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TeJeKOMYHiKaIlii
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3ABIAAHHE4
HA MATICTEPCBKY POBOTY CTYAEHTY

MUI'AJIIO CranicaaBy BoirogumupoBuay

1. Tema mnpoekty (poboTH) «YIOCKOHAJEHHS TAa JOCHIMKEHHS JMHAMIYHMX
XAPAKTEPHCTUK YACTOTHO-KEPOBAHOI0 €JIEKTPONPHUBO/IA NACAKUPCHKOTO JihTa)»
kepiBHUK TIpoekTy (pobotu) IHIEDEP Onexkcannp BiraniioBuy, J.T.H., JOLEHT
3aTBep/KeHA HaKa30M BUIIIOTO HaBYAIBHOTO 3aKiany Bix “25”cepmus 2021 poky Ne 688-da

2. CTpOK MoJaHHs CTYJIEHTOM IpoeKTy (pobotn) 15.12.2021 p.

3. Buxigni mani a0 mpoekTy (poboTu). BasrtaxomimiioMHicte Jgigry — 400 k.
MakcuMalbHa IIBUAKBICTH  PYXY 2.5 M/c. MakchuMajabHO JIOIYCTHUME HPUCKOPEHHS
(YIOBUIBHEHHS ) PYXY KaOiHH J0 2 M/c. Bucota nepeminteHas 10 27 M. I1oTyXHICTE IPUBOAA
ta ITY mo 10kBT.

4. 3MicT PO3PaxyHKOBO-TIOSICHIOBAJILHOT 3alUCKU (TMEpesiK MUTaHb, $KI MOTPIOHO
PO3pOOHTH)__AHaimi3 juHamiuHux xapakrepuctuk EIl macakupchbkoro jidra. Bubip
ontuManbHoro EIN gns macaxkupcrkoro gidra. EIT macaxkupcskoro gidgra 3a cucrtemoro TII-
AJl. Bubip ejleKTpoABUIYHA 1 BH3HAYEHHS IEpeaBaIbHOIO Yuciia peaykropa. Ilonepenns
[epeBipKa ABMI'YHA Ha HarpiB. MoxaepHizawig EIl macakxupcekoro Jidra 3 MOKpAIleHUMH
IUHAMIYHUMHA _ peKUMaMHM Ta  3a0e3medeHHsM  kKoMdopTHOCcTi. MoxmemoBanus  EII
MacaKUpChKoro jidTa 3 IMOKpAIIEHHMMH AWHAMIYHHUMHU PEKHMaMHU. PO3paXyHOK TEXHIKO-
€KOHOMIYHOI e()eKTUBHOCTI BUKOpUCTaHHs aBToMaTn3oBanoro EIl macaxkupcbkoro aidra.

5. Tlepemnik rpadiuHoro Matepiany (3 TOUHUM 3a3HAYEHHSIM 00OB'SI3KOBHX TIJIAKATIB):
AHali3  eJIEKTPOIPHUBOJIB _ IMACAKUPCHLKUX  midTiB.  MexaHiyHa _XapaKTEPUCTHUKA _ Ta
MmaremMatuuHa Mojenb  ITY-AJI. TlpuHIMOHN _ peryJIrOBaHHS  IIBHUJIKOCTI  YaCTOTHHUM
neperBoproBaueM. IIpHHIMON peryIroBaHHS IIBHUIKOCTI YAaCTOTHHM II€PETBOPIOBAYEM Ta
rpadiku 1epemimeHas kabigu midra. HaBanraxxyBanpHi jgiarpama momeHTIiB EIN. Yacosi
3aJ€)KHOCTI KYTOBOI IBHJKOCTI Ta XapakTepucTuku moMeHTy EII. Cxema eleKkTpHyHa
npuHIMnoBa niakardeHHs 119 1o Mepexi 1 1o ABUTYHA. 3araJlbHUM BULISA OIpoduIiB 3MIHH
yactotd EIl. OnTtuManpHa jgiarpaMa pyxy KaOinw gidrTa. Mojens po3roHy 1 rajJbMyBaHHS
EJIEKTPOUPUBOAY Iacaxupcrkoro yidra. [lepexiani xapakrepucTuku AJl.
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6. Koncynbprantu po3aiiiB po6otu

. . ITigmuc, nata
. [Ip13BuIe, 1HIMIAIM Ta ocaaa
Poznin 3aBIaHHS 3aBIaHHS
KOHCYJIPTaHTa N
BUJIAB PUITHSB
Exonomika | I'purop’ea O.B., noneHT, K.€.H.
7. Mata Bugaui 3aBnanns 01.09.21 p.
KAJEHJAPHUM IUIAH
Neo Tepmin IpumiTka
3/m Ha3pa eTaniB guruioMHoi po60TH BUKOHAHHS
eTariB po0oTH
1. | Anani3 AMHAMIYHUX XapaKTEPUCTHUK €IEKTPO-
. pajerep P 01.09.21 5%
MIPUBOJIA MACAKUPCHKOTO JidTa.
2. | Bubip onTUManbHOTO JIEKTPOTPUBOTY IS
nacaxxupcbkoro Jidra. Enexkrponpuson 15.09.21 10%
nacaxxupcbkoro Jgidra 3a cucremoro TIT-AJI.
4. | Po3paxyHOK MOMEHTIB CTaTHYHHUX OMNOpPIB 1
nonepeHIi pPO3paxyHOK NOTYKHOCTI 27.10.21 30%
CJICKTPOJIBUTYHA.
5. | Po3paxyHOK HaBeIeHUX CTaTUYHHX MOMEHTIB,
MOMEHTIB 1HEPIIIi 1 Koe]ilieHTa 3 KOPCTKOCTI 05.11.21 40%
CUCTEMHU EJICKTPOIPUBO —KabiHa JidTa.
6. | Bubip enekTpoaBuryHa i BAZHAYCHHS
nepeaaBalbHOro uncia peaykropa. [lonepenns 17.11.21 50%
nepeBipKa JBUTYHA HA HAarpiB 1 IPOJYKTUBHICTbD.
7. | MopepHizailisi e1eKTpOIPUBOY MacaXKUPChKOTO
mi¢Ta 3 MOKpaIEeHUMU AUHAMIYHUMHA 24.11.21 60%
pexuMaMu Ta 3a0e3MmeueHHIM KOM(POPTHOCTI.
8. | MonentoBaHHS €JIEKTPOIPUBOAY MACAKUPCHKOTO
A TPOUPEBROAY P 01.12.21 80%
midTa 3 MOKpaCHUMHU JUHAMIYHUMU PEKUMaMH.
9. | Po3paxyHOK T€XHIKO-€KOHOMIYHOI €(DEeKTUBHOCTI
BUKOPHUCTAaHHS aBTOMAaTU30BaHOTO 08.12.21 90%
CJICKTPONPUBOAY MACAKUPCHKOTO JiTa.
10. | [TinrotoBka rpadiunnx matepiamiB. OdopMiIeHHS
A pad P dop 15.12.21 100%
MaricTepcbkoi poOOTH.
Murans C.B.

CryaeHrt

(mianmc)

KepiBauk podoTu

(Tpi3BuIIE Ta THILIAIN)

[edep O.B.

(mianmc)

(Tpi3BuIIE Ta THILIATIN)




1. AHAJII3 JUHAMIUHUX XAPAKTEPUCTUK EJIEKTPOITPUBOJIA

[MTACAXUNPCBKOI'O JIIOTA TA ITIOCTAHOBKA 3ABJIAHb.....................
1.1 Amani3 eneKTpONPHUBO/IIB MACAKUPCHKUX JIPTIB. ...oveeveeneennennnnn.
1.1.1 OmHOMBUAKICHUNA €IEKTPONPHUBOANIACAKUPCHKOTO JdTa. ..............
1.1.2 JIBOMIBUAKICHUH €IEKTPONPUBO/I MACAKUPCHKOTO MPTa................
1.1.3 Cucremu 3 perymtoBanHsaM HanpyTru (ACVV). ...
1.1.4 Cucremu 3 perynpoBaHOI0 Harpyroro 1 yactororo (VVVEF).............
1.2 Bubip onTUMaIbHOTO EJIEKTPOIPUBOIY IS TaCAKUPChKOro midra......
1.3 OcnoBH1 pyHKmii TINITT 1 TTY. ...,
1.3.1 PErysibOBaHE MPUCKOPECHHS . ...t venntttteeennreeeeeannneeeeannneeeeennnnns
1.3.2 KepyBaHHS IIBUIKICTEO. ..\t uettteneeeeanteeeanteeennseeeineeanneeananeeenns
1.3.3 PeryntoBaHHS MBUIKOCTI PYXY KAOTHU JAPTA. . ..vveneeeniineeennennnnn
1.3.4 KepoBaHe ynoBUIbHEHHS KAOTHOO JHMTA. . ...uvenneienieeeieiiennnennnnn,
1.3.5 3MiHA HAIIPSAMKY OOCPTAHHS . .. .uvventeennteenteenneenneenneenneeenneanneenns
1.3.6 3aXHUCT CIEKTPOIIPHBOILY - -« vt v eeeennnnaeeeeannnneeeennnnneeeeaasseeeeannnnaens
1.4 EnextponpuBoa nacaxxupcbkoro Jidra 3a cucremoro TII-AJL............
1.5 3aranbHi B1IOMOCTI PO YaCTOTHO-PETYJIbOBAHUMN €JIEKTPOIPUBOL. .. ...
1.6 CkansipHe 1 BEKTOpPHE KEpYBaHHS ACHHXPOHHUM JIBUTYHOM...............
1.7 ITocTaHOBKA 3aBHAHHS JOCTIIMKEHHM . .« « e vttt e et e e eeaeeenns

2. JOCJIIIXEHHA TUHAMIUHUX PEXKMMIB POBOTU

EJIEKTPOITPMBOAY ITACAXUPCBKOI'O JIIOTA. ..o
2.1 IlpoekTyBaHHS €IEKTPONIPUBOLY MACAKUPCHKOTO JPTA....e'veruenne....
2.2 Po3paxyHOK MOMEHTIB CTATHYHUX OTOPIB 1 MOTIEPEIHIN PO3PAXyHOK

100337195 (e N ISH (9§ § o001 0:3 7 114 o P
2.3 O6rpyHTyBaHHs BUOOPY POy CTPYyMY 1 TUITY €JIEKTPOIPUBOLY. .........
2.4 BuOip enexTpoBUTYHA 1 BU3HAYEHHS MepeaaBaIbHOTO
107 (081 BT 0131 40 ) 12 F
2.5 Po3paxyHOK HaBEJIGCHUX CTATHYHUX MOMCHTIB, MOMEHTIB 1HEPIIIi 1

Koe(]illieHTa )KOPCTKOCTI CUCTEMU EJIEKTPOINPUBOJ] —kaliHa MdTa.................
2.6 IlonepenHs nepeBipka IBUT'yHa Ha HarpiB 1 MPOAYKTUBHICTb.............

3. MOJAEPHI3ALIIA EJIEKTPOITPMBO/JY ITACAXKUPCBHKOI'O

JII®TA 3 [TIOKPALLIEHUMU JUHAMIUYHVMIA

PEXXUMAMMU TA 3ABE3INEYEHHAM KOM®OPTHOCTI.......................
3.1 OcnoBuuit npunimn podotu I 1 ITY............oo,
3.1.1 Crpyxrypa TINITT 1 TTY. ...
3.1.2 PerymioBanns mBuakocti IITIIT 1 TTY...........ooo
3.1.3 BOynoBanwuii 3axuct ITIIIT 1 TTH.........oooooi
3.1.4 VopaBmiHHI U/ f=cConst.......c.ooiiiiiiii e,
3.3 Onuc pobotu mira 3 3acTocyBarasM [TH................ooiiiii,
3.4 BuOip ranbMiBHOTO pe3UCTOpa 1 pO3paxyHOK HOTO MOTYKHOCTI. .......
3.4.1 BuzHaueHHS HOMIHATBHOT TIOTYKHOCTI. .. uvvtenteeneeenneenneennneenan
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3.4.2 BUOIP TATBMIBHOTO PEBUCTOPA. + . uvveenrreeannasennneeanneeannneeannnes
3.5 Po3paxyHOK 4acTOTH 1 Hanpyru ABUTryHa B cuctemi [TY-A/L...........
3.6 Po3paxyHOKCTaTUYHUXXAPAKTEPUCTUKETEKTPOTIPUBOLY.
[IpupoHi XapaKTEPUCTUKU ACUHXPOHHOTO JIBUTYHA. ... .eneeenneennnennne..
3.7 Po3paxyHOK MapamMeTpiBCXeM BKJIFOUEHHS, 110 3a0€3MeUyI0Th
MYCK ITATBMYBAHHS JABUTYHA. ... .evenettenrsenneeneeenneenneenneenneennneennens
3.8 CkJiajaHHsI CTPYKTYPHOI CXEMU €JIEKTPOIIPUBO/Ia Ta
PO3PAXYHOK 11 TTAPAMETPIB. . .t veneeentteenteenteenneeenteanaeenneenaeenneeannns
3.8.1 CtpykTypHa cxeMa MeXaHI9YHO1 YaCTUHU €JICKTPOIPUBOY. . .......
3.8.2 CTpykTypHa cXeMa eIeKTPOMEXaHIqHOTO
11050151 0: 1001033 1 6 1903 (5] 0) o § DR
3.8.3 CTpyKTypHi CXeMHU €IEKTPUYHUX MIEPETBOPIOBAYIB €HEPTi. ........
3.8.4 CtpykTypHa cxema eneKkTporpuBoay 3 cucremoro [TY-A..........
3.9 Po3paxyHOK ONITUMAJIBHOTO PYXY KaOIHU JIPTa.......oovvvveinnnnnn.s
4. MOJJEJTFOBAHHA EJIEKTPOITPUBOAY
[MTACAXUNPCBHKOI'O JHOTA 3 ITIOKPAILIEHUMU
JUHAMIUHUMU PEXXUMAMU. ...
4.1 ®opmyBaHHS MPOQITIB POTOHY TA TATBMYBAHHS . ... uveeneeennennnnnn.
4.2 MopnentoBaHHSI PO3TOHY 1 raJlbMyBaHHS €J1€KTPOIPUBOIY
MACAKHUPCHKOTO JIPTA. ... ettt e e e e eee e aaaens
5 EKOHOMIYHAYACTHHA.
PO3PAXYHOK TEXHIKO-EKOHOMIYHOI EOEKTUBHOCTI
BUKOPUCTAHHA ABTOMATU30BAHOI'O EJIEKTPOITPUBOIY
[TACAXHUPCBKOT'O JIIDTA. ...,
5.1 Po3paxyHOK BUPOOHUUYOT MOTYKHOCT1 OOJIATHAHHS . ... ..'vveeennn....
5.2 Po3paxyHOK KamiTalbHUX BUTPAT aBTOMATHU30BAHOTO
EJICKTPOINPUBOY MACAKUPCHKOTO JIDTA. .. uveeenttereiiieaieaeeaneannn
5.3 IlutanHs opraHizallii mpaii 1 3apoOITHOT IUIATH.........cveeennennn...
5.4 Po3paxyHOK BUTpAT Ha €JIEKTPOEHEPTiI0, PEMOHT
o0JIaIHAHHS 1EKOHOMII Bl aBTOMATU30BaHOTO
EJIEKTPONIPUBOAY MACAKUPCHKOTO JIDTA. . uuveenreentenieenieanneanneannns
5.5 P0o3paxyHOK 3aTaTBHOT €KOHOMIT. .. .tuuteeeieeenteeaieeeineeannneanns
BHCHOBOK 32 pO3I1JIOM €KOHOMIYHOT YACTHHM . ... eeneeeeneeaneeanneannann.
BUCHOBK. ... e
CHUCOK BUKOPUCTAHOT JITEPATYPH . . vvveenreaeannneeanneeennneeanneeennneenn
HOIATKHU. ... e,



Beryn

VY 3B'I3Ky 31 CTPIMKUM PO3BUTKOM 1 HIMPOKOI) TaMMOIO TEXHOJOTTUHUX
MPOLIECIB, a TaKOKMOKIUBOCTSIMU IIUPOKOTO AOCTYNY JOPO3MAITTS Cy4acHOi
MEePETBOPIOBAIBHOI TEXHIKM — ICHYE HEOOXIJHICTh B YJOCKOHAJICHHI 1CHYIOUMX
METOMIB 1 aJIFOPI/ITMlB KepYBAHHATACAKUPCHKAMH J'IleTaMI/I 3 METOI0 EKOHOMii
€JIEKTPOCHEPTIi Ta MPOJOBKEHHS TEPMIHY IX €KCILTyaTallii.

EnexTpomexaHiuHa yacTHHA MACAKUPCHKUX TP TIB, 3A€O1IBIIOTO, TIPAIIOE Y
JUHAMIYHOMY pEXHMI YaCTUXIYCKIB Ta TajibMyBaHb, IO TPU3BOAUTH JO
IIBUIKOTO 3HOIIYBAaHHSI METaJeBUX KOHCTPYKIH JihTa Ta peraeiHO-KOHTaKTOPHOT
CHUCTEMHU KEpyBaHHS.

B nanuii yac y 4acCTOTHO-PEryJbOBaHUX EJIEKTPONPUBOAAX BITUMU3HSIHOTO
BUPOOHUIITBA, III0O MAalTh y CBOiM CTPYKTypi mneperBoptoBaui dactoTu (ITY),
BUKOPUCTOBYIOTHCA JIHIAHI POl IHTEHCUBHOCTI, IO JO3BOJISIIOTH 3MIHIOBATU
(301IBIIIYBAaTH TPU PO3TOHI 1 3MEHIIYBAaTU MPU TaJbMyBaHHI) YacTOTY HANpyrH
YKUBJICHHS 32 JIIHIMHUM 3aKOHOM.

Opnak, cmija 3a3Ha4UTH, MO B THUX TEXHOJOTIYHUX TIpollecax Jie
HAaWBAKJIUBIIIMM € TUIABHICTH PO3TOHY 1 rajJbMyBaHHSA, 30KpEMa, MacaKUPChKi
mdTy, TiHIAHI TOpo@ull, KOTpl MIKMPOKO BUKOPUCTOBYIOTHCS, HE 3a0€3MEeUyIOTh
OYIKYBaHOTO KOM(OPTY 1 HE JO3BOJISIIOTH ONTUMI3yBaTH BUKOPUCTAHHS PECYPCHOT
0a3u 1Ty, TOBHOIO MIPOIO.

Jl7is yCyHeHHs 3a3HAa4Y€HUX BIUIMBIB Ha KOHCTPYKIIIOTa CHCTEMY KE€pPYBaHHS,
CTaBUTHCS 3aBIaHHS PO3POOUTH AITOPUTMH KEPYyBaHHS, KOTPi CHPHUSITHMYTh
dbopmyBaHHIO mNpoduIiB, SKI 3a0e3reyarh MaKCUMalbHO IUJIAaBHUM  PO3TiH 1
raJibMyBaHHsI BUKOHABUMX MEXaHI3MIB €JIEKTPOIPUBO/IIB.

EnexrpoMexaHiYHMMH  CHCTEMaMH, III0 MaKCHMaJbHO  BIJIOBIIAIOTH
Cy4yaCHUM TEHJCHIsIM JiTOOyayBaHHS, € EJEKTPONPUBOIU 3a CHUCTEMOIO
«TEepeTBOPIOBaY YAaCTOTH — ACHHXPOHHUM enekTpoiBuryn». Ili  cucremu
BIJIMOBIJIAIOTh ~ Cy4yaCHMM  BUMOTaM 1  3aldTaM  CIOXKMBadiB,  aJie,
MEePEeBAXKHO,BUTOTOBIISIIOTECA 32 MekamMu Ykpainu, B kpaiHax €Ci Kwurai, a6o
30MparOThCSIHA BITYM3HSHUX 3aBOJIaX 3 IMIOPTOBAHUX KOMITJIEKTYIOUHUX.

Cucrema  «IIY-AJl»  BHOCUTHP  HOBIMOXJIMBOCTI B  KEpyBaHHI
eJIEKTPOIBUTYHaMHU. SIK HACIHiJOK, BHHMKA€ HEOOXIAHICTh y (OpMyBaHHI SKICHO
HOBUX aJTOPUTMIB KEpyBaHHS, HAWOUIBINI aJaNTHBHUX 1 3AaTHUX BUKOHYBaTH
IMIMPOKUN KOMIUIEKC 3aBaaHb. lIpiopureTHUMH 3 HHUX € Oe3meka, HaIiiHICTb,
eHeproeeKTUBHICTh 1 KOM(pOpPTHICTh. [{ns 3a0e3neyeHHs TIaBHOCTI pyXy
MEXaHI3MIB €JICKTPONPUBOAY JiPTa B SIKOCTI (OPMU PO3rOHY 1 TalbMyBaHHS
JOITBHO ~ BUKOPUCTOBYBATHS-TIONNIOHI  TIpOdiIi. 3yHHHKa €NEKTPOTIPUBOTY
NacaXUPChKOTO JipTa 3 PEIyKTOPHOI JIEOIAKOI0 1 JBOIIBHIKICHMUM AJ|
BIIOYBa€ThCS Yepe3 MOoro rajibMyBaHHS 3 HOMIHAJBHOIO YaCTOTOIO OOEpTaHHS 10
MaJioi IIBHUIKOCTI, @ MOTIM - 3 MaJlol HIBHUAKOCTI (3 MOMEHTY CIIpallbOBYBaHHS
JaT4YMKa JOTATYBAHHS) MO TMOBHOI 3ynuHKA. OTKe, ISl TJIaBHOT 3yNMUHKU
CJIEKTPOIIPUBOAY TMMACAKUPCHKOTO JipTa BUKOPUCTOBYETHCS KOMOIHOBaHUMN
(ckiagenwuii 3 1BOX) Mpodisib raTbMyBaHHS.
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VY mpencraBiieHi MaricTepchbkiii poOOTI PO3IISIAAETHCSA €IEKTPOMEXaHIuHA
CUCTEMa 3MIHHOTO CTpPyMy, IO BHUKOPUCTOBYE AaCHUHXPOHHHUI JBUTYH 3
KOPOTKO3aMKHEHHUM pPOTOPOM, KOTPUM JKUBUTHCA BiJl HAMIBIPOBIIHUKOBOTO
NepeTBOpIOBaya YaCTOTH.

[IlupoxkoMy TMONIMPEHHIO JAaHOI CHUCTEMHU CIIpUsjia TMOsBa TMOPIBHSIHO
HEJOPOTHX 1 JOCUTH MOTY>KHUX TPAH3UCTOPHUX MepeTBopioBayiB yactotu (TITY).

YactoTHHiA cIOCIO PETYTIOBAHHS € IIMPOKO PO3MOBCIOHKEHUM 1 HAOUIBII
NEPCIIEKTUBHUM JUIsi perymtoBaHHs mBuakocti AJl. Bin 3ale3meuye muiaBHe
PETYIIOBaHHS Y IMUPOKOMY Jiara3oHi MIBUIKOCTEH, 1, IO BaXKJIMBO,0JEpKaHi
XapaKTepUCTHUKH  MAalOTh  JOCTaTHbO  BHCOKY  JKOPCTKICTb.  Btpatm
€JIEKTPOCHEPT1IaCHHXPOHHOTO E€JIEKTPONPUBOAY, IO MOB'sI3aH1 3 KOB3aHHAMCAMOI
CJICKTPUYHOIT MAIIIMHU - HEBEJIUKI, TOMY YaCTOTHUH C1OCiO HAHO1IBII TOIIIBHUAM 3
€KOHOMIYHOI TOYKH 30DY.

st kpamoro BHUKOpUCTaHHS mepeBar AJ[ 1 OTpUMaHHS BUCOKUX
CHEPreTUYHUX MOKAa3HUKIB MOro poOoTH - KOoedillieHTa KOPUCHOI Ail, KoedilieHTa
MOTYXHOCTI 1 JOCTaTHBOI MEePEBAHTAXKYBAIBHOI 3IaTHOCTI - OJHOYACHO 31 3MIHOIO
YaCTOTHU MPUKIIAACHOI HANPyTH, HEOOX1THO 3MIHIOBATH 1 TiaMILTITY1y.

3a cBoiMu pobounmu BiacTUBOCTsAMU cucTema [TY-AJl HaGmuxaeThecs 10
CUCTEM TOCTIHHOrO CTPyMy, 3 OJHOYACHUM 30€pEeKEHHSIMYCIX IepeBar
ACMHXPOHHOI'O EJIEKTPONPHUBOJY, 30KpeMa - HaJIMHICTh, JOBIOBIYHICTb, BUCOKY
NIEPEeBAHTAXYBAIbHY 3aTHICTb.



1. AHaJIi3 JMHAMIYHHUX XaPaKTEePUCTHK eJIEKTPOINPUBOIA
NAacaKUPCHKOTO JihTa Ta MOCTAHOBKA 3aBaHb

OpnHi€el0 3 OCHOBHHUX BHUMOT, III0 BHUCYBAalOTHCA JO EJIEKTPONPUBOLY
MacaXUpPChKoro Jidra, € 3a0e3leueHHs] MIHIMAJIBHOTO 4Yacy pyXy KaOiHU BiJ
MOYaTKy MOJIO’KEHHS KaOlHU JI0 MOBEpXY MPU3HAUEHHS 32 HAKa30M a00 BHKJIHKOM.
3BiicM BUIUIMBAE TMpParHeHHs MIABUILYBaTH MIBUAKICTE pyxy dmidra amns
onTuMi3alii HOro mMpoAyKTUBHOCTI, OJJHAK 301IbIIECHHS 3a3HAYEHOI IIBUAKOCTI HE
3aBXKJIH € JONUIBHUM Ta BUIPABIAHUM.

JlipTn 31 WBHUAKICTIO pyXy KaOiHU Oinblie 2 M/C, B TOMY BHIAJKy KOJU
ka0iHa TIOBMHHA pOOWTH 3YNMMHKA Ha KOXHOMY TIOBEpPCi, IO CyTI He
BUKOPUCTOBYIOTHCS 3@ MIBUJIKICTIO, OCKUTBKH M1 MTOBEPXaMH BBEJICHI OOMEXKEHHS
NPUCKOPEHHSI Ta YHOBUIBHEHHS, KaOiHAa HE BCTUra€ JOCSITTH HOMIHAJIBHOI
MIBUIKOCTI, TOMY IIJISX PO3TOHY JO CTajoi IIBUJAKOCTI, 3a3BU4Yail, Oiybie
MOJIOBUHU MIXKITOBEPXOBOI BiJICTaHI.

B 3amexxHocTi Big yMOB  poOOTH  €JIEKTPOINPHUBOAY,  JOILIILHO
BUKOPUCTOBYBATH MPUBOJIA, KOTP1 3a0€3ME€UYIOTh Pi3HI YCTAJICHI IBUJIKOCTI PYXY.

B rotensx ta aamiHICTpaTUBHUX OYAIBISX PEKOMEHYEThCS 3aCTOCOBYBATH
HacakKUPChKi JI(PTH 3 HOMIHATBHUMH MBUIKOCTIMH [1, 2]:

- 110 9 moBepxiB - Big 0,7 M/c 1o 1 m/c;

- 9 abo 16 moBepxis - Big 1 mo 1,4 m/c.

Y pa3i BCcTaHOBJIEGHHS B OJAHOMY MiaA'i3al  JABOX JidTIB, YaCTO
BUKOPHUCTOBYETbCA TEXHIUHE PIIICHHS, 32 SIKOTO CHCTeMa KepyBaHHs 3a0e3reuye
3YMUHKY OJHOro Ji)Ta TUIbKKM Ha MapHUX IOBEpXax, a I1HIIOTO - TUIBKU Ha
HenapHux. lle  301UIbllye  BUKOPUCTAHHA  MOXJIMBOCTEM  IIBHUJKOCTEH
CaMOTOEJICKTPONIPUBOAA, a OTXKE, MIABUIILYE MPOAYKTUBHICTh TPAHCHOPTHUX
MEXaH13MIB IIMKIIYHOT A1i.

KpiMm ocHOBHOI MBHAKOCTI pyxy KaOiHM, sika ©6araro B 4OMy BH3HAYae
MPOAYKTUBHICTh Ji()Ta, ENEeKTPONPUBOJ 1 CHUCTeMa KepyBaHHS JidhToM 3
HOMIHAJIBHOIO MBUAKICTIO Oinbmie 0,7 M/C MOBHHHI 3a0e3MeuyBaTH MOMJIMBICTh
pyxy KaOiHU 31 MBUAKICTIO He Onbie 0,4 M/c, 10 HeOOX1THO JIJIS PeXKUMY PEBI3ii.

OnHi€0 3 HAWBAXJIMBIIIKX BUMOT, BUKOHAHHS SKOI 3aJIE)KUTH Bl camMoi
CTPYKTYPH €IICKTPONPHBOAY 1 CHCTEMH WOro KepyBaHHsS, € OOMEKCHHS
MPUCKOPEHHS 1 YIOBUIbHEHHS Kalbinu @ = dJ¥/dt Ta iX moximHuX(MOIMTOBXiB, a00
puBkiB) p = da/dt = d?9/dt>.

MakcumanbHO JOMYCTHMAa BEJIMYMHA MPUCKOPEHHS (YMOBLIBHEHHS) PYXY
Ka0lHM 32 HOPMAJBLHUX PEKUMIB pOOOTH, HE MOXKE TIEPEBUIILYBATH 2 M/C” JIsl BCIX
TidTIB, KpiM JliKapHIHOTO[2].

[loxigHa mnpuckopeHHs ab0 yHoOBUIbHEHHS (pUBKA) BUMOIaMH He
periaMeHTYEeThCA, OJHAK HEOOXIAHICTh HOTro OOMEXKEHHS, SK 1 OOMEXEHHS
NPUCKOPEHHS,  BU3HAYAETHCA  HEOOXITHICTIO  OOMEXKEHHS  JAMHAMIYHHMX
HaBaHTAXXEHb Y MEXaHIYHIN Mepenaul M yac NepexXiIHUX MPOLECiB 1 3aBIaHHIM
3abe3reueHHs] HeoOXiHoro KomdopTy ais nacaxupiB. OOMEKEHHS BEJIMYUH
MIPUCKOPEHHS 1 pUBKA Ma€ 3a0e3MeuyBaTH BUCOKY TUIABHICTb MEPEX1AHUX MPOLIECIB
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1 THM CaMHM BUKIIIOUATH HETATUBHHUMA BIUIMB HA CaMOMOYYTTS macaxupis. s
MIBUIKICHUX Ji(TIB MaKCUMallbHE 3HAYEHHS pUBKA 3a3BUYail CTaHOBUTH 3,0
10 m/c’.

Bumora oOMexeHHS TNPUCKOPEHb 1 PHUBKIB JOMYCTUMUMHU 3HAYCHHAMHU
BCTYIa€ B CYTTEBI NPOTUPIYYUSA 31 3a3HAYEHOIO BUIIE BUMOTOIO 3a0e3MeueHHs
MaKCHUMaJbHOI MPOAYKTHUBHOCTI Jid)Ta, TaK sIK 3 HEl BUILTUBAE, [0 Yac PO3TOHY 1
YIOBUTHHEHHS pyXy KaOiau JiTa HE MOKe OyTH MEHIIIMM IEBHOI BEJIMYWHU, SKA
BU3HAUYAEThCSI LMM oOOMexeHHsSM. Tomy s 3abe3meueHHs MaKCUMalbHOI
OPOAYKTUBHOCTI Ji)Ta MiJ Yac MEPEeXiAHUX MPOLECIB €NEKTPONPUBOJ TOBUHEH
3a0e3MevyBaTi PO3TiH 1 YHOBUIbHEHHS KaOlHU 3 MAaKCUMAaJIbHUMHU JOMYCTHUMUMU
3HAYCHHSIMU MPUCKOPEHHS 1 PUBKA.

BaxxnnuBoro BHMOTOI0 0 €JEKTPOINpUBOAY JidTa € 3a0e3nedyeHHs] TOYHOL
3YIIUHKUA KaOlHM Ha 3aJlaHoMy piBHI. )1 macakupchbkux JiTIB Maja TOYHICTh
3YNUHKHU KaO1HU 3HIKY€E HOTO MPOTYKTUBHICTh, OCKIIBKU 30UTBITYETHCS YaC BXOIY
1 BUXOJly MAaCaXXHUpIB, a TaKOX 3MEHIIYeTbCI KOMQOpTHICTh didTa 1 Oe3meka
KOPUCTYBaHHS HUM.

VY psaal BuUNaAkiB HEOOXIJHICTH 3a0€3MeYeHHs] BUMOT TOYHOCTI 3YNUHKH
poOUTH BUpIIIATHLHUMN BITUB HAa BUOIP CUCTEMU €JIEKTPOIIPUBOIY JidTa.

BigmoBigHo 1o mpaBui[3], TOYHICTh 3yNUHKHA KaOiHM Ha PiBHI TOBEPXOBOI
IUTONIA/IKK TIOBHHHA JIEKATH B MEXax, IO HE MEPEBUIIYIOTH ISl MaCaXUPCHKUX
m¢TiB + 50 mm.

31 30UTPLIEHHSIM MaKCUMAJIbHO JOIYCTUMOI IIBUIKOCTI pyXy KaOiHM midTa
30UTBIIYETHCA 1 MOXJIMBUN PO3KH] TMOJOKEHb 3YNUHKH KaOiHW, 10 3a3BUYAl
BUMAara€e BXXWUTTSA [OJATKOBUX 3aXOJIB /Ui BUKOHAHHS BHUMOT O TOYHOCTI
3YIMUHKH.

J10J1IaTKOBOIO BUMOTOIO JI0 EJIEKTPOINPUBOAY JiTa € MOXKIUBICTH MHOTO
peBepcy MU 3a0e3MNeUeHHS MIHoMY 1 ONTyCKaHHS KaOiHH, 110 HaKJIaJga€e J01aTKOBI
BHUMOTH JIO €JIEKTPOIPUBOAA Ji(pTa Ta HOTO CUCTEMU KEPyBaHHSI.

YactoTra BKIIOYEHb 3a TOAWUHY JUISI MACAKUPCHKUX J(PTIB MOBHHHA
cranoBuTH 60-240 3a cTangapTHOI TpUBANIOCTI BKIOUCHB 15-60%, 1o BiamoBimae
pexumy S3.

