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Dpe,n;ce,n;aTemo ,n;HccepTaUHoHHoro COBeTa, 

,n;-p TeXH. HaYK, rrpocl). A.A. IO)KaKoBY 

OT3hIB O<l>IIUIIAJ1hHOrO OrrrrOHEHTA 
KaH,n;H,n;aTa TeXHWleCKHX HaYK, ,n;oueHTa Kacpe,n;PbI «ABToMaTH3HpoBaHHble 

CHCTeMbI yrrpaBJ1eHH5I» <DfEOY BO «YCpHMCKHH rocY;:::I,apCTBeHHbIH 

aBHaUHoHHbIH TeXHWleCKHH YHHBepCHTeT» A6,n;YJ1HarHMOBa AHcacpa I1peKOBHqa 

Ha ,n;HccepTaUHoHHYIO pa60TY KHJ1lma fpnrOpH5I AJ1eKcaH,n;poBHqa Ha TeMY 

«ABToMaTH3aUH5I HcrrbITaHI1H CI1CTeM yrrpaBJ1eHH5I 3J1eKTpo::mepreTHQeCKHMH 

ra30Typ6I1l-IHbIMH YCTaI-IOBKaMH C HCrr0J1b30BaI-meM HeMpoceTeBblx MO)leJ1eH», 

rrpe,n;cTaBJ1eI-myIO Ha COHCKaI-LUe YQeHOH CTerreHH KaH,n;H,n;aTa TeXHHQeCKHX HaYK 

rro CrreUHaJ1bHOCTH :2.3.3 - «ABToMaTH3aUH5I H yrrpaBJ1eHHe TeXH0J10rHQeCKHMH 

rrpoueccarvm H rrpmI3BO)lCTBarvum 

1. AI~TyaJ1bHOCTb TeMbl 

Pa3Bl1THe 3J1eKTp03HeprenIKH I1rpaeT KJ1IOLleBYIO pOJ1b B pa3BHTHH 

3KOHOMHKH, rrpOMbIWJ1eHHOCTH H )KH3Heo6ecrreQeHH5I CTpaHbI. Pa3BHTHe 

3J1eKTp03I-IepreTHQeCIU:IX CHCTeM POCCI1MCKOM <De,n;epaUI1l1 H 3apy6e)KHbIX 

rocy,n;apCTB CerO)lH5I OCYllJ,eCTBJ15IeTC5I 3a CQeT rrpHMeHeHH5I ra3oTyp6HHHbIX 

3J1eKTpOCTaHUHH (fT3C) MaJ10M H cpe,n;HeM MOllJ,HOCTH. fT3C MarIOM H Cpe)lHeM 

MOllJ,HOCTH WHPOKO HCrr0J1b3YIOTC5I B KaLleCTBe rrOCT05IHHbIX, pe3epBHblx HJ1H 

aBapHMHbIX HCTOQHHKOB TerrJ10- H 3J1eKTpOCHa6)KeHH5I. OCHOBY fT3C COCTaBJ15IIOT 

O)lHH I1J1H HeCKOJ1bKO ra30Typ6HHHbIX ,n;BHraTeJ1ei1 (fT,I:(), KOTopble rrpe)lCTaBJ15IIOT 

C060H KOHBepTHpoBaHHble aBIiaUHOHHble )lBHraTeJ1H C CHCTeMaMH 

aBTOMaTHLleCKoro yrrpaBJ1eHH5I (CAY). B OCHOBHOM cTpyKTypa H aJ1rOpHTMbI 

TaKHX CAY rrepeHOC5ITC5I B HeH3MeHHOM BH)le co CBOHX aBHaUHOHHbIX 

rrpoToTHrroB, QTO BJ1H5IeT Ha o6eCrreQeHHe Tpe6yeMblx rrOKa3aTeJ1eH KaQeCTBa 

Bblpa60TKH 3J1eKTp03HeprHH. 

