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BCTYIl

AkTyasbHicTh podoTn. Ha rmnbokux poaoBuiax i kap'epax 3acTOCYBaHHs
CTPIYKOBUX KOHBEEPIB JIO3BOJISE CKOPOTUTH 00CAT poOIT 3a paxXyHOK MOMKJIMBOCTI
pOOOTH LIKUX THITIB KOHBEEPIB Y BEPTUKAIBHUX MOXHIUX BUPOOKAX 3 KYTOM ITiIHOMY
10 30 rpaa. Bucoka MILHICTE TATOBO-HECYUYOT0 KOPIYCY CTPIYKOBOIO KOHBEEPA,
MOJKJIMBICTb TPAHCHIOPTYBAHHS KOPHMCHMX KONAJMH Ha 3HAYHI BIJACTaHl [0
KPUBOJIHIHHUX JIHISAX, JErKiCTh 30UIbIIEHHS [OBKHHM KOHBEEpa € HOro
nepeBaramMu B TMOPIBHSHHI 3 1HIIMMU BUIaMU KOHBEEPIB.

3acToCyBaHHs 4YaCTOTHO-PETyJbOBAaHUX E€IEKTPONPUBO/IIB 3MIHHOTO CTPyMY
B KOHBEEPHUX TPAHCMOPTHHUX 3ac00ax, y TOMY YHCII CTPIYKOBUX KOHBEEpAX Ha
OCHOBI  CEpIMHMX ACHUHXPOHHUX €JIEKTPOJABUIYHIB 7S TIpHUUOA00YBHOI
IIPOMHCIIOBOCTI, BUKOPHCTOBYETbCS JUIS PEryJIIOBaHHS IIBUAKOCTI KOHBEEPA,
VOPaBIIHHA  PO3MOJAUIOM  HABAHTAXEHHS  MDK  MPUBOAAMH,  YHUKHEHH:
BPIBHOBO)XEHHSA 3yCHJIb B TATOBOMY JIAHIFO31 KOHBEEpA, TPYXKHHI TITOBO3a —
3a0e3reyye aBTOMAaTHYHUM IMyCK 0araTonpuBOAHOIO KOHBEEpa 3 ypaxyBaHHSIM
B'SI3KOCTHHUX BJIACTMBOCTEH 1 PAAY IHIIKX (PaKTOPIB.

TakuM 4YMHOM, BUKOPHUCTAHHS CTPIYKOBUX KOHBEEPIB 3 0araTOMOTOPHUM
YaCTOTHO-PEryJIbOBAaHUM  €JIEKTPOIPUBOJAOM  NPHU3BOAUTH  JI0  3HWIKCHHS
cobiBapTOoCTI BUAOOYTKY IPHU IMOTOKOBIM TEXHOJIOT] Ta, BIAMOBIJHO, 10 3HUIKEHHS
cobiBapToCcTi BUAOOYTKY BIAKPUTHM CHOCOOOM, IO MIATBEPIKYE AKTYalIbHICTh
JAQHOTO JIOCHI/IKEHHS. .

MeTo10 po0OTH € 3MEHIIEHHS JMHAMIYHMX HABAHTAKEHb Ta KEpYyBaHHS
poOOTOI0 CTPIUKOBOTO KOHBEEPA 3 YpaxXyBaHHSIM KOHCTPYKTHBHUX OCOOIMBOCTEH
HOro  TATOBO-HECYHOrO  OpraHy  3a  JOINOMOIOI  B3a€MO3B’SI3aHOTO
0araToJBUr'yHHOT'O  YaCTOTHO-PEryJIbOBAHOTO  EJIEKTPOIIPUBOAY  CTPIUKOBOIO
KOHBE€pA Ta MiIBULICHHI PECYpPCy T'OJOBHOIO CTPIYKOBOIO KOHBEEpPA B CKIIAIHUX
TIPHUYO-TE€OJIOTTYHUX YMOBAX BIAKPUTOI pO3POOKH KOPUCHHUX KOTMAJIMH 3a PaxyHOK
BUKOPHCTAaHHS 0araTOMOTOPHOIO YacCTOTHO-PETyJIbOBAHOI'O EJIEKTPOIPUBOAY Ta

yIpasJiiHHSI poOOYMM CTATUKO-JIUHAMIYHUM CTaHOM TATH.



3anaui podoTu

1. AHamni3 OCHOBHMX HalpsIMKIB JIOCHII[DKEHb 1 po3poOOK B ramysi
PO3pOOKH E€IEKTPONPUBO/IIB;

2. Po3po0Oka MaremMaTHUYHMX MOJIEJIEH IyCKOBOro Ta CTablj1i30BaHOIO
pEeKUMIB OAraTONpPUBOJJIHOIO CTPIYKOBOIr0 KOHBEEPA;

3. Po3poOka miaxoay, CHPSAMOBAHOTO Ha MOJIEPHI3AII0 ITYCKOBUX
pPEeKUMIB  BUKOPHUCTAaHHS  €JIEKTPOIPHBOJY 0araTOMOTOPHOIO  CTPIYKOBOIO
KOHBE€EpPa;

4. Po3poOka nmiaxomy, CIpAMOBAHOTO HA MOJEPHI3ALIIO CTIMKUX PEKUMIB
BUKOPHCTAHHS €JIEKTPONPUBOY OAraToMOTOPHOTO CTPIYKOBOI'O KOHBEEPA;

5. Po3po0ka TexHIYHMX pilieHb 115 3a0e3neueHHs Oe3nepediitnol podoTu
B3a€MO3B’3aHOTO0 YaCTOTHO-PETYIHOBAHOTO 0araTOABUTYHHOTO €JIEKTPOIPUBOLY
CTPIYKOBOTO KOHBEEpPA 3 ypaxyBaHHSAM IPYKHUX BJIACTUBOCTEN TATOBO-HECYHOIO
opramy;

6. Po3poOka TeXHIYHMX pIlIEHb BHUPIBHIOBAHHSA Ta  PO3MNOALIY
HaBaHTa)XeHb y  0araTOMOTOPHOMY  €JIEKTPONPHUBOJI  B3AEMOIIOB’SI3aHOTO
0araToMOTOPHOIO  €JIEKTPOIPUBOJY CTPIYKOBOTO KOHBEEpA 3 YypaxXyBaHHSIM

0COOJIMBOCTEH TATOBO-HECYUOT0 OPraHy.



1 EJIEKTPOITPUBO/U CTPIYKOBUX KOHBECPIB
orJjisAJ MPObBJIEMH TA JOCBIY BUKOPUCTAHHS

1.1 JlocBia BUKOPUCTAHHS CTPiYKOBUX KOHBEEPiB

CTpiuKOBi KOHBEEPH 3aCTOCOBYIOTHCS B TIpHUYOA00YBHIH, MaIInHOOYXiBHIH,
METaJyprifHii, XiMIYHINA, €HEepreTHUYHId Ta 1HIIMX rajay3sX MPOMMCIOBOCTI IS
TPAHCIOPTYBAHHS PI3HOMAHITHUX CHUITYYHUX BAHTAXIB Y MPAMOJJIHIHHUX 1 MOXUIUX
Hanpsmkax [1,2].

CrplukoBHil KOHBEEp — 1€ HECKIHYEHHA THYy4YKa CTpiyKa, SIKa OrMHAE
MpUBOAHMI OapabaH 1 HaTSHKHME OapabaH, a B MPOJILOTI MK HUMHU CITHPAETHCS Ha
Pl POIMKOBUX OHOp poOO4YOl TUIKM, 1 HWKHI HIATPUMYIOTH IpPsIMI POJIMKH,

BCTAHOBJIEHI 3 IEBHUM 1HTEpBAJIOM Ha pami (pucyHok 1.1).

Pucynoxk 1.1 — 3aranpHuil BUTJIs] Ta OCHOBHI BY3JIM CTPIYKOBOI'O KOHBEEpPA
1 - cTpiuka; 2 - npuBig; 3 — peaykTop; 4 - eneKkTpoABUryH; 5, 11 — ponukoonopu;
6 — cTaHuHa; 7 — HATSHKHUM Oapalan; 8 — HATSHKHUM PUCTPI;

9 - 3aBaHTa)KyBaJIbHUI NpUCTPii; 10 — ounCHUI npUCTpiit
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PonnkoBi onopu MOXKyTh OyTH PI3HHMX THIIIB: Ha KOHBEEpPAX 3arajbHOTO
NPU3HAYEHHS BUKOPUCTOBYIOTH POJHMKOONOPH 3 JKOPCTKMM KPIIUIEHHSIM OCEH,
BOHH MOXYTb OYTH OJIHO-, IBO-, TPH-, I'ATUPOJNKOBUMH (puc. 1.2). O1HOpONIHUKOBI
(puc. 1.2 a) BAKOPUCTOBYIOTHCS JUIsl TPAHCIIOPTYBAHHS LITYYHUX BaHTaXIB, a JBO,
TpH-, I'ATUPOJUKOBI (puc. 1.2 0, I, B) /1Sl CUITYy4YMX BaHTAXKIB HAWOLIBIII MOIIUPEH]
TPUPOJIMKOBI ONOPHU. Y TipHUYO000YBHIN IPOMHUCIIOBOCTI 3aCTOCOBYIOTH IT1/IBICHI
poskoonopu (puc. 1.2 e), skl KpiIIsATh 0 HAaTATHYTHX CTaJeBUX KaHATIB, JaHa
KOHCTPYKIIisl 3HMIKYE TMHAMIYHI HABAHTAXKEHHS ITPH 31TKHEHHI 3 BEJIMKOKYCKOBUM
BaHTaXeM, IIPOTE IX KOHCTPYKLII CKJIaHI, a IIapHIPU MAalOTh CXUIBHICTb 10 BTPATH
PYXJMBOCTI. Y JaHUX POJUKOOINOP BHILE OIIP PYXy CTPIUKH, HIXK Ha Ooropax i3
JKOPCTKOIO BicCIO. ICHYIOTH MiABICHI OMOpH 3 THYYKOrO Biccio (puc. 1.2 m) 3i
CTaJIEBOTO TPOCA, iX KOHCTPYKIS MA€ aHAJIOTIYHI HETOJIKH, IO 1 y MIABICHUX

POJIMKOOTIOP .

N I 4%
s %

Pucynok 1.2 — Tunu onop cTpiukOBUX KOHBEEPIB
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CTpluKOBl KOHBEEPH YMOBHO TMOAUIAIOTH Ha TPH TPYNH: 3arajbHOro
MIPU3HAYEHHS; CTEIlalibHI Ta KOHBEEPH, IPU3HAUCHI ISl TII3EMHUX Ta BIAKPUTUX
ripupgux poOiT. CTpiukOBI KOHBEEPHU MOXKYTh OyTH CTalliOHApHUMH Ta
NEPECYBHUMH, BOHHU MPU3HAYEH] JUIS TPAHCIIOPTYBAHHS Yy T'OPHU30HTAJIBLHOMY Ta
noxusiomy (10 24°) HanpsMKax IITYYHUX Ta TAPHUX BAHTAXKIB, 1110 3a0€31€Uy€EThCs
MOJKJIMBICTIO KOMIIOHYBaHHS TPHUBOJIIB TMpaBOpydY 1 JIBOpPYydY, OJHO- Ta
JIBOTIPHUBIIHUX BUKOHAHb.

3a npodiziem Tpacu CTPIYKOBI KOHBEEPH KJIACH(DIKYIOTh Ha FOPHU30HTAJIbHI

(puc. 1.3, a), moxwuii (puc. 1.3, 6) i kombinoBa#i (puc. 1.3, B).

a L E

Pucynoxk 1.3 — Cxemu Tpac cTpiuKOBMX KOHBEEPIB

L — nanpHicTh TpancnoptyBanus; L | - JloBKuHA MOXWIIOT IISTHKA KOHBEEPA;
L - loBKrHA rOpU30HTAIBHOI TPOEKIIIT MOXUIIOT AUISTHKH;

L »- - JOBXMHA TOPU30HTAIBHOI AUISHKYM KOHBeepa; H — Bucora nigiioMy BaHTaxy;

B — KyT Haxu1y TpacH (IOXUJIOL JUISHKH JUIsl CKJIAIHOT TpacH)

VY HanpsMKy pyXy BaHTaXy CTpPIYKOBI KOHBeepH OyBarOTh MIAHOMHI 3

HaXHUJIOM Bropy 1 3 HaXWJIOM BHU3. 32 (OPMOIO CTPIYKH Ta PO3MILICHHS BAHTAXKY
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KOHBEEPU MOXYTh OyTH 3 IUIOCKOIO Ta JKOJI00YAaCTOK CTPIYKOIO, a TaKOX 3
BEPXHbBOI (OCHOBHMI THUIT) Ta HIKHBOIO 200 00oma Hecyunumu rinkamiu. [1o kyTky
HaXWJIly Tpacu KOHBEEPHU MOAUISIOTH Ha MOXWIl, KpyToHaxuil (Ouibmie 22°) i
BepTHKaJIbHI [7 — 9].

[Tpu BiIHOCHO HU3BKUX BUTpaTax Ha OOCIYrOBYBaHHS T4 PEMOHT, TEPMIH
CITy’KOM CTPIUKOBHX KOHBEEPIB MOXKE CTAHOBUTH 25-35 POKIB, TAKOXK BOHM MAIOTh
TakKi repeBary B MOPIBHSAHHI 3 IHIIMMH KoHBeepamu [10]:

1. IIupoKuii aCOPTUMEHT BAHTAXIB, 1110 TPAHCTIOPTYIOTHCS.

2. Hwmxul BUTpaTH, 0COOIMBO NpHU BEIMKINA NPOAYKTUBHOCTI, HA OJHY TOHHY
(BizmosigHO Ha 1 M ) BaHTaKy, 1110 TPAHCIIOPTYETHCS.

3. Benuki  BIACTaHI  TPAHCIOPTYBAHHS 3  MIHIMAJIbHUM  YHUCJIOM
NEPEBAHTAXKYBAJIBHUX IYHKTIB, III0 JO3BOJISIE Kpalle 00epiraT BaHTaxX.

4. MOXJIMBICTb BUKOPHUCTaHHS 3aBAaHTaXYBAJIbHMX Ta PO3BAHTAXKYBaJbHHX
MPUCTPOIB y OYIb-IKOMY MICII1 KOHBEEPHOT YCTAHOBKH.

5. MoOXIHBICTh 3Ba)KyBaHHS BaHTAXKYy, CYIIIHHS, COPTYBaHHS, OXOJOKECHHS
1iJ] 4ac TpaHCIOPTYBaHHS. MOKIIMBICTB AUCIIETYEPCHKOIO KEPYBAHHS BCIEIO
KOHBEEPHOIO JIHIELO.

6. YHidikaiis KOHBEEPHOTO 00JIaIHAHHS.

OpHak € 1 HEAONIKH, L€ CKIAIHICTh TPAHCIOPTYBaHHS aOpa3MBHMX
BEJIMKOKYCKOBMX BaHTaXIB 1 HEOOXIJHICTb IONEPEJAHbOr0 JPOOJCHHS, 110
BUHHUKAE, IHTEHCUBHE 3HOLITYBAHHS 'HYYKUX BAaHTAKOHECYYHMX OPraHiB;

TicHui1 B3a€MO3B'SI30K KOHBEEPIB i3 TEXHOJOTIYHUM IPOIECOM YU IHKIOM
JUISL TIANPUEMCTBA OOYMOBIIIOE TXHIO BHCOKY BIANOBIAQIBbHICTb. XOTLIOCS O
BI[3HAYUTH, 1[0, 5K T[PABUJIO, KOHBEEPU 3 TPAHCIOPTHO-TEXHOJOTIYHOTO
IIPU3HAYEHHS HE MAOTh AYOJIIOIOUMX cucTeM. ToMy B 3araibHiil TPaHCIIOPTHIN
CHCTEMI BUXI1J 3 J1ajly X04a O 0JJHOI0 KOHBE€Epa BUKJIMKAE IMOPYLICHHS pOOOTH BCI€T
MEpEeX1 UM MIAMPUEMCTBA.

BibIIiCTh CTPIUKOBUX KOHBEEPIB y N0OYBHIN IPOMHCIOBOCTI (BUI0OYTOK
BYT'ULISA, TPaBilo, BAIHIKY, PI3HUX PYIHHUX IMOPiA) HPALIOIOTh B €KCTPEMaIbHUX

yMOBax Iiepernaay TeMIeparyp B3UMKY, BHCOKOI BOJIOTOCTI Ta 3alMJIEHOCTI
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HABKOJIMIIHLOTO CEPEIOBUIIA BIIITKY, MPU LOMY 111 (pakTOpH BIUIMBAIOTh Ha Pi3HI
BY3JIM KOHBEEPIB MO-pi3HOMY. Tak Ha TPUPOJIMKOBINA OMOPi MPU POJIUKAX PIBHUX
JOBXHMH, HABAHTAXKEHHS HA CEpeaHId PpONMK, CTaHOBUTH Oym3bko 70% Bia
CyMapHOro [IOrOHHOI'O HAaBaHTaKEGHHsS BaHTaXy, CTPIYKK 1 Baru 4YacTUH
POJIMKOOMOPH, 1110 00epTatoThes. Ha O1uni posuku npumnagae 61mu3bko 30%, 3Bijacu
HABaHTAKEHHS HAa MIJAIIUIIHUKUA CEPEIHBOrO poOJIMKAa B 2,5 pa3u Oulblie, HIK
nimuimHuKe - Olunux  posmkiB  [11].  HenpaBuibhuit  BUOIp  KOHCTPYKIIiT
POJIMKOOIIOP MPU3BOAUTH JI0 NMEPEIYACHOT0 BUXOY 3 JIaJly CTPIYKU Ta POJIUKIB.
301IbIIEHHsT IMPUHU CTPIYKKA TPU3BOJUTH A0 3POCTAaHHS HABAaHTAKEHHS Ha
NIIIIUITHAKA ~ POJIMKIB, OCOOJMBO TOPU3OHTAJILHUX OIOPHUX PpOJIMKIB, L€
MPU3BOJIUTH 10 30UIbIICHHS KIJIBKOCTI BIIMOB Ta 3HUKEHHS 3arajibHO1 HaIIHHOCTI
CTPIYKOBOTO KOHBEEPY.

AHami3yroud HaJIHHICTh BY3JiB CTPIYKOBHX KOHBEEPIB Ha Pi3HMX IIaxTaXx,
rpaBifiHUX, BAIHSIKOBUX Ta IHIIMX MIANPUEMCTBAX 3'ACyBajocs, II0 MalOTh
HaMEHIWI pecypc, NMpHU IIbOMY BHUMAararmoTh HaHOUIBIIMX TPYAOBUX BUTPAT i
KOIITIB TaKi By3JIM KOHBE€Epa IK KOHBEEPHI POJIMKHA Ta KOHBEEPHA CTpivKa. 3TiJHO
31 CTATUCTUYHUMH JIAHUMH Ha 4aCTKY POJIMKIB KOHBeepiB npunazgae 10 40% ycix
BUTpAT HA peMOHT Ta o0cimyroByBaHHs Ta 10 30% Bia BapTOCTI BCHOTO KOHBEEPA.
Pecypc KOHBEEpPHMX PpOJNMKIB Ha TIPHUYOPYIHUX IMIJNPUEMCTBAX Y BY3Jax
3aBaHTa)K€HHs cTaHoBUTH Big 0,5 1m0 1 poky, 3a cranoM KonBeepa Big 0,7 1o 2,5
pPOKiB, CTAHOBJISAYU cepeaHboMy 1,7 poky. Po3paxyHKOBHII TEpMIH CiIyKOu
CEepPEeHROTO OIMOPHOTO POJUKA SK HAWOUIBII HABAHTAXKEHOTO B CEPEIHBOMY
CTAHOBHUTD BiJ1 25 10 35 THUC. T'OJIMH, 1110 NIEPEeBUILYE (PAKTHUHUH TEPMIH CITYHKOH y
KUTIbKa pa3iB. Y cepeaHbOMY MPOTATOM TEPMIHY CITY:KOU KOKEH POJIMK Y KOHBEEPI
3MIHIOKOTh Bif 3 10 5 pasziB, ToOTO moTpeda y pojMKax ICHyE IMOCTIHHO 1 3
30LJIBIIECHHSM JOBXHHH KOHBEEPIB BOHA 3pocTace [3].

TakuMm 4YMHOM, OTIOPHI POJIUKU € OJIHUMHU 3 MACOBUX CKJIAJIOBUX CTPIYKOBOTO
KOHBeepa. Ponuku € O/HI€ 3 HaWBaXKIMBINIMX CKJIAAOBUX, IIO0 BHU3HAYAIOThH
Ipale3/1aTHICTh Ta HAIIHHICTh CTPIYKOBOro KoHBeepa. KoHBeepHi poJMKH

BUKOPHCTOBYIOTHCSI HE TUIBKH Y CTPIYKOBUX KOHBEEPAX, BOHH 3aCTOCOBYIOTHCS Y
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POJIMKOBUX KOHBE€EPAX JIJIsl TPAHCIIOPTYBaHHS IITYYHUX Ta TAKETOBAHUX BAaHTAXKIB,
ne BapTicTh ponukiB ctaHoBUTh 50-80% Bia BapTOCTI MalMH O€3MEPEPBHOTO
TPAHCIIOPTY, Y MI)KKOHBEEPHHX MEPEIaBAILHUX MPUCTPOSX, SIKi MAIOTh POJIMKOBHH
HAaCTUJI, TaKOX IIMPOKO 3aCTOCOBYIOTBCS Yy PI3HMX BHJAaX €JeBaTOpPiB
HAKOIMUYYyBaYviB.

Takum 4yWMHOM, JIOCBIJl BHMKOPUCTAHHS CTPIYKOBUX KOHBEEPIB Ha
rpHUYOA00YBHUX MiANPUEMCTBAX YKpaiHM 1 JIOCBIJ BUKOPUCTAHHS LIBOI'O THITY
KOHBEEPIB 3a KOPJIOHOM MOKa3ye, 110 CTPIYKOBI KOHBEEPU MPU3HAYEHI J1Jid
TPAHCMIOPTYBAHHS LIMPOKOTO CHEKTPY BaHTaXIB (BYTUUISL, TBEPAUX MOPiJ,
arJioMepariB, CKeJIbHUX MOPiJl 1 py/1) MO KPUBOIIHINHHI KOJIIT, 110 XapaKTepU3yIOThCs
BEJIMKUMU YXHWJIAMHU 3aBJISIKM KOHCTPYKTUBHMM OCOOJIMBOCTSIM, MOKa3alu, L0 iX
MOJKHA YCIIIIHO BUKOPUCTOBYBATH B PI3HHUX Taly3sx MPOMUCIOBOCTI B
r€0JIOTTYHUX 1 IPOMUCIOBUX YMOBAX.

Jlo mepeBar CTpPIYKOBHUX KOHBEEPHHUX  KOHCTPYKIIH  BIIHOCSATHCS:
BUKOPUCTAHHA METaleBOi OOIIMBKHM HEOOXIJHOI MIIHOCTI, IIO J03BOJISE
TPAHCIIOPTYBATH BEIMKOTaOApUTHI 1 BaKKi Marepiand, B TOMY YHCIi B yMOBax
BUCOKOI TEMIIEpaTypH HABKOJIMILHBOTO CEPEIOBHILA; BUKOPUCTAHHS BUCOKOMILIHUX
TATOBHX JIAHITIOTIB, SK1 JO3BOJISIIOTH peali3yBaTH 3HAUYH1 TATOBI 3yCHILIS, HEOOX1HI
IIPU BEJIMKMX BIACTAHAX JOCTaBKU (10 2 kM) 1 3HayHOoMy (a0 70°) mimiomi;
MOXJIMBICTb TPAHCIOPTYBAHHS BaHTa)Xy [0 MapupyTrax pi3HOro pajiycy;
3a0€3Me4YeHHs] MPSIMOT0 3aBaHTAKEHHS MUIJAOHIB 3 OyHKepiB 0€3 BUKOPHUCTAHHSA
KUBWIbHUKIB [3]. Ilpm 1npoMmy A0 HERONIKIB KOHCTPYKLIH KOHBEEPIB MOXKHA
BIJIHECTH 3HAYHY METAJIOEMHICTD 1 BUCOKY BapTICTh BUPOOHMIITBA.

[locTiiine 30inbIIEHHS TIHOMHU Kap’epiB, 110 BUKOPUCTOBYIOTHCS MPH
po3po0Ili  KOPHCHHUX KOMAJWH  BIAKPUTHM  CHOCOOOM, TMIABHIIEHHS  iX
IIPOJYKTUBHOCTI IO PYAHIA Maci, UMKJIIYHA TEXHOJIOTIS 3 aBTOMOOLIBHUM 1
3QTI3HUYHUM TPAHCIIOPTOM TMPHU3BOAUTH [0 MOTIPUICHHS TEXHIKO-€KOHOMIYHHX
noka3HuKiB podotu. CoOiBapTicTe BHAOOYTKY KOPHUCHHX KOIAJIHH 3pOCTaE
BHACJIJ0K 301IbIIEHHS COOIBAPTOCTI 3a paXyHOK BUKOPUCTAHHS LUKITYHUX BHIIB

TPAHCIIOPTY.



14
JlocBin excrutyaTanii mokasye, mo Ha koxHi 100 M riamOMHU KOTIOBaHY
eKCIUTyaTaliiiHi BUTPATH aBTOMOO1Is1 BaHTaXOMIAHOMHICTIO 30-40 T 301IBIIYIOTHCS
B cepenHboMy B 1,5 pasu [3]. 3acTocyBaHHS 3alli3HHYHOTO TPAHCIIOPTY B OaraThox
rIMOOKUX Kap'epax BHKIIIOYAETHCS 4epe3 Te, L0 PyXOMHUHM CKIlaj He Moxke OyTH
BBEJICHUI Yy BITHOCHO HEBEJIMKI PO3MIPH PYIHUX TUI 1 MapaMeTpH Kap'epy.

CyuacHi cTpIUYKOBI KOHBEEPH B HAWOJIMAKU1 1€CATh POKIB 3/1aTHI 00poOIATH
BAHTAXKOMOTOKM HAWOUIBIIMX InaxT 1 Kap'epiB. OpHAK CTPIYKOBI KOHBEEPH HE
MOXYTb HAXWJISITUCS Ha CIUTAHOBAHIM MaricTpajl 3 KPMBOIO TPACOl0, a TAKOXK IiJ
BEIIMKUMU KyTaMH, III0 XapaKTepHO s Kap'epiB 1 maxT. MOXIUBICTh 301IbIICHHS
KyTa TPaHCIOPTYBaHHS IOKpAIIly€e TEXHIKO-€KOHOMIYHI TMOKa3HUKU BUA00YTKY
KOPHUCHUX KOMAJWH Ha BIAKPUTUX TPHUYUX pOOOTAX, OCKUILKHU MPU IBOMY MOKHA
3MIHIOBATH TEOMETPII0 CEKIiM, 10 MPU3BOAWTH [0 3HMKEHHS HEBUPOOHUUUX
BUTpPAT 3a paxyHOK Y 3B’A3Ky 3 UM, IpPH BIAKPUTHX TIPHUYHX pobOOTax
0€3CyMHIBHOIO aKTYaJIbHICTIO € BUKOPUCTAHHS LUKIIYHUX MOTOKOBUX TEXHOJIOT1H
3 BUKOPUCTAHHAM CTPIYKOBOTO KOHBEEpPA 3 KOHCTPYKTHBHOIO MOXIIUBICTIO POOOTH
B BHUpPOOKax BEIMKOro Kyra. Bucoka MILHICTB 1 HaAIHHICTB pOOOYOro OpraHy
CTPIYKOBUX KOHBEEPIB 3 JIAHLIOTOBUM TATOBUM IPUCTPOEM, MOKIMUBICTD
TPAHCTIIOPTYBAHHS PYIHOT MAaCH 1O KPYTOCXUIIUX BUPOOKAX, JETKICTh MOJOBKEHHS
JIOBKMHU KOHBEEpa €(EKTUBHO BIJPI3HSAIOTH MOTO BiJl IHIIUX THIIIB KOHBEEPIB.
3p0o3yMiJio, 10 MaricTpajibHi  BIIKMJHI KOHBEEPH, OCHAIEHI Cy4acHHUM
0araToCUCTEMHHMM EJIEKTPONPUBOAOM, 3/1aTHI 3a0€3MEUUTH JIOCTATHHO BHCOKY
OPOAYKTUBHICTh, 100 3aJOBOJLHUTH BHUPOOHWYI BHUMOTH BHUKOPHUCTAHHS

KOHBCEPHUX TPAHCIIOPTHUX BY3JIIB.

1.2 Orasix Ta aHadi3 HAYKOBHX [JOCJIIKEeHb Y Trajy3i po3podku

€JIEKTPOIPUBO/IIB CTPiYKOBUX KOHBEEPiB

[TpoBeneno ©OGarato HAyKOBUX JOCILIDKEHb B 00JacTi  CTBOPEHHS
PI3HOMaHITHUX KPECIICHb EJIEKTPONPHUBO/IIB KOHBEEPHUX YCTAHOBOK 1 CTBOPCHHS

CHUCTEM KepyBaHHs, B TOMY YUCJIl 0araTto poOiT Juisi CTPIYKOBUX KOHBEEPIB.
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Pesynbrati 10CIPKEHHS IBOMOTOPHOT CUCTEMH €JIEKTPOIIPHBO/TY KOHBEEPIB
JUISE TPAHCTIOPTYBAHHSI CUITYYHX MaTepialiB HaBeAeHO B podoti [16]. 3okpema,
aBTOPOM pPO3pOOJIEHO Croci0 OaraTokaHaabHOTO KEPYBaHHS €JIEKTPOIPHBOIOM
KOHBEEPA, a TAKOXK CTPYKTYPY CHUCTEMH CHHXPOHI3allli BUKOHABYMX EJICMEHTIB
0araToMOTOPHOrO  €JIGKTPOIPUBOAY,  SKa  BIAPIBHAETBCS  JIUCKPETHUM
NIEPEMUKAHHAM II1J] 4ac 3amycKy 1 B crabuibHOMY pexumi. Kpim Toro, B po06oTi
IPOBEJCHO aHaji3 HEraTMBHUX BIUIMBIB Ha BUKOHABYl €JIEMEHTH KOHBEEpa Ta
BU3HAYEHO WUISXM iX 3MEHIIEHHS. 3anporoHOBaHI PEKOMEHAALl J103BOJIHIH
3MEHIIUTHU MOJIOMKY MEXaHI3My Ta JI0pPOTy CTPIUKY, 110 301IIINII0 TEPMIH CITYKOU
SIK TPAHCIIOPTHOTO €JIE€MEHTA, TaK 1 KOHCTPYKLIIi MPUBOJHOI CTaHII1 AJS CUITyYUX
MaTtepiaiB.

VY po6orTi [17] po3pobaeHO anropuT™M CUCTEMH KE€PYBAHHS 0araToABUTYHHUM
YaCTOTHO-PETYJbOBAaHUM EJIEKTPONPUBOJIOM KOHBEEpA 3 KOPEKIIEH CHTHAIB
3aBIaHHS 3 ypaxyBaHHSM BHIIQJIKOBOTO XapakTepy MOTOKY HaBaHTAKEHHS, IO
J03BOJISIE EKOHOMUTH PECYPCH KOHBEEPHOIT YCTAHOBKHU 33 PAXYHOK MEPEPO3NOALTY
Ta BUPIBHIOBAHHS HAaBaHTAXXEHb JIBUT'YHa KOHBEEpa. ABTOPOM BCTaHOBJIEHO
3aJICXKHICTh 3MIHU €JIEKTPOMArHiTHOrO MOMEHTY €JIEKTPOABUIYHA BIJl JUHAMIYHUX
HABAHTAKEHb HA EJIEKTPONPHUBOIAHUI BaJl KOHBEEpAa B IYCKOBOMY pPEXHMI Ta
pexxuMax poOOoTH, 110 J103BOJIsiE  OOIPYHTYBATH  HEOOXIJHUH  aJrOpUTM
0araTopazoBOro - CUCTEMa KePYBAaHHS €JIEKTPOIPUBOIOM JIBUI'YHA, 1110 3a0e31edye
eHeproe(ekKTUBHUN  pekuM  poboTu  Bciei  TpaHcmopTHOi  omuHuIi. Ha
MIKpPOIIPOLIECOPHHUX 3ac00ax anpoOOBaHO aNrOPUTMH KepyBaHHS 0araToMOTOPHUM
CJICKTPONPUBOLOM, JUIA  HBOrO  pO3po0JieHO  mporpamHe  3a0e3reyeHHs
MIPOTrPaMOBAHOTO KOHTPOJIEPA.

