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Cunuyk O.H., I'yzoB 2.C., [lapxomenxo P.A., XapuTonos A.A. OneHka poueccoB MoTpedIeHNs IEKTPHIECKON dHEp-
THH 2JIEKTPONPHEMHHUKAMH [IAXTHBIX CeTeil B YCIOBHUAX HETIOIHOTHI HH(pOpMAIIH

B crartbe mpuBeneHB! pe3ynbTaThl MCCIEOBAaHUI IO OLEHKE COCTOSHHMII Ipoliecca 3JIeKTPONOTPeOIeHNs B YCIOBUAX He-
OIPEJICTICHHOCTH U HEMOJIHOTHI MH(OpMaluu ¢ MPUMEHEHHEM METOJ0B «CKaTus» uHGopManuu. OnucaHHbIe NPOLEAYphI
JAl0T BO3MOXHOCTh B YCIOBHSIX HEONPEAEIEHHOCTH U c1aboi NHPOPMATHBHOCTH HAOIIOJAaEMBIX MIPU3HAKOB, 00YCIOBINBA-
IOIIUX MPOLECC NEKTPONOTPEOICHNUs, Haboee MOIHO UCTIOIb30BaTh HCXOAHYIO CTaTUCTUIECKYI0 HH(OPMAIHIO JUIS Olle-
HOK, aJIeKBaTHO OIHMCHIBAIOIINX COCTOSHHS PEXKUMOB 3JIeKTponoTpebiaenus. [IpemioxkeHo omucaHne pexMMOB JIEKTpUUe-
CKHMX Harpy3ok IJIsi 3JIEKTPONPHEMHIKOB C HEOJAHOPOIHBIM XapaKTepoM pabOThl B BH/IE MHOTOYPOBHEBOH aJIUTHBHON MO-
JIeTIH.

Cinuyk O.M., I'y3oB E.C., Ilapxomenko P.O., Xaputonos O.0. OuiHka nporeciB CrioXXuBaHHs €JIeKTPHUIHOI eHepril ere-
KTPOIpUiiMadiB NIaXTHAX MEPEX B yMOBaX HEMOBHOTH iH(popMaii

V crarTi HaBeeHO Pe3yNbTaT! JOCHTIIKEHb 3 OL[IHKH CTaHIB MPOLECY eNEeKTPOCIIOKUBAHHSA B YMOBaX HEBU3HAUCHOCTI 1 He-
MOBHOTHU iH(pOpPMALl i3 3aCTOCYBaHHSIM METOMIB «CTHCHEHHs» iH(opMarii. Onucani mpoueaypy Aal0Th MOXKIIHBICTh B YMO-
BaX HEBU3HAYCHOCTI 1 c1abKo1 iHPOPMATHBHOCTI CIIOCTEPEKYBAHUX O3HAK, [0 0OYMOBIIOIOTH MPOLEC €IEKTPOCIOKUBAHHS,
HaWOIIBII TOBHO BUKOPHCTOBYBATH BHXIiJHY CTAaTUCTUUYHY iH(OpPMAILIiIO sl OLIHOK, [0 aJeKBATHO OMUCYIOTh CTAHU PEXKH-
MIB €JIEKTPOCIOKHUBAHHS. 3alPOIIOHOBAHO OIKC PEXUMIB EISKTPUYHUX HaBAaHTAKEHb UL eNEKTPONPHUIMAdiB 3 HEOJHOPIA-
HHUM XapaKkTepoM poOOTH y BUIIISAI OaraTopiBHEBOIT aUTHBHOI MOJIEII.

Sinchuk O., Guzov E., Parkhomenko R., Kharitonov O. Assessment processes of electric energy consumption
electroreceivers mine networks in conditions of incomplete information

The article presents the results of studies to assess the status of power consumption in the face of uncertainty and incomplete
information using the methods of "compression™ of information. Describes how to enable under uncertainty and weak in-
formative observable characteristics that determine power consumption process, the fullest use of statistical information for
the initial assessments that adequately describes the mode power consumption. A description of the electrical load conditions
for power consumers with inhomogeneous nature of the work in the form of additive model.

YK 622:621.31

®anmaenko B.H., Pemernsak C.H. O6ocHOBaHHE HCCIICIOBAHUS 3JCKTPOMEXAHUYECKUX PE30HAHCHBIX MPOIIECCOB B pas-
PYLICHUH TOPHOTO MacCcUBa

B pabote nmpezncTaBneHo 000CHOBaHHE HCCIEIOBAHUH 3IEKTPOMEXaHUUECKUX PE30HAHCHBIX MPOLECCOB NMPOTEKAIOUINX HIPH
Ipolecce pa3pylIeHus TOPHOTO MaccHBa Ha IMpHMepe MPOXOoAdecKoro kobaifHa. JIo HEZaBHEro BPEMEHH BCE PE30HAHCHBIE
SIBJICHHS B IEKTPOMEXAHUIECKHX CHCTEMax TOPHBIX MAIlUH SBSINCH KpaifHe BPeAHBIMHU, U pa3pabaThIBaIoCh JOCTATOYHO
6ouIbIIIOe KOJM-YECTBO CIIOCOOOB IO MX TameHuro. Mmes paboThI 3aKiIFOYaeTCSd B HCIOIb30BAHMM SHEPTHH PE30HAHCHBIX
SIBJICHHSI Ha pa3pylIeHHe TOPHOTO MaccuBa. JTa MpobieMa akTyajbHa Kak JJIs OTKPBITHIX, TaK M JUIS IMOJ3EMHBIX TOPHBIX
pabot. Mcnonp30BaHne pe30HAHC-HBIX SIBJICHUH B AJIEKTPOMEXaHWYECKOH CHCTEMe MCIOJHUTEIBHOIO OpraHa ropHoro 006o-
PYZIOBaHHMs MO3BOJUT pa3paboTaTh 000PY-JOBaHUS U 3HAYUTEIBHO YBEINYUTH CKOPOCTh pa3pyIleHUs] TOPHOTO MacCUBa, TEM
CaMBIM TOBBICUTH SHEProd(p(eKTHBHOCTE 000-pYAOBaHMs, YTO 3HAYUTEIILHO CKAXETCsS Ha Ce0ECTOMMOCTH IMPOU3BOJUMOM
MPOIYKIIHH.

OpHako mpu paboTe TOPHOTO OOOPYAOBAHUS B PEKMME KOHTPOIHPYEMOTO pE30HAHCA, HEOOXOOMMO JOCTATOYHO JKECTKO
KOH-TPOJIMIPOBATH 3TH PEKUMBI BBHJY TOTO UTO, OECKOHTPOJIBHBIN PE30HAHCHBIN PEKUM NPUBOIUT K PA3PYIIEHHUIO IIEKTPO-
MEXaHH4e-CKOH CHCTEMBI TOPHOTO 000PyJOBaHUS, PEMOHT KOTOPOTO SIBIISIETCS JOCTATOYHO 3aTPATHBIM.

Pemenue npeacTaBieHHON 3a1a4d MO3BOJIMT CHU3UTH Ce0ECTOMMOCTD NMPOM3BOJICTBA MPOAYKIIMH, 33 CUET CHIDKEHHUE 3aTpaT
Ha MOTpeOIeHNe JIEKTPUUECKOW HEPTHH, U TOBBIMICHHUS CPOKa CITyKOBI OTAENBHBIX 3JIEMEHTOB KOHCTPYKIMH MPOXOIde-
CKOro KoM-0aiiHa.

®dammniaenko B.H., Pemernsak C.H. OOGrpyHTyBaHHS JOCITI/PKEHHs €JIEKTPOMEXaHIUHUX PE30HAHCHUX IPOIECIB y PyHHY-
BaHHI T1pPCHKOTO MacCHBY

VY poboti mpeacTaBIeHO OOIPYHTYBAaHHS NOCHTIKEHb €JIEKTPOMEXaHIYHUX PE30HAHCHUX MPO-IECiB, SKi MPOTIKAIOTH MPH
npoI1ieci pyHyBaHHA TipCHKOTO MacHBY Ha MPHKIAi MPOXiTHUIBKOTO KoOaliHa. Jlo HeaBHROTO Yacy BCi pe30HAHCHI SBUINA
B €JIEKTPOMEXaHIYHUX CUCTEMax TipHUYMX MAIIWH OyIH BKpai IIKi[UIMBIMH, 1 PO3POOISIIOCS JOCUTh BEJMKA KiIBKICTh CIIO-
c00iB 10 iX raciH-Hio. Ines po6oTH mossirac y BUKOPUCTaHHI €Hepril pe30HaHCHI sIBHINA HAa PYHHYBaHHS TipCHKOTO Ma-CHBY.
Ll mpoOnema akTyanbHa SK JUISL BIIKPUTHX, TaK i Ui MiA3€MHUX TipHUYMX POOIT. BUKOpU-CTaHHS PE30HAHCHMX SBHUI B
SJIEKTPOMEXaHIYHI CHCTEMi BHKOHABYOTO OpraHy TipHHYOro oOnaJ-HaHHS JO3BOJIUTH PO3POOUTH OONaJHAHHS i 3HAYHO
301IBLINTH MIBUKICTh PYHHYBaHHS TipCbKOTO MacHBY, THM CAMHM ITIiIBULINTH eHEProe(eKTHBHICTb 00IaIHAHHS, 110 3HAY-
HO TIO3HAYUTHCS Ha COOIBAPTOCTI BUPOOIICHOT IMPOTYKIIii.

OpnHak npu poOOTI TipHUIOTO OONATHAHHSA B PEXHUMI KOHTPOJIHOBAHOTO PE30HAHCY, HEO0O-XITHO TOCTATHBO >KOPCTKO KOHT-
POJIOBATH IIi PEXXHUMH OTJISAY Ha T€ IO, OE3KOHTPOJIBHUN Pe30-HAHCHUI PEKUM MPU3BOAUTE IO PyHHYBAaHHS eIeKTpoMeXa-
HIYHOT CHCTEMH TipHUYOTr0 00IaHAHHS, PEMOHT SIKOTO € JOCHTh BUTPATHHM.

PimenHs npencrasieHoi 3a1a4i JO3BOJIUTH 3HU3UTH COOIBapTICTh BUPOOHUIITBA MPOAYKIIIi, 38 PaXyHOK 3HIKEHHS BUTPAT Ha
CIOXKHBaHHS €IEKTPUYHOT SHEeprii, i MiABUILIEHHS TEPMiHY CITY)XKOH OKPEMHX eJIeMEHTIB KOHCTPYKIii MPOXiAHUIBKOIO KOM-
GaitHa.

Fashilenko V., Reshetnyak S. Rationale of the study the electromechanical resonance processes in the destruction of the
mountain massif

Abstract: the paper presents the justification for the research based Electromechanical resonant processes occurring during
the process of destruction of rock mass on the example of tunneling Cobain. Until recently, all the resonance phenomena in
Electro-mechanical systems of mining machines was extremely harmful, and developed quite a number of ways according to
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their cancellation. The idea is to use the energy of the resonance phenomena on the destruction of the mountain massif. This
problem is relevant for both open and underground mining. The use of resonance phenomena in the Electromechanical sys-
tem of the Executive body of the mining equipment will develop equipment and significantly increase the speed of failure of
rock mass, thereby to increase the efficiency of equipment that would significantly affect the production costs.

However, if you run mining equipment in the controlled resonance to tightly control these modes due to the fact that un-
controlled resonant mode leads to the destruction of Electromechanical systems of mining equipment, the repair of which is
quite costly.

The presented solution allows to reduce the cost of production, due to the cost reduction on the electrical consumption and
increase the lifetime of individual structural components road headers.

YAK 621.311.086.5

Crenanenxo B.II. [ToBsienne 3HeproahHeKTUBHOCTH M PECYpCOCOSPEKEHHUS Py JHUIHOTO IEKTPOBO3HOTO TPAHCIIOPTA
PaCCMOTpeHLI CIIOCOOBI TIOBBIIICHUS 3Hepl"03(b(1)eKTI/IBHOCTI/I u pecypcoc6epe>1<eHI/m PYAHUYHOI'O 3JICKTPOBO3HOI'O TPAHCIIOP-
Ta C UCIIOJIb30BaHUEM HAKOIHUTEICH OHEPTUU. Onpez[eneH},I SHCPTOEMKOCTb, MOIITHOCTH U MECTa PasMEIICHU CYIICPKOHACH-
CaTOPHBIX U l"I/I6pI/IﬂHLIX HaKOITUTEIIEH Ha PYAHUYIHOM 3JICKTPOBO3HOM TPAaHCIIOPTE. FI/I6pI/I£[HLIe HaKOITUTEIN PEKOMEHIAYETCA
YyCTaHaBJIMBAaTh Ha 3JICKTPOBO3ax IPU IMUKOBBIX HArpyskKax B 4-7 pa3 MpeBbIMIAIIUX CPEAHEC 3HAUCHUEC. YCTaHOBJ'IeHO, qTo
NpUMEHEHHEe HAKOIHUTENeH SHEPTUHU MO3BOJIUT YMEHBIIUTh PacXoh 3Hepruu Ha 15-20% ¥ CHM3UTH KaluTalbHBIE 3aTPaThI.
Bonbmas gacts, npuMepHo10- 12%, cHIOKEHHUS pacXo/a HEPTuH OyAeT MOIyueHa B CHCTEME TATOBOTO IEKTPOCHAOKEHMS.
CHIDKEHNE KAITUTAIBHBIX 3aTpar 6y/:[eT JOCTUTHYTO 3a CUET YMCHBIICHUS NJIMHBI KOHTAKTHBIX CeTeﬁ, KOJIM4YECTBA IMOACTAaH-
Ui 1 37eKTpoBO30B. [loTepn sHeprun Ha OYKCOBaHHME 3a CUET YBENUYEHUS JKECTKOCTH XapaKTEPUCTUK PYIHHUYHBIX HIICK-
TPOBO30B MO’KHO CHU3UTH Ha 3-5%.

Crenanenxo B.II. [Tixumenns eHeproeeKTHBHOCTI Ta pecypco30epekeHHs] pyAHHKOBOTO €IEKTPOBO3HOTIO TPAHCHIOPTY
PosrnsHyTo criocoOu miIBUINCHHS eHEProeHEKTHBHOCTI Ta peCypco30epeKCHHS PYJAHUYHOTO EICKTPOBO3HOTO TPAHCIIOPTY 3
BUKOPHUCTaHHAM HaKOHI/I‘-IyBa‘-IiB eHepri’f. Busnaueno eHepFO€MHiCTL, HOTy)KHiCTL i MiCL[S{ pO3MiH_[eHH$[ CYIIEPpKOHAEHCATOP-
HUX 1 riOpUIHUX HAKOMMYYBAaYiB HA PYyJHUKOBOMY €JIEKTPOBO3HOMY TpaHCHOPTI. ['iOpHIHI HaKOMIUyBadi PeKOMEHIYETHCS
BCTAHOBJIIOBATU Ha €JIEKTPOBO3aX MPHU MIKOBUX HABAHTAXKECHHSX B 4-7 pa3iB MEPEBUILYIOTh CEpeHE 3HAYCHHS. BcTaHOBIEHO,
IO 3aCTOCYBAaHHS HAKONMYyBadiB €HEprii JO3BOJIMTH 3MEHIIUTH BUTPATy eHeprii Ha 15-20% 1 3HU3UTH KamliTalabHI BUTPATH.
Benuka gactuna, npiMepro10- 12%, 3HIKEHHS BUTpaTH €Heprii OyAe OTpHMaHa B CHCTEMI TSATOBOTO €IEKTPONOCTAYaHHS.
SHIKEHHS KalliTalbHUX BUTpAT 6y,ue JOCATHYTO 3a paxXyHOK 3MCHIICHHA NOBXWHHU KOHTaKTHHUX MCEPEK, KIJIBKOCTI HiZ[CTaH-
1iif 1 enekTpoBo3iB. Brpatn eHeprii Ha OykCyBaHHS 3a paXyHOK 301IBIIEHHS XKOPCTKOCTI XapaKTEPUCTHK PYAHUYHHX €JIEKT-
POBO3iB MOKHA 3HU3UTH Ha 3-5%.

Stepanenko V. P. Improvement of energy efficiency and resource saving mine electric locomotive transport

Methods for increasing energy efficiency and resource saving mine electric locomotive transport using energy storage. De-
fined energy, power and placement supercondensators and hybrid drives for mine electric locomotive transport. Hybrid
drives are recommended to be installed on the locomotives at peak loads in 4-7 times greater than the average value. It is
established that the application of energy storage will reduce power consumption by 15-20% and reduce capital expenditures.
The best part, mpumepro10 - 12%, reducing power consumption is obtained in the traction electric supply system. Reduction
of capital costs will be achieved by reducing the length of contact networks, number of substations and electric locomotives.
Energy losses due to slipping due to the increase of stiffness characteristics of the mine electric locomotives can be reduced
by 3-5%.

VK 621.316.925:622.82

Iupoxenko A.B., [Tupo:xkenko T.B., [lerpuuenko A.A. ExcriepuMeHTansHe OOTPYHTYBaHHS OCHOBHHX BHMOT JI0 3ac00iB
3aXHCHOTO BUMHKAHHS KOHTAKTHUX MEPEX EICKTPOBO3HOI BiIKATKH 3ai30pyIHHX LIAXT BiJ| MOXKEKOHEOE3MEUHHX TYTOBHX
3aMHKaHb

AHai3 NPUYUH MOXXEX B HACTIOK JyTOBUX 3aMHKaHb B IIAXTHUX €JIEKTPUYHHUX MEPekKax Ta eIeKTPOYCTaTKyBaHHI MOKa3ye,
o Oiys MOJOBMHM 3 HMX IPHIAJa€ HAa KOHTAKTHY €JIEKTPOBO3HY BikaTKy. OCHOBHOIO NPHYMHOIO KPUTHYHOTO CTaHy IO-
JKEXKHOI Oe3MeKH 3aTi30pyJHHUX LIAXT ITiJ] Yac eKCILUTyaTalil eJeKTPOBO3HOT BIIKATKH CJIiJl BBAXKaTH BIICYTHICTh OOTpyHTOBA-
HHUX BHMOT JI0 3aC00iB 3aXMCHOT'O BUMHKAaHHs KOHTAKTHUX MEPEeX BiJl MOKE)KOHEOEe3eUHUX TyTOBHX 3aMHKaHb 110, B CBOIO
gepry, TabMye iX po3poOKy. Bizomi nmocmimkeHHs 0Xex)00e3MeKd KOHTaKTHIX MEpeX Oy BUKOHAHI U1 YMOB BYTUTBHUX
[IAXT i He MOXYTh OYTH MOUIMPEHi Ha 3ai30pyIHI MaxXTH, €, Ha BiIMiHY BiJl ByTUIbHIX, KOHTAaKTHOIO BiJIKATKOIO TPAHCIIOP-
TY€ThCS BEJIMKA KUTBKICTh BHOYXOBUX PEYOBHH 1 iCHY€e peanbHa HeOe3meka iX 3aiiMaHHS MiJ 4ac aBapiiHUX CHTYyaIliil B KOH-
TakTHI Mepexi. KpiM Toro, cydacHi kepoBaHi HaIiBIIPOBITHUKOBI TATOBI MEPETBOPIOBAYl MaIOTh 3HAYHO OLIBII KOPCTKILTY
BOJIBT-aMIIEPHY XapaKTePHCTHKY, BHACIIIOK YOT0 301IBIINIOCH 3HAUSHHSI MOCTIHHOT 1 3HU3UIIOCHh 3HAUCHHSI 3MIHHOT CKIIa/10-
BHUX BI/Il'[pﬂM.]'leHO.l. HaImpyru, 1o npu3BoauTh 10 3HMXKCHHS BEJIMUNHA MiHiMaHbHOFO CTyMY, 34aTHOTO l'li}lTpI/lMyBaTI/l FOpiHHﬂ
JIyTH.

J1n1st MOXKITHBOCTI MPOBECHHS JOCIIKEHb OyB PO3po0iIeHNi crielialibHU# CTeH, SIKMH T03BOJISIE 3MIHCHUTH HATYpHE MOJIe-
JIFOBaHHS TyTOBUX 3aMHKaHb. BH3Ha4YeHI BOJIBT-aMIIEpHI XapaKTEPUCTHKHU EIEKTPUYHOI AyrH MPH pi3HUX ii ToBKHHAaX. Bera-
HOBJICHO, IO MiHIMaJIbHUH CTPYM, IIPHU SIKOMY CIIOCTEPIraeThCs CTifKe TOPiHHS IyTH, CKiagae 2-3 A mpu goBxuHi nyru 5-10
MM.

JocnimkyBaiuch HaHOLTBIT JIETKO3aMICTI MaTepialld, IO 3HAXOAATHCS y BIAKOTHHX BUPOOKaxX: mpomaciieHa Oymara Opo-
HBOBAHOT'O Kabento, IpiOHi AepeB'siHi TPICKH Ta HaO1IbI HeOe3NneyHi 3 TOYKH 30py 3aiiMaHHs - BUOYX0oBi peuoBuHH. OTpH-
MaHi T'paHHYHI CTPYMOYacoBi XapaKTepPHCTHUKH 3aliMaHHs MaTepiaiiB, L0 BUIIPOOyBaiuch. BU3HaueHa moxkexoOe3neyHa
CTPyMOUYacoBa XapaKTepHCTHKA, CPOPMyYIbOBaHI OCHOBHI BUMOTH 0 3aCO0IB 3aXMCHOT'O BUMHKAHHS LIAXTHUX KOHTAKTHUX
MEpeX BiJl MOXKEeKOHEOE3NEYHUX TyTOBHX 3aMUKaHb.
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IInpoxenko A.B., [Iupoxenko T.B., Ilerpuuenko A.A. DKcrepuMeHTanbHOE OOOCHOBAHHE OCHOBHBIX TPEOOBAaHHH K
CpEACTBAM 3AIIUTHOI'O OTKIHOYCHUSA KOHTAKTHBIX ceTer 3J'I€KTpOB03H0ﬁ OTKATKH JKEJIC30PYAHBIX HIAXT OT IOXKapOOMNaCHBIX
JIyTOBBIX 3aMbIKaHUH

Anamuz NPpUYUH MOXKApPOB B CJICACTBUC TYI'OBBIX 3aMBIKAHUHA B IIAXTHEIX QJICKTPUYICCKUX CETAX U 3J'IeKTp0060py,Z[OBaHI/II/I
IMOKAa3bIBA€T, YTO OKOJIO MNOJIOBUHBI M3 HHUX IPUXOAUTCA Ha KOHTAKTHYIO 3JICKTPOBO3HYHO OTKAaTKy. OcHoBHOI HpI/I‘«II/IHOfI
KPUTUYECKOTO COCTOSITHUSA r[o>1<apH0171 0e30I1aCHOCTH JKEJIC30PYAHBIX MIaXT BO BPEMsI SKCILTyaTallunu 3J'IeKTpOB03H0171 OTKaTKH
CJIEAYET CUHUTATh OTCYTCTBUC 000CHOBaHHEIX TpeﬁOBaHI/Iﬁ K CpEACTBaM 3alllUTHOI'O OTKIIFOYEHHSA KOHTAKTHBIX ceTelt oT mo-
’KapOOTACHBIX AYTOBBIX 3aMBIKaHHI YTO, B CBOIO OUEpeab, TOPMO3UT UX Pa3pabOTKy. M3BecTHBIE HecnenoBaHus MOXKapooes-
OITACHOCTH KOHTAKTHBIX CETEH OBIIH BBITOJHEHBI I yCHOBI/Iﬁ YroOJIbHBIX IIAXT U HE MOT'YT OBITH pacnopoCTpaHCHBI Ha XKEJIC-
30pyIHbIE IAXTHI, I7Ie, B OTIMYHE OT YrOJbHBIX, KOHTAKTHOW OTKAaTKOM TpaHCIIOPTUPYETCS OOJBIIOE KOJUYECTBO B3pHIBYA-
THIX BEILECTB U CYIIECTBYET pealibHasl OMMaCHOCTh UX BO3TOPAHHUS BO BpeMsI aBapUHHBIX CUTYallii B KOHTaKTHOH cetu. Kpo-
M€ TOr'0, COBPEMEHHBLIC YIIPABIIACMBIC ITOJYIIPOBOAHUKOBBIC TATOBBIC npe06pa3013aTenH HMMEIOT 3HAYUTEIILHO 00jIee JKECTKYIO
BOJIBT-aMIIEPHYIO XapaKTCPUCTUKY, BCICACTBUE YEI0 YBCIUYUIOCH 3HAYCHUC TOCTOSIHHOM M CHU3HIIOCH 3HAYCHUE TNIEPEMEH-
HOU COCTaBJIIOIIMX BBINPIAMIICHHOTO HAIIPSKECHUSA, YTO ONPUBOJAUT K CHMKCHHUIO BEJIMYMHBI MUHUMAJIBHOTO TOKa, CIIocoOHO-
TO0 NOAACPKUBAThL TOPCHUE OYT'U.

I[J'[S{ BO3MOJKHOCTH ITPOBEACHUS I/ICCJ‘IC,Z[OBaHI/Iﬁ OBLI pa3pa60TaH CHCI_[I/IaJ'IBHHﬁ CTCH/, KOTOpBIﬁ TIO3BOJIAET OCYLIECTBUTDH
HaTypHOE MOJETHPOBaHHE TYTOBBIX 3aMbIKaHUK. OmpeesieHs! BOJbT-aMIIEPHbIE XapaKTEPHCTHKH 3JIEKTPHYECKON AyTH Ipu
Pa3NUYHBIX €€ UIMHAX. Y CTAaHOBJIEHO, YTO MUHHMAIBHBIN TOK, IPU KOTOPOM HAOIIONAeTCsl YCTOMYMBOE FOpEHUE AYTH, CO-
ctaBisieT 2-3 A npu umHe ayru 5-10 Mm.

HCCJ’IeL[OBaJII/ICL HanboJiee JIETKOBOCIUIAMCHSIOIINUECS MaTE€pUallbl, HAXOAAIUECA B OTKaTOYHBIX BLIpa6OTKaXZ IpomMaciiCHHasA
6yMara 6p0HI/Ip0BaHHOF0 Ka6en${, MCJIKHUE NE€PEBAHHBIC HICTIKU U HanboJiee OIacHEIE C TOYKH 3pE€HUA BO3ropaHus — B3pbIBYaA-
ThIC BCIICCTBA. HOJ‘Iy‘-IeHHI)Ie MPEACIbHBIE TOKOBPEMEHHBIC XaPAKTECPUCTHUKU BOCIIJIaMCHCHUSI HCIHBITYEMBIX MaTCpUAJIOB.
Ompenenena noxapoOe30macHasi TOKOBPEMEHHAsI XapaKTepHCTHKA, c(hOPMYINPOBAaHbI OCHOBHBIE TPEOOBAaHUS K CPEICTBAM
3alIUTHOTO OTKJIIFOYCHUA MIAXTHBIX KOHTAKTHBIX ceTer oT T1OKapooIraCHbIX AYTI'OBbIX 3aMBIKAHUH.

Pirozhenko A., Pirozhenko T., Petrichenko A. Experimental substantiation of the basic requirements to means of protec-
tive disconnecting of contact networks of electric haulage of iron ore mines from arc circuit hazardous in respect of fire
Analysis of the causes of fires in the result of arc circuits in mining electrical networks and electrical equipment shows that
about half of them are contact electric haulage. The main reason for the critical condition of fire safety iron ore mines during
the operation of electric haulage should be considered a lack of justification of requirements to the means of protective dis-
connecting of the contact networks fire hazard from arcing faults, which, in turn, hinders their development. Well-known
researches of fire-dangerous of contact networks were executed for the terms of coal mines and can not be widespread on
iron-ore mines, where, unlike coal, a contact haulage is transport plenty of explosives and exists the real their ignition hazard
during emergency situations in a contact network. In addition, the modern controllable semiconductor hauling traction con-
verters have more hard current-voltage characteristics considerably, as a result the value of permanent increased and went
down a value over of the variable component straightened tension, that brought to the decline of sizes of minimum current
able to support burning of arc.

For research was developed by a special stand, which allowed the modeling of natural arc fault. Defined current-voltage
characteristics of electric arc in various lengths. It is established that the minimum current at which there is a persistent arc-
ing is 2-3 A when the arc length of 5-10 mm.

Was studied the most flammable materials that are in mine haulage: oiled paper armored cable, small wood chips and the
most dangerous from the point of view of fire — explosives substances. We obtain limit time-current characteristics of the
ignition of materials that were tested. Determined fireproof time-current characteristic, sets out the basic requirements for
means of protective switching-off mine contact networks from flammable arcing circuit.

YK 621.316.728

EBtymenko JI.I', Bsanoop:xkecbknii O.B. KoMm6iHOBaHa crcTeMa KEepyBaHHS aCHHXPOHHUM T€HEPATOPOM 3 KOMIICHCAIIED
PEaKTHBHOI MOTY)XKHOCTI y BY3JIi €JIEKTPUYHOT MepesKi

B poGoti Ha mizcTaBi aHANi3y TEOPETUUHMX IMTIIXO/IB 1 TEXHIYHUX DillleHb, BUKJIQJACHUX Y BIJOMUX MYyOJiKaIlisiX, MOCTaBIeHa
3a7a4a po3pOOKH CXEMH YIPaBIiHHSA aCHHXPOHHHUM IeHepaTopoM. I eHepaTop BXOAUTH J0 CKJIaay KOMIUIEKCY 3 aBTOHOMHHUM
IHBEpTOPHUM TIEpPETBOPIOBaueM, IO 3a0e3meuye MATPUMKY PEaKTHBHOTO CTPyMY TeHepaTopa (30yIKeHHs), KOHIEHCATOP-
HUM HAKONMYyBayeM, iHBEPTOPOM BEICHHM MEPEKEI0 U YIPaBIiHHA BiJjladel0 aKTHBHOI MOTYXHOCTi. OOIpyHTOBaHO
BUKOPHCTaHHS MEPEKEBOTO IepeTBOpIoBaya (iHBEpTOpa BEIEHOTO MEPEKEI0) KOMIUIEKCY TeHepallii eHeprii A yrpaBIiHHSI
MOTOKOM aKTHBHO{ 1 HEaKTHBHOI CKJIQJIOBHX MOTY)KHOCTI, II0 MPH3BOANUTH IO 3HIKEHHS PiBHS HEAKTHBHIH MOTYXXHOCTI y
BY3J1i Mepexi. BinzHa4ueHo, 10 oTpuMaHa CTPYKTypa CHCTEMH Mae€ MEeBHY CHMETPIIO I1[0JJ0 KOHICHCATOPHOr0 HAKOMUYyBaya,
siK 3 rpadivHol MO3MLIT, TaK i 3 MO3UIi HANPSIMKY IEPETBOPEHHS EHEPTii peaKTHBHOTO XapaKTepy.

EBtymenko JI. I'., Banoop:keckuii A.B. KomOnHupoBaHHast cucTteMa ynpaBlieHUs aCHHXPOHHBIM F€HEPATOPOM C KOMIIEH-
canuei peakTUBHON MOIIHOCTH B Y3JI€ 3JIEKTPUUECKON CETH

B pabotre Ha OCHOBaHHMM aHAIM3a TEOPETUIECKUX MOAXOI0B U TEXHHUIECKHX PEIICHIH, H3JI0KCHHBIX B M3BECTHBIX MyOJIHMKa-
IIUSAX, TTIOCTaBJIEHA 3ajada pa3pabOTKH CXEMBI YIPaBICHUSI aCHHXPOHHBIM TeHepaTopoM. ['eHepaTop BXOJHT B COCTaB KOM-
IUIeKca ¢ aBTOHOMHBIM HHBEPTOPHBIM IpeoOpa3zoBaTeneM, 00eCIeunBaomnM HOAIepKaHe PEaKTHBHOTO TOKA TeHepaTopa
(Bo30yXK/IeHNS), KOH/ICHCATOPHBIM HaKOIHTEIEM, HHBEPTOPOM BEIOMBIM CETBIO ISl YIIPABICHHS OTAAueH aKTUBHOM MOIII-
HocTH. OOOCHOBAHO HCIOJIb30BaHNE CETEBOTO MPeoOpa3oBatesisi (HHBEPTOPA BEOMOIO CEThIO) KOMILIEKCA TeHEepaIllni SHEP-
'MA J11 yOnpaBJIC€HUA ITOTOKOM AKTUBHOM M HEAKTHUBHOM COCTaBJIAOIIMX MOIIHOCTH, YTO NPUBOAUT K CHUKXCHHUIO YPOBHSA
HEaKTHMBHON MOIIHOCTH B y3Jie ceTH. OTMEUEHO, YTO MOJYYSHHAsl CTPYKTypa CHCTEMbl UMEET OIPEJIEICHHYI0 CUMMETPUIO
OTHOCHUTECJIBHO KOHACHCATOPHOT'O HAKOIIUTEIA, KaK C r‘pa(bnqe(:l(oﬁ MO3UIHH, TaK U C MO3UIIUN HAIlPaBJICHUA npeo6pa3OBa—
HUS DHEPTUU PEAKTUBHOTO XapaKTepa.
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Evtushenko L., Bialobrzeski O. Combined management system with asynchronous generator reactive power compensation
in electrical network node

The paper based on the analysis of theoretical approaches and technical solutions contained in certain publications, tasked
with developing asynchronous generator control circuit. The generator is part of a complex with an autonomous inverter-
converter, providing maintenance of generator reactive power (excitation), capacitor bank, an inverter driven network to con-
trol active power efficiency. Justified using a network inverter (inverter slave network) complex power generation to control
the flow of active and inactive components of the power, which leads to a reduction in the power level of inactive network
node. It is noted that the resulting structure of the system has a certain symmetry about the condenser drive as a graphic posi-
tion and from the position of the direction of energy conversion reactive nature.

YAK311.1

Bepinze T.M. ®opmyBaHHS NPUHIMIIB i QYHKIIH CTPaTETiYHOr0 MOHITOPUHTY B CHCTEMi CTPATETIYHOTO YIPABIIHHS ITi/II-
PHEMCTBOM

B cratTi HaBeeHi OCHOBHI 3acaay (OPMyBaHHS MPUHIHIIB 1 QYHKIIIH CTpaTEriYyHOTO0 MOHITOPUHTY B CHCTEMI CTPaTEeTidTHOTO
YIIPaBIiHHS MiAPUEMCTBOM. 3a3HadeHi (QYHKIIi Ta MPUHIUIY, SIKUM [TOBUHEH BiIIOBIATH CTpaTeTiYHHH MOHITOPHHT, J10-
3BOJISTIOTH OKPECIIMTH OCHOBHI 3aBJaHHS IIOA0 (JOPMYBAHHS CTPATEriYHOTO MOHITOPHUHTY B CHCTEMI CTPATEridHOTO YIIpaB-
JIHHA H1AOPUEMCTBOM.

Bepuaze T.M. ®opmupoBaHue NPUHIUNOB U (PYHKLIUI CTPaTErn4ecKOro MOHUTOPHUHTA B CUCTEME CTPATErHn4ecKOro yrpas-
JIEHHS TIPENPUATHEM

B crathe npuBeneHb OCHOBHBIE MPUHIUITEI ()OPMHUPOBAHHS MPUHIUIOB M (YHKIMI CTPATErH4eCKOr0 MOHHTOPUHTA B CH-
CTeMe CTPAaTerHYecKOro YIpaBiIeHHs IpeqpHusiTHeM. PaccMOTpeHbI MOoaXoabl K ONPEAEICHNI0 PU3HAKOB KiIacCH(DUKAIUK
NPUHIUIIOB CHCTEMBI MOHUTOpUHTa. OIpeneeHo, YTo CTPaTernueckuii MOHUTOPHHT SKOHOMHUYECKOTO COCTOSIHUS TPEANpH-
STHUS HalleJdeH Ha IIMPOKUH KJIacC NMPUHATHS PEIICHUH YIpaBIEHYECKOI0 XapakTepa YKa3aHHblE (YHKIUH M IPHHIIMIIEL,
KOTOPBIM JIOJDKEH COOTBETCTBOBATh CTPATErMUECKU MOHUTOPHHT, IIO3BOJIAIOT ONPENSIIUTh OCHOBHBIE 3a/1auH 10 (hOPMHUPO-
BAHUIO CTPATETHYECKOTO MOHUTOPHHTA B CHCTEME CTPATETHIECKOTO yIPABICHUS MPEIIPHATHEM.

Beridze T. Formation principles and functions of strategic monitoring in strategic management now

In the article the basic principles of formation principles and strategic monitoring functions in the system of strategic man-
agement. Approaches to classification principles signs monitoring system. Determined that strategic monitoring economic
performance is aimed at a broad class of managerial decisions and principles These functions must meet strategic monitoring,
can outline basic task of forming strategic monitoring system of strategic management.

VK 621.314

Kyiiko B.5., Ocunenko K.C. OcoGnuBocTi Binbopy eHeprii BiJ BiTporeHepaTopa B IMEPEXiTHOMY PEXHUMi OpieHTawii Ha
BEKTOP BITPOBOTO MOTOKY

B crarti posrisiHyTOo 3a0e3neueHHs egekTuBHOI podotn Micro Grid 3a paxyHOK peanizauii BiZOOpy MaKkCHMalbHOI €Heprii
BiJI BiTporeHeparopa. HaBeneHo eKBiBaJIeHTHY CXEMY CHCTEMH eIeKTpOXHBIeHHS. [loka3aHo, 0 B IMpoIieci TOBOPOTY JIoTa-
Tel 1 TOHJONN BiTporeHepaTopa HeoOXiHO Y3Tro/DKyBaTH €KBIBAJICHTHUH BHYTPILIHII Omip BiTporeHepartopa, sSKUH CcKiIana-
€TBCSI 3 OMOPY BTPAT BITPOBOTO MOTOKY Ta BHYTPILIHBOIO OMOPY €NEKTPUYHOTO T'eHepaTopa, 3 OOpOM HaBaHTaXKeHHs. J{is
YTOYHEHHS PiBHS €Heprii, sika Moxke OyTH BiniOpaHa BiJ BiTporeHepaTropa B IpoOIeci HOBOPOTY JIonaTeil Ta TOHJ0JH, 3aIpo-
MO-HOBaHa eKBIiBAJICHTHA CXeMa JKepeda, B sIKiif Hanpyra eKBiBaJIeHTHOTO JpKepeia IPe/ICTaBII€eThCs JTiHIHOI0 QyHKIIE, a
pea-KIis TaHKW BHYTPILIHINA omip-HaBaHTaxeHHS € ¢yHKUiero ['ayca. [Ipyn npoMy BenmMUMHa €KBIBaJICHTHOI HANPyTH BHU3HA-
Ya€eThCS 3 PIBHOCTI MOTYXKHOCTI, sSIka MO>Ke OyTH BifiOpaHa BiJ BITPOBOTO IOTOKY, Ta MOTYXXHOCTI JPKepelia 32 YMOBH poOOTH
B peXUMi BimOopy MakcuManbHOi eHeprii. [loka3aHo, mo BpaxyBaHHS JIiHIIfHOT 3MiHH piBHS €HEprii BiTPOBOTO IMOTOKY i,
BiJITIOBiTHO, HANIPYTH €KBiBAJICHTHOTO JPKEpelia BITPOTeHEpaTOpa B MPOIEC MTOBOPOTY JIOMATel Ta TOHAOJH JO3BOJISIE Mif-
BHUIIUTH PiBEHb CHEPTii, 1110 MOXe OyTH BimiOpaHa Bij BiTporeHeparopa.