B HaCT05IllJ,ee BpeM5I HCrrbITaHH5I CAY ra30Typ6HHHbIX YCTaHOBOK (fTY) H 

CHHxpOHHoro reHepaTopa (Cf) OCYllJ,eCTBJ15IeTC5I B 60J1blliHHCTBe CJ1YQaeB 

He3aBHCHMO ,n;pyr OT ,n;pyra. B HTore B xo,n;e pa60TbI fT3C CHH)l<aeTC5I ee 

rrpOH3Bo,n;HTeJ1bHOCTb pacrrOJ1araeMa5I MOllJ,HOCTb reHepaTopOB, 

corrpOBQ)K,n;aeMa5I )leclH-IUHToM aKTHBHOH MOllJ,HOCTH H CH}:l)KeHHeM QaCTOTbI. 
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,[(n5I yqeTa )],I1HaMI1KI1 3neKTp03HepreTI1qeCKOH C11CTeMhI (33C) 

rrpe)],naraeTC5I Ha OCHOBHhIX 3TarraX HCrrhITaHHH CI1CTeMhI aBTOMaTW{eCKOrO 

yrrpaBneHI15I (CAY) fTY Hcrronh30BaTh MaTeMaTI1qecKYlO Mo)],enh (MM) fT3C, 

KOTOpa5I rrpe)],cTaBn5IeT C060H 06be)]'11HeHI1e Mo)]'eneH fTY 11 33C. B 3TOM cnyqae 

CHa'-Iana rrp0113Bo)],5ITC5I I1CrrhITaHH5I 11 HacTpoHKa CAY fTY Ha MM fT3C, 3aTeM 

rronyqeHHhle HacTpoHKH CAY fTY rrpOBep5IlOTC5I Ha rronYHaTypHo:vr CTeH)],e, 

I1TorOBa5I rrpoBepKa rrpI1H5IThIX peWeHI1H rrpoxo)],I1T Ha HaTypHoM CTeH)],e )],n5I 

I1CrrhITaHI1H fT3C. 

2. HOBI13Ha IICCJIe,UoBaHulI II nOJIY4elHlhix pe3YJIhTaTOB 

HOBI13Ha )]'I1CCepTaUI10HHOH pa60ThI 3aKnlOqaeTC5I B pa3pa60TKe MeTO)],I1KI1 

aBTOMaTI13aUI1I1 I1CrrhITaHI1H CAY 3neKTp03HepreTI1QeCKI1MI1 fTY, 

OTnI1QalOmeHC5I HeHpoceTeBhIX Mo)],eneH fT3C )],n5I 

Mo)],enI1pOBaHI15I xapaKTepHhlx )],11HarvHf'-IeCKI1X npoueccoB 3neKTpI1QeCKOH 

C11CTeMhI 11 BKnlOQeHI1eM B COCTaB CI1CTeM aBTOMaTI13aUI111 I1CrrhITaHI1H (CAI1) 

rro)],CI1 CTe:vl hI rrO)],rOTOBKI1 HeHpOCeTeBhIX MO)],eneH fT3C, QTO rr03BOn5IeT 

CymecTBeHHO COKpaTI1Th npoue)],ypy HaCTpOHKI1 CAY fTY. 

,[(orrOnI-II1TenhHO B )],I1CCepTaUI10HHoti pa60Te rronYQeHhI cne)],YlOmI1e 

pe3ynhTaTbI, rrpe)],cTaBn5IlOlll11e HaYQHYlO 3HaQI'fMOCTb: 

- Dpe)]'nQ)KeHa I1CKyccTBeHHa5I HeHpOHHa5I ceTb (I1HC), KOTOpa5I rronYQeHa 

Ha OCHOBe pa3pa60TaHHoti MeTO)],11KI1 BhI60pa 11 060CHOBaHI15I ee apXI1TeKTyphI 11 

rI1rreprrapaMeTpoB, 11 OTmfQaeTC5I B03MQ)KHOCThlO C03)],aHI15I HeHpoceTeBhlx 

MaTeMaTI1QeCKI1X Mo)]'eneH, rr03BOn5IlOlllI1X Mo)],enI1pOBaTb pa3nI1QHhle pe)KI1MbI 

pa60ThI fT3C 11 cxeMbI 3neKTpOCHa6)KeHH5I. 

- DonYQeHhI HOBhle HetipoceTeBble Mo)],eJII1 )],n5I xapaKTepHblx pe)K11MOB 

pa60TbI fT3C, KOTopble OTn11QalOTC5I YQeTOM B3a11MOBn115IH115I fTY 11 

3neKTp03HeprenIQeCKoti C11CTeMbI, 06na)]'alOlllI1e BbICOK11M 6blcTpo)]'eHCTB11eM npI1 

11CrrOnb30Bamm B CAI1. 

