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PEOEPAT

KBaJTi(pikaLiifHOi poOoTH OakanaBpa

«MopepHizallis eJIeKTPOIPUBOLY OypOBOI JIEOITKHI»

Po6ora mictuth 51 ctopinky, 12 pucyskis, 3 Tabmuui, 19 nirepaTypHux
TDKEpelL.

KirouoBi cnoBa: OypoBa 5eOigka, €JIEeKTpONpPHBLA, MIBUAKICTb OOEpTaHHS,
JBUTYH, TIEPEXiTHUN mpoIiec.

Metoro J0CHIKEHHST € aHaji3 poOOTH JIEOIIKH IMiJl Yac CIYyCKOIMiIIMHOMHUX
oreparlid 3 pi3HUM HaBaHTAXXCHHSM Ha €JeBaTOpi. PO3TISHYTHI TEXHOJOTIYHHMA
mpolec eKcIuTyaTalii MnpuBoay OYypoBOi JeOIAKM Tl Yac CIYCKOIMiIHOMHHX
omepariiii, JOCIIPKEHO TMpoOJeMHu, SKI TIOB’si3aHI 3 CHUCTEMOK KepyBaHHS,
chopmMoBaHi 3ajayi Ta TPOBEJEHA MOJEpPHI3AIlS  LBOTO EJICKTPOIPHUBOY.
Po3pobnena nmudposa cuctemMa ynpapJIiHHSI aCHHXPOHHUM YaCTOTHO-PETyJIbOBAHHM
CJIEKTPONPUBOIOM, TaKOXX MOJIEPHI30BaHA CHJIOBA CXEMa EJEKTPONPUBOIY.
Pe3ynbpTaTi MozentoBaHHS MOKa3aiM, 110 po3polsieHa cuctema 3ades3neuye 3aBaaHi

XapaKTEPUCTUKU TOYHOCTI Ta CTAOUIBHOCTI pOOOTH CUCTEMU KEPYBAHHS.

ABSTRACT
of the qualification work of the bachelor
"Modernization of the electric drive of the drilling winch"

The work contains 51 pages, 12 figures, 3 tables, 19 references.

Key words: drilling winch, electric drive, rotation speed, motor, transient.

The aim of the study is to analyze the winch operation during hoisting
operations with different loads on the elevator. The technological process of
operation of the drilling winch drive during hoisting operations is considered, the
problems associated with the control system are investigated, tasks are formed, and
the modernization of this electric drive is carried out.

A digital control system for an asynchronous variable frequency drive was
developed, and the power circuit of the drive was modernized. The modeling results
showed that the developed system provides the specified characteristics of accuracy

and stability of the control system.
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BCTYII

B mHam Yac TOJNOBHMMH BHJAMH TJIMBA, CIIOXHBAHOTO JIIOJCTBOM,
3ayIMIIaeThest HadTa 1 ras, 3a paxyHOK LbOTO MajvBa MOKPUBAETHCA Onu3bKo /0%
€HEPreTUYHOI MOTpeOu B CBITI.

OcHoBHUM 00’€KTOM IpU BUI00YBaHHI Ha(TH 1 razy € OypoBa yCTaHOBKA, siKa
CKJIQJAE€ThCS 3 KOMIUIEKCY PI3HUX MEXaHI3MIB, KOTpI MPU3HAYAIOTHCS AJis1 OypiHHS,
Ta KpIMJIEHHS CBEPMJIOBUH. Yci OypoBl YCTaHOBKM 3a BHUIAOM MOHTaXy 1
TPAHCTIIOPTYBAHHS PO3AUIAIOTECA Ha Hepo30ipHi Ta po30ipHi. Ckiaa By3iiB OypoBoi
YCTaHOBKH, 1X KOHCTPYKIliSi BU3HAYAETHCS MPU3HAYCHHIM CBEPJIOBUHU, YMOBAMH
Ta croco0oM OypiHHS, a TAKOXK KIIIMAaTOM MICIIEBOCTI, A€ 3HAXOIUTHCS POJOBHIIIE.

[Iporiec criopyIKeHHsI CBEP/IOBHH CKIIAJAETHCS 13 TTOBTOPIOBAHUX OIEpAIliii:
CIYyCKy OYpWJIBHHX TPYO 3 J10JIOTOM (IHCTPYMEHTY) y CBEp/UIOBHHY; PYWHYBaHHS
nopoau Ha 3a060i — mporec OypiHHS; HApOIIyBaHHS KOJIOHM TpyO Mo Mipi
3arauOJIeHHS CBEpJUIOBUHM; MINMOMY TpyO AJis 3aMiHHM 3HOIIEHOTO gojota. Jlis
3MIMCHEHHS TaKMX OMepalliid, a TakoK poOIT Mo KPIMJIEHHIO CTOBOypa CBEPIJIOBUHU
BUKOPUCTOBYIOTH OYpOBI YCTaHOBKH, SIKI TMpPEACTABIAIOTH COOOK0 CKIIATHUN
KOMILIEKC BUPOOHUYMX MeXaHi3MiB [1].

VY ckimaa mporo KOMIUICKCY BXOJASTH IMIMOMHA CHCTEMa 3 1HIUBIAyaIbHUMU
IpPUBOJAAMU JUIA TMIAHOMY, CITYCKYy Ta Iojadl IHCTpyMeHTa, OypoBi HacoCH, POTOD,
MEXaHI3MU Il TPUTOTYBAaHHA Ta OYHUIICHHS OYypOBOTO PO3UMHY, BaHTaXKHO-
PO3BaHTAXYBAIBHUX POOIT, 3a0€3TMCUCHHSI YCTAHOBKM CTHCHEHHUM IIOBITPSAM Ta iH.
OcHoBHi (poTop, OypoBa yebinKa 3 TaJICBOIO CHCTEMOIO Ta OypOBI HACOCH) 1
JIOTIOMDDKHI MEXaHI3MH OYypOBO1 YCTaHOBKM MPHUBOASTHCS B IO BiJ CHUJIIOBOTO
MPUBOJIa, THUM SKOTO BHOWUPAIOTh 3aJIEKHO BiJ YMOB OypiHHS KOHCTPYKIIIH
MEXaHI3MiB Ta 1HIHKX (HaKTOPIB.

AKTyaJIbHicTh TeMH. MakcuMalibHa aBTOMAaTHU3Aallisl YCTAHOBOK It OypiHHS
JI03BOJISIE BUKOHYBAaTH OCHOBHI po0Ooui omepallii npouecy OypiHHS, B TOMY YHUCI1
cinycko-migiiomui onepanii  KBT (komon OypoBux Tpy6) Ta HKT (HacocHo-

KOMIIPECOPHUX TPYO), 3 HANINIIMMU TOKa3HUKAMH MO EKCIUTyaTallli, KpiM TOro



aBTOMaTH3allisl MPOIECIB TOKpaIlye Mpoiec Oe3nepepBHOro BUIOOYTKY HadTH, a
1€ 3MEHILY€E 30MTKOBICTh YChOI'O TEXHOJIOTIYHOTO mpouecy. ToMy BUMOTH BIpHOTO
BUOOPY eNeKTpooOIalHaHH IS BUAOOYTKY Ha(TH, MaKCUMAaJIbHO MOXXIIMBA
aBToMaTHu3alis poOOTH, 3HMKEHHS EKCIUTyaTallliHUX BUTpPAT € B HAll Yac JIyXKe
aKTyaJTbHUMHU.

Meta i 3agaya gocJaimkeHHss. OCHOBHOIO 3a/auelo JaHOI KBami(ikaiiitHoi
poOOTH € MOJiepHI3allisi CUCTEMU aBTOMAaTUYHOIO KEPYBaHHS OYpOBOIO JIeO11KOIO
tuny JIBY 22-720. MopepHizoBaHa cucTeMa KepyBaHHsS JIeOIKOIO ITOBHHHA
3a0e3mnevyBaTd BUCOKY TOYHICTh, €KOHOMIYHICTh POOOTH, 3MEHILIECHHS aBapiiHUX
CUTYyaIli}.

Metoro JOCHIDKEHHS € aHaji3 poOOTH JIEOIKU I Y9ac CIYCKOMIIHOMHUX
orepauid 3 pI3HUM HaBaHTAXEHHSM Ha eneBaTopl. HeoOXimHO CTBOpUTH Taky
CHUCTeMy aBTOMATHYHOTO KEpPYBaHHSA, siKa 37aTHAa 3a0€3MEYUTH BHKOHAHHS YCIX
HEOoOXITHUX (YHKIIIH, a TAKOXK 37aTHA Tepe0aYUTH 1 YHEMOXKIUBUTH PO3BUTOK Ta
BUHUKHEHHS aBapifHUX CUTYyaIllM M yac CIycKy a0o migioMy OypoBUX KOJIOH abo
OypHIBHOTO 1HCTpYMEHTY. s 1iboro tpeba mpoaHanmizyBaTd pPoOOOTY JICOIIKHU i
Jac CHYCKOMIAWOMHUX OTeparliidi; pO3rJasHYyTH TPOIECH, IO IMPOTIKAIOTh B
MEXaHIYHIH YacTHHI TPUBOAY, BHSABUTH Ta YCYHYTH NUISXOM MOJEpHI3arlii

poOJIeMH, K ITPU IbOMY BUHHKAIOTh.



1 TEXHOJIOTTYHA YACTUHA

1.1 3actocyBanHs Ta Kiacudikailisi OypoBUX YCTaHOBOK

BypoBi ycTaHOBKHM 3aCTOCOBYIOTBCS JUUIsl TAKMX BHIIB OypiHHSA [2]:

OypiHHS MOITYKOBUX CBEPJJIOBUH CepeaHbOol rmubounu (10 600 M) Ha TBep/l
KOPHUCH1 KOTIAJINHH;

OypiHHS TIMOOKHX PO3BIYBaJIbHUX Ta €KCIUTyaTal[liHUX CBEPAJIOBUH (10
6000 m) Ha HadTY ¥ Ta3;

OypiHHS HErNTMOOKUX CBEPAJIOBUH Ha BOAY;

OypiHHSI BHOYXOBHX CBEPIJIOBUH Ha BIAKPUTHX TIPHUYMX BUPOOKaX 1 B

maxrax.

Takox OypoBi yCTAaHOBKM MOXYTh 3aCTOCOBYBATUCS ISl OYPIHHS HETJIMOOKUX

(o 25 wMetpiB) CBEpJIOBMH HeBedwkoro jgiamerpa (76-219 wmm) s

CEHCMOPO3BIIKY Ta 1HKEHEPHUX MOIIYKOBHX POOOTaX.

[{inboBe MpU3HAYECHHS CBEPAJIOBUH MOXKE OyTH pi3HUM. Y HadTOBIH 1 ra3oBiit

npomuciioBocti (HI'TI) OypsiTh, B OCHOBHOMY, HACTYITHI CBEPATIOBHHH [2]:

CTPYKTYpPHO—TIOIIYKOBI — JIJI1 BUSBJICHHS TEKTOHIKH, cTpaturpadii Ta
JITOJIOT1, @ TAKOX JJIsI OLIIHKKA MOYJIMBO1 MPOJAYKTUBHOCTI TOTO Y 1HIIIOTO
TOPHU30HTY;

OMOpHI — I 3°SCYBaHHS T€OJIOTiYHOI OyIoBH Ta  HaIPSIMKY
Ha(TOMOLTYKOBUX POOIT Y Majio TOCTIKEHUX paiioHaX;

eKCIUTyaTaliiHi — Juisi BUTATY HadTH a0o ra3y i3 Hajap 3eMii;

PO3BIKOBI — /ISl BUSIBIICHHS MPOTYKTUBHUX TOPU30HTIB Ta BCTAHOBJICHHS 1X
IPOMHUCIIOBOTO  3HA4Y€HHS, a TaKoX JUJI1  OKOHTYPIOBaHHS  BXKE
po3p0o0IIFOBaHNX HAQPTOHOCHUX Ta Ta30HOCHUX TIACTIB;

HATHITAIO4l - IS 3aKavyyBaHHS Yy MPOJAYKTHUBHI TOPU30HTHU BOJU (MOBITPS
9yl razy) 3 [UUII0 MATPUMAHHSA IJJaCTOBOTO THCKY Ta BHIOBXKCHHS

MPUPOJIHBOTO TIEepiony (HOHTAHYBAHHS;
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— OLIHOYHI — JJI1 OLIHKM KOJIEKTOPCHKUX MOKJIMBOCTEH EKCILTyaTOBaHOTO
TOPHU30HTY.
[Ipu OypiHHI HApTOBUX Ta Ta30BUX CBEPAJIOBUH B YKpaiHi 3aCTOCOBYIOThH
BUKIIIOYHO 00€pTOBUN METOJ OypiHHS, PU I[bOMY METOA1 OypIHHS CBEPAJIOBUHA K
OM BUCBEPIIIOETHCS  O€3MEpPEpPBHO 00EpTArOUUMCS J10J0TOM. P030ypeHi dacTku
MOPOAM B Tpolieci OypiHHS BUHOCSTHCS HA MOBEPXHIO, O€3MEePEPBHO LUPKYITIOIOUYUM
CTpyMEHEM NPOMHUBHOI PIIMHM 200 HArHITAlOYMM B CBEPAJIOBUHY IMOBITPSIM, a00
razom [1]. 3amexkHO  Big Miclsg po3TalllyBaHHsS JBUTYHa 0OepTOBE OypiHHS
MOJUIAIOTH Ha:
® POTOpPHE — JBUTYH 3HAXOAWTHCS Ha IMOBEPXHI 1 MPHUBOJUTH B OOEpPTaHHSA
JI0JIOTO Ha 32001 3 IONMOMOTO0 KOJIOHU OYPWIBHUX TPYO;

e OypiHHS 3 3a01HUM JIBUTYHOM (TypOiHHE a00 3a JIOMOMOTOI0 €JIeKTpoOypa)
— JIBUTYH TIEPEMIIIEHU 10 320010 CBEPJJIOBUHU 1 BCTAHOBIIOETHCS Hal
JIOJIOTOM.

HI'TI sBnserbcss oOnHIEIO 3 HAWOUIBII EHEPrOEMHMX Taly3eid, 1 Ha
eJeKTpONpUBi OYpOBHMX HAcociB Ta OypoBHUX JIeOiIOK TIpHUIagae HaHOUIbIIA
JacTHHA CTIOKUBAHO1 eHeprii. BpaxoByrouu, 1m0 BapTiCTh caMOi €JIEKTPOCHEeprii, a
TaKoXK BapTicTh 11 mepenadi mo JIEII mocTiitHO 3pocTatoTh, 3aBJaHHS 3MEHIICHHS
€HEPrOoCTIOKMBAHHS €  OJHIEIO 3 TOJIOBHHUX 3ajady OypOBUX YCTaHOBOK.
BukopuctanHs peryiab0BaHOTO €JIEKTPOIPUBOY JAa€ MOXIIHMBICTh y 3HAYHIN Mipi
BUPIITYBATH IIIO 33/1a4y.

B ocTtanHi poku OJHUM 3 TOJOBHUX HAMPSMKIB PO3BUTKY HA(PTOBOI 1 Ta30BO1
MIPOMHUCIIOBOCTI € TIEpeXif] 10 IJIABHOTO PETYIIOBAaHHS TEXHOJOTIYHUX PEKUMIB Ha
OCHOB1 BITPOBA/PKEHHS €HEPro30epiraroumx TEXHOJOTIH. Y mepioa CTaHOBIICHHS
BITUM3HSIHOI HAPTOBOI 1 Ta30BOi MPOMHUCIOBOCTI BCI OCHOBHI TEXHOJIOTIYHI
MEXaHI3MH YCTAaHOBOK OypiHHS, BUAOOYTKY 1 TpaHCHOPTyBaHHS HadTH 1 razy
OCHAIIYBAJINCS HAWMPOCTIIIMMH CHUCTEMaMH HEPETYJIbOBAHOTO EJIEKTPOIPUBOILY
abo ausenpHOTO TIpHBOY [3]. Ha OypoBux yctanoBkax (BY) mmpoke 3actocyBaHHs

OTpPUMAJIM ACUHXPOHHI JIBUTYHHM 3 (pazHum potopom cepii AKB. [ns npuBony
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MaricTpajbHUX HAcOCIB TpPAHCHOPTY Ha(TH 3aCTOCOBYBAJIUCS HEPEryJbOBaHI
ACUHXPOHHI JABUTYHU 3 KOPOTKO3AMKHEHHM POTOPOM 1 CHHXPOHHI JABUTYHHU cepii
CTM.

PO3BUTOK  €lEeKTpPONpUBOAY TICHO TOB'I3aHMM 3 PO3BUTKOM CHCTEM
€JIEKTPOINOCTa4YaHHs Ta CUJIOBOI eNeKTpoH1KU. Crio4aTKy HapTONMPOMUCIOB] 00'€KTH
OTPUMYBAJIM KUBJCHHS BiJ palOHHUX EJIEKTPOCTAHIIN, Kl MIAKIIOYAIHCS B
EHEepProcucTemMy, o JiHIAX elekTponepeaadi Hanpyrow 20 — 35 kB. B nanwmii vac
eJIEKTPOTNOoCTa4aHHsI HA(TOMPOMUCIIB 3AIUCHIOETHCS TIO JIHIAX eJeKTporiepenay
Hanpyroto 35, 110 1 220 kB Bix noTy)XHUX, €HEprocucTeM a AJig pO3MOAUIBYUX
Mmepex 3amicth Hanpyru 380 B BukopuctoByeTbes Hampyra 6 a6o 10 kB. Jlns Bcix
CIOKMBAUiB Trajay3i po3poOJieHI 1 BUTOTOBJIEHI CHEIiaJbHI  KOMIUIEKCHI
TpaHCcPOPMATOPHI MACTAHIII].

HeoOXigHICTh BUKOPUCTAHHS PETYJIbOBAHOIO €JIEKTPONPUBOAY Y BaXKKHX, a
1HOA1 W eKCTpeMaJbHUX YyMOBax eKCIUTyartallii oOJagHaHHS, IOKa3ye OCOOIUBY
BaXJIMBICTh CTBOPEHHS PETYJIbOBAaHUX EJIIEKTPOMPHUBOMAIB I YCHOTO MOTYKHOTO
oOnaHaHHs, [0 BUKOPUCTOBYETHCS IMPU OCBOEHHI KOHTMHEHTAJIBHOIO IIENb]y
YkpaiHu.