Kpim Toro, pernmameHtoM poOOTH O0OJaaAHaHHSA TiepeAdadyeHo  psia
JIOAATKOBUX BHUMOT JI0 €JIEKTPOINPHUBOY JipTa, 10 BU3HAYAIOTHCS HEOOXIIHICTIO
3a0e3reueHHs 0€3MeKu Horo eKcIuTyaraitii.

Hanpyra cumoBUX eNEeKTPUYHUX JAHIIOTIB B MAIIMHHUX MPUMIINIEHHSIX
noBuHHA OyTH He BHILE 660 B, 1110 BUKITIOUa€ MOXKIIMBICTh 3aCTOCYBaHHS JBUTYHIB
3 BEJIMKOIO HOMIHAJILHOIO HAPYTOIO.
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1.2 Anajni3 eJ1IeKTpONpUBOAiB MacakKUPCbKMUX JidTiB
1.1.1 OgHOmMIBUAKICHUI €JIEKTPONPHBOANACAKUPCHKOTO Jidra

Ile naiimpocTimuii BUJ NPUBOAY, II0 BUKOPHUCTOBYETHCS Ha CTApHX Ji(Tax
simBuakicTio 10 0,6 M/c. Y cucteMax 3acTOCOBYIOTHCSA ABUTYHHU 3 MiABUIICHUM
KOB3aHHSM, SIKi MalOTh BUCOKHI MTOYAaTKOBUI MOMEHT 1 HU3BKUH ITyCKOBUN CTPYM.

3anyck ABUTYHIB 3/IIHCHIOETHCS IPSIMUM BKJIIOUEHHSM B MEPEXKY.

3HIDKEHHS TOPUCKOPEHb 1 PHUBKIB TPU  PO3TOHI  3a0€3MeUyEThCs
3aCTOCYBaHHSAM JIOJIATKOBUX MaXxOBHUX Mac 3 MOMEHTOM IHEpIIii, 110 MEPEeBUIILYE
MOMEHT 1HepIii aBuryHa. [Ipyu mpomy 301IbITYIOTECS BTPATH 1 3HWKYETHCSA K.K.I.
JIBUTYHA.

1.1.2 /IBOIIBHAKICHUI €JIEKTPONPHUBO/I MACAXKUPCHKOTO JipTa

i cucremMu BUKOPUCTOBYIOTH JIBOIIBHJIKICHI CHHXPOHHI €JIEKTPOJBUTYHH 3
MIEPEMUKAHHIM KUTBKOCTI TMap IOJIOCIB, CIICMIaAIbHO PO3pOOIeHI i JihTOBOTO
NpUBOAY. XoOdYa JBOIIBUAKICHI CHCTEMH 1 HE € TPHUBOJIOM 3 PETYIHOBAHOIO
MIBUKICTIO, iX MOXHA Ha3BaTH PEryJbOBAaHUMH, TaK SK BOHH IPAIIOIOTh HA JBI
mBuAKocTl. Lli cucteMu mUpPOKO BHKOpUCTOBYBadMcs B €Bpomi B KiHII XX
ctomitTs. B Ykpaini nepeBaxHa yactuHa Ji(TIB MpaItoe Ha NOMIOHMUX MPUBOAAX 1
B JJaHU# 4ac. BoHM mpaitoroTh Bij NPSAMOTO MYCKy, a TOMY ICHY€ HEOOX1/IHICTh B
3aCTOCYBaHHI MaxOBUKIB JIJIs1 3SMEHIIICHHSI PUBKIB 1 JTOJIaHHS IBUTYHY TIJIAaBHOCTI.

OCHOBHUM €JIEMEHTOM JIBOIIBUJKICHUX CHUCTEM € JBUTYH 3 JBOMa
OOMOTKaMH, 3aKJaJICHUMH B CTAaTOp, B3aEMOJIIOYMMH 3 OJHUM POTOPOM.
BigHomieHHst MBUAKOCTEN B TaKMX cucTeMax 3as3Buuail 3:1, 4:1 abo 6:1. Takum
YUHOM MiHIMaJIbHA MBHUAKICTh cTaHOBUTHUME 33%, 25% abo 16,6% Bix rpaHUYHOI
MIBUAKOCTI. JIBUTYHM MaloTh HACTYIIHI CHIBBIJHOIIEHHS YHCEN MOJIOCIB: 6:18

(1000/333 06/xB), 6:24 (1000/250 006/xB), 4:16 (1500/375 06/xB) abo 4:24

(1500/250 06/xB).
Henomniku noniOHux cucrtem:
o PO3TiH 1 YNOBUIbHEHHS HEIJIaBHI, MAIOTh MICLIE PUBKH;
o BHCOKHUH ITyCKOBUM CTPYM Ta HU3bKHI IyCKOBU MOMEHT;
o HU3bKa TOUHICTh Yepe3 3aJICKHICTh BiJl HABAHTAKCHHS,
o 3aifBa BUTpaTa e€Heprii yepe3 MNpAMHA MyCK 1 3acCTOCYBaHHS

TOJAaTKOBUX MaXOBHUKIB.

1.1.3 Cucrtemu 3 peryioBaHusam Hanpyru (ACVYV)

[Tpuniun poOOTH 3aCHOBAHWN HA BUKOPUCTAHHI TPHOX Map 3YCTPIUHUX
TUPUCTOPIB JUIsI 3MIHM Hampyru Ha cTatopl.DyHKIIOHYBaHHS TPUBOJIIB 3
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PETyJIbOBAaHUMH HAMPYTOK 1 IIBHIKICTIO MOXXKHA UTFOCTPYBaTH 3a JIOMOMOTOIO
puc. 1.1.
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Pucynok 1.1 Cxema BkItOUEHHS

. Pucynok 1.2 XapaktepucTuku
OJIHOIIBUJIKICHOTO JIBUTYHA

«IIBUJKICTE-MOMEHT» JABUTYHA 2,2

kBT(750 06/xB) npu 3MiH1 HaIpyru
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[Tin yac 3HWKEHHS BEIMYWHU HANPYTH JKUBJICHHS 3MEHIIYETHCS MOMEHT
oOepTaHHS 1 TPHU CTAJIOCTI HaBaHTA)XCHHs Iajiae pododa MBHUAKICTH (3pocTae
KOB3aHHS).

[Tpomop11iiHO 3pOCTaHHIO KOB3aHHS POCTYTh YTPaTH

Ps=P,'S

P, - moTyXHICTh Ha Bay IBUTYHa, KBT;

S — koB3aHHs.

KpiM TOoro, Ha HU3BKMX MIBHAKOCTAX KyT BIJIKPUBAaHHA THPHUCTOPIB
30UTBITY€ETHCS, IO OOYMOBIIIOE HASBHICTh BHUIUX TapMOHIMHUX CKJIaJ0BHX
HaAIpPYTH.

JIBUTYH HarpiBaeThcs 1 KK yciei cucteMu mnagae. HeoOXxiaHO MpUMYCOBO
OXOJIOJKYBAaTHIIPUBOIHUAN  €NeKTpoABUTYH. [lomiOHMM cucTeMaM  BIIAaCTHUBE
30UJIBIIICHHS] BUTPATU €HEPrii 1 He BUCOKUM KKI.

1.1.4 CuctemMu 3 peryJib0BaHOK Hanpyromw i yacrorow (VVVF)

Ili cucreMu CKJIaJalOTbCAd 3 ACHUHXPOHHOIO JIBUTYHA, CIOJYYEHOro 3
1HBEPTOPOM, 1110 J103BOJIsIE O€3MIEPEPBHO PETYIIOBATH 1 HANPYTY 1 YAaCTOTY. 3 TAKUM
TUIIOM TMPUBOAY JIBUTYH MOXeE 3a0e3ledyBaTH 3aJaHUi MOMEHT Npu Oyab-sKii
HIBUIKOCTI, CyMICHOI 3 4acTOTOK 1HBepTopa. Lli cucteMu BUKOPHCTOBYIOTHCS B
PEAYKTOPHUX 1 Oe3penyKkTopHUX JidTax. BoHu 3a0e3meuyoTh BUCOKY IIBUAKICTD,
IUTaBHUM PO3TiH 1 BUCOKY TOYHICTh 3yNUHKHU. JlaHl cHCTEMH MarOTh HEBEIUKHMA
IIyCKOBUMU CTpyM, 3a3Buuaid Imyck~1,5IHoM. [HBepTOp BUILISE 3 TOBHOTO CTPYMY
TUIBKM aKTHBHY CKJIAJOBYy, $5Ka YyTBOproe o0OepToBuil MoMeHT. HeoOxigHO
BIJI3HAYUTH, IO YKUBJIEHHS ACHHXPOHHOTO JBUTYHA BiJi CTaTUYHOTO I1HBEpPTOpa
MPOBOJIUTHCA HECUHYCOINaTbHUMU HAMpPyTaMH, M0 MPU3BOAUTH JO 301IBIICHHS
BTpaT npubnu3Ho Ha 10-15% yepe3 HasBHICTh BUIUX TAPMOHIMHHUX CKJIAJOBHX.
[Ipy 1poMy HBUTYH HE MOXe 3a0€3MeUYUTH HOMIHAJIBHY MOTYXXHICTh 1 Oyne
MpaIfoBaTH 3 MEHITUM HAaBaHTAKEHHSAM. [[pUCYyTHICTh TApMOHIK HAMIPYTH 1 CTPYMY
NPU3BOJUTh JI0 KOJHMBaHb MOMEHTY 1 30UIbIICHHS BTpAT, MOTIPIICHHS
OXOJIOJDKCHHS MpH poOOTI Ha Mayliil IMIBHUAKOCTI, MPU3BOAMTH JO HEOOX1THOCTI
3HM)KYBATU MOTYXHICTh. ENEKTpONpPUBOA 3 pEryjJb0BaHOIO0 HIBUAKICTIO OyAYy€EThCA
3aMKHYTOIO CUCTEMOIO 31 3BOPOTHHUM 3B's13KOM. L5 crucTema 311iCHIOE KOHTPOJIb 32
3MIHOIO MIBUJKOCTI Ji()Ta NUISIXOM BIJICTEKEHHS IIBUAKOCTI ABUTYHA. [1oTIM BOHA
MOpiBHIOE (PAKTUUHY BEIUYMHY HMIBUJIKOCTI 13 3aJJaHUM «ETAJTOHHUM» 3HAYEHHSM 1
posraHse a00 yNOBUIBHIOE JABUTYH B 3aJI€KHOCTI BiJl BIAMOBIJHUX 3HAYEHb LHMX
curHaiiB. JlJiss BU3HA4Y€HHS MIBUAKOCTI Pyxy Jdidta B OyAb-SKHMI MOMEHT 4acy
Oynyerbest Tpadik, SIKWWA ONMUCYE 3HAYCHHS IIBUIKOCTI, 3 KOO MMOBUHEH PyXaTHCS
mot (puc.1.3, kpuBa 1). lle He o3Hauae, mo MiYT came 3 TAaKOK MIBHIKICTIO 1
pyxaeTbcs. DakTHUUHE 3HAYCHHS MIBUAKOCTI (DIKCYETHCS MPUCTPOEM 3BOPOTHOTO
3B's13Ky (puc.1.3, kpuBa 2). B ineani, oounBa rpadika moBuHHi 36iratucsa. Y Oynb-
SAKOMY JTI(pTOBOMY TPHUBOJII 3 PETyJIbOBAHOIO MIBUIKICTIO ICHY€ OJIOK, 3BaHUU
«33[aTYMK eTAJOHHOTO 3HA4YeHHs». Moro (QyHKIis [OIArae B MOPIBHAHHI
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«ETJIOHHOI MIBUAKOCTD» 31 IMIBUIKICTIO IBUT'YHA (A 3HAYUTH 1 JiTa) B OyAb-AKii
TOYI ITUKITY 1 3a0€3I1eUeHH]1 TUIaBHOCTI KPUBOI MIBUAKOCTI (puc.1.3).
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Pucynok 1.3 3anmexHicTh MBUAKOCTI JiTa BiJ yacy MNpu MPOi3al depes
noBepx J(TIB 3 HOMIHAJIBHOIO MIBUKICTIO J10 1,0 M/c:
1 - 3amaHa «eTajJoHHa» MIBUIKICTS;
2 - ¢hakTUYHA MIBUIKICTH MpH Tigiomi BanTaxy (mdTt g0 400 kr).

baxxano, mo0 paalyc KpuBOi MIBHAKOCTI OyB BEJIMKMM Ha BiJIpi3Kax
«HYyTbOBa  IIBHUJKICTB -  PO3TIH»,«PO3riH -  TOCTIMHA  TpaHUYHA
HIBUIKICTH»,«OCTIMHA TPAHWYHA IIBUJKICTh - YHOBIUIbHEHHS»,KYNOBUIBHEHHS -
HIBUIKICTh JOTATyBaHHs». Taka ¢opma KpuBoi moka3zaHa Ha puc.l.3, me Bci
nepexoAu IUiaBHl. YuMm Ouiblle pajalyc LUUX MEpexXoJiB, TUM MEHIIl PUBKH 1
3py4Hilie pyX. ['paHMYHMII BUIAJOK BUHUKAE IpPU IEPETUHI KPHUBUX JBOX
MOCJIIJIOBHUX MEPEXO/I1B, KOJIM YTBOPIOETHCS popMa «S» abo mepeBepHyTa «S».

1.2 Bu0ip onTHMAJBbHOIO eJIEKTPONPUBOAY IJIsl NACAXKUPCHKOTO JipTa

HaiiGinpmr  mommpeHuil NUIAX MYyCKy  ACHHXPOHHUX  JIBUTYHIB -
Oe3mocepelHbO Bl Mepexi >kuBlieHHs (TpsiMuii myck). Ll TexHosoris yacrto
MIIXOIUTH IS IIUPOKOTO CIIEKTPY MEXaHI3MiB.

Opnnak BoHa Hece B 001 0OMEXEHHSI, sIKi HE JI03BOJISIIOTH 11 3aCTOCOBYBATH B
JESKNX BHITaIKaX:

° CTpUOOK CTpyMy TpHU MYCKY MOKE BHOCUTH TEPEHIKOAU B POOOTY
THIIUX TPWIAIB, TAKIIOUEHUX 10 TI€T K JiHIT )KUBJICHHS;
° MEXaHIYHE yJapHE€ HaBaHTaXEHHS B TMpolect MYyCKy, SKe He

MPUITYCTUME JIJISl IPUCTPOIO0 200 MOXE 3pOOUTH IIKIJIMBUNA BIUTUB Ha KOMQOPT 1
Oe3reKy KOpuCcTyBaua;

o HEMO>KJIUBO KEPYBaTH PO3TOHOM 1 raJlbMyBaHHSIM;

o HEMOJKJIBO PETYIOBATH IIBUAKICTb.

OTxe, HaHONTHUMANBHIIIMM EJIEKTPOIPHUBOIOM Yy JAaHOMY BHUIIAIKY
BBKAEMO CHUCTEMY 3 PETyJhOBAaHOIO HAMPYTOK 1 4acTOTOO, IO BKIOYAE y cebe
npuctpoi miaBHoro mycky (IIIIIT) i1 meperBoproBaui uacrotu (I1Y) 3maTHI
BUPIIIUTH BUITICBKA3aH1 TPOOIEMHU.

Criouatky i 3allyCKy €JEKTPOJABUTYHIB 1 KEpyBaHHS iX HIBUAKICTIO
BUKOPHCTOBYBAIKCS MTyCKOBI PEOCTATH, MEXaHIYHI MMPUBOIH 1 00EPTOBI MPUCTPOI.
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[Ti3nime npuctpoi mwiaBHoro mycky (IIIT) 1 meperBoproBaui wactotu (IT4H)
BUMIIUIM Ha TIEPEJOBI1 IMO3MINI, SIK Cy4acHi, peHTa0eNbHI, HailiHI MPHUCTPOi, 110
3abe3reuytoTh 0e3nepediiiHy poOoTy 00JaHaHHS B IPOMUCIIOBUX HIJISIX.

bynp-axuit 1Y a6o IIIIII € mneperBoproBaueM €HeEprii, MOAYJIOIOYUN
CJIEKTPUYUHY €HEPTiI0, KA KUBUTh JBUTYH.

[ITII1 BUKOPHUCTOBYIOTHCSI BUKJIKOYHO 3 ACHHXPOHHUMH JIBUTYHaMHu. BoHU €
peryisaTopaMu HapyTH.

[TY 3abe3neuyroTh IUIaBHE MPUCKOPEHHS Ta YHNOBUIBHEHHSA 1 3a0€3MeUyIOTh
MIBUKICTh ONTUMAJIBLHO TOYHO BIJIITOBITHO pOOOYOTO PEKUMY.

KepyBanHs eneKkTpoaBUTYHOM mepeadadae aBTOMATH3AIlil0 BCi€i HOTo
po0OTH, BKIIOYAIOYM MYCK, TalbMyBaHHs, peBEpC 1 3MiHA MIBUAKOCTI OOEpTaHHS
€JICKTPOJIBUTYHA.

ABTOMaTUYHUN TyCK 3a0e3reuye IJIaBHE BBIMKHEHHS IMYCKOBHMX OIOpIB,
MOJKJIMBICTh PETYJIIOBaHHS CTPyMY B HEOOXIIHUX MeXaxX, 10 J03BOJIAE€ 3MEHILINUTH
YHCJIO MOMUJIOK, 110 BUHUKAIOTH MJ] Yac MYyCKY, 1 MIBUIIYE TPOIYKTUBHICTD BCI€T
CUCTEMH B LIIJIOMY. Te X caMe CTOCY€ETbCs PEBEPCY 1 rajlbMyBaHHS.

YacTtoTHEe pEryaroBaHHs J03BOJISIE YCYHYTH OJMH 3 ICTOTHUX HEIOJIKIB
€JIEKTPOJIBUTYHIB 3 KOPOTKO3aMKHEHUM POTOPOM - MOCTIHHY 4acTOTy OOEepTaHHS
poTOpa €NEeKTPOJBUIYHA, IO HE 3aJeKUTh Bl HaBaHTaXeHHS. YacToTHE
pETyIIOBaHHS CTBOPIOE MOKJIIMBICTh KEPYBAHHS IIBHIKICTIO €JIEKTPOJIBUTYHA
BIJIMOBITHO /10 XapakTepy HaBaHTakeHHs. Lle B CBOIO depry m03BOJIsiE YHUKATH
CKJIQJHUX MEPEX1THUX MPOLECIB B €IEKTPUUHUX Mepexkax, 3a0e3rneuyoun poooTy
oOnaHaHHS B HAHOUIbII EKOHOMIYHOMY PEXHMI.

YacTtoTHE peryiroBaHHS €IEKTPOABUTYHA €(PEKTUBHO BHUKOPHCTOBYIOTH Ha
IPOMUCIIOBUX MiANPUEMCTBAX, B Taly31 EHEPreTUKH, KOMyHAJIbHOMY I'OCIIO/IapCTBI
Ta 1HUX cdepax. Lle mop's3aHO 3 THM, 110 YACTOTHE PETYJIIOBAHHS J103BOJISIE
aBTOMATU3yBaTH BUPOOHUY] MPOIECH, EKOHOMIYHO BUTpAYaTH €IEKTPOCHEPTII0 Ta
IHII 3a/isiHl 'y BUPOOHHUIITBI PECYpPCH TIJBUILYBATH SKICTh MPOAYKIIi, IO
BUITYCKA€ETHCSI, @ TAKOXK 301IBIITYBATH HAJIIHHICTh pOOOTH BCI€i CUCTEMH B LILJIOMY.

YacToTHE peryiroBaHHS TaKOX JI03BOJISIE€ TOJIMIIATH (DYHKIIIOHAIBHICTD 1
JIOBrOBIUHICTh TEXHOJOTIYHOI cucTemu. Lle 3abe3neuyeTbes 3a paXyHOK 3HUKEHHS
MIYCKOBUX CTPYMIB, YCYHEHHS MEPEBAHTAXKEHb €JIEMEHTIB CUCTEMU 1 MOCTYIOBOTO
BUPOOJICHHS  MOTOroauH  oOnamHaHHs. 1 9acTOTHOrO  peryiroBaHHS
BUKOPUCTOBYIOTBCS YAacCTOTHI MepeTBoproBadl 3 BOyaoBaHumMu B Hux [IIJI-
peryisitopaMd  (MPONOPUIHHO-IHTErpalbHO-IU(PEPEHIIANIbBHI  PETYISITOPH), IO
3a0€3Meuy0Th TOYHE PEryJIIOBAHHS 3aJJaHUX TEXHOJIOTIYHUX TTapaMeTpiB.

YacToTHI NepeTBOpPIOBaYl MOEJHYIOTh B COOl BUCOKMM TEXHIYHHWI pIBEHb
peamizaiiii (yHKIIOHATFHUX MOMJIMBOCTEH TEXHOJOTIYHUX BHUMOT, HAIMHICTH 1
BIJIHOCHO HEBHUCOKY IliHy. Ha 0a3l 4YacTOTHHX TepeTBOPIOBAYIB MOKHA
CTBOPIOBATH THYYKI CHCTEMH EJICKTPOIPHUBOAY 1 PETYIIOBAHHS TEXHOJOTIYHUX
napameTpiB. [lepeTBoproBaui yacToTH 6€3 0COOIUBUX YCKIIAIHEHh BOYJTOBYIOThHCS
B ICHYIOUl CHCTEMH TMPAKTUYHO O€3 3yNMMHKHA KEPOBAHOTO TEXHOJOTIYHOTO
IOpoLECy, JIErko MOAU(DIKYIOThCS 1 aJaNTyIOThCS Y BIANOBIZHOCTI 3 YyciMa
acreKkTamu ix 3acTocyBaHHs. JloCcTynHMIA Alanma30oH MOTYKHOCTEH 1 pi3HI BaplaHTH
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CHUCTEM KEepyBaHHS JO3BOJIAIOTH IMiI0OpaTH BHPIIICHHS i 0aratbox 3aBjJaHb
KEepyBaHHS.

YacToTHi mepeTBOpIOBaYl MarwTh CTaHAAPTHUN 1HTepdeic 1 BXIiIHI Ta
BUX1JIHI YHI(IKOBaHI CHUTHAJU [JI MOJJMBOCTI 1X BKJIIOYEHHSI 30BHIIITHIM
KEPYIOUMM CHCTEMaM OLIbIII BHCOKOTO PIBHSA 1 IMIJKIIOYEHHS MPUCTPOIB
JTUCTAHILIMHOTO KepyBaHHs 1 BiToOpaXkeHHs 1HpopMaIii.

[TepeBaru 3acTocyBaHHSI YaCTOTHUX TIEPETBOPIOBAYIB:

o [InaBHe perymrOBaHHS IIBHUIKOCTI OOEPTaHHA EIEKTPOJBUTYHA
JI03BOJISIE BIIMOBUTHCS BiJ] BUKOPHCTAHHS MAaXOBHKIB, BaplaTopiB, PEAYKTOPIB,
JPOCENTIB Ta 1HIIOTO MEXaHIYHOTO Ta CJICKTPOTEXHIYHOro OOJagHaHHSA 1
peryjiouoi  amaparypud, [0 3HA4YHO CIPOINYE KEpOBaHY MEXaHIYHY
(TEXHOJIOT1YHY) CHCTEMY, IIABUILYE i1 HAAIMHICTh 1 3HIKYE EKCIUTyaTallliH1
BUTpPATH.

o YacToTHUI TyCK KEpPOBAHOTO EJEKTPOJABUTYHA 3a0e3rnedye Horo
IJIaBHUM 0€3 BUCOKHX ITYCKOBHX CTPYMIB 1 MEXaHIYHMX YJapiB, a TaKOX PO3TiH,
10 3MEHIIYE HABAHTAXKEHHS HA JBUTYH 1 IMOB'A3aHI 3 HHUM [epeaaBajibH1
MEXaHI3MH, 30UIblIye TepMiH iX ekcruryatauii. [lpy 1mpomy 3'SBisETbCS
MOXKJIUBICTh 3a YMOBaMH ITyCKY 3HWXEHHS TOTYXXHOCTI NMPUBOIHUX IBUTYHIB
HAaBaHTAXXEHUX MEXaH13MIB.

o BOynoBanuii kepoBanmii IIIJ[-perynsitop [103BOJsie  peani3yBaTH
CUCTEMHU PETYJIOBaHHS IIBHUJIKOCTI KEPOBAHMX JBUTYHIB 1 TOB'I3aHUX 3 HHUM
TEXHOJIOTTYHUX TPOIECIB.

o [lepeTBOproBaY  4YacTOTH B  KOMIUIEKTI 3  IPOrpaMOBaHUM
MIKPOIIPOIIECOPHIUM  KOHTPOJEPOM MOKE 3aCTOCOBYBATHCS I CTBOPEHHS
0arato(yHKLIOHAJbHUX CUCTEM KEPYBaHHS €JIEKTPONPHUBOJAMHU, B TOMY YHCIHI 3
pe3epBYBaHHSIM MEXaHIYHUX arperaris.

o 3acTOoCyBaHHS  3BOPOTHOTO  3B'I3Ky CHUCTEMH 3  YaCTOTHUM
MEPETBOPIOBAYEM CHPUSIE SKICHOMY TMIATPUMAHHIO IIBUIKOCTI JBUTYHa a0o
PEryJIbOBAaHOTO TEXHOJIOTIYHOTO MapaMeTpa MNpu 3MIHHUX HABaHTAXEHHSAX Ta
IHITUX 30ypIOBAJIbHUX BILJTUBAX.

o [lepeTBOproBaY  4acTOTM B KOMIUIEKTI 3  ACHHXPOHHHUM
CIICKTPOJBUTYHOM MOJK€ 3aCTOCOBYBAaTHCS JUIT 3aMIHH  CJIIEKTPOIPUBOIIB
MOCTIAHOTO CTPYMY.

o 3acToCyBaHHS PEryJIbOBAHOTO YACTOTHOTO €JIEKTPOTIPUBOIY J03BOJISIE
3a011a/)KyBaTU €JIEKTPOCHEPTit0 MUISIXOM YCYHEHHSIM 1i HEBUIIPABIAHUX BUTpAT,
K1 MalOTh MICII€ 3a IHIIMX METOJIB PEryJIOBaHHS TAKWX, SIK, 3 TEXHOJOTTYHHX
MOTOKIB JPOCETIOBAHHSM, 3a JOTOMOTOI0 TiApoMy(dT Ta IHIIUX MEXaHIYHUX
PEryJIO0YUX IIPUCTPOIB.

OCHOBH1 MO>KJIUBOCTI:

o YacToTHI TEpeTBOpPIOBAYl  JO3BOJSIOTH  PETYJIIOBATH  YaCTOTY
TpuGa3HOi HANPYTH KUBJIECHHS KEPOBAHOTO ABUTYHA B Mexax BiJ HyJs g0 400 [,
o Po3rin 1 rajabMyBaHHSI JBUT'YHa 3IMCHIOETbCS IIJIABHO, MPHU

HEOOX1IHOCTI MO JiHIMHOMY 3akoHY BiA dYacy. Yac posrony i1 (abo) wac

raneMyBaHHs Big 0,01 ¢ 1o 50 xB.
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o PeBepc nBuryHa, npu HEOOXITHOCTI 3 IJIABHUM TajJbMyBaHHSIM 1
TUTABHAM PO3TOHOM JI0 33/1aHOT MIBUKOCTI MPOTHIICKHOTO HATIPSMKY.

o [Ipn po3roHi YacTOTHI MEpPeTBOPIOBaYl MOXYTh 3a0e3medyBaTH 10
150% 36151bIIEHHS MyCKOBUX 1 TUHAMIYHUX MOMEHTIB.

o Y mepeTtBoproBavyax mnepeadadeHo eICKTPOHHUN CaMO3axXHUCT 1 3aXUCT
JBUTYHIB BiJl TIEPEBAHTAKEHHS IO CTPyMy, TMEPErpiBy, BUTOKaX Ha 3eMIO 1
OoOpHBIB JIIHIN )KUBJICHHS JBUTYHIB, 1110 HAJAIITOBYEThCH.

o 3aJie’)KHO BiJI BUJAY HaBaHTKEHHsS JBUTYHIB B IEPETBOPIOBAYax
MOKHa (pOpMyBaTH HEOOXiTHI BOIHT-4aCTOTHI BUX1AHI XapaKTEPUCTUKH.
o Y HalOIbII JOCKOHATUX TMEPETBOPIOBAYaX pPEalli30BAHO BEKTOPHE

KEepYBaHHsI, 10 J03BOJISE MPALOBAaTH 3 MOBHUM MOMEHTOM JBUTYHa B 00JacTi
HYJBOBUX YacTOT, MIATPUMYBATH IIBUAKICTh MPH 3MIHHOMY HaBaHTa)XCHHI 0e3
JATYUKiB 3BOPOTHOTO 3B'A3KY, TOYHO KOHTPOJIIOBATA MOMEHT Ha BaJly JIBUTYHA.

1.3 OcnoBni pynxnii I i ITY
1.3.1 PeryiboBaHe NPpUCKOPEHHS

30UTbIIIEHHST BUAKOCT1 JBUTYHA PETYNIOETHCS 3 BUKOPUCTAHHSAM JIIHIMHOT
ab0 S-moJ10HO1 XapaKTEpPUCTHKU NpUCKOpeHHs. Llg xapakrepucTuka 3a3BUYail
HaAJAIITOBYEThCS, TOMY € MOJKJUBICTH BHOOPY Yacy 3pOCTaHHS UIIBUIKOCTI
BI/IMOBITHO 3 KOHKPETHUM BUIIAKOM 3aCTOCYBaHHSI.

1.3.2 KepyBaHHS IIBHAKICTIO

PerynsTop dactorm cam 1o co0i He SBISETHCS Y TOW K€ caMUU dYac
peryisTopoM  MBHAKOCTI. Y  HaimpocTimmx [IY npuHmmm  KepyBaHHA
3IIMCHIOETHCS HA OCHOBI €JICKTPUYHUX XapaKTEPHUCTUK ABUTYHA 3 BUKOPHUCTAHHSIM
PEryJIIOBaHHS TMOTYXXHOCTI B CHCTEMI 0O€3 3BOPOTHOIO 3B'A3KY, BIIOMOI SK
«BILAKPUTHN KOHTYPY.

[IBUAKICT, IBUTYHA BH3HAYAETHCA BXITHOIO BEIWYMHOIO (Hampyra abo
CTPYM), BiOMOi SIK 3ajaHe¢ 3HaueHHs abo0 ycraBka. /[ KOHKPETHOTO 3aJaHOro
3HAQYCHHS MBUJKICTh MOXKE BapllOBAaTHCS B 3aJIEKHOCTI BijJ] MEpenikoj (3MiH 10
HaIpy3l, HaBaHTaXEHHs, Temneparypu). /[liama3oH peryatoBaHHS IIBUIKOCTI
BU3HAYAETHCS 110 BIIHOIIEHHIO 10 HOMIHAJILHOI HIBUIKOCTI.

1.3.3 PeryiroBaHHs IIBUAKOCTI pyXy Ka0inu Jidra

Perynarop mBHAKOCTI - 11€ MPUCTPIil KepyBaHHs mpuBoaoM (puc. 1.4). Bin
BKJIOUa€e B cebe CHCTEMY KEPYBaHHS 3 MOCHJICHHIM HOTY>XKHOCTI 1 KOHTYpOM
3BOPOTHOTO 3B'A3KY, BIIOMHM SIK «3aMKHYTHUIA KOHTYPY.

IIBuaKicTh JBUTYHA BU3HAYAETHCS 3aJaHUM 3HAueHHSAM. BennunHa
3aJJaHOTO 3HAYEHHSI MOCTIHHO TOPIBHIOETHCA 3 CUTHAJIOM 3BOPOTHOTO 3B'SI3KY,
KU SBJIsiE COOOI0 3HAYEHHsI INBHUJKOCTI JABUTYHA. JlaHuWW curHam Moxe
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HAJIXOJUTH SK BIJ TaxoreHeparopa, TaK 1 BiJ IMIYJbCHOTO JaT4MKa,
BCTAHOBJICHOTO Ha KiHIII BaJia JBUTYHA.

Axmio Oyae BHABICHO BIAXWICHHS, BHUKJIMKAHE 3MIHOKO IIBHUIKOCTI, TO
MPUKIIAJICH] 0 JBHUIyHa 3HA4YeHHsA (Hampyrd 1 / abo YacTOTH) aBTOMAaTUYHO
KOPHUTYIOTBCS JIJISL TOTO, 00 MOBEPHYTH MIBHKICTH JO ii MOYaTKOBOI BEIMUNHHU.

SaeIaHHA
MEHOEQOCT

Perynsatop

JaTaHg
HIBHIKOCTI

Pucynox 1.4 [IpuHuunu peryiitoBaHHS IIBUIKOCTI

KepyBaHHs 31 3BOPOTHUM 3B'SI3KOM CTBOPIOE CTIMKICTH /10 30BHIIIHIX
BILTHUBIB.

1.3.4 KepoBaHe ynoBijibHeHHs1 Ka0iHOIO JidTa

Konu nBUTYH BUMHKA€THCS, BIH TaJIbMYEThCS MiJ JII€I0 MOMEHTY OIOPY
MexaHi3mMy(3ynunka BuOirom). IIIIIT 1 TTY MoxyTh BUKOPUCTOBYBATHCS ISt
KepyBaHHS YMOBUIBHEHHSIM MO JiHINHIA a00 S- momiOHIN XapaKTepUCTHIN, sKa
3a3BUYail He 3aJIeKUTh B1Jl KPUBOI TEMITY IPUCKOPEHHS.