Kyiikos B.51., Ocunenko K.C. Ocob6eHHOCTH 0TOOpa SHEPTUH OT BETPOTeHEPaTOpa B MEPEXOTHOM PEKUME OPUCHTAIIMH Ha
BEKTOP BETPOBOTO MOTOKA

B cratee paccmoTpens! obecnieuenust addexTrBHOM padotsl Micro Grid 3a cueT peanmzanuu oT60pa MaKCUMAabHOH 3HEP-
TMU OT BeTporeHeparopa. [IpuBejeHbl SKBUBAIICHTHYIO CXeMY CHUCTEMBI JIeKTponuTanus. [lokazaHo, 4To B Ipolecce MoBo-
poTa JionacTteil M TOHIOJBI BETPOTEHEpaTopa HEOOXOAMMO COIVIACOBBIBATH IKBHUBAJICHTHBI BHYTPEHHEE CONpPOTHBICHHUE
BETPOr€HEPaTopa, KOTOPBIH COCTOMT U3 COMPOTHBIICHHS TOTEPh BETPOBOT'O MOTOKA U BHYTPEHHETO COMPOTHUBIICHHS 3JIEKTPH-
YEeCKOT0 T'eHepaTopa, ¢ COMPOTHUBICHHEM Harpysku. JJisi yTOYHEHHUs ypOBHS SHEPIHH, KOTOpas MOXeET ObITh 0TOOpaHa OT
BETPOreHepaTopa B Mporecce MOBOPOTa JonacTeil 1 TOHI0IbI, MPeUI0KeHa HOBasi SKBUBAJICHTHAs CXeMa MCTOYHHKA, B KO-
TOPOil HaIpsUKEHHE SKBHBAICHTHOIO MCTOYHUKA MPEICTABISETCS JMHEHHOH (yHKIMeH, a pea-Kuus 3BeHa BHYTPEHHEE CO-
IPOTHBJICHHE-HArPYy3KU siBisieTcst GyHkuuend ['aycca. [lpu 5ToM BenMYMHA SKBHBAJCHTHOI HANPsDKEHUs ONpenesseTcs u3
paBeHCTBA MOIIIHOCTH, KOTOPasi MOXET OBITh OTOOpaHa OT BETPOBOTO MOTOKA, U MOLIHOCTH MCTOYHHKA MPU paboTe B peiKHMe
otbopa MakcuMaibHOI sHepruu. [lokazaHo, 4TO ydeT JIMHEHHON U3MEHEHHsI YPOBHS DHEPTUH BETPOBOTO TIOTOKA U, COOTBET-
CTBEHHO, HATIPSHKEHUSI SKBUBAJIEHTHOTO MCTOYHHKA BETPOTEHEPATOpa B MPOLiEcCce IIOBOPOTA JIOMACTE W TOH/IOJBI TO3BOJISET
HOBBICHTh YPOBEHb SHEPTUH, KOTOPBI MOXKET ObITH OTOOpaHa OT BETPOreHepaTopa.

Zhuikov V., Osypenko K. The features of wind generator maximum power selection in tran-sient process of orientation on
wind flow vector

In the article, the efficient operation of Micro Grid by implementing the wind generator maximum power selection is con-
sidered. An equivalent circuit of the power supply system is given. It is shown that in the process of wind generator blades
and gondola rotation it is necessary to coordinate the wind generator equivalent internal resistance, which consists of wind
flow loss resistance and electric generator internal resistance, with load resistance. To precise the level of power that can be
selected from wind generator during the blades and gondola rotation, the source equivalent circuit is offered in which voltage
is represented as a linear function, and response of “internal resistance - load resistance” circuit is the Gaussian function.
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With this, the value of the equivalent voltage is determined from the equality of power, which can be selected from the wind
flow, and source power, provided the operation in mode maximum power selection mode. It is shown that taking into account
the linear variation of the wind flow power and, accordingly, the wind generators equivalent source voltage, in process of
blades and gondola rotation allows to increase the level of power that can be selected from the wind generator.

YIK 621.311.086.5:621.3.001

Cunuyk H.0., I'y30oB 3.C., Bunank M.A. O nepcrieKTUBax MOBHIIIEHAS 3Q(HEKTUBHOCTH (QyHKIIMOHUPOBAHMS KOMILIEKCa:
«QNEKTPOCHA0KEHHE — HNEKTPOTNOTPEOICHHE MOI3EMHBIX JKENIE30PYHBIX TPEAIPHATHI

B crarbe npuBeAEHBI Pe3yJbTAaThl UCCICIOBAHUI IO aHAIM3Y IPAUKOB NEKTPUYECKUX HATPy30K NPHEMHHMKOB FOPHOPYA-
HBIX NPEANPUSATUI C MOA3EMHBIMU CIIOCO0aMU JOOBIYH KENIe30pyHOTO ChIpbs. [okazaHo paszianuue M MPUYHHBI TOPOXKIA-
Io1He pasHUIy GopM rpadMKoB I T€X WINM MHBIX KOHKPETHBIX MPEANPHATHI aHATM3UPYEMOil OTpaciy MPOMBILIICHH OCTH.
OmnpenerneHsl MPUEMHHKU-PETYIISITOPEI TOTPEOIISIEMOI! AIEKTPHIECKOi SHEPIu B (DYHKIINH IEKTPO3HEProdasaHca TOTo MIIH
MHOTO TIpeanpusaTus. [IpenoxkeHbl KOHKpETHbIE HAPaBICHUSI M 0XKHAAaeMble YPOBHH 3P (GEKTHBHOCTH OT MX pealn3aliy B
MPaKTUKY pabOTHI aHATN3UPYEMBIX BUIOB JKEJIC30PYIHBIX MPEIIPUSATHH.

Cinuyk 1. O., I'y30B E. C., Binnik M. A. [lo10 nepcrekTHBY MiBUIICHHS ¢()EKTUBHOCTI (DYHKIIOHYBaHHSI KOMILICKCY:
«@JIEKTPONIOCTAYaHHSI - €IEKTPOCIIOKHBAHHSD) MiA3EMHHX 3AIII30PYAHUX HiIIPHEMCTB

VY cTarTi HaBeAEHO PEe3yabTATH JOCIIKEHb 1010 aHANi3y IpadikiB eNeKTPHYHUX HaBAHTAXKEHb MPUHMAaYiB MpHUYOPYIHUX
MiAMPUEMCTB 3 MII3EMHUMH criocobamu BUAOOYTKY 3ami30pyaHoi cupoBUHM. Iloka3aHO BiAMIHHICTB 1 MPUYHMHH, L0 TOPO-
JOKYIOTB Pi3HHLIO (opM rpadikiB A1 TUX Y IHIIMX KOHKPETHHUX MiIIPUEMCTB aHANII30BaHO]I ramy3i MpOMHUCIOBOCTI. Bu3Ha-
YEeHO MPHUHMadi-perysiTOpU CIIOKUBAHOI €IEKTPUIHOI eHeprii y QyHKIIT eneKTpoeHeprodanaHcy TOro YH iHIIOTO MiAIpPHEM-
CTBa. 3aNpoIOHOBaHI KOHKPETHI HANPSIMKU Ta OYiKyBaHI piBHI epeKTHBHOCTI Bif iX peaiizamii B MpakTHKy poOOTH aHATi30-
BaHUX BHIB 3aJ1i30pYIHHUX HiIPHEMCTB.

Sinchuk 1.0., Guzov E. S., Vinnik M. A. About prospects of efficiency increase the functioning of the complex: «electricity
— consumption» underground iron ore mines

The article presents the results of studies on the analysis of graphs of electrical loads of the receivers of the mining enterpris-
es with underground methods of mining iron ore. Shows the difference and the causes generating the difference of the shapes
of graphs for certain specific enterprises of the analyzed industry. Identified receivers-controllers power consumption in func-
tion of electricity balance of an enterprise. Proposed specific areas and expected levels of performance from their implemen-
tation in practice of work of analyzed species of iron ore mines.

V]IK 621.311:621.331

Pozen B.II., Jemunk $1.M. IlopiBHUIbHMI aHANi3 METONIB NPOTHO3YBAaHHS CIIOXKUBAHHS €JIEKTPOCHEPTii BUPOOHUYUX CHC-
TEM

B naniit cTarTi AOCHIIKYETHCSI BUKOPUCTAHHS METOJIB €KCHOHEHIIANBHOTO 3T KyBaHHS MPOTHO3YBAHHS CIIO>KHBAHHSI
CJIEKTPUYHOI CHEeprii manprueMcTBa XapyoBoi ramysi. OCHOBHOIO METOIO SABJIAETHCS JOCIIIKEHHS BIUIUBY €KCIOHEHIIaIBHO-
T0 3TIaJKyBaHb Ha IPOTHO3YBAHHS CICKTPOCIOKHBAHHS Ta TOYHICTD MPH Pi3HUX MOKAa3HUKAX 3IIIa/KyBaHHA. Bukopucran-
HSl Cy4aCHHX CIOCO0iB 300py iH(opMarlii 103Bosse MpUiMaTH TOYHI pillieHHsA. B Iiif cTaTTi mpeacTaBieHo pi3Hi METOIU
IMPOTHO3YBAaHHSA 3 BUKOPUCTAHHAM CTATUCTUYHUX HaHUX OTPUMaHUX 3aJ0IIOMOTIOIO HpPICTpOYB 360py JaHUuX. )IaHe I[OCJ'Ii-
JOKEHHA NO3BOJIMTH BUKOPHUCTOBYBATU METOJU B IPOCTOMY HpOFHOSyBaHHi npu BI/IKOpI/ICTaHHi CTaTUCTUYHHUX iHCT‘pyMeHTiB.
PeSyJ'II)TaTI/I MOXYTb BUKOPUCTOBYBATHCA B eﬂeKT‘pOGHepFeTI/ILIi IpH MONECPEAHBOMY HpOFHOByBaHHi CIIOKUBaHHA €JICKTPOC-
Heprii. 3anmpornoHOBaHI METOH MOKa3yIOTh SIK MPABHIBHO BUKOPHUCTOBYBATH MOJENTI €KCIOHEHIIAFHOTO 3T KyBaHHS Ta
SIK1 3 HUX SIBJISIFOTHCS HAHOUTBIIT TOYHIIIIUMH.

Po3zen B.II., lemuuk SI.M. CpaBHUTENHHBIH aHAIN3 METOJOB IMPOTHO3UPOBAHHS TOTPEOICHHS eNEKTPOCHEPTHU MTPOU3BO/I-
CTBCHBIX CUCTEM

B I[aHHOﬁ CTaTbC UCCIICAYECTCA UCIIOJB30BAHUE METOOB €KCIIOHCHIUAJIBHOTO CIUIaXKUBAHUS IMTPOTHO3UPOBAHUEC l'IOTpe6J'IeHI/I$[
eJ'[eKTpPI'-IeCKOﬁ CHECPTrUun MNpeaAnpUuiaTUIMnu HI/II].[GBOﬁ OoTpaciiu. OCHOBHOIO OCIbIO ABJISETCA HCCIICI0OBAHHUC BO3I[€ﬁCTBHH
CKCIIOHCHIUAJIBHOTO CIUVIA’)KMBAaHWA Ha NPOrHO3UPOBAHUE eneKT‘pon0Tpe6nelme 1 TOYHOCTH IIPH pa3sHUX IOKA3aTeCIAX Crija-
JKnBaHus. Vcroan30BaHne COBPEMECHHBIX croco0oB c6opa I/IHd)OpMaIII/IH TO3BOJIACT NMPUHUMATL TOYHBIC PUILICHUA. B sroit
CTaThbC NMPEACTABJICHO PAa3HbIC METOAW MPOTrHO3UPOBAHUSA C HMCIOJIB30BAHUEM CTATUCTHYCCKUX HAHBIX MOJYYCHHBIX CIIOMO-
It puOopoB cOopa maHbIX. [laHHOE MCCIeqOBaHME JO3BOJUT HMCIOIB30BaTh METOAU B MPOCTOM MPOTHO3HPOBAHUHU TPH
HCIIOJIb30BAHNN CTATUCTUYCCKUX HWHCTPYMEHTOB. PeSyHLTaTBI MOTYT OBITH HCIIOJIB30BATCS B DJICKTPOIHEPTETUKE TIPU
MpeABIIyIIeM MPOTHO3UPOBAHUN TOTPEOJICHUS 3JIEKTPOdHEpTHH. [IpennokeHHbIe METOABI MOKAa3YIOT Kak MPaBHIBHO HC-
I10JIb30BaTh MOHCJ’Ii €KCITOHCHIUAJIBHOTO CTJIA)KUBAHUA W KOTOPBIC U3 HUX ABJIAIOTCA Hait0oJIee TOYHBIMH.

Rosen V., Demchik Y. Comparative analysis of methods of forecasting of electricity consumption of production systems
This article examines the use of exponential smoothing methods for forecasting electrical energy consumption of the enter-
prises of the food industry. The main objective is to study the impact of exponential smoothing for forecasting of power con-
sumption and accuracy at different rates of smoothing. The use of modern methods of gathering information to enable accu-
rate decisions. This article presents the different forecasting methods using statistical data obtained by data capture devices.
This study will allow to use simple methods in forecasting using statistical tools. The results can be used in the power indus-
try in the preliminary forecasting of electricity consumption. The proposed methods show how to use exponential smoothing
models and which ones are the most accurate.

V]IK 621.337.41

Cunuyk O.H., Yepnas B.O., Uepnslii B.O., IIupo:kenko A.B. MonenupoBanue 3IeKTPUUECKHX MEPEXOAHBIX IIPOLIECCOB B
JJIEMEHTaX 3allUThl IIMPOTHO-MUMITYJIBCHBIX MpeoOpa3oBaresiedl HANMpsHKEHHs TATOBBIX 3JIEKTPOTEXHUUECKUX KOMILICKCOB
MOCTOSIHHOTO TOKa
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B cratpe paccMOTpeHb! cocOOBI 3alUThl TPAH3UCTOPHBIX MOAYJIEH MIMPOTHO-MMITYJIbCHBIX IpeoOpa3oBaTesieii B CTPYKTY-
pax TATOBBIX JJICKTPOTEXHUYECKUX KOMIIJICKCOB. Hpennomeﬂa CXEMa 3alIUThl CHJIIOBBIX MOZ(yJ'ISfI OT NPECBBILICHUSA TOKA.
IIpuBeneHs! pe3ynbTaThl MOJCITUPOBAHUS aBAPHUUHBIX CUTYaLUi B TATOBBIX MOIYTIPOBOJHUKOBBIX IPEOOPA30BATENAX U CXEM
HX 3aIIUTHhI.

Cinuyk O.H., Yepnas B.O., Uepnsiii B.O., IInpoxkenko A.B. MozenmoBaHHs eIeKTPUIHHX TIEPEXiAHIX MPOIECIB B ele-
MEHTaX 3aXHCTy MIMPOTHO-IMIYJIECHUX II€PETBOPIOBAYIB HANpPYTH TATOBHX EJICKTPOTEXHIYHHX KOMIUICKCIB IMOCTIHHOTO
CIpyMy

VY cTarTi pO3MIAHYTI CIOCOOU 3aXUCTY TPAH3UCTOPHHUX MOJAYJIB IIHPOTHO-IMIYJIbCHUX IEPETBOPIOBAUIB B CTPYKTYpax TATO-
BUX €JIEKTPOTEXHIYHUX KOMIUIEKCIB. 3aIIpOIIOHOBAHO CXEMY 3aXHCTY CHJIOBHX MOJIYJIIB BiJ MepeBUIIeHHs cTpyMy. HaBeneno
pe3ynbTaTH MOAETIOBAHHS aBapifHUX CUTYAIlll B TATOBUX HAIliBIPOBITHUKOBUX IIEPETBOPIOBAYAX 1 CXEM IX 3aXHCTY.
Sinchuk O., Chorna V., Chornyi V., Pyrozhenko A. Modeling electrical transients in the security element a pulse width
voltage converter traction electrical complex direct current

The article deals with ways of protecting the transistor modules, pulse width of traction converters in the structures of electri-
cal systems. Existing types of modern protection elements of semiconductor converters help to prevent the development of
disturbances in the power of the electric traction chain, but does not provide complete protection because they do not fully
adapted to the conditions and modes of operation on the electric rolling mine shafts. One of the significant drawbacks of
modern methods of protection of power IGBT modules, which constrain their widespread introduction on mine locomotives
are their high weight and size and cost parameters. The proposed schematic solution to protect the power module from the
emergency operation allows for minimal changes in the structure of the transducer achieve maximum benefit from protection
in the event of the emergence and development of the disturbance. The results of the simulation of emergencies in semicon-
ductor converters of traction and protection schemes.

VK 621.311.4.031

Cinuyk O.M., Boiiko C.M., IOpuenko M.M. [lo MoxiuBOCTeil po30yIOBH CHCTEM €IEKTPOIIOCTAYaHHs I JIIPHEMCTB Tip-
HUY0-BUI00YBHOTO KOMIUIEKCY 3 BKIIIOUCHHSM B iX CTPYKTYPY BITPOCHEPTETHYHUX KOMILIEKCIB

VY cTaTTi pO3IISIHYTO MOTEHIlia] albTEPHATHBHUX DKEPET CHEpriil MIIPHEMCTB TipHUY0-BHAO0YBHOTO KOMIUTEKCy. OOrpyH-
TOBAaHO BUKOPHCTaHHS ENEKTPOMEXaHIYHHX BITPOCHEPTEeTHYHUX KOMIUIEKCIB B CHCTEMax EJICKTPOXKHUBJICHHS IiANPHEMCTB
TipHUY0-BUAOOYBHOTO KOMILIEKCY. 3alpOIIOHOBAHO BIIPOBAKCHHS JIOKAJIBHUX CUCTEM B KOMIUIEKC CTPYKTYP MEPEX €JIeKT-
POKUBIICHHS ITiIIPHEMCTB T'pHIY0-BUI00YBHOTO KOMIDIEKCY Ha 0a3i BiIHOBIIOBAJILHUX JDKEPEI eHepril.

Cunuyk O. H., Boiiko C. H., IOpuyenko H.H. K BO3MOXHOCTSIM pa3BUTHS CUCTEM DIICKTPOCHAOKEHHS TPEANPUATHI TOP-
HO-}IO6I>IB8.IOH.I€FO KOMIIJICKCA C BKIIFOYEHHUEM B UX CTPYKTYPY BETPOIHEPTETUYECKUX KOMILJICKCOB

B cratee PacCMOTPEH NOTCHIHAI aJIbTCPHATUBHBIX HCTOYHHUKOB 3HEPIrUU Hpe)alI/IHTI/Iﬁ I‘OpHO-Z[06I:IBaIOH_[el"O KOMIIJICKCA.
OOOCHOBAHO HCIIOJIB30BAHUE OJICKTPOMEXaHUYCCKUX BETPOIHECPTETUUYCCKUX KOMIIJICKCOB B CHUCTEMaxX OJJIEKTPOIIUTAHUA
MPEANPHUATHH TOPHO-TOOBIBAIONIEr0 KOMIUIEKca. [IpenoskeHo BHEAPEHHE JIOKATBHBIX CHCTEM B KOMIUIEKC CTPYKTYp ceTeit
3JIEKTPONUTAHUS MPENPUATHI TOPHO-TO0OBIBAIOIIETO KOMIUIEKCa Ha 6a3e BO30OHOBISIEMBIX HCTOYHUKOB YHEPTHH.

Sinchuk O., Boiko S., Yurcnenko N., The possibilities of development of power supply systems of enterprises of mining
complex with the inclusion in their structure of wind power complexes

The article examines the potential of alternative energy sources mining and production complex. It justifies the use of elec-
tromechanical wind energy systems of power supply of enterprises of the mining complex. The proposed implementation of
local systems into the complex structures of networks of power supply enterprises of the mining complex on the base of re-
newable energy sources.

YIK: 621.316.1.027

Kyrin B.M., KyTtina M.B. MaremaTruHa MoesTb BU3HAYCHHS pOOOTO3AaTHOCTI 130JIAIi1 pO3-TIOIUTBHUX MEPEX IMOCTIHHOTO
CTpyMy Ta ii aHami3

3anpornoHoBaHa JiarHOCTHYHA MOJIeIb POOOTO3JaTHOCTI 130111 ABOMIPOBIJHUX MEpEeX MOCTIHHOTO CTPyMY, SIKi BUKOPHCTO-
BYIOTBCSl B IIPOMHCIIOBOCTI 1 Ha TpaHcHopTi. BusHaueHi yMOBH po00TO34aTHOCTI 130511 IIUISIXOM aHaNi3y HMepexigHol xa-
PaKTepUCTHKU CTPYMY 4epe3 LIYHTYBaIbHHI 3B'I30K, SKUil Moayiroe Tino oaunu. 1Insxom aHanizy 3armporoHOoBaHOT MO-
JieTi BU3HAUYEHO ONTHMAlbHY (DYHKLIOHAJIBHY XapaKTEPUCTHKY JUIS MPUCTPOIO 3aXMCHOTO BHUMHUKAaHHA. OTpHUMaHO yMOBH
0OMeXeH-HsI CTPyMY B IIEPEXiTHOMY i CTaJIOMY PEXHMIi, @ TAKOK OMOPY i30T IMOIOCIB BITHOCHO 3eMJTi TIPH CUMETPHYHO-
My ii 3HIKeH-HIO. [loka3aHo, 10 EMHICTH MepeKi MOCTIHHOTO CTPYMY BIUTHBAE JIMIIE HAa Yac iCHYBaHHS MEPEXiTHOTO MPOIe-
Cy TIpH IOTHKY JIOAWHH J0 CTpyMoBexydoi yacTHHU. CTpyM depe3 Tijo JIIOJUHN MAa€ MaKCHMAaNbHY BEJIHUIMHY B IEpIINi
MOMEHT JOTHKY. Yac 1ii eNeKTpUYHOTro CTpyMy He OOMEXYEThCS CyMapHUM YacOM CIPAIIOBAHHS IIPHUCTPOIO 3aXHCHOTO BH-
MHKaHHS Ta KOMYTal[iii-HOT0 amnapaTta, 1[0 BUMHKAE JDKEPeNio )KUBIICHHs. Yac NpoTiKaHHs CTPYMY BH3HAYA€ThCs IIe i 4acoM
ICHYBaHHsI 3BOPOTHOI €.p.C. BUMKHEHUX [IBHI'YHIB IMOCTIi{HOTO CTpyMy HaBaHTa)XEHHsS, a 3HAUCHHsS CTPYMYy BH3HAYA€ThCS
3aKOHOM 3MiHHM CHaJaHHs €.p.C. eJIeKTPOJBHUIYHIB MOCTIHHOTO CTpyMy, 110 obOepTaeThes. DyHKIIOHAIBHA XapaKTEPUCTHKA
IPHUCTPOIO 3aXUCHOTO BUMHU-KaHHS MOOY/I0OBaHa 32 BU3HAYCHUMH YMOBaMH POOOTO3/IaTHOTI 13011 1 BUKIIIOUa€ HEBHUIIPAB-
JlaHi BHMHUKAHHS BUCOKOIIPOYK-TUBHUX MAIIHMH 1 MEXaHI3MiB.

Kyrun B.M., Kyruna M.B. Matematndeckass MojieNnb OmnpeaereHuss paboTocrnocoOHOCTH H30JBILIH PACTIPEIETUTEIbHBIX
ceTsiel TIOCTOSTHHOTO TOKA U €€ aHaJIH3

IIpennoxenHass TMarHOCTHYECKas MOJENb PabOTOCIIOCOOHOCTH H30JISIIUH ABYXIIPOBOIHBIX CETEH ITOCTOSHHOTO TOKA, KOTO-
pble MCHONB3YIOTCS B MPOMBIIUICHHOCTH M Ha TpaHcnopre. OnpenesieHsl YCiIoBHs paboTOCIOCOOHOCTH HM30JSIIUH yTeM
aHanm3a MepexoJHONH XapaKTepHCTHKU TOKA Yepe3 LIYHTHPYIOLICIO CBsI3b, MOYIHPYIONICIO TeJIo YeoBeka. [lyrem anamusa
l'[pe}lJ'IO)KeHHOl\/’I MOJCIIN ONpPEACIICHA ONITUMaJIbHAsA d)yHKL[I/IOHaJ'IbHaSI XapaKTCpUCTHUKA U1 yCTpOP’ICTBa 3alMTHOI'O OTKIIIO-
YCHHUS. l_[OJ'[yqubI YCJIOBHA OrpaHUY€HUS TOKA B IIEPEXOAHOM U YCTAHOBUBIIEMCS PEXUME, a TAKXKE COIIPOTUBJICHUS U30JIA-
[IX TIOJIOCOB OTHOCHTEIHHO 3€MIIH TIPH CHMMETPUYHOM €€ CHIDKEeHHH. [Ioka3aHo, YTO €MKOCTh CETH MOCTOSTHHOTO TOKa
BIIMSIET TOJBKO Ha BPEMs CYIIECTBOBAHUS IEPEXOIHOTO IPOIEcca MPH IMPUKOCHOBEHNH YEJIOBEKA K TOKOBEIYINM YacTsIM.
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Tok uepe3 Teyo uenoBeKa MMEET MaKCHMAJIbHYIO BEJIMUMHY B NE€PBbII MOMEHT CONPHMKOCHOBEHMs. Bpems aelcTBus aiiek-
TPUYECKOTO TOKAa HE OTPaHMYMBACTCS CyMMapHBIM BpeMEHEM cpabaThIBaHUS YCTPOWUCTBA 3ALIUTHOIO OTKIIOUCHUS U KOMMY-
TAllMOHHOI'O anmnapara, BBIKIIOYAIIEr0 HCTOYHUK MUTAaHUA. BpeMﬂ MPOTECKAHUA TOKa ONPEALIACTCA €€ U CYIICCTBOBAHU-
cM 06paTH0171 3[[(: OTKJIIFOYCHHBIX HBHFaTeJIefI NOCTOSAHHOT'O TOKAa HAarpys3kKu, a 3Ha4Y€HUE TOKa ONPEACIIACTCA 3aKOHOM U3ME-
HCHU IIaJICHUA QHC 3J'IeKTp0I[BPIl"aTeJ'IeI71 TMOCTOSIHHOT'O TOKa, BpallacTcCs. q)yHKHI/IOHaJ'ILHaH XapakTCpUCTUKa yCTpOﬁCTBa
3allIUTHOI'O0 OTKIIFOYEHUSA IMOCTPOCHA 1O OIPEACICHHBIM YCIOBUAM pa60TOCHOCO6HOCTI/I M30JI0UHU U UCKIIIOYacT HEOIIpaB-
JaHHBIC BBIK/IFOYCHU S BBICOKO-IIPOU3BOJUTEIILHBIX MAllIMH U MEXaHNU3MOB.

Kutyn V., Kutyna M., Mathematical model for determining performance isolation distribution setjan dc and its analysis

The proposed diagnostic model insulation performance two-wire DC networks, which are used in industry and transport. The
conditions of the insulation performance by analyzing the transient response of the current through the shunt connection
modulating the human body. By analyzing the proposed model is defined optimal performance for protective device. Obtain
cur-rent limiting conditions in the transient and steady-state and insulation resistance with respect to the Earth's poles in
symmetric reducing it. It is shown that the capacity of the DC network effect only for the duration of the transition process at
the touch of a person to live parts. The current through the human body has a maximum value at the first point of contact.
electric current time is not limited to the total operating time of protective device, and the switching device turns off the pow-
er supply. current flow time is also determined by the existence of back EMF motor dis-connected DC load current, and the
current value is determined by the law of variation fall EMF DC motor rotates. Functional characterization of protective de-
vice is based on the specific con-ditions of isolation efficiency and eliminates unnecessary high off the machinery.

VIIK 622.625.28-83

Omensuenko O.B., Ynosenko 0.0., Cisinko P.B. [lo nuTanHs BUKOPHCTaHHS JBO(A3HUX ACHHXPOHHHX JIBUTYHIB B TSTO-
BHUX CJICKTPOIIPpUBOJAX MAXTHUX KOHTAKTHUX eHeKTpOBOSiB

V crarTi BUKIa/IeHI pe3yIbTaTd IOCIiIKeHb B HAMIPSMKY ITOIIYKY i CTBOPEHHS Cy4acHOTO 3a CTPYKTYPOIO Ta eHeproedeKTH-
BHOI'O 32 BUJAOM TAT'OBOT'O CJICKTPOIIPUBOAY JI1 PYAHUKOBUX KOHTAKTHUX eJ'IeKTpOBO3iB. HpHBez{eHa HOpiBHSIJ'II)Ha OI_[iHKa
BapiaHTIiB MOMUIMBUX CTPYKTYP TATOBHX ACHHXPOHHHX MPHUBOIIB, BIAMIHHICTh KMX B OCHOBHOMY MOJISiTae B OYIOBI 1 Xapak-
TEPUCTUKAX IHBEPTOPIB HANPYTH EICKTPOIPUBOLY. 3alPOIOHOBAHO MEPCIIEKTUBHE CXEMOTEXHIUHE PILICHHS TATOBOTO €JIeK-
TPONIPHUBOLY 3MIHHOTO CcTpyMy Bapiantom IGBT-iuBepTop — nBodha3sHuil aCHHXPOHHHUH €IEKTPUYHHUE IBUTYH. Taka CTpyKTy-
pa B MOPIBHSHHI 3 TpuGa3HUM BapiaHTOM Mae€ psif IepeBar: MeHIIHH obcsr Ha 35%, yaBidi MEHII BTpaTH €NeKTPOCHeprii,
BapTiCTh KOMIUIEKTYIOUHX MeHIe Ha 10%, HaxifHicTs Buie Ha 33%. [ToMixk THM 17151 BUpIIIEHHS IPOOIeMH eHeproeeKTH-
BHOCTI MPONOHYEMOI'O IMTPUBOAY PEKOMEHAYETHCA BUKOPHUCTOBYBATH METO IIM JUI1 KEpYBaHHS NEPETBOPIOBAYEM 3a 3aKO-
HOM Tpariellil, Tak sK BiH BOJIOJIi€ MCHIIINM CIIOTBOPEHHSIM B MOPIBHSIHHI 3 IHINUMH PO3TISTHYTUMH 3aKOHAMH yIIPABIIiHHS.
Omenbuenko A.B., Yaosenko O.A., Cusinko P.B. K Bonpocy ncnonp3oBanus nByX(a3HEIX aCHHXPOHHBIX ABUTAaTeNei B
TATOBBIX 3JICKTPOIIPHUBOJAX HMIAXTHBIX KOHTAKTHBIX 3JICKTPOBO30B

B craTthe u3noxeHbl pe3ynpTaThl UCCIEAOBAHUN B HANIPABICHUM ITOWCKA U CO3/IaHUS COBPEMEHHOTO IO CTPYKTYpE U IHEp-
r03(pGEeKTUBHOTO MO BUAY TATOBOTO JIEKTPONPHUBOA AJIsi PYJHUYHBIX KOHTAKTHBIX 3JICKTPOBO30B. [IpuBeieHa cpaBHUTEIb-
Hasl OLICHKA BapUAHTOB BO3MOXXHBIX CTPYKTYP TATOBBIX ACHHXPOHHBIX PUBOJAOB, OTIIMYHUEC KOTOPHIX B OCHOBHOM COCTOUT B
CTPOCHHHU U CBOMCTBax HWHBEPTOPOB HANIPSIXKECHUS DJIEKTPOIIPUBOAA. Hpeunoxceﬂo MEPCIICKTUBHOEC CXEMOTEXHUYCCKUE PEIIC-
HUS TATOBOI'O JJIEKTPOIPUBOAA NEPEMEHHOI'O0 TOKa BapUaHTOM IGBT-I/IHBepTOp - I[ByX(baBHI)If/i aCI/IHXpOHHI)Iﬁ DJICKTpUYEC-
CKUH JABHUIaTCIIb. Taxkas CTPYKTYpa 1o CpaBHECHUIO C TpeXd)aBHLIM BapUaHTOM HUMCEECT psAI MPEUMYUICCTB!: MEHBIINI 00bEM Ha
35%, BABOE MEHbILIUE TIOTEPH IEKTPOIHEPTUH, CTOUMOCTh KOMIUIEKTYIOIUX MeHblIe Ha 10%, HanexHoCTh Bble Ha 33%.
Mexay TeM Ui AalbHEHIero yaydmIeHHs MpoOJeMbl 3HEProd(GEeKTHBHOCTH MPEAIaraeMoro MOBOIY PEKOMEHIYETCs
HanOoJee IpueMyIeMbIit 3aKkoH yripasieHus [LI1IM uHBepTOpa - 3aKOH Tpamenny, Tak Kak OH 00JIaJaeT MEHBIINM HCKaKCHHU-
€M I10 PaCCMOTPEHHBIM APYTHX 3aKOHOB YIIPABJICHHUS.

Omelchenko O., Udovenko O., Siyanko R. On the question of the use of two-phase asynchronous motors in the traction
electric drive mining electric locomotive

The article presents the results of research in the direction of the search and creation of a modern and energy-efficient struc-
ture by type of traction electric drive for mine electric contact. The comparative assessment of options of possible structures
of asynchronous traction drive, which differ mainly consists in the structure and properties of the electric voltage inverters.
Proposed perspective circuit solutions traction electric option AC IGBT-inverter - a two-phase asynchronous electric motor.
This structure compared with a three-phase embodiment has several advantages: 35% less volume, is twice smaller power
losses, component cost 10% less, higher reliability of 33%. Meanwhile, to further improve the energy efficiency of the pro-
posed problems about the most appropriate recommended PWM inverter control law - the law of the trapezoid, as it has less
distortion by considering other control laws.

VK 621.314.632

KoabcyH B.A., Pumkenkos /I.B., Makon3s06 B.M., Kyink O.M. AHaii3 Ta JOCTIIKSHHsS SHEPreTUYHHX XapaKTePHCTHK
MePETBOPIOBAYA YaCTOTH CTOCOBHO MEPEXKi )KUBICHHS (POTOSICKTPUIHOT COHSYHOT CTaHIIiT

VY crarTi 10CHiKEHO SHePTeTHIHI TIOKa3HUKH MEpexi KUBJICHHS 3a YMOBH HAsSBHOCTI IHBEPTOPIB ()OTOCTIEKTPUIHHUX COHSIU-
HUX cTaHmiid. Po3paxoBani QyHKIIT CTpyMy Ta Hanpyru TpugasHUX BUMPSIMILIYIB 3 HENiHITHAM HaBaHTaXeHHsIM. [IpoBenena
MOPIBHAJIbHA XapaKTEPHCTHKA CHePreTHYHNX MOKa3HMKIB MepeXi )KMBJICHHS 0€3 BHKOPHCTaHHSA (DiNbTPO-KOMIEHCAIIHHIX
HPHUCTPOIB Ta 3 aKTUBHUMH (LIBTPaMHL.

KoabcyHn B.A., PoikenkoB /I.B., Makoaze6 B.H., Kyink O.H. Ananu3 u nccie1oBaHusi 3HEPreTHYECKUX XapaKTEPUCTUK
npeoOpa3oBaTes YaCTOTHI CETH MUTaHUs (POTOIIEKTPUIECKOH CONHEYHON CTAHIMU

B craTbe uccneoBaHbl YJHEPTETHIECKHE TIOKA3aTeM CETH MMTAHUS MIPU YCIOBHU HATWYNS HHBEPTOPOB (HOTODICKTPUIECKHX
COJIHEYHBIX CTaHIMU. Paccuntanel QyHKIMU TOKa M HANpsHKEHHS TpexX(a3HBIX BBIIPSIMHUTENCH ¢ HEMMHEHHON Harpy3kou.
IIpoBenena cpaBHUTENbHAs XapaKTEPHUCTHKA SHEPreTHUECKUX IIOKa3aTelell CeTH MHUTaHus 0e3 HCIOJIb30BaHUS (HIBTPO-
KOMICHCHPYIOIMINX YCTPOICTB U ¢ aKTHBHBIMH (DHIBTPAMH.
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Kolsun V., Ryzhenkov D., Makodzob V., Kulik O. Analysis and study of energy characteristics of the frequency converter
in relation to the power supply photovoltaic solar plant

In the article the energy performance mains subject to the availability of inverters photovoltaic solar plants. Calculated fea-
tures current and voltage three-phase rectifier with a nonlinear load. Comparative characteristics of the energy performance
of the power supply without the use of filter-compensating devices and active filters.

YK 621.771:517.9

JIsmenko B.II., AnicbkoB O.B. MaremaTiyHa MOZEIb IPOKATKHA TOHKOI 1 HAATOHKOI CTPIYKH i3 TYTOIUIABKUX 1 BaXKKOJe-
(hopMOBaHHX METaIiB

Y po6oTi mpoBeIeHO aHali3 0COOIMBOCTEH TEXHOJIOTI] BUTOTOBIICHHS CTPIUKH 13 TYTOIUIaBKHX 1 BaXKKOIe(OPMOBAaHUX METa-
7iB. 3alponOHOBAaHO MaTeMaTH4HI MOJENi Uil BH3HAYCHHS €HEPrOCWIOBHX MapaMeTpiB IMPOIECy IUTIOMIEHHSA (MPOKATKH)
TOHKOi 1 HAATOHKOI CTPIYKHM i3 TYrOIUIaBKHX 1 Ba)KKOAE(OPMOBAHHUX METAINIB, SIKi O3BOJSIOTH BPaxXOBYBaTH CHJIOBY IO
IHCTpyMEHTa, 30KpeMa BaJIKiB IIPOKATHOTO CTaHy, Ta TEMIIEpaTypHe II0JIe 30HH IiABEICHHs. CTPYMY O CTpiuku. PosrisHyTa
y3arajbHeHa Ta CIPOIIeHI MaTeMaTinyHi Mojerni. [IpoBexeHi ducenbHI eKCIIEPUMEHTH Ta Mo0YyA0BaHi, HA OCHOBI pO3B’SI3KIiB
CIIPOIICHUX 3a/ad, TeMIIEpaTypHi PO3IOAUTH 30HH Jii CTpyMY.

JIsmenko B.II., AnucbkoB A.B. Maremaruueckas MOA€Nb NPOKATKU TOHKOW M CBEPXTOHKOW JICHTBI M3 TYIOILIABKHX U
TPyAHO Ae(hOPMUPOBAHHBIX METAITIOB

B pabote mpoBesneH aHamM3 0COOEHHOCTEH TEXHOJIOTMH M3TOTOBIEHUS JIEHTHI U3 TYTOIIABKUX M TPYIHOAE()OPMHPYEMBIX
Mmeta/uioB. [IpeanoskeHsl MaTeMaTHYECKHE MOJENTH A OHpeeNeHHs >HEPrOCHIIOBBIX MapaMeTPOB MpoIliecca MPOKATKU
(IpOKaTKM) TOHKOH M CBEPXTOHKOH JIEHTHI U3 TYTOIUIABKHUX U TPYAHOAE(HOPMUPYEMBIX METAIIOB, KOTOPBIE MO3BOJISIOT YIH-
TBHIBaTh CHJIOBOE BO3/ICHCTBHE MHCTPYMEHTA, B YACTHOCTH BAJIKOB IPOKAaTHOTO CTaHa, M TEMIIEPAaTypHOE IT0JIe 30HEI IIOBOIA
TOKa K JIeHTe. PaccMoTpeHa 0000IIeHHast 1 YIPOIIEHHBIE MaTeMaTHYecKie Moies. [IpoBeieHHbIe MHOTOYHCIICHHBIE IKCIIe-
PHMEHTHI U IOCTPOSHBI Ha OCHOBE PEIICHUH YIPOIIECHHBIX 3a1a4, TEMIIEpaTypHbIE pacipeIe/IeHUs 30HbI ACHCTBHS TOKA.
Lyashenko V., Aniskov O. Mathematical model of fine and superfine tape rolling from heat resistant and hardto-deform
metals

The article is devoted to the analysis of manufacturing technologies characteristics of tape from heat resistant and hard-to-
deform metals. Mathematical models for defining energy-power parameters of rolling fine and superfine tape from heat re-
sistant and hard-to-deform metals are represented which allow considering the tool force action including mill roll the heat of
current supply zone. Generalized and simplified mathematical models are considered. A number of experiments are held on
the basis of simplified problems solutions, heat distribution of the current zone.

V]IK 622.625.28-83

Cunuyk HN.0., Cemoukun A.B., ®egoroB B.A. O npuHIMIAX MHUHAMAIBHO COYAApSIEMOr0 M MAaKCHMAIbHO TOYHOTO
YIIpaBJICHUS IIEPEMEIIEHUEM BarOHETOK PYIHUYHEIX 3JIEKTPOBO30COCTABOB

IIpu pasrpyske-norpyske MIaxTHBIN JIEKTPOIIOE3 ] NEPEABUTaeTCs PhIBKAMH, IIPU 3TOM B CLEMHBIX YCTPOHCTBAX BO3HUKAIOT
yAapbl, CHIDKAIOIIUE MX CPOK CIYXOBI, 2 TOYHOCTh MO3MIMOHUPOBAHUS OCTABIET JKenaTh Jydmiero. B pabore aBTopamm
BBISABJICHBI 3aKOHOMEPHOCTH IABHWXXCHUSA T10€31a, U BBIBEACHO BBIPAXKCHUE, IO3BOJIAIONIECEC C MHUHUMAJIbHBIMU YylapaMHu B
CHCNKax paCcCYUTHIBATH NEPEMECIICHUE BAarOHETKU B d)yHKIII/II/I TaxorpaMMbl CKOPOCTHU JJICKTPOBO3a, a TAKKE HaJIUYHUSA PYIAbI
B BaroHeTtkax. TOYHOCTH TO3UIIMOHUPOBAHUA BAroHETOK IpHU MEPEMELICHUN Ha 0,6 M COCTaBJIACT I 1-if BaroHEeTKH HE
6outee 4%, a 19 BOCBMOM BaroHeTku — He 6onee 13%.

