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Kanunnna Ajiekcess AHATOJILEBHYA

ITAPAMETPUYECKASA OIITUMUMN3ALIUA
IJEKTPOTEXHOJIOT'HNYECKOI'O KOMIUVIEKCA
I ABTOHOMHOI'O TEIIVIOCHABXEHUA

JuccepraronHas paboTa MOCBSIIeHA MPOOIeMe MOBBIIEHUS SHEPT0IPHEKTHB-
HOCTH JIEKTPOTEXHOJOTHYECKOTO KOMILJIEKCA /IJIsi aBTOHOMHOTO TEIIOCHA0KEHUSI.

AKTyaJIbHOCTH PpadoTbl. B Hacrosmiee BpeMs DHEPIETHUYECKHNA CEKTOP
Kazaxcrana paboTaeT B HEIPOCTHIX YCIOBUSIX, KOT/AA, C OTHOM CTOPOHBI — IPOUCXOAUT
MOCTENIEHHOE MCTOIICHNUE TPaJWLMOHHBIX UCTOYHUKOB 3Hepruu (Hedrtu, rasza, yris,
N00bIYa KOTOPBIX SIBISIETCS JOPOTOCTOALIMM OW3HECOM), a ¢ ApPYyroil — HaOupaer
BBICOKME IIO3ULMM BBEIEHHAs BO BCEM MHPE IOJMTHKA HKOJIOTMYECKHM YHCTOIO
IPOU3BOJICTBA SHEPTUM C UCIIOJIB30BAHUEM BO30OHOBIISIEMBIX WM aJIbTEPHATHBHBIX
MCTOYHUKOB 3HEPTruu. B 3TO# CBs3M, MOUCK M HCIIOJIb30BAHUE BO30OHOBISIEMBIX U
QJIBTEPHATUBHBIX HUCTOYHMKOB 3HEPIMHU C HEJABHEIO BPEMEHU CTAJl MPHUOPUTETHBIM
HaIlpaBJICHUEM pa3BUTUs SHeprocoepexeHuss B Kaszaxcrane, 3akiIroyaromerocs B
CHW)KEHUM DSHEPro€MKOCTH 3KOHOMHUKHM pecnyOosuku. OIHUM W3 HamnpaBlICHUN
UCCJIEIOBAHUIA B 3TOM 00JACTH SBIIAETCS M3YYEHHE BUXPEBBIX TEIJIOT€HEPATOPOB U
AIEKTPOTEXHOJOTHYECKUX KOMILIEKCOB MX COJEp)KAIMX. Takue YCTaHOBKH MOXHO
WCIIOJB30BaTh B aBTOHOMHBIX cHucTemax oromineHus u I'BC. OpHako ogHuM W3
IJIaBHBIX HEJAOCTATKOB TaKWX MCTOYHUKOB aBTOHOMHOTO TEIJIOCHA0KEHHMSI SIBIISETCS
3HAYUTENIbHOE NOTPEOICHHUE SJEKTPOIHEPTHH IIPU UX PAbOTE OT CUCTEM LIEHTPAIBLHOTO
aneKTpocHaOxkeHusl. Taxke He BBISIBJICHBI aJITOPUTMbI paOOThI TAKUX KOMIUIEKCOB U
W3MEHEHUH YCIIOBHM SKCIUTyaTalluy — B 3aBUCUMOCTH OT BPEMEHU Iofia, TEMIIEPATyphI
OKpY KaroIEel Cpeibl, a TAKXKE IKCIUTyaTalluy B TEYEHUU CYTOK.

B nacrosiiee BpeMs He B IIOJIHOM Mepe UCCIIEJOBAaHbI ITPOLIECCH IPeoOpa3oBaHus
AJIEKTPUYECKON SHEPTUU B TEIJIOBYIO C IPOMEKYTOUHBIM MIPEOOpa30OBaHUEM B MeXa-
HUYECKYIO SHEpTrHi0. OTCYTCTBYIOT HCCIEAOBAaHUS, YCTaHABINBAKOLIUE B3aMMOCBSI3H
TEIJIONMPOU3BOJUTENBHOCTH C PEXUMAMHU PaOOTHI ANEKTPOTEXHOJOTUYECKUX KOM-
IJIEKCOB i1 aBTOHOMHOTO TeruiocHa0xkenust (OKAT), HeT mpeasioxKeHHbIX aaropuT-
MOB paboThI U MeTOAOB AKcITyarann DKAT, HeT aHanu3a 1 METO/10B X 3HEeprooodec-
NEeYCHUS.

Leab padoTbl — noBbIIEHUE SHEPTOAHHEKTUBHOCTH FIEKTPOTEXHOIOTHUECKOTO
KOMILJIEKCA JIJIs1 aBTOHOMHOT'O TEMJIOCHA0KEHUS.

HUnest padorel. [loBbienne s3HEPro3pPeKTUBHOCTU IIEKTPOTEXHOIOTHUECKUX
KOMIUIEKCOB JIJIsl aBTOHOMHOTI'O TEIUIOCHA0XEHUS, COAePKAIIUX THIPOAMHAMUYECKUN
HarpeBaTellb ¥ YaCTOTHO-PETYIMPYEMBII 3JIEKTPONPUBOJ, KaK Ha CTAIUN UX TPOEKTH-
pOBaHUS, TaK ¥ Ha CTAIMH SKCILTyaTallMy 3a CYET ONTUMH3ALUUN KOHCTPYKTUBHBIX I1a-
pamMeTpoB THIPOJUHAMHYECKOTIO HarpeBaTessi U YCTaHOBJICHUS PEKUMOB pabOThI €T0



AJIEKTPOIIPUBOIA ¢ MUHUMAIILHBIM JJIEKTPONOTPEOIEHNEM dSJIEKTPOIHEPTUH, HA OC-
HOBE METOJIOB IJIAHWPOBAHUSI MHOTO(AKTOPHBIX IKCIEPUMEHTOB, UMUTALIMOHHOTO U
(bu3MYEeCcKOro MOJICIMPOBAHUS U SKCIIEPUMEHTAJILHBIX UCCIIEIOBaHUMH.

Metoasbl ucciaenoBanus. OO1as METOIMKa UCCIEAOBaHUS B paboTe 6azupyercs
Ha KCIOJIb30BAaHUU METOJ/IOB IJIAHUPOBAHUU MHOTO(AKTOPHOTO HKCIIEPUMEHTA, TEO-
pHUU BIEKTPONPUBOJIA, TEOPUH THAPABINYECKUX 1IETICH, C COYETAHUEM METO0B UMU-
TallMOHHOTO KOMITBIOTEPHOTO MOJIETMPOBAHUS B cCpelle MHPOpMalMOHHO-Tpaduye-
CKOM CHCTEMBI, a TAKKe (PU3NUECKOTO MOJCITHPOBAHUS HA CIICIIMAIEHOM CTEHJIE C Ya-
CTOTHO-PETYJIUPYEMBIM JICKTPOIIPHUBOIOM.

O0bexT Hccaeq0BaHUs. DJIECKTPOTEXHOJIOTUUYECKUN KOMILIEKC JJIsi aBTOHOM-
HOTO TETJIOCHA0XKEHUS.

HayuyHnasi HOBH3HA 3aKJIFOYAETCSI B!

— METOJIaX YMPAaBIICHUS PEKUMaMU PabOTHI 3JIEKTPOTEXHOJIOTHIECKOTO KOM-
TJIeKCa JIsl aBTOHOMHOTO TETIJIOCHA0KEHHUS ¢ YACTOTHO-PETYIUPYEMBIM JJICKTPOIPH-
BOJIOM, O0ECIIEYMBAIOIINX CHUKEHUE YHEPTO3aTPaT B IEPEXOAHBIX U YCTAHOBUBIIUXCS
pexumMax padoThI;

— HUCTIOJIb30BaHUN KOMOMHUPOBAHHBIX MeTo/1ax sHeproodecneuenus IKAT, uc-
MOJIB3YIOMINX KaK TPAJAUIIMOHHBIE HCTOYHUKU dHEpTun, Tak u B1UDJ;

— METO/aX OIpeAeNICHUs ONITUMAJIBHBIX TEOMETPUUYECKUX TaPaMETPOB DJIEMEHTOB
KOHCTPYKIIUU AJIEKTPOTEXHOJIOTMUECKUX KOMIUIEKCOB, 00ECIEUNBAIOIINX MAKCUMYM
TEIJIOMPON3BOUTEIFHOCTH Ha OCHOBE IMPOBEACHHOTO MHOTO(GAKTOPHOTO JKCIEPH-
MEHTA;

— pa3paboTKe MaTEMaTHICCKUX 3aBUCUMOCTEH, YCTaHABIIMBAIOIINX B3aUMOCBSI3H
MEXIY TETUIOMPOU3BOAUTEIIBHOCTEI0O U KOHCTPYKTHBHO-3KCIUTyaTaIlMOHHBIMK T1apa-
metrpamu OKAT.

O0bem u cTpyKTypa padoTbl. PaboTa cOCTOUT M3 BBENIEHHUS, YETHIPEX TJIaB, 3a-
KItoueHus, [ npuioxenuid. Comepxxut 127 cTpaHuil MAaIIMHOIIUCHOTO TEKCTa, 45 pu-
CYHKOB, 69 dhopmyi1, 32 TaONHIIBI, CIIMCOK MCIIOI30BAHHBIX HCTOYHUKOB, BKJIIOUAIO-
i 127 HauMeHOBaHUH.

Conep:xxanue padotbl. Bo BBeieHUM MPUBOIUTCS KpaTKOoe 0OOCHOBAHUE aKTY-
QIBHOCTH, PEIIAEMOM MPUKIATHON HAYYHO-TEXHUYECKOW MPOOJIEMBbI, CBSI3aHHOM C
HEOOXOJAMMOCTBIO TOBBIIMICHUS] HHEPTrOdIPHEKTUBHOCTH AIIEKTPOTEXHOJIOTUUECKOTO
KOMILIeKca Jisi aBToHOMHOTO TeriocHadxkenus (OKAT), chopmynupoBansl 11enb u
OCHOBHBIC 33191 TUCCEPTAITMOHHON PaOOTHI, MPUBOATCS METOIMKA BBITIOJIHCHUS Pa-
OOTBI U TIPaKTUYECKAs IIEHHOCTh JIUCCEPTAIIUH, YKa3bIBACTCS CBSA3b TEMBI C TOCYIap-
CTBEHHBIMH TIPOTPaMMaMH ¥ TPaHTaMH.