Cucrema 3acHOBaHa Ha aCHHXPOHHOMY €JIEKTPOMPHBOII, MAIIMHA MOXYTh
CHPABJIATUCS 31 IITA0CJIEBUMHM HABAHTAXEHHAMH, INepea0adyeHUMH IOABIHHUMHU
KUBUJILHUMU KOHBEEPAMH, 1 B 111 CUCTEMI JBUTYH MO3KE IMPAIFOBATH K Ha BUCOKIH,
Tak i Ha HU3BKIA CHHXPOHHIN mBHUAKOCTI. ToMy HeMae HEOOXiAHOCTI 301IbIIYBATH
3aJlaHy MOTY>KHICTb €JIEKTPOIIPUBOJLY, SIKIIO MOTPIOHO KOPOTKOYACHE IT1/IBUILICHHSI

4acTOTH OOepTaHHs BaJly 0 CHHXPOHHOrO 3Ha4YeHHS. Y MeTajdypriiHoMy
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BUPOOHUIITBI BCTAHOBJICHHS! CHCTEMH Ha OCHOBI KOHBE€EPIB 3aBaHTA)XXCHHS IIMXTH B
arJioMepaliitHy CTpiuKy MoKa3aao MOXKIUBICTh KOMITEHCAI[lT JUHAMIYHUX 3MIH, 10
BIUIMBAIOTh Ha PIBHOMIPHICTh MOTOKY Marepiany B yaci. IIpu 1boMy 3HMKYETBCS
coO1BapTICTh 1 MIJIBULLYETHCS SIKICTh BUpOOJICHOTO arjomepary [18].

[Tporo3uiii 1moa0 AOCTIHKEHHS aCHHXPOHHOIO €JEKTPOINPUBOY T'IPCHKOI0O
TPAHCIIOPTY Ta €CKAJIaTOPiB METPOIIOJIITEHY 3 TpaHC(HOPMATOPHO-THPUCTOPHUMHU
OPUCTPOSMHM  PETYJIIOBAHHS TIOJSralOTh B OCHOBHOMY B CTBOPEHIH cxeMmi
ACHHXPOHHOTO  €JIGKTPONPHUBOAY TpaHCHOPMATOPHO-TUPUCTOPHUX TMPUCTPOIB
perymoBanns 10 niasuiieHHs KK/ acnHXpoHHuX IBUTYHIB.

Bijgomo, 1110 MiABMINUTH MPOJIYKTUBHICTH KOHBEEPHOI YCTAHOBKM MOXKHA 32
paxyHOK 301IbIICHHS MACH BAaHTAKY Ha OJIMHMITIO IOBKMHHU TATOBOTO JIaHIIOra abo
30UIBbIIEHHST MBUAKOCTI TpaHcnopTyBaHHsA. [Ipu 1poMy 3a iHIIMX PIBHUX YMOB
HIBUJIKICTH OOMEKEHA BEJIMUMHOK JMHAMIYHMX HABAaHTA)KEHb Ha TATOBI JIAHLIOTH
Ta 1HIII €JEMEHTH KOHBeepa. 3aCTOCOBYBaHA B JIAHIIOTOBHUX KOHBEEpax HHU3bKa
MIBUJIKICT PyXy, 3a3BU4ail He Oinbine 1,2 m/c, CTBOpIOE HAWOUTBIIT HECTIPUATINBI
YMOBH €KcIuTyarallii. BUcoki HaBaHTa)k€HHs Ha JIiHII0, BUCOKA CTaTUYHA Halpyra B
JIAHI[031 TPU3BOISATH 10 CTBOPEHHSI BEJIMKUX BUMOT 710 MeTaily MatuH. [IBuakicTs
TPAHCTIOPTYBaHHS BAHTAXY 4YACTO BU3HAYAETHCA TEXHOJIOTIYHUM TIPOLECOM,
YMOBaMH{ HaBaHTA)KEHHS 1 PO3BAHTAXKEHHS, 0COOJIMBOCTSIMU KOHCTPYKLIIT KOHBEEpa,
BJIACTUBOCTSMHU BAHTAXKY, a TAKOXK IIBHAKICTIO 00poOKH 1H(pOopMaLli eJIeKTPOHHOO
CUCTEMOIO YIPABJIIHHSA 3a JOMOMOIOK) aBTOMAaTH30BAHOI CHCTEMH PO3MOALTY
BaHTa)XKy 1 KEPYBaHHs HAa 0araTOMOTOPHOMY KOHBE€PI.

VY 3B’43Ky 3 UMM JUIS PO3pOOKH BIIMOBIAHUX MaTEeMAaTHYHMX MOJeNen
OaraTonpuBOAHOTO 0AraTOCTPIUKOBOTO KOHBEEpA, 110 BpPaxOBYIOTh BHUMOTHU
BUINE3a3HAYEHOr0 TEXHOJIOTIYHOTO IMPOLECY Ta IHII B3a€MOIIOB’sA3aHI (hakropw,
HEOOX1/IHO JACTAIBHO IPOAHAJI3yBaTH AMHAMIKY €JIEKTPUYHOrO MPUBOY KOHBEEpa

Ta HOro cTabLII30BaHI PEKUMU POOOTH.
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1.3 Anaui3 po60oTH 3 10C/Ti/I2KeHHs JUHAMIKH eJIEKTPONPUBO/IiB

CTPIYKOBUX KOHBEEPIB

Caip BigzHauuTH podoTH [2-6], e Ha (PyHIaMEHTAIbHOMY PIBHI BU3ZHAYEHO
ta chOpMyJILOBAHO OCHOBHI 3aBJaHHS, MOB’S3aHI 31 CTBOPEHHSM Ta JUHAMIKOIO
MYJbTUCUCTEMHHMX KOHBee€piB. barato JocnijpkeHb BHUKOPUCTAHHS IPUBOJIB
KOHBEEPIB, MPOBE/ICH] 0araTbMa aBTOPaMHM, MOB's3aH1 B OCHOBHOMY 3 HECTIMKUMHU
pexkuMaMu poOOTH: MyCKOM, 3YTTMHKOIO KOHBEEPIB, & TAKOXK PAIITOBUMH 3YITUHKAMHU
TATOBOTO JaHuora. [Ipu po3risal iMHaMiuHUX MOJIEIel KOHBEEPIB 3rajaHl aBTOpU
ITHOPYIOTh Macu iX poOOYMX OpraHiB, IO MEBHOK MIPOK BHOCHUTH CYTTEBI
CIOTBOpeHHS Yy (I3UKY AOCIIKYBaHUX IpoueciB. JluHamiuHI Ta KiHEMATHYHI
XapaKTEePUCTUKU HOTO €IEMEHTIB MPHU JOCIIIKEHH] TMHAMIKH KOHBEEPA, IIPU LILOMY
napaMeTpy HaBaHTAKEHHS 10 JOBKMHI IITAaHTM 3a3BMYail  IpUAMAIHCS
He3MiIHHUMU. BoiHOYAC pi3HI YMOBHU €KCIUTyaTallli, 3HOIIEHICTh TATOBUX JIAHIIIOT1B
Ta 1HIOUX €JIEMEHTIB KOHBEEPIB BHUMAralTh 3MIHM HOT0 JIUHAMIYHUX
XapaKTEPUCTHK.

HaykoBo oOrpyHTOBaHa METOJMKAa PO3paxyHKy  OaraTonpuBOJHUX
KOHBEEPHHMX YCTAHOBOK y HACTYMHHUX poOoTax [3-9] mo3Boiuia BUPIIIMTH BaXKIIHBI
TEOPETHYHI Ta MPAKTUYHI POOJIEMH JUHAMIKH TOJIOBHUX CTPIUKOBO-JIAHLIOTOBUX 1
JIAHIFOTOBUX KOHBEEPIB Ta 1X NPOMDKHHX MPUBOMAIB. 3aJIeKHICTh JOMYCTHUMOT
JIOBKMHU  KOHBEEpa Bl  KUIBKOCTI MPOMDKHMX  CTaHIIK, OOJagHaHMX
peryJb0BaHUMH MPHBOJAMH, OTPUMAHO aBTOPAaMU Ha OCHOBI aHaii3y CTATHYHHX
3yCHJIb Y TSAIOBOMY OpraHi 0araronpuBOIHMX KOHBEEPIB 3 MPIMUMU Ta
KpUBOJIHIMHUME KojisiMu. [lpu oOmamHanHi 0araTonpuBOAHUX JIAHIIFOTOBHUX
KOHBEEPIB HEPETYIHOBAHMMH MPUBOIAMHU 301IbIIEHHS CTATUYHOTO MOMEHTY OIIOpY
IPH IYCKY BHUKJIMKA€e 30LIbIICHHS BEJIMYMHM KOB3aHHS 1 3MCEHILEHHS 4acTOTH
obepTaHHsl €NeKTPOJBUTYHA, @ TAKOX 3MEHIIECHHS CTAaTUYHOTO MOMEHTY. OIOpY
IPU3BOUTH 10 3MEHIIECHHSI BEIMYMHM KOB3aHHS 1 301bIIEHHS 00€pTIB ABUTYHIB.

VY pobGori [3] omucaHO TEOpPETHYHI Ta EKCIIEPUMEHTAJbHI HOCIIIKCHHS

JUHAMIKU KOHBeepiB 3 JTAHOKIOBHM TATOBHM IIPHCTPOEM Ha BCTAHOBJICHOMY
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pexumi poOOTH. PoO3rissHyTO yYMOBM BWHMKHEHHS TOpPHM30HTAIbHOI BiOpariii
poOouux OpraHiB 1 jam JAHIIOTOBUX KOHBEEPIB. ABTOpP BpPaxoOBY€ CIUIbHY /110
poboyoro opra"y i HITOKa Ha pyX MEXaHIYHOI CHCTEMH TPUBOMY, IO 3MIHIOE
KIHETUYHI XapaKTEPUCTHKH B IPOLIECI BUKOPUCTAHHS, TOMY KOHBEEDP PO3IJISIIA€THCSI
SIK €JJMHA €JICKTPOMEXaHIuHa CUCTeMa 3 MOBIJIbHO 3MIHHUMU NapaMeTpamH.

Y cucreMi TEXHOJIOTIUHOTO OCHAIlEHHS BIJKPUTHX TIPHUYHUX BUPOOOK
OoOIPYHTYBaHHS Ta IPOEKTHE OOIPYHTYBAHHS THITY KOHBEepa JUISl CKEJIbHHUX NOPIL 1
CKJIQJIHUX TPAHCIOPTHUX IUISAX1B, BIPOBAHKEHHS LIUKJIIYHOT TOTOKOBOT TEXHOJIOT,
CTBOPEHHS Ta BIPOBAIKEHHS METOJIUKHA €()EeKTHBHOTO BUKOPHCTAHHS CTPIYKOBHX
KOHBEEPIB Ta PO3PaXyHOK PO3PAXyHKOBHUX MapaMmeTpiB, MpoOJeMu iX JUHAMIKH B
pI3HUX pexumMax podotu, [17].

Y poboti [18] po3risHYyTO mEepexifiHi PEeXUMU Ta ONTHUMAIbHI 3aKOHU
KEPYBaHHS pEryJbOBaHMMM IPUBOJAMU B 0araronpuBOAHMX  CTPIYKOBHX
KOHBEEpAX. 3amponoHOBAHUN aBTOPOM KOMIUIEKC HAyKOBO OOIPYHTOBAHMX
pamioHaNbHUX TEXHIYHUX PINIeHb, pPEali30BaHMX Yy KOHCTPYKIISX €IeBaTOPIB
OesnepepBHOi il Ui TIMOOKMX Kap’epiB 3 MMOXWIMMHU 0araTONpHUBOJAHUMHU
JIAHIFOTOBUMU KOHBEEpPaMH, J103BOJMB CHOPMYBATH HOBY KOHLEIIIIO pPO3POOKH
BUCOKOTEXHOJIOTIYHOTO KOMIUJIEKCHOTO TPAHCIIOPTHOTO 3ac00y Ta e(peKTUBHOCTI iX
BUKOpHCTaHHA. PO3po0ieHi 3ax0/iu 1110710 301JIbIIEHHS Ta POTHO3YBaHHSI PeCypcy
€JIEMEHTIB JIAHIIOTOBUX KOHBEEPIB, 110 3aCTOCOBYIOTLCS B MPHUYO-METATYpriiHii
MIPOMHUCIIOBOCTI.

YV poboti [19] po3rasHYyTO BIUIMB TPY)KHHX €JIEMEHTIB Ha poOoTy
ABTOMATU30BAaHUX EJIEKTpONpuBOAiIB. HaBeneHo OWIHKM, SKI  JIO3BOJISIOTH
BU3HAYUTU YMOBH HEXTYBaHHs edekTom mpykHocTi. Onucano OyAoBy Ta criocoou
peryisiii cyOOpAMHOBAHUX CHUCTEM PETYJIALIl MiJ BIUIMBOM IPYXKHUX 3'€IHAHD .
IToxazano MoxuMBOCTI LM(POBOI peanizailii, aJanTUBHOCTI Ta 1AeHTU]IKalii 3
IPYXHUMH My(pTamMu e1eKTpornpuBoy. PO3rissHyTO ajanTUBHI €1eKTPOIPUBOIHN Ta
CHUCTEMHU CTEKEHHS.

VY xoai pociijpkeHb [4-5] oOrpyHTOBaHO BHKOPUCTAHHS aBTOMATH30BaHOI'O

€JICKTPONPUBOIY TIPHUYMX MAIIMH, N0 J03BOJSIE BUPILIYBATH HACTYIHI 3a/1a4i:
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KEepYBaHHSI TEXHOJIOTTYHUMHU IpoliecaMu; €PeKTUBHE BUKOPUCTAHHS MOTYKHOCTI Ta
€Heprii MpUBOAY Ta 0OMEKEHHS MOTr0 mapameTpiB A0 3aaHOTO PIBHS; YIPaBIiHHS
AMHAMIYHUMHU TIpollecaMM B poOOYMX OpraHax MeXaHI3MiB 1 3HM)KEHHS
JAMHAMIYHOTO HABAaHTAXXCHHS B YCTAJICHOMY 1 IEpPEBAHTAXKYBAJIbHHX PpEKUMAX,
3MEHIIIEHHSI 3HOCY OCbOBHX 3'€IHAHb POOOUMX MEXaHI3MIB 3a paxXyHOK €(heKTUBHOIO
BUKOPHCTAaHHS €Heprii. Y psal poOiT ocobiauBy yBary NpuaLIeHO mpobiemam
BUKOPHCTAHHS YaCTOTHO-PErYJIbOBAHOI'O €JIEKTPOIPUBOILY CKPEOKOBUX KOHBEEPIB.
(3, 5].

BaxnuBe mpakTHYHE 3HAUEHHS MAOTh Pe3yldbTaTd PO3pPOOKH  Ta
JAOCHIDKEHHSI CUCTEM 3 aKTUBHUM OOMEXEHHSIM 1 AeMI(yBaHHIM IUHAMIYHUX
HaBaHTAKEHb y AWHAMIYHHMX 3B'A3Kax [6], AKI BHECIH MPUKIATHUN XapakTep Y
pO3po0OKyY 3a7a4 TMHAMIKHA KOHBEEPHUX YCTAaHOBOK.

TakuMm yrHOM, aHai3 6araTboX poOIT 3 IMHAMIKKM KOHBEEPIB 3 JAHIIOTOBUM
TATOBUM OPraHOM J03BOJIMB aBTOpAaM BHU3HAYMUTH, IO BIUIUB OOEPTOBUX Mac
npUBOAY a0 BIUIMB PyXOMHUX Mac poO0OYOro Oprany npakTUYHO HE BPaXOBYBABCS.
[Tpu npomy nepepdavaerbes, MO iX AMHAMIYHI Ta KIHEMAaTU4YHI XapaKTEPUCTUKU

3aJIMIIATHCS HE3MIHHUMU I11]] 4aC BUKOPHUCTAHHS KOHBEEPIB.

1.4 Auaniz podoTH 3 A0CTIAKEHHS] CTIMKHX PeKUMIB BHKOPHCTAHHS

€JICKTPONPHUBOAIB JTAaHIIOTOBUX KOHBEEPIB

B [8] po3pobneHo Teopito, METOAMKY pO3PaxyHKY Ta JOCBIJ eKCIUTyaTaiii
OaraTornpuBOJIHUX JAHIIOIOBUX KOHBEEPIB ISl MIPHUYOI IPOMUCIOBOCTI. 30KpeMa,
MOCIAOBHO PO3TIISIHYTO KOHCTPYKIIIT Ta CKIIAI0B1 KOHBEEPA, CTATUKY Ta AUHAMIKY,
NUTAaHHA 3a0e3MneueHHs HaAiiHoCcTI poboTh. Yepes BIAMIHHOCTI MEXaHIYHUX
XapaKTEPUCTHK, K1 BAKOPUCTOBYIOTBHCS B IIPOMIKHHUX IIPUBOJIAX EICKTPOABUIYHIB,
BUSIBICHO, 110 HaBiTh MDK ACHMHXPOHHUMHM €JEKTPOJABUTYHAMH OJHIET cepii
3IICHIOETHCS Nepeaada HaBaHTAKEHHS Ha HACTYHUM npuBoA. [Ipu nbomy cTymiHb

HEPIBHOMIPHOCTI PO3MOALIY NIEPEBAHTAXKEHHS 3aJICKUTh BIJl BEJIMUMHU OYKCYBaHHSI
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JABUTYHA 1 BEJIMYMHM 3alIOBHEHHS MOPOXKHUHHM T1APOMY(TH, BCTAHOBICHOI MIXK
IBUTYHOM 1 KOPOOKOIO Tepeiad MPUBOIHOT CTAHITII.

Y poborax [7-10] aus onucy AMHAMIYHUX NPOLECIB Y TATOBO-IIIHOMHOMY
opraHi 6araronpuBOJHUX KOHBEEPIB BUKOPHCTOBYBAJIOCS HAOJMMKEHHS, 3r1IHO 3
AKMM yCs MEXaHl4Ha cucTeMa po30uBajiach Ha CKIHYEHHY KIUJIbKICTh CEKIid, a
niHiiHT Ha Mexi koXHOro 3 HuXx OyB NpPUHHATUN 3aKOH 3MIHM HIBHJKOCTI
nedopmarii. Ilpore npoGnemu KomreHcaulii NPYyXKHUX JO0JATKOBUX IOJIOBKEHb
TSTOBO-HECYYOI0 OpraHy 0araTonpuBOIHUX JIAHIIOIOBUX KOHBEEPIB Y 3a3HAUYCHUX
po0oTax HEe BUPILIEHO.

KpiMm Toro, y pocnipkeHHsx [7] Bmepuie TArOBHM JIAHLIOT KOHBEEpa
po3risiiaBest  SIK  CHUCTeMa 3 pO3MOJAUICHUMMM TapaMmerpamu. PesynbraTu
JAOCHIDKEHHST TIOKA3adu 3HAYHHWK BIUIMB JUHAMIYHMX XapaKTEPUCTHK TATOBOTO
OpraHy Ha KOJIMBQJIbHI IPOLECH, Ha OCHOBI YOTO 3alpONOHOBAHO METOIAUKY
BU3HAYEHHS JMHAMIYHUX 3YCUJIb Y TATOBOMY JIAHITIO31 3 YpaxXyBaHHSIM iX MPYKHUX
BJIACTUBOCTEMN.

VYV HactynHiii poGoti [3] Oyjo 3a3HaveHo, 110 HAWOUIBLI NPUHHATHUM
crocoOOM peryJitoBaHHs, sIKUil 3a0e3revye 3HWKEHHS BUPIBHIOBAJIBHUX 3YCHIIb Y
TATOBOMY JIAHIIO31 0 MIHIMAQJIbHUX 3HAY€Hb, € 3MIIMAHUK 1 BOJHOYAC MPIMUUN
croci0 KepyBaHHsI NPUBOJAM KOHBEepiB. [Ipu 1IbOMY KOHTPOJIIOETHCS IOEJHAHHS
KyTIB IIOBOPOTY Ba/liB BEAYYMX 3IPOUYOK IMPHUBOJHOIO JAHIOra 1 HpH LbOMY
KOMIIEHCYETBCS MPYKHE PO3TATHEHHS TATOBOI'O MMiIHOMHOIO OpPraHy B KOXXHOMY
IHTEpBaJl 3 TPOXOKEHHAM 3yCHUJUIS PI3HULSA MDK (PAaKTUUHUM 3HAUYEHHSIM TATH B
KIHLIEBIM TOYI[l MPUBOJHOI IUISIHKM 1 HOro 3HAYEHHsIM, BIANOBIIHUM IaHOMY
PEKUMY HABAHTAXKCHHSI.

11100 3MEeHIMNTH JUHAMIYHI CUJIN B JIAHIF031, PEKOMEHAYETHCS PO3ALIUTH MK
IIPUBOJAMH TaK, 100 KOKEH ABUT'YH OyB HaBaHTa)KEHUI Ha CBOIO T'UIKY. Y cUCTEMI
pO3MOTy HABAHTAXKECHb MIXK IPHUBOJAMU KOHBEEpPA MPHUBOJOM KEPYBAaHHS €
OCHOBHHUI €JIEKTPOIIPUBO/], HAaBaHTa)XEHUI Ha poOouy ruiky. Llei npusox 3akputuit

3BOPOTHUM 3B'A3KOM II0 4acTOTI. 3aBJaHHs APYroro NpHBOLY — MIATPUMYBaTH
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kKoeQiuieHT cTpymy. JUIs 1Oro BBOJAMUTHCS 3BOPOTHUH 3B'SI30K 10 CTPyMY
KEPYIUOT0 1 KEpOBAHOTO MPHUBO/IIB.

3 METOI0 3MEHILICHHS HABAHTAJKEHHS Ha €JIEKTPONPUBO/L OYJI0 3a3HAYEHO, 1110
JOULIBHO BHKOPUCTOBYBAaTHM CHCTEMH I1apaMETPUYHOrO peryitoBaHHs. [l
aemindyBaHHS JAMHAMIYHMX HaBaHTAXXEHb Yy JIAHIIIOIOBIM mepepadi Moxke OyTu
BUKOPHCTaHAa JJBOKOHTYPHA cHcTeMa. BHYTpIlHIN KOHTYp — 1€ KOHTYp KepyBaHHS
KPYTHUM MOMEHTOM HaBaHTa)KE€HHS, a 30BHIIIHIA KOHTYP — 1€ KOHTYp KepyBaHHS
HIBUIKICTIO ABUI'YHA. Y 3B'SI3KY 3 HEOOXIAHICTIO OOMEKEHHS CTPYMY B HEPEXIiIHUX
peKMMax 3aMiICTh TPETHOT'O KOJIa PEryIOBaHHS Kpallle BUKOPHUCTOBYBATH CUCTEMY
OOMeXKEeHHS CTpyMY.

Y poboti [8] mocmimkeHO Ta po3poOJeHO BapiaHTH BUPIMICHHS 3ajadi
Mepepo3noaily Ta OalaHCyBaHHS  HABaHTAaXEHHSI B  0araTOMOTOPHOMY
ACUHXPOHHOMY  €JIGKTPONPHUBOAI  TIPCBKUX  MalMH:  METOA  PO3MOAUTY
HABAaHTAKEHHS B JIBOMOTOPHIN €JIEKTpUUHIM a00 TreHepaTOpHIM YCTaHOBI 3
€JIeKTPOMArHiTHOIO My(TO10. ; PO3rasHyTO crocid OamaHCyBaHHSI HABAHTAKEHHS B
0araTo/IBUr'yHHOMY €JIEKTPOIPUBO/L LUISXOM PEryJIOBAHHS HANpPyTrd KMBHJIBHOI
JIHII,

Y crarti [9] Oyno 3anpomoOHOBAHO PO3MOAUIATA HABAHTAXKEHHS MIXK
OCHOBHMM 1 TriepudepiiHUM €eJIeKTPONPUBOJAMHU PO3JLJICHOTO KOHBEEpa 3a
JIOTIOMOTIOK0 KEepYBaHHs NEPETBOPIOBAYAMU YACTOTH, LIO JKUBJSTH ACHMHXPOHHI
nsurynu (AJl) ocHoBHoro i mepudepiiiHoro npuBoiB. Ilpu posrisai poGoTu
€JIEKTPONPUBOAY MPHIUMAETHCA 3aKOH YacCTOTHOTO PETYJIOBAHHS TiATPUMAHHS
MOCTIMHOTO MOTOKY 3MIHHOI'O CTPYyMY, aKTUBHHMIA OIp CTaTOpa 3MIHHOI'O CTPYMY
MPUIAMAETBCS PIBHUM HYJIO, 4 HABAHTAKCHHS MEXAHIYHMX XapaKTePUCTHK B
pobouiit minsHIi AJl po3riasgaroThCs.

Yepes pi3HMINIO B IapameTpax roJIOBHOIO 1 nepudepiiHOro nmpuBoaiB ix
MEXaHIYHI XapaKTEPUCTUKHU BUXOAATH 3 OJIHIET TOUKH HA OC1 YaCTOT 1 MAKOTh PI3HUU
Haxwi Ha oci MoMeHTiB. IIpu 1pOMy po3mozil HaBaHTaXEHb MK IMPHUBOAAMHU

IPONOPIIAHUI  KOPCTKOCTI MeXaHIYHHUX Xxapakrepuctuk. Ilo6 30anmaHcyBaTH
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HABAHTAKEHHS TOJOBHOTO 1 mnepudepiitHoro npuBoAiB, OyJIO 3alpOrNOHOBAHO
pEryJIIoBaTH YacTOTy OOEPTaHHS ABOX MPUBO/IIB OJJHOYACHO.

Sk 3a3HaueHO B HACTynHIA poOoTi [8], OLIHKOW HEPIBHOMIPHOCTI
HAaBAaHTA)XCHHS BIJl CTaTU4YHOI HECHMMETpli Ta JAMHAMIYHUX BIUIMBIB €
CITIBBIHOLIEHHSI MOMEHTIB I'OJIOBHOTO Ta repuepiiiHOro mpuBoIiB KOHBEEPA: Bijl
pI3HULI EIEKTPUYHHUX [TapaMETPiB ACHHXPOHHUX ABUTYHIB Ta Mepexi 10 1,42; npu
pi3HUX NepeaBajIbHUX YUCIIax KOpoOoK nepeaay - 10 1,44; Konu po3aijaoBe Koo
3ipoK pizHe - 10 1,49; HepiBHOMIpHE MOAOBKEHHS JaHIora - jo 2,1. ABropom
3alPOTIOHOBAHO TaKy CHCTEMY KEpyBaHHS EIEKTPONPHBOJAMH KOHBEEpa, sKa
3a0e3revyye BUPIBHIOBAHHS HaBAHTaXEHb TI'OJIOBHOTO Ta KIHIEBOrO IMPHUBOIIB 3a
JOTIOMOTOI0 YaCTOTHO-PErYJIbOBAHOTO €JIEKTPONPUBOAY. Y CHUCTEMY YIpaBIiHHS
BXOJIATh JATUYMUKH, 1110 BU3HAYAIOTH Pi3HI 3HAYEHHS] KPYTHUX MOMEHTIB, PEryISITOP
OaslaHCyBaHHS HABAHTAXKEHHS 1 JIOT1YHA YaCTHHA.

B wactymuiii poboti [8] Oyno 3a3HaveHo, 110 HAWOLIBII MPUHHATHUM
CIoco0OM MOKPAIIEHHS TUHAMIKY €IEKTPOMEXaHIUHUX CUCTEM, a CaMe CKPEOKOBUX
KOHBEEPIB, € KEPYBaHHs I1X JMHAMIYHUM cTaHOM. Llg mpoOnema BupinryeThCs
BUKOPHCTAHHSAM YaCTOTHO-PEryJIbOBAHOI'O €JIEKTPOIIPUBO/Yy Ha KOHBEEPAX, IO JIA€
TaKi MOXKJIMBOCTI: PI3KO 3HHU3UTH BIJAMOBY €JIEKTPOJABHUIYHIB MPU MOCTYMAIBHOMY
pycl HaBaHTA)XEHOI'O KOHBEEpA; BUKIIOYMTH BHHUKHEHHS ITYCKOBHMX CTPYMIB
€JICKTPOABUTYHIB, IO 3ar00irae 3HWKEHHIO HANPYTH JKUBJICHHS; I03BOJISIE 3BECTH
710 MIHIMYMY OOpPHBAHHS TATOBHX JIAHIIOTIB KOHBEEpA; BCTAHOBUTH HEOOXITHHIM
KOE(ILIEHT 3aMIILEeHHS K BUA00YyTOro BYTUIIs, TAK 1 IEPEBE3CHUX BAHTAXKIB.

AHaJli3 IPOBEICHUX HOCIIKEHDb MPOOJIEeMHU PO3IOALTY HaBAHTAXKEHHS MIK
CJICKTPONPUBOAAMM  JIAHI[IOTOBMX KOHBEEPIB JO3BOJUB BHUSIBUTH HEJIOJIKH
BUKOPUCTOBYBAaHMX CHCTEM KEpyBaHHS CJICKTPONPUBOJaMHU KOHBeepiB. Lle
JA03BOJISIE  3a0€3NeYMTH  HEOOXIJHY  MPOAYKTHBHICTH  0araroMOTOpPHOIrO
0araToCTpIuKOBOr0 KOHBEEPA, a TaKO KOHTPOJIOBATH JUHAMIYHHN CTaH BUIBLHOI

T'UIKU FOT0 TATOBO-HECYUYOTO OpraHy.
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1.5 JloBeieHHs1 aKTYaJbHOCTI A0CIi/I?KeHHS TAa BU3HAYEHHS] OCHOBHHUX

3aBJAaHb

CTpluKkOBI KOHBEEPU — 1€ CKJIQJIHE TIPHUYO-TreoJIoriyHe oOJiaHaHHs s
TPAHCIIOPTYBAHHS LIMPOKOTO CHEKTPY BAaHTAXIB (BYriuis, BarHsK, arjioMepar,
KaM'sHUCTI mopoau 1 pyau). KoHCTpykmii KOHBeepy, ILIO XapaKTepU3YHOThCS
BEJIMKUMHU YXWJIAMHU 3aBISIKH KOHCTPYKTUBHUM OCOOJIMBOCTSIM, [OKa3aJid, IO
MOKYTh YCIIIITHO BUKOPUCTOBYBATUCS B PI3HUX Tally3sX MPOMHUCIOBOCTI B yMOBax
BUPOOHUIITBA.

Jlo nepeBar KOHCTPYKI[iH CTPIYKOBUX KOHBEEPIB BIAHOCATHCS:

— BUKOPUCTAHHSA METAJIEBOI CTAaHUHU HEOOX1AHOI MILHOCTI, 110 J03BOJISIE
TPAHCIIOPTYBAaTH BEJIMKOKYCKOBI 1 BaXKKl Mareplaad, B TOMY YHCIl B
YMOBaxX BUCOKOI TeMIIEpaTypy HaBKOJIMILIHBOTO CEPEIOBHUIIIA;

— BUKOPUCTAHHS BHUCOKOMIIHUX TSTOBUX JIQHIIOTIB, WO JI03BOJIsIE
peayi3yBaTh HEOOXIJHI 3Ha4HI TATOBI 3yCHUJUIA NPH BEJIMKHX BIJICTAHSIX
JIOCTABKHM JI0 2 KM 1 3Ha4HOMY 10 70° mijiiomi ;

- MOJKJIMBICTh TEPEBE3CHHS BAaHTAXKIB MO CKIQJHUX Mapuipyrax 3
HEBEJIMKUM pajilycoM;

— 3a0€311eYCeHHS MIPSMOr0 3aBaHTAXKEHHS JIOTKIB JUIsl MIJICTUIIKK 3 OyHKEpiB
0e3 BUKOPUCTAHHS KUBUJIBHHUKIB.