Cinuyk 1.O, Cromoukin A.B., @®enoroB B.A. [Ipo npuHIMIN MiHIMATBHO COYIApSIOMNXCSA 1 MAKCUMAIbHO TOYHOTO YII-
paBIiHHS EPEMillIeHHSM BarOHETOK PYAHHUKOBOTO EJIEKTPOBO30COCTABOB

IIpu po3BaHTa)KEHHI-BaHTAKEHHI MMAXTHUH EJIEKTPOIIOI3/ IIEPECyBAETHCSA PUBKAMHU, NIPH IIbOMY B 3UiTHUAX MPHCTPOSIX BUHU-
KalOTh yZIapH, IO 3HIKYIOTh IX TEPMiH CITY)XOH, a TOUHICTh MO3UI[IOHYBAaHHS 3aIHIIae OaxaTH Kpamoro. ¥ poOoTi aBTopamu
BUSIBJICHI 3aKOHOMIPHOCTI PyXy 1013712, i BUBEICHO BHpPa3, IIO J03BOJISIE 3 MiHIMAIBHUMHM yJIapaMy B 34EIUICHHI pO3paxoBy-
BaTu nepeMimeHH;{ BaroHETKu B (byHKL[ff TaxorpamMu H_IBI/IZ[KOCTi CJICKTPOBO3a, a TAKOX HasBHOCTI pyau B BaroHETKax. Tou-
HICTh MO3UIIIOHYBAHHS BaroHETOK TpH mepeminieHHi Ha 0,6 M cTaHOBUTH AJst 1-1 BaroHeTku He Oinbiie 4%, a s BOCBMHN
BaroHeTKH - He Oibiie 13%.

Sinchuk 1., Syomochkin A., Fedotov V. About the principles of a minimum collide and a maximum of accurately control of
the movement of trolleys of mine electrical locomotives

The mining train moves jerkily during loading and unloading, that is leading to the strokes in the coupling devices reducing
their service life, and the positioning accuracy is poor. The authors of this science work discovered the regularities in the
movement of the mining trains. They derived the formula that allows with a minimal impacts to the hitch calculate the
movement of the trolleys in dependence of the function tachograms locomotive speed, as well as the presence of ore in trol-
leys. Positioning accuracy when moving the trolleys by 0.6 m is for 1st trolley no more than 4%, and for the eighth trolley -
not more than 13%.

V]IIK 622.625.28-83

Cemouxkun A.B., ®enoroB B.A., CmenoBa JI.B. AHann3 MaTeMaTHYECKHUX TTOIXOI0B U PEIICHUS 3a/1a9d TOYHOCTH MTO3H-
UOHHPOBAHHS BarOHETOK PYAHUYHBIX AJIEKTPOBO30COCTABOB IPH MOTPY309HO PA3TPy309YHBIX OTEPALUIX

B cratke paccMOTpeHBI BONPOCHI YMEHBIICHUS BPEMEHH MOTPY3KH-PAa3TPy3KH AJIEKTPOBO30COCTABOB B CIIEIH(DUIECKUX
YCIIOBHSIX JKEJIe30PYAHBIX MPEANPUATHII C MOJ3EMHBIMU CIIOCOOaMH BEICHHS TOPHBIX PaboT. Y CTaHOBJIECHO, YTO MPH TIOTPY-
304YHO-PA3rpy304HBIX ONEpaLusiX, Ha KOTOpble MPUXOAUTCA OOJIbIIas 4yacTh LUKJIA ABHIKEHHUS JIEKTPOBO30COCTABOB B MOJ-
3eMHBIX TOPHBIX BBIPAOOTKAX, JIEKTPOIOE3/] IEPEIBUraeTCsl PHIBKAMH, [IPU ATOM 3a30pbI B CIICIHBIX YCTPOWCTBaX yXy/Alla-
IOT TOYHOCTh MTO3MLIMOHUPOBAHNS BarOHETOK MO/ MOTPY30YHBIMHU JIIOKAMH, a, CIE0BaTEIbHO, YBEJIMUNBAIOT BPEMsI BBINOJI-
HEHHS 3TOW TEXHOJIOTHYECKOH Omepanuy W, KpOME TOTO, BBI3BIBAIOT yIaphl, CHU)KAIOIINE CPOK CITyKOBI ClIaraeMbpIX COCTa-
BOB. ABTOpPaMH NPOBEICH CPABHUTEIHHBII aHAIN3 PA3TMYHBIX MATEMAaTHIECKUX MOJXOI0OB JUIS PELICHUs 3a/1a9d MHHUMH3a-
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LMY 3TOTO BUJAA YAApOB IyTEM CO3[JaHMs COOTBETCTBYIOLIETO AJIFOPUTMA YNpPABJICHUS TATOBOM JIEKTPOMEXaHMUYECKOW CH-
CTEMOM 3JIEKTPOBO3a. B uncne AHAIIM3UPYEMBIX METOABI: JJIMHHOBOJIHOBOTO HpI/I6J'II/I)KeHI/I$I OETIOYKH CB3aHHBIX OCIUIIIIATO-
PpOB, uAeHTUPUKALNK 00BEKTa YIPABICHUs, TEOPHH ITAHUPOBAHHS YKCIICPHMEHTOB, HEUSTKOTO U HEHPOCETEBOT0 PErynupo-
BaHUs. yCTaHOBJ'IeHO, YTO U3 HUCCICAYEMOro mnepedyHsds METOAOB CICAYET HUCKIIOYUTH METOJ HEYCTKOI'O YIIpaBJICHUSA, a
OCTaJIBHBIC IMOAXO0AbI ITOJJICKAT Ooiee FJ'[y60KOfI Hpopa60TKe JUIA TOCTHXKCHUS IIOCTaBJIICHHOM eI,

Cpomoukin A.B., ®eqoroB B.A., CmenoBa JI.B. AHani3 MaTeMaTHYHHX MiIXO/IB JUIS BUPIIICHHS 3aBJaHHS TOYHOCTI IO-
SI/IL[iIOBaHHSI BaroHECTOK pyAHUYHHUX CJICKTPOBO30COCTAaBOB IIPU BAHTAXKHO PO3BAHTAXYBaJIbHUX onepauiﬂx

V crarTi po3MIAHYTI NUTAaHHSA 3MEHIICHHS 9acy 3aBaHTa)KCHHS-PO3BAHTAXKEHHS eIEKTPOBO30COCTABOB B CIELU(DIYHUX yMO-
BaxX 3aJi30PYAHUX MiANPHEMCTB 3 MIA3EMHUMH CHOCO0aMHU BEIEHHS TipChKUX poOiT. BeTaHOBIEHO, 10 NMpH BaHTaKHO-
PO3BaHTaXYBAIBHHUX ONEpalisixX, Ha AKi punajgae OiplIa YaCTHHA [UKIY PyXy €IEKTPOBO30COCTABOB B MiJ3€MHUX TIPHUYHX
BUPOOKaX, EIEKTPOIOI3 ] IEPECyBaEThCS PUBKAMH, P LIBOMY 3a30PH B 3UIMHUX MPUCTPOSAX MOTIPUIYIOTh TOYHICTH HO3UIIO-
HYBaHHS BaroHETOK ITiJi BAHTQKHUMH JIIOKAMH, a, OTXKe, 301IbIIYIOTh Yac BUKOHAHHS Ii€l TEXHOJIOTIYHOI omepamii i, KpiM
TOTO, BUKIMKAIOTh YAapH, IO 3HIKYIOTh TEPMIH CIIy)KOHM JTOTAaHKIB CKJIaiB. ABTOpaMH NPOBENCHO MOPIBHSUIBHUI aHANI3
pI3HMX MaTeMaTHYHMX IiJXOJIB IUISI PO3B'sI3aHHS 3a/1adi MiHIMi3allii I[bOro BUIY yAapiB OUIIXOM CTBOPEHHS BiAIIOBITHOTO
AITOPUTMY praBJ‘IiHHﬂ TSATOBO1 eJ'IeKTpOMeX&Hi‘-IHOi CHUCTEMOIO C€JIEKTPOBO3a. V umcii aHami30BaHUX MCTOAU: JOBI'OXBUJIBO-
BOT'0 HaOJIVDKEHHSI JIAHITIOXKKA 3B'SI3aHUX OCILIIATOPIB, iMeHTH(iKanil 00'ekTa yrnpaBIiHHS, Teopii IIaHyBaHHS eKCIEPHMEH-
TiB, HEYITKOTO 1 HEMPOCETEBOrO pEryiIoBaHHSA. BCTaHOBIEHO, IO 3 IOCTIMHKYBAHOTO MEPETIKY METOIIB CIiJi BUKITIOYHTH
METO/I HEUiTKOTO YNPAaBIiHHSA, a PelliTa MiIXOAU HiUIAraloTh OiIbIl IIHOOKe OMpamioBaHHS JUIA JOCATHEHHS MOCTaBIICHOT
MCTH.

Syomochkin A., Fedotov V., Smenova L. Mathematical approach to solve the problem in positioning accuracy for mine
trolleys of electric locomotives during loading and unloading operations

This article is about the way to reduce the time required for loading and unloading of electric trains in the specific conditions
of iron ore enterprises with underground mining methods. It was established that during loading and unloading operations,
which account for most of the movement cycle electric locomotives in underground mines, train moves jerkily, with gaps in
the coupling devices which affects the accuracy of positioning of trolleys for loading hatches, and, consequently, increase the
run time of this process step and, in addition, cause bumps which reduce the service life of electric locomotives. The authors
of this article carried out a comparative analysis of different mathematical approaches to solving the problem of minimizing
this type of attacks by creating an appropriate control algorithm of electromechanical electric traction system. Among the
analysed methods: long-wave approximation chain of coupled oscillators, the identification of the object of management,
design of experiments theory, fuzzy and neural network control. It is established that from the list of the tested methods
should be excluded fuzzy control method, and the other approaches that require a deeper study to achieve this goal.

V]IK 681.513.6

Konapartens B.O., Manyii A.M. MeTos aBTOMaTH30BaHOTO KepyBaHH: MOAPIOHEHHIM PYIH KyJIbO-BUM MIIMHOM 3 ONTUMI-
3aMi€0 TUHAMIKH PO3PIIKEHHS ITyJIbITN

Mertoro poboTH € po3poOKka METOAy aBTOMAaTH30BaHOTO KEPYBaHHS MOAPIOHEHHSM PyIH KYJIHOBHMH MIMHAMHU 3 ONTHMI-
3aIi€l0 AUHAMIKH PO3PIIKEHHS MyJIBIIN Ta BKIIOYEHHSAM B IIPOJYKTHBHY POOOTY IMOYATKOBOT IUISTHKM OapabaHa TeXHOJIOTi4-
HO-TO arperata. [locraBieHa MeTa JOCATAaeThCsl aBTOMAaTH30BaHMM KEpyBaHHAM Ha JBOX iepapxiuyHux piBHsX. [lepmmii iepa-
pXid-HUI piBEHb KEPYBaHHS 3MIHCHIOETHCA B MEXax cralinizaiii 3araJbHOTO PO3PiIKEHHS MYyJbH B KyJIhOBOMY MIIMHI 3
3aJaHOI0 TOYHICTIO. JIpyruii iepapXidHUi piBEeHb KEpPyBaHHs pPeali3oBaHO B MeXaxX IEePLIOr0 BHKOPHCTOBYIOUH 3arajibHy
BUTPATY BOJAH y KyJILOBHH MIIMH JJIS JOCATHEHHS 3aJlaHOTO PO3PIMKEHHS ITyJbITH. 3arajbHa BUTPaTa BOAW PO3MOALIAETHCS
MK aJanTHBHIMH KOHTYpPaMH KepyBaHHsS BUTPATOIO BOJIY HA TIOBEPXHIO PY/IH, IO HANPABIAETHCS B MIIMH, B IIPUIMATbHUIM
MPUCTPiii 3aBUTKOBO-TO XKUBWJIbHUKA Ta Oe3MmocepelHb0 B TEXHONOTIUHUI arperaT. OOuaBa KOHTYpH BHKOHAHI ONTHMAIb-
HUMH 1 peati3yloTh peseii-Huil 3aK0H KepyBaHHS. 3aBIaHHA HA PO3PIHKEHHS ITyIbIA HOPMYETHCS aBTOMAaTUIHO B KOKHOMY
IUKJI KepyBaHHsI, aanToBa-HOMY JI0 IIBHAKOCTI PyXy KOHBeE€pHOI cTpiuku. JoBeneHi BCi MOJOKEHHS 1 3aJIe)KHOCTI, Ha sKi
CIMPAETHCS JaHUH METOJ, 30K-peMa, KpUTepil ONTHMAILHOCTI, AJITOPUTMH BU3HAUYEHHS TUIOILI ITOBEPXHI PyXoMoi IpobieHol
PYZH, BUTPATH BOAU Y MPUHMa-JIbHUI NPHUCTPiH 3aBUTKOBOTO KHUBHJIBHHUKA Ta CEPEIHBOT KPYMHOCTI APOOIEHOro MaTepiaiy.
Brepiie 3anpornoHoBaHi 3aneXHO-CTi Ul BU3HAYEHHS KPYMHOCTI APOOJEHOI pyAd B MOTOLI, IUIOIII MOBEPXHI PyXOMOTO
JIpoOJICHOTO MaTepiaty, a TAKOXk CHOCi0 aBTOMaTU30BAaHOTO KEPyBaHHS MOAPIOHEHHSIM Py 3 ONTHMI3AL€I0 AUHAMIKH PO3-
pimkeHHs mynbny. Peamizalis 3anmporoHO-BaHOTO METOIY KepyBaHHs 3a0e3meuye BKIIOUCHHS B MPOAYKTHBHY pOoOOTY moya-
TKOBO{ HITITHKY OapabaHa MIIMHA, IO AOPiB-HIOE Y4-'/3 Horo moBxuHH. Lle rapanTye 301IbIICHHS IPOIYKTHBHOCTI 332 TOTOBHM
HPOJYKTOM /10 7%, 3MEHIIIEHHS BTPAT KOPHCHOTO KOMITOHEHTa 0e3 IepeBUTPaTH eIeKTPHUIHOT eHeprii, Kymib 1 GyTepoBKH.
Konaparen B.A., Manyii A.M. MeTo aBTOMaTU3UPOBAHHOTO YIIPaBIEHUS] U3MEIbUYECHUEM PY/bl IApOB-HBIM MENbHUIIEH €
Ol'ITPIMI/I3aLIl/Iel>’I JAUHAMHUKU pa3pEIKEHUS ITYJIbITbI

Llenbio paboTHI siBNIsIeTCs pa3paboTka METo/Ia aBTOMAaTH3UPOBAHHOTO YIIPABICHUS] U3MENbUCHUEM PY/IbI LIAPOBOH MeNbHUIIS
¢ OnTuMu3aiyeil AMHAMUKH Pa3peXeHHs MyJIbIbI 1 BKIIIOUYCHHEM B ITPOM3BOIUTENBLHYIO PabOTy Ha4albHOTO yyacTka Oapa-
6aHa TexHOJOrNUecKoro arperata. [locraBienHas 1eIb JOCTUraeTCs aBTOMAaTU3UPOBAHHBIM yIIPABJICHUEM Ha IBYX HEpapXH-
YeCKUX YpOBHsIX. [IepBbIil MepapXUUHBIN yPOBEHB YIPABICHHS OCYIIECTBIAETCS B Ipeerax CTaOMIN3aliy 00IIero paspe-
JKEHUS ITyJIbIIBl B MIAPOBOH MEIBHUIIE C 33laHHONH TOYHOCTEIO. BTOpO# Mepapxudeckuii ypoBeHb yIpPaBICHHUS pealn30BaH B
paMKax MepBOTO MCIIONB3Ys OONMIl pacxo] BOJBI B IIapOBasi MEIbHHIA TSI JOCTIDKCHUS 3aJlaHHOTO PAa3pexeHHs ITyJIbIIbL.
OOmwuii pacxo BOJBI PAaCIIpEneNsIeTcss MexXIy afanTHBHBIMI KOHTYpaMH YIIPaBJICHHS PAcX0JOM BOABI HA MOBEPXHOCTH PYy-
Jbl, HAIIPABJIAETCA B MEJIbHULLY, B IPUEMHOC yCT‘pOi’ICTBO 3aBUTKOBOT'O IMUTATECIA U HENMOCPECACTBEHHO B TEXHOJOTUYCCKUM
arperar. O0a KOHTYpa BbINOJHEHbI ONTHMAIBHBIMH M PEANU3YIOT peseiHbId 3aKOH ynpaBieHus. 3ajada Ha pazKIKeHHe
MyJbIbl HOPMHUPYETCS] aBTOMATHYESCKH B KOKAOM IMKJIE YIIPaBICHHUS, aalTHPOBAHO K CKOPOCTH JBM)KEHUS KOHBEHEPHOM
JICHTBI. I[OKa:SaHHbIe BCC IMOJIOKCHUA U 3aBUCHUMOCTH, Ha KOTOPBLIC OIMUPACTCA )laHHbIﬁ METOJZ, B TOM YUC-HOCTH, KPUTCPHUHU
ONITHMAJILHOCTH, aJITOPUTMEI ONPeeTIeHHS IUIONIA N TOBEPXHOCTH MOABIKHON APOOIEHO pyabl, pacXxo sl BOJIBI B IPUHHU-
MaIOIIee YCTPOMCTBO YIUTKOBOTO TUTATENS U CPEAHEH KPYITHOCTH APOOIeHOTro MaTeprana. BriepBrle mpeanoskKeHs! 3aBUCH-
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MO-CTHU AJISI OIpeNesIeHUs KPYITHOCTU APOOJICHOM PyAbI B TOTOKE, IUIOLIAIU TIOBEPXHOCTH MOABIYKHOTO IPOOICHOTO MaTepH-
ana, a Takke CHoco0 aBTOMAaTU3WPOBAHHOTO YIPABICHUS H3MEJIBYEHHEM PYIbl C ONTUMH3ALMEH TUHAMHUKU Pa3peKeHUS
MyJbIbl. Peanusanus npeanokeHHOro MeToja yIpaBieHUs: 00ecTieunBaeT BKIOUEHNE B IPOAYKTUBHYIO pabOTy HauyaJIbHOTO
ydacTka 6apa6aHa MEJIbHUIBI KOPUIOPOB Va-Y5 ero JJINHBI. OT0 TapaHTHUPYET YBCJIUYCHUEC NPOU3BOAUTEIILHOCTHU 3a TOTOBBIM
IpOAYKTOM 0 7%, YMEHBIICHUEC IMTOTEPH MOJIC3HOTO KOMIIOHCHTA 0e3 nepepacxoaa 3JIEKTPOIHEPT UM, ITapOB U (byTepOBKI/I.
Kondratets V., Matsui A. Method automated management ore grinding ball mill optimization dynamics dilution of pulp

The aim is to develop a method for the automated management of ore grinding ball mill optimization dynamics dilution of
the pulp and the inclusion of productive work process initial portion of the drum unit. The goal is achieved automated man-
agement at two hierarchical levels. The first hierarchical level control is carried out within the overall stabilization of pulp
dilution in ball mills with the required accuracy. The second hierarchical level controls implemented within the first using the
total water consumption in the ball mill to achieve a given dilution of pulp. The total water consumption is distributed be-
tween adaptive circuits control water flow to the surface ore sent to the mill, a receiver cranial feeder and directly in the man-
ufacturing unit. Both made optimal contours and implement relay control law. Tasks for dilution of the pulp is generated
automatically in each cycle management, adapted to the speed of the conveyor belt. Proven and all provisions, depending on
which is based the present method, particularly optimality criteria, algorithms determine the surface area of the movable split
ore, water consumption in the receiver cranial feeder and the average size of crushed material. Depending first proposed to
determine the size of the split in the ore flow, surface rolling crushed material and way of automated management grinding
ore dilution dynamics optimization pulp. Implementation of the proposed control method ensures the inclusion of productive
work for the initial portion of the drum mill is equal to %4-Y of its length. This ensures increased productivity for the finished
product to the 7% decrease in losses of useful components without overspending electrical energy balls and lining.

YK 621.3.011.712: 621.3.014.8

CaBuubkuii A.U., Cemoukun A.B., Cemoukuna C.B. MozenupoBaHue CUCTEMbl aBTOMATUYECKOTO YIPABJICHUSI YHEpre-
THUYECKUMU NapaMeTpaMH JJIEKTPOIPHBOJIOB KJIETEH IPOKAaTHBIX CTAHOB

B nanHO# cTaThe MPOBOAUTCS aHAIM3 KO (UIMEHTa MOIIHOCTH, TAPMOHUYECKOTO COCTaBa TOKAa M HAIPSDKCHUS, a TakKe
OLIeHKa MX ypoBHell Ha ocHoBe cranmapta |EEE 519-1992. [lenpto paboThI SBISIETCS OMpPEACieHHEe HEOOX0IUMOCTH MOHHUTO-
pHHTa IapaMeTpoB KauecTBa 3JIEKTPUUECKOH CeTH M TOYEK 3aMEpOB B MPOMBIINUICHHBIX YCIOBHAX 3a CUET BHEAPEHHS CeTe-
BBIX CHCTEM JHMCTaHIIMOHHOTO cOOpa HH(OpPMAIIH. YKa3aHbI TOCIEACTBUS HECOOTBETCTBHS PEaTbHBIX 3HAUEHHH TPeOyeMbIM
craHaapTamu. MoJIeMpOBaHKeE ICKTPOIHEPTETHYESCKOM CHCTEMBI BHIIIOJIHEHO B IporpaMmHoii cpeae Matlab. TTposoaurice
HCCIIeIOBaHMs SHEPIeTHYECKUX MoKa3arenel st 12-ImynbCHON 1 6-IyJIbCHOM CXeM HepeBEPCHBHOI'O THPHCTOPHOTO IPHUBO-
Jla IpU YIIPaBJICHUU OTIIENBHOM KJIEThIO MPOKATHOTO CTaHa. PacCMOTpeH citydail yrpaBiieHus IPOKaTHOM JTuHuen u3 21 kie-
TH, IIPU OAWHAKOBOM YTJIE OTIIMPAHUS Ul BCEX THPHCTOPOB U IIPH COTIACOBAHHOM YIIPABJICHHH C IIOMOIIBIO CIIBUIa MEXIY
yIJIaMd OTIIHPaHUs THPUCTOPHBIX IpeoOpasoBaTeNiel Ul COCeTHMX KIETeH NMPOKaTHOTro cTaHa. JlaHbl peKOMEHIaluH IO
BBIOOPY 3HAYCHUH YIJIOB YNPABIEHHUS, C yIETOM HEOOXOAUMOCTH COOMIONEHNS TEXHOJIOTHIECKUX OTPaHWYEHHH (CoraacoBa-
HHUE ckopocTeil kieteit). Kpome 3Toro pesynsratsl paboTel OyIyT MOJOXKEHBI B PsI MEPONpUATHH 1Mo 3 dekTHBHOMY (ha3o-
BOMY YIIPaBICHUIO paclpee/IeHHBIMU CHIOBBIMU IPeoOpa3oBaTeIsIMH IIPOKATHBIX MPUBOAOB IO NPOMBIIIIEHHOH HH(OP-
MaloHHON ceTH. OTMeueHa 11e1eco00pa3HOCTh MPUMEHEHHs METOJI0B HEYETKOW JIOTHKH ISl COTJIACOBAHHOTO SHEprodd-
(heKTUBHOTO YIpaBJIEHHs OTACIBHBIMH AJIEKTPOIIPHBOJAMH.

CaBunbkuii 0.1, Chbomouxkun A.B., Cbomouknna C.B. MojentoBaHHsl CUCTEMH aBTOMaTHUYHOI'O KEPYBaHHS CHEpreTud-
HHMH NIapaMeTpaMH eJIeKTPONIPUBO/IIB KIIiTel MPOKATHUX CTaHIB

VY naHiit CTaTTi IPOBOANUTHCS aHANI3 Koe(illieHTa MOTYKHOCTI, TApMOHIHHOTO CKIIaay CTPYMy 1 HalpyTH, a TaKOX OI[iHKa iX
piBHIB Ha ocHOBi cranaapty IEEE 519-1992. Metoto poGoTH € BU3HaYCHHSI HEOOXiTHOCTI MOHITOPHHTY MapaMeTpPiB SKOCTi
CJIEKTPUYHOI MEpEeXi 1 TOYOK 3aMipiB B MPOMHUCIIOBHX YMOBaX 3a PaxXyHOK BIPOBAKCHHS MEPEKEBUX CHCTEM IUCTAHIIHHO-
ro 300py iHpopmarii. Bka3aHi HaCHIIKN HEBIAMOBITHOCTI pealbHUX 3HAYCHb HEOOXiMTHUM 3a cTaHmapTamMu. MoJemroBaHHS
eJIEKTPOCHEPTeTHYHOI CUCTEMH BUKOHAHO B IpOrpaMHoOMy cepenoBuiui Matlab. TIpoBomuiucst JOCIIKEHHST eHePreTHIHIX
MOKa3HMKIB JUTsl 12-MyNbCHOT 1 6-TyJIbCHOI CXeM HEepPEeBEpCHBHOTO THPHCTOPHOTO MIPUBOAY HMPH YIPABIiHHI OKPEMOIO KITITTIO
NPOKAaTHOTO CTaHy. PO3MIsSIHYTO BHIAmOK KepyBaHHS HMPOKATHOI JiHi€0 3 21 KIIiTi, IPU OAHAKOBOMY KyTi BiAMHKAHHS IS
BCIX THUPHUCTOPIB i NMPU Y3TO/PKEHOMY YIPABIIiHHI 3a JOMOMOIOIO 3CYyBY MK KyTaMH BiIMHMKaHHS THPUCTOPIB JJIS CYCiIHIX
KJIiTel mpokaTHOro cTany. /laHo pekoMeHaallii 11010 BHOOpY 3HAUYEHb KYTiB YIPaBIiHHS, 3 YPaxyBaHHAM HEOOXITHOCTI 10-
TPUMaHHS TEXHOJIOTIYHUX 00MEeXeHb (Y3ro/KeHHS IIBUAKOCTEH KitiTeit). KpiM mporo pesynbratu podotu OyayTh MOKIAICH]
B psAA 3aXOMiB 3 €EeKTUBHOTO (Ha30BOTO YNPABIIHHS PO3MOIIICHAMH CHJIOBUMH IEPETBOPIOBAUYaMH TPOKATHUX HPUBOIIB
gepe3 MPOMHUCIOBY iHGopMamiiHy Mepexy. BinzHaueHO NOIINBHICTE 3aCTOCYBaHHS METOJIB HEUIiTKOI JIOTIKU IS Y3TOopKe-
HOTO eHeproe)eKTHBHOTO KepyBaHHS OKPEMUMH €IeKTPOIPHBOIAMH.

Savisky O., Semochkyn A., Semochkyna S. Simulation of system for automatic control by energy parameters of the rolling
mill stands' electric drives

This article analyzes power factor, harmonic consist of current and voltage, as well as an assessment of their levels based on
the standard IEEE 519-1992. The aim of the job is to determine the need for monitoring of the quality parameters of the elec-
tricity network and measuring points in the industrial environment through the introduction of network systems for remote
information acquisition. Shown consequences of the discrepancy between actual values and required by the standards. Simu-
lation of the electric power system has been performed in the software environment Matlab. Researches of energy indicators
for the 12-pulse and 6-pulse circuits of irreversibly thyristor drive in the management of individual stand of rolling mill were
conducted. The case of the control of the rolling line from 21 stands at the same opening angle for all thyristors and coordi-
nated management using the shift between the opening angles of thyristor converters for the adjacent rolling stands was con-
sidered. The recommendations on the choice of control angles' values, taking into account the need to observe the technologi-
cal limitations (coordination speeds of stands) were given. In addition, the results of the work will be put in a series of activi-
ties to effectively phase manage the rolling mill drives’ distributed power converters using industrial information network.
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IHOOPMALJIVIHI MATEPIA/IN

Advisability of applying of fuzzy logic methods for concerted energy-efficient management of individual electric drives has
been noted.
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YK 681.3

Ocaguyk 10.I'., KozakeBuu L.A., Inbuyenko P.A. [lopiBHATBbHUIT aHANI3 ACHHXPOHHUX, CHHXPOHHHUX MAIIHH 3 MTOCTIHHUMHU
MarHiTaMH Ta BeHTHJIBHUX PEaKTHBHHUX ABHUTYHIB JUIS TIOPHIHUX TPAaHCIOPTHHX 3ac00iB

Bracmifok nmigBuinenoi eHepreTHyHoi eeKTUBHOCTI Ta HU3HKOTO 3HAYEHHS ITOKAa3HUKA BAapTICTH/IUIIX, EIEKTPUYHI Ta Ti0-
PHIHI TPAaHCHIOPTHI 3acO0M NMPUBEPTAIOThH 10 cebe Bce OutbIny yBary. st 3a{0BOJIEHHST BUMOT IIOJ0 €JICKTPOIPUBOY ABH-
TYHH IIUX MEXaHi3MIB TIOBHHHI 33JJOBOJEHATH CIIENU(IdHI BUMOTH IOAO0 NMPOXYKTHBHOCTI Ta epektuBHOCTI. Lle mpu3BoauTh
JI0 HEOOX1IHOCTI BiIIPAIFOBAHHS YITKUX KPUTEPiiB BUOOPY €ICKTPUYHUX JBUTYHIB. Y poOOTI BUKOHAHO PO3POOKY KPUTEPiiB
MOPIBHAHHS, 1[0 MOKYTh OYTH BHKOPUCTaHI IIPU aHaJi31 CHHXPOHHUX ABUT'YHIB 3 MOCTIHHUMHU MarHiTaM# 3 pO3MOIiIICHUMHI
00MOTKaMHU Ta 30CEpPEIKEHUMU 0OMOTKaMH, aCHHXPOHHUX ABUTYHIB Ta BEHTUJIBHUX PEaKTUBHUX IBUTYHIB JUI €IEKTPUY-
HUX Ta TOpUIHMX TPAHCHOPTHHUX 3ac00iB. ISl MpOEKTyBaHHS KOHCTPYKIIi aCHHXPOHHOTO ABUI'YHa BHKOPHCTOBYBABCS Me-
TOJ| KiHIIEBHUX eJIeMeHTIB. JJI1 ypaxyBaHHS HENIHIHHUX MapaMeTpiB MAaIlMHHU Ta JOCSTHEHHS BHCOKOTO PIBHS €(EKTUBHOCTI
JBUTYHIB, ONTUMANBHI TPAEKTOPIl CTPyMy OTpUMAaHI IS PO3MIMPEHO] MOJETi CHHXPOHHUX ABUTYHIB 3 TIOCTIHHIMH MarHira-
MH Ta aCHHXPOHHUX. [l01aTKOBI KpHUTepil OPIBHSHHA 3 ypaxyBaHHSIM IOKa3HUKIB ITyMy Ta BiOpaIliif Tako)X BpaxoBaHO IIPH
y3araJbHeHOMY aHaIi3i.

Ocaguyk 10.I'., KozakeBuu U.A., Unpyenko P.A., CpaBHUTE/IbHBII aHANIN3 aCHHXPOHHBIX, CHHXPOHHBIX MAIIIUH C I10CTO-
SIHHBIMH MarHUTaMH ¥ BEHTHJIBHBIX PEAKTUBHBIX JIBUTATENEH IJIs1 THOPHIHBIX TPAHCTIOPTHBIX CPENCTB

BeiencTBre MOBBIMICHHOM YHEPreTHYECKON (P HEKTHBHOCTH M HU3KOTO 3HAYCHMS ITOKa3aTelss BapTiCTH/UUIAX, NEKTpUUe-
CKH€ ¥ THOpHIHBIE TPAHCIIOPTHBIE CPEJICTBA NIPUBIIEKAIOT K ceOe Bce Oorblee BHUMaHue. J{s ynoBlIeTBOpeHHs TpeOOBaHMi
MO0 3JEKTPONPUBOAA IBHIATENH 3TUX MEXaHMU3MOB JOJDKHBI YAOBIETBOPATH CHeru(pUUecKrue TpeOOBaHUS IO MPOU3BOIH-
TENBHOCTH U 3 (PEKTUBHOCTH. DTO MPUBOAUT K HEOOXOUMOCTH OTPAOOTKH YETKHX KPUTEPHEB BHIOOPA AIIEKTPUUECKUX JABH-
rareneid. B paboTe BhImonHeHa pa3paboTka KpUTEpPHUEB CPAaBHEHHUSI, KOTOPbIE MOT'YT OBITh MCHOJB30BaHbI IPH aHAIN3E CHH-
XPOHHBIX JBHTATeNIed C MOCTOSIHHBIMH MarHUTaMH C pacHpelelIeHHBIMH OOMOTKaMH M COCPEIOTOYEHHBIMH OOMOTKaMH,
ACHHXPOHHBIX JIBHTaTelied M BEHTWIBHBIX PEaKTHBHBIX JBUraTeNed I JJICKTPUYECKHX W TUOPHAHBIX TPAHCIIOPTHBIX
cpencts. [yt MPOEKTHPOBAHUS KOHCTPYKIUH ACHHXPOHHOTO JBUTATENs HCHONB30BAJICS METOJ KOHEUHBIX JI€MEHTOB. J{mst
ydeTa HETMHEHHBIX IapaMeTPOB MAIIMHBI U JOCTHKEHHS BBICOKOTO ypOBHA 3((eKTUBHOCTH IBUTaTENell, ONTUMATbHBIE
TPaeKTOPHU TOKA MOTydYECHHBIE IS PACHIMPEHHON MOJENH CHHXPOHHBIX IBHUTaTeled C MOCTOSHHBIMH MarHHUTaMU M acHH-
XpPOHHBIX. [lOTIONTHUTENbHBIE KPUTEPUH CPABHEHUS C YUeTOM IOKaszaTelell mryma M BHOpanuil Takke yITE€HO IpH 00IeM
aHam3e.

Osadchyk Y., Kozakiewich 1., lichenko R. Comparative analysis of asynchronous, synchronous machines with permanent
magnet and switched reluctance motors for hybrid vehicles

Due to the increased energy efficiency and the low value of the indicator vartist / Way, electric and hybrid vehicles are at-
tracting more and more attention. To meet the requirements for the electric motors of these mechanisms must meet specific
requirements for productivity and efficiency. This leads to the necessity of working out clear criteria for the selection of elec-
tric motors. The development work performed comparison criteria that may be used in the analysis of synchronous permanent
magnet motors with concentrated windings and distributed windings of asynchronous motors and switched reluctance motor
for electric and hybrid vehicles. For the design of the asynchronous motor design used the finite element method. To account
for the nonlinear parameters of the machine and to achieve a high level of engine efficiency, optimal trajectories obtained for
the current extended model of synchronous motors with permanent magnets and induction. Additional criteria comparison
based on noise and vibration performance is also taken into account in the overall analysis.

