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OBLIASA XAPAKTEPUCTUKA PABOTbI

IIpobdaema m aktyanbHocTh. Pa3paboTka M co3aHUME COBPEMEHHBIX YCTPOMCTB
aBTOMAaTUYECKOI0 YIPABICHUS PEXUMAaMU pabOThl ANEKTPOIHEPreTUUECKOM CUCTEMBI B
LEJIOM U OTAENBHBIX €€ JJIEMEHTOB B YACTHOCTH NPEJICTaBISAIOT OJHO M3 OCHOBHBIX
HAIIpaBJICHU COBEPIICHCTBOBAHUS DIIEKTPOIHEPreTUUECKOM oOTpaciau. BaxxHon 3amaueit
9TOTO  HAmpaBlIEHUs SBJSIETCS  aBTOMATH3allMsl  YOPABICHUA peXuMaMu  paboThl
reHepupymlIiero o0OpyAoBaHHUs W, B YacCTHOCTH, 3a/Jada CHUHTE3a aJalTHUBHBIX CHCTEM
aBTOMAaTHUYECKOI'0 YIPABJICHUS IMPOLIECCAMU TOYHOM CHUHXPOHHM3AllMM TE€HEpaTOPOB C
anektpudeckoit cerbto (DC). Pemenue 3Toi 3amauv MO3BOJSET MOBBICUTH KayeCTBO
COMPOBOKIAIONINX IEPEXOJHBIX TMPOLECCOB W MPEAOTBPATUTh M3IMUIIHUNA  H3HOC
000py1I0BaHMSI, BBI3BAHHBIN MOCIEICTBUIMH HECUHXPOHHOTO BKJIIOYEHHS T€HEPATOPOB.

3HauuTENbHBIA BKJIAJ B HCCIEJOBAHHE IPOILIECCOB BKIIOUEHUS HA MapaljIeNIbHYIO
paboTy TeHepaTOpOB C CEThIO, a TaKXKe yacTed sHeprocucteMm BHecnu: A.A. XaudaTypos,
JL.T'. Mamuxkonsnil, B.A. Benukos, E.JI. Cuporunckuit, M.J. Thompson, J.C. Gomez, M.M.
Morcos u ap. IToapoOHO paccMOTpeHbl MPUHIUIBI PabOThl YCTPOMCTB CUHXPOHU3ALMH B
paborax H.U. Onuapenko, A.D. [IpsikoBa, M.A. bepkoBuua, B.A. I'manmprimesa, B.A.
CemeHoBa.

B Hacrosimmee BpeMsi cepuifHO  BBIyCKaeMble W yCTaHaBlIMBaeMble Ha
ANEKTPOCTAHIUAX  YCTPOMCTBA TOYHOM CHHXPOHHU3ALMU TEHEpaTOpOB B  LEJIOM
YIOBJIETBOPAIOT MPEIbSABIIEMbIM K HUM TpeOoBaHUsIM. B TO e BpeMsl airopuTMbl
(GYyHKIMOHUPOBAHUS JTHX YCTPOWCTB 00Jalal0T PSIOM HEJIOCTAaTKOB, OCHOBHBIM M3
KOTOPBIX SIBJISIETCSI OTCYTCTBHE (HDOPMAM30BAHHOM MpOIEAYyphl IEepeBOoAa NapameTpoB
CUHXPOHM3aIMM K KOHEYHBIM 3HAYECHUSM. YKa3aHHbI HEIOCTAaTOK MPUBOJUT K
HEIPEACKAa3yeMOCTH  TOJIy4aeMbIX  pe3yJbTaTOB U BO3MOXXHOW  HEYCHEIIHOCTH
CUHXPOHM3aMM B LeJIoM. JlekoMmo3umusi mnpouecca YIpaBJICHUs, BO3HHMKAKOIIAS B
pe3yabpTaTe BBIIEIEHUS 3Tarna MOATOHKH YacTOT M ATala OXUAAaHUS MOMEHTAa COBIIAJICHUS
(ha30BbIX YIJIOB HANPSHKEHUM CHUHXPOHU3HPYEMBIX OOBEKTOB, MPUBOAUT K OTHOCHTEIHHO
BBICOKOM  JUIMTENBHOCTH, HEOINPEIECICHHOCTH  PEe3yJbTaTOB  CUHXPOHU3AIMU  IIPH
BO3HUKHOBEHHH BO3MYIIEHUN, a TaKkkKe K HEOOXOTUMOCTH CMEIICHMS IIEJIEBBIX YCIOBUMN
CUHXPOHH3allMM B HaNpaBJICHUU NOHWXKEHUs KadecTBa. llocimenHee CBONCTBO BBI3BAHO
HEOOXOMMOCThIO 00ecreyeHus] HEKOTOPOW HEHYJEeBOM BEIUYHMHBI CKOJBXKEHUS IS
BpAIIeHHs] BEKTOPOB HANPSDKEHUNW CHUHXPOHU3UPYEMBIX OOBEKTOB B MPOIECCE OXKHUIAHUS
MOMEHTa coBHajaeHus ¢a3. BiusHue BO3ZHUKAIOIIMX B XOJAE MpOIEcca CHHXPOHU3ALUU
BO3MYIICHHUI CIIOCOOHO MPHUBOJAUTH KaK K YCKOPEHHUIO Mpoliecca, TaKk U K CYHIECTBEHHOMY
YBEJIMYEHUIO €T0 JJIUTEIbHOCTH.

Oco0oe 3HaUYE€HHE STOT BOMPOC MPUOOPETAET B MOCICABAPUIHBIX pexXUMax, KOrjaa
MIPOUCXOIUT JIEJICHHE CETH W BbIIEJICHHE HAa M30JIMPOBAHHYIO paboTy ACPUIIMTHON YacTH
anekTpo3HepreTudeckor cucrembl (99C). B ycrnoBUSX HECTAlMOHAPHOCTH PEKUMHBIX
[apamMeTpoB ATOM YacTH BKJIKOYEHHE JOMOJHUTENIBHBIX SHEProarperatoB il MOKPBITUS
AeuuruTa MOIIHOCTH METOJOM CaMOCHHXPOHHM3AIMM (MO0 TOYHOW CHHXPOHHU3ALMH C
paciliupeHueM  JIONMyCTUMBIX  MpenenoB) OyJeT NpUBOAUTH K  BO3HHUKHOBEHHUIO
JIOTIOJIHUTENBHBIX Ka4aHWM POTOPOB TI'€HEPATOPOB M CO3AABaTh OINACHOCTh YXYILICHHS
peXHMMa BIUIOTH J0 NOTEPU CUHXPOHHM3MA BKIIFOUAEMBIM M COCEIHUMHU arperaTamu.

B DOmneprernueckoit crparerun Poccum Uil AOCTHMKEHHMS CTpaTErMYECKUX Lenei
pa3BUTHUSL  BJEKTPOIHEPTeTUKHM  NPEIAyCMATPUBAETCS  ONTUMHU3ALUA  CTPYKTYpBI
TEHEPUPYIOIMX  MOIIHOCTEH,  BKJIIOYAKOUlas  YBEJIWYEHHE  JOJIM  MaHEBPEHHBIX
9HEproarperatoB. BaXHbIM MOKa3aTeleM TaKMX arperatoB SIBJISETCS CPAaBHUTEIbHO
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OBICTPBIN 3aITyCK IO COCTOSIHUS XOJIOCTOTO XOJ1a, YTO yJIOBJIETBOPSET MOCTABICHHON IEIH.
OnHako NpUMEHEHUE HECOBEPIICHHBIX AITOPUTMOB CUHXPOHU3ALIUHA CITIOCOOHO MPUBECTHU K
YBEIUYEHUIO JUIUTEIBHOCTH BKJIIOUEHUS TaKUX arperaroB B CETh U, Kak CIEICTBUE,
CHUKEHUIO X MAHEBPEHHOCTH.

BaxxHoCTh COBEpPIICHCTBOBAHUSI AJITOPUTMOB CHHXPOHHM3alMM OOYCJIOBJICHA U
MIPUOPUTETHBIMU HAIPABICHUSIMU PA3BUTHS JIECKTPOIHEPTETUKH, K KOTOPHIM, B YACTHOCTH,
OTHOCSITCSL pa3BUTUE U BHEAPECHHE aBTOMATU3WPOBAHHBIX TMOJACTAHINHN, HH(PPOBBIX
YCTPOMCTB aBTOMAaTUKU M THOKHX CHJIOBBIX YCTPOWCTB ympamieHusi. [lpumenenue stux
CPEICTB MPEAOCTABISCT IOMOJHUTEIbHBIE BO3MOXKHOCTH I d(PPEKTUBHOTO yIpaBICHUS
MpOLECCAMU CHHXPOHHU3ALNH, KaK OTAEIbHBIX TEHEPATOPOB, TaK U yacTe IIC.