TeMn yrmoBUIBHEHHSI MOXE PETYJIIOBATHCS, 100 3a0e3meYuTH HEeOoOX1AHUI
yac TaJIbMyBaHHSI BIJl MOTOYHOI IIBUAKOCTI J0 MPOMIKHOI MMIBUAKOCTI abo A0
IIOBHOI 3YIIMHKU:

o SKIIO HEOOXIJHE YNOBUIbHEHHS IWIBUALIE, HDK 3yNHHKAa BHOIrOM,
JIBUTYH TIOBUHEH PO3BHHYTH TaJbMIBHUII MOMEHT, KM JOJAETHCS O MOMEHTY
ormopy Mexanizmy. lle BiloMo, SIK €NeKTpUYHE TaJbMYBaHHs, SIKE MOXE OyTH
JIOCSITHYTO SIK PEKYIIepalli€l0 eHeprii B MEPEexy KUBJICHHS, TaK 1 PO3CIFOBAHHSAM ii
Ha TAJIbMIBHOMY PE3UCTOPI.

o SKIIO HEOOXIHE YMOBUIBHEHHS JOBIIE, HIDK 3YyIHWHKA BHOITOM,
JBUTYH TOBMHEH PO3BUHYTH KPYTHUH MOMEHT Ouibllle, HIXK MOMEHT OIOpY
MEXaHI13My 1 POJIOBXKUTH 00epTaTH HABAHTAKEHHS J0 3YIUHKHU.
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1.3.5 3mina HanpsAMKY 00epTaHHA

BinbmricTe cydacHUX TMPUBOIIB MIATPUMYIOTH 110 (DYHKIIIIO SK CTaHAApTHY.
[Topsinox uepryBaHHs (a3 Hampyru, MO0 IKUBUTh JBUTYH, 3MIiHIOETHCS
aBTOMATUYHO MUISIXOM 3MIHM TOJSPHOCTI CUTHANy 3aJaHHS dYacToTH abo 3a
JIOIIOMOI0I0 I10/1a4l KOMAaH/I¥ Ha JOTIYHHUM BXiJ, a00 3a JOIMOMOI'0I0 KOMaH/IH, IO
NEePEAETHCS 10 KOMYHIKAIIIHIN Mepexi.

1.3.6 3axucr eJIeKTPONPUBOLY

CydacHl npuBOIM 3a3BUYail 3a0e3MeUylOTh 3aXHUCT Bl MEPEBUILECHHS
TeMIiepaTypu Juis cebe 1 IBUryHiB. Mikpompolecop BUKOPUCTOBYE BUMIPIOBAHHS
CTpyMy 1 JlaHi IIBUJKOCTI (SIKIIO BEHTWJISIS JABUTYHA 3aJIeKUTh BIJ HOTO
MIBUIKOCTI OOEpTaHHS) JJIA PO3PAaXyHKY 3pOCTaHHS TeMIepaTypu ABUTYHA 1
MOCWJIA€ CUTHAJ TPUBOTU ab0 CHUTHAT Ha 3YMUHKY B pasl HaAMIPHOTO 3POCTAHHS
TEMIEPATYPHU.

[IpuBomu, a o0COOMMBO  TMEpPETBOPIOBAYl  YacCTOTH, TaKOX  4YacTo
3a0€3MeUyI0ThCS 3aXUCTOM:

o B1Jl KOPOTKOT'O 3aMUKaHHS MK (a3zamu 1 MK pa3zaMu 1 3eMIIEIO;
o BIJl IEPEHANPYTH 1 MPOBAJIB HANIPYTH;

. BiJ1 nucOanancy ¢as;

o BiJl poOOTH Ha OfHIH (a3i.

1.4 Enexkrponpusoa nacaxupcbkoro Jjgigra 3a cucremoro TII-AJ{

JUIst eneKTpoOMeXaHIYHOI CUCTEMHU J(TIB 3aCTOCOBYIOTHCS SIK ACHHXPOHHI
JBUTYHHM, TaK 1 JBUTYHH TOCTIHHOTO CTPyMy. AJIe MOMJIHMBICTh PETYJIIOBAHHS
IIBUIKOCTI ACHHXPOHHUX JIBUTYHIB JI0 OCTAaHHBOTO 4acy Oysia oOMeXeHa, TOMY B
TidpToOynyBaHHI Ha JI(PTH BCTAHOBIIOBAIKNCS B OCHOBHOMY JIBUTYHU MOCTIMHOTO
CTPYMY 3 aBTOHOMHHMHM mepeTBoproBadyamu 1 mammHamu. Cucremu I'-J] 1 TII-/]
JIO3BOJISIIOTh BUKOHATH JIOCUTH JKOPCTKI BHUMOTH IIOJAO TOYHOCTI 3YMUHKH 1
MIATPUMKH 33JIaHOTO 3aKOHY PYXy B IepexiiHux mpouecax [9, 15]. Cuctema TII-/]
3HaXOJMJIa O OCTAHHBOTO Yacy IMHUPOKE 3aCTOCYBaHHS (PUCYHOK 1.5).

BukopuctanHs B €JIEKTpOMEXaHI4Hii cucteMi JiTa OPAKTUYHO
oesinepuiiinoro TII no3Bosise HaWOLIBII TOYHO pearyBaTH 3aKOH PyXy B 4aci
MepexiJHOTO  Mpolecy. 3aMiHa  PEAYKTOPIB Ta  MaxOBUKIB  CTaTUYHUM
MIEPETBOPIOBAYEM 3MCHIITYE HAarpiB CUCTEMHU, IIIyM 3MECHIIYE BUTPATH HAa PEMOHT 1
ob6cimyropyBanHs. Jlo nepesar cucremu TII-JI ciig BigHecTH BEIUMKUM KOEDIIIEHT
migcuiIeHHs. Y 3B'SI3KYy 3 IIUM, BIIPOBA/KCHHSI HOBITHIX €HEPro30epiraroumx
TEXHOJIOT1M TpU MoJepHizaiii aihToBOro obOiIagHaHHS CTa€ BKpall aKTyaJbHUM
3apmaHHsaM. CucremaTtnyHuil aHami3 iHMopmarii OyIIBEIbHUX, MOHTOKHUX 1
MIPOCKTHUX OpraHi3aliil J103BOJISIE 3pOOUTH BHCHOBOK, IO B SKOCTI 0a3MCHOI
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porpaMu 3 eHepro30epekeHHs Ha JIi(Tax HEOOXITHO PO3TJIAIaTH BIPOBAIKCHHS
YaCTOTHO-PETYJIbOBAHUX E€JIEKTPOIPUBOAIB, TOJIOBHUM €JIEMEHT SKUX - YACTOTHUM
NepeTBOPIOBAY.

3acTOCyBaHHS YaCTOTHO-KEPOBAHOIO  EJIEKTPOINPUBOAY IMACAKUPCHKOTO
mipra 3HAYHO MiABHUINYE KOMQOPT Mia Yac pyxy KabOiHH, 3a0e3rnedye BHUCOKY
TOYHICTH 3yNMUHKHU U O€3IIyMHICTh pOOOTH, 301IbIIIy€E JOBTOBIYHICTh MEXaHIYHOTO
oOnagHaHHS, a TaKOX J03BOJISIE 3HU3UTU BUTPATY E€IEKTPOCHEPTIi, Y CepeTHOMY
Ha 50%.

Buxopucranns cucremu [TY-AJ] migBumye moka3HUKU KOMGOPTY Mia dac
pyxy kaOiHu midTa 1 [MOBrOBIUHICTP MEXaHIYHOTO OOJIQAHAHHS 3a PaxyHOK
OTPUMAaHHS TUIABHUX MEPEeXiTHUX IMPOIEeCiB 0€3 M0IaTKOBUX PUBKIB, 110, B CBOIO
4yepry, 3HWKY€E eKCIUTyaTalliiiHi BUTpaTH Ha KamiTaJIbHUN pEeMOHT O0JialHaHHA 32
pPaxyHOK 3HAYHOTO 3HWIKEHHS JUHAMIYHMX HABaHTaXEHb B  €JIEMEHTax
KIHEMaTUYHHUXK1JL.

3HWKEHHS CIIOKUTOI E€JIEKTPOEHEPrii JOCATa€eTbCSl 3aBISKHM 3HAYHOMY
3MEHIIIEHHIO O00EpTOBUX MaxoBUX Mac JeOiaku idTa, 0 BHUKIIOYAE
HEMPOJYKTUBHI BTpaTH B MEPEXITHUX MyCKO-TAIbMIBHUX pexumax. [lnaBHi
HepexiHl PeKUMHU JO3BOJIAIOTh 3HU3UTU JUHAMIUHI HABAHTAKEHHS B €JIEMEHTax
KIHEMaTUKHUEJIEKTPOIIPUBOLY Ji(Ta, MO MPU3BOAUTH 10 30UIBLIEHHS TEPMIHY
CIY»KOW penyKTopa, TSATOBOTO KaHATy, KaHATOBEAY4YOIro IIKiBa, TaJIbMIBHOI
CUCTEMHU, €JIEKTPOJBUTYHA, EJIEMEHTIB I1JIBICKM TPOTHUBATH.

19



TP1
oo cihk 8 o
=1 11
| = | L |
=3 11
= | |
E:q 1-1
L |
|
KATB ¥
kAT Pa |
BH1 . ——
PHz[ ]
|
vz
KOTH |
=l [ |
=1 | =
=l | |
=1 | =
. [ | |
oo cidk H 1=t I =T
|
TR2
V1 V2 w3

_ﬁ_@ 030
SF ¥ % PON

V4 WH VG

Pucynoxk 1.5 Cxema cuI0BOi YaCTHHU €JIEKTPOIPUBOIY JIi(Ta MO CUCTEMI
TII-AJ]

20

20



21

1.5 3araabHi BiZoMOCTi PO YaCTOTHO-PEryJibOBaHUI €J1eKTPONPUBO/

PO3BUTOK 4YacTOTHO-PETyJIbOBAHOTO E€JIEKTPONPUBOY IO HEIABHIX TIip
CTPUMYBABCS BHUCOKOIO BapTICTIO MEPETBOPIOBAYIB YAaCTOTU Ta iX BEJIMKUMHU
rabaputamu. Po3poOnenns cunoBux cxem 3 IGBT-Tpan3uctopamu, a Takox
po3poOKa  BUCOKOINPOIYKTUBHUX  MIKPONPOIECOPHUX  CUCTEM  KEpyBaHHSA
no3Bonuio pizHuM pipmam €C, CLIA 1 SAnoHii cTBOpUTH CydacHI MEpETBOPIOBal
9acTOTH AOCTYITHOI BapTocTi [6, 17].

I3 moctynHux niteparypuux mxepen [1-3, 14-17] Bigomo, 110 peryiaroBaHHs
4acTOTH OOEpTaHHS BUKOHABYMX MEXaHI3MIB MOKHA 371MCHIOBATH 3a JIOTIOMOTOIO
pI3HUX TPUCTPOIB: MEXaHIYHUX BaplaTopiB, TIAPABIIYHUX MY(PT, IOAATKOBO
BBEJICHUX B KOJIO cTaTopa abo poTopa pe3ucTopiB (pexpaieBuX, MaHTaHIHOBUX Ta
KOHCTAHTAHOBUX ), €JIeKTPOMEXaHIYHUMU Ta €JIEKTPOMAIIMHHUMU
NepeTBOpPIOBaYaMH YaCTOTH, CTATUYHUMHU [I€PETBOPIOBAYAMH YACTOTH.

3actocyBaHHA OUIBIIOCTI 3 MEpPEiYeHUX MPUCTPOIB HE 3a0e3Ieuy€e BUCOKOI
SKOCT1 PETyJIIOBAaHHS IIBHJIKOCTI, MAa€ HHU3bKI E€KOHOMIYHI Ta eKCIUTyaTallliHi
MOKa3HUKM, BUMAara€ BEJMKUX BUTpAT IIiJl 4yac MOHTaXy Ta ekcruryataiii. Ha
ChOTOJHI, CTaTU4YHI TIEPETBOPIOBAYl YACTOTH € HaWOUIbII JOCKOHAJIUMHU
NPUCTPOSMH KEPyBaHHS ACHHXPOHHUM TPUBOIOM.

OCHOBHMIA TPHUHIUI YaCTOTHOTO METOAY pEryliOBaHHS IIBUIKOCTI
ACHHXPOHHOTO JIBUTYHA TOJISITA€ B TOMY, III0 3MIHIOBaTH 9acTOTY 0OepTaHHS BaJsia
ACHHXPOHHOTO TPHUBOJHOTO EJIEKTPOJBUTYHa MOXXHAa 3MIHIOIOUH YacTOTy

f1 Hanpyru KUBJIECHHS, BIAMOBIIHO 10 BUPA3Yy:
__2mXfy

Wo = — (1.1)

- 3MIHOIO YaCTOTH MEPEKI KUBIICHHS;
- 3MIHOIO YKCIIa TIap MOJIOCIB P.

3a3nayeHuil crocid 3abe3mnedye 1iaBHe, 0€3 PUBKIB Ta MIKiB, PETYIOBAHHS
HIBUIKOCTI B IIMUPOKOMY Jiana3oHi, a MEXaHIYHl XapaKTepPUCTUKU MalOTh BUCOKY
KOPCTKICTb.

PerymoBaHHS MIBHIKOCTI B I[bOMY BHUIIQAKy HE CYIPOBOKYETHCS
30LJTBIIICHHSIM KOB3aHHS aCHHXPOHHOTO JBUTYHA, TOMY BTpPATH IOTY>KHOCTI TIPH
peryJtoBaHHI HE3HAYHI.

JIst  oTpuMaHHS BHCOKHMX CHEPreTUYHUX ITOKa3HUKIB aCHHXPOHHOTO
CJIEKTPOINIPUBOAa — KOE(DIIIEHTY TOTYXHOCTI, KOEQIIIEHTY KOPUCHOI ii,
MepeBaHTaXyBaJIbHO1 3/JaTHOCTI - HEOOX1THO OJTHOYACHO 3 YaCTOTO 3MIHIOBATH 1
Hanpyry xwuBieHHs [4, 18].

3aK0H 3MIHM HANpPyTW JKWUBICHHS 3aJICKUTh BIJ XapakTepy MOMEHTY
HaBaHTaxxeHHs Mc [18]. [Ipu moctiiiHOMy MOMEHTI HaBaHTaKeHHS Mc=const
HaIpyra Ha CTaTopi Mae PerytoBaTUCS MPOIOPIIIITHO YaCTOTi:

U
—L = const (1.2)
fi

JIJIs BEHTHJIATOPHOI'O XapaKTePy MOMEHTY HABAHTAKEHHS MACMO’

U
f—; = const (1.3)
1
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[Ipu MOMEHTI HaBaHTaXEHHS, 3BOPOTHO MPOMOPIIHHOMY IIBUIKOCTI:

Y
T const (1.4)

OTxe, s TJIAaBHOTO OE3CTYMIHYATOTO PETYNIOBAaHHS YacTOTH OOepTaHHS
BaJy MPUBOJHOTO ACHHXPOHHOTO €JEKTPOJBUTYHA, IEPETBOPIOBAY YaCTOTU
MOBHHEH 3a0e3MmeuyBaTi OAHOYACHE PETYIIOBAHHS YaCTOTH 1 HANPYTH Ha CTaTOpl
ACUHXPOHHOTO JIBUTYHA.

1.6 CkausipHe i BEeKTOpHe KePYBAHHSI ACHHXPOHHHMM IBUT'YHOM

[Ipu cxaysipHOMY YIpaBIiHHI 32 TIEBHUM 3aKOHOM 3MIHIOIOTH aMILTITYyay 1
YacTOTY NPUKIAACHOI 10 JBUTYHA HANpyru.3MiHA 4acTOTH Halpyry >KUBJICHHS
OPU3BOJAUTH JO BIIXWIEHHS BIJI PO3PaXyHKOBHUX 3HAY€Hb MAaKCHUMAaJIBHOTO 1
IIyCKOBOTO MOMEHTIB JIBUTYHA, KK, KOE(IUIEHTYy MOTYXHOCTI. Tomy s
HNIATPUMKNA HEOOXITHUX POOOYMX XAPAKTEPUCTUK JBUTYHA HEOOXITHO 31 3MIHOMO
YaCTOTH OAHOYACHO BIAMOBIHO 3MIHIOBATH 1 aMIUTITYAy HallpyTH.

B icHyrouMX mepeTBOproBayax YacTOTH NPH CKAJISIPHOMY YIPABIIIHHI
Haiuactime [16-18]miaTpuMyeThcss TOCTIHHMM —BIJIHOIIEHHS MaKCHMAJIbHOTO
MOMEHTY JBUTYHA My IO MOMEHTY OIIOPY Ha Baity M,. ToOTO npu 3mMiH1 4acTOTH
aMIUTITy/1a HallpyTy 3MIHIOETbCS TaKUM YMHOM, L0 BIHOIIEHHS MAaKCHUMAaJIbHOTO
MOMEHTY JIBUTYHa JI0 TIOTOYHOTO MOMEHTY HABAHTAKEHHS 3aJMUIIA€THCS
HE3MIHHUM. lle BiJHOIIEHHS Ha3UMBA€THCA MEPEBAHTAXYBAJIBHOIO 3/JATHICTIO
nsurynal4, 15].

[Ipu cramocTi mnepeBaHTaXKyBaJdbHOI 3JaTHOCTI HOMIHAJIBbHI KOE(DIIIEHT
MOTYXHOCTI 1 KKJI IBUTYHA Ha BChOMY Jl1alla30H1 PEryIlOBaHHS 4YacTOTH 00epTaHHs
MPaKTUYHO HE 3MIHIOIOTHCH.

OcHoBHa ocoOnuBICTh mnpu peryaoBaHHl AJl monsirae B TOMy, WIO
HeoOX1qHO 3MiHOBaTH Hanpyry U Ha craropi sk B (QYHKUIi MOMEHTY
ctaTuyHuX M, omopiB, Tak 1 BIAMOBIJHO A0 3MIHU 4YacTOTU. TakuM YUHOM, TIPHU
CKaJISIpHOMY METOJ1 KEpyBaHHSA 3aJE€KHICTh HANpYrd >KUBJEHHS BiJ YacTOTH
BU3HAYAETHCS XapaKTEPOM HaBaHTAXKEHHS Ha Bajly EJEKTpUYHOro ABUTYHA. [Ipn
bOMY /IS TIOCTIHHOTO MOMEHTY HABAaHTAXXCHHA 3aBXIU MIATPUMYETHCS
Bignomenus U / f=const, 1, mo cyri, 3a0e3meuyeThess CTAIICTh MaKCUMAIbHOTO
MOMEHTY JBUTYHA. Pa3oM 3 TUM Ha Majnux 4YacToTaX, MOYMHAIOUU 3 JESKOTro
3HAYEHHS YacTOTH, MAaKCUMaJIbHUA MOMEHT JBUIYHa MOYMHAEe mnaaatu. s
KOMIICHCAIlli MbOTO 1 I 30UIBIICHHS ITyCKOBOTO MOMEHTY BHKOPHCTOBYETHCS
1JIBUIIIEHHS PIBHS HANPYTU KUBJICHHS.

BukopucToByI0UM 3a7€KHICTh MaKCHMaJIbHOTO KPYTHOIO MOMEHTY BIJ
HAMpyTH 1 9acTOTH, MOXHA noOyayBatu rpadik ans U Bin f qis Oyap-skoro tumy
HaBaHTa)KCHHSI.

BaxxnuBoro mnepeBaror CKaJIsipHOrO METOJYy € MOXKJIUBICTh OJHOYACHOTO
KEepYBaHHs TPYIOIO €TEKTPOIBUTYHIB.
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CkansipHe KepyBaHHsI JOCTaTHBO JJIsi OUIBIIOCTI MPAKTUYHUX BHUIAIKIB
3aCTOCYBaHHA  YaCTOTHO-PEryJbOBAHOTO  EJIEKTPONPHUBOAY 3  Jl1alla30HOM
peryJIroBaHHs 4aCTOTH oOepTaHHs ABUTYHA J10 1:40.

BekropHe kepyBaHHsI J03BOJIIE€ ICTOTHO 30UIBIIUTU JAlana3oH KEpyBaHHS,
TOYHICTh PETYJIOBaHHS, MIJIBUIIUTH IIBUAKOMAIIO eyekTporpuBoay. et meron
3abe3neuye O6e3mocepeiHe KepyBaHHSI 00EpPTOBUM MOMEHTOM JIBUTYHA.

OOepToBHII MOMEHT BHU3HAYA€TbCA CTPYMOM CTaToOpa, SIKUM CTBOPIOE
30ynnuBe MarHiTHe Tone. [Ipu  Oe3nmocepeHbOMY  yOpaBiiHHI  MOMEHTOM
HEOOX1THO 3MIHIOBATH KPIM aMILTITY I 1 (ha3y CTaTOPHOTO CTPyMy, TOOTO BEKTOP
ctpymy. Llum 1 00yMOBiIeHMI TEPMiH «BEKTOPHE KEPYBAHHSI.

Jlis KepyBaHHS BEKTOPOM CTPyMy, a, OTXKE, IOJOXKEHHSIM MAarHiTHOTO
MOTOKY CTaTopa MIOJ0 OOEpPTOBOrO POTOpa MOTPIOHO 3HATH TOYHE MOJIOKEHHS
poTopa B Oylib-KMH MOMEHT 4acy. 3aBJaHHsS BHPIIIYEThCS a00 3a JOIMOMOTIOIO
BUHOCHOI'O JIaTYMKa IOJIOKEHHS POTOpa, ad0 BU3HAYEHHSIM IIOJIOKEHHS pOTOpa
HUIIXOM OOYMCIIEHb 3a IHIIMMH [apamMeTpaMu JIBUTyHa. B SIKOCTI Lux mapameTpiB
BUKOPHCTOBYIOTHCSI CTPYMH 1 HalIPyT'yl CTATOPHUX OOMOTOK.

MeH1 AOpPOrMM € YaCTOTHO-PEryJlIbOBAHUN €JIEKTPONPUBOJA 3 BEKTOPHUM
KEepyBaHHsIM O€3 JaTyuka 3BOPOTHOIO 3B'SI3KY IIBUJKOCTI, MHPOTE BEKTOPHE
KEpyBaHHS MPU IbOMY BUMAara€e BEJIUKOIro 00CATY 1 BUCOKOI IIBUAKOCTI OOYUCIICHb
BiJ] MepeTBOproBaya yactotu [4, 15].

Kpim Ttoro, mis 06e3mocepeHbOr0 KEpyBaHHS MOMEHTOM IpU MalluX,
OJIM3bKUX JI0 HYJIbOBUX MIBUAKOCTEH 0OepTaHHS poOOTa YaCTOTHO-PETYIHOBAHOTO
eJIEKTPOTIPUBOAY 0€3 3BOPOTHOTO 3B'SI3KY MO HIBUAKOCTI HEMOKITUBA.

BekTopHe KepyBaHHA 3 JAaTYUKOM 3BOPOTHOTO 3B'A3KY IIBHIKOCTI
3a0e3neuye niamna3oH peryiatoBadHs a0 1:1000 1 BuIie, TOUHICTh PETYIIOBAHHS 110
IIIBUJIKOCTI - COT1 YaCTKH B1JICOTKA, TOUYHICTh IO MOMEHTY - OJMHUIII BiJICOTKIB.

VY CHUHXPOHHOMY YaCTOTHO-PErYJIbOBAHOMY IPHUBOJII 3aCTOCOBYIOTHCS Tl K
METOJY KE€PYBaHHs, 1110 1 B ACHHXPOHHOMY.

MexaHiuyHl XapakTEpUCTUKH ACUHXPOHHOIO JIBUTYHA IPU YacTOTHOMY
pEryJIIOBaHHI IMIBUAKOCTI JJisi PI3HUX OO'€KTIB KepyBaHHS MalOTh BUIJIS
npeacTaBiieHui Ha puc. 1.6.
ok o(M,) Y

=Y
=Y

Mc=Const P.=Const

Pucynoxk 1.6 MexaHiuHi XapaKTEPUCTUKNA ACHHXPOHHOTO JABUTYHA
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Kepyroua gactmaa IIY BukoHyeThcsi Ha HM(POBUX MiKpomporecopax i
3a0e3nedyye KepyBaHHS CHJIOBUMH CICKTPOHHHMH KIFOUYaMH, a TaKOXX PIIICHHS
BEJIMKOI1 KIJIBKOCTI JIOTMIOMDKHHMX 3aBAaHb (KOHTPOJb, JAlarHOCTHKaA, 3axuct). [Ipu
IIbOMY Ha BHUXOJl TIEpeTBOprOoBadya dYacToTu ¢opmyerbess TpudazHa (abo
onHodazHa) 3MiHHA Harpyra 3MaHHOI1 4acTOTH 1 aMILTI Ty A1
(igu=var, f gn=var).

Orxe, mpu 00'€kTax KepyBaHHA 3 TOCTIHHUM MOMEHTOM CTaTHYHOTO
HaBaHTaXeHHA M ; = const , Hampyra JpKepena >KUBJICHHS MOBUHHA 3MIHIOBATUCS
npornopitiiiHo oro wyacrtoti U / f = const B 00'ekTax kepyBaHHsI, SKi TOTPEOYIOTH
pEryJItoBaHHs IIBUJKOCTI PU CTANOCTI MOTYKHOCTI P, = const 3akoH kepyBaHHS,

oynme: U / \/7 = const, mpu BEHTWISATOPHOMY HaBAaHTa)XKCHHI 3aKOH KEPYyBaHHS
Bigmosinae U / = const.3 1ux MipKyBaHb HaiGinblIe MOIMPEHHS METOS
pETyJIOBaHHS OTPMMaB JUIA MeXaHi3MiB M, =const, Xo4a B TNPUHIHUII
BUKOPUCTAaHHSA (YHKIIOHAIBHUX MEPETBOPIOBAYIB JO3BOJISIE peali3yBaTH Oy/b-
SIKUH 3 KX 3aKoHiB [1, 4, 16].

JI0 OCTaHHBOT'O Yacy CUCTEMH €JIEKTPONPHUBOAIB OyAyBaJIMCS BUKIIOYHO HA
0a31 IBUTYHIB MOCTIHHOTO cTpyMy.lIpuunHoIO 11bOTO Oyia BIACYTHICTH HAAINHUX
NepeTBOpIOBaviB 4acTOoTH. [Ipy 1bOMY CcHCTEMU THPUCTOPHHUI IEepeTBOpIOBaY
neuryH (TII-J1) MaroTh Taki HEJOJIKH, SIK:

- OOMEXEHHsI TEeMIly HApOCTaHHS CTPyMy SIKOpS, MIJBUINEHUNA MOMEHT
1HepLii eNeKTPONpPUBOLY, L0 MPU3BOAATH [0 3HUKEHHS IMIBUIKOAII CHCTEM
aBTOMATUYHOIO PETyJIOBaHHS; BUCOKI MacOTa0apuTHI OKA3HUKHU; TPYJOMICTKICTh
B 00CIIyTOBYBaHHI.

[lepepaxoBaHi HEIOIKU OOYMOBJICHI HAsBHICTIO KOJEKTOpa 1 BiJMOBIIHO
IPOLIECIB KOMYTalii Ta MOXYTb OYTH BHKJIIOYEHI NIpH MOOYJOBI CHUCTEMHU
eJIEKTPOTIPUBOIY Ha OCHOBI ACHHXPOHHOTO KOPOTKO3aMKHEHOTO JIBUTYHA.

B npanuit wac € gocTaTHIM JIOCBiA TPOMMCIOBOTO  3aCTOCYBaHHS
enexktponpuBoAiB o cuctemi [T4Y-AJ[ B mianazoni nmotyxHocteit 35 ... 100 kBrT.
Taxkum ymHoM, cuctema [TY-AJl mae mianazon perymtoBanHs n0 1:1000 i Buie,
TOYHICTh PETYJIIOBaHHS MO IMBHUIKOCTI - COTI YaCTKH BIJCOTKAa 1 TOYHICTH TIO
MOMEHTY - OJIMHUIIl BIJICOTKIB MOKe 3a0e3redyBaTv HEOOXIJHY CHUHXPOHI3aIiI0
IIBUIKOCTEH MPUBOIHUX EICKTPOBUTYHIB B JiTax pi3HOro npusHaueHHs [1, 2].

BuxopucrtanHs peryibOBaHOIO €JIEKTPONPUBOAY 3a0e3leuye BUCOKY
CHEeProe(PeKTUBHICTIO, CIIPUSE €HEPro30epe:KCHHIO 1 JI03BOJISIE OTPUMYBATH HOBI
BUCOKI SIKICHI TIOKa3HUKU €JIEKTPOMEXaHIYHOI CHCTEeMH B IIJIOMYy. 3HaudHa
€KOHOMISl EJIEKTPOEHEPTii 3a0e3MeuyeTbes MUITXOM PETYIIOBAHHS Oyab-sIKOTO
TEXHOJIOTIYHOTO mapamerpa [2].

[lepeTBOpIoBaY 4acCTOTH CKIAAAETHCSA 3 HEKEPOBAHOTO CHIIOBOTO Ji0JHOTO
BUNpsiMIIiua B, aBTOHOMHOro iHBepTopa (CTpyMy YW Hampyru), CUCTEMU
HIMPOTHO-1IMITYJILCHOTO kepyBauHs(1LIIM), CUCTEMHU aBTOMAaTHYHOI'0
perymtoBaHHs, apocens L, 1 konaeHcatopHoro ¢iunstpa C, (puc. 1.7).PerymoBanns
BUXITHOT 4YacToTu fy,, 1 Hanmpyru Uy, 3MIHCHIOETHCS B IHBEPTOPI 3a PaxyHOK
BHCOKOYACTOTHOTO IIMPOTHO-IMITYJIbCHOT'O KEpyBaHHSI.
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HIupOTHO-IMITYJIbCHE KEPYBAHHS XapaKTEPU3YETHCS IEPIOJAOM MOMYJIALIT,
BCEpEAUHI SKOTO OOMOTKa CTAaTOpa CJIICKTPOJIBUTYHA IiTKIIOYAETHCS IO Yep3i 0
MTO3UTUBHOTO 1 BIIEMHOTO IOJIIOCIB BUIPSIMIISYA.

B AIH
fc 1. Le f BIx

— 3 M?JK:}@

|

S CAP ———| CKIOIM

U

Pucynok 1.7 IlepeTBoproBad 4acToTu

TpuBamicts 1ux craniB Bcepenuui nepioxy LIIM MomymtoeTscs 3a
CUHYCOiJaJIbHUM 3aKOHOM.[IpM BHCOKMX TaKTOBHX 4YacTOTax (3a3BU4Yail 2
15 kI'11), B 0OMOTKaX €JNEKTPOJBUTYHA, BHACTIAOK iX (PUIBTPYIOUMX BIACTHUBOCTEH,
TEUyTh CHHYCOITaIbHI CTPYMH.

Otxe, (opma KpHBOi BHUXIJHOI HANpyrd SBIsE€ COOOK BHCOKOYACTOTHY
JBOXMOJSIPHY MOCHIIOBHICTh MPSAMOKYTHUX immyibciB  (puc. 1.8). HacTtora
IMITyJIbCIB BU3HauaeTbesi yactoToro 1M, mupuHa iMmysibCiB OPOTITrOM MEPiony
BuxigHoi yactotu AIH mpomonynboBaHa 3a CUHYycOigaidbHUM 3akoHOM.Dopma
KPHBOi CTPyMYy B OOMOTKaX aCHHXPOHHOTO €JICKTPOJBUTYHA (BHXIIHOTO CTPYMY)
NPaKTUYHO CHUHYCOifalbHA. PerymioBaHHS BHXIJHOI HAmpyrd iHBEpPTOpa MOXKHA
3MIMCHATH ABOMa crocobamu: aMruniTyaHuMm (AP) 3a paxyHOK 3MiHM BXiJHO1
Harpyru U, 1 mupotHO-iMmynbcHUM (IIIIM) 3a paxyHOK 3MiHH mporpamu
nepemukanss BeHTwB V1-V6 mpu U, = const.

B cydyacHux nepeTBoproBauax 4acTOTH OCTaHHIN CIIOCIO KepyBaHHS OTPUMAB
IIMPOKE PO3MOBCIOJUKEHHS] Ta BHUKOPUCTAHHS 3aBIASKM PO3BUTKY CY4YacHOI
enemeHTHoi 6a3zu (IBGT-tpansucropu Ta wmikponporecopu).llpu mmpoTHO-
IMITyJIbCHI Monynsnii ¢opma cTpymMiB B OOMOTKax cTaropa acHMHXpPOHHOTO
JIBUTYHA ONM3bKAa 10 CHHYCOiNadbHOI 3aBASKUA (DUIBTPYIOUMM BIACTUBOCTIMHU
camux ooOMoTok [4, 7, 17].

Take kepyBanHs no3Bossie orpuMmaru Bucokuil KKJI meperBoproaua.lle
KEepyBaHHs €KBIBaJCHTHE aHAJIOTOBOMY KEpPYBaHHIO 3a JIOTIOMOTOI0 YacTOTH 1
aMIUTITYI1 HAIlPyTH.

CyuyacHi 1HBEPTOpPU BUKOHYIOTHCS Ha OCHOBI IOBHO KEPOBAaHMX CHJIOBHUX
HaIIBIPOBITHUKOBUX TmpuiamiB - 3amupatounx GTO - Tupucropis, abdo
oimossipaux IGBT-TpaH3ucTopiB i3 1307150BaHUM 3aTBOPOM [6].
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Pucynok 1.8 ®dopma KpuBOi BUX1THOI HAPYTH
1.7 IlocTaHOBKA 3aBIaHHA JOCJiKeHHSH

Jlns noCHiDKeHHST JUHAMIYHUX PEXKHUMIB HEOOXITHO BHPIIIUTH HACTYIIHI
3aBIaHHS:

- [IpoBecTu aHasi3 TEXHOJIOTIUHOTO MPOIECY MacCaKUPChKOTO Ji(Ta;

- PospaxyBaTi MOMEHTH CTaTHYHHMX OTOpPIB 1 TOMEPETHHLO BU3HAYUTH
MOTYXXHICTh €JICKTPOIBUTYHA,;

- OOrpyHTyBatu BUOIp POy CTPYyMY 1 TUITY €JIEKTPOIPUBOAY;

- BuOpatu enexTpoJIBUryH 1 BU3BHAYUTH NIEPEIaBAIbHE YUCIIO PEAYKTOPA;

- Po3paxyBaTu HaBe/leH1 CTATUYHI MOMEHTH, MOMEHTHU 1HEpPIi 1 KOeIIeEHT
KOPCTKOCTI CUCTEMHU €JICKTPOTPUBO/T - MACAKUPCHKUM JTT;

- IONIEPETHBO TIEPEBIPUTH ABUTYH 10 HATPiBAHHIO 1 TPOIYKTUBHOCTI;

- CKJIaCTH CTPYKTYPHY CXEMY €JIEKTPOIPUBOJTY 1 pO3paxyBatH ii mapaMeTpu;

- Po3paxyBaTu cTaTH4HI XapaKTEPUCTUKU €IEKTPOIPUBO/LY;

- [ToGymyBaTH pupoOaHI XapaKTEPUCTUKH ACHHXPOHHOTO JIBUTYHA.
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2. JlocaiukeHHS JTMHAMIYHHMX PeKUMIB POOOTH eJIeKTPONPUBOAY
MacaKUPCHKOro Jidra

2.1 IIpoekTyBaHHS €JIeKTPONPHBOAYNACAKUPCHKOTO JipTa

EnextponpuBoa miTa MOBUHEH BiNOBIAATH TAKUM BUMOTaM:

a) 0OMeXeHHSI MaKCUMaIbHUX 3HAYeHb IIBUKOCTI, TPUCKOPEHD 1 pUBKA;

0) 3a0e3neYeHHsT MiHIMATLHOTO Yacy MEPEXiTHOTO MPOIIECY;

B) TOYHA 3YIUHKA;

') MOXKITUBICTh PEBEPCYBAHHSI.