YK 681.3

Ko3zakeuu I.A. Cructema pexynepaTHBHOTO raJbMyBaHHS BEHTIIBHUM JABUTYHOM €IEKTPOMOOINIS

BrockonaneHHs eneKTpOMEXaHIYHIX CHCTEM TPAHCIIOPTHHUX 3aC00iB B TaHWH MOMEHT HAIPaBJICHO HA TiBHUIIEHHS PiBHA iX
eneproedexTrBHOCTI. CHHTE3 paliOHABHUX CIIOCOOIB peai3alii peKynepaTHBHOTO TalbMyBaHHS € OJHHMM 3 aKTyalbHHX
IIIAXiB 301JIbIIIEHHST aBTOHOMHOCTI €IEKTPOMOOLTIB Uepe3 Te, IO J03BOJISE CYTTEBO 3MEHIIUTH PiBEHb CIIOXKHBAHOT €IEKTPO-
eHeprii 3a UK pyxy. be3miTkoBa MammHa, B OCHOBI SIKOT € CHHXPOHHHH JIBUT'YH, BiJHOCUTBCS 1O HAWOIIBII MOMYJISIPHUAX
THIIB JABUTYHIB, 110 BUKOPHCTOBYIOTCS B €JIEKTPONPHUBOAX TPAHCIIOPTHUX 3aco0iB. BexTopHuit nmpocTip cucremn kepyBaH-
Hs1 JIUTUTBCS HA IIICTh CEKTOPIB, KOXKEH 3 SIKMX BiJMOBIAE OJJHOMY 3 IIECTH CTaHIB CHTHANIY AarTyrka Xoyuia. Y ToH ke yac,
0E3IIITKOBA MAIlIMHA TTOCTIHHOTO CTPYMY IpH poOOTi Ha HU3BKiH KYTOBIH 4acTOTI HE CTBOPIOE HOCTATHIO BEIMYUHY HPOTH-
EPC 00MOTOK [T 3apsiy aKyMyJsiTopa, TOOTO B TaKOMY PEKHMI BiICYTHI YMOBHU JUISl BiTHOBIIEHHS #HOro 3apsny. Uepes
HasIBHICTh IHAYKTHBHOCTiI OOMOTOK B JIBHTYHI iCHYIOTh MOJIMBOCTI IUII CTBOPEHHS IiIBHUINYIOYOTo JaHiora. s BixHOB-
JICHHS 3apsAy aKyMyJSITOpa B TAKOMY PeXUMi HEOOXITHO MiJHATH HANPYTy JIAHKH MOCTIHHOTO CTPyMy 3a JOIIOMOTOIO0 1HIYK-
THUBHOCTI aKyMyJisiTopa. 3 Li€l0 METOI0 HEOOXiTHO 3aKPUTH BCi CHIIOBI KJIIOYi, SIKi MiJKIIFOYEHI 10 MO3UTHBHOI LIMHH JIAHKH
MOCTI{HOTO CTPyMY, @ YIpPaBIIiHHS KIIOYaMH, MiAKIFOYSHIMH 10 HETaTHBHOI IIMHH, 3/Ii/ICHIOBAaTH 32 IOMOMOTI'0IO HIMPOTHO -
IMITyJIbCHOT MOIyYJsiLii. Y poOOTi BUKOHAHO BHUPIIICHHS HAYKOBOI 3a/1adi, 10 MOB’s3aHa 3 PO3POOKOI0 CHCTEMU KepyBaHHS
PEKyIepaTUBHAM TaIbMYBaHHIM €JICKTPUYHOTO TPAHCIIOPTHOTO 3aco0y Ha 0a3i 0e3IiTKOBOI MAIIWHM MOCTIHHOTO CTPyMY.
Po3pobrena cucTeMa KepyBaHHS MICTUTH OJOKH PO3AUTICHHS TaTbMIBHOTO MOMEHTY, III0 BHXOIMTH 3 MO3MIIH O€3MeKH pyXy,
eHeproeeKTUBHOCTI Ta OallaHCYBaHHS KOOPJWHAT €IeKTPOMOOIIA. 3a paxyHOK 3aCTOCYBaHHS HEUITKOTO KepyBaHHs Ta [11]]-
peryisaTopa cHUcTeMa BUKOHYE PO3IUICHHS 3YCHILII MEXaHIYHOTO TalbMyBaHHS Ta €JIEKTPUIHOTO PEKyIepaTHBHOTo. Buko-
puctanns I11/]-perynsTopa € TOCHTH NMONIMPEHHM METOJOM Y Teopii aBTOMaTHYHOTO KEpyBaHHS, IPOTE BOHO HE BPaXOBYE
Taxi mapameTpH, sk 3apsj 6arapei, BHUIKICTh, IHTEHCUBHICTh TalbMyBaHHS 1 T.1. Y PO3p00JeHii cHcTeMi BUKOPHCTOBYETh-
sl HeUiTKe KepyBaHHs 3 TPhbOMa BXiJHUMH MapaMeTpaMu: MIBUIKICTb, 3apsi Oatapel Ta IHTEHCHBHICTD rajJbMyBaHH:L.
KozakeBuu U.A. Cuctema pexynepaTUBHOIO TOPMOKEHUS BEHTHIILHBIM ABUIATENIEM 3J1EKTPOMOOUIIS

CoBepIICHCTBOBAHHUE HJICKTPOMEXAaHUUECKUX CHCTEM TPAHCHOPTHBIX CPE/ICTB B JAHHBIH MOMEHT HAIIPABJICHO HA MOBBIIICHHE
ypoBHS ux 3HeprodddexrnBHOCTH. CHHTE3 ONTHMANBHBIX CHOCOOO0B pean3alii PeKylepaTHBHOTO TOPMOXKEHHUS SIBISETCS
OJHAM W3 aKTyalbHBIX ITyTeH yBEJMYCHUS] aBTOHOMHOCTH 3JIE€KTPOMOOWIEH WH3-3a TOTO, YTO ITO3BOJISICT CYIIECTBEHHO
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YMEHBIINTHh YPOBEHb MOTPEOIAIEMOIl AIEKTPOIHEPTUH 3a LIUKJI ABMKEHUs. beclieTounslii MamuHa, B OCHOBE KOTOPOW CHH-
XPOHHBIH JBUTATENIb, OTHOCHTCS K HauOojee MOMYJIIPHBIX THIIOB ABUTATENICH, UCIIOJIB3YEMBIX B 3JIEKTPOIPHUBOJAX TPaHC-
MOPTHBIX CPEACTB. BEKTOPHOE MPOCTPAHCTBO CUCTEMBI YIIPABIEHUS AEIUTCS Ha IIECTh CEKTOPOB, KXl U3 KOTOPBIX COOT-
BETCTBYCT OJHOMY U3 MICCTHU COCTOSIHMI CHTHaJa JaTdyuKa Xomma. B o xe BpeEMms, 6eCH_[eT0‘1HBII71 MallrHa IIOCTOSIHHOI'O
TOKa Ipu pa60Te Ha HA3KOU yl"J'IOBOI71 YacCcTOTEC HE CO31ac€T NOCTATOYHYIO BEINYNHY HpOTI/IEPC 00MOTOK JJIA 3aps/ia aKKyMy-
JIAATOpa, TO €CTh B TAKOM PEIKUME OTCYTCTBYIOT YCJIOBHSA JUIsI BOCCTAHOBJICHUSA €T0 3apsaa. W3-3a mammams UHAYKTHUBHOCTH
00MOTOK B JABUTATEJIC CYHICCTBYIOT BO3MOXKHOCTHU U1 CO3J1aHUs MOBBIINAOMICTO LCTIN. ,HJ'[S{ BOCCTaHOBJICHHSA 3apsaaa aKKy-
MYJIATOpa B TAKOM PEXKUME HCO6X0,I[I/IMO TMOAHATH HAIIPSXKCHUE 3BEHA ITOCTOSAHHOI'O TOKA C MOMOIIbIO MHAYKTHUBHOCTHU aKKYy-
MYyJIATOpa. C oroii JI(SA)1:310) HCO6XOZ[I/IMO 3aKPBITh BCE CUJIOBBIC KJIIHOYH, KOTOPBIC MOAKIIOYECHBI K MOJIOKUTEIIFHON ITUHBI 3BE-
Ha MOCTOAHHOI'O TOKA, a YIIPABJICHUEC KIHOYaMHU, ITOAKIIOYEHHBIMHA K OTpHHaTeHLHOﬁ HINHBI, OCYIIECTBIIATH C IOMOUIBIO TN~
POTHO - MMIIYJIBCHOM MOAymAUuH. B paboTe BBHIIOJHEHO pelleHHE HAYYHOW 3a/aud, CBI3AHHOM C pa3pabOTKON CHCTEMBI
YIpaBJi€HUA PEKYNEPATUBHOTO TOPMOKEHHUSA DJICKTPUYCCKOTrO0 TPAHCIIOPTHOTO CPEACTBA Ha Oasze 6GCH16TO‘IHBIX MaIInHBI
IIOCTOSAHHOI'O TOKa. Pa3pa60TaHa CHUCTEMA YIIpABJICHUS COACPIKUT OJI0KH pa3aeiicHusT TOPpMO3HOI'O MOMEHTA IIOJIYy4acTCs C
HOSI/ILH/Iﬁ 0€e30I1acCHOCTH JBHXKCHUA, 3HepFO3(i)(1)eKTI/IBHOCTI/I n 6aﬂaHCI/IpOBKI/I KoopJauHaT 3J'IeKTpOM06I/IJ'I${. 3a cuer MIpUMCHE-
HU HEUCTKOI'O YIIpaBJICHUS U HI/II[-perynﬂTopa CHUCTEMa BBIMNOJHACT Pa3AC/ICHUEC YCHUINA MEXaHUYECKOTO TOPMOKECHUSA U
QJICKTPHUYICCKOI'0 pEKYIIEPAaTUBHOTO. Hcnonp3oBanue HI/II[-perynﬂTopa SABJSICTCSA TOCTATOYHO PAaCIpOCTpaHCHHBIM METOAO0M
B TEOPUH aBTOMATHYECKOTO YIPABIEHHSA, OJHAKO OHO HE YUYHTHIBACT TaKWE MapaMeTphl, Kak 3apsan Oartape, CKOpOCTh, HH-
TEHCHBHOCTH TOPMOXEHHUS U T.1. B pa3spaboTaHHOil cucTeMe UCTIONB3yeTcsl HEUeTKOE YIPABICHUS ¢ TpeMs BXOJHBIMU Mapa-
METpaMu: CKOPOCTb, 3aps 6aTapen 1 HHTEHCUBHOCTh TOPMOKCHHUS.

Kozakiewich | , Regenerative braking system brushless electric

Improving vehicle electromechanical systems currently is aimed at improving their energy efficiency. Synthesis rational way
to implement regenerative braking is one of the urgent ways to increase the autonomy of electric vehicles because they can
significantly decrease the electricity consumption per cycle traffic. Brushless machine, based on which the synchronous mo-
tor, one of the most popular types of motors used in electric drives of vehicles. Space Vector control system is divided into
six sectors, each of which corresponds to one of the six states of the sensor signal Hall. At the same time, brushless DC ma-
chine when working at low angular frequency does not create sufficient value for protyERS windings battery is in this mode
there are no conditions to restore its charge. Because of the inductor windings in the motor are increasing opportunities to
create chain. To restore the battery in this mode need to raise the voltage level of DC power via inductance. For this purpose
the power to close all keys that are connected to the positive bus link DC, and key management, connected to negative bus
made using pulse - width modulation. In the work the scientific problem solving that is associated with the development of
control systems regenerative braking electric vehicle based on brushless DC machine. The system includes power manage-
ment division braking torque emanating from the standpoint of traffic safety, energy efficiency and coordinate balancing
electric vehicle. Through the application of fuzzy control and PID-controller system performs the separation of the mechani-
cal braking force and regenerative electric. Use regulator is a common method in the theory of automatic control, but it does
not take into account parameters such as battery life, speed, braking intensity, etc. In the developed fuzzy control system uses
three input parameters: speed, battery power and intensity of braking.

YK 681.3

Ko3zakeBnu I.A. Cucrema kepyBaHHSI CHHXPOHHHUM JBHI'YHOM 3 IOCTIHHMMM MarHi-TaMmu 3 BUKOpHUCTaHHAM dinsTpy Kamma-
Ha

CHHXpOHHI IBUTYHH 3 MOCTIHHUMH MarHiTaMH OIMPOKO BHKOPHCTOBYIOTHCS Y €IEKTPOMEXAaHIYHHUX CHCTEMaX 3 BHCOKHMHU
BUMOTaMH IO SIKOCTI KEPYBaHHS 3aBASKHA BUCOKOMY KOe(illieHTy MOTYXHOCTI, BACOKHM TIOKa3HUKaM KEPYBaHHS KyTOBOIO
MIBHAKICTIO 1 T.A. [y cepBocHCTEM 3 CHHXPOHHUMH IBHTYHAMH 3 TOCTIHHUMHU MarHiTaMd HEOOXiJHI CUTHAIN 3BOPOTHOTO
3B’A3KY 3a MOJOKEHHAM pOTOpa Ta KyTOBOIO IIBUIAKICTIO. TpamuiiifHi miaxoau 10 BHPIMICHHS IbOTO 3aBAaHHS Nependada-
I0Th BHKOPHCT@HHSI ONTHYHOIO IHKPEMEHTAJIBHOTo, abCOIIOTHOTO abo KOMOIHOBaHOTO eHKojepa. IIpoTe, BHKOpHCTaHHS
€HKOJIepiB B SIKOCTI JaTYMKIB IIBUAKOCTI Mae CBOT 0COOIMBOCTI, 110 MOB’sI3aHi 3 pOOOTOI0 Ha HU3BKUX KYTOBHX IIBUIKOCTSX,
OCKINIBKH B JJAHOMY PEXHMi iCHYIOWi METOI¥ HE JAI0Th JOCTaTHhOI TOYHOCTi. TOMY MHMTaHHS MOKPANIEHHs BIaCTUBOCTEH
CEpPBOIPHBOJIIB 3 CHHXPOHHUMH JIBUTYHAMH 3 ITOCTIHHHMH MarHiTaMH € aKTyaJbHOIO i Ba)KJIMBOIO HAYKOBO-TEXHIYHOIO 3a-
Jauero. 3MiHCHEHO TEOPEeTHYHE y3arajibHEHHs U pO3B’sI3aHHS aKTyaJbHOI HAyKOBO-TEXHIUHOI 3a/1adi MiJABUIICHHS TOYHOCTI
KEepyBaHHS CHHXPOH-HIMH MaIlMHAMH 3 TIOCTIHHIMH MarHiTaMH MPU HasSBHOCTI aOCONFOTHOTO YH iHKPEMEHTAIBLHOTO €HKO-
nepa. CyTh BUKOHaHUX JIOCIHi/KEHb MOJATa€E B BIPOBAIKECHHI y CHCTEMY KEePyBaHHS caMOaJaNTHBHOTO crocrepirada Kai-
MaHa, [0 JA03BOJISIE CYTTEBO MOKPAIIUTH MOKa3HUKH SIKOCTI KepyBaHHS. 3aCTOCYBAaHHS aJalTHBHOTO crocrepirada Kamvana
Ha BIMiHYy BiJ ICHYIOUHX CII0-COOiB BHMipy KyTOBOI MIBHAKOCTI 3JaTHUH OLIHIOBATH OJHOYACHO TOJIOKEHHS POTOpa Ta
IIBHUJIKICTH 3 BUCOKOIO TOYHICTIO Ta 6e3 yacoBoi 3aTpuMku. KepyBaHHsS CHHXPOHHUM JBHT'YHOM Ha 0a3i CHCTEMH 3 aJlalTHB-
HUM crocTepiraueM KanmaHa 103BOJIsIE CyTTEBO MiJBHIINTH TOKA3HUKH AKOCTI KEPYBAaHHS, 3MEHIIUTH ITyJbcalil KyTOBOi
IIBUKOCTI, @ TAKOX KOJMBaHHS CTpyMy IpH IycKy ABUryHa. LLnsxoM MaTeMaTH4HOTO MOJENIOBAHHS J0BEACHO, 1110 3aCTO-
CyBaHHs cnoctepirada Kammana it TaKMX CHCTEM JI03BOJISE MIABHUIIMTH [IBHIKOIFO CHCTEMH.

KozakeBnu M.A. Cuctema ympaBieHUS] CHHXPOHHBIM JIBUTATEJIEM C ITOCTOSHHBIMH MAarHUTOJE-TaMH C HCIIOJIb30BAHHEM
¢mreTpa Kanvana

CHHXPOHHBIE IBUTATEN C IOCTOSHHBIMI MarHUTaMH IIHPOKO UCHONB3YIOTCS B 3JEKTPOMEXaHHUECKUX CHCTEMax C BBICOKH-
MH TpeOOBaHUSAMH K KadeCTBY YIPaBIeHHs Onarogapst BRICOKOMY KO((QHIIMEHTY MOIITHOCTH, BEICOKAM MOKA3aTeJIsIM yIIpaB-
JICHHUA yFJTOBOﬁ CKOPOCTBIO U T.A. )1.]'[5[ CECPBOCUCTEM C CUHXPOHHBIMH ABUI'aTCISIMU C ITOCTOAHHBIMHA MarHUTaMU HCO6XO)11/I—
MbI€ CUTHAJIbI OOpAaTHOM CBSI3U MO MOJIOKEHUIO POTOPa M YIJIOBOM CKOpOCThIO0. TpaauIMOHHbIC TTOIXObI K PEIICHUIO ITOH
3aJa4d MPEeAyCMaTPUBAIOT HCIOIb30BAaHUE ONTUYECKOTO MHKPEMEHTAIFHOT0, a0COMIOTHOTO MJIM KOMOWHHUPOBAHHOTO JHKO-
nepa. OIHaKoO, UCTIOJIb30BaHIE YHKOJICPOB B KaUECTBE TaTYMKOB CKOPOCTH UMEET CBOM OCOOCHHOCTH, CBSI3aHHBIE C paboTON
Ha HU3KHUX YTJIOBBIX CKOPOCTSIX, ITOCKOJNBKY B JAaHHOM PEXHME CYIIECTBYIOIIHE METOABI HEe AT JOCTATOYHOH TOYHOCTH.
TlosToMy BompOC yTydIIEHUS] CBOMCTB CEPBONPHBOJIOB C CHHXPOHHBIMH JIBUTATEISIMU C IOCTOSIHHBIMH MarHUTaMH aKTyallb-
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Ha U BaXHa HAayYHO-TEXHHUYECKOH 3amaueil. OCyIIecTBICHO TEOpeTHUecKoe 0000IIeHNe U PelIeHHe aKTyaJbHOH Hay4HO-
TEXHUUECKOM 3aa4y MOBBINICHUA TOYHOCTH YIIPABJICHUA CUHXPOH HBIMU MAalllMHAMU C IMOCTOSTHHBIMU MarHUTaMu Npyu HaJIU-
9ud a0COJIFOTHOTO HJIN HWHKPEMEHTAJIBHOT'O 3HKOAEPA. CyTB BBIIIOJIHCHHBIX I/ICCJ'IG,HOBaHI/Iﬁ 3aKJIIOYa€TCA BO BHEAPCHUU B
CHUCTEMY YHpPaBJICHUS CaMOalallTUBHOI'O Ha6moz1aTen$1 KaﬂMaHa, YTO IMO3BOJIACT CYIIECTBCHHO YJIYUIIIUTH IMOKAa3aTCIIN Ka4ye-
CTBa YIIpaBJICHUSA. HpI/IMeHeHI/Ie aJalITUBHOTI'O Ha6J‘IIO,Z[aTeJ'I${ Kanvana B oTimamne oT CYHICCTBYIOIIUX CIIO-HBIX CPEIACTB U3-
MEpPEHUA yFJ'IOBOfI CKOpPOCTH criocobex OILICHUBATh OJHOBPEMEHHO IMOJIOKEHHUS pOTOPa U CKOPOCTH € BBICOKO# TOYHOCTBIO U
0e3 BpeMeHHOﬁ 3a/ICPIKKHU. anaBneHHe CUHXPOHHBIM ABUI'aTCJIEM Ha 0ase cucTeMsl ¢ aJallITUBHBIM Ha6n}oz[aTeneM Kanmana
TTO3BOJIACT CYHIECTBCHHO IOBBICUTH ITOKA3aTEIN Kauy€CTBa YIIPABJIICHUSA, YMEHBIIUTD IIyJIbCalluU yl"J'IOBOI‘/'I CKOpPOCTH, a TaK¥XKE
K0JIEOaHMS TOKa IIpU IMMYCKE ABUTATEIIA. HyTeM MaTEMaTU4€CKOro MOACIIMPOBAHU JOKAa3aHO, YTO IPUMEHEHUE HaGHIOL[aTeJISI
Kammana JUIA TaKUX CUCTEM ITIO3BOJISICT IIOBBICUTH 6LICTpO,E[€I>iCTBPI€ CHUCTECMBI.

Kozakiewich 1. Synchronous motor control system with regular magnesium-ter using a Kalman filter

Synchronous motors with permanent magnets are widely used in electromechanical systems with high demands on quality
control through high power factor, high levels of control angular velocity, etc. For servosystem with synchronous motors
with permanent magnets necessary feedback signals for rotor position and angular velocity. Traditional approaches to solving
this problem include the use of optical incremental, absolute encoder or combined. However, the use of the encoder as a
speed sensor has its own characteristics associated with work at low angular speed, as in this mode, existing methods do not
provide sufficient accuracy. This kind of better servo characteristics of synchronous motors with permanent magnets is rele-
vant and important scientific and technical challenge. The theoretical generalizations and solving actual scientific and tech-
nical problem of increasing the accuracy of management Sync their machines with permanent magnets in the presence of an
absolute or incremental encoder. The essence of the research is to implement a control system samoadaptyvnoho Kalman
observer that can significantly improve quality control. Application of adaptive Kalman observer unlike existing ACT -sobiv
measuring angular velocity is able to estimate both rotor position and velocity with high accuracy and without time delay.
Synchronous motor control system based on adaptive Kalman observer can significantly increase the quality of management,
reduce pulsation angular velocity and current fluctuations when starting the engine. Through mathematical modeling demon-
strated that the application of Kalman observer for such systems can increase system performance.

YK 621.3

Cpomoukin A.B., llleBuyk B.B. 3acTocyBaHHSs CyIepKOHIECHCATOPIB B TIOPHIHUX CHCTEMAX

CymnepKoHIeHCaTop 3MaTHUH (YHKIIOHYBAaTH SIK NPUCTPIH a1 30epiraHHs €NeKTPUYHOI eHeprii, BUKIHMKAE 3pOCTAIOUMl
iHTepec cepex QaxiBiiB. B maHuii yac B Garatbox po0oTax BiJg-3HAYAIOTHCS ITO3MTHBHI SKOCTI cynepkonaeHcatopiB ( CK ),
SIKi MOXKYTh €()eKTHBHO 3aCTOCOBY-BATHCS JUIS 3JIa/PKYBaHHS MIKOBHUX CTPYMIB, [0 BUHUKAIOTh B CUCTEMaX €HEPrOXKUBIICH-
Hi1. IcTo-THA yBara npuaimsterses 3actocyBanHio CK B cucTeMax 3 eNeKTpOXIMIYHUMH JDKepellaMy JKHUB-JICHHS ( 30Kpema 3
AKB ), 110 BUKOPHCTOBYIOTBCS B IKOCTI OCHOBHUX Y aBTOHOMHHUX TPaHCIIOP-THUX 3aco0ax. [OHICTOpH SIBISIOTH COO00 BUCO-
KO €MHICHI KOHAEHCATOPH i3 MOABIHHIM eNeKT-pHYHUM mapoM. Ha BinIMiHYy Bij 3BHYaiHUX KOHACHCATOPIB, I0HICTOPH Ma-
I0Th XapaKTePUCTHUKH, SKi JO3BOJIIOTH TIOETHYBATU BEJIMKY MOTYXKHICTh 1 3HAUHY eHepriio. Bizomo, o MakcuManbpHy MOTY-
JKHICTh B HABaHTAXXCHHI ( CHOXMBaYi €IEKTPOCHEPTil ) MOXKHA OTPHMATH 33 OJHAKOBOI KiIb-KOCTI ii PE3HCTHBHOTO OMOPY
BHYTPIIIHEOMY aKTHBHOMY CIIPOTHBY JUKepesa abo HakomuuyBada eJeKTpUYHOl eHepril , B Tomy uucni i CK. BHyTpimmHii
aKTHBHHUH OMip Cy4acHUX CyMEpKOHAEH-caTopiB Moxe ctaHoButd 0,11 ... 1,5 MOM, a MakcuMalbHa IITBHICTh TOTYKHOCTI
Moxke OyTn Oinbie 90 kBt / kr, 110 B 3 THC. pa3iB Olible, HiXX y MYCKOBOTO CBHHIIEBOI'O aKyMYJIATOPa aB-TOMOOITIB.
JlocmipkeHHsT OCHOBHUX BJIACTHBOCTEW Ta MepeBar CYNepKOHICHCATOPIB IS 3aCTOCYBAaHHS B €JIEKTPOMEXaHIYHUX CHCTEMax
1 € OCHOBOIO TaHOi poOoTH. MeToro 1aHoi poOOTH € CKIIQJaHHS ONTUMAJIBHOTO aIrOPUTMY pOoOOTH CYNEepKOHIECHCATOPIB y
cknaji Tarosoi cuctemu EM.

Po3rnsHyTO HOBI TEXHOJNOTI] BUTOTOBIICHHS 10HICTOPIB HA OCHOBI AEPEBHOI TPICKH, SKi 3HAYHO 3MEHIIYIOTH BapTiCTh JaHUX
exneMeHTiB. [IpoaHanizyBaBIIy BIa-CTHBOCTI i0HICTOPIB OyJIM BU3HAUEHI OCHOBHI HANIPSIMKA IXHBOTO 3aCTOCYBaHHS.
CemoukuH A.B., llleBuyk B.B., [IpumeHeHne cynepkoHAEHCATOPOB B THOPHUIHBIX CHCTEMAxX

CynepKkoHeHcaTop crocobeH (QYHKIMOHHPOBATh KaK YCTPOWCTBO UISl XpaHEHHMS 3JIEKTPUUECKON SHEPrHH, BBI3BIBAET pac-
TYIIMI MHTEpEC CPear CIeNnaaiCcToB. B HacTosIIee BpeMs BO MHOTHX paboTax OT-ONpeelsIFOTCS MOJIOXKHUTEIbHBIE KauecTBa
cynepkonaencaropos (CK), kotopbie MOTyT 3((GEKTHBHO NPUMEHSETCA-BaThCs IS CIIIa)KUBAHUS IMUKOBBIX TOKOB, BO3HH-
KalolMX B cHcTeMax sHepronuTanus. CyniecTBeHHOe BHUMaHUe yessiercs npumeHennio CK B cuctemax ¢ aJieKTpoxuMuye-
CKHMH HCTOYHHMKaMH Kui-JieHust (B gacTHocTH ¢ AKDB), ncrmonp3yeMbIx B KadeCcTBE OCHOBHBIX B aBTOHOMHBIX TPaHC-HBIX
cpencrBax. MoHncTOpa MpeacTaBisioT co00i BEICOKO €MKOCTHBIE KOHJEHCATOPHI C IBOHHBIM JI-9ECKHX cIoeM. B oTnmune
OT OOBIYHBIX KOHJICHCATOPOB, HOHHCTOPA MMEIOT XapaKTEPUCTUKH, KOTOPHIE MO3BOJISIIOT COYETATh OOJNBIIYI0 MOIIHOCTh H
3HAUUTENBHYIO 3HEpruio. M3BecTHO, YTO MaKCHMAaJbHYI0 MOIIHOCTH B HArpyske (IIOTpeOHTENH 3IEeKTPO’HEPTUH) MOKHO
NOJIYYHUTh IIPU OAMHAKOBOM KOJI-KOCTH €€ PE3UCTUBHOI'O COIIPOTHUBJICHUSI BHYTPEHHEMY aKTUBHOMY COIIPOTHUBJIEHUIO UCTOY-
HHMKA MJIM HaKOIUTENs AJIEKTpUUecKoil sHepruy, B ToM uncie 1 CK. BHyTpeHHHI akTHBHOE CONPOTUBIICHHE COBPEMEHHBIX
cynepkonaeH-Catopu mMoxer coctaBisath 0,11 ... 1,5 MOM, a MakcuManbHas TUIOTHOCTh MOIIHOCTH MOXeT ObITh Gonee 90
KBT / xr, 4To B 3 ThIC. Pa3 Gonbliie, 4eM B IIyCKOBOTO CBHHIIOBOTO aKKyMYJISITOpa aB-TOMOOHJICH.

HccnenoBanre OCHOBHBIX CBOWCTB M IIPEHMYIIECTB CYNIEPKOHAECHCATOPOB JUISl IPHMEHEHHS B 3JIEKTPOMEXaHHIECKUX CHCTe-
Max U SIBISIETCS OCHOBOI JaHHOH padoTsl. Llenbro qaHHOM paboTH SABISIETCS COCTABICHUE ONTHMAIBHOTO aIrOpUTMa paboTh
CYIEpKOHJICHCATOPOB B COCTaBE TATOBOH CHCTEMBI OM.

PaccMOTpeHBI HOBBIE TEXHOJOTHUH M3TOTOBJICHHUS HOHHCTOPOB HAa OCHOBE JPEBECHON MIEIHBI CHIDKAIOT CTOMMOCTH JaHHBIX
aneMeHToB. [IpoaHanu3upoBaB CBOWCTBAa HOHUCTOPOB OBLIM ONpe/eIeHb OCHOBHBIC HATIPABICHHS UX TPUMEHEHHS.
Semochkyn A., Shevchuk V. Application supercapacitors in hybrid systems

Supercapacitors , able to function as a storage device for electrical energy is growing interest among specialists. Currently,
many studies observed positive qualities supercapacitors (SC ) which can be effectively applied to smooth peak currents that
occur in the systems of energy . Considerable attention is paid to the use of IC engines with electrochemical power sources
(including the battery ), used as key in autonomous vehicles.As the main material for the production of electrodes considered
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due to their unique properties , carbon nanomaterials, such as nanoporous carbon, carbon nanotubes and graphene . Superca-
pacitor are high capacitance capacitors with Double Layer . Unlike conventional capacitor, supercapacitor have characteris-
tics that allow to combine great strength and great energy.

It is known that the maximum power load ( electricity consumers ) can be obtained the same number of active resistive re-
sistance internal resistance of the source or storage of electricity, including IC . The internal resistance of current ultracapaci-
tors can be 0.11 ... 1.5 mOhm and the maximum power density can be more than 90 kWh / kg, which is 3 thousand . Times
more than the starting lead battery cars.

Investigation of basic properties and advantages of ultracapacitors for use in electromechanical systems and is the basis of
this work. The aim of this work is of optimal algorithm of supercapacitors traction system consisting of EM.

Considers new manufacturing technology supercapacitor based on wood chips, which significantly reduces the cost of data
elements. After analyzing the properties of supercapacitor developed algorithm.

YK 629.349:62-182

®@ininm F0.B., Benoyc A.B., [lociikeHHs eHEPreTHYHHUX MOKA3HUKIB TATOBOT mificTaHIii Tponeidycie Kpusoro Pory
BusHaueHHS eHepreTHYHMX IOKAa3HUKIB TATOBOI MiACTaHIIl B paioHi mixcrannii JleHnHCKas-2, M0 06CIyroBye MapIpyTH
TporneidyciB Ne3, 17 HaykoBe oOIpyHTYBaHHS 1 po3poOKa METOMIB PO3paxyHKy ITOKAa3HHKIB SIKOCTI €JIeKTPOeHeprii, mo 1o-
3BOJISIFOTH MIBHIUTH €HEProe()eKTUBHICTh TATOBHX IMiJCTAHIIH MiChKHUX TponeiOyciB. [liABUIMTH eHepreTHYHY eeKTHB-
HICTh POOOTH TATOBOTO EIEKTPONPUBOLY MOXKIIMBO 32 PaXyHOK BUKOPHCTaHHS €HEPrii ralbMyBaHHs BEIMKOBAHTAXHUX Kap'-
€PHMX CaMOCKHJIIB, 3aCTOCYBABIIN PEKyIEPAaTUBHE TalbMyBaHHS, IK OCHOBHMI CIIOCIO €lIEeKTPHYHOTO TalbMyBaHHs. BU3HA-
YEeHHS CHEPTeTUYHUX MTOKA3HUKIB TATOBOI MiACTAaHII] B paiioHi migctannii JIeHMHCKasA-2, M0 00CIyroBye MapIIpyTH TPOJIEH-
OyciB Ne3, 17 HaykoBe OOIpYHTYBaHHS 1 pO3p00OKa METOJIIB PO3PAXYHKY MOKA3HHUKIB SIKOCTI €ICKTPOCHEPTIi, 10 T03BOJSIOTH
HiIBUIIUTH eHeproe()eKTUBHICTH TATOBUX ITiJICTAaHIIH MICBKUX TPOJICHOYCIB.

dwmnn 10.B6., Beaoyc A.B., HccienoBanue sHepreTHYSCKAX MOKa3aTeNel TATOBOM MOJCTaHIUK TpoJuteiioycoB KpuBoro
Pora

OmnpeneneHne HEPreTHYCCKUX IOKA3aTeNedl TATOBOM MOJICTaHIMKM B palilOHE MOACTaHUUH JIeHWHCKas-2, oOCIyKUBaeT
MapHIpyThl TposuieiioycoB Ne3, 17 HaydHOe 00OCHOBaHKE M pa3pabOTKa METOIOB pacueTa MoKa3zaTelel KauecTBa 3JIEKTPO-
SHEPruy, MO3BOJIIONINE MOBBICHTh HEPro3((eKTUBHOCTh TATOBBIX MOACTAHIMH Tropoickux Tpomeiidycos. IloBbicHTh
SHEpreTHIecKyto 3G (HEeKTUBHOCTH PabOTHI TATOBOTO 3IEKTPOIPHUBOIA BO3ZMOXKHO 32 CUET HCHONB30BAaHUS SHEPTUH TOPMOXKE-
HUS OONBIIETrPY3HBIX KaphepPHBIX CAaMOCBAJIOB, IPIMEHUB PEKYIIEPaTUBHOE TOPMOXKECHHE, KaK OCHOBHOH CIOCOO 3JIeKTpHYe-
CKOTO TOPMOJKCHUSI. OITIPE/ICNICHNE SHEPreTHUECKUX MoKa3aTelied TAroBoi MOACTaHINK B paloHe ToAcTaHIuK JIeHnHCKas-2,
00CITy)XKHBaeT MapIIpyThl TpoiuteiioycoB Ne3, 17 HayuHoe 000CHOBaHHE U pa3paboTKa METOJOB pacyera IoKa3aTrelel Kade-
CTBa JJIEKTPOIHEPT Y, TIO3BOJITIONIHE TOBBICUTh YHEProd()()EeKTUBHOCTH TATOBBIX ITOJICTAHIIMHA TOPOCKHUX TPOJLICHOYCOB.
Philipp J., Bilous A., The study of the energy performance of traction substation trolleybuses in Kryvyi Rih

Determination of the energy performance of traction substation near the substation Lenynskaya-2, which serves routes trolley
Ne3, 17 scientific substantiation and development of methods of calculation of power quality that improve the energy effi-
ciency of city trolley buses traction substations. To increase the energy efficiency of electric traction possible by utilizing the
braking energy of heavy mining truck, using regenerative braking as the main method of electric braking. determine the ener-
gy performance of traction substation near the substation Lenynskaya-2, which serves routes trolley Ne3, 17 scientific sub-
stantiation and development of methods of calculation of power quality that improve the energy efficiency of city trolley
buses traction substations.

YK 622.272:004.051

Cinuyk 1.0O., Camoxina A.C., /lo mUTaHHS MiABUIIECHHS €HEProeEeKTUBHOCTI BUAOOYTKY 3aTi3HOT PyIH MiI3EMHHUM CIIOCO-
6oM

HampsiMu mizBuIeHHSsT eneKTpoeHeproeGpekTHBHOCTI BUIOOYTKY KOPHCHHMX KOMAIIMH BifioMi, OimbII TOoro, B ocTaHHi 5-10
POKIB iX KUTBKICTh 30umbmIiIacs. OHaK, K TPABHUIIO, e BIIHOCUTHCS IO 3HOBY MPOEKTOBAaHHM a00 rI00AILHO mepeoba-
HAHUM TipHUYKM TianpueMcTBaM. [1logo mirounx, To 1e mpoodiiema mie 1aaeko He BupinieHa. Mixk THM, 3 ODJIAAY Ha Te, 10 B
Halommkgi 35 - 45 pokiB OyIiBHHITBO HOBHX 3ali30pYyAHHX HiIIPHUEMCTB B YKpaiHi HEe IJIAHYETHCS, TO CaMe B HANPSIMKY
BIOCKOHAJICHHS] KOMIUIEKCY: CHCTEMH €JIEKTPOIIOCTAaYaHHsI - CUCTEMH eJIEKTPOCIIOKHMBAHHS JIOYMX TipHUUOPYIHUX BHPOO-
HUITB HEOOXIHO BECTH HAYKOBI JOCIHiKeHHs. BUKIHMKaHO 11e, TepIr 3a Bce, pakTopaMH IiIBUIICHHS CETMEHTa €HEPTrOBH-
TpaT B3araii i eNeKTPOEHepro3arpar, 30KpeMa, B 3arajJbHoMy 00cs3i cobiBaprocti BunoOyroro 3PC. Haibinbim eHeproem-
HUMH CIIO’KMBauaMH €JIEKTPUYHOI eHeprii 3aTi30pyIHHX MIaXT 1 paHille € CTalliOHapHI YCTAHOBKH - BOJIOBIUINB, BEHTHIIAIIA,
migiioM, KOMIPECOPHI - pa3oM CIIokHBaroTh oHaR 80% Beiel exekTpoeHeprii, crokuBaHoi maxTor. OcoOIMBO BEIHKI elre-
KTPOEHEepro3arpaTi Ha BUPOOJICHHsS] CTUCHEHOTO MOBITPsl LIEHTPAIbHUMH KOMIPECOPHUMH CTaHI[ISIMH, SIKi CTAaHOBISTH ONu-
3b6K0 30% Bij BCi€l CIOXKMUBAHOI KOMOIHATOM €JIEKTPOCHEPTii.

Cunuyk U.0., Camoxuna A.C., K Borpocy nossiieHust 9HeprodGdeKTUBHOCTH JOOBIMH KENe3HOH PyIbl IOI3EMHBIM CIIO-
cobom

HampaBnennst mOBBIICHNS €NIEKTPOeHEPTroe(PEKTHBHOCTH JOOBIYH IMOJE3HBIX MCKOIAeMBIX M3BECTHHI, OoJiee TOro, B IO-
cineqare 5-10 J1eT UX KOMMYECTBO yBeNMUMIoCch. OfHAKO, KaK MPABHIIO, 3TO OTHOCHTCSI K BHOBB ITPOEKTHPYEMBIM HIIH TJI0-
6anpHO NepeoOOPyJOBAaHHBIM TOPHBIM NpeanpusaTHsaM. O AefCTBYIONMX, TO 3TO MpobiieMa elle Jalneko He pemeHa. Mexry
TEM, YUUTBIBas TO, YTO B Onpkaiimme 35-45 JIeT CTpOUTELCTBO HOBBIX JKEJIC30PYIHBIX MPEANPHUATHIA B YKpanHe He TUIaHu-
pyeTcsi, TO UMEHHO B HAIIPABJICHUH COBEPIICHCTBOBAHHS KOMIUIEKCA: CHCTEMBI AIEKTPOCHA0KEHHS - CHCTEMBI AJIEKTPOCHA0-
KEHUs JeHCTBYIOINX TOPHOPYIHBIX MPOU3BOJCTB HEOOXOAUMO BECTH HayudHBIE HCCIIe0BaHUS. BrI3BaHO 3TO, Mpexae Bce-
ro, hakTopamMy MOBBIILICHHUS] CETMEHTA JHEPro3aTpar BOOOIIIE U eNeKTPOSHEePro3aTpar, B 4aCTHOCTH, B 001ieM o0beme cebe-
croumoctu o6brroro JKPC. Hanbosee sHEproeMKUMH HOTPEOUTEISIMU JIEKTPUIECKON SHEPTHHU JKeJIe30PYAHBIX IIAXT MO-
NpEKHEMY SIBISICTCS CTAI[HOHAPHBIE YCTAaHOBKH - BOJOOTIIMB, BEHTHIIAIMS, TOABEM, KOMIPECCOPHBIE - BMECTE MOTPEOISIOT
6onee 80% Bcell ANIEKTPOIHEPTHH, TOTpedIIeMoil maxToil. OcoOeHHO OOIBIIIE eNeKTPOEHEePro3aTparTsl Ha BEIPA0OTKY CxKa-
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TOTO BO3[yXa LEHTPAIbHBIMH KOMIIPECCOPHBIMU CTAaHLHUSIMH, COCTaBILIOT 0Kkoo 30% oT Bceil moTpebisemoil koMOMHATOM
3JIEKTPO3HEPIUHU.

Sinchuk 1., Samokhina A., Questions to energy efficiency iron ore underground mining

Directions increase electrical energy efficiency mining known, in fact, in the last 5-10 years, their number has increased.
However, generally, it refers to the newly projected or converted mining companies globally. As for the acting, it is a prob-
lem far from solved. Meanwhile, due to the fact that in the next 35 - 45 years to build new iron ore business in Ukraine is not
planned, it is in improving complex: electrical system - power system operating mining enterprises must conduct research. It
is caused, first of all, ways to increase energy segment in general and electrical energy costs, in particular, in the total cost of
iron ore extracted. The most energy-intensive consumers of electric power and iron ore mines still the fixed installation -
pumping, ventilation, lift, compressor - together consume more than 80% of all electricity consumed by the mine. Especially
large electric energy production costs of compressed air central compressor stations, which account for about 30% of the
electricity consumed combine.

YK 629.423.2-52

Cinuyk 1.O., Camoxina A.C. 3acTtocyBaHHS KOMOIHOBAaHOTO IIPUBOAY €JIEKTPOBO3IB IS MiIBHIIEHHS TATOBHX BIACTHBOC-
Ten

B manmii yac enexkTpoBO3HUI TPAaHCHOPT € HaHOLIBII NOMIMPEHUM BHIOM TPAHCIOPTY HA TIPHUYUX MiANpHEMCTBaX. Tak Ha
maxTax 3 Horo gomomororo 3xiiicHioeThest 10 70% mepeBe3eHb, a Ha pyaHukax 10 100%. HacTineku mmpoxe HOMIMpPEHHS
€JIEKTPOBO3HOTO TPAHCIIOPTY OOYMOBJIEHO THM, II0 OCTaHHi HaHOIIbII €eKOHOMIYHHUH NIPH BEIUKUX JOBXKHHAX TPAHCIIOPTY-
BaHHA OUTBII HIX 1HII BUIW PyJHHYHOTO TPAaHCHOPTY. ENEKTPOBO3M MOXYTh 3aCTOCOBYBATUCS IPH PI3HUX YMOBAX EKCILTY-
aTanii, B TOMy YHCJi Ha IIaxTaX HeOe3MeYHUX Mo rasy i muiy. JlaHuil BUA TPaHCIOPTY BiPi3HAETHCSA MOPIBHIHO MAJOIO
CHEPTOEMHICTIO, XOPOIIIOK MPUCTOCOBAHICTIO 0 aBTOMATH3AIlii, TPAKTHYHO BIJICYTHIM IIKIJUIMBUI BIUIMB HA HABKOJIMIIHE
NpUPOJIHE cepenoBuie. /I eleKTPOBO3HOTO TPAHCIOPTY XapaKTepHi TaKOX BIAHOCHI MOOLIBHICTH 1 HAAIHHICTH, 00YMOB-
JICHA THM, IO HeCHpaBHiCTL OJHOT'O JIOKOMOTHBA HC BEAC N0 1ICTOTHOT'O 3HVMKEHHS HpO}lyKTI/IBHOCTi TpaHCl'[OpTHO'l' CHUCTCMHU,
Ha BiMiHY, HallPUKJIaJ, BiJl KOHBEEPHOTO TPAHCIOPTY. € MOMIIMBICTH BUKOPUCTAHHS €JIEKTPOBO3HOTO TPAHCIIOPTY B SIKOCTL
3aco0y ycepeaHeHHs TipCbKOT MacH.