B nepBoii ri1aBe mpoBeeH 0030p KOHCTPYKIIHH AIEKTPOTEXHOJOTHUSCKUX KOM-
IJICKCOB IS aBTOHOMHOTO TETUIOCHAOXKCHHS, COJCPKAIIUX THIPOJINHAMHYCCKHEC
HarpeBaTeln, MIPUBEJACHBI OCHOBHBIC JIOCTOMHCTBA ATUX KOMIUICKCOB. BMecTe ¢ TeM
yKa3aHo, YTO OJTHAM M3 TJIABHBIX HEJOCTATKOB TAKUX MCTOYHUKOB aBTOHOMHOTO TeTl-
JOCHA0KCHUS SABJISICTCS 3HAUUTEIIBHOE TOTPeOISHNE DJICKTPOIHEPTUH IPU BX paboTe
OT CHCTEM IEHTPAIBHOTO 3JeKTpocHaOkeHus. JlaeTcs 0o0OCHOBaHUE aKTyaJbHOCTU
WCCJICIOBAHMUS.

Bo BTOpOI#i TI1aBe ocyiiecTBiieHa pa3padoTKa CTeHAA JUIsl SKCIEPUMEHTAIBHOTO
U3YYCHUS AIEKTPOTEXHOIOTUYECKOTO KOMILIEKCa TUTST aBTOHOMHOTO



teruiocHaOxenus. IlpuBenensl TpeboBanus k xommoHeHTamM OKAT, pazpabGotana
KOHCTPYKTHMBHass M TexHojorumyeckas cxema creaa. Co3gaHa cucreMa
nucneruepckoro ynpaiaeHuss DKAT, kotopasi peanu3yeT Kak (pyHKUNU YIpaBiIeHUS
anieKTpoMexaHudeckum obopynoBanueM OKAT, Tak u ¢(yHKuMH uccienoBaHUS.
Pa3zpaborana mm@poBas MoJenb CcTeHAAa [UIsl pacuyera 3JIEMEHTOB KOHCTPYKLHMHM U
napaMeTpoB rujapaBianueckoro pexuma padotel OKAT. Ha ux ocHoBe cocTaBieHa
MaTpulia TUIAHUPOBAHUSI MHOTO(AKTOPHOTO IKCIIEPUMEHTA.

B Ttperseit rmaBe pa3paboraHa mporpamMma MIpPOBEACHHS MHOTO(paKTOPHOTO
DKCIIEPUMEHTA MO0 OIpPEACIICHUIO ONTUMAJIbHBIX KOHCTPYKTHMBHBIX IapaMeTPOB
TUAPOIUHAMUYECKUX HarpeBarteleu, 00ecIreunBarOIIMNX MaKCUMYM
teronpoun3BoauTenbHocTH DKAT. IIpoBeneHbl SKCIEpUMEHTAIBHBIX UCCIIEI0BAHMS
paznuuHbIXx pexuMoB  padbotel  OKAT. HalineHsl ypaBHEHUsT perpeccum,
YCTAHABJIMBAIOIIMNE B3aUMOCBS3U TEIUIONPOU3BOIUTEIBHOCTH € KOHCTPYKTHMBHO-
JKCIUTyaTallMOHHBIMU napamerpamu DKAT.

B uerBepToii riaBe pa3paboTaHbl aNTOPUTMBI SHEPTO3(H(PEKTUBHOTO yIIPaBICHHUS
AIEKTPOTEXHOJIOTMYECKUM KOMILJIEKCOM C 4aCTOTHO-PETYJIUPYEMBIM
3JIEKTPONPUBOIOM i1 aBTOHOMHOI'O TEIUIO- U TOPSYEero BOJOCHaOXeHMsI Ha Oase
T'MIPOIMHAMUYECKUX HarpeBaTelIeu. [IpencraBnensl pE3yNbTATHI
DKCIIEPUMEHTAJIbHBIX UCCJIEI0BAHNH, HOATBEPKAAIOIINE 3¢ (HEKTUBHOCTD
pa3pabOTaHHBIX AITOPUTMOB. J[OCTUTHYTO CHUXKEHHE 3JeKTponoTpedneHus §% 3a
CUeT LMKIMYHOM paboTel, a Takxke g0 45% 3a cyer ympaBieHUs
IIPOU3BOIMTENILHOCTBIO HACOCHOro arperara. IlpemnoxeHsl 3HepropQpeKkTUuBHBIC
METO/1bl KOMOMHUPOBaHHOTO 3HeproodecneueHuss JKAT.

B 3akitoueHHH aBTOp MOJABOAMT WTOTH IO MPOJETAHHOM padoTe B paMKax
JIVCCEPTALIHH.

Pe3yabrarbl padorel. Ha OCHOBaHMM BBINOJHEHHBIX MCCIENOBAHUMN MOJYYEHBI
CIIEAYIOIINE PE3YIIbTATHI:

— IIPOBEJICH aHAJIW3 OCHOBHBIX HAMpaBJI€HUI UCCIIEJOBaHUN U pa3paboTOK B 00-
JaCTH CO3JIaHMSI U U3YYEHUS DJIEKTPOTEXHOJOTMYECKUX KOMIUIEKCOB JUIsl aBTOHOM-
HOTO TEIJIOCHA0XKEHUs1, COJIEPKALINX THIPOJMHAMUYECKUI HarpeBaTelb U YaCTOTHO-
PETrYIUPYEMBII SJIEKTPOIPHUBOT;

— MPOBE/ICHbI, OCHOBAHHbIE HA METOJaX IUIAHUPOBAHUS MHOTO(PAKTOPHOTO JKC-
NEPUMEHTA, UCCIEAOBaHUS B pa3IMUHbIX pexxumax padoTel DKAT B pexxume peasb-
Horo BpemeHu cpeactBamu SCADA-cuctembl Genesis32;

— HalJIeHbl MaTeMaTUYECKHUE 3aBUCUMOCTH (YpaBHEHUS PETPECCUH), YCTAHABIIU-
BAIOUIME B3aWMOCBSI3M TEIUIONPOU3BOAUTEIBHOCTH € KOHCTPYKTUBHO-IKCILTyaTalll-
oHHbIMU nlapamerpamu DKAT;

— YCTaHOBJIEHBI METO/Ibl CHIKEeHMSI SHepronoTpednaenuss OKAT 3a cuet nuckper-
HOTO YIIpaBJIeHUS pexxuMaMu pabOThI AIEKTPOIPUBO/IA, 00€CIIEUYNBAIOIINE SKOHOMUIO
anexTponoTpedieHus 10 8 %;

— pa3paboTaHbl AITOPUTMBI U YCTAHOBJICHBI METO/IbI YIIPABJICHUS PEKUMaMU pa-
OOTBI 3JEKTPOTEXHOJIOTMUYECKUM KOMILJIEKCOB JJIi aBTOHOMHOT'O TEIUIOCHA0XKEHHUS C
pEeryJMpyeMbIM IO CKOPOCTH JJIEKTPOIIPUBOIOM HACOCHOI'O arperara ¢ SKOHOMHUEHN
ANEKTpOo3HEprun 10 45% 3a cueT ynpasieHUs IPOU3BOAUTEIBHOCTHIO HACOCHOTO ar-
perara;



— MPeAIoKEHbI Y3HEProhPEeKTUBHBIE METOABI KOMOMHUPOBAHHOTO YHEProodecte-
yenusa DKAT;

— nony4eHnsl nateHTsl PK Ha BapuanThel koHCTpyKInu DKAT, a Takxke moiayyeHo
CBUJIETEIBCTBO HA MHTEIUIEKTYaJIbHYI0 COOCTBEHHOCTh Ha IMMPOTrpaMMHOE 0OecTieueHre
M0 pacyeTy napaMeTpoB TemtoooecneyeHus: norpedutens u Bpidoopy IKAT;

— pa3paboTaHa METOIMKa MPOEKTUPOBAHUSA U IKCILTyaTallMH 3JIEKTPOTEXHOIOTU-
YEeCKOT0 KOMILIEKca JUisi aBTOHOMHOIO TeruiocHa0xeHus, conepxainiero ['JIH u va-
CTOTHO-PETYJIUPYEMBIi 3JIEKTPOIIPUBOI, U 00JIACTH UX MPUMEHEHUS;

— OCYLIECTBJIEHO BHEJIPEHUE B 3KCIUTyaTaluuto psga komiuiekcoB OKAT, Bkito-
yaromux ['/JIH, va npegnpustusx Pecnyonvku Kazaxcras.

IIpakTH4Yeckasi 3HAYMMOCTb MOJIY4YEHHBIX Pe3yJIbTATOB 3aKJI0YaeTcs B:

— pa3paboTKe KOMIUIEKCA TEXHUYECKHUX perieHnii no koncrpykuuu ['JIH, 3amm-
nieHHbIX nateHtamu PK;

— YCTAHOBJIEHUM OOJACTH PallMOHAJIbHOIO MPUMEHEHUS 3JIEKTPOTEXHOIOrHYe-
CKUX KOMIUJIEKCOB JIsl aBBTOHOMHOTO TEIJIOCHA0KEHUS C PETYIUPYEMBIM 3JIEKTPOIPH-
BOJIOM;

— METOAMKE NPOECKTUPOBAHHUS IIEKTPOTEXHOJIOTHYECKOTO KOMIUIEKCA /I aBTO-
HOMHOTO TeIUI0CHa0XeHus1, conepxaiiero I'JIH;

— BHEAPEHHE B HKCILTYATALMIO B YACTHBIX U MPOU3BOJCTBEHHBIX OOBEKTAX KU-
JIMIIHO-KOMMYHAJIBHOT'O X034 CTBA 3JIEKTPOTEXHOIOTMYECKUX KOMIUIEKCOB JJIsI aBTO-
HOMHOT'O TeIuIocHa0)eHusl, coaepxkantux ['J[H.

OCHOBHBIC HAY4YHbI€ I10JIOKCHUS U Pe3YJIbTAThl HCCIE0BAHN I, BBIHOCHMBbIE
HA 3alUTY:

— 3HEeprod(PpPeKTUBHBIEC ANTOPUTMBI YIIPABIEHUS JIEKTPOTEXHOJIOTUYECKUM KOM-
IJIEKCOM C DJIEKTPONPHUBOJIOM JJiI aBTOHOMHOTO TEIUIOCHAOXKEHUS, COJEPKAIIEro
I'’IH, B mporuiecce 3KCITyaTaunu;

— IPUHIMUIBI KOMOMHUpPOBaHHOTO 3Heproodecnedyenus: JKAT;

— METO/Ibl YCTAHOBJICHUS ONITUMAJIBHBIX ITAPaMETPOB KOMILJIEKCA Ha ATaIe MPOeK-
TUPOBaHUS, O00ECIEUMBAIOIIMX MaKCHUMyM TEIJIONPOU3BOJUTEILHOCTH, HA OCHOBE
MPOBEICHUS] MHOTO(AKTOPHOTO SKCIIEPUMEHTA,

— MaTeMaTH4ECKUE 3aBUCHUMOCTH, YCTAaHABIMBAIOIINE B3aUMOCBS3U MEXKIY TeIl-
JIOTIPOU3BOJUTENBHOCTBI0 W KOHCTPYKTHBHO-3KCIUTYaTallMOHHBIMHM ITapaMETPAMHU
OKAT.