- Pa3pa60TaHa rrO)],C11CTeMa no)],rOTOBK11 HetipoceTeBblx Mo)],eneH fT3C )],n5I 

C11CTeMbI aBTOMaTI13aU11I1 I1CrrhITaHI1H CAY fTY, KOTOpa5I OTnI1QaeTC5I 

B03MQ)KHOCThlO )],orrOnHI1TeJIbHOH aBTOMaTI13aUI1I1 I1CrrhITaH11H CAY fTY, 

rr03B0J15IlOllleH COKpanITb CpOKI1 rronY'-IeHI15I MaTeMaT11QeCKI1X Mo)]'eJ1eti fT3C. 

3. TeOpeTlI4eCI-Cl:U1 II npal{:TlI4ecl{:aH 3Ha411MOCTh II peaJI1I3aUIUI 

pe3YJIhTaTOB 
, 

TeOpeTHQeCKa5I 3Ha'-nIMOCTh I1CCJle)],OBaHI15I 3aKJ1lOQaeTC5I B rrpe)],J1Q)KeHHoM 

crroc06e rrpI1MeHeHI15I I1CKyccTBeHHblx HetipoHI-IbIX ceTeH (l1HC) )],J15I rroCTpOeHI15I 

Mo)]'eneH fT3C, rrpe)],Ha3HaQeHHbIX )],J15I aBTOMaTI13aUH11 I1CrrhITaH11ti CAY 



311eKTp03HeprenrqeCKHMH fTY, qTO rr03BOll5IeT yrrpocTHT rrpOlle,llYPY rrpOBe,lleHH5I 

HCrrbITaHHM. ITpe,llllOJKeHa MeTO,llHKa BbI60pa H 060CHOBaHH5I apXHTeKTypbI H 

rHrreprrapaMeTpOB I1HC, KOTOpa5I rr03BOll5IeT MO,lleJ1l1pOBaTb pa311HqHble pe)KHMbI 

pa60TbI fT3C H CXeM 3neKTpOCHa6)KeHH5I ,ll1l5I rrOBbIWeHH5I HX 3CpCpeKTHBHOCTH 

Q)YHKllHOHHpOBaHH5I. ITollyqeHHble HeMpOCeTeBbIe MO,llellH ,ll1l5I OCHOBHbIX 

XapaKTepHbIX pe)I<HMOB pa60TbI fT3C YLIHTbIBafOT B3aHMOBJ1H5IHHe fTY H 

CHCTeMbI 311eKTpOCHa6)l(eHH5I B ,llHHaMHKe, 6bICTp0,lleMCTBHe KOTOPbIX 6011ee qeM B 

10 pa3 rrpeBOCXO,llHT KllaCCHqeCKHe aHallOnI. 

ITpaKTHqeCKa5I 3HaLJHMOCTb rrpe,llllOJKeHHoM MeTO,llHKH aBTOMan:I3allHH 

HcrrbITaHHM rrO,llTBep)I(uaeTC5I ,llOCTHJKeHHeM cOKpameHH5I BpeMeHH HCrrbITaHHM 

CAY fTY He MeHee qeM B 2,4 pa3a. ITpaKTw-recKa5I 3HaqmvIOCTb HeMpoceTeBbIx 

MO,llelleM fT3C B 3KcrrepHMeHTax rro HacTpoMKe rrapaMeTpoB perYll5ITOpa CAY 

fTY 3aKnfOqaeTC5I B TOM, qTO BpeM5I BOCCTaHOBneHH5I LIaCTOTbI 

311eKTporeHepaTopa fT3C COKpan1J10Cb He MeHee LIeM Ha 88,9%. 

Pe3ynbTaTbI ,llHCCepTallHoHHoM pa60TbI BHe,llpeHbI B TeXHOnOrHqeCKHM 

rrpollecc Ha 000 «HTU «Typ6orrHeBManfK», LITO rr03BOnHJIO C03,llaTb 

BbICOKorrpOH3BO,QHTenbHbIe ,llHHaMHqeCKHe MO,llenH YCTaHOBOK H HX Y3JIOB ,lln5I 

HcrrOllb30BaHH5I B COCTaBe uml)pOBbIX ,llBOMHHKOB, C YBenHqeHHeM CKOPOCTH 

paCqeTa 60Jlee LleM B 10 pa3, a TaK)Ke cOKpaTHTb BpeM5I Ha pa3pa6oTKY rrporpaMM 

yrrpaBneHH5I H ,llHarHOCTHKH, rrOBblCHTb 3cpci)eKTHBHoCTb o6pa6oTKH pe3YJlbTaTOB 

HCrrbITaHHM 3HeproycTaHoBKH H ee Y3JI0B. 

