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BCTYII

AKTYyaJIbHICTh PO00TH. MOHITOPIHT PUHKY LIETJIM B YKpaiHi OKa3ye, IO B
JaHUM Yac Ha HbOMY MEpeOuIbIIye MPOAYKIIS BITYU3HAHOTO BUPOOHHIITBA.
OCHOBOIO 17151 PO3BUTKY BUPOOHHUIITBA LIETJIM € HEOOX1IHICTh CTPIMKOTO PO3BUTKY
ychoro OyIiBeIbHOTO BHpPOOHHWIITBA Ha 0a3l CydacHHMX TEXHOJOTiM 3
BUKOPUCTAHHSAM aBTOMAaTUYHUX CHCTEeM. [[J1s1 BUTOTOBJICHHS SKICHOI MPOMYKINi 3
Herii CKJaJ TJIUHA Mae OyTtu mnocTiiHuM. [Ipu mocTiiiHOMYy KOHTpoOdi Ta
peryaoBaHH1 peKUMY pOOOTH CyIIapKH, JOTPUMAHHS PEKUMY BUIMTATIOBAHHS B TI€Yi
MO>KHA 3HAITH NPUYMHU OpaKy y BUpOOHHUIUTBI Ta iioro mxepeno. Jxepenom Opaky
y BUpOOHHMIITBI LIETJIM MOKe OyTH caMa SIKICTb TJIMHH, 1i BUI0OYBaHHS Ta nmepepoOka,
dbopmyBaHHs, CYIIIHHS 200 BUIATIOBAHHS TJIMHHU.

JUIsl yHUKHEHHS TaKuX HEAOJIKIB HEOOX1/IHE CTBOPEHHS BUCOKOE()EKTUBHUX
HOBUX TEXHOJIOT1HM, aKTUBHE BUKOPHUCTAHHS €HEPro30epirarounx Ta 0e3B1IXO0HUX
METO/IB BUPOOHUITBA, IO AaAyTh 3MOTY OTPUMYBATH SIKICHY MHPOIAYKIIIO MpHU
MiHIMaIbHUX BUTpaTtax [1]. OCHOBHUMH HANpsIMKaMHM IiABHINCHHS e()EeKTUBHOCTI
BUPOOHMIITBA € TMIJBUINECHHS MPOAYKTUBHOCTI Tpalrli Ta TMOJIMIIEHHS SKOCTI
MPOAYKI[li, BUKOPUCTAHHS HOBITHHOTO TE€XHOJOTIYHOI'O OOJIaHAHHS, OHOBJICHHS
BUPOOHUYOTO amapary, 3HIKEHHsI py4HOi npaiil Tomo. B Ykpaini € mianpuemcTsa,
0 EKCIUTyaTylOTh MPOMHUCIOBUX POOOTIB HAa JAHUX JUISHKAX TEXHOJIOTTYHOTO
npoiiecy BupoOHuUITBa. ChOToAHI MEPCIEKTUBHICTh 3aCTOCYBAHHS MPOMHCIOBUX
poOOTIB B TEXHOJIOTISIX BUPOOHUIITBA OyAiBETHHOI KepaMiku € Oe3MepeuHol0 Ta
aKTyanbHOIO [2].

Jlo BBeIEHHsS B EKCIUTyaTaiil0 aBTOMaTa — MeXaHi3Ma IEePEeBAHTAKCHHS
HEeTNM, YKIAJaHHs BiAMPECOBAHOI LETIW-CUPILIO HAa BHUMATIOBAIFHI BarOHETKH
pOBOAMIIACS BPYYHY. 3 Tipeca Ieria MmoiaBajach Ha TPAHCIOPTEp, MO SIKOMY BOHA
nepeMiInIyBaiach 10 0OMantoBaIbHOI BATOHETII, Ky MOTO TIEPEMIIIyBaB pOOITHUK

- yrinaganeHuk. [IBuaKicTh yKIagaHHs Oyla HEBHUCOKa, M0 3HUKYBAJIO
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MIPOYKTUBHICTH POOOTH YChOTO TIpeca, Ha IKOMY MPOBOIMIIOCS MPECYBAHHS IETIIH.
[leBHOIO MipoIO0 1€ HemodiK OyB BHUPINIEHO 3aCTOCYBAaHHSM MHEBMAaTUYHOTO
MPUCTPOIO JJIsl 3HIMAHHSA PATY, ajie e MPUCTPIA Ma€ TEBHI HEMOMIKA: HU3bKHMA
KK/I, HeoOX11HICTh 3MaIyBaHHS JICTAJICH.

Metoro poboTH €  MOJEpHI3alisl  ENeKTPONPHBOJA  MEXaHI3MY
MePEBAHTAXKEHHS TETIIN IUITXOM JTOCITIPKEHHS] MOMJIMBOCTI Ta JIOIIILHOCTI 3aMiHA
3aCTapioro MHEBMATHYHOIO MPUCTPOIO MEPEHOCHUKA PSTY IIETIIM Ha IPOMHUCTIOBUIN
pPOOOT 3 CHCTEMOIO YaCTOTHO-PETYIHOBAHOTO EIEKTPOIPUBOY.

JJist TOCSITHEHHS TaHO1 METU MOTP1OHO pO3B’sI3aTH TaKi 3aBAHHS:

— MPOBECTU aHAJ3 TEXHOJOTli BUTOTOBJIEHHS METJIM 3 BUKOPUCTAHHSIM
MEXaHi3MYy MepeBaHTaXEHHS (aBTOMAaTa- CaluMKa), JOCIIIUTH Cy4YaCHUH CTaH
CUCTEMU KEpyBaHHS IIMM aBTOMATOM;

— MPOBECTU aHAII3 KOHCTPYKLIA TPOMUCIOBUX POOOTIB Ta CUCTEM KEpyBaHHS
€JIEKTPOIPUBOJIOM POOOTIB;

— BUKOHATHU PO3PAXyHOK CTATUYHUX XapAKTEPUCTUK PO3IMKHYTOI CHCTEMHU;

— pO3pOOUTU CXEMy KEpyBaHHS EJIICKTPONPUBOAOM, sKa OyJ]e BIAMOBIAATH
TEXHOJIOTIYHOMY TIpOlleCy, SKOMY 3a0€3MeYuTH HEOOXITHUN Jiarma3oH
perymoBanHs. [IpoBecTn MojentoBaHHS Ta TMpoaHANI3yBaTH MepexigHi
MPOIECH 3aMKHYTOI CHCTEMi 31 3BOPOTHUM 3B’SI3KOM 3a IIBUJKICTIO 1
MIOJIOKEHHSIM;

— 3OIMCHUTH 1 OOIPpyHTYBaTHM BHOIp CIELIANI30BAHOTO THUIIY KOHTPOJIEpa,
pO3pOOMTH  TMPUHIHUIIOBY  CXEMy  KEpyBaHHS  €JICKTPONPHUBOIOM
MIPOMHCIIOBOTO POOOTA.
00’ekTOM JOCJIIKEHHS € TTPOLEC BUTOTOBJICHHS LIETJNA 3 BUKOPUCTAHHSIM

MEXaHI3My TEpPEeBAHTAXKCHHS Ta aHalli3 KOHCTPYKIIM 1 CHCTeM KepyBaHHS
€JIEKTPOIIPUBOAOM TMPOMUCIOBHUX POOOTIB.

IIpeaMeToM JOCJIIKEHHSI € CHCTEMa KEpyBaHHS EJCKTPOIPHUBOIOM

MeXaHi3My MCPCBAHTAXKCHHSA LICTJIN.



1 AHAJITUYHA YACTHHA

1.1. ByaoBa Ta mpuHIKIT pOOOTH MEXaHI3MY NepeBaHTAXEHHS LeTIIN

Cupenp 1eru, 110 MPOMIIOB MPeCyBaHHA 32 HAMMBCYXUM CIIOCOOOM, TOBUHEH
MaTH BEJIMKY MEXaHIUYHY MIIHICTh Ta TOYHI T€OMETPUYHI PO3MIPH, & TKOXK HOTO
ycaJika IPH CYIIHHI 1 MaliOyTHHOMY BHITaJIi IOBHHHI OyTH Maiumu [1].

Taxky nierity HarmiBCyXoro mpecyBaHHs 3 TOUHUMU T€OMETPUUYHUMHU PO3MIpaMHU
IIMPOKO 3aCTOCOBYIOTH B OyIIBHHIITBI B SIKOCTI SIK CTIHOBOTO, TaK 1 0COOOBOTO
BUpoOy, a 3HAyHa MEXaHIYHa MIIHICTb BHUPOOY Ja€ 3MOTY JOBOJI JIETKO
aBTOMATU3YBaTU WOT0 MDXKOIEpalliiiHe TpaHCIOPTYBaHHs 1 BCTaHOBIEHHsS. BapTo
3a3HAYMTH, 10 Maja BOJOTICTh MPEC-TIOPOIIKY JO3BOJISIE TOEAHYBATH CYIIKY Ta
BUIIAJI BUPOOIB B OJIHOMY ITi4i, a 1€ 3HAYHO 3MEHIIIYE BUTPATY MajInuBa 1 EKOHOMUTH
pecypcH, TaK0X CKOPOUYYETHCS MPOIEC BUPOOHUIITBA.

Takuit croci®O BHPOOHHUITBA IEraM (HAMIBCYXHH) Ja€ MOXKIUBICTb
PO3ILIMPUTH CUPOBUHHY 0a3zy, Tak sIK JI0O3BOJISIE 3aCTOCOBYBATH MaJIO-TUIACTUYHI
IJIMHU — CyXapH1 TJIMHU 1 MIMHKCTI cnadul. [IpuyrHoro 11p0ro € Toi (akT, mo, sk
MPaBUJIO, BUTOTOBJICHHSIM 1 BIPOBA/IP)KEHHSM Y BUPOOHHIITBO aBTOMATIB-CaYHKIB
3aiiMaroThCAd MIANPUEMCTBA 3 BUPOOHUUTBA OyAiBEIbHUX MaTepialliB caml st
BJIACHUX MOTPeO, a00 3aMOBJISIIOTh y MIANPUEMCTB TI€T K Tally31l, HAa IKUX BOHU BXKE
BBEJICHI B €KCIUTyaTalito. [10sICHIOEThCS 11 THM, 110 MEXaHI3MU MePEBaHTAKEHHS
neriau  (Tak 3BaHI  aBTOMATH-CAMUYMKH) BCTAHOBIIIOIOTHECS HA  KOHKPETHY
TEXHOJIOT1UHY JIIHIIO 3 ypaxyBaHHSM ii 0COOTUBOCTEH 1 HIOAHCIB.

PosrasiueMo mpucTpiii Takoro aBToMara-caauuKa CHITIKaTHOT IIeTIIH.

Jlo ckmamy aBTOMara-caguMka BXOIATh HACTYIHI eneMeHTu (puc. 1.1):
IPUBOJI, 3HIMau-KaHTyBa4, TPAHCIIOPTEP-HAKOMNYIYyBay, IEPEHOCHUH BI30K, 10 Ma€
GbyHkuii MmiaioMy MHEBMOILIMH Ta MEXaHI3M MpOrpaMyBaHHS pyXy 00JiaJHAHHS.
Pyx aBTomaty mepemaerbcsi Bija KosiH4acToro Baity 1. o mpuBoay BinOopy
MOTYXHOCTI BITHOCSATHCS MWJIIHAPUYHA 2 Ta KOHIYHA 3 3y04acTi mepeadi, a TakKox

kpuBommnHui MexaHizM 10. KpuBommun 10 3  Tsaroro 11 3ailicHioe mepenady
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pPYXiB KOJIMBAaHHA BiJ mpeca a0 TpaHcnopTepy 12. Jlami 3HiMa4y-KaHTyBay, KOTPHA
MICTUTD JBa CUMETPUYHUX MMHEBMO3aXBaTH 4 JJi 3aTUCKAHHS LETJIMH, 3HIMAIOTh
iX 31 CTOJIUKY Ipeca, MICIHS I[HOTO X PO3TOPTaIOTh B OAHY JIiHII0, TOBEPTAtOTh Ha 90°
1 pO3MIIIYIOTh Ha MOBEPXHI CTPIYKK HakonuuyBaya 12. Bix 1ux omepariiii 3HiMau
B I[IJIOMY MOX€ IOBEPTATUCA Yy BEPTUKAIBHIHN TUIOMIMHI HA BeIHMUnHy KyTa 10 100°.
[Tpu 1bOMy TpH MIEpEHECEHH1 YOTUPHOX LIETJIMH 3 Mpeca Ha HakomudyBay 12 iioro
CTpiuka OyJe mepecyBaTHCs Ha BEIWYUHY, SKa JOPIBHIOE PO3MIPY IEriau, B
pe3yNbTaTi UX Jil Ha TPAHCIOPTEPI BXKE 3BIILHUTHCS MICIE 11 BCTAHOBJICHHSI
HACTYITHOTO psiny uernauH. [lepemilieHHs 311MCHIOE TNPUBOJA HakomuyyBauya 33,
KOTpHUIl ollepkye pyx Bia Bainy 3HiMada 9. [lami, micns Habopy Ha cCTpiull
TpaHCTIOpTEpa TOBHOTO TPOIIAPKY IETJH, 3a JONOMOTOI0 Bi3ka 24, BOHA
NEPEHOCUTHCSI Ha CIeLlajbHy aBTOKJIABHY BaroHETKY, J€ B)KE CKIAJAEThCS Y
mrrabens [1].

[IpuBig mnepemilieHHs MEPEeHOCHOTo Bi3ka 24 MICTUTh peaykTop 28,
CJIEKTPOJABUTYH 27, 3yOuacTy HWIIHApUYHY mnepenady 29 1 kom3zanku 30, sKi
MepecyBalOThCA MO peiikax . TakoX Ha IbOMY Bi3Ky 3MOHTOBAaHUN MeEXaHi3M
MiIAOMY-CITyCKY, KOTpUM BKJIIOYae ejekTpoaBuryH 31 Tta pemykrop 26 i3
3aKpIIUICHUMH Ha MOro KIHIAX HOTO BHUXIJHOro Baja Oapabanamu 25, 110
3MIACHIOIOTh HaBUBKY KaHaty 23. KanaT 3akpimienuii Ha migidomHiil pami 20. ¥V
MeXaHI3Mi € 1Bl KiHEeMaTH4HI mapu 22, Mpu3HaYeHl i 3a0€3MEeUeHHS YiTKOTO
HaMpsAMKY MIIHOMHOI pamu, 10 TigHiMaeThesi. KpiM Toro, mo Oajikax migioOMHOI
pamu 20 mepecyBalOThCsl POJIUKOBI PUCTPOT 16, Ha AKUX MiABIITyeThCS pama 18
pazom 3 mHemo-muHamMu 17. Ilicns 3akiHYeHHS BUOOPY MPOIIAPKY IETNIA Ha
CTpiulll IOro MHEBMO-IIMHU MOCTYNOBO MOYMHAIOTh OIYCKATHUCS B 3a30pU MIXK
pSIKaMHU TIETJIMH 1 TICTS TOav1 MOBITPS BECh MPOIIAPOK 3aTUCKAETHCS. [10TiM BOHU
MOBEPTAIOTHCSA Y BUXIJHE TOJOXKEHHS, 10 3aJeKUTh BiJl MOJIOKEHHA yropy 15

3HMKYyBaya 14.
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3HIKYBayueM SIBIISIETHCS BaJI, 110 BEPTUKAIBHO BCTAHOBJICHU, HA KOTPOMY Y
BU3HAYCHOMY TIOPAJIKY 3aKpPIIUIIOIOTBCS YIOPH, SKI CIyXaTh OOMeXyBauaMu
ONyCKaHHSI MHeMO-IMHaxX. llepecyBaioynch B CTOPOHY BaroHETKH, MEPEHOCHUM
Bi130K 24 3/1HCHIOE TTOBOPOT Bally 3HMXKyBaua. B MexaHi3Mi NMPUCYTHINA KIHIICBUM
BUMUKAY (110 MOHTYETHCS Ha MIAHOMHIN pami), 10 KOHTPOJIIOE KpailHe TIOJI0KEHHS
OITyCKaHHS ITHEMOIIIHH.

B HWKHBOMY MOJIOKEHHI 3 THEMO-IIIUH BUITYCKA€THCS MOBITPS, TOMY IIap
LETJIMH 3aJMIIAETHCS Ha BaroHETIl aBTOKJIABY, a MHEMO-IIMHU MiJIHIMAIOTHCS Y
BUXI1THE TIOJIOKCHHS.

KinemaTnyna cxema aBToMara-caJuuka npe/icTaBlieHa Ha PUCYHKY 1.2.

[Ipu3HaueHHAM MeXaHi3My TMEepeBaHTAXKEHHS Ierau € (hopmyBaHHA
OBAJILHOTO ITabess, BIH CKIAAaeThes 3 Oapabany 19 3 Kymaukamu, siKI MOXKYTh
MOBEPTATUCS 3 TIO3UIII1 HA MO3UIIII0 ITPU MPSIMOMY Ta 3BOPOTHOMY XO/I1 IEPEHOCHOTO
Bi3Ka. JlJIg1 KepyBaHHs BUCYBHOIO paMoOl0 18 BCTaHOBIIEHI KyJauku Oapabana 19 3
nHeMo-mmHaMu 17. Takoxk Tam po3MmilieHl posuku 16, 1Mo mepecyBaroThCs MO
HanpsaMHux Oankax pamu 20. IIpoTsirom poOodoro xoay NnepeHOCHHH Bi30K 24,
BHUCYBHa pama 18 pa3om 13 mapoM ILETJIM BUCYBAIOTHCS HA BEIUYWHY YCTYMY B
mTabeni, a Mpu XOJOCTOMY XOJi TTIOBEPTAEThCS Y BUXIJIHE MOJIOKEHHS . BucyBHa
paMa MepecyBa€eThCs 3a I0MOMOI0r0 THEeMO-IWIiHapa 21.

JIJisi BUIITOBXYBAHHS 3aBaHTa)KEHOI aBTOKJIABHOI BArOHETKH, a TAKOX IS
MoJaBaHHs MOPIIHIB, TPU3HAYEHUH 1ITOBXau 13, SIKMil BCTAHOBJIEHUN B KOJII MIXK
pelikamu HUXKYe Bici BaroHeTku. [THeMo-mmmiHap 32 CIyXUTh JJIsl TIepeCyBaHHS
IITOBXayYa.

[Tpu3HavueHHa MeXaHi3My IPOrpaMyBaHHS — BKIIIOUATH MEPEHOCHUH Bi30K 24
B aBTOMAaTWyHy poOOTy Tmicis Ha0Opy Ha TpaHCHOpTepi-HaKomudyBaul 12,
HEOOX1THOTO JIJIsl TAaHOTO APy KUIBKOCTI LeTJIMH. BiH siBJIsie COO0K0 XpanoBUid IUCK
7, HA AKOMY 3aKpIIUICHUN KyJIadyoK 5 MporpamMyBaHHS, SKUW BIUIMBAE HA KIHIIEBUN

BUMHKAY Y€pe3 BaAXLIb 6.
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3aMMKar04YiCh B MOMEHTH 3aKIHYEHHs] HA0Opy JaHOTO MpOIIapKy mTades,
BIH TUM CaMUM IOJA€ IMITyJIbC HAa BKJIFOUEHHSI CXEMHU aBTOMAaTUYHOI'O KE€PYyBaHHS.
XpanoBuil AUCK 7 TPHUBOJUTHCS B PyX Pa3oM 3 KyJIadyKOM 5 BiJl €KCIIEHTpHUKa

3HIMayYa 4epe3 TATY 3 XUTHUM BaKeJeM 8.
1.2. Onuc TeXHOJIOTTYHOTO MPOIEeCy BUPOOHUIITBA LIETIIU

1.2.1 BunoOyToK, TpaHCIIOPTYBaHHS, MATOTOBKA CUPOBUHH 1 MOjja4a Oro Ha
CYIIHHS

Po3pobka pomoBuia AiaTOMITIB (TPENENbHOI TJIMHU) MPOBOAUTHCS
BIJIKDUTUM CHOCOOOM IIUIMH pIK €KCKaBaTOPOM 3 €MHICTIO KOBIIa 1 M? B 4oTHpHU
ycrynu. Bucora ycrymy 7 ™. [iatomit 3 Kap'epy TpaHCHOPTYIOTHCS
aBTocamockugamMu Mapku KPA3 BaHTaxomigHOMHICTIO 8§ TOH B CXOBHIIE, SIKE
MpU3HAYEHE /IS BIIJIC)KYBAHHS 1 YCEpETHEHHs, a TaKOXX CTBOPEHHS 3aracy s
Oe3nepeOiifHOi poOOTH TEXHOJOTIYHOI JIiHII B OCIHHE - BECHSHUH 1 3MMOBHUU
nepiogu. O6csar cxoBuma 10 30 Tuc. M?. 3aBaHTa)XXEHHS CXOBHUINA J1aTOMITOM
aBTOCAMOCBaJaMH TPOBOJUTHCS uepe3 Oi4HI PO3BAHTAXKYBAIbHI €CTaKajIu.
[TocriiiHa CTYMiHB 3allOBHEHHS Hloro moBuHHA OyTH He MeHie 1/3. Big ecrakan
J1aTOMIT MEPEMIIIAETHCA OYJIbI03€POM 1 pO3PIBHIOETHCS 1O BCii MIIONII CXOBUIIA.

3MmilnryBaueM MPOBOJATHCS TaKl MPOLIECH:

v' Po3nmynieHHsl BETUKUX TPUPOAHUX 3JI€KAHUX TPYJIOK T1aTOMITIB.

v PiBHOMIpHA 1ofa4a pO3MYIIEHOI MAaCH Ha CTPIYKOBUIN TPAHCIIOPTED.

v' Jlo3yBaHHS Ha TPAHCTIIOPTEP MACH T1aTOMITIB, SIKE 31MCHIOETHCS 3MIHOIO

KyTa MOBOPOTY JiomaTel Mo BiIHOLIEHHIO 0 Bayty B Mexax 25—-30%.

3MilllyBay MOKE MPAIIOBATH HA PYYHOMY 1 aBTOMaTHYHOMY peknmax [1].

[Ticns 3mimyBava 3ajaHa 3a 0OCSTOM Maca JIaTOMITIB 3a JOIOMOTOIO
TpaHCTIOpTEpa TMOJAEThCS B OYHKEp JIOMATEBOTO >KUBWJIbHHKA-T03aTopa. s
BJIOBJIFOBAHHSI 3 MacH BUIIAQJKOBO TMOTPAIUISIOYMX HA TPAHCIOPTEP METAJIEBUX
MpeaMETIB, B KIiHI[I HOTO BCTAHOBIIIOETHCS €JIEKTpOMarHiT. Bumana 3a 3agaHuM

00CsITOM Maca J1aTOMITiB CTPIYKOBUMH TPAHCTIOPTEPAMH MOIAETHCS IO CYIITUIBHUX
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OapabaHiB 1 HAIXOAMTSH 13 3aBaHTAXKYBaJIbHOIO OOKY Mpaliovoro 6apadbana.

Texniyni gani TpaHcmopTepa: mapka T-210, mmpuHa cTpiukd 650 MM,
JOBXKHMHA 75 M, MOTYXHICTh eNeKTpoABuryHa 75 kBT. EnekrpomarHiT >KMBHTHCS
Hanpyrow 127 B moctifiHoro ctpymy. JKUBWUIBHUK-03aTOp Ha 0a3i 3MillyBaya
CM-477A (uucno obeptiB BaiiB 31 B XBUIUHY, MPOAYKTHBHICTH HE MeHIIEe 18
M?/TOJl, TOTYXXHICTh €JNEKTpoABUTyHa 28 KBT) mnpusHadeHuii s 00'€éMHOTO
JI03yBaHHS Ta PIBHOMIPHOTO MOJIaBaHHS A1aTOMITOBOI MacH Ha TpaHCIIOPTEP Ioaadi
JI0 CYIIIIBHOTO OapabaHny.

1.2.2 CymriHHS 11aTOMITIB

JIJist CylliHHS BUKOPHUCTOBYIOTH CYIIWIbHUN Oapaban tunmy CMII-428.2,
niamerpom 2.8 M. BigxuieHnHs Bici 6apabaHa 10 TOPU30HTY B O1K pO3BaHTaKEHHS
ckinagae 3°. Yucno oGeptiB Oapabana 3—6 o00/xB. CepemHsi NPOIYKTUBHICTh
Oapabana 25 1/ roa. Temnepatypa termionocis Ha Bxoai 900—1000° C, na Buxo/i
150-180° C. TpuBamnicts cymiku 30—45 xB. CymuniapHuM 0apabaH MpU3HAYCHUH TSI
CYIIKH JI1aTOMITIB TONKOBUMH Ta3aMU B CYMIIlll 3 TOBITPSIM 1 4aCTKOBOTO HOTO
noapiOHeHHs. [IpuHiun  cyunHHsS  AiaToMiTiB B OapabaHi € MOpSIMOTOYHO-
OesnepepBHUM, Tapsayl rasu 3 Ttemmeparyporo a0 1000° HagxomsaTh 3 TOIKH
BCcepeauHy OapabaHa, CTHKAIOTHCS 3 JIIATOMITOM 1 PyXalOThCS 3 HUM B OJHOMY
HaIpsIMKY, HarpiBatOTh MOTO 1 BOJIOTY, II0 MICTUTHCA B HbOMY. BianpaiboBani razu
MPOIYCKAIOTHCSA Yepe3 acHipaiiiiHy CHCTeMYy 1 BHKHIAIOTHCS Ha30BHI. SIKIIO
BOJIOTICTh 200 1HTEHCUBHICTh MOJ1a4l CUPOBUHU 3MIHIOETHCS, TO PEKUM CYLIIHHS
MOKE PEryJIoBaTHCS KUIBKICTIO, IO HAIXOAuTh B OapabaH ra3dy 1 HE3HAYHOIO
3MIHOO HOTO TemmepatypH [2].

