








PE®EPAT
kBauti(pikariitHoi po6otu "MojepHizallisl eIeKTPONPUBOIa KOHBEEPHOT JiHIT
MAaIlIMHA JIJIs1 3aBaHTaXCHHS CycH
Po6oTta mictuth 66 cTOpiHOK, 27 PUCYHKIB, / TaOnuib, 15 BUKOpPHCTaHUX
JOKEPET TTepaTypH.
Kiro4oBi ciioBa: KOHBEEp, ACHHXPOHHUH IBUTYH, PETYIOBAHHSI IIBUIKOCTI.
Metoro nanoi kBamidikamiiHOT poOOTH € opraHizaiis, 3aKpilVIeHHS Ta
3aCTOCYBaHHI HaOyTUX 3HaHb 3 NMPOGECIMHUX AUCIUIUIIH 1] Yac ii BUKOHAHHS, B
pe3yibTaTi 4Yoro MpoBEACHa  MOJIEpHI3allisl eJIeKTPONPHUBOAA MAIWHU JUIS
3aBaHTAXEHHS CYJICH, a CaM€ CJIEKTPONPUBOA CTPIYKOBOTO KOHBEEPA, SIK OAHIET 3
HalEHEePrOEMHICHUX JIaHOK i€l MamuHu. lle 103BOIUTh HE TUIBKH 3aMIHUTU
MOpaJIbHO 3acTapijie 1 Pi3MYHO 3HOIIEHE 00JIaIHAHHS, a U BUPIIMIUTH PAJl 3aBIAaHb
TEXHIKO-€KOHOMIYHOTO XapaKTepy, a came: 3HU3UTHU EKCIUTyaTalliiiHi BUTpATH 3
OOCITyroByBaHHSI CHCTEMH, 3a0€3MeUUTH HEOOXIAHHMM Jiama3oH peryIrOBaHHS

IIBUKOCTI KOHBE€EPA Ta MiABUIIMTHA THYYKICTh YIIPABIIIHHS.

ABSTRACT
Qualification work "Modernization of electric drive of the conveyor line of
machine for loading ships"

The work contains 66 pages, 27 figures, 7 tables, 15 sources of literature used.

Keywords: conveyor, asynchronous engine, speed adjustment.

The purpose of this qualification work is to organize, consolidate and use the
acquired knowledge in professional disciplines during its execution, resulting in the
modernization of the electric drive of the machine for loading of ships, namely the
electric drive of the tape conveyor, as one of the most energy -intensive units of this
machine. This will not only replace morally outdated and physically worn
equipment, but also solve a number of technical and economic problems, namely: to
reduce the operating costs of system maintenance, to provide the required range of

conveyor speed and increase the flexibility of control.
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BCTYII

AKTyaJIbHICTh TeMH. B Haill yac Jqy’ke BaXJIMBUM B YKpaiHi € 3pOCTaHHS
TEMITIB €KOHOMIKH, a JUIS IbOTO HEOOXITHO BIPOBAIKYBATH HOBI TEXHOJOTIT IS
yCciX BUPOOHMYMX TMPOLIECIB, B TOMY YHCII 1 JJs MaliuH Oe3nepepBHOTO
TPaHCIOPTY, SIKI MalOTh BHCOKY MPOAYKTUBHICTh, 3HAYHY HPOTSKHICTH
TPaHCTIOPTYBAHHS, 110 JIA€ 3MOTY BUTICHSITH MAIIMHA UKJIIYHOI Jii 3 TpaAUIIHIX
obJlacTei Ta 301JIBIIIYBATH BAHTAKOO0IT 3aBaHTAXKYBAJIBHOTO TOPTOBOT'O TEPMIiHATY
3 TIOPIBHSHO HEBETUKUMH BUTpATAMU HA TIEPEBAHTAKCHHS OJHIET TOHHU BaHTAXY,
a OTXKE J03BOJISIE 3MEHIIUTH TEPMIH OKYIHOCTI TEPMIHAJIBHOIO YCTATKyBaHHS, B
MOPIBHSHHI 3 MalllMHAMHU IUKJIIYHOT ii.

BinoMmo, 1110 e1eKTpOonpuBOAY MNOPTOBUX 3aBAHTAKYBAIBHUX TEPMIHAJIB, L0
BUKOPHUCTOBYIOTBCSI B JJaHWM 4ac, 3HOIICHI Maibke Ha 75-80%, a BUKOpHCTaHHS
cTapux THUMIB ABUTYHIB (31e0inbimoro AJl 3 (a3HuM poTOpOM 1 peocTaTHUM
pEryJIIOBaHHSAM,) € HU3bKOC(PEeKTUBHUM. TOMy BHKOPHCTAaHHS CydYacHHUX
CJICKTPOIIPUBOAIB ISl 31MCHEHHS! BaHTAXKHUX POOIT B MOPTOBUX TEPMIHANIAX €
JIOCUTH aKTyaJIbHOIO TEMOIO.

MeToo poGoTM € MOJAEpHI3allsl  ENEeKTPONPUBOJAa MAIIUHU IS
3aBaHTaXCHHS CYJICH, a CaMe €JIEKTPOINPUBOA CTPIYKOBOTO KOHBEEPA, SIK OJTHIET 3
HalleHEPrOEMHICHUX JIaHOK wi€i MamuHu. lLle mnpusBene 10 eKOHOMIT
CICKTPOCHEPT1i, IIJBUIICHHS HAIIMHOCTI CHCTEMH, BHUKIIOYCHHS IPOCTOIB B
PO3BaHTAXyBaJIbHO-HABAHTAXKYBAJIBLHUX POOOTAX.

OG’eKTOM JOCHIIKEHHS € TEXHOJIOTIYHUN TMpolec MepeBaHTAKCHHS
npoaykuii Ha OjecbkoMy TepMiHall 3a TOMOMOTOI0 CyJHO3aBaHABaHTaKyBaJbHOI
MamuHu. [IpeamMeTr  JOCHKeHHS -  €JIEKTPOINPHUBOJl KOHBEEPHOI  JIiHIT
CYJTHO3aBaHTaKyBaJIbHOT MAIITMHH.

OCHOBHUMHU 3aBJaHHSIMH POOOTH € PO3PaXyHOK TOTYKHOCTI Ta BHOIp
CY4JacHOTO €JIEKTPOJIBUTYHA Ta TIEPETBOPIOBava 4acToTH. HeoOXimHO CripoeKTyBaTu
eJIEKTPONIPUBO/, SKUW Ou 3abe3nedyBaB MOTPIOHUI J1ama30H peryiIrOBaHHS

HIBUKOCTI IPH 3a/1aHiil KPaTHOCTI MMyCKOBOT'O 1 MAKCUMAJIbHOTO MOMEHTY.



1 AHAJITUYHA YACTHUHA

1.1 Xapakrepuctuka OnecbK0Oro nopToBOro TepMiHaLy

Onecbkuid TOPT € OJHUM 3 HAWOUIBIIMX TepMiHAIIB YOpPHOMOPCHKO-
A30BcbKOTO OaceiiHy. BiH 3/ilicHIOE TIepeBaiKy 0araTbOX BHJIIB PI3HMX BAHTaXIB -
KOHTEHHEpH BCIX THUMOIB Ta po3MipiB, HadTa Ta Pi3HI THUNH HAPTOMPOAYKTIB,
POCIMHHI Ta TEXHIYHI MacJia, 3epHO, IyKOp-CHpEllb, METaIK Ta Oararo inmoro [1].

[HppacTpykTypa MOPTY CKIAQTA€Tbcsi 3 BOCHMH MEPEBAHTAKYBAIBHUX
KOMILJIEKCIB 3 MEepepoOKH CYyXMX BaHTaXIB, OJTHOTO MAaCaKUPCHKOTO KOMILIEKCY,
Ha(TOBOTO 1 JBOX KOHTEHHEPHHUX TEpMiHAIB. TakoX € KOMIUIEKCH 3 TMepeBaIKU
POCJIMHHUX 1 TEXHIYHUX MAacell, CIEeliali30BaHl MpUYain JUisl IPUIOMY CYIIEH,
nepeBajkd 3epHOBUX BaHTaxiB. Ha Teputopii KapanTuHHOrO Moiy Ji€ BibHA
(cmemianbHa) ekoHoMIuHA 30HA «IlopTo—Dpankoy.

[TopT o6nagHaHuii PO3BUHEHOIO TPAHCIIOPTHOIO 1HMPACTPYKTYPOIO, sIKa Ja€
3MOTY BIJOPABJISTH yci TOTPIOHI BaHTaXi JO TEPMIHATIB 3alI3HUYHUM

TPaHCIIOPTOM, aBTOMOOLISIMH, @ TAKOX PIYKOBUM Ta MOPCHKUM TPAHCIIOPTOM.

1.2 AHaJ1i3 TeXHOJIOTiYHOr0 NMpouecy NyHKTY NMepeBaHTAKeHHsI HA MpuYaJTi

PosrasiueMo mporiecu TpaHCMOPTYBaHHS Ta MEPEBAHTAKEHHS MiHEPATbHUX
JO0OpiB, Kl BIJHOCATHCS JI0 HAMOUIBII CKJIAQJHUX HABAJOYHMX BaHTAXIB, IIO
3MIHIOTh CBOi BJIACTMBOCTI ITiJi BIUIMBOM BOJIOTH, CXHJIBHI JI0 TMHJICHHS TIpHU
MepeBaHTAXEHHI 1 TOMY BHUMAaraloTb KpPUTOro  crocoOy  30epiraHus,
TPAHCIIOPTYBaHHSA 1 mepeBaHTaxeHHs [2]. Jnas X TpaHCHOPTYBaHHS
BUKOPHCTOBYIOTH CIEIia]ibHI BATOHU-XOTIEPH.

KoHcTpykiis BaroHa [03BOJISIE 3MIMCHIOBATH 3aBaHTAXyBalbHI POOOTH
MEXaHI30BaHMM CIIOCOOOM dYepe3 YOTHPH 3aBaHTAXYBAJIBHUX JIFOKH, IO
3a0e3MevyloTh PIBHOMIPHE 3aBaHTa)XCHHS Ky30Ba 3 OJIHI€1 YCTAHOBKH. Y HMKHIN
YacTHHI Ky30Ba M0 00uABa OOKM BaroHa po3TalllOBaHi MO JBa PO3BAHTAXKYBAIbHHUX

JO0KM. MexaHi3M pO3BaHTAKEHHS 3 ITHEBMOIIPUBOAOM 3a0e3medye sSK TMapHe



BIJIKpUBAHHS 1 3aKpUBAHHS KPUIIOK JIFOKIB, TaK 1 OJTHOYACHE — BCIX YOTHUPBHOX.
CrenianbHu OJOKYIOUUH TPUCTPIH 3am00ira€ MUMOBLIBHOMY BIAKPUTTIO KPUIIIOK
PO3BaHTaXyBaJIbHUX JIIOKIB K B IIJISXY IPSIMYBaHHS, TaK 1 HA CTOSHIII.

30epiranHsi MiHEpaTbHUX JOOPHUB 3IHCHIOETHCS B TEPMETUYHOMY KPUTOMY
CKJajal, a MEepEeBaHTAXEHHI — 10 TEpPMETHU30BAaHUM KOHBEEPHUM TpacaM 3
BUKOPHUCTAHHSAM CHCTEM IHJIOBJIOBIIOBAHHS 1 JIOKANI3al[ll PO3MOBCIOIKEHHS MTUITY.
CrenianbHMA OJIOKYIOUUH TPUCTPIH 3am00ira€ MUMOBIIBHOMY BIKPUTTIO KPHILIOK
PO3BaHTaXyBaJIbHMX JIFOKIB K HA LIUISIXY NPSMYyBaHHS, TaK 1 HA CTOSHLIL.

[lunaTe HaBaJIOYHI BaHTaXl MpPU TNEPEXOAl 31 CTaHy CHOKOK B CTaH
NepecUNnanHs, 3MIHIOIOYH CBOIO MOPHUCTICTh. [Ipy 1bOMy 30UIBLIEHHS MapOBOTO
IPOCTOPY BU3HAYa€ MiCOC MOBITPSI, @ 3SMEHILIEHHS MPHU YKJIaJlaHHI PU3BOAUTH 10
BU/JIIJIEHHS TIOBITPSI 3 OJJHOYACHUM 3aXOIUIEHHSAM NUJIONOAIOHUX (pakiiil. 3 orsiy
Ha II0 OCOOJIUBICTh, HEOOXITHO BHUKOPUCTOBYBATH CHUCTEMHU JIOKaJi3allil
3aMKHYTOTO THUITY.

Cucrema 3HENMWIIOBAHHS By3Ja TEPEKHIAHHS BaHTaXy 3 OJHOTO
TpaHCIOpTepa Ha 1HIIMKM 1 NWIONPUOMBHA HAacajka JUlsl 3aBaHTAXKEHHs CYIEH 3
PELUPKYJISILIEI0 TOBITPS MPHU MIJACOCI 1 BUKU/1 B CTPYMEHI MEPEBAHTAXKYBAILHOTO
MaTtepiany HaBelleHa Ha puCcyHKy 1.1.

[TumonpuOMBHI Hacagku I 3aBaHTAXEHHsS CYJICH CHCTEMH KOHYCIB-
BOPOHOK TacsiTh KIHETMYHY EHEPril0 IMOJArYOoro IMOTOKY, & BUTICHEHE IMOBITPS
MOBEPTAETHCS JI0 MICIIA MIJICOCY B MaTepiaji Ha MOYaTKy MaaiHHS.

JIist po3BaHTa)XKeHHs BaroHIB 3 MIHEpAIIbHUMH JOOPUBAMU BUKOPHUCTOBYIOTh
CHeliagi30BaHy BarOHOPO3BAHTAXKYBaJIbHY YCTaHOBKY, fIKa HE TUIbKH 3amoOirae
NOTPAIUIIHHIO BOJIOTM Ha BaHTaX 1 MOMIMPEHHS MUIY Ha NEPEBAHTAXKYBAJIbHOMY
TepMiHaIl, aje i MIJBUILYE MNPOAYKTUBHICTb OOpPOOKHM 3ali3HUYHHUX BAaroHiB.
[lepeBanTaxyBanpHuil komruiekc (mami [1K) mpusHadeHwii 11 BUBaHTaKEHHS
MIHEpaJIbHUX JOOPUB 13 3alI3HUYHHMX BaroHiB, KOPOTKOYACHOTO 30epiraHHs

BaHTaXXy 1 HABAaHTA)KCHHS MOT0 Ha Cy/aHa.



Pucynok 1.1 — CucreMu 3HENWIIIOBaHHS BY3J1IB CKUJAHHS MUJIOMOAIOHUX
HABAJIOBAJIbHUX BAHTAXIB
a — TMPU 3aBaHTAKEHHI TPIOMY; O — MPHU CKHUJIaHHI 3 OJTHOTO TPaHCIIOPTEpa Ha
THIITHAI

B sikocTi 3ac001B TpaHCTIOPTYBaHHS Ta BiJIBAHTA)KEHHS MIHEPAJIbHUX JTI0OpUB
NpUAHATI CTpiukoBi KoHBeepH [2]. KoHBeepu oOnamHaHI UMM PSIOM MIPUCTPOIB i
MPUCTOCYBaHb, IO 3a0e3MedyroTh HamiiHy 1 Oe3neuny poboty IIK. Cromu
BIJIHOCATHCA MPUIAAM KOHTPOJIO CXOAY CTPIUKHM, JAaTYMKU 3aBaliB B BY3Jax
NEepPEeKUIaHHs 3 KOHBEEpA HA KOHBEEP 1 T.1H. 3Ba)KyBaHHSI BAHTaXKy MPOBOJIUTHCS 32
JIOTIOMOT'OK0 KOHBEEPHUX Bar.

TexHoori€ro nepeadadyeHo poOOTy KOHBEEPHUX JIIHIN 3a BapiaHTaMMU:

— BaroH - CKJIaJI;

— BaroH - Cy/iHO;

— CKJIaJ] - CY/IHO.

Baronu B MapmipyTax 3amumiaroThCs Ha CTaHINli, 3BIAKK JIOKOMOTHB 1Mo 15
OJMHMITH TIOJA€ 1X B MOPT 1 BCTAHOBJIIOE HA TEXHOJOTIYHI 3aJII3HUYHI KOJIii, 1110
po3TalloBaHi OPyY 3 BY3J0M po3BaHTakeHHs BaroHiB (nami BPB). Ha tepurtopii
nopty mojada BaroHiB g0 BPB 3miiicHroeTscst mokomotuBoMm. BPB mpusnauenuii
JIUIs BUBAHTQ)KEHHS BaroH1B MiHEpasjoBO31B. Baronu moaaroThes 3 TOPIEBOro OOKY

Oy/iBIIl By3Jla pO3BaHTAKEHHS MO OfHIN 3aimi3Hu4HIM JiHil. BPB po3paxoBanwuii Ha
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OJIHOYACHE pO3BaHTaxeHHs A0 15 BarouiB. I[lopoxkH1 BaroHu BUBOASTHCA
J0KkoMOTHBOM 3 BPB 1 BCTaHOBIIOIOTHCS HA TEXHOJOTIYHI 3aji3HHYHI KOJIii, IO
po3TanioBaHi Hopy4 3 OyAiBJICIO By3Ja pO3BaHTAXKECHHS.

[Tix 3amizanyHOO NiHielo BPB po3ramosani npuitmanehi Oyakepu. Ha 1-my
noBepci OyniBii mix OyHKEpaMHu BCTAHOBJIEHI CTPIUKOBI )KMBHIIBHUKH, IPU3HAYCHI
JUIS. PIBHOMIPHOI MOJiadl BaHTa)XXy 3 OyHKEpIB Ha MaricTpajibHI KOHBEEPH, IIO
TPaHCTIOPTYIOTh MiHEPATbHI J0OpHBa a00 B BY30J1 HABAaHTAXKECHHSI CYIIB (32 IPSIMUM
BapiaHTOM) a00 Ha CKJIa]I.

By3on 3aBaHTaXeHHS Cy/J€H BKJIOYae B ceOe JBI BaHTa)XHI MAaIIUHU 1
OeperoBy BaHTAXXHY Trajiepero, B SIKIM pO3TalllOBaHl CTPIYKOBI KOHBEEPH, KOTPI
MO/IAI0Th BaHTAX HAa MAIIMHHU JIJIsl 3aBaHTAKEHHSI CY/IHA.

Banrtaxna mammHa siBisie COO0I0 METAIOKOHCTPYKINIO MOPTAILHOTO THUILY,
0 TIEpEeCyBaeTbCcd MO peilkax y3M0BXK mnpuyany. Jlo moprany NIapHIpHO
MPUKpITUICHA MiTHOMHA rajepes 3 BCTAaHOBJICHUM B Hil TEJIECKOMYHUM CTPIYKOBUM
KOHBEEPOM 1 CHELIAIbHOK TEJIECKOMIYHOK TpyOoro, uepe3 sKy BiAOYBaeThCs
CKUJIaHHA BaHTaXxy B TpioM cyaHa. KepyBaHHs poOOTOI0 MallMHU BiI0OYBA€THCS 31
creniagbHOI KaOlHU KepyBaHHS.

VY OeperoBiil BaHTaXHIM Trajiepei MiHEpajibHI AOOpHBa 3 KOHBEEPIB 3a
JIOTIOMOT'O0 JIBOX CAMOXIJHUX CKUJAIOUMX Bi3KiB, II0 PyXalOThCS IO CIEIIaTbHUM
pPEHKOBHM IIIISAXaM, TIEPEIAIOTHCS HAa BAaHTAKHI MAIIMHY, HA OJIHY 3 SKUX BaHTaX 3
BI3KIB MOTpAIUIsiEe Yepe3 BiIBAIbHUIA KOHBeep. [lepenaua BaHTaxy 3 KOHBEEPIB Ha
BaHT@)XHI MAaIllMHM 3IHCHIOETHCA 4Yepe3 HACKpi3Hy Oe3lepepBHY LIIMHY, IO
nepeadayeHo KOHCTPYKIIIEI Trajepei 1 Mae Mo BCIM JOBXKHHI YKPUTTS 3 TYMOBOI
TKaHWHH.

JJ1st KOpOTKOUACHOTO 30€epiraHHs MiHEpaJIbHUX TO0OPUB y MOPTY NepedadeHi
3 ckianu, BUKOHAHI y BUIJIAAl OyliBeNlb KYyMOJbHOTO THIy. JliaMeTp KOKHOTO
ckaangy 55 M, Bucota — 20 M, mictkicth KoxHOro — 20000 ToHH. 3aBaHTaXE€HHS
3MIIACHIOETHCS 3 BEPXHBOI MO3HAUKHU MOCEPEANHI CKIIaly CTPIYKOBUMH KOHBEEPAMHU.
Y HWKHIA YacTMHI KOXHOTO CKJIaJy pO3TalloBaHI MO OJHOMY CTPIYKOBOTO

KOHBEEPY, 3 BCTAHOBJICHUMU HaJ HUMU OyHKepamMu. 3a JOMOMOTOI0 I[bOTO
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oOnamHaHHS 3MIACHIOETHCS CaMOBHMBaHTaXeHHs npuOmm3Ho 70% BaHTaxy.
YacTtuHa, mo 3anumunacs (mpubdiu3zno 30%), nepeBaHTAKYETHCS 32 JOMOMOTOIO
KOBIIIOBHX HaBaHTaKyBadiB.