4. 06ocHoBaHHocTb II )]'ocToBepHocTb nOJlyqeHHblX BbIBO)],OB 

BbIITOnHeHHe Tpe60BaHHM ,llOCTOBepHocTH H 06ocHoBaHHocTH rronyqeHHbIX 

pe3ynbTaToB rrO,llTBep)I<,llaeTC5I KoppeKTHbIM rrpHMeHeHHeM CHCTeMHoro H 

CTaTHCTHqeCKOrO aHaJ1H3a, TeOpI-IH orrTHMH3aUHH H aBTOMaTHqeCKOrO 

yrrpaBneHB5I, TeopHH HcrrbITaHBH H KOHTPOll5I TeXHHqeCKHX CHCTeM. 

KoppeKTHocTb C03,llaHl'I5I HeMpoceTeBblx MO,llelleM fT3C rrO,llTBepm,llaeTC5I 

HcrrOllb30BaHHeM TeopHH peKyppeHTHblx HeMpoHHbIX ceTeM H MaTeMaTHqeCKOrO 

MO,llellHpOBaHH5I TeXHI1qeCKHX CHCTeM. Po6acTHocTb (a,lleKBaTHocTb) rronyqeHHbIX 

MO,lleneM rrpOBO,llHTC5I Ha OCHOBe KpHTepH5I TeMna. OTnHqHe MO,llenbHbIX H 

3KcrrepHMeHTanbHbIX ,llaHHbIX, rrollyqeHHbIX B XO,lle HCCne,llOBaHH5I, rrpHeMneMO 

,lln5I peWeHH5I rrOCTaBneHHOH B ,llHCCepTauHOHHOM pa60Te 3a,llaqH rrpOBe,lleHH5I 

rrpe,llBapBTeJlbHOM HaCTpOMKH perymITOpOB fTY 3a YKa3aHHoe BpeM5I. 

o COOTBeTCTBIIII , )]'lIccepTaQHOHHOH pa60T 

YCTaHOBJleHHblM l~pllTepmlM 

gHccepTaUHOHHa5I pa60Ta KvIJ1l1Ha r. A. B rronHOM 06beMe OTBeqaeT 



Kpl1Tepl15IM )J,I1CCepTaUI1I1 Ha COI1CKamie YLfeHbIX CTeneHeH, YKa3aHHbIM B LfaCTI1 2 

TIop5I)J,Ka npl1cY)K)J,eHI15I Y1..IeHblx CTeneHeH B TIHVITIY, COOTBeTcTByeT 

Tpe6oBaHI15IM n.13 11 n.14 TIop5I)J,Ka npl1cY)K)J,eHI15I YLfeHblx CTeneHeH B TIHVITIY 11 

rOCT P 7.0.11-2011 «)J,HccepTaUI151 11 aBTopecpepaT )J,I1CCepTaUI1I1>1. B 

)J,I1CCepTaUI1I1 co6mD)J,eHbI c11e)J,YIDml1e npl1HL{l1nbI COOTBeTCTBI15I: 

5.1 Ue11b pa60TbI - nOBbIllIeHl1e 3cpCpeKTl1BHOCTU I1CnbITaHI1H CAY rTY 3a 

CLfeT aBTOlVIaTl13aUl1l1 I1CnbITaHI1H C I1Cn011b30BaHl1eM HeHpoceTeBblx MO)J,e11eH 

rT3C - AIO:JfClIO 170flGZGmb peWlU306Gl-IHOZI 6 PaJIlKGX npeOCI17G6fleHHOii 

OllCCepmGZ/UOHlIOi, pa60l71bZ; 

5.2 A6l110pecjJepGm )J,HccepTaUI1I1 KI111I1Ha r. A. B n011HoH Mepe 

cooTBeTcTByeT ouccepmGz/lfolllloir pG6ol71e no BceM KBarrl1cpl1KaUl10HHbIM 

npH3HaKaM: ue11l1, 11CC11e)J,OBaHI15I, OCHOBHbIM n011Q)KeHI15IM, 

onpe)J,el1eHI1ID aKTyaJ1bHocTH, Hay<moH 3HaLfI1MOCTI1, HOBI13HbI, npaKTI1LfeCKOH 

ueHHOCTI1 11 ,n,p.; 