Kpim Toro npu cTBOpeHHI HOBOTO 1 MOAEPHI3aIlli AiF0U0TO OOJaTHAHHS JTYKE
BOXJIMBHM € 3aCTOCYBaHHS CYYacHUX TIPOILECOPHUX 3ac0o0iB aBTOMATH3aIIii.
HeoOximHo Takox BigMmituTH 1 Tpamuuiauii nns HI'TI Hanpsm BmIOCKOHaJNCHHS

CJICKTPOTIPHUBO/Y - MIJIBUIIICHHS HOTro BUOYX03aXHUIIEHOCTI Ta HAIIMHOCTI pOOOTH.

1.2. Texuiuni xapaktepucTuku OypoBoi yctaHoBku Tuity bY 3200/200

B nam wac  3a mpomo3uiliero Ha)TOBUKIB 1 Ta30BUKIB B OCTaHHI POKH
pO3pO0IICHI KOMIUIEKTHI OypOBI YCTaHOBKH 3 PETyJIbOBAHUM EIIEKTPOIPHBOJIOM.
CtBopeHO psAn  OJOYHO-MOIYJIBHHX YCTAaHOBOK KymioBoro OypinHs bBY-
3200/200-EK BM, BY-3900/225-EK BM i BY-4500/270-EK BM.

bypoBa ycranoBka «b¥Y-3200/200», mo po3risgaeTscs B JaHid poOOTi,
Mpu3HaueHa 1 OypiHHA  HaTOBUX  Ta  Ta30BUX  CBEpPUIOBUH B

enexkTpudikoBaHMX  pailoHax.  bBypoBl yCTaHOBKM Takoro THUIY  MaloTh
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YHIBEpCaJIbHI MOHTAXHO - TPAHCIIOPTHI ~ SKOCTI 1 3aJ€KHO BiJ NMPU3HAYEHHS
NEPEeBO3ATHCA BEJIMKUMHU OJIOKAMM Ha CHELIaIbHUX TPAHCHOPTHUX 3acobax
(BaroBo3ax), cekuisiMH (MOIYJISIMH) Ha Tpaljepax 1 arperarami TpPaHCHIOPTOM
3arajbHOr0 TMPU3HAYEHHS.

YMoBHa rnuOuHa OypiHHS CBEpUIOBMHM TIPU Maci OJHOTO MeTpa
OypunbHoi kosonu 30 xkutorpamiB ckimamae 3200 wMetpiB. JlomyckaeTbes
HaBaHTaXXEHHS Ha raul (eneBaropi) B TMpoleci MPOBEACHHS Ta KPIMJIEHHS
ceepyiopuan B 2000 kH. MakcumanbHa MIBHUIKICTH MigiioMy raka ckiamae 0,2
METpIB 3a CeKyHAy. MakcuManbHa dYacToTa oOOepTaHHS CTBOJia pPOTOPY —
232 006/xB, MmiHiManeHa — —  20. [TocTauanHs OypoBOi  yCTaHOBKHU
CJIEKTPOEHEPTi€l0 3AIMCHIOEThCSA BiJl Mepexi 3MmiHHoro crpymy 6000 B, 50 I,

EnextpoycTtaTkyBaHHss OypoBOi YCTaHOBKHM CKJIQJIA€ThCS 3 PSAIY CaMOCTIM-
HUX CHUCTEM YINPaBIIHHSA TMPUBOJAMH TOJIOBHUX Ta JOMOMDKHUX MEXaHI3MIB
OypoBoi ycTaHOBKH [2]:

® CJEKTPOYCTaTKyBaHHA  3a0€3MEYeHHs  JKUBJIEHHA  Ta  PO3MOALLY

enexkTpoeHeprii Hanpyroro 6000 B;
® CICKTPOYCTAaTKyBaHHsS  3a0e3ledyeHHs  JKUBJICHHS  Ta  PO3IMOALTY
enexktpoeHeprii Hanpyroro 380/220 B;

® CIEKTPOYCTaTKyBaHHS OypoBOi JeOinKH;

® CIEKTPOYCTAaTKyBaHHS OypOBHX HAaCOCIB;

® CIIEKTPOYCTAaTKyBaHHS KOMIIPECOPIB HHU3BKOI'O THCKY;

® CIIEKTPOYCTAaTKyBaHHS KOMIIPECOPIB BHUCOKOI'O THCKY;

® CICKTPOYCTAaTKYBaHHS JOMOMDKHOI JICO1IKH;

® CJEKTPOYCTAaTKyBaHHS OCBITJIECHHS;

® EJEKTPOYCTAaTKyBaHHS LUPKYJSALIAHOI CHCTEMH.

3a3Buyaii OypoBa ycCTaHOBKa 3a0€3MEUY€ThCS EIEKTPOCHEPTi€r0 Bim JIiHIl
BHCOKOBOJIbTHOT MEPEX1 sIKa MPOXOAUTH MOpydy abo creliadbHO MpOKIaJeHa s
OypoBOro KoMmIuiekcy. B pa3i BUHUKHEHHSA MpOOJEeM 13 €HEpPromocTadyaHHSIM, a

npoiiec OypiHHS, IEpepUBATH HE MOXKHA, BUKOPHUCTOBYIOTHCS IM3€JIbHI T€HEPATOPH.



12

Ju3enp-renepaTop NpU3HAYCHUM JJI AKUBJIEHHS €JIEKTPOABUTYHIB T'OJOBHOTO
NPUBOJY Ta JONOMDKHHMX MEXaHI3MIB OypOBOI YCTAaHOBKH, JO SKUX BIIHOCSATBHCS
KOMIIPECOP 3 €JIEKTPONPUBOJOM, INIMHOMIIIAJIKY, BOAsSHUN Hacoc 1 1H. Kpim Toro,
BiJl [OT'O T€HEPATOPa MOXKE >KUBUTHUCS OCBITICHHS BCIET yCTAHOBKHU.

Jlo  enexktpooOnanHaHHs ~ 3a0€3MEUeHHsT  KUBJICGHHS 1 PO3MOJLTY
enexktpoeHeprii Hampyroto 6000 B BimHOcaTh  mpuctpiii posnoniibHuii PII-6
tuny KPYHB — 6V, skuii ckiagaerbcss 3 IIECTH KOMIPOK, 3MOHTOBAaHHUX Ha
3arajJbHUX OCHOBAX.

Ho  enextpooOnagHaHHs ~ 3a0e3MEUYEHHS  JKUBIEHHA 1  PO3MOJALTY
enexktpoeHeprii Hanpyroto 380/220 B nHanexaTs:

a) rosoBHa Imada >kKuBJIeHHSA Ta mnepemukanb PII[1;

0) mada XuBIEHHS UUPKYIALiiHOI cuctemu PII2;

B) mada XUBICHHS CHJIOBOTO OJOKY 1 €JEeKTPOJBHUIYHIB KOMIIPECOPIB
HU3bKOrO THUCKy PIII3;

r) mada >KUBJICHHS MEpexX >XUTIoBoro komruiekcy PII[4.

EnexTpoobnagHanHs KOMIPECOPIB HHU3BKOTO THUCKY MPU3HAYEHO IS
MOCTaYaHHS CTUCHCHUM MOBITPSIM THCKOM 6-8 krc/cm2 CHUCTEMH
THEBMAaTUYHOTO KepyBaHHS OypoOBOi YyCTaHOBKH.

Ha OypoBiii ycTaHOBIII BCTAaHOBJIEHO JiBa KOMIIPECOPHU HHU3BKOTO THUCKY
tuny KC-5. Jlo enektpooOiaiHaHHS KOMIIpEcOopa BHCOKOTO THUCKY BIIHOCHUTHCS
koMmripecopHa crtaniis KP-2, mpusHadena njsi CTBOpEHHS HEOOXIHOTO THUCKY ¥y
MOBITPSIHUX KOMIIEHCAaTOopax OypoBUX HacociB. lIpuBim KoMmIpecopiB BHUCOKOTO
TUCKY 3IIMCHIOETHCS B ACHHXPOHHUX JIBUTYHIB TOTYXHIicTio 7,5kBT 3
Hanpyroro 380B.

EnextpoobnagHaHHg CHCTEMH OCBITJICHHS OypoBOi YCTAaHOBKM BKIIOYAaE B
cebe  OCBITIIEHHS OypoBOi  BUIIKH, MNPUUMAIbHUX  MICTKIB, Po0OOYOro
MaiijaHurMka, Je0iT0YHOTO  MPUBOJHOIO Ta  HACOCHOTO  OJIOKIB,  OJIOKY
KoMIpecopiB Ta Tepurtopli. Hampyra poGoudoro ocBitineHHs mnpuiinara 220B,

Harpyra peMOHTHa Ta aBapiiiHa — 12B.
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1.3 Onuc Ta npusHaueHHs: OypoBOi Je01AKN

JleGinka - OCHOBHMI Me€XaHI3M NIAHOMHOI cUCTeMH OypoBOi ycTaHOBKM. BoHa
npU3HaueHa JJIs TPOBEJCHHS HACTYITHUX OTIeparliii:

® CIIyCKY 1 MiIiiOMYy KOJIOHHU 1 00CaHUX TPYO;

e yTpUMaHHS KOJOHM TpyO Ha Ba3i B mpoueci OypiHHA abo NPOMUBII
CBEP/IOBUHU;

e mpunigiiomi OypuJIbHOI KOJIOHHU 1 TpYO MPHU HApOUTYBaHHI;

e 3rBUHYYBAHHS i pO3rBUHYYBaHHS TPYO;

® JJOMOMDKHHUX pOOIT MO mojaaui B OypoBY IHCTPYMEHTY, 00aiHaHHsI, TPYO Ta 1H;

® [migiioMy 310paHOT BUIIIKK Y BEPTUKAIbHE MOJIOKEHHS.

Cryck KOJIOHM BUKOHYIOTH Y 3BOPOTHIM MOCHIAOBHOCTI. TpHUBAIICTh MigHOMY 1
CIYCKY KOXXHOI CBIYKM CKJIQJA€ThCS 3 MAIIMHHOTO 1 MAIMHHO-PYYHOTO 4Yacy.
Mamvauii 4ac - 1e TPUBAIICTh POOOTH TOJIOBHOTO MPHUBOAY 1 SBIIAE COOOKO Hac
migiioMy (CIycKy) KOJIOHM Ha JOBXKHHY OJHIET cBiuku. Yac, 1o BUTpadaeThcs Tia
MaITWMHHO-PYYHI orepartii — 11¢ Yac BUKOHAHHSI JIOTIOMDKHHX OTepaliii

B cxitan 6ypoBoi ne6iAKyM BXOAUTH 3BapHA paMa 3 BCTAHOBJICHUMH IMiAHOMHHUM
Ta TPAaHCMICIHHUM BajiaMH, KOpoOKa repejiay, a TaKoXK CHCTeMa TaJlbMyBaHHS, KOTpa
BKJIFOYA€E OCHOBHUHU (CTPIYKOBHIM) 1 JOMOMDKHHUHN (pErymiorduii) rajibpma, IyJIbT
yrpasiiaas (puc. 1.1). Bei mi MexaHi3Mu J1e0igKy 3aKpUTI 3aXUCHUMH IIUTaMu [2].

[Tigiiomauit Ban neGigku, oTpumytoun oOeprtanHs Bing KIIII, mepetBoproe
o0epTajbHUIl PyX CHUJIOBOIO NPUBOAY B TOCTYNaJbHUI pyX TajeBOro KaHarta,
PYXJIMBUH KIHEIb SIKOTO 3aKpirieHni Ha OapabaHi miIiOMHOTO Baiy.

HapanTakeHui rak MiIiAMaEeTbCS 3 BUTPATOIO TMOTYXKHOCTI, SKa 3aJICKUTh Bij
Baru TPyO, IO MiTHIMAIOTHCS, a CITyCKA€ThCS TMiJ JIEI0 BIACHOI Baru TpyO abo
TaJIEBOTO OJIOKY, Taka 1 eJeBaTopa, KOJH €JIeBaTOp OMYCKAE€ThCS BHHU3 332 UYEProBOIO

CBIUKOIO.
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Pucynok 1.1 — OcHOBHI CKJIaJI0B1 YaCTHHU OYpOBOT BUIIIKA

1 — pe3epByap 1151 OypoBOTo po3unHYy, 2 — BiOpalriiiHe cuTo, 3 — BCMOKTYBaJIbHA
TpyOa, 4 — OypoBwii Hacoc, 5 — ABUTYH, 6 — BiOpartiitHa Tpy0a, 7 — mpuBin
nebinku, 8 — OypwibHa TpyOa, 9 — mmant OypuiabHOI TpyOH, 10 — KomiHO TPYOH,
11 — raneBuii 6;10k, 12 — TanmeBwii kaHat, 13 — KpoHOJIOK, 14 — CTOSIK BHIIIKH,
15 — micue oneparopa, 16 — cBiuku, 17 — miacBiunuk, 18 — Bepmitor, 19 —
cTosik, 20 — OypoBuii potop, 21 — Oyposa mijanora, 23 — npeBeHTop, 24 —
MPOTUBUKUAHI TPUCTPOI, 25 — OypuiibHA KOJIOHA, 26 — OypoBe 1011010, 27 —
KOHAYKTOpPHA KOJIOHA, 28 — BHUKHU/IHA JIiH1sI OYpOBOTO pO3YUHY


https://uk.wikipedia.org/wiki/%D0%91%D1%83%D1%80%D0%BE%D0%B2%D0%B8%D0%B9_%D1%80%D0%BE%D0%B7%D1%87%D0%B8%D0%BD
https://uk.wikipedia.org/wiki/%D0%91%D1%83%D1%80%D0%BE%D0%B2%D0%B8%D0%B9_%D1%80%D0%BE%D0%B7%D1%87%D0%B8%D0%BD
https://uk.wikipedia.org/wiki/%D0%92%D1%96%D0%B1%D1%80%D0%B0%D1%86%D1%96%D0%B9%D0%BD%D0%B5_%D1%81%D0%B8%D1%82%D0%BE
https://uk.wikipedia.org/wiki/%D0%92%D1%96%D0%B1%D1%80%D0%B0%D1%86%D1%96%D0%B9%D0%BD%D0%B5_%D1%81%D0%B8%D1%82%D0%BE
https://uk.wikipedia.org/wiki/%D0%91%D1%83%D1%80%D0%BE%D0%B2%D0%B8%D0%B9_%D0%BD%D0%B0%D1%81%D0%BE%D1%81
https://uk.wikipedia.org/wiki/%D0%91%D1%83%D1%80%D0%BE%D0%B2%D0%B8%D0%B9_%D0%BD%D0%B0%D1%81%D0%BE%D1%81
https://uk.wikipedia.org/wiki/%D0%9D%D0%B0%D1%81%D0%BE%D1%81%D0%BD%D0%BE-%D0%BA%D0%BE%D0%BC%D0%BF%D1%80%D0%B5%D1%81%D0%BE%D1%80%D0%BD%D1%96_%D1%82%D1%80%D1%83%D0%B1%D0%B8
https://uk.wikipedia.org/wiki/%D0%9D%D0%B0%D1%81%D0%BE%D1%81%D0%BD%D0%BE-%D0%BA%D0%BE%D0%BC%D0%BF%D1%80%D0%B5%D1%81%D0%BE%D1%80%D0%BD%D1%96_%D1%82%D1%80%D1%83%D0%B1%D0%B8
https://uk.wikipedia.org/wiki/%D0%A2%D0%B0%D0%BB%D0%B5%D0%B2%D0%B0_%D1%81%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B0
https://uk.wikipedia.org/wiki/%D0%A2%D0%B0%D0%BB%D0%B5%D0%B2%D0%B0_%D1%81%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B0
https://uk.wikipedia.org/wiki/%D0%A2%D0%B0%D0%BB%D0%B5%D0%B2%D0%B0_%D1%81%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B0
https://uk.wikipedia.org/wiki/%D0%A2%D0%B0%D0%BB%D0%B5%D0%B2%D0%B0_%D1%81%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B0
https://uk.wikipedia.org/wiki/%D0%9A%D1%80%D0%BE%D0%BD%D0%B1%D0%BB%D0%BE%D0%BA
https://uk.wikipedia.org/wiki/%D0%91%D1%83%D1%80%D0%B8%D0%BB%D1%8C%D0%BD%D0%B0_%D1%81%D0%B2%D1%96%D1%87%D0%BA%D0%B0
https://uk.wikipedia.org/wiki/%D0%9F%D1%96%D0%B4%D1%81%D0%B2%D1%96%D1%87%D0%BD%D0%B8%D0%BA
https://uk.wikipedia.org/wiki/%D0%92%D0%B5%D1%80%D1%82%D0%BB%D1%8E%D0%B3_(%D0%B1%D1%83%D1%80%D0%BE%D0%B2%D0%B5_%D0%BE%D0%B1%D0%BB%D0%B0%D0%B4%D0%BD%D0%B0%D0%BD%D0%BD%D1%8F)
https://uk.wikipedia.org/wiki/%D0%91%D1%83%D1%80%D0%BE%D0%B2%D0%B8%D0%B9_%D1%80%D0%BE%D1%82%D0%BE%D1%80
https://uk.wikipedia.org/wiki/%D0%91%D1%83%D1%80%D0%BE%D0%B2%D0%B8%D0%B9_%D1%80%D0%BE%D1%82%D0%BE%D1%80
https://uk.wikipedia.org/wiki/%D0%9F%D1%80%D0%B5%D0%B2%D0%B5%D0%BD%D1%82%D0%BE%D1%80
https://uk.wikipedia.org/wiki/%D0%91%D1%83%D1%80%D0%B8%D0%BB%D1%8C%D0%BD%D0%B0_%D0%BA%D0%BE%D0%BB%D0%BE%D0%BD%D0%B0
https://uk.wikipedia.org/wiki/%D0%91%D1%83%D1%80%D0%B8%D0%BB%D1%8C%D0%BD%D0%B0_%D0%BA%D0%BE%D0%BB%D0%BE%D0%BD%D0%B0
https://uk.wikipedia.org/wiki/%D0%91%D1%83%D1%80%D0%BE%D0%B2%D0%B5_%D0%B4%D0%BE%D0%BB%D0%BE%D1%82%D0%BE
https://uk.wikipedia.org/wiki/%D0%91%D1%83%D1%80%D0%BE%D0%B2%D0%B5_%D0%B4%D0%BE%D0%BB%D0%BE%D1%82%D0%BE
https://uk.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BD%D0%B4%D1%83%D0%BA%D1%82%D0%BE%D1%80%D0%BD%D0%B0_%D0%BA%D0%BE%D0%BB%D0%BE%D0%BD%D0%B0
https://uk.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BD%D0%B4%D1%83%D0%BA%D1%82%D0%BE%D1%80%D0%BD%D0%B0_%D0%BA%D0%BE%D0%BB%D0%BE%D0%BD%D0%B0
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JleGiaku 3a0€3neuyoThCsl IPUCTPOSMU JIJIS MIJABEACHHS JKUBJICHHS NP MIAHOMI1
KOJOHU 1 TaJbMIBHUMH TPUCTPOAMH mpu ii cmycky. Ilig dvac miniiomy raka 3
HEHABAHTAXEHWMHU €JIeBaTOpOM abo0 JIe0IAKM BHUKOHYIOTh OaraTOIIBHUJKICHUMHU 3
MEXaHIYHOIO KOpoOKow mepenad. llepeMukaHHs 3 BUIIOI IIBUAKOCTI Ha HUXKYY 1
HaBIIaKW 3I1MCHIOETbCA (PPUKIIHHUMU omnepaTUBHUMHU MydTamu. Ilin yac migiiomy
KOJOH pIi3HI BarM MIBUJKOCTI B KOpoOKax Mepenad NepeMHUKalOTh NEPIOJUYHO.
JIeG11K1 BUKOHYIOTBCS TPHOX, YHOTUPHOX, 00 I’ ATUILIBUIKICHUMHU.