Po3pobrmena  TexHONOTIST — TEepPEeBaHTAXYBAIBHUX  pOOIT  3abe3meuye

EKCILTyaTarito KOMIIEKCY 0€3 HEraTUBHOTO BIIMBY Ha HABKOJIMIITHE CEPEIOBHIIIC.
1.3 Orasa THIIB MAIIUH VISl 3aBAHTAKEHHS Cy/IeH

Cynno3zaBantaxyBainbHi Mamuau (CM) mpu3HadeHi 1151 HaBaHTAKCHHS
HAaBAJIOYHUX BAHTAXIB B CyAHAX PI3HOI BAHTAXOMIIAOMHOCTI JUIsl PIYKOBUX 1
MOpChKUX mopTiB [3].

MaivHa ToAUISIIOThCS Ha Maui (CTallloHapHI Ta TMEPEeCYBHI1) 1 CEpeJHI.
Mauni cyaHO3aBaHTaXyBaJIbHI MAIlIMHU MPU3HAYEHI ISl PIUYKOBUX MOPTIB, @ TAKOK
MOXYTh BUKOPUCTOBYBATHUCS B MOPCHKUX MOPTaxX JJIs PEMIOBOTO HABAHTAKCHHSI.

Cepennsi cyaHO3aBaHTaXXyBajbHa MalllMHA TMPU3HAYEHA Il PEHIOBOrO
HABAHTAKEHHA CYJICH, a TAaKOXX HABAaHTAXXCHHS CYACH BAHTAXKOMIIHOMHICTIO J10
60000 ToHH.

CynHo3aBaHTaXyBajbHAa MallMHA Maja CTalllOHapHA TpU3HA4YeHa IS
3aBaHTAKCHHS CyI€H BAHTAKOIMI IHOMHICTIO 10 5500 ToHH (B OKpEMHX BHITaIKaX 0
13 000 TOHH) CHITyYUMH BaHTa)KaMH, B T.4. HCOC3IEYHUMU 1 ITUJIOBUMH.

Posrnsinemo MaimHy cyaHO3aBaHTaXyBajdbHy Many ctarioHapny (CIIM-—
MC) 3 TeneckonmiYHUM KOHBEEPOM (KOHBEEPOM 3 TEJIECKOIMIYHOIW CTpLIo). Taka
CyJHO3aBaHTa)XyBaJlbHa MalllMHA CTAI[lOHAPHO BCTAHOBJIIOETHCS HA MpHUYaIl.
Cumyuunii BaHTaX TEPEBAaHTAXYEThCS Ha HeEi 3 OyHKepa-KUBUIbHUKA, a00 3
no/1ar04yoro kouseepa (puc. 1.2).

Y  Mipy OpoTATYBaHHS  CyJHA  Y3JIOBX  MpUYaIy  ONEpaTop
CYHO3aBaHT)XyBaJIbHOI MAaIllMHU 3a JOMOMOTOI0 3MIHHU JIOBKMHU BHIIITY
TEJIECKOMIYHOI CTpLIM 3a0e3Mnedye piIBHOMIPHE MOIIAPOBE 3aBAHTAKEHHS CUITY4OT0
BaHTaXYy B TPIOM CY/HA.

Xapakrepuctuku Maminau CIIM—-MC naBeneni B ta6m. 1.1.
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Pucynok 1.2 — KonBeep MalMHu CyIHO3aBaHTaXyBaJIbHOI MAJIOT CTAI[lOHAPHOT

(CTIM-MC)

MoskJiiBe BHKOHAHHS MAlIMHU 3 OLMHKOBAaHUMHU METAJIOKOHCTPYKIISIMHU
(Takmit TuI mae mogopokuaHHs Ha 20% 10 METATOKOHCTPYKIIISX ).

VY pa3i npuadaHHs Maloi CTal[lOHAPHOI CYJTHO3aBaHTaXyBaJIbHOI MAlllMHU B
KOMILJIEKTI 3 OYHKEpPOM >KMBWJILHUKOM a00 MOAAI0YUM KOHBEEPOM (KOHBEEPHOIO
1H(PaACTPYKTYpOI0), aBTOMAaTH30BaHa CHUCTEMa KEPYBaHHS pPO3POOISETbCS s
BChOTO KoMIUIeKCy. OmnepaTop 3[1HCHIOE KepyBaHHS abo 31 CTalllOHAPHOTO TOCTA,
a00 3 myJIbTa KepyBaHHs (MPOBOJIOBOTO ad0 pajio).

S0 TOBXKUHA CTAI[IOHAPHOT YaCTHHHA MAllTUHU CY/THO3aBaHTaKYBAJIbHOI HE
nepesuinye 30 metpiB, To CIIM—MC mosxe OyTH BUKOHAHA SIK YaCTKOBO MOO1JILHOIO
(semimobile), ToOTo Ha moyo3ax; ab0 MOBHICTIO MOOIIBRHOIO Ha Kojecax. Take
BUKOHAHHS JIO3BOJIAE TPAHCIOPTYBAaTH CYy/IHO3aBAaHTAXyBAJIbHY MAaIIUHy 3a
JIOTIOMOTOI0 Tsiraya (TpakTop, HaBaHTaXyBad 1 T.1H.).

Lle HaitO11b1I OOAKETHA 1 MPOCTAa KOHCTPYKIIIS, IPU IbOMY BOHA YCITIIIIHO
BUKOHYE CBOi 3aBJaHHSA. Y HaWIMPOCTINIOMY BHUIIAJKy HaBITh HE BHMarae
0OJaIITYBaHHSI KOHBEEPHOI IHPPACTPYKTYPH.

MamuHa cyiHo3aBaHTaxyBajibHa Majnia nepecyBHa (CIIM—MII) npusnayena
JUIST HABAaHTQXXEHHS HABAJIOYHUX BAHTAXIB B CyJHA BaHTAXOMIAWMOMHICTIO 0

13000 touH. Lle Hempopore pimeHHs s poOOTH PIYKOBUX MOPTIB, a TAKOXK IS
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HaBaHTAXXCHHS CYACH «pqua—Mope» abo JJIA pCﬁIIOBOFO HaBaHTa)X€HHs. BoHa He

noTpedye MOCTIHOTO MPOTATYBAHHS CyAHA Y3I0BXK MpHUaTy.

Tabmuusg 1.1 — OcHOBHI XapaKTEpUCTUKU CYTHO3aBaHTaKyBaJIbHOI MAIlIMHU

tuty CIIM-MC
[Tapamerp 3Ha4YeHHS OnTuManbHi

XapaKTePUCTUKH
[TpoayKTUBHICTB Bi1 200 10 2000 T/ToA 1000 1/rox
[IInprHa KOHBEEPHOL B1x 650 1o 1400 MM 1000 MM
CTPI4KH
Kyt Haxnny 1o 18 rpagycis 10-15 rpamycis
JloBkKHa cTalioHapHO1 8-40 m 18 m
YaCTUHU
Buit ctpuim 5-15™m 10 m
[IBuIKICTE 0,1-0,8 m/c 0,2 m/c
nepecyBaHHs CTPLUIU
MOoO61IBHICTD CTalllOHapHAa/9aCTKOBO

MOO1IbHA/MOOLTbHA

Bara 5-15T 10T
[IBuakicTs BiTpy (poboUi 1o 15 m/c

orepariii)

TemneparypHuil aianazox

B11 -45 no +45 °C

B1x -10 mo +40 °C

KinpkicTh

pabouux roauH 3a 100y, Max

20

16

CepenHs TpUBAIICTh OJHOTO

NoCTiitHa poOoTa Ha nepioj

BKJTFOUCHHSI TTOBHOTO HAaBaHTAKEHHS
CyJlHa
Bukonanns piuHE/MOPCHKE/OITMTHKOBAHE piuHe
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s cynHo3aBaHTaXXyBaJlbHA MalllMHA TMPALIOE 3a MPUHIHUIIOM CTakepa
(TTOBOPOTHOTO TEJIECKOIIYHOTO KOHBeepa). BoHa criupaeTsest Ha MOBOPOTHY OIODY,
a IPUBOJIHI KOJIeCa, 110 PO3TAIlIOBaHI MPAKTUYHO MEPIEHANKYIISPHO BiCl KOHBEEpa
(Mo MOTUYHIN A0 IyTW TPAEKTOPIi PyXy), MO3BOJSIOTH CYAHO3aBAHTAXKYBaJIbHIN
MaIIMHI BUPOOIIATH paiiaibHi IepeMileHHs. 31HCHIOI0UN paliajdbHi NepeMilleHHS
1 3MIHIOIOYM BHJIIT TEJIECKOIIYHOI CTPUIM, OIepaTop BHUPOOJsSE€ PIBHOMIPHE
MOIIaPOBE HABAaHTA)XKCHHSA B TPIOMU CyIHA.

Cunyuuit (HaBaTIOBAJILHUMN ) BaHTaX MEePEBAHTAKYETHCS Ha
CYJOHABaHTAXXyBaJIbHy MAalIMHY 3 OyHKEpa-KUBWIbHHMKA, a00 3 I0AAar040ro
KOHBE€pa.

VY pasi HasBHOCTI J1aHOI MOBOPOTHOI CYJAHO3aBaHTAXXyBaJIbHOI MAaIIUHU B
KOMIUJIEKTI 3 OyHKEpPOM >KMBHJIbHUKOM a00 MOJal0YuM KOHBEEPOM (KOHBEEPHOIO
1H(PacTpyKTypoOr0), aBTOMATH30BaHA CHCTEMa KEPYBAHHA PO3POOISETbCS IA
BChOTO KOMIUIEKCY pa3zoM. OmnepaTop 31ICHIOE KepyBaHHS a0 31 CTalllOHapHOTO
nocra, abo 3 myJjbTa KepyBaHHsS (IIPOBOAOBOTO ab0 pasio). TyT Takoxk MOKIUBE
BUKOHAHHS 3 OLIMHKOBAHUMHU METAJIOKOHCTPYKI[ISIMU.

MosxiiiBa MoaMQiKallis MaJIol IEPECYBHOI CyIHO3aBaHTAXYBAJIbHOI MALTUHU
3 TPAHCHMOPTHUM CTAHOBMILEM Koiiic. Y Takiil Moaudikaiii, Kojeca MOXYTb
pO3ropTaTHCsS B3/IOBXK BICI KOHBEEpA 1 1X MPUBOJY BIIKIIOUAIOTHCS, IO JO3BOJISIE
TPAHCTIOPTYBaTH  CyJOHAaBaHTaXyBaJbHY  MAIIMHY TATaueM  (TPaKTOpOM,
OynbI03epoM i T.iH.).

Ha BigMiHy Bij cramioHapHOi CyaHO3aBaHTaKyBaJbHOI MAIIMHH, TaKa
nepecyBHA MallMHA HE BHMAara€ TMpPOTIATYBAaHHS CyJIHA Y3A0BXK MpHUaiy.
PamionanbHO BHKOPHUCTOBYBAaTH JBI CYy/IHO3aBaHTa)XyBaJlbHI MAalllUHU IS
BaHTa)XCHHS HABAJIOYHUX BAaHTaXIB B CyJHA JOBXHHOIO Ouibiie 80 merpiB. B
[IbOMY BUMAJIKy HE MOTPIOHA HOTO MepeIBapTOBKa.

VY HalimpocTilioMy BUNAJAKYy 1€ HE BUMAarae OOJaIITyBaHHsS CIeLiaJbHOI
KOHBeepHOI 1H(PpacTpykTypu. Xapaktepuctuku MammHu CIIM-MII naBeneni B

tabn. 1.2.
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Pucynok 1.3 — Cxema MexaHi3My JJis 3aBaHTAXEHHS TPIOMY CyIHA

Lle € HEAOPOTUM 1 MPOAYKTUBHUM PILIEHHSAM JJI1 HABAHTAKEHHSI HABAJIOUHUX
BaHTaXIB B TPIOM CyAHA. Y THX BUIAJKax, KOJU 1€ MOXJIUBO (J103BOJISIOTH BUCOTA
1 po3Mipyu Tpuyany, rabapuTd CyJHA) BUKOPUCTaHHSA 2-3 MalUX NEpPECyBHHUX
CYJIOHABaHTQXYyBAJIbHUX  MAalIMH  JelIeBIle, HDK  OJHIET  CEepeaHbol
CYZIOHABAHTAKyBaJIbHO1 MalllMHMU.

Cyano3zaBantaxyBaibHa MmammHa cepeans (CIIM—C) npusnauena s
3aBaHTAXCHHS CYJeH BaHTaxomiaioMHicTIO 10 13 000 ToHH (piuka 1 pidka-Mope)
ta 10 60 000 TonH (Panamax) cuIy4yuMu BaHTaXKaMH, B TOMY YHUCITI 1 HeOe3MCUHUMU

1 IIMJIOBUMM.
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Tabmuusg 1.2 — OCHOBHI XapaKTEpUCTUKU CYTHO3aBaHTaKYBaJIbHOI MAIlIMHU

tuty CIIM-MIT
[Tapamerp 3Ha4YEeHHS OnTumManbHi
XapaKTePUCTHKHU
[IpoayKTHUBHICTH B171 200 10 2000 1/TOX 1000 1/Ton
HluprHa KOHBEEPHOI CTPIUKU Big 650 n0 1400 mm. 1000 mm

BiTpY (poOoui omneparii)

Kyt naxwmry 1o 18 rpanycis 8-15 rpamycis

JloBXrHA CcTaioHapHO1 8-40 m 21 m

JaCTUHHU

Buit ctpinm 5-15m 13 ™m

[IBuIKICTE 0,1-0,8 m/c 0,2 m/c

MepecyBaHHs CTPLIU

[IBuOKICTH 0,05-0,2 m/c 0,1 m/c

nepecyBaHHs MalTHHU

Tun mexaHi3aMy nepecyBaHHs | aBTOMOOUIbHI KoJieca abo aBTOMOOLITBHI
MeTaJjeBl KoJieca Mo pesibCl KoJieca

HasBHICTh TpaHCIOPTHOTO na/Hi HI

MOJIOKEHHS KOMIC (7151

aBTOMOOIJTBHUX KOJIIC)

Bara 5-27T 15T

[IIBuakicTh o 15 m/c

Temneparypuuit gianazon, °C

B -45 no +45

Big -10 go +40

KinpkicTs poO0o4MX roguH 3a 20 16
100y, Max

Cepenns noCTiiHa poOOTa Ha Mepioj

TPUBATICTH OJTHOTO MOBHOTO HABAHTAXXEHHS Cy/THA

BKJTFOUCHHS

Bukonanns pluyHE/MOPCHKE/OITMHKOBAHE piuHe
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Xapaktepuctuku maimuau CIIM—C naBeneni B Taoiu. 1.3.

3aBaHTa)KEHHS CUITyYHX BaHTaXiB BiAOYBAETHCS 3 KOHBEEPA, PO3TAIIIOBAHOTO
Ha ecrakadl y3AoBX mnpuuainy (Ha puc. 1.3 He mnokazanwii). Taka MaiimHa
CyJIHO3aBaHTaXyBaJbHa MEPEMIIIAETHCA Y3/I0BXK MpUYaITy 0 peHKOBOMY LIUISIXY. 3a
pPaxyHOK MOXHJIOT CTPLUTH, IO MPALIOE 3a MPUHIIUIIOM MEePEeCcyBHOr0 O0apabaHHOTO
BUBaHTaXyBaua (Bi3ka 0apaOaHHOTO PO3BAHTAKYBAJIBHOIO), CHITYYHH BaHTaX
MIEPEBAHTAXYETHCS 3 KOHBEEPA, PO3TAIIOBAHOTO B3JOBXK MpHUYATy Ha BEpXHIN
KOHBEEP CY/IHO3aBaHTaXKYBAJIbHOI MAIIUHU B OY/Ib-IKOMY MICII].

BanTaxx 3 BEpXHBOIO KOHBEEpAa MAIMHU IEPEBAHTAXKYETHCS HA KOHBEEP
TEJIECKOMIYHOI CTPUIM (BUCYBHOI KOHCOJI1), @ MOTIM 3a TEJIECKOMYHUM PYKaBOM
3aCUIIAETHCS B TPIOM CYJIHA.

Onepatop CyJIHO3aBaHTAXYBaJIbHOI MAIMHU, TMEPEMIIIAIOYN MAIIUHY
y3JI0BXK MpUYaly 1 3MIHIOIOYHM BWJIIT KOHCOJI BHUCYBHOI, 3a0e3meuye piBHOMIpHE
MOIIIAPOBE 3aBAHTAXKEHHS CUITYYOT0 BAHTAXYy B TPIOM CyJIHA. Y Mipy 3aBaHTaXEHHS
TptoMy, omeparop CIIM 3MeHIIye AOBXHHY TEIECKONIYHOIO pykaBa abo Le
pOOUTHCSI aBTOMATUYHO (32 JOTIOMOTOI0 TIaTYMKAa PiBHS HA TEJIIECKOMIYHOMY PYKaBi).

KepyBaHHs cyqHO3aBaHTa)XyBaJbHOIO MAIIMHOIO 3/1MCHIOE ONEepaTop, KU
3HAXOAMUTHCS B KaOiH1 KepyBaHHs. BiH kepye 3a JOMOMOI010 JHKOWCTUKIB 1 KHOIIOK
KepyBaHHs. SIK MmpaBuiio, omepaTop TaKOXK KEpye YCI€0 KOHBEEPHOIO JIIHIEIO, L0
MOJIa€ CHUIy4l BaHTaxl BiA ckiaagy (OyHkepiB a00 BIIKPUTOrO THILY) O
CYJTHO3aBaHTa)KyBaJIbHO1 MAIIMHU (TIOPTOBHI 3aBaHTAKyBaJIBHUN KOMILIEKC).

Jlist 3MeHIeHHsT HaBaHTakeHHA Ha omepartopa CIIM, 3amyck 1 3ynuHKa
BCHOTO KOMIUIEKCY (CyJHO3aBaHTa)XyBaJbHAa MAalllMHA, KOHBEEPU 1 KUBUIHHUKH )
MPOBOJIUTHCS ABTOMATHYHO, HATUCKAHHSIM OJIHIE]T KHONKWU. ABapiiiHi crieHapii
TaKOX BiAMPaIlbOBYIOTHCS aBTOMATHYHO.

[lepernsaaytu iHdOpMaIliIO TPO CTaH TMOPTOBOTO 3aBAHTAXYBAIHHOTO
KOMITJIEKCY OIepaTop MoOkKe a0 3a JIOTOMOTOI0 I1HJAMKATOpiB, ad0 Ha eKpaHi

JUCILIES.
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Tabmuusg 1.3 — OCHOBHI XapaKTEPUCTUKU CYTHO3aBaHTaKyBaJIbHOI MAIlIMHU

tuty CIIM-C
[TapameTp Jlns cynen no Hns cynen Big 13 000
13 000 TouHn 10 60 000 TorH
[TpoayKTUBHICTB Big 200 mo 2000 T/rox Bix 2500 1/Tox

[uprHa KOHBEEPHOT CTPIUKH

Big 650 1o 1400 MM

Bix 1200 mo 1400 mm

Bucota Big mpudany 10 HIOKHIX Big 1l 1o 10 m BixS no 17 m
€JIEMEHTIB TEJIECKOIIYHOI CTPLIN

(KOHCOJTI BUCYBHOI)

MakcumanbHHUI BUTIT KOHCOJ 15Mm 28 M
BUCYBHOIL

Komis 7.5, 105, 153 ™ Big 10.5 1032 m
Bara B1g 20 no 80 T Big 60 no 140 T
[IBuakicTe BiTpY (pobOUi 1o 15 m/c 1o 15 m/c
orepartii)

[IBuAKICTH BITPY (ME€peMILIEHHS 1o 25 m/c 1o 25 m/c

B MapKyBaJbHE TTOJIOKCHHS)

[IBuakicTe BITpYy (HEpoOOUHMit 10 46 m/c 10 46 m/c

CTaH)

TemnepaTypHuil qianazoH

Big -40 no +45 °C

B11-40 mo +45 °C

CelicMOCTIHKICTh 10 9 6aiB 10 9 6aiB
KinpkicTh po60oYHX roguH Ha 20 20
00y

KinbkicTh po6ourx AHIB Yy poii 250 250

CepenHs TPUBAIICTh OJHOTO

BKJIIFOUCHHAA

NoCTiitHa poboTa Ha
nepioJi HOBHOTO

BAHTAXKCHHA CyJHA

MoCTiitHa poOoTa Ha

nepioJi MOBHOTO

BAaHTAKCHHA CyJaHa
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[Tpu nepecyBaHHI MallIMHU CyTHO3aBaHTAXXYBaJIbHOI 110 PEUKOBUX IIIJIsIXaX 32
JIOTIOMOTOI0 €HKOZEPIB BIACTEKY€ETHCS MEPEKic KOHCTPYKIIIT mopTaiy. Y pasi ioro
BUHUKHEHHS, BiH aBTOMAaTH4YHO YCYBA€TbCd CHCTEMOIO KepyBaHHA. Jlis
MiBUIICHHA TEPMIHY CIY:KOM MEXaHI3MIB CyJHO3aBaHTa)XyBaJIbHOI MAaIlIlHH,
3a0e3MeyeH sl MIaBHOCTI XOAYy 1 KOMQOPTY omepaTtopa, KepyBaHHS NPUBOJAMU
nepecyBaHHSl  3IIHCHIOETbCS 3a  JIOMIOMOIOI0  IEPETBOPIOBAYIB  YACTOTH.
Jnus  po3MilleHHS  €NeKTPOOONaAHAHHSA  MepeadadeHo  Creliaidi3oBaHe

CHGKTPOHpI/IMiHICHHH 3 KJIIMaTHYHOIO YCTAaHOBKORO.