Cunuyk H.0., Camoxuna A.C., [IpuMeHeHHe KOMOMHHPOBAaHHOTO MPUBOJA B AJIEKTPOBO3aX AJIS MOBBILEHHS TATOBBIX
CBOMCTB

B HaCTOALICE BPEM 3J'IeKTp0B03HI>II7I TPaHCHOPT ABJSICTCA Hanbosee pacnnpoCTpaHCHHBIM BHUJIOM TPAHCIIOpTa Ha IOPHBIX
npennpuatusax. Tak Ha mIaxTax ¢ ero NoMoIIblo ocymecTsisiercs 1o 70% nepeBo3ok, a Ha pyaHukax 10 100%. Ctonb mu-
POKOE pacrpocTpaHeHHe dIEKTPOBO3HOIO TPAHCIIOPTa 0OYCIOBIECHO TEM, YTO HOCIEeIHNI Hanboee 3KOHOMUUEH IIPU OO0JIb-
MINX JUIMHAX TPAHCIIOPTUPOBKHU OoJiee YeM JApyrue BHABI PyJHUYHOTO TPAHCIOPTA. DJIEKTPOBO3BI MOTYT IPUMEHSTHCS TPH
Pa3INYHBIX YCIOBUAX SKCITyaTallud, B TOM YHUCJIC HA MIaXTaX OMACHBIX I10 ra3y W IIbUIN. I[aHHLIfI BUJ TPAHCIIOPTa OTIINYA-
eTCA CPaBHHUTEIHFHO MaJlOd 3HEPrOEMKOCTBIO, XOPOIIEH MPHUCIOCA0IMBAEMOCTRIO K aBTOMATH3ALUH, MPAKTUUECKH OTCYT-
CTBYET BPEAHOE BIMSHHME HA OKPYXKAIOILYI0 MPUPOAHYIO cpeny. i 3IeKTpOBO3HOIO TPAHCIIOPTa XapaKTEPHBl TAKKE OTHO-
CHTEIbHBIE MOOMIBHOCTh U HaaCXKHOCTBD, O6yC.IIOB.IICHHa$I TEM, YTO HECUCIIPABHOCTH OJHOTO JIOKOMOTHBA HE BEACT K CYyIIC-
CTBECHHOMY CHHMXXCHHIO IMPOU3BOAUTCIBHOCTH TpaHCHOpTHOﬁ CUCTEMBI, B OTJIMYUH, HATPUMED, OT KOHBeﬁepHOFO TpaHCnop-
Ta. lIMeeTcst BO3MOXHOCTD MCHOJIB30BAaHMS SJIEKTPOBO3HOTO TPAHCIIOPTA B KAYECTBE CPE/ICTBA YCPESIHEHHSI TOPHOH MacChI.
Sinchuk 1., Samokhina A. Application of the combined drive for improvement the electric locomotive traction

Currently, for electric vehicles is the most common mode of transport in mining enterprises. Since the mines it is carried out
with the help of up to 70% of transportation, and in the mines up to 100%. Such widespread electric locomotive transporta-
tion due to the fact that the latter is the most economical for large lengths of transporting more than other types of mine
transport. Electric can be used in various operating conditions, including in mines dangerous on gas and dust. This mode of
transport has a relatively low power consumption, good adaptability to automation, there is practically no harmful effect on
the environment. Electric locomotive for transport and relative mobility characteristic and reliability, due to the fact that the
failure of one locomotive does not lead to a significant reduction of the transport performance of the system, as opposed, for
example, from the transport conveyor. It is possible to use as electric locomotive transport means averaging the rock mass.

YIK 621.316.13

Mnemxos C.IL., Ilnemkos I1.I'., 3in3ypa B.B. OntumanbsHe KepyBaHHS MapaMeTpaMu peXUMY PO3IMOIITBUNX EIeKTPU-
HHUX MEPEeX 3 JOIIOMOT0I0 CHMETPOKOMIIEHCYIOUNX TIPHCTPOiB

3ampomnoHOBaHO MiAXiA 10 KepyBaHHA pPEKUMaMU PEaKTUBHUX HABAHTAKCHb PO3MOMUIBYHX EIEKTPUIHUX MEPEX HOMiHAIb-
HO0 Harpyrow 6-10 kB IUIIX0M BHKOPHUCTaHHS CHMETPOKOMIICHCYIOUHX NPHCTPOIB. PO3POOIICHO CTPYKTYpHY CXEMY CHC-
TEMH aBTOMATHYHOTO KePyBaHHS PEKUMaMH PEAKTUBHOT MOTYXKHOCTI PO3MOAIIBYHX EISKTPUIHUX MEPEeXK, sika 6a3yeThes Ha
PO3B’s13Ky 3aj1aui GaraTOKpHUTepiaabHOI onTHMIi3alii 3HaiiIecHOMY METOJ0M HAONM)KEHHS JI0 YTOIMIYHOI TOYKH B HPOCTOPI
kpuTtepiiB. [IpoBeneHe koM I0TepHE MOJISIIOBaHHS [TOKA3aJI0 TiepeBary 3anporoHOBaHOI CHCTEMH aBTOMaTUYHOTO KepyBaH-
HS HaJl iICHYIOUHMH.

Maemxkos C.II., Mnemxon ILI., 3unzypa B.B. OntumansHoe ympaBlieHHE IapaMeTpaMé PeXHuMa pacHpelelTTeIbHBIX
HNIEKTPUIECKHUX CeTeH C TOMOIIBIO CHMETPOKOMIICHCHPYIOIIUX YCTPOUCTB

IIpennoxkeH moaxXox K yHMpaBICHUIO PEKAMAMH PEAKTHBHBIX HAIPy30K PACIPEACTUTENBHBIX YJIEKTPUIECKUX CeTel HOMH-
HaJBHBIM HanpspkeHneM 6-10 kB myTeM HCIonb30BaHUST CHMETPOKOMITCHCHPYIOIINX yCTpOHCTB. Pa3paboTana cTpykTypHas
CX€Ma CHUCTEMbI ABTOMATUYECKOTO YIIPABJIICHUS PEXUMaAMU peaKTHBHOﬁ MOIIIHOCTH PaCHpECaACIUTEIbHBIX JJICKTPUYECCKUX
CeTei, KOTopasi OCHOBBIBAETCS HA PEIICHUH 3aJla4d MHOTOKPUTEPHATIBHON ONTHUMH3AIMH HAWJACHHOM METOJO0M MPUOIIMKe-
HHS K YTOTIMYECKOH TOUKE B IIPOCTPAHCTBE KpUTEpHUEB. [IpoBe/ieHHOE KOMIIBIOTEPHOE MOICIIMPOBAHUE [TOKA3JI0 TIPEUMyIie-
CTBO Hpe}lﬂo)l(eHHOi'l CUCTEMbBI aBTOMATUYECKOTO YIIPABJICHUA Ha/Jl CYIIECTBYIOIIUMU.

KiroueBsie croBa: cucTeMa aBTOMAaTHUECKOTO YIPABICHNUS, paclpeleUTeIbHbIE YIEKTPUIECKHE CETH, PEaKTHBHBIE HATPY3-
K1, HECHMMETPUSI HaNTPsHKEHHH.
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Plieshkov S., Plieshkov P., Zinzura V., Optimal control of parameters mode of electric distribution networks with sym-
metry compensating device

An approach to the management of modes of reactive loads electricity distribution networks with rated voltage of 6-10 kV
through the use of symmetry-balancing settings. The block diagram of the automatic control mode of reactive power elec-
tricity distribution networks, which is based on solving the problem of multi-criteria optimization obtained by approaching
the utopian point in space criteria. Holding computer simulation showed the advantages of the proposed system of automatic
control over existing ones.

YK 621.926: 524.16

Ba6eun €.K., Xopoabcbkuii B.I1., Xopoabcbka T.B. MozaentoBaHHs peXUMiB pOOOTH BHYTPIITHbOMIMHHIX HABAaHTAKECHb
KyJIBOBUX MJIMHIB OararoctamiiHoro nporuecy 30araueHHs

Bukopucrano MaremMaTHuHHI amapat Teopii katacTpod Uit imeHTH]IKamii CKIagHOro IUHAMIYHOTO HpOIecy 3/piOieHHs,
SKAI JI03BOJISIE BPaxOBYBATH Bapiamii HEMHIHHUX 30ypeHb TEKCTYPHHX XapaKTEPUCTUK CHUPOi pyaH, Ii MIITHOCTI i 3MIHHUX
pexHUMIB pOOOTH yCTaTKyBaHHS Ta 3alpPOIIOHOBAHO CHCTEMY KepYBaHHS 3aBaHTXEHHSAM PyIH B KyJIbOBI MIMHM HEpIIOi,
Ipyroi, TpeThoi cTail 3 BpaXyBaHHSAM IreoMeTpil BHYTPIIIHLOMIMHHOTO HAaBaHTA)KEHHS, OI[IHKM B Yaci aBapiifHUX CHUTYyamil.
Po3pob6neno meton ineHTH(iKanii reoMeTpii BHYTPIITHEOMIIMHHOTO 3aBaHTAXXKEHHS KYJIHOBUX MIIMHIB IIUISIXOM I1arHOCTHKH
TpaekTOpii 06’€MHOTO 3alIOBHEHHS CKJIQJIHOTO TEXHOJIOTIYHOrO 00’ €KTY, Ta BU3HAUEHHI TApaMETPU ONTUMAIbHOTO BHYTPIIlI-
HBOMJIMHHOTO 3aBaHTXXEHHS 3 MiHIMI3alli€lo yacy 3HAXOJDKEHHS MaTepiady B TEXHOJOTIYHOMY arperari, mapaMeTpH SIKOTo
3MIHIOIOTBCA B yaci. JloBeneHo, Mo MakcUMi3allii MPOAYKTUBHOCTI KyJIbOBUX MIIMHIB IUIIXOM ONEPATUBHOTO MOHITOPHHTY
reoMeTpii BHYyTPIITHBOMIMHHOTO 3aBaHTAXKEHHS POOOYOro MPOCTOPY i BU3HAYCHHS 3HOBY YTBOPEHOTO TOTOBOTO MPOAYKTY, €
TOJIOBHOIO YMOBOIO ONTHMi3allii MHTOMUX BUTPAT EIEKTPUKH i IPOSKTHHUX PillleHb, OO0 PO3POOKH IHTENEKTYyIbHUX CHCTEM
praBJ’[iHHH CJICKTPOIIPUBOAAMHU KYJIbOBUX MJ'[I/IHiB, HaCOCHHUX aneI‘aTiB Ta cenapaTopiB.

Bat6ens E.K., Xopoanckmuii B.II., Xopoasckas T.B. MoaennpoBaHue pexuMOB pabOTHl BHYTPEMENbHEUHBIX Harpy3okK
IapOBbIX MEJIbHUIL MHOFOCTaﬂHﬁHOFO Tpouecca OGOFaHIeHI/IH

HVcnonb3oBaH MaTeMaTHYeCKUi anmapar TEOpUH KaTacTpod Uil MACHTH(PHUKANH CIOKHOTO TUHAMHYECKOTO Ipolecca u3-
MENbUYEHUSI, KOTOPBIN MO3BOJISIET YUYUTHIBATh BapUaIlMM HETMHEHHBIX BO3MYIIEHUN TEKCTYPHBIX XapaKTEPUCTHK ChIPOH py.bl,
ee MPOYHOCTU U EPEMEHHBIX PEKHMOB pabOThl 000PYIOBaHHS U MPEUIOKEHa CUCTEMa YIPABICHHS 3arpy3Koi pyaAbl B mma-
POBBIE MEJIBHUIIBI IEPBOM, BTOPOH, TPETHEH CTaJUM C YIETOM T€OMETPUN BHYTPUMEIbHUYHONW HAarpy3KH , OLIEHKU BO BpeMe-
HH aBapHﬁHBIX chyauHﬁ. Pa3pa60TaH METO I/II[CHTI/I(l)I/IKaLU/II/I T€OMETpUU BHyTpI/IMeJ'II)HI/I‘-IHOf/i 3arpy3Ku MapoOBbIX MEJIBHUIL
IIYTEM NUAarHOCTHUKH TPACKTOPUH 00BEMHOI'0 3aIIOJIHEHUS CJIOXKHOTO TEXHOJIOTHYECKOTO O6T:CKTa, OIp€ACIICHBI ONITUMaJlb-
HBIC PEKUMBL BHyTpI/IMeJ'II)HI/I'-IHOﬁ 3arpysku ¢ MI/IHPIMI/ISaL[PIeﬁ BPEMCHU HAXOXICHHUA MaT€puajia B TCXHOJIOIMYECKOM arpe-
rare, napaMmeTpbl KOTOPOIro U3MEHAIOTCSA BO BPEMCHU. I[OKa?,aHO, YTO MaKCUMH3alusA MPOU3BOAUTEIILHOCTH HIAPOBBIX MEJIb-
HUII IIyT€M OIEPaTUBHOTO MOHUTOPWHIA T€OMETPUH BHYTPUMEIBHUYHON 3arpy3Ku pabodyero MpoCTpaHCTBA U OMpENeNICHUS
BHOBb 06pa3yeM0ro TOTOBOT'O MPOAYKTA, ABJIACTCA IIABHBIM YCJIOBUEM ONTUMU3ALUU YACIBHBIX PACXO0B JJICKTPHUYECTBA U
MPOEKTHBIX PEIICHHUH, MO0 pa3padOTKE WHTEICKTYalbHBIX CHUCTEM YIPABICHHS 3JCKTPOINPUBOJAMHU IIAPOBHIX MENBHHII,
HACOCHBIX arperaToB U CEMapaTopoB.

Babets E., Khorolsky V., Khorolsky T., Simulation modes of internally mlynnyh stress ball mills multistage enrichment
The authors used apparatus mathematics of catastrophe theory to identify the complex dynamic processes of crushing, which
takes account of changes in nonlinear perturbations texture crude ore characteristics, its strength and variable equipment op-
erating conditions and the proposed load control system ore in ball mills first, second and third stages, the evaluation inside
the mill geometry load during emergencies. A method of identifying geometry inside the mill download ball mills for the
diagnosis trajectory volume filling of a technological complex. The optimal loading modes inside the mill and minimize resi-
dence time in the process, the parameters of which change over time. It is proved that maximize the performance of the ball
mill operational monitoring geometry inside the mill download the workspace and define the newly formed finished product,
it is essential to optimize electricity consumption and specific design solutions for the development of intelligent control
systems, electric ball mills, pumps and separators.

YK 621.316

Cinuyk O.M., ®@iginn 10.B., MakcumoB M.M., SlnoBa A.M. MeTozoorisi OI[IHKK Ta (OpMyBaHHs e€Heproe(GeKTHBHUX
PEKUMIB CHIO)KUBAHHS EJIEKTPOCHEPTii Ha 3ai30pYAHUX ITiAIPHEMCTBAX

BuxoHaHO aHani3 mporecy BU3HAUCHHS 1 3asABKH JIIMITIB €HEProCIOXUBAHHS Ha 3aJi30PYAHUX MiAPHEMCTBAX 1 BCTaHOBIIE-
HO, 1[I0 HOPMU NTUTOMOTO €JIEKTPOCHOKMBAHHS BU3HAYAIOTHECS B yMOBaX HEBH3HAUEHOCTI MPAKTHIHO 0€3 JOCTaTHHOTO aHAIi-
3y TpOLeCY Ta PIiBHIB €IEKTPOCIIOKMUBAHHS, MPOMHICIOBUX TMOKAa3HUKIB pPOOOTH MiINPHEMCTBA Ta PO3BHTKY T'€OJIOTIYHUX
YMOB Ha MEpPCIEeKTHBY. 3a NEePEBHUILCHHS JIMITY €JIeKTPOSHepril 3 MiAMPUEMCTB CTATYETHCS IITpad 3a CIOKUBAHI BETHYNHN
nepebopy enekTpoeHeprii. PO3rsIHyTO METOHOOTIYHI aCHeKTH OLIHKHM Ta (JOPMYyBaHHS SHEProe(eKTHBHUX PEKHMIB CIIO-
JKHBaHHs €JIEKTPOSHEpril Ha 3aTi30pYIHUX MTiANPHEMCTBAX, 3aMPOIIOHOBAHO METO/IH IHTEPBAILHOTO MPOTHO3YBAHHS CHOXH-
BaHHs eJeKTpoeHepril. s mporHo3yBaHHs €JIEKTPOCIOKUBAHHS 3 ypaXyBaHHSIM 3MiHH Pi3HUX (aKTOpiB MOXe OyTH CTBO-
peHa indopmariiiHa 6a3a JaHUX PIiBHIB CIIOKHBaHHS €JEKTPOSHEPTIi MiANPHEMCTBAME Taly3i. ABTOpaMH CTaTTi po3po0IIeHi
METOJMKA 1 OJIOK-CXEMH alrOpUTMIB OfepKAaHHS THMIACOBHX 1 (PaKTOPHHUX MOJENCH €HeprocIoKUBaHHs. Takox po3pobie-
HO aJITOPUTM BU3HAYEHHS CTAaTel BUAATKOBOI YaCTHHU €IeKTPOOaTaHCIB TEXHOJIOTIYHNX MPHHMadiB. 3alIpONIOHOBAHI 3aX01
JIO3BOJISIIOTH IIPOBOJUTH BU3HAYEHHS PIiBHS €HEProIoCTavaHHs MiJIPHEMCTBA, BCTAHOBIIOBATH PalliOHAJIBHI HOPMH, 3AiHC-
HIOBaTH MPOTHO3YBaHHS MOT0 3MIHU y XO/i POOOTH MiANPHUEMCTBA i KOHTPOJIIOBATH HAAHOPMATHBHI BUTPATH €JIEKTPOCHEP-
Tii.

Cunuyk O.H., ®wmmnn 10.B., MakcumoB M.H., SlnoBasi A.H. Merononorust oneHku U GopmupoBanus sHeproeddex-
THUBHBIX PEKUMOB HOTPEOIICHUS JIIEKTPOSHEPTUH Ha JKEJIe30PYJHBIX MPEANPHUITHIX

BrimonHen ananm3 mporecca ompeneNeHus W 3asBKM JIMMUTOB SHEProNOTPeONeHUs Ha KeTe30pYAHBIX MPEINpUATHAX U
YCTaHOBJIEHO, YTO HOPMBI YIEIIBHOTO 3JIEKTPOIIOTPEOICHNUS ONPEENIIOTCS B YCIOBHAX HEONIPEAEICHHOCTH IIPaKTHIECKH Oe3
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JIOCTAaTOYHOT0 aHAJIN3a MpoLecca U yPOBHEH 3IIEKTPONoTpeOieH s, IPOMBIIIICHHBIX MTOKa3aTeseil paboThl MPeAnpHUATHs U
Pa3BUTHSA T'€OJIOTHYECKUX YCIIOBUI HA MEPCIEKTHBY. 3a MPEBBILICHUE TUMUTA JJICKTPOIHEPTUH U3 IPEANPUITHI B3UMAETCS
mrpad 3a motpedisemMble BEIHIUHBI IIepebopa IeKTpoIHeprun. PaccMOTPEHBI METOI0IOTHIECKHE aCTIeKThl OLIEHKN U Gop-
MHpPOBaHHE YHeProeGEeKTUBHBIX PEKUMOB MOTPEOICHNS MIEKTPOIHEPTHH HA XKEIE30PYIHBIX MPEANPHUITHSIX, TPEATI0KCHEI
METOJbI UHTECPBAJIbHOI'O MPOTrHO3UPOBAHUC HOTpe6J'IeHI/IH QJICKTPOSHEPTUH. I[J'IS[ MNPOTrHO3UPOBAHUSA 3J'IeKTpOHOTpe6J'IeHI/I${ C
Y4YE€TOM U3MEHECHUA PA3HBIX (baKTOpOB MOXET OBITH co31aHHas I/IH(l)OpMaIII/IOHHaSI Oaza JAaHHBIX ypOBHefI HOTpe6J'I€HI/I$[ JJICK-
TPOSHCPTUH MIPECATIPUATUAMU obacru. ABTOpaMI/I CTaTbu pa3pa60TaHHLIe MCTOOWKA U OJI0K-CXEMBI AJIrOPUTMOB NTOJTY4YCHUA
BPEMEHHBIX U (PaKTOPHBIX Mojeineil sHepromorpetienus. Takke pa3paboTaH anrOpUTM ONpEeNeHUs CTaTeld pacxogHOM
YacTH 3JEKTPOOATaHCOB TEXHOJOTHYECKUX MPUEMHHUKOB. [IpeaoxeHHbIe MEPONPHUATHS pa3pelIaloT IPOBOIUTH OIpeese-
HHUE YPOBHS SHEProcHa0KeHUs MPEANPUATHS, YCTaHABINBATH PAllMOHANBHBIE HOPMBI, OCYIIECTBIATH IPOrHO3HPOBAHKE €TO
W3MEHEHHS B X0J1e pabOoThl NPEANIPUATHI U KOHTPOIUPOBATh CBEPXHOPMATHBHBIE 3aTPAThI JJICKTPOIHEPTUH.

Sinchuk O., Filipp Yu., Maximov M., Yalovay A. The methodology of evaluation and formation of energy-efficient modes
of power consumption for iron ore mining companies

The analysis of the process of definition of and application for power supply allocations at iron ore mining companies was
carried out, and it was established that the specific power consumption rates are determined under the conditions of uncer-
tainty, almost without any adequate analysis of the process and the levels of power consumption, without the analysis of the
industrial performance of the company and the would-be development of the geological conditions. Companies are fined for
using excessive amounts of power above the prescribed consumption rates. The methodological aspects of the evaluation and
formation of energy-efficient modes of power consumption at iron ore mining companies were dealt with and methods of
interval forecasting of power consumption were proposed. To predict power consumption with the changes of various factors
taken into account, an information database of the current levels of power consumption by the companies of the industry
sector can be created. The authors of the article developed a methodology and block diagrams of algorithms for obtaining
temporary and factor models of power consumption. Also developed was an algorithm for establishing the items of the ex-
penditure side of energy balance of process power consuming units. The proposed measures make it possible to determine the
level of power supply of a company, to establish reasonable consumption rates, to forecast the supply's changes in the course
of the company operation, and to control the excessive power consumption.

VK 622.684:629.353:621.333.4

KacaTtkina 1.B., Cunopenko A.M., ITinBuiieHHs eHeproeeKTHBHOCTI BUKOPUCTaHHS aBTOCAMOCKHUIB Y Kap’epi
IlixBunmTy eHepreTHYHy e(heKTHBHICTH POOOTH TSATOBOIO €IEKTPONIPHUBOIY MOXKIMBO 33 PaXyHOK BHKOPHCTAHHS €Hepril
TaJIbMyBaHHsI BEJIMKOBaAHTAXXHUX Kap'GpHI/IX CaMOCKI/I[[iB, 3aCTOCYBaBIIN PEKYIICPATUBHE IraJIbMYyBaHHs, SIK OCHOBHHUII CI1I0CIO
CJICKTPUYHOI'O I'aJIbMyBaHHS. L[e Jla€ 3MOT'Y 3HU3UTH CIIOKUBAHHS AU3CIILHOI'O ITaJIiBa 1 3MEHIITUTH 33,6py}1H6HH$I aTMOC(i)e-
pH Kap'epiB, 3aCTOCYBABIIN KOMOIHOBaHY €HEPrOCHIIOBY YCTAaHOBKY, SIKa MICTHCH B c001 AnW3eNbHUNA a00 Ta30TypOiHHHUI ABU-
TYH BHYTPILIHBOTO 3rOPaHHS, CJICKTPOABUTYH 1 MOTYKHUN HAKONMYYBad €IEKTPUYHOI eHeprii (aKyMyJsTop abo eIeKTpoXi-
Mi4HUH KoHIeHcaTop). OIHNUM 3 BapiaHTIB CUCTEMH HAKONMYYBayiB y CKJIaAi KOMOIHOBaHOT €HEPrOCHIIOBOI YCTAHOBKH MOYKE
BUCTYIIaTH CHCTEMA 3 aCHMETPUYHUMH CYTEPKOHICHCATOPHUMH MOAYISIMH. BCTaHOBIIEHI HAa aBTOCAMOCKHIAX 3 KOMOIHOBa-
HOIO €HEePrOCHIIOBOI0 YCTAHOBKOIO KOHAEHCATOPHI HAaKONMYyBadi, 3HAYHO MEPEeBEpIIYyBAaTUMYTh aKyMyJsTOpHI OaTtapei Ta
P KOHICHCATOPIB IHIIUX THIIB 32 TEXHIKO-CKOHOMIYHUMH 1 CKCILTyaTallifHUMH MOKa3HUKaMH. 3aCTOCYBaHHS CYMEPKOH-
JICHCATOPIB B SIKOCTI HAKONMYyBaya €Heprii B KOMOIHOBaHil €HEprocUIIOBil YCTaHOBII Kap'epHOrO aBTOCAMOCKHIA J03BO-
JIUTh BUKJIIIOUUTH p060Ty JAU3CJIIBHOTO JIBUT'YHA Ha JIOHOMi)KHHX onepauiﬂx TPaHCIOPTHOI'O IUKITY, i, OTXKE, CKOPOTUTHU YacC
POOOTH Ha YACTKOBHX 1 XOJIOC-THX PEKIMAX.

Kacarkuna U.B., Cugopenko A.H., [loBeimienne sHeprodpHeKTHBHOCTH UCTIONIF30BAHUS aBTOCAMOCBAJIOB B Kaphepe
IloBeIcHTE 3HEPTeTHUECKYIO AP PEKTUBHOCTD PAOOTHI TATOBOTO JJIEKTPOIIPHBOIA BOSMOYKHO 32 CUET HUCIIONB30BAHUS SHEPTUH
TOPMOXEHHUS OOJNBIIETPY3HBIX KapbEePHBIX CAMOCBAJIOB, TIPUMEHSS PEKYNEPATHBHOE TOPMOXKEHHE, KaK OCHOBHOHM CIIOCO0
DJIEKTPUYECKOTO TOPMOKECHUA. DTO MO3BOJIIET CHU3UTDH l'IOTp€6J'I€HI/Ie JU3CJIBHOTO TOIVIMBA U YMCHBUIUTL 3arpsi3HECHUC aT-
MOC(bepLI Kapb€poB, NIPUMEHUB KOMGI/IHI/IpOBaHHy}O OHEPTOCUJIOBYIO YCTAaHOBKY, KOTOpasi COACPXKUT B cebe }1H3eJ’ILHBIﬁ HJIn
FaSOTyp6HHHLIﬁ JABUTATCJIb BHYTPEHHETO CropaHus, 3JICKTPOABUIAaTC/Ib U MOH.IHLIﬁ HaKOITUTECJIb 3HeKTpH'-IeCKOfI OHEPIrun
(aKKyMyJ'[ﬂTOp W 3J'[eKTp0XI/IMI/I'-IeCKI/Iﬁ KOHZ[GHC&TOp). OI[HI/IM 13 BAPUAHTOB CUCTEMBI HaKOIUTEJIEN B COCTaBe KOMOUHM-
pOBaH-HOﬁ 3HepFOCI/IJTOB0ﬁ YCTaHOBKH MOKET BBICTYNIaTh CUCTEMA C ACUMMETPUYHBIMU CYTICPKOHACHCATOPHLIMH MOAYJIAMU.
YcTaHOBIICHHBIE HA aBTOCAMOCBAIaX ¢ KOMOMHHUPOBAHHOW SHEPTOCHIOBON YCTAaHOBKOW KOHAEHCATOPHBIE HAKOIHTEIH, 3HA-
YUTEIBHO TPEBOCXOIUTh aKKYMYJSITOpHBIE OaTaper M psAl KOHICHCATOPOB APYTHX THIIOB IO TE€XHHKO-3KOHOMHYECKHM H
OKCILTyaTalli-OHHBIM ITOKA3aTEIIsAM. HpI/IMeHeHI/Ie CYNIEPKOHACHCATOPOB B KAYECCTBE HAKOIIUTEIA SHEPTUHN B KOM6I/IHI/IpOBaH-
HOU SHEPrOCHIIOBOW YCTaHOBKE KaphepHOTO aBTOCAMOCBAJIa MO3BOJIUT MUCKIIOYHUTH PabOTy AW3ENBHOTO JBUTATENs Ha BCIO-
MOTaTCJIbHBIX ONEpalMAX TPaHCHOPTHOI'O LHUKIIA, W, CICA0BATCIIbHO, COKPATUTh BPEMA pa6OTbI Ha YaCTHYHBIX M XOJIOCTBIX
pexuMax.

Kasatkina I., Sidorenko A., Increase energy efficiency of use the dump trucks

Increase the energy efficiency of the traction electric drive is possible through the use of the braking energy of heavy dump
trucks, using regenerative braking as the main method of electric braking. This will reduce fuel consumption and reduce pol-
lution of the atmosphere quarries by applying a combined power plant which comprises a gas turbine or a diesel internal
combustion engine, a powerful drive motor and electric power (battery or an electrochemical capacitor). The system with
asymmetric supercapacitor modules can be used in a combination power plant. Installed on dump trucks with a combined
power plant condenser drives, much better batteries and other types of capacitors of the techno-economic and perfomance
indicators. Application supercapacitors as energy storage power plant in combination career dump would eliminate the diesel
engine to auxiliary operations transport cycle, and reduce the time for partial and idle modes.

YK 621.311.086.5:621.3.001.57
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Cunuyk H.0., Kacatkuna U. B., flaosas A.H., FOpuenko H.H. Onenka HanpaBieHU MOBBIIICHUS 3HEPT03()(HEKTUBHO-
CTH AOOBIYH KeJIE30PYAHOTO ChIPhS MOA3EMHBIM CIIOCOO0M

PaCCMOTpeHLI MCTOJAbI OLICHKH 3aKOHOMCpHOCTeI>'I BIIMSAHHUS KOMINJICKCA TCXHUYCCKUX H TEXHOJOTHYCCKUX (baKTopOB Ha ypo-
BCHbB HOTpe6J’IeHI/I${ 3J'IeKTpI/I‘{eCK0171 OHEPrun U 000cHOBaHUE BBI60pa HaHpaBJ’IeHHﬁ IIOBBIIICHUA 3HepF03(b(1)eKTI/IBHOCTI/I J0-
OBIun JKEJIC30PYAHOTO ChIPbA B YCJIOBHUAX IMOA3EMHBIX TOPHOPYAHBIX HpeHHpHHTHﬁ. Hpennomeﬁ KOMILJICKCHEI A moaxoa K
PEUICHUIO 3a/Ja4X TOBBIIIICHUS 3J'IeKTp03HepF03(1)(1)€KTI/IBHOCTI/I )10651‘{1/1 KPC IIyTEM NPUMEHEHHSA CUCTEMbI KOHTPOJIsA, OLICH-
KU U YIIPABJICHUS 3TUM IIPOLECCOM C YUETOM 000CHOBaHHBIX MPOTHO3HBIX TEXHOJOI'MYCCKUX CJIara€MbIX, KOTOpI;If/i II03BO-
JIUT JOCTUYB keslaeMoro 3¢dekra B aHAIU3UPyeMOil polieMe — COKpAILIeHUs] YPOBHS MOTPeOIEeHHs dIEKTPHUECKOI dHEp-
THH.

Cinuyk L. O., Kacarkina 1. B., SlnoBa A. H., IOpuyenko M.M. Ouinka HanpsMKiB IiABUIIEHHS €HEProe()eKTUBHOCTI BH-
OOYTKY 3a1i30pyJHOT CHPOBHHH IiI3€MHHUM CII0OCOO0OM

Po3risiHyTO METOAN OLIHKH 3aKOHOMIPHOCTEH BIUIMBY KOMIUIEKCY TEXHIYHUX 1 TEXHOJOTIYHUX (DaKTOPIB HA PiBEHb CIIOXKH-
BaHHS €NIEKTPUYHOI eHeprii Ta 00IPyHTYBaHHS BHOOPY HAIIPSMKIB ITiJBHIIEHHS eHeproe(eKTHBHOCTI BUIOOYTKY 3aii30py -
HOI CHPOBHMHHM B YMOBaX IiJ3eMHUX TipHHYOPYAHUX IIANPHEMCTB. 3allpONOHOBAHO KOMIUIEKCHHH MiIXiX MO BUPIMICHHS
3aBJIaHHA HiﬂBI/II]_[eHHf{ eJ'IeKTpOeHepFOC(bGKTI/IBHOCTi BI/IZ[OﬁyTKy 3PC nusxom 3aCTOCYBaHHs CUCTEMU KOHTPOJIIO, OHiHKH Ta
praBJ’IiHHﬂ UM IIPONCCOM 3 YpaxXyBaHHAM 06rpyHTOBaHPIX NPOTHO3HUX TEXHOJIOTTYHHMX ﬂOﬂaHKiB, SIKUH JO3BOJIUTHh JOCATTH
OaxxaHoro e(eKTy B aHaI130BaHii MpoOIeMi — CKOPOUEHHS PiBHS CIIOKUBAHHS €JIEKTPUYHOI €Heprii.

Sinchuk 1., Kasatkina I., Alova A.,Yrcnenko N. Assessing the development and trends pausania the efficiency of produc-
tion of iron ore by underground method

Methods for estimating the patterns of influence of complex of technical and technological factors on the consumption of
electrical energy and the rationale for the choice of directions of increase of efficiency of production zhelezorudnogo of raw
materials in underground mining. A comprehensive approach to solving the problem of increasing electroenergoinvest pro-
duction of iron ore raw materials by applying a system of monitoring, assessment and management process based predictive
technological components that will allow you to achieve the desired effect on the analyzed problem — reducing the consump-
tion of electrical energy.

VK 62267:621.3

Kacartkina L.B., 'nyTos L.B. [linuiieHHs eHepreTHYHO1 €()EKTHBHOCTI TATOBOTO arperary B Kap’epi

Hi}IBI/IH_[I/ITI/I CHEPIrCTUIHY e(l)eKTI/IBHiCTL pO6OTI/I TATOBOT'O arperaty MOXJIUMBO 3a PaxXyHOK BCTaHOBJICHHSA HMPUCTPOIO KOM-
HeHcallil peakTHBHOI MOTY)KHOCTI B YChOMY Jlialla30Hi CTPYMOBHX HAaBaHTa)XEHb IUISIXOM ILIaBHOT 3MiHM PEaKTHBHOI HOTYX-
HOC-Ti KOMIICHCaTOpa. HpPICTplf?I CKJIaIa€ThCd 3 MaCUBHOT'O KOMIIEHCATOpa peaKTI/IBHO'l' l'[OTy)KHOCTi Ta BOJIBTOIO0JAaTKOBOI'O
TpaHchopmaTopa. BUkoprcTaHHS KOMIICHCATOPa MPU3BOIUTE JI0 3HAYHOTO MiIBUILCHHS KOe(illiEHTY MOTYKHOCTI B HOMiHa-
JHHOMY PEXHMi POOOTH 1 A0 MEpeKOMICHCaii pEaKTUBHOI MOTYKHOCTI MPU MalNX CTPyMax HAaBaHTAKCHHS, HA TATOBUX
arperarax ta €JIE€KTpoBO3ax.

Kacatkuna U.B., 'nyroB U.B. [loBrimeHne snepreTndeckoit 3 (HeKTHBHOCTH TATOBOTO arperara B Kapbepe

TloBBICHTE 3HEPreTHYECKYIO 3 PEKTUBHOCTD pabOTHI TATOBOIO arperara BO3MOKHO 3a CUET YCTaHOBKU yCTPOMCTBA KOMIIEH-
canuu peaKTHBHOﬁ MOIITHOCTHU BO BCEM AUAIIa30HE TOKOBLIX HAIrpy30K IMYTEM IUIABHOI'O U3MEHCHUSA peaKTI/IBHOﬁ MOIIHOCTH
KOMIICHCATOpa. yCTpOﬁCTBO COCTOUT U3 MACCUBHOI'O KOMIICHCATOpa peaKTHBHOﬁ MOIIHOCTH H BOJ'[LTO)106aBOlIHOFO TpaHC-
(bopMaTopa. Hcnonb3oBanue KOMIICHCATOpa NMPUBOAUT K 3HAYUTCIBbHOMY INMOBBIIICHUIO KO3(1)(1)PIIIPICHT3 MOIITHOCTH B HOMH-
HaJIbHOM PEXUME paGOTBI 1 B NCPEKOMIICHCAIUU peaKTHBHOﬁ MOIITHOCTH IPHU MaJIbIX TOKaX Harpy3ku, Ha TATI'OBBIX arpera-
Tax " JJICKTPO-BO3aXx.

Kasatkina I., Gnutov 1. Increase energy efficiency tracrion unit in career

Increase the energy efficiency of the traction unit is possible due to the installation of reac-tive power compensation device in
the entire range of current loads by a smooth change of reac-tive power compensator. The apparatus includes a passive and
reactive power compensator booster transformer. Using the compensator causes a considerable increase in rated power factor
operation and the reactive power in overcompensation for small load currents, traction units and locomotives.

YK 621.316

Iepecynbko L.I. 30inblIcHHS HANPYTH JUTBHHYHAX MEPEX SK CMOCIO MiBHUIICHHS SKOCTI €IEKTPOCHEPTii Al caMOXiTHOT
TEXHIKH 3aJTI30pyIHAX MIaXT

VY crarTi po3noBigaEThCA MPO MEepeBar MigBHIICHHS Hanpyrd 10 660B BHYTpIIIHBO MIAXTHUX JUIBHHYHHUX MEpeXax Ui
3aCTOCYBaHHS HOBOi BUCOKO BHPOOJICHOT CaMOXi/THOT TeXHIKH. MeTa poOOTH 1MoKa3aTH, IO iCHye MpodiieMa SIKOCTI elIeKTPO-
€Heprii Ha maxTax o0 Be/e 0 3HIKECHHS eHEProOCHANEHOCTI MIMpUEMCTBA. | 3anponoHOBaHO BUPIIIEHHS MPoOIeMH 3iii-
CHHTH TepexiJ Ha OiJbll BUCOKUH PiBEHb HANPYTH PO3MOAIIBHHX Mepex. IliIBUICHHS HANpYTH, SIK MPaBUIIO, MOKpAIILye
TEXHIKO-EKOHOMIYHi MOKa3HHKH CUCTEMH EeJIeKTPOIOCTaYaHHs MiNPUEMCTBA, OAHOYACHO TOJIIIIYETHCS i SIKICTh €IEKTPOoe-
Heprii y CrIoXXUBaviB.

Ilepecynbko U.U., YBenuueHue HanpsyKeHUS YYaCTKOBBIX CeT€il Kak CrocoO MOBBIIIEHUS KauecTBa JIEKTPO3HEPruid A
CaMOXOJHOM TEXHUKH >KeJIe30Py THBIX MIaXT

B craTpe pacckaspiBaeTCs PO MPEUMYIIECTBA ITOBBIIIEHHS HANpspKeHUs 10 660B BHYTPHIIAXTHBIX YYaCTKOBBIX CETSX UL
MpPUMEHEHHs] HOBOH BBICOKO IPOM3BOANMON caMOXOTHON TeXHUKH. Llens paboThl mokasaTh, 9TO CyIIECTBYET ImpobiieMa Ka-
YeCTBa HIEKTPOIHEPTHH Ha IIaXTaxX YTO BEJET K CHIDKEHHIO YHEPTOBOOPYKEHHOCTH NPEANPUATHS. 1 mpeutoxKeHo perreHne
poOJIeMBbl OCYLIECTBUTH IMEpPEeX0 Ha Ooyiee BBICOKHH YpPOBEHb HAIPSDKEHHUsI paclpeeMTelbHbIX cereil. [loBbiieHue
HaIPsHKEHUS, KaK IMPaBUIO, YJIY4YIIAeT TEXHUKO-3KOHOMUYECKUE ITOKA3ATCIU CUCTEMBI 3HeKT‘pOCHa6)KeHI/lﬂ NpCaAnpuATUs,
OJITHOBPEMEHHO YIyYIIAeTCsl U Ka4eCTBO JIEKTPO3HEPTHHU Y MOTpeOuTeneH.

Peresunko I. Increasing the voltage of the precinct networks as a means of improving the quality of electricity for self-
propelled machinery iron ore mines
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The article tells about the benefits of raising the voltage to 660V intramine district networks for the use of a new high made
self-propelled equipment. The purpose of the work to show that there is a problem of power quality in the mines which leads
to a decrease in enterprise power available. And propose a solution to make the transition to a higher level of voltage distribu-
tion networks. Increasing the voltage usually improves the technical and economic indicators of the enterprise power supply
system, and at the same time improving the quality of electricity for consumers.