KpiM ocCHOBHOT MBHAKOCTI pyXy KaOiHH, OOOB'S3KOBO MOBUHHA OyTH
nepeadoadeHa peBi3iiHOI (PEMOHTHA) MIBUAKICTh, SIKa HE MOBUHHA MEPEBUIIYBATH
0,36 M™/c. PeBizifiHa IMIBUAKICTE HEOOXIJHA JJi1 KOHTPOJIO OOJagHAHHS B
maxTi. Big enexrponpuBogy midTa moTpiOHa HaAIWHICTE B poOOTI, 3pYUHICTDH 1
mpocToTa B eKCIulyaTamii 1 OOCIyroByBaHHI,  €KOHOMIYHICTH 1
O€3IIyMHICTh. 3HAYEHHSI MPUCKOPEHHS 1 YIMOBUIBHEHHS 1 1X MOXIIHHUX - PUBKA €
Jy’e BOKIMBUM ITUTAHHAM TPU pO3pOOIIi eIEKTPOMEXaHIgHO1 crucTeMu Jidta [ 3].

MakcumanbHe TNPUCKOPEHHS (amax) HE TOBUHHO TEPEBUIYBATH IS
nacaxupcbkux mdri 1,5 m / ¢’, a MakCHMAIbHHI PUBOK ( Pmax ) HE TIOBUHEH
nepeBuiyBatd 5 M / ¢ . O6GMeKEHHS IPHCKOPEHHS Bill PHBKA 3HWKY€E JUHAMIUHI
HAaBAHTA)KEHHA Ha KaHaTH 1 KaOlHM midTa, a TakoX BHU3HA4Ya€ HOpPMAaJbHE
CaMOIOYYTTSI TACAXKUPIB. Ajle TpPU I[OMY HEOOXIIHO 3a0e3MEYUTH BHUCOKY
IPOAYKTUBHICTh Ji(Ta. 3 Oy Ha L€ JONYyCTHMI 3HAYEHHS MPUCKOPEHHS 1
pHUBKa MPUIMAEMO HACTYITHUMH

a=1.5 m/c’ (2.1)
Pmax = 3.0m/c? (2.2)

OnTuMalbHUM BBa)KalOTh TaKUM 3aKOH 3MIHM HIBUAKOCTI kKabOinu Y(t) B
NEePexXiAHUX Tpolecax, KOJMM 3HAueHHS pHUBKAa 1 TPHUCKOPEHHS Ha MEBHUX
IHTEpBalax 4acy MIATPUMYIOTHCS MOCTIMHUMHU 1 PIBHUMH TPAHUYHO JOMYyCTUMUX
3HAYCHb.

OO6'eKTOM TIPOEKTYBaHHS €IIEKTPONPUBOAY € MeEXaHi3M 3 TOBTOPHO-
KOPOTKOYACHUM PEXUMOM poboTu S3 (MexaHi3M JidTy).

HaBanTaxkeHHsI MeXaHi13My 3MIHIOETBCS IPOTITOM ITUKITY, 1 BKIIIOYA€ B cede
pO3riH 0 POoOOYOi MIBHAKOCTI, BUKOHAHHSI KOPUCHOT pOOOTH Ha 1M IMIBUAKOCTI,
raJiIbMyBaHHs a00 peBepc 1 MOBEPHEHHS HA MIABUIICHIN IMBUIKOCTI B MOYATKOBE
noJiokeHHs. B mpoiieci poboTH MexaHi3My BUHHMKA€ HEOOXIAHICTh PETyIIOBAaHHS
MOMEHTY 1 HIBHUJKOCTI, OOMEXEHHSI T'PaHUYHUX 3HAYEHb MOMEHTY, OOMEKEHHS
MPUCKOPEHHS PpoOo4Yoro oprany. BuHukamoTh pexuMu Ha0Opy 1 CKUJAHHS
HaBaHTa)KCHHSI.

BuxigHumu JaHUMU [J1s1 TPOSKTYBAHHS €JICKTPOIIPUBO/TY €:

- Kinematnyna cxema poO04YOro opraty i3 yKa3aHHSIM JMHAMIYHMX Mac 1
3ycuiib (MOMEHTIB) OIOPY PyXY, IO 00€pTaAIOTHCS Ta PyXatOThCS MOCTYNAIBHO;

- Jonyctume BIIXHJIEHHS IIBHJIKOCTI pyXy poOOYOro opraHy BiJi 3a1aHOTO
3HAYEHHS MPU PI3HOMY 3aBAaHTAKECHHI;
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- JlonmycTuMi 3HA4YE€HHs MPUCKOPEHHsS 3a YMOB MEXaHIYHOI MIIIHOCTI abo
YMOB TE€XHOJIOTIYHOTO TIPOIIECY;

- Uucno 1UKIIB 3a TOAMHY Ta POOOTH JUIsl BUKOHAHHS TEXHOJIOTIYHOI
oreparii;

- Jliniiine nepeminieHHs (KyT nmoBopoty Bajna) PO;

- Jliniiini (a00 rpaHUYHI) KOPCTKOCTI CrIoIy9HuX BaiiB PO;

- YMOBH HaBKOJIMIIHBOTO CEPEIOBUIIA.

VY mporieci po3paxyHKy HEOOX1THO BUSHAYUTH HAMOUTBIN 3aBAaHTAKCHUH IS
JIBUTYHA PEXHM POOOTH, 3a0€3MEUYNTH BUKOHAHHS BHMOT IOJ0 MPUCKOPEHHS
MacCaXKUPCHKOTO JTiPTa, KOMPOPTHOCTI PyXy A MACAKHUPIB 1 MONKIHUBICTH HOTO
poOOTH 3 PI3HUMH BaHTa)KaMH Ha ITiTHOM 1 Ha CITyCK.

VY Ttabaui 2.1 npuBeaeHO BX1AHI JaH1 JJIS MPOSKTYBaHHS €JIEKTPOIPUBOTY
midra.

Tabmuusg 2.1

ITapamerp ITo3HaueHHs1 | 3HAYEHHSA
Macg KabiHu nidra, NPOTHBOBATH, JIETaNeH Ta m, 1200 k&
BY3J1iB, 1[0 ONUPAIOTHCS HA NIAMUITHUKY
BanraxxomaiioMHICTh m, 400 kr
HiameTp Oapabana D 400 mm
JliameTp oci dy 80 MM
KoedirieHT TepTs KOB3aHHS y MiAIUITHAKAX U, 0,15
[TpuckopeHHs BITLHOTO M iHHS g 9,81 m/c”
KoeditieHT TepTsi KOYCHHS f 0,08
Bucora maxrtu gidty L 27 ™
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2.2 Po3paxyHOKMOMEHTIBCTATUYHUXOMOPiBinonepeaHiii po3paxyHok
MOTY?KHOCTi €JIeKTPOABUTYHA

Po3paxyHOK MOMEHTIB IpH PYCi 3 BAHTAKEM:
Maca Bcix pyXOMHUX YaCTHH JIOPIBHIOE

m=my; +m, = 1600 ke (2.3)
MoMeHT cuit TepTsl B MIJIMIMITHUKAX
My =518 = 94176 H - (2.4)
MoOMEHT TepTs KOUECHHS
My =mfg = 1256 H- m (2.5)
CraTuyHUil MOMEHT poOOUO0T MAllIMHU 1I0PIBHIOE
M oem = My + My = 1350.176 H - m (2.6)

JUist BU3HAUEHHS! TUHAMIYHUX MOMEHTIB POO0YO0i MAllIMHU PO3PAXOBYIOTHCS
MOMEHTH 1HEPIIii poO040i ManuHu (poOOYOro Oprany)

Jro=Jp +mx2 =64k u? (2.7)

[Ipu 3amaHiil BEMMUUHI JOIYCTUMOTO MPUCKOPEHHS & JIJIST KOXKHOTO PEKUMY
po00UYO0i MallIMHKY BU3HAYAIOTHCS JUHAMIUYHI MOMEHTH

2
Mpooun = Jpo X — = 480 H " u (2.8)
[ToBHUIT MOMEHT POOOUYOT MAaLTUHU
[Ipm mycky
M,y = Moo + Myopy, = 1830.176 H* (2.9)
[Ipu po6oTi 3 ycTajaeHO MBUAKICTIO
M,, = M,oer, = 1350.176 H - m (2.10)
MpU TaJIbMyBaHH1
M, = Moo — Mypopy, = 870.176 H - m (2.11)

HaBantaxxyBanpHa jaiarpamMma MOMEHTIB PoOOYOi MalllMHHU NpPEICTaBlieHa Ha
puc. 2.1
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Pucynok 2.1 HaBanTaxxyBajbHa JaiarpaMa MOMEHTIB poO0Y01 MallTiHU MPU
pycil 3 BaHTaxeM

Po3paxyHOK MOMEHTIB IpHU pyci 0€3 BaHTaXKY:
MOMEHT cuJl TepTA B MiAMIMITHUKAX
2
CratuyHuit MOMEHT poO0YO0T MAIIMHU JTOPIBHIOE
Mo = Mpp = 70.632 H- m
JI1st BUBHAUYCHHS! IMHAMIYHUX MOMEHTIB poO0YO0T MAaIllMHU PO3PaXOBYIOThCS
MOMEHTH 1HEPIIii poO0Y0i MamuHu (poOOYOro OpraHy) 3a BUpa3om
DZ
]PO :]B +mXT=48KZ'M2

[Tpu 3amaniil BEMUYMHI JOMYCTUMOTO TIPUCKOPEHHS & JIJISl KOKHOTO PEKUMY
p0060YO0T MalTMHU BU3HAYAOTHCS TUHAMIYHI MOMCHTH
2a
MpoduH :]PO X F =360H " m
[ToBHUIT MOMEHT POOOYOT MaITUHU
IIpu nmycky
M,, = Moo + Mooy, = 430.632 H- m
[Ipu po6oTI 3 yCTaNneHOO MBUAKICTIO
M,, = Myoer, = 70.632 H -
[Tpu ranmeMyBaHH1
M,, = Moo — Mooy, = 289.368 H - m
HaBantaxxyBanpHa nmiarpamMa MOMEHTIB POOOYOi MAIIMHHM TPEICTaBIICHA
Hapuc. 2.2
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Pucynok 2.2 HaBaHTa)kyBajbHa jJiarpaMa MOMEHTIB po0O0Y0i MallluHU TIPH
pyci 6e3 BaHTaxy

Ha ocHoBI BuxigHuX naHux KaOiHM JidTa po3paxoBYIOTh 1 OyAYIOThH
3aJIEKHOCTI HIBUJKOCTI TPUBOJHOTO EJIEKTPOABUTYHA Bin 4vacy v (t). AuisHKH
PO3PI3HSIOTBCA ~ 3HAYEHHSMHM  CTaTUYHUX  HABaHTaXeHb 1  MOMEHTIB
iHepIii. Buxoasiun 13 3alaHuX NUIAX1B IEPEMIILICHHS 0, YCTaJIEHOT MBUAKOCTI VY 1
JOTTYCTUMOT'O TIPUCKOPEHHS a pO3paXx0OBYEMO Yac ITyCKY tI A0 CTaJIOl MBHIKOCTI 3
JOMYCTUMHAM TIPUCKOPEHHSIM, TaIbMyBaHHS t. BiJl CTaOi MIBUIKOCTI IO 3yMUHKA
BU3HAYAETHCS 10 HACTYITHOIO (POPMYIIOI0

ty=t, == (2.12)
[Ipu pobouomy xoi
|4
t, = t2=a= 0.93 ¢
[Ipu TpaHcnopTyBaHHI
/4
ty=t,=—=1c
[nsx, mpoitaeHwuii 3a 4ac Mmycky (rajJbMyBaHHS ) pOO0OYOI0 MAIIUHOIO
V2
a, =a, = _— (2.13)
[Ipu pobouomy xoi
2
an=a2=2><a=0.65m
[Ipu TpancnopTyBaHHi
V2
a”=a2=2><a=0'75M
Yac ycTaneHoro pexumMy pyxy 31 IBUJKICTIO V
L—(a,+a,)
ty =—+,—" (2.14)

[Ipu pobouomy xoi

31



32

L— (an + ae)
ty = = 3825¢
HpI/I TpaHCHOpTYBaHHi
L— (an + az)
ty = ———=18.15¢

Ha miacraBi moOynoBaHOi HaBaHTa)XKyBaJbHOI JiarpaMd MOMEHTY po0Oodoi
MAaIIMHA MOKHA PO3paxyBaTH CEPeIHbOKBAAPATUUYHE 3HAYCHHS MOMEHTY

=37531H m (2.15)

z:)<"l=1 M%th

m
k=1"%"K

B SKOMY BpaxoBaHi He TUIbKM CTaTU4YHI HAaBaHTAXEHHS, a i YacTHHA
JTUHAMIYHUX HABAHTAXKEHb.

dakTHyHe  3HAYEHHSA  BIJHOCHOI  TPHUBAJIOCTI  BKIIOYEHHA  TBy
PO3pPaxOBYETHCSI MO TPUBAIOCTI yacy pobotu tk Ha BCIX m AUISHKAX Pyxy 1
3aJJaHOMY 4acy LIUKITY

Mcp K6 —

t,=3600/z=30c (2.16)

1€ Z - YUCJIO UUKJIIIB pOOOTH MallIMHU B TOJUHY
1
1B, = t—z t. x 100% ~ 23%

k=1
I1B,.,,; = 25%
I[Ipy 1BOMYy TOTYXKHICTh JBUTYHa MOXE OYyTHM BH3HA4Y€Ha IO
CITIBBIIHOIIIEHHIO

V IIBp
- kl cp K8
PKE 1B am

= 4046.48 Bm (2.17)

2.3 O0rpyHTyBaHHS BUOOPY POAY CTPYMY i THILY €JIEKTPONPUBOIY

Bubip Tumy enekTponpuBoay 1 poay CTPyMy JAOLUUIBHO NPOBOAUTH Ha
OCHOBI PO3TJISAY 1 MOPIBHAHHS TEXHIKO-€KOHOMIYHMX MOKA3HMKIB PsIIy BapiaHTIB,
110 33/I0BOJIBHSIOTH TEXHIYHUM BHUMOTaM MacaXupchbkoro nidra. Enekrponsurynu
MOCTIHHOTO CTPYMY JOIYCKA€ThCS 3aCTOCOBYBATH TUIBKH B THX BUMAAKaX, KOJHU
€JIEKTPOJBUTYHH 3MIHHOTO CTpyMy HE 3a0€3Me4yl0Th HEOOXITHUX XapaKTePUCTUK
MeXaHi3My a00 HE €eKOHOMIYHI.

3anexHo BiJ Jiana3oHy 1 MJIABHOCTI PETYJIOBaHHS IMIBUAKOCTI, BUMOT 10
SAKOCT1 TEpPEeXiAHUX MPOIECIiB MOXKYTh OYTH 3aCTOCOBaHI CHCTEMU PEOCTATHOTO
pETYIIOBaHHS IBUJKOCTI, TaK 1 CUCTEMH 3 1HIUBITYyAIbHUMH TMEPETBOPIOBAYAMU
[1, 6, 7].

st PeryIIbOBaHOTO eNEeKTPONPHBOILY 3aB/IAHHSA BUOOpY THUITy NPUBOAY
BI/Ip1H_Iy€TI>C$I CKJIaJHile. 3al1eKHO Bij zuanaony 1 TUIaBHOCTI PperyJIrOBaHHs
MIBUAKOCTI PyXy, BUMOT JO SIKOCTI MEpeXiIHUX NPOLECIB, MOXYTh OyTH
3aCTOCOBaHI K CHCTEMH PEOCTATHOTO PETYIIOBAHHS IMIBHIKOCTI, TaK 1 CUCTEMH 3
1HAMBIyaIbHUMH ITEPETBOPIOBAYAMHU.

[Ipu rnmubokoMy peryJiroBaHHI HIBUAKOCTI B OUIBIIOCTI BUIAAKIB MUTAHHS
BUPINIYEThCSI HA KOPUCTH MPHUBOJIB MOCTIHHOTO cTpymy. OHAK KOHKYPECHTHHUMHU
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10 CBOIMH BJACTUBOCTSIMH € TMPHUBOJIM 3 YAaCTOTHHUM 1 YacCTOTHO-CTPYMOBUM
KepyBaHHsM. [lepeBarn TNpUBOMIB 3 ACHHXPOHHUMH JIBUTYHAMH - IIPOCTOTA
KOHCTPYKIIIi 1 MiABUIIIEHAa HAIIWHICTh JABUTYHIB, MOXKJIUBICTh iX BUTOTOBJICHHS B
MOTOYHOMY BUPOOHHITBI. [Iepenko100 10 MBUIKOTO BIPOBAKEHHS YaCTOTHO-
PETYJIbOBAaHUX TPHUBOJIB € CKIATHICTh CHUCTEM YIIPAaBIiHHS, IO MPU3BOJIUTH O
HEJOCTaTHBOI HAAIMHOCTI 1X poOOTH 1 miABUIIEHOT BapTOCTi. [losiBa Ha cBITOBOMY
PUHKY  YacCTOTHO-PETYJIbOBAHUX  EIEKTPONPHUBOMAIB 3  MIKPOIPOLIECOPHUM
YIPaBIiHHAM TIABUINYE 1X HAA1MHICTD, ajle BAPTICTh 1X HE 3HMKYETHCS.

3acTocyBaHHs PEryIbOBaHOTO €JIEKTPOIIPUBOAY 3a0e3neuye
eHepro30epexxeHHs. SKIo 1e Tpancmoprep abo KOHBEEP, TO MOKHA PETYIIOBATH
MIBUJKICTh HOTO pyXy. SKIIO 11e Hacoc abo BEHTHJIATOP - MOKHA MIATPUMYBATH
TUCK a00 peryiroBaTH MPOAYKTHBHICTh. KO 1€ BepcTaT, TO MOXKHA ILJIaBHO
peryJIroBaTH MIBUAKICTh M0/1a4l a00 TOJIOBHOTO PYyXY.

2.4 BuOip e1eKTPOJABUIYHA | BU3HAYEHHS NMePeIaBaJIbHOI0 YHCIA
peaykropa

Buxoasun 3 HaBaHTaxyBaJbHMX pgiarpam (puc. 2.1, 2.2) i
NacaXUpcbKoroiihra BUOMPAEMO ACUHXPOHHUN JBUTYH 3 KOPOTKO3aMKHEHUM
pOTOPOM, HOMIHAJBHI JaHl SKOTO BHU3HAYEHI JJISI MOBTOPHO-KOPOTKOYACHOTO
pexuMy pobotu 3 TpuBaiicTio BKItoueHHS 40%. BuOupaeMo OIuWH ABUTYH,
HOMIHAJbHA MOTY)XHICTh SKOIO HE MEHIIE pPO3PaxXyHKOBOI HOMIHAJIBHOI
NOTYXHOCTI 1 HailOuibm Onu3bka a0 Hei. Bubupaemo nsuryn SAH(P)200MB
6/24. Jlani oOpaHOTO ABUTYHA HaBeIeHi B Ta0umii 2.2.

Tabmuus 2.2
[Tapamerp ITo3HaueHHs1 | 3Ha4YEeHHS

[ToTy>XHiCTh HOMIHANBHA, KBT P, 7.5
HowminanpHa yactota o0epTanss, 00 / XB Ny 940
HowminansHuil cTpyM (ctatopa), A I, 13.8
KoeilieHT MOTy>KHOCTiI B HOMIHAJIBHOMY PEKUMI COSP 0.8
ITyckoBuii cTpym, A I, 16.4
[TyckoBuii MoMeHT, HM M, 76
Makcumanbauiil (KpuTuaHui) MoMeHT, Hm Myake 336
AxTuBHUM onip (a3zHoi oOMoTKU ctatopa, Om r 0.06
CtpyM XOJOCTOrO XOAYy [JIsi HOMIHAJIBHOIO I 15
pexuMy, A 0 '
AKTHUBHUI OMIp KOPOTKOTO 3aMHUKaHHs, OM R 0.04
[HAyKTHBHUH OMip KOPOTKOTO 3aMUKaHHs, OM Xs 0.11
KoeirieHT mpuBeICHHS ONOPIB K, 0.32
MowmeHT iHeprii gBuryHa, kr M> (Hwm) Je 0.55

[lepenaBanbHe YUCIO PEAYKTOPA BU3HAYAETHCS 3 HOMIHAJIBHOIO IIBUAKOCTI
oOepTaHHsi 0OpaHOrO JABUTYHA ® H 1 OCHOBHUM HIBUIKOCTI PyXy BHKOHABYOTO
opraty vo 1o ¢popmyJi
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w, = 2= = 98,4 padc (2.18)
. D
Jp = “;VO = 20,09 k2 - m> (2.19)

ne D - pgiamerp kosneca (ponuwka, IIKiBa TOINO), IO 3HAXOTUTHCS Ha
BUX1JTHOMY Bally peayKTOpa i TepeTBOPIOE 00epTaHHS Baly B MOCTYHNAIBHHUNA PyX
BHKOHABYOTO OpraHy po00U0i MalTuHH.

Penyktop BuOUpaloTh 3a JOBITHUKOM, BHUXOISYM 3  HEOOXITHOTO
nepenaBaIbHOr0 YHCa, 3aJaHOTO 3HAYeHHS HOMIHAJIBHOI TOTYXHOCTI (abo
MOMEHTIB Ha THUXOXIJJHOMY 1 MIBHAKOXIJHOMY Bally) 1 IIBHJKOCTI OOpaHOTO
JIBUTYHA 3 ypaxyBaHHSAM XapaKTepy HaBaHTaxeHHs (pexumy podotu) PO, mns
SIKOTO TTPOCKTYETHCS ETEKTPOITPHBO/I.

Bubupaemo tpucrynenesuit unininapuunuii peaykrop HTH-315. OcHoBHi
napaMeTpH HaBeJeH1 B Tabmui 2.3.

Tabmuus 2.3
OCHOBHI IapaMeTpu TPUCTYNEHEBOTO IuTiHApuIHOTO peaykropa [ITHJ-315
[Tapamerp [To3HauenHss | 3Ha4yeHHSA
HowminanbHuil KpyTHUN MOMEHT Ha BUXITHOMY M, 8300
By, Hm
IlepenaBasibHe YK CIIO n 20
KK/, % n 97

2.5 Po3paxyHOK HaBeJeHUX CTATUYHUX MOMEHTIB, MOMEHTIB iHepuil
iKoedili€eHTa KOPCTKOCTI CHCTEMH €JIeKTPONPUBOA —KaliHa Jidra

Ha erami momepeaHbOro po3paxyHKY ITOTYKHOCTI €JIEKTPOJBHTYHA TIO
3aJlaHUM TEXHIYHUM TOKa3HMKaM poO0dYO0i MalIuHU OYJM pO3paxoBaHi CTATUYHI 1
JUHAMI9HI MOMEHTH po6odoi MammuM. [licas Bubopy ABUryHa 1 peyKTopa, KOJIH
BiIOM1 TmepedaBaibHe umcio, koedimient kopucnoi naii KKJ[ pemyktopa,
PO3PaxOBYIOTHCA CTATUYHI MOMEHTH pOOOUYO0T MAIIMHHM, /IO BaTy JBUTYHA.

Pyx npu poGodomy xoi:

M, = M‘]”" =602 H-m (2.20)
14
Pyx 663 TPAaHCIIOPTYBAHHA BAHTAXKY
M
M, =" =352H-u
Jp

3 ypaxyBaHHSM BTpaT B PpEAYKTOpI CTaTUYHI MOMEHTH Ha Bajly
PO3PaxXOBYIOTh 3aJICKHO BiJ] pEKUMY pOOOTH €IEKTPOTIPUBOTY.

CraTu4yHMIl MOMEHT Ha Baly B PyXOBOMY PEXHUMI 3 BAHTAKEM

M, = A:—P = 62.06 H- (2.21)
P

6c

CraTuyHMl MOMEHT Ha Bajly B PyXOBOMY PEXHMI 0€3 BaHTaXKy

Mpc
M, = =3.63Hm
Np

6c
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[Ipu poGOTI €NEeKTPONPUBOIa B TAIBMIBHUX PEXKUMax BTpPaTH B PEIyKTOP1
BUKJIMKAIOTh 3MEHIIICHHS! HABAaHTAXXECHHS JBUTYHA.
CratuyHUil MOMEHT Ha BaJly B TAJIbMIBHOMY PEXHUMI 3 BAHTaXKEM
M, =M, Xn, = 58394 H" u (2.22)
CratnyHuii MOMEHT Ha BaJTy B TAIBMIBHOMY PEXUMI O€3 BaHTaXKy
My =M,. X1, =3414Hm
HominansHut MOMEHT Ha BaJTy IBUTYHA
Py,
M,, = — = 30.487 H-m (2.23)

H

CymapHuii IpHUBEJICHUN 10 Baly JABUTYHA MOMEHT 1HEpIIii CUCTEMHU MOXKE
OyTH po3paxoBaHUil M0 TAKOMY CIiBBITHOILIEHHIO:
[Ipu pyci 3 BaHTaxKeM
] =06]y+ ], =13.24 Ke * M?
[Ipu pyci 6e3 BaHTaxKy
] =6Jy+ ], =13.15 Ko * M?
[IpuBenenuit 70 Bally JABUTYHA CYMapHMM MOMEHT IHEPIIi PYyXOMHX
BUKOHABYMX OpraHiB poO0Y0i MAIIMHU 1 IOB'I3aHUX 3 HUMH PyXOMHUX Mac:
[Ipu pyci 3 BaHTaxkeM
Jnp = ]],L; = 0.69 x2 - m? (2.25)
[Ipu pyci 6e3 BaHTaxKy

Jup =]LO = 0.58 k2 - m?

Jp
VY HpoekTi po3paxoByEMO MOMEHT I1HEpIi €JIEKTPONPUBOY HAOJIMKEHO,
npuitmatoun y popmymi koediuieHt o = 1,4.
VYcranena mBUAKICTh IBUTYHA:
[Ipu pobouomy xoi
2V .
W, = TOJP = 140.63 pao/c (2.26)
[Ipu TpancnopTyBaHHI
2V,
o = 150.67 pao/c
[TyckoBi Mn i1 ranbmiBHI Mr MOMEHTH JIBUTYHA, TIPH SIKHX 3a0€3MeUy€eThCs
3MOra pO3rOHY 1 TaJbMyBaHHS €JIEKTPONPUBOAY 3 3a/JlaHUM JIONYCTUMUM
PUCKOPEHHSIM:
[Ipu pyci 3 BaHTaxkeM

M()uH =] X
[Ipu pyci 6e3 BaHTaxy
2a
My, =] X = 198138 H

[lyckoBUii MOMEHT B PyXOBOMY PEXHUMI 3 BAHTAKEM
M,=M,+M,,, =2053.32H " m (2.28)
[TyckoBHi1 MOMEHT B pyXOBOMY PEKUMI1 O€3 BAaHTaXy
35

w, =

2axjp
D

= 1994.93 H- u (2.27)

X Jp
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M,=M,+ M,,, =2056.73 H-m

["anpMiBHUN MOMEHT B TAJIbMIBHOMY PEXHMI 3 BAaHTaKEM
M,=M,,, —M,=192299 H - m (2.29)

["anpMiBHUN MOMEHT B raJIbMiBHOMY PEXXUMI 0€3 BaHTaXKY

M,=M,,, —M.=2049.91 H- u
I'padiku nepexiTHUX MPOIECiB MyCKY ABUTYHA HABEJICHI Ha CIIai/I.
JIist HaOMMKEHOTO PO3paxyHKy dacy NEPEeXiTHOTO TPOIECy OIIHIOEMO

CepeIHi MOMEHT JBUTYyHA M

Pyx 3 BanTaxeM:

IIpm mycky

M,, =22 = 1061.7 H- (2.30)
[Ipu ntuHAMIYHOMY TraJbMYyBaHHI

M,, === 961495 H - u (2.31)
Pyx 0Ge3 BaHTaxy:
IIpu nmycky

M, +1.2M

p=—"——=1030413H n

[Ipu quHAMIYHOMY TajIbMyBaHHI
M,

M., = - = 1024955 H m

[Ipu xuBIEHHI BiJ NEPETBOPIOBaYa 3 3aIaTYMKOM IHTEHCHUBHOCTI CEpeIHIM
MOMEHT [BUTYHAa MOXXHa TMPUUHATH pIBHUM MOMEHTY, JOMYCTUMOMY TIO
IPUCKOPEHHIO:

- iz vac mycky Mg, = My;

- Ipu TasibMyBaHH1 M, = M.

= T T T T T
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Pucynok2.3 Kpusi nepexigHux xapaktepucTuk AJl: yacrora ooepTaHHs
BaJly poTOpa, pajy/c; eIeKTPOMarHiTHUA MOMEHT, H'M

2.6 Ilonepeans nepeBipka IBUIryHA HA HArpiB iNPOAYKTUBHICTH

Po3paxyHok yacy nepexigHux MmpoLeciB

t; = ]M:_CMC (2.32)
Pyx 3 BanTaxewm:
IpU MyCKY .
ti :]Mcp—cMc =1.86 ¢
P TaJIbMyBaHHI
ti=] MCZ)—CMc:2'06 c
Pyx Ge3 BaHTaxy:
IPU ITYCKY .
ti :]MCP—CMC =1.86 ¢
IIpY TaJIbMyBaHH1
t; = ]MCZ)—CMC =19c¢
Po3paxyHok KyTa MOBOpOTY BaJjia IBUTYHA 3a Yac MEPEX1AHOTO MPOIIECY
WXt
, =228 233)
Pyx 3 BaHTaxewMm:
IPU IMYCKY
@, = wc; Y 130,78 pao
IpU TATbMYyBaHH1
a, = wc; ti = 144.85 pao
Pyx Ge3 BanTaxy:
IPH ITYCKY
@, = wc; Y 13112 pao
IpU TATEMYyBaHH1
aQ, = wc; H 131,95 pao
Po3paxyHok yacy poOOTH 3 yCTaJeHOIO MIBHIKICTIO
t, = —“‘(‘Z:“m) (2.34)
a = 2L = 2712 pao (2.35)
Pyx 3 BanTaxem
= T 219,18 ¢

Pyx 0e3 BaHTaxy
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_a—-(a,+a)

t 18 ¢

¥

wC
[TonepenHs nepeBipka JBUTyHA 1O HArpiBaHHIO 31MCHIOETHCS MO BEJIMYMHI
CEpEIHbOKBAIPATUYHOTO MOMEHTY

Iy moM2zxt

cp ke — m
k=1 "K

Mpaon =761 H-m; Mpom - 0,8 = 608.8 H-Mm.
OTpuMaHi 3HAYE€HHS I[IOKa3ylOTh, 10 OOpaHMM MABUTYH IO HarpiBy
MIXOIUTE.

2 =37531H um
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3. MoaepHi3zauisi eJIeKTPONPHUBOY NACAKUPCHKOTO JidTa 3
NMOKPAaIleHUMHU TMHAMIYHMMH Pe;KUMAaMH Ta 3a0e3ne4eHHAM KOM(OPTHOCTI

Ak yxe Oyn0 cKazaHO paHilie, 1 MOJACPHI3aIil eIeKTPOIPHUBOIY
MacaXUPChKOTO Ty BHKOpUCTaeEMO mneperBoproBad uactotu (ITY) mms
3a0e3nedyeHHss npuHuuny ImaBHoro mycky (IIIIII) acuHXpoHHOrO nABUTYHa
IPUBO/TY.

3.1 OcnoBumii npuHuun podoru I i ITY

[lepeTBoproBay YacTOTH Il TPUBOAHUX EIIEKTPOABUTYHIB 3MIHHOTO
CTPyMY OTPHMY€E >KUBJICHHS BiJl CHJIOBOTO KoJja (DiKCOBAHOI HANPYTH 1 YaCTOTH Ta
MIEPETBOPIOE HOTO B 3MIHHY PEryJhOBaHYy HAIPYTy 3MIHHOTO CTPyMYy 3i 3MiHHOIO
JacTOTOO, y  MOpsMIA  3aJeKHOCTI B 3agaHoi  mBuakocti.  Jlms
3a0e3MeUeHHIHEO0X1THOT TTePeBaHTAKYBAIBHOI 3/JATHOCT1 JIBUTYHA TIPU Oy Ib-SIK1N
IIBUKOCTI, HEOOX1/THO 3a0e3MevuyBaT MOCTIHHUN MarHiTHUM NMOTIK ABUTYHA. J{is
[[OTO HAINpyTa 1 4acTOTa MOBUHHI 3MIHIOBATUCS OJHOYACHO B OJIHOMY 1 TOMY K
CriBBiAHOIICHHI[4].

Bumpsymisa @uietp  [HBepTOp

o | A

Pucynok 3.1 Cnpomiena cxema neperBoproBaya 4aCTOTH
3.1.1 Crpykrypa IIIII i ITY

CunoBa uvactuna [IY cknamaeTscs 3 BUIpsSMIISiYa Ta I1HBEPTOpa, SKHUM
BUKOPHCTOBY€E BUIIPSIMIIEHA HAIpyra JUIsl OTPUMaHHS HalpyTry 3MIHHOI aMILTITY U
1 gyactoTH (puc. 3.1).