1.4 CynHo3aBaHTa:KyBaJIbHA MAIIMHA K 00’ €KT MoJepHi3amii

B naHiii poOoTi B SKOCTI O00’€KTYy MOJIEpHI3allli PO3MISAAETHCS
CylHO3aBaHTaxyBaibHa MammHa tunmy CIIM-MII, sdxa  npu3HadyeHa s
3aBaHTaKCHHS MIHEPAIbHUX JIOOPUB Ta 1HIIUX CUITyYHUX MaTepialiB B TPIOM CyJIHA
1 € CKJIaJIOBOIO YACTHHOIO CIIEIiaJIi30BaHOTO KOHBEEPHOTO KoMIUTekcy [3]. Mammna
NEPECYBAETHCS Y3/I0BXK MpUYaAly MO PEHKOBUX NIIAXax. B3I0BXK KpaHOBUX KOJIN
PO3TAIIOBYETHCS KOHBEEPHA Tajiepesi, B sIKIM 3HAXOAAThCSl MaricTpajibHI KOHBEEPH,
KOTp1 [MOJIal0Th BAHTaX 31 CKJIaly Ha Cy/IHO3aBAHTAXXyBaJIbHY MAaILUHY.

MarictpanbHuii KOHBeEp OOJaAHAHUN TMPUCTPOEM [UJISI  MPOMIKHOTO
PO3BAaHTAKEHHS — PO3BAHTAXYBAJILHUM BI3KOM, SIKMHA TEPEMIIYE€ThCS B3IOBXK
KoHBeepa. Po3BaHTaXyBalnbHUI BI3OK 3'€THAHUW IIAPHIPHO 3 BAHTAXKHOIO
MalIMHOIO 1 3a0e3Meuye Mojjayy BaHTaKy Ha KOHBEEP (PPOHTaIBHOI MAIlIMHU.

TeneckoniuHuil KOHBEEP, PO3TAIIOBAHWMN B MIAMOMHIN ranepei, a TakoxX
TeJIeCKOMiyHa TpyOa, BCTAHOBJICHA B MICI[l PO3BAaHTaXKEHHS KOHBEEPA, JO3BOJISIE
NpUiiMaTH CyJTHA TPAKTUYHO BCiX THIIIB.

TexHiuH1 XapaKTepUCTUKHU JJaHOI CyTHO3aBaHTaXKyBaJIbHOI MAaIllMHU HaBe/ICH1
B Ta0mm 1.4.

CyaHo3aBaHTaXyBajbHa MallMHA SBJSIE  COOOI0 METAJIOKOHCTPYKIIIO
NOPTAJBbHOTO THUIY, SIKa BCTaHOBJEHa Ha 4 xoao0Bi Bi3ku. [lopran sBisie coboro
MIPOCTOPOBY KOPCTKY pamy KOpoOUYaToro mpoduito, 1mo CKIAAAEThC 3 IEKIITBKOX

YaCTHUH, 3 €JHAHUX TPHU MOHTax1 6ontamu. Komis moprany cranoButh 10,5 M, 1110
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JIO3BOJISIE PO3TAIIYBAaTH TiJ] HUM JBOKOJIMHI 3aii3HWYHI peiiku. KoxkeH BI30K,
KOTpUW 3HAXOAMUTHCS Y CKJIAJl MEXaHI3My MepeCcyBaHHsS MAIllUHU, 0OJagHaHUN 6
XOZI0OBUMH KOJIeCaMH 1 Ma€ BiIacHU# npuBia. g yTpuMaHHS yCbOTO MEXaHi3My Yy
CIpPaBHOMY CTaHl TMpPH BEJIMKOMY BITpi, Ha BI3KaX BCTAHOBIIOIOTHCA PEHKOBI
3axXBaTH, 1[0 MAIOTh PYYHUI MPUBOJ.

Tabmuis 1.4 — TexHiuH1 XapaKTepUCTUKH CYAHO3aBaHTAKyBaJIbHOI MaIlTUHU

tuty CIIM-MII
[TapameTp 3HaueHHs
[IpoiyKTUBHICTh B111 200 1o 2000 1/ron
[TepeBanTaxytounii BaHTaX MiHEpaIbH1 100pHUBa
HacunHa minbpHICTh BaHTaXy 1,2 /™3
JloBxnHa rajepei BifJ Bici oOepTaHHA 30 m
[IBUAKICTE KOHBEEPHOT CTPIUKH 1,25 m/c
Tun ponukoonopu xKoJyiob4Jacrta
uprHa KOHBEEPHOI CTPIYKU 650 MM
[IBUAKICTH IEPECYBAHHS MAIIMHU 0,33 m/c
HIBuakicTh migiioMy ranepei 0,5 m/c
Komist mopramy 105m
Yucno XxoJ0BUX KOJIC 24
MakcumanbHHUI BUJTIT KOHBEEPA 24 m
MiHiManbHUM BUJIIT KOHBEEPA 45Mm
[IBUIKICTH 3MIHU BHJIBOTY 0,5 m/c

Jlo mopTany mapHipHO IPUKPITUICHA MiTHOMHA Tajepes, BAKOHAHA Y BUTJISII
IPOCTOPOBOI (pepMu, B SIKIH PO3TAILIOBYETHCS TEIECKOMIYHUIN CTPIYKOBUN KOHBEED.
Takox Ha MOpPTaJi PO3TAIIOBaHA OMOPHA METAJIOKOHCTPYKIS IS MEXaHI3My
migioMy raiepei, sika BUKOHaHa y BUTJISAI KopoO4yaToi KOHCTpyKiii. Ha omopHii
YaCTHHU PO3MIllleH] KabiHa, MallMHHE BUIAUICHHS, MEXaHI3M MigioMy ranepei,
TaKOXX TaM BCTaHOBJICHE OOJIaqHAHHS JUIA 3a0€3MEeYeHHs] KEepyBaHHsS yciMa

MEXaHI3MaMHU.
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[TopTan 1 onmopHa KOHCTPYKIisl oOjlaHaHI CXOJaMM 1 MalJaHuYMKaMU JIJis
OOCIIyrOoByBaHHSI MEXaHI3MIB 1 CKJIQJOBHUX YAaCTUH CYJOHABaHTAKyBaJIbHOI
MalllMHK. MamHHe TPUMIIICHHS 1 KaOlHa KepyBaHHs 3aKkpiIljIeHl Ha OINOpHIN
KOHCTPYKIIIi Cy/lHO3aBaHTa)XXyBaua. MalmHHEe MPUMIIICHHS] BUKOHAHE 3 JIUCTOBOI
CTaJi 1 TMpeAHa3HaueHe JUid  PO3MIIICHHA  MEXaHi3My  migiomy 1
CJIEKTPOYCTAaTKyBaHHA. 3HIMHUM J1aXx BCTAHOBJIEHUUN Ui 3PYYHOCTI MOHTaXY 1
neMOHTaXy oOnagHaHHs. KabiHa kepyBaHHS TaKO>XK BHKOHAHA 3 JIMCTOBOI CTai,
nepe/Hs 1 014H1 CTIHKYA MarOTh BIKHA, 110 BITYHUHSIOTHCS I OTVISITY PoO0YO0T 30HHU.

Mexani3Mm migiiomy ranepei BUKOHAHUW y BUIJsAlI OapaGaHHOI NeOiAKU 3
JIBOKAHATHUM Hapi3HUM OapaOaHOM 1 MPU3HAYECHUUN JIJIS TIAHOMY rajepei B BEpXHE
MOJIOKEHHS JIUIA 3aKPIIUICHHS 11 «II0 IITOPMOBOMY», @ TaKOX JyIsi O€3Me4YHOro
NEpEeCyBaHHS Cy/IHO3aBaHTA)XYBaJbHOI MAIlMHU B3J0BX MpHYATy MPH CTOSHII
Cy[Ha. 3aKpiIUIeHHs rajepei «Imo IITOPMOBOMY» BIANOBIJIa€ HEPOOOUOMY CTaHy
MaIllMHHU, 1 BUKOPUCTOBYETHCSA TpHU Ccuili BiTpy Ounbmie 20 m/c. J{inst oOMexeHHs
nigioMy rajepei 1Mo BHCOTI, a TakoX [ OOMEXKEHHS IepecyBaHHs
CYJIHO3aBaHTa)XyBaJIbHOI MAIlIMHU BCTAaHOBJIEH1 KiHIIEBI BuUMHUKadl. CTpiUKOBUMI
KOHBEEP pO3TAIllOBaHUM B rajgepei 1 BAKOHAHHUM TEJIECKOMIYHUM 3 K0JI00YaCTUMHU
pOJIMKOONIOpaMH, mupuHa cTpiuku 650 MM, mBUAKICTh pyxy 1,25 m/c. JloBxuHa
TEJIECKOMIYHOI YaCTUHU CTaHOBUTH 19,5 M. [IpuBig KOHBeepa BUKOHAHUM Y BUTIIAI
MOTOp-OapabaHa sl €KOHOMIi MICHLSA, a TaK0X 3pPYYHOIO JOCTYMY JI0 HBOTO.
Po3BaHTakeHHsI KOHBEEpa 3I1MCHIOETHCS 3a JONOMOIOI TENECKOMIYHOI TpyOu
niameTpoM 300 MM, TOBKHHA SKOT 3MIHIOETHCS B Mexkax Bia 3 10 10 m.

[IpuBia BCciX MeXaHI3MIB — eNeKTpu4yHUil. JKUBIEHHS CyAHO3aBaHTa)KyBaya
CJICKTPOCHEPTIEI0 3IINCHIOETHCA THYYKMM KabOeleM BiJ Ha3eMHUX KOJIOHOK.
JoBxuHa kabeno 103Bojsie KpaHy nepecyBarucs Ha 100 M B KOKHY CTOPOHY BiJl
KOJIOHKH. /{7151 HAMOTyBaHHS KaOelto CIyKUTh KaOeabHH OapabaH, yCTaHOBHHI Ha
noptani. KepyBanHs cyqHO3aBaHTa)XyBayeM 3/I1MCHIOETHCS KPaHIBHUKOM 3 KaOlHU
KepyBaHHs. B KOMITJIEKT KpaHa BXO/ASThH 3allacHi YaCTHHU Ta IHCTPYMEHT, TIEpeTiku

SKMX BKJIFOUEHI1 /10 CKJIaJly TEXHIYHO1 JOKYMEHTAII11, 110 MOCTABIISETHCS 3 KPAHOM.
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1.5 Bumoru 10 eJieKTpONpHUBOAa CYyJHO3aBAHTAKYBAJIbHOI MAIIMHU Ta

NMOCTAHOBKA 3a/1a4 HA KBaJidikaniiiny podory

[IpoananizyBaBIIi OCHOBHI BHMOTH, IO MpPEa SBISIOTHCA A0 CYYacHHX
CUCTEM aBTOMAaTUYHOTO KePyBaHHS €IEKTPONPUBOJAMHU, MOKHA BUIJIUTH OCHOBHI
BHUMOTH, SIKI MOXYTh OyTH TIpEa'sIBICHI 0 CUCTEMU KEPYBaHHS €JIEKTPOIPUBOJIOM
KOHBEEPY CyAHO3aBaHTaxKyBalbHOI MamnHu CIIM—-MIT:

1) EnextpomnpuBox IOBHHEH 3a0e3leuyBaTH HEOOXIIHUH iarma3oH
pETYIIOBaHHS IMIBHAKOCTI MPHU 3aJaHiii KPaTHOCTI IyCKOBOTO 1 MaKCHMMAaJIbHOTO
MOMEHTY Ky, = Ky = 2 1 TOYHOCTI MiATPUMKH IBUIKOCTI He MeHIie 5%.

2) OnruMajgbHe  HaJAITyBaHHS  BOJIBT-YaCTOTHOI  XapaKTEPUCTHKH
NepeTBopIoBaya, a  TaKoXX  BUOIp  Ta  HAJAro/DKEHHS  3aJaT4HKa
IHTEHCUBHOCTI JIJIs1 3a0€3MEeUeHHs] HEOOX1HOI TUIAaBHOCTI MEPEXITHUX MPOIECIB
1 MiHIMIi3aIlii Yacy peryJItOBaHHS.

3) ExkonomiuHa [OLIIBHICTH  BIPOBAIKCHHS  YaCTOTHO-KEPOBAHOI'O
CJIIEKTPOIIPUBOAY Ha OCHOBI ACHHXPOHHOTO JBUTYHa 3 KOPOTKO3aMKHECHHM
POTOPOM.

3 METOI MPHUCKOPEHHSI HAYKOBO-TEXHIYHOTO MPOTpecy MOpsij i3 3aMiHOIO
3acTapiaoro o0JIaJHAHHS BHUpIIIAJIbHE 3HAYEHHS Mae poOOTa Mo MoJAepHI3allil
JIFOYMX MAaIlMH Ta MEXaHI3MIB IS IIJBHUIICHHS 1X HaAIHHOCTI Ta €(heKTUBHOCTI,
3HIDKCHHSI CHEPTCTUYHUX BUTpAT.

Ak mokasye JIOCBiA eKCIUTyaTallli eJIeKTPOMEXaHIYHOTO OOJaJHaAHHS
Opnecbkoro TepMiHANy, SKICTh IOTO OOJATHAHHS HE 3aJ0BOJIBHSE BHUMOTaM
ChOTOJICHHS. Mae Miclle 3aBUIIEHE CIOXXUBAHHS EJICKTPOCHEPTii, 3aBUIICHI
MOTYXHOCTI €JIEKTPOIPUBOTY, SIKI BEYyTh O HU3BKOTO KOE(IIIEHTY KOPUCHOT Iii,
BEJIMKa KUIBKICTh OOCIYroBYIOUOro mnepcoHany. BkazaHi mpoOiemMu BHUMararoTh
MOJIepHI3alli JIIFOYOTO eJIEKTPOOOIaTHAHHS Ta EJICKTPOTIPUBOILY
CYJHO3aBaHTaKyBaJIbHOI MalIMHU. [IpOMOHYETHCS 3aMIHUTH ICHYIOUUH 3acTapiliiuit
1 BIACTYKUBIIMA CBIA TEpPMIH €JIEKTPONPHUBOJ HA CYYaCHHUW YaCTOTHO-

pETyIbOBaHUYN aCUHXPOHHUH €JIEKTPOIPUBOJI 3MIHHOTO CTPYMY.
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Ile [1mo3BOMIMTH 3OUIBIIUTH OOCAT TMEPEBAHTAXYBaJIbHOI  MPOIYKIIIT,
MIIBUNIATA HAJIWHICTh MEXaHIYHOI Ta eJNEeKTPUYHOI CKIAJIOBUX CHUCTEMHU
peryJioBaHHs, 3MEHILIUTh BIUIUB JUHAMIYHMX MOMEHTIB Ha €JIEKTPONPHUBO, IIO
MOJIOBXXHTD iX TEPMiH CIIY>KOU Ta CKOPOTUTH KUTbKICTh BUMYIICHUX MPOCTOIB.

BpaxoBytoun nmnpoGnemu, sKi BUSBWINCH TpPHU JOCIIPKEHHI pOOOTH
CY/IHO3aBaHTa)XyBaJIbHOI ~MalllMHM, TPU aHadi3l HAyKOBOi JITEparypu Ta
TEXHOJOTTYHHUX PEKOMEHJAII MepCoHaly, Mepea IOCTIHKEHHAM MO0 JaHId TeMi
MOCTaBJICH] TaKl 3aBJAAHHS:

1) Jocaimutd Ta apryMEHTYBaTH JOLUIBHICT BHOOpPY  YacTOTHO-
PETyJIbOBAHOTO EIEKTPONPUBOAY Ha OCHOBI TpH(Pa3HOTO aCHHXPOHHOTO JABUTYHA 3
KOPOTKO3aMKHEHUM POTOPOM.

2) BukoHaTH pO3paxyHOK KOHBEEPHOI JIiHIT Ta MigiOpaTH €IeKTPOIBUTYH.

3) Pozpobuti  KepoBaHWI  CNEKTPONPHBOJA  JUII  KOHBEEpA,  HOTO
GyHKIIOHATBHY CXEMY KEepyBaHHSI.

4) BukoHAaTH I1H)KEHEpPHI PO3PaxXyHKH 3 METOI BHSCHEHHS JOLITHHOCTI
BUKOPHUCTAHHS 00J1a/IHAHHS BCTAHOBJIEHOT MMOTY>KHOCTI.

5) IlpoBecTH MOCIIIKEHHS MOJCPHIZ0BAHOTO EJCKTPOIIPHBOIAa KOHBEEPA.

BucHoBkM 3a po3aiiiom

[IpoBeneno anamiz poboru Opecbkoro mnpuyasy Ta  CYTHOCTI
MepeBaHTAXYBAIBHUX POOIT B HbOMY. BusiBIeHO, 10 CyJHO3aBaHTa)KyBaJbHA
MallliHA € OJHI€I0 3 HaWBAXJMBIIIUX EJIEMEHTIB y TEXHOJOTIYHOMY IpOIlecl
nepeBaHTaxkeHHs. [IpoaHanizoBaHi BHIM CyJHO3aBAaHTAXYBAIBHMX MAIWH, iX
nepeBaru Ta Heomku. O6paHo 00’eKT GakaIaBPCHKOTO OCIIHKEHHS.

BucyHyTi BUMOTH JI0 €IEKTPOIPUBOA CYTHO3aBAaHTAKYBAIBHOI MAIlIMHA Ta

IIOCTaBJICH] 3aBJAaHHS HA JOCIIIHKEHH.
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PO311J1 2 PO3BPAXYHKOBA YACTHUHA

2.1 OOrpyHTYBaHHS 3aCTOCYBAHHSI THILY €JIEKTPONPHUBOAY KOHBEEPHOI
JIHIT

2.1.1 TexHIKO-€KOHOMIYHI TMOKa3HUKH MOJICpHI3allli eJICKTPOIPUBOIY
KOHBeepa

Ha ceoroanimmHiii geHb B OUIBIIOCTI MIJANPUEMCTB BHUKOHABYl MEXaHI3MU
eJIEKTPOTIPUBO/IY CTPIUKOBOTO KOHBEEpA MPHUBOIATHCA B PYX pPErylibOBAaHUMHU
CJIEKTPOINIPUBOAAMHU  MOCTIMHOTO cTpyMmy. KepyBaHHS MIBUIAKICTIO MAalllMHU
INOCTIHHOTO CTPYMYy 3A1MCHIOETbCSI TUIBKM 3@ JOINOMOTOK THUPUCTOPHHUX
NEPETBOPIOBAYIB, [0 MalOTh BIHOCHO HEBEJIMKUI [1alla30H pEeryJOBaHHSA
OIepaliiiHoi KyTOBOI HIBUAKOCTI OOEpTaHHs Bajla IBUTYHA, SIKUH KOJUBAETHCS BiJ
500 mo 1000 06/xB. 3anexHO B1J HEOOXI1IHOI MPOAYKTUBHOCTI poO0oTa MoOxke OyTH
BUKOHAaHA B Oy/b-sIKOMY J1alia30H1 00€pTIB, K€ 3a3HAUYECHO MPOTITOM TPHUBAJIOIO
yacy. Jlo 3araipHOi TUHPUCTOPHOT CTaHINT MIKIIOUEH] €JIeKTPOIPUBOAN HEOOX1THOT
3aJ1aHO1 NPOAYKTUBHOCTI, BOHH € €IMHUMU JJI BCIX €JEKTponpuBoAiB. TpuBanuii
pekuM poOOTH HE mependadae yacTUX 3alycKiB 1 3ynmuHOK. CyBOpl BUMOTH 0
JMHAMIKH TIPUBOJY, SIK OOMEXEHHS Ha XapakTep MEepexiJHUX MpPOLeciB Mij 4ac
MyCKy, TaJlbMyBaHHS 1 NEpeXoAy Bl OJHIE] MIBHJIKOCTI 1O I1HIIOI, TYT HE
HaB'SI3YIOThCH.