BypoBi  nebimku  KOHCTpyKuUii  3aBoay  Ypanamami,  ski  0Oarato
BUKOPUCTOBYIOThCS B YKpaiHi, MalOTh Pi3HI IPUBIAHI CUCTEMH, XapaKTEPU3YIOTHCS
BHUCOKOIO TPUBITHOK TOTYXKHICTIO, ONTHUMAaJIbHUMHU CITIBBITHOIICHHSIMH JliaMeTpa
OapabaHa 1 TaJieBOro KaHara, oOJajHaHl HAIMHUMH TaJbMIBHUMHU CHCTEMaMHU 1
peryasTopaMu Tojadi J10J0Ta Ha 3a0iil, a TakoXX MEXaHI3MaMu IS NMPaBHJIHLHOTO
yKJIa/IaHHsI TaJIeBOro KaHata Ha OapabaHi.

[Mudp nedigku cmig uywuratd Tak: JIBY22-720 - nebimka OypoBa
ypajlMallliBChKa, HATSIT XOJOBOTO KiHIS TajeBoro kaHata 22 T (220 xH),
pO3paxyHKOBa  TOTYXKHICTh Ha  BXigHoMy Bany Jjebigku 720  kBrT.
Enexrpoobnannanns OypoBoi nebigku JIBY 22-720 ckmamaerscsi 31 CXeM
ynpasiinHs apuryHom tuny CMBOI5-49-8Y XJ12.

[IpuBin OypoBoi neOiAKM — JJI MPUBOAY JEOIAKH BUKOPHUCTOBYETHCS
ACUHXPOHHUH JBUTYH 3 KOPOTKO3aMKHEHHMM pPOTOPOM 31  CTYIIHYaCTUM
MEXaHIYHUM PETYIIOBAHHIM IIBHUJKOCTI Bi enekTpoaBuryna tuny CMBO-15-
49-8YVXJI2 moryxHicTio 540 xBt. KpyTHHii MOMEHT mepenaerhcs yepe3 MyQpTy
Ha MEXaHIYHy YOTHPHUCTYIIHYATy KOpPOOKY mepenad, sika B CBOIO 4epry oOepTae
OapalbaH.

BbypoBa nebinmka Mae TONOBHMIA Ta aBapiiHWN TPUBOAW. ['OJOBHUN TpUBIT
CKIIAJAEThCSl 3  ENEKTPOJIBUTYHA, SIKUW 3’ €JHYETHCA 3 JICOIAKOI0 3a JOTMOMOTOIO
IMHEBMATUYHOI1 mybtn tamy [IIIM  500. KuBnenus CUHXPOHHOI'O
eJeKTPOABUTYHA 3AlNCHIOEThCS Bl Mepexi 6000 B, 50 I'm 3a momomororo
KOMIpoK po3noauibHoro mnpuctporo KPYHB-6Y, a xuBneHHs koyia ymnpaBiiHHS

— mnampyroto 380/220 B. ApapiliHMil OpHUBOJA CKJIAJAETHCA 3 ACHHXPOHHOTO
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nBUryHa mOTYyxHICTIO 30 kBT, ®KUBIEHHS SIKOrO 3JIACHIOETHCS B MeEpexl

380 B.
1.4 ITocTanoBka 3a/1a4u Ha kBajiikaiiiiny poOoTy OakagaBpa

Meroro MonepHi3alii CHUCTEMH YIpPaBIIHHA MPOLIECOM CIYCKOMIAMOMHHX
omepauid €  MIJBUILIEHHS  TEXHIKO-€KOHOMIYHHMX  IOKa3HUKIB  POOOTH
TEXHOJIOTIYHOTO OO0JaJHAHHS 332 PAaXyHOK YJOCKOHAJCHHS CHCTEMH KOHTPOJIO Ta
yIpaBIiHHS, COPSIMOBAHOTO Ha JOCATHEHHS ONTHMAaIbHUX PEXHUMIB pOOOTH 00'€KTa
3a paxyHOK 3aJ1aHO1 TOYHOCTI MIITPUMKH TE€XHOJIOTTYHOTO PETJIaMEeHTy B OyIb-sIKUX
yMOBax poOOTH MpHU JOTPUMaHHI HaJIHHOT 6e3aBapiiiHOT poOOTH 00JIaTHAHHS.

Meroro  ympaBiiHHA ~ [pU  BEACHHI  TEXHOJIOTIYHOIO  MpOILeCcy €
BUCOKOE(EKTHBHA POOOTa TEXHOJOTTYHOrO O0'€KTa YIpaBIiHHSA, 10 3a0€3MEYHThH
TOYHICTb POOOTH M1 YaC CIyCKOMIAMOMHUX OTIEepalliid.

EdexTuBHICTE pOOOTH OIIHIOETHCS 3HAYEHHSAM KPUTEPIIO YIPaBIIHHA -
MOKa3HUKOM, IO XapakTepuszye (GYHKIIOHYBAaHHS TEXHOJOT1YHOTO 00'eKkTa
yOpaBIiHHA B [UIOMY 1 NOpUAMaIOTh YHUCJIOBI 3HAYEHHS B 3aJIEKHOCTI BIJ
30ypIOOYMX 1 KePYIOUUX BIUIMBIB. Takok KpuUTepieM e(PEeKTHUBHOCTI € HaIIHHICTh
CUCTeMH JeOIKM B IUIOMY Ta ii eHepreTmdHa e(EKTUBHICTh MiJ Yac pPOOOTH.
MogepHizailisi CHCTEMH KEpyBaHHsS IMOBHHHA 3a0e3NedyBaTH TAaKOX 3MEHIICHHS
IIPOCTOIB JEOIAKM M1 Yac MPOBEJACHHS IUIAHOBUX Ta HETUIAHOBUX TEXHIYHX OTJISAJIIB
Ta peMoHTiB. CrcTeMa KepyBaHHS MOBHHHA BUKIIOYATH PI3Ki CTPHOKH MEXaHIYHOTO
MKOBOTO HABAaHTA)KEHHS HA MEXaHIYHI YaCTUHU NPUBONY (TajibMiBHA CHCTEMA,
OapabaH, TajieBa CHCTEMA).

Jlnst peamnizanii qanoi 3a7a4i HEOOXI1THO:

® MpoaHaji3yBaTH POOOTY JIEOIIKH i Yac CIyCKOMITHOMHHX ONEpaIlii;

® PO3TJISIHYTH TPOIECH, IO MPOTIKAIOTh B MEXaHIYHIA YaCTHHI MPHUBOAY T[T
Yyac CHYCKONIAMOMHHUX ofepaliii Ta BHSIBUTH MpOOJIeMH, SIKI MPU LBOMY

BUHUKAIOTh,
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3pOOUTH PO3PAXyHOK BUOOPY €IEKTPOABUTYHA ISl TaHOI OypoBOi JIe01AKH Ta
KOHKPETHO1 OypOBO1 YCTAHOBKH 3 ypaxXyBaHHSAM OCOOJIMBOCTEN MICIIEBOCTI Ta
KJIIMAaTUYHUX YMOB, MEPEBIpUTH BUOpPAHUN JBUTYH Ha MEPEBAHTAXKYBAIBHY
3aTHICTH 38 MOMEHTOM,

BUOpaTH MEpEeTBOPIOBAY YaCTOTH JUIi KOHKPETHOTO €JEeKTPOJBUTYHA Ta
CHUCTEMHM KEpyBaHHS;

po3poOUTH (YHKI[IOHATBHY CXEMY CHUCTEMU KEepyBaHHS JIEOIKOI0 3 METOI0
HiIBUIIEHHS SIKOCTI PETyJIIOBAHHS;

BU3HAYUTH  aTOPUTM  POOOTH  OJIOKIB Ta  PEryasiTOpPiB  CUCTEMU
ABTOMaTHYHOT'O KEPYBaHHS,

IIPOBECTH MOJICTIOBAHHSI OTPUMAHOI CUCTEMU KEPYBaHHS B KOMITFOTEPHOMY
cepenosuiti Matlab / Simulink;

JTOCIIAUTH OTPUMAaH1 Pe3yJIbTaTh MOJIEIIOBAHHS Ta 3pOOUTH BUCHOBKH;

MOJIEPHI3YBaTH CHJIOBY CXEMY MIPUBOTY JICO1IKH.



18

2 PO3PAXYHKOBA YACTHHA

2.1. 3aranpHi BIJOMOCTI PO 3aCTOCYBAHHS €JIEKTPONPUBOIIB JI€01T0K

B enexrtponpuBogax OypoBUX J€01I0K BHKOPUCTOBYIOTH €JIEKTPOJBUTYHH
TpU(Pa3HOro 3MIHHOTO CTPYMY (CUMHXPOHHI 1 aCHHXPOHHI 3 KOPOTKO3aMKHEHUM Ta
(Ga3zHMM pOTOPOM), a TaKOX ABUTYHHM MOCTIHHOTO CTpyMy (IOCIIIOBHOTO abo
napajeapbHoro 30y/UKeHHs). BOHM mpalorTh, SK MPaBWIO, B IOBTOPHO-
KOPOTKOYaCHOMY PEXHMi TpH IIHPOKOMY PETYJIIOBaHHI YacTOTH OOCpTaHHS,
NPUYOMY BHACHIJIOK YacCTHX IYCKIB Ta TrajbMyBaHb MOXXYTh BHHHUKATH BEJHKI
NepeBaHTAKCHHSI.  BHaAcmiok  1bOro  JBUTYHH  OypoBHX  J1e0imok  3a
XapaKTepUCTUKAMHU  BIIPI3HSAIOTBCS  Bii  3BHYAWHUX  3araJbHOIPOMHMCIIOBUX
ABUTYHIB [4].

Jlo Takux 0COOJIMBOCTEH NBUTYHIB MOXHA BITHECTH:

— MAaloTh 3aKpHUTE BUKOHAHHS;

— JIOCTaTHHO BUCOKHH KJIaC HArpiBOCTIMKOCTI MO 130JIA1I1;

— MOMEHT IHEepIlii poTopa MOBHHEH OyJIM MIHIMAJIBHUM, a IIBUAKICTH HOTO
oOepTaHHs BITHOCHO HEBEJIMKA, 1€ MOTPiOHO, MO0 3MEHIIUTH BTPATU B
MOMEHTH TMEePEXiTHUX MPOIIECIB;

— JIBUTYHM TIOBMHHI MaTH JOCTaTHBO  BEJIIMKWWA MArHITHUH TIOTIK, IIIOO
3a0€3MeUnTH 3HAaYHY MMePeBaHTAXYBaJbHY 3/IaTHICTh 110 MOMEHTY;

— BEJIMYMHA HETPUBAJIOTO MEPEBAHTAKECHHS 110 MOMEHTY ISl OYpOBHUX JIeO1T10K
Ha 0a3i JIIC cranoBute 2,15 - 5,0, a nisg ABHryHIB, IO IPAIIOIOTH Ha
3MiHHOMY CTpyMi - 2,3 - 3,5;

— CHIBBiIHOIICHHS MAaKCHUMAJIBHOI /IO HOMIHaJbHOI PpPOOOYMX  YaCTOT
obepranns s JIIC popiBaioe 3,5 - 4,9, mis eIeKTPOJABHUTYHIB, , IO
NPAIOIOTh HA 3MIHHOMY CTpyMi  2,5;

— nns J1e0IOYHUX  EeNeKTPOJBUTYHIB 3MIHHOTO CTPpyMy 3a HOMIHAJbHUHN
pEXKUM MPUUHATUN pexxuM 3 TpuBaiicTio BMuUKanHs TB = 40%, a nna AIIC
TPUBATICTh BMUKaHHS Moxe 0yt sk 40%, tak i 60%.

Jy)xe yacto mjis mOpuBojly OypoBUX JIeOIIOK BUKOPUCTOBYIOTH TpuUdasHi
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ACUHXPOHHI €JIEKTPOJIBUTYHH 3 (Pa3HUM pPOTOPOM, 5Kl 3/1aTHI 3a0€3MEeUNTH TJIaBHUM
MyCK MEXaHI3My Ta peryjloBaHHS IIBUAKOCTI NpPHU JOCTaTHBO BEIUKOMY
HaBaHTaXKeHHI Ha Bany [19]. Taki ABUTyHM BCTaHOBIIOIOTH Ha JICOITOYHUX
MeXaHi3Max fK NpU CepeHbOMY, TaK 1 MPU BAXKKOMY pexumax poOoTH. Bonu
3/1aTHIl 3a0e3MeUnuTH pEeryJaloBaHHs IMYCKOBOI'O MOMEHTY Yy MOTPIOHMX Mexax 1
peryoBaTH MBUAKICTH B Mexkax (3 : 1) - (4:1).

Binomo, 1m0 acMHXpOHHI eNeKTpoABUIYHH B nopiBHsAHHI 3 JIIC Takoi xe
HNOTYKHOCTI MalOTh OUIbIIY HAJIAHICTh, BIIHOCHO MEHILY BapTiCTh, MPOCTIIl B
oOcnyroByBaHHI Ta peMOHTI. Takoxx BOHM MaioThb B 2,2 — 3 pa3u MeHiy macy (y
nopiBHsHHI 3 JIT1C) nmpu olHaKOBUX HOMIHAJIBHUX MOMEHTAX.

Sxuro excrutyaTtaniiHi BUTpaTu npuiHaTy 3a onunuiio ais AJl 3 K3 poropom,
TO JIJISl IBUTYHIB 3 (pa3HUM POTOPOM Taki BUTpATH OyayTh y II’SITh pa3iB Ouiblile, a
s ATIC — y 10 pa3zis [19].

Tomy B enekTponpuBoai OypoBoi JeOigku OyaeMo BHKOPHCTOBYBATH
ACUHXPOHHUH €JIEKTPOJIBUTYH.

2.2. Bumoru 110 e1eKTponpuBoy OypOBOi J€OIIKH

Jlns  mokpamieHHs (YHKIIOHYBaHHS —€JIEKTPONPHUBOA JIEOIAKM TIOBHHEH
BIJIMOB1IaTH HACTYITHUM BUMOTaM:

— IBUTYH TIOBMHEH OyTH 3axWINCHUH BiJ TEPEBAHTAKCHHSI 1 KOPOTKHX
3aMHKaHb CHJIOBOTO JIAHIIOTA 1 JaHIfora KepyBaHHA. [Ipu mpuUnuHEHH1 KUBJICHHS
MPUBIAHOTO JBUTYHA MOBHHHE AaBTOMATHYHO BUMKHYTHUCS KOJIO YIpaBIiHHS, a
MICJIs BITHOBJICHHS — MOBUHEH OyTH BBIMKHEHHUI CaM03amycK;

— NIEKTPOTIPUBII TOBUHEH MAaTH PEBEPC;

— BUCOKHMH KJIaC HArpiBOCTIHKOCTI OOpaHOTO THIYy MPUBOJY MOBUHEH OyTH

J0BOJIi BUCcOKUM — F a6o H;

— poboTa mpUBOIy B TOBTOPHO-KOPOTKOYacHOMY pexkumi 3 TB = 40%;

— MPUCKOPEHHS MIAHOMY TaKka 3 BaHTaXeM, K 3 MAaKCHUMAaJbHUM TaK 1 TyCTUM
€JI€BaTOPOM, HE MOBUHHE MEPEBUILYBATH Aymax= 0,3 M/ C;

— MBUAKICTh NiAHOMY HE TOBMHHA MepeBullyBati Vmax = 1,4 m/ c;
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— Jiarma3oH peryioBaHHs MIBUIKOCTI MpuBoay miaiomy D (4: 1).

MexaHi4Ha YacTHHA NPUBOJY CKIAJAETHCSA 3 PYXOMOI YAaCTUHU MPHUCTPOIO,
NepeIaBaIbHOIO MPHUCTPOIO 1 BUKOHABYOIO OpraHy. B 3arajibHOMY BHIIaJKy BOHA
ABJI€ COOOI0 CKIIQHY CHUCTEMY €JIEMEHTIB 3 PI3HUMHU PEKUMAMH 1 MIBUAKOCTIMHU
PYXY, Ha K1 BIUTUBAIOTh Pi3H1 CUJIM 1 MOMEHTH.

VY OaraToIBUTyHHMX TPHUBOJAX 3a3BUYall  BHKOPUCTOBYETHCS JEKUIbKa
3BUYAHMX [JIBUTYHIB, alleé 4acTO B HHUX MOXYTh 3aCTOCOBYBATHUCS CIHeIllalbH1
BMOHTOBaH1 JIBUT'YHH, YUM 3a0e3MeuyeTbcsi OOMEKEHE 3JUTTS €JIEMEHTIB YChOIo
enekrpudikoBanoro arperaty [4]. CrneriagbHi ABUT'YHH 3aCTOCOBYIOThCS HE TUIBKH
B 0aratoJBUTryHHUX MPHUBOJAX, ajie¢ 1 B PSAJAl OJUHUYHUX MPUBOJIB, JI€ JBUTYH 1

MEXaH13M KOHCTPYKTUBHO IPUCTOCOBAH1 OAWH /10 OJIHOTO.
2.3 Po3paxyHOK MOTYXHOCTI Ta BUOIp ABUTYHA OypOBOT JIeO1IKH

Ha mnoTyXHICTh €leKTpOJBUTYHA BIUIMBAIOTH 0arato mapameTpiB, TaKUX SK
niameTp OapabaHa, IIBUAKICTh MIAHOMY Taka elieBaTopa 3 BaHTa)keM Ta 0e3 HbOTO,
KUIBKICTh TIEpe/ad, yac MaIllMHHUX, JOMOMDKHUX a00 py4yHHX oreparii. Jiametp
OapabaHy BHOHWpAeThCA JUIS KOXKHOI JIEOINKW IHAWBIAYaJbHO BHXOJAYH 3
napameTpiB OypoBoi BuIIKK. KimbKICTh Iepenay 3ayexaTh Bl THINY KOPOOKH
nepeaad, B HaIIOMY BHITQJIKy 1€ YOTHPHOXCTYyIiHUacTa kopooka «YPb 25 — by.
[lepenaBanbHe YUCIIO BiAIrpae OCHOBHY POJIb ITiJl Yac BHOOPY JABHTIYHA, II€ YHCIIO
3aJIeKUTH BiJ] TUITY KOPOOKH Tepeiay, sika BCTAaHOBJIEHA Ha JICOiITI.

bapaban 1ne0igku TpuU3HAYEHUW IS TEPETBOPEHHS O00EpPTOBOI  CHUIH
CJIEKTPONPUBONY B TOCTyManbHUU pyX KaHaty. Kanat kpimutecs mo Oapabany
gepe3 CUCTEMY 3KMMHHUX Ta KIMHOBHX MEXaHI3MiB, SKi HE JO3BOJSIOTH KaHATOBI
Bin eqHaTHCs Big Oapabany. Kanat HaMoTyeThest Ha OapabaH MITbBHUMU BUTKaMHU.

