEMEHHBIX METOIOB CryneHt 62 -
aHanmsa u cuareza CAY
Omnpenenenne
MaTeMaTU4YeCKON MOJIENH
00BEeKTa yIpaBIICHHS. -
4 MogaenupoBanue CryneHt 59
CYIIECTBYIOIINX CUCTEM
VIIpaBJICHUSI U aHAJH3
MOTYYECHHBIX PE3YJILTATOB.
5 Harmmucanwme crareit Crynent 61 -
CUHTE3 CHUCTEMBI
yopasienus BOY Ha
6 OCHOBE HEHPO-CETEBhIX Crynent 122

TEXHOJIOTUH M HEYETKUX
MHOXXCCTB
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[Iponomkenue Tadbauupl 7.7

MopnenupoBaHue U aHAIU3
MOJTYYEHHOU CUCTEMBI

7 yIpaBJIeHUS Crynent 91 _

BETPOIHEPTETUYECKON

YCTaHOBKOM

Pa3pabotka paznena

8 (buHaHCOBBIN CryneHt 15
MEHEPKMEHT
Paspaborka paznena
9 colranbHast CryneHt 15
OTBETCTBEHHOCTh
IToaroroBka Tekcra
nucceprauuu. [lonroroska
10 JEMOHCTPAIMOHHBIX CryneHt 31
MaTepHaloB U JIOKJIaJI0B
JUTSL 3QIINTHI
ITIpoBepka cocTaBieHHOMN F

11 JIOKyMCHTAITHH PykoBoautens 5 :

pa3pabOTaHHBIX CXEM "
12 3amuTa npoekTa CryneHt 1
13 Peanm3zanus nmpoekra Ha Crenpanuct 7

00bEKTe 10 HaJla/IKe
O6o03HaveHHS:
- PykoBoautenp - Criequanuct 1o Hajiajake

%,

- - CrtyneHt
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Hcxons w3 JaHHOM AuarpaMMbl, MOKHO CHENaTh BBIBOJ, 4YTO 0OILIas
MPOJOJKUTENBHOCTh pabOThl HAJl MPOEKTOM cocTaBisieT 560 KaneHIapHbBIX THEW.
OcHOBHOI 00be€M pabOTHI BBINOIHIETCS CTYACHTOM, a CaMOW MPOJOJIKUTEIBHOM
paboToil Ha/l MPOEKTOM SIBISIETCSI «CUHTE3 cucTeMbl ynpasieHuss BOY Ha ocHoBe
HEHPO-CEeTEBbIX TEXHOJIOIMM M HEYETKUX MHOXXECTB», KOTOpas 3aHuMaer 122

KaJICHIAPHBIX JTHS.

7.3 3arpatbl Ha pa3pabOTKy TEXHUYECKOTO MPOEKTa

[Ipu nnaHupoBaHUU CMETHI MPOEKTA JTOJKHO OBITH 00ECTIEUEHO MOJTHOE U
JOCTOBEPHOE OTPaKEHUE BCEX BHUJIOB PACXOJIOB, CBSI3AHHBIX C €TI0 BBIITOJTHEHUEM.
B npouecce popMupoBaHus cmerst HCIOJIB3YETCS CIEAYOIas IPYNIUPOBKA 3aTpaT
IO CTaThSIM:

- MaTepHUalIbHBIE 3aTPaThl IPOEKTA;
- ToJHas 3apa00THas MJIaTa UCIOJIHUTENIEH TEMBI,
- OTYMCJIEHUS BO BHEOIOKETHBIE (POH/IBI (CTPAXOBbIE OTUUCICHUS);

- HaKJIaJHbIC PACXOIBI.

7.3.1 MarepuanbHble 3aTpaThl Ha TPOECKTHBIE paOOThHI

B nanHo#t wacth pabGoOThl CTOMT IIeJb TMPOBECTH aHAINW3 CTOMMOCTHU
puOOpOB U 000PYAOBAHUS, BKIIOUAEMBIX B CHCTEMY PETyJIMPOBaHMS.

B Tabnuie 7.8 npuBoaATCS OCHOBHBIE KOMIIOHEHTHI CUCTEMBI aJIalITHBHOTO
YIPaBICHUS BETPOIHEPIreTHUYECKOW YCTAaHOBKOM, a MMEHHO KOHTPOJLIED,
MOIJICP)KUBAIONNN 0a30BbIe HEYETKHE OIMEpalldd, MPOIEeCcCOp, MO3BOJISIOIMIHMA
peann3oBaTh HEUPOHHYIO CeTh (Heipompoueccop) u miaTdopma
HEWPOKOHTpoOJIIEpa (HeHporiara).