V Tol ke Yac HeIoJiKaMH CTPIYKOBHUX KOHBEEPHHX KOHCTPYKIIIH MOXHA
BBa)KATH 3HAYHY METAJIOMICTKICTb 1 BUCOKY COOIBapTICTh MPOAYKLIII.

3 TEXHOJOTIYHOI TOYKU 30py OCHOBHOIO C(EpOoI0 3aCTOCYBAHHS CTPIUKOBUX
KOHBEEPIB B HAIllld KpaiHi € TpHUYO-METalIypriiiHa MpOMHUCIOBICTh 1, B MEpPIIY
yepry, po3podKa KOPUCHUX KOTAIUH BIIKPUTUM CIIOCOOOM.

1. [Ipu  OGesnepepBHOMY  30UIbIIEHHI  TJIMOMHU  Kap’€piB,  1IO
BUKOPHCTOBYIOTBCSI HA BIIKPUTUX TPHUYUX pOOOTaxX, 1 HEOOX1JHOCTI MiABUILCHHS
iX HPOAYKTUBHOCTI IO PYJHIM Macl LMKJIIYHA TEXHOJIOTiS 3 aBTOMOOUIBHMM 1

3alII3HUYHUM TPAHCIOPTOM MPU3BOAUTL A0 TMOTIPIIEHHS TEXHIKO-€KOHOMIUHHMX
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nokasHukiB pobotn. CobiBapTiCTh BHI0OYTKY KOPHUCHHUX KOIAJIUMH 3pOCTa€E
BHACJIJIOK TIOJIOPOKYAHHS BUKOPUCTAHHS IUKIIYHUX BU/IIB TPAHCIIOPTY.

JlocBin excrutyaTanii mokasye, mo Ha koxHl 100 M rauOMHU KOTIOBaHY
BUTPATH Ha BHUKOPUCTAHHS aBTOMOOUIS BaHTaxomigidomuictio 30-40 T
301IIBIIYIOTECS B cepeHboMy B 1,5 pa3u. 3acToCyBaHHS 3a13HUYHOIO TPAHCIIOPTY
B Oaratbox riaMOOKHMX Kap'epaxX BUKIIOUAETHCA Yepe3 Te, M0 PYXOMHMH CKIIaJ He
MoOke OyTH BBEJIEHWIl y BIJIHOCHO HEBEJIMKI PO3MIPH PYIHUX TUI 1 Napamerpu
Kap'epy.

CyyacHi CTpIUYKOBI KOHBEEPH 37aTHI BXKE€ B HAMOmMMK4Ye OECATUIITTS
00poOJATH BAHTAKOMOTOKM HaWOLIbIIMX mIaxT 1 Kap'epiB. OaHAaK CTpPIYKOBI
KOHBEEPHM HE MOXYTh MpallOBATH HA CIUIAHOBAHIA Marictpail 3 KpHUBOIO
TPAEKTOPIEI0, a TAKOK HE MOXKYTh MPAIFOBATH HA TMOXWJIUX JOPOTAX il BETUKIMHU
KyTaMH{, [0 XapakTepHO g Kap'epiB. MOXIUBICTH 30UIbLIEHHA KyTa
TPAHCIOPTYBAHHS  MOKpAIy€ TEXHIKO-€KOHOMIYHI TMOKA3HUKH  BUIOOYTKY
KOPHCHUX KOTIAJMH TIPU PO3poO0Ili KOPHUCHUX KOMAIHH BIIKPUTHM CIIOCOOOM,
OCKIJIbKM MOHA HE 3MIHIOBATH I'€OMETP1t0 BUPOOOK, 1110 MPU3BOJAUTH J10 3HHKECHHSI
HEBUPOOHMUYHMX BUTPAT 32 PaXYHOK 3MEHILUEHHS B 00Cs31 IpHUYUX pOOIT.

3. VYV 383Ky 3 I1UM, NOpPH BIAKPUTHX PO3POOKAX KOPUCHUX KOIAJIUH
0€3yMOBHO aKTyaJIbHUM € 3aCTOCYBaHHSl LMKIIYHUX IOTOKOBUX TEXHOJIOTIH 3
BUKOPHCTAHHSAM CTPIYKOBOTO KOHBEEPHOI'O TPAHCIOPTY 3 KOHCTPYKTUBHOKO
MOJKJIMBICTIO pOOOTH B KYTOBUX BHIMKax Kap’ e€piB. Bucoka MIIHICTb 1 HAIIHHICTh
poOoUYOro oprany CTpIUKOBHX KOHBEEPIB 3 JIAHLIOTOBUM MPUBOJIOM, MOXKIUBICTh
TPAHCIIOPTYBaHHS PYAHOI Macu 10 TBEpPAMX YKOCax 1 BHIMKax, JIErKICTh
MOJIOBKCHHS JOBKUHHM KOHBeEpa €(PEKTUBHO BIIPI3HAIOTH MOTO BlJ IHIIUX THUITIB
KOHBEEPIB.

KpiM TOro, TeXHOJIOrIYHI CXeMH 3 BUKOPHCTAaHHSM CTPIYKOBUX KOHBEEpPIB
€KOHOMIYHIII, HI)K KOHBEEPU 3 CTPIYKOBHUM TSITOBO-MIIUOMHUM opraHoM. Lle
MOSICHIOETHCS. HEOOX1THICTIO BCTAHOBJICHHS J0JATKOBUX JPOOMIBHUX KOMILJIEKCIB
IpU BUKOPUCTAHHI CTPIYKOBHUX KOHBEEPIB, a TaKOX JOJAaTKOBUX ITYHKTIB

HaBaHTa>KCHHA, MOB’A3aHUX 13 3aCTOCYBAHHAM 1HX KOHBeepiB Ha KpPHBHX
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TPAHCIOPTHUX IIIAXaX. 3HAYHO CKOPOUYETHCS KUIBKICTh MEXaHI3MIB 1 MaIlIMH NPH
BUKOPHCTAHHI BIAKUIHOI KOHCTPYKIT B IJIaHI CTPIYKOBUX KOHBEEPIB, 1110 3HAYHO
CITPOIY€E TEXHOJIOTTYHHMH TJIaH TPAHCIIOPTYBAHHS 1 IMIJIBUILYE HAIHHICTE POOOTH
BCHOI'0 KOMILJIEKCY.

BaxiuBoio mepeBaror CTpiuKOBHX KOHBEEPIB IO MPOIYCKHIM 31aTHOCTI €
MOJKJIMBICTh TPAHCIIOPTYBAHHS BEJIMKOI YaCTUHH TipPChKOI Macu B OJIHY peHKy 0e3
[EPEBAHTAXKEHHS TOYOK 3 HU3BKUMHU 3HAYEHHSIMHU OIOPY [EPEMILICHHIO
BaHTA)XOHECYHYOro OpraHy mno MOXWiik komii. SIk 3a3Hayainocst BMILE, 1€ OJHA
TE€XHOJIOTIYHA OCOONMBICTH CTPIYKOBUX KOHBEEPIB TOJSITa€ B TOMY, HIO0 BOHHU
MOKYTh BUKOPUCTOBYBATUCS MPU CKJIaAHIA Kouii pagiycom 20 M 1 BEpTUKAJIbHUM
migiiomom 10 30 °.

4, [Ipu 3acTtocyBaHHI JOBTMX CTOBOYPOBHX CTPIYKOBHX KOHBEEPIB
(moxkunoro Big 1000 M po 6000 M) 3acTOCOBYIOTBCS KOHCTPYKINI 3a
OararonpuBoaHO0 cxemorw. IIpu mpomy 3abesnedenHs Oe3nepebiiiHOT poOOTH
0araToMOTOPHOTO JIAHITIOTOBOTO KOHBEEPA € BAXKIIMBUM MPAKTHUYHUM 3aBIaHHAM, a
YIpaBJIiHHS Ta 3a0€3Ne4YeHHs Mpane3aTHOro CTaTUYHOIO Ta JAMHAMIYHOIO CTaHy
KOHCTPYKLIi I'OJIOBHOI'O CTPIYKOBOIO KOHBEEPA, 110 BUKOPUCTOBYETHCS B CKIIAAHUX
TIPHUYO-TEOJIOTIYHUX YMOBax, Oe3nepedHo, BaxiauBe. Y 3B'SI3KYy 3 BEIUKOIO
KUIBKICTIO TNPOMDKHHMX THPUBOJIB y CTPIYKOBOMY KOHBEEpPI IIPH  CXeMI
TPAHCIIOPTYBAHHS PYAHOI Macu 0e3 nepeBaHTaXEHHs HEOOX1IHO BUPIILIKTH 3a/1a4y
ABTOMATUYHOTO  PO3MOAUTY  3arajibHOTO HABaHTAKEHHS MIK iioro
€JIEKTPOTPUBOAMHU.

BuBuenuit 10cBij ekcrutyarailii 0araTonpuBOJHUX JIAHLIOTOBUX KOHBEEDIB,
BUCOKA €(EKTUBHICTh 1X BUKOPHCTAHHS 3a0€3MEUyeThCS MpPU JOTPUMAaHHI
HACTYTHUX YMOB: JOBEACHO, IO 3arajbHE HABaHTAXEHHS KOHBEEpa MiX
EJICKTPONPUBOZAAMH 3a0e3nedyeThCcsl 3ac00aMM  aBTOMATHYHOTO PO3MOAULY Ta
CUCTEMHU, PETYNIOEThCA IMIBHUAKICTH TMEPEMIIICHHS TATOBOTO 1 HECY4Oro miapy,
3HIMAIOThCS BPIBHOBA)XKYBaJIbHI CHJIM B TATOBOMY KOHTYp1 KOHBEEpa Ta 1H 1 psfg

(haxTopiB.
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5. [IpuBeneHHss B [1it0 JOBroro 0araTONpPHBOJHOIO KOHBEEpA € JIyKe
CKIIQJIHUM 3aBIaHHSIM, OCKUIBKM II€H TPOIeC XapaKTepU3yeThCs HaJAMIPHOIO
CTa0WHOI0 TATOBOTO OpraHy. 30KpeMa, YMOBH POOOTH CTPIYKOBOTO KOHBEEpA €
HECHPUSATIMBUMH 3 HACTYITHUX NPUYUH — HAsBHICTb Y HHOI'O 3BUCAIOUUX YaCTHH
(yTepOBKH, BHACIIIOK YOr0 »KOPCTKICTH poOOYOro opraHy, HOro po3raryBajibHa
(PyHKIIISl Ta HABAHTAXKECHHS HA HHOT'O 3HUKYIOTBCS.

BijjoM0, 110 JaHIIOrOBI KOHBEEPH MarOTh KIHEMAaTW4HI 3a30pH MK
OKpPEeMHUMH JIaHKaMU MeXaHi3My 1 ciabki Tsarosi jaHiord. HasBHicTh ciiaOkux,
OTBOpIB, @ TaKOX NPYKHUX BIACTUBOCTEH TATOBO-HECYUOTO OPraHy BUKIIMKAE
3HAYHI MeXaHIYH1 HAaBAHTAKEHHS Ha JeTajl KOHBeepa Ta BiOpalii TAr0OBO-HECY4Oro
OpraHy IMpH 3amycKy eJIeKTpPOnpuBo/iB. YacTo 11l HAaBaHTaKEHHS JOCATAIOTh TaKUX
BHUCOKHX 3HAYECHB, 10 TKACh YACTHHA KOHBEEPA BUXOIUTH 3 1aay. Y [bOMY BUIIAIKY
IpoLecH, 0 BiAOYBarOThCA, AY)KE CKIAIHI Ta HenocTiiHi. Chig 3a3HadyuTH, 110
3HIDKEHHS JUHAMIYHUX HABAHTAKCHb HA €JIEMEHTH NPHUBOJY Ta TATOBUW HOCIH
JTAHIFOTOBOTO KOHBEEpa HA MPAKTHUIIl MOXKHA JOCSITTH 32 PAXyHOK 3MEHIICHHS
KIHEMAaTHYHOI'O 3a30py MEXaHi3My Ta [I0YaTKOBOTO ITYCKOBOTO MOMEHTY
€JICKTPOIPUBO/LY.

[TouaTkoBa BenMYMHA 3a3HAYEHOTO KIHEMATHYHOI'O 3a30py BU3HAYAETHCS
TEXHOJIOT1€I0 BUT'OTOBJIEHHS! €JEMEHTIB KOHBEEpa 1 BIANOBIIHO 30UIbLIYETHCS 31
301JIbIIEHHSAM TEPMIHY CI1Y»KOU BHACIIIOK 3HOLIYBaHHS. Y 3B'I3KY 3 LIMM HAMOLIbII
e()EeKTUBHUM CIOCOOOM 3HMKCHHS MEXaHIYHUX HABAHTAXKCHb € NITYYHE 3HUIKCHHSI
MOMEHTY OTIOpY /10 HEBEIMKOTO 3HAUEHHs IMPH 3aMyCcKy ABUTYHA. Takuii MOMEHT
JABUT'YHA HA3UBAETHCSI MOMEHTOM IIONEPEAHbOrO IUIABHOTO IMYCKY. TUIbKH
KIHEMAaTUYHUM 3a30p 1 MPOBUCAHHS JAHIIOTA MPUBOJY KOHBEEPA BPAXOBYIOTHCS 3
MOTIEPE/IHIM KPYTHIM MOMEHTOM IIiJ Yac 3'€THaHHS.

JUist  eneKTpOnpHUBOAIB, Y TOMY 4YHCI HEPEryJbOBaHUX aACUHXPOHHHUX
€JIEKTPOINIPUBO/IIB KOHBEEPIB, HAUOLIBII KOPCTKI IMYCKOBl PEXKUMHU, IS SAKUX
XapaKTEpH1 BEJIMKI IIyCKOBI CTPYMH, IO B KUIbKA pa3iB NEPEBULIYIOTh HOMIHAIBHE
3HAYEHHS, 1 KOJMBAHHS ITyCKOBOI'O MOMEHTY. 3 OJHOro OOKy, L€ € INPHYUHOIO

neperpiBy 0OMOTOK €JEKTPOJBUIYHA 1 3HWKEHHS HOro pecypcy, a 3 IHILIOTO —
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HPHU3BOJIUTH JI0 IEPEBAHTAXKEHHS PEJLyKTOpa 1 TSArOBOro poO0Y0Oro OpraHy JIaHIIora.
Ha enexTpudni Mepexi TaKOK HETATUBHO BILTUBAIOThH BETHMKI ITyCKOBI CTPYMH.

6.  Amnani3z pobotu B o61acti 6araTonpuBOAHUX KOHBEEPHUX YCTAHOBOK
MoKa3ap, 10 B INPOLECI iX BUKOPHUCTAHHS B TATOBO-HECYYOMY OpraHi, Kpim
PO3paXyHKOBUX 3YCWJIb (HAIPYKEHHs, CTATUYHOI Ta JMHAMIYHOI CKJIAJOBUX CHII
OTOpY PYXY), 10JAOTECS JOIaTKOBI BUHUKAIOTh CUJIM BPIBHOBA)KYBaHHS.

OCHOBHMMHM IPUYMHAMH X MOSIBH €: 3MIHA PEKUMY HaBaHTa)XKCHHS KOHBE€EPA,
3MiHA 3HA4Y€Hb T'COMETPUYHHX [apaMeTpiB MPUBOJHUX YACTUH B MpPOIIEC]
eKCIUTyaTallli, BIJIMB 30BHIMIHIX KIIMAaTHYHMX yYMOB Ha 3Hauy€HHs KoediieHTa
OCHOBHOro omnopy. KpiMm TOro, kpiMm OCHOBHUX (aKTOpiB, MOXKYTb OYyTH
3aCTOCYBaHHS, K1 TPOSABISIOTHCS B IEBHUX PEKUMaxX poOOTH MMiJ Yac eKCIuTyaTarii
CUCTEMH eJIEKTpOoTpuBoay. HuMu € BiICYTHICTH 0/IHAKOBOTO KPOKY JTAHOK TSATOBOTO
JIAHI[FOra, CTaTUYHA MOXUOKA CUCTEMHU PEryJIFOBaHHS 4acTOTH O0OEpTaHHS pPOTOPIB
JABUTYHIB MPOBIIHOIO Ta MIAMOPAIKOBAHUX €IEKTPOIIPUBO/IIB.

V mporeci excrTyaraiii JaHIIOTOBUX KOHBEEPIB MOKYTh BUHHKATH aBapiiiHi
cuTyalli, noB's3aHi 31 30UIBIIEHHSAM KpOKY IIAPHIPIB TATOBHX JIAHLIOTIB,
IHTEHCHUBHICTIO 3HOLLYBaHHS PYXOMHUX YaCTHH, Y 3B'SI3KY 3 UAM BUHUKAIOTh YJapHI
HABAaHTAKEHHS B TSATOBOMY OpraHi 1 BUKJIWKAKOTh BUXI 3 Jady OKpeMl €JIeMEHTHU
KOHBeepa. IMIysibcHEe 301JIBLIICHHS CTPYMIB Y CHJIOBMX YaCTHHAX €JIEKTPOIPUBOLY
IPU3BOJIUTH JI0 NEperpiBy enekTpoaBuryHa. [Ipu 1ocsrueHHi NeBHOro rpaHUYHOTO
30UIBIIIEHHS. KPOKY TATOBOTO OpraHy BHACIJOK 3HAYHOTO 3HIJKEHHS 3aracy
MILHOCTI JIaHLIFOTOBOI Iepeiadl, HEPIBHOMIPHOTO NEPEMIILIEHHS a00 BUXOMY 3 JIaay
3YEIUICHHS ILAPHIPIB JIAHLIOra 13 31pOYKaMM 1 KyJauykaMH MPOMDKHHUX Mepenay
4acTO MPU3BOIUTH 10 3001B y BUKOPUCTAHHI TATOBO-HECYUOTO OpraHy KOHBEEpA.

T [lepciekTBa  BUKOPHUCTAHHS  PEryJIbOBAHOTO  €JIEKTPONPUBOILY
IOCTIHHOTO CTPYMY ISl €JIEKTPOIIPUBOJlY BUBYAIacs B 0ararbox CIielliajli30BaHUX
poboTax, ajie 1Moaabliie MOMMPEHHS TEXHOJIOT1T 3 BUKOPUCTAHHIM I1€1 CHCTEMU HE
BJAJIOCS OTPUMATH 4Yepe3 CKJIAJHICTh OpraHizauii CepiiHOro BHPOOHHUIITBA
BUOYX03aXHIIEHUX EJICKTPOJBUIYHIB MOCTIHHOIO CTpyMy B YKpaiHi. KOHBEEpPHI

MallUHU TIPHUY0100YBHOI Ta BYT'JIbHOI POMHCIIOBOCTI.
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Jlocaruytuii  mporpec  3aBISKA  PO3BUTKY  TEXHOJIOTHl  CHJIOBHX
HAIMIBIPOBITHUKIB, CTBOPEHHI)  BHUCOKOSIKICHUX  CHJIOBMX 1  YaCTOTHHUX
NEPETBOPIOBAYIB 3  BUKOPUCTAHHSAM  IIMPOTHO-IMOYJIBCHOI  MOJIYJISLII,
BIIPOBA/DKCHHIO IIBUIKOIIOUMX 1 BUCOKOPO3PSAIHUX MPOMHUCIOBUX KOHTPOJIEPIB,
BUPOOHUILTBY 3MIHHOTO CTPYMY JUIsl CTPIUYKOBUX KOHBEEPIB HA OCHOBI aCHHXPOHHUX
€JIEKTPOJIBUTYHIB I TIPHUYOI MPOMMCIOBOCTI JO3BOJWJIO BUKOPHUCTOBYBATH
4aCTOTHO-PEryJIbOBaH1 €JIEKTPOIPUBO/IH.

[TepcrieKTMBHUM HAIIPSIMKOM YJIOCKOHAJICHHS 0araronpuBOJAHUX CTPIUYKOBUX
KOHBEEPIB € Cy4yacHI YaCTOTHE peryJioBaHHsA, M0 3a0e3neuye MOXKIMBICTH
peryoBaHHS IIBUIKOCTI PyXy MiJIHOMHOIO MeXaHi3My, YIPaBIiHHSA PO3MOIIIOM
HABAHTAXKEHHS MK MPHUBOJAMHM, YCYHEHHS BPIBHOBAXKYIOUOI CHIIM B TATOBIH CXeMi
KOHBEE€PA, BpaXyBaHHs TUHAMIYHUX BIACTUBOCTEH 1 pSAMY 1HIIUX (PAKTOPIB.

8. BpaxoByrouM BHKIIaJ€HE, OCHOBHUMH aKTyaJIbHUMH MpoOJIeMaMH
BUKOPUCTAHHS YaCTOTHO-PErYJIbLOBAHOTO ACHHXPOHHOTO EJIEKTPONPUBOLY B
0araTonpuBOJHUX CTPIUKOBUX KOHBEEPAX €:

— KOHTPOJIb JUHAMIYHOIO CTaHy TATOBO-HECYYOr'0 OpraHy B IIyCKOBOMY
Ta CTaOLII30BAaHOMY pEXUMax poOOTH 3 ypaxyBaHHAM TMIPYKHUX
3B'SI3KIB,;

— KepyBaHHS NPOAYKTUBHICTIO CTPIYKOBOIO KOHBEEpa 3 ypaxyBaHHSIM
(hakTUYHOTO 3aBaHTAKEHHA POO0YO1 T'JIKH TATOBO-HECYYOTO OPraHy B
3a/IaHUX peKUMax poOoTH;

— B OCHOBHHMX pPEKHMax poOOOTH LUISIXOM PEryJrOBaHHS IIBUIAKOCTI
MePEeMUKAHHS TITOBO-HECYYOTO OpraHy, 3HIMAlO4u HEBUPOOJICHI
BUTPATH €JIEKTPOEHEPTIi XOJIOCTOTO XOAY.

9.V 3B’s13Ky 3 UM OyJIM BU3HAYCHI HACTYITHI 3aBJaHHS JAHOTO JIOCIIIIKCHHS.

1. CtBOpeHHS MaTeMaTU4YHUX  Ta KOMIT IOTEPHUX  MOJICJICH

B3a€MOIIOB’A3aHOTO  0araTOABUTYHHOTO  YaCTOTHO-PETYJIHOBAHOTO
€JICKTPONPUBOY CTPIYKOBOIO KOHBEEpa B pexuUMax poOOTH 3

ypaxyBaHHSIM MPYAKHUX 3B’ SI3KIB.
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Po3poOka TeXHIYHMX pilieHb s 3a0e3NedeHHsl IUIAaBHOTO IMYyCKY
0araTOMOTOPHOTO  EJIEKTPONPUBOLY  CTPIYKOBOTO  KOHBEEpa 3
ypaxyBaHHSIM NPYKHUX BJIACTUBOCTEH TSATOBO-HECYYOT0 OpraHy.
CTBOpEHHSI MaTeMaTHYHUX Ta KOMII IOTEPHUX MOJENEeH YacTOTHO-
peryjib0BaHOro 0araToABUIYHHOI'O €JICKTPONPUBOLY 3 ypaxyBaHHIM
HABaHTAXXEHHS TATOBO-HECYYOI0 OpraHy B CTAJIMX peXKHMax poOOTH.
Po3poOka TeXHIYHUX PilIeHb YIIPABIIHHS Ta PO3MOALTY HaBaHTAXKEHHS
MDK  YaCTOTHO-PEryJbOBaHUMH  TMPUBOJAMH  0araTOMOTOPHOIO
0araTocTpiukOBOrO  KOHBEEpa 3  ypaxyBaHHAM  (aKTUIHOTO

HaBaHTAXCHHA TATOBOI'O TPAHCIIOPTHOI'O OpPraHy.
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2 MATEMATHYHA TA KOMII’'IOTEPHA PO3POBKA CTPIYKOBOI'O

KOHBEE€PHOI'O BATATOMOTBOPHOTI'O HACTOTHO-
PET'YJIbBOBAHOI'O EJIEKTPOIIPUBOAY

2.1 3arajibHa XapaKTepPUCTHKA CYYaCHHUX MePeTBOPIOBAYIB YACTOTH

CyuacHi nepeTBoproBavi 4acTOTH — 11€ BUCOKOTEXHOJIOTIYHI MPUCTPOI, 110
CKJIQJIAIOThCS 3 €JIEMEHTIB Ha OCHOBI HamiBHpoBiAHUKIB. KpiM Toro, icHye
€JIeKTPOHHA CHUCTeMa KepyBaHHS, NOOyJOBaHa Ha MIKPOKOHTpoJepax, 3a
JOTIOMOTOI0  IKOi  PEryJIoloThCS BCI  BaXKJIMBI NapaMeTpH aCHHXPOHHOI'O
enexkTpoaBuryHa [12].

bynp-Kkuil mepeTBOprOBadY YacTOTH CKIAJAETHCA 3 YOTUPbOX OCHOBHMX
moyiB (puc. 2.1):

- BUMIPSIMHHI OJIOK,

- (1IBTp MOCTIHHOT HAIPYTH,

- 1HBEPTOPHMIA KOHLIEHTPATOP,

- MIKpOIIPOLIECOPHA CUCTEMA KEPYBaHHSI.

Bnok eionaduuxa Dinompyroyui npucmpiti Ineepmopruii 8y3o.1

AAS |

ZS%SZE

Pucynok 2.1 OcHOBHI MOyl IepeTBOpIOBaya 4acTotu [ 12]

\|
/1

BxinHuil kackaj BUNPSIMIIAE 3alaHy CUHYCOIZIHY MEpEeXEBY Halpyry, sika
IICJIST BUINPSIMIIEHHA 1HAYKTUBHO-€EMHICHMM (UIBTPOM CIIY)KUTh JKEPEIOM

JKUBJICHHS JIUII KEPOBAHOIO 1HBEPTOpaA. A 1HBEPTOP BHJAE CHTHAI 3 IMITYJILCHOIO
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MOAYJIALIEI0 T Yac Jii UPOBUX KOMaH YIPaBIIHHS, 10 BUKJIMKAE TeHEpallio
CUHYCOIAJIbHUX CTPYMIB B 0OMOTKAx CTaTopa 3 mapaMeTpamH, 110 3a0e3neuyroTh
HE0OXi/THYy poOOTY €JIeKTPOIBUTYHA.

[ludpoBe ympaBiiHHS CHJIOBUM [E€PETBOPIOBAYEM  3JIIMCHIOETHCS 32
JONIOMOI'0K0 MIKPOIIPOLIECOPHUX anapaTHO-MPOrpaMHUX 3ac001B BIAMOBIHO [0
3aBJaHb. O0uMCarOBaNIBHUN 0JIOK (DOPMY€E CUTHAIHM KEPYBAaHHS MOy ISIMH B PEKUMI
peajbHOro 4yacy, a TakoX oOpoOiisie CUTHaJIM BHUMIPIOBAJIBHUX CHUCTEM, IO
KOHTPOJIIOIOTH pOOOTY HAKONUYyBaya.

Y mnpommcioBoMy oOJaJHAHHI BHKOPHCTOBYIOTHCS [Ba OCHOBHHX THITH
nepeTBoproBaviB yactotu [12-14]:

- (bipMOBI EpeTBOPIOBAYI M1 KOHKPETHI BUIU OO IHAHHS;

- yHIBEpCaIbHI IEPETBOPIOBAY1 YACTOTH JIs1 YHIBEPCATILHOTO KEPYBAHHS
poOOTO0 ACHHXPOHHHUX JIBUTYHIB Y PEKHUMaX, 1110 BU3HAYAIOTHCS KOPUCTYBAUEM.

Takum  uyuMHOM,  TIACYMOBYIOUM  HHM3KYy  IepeBar  BUKOPUCTAHHS
NEPETBOPIOBAYIB YaCTOTHU, MOKHA BIJ3HAYUTH HACTYIIHE:!

1. TlnaBHe peryiroBaHHS 4acCTOTH OOEpTaHHS E€JEKTPOJABUIYHA B OLIBLIOCTI
BUIIAJKIB JIa€ MOXMUIMBICTb BIJIMOBUTHCS BIJI BHUKOPHCTaHHS KOPOOOK
nepesay, BaplatopiB, APOCENIB Ta I1HIIOI PEryrodol amaparypH, M0
3HaYHO CIIPOIIYE KEpOBaHYy MEXaHIYHY (TEXHOJIOIIYHY) CHCTEMY,
MABUILYE 11 HAAIHHICTD 1 3MEHIIIYE KCILTyaTalliiHl BUTPATH.

2. YacToTHHUM MyCK KEPOBAHOTO JIBUTYHA 3a0e3mnedye WOro miaBHUN pPO3TiH
0e3 BEJIMKUX IYCKOBUX CTPYMIB 1 MEXaHIYHUX YJAapiB, IO 3HUKYE
HABAaHTAXXCHHS Ha JIBUI'YH 1 INOB'S3aHI 3 HUM MeEXaHI3MH [epejadi,
30UIBIIYE TEPMIH 1X CIYKOHM. Y 1IbOMY BHUITQJIKY 32 YMOB MOKHA IMOYaTH
3HWKYBATH MOTYXKHICTh IPUBOAHUX JBUTYHIB HABAaHTA)KEHUX MEXaHI3MiB.
3a jpomomororw BOyaoBaHoro MikpomnpoiuecopHoro III-perynsropa
MOKJIMBA peaii3aiis IIBUJIKOCTI KEPOBAHUX ABUTYHIB 1 BIAMNOBIJIHUX
CHCTEM KepyBaHHS TEXHOJOTIYHUMH MIPOLIECAMHU.

3. BUKOpHCTaHHS CUCTEMM 3BOPOTHOIO 3B'SI3KY 3 I1€PETBOPIOBAYEM YACTOTH

3a0e3nevye SKICHY MIATPUMKY HIBUAKOCTI JABUTYHAa a0 perysibOBaHOrO
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TEXHOJIOTIYHOTO IapaMeTrpa IpH 3MIHHUX HABaHTAKCHHAX Ta IHIIUX
pyHHIBHUX BIiMBax. J[J1si 3aMiHM MPHUBOIIB MOCTIMHOTO CTPYMY MOJKHA
BUKOPUCTOBYBaTH  MEPETBOPIOBAY  4YacTOTHU 3 ACHUHXPOHHHUM
CJIEKTPOJABUTYHOM;

4. TleperBoproBau  4YaCTOTH B KOMILIEKTI 3  [POrpaMOBAHUM
MIKpOTIPOIIECOPHUM KOHTPOJIEPOM MOXKE OYyTH BHUKOPHUCTAHWH JIs
CTBOPCHHSI OaraTo(yHKLIOHAIBHUX CUCTEM KepyBaHHs
CJIEKTPONPUBOIAMM, B TOMY YHCJII MEXaHIYHUMHU  By3JaMu 3
pesepByBanusaMm [12, 13].

5. BUKOpUCTaHHA 4YaCTOTHO-PEryJIbOBAHOIO EJIEKTPONPUBOAY JO3BOJISIE
EKOHOMUTH 32 PaXyHOK YCYHEHHS! HEBUTIPABJIAHUX BUTPAT €ICKTPOCHEPT i,
SAKi BHHHKAIOTh TIPU aJbTEPHATUBHUX CIOCO0axX peryaroBaHHS 3a
JOTIOMOTO0 TiAPOMY(]PT Ta IHIIUX MEXaHIYHUX PETrYJIFOI0YUX IPHUCTPOIB 3

BHUKOPHCTAHHAM APOCCIHOBaHHIA TEXHOJIOTTYHHUX MMOTOKIB.