BanTtaxxonigiioMHICTh JI€OITKM HAmpsSMy 3aJeKUTh Bia niamerpa Oapabany,
9iUM MEHIIHMHA Jiamerep OapabaHy, TUM MEHIIE 3yCHJUIS MOTPiOHE IS mimiiomMy
BAaHTAXY, ajie, B CBOIO uepry, Oy/e i 3MEHIIEHHS IBUAKOCTI.

Kopobka mnepemau € BaXJIMBUM KOHCTPYKTHBHUM €JIE€MEHTOM TPAHCMICII

O0ypoBoi nebinku. Kopobky nepenau nebiIku XapakTepu3y€e KUIbKICTh nepeaad 1,
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Buxinni nani anst Oyposoi nebinku JIBY 22 — 720 nnst 6ypoBoi yctaHOBKU BY

3200/2000 npuBezaeHi B Tabm. 2.1.

Tabnuis 2.1 — OcHOBHI apamMeTpu MeXaH13My OypoBOi J1e011Ku

ITapametp BennuuHa
MakcuMmalibHe HaBaHTAXXCHHS MPU MIJHIMAHHI HA 2000
I, II, I, IV mBuakoctsx, kH, Q 1600

680
455
Bara ognoro metpa 6ypoBux Tpyo
35
QH
Hatsr taroBoro KiHIlsg TajaeBOro KaHaTy Bija OAHIET
. 343
cBiul Qx cB, H
0,25
IBuakicte migHiManHs Tpyo wa I, II, III, IV 0,4
IMBUAKOCTIX V, M/C 0,63
1,25
) : : 25,0
[lepenaBanbHe BigHOWmICHHS ebinku, 1, Ha I, II, 20.0
III, IV mBuakocTIx 10.5
4,2
125
Kinekicts cBivok n, Ha I, II, III, IV mBrakocTsIx 100
42
28
JloBKuHA CBIUKH, |, M 25
Hiametp kanary, D, MM 32
MoMeHT 1 Yac MAaIIMHHUX  JOMOMDKHHX
omepariii, Maom m, 2000
H-m
Yac MammMHHUX JOTIOMIKHHMX OIepallii, taom m, ¢ 50
Yac pyuyHUX TOMOMDKHHUX OTIEPAIliid, 250
toom p, ¢
KKl migHiManpHOTO PUCTPOIO, M 0,74

[Tigiiom komoHu OypoBHX TpyO mMONsITae iX OKPEeMUX IMKJIAX, YUCIO SKHUX

JOPIBHIOE KUTBKOCTI cBidOK [15].

Ha ogny «cBiuky» OypuibHI TpyOU MEpEeMILTyIOThCS 32 TPU €Tallu:

1. PO3riH KOJIOHU MPOTITOM Yacy ty, TOOTO 30UIBIICHHS IIBUIKOCTI Bif HYJIS
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0 JESKOro CTajoro 3HadyeHHs. B 3BsA3Kky 3 TuM, 1o Jebiika Mae BEIUKY
BAHTAXKOMIAMOMHICTh Ta MPAIIO€ 3 BEJIMKUM BaHTaXEM, 4ac PO3rOHY JBHUTYHA IO
HOMIHAJIbHOT IIBUJKOCTI 3HAYHO OUIPHUM, a HDK B IHIIUX TUIIOBUX NPHUBOAAX, 1
CKJIajae OIu3bKO 4 - 6 C.

2. PiBHOMIpHUIA pyX 31 CTAJIOK MIBUAKICTIO V MPOTATOM 4acy t,,.

3. VYHOoBUILHEHHS KOJIOHHM, TOOTO 3MEHIICHHS IIBUJIKOCTI BIJ CTajJIo0ro

3HAYEHHS O HyIS MPOTArOM 4Yacy lnop, Tat qyac JOMOMDKHHX OIepariii

Aonp -
MalMHHUX Ta py4HuX. [1i1 yacom MOMOMDKHHUX Omeparliii, CliJ po3yMiTH 4ac, 3a
SKAWA TPOBOMSTHCSA Takl orepallii, SK pO3TBUHYYBAHHS Ta 3TBUHYYBaHHSA TpPYO,
HATATYBaHHS TAJICBOTO KaHaTa, 3aXBaT CBIYKH OIEPATOPOM.

3a HEOOXIJTHOCTI PO3pPaxyHKy MOTYKHOCTI [JIsi TPHUBOLY OypoBOi Je0iIKH

BijioMi pi3Hi dopmyiu [15].

Mu BUPIIIWIM TPOBECTH PO3PAXYHOK 32 METOIOM CKBIBaJCHTHOTO MOMEHTY
[4,19], 3a momomorow sKOi BpaxXxOBYEThCS HE TUIBKH 3MiHA PEXHMY POOOTH, a
Takok 1 mpouec 3meHmieHHs Baru KBT mnpu ix migHimManai. Takox TyT

BPaxOBYIOThCS JIOTIOMDKHI OTepallii Ta MyCKOBI PEKUMH :

2
2 2-n“-3:-n+l 2
My - M,+M“, - )t +>M -
M =K. 172 3 6 I oon.m. Oon.m. 10,Hv  (2.1)
€K6 t +t +0.5-t
I~ oon.m. oon.p.

ne M; — MOMEHT, II0 CTBOPIOETHCS MAKCHMAJIBHO MOYKJIMBHUM BaHTaXXKEM IIPHU
naHid mBuakocti, H-M;

M; — MOMEHT, III0 CTBOPIOETHCS MIHIMAJIBLHO MOXKJIMBHM BaHTa)XEM TIPH JIaHIi
mBuaKoCTi, H M;

M3 — MOMEHT, 110 CTBOPIOETHCS Baror0 OJTHOI CBiUKH, H-M;

N — YUCJIO CBIYOK, IO IMIHIMAIOTHLCS Ha JaHiM IIBHIKOCTI;

ti — TpUBAJICTh POOOYOTrO MEPioAy MUKITY, C;

tronm. — TPUBATICTh MEPIOYy MAIIMHHUX ONepauii (JONOMIXKHUX), C;

tronp. — TPUBAIICTh IEPIONY PYYHHX ONEpaliil (JOMOMDKHUX), C;
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Monm. — MOMEHT, IO TpeOa pPO3BHHYTH JBUTYHY IPH MAlIMHHUX ONEpauisix,
(momomixuux), H-Mm;

K=(1.1+1.5) — xoediuient, mo Oyae BpaxoByBaTH 3MIHY IIBUIKOCTI
MEXaH13MYy BHACIIIOK 3MiHM jJiameTpa OapabaHa BiJl HAMOTYBaHHS KaHATYy.

MoMeHT Ha Bally ABUT'YHA, CTBOPEHUM BaHTa)KeM Ha rai :

QX DC€
M = P Yoy, 2.2)
106 "N
ac QX — HATAT TATOBOI'O KiHL[SI KaHaTy, KH,
{06_ — IepcaaBaJIbHC YUCIIO BiI[ BaJia IBUT'YHaA 00 6apa6aHa;

Dep. — cepenniii niaMeTp HaMOTYBaHHS KaHarta Ha OapabaH, mpuiiMaemo

BEIUYHUHY Deep. = 0,8 M;
— KK/ nepenaui.
Hatar taroBoro KiHIiisl TaJICBOTO KaHaTa MPH MiJHIMAHHI KOJIOHU OYpPOBUX TPYO

Ha BIAMOBIAHIN mBHUAKOCTI piBHUH [15]:

m
Q, =Q- p ﬂnﬁﬂ 11), KH, 2.3)
ne Q — BaHTaX, SIKMH IITHIMAIOTh HA BIAIIOBIAHINA MBUAKOCTI, KH;
B — BenmuuuHa, ooeprena a0 KKJ: p=1/n,=1/0,74=1,351;
M — 9KciIo poOOYUX XKML, MpuiiMaemo m = 10.
[Tig KiTbKICTIO POOOYMX YKHIT PO3YMIIOTh KUTBKICTh HUTOK TaJI€BOTO KaHATa, Ha

SKUX MIJBIMICHO TaJdeBUH OJIOK 10 KPOHOJOKA (SKIIO HEPYXOMHUI KIHEIb TaJIeBOTO

KaHaTa 3aKpIiIUICHO JI0 BEPXHBOI CEPru TAJIEBOTO OJIOKA).

0
QL - 2000 135110 -(A351-D) o0 pce

(L.351/10 1
0
Qi _1600. L350 (10351 Y _590.765, xH;
(L.351110 -1
1 (L.351/10 . (1.351-1)
QM 680- = 251,075, xH;

(1.35110 -1
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0. _
VI _ 455.(1.351)1 (1(.)351 D _168. ol
X (L.35110 -1

3a snagenaamvu Q,l, Qi Q«, Q.Y BuzHawaemo moment M; mpu pobori Ha I,

I, III, IV mBuakocTsax nmpuBoay OypoBOi JIEO1IKH:

NS
M/ = 59027.22:%)?734-0’8 =1.597-10%, How;
R 1m0t

MV - % _2162.10% Hom,

H€O6XiJ]HO BU3HAYUTHU MOMCHT Mz, o CTBOPIOETHCA HaMEHIIIUM

BAaHTAXXCM IIpU pO6OTi Ha BKazaHux 4 MBUIKOCTAX :

I 3
| _Q Deep.. 41 _590.456-10°-08 _ 5770 ...
M2 =75 n 27 2.25-0.74 113, Hw;
00.
" Q) “Degp. 11 25107510308 _ o
2 720 gy 02 2-20-0.74 U
00.
\Y
D 3
m_9 Peep.. g1 _178:10°-08 _gop0 oo
My =20 M2 T2q05.074 00 H
06.'N
.D
v _r L IV 16000-08 3
M — _ . — - TV — . . H .
2 2im M2" =222.072 = 2010 v

IV MoMeHT BHWHMKAaEe BiJ Barum TayieBoi cucteMu (06e3 BpaxyBaHHS Bard
IHCTPYMEHTY). AHAJOTIYHO MOYKHa pPO3paxyBaTH MOMEHT M3, IO CTBOPIOETHCS

Barorw onHiei «cBidkm» (QxCB.) Mpu BMKOHAHHI omepaniii Ha 4 mBuakocTax: (Ms),

I AT Nf IV
|\Y Ei\Y Eail\Y ER B

M = Qx ce.” Deep. . Ml = 5200-0,8

: = 22000 112432 Hewm
37240 37 2.25.0.74 52 How;
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Il Qx cg. Peep | 5200-08
M = - : =77 T - . Y
I R My = o~ 140541 How
D
9 e Peep. I 5200-08
M _.—. :—’ = R M i
3 =y Myl = R o = 267696 Hou
ulV - Sres Deep. IV _ 520008 oo
3 2 m 3 242074 T ‘

Sxmo BpaxoByBaTM 4YHCIO '"CBIUOK®, 10 OynyTh MigHIMatuca Ha 4-X
MIBUAKOCTSAX, MOXKHA BUBHAYUTH 4Yac MiIAOMY “CBIYOK’ JUIsl KOKHOT 31 IIBUAKOCTEM

e i 111 I\
Lttt

ti =I'—n , (2.4)
v

ne [ — MOBKHHA KOXKHOI CBIYKH, M;
v — MBHAKICTH 11 MigHOMY, M/C;
n’ — 4HUCJIO CBIYOK.

25125 25100

=272 212500 ¢ t, =210 _gas00c;
=224 46670, { 22228 gy
3 063 4 125

Buznagaemo Mexke nHa I, II, III, IV mBugkoctsax 3a ¢opmynoro (2.1), kH-m

7
, \/(1.597-104-12.773+112.432.2'125 —3-125+1y 19500 + 20002 .50 .
Meke e 12500 +45+0.5-250 =8812-10%
2
(1.597-10% -6.786 +140.4322 . 21007 =3-100+1y (6555 | 590002 45
Ma4 =11 = 8739-10%;
o 62500 + 45+ 0.5-250
492 _3.
(1293-104-8.649+ 267.72. 242" =342+ 1y 44670 . 520002 .45 ;
M 211, = 6,681-10%;
g 16670+ 45+0.5- 250

2_3.28+1

(2.162-10% 2059103 + 669.2412 . 2° 28 )-560+ ¥ 20002 - 45
6 ~1,013-10%

V4
M :Ll-\/
oxs 560 +45+0.5-250
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B pesynbrari mNpoBENEHOTO PO3PAaxXyHKY MOXHA BHU3HAYUTU MOTPIOHY

MOTY>KHICTb IBUT'YHA Ha yCIX MIBUAKOCTAX Ta KOO CEPEHIO MOTYXKHICTb.

=) _ Pelce.l i P€K6.2 " P6K6.3 i P€K6.4 «BT
exe.cep 4 ’ ’

(2.5)

MEKB.i il

1

ac PEKB.i - 9550

TYT N — MIBUAKICTH B 00/XB.:

» KBT,

Vi -K_-60
n= 3 n )
T Dcep.
0,25-25.4.60
X 314.08 00/XB;
n, = 04-20-4-60 =764.33100/xB;
314-0,8
n, = 204105400 _ 635 606 065/x;
314-0.8
=122 82: 880 gy g9 06/xs.
314-0,8
Ot1xe
ML .n  8812-10°-597.134
P — EKB 1 =_ :550,96 N
ERBL = T 9EEQ 9550 kB,
M% .n, 8739.10° -764.331
p _Mpg-n, 8 — 699,44 B
£K52 = 9550 9550 kB,
M™ .n. 6681.10° - 632.006
p_Mg N _6 _ 442148
#1853 = " ge60 9550 KBr.
MY .n, 1013-10°-501.59
p _Mug-n 1 _ 532,003
£K54 = 9550 9550 KBr
p _55096+669,44 +4442,148 +532003 000

3a po3paxyHKOBMMH JaHUMHU 3 KaTajJoTy MPOAYKIlli eIEeKTPONPUBOIY

BUOMPAEMO ABUTYH JJIS MPUBOJY JICOIIKH.
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OpHi€ro 13 BaXJIMBUX YMOB BHOOPY JBHUIYHA NMPUBOAY OypoBOi JIEOIIKH €
Cy4acHICTh TNpPHBOJY Ta, BIAMOBiGHO, ¥oro Bapticth [19]. Bubip
€JIEKTPONPUBOLY IPOBOJUTHCS 32 TAKOIO YMOBOIO:

Pyp > Prxs-
B tabnumi 2.2 3amucaHi HOMIHAJAbHI MapaMeTpu OOpPaHOTO ABUTYHA THILY

A4 - 450V - 8Y3, axuit xxuBuThes Bin Mepexi 6000 B ta yactori mepexi 50 I'w.

Tabnuns 2.2 - [lapamerpu nsuryna A4 - 450V - 8Y3

HaiimenyBaHHs [To3HauenHs BennuuHa
[ToTyXHICTbCTh HOMIHAJIBHA, KBM Pn 630
Hanpyra xuBnen Ha, B Un 6000
Yacrora mepexi, [y fo o 50
IBuaKICTH 00EPT. HOMIHANBHA., 00/XB n 750
MowmeHT iHepiii poTopa, Kr*m Jo 49
CtpyM HOMIHAJIBHUN A In 500,000
KK, % n 0,945
HominanbHe KOB3aHHS Sn 1.4
KinpkicTs map mosrocis p 4
Cos ¢ COS @ 0,830
MomMenT HoMiHanbHUH, H*M My 8022
MoMenTt makcuMaiabHui, H*Mm Maxe 15242
MowmenTt kputnanunii, H*m(xr*m2) M, 60000
[TapameTpu cxemu 3aMillIeHHS
[HAYKTUBHHMI OITip. TOJI. MarH.KoJa, B.O. | . 1,092
AKTUBHHH OITIp. CTAT. KOJIA, B.O. Ig 0,030
[anyk. omip. pacc, cTaT. Koja, B.O. lsy 0.088
AKTHBHU OITip. pOTOp. KOJA, B.O. 7 0.012
[anyk. omip. pacc, poT. Koja, B.O. lpy 0,013

[Ticnsa BUOOpPY MOTYKHOCT1 JBUTYH TpeOa MEpeBIPUTH Ha MEpEeBaHTaKyBaJIbHY

3IaTHICTh 328 MOMEHTOM:
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Mﬂgg
M uom

M > (2.6)

ne M max = M I _ 8,812 -103 H- M — MmakcMMaabHUHA MOMEHT;
eKé

P
— _O.HOM _ 630 .9550 =8.022 -103 H-M — HOMiHAIbHHUIT MOMEHT;

HOM nHOM

Ay — KOE(DIIIEHT MEPEeBaHTAXKYBAJIBHOI 3/1aTHOCT1 32 MOMEHTOM

Mmax 'y _8,812-10°-597,134
Mion Muon  750-8.022-10°

Tak sik yMOBa BUKOHYIOThCSI, TO JBUTYH BUOpaHUM BIpHO.

=0.874<2,6.

[TpoBenemMo mepeBipKy OOpaHOro JBUTYHA Ha YMOBH IEPEBAHTAKCHHS Ta Ha
neperpiBaHHs IiJl 4ac MycKy.