CBsi3b TeMbl JUCCEPTALMHU € TOCYIAPCTBEHHBIMHU MPOrPAMMAMHU, TPAHTAMHU
M X03/10TrOBOPHBIMH TEMAaMMU.

['pant MunncrepcTBo o0pazoBanus u Hayku Pecriyonuku Kazaxcran (MOH PK).
Tema 2920/I'®4 «Pa3paboTka ruApOAMHAMUYECKON MOJEIN U TEOPUH pacdyeTa KOH-
CTPYKTHBHBIX IapaMeTPOB SKOJOTUYECKH YHMCTBIX aJbTEPHATHUBHBIX HCTOYHUKOB
SHEPIuM Ha MPUHIMIIAX MEXaHOAKTUBAIMHU XUAKUX cpen» (2015-2017 rr.). 1o Grox-
»KeTHOU nporpamme 217 «Pa3Butue Hayku», noanporpamme 102 «I'pantoBoe puHaH-
CUpOBaHUE HAy4YHBIX HCCIIEIOBaHMIY, cnenuduka: 156 «Ormiara KOHCAITUHTOBBIX
YCIIYT ¥ UCCJIEIOBAHUI», TIO PUOPUTETY «IHEpreTHKa u MammHoctpoeHue» (Kazax-

CTaHCKas HallMOHAJIbHAs aKaJIeMUsl ECTECTBEHHBIX HAYK, TOCY/IapCTBEHHBIN PETUCTpa-
nuroHHbI HOMep 01 15PK00385).



['panTOBOE (PUHAHCHPOBAHMS HAYYHBIX HCCIEAOBaHUN MO mporpamme «Paspa-
00TKa YMCTHIX MCTOYHUKOB sHepruu Pecnybnmuku Kazaxcran na 2013-2017 ronsl B
pamkax IKCIIO-2017». Tema «Pa3paboTka mpOEKTHO-KOHCTPYKTOPCKOW U TEXHOJO-
TMYECKOM IOKYMEHTAIMHU M0 CO3/IaHUIO0 MPOU3BOJICTBEHHON 0a3bl M U3TOTOBJICHUE Ce-
pUU  JIEMOHCTPAIIMOHHBIX OOpPAa3IOB SKOJOTUYECKH YHUCTHIX THAPOAMHAMUYECKUX
HarpeBaresnei» (rocyaapcTBeHHbIN peructpaimonsbiii Homep 0213PK03283).

Peanuzanusi paGoThl B NMPOMBINLIEHHOCTH. DKCIIEPUMEHTAJIbHBIE 00pa3Ibl
AIIEKTPOTEXHOJIOTUIECKOTO KOMILIEKCA JIJIsl aBTOHOMHOTO TETTIOCHA0KEeHHSI, COAepKa-
mero I'/JIH, yctanoBieHsl 1 pyHKIHOHUPYIOT: Ha nmapkuure AO Hay4yHo-TexHo0TH-
yeckuit ieHTp «Ilapacat» (. Actana, npocnekt Pecyonuku 24) (ycranoBku I'/JIH37
u ['JIH45); B Home IIpaBurennctBa PK (r. Acrana, ynuna OpeiHOOp, 6) (ycTaHOBKA
['JIH22).

ITo pe3ynbraram padotsl BicTaBku EXPO 2017 (Oueprus Oyayuero) (r. Actana,
2017 r.), rne B HarmmonansHoM IlaBunibone Kazaxcrana B uncie 27 MpoeKTOB peciryo-
JMKU JE€MOHCTPUPOBAJICS CTEHA «JleMOHCTpallMOHHBIN 00pa3el Cepur SKOJIOTMUECKU
YUCTBIX THAPOJUHAMUYECKUX HAarpeBaTeNeH )KUIKUX CPE», TOIYUEHO JIBA aKTa BHE-
peHnus pesynbraroB quccepranuu — ot KasHAEH n Komurera aroMHOT0 M 3HEpreTu-
4YeCKOro HaJ30pa U KOHTpoJisi MuHucrepcTBa 3HepreTuku Pecnyonuku Kazaxcran.

JIMYHBIA BKJIAJ COMCKATEJs 3aKI0YACTCsI B MPOBEICHUN KaK TEOPETHUYECKHUX,
TaK U B OOJIBIIOM 00bEME IKCIIEPUMEHTAIbHBIX UCCIIEIOBAaHUM, HAIIPaBJIEHHBIX HA J10-
CTHDKEHHE 1IEJIM IUCCEPTAMOHHONW padoThl, a TAKXKE B MOATOTOBKE MyOJMKAIMil 110
TE€ME HUCCIEAOBAHMS U B TIOJyYEHHH OXPAaHHBIX TOKyMeHTOB. Couckarelb pazpadorain
(YHKIHMOHAJIBHYIO CXEMY U LIU(PPOBYIO MOJIEIb CTEH 1A JIJIS1 SKCIIEPUMEHTAIBHOTO U3Y-
yenust OKAT, npunrmain yyactue B pa3pad0TKe KOHCTPYKTUBHOM M TEXHOJIOTUYECKON
cxembl DKAT 1 co31aHuM ONBITHOTO CTEH/1A, B pa3paboTKe MPOrpaMMHOIo obecreye-
HUS U QITOPUTMOB pabOThl KOMIIOHEHTOB CHUCTEMbI JUCIETYEPCKOrO YNPABICHUS U
cOopa nanHbIX. Takxke ¢ ero HemoCpPEeACTBEHHBIM yYacTHEM pa3padoTaHa METO10JIOTHs
IUTAHUPOBAHMS SKCIIEPUMEHTA U IporpamMma poBeIeHUSI MHOTO(aKTOPHOI'O SKCIIEpH-
MEHTa, HAWJIEHbl MaTEMaTUYECKUE 3aBUCHMOCTU M ITPOAHAIM3UPOBAHBI PE3YJIbTATHI
UCCJIEIOBaHMSI, IPEAJIOKEHBI METOIbI YIIPaBICHUSI peXXUMaMH pabOThl U d3HEprooodec-
neuenust DKAT.

AnpobGanus pe3yabTaToB Auccepranuu. OCHOBHBIE NOJIOKEHUS AUCCEPTALIU-
OHHOM PabOTHI TOKIAABIBAIUCH, 00CYXKIAIOCH U TIOJIYYHIIA OJI00pEHHE:

— Ha Hay4YHO-TexHnuYecknx cemuHapax Kapl TV

— Ha Hay4HO-TeXHU4ecKux cemuHapax AO «Hayuno-texanueckuii neHtp «Ilapa-
cat» (r.Acrana);

— Ha BeicTaBke EXPO 2017 (Qneprus Oyayuero) B HaunonansHom [laBuibone
Kazaxcrana. Pa3pabotka «JleMOHCTpallMOHHBI OOpasell cepur KOJIOTMYECKH YH-
CTBIX THJIPOJIMHAMUYECKUX HAarpeBaTesIen KUJIKUX Cpely;

— B paboTe BbICTaBKU « TpeThbst MOIEPHU3AIMS - 3T10XA 3€JIEHBIX UHHOBALUI, KO-
Topasi coctosack B pamkax XXV Ceccun Accambiien Hapona Kaszaxcrana, ¢ y4a-
ctueM ['maBel rocynapcra. Opranuzatop - OFOJI «Koanuuus 3a 3eJ1€Hy10 SKOHOMHUKY
u pazsutue G-Globaly;



— B pabote BbicTaBkU «Pa3paboTka YMCTHIX UCTOUYHUKOB dHepruu PecmyOmmku
Kazaxcrtan Ha 2013-2017 rogsr B pamkax ICKIIO-2017» B r.AcTtaHna Ha TEppUTOPUU
koMmranuu «Led System Media» C33 «AcTtaHa — HOBBII TOPOI»;

— Ha pecyOnrkanckoM @opyme JTUAepoB 3eJIeHON YKOHOMUKH «3eneHblid Kazax-
ctan» (r.Acrtana, anpenb 2017 roma);

— B BBICTaBKE HAYYHBIX JJOCTHKEHUI, Oprann3oBaHHoM B pamkax Komnernu MOH
PK (r.Actana, EHY um. JI.H. I'ymunesa, 2015 r);

— Ha Hay4HO-TIpaKkTh4YecKoil koHpepeHuun «MuapopmaTuzaims HHKEHEPHOTO 00-
pazoBanus» (Mudopuro 2014 u 2016) (Poccusi, Mockga);

— B pabore VI MexayHapoaHON Hay4.-T€XH. UHTEPHET-KOH(EPEHIIMH MOJIOIBIX
YUYEHBIX «ABTOMATH3alUs, MEXaTPOHUKA, HH(OopMaloHHble TexHoJorun» (Poccus,
Owmck, 17 mas 2016 r.);

— B pabore 2-ii MexayHapoIHON Hay4HO-TEXHUYECKOW KoH(pepeHmu «lIpom-
Nnxunupunry (Poccus, Yensibunck, 2016 1.);

— B pabote 27th DAAAM International Symposium (Vienna, Austria, 2016);

— B pabore International Scientific Conference “Environmental and Climate
Technologies”, CONECT 2017 (Riga, Latvia, 2017).

OcHOBHBIE HaYYHbIE Pe3yJIbTAThI JOKTOPCKOU AUccepTaluy OnyOJIuKOBaHbI B
34 Hay4YHBIX TPYJaX, B TOM YHCIIE 5 MyOJIUKAIUU B U3JJaHUAX, pEKOMEHTI0BaHHbIX Ko-
MUTETOM I10 KOHTPOJIIO B chepe oopazoBanus u Hayku MOH PK, 5 mybnukaruii, Bxo-
JSIMX B MTHPOpMalMOHHY0 0a3y komnanuii Scopus u Web of Science, u3 Hux 2 cra-
ThU B IEPUOJANYECKUX U3aHUsIX, 18 myOnuKanuii B MeXIyHApOIHBIX HAyYHO-TIPAKTH-
YyecKkux KoH(pepeHuusx, B ToM yucie 11 B 3apybexne, 2 MoHorpaduu. Ilomydenst 3
narenta PK, 2 cBuzgerennbctBa 00 mHTemwiekryanbHoi cooctBeHHoctu (CUC) PK u
onno CHUC PO.

Hau6osnee 3HaunMble MyOIUMKALMK U TATEHTHI:

1 Breido Josif, Kuchin Valery, Kalinin Alexey. Determining heating capacity
and coefficient of energy transformation of hydrodynamic set // Proceedings of the
27th DAAAM International Symposium. — Vienna: DAAAM International, 2017. —P.
600-607.