1.2.3 TpancnopTyBaHHS BUCYLIEHOT'O A1aTOMITY, MIATOTOBKA MOPOIIKY

Bucymena maca giaToMiTiB Bii cymuiabHOro OapabaHa 3a JOMOMOTOIO
CUCTEMHU €JIEBATOPIB, CTPIUKOBUX TPAHCIIOPTEPIB, OYHKEPIB, TPOXOTIB MOJAETHCS B
MOJIOTKOBY apoOapky. Eneatopu JII'-250 mponyktuBHicTiO 14 Kr/c, €MHICTb
KoBLIa 41, MBUIKICTh pyXy KoBIIB 1,6 m/c. [loTyxHICTh enexTpoaBuryHa 7 kBrT.

[ToapiOHEHHS BUCYILIEHOIO J11aTOMITY MPOBOJUTHCA MOJOTKOBOK OJHOPOTOPHOIO
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npobapkoro CM-431 tumry M-8-6b. IlpoayktuBHicTs npu uiinbHOCTI 13 MM 10-24
t/roa. Kpymnuicte dpakiii 3aBanTaxyrouoro marepiany no 250 mm. KpymnHictb
dpakmii omepxyBaHoro marepiany ao 13 mwm. [loapiOHroBaHW miaTOMIT 4Yepes
3aBaHTaXYBAJIbHUM JIIOK MOJA€ThCS B Kopiryc npoOapku. [Ipu obepranHi poTopa
POBOAUTHCA TMOAPIOHEHHS MaTepiany, KUl MpoKugaeTbcs BHU3. HomiHanbHa
mBUAKICTH obepTanHs poropa 1000 o6/xB. Enextpomsuryn A02/01-6, miametp
potopa 800 MM, poboua joBxxkuHa 600 MM, TOTY>KHICTh €JIEKTpOABUTYHA 85 KBT.

TpancnopryBaHHs OPiIOHEHOTO 1 BUCYIIEHOTO JIaTOMITY BiJ APOOAPKH 110
IpOXOTYy MPOBOAUTHCS KOBIIOBUM eneBatopoM JII-3200M. IlpociB mopoiky
3niicHioeThest Ha rpoxori ['MJI-32 mpoayktuBHicTio 90 m*/roa. Posmipu cut
1200x2860. I'poxor BiOpauiiiauii 1HepuiiHuid. Kinpkicts cut 1. Ilpu mpocisi
MPOBOJUTHCA BUIIUICHHS rpaHyid Ouibiie 7 MM. ['paHyiu MeHI 7 MM MPOXOMSThH
yepe3 CUTO TPOXOTY JI0 BHBAHTAXKYBAJIBHOTO JIOTKA 1 PO3BAHTAXYIOTHCS B
CTPIYKY TpaHCIIOPTEPA, a pO3MIpOM OUIbIlIe 7 MM MOBEPTAIOTHCS HA3a/l B APOOAPKy
U1 ToBTOpHOTOo  moapiOHeHHs.  Ilicist  mpocitoBaHHS — IPEC-TOPOIIOK
TPAHCHOPTYEThCSI B OYHKEpH-HAKOMMYyBaul. Y OyHKepax BIJOYBAa€ThbCS JAEsKE
BHUPIBHIOBAHHS BOJIOTOCTI 3aI1acy MOPOIIIKY.

1.2.4 HaniBcyxe npecyBaHHS IETJIN

JiaTomiTOBa Maca JJid HAMIBCyXOIr'o MPECyBaHHS SBISIE COOO CHUITYYHi
MOPOIIOK, KUIBKICTh BOJU SIKOIO HEIOCTAaTHHO JIJIsi CTBOPEHHS HABKOJO 3€peH
CYLIUTBHOT IUTIBKA. TOMY J1aTOMITOBa Maca HE BOJIOJII€ TJIACTUYHICTIO 1 B'SI3HICTIO.
Jlns mojaHHS HETJIi-CHPIIO HalIeKHOI (GOopMH, HMUIICHOCTI 1 HEOOX1THOT MIITHOCTI
Maca IMpecyeThCs IMiJ BUCOKUM THCKOM, B PE3yJIbTaTl YOTO 3€pHa J1aTOMITOBOTO
MOPOIIKY 30JIMXKYIOThCS, ACPOPMYIOTHCS, iX CyMapHa KOHTAKTHA TIOBEPXHS
30UTBITYETHCS 1 YaCTKU JIaTOMITIB 3'€IHYIOTBCS 34 PaxXyHOK TTOBEPXHEBHX
MOJIEKYJISIPHUX CUJI. {7151 BApOOHUIITB LIETIIU 3aCTOCOBYIOTH mpec CM - 1085. [{anuii
Ipec BIAHOCUTHCS J10 TUIY MEXaHIYHUX KOJIIHOBAXKIJIbHUX MpeECiB Oe3nepepBHOI Ail
3 ABOCTOPOHHIM OJHOCTYTIEHEBUM PEKMMOM IpecyBaHHA. MakcuMasbHe 3yCHlis

npecyBaHHs 630 T.
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1.2.5 Tlocanka nernu-cupIfto Ha BUMATIOBAIbHI BATOHETKU

OCHOBHI BUMOT'H JI0 KOIIIl [[ETJIN:

— caJka TMOBMHHA OyTH MIIHOIO, CTIHKOIO [0 YCaAKMd UETrIu Tpu
BUIAIOBAHHI, 0 JOCATAETHCS MEPEB'A3KOIO 11 PSIIIB.

— caJlka MOBHHHA OyTH JTOCUTHh MPOHHUKHOIO JUIA Ta3iB y BCIX HampsMKax i
NOBUHHA 3a0e3MevuyBaT PIBHOMIPHHUN PO3MOJALT BOTHIO MO MEPETUHY Tedi, IO
JIOCSITAETBCSI TPUCTPOEM TIO3/IOBXKHIX 1 TOMEPEeYHUX KaHaiiB. 3a 30BHILIHIM
NEepUMETPOM  CajJKa TIOBHMHHA  BIJIMOBIAATH  BHYTPIIIHBOMY  MHpOQiI0
OOMaIOBAIBHOTO KaHAIYy.

1.2.6 TpancnopTyBaHHSI BATOHETOK JI0 MeUei

TpancnopTyBaHHS BUMANIOBAJIHHUX BAroOHETOK 3 CAIKOK LEMNIH [0
BUMAIIOBAIBHUX  TYHEJIIBHMX  T€Yed  MPOBOAUTHCS  3a  JOTOMOIOIO
enexktponepeaaBanbHux Bi3kiB (EIIT) tunmy CM-94 C BanTa)komiaioMHicTO 12 T.
Yucno tpancnopryrounx BaroHetok — 1. IlIBuakicte mnepecyBanns 0.4 m/c.
[ToTyxHicTh enexkTpoaBuryHa 4 kBT.

1.2.7 3aBaHTa)XeHHs TYHEJIbHOT €Ul BarOHETKaMHU

3aKodyBaHHS BUIATIOBAIILHUX BAaroHETOK 3 CAJKOI0 IIETSd B (dopKamepy,
3aBaHTAXCHHS TYHENBHOI Tedl O0O0MaloBabHUMU BaroHETKAMU 3 CAJIKOKO IIETIIU
3IACHIOETHCS TiAgpomToBxayeM Mapku CM-54 C. 3aBaHTakKeHHS! TyHEJIbHOI Ieul
BAaroHETKaMU 3 CAJKOI0 IETJIM-CUPIIO MPOBOJUTHCS 3a 3aTBEPKEHUM TIpadikoM
MPOIITOBXYBAHHS.

1.2.8 Bwumain uermnu.

BunantoBaHnHs 11er/11 TPOBOJIUTHCA B TYHENIbHUX Tiedax. J[oBxkuHa niedi 66 m;
mMpuHa KaHaty 2 M; BucoTa 2,125 M; o0csar oOnantoBajibHOr0 KaHaiy 164,5 m>;
€MHICTB neyi 32 oOmaroBaibHi BaroHeTkH. [TanmmBo — nmpupoaHuii ras.

Bunan € 3akiro4HUM €TaroM B MpoOIeCl BUPOOHUIITBA IETJIM, BiJl SKOTO
3QJICKUTH MIIHICTh 1 MOPO3OCTIMKICTh IETJIM, WOr0 30BHIIIHINA BUIJISIA 1 KOJIP.
OCHOBHOIO XapaKTEPUCTUKOIO PEKUMY BHUIIATy B TYHEIbHIN MEYl € TeMIeparypHa

KpuBa. BumnantoBaHHs 1IETJIM MOJISITa€ B TEIJIOBIA 00pOOIIl CUPITIO TapsIYMMU ra3aMu
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3 remmepartyporo Big 100 o 1200 °C. 3a KinbKICTIO, 110 3HAXOASITHCS OJTHOYACHO B
meyl BaroHeTok BoHa mae 32 mo3uiii. [1o J0oBXMHI Y YMOBHO JUJIMTHCS Ha TPU
30HU: TiAirpiBy (2 — 18), Bunany (18 — 21), rapryBanHs i oxonopkeHHs (21 — 32).
VY KOXHI! 30HI MIATPUMYETHCS MEBHUN TEMIIEPATYPHUN PEKUM 1 BIIOYBaIOThCS
BIZIMOBITHI (DI3UKO-XIMIYHI TIPOIIECH.

1.2.9 BuBanTaxeHHs L[ETJIH 3 1€4l

BuBantaxxeHHss oOmnajgeHoi Ieriad 3 Tedl BiIOyBAaeThbCsS OJHOYACHO 3
3aBaHTaXeHHAM. [Ipy 3akouyBaHHI B MY 3 3aBaHTAXYBAJIBHOTO KIHIIS OJHIET
BaroHETKH OJITHOYACHO BUKOYYETHCS OJIHA BATOHETKA 3 BUBAHTAKYBaJIbHOTO KiHIIA.

1.2.10 TpaucriopTyBaHHs, 3HOMKa 1 YKJIaJaHHS LIETJIM Ha I1II0HU

Jlam Bi11OyBa€eThCS TPAHCIOPTYBAHHS BAaroHETKH 3 OOMAJIEHOIO IIETJIOK Ha
CHeliaJIbHUN MalaH4YMK, Ha SKOMY 3 BHUIIQJIOBAJIbLHUX BAaroHETOK II€TJia BPYYHY
3HIMA€ThCS 1 BKJIAQJA€ThCsl HA miagoHU. TyT ke BiIOyBaeTbcs ii COpTyBaHHS 3a
COPTaMEHTOM BIJIMOBIIHO JI0 CTaHAapTiB. ['0TOBI1 mianoHu Ko310BuM kpanoMm KKC-
10 BarTaxomiaiioMHicTIO 10 T mepeMilaroThCs Ha BAHTAXKHO- PO3BAHTAXYBATBHUN
Maifanuuk. OgHOpa3oBa MICTKICTh 1Iboro Maiimanunka 500 tuc. mT. nernau (1262
nianoHu). I[TiamoHn 3 Heriow BiIBAHTAaXYIOTHCS Ha aBTOTPAHCIIOPT 1 B 3aJII3HUYHI
BaroHu.

1.3 MexaHi3M nepeBaHTAXKEHHS IIETIIN K 00’ €KT MOJAEepHI3aIlii

MexaHi3M TIepeBaHTaXCHHS (aBTOMAT-CaJYUK) MPU3HAYCHHUHA IS BigOOPY
neryi cupitto Bij mpeca CM-1085 1 ykinagaHHs HOTO B TEXHOJIOTTYHY CaJIKy HA MIYHY
BAaroHEeTKy po3MipoM 2x2 M. YKIaJaHHS LETJIU B CaJKy MPOBOJUTHCS MOLIAPOBO
(puc.1.31 1.4).

B aBTromarti mepenbavyeHuii MexaHi3M MporpaMyBaHHs Ha 18 mmapiB cajkw,
npudoMy 12 HUXKHIX MIapiB YKIAJAIOThCs 0€3 MO3J0BXKHBOI MEPEB'S3KU IIETIIH.
[IpogyKkTUBHICTH aBTOMaTa MpPUHHATA 33 MaKCUMAJbHOIO  MACIOPTHOIO
npoaykTuBHicTIO peca CM-1085 — 2040 . B roauHy.

TexHiuHI XapaKTEPUCTUKN MEXaH13My NepeBaHTAKEHHS:

1. [IpogykTuBHICTH MakcumanbHa — 2040 mrT./rox.



. Kinpkicts niermu B camiti — 870 mT.

. Yac nabopy Baronetku — 40 xB.

. BcranoBnena cymapsa motyxHictsh — 6,6 KBT.

. [IpuBon HakonmuyBayva psiay — 1,1 kBt

. [IprBox HakonM4yBaya npomapky — 2,2 kBT.

. [IpuBo mepeMitieHHs mepeHoCcHUKa mpomapky — 1,1 kBT.

. [IpuBo miiioMHMKA MporIapky — 2,2 KBT.

O© 00 N O O &~ W

. Butpara noBitps (mpu tucky B mepexi P =5 atm.) — 0.45 m*/1 tuc. mir.
10. T'abapuru:
JIOB)KMHA — 6585 MM;
mmpuHa — 4380 mm;
Brucota — 4500 mm.
11. Maca — 2800 kr.
ABTOMAT-CaJuMK CKIAAAETHCS 3 HACTYITHUX OCHOBHUX BY3JIIB:
— TpancnopTep — HakonU4yBay psy.
— [lepeHocHUK psiy.
— TpancnopTep — HakOIUYyBay MPOILIAPKY.

— IlepeHocHuUK mpomapky.

Pucynok 1.3 — Ykiaganss 1eriy Ha Mi4YHY BaroHETKY (BUJ 300KY)
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Pucynok 1.4 — YknanaHHs LETJIM Ha MMIYHY BarOHETKY (BUJI CIIEpEy)

[IpuBoanuii Oapaban mNPUBOAUTHCA B OOEpTaHHS 3a JIOMOMOTOIO
eJIEKTPOJIBUTYHA uepe3 peaykrop. Hakonuuysau psiny CiiyXUTb AJi1 HAKOTTMYEHHS
pSAAy UerH B KITbKOCTI 10-TH IITYK 3 OJTHAKOBUMHU 3330paMU MiXK HUMHU.

Bin sBisie co000 CTpiuKOBHI KOHBEEpP, 3MOHTOBAHHWI Ha 3BapeHId pami.
BepxHsi rijka CTpiuyku MiATPUMYETHCS METAICBOIO MIJIACTUHOIO, HUKHS — POJTMKAMHU.
TpancnopTep-HakOMU4yBad MPOIIAPKY CIYXHUTHb JIs1 (OpMyBaHHS MPOIIAPKIB
caaku (50 mr. B HIKHIX 12-Tu miapax). Ha pami BctaHoBieHO pUBOIHUN OapabaH
1 4OTUpH HaTsKHUX Oapabana. [IpuBoj TpaHcHoOpTepa-HAKONMUYyBaya MPOIIAPKY
CKJIQIa€THCS 3 CIICKTPOIBUTYHA 1 PEIyKTOpa.

[lepeHocHUK pAxy NpU3HAUYEHUN [UIsI TEPEHECEHHS pAIKIB LEeriau 3
HAaKOMMYyBaya psAy Ha TPaHCIOPTEp-HAKOMUYyBad TMPOIMIApKy caaku. BiH
CKJIaJIa€ThCS 3 3BApHOI paMH, Ha SIKIM BCTaHOBJIEHA MepeHocHa KapeTka. Kaperka
NIEPECYBAETHCS 1O paMi Ha KOB3aHKax 3a JOMOMOTO0 MHeMO-IiIiHApa. Ha kaperii

BCTAHOBJICH1 THEMO-3aTUCKaul Ha JIeCATh LIeTJMH. [[HeBMO-3aTHCKau1 OMyCKAIOThCSA
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1 I THIMAIOTHCS 32 JJOTIOMOT OO ITHEMO-IIAJTIHPIB.

[lepeHocHUK Tpomapky Mpu3HauyeHUM At GOpMyBaHHS CaJKM LIETJIM Ha
oOmaoBaJIbHIM BaroHETIIl TEPEHECEHHSM BEPCTB IIETJM 3 TPaHCIoOpTepa-
HaKOIMMWYyBaya MpOIIapKy Ha MiJ oOnaiaroBalibHI BaroHeTkKH. BiH ckianaetbes 3
3BapHOi paMH, B IEHTPI SKOI BCTAHOBJICHWM MEXaHI3M MiAHOMY MTHEMO-IIIHH.
[Tizfiom 1 omyckaHHS TPOBOIUTHLCS BiJl €JICKTPOJBHUTYHA YEpe3 PEAYyKTOpP IBOMA
3yO04acTUMH pedKamH, YKPIIJIEHUMHU Ha IITaHrax, M0 PYXaloTbCs MO POIUKaX 3
pebopaamu. Jlo mTaHrax MpUKpirieHa pamMa 3 THEMO-IIIMHAMH.

JloBkMHa X0y Bi3Ka 3MiHHA 1 3aJIEKUTH BiJ] MAPHOCTI MPOIIAPKIB CaJIKU HA
oOmnasoBalibHIM BaroHeTIl. /{151 3MiHM TOBKUHU X0y Bi3Ka Ha HAMPaBIISIOUId pami
aBTOMaTa BCTAHOBJICHO MporpaMHuil npuctpiil. [lepecyBaHHs Bi3Ka 311MCHIOETHCS
M0 HANpsSMHUX PaMH aBTOMAaTa BiJ €JIEKTPOJIBUTYHA Yepe3 PEAyKTOp 1 MPOBIIHI
CKaTH.

PosrasaeMo npuHImn pob6oTH aBTOMaTa-caduKa.

[Ipu HagxomxeHH! BiAGOPMOBAHMX IETJIMH BiJ NIpeca Ha TpaHCIOpTEp-
HAaKOMMYyBa4 psAy HAKOMWYyBad BKIFOYAETHCS BiJ KIHIIEBOIO BUMHKAYa,
PO3TAIIOBAHOTO HA TPEC, 1 1€ B/l KOJIIHYACTOTO Bajia. 3a OJIMH ITUKJ poOOTH mpeca
HAKOIMMYyBa4 BKJIIOYAETHCS JIBA Pa3u, 1 KOKHOTO pa3y MPOCYBAEThCS Ha BIJCTaHb,
piBHY 327 MM (BiACTaHb, 3aliMaHy JIBOMa LIETJIMHAMHU).

Ha mosumii ykmaganHa psiaka ITHEBMO3aTHUCKayl OMYCKAalOThCS, Leria
BCTAHOBJTIOETHCS Ha CTPIYKU TpaHCTopTepa. [IepeHOCHHUK MTOBEPTAETHCS Y BUXITHE
MOJIOKEHHS 1 OJHOYAaCHO  BKJIIOYAETHCS  €JIEKTPOMPHUBOJ  TpaHCIOPTEpa-
HaKOMMWYyBava MPOIMIAPKy, TAaKWM YHHOM TMOKJIAJACHHUI PSAIOK MEePeCcyBaeThCsA Ha
TIEBHUM KPOK.

[Ticns Toro, sk Tij 3axBaTaMu PATY HAKOMMYYETHCS JECATH IETVIMH, BiJ
JIECATOT ST CTIPAllbOBYE KIHIIEBUM BUMHUKAY 1 3aXBaTH PAIY OMYCKAIOTHCS BHU3.
3aTUCHYBIIU ETJIMHU, THEBMO3aTUCKAYeM MITHIMAIOTHCS 1 KapeTKa MepeHOCHUKa
psy TEepPecyBa€eThCS 10 TPAHCHIOPTEPY-HAKOMHMYYyBaya MPOLIAPKY HA TMO3UINIO

YKJIQJIaHHS PSIAKA.
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HabpaBmu Ha TpaHcmoprepi M'sTh pAAKIB  (MPOLIAPOK  CAIKH),
MTHEBMO3aTHCKayl MEPEHOCHHKA IMPOIIAPKY OMYCKAIOThCS BHU3 1 3aXOILIIOIOTH
nerimHn npomrapky. Ilicnms mimiioMy Bropy KapeTka Wae 10 BHUITATIOBAIBHOI
BaroHeTku. [Ipu moBepHEHH1 Bi3Ka y BHXIJHE MMOJIOKEHHS, TTOBEPTAEThCs OapadaH
IPOrPaMHOTO MPUCTPOIO, TUM CAMHUM TOTYETHCSI 3MiHA JIOBXKHHH XOAY Bi3Ka IpH
HACTYITHOMY MepeHeceHH] npomapky caaku. [licns yknagaHHs npomapKy Herau Ha
BUTAJIIOBAJIbHY BAaroHETKYy NEPEHOCHUK TMPOIIAPKY TMOBEPTAETHCA y BUXIJTHE
MOJIOKEHHSI 1 YeKae Ha0opy HACTYMHOrO Iapy caaku. 3poOuBmHM 18 HUKIIB,
NEPEHOCHUK MpOIIapKy nepeHece 18 mapiB Herau 3 TpaHcnopTepa-HaKonuyyBada
IpOLIapKy Ha BUNAIIOBAJIBbHY BaroHeTKy 1 (GOopMyBaHHS cajJku Oyjae 3aKiHYEHO.
[Ipuuomy, B psakax 17-ro mpomapky HaOUpaeTbes O 8 LErauH, a B psakax 18-ro
npoulapky — o 6 mryxk.

YacTuHa iICHYIO4O1 CXeMH KepyBaHHS MPEACTaBICHO Ha PUCYHKY 1.5.

Sk moka3aB aHaji3 CUCTEMH KepyBaHHSI aBTOMAaTOM-CaTUNKOM CHCTEMA JTyKe
rpoMI3JIKa Ta Ma€ Tyke 0arato eJeMeHTIB, 1110 30UIBIITYIOTh IIIAHCH Ha iX BIIMOBY.

Po3risineMo HeloiKK peIeHOX CXeM KepyBaHHS:

— SIKIIO MiABUIIYIOTHCS BUMOTH JIO SIKOCTI €JICKTPOIPUBOTY, TO BiTOYBAETHCS
3HAaYHE 3POCTaHHS CKJIAJHOCTI PEJIEHHOI CXeMU KEepPyBaHHS;

— peneiHl cXeMU TPOMI3JIKH, MalTh HAJAMIpPHY Bary 1 BeEJIMKY BapTIiCTh
CUCTEM  KEpyBaHHs, OCOOJIMBO II€ CTOCYETHCS JBUTYHIB CEPEIHBOI 1
BEJIMKOI MOTYKHOCTI;

— "Hebe3meka  eKCIUTyartalii  peledHUX cXeM B BHOYXOHEOEe3NMeuHUX
CepeIoBUILAX;

— NpU HAABHOCTI 30BHINIHIX 30ypeHb Taki CXEMHU MAalOTh JOBOJII HU3BKY
TOYHICTH MATPUMKH MOTPIOHUX PEKUMIB pOOOTH.

3BaKal0uM Ha KUIBKICTh Ta TIOTYXKHICTh €JIEKTPOYCTaTKyBaHHS, IO
BUKOPUCTOBYETHCS B IPOLIECT BUPOOHUIITBA IETJIM, MOKHA 3pOOUTH BUCHOBKH:

1) Bepyuu 10 yBaru HeIOIIKH ICHYFOUOT CHCTEMH KEPYBaHHS, a 0COOJIMBO BY3JIIB

ITHEBMATHKH, TIOCTAE TOCTpa HEOOX1THICTh B 11 MOJIepHI3allii.
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2) IlutaHHsT BOPOBA/DKEHHS EHEPro30epiraloumx TEXHOJOTIH € JOCUThH

aKTyaJIbHUM.

3) YcraTtkyBaHHsS Ma€ 3acTapily CHCTEMY KEpyBaHHs, IO MPU3BOIHUTH [0

YaCTHUX MOJOMOK Ta EHEPreTUYHUX MEePEeBUTPAT.

[Ile ogHUM CYTTEBMM HEIOJIKOM € BUKOPHCTAaHHS B ICHYIOUMX aBTOMaTax
ITHEBMOCHCTEM, SIKI MAIOTh PSiJl CYTTEBUX HEIOMIKIB:

1. [THeBMoeHepriss Mae noBojii Benuky BapTictb. KKJI rimpaBmiuHux Ta
eNeKTporpuBoAiB ckimanae mopsaka 70 1 90 %, a mns mHeBMompuBoma KK/
3a3Buuail ckimamae 5-15 % (myxe pimko Moxe HaOmmwkatucs a0 30 %). Tomy
ITHEBMOIIPUBO/ Maii’Ke HE 3aCTOCOBYIOTh B MAIIMHAX BEJIMKOI MOTYXHOCTI abo 3
TPUBAJIUM PEKUMOM POOOTH.

2. [IlHeBMOMAIIMHM MalOTh BIJIHOCHO BEJMKY Bary W po3Mipyd BHACIHIJIOK
HU3BKOTO POOOYOT0 TUCKY.