Kaxmoe ucmosHeHHe BKIOYAET B ceOs ONpeeieHHBI HAaOOp CpeACTB

aBTOMAaTHU3allid, TPUBEACHHBIX B Ta0smiie 7.8.
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Tabnuia 7.8 — HaumenoBaHue nmpuOOpoB, BKIIOUEHHBIX B KaX0€ UCIIOJHEHHE

[Tpubop Wcnonnenue 1 Wcnonnenue 2 Hcnosinenue 3
Heuetkuii koHTpOIIIED Slm(;n?S_ZS(;g]atlc OBEH IIJIK160 Modicon Micro
Monyns NeuroMem Analog devices
Heiiponpouieccop JI1879BM6 CM1K ADSgP-2116
(NM6407)
[Tnara Arduino Due Braincard Analog devices
HEHpPOKOHTpOJIIepa (NeuroStack) ADZS-CM419F-EZLITE

CTouMOCTh KaXk/10r0 KOMIUIEKTYIOIIETO OnpeAeseTcs no Gopmyse:

C=K-M,

C — cTOMMOCTb KOMILIEKTYIOIIETO, py0.;

CYMMa Pacxoa0B HAa MAaTCpHUAJIbl 1 KOMIUICKTYOIIHUC N3OSN ITPHUBCICHBI B

rie

K — xonudecTBO, IIT.;

1] — 11eHa KOMILIEKTYIOIIETO, PYO.
tadmure 7.9.

Tabmuma 7.9 - CtouMocTh 000pyI0BaHHUS

HanMeHOBAMHE KonungectBo Ilena 3a en., pyo.
Ucn. 1 | Uen.2 | Uen.3 | Uen.l Ucn.2 Ucn.3
Heuetkunii koHTpOJIIED 1 1 1 24223 23168 35735
Heiiponpouieccop 1 1 1 1350 6623 2956
raropua 1 1 1 | 1990 33114 26734
HEHPOKOHTpOJLIEpa
HUTOI'O, py6 27563 62905 65425

N3 TtexHumyeckux COOOpaKeHHW BBHIOMpAEM KOMIUIEKTAIMIO MPUOOpPOB

BTOPOI'O HCIIOJIHCHHA, KOTOpas JIy4dHIC BCCTO IMOAXOAHUT IIO IIapaMCTpaM IJIAd

paspabatsiBaemoii ACP. Takum 06pa3oM, mepBoHaYaIbHAs CTOUMOCTH C Y9€TOM

3aTpar Ha JIOCTaBKy ¥ MOHTax coctamiser: C, = 62905- 1,15 = 72,3 TrIC. pyo.
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7.3.2 TlonHas 3apa0oTHas 1UIaTa UCTIOJHUTENIEH TEXHUYECKOTO MPOEKTa

B nmanHbIl pa3zmen BXOAWUT AaHaIW3 OCHOBHOM M JOIIOJHUTEIBHOU
3apabOTHOM TIIaThl BCEX HCIOJHUTENEH, HEMOCPEJACTBEHHO YYacCTBYIOIIMX B
BBITIOJTHEHUHU pabOT Mo JaHHOUN Teme. BenuunHa pacxoaoB 1Mo 3apabOTHOM TjIaTe
OTPENENACTCS UCXOAS U3 TPYAOEMKOCTH BBINMOJIHSAEMBIX pabOT U ACHCTBYIOINIEH
CUCTEMBI OKJIAJIOB U TapU(HBIX CTABOK.

Ilonnas 3apa60THa51 IJj1aTta BBIYUCIIACTCS KaK.

331'[ = 3OCH + 3,[[01'[

e 3o — OCHOBHAS 3apaboTHAs IIaTa;

30on — JOTOIHUTEIbHAs 3apaboTHas miaaTa (12-15 % ot 3q).

OcHoBHast 3apa0OTHas IUTaTa HCIHOIHHUTENISA (IUIUIOMHHKA, TEXHHKA)
pacCUYMTHIBACTCS IO CIICAYIONICH hopMyie:

3OCH = 3;{}1 .Tp

rne 3o — OCHOBHAs 3apabOTHAs IJIaTa OJTHOTO pabOTHHUKA;

T, — [pONOKUTENBHOCTb PAbOT, BBHINOIHAEMBIX TEXHUYECKUM
paboTHUKOM, pad. aH.;

3.m— CpeaHemaHeBHas 3apaboTHas 1iaTa paboTHHKa, PyO.