2 Breido J.V., Kalinin A A., Lissitsyn D.V. Algorithms of Energy Efficient
Control of Electric Technological Complex for Autonomous Heat Supply // EAIl En-
dorsed Transactions on Energy Web. — 2018. — Vol. 18, Iss. 19: e2. — 8 p.

3 Breido I.V., Zyuzev A.M., Kalinin A.A. Methods of Studying Electric-Hy-
drodynamic Heater // Energy Procedia. — Vol. 128. — P. 59-65.

4  bpeiino U.B., 3103eB A.M., Kanuaun A.A. DkcriepuMeHTaIbHbIE UCCIIEI0Ba-
HUS YaCTOTHO-PETYJIUPYEMOTO 3JIEKTPONPUBOJIa HACOCHOTO arperara 3JeKTPOTEXHO-
JIOTUYECKOT0 KOMILJIEKCA ISl aBTOHOMHOTO TeriocHa0xeHus // Tpyasl yHuBepcuTeTa
2017. — Kaparanna: KapI'TV, 2017. — Ne4, — C.128-134.

5 [Ilar. 30705 Pecny6nuka Kazaxcran, MIIK F24H 1/10, F24J 3/00, F24H 7/00,
F24D 3/02. Tennorenepatop mexanoaktuatopHsiii / Kyunn B.H., bextypranos H.C.,
Ucaer B.JI., Kammaun A.A., IOpuenko B.B. — Ne 2014/1278.1; 3assn. 03.10.2014,
omy0Ou. 15.12.2015, Brom. Ne 12(1).

6 Ilar. 31003 Pecnyomuka Kazaxcran, MIIK F24J 3/00, F24H 1/10, F24D
15/00. MexaHnukanslK >kputyrenepatop. TemmoreHeparop Mexanuueckuin / Kyuun
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B.H., 3etinymmun A.A., Ucaes B.JI., Kanunun A.A., FOpuenko B.B. — Ne 2014/1303.1;
3asBi. 13.10.2014; omry6u1. 15.03.2016, brost. Ne 3(1).

7 Ilar. 31624 Pecnyonuka Kazaxcran, MIIK F24J 3/00 (2006.1), F24H 1/10
(2006.1), F24D 15/00(2006.1). TermmoreHepaTop KaBUTAIIMOHHO-BUXpeBoM / KyunH
B.H., bpeiino N.B., Mcaes B.JI., Kanuaua A.A., FOpuenko B.B. — No 2014/1800.1;
3asBi. 04.12.2014; omry6u1. 30.09.2016, brom. No 12,

8 Kyuun B.H., Kanunun A.A., FOpuenko B.B. DkcnepuMenTansHbie Hccieno-
BAaHUSI SHEPIETUYECKUX XAPAKTEPUCTUK OIBITHO-TIPOMBIILICHHBIX YCTAHOBOK YKOJIO-
TUYECKHU YHCTBIX THAPOJMHAMUYECKUX HarpeBaTeseil )KUAKUX cpell: MoHorpadus. —
Kaparanma: Kapl' TV, 2015. - 78 c.

9 bpeiino U.B., Kapaces H.U., Kanunun A.A. [lapamerpudeckast onTUMHU3ALINS
ANeMEHTOB KOHCTpykuuu ['/IH Meromamu mimaHMpoBaHMS 3KCIIEPUMEHTA: MOHOTpA-
¢us. — Kaparanga: Kapl'TV, 2016. — 118 c.

10 Kanunun A.A. ABTOMaTHU3UpOBaHHAsI CUCTEMA HAYYHBIX UCCIICIOBAHUN TH/I-
poIMHAMHUYECKUX HarpeBatenelt / MexayHnap. Hayd.-meToA. koHd. «upopmaTuza-
[IUs1 MHKEHEPHOTro oOpazoBanus». — M.: U3znarensctBo MOU, 2014. — 604 c.



Kanunun Anekceii AHATOJILEBHYTIH

6D071800 «DmekTp 3HEepreTUKay MaMaH IbIFbl OONBIHIIIA
bunocodus mokropsl (PhD) FeLIbIMU JOpEXKECiH alyFa YChIHBUIFAH
«ABTOHOM/IBI )KbLUIYM€H KAMTaMAaChI3 €Ty YIIiH 3JIeKTP-
TEXHOJIOTHSJIBIK KellleH/1i MapaMeTpJliKk OHTANJIaHABIPY»
JIOKTOPIIBIK AUCCEPTALUSIIBIK KYMbICHIHBIH

AHJIATIIACBI

JluccepTalusuibIK )KYMBIC aBTOHOM/IBI JKbUTBITYFa apHAIFaH AJIEKTP TeXHUKAIBIK
KEIICHHIH 3HEPTUs TUIMALUIITIH apTThIPY MICEIECIHE apHAIIbI.

3eprrey o3exTidiri. Kazipri yakpitrra Ka3zakcTaHHBIH SHEPreTHUKAIIBIK Calachl
KYpJell JKaFfainapaa ®yMbIC iCTeial, Oip >KaFbIHAH, TQCTYPJIl PHEPTUsl KO3/ACPiHIH
OipTe-0ipTe ToMeHnaeyl (MyHaWIbl, Tra3fpl, KOMipAl Ta0y KbIMOAT Ou3HEC OOJIBIM
TaObLIa/bI), EKIHII JKaFbIHAH, )KaHAPTHUIATHIH HEMece Oanamalibl SHEpTUs Ke3epiH
naijanany apKblUIbl Ta3a YHEPTUSHBI IIBIFAPY OHIIPICTEPIH Kacay MaKCaThl.

Ocpbiran OalIaHBICTBI, >KaHAPTHUIATHIH JKOHE OajlaMalbl SHEPIus KeslepiH
131ecTipy JkoHe maiinanany KazakcTaHnmarbl SHEprusi yHEMJEyAl JambITy YIIIH
OacbIMIBIKKa He 00iabl, Oyl pechnyOJMKaHbIH SKOHOMUKACBIHBIH SHEPTHUs
CBIMBIMIBUIBIFBIH TOMEHIETY IEH TYpaabl. OChI canaiarbl 3epTTey OaFbITTaphIHBIH O1p1
KYUBIH/IBI JKBUTY TE€HEPaTOPJIapbIH KOHE OJAp/bIH DJIEKTP TEXHHUKAIBIK KEIICHIEPiH
3epTTey 00JbIN TadbLIaAbl. MyHIall KOHIBIPFBUIAPABI 1€POEC KBUIBITY KYHETIEpIHIe
OHE BICTHIK CYMEH KaMTaMachl3 Ty e naiinananyra 00iabl.

Anaiifia, aBTOHOM/IbI )KbUTYMEH a0JAbIKTay KO3/I€pIHIH HET13T1 KEMIIUTIKTEPIHIH
Oip1 OpTaNbIK JIEKTPMEH >Ka0IbIKTAy )KYUECIHEH )KYMBIC 1CTEY KE31H/Ee alTapbIKTan
SHEPrusiHbl TYThIHY Oosbin TaObuiaAbl. CoHOal-aK, OChIHJAN KEIISHIEPIIH KYMBIC
ICTey alrOpUTMACP] KYMBIC KardallblH ©3repTy Ke3iHIe ©31H Kajlal YCTaWTBhIHBI
Oenrici3, MbICalbl, MayChIMFa, KOpIIIaFaH OPTaHbIH TEeMIIEpaTypachiHa >KOHE KYH
1ITTHJIE )KYMBIC icTeyre OaiIaHbICTHI XKaFaainap/a.

Kazipri yakpITTa 53JIEKTp DHEPrUsICHIH KBUIy OHEPTUSChIHA TYPJICHIIPYi
IpoLecTepl TOJBIFBIMEH 3epTrenmereH. JKbuly OepyliH aBTOHOMIIbI KBUTyMEH
XKaOJBIKTAY DSJIEKTp TeXHUKaNbIK KemeHaepiHiy (AXKIK) sxymbic pexumaepiMeH
e3apa OaillIaHBICBIH aHBIKTANUTBIH elKaHAail 3eprreynep koK, AXKOK xKyMbICHIHBIH
YCBIHBUIFAH aJITOPUTMJIEP] JKOHE JKYMBIC 1CTEY 9JIICTEPl JKOK, OJlapibl Tajjay >KoHE
OJIapJIbl SHEPTUSAMEH Ka0BIKTAy 9/IICTEPI JKOK.

KyMBICTBIH MAKCaThl — aBTOHOM/IBI XKBIJIBITYFa apHAIFaH JJIEKTP TEXHUKAIIBIK
KEILIEHHIH SHEPIUsl THIMAUIITIH apTThIPY.

KymbIcThIH  Maesichl. [ MAPOAMHAMUKAIBIK  KBUIBITKBIIITHIH  KoOamay
napaMeTpliiepiH OHTAMIaHIBIPY KOHE JJIEKTP SHEPTUSICBIH MUHUMAJIbl TYTHIHYMEH
KYMBIC PeXUMIEPIH OCNTiIey apKbUIbl JKOCTIapiiay 9ICTepiHe HET13/eNreH, xKobaay
caThICBIHJA Ja, MaijanaHy Ke3eHIHAE [€ TUIPOJMHAMHKAIBIK KbI3IBIPFBIII KOHE
KUUTIKIIEH 0acKapbUIaTBhIH AJIEKTP >KeTeri 0ap aBTOHOMJBI KBUIBITYFa apHaJFaH
AJIEKTP TEXHUKAJIBIK KEIICHIEPAIH dHEepPrusi TUIMIAUITIH apTTeipy. Kem (hakTopibik
HKCIIEPUMEHTTED XKacay, IMUTALUSIIBIK JKOHE (PU3UKAIBIK MOACIBACY/l OTKI3y KoHE



HKCIIEPUMEHTAJIbI 3€PTTEYIIEp JKacay.

3eprTey aaicTepi. )KymbicTa Kalmbl 3epTTEy 9JIICHAMACHI KOCTHapJiay d/IiCTepiH
KOJJIaHyFa HETI3JIeNreH, Kol (PaKTOPJIbIK SKCHEPUMEHTTEp, HJIEKTP JKETEriHIH
TEOPUSICHI, THAPABIMKAIBIK CYJI0aNapAblH TEOPUSIChl, aKMapaTThIK-TPaPUKAIBIK
JKyHeseri KOMIBIOTEPIIIK MOJICNbJICY OMICTEpiH YHIIECTIpy, COHAa-aK >KULIIKIEH
pPEeTTEINeTIH AJICKTP JKEeTerl 0ap apHaibl CTEHATET1 (PU3UKATIBIK MOJICIIBICY dICTEepIHE
HETr131eIe/l.

3eprTey oObekTici. ABTOHOMIBI KBUIBITYFa APHAJIFAH 3JIEKTP TEXHHUKAJIBIK
KEIIIeHI.