Crenenb pa3padoTaHHOCTH TeMbl. B Hacrosiee Bpemsi UccieoBaHus B 001acTu
pa3pabOTKM U COBEPIICHCTBOBAHMS TMPHUHIUMIIOB pabOThl CHUCTEM aBTOMATHYECKOMN
CHHXPOHM3AIMM B OCHOBHOM HAamlpaBJe€Hbl Ha COBEPIICHCTBOBAHHUE U Pa3BHUTHE
CYHIECTBYIOIIUX aaropuTMOB. [[pUHIIMITHAIIBHO HOBBIN MOAXO/T, MPETOKEHHBIA B TOMCKOM
MOJIUTEXHUYECKOM YHUBEPCUTETE, 3aKITIOYAETCSA B MPUIOKEHUU METOJIOB aBTOMATUYECKOTO
YIPaBIICHUS C ATAJIOHHOM MOJENBIO K 33/lau€ CUHTE3a CUCTEM CHHXPOHHU3AIMHU I'eHepaTopa
C DJICKTPUYECKON CEeThI0. BBHIMONHEHHBIE paHEe HCCIECNOBAHHMS MPUMEHUMOCTH JaHHOTO
MoAX0/a HE CoIepkKaT MPopabOTKy aIrOPUTMOB YIIPaBICHUS MapaMeTpaMyu CHHXPOHHU3AIMU
M0 TMOCTPOCHHBIM  TporpaMMHbIM  Tpaektopusim  awxkenuss  (IITJ])  poropos
CUHXPOHU3UPYEMBIX TEHEPATOPOB, a B MPEJIOKEHHBIX anroputMmax moctpoeHus I[1T]]
MpeayCMaTPUBACTCS 3HAKOMIEPEMEHHOE (IBYXIOJIIPHOE) yIpaBICHUE, TPYIHOPEATU3YEMOE
C TIOMONIbIO CHUCTEM peryiupoBaHusi TypOMH. OTKpBITBIM OCTAa€TCS TaKke BOIPOC
BO3MOKHOCTH HCIIOJIb30BAHMS CYIIECTBYIOLIUX U3MEPUTEIbHBIX CUCTEM.

N35n0xeHHbIe acleKThl aKTyalbHOCTH COBEPLICHCTBOBAHUS CHCTEM CHHXPOHM3ALUU
00bekToB DDC U cTeneHu pa3padOoTaHHOCTH TEMbI ONPEACISAIOT 1IeNb JaHHONW paboThlI.

Heab padorel. Pa3zpaboTka crocoba alanTUBHON CHHXPOHHU3ALMU T'€HEPATOPOB C
INEKTPUUYECKON CEThIO, IO3BOJISAIOIIETO BBINOJHATH YNPABICHUE IOCPEICTBOM BbLAAUU
OJIHOIOJISIPHBIX YTIPABIISIIOIIUX BO3ACHCTBHIA.

Jlis mocTiKeHust 3TOU 1esd popaboTaH, pa3BUT U alpOOMPOBAaH HA MPOTPAMMHBIX
MOJIEJIAX MOJAXO0J K CUHTE3y CHUCTEM CHHXPOHHU3ALMU I'€HEPATOPOB C AIIEKTPUUECKOMN CEThIO
Ha OCHOBE METOJIOB aBTOMATHMYECKOI'O YIIPABICHHSI C JTAJIOHHON Mojenbio. [lpu sTom
pemanuch ClIeayIne 3a0a4n:

1. Kputndeckuit anamu3 3(PQGEKTHBHOCTH aJITOPUTMOB COBPEMEHHBIX CpEJICTB
aBTOMATHUYECKOW CHUHXpOHU3aluu o0bekToB ODC W omnpeneneHue HampaBlIeHUN
JCCePTAlMOHHON PabOTHI.

2. OOocHoBaHue cmoco0a aJanTUBHOW  CHUHXPOHM3AIMM  TEHEPATOPOB  C
ANEKTPUYECKON CEThIO, IO3BOJIAIOMIETO BBINOJIHATH YHPABICHUE ITOCPEACTBOM BbIAAUU
OJIHOIOJISIPHBIX YTIPABIISIIOIIUX BO3JEHCTBUI.

3. Pa3zpaborka anropuTMOB (PYHKIIMOHUPOBAHUS OCHOBHBIX OJIOKOB CHCTEMBI
CUHXPOHHM3AIMU C DJTAJOHHOW MOJENbI0: OJOKa TMOCTPOEHUS OTAJIOHHOM MOJENH,
peryisiTopa, U3MEPUTEILHOTO OJIOKA.

4. MopenupoBaHue U anpoOarus pa3pabOTaHHBIX aJTOPUTMOB MPU aBTOHOMHOW U
COBMECTHOW paboTe B MpOrpaMMHOM KoMmIuiekce Mustang U crienuaau3upoBaHHON cpelie
monenupoBanuss MATLAB Simulink.

HNnesn padorbl. OCHOBHOM wujeeil pabOThl SIBISIETCS TMPUMEHEHHE METOJIOB
aBTOMAaTUYECKOTO YIPABICHHUS C JTAIOHHOM MOJENbI0 K 3a/Jlaue CHUHTE3a CHUCTEM
aJanTUBHOW CHHXPOHU3ALMM TEHEepaTropa C DSIEKTPUUECKOW CEeThIO MJi1 BBIIOJHEHUS



LIEJIEHANPABIEHHOr0 OJJTHOBPEMEHHOI'O IIEPEBO/Ia NapaMETPOB CUHXPOHU3ALUN K KOHEUHBIM
3HaYEHUSIM [TOCPEJCTBOM BBIJJaUH OJHOIOJIAPHBIX YIPABIIAIOMINX BO3AEHCTBUM.

Meroasl wucciaenoBaHusi. PelieHue TOCTAaBIEHHBIX B JUCCEpTAllMM  3a/a4y
OCYILECTBJISUIOCH MPHU MOMOIIM MaTEMaTUYECKOro U MporpaMmMHoro mozenupoBanus I9C,
BBIYMCIUTENbHBIX ~ JKCIIEPUMEHTOB,  MPUMEHEHHs  MeTOAO0B  JIu(depeHnaIbHOro
UCYHCIICHUS, TEOPUH AJIEKTPUYECKUX MAIIUH, JJIEKTPOMEXaHUUYECKUX IEePEX0THBIX
MIPOLIECCOB, @ TAK)KE TEOPUHU aBTOMATUYECKOTO YIIPABJICHHUS.

HayuyHyio HOBU3HY AMccepTalluM UMEIOT CJIeAyolHe M0JI0KeHHs, BbIHOCUMbIe
HA 3A1LMTY:

1. Cnoco® moOCTpoeHMsI STaJOHHOM MOAENUW MJii CHUCTEM CHHXPOHU3ALMU
reHepaTopa ¢ CeThbio, 00ECIEeYNBAIOLIUI MIEPEBO YIIPABISIEMbIX TApaMETPOB K KOHEUYHBIM
3HaYEHUSIM MTOCPECTBOM BBIJJaUM OJAHOMOJIAPHBIX YHPABISAIOMINUX BO3AEHCTBUI.

2. Cnocob ynpaBieHHs, MO3BOJSIOUIMN OCYIIECTBIATh JBUKEHUE MapaMeTpoOB
CUHXPOHM3AIMU 110 MOCTPOEHHBIM ISl HUX TPACKTOPHAM ITATIOHHBIX MOJIEEH.

3. Anroput™mbl (QYHKIMOHUPOBaHHMS OJIOKA M3MEPEHUS CHUHXPOHHU3UPYEMBIX
napaMeTpoB, MO3BOJISIIOIIME B TMpelaenax JBYX IMEPUOJIOB MMPOMBIIIEHHON YacTOThI
OCYUIECTBIISITh M3MEPEHHE OTHOCUTENBHBIX YIJIOB, CKOPOCTEH M YCKOPEHUN BEKTOPOB
HaMpsDKEHUH B y3J1aX CHHXPOHU3AIMHU 00bEKTOB.

HayuHas HOBM3Ha psAJa BBINOJHEHHBIX 3HAYMMBIX pa3pabOTOK MOATBEpkKACHA
narenToM P® Ha u3zobperenue Ne 2457597.

IIpakTnueckasi neHHoOCTh. Peanu3anus CUHTE3UPOBAHHBIX CUCTEM aBTOMATUYECKOM
TOYHON CHMHXPOHHU3ALMH I'€HEepaTopa ¢ IEKTPUUYECKON CEeThI0, OCHOBAHHBIX Ha MPHUHIIMIIAX
NOCTPOCHMSI CHCTEM AaBTOMATUYECKOTO YIMpaBlieHUsT OOBEKTaMHM C 3TaJOHHON MOJIENbIO,
MO3BOJIUT:

— COKpaTUTh BpeMsi, TpeOyemoe MJisi BBINOJIHEHHUS YCJIOBHM CHHXpOHU3ALUHU, H,
COOTBETCTBEHHO, MUHUMHU3UPOBATh 3aJ€PKKU BO BKIIOYEHUU T€HEPUPYIOMIMX MOIIHOCTEH
B CETh;

— o0ecreyuTh pabOTOCIOCOOHOCTh CUCTEM CHHXPOHHU3ALMU B YCIOBHUSIX HATWYUS
BO3MYIIICHUM, BBI3BIBAIOUIUX OTKJIOHEHHS MapaMeTpOB CHHXPOHMU3AIMH OT 3TajJOHHOMN
MOJIEJH, U MOBBICUTH KAYECTBO COMPOBOXKIAIOIINX MEPEXOTHBIX MPOIECCOB;

— HCKIIIOYUTH METO/INYECKYIO OIIUOKY yIpaBIICHUS, 00yCIIOBJICHHYIO
HEOOXOJMMOCTBIO CMEILEHHUSI IIEJIEBBIX YCJIOBHI CHHXPOHH3AIMU B O0JIACTH MOHMKEHUS
KauecTBa yMpaBIIEHUs, XapaKTEPHYIO /ISl CYIIECTBYIONIUX CUCTEM CHUHXPOHU3AIINU.