3. [TneBMomammHu XapaKTepPU3YIOThCS BaXKUM 3a0e3MeYCHHSIM
CTaOUIBHOCTI MIBUJKOCTI PYXY, SKIIO 30BHIIIHE HABAHTAXKEHHSI 3MIHIOEThCS. PazoM
13 TUM, Aje nmoTpiOHO J0AATH, IO IHOAI M AKICTh MEXaHIYHUX XapaKTEPUCTHK
ITHEBMOIIPUBOJA CTAE HOI0 MEPEBATOIO.

4. Slkimo HEe BCTAHOBJICHI 3aCO0M 3HIKEHHS IIyMYy, TO ITHEBMOIIPUBOAU
MaloTh BUCOKH piBeHb mymy, mo csarae 95 — 130 nb. Hait6inem mrymanmu € o
HUX MOXXHAa BIJHECTH TOPIIHEBI KOMIIPECOPH Ta MHEBMOJBUTYHH (0OCOOIHBO
THEBMOMOJIOTH Ta IHIII MEXaHi3MHU yJIapHOT Jii).

5. [TaeBMONpHBOAM MarOTh HEBHCOKY IIBHAKICTH Iepefadl Kepyruoro
CUTHaTY, 10 MOX€ IMPU3BECTU 0 3aTPUMKH y BHUKOHAHHI POOOUYMX OMEpaLii.
[IBUAKICTH MPOXOHKEHHSI MHEMO-CUTHAITY HE MOXE MepeOuIbIIyBaTH MBUKOCTI
3BYKY 1 B 3QJIKHOCTI BIJl TUCKY pOOOYOTO MOBITPS MOXKE CTAHOBUTU MPHUOIUZHO
B1a 150 1o 360 m/c.

Bracnigok BumenepeniueHux MpUYrUH MUTaHHS BJOCKOHAJICHHS 00I1aTHAHHS
JUTsE BUPOOHUIITBA LETIIU € JOCUTh aKTyaJIbHUM.

1.4. JlouisibHICTh BUKOPUCTAHHS POMHUCIOBUX POOOTIB Y BUPOOHUIITBI LIETIIH
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[TepcrieKTUBHUM HAMpPSIMKOM BIOCKOHAJICHHS MEXaHI3My aBTOMAaTUYHOTO
NEepPEeBAaHTAXKEHHS IIETNM (aBTOMAaTa-caa4ylKa) € BIPOBAKEHHSI MPOMHCIOBOTO
po6ota (ITP) B mpomec ii camku , MO 3aMiHUTH OIMEPAIlii0 HAKONMUYyBada psay Ta
oJipa3y Oyje mepeMilliaTi LerTy Ha BUMATIOBAIIbLHY BarOHETKY.

Posrnsne knacudikaiiiro mpOMHUCIOBUX POOOTIB.

3a BeIMUMHOIO BAHTAXOMITHOMHOCTI mpomuciioBi podotu (I1P) moxinsroTecs
Ha Hajjerki (Bara no 1 kr), jerki (Bara Big 1 mo 10 kr), cepeani (Bara Big 10 go
200 kr), Baxki (Bim 200 mo 1000 kr), mamBaxkki (monan 1000 xr). B manwmii gac
Bunyckaerbcss 1o 73 % wmomenerr IIP  merkoro 1 cepenHboro TUIY 3
BaHTa)koIigiHoMHicTIO Bix 5 10 80 kr [4].

Takox pob0TH KJIacu(iKyIOTh 3a CTYNIEHEM PYXJIUBOCTI. BoHM AiaThes Ha
TP TPYNH: 3 MAJIOK PYXJIUBICTIO (O TPHOX CTYMEHIB PYXJIHMBOCTI); 3 CEPEIAHBOIO
(4-6 crymeHiB pPyXJHMBOCTI) 1 3 BHCOKOIO PYXJHUBICTIO (MarlOTh IOHAJ IIICTh
cTyneHiB). Ll xapakrepuctuka poOOTy MOXE BU3HAYaTH MOTO YHIBEPCAJIbHICTb.
3a3Buuail cyyacHl MPOMHUCIIOBI poOOTH MaroTh BiJ 2 10 6 CTYIEHIB PyXJIUBOCTI:
HANIPOCTIII — JIMIE 2 CTYNEHs; a HalOUIbII CKJIaaHl — 7 1 OIbIie. Y cy4acHOMY
CBITOBOMY IMapKy IepeBakaroTh KOHCTpyKIii [1P 3 4 1 5 ctynensimu pyxmmBocti (ix
nopsiiika 67%).

Bci pobotu 3a BenMYMHOIO OOCIYTOBYHOYOro poOOYOro 00'eMy MOKHA
kiacu(ikyBaTd Ha M'ATh KiaciB. HalOinbpIn mommpeHi B AaHWM 4yac — CepelHi
npomMuciioBi podotu (45%), npyre wmicue 3aiimaroTh Maji podotu (30%), moTiM
inyte Bemuki (12%), mami MiHi-podotn (9%) i, Haperuri, Mikpopo6otu (4%).
[ToTpiOHO BpaxoByBaTH, IO B I Kiacudikaiii BeJIMYWHA OOCIYTOBYHOUOTO
poboyoro o00'emy BH3HaueHa Oe3 ypaxyBaHHS TaOApUTHUX PO3MIPIB CaMOro
00'eKTa MaHIMyIFOBaHHS.

OO0'ekT MaHINyJIOBaHHS aBTOMaTra-cajuMka — IIerjia, 0 TMOBUHHA OyTH
nepeMileHa 3 HaKoIMYyBaJa psiay Ha BUIMATIOBAIbHY BaroHeTKy. DyHKITIOHAIbHA
cXeMa MaHIMyJIsAToOpa BKJIIOYA€E Takl eaeMeHTH (puc.1.6):

— MaHIMyJISATOp, YU 1HIIA MEXaHIYHA cucTeMa poOoTa;



— 1HdopmariitHa cucrema (I1C);

— cuctema mnporpamHoro kepyBaHHs (CIIK),

KEPYBAaHHS.

YyTnusi
MIPUCTPOT

A

A 4

bl

Cepenonuiiie

Baytpimms
J1arHOCTHKA

v 1

[Ipuctpoi
KOHTPOJTIO 1
0JIOKYBaHb

brnoxk

mam’sTi

il

biox
PO3paxyHKIB

abo
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IHIMUHA  TIPUCTPIN

[TynbT

A

Oneparop

KCPYBAHHA

A

A 4

bitok kepyBaHHs

A 4

TexHosIoriude

IIPpHUBOAaMH

YCTaTKyBaHHS
A

A 4

TexXHOJIOTTYHNH

MpolIeC
A

Pucynok 1.6 — ®ynkiionansHa cxema [1P

VY cykynHocTi iH(popMalliiiHa cucTeMa 1 cucTeMa MPOrpaMHOro KepyBaHHS

YTBOPIOIOTH MPUCTPiit aBToMaTnuHOTO KepyBaHHs (ITAK).

Haii6inpmr BimoMuii B Ykpaini mocragansHuk [IP — xommanis KUKA

Robotics mocrtapisie CBOIO MPOJIYKIIO TIILKM B BHUIVISIAI MOBHICTIO OCHAIEHUX

poOOTIiB 200 POOOTH30BAHMWX KOMIUIEKCIB, B SIKOCTI KOMIUIEKTYIOUMX — JIHINWHI

OJIOKH,

Kl JO3BOJISIIOTH TOCTABUTH CTAI[lOHApPHUNA pOOOT Ha KapeTky 3

HarpagsJistounMu, nepersoproroun [1P B nepecysnwuii [1P. Bucoki ninu (Hanpukia,

Kuka KR-210 Robotic Painting Cell xomrye 611u3pk0 300 THC. 7071.) BUIpaBaaHi

BHCOKOIO HAJIIMHICTIO 1 rapHuMm cepBicoM. Kommanis cnemianizyerbess Ha [IP
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CEpEeIHbOI 1 BETMKOI BAHTAXKOM1JHOMHOCTI.

®ipma KUKA Bunyckae Benukuit cnextp [1P, mpusznauenux st 30upanus,
dbapOyBaHHS:, 3BapIOBaHHs, TAJICTYBAHHS Ta IHIIUX OIEpaIlii.

Bci I1P cepeanboi BaHTaKOMIIHOMHOCTI BIIPI3HSAIOTHCS TUM, 110 OUTBIIICTh
CTYIEHIB PyXJIMBOCTI — 00€epTabHI, IKUX 3a3Buuail 5—6 cryneni. Pooot KR 5 scara
R350, mnpusnauenwit s 30upanHs, wMae paaiyc agii 350 MM mpu
BaHTAXXOMITAOMHOCTI 5 Kr 1 TouyHocTi mo3uiionyBanus 0,03 mm (puc.l.7).
HeoOxiaHa moma jisi ycTaHOBKHA caMoro po00oTa CTAaHOBUTH BChOro O1u3bko 150
x 150 MM, y HbOTO 4 cTynens pyxiubocti. Po6or KR AGILUS fivve mae paniyc aii
700 MM TIpH BaHTaXXOIIIHOMHOCTI 6 Kr' 1 TOYHOCTI mo3urionyBanHs 0,03 MM, 5
ctynens: pyxiuBocTi (puc.l. 8). MakcumanbHa BaHTaxomigioMHICTh poboTa KR 6
R900 sixx cranoBuTh 6 Kkr, a pamiyc aii — npubauzno 901 MM npu
BAHTAXXOIMIAHOMHOCTI 6 KT 1 BUCOKOT TOYHOCTI nmo3uiionyBanss 0,03 mm, 6 cTyneHs

PYXJIUBOCTI.

Isometric

Pucynok 1.8 — Po6otr KR 6 R900 SIXX
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Konkypent Buiie 3a3nauenoi ¢pipmu — FANUC Robotics Takox mae psn [1P
(pucynkm 1.9 —1.10) npubmm3Ho Tiei K  KoHQIirypamii mpH  cepeaHii
BaHTaKOI1THOMHOCTI.

Po6ot mst 3BaproBanass ARC Mate 100iC BanTaxomigiiomuicTio 10 kr mae
30HY AO0CSHKHOCTI Onu3bko 1400 MM 1 6 CTYyNEHIB PYXJUBOCTI IMPH TOYHOCTI
no3umnionyBanHs 0,08 mm. PoGoT miis pisHux TexHosoriyaux omepariii M—10iA
BaHTaXomigiioMHicTIo 10 Kr Mae 5 CTYNEHIB PYXJIMBOCTI 1 30HY JOCSKHOCTI
osmm3bko 1420 MM mig yac TouHOCTI mo3uiiionyBanHs 0,05 Mm. bubin gerkuii podoT
s nmakyBaHHS M-4301A BaHTaXOMIAMOMHICTIO 2 KI Ma€ 30HY JOCSIKHOCTI
6mm3bpko 1130 MM 1 5 cTymneHiB pyXJIMBOCTI IPU TOYHOCTI MO3ULIIOHYBaHHs 0,5 MM,
OJIHaK CepeIHs MBUAKICTh pyXy Mpubn3HO B 4 pa3u Buiie (100 HUKIIiB B XBUIHHY).
[IP 3 mnapanensHOIO KiHeMaTuKow (A—pobor) M-31A/6A mae 6 CTyneHiB
PYXJIMBOCTI IIPH BaHTAXOM1THOMHOCTI 6 KT, 30Ha o6ciyroyBanHs D1300x500 mwm,

MakcuMabHa merakocti 2000 %c.

Isometric J3

Pucynok 1.9 — Po6oT mis nakeryBanus M—430i1A
Hatceka kommanis Universal Robots ApS Bunyckae IIP 3 6 crynensmu
PYXJIMBOCTI BaHTaxkomiaioMHicTIO 5 1 10 kr (puc. 1.10).
Mamninysstop po6oTa siBisie cOG00 PyKy, 3aKpiluieHy Ha migcrasi. Horo
XapaKTePUCTHKU:
— Bara 28,9 kr;

— KopuCHE HaBaHTaxeHHs 10 Kr;

30Ha gocskHOCTI: 1300 MM;

— Jiara3oH o0csTy pyXiB 3ujeHyBaHb: +/— 360 © 1714 BCiX 3'€1HAHb;
Y py y
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— MBHUAKICTB: B mapHipax: makc. 120/180 °/c, poGounii opran: npudmm3HO 1
Mm/c;

— TOYHICTb MO3UIIOHyBaHHs: +/— 0,1 MM;

— moma 611d ocHOBH: D190 MM;

— cTyneHs cBoOoan: 6 MOBOPOTHHX.

Pucynok 1.10 — ITP Universal Robot 10

3a CBO€IO CTPYKTYPOIO pOOOT Ma€e pyKy aHTPOIIOMOP(HOTO THITY.

Kommanis SHUNK (Himeuunna) Bumyckae poootr LWA 4D ananor po6ota
Universal Robot 10, skuif BUTITHO BIJIPI3HAETHCS MaJO0 Baroro, MpuiIoMy Mae 7
cTyneHiB pyxmusocti (puc. 1.11). Moro xapakrepucTuxu:

— Bara 17,5 kr;

— KOpuCHEe HaBaHTaxeHHs 10 Kr;

— 30Ha gocspkHocT: 1030 MMm;

— Jiana3oH o0cATy pyXiB 3wieHyBaHb: +/— 180 © mist G11bIIOCTI MAPHIPIB;

— IIBUJIKICTB: B IIapHipax, °/c: makc. 40/72;

— TOYHICTb MO3UIIOHYBaHHA, MM: +/— 0,15;

— nmiaMeTp 01151 ocHOBU, MM: D186;

— CTyneHs cBoOOU: 7 TOBOPOTHHX.
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=i

Pucynok 1.11 — Po6ot xommanii SHUNK LWA 4D

KoMnakTHICTh 1 MeHIIa Bara po00Ta 0CATAE€ThCA 3a PaXyHOK 3aCTOCYBAaHHS
JBOCTYIIEHEBUX  MOJYJIB  OCTaHHBOI JaHKU pykd. PoOoT  ocHameHui
CWJIOMOMEHTHUMHU JaTyukamu. € numid Hallp NPOMDKHUX MOJYIIB, SKi
JO3BOJISIIOTH IIBUJKO MPOBOJUTH 3MIHY HE TUIBKM pOOOYMX OPraHiB, a i MOAYJIB
CTYII€HIB PYXJIUBOCTI.

[ectucrareunuit mpomucioBud podbor LWA 4.6 Mae nBOKOOpAMHATHI

noBopotHi MoyJi Powerball ERB (puc. 1.12).

Pucynok 1.13 — lectucrynenesuit pooor LWA 4.6 SHUNK
3aBASIKM BUKOPUCTAHHIO JBOKOOPAWHATHUX MEXAaTPOHHUX MOJIYJiB poOOT
Mae Bary mpuOim3Ho B 1,5 pasu MeHme, HDK poOOT 3 aHAJOTIYHUMHU

OJTHOKOOPJMHATHUMH MOIyJIsiMU [4].
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1.5. ITocTaHoBKa 3aBaHb Ha MariCTepCcbKy poOOTy

[IpoBiBIIKM aHai3 TEXHOJOrIi BUTOTOBJICHHS UEMNIM, MU MPUUIUIA [0
BHCHOBKY, IO CHCTEMa KEpPYBaHHS MEXaHI3MOM INEPEBAHTAXCHHS IETJIH Mae
3acTapiiay TPOMI3JIKY pelieHO-KOHTAaKTOPHY anaparypy. Taka cucrema npu3BOIUTh
JI0 3HAYHUX YaCOBUX BUTPAT HAa BUTOTOBJICHHSI BUPOOIB, @ TAKOXK YACTUX MPOCTOIB
y 3B’SI3KY 3 HEHAIMHICTIO €IeKTPOYCTATKyBaHHS.

Cy4yacHUM HamnpsMKOM BJOCKOHAJIEHHS MiJHOMHO-TIEPEBAHTAKYBAIBHUX
poOIT Ha BHPOOHUTIBI € BIPOBAPKCHHS IMPOMHCIOBUX poOOoTiB [4]. AHami3
KOHCTPYKIIA Ta OCOOJIMBOCTEN (YHKLIOHYBAaHHS IPOMUCIOBHX pPOOOTIB JaB
MOJKJIMBICTh MPUHTH 10 BHCHOBKY, IO HAaMONIbII KOMIIAKTHOIO Ta BIAJIOK €
KoHCTpyKUis poboTiB Ty KUKA. ToMy 3a 0OCHOBY IPO€ETYBaHHS IPOMUCIOBOTO
poOoTa Al mMepeBaHTaXEHHsI LErJIM Ha BUMNATIOBAJIbHY BaroHETKY MNPUHAMEMO
KOHCTPYKIIIO JaHOTO TUITY.

Jlns  mMonepHizalli By3Jla TEPEBAHTAKEHHS IErJId Ta JOCHIIKCHHS
eJIEKTPONPUBOIA HEOOX1IHO:

— BHMKOHATH KIHEMAaTH4HI PO3paxyHKU Ta oOpaTu enekrporpuson [1P;

— TpoaHaNi3yBaTH TUIHU €JIEKTPOMPUBOIIB Ta OOpaTH ONTUMAILHUN;

— po3paxyBaTu Ta 0OpaTH eIEMEHTH CUJIOBOI YaCTHHU;

—  pO3pOOUTH CTPYKTYPHY Ta PYHKIIIOHAIBHY CXeMHU ejekTponpuBoaa [1P;

— JIOCJIIUTU JUHAMIYHI BJACTUBOCTI enekTponpusoaa [1P;

—  pO3pOOUTH MPUHIUIIOBY CXEMY KE€pPYBaHHSI.

2 PO3PAXYHKOBA YACTUHA
2.1. IIpuHIMO po6OTH MPOMUCIOBOTO POOOTa

Kinematuyna cxema po6ora tumy SHUNK nans mepeBaHTa)KeHHS LEIU



Ipe/CTaBIeHa Ha pUCYHKY 2.1.

Hanwuii [1P 3a0e3nedye HACTYIHI MaKCUMaJbH1 KyTOBI IEPEMIIIICHHS:

60° Yy 607

Pucynok 2.1 — Kinemarnuna cxema po6orta SHUNK

o CPo — 330° (31 mBuakictio 120 rpan/c);
no CPO; — 120° (3i mBuakictio 60 rpam/c);
no CPO, — 310° (3i mBuakictio 90 rpam/c);
o CPO3; — 150° (31 mBuakictio 60 rpam/c);
o CPa — 180° (3i mBuakictio 90 rpan/c);

no CPY — 120° (3i mBuakictio 60 rpam/c).

[IpoctopoBa koHcTpykiist [1P mpencraBiena Ha pucyHky 2.2.

30

Ha nepyxowmiit miacrasi 0 BcraHoBiieHa 00epToBa KOJIOHA |, peanizyroun TUM

camuM CP Ro. Konona 1, 3'eqnyrouncs 3 tankoro 2, peanizye CP RO;. Kinemarnuna
¢ y p y

napa, 1o ckjagaeTbes 3 JaHok 2 1 3 peanizye CP RO,, a kinemaruuna napa, 1110

CKJIaIac€ThCA 3 JJaHOK 3 14 — ROs.
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Pucynok 2.2 — [IpoctopoBa koHcTpyKItis [1P

Jlanka 4, 3'eqHYIOYHCH 3 JTAHKOIO 5, 3a0e3meduye o0epTaHHs cXBaTa HABKOJIO

no310BxkHKO1 Bici (CP Ra). KiHematnyHa mapa, 110 CKJIAJIA€EThCS 3 JIAHOK S5 1 6,

3/{ICHIOE TOBOPOT CXBATa HABKOJIO BepTHKabHOI Bici (CP RY).
2.2. Bumorwu no enextponpusoy [1P

JIns IKICHOTO BMKOHAHHSI TE€XHOJIOTIYHOTO ITUKJIY IOBHHHI BHUKOHYBATHCS
Taki Bumoru [5]:

— B YCbOMY Jlana30Hl 3MIHM CTaTUYHOTO MOMEHTY BIJHOCHHMI CTaTUYHUUI
nepenaj mBUIKOCTI MOBUHEH OyTH 0<10%);

— TpU  TEpeMilleHHsIX poOoTa ISl 3HUKEHHS KIHEeMaTUYHUX 3YCHJIb
HEO0OX1HO MaTH OOMEXeHHs MpuckopeHHs  €<13,95 pan/ c’;

— Yac MycKy noBuHeH Oytu He 6ubiie 0,5 C;

— g 3a0e3MeyYeHHs] TOYHOI 3YNMUHKU TPHUBOAY Jlalla30H PeryIioBaHHS
IIBUJIKOCTI TIOBUHEH CTAaHOBUTH nopsiaka 50:1;

— 3HWKCHHS HAIlPYTH KUBJICHHS I0MYyCKaeThcs He Oublie, Hix Ha 10%;

— TIOBUHHA OYTH TOYHICTh 3ynuHKH A@<0,5 °.
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2.3. Po3paxyHOK MOTY»HOCTI JBUTYHA 1 BUOIp TUITY €IEKTPONPUBOIA

2.3.1 Po3paxyHok Ta BUOip JBUT'YHA

Po3paxyHkoBa cxema MmexaHiuHoi uvactuHu misi CP 0, npencraBinena Ha

pHUCYHKY 2.3.

m63 A4 .i i * ]-I m\. —
] L’_
?le 15| 14 13 T 12 n T

Pucynok 2.3 — Po3paxyHkoBa cxema MEXaHI4HOI YaCTHUHH

Biacranp Mk 1ieHTpoM Mac mpuBoaHOro mpuctporo CP 7Y i1 menTpom mac

JIAaHKHU 5:
1,= 0,075 m.
|, =0,0875m.

Biacranp Mk 1ieHTpoM Mac mpuBogHoro npuctporo CP o 1 neHTpoM mac
II'ITO1 JJaHKH.

1,=0,14 m;

BiacTtanb MK IIEHTPOM Mac 4Y€TBEPTOi JIAHKU 1 IIEHTPOM Mac MPUBOJHOIO
npuctpoto CP a:

I5=0,009 wm;

I6=0,086 M ;

m,_, = 7,73xr — Maca npuBojaHoro npucrporo CPa;

My, = 8,76 Kr — Maca 4eTBepTOi AeTall.

Kyr, mpu moBOpoTi Ha SKMA TPOTH TOAUHHHUKOBOI CTPUIKM MOMEHT,

CTBOPIOBaHUM MPpUBOAHUM NpuctpoeMm CPa, cTane pynriiHuM:

03" =90° — arctg(lL) =90" —arctg( 0,0875
(I +15) (0,009 + 0,086)

)=90° — 43" =47".(2.1)

Kyr, mpu moBOpoTi Ha SKUA NPOTH TOJMHHUKOBOI CTPUIKH, MOMEHT

CTBOPIOBaHUU MPUBOJHUM npuctpoem CP vy, crane pymniitHuMm:
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|
05" =90° — arctg( = )=90°-
’ Iy +1, + 15 +15) 2.2)

)=90° — 27° =63".

0,16

-arctg(
(0,075 + 0,14 + 0,009 + 0,086)

CTaTU4YHUN MOMEHT IpH OBOPOTI Ha 4/° MPOTH FOAMHHUKOBOT CTPIIKH:
M =[m, (L + L+ L+ 1) +mo (L + L+ + s+ 1) +m -
(+1 41 +1)+m (1, +15+1) +m (s + 1) + mg, -1,]-Q+f)-g=
=[40- (0,05 + 0,05+ 0,075+ 0,14 + 0,009 + 0,086) + 2.3)
+2,28-(0,05+ 0,075+ 0,14 + +0,009 + 0,086) + 7,55 (0,075 + 0,14 + 0,009 +
+0,086) +1,51- (0,14 + 0,009 + 0,086) + 7,73- (0,009 + 0,086) +
+8,76-0,086] - (1+ 0,08) - 9,8 = 226(Hwm).

Hani npu moBopori me Ha 16° craTHYHH MOMEHT, CTBOPIOBaHHUI
npuBoaHuM TpuctpoeM CPo, craHe pymniHUM, a CTaTUYHUH MOMEHT,
CTBOPIOBAHUI 1HIIUMHU MacaMu, OyJie 1€ ralbMyI4UM:

M =[m (L + L+ L+ s+ 1) +mo (L, + 1+, +
+l +15) - m,, A+, + 1) ++m (I, + 1+ 1) +mg, - 1]
A+f)-g+m (I +1)-(-1+f)-g=[40-(0,05+0,05+0,075+
+0,14 + 0,009 + 0,086) + 2,28 - (0,05 + 0,075+ 0,14 + (2.4)
+0,009 + 0,086) +1,51- (0,075 + +0,14 + 0,009 + 0,086) +
1,51- (0,14 + 0,009 + 0,086) + 7,73 - (0,009 + 0,086) + 8,76 - 0,086] -
-(1+0,08)-9,8+7,73-(0,009 + 0,086) - (—1+ 0,08) = 206(Hwm).