5.3 OCl10611ble 6bl600bl 1I pe3YflbmGmbl ,n,I1CCepTaUI10HI-IOH pa60TbI 

C00l716emCl176YIOl71 110CmG6.l7eWlblM 3aOG1.lQM I1CCJ1e,n,OBaH115I H C(POPMYl1l1pOBaHbI 

aBTopoM CTPYKTypHO, J101~W'IHO, cO)J,ep)KaTeJ1bHo; 

5.4 HaYLfHble ny6JllfKazJuu Km1l1Ha r. A., 113,n,aHHble B nepl1o,n, C 2017 no 

2022 ro,n,bI, C00l716emCl116YlOl11 oliccepmal/UDrfllOi; pa60me 11 C ,n,ocTaToLfHoH 

nOl1HoToH OTpa)KaIDT ee CYTb, OCHOBHble pe3YJ1bTaTbI 11 BbIBO)J,bI; 

5.5 Te.1\1Cl II cooep:JfCGl-llfe )J,I1CCepTaUHl1 KI111I1Ha CA. C00I116emCl776YJOI11 

nacl10pmy CneUI1a11bHOCTI1 2.3.3 «ABTOMaTI13aUI15I 11 ynpaB11eHl1e 

TeXH0110rl1LfeCKHMl1 npoueCCaMI1 H np0I13Bo)J,cTBaMI1» (,n,a11ee KypCI1BOM no 

nacnopTY cneUHa11bHocTH): 

- no BanpaB.TleHlIID IICC.rIe,LJ,OBaBIIH, CB5I3aHHoMY C aBToMaTH3aUl1eH 

I1CnbITamfH 11 nOl1YLfeHyieM cymecTBeHHblx HaYLfHo-TeXHI1LfeCKI1X pe3Yl1bTaToB B 

o6J1aCTl1 «...Mem000.l70ZZfZI Zlcc,l7e006Gmf5l If npOeK111Z1p06Gl-IWl, cjJOPAIGflU306GHHOZO 

OnUCGHZl5l U GflZOPllI11MZl3GZ/llll, 0l1mWllZf3GZ/Zfll 1I UAllImGZ/UOHHOZO klOoemlp06aHlf5l 

cjJYHKl/lfOHUp06Gl-flf5l ClIcme.I\/, 6HeOpeml5l, conpo6o:J{COemf5l U 3KCl1flYGmal/uu 

1.lefl06eKOJltallilfHHblX cucmeJ1I...» B COOTBeTCTBl111 C (POPMY110H CneUl1al1bHOCTI1; 

- no 06.TIaCTHM nCCJle,LJ,OBaHlIH B COOTBeTCTBl111 C nYHKTaMI1 nacnopTa 

CneUl1al1bHOCTH: 

2 «ABTOMaTI13aUH5I KOHTPOl15I 11 I1CnbITaHI1HJ>; 

4 «TeopeTHLfecKHe OCHOBbI H MeTo,n,bI Mo,n,el1HpOBaHH5I, (i)OpMamnoBaHHoro 

onHCaHH5I, OnTI1Ma11bHoro npoeKTHpOBaHH5I H ynpaBJ1eHH5I TeXHOl1orWleCKHMH 

npoueccaMH H npOH3Bo,n,CTBaMI1»; 

8 «HaY1..IHble OCHOBbl, MO)J,eJIl1 MeTo,n,bI 



np0113BO,lJ,CTBeHHhlX npOueCCOB, KOMnneKCOB 11 11HTerp11pOBaHHhIX C11CTeM 

ynpaBneH1151 11 11X UI1CPPOBhIX ,lJ,B0I1H11KOB»; 

16 «Cpe,lJ,CTBa H MeTO,lJ,hI npOeKT11pOBaH1151 11 pa3pa60TKH TeXHW-leCKoro, 

MaTel'vIaT11LleCKOro, n11HrB11CTHqeCKorO H ,lJ,pyr11x B11,lJ,OB 06eCneqeH1151 ACY». 

