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BCTVII

EnextpuuHi medi 1 eJeKTpOHArpiBaJibHI MPHUCTPOi OTpUMATIH AYXKE HIHPOKE
3aCTOCYBaHHS B IPOMUCIOBOCTI, TPAHCHOPTI, CUIbCHKOMY TOCHOJAPCTBI 1 I1HIIUX
rajry3sx HapoJIHOTO rocrnojapctsa. JloBol 3HayHa YacTHHA YCI€l eeKTPOeHePrii, 110
CIIO’KUBAETHCS HAIIOK MPOMUCIIOBICTIO, BUTPAYAETHCS HA Il €JIEKTPOTEPMIi, TOMY
pPO3pOOJICHHS CyYaCHHUX EJICKTPONPHUBOIIB Ha 0a3i €HEproomagHuX TEXHOJIOTIH €
JIOCUTh aKTyallbHUM. B Hall yac BUKIIIOUHE 3HAYEHHS ISl HAPOJHOTO TOCIOoAapCcTBa
OTpUMAaJIM CIIeliajbHI, BUCOKOJETroBaHI cTadi. BBeneHHS B cTalb JETYyIOYHX
KOMIIOHEHTIB: XpOMY, HIKEIIO, aJlOMIHIIO, KPEMHIIO, MAapraHillo, BaHAIIl0 —
o0naropo/kye 1ii, 3HAYHO TMOKpallye Il BJIACTHBOCTI, MEXaHIYHY MIIHICTbD,
TEPMOCTINKICTh, MOKJIUBICTh €()EKTUBHO MPOTUCTOATU KOPO3Ii.

J171st oTprMaHHS BUCOKOJIETOBAHUX CTajel MOTPiOHO HE TIJIbKUA BBOJUTH JIETYIOU1
KOMITOHEHTH B 3BHYAlHY BYTJICIIEBY CTaJlb, a TICPII 32 BCE OUUCTUTH ii BiJl IIKIITHBUX
noMimok. Taka HaWOUIBII MOBHA OYMCTKA CTaJll BIJ ra3iB 1 MIKIJIMBUX JOMIIIOK
(padinyBanHs1) BiOyBa€eThCcsl B JYroBiil cTaneruiaBwibHiM medi. Came B JIyroBid
CTAJICIUIAaBWIbHIM M€Yl BIAJAIOTh MEepeBary OTPUMYBaTH HaWOLIbII  IIHHI,
BHUCOKOJICTOBaHI MAapKH CTaji, OJHAK MpPH IIbOMY BUTPAYA€ThCA BEJIMKA KUIBKICTbH
enexkTpoeHeprii. Tak Ha 1 TOHY BHIUTaBICHOT CTalll B 3JIEKHOCTI BiJl EMHOCTI T1€Ui Ta
xapakrtepy npouecy 3arpadaetbest Big 500 qo 1000 kBtron enextpoeneprii. Tomy
OCHOBHY 4YaCTHUHY CTajJell — SK TpaBWIO BYIJICIEBl, KOHCTPYKIIWHI 1 YacCTHHY
JIETOBAaHUX — BUILIABISIOTH B KOHBEPTOpax ab0 MapTeHIBChKUX Tevax, Je€ il BUMIaBKa
oI menieBa [1].

OaHuM 3 OCHOBHHUX CIIOKMBayiB BEIUKHUX CJICKTPUYHUX T€UeH SBISETHCS
MeTaypris ctaii. [yt OTpuMaHHs JIETOBAHUX CTaJIeld BAMAraeThCsl HassBHICTD BEJIUKOT
KUTBKOCTI (epocruiaBiB. PepocIuiaBl MalOTh BUCOKY TEMIIEpaTypy IUIaBJICHHA 1 1X
OTPUMaHHS MOX¢e OyTH 3[IICHEHO B MOTY)KHUX CIICKTPUYHUX TICUaXx.

Tepmiuna 00poOka JieroBaHUX cTajied MOTpeOye MayKe TOYHOI BUTPUMKH
3aJIaHOTO TEMIIEPaTYpHOTO PEXKHUMY 1 BHCOKOI CTYMEHI PIBHOMIPHOCTI HarpiBy
BUPOOIB, PETYJIIOBATH K €M mpoliec 1 3a0€3MeUnT MOro piBHOMIPHICTH MOXKJIMBO

JIMIIC B AYT'OBUX CTAJICINIABUJIBHUX II€YaAX, IPUIOMY 3 BUCOKOIO TOYHICTIO.