Jlasti ipu moBopoTi mie Ha 27  cTaTUYHUNA MOMEHT, CTBOPIOBAHHI TPUBOTHUM
npuctpoeM CP7 ctane pymiitHUM, a CTaTUYHHIA MOMEHT, CTBOPIOBAHWN 1HIIMMU
Macamu (KpiM ripuBoaHoro npuctporo CPa), Oyae 1ie ransMyrodum:

MP=[m, (L + L+ + 1+ 1) +mo (L + 5+ + 1+ 1)+
m (I, +15+1) +mg - L ]1-A+f)-g+[m (5 +1, +15+1) +
m,, (s +1)]-(=1+f_)-g=[40-(0,05+0,05+0,075 + 0,14 + 0,009+
+0,086) + 2,28 - (0,05+ 0,075+ 0,14 + 0,009 + 0,086) +1,51- (0,14 +
+0,009 + 0,086) + 8,76 - 0,086] - (1+ 0,08) - 9,8 +[7,5- (0,075 + 0,14 + 0,009 +
+0,086) + 7,73 - (0,009 + 0,086)] - (—1+ 0,08) =164(Hm).

(2.5)
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[Mpu nopaneiomy moBopotri mie Ha 60° mMPOTH TOMMHHUKOBOI CTPLIKH
CTaTUYHUNA MOMEHT OyJie pYyIIIHHUM:
Mi“:[mr-(Il+I2+I3+I4+I5+I6)+my-(lz+I3+I4+I5+I6)+
+m (G 1) +m (L + I+ 1) +m (I + 1) +mg; - 1]
(1+f,))-g=[40-(0,05+0,05 +0,075+0,14 +0,009 + 0,086) + (2.6)
+2,28-(0,05+ 0,075+ 0,14 + +0,009 + 0,086) + 7,55- (0,075 + 0,14 +

+0,009 + 0,086) +1,51- (0,14 + 0,009 + 0,086) + 7,73 (0,009 +
+0,086) + 8,76 - 0,086] - (~1+ 0,08) - 9,8 =192(Hm).

[IpuckopeHHs ipu PO3roOHi:

2
£g3 = —2-=——=400rpag/c” =6,97 paw/ © (2.7)

JIMHAMIYHUN MOMEHT:
Moo =Im -+ + 1+ 1+ +I6)2+mY (L1,
+Hg)?+m () +m -+ 1+ 1) +m (F)° +
+Myg, - 171+ €4 =[40- (0,05 + 0,05 + 0,075 + 0,14 + 0,009 + (2.8)
+0,086)* + 2,28 (0,05 + 0,075 + 0,14 + 0,009 + 0,086)* +
+7,55-(0,128)% +1,51- (0,14 + 0,009 + 0,086)* +
+7,73-(0,347)* +8,76-0,086°] - 6,97 = 56(Hm).

Tyr semmanny I, =12, +(I; +1,)? =4/0,0875% + (0,009 + 0,086)> =0,128m (2.9)

BHU3HauaeMo 3a TeopeMoto [lidaropa:

=1, + (1, +1, + 15 +1,)° =/0,160% + (0,075 +0,14 +0,009 + 0,086)° =0,347 (2.10)

CraTHYHHI MOMEHT IIpH MOBOpoTi Ha 60°3a TOAMHHUKOBOIO CTPIIKOKO
CTaHe TaJbMIBHUM:
Mf:l:[mr (L + 1, +1 +I4+I5+I6)+mY L+ +1,+ 1 +1)+
+m,, (L) +m (4, + s+ 1) +m (L + 1) +mg; - L]
1+f,)-9=[40-(0,05+0,05+0,075+0,14 + 0,009 + 0,086) +
+2,28-(0,05+ 0,075+ 0,14 + +0,009 + 0,086) + 7,55 (0,075 +
+0,14 + 0,009 + 0,086) +1,51- (0,14 + 0,009 + 0,086) + 7,73 - (0,009 +
+0,086) + 8,76 - 0,086] - (1+ 0,08) - 9,8 = 226(Hm).

(2.11)
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[lpu mnopanmpimomMy mOBOPOTI Iie Ha 27° 3a TOAWHHUKOBOK CTPLUIKOIO
CTATHYHUM MOMEHT, CTBOPIOBaHMMHM IpuBoAHMM npuctposimu CP 7 u CPa , Gyze
TaJIbMIBHUM, @ CTaTHYHUN MOMEHT, CTBOPIOBAHHMH IHIIMMH MacaMu, Oyzae Bike
pYLIHHUM:

MZ=[m (L + L+l 1+l 1) +mo (L + 1+ + 1)+
m,(l, 15+ 1) +mg, -1, 1-(-1+F ) -g+[m, (I, +1, ++5+1))
+m (I +1,)]-@+f,)-g=[40-(0,05+0,05+0,075+0,14 +
+0,009 + 0,086) + 2,28 - (0,05 + 0,075+ 0,14 + +0,009 + (2.12)
+0,086) +1,51- (0,14 + 0,009 + 0,086) + 8,76 - 0,086] - (-1 + 0,08) - 9,8
+[7,55- (0,075 + 0,14 + 0,009 + 0,086) + 7,73 - (0,009 + 0,086)]
-(1+0,08)-9,8=116(Hm).

[lpu mnopanpiioMy TOBOPOTI mie Ha 16° 3a TOJMHHHKOBOK CTPLIKOO
CTaTUYHUI MOMEHT, CTBOPIOBaHMMHU MpuBOAHUM mpuctpoem CPa, Oyne
rajJbMIBHUM, a CTaTUYHUII MOMEHT, CTBOPIOBAaHMMH IHIIMMU MacaMmu, Oyne BiKe
PYLIIAHUAM:

MZ =[m (L + L+ L+ + 1) +m (L, + 1+, + 1+ 1)+

m,, (G +1, + 1+ 1) +m (1, +1+ 1) +mg -1 ]-(-1+f_)-g+m,,

(Is +15)-@+f,)-g=[40-(0,05+0,05+0,075+ 0,14 + 0,009 + 0,086) +
2,28-(0,05+ 0,075+ 0,14 + +0,009 + 0,086) + 7,55 (0,075 +

+0,14 + 0,009 + 0,086) +1,51- (0,14 + 0,009 + 0,086) + 8,76 - 0,086] -
(~1+0,08)-9,8 + +7,73- (0,009 + 0,086) - (L + 0,08) - 9,8 = 174(Hnm).

(2.13)

HpI/I noaaJIbIioMy HOBOpOTi TOAVMHHUKOBORO CTpiHKOIO CTaTUYHUNA MOMEHT
Oyze BXXe TUIbKU PyIIIHHUAM:
M =[m (L + L+ L+ ) +mo (L + L+ + 1+ 1)+
+m (1 ) +m (L, + 1+ 1) +m (5 + 1) +mg; - 1]
1+f,)-g=[40-(0,05+0,05+0,075+0,14 + 0,009 + 0,086) +
+2,28-(0,05+ 0,075+ 0,14 + +0,009 + 0,086) + 7,55 - (0,075 +
+0,14 + 0,009 + 0,086) +1,51- (0,14 + 0,009 + 0,086) + 7,73 - (0,009 +
+0,086) + 8,76 -0,086] - (-1 + 0,08) - 9,8 =192(Hm).

(2.14)



36

HaBantaxxyBanpHa niarpama po6otu asuryHa no CP O, mpencraBineHa Ha

pUCYHKY 2.4,
200 -
250
-- 200 I'I_'—_r —r
= J
I 150
= 100
50
o L L L L 1
0 1 2 3 - 5 8 7

tc

Pucynok 2.4 —HaBaHTaxyBaJibHA Jliarpama poOOTH MEXaHI3My

Yac poboTu ¢ MOMEHTOM M

tH :i—ll:%:OJSC; (2.15)
0
Yac poboti ¢ M™:
t = i’)j = % =0,26¢; (2.16)
6
Yac pobot c M™*:
13 :Z—B:%:OASC; (2.17)
0
Yac poboti ¢ M*:
t =‘(|;i = % =1c; (2.18)
0
Yac pobot c M?*:
21 :i—ﬂ:%:lc; (2.19)
0

Yac pobot ¢ M?:
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% = ‘l’)ﬁ = 2—(7) =0,45¢; (2.20)
0

Yac pobot ¢ M%:

£ :Z—B:%:O,ZGC; (2.21)
0

Yac poboti ¢ M?:

t% =‘|;i =% =0,78c; (2.22)
0

3 HaBaHTa}KYBaJ'IBHOI ,ZIianaMI/I BU3HAYMMO CKBIBAJICHTHUII MOMEHT:

> MZ -t _\/2-(2822-0,4)+2262-O,78+2062-0,26+1642-O,45+

M = =
exB 03 tu 12
419221+ 226% -1+116% -0,45+174% - 0,26 +1927 - 0,78+ 2- (248% - 0,4)
1
+192%.1+226°-1+116-0,45+174%-0,26 +192°-0,78 + 2-(248°-0,4)
1 =
~155,3 Hw. (2.23)

[ToTpiOHA MOTYKHICTh MPUBOJHOTO JABUTYHA!

P

cnox 03

=M, 05 - ®p; =155,3-60/57,32=162,5BT. (2.24)

3 ypaxyBaHHSM K.K.JI. pEAYKTOpa OTPUMYEMO:

P.=P,../M =162,5/0,98=166 Br. (2.25)

1B

Bubip nBuryHna Bupo0Jii€eMO BUXOJISUU 3 YMOBHU:
P.2P,. (2.26)
3 nosigauka [10] BHOMpaeMo aCHHXPOHHHI KOPOTKO3aMKHEHUH JIBUT'YH

turty AIP63A4.

[TapameTpu nBuUryHa mpeacTaBieHi B Tabauii 2.1.
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Tabnuma 2.1 — Texniuni xapakrepuctuku npuryna AIP63A4

HoMinanbpHa NOTY>XHICTh, BT 250
CuHXpOHHA yacToTa 00epTaHHs, 00/XB 1500
COS @ 0,67
HowminansHe xoB3aHH:,% 8
[TepeBaHTaxyBajbHa 31aTHICTh 2,3
KK/, % 68
[TpuBenenuii akTHBHUM OTIpP POTOPA, BIA.01 0,14
[IpuBeneHu# 1HAYKTUBHUN OIIP POTOpPA, BII.01 0,2
Hapenenuii akTHBHMI OITip cTaTOpa, Bi.0J 0,15
HaBenenuii iHIyKTUBHHM OITip CTaTOpa, Bi.01 0,082
Maca, kr 55

HowminansHuit cTpy™m craTopa:

|, —— u 0 _og3a (227)
3-U,, cosp,m,  3-220-0,650.68

[IpuBenenunii akTMBHUH OIip POTOpA:

U, 220.0,14
L, 0,83

R, = =37,10M, (2.28)

ne: I, =0,15— npusenennii akTuBHMit omip poTopa y BiJHOCHUX OJMHHUIISX.
AKTUBHUH omip cTaropa:

U, -h  220-0,15
L, 0,83

R, = —~39,80m. (2.29)

Omip Xy, IpH POOOTI HA HOMIHABHIN XapakTepuctuili ¢ =50 I'i;:

. Yy ‘X, 220-1,4
S 0,83

=372 0m, (2.30)

ne: X, =1,4 — npuBeseHU ONIp KOHTYpY HaMarHidyBaHHs Y BIIHOCHHUX

OJIUHUIIIX.
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[Tpu poGoOTI Ha BepxHIN XapaKTEPUCTHUIIl 33aMOCS BETMUYUHOIO BIAHOCHOTO
CTaTUYHOTO nepenany mBuAKocTi 6=0,25%, Toal MBUAKICTb MpU poOOTI HA BEPXHIM
XapaKTePUCTHIII:

o, = o, —0,0025 -, =157 — 0,0025-157 =156,6 ¢ (2.31)

3BIIKM MIBUIKICTh MPU POOOTI HAa HIKHIN XapaKTEpPHUCTUIl B 33aJaHOMY
niama3oHi (IBUAKICTE Tpu M=226 H-m):

O =%:%=3,15 ¢, (2.32)

CratuyHuil nepena MBUIKOCTI:
Ao =0,0025-®», =0,0025-157=0,35 c™, (2.33)
HIBUAKICTH XOJIOCTOTO X01y MpH poOOTI HA HIXKHIN XapaKTePUCTHIIL:
0y, =Ao+o,  =0,35+3,15=3,5¢", (2.34)
KoB3anHs npu poOOTi 3 Oyux=3,15 1/C:

_ Ao 0,35 _
HIDK (DO 3,5

H

01, (2.35)

ITepenaTouyne yuciao peaykropa:

| = O 1900 45 (2.36)
o, 60/57,32

Toni koB3aHHs 1pU po60Ti 3 Me=1,1 H-M 1o BnactuBocTi npomopiii:

s, = L1014 066,
1,66

ne: M=226/136=1,66 H-M — makcumManbHe 3HaY€HHSI CTATUYHOTO MOMEHTY.

CratuyHuil nepenaj MBUIKOCTI IpU poOoTi 3 Mep=1,1 H-Mm:
Aw, =w, s, =3,5-0,066=0,231 ¢, (2.37)
Toni mBUAKICTH NBUTYHA TPU POOOTI 3 Me=1,1 H-Mm:
o, = ®,-Am, =3,5-0,231=3,269 c™. (2.38)
[lepeBipky ABUTYHA Ha HArpiB 3poOMMO IUISAXOM PO3PaxyHKY JOMYCTUMOI

9acTOTH BKIOYeHbp Ha roauHy [10]. Brpatu B aBuryni aimarbcs Ha 3MiHHI i
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MOCTIHHI.
3MiHH1 BTpaTH npu poOOTI HA HIXKHIN XapaKTepUCTHII:
AP, =M_, -, -s,(1+ R.l )= 15,3 -3,5-0,066(1+ %) =0,67 Br, (2.39)
R 136 37,1

2%

MexaHiuHi BTpaTH IpH poOOTI HA HUKHIA XapaKTEPUCTHIIL:
AP_=M_. o, s, =11-3,5-0,066=0,3 Br, (2.40)
[HaykTUBHUN oOMip KOHTYpY HaMarHidyBaHHS TpU poOOTI HA HIKHIN
XapaKTEePUCTHIIL:

_ O‘)OHI/DK .XpB _ 3’5372

BT 0y, 157

X =8,29 Owm, (2.41)

CtpyMm HamarHiuyBaHHS MPU pOOOTI HA HUKHINA XapaKTEPUCTHIIL:

I — U(bl—m)lc — 419
Pox 8,29

L HIDK

=0,59 A, (2.42)

Tyr Uy =4,9 B —nanpyra kuBjieHHs py poOOTI HA HUKHIN XapaKTepUCTHLI
B 3aMKkHYTIi cuctemi 3 T=1,11 I'p (wp=3,5 1/c).

Brpatu BiJ cTpyMy HaMarHi4eHHs:

AP =3.1°, -R,=3-0,59° -39,8 =415 Br, (2.43)
MOCTIMHI BTpaTH:

AP, =AP_ + AP, =0,3+41,5=41,8 Br, (2.44)
MOBH1 BTPaTH:

AP, =AP, + AP, =41,8+ 0,67 =42,5 Br, (2.45)

BTpaTH €HEPTii MPHU MyCKY:
‘O, -8, -(1+R—.1)=&-3,269-
R, 136 (2.46)
39,8

0,072-0,4(1+==-)=0,5 JIx,
( 37’1) T

ITyCcK

04
AA, =AM
0

BTpaTH €Heprii Npy rajJbMyBaHHI:
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Ry 248
R,” 136 (2.47)
39,8

-3,269-0,072-0,4(1+ —)=0,43 ,
( 37’1) Jox

‘oS, -(1+

MyCK

04
AA, =AM
0

[Tpuiimemo JnomyimieHHs, 10 Opu pPoOOTI HA HIKHIA XapaKTEPHUCTHII
MOTY>KHICTb, SIKa BIZIBOJIMTHCS B HABKOJUIIIHE cepenoBuiie, AP nopisHioe 75% Bin
BUJIUICHOI TIOTY>KHOCT1 B JBUTYHI (BHACIIJIOK IOTIPIICHHS MPOIECY BEHTUJIALIT
CaMOBEHTLIIpyEMHUE IBUTYHA MIPH poOOTI Ha MaJIHMX MIBHUAKOCTSX).

3 ypaxyBaHHSM OCTaHHBOTO, IPUITYCTUME YHCIIO BKIIIOUEHBb HAa TOJUHY Oy/e:

(APHOM-AP )+AP oM B(l—S) _

h =3600- :
AA + AA
425.0,75—-42.5 4;5 (;3 1-0,55 (248)
:3600-( 5:0,75-42,5) +42,5- 03-(1-0, ):402,
2.0,5+2-0,43 1
.+t +t . ;
R y _2:04+2 o,4+4,98:Q55 | (2.49)

T 12

I
ne B =0,3— cTyninb 3HWKEHHS KoedillieHTa TETUIOB1IIadi.
Tak sk mukn tpuBae 15 ¢, To 3a roguny npoiige 240 1ukiiB. 3HAYUTD,
oOpaHMii ABUTYH M1IXOAUTH 110 YMOBI 3a0e31eUeHHs HE0OX1THOT'O YK CJIa BKITFOUCHb.
Temep mno wmeromumi [10] mepeBipuMO JBUTYH HA  JIOMYCTHMY
MePEeBAHTAXKYBAIbHY 3/1aTHICTb.

MakcuMalbHUU MOMEHT HABAHTAKCHHSA

M
M = 2825 5y, (2.50)
136 136

MakcumanbHUA MOMEHT JBUTYHA:

Mmax HBZ 3,93 H'M.

Jlnst oOpaHoro IBUT'YHA BUKOHYETHCS YMOBA Mmax < Mmax xs-
VY pe3ynbTari mepeBIpKU BCTAHOBJICHO, 10 OOpaHUM JBUTYH 3aJ0BOJIBHSIE

YMOBaM HarpiBy Ta yMOBaM JIOIIyCTUMOTO NEePEBAHTAXKEHHS.

2.3.2 Bubip Tuiy enxexTpornpuBoaa
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B cyuwacHiii mitepaTypi BioMi Taki CIIOCOOW PETYJIOBAHHS IIIBUIKOCTI
oOepTaHHs aCMHXPOHHHUX JBUTYHIB 3 KOPOTKO3aMKHEHUM poTtopoMm (A3 3 K3-
pPOTOPOM):

— PperyJilOBaHHS 3MIHOIO BEJIMYMHU HAMPYTHU HA CTATOP1 JIBUTYHA,

— pEeTyJIIOBaHHS 3MIHOK KIJBKOCTI Tap MArHITHUX IOJIOCIB (TIOJIFOCHE
PEryJIIOBAaHHS);

— pEryJIlOBaHHS 3MIHOKO YacTOTH CTPyMy Ha cTaropi (4acTOTHE
pETYIIIOBaHHS), SIKe Make OYTH SIK 31 CKaJIIPHUM, TaK 1 3 BEKTOPHUM KEPyBaHHSIM.

JIist perysatoBaHHS 3MIHOIO BEJIMYMHU HANPYTM MOXHA BUKOPUCTOBYBATH
CXeMH 3 MIIKIIOYEHHAM 0 CTAaTOPHOTO JIAHIIOTa 3MIHHMX AaKTUBHHUX OIIOPIB,
KOTYIIOK I1HIYKTUBHOCTEH — APOCENTIB 3 BUCYBHUMH OCEPISIMH, a TaKOX IS
JIOBOJII MOTY>KHUX JIBUTYHIB — MIJIKJIIOYEHHSIM Ha CTaToOp aBTOTpaHcpopMaropa 3i
3MIHHOIO KIJIbKICTIO BUTKIB OOMOTOK.

Takox Hampyry Ha CcTatopi MOXKHA PETYJIIOBAaTH 3 BHKOPHUCTAHHIM
tupucTopHux peryistopiB Hanpyru (TPH), siki maroTh MOXKIMBICTH 3MIHIOBATH

HANpyTy TUIABHO 1 B IIMPOKOMY Jliarma3oHi peryinoBanHs (puc. 2.5a).

JC
Uer
-2 Uxkep
Cucrema Repysa}ﬂm—r_
UmB
J

Pucynox 2.5a — Tupucropuuii perymistop mBuakocti AJl 3mMiHor0

CTaTOPHOI HANPyTH
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[lepeBaramu cxemu € Mana iHepIiiHICTh perynaropiB TPH 1 noBomi Benmkuit
KOC(]IIIEHT T ACUICHHS.

Jlo HeJoMIKIB IILOTO CIIOCO0Y MOYKHA BITHECTH BTPATy YaCTUHHU €HEprii Ha
pO3citoBaHHS ii y BUTJISII BUAUICHHS TEIljla B IBUTYHI.

[Ipu moIFOCHOMY peryJItoBaHHI MIBHIKOCTI BUKOPHUCTOBYIOTh NEPEMHUKAHHS
OOMOTOK /I 3MIiHM YHCJa Tap TOJIIOCIB p 1, BIAMOBIIHO, 3MIHHM IIBHUIKOCTI

06epTaHH}I MAarHiTHOTO TOJIsS craropa n, sKa BiI[ ObOI'0 YHCja 3aJICKKUTDH

60 f

n= T
Jl1s1 11p0oT0 TTOTPIOHO MaTH JIB1 00 OLIbIlIe 0OOMOTOK Ha CTATOP1 IBUTYHA, ajie
1[e 3HAaYHO YCKJIQJIHIOE KOHCTPYKIIiIO (1 BapTICTh) JABUTYHA, JO TOTO K 3MiHA
MIBUJKOCTI TPU TaKOMYy pEryJIOBaHHI MOXKE BiJIOyBaTHCS JIMINE CTYMIHYACTO,
IJIaBHE PETYJIOBAHHS TYT HEMOXXJIMBO. MaTHu JeKijbka 0OMOTOK B CTAaTOPHOMY
KOJI1 JIJIsl 3MIHU YHMCJIa Tap MOJIFOCIB €KOHOMIYHO HEJOIIBHO, TaK SK 11 301IBIIYE 1
BapTICTh, 1 pO3MIpU JBUTYHA, TOMY II€ YHCJIO 3a3BUYail 3MIHIOIOTH,

BUKOPUCTOBYIOUH Pi3HI CIOCOOU 3’€JHAHHS KOTYILOK (a3.

JIist 3MIHM TIBUIKOCTI OOEpTaHHS HA MPAKTUIl TMPHUHHATO 3aCTOCOBYBATH
JIB1 HAWOUIBII BIIOMI CXE€MHU MEPEMHUKAaHHS OOMOTOK CTaTopa: 3 «TPUKYTHUKA» Ha
«monBiHy 3ipky» A /YY Ta 3 omuHapHOi «3ipku» Ha moaBidHy — Y/YY .
[TepeBaroro Takoro croco0a peryioBaHHA € 30epekeHHs Koe(illieHTa MOTY>KHOCTI

ta KK/l nBuryna npu nepeMukaHHi 0OMOTOK.

B yacTOTHO-perynpoBaHUX MPUBOAAX FOJOBHUMH E€JIEMEHTAMU € CaM JBUT'YH
Ta TIEPETBOPIOBAY YaCTOTH, 1110 KePY€ ITuM ABUTYHOM. HaifuacTtuiie e mpuctpiit Ha
0a31 TUPUCTOPIB.

Ha Bxix mepeTBoproBaua MOJAETHCS HANpyra 3 aMIUTITYJOI0 Ta YacTOTOIO
METpeXi, a Ha BUXOJ1 Oyne chopmoBaHa Hampyra 31 3MIHHUMH aMIUTITYJ0IO0 1
yacToToro (puc. 2.50).

Cxema Takoro nepeTBoproBaya 4acTOTU CKIIAJIA€ThCs 3 ABOX YACTUH: CUIJIOBOI
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1 kepyrouoi. CuioBa 4YacTHHA MOXXE BHUKOHYBAaTHUCS Ha TpaH3UCTOpax abo
tupuctopax. Cxema KepyBaHHs OyayeTbcs Ha 0aszi MIKpOIPOLIECOPIB, 5Ki, KpIM
OCHOBHOI 3aJa4i — KEepyBaHHS KIIOUYOBHMHU €JIICMEHTAMH, BUKOHYIOTH 0ararto

JOAATKOBHX 3a/1a4 — J1arHOCTHKA, 3aXUCHI (DYHKIIIT, KOHTPOJIb 3a MPOILIECOM.

u; f
f——fr—f
Uy
A ny

u1; 1 ’

()

Pucynok 2.56 — Tupucropuuii perymistop mBuakocti AJl 3MiHOI0

qaCTOTH

VY wyactoTHO - peryiaboBaHoMy mnpuBogi Ha ocHOBI AJl 3 K3-poropom
MPUIHATO 3aCTOCOBYBATH CKAJISIPHE Ta BEKTOPHE YaCTOTHE KEPyBaHHS.

Meron CKaJIApHOTO KEpyBaHHS YaCTOTHO-PEryJbOBAHOTO ACUHXPOHHOTO
€JICKTPONPUBOA TOJISITA€ B 3MiHI YaCTOTH 1 MOTOYHUX 3HAYEHb MOJYJIIB 3MIHHUX
A/l (ctpymiB IBUTYyHA, HANPYT, TOTOKO3YEIJIEHb Ta MarHiTHUX MOTOKIB JIBUTYHA).

KepoBanicTh nBUTYHA TYT 3a0€3ME€UY€THCS CHUIBHUM PETYJIIOBAHHAM a0o
yactotu fi 1 Hanpyru Ui, abo yacrotu fi 1 ctpymy cratopa Is.