- no o6bcKTaM HCCJlC,UOBaHHSI - CHCTeMe aBTOMaT113al{H11 HCnhITaH11I1 

CAY 3neKTpo:::mepreT11qeCK11M11 fTY B QaCT11 ({ ...MaTeMaT11QeCKOrO, 

11HcpopMaU11oHHoro, aJlrOp11TM11QeCKOrO 11 Malll11HHOrO 06eCneQeH1151 C03,lJ,aH1151 

aBTOMaT11311pOBaHHhlx TeXHOnOr11QeCK11X npoueccOB 11 np0113BO,lJ,CTB 11 C11CTeM 

ynpaBneH1151 11M11... >l. 

6. AHaJlIB Co,Ucp'lmHIISl )1,JlCCCpTalUHI 

Pa60Ta COCT011T 113 BBe,lJ,eH1151, 5 rnaB, 3aKnfOLleH1151, cnHCKa n11TepaTyphI, 

BKnfOQafOLUerO 155 HaHMeHOBaHHI1 H 10 nptlJ1o)KeHHI1. Pa60Ta CO,lJ,ep)K11T 177 

cTpaH11U, 113 PHCYHKOB H 21 Ta6n11UY. 

Bo BBC)1,eHlln npHBO,lJ,HTC51 060cHoBaHHe aKTyanhHOCT11 npOBO,lJ,HMhIX B 

paMKax ,lJ,aHHOI1 ,lJ,HCCepTaUHOHHOI1 pa60Thl HCCne,lJ,OBaH11I1, cl)opMyn11pyeTc51 uenh 

H 3a,lJ,aLIH, paccMaTpHBaeTC51 HaYQHa51 HOB113Ha H npaKT11QeCKa51 3HaQHMOCTb. 

B ncpBoH r JlaBe omfcaHa TeKYLUa51 np06ner-.1Ha51 cHTyaIl,H51 B 06naCT11 

aBTOManI3aIl,I1H 11CnbITaHHI1 CAY fTY, BXO,lJ,51LUI1X B COCTaB fT3C. TIoKa3aHO, 

LITO B HaCT051LUee BpeM51 CAY fTY CI1HTe311pYfOTC51 6e3 ,lJ,OJ1)I<HorO YQeTa BnI151HI151 

3HeprocHcTeMbI, n03TOMY ,lJ,n51 YLleTa ,lJ,HHaMHKH 33C npe,lJ,naraeTC51 11CnOnb30BaTb 

06be,lJ,HHeHHYfO MaTelVIaTHQeCKYfO MO,lJ,enb fTY 11 33C Ha OCHOBHbIX 3Tanax 

HcnbITaH11I1 fT3C. 

BTopaSl rJ1aBa npe,lJ,CTaBneHa MeTO,lJ,11Ka 11CnbITaH11I1 CAY fTY C 

11CnOnb30BaHHeM HeI1pOCeTeBblx MO,lJ,eneI1 fT3C. Ccl)opMyn11poBaHbI Tpe60BaHH51 

K 11CnbITaH1151M CAY fTY. 

B TpeTbeil rJlaBe npe,lJ,CTaBneHbI OCHOBHble CTIOC06bl nonYQeH1151 

MaTeMaTHLleCK11X lVlO,lJ,eneH, On11CbIBafOLUI1X fTY 11 33C, 11 paccMoTpeHbI 

B03Mo)KHOCT11 11X 11CnOnh30BaH1151 ,lJ,n51 HaCTpOHK11 TIapaMeTpoB peryn51TOpOB CAY 

3neKTp03HepreTHLleCK11MH fTY, KaK O,lJ,HOrO 113 3TaTIOB 11CTIhITaH11I1 CAY. 

B 4eTBepToil rJIaBC OTI11CbIBaeTC51 pa3pa60TaHHbIH nporpaMMHhIH 

MO,lJ,en11pYfOLU11H KOMnneKC «HeI1pO,lJ,lfH», npe,lJ,CTaBn51fOLU11H OCHOBY TIO,lJ,C11CTeMbI 

CAM ,lJ,n51 nonYLJeH1151 HCM. TIpe,lJ,no)KeHa CI)YH Kll110Han bHa51 cTpyKTypa 

nporpaMMHoro KOMnneKca. 

B nSlTOH rJlaBC HCCne,lJ,yeTC51 3cl)(l)eKTHBHocTb npI1MeHeHH51 TIOnYLJeHHbIX 

HCM TIpH HacTpoHKe napaMeTpoB CAY fTY' ,lJ,n51 fT3C B XO,lJ,e HCnbITaH11I1. 