IIpeameTroMm JoC/igKeHHsI € €IEKTPONPHUBOJA  IOJayl  E€JIEKTPOMdIB Yy
CTaJICTUIABUIIbHY T14.

BukopucTtanHs eIeKTpoeHeprii A TeIuIoTeHepaiii 3abesmneuye:

a) MOKJIMBICTh KOHIICHTpAIIil BEIIMKOI €HEPTii B HEBEIMKHUX 00 €Max, HaCIiIKOM
YOro MOXXyTh OyTH OUIBII BHCOKI TeMIIEpaTypH, HEAOCSKHI MPU IHIIMX CIocodax
TEIUIOreHepallii, KOMIIaKTHICTh €JICKTPUYHUX MEUEiH;

0) MOXIMBICTh PEryJIOBaHHS BEJIMYMHH 1 PO3MOJUICHHS TeMIepaTypu B
pobodyoMy 00 emi mei;

B) CYMIIIIEHHHSA HAarpiBy 3 XIMIYHUMH (TIpH €JEKTPOJIi3l) abo IHIIMMH TisSIMU
€JIEKTPUYHOT €HEPrii;

') MOXJIMBICTh po00TH 0€3 aTMOC(hEPH, IO JO3BOJISIE BAKOPUCTOBYBATH TUCK, K
(GakTop peryatOBaHHSA METAIYpPriiHOro IMpoLeCcy, NpU IIbOMY BiJCYTHICTb JUMOBHX
rasiB JJa€ MOXJIMBICTb MIABUIIUTH YUCTOTY MPOLIECY TJIAaBKU METAIy.

O0’exkToM JOCTiIKeHHSI B JaHii poOOTI € Tpolec IUIaBICHHS CTam 3
BpaxyBaHHSIM TEXHIYHMX BHUMOI JI0 METaly, IO IUIaBUTHCSA, a TaKOX BUTpPAT
€HEPreTUYHUX 1 TEXHIYHUX PECYPCIB.

Mertor gaHoi pobOTH € 3aMiHa T1IPaBIIYHOTO MPUBOTY MOAAYl €ICKTPOIIB, 110
ICHY€, Ha Cy4YaCHUI aBTOMATHU30BaHUI €JIEKTPOIPUBO/I.

JI1st 1boro HEOOX1THO BUKOHATH HACTYITHI 3aBAAHHSA:

- MpoaHayli3yBaTH MPUBO/I, IO ICHYE, Ta BUSIBUTH HOTO HENOTIKU;

- MPOBECTH PO3PAXYHOK MOTYKHOCTI Ta BUOIp €JIEKTPOJABUTYHA Ta PEAYKTOPA;

- po3poOuTH (QYHKIIIOHATBHY Ta MPUHIIMIIOBY CXEMY E€JIEKTPONPUBOY IMOadi

CICKTPO/IB |
- BHU3HAYUTH CTATUYHI i TUHAMIYHI XapaKTEPUCTUKU MOJEPHI30BAaHOT CUCTEMH,

OLIIHUTH 11 AKICTH Ta CTIHKICTD.



1 AHAJIITUYHA YACTHUHA

1.1 CranenyiaBWwibHIi mevi: BUAM, TEXHIYHI XapaKTEePUCTUKH, MOKJIUBOCTI
BUKOPUCTAHHA
1.1.1 3arajbHi BizoMocTi IPO eIeKTPUYHI nevi