VK 622.646:621.86.067.2:62.83

Batpaxos /JI.B. AnHani3 pexxumiB poOOTH BiOpaliiiHOI TpaHCIOPTYIOYOi MAIIMHU 3 METOIO iIBUIEHHS e()EeKTUBHOCTI BHUILY-
CKy pyau

IIpoBenennii aHami3 MOKIMBUX PEXUMIB poOOTH BiOpaLiitHOT TPAHCTIOPTYIOYOIO MAIIMHU NIPH BUKOPUCTAHHI PETYJIEOBAHOTO
SJIEKTPOIIPHBO/A 3 METOK IiABUIICHHS e(QEKTUBHOCTI NPOLECY BUIYCKY pyAd. MaTreMaTH4HO PO3IVIAHYTO IPOLEC PYXY
OJMHIYHOI YaCTMHKU MO BiOpaliifHOMy opraHy Uil rapMOHIHHMX KoimBaHb. OmHCaHI peXXUMH POOOTH IS BiIIOBITHHUX
3HAUCHb YacTOTH KOJHMBAHb Ta aMIUNTyIH. BcraHOBIEHO, MO OTpUMaHUH KOe(ilieHT pexxuMy poOOTH BiOpPOTpaHCHOPTHOL
YCTaHOBKH XapaKTEePH3Yye pi3HI PSKHMH pyXy Marepiany: Oe3 BiApHBY, 3 BIIPUBOM Ta 3 BiIpHBOM i O€3 BiIpHBY MaTepiaiy
BiJl BaH-Ta)kKOHecydoro opray. [IpoBeaeHe MaTeMaTH4HEe MOJIETIOBAHHS XapaKTEPUCTHKH e(EeKTHBHOCTI PEXHUMY pOOOTH Ha
NPHUKIaIl OZHOMAcHOI BiOpamifHOT MaIIMHY 3 iHEPILIIfHUM MPUBOAOM IIPH 3MiHI YaCTOTH 00EepTaHHS IUIIXOM BHKOPHCTaHHS
PEryJIbOBaHOTO ENEKTPOIIPUBOA /ISl HOMIHAJIBHUX IapaMeTpiB. BecTaHOBNEHI 3HAYEHHS KOeillieHTy pexXuMy poOOTH, dac-
TOTU Ta aMIUTITYAH, AKi BiANOBINAIOTh HAWOIIBII e()EKTUBHUM PEXHMaM BiOPOTPAHCIOPTYBAHHA 3 TOUKU 30pY JOCATHEHHS
MaKCHMAJIbHOI IIBUAKOCTI TPAHCIIOPTYBAHHS PY/H.

Batpaxos JI.B. Aranu3 pexxuMoB paboThl BUOPAIMOHHON TPaHCIOPTUPYIOUIEH MAIIWHBI C HETIbI0 MOBHIMCHUS 3()(HEKTHB-
HOCTH BBIITyCKa PYJIBI

IIpoBeneHHBIN aHANMN3 BO3MOXKHBIX PEXHMOB paOOTHl BUOPAIMOHHOW TPAaHCIOPTHPYIONIEH MAIIWHBI IPH HCHONB30BaHHU
PEryIUpyeMOoro 3JIEKTPOIPUBO/A C LEJbI0 MOBBIICHUS 3(Q(EKTHBHOCTH IMpolecca BHITyCKa pyasl. MaTemaTHuecku pac-
CMOTpEH HPOLecC ABMKSHUS eIMHUYHOM YacTHIBI 110 BUOPAIIOHHOM OpraHa JJIsi TapMOHHUYECKUX KoyeOanuil. OnucaHHbIe
PEXKUMBI paboTHI ISl COOTBETCTBYIOLIMX 3HAYCHMI 4acTOTHI KOJNIEOAHMI M aMIUIMTYIbI. YCTAQHOBJICHO, YTO IIOJY4YCHHBIH
K03 HHULHEHT pexrMa paboThl BUOPOTPAHCIIOPTHOM YCTAHOBKH XapaKTEPH3yeT PasM4HbIe PEXKUMBI JIBUKCHHS MaTepHaia
6e3 OTpBIBA, C OTPHIBOM M C OTPHIBOM M 0€3 OTphIBa MaTepuaja OT BaH-Ta)XOHECY4oro opraa. IIpoBeneHHOE MaTteMaruye-
CKO€ MOJEIHPOBAHHE XapAKTEPUCTUKH 3P PEKTUBHOCTH PEKIMa pabOTHI Ha IPUMEPE OTHOMACTHOW BHOPAIIMOHHOMN MaIlImHb
C MHEPIMOHHBIM NPUBOJOM IIPH W3MEHEHHH YacCTOTHI BPAIIECHMS ITyTEM HCIIOIB30BAaHMS PErYIHPYEMOTro SICKTPOIPHBOIA
JUIS. HOMHMHAJIBHBIX [TapaMeTPOB. Y CTAaHOBJICHHBIE 3HAYEHHsI KO HIMEHTa pexXnMa padoThl, YaCTOTHl M aMIUIUTYABI, COOT-
BETCTBYIOLIHE CaMbIM 3((GEKTHBHBIM PEXUMaM BHOPOTPAHCIIOPTYBAHHS C TOUKU 3PEHUS JOCTIDKEHUS MAaKCHMAIBHOH CKO-
POCTH TPaHCHOPTHPOBKH PY/IBL.

Batrakov D. Analysis of vibration modes of transport vehicles in order to improve ore output

The analysis of possible vibration modes of transport vehicles using regulated electric drive to improve the efficiency of pro-
duction of ore. Mathematically considered the process of moving to a single particle vibration body for harmonic oscillations.
Described modes for the respective values of the oscillation frequency and amplitude. It was established that the resulting
ratio mode of installation vibrotransportnoyi describes different modes of motion of material: on the job, at a distance and
margin without separation of material from van tazhonesuchoho body. Mathematical modeling characteristics of effective
mode of vibration for example suited inertia machines driven by changing rotational speed by using adjustable Electric nom-
inal parameters. Set ratio mode, frequency and amplitude, which correspond to the most efficient modes vibrotransportu-
vannya in terms of achieving a maximum speed of transporting the ore.

VIIK 621.316.7

Kozuos B.C., €BmenoB A. 0. Ouinka nmoreHniany eHeproeekTHBHOCTI MPOKATHOTO CTaHy

ITonana po6oTa MpUCBsSYEHA MUTAHHAM EEKTPUYHOTO eHepro3depeskeHHs. B poboTi 1oBeneHo, M0 HAHOIIBII 3aTPaTHUM 3
EHEepreTHYHO! TOYKH 30pYy CEKTOPOM HalliOHAJBHOI NMPOMHUCIOBOCTI € MeTalypriiiHe BUpOOHHMITBO. OHIEIO i3 KIIOYOBHX
JIAHOK MeTanyprii € nmpokaTHuii crad. TakuMm 4YMHOM, B pOOOTI BU3HAYEHO OCHOBHHH 00’€KT, KU MOTpedye «eHepreTuIHOl
ONTUMI3ALi».

Ha npuxnani HemepepsHoro 3aroriBeibHoro crany 900/700/500 ITAT «ApcemnopMitran Kpusnit Pir» BuKOHaHO OIHKY
MOTEHIIIANy eHeproe()eKTUBHOCTI. B pe3ynbTati OIIHKK MOKa3aHO, 1[0 MAKCUMAJIbHHII €KOHOMIUHHIA e(heKT MOXKHA OTpUMa-
TH TIPH KOMITEHCAIlil pEaKTUBHOI MOTY)KHOCTI B CHCTEMi XHBICHHA. [Ipy 1bOMY, KOMIICHCAlisd aKTHBHUX BTPaT MEpExi,
CNIPUYMHEHHUX IEPEeTOKAMU PEAaKTHBHOI MOTYKHOCTI Ta BUIMMHU TFAPMOHIKAMHU CTPYMY HaBaHTa)KECHHS, JO3BOJISE OTPHMATH
3HAYHO MEHIINH EKOHOMIYHUH e(eKT.

BpaxoBytoun mpoBesieHy OIIHKY, 3aIPONOHOBAHO HAMOUIBII ONTUMANBHHN 332 KPUTEPieEM BapTOCTI NIIAX MoxepHizarii. Oc-
HOBHI TEXHIYHI Ta OpraHi3alliiiHi 3aX0JH 3allPOTIOHOBAHOTO HAIPSMKY HACTYIIHI: BBEICHHS KEPOBAHUX MEPETBOPIOBAYIB B
pexuM poOOTH 3 KyTOM KepyBaHHs, Ou3bKuM /10 0; peryaoBaHHs HIBUAKOCTI 0O0epTaHHS IBUTYHIB IIUIIXOM HEPEBEPCUBHO-
ro IIHPOTHO-IMIyIbCHOTO meperBopioaya (I1IIIT); mapanenbHe MOeqHAHHS BUXO/IIB KEPOBAaHUX MEPETBOPIOBAYIB JUIsl CTBO-
PEHHSI CIINBHOT JIJAHKHK MOCTIHHOTO CTPYyMY; PeBEpC IBUI'YHIB 3a JJOMIOMOTOI0 30y IHHKA.

3a nonepeHIMHU MiApaxyHKaMH IPOTHO30BaHUI TEPMiH OKYITHOCTI TEXHIYHHX PillIeHb CTAHOBUTH 2.5 MicsuiB. [ToganpmmMu
KpOoKaMH 0OpaHOro HampsiMy MOZEpHi3allii MOXyTh OyTH po3poOKa €IMHOI CUCTEMHU KepYBaHHs Ta TEXHOJOTIYHOTO KOHTPO-
mro, BOyoBana 1o cucremu LIIIT; moxepHiszawist 3akoHiB kepyBanHs LI s MiHiMizauii BIUIMBY mepeTBOPIOBAYiB HA Me-
PEXy; YTOYHEHHI PO3PaxyHOK CKJIAJOBHX TIOBHOT MOTYKHOCTI MEPEXi TOLIO.

Kozios B.C., EBmMenoB A. FO. Onenka noteHnuana 3Hepro3pQeKTHBHOCTH MPOKATHOTO CTaHA

JanHast paboTa MOCBsILIEHa BOIPOCAaM 3JIEKTPHYECKOro 3HeprocoepekeHus. B paboTe nokazaHo, 4To Hanbosee 3aTpaTHBIM C
JHEPreTHYECKOW TOYKU 3PEHHUsSI CEKTOPOM HALMOHAJIBHOH MPOMBIIUICHHOCTH SIBISETCS METaJUTyprUYecKoe IPOHM3BOJCTBO.
OpnHOIt W3 KIIFOYEBBIX 3BEHHEB METAILTYPTHH SIBISICTCS MPOKATHBIM craH. TakuM oOpa3oM, B paboTe ompeneneH OCHOBHOI
00BEKT, KOTOPBIH HY)XKAAETCS B «IHEPTETHYECKOH ONTHMH3ALIUI.
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Ha npumepe HenpepsiBHOTO 3arotoButenbHoro cocrositus 900/700/500 TTAO «ApcenopMutran Kpusoii Por» BbimosHeHa
OLICHKa MOTEHIHaNa 3HeprodpGpeKTHBHOCTH. B pe3ynbrare OLEHKH MOKa3aHO, YTO MAaKCHMAaJbHBIH 3KOHOMUUYECKHUit 3 ekt
MOXXHO MOJYYUTh IPHU KOMIICHCALIUU peaKTHBHOﬁ MOIIIHOCTH B CHCTEMC IIMTAHUA. HpI/I 9TOM, KOMIICHCAIlMsd aKTHBHBIX I10-
TEPb CETU, BBI3BAHHBIX IIEPETOKAMU peaKTHBHOﬁ MOIIHOCTH Y BBICHIMMHU 'apMOHUKAMHU TOKA HAarpy3KH, MO3BOJIACT NMOJYUUTH
3HAYHUTENILHO MEHBIIUH YKOHOMUYECKUH 3P PEKT.

YunTtsiBas MPOBEACHHYIO OLECHKY, MNPEAJIOKEHBI HanboJiee ONTHMAIILHEIN 10 KPUTEPUIO CTOMMOCTU IIYThb MOACPHHU3AIUU.
OCHOBHEIC TEXHUYECKHE U OpraHu3alfMOHHBIC MEPLI NPEAJIOKEHHOTO HAIIpaBJICHUS CIICAYIOIUE: BBEACHUC YIIPABISACMbIX
npeoOpazoBaTesell B peXUM pabOTHI C YIIIOM yIIpaBleHUs, O1m3kuM K 0; peryJaupoBaHUs CKOPOCTH BpalleHHs JBHTrareieit
IIYTEM HEPEBEPCUBHOI'O HIMPOTHO-UMITYJILCHOT'O npe06pa3OBaTenﬂ (IHI/IH) napajuieJIbHOC COCJUMHECHUE BBIXOJOB YIIpaBJIAC-
MBIX npeo6pa3OBaTeneI71 JJIA CO3JaHUus COBMECTHOM 3BE€HA MOCTOSIHHOI'O TOKa; pE€BEpC I[BHFaTeJ'[efI C IOMOIIIBIO B036yZ[I/ITeJ'I$L
Ilo mpenBapuTEIbHBIM MOACYETaM MPOTHO3UPYEMBIH CPOK OKYHAeMOCTH TEXHHYECKHX PELICHHH COCTaBIsIeT 2.5 MecsIeB.
JlanpHeHIIMMH 1araMy BEIOPaHHOTO HAIIPaBJICHHS MOJAEPHHU3AIMU MOTYT OBITh pa3paboTKa €ANHON CHCTEMBI YIPaBICHUSI U
TEXHOJIOTMYECKOTO KOHTPOJISL, BcTpoeHHast B cucteMy LIIMII; monepuuzanus 3akoHoB ynpasinenus HIWIT nns MunumMuzanuu
BIMSAHUS ITpeoOpazoBareneil Ha ceTh; YTOUHEHHBIN pacyeT COCTABIIAIOMINX OJIHONW MOIIHOCTH CETU B TOMY ITOA0OHOE.
Kozlov V., Yevmenov A. Estimation of potential energy mill

The given issue is devoted to electrical energy conservation. It is proved that the most costly from an energy point of view of
national industry sector is metallurgical production. One of the key parts of the industry are rolling mill. Thus, the paper iden-
tified the main subject in need of "energy optimization."

In the case of continuous blanking state 900/700/500 PJSC "ArcelorMittal Kryvyi Rih" the estimation of potential energy. In
the evaluation shows that the maximum economic benefit can be obtained by reactive power compensation in power system.
Thus, compensation active network losses caused by overflows of reactive power and higher harmonics load current provides
a much smaller economic impact.

Given the ongoing assessment prompted the optimal value of the criterion path of modernization. Main technical and organi-
zational measures proposed following direction: input converters in managed mode with the control angle close to O; the
motor speed control by pulse width Irreversible converter (SHIP); parallel combination of outputs controlled converters to
create a common DC link; reverse engines using pathogen.

According to preliminary estimates of the projected payback period of technical solutions is 2.5 months. Next steps chosen
direction of modernization can develop a unified management system and process control system built SHIP; SHIP manage-
ment modernization laws to minimize the impact on network transformers; updated calculation component of power net-
works.

YIK 621.316.925:622.82

Onuienko B.B. JlocnijkeHHs BIIMBY KOJNMBAaHb HANPYTH XHBJIEHHS HAa POOOTY €NEKTPUYHOTO NMPUBOAA PYIHHUKOBOTO
€JIEKTPOBO3a

IIpu po0OTI pPyIHHKOBHX €IEKTPOBO31B MOXIIHBI BIAXHMJICHHS HANPYT'H JKUBJICHHS BiJ HOMIHAJIBHOTO 3HAYCHHS, B 3B'A3KY 3
YUM, IPU BUKOHAHHI TIEBHUX YMOB, MOXYTh BiIOYBAaTHCS 3pUBH KOMYTalili B TAPHCTOPHOMY II€PETBOPIOBaYUi, [0 3HIKYIOTh
e()eKTHBHICTh €JIEKTPUYHOTO ralbMyBaHHs. B naHuii yac € psij pilieHs, copsMOBaHHUX Ha 3abe3nedeHHs OeszaBapiiiHoro ¢yH-
KI[IOHYBaHHsI €JIEKTPOIIPUBOAY B YMOBAX 3HIKEHb 1 3HUKHEHb HaIllPpyTr'H )KHUBJIEHHs. 1le ycTaHOBKa Ha eleKTpoBO3ax crelia-
JBHUX TEHEepaTopiB HAINPYTH, rajlbMyBaHHS TATOBHX ABUTYHIB IPH MOPYIIEHHI HOPMAIBEHOTO PEXUMY KHBIJICHHS, 3aCTOCY-
BaHHS KOHTAKTHO-aKyMYJISITOPHHX €JEeKTPOBO3iB. | Bce j, BiIMiYeHI HIISXM BUPIIIEHHS IOTO 3aBIAHHS HE € JOCTaTHBO
e(eKTHBHUMH, TOMY IO AT JOCATHEHHS ITOCTAaBIE€HOI METH BHMAraioTh 3aCTOCYBAaHHS JOJATKOBOTO €JIEKTPOOOIagHAHHS,
IO B JIEIKUX BUIAAKAX BEAYTh IO 3HIDKECHHS NPOTYKTHBHOCTI €IeKTPOBO3HOI BifkaTku. Ha BaXXKHX pyTHHUKOBHUX €JIEKTPO-
BO3ax (BENMYMHOIO 3YIMTHOI Baru MeHIIe 28 TOH), a TAKOXK CEPEJHBOTO 1 JETKOTO THUITY BiACYTHIH BUTBHHIA MPOCTIp IJIs PO3-
MIIIEHHS TOJaTKOBOTO EIIEKTPOyCTaTKyBaHHA. L{e BUKIMKae HE0OXiqHICTh MOMIYKY iHIIMX MUISXIB ITiABUIIEHHS €(PEKTUBHO-
cTi QyHKIIOHYBaHHS CHCTEM YIPABIiHHS PYIHUKOBUX EJIEKTPOBO3iB, pO3POOKH HOBHX MPOTPECHBHUX 3aCO0IB YIIPaBIiHHS,
pO3po0IIeHNX Ha BUKOPUCTAHHI eHeprii HakOMMYyBaJbHUX KOHAEHCATOPIB BXiAHUX (iNbTPiB, eHeprii 00epTOBUX ENeKTPHUY-
HHUX MallMH (HAaNpuKIaja, B JTaHOMY BUMaAKy eHeprii odeptoBux T/I). Takuii HampsMOK BHpPILIEHHS MHTaHHS € JOCTaTHHO
€KOHOMIYHHM, TaK SIK He MOTpeOye BUKOPHCTaHHS JOAATKOBOTO CHIIOBOTO 0ONaJHAHHS, 301IbIICHHS MOB'SI3aHNX 3 UM eKC-
IUTyaTaI[ifHUX 3aTpar.

Onnienko B.B. VccrenoBanne BIUsHUS KoJeOaHNH HANpsDKEHHUS MATAHUS Ha ero paboTy MPUBOIA PYyJHHIHOTO HJIIEKTPO-
BO3a

IIpu paboTe pyTHUYHBIX TEKTPOBO30B BO3MOXKHBIE OTKJIOHEHHS HAPSDKEHUSI TUTAaHUS OT HOMUHAIFHOTO 3HAYEHUS, B CBSI3N
C 4eM, IIPH BBIMTOJTHEHNH ONPEJeNeHHBIX YCIOBHH, MOTYT IPOUCXOANTH CPHIBEI KOMMYTANNil B THPHCTOPHBIX MpeoOpa3oBa-
Tenel, CHIKAIOMUX 3()(HEKTUBHOCTD AIEKTPUIECKOr0 TOPMOXKEHHS. B HacTosIee BpeMs eCTh sl PeIIeHHI, HalpaBIeHHBIX
Ha obecreueHne 6e3aBapHitHOTO HYHKIIMOHHPOBAHUS AIEKTPOIPUBO/A B YCIOBHSIX CHIDKCHHUI M NCUE3HOBEHHI HANPSDKCHUS
MHUTaHHUS. DTO YCTAHOBKA Ha 3JICKTPOBO3aX CHELHATIbHBIX TeHEPaTOPOB HAIPSIKEHMs, TOPMOXKEHHS TATOBBIX ABUTATENCH MIPU
HapyIEHUU HOPMAJIBHOI'O PEXXUMa MUTAHUSA, IPUMEHEHUE KOHTAKTHO-aKKYMYJISITOPHBIX 3JIEKTPOBO30B. U Bce KE, OTMCUCH-
HBIE ITyTH PEIICHNs 9TOH 3a/laull He SBIIOTCS JOCTATOYHO (P ()EKTUBHBIMY, TaK KaK JUIS JOCTHKEHHUS MOCTABICHHOHN IeTH
TpeOyIoT MPUMEHEHHs JIOMOIHUTEIBHOTO JIEKTPOOOOPYAOBAHHS, B HEKOTOPHIX CIydasX BeAyT K CHIDKCHHIO IPOU3BOIH-
TENBHOCTH AJIEKTPOBO3HOM OTKAaTKH. Ha TSHKeNbIX pyAHUIHBIX 3JIEKTPOBO3ax (BEJMYMHON CIIEITHOTO Beca MeHee 28 TOHH), a
TaKoKe CPEAHETO ¥ JIETKOTO THIIAa OTCYTCTBYET CBOOOJHOE MPOCTPAHCTBO IJISI Pa3MEIIEeHHs JOTIOIHUTEIEHOTO JIEKTPOoOopy-
JIOBaHUs. DTO BBI3bIBaCT HEOOXOIMMOCTh ITOMCKA APYTUX IyTeil MOBBIICHUS 3(G(PEKTHBHOCTH (QYHKIHOHUPOBAHUS CHCTEM
YIpaBJIeHHs] PYJHUYHBIX 3JEKTPOBO30B, pa3pabOTKK HOBBIX NMPOTPECCHBHBIX CPEACTB YIPABICHHs, pa3pabOTaHHBIX Ha HMC-
IIOJIb30BAHUM SHEPIMU HAKOIIUTEJIbHBIX KOHACHCATOPOB BXOIHBIX d)HﬂprOB, OHEPIUH BpallalomIUuXCsA JJICKTPUYECCKHUX Ma-
IWMH (HampuMmep, B JaHHOM ciydae sHepruu Bpamatomuxcs T[I). Takoe HampaBieHHE pelIeHHs] BOIPOCA SBISETCS JOCTa-
TOYHO SKOHOMHYHBIM, TaK KaK HE TPeOyeT HCIIONB30BAHHS IOIOJHUTEIEHOTO CHIIOBOTO O0OPYIOBAHUS, YBEINUCHHE CBS-
3aHHBIX C 9THM HKCIUTyaTallHOHHBIX 3aTparT.
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Onishchenko V. Investigation of voltage fluctuations to work electric drive of mine locomotive

When working mine electric voltage deviations from the nominal value, in connection with which, under certain conditions,
there may be disruptions in switching thyristor converters that reduce the efficiency of electric braking. Currently, there are a
number of decisions aimed at ensuring trouble-free operation under reduced electric and disappearances voltage. This instal-
lation of electric locomotives special voltage generators, braking traction engines in violation of normal power use, recharge-
able electric contact. Yet marked solutions to this problem are not sufficiently effective as to achieve the purpose of requiring
the use of additional electrical equipment, which in some cases lead to reduced productivity elektrovoznoy haulage. On
heavy mine electric locomotives (Coupling largest weight less than 28 tons) and medium and light type no space for extra
electrical equipment. This makes it necessary to find other ways to improve the efficiency of electric control system of mine,
development of new advanced management tools designed to use energy storage capacitor input filter power rotating electri-
cal machines (for example, in this case energy revolving TD). This way the question is quite economical as it does not re-
quire the use of additional power equipment, an increase in related operating costs.

YK 622.625.28-83

I'yzo E.C., Cinuyk 1.0., Kanemyc J.0. JlocnijpkeHHs eIeKTPOMarHiTHHX HPOIECIB B TATOBOMY JABHTYHI IOCTIHHOTO
CTPYMY 3 TIOCJTIZIOBHOKO OOMOTKOO 30y [>KEHHSI

AHaJIi3 MapKy eNEKTPHYHUX MAIIUH Cy4aCHHUX IiJIIPUEMCTB MOKA3ye, 0 HAHOLIBII MOIIMPUHUMY 3aJIHLIAIOTHCS BUTYHH
MOCTIHOTO CTPyMY 3 TOCIiTOBHOIO 0OMOTKOIO 30ymKeHHs. Hapsny 3 icHyl0OUMMH nepeBaraMu sIKHMX, OCHOBHUM HEIOJIKOM
3aJMIIAETHCS CKIAHICTh NEPEXOy OCTAHHIX B PEXHUM raJbMyBaHHS, Ta MOB’sA3aHi 3 UM HE3PYYHOCTI B pOOOTI TpaHCHOPT-
Horo 3aco0y. Tak oauH 3 HAUMOIIMPUHIIINX BHUIIB TaIbMYyBaHHS, K €NEKTPOJHHAMIYHE, OOMEKEHO 3HAUCHHSM KPUTHIHOI
4acTOTH OOepTaHHS, a PEKHUM IIPOTUBMHUKAHHS — MaKCHMAJIbHUM 3HAaYCHHSM CTPYMY rajbMyBaHHS. ToMy Juis 30epexeHHs
pecypcy poOOTH JBUTYHIB Ta PO3LIMPEHHS Jiana3oHy 3aCTOCYBAaHHS PEXUMY TUHAMIYHOTO TAIbLMYBaHHS, OYJIO IPOBEICHO
aHaJi3 MmepexiIHUX MPOIECiB Y ABUTYHI IOCTIHHOTO CTPYyMY 3 MOCHIIOBHOK 0OMOTKOIO 30y/IKeHHs. Bin3HaueHo, 110 J1ocii-
JUKEHHSI eJIEKTPOMArHITHHUX IPOIECiB JaHOTO BHIY CJNEKTPUYHUX ABUTYHIB yCKIaJHEHE, TUM IO B JBUTYHAX IIOCIiJOBHOTO
30yUKEHHS Mar-HITOpyUIiifHa CUJIa, SIK HACTIIOK, 1 MArHITHUH MOTIK 3MIHIOETBCS 13 3MIHOIO CTPyMY SIKOPA. ISt MOKITHBOCTI
HPOBEICHHS OCII/PKEHb 0YJI0 BUKOPHCTAHO JTaOOPOTOPHUIL CTEH/, SIKUH JJO3BOJIMB IIPOBECTH EKCIICPHMEHT, Ta OOy IyBaTH
KpHBY HaMarHiueH-Hs. byno mpoBeneHo ii anpokcumariito, Ta mooynoBaHo rpadiku. AHami3 rpadikiB mokasye, mo B 30HI
HU3BKUX MIBUAKOCTEH HAWOUIBII OMM3BKUM € BUPA3 TiIepOOIiYHOrO CHHYyCa, a B 30HI HACUIICHHA rinepooniunuii. OTpuMaHi
3aBISKU AQHAIITHYHOMY BUpa3y KpPHBOi HaMarHiYeHHs BHpPa3d JAIM MOXJIUBICTH IMOOYAYBaTH MOBEPXHI IIBHIKOCTI MPOTi-
KaHHS €JIEKTPOMArHiTHUX MPOLECIB Y JBHUTYHI IIOCTIHHOTO CTPYMY 3 MOCITIZOBHOIO OOMOTKOIO 30YIKEHHS B pEKHMax Mpo-
TUBMHUKAHHS Ta EIEeKTPOANHAMIYHOTO rajJbMyBaHHS. AHaJi3 OTPHMaHUX MOBEPXOHb MOKa3ye, IO MEePEMHKAHHS 3 OJHOTO
pexXHMa eNeKTPHYHOrO TaJbMyBaHHs Ha iHIIMI Oyne CyNnpoOBODKYBAaTHCH 3HAUHMMH KHAKAMH CTPYMY ABUTYHIB, IO HE €
0a)XaHUM Ta CYTTEBO MOTIPIIye CTaH 130J4-1i1 0OMOTOK ABHT'YHA, YHM 3HIKYE HOTO pecypc poOOTH Ta HamilHICTh €IeKTpH-
YHOTO TajJbMYBaHHS, BiJl YOTO B 3HA4HIH Mipi 3aJeXHUTh e€(EeKTUBHICT POOOTH PYAHHUYHOTO €JIEKTPOBO3Yy. OUEeBUAHUM, Ta-
KO, € MiIBUIIEHAN PiBeHb IyJbCcalliil CTPyMy ABUTYHA y TakoMy pexuMi. OTpUMaHi pe3ynsTaTd (HOPMYIIOIOTh OCHOBHI
BUMOTH JI0 CUCTEMH TalbMyBaHHS TPAHCIIOTPHOTO 3aco0y, sIKi MOJSATAIOTh Y PO3POOIIi YiTKOTO alropuTMy (yHKIIOHYBaHHS
TaKol CUCTEMH.

I'yzoB €.C., Cunuyk U.A., Kaabmyc J.A. VccnenoBanue J1eKTPOMAarHUTHBIX MPOLIECCOB B TATOBOM JIBUTaTele MOCTOSH-
HOT'O TOKA C IOCIIEI0BAaTENbHOI 0OMOTKOW BO30YXIICHUS

AHanum3 napka dJeKTPUYeCKHX MAaIluH COBPEMEHHBIX NPENpPUATHI TOKa3bIBaeT, 4TO Hanboee IUPHUHE OCTAIOTCS IBUraTe-
JIM TIOCTOSTHHOTO TOKA C TIOCNe0BaTeNbHOH 00MOTKO# Bo30yxaeHus. Hapsay ¢ cyIiecTBYIOIMMI PEUMYIIECTBAMH KOTO-
PBIX, OCHOBHBIM HEIOCTATKOM OCTAETCS CJIOXKHOCTB MEPEX0/a MOCACAHUX B PEKHM TOPMOXKECHHSI, M CBS3aHHbIC C 9TUM He-
yno0cTBa B paboTe TPaHCTIOPTHOTO cpecTBa. Tak OMH M3 HAWIONIMPUHHUIINX BHIOB TOPMOXKEHHS, KaK 3JIEKTPOJIHHAMHYC-
CKHMil, OrpaHHYECHO 3HAUYCHHEM KPUTHYECKOH 4acTOTHI BPAIICHUS, & PEKUM MPOTHBOBKIIOYCHHUS - MAKCHMAaJIbHBIM 3HAYCHHEM
TOKa TOpMOXkeHus1. [1oaToMy 171st coxpaHeHus pecypca paboThl ABUTATENEH U paclIMpeHHe Auana3oHa MPUMEHEHHs pexuMa
JMHAMHYECKOTO TOPMOXKEHHsI, ObUT POBE/ICH aHAIN3 MEePEeXOIHbIX MPOIIECCOB B JABUraTelle MMOCTOSHHOIO TOKA C MOCIea0Ba-
TeNbHOW 00MOTKOMH B030YXaeHus. OTMEUYEHO, YTO MCCIIeIOBAaHMUS 3JIEKTPOMArHUTHBIX MPOIIECCOB JAHHOTO BHIA JJIEKTpHUYE-
CKHX JIBUTaTellel 3aTpyAHEHO, TeM, YTO B JIBUTaTelsIX MOCIEA0BATEIHHOIO BO30YKACHNSI MArHUTOPYILMIHA CHJIa, KaK CIIe-
CTBHE, 1 MarHUTHBIH MOTOK MEHSETCSl ¢ U3MEHEHHEM ToKa sIKops. {11 BO3MOXKHOCTH MPOBENICHUS MCCIIeI0BaHUi ObLIN HcC-
HOJIb30BaHbI J1TAOOPATOPHOM CTEH[, KOTOPBIH MO3BOJMII NMPOBECTH 3KCIIEPHUMEHT, M IOCTPOMTh KPUBYIO HaMarHHYCHHBIX.
BBUTO IPOBEICHO €€ aAMMPOKCUMALIHIO, ¥ TIOCTPOCHBI rpadMku. AHaIu3 rpa)KOB TOKA3BIBAET, YTO B 30HE HU3KHUX CKOpOCTeit
Haubouiee OIU3KUM SBISIETCS BRIPQKEHHE THIEPOOIMYECKOT0 CHHYCa, a B 30HE HACBIIEHHUS runepboandeckuil. [TonydyeHHbIe
Oaroaapsi aHATUTHYECKOMY BBIPQKEHHIO KPHBOiI HAMArHHUYMBAHUS BBIPAXKECHUS MO3BOJIMIIN ITIOCTPOUTH MOBEPXHOCTH CKO-
POCTH MPOTEKAHMUS 3JIEKTPOMArHUTHBIX MIPOLIECCOB B JABUTATEINE IIOCTOSIHHOTO TOKA C MOCIE0BATEIbHOW 0OMOTKOW BO30YXK-
JCHUSA B PEKHUMAX MPOTUBOBKIIOYCHUA U SJICKTPOAUHAMUYECKOTO TOPMOKEHUA. Ananus NOJIYyYCHHBIX HOBerHOCTCﬁ IOoKa-
3BIBAET, YTO MEPEKIIOYCHHE C OJHOTO PEKHMA IEKTPHYESCKOr0 TOPMOKEHUsI Ha IPpYyroit OyAeT cOMmpoBOXKAATHCS 3HAYNTEIb-
HBIMHA 6p00KaMI/I TOKa llBl/ll"aTeJ'leI\/’l, HE XKEJIATCJIBHO U CYHIECTBEHHO YXYAIIAE€T COCTOSAHUE U3O0JIALINN 06MOTOK JABUTaTeCIIA,
YeM CHIKaeT ero pecypc paboThl M HaJJeKHOCTh HJIEKTPHYECKOr0 TOPMOXKEHHMS, OT YEro B 3HAUMTEIbHOW CTEINEHH 3aBHCHT
3¢ dexkTHBHOCTh PabOTHl PYAHUYHOTO 3JIEKTPoBO3a. OYEBHAHO, TaKkKe, SIBISCTCS MOBBILICHHBIH YPOBEHb IyJbCAllHil TOKA
JBUTaTeNsl B TaKoM pexkume. [TonydeHHbIe pe3yibTaThl ONMPEIeNsOT OCHOBHBIC TPEOOBaHHUS K CHCTEME TOPMOXKEHHS TPaHC-
HOTPHOT'O CPECTBA, KOTOPBIE 3aKIII0YAIOTCS B pa3paboTKe YETKOTo airoputMa QyHKIHOHHPOBAHUS TAKOH CHCTEMBIL.

Huzov E., Sinchuk 1., Kalmus D. Research of electromagnetic processes in traction motor DC successive winding

Analysis fleet of electric cars modern enterprises shows that most poshyrynymy are DC motors with successive winding.
Along with the existing benefits whose main disadvantage is the complexity of the transition last braking mode, and the asso-
ciated discomfort in the vehicle. So one of nayposhyrynishyh types of brake as electrodynamic, limited by the critical speed,
and mode protyvmykannya - maximum braking power. So to save the life of the engine and expand the range of application
of dynamic braking mode, an analysis of transients in DC motors sequentially winding. It is noted that the study of electro-
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magnetic processes this type of complicated electric motors, the motors in sequential excitation mag-nitorushiyna force, as a
consequence, the magnetic flux changes with the change of the current anchor. To be able to conduct research used laboro-
tornyy stand, which allowed to experiment and build-ing curve magnetized. It held its approximation and graphs. Analysis
charts shows that the area of low speeds is the closest expression hyperbolic sine and hyperbolic saturation zone. Obtained
through analytical expression expressions magnetization curve made it possible to build a surface of the speed of electromag-
netic processes in DC motors sequentially winding modes protyvmykannya and electrodynamic braking. Analysis of the
surface shows that switching from one mode electric braking on the other will be accompanied by large current surge engines
that are not desirable and significantly worsens the condition of Isola tion of motor windings, the decreases its operation life
and reliability of the electric braking, causing greatly depends on the efficiency of the mine electric locomotives. Obvious,
too, is an increased level of output ripple current in this mode. The results formulate the basic requirements for braking sys-
tems transpotrnoho means that the preparation of a clear algorithm for operation of the system.

VK 621.316.925:622.82

Kanemyc J1.0., 'pauoB M.M. Jlocnmi/UkeHHSI TPaHUYHUX YMOB €(EKTHBHOTO MEPEXOAY TATOBOTO €IEKTPOIIPUBOAY PYIHHU-
KOBHX €JIEKTPOBO3IB 3 PEKUMY TATH y PEKUM TajJIbMyBaHHS

Baxiusoro CKJIaJOBOIO I H06yI[OBI/I HaﬂiﬁHOi CHUCTEMU KEPYBaAHHSA CICKTPONPUBOAOM PYJAHUKOBOI'O €JIEKTPOBO3Y € BU3HA-
YEeHHS TPAaHUYHUX YMOB IEPEXOAY ENEKTPOIPHUBOLY 13 PEXKUMY TATH B PEXKHUM AMHAMIYHOTO TanbMyBaHHA. OcoOIMBO He-
CHPUSTIMBO Ha POOOTI IMITyJIbCHUX CHCTEM YNPABIIHHS MO3HAYAIOThCS 3HW)KEHHS 1 CIIOTBOPEHHS HAIIPYTH Ha CTPyMO3HIMa-
Yyax eJIEeKTPONPHUBOAY, IO ICTOTHO 3HIDKYE HaIiiHICTh Ta e(QEeKTHUBHICTH rajbMyBaHHS TATOBOTO EIEKTPONPHUBOAY 1 MOXKE
CIy’)KUTU IPUYMHO BTPATH KEPOBAHOCTI. ICHYIOTH pi3HI METOM BUPIMICHHS i€l 3a1adi, ale METOIH OCHOBaHI Ha BUKOPHUCTO-
BYBaHHS HAKOITMYECHOI eHepril y KOHAeHcaTopi BXiMHOTO (igbTpy OTpUMany HaiOLIbIIe MomMpeHHs. MeToro mi€ei pobotu €
JOCITIJUKEHHS JISKTPOMAarHiTHUX HPOLECIB y TATOBOMY JBUTYHI PYyJHUYHOTO €JIEKTPOBO3Y IPU HEPEXOJi CHCTEMH €IeKTPO-
NPUBOY 3 PEKUMY TATH Y PEXKHUM TabMyBaHHA. [IpoBeieHO aHaNi3 e1eKTPOMarHiTHHX MPOLECIB Y TATOBUX JBHTIYHAX IPH
HepPeXo/li CUCTEMHU €JIEKTPOIIPUBOAY 3 PEXKUMY TATH y PEXKUM ralbMyBaHHs. 3 aHai3y Oyia BCTAaHOBJIECHA 3aleKHICTb, IO
JIO3BOJISIE 3pOOUTH OILIHKY TPAaHMYHHUX YMOB IEPEXOY 3 PEKHUMY TATH y PEKUM TrabMyBaHHS B 3aI€KHOCTI Bi psaxy dakro-
PiB, SIKi BpaxOBYIOTh KOHCTPYKTHBHI 0COOIMBOCTI CHCTEMH €JIEKTPOIPUBOIY Ta IIOYATKOBI YMOBH Y KOJIi TaJIbMyBaHHSI.
Kanemyc JI.A., I'paueB M.H. VccnenoBanue rpaHIYHBIX YCIOBHH 3()(EKTHBHOTO IIEPEX0/Ia TATOBOTO AIEKTPOIPUBOIA PYIHAY-
HBIX 3JIEKTPOBO30B U3 PEKHUMA TATH B PEXKUM TOPMOKEHUS

Baxxnoit COCTaBJ'IﬂIOIJ.Ieﬁ JUIA TIOCTPOCHUS HAaJICKHON CHCTEMBI YIIpaBJICHUS SJICKTPOIIPUBOJIOM PYJAHUYIHOI'O 3JIEKTPOBO3a ABJIACTCA
ONpeACICHUEC I'PAaHNTIHBIX yCJ'IOBI/Iﬁ NEpEXoaa JECKTPOIPUBOAa U3 PEKUMA TATH B PEKUM TUHAMUYCCKOI'O TOPMOKCHHUS. OcobeHHo
HeOar OIIPUATHO Ha pa60Te HUMITYJIbCHBIX CUCTEM YHPABJICHHS CKa3bIBAIOTCS CHWIKCHUE U MCKAXKCHUE HAIPsIKECHUS Ha TOKOCHEM-
HHK 3JICKTPOIIPUBO/Ia, YTO CYHIECTBEHHO CHUKACT HAIC)KHOCTH U 3(1)(1)6KTI/IBHOCTI> TOPMOXKCHUS TATOBOI'O BJICKTPOIIPUBOJA U MO-
JKET CITY)KUTb IPUYUHON MOTepH yrpanisieMocTH. CyIIeCTBYIOT Pa3IIHbIE METOIBI PELICHUS 3TOU 3a]a4, HO METOABI OCHOBAHBI
Ha UCTIOJIb30BaHNE HAKOIUICHHOH SHEprur B KOHACHCATOPE BXOAHOTO (IUIBTPa MOIYYMIIH HanOobliee pacnpoctpanenue. Lempto
HACTOSIIIEH PabOTHI SABISIETCS MCCIIENOBAHIE HIIEKTPOMAaTHUTHBIX MPOIIECCOB B TATOBOM JIBUTATEINE PYAHHYHOTO SJIEKTPOBO3a MPU
MIEPEXO/IE CUCTEMBI DJIEKTPOIIPUBOA U3 PEKUMA TATH B PEXKUM TOpMOKeHusl. [IpoBesieH aHanm3 31eKTpOMAarHUTHBIX MIPOLIECCOB B
TATOBBIX JABUTATCIIAX IPU MIEPEXOAE CUCTEMBI DJIEKTPONIPHUBOAA U3 PEKUMA TATU B PEKUM TOPMOKEHUS. U3 anammsa Oblia YCTaHOB-
JIEHA 3aBUCHUMOCTD, MO3BOJIACT CACIATh OLICHKY I'PAHUYHBIX }/CJ'IOBI/Iﬁ nepexonaa u3 pexxuMa TAru B pEKUM TOPMOKEHHUSA B 3aBUCH-
MOCTH OT psiaa d)aKT OpPOB, KOTOPBIC YYUTBIBAIOT KOHCTPYKTUBHBIC 0COOEHHOCTH CHCTEMEI QJICKTPOIIPUBOJA U HAYAJIbHBIC YCJIIOBUSA B
KpYT'y TOPMOXKEHHSI.