[IpoTe HE BUKIIOUAETHCS KOPOTKOYACHE pi3Ke 301IbIICHHS HaBaHTaKEHHS,
SIK€ MOX€E CYIPOBOKYBaTH 3HAUHE 3pOCTAaHHS CTaTUYHOTO MOMEHTY. Kpim Toro,
€JICKTPUYHI MAIllMHU MPallOlTh B CEPENOBUIIl, HACHUYEHOMY IWJIOM, a Le
YCKJIQJHIOE eKCIUTyaTalil0 JBUTYHIB TIOCTIMHOIO CTpyMy. 3 TOYKH 30Dy
MoJepHi3aIli OaxaHO 3a0e3MeYNTH HE3aJCHKHUN KOHTPOJIh POOOTH OKPEeMHX
KOHBEEPIB.

Ile mepenbayae mepCceKTUBHUM MEPEXif O BUKOPUCTAHHS aCHHXPOHHOTO
eJIEKTPOTIPUBO/IY CTPIYKOBOTO KOHBEEPA 3 YACTOTHUM PETYJIOBAHHSIM.

3a3HauyuMO HaMOUIbII 1CTOTHI TepeBarn Nepexoay OO0 ACHHXPOHHOIO

CJIEKTPOIPUBO/IY CTPIUKOBOTO KOHBeepa [4].
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Husbka BapTicTh. ACHHXPOHHUN KOPOTKO3aMKHYTHH elneKTpoaBUTryH (A/Jl)
Ma€ HIKYY BapTICTh MO BIAHOUICHHIO JO €JIEKTPOJBUTYHA MOCTIMHOTO CTpyMYy,
BOJIOJIIE TIPOCTOI0 KOHCTPYKIEI0 1 BHCOKOIO TEXHOJIOTTYHICTIO BUTOTOBJICHHS.
ACHHXPOHHI IBUTYHHU HIUPOKO MOIMIMPEH], HIXK 1HII BHIW €ICKTPUIHUX MAIITHH.

Husbki ekcmiyaraniiiHi BUTpaTH. ACHHXPOHHMM KOPOTKO3aMKHEHHM
€JIEKTPOJIBUTYHAM IPOTATOM YChOT'O 4Hacy €KCIUTyaTallli IpaKTUYHO He MOTpiOHE
0OCIIyroByBaHHS. A €JIEKTPOABUTYH MOCTIHHOTO CTpyMy B Mepediry eKcruryaraiii
noTpedye PErysIpHOTO OOCIYTOBYBaHHS KOJIEKTOPHHX BY3JIIB.

PeMOHT eJIeKTPHYHOI MAalIWMHM. 3arajbHa CYyKYyNHICTb BHUTpaT JJs
oprasizauii Ta TPOBEAEHHS PEMOHTY €JEKTPOJBUIYHIB IOCTIHHOTO CTPyMy
NEPEBUILYE BapTICTh HOBOT'O ACHHXPOHHOI'O KOPOTKO3aMKHEHOTO €JIEKTPOJIBUTYHA
(MamuHm).

Cryninp 3axmery. CTymiHb 3aXUCTy €JIEKTPUYHHUX MalIMH — II€ CTYIIHb
3aXMIIEHOCTI  NEpCOHAy BiJ 3ITKHEHHS 3 CTPYMOBEAYYHMMH YacCTHHAMH,
o0epTarouyuMHU YaCTUHAMM 1 3aXUCT B1J] BIIy4€Hb BCEPEAUHY CTOPOHHIX MPEAMETIB 1
BO/AU. BUKOHaHHS aCHHXPOHHMX MaIllMH MalOTh IIMPOKWN Jiana3oH CTYIEHIB
3axucty. lle ™Mae BakiauBe 3HAYEHHA M KOHKPETHOTO 3aCTOCYBaHHS.
BupoOHUIITBO MaIlMH Ta KOJEKTOPIB 3 BUCOKUM CTYINEHEM 3aXUCTy YCKJIaIHIOE
KOHCTPYKIIO 1 CTBOPEHHS MICIIEBUX YMOB CTa€ OUTBII CIpUITIUBUMHU. [TopiBHSHHS
BUSIBIISIETHCSI HEMPABIIILHUM IIOJI0 TIEPETBOPIOBaYa MPUBOIIB MOCTIHHOTO CTPyMY,
K1 BUKOPUCTOBYIOTbCSI. Takl IBUTYHU Ha ICHYIOUMX KOHBEEPAX YACTO HE TIIBKH
3acTapiyid, aje W BHUYEpHaNu CBOI pecypcu. 3a3HaueHl NepeBaru acCHHXPOHHOI
MAIIIMHA HE BPaXxOBYIOTb, 1110 IBUTYH Oy/I€ MPAIIOBATH CIUIBHO 3 IIEPETBOPIOBAYEM
yacToTH. HesHanHs ocoOiauBocTel Takoi poOOTH MOXKE MNPHUBECTH IO
HEPaIiOHATBHOTO BUKOPUCTAHHS €JIEKTPONPUBOIY, a B TIPIIOMY - HEPABUIHLHOTO
1oro BUOOPY.

[Tpu BukopuctanHi iHBepTOpHUX AJl X €EeKTHBHICTh MOXKE 3HUKYBATHUCS
Ha 2...3%. JlomaTkoBI BHCOKOYACTOTHI BTPATH, BUKIMKAHI HECHHYCOIAAJIBbHICTIO
HANpyTy, BUKJIUKAIOTh HArpiBaHHS JABUTYHA 1 3HUKEHHSI KOPHCHOI MOTY>KHOCTI Ha

fioro Basty (10 25%) Ta 10IaTKOBUX BTpAT B OOMOTKAaX 1 CTAaJCBHX OCEPISX Yepes



26

BHUII[I TApMOHIKA CTPyMy 1 MarHitHoro motoky [5]. ToMy mpu BHKOpHCTaHHI
ACHHXPOHHUX TPHUBOJIIB 3 YACTOTHUM PETYITIOBAHHSIM HEOOX1THO BXXHBATH 3aXO1B
1010 TIOJITIICHHS TAPMOHIMHOI CTPYKTYpH (BCTAaHOBUTH JOJATKOBUN MPHUCTPIM,

HaJIAIITYBaHHS MTapaMeTPiB IEPETBOPIOBAYA, 1 T.iH.).

2.1.2 Bubip 4acTOTHO-PETYIHOBAHOTO €JIEKTPOIPUBOTY

PosrnsHeMo  0COONMBOCTI  BHKOPUCTaHHS ~ YaCTOTHO-PETYJIHOBAHOTO
CJIEKTPOIIPUBOAY [l KOHBEEPHOI JIHII. Y CTPIYKOBUX KOHBEEPIB Jl1ara3oH
PEryIIOBaHHS IIBHUJIKOCTEH HEBEIUKHI, TOMY JJII HUX MOXXHA BHUKOPHCTOBYBAaTU
HIMPOKO BIJOMHI METOJ KEpyBaHHS — BOJbT-YaCTOTHUHM, SKUH MOXE TapHO
3a0e3neuyBaTy HEOOX1AHY JJIsl 1TaHOTO TUITy HaBAHTAXXEHHS CTAJICTh KPUTUYHOTO
MOMeHTy. JlJig eJeKTponpuBOJIB KOHBEEPIB MpPU BUOOPI CTaHIAPTU30BAHHUX
NEPETBOPIOBAYIB YaCTOTH BaroMHMMU IIepeBaraMu € rapHO OpraHi3zoBaHa cUCTEMa
NONepe/KEHb Ta 3UXHUCHUX (DYHKII; 3HaUYHA TIEepeBaHTaXyBallbHAa 3JAaTHICTH;

MO>KJIMBICTh HAJIAIITYBAaHHS YACTOTHOI XapaKTEPUCTUKHU y MOTPIOHUX MEXkKaxX.

1
tepero F[J| ] ,
noctiiinoro  (2)
CTpyMy | =

2]

fm————————

Pucynok 2.1 — EnieMeHTH 4aCTOTHO-PETYJIbOBAHOTO €JIEKTPOIPHUBOTY
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Kpim camoro mneperBoproBaya 4acTOTH Yy CHUCTEM1 HEOOXIJHI J0JIaTKOBI
MPUCTPOI: BX1JHI 1 BUXITHI PUIBTPH, pEaKTOPH, rajibMiBHI pe3uctopu (puc. 2.1).

[Ipu ycraHoBHi BXigHOrO (iabTpa HEOOXiAHE JOTPUMAHHS YMOB
eJIEKTPOMArHiTHOI cyMicHOCTI. OIHOYaCHE BUKOPUCTAHHS PEAKTOPIB MOCTIMHOTO 1
3MIHHOTO CTpyMy CIpHSi€ JOCSTHEHHIO HaWKpamioro e(exkTy Ha BIUIMBI Ha
rapMOHINHY  CTPYKTypy  Hampyru. Jlud  3ynuHKM  KOHBEEPHOI  JIHII
BUKOPDUCTOBYETbCA TalbMyBaHHS BUIBHUM BHOIrOM, TOMY BCTaHOBJICHHS
raJibMIBHUX PE3UCTOPIB TYT HE MOTPiOHE.

KepyBaHHs nepeTBoproBaueM 4acTOTH BiAOYBAETHCS 3a BIIOMOIO CXEMOIO: B
SKOCTI 3aBJIaHHS IIBUIKOCT]1 BUCTYNA€ aHAJIOIOBHI CUTHAJI MOTPIOHOI BEIMYHUHH, A
3aBJIaHHS PEKUMIB 1 KOHTPOJIb CTaHy IEPETBOPIOBaya 3/{1IHCHIOETHCS JUCKPETHUMU
CUTHaJaMU, MpHU 1IbOMY JIOJATKOBI OMI[IOHAJIbHI MPUCTPOI Y KOJIaX KEpyBaHHS HE

notpioHi [6].

2.2 Po3paxyHOK TeJIeCKOMiYHOI0 CTPiuKOBOro KoHBeepa 1jasa CM

2.2.1 Po3paxyHOK KJlacy BUKOPUCTaHHS KOHBEEpA, PO3PaXyHOK 1 BHOIp
CTPIYKH

Po3paxyHOK pOBOIMMO BiIMOBIIHO 10 METOAMKH JiKepena [7]. 3aiexHo Bij
KJIaCy BUKOPUCTaHHS KOHBEEPA MPUIUMAEMO BaKKHI PEKUM POOOTH.

Busnaunmo koedillieHT IaHOBOTO BUKOPUCTAHHSI KOHBEEpA B 100y, PIK, 3a

dbopmyoro:
Kpe =—— (2.1)

nie tpe — Yac pakTuaHOi pobOTH KOHBEEPA B 100y, 3 OTIIAY Ha 3alaHui Kiac

BHKOPHMCTaHHs KOHBEEpa 3a yacoM B4, npuitmaemo t. = 23 rox;

tc— KiTbKicTh TOJMH y 11001, t. = 24rop.

B = % =0,96200.

Busnaurmo koe(illieHT TJIaHOBOTO BUKOPHUCTAHHS KOHBEEpa Yy PIK 3a

k

dbopmyiioro:
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_ lor
Kgr = P (2.2)
r
ne tyr — 9ac dakTHdHOI poGOTH KOHBEEpa B POII, TOM, 3 ONILAY HA KiIac

BMKOPHMCTaHHs KOHBeepa 3a yacoM B4, npuiimaemo t, = 6300 roz;

t . — KimbKicTh TOAMH Ha pik, t. =8760roz.

6300
=——=0,72200.
"~ 8760 0%
Busnaurmo HEoOX1HY pO3paxXyHKOBY IIUPUHY CTPIYKH, M, 32 (HOPMYJIOIO:
B =11 Q + 0,05
P T vk, ) (2:3)

ne Q —npoayxruBHicTs KOHBeepa, (BianosinHo 1o 3aBaanHs Q = 300 m/200);

V — mBUAKICT CTPIYKH, MPUHMAEMO MIBUAKICTh CTPIYKH 3 YpaxyBaHHSIM
pexumy poborn (V=2 wm/c);

£ — minbHicTh BanTaxy, (0 =12m/m?):

K — xoedimieHT, KMl BH3HAYAEMO 3QJIEKHO B KyTa HMPUPOTHOTO YKOCY
nanoro Bantaxy, (kK =730), [7];

K, — xoedirieHT, Kuil BU3HAYAEMO 3aJIOKHO Bil KyTa HaXWiIy KOHBEEpa, B
nanomy Bumanaky (K, =0,97), [7].

B pe3ynbTaTi po3paxyHKy MaeMo

B, =11 300 +0,05|=0,534 m.
" 2-1,2-730-0,9

Bubupaemo pesunorkaneBy koHBeepHy crpiuky TJIK-100 mupuHORO
B=650 MM 3 TpboMa (Z = 3) TATOBMMHU MPOKJIAJAKAMH TOBIIMHOI Op = MM, sKi
JIOTIyCKatoTh poboue HaBaHTakeHHs BennunHoo K, = 100 H/MM, nipu uboMy Maemo
TOBIIMHY TYMOBOi OOKIagku poOoudoi NoBEpxHI O, = 3 MM, a A HepoOOoYoi
noBepxHi oy = 1Mm [8].

[TepeBipuMo 00pany mupuHy, B MM, CTpiuku 3a yMOBOIO PO3MIIICHHS

[IIMATKIB:
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B =24 +200, (2.4)

p‘
7€ a — po3Mip TUIIOBOTO BiApPi3Ka, MM, a =5 MM.

B =2.5+200=210< 650mm .

P

IcToTHE 30UIBIICHHS CTPIYKU BUMarae yTOYHEHHS IBUIKOCTI CTPIYKA V,

Mm/c, 3a HopMyIIoro:

_B,
P B v, (25)
2
=M2=1,349M/C _
P 0,65

)
[IpuiiMaeMo MIBUIKICTH CTPIUKU 3 HOPMAIBLHOTO pany v, =1,6.x/c[10].
BuznauumMo TOBIIMHY CTPIYKH J, MM, 33 HOPMYIIOL0:

0=10,+0,+0, , (2.6)
ne Z— KiIbKiCTh TATOBMX TKAHHHHHX MPOKIAIOK;
0, — TOBIIIMHA TATOBOI TKAHMHHOI POKJIAJIKH, MM;
0,— TOBIIMHA T'YMOBOI OOKJaJKu Ha poOOYiil MOBEpXHI AaHOI KOHBEEPHOT

CTPIUKH, MM,

0, — TOBIIMHA TYMOBOT OOKJIaJIKK Ha HEPOOOU Mt TOBEPXHI JAHOT CTPIYKH, MM.
0=31+3+1=9mm=0,009n.
Biarenep MokHa po3paxyBaTH, sIKE€ HaBaHTAKEHHsI OyJle CTBOPIOBATH Maca

BaHTaXYy Q. xo/y, 38 Gopmyioro:

4. = ’ (2.7)

300

= = 52,1 KZ/M.
3,6-1,6

Q.

Jam po3paxoByeMO HABaHTXKCHHS BIJI Mach CTPIYKH O, xo/y, 34
dbopmyoro:
9%=p-B-0, (2.8)

ne P — minsHicTs crpiuky, (P = 1100 xo/n®);
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g, =1100-0,65-0,009 = 6,4 xo/m.
Busnaunmo BucoTy kouseepa H , u, 3a popmysioro:
H=Ltga, (2.9)
ne L,— nowxxuHa moxmioi niistHKK KoHBeepa, (L, =19m);
O/ — 11e KyT HaXWJIy KOHBeepHOI JiHii, (a =7,5°).
H =19tg7,5=2,5m .
Bijrenep MoXHa BU3HAYMTH IONEpeNHE TsroBe 3ycwuist B crpiuni W, 3a
dhopmyIioro:
W, =k,Lg|(d, + 0y +0,)o+(d, +0, )o | +a,0H , (2.10)
ne K,— BenmuumHa y3araabHEHOro KoedilieHTy MicueBux omnopis, (K, =1,5),

BHOHUpaemo 3 [7];

g, PO3mojiiieHa Maca 0OEPTOBMX YAaCTUH POJIMKOBHX OMOpP Uil poOodoi
rinku, (ke/m), [7];

q'p— pO3MOo/IiyieHa Maca 00ePTOBUX YAaCTUH POJMKOBUX OMOP IS XOJOCTOI
rinku, (ke/m), [7];

@ — koe(dimieHTt omopy a1t podoyoi rinku, (w=0,06), [7];

o — Koe(iLieHT onopy st Xonoctoi rinky, (o =0,04), [7];

W, =15-47- 9,81[(52,1+ 6,4 +10, 2)0,06 + (6,4 + 4,4)0,04] +
+52,1-9,81-2,5=4428H .

Busznagaemo BeIMUMHY MONEPEAHLOTO MAKCUMAIBLHOTO HATATY CTPIYKH Smax :

H, 3a hopmyioro:

e

S, =KW,

max 3770
e -1

, (2.11)

ne K,— Bemmumna koeillieHTy 3amacy 3dYerUIeHHs CTpiukk 3 OapabaHOM,
(k, =1,25), [7];

e”” _ tarouii daxrop, (6" =2,83), [7].



31

S —125.4428—233 _gs60H.
2,831

[TepeBiprMo HEOOX1HY MIHIMAIBHY KIJIBKICTh TATOBUX MPOKJIAI0K B CTPIUIIl
Z 3a (hopMyJI0I10:

S _C
Z . — —max =1 <z,
min KPB (2'12)

ne Z— mpuiHATE YUCIIO0 TATOBUX MPOKIAIOK, (2=3);
C,,— 3amac minHOCTI 00paHoi crpivkw, (C,, =8), [8];
K,— MakcuMaipHO JOIycTUME poOOYe HaBaHTaXCHHs MPOKIamoK, (K,

=200 H/mm).

_ 8560-9

Zin = =118<3,
100-650

Takum unHOM, Oynu po3paxoBaHa Ta BHOpaHa CTpiYKa KOHBEEPHOI JIHII,
3po0JieHa MepeBipKa CTPIUKM HA MILHICTh, @ TAKOK BU3HAYCHE IMOIMEPEIHE TITOBE

3yCWJIJIA Ta MAaKCHUMAJIbHO MO>KJIMBUM HATST CTpi‘IKI/I.

2.2.2 Po3paxyHok i BUOip miaTpuMyr0umnx nNpucTpoiB
Buxoasuu 3 MPUHYU 1 LIBUAKOCTI CTPIUYKH, BAOMPAEMO 3 HOPMAIBHOTO PSAY

maiaMeTp ponuKiB kosoGuactoi posmkoormopu  d,=89wmm 1 BimcraHe Mix

ponmkoonopamu poboyoi rinku kouseepa | =1300mm [8].

BusHaunMo BiJCTaHb MiX OTIOPaMH POJIMKIB XOJOCTOI Tijku Kouseepa | ,
MM, 32 GOPMYJIOIO:
I, :(2+3)|p : (2.13)
|, =2,5-1300 = 26001 .
BuznauuMo BiJiIcTaHb Mi3K OITIOPAMH POJIMKIB B 30H1 3aBaHTAXKEHHSI HA OMYKJI1i

pinsam Tpacu |, mu, 3a hopmynoro:

3.Kp. !

I3.Kp. = O’Slp ! (214)
l,,, =0,5-1300 = 65011
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BusHauuMo HaliMeHIIui aiamerp npuBoaHoro Gapabama D', mm, 3a
dbopmyiioro:

D;Tén = KiK;z, (2.15)

ne K,— koedimieHT, Mo BpaxoBye MilHICTh NPOKJIAAOK cTpiuky, (K, = 155),
[71;

K,— koedinienT, skuii 3ane:xuTh Bil Npu3HavyeHHs Oapabana, (K, = 1) [7].

D™ =155-1-3= 465 .

3 HOpPMaJIBHOTO PSAYy IpUIMAEMO JiaMeTp MpPUBOJHOrO OapabaHa
D .=500mm [8].

BusHauuMo fiaMeTp Bimxunsrounx 6apadanis D, ;, mu, 3a popmymoro:

D:.];n = KiK.z, (2.16)
ne K, = 0,5— msa Bigxunstounx 6apabaHiB, BCTAHOBJICHHX Ha Tpaci;

K, = 0,85— mis HaTspKHUX OapabaHiB i BIAXMISIOYHAX, BCTAHOBJICHUX TTOPSI 3
MPUBOTHUM.

D, ,=155-0,85-3=395,25mm .

3 HOPMAJILHOTO pAIy MpUAMAEMO JiaMeTp BIAXWISAIOUMX OapabaHiB,
BCTaHOBJIEeHUX Ha Tpaci D, =250mm , HaTspKkHOro GapabaHa 1 BIAXWIISIOUOTO,
BCT@HOBJIEHOTO Nopyd 3 npuBogHuM D, - =400 [8].

BusHadyaeMo OBXHMHY IPHUBOJHOIO 1 BIAXWISIOYOro OapadaHiB |, MM, 32
dbopmyiioro:

|, = B+ 100mm, (2.17)
|, =650 4100 = 750 mm.