Teopernueckasi 3HaYUMOCTH PpadoTbl. [lomydeHHbIE pe3yNbTaThl MPEACTABISIOT
co0O METOIUYECKYI0 OCHOBY JUIS CO3JIaHHS HOBOI'O KJiacca aJalNTHUBHBIX CHCTEM
aBTOMAaTUYECKOTO yIpPABJICHUS JUHAMHUYECKMMH Tmiepexonamu DIC, CBS3aHHBIX C
HEO0OXOIMMOCTBIO CHHXPOHHOTO OObETUHEHUS UX YacTel.

Jlnunblii BKJIAA aBTOpa. ABTOPOM JHcCCEepTallid OOOCHOBaHA aKTYyaJlbHOCTH
COBEPIUEHCTBOBAHUS COBPEMEHHBIX CHUCTEM aBTOMAaTHYECKOM TOYHOM CHUHXPOHM3ALUU
reHepatopoB u vacteid IIC; pazpaboTaHbl aITOPUTMBI PAOOTHI OMPEACTSIONUX OJIOKOB
CUCTEM YIPABJICHUs IPOLECCAMU CHUHXPOHM3ALMU C STAJIOHHOM MOJEIBIO; BBIIOJHEHA
anpoOarusi ~ pa3pabOTaHHBIX  AJITOPUTMOB  TOCPEJICTBOM  MOJCJIMPOBAaHUS B
CHEUAIIN3UPOBAHHBIX TPOTPAMMHBIX KOMILIEKCAX.

B coBmecTHBIX myOnuKanusax BKJIax aBTopa coctasisieT 0onee 50 %.

J10CTOBEPHOCTh HAYYHBIX Pe3yJbTATOB TOATBEPXkIEHA BBIOOPOM KIIACCHYECKUX
Croco0OB CHHTE3a aJaTHBHBIX aBTOMATHUYECKUX CHCTEM YTIPABJICHHUS, COTIOCTABICHUEM C
pe3yibTarTaMM  JIpYrMX  aHaJOTMYHBIX  HUCCIEIOBAaHUM U BBIYUCIUTEIBHBIMU
HKCIEPUMEHTAMH C UCTIOIH30BAHUEM CEPTUPUITUPOBAHHBIX TPOTPAMMHBIX CPE/ICTB.
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Anpodanusi padorsl. Marepuaisl AuccepTalMOHHON pabOThl JEMOHCTPUPOBAIIUCE,
JOKJIaJIBIBAJINCH U OOCYKJAINCh Ha MEXIyHAPOJHBIX, BCEPOCCUICKUX U YHUBEPCUTETCKUX
KoH(pepeHIUAX, (opyMax M cemMuHapax: | yHuUBepCUTETCKON KOH(pEepeHIUu CTYIEHTOB
DIUTHOTO TEXHUYECKOTO 00pazoBaHus «PecypcoapPpexkTUBHBIM TEXHOJIOTUAM — SHEPTHIO U
sHTYy3Ma3M Mojoaeix» (Tomck, 2010); 1 MexayHapoaHOl Hay4YHO-IPAaKTUUYECKOU
KOH(pepeHIIMN MOoJNOoAbIX YUYEHBIX «PecypcorddeKkTrBHBIE TEXHONOTHH Uil OyIyIiux
nokosieHuit» (Tomck, 2010); XVII MexayHaponHoil HAyqHO-IIPaKTUYECKON KOH(epeHInn
CTYJICHTOB M MOJOABIX Yu€HbIX «CoBpeMeHHbIe TexHuka U TexHomorum» (Tomck, 2011);
XIII BcepoccHCKOM  CTYJEHYECKOM HAyYHO-TEXHUYECKOrO0 CEMHHApe «ODHEpreTHKa:
3¢ pexTuBHOCTh, HAAEKHOCTh, Oe3zomacHOoCcTh» (Tomck, 2011); MexayHapoaHOM
KOH(EpeHIIMN CTYJEHTOB, AaCIHUpPAaHTOB M MOJOJBIX Yy4eHbIX «Pannosnexrponuka,
anekTpoTexHuka u sHepreruka» (Tomck, 2011); XIV MexayHapoiHOM CTyAEHUECKOM
HAayYHO-TEXHUYECKOM  ceMuHape  «DHepreruka:  3(pQeKTUBHOCTb,  HAJIEKHOCTb,
6e3omnacHocThy» (Tomck, 2012); I MexayHapoaHOi Hay4yHO-TEXHUYECKOW KOoH(pepeHuuu
«OnekTposHepreTuka riaazamu momoaexu» (Exarepunoypr, 2012); IV MexnyHapoaHoi
HAayYHO-TEXHUYECKOM  KOHpepeHIHH  «DJIEeKTPO’HEpreTUKa  riaa3aMd  MOJIOJCKH
(Homouepkacck, 2013); I MexaynapogHom mosoaexHoM (dopyme «VHTEIeKTyanbHbIe
sHeprocucteMb» (Tomck, 2013); V MexayHapoaHON HaydyHO-TEXHUYECKOW KOH(]epeHIuu
«IneKkTpolrHepreTrka riaazamu mouoaexu» (Tomck, 2014).

Iyoaukanun. Ilo pe3ynbraraM BBINOJHEHHBIX HCCIEIOBaHUM, pa3pabOTOK U UX
MPUMEHEHHMs], CBA3aHHBIX C TEMOH AUCCEepPTAllMOHHON paloThl, OMyOJMKOBaHO 14 Hay4yHBIX
pabot, B Tom uucie 1 nateHt P® Ha nzobpereHue, 2 cTaTbu B pEeLEH3UPYEMBIX U3JIaHUSIX
nepeuds BAK P® u 11 nybnukanuii B MaTepuanax HayYHO-TEXHUYECKUX KOH(EPEHIUH,
CEMHMHapOB U (HOPYMOB.

Ctpyktypa u o0bem jauccepraumu. OOmwmii o0beM MpeACTaBICHHOTO
JMCCEePTALMOHHOTO MaTepHana cocTaBisier 170 cTpaHMIl U BKIIOYAaeT B ceOsi: OIVIaBICHHE,
BBEJICHUE, YETBIPE IVIABBI, 3aK/IIOUEHHUE, NMPWIOKEHUS U CIHUCOK JuTeparypsl u3 107
HalMEHOBaHUM. MaTepuain quccepTalliOHHON paboThl BKIIOYAET 56 pUCYHKOB U 9 Tabmull.

KPATKOE COAEPKAHUE PABOTbI

Bo BBemeHuM Ha OCHOBE KpaTKOTO aHalW3a HEIOCTATKOB aJTOPUTMOB pPabOTHI
CYIIECTBYIOLUIMX CHUCTEM aBTOMAaTUYECKOW TOYHOM CHHXpOHM3alUuHu reHeparopoB ¢ OC wu
MIEPCTICKTUBHBIX HAMPABIECHUN Pa3BUTUSA DIEKTPOIHEPTeTUKH H3JIO0XKEHB M OOOCHOBAHBI
CyTh U aKTYaJIbHOCTh pellaeMOW B AMCCEpTAlMU 3a/laud CHHTE3a aJalTHBHBIX CHCTEM
aBTOMATUYECKOM TOYHON CUHXPOHU3AIUU C STAJIOHHON MOJEIIBIO.

B nmepBoii riaBe MNpenCTaBIEH aHAJIU3 COBPEMEHHOIO COCTOSIHHSI CpEICTB
aBTOMAaTUYECKOW CHUHXPOHM3ALMU TEHEPATOPOB C 3JIEKTPUUYECKOM ceThio. PaccmoTpeHsl
CrocOOBbl M YCJIOBHUS CHHXPOHU3AIMH, TPEJCTABICHBI aNTOPUTMbI (PYHKIIMOHUPOBAHUS
CYLIECTBYIOIINX YCTPOMUCTB aBTOMATUUYECKOW TOUHOW CUHXPOHU3AIMH, IPOBEJICH UX aHAJIU3
Y BbIJICTICHBI OCHOBHBIE HEJJOCTaTKH. B kauecTBe oOnactu pyHKIIMOHUPOBAHMUS, TPEOyIOIIEi
COBEPIIICHCTBOBAHUS, BBIJCIIEHO O00OecleuYeHne paBEHCTB YacTOT U (a3 HampsHKEHUH
CUHXPOHHM3UPYEMBIX O00BEKTOB. B Xome oneHkH akTyanbHOCTH pa3paboTku Oomee
COBEPIIECHHBIX AJTOPUTMOB PAa0OTHI YCTPOMCTB aBTOMATUYECKOW TOYHOW CHHXPOHHU3AIUU
mpoBeleH 0030p CYIIECTBYIONIUX HAMPABICHUN pPa3BUTUS YKa3aHHBIX YCTPOMCTB.
OTMeueHo, 4TO mpeajiaraéMble METOAMKHA OCHOBAaHbI Ha COBEPIICHCTBOBAHUM OTJIEIbHBIX
CTOPOH CYIIECTBYIOIIUX aJrOPUTMOB pPAaOOTHl YCTPOWCTB, W HE HANpPABJICHBI Ha



dbopmupoBanue  (QopMamu30BaHHBIX MPOIEAYP OJHOBPEMEHHOrO TEpeBOAAa  BceX
rapaMeTpoB CUHXPOHU3AIUHU K 33JJaHHBIM KOHEUHBIM 3HAYCHUSM.