Sk BUNpSAMISY 3a3BUYail BUKOPHUCTOBYETHCS JIOAHUN BUMPSIMHUN MICT 3
GUIBTPOM, IO CKIIAJIAETHCS 3 OJHOr0 abo OuIbIe KOHACHCATOPIB, B 3aJICKHOCTI
BiJ1 notyxxHocTi [TH. JIns 3a0e3nedeHHs 3aXUCTy JIAHLIOTIB Bl NE€pEeBaHTaXKEHHS
IpY MOJa4l >KUBJIEHHS B MPUCTPiii BOYJOBAaHO cXeMy OOMEKEHHS CTPyMY 3apsny
KOHJIEHCATOpPIB. Y JESIKUX MEePETBOPIOBAUAX Il OOMEXEHHS CKayKiB CTPyMy IpHU
3apsii KOHAEHCATOPIB (DUIBTPa, SIK1 3apsAIXKAIOTHCSA A0 aMIUNITYJHOTO 3HAYCHHS
Hampyru mepexi >xkuBiieHHs (0mu3bko 540 B npu sxuBmiibHOMY Harpysi 380B)
BUKOPUCTOBYETHCSI TAPUCTOPHUM MICT.

[IpumiTKa: He TUBIAYNCH HA HASBHICTH JIAHIIOTIB PO3PSIAKH, KOHICHCATOPH
IPOAOBXKYIOThH 30epiraTi HeOe3NeuHy Halpyry HaBiTh MPU BUKIOYEHHI CHIOBOTO
KUBJCHHS. ToMy OyIb-siKe TEeXHIYHE OOCIYrOoBYBaHHS ILIMX IPHUCTPOIB Mae
IPOBOAUTUCS TUIBKH 3 JAOTPUMAHHAM NpaBUJ O€3MEeKHM HABYCHUM IE€PCOHANIOM,
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KWW TOYHO 3HAE, SIK1 3aMOODKHI 3aXOJM CJIIJT 3aCTOCYBATH 1 SK BU3HAYUTH, IO
3apsii KOHACHCATOPIB JOCAT 0€3MEeYHOTO PiBHS.

MicT iHBepTOpa, MIAKIIOYEHOTO JO IMX KOHIEHCATOPiB, BUKOHAHWUU Ha
HIeCTH  MOTY>KHUX  TpaH3zuctopax (3a3Buuait IGBT), ykomiuiekToBaHux
3BopoTHUMHU giomamu[6]. Lleii Tun perynsropa po3poOJIeHHH IS SKUBIICHHS
ACMHXPOHHOTO JIBUTYHA 3 KOPOTKO3aMKHEHHM POTOPOM.

3.1.2 PerymoBanns mBuakocti ITIT i ITY

Buxigna manpyra ¢opMyeTbes 3 IMIYJIbCIB PI3HOT MIUPUHU, OACPKYBAHUX
IIUITXOM KOMYTaIlii MOCTIHHOT HAMPYTH HA BUXOJII BUTIPSAMIITYA TAKUM YUHOM, IIIO
PEe3YJAbTYIOUMM 3MIHHUM CTPYyM Oyjze NMpakTHYHO CHUHYycoigansbHuUM (puc. 3.2). La
texHosorig, Bigoma sk IIIM (mupoTHO-iMIyJlIbCHA MOMAYJIALIS), JTO3BOJISE
OTpUMATH piBHOMipHE 0OepTaHHS Ha HEBUCOKIM MIBUKOCTI 1 0OMEXKY€E 3pOCTaHHS
teMmrepaTypu. Yacrora KoMmyTalli TpPaH3UCTOPIB BHUOMPAETHCS HA OCHOBI
KOMITPOMICY, OCKIJIbKM BOHA MOBHHHA OyTH BHUCOKOIO ISl 3HMKEHHSI CTPYMOBHX
MyJibCalliil 1 aKyCTUYHUX IIYMIB B JBUTYHI 0€3 3HAYHOro 30UIbIICHHS BTPAT Ha
BUIIPSIMHOMY MOCTY 1 Ha TPaH3UCTOpax 1HBEpTOpa. YTpPaBIiHHA ABOMAa KPUBUMHU -
PO3roHY 1 raJJbMyBaHHSI.
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Pucynox 3.2 [IupoTHO-IMITyIbCHA MOTYJISILIIS

3.1.3 Boynosanmii 3axuct IITIIIT i ITY

[lepeTBOoproBay 4acTOTH 3axHILA€ ceOe 1 IBUTYH BiJl MEPErpiBy, OJIOKYHOUH
po0OTy 10 TOrO MOMEHTY, NMOKH He Oyne BiAHOBIEHA IOMyCTHUMa JUisi poOOTH
TeMIeparypa.

Takox 3abe3neuyeTbcsi 3aXHCT BiJg OyAb-sIKOTO THIYy TMEPEIKoa ado
npo0seM, SKi MOXKYTh BIUIMBATH HA HOPMajbHY pPOOOTY MPHUCTPOIO, TAKHX SIK
nijgBUIlieHa a00 HU3bKA Hampyra abo BiICYTHICTH BXiAHOI uM BuXigHOi (azu. Y
neskux [1Y Bumpsmiisad, iHBEPTOp, TadbMIBHUM KJIIOY, CXEMHU YIPABIIHHS 1
3aXUCTY B1J KOPOTKOT'O 3aMUKAHHS PO3MILLYIOTHCS B €JUHOMY 1HTEJIEKTYyaJbHOMY
cuwioBomy Monyiti(ICM), Ha npukiaz, sk mokazano y [11-12].
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3.1.4 Yupasuainua U / f = const

[Ipu 1bOMY 3aKOHiI pEryIOBaHHS CHTHAJI 3aBJaHHS IIBUIKOCTI BH3HAYa€e
JacTOTy HAa BHUXOJI IHBEpTOpa 1, OTKE, HA JABUTYH, SKHH pO3BHUBAE 3aJaHy
IIBUJIKICTh oOepTaHHs. Hampyra 3HaXoauTbcsi B NPsIMOMY CITIBBIJIHOIIEHHI 3
gacTototo (puc. 3.3-3.4). Lle#t Tum ynpaBiaiHHSA 94acTo Ha3uBarOTh ynpasmiHas U / £
a00 CKAJIIPHUM KEpYBaHHSM.

M/Mn
1,75
1,70 Va 3 .

1,50

1,25

2 2 X
0,95

—h
4
4
4

0,75 3 s

0,50 - -

~ "“-..,_

[y
h--

0,25

0

— e ———— ———

25 50 75 100 YacTtoTa
(Mu)

Pucynoxk 3.3 Xapakrepuctuku MomeHTy [1Y 31 30151b1IEHUM MOMEHTOM
HaBaHTa)KECHHS
1 — TpuBanuii KOPUCHUIT MOMEHT JIBUTYHA 3 CAMOBEHTHUIISIIIEIO
2 — TpUBAJIMI KOPUCHUIA MOMEHT JIBUTYHA 3 IPUMYCOBHUM OXOJIO/KEHHSIM
3 — mepeBaHTaXXyBaJbHUI MEePEXiTHUN MOMEHT
4 — MOMEHT Ha IIBUAKOCTI BUIIIE HOMIHAJIHOT MPU CTaJIiil HOTYXKHOCTI
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M/Mn
1,75

1,55

1,25
1,20 1~ ~

1,00 S
0,95 1 ’\fl. N

0,75 "

0,50 ~‘§ v-.-...

0,25

— e ———————

25 50 75 100 HactoTa
(M)

Pucynok 3.4 Xapakrepuctuku momeHTy 114 13 cTaHmapTHUM MOMEHTOM
HaBaHTa)KEHHS
1 — TpuBanMii KOPUCHUM MOMEHT JABUTYHA 3 CAMOBEHTHUJISLIIEIO
2 — TPUBAJIMHA KOPUCHUI MOMEHT JBUT'YHA 3 IPUMYCOBUM OXOJIOIKCHHSIM
3 — nepeBaHTaXyBaJIbLHUM MEPEX1THUA MOMEHT
4 — MOMEHT Ha IIBUIKOCTI BUIIIE HOMIHAJIBHOI MPY CTaJIIN MOTYKHOCTI

3.2 Bubip Y i cucremu ynpasjinus jgiprom

Bubip ITH npoBoauThCs 1O MOTYHOCTI JBUTYHA 1 3@ HAIIPYTOKO JKUBJICHHS.
3 karanory BubOupaemo ITY BupoOHuinrea SchneiderElectric, moTy>KHICTh SIKOTO
JOPIBHIOE 200 O1IbIIIe HOMIHATBLHOT MOTY>KHOCTI IBUTYHA.

Bubupaemo MY tuny ATVS8HDI12N4, fioro mapamerpu MpeACTaBiICHI B
tabmuii 3.1, a cxema migkmoueHHs [IY pmo nBuryHa mokazaHa Ha puc.3.5.
30BHIIIHIN BUTJISA IPEICTABICHO HA PUCYHKY3.0.
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Taomung 3.1

[TapameTpu nepeTBoproBaya 4aCTOTU
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Pucynok 3.5 Cxema nminkmouenns [T4 1o mepexi 1 10 nBUryHa
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ATV-58ED12N4
Pucynok 3.6 3oBnimmHi# Burisa [TH

3.3 Onuc podotu gipra 3 3acrocyBannsam 1Y

3acrocyBaHHa mneperBoproBaua yactotu (ITY), mo mniaxmodaeTscs 10
BHUCOKOIIBUJKICHOI OOMOTKH JBUTYHA, 3a0e3reuye nepeMilieHds kabinu midra 3
M1JBUIIEHOI0 (pOO0YOI0) 1 3HMKEHOIO (JOTATYBAHHS) IBUIKOCTAMH, @ TAKOXK 31
HIBUIKICTIO peBi3ii. PyX 311HCHIOEThCS 3 IJIaBHUMH IyCKaMU 1 TaJbMYyBaHHSIMU
py OOMEKEHUX PHUBKax 1 MPUCKOPEHHSIX 1 BUCOKOMY pIBHI KOM(DOPTY Mpoi3ay B
kaOiui mdTa [3].

[ukn poOOTHM TOJOBHOTO NPHUBOAY JipTa B HOPMAIBHOMY PpEKHMI
HACTyNHUI. Y NOYaTKOBOMY CTaHl KabOiHa jidra Hepyxoma. [Ipu HeoOxigHOCTI
NepecyBaHHsl 3 MPUCTPOIO ymnpaBmiHHA Ha [IY HagXoguTh cuUrHai 3aBAaHHS
HampsIMy pyXy, a 3aMUKaHHSAM KOHTaKTIB IIyckaua OOMOTKa JBUTYHa
MIIKITI0YAETHCSA 10 TepeTBopioBada. 3 KOHTakTiB BOymoBaHoro B I[IU pene Ha
MPUCTPIA YNPaBIiHHA TPUXOAUTH CUTHAN Tpo roToBHICTh [IY g0 poGotu. Ha
JBUTYH  TOAA€TbCA  Hampyra, HEOOX1gHa  JUIi  CTBOPEHHS  MOMEHTY
yrpuManHs. [licig HapocTaHHS CTpyMy B OOMOTKax JBUTYHA JO BEJIUYMHHU, IIO0
3a0e3meyye MOMEHT YTPUMAHHS, Ha TPUCTPIA YNPaBIiHHA 4Yepe3 3aMKHYTI
KOHTAKTH 1HIIOro BOynoBaHoro B [T pene Hagxoauts BinoBiaHUM curHai. [licms
1bOT0, 32 KOMAaH/IaMH 3 IPUCTPOIO YIPABIIHHS, 3HIMAETbCA MEXaHIYHE TaJIbMO, a
Ha [IY HagxoauTe CcUTHalN 3aBJaHHsA  piBHA  poOo4voi  (IMiABHUILEHOI)
mBuaKocTi. [Ticns otpumanusa uporo curdany Y ¢opmye Ha 0OMOTIII JBUTYHA
HaIpyry TakUM YUHOM, IO MpU I[bOMY 3a0€3MeuyeThCsl MIAaBHUM MYCK KaOlHU
midra 3 HEOOXITHUMH MPUCKOPEHHAMH 1 pUBKaMU 0 poOouoi mBHuaKoCTI. [Tics
HAI3Qy Ha JaT4MK YHOBUIBHEHHA 3 NPUCTPOI0 KepyBaHHsS Ha [IY Hamxomuth
CUTHAJI 3aBAaHHs 3HIKEHOi mBuiakocti. [[U dopmye nampyry, mo 3abesnedye
MJIaBHE TaJbMYyBaHHS 1O IBUAKOCTI AOoTATyBaHHA. JIiGT mpomoBxkye pyx 3i
3HIKEHOIO IBUJKICTIO 10 Ha'1'3ny Ha JaTYMK TOYHOI 3yNMHUHKH, MICIS YOro IO
KOMaH/1i 3 npuctporo ynpaiinas 1Y ¢popmye Hanpyry, 1110 3a6e3mnedye ocTaTouHe
3aranbMyBaHHA 1 yTtpumanHs. [licna 3ynubaku asuryHa 3 IIY Ha mnpuctpiit
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YIOPABIIHHS MOAAETHCSI CUTHAN MPO 3aKIHYEHHS PYyXy, MO HAIXOHKEHHIO SIKOTO
HAKJIQJa€ThCs MEXaHIYHUM TajabMO, JBUTYH BiakiaoudaeTrbes Big IIY, a Bci
koMaHgH1 curHaiau 3 [IY 3HimaroTbesa. L{ukin poOOTH ToJIOBHOTO MPUBOAY TpHU
[OMY 3aKIHUEHO.

HusbkomBuakicHa 00OMOTKa 3aCTOCOBYBAHOTO JBOXIIBUIKICHOTO JBUTYHA
BUKOPHUCTOBYETHCSA TIPU MOHTQXHHUX 1 PEMOHTHUX POOOTaX, a TAKOX MPHU BUXO/I 3
nagy IIY.TIpm mpoMmy Ti JKMBJICHHS MOXE 3IIHCHIOETBCS dYepe3 JI0JaTKOBI
KOMYTYIOY1 IPUCTPOI.

Buxopuctanns T4 nae HactymnHi nepeBaru:

- 30UIbIIIEHUI Alama30H PeryJlOBaHHS MIBUIKOCTI, IO MOKpPAILy€ TOYHICTD
3YIUHKH;

-OUTBIII BUCOKY TOYHICTh MIATPUMKH IIBUAKOCTI Ji(Ta, HE3aIEKHO BIT
3aBaHTOXCHHS KaOiHHW, 0 3a0e3rnedye MiABUINEHY MPOJYKTHUBHICTh 1 3HM)KCHHS
qyacy Ipoisay;

- OoOMEXeHI TYCKOBI CTPyMH JBUTYHA, IO 3MEHIIyE BUTpaTy
CJIEKTPOCHEPT1i, 3HUKYE HATPIB 1 301UIBIIIYE TEPMIH CITY>KOU 130151111,

- HEe MOTpiOHE BUKOPUCTAHHS JOJATKOBMX MAaXOBHUKIB, IO TAKOX 3HIKYE
BUTpPATY €JIEKTPOCHEPTii 1 3SMEHIIIyE HarpiBaHHS;

- 3HATTSA 1 HAKJIAQJICHHS MEXaHIYHOTO TajbMa BiTOYBAE€ThCS TPH TOBHICTIO
3YMIUHEHOMY POTOpi JABUTYHA, IO 3HIKYE 3HOC KOJIOAOK TayJbMa 1 ITiIBHIIYE
HaJIIHHICTh HOTO POOOTH.

[IporpamyBanus 1Y 3m1iiCHIOETBCS 32 JOMOMOIOK POOOYOro TEpMIHAIY.

Woro 30BHIIIHIA BUTJISIA MOKa3aHUN HA pUCyHKax3.7 1 3.8.
Buo cnepeny

A woo PROG
H H H E 1| 4-X CHMBONBHWIT IHAWKATOp:
[ o 1

- Bl 0D pa#eEHHA YWCNOBKMX 3HAYEHE | KOLIB

@ @ WicTHa s uATHCUMBONEHA CTIYKA:
@ @ Big00paxeHHA TEKCTOBWX NOBILOMNEHE

Pucynok 3.7 - 30BHIIIHINA BUTJISIT pOOOYOTO TEPMIHATY CIIEpeIy
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Buwo asagy
o

©) ©

Posem:

- ANA NPAMOTO MiGKNKYEHHA TEpMiHANE 4,0
/ NepeTBOPHIBAYA;

- ANA BUEKOPWCTAHHA HA BILCTAHI TEPMIHAN MOME
< NigknoJaTucA kabenem, NoCTaBNAETLCA ¥ KOMIMEKTI.

Pucynox 3.8 - 30BHIIIHINA BUTIIsA pOOOYOTO TEPMIHAITY 3331y
3.4 Bubip raabMiBHOTO pe3UCTOPA i PO3PAXyHOK HOr0 MOTYKHOCTI
Pesucrop 3a6e3neuye podbory neperBoproBava yactotu ATVS8HU9ON npu
rajbMyBaHHI 7O TOBHOI 3YNMHUHKHA a0O0 TiJl Yac 3HUXKEHHS IIBUIKOCTI IUIIXOM
pO3CIIOBaHHS  TrajdbMIBHOi  eHeprii. [albMiBHUA  MOMEHT 3  PE3HCTOPOM

pPO3paxoBYEThCS 3a TpadikoM Ha pUCYHKY3.9.

25/30  50/60 75/90  100/120 Yacrora (I'y)

0,25

0,50

prad 7
1 k 1L A
‘l
p
-
1,20 \ 2_|-

1,50
M/Mn

Pucynox 3.9 T'anbMiBHUIT MOMEHT 3 pe3UCTOPOM

1 - TpuBanuii ranpMmiBHUNA MOMEHT (akTUBHUN MoMeHT). KoedimienT
HaBaHTaxeHHs: 100%.

2 - MakcuManbHUN TTepexiTHUNA raabMiBHUM MOMEHT (TipoTsiroM 60 ¢).

3 rpadika BUAHO, 110 TajJbMiBHUM MOMEHT Oyne JOPIBHIOE HOMIHAJIBHOMY
MOMEHTY Ha yacToTax piBHUX 10 ' 150 ',

Jna MY tuny ATV-58ED12N4 pexkoMeHAyeTbCcsl BHKOPUCTOBYBATH
pesuctop tuny VW3-A58735, onopom He MeH1IEe 53 OM.
Buznayaemo koediieHT HaBaHTaXeHHS 10 GopMyi
fm =2x100% = 7.1% (3.1)
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ne fm-koedimieHT HaBaHTaXKeHH, %0;
t - yac ranpMyBaHHS, C;
T - TpuBaicTh UKy, C;

3.4.1 BusHauyeHHsI HOMIHAJIbHOI MOTYKHOCTi

3 pucynka3.10 BusHagaemo koedirienT K1, BiAMoOBiIHWN TadbMiBHUM
MOMEHTOM PIBHOMY HOMIHAJILHOMY MOMEHTY 1 KoedirieHnTa HaBaHTaxkeHHs 7.1%.
Sk BugHO 3 rpadika koedimient K1 = 0,07.

K1
1
——60%
40%
/‘///
T 20%
0,1 —1 L
0.06"—-————-—-::7'{—'-—7"{::—-- ————==1 4//
— = 5%
/‘!/ ="
! =
— /:// 2%
4/ : /
0,01 — — t —
— — 1
— = o
" ="\
— I
- :
|
I
I
0,001 !
0,1 0,5 0,6 1 1,5 Mf/Mn

Pucynok 3.10 3nauenns koedimienta K1, B 3a1€KHOCTI BiJI raJIbMiBHOTO
MoMeHTy 1 fm

JlommycTuMe nepeBaHTaXEHHS PE3UCTOPA B 3aJICKHOCTI BiJl 4acy MOKa3aHa Ha

pucynky3.11.3 Hporo Mm Bu3HadyaeMo KoedimieHT K2, BiamoBimHMA dYacy
ranpbmyBaHHs 1 ¢. Sk BugHO 3 Tpadika K2 = 20.
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Pucynok 3.11 JlonmycTuMme nepeBaHTaKEHHS pe3UCTOpa

HowmiHasibHY MOTYKHICTh PE3UCTOPA BU3HAYAEMO 32
Po =Py Kin- (14 Kz_lfm) =116 Bm (3.2)

ne Pn - po3paxyHKoBa NOTYXHICTh pe3ucTopa, BT;

Pm - noTyxHicTh nBUTYHA, BT;

K1 - koedimieHT BIANOBIIHUN TaJbMIBHOMY MOMEHTY 1 KOE(IIIEHTY
HABaHTA)KCHHS;

n - KK/l aBuryHa;

K2 - koedirieHT BIAMOBIIHUMA Yacy TalbMyBaHHS;

fm - koedirieHT HaBaHTaXXCHHS, 0.

[ToTy>XHICTh TaJbMIBHOTO pE3UCTOpa MOBUHHA OyTH He MeHmie 116 Br, a
omip He MeHIe 53 Owm.

3.4.2 Bubip raabMiBHOTO pe3ucTopa

Bubupaemo ranpmiBauii Mogynas VW3-AS58735, mo ckimanaeTscs 3 JBOX
pesuctopiB Pn = 80 BT, R = 60 Owm;

3.5 Po3paxyHok yactoTH i Hanpyru aBuryHa B cucremi ITY-AJ]

[Ipy >XuBIEHHI ACHUHXPOHHOTO JBUTYHA BIiJ TMEpPETBOPIOBadYa 4YacTOTH B
IpOLECi EPETBOPEHHS HANPYTW MPOMHUCIIOBOI YaCTOTH B HANpPYTy pery b0BaHOI0
aMILTITYIH 1 perJIBOBaHOI YaCTOTH BUHUKAIOTh BTPATH HAMpPYTH 1 HOTy)KHOCTl B
nepeTBoproBadyi. 3a3BUyail Taki MEpeTBOPIOBadl MAalOTh BHYTPIIIHI 3BOPOTHI
3B'SI3KM, 1 TpW 3MiHI HAaBaHTOXCHHS JBUTYHA BHXIJHA Hampyra 1 YacroTa
IPAaKTUYHO HE 3MIHIOIOThCS. ToMy Hajai Hampyry 1 4acTOTy Ha CTaTopi JBUTYHA
BBXaTUMEMO HE3aJIC)KHUMH BiJl HABaHTa)KeHHS [4].
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CuHXpOHHAa WIBHJKICTh JBHUTYHA ¢ 3aJIGKUTh BiJ YacTOTU MeEPEexKl

JKUBJICHHS f; 1 yKcIa mmap moJrociB py,
__2mmy,

Wo, = —— = 78.5 pan/c (3.3)

Jlnis cTifikoi poOOTH ABUTyHA HEOOXI1JHO MPH 3MiHI YaCTOTHU MiATPUMYBATH
NEPEeBAHTAXYBAIbHY 3JaTHICTh JBHUIYHa, LI0 3a0€3MeuyeTbCs PperyiaroBaHHAM
HAllpyrd Ha CTATOpi 3a PI3HUMHU 3aKOHAMU B 3aJIEKHOCTI BiJ 9acCTOTH 1 BIf
XapakTepy 3MiHM CTaTUYHOro MOMEHTY. L{i oco6nuBOoCTI HEOOXiTHO BpaxoByBaTH
IPU PO3PAaXyHKY YaCTOTH 1 aMILTITYIU HAMPYTH.

YacroTa Hanpyr# B 3a/1aHiid TOYII

fi, = “’Ozzb fi,=a-fi, =53.5Ty (3.4)

w

3.6 Po3paxyHOK CTaTHYHUX XaPAKTEPHUCTUK €J1eKTPONPUBO/Y.
IIpupoaHi XapaKTepUCTUKH ACHHXPOHHOI0 ABUT'YHA

Haii611b111 TOUHOI0 MEXaHIYHOK XapaKTEPUCTUKOI aCHHXPOHHOTO JBUTYHA
€ KaTajoxHa 3ajexHicTh M(S), 1 Juiie 3a BIACYTHOCTI KaTaJllOKHOI 3aJIEKHOCTI
JIOBOJIUTHCSI 3BEpTAaTUCA J1O0 HaOMMKEHHX po3paxyHkiB. [lpu 30uibIIeHH1
HOMIHAJIBHOI TOTYKHOCTI PH JBUTyHa BelWYMHA AaKTUBHOIO OIOPY CTaTopa
3HIKYEThCS, a ipu Pu>10 kBT Mo’xHa 3HexTyBatHu ioro BenmunHoio 11 = 0. Tomi a

= 0, BUpa3 MEXaHIYHOI XapaKTEPUCTUKHU MIEPETBOPUTHCS 10

2M,

Ky
S Sy
a BUpa3 KpUTUYHOI'O KOB3aHHS - 10 BUY

1€ W - IepeBaHTaKyBaJIbHA 3/1aTHICTh ACHHXPOHHOTO JIBUTYHA.
CHHXpOHHA IIBUJIKICTh IBUTYHA

27T,
Wy, = — = 78.5paxn/c

HowminansHe KOB3aHHS
) w,
——— = 0.07
Woy
MoOMEHT BTpaT XOJOCTOTO XOAY ACMHXPOHHOro ABUryHa MX po3paxyBaTu
JIOCUTh CKJIAJHO 4Yepe3 BIJCYTHICTh KaTaJOXKHMX JIaHMX IO OIlopaM cTaTopa i
poropa. ToMy B po3paxyHKax AaCHHXpPOHHOIO €JIEKTPONPUBOAY MOXHA HE
BpaxOBYBaTU MOMEHT BTpaT xosioctoro xoxay (Mx = 0), a eleKTpoMarHiTHUH
MOMEHT B CTAJIOMY PEKHUMI MPUHMATH PIBHUM CTATUIHOMY MOMEHTY.
EnexTpoMexaHiuHl XapaKTEPUCTUKU ACHHXPOHHOTO JBUTYHA - 3aJIEKHOCTI
4acToTH OoOepTaHHS poTopa ® Bix cTpymy cratopa o (I1), Bim ctpymy poropa ®
(I2), Bin ctpymy HamarniuyBanHsd © (I,). Po3paxyHok mmx 3ajexHocTel TOCHTH
CKJIAJHUM, TaK sIK HEOOXITHWUH OOJIK OMOpiB cTaropa i1 poropa 1 iX 3MiH B
3aJIEKHOCT] BiJ] YacCTOTH CTPyMIB poTopa 1 crtatopa. Takox mpu po3paxyHKY
HEOOX1/IHO BPAaxOBYBAaTHU 3MIHY OMNOPY KOHTYpPY HaMarHi4yBaHHS 3a JOIIOMOTOIO

S, =
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KpUBOi Hamar"ideHHs. HaiuacTime Ha crajii MpPOEKTyBaHHS €JIEKTPONPHUBOIY
oIip 0OMOTOK 1 KpHBa HaMarHidyBaHHs He Bigomi [1, 4, 5, 15].

3.7 Po3paxyHok napamMeTpiBcxeM BKJIIOYEHHS], 110 3a0e3MeYyYI0Th MyCK
iraTbMyBaHHsI IBUTYHA

[Ipu XuBJIEHHI ABUTYHA B1J 1HAUBIAYaJbHOTO MEPETBOPIOBAYA 3'SABIISETHCS
MO>KJIMBICTh TUIABHOTO PETYJIOBAHHS HAIMPYTH (YaCTOTH), TOMY IIEPEXiAHI MpoLecH
NycKy 1 TambMyBaHHS 3a0e3meuyroThesi (POpMyBaHHAM HAmNpyryd YHOpPaBIIHHA
MepeTBOpIOBadeM. Y PO3IMKHYTIH CHCTEMI MEpPETBOPIOBAY-IABUTYH HaidacTiie
3aCTOCOBYIOTH JIIHIMHE 3pOCTaHHSA HAMpYTW YOPAaBIiHHA, IO BU3HAYa€ JiHINAHE
3pOCTaHHsl HaNpyru (YaCTOTH) YKUBJIEHHs JBUTYHA. Y LbOMY BUIQJKy BEIMYMHA
JMHAMIYHOTO MOMEHTY JIBUTYHA BH3HAUYA€THCS TEMIIOM HAapOCTAHHS HAINPYTH, i, B
KIHIIEBOMY MiJCYMKY, IMOX1THOIO IIIBUKOCTI 1/1€aJIbHOT'0 XOJIOCTOTO X0y JBUTYHA
B yaci dog / dt.

VY craiomy pexuMi HapOCTaHHS IWIBUJIKOCTI JABUTYHA, KOJIM 3aracaroTh
BUJIbHI CKJIQJIOBI ITEPEX1THOTO MPOIIECY,

d_a) __dwyg

- = =¢ = const = 54.2 ¢~ (3.7)

a BEJIMYMHA CTAJIOTO 3HAYEHHS AMHAMIYHOTO MOMEHTY ABUTYHA M, = J&p .

Jist opMyBaHHS JIHIMHOTO 3aKOHY 3MIHM HAllpyrd yIpaBiIiHHS Ha BXiJ
NepeTBOPIOBaYa MiIKII0YAI0Th IHTETPAIbHUM 3a/1aTYUK IHTEHCUBHOCTI 31, BUX1THA
Hampyra $KOro MNpH TMojadyl Ha Horo BXiJ cTpuOKa 3a7ar0uoi Hampyru
Usaja 3MIHIOETBCSL 32 JIIHIMHUM 3akoHOM. [Ipu  nocsraenni BenmuuuHU Uy,
HapoCTaHHs Hanpyru Ha Buxoal 3l mpunuuserscs. Buxigna nanpyra 31, Takum
YMHOM, € KEpYHUYOK Halpyrorw MepeTBOproBada, a BenuunHa Usal BU3HAYae€
CTaly ~BEJIMYMHY IIBUJAKOCTI o ABUrYHA. TeMnn HapOCTaHHS  IIBHIKOCTI
BU3HAYAETHCS BEJIMUMHOIO 0a30B0Oi mnoctiiHoi yacy 31 Ts;, uynucenbHO piBHIN Yacy
JIOCSITHEHHSI BUXIJIHOT HANpyTH MEpPETBOPIOBaYa BiJ HYJS 10 0Aa30BOrO 3HAYEHHS
U...

ba3oBa crana 3agaTunika 1HTEHCUBHOCTI

T, ="2=18¢ (3.8)
0
MexaHi4yHa cTajna yacy
T, =]52=91c (3.9)

H

3 OTpMMAaHUX CITIBBIHOIIEHb BHJIHO, IO TIPH PI3HUX MOMEHTax iHepiii J,
BenuunHa T3; = const (puc.3.12).
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Pucynox 3.12 Jlo po3paxyHKy mapaMeTpiB 3a/1aTYuKa IHTCHCUBHOCTI

3.8 CkyagaHHs CTPYKTYPHOI CXeMHU €JIEKTPONPHUBO/IA Ta PO3PAXYHOK
limapametpis

3.8.1 CTpykTypHa cxeMa MeXaHiYHOI YACTHUHM €JIeKTPONPHUBOIY

MexaHiyHa 4YacTMHA €JIEKTPONPUBOAA BKIIOYaE B ceOe pyxomi Macu
JBUTYHA, nepenadi 1 podouoi MammHu. CTPYKTYpHI CXE€MU MEXaHIYHOI YaCTUHU
MOBUHHI BPaXOBYBATH MPY>KHI1 3B'SI3KH 1 pO3MO1I MOMEHTIB 1HEPLIT M1k JABUTYHOM
1 po0040I0 MalMHOK. baraToMacoBi MPy>KHI CUCTEMHU HAMYACTIIIE 3rOPTAIOTHCA B
JIBOMAcOBl CHUCTEMH 3 MPHUENHAHHIM MaJIUX MAXOBHX Mac J0 JaHOK MEXAaHIYHOI
YaCTUHU, BOJIOJAIIOTh BEIMKHUMHM MAaXOBMMHU MacaMu, TOOTO 10 pOTOpa JABUTYHA 1
poOouoi wmamwmuau [8]. AudepeHuianbHl piBHSIHHS, MO OMNHCYIOTh MOBEIIHKY
JIBOXMACOBOI MPYKHOi CUCTEMH, 0€3 ypaxyBaHHS JTUCUIIATUBHHUX CHJI 1 3a30pIB B
nepeaadi, MatoTh BUTJISIL

d
M;-Mpp-M¢ 1 =Jy- :tl
My-Mci1=dy d;;Z (3.10)
Mo=Cyp (1 — ¢2)
3poOuBIIH HEOOX1aH1 IIEPETBOPEHHS, OTPUMAEMO CUCTEMY
nudepeHIiagbHUX PIBHSIHB!
Wy, dw, —_ —
5]@3'E'_dt =M—-M; —AM
M A, e o
o w at W, — W, (3.11)
Wy, dw, _ _
]anHW =1‘/[12 _Mpc
KoedirienTn npu moxiHUX SBISAIOTH COOOIO MOCTIHHI Yacy:
JIBuryna
Tos = 8]t = 10 (3.12)

[IpyxHO1 1aHKH
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M,

T, = i 0.04 (3.13)

PoGodoro oprany
= Yo = 2,01 (3.14)
CTpyKTypHa cxeMa IBOXMAacCOBOI MPY>KHOI CUCTEMH HpI/IBGILCHa Ha PUCYHKY

3.13.
R 1 R
Tm*p - Te*p

Pucynok 3.13 CtpykTypHa cxeMa ABOXMAaCCOBO1 IIPYKHOT CUCTEMHU

['onoBH1 1HEpIiiiHI Macu, TMNPEJACTaBIEHl I1HTErPYIOYUMHU JIAaHKaMH 3
NOCTIHHUMH Yacy Ty 1 Tpo, PO3ALIECHI IHTErPYIOYOIO JIAHKOKO 3 NOCTIIHOIO yacy T..