[lepmuii croci®6 Ha3MBalOTh YaCTOTHUM KEPYBaHHSM, a IPYTUi — YaCTOTHO-
CTPYMOBHMM. 3MiHAa YacTOTH KHUBJISIYOT HAMpyrd MPU3BOAMTH A0 BIAXUIICHHS
MaKCUMaJIbHOTO 1 IMYCKOBOTO MOMEHTIB JABUTYHA BIiJl PO3PaXyHKOBUX 3HAY€Hb
KK]I, xoedirieHTa moTy,KHOCTI.

JUist miITpUMKH HEOOXITHUX pOOOYMX XapaKTePUCTHK JABUTYHA  TYT

NOTPIOHO 31 3MIHOIO YacCTOTHM OJHOYACHO 3MIHIOBATH i BENMYHMHY aMIUIITYAU
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Hanpyru. Jlns oOTpuUMaHHS TMOCTIHHOTO MOMEHTY HAaBaHTAKEHHS  MOBHUHHO
MIITPUMYBATHUCS TTOCTIMHUM CITIBBITHOIIIEHHS
U/f = const,
TOOTO 3a0€3MeUy€eThCsl CTANICTh MAKCUMAILHOTO MOMEHTY JIBUTYHA.
[Ipu BeHTUNATOPHOMY HaBaHTAKEHHI PEai3yeThCs 3AJICKHICTD
U/f, = const.

Ilefi ckansgpHM NPUHIOUI KEPYBAHHS SBISIETbCA JIy’)KE BIIOMUM B
ACHHXPOHHOMY €JIEKTPOIPUBO/II. BiH XapaKTepu3yeTbcs TEXHIYHOIO MPOCTOTOIO
BHUMIPIOBAHHS Ta PEryJIIOBaHHS 3MIHHUX JIBUTYHA.

Jlo HeAomKiB 1BOrO0 CHOCOO0Y KepyBaHHS MOKHA BIJHECTH TPYJIHOII B
JUHAMIYHUX peXuMax MpU peanizanli 0a)kaHuX 3aKOHIB PETYJIIOBAHHS IIBUIKOCTI 1
noTpiIOHOrO MOMEHTy JBUryHa. lloB's3aHO L€ 31 CKIAJAHMMU IPOLECaMH, IIO
MPOTIKAIOTh y IBUTYHI B JIMHAMILII.

JUist OTbIIOCTI  BUIAJKIB HAa NPAKTULI LEH BHUJ KEpyBaHHS (CKAJApHE)
BUKOPHUCTOBYIOTh B UP enexTpomnpuBojax, SKIIO /A1ana30H pPeryitoBaHHs 4acTOTU
ob0eprannsa y mexax 1:40.

[Ipu BeKTOpHOMY KE€pyBaHHI € MOXKJIMBICTh 3HAYHO 30UJIBIIMTH Jiana3oH Ta
TOYHICTh  PETyJIOBaHHS, a TaKOX MOKHA MIJBHUINYBAaTA  HIBUIKOIIO
eJIEKTPOTIPUBOAY. BekTopHE KepyBaHHS YaCTOTHO-PETYIHOBAHOTO ACHHXPOHHOTO
SJIEKTPOIIPUBO/IA TIOJISITA€ Y 3MiHI YaCTOTH Ta MOTOYHUX 3HAa4Y€Hb mapameTpiB AJl,
koopauHaT. IloBHE KepyBaHHS IBHTYHOM SK B CTaTHIl, TaK 1 B JHUHAMIII
BIIOYBA€THCS NUIAXOM PETyIIOBAaHHS aMIUNTYAHMX 3HAY€Hb 3MIHHHUX BEJHMYUH 1
KYTIB MK 1X BEKTOpamu, 1€ JJa€ 3HaYHe MOJIMIICHHS SKOCTI MePeXiAHUX MPOLECIB
IpU TaKOMY KepyBaHHI.

Mosxxkna orpumaTu iH(oOpMalil0 MNpo MOTOYHI 3HAYEHHS Ta MPOCTOPOBE
po3TanryBaHHsi BEKTOPiB 3MIHHUX AJ[ a00 mpsiMUM  BUMIPIOBAHHSM IIJISXOM
BUKOPHUCTAHHS BIJNOBIIHMUX JaT4MKiB, TaKk 1 3a JOMOMOTOK MAaTeMaTUYHOIO

MozaentoBaHHs A/,
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CxiagHicts Mogzeni TyT Oyne BH3HA4YaTHCS PIBHEM BHMOT 10 MOTPIOHHUX
napameTpiB elekTporpuBoAy. CUCTEMHU 3 HENPSMUM PETryJIIOBaHHSM KOOPAMHAT
3aBISIKA TIEBHOI HECTAOUTLHOCTI TapameTpiB JBUTYHA MOXKYTh IOCTYMaTHCS 3a
CBOIMM CTaTHYHHM 1 TUHAMIYHUM MTOKa3HUKaAMHU CHCTeMaM 3 Oe3rnocepeHiM (TOOTo
IPSIMHM) BEKTOPHUM KEPYBaHHSIM.

Ha puc. 2.6 mnokazaHa (QyHKIIOHAIBHA CXe€Ma HHU3BKOBOJIBTHOTO
NIepeTBOPIOBaYa YaCcTOTH. BoHA po3paxoBaHa Ha CTaHJAPTHY MPOMHUCIOBY HANIPYTY

380 B.

CHUCTEMA KEPYBAHHA

FoEbr T e T bl

| 1 2 I 3 4 S
[ E— } 0

E—— v

o——] bk - <&k LN ©)

|

] JIAHKA IIOCTIHHOI'O CTPYMY l

e e e e e o e e e -

Pucynok 2.6 — @ynkiionansHa cxema [T4

Tyt Ha kepoBanuii (a00 HEKepOBaHMI) BHIIPSIMIISY | HAAXOIUTH 3MiHHA
BXiJIHA Hampyra Mepexi XHUBICHHS (Us), IO Ma€ MOCTIHHY aMIUNTyay Ta
gactoty (U = const , fy = const). ®ineTp 2 npu3HAYCHHWHA IS 3T71aJKyBaHHS
MyJbCalliii HanpyTu, 1m0 BUNPAMISETCST (Usump). Jlami ms moctifiHa Hampyra Ug
MOMAEThCSI HA BXiJ aBTOHOMHOIO 1HBepTOpa 3, SKHM MOOyJgoBaHUN Ha 0asi
OIMOJIApHUX TPaH3UCTOPIB 3 i30iboBaHMM 3aTBOopoM (IGBT) abo mnoryxHUX
CUJIOBUX THPHUCTOPIB.

Takoyx Ha BUX0/1i aBTOHOMHOT'O iHBEPTOpPA 1HO/I1 BCTAHOBIIOIOTH JI0JIaTKOBUI
buteTp 4. lllo nmpusHaueHu A 3MIaKyBaHHS MyJIbCcalliil cTpyMy (SIKIIO cxema
nobynoana Ha IGBT-tpansucropax, morpeba y (inbTpi MpakTHYHO BiICYTHS
3aBASIKM HHU3BKOMY PIBHIO BHUIIMX FAPMOHIK y BUXIJIHIA Hampy3i).

Cxema CcHJIOBOT YaCTMHHM aBTOHOMHOro iHBepropa Hampyrd (AIH)

IpeJCcTaBlICHa HA PUCYHKY 2.7 .
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AIH

A A Sa3 sb3 sc3

380B

Sa2 Sb2

Pucynok 2.7 — Cxema cuioBoi yactuau AIH

[Ticns anamizy BUIIEPO3TISHYTHUX CUCTEM €JIEKTPONPUBOY OyJI0 BHUPIIIEHO
oOpatu sl JaHOi pPOOOTHM CXEMY YaCTOTHO-PEryJibOBAaHOTO MPUBOAY 3
HEKEpOBAaHUM MOCTOBUM TpHU(pA3HUM BUIPSIMIISIYEM 1 TPAH3UCTOPHUM TpHUDa3HUM
aBTOHOMHHM 1HBEPTOPOM HAMPYTH.

CopouieHa (QyHKIiOHaJIbHA CcXeMa OOpaHOi CHUCTEMHU E€JIEKTPOIPUBOTY

HaBeJIeHa Ha PUCYHKY 2.8.

Cucrema KepyBaHHst

Usx=const
fex=const \
[ —
Jlanka
? P nocriiinoro AIH
crpymy
*>—

Pucynox 2.8 — Crpoiiena pyHKITIOHaIbHA CXeMa CUCTEMH €JIEKTPOITPUBOILY

TyT naHKa MOCTIHHOTO CTPYMY IIPEICTABIICHA HEKEPOBAHUM BUIIPSMIISTIEM,
110 KUBUTKCS BIJl MEPEKi 3MIHHOTO cTpyMy. Ha Buxig Mocta miakmrodaerbest LC-

GinbTp (Ha PUCYHKY HE TIOKAa3aHUN).
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2.4 Po3paxyHOK 1 BUOIp OCHOBHUX €JIEMEHTIB CUJIOBOI CXEMH

2.4.1 Po3paxyHOK 1HBepTOpa

Cxema cuJIOBOi YaCTHMHU PUBEICHA HA PUCYHKY 2.9.

1l g & U ° 7
fo— _E OO e
& 8
j—f— gii
2 = i
Q)
o] q
Iy l; g
T
4] l?.’{? ﬁ :‘W
o I -‘ﬂl mm '
i ——
17 i /3 1 L 0
== L
1y 1.\".4‘_ 5 -
43 o
{
2
Ha exemy kep

| — -
y )

i s

RS R

Pucynok 2.9 — CxeMa cuioBOi YacTUHM eliekTponpusoaa [1P

CnouaTky po3paxoBYEMO MaKCHUMAaJbHUNU CTPYM uUepe3 KIIOUOBI €JIEMEHTH
1HBEpTOpa

P,k N2k, | 250-13-2-1,2
"M J3-U, ccosp-m,  +/3-380-0,65-0,68

=177A, (251

k, =1,3 — xoe(ilieHT 1OIMyCTUMOTO IEPEBAHTAKEHHS 32 CTPYMOM,

k, =1,2 —koedili€eHT, [0 XapaKTEPHU3ye JOIMYCTUMY MUTTEBY YJIbCAIIIO IO

CTpyMYy,

"
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n;, =0,68 —KKJI nBuryna (HomiHaabHHIA).
Bubepemo Tpamsucropu IGBT mno BennunHi HOMIHAJIBHOTO CTPyMY

KOJICKTOpAa 3a YMOBH.

I >

¢ = lemaxe -

Bubupaemo tpansucrop tumy IRG4BC20KD ¢ipmu IR, mo mae Taki
napaMmeTpu

— pobounii cTpym:

— =9 A;

— Hanpyra HacudeHns (mpu 25 C):

— Uc(sat)=2,27 B;

— KJIac 3a HaIpyrolo:

— U=600 B;

— Kopmyc: AB.

Lle#i TN TpaH3UCTOpa MOHTYETHCS B OJHOMY KOPITYCl pa3oM 3 3yCTpPidHO-
napajeibHUM J10J0M.

PospaxoByemo BTpatu B IGBT Tpan3uctopi B mpoBilHOMY CTaHi OyayTh
piBHI1

% 4 % .0,65]=1Br, (252)

SS

P =lcp-uce-[%+%-c089]=1,36-212-[

nae.

lep=lemaxe/K1=1,77/1,3=1,36 — Haii0inbIIa BeNMYMHA aMIUTITYAH CTPyMY Ha
BUXOJIl CXEMH 1HBEPTOPA;

D = 0,95 — makcumalibHa CKBAYKHICTD,

€0s0 ~ cosp = 0,65 — KOEDIIIEHT TOTYKHOCTI;

Uee=2,2 B — maginus nanpyru Ha IGBT Tpan3uctopi B cTaH1 HACUYCHHS.

PospaxoByemo BTpat IGBT TpansucTopa nij yac komyTariii:
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1 (Icp ’ Ucc) ’ (tc(on) + tc(off)) ) fsw _

Psw = )
my2 2 (2.53)

1 (1,36-513)(0,4+0,7)-10° - 10000
1

—0,86(Br),
3,14 -2 2 (BT)

ne: te(on)=0,4 MKC — 9ac mepexiJHUX IPOIECiB Yy JaHII031 KOJEKTOpa Ha
BiJIKPUTTS TPAH3UCTOPA,;

tc(off)=0,7 MKC — Yac TepexigHUX IPOIECIB y JIAHIIO31 KOJEKTOpa Ha
3aKPUTTS TPAH3UCTOPA,;

Uc.c=513 B — naxinus Hanpyru Ha kosiektopi IGBT ;

fsw=10000 't — yacToTa KOMyTaIlii KJIt04iB (YacTOTa MIMPOTHO-IMITYJILCHOTO
MOJTYJISITOPA).

Takum ynHoM maemo cymapi BTpatu B IGBT tpansuctopi:

B npoBigHOMY cTaH1 MaeMO Taki BTpaTH J1oja:
1 D 1 0,95
P.=l -U_ [=+—-c0s0]=1,36-2-[=+— -0,67]=0,52Bt, (2.55
ds ep ec [8 3 T ] [8 3. ’ 4 ] T ( )

ne: lep =1,=1,36 A— makcuMmaibHe 3HAU€HHS aMIUITYIU CTPyMy uepe3
3BOPOTHUI 10T

Uec=2 B— maninus Hanpyru (npsmMe) Ha 3BOPOTHOMY J1ioji (B HPOBIIHOMY
CTaHi).

BTpatu BimHOBNIEHHS Ha JIOI:
P, :%(Irr U, -t -fsw) :%-(1,36-513-0,2 107 -10000) =0,17BTt, (2.56)

ne: 1,=1,36 A— Beau4ynHa aMIUTITYId 3BOPOTHOTO CTPYMY;
t=0,2 MKC— TPUBAJIICTh IMITYJIbCY 3BOPOTHOTO CTPYMY.
MaeMo Taki cymapHi BTpAaTH MOTY>KHOCTI Ha A10/11:
Py=Pyst+Py=0,52+0,17=0,69 Br. (2.57)
[TincymoByemMo pe3ynbTyroui BTpatu noTyxkHocti B IGBTTpansucropi 3i
3BOPOTHUM J110]IOM:

Pr=Po+ Pyg=1,86+0,69 = 2,55 Br. (2.58)
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2.4.2. Po3paxyHOK BUIIpSIMIIYA

CepenpoBunpsiMiieHa Hamnpyra 1o [4]:

U, =k, -U, =135-380=513 B, (2.59)

ne: ke, =1,35.

Po3paxoByeMO MakCMMaJIbHE 3HAYEHHS CEPETHBOBUIIPSIMIICHOTO CTPYMY:

I 1,77
[V3- (). U, -cosp+n-P.] [v3-(=)380-0,65+3-2,55]
_ V2 _ V2 ~1.1 (2.60)

|
am U, 513

ne: n=3 — «kinpkicth nap IGBT B inBepTOpi.
Po3paxoByeMo HaWOUIbIIMI (MAKCUMATIbHHN) pOOOYME CTPYM dioja:
I, =K. 1, =1045-11=115 A, (2.61)
ne: Kee=1,045.
Toxai MmoxHa po3paxyBaTH MaKCUMaJIbHY 3BOPOTHY HANIPYTy BEHTHIIS:

U,.. =K, 2. U, k., K +AU, =1,2-4/2-380-1,35-1,1+ 130=1091B(2.62)
ne: Ke=1,1 — xoedimieHT, 1110 XapaKTepU3ye AOMYCTUME ITiIBUIICHHS HAPYTH
B MEPEXi;
AU, =130B — 3amac Harnpyru Ha KOMyTaliiiHl BUKUAM B JIAHILI OCTIHHOTO
CTpyMy.
Bentuini MokHa BHOpaTH MO BEIMYMHI MOCTIHHOTO pOOOYOro CTpymy Ta

KJIACy HaIpyTH:

U
u >—2=.
* 100

3rigHo 3 1i€l0 yMoBOK BuOupaemo mo [7] miom tumy HFA06TB120 3

HACTYITHUMHU TIapaMeTPaMH:
— IMITYJIbCHA 3BOPOTHA HAIpyra:
U, =1200 B;
— MaKCUMAaJIbHO TIPUITYCTUMUM CepEHIN CTPYM y BIAKPUTOMY CTaH1 IIPH

T, =150",f =50 I (2.63)
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I|=AVm =6 A.

2.4.3. Po3paxyHoK QuIbTpY
3HaiaeMo KoedilieHT Mmyabcalii Ha BXoa1 GpiasTpa
2 2
m?‘-1 36-1

ae. m=6— HYJ'II)CHiCTB CXCMHU BHUIIPAMIICHHA.

qle = = 0!057 ' (264)

Takox BU3HAYa€MO BEIMYUHY HAWMEHIIIO1 IHIYKTUBHOCTI (piIbTpa:

~0,013-U,  0,013-380
0,MuH 2'n'f5'Id 23’14500’83

~18-10° I'm,  (2.65)

ne: 14=0,83 A— BenuunHa cepeJHHOT0 CTPYMY B JIAHII HOCTIHHOTO CTPYMY.
1106 3a0e3nuTH BeIMUUHY KoedilieHTa MOTYKHOCT1 Ha BUXO/I1 BUIIPSIMIISTUA
piBHOIO Ky = 0,95, iHAyKTHBHICTH ApOCEIIS MOBUHHA BiAMOBIZaTH YMOBI (2.66).

Po3paxoByeMo NOTpIOHY BEIMYMHY 1HIYKTUBHOCTI:

L,=3-L, =3-18-10°=54-10"Tw. (2.66)

0,MuH
Hamni o [6] Oymo obpano gpocens Ty Pobc-1AY3, mo mMae HACTyIHI
napameTpu:
CTPYM 3TJIaKYFOUOTO JAPOCEIIS:

=3A;

ya

BEJIMYMHA 1HAYKTUBHOCTI:

L, =70MIH.

OTpuMaEMO €MHICTh KOHJIEHCATOPIB, sIKa MOTpiOHA JUIsl TMPOTIKAHHS

PEaKTUBHOTO CTPYMY Y HABaHTa)XEHHI 1HBEPTOPHOTO OJIOKY:

ol sin? (- T 3117 -sin? (2 _ 189,
Cos = 2 12 _ 212 _48.10%0,2.67)
2-U, -f.. -q, 2-513-10000 - 0,057

ne: lsm=1,17 A— BenuuMHa aMIUNITYAH CTPYMY Y KOXKHIM (a3l ABUTYHa;
¢, =45 — enmunna kyTa 3cyBy (a3 Mixk 1-0i rapMOHiKOKO (pa3HUX HANPYTH i

CTpyMy.
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MaeMo 3HaYeHHS aMILTITYyId CTPyMYy 4epe3 KoHAeHcaTopu ¢iibTpa (rmo 1-iit
rapMOHIIT):
leg =0y, -U,-2-m-f -Cp =0,011-513-2-3,14-50-4,8-107° = (2.68)
=8,5-10° A
ne: (isnx=0,011- Benmnumua koedilieHTy  mynbcaliii Ha BUXOAL OJOKY
binbTpa.
Konpaencarop noBuneH Bubuparucs Ha eMHICTb Coz, JOMTYCTUMMIA 33 aMILTITYI1
ctpyM Oubi lcomi Hapyroto He meHIe 800 B.

3rigHo 3 MM ymoBamMu 1o [6] BuOMpaemo kongeHcatop K78-17, Ha

HOMIHaNBHY Harpyry 1000 B.

2.5. Po3po0nenHst (hyHKIIIOHATBEHOT CXEMH €JIEKTPOTPUBO/IA

Po3zrassaeMo p060Ty BaHPOHOHOBaHOI CXeMH. 3HAUYECHHS MOTOKO3YCIIJICHHS

v,.Ta Vv, BiJ ileHTH(iKaTOpa HAIXOAATh Ha AaTduK monoxkenHs JII (puc.2.10).

BiH 004HCITIOE 1O IUX 3HAYCHB MIOTOKO3YEIICHHS POTOPA B OCSIX 0L TaP, 3a SKUMH y
BEKTOPI-(inbTpi BO BU3HAYAETHCA MOYJIb IOTOKO3YETUIEHHS poTOopa |\, |.

[eit curHan NOpiBHIOETHCS 3 CUTHAJIOM 3aBAaHHS MOTOKO3YEIUICHHS pOTOpa,
1 1X pI3HUI HAJAXOAWTH HA PEryJsTOop moToko3deruieHHs. Curnan 3 Buxoay PII e
CUTHAJIOM 3aBJIaHHS JJIsI BHYTPIIIHBOTO KOHTYPY peryiitoBaHHs cTpymy lix , a
CUTHAJI 3BOPOTHOTO 3B'SI3KY 32 CTPYMOMY HaJIXOJIUTh BiJl natunka ctpymy JIC uepes
koopauHatHui niepetBoproBad (KI12). Curnan 3BOpOTHOTO 3B'SI3KY 3a IMIBUJIKICTIO
3HIMA€eThbCs 3 eHKojepa. CUrHaja HEY3TrOJKEHOCTI MIBUJKOCTI € 3aBIaHHSM s
APYroro BHYTPIIIHBOTO KOHTYPY perymoBaHus cTpymy (liy).

CurHaim 3 BUXOAY PEryiIsTOpiB CTpyMY HaAXOATh Ha OJ10k komreHcallii bK.
Bin 3niiicHIoE Opi€eHTalil0 BEeKTOopa CTpyMy cratopa l;y IIOJO0 BEKTOpa
MMOTOKO3YCIICHHS POTOpa TaK, o0 3a0e3neunTH HeOOX1THM MOMEHT 1 CTajiCTh

BekTopa 't .
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Hanpyra 3 Buxony BK, npoiitmosmm 6510k KI11, Hagxoauts Ha mepeTBoproBay

a3 (IID). Leii 6ok (IID) 3xiiicHioe mepeTBOpeHHs Hanpyr U, TaU, B CHIHAIH

kepyBaHHs Uy, Up ,Uc. Ll curnanu Haaxoaath Ha OJI0K 2, 16 BOHU MOPIBHIOIOTHCS 3

nwikonoAionorw Hampyroro. Ilokm U, >U_ =~ Ha KIOY HaAXOOUTh CHUTHAI

:
KepyBaHHs, 1 BiH Bigkputuid. Kom U, <U__ , xmou Oyne 3akputuid. Ilepioa
nuiku (mepiox IIIM) moxe Oytu mo necsatkiB Kl'm. Curman kepyBaHHS 3
KOHTpOJIepa Ha KJIIOY HAIXOIUTh uepe3 JApaiiBep. Y HbOMY 31HCHIOETHCS
M1JCUJICHHS IMITYJIbCIB KEPYBaHHS 1 rajJbBaHIYHUN PO3B'SI30K CUIIOBOrO KOJIA 1 KOJIa
KEpyBaHHSI.

["aibMyBaHHS €IEKTPONIPUBOTY BiIOYBAETHCS 3 KOHTPOJIEM MMOI0XKeHHs. [Ipu
JIOCSITHEHH1 KYTOM IIOBOPOTY IME€BHOTO 3HA4YEHHs (1€ 3HAYCHHS MiI0MPAEThCs
3aJIeKHO BiJ] HEOOXIAHOTO TEMIy TaJbMyBaHHS IPU IPOrpaMyBaHHI, ajie 1100
t< 0,5 C) BinOyBaeThCs MIAKITIOYCHHS KOHTYPY cTaHy. [Ipu po3paxyHkax 3a JaHOO
CXEMOI0 CHTHAJIOM 3aBJaHHA JUIsl KOHTYPY IIBHJIKOCTI Oy/e B)KE€ HE CHUTHANI Bij
3a/1aTYUKaA IHTEHCUBHOCTI, & CUTHAJ 3 BUXOJy PETYJISITOpA MOJ0KEHHS.

Y KOHTposiepl MPOTPAMHO pealTi30BaHUN PEryJsATOp TOJOXKEHHS 3

napaGoniyHoo XapakTepuctukoo (moku AQ =A@ Koe(iLleHT peryusTopa

Had, 10T
1

TOJIOKEHHS. oOepHeHo mponopiiitanii A , a xomu AQ <A@

Had, 1011 ’ kpn - kpn ot )

[Tpu raneMyBaHHI BiI0YBA€THCS MIIKIIOUEHHS raIbMIBHOTO TpaH3ucTopaV 2.

2.6.Po3pob6nenns crpykrypHoi cxemu CAK

Cucrema ITU-AJ[ 3 mnpsMOIO OpIEHTAII€I0 KOOPAMHAT 32 BEKTOPOM
MOTOKO3YCIUICHHST poTopa 3a cBoiMu BiactuBocTsmMu g JIIC e moaiOHOrO
CUCTEMIi JIBO3OHHOTO PETYJIOBAHHS IIBUAKOCTI €JIEKTPONPUBOIiB. 3MIHHI MaIlTUHU
(cTpyMH, HaAmpyru, NOTOKO3YEIJICHHS) MPEICTABISIOTHCS MPU I[bOMY B CHUCTEMI

KOOPJMHAT X, Y, III0 00ePTAETHCA CHHXPOHHO 3 TosieM poTtopa [10].
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VY cucreMy BKJIIOYEHO JBa OJHAKOBI 32 CBOIMH MapaMeTpaMu KOHTYPY
peryntoBaHHs cKi1anoBux lix, liy 3 KoedilieHTOM 3BOPOTHOTO 3B'SI3KY 3a CTPYMOM
Ki, @ TakoX 3O0BHINIHIM KOHTYp PEryJIOBaHHS IOTOKO3YCIUICHHS pPOTOpa 3
KOCeQIIIEHTOM 3BOPOTHOIO 3B'S3KY 3a IMOTOKO3YEIICHHSIM Ky, 30BHIIIHIA KOHTYD
peryJtoBaHHs MIBUAKOCTI 00€pTaHHs ABUTYHA 3 KOE(illIEHTOM 3BOPOTHOTO 3B'S3KY
3a MBUAKICTIO. TakoX crucTeMa MICTUTh KOHTYD PETYIIOBAaHHS MOJOXKEHHS.