BBeneHO AOMONHHUTENBHOE YCIOBHUE TOYHOW CHHXPOHW3ALWH, 3AKIIOYAIONICECS B
o0eclieueHUH PaBEHCTBA HYJIIO OTHOCHUTEIIBHOTO YCKOPEHHUS JBUIXKEHUS BEKTOPOB
HaIpsDKEHUST CUHXPOHU3UPYEMBIX OOBEKTOB B MOMEHT BKIIOYEHHUS OOBEIUHSIONIETO
BBIKIIIOUaTend. lIpeanokeHo BKIIOYUTH YKa3aHHOE YCIOBHE B TIEpPEUCHb TPeOOBaHUM,
MPEAbSIBISEMBIX K pa3padaThiBAEMbIM COBPEMEHHBIM CHCTEMaM aBTOMATHUYECKOM
CUHXpoHM3auuu. (OTMEYEHO, YTO BBIIOJIHEHUE JOMOJHHUTENBHOIO YCIOBHUS TOYHOM
CUHXPOHU3AIMM B COBOKYMHOCTH C COOJIOJICHUEM TPAAUIIMOHHBIX YCIOBUU OyneT
CIOCOOCTBOBATh TOBBIMICHUIO KauyeCcTBa 3JIEKTPOMEXAHUUECKHX TMEPEXOJHBIX MPOIECCOB,
CONPOBOXKIAIOIINX BKIIFOUYEHNE T€HEPATOPOB B CETh.

[Ipoananu3upoBaHbl pe3yiabTaThl HaYalbHOW MPOPAOOTKH 3a/la4yd CHHTE3a CHUCTEM
CUHXpOHM3alMHU reHeparopoB U JC C 3TAJTOHHOM MOJENBIO, BBINOJIHEHHOW B ToOMCKOM
MOJUTEXHUYECKOM YHUBepcuTeTe. OCHOBY 3TOr0 CHHTE3a COCTAaBISACT UAES NMPUMEHEHUS
METOJIOB ABTOMATHUYECKOrO0 YIPABJIEHUS C JTAJIOHHOW MOJEIbI0 K 3aJaye yNpaBJICHHS
npoueccaMmu CUHXpOHU3auuu. [Ipu 3TOM posib 3TaTOHHON MOJEIN OTBOJUTCS TPOrPaMMHOM
tpackropuu jaBwkenus (IITJI), mocTpoeHHOW A/ mapaMeTpOB CHUHXPOHHU3AIUU U
oOecreunBaroiell IeJICHANPABICHHBIM W OJHOBPEMEHHBIM HMX TIEPEBOJ K 3aJaHHBIM
KOHEUYHBIM 3HAUCHHSIM.

Anroputmbl nioctpoenus [IT/], cuHTe3upoBaHHBIE Ha HAYaJbHOM JTalle, MOKa3au
TEOPETUYECKYI0O BO3MOXKHOCTh TaKOro ympasiaeHus. OJHAKO TpU TMOCTPOCHUHU ATUX
QJITOPUTMOB HE YUYWTHIBAJIUCH PEalbHbIE XapPaKTEPUCTUKU HCIOJHHUTENBHBIX YCTPOWCTB
perynupoBanud. K HegocrarkaM 3THX aJIrOPUTMOB OTHOCUTCS CTYNI€HYaTOCTb U
3HaKomnepeMeHHbIN (aByxmossipHbiii) xapakrep [IT/. Ilpu stom IITJl dopmupyercs Ha
UHTEpBaJie, OIPAaHUYEHHOM OJIHUM OTHOCHUTEJIbHBIM OOOPOTOM BEKTOPOB HAINPSKEHUN
CUHXPOHHM3UPYEMBIX O00BEKTOB. B pesynbrare, s peanu3aldd TakKUX aJIrOPUTMOB
TpeOyeTcsi OCYLIECTBICHUE ABYXIOJISAPHBIX YIPABISIONIMX BO3ACHCTBUI CIOXKHOU (HOPMBI
Ha HEMPOJOKUTEIBHOM UHTEPBAJIE BPEMEHHU.

OTmMedyeHO Takke, YTO TMpopaboTKa BOIMPOCOB YIPaBJICHHUS IapamMeTpaMu
CUHXPOHHU3AIMU MO0 NocTpoeHHO! s HuX 1T/l B BBINIOJIHEHHBIX paHEe UCCIEAOBAHUSAX HE
IIPOBOJIUJIACH, @ BOIMPOCHI HCIOIb30BAHUS CYLIECTBYIOIIMX H3MEPUTEIBbHBIX CHUCTEM HE
UCCJIEI0BAIINCH.

[To pe3ynbraraM BBINIOJHEHHOTO aHaHM3a cPOPMYyIHMPOBAHBI, B Pa3BEPHYTOM BUJIE,
3a/1auu, MOJIekKAIIUE PEIICHUIO B IUCCEPTALIUH.

Bo BTOpOIi r1aBe auccepraiyu MpeacTaBlieHa CTPYKTYPHO-(QYHKIIMOHATIbHAS cXema
CUHTE3UPYEMOM CHUCTEMbl CHHXPOHM3allUU C JTaJOHHOM Mojenblo. [laHo omnucanue
paspaboTaHHbIx anropuTMoB mnoctpoeHus [IT]l, AHUIIEHHBIX OTMEUYEHHBIX HEJOCTATKOB.
OxapakTepu3oBaH MOAXOJ K CHHTE3Y PEryjsTopa CHHTE3UPYEMOHl CHCTEMBbI, U OaHO
OIHMCAaHUE AJTOPUTMOB €ro PabOTHI.

O06o00mEnHass CTPYKTYpHO-(PYHKIIMOHANBHAS CXeMa CHCTEMbl CHHXPOHHU3AIHH
00bekToB DDC, OCHOBaHHAsI HA MPHUHIIMIIAX MTOCTPOCHHUS CUCTEM YIIPABJICHUS C ATATIOHHOU
MOJIEJIbIO, IIPEe/ICTaBJIeHa Ha PUCYHKE 1.

Ha stom pucynke oO0bekThl 1 M 2 mpeAcTaBisiioT cOo00M CHHXPOHHU3UPYEMBIE
OOBEKTBI: TEHEPATOPHI, IEKTPUIECKYIO CETh, YACTH dHEProcucTeM. B kadecTBe yCTpOHCTB
PETYIMPOBAHUS MOTYT BBICTYNATh PETYJIATOPHI TYpOWHBI M PETYISITOPBI BO30YKICHUS
TEHEPaTOpPOB, HAKOMUTEIU DJIEKTPUYECKOW HHEPruu, YCTPOHCTBA BJIEKTPUUYECKOIO
TOPMOXEHHSI U JPYTrUe yCTPOMCTBA, CHOCOOHBIC OCYIIECTBUTHh TOYHOE U KaYECTBEHHOE
yIpaBJjieHUE MTapaMeTpaMy BpalllaTeIbHOTO JIBHXKEHHSI BEKTOPOB HANPSKEHUS] HA KOHTAKTaXxX
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oObeuHstoniero Boikaouarens (OB). AHanuzaTop COCTOSHUS KOHTPOJUPYET 3HAYEHUS
NapaMeTpoB CUHXPOHM3AUUU M (QOpMUPYET KOMaHAYy Ha BKIIOUEHUE OOBEIUHSIOLIEIO
BBIKJTIOYATEIIs.

Ui()
O0bexr 1
Ux(®) W3MepuTENbHBIA 60K
Q
[ O
[ O
o
i) sl o A | s a(r)i 7
Yy VY V9V
OB = AHanu3aTop COCTOSHUS
Curnan Ha
BKJTFOUCHHE
Yyvy
- pelr_[ygilT-op —
uh AP YYVYVYVY
i +
O6beKt 2 VYcerpolictBo L4 brok HOC;T‘pOGHI/ISI
peryIupoBaHus STAJIOHHON MOJEIH

Pucynok 1 — CTpykrypHO-(DyHKIIMOHAIbHASI CXEMa CUCTEMbI CHHXPOHHU3AIUHU C 3TATIOHHON
MOJIEJIBIO

brnok mocTpoeHust 3TamoHHOW MoAenH GOPMHUPYET HA OCHOBAHWU H3MEpPEHUI
NPOTPAMMHYIO TPACKTOPHUIO JIBMKCHHUS I TapaMEeTPOB OTHOCHUTEILHOTO JBW)KCHUS
BEKTOPOB HAIPSKCHUSI CHHXPOHU3UPYEMBIX 00BEKTOB, JOCTABJISIONIYIO0 UX U3 HAYAJIBLHOTO
COCTOSIHHS B 33JJaHHYIO TOUYKY (pa30BBIX KOOPIMHAT.