Bimomo, 110 moTYXHICTh JIBUT'YHA ITOBUHHA BiJIITOBIJaTH HABAHTAKEHHIO: SIKIIIO
JIBUTYH Ma€ HEJOCTATHIO MOTYXKHICTh, TO BiH OyJe 4acTo MepeBaHTaKyBaTHUCS 1
BUXOJUTHU 3 Jlaay. SIKIIO K JBUTYH MaTUME 3aBHILIEHY MOTYKHICTh, TO BiH Oyne
MaTHd HEBUIIPABIAHO BUCOKY BapTICTh, OyJe CIIOKHUBATH OLIBINY €Heprito, ToOTO
matume Hkanii KKJI 1 cos ¢.

dakTopoMm, IO MOXKE OOMEXKYyBAaTH HABAHTAKEHHS HA EJICKTPOABUTYH, €
HarpiBaHHS 130JIA11ii OOMOTOK, NMPUYOMY HE3HAYHE NEPEOUIBIICHHS TeMIIepaTypH
1307141111 TOPIBHSAHO 3 HOPMATHBHHUM PiBHEM MPHU3BOIUTH 10 MEPEAIACHOTO 3HOCY
0oOMOTOK 1 BUXOJy NBUTYHa 3 Jamny. Hampuknan, ans 3071 JBUTYHIB Kiacy A
nepeOUTbIIIeHHsT TOMyCTUMOI TemmnepaTypu HarpiBy Ha 8...10 °C Moxe CKOPOTHTH
CTpOK 11 ciayxOum Maibke BaBiUi. Bimomi mricTe KiaciB 130Js1ii, HalMEHITy
TEMIIEpaTypy meperpiBy BuTpumye i3ois1isg knacy A (105°C), a Haitbinpry — Kinacy
H (180°C). B cydacHuX eNeKTpOJABUTYHAaX HaW4acTillle BUKOPHUCTOBYIOTH Kiac B
(130°C) Ta F (155°C).

[lepeBipka nBUTyHa Ha IEPEHABAHTAXEHHS SIK Pa3 1 MOJATAE B IOPIBHIHHI Ti€T
TEMIEepaTypH, 10 BIH MAa€ MpU HAHOUIBIIIOMY HaBaHTAXKEHHI 3 TEMIIEPATYPOIO, KA €

JOITyCTHMOIO JIJIsL Horo Kitacy i3ousii [4].
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3a3Buyail mepeBipKy HArpiBy ABUT'YHA MPOBOJATH MO TEMIEpPATypl MeEperpiBy
T, fIKa MPEACTABIsIE COOOK PI3HULIO MDK TEMIEPATypOld CaMOro ABUTYHa t 1

TeMIiepaTyporo HaBkonuiHboro cepenosumia (HC) t .

JUiss  TpoBeNEeHHA ~ TEIIOBUX  PO3PAXyHKIB  NPUIAMAEMO  CTaHAAPTHY
Temneparypy AoBkiuuig, piBHy 40°C, xoTpiii 1 MOBHHHA BIANOBIJATH HOMIHAIbHA
NOTYXHICTh, 110 3a3Hay€Ha Ha IMUTKY JABUryHa. [Ipu OLIbII HU3BKIA Temmeparypi
HC nBuryH mo’xHa HaBaHTa)KyBaTH BHILE 32 HOMIHAJIbHY MOTYXHICTb, @ TPHU OLIBII
BUCOKIM TeMIiepaTypl - HaBaHTaKEHHsS Tpeda 3HIKyBaTH, abo Tpeda BXKHUBATH
3aX0IM JUIsl JTOAATKOBOTO OXOJOJKEHHS JBUTyHAa. TakoX MOXKHA BUKOPHUCTATH
JBUTYH OUTBIIOT MOTYXKHOCTI.

TakuM 4yMHOM, MOXHa 3pOOUTH BHCHOBOK, IO JBUTYH MOKE IMpaIlOBaTH, HE
[EePEerpiBalOunCh, AKIIO0 HOr0 MaKCUMAJIbHUM CTATUYHUII MOMEHT HaBaHTAKEHHS HE

NEPEeBUIYE HOMIHAIBHOIO MOMEHTY, TOA1 Oy/le BUKOHYBAaTHUCSA YMOBA!

Tpo6 = Ty

JI€ Tpos — TEMIIEPATYPA MEPETPIBY NPH POOOTI ABUI'YHA;

Tny — AOIYCTHMA TEMIIEPATypa MEPErpiBy JABUTYHA, 10 BU3HAYACTHC HOTO
KJIaCOM 130JIs111.

B sKocTi  Tpos NpH TIEpEBIpIi BUOMPAIOTH CEpENHid, ab0 MaKCUMalbHUM
meperpiB 3a MEeBHUM 4yac poOOTH MpUBOAY. SIKIIO OpIEHTYBATHUCA Ha CEpEeAHii
neperpiB, To Oyae HAHOUIBIII MOBHE BUKOPHUCTAHHS MOTYXHOCT1 JBHUTYHA. SIKIIO X
OpIEHTYBATHUCS HA MAKCUMYM TIEPETPIBY, TO IBUTYH MOKE OyTH HEAOBUKOPUCTAHUM
3a HOro MOTYXKHICTIO [4].

[Tpu po3paxyHKy ABHUTYHA JIEOIAKN TPUAMEMO TaKi MPUITYIIECHHS

® BBa)Ka€MO, 1[0 MAarHITHUH ITOTIK 1 OITip JIAHIIFOTIB JIBUTYHA HE 3MIHIOIOTHCS;

® MOCTIMHI BTpaTH NOTY>XHOCTI HE BpPaxoBYyHOTbcs. PoOoTy aABuUryHa Ha

JUISTHKAX MMYCKY 1 rajibMyBaHHsI He OepeMo JI0 yBaru;

® JJaHWN IUKJ POOOTH BIMOBIAE MOBTOPHO - KOPOTKOYACHOTO PEIKHUMY.
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Po3paxoByeMo HOMiHalIbHY KYyTOBY IIBHJKICTH 1 HOMIH&JIbHHM MOMEHT IpH

HOMIHaNBHIN TBy,, ABUTYyHA:

_ Myom (2.7)

a)HOM - 30 )
__3.14'750 __ paz

Wyom =~ = 78.5 -

Pom )
Myon = > (2 8)
HOM
Iy B 630000 8022 H
wom = T7gE M-

3HaXOJMMO peajdbHy TPUBAIICTh BKJIIOYCHHS JBUTYHAa B IUKIL. I3
XapakTEPUCTUKU poboTH OypoBoi iebinku ciinye, mo TBye,, = 35%.
Bu3HayaeMo €KBIiBaJICHTHUH CepeAHbOKBAJIPAaTUYHUA MOMEHT HaBaHTa)KCHHSI

3a yac poOoTH:

(2.9)

I I 11 1%
M _ |Mexs +Mexs +Mexs +Mexs |
eKB.cep 4 ,

8.812:103+8.739-103+6.681-103+1.013-10%

Megs cep = . = 8591H m.

ITepepaxoByemMo 1€l MOMEHT A0 CTaHAAPTHOTrO 3HaueHHSIM TB,,, = 40%.

B (2.10)
_ pean
MC.CT - MeKB.cep TBHOM ,
35
M, .. =8591- /5 =7920,5H - m.

Tak ik OTpMaHe 3HAYCHHS

M. =7920,5H - M <M., =8022 H - m,

TO BBaXXAEMO, IO CEPEHIH MOMEHT JBUTYHAa OypoBOi neOiaKu Tpu poOOTi B
TaKOMy UMKl He OyJe MNepeBUlyBaTU JOMYCTUMOTO pIBHS 1 JBUTYH Oyje

JIOCTaTHHO 3aBaHTaXEHUU 1 He OyJie IeperpiBaTUCH.
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2.4. Onuc cy4acHUX MEPETBOPIOBAYIB YaCTOTH

B nam wyac y HadTOBUOOOYBHIM NPOMMCIOBOCTI IOCTae mpodiema
BJIOCKOHAJICHHSI YCIX TEXHOJIOTTYHUX IPOIIECIB, a TAKOX MIJABUIICHHS HaA1HHOCTI
oOnaaHaHHs HAPTOBUAOOYBHUX IMPOMHCIIB 1 MaricTpaJbHUX Ta30MpOBOAIB IS
3HMKEHHS BapTOCTI BUJIOOYTKY Ha(TH 1 ra3y, a TaKOX ISl 3HM)KEHHS BIJITYCKHUX
MiH Ha 1e nanmuBo. lle € 3aco0oM sl 3HIKEHHS EHEPrOEMHOCTI BajlOBOTO
HAI[IOHATBHOTO MPOIYKTY.

3ne0inpimoro Ha HAPTOBUX MPOMHCIAX BUKOPUCTOBYIOTh HEPETYJIbOBaHI
CJIIEKTPOJIBUTYHH 3 HE3MIHHOIO MBUAKICTIO obOepranus [3]. Ilpu 1ipboMy MOXIHBI
IIKIJJIMB1 AUHAMIYHI BIUTMBH Ha OOJIaJJHAHHS B MYCKOBHX PEKHUMax, Taka poOoTa
NPHU3BOJMTH JO YACTUX TOJIOMOK OOJiagHAHHSA, 1 SK HACHIIOK, IO MPOCTOIB s
PEMOHTY Ta 3aMIHU JCSKUX BY3IiB.

[TpsiMi MyCKM aCHMHXPOHHUX Ta CHHXPOHHHX €JICKTPOJBUTYHIB, IO MPAIIOIOThH
Ha Hanpy3i okuBleHHs 6 Ta 10 kB, MOXyTh CYNpOBOIKYBAaTHUCA 3HAYHUMHU
CTpUOKaMH IyCKOBUX CTPYMIB, SIKi JOCSTaOTh 6 - 8 KpaTHOTO 3HAYEHHSI BITHOCHO
iX HOMIHQJIBHOTO CTPYMY.

Taki cTpuOKi CTpyMy YHEMOJKIIUBIIIOIOTH MYCK B pOOOTY MOTYKHUX JIBUTYHIB
B pa3l IX eJIeKTPONoCTa4aHHS BiJ Ta30TypOIHHUX, JHU3EIBHUX YW I1HIIUX
€JICKTPOCTAHIIIH 3 0OMEKEHOIO MOTYKHICTIO.

B Ham dyac Bce Oumblie po3MISIAAlOTh 3aCTOCYBaHHS EJICKTPONPHUBOIIB 3
PEryJIbOBaHOK YaCTOTOI OOEpPTaHHs SK KJIHOY J0 3HAYHOI'O 30€peKCHHS CHEeprii,
BHACIIIJIOK YOro TIiJIBHINYETHCS PEHTAOCIBHICTh 1 KOHKYPEHTOCIPOMOKHICTH
MIATPUEMCTB, TIOJINIIYEThCS  €KOJIOTi4Ha oOcTaHoBKa. [lpuHnmm exoHoMil
EJIEKTPOEHEPT1l PETYIHOBAHUM EJIEKTPOTPUBOIOM BEIBMH MPOCTUI: PETYIIOBAHHS
3MIMCHIOETBCS HE 3aCiiHKaMH, 3aCyBKaMH, IMHOepaMH, a 3MIHOK IITBHUIKOCTI
oOepTaHHS Bajy €IEKTPOIPUBOIA.

3acToCcyBaHHSIM PETYJILOBAHOTO EJIEKTPONPUBOAY B Ha(TOBI MPOMHCIOBOCTI
3abesneuyeThes [19]:

® MOTPIOHI MIBUJIKICHI XapaKTEePUCTUKU MPUBOY OYpOBUX JEO1I0K Y BCIX

YOTUPHOX KBAJpaHTaX MEXAHIYHUX XapaKTEPUCTHK;
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e eckoHoM1s 110 30-40% eneprii, CrIO)XKMBaHOT ABUT'YHAMU;
® IJIaBHUH MYCK 1 raJbMyBaHHS BUCOKOBOJBTHUX JIBUTYHIB 0€3 BEIMKUX

CTpUOKIB CTPYMIB;

e [JIaBHE peryioBaHHs dYacTtoTu oOeptanHs Bigx 0,1 mo 120 I'mp B
3aMKHYTOMY 1 pO3IMKHYTOMY KOHTYDI;

® 3pOCTaHHS  HAAIMHOCTI  pobOTH 1  30UIBIIEHHA  pecypcy
€JICKTPOJIBUTYHIB, a TaKOXX HABEJICHUX HHUMH arperatiB 1 MeXaHi3MIB 3a

® 3HIDKEHHS aBapiiHOCT1 00JIaJHAHHS 1 3MEHUIEHHS! BUTPAT HA PEMOHT 1
00CITyrOBYyBaHHS, a TAKOK CKOPOUYCHHSI aBapiiHUX MPOCTOIB BUPOOHUIITBA;

® [OBHUU 3aXMCT JABUTYHA BiJl HAJCTPYMIB 1 MO3AIITATHUX PEKUMIB
eKCIUTyaTallii;

® MOXIIMBICTH  CTBOPEHHS  3aMKHYTHMX  CHCTEM  ACHHXPOHHOIO
€JICKTPOTIPUBOAY 3 TOYHOIO TMIATPUMKOIO TOTPIOHUX TEXHOJOTIUYHUX
napameTpis.

Posristnemo po6oty meperBoproBaua yactoTd (ITH) 3 mpoMiKHOIO JIAHKOIO
nocTiitHoi Hanpyru (iHBepTop Hampyru). Lls rpyma ITY e Haibinpm 3HAYHOKO 1
JOMIHYE B Jiara3oHi MoTyxHocTel Bix 0,5 10 AEKUILKOXCOT KinoBaT. [HBepTOpH 3
IPOMDKHOIO JIAHKOIO TTOCTIHHOTO CTpyMy (IHBEPTOPH CTPYyMY) € €KOHOMIYHHUMH
TUTBKA TpU TMOTYXHOCTAX Buime 20 kBT 1 mnpu3HadeHi, B OCHOBHOMY, [IJIsi
ABTOHOMHHX EJICKTPOINPHUBOAIB. 3 IUX MPUYUH 1HBEPTOPU HANPYTH 3 HIUPOTHO-
iMmmynscHOO Moxyisiiero (IIIIM) Mmarore mepeBary B CepeIHBOMY Jiara3oHi
MOTYKHOCTEH.

['onoBHOIO TepeBaroo ABONMAHKOBUX [IY 3 mMpoMiXKHOIO JTAHKOIO MOCTIHHOTO
CTpyMy € Te, IO Ha BUXOJl TAKOTO MEPETBOPIOBAYa MOXXKHA OTPUMATH IIMPOKUN
Jiana3oH YacToOT, SKUH € HE3aJIeKHUM B YaCTOTH MEPEXi JKUBICHHS 1 MOXKE
MOBHICTIO TOKPUBATH MOTPEOU EJIEKTPONPUBOAIB PI3HOrO MpU3HAUYECHHS. Takoxk
MOXIHUBO 17151 TakuX [TY BUKOpUCTOBYBATH BIJTHOCHO MPOCTI CUJIOBI CXEMH 1 CXEMU

YOpaBJIiHHS MEPETBOPIOBAYaMHU JIJIsi €JIEKTPONPUBOAIB 3 HEBUCOKMUMHU BUMOTaMHU B
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YaCTHUHI J[1alla30Hy PEryJItOBaHHs, IIBUIKO/I11 Ta IHIINX MOKA3HUKIB.

Jo ocHoBHuUX HenomikuB I[IY 3 IPOMIKHOIO JaHKOIO MOCTIHOTO CTpymMy
MOXHa BITHECTH T€, 110 BIOYBAETHCS ABOPA30BE MEPETBOPEHHS €HEPrii, a 11e MOXKe
30UTBIIUTA BTpaTH €HEprii, a TakoX 3OUIBIIUTH MacorabapuTHI TOKa3HUKHU
NepEeTBOPIOBAYA i MpUBOY B oMy [9].

BaxnuBum mnapamerpom IIU € wyacTtota MOAynAiii BUXIAHOT HANpYyTH.
OnTtumanbHuil BUOIp LBOTO MapamMeTpa CTBOPIOE MO CYTI BaplaliiiHy 3aaady, 3MICT
SIKOT BU3HAYAE JICSIK] CYNepeUuInBl (PaKTOPH.

Sxuro 36inbmyBaTu yactoty 1M, To MoXkHa oTpuMaTH psijl iepesar:

® [MIJIBUIICHHS AUHAMIYHOI TOYHICTI BIATBOPEHHS MIUPOTHO - IMIYJIbCHUMH
MOJYJISITOpAaMH BXITHUX 3a/1aBATbHUX BIUIMBIB;

® PO3IIMPEHHs poOOoYoro aAiama3oHy yacToT s cuctemu «llepeTBoproBay —
JBUTYHY;

® 3MEHIIICHHsS] ~ aMIUTITYAu  MyJbCaliii  CTPyMiB, TOTOKO3YEIICHHSA 1
€JIEKTPOMArHiTHOTO MOMEHTY JBUTYHA;

® 3MEHIIICHHS [JIOJaTKOBOTO IIyMy JBUTYHa (MOXXHAa BIJIMOBUTHCS Bl
BUXITHUX (PUIBTPIB);

® CTBOPIOIOTHCS MOXKJIMBOCTI JISI T ABUIICHHS IITBUIKO/TII.

OnnovacHo mpu minBuieHHi gactotu IIIIM MokHa oTpumaTth ¥ HEraTHBHI
SBUIIA’

e [IpY MIJBHUIICHHI YaCTOTH KOMYTAIlil TAKOX MOXHa OTPUMATH  30UTBIICHHS
KOMYTAI[IHHUX BTPAT B IHBEPTOPi, 1 BHACIIIOK IIBOTO - 3HUKEHHS HOTO KOPHUCHOI
MOTYKHICTI;

® MOXHA OTPUMATH 30UTBIICHHS AIFOYMX 3HAYCHh EMHICHUX CTPYMIB B KaOemsx
YKUBJICHHS, 110 TakoX 3HMKYye KK/I;

® BUHHKAE MTpoOIemMa 0OMEKESHHs TIepeHANpyT BiJl €IEKTPOMATHITHUX XBUJIb B
KOJI1 HABaHTaKEHHS.

Binomo, 1o Bukopuctanss nepetBoproBadiB yactotd Ha IGBT Tpan3ucTopax

JTO3BOJISIE 30UTBIITYBATH JI1alla30H PETyJIIOBAaHHS IMIBUIKOCTEH €JIEKTPOJABUTYHA, IO
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NIABULIY€E MMIBHJIKOAII0 Ta €QEeKTUBHICTH poOOoTH mnpuBoay. Ilpu BukopucTaHHI
MPUBOJlY 3 BEKTOPHOK CHCTEMOIO KEPYBAaHHS TaKd MEPETBOPIOBAYl Ha HU3bKHUX
yacToTax OOEpTaHHS MOXYTh IpalloBaTU 0€3 3BOPOTHOTO 3B'A3KY. A mIpu OUIBII
BUCOKIA dYacToTi BuKopucTaHHs cxem Ha IGBT pasom 3 MikpomnporecopHoo
CUCTEMOIO KEpyBaHHS JO3BOJII€ 3HUKYBAaTH PIBEHb BHUIIUX TapMOHIK, SKI €
XapaKTepHUMH ISl THPUCTOPHUX MepeTBOproBauis [9].