FbLIbIME KaHAIIBUIBIKTAPBI KeJlecijiepieH TYPaabl:

- OTIIETI KOHE TYPAKTHI KYWIET1 KYMBIC PEKUMICPIHIIC SHEPTUSHBI TYTHIHYIBI
a3alTyqpl KaMTaMachl3 €TETIH JKULIIKTI OacKapbUIaThIH 3JIEKTp >keTeri 0ap nepbec
KBUTYMEH >Ka0JIbIKTay YIIIH 3JIEKTP TEXHOJIOTHSUIBIK KEIICHHIH JKYMBIC PEXUMIEPIH
OakpLIay 9JIiCI;

- JI9CTYPJIl SHEPTUS KO3/epl MEH >KaHAPTHUIATHIH HEPrusl KO3/epiH Naigaiana
oTbIpbitt, AXKOK a51eKTp SHEpPIrHUsCHIH KETKI3YIIH apaiac 9JIICTepiH naigaiany;

- JKYpri3uireH ket (hakTOPJBIK SKCIEPUMEHT HET131HIE MaKCUMAJIbI KBLUTYJIBIK
KOPCETKIIITEPIH KamMTaMachl3 €TETIH JJIEKTP TEXHHUKAJIBIK KeIIeHAepAl >kobanay
AJIIEMEHTTEPIHIH OHTANIIbl TEOMETPHUSIIBIK TApAMETPIIEPIH aHBIKTAY 9JICTEMECI;

- *kbuty Oepy eHiMauIiri MmeH AXKOK KypbUIbIMIBIK-TIalijaiaHy TapameTpiepi
apacblHIaFrbl KATbIHACTAP bl OCNTUICUTIH MATEMATHKAJIBIK TOYEIAUTIKTEPII JKacay.

KyMbICTBIH KypaMbl MeH KkeJieMmi. JKyMmbICc KipicneaeH, TepT OeJiMHEH,
KOPBITBIHABIIAH, 7 KOChIMIIaNapAaH Typaasl. Juccepranusa KypambiHaa 127 Gacna
oeTi, 45 cypet, 69 dbopmynanap, 32 kecte, 127 ataysl 6ap ogeduerTep Tizimi 6ap.

KymbicthiH Ma3myHnbl. Kipiciene aBTOHOMABI KBUIBITYFa apHAJIFaH DJICKTP
TexHuKanblK KemeHHiH (AJKOK) oHeprus THIMIAUITIH — apTThIpy  Typassbl,
JTUCCEePTAlMSIHBIH, ~ MakKcaThl ~ MEH  HEri3ri  MIHJASTTEepPIH  TYKBIPBIMAYHI,
JUCCEPTAIMSHBIH MPAKTUKAIBIK KYHIBUIBIFBI MEH >KYMBICBIH JKYPri3y oJIICTEMECIH
KaMTaMachl3 €Ty Ka)KCTTUIIriHe OalIaHBICThl KOJJIAHOAIbl FHUIBIMUA-TEXHHUKAJIBIK
npoOJeMaHblH ~ ©3EKTUIIN  KOPCETUITeH, COHBIMEH KaTap MaMeJIeKEeTTIK
Oarmapiiamanap, rpaHTTapMEH OalIaHBICHIH KOPCETE/Il.

bipiami Tapayga TruUIpOJAMHAMUKANBIK JKBUIBITKBIIITApPEl 0ap aBTOHOMIIBI
KBUTyMEH  JKaOJbpIKTayFa  apHAJIFaH  dOJEKTP  TEXHUKAIBIK  KEIICHAECPAIH
KOHCTPYKIUSIIapblHA ~ IIOJIy  JKacalilbl  »OHE  OChl  KEHIEHJEPIiH  HEeTi3rl
apTHIKIIBUTBIKTAPhl YCHIHBLIABI. COHBIMEH KaTap, aBTOHOM/IbI JKBUTYMEH KaObIKTay
KO3JIepiHIH HETI13I1 KeMIIUTIKTEPiHIH Oipi oJapblH OPTaIbIK 3JIEKTPMEH KaOAbIKTay
KYHeleplHeH JKYMBIC 1ICTEy Ke31HIE MaHbI3[Abl HHEPrusi TYTHIHYBl OOJIBIN
TaOBUIATHIHBIH KOPCETTI. 3€pPTTEYIH ©3€KTUIINHE HeT13/1eMe OepisireH.

ExiHmn Tapayna aBTOHOMIbI JKbUIYMEH KaMTaMachl3 €Ty VIIIH 3JEeKTp
TEXHOJIOTUSITBIK KEIIEH Il SKCTIEPUMEHTTIK 3epTTEy CTEH/IIH JKacay ’Y3ere achIpbUIJIbI.
AXKDOK koMImoHeHTTepiHe KOWBUIATHIH TajanTap YCBIHBULIBI, CTEHATIH >obanay-
TEXHOJOTHSIIBIK cxemachl a3ipieHal. AXKDOK smekTp MexaHHUKalbIK KaOIbIKTHIH
Oackapy (QpyHKIUSIApBIH XKoHE 3epTTey (YHKIUSIIAPBIH Ky3ere ackipathiH AXKOK
aucneTdepiik 6ackapy xxyiect Kypsiiabl. AJKOK runpaBiukanbik sKYMBIC pEKUMIHIH
KYPBUIBIMABIK 3JE€MEHTTEpl MEH MapaMeTpiepiH ecenTey YIIIH CTEHATIH HUPIIbIK



Mozeni xkacanabl. OnapIblH HETi31Hae Kol (aKTOPIBIK SKCIEPUMEHTTIH JKocHapiay
MaTpHUIACHI JKaCaJbl.

Ymiamn tapayga AXKOK makcumanapl sKbUTy THIMIUIITIH KaMTaMachl3 €TETiH
TUAPOIMHAMUKAJIBIK SKbUTBITKBIIITAPIBIH OHTAMIIBI sk00asiay mapaMmeTpiiepiH aHbIKTay
YIIiH KeIl (aKTopibl SKCIEPUMEHT JKYpPTrizy YinH Oarmapiama xacainiasl. AXKOK
YKYMBICBIHBIH TYPJII PEKUMJIEPIH IKCIEPUMEHTTIK 3eprrey Kyprizunai. AXKIK-Teig
KBUTY XKOHE KYPBUIBIMIBIK-TIAliIaiaHy mapaMmeTpiiepl apachlHIaFrbl KaTbIHACTAap/IbI
OpHATaThIH PErPecCUsIIBIK TeHACYIep TaObLUIFaH.

TepTiHmi Tapayaa THAPOJUHAMHUKAIBIK KBUIBITKBIIITAD HETI3IHIE TOYEINCi3
KBLTY JKOHE BICTBIK CYMEH KamMTaMachl3 €Ty VIIIH KXUUTKTE OacKapbLIaThiH SJICKTP
XKeTerl 0ap JJIeKTp TEeXHMKAJBIK KEIICHI SHEpTUsHbl THIMJI OacKapyra apHaJlFaH
anroputMaep ckacannabl. JlafiplHganFaH anrOpUTMIEPAIH THUIMAUITH pacTalThIH
HKCIIEPUMEHTTIK 3€pTTEyJiep HOTWXKenepl Kenripuired. L{ukimael KyMbICc icTey
apKacblHAAa  SHEprusiMEH TYThIHYAbl 8%  TOMEHAETy, COHAal-aK  COpFbI
KOHJIBIPFBICBIHBIH KYMBICBHIH Oakpliiay apKbuibl 45% -Fa neitin sxketkiza. AXKOK yiiin
OHEPTUSHBI TUIMII SHEPTUSMEH Ka0ABbIKTAY 91C1 YCHIHBUI/BI.

KopsITbiHabI1a, AHCCepTallvs asgChIHA JKacallFaH >KyYMbICTap TYHIHEIII.

KyMBICTBIH HITH:KeJIepi. ASKTallFaH 3epTTeyJep HETI31H/E KelleCl HOTHUXKEEep
QJIBIH/TBI:

- TUAPOAVMHAMHUKAIBIK O KBUIBITKBIIIBI 0ap KOHE aybICHaibl O KHUIIKTET1
KO3FaNTKbIIBI Oap JepOec JKbUIYMEH JKaOJbIKTay YIIIH 3JIEKTP TEXHHUKAIBIK
KeIICHACPAl Kypy KoHE 3epTTey calachlHAAFrbl FHUIBIMH 3€pTTEyJlep MEH
a31pJIeMeNep/IiH Heri3ri OarbITTapblH TalIay;

- Genesis32 SCADA-xylieciH maiaanaHa OTBIPBIN, Kol  (HaKTOPIIBIK
HKCIIEPUMEHTTIH JKOCMapiay oAICTEpIHE HETI3/IENTreH, HAKThl YaKbIT pPEKUMIHJE
AXKOK KYMBICBIHBIH TYPJII PEKUMAEPIHJIE 3€PTTEYIIEP KYPTri3iieni;

- AJKOK -ThIH XbUTY jKOHE KYPBUIBIMIBIK-TIAM1alIaHy TTapaMeTpiiepl apachbIHIaFbl
e3apa OaillaHbIC OpHATATBIH MATEMAaTHKAJBIK TOYENIUTIKTED (perpecCHsiIbIK
TEHJIeyJep) TaObLIIbL;

- 8 ecere JIeiiH PHEPTUS YHEMJIEY/I1 KAMTaMachl3 €TETIH SJEKTP KETET1HIH KYMBIC
peXUMICPIH AUCKPETTI Oakplmayra OainaHbicThl AXKOK SHEprusicblH TYTHIHY/IBI
a3alTyAbIH OCNTIJICHTeH 9MICTEPI;

- DJIEKTP TEXHOJOTUSIIBIK KEIICHIEPAIH >KYMBIC PEeKUMIEpIH Oakbuiay YIIiH
ANTOpUTMACP  d3ipieHni, omicteme  Kypbuiabl.  COpPFbl  KOHABIPFHICHIHBIH
KBUTAAMJIBIKTHI 0ACKapBIIATHIH JIEKTP KETET1 0ap COPFbI KOHABIPFBICHIHBIH KYMBICHIH
Oakpu1ay apKbpUIbl 45% -Fa efiH SHEPTUSHbI YHEMICYTE KOJI KETKI31II1.