K nambosee MpoCTBIM W YHHBEPCATBHBIM C TIO3HMIIMU PEATH3AIMU YITPABIISIONIUX
BO3/ICHCTBUN TPU CHHXPOHMU3AIMU TEHEpaTopa C CEThI0 IS JNAIbHEUIINX pa3paboToK
oTHeceHbl anropuTmbl moctpoeHus [ITJ[ mocrostHHOTO (PUCYHOK 2, a) M JIMHEHHO
M3MEHSIoErocs (pUCYHOK 2, 0) HebanaHca MoHocTH AP,(f) Ha Bally reHepaTopa.

AP,, v,, J,

-10 -

-15 -

a 0

Pucynok 2 — ITpumep noctpoenus 1T/ no anropurmam
a — IIOCTOSIHHOrO HeOajiaHca MOIITHOCTH, O — JIMHEHHO U3MEHSIONIErocs HebanaHca
MOIITHOCTH



Kak BumHO u3 pucynka 2, ob0a anropurma o0OeClEUMBAIOT Ii€JICHAIIPABICHHBIN
MEepPEBO/T BETUYMH OTHOCUTEIBHOTO YIJIa d U OTHOCUTENBHOW CKOPOCTH 0 MEXKY BEKTOpaMU
HaIpsDKEHUs] TeHEepaTopa U CETH K HyJIEBBIM 3HadeHUsAM. [Ipu 3ToM B mepBOM anropurme
OCYIIECTBIIICTCS MIHOBEHHOE OOHyJIeHME BeIM4YMHBI Hebanmanca mommuoctd AP, (f) B
KOHEYHbI MOMEHT BPEMEHH, UTO CJIEyeT OTHECTH K OIPaHWYMBAIOIIUM €ro MPUMEHEHUE
ycaoBusAM. BTOpo# anroput™ oOecreumBacT IUIABHOE M3MEHEHHME BEIMYMHBI AP, (f) oT
Ha4yaJIbHOTO 3HAu€HUs J0 HyJs. BBIBOJ pacueTHBIX COOTHOIIEHWH MJid OIpeiesieHus
napameTpoB IIT]] ocymiecTBisieTcss HAa OCHOBE YpPaBHEHUs JBHXKEHUS POTOpA TE€HEpaTopa,
3aMMCaHHOIO C YYETOM M3MEHEHHS YaCTOThI B XO/I€ IpoLecca YIIpaBIeHHUS:

)

: (1)
a)HOM a)HOM dt

rae 7; — NOCTOSIHHAs MHEPLMHU TreHeparopa; AP — HeOalaHC aKTMBHOM MOIIHOCTH Ha Bajy

TEHEPATOPA; Wy, — HOMUHAJIBHAS CHHXPOHHAS 4acTOTa.

JUis ycnemrHOW CHUHXpPOHHM3allMM BeJIMYMHA HebajllaHca MOIIHOCTH B XOJe
YIPABJIEHUS JIOJIKHA COOTBETCTBOBATH, MPH HaYaIbHBIX 3HAUEHUSIX Oy, Do, AP, CIEIYIOIIIM
pPacyYETHBIM 3aBUCUMOCTSIM:

- Ul aJIropuTMa IMOCTOSSHHOTO HebajaHCca MOIIHOCTH:

) Tj@

AP=(1+

2
T;v 20,
AP, = AP, = J20 Y @)
20, (27znp +9yp) 30,00
- 711 aITOPUTMA JTUHEHHO U3MEHSIOIIErocs: HebalaHca MOIIHOCTH
2C,T;
J t
AP, (1) = (1-—), 3)
Oyonl pT 4 pT
rjae
CZ = —Uo(u—o + 1) (4)

2a)HO]l/l
Pacuernas INPOAOJDKUTCIIBHOCTE IIPOHOCCCa CHUHXPOHHU3AIUU pr OIIpCACIIACTCA
COIIaCHO BBIPAKCHUAM!
- Ui aJiropuTMa IoCTOAHHOTO HeOananca:

~ 3Q2m, +6)) (1 20

tpr = )s (5)
P (3a)H0M + 200) Do
- IJId aJIFOpHTMa JIPIHCIZHO HU3MCHAROIICTOCS He6aﬂcha:
27znp + 50
ol = 1 2C 20, (©)
) )
Oy (1=~ ([1=2 HOM. aresin(— | 2)))
2 Dyom 2 Oyom

B ypaBHenusx (2), (5) m (6) BenuuumHa 1, OPEACTABISAET COOOH LEIOE YHUCIIO
B3aMMHBIX O0OOpPOTOB  BEKTOPOB  HAIPSIKEHUH  CHHXPOHU3ZUPYEMBIX OOBEKTOB U
OnpeesieTcsa MyTeM OKPYTJIEHUs, MOJIYUYEHHBIX 0 CIEAYIOIUM 3aBUCUMOCTSAM, 3HAUCHUIN
n:

- 17151 aTOpUTMAa MOCTOSTHHOTO HebaaHca:
o Tjvo’
2 ArAPyw,n RIS

200

) (7)



- JUIsl JITOPUTMA JIMHEWHO U3MEHSIOIErocst HebanaHca:
n=—5—0+%(1—l( 1- 2C7 _ |Luom arcsin(—_[—))). (8)
2w ARy 2 Onom 2 Onom

[IpuBenennsie B (1-8) coOOTHOIIEHUS CIIpaBEAIMBHI IS Cllydasl HaJU4Us HEKOTOPOM
HEHYJICBOM HayaJlbHOW BEIWYMHBI HeOamaHca MOIMHOCTH AP, TOCTaTOYHOW ISt
OCYILECTBIICHUS YIPABIICHMUS.

[Ipn BbIOOpEe mMOAXOAA K YHOPABICHUIO MapaMeTpaMyd CHUHXPOHM3ALUHU IO
noctpoenHon mna uHux I[ITJl, mpemioxkeHo mpuMeHEHHE KOMOWHAIMUA JBYX OCHOBHBIX
MPUHIMIIOB AaBTOMAaTUYECKOTO YMPABIEHUS JBWKYIIUMUCA OOBEKTaMHU — MPHUHIIMIIOB
(GKECTKHUX» U «THOKHMX» TpaekTopuil. B mepBoM ciyyae 1Lenbl0 YHpaBJi€HUS SIBISETCS
cTabunu3auus JBW)KEHUS NapaMeTpOB CHUHXPOHU3ALMKU B HEKOTOPOH OKPECTHOCTHU
MOCTPOEHHOW JuIs HUX Ha mnepBoM stane HomuHaibHOM I[ITJl. [lpuHimn «rubkux»
TPACKTOPUN YUYUTHIBAET TOT (DAaKT, 4YTO K JUIMTEIbHOCTH MPOLEIypbl CUHXPOHU3ALIUU, B
oluiemM ciayyae, HE MNPEIbSABISETCS JKECTKUX YCJIOBHI, KpoMe €€ MNpearnoyTUTENbHON
MUHHMMM3allMM, W 3aKirodaercd B rnepuogundyeckoM nepectpoennu [ITJ[ Ha ocHoBaHuMM
TEKYILMX 3HAYCHUN MApaMeTPOB CUHXPOHU3ALINH.

ANropuT™M ympaBlieHUs TPU MPUHATOM MOAXOAE OOOOIIEHHO MpEACTaBiIsSeTCS B
BHJIE:

2C,

u(t)=F(AF,,x, [)=F/(AB,) + F5(x) + F5(f), ©)

rae F(AP,, x, /) npencraBnser cod0oi QyHKIUIO OT 3a7arouiero Bo3aeicTeus AP, ommokn
yIpaBIIEHUS X, BO3MYILAIONIET0 BO3ACUCTBHS f, a TaK)Ke MX MPOU3BOJAHBIX U UHTErPAJIOB IO
BpeMeHu. Ilpu stom Fj(AP,) u F3(f) COOTBETCTBYIOT YNPABJIECHHIO IO 3aJalOLIEMy U
BO3MYIIAIOIIEMY BO3JEUCTBUSIM COOTBETCTBEHHO, a F(X) — yNpaBIEHUIO MO OTKIOHEHHIO
(omubke).

3amaroriee BO3/eHCTBUE B ypaBHEHUH (9) MOXKET OBITh MOJYYEHO Ha OCHOBaHUHU (2)
1 (3), B TO BpeMs Kak BO3MYIIAIOIINE BO3JCHCTBUS ISl 3a/1a4l CUHXPOHHU3AIMN HOCST, KaK
NpaBWIO, CIy4YalHBIM Xapakrep. Takum 00pazoM, ONPENEICHHUIO TOJUICKUT (QYHKIUS
yOpaBlieHUss N0 OTKJIOHeHWio (omwuoke). I[IpuHMMas BO BHUMaHUE BO3MOXHOCTHU
U3MEPUTENIbHBIX CHUCTEM M HEOOXOAMMOCTh OCYIIECTBICHUS KOMIUIEKCHOTO TOYHOTO
yOpaBJ€HUsl MO0 BCEM KoopAauHaTaM mnoctpoeHHoil panee IIT/l, B xauecTBe perynaropa
npunumaetcs [TUJ[-perynsarop ¢ GuiIbTpoM BEpXHHUX YacTOT, a B KauecCTBE MEpPEeMEHHOMN
yIpPaBJIEHUS 110 OTKJIOHEHUIO — BETMYMHA OTHOCUTEIIbHON CKOPOCTH.