2.2 Po3poOka MmaTeMaTH4YHOI Mo/1ej1i 0AraToABUTYHHOI'0 YACTOTHO-

pPeryJjboBaHOr0 eJIeKTPONPHBOY 3 YPAXYBAHHAM NPYKHHX 3B A3KIB

2.2.1 MaTremMaTu4Ha MO/1e/Ib IBONPUBOJHOI0 CTPiYKOBOI0 KOHBEEPA 6

pPeKUMi MYCKY 3 YPaXyBaHHAM NPY:KHUX 3B’A3KiB

E(dexTuBHICTh TPAaHCIIOPTHOI MAIIMHU OLIHIOETHCS 32 11 NPOAYKTUBHICTIO —
TOOTO 3a KUJIBKICTIO OJIMHMIIL Mack/00'eMy BaHTaXy, 110 IIEPEBO3UTHCS HA IEBHY
BIICTaHb 32 OAUHUIO Yacy [3]. [IpOayKTHBHICTE KOHBEEPHOI MAITUHU 3aJICKHUTDH
Bil NMHUTOMOTO HABaHTAKEHHS TITOBO-HECYYOTO OpraHy 1 IIBHIKOCTI PYXY.
3acToCOBYBaHa B JIAHLIOTOBUX KOHBEEPAX HU3bKA IIBUIKICTH NIEPEMILICHHS MEHIIIE
1 M/c € HaWOUILII HECTIPUATIMBUM PEKUMOM POOOTH 3 TOYKU 30Py TEXHOJOTIT
ekcrutyatanii. HeoOXiaHICTh BHCOKOTO JiHIHHOTO HABAaHTAXEHHS 1, BIJAMOBIIHO,
HasIBHICTh BEJIUKUX IOYATKOBUX HAIPYr B JIAHIIO31, MPU3BOAUTH 10 CTBOPCHHSI

BGHHKOF&(SapI/ITHI/IX 1 BAXKKHUX TPAHCIIOPTHHUX OAUHHIb.
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OCHOBHOIO TPUYMHOIO, IO MPHU3BOAMTH [0 MAaJIOr0 TEPMIHY CIIyXOu
JIAHIFOTOBOTO TSATOBOTO MPHUCTPOI0 KOHBEEPA, € HEIOBroBiuHiCTh [7]. BromHa
JIOBIOBIYHICTh BH3HAYAETHCSI KOJIMBAJIBHUMM IIpPOLIECAMH, IO BiI0yBarOTHCS B
JIAHLI031 TpU CTaOUTI30BaHUX pEeXHMMaxX eKcrulyaTtauii. 3HOIICHHS eJeMEHTIB
KOHBEEpa 3aJIEKUTh BiJl HOPMAJIbHOI'O 3MEHIIEHHS iX rabdaputiB 1 yacy poOOTH
MexaHi3My a0o mammHu [3]. @i3UyHa BEJIMYMHA «IHTEHCHUBHICTH 3HOLIYBAHHS»
J103BOJISI€ 3HAWTU 3aKOHOMIPHOCTI i1 3MIHM Ta po3paxyBaTH TEpMiH ii ciyxOu 3a
BIJIHOCHO KOPOTKHM 1epioj1 yacy poOOTH MEXaHI3MY.

[Ipu oMy BHU3HAYAE€THCSA IHTEHCUBHICTH 3HONTYBAHHS €IEMEHTIB KOHBEEPA
3a cTabu1130BaHOr0 pexumy podotu. [Ipu TpancnopryBaHHl abpa3uBHOI, Kam'sHOT
TIPHAYOI MAacH CTPIYKOMMH KOHBEEPAMHU aKTHBHIIIE 3HOIIYIOTHCS TATOBUM OpraH 1
KpaloBl 3ipoukd KOHBeepa. Y po0Ooti [9] 3a3Haganocsi, 1m0 HAa IHTEHCHUBHICTh
3HONIYBaHHS JIAHIIIOTa 1 3IPOYOK BIUIMBAKOThH TaKl (PAaKTOPH, SIK 30UIBLIECHHS HATATY
TSTOBOTO OpraHy, TeMmIepaTypa HaBKOJUIIHLOIO CEPEIOBUINA, MOBEPXHEBA
TBEPAICTh MaTepiaaiB, MBHUAKOCTI PyXy KOHBEEPHOI CTpPIUKH, MOTOHHOI MacH
BaHTa)XXy Ta MEXaHIYHOI MITHOCTI Ha pO3pUB a0pa3uBHUX YaCTHHOK.

HIBUAKICTH MEpeMILCHHS BAHTAXKY 3aJ€KUTh BlJ TEXHOJOTTYHOTO PEKUMY
poboTH, KOHBeepa, (PI3MYHOTO HABAHTAXKEHHS Ta MEXAHIYHUX BJIACTUBOCTEH.
[TpOAYKTHBHICT KOHBEEPHOI MAIMHU 3aJie’kaTh BIJ IIBUAKOCTI 00poOku. [Ipu
bOMY, 3@ IHIIIMX PIBHUX YMOB, IIBUAKICTh B TATOBUX JIAHIIOTAX Ta IHIIUX YaCTHHAX
KOHBEEpA 3aJICKUTh BiJ JMHAMIYHMX HABAHTAKEHb. JIMHAMIYHI HABAHTAXXCHHS HA
KOHBEEPH B TMPOLECI MyCKy 1 TajdbMyBaHHS 3'SIBISIOTHCS IiJi 4Yac BAHTAXXHO-
PO3BAaHTAKYBAJIbHUX IPOLIECIB, L0 3AIHCHIOETHCS KIHEMATUKOIO 3YEIUICHHs
MEXaH13My IIPUBOTY.

[IpuBeneHHs B [if0 BIAKWAHOTO KOHBEEpA BEIWKOI JOBKHUHU € CKJIQJHUM
3aBJIaHHSM, OCKUIBKHM TATOBHUH OpraH HaJMIpPHO poO3CialJICHUH Iepes MPUBOJIOM
(Bil pyxy cTaHuHH). 30KpeMa, HECHPUATIUBUMHU € YMOBU POOOTH CTPIUKOBOTO
KOHBe€pa, Horo (yrepiBKa Mae BHCAYl AUISHKHM, BHACIIOK 4YOTrO KOPCTKICTh
pobo4oro oprany, Moro po3rskHa (PYHKIIS 1 HABAHTAXKEHHSI HA HbOTO MOPIBHSHO

HEBEJIHKI.
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Ha puc. 2.2 nokaszaHa cxema Ipouecy 3amnycky KoHseepa. IIpu 3amycky
KOHBEEpPA BKIIFOUAETHCS MPUBIJ MEPIIOT TOIOBKH. Uepes Aeskuii 9ac micis 3aimycKy
JABUTYHa OOepTaHHS TOJIOBHOI BeAydoi 3ipoukd, ska 3 PoO0Y0I0 KOJOJIKOHO
NEPEeMILLAETHCS B1JI TOJIOBHOI /IO 30BHILIHBOI, BUKJIMKA€E YTBOPEHHS MPYHKHOI XBHIIL.
s 3a0e3neueHHs O€3MEYHOr0 TMYCKYy KOHBEepa IMepeadaqyacTbest pPeKUM
M1JTOTOBKH, 3T1AHO 3 AKUM I1epel KOKHUM ITyCKOM CTBOPIOETHCS TSATOBUIM MPUCTPIH,

BU3HAYEHUI MOYATKOBUM PO3PaXyHKOM TSITH, HICIISl YOIO TATOBUH MPUCTPIA MILHO

3aKPITUTIOETHCS.
\%
4 L z
wz GRS ] b L =
() ()
______________________________ RS S S S e e
F s ks i

Pucynok 2.3 — Cxema 1poriecy 3amycky KOHBeepa

Y 0 - JOBKHHA BEPXHBOI IJIKH TSATOBOTO OpraHy J10 BUTATYBAaHHS;
l; - TOBYKMHA BEPXHbOI I'JIKH TATOBOIO OPTraHy IICJs BUTATYBAaHHS;

It ¢ - IOBKHMHA HUKHBOI TUJIKUA TATOBOIO OPraHy IiCIisi BUTATYBAHHS;

L T e T e R B |

l; - TOBXXMHA HU)KHBOT T'JIKK TATOBOIO OPraHy /10 BUTSTYBaHHS

Bupimutu npoGieMy NpuBoAy y BUMAAKY 0araTONpUBOAHUX KOHBEEPIB IIIE
cknaaHime. HasgBHICTh NPOMIKHUX NMPUBOJIB HE A03BOJISE KEPYBATH MOYATKOBUM
HATSATOM TATOBOI'O OpraHy 3a/laHUM YMHOM. Takuil KOHTPOJIb MOKIMBUI JIUILIE MTPU
BCTAHOBJIEHHI HAa KOXKHOMY TIPHBOJII HATSHKHOTO TPUCTPOIO, 10 BUKOHAHO
KOHCTPYKTHBHO, aj€ Le CcKiaaaHo. s 3abesnedeHHs HATIATY poOOYOro oprany
BUKOPHUCTOBYIOTBCS Pi3HI CIIOCOOM 1 TEXHIYHI pIllICHHS, ajie BC1 BOHM IOB'sI3aH1 31
CKJIQJIHICTIO CUCTEM IPUBO/IIB KOHBEEPIB. AJIbTEPHATUBOIO € BUKOPUCTAHHS PI3HUX
CHUCTEM PETYJIbOBAHOrO eneKTponpuBoay. Lle mae MOXKIMBICTH KOHTPOJIIOBATH
peXUMH POOOTH 32 PaxyHOK 3MEHILUCHHS HaJMIPHOIO HaBaHTa)KEHHS Ha poOouuit
Oprat 3a paXyHOK KOHTPOJIIO MOTr0 HaTATY.

3anpornoHOBaHUM  CHOCIO MMJIABHOTO MIAKIIOYEHHST 0ararOMOTOPHOTO

€JICKTPONPUBOAY CTPIYKOBOrO KOHBeepa 0a3yeThbCs Ha BHUMIPIOBaHHI CTPYMIB
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HAaBAaHTA)KCHHA Ta 1X PO3JAUICHHS AKTUBHHMX CKJIQJ0BHMX, a TaKOX KepyBaHHI
MpUBOJaMU B pekumi nycky. CyTh MIIXOAY MOJISITAE B HACTYIMHOMY alTOPUTMI,
TOOTO 3amyCcK €NeKTPONpHBOJY OaraToOMOTOPHOIO CTPIUKOBOIO KOHBEEpa B
MIOYATKOBUI MOMEHT IIPOLIECY J1a€ HAMMEHIy CTapTOBY 4acToTy oOepTaHHs, JaJl,
SIKIO aKTHBHA CKJIaJI0OBA IHTEHCHBHO 3pPOCTA€ CTPYM HABAHTAXKEHHS KEPYIOUOTO
€JIEKTPOINPUBO/LY, IIBHAKICTE O0OEPTaHHS FOJIOBHOI Ta KEPOBAHOI OOPTOBUX Mepeay
Ha 33J1aHOMY JI0 HOMIHAJIbHOT'O 3HAYCHHSI.

KpiM komrieHcanii CTaTUYHMX MNEPeIlKo Ui JBUIYHA IIijJ 4ac poOoTH
KOHBEEPA, HEOOXIOHO BHUTpAa4aTH CHIIy IHEpLIi BaHTAXy Ta EHEprio il
nepemileHHs YacTUH KoHBeepa [9].

Takum yuHOM, MPHU 3aMyCKy KOHBEEPA EIEKTPOJBUTYH MOBHHEH PO3BUBATH

HACTYITHUN KPYTHUM MOMEHT
M, =M, + M, + M, (2.5)

ne: M (— MOMEHT IO/I0JIaHHs CTATUYHUX TEPEIIKO]] KOHBEEPA;

M 4 - IUHaMIYHUHA MOMEHT Ha TMOJI0JIaHHS HABAHTAKEHHS CHJIM 1HEpIi
pobodoro oprany KoHseepa (0e3 npuBojy) 1 00epTOBUX YaCTHH;

M ¢ - AMHAMIYHMIA MOMEHT Ha IOJIOJIAHHS CWJI 1HEepLii NMPUBOJAHUX YACTHH
KOHBEEpA.

M  mo4aTkoBUI KPYTHHI MOMEHT IBUHTA BEYUO1 31POUKH

PCT.n.'DO

M, = —==,

(2.6)

ne: Perr- cratmana cuna taru mepiony mycky;

Do- pospaxynkoBuii giaMmeTp Bexydoi 3ipoukn.

Y pexxkuMi MyCcKy BeJIMYMHA TSITOBOTO 3YCHJUIS KOHBEEpa OLIbIIIEC 3HAUCHHS B
CTaOLTI30BAaHOMY PEXHMMIi, OCKUIBKM 3HAY€HHS OMNOpPIB TEPTA y BiANOBIAHOMY
PEXUMI NEPEBUILYIOTh OJIMH OJJHOrO NMPpUOIU3HO B 1,5 pa3u.

KpyTHuit MOMEHT Ha Bajly JBUTYHA

M, = Po-Do_ 2.7)

2xigm, '

i3 = DO . WK, /ZiOBﬂJla PKII,BHI—'YHa
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Kpyrauit Moment (H- M)

M! . Py Do — Ga'Wﬂ‘Dg

A

(2.8)

Z'ED*I]D 4rig1tn-qn'
ne: Gs- moyana Maca BaHTaKy i PyXOMHUX YacTHH KOHBEEPA;
Ps - nopaTkoBe 3yCHILIA, IO JIi€ HA MEXaHi3M 3a PaxyHOK INPHUCKOPEHHS
BAaHTaXIB po00OYOro oprany Ta 00€pTOBHX YaCTUH KOHBEEPA.
JIlnHaMIYHUN KPYTHUM MOMEHT IS MPUCKOPEHHS PyXy OOE€pTOBUX YACTHH

€JICKTPOIPHBOJLY

Py-Dy _ ¢i(Gi-Dy )Z‘W,u
2xig Mg 4ty

M, = ; (2.9)

Wx - obepraeThcs MeHIE HIK

ne:  CGi=1,1-1,5 - kyroBa WIBHIKICTh

. . - i- (G; - Dg)?
KoeillieHT, [0 BPaxOBYe MPUCKOPEHHS jaeTanel Mexanizmy nepemadi; (Ui - Do
KPYTHHII MOMEHT Ha Bajy JBUTYHa 3 ypaXyBaHHAM Macu poropa, Mydr i
raJibMiBHOTO IIKiBa, KT M .

EnexTpoMarHiTHH  MOMEHT  aCHHXPOHHOTO  JBUTYHa  CTBOPHOETHCS
B3aEMOJIIEI0 CTPYMy B OOMOTIII pOTOpa 3 OO0EPTOBUM MArHITHUM [OJIEM.

EnexktpomarniTHuii MomeHT Mk 1npsAMO NpONOPUIMHUN  €IeKTPOMArHiTHIN

TIOTY>KHOCTI 1 00EPHEHO IPONOPLIHHUI YaCTOTI CTPYMY

- Pywp
K Z*R'f, (2‘10)

TyT:P - enekTpomMarHiTHa MOTYXHICTb, p - KUIbKICTB I1ap MOJIOCIB OOMOTKH B
craropi, f- yacrora 3miHHOTO CTPYMY.

[Ipu 3acTocyBaHHI 0araToONpUBOJHOIO CTPIYKOBOIO KOHBEEpPA BBAKAETHCS
HEOOXITHUM PIBHOMIPHHUI PO3MOJLI HAaBAaHTAXKEHHS MK NPUBOJAMU. 3 METOIO
MOJIIMILIEHHS IMHAMIKY PUBOM 3a3BHYail pO3MILIYIOTh Ha KIHLISIX KOHBeepa. Uepes
pi3HI KOe(ILIEHTH ONOPY PyXY HaBaHTa)KCHHS Ha HAaBaHTAXXCHY 1 HEHABAHTAXCHY
I'UIKY BIAMNOBIIHO HeogHaKoBl. HaitOuibi eeKTHBHUM peKUM POOOTH, KOJIM KOXKEH
CJICKTPONPUBOJ] HABAHTAXKCHUI HA CBOIO TLIKY.

Peanizarmiss 1pOro pexuMy J103BOJISIE BHUKOPUCTOBYBATH JIBUTYH MEHILO]

MOTY)KHOCTI 1 BIJIMOBIIHO MEHINOr0 00'€eMy I TMOPOXKHBOI TUIKH. Y pasi
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NIEPEBAHTAXEHHS B MOPOXKHIH T 1[I0 YACTHHY HaBaHTaKEHHS MOXKE B3SITH Ha ce0e
€IEKTPONPUBOl  HaBaHTaxkeHoi  rimku. [lpukmagm  maremaTuyHOro  Ta
KOMIT'IOTEPHOTO MOJICJIFOBAHHSl €JIEKTPOMEXAaHIYHUX CHCTEM €JIEKTPONPHUBO/IIB
JIAHLIOTOBUX KOHBEEPIB HaBeJIeHI B HACTYmHUX poboTax [9-10].

PosrisiHemMo MareMaTuyHy MOJIEINb 3aIyCKy KOHBE€EPA 3 TOJIOBHUM ITPUBOJIOM
1 KiHIeBUM mpuBooM. [lepinii roIoBHUI eIeKTPONPHUBO/ (BETHKOT MOTYKHOCTI)
[paLoe JUIs TPAHCIIOPTYBAHHS BEPXHbBOI INMIJHOMHOI T'UIKM TSATOBOrO Oprany. Y
MOMEHT TOYaTKOBOI'O IYCKY €NeKTPONPHUBOY BEPXHs BUCSAYA T'UIKA MPALIOE HA

TATY, 1 IIEH MpoILIeC OMUCYETHCS PIBHAHHAM (B IIbOMY BHMAIKY [xo> [ (puc. 2.2)):

dﬂ)l
dt

J1 = MA[{l - M.

(2.11)

dwq

e Mgz — M2, (2.12)

J2

TYyT:M 1- €1eKTPOMArHiTHUI MOMEHT, 110 PO3BUBAETHLCS NEPLIUM MPOBIIHUM
JIBUTYHOM; M. 1— CTaTUYHUU KPYTHUM MOMEHT, MPUKIAICHUN A0 BaJy MEPIIOTO
JABUTYHA;M 2- €IeKTPOMArHiTHUH MOMEHT, III0 PO3BUBAETHCS JIPYTMM IPOBITHUM
JABUT'YHOM; M. 2- CTaTUYHMIA KPYTHHIl MOMEHT, NPHUKJIAJEHUN 10 Bally JpPYyroro
JABUT'YHA.

VY cnocobi mycKy KOHBeepa MPUBOJM HE MAKTh KYTOBOTO MPHCKOPEHHS
POTOPIB €JIEKTPO/IBUTYHIB.

[Ticns  pgocsirHeHHST HEOOXIAHOrO PpIBHS TATM BEPXHBOI TUIKA  IPH
YIOBUIBHEHIN ILIBHAKOCTI TATOBOIO OpraHy IWIBUAKICTb OOEpPTaHHSA pPOTOPIB
€JICKTPOJIBUTYHIB TIOCTYIIOBO 30UIBIIYETHCS JI0 HOMIHAJIBHOTO PEXKUMY POOOTH.

Lleit nporiec ONUCYETHCS TAKOK CUCTEMOIO PIBHAHD:

dw;

J1 == Mapn—Mpz =& J(w; — wy)dt + ¢, [(w, — wy)dt (2:13)
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ne: Ji- momenr imepuii meprioro asuryHa; J2- MOMeEHT iHepuii apyroro
JABUTYHA; 31 6 2- KOe(]ILIEHTH XOPCTKOCTI BaliB 1-r0 1 2-T0 €IeKTPOIPHBO/IIB
BIIMOBIAHO; W1, W2- KyTOBA MIBUJKICTH 00EPTAHHS POTOPIB MEPIIOTO 1 JAPYroro
€JICKTPOJIBUT'YHIB B1JIITOBIJIHO.

[Tig yac mycky micjsi MOBHOTO BTSAT'YBAHHS BEPXHbOI I'JIKK TATOBOI'O OpraHy
pOTOpPH ABOX E€IEKTPOABUTYHIB MOYMHAIOTH 00EpPTATHCS 3 MEBHUM CHHXPOHHUM
KYTOBMM IPUCKOPEHHSM. PO3rIsHyTI B IbOMY pO3/UII MaTeMaTUYHI MOJENI OyiH

BUKOPHUCTAaHI B KOMIT'IOTEPHOMY MOJIETIOBAHHI .

2.2.2 MaTreMaTH4YHAa MO/Ie/Ib YOTHPUIIPHBOJHOI0 CTPiYKOBOI0 KOHBeEpa

B PeKMMI IIYCKY 3 YPaXyBaHHSM NPYKHUX 3B’ SA3KIB

3anyck 0araTronpuBOJAHOIO CTPIYKOBOIO KOHBEEpPA € OUIbL CKIIAAHUM
3aBjaHHAM. YerBepTui ejekTponpuBij Oyae B crani rajabmyBaHHs. [lepiimii
MPOBIIHUHN, APYTUM MPOMIKHHUKM 1 TPETIA MPOMIKHI €IEKTPONPUBOAN MOCTYIIOBO
MIATATYIOTH ¢J1a0K1 MICIIS TATOBOTO JIAHITIOTA 1 IOBOJSTH HOTO IO MOMEHTY MTOBHOTO
HATATY BEPXHbOI I'JIKM TATOBOIO BOJMIIA, MPO LIO CBIAYMTH CIPALbOBYBAHHS BCIX
TPHOX JIATYUKIB CTpyMy. MaremaruyHa MOJIeJlb IYCKOBOTO  MOMEHTY
0aratonpuBOJAHOIO (YOTUPUIIPUBOJHOIO) CTPIUKOBOIO KOHBEEpA MpEACTaBIEHA

TaKHUMH piBHHHHHMHZ

= Mpg1 — M — ¢ [(01 — 0y — wy)dt + ¢, [(wy — 0y — w3)dt, (2.15)

J2 % = Maz = Mcz + ¢, [ (@ — wp)dt ko [(0y — w3)dt, (5 1)

d
]3 ;‘;3 ZMAK3_MC3 +C1f(w3—(1)2)dt, (2’17)
dwy
Jazgr =0 (2.18)

ne: Ji- momenr imepuii meprmoro asurysa; J2- MoMmeHT imepuii apyroro

nBUTYHA; J3- MOMEHT iHepuil TpeThoro ABUryHa; Ja- MOMEHT iHeplii ueTBepTOro
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JABUTYHA; C; €2 - KOePIIEHTH KOPCTKOCTI 1-10 1 2-r0 €IeKTPONPHUBOIIB BIIMOBIIHO;
C3 C4 - KOe(IieHTH TBEPAOCTI 3-10 1 4-10 €IEKTPONPHUBOIIB BIAMOBIAHO; W1, W2-
KyTOBa IIBUAKICTH OOEpPTaHHS POTOPIB TMEPLIOTO 1 APYroro €JIeKTPOABUIYHIB
BIJUTOBIIHO; W3, Wa- KyTOBA LIBUIKICTH 0OEPTaHHS POTOPIB BIAIOBIIHO TPETHOI'O Ta
YETBEPTOr0 €JIEKTPOJBUTYHIB;M 1- €JIEKTPOMArHITHUNA MOMEHT, 1110 PO3BUBAETHCA
NEPIIUM MPOBITHUM JIBUTYHOM; M. 1— CTaTUMHMA MOMEHT, NPUKJIAJACHHUI 10 Bally
HEePLIOro JIBUryHa; M K2- eleKTpOMarHiTHUA MOMEHT, 10 PO3BUBAETHCS JIPYTUM
MPOMIXXHUM JBUI'YHOM; M, 2— CTaTUYHUIA MOMEHT, NMPUKJIAIEHUI 10 BaJly JIpyroro
ABUTYHA; M 3- €IEKTPOMAarHiTHUM MOMEHT, 10 PO3BUBAETLCS TPETIM MPOMIKHHUM
ABUT'YHOM; M, 3— CTaTMYHUI MOMEHT, NPUKJIAJCHUIA 10 Bally TPEThOIO JBUryHa; M
4~ €JIEKTPOMATHITHUIM MOMEHT, 110 PO3BUBAETHCS YETBEPTUM OCTAHHIM JBUTYHOM;
M. 4- CTATHIHUI MOMEHT, TIPUKIAICHUH 10 By Y€TBEPTOTO ABUTYHA.

[Ticns moBHOTO BTATYBaHHA poOouoi Tinku Big KoHTpoJiepa ITJIK gepes
BIAMOBIIHI OJIOKM KEpyBaHHS HAAXOJWTh CHTHAJI Ha PO3riH 0 HOMIHAJILHOI

HIBUJKOCTI BCIX YOTUPHOX E€JIEKTPONPUBO/IIB.

d
h% = Mps — Moy — My — ¢4 [(w1 — wy)dt + ¢; [(wy — wp)dt,  (2.19)

J2 % = Makz = Mz — My + ¢1 [(w2 — wy)dt + ¢y [(wz — w3)dt, (2.20)

d
Js Ji? = Mz — Mz — My + ¢ [(03 — wp)dt £ ¢ [(w3 — wy)dt, (2.21)
d
Ja ;‘;4 = Mpgs — Moy + ¢ [(w4 — w1)dt + ¢, [(w, — w3)dt. (2.22)

TakuM 4YWMHOM, 3aMpPONOHOBAHI MaTEMAaTH4YHI MOjEdal 0araTOMOTOPHOTO
CTPIYKOBOTO KOHBEEPA B peKUMaxX POOOTH 3 ypaxyBaHHSAM MPYKHUX BIaCTHBOCTEH
TSIFOBOI'O OpraHy J03BOJIAIOTH OTPUMATH HEOOXIAHHMI PEXUM IyCKY KOHBEepa
NUISXOM TUJIaBHOTO PO3TATYBAHHS POOOYOI TUIKK IS 3MEHIICHHS JTUHAMIYHUX
MEePEBAHTAXKEHb TATOBO-HECYYOr0 OpraHy, IO J03BOJISE TOJIOBXKUTH PECYpPC 1, 5K

HACJIIJIOK, BIUIMBA€E HA TEPMIH CIIY’KOU BCHOT'O €JIEKTPOIIPHBO/IY KOHBE€EpA.
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2.3 Po3podka KOMIT’I0TepHOI Mojei B32€MOIIOB’SI3aHOI0
0araTOABUIYHHOI0 YaCTOTHO-PEryJJbOBAHOI0 €JIeKTPONPHBOLY CTPiYKOBOIO

KOHBEEPA B pe;KUMAaX PodOTH 3 ypaXyBaHHSIM NPYKHHX 3B’ A3KiB

2.3.1 IlpoexTyBaHHs MoeJti pPeKUMY pobdoTH T0JIOBHOTO

ejiekTponpuBoaa kouseepa y MATLAB Simulink

Ha ocHOBI po31IMPEHOro MpeACTaBICHHS MATPUYHKUX Orepallii, Kl HIMPOKO
BUKOPHUCTOBYIOTHCS /17151 O3B’ A3yBaHHs 3a7a4 TEXHIYHOTO CIIPSMYBaHHS Ta IIUPOKO
BUKOPUCTOBYIOTHCA y CKJIAJIHUX MAaTeMaTHYHHUX pO3paxyHKax, 30KpeMa, CTBOPEHO
MaKeT MPUKIAJHUX Mporpam, 110 J03BOJISE pO3B’A3yBaTH 3a7a4l JIHIMHOT aireOpu
Ta MaTeMaTHYHE MOJAECIIOBAHHSA CTATHYHUX 1 AMHAMIYHHUX CHCTEM 1 OO €KTIB.
MOJICTIIOBaHHSl peXUMy poOOTH eneKTponpuBoay BuUkoHaHO B MATLAB.
[Tporpamuuii kommiekc MATLAB interpoBanuii i3 Simulink, a Simulink, y cBoo
qyepry, IpU3HAYeHUI Il MOJENIOBAHHS CKJIAQQHUX MPUCTPOIB 1 HAJAHHS TOYHUX
pe3yJbTaTiB Ha OCHOBI NPHUHLMIIB MOJEIIOBaHHS 0JIOYHO-3aaHUX JIMHAMIYHMX
CHUCTEM 1 IPUCTPOIB, Bi3yaJIbHO-OPIEHTOBAHOIO MPOIPAMYBaHHS.

[Ipu cTBOpeHHI MOJENl TMPOLECy IIYCKYy TOJOBHOTO €JIEKTPOIPUBOLY
0araTornpuBOJHOIO CTPIYKOBOro KOHBeepa 3a jgomnomoroo [ll-perynsitopa Oyiio
3MO/IEIbOBAHO MPOLEC PIBHOMIPHOIO 301IbILIEHHS MOMEHTY ONOPY BEPXHbOT I'UJIKH

TATOBO-HECYYOTro OpraHy (pUucyHok 2.3). .

Ampe

Time (seconds)

Pucynok 2.3 - Hanamrysanus Ill-perynsropa (mpouec piBHOMIPHOIO
301IbIIEHHSI PE3UCTUBHOTO MOMEHTY, 1110 HAJAa€ThCS BEPXHBOIO TiJIKOK TATOBO-

HECY4Oro opraHy))
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B sxocTi BUXITHUX AaHUX OyJIM MPUIAHATI HACTYITHI 3HAYCHHS:

- M. = 1,2 KH - Myoment onopy Biz BepXHBOI TijIKH Tina, IO HECYTh
HaTAIT,

- KPYTHUH MOMEHT, 1110 PO3BUBAETHCS IPOBIJHUM €JIEKTPOIBUIYHOM,
Mak1 =4 xH- M.

Ha pucynky 2.4 HaBeIeHO pe3y/IbTaTH MOJICIIOBAHHS IPOIECY 3aMyCKy
TOJIOBHOT'O €JIEKTPONPUBOAY OaraTompuBOJIHOTO CTPIYKOBOTO KOHBeepa. CriouaTky
MOCJIZI0OBHO Ha rpadiky I10Ka3aHO 3MiHY €JIEKTPOMAarHiTHOro MOMEHTY
ACHHXPOHHOTO €JIeKTpoABUryHa. TpeTiii rpadik ONUCye 3MiHY BETMYUHA MOMEHTY
OTIOPY BHACIIIIOK HATATY BEPXHBOI T'JIKH TATOBO-HECYJOTO OpPTraHy KOHBE€Epa.

Ha napyromy rpadiky BHAHO, IO 3HAYEHHS JMHAMIYHOIO MOMEHTY
€JIEKTPOIPUBOAY 3MEHIIYETHCS, a 3TAHO 3 MepiuM rpadikoM, anae Mmicis TOBHOTO
HATATY TATOBOTO BOJAWIA 3HAYCHHS JAWHAMIYHOTO MOMEHTY OCHOBHOTO

CIICKTPOIIpHUBOAY 3p0OCTaE 10 3a1aHOI'0 HOMIHAJBbHOTO 3HaYeHHs 4kH M.

e Eda

fe Ve &8E (PP ABE °
) GEE 10 »

Pucynok 2.4 — pe3ynbTaTH MOJENIOBAHHS IPOLECY 3alyCKy TOJIOBHOTO

€JIEKTPONPUBOAY OAraTonpuBOJIHOIO CTPIYKOBOTO KOHBEEPY
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2.3.2 Pe3yabTaTH MOJEJIOBAHHS JAHHAMIYHOTO NpoLECY CHCTEMH
KEePYBaHHS TOJOBHHMM €JEKTPONPHBOAOM 0araTOMOTOPHOIO CTPiYKOBOIO

KOHBEEPa B NYCKOBOMY pe:KMMi podoTH

Jlnst po3poOKu KOMIT' FOTEPHOT MO CUCTEMH KepyBaHHs 0araTOMOTOPHUM
KOHBEEPOM 3 YaCTOTHO-PETYJbOBAHUM EJIEKTPONPUBOAOM HEOOXITHO NEpPEBECTH
audepeniianbHi piBHAHHA (2.19-2.22) y BIIHOCHI OJIMHHIII.