Takum 4YMHOM 3HIKYIOTHCSI BTPATH B OOMOTKaX i MarHiTOMPOBO/Ii JBUTYHA, IO
OPUBOJUTH J0 3MEHILIEHHs Horo HarpiBy. Takoxk cxemu Ha Tpanzuctopax IGBT
TPAH3UCTOpPAaX B MOPIBHSAHHI 3 THUPUCTOPHUMHM IEPETBOPIOBAYAMU MArOTh MEHIII1
rabapuTu, Macy Ta TWiBUIICHY HaAIWHICTh B CHJIY MOJYJIbHOTO BHUKOHAHHS
EJIEKTPOHHUX KJII0YiB, KPAIIOro TEIJIOBIABEICHHS 3 TOBEPXH1 MOJTYJIA.

[ xoya Ha CHOrOJHINIHIM JAEHb CXEMU HHU3bKOBOJBTHUX IEPETBOPIOBAYIB Ha
IGBT y nopiBHSHHI 3 THUPUCTOPHUMM CXEMaMH, MalOTh OUIbII BHUILY IIHY Ha
OJMHUINIO BHUXIIHOI MOTY)KHOCTI, OJHAK I10 CIIBBIAHOIICHHIO I[iHa / SIKICTb,
BUXOJSIUM 3 NEpepaxoBaHUX IEepeBar, BOHU BCE K TaKH BUTPAIOTh Y TUPUCTOPHUX
[IepETBOPIOBAYIB.

[IpoBeneMo mepepaxyHOK TIOTYKHOCTI JJs BHU3HAYCHHS  HEOOXiTHOT
HOTY>KHOCT1 BEKTOPHOTO ITEPETBOPIOBaYa YaCTOTH:

Ps — po3paxyHKOBa MOTYXHICTh oOpaHoro jnpuryHa, - 630000 Br;

no — KKJI nBuryna, - 0,945;

Py - pO3paxyHKOBa HMOTYKHICTh CTATUYHOTO IIEPETBOPIOBaYa YaCTOTH.

Po3paxyHOK MOTY>KHOCTI:

P,
P... =—, KBT
R (2.11)
630000
Pcnq - m - 666667 BT = 667 kBT.

3a TpoBeIEeHUM pO3PaXyHKOM OTPUMAHO, MO TOTYXHICTh CTaTUYHOTO
MepeTBOPIOBaYa YaCTOTH MOBUHHA OyTH HE MeHIe 667 kBT.
BypoBa nebinka € CkIaAHOIO 1 JOPOrol €JIEeKTPOMEXaHIYHOI CHUCTEMOIO.

TexHOMOr14HO, MIAWOM KOJIOH - CKJIQJAHUN 1 BIAMOBITANBbHUN MPOIEC, SIKHM HE
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JIOIyCKa€ 3YMUHOK, MPOCTOIB 1 aBapiiHUX CUTyalld. 3 OrJisAay Ha i ABa (aKTopH,
MOIIYK ONTUMAJbHUX PEXKUMIB pOOOTH JeOINKM Ha OO0'€KTI € HENpoCTUM 1
PU3MKOBAHOIO 3aBJaHHSAM, JJI BHUPIMICHHS fAKOI HE 3aBXAU € BIAMNOBIIHI
MOXJIMBOCTI. 3 OrJsay Ha Ii (akTopu, MOXHA CKazaTu, 0 MOJIEJIOBAHHS
perynboBaHOi JeO1IKM Ha cCTajli NPOEKTYBaHHS € MEPCHEKTUBHUM CIIOCOOOM
BU3HAYEHHS ONTHUMAJIbHUX pEXUMIB poOOOTHM arperary B 3aJaHUX YMOBax
HapTOBUAOOYBHOI ramy3i. Lle 103BONMUTH 3HAYHOIO MIPOI0 YHUKHYTH TPYIHOILIB
poOoT Ha 00'€KTi, 3MEHIIUTH KUIBKICTb HEBUMYIIEHUX 3YMUHOK JEOIAKU 1
NOpYIIEHb POOOTH Ta30TPAHCIIOPTHOI CUCTEMH.

MopentoBaHHsI TaKOX J03BOJIIE€ BUMPOOYBATH 1 BIAMPAIIOBATH HOB1 TEXHIYHI
piteHHs1, 0e3 HEOOXiTHOCTI CTBOPEHHS CKJIATHOTO 1 JOPOroro MpoToTumy. Sk Bxke
3a3HA4yaJIOCs, HAMOLIBII MEPCIIEKTUBHOIO TOMOJIOTIEI0 MEPETBOPIOBAYA YACTOTH IS
7e011KM Ha ChOTOHIIIHIN JIEHb € TOMOJIOTisI 6araTopiBHEBOTO 1HBEPTOpPA HANPYTH 3

KacKaJHUM 3'€THAHHSAM IHBEPTOPHHUX OCEPEAKIB B KOKHiH (asi [9].
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3 MOAEJIFOBAHHSA ITPUBOAY JIEBIJAKH M1 YAC ITPOBEJIEHHS
CIHYCKONIJIHOMHUX ONEPAIIN

3.1 Po3pobka moaeni

MopentoBaHHs TPOBOJAMMO, KOPUCTYIOUHMCHh MeTtoaukoro [7]. IIposememo
po3poOKy Moaeni OararopiBHEBOro iHBepTopa Hamnpyru B cuctemi MATLAB (puc.
3.1). MaeMo enekTponpuBia OypoBoi JIeOIAKK 3 ABUTYHOM HOTYKHIicTIO 630 kBT. B
CXeMY MOJIelll BKIIOYaeEMO 15 CUMETpUUYHUX IHBEPTOPHUX OJIOKIB (B KOXKHIHM (a3l 1o
M'ATh MOCIIZIOBHO 3'€IHAHUX KOMIPOK), IO pa3oM 3a0e3MeurTh Mojavy Ha JIBUTYH
Hanpyru 6 kB. 1li 15 610kiB OTpUMYIOTh OKpEME >KMBIJICHHSI BiJl BUX1IHUX OOMOTOK
0aratooOMOTyBaJIbLHOTO TpaHchopmaTropa, Ha BXiJ  [bOr0 TpaHcpopmaTopa

NoIaeThcs 3MiHHA Hanpyra 6 kB gactoToro 50 I'm.
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Pucynok. 3.1 — Monens iHBepTOpa Hanpyru B naketi MATLAB
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Bennuuny Ait04oi Hampyru JUisi KOKHOI KOMIPKM MOXHA BU3HAYUTH TaKUM
YUHOM:
Upp = —2
2n =
k-3 (3.1)

JIe K — YUCJIO0 KOMIPOK y KOKHIH (a3i.

@da3Hy Hanpyry y HaBaHTaXKEHH1 PO3pPaxOBYEMO MUISXOM J0JIaBaHHS HANpyr
MOCIIJIOBHO 3'€IHAHUX KOMIPOK.

3Ha4YEeHHS KyTa 3CyBY BEKTOpa BTOPMHHOI HAIIPYT'M BU3HAYAEMO 32 BUPA30M:

60

LR (3.2)

ren = 1,2,3...—.

Mopens iHBepTOpa Harnpyru B naketi MATLAB (puc. 3.1) Bkitouae HacTymHi
omokwu [9]:

- ook Three-Phase Power Grid - Ttpudasse mxepeno 3MiHHOT
CUHYCOIalIbHOI HANpyTH, MO IMITye TpUda3Hy TPOMUCIOBY MEPEKY HaIMPYyroko
6000 B, gactoTtoro 50 I'l;

« 010k Multi_Winding Transformer — 6araTroo6MoTKOBU# TpaHchopmaTop;

- onoxu Al1-AS5, B1-B5, C1-C5 — iuBepropni komipku H-bridge;

- ook Three-Phase Cable Resistance — wmogemoe pe3nCTUBHUE OITip
Kka0enpHOT JIiHIT Bi/I MepeTBOPIOBaYa J0 3aTHCKAYIB €JIEKTPOBUTYHA;

« 0ok Asinchronous Machine — Mozgemtoe Tpudaszauii A/l TOTYyXHICTIO
630 xBT, 1o npaittoe Ha Hanpy3i 6 kB;

- ogoku PWM_A, PWM_B, PWM_C - mpusnadeni s dopMyBaHHS
[IIM nnst iHBEpTOPHUX KOMIPOK BiIMOBITHUX (as3.

Sxmo 3'emnat cranmaptHi Onoku Zigzag Fase - Shifting Transformer, To
MO>XHAa OTPUMATH MOJIeTb 0araToo0OMOTKOBOTO TpaHchopMaTopa, Mpu MboMy Tpeda
BCTAHOBUTHU 3aBJIaHHS MOTPIOHOTO (ha30BOro 3CyBY [JIsl KOXXHOI BTOPUHHOI

OOMOTKH.
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Mopenb cUCTEMU KepyBaHHS JABUTYHOM JIEOIAKH MPEACTABISE MOEAHAHHS
JBOX OJIOKIB: 3aBJIaHHS IIBUJKOCTI Ta KE€PYBaHHS 1HBEPTOPOM. BJIOK po3paxyHKy
CUTHAJIIB KEPYBaHHS IHBEPTOPOM CKJIAJA€THCS, Y CBOIO YEpry, 3 HACTYIHUX OJIOKIB:
peryisTopa MOTO3YEIJIEHHS pOTOpa ABUTYHA, PETyIsTOpa HIBUAKOCTI Ta OJOKY
oOYHuCIIeHHS (pa3HUX HAIPYT.

B skocti perynaropa mBuiakocti npencrasinenuid I - perymsarop, Ha BXin
KOTPOr0 HAJXOJATh SIK CUTHAJ 3aBJAaHHS MOTPIOHOI IMIBUAKOCTI, TaK 1 CUTHAI
3BOPOTHOTO 3B's13Ky [8]. BennuuHM CTpyMiB MO JBOX OCSIX ig Ta ig MPEACTaBJICHI
omokom abc_to_dqg Transformation. Ha fioro BXim mogaHi CHTHAIXd 3BOPOTHOTO
3B'3Ky (ha3HUX CTPYMIB CTaTOpa, a TAaKOXK OOYMCIICHI BEJIWYMHM SIN Ta COS KyTa

IMOJIOKCHHA BCKTOPA ITOTOKO3YCIINIICHHA pOTOpA:

_ 2 7. _ 21 , 27
lq=§'[la'COSQ-l-lb'COS(Q—T>+lC'COS(9—T)],

2 o 2-m\ 2.7 (3-3)
ld=§'[la'COSQ+lb'Sln(Q—T)+lC'Sln(9—T)].

B sxocti 6mokis PWM_A, PWM_B, PWM_C (6nokiB ¢dopmyBaHHsS i
pO3MOALTy IMIYNbCIB yrpaBiiHHsA) mpencrasieni  IIIIM reneparopu, Kotpi
MPU3HAYCHI JUIA TIepeaadl IMIyJIbCIB KEepyBaHHS TpaH3ucTOopaMm H-mocToBHX

ocepeIKiB BiAMOBiAHOT Benmnuuau [9].

=
4;4’-:

Pucynok 3.2 - ®opmyBaHHS IMITYJIbCIB KEPYBaHHS TPAH3UCTOPAMHU
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st popMyBaHHS IUX IMIYJBCIB TPaH3UCTOPAMH KOKHOI (pa3u MPOBOJUTHCS
NOPIBHSIHHS M'ATH PIBHIB MWJIKOMOIOHOT OMPHOI HANIPYTH 1 O/IHI€T OrMHAIOYO01 SiN-i
dopmu notpidHOT yacTotu (puc. 3.2).

Takum dYuHOM, MU pO3pOOWIM MOAEIL TMPUBOAY OYypoBOi JeOiaKH 3
MEePETBOPIOBAYEM YACTOTH, 3a JOMOMOrOI KOTPOi MPOBEAEMO MEPEBIpKYy podoTU

ObOro NpUBOAY B CTATUYHOMY Ta I[I/IHaMi‘IHOMy peKNMax.

3.2 AHani3 pe3yJbTaTiB MOJIEIIOBaHHS

B pe3ynbTati MogentoBaHHs Oyi10 OTPUMAHO HACTYIHI XapaKTePUCTUKHU:

T T 0 T T
mc : f ! !

m

124

Pucynok 3.3 - Jliarpama mepexigHoro mnpoiecy 3a MOMEHTOM M i MOMEHTOM

omopy MC mijg 9ac poOOTH Ha XOJIOCTOMY X011 OypoBOi 1eO1 KN

t(c)
I | | ! | | 1 |
0 1 2 3 4 5 [ 7

Pucynok 3.4 - Jliarpama nepexiJHUX MPOIIECIB 3a NIBUJIKICTIO Ha

XOJIOCTOMY XO/1 OypoBOi 1e01AKH



40

w(B.0)

|7

t(c)
7

Pucynok 3.5 - Jliarpama nepexigHoro npoIecy 3a MBHAKICTIO Mij] 4ac moj1adi

HaBaHTAXCHHA Ha I'ak J'IC6i}1KI/I Ta 3HATTA HaBaHTAXXCHHA

Ha pucynky 3.6 3abpakeHo rpadik mepexigHoro Mmporecy 3a MOMEHTOM Ta

MIBUIKICTI MIPUBOY JEOIAKHU 3 MaKCUMaJIbHUM HaBaHTOKCHHSIM Ha eJieBaTopi (rak

ne6iaku). Ilig MakcMMandbHUM HaBaHTXKEHHSM PO3YMIEThCS MaKCUMajbHa Bara

CBIUOK, KI MOXYTh MiAiiMaTHCs Ha KOHKPETHiN OypoBii ycTaHOBI, a came 128

OypOoBHX CBIYOK, NMPHU IILOMY Bara OJHI€I CBIUKU TOPBHIOE 875 Kr, OT)KE cymMapHa

Bara OyJie CTAHOBUTH OJM3bKO 112 TOHH.

T T | T |

t(c)
7

Pucynoxk 3.6 — Ilepexigauii mporiec 3a MIBUAKICTIO TPU MaKCUMATLHOMY

HaBaHTaXCHHSIM Ha eneBaTopi
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T T ¥ T T T T
m
14
mc
128 —
"= ~
Dat- -
mc
o
ed— H Y | P, bt
oA i =
024~ i m =
m | l
L] = -1
me | t(c)
a | | ! | | | L
o T 2 3 ] H ® 7

Pucynok 3.7 — IlepexinHi nponecu 3a MOMEHTOM 1 MOMEHTOM OMOpy ]l Yac

Hi}:[ﬁOMy MaKCHUMaAJIBHOI'O HaBaHTaKCHH

! ' ' v f , |

L I | ! | | |
o 1 2 3 4 5 -]

t(c)
5

Pucynok 3.8 — Ilepexinauii mpoliec 3a MBUAKICTIO IMiT Yac MmigiomMy

MIHIMAQJIbHOTO HABAHTAKECHHS

33

m l | —
mc v

]
1 | ' 1 | 1
0 1 2 3 3 5 ]

t(c)
7

Pucynok 3.9 — Ilepexinnuii nporec 3a MOMEHTOM 1 MOMEHTOM OIOpY

1] 9ac MiaiomMy MIHIMaJIbHOTO BaHTaXYy J€011KOI0
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Sk BUAHO 3 rpadikiB, MPOLECH B CUCTEMI MPOTIKAIOTh TaK, AK 1 OyJI0 MOTPIOHO
OpU  CHUHTE31 PEryisTopiB 1 OUU(]POBYBAHHI pE3yNbTaTiB  PETyIIOBAHHS.
BianpaitoBanHs CUCTEMOIO 3aBJaHHS 3a IIBUJKICTIO TPOXOAUTH HOpMaibHO. Jlami
CHUCTEMa PO3raHsA€ThbCs 10 MBUAKOCTI /50 00/XB 1 Mpalloe B CTAJIOMY PEXKUMI J10
gacy 6 c. Y ueili MOMEHT MOJA€EThCI MOMEHT Omopy. 3 JiarpaMu BUAHO, IO MpU
MOSIBI MOMEHTY OINOpPY MOMEHT MAaIlMHU BCTAHOBHMBCS Ha JaHOMY 3Ha4Y€HHI
MOoMeHTY onopy. [loTpiOHO Bi3HAUMTH, IO 31 3MIHOIO IIBUIKOCTI B1AOYBAa€THCS
He3HayHa mpocajka. [Ipocanka Hampyru *UBJIEHHS BIJOYBA€TbCSI B MOMEHT 4acy
S5c. Jlam cuctema MpOJOBXKWIA MPALIOBATH B HOPMAIbHOMY pexuMi. Takox
MO>KHA 3pOOUTH BUCHOBKH, 110 M1l 4YaC HABAHTAXKEHHS CHCTEMA MPAaL0€ HOPMAIbHO
1 OBHICTIO 33JI0BOJIbHSIE MIOCTABIEHUM BUMOTaM €JIEKTPOTIPUBO/LY.

3 oTpuMaHuX rpadikiB MEpexiAHUX MPOLECIB MOXHA 3pOOUTH HACTYMHHY
OI[IHKY SIKOCT1 CUCTEMH:

hmax—hnom _0,6-0.5

— — 7200
P T = 0.2 = 20%.

IlepeperynoBaHHs CUCTEMH O =

Hac perymosannst T, = 0,18 c.
Yac nepeperymtoBanHs qopiBHioe t; = 0,65 c.
KonuBasibHICTB MEepexiHOTO MPOIIECY:

® YIICJIO KOJIMBAaHb — 1;

. bi_b 0.39-0.5
e cTymiHb 3aTyxanus ¥ = 1 = [ =

by L 039 = 0.28;

e niepioa konuBanb 1=0,13 c.

Pobumo BHUCHOBOK, IIIO CUCTCMaA 3aJ0BOJIBHAEC 3aJaHM BHUMOI'aM I10 SIKOCTI.

3.3 Bubip neperBoproBaya 4aCTOTH

Crmparounch Ha MPOBEIEHI JOCTIIKEHHS] MaTeMaTHYHOI MOJIEN, TPOBEIEMO
BUOIp TIEPETBOpIOBaYa YACTOTH. BHOMpAEMO BHCOKOBOJIBTHUN TMEPETBOPIOBAY
¢dipmu Omron Tuny Yaskawa cepii FSDrive-MV 1S, sikuit MokHa BUKOPHCTOBYBATH

SK MIPU 3MIHHOMY (M1AMOMHI MEXaH13MHU ), TaK 1 IPU MOCTINHOMY MOMEHTOBI1 Ha Bally
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JIBUTYHa (BEHTWJIATOPH, EKCTPYIAEpH 1 T.iH.). XapaKTEepUCTUKU MEpPETBOpPrOBava

npuBezaeHi B Taba. 3.1.