Ha pucynky 2.11 mpencraBieHa CTpyKTypHA CXeMa CUCTEMH PeTyJIFOBaHHS
«[lepeTBOproBauY  YaCTOTH—ACHHXPOHHUN JBUTYH» TpPH TMpsMii  opieHTaIll
KOOpAMHAT X, ¥ 3@ BEKTOPOM MOTOKO3YEIICHHS pOTOpa.

Po3paxyemo nmapameTpu 1 HaJalITyBaHHS €JIEMEHTIB CUCTEMHU PEryIIOBaHHS
JUTSE MOJICTTIOBAHHS CUCTEMU B a0COIIOTHUX BEIMYUHAX.

CnoyaTKy BM3HAUYUMO 1HIYKTHUBHICTh PO3CIIOBaHHA (pa3u ctaTopa, poTopa 1

1HAYKTUBHICTb KOHTYPY HaMarHi4yyBaHHS:

L, =X 207138y,

®, 157 (269)
L, =X 50871,

©p 157 (2.70)

L, =032 a7,

ExBiBajieHTHUI aKTUBHMI OIip cTaTOpa!

R, =R, +k? R, =39,8+0,89>-37,1=69,2 Om, 2.72)
me L,=L, +L,=0,287+237=266 I'n (2.73)

ExBiBasieHTHA 1HIYKTUBHICTH (ha3u pOTOPA;

Ly, 237

= =2 =220 _089. (2.74)
L, 266

2

Perynsarop ctpymy € nponopiiiino-interpanbaum (I1I) 1 #ioro nepenaBanbHa
byHKIIIS:

1
Wpc (p) = kpc + T—

PP (2.75)
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[TocTiiina wacy interpyBanns [1l-perynstopa cTpymy:

k. -k,-a,-T, 1.515.2.0,001

T, =0,016 c, (2.76)
R.. 63,87
U3C max .
ne: K, =—" =1 _ xoedilieHT 3BOPOTHOTO 3B'I3KY 33 CTPYMOM;
max
E 515
kK, = % =——=2>515 — koedilieHT Mmepemaui mepeTBOPIOBaYA;

y max
a,=2 — IIpy HaJAIITYBaHHI HA MOJYJIbHUI ONTUMYM;

T_=0,001c (BimnoBigHO 110 ipUitHATOT Hecyuoi 4acToTOr fuec=1 KI'm).
[aaykTUBHICTD (ha3u craropa:

L, =L, +L,=0138+237=25. 2.77)

KoedirieHT po3citoBaHHS MarHiTHOTO TOJIA:

L2, . 2,37°

=125 0,155, (2.78)
L,-L, 25266

o=1-

[TepenaBanpHuUit KOe(IIEHT MPOMOPIIIHHOT YACTUHU PETYIISTOPA CTPYMY:

_T. 00065 _, (2.79)
®* T, 0016
e T, =St 015525 45055 (2.80)

R, 69,2

€
Perynarop mMOTOKO3YEIUIEHHS € TMPOMOPLIHHO-IHTETpAJIbHUM 1 HOro

nepeaaBaibHa QPYHKITIS:

1

i

W (p) =k, + (2.81)

Po3paxoByeMo BelMuMHY MOCTIHHOT yacy iHTerpyBanss 1is  [1I-perynaropa

ITIOTOKO3YCIIJICHHA:

T - k. L, l-(aI a, T, 1237 21. 2:0,001 4 005, (2.82)

3C

ne. K, =1-—koedimieHT 3BOPOTHOTO 3B'A3KY 3a MOTOKO3UCTICHHSM,

a_=2 — pH HaJNAIITyBaHHI CUCTEMH Ha MOJIYyJIbHUN ONITUMYM.
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[lepenatounuit ~ Koe(iIliEHT  TPOMOPILIAHOI  YaCTMHHU  pETyJsTOpa

MOTOKO3YETJICHHS:
K =t 0072 5 (2.83)
T 0,0474
L, 266
ne T,=—2=—"-=0,072 c. (2.84)
R, 371
Moaymb )KOPCTKOCTI JIMHEAPU30BAaHHOW MEXaHIYHOT XapaKTePUCTUKH .
2-M :
B= 2393 =0,106.
EnexTpoMexaHiuyHa MOCTIiHA Yacy ABUTYHA!
T, =2 22028 o8,

Craruunuii nepenan mBuakocti EIT npyu HanamryBaHHI KOHTYPY IIBUIKOCTI

Ha TeXHIYHUN ONTUMYM:

4.-T .
Ao = Ao, =188 2000, 65 e (2.87)
P 0,028

M 5

3riHO 3 BUMOTaMH CTaTMYHUN Tepemnaj MIBUIKOCTI B 3aMKHYTIH CHUCTEMI

o “ . 1
(3naiizennit B mymkti 1): Ao, =0,35C”. Omxke, ans 3aGesmedeHHss Takoro

CTaTUYHOTO TIEPEeTnaly IIBUIKOCTI HEOOX1HO 3aCTOCYBAHHS PETYJISATOPA IIBUAKOCTI
3 MMIEPEMIHHUM CTaTH3MOM.

[lepenaBanbHa GyHKIIS PEryasTOpa LIBUIKOCTI:

8. T -
v Mg
w_yp  l+p +p
W3 =K, BT p : (2.88)
AL |
p
p: 3l
Je BEIMYMHA wl (2.89)

— BIJHONIICHHS OINOPIB B JAHII031 3BOPOTHOTO 3B'S3KY pETyJsiTopa

IIBUJIKOCTI 1 OTIOPY IIIYHTA.
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Busnaunmo Benmmuuny p 1o [14]:

1 1
PTAT Ao, | 40001 188 _
T, Ao, 0028 035

M

=0,16. (2.90)

Perynarop nmonoxeHHs Ma€ mapadoJiuyHy XapaKTePUCTHKY:

kpn = k3m ) ngax /\/2 ) ngaX ) A(I) ) k311 (291)
OntumanbHe 3HAaUCHHS kpn:
k
k — 3111 1

™K, a, e, -a, T, 1:2:2-2.0,001

(2.92)

BucHoBku 3a po3auiom.

B nanomy po3aiii BUKOHAHUHM KIHEMAaTUYHUHN aHalli3 POMUCIOBOro po0oTa i
pexumy roro pobotu. O6panuii enexrpoasuryn AIP63A4, skuit mepeBipeHuii mo
HarpiBaHHIO METOJOM BHU3HAYECHHS JOMYCTUMOTO YHCJIa BKIIOYEHb HA TOJUHY 1 TIO
NepeBaHTAXKEHHIO, HABEICHI MOKJIMBI BapiaHTH €JIEKTPONIPUBO.Y, OOpaHa CUCTEMA
€JIEKTPOIIPUBOAY 3 BEKTOPHHUM KEPYBaHHAM 1 CQOpPMYJIbOBaHI BHUMOTH [0
€JIEKTPOIPUBOAY. 3a pe3yJbTaTaMU PO3paxyHKy 0OpaHi OCHOBHI €JIEMEHTH CHIIOBOT

CXCMU.
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3 JAOCJIIIHA YACTHUHA

3.1 JlocmimKeHHs] CTaTUYHUX XapaKTEPUCTHUK €JIEKTPONIPUBOAA B

3aMKHEHINA cucTeMi

3aMKHEHa CHCTEMa EJIEKTPONPUBOAY SBJSIE COOOI0 CUCTEMY pPETYJIIOBAHHS
KyTOBOi IIBUJIKOCTI 0OepTaHHs Baja ABUTYHA MpPH >KUBJICHHI MOTO BiJg 0OpaHOro
TUITy IIEPETBOPIOBaYa YacTOTH Ha 0a3i aBTOHOMHOTO iHBepTopa Hampyru (AIH) 3
KEPYBaHHSIM 32 BEKTOPOM TTOTOKO3YCILUICHHS POTOpa (MIPSIME BEKTOPHE KEPYBaHHS).

CratuuHl MeXaHIYHIXapakTepucTuku nBuryHa = f(M) B 3aMKHEHill cucTtemi
BU3HAYAIOTHCS HACTYITHUM BUPA30M Y BIITHOCHUX OJIMHUIISX:

.

V= fnm.om. - S K, (31)
lygsiu.
Ie.
(Den
V= (3.2)
(DE

Benuunna KyTOBOI MIBUAKOCTI OoOepTaHHS Baja JBUTYHA Y BIJIHOCHUX
OJTMHUIISX;

®,, =p,®=4 -0 — eleKTpUYHa KyTOBa IIBUJKICTb OOEPTaHHS POTOPA;

(S ¢

o, =0, =2nf — KyToBa yacToTa XHBJIIYOi HANPYTH JBUTYHA, TOOTO IS

b iy

OTPUMaHHA CIMEMCTBA XapaKTEPUCTUK IMPH >KUBJICHHI ABUTYHA HAMpPYroOkO Pi3HOI

yactoTtH, f mocmigoBHo mpupiBasemo yactoram f, f,, f , f,, f_.—ananoriuno

PO3paxXyHKy CTATHYHUX XapaKTEPUCTUK B PO3IMKHYTOI CHCTEMI;

_h , (3.3)

2Bin. R . 2 f)K
§U1.HOM ) f
1
\/§I1.HOM
aKTI/IBHI/Iﬁ HpHBeI[eHI/II;‘I OHip pOTOpa y BiI[HOCHI/IX OAUHUNIAX,
v, Y
P, =—2=_2-1 g (3.4)



62

IMOTOKO3YCIIJICHHA pOTOpa Yy BiI[HOCHI/IX OAMHUIIAX,

f =E=%:1 (8.0.), (3.5)

x.

4acTOoTa >KUBIISTUO1 HAIIpyTu ABUT'YHA Y BiI[HOCHI/IX OAMHUIIAX,

M M
" 3 \/; Ul.HOM ) \/EII.HOM ) 4
2 2nf, (3.6)
MoMeHT Ha Bajly JIBUT'YHA TaK0X O€peMoO y BIJIHOCHUX OJUHUIISX.
[Tepeiinemo Bia BITHOCHUX BEJIUYUH 10 JIHCHUM:
f
(3.7)

1.HOM

nf af?.r, -M
(5} -

OtpumaemMo aekiibka rpadikiB MeXaHIYHHX XapakTepuctuk (puc. 3.1),

KOKHHH 3 IKUX OyJie BIINOBIJATU CBOEMY 3HAaYEHHIO Oy = ®, = 27f (3a1eKHO Bl

XK.

3HAYEHHs YacTOTH), a Takoxk I, , 3anexne Bix sHavenns U, =U, - : (mpu
1

oOpaHOMY CIOCOO1 PETyIIOBAaHHS YaCTOTH: f—”{ =const).
XK.

HIBUAKICT, XOJOCTOTO XOAY MpU POOOTI HA HIKHIN XapakTEPUCTHIl B

3aMKHEHIH crcTemi OyJia po3paxoBaHa pasiiie B myHKTi 1.3: o, = 3,5 1/c.
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170

136 |
119
ol(M) 102 -

0 023 046 06% 092 115 138 161 18 207
0 M

(3]
[P

ra
L

Pucynok 3.1 — CTtaTu4H1 MEXaHI4HI XapaKTEPUCTUKU JBUTYHA B 3aMKHEH1I

cucremi

PiBHSIHHSI CTaTMYHOI MEXaHIYHOI XapaKTEPUCTUKH B PO3IMKHEHIN cHUCTEMI —
npu poOoTi Ha BepxHii xapaktepuctui (f=50 I'i,,U=220 B):
0)=157-(1—0,06-M);
npu poOoTi Ha HIKHIN xapaktepuctuil (f=1,11 I'u,U=4,9 B):

©=3,5-(1-0,06-M).

CratuuHi MEXaHIYHI XapaKTEePUCTHKU JBUTYHAa B 3aMKHYTIH CHCTEMI
IPEe/ICTaBIICHI HA PUCYHKY 3.1.
Busnaurmo BITHOCHUN CTaTUUHUM Miepena MBUIKOCTEH:
Ao 0,35
0=—-"-100% = 3’5 =10%,
®o ’ (3.8)

ne: Aw=0,35 1/C — crarnyHuil mepena; MBUIKOCTI Ha HIDKHIN XapaKTEPUCTHII

B 3aMKHCHIH CHUCTEMI;
®=3,5 1/C — MBHAKICTH XOJOCTOr0 XOAYy Ha HWKHIH XapaKTEPHUCTHUIN B

3aMKHEHINA CUCTEMI.
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B migposaini OyB mpoBeAeHHMH PO3paxyHOK 1 MOOyI0Ba XapaKTEPUCTUK B
PO3IMKHYTIM CHUCTEMI, 3[IHCHEHO CHHTE3 CUCTEMH aBTOMAaTHYHOI'O PEryJIIOBaHHS,

po3paxoBaHi 1 MOOYAOBaHI CTAaTUYHI XapaKTEPUCTUKU TPUBOAY B 3aMKHEHIi

CUCTEMI.
Ha xapakTepucTuili 31 3SHH>KEHOIO MIBUAKICTIO MPU 3MiHI MOMEHTY JIBUTYHA BiJ
01 mo 1,66 orpumanmii crarnuruii nepenan meuakocteir 0 =10%, mo Bignosinae

BUCYHYTHM BUMOTAM JI0 CTATUYHUX PEKUMIB.
3.2. JlociikeHHs] TMHAMIYHAX BIACTUBOCTEH €JIEKTPOIPUBO/IA

3.2.1.MartemaTuyHH1l ONIUC 3aMKHEHOI CUCTEMU
Mopnenb cuctemu [TY-A /] mpu npsmMiid opieHTaLii KOOpAUHAT X,Y 1O BEKTOPY

IOTOKO3YEIUIEHHS pOTOpa NpeCTaBIeHa Ha PUCYHKY 3.2.

k.
Iy L
aipha A wh,
. P5l_a
B #{Ub Pilb
b ] e TR R N
Cormerkr 23 A
e T
[
D LoAD AD_tAASERZT3
Scope? b .
PHF T @ 0 SCopE 4
.—IE Wmi) 4@—’ Wk ] o prwerier 32
@ ) Lef w19z uid = E
Uinz | InTel =
i Ilﬂtl i J e coes Tee | Ham
=] -
| o sinTel | o
—~ Pz coaTel Bl el
) 3 Y -
. o ::|{_ __m __./-)_.a i Tel dq-at_beln v
- Froducl B e
E P orme[ler 3HE_1
ol g sinTe ifa—{—] L
e T |
altaf
Kol p—]
e e liaf
aTa_be ldg 1
fliF=iz2)
Kop [ Psl_aipha [+
g Tel
InTel Pl bela
UF
Kos  fa

Pucynok 3.2 — Mogens cuctemu [TH-A/J]
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bnok Model AD pucynky 3.1 peaiizye aCHHXPOHHUI TBUTYH B HEPYXOMiii
OPTOTOHAJIBHIA CHCTEMI KOOpAMHAT o, 3a pIBHSAHHAMH BIANOBIIHO JI0

3araJJbHONPHWHATHX JTOMYIIeHb 1Mo [17]:

: di L2 L, d¥
u, =i, R, +—2(L, ——22)+ 22 2
dt L, L, dt (3.9)
_ di L2 L, d¥
Uy =iy R, + df[B (L, - L.12 )+ L.12 : dt2B ;
2 2 (3.10)
R . dy,,
O:L—,Z(‘I’Za —Lp-1,)+ dt2 +0,,, - Vg
2 (3.11)
R . dy
0:_'2(\112[3 —Ly, 1) +—2B_0‘)26n oo
3 L . :
MeM :E. pn ﬁ (\P2a .11[3 _\P2B 'lla)'
2 (3.13)
Lo M;
AUalpha W
Psi_beta b
Psi_alpha p
dPsi_alpha p
HUbetta Z
dPsi_betap
i_alphap
i_betap
e Wit b
delM}
MODEL AD1

Pucynok 3.3 — biiok ModelAD

W, = /P, + P2, . (3.14)

Bexrop-odinetp (610x VF) BU3HAYae MOysb MOTOKO3YETUICHHS pOTOpa, a

TaK0X KOCHHYC 1 CHHYC KYT IIOBOPOTY IOJIsl MallinHu (puc. 3.4).
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IPsi2l - psi alpha
cosTet

sinTet Fsi_beta

VF q
X
Psi_alpha =
sqn — (D)
|Psi2]
0.001
P X
s
sinTet
>
= b S - P x
Psi_beta 2
— =

Pucynok 3.4 — biok VF

brox xommnencanii (BK B mopmeni) pucyHky 3.3 BHKOHYE KOMIIEHCAIIIIO
NepeXpeCcHUX 3B'SI3KIBY CUCTEM 1 PIBHSHb MareMaTudHoro onucy AJl BBeAeHHSIM
exBiBasieHTHUX EPC nBuryna Eix Ta E1y, TOOTO BiH 3[1HCHIOE MOBOPOT BEKTOpa
CTpyMy CTaTopa II0I0 MOTOKO3YETIIICHHS pOTOpa:
Elx :kz .%.\PZX +G'Ll°lly " Woey 5
2 (3.15)

Ely = k2 ‘P, -O)"PZX ‘|‘G'L1 : le " Woey > (316)

Koopnunatuuii neperBoproBay KP1 pucynky 3.5 3mificHIOE TTepETBOPEHHS

CKJIaJIOBHX CTpyMy cTaropal, tal, B cknanosil, u I :
IlX = Il(x : COS(I)Oen + IIB .Sin(l)Oen; (317)

ly ==, -Sindy,, + I 15 - COSy, - (3.18)



HU1dz J1dp
AU1qgz Ulqp
A1

; sinTet p
Allg
A|Psi2| cosTetp
iy Tetp

BK
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>3
sinTet
@D
cosTet
Tet
> +
@ » @
11x M Uix
D -
Uldy
vigz

Pucynok 3.5 — biokx BK

sinTet
cosTet
lalfa
Ibetta

KP1

{2 cosTet

Qsmhl

Pucynox 3.6 — biok KP1
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Koopaunarauii meperBoproBay KP2 (puc.3.7) 3miiicHIOE MepeTBOPEHHS

CKJIaoBHX Hanpyru craropal, tau, B ckmaniU, tau,:
Ula = le : Cos¢Oen - Uly ’ Slnd)Oen

Uy, = U, -sing,,, + U, - cosd,,, -

AsinTet
Ualfa p
jAcosTet
A Ux
Uy Ubetta p
KP2 1-
cosTet @sml’e!
: x
s —p ” Ualfa
—>
O
Uy —> %
>
0
s Ubetta
>

Pucynok 3.7 — biok KP2

3.2.2.Po3paxyHoK i moOym0Ba MEpeXiAHUX MPOIIECIB

(3.19)
(3.20)

MopentoBaHHsI CHCTEMH €JIEKTPONPUBOAY TMPOBOJAWIOCS B CEPEIOBUIII

MATLAB [17].

Ilepexigni mporecu MNpU IMYCKy, poOOTI 3 YCTaJEHOK IMIBUAKICTIO 1

raJibMyBaHH1 IpeJcTaByeHl Ha pucyHkax 3.8 —3.10.
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Pucynok 3.8 — Ilepexiani nporiecu 3MiHM MOMEHTY TIPH MMYCKY Ha

HOMiHaJ'II)Hy IHBI/II[KiCTB Ta raJIbMyBaHH:

160
140
120
100

Pucynox 3.9 —Ilepexigni mpoliecu 3MiHU MIBUAKOCTI MPU MTyCKY HA

HOMIHAJIbHY HIBUKICTh Ta FaJbMyBaHHS
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12

Pucynok 3.10 — ®a3na Hanpyra npH MycKy Ha HOMIHAJIbHY IIBUIKICTD

Ta raJibMyBaHHs

B miaposzaini Oyno mpeactaBieHO MaTeMaTHYHUA OIMUC €JIEKTPONPUBOTY, a
TaKOX CKJaJieHa MOJeNb 1 MoOyaoBaHl rpadiku MEpexXiIHUX MpoIeciB. AHamI3
MePEXiIHUX MPOIIECIB MOKA3YeE, 110 JJaHA CUCTEMa 33JI0BOJIbHSIE BUMOTaM: 4ac IMyCKY
He Ounpme 0,5 c, BigHOCHUN cTatTuuHMM mepenan mBUAKOCTI <10%. ToyHIiCTb
3ynuHku ckiana Ae=0,1°, 1mo BiAMNOBia€ BUMOTAM JIJIsi TAaKUX E€JIEKTPONPHUBO/IIB
(Ap=<0.5°).

IIpu nycky momeHT ckiaB 2,13 H:'M, 1o BiANOBiAa€E MaKCHUMaIbHOMY
MOMEHTY HaBaHTaXCHHS MpPHU MYCKYy (3 ypaxXyBaHHSM IE€peaBajbHOTO 4YHUCIA

penaykTopa).
3.3. Po3poOka npuHIMIIOBOT CXeMHU KEPYBaHHS Ta OMHUC 1i poOOTH

[IpuHuunoBa cxema eJIEKTPONPHUBOAY NpelcTaBieHa Ha pucyHky 3.11.
Posrnsaemo npuHIun ii poOoTH.

[Tpu BrIrOUEHHI aBTOMaTUyHOrOo BuMHUKada QF1 KUBJIEHHSA mofaeTbcs Ha
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cxeMy kepyBaHHs. [Ipu HaTHCKaHHI Ha KHOTIKY SB2 oTpuMy€e *UBJICHHS KOTYIIKA
koHTakTopy KM1 1 po3mukae cBoi koHtaktu 7-15. Kontaktrop KM1 3amukae cBoi
KOHTaKTH 7-9, IIyHTyI0UM KHOIIKY SB2.

3 mynpTa KepyBaHHs BIJOYBA€ThCsl BBEJCHHS YacTOTH 1 33JaHOr0 KyTa, 1

IIOYHNHAETHCA pOSFiH ABUT'YHA.

-~ 380B
NfL1f L2713 I
™ = —“] QF
QF1 N
iﬁ: VD4 VD1
e sg2  KM1SQ1 S@2 Bt =
SB1;FA1 5 FA2 |7 B0 11 18 | 2 . 58
KM1 et = =
KM1 15| VD2 VD5
~ ] B 5
; L
C1
[
" VT7
R ==
MCLR 17 201 AVss 1 VT2 l VT1
Ua ANo ], aq [AVad N\ ¥~
Ub AN1 |5 ag | REO \'QIB |\YD7
Uc AN2 RET =
AN3 | ; o gg RE2 I— - -
AN 124 a5 |RE3 D —— _1VT4 1 VT3
@ AN | Y aa [RE4 S —— | § 2N <
t ANG | 8 a3 | RES s —— L g VD10 VD9
ANT =] 3p [ Vs & —— N 1= =
ANB Y, L 3¢ [ Vad T — | 5
ved [ 8 ag [ RFO — < —LVT6 L VTS5
Vs 11z =2 29 [RE1 ——— ¥\ ¥\
O8C1lig 28| RF4 - VD12 VD11
oscz|,, 57| RFS Pl |
T20K |, 26 [RE2 vl U
TICK] o 25 | RF3 FA1 FA2
INTO |, 24 | RF6 FA1 T
INT2 |, o 23| INT1 FA2 | Bm1 >[_
RD3 |19 22| RD2 &
Vss 20 21 Vdd +5B I i>L
L E. z oH
l1a
b
M BR
MONOMEHHA [
weKuAKictb | ° |

Pucynok 3.11 — IIpuniunoBa cxema 3JeKTpOINprBOIa

[Ipu natuckanni Ha SB1 BTpauae xuBnennsa kontakrop KM1, BiH po3Mukae
CBOi KOHTaKTH, ABUTYH BTpayae *UBJICHHS, 1 BIIOYBa€ThHCS rajbMyBaHHS.

VY cxeMi nepeadaveHi MaKCUMaibHO - CTPYMOBUH 1 TETJIOBH 3aXHUCT.
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TemnoBuil 3aXKUCT 3MIACHIOETHCS 32 JOTIOMOTOI0 TETIOBUX PO3IIUILIIOBAYIB
aBTOMaTU4YHOro BUMHKaya QF .

Jl7i1 MakCHMaJIbHO-CTPYMOBOTO 3aXUCTY BUKOpHUCTaH1 CTpyMoBi pene FAI 1
FA2, po3aMuKarouu KOHTAKTH SIKUX BKJIIOUEHI B JIAHIIOT KOHTAKTOP1B KEPYBaHHS.

HeMoxmHBiCTh 3aCTOCYBaHHS TEIUIOBUX PEJIC MOSCHIOETHCS TUM, IO TIPUBIA
Ipalioe B TOBTOPHO-KOPOTKOYACHOMY PEXHMI, 1 XapaKTepUCTHUKU IBUTYHA 1
TEIJIOBUX peJie CIiBNagaTH He OyAyTh.

Jnis Toro, mo0 ctpymoBi pese He Binkmoumm KM2 npu mycky, KOHTaKTH
pene FA1 1 FA2 3-515-7 myntytotbest koHTakToM petie yacy KT 3-7 3 BUTPUMKOIO
qacy, JIe1I0 OLIBIIOro Yacy MycKy.