[Ticns BIAMOBIAHMX IEPETBOPEHb OTPUMYEMO CHUCTEMY pIBHAHb (YHKIIIT

nepeaayl CTpiuKOBOTO KOHBEEpa:

*

d * * 1 * * 1 * *
T; ;:1 = (MAKI - Mcl) = T_zf(ah — wy)dt + ;3[(032 — wy)dt, (2.23)

dw; — * * 1 * * 1 * *
4~ = (MAI{Z - Mcz) . T_Bf(wz —wp)dt + T_ZI(GH —wy)dt, (2.24)

Ty=772 %)y - |

ae: My MOCTiI{HAa Yacy OCHOBHOTO €JI€KTPONIPHBOY;
T — Mnl
2™ wpy*c1- BEPXHBOI TiJIKH TPAXEOHOCIs
T e My,
CTajia yacy MpyXHOTO MOMEHTY; >  wnarcs -

MOCTIMHA Yacy MOMEHTY MPYKHUX KOJIMBAHb HIXKHBOI TUIKA HECYHOro TLIa;

w
Ty === *Jyp -2
M Crasa yacy eneKTponpuBoa.

Wn _ 152 _
Tl — Fﬁ: *jzl — % * (2,2 + 7,8) — 2;15 C’ (2’25)
_ My
Ty =g lic (2,26)
. A
T = s OO (2227)
s 152

IIpu cTBOpEeHHI MOAENl CUCTEMHM KEPYBaHHS I'OJIOBHHUM EJIEKTPOIPHUBOIOM

JIOTPUMYIOTBCS HACTYITHOTO OyI¥ BUKOpHCTaHi 3HauenHs: T1 = 2,15¢ iT, = 0,17 c.
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Ha pucynkax 2.5-2.10 HaBeaeHO pe3yJbTaTH MOJCIIOBAHHSA JUHAMIYHOTO
IIPOLIECY TOJIOBHOTO €JIEKTPONPUBOLY CTPIYKOBOTO KOHBEEpPA B PEXKHUMI MYCKY 3a

nonomororo nporpamu MATLAB Simulink.

Pict Siep = Response: | Reference tracking » | Shiow blieck responze Show parameters o

Ampiude
—

Biock respone
— Tned reeponss

Time (secencs)
Pucynok 2.5 - Hactpoiika [lI-perynsaropa cucteMu KepyBaHHs 'OJJOBHUM

€JICKTPONPUBOIOM

HanamTyBaHHd  peryistopa CUCTEMHM KEpPYBAaHHsS  €JIEKTPOIPHBOIOM
MOJCIIOEThC B 3 BapiaHTax: My - HOMIHAIBHUW KPYTHHH MOMEHT
€JIEKTPONPUBOAY (BXIJHUI CUTHAJ - MO3HAYEHO XOBTUM), M g, - AUHAMIYHUN

KPYTHUI MOMEHT (BUXIJHUH CUI'HAJI - TO3HAYEHO OJIAKUTHUM ).

ne P Gl e W
¥ 2int it
- D Conpotier "I e 1 VY e v g T P

Pucynok 2.6 — MojeinoBaHHs JUHAMIYHOTO MPo1ecy poOdOTH CUCTEMHU
KEpyBaHHS FOJIOBHUM €JIEKTPOTIPUBOIOM CTPIYKOBOTO KOHBEEPA B PEKHUMI ITYCKY

BapiaHT |
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Plot: .St!p -] Response: | Reference tracking v. [¥] Show black response Show parameters S

4
: ! !

Biock response
Tuned responss

15 20 % 0
Time (secands)

Pucynok 2.7 — HanamrryBanus Il-peryngaropa cucremu kepyBaHHs

TOJIOBHUM €JEKTPOIPUBOIOM-BEPCIS 2

Pucynok 2.8 - MojienoBatHs JHHAMIYHOIO IIPoLieCy poOOTH CHCTEMH KEPYBAHHS

TOJIOBHUM EJIEKTPOIPHBOIOM CTPIUKOBOTO KOHBEEPA B PEIKUMI IIyCKY, Bepcis 2
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Plot:| Step | = Mpm.ldc-muuchmg - | Show block response Show parsmeters wp

Ampitude

H Block response
i Tuned respense
o0 ]

Time {seconds)
Pucynox2.9 - nanamryBanus I1l-perynsropa cucreMu KepyBaHHS FOJIOBHUM

€JICKTPONPUBOIOM-3 BepCist

.

PID Compotier VT igniuanlet WV Tyagernuian srgad " BN

i

m v

Pucynok 2.10 - MojentoBaHHs JUHAMIYHOTO MPOLIECY CUCTEMH KEPYBAHHS

T'OJIOBHUM EJIEKTPONPUBOOM CTPIUKOBOIO KOHBEEpPA — BepCist 3

BucHoBOK 1o po3sainy 2

[Ilupoke BUKOPUCTAHHA B  IPOMHUCIOBOCTI  BHCOKOTEXHOJOTIYHUX
NePEeTBOPIOBAYIB YaCTOTH Ta HAIIBIIPOBIJHUKOBOI anaparypu MPOBIAHUX
CBITOBUX BHUpPOOHMKIB  3yMOBJICHO HACTYIHMMHM  IepeBaramu  ix
BUKOPHCTAHHS:

- BIJIMOBa BiJl BUKOPUCTAHHS KOpPOOOK Iepeayd, BapiaTopiB, JApPOCENiB Ta

IHILIOT PEryNIoIYoi amapatypy, 1[0 3HA4YHO CIPOIILYE KepOBaHY
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MEXaHIYHY (TE€XHOJIOT1YHY) CHUCTEMY, IMIJIBHINYE ii HaJIHHICTD 1 3HIKYE
BUTPATH HA EKCILTyaTaIlilo;

HU3BKOYACTOTHUH TYCK KEpOBaHOTO JBWUTYHa 3abe3meuye HOro
IOCTYIOBUH IMyCK, 0€3 BEJIMKUX IyCKOBUX CTPyMiB 1 0€3 MeXaHIYHMX
HEPEeBAHTAXKEHb, 1110 3HM)KYE HABAHTAXKCHHSI HA JIBUTYH 1 MOB'sI3aH1 3 HUM
MEXaHI3MU nepeiadi, 30UIblIy€e TEPMiH iX CIykKOu;

BUKOPHUCTAHHS CUCTEMH 3BOPOTHOIO 3B'SI3KY 3 IEPETBOPIOBAYEM YaCTOTH
3a0e3nedye SKICHY MIATPUMKY IIBHJKOCTI JBUI'yHa a00 peryjb0BaHOIO
TEXHOJIOTIYHOTO MapamMeTpa NpH 3MIHHUX HaBaHTAXKEHHAX Ta 1HIINX
BILTMBAX 30y /KEHHS;

NepeTBOPIOBAY ~ 4YacTOTH B KOMIUIGKTI 3 IPOrpaMOBaHUM
MIKpPOTIPOIIECOPHUM KOHTPOJIEPOM MOXKe OYTH BHUKOPUCTAHMHA IS
CTBOPEHHS Oarato()yHKIIIOHAJIbHUX CUCTEM KepyBaHHS
€JICKTPONPUBOIAMH;

3aCTOCYBaHHS YaCTOTHO-PETYJIbOBAHOTO EJIEKTPOIPUBOIY JI03BOJISE
€KOHOMMUTH €JICKTPOCHEPIit0 32 PAXyHOK BUKJIFOUEHHS ii HEBUIIPaBJIaHUX
BUTpAT, 5Kl BUHUKAIOTh NPHU aJbTEPHATUBHUX CIOCO0AX peryJitoBaHH:
TEXHOJIOTTYHUX TOTOKIB-IPOCENIIOBAHHS 32 JOMOMOIO0 riipoMydT Ta
IHIIMX MEXaHIYHUX PEryJIIOIUUX MPUCTPOIB.

AHani3 KOHCTPYKTMBHMX 1 TEXHOJIOIYHHUX OcoOiMBOCTEH poOOTH

NEPEeTBOPIOBAYIB YAacTOTH 3 ABTOHOMHMM I1HBEPTOPOM HANpyrd Ta

KEPOBAHUM BHIIPSAMIISIYEM ITOKa3aB, MI0 HECHMHYCOIMAIBHICTh HAMPYTH Ha

BUXOJI BUIpAMIsAYa OOMEKYye MONIMBUI Jllana3oH  peryJiroBaHHsI

IIBUIKOCTI 32 JOMOMOTOI0 IBOTO TMepeTBopioBaya. KpiM Toro, HasBHICTH

BUCOKMX TapMOHIK Ha KpHUBIA CTpyMy B CTaropi 30UIbLIY€E CIIOXMBaHHS

CHeprii B TOPIBHSHHI 3 BHIIAAKOM JKHUBICHHS  EJIECKTPOJBUIYHA

CHUHYCOIJAJILHOIO HAMPYTOI0.

3acTocyBaHHS 0araToMOTOPHOTO 4aCTOTHO-PETYJIBOBAHOTO

CIICKTpONIpUBOAY CTpilIKOBOI‘O KOHBC€EpPA, OCHAIICHOI'O IICPCTBOPHOBAYCM
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YacTOTH 3 IIMPOTHO-IMITYJIbCHOKO MOIYJISIIIIEI0, JO3BOJIAE 3IHCHIOBATH
MIOCTYTIOBUI 3aITyCK KOHBEEPA.

3anponoHOBaHMM  MiAX1J 0 IUIABHOTO IMYCKY 0araTOMOTOPHOIO
EJICKTPONPUBOY CTPIYKOBOI'O KOHBeepa 0a3yeTbCs Ha BUMIPHOBaHHI
CTPYMIB HABAaHTAXXEHHS Ta BHJAUICHHI iX AKTMBHOI CKJIAJ0BOi, a TaKOXK
KepyBaHHI NpHBOJaMH B pexumi nycky. CyTh MiAXOAYy TMOJSArae B
HACTYITHOMY aJIrOPUTMI, TOOTO 3alyCK €JIEKTPONPUBOJY OararoMOTOPHOrO
CTPIYKOBOr0 KOHBe€epa 3abe3redye HaWMEeHIIy CTapTOBY YaCTOTY 0OepTaHHS
B MMOYATKOBUH MOMEHT TIPOIECy, Aali, SKI0 aKTUBHA CKJIAJ0Ba CTPYMY
HaBAaHTA)KEHHS  KEPYIOYOro  eJEeKTPONPUBOAY IHTEHCHUBHO  3pOCTaE,
rOJIOBHUM 1 KepoBaHWM OOpTOBI Tmepenayl BIAMNOBIAHO A0 3aBAaHHS
301JIBIIATH MIBUAKICTH OOCPTAHHS 10 HOMIHAJTBHOTO 3HAYCHHS.

TakuM 4YMHOM, 3ampONOHOBaHI MaTEeMaTU4HI MOJeENl 0araToMOTOPHOTO
CTPIYKOBOTO KOHBEEpPA B PEKHUMAax pPOOOTH 3 ypaxyBaHHSAM MPYKHHX
BJIACTUBOCTEH TATOBOTO OpraHy J03BOJISIOTH OTPUMATH HEOOX1THUIN pPEeKUM
IyCKY KOHBEEpa NUISAXOM IUIABHOIO PO3TArYBaHHS POOOYOi TUIKK JUIs
3MEHIIEHHS JUHAMIYHUX [E€PEBAHTAaXX€Hb TATOBO-HECYYOr0 Oprasy,
BUKOPUCTAHHSI $IKOTO JO3BOJISIE TMOJOBKUTUA pecypc 1, [K HACHIJIOK,
IIO3UTHBHO BIUIMBAE HA PECYPC BCHOT'0 €JIEKTPOIIPUBOJLY KOHBEEpA.

Jlns  Bepudikaiii oTpumMaHOI MaTeMaTHYHOI MOJeai B NPOrpaMHOMY
cepenoBunli  MATLAB  Simulink  ctBOpeHo  mozaens  mycky
0araToMOTOPHOTO KOHBEEPHOTO 9aCTOTHO-PETyJILOBAHOTO
esiekTpornpuBoay. OnaHoyacHo OyJi0 MPOBECHO MPOLEC MOJACITIOBAHHS IS
TPbOX PI3HUX BaplaHTiB koH(irypaiii [1l-koHTposiepa cucteMu KepyBaHHS
€JIEKTPONPUBOIOM KOHBEEPA.

Pe3ynbTar KOMIT' FOTEPHOIO MOJIEIIOBAHHS JUHAMIYHOIO MPOLIECY CUCTEMH
KepyBaHHS B PEKHUMI TYCKYy €IEKTPONPHUBOAY 0OaraTOMOTOPHOTO
CTPIUKOBOTO KOHBEEpa II0Ka3aB JIOCUTh CTallIbHY XapaKTEPUCTUKY

CHUCTCMH B LliJ'IOMy.
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3. MATEMATUYHE MOJEJKOBAHHSA BATATOMOTOPHOI'O

YACTOTHO-PEI'YJIBOBAHOI'O EJEKTPOITPUBOAY CTPIYKOBOI'O
KOHBEEPY B CTAJIX PEXKUMAX POBOTHU

3.1 IlinBuieHHsi eHeproeeKTHBHOCTI TPAHCMOPTYBAHHS KOPHCHHX

KONAJIMH MPH cTa0i1i30BAHOMY peKMMi BUKOPUCTAHHSA CTPiYKOBOI0 KOHBeEpa

VY cyuacHi# cutyallii npoiecu po3BiJKK Ta BUI0OYTKY KOPUCHHX KOMAJUH
XapaKTePU3yIOTHCS MiABUIIEHHIM IHTEHCUBHOCTI PO3pOOKM HOBHUX POIOBHII, 1110
MPU3BOAUTL  JO 30UIBIIEHHS  BaHTaXOMOTOKIB. BucOka  TpyIOMICTKICTb
TPAHCHOPTYBAHHS TIPCBKUX TMOpLA 1 pya OOYMOBIIOE HEOOXIAHICTH IOLIYKY
PI3HOMAHITHUX IUIAXIB YIOCKOHAJIECHHSI CMOCO0IB BUKOPHCTAHHS TPAHCIIOPTHUX
3ac001B, y TOMY YMCJII Kap'€pHUX CTPIYKOBUX KOHBeepiB. Hampuknan, y 3B'SI3Ky 3
HAsIBHICTIO HAa KOHBEEP1 IBOX MPUBOJHUX CHUCTEM HEOOXIAHO BUPIIIYBATH 3a1a4y
ABTOMATUYHOTO PO3MOALTY CYMAapHOTO HABAHTAKEHHS MK OCHOBHUM 1
peryJbOBaHUM IMPUBOJAMH B TATOBO-HECYUYOMY OpraHi KOHBEEpa 3a CXEMOKO
TPAHCIIOPTYBaHHs 0€3 3aBaHTAXKECHHSI.

[IpoBenenuit aHasti3 A0CIIKEHHS TPOOIEMHU PO3MOAUTY HABAHTAKEHHS MIXK
€JICKTPOIIPUBOAMHU CTPIYKOBUX KOHBEEPIB JO3BOJMB BHUSBUTH HEIOJIIKHM CHUCTEM
KEepyBaHHs €JIEKTPONPHBOJIAMKU KOHBEEPIB, a TAKOX BH3HAYMTH PI3HI LUIAXH Ta
criocoOu BUPIILIEHHS 111€1 poOsieMu. mpoodiema.

Benmka dacTka eleKTpOeHeprii, CIIOKUBAHOT €JIEKTPOIIPHBOIOM, CTAHOBHUTH
0JM3bK0 65% y pO3BUHYTHX KpaiHaX, 1 aKTyallbHOIO IMpOOJIeMOI0 € pealizallis
MPAKTUYHO BCIX TEXHOJOTIYHUX IMIPOLECIB, MOB’SA3aHUX 3 MEPECyBaHHAM 3a
JOTIOMOTOI0  €JIEKTPOIIPUBOIY, OCOOIHBO EHEPro30epeeHHsT 3a JOTOMOTOIO
CJICKTPONPUBOAY Ta  EJIEKTPOIPHBOAHUX  3ac00iB. OCHOBHUM  3aco00M
E€HEepro30epeKeHHs €JICKTPOIPUBOJIIB € 3a0€3MeUYeHHS KIHI[EBOTO CIIOXKHBada -
TEXHOJIOT1YHOT MallIMHA HEOOX1THOIO KiTBKICTIO CITOKMBAHOT B KOYKEH MOMEHT Yacy
HOTYXHOCTI. L{pOro MokHa J10CSITH B pe3yJibTaTl IEPEX0/1y BiJl HEPETYIbOBAHOIO

EJICKTPONPUBOAY JIO0 PEryJibOBAaHOTO IMUIXOM KEpyBaHHsS KOOpJAMHATAMH
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esiekTponpuBoay. Lleit mpoiiec € OCHOBHMM LUIIXOM PO3BUTKY €JIEKTPONPHUBOLY
ICTISl OSIBU IIEPETBOPIOBAYIB 4acTOTH [5].

CrarioHapHUH peXMM BHUKOPHUCTaHHS KOHBEEPA € OCHOBHUM CIIOCOOOM
TPAHCIIOPTYBAaHHSI KOPUCHHUX KOMajiuH. Pexxum poOOTH KOHBEEpa 3 HOMIHAJIbLHUM
JIHIMHUM HaBAaHTAXKCHHSM € HAHOUIbII e(PEKTHBHUM 3 TOYKH 30pYy MiABHUILCHHS
eHeproe()eKTUBHOCTI TPAHCIIOPTYBAHHS KOPHUCHHUX KOMAJIMH. Y IBOMY PEXKHUMI
MOTIK HAaBaHTAKEHHS BIJNOBIAE HOMIHAIBHIN MOTYXHOCT1 KOHBE€Epa. 301IbIICHHS
JIHIAHONO  HABAaHTAXXEHHS poOOYOlI TUIKM TATOBO-HECY4Oro Opra"y o
HOMIHAJIBHOTO 3HAYEHHS 3MEHIIYE BUAAUy YaCTKU HEBHUPOOHHMUOI EHeprii, ska €
€KOHOMI€I0 eJIEKTpOeHeprii Ha AesKif 4YacTHHI 4Yacy, IO XapaKTepU3YeThCs ii
CepeIHbOTOIMHHUM 3HAYCHHSIM.

[Tutoma €HEeproBUTpaTa EIIEKTPOTIPUBOTY 06araToMOTOPHOTO
0araTocTpiYKOBOr0 KOHBEEPA PO3PaxoBYEThCS 3a popmyJioro [1]:

s WTTCI
3600*qu*np*L*g

, (kBm-cazg)/( m- km), (3.1)

€n

ne: Wy, — NOBHUH OI11p, CHPSIMOBAHUMN MPOTH PYXY TATOBO-HECYHOI0 OpraHy
KOHBeepa, H ; 4. - niHIliHE HABAHTAXXEHHS POOO0YOI TIIKU TSATOBO-HECYYOTO OpPraHy
KOHBeepa, H/ ; Tip - Koe(IiLieHT KOPUCHOI A1l peyKTOpa €IeKTPONIPUBOJA;

L- BijicTaHb BUIMKH, M; 8- IPUCKOPEHHS BIILHOIO TaJ(iHHS, M/C % .

B xoai poGoTu mpoBeieHO po3paxyHKH I BU3HAUCHHS 3HAYEHb MATOMOL
€HEPTrOEMHOCTI €JIEKTPONMPHUBOAY 0araTOMOTOPHOTO CTPIYKOBOTO KOHBEEpa Ta
CKJIQJICHO TMOPIBHSUIBHI JlarpaMM 3MiHM L€l BEJMYMHU B 4acli 3 OYIKYBaHOMO
€KCIOHEeHLIaIbHOI0 KpuBoto. (Puc. 3.1, 3.2).

3 aHali3y HABEICHHUX J[JlarpaM MUTOMAa €HEPro€EMHICTh EJICKTPOIPUBOIA
CTPIYKOBOTO KOHBEEpA 3aJICKUTH BiJ JIHIHHONO HaBAHTAXXEHHA POOOYOi TUIKH
TATOBO-HECYYOr'0 OpraHy.

B manuii yac Ha ByrUIbHMX IIaXTax 1 3a130pYIHUX Kap'epax B OCHOBHOMY 32
paxXyHOK BHKOPHUCTaHHS IIUKIIYHO-TIOTOKOBOI TEXHOJOTIi TpPaHCIOPTYBaHHS
MIHEpaJIbHOI ~CUPOBMHM, JIHIHA BEJMYMHA KOHBEEPHOI'O  3aBAHTAXKCHHSI

3MIHIOETBCS IIPOTATOM YChOTO Hacy OAHI€1 poO040i 3MIHH.
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SIk 3a3Havanocs BUIIE, 00 3a0€3MEYUTH OCTIHHE 3aBaHTa)KECHHs KOHBEEPa,
TOOTO YHUKHYTHM BUTpAT €HEPrii Ha XOJIOCTOMY XOJ/1 Ha OJUHHULIO BUKOHAHOI
poOOTH, OTHUM i3 NUISAXIB 3a0€3MEYCHHS i€l YMOBH € KOHTPOJb 1 PEryTFOBaHHS
IIBUKOCTI PyXy TATOBO-HECY4Oro opraHy KoHBeepa. Lls ymoBa moxe OyTH
peanizoBaHa 3a JIOIOMOIOI0 YacTOTHO-PEryIbOBAHOIO EJICKTPONPUBOLY Ha

0araToMOTOPHOMY KOHBEEDI.

qn H/m

14000

12000
— y = 489,78e07%45x /

8000

6000 4805

4000

2000 980
0 |
1 2 3 4

vy =34,77

Pucynok 3.1 - nopiBHsuUIbHA JllarpaMa KOPUCHOTO HABAHTAXEHHSI TATOBO-
HECY4YOro OpraHy Ta MUTOMI EHEPrOBUTPATH €JIEKTPOIIPUBO,Iy KOHBEEPaA B

YCTaHOBJIEHOMY PEXKHUMI poOOTH.

0,3

0,25

0,2

0,15

0,1

£0.2800¢ 7505

]
- '
~=——l

0,05 HT =

0 1000 2000 3000 4000 5000 6000 7000 8000 9000
Pucynok 3.2 - Jliarpama nMTOMUX €HEPrOBUTPAT €JIEKTPOIPUBOJLY KOHBEEpPA

B YCTAJICHOMY PEKUMI pOOOTH
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3.2 Po3poOka maTeMaTH4YHOI MO/Ie]Ii B32€MOIOB’I3aHOT0
0araToABHIYHHOI'0 YaCTOTHO-PEry/IbOBAHOI0 €JIeKTPONPHUBOAY CTPIYKOBOI0O
KOHBEEPA 3 YPaAXyBAHHAM (PAKTHYHOI0 HABAHTAKEHHS TATOBO-HECY40ro

OpraHy B CTAJIMX pPeKUMAX poOOTH

JUis 3MEHILEHHS JMHAMIYHUX 3yCHJIb Y TATOBOMY JIaHIO31 (poOouiil i
XOJIOCTHH T'UII) JIOULIBHO PO3MOAIMTH HABAHTAXKEHHS MK IIPUBOJIAaMH TakK, 1100
KOKEH JIBUTYH HAaBaHTa)KyBaBCsl Ha CBOIO I'UIKY. Y CHCTEMI pO3I10/1iJly HABAHTAXKEHb
MIXK IIPUBOJIAMU KOHBEEPA IIPOBIIHUM € OCHOBHUH €IIEKTPONIPUBO/I, HABAHTAKEHUI
Ha poOouy ruiky. Lle# npuBoa 3aKpUTHI 3BOPOTHUM 3B'SI3KOM 110 YaCTOTI1. 3aBAaHHS
APYroro MpUBOAY - MIATPUMYBATU KoediuieHT cTpymy. LI 1bOro BBOAUTHCA
3BOPOTHMH 3B'SI30K MO CTPYMY KEPYIOYOTo 1 KEpOBAaHOTO MPHUBO/IIB.

Ananiz npobseMu PpoO3NOAUTYy HABaHTAXKEHHS MK €JIEKTPONPUBOAAMU
JIAHLIIOTOBUX KOHBEEPIB JaB 3MOTY BHSIBUTH HEJOJIKM CHCTEM KepyBaHH:I
€IeKTPONPUBOAAMH KOHBEEPIB, a TAKOK BHU3HAYWTH PI3HI NUBIXH Ta 3aco0u
BUPIIIEHHS 1i€T TIPOOJIeMHU.

Enementn Hecydoro Tinia 0araTonpuBOJHOIO CTPIYKOBOIO KOHBEEpA €
rapamMeTpaMu, Kl He0OX1JHO BpaXxOBYBATHU IIPH PO3pOO0Ill MATEMATUYHOT MO/IEI,
110 OINUCY€ JIMHAMIYHI MPOLIECH, 110 BIIOYBAIOTHCA B PI3HUX TOUYKaXx IiJ 4ac MOro

(hYHKIIIOHYBAHHS.

Pucynok 3.3- Cxema 3aBaHTaKE€HHS Py 11 0araTOMOTOPHUM KOHBEEPOM
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Jlist po3B’si3yBaHHs 3a1a4 JIMHAMIKH JI03BOJICHO MPEICTABISATH A0CTIKYBaHI
By3/IM 0aratonpuBOJHOIO KOHBEEpA y BUTJISIAI OKPEMHUX IHEPILINHUX EJIEMEHTIB,
3’€lHAaHMX TPYKHUMH 3B’A3KaMH. Tako)K /ISl HECTAalllOHApHUX TNpoleciB (pyx,
raJIlbMyBaHHS, 3MiHa IIBUJKOCTI) HEOOXIJIHO BpaxOBYBAaTH BILUIMB IOBOPOTHHX 1
JIHIMHO PYXOMHX YACTHH TSATOBOI0 BOJMJIA, €IIEKTPONPHBOIY 1 Baru BaHTaxy. [lis
OTO BUKOPUCTOBYETbCS METOJ IIJIBEJICHHS BCIX PYXOMHX Mac JI0 BaliB
BITOBIIHUX JIBUTYHIB [10].

PospaxynkoBi (opmysin ckiageHi Juisi MOBHOTO IPHUBEICHHS MOMEHTIB
1Hepuii 00epTOBUX 4YaCTHH KOPOOOK Mepenad, pyXOMOro TSArOBO-HECY4dOro Tina 1
Macu BaHTaXy J0 Baly ABUTYHIB. [lo poropa Beay4yoro ABHryHa IiJIBeIEHI MacH
BEPXHBOI TUIKH TATOBO-HECY4YOTro OpraHy, 31pO4YOK 1 00€pTOBMX YaCTUH IMEpILOi
nepeaayl; Macu HWKHBOI TUIKH TIATOBO-HECYYOTO OpraHy, 31pO4oK 1 00epTOBHX
YaCTHH JPYroi nepeaayi niaBoAAThCs 10 BEACHOIO pOTOpa Apyroro ABUryHa. Takum
YHHOM, KOHBEEP 3aMIHIOETHCS IBOMA CHUCTEMaMU Mac, 3'€IHaHUMH TMPYKHUMHU
3B'I3KaMU 3 HWKHBOIO 1 BEPXHBOIO T1IKaMHU.

[lpencraBnena cxema 0araTOMOTOPHOIO — IUIACTOBOTO  KOHBEEpa 3

ACHHXPOHHHM YaCTOTHO-PECI'YJIbOBaHUM CICKTPOIIPHBOAOM HABCACHA Ha pHUC. 3.4,

Cy A’n!; ;
o L s e s g

PEAVKTOP

2

Pucynok 3.4 —Cxema 0araToMOTOpPHOTO CTPIYKOBOTO KOHBE€pa 3

ACHMHXPOHHHM YaCTOTHO-PCTYJIbLOBAHHUM CIICKTPOIIPHBOAOM

Cucrema piBHAHb KOHBEEpa Ta YMOBHM, MI0 3a0€3MEUylOTh PO3MOALIT

HABAHTAXXEHHA MUK  E€JIEKTPONPHUBOAAMH  (OOMEKEHHS  HEOOIPYHTOBAHMX
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AVMHAMIYHUX HaBaHTa)XCHb Ha TATOBO-HECYYHMH OpraH IIapyBaTUH KOHBEED)

ONMHUCYKTHCA TAKUMHU MATCMATUYHHUMHA BHpPA3aMH:

dwq

]Zl dt = MAKI - Mcl - M.).‘(’ —C .r(a)l - a)Z)dt + C2 f(wz - wl)dtH'Ms (32)

d(.l)z

Ix2 a Magz = Mz — &3 [(wy — wy)dt + ¢ [(wy — wZ)dt, H-m, (3.3)

' ' L —Rz
Fs1=( Jem Fleerz)® o + Jakr = (Myer + M) - 2*1-%:,?” * jAI{I, KrM 2, (3.4)
j g . 1 4 j =m R—§+ ]
»2 Keal 247,05 AK2 TT Z*i%*nrz AK'Z’ K_T'Mz, (3,5)
ap
c= a4z ° [Pmin<Pn0m<Pmax]’ H/m, (36)
S
M; =2 My - P

T —— Mmin
Skn  zast T L Mo ], HM, (3.7)

ne:My 1- enexTpoMarHiTHHIT MOMEHT, 110 PO3BMBAETHCS MEPIIMM BELYUHM
nBurynom, H:-m; M. 1— CTaTUYHUI MOMEHT, TIPUKJIAAECHUM JI0 Bally MEPUIOTO
meuryna, H-m; Ma 2- emexTpomariTHHIi MOMEHT, IO PO3BHMBAETHCS APYTHM
POMIKHUM JBUTYHOM, H'M; M. 2— CTaTHYHHH MOMEHT, NMPHUKIAACHUNA 10 Baiy
apyroro asuryHa, H-m; M, - MOMEHT cuil BiJl BaHTaxy, 1110 TpaHCoOpTyeThesi, H:m;
Wi , Wz - KyTOoBa IWIBUAKICTE OOEpPTaHHS POTOPIB MEPIIOrO Ta JIPYyroro
€JICKTPOJIBUT'YHIB BIAMOBIIHO, Pajl/c; J31- TATOBO-HECYYE TUJIO, IPUBEICHE 10 By
MepLIOro JBUTYHA, 1 MOMEHT I1HEpIil 3 ypaXyBaHHSM MacH BaHTaxy, IO
TPAHCIIOPTYETHCS; J32- moment iHepIIil 3 ypaXyBaHHSIM Bard TATOBO-HECYYOro TiJa,
NPUKJIAIEHOTO JI0 Bajly JIPYroro ABUIYHa, KI''M 2; ¢ 1, ¢ 2- Koe(illieHTH )KOPCTKOCTI,
3aCTOCOBaHI 10 BaJIiB 1-r0 i 2-ro ejexTponpuBoiB Bianosiano, H/m; J ken1- MOMEHT

IHEepIli 3 YypaxyBaHHAM Bard BEPXHBOI TUIKA TATOBO-HECY4Oro Tijia,

25 ’ .
KO''M > ]Ke.rlz ” - MOMCHT I1HEpLIlI 3 YpaxyBaHHAM MaCH BaHTaXy, IIO0
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2. gt . i
TPAHCHOPTYEThCS, KI*M > Jxen1- MOMEHT iHEpUii 3 ypaxyBaHHAM Maca HUKHBOI
TiJIKM TATOBO-HECYHYOTO OPTaHy, KI*M 2 ; My, '1'97- BepXHs rijka i Maca BaHTaxy, H;
My, - Maca HWKHBOI I'JIKH, JOBEJICHA JI0 pajiyca 31pKU B BEJACHOMY IPUBO/II - Maca
HIDKHBOT TJIKH, IOBEIEHA JI0 pajiyca 3ipku KepoBaHOro enekrponpusony, H; i1, lz-
yucia nepeayl BiJ BaldiB KEPYIOUOro 1 KEPOBAHOTO €IEKTPOABUTYHIB 10 KOPOOOK
nepenay; P - Tsokinns Tarosoro tina, H; R, Rxe- paniycn kepyBanns Ta keposanmux
enexkrponpuBois, M; Mi- n -m MoMeHT, 1110 po3BUBa€EThCs enekTponpuBoaoM, H-m;
Myi- n - m makcumanbHMiI MakCUMAanbHHil KPYTHHMiI MOMEHT, SKHMil PO3BHBAE
enektponpusoa H-M; € ;- BitHocHa nedopmartist Tarosoro Tina, H/cm 2.