06cY)K,lJ,aeTC51 Kp11TepHH KaQeCTBa aBTOManILleCKOH HaCTp0I1K11 peryn51TOpOB CAY 



rTY ll)I51 HCM rT3C H 060CHOBbIBaeTC51 BbI60p KBalIpaTHYHOrO HHTerpaJIbHOrO 

KpHTepH51 KayeCTBa rrepeXOlIHbIX rrpOueCCOB rrpH yyeTe OrpaHHyeHI1I1. 

COlIep)KaHHe aBTOpeCpepaTa COOTBeTcTByeT OCHOBHbIM BbIBolIaM pa60TbI. 

7. BOflPOCbl If 3aMCQaHlIH flO co,[(cpiKaHHIO ,[(HcccpTaQHH 

7.1. B pa60Te rrpelIJIO)KeHa MeTOlIHKa C031IaHH51 yrrpow,eHHblx 

(6blcTpOCyeTHblx) MaTeMaTW-IeCKHX MOlIeneI1 rT3C Ha OCHOBe HeMpOHHbIX ceTeM. 

T1PH 3TOM rrOKa3aTenb 6bICTpOlIeMCTBH51 MOlIenH CTaBHTC51 B rrpHopHTeT TOYHOCTH 

H alIeKBaTHOCTH MOlIenH. ABTopOM He orrpelIeneHbI, KaKa51 rrpOH3BOlIHTenbHOCTb 

(orrepaUliM B ceKYHlIY) H KaKa51 TOLIHOCTb Tpe6ylOTC51 B MOlIen51X rT3C. 

Harrpl1Mep, CerOlIH51 TOLIHOCTb C031IaHH51 MaTeMaTHLleCKHX MOlIeneM aBHaUHOHHbIX 

rT)I pernaMeHTHpOBaHa H He lIOJI)KHa rrpeBblrnaTb 5%. B lIHccepTaUHoHHoM 

pa60Te oueHKa alIeKBaTHOCTH HeMpoceTeBblx MOlIeneM rrpoBOlIHTC5l TonbKO rro 

KpHTepHl{) TeMna H lIeMoHcTpHpyeTC51 Ha o6yyalOw,eM BbI6opKe. Ha rrpaKTHKe 

alIeKBaTHOCTb MOlIenH oueHHBaeTC5l Ha lIpyroM TeCTOBOM BbI6opKe, paHee He 

rrOlIaBaBrneMC5l Ha HeMpOHHYlO ceTb, C aHanH30M ee OTKnOHeHI1M. Ha pHCYHKax, 

Harrpl1Mep, 3.29 3.32 BHlIHbI OTKnOHeHH5l 3KCrrepl1MeHTanbHblx 11 MOlIeJlbHbIX 

lIaHHbIX, rrpeBblrnalOw,He MaKCHManbHYlO ornH6KY arrrrpoKCHIvWUl111 60nee YeM B 

10%. )IorrycniMocTb TaKI1X OTKJ10HeHHM BbI3bIBaeT BOrrpOCbI. 

7 )In5I YBenWleHH5l YCKopeHH5I o6YLleHH51 aBTop rrpoBolIl1n 

HHI1UHamBaUHlO BeCOBblX K03cl)cpHUHeHToB HeMpoHHoM ceTI1 C nOMOmblO 

reHeTW-leCKOrO anropHTMa 11 orrpe;::I.eneHHOM apXI1TeKTypbI aBToKolIHpOBw,HKa. 

)IaHHa5I npouellypa Heo6xolIHMa, HO 60nbrne Bnl15leT Ha nOBblrneHHe TOYHOCTI1 

MOlIenl1, YeM Ha YBenl1yeHl1e CKOPOCTI1 o6yyeHH5l. CerOlIH51 cyw,eCTByeT 

MHo)KeCTBO napannenbHbIX anropHTMOB (rOTOBbIX 6H6nHOTeK) 1I;15l YCKopeHH5I 

BbIYHCneHHM KaK Ha clm3HyecKHX, TaK H Ha rpaclmLlecKHx npoueccopax, KOTopble 

pernalOT npo6neMbI YCI<opeHH5I BbIYI1CneHHM. 