3.8.2 CTpyKTypHa cXeMa eJIeKTPOMEXaHIYHOTr0 NMepeTBOPeHHsIeHePTii

MareMaTnyHO OINWCATH ACHUHXPOHHHWHA JIBUTYH TIPH HASBHOCTI IIECTH
0OMOTOK Ha CTaTopi 1 pOTOp1 3 ypaxXyBaHHIM iX B3aEMHOTO pPO3TallyBaHHs, Oe3114l
3B'SI3KIB MI)K HUMHU Ta OJIOKIB JOCUTH CKJIQJHO. Y TPaKTUIl EJICKTPOIPUBOIY
3HAXOJAATh 3aCTOCYBAHHS METOJM, B SIKUX MAaTEMaTUYHHUI OIKC CIPOLIYETHCS 3a
paxyHOK pi3HUX MPUIYIIeHb. [IpencTaBieHHs ABUTYHA y BHUTJISAAI €KBIBAJICHTHOI
nB0(ha3HOI MAIIMHU JTO3BOJISIE ICTIO CIPOCTUTH MATEMATUIHUH OMMHKC 1 CTPYKTYPHY
CXeMy aCHHXPOHHOTO nBHTyHa. [lepexim 1o chporieHoi CTPYKTYpHOI CXeMu Ha
MIJICTaBl 3aMuCy PIBHAHHS MOMEHTY JABUTYHa M(S) B YacTKOBUX MOXIAHHUX TIO
Hampy3l >KUBJICHHS, YacTOTI 1 WIBUAKOCTI 3ajUIa€e HENIHIWHI KOe(iIleHTH
nocwieHHs. {1 po3risay nepexiiHuX MpoIeciB Ha poOoUiil AUISHII MEXaHIYHOI
XapaKTEPUCTUKHA MOXKIIMBE 3aCTOCYBAaHHsI OUIBII MPOCTOTO CIIBBIIHOIIEHHS MIXK
MOMEHTOM 1 IIBHKICTIO IBUTYHA [4]

(T, p+1)-M=p"(w—w) (3.15)
ae p=2- M/ (wg, - S) - MOIYJIb )KOPCTKOCTI JIHEAPHU30BAHOT MEXAHIYHOT
XapaKTEPUCTHUKHU.

IlepenaBanbHa (QyHKINS €IEKTPOMEXaHIYHOTO TIEPETBOPEHHS EHEprii B

ACUHXPOHHOMY JIBUTYHI:
M(p) 1/5,
Weu(P) = wo(@)-w(p)  Tept+l (3.16)

[Ticnst mepeTBOpEeHb CTPYKTYpHA CX€Ma aCHHXPOHHOIO JIBUTYHA J1J1s1 po00YOi
JUISTHKA MEXaHIYHOI XapaKTePUCTUKU TMOBHICTIO TMOBTOPIOE CTPYKTYPHY CXEMY
JIBUTYHA MOCTIHHOTO CTPYMY HE3alexHOro 30y xeHHs (puc. 3.14).
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W, - Ky

M
P E—
T,I*p+ 1

Pucynok 3.14 - AnepioanyHa jlaHKa

JI1s1 aCHHXPOHHOTO ABUTYHA
K,.=1/S,,awy = f; (3.17)

Mexi TOIUIBHOTO BUKOPUCTAHHS OTPUMAHUX CITIBBITHOIIIEHb OOMEKYIOThCS
3HaYE€HHAIMU MOMEHTY -0,8 M <M <0,8-M; .

Sx1o0 HeoOXiTHO PO3TIAIATH POOOTY ACHHXPOHHOTO JIBUTYHA MPU BEITUKHX
KOB3aHHSX, MPHU YACTOTHOMY DETYIIOBAaHHI IMIBHAKOCTI 1 MOMEHTY B IIMPOKHX
MeXax CIiJ 3BEpTaTUCA [0 OUTBIII CKJIQJHOTO MaTEMaTUYHOTO  OIHCY
TIEPETBOPCHHS.

3.8.3 CTpYKTYpHi cxeMH eJIeKTPUYHHX NepPeTBOPIOBaYiB eHeprii

EnextpruuHe nepeTBOpeHHs €Heprii BUKOHYIOTh pPi3HI IPUCTPOI: TUPUCTOPHI
1 TPaH3UCTOPHI MEPETBOPIOBAaUl 3MIHHOIO CTPYMYy B MOCTIMHUMN, MEpPETBOPIOBaYi
YacTOTH, IIHPOTHO-IMITYJIbCHI TI€pPETBOPIOBadl Ta 1H., a TaKOX 3BUYalHI
pPE3UCTOpH, LIO0 BCTAHOBIIIOIOTHCS B CHIIOBMHM JIaHIIOr JBUTYHA. [leperBoproBaui
€JICKTPUYHOI E€Heprii BUKOPHUCTOBYIOTHCSI B SIKOCTI PEryJSTOPIB MOTYKHOCTI,
3a0e3nevyyloun Mojady Ha 3aTUCKadl JABUTYHa 3a/JaHol Hampyru abo cTpyMy B
3aJIEKHOCT] BiJ BUMOI JO €JEKTPONPUBOAY AK Yy CTalIMX, TaK 1 B MEPEXITHHUX
pexXuMax.

[Ipu XUBJIEHHI CUJIOBOTO JIAHIIOTa JIBUTYHA Bl MEPEX1 MOCTIHHOT HANPYTH
B SIKOCTI PEryjisiTopa MOTY>KHOCTI 3aCTOCOBYIOTh JOJATKOBI OMOpPU B CHUJIOBOMY
JaHI031 1 penedHO-KOHTAKTOPHI CTaHIIi YHOpaBiIiHHSA AJig BKJIIOYEHHS a0o
BUKJIIOYEHHS CTYINEHIB LMX OMNOpiB. BiamoBinuuidi migdip UuX pe3ncTopiB
3a0e3neuye MpaBWIbHY IMYCKOBY jaiarpamy (peocTaTHE perysOBaHHS MOMEHTY) 1
HEOOXIHY MIBHJAKICTh PyXy pobouoro opraHy (peocTtaTHe peryatoBaHHS
IITBUJIKOCT).

[Ipu KuBJIEHHI JBUTYHAa TMOCTIHHOTO CTPYMY BiI THPUCTOPHOTO
NEepeTBOpIOBaya B CHJIOBUM JIAHLIOT JOJATKOBO BKJIIOYAIOTHCS AKTUBHI 1
IHIYKTUBHI Omopu OOMOTOK TpaHchopmaTopa (abo CTpyMOOOMEKYBaIHLHOTO
peakTopa) 1 3MIaJKYyBAIBHOTO pPEaKTopa, B pe3yibTaTi 3pocTtatoTh Ry, 1 Ly, 1
3MIHIOIOTBCS TapaMeTpu CTpYKTypHoi cxemu K 1 T,.

CunoBa yacTHa THUPUCTOPHOIO MEPETBOPIOBaYa IIOA0 MUTTEBUX 3HAYEHb
BXIJIHUX 1 BUXIJTHUX KOOPJMHAT SIBJIsi€ COOOI0 HEJIHIMHY IMIYJIbCHY CUCTEMY, sIKa
B CMY3l MPOIMYCKaHHA YacTOT, OOMEXEHOI0 MPAKTUYHO YAaCTOTOI MEpEexi, MOXKE
posrasigatvucs SK O€31HEpLINHOK JlaHKa 3 KOCHHYCOMJAIBHOIO 3aJICKHICTIO
cepennboi EPC EgBig kyra BiakpuBanHs o. Pa3oBi 3pylIeHHS KyTa o IIOJO
Hanpyru ynpasiiHHsa Uy BHOCUTh cUCTEMa IMITYJIbCHO-(Da30BOr0 yIpaBIiHHS.
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IlepenaBanbHa (yHKINE TUPUCTOPHOTO I€pEeTBOpIOBavYa JUIs JIIHIAHOI

TITSTHKY peryiroBansHoi xapaktepuctuku Eq = f(Uy) mae Burmsn
¥,
Wmn (p) = kmn ) ﬁ

ne ky, = Eq / Uy - koedinieHT nocuIeHHs epeTBOpIoBaya.

3 METOI CIpOIIECHHS pO3paxyHKIB Ha cCTaaii BUOOpPY 1 pO3paxyHKy
CJIEMEHTIB CHJIOBOT YAaCTUHU EJIEKTPOINPUBOAY 3'ABISIETbCS MOXIIMBICTH HE
BpaxoByBaTH iHepuidHicTe TII 1 mpencraBistu TII Oe3iHepiiiHOIO JaHKOIO 3
koedimieaToM mocuneHHs Ko, OOmik  magiHHS —Hampyrd B €JIEMEHTax
NEepeTBOpIOBaYa MpU 3MiHI HABaHTAXXCHHS BPAaXOBYETHCSA 3MIHOIO MapaMmeTpiB
cTpykrypHoi cxemu Ky, 1 Ty.

Bce naBenene Bulle BITHOCUTHCSA 10 TIEPETBOPIOBAaUIB 4acTOTU. binbin Toro,
B 3B'SI3KY 3 THM, 110 B cxeMmi [IY B KOHTyp1 MPOTIKaHHS CTPYMiIB BKIIOUEHO OljIbIle
YHUCJIO €JIEMEHTIB (TUPUCTOPIB, IPOCENIB 1 T.I1.), EAEKTPUUHI JaHl SIKUX Ha CTajli
MPOEKTYBaHHS HEBIJIOMI, & TAKOX 3 OTJIAIY Ha HAsBHICTh BHYTPILIHIX 3BOPOTHUX
3B'SI3KIB B MEPETBOPIOBAYl, 110 3a0€3Meuy0Th MiATPUMAHHS 3a/laHOi HAlpyrd Ha
BUXOJl TMpHU 3MiHI HAaBaHTAXCHHS, 3'SBISETHCSI MOMJIUBICTh HE BpPAaXOBYBATH
NaJiHHS HAMpYrd BCEpEAMHI MepeTBOpioBada (BBa)KaTW HWOTO BHYTPIIIHIA OMIp
piBHUM HYJI0)[6, 7].

TakuM YHMHOM, TUPHUCTOPHUN TIEPETBOPIOBAY EJIEKTPUYHOI EHEprii €
O€31HepIIiIHOI0 JTaHKOIO 3 KoediieHToM nocuieHHs K.

BuxinHa Hampyra 1 4yacToTa NepeTBOproBayiB OPMYyeThCS Ha iX BXOJl 3a
JIOTIOMOTOK0 BXIJTHUX MPUCTPOiB. B NMaHuii 4ac NpakTUYHO BCl MEPETBOPIOBayl
YKOMIUIEKTOBaHI 3aJaTYMKaMy IHTEHCHUBHOCTI 31 3 pi3HMMH 3aKOHaMU 3MIHU
KEPYHYOl Halpyry.

Haiibispi1 9acTo 3acTOCOBYIOTH 1HTETrpalibHl 31, 110 3a0e3neuyroTh MIaBHE
JiHIAHE 3pOCTAaHHS HAINpYTH, M0 YMpaBlge, 1 MpomnopiliiiHo-iHTerpaibHi 31, B
AKOMY  CHOUIBHO 3  IHTETpaJbHUM  KaHAJIOM  TpAIlO€  MPOMOPIIHHUAN
ka"ai. CtpykrypHa cxema 31 juist TIJISTHKY JIIHIMHOTO 3MIHU HaIpyTd Ha PUCYHKY

3.15.

(3.18)

(}_Bad N 1 aly
Taw*p -+
» K

Pucynok 3.15 CrpykrypHa cxema 31 nist AUISSHKY JT1HIHHOTO 3MIHUA HaNpyTH
3.8.4 CTpykTypHa cxeMa ejeKkTponpuBoay 3 cucremoro IY-AJ{

[loBHa CTpyKTypHa cXxema eJIEKTpPONPHBOJY BKJIIOUAaE B ceOe CTPYKTYpHI
CXeMHM CKJIAJOBUX YaCTHH: MEXaHIYHOI YaCTHUHHM, €JEKTPOMEXaHIYHOTO
NEPETBOPIOBAaYa €HEPIii, €JIEKTPUYHOrO MEPETBOPIOBAYA 1 33Jal0YOr0 MPUCTPOIO

[5, 15].
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CtpyktypHa cxema cuctemu II4 - AJl B 3araJibHOMYy BUIJISI
ckJaaHa. ko nonycTuTy neBHi ooMexxeHHs (= const, M, = const 1 iH.), TO s
HACTPOWKHU CHUCTEM YIPABIiHHSA MOKHA CKJIACTH CTPYKTYpPHY CXeMy i poOouoi
JUISTHKA MEXaHIYHOT XapakTepucTuku. OIHAK NpHU TaKUX JOMYIIEHUX BUHUKAIOThH
MOXUOKHM B PO3paxyHKaX €JIEKTPOMEXaHIYHOTO IEepeTBOPEHHs eHeprii. BimcyTHi
CIIoCOOM pO3paxyHKy CTPYMIB B JIAHITIOTaX JBUTYHA. [CTOTHO CHOTBOPIOIOTHCS
MOKa3HUKN HATPiBY, TaK SK JJIs PO3PaXyHKY JTOBOJAUTHCS BUKOPUCTOBYBATH METO]T
€KBIBaJICHTHOTO MOMEHTY, TaKOXX CHOTBOPIOIOTHCS EHEPreTUYHI TOKa3HUKHU
CHUCTEeMH EJEKTPONpHuBOay. ToMy CKIaAHICTh CTpyKTypHOi cxemu [IU - AJ]
3aJIeKUTh BiJl 3aBJJaHb, SIKi 3 ii JOMOMOTOF0 MOTPiOHO BUpintyBaTH [7, 15].

®opmyBaHHS MJIAaBHO MPOTIKAIOUUX MEPEXITHUX MPOIECIB B ACHHXPOHHOMY
CJIEKTPOIIPUBO/I1 € HEOOXIJIHICTIO, TaK SIK JABUTYH 3 KOPOTKO3aMKHEHUM POTOPOM
P MPSAMOMY IYCKY HE 30BCIM 3aJJ0OBOJIbHSIE BUMOTH XapakTepucTuk. [Ipu mycky
ACUHXPOHHOTO JIBUTYHa BUHUKAIOTh BEJIUKI E€JIEKTPOMArHiTHI MOMEHTH, SKi
MOXYTh BHUKJIMKATH HEOE3MEe4HI JMHAMIYHI HAaBaHTaXXEHHS B OOMOTKax
CJNIEKTPOABUTYHIB. (DOpMYBaHHS PIBHUX [MEPEXIIHUX TMPOIECIB MPU IMYCKY 1
raJibMyBaHH1 3a0e3redyye BUKIIOUCHHSI BEIUKUX JUHAMIYHUX HABAHTAKEHb, 10
30UIbIIyE TEPMIH CIHYKOUM  €JIEKTPOJBUTYHA. JHMKEHHS I[MX JUHAMIYHHUX
HaBaHTa)XEHb 1 3a0e3MeueHHsl IJIaBHOTO IyCKy AaCHHXPOHHOTO JBHUTYHA, 3
cuctemoro «lleperBoproBau yacroTu-acuHXpoHHUI ABUTYH» (ITH-AJl), MOXIIMBO
Opy ONTUMAJIbHIA Kepyrould [1i Ha CHUCTeMy UbOro enekrpornpusony [l].
CtpykTypHa cxema HemiHIMHOI 3aMmkHyToi cuctemu I[IY-AJ] 13 3BOpOTHUMHU
3B'SI3KaMU 3a MIBUJIKICTIO 1 3@ HAMpyroro, BIAMOBIIHO 10 pekoMmeHpaamii [16], 3
BHUBO/Jy PETYJISTOPA IBUJIKOCTI, TPEACTABICHA HAPUCYHKY 3.16.

La i B 1 w
—_— .y =
P+
+ Tq.s+1 - BTm.s D
Scope

oo T
Ts

1——<]<

Product

Pucynok 3.16 CtpykrypHa cxema cuctemu [TU-AJl i3 3BopoTHUMEU
3B'I3KaMU 3a IIBUJIKICTIO 1 32 HAMPYTOIO 3 PEryJsATOpa MBUIKOCTI

VY cTpyKTYpHIH cxeMi NPUUHSITI HACTYITHI TO3HAYCHHS:

b-Mo1yJIb KOPCTKOCTI JIiHEAPHU30BAHOT MEXaHIYHOT XapaKTepucTHKu AJl;

Tq = Te- eKBIBaJICHTHA €JIEKTPOMArHiTHa IOCTIMHA Yacy cTaTropa 1 poTopa
ALL;

Kor-niepenasanbauii koeginieHt I14;

Tm-enekTpoMexaHivyHa cTaja Jacy Jianirora ynpasmiaas [14;

To, Ty-miocTiiiHa "acy peryastopa muakocti (PI) [5, 7].
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MaremMatuyHoi onuc 3amMkHyTOl cuctemu ITY-AJ[ Mo)XHa npencTaBUTH B

HACTYITHOMY BUTJISI
dAA
a7
dt T»T T, T,Ty,
dAAUp  1/k,.cc,) dU+ 1/(T,.c.c,) U—
ey D
TOKOCCICZ +o TOKDCCICZ +o
1 1T,
T yUpc T, (DUpC
Tcet0 Moo to
0K, GG, 0K, GG, (319)
dx —x
dt ’
dx, =a,X, —a,X, —a,X
dt 1“*3 24%2 R
dx a a 1 a
3 = : * —x, - X,X; — ————X X,
dt (a5 +x,) (as +x, (as +x,) (as +x,)
dx
Loy
dt
(3.20)
X, =Am;x, =y:;x; =Upr:;x, = Upc;
k, 1 1
a, = 8, =543 =4d,8, =,
TT, T k..c.c,
T, 1 1
A, = ¢ = .d; =,
Tokocclc2 Tokocclc2 To (321)

A® - yactora oO0epTaHHs ABUTYHA;
AUy, - Hanpyra Ha BUXO/J1 IEPETBOPIOBAaYa 4acTOTH;

AUpc-Hampyra Ha BUXOJ1 pETyJsTOpa IBUAKOCTI;

U-ypaBJIiHHS;

Z-IOIIOMI>KHA 3MIHHA.

JIist BU3HaueHHs1 kepytoyoro BBy u(t) cuctemu IT4Y-AJl, 3rigHo 3 [16] 3
BUIIIC 3a3HAYCHUMHU 3BOPOTHUMH 3B'SI3KaMH HAa OCHOBI KJIACHYHOTO BapiallifHOTO
YUCJICHHSI, BAOMPAEMO y3arajJbHEHUN IHTErPAIbHUNA KpUTEPIH SAKOCTI BUTTISAY
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O N4 2 2
J) = [ (Xl xf + cz)dt (3.22)
0
P = 002581 >©_’ = >
J - o5+ S
Step 0.04s5 ry
Add Gain Transter Fen Gain2 Transfer Fen1 Transfer Fcn2
.
100 Scope
Constant
Gain3
Gaind Product Gaing
@}4

Pucynok 3.17 - CtpykTypHa cxema Mozeni

0b6/xB
1600

1400

1200

1000

a00
E00

200

| i | \ \ | \
0 a1 0z 03 04 05 06 07 08 04 CW

Pucynok 3.18 - Ocuunorpama nepexiiHuX MpoIEeCiB MIBUIKOCTI IMOMEHTY
3.9 Po3paxyHoOK ONTHUMAJBLHOIO PyXy Ka0iHu jgidra

HeoOximHicTh OOMEXEHHSI TPUCKOPEHb 1 PHUBKIB, 3 OJHOTO OOKy, 1
HEOOXITHICTh 3a0€3MEUYCeHHs] MaKCUMAaJIbHOT MPOAYKTHUBHOCTI JipTa, 3 1HIIOTO,
BUMarae, o0 Imija yac mepexiHuX MPOIECiB eJIECKTPONPUBO/] 3a0€3MeuyBaB PO3riH
1 yHOBUIbHEHHS KaOlHM 3 MaKCUMaJIbHUMHU JOMYCTUMHMHM 3HAYEHHAMHU
MPUCKOPEHHS 1 pUBKa.
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| $,a,p,s
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]
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Pucynok 3.19 OntumanbHa aiarpama pyxy ka0inu midra

BianoBinHuii BUKOHAHHIO I1i€1 YMOBH rpadik pyxy kaOiHU, HaBeJICHHI Ha
puc. 3.19, 3a3Buuail NPUMHITO BBAXKATU ONTHUMAJIBHUM, OCKUIBKA TPU I[HOMY
3a0e3MeuyeThCsl MIHIMAJIbHA TPUBAJICTh PEKUMIB PO3TOHY-TaIbMyBaHHs KaO1HH.

BiamoBinHo 10 mboro rpadika, 3HaYCHHS PUBKA 1 MPUCKOPEHHS HA MEBHUX
IHTEepBajgax TMEPEeXiTHOTO TMPOIECYy MIATPUMYIOThCS TOCTIHHUMH 1 PIBHUMHU
TPaHUYHO JAOMYyCTUMUX 3HAYCHb.

Ha nepmiomy erami posrony 0-1 miATpUMYETbCS MOCTIMHUM PUBOK p =
Poon = const. IIpu 1bOMy TPUCKOPEHHSI 3MIHIOETHCS 32 JTIHIMHUM 3aKOHOM

1
aq (t) = fO pf)ondt = Poont- (323)
3MiHa MIBUAKOCTI XapaKTePU3YETHCS KBAAPATUYHOIO MapadboIoko:
1 1 ont?
9,(0) = [ ax(D)dt = [ poo,tdt = 22— (3.24)

a NIUIAX, TpOWJeHUN KaOlHOI0 Ha IbOMY €Tall, BU3HAYAETHCA KyOIYHOIO
napabo010

1 1 pyont? ont?
s:(0) = [, 9:(D)dt = [ p"Tdt = ”"T (3.25)

TpuBamicTh mepuIoro iHTEpBATY pyXy BU3HAYAETHCS 3 YMOBH:
tl = ac)on/pc)on (326)

B kiHIl mepmioro iHTepBaly pyXy HPUCKOPEHHS HOCATa€e TOMYCTUMOIO
3HAYEHHA Oy = Qy,,, @ BETUYUHU MIBUAKOCTI 1 IPOHJAEHOTO IUIAXY MOXYTh OyTH
BH3HAYEHI 32 yMOBH {=t; mizcranoBkoo (3.26) B (3.24) 1 (3.25):
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9, = oo 3.27

1= 2Po0n ( . )
Lo

S1 = E (328)

Ha tperpoMy erami pyxy 2-3, SKUM 3aBEpIIYETHCS PEXKUM PO3TOHY
€JIEKTPONIPUBOLY 10 CTAJIOl IMBUAKOCTI Y, PUBOK MA€E TAKY X BEJIMYMHY, SK 1 HA

IepuomMy CTaHi, aJiIc 3 MIPOTHIICKHHUM 3HAKOM: P = —Pyon — const, a 3MiHa
IIPUCKOPCHHA 1 IHBI/II[KOCTi XapaKTCPU3YHOTHCA 3aJIC)KHOCTAMU
1
a3 (t) = Qpon + fO (_pdon)dt = Qpon — pdont (329)

A]93 (t) = fol as (t)dt = fol(adon - pdont)dt = (aaon - pdont/z)t (330)
TpuBanicTs HBOIrO €Tamy pyxy piBHa TPUBAJIOCTI MEPIIOTO eTarmy:
AtB =t = adon/pdon (331)
B kiHIIl TpeThOro eramy NMPUCKOPEHHS cTae piBHUM Hym0 a3=0, a 3MiHa
IIBUKOCTI Ha I[bOMY €Talll BU3HAYA€ThCs 3 Npu t = Atj:
A9, = iy (3.32)

2Pjon
Ha I[perMy eTaHi 1'2 pO3FOHy 3 HOCTII/IHI/IM HpHCKOpeHHHM (p == O,Q =

Xoon = COTlSt) H_IBI/II[KiCTB 3MIHIOETLCS Ha BCIIMYNHY:
2 2 2
a a a
ADy = Oy — Oy — ATz = Oy — o2 — 02 =g Tom (333
2 yem 1 3 yem 2Poon 2Poon yem Poon ( )
3MmiHa 1I1i€l IMBUAKOCTI Yy dYaci Ha JApYyroMy eTami XapaKTepu3yeThCs

3aJICKHICTIO:
A8 () = [ Toondt = agont (3.34)
Toxi BpaxoByroum, mo AY,(At,) =AY, i3 (3.33), (3.34) BuzHAUMMO
TPUBAJICThH APYTOrO €TaIy:

At, = 2 _ Goon (3.35)

Xoon Poon
[lepemimennss kaOiHM B Yacl Ha JAPYroMy €Tall XapaKTepu3yeThCs

3QJICKHICTIO:
1 1
As,(t) = f () dt = | (9, + A9,(8))dt =
0 0

1 ag Qoont Xoon
= — 4+ @, t)dt = ="—(—+t 3.36
| | Jy Gos ¥ ot =5G22 40 (330
IIpu migcTaHOBI y 110 3aJICKHICTh ¢ = At, MOXXHA 3HAWUTU MEPEMILICHHS

KaO1HU Ha I[bOMY €Talli:

As, = %( bom_ ooy (3.37)

Xoon Poon
Ha tperbomy etami mnepemimieHHs KaOIlHM B dYaci XapaKTepU3yeEThCS

3AJIEKHICTIO;

1

As;(t) = f 1193(t) dt = f [9; + A, + AY5(t)]dt =

0

_ f [“aon +9 _ %o + (adon — %t) t] dt = (3.38)

2Poon Poon
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=9 _ adzon £+ aéontz _ paont3
yem Zpdon 2 6

3BiacH mipu t = At; MOXKHA BU3HAUMTH 3 ypaxyBaHHsM (3.31) nepemitieHHs
Ka0OiHM 3a 9ac TPEThOTO ETaIly:
don

_ oon.
6p()0n) (3 . 39)

[ToBHMI HIIAX PO3TOHY SIBIISE 006010 CyMy IUISX1B, MPOHIEHUX KabiHOIO HA
nepmux Tphox pyxax. Tomi i3 (3.28), (3.37), (3.39):
ﬁycm 1-9ycm Qoon 19)?cm 19ycma()on
Spas = S1 + Asy + Asz = + = + (3.40)

pas 2 Qyem Poon 2ayon 2Poon
IToBHa TpI/IBaJIiCTL PO3TrOHYy ABJIAE co0010 Cymy TpI/IBaJIOCTeI?'I Mepmunx Tpbox

eTaiB, BU3HaUYeHUX piBHOCTAMH(3.26), (3.35), (3.31):
thes = Uy + Aty + Aty = Dvem 4 Soon (3.41)

Ayem — Poon

OTpumani BUpa3u (3.40) 1(3.41) xapakTepu3yoTh BiJIOBITHO MIHIMAJIbHUM
[UISX PO3TOHY 1 MIHIMaNbHUWA Yac PO3TOHY MPU HASBHOCTI OOMEXEHb, IO
HAKJIAJAI0ThCsl HA MPUCKOPEHHS 1 PUBOK, MPUYOMY TMEPINl WIEHH LHUX BUPAa3iB
XapaKTepU3ylTh MIHIMAJIbHI IUIAX 1 YaCc PO3TOHY NPH BIICYTHOCTI OOMEKEHHS
pHUBKa, a APYrl YIEHU BU3HAYAIOTH 30UIBIICHHS LUISIXY 1 4acy pO3roHYy BHACIIJIOK
OOMEKEHHS pPUBKa.

Tak, AKmIO NPUAHATH, WO V., = 4m/c, @y, = 2M/C?, Pyon = SMm/c3, TO
MIHIMQJIBHUN UISIX TA Yac pO3roHy OyIyTh PIBHI:

42 4.2
Spa3=ﬂ+ﬁ_4+08_48ﬂ4

4 2
tp03=§+§=2+0,4=2,4c

IIpyn 3amaniii BeaWMYMHI CTajoi IMIBUJIKOCTI 1 3a3HAYCHHM OOMEKCHHSIM
MIPUCKOPEHHS Ta PUBKa €JIEKTPONPHUBOJ HE MOXKe (1 HE MOBUHEH) 3a0e3revyyBaTH
IUIAX 1 9Yac pO3roHy MEHIINH Bu3HaueHoro 3 BupasiB (3.40) i (3.41), a Bubpanuit
s JidTa eIeKTPONpPHUBOJ, TOBHHEH 3a0€3MeUnTH MaKCHMalbHE HaOIMKECHHS
pealbHOTO NUISXY 1 Yacy pO3TOHY A0 BKa3aHUX PO3PAXYHKOBUM.

AHanoriyHOo MOXyThb OyTH OTpUMAaHl BUpa3H, IO XapaKTEpU3YIOTh PyX
KaOlHM B MPOIIEC]I TATIbMYBaHHS.

[Ipu npomy juist m’storo eramy 4-5:

Ps = —Poon
243 (t) = —Poont
AﬁS(t) = _p()ontz/z
ASS (t) ycm - pdont3/6 (342)
At5 = adon/:gdon

AY. = Xpon
° Zpdon

A (t) Xoon (19 adzon )
S = cm
° Poon g 6,0()0,1
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Jlns moctoro etany 5-6:

ps =0
ag(t) = —a,,, = const
Aﬁ6(t) = _atdont
a on 24 on
Ase(t) = Dyt — ()T (ﬁ +t) (3.43)
At6 _ 19ycm . Xpon
Xoon Poon
a;
A196 - _ﬂycm + =
don
s = 2 G Som,

2 aycm Poon
Jlnst ceoMoro eramy 6-7:
P7 = —Poon
C¥7(t) = —yon T Poont
A7-97(11-) = —Qyont + pdontz/z

2 2 3
As; (€) = 5o g — 2 P (3.44)
At7 = adon/gdon
a
A197 — _ oon
Zspdon
a
AS7 = agn
6p00n

[nsx raneMyBaHHS PIBHUM CyMI IepeMIlLEHb KabiHU Ha I’ ITOMY, [IOCTOMY

Ta CbOMOMY CTallax:
19yzcm + 19ycma0on (345)

Soqn = ASg + Asg + As, = 2a, >
on on

TpuBamicTh rabMyBaHHS:
19 cm on
ty, = Ats + Atg + At, = 22 4 Zoon (3.46)

®oon Poon

OnepxyBanuii 3 (3.45) nuIsIX TaJIbMyBaHHS BU3HAYa€ MiIHIMAJIbHY BiJICTaHb
KaOlHM BIJ TMOBEpPXY NPHU3HAYEHHS, HA SIKOMY Ma€ pO3MOYATHCS TrajlbMyBaHHS
kabinu. Llg BiACTaHP HE MOKe OYTH MEHIIE BEJIWYHMHH, oTpuMaHoi 3 (3.45),
OCKUIbKM B 1HIIIOMY BHMAJKy BHACIIJOK OOMEXKEHb, IO HAKJIQJalOThCS Ha
YHOBUIBHEHHS 1 PUBOK, Ka0iHa HE 3MOXKE 3yMMHUTHUCS Ha 3aJJaHOMY PiBHI.

Jist ontumaneHoro rpadika pyxy kaOinu (puc. 3.19) musx 1 yac
raJlIbMyBaHHs PiBHI IUIAXY 1 4acy PO3TOHY, 10 BUIUIMBAE 3 MOPIBHSHHS BUPAa3iB
(3.45) 1 (3.46) 3 Bupazamu (3.40) i (3.41).

Insx, sk MPOXOAWTH KabiHA HA 4YEeTBEpTOMY eTami 3-4 3 yCTaJICHOIO
WBUIKICTIO V), (g = 0, p, = 0) 3a1€XKUTH Bl 321aHOT BEIMYUHN NEPEMILIECHHS
KalblHU S,,;, N0 TOBEpXYy IMPHU3HAUYECHHSA, a TaKOX CYMH LUISIXIB PO3rOHY 1
raJibMyBaHHsI KaO1HHU:
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AS4 = S3q0 — (Spa3 + Seafz) (347)
Iro BijicTanb KabiHa Oyje IPOXOIUTH 3a Yac:
m == At4 == AS4/79ycm (3.48)

[Ipu 1bOMy HEOOXiTHO BpPaxOBYBaTH, IO €Tall CTAJOr0 PyXy MOXe OyTH
BIJICYTHIM, SIKIIIO 33JA€ThCS MEPEMIIIEHHsI KaOlHM MEHIIIe CyMH LUISIXIB PO3TOHY 1
raJibMyBaHHS KaOiHU, TOOTO

cm 19 Cma on
Ssa0 < (s s + Son) = 9 4 e (3.49)

Qoon Poon
[t po3ryIsHyTOT BUIE JUISHKY TPUKTIALy TPUAMEMOD,,., = 4m/c:
Spas T Sean = 4,8m + 4,8m = 9,6m

OueBuaHO, O B pa3i, SKIO0 KaOiHAa MOBMHHA 3YMUHSATHCS HAa KOXHOMY
MOBEPC1, EIEKTPOIPHUBO]] HE 3MOKE PO3TAHITUCA 10 CTAJOI IIBUIKOCTI, BHACHIIOK
YOoro, B 3aJIEKHOCTI BiJi YMOB pOOOTH, NajJeKO HE 3aBXAM CIiJ MParHyTH A0
301IbIIEHHS] HOMIHAJIBbHOI HIBUAKOCTI ABUTYHA, 110, YCKIJIAIHIOE €JIEKTPOIPHUBO/I,
MO’K€ HE JIaTU OYIKyBAaHOT'O MPH LIbOMY IT1/IBUILIEHHS MPOTYKTUBHOCTI.

3MEHIIEHHS CTalol WIBUAKOCTI MPU THUX K€ OOMEXKEHHSIX NMPUCKOPEHHS 1
PUBKa ICTOTHO 3MEHIIYE IUIAX PO3roHy i ranmpmyBanHs. Tak npu 9., = 1.5m/c,

Ay = 2M[C%, Poon = 2m/c3, (3.40) 1 (3.45), (3.41) i (3.46) orpumaemo:
1.5 15-2
Spos = Sear = 575 + >3 = 0.5625 4+ 0.75 = 1.31m
Spos T Soqn = 1.31m+ 1.31m = 2.62
1.5

2
tpa3=1—5+——1+1_20

OTpumani pesyiabTaTd MOKa3yTh, IO TpPU MBHAKOCTI V., = 1.5m/c
MOXJMBUM BHX1JT Ha CTaly WIBUIKICTh TpPU TMOBEpXOBOoMYy po3'izni. IlpaBna,
HEOOXITHO BpPAaxOBYBaTH, L0 B peaJbHUX EJIEKTPONPHUBOJAX MLIIAX PO3rOHY 1
raJbMyBaHHS 3a3BHUail OUTBIIIE PO3PAaXOBAHOTO JJIsI ONITUMAIBLHOTO Tpadika pyxy.

[Ipu HasBHOCTI eTamy pyxy 3 YCTJICHOI IMIBHJAKICTIO Yac pyXy KaOiHH
MO>KHA BU3HAYUTH 3 HOPMYIIH:

Loe = tpa3 + tycm + Lo (350)

JIe Yac PO3roHy, YCTaJCHOro PyXy 1 rajJbMyBaHHsS BU3Ha4aroThcs 3 (3.41),
(3.46) 1 (3.48).