CpennenneBHas 3apabOTHasI TUIaTa PAaCCUUTHIBACTCS IO hopMyJie:

3 _ 3TC + 3()011/1 + 3p.1<.
AH F y

a

rne F, — xommuecTtBo pabouux nHel B mecsue (26 mpu 6-mHEBHOUM paboueit
Henene, 22 npu 5-aTHEBHON pabouel Henene), pad. 1aH.;

3;c — 3apaboTHas 1UI1aTa 1o TapudHoOU cTaBke, pyo.;

30 — JAOTIIATHI U HATOABKH, PYO.;

3,.«. — palioHHas fo1iara, pyo.

Pacuét ocHOBHO# 3apaboTHOM 1aThl TpUBEAEH B Tabuiie 6.10.
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Tabnuua 7.10 — Pacuér ocHOBHOM 3apaOOTHOM IJIaThI

Hcnonuurenu | 3re, pyO. |3nons PYO| 3pxs PYO | 3w, PYO | 3w, pyO. | Ty, pal. ou. | 3ocu, pyoO.
PykoBonurens | 23265 3000 7639 33904 1304 57 74328
Crynenr 8022 - 2406 10428 401 477 191325
Cewnamact | 354 - 9000 | 39000 1500 5 7500
10 HaJIaJKe
Htoro 3oc, 273153
pyo.

JlononHutenbHas 3apaboTHas miata coctaBiseT 12 — 15% oT oCHOBHOI.
PacueT nonosHUTENBHON U MOJHOM 3apaOO0THOM IUIATHI MPEACTABICH B TaOJHIIe

7.11.

Tabnuua 7.11 — Pacuer A0NMONMHUTENBbHOMN U TIOJHOM 3apabOTHOM MIaThI

HcnonauTenu Kion | Boew.PYO. | Buom. PYO. | 3sn pYO.
PykoBoaurens 0,15 74328 11149 85477

JIMIUIOMHUK 0,12 | 191325 22959 214284

Cnewnanuerno |4 45 | 7500 900 8400
HaJIaJIKe
1010 3oen, PYO. 273153 | 35008 | 308161

OcHoBHas 3apabotHas miuata pykoogautens (ot TIIY) paccuutsiBaeTcs
Ha OCHOBAHMWM OTpacieBOM omiatel Tpyaa. OTpaciieBasi cCUCTEMa OIUIATHI TPyJa B
TITY nmpeanosaraet cieayonuid COCTaB 3apad0THOM IJIATHI:

1) okmag — onpenensercs npeanpustaem. B TITY okmagsl pacrnpenencHsl B
COOTBETCTBUM C 3aHUMAE€MbIMH JOJDKHOCTSMH, HANpUMEpP, ACCHCTEHT, CT.
npernojaBatenb, MoIeHT, mpodeccop (cMm. «llonoxkenue o0 omnate Tpynaay,
MpUBEACHHOE HAa MHTEpHET-cTpanule [ImanoBo-punancosoro otaena TITY).

2) CTUMYJIMPYIOIIME  BBIIUIATBI —  YCTAHABJIMBAIOTCS  PYKOBOJHUTEICM
nojapasneneHuit 32  A(PQPEeKTUBHBIA TPYyH, BHIIOJIHEHUE JTOTOJHUTEIBHBIX
00s13aHHOCTEH U T.J.

3) uHBIC BHITUIATHI, palOHHBIN KOA(hQHUIHEHT.
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7.3.3 OTtuunciieHust BO BHEOIOKETHBIE (POH/IBI

B nanHOl cTaThe pacxoJ0B OTpaKarOTCs 00A3aTENbHBIE OTYUCICHHS IO
YCTaHOBJIEHHBIM 3aKOHOAATENLCTBOM Poccuiickon denepanmu HOpMaMm opraHam
rOCY/IapCTBEHHOT'O  COLMAJIBHOTO  CTpPaxOBaHWs, TMEHCUOHHOro (QoHma u
MEIUIIMHCKOIO CTPaXxOBaHUS OT 3aTpaT Ha OIIaTy TpyJa paOOTHUKOB.

Benunuuna otunciieHnid BO BHEOIOIKETHBIE (POHJIBI ONPENENsAeTCs UCXOAS
u3 caeayrouei GopmMyb:

3BH66 = kBHe6 ’ (300H + 3zlon) ’
e Kpneg — KOIQPHUIMEHT OTYMCIICHUH Ha yIJIATy BO BHEOIOKETHBIC (DOHIBI
(nencuonHbIN HoHM, HOH 00513aTETLHOT0 MEAUIIMHCKOTO CTPAXOBaHUS U TIP.).

Ha 2016 r. B cootBercTBUM ¢ DenepanbHbiM 3akoHOM OT 28.11.2015 Ne

347-D3 ycTaHOBIEH pa3Mep CTPAXOBBIX B3HOCOB paBHBIM 30%.