MOXIIMBICTh BUKOPUCTAHHSI €JIEKTPUYHOI JYTW JJIsl TJIABJICHHS MeTaliB Oyia
BusiBiieHa 1mie B 1803 pori B.B. [lerpoBuwm, sikuii Briepiiie oTpuMaB ayry 3a JOIIOMOTOIO
BeNMKOi OaTtapei ranpBaHiuHUX eneMmeHTiB. B.B. IlerpoB mokasas, 1mo Takow Tyroro
MO>KJIMBO HE TITILKH PO3ILJIABIISTA METAJH, a i CTBOPIOBATH iX 3 OKCH/IIB, HATPIBAIOUU
B MPUCYTHOCTI BYIJICLIEBUX BIJHOBIIOBaYiB. JleKiIbKa KOHCTPYKIii J1abOpaTopHUX
neyeit Oyno ctBopeno B 1878-1880 pp. Cimencom. B HUX gyra ropiiia B TUTEN MiX
JIBOMa FOPU30HTAIIBHO PO3MIIIEHUMH €JIEKTPOJIaMU (yroBa Iy HENpsAMOi Jii) abo
MIXK €JIEKTPOJOM 1 PO3MILIEHIN B TUTEI 3arpy3Kor0 (ayrosa mid npsmoi aii). CiMeHc
BIIEpILIC 3alpONOHYBaB aBTOMATUYHO PETYIIOBAaTH CTPYM JAYyTH IEPEMIIICHHIM
eIEKTPOly Ta BUKOPHUCTOBYBAaTH MAarHiTHE TIOJ€ Ui BIAKIIOYEHHS JYTH.
[IpomuciioBuii po3BUTOK AyroBi medi oTpuManu Ha rpanuii XIX i1 XX BB., Koiu
3 SIBUJTMCS TIepIi cTajeruiaBuibHi niedi Epy, CraccaHo moOyayBaB mepiiy HIaxXTHY
€JIEKTPOIOMHY JIJIsl BUTUIABKHU YaBYHY 3 PyAH, @ AUYECOH pO3pOOUB MPOIIEC OTPUMAHHS
rpadiToBaHUX €JNEKTPOAIB B Tmeuyax mpsmoi aii. Tomi k HaOyIu MPOMHUIOBOTO
MacmTady mpolecH OTpUMaHHs KapOidy Kalblito 1 (hepOCIUIaBiB y MAXTHUX TYTOBHX
neyax.

EnexTpuuHi meyi 3aCTOCOBYIOTh Y THX Taly3siX MPOMHCIOBOCTI 1 TEXHOJIOTTYHHUX
MpoLIecax, OCHOBOIO SIKMX SBIISIETbCSI HArpiB MarepiaiiB abo BUpPOOIB 3a JOMOMOTOIO
CIIEKTPUYHOI eHeprii (Tak 3BaHi ~ejekTpoTepmiuHi nmporecu”) [1].

EnexTporepMiuHi IpOIIeCH 3aCTOCOBYIOTh:

1) KOJM TEXHOJIOTIYHHUI MPOIEC HEMOXKIIMBO 3IIHCHUTH O€3 eleKTpoHarpisy. B
POMY BUMAAKY IOLUIBHO BH3HAYATHUCh MO 3HAYEHHIO OTPUMAHOI MPOIYKIUi AJIs
HapOJHOTO TOCHOJIAPCTBA, a BEIUYMHY €KOHOMIYHOTO €(EeKTy pO3paxoBYHOTh s
raimyseif, sKi 3aCTOCOBYIOTh JaHy MpPOIYKIII0 B3aMiH 1HIIK, 3 TIPIIUMHU

XapaKTEPUCTUKAMU, ajie OTpUMaHy 0€3 BUKOPHUCTAHHSI €JIEKTPOHATPIBY;
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2)  KOJHM BUKOPHUCTAHHS CJICKTPOHATPIBY J03BOJISIE OTPUMATH MPOIYKIIiO OLIbII
BHCOKOT SIKOCTI. B 11bOMY BUTIQJIKy EKOHOMIYHHH €(EeKT 3aJI€KUTh BiJ] TOT0, HACKIJIBLKH
BUTpAII BiJ TMOKPAIIEHHS XapaKTEPUCTHK MPOIYKIii KOMIIEHCY€E 301IbLICHHS i
BapTOCTI;

3) KOJM 3aCTOCYBaHHsI €JICKTPOHArPIBY IMOKpPAIye YMOBH Ipalli, 3HIKYE HOTO
IIKIJIJTUBICTB 1 TSOKKICTb, IMIIBHUIYE O€3MEKY;

4) KOoJHM MPHU OTPUMAHHI TI€T %K MPOAYKIIIT JOCATAETHCS 3HIKECHHSI COOIBApPTOCTI
(HampuKiaA, 3a paxyHOK €KOHOMIi Ha yrapi Metany abo OuUIbII BHCOKIH
MPOJTYKTUBHOCTI  €JIEKTPOTEPMIYHOIO TMpolecy) abo 3MEHIICHHS KamiTalbHUX
BKJIJICHb, BKJIIOUAIOUH 3aTPATU B CYMIKHUX Taly3sX BUPOOHUIITBA.