7.3. B pa60Te HCCJlelIOBaH TonbKO OlIHH THn peKyppeHTHblx HeMpoHHbIX 

ceTeM - 06bIYHbIX nOnHOCB513HbIX C o6paTHoM CB5l3blO, KOTopble CTaJIKHBalOTC51 c 

rrpo6neMoM rrepenOnHeHH51 naM5ITH. COBpeMeHHble peKyppeHTHble HeMpOHI-l.ble 

ceTH THna Long short-term memory, Gated Recurrent Units, Seq-2-seq JIl1rneHbI 

3TOM rrpo6neMbi II MoryT rrocnY)KHTb xoporneM anbTepHaTHBoM lIn5l perneHI15l 

lIaHHoH 3alIaLIH. 

7.4. )In5l rrpOBelIeHl151 HcnblTaHHH CAY rTY Ha HeMpoceTeBblx MOlIen5lX 

rT3C Heo6xolIHMO OTnalIHTb HX pa60TY B peanbHoM MaClIlTa6e BpeMeHH, 

HarrpHMep, rrOll pa3HylO qaCToTY rrpHeMa H o6pa6oTKH ;::I.aHHbIX. )IaHHbIM Borrpoc B 

1Il1CCepTaUHH He paccMaTpHBaJIC5l. 



8. Oomee 3~1I{,JHOqeHlle 

Ha OCHOBaH1111 aHaJIH3a npe,Ll,CTaBJ1eHHbIX MaTep11aJIOB 11 YKa3aHHbIX 

3aMeI.faHHM CI.f11TaIO, I.fTO ,Ll,11CCepTaIJ,110HHa5I pa60Ta K11J1I,ma fp11rop115I 

AJ1eKCaH,Ll,pOB11I.fa npe,Ll,CTaBJ15IeT C060M 3aKOHI.feHI-IYlO HayI.fHO-

KBaJI11clH:IKaIJ,HoHHYlO pa6oTY, nOJ1HOCTblO OTBeLlaeT Tpe6oBaH115IM BAK 

MHH11CTepCTBa HayK11 H Bblcwero o6pa30BaH115I POCCHMCKOM <De,Ll,epaIJ,1111, 

npe,Ll,b5IBJ15IeMbIM K KaH,Ll,H,Ll,aTCKHM ,Ll,HCcepTaIJ,115IM 11 onpe,Ll,eJ1eHHbIM «I1o.TIo)KeH11e 

o npHCY)K,Ll,eH1111 YI.feHbIX CTeneHeM» N2 842 OT 24.09.2013. ABTOP K11J111H 

fp11rOpHM AJ1eKCaH)lpOBHI.f 3aCJ1Y)J{lmaeT np11cY)K,Ll,eH115I YI.feHOM CTeneH11 

KaH,Ll,H,Ll,aTa TeXmrLJeCKHX HayK no CneIJ,11aJIbHOCT11 2.3.3 - «AsTOMaT113aIJ,115I 11 

ynpaSJ1eH11e TeXH0J10r11LleCK11MH npOIJ,eCCaM11 11 np0113BO)lCTsaM11J). 

O<p1IUJIHJ1bHblll onnOHeHT 

j:(OIJ,eHT KaCpe,Ll,pbI «AsTOMaT11311pOSaHHbIe C11CTeMbI ynpaSJ1eH115I», YCp11MCKOrO 

rocY,Ll,apCTseHHoro aS11aIJ,110HHOrO TeXH11I.feCKOrO YH11SepC11TeTa, KaH,Ll,11,Ll,aT 

TeXH11I.feCK11X HayK (cneIJ,HaJ1bHOCTb - 05.13.01) 

A6,Ll,ym-IarHMOS AHCaci) I1peKoswl 

19.09.2022 r. 

A,Ll,pec: <De,Ll,epaJ1 bHoe rocy,Ll,apCTseHHOe 6lO,Ll,)KeTHOe o6pa30SaTeJ1bHOe 

YI.fpe)K)leHHe Sblcwero o6pa30SaHH5I «YcjlI1MCK11M rocY,Ll,apCTBeHHbIM 

aS11aIJ,110HHbIM TeXH11LleCK11M YH11SepC!HeTa», 450008, POCC11MCKa>I <De,Ll,epaIJ,115I, 

r. Ycpa, YJ1. K. MapKca, ,Ll,. 12, KOpnyc 6, KOM. 322, TeJ1. + 7 (987) 254-38-29 , 
e-mail: abdulnagimov.ai@ugatu.su 
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