Hcnonp30BaHne MPUHATOrO MOAXO0/A K YIPAaBICHUIO NapaMeTpaMu CHUHXPOHHU3ALUU
HaIpaBJICHO Ha o0ecreyeHre MpoleIypbl MUHUMHU3AIUN KOPPEKTUPYIOIMIUX YITPABIISIFOIINX
BO3JICHCTBUMN, BBIMIOJIHAEMBIX JJIsl CTAOMIIM3AIlMU MAapaMeTpOB B HEKOTOPOW OKPECTHOCTHU
HoMmuHaneHOM IITJ/], mocTrpoeHHOM Ha nIEpBOM JTale, W MOBBIIIEHUE aAJAlTUBHOCTH
CUCTEMBbl CUHXPOHU3ALMHU K CIy4allHbIM BO3MYILIEHHUSIM, BO3HUKAIOUIUM B XOJI€ Mpolecca
ynpasieHus. Ilpy 3TOM B mpocTeiiieM ciydae B KadeCTBE TI'PAHUYHBIX TPACKTOPHUH,
pa3neNonuX 00IacTi CTAOUIU3UPYIOIIETO YIIPABICHHS U 00JIACTH ABMXKCHUS TI0 THOKUM
TPAeKTOPUSAM, MOTYT OBITh TPHHSTHI, HANPUMEP, CPEIHUE JMHUU, TPOBEICHHBIC MEXKIY
cocennumu I1T/I.

B Tperbeii riaBe paccMOTPEHBI BONPOCHI peaju3allid W3MEPUTEIHHOro OJoKa
CHUCTEMbl CUHXPOHM3AalMU C JTAJOHHOM MoOAenbro. lIpoBeneHHBI aHaIW3 MOAXOI0B K
M3MEPEHUIO NTapaMEeTPOB BPAIIaTEIbHOTO JIBHXKEHHSI BEKTOPOB HANPsKEHUS MOKa3all, YTO
QITOPUTMBbl HOBEHIIUX CUCTEM H3MEPEHUS MO3BOJISIIOT O0OECHEYUTh BBICOKYIO TOYHOCTH
ONpeNeJCHUs] BEJIMYMH OTHOCHUTEIIBHOIO yIila W  OTHOCUTEIBbHOM CKOpPOCTH B
YCTaHOBUBIINXCA pexumax. OJHAKO BO3MOXKHOCTH (DYHKIIMOHUPOBAHUS TAKUX CHCTEM B
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MEPEXOAHBIX PEKMMaxX HEOJHO3HAYHBI, HAa JAHHBIA MOMEHT HX COBEPIICHCTBOBAaHUE C
MO3UIMA 3TOTO  BoOmpoca Mpojoipkaerca. Ilpuw  3TOM  TOYHOCTH  ONpPEAEIEHUSA
OTHOCHUTEIIBHOTO YCKOPEHUS MPEACTABIISIETCS HEOMPEICICHHOM, a BOMPOCHI €€ MOBBILICHUS,
Kak MPaBUJIO, HE PACCMATPUBAOTCS.

OTMeueHo, 4YTO U3MEPUTEIbHBIA OJOK  COBPEMEHHOTO  aBTOMATHYECKOTO
cunxponuzatopa AC-M B 11e710M yJOBJIETBOPSIET TPeOOBAHUIM IPOIIecca CHHXPOHU3AIUU C
WCMOJIb30BAHUEM TMPUHIUIIA TOJTOHKM 4YacTOThl M OHJAHUS MOMEHTAa COBIAJICHUS
(ha30BBIX YTIIOB CHHXPOHHU3UPYEMBIX O00BEKTOB. OIHAKO JIi CUCTEM CHHXPOHHU3AIMH C
STAJOHHOW MOJIENBIO MPEIBSBISIIOTCA MOBBINICHHBIE TPEOOBAaHUSA K TOYHOCTH H3MEPEHUS
napaMeTpoB CHHXPOHU3AIMU HA WHTEPBAJIC YINPABJICHUS, YTO MPUBOJAUT K HEOOXOIUMOCTH
WCIIOIb30BaHMS 00Jiee COBEPIIIEHHBIX aJlTOPUTMOB.

[IpopaGoTan moOAXOa K H3MEPEHUIO TMApPaMETPOB BPAIIATEIBHOTO JIBUKEHUS
BEKTOPOB HANPSKEHHMS, YUYUTHIBAIOIIMKA HEPABHOMEPHBIM XapakTep WX JBWXKEHUA U
MO3BOJISIIOIIMN OLEHUBATH BEJIMYMHBI M3MEPSEMBIX IMAPAMETPOB B TEUECHHE WHTEpBaja
W3MEPEHHUS C MOBBIIIEHHON TOYHOCTHIO.

[IpencraBneHHbIN MOAXOM 3aKJIIOYAETCsS B pa30MEHUU TEpUOaa M3MEPEHUs] Ha TPHU
UHTEpBANA: T) = 1) — ), Ty = 3 — b, T3 = t4 — t3 (pucyHOK 3), popMUPOBAHUM HA UX OCHOBE
CHUCTEMBbI JIMHEHHBIX YpPaBHCHHWH I BEIUYMHBI (pa30BOr0 yria M3MEPEHHOTO CHUTHAIA U
peLICHUS MOTYYEHHON CUCTEMBI YPAaBHEHUH.

Mﬁ/\fz [\34 l t

o |
()

U

[%!

PI/ICYHOK 3 - Onpez[eneHI/Ie JJIUTCIIBHOCTHU BPECMCHHBIX HHTCPBAJIOB T

Cucrtema ypaBHEHUH IS BEIUYHMHBI (Da30BOTO YIJIa MOXET OBITh TpPEJCTaBJICHA B
BHJIC:
_ 2 3 _
o(r))=dt,+d,r{ +d;7; =,
— 2 3 _
o(r,)=dt, +d,ri +d;v5; =2nm, (10)
_ 2 3 _
o(ry)=dty +d,ri +d;7; =37.
N3 cucremsr ypaBHenmii (10) ompenenstorcs koddduinmentsl dy, d,, d;. Torma
BEJIMYMHBI TAPaMETPOB BPAIATSIILHOTO IBUKCHUSI B MOMEHT BPEMECHHU ) BBIPAKAIOTCS KaK:

Op(—yy =27 —dyt) + d2t12 _d3t13 (11)
1501841
Sory = m—dity +dyt] —dyt (12)
w, =d, —2d,t, +3d,t], (13)
a, =2d, —6d,t, , (14)
Ay = A =6d,. (15)
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BeiOop BbIpakeHust UIsl pacyeTa BEIUYHMHBI O OINpEeNsaeTcs HalpaBlIeHUEM
IIepeX0/1a MTHOBEHHBIX 3HAYCHUI HAIIPSDKEHUsS Yepe3 HyJlb.
3HauyeHus NapaMeTPOB B TEKYIIMI MOMEHT BPEMEHHU:

A(t) = A, = A =const, (16)
a(t) =a, + A, (17)
(t) = w, +ayt + At /2, (18)
2 3
S(6) = So_ o+ ot + 20y M (19)
2 6
NIIn
ZL2 3
5(t) = Sy, + Oyt + %ol % (20)

[IpencraBieHHBIN AITOPUTM TTO3BOJISIET ONPEACIATh TEKyIUe (pacueTHBIC) 3HAYCHUS
MapamMeTpoB  BpalIaTCIIbHOTO JBMIKCHHS BEKTOPOB HANPSDKCHHS, a TaKkKe JiaeT
nH(poOpMaIMIO 00 W3MCHCHHH TMapaMeTpOB B TEUEHUE HMHTepBaja m3MepeHus. OIHAKO B
3TOM Ciiydae IMOJIYYCHHBIE 3aBUCHUMOCTH OyJyT OTCTaBaTh OT JICHCTBUTEIBHBIX Ha TPETh
Meprojia W3MEPCHHS, YTO MOXET OKa3aThCsl CYIIECTBEHHBIM JUIS CIydas CTPEMHUTCIIBHO
W3MCHSIOIIMXCA TmapaMeTpoB. Jlisg moaydeHus Oosiee aKTyallbHBIX — 3aBHUCHMOCTEH
MPUMEHSIETCS MPOIISAypa IKCTPANIONSAINNNA YKA3aHHBIX MapaMEeTPOB C YUCTOM JIOMYIICHHS O
MOCTOSIHCTBE XapaKTepa N3MEHECHHS IMapaMeTpoB Ha 1/3 meproja u3MEpeHHIA.

AnropuTMbl (QYHKITMOHUPOBAHUSI MU3MEPHUTEIHLHOTO OJ0Ka OBLTM BOCIIPOM3BEACHHI B
cpene wmoxaenupoBanuss MATLAB Simulink (pucynok 4). Pesynbrarel wu3MepeHus,
MOJTYYCHHBIE ¢ TIPUMEHEHHEM IPEICTaBICHHBIX aITOPUTMOB (J,,, f,,), IPU HEPAaBHOMEPHOM
XapakTepe W3MEHEHHsI BEIMYMHBI OTHOCUTEIBHOTO  YCKOPEHHS, HECYIIEeCTBEHHO
OTJIMYAIHUCh OT PEANBHBIX BEIUYUH (O,eqss frear), UTO CBUACTEIBCTBYET O MOTEHIIUAIBHOM
3¢} PEKTUBHOCTH MPEIIOKEHHOTO MOIX0/1.