VY BuxigHomy nosioxkenHi pene KT BkitoueHo, a mpu mogavi KOMaHAW Ha MyCK
1 BKIO4YeHHS KoHTakTopa KMI1 BOHO BTpayae >KHUBJICHHS uepe3 PO3MUKaHHS
KOHTakTIB 7-15 xonTakTopa KMI1, mounHae BiiK 4acy 1 BIIKIIIOYAEThCSA, KOJU
MyCKOBUI CTpyM JBUTYHa criaznae 1 pene FAL, FA2 Bigkito4aroThCs.

Kinneri Bumukaui SQ1 1 SQ2 3anobiraroTs BUX1JI cXBaTa 3 JOMYCTUMOI 30HU
nepemimnieHb. CxeMa KepyBaHHS OTPUMYE JKHMBJICHHS BiJ BUNIPAMIISYA, Ha SKUN
nomaeTbest pazHa Harpyra. 3HAUYWTh, NP 3HUKHEHHI HAMPYTH KUBJIEHHS CXeMa

KEepyBaHHS, 5K 1 IBUTYH, Oy/i€ 3HECTPYMJICHA.

MCLR 5 a0 AVss
A 89, o L
Ub ANT |5 28 [ REQ
Uc AN2 |, a7 |RE1
AN3 w) RE2 &
5 36 2
] % 35 |RES 2 2
& ANS | A a4 | RE4 -8
: ANG O RE5 g
8 w 33
l1b AN7 Ves
9 o 32 | &
l1a AN8 10 m AL
Vad |44 8 30 [RFO
o = 29 (RE1
0SC1 - RF4
—113 28 [RF
03C2 144 27 | RES
120K 1 o6 [RE2
TICK] ¢ o5 [RF3
INTO {47 24 | RF6
D3 149 2=

Ii 20 21 ——I:.V':’d ‘53

Pucynox 3.12 — [linkmtodeHHst BUBOAIB KOHTpoJepa
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OTxe, DOBUIHPHOTO ITYCKYy JBHUTYHA TMPU TIOSIBI HANpPYTH JKUBICHHS HE
B1JI0Y1€ThCSI, TOMY IO JJIsl TyCKY HEO0X1HO Oy/ie 3HOBY HAaTUCHYTU SB2.

Ha pucynky 3.12 noka3aHo MiIKITIOYSHHs BUBOJIIB KOHTPOJIEpa.

3.4 ExonoriuHicTs Ta HeOe3mneKka npyu BUPOOHHUIITBI LETIH

OCHOBHMMH HIKIATUBUMU (PaKTOpaMH Ha 3aBO/JIl 3 BUPOOHHUIITBA Oy 11BEIHLHO-
OOJIMIIIOBAJIbHUX MaTepialliB € 3alMJICHICTh MTOBITPS, BIOpaIlis Ta IIyM.

[{ex 3 BUpOOHMIITBA LIETIIM HAJIEKUTH JI0 2-TO KIIACy MOKEKOHEOE3MEUHUX 30H.
[le o3Hayae — Kareropis MNOXKexOHeOe3nekn Oe3 CymyTHbOI 3arpo3u BHOYXY,
TEXHOJIOT1sI IKUX Tependayae BUKOPUCTAHHS TOPIOUMX Ta BAXKKOTOPIOUUX PEUOBUH
Ta MaTepialiB, U0 MepedyBaOTh y PIAKOMY Ta TBEPAOMY CTaHl. Pe4oBUHM Ta
MaTepiaiy Ha BUPOOHUIITBAX HE TOBUHHI OyTH BHOYXOHEOE3NMEUYHUMHU, ajie 3/1aTHI
JIMIIIE TOPITH Y pa3l B3aEMOJIIT 3 BOJIOI0, KUCHEM IMOBITPSl a00 OJMH 3 OJTHUM.

VY nexy Bumnany UErid BUKOPUCTOBYETHCS KUIbIIEBA MiY, B SIKIM 3/11MCHIOETHCS
OCHOBHHMI Tiporiec Bunany. BoHa BukiiajieHa 3 KepaMiuHO1 LIETJIM Ta CKJIaIa€ThCs 3
22 kamep [IJis 3aBaHT@XEHHs 1Eerfd. Mae BeluKi JOCTaTHbO radapuTu
24Mmx20M*9M. TemnepaTypHuit pexxum Bunainy meriu y reui 1000-1100°C.

TakuMm 4YMHOM, y TMPOIECI TEXHOJOTIYHOTO BUKOPUCTAHHS MY MiIJAETHCS
TPUBAJMM BHCOKHM TemIeparypaM. Bnacmigok 1mbsoro MOXe BIIOYyTHCA
MPOropaHHs CTIHOK a0o ckieninus nedi. o, y cBoro depry, Mmoxke nmpu3BecTH 10 ii
OOBaJICHHA Ta 3aJIUMJICHHS LIEXY.

B sxocTi manuBa y nedax HaiyacTillie BUKOPUCTOBYETHCS BYT1JUIS, IEpEBUHA
Ta TUpca. [IpoaykTaMu X TOpiHHS SBJISIFOTHCS JUMOBI Ta3H - IIKIJIMBI PEUOBUHU, Y
ckial akux € CO —yagnuit ra3; CO, — OKCu ByTJICLIO.

Bunnknenns Takoi Han3BudaitHoi cutyarii (HC) moske mpu3Bectu 10 3aruberni
moaeit. HaiiGinpin HeOe3neuHuM pe3yiabTaTOM JaHOoi CUTyalii € Te, M0 Mid
HEMOXXJIUBO 3YIHMHHUTH JI0 TIOBHOTO MPOTOPSHHS KOXKHOT KaMepu. ToMy JTIiKBigaIis
HaciakiB Takoi HC 3ailicHIOBaTUMETbCS Y pekuM1 poOOTH BCi€l medi 10 MOBHOT

3YIIMHKHU IIPOLECY BHUITAJICHH. XiIMIYHHUMHA BpaKarOUMMH TOKCUYHHMHU TI'a3aMH B
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Hexy MpH 33AMMIICHHI B 30HI Me4Yl MOXKJIMBE YTBOPEHHS YaJHOTO Ta3y MiJl 4ac
oOBaJICHHS OHIET 3 KaMep.

HaiicTpamHimmM npu moXexi SBISETHCS HE BIAKPUTUNH BOTOHb ab0 BHCOKI
TEeMIepaTypu, a daigHwii Ta3. llpu 3aiimMaHHI BKpall BaXIHBO € 3a0e3MEUCHHS
MPUILUIUBY CBIXKOTO TIOBITPS, SIKMA TacTh MOKJIUBICTD JIFO/ISIM, 110 3HAXOATHCS B
MPUMIIICHHI, 3JTUIIATA HeOe3MeUHy 30Hy. TOMY Ui 3HV)KCHHS CTYIICHS BIUIUBY
HeOe3neyHux (akTopiB MPU 3aJMMIICHHI B II€Xy BHUPOOHHUIITBA IIETVIM BKpai
HEOOX1THO BCTAHOBJICHHSI CHCTEMH BEHTHJIAIIIT Ta TUMOBHIAJICHHSI.

B posznimi Oyno mpoBeneHe OCHIKEHHS IUHAMIYHUX PEXHUMIB poOOTH
IPOMHUCIIOBOTO poOoTa. BusiBieHO, 10 AaHa cucTeMa 3aJ0BOJIbHSE MOCTABICHUM
BuMoraMm. CHpoekToBaHa TMPUHIIUIIOBA EJIEKTPUYHA CXeMa JUIsl KepyBaHHS
CJIEKTPOIIPUBOOM IPOMHUCIOBOr0 poOoTa. Bkazani ocHOBHI (pakTopu HeOe3meku

IIpY BUPOOHUUTBI LEIJIM Ta METOAM iX YCYHEHHS.
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BUCHOBKU

Y MarictepchbKii  poOOTI  JIOCHIDKYBAJIOCH  MHUTAHHA  JIOIIJIBHOCTI
BIIPOBA/KEHHSI MPOMHUCIOBOTO po0OOTa Ha AUISHIN TEPEeBaHTAXKEHHsS IETId Ha
BUIAJIIOBAJIbHY BarOHETKY.

Y nepuiomy po3auii OyJ0 TPOaHANI30BaHO TEXHOJIOTIYHUHN MpOIIeC
BUTOTOBJICHHS IIETJIH, PO3IIIAHYTa OyZ0Ba Ta MPUHIUT (PYHKI1IOHYBaHHS MEXaHI3MY
NepeBaHTaKEHHS 1IeTJIM, BUSABJIEHI HEIOJIIKH Y HOro poOoTi. PO3rIsHyTI MOXKIUBI
BaplaHTU KOHCTPYKIIH IPOMHUCIOBOTO pooOoTa.

Y apyroMmy po3auii NpOBEACHUM pPO3paxyHOK MOTY>KHOCTI, BUOIp Ta
nepeBipkd BUOOPY €IEKTPOJBUTYHA, OOpaHUN ACHUHXPOHHHUM JBUTYH THILY
AIP63A4. IIpoananizoBaHi MOKJIMBI BaplaHTH €JIEKTPONPUBOLY, B IKOCTI poOOYOro
BapiaHTy O0Opajiu peryjabOBaHUNA MO HIBUIKOCTI EJEKTPOINPHUBOJ 3 YacCTOTHO -
CTPYMOBHM  BEKTOpDHUM  KepyBaHHsIM. Po3pobimena cxema  KepyBaHHS
€JIEKTPOIIPUBOOM, ITPOBEACHHUIN PO3PAaXYHOK 1 BUOIp OCHOBHUX €JIEMEHTIB CHIIOBOT
YaCTUHU CXEMH.

VY TperboMy po3aial mpoBeleHe po3podiieHHs cTpykTypHOi cxemu CAK,
3MIICHEHO MOJICTIOBAHHS Ta aHaAI3 MEPEXiTHUX MPOIIECIB B 3aMKHEHINA CHUCTEMI 31
3BOPOTHHUM 3B'SI3KOM 3a IIBHUJKICTIO 1 TOJOXKEHHSM, B PE3YJIbTaTi JIOCIIKEHb
MOXHa CTBEP/KYBaTH, IO MOTpiOHA TOYHICTh MO3ULIOHYBaHHS MEXaHI3My
JOCATHYTA.

[IpoananizoBaHi  cTaTU4Hi W  JAWHAMIYHI  BJIACTUBOCTI  CHUCTEMHU
CJIEKTPOIPUBO/LY, K1 TTOKA3YIOTh, 110 pO3POOJIEHA CHUCTEMa MTOBHICTIO 33/I0BOJILHSIE
MOCTAaBJICHUM BUMOTraMm. B poOOTiI cripoekTOBaHA MPHUHITUIIOBA €ICKTPUYHA CXEMa
KEpYBaHHS €JICKTPONPUBOJAOM MPOMUCIOBOTO poboTa. BrazaHi OCHOBHI (hakTOopHu
HeOe3NeKu Mpy BUPOOHUITBI LETIIN Ta METO/IU X YCYHEHHSI.

TakuM YMHOM MOXHa CTBEp/KYBaTH, IO MeTa MaricTepchbkoi poOOoTH

JOCSITHYTA.
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Homatox A

1 ANALYTICAL PART

1.1. The structure and principle of operation of the brick overloading
mechanism

Raw brick that has undergone semi-dry pressing must have high mechanical
strength and precise geometric dimensions, and its shrinkage during drying and
future firing must be small [1].

Such a semi-dry pressed brick with precise geometric dimensions is widely
used in construction as both a wall and a face product, and the significant mechanical
strength of the product allows for quite easy automation of its interoperational
transportation and installation. It is worth noting that the low moisture content of the
pressed powder allows you to combine drying and firing of products in one oven,
which significantly reduces fuel consumption and saves resources, and also shortens
the production process.

This method of brick production (semi-dry) makes it possible to expand the
raw material base, as it allows the use of low-plastic clays - crumbly clays and clay
shale. The reason for this is the fact that, as a rule, the manufacturing and
introduction into production of automatic planters are carried out by enterprises
producing building materials themselves for their own needs, or they order from
enterprises of the same industry, where they are already put into operation. This is
explained by the fact that mechanisms for overloading bricks (so-called automatic
planters) are installed on a specific technological line taking into account its features
and nuances.

Let's consider the device of such an automatic planter of silicate bricks.

The composition of the automatic planter includes the following elements
(Fig. 1.1): a drive, a puller-bender, a conveyor-accumulator, a portable cart that has
the function of lifting pneumatic tires and a mechanism for programming the

movement of the equipment. The movement of the automatic machine is transmitted
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from the crankshaft 1. The power take-off drive includes cylindrical 2 and bevel 3
gears, as well as the crank mechanism 10. The crank 10 with the rod 11 transmits
the oscillating movements from the press to the conveyor 12. Next, the puller-
bender, which contains two symmetrical pneumatic grips 4 for clamping bricks,
remove them from the press table, after that they are unfolded in one line, turned by
90° and placed on the surface of the storage tape 12. As a result of these operations,
the puller as a whole can turn in the vertical plane by an angle of up to 100° . At the
same time, when four bricks are transferred from the press to the drive 12, its belt
will move by an amount equal to the size of the brick, as a result of these actions,
space will be freed up on the conveyor for installing the next row of bricks. The
movement is carried out by the drive of the accumulator 33, which receives
movement from the puller shaft 9. Then, after picking up a full layer of bricks on the
conveyor belt, with the help of a cart 24, it is transferred to a special autoclave
trolley, where it is already folded into a stack [1].

The drive for moving the portable cart 24 includes a reducer 28, an electric
motor 27, a toothed cylindrical gear 29 and skates 30, which move along rails.Also
on this cart, a lifting-lowering mechanism is mounted, which includes an electric
motor 31 and a gearbox 26 with drums 25 fixed at the ends of its output shaft, which
wind the rope 23. The rope is fixed on the lifting frame 20. The mechanism has two
kinematic pairs 22, designed to ensure a clear direction of the rising lifting frame. In
addition, roller devices 16 move along the beams of the lifting frame 20, on which
the frame 18 is suspended together with pneumatic tires 17. After the selection of a
layer of bricks on the belt, its pneumatic tires gradually begin to descend into the
gaps between the rows of bricks, and after supplying air, the entire layer is clamped
Then they return to their original position, which depends on the position of the stop
15 of the reducer 14.
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In the lower position, air is released from the pneumatic tires, so the layer of
bricks remains on the autoclave carriage, and the pneumatic tires rise to the starting
position.

The kinematic scheme of the automatic planter is presented in Figure 1.2.

The purpose of the brick overloading mechanism is to form an oval stack, it
consists of a drum 19 with cams that can turn from position to position during the
forward and reverse movement of the portable cart. To control the retractable frame
18, cams of the drum 19 with pneumatic tires 17 are installed. There are also rollers
16 that move along the guide beams of the frame 20. During the working stroke, the
portable cart 24, the retractable frame 18 together with the layer of bricks are pushed
out by the size of the ledge in the stack, and when idling, it returns to its original
position. The retractable frame is moved using a pneumatic cylinder 21.

Pusher 13, which is installed in the track between the rails below the axis of
the trolley, is intended for pushing out the loaded autoclave trolley, as well as for
feeding the pistons. The pneumatic cylinder 32 serves to move the pusher.

The purpose of the programming mechanism is to include the portable cart 24
in automatic operation after the number of bricks required for this layer has been set
on the conveyor-accumulator 12. It is a ratchet disc 7, on which a programming cam
5 is fixed, which affects the limit switch through the lever 6.

Closing at the end of the set of this layer of the stack, it thereby provides an
impulse to turn on the automatic control scheme. The ratchet disk 7 is driven together
with the cam 5 from the eccentric of the puller through the rod with the rocking lever
8.
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1.2. Description of the technological process of brick production
1.2.1 Extraction, transportation, preparation of raw materials and submission for
drying
The development of the diatomaceous deposit (dried clay) is carried out in an

open way all year round with an excavator with a bucket capacity of 1 m? in four
stages. The height of the ledge is 7 m. Diatomite from the quarry is transported by
KRAZ dump trucks with a carrying capacity of 8 tons to the storage facility, which
Is intended for settling and averaging, as well as creating a reserve for uninterrupted
operation of the technological line in the autumn, spring and winter periods. Storage
volume up to 30,000 m?*. Loading of storage with diatomaceous earth by dump trucks
is carried out through lateral unloading ramps. Its constant degree of filling should
be at least 1/3. Diatomite is moved from the trestles by a bulldozer and leveled over
the entire storage area.

The mixer carries out the following processes:

v Loosening of large natural clumps of diatomaceous earth.

v Uniform supply of loose mass to the belt conveyor.

v Dosing of the mass of diatomaceous earth on the conveyor, which is
carried out by changing the angle of rotation of the blades in relation to
the shaft within 25-30%.

The mixer can work in manual and automatic modes [1].

After the mixer, the mass of diatomaceous earth specified in terms of volume
is fed into the hopper of the blade feeder-dispenser by means of a conveyor. An
electromagnet is installed at the end of the conveyor to catch metal objects
accidentally falling on the conveyor from the mass. The mass of diatomaceous earth
released according to the specified volume is fed to the drying drums by belt
conveyors and comes from the loading side of the working drum.Technical data of
the conveyor: brand T-210, belt width 650 mm, length 75 m, electric motor power
75 kW. The electromagnet is powered by a voltage of 127 V direct current. Feeder-
dispenser based on the SM-477A mixer (shaft rotation speed 31 per minute,

productivity at least 18 m?/h, electric motor power 28 kW) is designed for volumetric
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dosing and uniform feeding of diatomite mass to the feeding conveyor to the drying
drum.

1.2.2 Drying of diatomaceous earth

For drying, a drying drum of the SMC-428.2 type, with a diameter of 2.8 m,
IS used. The deviation of the drum axis to the horizon in the unloading direction is
3°. The number of revolutions of the drum is 3—6 rpm. The average productivity of
the drum is 25 t/h. The temperature of the coolant at the inlet is 900-1000° C, at the
outlet 150-180° C. The drying time is 30—45 min. The drying drum is designed for
drying diatomaceous earth with combustion gases mixed with air and for its partial
grinding. The principle of drying diatomite in the drum is direct-flow-continuous,
hot gases with a temperature of up to 1000° come from the furnace into the drum,
come into contact with the diatomite and move with it in the same direction, heating
it and the moisture contained in it. The exhaust gases are passed through the
aspiration system and are discharged outside. If the humidity or intensity of the
supply of raw materials changes, then the drying mode can be regulated by the
amount entering the gas drum and a slight change in its temperature [2].

1.2.3 Transportation of dried diatomite, powder preparation

The dried diatomaceous mass from the drying drum is fed into the hammer
crusher using a system of elevators, belt conveyors, hoppers, and screens. LH-250
elevators with a capacity of 14 kg/s, a bucket capacity of 4 liters, a bucket speed of
1.6 m/s. The power of the electric motor is 7 kW. Grinding of dried diatomite is
carried out by a hammer single-rotor crusher SM-431 type M-8-6B. Productivity at
a density of 13 mm 10-24 t/h. The coarseness of the loading material fraction is up
to 250 mm. The coarseness of the fraction of the obtained material is up to 13
mm.Crushed diatomite is fed into the crusher body through the loading hatch. When
the rotor rotates, the material is crushed, which wakes up downwards. The nominal
speed of rotation of the rotor is 1000 rpm. Electric motor A02/01-6, rotor diameter

800 mm, working length 600 mm, electric motor power 85 kW.
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Transportation of crushed and dried diatomite from the crusher to the screen
Is carried out by the LH-3200M bucket elevator. Sifting of powder is carried out on
a GYL-32 sieve with a capacity of 90 m*h. The dimensions of the sieves are
1200x2860. Vibration inertial rumble. The number of sieves is 1. Granules larger
than 7 mm are separated during sieving. Pellets smaller than 7 mm pass through the
sieve sieve to the discharge tray and are discharged into the conveyor belt, and those
larger than 7 mm are returned to the crusher for re-grinding. After sieving, the press
powder is transported to storage hoppers. In the bunkers, there is some equalization
of the moisture content of the powder stock.

1.2.4 Semi-dry pressing of bricks

Diatomite mass for semi-dry pressing is a loose powder, the amount of water
of which is not enough to create a continuous film around the grains. Therefore,
diatomite mass does not have plasticity and viscosity. To give raw bricks the proper
shape, integrity and required strength, the mass is pressed under high pressure, as a
result of which the grains of diatomite powder are brought together, deformed, their
total contact surface increases and particles of diatomite are connected due to surface
molecular forces. The SM-1085 press is used for brick production. This press
belongs to the type of continuous mechanical lever presses with two-sided single-
stage pressing mode. The maximum pressing force is 630 tons.

1.2.5 Landing raw bricks on firing trolleys

Basic requirements for basket bricks:

- the garden should be strong, resistant to the shrinkage of bricks during firing,
which is achieved by tying its rows.

- the cage must be sufficiently permeable for gases in all directions and must
ensure uniform distribution of fire across the cross-section of the furnace, which is
achieved by the device of longitudinal and transverse channels. The outer perimeter
of the garden should correspond to the inner profile of the burning channel.

1.2.6 Transportation of trolleys to furnaces
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The transportation of firing trolleys with a cage of bricks to the firing tunnel
furnaces is carried out with the help of electric transmission trolleys (EPT) of the
SM-94 S type with a carrying capacity of 12 tons. The number of transporting
trolleys is 1. The speed of movement is 0.4 m/s. The power of the electric motor is
4 kKW.

1.2.7 Loading the tunnel furnace with trolleys

The firing trolleys with a cage of bricks are rolled into the forechamber, the
loading of the tunnel furnace with the firing trolleys with a cage of bricks is carried
out by a CM-54 S hydraulic pusher. The loading of the tunnel furnace with trolleys
with a cage of raw bricks is carried out according to the approved pushing schedule.

1.2.8 Brick firing.

Bricks are fired in tunnel kilns. The length of the furnace is 66 m; channel
width 2 m; height 2.125 m; the volume of the heating channel is 164.5 m?; furnace
capacity 32 firing trolleys. The fuel is natural gas.

Firing is the final stage in the brick production process, which determines the
strength and frost resistance of the brick, its appearance and color. The main
characteristic of the firing mode in the tunnel furnace is the temperature curve. Brick
firing consists in heat treatment of raw materials with hot gases with a temperature
from 100 to 1200 °C. It has 32 positions in terms of the number of carriages in the
furnace at the same time. Along the length, the furnace is conditionally divided into
three zones: heating (2 - 18), firing (18 - 21), quenching and cooling (21 - 32). In
each zone, a certain temperature regime is maintained and corresponding physical
and chemical processes take place.

1.2.9 Unloading bricks from the furnace

Fired bricks are unloaded from the furnace at the same time as they are loaded.
When rolling into the furnace from the loading end of one trolley, one trolley is
simultaneously rolled out from the unloading end.

1.2.10 Transportation, filming and stacking of bricks on pallets
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Next, a trolley with fired bricks is transported to a special platform, where
bricks are manually removed from the firing trolleys and placed on pallets. Here it
IS sorted by assortment in accordance with standards. Ready pallets are moved to the
loading and unloading platform by a KKS-10 gantry crane with a load capacity of
10 tons. The one-time capacity of this site is 500,000 units. bricks (1262 pallets).
Pallets with bricks are shipped to motor vehicles and railway cars.

1.3 Brick overloading mechanism as an object of modernization

The overloading mechanism (automatic planter) is designed for selecting raw
bricks from the SM-1085 press and placing them in a technological cage on a 2x2 m
furnace trolley. Bricks are placed in the cage in layers (Figs. 1.3 and 1.4).

The machine provides a programming mechanism for 18 layers of the cage,
and the 12 lower layers are laid without longitudinal tying of bricks. The productivity
of the machine is taken according to the maximum passport productivity of the press
SM-1085 — 2040 pcs. in an hour

Technical characteristics of the overload mechanism:

1. Productivity is maximum - 2040 units/hour.

2. Number of bricks in the garden — 870 pcs.

3. The time of collecting a trolley is 40 minutes.

4. The installed total power is 6.6 k\W.

5. Row storage drive - 1.1 KW

6. Drive of the interlayer accumulator - 2.2 kW.

7. Drive for moving the layer carrier — 1.1 kW.

8. The drive of the layer lifter is 2.2 KW.

9. Air consumption (at network pressure P = 5 atm.) — 0.45 m*1 thousand
units.

10. Dimensions:

length — 6585 mm;

width — 4380 mm;

height - 4500 mm.



11. Mass — 2800 kg.

The automatic planter consists of the following main components:
— The conveyor is a series accumulator.

— Series carrier.

— The transporter is a layer accumulator.

— Layer carrier.

Figure 1.3 — Laying bricks on the furnace trolley (side view)
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Figure 1.4 — Laying bricks on the furnace trolley (front view)

The drive drum is rotated using an electric motor through a gearbox. The row
accumulator serves to accumulate a row of bricks in the amount of 10 pieces with
the same gaps between them.

It is a belt conveyor mounted on a welded frame. The upper branch of the belt
Is supported by a metal plate, the lower one by rollers. The transporter-accumulator
of the layer serves for the formation of layers of the garden (50 pcs. in the lower 12
layers). The drive drum and four tension drums are installed on the frame. The drive
of the conveyor-accumulator layer consists of an electric motor and a gearbox.