Tabmums 3.1 — XapakrepucTuka MepeTBoproBaya 4acToTH Yaskawa cepii

FSDrive - MV1S

HaiimenyBaHHs

Bemnuuna

Jiana3zoH Hanpyr

3~ 6/6,6xB, +/-10%

Jliana3oH MOTYyXHOCTEH

250 — 5000 kBm

Buxinna yacrora nepeTBoproBaua

Bixg 0,01 mo 120 I'ng

ToYHICTh MIATPUMKHU HIBUIKOCTI

+/- 0,2 (Open Loop Current Vector),

+/- 0,02 (Flux vector control)

ToYHICTh MIATPUMKHA MOMEHTY

+/- 5%

ITepenaBanTaxyBajibHa 3JIaTHICTh

IMepeTBOPrOBava

110% mst 60 ¢, 120% st 15 ¢

Yac po3rony / raibMyBaHHS

Bix 0,01 mo 6000 c.

MaxkcumanbHO AJ0oIIyCTUMa BOJIOTICTh

Bix 45 no 85% (6e3 KoHIeHcaTy)

CrymiHb 3aXUCTy

IP40

Bxonu / Buxoqu

nuckpetHi Bxoau — 10
AHAJIOIOB1 BXOIH — 2
JTUCKPETHI BUXOIU — 8

AHAJIOI'OB1 BUXOIU — 2

KK

97%

Taki TpaH3UCTOPHI MEPETBOPIOBAYl YaCTOTH MPU3HAYAIOTHCS /I KEPYBaHHS

IIBUAKICTIO OOEpTaHHS E€JIEKTPOJBUTYHIB 3MIHHOTO CTPYMY BEIMKOI MOTYXKHOCTI
(mo 5 MBT), siki mpaliorTh Ha HOMiHAJIbHIM Hampy3i 3, 6 abo 10 kB. CnemianbHi

MOTOKYBalbHI  0ararooOMOTKOB1  TpaHC(hOpMaTopu MOOYIOBaHI 3a JEAKOIO

BHU3HA4YCHOIO CXCMOIO, MAalOTh ,ueKiana BTOPHMHHHX 06MOTOK, SK1 TaJbBaHIYHO HE

noB'sa3aHi. Yacto Takli MepeTBOpIOBadl  MOXKYTh  OyTH  3’€qHaHI 13

3arajibHONPOMUCIOBUMH  JIBUTYHAaMH HaBiTh 0€3 MIJKIIOYEHHS MPOMDKHUX

BUXITHUX (uUIbTpiB. CHUCTEMa yHOpPABIIHHS  pealli30oBye€ PI3HOMAHITHI 3aKOHU
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pEryJIOBaHHs BUXIIHOI YaCTOTH B JOBOJII IIMPOKOMY J1alla30H1, @ TAKOXK MIATPUMYE
KEepPYBaHHS €JIEKTPONPUBOIOM 32 BEKTOPHUM 3aKOHOM KEepPYBaHHS.

OCHOBHUM €IIEMEHTOM CHCTEM YIpPaBIiHHSA TaKUX IEPETBOPIOBAUIB €
CHeIiaai30BaHuil MIKpOKOHTpoJiep abo 1udpoBuii curHaabHuii mporecop (DSP).
[lobynoBa cuctemu ympaBiiHHS Ha 06a31 DSP  00ymoBieHO HEOOXITHICTIO
CTBOPEHHSI BEJIMKOI0 OOCATY CKIJIAJIHUX OOYHUCIIEHb B PEXKHUMI PEaIbHOTO 4acy i
peatizaiiii Cy4acHUX aaropuTMiB ynpasiinas [9].

[TepeTBoproBau yacrotu ¢ipmu Omron cepii Yaskawa nmoOymoBanuii Ha 0a3i
nBomporiecopHoi cxemu. Tyt mepmwmii 3 mporecopiB (L[I11) Bukonye roj0BHI
byHKIIT TepeTBOpeHHsT 4acTOTH ((PYHKIIIS yIpaBIiHHS 1HBEPTOPOM, BUIIPSIMIISYEM,
MOYEpProBe OMHUTYBaHHS JaT4YUKIB 1 T. 1H.). [Ipu3HadueHHsSIM Jpyroro mpolecopa
(II[12) € 3abe3nedyeHHss poOOOTH MyJbTa YIPaBIiHHS, KOHTPOJb 3a pPOOOTOIO,
CIPHHHSTTS Ta Tepejladya CUTHAJIIB BiJI CHCTEMH BEPXHBOTO PIiBHS, a TaKOX JICSKI
JOMATKOBI  cepBicHI  (QyHKINI. 3a HEOOXIAHOCTI pO3MOAUT (PYHKIIA MK
MUKPOKOHTpOJJIEpAMU MOXKe OyTH 3allporpaMOBaHUM 1HAKIIIE.

[lepeBarm  ABOMPOIIECOPHOT CHUCTEMHU B MOPIBHSHHI 3 OJHOMNPOIECOPHOIO
MOJIATAIOTh Y 3HWKEHHI BHMOI JIO TIPOIecCOpiB IO BOyAoBaHIM mnepudepii,
IIBUIKOIT 1 00CATYy maM'sITi; I 3B'SI3KY IEHTPAIbLHOTO KOHTpOJIepa 3 IYJIbTOM
ormeparopa MOXKHA 3aCTOCYBYBaTH CHUIBHUN 1HTepdelc; a TaKoX 3HAYHO
CIPOUIYETHCS PO3POOJICHHS MPOrpaMHOTO 3a0€3MedeHHs] I KOXKHOTO 3 IHX
KoHTpoutepiB [9].

VYropaBmiHHS ~ gpaiiBepamMu  iHBepTOpa  3AIMCHIOETBCA 32  JOMOMOTOIO
dopmyBanHsa mectukananbHoro M - curnamy 3 aBTOMAaTHUYHUM J0JIaBaHHIM
«veptBoro yacy». Monyns [IIIM peanizoBanmii amapatHo. DyHKIIOHATEHA cXeMa
po6otn yactoTHoro nepeTBoproBada 3 AIH ¢pipmu Omron — Yaskawa FS Drive —

MV 1S 3i 3BOpOTHIM 3BS3KOM 3a MIBUAKICTIO 300pakeHa Ha puc 3.10.
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Pucynok 3.10 — ®ynkiionansHa cxema podotu IT4 3 AIH

3.4 MonepHizailisi CXeMHU CHIIOBOTO KOJIa €JIEKTPOIIPUBONY OypOBOi 1e01 KM

PosrnsitHeMo MojiepHi30BaHy cXeMy pOOOTH CHIJIOBOTO KOJIa MPUBOMY OypoBOi
ne61Ky, sika MoKa3aHa Ha pUCYHKY 3.11.

EnexrponBuryn cepii A4-450Y-8VY3, mo o0paHO, >KHBUTHCS BiJ iHBEpTOpa
Harpyru, SKWi, B CBOI 4epry, mikiatodeHuid o TpudazHoi mepexi 6000 B 3

MIPOMUCIIOBOKO yacToToro 50 I'1.
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BypoBa nebinka He po3paxoBaHa Ha TPUBAIUN Yac poOOTH MiJ YaC OAMHUYHOT
CIyCKOMIAMOMHOI omepallii, ajie Ha MPakTUIll B JITHIO 1Opy (200 B MicIsAX poOOTH,
7€ TPUCYTHIA BHUCOKOTEMIIEpATypHHI KIIIMaT) MOXKE€ BHHUKHYTH Mpobiema
neperpiBy  enexkrpoaBuryHa. Tomy Oylno NOpUMHATO pIIIEHHS BCTAaHOBUTHU

I[OIIaTKOBI/Iﬁ ABUT'YH BCHTUJIATOPA OXOJIOAXKCHHA.
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Pucynok 3.11 — Cxema ejeKkTpuvHa MPUHIIUIIOBA CHIIOBOTO KOJIa TPUBOY

OypoBoi nebiaKu

Ponb  enexkTponmpuBONYy ~— BEHTUIIATOpPA  OXOJO/KEHHS  BHUKOHYBATHUME
enexkrpoaBuryn cepii AIP71B2  noryxwuictio 1,1kBT, sxuii Mae MWBUIKICTH

ob6epranusa 3000 o0 / xB.
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[Tin yac poGoTH B 3uUMOBHUH Tepion, ab0 B MICISX, 1€ MEPEBAKAE XOJIOIHUI
KJIIMaT, BUHUKae€ mpoOsieMa HAKONMYEHHS KOHJEHCAaTy Ta MOJaJbUIOro Moro
00JIeIeHIHHA, a TAKOXX MOKE€ BUHUKHYTHU MpoOJieMa 3aryCKaHHs MacTHJia B MiIOHI.
[Ipu TakoMy 3aryckaHH1, AesSKMi yac jebinka mpairoe 0e3 3MallleHHs, 10, B CBOIO
yepry, MOKe CHPUYMHUTH IUBUJKE 3HOLIEHHS JeTaneil (rajabMiBHOI CHCTEMH,
CUCTEMHU MY(]T, MIAIIMIHUKIB KOUYEHHS 1 T.1H.). Tomy Oyno NpUIHATO pILIEHHS MPO
BCTAHOBJICHHSI THUIIOBOI CHUCTEMH MiAIrpiBy. BcTaHoBneHa cuctema mMiAirpiBy
BIIOBHI/ Mip1 CIIPABIISIETHCS 3 JAHUMU TIPOOJIEMaMHU.

CuctemMu OXOJIOMKEHHSI 1 MIAICPIBY TMOBHHHI MIJKIIOYATUCS 0 3arajabHOl
CUCTEeMHU  eHepro3abesneueHHss OypoBoro mnpomwuciy. EHeprozabesneueHHs
MAaJIOTIOTYKHOTO OOJIaIHAHHS TMPOMHKCIA TMPOBOAUTHCA BiJ TOHWKYBaJIbHOTO
Tpancpopmaropa sikuii mepetBoproe 6000 B ma 220 B. Yacrora wmepexi

3aJIMIIACTLCSI HE3MIHHOIO — 50 T'11.

3.5 Bubip eneMeHTIB aBTOMAaTUKHU

VY naHoMy eJeKTPONpPHUBOl B CUCTEMY aBTOMATHYHOTO KEpPYBaHHSA MU 3aKJIaIu
MaTEMaTU4YHY MOJIEb, 10 J03BOJUTH PO3PAXOBYBATH SIK MOMEHT Ha Bally JIBUT'YHAa,
TaK 1 IMIBUJKICT, 0O0epTaHHs Horo Baimy. HaWOinbll BaOXIMBUMHU €JIEMEHTaAMU TYT
SIBIISIIOTHCS JJATYMKU CTPyMY (a3 CTaTOPHOT OOMOTKH.

B skocTi maTyMka CTpyMy MPOTIOHYEMO BHUKOPHUCTOBYBATH BHCOKOTOYHUM
natauk tuny HCS — HA — 1000A, skuii mpaiffoe 3a NpUHIUIIOM e(heKTy Xoia.
[IpuHnum mii Takoro JgaTyuka TOJATa€ y BUHUKHEHH PI3HUIN CIEKTPUUHUX
noTeHmianie Uy B TPOBITHUKY 31 CTPyMOM [y, IO 3HAXOMWUTHCA MiJ BIUTHBOM
MarHiTHoro noiisi B. JKuBnennst qatdavka BimOyBa€eThCS Bl HE3AJIEKHOTO JKEpeIa
>kuBieHHs. Kitac TouHOCTI maHoro parunka ckiamae — 0.5.

Po3zpobnena cnemianpaa crpyktypa CAK 3abesneuye wmanoiHepiliiHe 1
HE3aJIe)KHE PETyJIOBAHHS JBOX TOJIOBHUX MapaMeTpiB JBUTYHA JICOIAKU - MOMEHTY
Ha BaJly Ta MIBUIKOCTI OOEpTaHHS.

Binomo, 1110 BEeKTOpHE yIpaBiiiHHS MOXKHA PO3AUIUTH HA 2 OCHOBHI CUCTEMU:

e cucTteMa 0e3 IaT4yMKa MIBUIKOCTI HA BaTy IBUTYHA;



48

e crucTeMa 3 JATYMKOM IIBHIKOCTI B KOJIi 3BOPOTHOTO 3B'SI3KY.

Skio MaeMo BIAHOCHO HEBEJIMKUM Jiana3oH 3MIHU MIBUIAKOCTI (y Mexkax
100 :1) 1 HeBHMCOKM BUMOTH 3a TOYHICTIO MIATPUMAHHS IIi€1 MIBUJIKOCTI, TO MOXHA
3aCTOCOBYBaTH | BapiaHT - cUCTEMY 0€3 IaTyuKa IIBUIKOCTI.

[Ipu 3HayHomy naiana3zoHi 3MiHM mmBHAKOCTI (10000 :1 1 Ginbiie), abo mpu
BHCOKHX BHMOTAax II0 TOYHOCTI, SK IPaBWJIO, 3aCTOCOBYIOTH JAPYTHHA BapiaHT —
CUCTEMa 3 JIaTYUKOM IBHUJKOCTI B KOJI 3BOPOTHOTrO 3B's3Ky. L{to kx cucremy
BUKOPUCTOBYIOTH 32 HEOOXITHOCTI MO3UI[IOHYBAaHHS BaJa.

BpaxoBytoun Te, 110 Jiama3oH pEryjrOBaHHA IIBUAKOCTI JIEOIIKU He
nepeBuIlye Jiana3oH peryntoBanHHs 1:10, To B maHoMy BHIAJIKy MOXKHa OyJio O
BUKOPUCTOBYBAaTH O€31aTUYMKOBY CHCTEMY KEpyBaHHs. AJie 3BaKaloud Ha Te, IO
peaizalliss CUCTEMH 3 JIaTYUKOM 3BOPOTHOTO 3B’SI3KY 3a IIBUIKICTIO HE MOTPEOye
BEJIMKHX 3aTpaT Ha peaii3allifo, a TOYHICTh KEPYBaHHS IPU I[bOMY 3HAYHO
HOJIIIITY€EThCSI, OyJ0 TPUHUHATO PIICHHS BUKOPUCTATA JATYMK INBHJKOCTI 3a
3BOPOTHIM 3B’A3KOM. B sKOCTI martuvka IIBHAKOCTI OyIeMO BUKOPHCTOBYBATH
nudposuii Taxomerp tuny Digital-RPM. Poborta mporo taxomerpa OyayeThes 3a
IPUHITMIIOM JaT4rka Xojuia. TaxoMeTp BiAMOBigae BCIM cydacHUM BuUMoram. Kiac
TOYHOCTI MpUCTPoro — 1, ToOTO TOUHICTH ckiamae + 0,5-1,0 06 / xB.

JIns  TmiAKIIOYEHHS TaxoMeTpa B CHCTEMI TIEPEeTBOPIOBaYa 4YacTOTH €
crieniaJbHUM BUXia — po3mupeHHs. CucreMa BUXOIB 1 BXO/IB IU(PPOBUX CUTHATIIB
MICTUTE 18 BUXO/iB.

[lepeTBOprOBaY YaCTOTH Ma€ TAKOXX BUXOAM JUISl MiJKIIOUYEHHS aHAJIOTOBUX
JaTYNKIB, B SKUX TOTIM TIEPETBOPIOETHCS AHAJOTOBUN CUTHAN Ha UU(POBUI.
[Iporpamua peamizaimiss  30IHCHIOETBCS  OE3MOCEPEAHBO  IMPOIIECOPOM,  SKUH

3HAXOJIUTHCS arapaTHO B IEPETBOPIOBAYI YaCTOTH, SIKUW MU 00paiu.
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BUCHOBKH

B nporneci pobotu Han naHoro kBamidikaiiiiHOO poOoTor OakanaBpa OyB
PO3IJIAHYTUH TEXHOJIOTTYHMI IpoLeCc eKCIUTyaTalli NpuBoAy OypoBOi JeOIAKHU i
yac CIyCKO-MIAMOMHUX omnepalid, JOCIIKEHO MpoOieMH, sKI MOB A3aHl 3
CHUCTEMOI0 KepyBaHHs, cHOpPMOBaHI 3ajayl Ta MPOBEJCHA MOJEpHI3AIlil IHOrO
€JIEKTPOTIPUBOTY.

Bbyno mpoBeaeHo po3paxyHOK JBUTYHA JJisi KOHKPETHOI OypoBOi JIeOiIKH Ta
OypoBOi yCTaHOBKH, Ticiisi BHOOPY JIBUTYH MEpEBIPHIIM HAa TIepEeBaHTaXyBaJbHY
3IaTHICTh 32 MOMEHTOM. Po3po0iieHO AaCHMHXpPOHHHUM €JEeKTPONpuBiL Ha 0a3i
obpaHoro neperBoproBava yacrotu ¢pipmu Omron cepii Yaskawa.

B pesynpTaTi BHKOHaHHS pPoOOTHM Oyia po3pobieHa mudpoBa cuUcTeMa
yIOpaBIiHHSI  ACHHXPOHHHM  YaCTOTHO-PETYIbOBAHUM  €IIEKTPOIIPUBOJIOM 3
BEKTOPHOIO CUCTEMOIO YIPABIIIHHS, TAKOXK MPOBEJEHA MOICPHI3AIlisl CUIIOBOI CXEMU
EJIEKTPOIPUBOTY.

PesynpraT MopentOBaHHS TOKa3aldH, IO PO3poOJieHa cucTema 3ade3rnedye
3aBJaHl XapaKTEPUCTUKH TOYHOCTI Ta CTaO1IBHOCTI pOOOTH CUCTEMU KEPYBaHHS.

Buknanene Buie [103BOJISiE  3pOOMTH  BHUCHOBOK, IO 3aBJaHHS Ha
kBaridikaliiiHy poboTy OakajlaBpa BHKOHAHO. MOJEPHI30BaHUH €JIECKTPOIPUBOI
32JI0BOJILHSE BHUMOTaM €JICKTPONPHUBOAIB TMIAHOMHHUX YCTAaHOBOK 3a SIKICTIO
MEPEXiTHUX MPOIECIB 1 MIBUIKOII.

PoGora mae mpakTW4yHy WIHHICTB, 11 PE3yNbTaTH TMicCAs OUIBII ETalbHOI

JTOPOOKH MOKYTh OYTH PO3TISHYTI /i1 BUKOPUCTAHHS HA JaHOMY 00’ €KTI.
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JomaTok A
1 TECHNOLOGICAL PART

1.1 Application and classification of drilling rigs

Drilling rigs are used for the following types of drilling:

drilling of medium-depth (up to 600 m) structural and exploration wells for
solid minerals;

drilling of deep (up to 6000 m) exploration and production wells for oil and
gas;

drilling of water wells;

drilling blast wells in open pit mines and mines.