Takum 4YwHOM, TIPOBIBIIM pO3paxyHOK, Oyna oOpaHa xojo04acTa

posukoornopa miamerpom d, =89mm, a Takok MPUUAHITHE IiaMeTp MPUBOTHOTO

oapabana D, ,=500mm, a Bigxunstodoro — D, .= 250 mm.
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2.2.3 YTOUHeHH#l PO3paxyHOK KOHBeEpPa

YTOYHEHUI TATOBHM PO3PaxyHOK MPOBOAUMO 3 METOIO OUIBII TOYHOTO
BU3HAYCHHS MAaKCHUMaJIbHOIO HATSTY TSATOBOTO €JIEMEHTa, HATAry Horo B
XapaKTepHUX TOUYKaX KOHBEEPHOT JIiHIi, BA3HAYECHHS 3yCHUJLIA 1 HOTY>KHOCT1 IPUBOY
KOHBEEpA.

Busnaunmo TaroBe 3yCuiuisi KOHBEEPHOT JIIHIT HIJITXOM 00XO0Ty 110 i KOHTYPY.
CyTb TaKOTO METO/Ty MOJISATAE B TOMY, L0 BCIO TPACy KOHBEEPA, IOUYNHAIOYH 3 TOUKU
30iraHHs TATOBOTO €JIEMEHTa 3 MPHUBOAY, HEOOXITHO PO30UTH HA OKpPEeMI IUISHKU
(puc.2.2), ormip B IKUX € TIOCTITHUM 32 CBOIM XapaKTEPOM.

OO6x11 kpallle MOYWHATH 3 TOYKH HANMEHIIOTO HATSTy TSATOBOTO E€JIEMEHTA,
KOPUCTYIOUHMCh 3arajlbHUM [PaBUJIOM: HATAT TACOBOIO €JIE€MEHTa B KOXKHIN
HACTYMHINA MO XOAY KOHTYpPY TOYLll JOPIBHIOE HATATY B MONEpPEIHIA TOoYll 3

JIOJaBaHHIM OTIOPY Ha JIUISHIN MK ITMMUA TOYKAMM:
St =S +Wi—(i+1)’ (2.18)

ne S, 1S, — HaTATH B IBOX CYCIJTHIX TOYKaX KOHTYPY;

Wif(m) — OIIIp PyXy TATOBOTO €JIE€MEHTA Ha AUISHI M1 LIUMUA TOYKAMHU.
28 19
B p|u 29
G > W —
C—. 0. D
(OO 8
491 16 | 1009

Pucynox 2.2 — Cxema Tpacu KOHBe€Epa JJIsi BA3HAYEHHS TATOBOTO 3yCHJIIIS

Sxio Miciie 3HaXOKEHHSI TOYKHM HAWMEHIIIOTO HATITY CTPIYKH BCTAHOBHUTH

HEMO>KJIUBO, TO 32 MOYATOK BIJIJIIKY MOKHA MIPUHHATH OYIb-IKY 3 TOUYOK.
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[Tpumnyctrumo, 1110 HaHMEHIINK HATSIT OYIKYETHCSA B TOUIIl CXOJY KOHBEEPHOI
CTPiYKH 3 IPUBOTHOTO OapabaHa (Touka 1), 3 sIKO1 1 MOYHEMO TATOBHM PO3paxyHOK.

Haiimennia cuma HaTATY CTPIYKU JOPIBHIOE CHITI TTOTIEPEHBOTO HATATY CTPIUKH:

S =51 = S (2.19)

Busnaunmo cuity HaTAry cTpiuky B Toulll 2 Sy, H, 3a GopMyIioro:
S, :Sl+(q0+qlp)|—ga)ll (2.20)

S,=S,+119H .

Busnaunmo cuity HaTary cTpiuku B Toulll 3 Ss, H, 3a GopMyIioro:

Sy =4S, (2.21)
S;=1035S, +123H .

ne A — xoedilieHT 30UTBIIEHHSI HATATY TSATOBOTO OPraHy Bijl OMOpPY IpH

obrunanHi poaukoBux Oarapeii, (1=1035), [7].
Busnauumo crity HaTsTy CTpiuku B Toulli 4 S4, H, 3a popMmyioro:
S,=S,+(0,+0, ) Lge —gygH (2.22)
S,=1,035S, +103H .
BuzHnauumo cuity HaTITy CTpidkH B TouUIll 5 Ss, H, 3a popMyoro:
Se=K;S,, (2.23)
ne K, — xoedimieHT 30UIBIIEHHSI HATATY TATOBOTO OpPraHy BiJ OMOpY Ha
nosopotHomy niyHKTI, (K, =1,06), [7].
S, =1,09S, +109H ,
Buznauumo cuity HaTsTy CTpiuku B Toulll 6 Sg, H, 3a popmyoro:
Se=Ss+ (0, +0,)Lgw, (2.24)
S, =109S, +121H .
Busnaunmo cuity HaTAry cTpiuku B Toulll / Sz, H, 3a GopmyIioro:
S, =K}Ss, (2.25)
S,=1295, +144H .

Busnaunmo cuity HaTary cTpiuku B Toulll 8 Sg, H, 3a popmMyJioro:
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Se=S;+(0dy,+9,)Lgew —q,gH, (2.26)
Sg=1,29S, +107H ,
BusznaunmMo cuity HaTATy cTpiuku B Toulli 9 So, H, 3a popmyIoro:
Sg=KSg, (2.27)
S, =1,36S, +113H ,
Busnaunmo omip Ha BaHT@XHOMY HYHKTI BiJ IOBIJIOMJICHHS BaHTaXy

IIBUJIKOCTI TATOBOTO OPTaHy Sy, H, 32 hopMyIIOI0 :

L
nozp 36 !

300-9,81-1,6

~
nozp

(2.28)

=131H.

Busnaunmo orip Bif HanmpsSIMHUX OOPTIiB 3aBaHTaKyBAJILHOTO JIOTKA S,, H, 3a
dbopmyoro:
S,~=50-1 (2.29)
ne | — JOBXUHA JIOTKa, ( 1, =3m).
S,~50-3=150 4.
Buznauumo cuity Hatsry ctpiuku B Toutli 10 Sig, H, 3a popmyoro:
S0 =S5+, +5,+(0, +0 +0,)glo+(a, +0%)gH,,  (2.30)
S, =1,36S, +629H ,
Buznauumo cuity Hatsry ctpiuku B Toutli 11 Si1, H, 3a ¢popmyoro:
Sy =S, +(0.+6+9, J(L-1,)90+(0. +&)9(H-H,),  (231)
S,; =1,36S, +2483H ,
Busnaunmo cuity HaTary cTpiuku B Toulli 12 Sip, H, 3a hopmyiioro:
Spp =4Sy, (2.32)
S, =145, +2570H ,

Busznaunmo cuity Hatsry cTpiuku B Touuli 13 Si3, H, 3a hopmyoro:

S =5y, +(qe +0 + qp)l—ga), (2.33)



S,;=14S +3702H =S, .
[To3naunmo Bemmunuu A, =1,4, B, =3702, Toni:

S, =A;-S,+B;-H

ne A, Bg —mocriiizi, 110 oTpuMaHi B pe3ysbTaTi 00UHCIEHb.

Busnaunmo Hatsr Ha cOiratouii rinemi S, H, 3a hopmynoro:
S = —k3 BS )
cH - Mo
e — K, 4,

1,25-3702

L= = 4285H .
2,83-1,25-1,4

Busnaunmo Hatsr Ha Habiratouiit rimeui S, ., H.

er”

6286 '
Ha Ci k
3

S

s 4285253 97015 .
1,25

36

(2.34)

(2.35)

(2.36)

Biarenep Mo)kHa BUBHAYUTHU HATAT CTPIYKH B YCIX PO3TISTHYTHX TOYKAX:

S., =4285H .
S, =4285+119 = 4404H .
S, =1,035-4285+123= 4558 .
S, =1,035-4285+103 = 4538H .
S, =1,09- 4285 +109 = 4780H .
S, =1,09-4285+121=4792H .
S, =1,29-4285+144 =5672H .
S, =1,29-4285+107 =5635H .
S, =1,36-4285+113=5941H .
S,, =1,36-4285+ 629 = 6457H .
S,, =1,36-4285+ 2483 =8311H .
S, =1,4-4285+ 2570 =8569H S, =8569H .
S, . =9701H .

(2.37)



3a yrouHeHuMm 3HaueHHsM S, =3S,=9701H nepesipsemo
CTPIYKHU:

2o =09 _134<3
100-650

Busnaunmo Tsrose 3ycuiist kouseepa W, , H, 3a popmynoro:

W, =S, —S

min !

W, =9701-4285=5416H.
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MILHICTH

(2.38)

Takum 4yWHOM, B JJaHOMY IMiAPO3JUII OYJI0 MPOBEAEHO YTOYHEHUN TATOBUM

pO3paxyHOK KOHBeepa. BuszHaueHl Taki MOKa3HUKU SIK MaKCUMallbHO-MOJIUBUM

HATAT CTPIYKH, TATOBE 3YCWJUIA 1 KUIBKICTh TKAHMHHUX MPOKIAJO0K, IO

3a0€3MeuyI0Th MIIHICTh CTPIYKH.

2.2.4 Po3paxyHOK NOTY>KHOCTI €JIeKTPOIBUTYHA

JlaHuii TBUTYH TPAIIOE B TPUBAIOMY pexumMi S1, KoTpuil XapakTepu3yeThCs

MOCTIHHMM HABAaHTAKCHHSM MPOTITOM TPHUBAJIOro vacy [4].

M

C

Pucynox 2.3 — HaBanTtaxxyBasibHa fiarpama pexumy Sl

BuznaunumMo MakcUManbHy CTATHYHY MOTYXHICTb:

_kz'Q

c.Makc
n

P

(c-L+H)-107,

ne K;— koedinienT 3amacy (3a3Buuaii 6eperncs 1,1+1,25);

Q — MPOJIYKTUBHICTh KOHBEEPA, T/TO/.;

(2.39)
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L — noBxkuHa KOHBE€Epa, M;

H — BucoTa migitomy, Mm;

n — KKJI mexani3My koHBeepa (3a3Buuaii 0Oeperbes y Mexkax 0,75+0,85);

C — JOCHIAHHM KOeIIieHT, M0 3aJeXHUTh BiJA BHIY KOHBEEpa 1 HOTO

NPOAYKTUBHOCTI (3a3BHuait 6epetnes 1.1 + 2).

_1,25-300000
C.MakKkc 0’ 75

(L,1-47+13,075)-107° =32,39kBr.

MomeHT OIIOpPY CTATUYHOI'O HABAHTAXCHHA Ha BaJly JIBUI'YHA:

MC.H% — P c.Maxc ’
wds./waxc (2 . 40)
30 6,67 Hom:
' 98,462
7T-N
— JIB MaKC 241
(D/JBMaKC 30 4 ( )
~3,14-940

=98,462pan/c.

IBMAaKc

1€ Ms vaxe — 94000/XB — HEOOX1THA MaKCUMAJIbHA MIBUAKICTh TPUBOJHOTO
JBUTYHA KOHBEEPA.

EnexTponBurys BUOMpaeMo 3 yMOBH:

MCMaKc ) O),U,BH -3
P, 21107, (2.42)
0’5 + €Il XB

()

NIBH

MJIB Makc Z Men MaKCs O)JIBH Z Men make-

B pesynbrari 3 [10] Oyno oOpano enexktpoaBuryH tumy AIP 25056,

XapaKTEPUCTHUKY SKOTO HaBeAeHI B Tabmuii 2.1.



Ta6muis 2.1 — Texniuni xapakrepuctuku asuryna AIP 25056
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Tun Cunxponna | [TotyxHicTs, | [Ipu HOMiHaTbHOMY HaBaHTAKEHH1
JBUTYHA dactota kBT Kos3zanns, | KK/, cosQ
obepTaHHS,
% %
00 / xB
AIP 250 S6 1000 45 1,6 92 0,7

Tabmuns 2.1 — Texuiuni xapaktepuctuku aAsuryHa AP 250S6 (mpoaoBxeHHs)

M M, . M. Crymias | Kmima- | g,
mn — yCK mK :M— mM :M_ kiHB — nyck|
M, H H I, | 3axmery | ™THC | gprom 2
BUKOHA-
HHS
2,2 2,8 1 5,5 IP54 y2 1,2
Z, = 3 — 4Kcio nap NoJkCIB.
[TpoBeneMo po3paxyHOK OCHOBHUX MapaMeETpiB e€JIeKTpoIBUTYHA [5].
Po3paxoByeMo CHHXpOHHY KYyTOBY IIBHUIKICTH 00€pTaHHS JBUTYHA!
TN,
0, = , 2.43
=30 (2.43)
14-1
®, = w =104, 72pan/c.
Po3paxoByeMo HOMiIHaJIbHY KyTOBY LIBHUJIKICTh OO€pTaHHS JBUTYHA:
TN
_ mE 2.44
o, = (244)
= M =98,437 pan/c.
BusHauaeMo HOMIHANIBHUN CTPYM JIBUTYHA:
P, (2.45)

= 37920.0,7-0.85

IlH = >
3-U,, -coso, ‘N,

45000

=114,6 A.

Buznauaemo HOMIHATLHUY MOMEHT JIBUTYHA!
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M =—2 - (2.46)
(OH
3
) B0 s 47
98,437

Takum unHOM Oyno 3po0JieHO pO3PAXyHOK MOTPIOHOI MOTYXKHOCTI
eJIEKTPOJIBUTYHA, HOTO BHOIP Ta PO3PaxyHOK OCHOBHUX MapaMeTpiB JBUTYHA.

2.3 BuzHayeHHs1 mapaMeTpPiB cXeMH 3aMillleHHS JIBUTYHA

Jlani HeoOX1THO MPOBECTH PO3PAXYHOK €JIEKTPOMEXAHIUHUX XapaAKTEPUCTUK
o0paHoro BUTyHa, 1J1s1 MOJIENOBaHHS BUOMpaeMo T-noi0Hy €KBIBAJIEGHTHY CXEMY
3aMIIICHHS, $Ka, K BIJIOMO, € HAMOUIbII 3pYy4YHOIO ISl MPOCTHX 1HXKEHEPHUX

po3paxyHKiB jaBuryHa (puc. 2.4).

I %

o

Pucynok 2.4 — Cxema 3aMillieHHS! aCHHXPOHHOTO JIBUTYHA

Busnauumo mapamerpu T-momiOHOi cxeMu 3aMmilieHHS  OOpaHOro
acuHXpoHHOTO nBUTYHa AIP250S6 3a ioro karanokHuMu naHumu (Tabn 2.1).
Po3paxyHKy BUKOHAEMO IIPU HACTYITHUX OCHOBHUX MPUITYIIEHHSX:

— MarHiTHI Ta MEXaHIYH1 BTpaTH B ABUTYHI ckianatoTh He Outbie 0,02 Py;

— aKTHBHI OOPU OOMOTKH 1 POTOPHUX OOMOTOK € HE3aJICKHUMHU BiJl pEKUMY

poOOTH JBUTYHA.
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J1J1s IIbOTO pO3paxyHKy BUKOPHCTOBYEMO CTaHIAPTHI METOJAMKH Ta MIPOTPAMy
Mathcad, mo opieHTOBaHa Ha TIPOBEJACHHS pPI3HOMAHITHHX OOYHCICHBb 1
BIJIPI3HSAETHCS JICTKICTIO KOPHCTYBaHHSA. 3a BiIOMHMH BHpasamu [5] Oyio
BU3HAYEHO aKTHUBHHM OMip OOMOTKH pOTOpA, IO MPUBEACHUN 0 OOMOTKH CTaTopa

JIBUTYHA!

3-U% -(1-

2.mk.PZ[BH.C12.(B+S]-)

k

AKTUBHUI OIlp OOMOTKH CTAaTOpa:

R,=C, R} B, (2.48)

IHAYKTUBHUN OMIpP MPU KOPOTKOMY 3aMHUKAaHHI

X =7-C, 'Réa (2.49)

IHIYKTUBHUN OMIp PO3CIIOBaHHSI OOMOTKHA pOTOpa, IO MPUBEICHUN [0
O0OMOTKHM CTaTopa :

X, =0,58- ) (2.50)

1

IHAYKTUBHUN OMip pO3CIFOBaHHA OOMOTKH CTaTOpa:

X,=042-X , (2.51)
IHAYKTUBHUN ONip KOHTYPY HAMAarHI4yBaHHS:
X M = 2—, (252)

[Tapamerpu T-moniOHOT cXeMH 3aMillleHHA, 10 Oy OTpUMaHi B pe3yibTaTl
IIPOBEJCHUX PO3paxyHKIB 3a Jornomororo mporpamu Mathcad, 3Boaumo B Ta0:1. 2.2.

Tabmuus 2.2 — [apametpu T-mioni0HOT cXeMu 3aMITIIEHHS

R1, Om R/, , Om Xy, OM | Xiy, OM X5, OM Xy Om

0,048 0,045 0,917 0,217 0,285 2,936
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2.4 IloOynoBa MexXaHIYHUX XAPAKTEPUCTUK JIBUTYHA
Bingomo, 1110 npupoiHy MEXaHIYHY XapaKTepUCTUKY aCUHXPOHHOTO JABUTYHA

gyepes OTpUMaHi apaMeTpy CXEMH 3aMillieHHsT MOYKHA pO3paxyBaTH 3a BUpa3oM [5]:

3-UZ -R)

M(S): 1du 5 Bk (253)
/ /
®,*S- X§H+(R1+R2J J{RlRZJ
S s-XH
3.2202-0,045
Me)= 0,045\ (0,048-0.045Y |

104,725 0,5172+(0,048+ ' j ,[0.048:0,

S 5-2,936
® = o' (1-9).

HominanbHu#l €1eKTpOMarHiTHUA MOMEHT €JIEKTPO/IBUTYHA:

3.U2 R/
M, = - — (2.54)
W, -S, | X2 + R1+R2 + Ri-R,
S, s, - X,
2
o = 3-220°-0,045 > > =461,44H - m.
104,72-0,016-| 0,517% + 0,048+0’045 + M
0,016 0,016- 2,936

[Ipupoana MexaHIYHa XapaKTEPUCTUKA JBUTYHA HaBEICHA HA PUCYHKY 2.5.

o] pax/c

o

110
WHom=103 pagy/c

| MHOM=457.147H 'm

1

I

I Mmax=1280 H *m
80 |

|

~Jlz |

0 500 1x10° My, H'm

Pucynok 2.5 — IlpuponHa MexaHi4Ha XapaKTepUCTUKA IBUTYHA
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VY BIAMOBIIHOCTI 3 MACIIOPTHUMH JaHUMU €ICKTpoABUryHa (Tadm. 2.1)

M, =m -M_., (2.55)

M, . =1-457,147=457,147H -m.
Mmakc = mK ) M}laH’ (256)

M, =2,8-457,147=1280H - m.
M,=m,-M,, (2.57)

M. =2,2-457,147=1006H - m.

Ipupoani enekrpomexaniuni xapakrepuctuku (1) i o(I';) acurxpoHHOTrO

JBUTYHA pO3PaxOBYIOThCS 32 BUPA3AMMU:

L(s)= i _ (2.58)
/ /
i\/(R1 +R2J + X2 +{R1 RZ]
S S "
220
L) 0,045’ 0,048-0,045)"
+ (0,048+ ’ 45) 10,5172 4| 20480945
S s-2,936
=B+ 1 (s) +2-1,-I,(s) -sino, (2.59)
:\/67,7392 +1,(s) +2:67,739-1,(s) -sing,,
Y , (2.60)
\/RZ X, +X,)
I, = 220 —67,739A.
0,048 + (0,217 +2,936)’
® = o (1-9),
K (2.61)

sing, = - ,
R/
\/[Rl + Zj + X2
S
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0,517

0,045
S

sing, =

. .
(0, 048 + ) +0,517%

IpuposHi enektpomexaHiuHi xapaktepuctuku asuryHa o (I) i o (I2)

HaBEJICHI Ha PUCYHKY 2.6.

o, pajyc
1201

1001

[i(o)

601

401

10=67.739 A LT

0 50 100 150 200 250 300 350 400 430 500

Pucynok 2.6 — EnexrpomMexaHiuHi XapaKTEPUCTUKHU JBUTYHA

3 JaHuUX PUCYHKIB MOXHa IMOOAYUTH, IO XapaKTEPUCTUKU JIBUTYHA Ha
poOOUMX AUISTHKAX JOCHTH J00pe BIAMOBIAAIOTH HOTO KAaTaJIOKHUMHU MapaMeTpam,
I CBIAYMTH, IO PO3PAaxOBaHi MMapaMeTpH CXEMHU 3aMilleHHS (Ta0i. 2.2) MOKHA
BUKOPUCTOBYBAaTH  JUISI TMOJANBIIOTO JOCHIDKEHHS JWHAMIYHHUX TPOLECIB Y

JIBUT'YHI.
2.5 MexaHiyHa cHCTeMA eJIEKTPONPUBOAY Ta il mapaMeTpHu

Po3paxyHkoBa cxema 3aMilllEHHS MEXaHIYHOI CHUCTEMHU EJIEKTPONPUBOILY
KOHBEEpa MOKe OyTH MpeICTaB/ICHa Y BUIJISII OTHOMACOBOI crcTteMu (puc. 2.7).
Ha cxemi npuifHSTI HACTYIIHI MO3HAYEHHS:
M,; — MOMEHT Ha Bally €JIEKTPOJIBUTYHA;
M. — MOMEHT HaBaHTaXEHHS 3 ypaxXyBaHHSIM BTpaT B MeXaHI3Mi,
IpUBEICHUH 10 BaJly IBUTYHA;

® — KyTOBa IBUJIKICTH,
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Je — eKBIBaJICHTHUIM MOMEHT 1HEpIlii MPUBOY, HABEJICHUH 70 BaTy JBUTYHA.