The row conveyor is designed to transfer the rows of bricks from the row
accumulator to the conveyor-accumulator of the garden layer. It consists of a welded
frame on which a portable carriage is installed. The carriage moves along the frame
on skates with the help of a pneumatic cylinder. Pneumatic clamps for ten bricks are
installed on the carriage. Pneumo-clamps are lowered and raised with the help of
pneumo-cylinders.

The layer conveyor is designed to form a brick bed on the firing carriage by

transferring the layers of bricks from the conveyor-accumulating layer to under the



90

firing carriages. It consists of a welded frame, in the center of which a pneumatic
tire lifting mechanism is installed. Lifting and lowering is carried out from the
electric motor through the gearbox with two toothed rails mounted on rods moving
on rollers with flanges. A frame with pneumatic tires is attached to the bars.

The length of the trolley stroke is variable and depends on the evenness of the
layers of the cage on the burning trolley. To change the stroke length of the cart, a
software device is installed on the guide frame of the machine. The movement of the
cart is carried out along the guides of the machine frame from the electric motor
through the gearbox and conductive ramps.

Let's consider the principle of operation of an automatic planter.

When the formed bricks are delivered from the press to the conveyor-
accumulator of the row, the accumulator is turned on by the limit switch located on
the press and operates from the crankshaft. During one cycle of the press, the
accumulator is turned on twice, and each time it advances by a distance equal to 327
mm (the distance occupied by two bricks).

At the row stacking position, the pneumatic clamps are lowered, the brick is
placed on the conveyor belts. The conveyor returns to its original position and at the
same time the electric drive of the conveyor-accumulator of the layer is turned on,
thus the laid line moves by a certain step.

After ten bricks accumulate under the grips of the row, the limit switch is
triggered from the tenth brick and the grips of the row are lowered down. Having
clamped the bricks, they are lifted with a pneumatic clamp and the carriage of the
row carrier moves to the conveyor-accumulator of the layer to the position of
stacking the row.

Having collected five rows (layers of the cage) on the conveyor, the pneumatic
clamps of the layer carrier drop down and grab the bricks of the layer. After climbing
up, the carriage goes to the firing carriage. When the cart is returned to its initial
position, the drum of the software device is turned, thereby preparing for a change

in the length of the cart's stroke during the next transfer of the cage layer. After
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placing a layer of bricks on the firing trolley, the carrier of the layer returns to its
original position and waits for the next layer to be added. After making 18 cycles,
the layer carrier will transfer 18 layers of bricks from the layer-accumulating
conveyor to the firing trolley and the formation of the cage will be
completed.Moreover, in the rows of the 17th layer, 8 bricks are collected, and in the
rows of the 18th layer - 6 bricks each.

Part of the existing control scheme is presented in Figure 1.5.

As the analysis of the automatic planter control system showed, the system is
very cumbersome and has a lot of elements that increase the chances of their failure.

Consider the disadvantages of relay control schemes:

— if the requirements for the quality of the electric drive increase, the
complexity of the relay control scheme increases significantly;

— relay circuits are bulky, have excessive weight and high cost of control
systems, especially for medium and high power engines;

- the danger of operating relay circuits in explosive environments;

- In the presence of external disturbances, such schemes have a rather low
accuracy of maintaining the required operating modes.

Taking into account the number and power of electrical equipment used in the
brick production process, we can draw the following conclusions:

1) Taking into account the shortcomings of the existing control system, and
especially the pneumatic components, there is an urgent need for its modernization.

2) The issue of implementing energy-saving technologies is quite urgent.

3) The equipment has an outdated control system, which leads to frequent
breakdowns and energy overspending.

Another significant drawback is the use of pneumatic systems in existing
automatic machines, which have a number of significant disadvantages:

1. Pneumatic energy has a rather large cost. The efficiency of hydraulic and

electric drives is about 70 and 90%, and for a pneumatic drive, the efficiency is
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usually 5-15% (very rarely it can approach 30%). Therefore, the pneumatic drive is
almost never used in high-power machines or with long-term operation.

2. Pneumatic machines have relatively large weight and dimensions due to
low working pressure.

3. Pneumatic machines are characterized by difficult maintenance of speed
stability if the external load changes. However, it should be added that sometimes
the softness of the mechanical characteristics of the pneumatic drive becomes its
advantage.

4. If noise reduction devices are not installed, pneumatic drives have a high
noise level, reaching 95-130 dB. These include piston compressors and pneumatic
motors (especially pneumatic hammers and other impact mechanisms).

5. Pneumatic actuators have a low speed of transmission of the control signal,
which can lead to a delay in the performance of work operations. The speed of the
pneumatic signal cannot exceed the speed of sound and, depending on the working

air pressure, can be approximately 150 to 360 m/s.
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Figure 1.5 — Part of the existing relay



94

As a result of the above reasons, the issue of improving equipment for brick
production is quite urgent.

1.4. Expediency of using industrial robots in brick production

A promising direction for improving the mechanism of automatic overloading
of bricks (automatic planter) is the introduction of an industrial robot (RP) in the
process of its placement, which will replace the operation of the row accumulator
and will immediately move the bricks to the firing trolley.

Will consider the classification of industrial robots.

According to the load capacity, industrial robots (PR) are divided into ultra-
light (weight up to 1 kg), light (weight from 1 to 10 kg), medium (weight from 10 to
200 kg), heavy (from 200 to 1000 kg), extra heavy (over 1000 kg). Currently, up to
73% of light and medium-type PR models with a load capacity from 5 to 80 kg are
produced [4].

Robots are also classified by the degree of mobility. They are divided into
three groups: with low mobility (up to three degrees of mobility); with medium (4-
6 degrees of mobility) and with high mobility (having more than six degrees). This
characteristic of the robot can determine its versatility. Usually, modern industrial
robots have from 2 to 6 degrees of mobility: the simplest - only 2 degrees; and the
most difficult - 7 or more. In the modern world park, PR designs with 4 and 5 degrees
of mobility prevail (about 67%).

All jobs can be classified into five classes according to the size of the service
workload. The most common currently are medium-sized industrial robots (45%),
the second place is occupied by small robots (30%), followed by large ones (12%),
then mini-robots (9%) and, finally, micro-robots (4%).1t should be taken into
account that in this classification the value of the serving working volume is
determined without taking into account the overall dimensions of the manipulation

object itself.
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The object of manipulation of the automatic planter is a brick that must be

moved from the row accumulator to the firing carriage. The functional scheme of

the manipulator includes the following elements (Fig. 1.6):

— a manipulator or other mechanical robot system;

— information system (1S);

— software control system (SPC), or other control device.
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Figure 1.6 - Functional scheme of PR

v

Together, the information system and the software control system form an

automatic control device (ACD).

KUKA Robotics, the most famous supplier of robotics in Ukraine, supplies its

products only in the form of fully equipped robots or robotic complexes, as

components - linear blocks that allow you to place a stationary robot on a carriage

with guides, turning the robotics into a mobile robotics. High prices (for example,
the Kuka KR-210 Robotic Painting Cell costs about 300,000 dollars) are justified by



96

high reliability and good service. The company specializes in PR of medium and
large capacity.

The KUKA company produces a wide range of OLs designed for assembly,
painting, welding, palletizing and other operations.

All PRs of medium carrying capacity differ in that most of the degrees of
mobility are rotary, which are usually 5-6 degrees. The robot KR 5 scara R350,
intended for assembly, has a radius of action of 350 mm with a load capacity of 5 kg
and a positioning accuracy of 0.03 mm (Fig. 1.7). The required area for installing
the robot itself is only about 150 x 150 mm, it has 4 degrees of mobility. The KR
AGILUS fivve robot has a radius of action of 700 mm with a load capacity of 6 kg
and positioning accuracy of 0.03 mm, 5 degrees of mobility (Fig. 1. 8). The
maximum load capacity of the KR 6 R900 sixx robot is 6 kg, and the radius of action
is approximately 901 mm with a load capacity of 6 kg and a high positioning

accuracy of 0.03 mm, 6 degrees of mobility.

Figure 1.8 — Robot KR 6 R900 SIXX
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FANUC Robotics, a competitor of the above-mentioned company, also has a
number of OLs (Figures 1.9 - 1.10) of approximately the same configuration with
an average load capacity.

The ARC Mate 100iC welding robot with a load capacity of 10 kg has a reach
of about 1400 mm and 6 degrees of mobility with a positioning accuracy of 0.08
mm. The robot for various technological operations M-10iA with a load capacity of
10 kg has 5 levels of mobility and a reach area of about 1420 mm with a positioning
accuracy of 0.05 mm. The lighter M—430iA packaging robot with a load capacity of
2 kg has a reach area of about 1130 mm and 5 stages of mobility with a positioning
accuracy of 0.5 mm, but the average movement speed is about 4 times higher (100
cycles per minute). The RP with parallel kinematics (A-robot) M—3iA/6A has 6
levels of mobility with a load capacity of 6 kg, service area @¥1300x500 mm,

maximum speed of 2000 Ys.

J3 p
A piltes .

Isometric

Figure 1.9 — Robot for packaging M—430iA

The Danish company Universal Robots ApS produces PR with 6 degrees of
mobility with a load capacity of 5 and 10 kg (Fig. 1.10).

The manipulator of the robot is an arm fixed on the base. Its characteristics:

— weight 28.9 kg;

— payload 10 kg;

— reach zone: 1300 mm;

— the range of movements of joints: +/— 360 ° for all joints;

— speed: in hinges: max. 120/180 °/s, working body: approximately 1 m/s;
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— positioning accuracy: +/- 0.1 mm;
— area at the base: @190 mm;

— degrees of freedom: 6 rotary.

Figure 1.10 - PR Universal Robot 10

According to its structure, the robot has an anthropomorphic hand.

The SHUNK company (Germany) produces the LWA 4D robot, an analogue
of the Universal Robot 10 robot, which is advantageously light in weight and has 7
levels of mobility (Fig. 1.11). Its characteristics:

—weight 17.5 kg;

— payload 10 kg;

— reach zone: 1030 mm;

— the range of joint movements: +/— 180 ° for most joints;

— speed: in hinges, °/s: max. 40/72;

— positioning accuracy, mm: +/- 0.15;

— diameter at the base, mm: J3186;

— degrees of freedom: 7 rotary.

Compactness and lower weight of the robot is achieved due to the use of two-
stage modules of the last link of the arm. The robot is equipped with torque sensors.
There is a whole set of intermediate modules that allow you to quickly change not

only working bodies, but also modules of degrees of mobility.
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Figure 1.11 - SHUNK LWA 4D robot

The six-position industrial robot LWA 4.6 has two-coordinate rotary modules
Powerball ERB (Fig. 1.12).

Figure 1.13 - Six-stage robot LWA 4.6 SHUNK

Due to the use of two-coordinate mechatronic modules, the robot weighs

approximately 1.5 times less than a robot with similar one-coordinate modules [4].

1.5. Setting tasks for a master's thesis

Having conducted an analysis of the brick manufacturing technology, we
came to the conclusion that the control system of the brick overloading mechanism
has outdated, cumbersome relay-contactor equipment. Such a system leads to
significant time costs for the manufacture of products, as well as frequent downtime

due to the unreliability of electrical equipment.
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The modern direction of improving lifting and handling operations in
production is the introduction of industrial robots [4]. The analysis of the
constructions and features of the functioning of industrial robots made it possible to
come to the conclusion that the most compact and successful design of robots of the
KUKA type. Therefore, we will take this type of construction as the basis for
designing an industrial robot for overloading bricks onto a firing trolley.

To modernize the brick overload unit and study the electric drive, it is
necessary:

- perform kinematic calculations and select the electric drive of the PR;

— analyze the types of electric drives and choose the optimal one;

— calculate and select elements of the power unit;

—to develop structural and functional diagrams of the PR electric drive;

— to investigate the dynamic properties of the PR electric drive;

— develop a basic control scheme.
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M.M. I'ydiyvkuii, mazicmpanum
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MOJAEPHI3ALIA EJTEKTPOIIPUBOJA MEXAHI3ZMY
INEPEBAHTAXEHHS HETJIA IJIAXOM BITPOBA/I’KEHHA
IMTPOMUCJIOBOI'O POBOTA

OCHOBHMMH HampsIMKaMU TIJIBHINCHHS €(QEeKTUBHOCTI BHPOOHUIITBA €
3pOCTaHHs MPOTYKTUBHOCTI Mpalli Ta MOJIMIIEHHS SKOCTI MPOIYKIIi1, BAKOPUCTAHHS
HOBITHBOT'O TEXHOJIOT1YHOTO OOJIaJHAHHS, OHOBJIEHHS BUPOOHMYOTO amapary,
3HIDKEHHsSI py4yHOl mpaui Ttomo [l1]. B VYkpaini € Oarato mignpueMcTB, LIO
EKCIUTYaTyI0Th MPOMHUCIOBUX POOOTIB HA PI3HUX  AUITHKAX TEXHOJIOTTYHOTO
nporiecy. Jlo BBeJeHHs B €KCIUTyaTallilo aBTOMara — ME€XaHi3My IepeBaHTaXEHHS
HErNM, YKIaJaHHs BiAMPECOBAHOI LErTM-CUPILIO HAa BHUIATIOBAIBbHI BarOHETKU
npoBojuiacs Bpy4HY (200 13 3aCTOCYBaHHSIM HAMMPOCTIIIONO0 MHEBMATHYHOTO
OpucTpor). 3 mpeca LEria MoAaBajlach Ha TPaHCIOPTEp, IO SIKOMY BOHA
nepeMinyBaiach 40 0OMantoBaIbHOI BArOHETII, Ky MOT0 IEPEeMIIyBaB pOOITHUK
- yknananbHuk. [IBuakicTs ykiananHs Oyiia HEBHUCOKA, IO 3HAYHO 3HUKYBAJIO
MPOYKTUBHICTH YCi€i poOOTH Tpeca.

*)>

Pucynok 1 — Mexani3M nepeBaHTakeHHs Leriu Ha 0a3i npecy CM-1085

Cyuacauii aBTomart (puc.l) orpumMye pyx Bia KoJiHgacToro Bania 1 mpeca [2].
[TpuBix BiAOOPY MOTYXKHOCTI BKJIIOYAE€ HWIIHAPUYHY 2 1 KOHIUHY 3 3yOyacTi
nepemadi Ta kpusommui 10. Kpuomm 3a qomoMororo tsaru 11 nepegae komuBambH1
PYXH BiJ ITpeca 10 TpaHCIopTepy-HaKonuuyBaya 12. 3HiMau-KaHTyBau CKIIAJA€ThCS
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3 IBOX MAapHUX (CUMETPUYHUX ) 3aXBaTiB 4, Kl 3aTUCKAIOTh IETJIMHH, 3HIMAIOTh 1X
31 CTONy TIpeca, pO3ropTaloTh B JiHIIO, KaHTYIOTh Ha 90° 1 BCTaHOBIIOIOTH Ha
JOTKOBY MOBEPXHIO CTPIUKHU TpaHCHOpTepa-HakonuuyBada 12. IlepeHocHuit Bi30K
24 mae puBi IEPEMIIICHHS, 10 CKJIATA€ThCA 3 IEKTPOABUTYHA 27, pemykTopa 28,
3ybuacToi HuIHIApUIHOI nepeaayi 29 1 koB3anok 30, o pyxaroThes 1o peiikax. Ha
NEPEHOCHOMY BI3Ky 3MOHTOBAHMH TaKOX MeEXaHi3M MITHOMY-CIYCKY, IO
CKIIAZAEThCs 3 eNeKTpoABuryHa 31 1 peaykTopa 26, Ha 000X KIHIIIX BUX1THOTO Bajia
SKOTO 3aKpiryieHi 0apabanu 25 misi HaBUBKY KaHaTy 23. KaHat npukpimieHui g0
niaoMuoi pami 20. {5 3a6e3meueHHs] CyBOPOro HaIpsMKY IiIHOMHOI paMu € JBI
KIHEMaTU4HI TapH, MecTepHs-peiika 22. YV HanpsaMHUX Oankax miaiomMHoi pamu 20
nepeMilaroThCsa POJTUKH 16, 10 SKUX MiBIllIEHA BUCYBHA paMa 18 3 MHeMOIIMHAMU
17.

MexaHi3M  TNEpeBaHTAKEHHS 3 BUKOPUCTAHHSAM IPOMHUCIOBOTO POOOTY
3aliMa€e 3HAYHO MEHIIE BUPOOHUYOI TUTOI, HIXK MEXaHi3M JIIHIHHOTO MepeMiIIeHHS,
BiH € EJIEeKTPOMEXaHIYHOI MAIIMHOI, 1 y 3B'SI3Ky 3 IIUM [030aBIeHUN
eKCIUTyaTalliiHIX HEAOJIKIB TiAPaBIIYHUX CHUCTEM, 0 TOTO X poOOT 3AaTHUU
peanizoByBaTH IIMPOKUN CHEKTp TexHoJorik [3]. BiH ocHamryeTrhcsi 3aXBaTHUM
IPUCTPOEM, 3a JOMOMOIOI0 POOOYMX MEXAHI3MIB KOTPOrO BiIOYyBa€eThCs 3axBar
IPOIYKIUII 1 11 yTpUMaHHS MiJ1 4ac TpaHcnopTyBaHHsA. CaM IpOMUCITIOBUI poOOT Npu
bOMY BHKOHYE pOJIb MAaHINYJATOpa, IO 3A1MCHIOE 3amporpaMoBaHHUM pyX.
[TpoMucioBi poGOTH MOXYTh BHUKOPHUCTOBYBATHUCS HE TUIBKM IPH IaJeTyBaHHI
LEriy, 3a TUM JK€ NPUHIUIOM 3IIMCHIOEThCS W YKJIaJaHHS MNPOAYyKuii abo
00CITyroByBaHHSI TPAHCIIOPTHUX CHUCTEM 1 TEXHOJOTIA MPU BUPOOHUIITBI BCHOTO
crieKTpa Oy/iBEebHOT KepaMiKH: YepeIulls, eJIEMEHTH TPYOHUX CHCTEM, OJIOKHU Ta
1H. BaHTaxomaioMHICT, po0OTa CEpPeAHBOTO THIIOPO3MIPY 3HAXOIUTHCS B
3HaueHHAX 150-450 kr. MexaHi3M nepeBaHTaXeHHS Ha 6a31 MPOMHUCIOBOTO podoTa
MO>K€ TaKOK BUKOHYBATH OMNeEpallii yCTAaHOBKH TPAHCHOPTHOTO Mi/IIOHY B MO3HUIIIIO,
yKJIaJaHHs TO(QPOKApPTOHY SIK Marepiaiay MPOKIaJKH IIapy, JOTMOMIXKHI orepaii
N1ApaxyHKy KUTbKOCTI, MacH MPOYKLIII HA MiJIIOHI Ta 1H.

TakuM 4YMHOM, MOXKHA 3pOOUTH BHCHOBOK, II0 HAa CHOTOAHIIIHIA JEHBb
NEPCHEKTUBHICTh  3aCTOCYBAHHS  MPOMMCIOBUX pOOOTIB B  TEXHOJOTISIX
BUPOOHUIITBA OyA1BEIBHOI KEPAMIKH € OE3MEPEUHOI0 1 aKTYyaJIbHOIO.

JITEPATYPA:

1. CyyacHni mexwnonocii ma mpenou y eupobHuymei yeenu [Enexmpornnutl
pecypc] // €8pomon: kninkepua yeena. — 2018. — Peocum docmyny 0o pecypcy:
https://euroton.com.ua.

2. Anexcies B.O., Bonxos B.1l., Kaimuxoe B.l. Mexampouixa mpancnopmuux
3acobie ma cucmem. — Xapkie: XHAJ[Y, 2004. — 176 c.
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Jlonarok B

MinicTepeTBO OCBITH Ta HAYKHN YEpalHH

Hamonanssmit yHisepenteT «llonrasceka nomrexnika ivern Kpu Konnparroxas

Kadeapa aeToMaTHKiL, eleKTPOHIKN T4 TeleKOMYHIKALILIT

MoaepHizanisi eJICKTPONPHBOIA MeXAHI3IMY
NepeBaAHTAKEHHA HerIH HLIAX0M BIPOBAaKEHHA
NMPOMHCIOBOTO podoTa

Keanidikauiiina podora marictpa

Buronas:

Cryaent rpyim 601ME Iyoinekmit M.M.
KepiBHIk:

JOTIEHT, KAHI. TeXH. HAYK Bopoamin MK

I[MTantaea 2025

AKTYaaeHICTE TeMH. [[18 ocydacHeHHA BUPODHHITEA HElTTH B YEpalHl HeoOXIIHe

CTEOPCHHA EIICEKGE{IJEHHIBI‘IIE{ HOEHX TeXHOMOrll, AKTHBHE EHROPHCTAHEA

eHeprozdepIraksiy Ta DeIBIIXOIHIX MeTONB BHpOOHHITEA, MO JATVTE 3MOTY
OTPHMYBATH AKICHY OPOIVELILD OPH MIHIMATEHIY BHTPATAY,

Metow poboTH © MOTEPHISAIE eIeKTPONPHEOIA MEXAHIIMY NEpeBAHTAMEHH

HETTE  IILTTAXOR ,I[I:FC.'I]I,,II.'.‘-"HE-'I'IH.'F[ MOGEIHEOCTI Ta ,E[D'L'[I."IbHDCTi FAMIHH 3acTapLioro

MHEBMATIHMHOTO MPHCTPOK MepeHOCHHEA LermH Ha MpoMHCTIOBH  podoT 3
YACTOTHO-PETYIBOBAHIM e1eKTPOTPHBOIOM.

Ina nocarseHsa TaHOT MEeTH NOTPIOHO BHPIINTH HACTYITHI 3ABIAHHA

L

NPOAHATIIYVBATH TEXHOIOTiK BHIOTOBTEHHA HETTH, TOCTITHTH CTAH CHCTEMI
KePYBAHHA eTeKTPONPHBOIOM MEXAHIIMY MepeBaHTAKEHHA,

NPOEECTH AHATIS KOHCTPYELL IPOMHCTIOBIX POOOTIE T4 CHCTEM KEpPYBAHHA
ENeKTPONPHECI0M PODOTIE:

BHKOHATH PO3PAXyHOK CTATIMHIX XAPAKTEPHCTHE PO3IMEHYTO! CHCTEMIL;
PO3IpOOHTI CXEMY KEPYVEAHHA e1eKTPOIPHBOIOM, SKA OYIe BLIOBLIATH
TEXHOIOTTHOMY IPOLECY TA 3a0e30eMNTh HeoOXLITHII JIANA30H PeryTHBaHH;

BIKOHATH MOIETHBAHHA T4 AHAT3 MepeXiTHIX NPONecik B 3aMKHY T cHeTeMl
31 IBOPOTHIM 3B A3KOM 30 MEBAIKICTIO TA MOTOKEHHAM.
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Bucuoerku 15

1. B pofoTi npoasani3osaHe TEXHOMOTIMHEAR Opolec BHIOTOBISHHA LETIH, PO3rIEHYTA
OvIoBa TA TIPHHAIHT QYHEMOHYBAHHA MEXAHIIMY MepeBaHTAXeHHA TerTH, BHARTEHI
HeToTER ¥ floro podoTi, Po3srmAHYTI MOWIHEL BApIAHTH EOHCTPYEII MpoMHCTIOROTO
pofoTa 418 BHEOPHCTAHHS ¥ MEXAHIIMI NepPeBAHTAKEHHA.

2. llpopenerEnil po3paxyHOK NOTYVEHOCT], BHOIP TA NEPeRIPEH BHOOPY EMeKTPOABHIVHA,
odparmil acHHXpoHHHI JBurvH THMY AIP63A4. TIpoaHanizoBali MOETHBL BAPIAHTH
LNEKTPONPHBOTY, B AKOCTI pododoro BapiadTy o0paTH peryIboBAHHA M0 IMBHIKOCTI
ENeKTPOMPHBOA 3 SACTOTHO - CTPVMOBHM BEKTOPHHM KepVBAHHAM,

3. Pospofiena cxema KepYBAHHA eleKTPONPHBOOM, NPOBEIEHHE POIPAxXyHOE 1 BHOIp
OCHOBHHY eIeMeHTIE CIUTOROT UACTHHH CXEMIH.

4, TIpopedeHe pozpodleHHA CTPYETYpHOI cxemu CAK, amiicHeHD MoIeTHBAHHA Ta
AHATI TePeXiIHIY NPoleciB B 3aMEHeHIT CHCTeMi 31 3BOPOTHHM 3B'A3KOM 34 MBHIKICTR
1 NONCUEEHHAM, B PeIVIETATI JOCTUTAEHE MOKHA CTREPIEYBATH, 0 NOTPIOHA TOYHICTE
TNOFHIIOHYEAHHA MEeXaHI3MY J0CATHYTA.

5. [poana1izoBanl CTATHYHI i OHHAMIYHI BIACTHEOCT] CHCTEMH eIeKTPONPHBOIY, Kl
MOKAIVIOTE, 0 po3podIeHa cHCTeEMa MOBHICTHY 3300B0TBHAE MOCTARTEHHM BHMOTAM.

6. B pofoTi COpoeKTOBAHA TIPHHIINOBA  €TeKTPHHHA  CNEMa KepVBAHHA
£NeKTPONPHBOIOM NPOMHCIOBOTD PodoTa.

Taxmy uHHOM MOEHA CTEEPIAYBATH, 110 METAa MaricTepcskol pofoTH JOCATHYTA.