The drilling rigs are also used for drilling shallow (up to 25 meters) wells of small

diameter (76-219 mm) in seismic exploration and engineering prospecting.

The purpose of the wells may vary. In the oil and gas industry (O&G), the following

wells are mainly drilled:

structural exploration wells - to identify tectonics, stratigraphy and lithology,
as well as to assess the possible productivity of a particular horizon;

reference wells - to determine the geological structure and direction of oil
exploration in poorly explored areas;

production - to extract oil or gas from the earth's interior;

exploration - to identify productive horizons and determine their commercial
significance, as well as to delineate already developed oil and gas bearing
formations;

injection - for injecting water (air or gas) into productive horizons to maintain
reservoir pressure and extend the natural flow period;

appraisal - to assess the reservoir capabilities of the exploited horizon.

When drilling oil and gas wells in Ukraine, only rotary drilling is used,

whereby the well is drilled with a continuously rotating bit. During the drilling

process, the drilled rock particles are brought to the surface by a continuously

circulating jet of flushing fluid or air or gas injected into the well.

Depending on the location of the engine, rotary drilling is divided into:
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— rotary - the engine is located on the surface and drives the bit at the

bottomhole with the help of a drill pipe string;

— drilling with a downhole motor (turbine or electric drill) - the motor is

moved to the bottom of the well and installed above the bit.

O&G is one of the most energy-intensive industries, and the electric drive of
drilling pumps and drilling winches accounts for the largest share of energy
consumption. Given that the cost of electricity itself, as well as the cost of its
transmission through power lines, is constantly growing, the task of reducing energy
consumption is one of the main tasks of drilling rigs. The use of a regulated electric
drive makes it possible to solve this problem to a large extent.

In recent years, one of the main areas of development in the oil and gas industry has
been the transition to smooth regulation of technological modes based on the
introduction of energy-saving technologies.

In the early days of the domestic oil and gas industry, all the main
technological mechanisms of drilling, production and transportation facilities were
equipped with the simplest systems of unregulated electric drive or diesel drive.
Asynchronous motors with a phase rotor (AKB series) are widely used on drilling
rigs. Unregulated squirrel-cage asynchronous motors and synchronous motors of the
STM series were used to drive main oil transportation pumps.

The development of electric drives is closely linked to the development of
power supply systems and power electronics. Initially, oilfield facilities received
power from regional power plants that were connected to the power grid via 20-35
kV power lines. At present, the power supply to oilfields is carried out via 35, 110
and 220 kV power lines from powerful power systems, and 6 or 10 kV voltage is
used for distribution networks instead of 380 V. Special integrated transformer
substations have been designed and manufactured for all consumers in the industry.

The need to use a regulated electric drive in difficult and sometimes extreme
operating conditions of the equipment shows the particular importance of creating
regulated electric drives for all powerful equipment used in the development of the

continental shelf of Ukraine.
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In addition, when creating new equipment and modernizing existing
equipment, it is very important to use modern processor-based automation tools. It
Is also necessary to note the traditional direction of improving the electric drive -
Increasing its explosion protection and reliability.

1.2. Technical characteristics of the drilling rig type BU 3200/200

In recent years, Uralmash OJSC, at the suggestion of oil and gas companies,
has developed complete drilling rigs with an adjustable electric drive. A number of
block-modular cluster drilling rigs BU-3200/200-EC BM, BU-3900/225-EC BM
and BU-4500/270-EC BM have been created.

The BU-3200/200 drilling rig is designed for drilling oil and gas wells in
electrified areas.  Drilling rigs of this type have universal assembly and
transportation qualities and, depending on the purpose, are transported in large
blocks on special vehicles (heavy trucks), in sections (modules) on trailers and in
units by general-purpose transport.

The conditional depth of the well drilling with a drill string weight of 30
kilograms per meter is 3200 meters. The load on the hook (elevator) during the
process of running and casing the well is allowed to be 2000 KN. The maximum
hook lifting speed is 0.2 meters per second. The maximum rotor barrel speed is 232
rpm, the minimum is 20. The drilling rig is supplied with electricity from the 6000
V, 50 Hz alternating current network.

The drilling rig's electrical equipment consists of a number of independent
control systems for the drives of the main and auxiliary mechanisms of the drilling
rig:

- electrical equipment for power supply and distribution of electricity with a
voltage of 6000 V

- electrical equipment for power supply and distribution of electricity with
voltage of 380/220 V;

- electrical equipment of the drilling winch;

- electrical equipment for drilling pumps;

- electrical equipment for low-pressure compressors;
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- electrical equipment for high-pressure compressors;

- auxiliary winch electrical equipment;

- electrical equipment for lighting;

- electrical equipment of the circulation system.

Usually, the drilling rig is supplied with electricity from a high-voltage power
line that runs nearby or is specially laid for the drilling complex. In case of problems
with power supply, and the drilling process cannot be interrupted, diesel generators
are used.

The diesel generator is designed to power the electric motors of the main drive
and auxiliary mechanisms of the drilling rig, which include an electric compressor,
clay mixer, water pump, etc. In addition, this generator can power the lighting of the
entire rig.

The electrical equipment for power supply and distribution of electricity with a
voltage of 6000 V includes a switchgear RP-6 of the KRUNB-6U type, which
consists of six cells mounted on common bases.

Electrical equipment for power supply and distribution of electricity with a
voltage of 380/220 V includes

a) main power and switchgear cabinet PC1;

b) power supply cabinet of the circulation system PC2;

c) power supply cabinet for the power unit and electric motors of low-pressure
compressors PC3;

d) power supply cabinet of the residential complex networks PC4.

The electrical equipment of the low-pressure compressors is designed to supply
compressed air with a pressure of 6-8 kgf/cm2 to the pneumatic control system of
the drilling rig.

The drilling rig is equipped with two low-pressure compressors of the KS-5
type. The electrical equipment of the high-pressure compressor includes the KR-2
compressor station, designed to create the required pressure in the air compensators
of the drilling pumps. The high-pressure compressors are driven by 7.5 kW

asynchronous motors with a voltage of 380V.
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The rig's lighting system includes lighting for the drilling tower, receiving
bridges, working platform, winch drive and pump units, compressor unit and
territory. The voltage of the working lighting is 220V, the voltage of the repair and
emergency lighting is 12V.

1.3 Description and purpose of the drilling winch

The winch is the main mechanism of the drilling rig lifting system. It is
designed to perform the following operations

- lowering and lifting the drill string and casing;

- holding the pipe string by weight during drilling or well flushing;

- lifting of the drill string and pipes during the build-up;

- screwing and unscrewing pipes;

- auxiliary work on the supply of tools, equipment, pipes, etc. to the drill hole

- lifting the assembled rig to a vertical position.

The column descent is performed in the reverse order. The lifting and lowering
time of each candle consists of machine time and machine-manual time. The
machine time is the duration of the main drive and represents the time it takes to
raise (lower) the column by the length of one candle. Manual time is the time spent
on auxiliary operations.

The drilling winch includes a welded frame with installed lifting and
transmission shafts, a gearbox, as well as a braking system that includes the main
(band) and auxiliary (control) brakes, and a control panel (Fig. 1.1). All these winch
mechanisms are covered with protective shields.

The hoist shaft of the winch, receiving rotation from the gearbox, converts the
rotational movement of the power drive into the translational movement of the hoist
rope, the movable end of which is fixed on the drum of the hoist shaft.

The loaded hook is lifted with a power consumption that depends on the weight
of the pipes being lifted, and is lowered under the action of the own weight of the
pipes or the hoist unit, hook and elevator when the elevator goes down for the next

candle.
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Figure 1.1 - Main components of a drilling rig

1 - drilling mud tank, 2 - vibrating sieve, 3 - suction pipe, 4 - drilling pump, 5 -
engine, 6 - vibrating pipe, 7 - winch drive, 8 - drill pipe, 9 - drill pipe hose, 10 - pipe
elbow, 11 - hoist block, 12 - hoist rope, 13 - crown block, 14 - tower riser,

15 - operator's seat, 16 - candles, 17 - candlestick, 18 - swivel, 19 - riser, 20 -
drill rotor, 21 - drill floor, 23 - preventor, 24 - blowout preventer, 25 - drill string, 26
- drill bit, 27 - conductor string, 28 - drilling mud discharge line
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Winches are equipped with power supply devices when lifting the column and
braking devices when lowering it. When lifting a hook with an unloaded elevator or
winch, the winch is made multi-speed with a mechanical gearbox. Switching from a
higher speed to a lower one and vice versa is carried out by friction clutches. When
lifting columns of different weights, the speeds in the gearboxes are switched
periodically. The winches are made of three, four, or five-speed.

Drilling winches designed by Uralmash, which are widely used in Ukraine,
have various drive systems, are characterized by high drive power, optimal ratios of
drum and hoist rope diameters, are equipped with reliable braking systems and
regulators for feeding the bit to the bottom hole, as well as mechanisms for proper
laying of the hoist rope on the drum.

The winch code should be read as follows: LBU22-720 - Uralmash drilling
winch, tension of the running end of the hoist rope is 22 tons (220 kN), rated power
at the input shaft of the winch is 720 kW. The electrical equipment of the drilling
winch LBU 22-720 consists of motor control circuits of the SMBOI5-49-8UHL2
type.

Drilling winch drive - an asynchronous squirrel-cage motor with a stepped
mechanical speed control from a 540 kW electric motor of the SMBO-15-49-
8UHL2 type is used to drive the winch. The torque is transmitted through a clutch
to a mechanical four-speed gearbox, which in turn rotates the drum.

The drilling winch has main and emergency drives. The main drive consists of
an electric motor, which is connected to the winch using a pneumatic coupling of
the SPM 500 type. The synchronous electric motor is powered by a 6000 V, 50 Hz
network using the cells of the KRUNB-6U switchgear, and the control circuit is
powered by a voltage of 380/220 V. The emergency drive consists of a 30 kW
induction motor powered by a 380 V network.

1.4 Setting tasks for the bachelor's qualification work

The purpose of modernization of the control system for the process of hoisting
operations is to improve the technical and economic performance of technological

equipment by improving the control and management system aimed at achieving
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optimal operating conditions of the facility due to the specified accuracy of
maintaining technological regulations in any operating conditions while observing
reliable trouble-free operation of the equipment.

The purpose of process control is to ensure highly efficient operation of the
process control object, which will ensure the accuracy of operation during hoisting
operations.

The efficiency of operation is assessed by the value of the control criterion - an
indicator that characterizes the functioning of the technological control object as a
whole and takes numerical values depending on the disturbing and controlling
influences. Another performance criterion is the reliability of the winch system as a
whole and its energy efficiency during operation. The modernization of the control
system should also reduce winch downtime during scheduled and unscheduled
maintenance and repairs. The control system should exclude sudden surges of
mechanical peak load on the mechanical parts of the drive (brake system, drum,
hoist system).

To accomplish this task, it is necessary to:

- analyze the operation of the winch during hoisting operations;

- to consider the processes occurring in the mechanical part of the drive during
hoisting operations and identify the problems that arise;

- calculate the selection of an electric motor for a given drilling winch and a
particular drilling rig, taking into account the characteristics of the terrain and
climatic conditions, check the selected motor for overload capacity by torque;

- select a frequency converter for a specific electric motor and control system;

- develop a functional diagram of the winch control system in order to improve
the quality of regulation;

- determine the algorithm of operation of the blocks and regulators of the
automatic control system;

- to simulate the resulting control system in the Matlab/Simulink computer
environment and to study the obtained modeling results and draw conclusions;

- modernize the power circuit of the winch drive.
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AxTyanbHicTh TeMH. CydacHuil elIeKTPONpPUBOL OypOBUX yCTaHOBOK
JI03BOJISIE 3A1MCHIOBATH OUIBIIICTH POOOYHMX OIepawiil mporecy OypiHHS,
BKJIIOYAIOYH CITyCKO-TIIAMOMHI omeparili  KOJIOH OypoBHX # HAaCOCHO-
KOMIIPECOPHUX TpyO, 3 HAMKpallMMHU EKCIUTyaTalliiHUMU TOKa3HUKaMH,
KpiM TOr0 aBTOMAaTH3allid IMX IIPOIIECIB JO3BOJISE MOKPAIIUTH rpa(pn(
OesmepepBHOro BuAOOyTKy Hadru. ToMy BHMOIM MpPaBHIBHOTO BHOOpY
€JIEKTPOOOIaIHaH s JJIsl HA(QTOBHIOOYTKY, aBTOMATH3allis HOro poOoTw,
3HWKEHHS BUTpPAT Ha EKCIUIyaTalil0 Ta PEMOHT OOJIaJiHAHHS € JyXKe
aKTyaJdIbHUMHU.

3agaua podoTrr. OCHOBHOIO 33J]a4€H0 JaHOI KBami(iKalliHOI poOOTH €
MOJICpHI3aLllsl €JICKTPONPHUBOIY pPa3oM 3 CHCTEMOIO KepyBaHHS OypoBOi
nebiaku tuny JIBY 22—720. MonepHizoBaHa cucTeMa KepyBaHHs JIE01IKOKO
MOBMHHA 3a0e3ledyBaTH BHUCOKY TOYHICTb, EKOHOMIYHICTH pOOOTH,
3MEHIIICHHS aBap1MHUX CUTYaIlli.

MeTor0 po00oTH € aHam3 poOOTH JEOIAKHU I1JI Yac CIYCKO-ITAIMOMHHX
omepaiii 3 pI3HUM HABaHTAXXCHHAM Ha eneBaropil. HeoOXigHO cTBOpUTH
TaKy CHCTEMY aBTOMATHYHOIO KepyBaHHs, ska 31aTHa 3a0e3IeYnTH
BUKOHAHHS YCIX HEOOXIZHMX (YHKIUIH, IependavyuTd i yHEMOKIMBUTH
BUHMKHCHHS aBapliiHUX CUTYalld M 4ac CIyCKy abo mianoMy OypoBHX
KOJIOH, & TAKO’K MaTUME JOCTATHIM 3amac CTIMKOCTI.
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1 — pe3epByap OypOBOTO PO3YHHY,
2 — BiOpalliifHe CHTO,

3 — BCMOKTYBallbHa TpyOa

4 — OypoBHUiil HAcoC, 5 — JABUTYH,
6 — BiOparitna TpyOa,

{ — mpuBig OypoBOI1 1€01IKH,

8 — OypuibHa TpyOa,

9 — muanr OypuIIbHOI TPYOH,

10 — xomniHO TpYOH,

11 — taneBuii OJIOK,

12 — TaneBui KaHaT,

13 — ponO6noK, 14 — CTOSIK BUIIIKH,
15 — wmicme omeparopa,

16 — cB1ukH, 17 — miACBIYHUK,
18 — Bepmmtor, 19 — cTO4IK,

20 — OypoBuii potop,

21 — OypoBa mijiora,

23 — TPEBEHTOP,

24 — TPOTUBUKUIHI TPUCTPOI,
25 — OypuiibHa KOJIOHA,

26 — OypoBe J0J10TO,

2] — KOHJIYKTOpHA KOJIOHA,

28 — BUKHIHA JIIHIS OypOBOTO
PO3YHHY.
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SAKiCHI XapaKTepUCTUKHU POOOTH CHCTEMH

3 orpuMaHuX TpadikiB MEPEXIAHUX MPOLECIB MOYKHA 3pOOUTH HACTYITHY OI[IHKY
SAKOCT1 CUCTEMU:

hmax—Pnom _0,6-0.5

— — 200
—— T 0.2 = 20%.

 IlepeperyaroBaHHsS CHCTEMH O =

* Hac perymoBanns Tyer = 0.18 c.

* KonMBalbHICTh NEPEX1THOTO IIPOILIECY:

*  YHCJIO KOJIMBaHb — 1;

. w bi_ by [o.39—0.5
¢ CTVIIIHb 3aTYXAdHHS — = |———
4 IR by 0.39

* nepioxa koquBanb T=0,13 c.

] — 0.28:



BucHoBkn 10

1. Po3mistHy T TEXHOJIOTTYHUHN MPOILIEC EKCILTyaTalllli mpruBoy OypoBO1 JIEO1KU
1]l 4ac CIyCKO-TIJIMOMHUX OMEpalii, JTOCIKEHO MPoOiIeMHu, K1 OB’ sI3aH1 3
CHUCTEMOIO KepyBaHHsI, C(D)OpMOBaHI1 3ajadl Ta MPOBEJACHA MOJAEPHI3AIlS I[bOTO
CJIEKTPONPUBOY.

2. IIpoBeieHO po3paxyHOK JBUTyHA JJIs1 JaHOi OypoBOi JICOIJIKH, MICIsI BUOOPY
JBUT'YH IIEPEBIPEHO HA MEPEBAHTAXKYBAJIbHY 3/IaTHICTh 32 MOMEHTOM.

3. Po3po0iieHO acCMHXPOHHMI €JIeKTPOIIpHBIJl Ha 0a31 00paHOro MepeTBoproBaya
gactotH Gpipmu Omron cepii Yaskawa.

4. PospobneHa uudpoBa cucTeMa YIPABIIHHA ACHHXPOHHUM YaCTOTHO-
pPEryJIbOBaHUM EJIEKTPOIPUBOJIOM 3 BEKTOPHOIO CUCTEMOIO YIPaBIIIHHA, TaKOX
POBEJICHA MOJICPHI3alllsl CHJIOBOT CXEMHU €JIEKTPOIIPHUBOY.

5. Pe3ynpratv MOAEmtOBaHHS MOKa3ald, 0 PoO3po0iieHa cucTeMa 3abe3nedye
3aBJIaH1 XapaKTEPUCTUKH TOYHOCTI T CTA0OUTBHOCTI POOOTH CUCTEMU KEPYBaHHS.

6. MonaepHi30BaHMI €JIEKTPOIPUBO, 3aJ0BOJIBHSIE BUMOraM €JICKTPOIIPUBOIIB
M1IMOMHUX YCTAaHOBOK 3a SIKICTIO IEPEXITHUX MPOILIECIB 1 IIIBUIKOIII.

/. PoboTa Mae mpakTUYHY IIHHICTb, 11 pE3yJbTaTH IICHS OLIbII JETaJIbHOI
JOPOOKH MOXKYTh OyTH PO3IJISIHYTI JIJIsl BAKOPUCTAHHS HA IaHOMY 00’ €KTI.



J1oTI0B14b 3aKIHUYCHO.
JIsKy10 3a yBary!
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