Nl‘;m I\'1L

) A

Pucynok 2.7 — Po3paxyHkoBa cxemMa MEXaH14HO1 CHCTEMHU PUBOIY

Po3paxoByeMo ekBiBaJI€HTHUI MOMEHT 1HEpIIli HABAaHTaXKEHOTO0 KOHBEEPA:

), =(11:13)-3, +(m,, +m)-| 2 | (2.62)
Q)

B

1,6

J. =1,2-1,2 + (4000 + 30200) (98 16

J =10,471kr - M°.
ExBiBaneHTHUI MOMEHT 1HEPIIii MOPOKHBOT'O KOHBEEPA:

2

), =(11+13)-0, +m, | L |, (2.63)

O

2

i =9,4146kr - M°.

J.=12-1,2+30200-

2.6 Bubip neperBopoBaya 4acToTu

Jlis peryatoBaHHsS 4acTOTH OOEpTaHHs JBUTYHA 3aCTOCOBYIOThH K METOAU
CKaJISIpHOTO KEpyBaHHS, SKI € OLIbII MPOCTUMHU Yy peanizaiii, Tak 1 METOAH
BEKTOPHOTO KEpYyBaHHS, sIKI CKJIAHINI y peaiisarlii, ajie J03BOJAITh OTPUMATH
OUTBIII BHCOKI SIKICHI TIOKAa3HWKHW PETyIoBaHHsS. JJig eleKTponpuBOIy KOHBEEpa
Ma€EMO HEBUCOKM TEXHIYHI BUMOTH, TOMY, B IPHUHIMII, MOKHAa 3aCTOCOBYBaTH
PO3IMKHYTY CHCTEMY 31 CKaJipHUM KEpyBaHHSM, aje MpU IOMY MOTPIOHO
MEepeBIpUTH, YM JOCTAaTHLOI OyJe BEIWYMHA 3amacy M0 MOMEHTY HE TIJIbKH B

HWKHIHN, a 1 y BEpXHIH YaCTHHI Jl1alla30HY PETyJIIOBaHHS IBUJIKOCTI.
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VY BIAMOBITHOCTI 0 BUII[E3a3HAYEHUX TEXHIYHUX BUMOT JI0 €JICKTPOIPUBOILY
KOHBeepa Oynio BupimeHo oOpatu meperBoproBau yactotu tumy ATV71IHDS5N4
koMmranii Schneider Electric (®panuist), sSkuil XapakTepU3yeTbCsl TapHUMU
TEXHIYHUMHU, CKCIUTyaTallIHHIMH Ta CHEPTETHIHUMH XapaKTePUCTUKAMH.

TexHiyH1 XapaKTEpUCTUKU NIEPETBOPIOBaYa HaBeieH1 B Tabmuii 2.3.

Tabmumg 2.3 — TexHIuHI XapaKTepUCTUKU TMEPETBOPIOBaYa YACTOTH THITY

ATV71HD55N4

HailimenyBanHs mapameTpy On. 3HaueHHs
BUMIDPY
[ToTyXHICTH kBT 55
K.C. 75
Jliniinuit ctpym (ipu 380 B) A 120
[ToBHa noTy>xkHicTh (1ipu 380 B) kBA 79
Max niHIiHUN CTPyM B PEXHUMI K.3. KA 22
Max ctpym B ycT. pexumi (pu 380 B) A 116
Max nepexigHuii cTpym
npotsirom 60 c. A 174
npotsarom 2 c. A 191
Jliana3oH peryroBaHHs IBUKOCTI 1:40- cxansipHe ynpaBIiHHS

1:100- BekTOpHE PO3IMKHYTE

yIpaBJIiHHS
YacroTa xomyTariii k' 2,5
3axuCHE BUKOHAHHS 1P20
Maca KT 44
PiBenpb mymy nbA 63,7

2.7 Po3paxyHok xapakrtepucTuk cucremu ITU—AJ[

HaBaHTaxeHHSI €IEKTPONPUBOAY KOHBEEpA € TIOCTIMHMUM 3a 3HAYCHHSM B

TEXHOJIOTIYHOMY IIMKJI, TOMY pEryJIOBaHHS IUBUJKOCTI BHHU3 BiJ OCHOBHOI
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(HOMIHAJIBHOI) MIBUAKOCTI JBUTYHA Npuow =1000 00/XB 10 MIHIMaigbHOI poOoUOl

MIBUJKOCTL Npyin = 500 00/XB 371 CHIOETBCS MU peani3alii 3akoHY YHpaBIiHHA

U,/ f1; = const.

MexaHiuHl XapaKTepUCTUKH JBUTYHA o=f(M) mnpu 3MIHHUX 3HAYEHHSIX

YaCTOTH 1 HAMIPYTH KUBJICHHS PO3PaXOBYIOThCS 3a BUpa3ami [5] :

3-Uf®(f1)-Rg

M(S,fl)= = 2]
2 1 \? /
oao-ffl-s Xi[}) +£R1+R2j + RlR?
1n 1 S SX 1
u
1n
B - 2.64
3-U12cb (fl)-0,045 ( )
= — 2_’
2 2
Ooo.fl.s. 0,5172.(]1) +(0,048+0’045j + 0'048'0’0?5
50 50 S 5.2.936. 11
® = mo°(1-S),

U,(f,)=U, :—1 mpu f, <f

1>
1n

ne f1, - HoMiHabpHA YacToTA.

3a pesynbTaTaMH PO3PAXyHKY IMOOYyAOBAaHO CIMEMCTBO MEXaHIYHHMX

XapakTepucThk (puc. 2.8).

Ha

pucyHky 2.8

HaBEIEHO MEXaHIYHI

XapaKTCPHUCTUKHU

CHUCTCMHU

MEPETBOPIOBAY-JIBUT'YH TiCIs HaJIalOTYBAaHH BOJIbT-YaCTOTHO1 XApPaKTCPHUCTUKHU.

TyT xe MNoKa3zaHi XapaKTEPUCTHKW HABAHTAXKEHHA Meyae (©) 1 Menyae (®) 1

3aJIE)KHICTh TPUBAJIO TOIYCTUMOTO MOMEHTY ABUTYHA M s rpus. son (®).
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®, paj/c

150
| I
| l f|: 50T D yvaxc

too — — — — — R e ; i
: M"“rpnn‘nom ‘w)
I l
| |
| | fi=25Ty @ ca vz

SO = — — — e i a E
T
i / | £=20 >
| / | fi=15Tn
| / IT:@

f':,3 u fi=4 I‘um
ﬁg_\ﬁ\ Y | ) M. |H-M.
0 / 500 \ 1x10° 1.5%10°
Mr\mxc=369.5 H-m. M‘mu;u’cz7 '6.] 9 H-m.

Pucynok 2.8 — Mexaniuni xapaktepuctuku ®(M) cuctemMu nepeTBoproBad-IBUTYH

IpU CKaJSIPHOMY VIIpaBJIiHHI 1 3ak0oHi perymoBanns Ui/f; = const

EnexTpoMexaHiuHi XxapakTepucTuku ABUTYHA ® (1) mpy 3MIHHUX 3HAYEHHSIX

YaCTOTH 1 HAIIPYTH KUBJIEHHS PO3PAXOBYIOTHCS 3a BUPA3aMU:

(s.f,) \/I +I2 (s,f;)+2-1 (fl)-I/Z(s,fl)-sin(p2 (s.f,), (2.65)

U, (f
I, (s.f,) = w(f) _
1\? ,
+ (R1+ Zj +XiH(flj R, -R;
> f, 5-X 1;1
’ le
(2.66)
- Uy, (f,)
2 2
+ (0,048+0’045J +0,5172.(f2j + W
S

$-2,936- -+
50
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x .t
H - le
sing, (s,f,) = - ==
SR
R +—| +X{ | —
s f (2.67)
0,517-];1
_ 50
) 0,045 £7
\/(0,048+ ’ j +0,517? ( 1}
S
U, (f
IO(fl): 1(1)(1) > =
R? +(X,, + xu)2 Ulj
1u
(2.68)
U, (f)

2
\/0,0482 +(0,217 +2.936)" - (;Bj

3a pe3ylbTaTaMy PO3paxyHKIB MOOYAOBAHO CIMEHCTBO €JIIEKTPOMEXaHIUYHUX

xapakrepucTtik (1)) (puc. 2.9).

, parc
120¢ 12 T
»

| T D S T

'..,l_ ) g1 wmee _' ﬂ=50 rll_,‘

!

———___fi=25Tu

' A R T Ly 4 VI [ L, | R M D) I
0 16 N & & 0 08 I 128 1M 160 176 19 A8 3 290 26 2N W WS N0 3 3N 8 W W0

 prpep— (0}

Pucynok 2.9 — Enexrpomexaniuni xapaktepucTiuku o(ly) cucremu

ITY-]] npu ckanspHOMY yrpaBiliHHI 1 3akoHi kepyBanus Ui/ f; = const.
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Ha pucynky 2.8 npuBejeHa BIJANOBIAHA 3aJ€XKHICTh TPUBAIO-TOMYCTUMOIO
MOMEHTY JOBUTYHA, My s rpus.(©). o1t 11 moOynoBu At psigy 3HaYCHb YacTOTH B
inTepBaii f; = fiyiy + fiyaxe 3HAMICHO CIUIBHE YHCEIBHE PILICHHS 00 KOB3aHHS S
PIBHSIHB €JIEKTPOMEXAHIYHOT XapaKTePUCTUKY JBUTYHA 1 XapaKTEePUCTUKHU TPUBAJIO-

JOIIyCTUMOTI'O CTPyMY JIBUT'YHA:

IILB TpuB.I (S) = Iusn (0’5 + f_l : 1-s j npu f, <25-T'n, (269)
. h . le l_ SH
IﬂB.Tp”B.n' (s) =1,, mpuf >25-Tn, (2.70)

JUist 3HalIeHHX 3HA4eHb KOB3aHHS S PO3paxoOBaHl BIATNOBIAHI 3HAYEHHS
TPUBAJIO JOIYCTUMOTO MOMEHTY IBHUI'YHA My rpus non (®). Takoxk Ha pucyHky 2.8

HpI/IBGI[GHi XAPAKTCPUCTHUKH ITOBHOI'O MOMCHTY HABAHTAKCHH:

MCMaKc (O‘)) = Mcz{B ) Mc’ (271)

M, (©)=346,667-22,857 =369,524H - m.

MomMmeHT BiII CHUJI TCPTA ABHUI'YHA 1 MaKCUMaJIbLHOTO MOMCHTY HaBaAHTAKCHHAA:

AM,,, =(0,05+0,1)- M, (2.72)
AM_,, =(0,05+0,1)-346,667 =22,857H - M.
MenMaKc ((’0) = kenM ) MCMaKc (0))’ (273)

M, e (©) = (1,9 +2)-369,524=716,2H - m.

Ha pucynky 2.9 npuBeseHi enekTpoMexaHiyHi xapaktepuctuku o(1y) mpu
peamizanii 3anexHocti Uy (f1), XapakTepuCTHKU CTATUYHOTO CTPYMY HAaBaHTAKEHHSI
levaxe (©) 1 Iepvaxe (@) 1 TepeTBOproBaua yacTtoTu. JloaTkoBO TyT moOyaoBaHa
XapaKTEpUCTHKA TPUBAJIO-JOIYCTUMOTO CTPYMY ABUTYHA [y 1pus (0).

BucHoBok. AHani3 npuBeleHUX Ha pucyHkax 2.8 1 2.9 xapakTepucTuk
MOKa3zye, IO peanizamis PO3IMKHYTOI CHCTEMU CKaJISPHOTO KEpyBaHHS TMIPHU
HAJAINTYBaHHI BOJIBT-4YaCTOTHOI XapaKTEPUCTUKH TMEpeTBOpIOBavda [Jisl JaHOi
KOHBEEPHOI JiHII /103BOJIsie 3a0€3MEeUMTH 3aJaHuil  J1ama3oH PeryJIroBaHHs
MIBUAKOCTI (B Opwin = =49,23 pan/c 10 ®puvac= 98,46 pan/c) mpu HeoOXimHIiH

KPaTHOCTI IIYCKOBOT'O 1 MaKCUMaIbHOTO MOMEHTY (Kpen =2, Ky en =2).
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PO3/1J1 3 MOJIEJTIOBAHHSI TA JOCJUTKEHHS CAK

3.1 ®yHk1ioHATBbHA €XeMa eJIeKTPONPUBOAY KOHBeEpa

PosrasHeMo monepenHbo 3anporoHOoBaHy (YHKIIOHATBHY CXeMY YacCTOTHO-
PEeryJab0BaHOTO ACHHXPOHHOTO €JEKTPONPUBOY 31 CKAJISPHUM KEPYBaHHSIM IS

KOHBEEPHOT JIiHII CyToHaBaHTaXyBaIbHOI MarHu (puc. 3.1).

# Mepexa

B Bunpsamnsau
ATV71HD55N4
DinbTp
. PHY2 Cc
®3apn o o f1 Uy Ua [ 1 Y1a
—> ‘ X,y
fq AB250S6
* U*
31 ®H UY b InBepTop 2
Harpryu
i Uy ®an Ue
U, a,b,c

Pucynok 3.1 — @yHkIioHanpHa cxema

€JICKTPONPUBOAY KOHBEEPHOT JIiHIT 31 CKUISIPHUM KepYyBaHHIM

Bona ckimamaerbcs 3 BXigHOro 3amatuumka iHTeHcHBHOCTI (3I), oGpanoro
neperBoproBaya yactotu ATV7/1HDS5N4, inBepTopa Hanpyru 3 BUIPSAMIISTYEM Ta
ACMHXPOHHOTO JIBUTYHA, 1110 OYyJ10 00paHo.

Ha cxemi maeMo 3 BIUIMBHI BEJIMYUHMU:

— 181 Hanpyru Uy 1 Uy, BelIMYMHM SKUX PiBHI (Da3HUM HampyraMm JBUTYHA,
iX BU3HAYAIOTH 110 3aJICKHOCTI, o obpaHo U, fy;

— BEJIMYMHU KYTOBOI YaCTOTH OOEPTAHHS TOJISI CTATOPA Mey.

3.2 Moae/1l0oBaHHA €JIEKTPOINPUBO/Ia KOHBEEpPa
3.2.1 MonenoBaHHsS aCHHXPOHHOTO €JIEKTPOABUTYHA
B kBamidikarmiiinii po0oTi Oyia BHKOpPHCTaHA METOAMKA IMITAI[ifHOTO

MOACIIIOBAHHA, sIKa 3J4aTHa )IOCJ'Ii)I)KYBaTI/I npounecn B CHUCTEMAX PETYJIbOBAHOTO
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elIeKTponpuBoIa. B  sAKocTi 3aco0y Uis MOJCIIOBaHHS BHKOPHUCTOBYBABCSI
nporpamunii maker MATLAB [12] .

Ha miacraBi (QyHKIioHanpHOi cxeMH puUCYHKY 3.1 Oyno po3poOieHo
IMITalliiiHy Mozenb Ais ABO(A3HOTO ACHHXPOHHOTO EJEKTPOABUTYHA TpPHU
pEaKTUBHOMY HaBaHTa)KEHHI B CUCTEM1 KOOPJMHAT X, Y, LIs Mozienp B moaibiomy

Oy/ie BUKOPUCTOBATHCS K 00K — ACHHXPOHHUH ABUTYH (puc. 3.2).

4004 > »{ 1)
psi2_slfs
numis AUM(s;
& M urmis) ».0004203 ' umis) ! (=)
+ 0.018s+1 - 0.228s5+1 Mdv
ul_alfa
»{3)
11_alfa
0511 ¢
— ]
0811 |«
num{s)
= numis) + %{ 2 )
) " » + 0.226541 si2_teta
M 0.0185+1 L
ul_beta
4.004 -
D
I1_beta
(& :‘ 3
w_rasch J

Pucynok 3.2 — Cxema Mozeni 1B0(}ha3HOT0 aCHHXPOHHOTO €JIEKTPOABUTYHA

3.2.2 MojenoBaHHS CUIIOBOTO KOJIa eJIEKTPOITPHUBO/Ia KOHBEEPA

Ha pucynky 3.3 mokasana po3po0sieHa cxema 0JI0KIB MOJIEI CHJIOBOTO KOJia
CJIIEKTPOIIPUBOAY KOHBE€EpA 3 1BO(A3HUM aCHHXPOHHUM JIBUTYHOM.

Ha cxemi maemo Taki O01oki - JIBUryH (aCHHXPOHHUN €JIEKTPOJBUIYH, IO
obpano) IIY — 610k meperBoproBada 4actoTd, 3l - 3amaTyMK IHTEHCHUBHOCTI

MIBUIKOCTI.
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— = 2
e In Uzis »int Ulx[——{ Ulx lix|— u™ p
— Uty
Step3 Uty ——™ Mmotor p 1x
well
31 In2 well | >
= o wmotor 11y _Lb u2 L,
| O Heuryn Iy
Step7
| Step
St=pd

Pucynox 3.3 — Cxema Mojeni CHIIOBOTO KOJa €JIEKTPOIPUBOIY KOHBEEpa

Cxema mogeni [TY npuBenena Ha pucyHky 3.4.
[Ipy HanamTyBaHHI OJOKY MHEpPEeTBOpIOBadYa 4YacTOTH OYyJIWM MPUNUHATI TaKl
napaMeTpu:

x1= 0, 5, 30, 50, 100; X2 =9.5, 27.5, 132, 220.

1
— L = )
0.0001285s+1 Ulx

Lockup Table Transfer Fen

2°3.14

In2 wel1

Gain1

Pucynox 3.4 — Cxema Mojeii nepeTBoproBaya 4acTOTU

3.2.3 MonenroBaHHs 3aJaTyrKa IHTeHCUBHOCTI 31

J1y1st oOOMEKEeHHSI MOMEHTY JIBUTYHA TP HOTO MYyCKY B PO3IMKHYTHX CUCTEMAX
€JICKTPONPUBOY BUKOPUCTOBYIOTH 3aJJaTYUKHU 1HTEHCUBHOCTI (3]) MIBUIKOCTI, SIKi
BCTAHOBJIIOIOTH HA BXOAI CXEMH YIpaBIiHHSA  enekTporpuBogoM  [13].
Bukopucranuii JTHIAHUM 3aJaTydK JIJ1 I[IBUAKOCTI 3JaTHUM 3a0e3nedyBaTH
3pocTaHHs (200 MaJiIHHS MPHU PEXUMI rajJbMyBaHHS) MIBUIKOCTI, TOOTO MOCTINHE
MPUCKOPEHHS (YU YIOBUIBHEHHS) TPHUBOMY, SIK€ JOCATAEThCA 3a PaxXyHOK

YTpUMaHHsA HE3MIHHOI BEJTUYHHHU ,Z[I/IHaMi‘IHOFO MOMCHTY LbOI'O IIPUBOY.
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B nani GakamaBpchki poOoTi Oysio BupimieHo BukopuctoByBatu 3l 3 S-

00pa3HOoI0 XapaKTEPUCTHKOIO (puc. 3.5) 1 mapameTpamu:

rn=0,5¢ct,=3c; T, =t,=0,5¢; T,, =t, +t, =0,5+3=3,5¢;

b 0,05- 05 _ 0,0071c.

k=0,05-

rn+t, 0,5+3

tl t2 T Ul ‘tl &

F Y
A 4
A A

Pucynok 3.5 — S-moniOna xapakrepuctuka 31 1o mBHUAKOCTI

Cxema imiTamiiiHOi Mojmeni 3amatumka 31 mo mBHIKOCTI 3 S-00pa3HOIO

XapaKTePUCTHKOIO MPUBEJCHA Ha PUCYHKY 3.6.

CO—»f+
"I » o Mo | =
Add Saturation 0.5 355 T
Saturation1

Gain Add1

: Transfer Fon Transfer Fcn1
Gain1

Add2 % GJ
lu] —
Product Abs

Gain2 >

Pucynok 3.6 — Cxema mojeni 3afjaT4lKa IHTEHCUBHOCTI IIIBUAKOCTI

Mogenb ychoro MpuBOy 3 YaCTOTHUM PETYJIIOBAHHSIM KOHBEEpHOT JiHii 13 31
N0 IIBUAKOCTI MpeAcTaBieHa Ha puUCyHKY 3.7 . Takox Ty mnokazaHui biox

HapanTaxxennst ta biok — [Hepiitna maca.
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Add Math

Fundtion

Mmotor

h 4

In Uzis - In1

Mz wmotor }.