HaBenena cucreMa piBHAHb MOJEIIOE POOOTY CTPIYKOBOI'O KOHBEEpA,
MIPEACTABICHOTO JBOMA CHCTEMaMH Mac 3 PI3HUMH IHEPUIMHMMHM MacamMu Ta
MOMEHTaMH OMopy. |HepUIHHICTh NMPUBOAY KEpyBaHHS BU3HAUAETLCA NEPEIaHUMHU
IHEpUIHHUMHU MacaMM NEPILIOTO MPUBOJLY, TATOBO-HECYUYOro OpraHy 3 ypaxyBaHHSIM
napamMeTpiB KOpoOKM mepenay, a TaKoK O0epTOBUMH MacaMu AaCMHXPOHHOIO
JBUTYHA.

[HepUIHHICTh KEPOBAHOI'O MPHUBOJY BU3HAYAETHCS MacaMM HUKHBOI T'UIKH,
XapakTEePUCTUKAMU KOPOOKH Tepeiad 1 00epToBUMU MacaMu ABUryHa. HeoOxiiHo
BU3HAYUTH PO3PAXyHKOBI 3HAUYEHHS OMOPIB OCHOBHOTO 1 KEPOBAHOTO MPUBOAY 3
ypaxyBaHHSIM BILTMBY 30BHIIIHIX KJIIMATUYHUX YMOB BUKOPHCTAHHSI.

Bigomo, 1110 KOpCTKICTh Tija, SIKe CIPUMMAaE CUITY TSHKIHHS, 0€3M0ocepeIHbO
noB’si3aHa 3 Hampyrow cwid TsokiHHA [3]. 3 mepmoi ymoBu 3abe3meueHHS
obMexenns Tsaru € = dP/d€ xoperkicth (MOLYIb NPYKHOCTI) BEpPXHBOI TiIKH
TATOBOT'O OpraHy Iij 4ac poOOTH KOHBEEPA 3MIHIOETHCS B 3AJIEKHOCTI BiJl CTYIIECHS
3aBaHTaXCHHS poO0YOT TIJIKH.

Y mareMaTtu4Hiid Mojesi Ul ONUCY KOHBEEpa 3alpONOHOBAHO HACTYIIHI
napametpu: My, €1 J (w1 = wp)dt c; [(wy — w1)dt. ¢ spipmmvm. Omie, 3 qacom
BOHH 3MIHIOIOTBCS B 3aJICKHOCTI BiJ OCOOJIMBOCTEH OKpEMHX PEXKHMIB poOOTH,

30BHIIIHIX TEXHOJIOTYHUX YMOB poOOTH Ta iHIINX (PaKkTopiB.
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[Tix yac poOOTH KOHBEEpPA KPUTHYHE IIPOKOB3YBaHHS aCHHXPOHHOI'O JIBUTYHA
1 3011BIIEHHS JKOPCTKOCTI (MOAYISI MPYXKHOCT1) TATOBOTO OPraHy MPU3BOJSTH 10
PIBHOMIPHOTO PO3MO/I1ly HAaBAaHTAXXEHHSI MK IIPUBOJAAMH.
EnekTpoMarHiTHUE ~ MOMEHT  aCMHXPOHHOIO  JIBUI'YHAa  CTBOPHOETHCS
B3aEMOJIIEI0 CTPYMY B OOMOTIII poTOpa 3 00EpTOBUM MArHITHUM I0JIEM CTaTopa
[10]. EnekrpoMarHiTHuii MOMEHT OOEPHEHO MPOMOPLINHUI YacTOTI CTPyMy JIHIT

KHUBJICHHA:

Mo = = 50
AK ™ 2m+f, H-m. (3,8)
MomeHT cun o1opy B1J] Baru lTepeMiUlnyHOFO BaHTaxy, 010 1€ Ha BCPXHIO

TUIKY TSITOBO-HECYUYOrO TiJ1a, BA3HAYAETHCS HACTYITHUMU BUPA3aMMU:

e = vy FM 9)

M

Je: ¢ - TBEPAICTb (MPYXKHICTH) TATOBO-HECYUOIO Tila; g - HMPUCKOPEHHS
BIJTBHOTO TaJliHHSA; 4, - TIOTOHHA Maca TATOBO-HECYdYOoro Tiia; 4. — moroHHa maca
HABAaHTA)KCHHS Ha TATOBE TLIO.

JInsg  CTBOPEHHS  KOMIT'IOTEPHOI  MOJENi  TATOBO-HECY4OrOo  OpraHy
0araToMOTOPHOI0 CTPIYKOBOI'O KOHBEEpA 3 €JIEKTPONPUBOJIOM HEOOXIIHO 3BECTH
audepeHiianbHi piBHsAHHSA (3.2-3.7) 10 BIIHOCHUX OJIMHHUIIb.

[Ticns  BIANOBIHUX  TMEPETBOPEHb  OTPUMYEMO  CHUCTEMY  PIBHSIHBb
nepeaaBaibHOI (PYHKIIT KOHBEEpPa

dw;] * * * 1 * ¥ 1 & 1
Ty = Mi =Mz = M5) 5 J(@i —wf)db b [~ 0t o (4 1)

Ty %2 = (Mige — M) — - [(@3 = wi)dt + - (@i - @)t (3 11)
_wn 4y :152 (22+78) =215 | 3.12)

T, = w” =017c (3.13)
T3:m—”';;—009c (3.14)
T4:;_z.jzz=1°2 (0,5+2386) =143 ¢ (3.15)
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Pe3ynbTaTH po3paxyHKiB HaBeJIeHI B HaCTymHIN Tabnuui 3.1.

Tabnuus 3.1 — TexHiuHI XapaKTEPUCTUKHU Ta MOCTINHI Yacy €JIEKTPOIPUBO/IIB

1 TATOBO-HECYYOI'0 OpraHy

Tun HasBu nmapameTpiB
ACHMHXPOHHOTO
JBUT'YHA
Iotyxuicts Hominansuwuii / | Momenr, |Ctpym,| Hanpyra| Yacto- J Coso [T,iT4
kBT MaKCHMAaJILHHIA. H-Mm A B Ta, [’ | poTopa, gionosi
IIBU/IKICTD, Kr/m 2 OHO
00/XB
28054 110 1450/4500 707 | 202 | 380 | 50 | 22 | 085 | 215
225M4
55 1450/4500 356 105 380 50 0,5 0,86 1.43

Takum uMHOM, 3 ypaxyBaHHSIM O0EpTOBOI Macu €NeKTPOABUTYHA 1 UMCIa
nepeaay KopoOkH rnepeaad po3poOIeHO cXeMy 3aMiHU Macu TATOBO-HECYYOTo TiJIa.
[Ipy pOMY Ha OCHOBI JiarpaMu CTBOPEHO MaTeMaTHYHy MOJIElb Y BIJHOCHHX
OIUHHUIIAX, 10 OMUCYE AUHAMIYHI MPOLECU TIPH POOOTI TATOBO-HECYHOro OpraHy
CTPIYKOBOI'O KOHBEEPA.

Ha ocHoOBI gaHOi Mojeii CTBOpPEHO IepeaaTHy (yHKII0, po3paxoBaHO
MPYKHI MOMEHTH KOJMBaHb POOOYMX 1 BIIbHMX TIJIOK KOHBEEpA Ta JAUHAMIYHI
MOMEHTH JIBUTYHIB, IK1 MOKYTh OyTH BUKOPUCTAHI ISl CHHTE3Y CUCTEMH PO3IOALTY
HABAaHTA)KEHHS B YaCTOTHO-PEryJIbOBAHOMY PEXKHUMI. €JIEKTPOIPUBOJL CTPIUKOBOI'O

KOHBEEpA.

3.3 Po3poOka koM’10TepHOi Mo/1eJ1i 0araToMOTOPHOI0 YaCTOTHO-
PeryJib0BaHOI0 eJeKTPONPHBOAY B32€EMONOB’ A3aHOI0 CTPIYKOBOr0 KOHBEEpPa

B CTIKHX pe:kuMax podoTH

[Ticis nepeTBOpeHHs cUcTeMHM PiBHSHD (3.2) 1(3.3) OTpUMYy€EMO PIBHSHHS J1JIs1
KyTOBOI MIBHIKOCTI 0OepTaHHs (POHTY KEpyBaHHS Ta OCTAHHBOTO KEpYyBaHHS

CIICKTPOIIPUBOAaMH CTpquOBOI‘O KOHBE€pa:
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w1 = fﬁ [MAKl — M — Mu—8 f(cul —w,)dt + ¢, f(a’z = a’l)dt]dt pan/c, (3,16)

= ot _ _ _ _
Wy = f},xz [MAR'Z Me; — ¢, [(wy — wp)dt + ¢y [(wq wz)df]df, pa/c, (3.17)

ne: Wi1- KyToBa MIBUJIKICTh EPIIOTO eJEKTPOTPUBOLY, PaJI/C;

W2~ MBUKICTH 00EPTAHHS JAPYrOro eJNeKTPONpPUBOLY, pajl/c,

3a pomomorow cucremu piBHAHBL (3.16) Ta (3.17) cTBOpeHO iHTErpoBaHi
mozeni (puc. 3.5, 3.6 Ta 3.7) 6araTOMOTOPHOTO CTPIYKOBOI0 KOHBEEPA K MOJIEII

3MIHM KYTOBHX LIBHIAKOCTEH KEPYIOUOTO Ta KEPOBAHOIO €IEKTPONPUBO/IIB. .

Integrator
Limiatedd

=

Subtract

s
Integrator =
Limited1
| ————— Product
WWi-rotat speed AD = El
c2 1 edd
W1-romat gpeed AD1
. b Integrator WV 1-OREE S0BES AT
Jev2-roe sosed AD) - Limited2 W -romR eoe) -
Subtractl s —1—4
= Scope
Wi-roust soesd ADZ TTT=gTST
Limited
Ij
i
Mad2 s WI-ToR speed ADZ
Subtractd
E
Mc1 r
Subtrac
Integrator
Limited4
W-riaTeseee ST ADT =iz
L ke 1
= =
Subtractd
. Integrator
LimitedS

Pucynok 3.5 — Mozens ycTajIeHOTro pexkuMy poOoTH 6araToMOTOPHOTO
CJIEKTPOIIPUBO/LY CTPIUKOBOTO KOHBeEpa po3pobiieHa B porpami Matlab Simulink-

Math Operations
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Pucynok 3.6 - Pe3ynpTarit MOAEIIOBAHHS KYTOBOI IIIBUIKOCTI
€JIEKTPONPUBOY B CTA01I30BAaHOMY peKHUMI poOOTH 6AaraTOMOTOPHOTO

CTPIYKOBOTO KOHBE€EpA.

D FES& @ - Pl y s o [N BT PEE4

3.7 — cmpomeHa MoOJ€Nb KyTOBOI IIBUAKOCTI €JIEKTPOIPUBOJA B

cTa0LTI30BaHOMY pPEXKUMI POOOTH KOHBE€Epa
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AHaniz pe3yibTaTiB  MOJIEIIOBAHHS CTaOlLII30BAHOTO peXUMYy poOOTH
0araToOMOTOPHOTO  CTPIUKOBOTO KOHBEEpa TOKa3aB, M0 KepyBaHHS Ta
€JIEKTPONPUBOAN 3 PI3HUMHU 3HAYEHHSMM IIBHUJKOCTI BUXOJATh Ha HOMIHAJIbHHIM
pexuM poOOTH, a MOTIM 3HAYEHHS OOEepTaHHS IUBUIKOCTI EJIEKTPOIPUBOIIB
cTabLTi3yI0ThCS HA HOMIHAJILHOMY PIBHI.

Kpim TOro, 3a pesynpraTaMd MOJICTIOBAaHHS TPOIECY pPEryJTIOBaHHS
HIBUJIKOCTI 00EpTaHHS €JEKTPOIIPUBOJLY, 31 3MEHIIEHHSM IIBUAKOCTI 0OepTaHHS
BEIy4Oro E€JEKTPOIPHUBOy 0araToOMOTOPHOIO CTPIYKOBOTO KOHBeepa, TOOTO
IIJIIXOM CIIOBUIBHEHHS IO Mipl pyXy BEPXHbBOI po00u0i TIKU () , IPOTYKTUBHICTh

KOHBE€Epa MOYMHAE 3pOCTATH 10 HOMIHAJIBHOTO 3HaYeHHs (puc. 3.8 1 3.9).

Proauct

= dusat =
o] e it

Derivative

|

Scope

PucyHok 3.8 - Mojienb nporiecy peryitoBaHHs IMIBUIKOCTI IPUBOJIHOTO

€JIEKTPOINPUBO/LY 6araTOMOTOPHOI'O CTPIUKOBOIO KOHBEEPA
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Pucynok 3.9 - Pe3ynbTaTt MOICIIIOBaHHSI IPOLIECY PETYJIFOBAHHS ILIBUJIKOCTI

MPOBIHOTO EJIEKTPONPUBOY OAraTOMOTOPHOIO CTPIYKOBOI'O KOHBEEPA

BucHoBok no po3aiay 3

BennumHa nuTOMOI €HEPrOEMHOCTI EJIEKTPONPHUBOIY 3aJIKUTh  BiJ
MIOTOHHOTO HaBAaHTAXEHHS POOOYOT T'JIKH TATOBO-HECYUOTO OpraHy.

Jlns 3a0e3neueHHs MOCTIHHOrO 3aBaHTaXKEHHSI KOHBeepa, TOOTO 3HMIKEHHS
HEMPOJAYKTUBHUX €HEPreTUYHUX BUTPAT HA OJAMHUIIIO BUKOHAHOI poOOTH,
OJIHUM 13 HUIAXIB 3a0€3ME€UEHHSI LIUX YMOB € KOHTPOJb 1 PETyJIOBaHHS
JIHIAHOT IIBMJAKOCTI PYXy TAIOBO-HECYYOro OpraHy KOHBEeEp, SKUH
pealti3yeThCs 3a JI0NOMOI0I0 YaCTOTHO-PETYJIbOBAHOTO €JIEKTPOIIPUBO/LY Ha
0araToMOTOPHOMY KOHBEEPI.

VY 3B’S3Ky 3 LIUM JOLLJIBHO PO3POOMTH MaTeMaTHYHY MOJEIb, SIKa OIMHUCYE

JIMHAMI4H] MPOLIeCH POOOTH TITOBO-HECYYOTO OpraHy Ta Crocid po3noaury
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HaBaHTaA)XEHb MDK TOJOBHMM Ta KEpPOBAaHUM  €JICKTPOINPHBOJAMH
0araTOMOTOPHOTO CTPIUKOBOTO KOHBEEpA, MPU IbOMY KPYTHI MOMEHTH
OCHOBHHX 1 pEryJbOBaHHX YaCTOTHO-PETYJIhOBAHUX EJICKTPOMPUBOIIB
npuiiMaTu 3 BXIIHUMHU NapaMeTpamMmu MOJEII.

3 ypaxyBaHHsAM O0O0EpTOBOI MacH €JEKTPOJBUTYHA Ta 4YHCIa Mepenayd
KOpPOOKHM nepe/iay Ha OCHOBI PO3pO0OJIEHOT CXEMU MepeMIILIEHHs T00Y10BaHO
MaTeMaTHYHYy MOJEIIb, 1110 OIMKMCYE JMHAMIYHI MPOLECH MPU POOOTI TATOBO-
HECY4YOro OpraHy CTpI4KOBOIO KOHBE€EpA. TATOBO-HECYHOTro TLIA.

3a J0moMOror po3po0sIEHOT MAaTEMAaTUYHOI MOJEN] MOOYAOBaHO (YHKIIIIO
nepeaayi, a TaKoK po3paxoBaHO JUHAMIYHUNA MOMEHT €JIEKTPOJBUIYHA Ta
MOCTIMHI Yacy KOJMBaHb IMPYKHUX CHJI pPoOOYOi Ta BUILHOI TLIOK.
Pe3ynbTaT 1MX pO3paxyHKIB MOKYTh OyTH BUKOPUCTAHI ISl CUHTE3Y
CUCTEMHM  pO3MNOJAULYy  HAaBaHTAKEHHS B  YaCTOTHO-PETYJbOBAaHOMY
€JIEKTPONPHUBO/II CTPIYKOBOTO KOHBEEPA.

AHani3 pe3ynapTaTiB  KOMIT IOTEPHOTO MOJETIOBaHHS  CTa0lI130BaHOTO
pexuMy pobOoTH 0araTOMOTOPHOIO CTPIYKOBOI'O KOHBEEpA IOKa3aB, LIO
IIBUJIKOCTI KEPYIOUOTro Ta KEPOBAaHOI'O EJEKTPOINPHUBOJIB BHUXOISATH Ha
HOMIHAJILHUM PEKUM POOOTH 3 PISHUMH MPUCKOPEHHAMHU, a TIOTIM 3HAYEHHS
4acTOTH OOEepTaHHs  EJEKTPONPHUBOJY TAaKOXK CTaOUI3YHOThCS  Ha

HOMIHAJIbHOMY PiBHI.
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4. IHZKEHEPHI PIINEHHA JJ151 EGEKTUBHOI'O BUKOPUCTAHHSA
CTPIYKOBOI'O KOHBEE€PHOTI' O B3AEMOITIOEIHAHOI'O
BATATOMOTOPHOI'O HACTOTHO-PEI'YJIBOBAHOI'O
EJIEKTPOIIPUBO/Y

4.1 BpaxyBaHHsl NPYKHHUX BJIACTHBOCTEH TAIOBO-HECYYOr0 OPraHy,
3a0e3neyeHHs1 Oe3nepediiiHOT po0OTH  B3a€EMONOB’SI3aHOTO0  YaCTOTHO-

PeryjibOBaHOIr0 ABOMOTOPHOIO €JICKTPONPHBOAY CTPiYKOBOI0 KOHBEEPY

BukopucTaHHs KOHBEEpa 3a TEXHOJOTIYHMM TMPOLECOM XapaKTepU3YEThCS
MEeBHOIO MOCIIIOBHICTIO TEXHOJIOTTYHUX MPOILECIB: MYCKOBUH, MOCTYNAIbHUHN PYX,
cTal11130BaHUM, aBapiiiHUM 1 raTbMIBHUN pexxuMu. BoHoUuac BaKIIMBE IPaAaKTHUHE
3Haue€HHd Mae 3a0esneueHHs  Oe3nepeliiiHOT  poOOTH  ©6AararoMOTOPHOTO
JIAHIIOTOBOTO KOHBeepa. [ e1eKTpOonpuBOAIB, Y TOMY YHUCII HEPEryJbOBaHUX
ACHUHXPOHHUX EJEKTPONPHUBOIB KOHBEEPIB, HAUOLIBII KOPCTKI MYCKOBI PEKUMH,
JUIS IKUX Y JIEKIJIbKA pa3iB EepEeBULLYIOTh HOMIHAJIbHE 3HaY€HHS, TOOTO XapaKTepHi
BEJIMKI IYCKOBI CTPYMH Ta KOJIMBaHHS IyCKOBOro MmoMeHty [9-10] .

3 oaHOro OOKY, 1€ € MPUYHHOI0 MEeperpiBy OOMOTOK €JIeKTPOJBUIYHA 1
3HWKEHHS MOT0 pecypcy, a 3 1HIIOT0 — IMPU3BOIUTH J0 IePEeBaHTAKEHHS KOPOOKH
nepejay 1 TAroBoro pobouyoro oprany JiaHirora. Ha ejlekTpuyHi Mepexi Takox
HEraTUBHO BIUIMBAIOTH BEJIUKI MMYCKOBI CTPYMHU.

Y po6oTi po3risHYTO iICHYIOY1 TEXHIYHI pillieHHs poOOTH OaraTonmpuBOIHUX
JIAHIFOIrOBUX KOHBEEPIB, MIPOAHAII30BAHO iX OCOOJIMBOCTI, BU3HAYEHO IEpeBaru Ta
HEJIOJIKH.

Bigomuii croci6 mycky KOHBeepa, sSIKUH 3a0e3redye po3TiH JIBUTYHa TIpU
3MiHI Tpu(da3HOI CHHYCOiaJbHOI HANpPyrd BiJ MIHIMAQJIBLHOTO 3HAYCHHS [0
HoMiHasibHOTO [ 10]. HemonikoM Takoro niixomy € Te, 10 B MPOoLect MycKy poOouHit
OpraH pO3roHy MpPHUBOAY HE HAAIMHO 3aTATHYTHM, BeJIWYMHA Horo mwodTa
HecTablIbHa, HEBEJIUKHI JTI0(T poOo4yoro oprany abo HeoOIpyHTOBaHE 301JIbIICHHSI

yacy MycKy MOe IMPU3BOIUTH JI0 IEPEBAHTAKEHHS poO0YOIro OpraHy.
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Bijiomuii Takox crocid mycKy JIAaHIFOrOBOTO KOHBEEPA, MPHU SKOMY TSATOBHMA
HOCIH MOMNEpPeHbO HATITYIOTh 3a JOMOMOTOK TIAPONPHUBOIY TATOBOI CTaHIIIT
KoHBeepa. [Ipu JOCSATHEHHI 3aJaHOTO 3HAYEHHS TATU CHPALbOBYE PEJE THUCKY
MacJISIHOT CTaHIIli, SIKe BIAK/IIOYAE TIAPONPUBO] TATOBOI CTAHLIT 1 BKIOYAE BY3JIH
nepenaBajbHUX NPUCTPOIB. Llel KOHBeep OCHALIEHUH T'OJIOBHUM 1 MPOMIKHUM
IIPUBOJAMH, KOXKEH 3 SIKUX BKJIKOYA€ ACHHXPOHHI €JIEKTPOABUTYHH [8].

HenosiikoM Takoro mijaxojay € HeoOX1IHICTh J0JaTKOBOI TATOBOI CTaHILI1, 1110
3HMXKYE HaAIHHICTh MpuBoay. KpiM Toro, poboui XxapakTepuCTUKH TiIPONPUBOLY
MOTIPUIYIOTECS B MPOIIECT MOT0 BHKOPUCTAHHS, TOOTO MpH poOOTI NMPU HUBBKUX
TEeMIIepaTypax HaBKOJIMUIIHBOTO CEPEIOBUILA.

Haiibinpur OMU3bKUM B TEXHIYHOMY BIJIHOILIEHHI J0 3alpONOHOBAHOI HAMM
KOPUCHOI MOJENl € HACTyMmHHH Croci0 MyCKy aCHMHXPOHHOTO EJIEeKTPOJBUTYHA
KOHBE€Epa, SKUH IMOJATrae y 3MEHIIEHHI IyJIbCallii eIeKTPOMAarHiTHOrO MOMEHTY
€JIEKTPOJBUIYHA Ta MOr0 IMYyCKOBUX CTPYMIB y pa3i OOMEXKEHHS JUHAMIYHHUX
NepeHanpyru B HamiBNPOBIAHUKOBUX Nepemukavax [11].

[Ipy TakoMy MiJIXOJlI HE BPAXOBYETHCS IIONEPEIHE 3alyYEHHS PoOOYOro
opraiy B Ipouec 3amycky konseepa. [Ipu 1iboMy po3riH NpuBOY 3IHCHIOETLCS B
3aJICKHOCTI B1J] 4acy, TOOTO He 3a0e3meuyeThest HaAllHa Tsra podo4oro opraHy B
IPOLEC] MMYCKY, OCKUIBKM IIBUAKICTh HOro pesiakcarli HecTallibHa.

3aBAaHHAM PO3POOJICHOI0 HAMHU TEXHIYHOrO pilIeHHS € 3a0e3nedyeHHs
IUTABHOI TST'M TATOBO-HECYYOro OpraHy CTPIYKOBOTrO KOHBeepa. PesynbraTtom €
MIJBUILIEHHS HAIIHHOCTI pOOOTH CTPIYKOBUX KOHBEEPIB Ta 30UIBLLIEHHS PECypCy
TSOBO-HECYYOI'0 OpraHy KOHBEEPIB 3a PaXyHOK 3HIKEHHS JUHAMIYHUX
HABAaHTA)KCHb HA TATOBO-HECYUH OpraH B peXKUMax poOOTH.

3anponoHOBaHMM  CIOCIO TUIABHOTO  MIAKIIOYEHHS 0araToMOTOPHOTO
€JICKTPOIIPUBOAY CTPIYKOBOrO KOHBeepa 0a3yeTbCs Ha BHUMIPIOBaHHI CTPYMIB
HABAHTA)KCHHS Ta 1X PO3AUICHHS AKTUBHMX CKIAJ0BHX, @ TaKOX KepyBaHHI
IIPUBO/IAMH B PEKUMI ITYCKY.

CyTrp miaxojay Tmojsirae B HACTYIHOMY QJIIOpUTMi, TOOTO 3aIlycK

€JICKTPONPUBOLY 0araTOMOTOPHOIO CTPIYKOBOI'O0 KOHBEEPY B MOYATKOBUI MOMEHT
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NpOLECY Ja€ HalMEHINy CTapTOBY YacTOTy OOepTaHHs, Jai, SKIIO aKTHUBHA
CKJIQJIOBAa CTPYMY HABAaHTAKEHHS KEPYIOUOTO ENEKTPONPHUBOIY LIBHUAKO 3pPOCTaAE,
BIJUIIOBIZIHO JI0 3aBJaHHS TOJIOBHUH NEpeJHIN 1 KEpOBaHUN OCTaHHIA NPUBOAM
JOBOJISATH IIBUAKICTH OOEPTAHHS 10 HOMIHAJIBHOIO 3Ha4YeHHs [12].

CtpykTypHa cxema eJIeKTPOIIPUBO/ly HaBe/leHa Ha pUcCyHKY 4.1. Bci Osoku
3aMpONOHOBAHOIO MPHUCTPOI0 MOXKYTh OyTH peasli3oBaHi Ha OCHOBI BiJIOMHUX
TEXHIYHUX pilieHb. TAroBUH TpaHCIOPTHUIA OpraH | cTPIYKOBOIO KOHBEEpA SIBJISIE
co0010 BaHTaXOHECYYe MOJOTHO 3 IIApiB CTajl, 3aKpilieHe Ha JIAHLIOTOBOMY
TATOBOMY Oprasi, Nepiiui nepenaBaJbHUN NPUCTPiil 2 1 Apyruil nepeaaBaabHU

npucTpiii 11 BUKOHAHI y BUIJISAAI CTAHAAPTHUX LWIIHIAPUYHHUX IECTEPEHb.
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Pucynok 4.2 - YacTOTHO-pEryJibOBaHHH JIBOMOTOPHUH NPUCTPIH 3 IJIABHUM
MMyCKOM Ji1s1 KOHBeepa. CTpyKTypHa cXema IpUBOIY
|- TATOBO-HECYUMii OpraH KOHBeepa; 2 - NepIInii nepeaaBaibHUN NPUCTPI;
3 - KEpYKOUHil €ICKTPOABUIYH; 4 - IEpLIMH YaCTOTHUH IIEPETBOPIOBAY;
5 - kommapaTop; 6 - 60K YCTaHOBKM MIHIMAJILHOTO CTPYMY HaBaHTaKCHHSI;
7 - MaTYUK TIBHAKOCTI; 8 - OJIOK YCTAaHOBKU MIHIMAJILHOI MIBUAKOCTI; 9 - epuInid
Koe(ilieHT iHTeHCUBHOCTI; 10 - nepimii 610k ynpasiminas; 11 - apyruit
nepeaaBaibHUi npucTpiit; 12 - Apyruii eaeKTpoaBuryH; 13 - gpyruii 4acTOTHHIMA

nepeTBoproBay; 14 - apyruit 6110k KepyBaHHS; 15- ceIeKTOp IHTeHCUBHOCTI;

Kepytouuit  enekTpoaBuryn 3 1 KepoBaHHUM eNEKTpPOJABUIYH 12 €

ACHHXPOHHUMH €JIEKTPOJIBUTYHAMH 3 KOPOTKO3aMKHEHUM poTopoM. Ilepmmii
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NePEeTBOPIOBAaY YacTOTH 4 1 Jpyruil mepeTBoproBad 4acToTu 13 € craHgapTHUMH
MEePETBOPIOBAYAMHU, SIKI TMEPETBOPIOIOTh 3MIHHY HAIMpPyry B HAMNpyry MEpexi.
[Tepmmii 6ok 10 kepyBaHHs Ta Apyruii 010k 14 KepyBaHHS € CTaHIApTHUMHU
0JIoKaMU KepyBaHHS [1epeTBOPIOBaYeM 4acToTh. bilok 6 yCTaHOBKM MIHIMAJILHOTO
CTPYMY HABAaHTAXKEHHS Ta YCTAHOBKA MIHIMAJbHOI IIBMJKOCTI 8§ peasi3oBaHi sK
KEepOBaHI MO/IIbBHUKU HAIIPYTH.

Komnaparop 5 noOyaoBaHMii Ha OCHOBI CTaHJAPTHOIO JBOCTOPOHHBOI'O
KOMITIapaTopa, i Py HOro BKJIIOYEHHI BEJIMYMHA BUXIAHOIO CUI'HALYy KOMIaparopa
JOPIBHIOE BEIWYMHI HOMIHAIBHOI 33aHOI IIBUAKOCTI KEPYKOUOTO 3 i KEPOBAHOTO
12 enexktpoauryHiB. CenekTop MBUAKOCTI 7 BAKOHAHUH Yy BUIVISAAI CTAaHAAPTHOIO
eJIeMEHTa, MOT0 BUXIIHUI CUTHAJ JOPIBHIOE HAMOUTBIIIOMY CUTHAJTY Ha HOT0 BXO/I1,
Mpyu 1bOMY Ha HOTO MEpIIUN BXi CMOYATKY HAAXOAUTh CUTHAJI HAWMMEHIIOl
IIBUJKOCTI 3 BHUXOJy OJIOKY YCTAaHOBKM HAaMMEHILIOI IIBMJKOCTI, @ IpPH IOSBI
MEepeBUILEHO - CHUTHal 3 BuUXOoAY Kommaparopa 5. Ilepmwmit cenexktop 9
IHTEHCUBHOCTI 1 Jpyruii cenektop 15 I1HTEHCHBHOCTI BUKOHAHI Yy BHIJISI
CTAaHJAAPTHUX CEJEKTOPIB IHTEHCHBHOCTI, 110 3a0€3MeuyloTh PIBHOMIPHY 3MiHY
BUXIJIHOI'O CUTHAJTYy Ha 3HAYEHHs, 110 BIJATOBIJIa€ 3a/IaHUM 3HAYCHHSM ILIBHJIKOCTI.

Onuc nIaBHOTO MycKaya B CTATHIILI.

Tarnonecyunii opran ckiajgaeTscs 3 1 poboyoi Ta BUIbHOI T'UIOK. 1 poboua
riika TArOBO-HECY4Oro OpraHy 3'elHaHa 3 BHUXOJOM [eplIoi  mepejaadi
€JIeKTpPOoNnpuBoOaAa KepyBaHHsA. [lo BXOoay mepumioro mnepenaBaibHOTO TMPUCTPOIO
MIIKITIOYEHUNH KEPYHOUYUN €IeKTPOABUTYH 3, a MOro BXiJ - A0 MEPIIOr0 BUXOMY
nepeTBoproBavya 4yactotu 4. Jpyrui BHXIQ IEpIIOro INepeTBOproBaya 4acTotu 4
3'eTHAHUM 3 TIEPIIMM BXOJOM KOMIIapaTtopa S, APYrud BXIiJl SIKOTO 3'€IHAHUN 3
0J10KOM 6 YCTAaHOBKHM MiHIMaJIbHOTO CTPYMY HaBaHTAXKEHHSI.