[IpomuciioBe 3aCTOCYBaHHS €JIEKTPOHArpPIBY CTajI0 MOXJIMBUM IPU 3HAYHOMY
BUPOOHMIITBI €JICKTpUYHOI eHeprii. B nmaHuil yac Ha eneKTpoTepMiuHl TpolecU
BUTpavaroTh 10 15% BCI€T CIIOXKUBAHOT MPOMUCIIOBICTIO €JEKTPUYHOI €HEprii.

B dopniii Mertamyprii eneKTpUYHI T4l 3aCTOCOBYIOTh [JIsi BHIUIABKH 1
MEePEIUIaBKU 3JIUTKIB CIEHIaIbHUX BHUCOKOSKICHUX CTajled Ta CIUlaBiB (Tak 3BaHa
’@JIEKTPOCTalb ), BUIUIABKU CTaMll 1151 (JaCOHHOTO JIUTTS, BUPOOHHUIITBA (PEpOCIIaBIB,
HarpiBy 1] 00pOOKyY MeTally TUCKOM (ITpOKaTKa, KOBKA, IIITAMIIOBKA) 1 TEPMOXIMIYHY
00poOKy.

Enexktpuyni Ie4i MOAUIAIOTH 3a CIOCOOOM Terutoreneparii [2], ToOTO 3a
CIIOCOOOM TEePETBOPEHHS EJIEKTPUYHOT €HEPrii B TEIJIOBY HAa HACTYIHI TPYTIH:

1) medi omopy, B SIKMX TEIJIO BUAUISETHCS B TBEpAOMY ab0 piAKOMY HarpiBadi
P MPOXO/HKEHH1 €JIEKTPUYHOTO CTpyMy 3a 3akoHOM [[xoyns-Jleniia;

2) IHAYKIHHI Tedi, B SKUX CJICKTPUYHA CHEPTis MepeaaeThCsl HarpiBaEMOMY
MEeTally, PO3MIIIEHOMY B 3MIHHOMY €JICKTPOMArHiTHOMY TIOJi, 3a 3aKOHOM
€JIEKTPOMATHITHOT 1HYKITIT 1 TTOTIM PO3CIFOETHCS (MTOTJIMHAETHCS) Y BUTIISI TETIIOBOT
eHeprii 3a 3akoHoM [[xoyns-JleHia;

3) yYCTaHOBKH JiCJIEKTPUYHOTO HArpiBy, B SKMX HArpiB Matepiany (IieIeKTpHK
ab0 HamiBOPOBIAHUK), IO PO3MILIEHUI B 3MIHHOMY €JIEKTPUYHOMY MOl MIXK
OOKJIaJIKaMH KOHJIEHCAaTOpa, BIIOYBAETHCS B pe3yJIbTaTi MOJsApHU3allii MOJeKyn (Tak

3BaH1 “’II€NIEKTPUYHI BTpaTh’);
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4) nyros.iIedi, B SKMX HAarpiB € CIICTBOM CTBOPEHHS €HEPTii Teria B JyrOBOMY
CICKTPUYHOMY PO3psii, ICHYIOUOMY B Ta30BOMY CepelOBHUII (TIOBITPs, 1HEPTHA
aTMocdepa) ado Bakyymi. [Ipu HarpiBi MaTepiamiB JOCTaTHHOI MPOBITHOCTI MOKITUBE
BUJIIJICHHS JJOJIATKOBOT'O TeIia 3a 3akoHOM Jlkoyns-JleHna, o 103Bojsie Ha3UBaTH
Taki arperaT rmeyaMu 3MIIIaHOTO HArpiBy abo TyroBUMH Ie4aMu OMopy (1€ MIMPOKO
PO3MOBCIOKEH] Y (DepOCTUTaBHIHN Ta XIMIUHINA MTPOMHCIIOBOCTSIX PY/I0OBITHOBIIOBAIIbHI
neyi). YCTaHOBKH, B SIKUX T'€HEPYIOTh MOTOKM HU3bKOTEMIIEPATYpHOI MJIa3MU IpH
temriepatypax 1o 5000-20000° K 3a paxyHOK €Heprii JyroBOro po3psiiay, Ha3UBalOTh
1azMeno-ayropumu nedamu (I1111);