[V3)
S
S
N

N

N\

< : ; i } 1 cC
0.03 0.04 0.05 0.06 0.07 0.08

0 0.01 0.02

4905 ......

=

m .
=

ff"ea/ : ____._—-:- :t
49 e e T | 1 1 ! | & C
0 0.01 0.0 0.03 0.04 0.05 0.06 0.07 0.08

Pucynoxk 4 — Pe3ynbpTaTsl MOJenupoBaHus (yHKIMOHUPOBAHUS U3MEPHUTEIHHOTO OJI0Ka PU
HEPaBHOMEPHO YCKOPEHHOM JIBU)KCHUH
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B uerBepTOii rjiaBe MpeCTaBICHBI PE3YJIbTATHl MOJCIUPOBAHUS MPEIIOKEHHBIX
QITOPUTMOB ~ pabOTBl ~ CUCTEMBI  CHHXPOHHM3allMM C  3TaJOHHOM  MOJENbI0 B
crienanu3upoBanHoM nporpammMuoM komiuiekce (ITK) Mustang 6e3 ydyeTra HHEPIIMOHHOCTH
peryiupoBaHus U B ClieHaIU3upoBaHHOM cpene monenupoBanuss MATLAB Simulink c
y4eToM MoJenu TypOuHbl U ee peryisaropa. C Lenbl0 MPOBEACHUS CPABHUTEIBHOTO
aHaJIM3a, BHIIOJIHEHO MOJIEJIMPOBAHNE aJITOPUTMOB pabOThl COBPEMEHHOTO CUHXPOHHU3ATOpa
SYNCHROTACT (¢pupma ABB) (pucyHok 5) U anrOpuTMOB CHHTE3UPYEMOW CHCTEMBI
CUHXPOHM3AIUH (PUCYHKH 6, 7).

AP
ST MBT 5’_2;?
S0.01 fo 118 1500
49.71 l15 1400
| 1300
49.4 12 boo
49.1 lo 1100
48.8 s e :?100
48.5
AP 3 1200
48.21 WARERRRARARARARAR 0 *zgg
47.9¢ 13 L-s00
47.6

> 8 14 20 26 32 38 44 50 56 hLe

PucyHnok 5 — Pe3ynbTarsl MOJIEIMPOBAHUS AITOPUTMOB PabOTHl CHHXPOHHU3ATOpA

SYNCHROTACT B IIK Mustang
AP
fiTn MBy - TP
50.0L . 1600
' H8 1500
49.7+ l15 1400
1300
49.4+
12 1200
49. 11 1100
48.8] 10
1100
48.51 13 12200
48.2; [
47.9: 7300
' -3 +-500
47.6 + : } : }
0 2 4 6 8 10 tc

PucyHok 6 — Pe3ynbTarsl MOJEIMPOBaHUS IPOLECCA CUHXPOHU3ALUH 110 aJITOPUTMY
noctosiHHOro Hebananca mourHocTy B [1IK Mustang
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in i
50.0f 500
4974 1400
i
49.17 1100
48.81 10
48.51 200
48.2 ---288
479 13 1500

47.6 } 4 } } }
2 6 10 14 18 &¢

PucyHok 7 — Pe3ynpTaThl MOEIMpPOBaHUS MPOLIECCA CUHXPOHU3ALMH 10 AITOPUTMY
JUHENHO U3MeHsmouerocs Hebananca mouiHoctu B [1IK Mustang

B xome MopenmupoBaHus ~ ObLIM  TOJYyYEHBI  TOBBINICHHBIE  TTOKa3aTeNH
OBICTPOJICUCTBUS  TPEJIOKEHHBIX  aJTOPUTMOB IO CPAaBHEHHUIO C  aJTOPUTMaMH
CYLWIECTBYIOIIUX YyCTpoMCTB. Tak, g amroputma mnoctpoenus IITJ] mnocrosHHOrO
HeballaHCca MOIIHOCTH JUIMTEIBHOCTh MIpOollecca CHMHXPOHU3aluu cocTaBuia 9,8 cexyHabl
(cM. pucyHok 6), a Juls adropuTMa JIMHEHHO W3MEHSIOIIEerocs HebalaHca 3TOT MpoLecc
3apepimics yepe3 18,6 cexkyHn (cMm. pucyHok 7). IIpu uIeHTHYHBIX HaYaIbHBIX YCIOBUSX
st pabotel  anroputMma cuHXpoHuzatopa SYNCHROTACT (cm. pucyHok 5)
noTpeboBanoCh 52 CEeKyH/IbI.

B IIK Mustang mpoBeZieHO MOJEINPOBAHKUE MPOLIECCOB CUHXPOHU3ALUU B yCIOBUAX
HAJIMYUS CydyalHbIX BO3MYIIEHUHN B (hopMe KPAaTKOBPEMEHHOTO OTKJIIOHEHUS YaCTOTHI CETH
(pucynok 8). PesynmbraramMu ObUIO TOATBEPKICHO OBICTPOJCHCTBHE aAITOPUTMOB
CUHXPOHM3AIIMU C 3TAJIOHHOW MOJENBIO, a Takke 3(P(PEeKTUBHOCTh U PabOTOCTIOCOOHOCTH
yIpaBIIEHUS 110 MPUHIIUITY «THOKUX» TPACKTOPHI.

AP

£ Tu MBr % P34
50.0 P 14000

T NS/ 4.5 113400
9.7 5 4.0 112800
49.4 % 3.5 112200
49.11 3.0 11600
488 2.5 +11000
4835 T3 losoo

AP DT

48.21 1.0 19200
47.9) 0.5 18600
47.6%—— - - - ‘ 0 1800
! 2 6 10 14 g 2278000

PucyHok 8 — Pe3ynbTarsl MOJIEIMPOBaHUS IPOLECCA CUHXPOHU3ALUH 110 aJITOPUTMY
JUHENHO U3MEHSIONIErocsl HebaaHca IPU BOSHUKHOBEHUH CIIy4aiiHOIO BO3MYILIEHUS

MogenupoBanue Tpolecca CHHXPOHM3ALMU B  CIEHUAIM3UPOBAHHOM  cpene
MATLAB Simulink mnpoBeaeHo ¢ yd4eTOM OJHOMAacCOBOW MOJENW TYpOUMHBI H €€
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perysTopa, 4TO MO3BOJIIO OLEHUTh pabOTOCIOCOOHOCTH pa3padaThIBAEMBIX aITOPUTMOB
(GYHKIIMOHUPOBAHUS CUCTEM CHHXPOHHU3AIMU C ATAJIOHHOW MOJICIBIO B YCIOBUSX HATWYIHS
WHEPIIMOHHOCTH UCTIOJTHUTEIIBHBIX YCTPONCTB.

PesynbpTaThl MopenmupoBaHHS TIpoIlecCa CHHXPOHHM3AIMM HAa OCHOBE alTOPUTMOB
noctpoenusi [1T]] mocTossHHOrO M JIMHEHHO M3MEHsIoIerocss Hebanancos (pucyHnku 9, 10)
nmokasanu 3(GOEKTUBHOCTh CTAOMIU3HUPYIONIETO YIPABICHUS [0 MPUHIUIY «KECTKOM»
TpackTopun. Ilpm STOM ¢ TIENBIO CHIDKEHUS WHTEHCUBHOCTH CTaOMIM3UPYIONTUX
YIPABJISFOIIMX BO3JCHCTBUHN JJTUTEIHHOCTD MPOIECCa CHHXPOHU3AIUN ObLTa YBEITUYCHA.

-200 | f i i | t,c

; t,c

2.4 ! 1 | | t, C
0 5 10 15 20 25
PI/ICYHOK 9— PeSYJ'II)TaTI)I MOACIINPOBAHUA pa6OTI>I CUCTCMbI CUHXPOHHU3alIUHU C ATaJIOHHOM
MOICIIBIO U1 aJirOpUTMa IOCTPOCHUA HTI[ IMOCTOSTHHOTO HebajlaHca MOITHOCTH B CPCIC

MATLAB Simulink

d, Tpan
200 .......................................... a(t) ......
O RUINi Op(?)
tc
f,c
0 : : fc

0 10 20 30 40 50

Pucynoxk 10 — Pe3ynbrarsl MogenrpoBanus pabOThl CHCTEMbI CHHXPOHU3ALIUHU C 3TATOHHOU
MojieTbIo i anroputMa noctpoenus [T/l nmuueliHo n3MeHstomerocs Hebananca
motHocTH B cpenie MATLAB Simulink
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[lonydyeHHble pe3ysbTaThl MOJEIUPOBAHUS MO3BOJIAIOT CYIUTh 00 3((EKTUBHOCTU
MPENIOKEHHBIX aITOPUTMOB PabOTHl CUCTEM CHHXPOHHU3ALMH C ATATOHHOW Mojenbio. 1lpu
9TOM  QJIrFOPUTM  I[OCTOSHHOrO  HeOajdaHca  MOIIHOCTH  MpeAcTaBiseTcs  Oolee
1enecoo0pa3HbIM B CHCTEMax, 00JaJarolINX CPaBHUTEIBHO HEBBICOKOW uHepuuen. I[lpu
MOBBIIIEHHON WMHEPUUOHHOCTH HCIOJHUTENbHBIX YCTPOMCTB, NPEUMYIIECTBO CIEIYET
OTHaTh aJrOPUTMYy JIMHEWHO W3MEHSIOErocss HebalaHca, CIOCOOHOMY 0O0O€CIeunuTh
HYJIEBYIO BEJINYMHY HeOanaHca MOIIHOCTU B KOHEUHOM TOYKE MHTEpBaa YIPABJICHHUS.