VY cBo1O Yepry, BUX1J KoMIaparopa S 3'eJHaHMii 3 IEPILIUM BXOJ0M 3a/1aTUMKa
HIBUAKOCTI 7, WOro Jpyruil BXia 3'€IHAHAM 3 BHUXOAOM OJIOKy 3aJaTyuuKa
MIHIMAQJILHOT IIBUAKOCTI 8. Buxig matumka MBHAKOCTI 7 3'€MHAHUHN 31 BXOIOM
HEpLIOro JaT4yMKa IHTEHCHBHOCTI 9, MOro BUXIJA 3'€lHaHUN 3 MepIIMM OJIOKOM

BiiHaA 10, i Ou BJIIHHS i 31 BXOJX
npasiaiHasg 10, a nepumid OJOK yropasiaiHHA 3'€IHAHUMN 31 OIOM TMIEPILIOTrO
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NepeTBOprOBaya 4acToTH 4. BUIbHA T'UJIKa TATOBO-HECydoro oprany | 3'eqHana 3
BUXOJIOM JIPYyroro IMepeJaBajlbHOTO MPUCTPOI0, a HOro BXiA - 3 KEPOBAaHUM
eNeKTPOnpHBOIOM 11 - 3 BMXOZOM eNeKTpojBMryHa. Moro BXin 3'enHanmii 3
BUXOJIOM JPyroro rneperBoproBadya dvactotd 13. Bxig Apyroro 4acTtoTHOro
neperBoproBava 13 3'egHaHul 3 BUXOAOM Apyroro Osoky 14 yrpapiiHHs, 1 BiH
3'€lHaHUN 3 CEJIEKTOPOM 15 IHTEHCHBHOCTI, TOJI SIK CEJEKTOp 15 IHTEHCHMBHOCTI
3'€IHAHUI 3 CEJIEKTOPOM 7 IIBHJIKOCTI.

Onuc IaBHOTO cTaprepa B JUHAMILII.

VY mouaTtkoBWil MOMEHT MYCKy KOHBEepa poboda Tijika TATOBO-HECYHOTO
oprany | mpHBOAMTBCS B pyX 3a JONOMOTOK KEPYHUOIO €JIEKTPOIPHUBOAY, IO
CKJIay SIKOTO BXOAUTH Meplla nepeaadya Kepyrodoro eIeKTPOnpUuBoaY 2 1 KEpYIOUni
enexktponsuryH 3. Kepyrouuii eneKTpOABUTYH 3 MNPUBOAUTHECSA 10 MIHIMAIbHOI
HIBUJKOCTI CBOIM MEPIIMM BHUXOJOM BiJ NEPIIOr0 MEPEeTBOPIOBaYa 4acToTH 4.
[lepemukay MiHIMAIBHOI HMIBHAKOCTI 7 3'€AHAHUM 3 BUXOJOM OJIOKY YCTaHOBKHU
MIHIMAJIBLHOI IIBUAKOCTI 8. CHrHam gaTyvKa IMBHAKOCTI 7 HAAXOIMTHL Ha BXI1O 9
NEepUIOro JaTyuKa IHTEHCHBHOCTI 1 3a0e3neuye 3MiHy IIBHJKOCTI 3a PaxyHOK
CUTHaJly, 0 HaaXxoauTh Ha BXiJx 10 mepuioro GJ0Ky KepyBaHHS, LIO BiANOBIJAE
MIHIMQJIBHIM YacTOTI KEpyBaHHS BHUXIJHOK HAIpPyrow. IMeplIoro 4acTOTHOTO
IepeTBoproBaya 4.

BijnoBijiHO uepe3 nepuiuii TpaHCMICIMHHMIA MPUCTPIA 2 TOJOBHHUI JBUTYH 3
MOYMHAE TATHYTH TArOBO-Hecyde Tio 1. Takum e YMHOM CHIrHajl MIHIMaJbHOI
NIBUAKOCTI TPUBOAUTH B Jil0 JBUTYH, KEPOBAHUH JPYrUM JaT4UKOM 15
IHTEHCUBHOCTI, JpyruM OjiokoMm 14 kepyBaHHS, JAPYrMM IeperBopioBaueM 13
YaCTOTH Yepe3 AaTYUK 7 MIBHUAKOCTI, a J1aJil, 4Yepe3 APyTruil nepeaaBaibHUN IPUCTPIN
11, nmpuBOAMTE B pyX XOJOCTUM XiA. rinka | TsAroBo-Hecyworo oprany. Ilicis
NPOTATYBaHHS JIAHLIOTAa TATHETHCA TIATOHECY4YuMid opraH 1, IO MPU3BOJAUTH [0
NIBUKOTO HAPOCTAHHS CUTHAIY aKTUBHOTO CTPYMY, IO HAJIXOJUTH 3 JIPYyroro
BUXO/y IEpHIOro mneperBoproBada yactoTu 4. Lleil curHan mepeBuulye piBeHb

BUXIJIHOI'O CHTHaly 6 OJIOKY YCTaHOBKM MIHIMQJIBbHOI'O CTPYMY HaBaHTaKEHHS.
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CrnpanboBy€e KOMITapaTop S5, BUXIJHWH CHUTHaJ SKOIO BIANOBIAAE HOMIHAJIBHIH
HIBUKOCTI TATOBO-HECYUOro Tina .

[Toi6HO 10 anropuTMy 3aIyCKy MEpPIIOro eNeKTPONPUBOIY, €IEKTPOIBUTYH
12 npuBOAUTBLCS B PyX [0 HOMIHAJIBHOI IIBKAKOCTI 13 depes apyruit gatumk 15
IHTEHCUBHOCTI, Jpyruii 00K ynpapiiHHg 14 1 apyruit neperBoproBay 4actotu 13
BIJUTIOBIIHO Yepe3 ApyrHil nepeiaBaabHUil mpucTpiil 11. - mounHaeTHCS pyX BUIBHOT
ruiku 1 TAroBo-Hecy4oro oprany 1.

[HImMME  clloBaMM, TOABIMHUM €JIEKTPONPUBOJ 3abe3rnedye MiHIMAIbHY
4acToTy OOepTaHHs KEPYyHHYOro 1 KEPOBAHOIO AOMOMIKHOTO €JIEKTPOJBUTYHIB y
MOYaTKOBUI MOMEHT IyCKY KOHBeepa. [Ipu ManonBuaKicHOMY pyci TATJIOHECYHOro
OopraHy JaHIIOT TOCTYNOBO HATAryeThes. [lpu oMy CTpyM HaBaHTaKEHHS
HE3HAYHWUM, OCKITbKM OCHOBHA YacTHHA JIAHIIOTa HE Oepe ydJacTi B yTBOPEHHI
MOMEHTY CHUJIM OIIOPY Yepe3 il MPOBHUCAHHS.

Pi3ke 301blIEeHHS CTPYMY HaBAHTAKEHHS IIPUBOIY KEPYBAHHS CBIIYUTH PO
Te, [0 JAHIFOTOBA TiABICKAa HATATHYTA, TOOTO TATOBO-HECYYHI OpraH 3aisHUI
MOBHICTIO.

B pe3ynbrari npu MBHAKOMY 3pOCTaHHI CTPYMY HABaHTAXKEHHS KEPYHYOro
€JIEKTPOABUTYHA, TOOTO IIPH MOBHOMY HAIPY>KEHHI pOO0YO1 I'JIKH TATOBO-HECYHYOT0
OpraHy, BUKOHYETbCS 3aBJIaHHs IIBMJKOCTI 0OEpPTaHHS KEPYIOUOro 1 KEPOBAHOI'O

JOTOMIYKHOT'O €JIEKTPOIBUTYHIB. TUIABHO /10 HOMIHAJIBLHOT IIBHIKOCTI.

4.2 KoHTpPoJb  NYCKY  B3a€EMO3B’SI3aHOI0  YOTHPUMOTOPHOIO
eJIEKTPONPHUBOAY CTPiYKOBOr0 KOHBEEpPa 3 YPaXyBaHHAM  NPYKHHUX

BJIACTHBOCTEH TATOBO-HECYYO0TI0 Oprany

Bigomuii criociO TAru TAroBOro opraHy 0araTONpPHUBOJIHOTO KOHBEEpa, KU
XapaKTepU3y€eThCs 3aKPIMUICHHSIM TSATOBOTO OpPraHy (JIaHIIOra) Ha TATOBIM CTaHIIII.
Jlani miakaovaeThes MPUBIA TATOBOI CTaHII, 1 IIISAXOM TaJIbMYBAaHHS MMOYaTKOBO1
YaCTHUHHM KOXKHOI JIeTalll TOCJIOBHO MIATATYIOTBCS CEKILIi TATOBOTO OpPraHy Mix

IIPpHBOJAAMH TATrOBOI'O OpraHy, a OCTaHHA YaCTHHaA ]_li€'1' YaCTHHH nepemimyemca 3
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nojaubuM ii peectpamis. Llei croci® BIApI3HAETBCS THM, IO CEKIi TATOBOIO
OpraHy MpOTATYIOTh MK MIPHBOJAMHU 3 METOIO MiJBUILEHHS HAAIMHOCTI TSTOBOTO
OpraHy 3a paxXyHOK HOTO ONTHMaJIbHOTO HATATY, a MOTIM OJHOYACHO MiAKITYAI0Th
ycl NMPUBOJM JIAHIFOra 1 CUCTEMATHYHO TaJbMYIOTh MPHUBOJU. TATOBOTO Oprasy,
MOYMHAKYH 3 TIEPILIOro NPUBO/Y JIAHIIIOTa 3a Moro nepemitieHHsMm [11].

Cnig 3a3HauuMTH, [0 B JIAHOMY METOAI HE BpPAaxXOBYEThCSA PO3TiH
€JICKTPONPUBO/A JI0 HOMIHAQJIBHOI IIBHJKOCTI, TOOTO BpPaXOBYETHCS JIMILIE
MOTEPE/IHE HATATYBAHHS TATOBOIO OpraHy 3a JIOMOMOTOK E€IeKTPOIPUBOIY Ta
TIPOHATSKHOI CTaHII1 Mepes] MyCKoM. KOHBeep. EKcrutyaraniiiii XapakTepuCTUKH
TATOBOI CTaHIIl TOTIPIIYIOTHCS MPU poOOTI B yMOBAaX HHU3bKOI TeMIEpaTypu
HaBKOJIUIIIHLOTO CEPEIOBUIIIA, III0 3HUIKYE HAAIMHICTh MPUBOIY KOHBEEPA B LIJIOMY.
Kpim Toro, Bimomuii HacTynmHuil cnoci0. Cnoci0 TIaBHOTO MiJKIIOYEHHS
0araToJBUT'yHHOTO €JIEKTPOIIPHBOJY CTPIUKOBOTO KOHBEEpa 3aCHOBAaHMII Ha
BUMIPIOBAHHI CTPYMIB HABAHTAKEHHS Ta BUALICHH] 1X aKTUBHOT CKJ1JI0BO1, 8 TAKOXK
KEepyBaHHI IpHUBOJaMHU B pexnMi nmycky. CyTh miaxoay 0a3yeTbest Ha HACTYITHOMY
QIropuTMi, TOOTO 3amyCK EJIEKTPONPUBOAY 0araTOMOTOPHOTO CTPIYKOBOIO
KOHBeepa 3a0esrnedye HalMEHIIy IYyCKOBY 4acToTy oOepTaHHs B MOYaTKOBUUH
MOMEHT TpPOLECY, /laji, 32 YMOBH, I10 aKTUBHA CKJIAJI0Ba CTPYM HaBaHTAKCHHSI
KEPYIOUOro €JIEKTPOIPUBOJY MIBUJIKO 3POCTAE , TOJIOBHUHI 1 KEpOBaHUI OOpTOBI
nepegavyl Mo 3aBJaHHIO JOBOJATH IUBUAKICTH OOEPTaHHA JI0 HOMIHAJIBHOTO
3HavyeHHs 1o [12 ].

Ha ocHOBI aHamizy Ta BUSBICHHS HEOJIIKIB BHIIE3a3HAYEHUX PIIlICHb
3alpOIOHOBAHO TEXHIYHE pILNICHHS, 3a JOMOMOIOI0 SIKOrO MOXHa KepyBaTH
YOTHPMA B3a€EMOIMOB’A3aHUMU EJIICKTPOABUTYHAMH IIJI 4YaC IMYCKY CTPIYKOBOTO
KOHBEEpaA, a TaKOXK 3a0e3NMeYUTH KEpPyBaHHSA EJIEKTPONPUBOAOM TeXHIYHUM
PE3yABTATOM € MIABUIICHHS SKCIUTyaTallliHOl HaIHOCTI CTPIYKOBUX KOHBEEPIB Ta
iX pecypcy 3a paxyHOK 3HMKEHHS JUHAMIYHOTO HABAHTAKEHHS HA TSATOBO-HECYUH
Opras Ha ITyCKOBHX pexuMax [14].

CyTbh TEXHIYHOI'O PIIICHHS IMOJATae B Crloco0l KepyBaHHsI OararoMOTOPHUM

€JICKTPONPUBOIOM 0araTOMOTOPHOI'O €JIEKTPONPUBOILY CTPIYKOBOIO KOHBEEPA,
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3’€IHAHUX MDK cOOO0K0 3a JOMOMOIOI0 NPYKHOTO TATOBOIO OpraHy B peKHUMax
MyCKY, 3aCHOBAaHOMY Ha BHUMIPIOBAaHHI CTPYMIB HABAHTAXKEHHA. 1 PO3MOALI iX
aKTMBHUX KOMIIOHEHTIB. Llel croci® BiIpi3HAETHCS THUM, IO B TPOLECI MYCKY
B3a€MOIIOB'SI3aHOr0 0araTroOMOTOPHOIO EJIEKTPONPUBOLY CTPIYKOBOIO KOHBEEpa
poOoua rijika TSArOBOrO OpraHy IOIEPEIHbO HAMPYKYETHCS HA KOXHIM CeKIii
BIJIMOBITHOTO  €JIeKTponpuBoga. Jlas 1pOro B TIOYATKOBHH MOMEHT ITyCKY
raJIbMy€ThCsl OCTaHHIW-YeTBEPTHI BeJeHUH NpuBiJa KoHBeepa. [lami BinOyBaeThCs
BKJIIOYEHHS B TAKOMY TOPSJKY: TPETiH NPOMIXKHUN €JIEeKTPONPUBO, APYIHi
IPOMIKHHUH €IEKTPONPUBOL 1 MOTIM NEPILINI KEPYIOUUH €JIEKTPOIIPUBOLL,.

L{i esexTponpuBoaM 3a0e3MeuyloTh TATY poO0YOi I'UJIKH TATOBO-HECYYOIo
Opra”y npu MIHIMaJIbHIN IBUAKOCTI IEPEMIIIEHHS Y BIAMNOBIIHUX HOTO CEKIIAX.

Konu nanpyra rijnok y BCixX CEKILIsIX JOCATae pPO3paxyHKOBOTO 3HAYEHHS, TIPO
10 CBIIYMUTH 301JIBIIEHHSI CTPYMY HaBaHTAXKEHHS, CIIOKMBAHOTO MEPIIUM, APYTHM
1 TPETIM €JIEKTPOIIPUBOAAMH, BIIMOBIIHI €1EKTPOJABUTYHH CHHXPOHHO 301IBIIYIOTh
HIBUAKICTh 00€pTaHHS BCIX MPUBOIIB A0 HOMIHAJIBHOIO 3HAYEHHA. 3 OJHAKOBUM
IIPUCKOPECHHSIM.

Takum 4YMHOM, TEXHIYHI PILICHHS, 3aCHOBAaHI Ha BUMIPIOBaHHI YIIOPIB
HABAHTAKEHHS Ta PO3JAUICHHI 1X AKTUBHMX KOMIIOHEHTIB, BPAaXOBYIOTH MPYKHI
BJIACTUBOCTI TiJla TATH, INepeadayaroTh IMOCTYNOBE BKJIKYEHHS JBOX 1 YOTHUPH
MOTOPHI €JIEKTPONPUBOIN CTPIYKOBOIO KOHBEEpA, KEPOBaHI B3a€MOIIOB’SI3aHOKO
YaCTOTOIO, 1 TATOBHUM OpraH JI03BOJISE€ YHHKHYTH HEOOXIAHOTO HATAry poOouoi
T'JIKH, @ TAKOXK, HA HAIll TIOTJIsI/I, HEOOTPYHTOBAHNX JUHAMIUYHUX MEPEeBAaHTAKEHb HA
TArOBUH OpraH.

BianoBigHo MM A0CSraEMO  HACTYNHUX  EKOHOMIYHUX  PE3yJIbTaTiB
BUKOPHCTAHHS 3alpONOHOBAHWX TEXHIYHUX pillleHb HAa 0araTompuBOIHOMY

CTPIYKOBOMY KOHBEEPI:

3HIKEHHS JUHAMIYHUX HAaBAHTAKE€Hb HA pOOOUUiA OpraH KOHBe€Epa;
- NPU3BOAUTEL IO 3HMJKEHHS BUTpPAT HAa 3aMiHy Ta PEMOHT poOOYoro

Oprasy.
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4.3 Po3pobka TexHiYHOro pilleHHs YHPABJIiHHA Ta PoO3MOALILY
HABAHTAKEeHHS MiK YaCTOTHO-PeryJibOBaHUMH NPUBOAAMH 0araToMOTOPHOIO
0araTocTpiukoBOro KOHBe€pa 3 YpPaxXyBaHHSIM (PAKTHYHOI0 HABAHTAKEHHS

TATOBO-HECY40r0 OPrany

AHaui3 J0CHIJKEHb MOKa3aB psJ CYTTEBUX HEJOJIKIB y 3alpONOHOBAaHUX
aBTOpaMU METO/ax 1 MiJAX0Jax 0 PO3IOALTY HaBaHTaXKEHb MK PeryJibOBaHUMHU
NPUBOJAMH JIAHIIFOIOBOTO KOHBEEpa, 30KpeMa: y IMpoiieci podOTH CUCTEMH
BUPIBHIOBAHHS HABAaHTAKCHb, 3HAUCHHS [UIsI ACUHXPOHHUX EIIEKTPOIBUTYHIB
rojjoBHOro 1 nepudepiiHoro NPUBOJIB HE  BIANOBIAAIOTH  (HAKTUYHHUM
HABAHTAKEHHSIM HA TITOBO-HECYUHMM OpraH, 3a0e3meuyroThCs OJIHAKOBI TSATOBI
MOMEHTH, [3, 7, 8] CrliBBIMHONIEHHS TOTYKHICTh, CIIO’KUBAHA EIEKTPONPUBOIAMU, 1
MIOYAaTKOBO Ha/laHl KPYTHI MOMEHTH HE MOXKYTh NOBHICTIO 3a0€3MEUNUTH THYYKUN
pPO3MOJIT TATOBUX MOMEHTIB MK MNepudepliiHUMH  €ICKTPONPUBOJAMH B
cTabUI130BaHUX PEeKUMax BUKOPUCTaHHS KOHBeepa [7, 11].

IIpu BUKOpHCTaHHI 0araTOMOTOPHOIO CTPIYKOBOI'O KOHBEEpa B pasi
pPO3MilllEHHsI MPUBOIIB 110 KpasX KOHBEEpPA CIIBBIAHOIICHHS TArOBUX 3YCHIIb
MPUBOJIB HE JIOPIBHIOE BIJHOIICHHIO 1X BCTAHOBJICHUX TMOTYKHOCTEH, 110
HOSICHIOETBCS PI13HE PO3TATHEHHS JIAHIFOIa, PI3HUI B HABAHTAXKEHH1 MOPOXKHIX 1
HABAHTAXKEHUX T'JIOK, 1 MPU3BOJUTH 0 BUCOKHMX JAMHAMIYHMX HaBaHTaKeHb. 1100
3MEHIIUTH HEMOTPIOHI JUHAMIYHI CHJIM B JIAHIIO31, JOLIIBHO PO3MOILIATH
HABAHTAXXEHHS MDK MPUBOJAMHU TakK, 1100 KOXKEH ABUTYH OyB HaBaHTaKEHHM
BIJINOBIJIHO /IO CBOET TUIKM. Y CHCTEMI PO3MOJLUIY HABAHTAXKCHHS KEPYHOUHi
€JIEKTPOIPHUBO]] € MEPIITUM TOJIOBHUM MPUBOJIOM, HABAHTAKEHUM Ha poOOUY TiIKY.
30BHIIIHIH KIHIIEBUI €1€KTPOIIPUBO/I, BIAMOBIIHO, MPALIOE HA 3MIIIEHHS HUKHBOTO
HATSDKHOTO TuIeYa TArOBOro BOJMJIA.

3aBIaHHSM 3aMpPONOHOBAHOIO TEXHIYHOTO PINIEHHS € YCYHEHHS HEOJIIKIB
BUILEBKA3aHUX CIIOCO0IB, @ TAKOX CTBOPEHHS CIIOCOOY KEPYBAaHHS Ta PO3IOJLTY
HAaBaHTa)XEHb MDK KEpOBAaHMM Ta KEPOBAaHMM  YacCTOTHO-PEryJIbOBaHUM

€JICKTPONPUBOAMH 0araTOMOTOPHOTO CTPIYKOBOI'O KOHBEEpa, sikMil 3a0esrnedye
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HEOOXIJHY MNPOAYKTHBHICTH 0araTOMOTOPHOTO CTPIYKOBOrO KOHBEepa, a 3
ypaxyBaHHSIM HOTO MPYKHUX BJIIACTUBOCTECH — YIPaBIIHHS JIUHAMIYHUM CTAaHOM
BIJIbHOI T1JIKH TSATOBO-HECYYOTO OpPTraHy B 3a/IaHUX PEXKHMax poOOTH.

Crioci0  kepyBaHHs 1 pPO3MNOJLIY HAaBaHTAKEHHS MDK  4YaCTOTHO-
peryJibOBaHUMHU €JIEKTPONPHUBOAAMH 3aCHOBAHUN HA BUMIPIOBAHHI HAaBAaHTAKEHb
KEpYIYOro 1 peryjbOBaHOTO €JIEKTPONPUBOIIB KOHBEEPA, B 3aJIEKHOCTI BIJ
BHUMIPIOBAHUX HaBAHTAXXCHb 1 KOHTPOJIO HIBUAKOCTI FOJIOBHOT'O €JICKTPOIPUBO/IA, a
TAKOXK SIK KOPUT'YBaJIbHUI CUTHAJ KEPYBaHHS €JIeKTPOIPUBOJOM KEPOBAHOT KPOMKH
[15].

CyTh miaxoay MOJsArae y BHMIPIOBaHHI 3yCHJIb JIIHIHHOIO HaBaHTaXEHHS
poOoUOi TUIKM Ta BUIBHOI TUIKA TATOBO-HECYHOrO OpraHy, TemIlepaTypu
HABKOJIMIIIHLOTO CEPEIOBUINA Ta KyTa MiAHOMY KOHBEEpAa B CTAIMX PEKHUMAX
pobotu. [lami BIANOBIAHO [0 3MIHU JIHIHHOTO (NMPUBOAHOIO) HaBaHTAXKEHHS
HIBUJKICTH PyXy poOOYOi TiIKU PEryjiloeTbesi TOJOBHHM €JIEKTPOIPUBOIOM,
3MIHIOETBCS BCTAHOBJIEHUM (MYCKOBUI) MOMEHT BUIBHOI TUIKH 3 ypaxXyBaHHSM
TeMIIepaTypy HaBKOJMIITHBOTO CEPEIOBHINA 1 KYT TiaiioMy KoHBeepa. ITics mporo
IpY 3MIHI 3YCHJUIS HA TUILI XOJIOCTOTO XOAY TSATI'OBHH MOMEHT €JIeKTPOIPUBOIA
PEryJII€THCS BIAHOCHO YCTAHOBKH (PIKCOBAHOTO MOMEHTY T'UIIKM XOJIOCTOT'O XOJY.

TakuMm 9WHOM, TIpU BUKOPHUCTaHHI 0araToOMOTOPHOTO CTPIYKOBOTO KOHBEEpa
3aIpPONOHOBAHMM CrOCIO KepyBaHHS Ta PO3MOJLTY HaBAaHTa)XE€Hb MIK 4aCTOTHO-
peryJibOBaHUMH ACMHXPOHHUMH EJICKTPONPUBOAAMH 0a3y€eThCsl HA PEryJIIOBaHHI
JiHIMHOI HIBUJKOCTI PYXy TATOBO-HECYYOrO OpraHy 3 YypaxyBaHHSIM JiHIHHOTO
HABAHTAXKEHH, Ha (PaKTUUYHUN MOMEHT poOoTu. [{um 3abe3neuyerbest HOMIHAIbHA
MPOAYKTUBHICTh KOHBEEPA, 1 B TOW JK€ YaC JIOCSATAETHCS IMPOCKTHE 3HAYCHHSI
HABAaHTA)KCHHA XOJOCTOI TUIKM 3a paxyHOK KOHTPOJIO MOMEHTY JpYyroro
CJICKTPONPUBOZAa KOHBEEpAa B IOCTIMHUX pexumax poOoTH. TexHIYHUM
pe3ynbTaTOM BHUHANACHOTO Ta 3alpoOIllOHOBAHOTO B XOA1 poOOTH CHocoly €
301IBIICHHS pECYpPCY POOOTH TATOBUX KOHBEEPHUX CIIEMEHTIB KOHBEEPA 33 PAXyHOK

SHHKCHHA HaJIHIIKOBHX ,HHHaMi‘{HHX HAaBaHTAXXCHb B CTAaOLIBHUX pexKHUMax
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poboTH, a TakoXk 3abe3rneyeHHs HeoOXIIHOI MPOAYKTHBHOCTI 0araTOMOTOPHOIO

KOHBEEpA.

BucnoBoxk no po3aiiy 4

1. Ha OCHOBI BHUMIpPIOBAHHS CTPYMIB HABAaHTAXXEHHs Ta PO3MOAUTY iX
AKTMBHUX CKJIQJIOBUX 3alpOIIOHOBAHO TEXHIYHI pillleHHs Ui Oe3repediitHol
poOOTH  B32€EMOMOB’SI3aHOTO  YAaCTOTHO-PETYJIbOBAHOTO JBOX- Ta YOTHUPHOX
ABUTYHHOTO €JIEKTPONPUBOJY CTPIYKOBOIO KOHBEEpPA 3 YpaXyBaHHSAM NPYKHHX
BJIACTHBOCTI TATOBO-HECYYOI'0 OpraHy, 3a0e3ne4yoTh HeOOX1IHUI pO3paxXyHKOBUH
MOCTYMOBUN HATAT po0O0OYOl TUIKH TATOBO-HECYHOrO OpraHy, A03BOJISIE JOCATTH B
mpolieci 3amycKy KOHBeepa, 10, Ha Hamy JOyMKY, JJO03BOJISIE 3MEHIIUTH
HEOOTPYHTOBaHY JUHAMIYHY HaBaHTa)KCHHS HA TATOBUI Opra.

[ligBuiIeHHS €eKOHOMIYHOT €()eKTUBHOCTI BUKOPUCTAHHS 0araTonpuBOIHOIO
CTPIYKOBOTO KOHBEEpa 13 3alpPONOHOBAHUX TEXHIYHUX PIIIEHb BHU3HAYAETHCS
HACTYITHUMH [IPUYNHAMH:

- 31 3MEHIICHHSM JIMHAMIYHMX HaBaHTaXeHb Ha pobouuid opraH
KOHBE€EpA 1 301IbIICHHAM TEPMIHY UOTO CITYKO0u;

- 3a paXyHOK 3MEHILCHHS BUTPAT Ha 3aMiHy Ta pEMOHT poO0YOro OpraHy.

2. Takum 4YuHOM, 3aNpPOINOHOBAHUM CMOCIO KepyBaHHS Ta PO3NOALTY
HABAHTAXKE€Hb M1 YAaCTOTHO-PETYJIbOBAHUMHU ACUHXPOHHUMHM E€JIEKTPONPUBOAAMHU
IpY BUKOPUCTAHHI 0araroMOTOPHOIO CTPIYKOBOIO KOHBeepa Oa3yeTbcsi Ha
peryJiroBaHHI JTIHIKHOI HIBUAKOCTI PyXy TATOBO-HECYUOTO OpTraHy 3 ypaxyBaHHSIM
JIIHIMHOTO HABAaHTAKEHHS HA (PaKTUYHUI MOMEHT POOOTH.

[{um 3a0e3neuyeThesi HOMiHAIbHA POYKTUBHICTh KOHBEEPA, 1 B TOM K€ 4ac
HUISIXOM KOHTPOJIIO MOMEHTY €JIEKTPONPHUBOAA KOHBEEPA B MOCTIMHUX PEKUMAX

pOOOTH IOCATAETHCS PO3PAXYHKOBE 3HAYEHHS HAaBAHTAKEHHS BLIBHOT T1JIKH.
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BUCHOBKH

3anporioHoBaHMi y  poOoTi  cmocid  IUIABHOTO  MIAKJIFOYEHHS
0araToJIBUr'yHHOI'O €JIEKTPOINPUBOAY CTPIYKOBOrO KOHBeepa 0a3yeTbCsi Ha
BUMIPIOBAHHI CTPYMIB HAaBAaHTAKECHHS Ta 1X PO3/JICHHS aKTUBHHUX CKJIAJIOBHX, a
TaKO’X KEpyBaHHI IpuBoJaMu B pexumi nycky. CyTs miaxoay noJsrae B
HACTYITHOMY aJrOpuTMi, TOOTO 3allyCK eJEeKTPONPUBOAY 0araroMOTOPHOrO
CTPIYKOBOIO KOHBeepa 3ale3leuye HaWMEHUIy CTapTOBY 4YAacTOTYy OOEpTaHHS B
MOYAaTKOBHI MOMEHT TIpOLleCy, Jaji, SKIIO aKTHBHA CKJIaJ0Ba CTPyMY
HABAaHTA)KCHHS KEPYIOUOro €JIEKTPONPUBOAY IHTEHCHUBHO 3pOCTA€, TOJOBHMUN 1
KepoBaHUW OOPTOBI Mepejavi BIAMOBIAHO 10 3aBHaHHS 30UIbIIATH IIBUIKICTDH
oOepTaHHs O HOMIHAJTLHOTO 3HAYEHHS.

TakuM 4YMHOM, 3ampONOHOBAaHI MaTeMaTHYHI MoOjei 0araTOMOTOPHOTO
CTPIYKOBOTO KOHBEEpPAa B IMYCKOBHX PEXKUMAax JO3BOJISIOTH OTPUMATH 3aaHHM
pPEeKUM ITyCKy KOHBEEpA MUISIXOM IUTABHOTO PO3TATYBaHHS POOOYOi TIKK IS
3MEHILIEHHS JIMHAaMIYHUX NIEPEBAHTAXKEHb TSATOBO-HECYUOI'0 OPraHy 3 ypaxyBaHHSM
NPY)XKHUX BJacTUBOCTEH Tirosoro tijla. Ha OCHOBI oTpumaHOi MareMaTH4HOI
MOJIeJli CTBOPEHO MOjIeNIb pOOOTH CHCTEMH KEpPYBAaHHS YaCTOTHO-PETYJIbOBAaHUM
€JIEKTPONPUBOZAOM 0araTOMOTOPHOI'O KOHBEEpa B NPOrpaMHOMY CEpEIOBHUII
MATLAB Simulink. OgHoudacHo 0yJ10 IpOBEAEHO MPOLIEC MOJICTIOBAHHS ISl TPHOX
pisaux  BapiaHTiB  koHbirypauii  ITl-konTposepa  cuctemu  KepyBaHHS
€JIEKTPOIIPUBOJOM KOHBEEPA.