- AJKOK yuriH sHeprusiHbl THIMA1 SHEPTUSIMEH Ka0bIKTAY 9/11C1 YCHIHBUI/IBI,

- AJKOK koncTpykumsi Hyckanapbel OoibiHIIa Kazakcran PecnyOiamkachbiHBIH
NaTeHTTEpl, COHNAN-aK TYTHIHYIIBUIAPABIH JKbUTYyMEH >KaOJbpIKTay MapaMeTpiiepi
ecentey xxoHe AJXKOK xyitecin Tanmay OolbiHIIa OaFgapiaMaiblK KaMTaMachl3 €Ty
OOMBIHIIIA 3USTKEPIIK MEHIIIK CEPTUDUKATHI aJTLIH/IBI;

- aBTOHOMJIbI O KBUIBITYFa apHajJfaH »dJIEKTP TEXHOJOTHSUIBIK KeIleHl
ra3TypOMHAIBIK KOHABIPFBUIAD MEH alHBIMAJbI KUK JTUCKIIEH TYPATHIH JKOHE
OJIapJbIH KOJJIAHBUTY cajaiapbl Oap xolajay »XoHE MaljallaHy YIIiH JJiCTeMe
d3ipJIeH ],
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- Kazakcran PecnyOnukaceiHbIH —KocimopbiHAapeiHaa Oipkatap AXKOK
KelieHaepid, conblH iminae ['JIDK-ub1 naiigananyra eHrisijareH.

KYMBICTBIH NPAKTHKAJIBIK MAHBI3AbLIBIFbI:

- Kazakcran PecnyOnuKkachblHBIH MATEHTTEPIMEH KOpFAJIAThIH Ta3TypOUMHANBIK
KOHJIBIPFBUIAP/IbI CATy YILIH TEXHUKAIBIK HISIIIMIEp KEIIECHIH J31piey;

- PETTENETIH AJEKTP KETEerl 6ap aBTOHOM/IbI KBUIBITY YIIIH AJIEKTP TEXHUKAJIBIK
KeILIeHIep 11 YTHIM/IbI Maiiialiany ayJaHbIH KYPY;

- TUAPOAMHAMUKAIIBIK >KBUIBITKBIIITAPEl Oap JepOec >KbUIyMEH XaOJbIKTayFa
apHAJIFaH JICKTP TEXHUKAJBIK KEMIEH 1 )ko0aay oicTeMeci;

- TUAPOIMHAMUKAIIBIK KBUIBITKBITIITAPEI Oap aepOec KbUTyMEH Ka0apIKTay YIIIiH
JIEKTP TEXHOJIOTHSUITBIK KEIICHACPIIH TYPFBIH YH-KOMMYHAJIBIK TAPYalTbUTBIFBIHBIH
YKEKe JKOHE OH/IIPICTIK HhICAHIApPBIH/IA TTalijananyra oepy.

Koprayra YyCHIHBUIATHIH HeTri3ri FbUIBIMH epe:Kesiep MeH 3epTrey
HOTHIKeJIepi:

— skymbic ke3inze ['JIH-HeH TypaThiH aBTOHOM/IBI KBUTYMEH Ka0ABIKTAY JICKTP
xKeTeri 0ap SIEKTPTEXHOJOTUSIBIK KEIMICHMEH JHEPrusiHbl THIMAL  Oackapy
ITOPUTM/IEPI;

— AYKOK OipiKTIpiIreH 31eKTPMEH 5Ka0 IbIKTay MPUHIIUIITEPI;

— KoI(aKTOPIbl SKCIEPUMEHTTI KYPrizyre HETi3ereH MaKCUMAaJIbl KbLTYIbI
KaMTaMmachl3 €Ty xolajay Ke3eHIHJE KEIICHHIH THUIMJl MapaMeTpiepiH aHBIKTAy
axicTepi;

— xbuty eHimauUlrt MeH AJXKOK KOHCTpyKTHBTI-NaijanaHy mnapamerpiiepi
apachIHIaFbl KATBIHACTAP/IbI OPHATATHIH MaTEMATUKAJIBIK TOYEIIUTIKTED.

Jucceprauus TaKbIPbIObIH MEMJIEKETTIK OaraapJiamaJjiapMeH,
TPAHTTAPMEH KIHE KeJiCIMIIAPTTHIK TAKBIPHIITAPMEH 0aAHIaAHBICTBIPY.

Kazakcran PecnyOnukacel buniMm jkoHe FbUIBIM MHHHUCTPAITiHIH TrpanTbl (KP
BbFM). TakpipsiObr 2920/T'®4 «I'uapoauHAMUKAIBIK MOJICIb/II KOHE CYMBIK OpTana
MEXaHHUKAJIbIK aKTUBTCHJIPY NPHUHIUITEPIHE HETI3ACATeH DSKOJOTHSIBIK Ta3a
QIBTEPHATUBTI JOHEPTUsl KO3JAEPIHIH KOHCTPYKIMSUIBIK IapaMeTpliepiH ecenTey
TeopusichiH kacay» (2015-2017 xok.). Bromkertik Oarmapiamara coiikec 217
«FputbiMapl  mameiTy», Kimn Oarmapiama 102 «FeuibiMu 3epTTeynep/l TpaHTIICH
KapXKbUIaHIBIPY», epekienikTepi: 156 «Kenec 6epy KbpI3METTEpl MEH 3epTTeyJiepi
Teney», 0achIMIBIFBI OOWBIHINIA «JHEpPreThka x)oHe MaimuHa kacay» (Kazakcran
¥ATTBHIK >KapaThUIBICTaHY FBUIBIMAAPHI aKaJEMUIChl, MEMJIEKETTIK TIpKEY HeMipi
0115PK00385).

«2013-2017 »xbuipapser OKCITIO-2017 asceinaa Kazakctan PecnyOnukachIiHBIH
Ta3a SHePTHUs KO3ACPiH TaMBITY» OaFaapiaaMachl OOMBIHINA FEUTBIME 3€PTTEY IPAHTTHIK
KApKbUTaHJBIPYbl. TaKbIpblObl «OHIIPICTIK 0a3aHbl KYPY *OHE SKOJOTHSIIBIK Tasza
THIPOJMHAMHUKAJBIK SKBIIBITKBIIITAPABIH JEMOHCTPAMSIIBIK  YITiIepi OOMNBIHIIA
KOOAIBIK-KOHCTPYKTOPJIBIK ~ JKOHE  TEXHOJIOTHMSUIBIK  KY)KaTTaMaHbl  jKacay»
(MemiteketTik Tipkey Homipi 0213PK03283).

Onepkacinreri xymbicTapabl opbiHAay. ['/IH-HeH TypaTblH, aBTOHOM/IBI
KBUTYMEH XKaOIpIKTayFa apHaJIFaH AIIEKTPTEXHOIOTUSIITBIK KEIEeHHIH
sKcriepuMeHTanbabpl  yiriiepi «llapacat»y AK FbUIBIMU-TEXHOJOTHSIIBIK OPTAIBIK
TyparbiHaa (AcrtaHa K., PecnyOmmka panrbuiel 24) (IAH37 xome [I'JIH45
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KoHABIpFeUIaphl); Kazakcran PecnyOnmkaceiHblH —YKiMer yiiame (AcraHa K.,
Opeiaoop keteci, 6) (I'’/IH22 KoHABIPFLI) OpHATBLIFAH KOHE KYMBIC ICTEHII.

EXPO 2017 xepmenin HoTKeaepi OotibiHma (bonariak sHeprusicel) (AcraHa K.,
2017 x.), KasakctanublH Y JITTBIK MMaBUJILOHBIHAA PECIyOJUKAaHbBIH 27 5K00aChIHBIH
apacbiHga «CyHbIK OpTaJiaFrbl AKOJOTHSUIIBIK Ta3a THMAPOJUHAMMKAIBIK KBUTBITKBIII
CEPUSICBIHBIH JAEMOHCTPAIMSJIBIK VATICI» CTEHII KOpCeTUIMl, IUCCEePTaAIMSIHBIH
HoTWKeNepiH eHrizy ekl aktici— KasHAEH xone Kazakcrtan PecnyOnmkach
9HepreTka MUHHUCTPIITIHIH aTOMJBIK JKOHE OHHEPreTHKAIbIK Kajarajay KoHe
0aKplUIay KOMUTETIHEH aJIbIHIbI.

I3neHymiHiH KOCKaH KeKe yJeci JHcCepTalusIbIK >KYMBICTBIH MaKCaTbIHA
OaFbITTAIFAH TCOPHUSIIBIK JKOHE SKCIEPUMEHTAIIBI 3EPTTEYICPIIH YJIKEH KOJIeMIIe
KYpPri3iayl, COHAaN-aK 3epTTey TaKbIpbIOBI MEH KayilCi3diK KYXaTTapbhlH aiy
OOMBIHIIIA MaKadaJIapAbl JalbIHIAY.

[3nenymn AXKOK sKcepuMEHTTIK 3epTTeyl YIIH CTeHITIH (YHKIIMOHAIIBIK
CXEMacChblH JKOHE CaHJIBIK MOJICNIIH >Kacabl, AXKDK KOHCTPYKTHBTI KoHE
TEXHOJIOTUSIIBIK CXEMACHIH KoHE TOXKIpUOesi CTEHIH KYpYyFa, JUCTIETYEepIIiK OacKapy
KYHECIHIH Kypamaac OeJiKTepl >KOHE JepeKTepiAl >KUHay YIIiH OarnapiamMameH
KaMTaMachl3 €Tyl KOHE alFOPUTMIEPIl KYpHIN AaibiHaayFa KaTbicThl. COHBIMEH
Karap, 13JCHYIIIHIH TiKeJleld KaThICYbIMEH AKCIIEPUMEHTTI jKOcmapiay oJicTeMeci
JKOHE Keml (haKTOpJbl HKCIEPUMEHT OarjapiiaMachl Kacajijlbl, MaTeMaTHUKaJIbIK
TOYEIAUTIKTEp TaOBUIIBI KOHE 3epTTEYJIH HoTwkenepl Tanmaanabl, AXKIK xymbic
peXUMIIEPIH OacKapy 9/1ICTEPl KOHE PHEPTUSIMEH KAOABIKTAY YCHIHBUIIBI.