Otpumani Buiie (GpopmMyiu A03BOJIAIOTh NOOYAYyBaTH ONTHUMAaJIbHHUM rpadik
pyXy KaOiHU 1 BU3HAUWTH IMIBUIKOCTI, IIJSIXY 1 TPUBAJIOCTI BCIX €TamiB pyxXy Mpu
3aJJaHUX 3HAYCHHAX CTaNOi IIBUIKOCTI 1 JOMYCTHMHX BEIMYHH TPUCKOPEHb 1
puBkiB. Lleit onTumansHuii rpadik i OTpUMaHi 3 HOTO KUTBKICHI OLIHKH PyXYy CIIiJ
po3risiiaTid  SK  TPaHW4HI, JI0 HHUX CIIJI TParHyTH TMpd BUOOpI THUMY
€NEKTPOTIPUBO/TY 1 10TO CUCTEMH YIIPaBIIiHHSA.

Opnax crif BPaXOBYBATH, 110 BUMOTa HaOMmKeHHs rpadika pyxy KaOiHU 70
ONTUMAJIBHOTO € XO4ya 1 B@XKJIMBUM, aje HE €JIMHUM IIOKa3HUKOM SIKOCTI
eylekTponpuBoay Jidra. Yacto BOHO BCTyNae B MPOTUPIUYS 3 IHIIUMH, MEPII 3a
BCE €KOHOMIYHUMH TOKA3HUKAMHU, OCKIJIBKH, MPEI'SIBISIOUN KOPCTKI BUMOTH JI0
pEryJIIOBAIbHUM  XapaKTepUCTUKAaM €JIEKTPONPHUBOIY, MPHU3BOAUTH IO HOro
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YCKJIaTHEHHS 1 Mo0pok4danHs. JlocTaTHE HAOIMKEHHS IO ONTUMAILHOTO Tpadiky
PyXy Moxe OyTu 3a0e3ledueHo 3a JOMOMOIOI TMOPIBHSHO JOPOTOro, CKJIATHOTO i
IPOMI3JIKOTO PETYIbOBAHOTO MPUBOAY MOCTIHHOTO 1 3MIHHOTO cTpyMy. OUeBHIHO,
10 TparHeHHS BUKOPUCTOBYBATH OUTBII MPOCTHHA 1 JEHICBHIA HEpETyJIbOBaHUIN
NPUBIA 3 ACHHXPOHHHUM JIBUTYHOM, SIKAW 3HAWIIIOB IIMPOKE 3aCTOCYBAaHHS B
midpTax, OJHAK MpU IbOMY, SK OyJIe MOKa3aHO HIDKYE, HEMHUHY4YE CYTTEBE
BIIXWIEHHS rpadika pyXy NPUBOAY BiJ ONTHUMAIbHOTO, a OTXE, 3HIKEHHS
OPOAYKTUBHOCTI JipTa, M0 MOXKEe OYTH EKOHOMIYHO BHWIIpaBJAaHE MpPH Majiil
IHTEHCHUBHOCTI TACAXKUPOTIOTOKY 1 JJIs1 P1IKO BUKOPUCTOBYBaHUX Ji(TIB.

Ha mnpaktuili HeperyiaboBaHl MPUBOIM 3MIHHOTO CTPYMY OXOIUTIOIOTH
mBUAKOCTI midTiB 10 1,4 M/c, a uIsi BENIUKUX HIBUIKOCTEH 3aCTOCOBYHOTHCS
CIICKTPOTIPUBOIM TOCTIHHOTO CTpyMy. B naHWii 4ac € TEHACHINS PO3IMIUPEHHS
chepu 3aCTOCYBaHHS €JIEKTPOIPHUBOIIB 3MIHHOTO CTPYMY JJist JTiTiB 10 2 M/C, 110
BU3HAYAETHCS MPArHEHHSM BUKOPUCTOBYBAaTH HAMOUIBII MPOCTUH 1 JenIeBUi
CJIEKTPOIIPUBO B HalOUIbII momupeHux Tunax JipTiB. [Ipu npoMy q0BOIUTHCS
3aCTOCOBYBaTH CHEI[lalbHI JIOJATKOBI 3aXOAM JJIsi 3MEHIUEHHS BIIXWJICHHS
dbakTUYHOI [iarpamMu pyxy BiJ onTuMaibHoi. OpHak, HAOUIbII paguKaIbHUM
CIIOCOOOM BUIIICHHS IILOTO 3aBJAHHS € TEpeXiJ] Ha PerysibOBaHI aCHMHXPOHHI
MPUBOJIH, AKIIO BPaxXyBaTH TEHACHINIO 10 3HUKECHHS iX BapPTOCTI.
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4. Moaell0OBaHHA €JIEKTPONPHUBOY NACAKUPCHKOTO Jidra 3
NOKPalleHMMH JNHAMIYHUMH PeKUMAMM

4.1 ®opmyBaHHs NpodijiB PO3roHy Ta rajJbMyBaHHS

CucremamMyu, MaKCHMAaJbHO  BIANOBIAHUMH  CyYaCHUM  TEHICHIIISM
TihTOOYIyBaHHS, € EJIEKTPONPUBOAM IO CHCTEMI «IIEPEeTBOPIOBAY YACTOTH -
ACHHXPOHHUW JBUTYH». BOHHM BIANOBIIAaIOTH BUMOTaM 1 3allUTaM Cy4acHOTO
PHUHKY, ajie epeBaxHO BUPOOIISIOTHCS 3a MekaMu Y Kpainu, B €Bpori 1 Kurai, abo
30MparOThCsl HAa BITUM3HSHUX 3aBOAAX 3 IMIIOPTHHUX KOMILIEKTYIOUHX. Cucrema
«IEepPEeTBOPIOBAY YACTOTH - ACHHXPOHHHM IBUTYH» BHOCHUTH HOBI MOXJIMBOCTI B
VOPaBIIHHSA 1 MAaHIMYJIIOBAHHS €JNEKTPOJABUTYHAMHU. SIK HACHIJOK, BHHHUKAE
HEOOXIJTHICTh BUKOPHUCTAHHI SKICHO HOBHX AQJIFOPUTMIB YINPABIIHHSA, HAHOUIbII
aJaNTUBHUX 1 JIOCKOHAIMX, 3JaTHUX BUKOHYBAaTH MIUPOKUN KOMIUIEKC 3aBJaHb.
[IpiopureTHUMHU 3 HUX JOHUHI € Oe3neka, Oe3nepediiiHICTh, eHeproe(EeKTUBHICTD 1
KoM(popTHICTh. {7151 3a0e3meueHHs TIaBHOCTI PYXy MEXaHI3MIB €JIEKTPOIPUBOILY
midra Ta Ayg 3a0e3MeUeHHs TOKPAIICHHS JUHAMIYHUX PEKUMIB B SIKOCTI (popMuU
PO3rOHY JIOIIILHO BHKOPUCTOBYBAaTH S-MOAIOHMIA Tpodiib, MO 33Ja€ThCA Y
neperBoproBadi yactoru [TY. (puc. 4.1-4.2).

3acTocyBaHHs S-TOAIOHUX KPUBHMX JI03BOJISIE BUOpaTH MEXaHIYHHWI 3a30p,
YCYHYTH yAapu 1 OOMEXKUTH PO301XKHICTh MIBUJAKOCTI 13 3aBJaHHSAM I 4ac
HIBUIKHAX NEPEXITHUX MPOLECIB Y pa3l BEIUKOIO MOMEHTY 1HEPLIi.

3a S-noniOHMMHU NOpoUISIMU 3IIACHIOETHCS TMOCTYNOBAa 3MiHA BHUXIJTHOI
YaCTOTH BIJIMOBIAHO /10 HEOOX1AHOTO PIBHS 1 BUAKOCTI 3MIHHU.

S-noniOHI npodiai Po3roHy 1 raibMyBaHHsS (OPMYIOTHCS 3 TPHOX OKPEMHX
JUISHOK: JIBl JIISSHKM 3 PIBHONPHUCKOPEHUM XapaKTepoM, CepeaHid - 3
IPSAMOJTIHIMHUM. [{IJITHKM PIBHOMPUCKOPEHOTO XapaKTepy OYIyHOThCS BiJIIOBITHO
JI0 TapaboJIIYHOTO 3aKOHY, UISTHKA MPSIMOJIIHIMHOTO XapakTepy - 3 JIHIHHUM.

Jlist ctBopeHHs a00 3MiHM S-ToAIOHUX TPOQUTIB PO3TOHY 1 TaJbMyBaHHS
3aJ1af0ThCsl HACTYIIHI MeBHI mapameTpu (TadJ. 4.1) 3rigHo 3[19].
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Pucynok 4.1 3aransHuii BUrisia npo@iato 4acToTU(3BEPXY) Ta
MPUCKOPEHHSI(3HU3Y) PO3rOHY; YacTOTH oOepTaHHs Baidy ABuryHa (I'm): f,,; —
HeoOx11Ha, fy — moyaTkoBa; MpUCKOpPEeHHs o0epTaHHs Baixy ABUTYHA (I'11/C): 0L,y —
HEOOXI1/IHE, 0p — MOYATKOBE; TPUBANICTD PO3TOHY (C€): tposr — 3aTATBHA, {jposr —
NEPIIO] JUITHKH, thposr — JIHIAHOI TUIAHKH, 3p05r — TPETHOI AUISHKH.
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Pucynox 4.2 3aransuuii BUrisa npodiao 4acToTu(3BEpXy) Ta
MPUCKOPEHHSI(3HU3Y) TaJbMyBaHHS;, TPUBATICTh TAIBMYBAHHS (C): tramy —
3aralibHa, t) auy — TEPIIOL TUITHKHU, t)ray — JIHIMHOT JUISTHKH, 1314, — TPETHOT
TISTHKH.
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Taomung 4.1
[TapameTpu npod 110 pO3rOHy Ta rajbMyBaHHs
[Tapamer
pamMetp, Onuc napametpy
OJIMHULII BUMIPY
[ 3ajaHa yacToTa
toosrs € IToBHMI Yac po3roHy
Lramms € [ToBHMIT Yac raJIbMyBaHHS
t c Yac nepuioi IUISTHKY S-1I011I0HOT0 NpodUTI0 PO3TrOHY
Iposr :
posr> CranoBuTh 20% Bif tyos
t c Yac apyroi AUISTHKH JIHIKHOTO TIPOQiII0 PO3rOHY
2po3r —
post Po3paxoByeTbes, K tposr = thosr — (Liposr + Gposr)
t . Yac TpeTboi AUIHKH S-110A10HOTO MPOQLITI0 PO3TOHY
3 .
post? CranoBuTb 30% BIJ thosr
t c Yac nepuioi JUISHKY S-M0A10HOr0 Npo(uIio ralbMyBaHHS
1 .
raiba CranoBUTE 30% BIJ trgmy
t c Yac npyroi AUISHKY JIIHIHHOTO MPOQLII0 raIbMyBaHHS
2 _
TaibM> P03anOBy€TBCH, SAK t2ram)M - tFaJILM - (tlFaJ'ILM + t3ram)M)
t c Yac tpeThoi AUIMHKY S-110110HOTO PO LITI0 raJTbMyBaHHS
Srab CranoButb 20% Bif tram

Burmnsin ninifiHOTO MpodiM0 po3roHy Ta TaJbMyBaHHS, NpU AkoMy t;=t3=0,
NO03HAa4YeHO Ha puc. 4.1, 4.2 MyHKTUPHOIO JIHIEIO.

TpuBanmicTe MHIMHMX JIUISHOK PO3TOHY thosr T4 TalNbMYBAaHHS  tram
PO3PAaxXOBYETbCA ABTOMATUYHO, BUXOAAYM 3 3arajJbHOIO 4YacCy PO3TOHY fpp: Ta
TajabMyBAHHSA try,y, HEPIIOI T TPETHOI AUISTHKH PO3TOHYL|posr TA t3p05r 1 IIEPIIOT T
TPETHOI JIISHKHU TATBMYBAHHS t]ramy TA tramsu-

4.2 Moae1r0BaHHS PO3TOHY i raJibMyBaHHS €JIEKTPONPHUBOIY
NMaca;kKMpPCcbKOro Jgigra

Ha erani gocniiskeHHsT aaropuTMy IJIABHOTO PO3TOHY 1 rajJbMyBaHHS OyJiO
MPOBEJICHO IMITAIliiHE MOJICTIOBAHHS POOOTH EJIIEKTPONPUBOAY MACAKUPCHKOTO
midra.

Mogenb eneKTpONPUBOY CKIAAEThCS 3 HACTYMHUX OJIOKIB: aCUHXPOHHUMN
JIBUTYH 3 KOPOTKO3aMKHEHHM POTOPOM, JIPKEPENO >KUBJICHHSI, OJIOK YNpaBIIHHS 1
0JIOK 3aBIaHHs MIBUIKOCTI (puc. 4.3).

brox dopmyBanHs wactoTu QopMye HEOOXITHY YacTOTy OOEpTaHHS Baja
potopa aBuryHa mo S-noaionomy npoduto(puc. 4.4):mpod s posrony — 3 0 go 50
['3a 2 ¢ 1 mpodinb ranmemyBanHs — 3 50 1o 5 't (ymoBuibHeHHS) 32 2 ¢, 3 5 ['11 1o
0 3a 1,5 c. Ilpodine rampmyBanHs mpuBoay didpta (opmyerbess 3 Tpodiaio
YIOBIIBHEHHS MPUBOY 1 IPpodiTio 10TAryBaHHs (3ynuHkH) [16](puc. 4.4).
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69
nidra mo S-nmogiOHOMY TTPOdiIO

AJl 3 KOPOTKO3aMKHEHHM POTOPOM MOTYXKHICTIO 7,5 KBT OyB oOpanuii Ha
OCHOBI IIPOBEICHUX PO3PAXYHKIB, BUXOJSYU 3 MepeadauyBaHOIO0 HaBaHTAKCHHS
(Macu kabiHu Jid)Ta 3 macaxupamu).

[TepeTBOproBaY 4acTOTH, B 3aJIE)KHOCTI BiJl CUTHAIY YOpaBIiHHSI (GopMye
HEOOX1/IHY YaCTOTY 1 aMIUTITyly HAPYTH >KUBJICHHS.

B mporeci mpoBeaeHHs IMITAIIHHOTO MOJIETIOBaHHS Oyld OTpUMaHI KPHUBI
NEepexiAHUX TMpoIleciB, IO NpoTikaloTh B AJ| B mpormeci Horo mycky Ta
raneMyBaHHsl (puc. 4.5).Jlnsg mopiBHSHHS, Ha puc. 4.6 300pakeHO KpuBI
nepexinaux nporieciB AJ 6e3 Bukopuctanns [14.

2
8
I

Electromagnetic Torgue

o | | \ | I |
] 1 2 3 4 5 ]

Pucynox 4.5 KpuBi nepexiiHUX XapakTEpUCTHK MojentoBaHHs AJl3
BuKopucTanHsm [14Y: a) ctpym da3u A, A; 0) yactoTa oOepTaHHs Bay poTopa,
00/XB; B) €EKTPOMarHiTHUii MOMeHT, H'M
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Pucynox4.6 Kpusi nepexignux xapakrtepuctuk A/l 6e3 Bukopuctanus [14:

a) cTpyM ¢asu A, A; 6) yactoTa oOepTaHHS Baja poTopa, 00/XB;
B) €JIEKTpOMAarHiTHui MoMeHT, H'm
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MoMeHT crpanroBaHis
[ATYHKA JOTATYBaHHI

1 2 3 4 5 B
Pucynox 4.7Yacrora obepranus Baimy potopa A/l nmpu mycky Ta
raJlbMyBaHHI (pe3ybTaT MOJIEITIOBAHHS )

JlocTaTHs MJIaBHICTh KPUBOI €JIEKTPOMArHiTHOrO MOMEHTY A/l CBIAYUTH MPO

TJIABHICTH MPOIIECIB EIEKTPOIBUTYHA.

[IpencraBieni MeTonu 3a0e3MeUeHHsl MJIABHOTO PO3TOHY Ta TajlbMyBaHHS

ACHHXPOHHOTO JBUTYHa Oyiu BuUkopucTaHi mpu poboti 3 [TU ATVS8HDI12N4
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BupoOHuITBa SchneiderElectric macaxupcekoro midra (puc. 3.5). Ilpu pobori y
ckiani mporpamHoro 3abesmeuenHss [IY y mpormecax IUTaBHOTO IIyCKy Ta
raJbMyBaHHS BiOYJI0CS TOKPAIICHHS XapaKTEPUCTUK IMPOIECIB aCHHXPOHHOTO
CIIEKTPOTIPUBOY Tacakupchbkoro midry. Ilepeximuuii mpolec MO YacTOTi
obepraHHs Baiy poTopa AJl, SIK ImpH PO3roHi, Tak 1 MpPU rajbMyBaHHS, Ma€ S-
noni6Hy dhopmy, moAioHy 3 GOopMOIO 3aJaHOT YACTOTH, BKa3aHU Ha puc.4.7.
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5 ExoHoMiuHayacTHHA.
Po3paxyHOKTEXHIKO-eKOHOMIYHOI e)eKTUBHOCTI BUKOPHCTAHHS
aBTOMATH30BAHOI0 €J1eKTPONPUBOAYNACAKUPCHKOrO JidTa

Y  TEeXHIKO-€KOHOMIYHOI  YacTHHI  JIaHOi  MaricTepcbkoi  poOOTH
PO3pPaxoOBYIOTHCS TaKi €EKOHOMIUHI TApaMETPH MO MPOEKTOBAHOMY 00JIa THAHHIO:

- BUpOOHHUYA MOTYXKHICTb;

- KamiTaabHl BUTPATH;

- (hoHn 3apoOiITHOI TIIATH;

- bananc poboTr o0IaTHAHHS;

- c001BapTICTh MPOAYKIIIi;

- IOKa3HUKU €(PEeKTUBHOCTI poOOTH 00JIaTHAHHS.

Po3paxyHOK  TEXHIKO-€KOHOMIYHHUX  IIOKa3HUKIB  3JIMCHIOETBCS B
BIIMOBIAHOCTI A0 MaTepiaidiB BHPOOHWYOI NPaKTHUKKA 1 JaHUX MaricTepchKoi
poboTH.

5.1 Po3paxyHOK BUPOOHHMYOI MOTYKHOCTI 00/1aITHAHHS

OOrpyHTYyBaHHSI BHPOOHHMYOI MOTYKHOCTI OOJaAHAHHS 3JIACHIOETHCS B
CYBOpiil BIJMOBIIHOCTI 3 PO3paxyHKAMH TEXHOJOTIYHOI YACTUHM MPOEKTY, Ha
OCHOBI TPUHHATOI B POOOTI MPOAYKTUBHOCTI 00JIaiHAHHS 1 €(EKTUBHOIO Yacy
1oro podoTH.

Po3spaxyHOk BHUpPOOHWYOI TIOTYKHOCTI TIPOBOAUTHCS 3a HACTYITHOIO
bopmyoro

Peup = Ho ) Te([) (51)
ne I1,- TexHi4HO OOTpyHTOBAaHA TOIMHHA MPOAYKTUBHICTH 00JIaHAHHS;

Ty - epexTuBHUII PoHa yacy poOOTH 00TaJHAHHS.

Pexxum poOoTH 0oOJaHAHHS XapaKTePU3YEThCS OE3MepepBHUM POOOUUM
THXKHEM, YUCJIIOM 3MIH Ha J00Yy 1 TpHBAIICTIO poOo4oi 3MiHM B ToauHax. Lli
napamMeTpu BCTAaHOBIIOIOTHCS B TEXHOJIOTIYHIM YacTUHI MNpPOeKTy. BukoHyeMo
po3paxyHOK Ty 1151 6e3n1epepBHOrO BUPOOHHIITBA.

Kanenngapuuii ¢pong yacy podotu o6aHaHHS CKIaae

Tyan = 365-12 = 4380 roxa/pik.

Yac epexTrBHOI poOOTH BEAY4UOro 00JaHAHHS BU3HAUAETHCA MOGOPMYJIi

Te(b = TKaJ'I - (TpeM + T3)1 (52)
ne Ty - Kasiennapuuit GoHa yacy podotu obmaaHaHHS,

Tpen - 4aC IPOCTOO B PEMOHTI (FOANH),

T, - yac TEXHOJOTIYHHUX 3YMTUHOK IO PETIaMEHTY.

EdexruBunii ¢pona yacy pobotu o0nagHaHHs Ty JOPIBHIOE HOMIHAIBHOMY
(pouny T,y 3@ BUpaxyBaHHIM 3yIIMHOK Ha PEMOHTH Ty, 311HCHEH] B poOO4Hii Yac,
a TaKoX TEXHOJOTIYHO HEMUHYYUX 3yNHUHOK T, B BIAMOBIAHOCTI JO CHUCTEMHU
TJIAHOBO-TIOTIEPEHKYBATHHOTO PEMOHTY:

Te(b = THOM - TpeM - T31 (53)
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Jlns BUu3HaYeHHs epeKTUBHOTrO (POoHIYy Yacy poOOTH oOJIa HaAHHS
CKJIaJIa€ThCs OalaHC poOoUYoro yacy B Tabmuil 5.1.

Taomurg 5.1
bananc pobodoro yacy
Enementu vacy Yac(mHiB/ToaMH)
Kanenmgapuuii vac, T, 365 /4380
Buxigni gai 0

Howminansauit onn gacy, Tyon 355 /4260

[1naHoOB1 3yNMHKHU Ha Karl. PEMOHT Ta 1HIIIE 14 /168
EdextuBnuii hony yacy pobotu obnagHanus, Tey 341 /4092

Taxum unHOM, BUPOOHHYA MOTY>KHICTh PO3PaX0OBY€ETHCA 3aOPMYJIIO0
P=K-H T, (5.4)

ne K - KibKiCTh OIMHUITL BEIy4Oro 00JiaJHaHHSI,

H - roguHHa NpOAYKTUBHICTH BEIy4Oro 00JIaJHAHHS,

Ty - epexTrBHUM POHI yacy poOOTH BELY4Oro 00T HAHHS.

P =1-8-4092=32736B1=32,73 kBT.

5.2P03paxyHOKKaANITAIbHUXBUTPATABTOMATH30BAHOT 0€JIEKTPONPUBOLY
NMaca;kKMpCcbKOro Jigpra

KomToprcHa BapTiCTh yCTaTKyBaHHS BH3HAYAEThCS Ha MIACTaBl MiAO0PY
oOJlafHaHHs, 3pOOJICHOTO B TEXHOJOTIYHIA YacTHHI MaricTepchkoi poOOTH.
Po3paxyHOk npoBoauThCs 3a (OPMOIO, IPEACTABICHOI B Ta0IMI 5.2

Tabmuus 5.2
Po3paxyHOK KamniTaJbHUX BUTPAT HAa O0JIaJHAHHS 1 TPWIAIN
3aTpaTu Ha o
. AMopTu3aniiHi
. Baprictb JIOCTaBKY Ta
< I HapaxyBaHH:A
Elh MOHTaXK T A
.| HaiiMenyBaHHS = . S =
Ne 001 IHAHHSI '% 5 % } ég s § 5
N o = O o
.E E § 8. % | rpuBEeHB § g § %* X g
<
Enexkrponsuryn
1 |5SAH(®)200MB | 1 2971229712 10| 2971 |32683| 10 3268
6/24
Penykrop
2 I{THII-315 1 | 15000 | 15000 | 10| 1500 |16500 | 10 1650
[IepeTBOproBau
3 | yacTtoTH 1 | 23861 |23861|10| 2386 |26247| 10 2624
ATV58HD12N4
4 | Beporo 75430 75430
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KanitaneHi BUTpaTu Ha OYIIBHUIITBO 00'€KTa CKIAAAIOThCS 3:

- BUTpaT Ha npua0aHHs 00JialHaHHS 1 3aCO01B aBTOMATHU3aIlil, BKIIOYAOYH
BapTiCTh MOHT&KHUX MaTepiaiiB, MOHTaXy 1 HaKJIQJHUX BHUTPAT, MOB'A3aHUX 3 iX
npua0aHHAM, TOCTABKOIO;

- BUTpAT Ha JOPOTHil IHBEHTAp Ta IHCTPYMEHTH.

[Ticast BCTaHOBJIEHHS KOIITOPHCHOI BapTOCTI 00'€kTa, IO MPOEKTYETHCA
HEOOX1IHO BU3HAYUTH MUTOMI KalliTaldbHI BKJIQJCHHS, SKI PO3PAXOBYIOTHCS SIK
yacTKa BiJ JAUIEHHS BCIX KamliTaJbHUX BUTPAT 3a KOIITOPHUCOM HAa BEIUYHHY

MPOEKTHOT MOTY>KHOCT1 00'€KTa:

o _kB_75430 .
mm = B = 35736 = 23 2pu/KBm

5.3 IIutanHs opraxizauii npaui i 3apo0iTHOI IJIATH

OpHe 3 OCHOBHUX 3aBJIaHb OpraHi3allii BUpOOHUIITBA - BUOIp paIlioHATBHOTO
pexuMy poOOTH MIAMPUEMCTBA Ta HOro MiIPO3AUTB 3a yacoMm. Pexum pobotu
ICTOTHO BIUIMBAa€ Ha BHUKOPUCTAHHA B 4Yacl OCHOBHMX BHUpPOOHMYUX (HOHIIB,
0COOJIMBO TX aKTUBHOI YACTUHH, a TaK CaMO Ha MPOJAYKTUBHICTh Tpalli pOOITHUKIB.

[Tix pexxumMoM poOOTH MIAMPUEMCTBA PO3YMIETHCS BCTAHOBIIEHA TPUBATICTD
1 IOPSAZIOK BUPOOHUYOT JISITBHOCTI miAnpueMcTBa. BiH BU3HaUae 4nciio poboymx 1
HEepoOOUMX AHIB 1 TOJUH Ha pIK, YMACIO poOOYMX 3MIH Ha 100y 1 TPUBAIICThH
po00Y0i 3MIHHU.

AHani3 TpakTUKH 3aCTOCYBAaHHSA PI3HUX PEXKUMIB pOOOTH MOKa3zye, IO B
psAAl BHUMAAKIB MOro BUOIP OOYMOBIIOETHCS TEXHIYHUMHU a00 TEXHOJOTTYHUMU
yMOBaMU BHpOOHHUITBA. [Ipy 1bOMYy MOpsSA 3 E€KOHOMIYHMMH MIpKyBaHHSMHU
HEOOX1JTHO BPaXOBYBATH 1 COLIAJIbHY CTOPOHY NMUTAHHS.

[IpuitnaTuii KajdeHAapHUNW pEXUM B 3HAYHIM MIpi BHU3HAYAE TOPSIOK
BUKOHAHHS OCHOBHHUX 1 JOTIOMDKHUX POOIT Ta OpraHi3allito B iJIOMy BUPOOHHUYOTO
mpoiiecy B 4aci.

[Ipu opranizaiii BUpOOHUYOTO TMPOIECY B HYacl CIiJ KEpyBaTHUCA TaKUMH
MPUHITUTIAMU:

1) moeaHaHHs B dYaci BCIX KaJleHIApHHUX TEpPEpB B TOCIHITOBHUX JIaHKaX
BUPOOHUYOTO JIAHITIOTA;

2) 3a0e3MeyeHHs] MaKCUMaIbHO MOXJIMBOTO BUKOHAHHS TIOMOMDKHHUX POOIT
CYMIXKHMX JIaHOK MiJ] yac KaJleHJapHHUX NEPEPB;

3) NporHo3yBaHHS XOAY BUPOOHHMYOIO MPOIECY, TOOTO MPOAYKTUBHOCTI 1
B1JIMOB 00JIaTHAHHS;

4) BuOip oNTUMaIbHUX MOMEHTIB JIJIsl BUKOHAHHS JOTIOMI)KHUX POOIT;

5) mocriliHa TOTOBHICTh /10 BUKOHAHHS MPO(MUIAKTUYHUX POOIT 1 MOETHAHHS
X 32 4aCOM 3 BIIMOBaMHU CyMIKHUX JJAHOK BUPOOHUUYOTO TIPOIIECY;

6) mepuoYeproBe BUKOHAHHS TaKUX JOTOMDKHHX POOIT, K1 3a0€3MeuyroTh
M1IBUIIIEHHS MTPOTYKTUBHOCTI BUPOOHUYOTO JIAHKHU.
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bamanc pob6odoro yacy BCTAHOBIIIOE YHCIIO JIHIB, IO MiJUISATalOTh 00poOII
OJIHUM POOOYMM B pik (Tabmuis 5.3).

Taomung 5.3
bananc po6odoro yacy

besnepepBHe BUPOOHUIITBO TIpU
8-Mu roaMHHINA poOOYiil 3MiHI

Yuciio KaleHJapHuX JHIB y PO 365
Buxigui qui 10
CBATKOBI JHI 10
Yucno BuXxoAiB Ha poOOTY Mo rpadiky 51
(HomiHanbHUM (HOHJ Yacy)

He Buxonu: 24

- Yeprosi Ta IOJATKOBI BIAYCTKH, 24 THI;
- HESBKH 32 XBOPOOOIO, BHKOHAHHS

JIep>KaBHUX Ta TPOMAJCHKIX 000B’SI3KIB 10
Bcporo HEBUXOIiB 34
Yucno QHIB, HAJIE)KHUX BIAMPALIOBAHHIO 1

FAHIB, Aripatt 217/1736

pobouomy B piK

[Ipu OesnepepBHOMY pexuMi podboTH JidTa, B OUIBIIOCTI BUPOOHUIITB
poboTta Ta 00cIyroByBaHHA JipTa 3MIACHIOETHCS B JB1 3MIHU 1O § TOoauH. [Ipu
Oe3nepepBHOMY POOOYOMY THXKHI poOOTa MOXKE MPOBOJIUTUCS B OJHY, JB1 1 TPH
3MIHM B 3aJI€KHOCTI BiJI KOHKPETHUX YMOB.

Tabmis 5.4
Po3paxyHOK 4yKCenbHOCTI pOOITHUKIB
. SIBouHa o SIBouHa .. .
HaiimenyBaHHs ) Kinpkicte | . . Koedimient | OO6mikoBa
. YUCENBHICTh ) KUTBKICTh :
npodeciit : 3MiH MepepaxyHKy | YUCEIbHICTh
y 3MIHY y 100y
OcHOBHUI
) 1 2 1 1.07 1
pOOITHUK
OTIOMIKHUH
Horon 1 2 1 1.07 1
pOOITHUK
Bceworo 2 2 2

KoedinieHT nepepaxyHKy IBOUHOTO CKJIaAy poOOUUX B 00IIKOBUIA
CTaHOBUTH JJIs1 O€3MepepBHOr0 BUPOOHUIITBA:
Kiep = Txan / Tep = 365/341 = 1,07. (5.5)
3po6uMO po3paxyHOK piuHOTO POHIY 3apOOITHOI IJIaTH POOITHUKIB
13amumeMo B Tabiuio 5.5.

[Tpu xonmUIIHBOMY peXHMi POOOTH TMACAKUPCHKOTO JIiPTa YNCETHHICTh
POOITHUKIB CTAaHOBMIIA 3 0COOM: 3 HUX: 2 OCHOBHUX 1 1 mormoMi>kami. Piunauii ponx
3apo0ITHOI MIaTu cTaHOBUB 3 0coOu*6500 rpH *12 MicsiiB = 234 Tuc. TpH.
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Piuna exonomis o oHy 3apo6iTHOT 11aTH ckiana: 2 ocoou*6500 rpH *12
MicsIiB = 165 TuC. TpH.
234000-156000= 78 000 rpH.

Tabmwmig 5.5
PospaxyHok pigHoro ¢onmy 3apo0OiTHOI TIaTH pOOITHHUKIB
< o : 'S
= S £ = > & | g 'S
Q =p CU“ S o Q — — o
& 5 = < s| T | & 3
= Q S| = = = o
& 2 = E o = H = H a
= e . o o) = E < g % L‘
K = = S S = = = = = o
= = o = = S = = TS 8 = =
ol E Q o "e" Q—t o Q l:: o Q—t >§ H
Z, 2 = g = = | ©F e = o
S | S | B 2 |8 =3 | & | Bt
o S = = o SH 3 s
g < o T = 3 =
£ |z = |z B2 |E | g
= o = < O &
< =] = =
T O = < S| & | & 3
@) ) = 5 M 5 = =
~ 5 S = :
=~ = o
1 2 3 4 5 6 7 8 9 10
OcHoBHI
1 | BupoOHUUI 1| 4092 |39.12 | 160079,04 160.079 | 1.950 | 162.029
MpaIiBHUKHU
OITOMIKHI
2 A . 1| 1994 |39,12 | 78005.28 78.005 | 0.975 78.98
MpaIliBHUKH
Bcerporo 2 241.009

5.4 Po3paxyHOK BUTPAT Ha €JIEKTPOCHEPIil0, PEMOHT 00,12 {THAHHS
ieKOHOMII BiJI aBTOMATH30BAHOI0 €JICKTPONPUBOAY MACAKUPCHKOIO Jipra

VYcraHOBKa aBTOMAaTH30BAHOTO €JIEKTPONPUBOAY MACAKUPCHKOrO JidTa
JI03BOJIIE  TIPOJIOBXKHUTH TEPMIH JIBUTYHa, Tak SK 03  3acTOCyBaHHs
aBTOMATU30BAHOTO  €JIEKTPOJABUIYHA TMIABULIYETHCS TPYIAOMICTKICTH POOIT,
MO>KJIMBE BUHUKHEHHS aBapiMHMUX CHUTYalllil MPU3BOJIUTH JO MOJOMKH JIBUTYHA 1
BUXOJY 3 JIaAy MEPEkKi KUBJICHHS.

Enextpuuna nmotyxHicTe Oyae mopiBHioBatu8 kBT. Uac poGoTu nBuryHa 3
ypaxyBaHHSAM 3yNMHUHKA Ha KamiTtansbHU peMoHT ckiane 4380 romun Ha pik. Tomi
00CAT CIIO’KUTOT EIEKTPOCHEPTIT 3a PIK CKIIAJE:

E.ox = 8kB1° 4380 roxg = 35040 kBT - rox.

Exonowmis enexrpoeneprii ckiazae 10%.