Scope

Je

n4y

Inepuiiiza
Aeuryn 1y Maca

Step 389,524

10.471

HapanTaxeHHT

Pucynox 3.7 — MopentoBaHHs €JIE€KTPONPUBOY KOHBEEPA 3 YACTOTHUM

KEPYBaHHSIM

Tyt 6mok «IHepItiitHa Macay sBJIsIE COO0I0 CTaHAAPTHY MOJICIIb OJJHOMACOBOI

MEXaHIYHOI CUCTEMHU, B IK1i MOMEHT HAaBAaHTAXKCHHSI Ma€ PEAaKTUBHUM XapaKTep.

3.3 JocaigkeHHs1 BeJUWYMH CTPYyMY i MOMEHTY B TNIPMBOII NpH

BUKOPUCTAHHI CKAJISIPHOT0 KEPyBaHHS

Ha Bxonmi mnpuBOay BCTaHOBIIOIOTH 3ajaBadi IO IIBHJKOCTI, BOHHU 1
BU3HAYAIOTH SIK OyJ1€ 3MIHIOBATHUCS IIBUAKICTh IBUTYHA MPU MYCKY Ta raJbMyBaHHI,
IIPU 1IbOMY BiJIOYBAETHCSI OOMEKEHHS TIEPINOi MOXIAHOI MO MIBUIKOCTI (PEXKUM JIJIst
MPUCKOPEHHS) — TOJII BApTO BUKOPUCTATH 3a7aBay 3 JIHIHHOIO XapaKTEPUCTUKOIO
BUXOJY, a TaKOX MO APYTii MOX1AHIN MO MIBHAKOCTI (PEKUM ISl puBKa). B ibomy
BUIIAJIKY BUKOPUCTOBYIOTh 3a/IaTYUK 3 S-TI0/1I0HOI0 XapaKTEPUCTUKOIO BUXOY.

[Ipu BiampanoBaHHI NOTPIOHOI TpaekTOpli pyXy B pexuUMax IycKy W
raJibMyBaHHs €JIEKTPONPUBOJA HEOOXITHO OOMEXYBAaTH BEJIMHUHHU JUHAMIYHHUX
MOMEHTIB Ta CTPYMIB €JIEKTPOJBUTYHA, a TIPH BUKOPHUCTaHHI S-00pa3HoOi
XapaKTePUCTUKU 3aJIaTUhKa —TaKoX Tpebda OOMEXKUTH JOJATKOBO 1 MIBUAKICTb, 3
SIKOIO Il BEJIMYMHHU 3MIHIOIOThC. OgHaK, BIIOMO, 110 peajbHI BEIUIYMHA MOMCHTIB
Ha BaJTy JIBUTYHA 1 HOro cTpyMy OyAyTh BU3HAYATHCS TAaKOXK 3HAYEHHSM CTAaTUIHHX
MOMEHTIB Ta XapaKTEepOM peaIbHUX HAaBAHTAXKEHbD [6].

Benuki 3HayeHHs CTaTUYHOIO MOMEHTY  MEXaHI3MYy KOHBEe€pa, Kl

BUHUKAIOTh TMPU  BEJIUKHUX MEPEBAHTAXKEHHAX 1 MPU MOMKIUBOMY CTOINOPIHHI
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CICKTPOABUTYHA, MOXYTh XapaKTepu3yBaTH aBapiiiHl pPEKUMH MEXaHI3MiIB
KOHBE€EpA, ajie MOXKYTh BUHUKATH 1 B pOOOYNX PEKUMaX TEXHOJIOTIYHOTO MPOIIECY
TPAHCIIOPTYBaHHS 3€pHOBUX cywmimied. Toai mMmOTpiOHO IIBUIKO OOMEXKHUTH

MaKCHUMaJILHUM CTPYMM CJICKTPOABHUI'YHA A0 CIIPAaOBAHHA 3aXHCHHUX €JIEMEHTIB.

3.4 OOmMexxeHHSI CTPyMy /[BUI'YHA TMPH MOXKJIMBUX  BeJMKHX

NMEPEBAHTAKCHHAX

ITpu BukoHanH1 yMOBU lig >I ¢ 01 B pOOOTY HOBHHEH BCTYIUTH PETYIIATOP,
10 3/11ICHIOBATUME OOMEKEHHSI BEJIMUMHU CTPYMY.

Taxoro oOMexeHHsI BETUUUHU JIJIsl CTPYMY JAOCATAIOTh HUIIXOM 3MEHUICHHS
YacTOTH HANpyrd JKUBJIEHHS JBHUTyHa (BIAMOBILAHO /O  BOJIBT-YaCTOTHOI
XapaKTEPUCTHKHU), a00 MOXKHA TUIbKM 3MEHIIyBaTH Hanpyry. Ilpu mpomy Take
O0OMEKEHHS BEJTMYMHH CTPYMY MOKHA MPOBOAUTH 1y MEPIIi, 1y APYyTiid 30HAX IS
pEryItOBaHHS MIBUIKOCTI.

[Ipy nepeBHILEHH] BEJIWYMHHU JOMYCTUMOIO MOMEHTY IPHBOJY MOKHA
BBECTU B CXEMY KEpyBaHHS CIAOKUI HEraTWBHMUM 3B'A30K IO JIIHII yHpaBIiHHSA
HampyToio Ha ABUTYHI. e mpu3Bene 10 3MEHIEHHS! MOMEHTY. A Mpu 3MEHIICHHI
MOMEHTY TOHAJ] IPUITYCTUMOI MeX1 Tpeba BBECTH B CXeMY CIA0KU MO3UTUBHUN
3B'SI30K MO Till ke JdiHii ynpaBiiHHA. [Ipm npoMy moTpiOHO, MO0 MO KaHay
YOpaBIiHHS 4YacTOTOK 1HBEpTOpa 1€ 3BOPOTHIM 3B'S30K MaB IMOCTIHE
HaJAIITyBaHHS B YCbOMY Jl1ania30H1 perytOBaHHS.

JUis mpoBeneHHs ONTHUMI3alli KOHTYpYy OOMEXEHHS CTpyMy MOTpIOHO
BU3HAYHTH NIepeaaBasibHy QyHKIIII0 cuctemu «I1H-Aly» o kaHay yrnpaBiaiHHS 1715
HaIpyTH.

AL (p)
W, .. (P)= —Au‘i ) (3.1)

Tak ik BU3HAYUTH TOYHI 3HAYEHHS MIepelaBaIbHOT (PYHKLIINIO CTPYKTYPHUX

cXeMax CHUJIOBOTO KaHaly MPUBOAY AOBOJI BayKKO Yepe3 iX CKIAHOCTI, TO CUCTEMY

«IT4-AJl» B KOHTYPI IJIs1 CTPYMOBOTO OOMEKEHHS MOKHA OMKUCYBATH 1 CIIPOIIICHOO
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nepeaBaibHOK (GYHKINE (MIPU 1bOMY HEXTYIOTh BIUIMBOM BIJIHOCHO IOBUIBHO

MPOTIKAIOUMX MEXAHIYHHUX MPOIIECiB B MPUBOAI KOHBEEPHOI JIiHIT) :

kiH
W, . (p)= T D) (T.prl)’ (3.2)

ne Kiy — KoediIieHT rmepenayi JIAaHKH 110 KaHATy YIPaBIIiHHS HAIIPYTOIO.

3.5 Onrumi3aniss KOHTYpPY I 00Me:KeHHS CTPYMY ABHIYHA

PosrisiHeMO CTpYKTYpHY CXEMY ISl KOHTYpY 0OMexeHHs cTpyMmy (puc. 3.8).
VY KoJiii mpAMOro KaHaldy KOHTYPY PO3MIIIYIOThCS /Bl 1HEPIIHHI JJAHKH TEPIIOTO
NOPSZIKY. Y KOJII 3BOPOTHOTO 3B'SI3KY TAaKOX PO3MIIIEHA 1HEpLiHHA JaHKa, KOTPY
MO’KHa BU3HAQUMUTU 4Ye€pe3 Yac NMEPETBOPEHHS MpU OOYMCIICHHI A1F0YOr0 3HAUYEHHS
dbazHoro CTpyMy cTaropa.

Koutryp HanmamroByemo Ha MO  (MOAyiabHUH  ONTUMYM), TYT

BuKopuctoByemo Ill-perymnsarop.

]en Makc U'xc 11
" l .
—— k. 0 W)y o | L >
A B (_) TLITH'p+1 Te'p+1 A
B | U, .
Tyro - P+1 h

Pucynok 3.8 — Burisia cTpykTypHOT CXEMU KOHTYPY CTPyMY

Ha pucyHKy npuilHSTI HACTYNHI NO3HAYEHHS:

Lenmaxe = 200A — MaKCHUMaNTbHO-TIPUITYCTUMUI CTPYM ITPUBOAY;

U,. = 8B — BenmnunHa Hanpyru 3aBJaHHs HA CTPYM;

Ty =Ufmn=1/2500=0,0004 ¢ — BenMuYMHA MOCTIHHOT Yacy B MPSAMOMY
KaHaJl;

Turo = Ter /3=0,0012/3=0,0004 ¢ — BenuumHa MOCTIHHOT Yacy Koja

3BOPOTHOTO
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3B'SI3KY 3a CTPYMOM,;
Te =1/ fymeny = 1/2500-3=0,0012 ¢ — iHTepBai NMEPETBOPCHHS PE3y/IbTATIB
BUMIPIOBAHHS CTPYMY;

k., = LIJW-MW = 2 =0,04B/ A - KoeiIieHT A1 3BOPOTHOTO 3B'SA3KY 32

CII.MaKC

CTPYMOM.

ITepenaBanbHa dyukiis as [I-peryastopa ctpymy:
T -p+1
W =k = 3.3
e (P) =K, T p (3.3)
Maemo koedilieHT MiACUICHHS JJIsl pETyIsiTopa CTpyMy:

T
- e 3.4
o Kiy K-8, (T + Ty ) (34)

wrmn
7€ a, —BeNu4YMHa KOe(DIIeHTy Mg ONTUMI3allil KOHTYPY CTpyMy IpH
HajamrtyBaHHi Ha MO;
Tpe =T =0,018 ¢ — mocriiiHa yacy A perysaropa.
Toni MokHa po3paxyBaTH BEIMYUHY IIbOTO KOCPIIIEHTY:

0,018

k = 18,9509.
P 11,689-0,04-2-(0,0004 + 0,0004)

Skmo 30BHINIHI 30ypEHHS HE 3MIHIOIOTh IIBUAKICTH 00€pTaHHS ABUTYHA, TO
MIepeXiJIHi MPOIIECH, III0 BUHUKAIOTh B CTPYMOBOMY KOHTYPI1, OYIyTh OJIM3bKUMHU J10
OUIKYBaHHUX MapaMeTpiB. A SKIIO MIBUIKICTh IBUTYHA TIOYHE ICTOTHO 3MIHIOBATHUCH,
TO B CTPYMOBOMY KOHTYpl 3'SIBUTbCS CTaTWU4YHA NOMMJIKA MO 30ypeHHIo, a ii
BEJIMYMHA 3aJIEKATUME B1J1 ITOX1aHOI 1o mBuakocTi. Hnsgxom MoaemroBaHHI MOKHA
Ni0MpaTH TaKy BEJMYMHY KOE(DILEHTY CTPYMOBOIO MiJCUIIEHHS, 1100 BEJIMYMHA

MOMMWJIKY 3MEHIIIyBajacsl.
3.6 Peaunizauisi 00MeKeHHsI CTPYMY B IPUBO/I 31 CKAJAPHUM KEePYBAHHAM

[Ipy 3HaYHUX MEPEBAHTAKEHHSIX HEOOXITHO OOMEXyBaTH CTPyM B

CJIEKTPONPUBOAL (TP CKAISIPHOMY KepyBaHHI HHM). [[pOoro MokHa HOCATTH,
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IPOBIBIIM ONTHUMI3AL[II0 KOHTYpY [Jsl PEryJiloBaHHS CTpyMy JBUTrYHa. Tpeba
BpPaxoByBaTH, 110 OOMEKEHHSI CTpyMy IpH 1HBEPTOPHOMY YMPABIIHHI JIBUTYHOM
MOJKJIMBO JIUIIE y 1 30H1 7151 peryroBaHHs HOro IIBUJKOCTI

OyHKIIOHATBHA CXeMa JIJIsl pOOOTH €NEKTPOIIPUBOLY 3 OOMEXEHHSIM CTPYMY
M0 KaHaly YIpPaBlliHHA HAMpYyrorw 1HBEpTOpa MpHU PoOOTI JABUTYHA B 30HI MaJIUX
MIBUAKOCTEN 0OepTaHHS 1 OOMEXEHHSM CTPyMy IPH 3HAYHUX MEPEBAHTAXKEHHSX
npuBeneHa Ha pucyHKy 3.9. Po0OoTa maHOl cxemMH He 3alexaTbh BiJl CHCTEMHU
KOOpAWHAT, B SKIA MpeacTaBieHud ABoda3HuN JBUTYH. TyT BHUKOpHCTaHUM

HETaTUBHUI 3BOPOTHIN 3B'SI30K Y CTATOPHOMY CTPYMOBOMY KOJI1.
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_____________ OTO4YHOrO

CTpyMy

Pucynox 3.9 — @yHkiioHagbHa cXeMa eJIeKTPOIPHUBOTY 3 OOMEKEHHSIM CTPYyMY

[Ipu poboTi mo Takiii cxemi BiOYBAa€TbCs HaMiiiHE OOMEXEHHS CTPyMYy Yy
BUITaJIKaX TIEPEBAaHTAXCHHS, a NPHU JAy)KE Maliii BEIWYMHI MOMEHTY Ha Bally —

JBUTYH Oyzie IIBUIKO CTOMOPHUTHCS.

3.7 MocaiazkeHHsI poO0TH MOJAEPHI30BAHOIO eJIEKTPONPUBOAY KOHBeEEpa

Ham HeoOXximHO nociiguTu poOOTy eNEKTPONpPUBOJA KOHBEEPHOI JIiHIT
CYJIHO3aBaHTXKYBAIbHOI MAIlIMHNA B OCHOBHHX peXHMax Horo poOOTH, TOOTO mpo
NYyCKOBI Ha HaWMEHIy Ta HAWOUIbLIy HIBUAKOCTI; @ TaKOX MNpPHU CTPUMKOMY

301IbIIEHHI Ta 3MeHIIeHHI HaBaHTaxeHHs [13]. Jlng 1mporo Oyiio mpoBeacHE
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MOJCIIOBAHHA CJIICKTPOIIPHUBOAY 34 HasIBHOCTI y cxemi 3aJaTdyrKa IHTEHCUBHOCTI

MIBUIKOCTI 5K 0e3 BaHTaxy (puc. 3.10), Tak i 3 BanTaxem (puc. 3.12).
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Pucynok 3.10 — Mojenb 9acTOTHO-PEryJIbOBAaHOTO €ICKTPOIPUBOY KOHBEEPA
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Pucynok 3.11 — XapakTtepucTuKu poOOTH €JIEKTPONPUBOIY KOHBEEpa O€3 BAHTAXKY

Pesynbrat nmochimkenp, siki Oynu orpumani (puc. 3.11 ta puc. 3.13),

NIATBEPAWIA 3IaTHICTh MOJEPHI30BAHOTO €JIEKTPONPUBOY KOHBEEPHOI JIiHIT
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3a0e3reuyBaT TEXHIYHI BUMOTH IO BChOMY I€penaay 3MiHHU IMIBHUIAKOCTI 1 IO

NEPEeBAHTAXYBAILHOT 3AATHOCTI SIK 6€3 BAaHTAXKY, TaK 1 32 HAABHOCTI BAHTAXKY.

Lo —H8 ~B
-

Pucynox 3.12 — biiokoBa cxema Mojiel1i peryJIbOBaHOTO MMPUBOY KOHBEEPA 3

BaHTa’>XCM

m-.upam’c. Mgs, HM. | A

a0n

Pucynox 3.13 — YacoBi aiarpamu npu poOOTI MPUBOY KOHBEEPA 3 BAHTAKEM

By nocnimkeni 3Mina MomeHTy M(t), mBuakocti ® (t), Ta CTpyMy ABUTYHA

koHBeepa I(t). Jlami po3risHeMO pOOOTY €ISKTPONPHUBOIY KOHBEEPHOI JiHIT 3

OOMEKEHHSAM CTPYMY.
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Mopaenb enekTponpuBoaa A JaHoro pexumy (puc. 3.14) pospoOiena 3

BpaxyBaHHSIM BHUIIICONUCAHOI MOJIENI JBUTYHA MPU MOro oOepTaHHI 31 MIBUAKICTIO

o(t) y cucteMi KOOpuHaT X, V.
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Pucynox 3.14 — brnokoBa cxema MoJieii IpUBOTY 31 CTPYMOBUM
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Ha pucynky 3.15 npuBeneni rpadikd NepexiIHUX MPOIECiB OCHOBHHUX
napametpiB l1(t), o(t), My(t).

Tyt mMoxxHa 1Mo0ayuTH, IO 32 HASBHOCTI NMEPEBAHTAKEHHS B aBapiiiHOMY
pexumi, OyJe CHpalbOBYBATH PEXUM CTPYMOOOMEXKEHHs, MpU IbOMY Oyne
BiIOyBaTUCST OOMEXEHHSI CTPyMY BIAMOBIAHO 10 33aMaHOTO PiBHS (li,; = 200 A),
Takox Oyje oOMEeXeHUH 1 MOMEHT.

[Ipu moganpIoMy NEpeBaHTAXXEHHI KOHBEEPHOT JiHI BIAMOBIIHUMHU CXEMHU
3aXUCTy EJIEKTPOINPHUBOJ BUMHUKAEThCA BiJ >KuBIeHHA. Koiu mnepeBaHTaxeHHS
3HHUKA€, CHCTEMH aBTOMATHKHU 3HOB 3aIyCKalOTh poOOTY MPUBOLY.

[IpoBeneHi  OCHIUKEHHS  MOKa3aid, IO JaHUW  MOJEpHI30BaHUU
CJIEKTPOIIPUBOI KOHBEEPHOT JIHIT CyIHO3aBaHTaXyBabHOI MamuHu tuiy CIIM-—
MII mnoBHICTIO BIJMOBIIa€ MOCTABJICHUM 3a/1auaM sIK 3 TOUKHU 30pY IIABHOCTI HOTO

po0OTH, TaK 1 HEOOX1AHOMY Alana30Hy MIBHIKOCTI.
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BUCHOBKHA

Mertoro maHoi kBamidikaiiiHoi poboTh OakajaBpa € MOJEpHI3aIls
eJIEKTPOTIPUBOIY KOHBEEPHOT JiHII CyJOHAaBaHTaXyBalbHOI MamuHu TUIy CIIM—
MII. 3anpomoHOBaHO 3aMIHWUTH ICHYIOUMI 3acTapuldid TPUBOJA HA Cy4YacHUU
YaCTOTHO-PETYJILOBAHUN ACUHXPOHHHUU €IEKTPOIPHUBO.

B pesynbrari mpoBeneHuX po3paxyHKiB OyB oOpaHHIl CydacHHM JBUTYH
HeoOXx11Hoi moTykHocTi Tuny AIP 25056, a Takok mepeTBoproBad 4aCTOTH THITY
ATV T71HD55N4 Big ¢panmy3ekoi ¢ipmu  Schneider Electric. TIposeneni
JOCTIPKEHHSI MOKa3alld, 10 MOJIEPHI30BaHUM €JIEKTPONPUBOJ KOHBEEPHOI JIiHIT
BUKOHAHUM BIJIMOBIIHO /0 BUMOT 3aBJaHHs, BIH 3IaTHUM 3a0€3MeUnTU MOTPIOHUMN
Jlana3oH pPeryioBaHHS MBUAKOCTI. B po0OoTi  pekoMeHngoBaHe, sk Tpeda
OpOBOAUTH  poOOTM MO  HAJAIITYBAaHHIO  YacTOTHOI  XapaKTEpUCTUKU
NEePETBOPIOBAYA, a TAKOK PEKOMEHAOBAHI OIepalli Mo HaJlaroKeHHIO 3aJlaTYMKa
IHTEHCUBHOCTI JIsI 3a0€3Me4YeHHs] HeOOX1IHOT MUIaBHOCTI MEPEX1AHUX MPOIECIB 1
3MEHILIEHHS Yacy peryiaroBaHHS.