Kalmus D., Grachev M. Research limiting the effective transfer of traction electric mine locomotives mode traction in braking
mode

An important component for building a sound system of motor control mine electric locomotive is to determine the boundary condi-
tions of transition mode electric traction in dynamic braking mode. Especially at work adversely impulse control systems marked
reduction in stress and distortion electric current collector, which significantly reduces the reliability and efficiency of electric trac-
tion and braking can cause loss of control. There are various methods of solving this problem, but the methods are based on the use
of stored energy in the capacitor input filter is common. The aim of this work is to study electromagnetic processes in mine electric
locomotives traction motor system during the transition mode electric traction in braking mode. The analysis of electromagnetic
processes in the traction motor system during the transition mode electric traction in braking mode. The analysis is the dependence
that makes evaluation of boundary conditions transition mode traction in braking mode depending on a number of factors that the
design features of the electric system and initial conditions in the range of braking.

VIK 621.316.14

Jlukapenko A.I'., [lerpuuenko A.A., 3umankoB P.B. OueHka dJIeKTpUYecKUX TaMETPOB M30JISILMK PACTIPEACIUTEIbHBIX ceTeil
JKene30pyaHbIX m1axT KpuBoacca B HUHEIITHUX YCJIOBHSX MX KCILTyaTalllu

B craTthe npuBeneHb! pe3ysIbTaThl UCCIEIOBAHMN COCTOSHUS M30JLILUN PacTIpeleNIMTeNbHbIX ceTeil maxT KpuBopoxckoro sxene-
30pyAHOro OacceiiHa. AHamM3 MapaMeTpoB M3OLILUM CeTel KeNe30pYyAHBIX INAXT SIBIAETCS BaKHBIM 3TalloM I MOBBILICHUS
3(heKTHBHOCTH (PyHKIIMOHUPOBAHMS CYIIECTBYIOIINX U pa3pabOTKH HOBBIX aIlllapaToB 3alllUTHI OT yTeUeK TOKA, 3a7ada KOTOPBIX
OCYIIECTBIIITH 0€30ITaCHOCTh TOPHOPAOOUNX TP AKCILTyaTallHH IEKTPOTEXHIMIECKIX KOMIUIEKCOB B ITOA3EMHBIX TOPHBIX BBIpa-
6otkax. DddekTrBHAsA U cTabMIbHAs paboTa amNmapaToB 3aIUTHI OT YTEUEeK ONPEIessIeTcs! MPABIIIbHOCTHIO H3MEPEHHST aKTUBHOTO
COTIPOTUBIICHHUS U EMKOCTH M30JIIIIUH CETH, T.€. KOCBEHHOTO OIPE/IETICHUS TOKOB YTEUKH, JAITbHEHIIel KOMIICHCAIINN EMKOCTHBIX
TOKOB YTEUYKH M 00ECHEUEeHHs IOCTATOYHO OBICTPOrO OTKIIFOYEHHUS CETH HPH HOBPEKICHUH H30JSLMK WM MPUKOCHOBEHUHN Yesio-
Beka. [IpoBenieH aHaIN3 M CTAaTUCTUYECKAs OLIEHKA HJIEKTPHYECKUX MapaMeTpoB M30JILUH ceTel jkene30pyaHbIx maxT. [lomyden-
HBIC Pe3yJIbTaThl PEKOMEHIYeTCsl MPUHUMATh B KayeCTBE MCXOAHBIX JAHHBIX NMPU Pa3pabOoTKe KCILIyaTallMOHHO-TEXHUYECKUX
TpeOOBaHUI K YCTPOICTBaM 3aIlIUTHOTO OTKJIIOUEHHUS B PACHIPEEIUTENIBHBIX CETAX KENe30pYAHbIX I1IaxXT.

Jlikapenxo A.I'., [lerpuyenko A.A., 3imankos P.B. Oninka eeKTpiIHIX TTapaMeTpiB 130JIi PO3MOALIEHIX MEPEX 3aIi30py/I-
HuX maxt Kpubacy B cydacHIX yMOBaX X eKCILTyaTarlii
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V craTTi HaBe#eHO Pe3yJbTaTH JOCIIDKEHb CTaHy i30JLILil PO3MOAUIBHUX Mepex miaxT KpHBOpi3bKOro 3aiizopyaHoro Oaceiimy.
AHani3 mapaMeTpiB i30/Li1 MepeK 3ali30pYIHHX IIAXT € BKINBUM €TaloM Ui MiZABHIICHHs e(heKTUBHOCTI (YHKIIOHYBaHHS
ICHYIOUHX 1 pO3pOOKH HOBHX amapariB 3aXUCTY BiJ BUTOKIB CTPyMY, 3aBIAHHS SIKMX 3JiHCHIOBAaTH O€3MeKy TipHUKIB PH eKCILTya-
Tallii eIeKTPOTEXHIYHUX KOMIUTEKCIB B MiZI3eMHUX TipHUYHX BUpoOKax. EekTrBHa i cTabinpHa podOTa arnapariB 3aXUCTY BiJ] BUTO-
KiB BU3HAYA€THCS MPABIIIGHICTIO BIMIPIOBAHHS AKTHBHOTO OIOPY 1 EMHOCTI 13011l Mepexi, TOOTO HempsiMOTro BH3HAYECHHS CTPY-
MiB BUTOKY, TIOJJIBIIIO] KOMIIEHCAIlli EMHICHUX CTPYMIB BHTOKY i 3a0e3MeUeHHs JOCTaTHRO IIBUKOTO BiXKITIOUEHHS MEPEeKi pH
TOIIKO/DKEHHI 130J111iT a0 HoTHKY moauHu. [IpoBeneHo aHai3 Ta CTaTHCTUYHA OLHKA eJIeKTPHIHHX ITapaMeTpiB i30Imil Mepex
3aizopyaHUX maxT. OTprMaHi pe3ynbTaTi peKOMEHIY€EThCS NPUAMATH B AKOCTI BUXIAHUX JaHUX IPH PO3POOLi eKCILTyaTalliiHo-
TEXHIYHUX BUMOT J0 MPUCTPOIB 3aXUCHOTO BIIKIIIOUECHHS B PO3MOIUIHHIX MEPEkKax 3aTi30pyJHUX MIaXT.

Likarenko A., Petrychenko A., Zimankov R. Evaluation parametrs electrical insulation of distribution networks Kryvbas iron ore
mines in the conditions of their operation

The results of investigations of the state of insulation of distribution networks mines Kryvbas. Analysis of the insulation value of
iron ore mines networks is an important step to improve the efficiency of existing and development of new protective devices against
current leakage, which carries out the task of miners safety in the operation of electrical systems in underground mines. Efficient and
stable operation of protective devices against leakage measurement is determined by the accuracy of resistance and capacitance net-
work isolation, ie indirect determination of leakage currents, further compensation of capacitive leakage currents and provide a fast
enough network outages when an insulation fault or human touch. The analysis and statistical evaluation of electrical insulation
parameters of iron ore mines networks. The results are encouraged to take as input in the development of operational and technical
requirements for protective devices in distribution networks iron ore mines.

VK 621.316.925:622.82

I'y3oB E.C., Cinuyk 1.0., Kansmyc /1.0., Jlaroga ML.I. [TinsunieHHs e)eKTUBHOCTI eEKTPUYHOTO TaIbMyBaHHS TSATOBUX €JIEKT-
POTIPUBO/IIB PYIHHUKOBUX CJICKTPOBO3IB

VY crarTi po3rISIHYTO CHOCOOM TallbMyBaHHsI PYAHHKOBUX EJIEKTPOBO3IB 3 €IEKTPONPUBOIOM IOCTIHHOTO CTpyMy. Bin-3HaueHo
AKTyaJIbHICTh Ta HEOOXIAHICTB MOUIYKY PIlICHB U100 MiABUIICHHS e(EKTUBHOCTI €JIEKTPUIHOTO TaJIbMyBaHHS PYIHUKOBHX €JIEKT-
PpoBo3iB. BeTaHoBIEHO, 110 00/1ACT 3aCTOCYBAHHS OCTAHHBROTO OOMEXEHa YMOBOIO CaMO30YHKEHHS TATOBUX JIBUTYHIB, III0 B CBOIO
Yepry yCKIAIHIOE IPOIIEC TalbMyBaHHs HEOOXIHICTIO 3aCTOCOBYBATH JIOIATKOBI €IIEMEHTH 3 METOIO iHimiamii cTpyMy 30yIKeHHS.
Buxomstaun 3 yMOBH caM030yKEHHS IBUTYHIB OyJ10 MPOBEICHO aHaji3 HAHOUIBII MOMMPEHUX CXEMHUX PIllIeHb TATOBHX EJEKTPO-
MPHUBOJIIB, BUIIJICHO OCHOBHI €IIEMEHTH, [0 BXOAATH JI0 TAKUX CXEM, Ta CKJIAJICHO y3aralbHeHY CTPYKTYpY TATOBOTO €IEKTPOIIPH-
BOJa 3 iMHyJ'ILCHI/IM PETYIIATOPOM. PO3FJI$IHyTO MOJKJIMBI BapiaHTI/I CITIUIEHOTO BHUKOPUCTAHHA PEKUMY eJ'[eKTpOI[I/IHaMi‘-IHOFO rajib-
MyBaHHSI i IPOTHBMHKAHHS TSATOBUX JIBUTYHIB. Bin3HaueHo mpoOiemu, siki BHHUKAIOTH IIPY TaKOMY CHoco0i raabMyBaHHs. Ckila-
JICHO PEKOMEHTAIIiT III0JI0 3aCTOCYBaHHS PEKUMIB ralbMyBaHHs. BU3HaueHO OCHOBHI (YHKIIi, STKi Ma€ BUKOHYBaTH aJITOPUTM ede-
KTHBHOTO TaIbMyBaHHsI. 3a3Ha4€HO, 10 TOJIOBHUM 3aBIAHHM € 3a0€3MeUeHHsI IMPOKOTO Jiaa3oHy 3aCTOCYBaHHSI Ta 3a00iraHHs
BiI[MOBaM CHUCTEMMU CJICKTPUYHOTI'O TaJIbMyBaHHS.

I'yzo €.C., Cunuyk U.A., Kaapmyc JI.A., Jlarona M.H. [loBenuenne 3(heKTHBHOCTH JIEKTPHYECKOTO TOPMOXKEHHS TATOBBIX
3JIEKTPOIPUBOOB Py THUYHBIX JJICKTPOBO30B

B crarbe paccMOTpeHBI CIIOCOOBI TOPMOXKEHHSI PYIHHYHBIX JJIEKTPOBO3OB C AJIEKTPOIPUBOJOM MOCTOSHHOTO ToKa. OT-JeneHo
AKTYaJIbHOCTb U H€O6XOI[I/IMOCTI> IIOMCKa pemeHHﬁ 110 TTOBBILICHUIO S(b(l)eKTHBHOCTI/I QJICKTPUYCCKOTO TOPMOKEHUA PYIHUYHBIX
JNIEKTPOBO30B. Y CTAHOBJIEHO, YTO OOJIACTh MPUMEHEHNS HOCIIEHETO OrPaHIYEHA YCIOBHEM CaMOBO30Y KICHHSI TATOBBIX JIBUTaTe-
neﬁ, B CBOIO 04UE€PEAb YCIIOXKHACT IMPOLUECC TOPMOKEHUSA HeO6XOI[I/IMOCTL}O TNPUMEHATH JONOJHUTEIBHBIC 3JIEMEHTEI C LECJIbI0 UHU-
[UAIUH TOKa BO30YykIeHus. Vcxons u3 ycrnoBust caMOBO30YK/ICHHS ABUTaTeNei ObLT IPOBEACH aHANIN3 HanboJiee pacpoCcTpaHeH-
HBIX CXEMHBIX pCHICHI/Iﬁ TATOBBIX BJICKTPOIIPUBOAOB, BBIACICHBI OCHOBHBIC 3JICMEHTBI, BXOAIIME B TaKUX CXEM, U COCTABJIICH
0000IIEHHYIO CTPYKTYPY TATOBOTO AJIEKTPOIIPUBO/IA C UMITYITECHBIM PEryITOPOM. PaccMOTpeHBI BO3MOKHBIE BAPHAHTHI COBMECT-
HOT'0 UCIHOJIB30BAHUA PEKUMA DJICKTPOANHAMUYCCKOTO TOPMOKECHUA U TPOTUBOBKITFOUCHUSA TATOBBIX ﬂBHFaTEHCﬁ. OrMmeueHo TIpo-
6J'IeMLI, BO3HHUKArOME IPU TaKOM crocobe TOPMOKECHUS. CocraBieH PEKOMEHIAIMK TI0 NMPUMEHECHUIO PEXXUMOB TOPMOXKECHUSA.
OHpeZ[CJ'IeHI:I OCHOBHBIC (I)yHK[II/II/I, KOTOPBIE NOJDKEH BBINOJIHATE aJl'OPUTM 3(1)(1)GKTPIBHOFO TOPMOKEHUS. OTMC‘ICHO, YTO IJIaBHOM
3a,z[aqeﬁ SIBIIIETCS 00€ECIIEUeHE IIUPOKOro AuariasoHa NpUMEHCHUSA U NPEAOTBPAIICHUSA OTKAa30B CUCTEMbBI JJICKTPUUICCKOTO TOP-
MOXXCHMUSI.

Huzov E., Sinchuk 1., Kalmus D., Lagoda M. Improved dynamic braking traction electric mine locomotives

The article deals with how mine electric braking with the electric DC. From Values urgency and the need to find solutions to im-
prove the efficiency of the electric braking mine electric locomotives. It is established that the scope of the latter is limited by self-
excitation traction motors, which in turn makes it difficult to brake the need to use additional elements to initiate excitation current.
Based on the conditions of self-excitation motors have analyzed the most common circuit design of electric traction, highlights the
main elements that make up such schemes and generalized structure composed of traction electric drive with impulse control. The
possible options for sharing regime electrodynamic braking and traction engines protyvmykannya. Noted problems that arise with
this method of braking. Prepared guidelines for a braking mode. The main features that should perform effective braking algorithm.
It is noted that the main task is to provide a wide range of application failures and prevent electrical braking system.
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Kambmyc J1.0., KoBanenko LI. ITinsimenns HagiitHOCTI poOOTH TATOBOTO €IEKTPHYHOTO MPHBOJA PYIHUKOBOTO KOHTAaKTHOTO
€IIEKTPOBO3a 3aC00aMM CUCTEMHU KepYBaHHS

TsroBuil eNEKTPONPHBOA PYAHUKOBOIO KOHTAKTOPHOIO €JIEKTPOBO3a Mae psia MpobieM 3 HaIiHHICTIO poOoTH. 30Kpema MmocTae
MUTaHHS TIPO MiIBUIICHHS (YHKIIOHYBAaHHSI KOHTAaKTHUX PYIHHKOBHX €JIEKTPOBO3IB MpPH MOPYLICHHSX HOPMAIBHHX YMOB JKHB-
neHHs. B TemnepimHiil yac € psj pilieHs CnpsMOBaHHMX Ha 3abe3redeHHs Oe3aBapiifHOro (YHKI[IOHYBaHHS €IEKTPONPHBOAY MPU
3HIDKEHHI 200 3HUKHEHHI HalPYTH KUBJICHHSI, PO3POOJIeH] CHCTEMH KOOPIMHYI04I iHTepBall Yacy ()opMyBaHHs 3aMHKAIOUHX 1 BiJ-
KPUBAIOYNX IMITYJbCIB. AJie JaHWT BapiaHT MiIBAIICHHS HAJiHHOCTI HE 3aXUIIA€ Bijl MOMIJIKOBUX IMITYJIBCIB Meperiko. Tak mpu
BIIXWJICHHI BiJ] HOMIHAJFHUX 3HA4YeHb a00 HABITh 3HWKHEHHI HANPYTH >KUBJIECHHS MOXXYTh BUHUKATH aBapiiiHi peKUMH. MeToro
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JIAHOTO CIoCco0y € MiIBUILECHHS HAJiHHOCTI pOOOTH TATOBHX €JIEKTPONPHUBO/IIB KOHTAKHUX EIEKTPOBO3IB 3aC00aMHU CHCTEMH Kepy-
BaHHA. 3HUKHEHHS HATPYTH XUBJICHHS € HAHOLIbII HECIPUSTIMBOIO cUTyawiero. [Ipu 1boMy 31 3MEHIIIEHHSM Halpyryu KOHJCHCa-
TOpA BiJ] IKOT'O JKUBUTHCS CHCTEMa KEPyBAaHHs BUHUKAIOTH IMITYJIBCHI TIEPEIIKOM B PE3yJIbTaTi BiOyBa€ThCs TIEPEMUKAHHS IMITY-
nbcHO amapaTypu. [HdopMaris mpo mepeMuKaHHS KOHTAKTOPIB HAJXOWUTh Ha KEPYIOUHMH BXil, 3MIHIOIOUH B CTOPOHY 3MEHIIICHHS
HOTO BHXIJIHY HaNpyTy 3a JOTMOMOTOO YOTO 3JIHCHIOETHCSI KOHTPOJIE CITIBBIHOIIEHHS BEIMYUHY HANPYTH MPOIOPIIHHOTO MyIIh-
CallisiM CTpyMY i HalpyTH IPOIOPLiHOro piBHIO iX oOMexeHHs. [Ipy nepeBrIeHH] CTPYMOM IIHOTO PIBHS, i IPH BiCYTHOCTI IIPO-
Hecy nepe3aps/UKEHHA KOHJICHCATOpa, a TaKOXK SKIIO CTPYM B CHJIOBOMY J'IaHIHO?)i JIBUT'YHa Hapocrae, To (1)0pMyeTLc51 To3avuepro-
BU IMITyJIbC Ha BiIMHKAHHS KIIO4Ya. SIKIIO IMITYJbC MEPEenIKOM BUHUKAE B KEPYIOUOMY JIAHIFO31 B Iepiof] 3aKpuToro craxy IP,
CTpyM IBUTYHA ITOYMHAE HApocTaTH. TaKuM YMHOM OIEpPaTUBHO PO3MI3HAETHCS MOPYIICHHS HOPMAJIBHOTO pexkuMmy podotu IP Ha
panHiii crapii. [Ipu oMy Takok GOPMYEThCsI 03a4eproBHii KOPUTY-BalbHUH iMITyITbc. TOMy, B pa3i 3HUKHEHHs! HAIIPYTH B Mepe-
K1 KUBIICHHS CTPYM PO3psILy KOHAEHCATOpa BXiAHOTO (iIbTpa, Ml Yac CTBOPEHHS 1HILIIOIOYOTO TAJIbMIBHOTO CTPYyMY, HE TIEpEBH-
IIye 3a[JaHOTO PIBHA. 3 METOIO 3aroOiraHHs aBapiiHUX CHTYalill, 0 MOXXYTh BHHHUKHYTH TIpH TPHBAINX 3HUKHEHHSX HAIpPyTH
JKHUBJIEHHSI Ha CTPyMO3HIMadi TPAHCTIOPTHOTO 3ac00y, HEOOX1THO 30epiraTi KepoBaHICTb €IeKTPOIIPHUBOLY IIPU MOPYIIEHHI HOpMa-
JIEHOTO PEXXUMY >KHUBIEHHS. [Tt 9oro it Yac 3HUKHEHb Ha-TIPYTH SKHBJICHHS, PEKIM POOOTH CHCTEMH YIIPABJIiHHS IIOBHHEH BHOU-
paTuCcs aBTOMAaTHIHO, BUXOISIH 3 YMOB PyXY XapaKkTepy 3MiHU piBHIB HAIPyr'l Ha CTpyMO3HIMadi i KOHIEHCaTOopi.

Kambmyc JI.A., KoBanenko U.H., [ToBbeHre HaeXHOCTH pabOTHI TATOBOTO JIEKTPHYECKOTO MPHUBOJA PYJHITHOTO KOHTAKT-
HOTO 3JIEKTPOBO3a CPEACTBAMU CUCTEMBI YIIPABIICHUS

TAroBbIil ANIEKTPONPHUBOA PYIHHYHOTO KOHTAKTOPHOTO 3JIEKTPOBO3a MMEET Psil MPoOJIeM ¢ HAJIeXHOCTHIO paboThl. B wactHOCTH
BCTaeT BOMPOC O MOBBIICHUH (HYHKIHOHUPOBAHHS KOHTAKTHBIX PYIHHYHBIX JIEKTPOBO30B MPH HAPYIIEHHAX HOPMAJIbHBIX YCIIO-
BUIi IMTaHKs. B HacTosIIee BpeMs eCTh PsijI pellIcHHi HAIPaBJICHHBIX Ha oOeciedyeHne 0e3aBapuiftHOr0 (DYHKIIOHUPOBAHHUS JJIEK-
TPOIpUBOJA IPHU CHWKEHUU WU HCUC3HOBCHUU HAIIPSHKCHHUSA ITUTAaHMA, pa3p3,60TaHHLIe CUCTEMbI KOOPAWUHUPYIOIIUE UHTEPBAIT
BpEMECHU q)OpMI/IpOBaHI/Iﬂ 3aMbIKAIOIIUX U OTKPBIBAIOIINX UMITYJILCOB. Ho ,I[aHHLII?I BapUaHT NOBBINICHUA HAACKHOCTHU HE 3alllylia-
€T OT JIO)KHBIX UMITYJIbCOB ITIOMEX. Tak TIpU OTKJIOHEHUHU OT HOMHUHAJIbHBIX 3HAUEHUH UIH JaKE€ UCYE3HOBCHUU HAIIPSDKECHUS IUTa-
HHS MOI'YT BO3HUKATh a.BapI/IﬁHBIe PEKUMBI. ]_[eJ'II:IO JAHHOI'O criocoba SBJIETCS TOBBIIIEHNE HaACKHOCTHU pa6OTI>I TAT'OBBIX 3JICK-
TponpuBOJOB KOHTAKTHBIM 271E€KTPOBO30B CPEACTBAMHU CHUCTEMBI yIpaBieHus. Vcue3HOBeHHE HalpsKEHHs MUTAHUS SIBISETCS
HanOoee HeOmaronpusaTHON cutyanueil. [Ipu 5ToM ¢ yMeHbIIIeHHeM HampspKeHHsT KOHASHCATOpa OT KOTOPOTO MHTAETCS CHCTEMa
YIIpaBICHHUS BO3HUKAIOT UMITYJIbCHBIC TIOMEXH B PE3yJbTaTe MPOUCXOINT MEPEKITIOUCHNE UMITYIILCHOM armaparypbl. MHpopmamms
0 MEPEKITIOYEHUH KOHTAKTOPOB MIOCTYIAET Ha YIPABIIAIOIINI BXO/I, U3MEHSI B CTOPOHY YMEHBILIEHHUS €I0 BBIXOIHOE HAIIPSHKEHHE C
TIOMOIIBIO 4Y€T0 OCYHICCTBIIACTCA KOHTPOJIb COOTHOLICHUS BEJIWMYMHBI HAIPSIKEHUA TPOIOPIMOHAIIBHOIO ITyJbCallisIM TOKa U
HaIIPsHKCHUA TPONOPIIMOHAIIBHOI'O YPOBHIO UX OIrpaHUYCHUS. HpI/I TNPEBBIICHUA TOKOM 3TOI'0 YPOBH:, U IIPU OTCYTCTBHUU IIPOIIECCa
TNEPE3aAPSAAKA KOHACHCATOPA, a TAKKE €CJIU TOK B CHJIOBOM IIETTH JBUTaTeiisl HapacTacTt, TO (bopanyerca BHeO‘-Iepe}:[HOﬁ HMITYJIbC Ha
OTIIMPAHUE KITFOYa. Ecm HUMITYJIBC NPENATCTBUA BO3HUKACT B YIIPABJIAIOIIEM LENU B IIEPUOI 3aKPBITOI'0 COCTOSTHUS I/IP, TOK JBHT'a-
TeNsi HAYMHAET HapacTaTh. TakuM oOpa3oM ONepaTHBHO Paclo3HAETCsl HapyIICHUs] HOPMAJIBHOTO pexkuma pabotsl P Ha paHHEeiH
craguu. [Ipu sToM Taroke popmupyercs BHeouepeaHoi Kopp TenbHeiil uMmyibe. [1o3ToMy, B ciTydae HCUE€3HOBEHHUS HANPSDKECHHUS B
CETH MHUTAHMS TOK pa3psa KOHICHCATOPa BXOJHOTO (pUIIBTpA, PH CO3AaHUN HHHUIMUPYIOMIEr0 TOPMO3HOTO TOKA, HE MPEBHILIACT
3aaHHoOro ypoBHS. C LENb0 MPEeIOTBPAILCHHS aBAPUIHBIX CHTYaLHi, KOTOPbIE MOTYT BO3HUKHYTH IPU JJIATEIBHBIX HCYE3HOBE-
HUSAX HarpsHKEHUA IMMUTaHUA Ha TOKOCBbEMHUKU TPAHCIIOPTHOI'O CPEACTBA, HGO6XOI[I/IMO COXpaHATb YINPABIIAEMOCTD 3JIEKTPOIIPHUBO-
Jia TIpY HAPpYIMIEHUU HOPMAJIBHOI'O pEXXUMaA IMUTaHUS. JIJIH 4ero npu HCYE3HOBEHUI HarpspKEHUA IUTaHus, PEXKUM pa6OTI>I CUCTCMBI
yhpaBJI€HUS OOJKEH BI:I6PIpaTI:CS[ ABTOMATHYCCKH, UCXOJA U3 yCJ'IOBI/Iﬁ JBWXCHUS XapaKTepa U3MCHCHUA ypOBHeﬁ HaIpsHKEHUA Ha
TOKOCHEMHHKH U KOHIACHCATOPE.

Kalmus D., Kovalenko I. Improve the reliability of the traction electric drive of mine locomotive means of contact management
system

Traction electric mine locomotive contactor has some problems with reliability. In particular, the question of improving the function-
ing of the contact mine electric locomotives in violation of normal power supply. Currently, there are a number of solutions to ensure
trouble-free operation while reducing electric or disappearance of the supply voltage, developed a system coordinating the formation
interval closing and opening pulses. But this option is increasing the reliability does not protect against false pulse interference. Since
the deviation from nominal values or even the disappearance of the supply voltage can occuraion. The goal of this method is to im-
prove the reliability of electric traction electric tools's contact management system. The disappearance of the supply voltage is the
most unfavorable situation. At the same time with a decrease in capacitor voltage from which powered the control system having
impulse noise resulting from the switching pulse equipment. Information about switching contactors enters the control input chang-
ing towards reducing its output voltage whereby the monitored voltage proportional to the ratio value of ripple current and voltage
proportional to the level of restriction. In excess of the current level, and in the absence of capacitor recharging process, and if the
current in the power circuit of the engine increases, then formed an extraordinary impulse to unlocking key. If impulse noise occurs
in the circuit manager during the closed state of the IP, the current engine begins to grow. So quickly recognized the disruption of the
IP regime early. It also formed an extraordinary Correct-thick boost. Therefore, in case of power failure in the power supply capaci-
tor discharge current filter input when creating the initiating braking current does not exceed the specified level. In order to prevent
accidents which may occur during prolonged power failure in power supply current collectors vehicle to keep control of the electric
in violation of the normal supply. Why disappearances during supply voltage mode control system should be selected automatically
based on the nature of the traffic changes in voltage levels and current collectors capacitor.

VK 622.7: 658.562

Casuukuii A.U., Tumomenko M.A. YrpaBieHre r'iApOLUKIOHOM BTOPOi! CTaUK pyAOU3MENbUCHHS

OCHOBHBIMH HaINpaBIeHHSIMHU JOCTKEHUS SKOHOMUUYECKOro ddexTa B 000raleHnH KeIe3HON Py/Ibl SBIISETCS YBEIHUICHUE TIPO-
M3BOJUTENBLHOCTH TEXHOJIOTMYECKHX arperaroB M MOBBIIEHUE KauecTBa MOTy4aeMOoro NMPOoayKTa, YTo TpeOyeT KOMIUIEKCHOH aBTO-
MaTH3aliy 00OTaTUTENIBHBIX MPOLIECCOB. YTIpaBlIeHHE 000raTUTEIbHBIM KOMILIEKCOM TpeOyeT 3HAYMTebHBIX 3aTpaT — JA0pOro-
CTOSIIIIETO M3MEPUTEILHOTO 000PYIOBaHUS W 3HAYUTENBHBIX BBIUMCIUTENBHBIX MOIIHOCTEH. Kpome Toro, mporecc odorameHst
JKEJIE3HOW PYyIIbI 1EeIeco00pasHo paccMaTpHBaTh KaK PACHpEEICHHYI0 CHCTEMY, COCTOSIIYIO M3 OTIENBHBIX TEXHOJOTHYECKHX
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MPOLIECCOB C OT/EIbHBIMHI CHCTEMaMH YIIPABICHUS, CBA3aHHBIMU MEXTy COOOM M BIUAIOIIMME APYT Ha Apyra. PaccmarpuBas run-
POLMKIIOH 0,[[H017I, OTACIIBHO BSHTOﬁ, BTOpOI71 CTaguu U3MEJIBYCHUSA MOXXHO 3HAYUTEIIBHO YIIPOCTUTH BBIYMCIICHUSA U PAaCCMOTPETH
BO3MO>KHBIE peakuuy. Takium o0pa3oM, BCTAeT BOIPOC Pa3spadOTKU CHCTEMBI YIIPABICHHS, KOTOpasl YUUThIBaja Obl paCCMOTPEHHBIC
acriekThl. Perrenue 3a1a4yu pa3pa60TKH TaKOW CHCTEMBI YIipaBJI€HUs 06y0J'IaBJ'H/IBaeT AKTYaJIbHOCTb Z[aHHOﬁ pa60TI)I. Ee J1(S133:0)
SABIIACTCA pa3pa60TKa CHUCTEMBI YIPaBJICHUS THAPOLNUKIOHOM BTOpOﬁ CTaaur MU3MEJIBYCHHUA C YUETOM €r0 IMO3UIUU B MEpapXun
061]_[6171 CHUCTCMBEI. O6yCJ'IOBJ'IeHI)I OCHOBHBIC ITapaMETPhI, BJIUAIOIIAC HA pa60Ty TUAPOLMKIIOHA B KOMITJIEKCE C 3yM1'[(1)0M 1 BO3MOXK-
HBIC YIPAaBJIAIONIUE BOSZ[CfICTBI/IS{, PaCCMO’I’peHLI OCHOBHEIE CITOCOOBI yopasJI€HUS TEXHOJIOTMYCCKHMM KOMILUICKCOM 3yMl'I(1)-
THAPOLMKIIOH. Pa3zpaboTana cucrema ympapieHHS PAaCCMOTPEHHBIM TEXHOJOTMYECKUM KOMIUIEKCOM IPH JIETEPMUHUPOBAHHBIX
napaMerpax. YKa3aHbl HalpaBlIeHHs JAJbHEHIIMX MCCIEIOBAaHMI — HMCIOJIB30BAHUE COBPEMEHHBIX MHTEIUIEKTYalbHBIX CPEACTB
ABTOMATH3aLMK U YCOBEPILICHCTBOBAHKE PACIIPEIETICHHOTO YIIPABICHHS KOMIUIEKCOM 00OTallleH s KEIe3HO! PYIbL.

CaBuupbkmii O.1., Tumomenko M.A. YpaBmiHHS MAPOIMKIOHOM IPYTii cTafii pyonoapiOHeHHs

OCHOBHIMH HaNpPSIMKaM¥ JOCSTHEHHS €KOHOMIYHOTO e(heKTy y 30aradeHHi 3ai3H01 py/y SBISIETHCS 301IBIICHHS TIPOXYKTHBHOCTL
TEXHOJIOTIYHHX arperariB Ta IJBUIIEHHS SKOCTI OTPHMYBaHOTO HPOJIYKTY, IO BUMarae KOMIUIEKCHOI aBTOMaTH3amil IpoIeciB
30arayeHHsl. KepyBaHHS[ 36aFa'{yBaJ'H)HI/IM KOMITJICKCOM BHUMara€ 3Ha4HUX 3aTpaT — KOLITOBHOI'O BI/IMipIOBaJ'II;HOFO 06HaZ[HaHH$[ Ta
3HaYHHUX PO3PAXyHKOBHX HOTYXHOCTeH. KpiM Toro, mporec 30aradeHHs 3ai1i3HOI pyIH AOLUIBHO PO3TIBIIATH K PO3NOAUIEHY CHC-
TEMY, IO CKIAAA€ThCA 3 OKPEMUX TEXHOJIOTTYHHUX r[poueciB 3 OKpEMHMHU CHUCTEMaMHU yl'[paBJ'[iHHPI, 1o IIOB’s13aHi MK CO0OIO Ta
BIUIMBAIOTh OJIHA Ha OJHY. POo3riiiaiouu TiipOUUKIOH OJHi€T, OKpeMO B3SITOI, IPYyroi cTajil moapiOHEHHs, MOYKHA 3HA4YHO CIIPOC-
THUTH PO3PaXyHKH Ta POSIVIIHYTH MOXJIMBI peakiii. TakiuM YHHOM, IOCTa€e MUTaHHs pO3pPOOKU CHCTEMHU KepyBaHH:, sSIKa BPaxoByBa-
71a 6 PO3MIIAHYTI acreKTy. Bupimenns 3aa4i po3poOKku Takoi cicTeMH 00YMOBIIOE aKTYaNbHICTh JaHOT POGOTH. 11 1Ii/TI0 ABIAETH-
s po3po0Ka CHCTEMH KEpYBaHHS TiIpo IUKIOHOM JPYToi cTail moapiOHEeHHs 3 ypaXyBaHHAM HOro mo3umii B iepapXii 3araipHoi
crctemu. OOYMOBIICHI OCHOBHI MapaMETPH, IO BILTMBAIOTH Ha POOOTY TiJPOIMKIOHA Y KOMILIEKCI 3 3yMIT(OM Ta MOKIIHBI KEPYIO-
4i BIUTUBU. PO3MIISIHYTI OCHOBHI CITOCOOHM KepyBaHHS TEXHOJOTIYHUM KOMILICKCOM 3yMII(-TiIpOIMKIOH. Po3pobiieHa crucrtema ke-
PyBaHHA PO3IVIAHYTHM TEXHOJIOTIYHHUM KOMILIEKCOM pu I[eTepMiHOBaHI/IX napaMeTpax. Vkazani HaIpsAMKH NOAAIBIINX Z[OCJ'Ii-
JOKEHb — BUKOPUCTAHHS CYJaCHUX IHTENICKTYaTbHIX 3aCO0IB aBTOMATH3AIIIT Ta YIOCKOHAICHHS PO3MO/IIICHOTO KepyBaHHS KOMILIC-
KCOM 30aradeHHs 3aJIi3HO1 py/Id.

Savytskyi O., Tymoshenko M. Control of the hydrocyclone of the second stage of ore grinding

The main areas of achievement of economic benefit in iron ore enriching is to increase the productivity of production units and im-
proving the quality of the product, which requires a complex automation of enrichment processes. Control of processing complex is
costly — expensive measuring equipment and considerable computing power. In addition, iron ore beneficiation process should be
viewed as a distributed system consisting of separate processes with separate control systems, interconnected and influenced each
other. Considering hydrocyclone of one single, the second stage of grinding, can greatly simplify the calculations and allow to con-
sider possible reaction. This begs the question of the development of a control system, that takes into account the considered aspects.
Solution of development of such control system determines the urgency of this work. Its purpose is to develop a second stage hydro-
cyclone grinding control system in view of its position in the hierarchy of the overall system. Major parameters that affect the opera-
tion of the hydrocyclone in conjunction with a sump and possible control actions are caused. The basic technological complex con-
trol methods sump-hydrocyclone are reviewed. A control system of considered complex process with deterministic parameters de-
signed. Shown directions for further research - the use of modern intelligent automation and improvement of the distributed control
of iron ore enrichment complex.

YK 65.011.56: 622.7.01

Mopkyn B.C., Mopkyn H.B., Tpous B.B. NnenTndukanys HeMMHEHHBIX 00BEKTOB YIPaBICHHUS 00OTaTHTEIFHOTO POH3-
BOJZICTBA Ha OCHOBE sIIEPHOTO Ipeobpa3zoBanus Bonbreppa-Jlareppa

B cTaThe MpUBEACHBI PE3YNIbTAThl HCCIEAOBAHUS METOI0B WICHTH(HKALIMS HETUHEHHBIX 00BEKTOB yHPABJICHUS B YCIOBUIX
000raTUTEeILHOTO MPOM3BOJCTBA Ha OCHOBE SIEPHOTO MpeoOpa3oBaHus Bonbreppa-Jlareppa B yClOBHAX HECTAOHIBHOCTH
XapaKTePHUCTHK MOCTYIAIOLIEro Ha IepepaboTKy KeJIe30pYAHOTO ChIpbs. PaccMOTpeHbI MeTo bl onpesieeH s KodhhHuuueH-
toB Jlareppa npu GopMHUPOBAHNH MOZENH MTPOLIECCOB MEPEPAOOTKH KEIE30PYIHOTO CHIPHSL.

Mopxkyn B. C., Mopkyn H. B., Tpons B.B. [nentudikariis HeniHifHUX 00'€KTiB KepyBaHHs 30arauyBaibHOTO BUPOOHHUIITBA
Ha OCHOBI sZIepHOTO MepeTBopeHHs BonbTeppa-Jlareppa

VY craTTi HaBeACHI pe3yIbTaTH JOCTIIKCHHS METO/IB iIeHTH(DIKAIlisA HEMiHIHHUX 00'€KTIB KepyBaHHS B yMOBax 30aradysa-
JHHOTO BHPOOHUIITBA HAa OCHOBI SAEPHOTO IepeTBOpeHHS Bombpreppa-Jlareppa B ymoBax HecTabiIbHOCTI XapaKTEPUCTHUK
3aJTi30pyAHOI CHPOBHHHY, IO HAIXOIUTH Ha MepepoOKy. Po3rimsHyTo MeToan Bu3HaueHHs KoedimieHTiB Jlareppa npu Gpopmy-
BaHHI MOJIETI MTPOIIECIB EPEPOOKH 3aJi30PYAHOT CHPOBHUHH.

Morkun V. S., Morkun N.V., Tron V.V. Identification of non-linear control of objects in a processing production through
Volterra-Laguerre kernel transformation

The results of the research methods of identification of nonlinear control objects in a processing industry on the basis of ker-
nel Volterra-Laguerre transformations in the conditions of instability specifications for the processing of iron ore were pro-
posed. The methods of determining factors in the formation of Laguerre models of processing of iron ore was analysed.