3 . =0,3-(273,1+35) =92,4 mwic. py6.

BHEO

7.3.4 HaknaHbie pacXobl

Hakmanuele pacxoipl y4HMTBHIBAIOT IPOYME 3aTpaThl OpPraHU3alMM, HE
NoMNaBlIME B TMPEABIAYIIME CTaTbU PACXOJOB: I€YaThb U KCEPOKOIMHMPOBAHUE
MaTepuajoB KCCIEIOBaHUs, OIlaTa YCIYT CBS3H, 3JIEKTPOIHEPTUH, NIOUYTOBBIE U
TenerpadHble pacxoibl, pPa3MHOXKEHHE MarepuasioB u T.J. Wx BenuumHa
ompezensieTcs 1o ciaeayromen Gopmyre:

3 = (Cymma crareid) - K,

H
rae Ky, — ko3ddurment, yuuTsiBaromuil HakIaaHbIE PACXOJIBL.

IIpoune pacxoapl ompenensitoTca kKak 1% oOT CcyMMbl MaTepHaIbHBIX
3aTpar, 3aTpar Ha OIUIaTy TPyAa U COLUATbHBIX OTUYNCICHUN:

3,p,=0,01- (72,3+308,2+92,4) = 4,7 ThIC. pYO.

Bennunny kord@uuuenTa HaKJIaIHBIX PACXOJI0B MOXHO B34Th B pa3Mepe

16%.
3.0 =(72,3+308,24+92,4+4,7)-0,16 = 76,4 tr1C. pYo.
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7.3.5 Cmera 3aTpaT TEXHUYECKOr0 MPOEKTa

Cwmera 3aTpat Ha TEXHUYECKHUH MIPOEKT MpuBeaeHa B Tadmaune 7.12.

Tabmuia 7.12 — PacyeT cMeThI 3aTpaT TEXHUYECKOTO MPOEKTa

HaunmenoBauue crateu

Cymwma, THIC. pyO0.

CrpykTypa 3atpar, %

MarepuanbHbie 3aTpaThl 72,3 13,1
3arpatbl Ha 3apabOTHBIE
IUIATHl UCIIOJIHUTENEH 308,2 55,6
MIPOCKTA
OTuncaeHus BO 92,4

16,7
BHEOIO/KETHBIE (DOH/TBI
ITpoune pacxos 4.7 0,8
HaxkmnaHbIe pacxo sl 76,4 13,8
CebecToNMMOCTh MPOEKTA 554 100

Takum  006pa3zom,

no BceMy pasneny (UHAHCOBBIM MEHEIKMEHT,

pecypcodPheKTUBHOCTh U pecypcocOepekeHre MOXKHO TMOJBECTH CIEAYIOIINE

HUTOI'n:

— SWOT-ananu3 mnoka3biBaeT CHIbHbIE M CcJabble CTOPOHBI IPOEKTa,

IMPOBCACHA OLCHKA HAACKHOCTH U BO3MO>XHOCTEH IIPOCKTA. yCTaHOBHGHO,

YTO TEXHUYECKHUU IMPOCKT HMCCT HCCKOJBKO Ba’XXHBIX IIPCHUMYIICCTB,

O6€CH€‘II/IB3IOHII/IX HaJICKHOCTb B OKCIIyaTalUKM MW 3SKOHOMHYHOCTH

TCXHOJIOTHYCCKUX ITPOUCCCOB,

— TIpH IUTAaHUPOBAHUHU TEXHHKO-KOHCTPYKTOPCKHX paboT pazpaboTaH rpaduk

3aHATOCTH AJIA TPEX HWCHOJIHUTEICH PYKOBOOUTCIIb, CTYACHT, CIICOHUAJIUCT

no Hamaake. CocTaBieHa JIEHTOYHAs auarpaMma l'aHTa, MO3BOJIAIOLIAS

OLICHUTh M CIUIAaHUPOBAaTh palbodee BpeMs HCIOTHHUTEIEH.

OO0mas

IPOJIOKUTENBHOCTh pabOT HaJ MNPOEeKTOM cocTaBuia 560 KaleHIapHBIX

JTHEH;

— pacdcT CMCTHI 3aTpaT IIOKa3all, 4TO i1 pCalu3alllH IIPOCKTA Tpe6yeTc;1

554 teIc. py0. OCHOBHAs CTaThsi PACXOJOB - PACXOAbl Ha 3apabOTHBIC

m1aThl, KOTOpas coctaBuia 55,6% Bcex 3aTpar.
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