MokHa BU3HAYUTHU OCHOBHI PE3yJIbTaTH MpPU 3aMiHI HEPeryJIbOBaHOTO
eleKTponpuBoAy KoHBeepa Ha 0a3i  JIIIC wa cydacHuid peryiboBaHUM
enexTponpuBo Ha 6a3i AJl:

— MOKJIMBICTb IIJIABHOTO IYCKY KOHBEEPHOI JIIHIT IPU PI3HUX HABAHTAKEHHSX
K JJI1 MEXaHIYHO1, TaK 1 JIJIsl €1eKTPUYHOI YaCTHH MPUBOAY 1 3MEHILIEHUM BIJTUBOM
Ha 3arajibHy MEpeXy >KUBIICHHS;

— po3po0JieHa CUCTEMA YIPABIIIHHS KOHBEEPHOIO JIIHIEIO JTO3BOJIUTH POOUTH
peryJitoBaHHs IBUIKOCTI MJIABHUM;

— 00paHMil MEepeTBOPIOBAaUl YaCTOTH JOBOJI JIETKO MOXXHa 1HTEIPyBaTH B
3arajibHy CUCTEMY YIIPaBIIHHS B SKOCTI HH30BOTO IHTEJEKTYaJIbHOTO €JIEMEHTa
aBromMaTuku. [Ipy 1boMy He MOTPi1OHI CKIaJAHI y3roJKyBaldbHI CXEMH, TAKUM YHHOM

3MEHIIYIOTbCSI BATPATH HA 0OCIIYyTOBYBAaHHS Ta PEMOHT JIaHOT KOHBEEPHOT JITHI.
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HopaTtoxk A
1 ANALYTICAL PART

1.1 Characteristics of the Odessa port terminal

The Odessa Port is one of the largest terminals of the Black Sea-Azov basin.
It transfers many types of different cargoes - containers of all types and sizes, oil and
different types of petroleum products, vegetable and technical oils, grain, raw sugar,
metals and more [1].

The port infrastructure consists of eight reloading complexes for the
processing of dry cargoes, one passenger complex, oil and two container terminals.
There are also complexes for transshipment of vegetable and technical oils,
specialized jackets for receiving ships, transshipment of grain cargoes. There is a
free (special) economic zone "Porto -Franco” on the territory of the quarantine. The
port is equipped with a developed transport infrastructure that allows you to send all
the necessary cargoes to terminals by rail, cars, as well as river and sea transport.

1.2 Analysis of the technological process of the Overload point on the pier

Consider the processes of transportation and overload of mineral values,
which are the most complex bulk cargoes, which change their properties under the
influence of moisture, prone to dust when overload and therefore require a covered
way of storage, transportation and overload [2]. Special horses are used for their
transportation.

The construction of the wagon allows the loading work in a mechanized way
through four loading hatches, which provide uniform loading of the body from one
installation.At the bottom of the body on both sides of the wagon are two unloading
hatches. The mechanism of unloading with a pneumatic actuator provides both
paired opening and closing of hatches, and simultaneous - all four. A special locking
device prevents the opening of the discharge hatch lids both in the route and parking.

The storage of mineral fertilizers is carried out in a sealed covered
composition, and overload - by sealed conveyor trails using dusting systems and
localization of dust distribution systems. A special locking device prevents the

opening of the discharge hatch lids both in the route and parking.
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Powls are sawed when moving from rest to a state of sprinkling, changing
their porosity. In this case, the increase in the steam space determines the suction of
the air, and the decrease in laying leads to the release of air with simultaneous
capture of dust -shaped fractions. Given this feature, it is necessary to use closed -
type localization systems.

Dust attraction for loading vessels of the cone system-waistline is
extinguished by the kinetic energy of the supply flow, and the displaced air returns
to the place of the suction in the material at the beginning of the fall.

For unloading of wagons with mineral fertilizers use a specialized wagon
unloading plant, which not only prevents moisture from entering the load and
distribution of dust at the reloading terminal, but also increases the productivity of
rail wagons. The reloading complex (hereinafter PC) is intended for unloading of
mineral fertilizers from railway cars, short -term storage of cargo and loading it on

the ship.

Figure 1.1 - Systems of dusting nodes of dumping of dust -shaped cargo

a - when loading the hold; B - when dumped from one conveyor to another

Tape conveyors are accepted as means of transportation and shipment of
mineral fertilizers [2]. Conveyors are equipped with a number of devices and gadgets
that provide reliable and safe operation of the PC. These include devices of control
of the east of the tape, rubble sensors at the nodes of the tipping from the conveyor
to the conveyor, etc. Weighing cargo is carried out with the help of conveyor scales.

The technology provides for the operation of conveyor lines by options:
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- wagon - warehouse;

- wagon - ship;

- warehouse - ship.

The wagons in the routes remain at the station, from where the locomotive of
15 units feeds them to the port and installs on technological railway tracks located
near the unloading unit of the wagons (hereinafter VRV). On the territory of the port,
the supply of wagons to the VRV is carried out by a locomotive.BPV is intended for
unloading of mineral carriages. The wagons are fed from the end of the building of
the unloading unit on one railway line. BPV is designed for simultaneous unloading
up to 15 wagons. Empty cars are removed from the VRV locomotive and are
mounted on technological railway tracks located near the unloading unit.

Under the BPV rail line are the receiving bins. On the 1st floor of the building
under the bins are installed tape feeders intended for uniform supply of cargo from
bins to the main conveyors, which transport mineral fertilizers or into the loading
knot of vessels (in a direct version) or on the warehouse.

The loading knot includes two trucks and a shore truck gallery, which houses
tape conveyors that feed the load on the vessel loading machines.

The truck is a metal structure of the portal type that moves along the rails
along the pier. A lifting gallery with a telescopic tape conveyor and a special
telescopic pipe, which is being discharged into a vessel, is attached to the portal. The
operation of the machine comes from a special control cabin.

In the shore cargo gallery, mineral fertilizers from conveyors with the help of
two self -propelled dropping carts moving in a special rail route are transferred to
trucks, one of which carries from the carts from the blade conveyor. The transfer of
cargo from conveyors to trucks is carried out through a through continuous gap,
which is provided by the design of the gallery and has the entire length of shelter of
rubber fabric.

For short-term storage of mineral fertilizers in the port provides 3 warehouses,
made in the form of domestic buildings. The diameter of each composition is 55 m,
height - 20 m, the capacity of each - 20000 tons. Loading is made from the upper
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mark in the middle of the composition with ribbon conveyors. At the bottom of each
warehouse are one tape conveyor, with bins installed above them. With this
equipment, about 70% of cargo is self -unloading. The remaining part
(approximately 30%) is overloaded with buckets.

The developed technology of reloading works provides the operation of the
complex without negative impact on the environment.

1.3 Inspection of machines for loading vessels

Swing machines (cm) are intended for loading of bulk cargoes in vessels of
different load capacity for river and seaports [3].

Machines are divided into small (stationary and mobile) and medium,

Small shipping machines are designed for river ports and can also be used in
seaports for raid load.

The average shipping machine is intended for raid loading of ships, as
well as loading of vessels with a capacity of up to 60,000 tons.

The shipping machine had a stationary stationary for loading vessels with a
capacity of up to 5500 tons (in some cases up to 13,000 tons) with loose cargoes,
incl. dangerous and dust.

Consider the car of the shipping small stationary (SPM -MS) with a telescopic
conveyor (conveyor with a telescopic boom). Such a loading machine is stationary
installed on the pier. The bulk cargo is overloaded with a bunker-dinner or from a
conveyor.

As the vessel extends along the pier, the operator of the shipping machine, by
changing the length of the departure of the telescopic boom provides a uniform layer

of loading of the bulk load into the vessel.
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Figure 1.2 - Conveyor of the car of a shipping small inpatient (SPM -MS)

The characteristics of the SPM -MS machine are given in Table. 1.1.

It is possible to perform a machine with galvanized metal structures (this type
gives arise in price by 20% by metal structures).

In the case of purchase of a small stationary shipping machine complete with
a bun with a feeder or supply conveyor (conveyor infrastructure), an automated
control system is developed for the whole complex. The operator manages either
from a stationary post or from the control panel (wired or radio).

If the length of the stationary part of the car does not exceed 30 meters, then
the SPM -MS can be made as partially mobile (semimobile), ie on the skates; or
completely mobile on wheels. This execution allows you to transport a shipping
machine by means of a tractor (tractor, loader, etc.).

It is the most budgetary and simple design, and it successfully fulfills its tasks.
In the simplest case, the conveyor infrastructure does not even require the
arrangement of the conveyor infrastructure.

The car -loading machine small mobile (SPM -MP) is intended for loading of
bulk cargoes in a ship with a capacity of up to 13,000 tons. This is an inexpensive
solution for river ports, as well as for loading of river-sea vessels or for raid load. It

does not require constant extension of the vessel along the pier.

Table 1.1 - The main characteristics of a shipping machine type SPM —MS



73

Parameter Value Optimal
characteristics

Productivity from 200 to 2000 t/h 1000 t/h

The width of the conveyor| from 650 to 1400 mm 1000 mm
tape

The angle of tilt up to 18 degrees 10-15 degrees

The length of the stationary 8-40 m 18 m
part

Arrow departure 5-15m 10 m

Speed arrow movement 0,1-0,8 m/s 0,2 m/s

Mobility stationary/partially

mobile/mobile
Weight 5-15t 10t
Wind speed (work up to 15 m/s

operations) up to 15 m/s

Temperature range

from -45 to +45 °C

from -10 to +40 °C

Number work hours per day 20 16
Max
The average duration of one constant work
inclusion for the full load
period of the vessel
Performance river /sea/galvanized river

This shipping machine operates on the principle of a glass (rotary telescopic
conveyor). It relies on the rotary resistance, and the drive wheels, which are located
almost perpendicular to the axis of the conveyor (tangent to the arc of the trajectory),
allow the shipping machine to produce radial movements. By performing radial
movements and changing the departure of the telescopic boom, the operator
produces a uniform layer -by -layer load into the vessels.

The bulk (moving) cargo is overloaded with a shipping machine from the
hopper or from the supply conveyor.

In the case of this rotary shipping machine, complete with a bin with a feeder

or a supply conveyor (conveyor infrastructure), an automated control system is
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developed for the whole complex together. The operator manages either from a
stationary post or from the control panel (wired or radio). It is also possible to
perform galvanized metal structures.

Modification of a small mobile shipping machine with a wheel transportation
IS possible. In such a modification, the wheels can be unfolded along the axis of the
conveyor and they are disconnected, which allows to transport the shipping machine
by a tractor (tractor, bulldozer, etc.).

Unlike a stationary shipping machine, such a mobile machine does not require
stretching the vessel along the pier. It is rational to use two shipping machines for
loading bulk cargoes into a ship over 80 meters long. In this case, it does not require
its peeler.

In the simplest case, it does not require the arrangement of a special conveyor
infrastructure. The characteristics of the SPM -MP machine are given in Table. 1.2.

This is an inexpensive and productive solution for loading of bulk cargoes in
the hold of the ship. In cases where this is possible (the height and size of the berth,
the dimensions of the vessel) the use of 2-3 small mobile shipping machines is
cheaper than one average shipping machine.

The medium-sized shipment (SPM-C) is intended for loading vessels with a
capacity of up to 13,000 tons (river and river-sea) and up to 60,000 tons (Panamax)
with loose cargoes, including dangerous and dust.

This is an inexpensive and productive solution for loading of bulk cargoes in
the hold of the ship. In cases where this is possible (the height and size of the berth,
the dimensions of the vessel) the use of 2-3 small mobile shipping machines is
cheaper than one average shipping machine.

The medium-sized shipment (SPM-C) is intended for loading vessels with a
capacity of up to 13,000 tons (river and river-sea) and up to 60,000 tons (Panamax)

with loose cargoes, including dangerous and dust.
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Figure 1.3 - Scheme of the mechanism for loading the hold of the vessel
The characteristics of the SPM -C machine are given in Table. 1.3.

Loading of bulk loads comes from a conveyor located on the trestle along the
pier (Fig. 1.3 is not shown). Such a car shipment machine moves along the pier along
the rail path. Due to the sloping boom, which works on the principle of mobile drum
unloader (trolley of the drum unloading), the bulk load is overloaded from the
conveyor, located along the pier to the top conveyor of the shipping machine
anywhere.

The cargo from the upper conveyor of the machine is overloaded to the
conveyor of the telescopic arrow (the sliding console), and then the telescopic sleeve
is filled with a vessel.

Table 1.2 - The main characteristics of a shipping machine type SPM —MP

Parameter Value Optimal
characteristics
Productivity from 200 to 2000 t/h 1000 t/h 1000 t/h
The width of the conveyor from 650 to 1400 mm 1000 mm
tape
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The angle of tilt

to 18 degrees

8-15 degrees

wind (work operations)

The length of the stationary 8-40 m 21'm

part

Arrow departure 5-15m 13 m

Speed arrow movement 0,1-0,8 m/s 0,2 m/s

Speed 0,05-0,2 m/s 0,1 m/s

machine movement

Type of transportation of car wheels or metal wheels | car wheels
on the rail

Availability of wheel yes/no no

transportation (for car

wheels)

Weight 5-27°t 15t

Speed a0 15 m/s

Temperature range, °C

Bix -45 o +45 °C

Bix -10 mo +40 °C

annual/sea/galvanized annual

Number of working hours per 20 16
day, max

Medium IS permanent work per period

the duration of one inclusion | full load of the vessel

Performance annual/sea/galvanized annual

The operator of the shipping machine, moving the machine along the pier and

changing the departure of the sliding console, provides a uniform layer of loading of

the bulk load into the vessel. As the hold is loaded, the SPM operator reduces the

length of the telescopic sleeve or this is done automatically (using the level sensor

on the telescopic sleeve).

The driving machine is managed by the operator in the control cabin. It

controls with the help of joystics and control buttons. As a rule, the operator also

manages the entire conveyor line that supplies bulk loads from the warehouse (bins

or open type) to the shipping machine (port loading complex).

To reduce the load on the SPM operator, start and stop the entire complex

(shipping machine, conveyors and feeders) is carried out automatically by pressing

one button. Emergency scenarios are also automatically worked out.
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The operator can either see information about the port of the port boot

complex either using indicators or on the display screen.

Table 1.3 - The main characteristics of a shipping machine type SPM — C

Parameter For ships up to 13,000 | For vessels from 13
tons 000 to 60,000 tons
Productivity from 200 to 2000 t/h from 2500 t/h

The width of the conveyor tape

from 650 to 1400 mm

from 1200 to 1400 mm

Height from the pier to the lower
elements of the telescopic boom
(the sliding console)

from1to10m

from5to17m

Maximum departure of the
sliding console

15m

28'm

condition)

Track 7.5, 10.5, 153 m from 10.5 10 32 m
Weight from 20 to 80 tons | from 60 to 140 tonnes
Wind speed (work operations) up to 15 m/s up to 15 m/s
Wind speed (moving to parking up to 25 m/s up to 25 m/s
position)

Wind speed (non -working up to 46 m/s up to 46 m/s

Temperature range

from -40 to +45 °C

from -40 to +45 °C

Seismic resistance

up to 9 points

up to 9 points

year

Number of working hours per 20 20
day
Number of working days per 250 250

Average duration of one
turn-on

continuous operation
for the period of full
vessel loading

continuous operation
for the period of full
vessel loading

1.4 Shipping Machine as an Object of Modernization

In this work, a SPM -MP -MP -loading machine is considered as an object of

modernization, which is intended for loading mineral fertilizers and other bulk

materials into a vessel and is an integral part of a specialized conveyor complex [3].

The machine moves along the pier on the rail. Along the crane tracks there is a
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conveyor gallery, which contains the main conveyors, which feed the load from the
warehouse to a shipping machine.

The main conveyor is equipped with an intermediate unloading device - a
unloading trolley that moves along the conveyor. The unloading trolley is joined
with a truck and provides the load on the fronting conveyor.

A telescopic conveyor, located in a lifting gallery, as well as a telescopic pipe
installed at the place of unloading of the conveyor allows to receive vessels of almost
all types. The technical characteristics of this shipping machine are shown in Table
1.4.

The shipping machine is a metal -type metal structure, which is mounted on 4
running trolleys. The portal is a spatial rigid box of box profile, consisting of several
parts connected when installing bolts. The track of the portal is 10.5 m, which allows
to place two -track rails under it. Each trolley, which is part of the machine, is
equipped with 6 running wheels and has its own drive. To keep the whole
mechanism in good condition at high winds, the carts are installed rail grips with a

manual actuator.

Table 1.4 - Technical characteristics of a shipping machine type SPM —MP

Parameter Value
Productivity from 200 to 2000 t/h
Overloading cargo mineral fertilizers
The bulk load density 1.2 t/m®
The length of the gallery from the 30m
rotation axis
The speed of the conveyor tape 1.25 m/s
Type of roller -grooped grooves
The width of the conveyor tape 650 mm
Machine movement speed 0.33 m/s
The rate of lifting a gallery 0.5m/s
The track of the portal 10.5m
The number of running wheels 24
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Maximum Fleece of the conveyor 24 m

The minimum conveyor's departure 45m

The speed of change of departure 0,5 m/s

A lifting gallery, made in the form of a spatial farm, which houses a telescopic
belt conveyor is located to the portal. Also on the portal there is a support metal
structure for the mechanism of lifting a gallery, which is made in the form of a box
structure. The support part has a cabin, a machine compartment, a mechanism of
lifting the gallery, and there is installed equipment to provide control of all
mechanisms.

The portal and the support structure are equipped with stairs and platforms for
the maintenance of mechanisms and components of the shipping machine. The
machine room and control cabin are fixed to the support of the shipment. The
machine room is made of sheet steel and is preinforced for placement of the lifting
mechanism and electrical equipment. The removable roof is installed for ease of
installation and removal of equipment. The control cabin is also made of sheet steel,
the front and side walls have windows that open to inspect the work area.

The mechanism of lifting the gallery is made in the form of a drum winch with
a two -canned rifled drum and is intended for lifting the gallery to the upper position
for fixing it "on a storm", as well as for safe movement of a shipping machine along
the pier at a vessel parking. Fixing the gallery "on the storm™ corresponds to the non
-working condition of the machine, and is used in wind force of more than 20 m/s.
To limit the lifting of the gallery in height, as well as to limit the movement of the
shipping machine, there are end switches. The tape conveyor is located in the gallery
and made by telescopic with gutter roller supports, width of the tape 650 mm, speed
of movement 1.25 m/s. The length of the telescopic part is 19.5 m. The drive of the
conveyor is made in the form of a drum engine to save space, as well as convenient
access to it. Unloading the conveyor is carried out by means of a telescopic pipe with

a diameter of 300 mm, the length of which changes in the range from 3 to 10 m.
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The drive of all mechanisms is electrical. Power of electricity loader is carried
out by a flexible cable from terrestrial columns. The length of the cable allows the
tap to move 100 m each side from the column. For winding the cable is a cable drum,
a container on the portal. The shipping carrier is managed by the crane from the
control cabin. The tap includes spare parts and tools whose lists are included in the
technical documentation supplied with the crane.

1.5 Requirements for the electric drive of a shipping machine and setting
tasks for qualification work

Analyzing the basic requirements for modern automatic drive control systems,
we can distinguish the basic requirements that can be made to the control system of
the electric drive of the conveyor of the SPM -MP -loading machine:

1) The electric drive must provide the required range speed adjustment at a
given multiplicity of starting and maximum moment k, = ky, = 2 and accuracy of
speed maintenance not less than 5%.

2) Optimal adjustment of the volt frequency characteristics of the converter,
as well as the choice and debugging intensity to ensure the required smoothness of
transitional processes and minimizing the time of regulation.

3) The economic feasibility of the introduction of a frequency-controlled
electric drive based on an asynchronous engine with a short-circuited rotor.

In order to accelerate scientific and technological progress, the work of
modernization of existing machines and mechanisms to increase their reliability and
efficiency, reduce energy costs is crucial, along with the replacement of outdated
equipment.

As the experience of operating the electromechanical equipment of the Odessa
terminal shows, the quality of this equipment does not meet the requirements of
today. There is an overestimated electricity consumption, high -actuated electricity
capacity, which lead to a low efficiency, a large number of service personnel. These
problems require the modernization of existing electrical equipment and the drive of
the shipping machine.lIt is proposed to replace the existing outdated and serving the

term electric drive with a modern frequency-regulated asynchronous air drive.
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This will increase the volume of reloading products, increase the reliability of
the mechanical and electrical components of the control system, reduce the impact
of dynamic moments on the electric drive, which will extend their service life and
reduce the number of forced downtime.

Considering the problems that were found in the study of the work of a
shipping machine, in the analysis of scientific literature and technological
recommendations of staff, the following tasks were set before the study on this topic:

1) To investigate and argue the feasibility of choosing a frequency-adjustable
electric drive based on a three-phase asynchronous engine with a short-circuited
rotor.

2) Calculate the conveyor line and select the motor.

3) Develop a managed electric drive for the conveyor, its functional control
circuit.

4) Perform engineering calculations in order to find out the feasibility of using
the equipment installed.

5) Conduct a study of the modernized electric drive of the conveyor.

Conclusions by section

The analysis of the work of the Odessa pier and the essence of reloading work
in it was carried out. It has been found that the shipping machine is one of the most
important elements in the technological process of overload. The types of shipping
machines, their advantages and disadvantages are analyzed. The object of bachelor's
study is selected.

The requirements for the electric drive of the shipping machine and the tasks

for the study were put forward.
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