VY HaTypasbHOMY BHpPa’KEHHI

35040 kBt - rox - 0,1 = 3504 kBT - rox;
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VY BapTicCHOMY BUpa)KEHH:
3504 xBT1 - rox - 1.68 rpu/kBT - rox = 5886,72 rpH.

77

be3 aBTOMaTH30BaHOTO €JIEKTPOABUTYHA BUTPATH HA YTPUMAHHS 1 PEMOHT
oOnajiHaHHS TMIJBUILYIOTHCA 3a PaxXyHOK 3apIjiaTH JOMOMDKHHUX poOOYMX Ta

BIJICYTHOCTI €KOHOMIi €JIGKTPOCHEprii, COoliaJIbHOTO TMOAATKy 1

78980 rpH.
5.5 Po3paxyHoK 3arajibHOI €eKOHOMil

3arajbHa eKOHOMIS CKIIAAAa€ThCA 3 TPbOX OCHOBHUX CKJIA/IOBHX:

- Exonowmii gonay 3apo0iTHOI maTw;

- Exonomii enexTpoeHeprii;

- ExoHOMIi Ha yTprMaHHI Ta peMOHT 00J1aTHAHHS.

Esar=E ¢3n + E ., + E , = 78000 + 5886,72 + 78980 =
= 162866,72 rpH.

TepMiH OKYITHOCTI 32 paXyHOK €KOHOM1i OCHOBHUX BUTpAT CKJIaE:

Tox = K/ E 3ar = 241009+75430+35040/162866,72=
=351479/162866,72=2,15 wmic.

Wnaxun peanisauii
eHeprosbeperkeHHs 3acobamm
NPOMWC/IOBOrO e/1EKTPONPUBOLY

Mepexig Ha eHeprosbepiratoui
OBUTYHW | ABUTYHM NOAINWEHOI
KOHCTPYKLUi

YA0CKOHaNeHHsA npouecy
Bubopy ABUTYyHa

EKOHOMIA eneKkTpoeHeprii
pobounmmn mexaHismamm
(nipBBULLEHHA
e(dEeKTUBHOCTI
TEXHOJIOTIYHOro npoLiecy)

— YCYHEHHS NPOMiKHUX —
nepegay

Bubip paLioHanbHUX pexumis
poboTu 1 ekcnayaTauii
efleKTponpuBeoay

CKJIadalOTh

(5.6)

(5.7)

MNepexia Ao perynboBaHOro MoninweHHa AaKocTi
efiekTponpmeoay eneKkTpoeHeprii

Pucynkok 6.1 Ilnsaxu peanizanii eneprozoepexeHHs 3acodamu

MIPOMHUCIIOBOTO €JIEKTPOIPUBOIY
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BucHOBOK 32 po31ij10M €eKOHOMIYHOI YACTHHU

[Ticist mpoBeneHHST BCiX HEOOXIAHUX PO3paxyHKIB BHUJIHO, III0 €KOHOMIYHA
e(heKTUBHICTh MOJIEpHIi3allii 00JIaITHaHHS BUT1HA.

3a paxyHOK 3MEHIIEHHS €KCIUTyaTal[liHUX BUTpAT Ha HOBE OOJaHAHHS MU
eKOHOMUMO 162866,72 rpH B piK, HI’K MPU 0OCIYTOBYBaHHI CTApOT0 00JIaJHAHHS.
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BUCHOBKH

VY naHiifi wmarictepcbkii poOOTI OynM BHpIIIEH! HACTYIHI MOCTaBIICHI
3aBJIaHHS: MPOBEACHO aHAaJll3 TEXHOJOTIYHOTO IMpOIECY MaCaKUPCHKOro JidTa;
po3paxoBaHi MOMEHTH CTaTUYHUX OMNOPIB Ta AMHAMIYHI MOMEHTH 1 MOIMEPEAHBO
BU3HAUEHA TMOTYXKHICTh €JIEKTPOJIBUTYHA; OOTPYHTOBAaHUN BHUOIp pOAY CTPyMmy 1
TUIY €JIEKTPONPUBOAY; 0OpaHO €JIEKTPOJIBUTYH 1 BU3HAUCHO MEPEIaBATIbHE YNCIIO
peayKTOpa; pO3paxoBaHi CTAaTHYHI MOMEHTH, MOMEHTH I1HEpIii 1 KOeQIiIieHT
KOPCTKOCTI CHCTEMH €JEKTPONPUBOJ - MACAKUPCHKUN HiT; MOnepeaHbo
NepEeBIpEeHUH IBUTYH IO HArpiBaHHIO 1 MPOJYKTHUBHOCTI; OOIPYHTOBAHO Ta 0OpaHO
NEPETBOPIOBAY  YACTOTH; PO3pOOJIeHA CTPYKTypHAa CXeMa eJIEeKTPONpPUBOAY 1
po3paxoBaHi i napameTpu; po3paxoBaHi CTaTU4HI XapaKTEPUCTUKU
CJIEKTPOIIPUBOAY; MOOYIOBAaHI ~ TPUPOAHI  XAPAKTEPUCTHUKUA  ACMHXPOHHOTO
JIBUTYHA; pO3paxoOBaHi 4YacTOTH Ta Hampyru JBuryHa B cuctemi [1Y-
AJl; po3paxoBaHi TapaMeTpy CXEM BKIIOUEHHS, 10 3a0e3MeyyloTh IyCK 1
raJibMyBaHHsS JIBUTYHA; CPOPMOBAHO TMpodiial Po3roHy Ta TaibMyBaHHS A]l;
po3paxoBaHi €HEPreTUYHI TOKAa3HHKU EJEKTPONPUBOY; Oyna  JocCiHKeHa
BIpTyajbHa MOJENb po3pobieHoro enekrponpuBony IIU-AJ[ B cepenoBwuii
Simulink (Matlab).

Takox po3paxOBaHO 1 HPHUBEAEHO TEXHIKO-€KOHOMIYHE OOIPYHTYBaHHS
npoekTy. [licns  mpoBedeHHsT BCIX HEOOXIIHHUX PO3PAXYHKIB BHUIHO, IO
€KOHOMIYHA €(pEeKTUBHICTh MOJICpHi3allii 00Ja{HAHHS JAOLIbHA.

B pesynbTaTi po6oTH OYyB po3p00JICHHIT aBTOMATU30BAHUIN €JIEKTPOIPUBO/T
nacaXupchbkoro Jmidra, mo 3ade3rneuye: MIaBHUM MyCK Ta TajdbMyBaHHS, 3aJlaHy
MIBUJIKICTD 1 IPUCKOPEHHS MIHOMY 1 OIYCKAaHHS MPU MOBTOPHO-KOPOTKOYACHOMY
pexkuMi poOOTH, MMiJIBUIIEHY TOYHICTh 3yMMHUHKU, KOM(DOPTHICTH PyXy MacakupiB Ta
€KOHOMHE BUKOPHCTAaHHS eJeKTpoeHeprii. JlaHa cucrema 3a/l0BOJIbHSE BCl
MTOCTaBJICHI BUMOTH TEXHOJIOTTYHOTO TIPOIIECY.
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1. Analysis of the dynamic characteristics of the electric drive of the
passenger elevator and setting tasks

One of the main requirements for the electric drive of a passenger elevator is
to ensure a minimum time of movement of the cabin from the beginning of the
position of the cabin to the destination floor by order or call. Hence the desire to
increase the speed of the elevator to optimize its performance, but increasing this
speed is not always appropriate and justified. Elevators with a cabin speed of more
than 2 m / s, in the case when the cabin has to make stops on each floor, are
essentially not used for speed, because between the floors imposed restrictions on
acceleration and deceleration, the cabin does not have time to reach nominal speed.
constant speed, usually more than half the distance between floors. Depending on
the operating conditions of the electric drive, it is advisable to use drives that
provide different steady speeds. In hotels and office buildings it is recommended to
use passenger elevators with rated speeds [1, 2]: up to 9 floors - from 0.7 m/sto 1
m/s; 9 or 16 floors - from 1 to 1.4 m / s. If two elevators are installed in one
entrance, a technical solution is often used, in which the control system ensures
that one elevator stops only on even floors and the other only on odd floors. This
increases the use of the speed of the electric drive, and thus increases the
productivity of cyclic transport mechanisms. In addition to the basic speed of the
car, which largely determines the performance of the elevator, the electric drive
and elevator control system with a nominal speed of more than 0.7 m / s must
provide the ability to move the car at a speed of 0.4 m / s, which is necessary for
the audit mode . One of the most important requirements, the fulfillment of which
depends on the structure of the electric drive and its control system, is to limit the
acceleration and deceleration of the cab a = d9/dt and their derivatives (shocks
or jerks) p = da/dt = d?9/dt>.

The maximum allowable value of acceleration (deceleration) of the cabin in
normal operation, can not exceed 2 m / s2 for all elevators except hospital [2].
Derivative acceleration or deceleration (jerk) is not regulated, but the need to limit
it, as well as limiting acceleration, is determined by the need to limit the dynamic
loads in the mechanical transmission during transients and the task of providing the
necessary comfort for passengers. Limiting the magnitude of acceleration and jerk
should ensure high smoothness of transients and thus eliminate the negative impact
on the well-being of passengers. For high-speed elevators, the maximum value of
the jerk is usually 3.0 - 10 m / s3. The requirement to limit accelerations and jerks
to acceptable values is in significant contradiction with the above requirement to
ensure maximum elevator performance, as it follows that the acceleration and
deceleration time of the elevator car can not be less than a certain value determined
by this restriction. Therefore, to ensure maximum productivity of the elevator
during transients, the electric drive must provide acceleration and deceleration of
the cabin with the maximum allowable values of acceleration and jerk. An
important requirement for the electric drive of the elevator is to ensure the exact
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stop of the cabin at a given level. For passenger elevators, the low accuracy of the
cab stop reduces its productivity, as it increases the time of entry and exit of
passengers, as well as reduces the comfort of the elevator and safety of use. In
some cases, the need to meet the requirements of the accuracy of the stop has a
decisive influence on the choice of electric elevator drive system. According to the
rules [3], the accuracy of the cab stop at the level of the floor platform must be
within limits not exceeding + 50 mm for passenger lifts. As the maximum
permissible speed of the elevator car increases, the possible spread of the car's
stopping positions also increases, which usually requires taking additional
measures to meet the requirements for stopping accuracy. An additional
requirement for the electric drive of the elevator is the possibility of its reverse to
ensure the rise and fall of the cabin, which imposes additional requirements for the
electric drive of the elevator and its control system. The frequency of inclusions
per hour for passenger elevators should be 60-240 with a standard duration of
inclusions of 15-60%, which corresponds to the S3 mode. In addition, the
regulations of the equipment provide a number of additional requirements for the
electric drive of the elevator, which are determined by the need to ensure the safety
of its operation. The voltage of power electrical circuits in the engine room should
not exceed 660 V, which eliminates the possibility of using motors with high rated
voltage.
1.1. Analysis of electric drives of passenger elevators

1.1.1 Single-speed electric drive of a passenger elevator

This is the simplest type of drive used in old elevators with speeds up to 0.6
m / s. The systems use high-slip motors that have a high starting torque and low
starting current. Start of engines is carried out by direct inclusion in a network.
Reduction of accelerations and jerks at dispersal is provided by application of
additional flywheels with the moment of inertia exceeding the moment of inertia of
the engine. At the same time losses increase and efficiency decreases. engine.

1.1.2 Two-speed electric drive of the passenger elevator

These systems use two-speed asynchronous electric motors with switching the
number of pole pairs, specially designed for elevator drive. Although two-speed
systems are not adjustable speeds, they can be called adjustable because they
operate on two speeds. These systems were widely used in Europe in the late
twentieth century. In Ukraine, the vast majority of elevators work on similar drives
today. They work from direct start, and therefore there is a need to use flywheels to
reduce jerks and give the engine smoothness. The main element of two-speed
systems is a motor with two windings embedded in the stator, interacting with one
rotor. The speed ratio in such systems is usually 3: 1, 4: 1 or 6: 1. Thus, the
minimum speed will be 33%, 25% or 16.6% of the speed limit. The motors have
the following ratios of the number of poles: 6:18 (1000/333 rpm), 6:24 (1000/250
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rpm), 4:16 (1500/375 rpm) or 4:24 (1500/250) rpm). Disadvantages of such
systems: * acceleration and deceleration are not smooth, there are jerks; ¢ high
starting current and low starting torque; * low accuracy due to load dependence; °
excessive energy consumption due to direct start and the use of additional
flywheels. 1.1.3 Voltage control systems (ACVV) The principle of operation is
based on the use of three pairs of counter thyristors to change the voltage on the
stator. The operation of drives with adjustable voltage and speed can be illustrated
by fig.1.1.
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Fig. 1.1 The scheme of inclusion of the Fig. 1.2 Characteristics of the
one-speed engine "speed-torque” of the engine
2.2 KW (750 rpm) when the
voltage changes

When the supply voltage decreases, the torque decreases and the operating
speed decreases at constant load (slip increases). In proportion to the growth of
sliding losses increase PS = P2 « S P2 - power on the motor shaft, kW; S - slip. In
addition, at low speeds, the opening angle of the thyristors increases, which leads
to the presence of higher harmonic voltage components. The engine heats up and
the efficiency of the whole system drops. It is necessary to forcibly cool the drive
motor. Such systems are characterized by increased energy consumption and low
efficiency.

1.1.3 Voltage and frequency regulated systems (VVVF)

These systems consist of an induction motor connected to an inverter that
allows you to continuously adjust both voltage and frequency. With this type of
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drive, the motor can provide a specified torque at any speed compatible with the
frequency of the inverter. These systems are used in gear and gearless elevators.
They provide high speed, smooth acceleration and high stopping accuracy. These
systems have a small starting current, usually Ipuskl,5Inom. The inverter emits
from the full current only the active component, which generates torque. It should
be noted that the power supply of an induction motor from a static inverter is
carried out by non-sinusoidal voltages, which leads to an increase in losses of
approximately 10-15% due to the presence of higher harmonic components. At the
same time the engine cannot provide rated power and will work with smaller
loading. The presence of voltage and current harmonics leads to fluctuations in
torque and increased losses, deterioration of cooling when operating at low speeds,
leads to the need to reduce power. The electric drive with adjustable speed is built
by the closed system with feedback. This system monitors changes in elevator
speed by tracking engine speed. It then compares the actual speed with the
specified "reference™ value and accelerates or decelerates the engine depending on
the corresponding values of these signals. To determine the speed of the elevator at
any time, a graph is constructed that describes the value of the speed at which the
elevator should move (Fig. 1.3, curve 1). This does not mean that the elevator is
moving at this speed. The actual value of the speed is recorded by a feedback
device (Fig. 1.3, curve 2). Ideally, both graphics should match. In any speed-
controlled elevator drive, there is a unit called a "reference value setter”. Its
function is to compare the "reference speed” with the speed of the engine (and
hence the elevator) at any point in the cycle and ensure the smoothness of the
speed curve (Fig. 1.3).
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Figure 1.3 Dependence of elevator speed on time when passing through the

floor of elevators with a nominal speed of upto 1.0 m/s: 1 - set "reference" speed,;
2 - the actual speed when lifting cargo (elevator up to 400 Kkg).

It is desirable that the radius of the velocity curve be large on the segments
""zero speed - acceleration", "acceleration - constant limit speed"”, "constant speed
limit - deceleration”, "deceleration - traction speed"”. This shape of the curve is
shown in Fig.1.3, where all transitions are smooth. The larger the radius of these
transitions, the smaller the jerks and the easier the movement. The limit case
occurs when the curves of two consecutive transitions intersect, when the form "S"

or inverted "S" is formed.
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1.2 Choosing the optimal electric drive for a passenger elevator

The most common way to start induction motors is directly from the mains
(direct start). This technology is often suitable for a wide range of mechanisms.
However, it has limitations that prevent it from being applied in some cases:

* a surge of current during start-up may interfere with the operation of other

devices connected to the same power ling;

» mechanical shock load during start-up, which is unacceptable for the
device or may have a detrimental effect on the comfort and safety of the user;

« it is impossible to control acceleration and braking;

* it is impossible to adjust the speed. Therefore, the most optimal electric
drive in this case is a system with adjustable voltage and frequency, which includes
soft-start devices (SMP) and frequency converters (RF) are able to solve the above
problems. Initially, starting rheostats, mechanical drives and rotating devices were
used to start electric motors and control their speed. Later, soft starters (RF) and
frequency converters (frequency converters) came to the forefront as modern, cost-
effective, reliable devices that ensure the smooth operation of equipment for
industrial purposes. Any inverter or PPP is an energy converter that modulates the
electrical energy that powers the engine. PPP are used exclusively with induction
motors. They are voltage regulators. Inverters provide smooth acceleration and
deceleration and provide speed optimally exactly according to the operating mode.
Control of the electric motor provides automation of all its work, including start,
braking, reverse and change of speed of rotation of the electric motor. Automatic
start ensures smooth activation of starting resistors, the ability to adjust the current
within the required limits, which reduces the number of errors that occur during
start-up, and increases the performance of the system as a whole. The same goes
for reverse and braking. Frequency control eliminates one of the significant
disadvantages of electric motors with a short-circuited rotor - a constant speed of
the rotor of the motor, regardless of the load. Frequency control makes it possible
to control the speed of the motor according to the nature of the load. This, in turn,
avoids complex transients in electrical networks, ensuring the operation of
equipment in the most economical mode. Frequency control of the electric motor is
effectively used in industrial enterprises, energy, utilities and other areas. This is
due to the fact that frequency control allows you to automate production processes,
economically consume electricity and other resources involved in production to
improve the quality of products, as well as increase the reliability of the system as
a whole. Frequency control also improves the functionality and durability of the
technological system. This is ensured by reducing inrush currents, eliminating
overloads of system elements and the gradual production of hours of equipment.
Frequency converters with Dbuilt-in  PID controllers (proportional-integral-
differential controllers) are used for frequency control, which provide precise
control of the set technological parameters. Frequency converters combine a high
technical level of implementation of the functionality of technological
requirements, reliability and relatively low cost. On the basis of frequency
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converters it is possible to create flexible systems of the electric drive and
regulation of technological parameters. Frequency converters are easily integrated
into existing systems almost without stopping the controlled process, easily
modified and adapted in accordance with all aspects of their application. Available
power range and different control system options allow you to choose solutions for
many control tasks. Frequency converters have a standard interface and unified
input and output signals for the possibility of their inclusion in higher-level
external control systems and the connection of remote control devices and
information display.

Advantages of using frequency converters:

* Smooth regulation of motor speed allows you to avoid the use of
flywheels, variators, gearboxes, chokes and other mechanical and electrical
equipment and control equipment, which greatly simplifies the controlled
mechanical (technological) system, increases its reliability and reduces operating
Ccosts.

* Frequency start of the controlled electric motor provides its smooth without
high starting currents and mechanical blows, and also dispersal that reduces
loading on the motor and the transferring mechanisms connected with it, increases
their service life. At the same time there is a possibility under conditions of start of
decrease in power of drive motors of the loaded mechanisms.

* Built-in controlled PID controller allows you to implement speed control
systems for controlled engines and related processes.

* Frequency converter complete with programmable microprocessor
controller can be used to create multifunctional control systems for electric drives,
including redundancy of mechanical units.

» The use of feedback from the system to the frequency converter helps to
maintain high-quality motor speed or adjustable process parameters under variable
loads and other disturbances.

* A frequency converter complete with asynchronous motor can be used to
replace DC electric drives.

* The use of adjustable frequency drive allows you to save electricity by
eliminating its unnecessary costs that occur with other control methods such as,
from the technological flows of throttling, with hydraulic couplings and other
mechanical control devices. Key features:

* Frequency converters allow you to adjust the frequency of the three-phase
supply voltage of the controlled motor in the range from zero to 400 Hz.

* Acceleration and braking of the engine is carried out smoothly, if necessary
according to the linear law from time. Acceleration time and (or) braking time
from 0.01 s to 50 minutes

* Reverse of the engine, if necessary with smooth braking and smooth
acceleration to the set speed of the opposite direction.

 Overclocking frequency converters can provide up to 150% increase in
starting and dynamic torques.
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 The inverters provide electronic self-protection and protection of motors
against overload, overheating, leakage to earth and interruptions of power lines of
the adjustable motors.

* Depending on the type of motor load, the required volt-frequency output
characteristics can be generated in the inverters.

» The most advanced converters implement vector control that allows you to
work with full motor torque in the zero frequency range, maintain speed at variable
load without feedback sensors, accurately control the torque on the motor shaft.

1.3 The main functions of PPP and IF
1.3.1 Adjustable acceleration

The increase in engine speed is regulated using a linear or S-shaped
acceleration characteristic. This characteristic is usually customizable, so it is
possible to choose the time of increase in speed according to the specific
application.

1.3.2 Speed control

The frequency converter itself is not at the same time a speed regulator. In
the simplest inverters, the control principle is based on the electrical characteristics
of the motor using power control in the system without feedback, known as "open
circuit”. Motor speed is determined by an input value (voltage or current) known as
a setpoint or setpoint. For a specific setpoint, the speed can vary depending on the
interference (changes in voltage, load, temperature). The speed control range is
determined in relation to the rated speed.

1.3.3 Adjusting the speed of the elevator car

The speed regulator is a drive control device (Fig. 1.4). It includes a power-
enhanced control circuit and a feedback loop known as a "closed loop". The engine
speed is determined by the set value. The value of the setpoint is constantly
compared with the feedback signal, which is the value of the motor speed. This
signal can come from both the tachogenerator and the pulse sensor mounted on the
end of the motor shaft. If a deviation caused by a change in speed is detected, the
values (voltage and / or frequency) applied to the motor are automatically
corrected to return the speed to its original value.

1.3.4 Controlled deceleration by the elevator car

When the engine is switched off, it brakes under the action of the moment of
resistance of the mechanism (stop by run-out). PPP and IF can be used to control
deceleration on a linear or S-like characteristic, which usually does not depend on
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the acceleration rate curve. The deceleration rate can be adjusted to provide the
required braking time from the current speed to the intermediate speed or to a
complete stop: ¢ If deceleration is required faster than stopping by running, the
engine must develop braking torque, which is added to the moment of resistance of
the mechanism. This is known as electric braking, which can be achieved both by
recovering energy into the mains and by scattering it on the braking resistor. ¢ if
the required deceleration is longer than the run-out stop, the engine must develop
more torque than the resistance of the mechanism and continue to rotate the load
until it stops.

1.3.5 Changing the direction of rotation

Most modern drives support this feature as standard. The order of alternation
of the voltage phases that supply the motor is changed automatically by changing
the polarity of the frequency reference signal or by giving a command to the logic
input, or by a command transmitted over the communication network. 1.3.6
Protection of the electric drive Modern drives usually provide protection against
excess temperature for themselves and their engines. The microprocessor uses
current measurements and speed data (if the ventilation of the motor depends on its
speed) to calculate the increase in motor temperature and sends an alarm or a stop
signal in case of excessive temperature rise. Drives, especially frequency
converters, are also often protected by:

* from short circuit between phases and between phases and ground;

* from overvoltage and voltage dips;

* from phase imbalance;

* from work on one phase.

1.4 Electric drive of the passenger elevator according to the TP-AD
system

Both asynchronous motors and direct current motors are used for the
electromechanical system of elevators. But the ability to regulate the speed of
induction motors until recently was limited, so in the elevator construction of
elevators were installed mainly DC motors with autonomous converters and
machines. G-D and TP-D systems allow to fulfill rather rigid requirements
concerning accuracy of a stop and maintenance of the set law of movement in
transient processes [5, 15]. The TP-D system has been widely used until recently
(Figure 1.5). The use of virtually inertial TP in the electromechanical elevator
system allows you to most accurately respond to the law of motion during the
transition process. Replacing gearboxes and flywheels with a static converter
reduces system heating, noise reduces repair and maintenance costs. The
advantages of the TP-D system include a large gain. In this regard, the introduction
of the latest energy-saving technologies in the modernization of elevator
equipment is becoming an urgent task. Systematic analysis of information of
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construction, installation and design organizations allows us to conclude that as a
basic program for energy saving in elevators should be considered the introduction
of frequency-controlled electric drives, the main element of which is a frequency
converter. The use of a frequency-controlled electric drive of the passenger
elevator significantly increases comfort while moving the cabin, provides high
stopping accuracy and quiet operation, increases the durability of mechanical
equipment, and reduces energy consumption by an average of 50%. The use of
inverter-AD increases the comfort during the movement of the elevator car and the
durability of mechanical equipment by obtaining smooth transients without
additional jerks, which, in turn, reduces operating costs for overhaul of equipment
by significantly reducing dynamic loads in kinematic circuit elements. Reduction
of the consumed electric power is reached thanks to considerable reduction of
rotating fly masses of the winch of the elevator that excludes unproductive losses
in transitional start-up and brake modes. Smooth transient modes can reduce the
dynamic loads in the elements of the kinematic electric drive of the elevator, which
increases the service life of the gearbox, traction rope, rope pulley, brake system,
electric motor, counterweight suspension elements.
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Figure 1.5 Scheme of the power part of the electric drive of the elevator
system TP-AD

1.5 General information about frequency-controlled electric drive

Until recently, the development of frequency-controlled electric drive was
constrained by the high cost of frequency converters and their large size. The
development of power circuits with IGBT transistors, as well as the development
of high-performance microprocessor control systems has allowed various
companies in the EU, USA and Japan to create modern frequency converters at an

94



95

affordable cost [6, 17]. From the available literature [1-3, 14-17] it is known that
the speed control of actuators can be carried out using various devices: mechanical
variators, hydraulic couplings, additionally inserted into the stator or rotor resistors
(fechral, manganin and constantan), electromechanical and electromechanical
frequency converters, static frequency converters. The use of most of these devices
does not provide high quality speed control, has low economic and operational
performance, requires high costs during installation and operation. Today, static
frequency converters are the most advanced asynchronous drive control devices.
The basic principle of the frequency method of speed control of an induction motor
is that you can change the speed of the shaft of an induction drive motor by
changing the frequency f1 of the supply voltage, according to the expression:

wo=(2m x f1) / p (1.1)

changing the frequency of the power supply network; by changing the
number of pole pairs p. This method provides smooth, without jerks and peaks,
speed control in a wide range, and mechanical characteristics have high rigidity.
Speed control in this case is not accompanied by an increase in the slip of the
induction motor, so the power loss during control is negligible. To obtain high
energy performance of an asynchronous electric drive - power factor, efficiency
factor, overload capacity - it is necessary to change the supply voltage
simultaneously with the frequency [4, 18]. The law of change of supply voltage
depends on the nature of the load moment Mc [18]. At a constant load moment Mc
= const, the voltage on the stator must be regulated in proportion to the frequency:

U,/ f; = const. (1.2)
For the fan nature of the load moment we have:
U,/ (f; * 2) = const. (1.3)
At the moment of loading, inversely proportional to the speed:
U/ (f1) = const. (1.4)

Therefore, for smooth stepless control of the speed of rotation of the shaft of
the drive induction motor, the frequency converter must provide simultaneous
control of frequency and voltage on the stator of the induction motor.

1.6  Scalar and vector control asynchronous motor

When scalar management, according to a certain law, changes the amplitude
and frequency of the voltage applied to the voltage. The change in the frequency of
the supply voltage leads to a deviation from the calculated values of the maximum
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and launchers of the engine, efficiency, power factor. Therefore, to maintain the
necessary operating characteristics of the engine, it is necessary to change the
frequency simultaneously to change and the voltage amplitude. In existing
frequency converters in scalar management, most often [16-18] is maintained by a
constant ratio of maximum moment of MMAS engine until the resistance to the
shaft of MO.

That is, when changing the frequency of the voltage amplitude varies in such
a way that the ratio of the maximum moment of the engine to the current time of
the load remains unchanged. This relation is called the engine's reloading ability
[4, 15].

With the sustainability of the reloading capacity, the nominal coefficient of
power and engine efficiency on the entire range of rotation frequency control
practically does not change.

The main feature when adjusting the AD is that it is necessary to change the
voltage U at the stator both in the function of the moment of static MO resistance
and in accordance with the change in frequency. Thus, with a scalar control
method, the dependence of the supply voltage from frequency is determined by the
nature of the load on the shaft of an electric motor. In this case, for a constant
moment of load, an U / F = const ratio is always supported, and, in essence, the
maximum moment of engine is ensured.

At the same time at small frequencies, ranging from some frequency value,
the maximum moment of the engine begins to fall. To compensate for this and to
increase the launcher, an increase in the voltage level is used. Using the
dependence of the maximum torque from the voltage and frequency, it is possible
to construct a graph for U from F for any type of load.

An important advantage of the scalar method is the ability to simultaneously
control the group of electric motors. Scalar control is sufficient for most of the
practical cases of use of a frequency-regulated electric drive with a range of motor
rotation speed to 1:40.

Vector control allows you to significantly increase the control range,
adjustment accuracy, increase the speed of the electric drive. This method provides
direct control of the engine torque.

The rotating moment is determined by the stator current, which creates an
excitatory magnetic field. In direct control, the moment it is necessary to change in
addition to the amplitude and phase of the stator current, that is, a vector of current.

This is due to the term "vector control”. To control the current vector, and,
consequently, the position of the stator magnetic stream relative to the rotating
rotor needs to know the exact position of the rotor at any time.

The task is solved either by means of a remote sensor of the rotor position,
or by determining the position of the rotor by computing by other parameters of the
engine. As these parameters, currents and voltages of stator windings are used. A
less expensive is a frequency-adjustable electric drive with a vector control without
a feedback sensor, but vector control requires a large volume and high computing
speed from the frequency converter [4, 15].
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In addition, for direct control of the moment at small, close to zero speeds of
rotation, the robot-regulated electric drive without feedback is impossible. The
vector control with the speed sensor provides a range of adjustment to 1: 1000 and
above, the accuracy of speed control - hundredth percent particles, accuracy at the
time unit. In the synchronous frequency-regulated drive, the same control methods
are used as in asynchronous.

Mechanical characteristics of an asynchronous engine with frequency speed
adjustment for various control objects have the form presented in Fig. 1.6.
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Figure 1.6 Mechanical characteristics of asynchronous motor

The control part of the PF is performed on digital microprocessors and
provides control of power electronic keys, as well as a solution of a large number
of auxiliary tasks (control, diagnosis, protection).

In this case, at the output of the frequency converter forms a three-phase (or
single-phase) variable voltage of the pulmonary frequency and amplitude (and
exhibits = VAR, f BAX = VAR).

Consequently, with the control objects with a constant moment of static load
M C = SONST, the power source voltage should vary in proportion to its
frequency U / F = const in control objects that require speed adjustment with PC
sustainability PC = SONST control law : U / \f = const, with a ventilation load, the
control law corresponds to U / F2 = SONST. For these considerations, the method
of regulation was most widely used for mechanisms MZ = SONST, although in
principle, the use of functional converters allows you to realize any of these laws
[1, 4, 16].

Until recently, the electric drives were built exclusively on the basis of direct
current engines. It was a lack of reliable frequency transducers. In this case, the
thyristor converter engine (TP-DU) has such disadvantages as: - limitation of the
growth rate of anchor current, an elevated moment of inertia of the electric drive,
which leads to a decrease in the speed of automatic regulation; high massamarity
indicators; labor intensity in service.

The listed disadvantages are due to the presence of the collector and,
accordingly, switching processes and can be excluded in the construction of an
electric drive based on an asynchronous short-circuited engine.
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At present, there is a sufficient experience of industrial use of electric drives
on the system of PF-DR in the range of capacities 35 ... 100 kW.

Thus, the PF system has a regulation range to 1: 1000 and above, the
accuracy of speed control - hundredth percent particles and accuracy at the
moment - the unit percent can provide the necessary synchronization of the rates of
drive electric motors in elevators of different purposes [1, 2].

The use of an adjustable electric drive provides high energy efficiency,
promotes energy saving and allows you to receive new high quality indicators of
the electromechanical system as a whole. Significant energy savings are provided
by regulating any technological parameter [2].

Frequency converter consists of unmanaged power diode rectifier B,
autonomous inverter (current or voltage), pulse control system (PWM), automatic
adjustment system, throttle LV and CV condenser filter. Regulation of the output
frequency of FI and voltage of the UV carried out in the inverter at the expense of
high-frequency pulse control.

Latitude pulse control is characterized by a modulation period, inside which
the winding of the stator of the electric motor is connected in turn to the positive
and removable poles of the rectifier.
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Figure 1.7 Frequency Converter

The duration of these states within the period of PWM is modulated
according to a sinusoidal law. At high clock frequencies (usually 2 ... 15 kHz), in
windings of an electric motor, due to their filter properties, flowing sinusoidal
currents. Consequently, the form of the output voltage curve is a high-frequency
two-polar sequence of rectangular pulses (Fig. 1.8).

The pulse frequency is determined by the frequency of PWM, the width of
the pulses during the period of the initial frequency of AIN is modulated according
to a sinusoidal law. The form of a current curve in the windings of an
asynchronous electric motor (output current) is practically sinusoidal.
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Adjustment of the output voltage of the inverter can be carried out in two
ways: amplitude (AR) by changing the input voltage of UV and pulsed (PWM) by
changing the ventilation of VV1-V6 ventilation program in UV = const.

In modern frequency converters, the latest control method has been widely
distributed and used due to the development of a modern element base (IBGT
transistors and microprocessors).

When expensive-pulsed modulation, the shape of the currents in the
windings of an asynchronous engine is close to the sinusoidal due to the filtering
properties of the windings itself [4, 7, 17].

Such control allows obtaining high efficiency of the converter. This control
IS equivalent to analog control by frequency and voltage amplitude.

Modern inverters are performed on the basis of full-controlled power
semiconductor devices - guiding GTO - thyristors, or bipolar IGBT transistors with
an isolated shutter [6].
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Figure 1.8 Form of curve of output voltage
1.7 Standing the research task

To study dynamic modes, you need to solve the following tasks:

- to analyze the technological process of passenger elevator;

- calculate the moments of static resistance and pre-determine the power of
the electric motor;

- justify the choice of the type of current and type of electric drive;

- choose an electric motor and determine the transmitting number of the
gearbox;

- calculate the static moments, moments of inertia and coefficient of rigidity
of the system of electric drive

- passenger elevator;

- pre-check the engine for heating and productivity;

- compile a structural circuit of the electric drive and calculate its
parameters;

- to calculate the static characteristics of the electric drive;

- to build natural characteristics of an asynchronous engine.
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