Croci0 kepyBaHHS Ta pO3NOJAUTY HABAHTAXEHHS MIDK YaCTOTHO-
peryJibOBaHUMU E€JIEKTPOIPUBOJAMHU 3aCHOBAHHM HA BHUMIPIOBAHHI HABAHTAKCHD
KEpYIYOro Ta KEpPOBAHOTO E€JIEKTPONPUBO/IB KOHBEEpa, (PYHKIII BUMIPIOBAHUX
HABAaHTa)KCHb Ta PEryJIIOBAHHS LIBUAKOCTI OCHOBHOI'O €JIEKTPOIPHUBOY, @ TAKOXK
KOPEKI[Isl KEPYIOUOTr0 CUTHAILY €JIEKTPONPUBOIY KepoBaHOi KpoMKu. CyTh MIIXO1Y
TNIOJISITa€ y BUMIPIOBaHHI 3yCHIIb JIIHIHHOTO HABAaHTa)KEHHS pOO0YOI T'JIKU Ta BUILHOI
TUIKM  TATOBOIO KOHBEEpPA B CTAlUX peKUMax poOOTH, TemIepaTypH

HABKOJIMILIHLOTO CEPEeIOBHUINA Ta KyTa MigiioMy KoHBeepa. Jlani BIAMOBIIHO /10
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3MIHM JIIHINHOTO HaBaHTA)KEHHS TOJIOBHUM E€JIEKTPOIPUBOIOM PErYJIHOETHCS
HIBUJIKICTE PyXy poOO4Oi TUIKM, a 3aJaHUN KPYTHUU MOMEHT BUIBHOI TLIKH
3MIHIOETBCSI 3 YPaxyBaHHSM TEMIIEpaTypH HABKOJHIIHBOTO CEPEIOBHINA i KyTa
nijgiomy Konseepa . ITicis 1poro npu 3MiH1 CHJIM Ha BUIbHIHN I'UIII TATOBUA MOMEHT
€JICKTPONPUBO/IA PETYJIIOETHCSI 10 BIJIHOIICHHIO 10 YCTaHOBKH (DIKCOBAHOTO
MOMEHTY BUIBHOI TIKH.

JlocnimpxkeHo 0co0JIMBOCTI MYCKOBOI'O Ta CTab1/1I30BaHOTO PEKUMIB pOOOTH
0araToOMOTOPHUX CTPIYKOBUX KOHBEEPIB.

Opi€eHTOBHI TEXHIYHI PE3YIbTATH 3aNIPOINIOHOBAHUX PIIIEHB!

a) 3a croco0OM IIaBHOTO IMYCKY — 30UIbIIEHHS pecypcy poOOTH TArOBO-
HECY4YOro OpraHy CTpPIYKOBOINO KOHBEEpA 3a PAXyHOK 3HMIKCHHS JUHAMIYHUX
HABAaHTA)KEHb Ha MYCKOBUX PEKUMAX;

0) 3a crtocoOOM YIpaBIIIHHS HABAaHTAKEHHSM 1 PO3NOJALITY MK IPUBOJAMH -
1Tl 3HHOKEHHST HEMPOAYKTUBHUX BUTPAT €IEKTPOCHEPTIl HAa XOJOCTUH XiJl, @ TAKOXK
111 30UIBILIEHHS PECYpPCY TATOBO-HECYHYOTO OPraHy 0araTOMOTOPHOTO CTPIYKOBOTO
KOHBEEPA 3a paxXyHOK 3MEHIIICHHS] HEOOTPYHTOBaHMUX JUHAMIYHHUX HaBaHTaKCHb Ha

HENpaLoYy IiIKy.
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1 ELECTRIC CONVEYOR BELT DRIVES.

OVERVIEW OF THE PROBLEM AND EXPERIENCE OF USE

1.1 Experience in using belt conveyors

Belt conveyors are used in mining, machine-building, metallurgical,
chemical, energy and other industries for transporting various bulk cargoes in
straight and inclined directions [1,2].

A belt conveyor is an endless flexible belt that wraps around a drive drum and
a tension drum, and in the span between them rests on a row of roller supports of the
working branch, and the lower supports are straight rollers installed at a certain

interval on the frame (Figure 1.1).

Figure 1.1 — General view and main components of a belt conveyor
1 - belt; 2 - drive; 3 - gearbox; 4 - electric motor; 5, 11 - roller supports ;
6 — frame; 7 — tension drum; 8 — tensioning device;

9 - loading device; 10 - cleaning device
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Roller supports can be of different types: on general-purpose conveyors,
roller supports with rigid axle mounting are used, they can be one-, two- , three-,
five-roller (Fig . 1.2). Single-roller (Fig . 1.2 a) are used for transporting piece
goods, and two- , three-, five-roller (Fig . 1.2 b, d, ¢) for bulk goods are the most
common three-roller supports. In the mining industry, suspended roller supports are
used (Fig . 1.2 e), which are attached to tensioned steel ropes; this design reduces
dynamic loads when colliding with a large-piece load, but their designs are
complex, and the hinges are prone to loss of mobility. In these roller supports , the
resistance to belt movement is higher than on supports with a rigid axis. There are
suspended supports with a flexible axis ( Fig. 1.2 e) made of steel cable, their design

has similar disadvantages to suspended roller supports .

L A LS _'_a/// ///i:://

9)

Figure 1.2 — Types of belt conveyor supports
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Belt conveyors are conventionally divided into three groups: general
purpose; special and conveyors designed for underground and open-pit mining. Belt
conveyors can be stationary and mobile, they are designed for transportation in
horizontal and inclined (up to 24 ©) directions of piece and packaged cargo, which
is ensured by the possibility of arranging drives on the right and left, single and
double drives performances .

According to the profile of the route, belt conveyors are classified into

horizontal ( Fig. 1.3, a), inclined ( Fig. 1.3, b) and combined ( Fig. 1.3, ¢).

a L |

Figure 1.3 — Belt conveyor route diagrams
L — transportation distance; L | - Length of the inclined section of the conveyor;
L i, - Length of the horizontal projection of the inclined section;
L », - length of the horizontal section of the conveyor; H — height of the cargo lift;[3

— the slope angle of the track (sloping section for a difficult track)

In the direction of movement of the cargo, belt conveyors are lifting with an
upward slope and with a downward slope. According to the shape of the belt and

the placement of the cargo, conveyors can be with a flat and grooved belt, as well
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as with an upper (main type) and lower or both supporting branches. According to
the angle of inclination of the route, conveyors are divided into inclined, steeply
inclined (more than 22 °) and vertical [7 — 9].

With relatively low maintenance and repair costs, the service life of belt
conveyors can be 25-35 years, and they also have the following advantages
compared to other conveyors [10]:

7. A wide range of transported cargo.
8. Lower costs, especially with high productivity, per ton (respectively per 1 m

3) of transported cargo.

9. Long transportation distances with a minimum number of transshipment
points, which allows for better protection of the cargo.

10.Possibility of using loading and unloading devices at any location of the
conveyor installation.

11.Possibility of weighing cargo, drying, sorting, cooling during transportation.
Possibility of dispatching control of the entire conveyor line.

12.Unification of conveyor equipment.

However, there are also disadvantages, these are the complexity of
transporting abrasive large-sized loads and the need for preliminary crushing,
which results in intensive wear of flexible load-bearing bodies;

The close relationship of conveyors with the technological process or cycle
for the enterprise determines their high responsibility. It should be noted that, as a
rule, conveyors for transport and technological purposes do not have redundant
systems. Therefore, in the general transport system, the failure of at least one
conveyor causes disruption of the entire network or enterprise.

Most belt conveyors in the mining industry (mining coal, gravel, limestone,
various ore rocks) operate in extreme conditions of temperature drops in winter,
high humidity and dustiness of the environment in summer, while these factors
affect different conveyor components differently. So, on a three-roller support with
rollers of equal lengths, the load on the middle roller is about 70% of the total linear

load of the cargo, belt and weight of the rotating parts of the roller support . The
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side rollers account for about 30%, hence the load on the bearings of the middle
roller is 2.5 times greater than the bearings of the side rollers [11]. Incorrect choice
of the design of the roller supports leads to premature failure of the belt and rollers.
Increasing the width of the belt leads to an increase in the load on the roller
bearings, especially the horizontal support rollers, which leads to an increase in the
number of failures and a decrease in the overall reliability of the belt conveyor .

Analyzing the reliability of belt conveyor assemblies at various mines, gravel,
limestone and other enterprises, it was found that such conveyor assemblies as
conveyor rollers and conveyor belt have the lowest resource, while requiring the
greatest labor and financial costs. According to statistics, conveyor rollers account
for up to 40% of all repair and maintenance costs and up to 30% of the cost of the
entire conveyor. The resource of conveyor rollers at mining enterprises in loading
units is from 0.5 to 1 year, in the case of a conveyor from 0.7 to 2.5 years, averaging
1.7 years. The estimated service life of the middle support roller as the most loaded
on average is from 25 to 35 thousand hours, which exceeds the actual service life
several times. On average, during its service life, each roller in a conveyor is
replaced 3 to 5 times, i.e. the need for rollers is constant and increases with the
length of the conveyors [3].

Thus, support rollers are one of the mass components of a belt conveyor.
Rollers are one of the most important components that determine the performance
and reliability of a belt conveyor. Conveyor rollers are used not only in belt
conveyors, they are used in roller conveyors for transporting piece and packaged
goods, where the cost of rollers is 50-80% of the cost of continuous transport
machines, in inter- conveyor transfer devices that have a roller deck, are also widely
used in various types of storage elevators.

Thus, the experience of using belt conveyors at mining enterprises in Ukraine
and the experience of using this type of conveyors abroad shows that belt conveyors
are designed to transport a wide range of cargo (coal, hard rocks, agglomerates, rocks

and ores) along curved tracks characterized by large slopes due to design features,
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and have shown that they can be successfully used in various industries in geological
and industrial conditions.

The advantages of belt conveyor structures include: the use of metal casing of
the required strength, which allows transporting large-sized and heavy materials,
including in conditions of high ambient temperature; the use of high-strength
traction chains, which allow realizing significant traction forces required for long
delivery distances (up to 2 km) and significant (up to 70°) elevation; the ability to
transport cargo along routes of different radii; ensuring direct loading of pallets from
bunkers without the use of feeders [3]. At the same time, the disadvantages of
conveyor structures include significant metal consumption and high production cost.

The constant increase in the depth of quarries used in open-pit mining, the
increase in their productivity in terms of ore mass, and the cyclical technology with
road and rail transport lead to a deterioration in technical and economic performance.
The cost of mining is increasing due to the increase in cost due to the use of cyclical
modes of transport.

Operating experience shows that for every 100 m of pit depth, the operating
costs of a vehicle with a carrying capacity of 30-40 tons increase by an average of
1.5 times [3]. The use of rail transport in many deep quarries 1s excluded due to the
fact that rolling stock cannot be introduced into the relatively small sizes of ore
bodies and parameters of the quarry.

Modern belt conveyors in the next ten years are able to handle the cargo flows
of the largest mines and quarries. However, belt conveyors cannot tilt on a planned
highway with a curved route, as well as at large angles, which is typical for quarries
and mines. The ability to increase the transportation angle improves the technical
and economic performance of mineral extraction in open-pit mining, since it is
possible to change the geometry of sections, which leads to a decrease in non-
production costs due to In this regard, in open-pit mining, the use of cyclic flow
technologies using a belt conveyor with the constructive possibility of working in
large-angle workings is undoubtedly relevant. High strength and reliability of the

working body of belt conveyors with a chain traction device, the ability to transport
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ore mass along steeply sloping workings, and the ease of extending the length of the
conveyor effectively distinguish it from other types of conveyors. It is clear that
main tilting conveyors equipped with a modern multi-system electric drive are able
to provide sufficiently high productivity to meet the production requirements of the

use of conveyor transport units.

1.2 Review and analysis of scientific research in the field of development

of electric drives for belt conveyors

Much scientific research has been conducted in the field of creating various
drawings of electric drives for conveyor systems and creating control systems,
including many works for belt conveyors.

The results of the study of a two-motor electric drive system for conveyors for
transporting bulk materials are given in [16]. In particular, the author developed a
method for multi-channel control of the conveyor electric drive, as well as the
structure of the synchronization system for the actuators of a multi-motor electric
drive, which is characterized by discrete switching during startup and in stable mode.
In addition, the paper analyzed the negative impacts on the actuators of the conveyor
and identified ways to reduce them. The proposed recommendations allowed to
reduce the breakdown of the mechanism and the expensive belt, which increased the
service life of both the transport element and the design of the drive station for bulk
materials.

In [17], an algorithm for a multi-engine control system was developed.
frequency -controlled electric drive of the conveyor with correction of task signals
taking into account the random nature of the load flow, which allows saving
resources of the conveyor installation due to redistribution and equalization of loads
of the conveyor motor. The author established the dependence of the change in the
electromagnetic torque of the electric motor on the dynamic loads on the electric
drive shaft of the conveyor in the starting mode and operating modes, which allows

substantiating the necessary algorithm of the multiple - motor electric drive control
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system, which ensures energy-efficient operation of the entire transport unit. The
control algorithms of the multi-motor electric drive have been tested on
microprocessor devices, and the software of the programmable controller has been
developed for it.

The system is based on an asynchronous electric drive, the machines can cope
with the stack loads provided by double feed conveyors, and in this system the
engine can operate at both high and low synchronous speeds. Therefore, there is no
need to increase the specified power of the electric drive if a short-term increase in
the shaft speed to a synchronous value is required. In metallurgical production, the
installation of a system based on conveyors for loading the charge into the sintering
belt has shown the possibility of compensating for dynamic changes that affect the
uniformity of the material flow over time. At the same time, the cost 1s reduced and
the quality of the produced sinter increases [ 18].

Suggestions regarding the study of an asynchronous electric drive for
mountain transport and subway escalators with transformer -thyristor control
devices, they consist mainly in the created scheme of an asynchronous electric drive
of transformer -thyristor control devices to increase the efficiency of asynchronous
motors.

It is known that the productivity of a conveyor system can be increased by
increasing the mass of the load per unit length of the traction chain or increasing the
speed of transportation. In this case, other things being equal, the speed 1s limited by
the magnitude of the dynamic loads on the traction chains and other elements of the
conveyor. The low speed of movement used in chain conveyors, usually no more
than 1.2 m/s, creates the most unfavorable operating conditions. High loads on the
line, high static voltage in the chain lead to the creation of high requirements for the
metal of machines. The speed of cargo transportation is often determined by the
technological process, loading and unloading conditions, conveyor design features,
cargo properties, as well as the speed of information processing by the electronic
control system using an automated cargo distribution and control system on a multi-

motor conveyor.
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In this regard, to develop appropriate mathematical models of multi-drive
multi-belt conveyor, taking into account the requirements of the above-mentioned
technological process and other interrelated factors, it is necessary to analyze in
detail the dynamics of the electric drive of the conveyor and its stabilized operating

modes.

1.3 Analysis of the work on the study of the dynamics of electric drives

for belt conveyors

[t is worth noting the works [2-6], where at the fundamental level the main
tasks associated with the creation and dynamics of multi-system conveyors are
defined and formulated. Many studies of the use of conveyor drives, conducted by
many authors, are mainly associated with unstable operating modes: starting,
stopping conveyors, as well as sudden stops of the traction chain. When considering
dynamic models of conveyors, the mentioned authors ignore the masses of their
working bodies, which to a certain extent introduces significant distortions into the
physics of the processes under study. The dynamic and kinematic characteristics of
its elements in the study of conveyor dynamics, while the load parameters along the
length of the rod were usually taken unchanged. At the same time, different
operating conditions, wear of traction chains and other elements of conveyors
require changes in its dynamic characteristics.

The scientifically substantiated calculation method of multi-drive conveyor
installations in the following works [3-9] allowed to solve important theoretical and
practical problems of dynamics of the main belt-chain and chain conveyors and their
intermediate drives. The dependence of the permissible length of the conveyor on
the number of intermediate stations equipped with adjustable drives was obtained
by the authors on the basis of the analysis of static forces in the traction element of
multi-drive conveyors with straight and curved tracks. When equipping multi-drive
chain conveyors with unregulated drives, an increase in the static moment of

resistance at start-up causes an increase in the slip value and a decrease in the speed
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of the electric motor, as well as a decrease in the static moment of resistance. leads
to a decrease in the slip value and an increase in the speed of the engines.

In the work [3] theoretical and experimental studies of the dynamics of
conveyors with a chain traction device in the established mode of operation are
described. The conditions for the occurrence of horizontal vibration of the working
bodies and paws of chain conveyors are considered. The author takes into account
the joint action of the working body and the rod on the movement of the mechanical
drive system, which changes the kinetic characteristics during use, therefore the
conveyor is considered as a single electromechanical system with slowly changing
parameters .

In the system of technological equipment of open-pit mines, justification and
design justification of the type of conveyor for rock and complex transport routes,
implementation of cyclic flow technology, creation and implementation of a
methodology for the effective use of belt conveyors and calculation of design
parameters, problems of their dynamics in different operating modes, [17].

In the work [ 18], transient modes and optimal control laws of adjustable drives
in multi-drive belt conveyors are considered. The complex of scientifically
substantiated rational technical solutions proposed by the author, implemented in the
designs of continuous elevators for deep quarries with inclined multi-drive chain
conveyors, allowed to form a new concept of developing a high-tech complex
vehicle and the efficiency of their use. Measures have been developed to increase
and predict the resource of chain conveyor elements used in the mining and
metallurgical industry.

In [19], the influence of elastic elements on the operation of automated electric
drives is considered. Estimates are given that allow determining the conditions for
neglecting the effect of elasticity. The structure and methods of regulating
subordinate regulation systems under the influence of elastic connections are
described. The possibilities of digital implementation, adaptability and identification
with elastic couplings of an electric drive are shown. Adaptive electric drives and

tracking systems are considered.
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In the course of research [4-5], the use of an automated electric drive for
mining machines was substantiated, which allows solving the following problems:
control of technological processes; effective use of power and energy of the drive
and limiting its parameters to a given level; control of dynamic processes in the
working bodies of mechanisms and reduction of dynamic load in steady-state and
overload modes, reduction of wear of axial joints of working mechanisms due to
efficient use of energy. In a number of works, special attention was paid to the
problems of using a frequency- controlled electric drive for scraper conveyors. [3,
5].

The results of the development and research of systems with active limitation
and damping of dynamic loads in dynamic connections [6], which have brought an
applied character to the development of problems of conveyor system dynamics, are
of important practical importance.

Thus, the analysis of many works on the dynamics of conveyors with a chain
traction element allowed the authors to determine that the influence of rotating
masses of the drive or the influence of moving masses of the working element was
practically not taken into account. It is assumed that their dynamic and kinematic

characteristics will remain unchanged during the use of conveyors.

1.4 Analysis of work on the study of stable modes of use of electric drives

for chain conveyors

In [8], the theory, calculation method and experience of operating multi-drive
chain conveyors for the mining industry were developed. In particular, the designs
and components of the conveyor, statics and dynamics, and the issue of ensuring
reliability of operation were consistently considered. Due to the differences in
mechanical characteristics used in the intermediate drives of electric motors, it was
found that even between asynchronous electric motors of the same series, the load
is transferred to the next drive. In this case, the degree of uneven distribution of the

overload depends on the amount of engine slippage and the amount of filling of the
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fluid coupling cavity installed between the engine and the gearbox of the drive
station.

In works [7-10], an approximation was used to describe dynamic processes in
the traction and lifting body of multi-drive conveyors, according to which the entire
mechanical system was divided into a finite number of sections, and linear At the
boundary of each of them, the law of change of the deformation rate was adopted.
However, the problem of compensation of elastic additional extensions of the
traction and supporting body of multi-drive chain conveyors was not solved in the
indicated works.

In addition, in the studies [7], for the first time, the traction chain of a conveyor
was considered as a system with distributed parameters. The results of the study
showed a significant influence of the dynamic characteristics of the traction element
on the vibration processes, on the basis of which a method for determining dynamic
forces in the traction chain was proposed, taking into account their elastic properties.

In the following work [3] it was noted that the most acceptable method of
regulation, which ensures a reduction of the equalizing forces in the traction chain
to minimum values, is a mixed and at the same time direct method of controlling the
conveyor drives. In this case, the combination of the angles of rotation of the shafts
of the drive sprockets of the drive chain is controlled and at the same time the elastic
stretching of the traction lifting element is compensated in each interval with the
passage of the force difference between the actual value of the thrust at the end point
of the drive section and its value corresponding to a given load mode.

To reduce dynamic forces in the chain, it is recommended to divide between
the drives so that each motor is loaded on its own branch. In the load distribution
system between the conveyor drives, the control drive is the main electric drive
loaded on the working branch. This drive is closed with frequency feedback. The
task of the second drive is to maintain the current ratio. For this, current feedback of
the controlling and controlled drives is introduced.

In order to reduce the load on the electric drive, it was noted that it is advisable

to use parametric control systems. A dual-loop system can be used to damp dynamic
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loads in a chain drive. The inner loop is the load torque control loop, and the outer
loop is the motor speed control loop. Due to the need to limit the current in transient
modes, it is better to use a current limiting system instead of a third control loop.

In work [8], options for solving the problem of redistribution and load
balancing in a multi-motor asynchronous electric drive of mining machines were
investigated and developed: a method of load distribution in a two-motor electric or
generator set with an electromagnetic clutch. ; A method of load balancing in a
multi-motor electric drive by regulating the voltage of the supply line was
considered.

In the article [9] it was proposed to distribute the load between the main and
peripheral electric drives of a divided conveyor by controlling the frequency
converters that power the induction motors (AM) of the main and peripheral drives.
When considering the operation of the electric drive, the frequency control law of
maintaining a constant alternating current flow is adopted, the active resistance of
the AC stator is taken equal to zero, and the mechanical characteristics of the load
in the working area of the AM are considered.

Due to the difference in the parameters of the main and peripheral drives, their
mechanical characteristics originate from the same point on the frequency axis and
have different slopes on the torque axis. In this case, the distribution of loads
between the drives is proportional to the stiffness of the mechanical characteristics.
In order to balance the load of the main and peripheral drives, it was proposed to
regulate the rotation frequency of the two drives simultaneously.

As indicated in the following work [8], the assessment of the unevenness of
the load from static asymmetry and dynamic influences is the ratio of the moments
of the main and peripheral drives of the conveyor: from the difference in electrical
parameters of asynchronous motors and the network to 1.42; with different gear
ratios of gearboxes - up to 1.44; when the pitch circle of the stars is different - up to
1.49; uneven elongation of the chain - up to 2.1. The author proposed such a control
system for electric drives of the conveyor, which ensures equalization of the loads

of the main and final drives using a frequency -controlled electric drive. The control
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system includes sensors that determine different values of torques, a load balancing
controller and a logic part.

In the following work [8] it was noted that the most acceptable way to improve
the dynamics of electromechanical systems, namely scraper conveyors, is to control
their dynamic state. This problem is solved by using a frequency -controlled electric
drive on conveyors, which provides the following opportunities: to sharply reduce
the failure of electric motors during the translational movement of a loaded
conveyor; to eliminate the occurrence of starting currents of electric motors, which
prevents a decrease in the supply voltage; to minimize the breakage of the conveyor
traction chains; to establish the necessary substitution coefficient for both mined coal
and transported cargo.

Analysis of the conducted research on the problem of load distribution
between electric drives of chain conveyors allowed to identify the shortcomings of
the used control systems for electric drives of conveyors. This allows to ensure the
required productivity of a multi-motor multi-belt conveyor, as well as to control the

dynamic state of the free branch of its traction-bearing body.

1.5 Proving the relevance of the research and defining the main

objectives

Belt conveyors are complex mining and geological equipment for transporting
a wide range of cargoes (coal, limestone, agglomerates, rocky rocks and ores).
Conveyor designs characterized by large slopes due to design features have shown
that they can be successfully used in various industries in production conditions.
The advantages of belt conveyor designs include:
- use of a metal frame of the required strength, which allows transporting
large-sized and heavy materials, including in conditions of high ambient

temperature;
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- the use of high-strength traction chains, which allows to realize the
necessary significant traction forces over long delivery distances of up to 2
km and significant up to 70° elevation;

— the possibility of transporting goods along complex routes with a small
radius;

— ensuring direct loading of litter trays from bunkers without the use of
feeders.

At the same time, the disadvantages of belt conveyor structures include
significant metal consumption and high production cost.

From a technological point of view, the main area of application of belt
conveyors in our country is the mining and metallurgical industry and, first of all,
open-pit mining.

2 With the continuous increase in the depth of open-pit mines and the
need to increase their productivity in terms of ore mass, cyclic technology with road
and rail transport leads to a deterioration in technical and economic performance.
The cost of mineral extraction increases due to the increase in the cost of using cyclic
modes of transport.

Operating experience shows that for every 100 m of pit depth, the cost of using
a vehicle with a carrying capacity of 30-40 tons increases by an average of 1.5 times.
The use of rail transport in many deep quarries is excluded due to the fact that rolling
stock cannot be introduced into the relatively small sizes of ore bodies and
parameters of the quarry.

Modern belt conveyors are capable of handling the cargo flows of the largest
mines and quarries in the next decade. However, belt conveyors cannot operate on a
planned highway with a curved trajectory, and they cannot operate on inclined roads
at large angles, which is typical for quarries. The possibility of increasing the
transportation angle improves the technical and economic indicators of mineral
extraction in open-pit mining, since it is possible not to change the geometry of the
workings, which leads to a decrease in non-production costs due to a decrease in the

volume of mining operations.



94

3. In this regard, in open-pit mining, the use of cyclic flow technologies using
belt conveyor transport with the constructive possibility of working in corner
excavations of quarries is definitely relevant. The high strength and reliability of the
working body of belt conveyors with a chain drive, the possibility of transporting
ore mass along solid slopes and excavations, and the ease of extending the length of
the conveyor effectively distinguish it from other types of conveyors.

In addition, technological schemes using belt conveyors are more economical
than conveyors with a belt traction and lifting device. This is due to the need to
install additional crushing complexes when using belt conveyors, as well as
additional loading points associated with the use of these conveyors on curved
transport routes. The number of mechanisms and machines 1s significantly reduced
when using a folding structure in the plan of belt conveyors, which greatly simplifies
the technological plan of transportation and increases the reliability of the entire
complex.

An important advantage of belt conveyors in terms of throughput is the ability
to transport a large part of the rock mass in one rail without overloading points with
low resistance values to the movement of the load-bearing body along an inclined
track. As noted above, another technological feature of belt conveyors is that they
can be used with a complex track with a radius of 20 m and a vertical rise of up to
30°.

9, When using long shaft belt conveyors (from 1000 m to 6000 m long),
designs are used according to a multi-drive scheme. In this case, ensuring
uninterrupted operation of a multi-motor chain conveyor is an important practical
task, and controlling and ensuring the operable static and dynamic state of the main
belt conveyor design, which is used in difficult mining and geological conditions, is
undoubtedly important. Due to the large number of intermediate drives in the belt
conveyor, in the scheme of transporting ore mass without overload, it is necessary
to solve the problem of automatic distribution of the total load between its electric

drives.
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The experience of operating multi-drive chain conveyors has been studied,
and high efficiency of their use is ensured by observing the following conditions: it
has been proven that the total conveyor load between electric drives is provided by
means of automatic distribution and the system, the speed of movement of the
traction and carrier layer is regulated, balancing forces in the traction circuit of the
conveyor are removed, and a number of other factors are taken into account.

10.  The operation of a long multi-drive conveyor is a very difficult task,
since this process is characterized by excessive slack in the traction element. In
particular, the operating conditions of a belt conveyor are unfavorable for the
following reasons - the presence of hanging parts of the lining, as a result of which
the rigidity of the working element, its tensile function and the load on it are reduced.

It is known that chain conveyors have kinematic gaps between individual links
of the mechanism and weak traction chains. The presence of weak, holes, as well as
elastic properties of the traction-bearing body causes significant mechanical loads
on the conveyor parts and vibrations of the traction-bearing body when starting
electric drives. Often these loads reach such high values that some part of the
conveyor fails. In this case, the processes occurring are very complex and unstable.
It should be noted that reducing dynamic loads on the drive elements and the traction
carrier of the chain conveyor in practice can be achieved by reducing the kinematic
gap of the mechanism and the initial starting torque of the electric drive.

The initial value of the specified kinematic clearance is determined by the
manufacturing technology of the conveyor elements and accordingly increases with
increasing service life due to wear. In this regard, the most effective way to reduce
mechanical loads is to artificially reduce the resistance moment to a small value
when starting the engine. Such an engine moment is called the moment of
preliminary soft start. Only the kinematic clearance and sagging of the conveyor
drive chain are taken into account with the preliminary torque during connection.

For electric drives, including unregulated asynchronous electric drives of
conveyors, the most severe starting modes are characterized by large starting

currents, which are several times higher than the nominal value, and fluctuations in
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the starting torque. On the one hand, this causes overheating of the windings of the
electric motor and a decrease in its service life, and on the other hand, it leads to
overloading of the gearbox and the traction working element of the chain. Large
starting currents also have a negative effect on electrical networks.

11.  Analysis of work in the field of multi-drive conveyor systems showed
that in the process of their use in the traction-bearing body, in addition to the
calculated forces (tension, static and dynamic components of the resistance forces
of movement), additional emerging balancing forces are added.

The main reasons for their appearance are: change in the conveyor load mode,
change in the values of the geometric parameters of the drive parts during operation,
the influence of external climatic conditions on the value of the coefficient of the
main resistance. In addition, in addition to the main factors, there may be
applications that manifest themselves in certain operating modes during the
operation of the electric drive system. These are the lack of the same pitch of the
traction chain links, static error of the system for regulating the frequency of rotation
of the rotors of the leading and subordinate electric drives.

During the operation of chain conveyors, emergency situations may arise
associated with an increase in the pitch of the traction chain joints, the intensity of
wear of moving parts, in connection with which shock loads arise in the traction
element and cause failure of individual elements of the conveyor. A pulsed increase
in currents in the power parts of the electric drive leads to overheating of the electric
motor. When a certain limit increase in the pitch of the traction element is reached
due to a significant decrease in the safety margin of the chain transmission, uneven
movement or failure of the clutch of the chain joints with sprockets and cams of
intermediate gears often leads to failures in the use of the traction-bearing element
of the conveyor.

12.  The prospect of using a regulated DC electric drive for electric drives
has been studied in many specialized works, but further dissemination of the

technology using this system has not been possible due to the complexity of
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organizing mass production of explosion-proof DC electric motors in Ukraine.
conveyor machines for the mining and coal industry.

Progress achieved through the development of power semiconductor
technology, the creation of high-quality power and frequency converters using pulse
-width modulation, the introduction of high-speed and high-bit industrial controllers,
and the production of alternating current for belt conveyors based on asynchronous
electric motors for the mining industry have allowed the use of frequency -controlled
electric drives.

A promising direction for improving multi-drive belt conveyors is modern
frequency control, which provides the ability to regulate the speed of the lifting
mechanism, control the load distribution between drives, eliminate the balancing
force in the conveyor traction scheme, take into account dynamic properties and a
number of other factors.

13. Taking into account the above, the main current problems of using a
frequency- controlled asynchronous electric drive in multi-drive belt conveyors are:

— control of the dynamic state of the traction-bearing body in starting and
stabilized operating modes, taking into account elastic connections ;

— management of the belt conveyor's performance taking into account the
actual loading of the working branch of the traction-bearing body in the
specified operating modes;

— in the main operating modes by adjusting the switching speed of the
traction-bearing  element, removing ungenerated electricity
consumption during idle operation.

9. In this regard, the following objectives of this study were identified.

5. Creation of mathematical and computer models of interconnected

multi-engine frequency- controlled electric drive of a belt conveyor in
operating modes taking into account elastic connections .

6. Development of technical solutions to ensure smooth start-up of a

multi-motor electric drive of a belt conveyor, taking into account the

elastic properties of the traction and supporting body.
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Creation of mathematical and computer models of a frequency-
controlled multi-motor electric drive taking into account the load on the
traction and supporting body in stable operating modes.

Development of technical solutions for control and load distribution
between frequency -controlled drives of a multi-motor multi-belt
conveyor, taking into account the actual load of the traction transport

unit.
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