Jucceprauust HITHXKeJEPiHiH  anpodamusicbl. JluccepTalMsHBIH HET13r1
epesxeepl OassHAAIbI, TAIKBUIAHIBI dKOHE MAKYJIJIaH IbI:

— KapMTYV fbUIBIMU-TEXHUKAJIBIK CEMUHAPIAPBIHA;

— «ITapacar» AK T'bUTBIMH-TEXHUKAIBIK OPTAIBIFBD) FHUIBIMA-TEXHUKAJIBIK CEMHU-
HapJapsiHia (AcTaHa K.);

— EXPO 2017 xepmecinme (Bomamak sHepruschl) KazakcTaHHBIH ¥JITTBIK
naBWIbOHBIHIA. «CYHBIK OpTajgarbl OSKOJOTHUSIIBIK Ta3a TUIPOJUHAMUKAIBIK
YKBUIBITKBIII CEPUSCHIHBIH IEMOHCTPAIMSUIBIK YITICD) %kKacay;

— Memreker GacIIbICHIHBIH KaThICybIMEH, KazakcTan xankpl AccaMOJIesiChIHBIH
XXV ceccuschl asicbIiHAa 6TKEH « Y IIHIIN MOJEPHU3AITUS - )KaChLI MTHHOBAITUS 10Yyipi»
KOpPME KYMBIChIHA KAThICThL. Y ubiMaacTeipymisl — B3T «Kacbur sxoHOMMKA YIIiH
koaymuist sxoHe G-Global nambiTy»;

— «Led System Media» xommanusi aymarbiHga CO3 «AcTaHa — jkaHa Kajiay
Acrana kK. «2013-2017 xbuimaper OKCIIO-2017  asceinma  Ka3zakcran
Pecny0yiMKachIHbIH Ta3a SHEPTUS KO3AEPiH JaMBITY» KOPMECIHE KATHICY;

— «Kacpu1 KazakcTany skachblil 5)KOHOMUKA KOIIOACHIbIIAPBIHBIH PECTYOIMKAIBIK
dopyM (Acrana K., coyip 2017 KbLT) KOpMECIHE KATBICY;

— KP BFM Komnerust meHOepiHae YHBIMIACTHIPBUIFAH FBHUIBIMH KETICTIKTEP
KepMmeciHe Katbicy (Acrana K., JI.LH. l'ymunes areingarst EYY, 2015 x.);

— «Wmxenepiik 0imimM Oepymi aknaparranasipy» (Muadopuno 2014 sxone 2016)
(Peceii, Mackey) FhUIBIMU-TIPAKTUKAJIBIK KOHPEPEHIIHMSIFa KaThICY;
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— «ABTOMATTaHIBIPY, MEXaTPOHMKA, AaKMApaTTHIK TexHoJoTmsuiap» VI
XanpIKapabIK FBUTBIMU-TEXHUKAJIBIK xKac FaJIBIMAAP/IbIH UHTEPHET-
koH(pepeHmmsuiapsl (Peceit, OMObI, 17 mambip 2016 k.) )KYMBICBIHA KATHICY;

— «IIpomM-UuxuHUpUHT» 2-1111 XaJbIKapaJbIK FHUIBIMU-TEXHUKAIIBIK KOH(PEPEH-
s (Peceit, Yensiounnck, 2016 K.) )KYMBICBIHA KATHICY;

—27th DAAAM International Symposium (Vienna, Austria, 2016) »xyMbIcTapbIHa
KAThICY;

—International Scientific Conference “Environmental and Climate Technologies”,
CONECT 2017 (Riga, Latvia, 2017) >xymMbIcTapbIiHa KaThICY.

JIOKTOPJIBIK JUCCEPTANUSIHBIH Heri3ri FhUIBIMH HOTH:Kesdepi 34 FhUIBIMU
eHOeKTepae JKapusutaHabl, oHbIH imriHAe 5 makama KP BFM OimiMm xoHE FBUIBIM
caylachIHIaFbl OaKbUIay KOMUTETI YChIHFaH OachUIbIMIAPAA KapUUTaHbI, 5 MaKaia

Scopus xoHe Web of Science aknapaTThIK 0a3a KOMIIAHUSJIAPbIHA KIPETIH, OHBIH
1II1HIe Mep3iMJIi OackuTBIMIap/a 2 MaKalia >kapusiIaHasl. 18 Makananap XaabIKapaibiK
FBUTBIMU-TIPAKTUKAJIBIK KOH(epeHMsIapaa >kapusiiaiibl, OHbIH 1IiHe metenae 11,
2 moHorpadus weIKTel. KP 3 matenTi anbiuabl, 2 3USTKEPIIIK MEHIIIK CEPTU(PUKATTAPHI
(BMC) KP xone 6up 3MC P® anbiusl.

EH mMaHpI3/161 OachUIBIMAAp MEH MATEHTTEP:

11 Breido Josif, Kuchin Valery, Kalinin Alexey. Determining heating capacity
and coefficient of energy transformation of hydrodynamic set // Proceedings of the
27th DAAAM International Symposium. — Vienna: DAAAM International, 2017. —P.
600-607.

12 Breido J.V., Kalinin A.A., Lissitsyn D.V. Algorithms of Energy Efficient
Control of Electric Technological Complex for Autonomous Heat Supply // EAI En-
dorsed Transactions on Energy Web. — 2018. — Vol. 18, Iss. 19: e2. — 8 p.

13 Breido 1.V., Zyuzev A.M., Kalinin A.A. Methods of Studying Electric-Hy-
drodynamic Heater // Energy Procedia. — Vol. 128. — P. 59-65.

14 bpeiino U.B., 3r03eB A.M., Kanuaua A.A. DKkcriepuMeHTaIbHBIC UCCIIEI0BA-
HUS YaCTOTHO-PETYJIUPYEMOTO DJIEKTPONPUBOJIa HACOCHOTO arperara 3JIeKTPOTEXHO-
JIOTUYECKOTO KOMITJIEKCA JIIsl aBTOHOMHOTO TeIlocHa0xeHust // Tpyasl yHUBEpcUuTETa
2017. — Kaparanna: KapI'TV, 2017. — Ne4. — C.128-134.

15 IIat. 30705 Pecnybnuka Kaszaxcran, MIIK F24H 1/10, F24J 3/00, F24H 7/00,
F24D 3/02. Tennorenepatop mexanoaktuatopHsiii / Kyunn B.H., bexrypranos H.C.,
Hcaes B.JI., Kamuana A.A., FOpuenko B.B. — Ne 2014/1278.1; 3assn. 03.10.2014;
omy06m. 15.12.2015, bron. Ne 12(1).

16 IIar. 31003 Pecnyonuka Kazaxcran, MIIK F24J 3/00, F24H 1/10, F24D
15/00. MexaHukanblK >xkbutyreHepatop. TeruioreHeparop mexanudeckuit / Kyuun
B.H., 3eiinymun A.A., Vcaes B.JI., Kanunun A.A., FOpuenko B.B. — Ne 2014/1303.1;
3asiBi. 13.10.2014; ony6:1. 15.03.2016, broin. Ne 3(I).

17 Tlat. 31624 Pecny6nuka Kazaxcran, MIIK F24J 3/00 (2006.1), F24H 1/10
(2006.1), F24D 15/00(2006.1). Tenmnorenepatop KaBUTAlIMOHHO-BUXpeBor / Kydun
B.H., bpetino U.B., Mcaes B.JI., Kamuana A.A., IOpaerko B.B. — Ne 2014/1800.1;
3asiBi1. 04.12.2014; omy6:1. 30.09.2016, brom. Ne 12.

18 Kyuwun B.H., Kanunun A.A., IOpuenko B.B. DxcniepumenTanbHbIe HCCIEN0-
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BaHUsl SHEPTEeTHUECKUX XapaKTEPUCTUK OIMBITHO-TPOMBIIUICHHBIX YCTAHOBOK 3KOJIO-
IMYECKU YHCTBIX THJIPOJIMHAMUYECKUX HarpeBaTeseil »KUIKUX cpe: MoHorpadus. —
Kaparanna: Kapl' TV, 2015. - 78 c.

19 bpeiino 1.B., Kapaces H.W., Kanuaun A.A. I1lapamerpruueckas ONTUMHU3ALIHS
aJIeMEeHTOB KOHCTpykiuu ['J/IH meTomamu miaHMpoBaHMs SKCIEPUMEHTA: MOHOTpa-
¢usa. — Kaparanna: KapI'TV, 2016. — 118 c.

20 Kanunun A.A. ABTOMaTU3MpPOBAaHHAs CUCTEMAa HAYyUHbIX UCCIIEAOBAHUM TU/-
poauHAMHUYECKHX HarpeBaTeneit // MexayHap. Hayd.-meTol. koH(]. «HpopmaTu3za-
Ul HTH>KeHepHoro oOpa3oBanus». — M.: Mznatenscteo MOU, 2014. — 604 c.
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ABSTRACT
to the dissertation for the academic degree of Doctor of Philosophy (PhD)
in specialty 6D071800 — Electric Power Engineering

Kalinin Alexei Anatolyevich

PARAMETER OPTIMIZATION OF THE ELECTROTECHNOLOGICAL
COMPLEX FOR AUTONOMOUS HEAT SUPPLY

The dissertation work deals with the problem of increasing the energy efficiency
of the electro-technological complex for autonomous heat supply.

Relevance of the work. At present the energy sector of Kazakhstan is working in
difficult conditions, when, on the one hand, there takes place gradual depletion of tra-
ditional energy sources (oil, gas, coal, which extraction an expensive business), and on
the other hand, there is gaining high positions clean energy production using renewable
or alternative energy sources. In this regard searching for and using renewable and
alternative energy sources has recently become a priority for the development of energy
saving in Kazakhstan that consists in reducing the energy intensity of the Republic
economy. One of the research trends in this area is studying vortex heat generators and
their electro-technological complexes. Such plants can be used in autonomous heating
systems and hot water supply. However, one of the main drawbacks of such sources of
autonomous heat supply is significant electrical power consumption during their oper-
ation from central power supply systems. The algorithms of operating such complexes
were not revealed when the operating conditions changed depending on the season, the
ambient temperature, as well as operation within a day.

At present the processes of conversion of electric energy into heat energy with
intermediate conversion into mechanical energy have not been fully investigated.
There are no studies that establish interconnections between the heat output and the
operating modes of the electro-technological complexes for autonomous heating
(ECAH), there are no proposed working algorithms and methods for operation of the
ECAH, no analysis and methods for their energy supply.

The purpose of the work is to increase the energy efficiency of the electro- tech-
nological complexes for autonomous heating.

The idea of work. Improving the energy efficiency of electro-technological com-
plexes for autonomous heating, containing a hydrodynamic heater and a frequency-
controlled electric drive, both at the design stage and at the operation stage by optimiz-
ing the design parameters of the hydrodynamic heater and establishing the operating
modes of its electric drive with minimal electricity consumption, based on the methods
of planning multifactor experiments, simulation and physical modeling and experi-
mental studies.

Methods of study. The general research methodology in the work is based on the
use of the methods of planning multifactor experiment, electric drive theory, hydraulic
circuit theory, with combination of computer simulation methods in the information-
graphic system environment, as well as physical modeling on a special stand with a
frequency-controlled electric drive.
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Object of study. Electro-technological complex for autonomous heating.

Scientific novelty consists in:

- methods of controlling the operating modes of the electro-technological complex
for autonomous heat supply with a variable-frequency electric drive, ensuring reduc-
tion of energy consumption in transitional and steady-state operating modes;

- the use of combined methods of energy supply of the ECAH using both tradi-
tional energy sources and renewable energy sources;

- methods for determining the optimal geometrical parameters of the elements of
the electro-technological complexes design that provide the maximum thermal perfor-
mance on the basis of the multifactor experiment carried out;

- the development of mathematical dependencies that establish the relationship
between the heating performance and the structural and operational parameters of the
ECAH.