YK 681.513.54:622.788

Kanmenxko JI.0. AHaii3 cucteM aBTOMAaTHYHOTO K€PyBaHHS IIPOLECOM TEPMidHOI 00poOKK oOKoTHIIIB Ha (abpuii orpya-
KyBaHHS

V cTarTi po3risHYTO aKTyallbHi MUTaHHS e()eKTHBHOCTI TepMiuHOT 00pOOKH 3aTi30pyAHIX OOKOTHIIIB HA KOHBEEPHUX BHIIa-
JIOBAIbHUX MalllMHAX. PO3MISIHYTO iCHYIOUI MiIXOQM Ta METOJM aBTOMAaTHYHOTO KEPyBaHHS MPOLECOM TepMidHOT 0OpOOKH
0OKOTHIIIIB, HA OCHOBI PO3rJIsAHYTOI iH(OpMalii BUIIICHO OCHOBHI NepeBary Ta HeJOMIKU MPECTABICHUX CUCTEM aBTOMAaTH-
YHOT'O KepyBaHHS. BUsBIEHO, 110 criocoOM Ta METOAM KepyBaHHS IMPOLECOM TEePMiuHOI 0OpOOKHM OOKOTHIIIB BHBYCHI HE
MOBHOKO MIpOIO Ta 3HAXOMAThCA Ha CTaJii JociimkeHHs. Ha ocHOBI aHami3y iCHYIOUHX pOOIT, a TAKOXK MEPCIIEKTUBHUX METO-
IIiB KepyBaHHS IHEPIITHUMH MPOIECaMu, [0 XapaKTepU3YIOThCS HECTAIIOHAPHICTIO MapaMeTpiB B 4aci, BU3HAYEHO HaIpsi-
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MOK MOJAJbLINX IOCIIKEHb — PO3BUTOK METOIB aJallTUBHOTO MPOrHO3YIOYOT0 KePyBaHHS MPOLIECOM TEPMi4HOI 00pOOKH
0OKOTHUIIIB B yMOBaX KOJUBAHb IPAaHyJIOMETPUYHOTO CKJIaqy Ta MOPO3HOCTI LIapy, 3MiHU MapaMeTpPiB TEXHOJOT1YHOTO ycTa-
TKyBaHHS. 3allpOIIOHOBAHO BapiaHT CTPYKTYPH CHCTEMHU KEPYBaHHsS TeMIIEPAaTypHHM DPEXKHMOM BHIIAIIOBAHHS OOKOTHILIB
JUIA OerMOI Fa3OHOBiTpHHOI KaMepu KOHBeCpHOi BUITATIOBAJIBHOL MalluHU, A€ MNPOMNOHYETHCA 3Z[iﬁCHIOBaTH OIepaTuBHE
OIIIHIOBaHHS TTAPaMETPIiB MOJIEINI TIPOIIECY JIJISL MOJAIIBINOT aIalTallil MapaMeTpiB MPOTHO3YIOUOT0 PEryisaTopa.

Kmnvenko J.A. AHaIU3 CHCTEM aBTOMATHYCCKOTO YIPABICHHUS MPOIIECCOM TEPMUUCCKON 0OpabOTKH OKathimiei Ha (abpuke
OKOMKOBAaHUs

B crarbe paccMOTpEHBI aKTyallbHbIe BOMPOCHI A()(PEKTHBHOCTH TEPMHUUECKOM 00pabOTKH jKeIe30pYIHBIX OKATHIIICH Ha KOHBeHep-
HBIX 00)KHTOBBIX MallIMHaX. P: ACCMOTPEHBI CYIICCTBYIOIIUE ITOAXOAbBI 1 METOAbI AaBTOMAaTUYECKOT0 YIIPABJICHUSA IPOLIECCOM TEPMHU-
4yeckoil 00pabOTKH OKATHIIICH HA OCHOBE PACCMOTPEHHOM MH(OPMAIMK BbIIEICHBI OCHOBHBIC IPEUMYIIIECTBA U HEAOCTATKU MPe/-
CTaBJICHHBIX CHCTEM ABTOMATHYECKOI'O YNpaBJieHHs. BBIABICHO, YTO CIOCOOBI M METObI YIPABICHUS MPOLECCOM TEPMHUIECKON
06pa6OTKI/I OKATBIIIEH U3Y4YCHBI HE B TOJIHOMU MEPE U HAXOIATCA Ha CTaluU UCCIICAOBAaHMA. Ha ocHoBe ananmza CYHICCTBYIOIINX
pa60T, a TaKKE IMEPCIICKTUBHBIX METOAOB YIPABJICHUSA WHEPIIUOHHBIMU IIPOLIECCAMU, XapaKTEPU3YIOMUXCSI HECTAIMOHAPHOCTBIO
ImapaMeTpoOB BO BPEMEHU, OIIPEIACIICHO HAIIPAaBJICHUE ﬂaJ'ILHeI‘/’IHII/IX I/ICCJIGHOBaHI/Iﬁ - pasBUTUEC METOAO0B aJallTUBHOI'O IIPOTrHO3UPY-
IOIIETO YIPABJICHUS MPOIIECCOM TEPMHYCCKOW OOpPaOOTKH OKATHINICH B YCIOBUSX KOJCOAHWI MPaHYIIOMETPHUYECKOTO COCTaBa H
TIOPO3HOCTHU CJI0s, U3BMECHCHMS TapaMETPOB TEXHOJIOTMICCKOTO O60py,£[0BaHI/I${. HpennomeH BapuaHT CTPYKTYPbI CUCTEMEI YIIpaB-
JICHUS TEMIIEPaTyPHBIM PEXKUMOM OOKUra OKaThIIIeH I OTAEIFHON ra30BO3AYIIHON KaMephl KOHBEHEPHOIH 00KHUT0OBOI MAIlIMHBL,
7€ MPEeIaraeTcsi OCYIIECTBISATh ONEPATUBHOE OLIEHUBAHMS MapaMETPOB MOJEIH Ipoliecca Ul MOCIeAYyoNIeH afanTalyy napa-
METPOB IPOTHO3UPYIOILETO PETYIATOPA.

Klimenko D. Analysis of automatic control process heat treatment pellets in a factory pelletizing

The article deals with current issues of efficiency thermal processing of iron ore pellets on conveyor roasting machines. Existing
approaches and methods of automatic process control pellet heat treatment on the basis of the information highlights the main ad-
vantages and disadvantages presented by the systems of automatic control. Found that the methods and techniques to manage the
process of heat treatment of pellets not fully understood and are under investigation. Based on the analysis of existing operations as
well as advanced management methods inertia processes are characterized by parameters transience of time, determined the direc-
tion of future research - development of methods for predicting adaptive process control heat treatment conditions in pellet size dis-
tribution and fluctuations poroznosti layer, changing the parameters of the process equipment. The variant management structure of
the temperature regime of burning pellets to separate the gas chamber kilns conveyor machines, offering the operational parameter
estimation process model for further adaptation parameters predictive controller.

VK 681.513.6:621.69

Oxora K.A. AnantiBHa cructeMa KepyBaHHs IPOIYKTHBHICTEO HACOCHOI CTaHIIii Io/ia4i BOAM Ha 30aradyBaibHy (HadpuKy

VY cTaTTi po3MIHYTO aKTyalbHiI NHTaHHS e(eKTHBHOCTI MPOIeCy Mojadi BoAM Ha 30aradyBaibHy (adpuxy. Kopotko ommcanmii
TEXHOJIOTTYHUI TIpoLeC Moaavi BoAU B TpyOompoBia. OOIpyHTOBAHO MUTAHHS MPOAYKTHBHOCTI AIANTHBHOI CHCTEMH KEpyBaHHS
HACOCHOIO CTaHIIE0 MOavi BOAW, Ta BUMOTH 10 HEl, IPOBEACHA aHAIOTiS MDK ICHYIOUMMH CHCTeMaMH. PO3IISIHYTO MpuKIagu
CAP HacOCHHX CTaHIIH, BU3HAYCHO iX IepeBark Ta HEAOJIKU, IPOaHATI30BAHO SKICTh Ta TPOLYKTUBHICTh aBTOMAaTH-30BaHHUX CHC-
TEM HAaCOCHHUX CTaHIii. Po3po0ieHo Ta mpoaHati3o0BaHO CUCTEMY KepyBaHHS HACOCHOIO CTAHIN€l0 HA 6a3i HEWITKOT JIOTIiKH, MPHBe-
JieHo Ti mepeBary Ta Heouiky. OnucaHo crocid KepyBaHHsI, BUBEICH] ()OPMYITH afanTariii.

Taxkum YUHOM, BKa3aHO HAMPSAMOK NOJAIbIINX ﬂOCHi}l}KeHL — PO3BUTOK aBTOMaTUYHUX CUCTEM KEPYBAHHA l'IpOE[yKTI/IBHi-CT}O Ha-
COCHOT CTaHIlii, BUpaxyBaBIlX 00’ €M BOJIM HEOOXITHUI KOXKHIiM CEKILii.

Oxora K.A. AnanTrBHas cucTeMa YIpaBlieHHs MPOU3BOIUTEILHOCTHIO HACOCHOHM CTAaHIWMH TIOJa4d BOABI HA O0OOTaTUTENBHYIO
(habpuky

B cratee paccMOTpeHBI akTyalIbHBIE BOMPOCH! dP(EKTHBHOCTH TpoIiecca Moaur BOABI Ha oborarurenbHyto (adprky. KopoTko
OITMCaHNK TEXHOJOTUYECKUH TPOIeCC MOAAYN BOIBI B TPyOompoBoa. OOOCHOBAaHHO BOTPOC MPOW3BOAMTEIBHOCTH aallTHBHON
CUCTEMBI KE€-pYBaHHS HaCOCHOM CTaHL[I/Ieﬁ nmoJgadyu BOJbI, U Tpe6OBaHI/I$[ K Heﬁ, MPOBECACHA aHAJIOIHA MEXIY CYIIECTBYIOIUMU
CUCTCMaMHU. PaCCMOTpeHLI TpUMEPLI CAP HacocHBIX CTaHHPIﬁ, OonpeaACICHbI UX MPEUMYIICCTBA U HEAOCTATKU, IPOAHAITU3UPOBAHBI
Ka4€CTBO M IMPOU3BOJAUTEIIBHOCTE aBTOMAThI-IUAJIM3UPOBAHHBIX CUCTEM HACOCHBIX CT aHL[Hﬁ, Pa3p360TaH " TIpOoaHaJIM3upoOBaHa
CUCTEMA YyIIPaBJICHUA HACOCHOM CTaHIMEH Ha 0aze HEYETKOM JIOTMKH, TPUBECCHBI €€ NPCUMYIICCTBA U HEAOCTATKHU. Ormcan criocod
YIIpaBIIEHUs, BEIBEACHBI ()OPMYITBI aIalTaIHHL.

Taxum 00pa3oM, yKa3aHO HalpaBJICHUE JATHHEUIINX UCCIIEIOBAHMI - pa3BUTHE aBTOMAaTHUECKUX CHCTEM YIPABICHHUS IPOM3BO M-
TEILHOCTHIO HACOCHOM CTAHIIUM, BBIYHCIIUB 00BEM BOIBI HEOOXOIMM KaK/I0M CEKIIUH.

Okhota K. Adaptive System of Rate Control Considering Random Variables of Water Consumption at a Concentrating
Plant’s Pumping Station

In the article the actual questions the efficiency of the water supply to the beneficiation plant. Briefly described manufactur-
ing process water supply pipeline. Grounded performance issues adaptive control system pump station water supply and de-
mands her drawn an analogy between existing systems. Examples ATS pumping stations, identified their strengths and
weaknesses, analyzes the quality and performance of automated systems for pumping stations. Developed and analyzed
pump station control system based on fuzzy logic, given its benefits and drawbacks. Describes how to control formulas adap-
tation.

Thus, given the direction of future research — development of automated systems management products-ness pumping sta-
tion, setting the volume of water needed each section.

VK 681.51: 622.788

Jlo6os B.J., Heckopomua M.B. CHHTe3 MOJIAILHOIO PEry/IsTopa JUis MPOLECY BUIANY OOKOTHIIIB y KOHBEeepHiit meui dabpuKu
OrpYAKYBaHHS

OOTpyHTOBAaHO HAYKOBY Ta MPAKTUUHY 3a]ady BUKOPHCTaHHS 0araTOMipHOI CHCTEMHU KePYBAHHS TEXHOJOTIIHUM IIPOIIECOM BHITa-
Ty OOKOTHIIIB Y KOHBEEPHIii medi. bararoMipHa MareMaTidHa MOJIETb BpaxOBY€: BUCOTY IMIapy OOKOTHIIIB, CTAOUTI3aIliI0 THCKY
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rasy, BUTpAT ra3y B 30Hi CYILIKH, Per'yJIIOBaHHs TEMIIEPaTypHu Ta THCKY B TOPHI 30HH ITirpiBy, cTabimizamifo BUTPAT MOBITPS B 30HI
OXOJIO/DKEHHSI, PETYJIFOBAHHS TEMIIEpaTypH MOBITPs Ta iHIII TEXHOJOTIUHI MapaMeTpu. [ 3a0e3neueHHs ONTUMAIBHOTO PEKIMY
BUMATy OOKOTHUILIB 3aIIPOIIOHOBAHO BUKOPHUCTATH CHCTEMY aBTOMAaTHYHOTO KEpyBaHHS Ha OCHOBI MOJAJILHOTO peryistopa. [Ipose-
JIEHO MOJICITIOBAHHS IPOLIECY BUITATTy OOKOTHILIB y KOHBEepHiif medi (adprku orpyaxysanss 3a goromororo SIMULINK nporpa-
MmHoro nakery MATLAB. BukoHaHO cHHTE3 MOJAIBHOTO peryssiTopa Ui i€l Moaeni. B pe3ynbrari MonemoBaHHs 6araToMipHOT
CUCTEMH ABTOMATUYHOI'O KEPYBaHH:A IIPU BI/IKOpI/ICTaHHi MOJAJIBHOT'O PETYJIATOPAa BCTAHOBJICHO, IO MaKCHUMaJlbHa TpI/IBaJ'IiCTI)
HepexigHoro mporecy ckiagae 120 ¢ BUTpaT MOBITPS B 30HI CYIIKH 1, a MiHIMaIbHA — CEKYHAY, IIPU PETYJIIOBaHHI BUCOTH HIapy
OOKOTHIITIB.

Jlo6oB B.U., Heckopomuas M. B. CunTe3 MOIAIBHOIO perysiTopa s mpolecca 00Kura oKaThIieii B KoHBeHepHoi neun ¢ad-
PUKH OKOMKOBaHUA

OOocHOBaHa Hay4YHAs U MPaKTHYECKas 3a1a4a UCTIOJIb30BAHUS MHOTOMEPHOM CHCTEMBI YIIPABICHHUS TEXHOJIOTHUECKHM IIPOLIECCOM
00XKHra OKaThIIIEH B KOHBeﬁepHOfI TIcyu. MHOFOMepHaSI MareMaTtuieckas MOJIC/Ib YIUTBIBACT BLICOTY CJIOSL OKaTLImeﬁ, cTabum-
3allrIo JaBJICHUA ra3a, pacxo/a ra3a B 30HC CYIIKHU, PETYJIUPOBAHUSA TEMIIEPATYPHI U JaBJICHUSA B TOPHE 30HBI II010I'PEBa, crabuim-
3alrIo pacxo/ia BO3ayXa B 30HC OXJIAKICHUS, PETYJIMPOBKA TEMIIEPATYPLI BO3AyXa U JIPYTUE€ TEXHOJIOTMUCCKUE IMMapaMETPhI. I[JIS{
o0ecIe4eHns. OTUMAIILHOTO pexumMa 002KHra OKaTHIIIEH TNPEIOKEHO HCIOJIB30BAThH CUCTEMY aBTOMATHYCCKOIO YIPaBJICHUS Ha
OCHOBE MOJAJIBHOTO peryisitopa. [IpoBeneHo MoaemipoBaHie mporecca 00XKura OKaThIIel B KOHBeHepHOH neun hadprKku orpya-
kyBaHHs ¢ oMorsio SIMULINK nporpammuoro nakera MATLAB. BrinonHeH cuHTe3 MOAAIBHOTO PEryIsTOpa A 3TOH Mojie-
M. B pe3ynbrare MoaenMpoBaHusi MHOTOMEPHOM CUCTEMbI aBTOMAaTHYECKOT'O YIPABJIECHUS MIPU MCIOJIb30BAaHUN MOJAIBHOTO pery-
JIATOpa YCTaHOBJIEHO, YTO MAaKCUMAJIbHAs MPOAOIDKUTEIBFHOCTD IIEPEX0AHOro Ipomecca cocTaBisieT 120 ¢ pacxoaa Bo3ayxa B 30HE
CYIIKH 1, a MUHIMAJIbHAS - CeKyH/Y, IIPH PEryIMPOBAHUH BBICOTHI CJIOS OKAThIMIEH., CHHTE3 MOJATBHOTO PETYIATOpa U MpoIec-
ca 00yKura OKaThIIIeH B KOHBEHEPHOH reun (haOpHKN OKOMKOBAHHS

Lobov V., Neskoromna M. Synthesis of modal regulator of pellet firing in a conveyor-type kiln at pelletizing plants

A scientific and practical task using multivariate system control process of pellet firing in a conveyor-type kiln Multidimen-
sional mathematical model include: the height of the layer of pellets, stabilize the gas pressure, gas consumption in the drying
zone, temperature and pressure in the furnace heating zone, stabilization of air flow in the cooling zone, regulating tempera-
ture and other process variables. To ensure the best mode of firing pellet proposed use the automatic control system based on
modal regulator. The modeling process of firing pellets in a conveyor-type kiln using SIMULINK software package
MATLAB. Done the synthesis of modal regulator for this model. As a result of multidimensional modeling automatic control
system using modal regulator found that the maximum duration of the transition process is 120 with costs of air in the drying
zone 1 and the minimum - second the height adjustment layer pellet.

VK 622.733-52

Kocan A.A. Henapamerpuueckuil perysiTop HeTMHEMHBIX IPOLIECCOB

3HaYHTENNBHAS YaCTh COBPEMEHHBIX METO/IOB CHHTE3A CHCTEM YIPaBJICHUS TEXHOIOIMYECKUMH MPOIIeccaMi Oa3upyeTcs Ha JIMHEH-
HBIX TIPEACTABICHIAX 00 00bEKTe ympaBlieHws. [ TaBHOI 0COOCHHOCTBIO JIMHEHHBIX MPOLIECCOB SBISIETCS IOMYILCHHUE CIIPaBELTH-
BOCTH NPHHIIMIA Cynepro3unun. OnHako, OOJBIIMHCTBO CYLIECTBYIOIIMX NPOIECCOB IMHEHHBIMHA MOYKHO Ha3BATh JIUIIb YCIOBHO.
IToaToMy HOMBITKA MOMYYHUTH IIOOATBHYIO MOJIETh HEIMHEHHOro 00BbeKTa MpPaKkTUYeckn oOpedeHa. B HacTosiiee BpeMms IenbiM
psAAOM MAaTEMaTUYECKUX U d)I/IBI/I‘-IeCKI/IX 1IKOJI pa3BUBACTCA MOAXOM, OCHOBaHHBIN Ha HepaBHOBeCHOﬁ JUHAMUKEC, 1'[03BOJ'[$[}OHIGI\/’I BCC
IIMpEe CTAaBUTh BOIPOC 00 0OBEKTe yrpaBieHus Kak o "depHoM siimke". B mpencrapieHHoN paboTe pa3BUBacTCs HIMEHHO TaKOM
IoAXO01. HpI/IBGZ[eHHLIG PE3YIbTAThI JAKOT OCHOBAHUSA CUHUTATH TaKou noaxon Oonee palroOHaJIbHBIM, YEM JIMHEHHBIN.

Kocan A.A. Henapamerpuueckux peryssTop HeJIMHENHbIX MPOLIECCOB

3HaYHTENBHAS YaCTh COBPEMEHHBIX METO/IOB CHHTE3a CHCTEM YIPaBJICHHS TEXHOIOTMIECKIMH TpOIieccaMil 0a3nupyeTcs Ha JIHeH-
HBIX MPEICTABICHUIX 0 00BEKTE YIPaBIeHHU. [ JTaBHOW 0COOEHHOCTHIO JIMHEHHBIX TIPOLIECCOB SBISIETCS JOIYIICHHE CIIPaBEITNBO-
CTH TIpHHIHUIMA cyneprno3uuy. OmHaKo, OONBIIMHCTBO CYIIECTBYIOUIMX MPOLECCOB JIMHEHHBIMIA MOJKHO Ha3BaTh JIUIIB YCIOBHO.
ITosToMy HOMBITKA MOMYYHUTH MIOOATBHYIO MOJETb HEMHEHHOro o0beKTa MpakTHuecku obpedeHa. B Hacrosiiiee Bpems LeabiM
psAAOM MAaTEMAaTUYCCKUX U (bI/ISI/IquKI/IX 1IKOJI pa3BUBACTCA IMOAXOMI, OCHOBaHHBIN Ha HEPABHOBECHOC TUHAMUKE, HO3BOMIOHIeﬁ BCC
IIMpEe CTaBUT BONpPOC 00 OOBEKTE yNpaBieHus Kak B "depHoM suuuke". B mpencraBieHHoN paboTe pa3BUBAaeTCS MMEHHO TaKOH
IoAXO01. HpI/IBGZ[eHHLIG PE3YIbTAThI JAKOT OCHOBAHUSA CUUTATH TaKoU noaxon Oosee palroOHaJIbHbIM, YEM JIMHEHHBIN.

Zhosan A. Nonparametric controller for nonlinear processes

A significant part of modern methods of synthesis of control systems of technological processes is based on linear representa-
tions about the object of management. The main feature of linear processes is the assumption of the validity of the superposi-
tion principle. However, most existing processes are linear can be called only conditionally. Therefore, the attempt to obtain a
global model of nonlinear object is practically doomed. Currently a number of mathematical and physical schools develops
an approach based on nonequilibrium dynamics, allowing increasingly raise the question about the control object as a "black
box". In the presented work develops such an approach. The results give reason to believe this approach is more efficient
than linear.

VK 622.73:622.023

A3zapsan A.A.,. Ipioynesckuii FO.E, Kyuep B.I'., IlIen /JI.B. VccnenoBanne BIUSHUS BEIIECTBEHHOIO COCTaBa JKENE3UCTBIX
KBapLIUTOB roka Apcenop Mutran Ha X IPOYHOCTb

B crarbe paccMoTpeHa B3aMMOCBSI3b COICPKAaHUS MAarHETHTA B Kee3ucThIX kBapruuTax ' OKa Apcenop Murran Kpusoii Por u nx
npouHocTH. OOBEKTOM HCCIIEOBAHUS SBISCTCS MPOLIECC APOOJICHNUS MarHeTHTOBOM pyabl. [IpenmeToM HccenoBa-HUS SBISETCS
olpe/eNieHue METOI0B OOHAPYKEHUs BIIMSHUS BELIIECTBEHHOTO COCTABA JKENE3UCTHIX KBApLIUTOB HAa X NMPOYHOCTb. Llenbto ucce-
JIOBaHUs SIBJIAETCS TOMyYEHHE aHAJIMTUYECKON 3aBHCHMOCTH MEXIY COJEp)KaHMEM MarHeTHTa B xeNe3ucTeix kBaprurax I'OKa
Apcenop Mutran Kpusoii Por u ux npousoctun. OCHOBHOH Hay4HBIH pe3ysbTaT 3aKIIOUAETCs B MOTYYEHHU 3aBUCHMOCTH MEXIY
COZIEp’KaHUEM II0JIE3HOTO KOMIIOHEHTA U KPEMOCTBIO JKEIE3UCThIX KBapLUUTOB. Take MpeanaracTcsl yCoBEpIICHCTBOBATh YCTPOM-
CTBO MarHATHOTO KapOTaka KapbEPHBIX B3PHIBHBIX CKBAXUH, J00ABHB B HETO OJIOK BHIMHCIICHUS KPETIOCTH PY/BI BOKPYT CKBAXKH-
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HBI C IIENIbI0 pacyera 3aKiIaJbIBAeMOr0 KOJMYECTBA B3PHIBYATOrO BEIIECTBA, HEOOXOAMMOro s 3(h(EeKTHBHOrO MPOBEICHHS
B3PBIBHBIX paloT.

Azapsin A.A.,. HHuoyaescobkuii FO.E, Kyuep B.I'., llIseus JI.B. [locmimkeHHs BIUIMBY PEYOBOTO CKIIALY 3aII3UCTUX KBAPLUTIB
I'3K Apcenop MirTai Ha iX MiIHICTb

V crarTi po3rISIHYTO B3a€EMO3B'SI30K 3MICTY MarHeTHTy B 3aiti3ucTux kBapuurax I 3K Apcenop Mirran Kpuswii Pir ta iX MitHOCTI.
O0'eKTOM OCII/DKEHHS € TIpOIieC APOOJICHHST MarHeTHTOBOI pyau. IIpenMeTroM JOCIimKEHHsI € BU3HAYEHHS METOAIB BHSIBICHHS
BIUIBY PEYOBHHHOTIO CKJIaly 3aTi3UCTUX KBAapIUTIB Ha iX MIIHICTB. MeTO0 MOCIIPKEHHS € OTPUMAHHS aHATITHYHOI 3aJIeKHOCTL
MK BMICTOM MarHeTuTy B 3aii3uctux kBapuurax ['3K Apcenop Mitran Kpusuit Pir ta ix minHOCTI. OCHOBHHUIT HAYKOBHI1 Pe3yiib-
Tar TOJIra€E B OTPUMAHHI 3JISKHOCTI MIXK BMICTOM KOPHCHOTO KOMIIOHEHTA 1 MILIHICTIO 3aJIi3UCTHX KBapIM-TiB. Takox NpomnoHy-
€ThCS YAOCKOHAIUTH TIPUCTPI MAarHITHOTO KapoTaXy Kap'epHUX BHOYXOBHX CBEPIUIOBHH, JOJABLIM B HHOTO OJIOK OOYMCIICHHS
MILHOCTI Py HaBKOJIO CBEPIOBHHH 3 METOIO PO3PAXYHKY KUIBKOCTI BUOYXOBOi PEUOBHHH, L0 3aKNIANA€THCS, HEOOXITHOI JUIs
e(eKTHBHOTO NPOBEICHHS BHOYXOBHUX POOIT.

Azaryan A.,. Tsybulevsky U, Kucher V, Shvets D. Investigation of the influence of the material composition of ferruginous
quartzite Mining ArcelorMittal their strength

The article considers the relation between magnetite content in ferruginous quartzite of ArcelorMittal Kryviy Rih mining plant and
their strength. The object of research is the grinding process of magnetite ore. The subject of the study is to determine the methods of
detecting the influence of the material composition of ferruginous quartzite on their strength. The aim of the study is to obtain analyt-
ical dependence between the content of magnetite in ferruginous quartzite of ArcelorMittal Kryviy Rih and their strength. The main
scientific result is to obtain a relationship between the content of useful component [magnetite] and the strength of ferruginous
quartzite. Also it was suggested to improve magnetic logging of quarry blastholes device by adding the computing unit of the ore
strength around the well in order to calculate the amount of planting explosives which is necessary for the effective conducting of
blasting operations.

VK 621.311.086.5:621.3.001

Kousbcyn B.A., UBamko A.A., Uytun U.A. Co3nanne U BHEAPEHHUE B Kypc U3YYCHUS PE0Opa3oBaTeNbHON TEXHUKH MOTY-
7151 «ABTOHOMHBIN MHBEPTOP HANpsKEHUS»

B craTtbe npuBeneHbl MPakKTUYECKHE PE3yabTaThl 0 TOCTPOCHUIO MOIYIIS «ABTOHOMHBIH HHBEPTOP HAIPSHKEHUS, U TIPO-
BeICHUS JTa0OPAaTOPHBIX M HCCIENOBAaTENbCKUX paboT B YCIOBHAX jabopaTopuu. Bompocy ymydmieHns xadecTBa 3HaHHUI
CTYACHTOB C HpeO6pa3OBaTeJ'H>HOI71 TCXHUKU - YIACIICTCA BCE Oouiblie BHMManus. KadecTBo 3HaHMiA ¢ HpeO6pa3OBaTeJ'ILHOfI
TCXHUKHU ONPEACIIACT YPOBCHb KBaJ'II/I(l)I/IKaL[I/II/I 6y,[[yI_HI/IX CIICHHUATIMCTOB JICKTPOTEXHUYECKOI'O HAIpaBJICHHA, HO BO3MOXKHO-
CTH, KOTOPBIC NPEAOCTABJIAIOTCA Ha I[aHHLIﬁ MOMCECHT OTPaHHUYCHBI B CBA3U C MOpPAJIbHBIM U3HOCOM na60paT0pH0ro 060pyl[0-
BaHus. TakuM 00pa3oM, ObLIa MOCTaBJICHA 3a/1a4a, pa3paboTaTh MOIYJIb ABTOHOMHOTO HHBEPTOpA HAMPSKCHUS, KaK OJTHOTO
13 OCHOBHBIX BHJIOB Hp606p330BaTeJ1$[. I/ICXOI[SI 13 NOCJICOHET 0, 3aJa4a, KOTOpas ObLIa IIOCTaBJICHA, SBJISICTCA aKTyaJIbHBIM U
3¢ (EKTHBHBIM CPEICTBOM IOBHIIICHHS KaUeCTBa 3HAHUI CTYICHTOB B chepe mpeoOpa3zoBaTeIbHOMN TEXHHUKE.

Koabscyn B.A., IBamko A.A., Iytin I.A. CTBOpeHHsI Ta BIPOBaKEHHSI B KypC BHBYCHHS IEPETBOPIOBAIBHOI TEXHIKA MOIYJIS
«ABTOHOMHHI 1HBEPTOP HALIPYTID»

VY crarTi HaBeICHO TPAKTHYHI Pe3yJIbTATH 100 MOOYIOBH MOAYJIS «ABTOHOMHHIA IHBEPTOP HAMPYTW», VTS MPOBEICHHS J1adopa-
TOPHUX 1 JOCIITHULIKUX POOIT B yMOBax j1abopatopii. [TuTaHHO HOJiNIIEHHs SKOCT] 3HaHb CTY/ICHTIB 3 IEPETBOPIOBAIEHOT TEXHi-
KU - TIPUIIIISETBCS Bee OUbIIIe yBary. SIKicTh 3HaHb 3 TIEPETBOPIOBAILHOT TEXHIKHM BU3HAYAE piBeHb KBami(ikalii MalOyTHIX (axis-
L[iB eJ'[eKTpOTeXHi'-IHOFO HaIlpsMKYy, ajie MO)KJ'II/IBOCTi, K1 HaJarThCA Ha }:[aHI/Iﬁ MOMEHT OOMEXEH] B 3B'$l3Ky 3 MOpaJIbHUM 3HOCOM
J1abopaTopHOTO 00NIaqHaHHA. TakuM YHHOM, OYIIO TIOCTABJICHO 3aBIaHHS, PO3POOHTH MOYIIF aBTOHOMHOT'O iHBEPTOPA HAIPYTH, SIK
OJTHOTO 3 OCHOBHHX BHUJIIB IIEPETBOPIOBaYa. BHXOISUM 3 OCTaHHBOTO, 3aBIaHHS, sSIKE OYIIO MOCTABIICHE, € aKTYaITbHUM Ta e(EeKTHB-
HHUM 3ac000M ITiIBUIIEHHS SKOCTi 3HaHb CTYIICHTIB B c()epi IepeTBOPIOBAIBHOT TEXHIKH.

Kolsun V., lwashko A., lutin I. Creation and implementation of the course in the study of transformational technology module
"Independent voltage inverter"

The paper presents practical results on the construction of the module "Self-contained Voltage Inverter" for laboratory and research
work in the laboratory. The issue of improving the quality of students' knowledge with converter equipment - paid more attention.
The quality of knowledge of transformational technology determines the level of qualification of future professionals of the electro-
technical direction, but the opportunities that are available at the moment is limited due to the obsolescence of laboratory equipment.
Thus, there was a task to develop a stand-alone module voltage of the inverter, as one of the main types of converter. Based on the
latter, a task that has been put, is a relevant and effective tool to improve the quality of students' knowledge in the field of converter
technology.

VIK: 62 —83:629.423.1

Cunuyk O.H., Kacatknna U.B., CmenoBa JI.B. MozaemipoBaHue nepexoaHbIX IPOLECCOB B ACHHXPOHHBIX ABUI'ATENAX TATOBBIX
INMEKTPOMEXAHMIECKHX KOMILUIEKCOB IBOOCHBIX 3JIEKTPOBO30B

PaccMOTpeHBI pe3yabTaThl MOJICTTUPOBAHHS IEPEXOJHBIX TIPOLIECCOB B aCMHXPOHHBIX JABHIATENSX TATOBBIX JIBOOCHBIX 3JIEKTPOBO-
30B Ha MaTeMaTHYECKOH MOJIENIH 110 MFHOBEHHBIM U CPETHHM 3HAYCHHSIM, OITHCHIBAEMbIX PEKYPPEHTHBIME COOTHOIICHUSIMH, KOTO-
PpbIe TO3BOJISIOT PACCYNUTATH MTHOBECHHBIC U CPEAHNE 3HAYCHHSI KOOP/IMHAT COOTBETCTBYIOIINE KOOPAMHATAM M3MEPEHHBIM JIaT4H-
kamu. [IpiMeHeHre MOJIENM TIpe/iyIaraeMoil CTPYKTYPBI M CO3/IaHHE CHCTEMBI 10 CPEIHNM 3HAYCHHSM TEKYIHX JIEKTPOTEXHHUYE-
CKHUX T1apaMETPOB TATOBBIX ACHHXPOHHBIX JBUTATENCH MO3BOJIHT H30ABUTHCS OT MIOMEX, BIHUSIOIMX Ha TOYHOCTh PAGOTHI CHCTEMBI,
¥ IOBBICHTD €€ HAJIO)KHOCTD B IEJIOM.

Cinuyk O.M., Kacatkina I.B., CmenoBa JI.B. MoientoBaHHs HIepeXiIHUX MPOLECIB B ACHHXPOHHHUX JIBUTYHAX TSATOBHX EJICKT-
POMEXaHIYHUX KOMILUIEKCIB IBOOCHHX EJICKTPOBO3IB

PO3riIsiHyTO pe3ysbTaTi MOZAEIIOBAHHS MEPeXiHUX MPOLECIB B ACHHXPOHHUX JIBUTYHAX TATOBHX JBOOCHHUX EJIEKTPOBO3iB Ha Ma-
TEeMaTHYHI MOJIENi 32 MUTTEBUM 1 CEpeIHIM 3HAUCHHSM, OIMMCYBAaHUX PEKYPEHTHUX CITIBBIAHOIICHHAMH, SIKi TO3BOJITIOTH PO3pa-
XyBaTH MUTTEBI i Cepe/Hi 3HAUYCHHS KOOPAWHAT BIIIOBIAHI KOOPIMHATAM BAMIPSHUM JaTYHKAMH. 3aCTOCYBAaHHS MOJIEI IPOTIOHO-
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BAHOI CTPYKTYpPH Ta CTBOPSHHS CUCTEMH 32 CEpE/IHIM 3HAYCHHSIM IOTOYHUX EJICKTPOTEXHIYHNX MMapaMeTpiB TATOBHX aCHHXPOHHUX
JIBUTYHIB I03BOJIUTH O30y THCS BiJ] HEPEIIKOI, IO BIUTMBAIOTH HAa TOUHICTH POOOTH CHCTEMH, 1 HIABUILUTH 1i HAIIMHICTB B LIOMY.
Sinchuk O., Kasatkina I., Smenova L. Simulation of transients in asynchronous traction motors electromechanical systems
dvoosnyh electric

The results of the simulation of transient processes in asynchronous traction motors dvoosnyh electric locomotives on a mathemati-
cal model for the instantaneous and average values described by the recurrence relations that allow us to calculate instantaneous and
average values of coordinates corresponding to the coordinates measured by the sensor. Application of the model of the proposed
structure and the establishment of the average value of the current electrical parameters of asynchronous motors of traction system
will get rid of noise, affecting the accuracy of the system, and increase its reliability as a whole.

YIK 621.316

AHTOHEeHKO A.O. OcobIMBOCTI KOHTPOJIO CTaHY SIKOCTI eJIEKTPOECHEPTii MPOMHCIIOBHX CUCTEM €IEKTPOIIOCTaYaHHS

V crarTi po3rasaaEThesl CyTHICTh POOJIEMH BIAXUIICHHS SIKOCTI €JIeKTPUYHOI eHeprii MPOMUCIOBUX PO3MNOIUTHHIX MEPEX Bil HO-
PMOBaHUX 3HaueHb. MeTor0 poOOTH € aKIIEHTYBAaHHS yBaru Ha MUTaHHI HEZOCTaTHROI HOPMATHBHOI Ta TEXHIYHOI 0a3, Ha MiACTaBi
SIKUX BEJIHKI 00'€KTH MPOMUCIIOBOCTI IPOBOIATE 3aX0/IH II0JI0 KOHTPOJIIO 1 PETYIIIOBAHHS SIKOCT] €NIEKTPHYHOI €Heprii CHCTEM eJIeK-
TporocTadaHHs. Bu3HaueHo, 10 1 3HIDKEHHS MUTOMUX €HEePrOBUTpPAT Ta MiABUILECHHSA eHeproe()eKTHBHOCTI MiANPHEMCTBA He-
00XiJHO 3HAYHO MiJBUILHTH MPIOPUTETHICT CHEPIOMEHEDKMEHTY B MPOLIECi IUIAHYBaHHS HOTro poOOTH, I1I0 B CBOIO YEpry, HEMO-
JKIHBO 0e3 e(heKTHUBHOI Ta i€BOT CHCTEMH KOHTPOJIO 1 PEryIIOBAHHS OCHOBHUX MTAPaMETPIiB CUCTEMH €JIEKTPOIIOCTAYaHH .
AHTOHEHKO A.O. OcOOEHHOCTH KOHTPOJIS COCTOSTHUS KA9eCTBA SIEKTPOIHEPTHHU MPOMBIIUICHHBIX CUCTEM 3JIEKTPOCHAOKCHHS

B crarbe paccmatpuBaercst CyTh poOIeMbl OTKIOHEHHS Ka4eCTBA SIEKTPHIECKOH SHEPTUH IIPOMBIIIICHHBIX PaCTIPeJeTUTEIbHBIX
ceTeill 0T HOpMHPYEMBIX 3HaueHHUH. L{enpro paboThl SBISETCS aKIEHTUPOBAHMS BHUMAHHUS Ha BOIIPOCE HENOCTATOYHOW HOPMATHB-
HOW U TeXHHYecKOl 0a3, Ha OCHOBAaHMH KOTOPBIX KPYMHBIE O0bEKTHI IPOMBIIIICHHOCTH TIPOBOST MEPOIPHUSITHS TI0 KOHTPOIIO U
PEryIHpOBAHHIO KAUeCTBA EKTPUIECKON SHEPTHH CHCTEM IeKTpocHa0xeHus1. OpeneneHo, YTo UL CHIDKEHHS YACIbHBIX JHEp-
r03aTpar | MOBBIIIEHUS SHEProd()(GEKTUBHOCTH MPEANPHSTHS HEOOXOIMMO 3HAUUTENBHO NMOBBICHTH IPUOPUTETHOCTH SHEProMe-
HEDKMEHTA B TIpOLiecce IUIaHUPOBAHUS €T0 palOThI, YTO B CBOIO OUYepeib, HEBOSMOXKHO 0e3 3(h(eKTHBHOM M paboTOCTIOCOOHOM
CHCTEMBI KOHTPOJIA ¥ PETYINPOBAHUSI OCHOBHBIX ITAPAMETPOB CHCTEMBI JIEKTPOCHAOKEHHSL.

Antonenko A. Features condition monitoring power quality in industrial power systems

The article discusses the problem of deviation of power quality in industrial distribution networks from standardized values. The aim
is to focus on the issue of the lack of regulatory and technical bases on the basis of which large objects of the industry and implement
measures to control and regulate the electric power quality of power systems. Determined that to reduce the specific energy con-
sumption and improvement of energy efficiency necessary to significantly raise the priority of energy management in the process of
planning his work, which, in turn, is impossible without an effective and workable system of control and regulation of the main pa-
rameters of the power supply system.
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