SAKVIIOYEHUE

OcHOBHBIE pe3yNIbTaThl padOThI CBOJATCA K CIEAYIOLUIUM MOJOKEHUSIM

1. IlpoBemen  aHanmu3  3PQPEKTUBHOCTH  AITOPUTMOB  (HYHKIMOHHPOBAHUS
COBPEMEHHBIX YCTPOMCTB aBTOMATHUYECKOW CHHXpOHHU3aMH 00BheKTOB DDC, moKa3aBIIUN
HaJlW4Me pAja HEJOCTaTKOB, OCHOBHBIM U3  KOTOPBIX  SIBJSIETCS  OTCYTCTBHUE
(dbopManu30BaHHON TMpolexypbl MepeBofa MapaMeTpPOB CUHXPOHHM3ALUU K KOHEUHBIM
3HAYEHUSIM, YTO, B YACTHOCTH, BBI3bIBACT HEOJAHO3HAYHOCTb U HEONPEJCIICHHOCTh
PE3yIBTAaTOB, & TAK)KE BO3MOXKHYIO HEYCIEITHOCTh CUHXPOHU3AIUH B LIEJIOM.

2. BBeneHO IONOJHUTENBHOE YCIOBHE TOYHOW CMHXPOHU3ALMH, 3aKI0YAOIIEECs B
HEOOXOJMMOCTH,  JUIsl  JTAaJOHHOM  MOJENH, OOecreueHus  HYJIEeBOW  BEJIUYUHBI
OTHOCUTEJIBHOTO YCKOPEHMSI BEKTOPOB HAINPSIKEHUS CHUHXPOHU3UPYEMBIX OOBEKTOB K
MOMEHTY BKJIIOYEHHUsI T€HepaTopa B ceTh. UTO Kacaercs pealbHOro JBWXXEHHUS, TO 3TO
YCJIOBUE MOYKET BBINOJHATHCSA C HEKOTOPBIM JOMYCKOM. BBINOMHEHNE yKa3aHHOTO YCIOBHUS
MO3BOJIUT IOBBICUTH KAau€CTBO NEPEXOAHBIX MPOLECCOB, COMPOBOXKAAIOIINX BKIHOYEHUE
00BEAMHSIONIETO BBIKIIOYATEIIS.

3. Pa3paboran cnoco® aBTOMAaTUYECKON TOYHOW CHUHXPOHHM3AIMU T€HEPATOPOB C
INEKTPUUYECKON CEThI0, OCHOBAHHBIN HA MPUHIMIAX [TOCTPOCHUS CUCTEM aBTOMATHYECKOIO
YOpPaBJIEHUSI C O3TAJOHHOM MOJENbI0 M IO3BOJISIOLIMN BBINOJHATH LEJICHANPABICHHOE
yIpaBlieHWEe MOCPEICTBOM BbIIaYU OJHOMOJISPHBIX YMPaBISAIOMUX Bo3aeicTBUi. Criocol
MO3BOJIIET OCYLIECTBIIATH YIPABJICHHE C HYJIEBOW METOINYECKON OMMOKONW. ITO CBOMCTBO
BbIpakaeTcsi B (OPMHUPOBAHUM IIEJIEBBIX YCJIOBHM CHHXPOHHU3ALMU KaK YCIOBUH
JNOCTH)KEHHMSI ~ HYJEBBIX  3HAQUYEHWI  MOTEHUMAJIBHOW W KUHETUYECKOM  DHEPrui
OTHOCUTEJIBHOTO JIBXKEHUSI POTOPOB TE€HEPATOPOB CHHXPOHU3HPYEMBIX OOBEKTOB, YTO
mpeanoysiaraeT  O0eCledYeHue  HYJEeBBIX  BEJIMYMH  OTHOCUTENBHOTO  YCKOPEHUS,
OTHOCUTEJIbHON CKOPOCTH U OTHOCUTENILHOTO yTila K MOMEHTY BKIIFOUEHUSI 00BEAMHSIONIETO
BBIKJIFOUATEIIA.

4. llpennokeH NOAXOJ K pealM3alMU PpETyJsTOpa CUCTEMbl AaBTOMATHUECKOU
CUHXPOHU3AIMM C OJTAJIOHHONM MOJIENbI0, 3aKIIOYAIOIINIICS B COYETAHUM IPUHIUIIOB
YIOPAaBICHUSI «TUOKUX» M «KECTKUX» Tpaekropuil. [I[puMeHeHne yka3zaHHBIX MPUHIIUIIOB
MO3BOJISIET 00eCneurnBaTh NepeBo 1 MapaMeTPOB CHHXPOHU3ALUU U3 HAYaJIbHOT'O COCTOSIHUS
B 3aJaHHYI0 00JacTh (a30BBIX KOOPAMHAT MPH HUCIOJIb30BAHUHM OE3BIHEPIIMOHHBIX U
MHEPLMOHHBIX UCIIOJIHUTEIBHBIX YCTPOMCTB PETYJIUPOBAHNS B YCIOBUAX HAIMUYUS BHEITHUX
BO3MYILIEHHH, BO3HUKAIOLIUX B XOJI€ ITPOLIECCa YIPABICHUS.

5. BbIIONHEH aHanu3 COCTOSHUS Ppa3BUTHS CYLIECTBYIOIIMX HM3MEPHUTEIBHBIX
CHCTEM U MPEIUIOKEH CIOCO0 aHATUTHYECKOTO OIpENeNIeHUsI MapaMeTpOB BpaIIaTeIbHOTO
JBIDKEHUS BEKTOPOB HANPSHKEHUH CHHXPOHU3UPYEMBIX OOBEKTOB, YUYHTHIBAIOIIMIA
HEIPEPBIBHBIM M HEPABHOMEPHBIM XapakTep HMX W3MEHEHMS M 3aKIIOYaIOLIUNCS B
anmpoKCHMAalliM, Ha HHTEpBaJie M3MEpeHHs, (YHKIUM  yCKOPEHHS  JIMHEHHOU
3aBUCUMOCTBIO, XapaKTEPHOM JJI1 pABHOMEPHO YCKOPEHHOIO JBUKEHUS.
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6. IlpoBenena ampoOaiusi NpeI0KEHHBIX aJTOPUTMOB PabOThI OCHOBHBIX OJIOKOB
CHCTEMbI CHHXPOHHU3AIIUH ITyTeM MX MOJCIUPOBAHUS B MPOrpaMMHOM KoMmIuiekce Mustang
u cpene moaenupoBanuss MATLAB Simulink. [lo pesynsTaTtam anpobanuu MOXET OBITh
CAeNaH BBIBOJ O TOM, YTO MPUMEHEHHE H3JI0KEHHOTO IOAXOAAa K CHHTE3Y CHCTEM
CUHXPOHM3AIMH TO3BOJIET PEIIUTD CIEAYIOUINE 3a0aUu:

— COKpaTUTh BpeMs, TpeOyemoe IS BBHIMOJIHEHUS YCIOBHU CHHXPOHH3AINH, W,
CJIeZIOBAaTEIbHO, MUHIMH3HPOBATH 33JPKKH BO BKIIFOUECHUH TEHEPHUPYIOIIUX MOIIHOCTEH B
CeTb;

—  HCKIIOYUTh METOJMYECKYI0 OIMMOKY  YIpaBIICHUS, XapaKTepHYIO  JUIs
CYHIECTBYIOIINX CHCTEM CHHXPOHH3AIMM W BBI3BAaHHYIO HEOOXOJMMOCTBIO CMEIICHUS
IEJIEBBIX YCIOBUHM CHHXPOHM3AINY B 00JIaCTh IOHMKCHUS Ka4eCTBa;

— obecrnieunTh pabOTOCIOCOOHOCTh CHUCTEM CHUHXPOHM3AIMHU B YCIOBUAX HAIWYUS
BO3MYIIIEHUH, BBI3BIBAIONIMX OTKIOHEHHUS TapaMETPOB CHHXPOHM3ALUU OT STAIOHHON
MOJIETH, Y TIOBBICUTH KaYECTBO COMPOBOXKIAIOIINX MEPEXOIHBIX MPOLECCOB.

Pe3ynbTaThl AuccepTallMOHHOTO HCCIEAOBAHMS CIEIyeT TakKe paccMaTpuBaTh B
KauecTBE METOJUYECKOW OCHOBBI JUIsl CO3JaHUSl HOBOIO Kjacca aJalTHBHBIX CHUCTEM
ABTOMATHUYECKOTO YIPABICHUS JUHAMUYECCKHUMH TIEPEXOJaMH JJICKTPOIHEPTreTHICCKUX
CHCTEM, CBSI3aHHBIX C HEOOXOJMMOCTHI0 CHHXPOHHOTO 00BETMHEHHSI HX YacCTeH.
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