The scope and structure of the work. The work consists of introduction, four
chapters, conclusion, 7 appendices. It contains 127 typewritten pages, 45 figures, 69
formulas, 32 tables, a list of references including 127 titles.

The content of the work. The introduction provides a brief substantiation of the
relevance of the applied scientific and technical problem related to the need to improve
the energy efficiency of the electro-technological complex for autonomous heating
(ECAH), formulates the purpose and the main tasks of the dissertation, provides the
methodology for doing the work and the practical value of the work, there is indicated
the subject connection with state programs and grants.

In the first chapter a review of the designs of electro-technical complexes for au-
tonomous heat supply containing hydrodynamic heaters and the main advantages of
these complexes are given. At the same time, it is indicated that one of the main draw-
backs of such sources of autonomous heat supply is significant electrical power con-
sumption during their operation from central power supply systems. The rationale for
the relevance of the study is given.

In the second chapter the development of a stand for experimental studying the
electro-technological complex for autonomous heat supply has been carried out. The
requirements for the components of the ECAH are presented, the design and
technological scheme of the stand has been developed. The dispatch control system of
the ECAH has been formed that realizes both the control functions of the ECAH
electromechanical equipment and the research functions. There has been developed a
digital model of the stand for calculation of structural elements and parameters of the
hydraulic mode of operation of the ECAH. Based on them, a planning matrix of the
multifactor experiment has been compiled.

In the third chapter the program has been developed to carry out the multifactor
experiment for determining the optimal design parameters of hydrodynamic heaters,
ensuring the maximum thermal performance of the ECAH. Experimental studies of
various modes of the ECAH operation have been carried out. The regression equations
have been found that establish the relationship between the heat output and the
structural and operational parameters of the ECAH.

In the fourth chapter the algorithms have been developed for energy-efficient
control of the electro-technological complex with a frequency-controlled electric drive
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for independent heat and hot water supply based on hydrodynamic heaters. The results
of experimental studies confirming the effectiveness of the developed algorithms are
presented. There has been achieved power consumption reduction by 8% due to
cycling, as well as up to 45% due to controlling the performance of the pump unit.
Energy efficient combined energy supply methods for the ECAH are proposed.

In the conclusion the author summarizes the work done in the framework of the
dissertation.

The results of the work. Based on the completed studies, the following results
have been obtained:

- the analysis of the main trends of research and development in the field of de-
signing and studying electro-technological complexes for autonomous heat supply con-
taining a hydrodynamic heater and a variable frequency drive has been carried out;

- based on the methods of planning a multifactor experiment, studies in various
modes of the ECAH operation have been carried out in real time using the Genesis32
SCADA system;

- mathematical dependencies (regression equations) have been found that estab-
lish the relationship between the heat output and the structural and operational param-
eters of the ECAH;

- methods for reducing energy consumption of the ECAH have been developed
based on discrete control of the operating modes of the drive, providing energy savings
of up to 8%;

- the algorithms and methods have been developed for controlling the operation
modes of electro-technological complexes for autonomous heat supply with a speed-
controlled electric drive of a pump unit with energy savings of up to 45% due to con-
trolling the pump unit performance;

- energy efficient methods of combined energy supply of the ECAH have been
proposed;

- patents of the Republic of Kazakhstan for variants of the EKAH design, as well
as a certificate of intellectual property for software of calculating the parameters of
consumer heat supply and selecting the ECAT have been received;

- a technique has been developed for the design and operation of an electro-tech-
nological complex for autonomous heat supply containing a gas generator and a varia-
ble frequency drive, and the scope of their use;

- the commissioning of a number of the ECAH complexes including HDHs, has
been carried out at the enterprises of the Republic of Kazakhstan.

Practical significance of the results consists in:

- the development of a set of technical solutions for designing gas turbine units
protected by patents of the Republic of Kazakhstan;

- establishing the scope of rational using electro-technological complexes for au-
tonomous heating with an adjustable electric drive;

- methodology for designing an electro-technological complex for autonomous
heating supply containing gas generator sets;

- putting into operation in private and industrial facilities of the housing and util-
ities sector of electro-technological complexes for autonomous heating containing gas
turbine units.
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The main scientific statements and results of research submitted to the de-
fense:

- energy-efficient algorithms for controlling an electro-technological complex
with an electric drive for autonomous heat supply containing gas generator sets during
operation;

- principles of combined energy supply of the ECAH,;
methods for establishing the optimal parameters of the complex at the design stage,
ensuring maximum heat output, based on a multifactor experiment;

- mathematical dependencies that establish the relationship between heat produc-
tion and structural and operational parameters of the ECAH.

Connection of the dissertation subject with governmental programs, grants
and contractual projects.

Grant of the Ministry of Education and Science of the Republic of Kazakhstan
(MES RK). Project 2920 / GF4 "Development of a hydrodynamic model and the theory
of calculating the design parameters of environmentally friendly alternative energy
sources based on the principles of mechanical activation of liquid media™ (2015-2017).
In the budget program 217 "Development of Science”, subprogramme 102 "Grant
funding for scientific research”, specificity: 156 "Payment for consulting services and
research”, in priority "Energy and mechanical engineering" (Kazakhstan National
Academy of Natural Sciences, state registration number 0115PK00385).

Grant funding for research under the program "Development of Clean Energy
Sources of the Republic of Kazakhstan for 2013-2017 in the framework of EXPO-
2017". The project is “Development of design and technological documentation for
forming a production base and production of a series of demonstration specimens of
environmentally friendly hydrodynamic heaters” (state registration number
0213PK03283).

Implementation of the work in industry. Experimental specimens of the elec-
tro-technological complex for autonomous heat supply containing a gas generator set,
are mounted and functioning: at the parking of the Scientific and Technological Center
Parasat JSC (Astana, Republic Avenue 24) (HDH37 and HDHA45 sets); in the Govern-
ment House of the Republic of Kazakhstan (Astana, Orynbor Street, 6) (gas pump unit
number 22).

According to the results of the exhibition EXPO 2017 (Energy of the Future)
(Astana, 2017), where in the National Pavilion of Kazakhstan, among the 27 projects
of the Republic the stand “A demonstration specimen of a series of environmentally
friendly hydrodynamic heaters of liquid media” was demonstrated, there were received
two acts of implementing the dissertation results: from KazNANS and the Committee
for Atomic and Energy Supervision and Control of the Ministry of Energy of the Re-
public of Kazakhstan.

Personal contribution of the applicant consists in conducting both theoretical
and large-scale experimental studies aimed at achieving the purpose of the dissertation,
as well as in preparing publications on the research subject and in obtaining protective
documents. The applicant has developed a functional scheme and a digital model of an
experimental study bench for the ECAH, participated in the development of the struc-
tural and technological scheme of the ECAH and of the experimental test bench, in the
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development of software and algorithms for the operation of dispatcher control and
data collection systems. With his direct participation an experimental planning meth-
odology and a program for a multifactor experiment have been developed, mathemat-
ical dependencies have been found and the research results have been analyzed, meth-
ods for controlling the operating modes and energy supply of the ECAH have been
proposed.

Approbation of the dissertation results. The main statements of the dissertation
work have been reported, discussed and approved:

- at scientific and technical seminars of KSTU;

- at scientific and technical seminars of the “Parasat” Scientific and Technical
Center JSC (Astana);

- at the exhibition EXPO 2017 (Energy of the Future) in the National Pavilion of
Kazakhstan, the development of the “Demonstration model of a series of environmen-
tally friendly hydrodynamic heaters of liquid media”;

- in the work of the exhibition “The Third Modernization is the Era of Green In-
novations”, which took place within the framework of the XXV Session of the Assem-
bly of People of Kazakhstan with the participation of the Head of State. The organizer
1s the ALE “Coalition for Green Economy and Development of G-Global™;

- at the exhibition “Development of Clean Energy Sources of the Republic of Ka-
zakhstan for 2013-2017 in the framework of EXPO-2017" in Astana in the territory of
the company “Led System Media” of the free economic zone “Astana IS a new city”;

- at the Republican Forum of Green Economy Leaders "Green Kazakhstan"
(Astana, April 2017);

- at the exhibition of scientific achievements organized within the framework of
the Board of the RK MES (Astana, ENU n.a. L.N. Gumilyov, 2015);

- at the scientific-practical conference "Informatization of engineering education™
(Inforino 2014 and 2016) (Moscow, Russia);

- in the work of the V1 International Scientific and Technical. Internet conferences
of young scientists “Automation, mechatronics, information technologies” (Russia,
Omsk, May 17, 2016);

- in the work of the 2" International Scientific and Technical Conference "Prom-
Engineering” (Russia, Chelyabinsk, 2016);

- at the 27" DAAAM International Symposium (Vienna, Austria, 2016);

- at the International Scientific Conference “Environmental and Climate Technol-
ogies”, CONECT 2017 (Riga, Latvia, 2017).

The main scientific results of the PhD dissertation have been published in 34
scientific works including 5 publications in the editions recommended by the Commit-
tee for controlling in the sphere of education and science of the RK MES, 5 publications
in the editions included in the information bases of the Scopus and Web of Science
companies, 2 articles in periodicals, 18 publications at international scientific- practical
conferences including 11 abroad, 2 monographs. There have been received 3 RK pa-
tents, 2 RK certificates of intellectual property (CIP) and one RF CIP.

The most important publications and patents:

21 Breido Josif, Kuchin Valery, Kalinin Alexey. Determining heating capacity
and coefficient of energy transformation of hydrodynamic set // Proceedings of the
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27th DAAAM International Symposium. — Vienna: DAAAM International, 2017. —P.
600-607.

22 Breido J.V., Kalinin A.A., Lissitsyn D.V. Algorithms of Energy Efficient
Control of Electric Technological Complex for Autonomous Heat Supply // EAIl En-
dorsed Transactions on Energy Web. — 2018. — Vol. 18, Iss. 19: e2. — 8 p.

23 Breido 1.V., Zyuzev A.M., Kalinin A.A. Methods of Studying Electric-Hy-
drodynamic Heater // Energy Procedia. — Vol. 128. — P. 59-65.

24 bpeiino U.B., 3103eB A.M., Kanunun A.A. DxciepuMeHTalbHbIE HCCIIEI0Ba-
HUSI YaCTOTHO-PETYIUPYEMOTr0 AIEKTPONPUBOAA HACOCHOTO arperara 3JIeKTPOTEXHO-
JIOTUYECKOTO KOMITJIEKCA ISl aBTOHOMHOTO TeIiocHa0keHus // Tpyasl yHUBEepcUTETa
2017. — Kaparanga: KapI'TV, 2017. — Ned4. — C.128-134.

25 Tlar. 30705 Pecny6onmka Kazaxcran, MIIK F24H 1/10, F24J 3/00, F24H 7/00,
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