5) yCTaHOBKM [JIi HAarpiBy B €JEKTPOJITI; MPUHLHUII iX POOOTH MOJSATae B
yTUII3aIii Tera eJIEeKTPUYHOIO pO3psiay, 10 BUHUKAE B Ta30Biil (BOJHEBIN)
MOPOXKHMHI Ha TIOBEPXHI HArpiBa€MOro 00 €KTy, SIKUH CIYy)KUThb KaTOIOM IIpH
€JICKTPOJII31 PO3YUHIB JYTIB, KUCIOT a00 BYIJIEKUCIUX COJICH JIY>)KHHX METaJIB i
Harnpyrorw 200-400 B;

6) YCTaHOBKHU €JICKTPOHHOTO HAarpiBy, B SIKMX CHEPris EJICKTPUYHOIO OIS
BUCOKOi (10-35 kB) Hanpyru nepeTBOproeThCS B

KIHETUYHY €HEPril0 IBHUJIKOJETIOUUX €NEeKTPOHIB (eJIeKTPOHHUN MydoK) 3
HACTYIHUM ii pO3CISIHHSIM y BUTJISI/I1 TETUIOBO1 €HEPTii IpH 0oMOapayBaHHI” TOBEPXHI
MeTaiy, KUl HarpiBaeThCs;

7) YCTaHOBKHM HarpiBy KOT€PEHTHUM CTHUMYJbOBAHUM BUIIPOMIHIOBAaHHSIM
ONTUYHOTO KBaHTOBOTO reHepaTopa (OKI).

[TopiBHSIHHSA OKpEMHX BHJIB €JIEKTPOHATPIBY MO IIUIBHOCTI TEIJIOBOTO MOTOKY

npuBeaeHo B Tadmui 1.1.
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Ta6nuis 1.1 — [TopiBHSHHS OKpeMHX CIIOCOO1B MEPETBOPEHHS €HEprii

Croci6 EnextpruyuHa ycTaHOBKa [inbHICTD [TpumiTku
EIIEKTPOHATPIBY TEIIOBOTO
NOTOKY, KBT/M?
I3 3acTocyBan- | BigkpuTi MeTasneBi ITpu 1300 °K Ha
HSIM OIIOpY HarpiBaui 5-20 MOBITP1
TpyOuaTi HarpiBaui 80-120 Ha 1 m? noBepxHi
YcTaHOBKa eJIeKTponuia-
KOBOTO TIepeIlIaBy 2000-3000 --1/--
[Tig mpsiMoro HarpiBy 3000-6000 --//--
[naykuiianit | [leyi:
poMUCIOBO1 YacTotu (50
nepioji/c) 700-1000
M1IBUIIEHOT YaCTOTH Ha 1 m? MOBEPXHI
(150-250 mepioz/c) 1000-1500 1HyKTOpa
M1IBUIIEHOT YaCTOTH
(500-8000 mepiox/c) 1500-10000
BUCOKOI 4acToTH (Oly1bIIIe
10000 mepioz/c) 30000-50000
JyroBuii CraneniaBuibHI Tiedi Ha 1 M? n13epkana
(ACID) 2500-330000 BaHHU
[I1a3MeHHO-1yTOBI 1edi 10%-10%°
Enekrponuuii — 107-108
BunpominoBan Ha 1 M2 nosepxHi 00-
asim OKT — 1010-1012 po06ITIoBaHoOi AeTani

1.1.2 Kunacudgikauisi, npuHIun podoTu 1a 00J1aCTh 3aCTOCYBAHHS JYTOBHX

neyveu i yCTAaHOBOK CIEiaIbHOTO HATPIBY

B myroBux enekTpuyHUX Te4ax TMEePEeTBOPEHHS €JNEKTPUYHOI €HEeprii B TerJio

B1JIOYBA€ETHCSI B OCHOBHOMY E€JIEKTPUYHOMY PO3Psiil, AKUH MPOTIKAE B ra30BOMY abo
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napoBoMy cepenosuili [3]. B TakoMy po3psiai MOKIMBO 30CEPEIUTH B MOPIBHSIHO
HEBEIIMKUX 00 €Max Qy»e BEIMKI IOTYXKHOCTI 1 OTPUMATH Ty»KE BUCOKI TEMIIEPATYPH.
[Ipu nboMy B Kamepi Iedi 3 ABJISIOTHCS PI3Ki TEMIIEPATYpHI Mepernaau, i 3aBIsKH
bOMY B HIil HEMOXJIHMBO OTPUMATH PIBHOMIPHE PO3MOAUICHHS TeMIlepaTypu Ta
JOCATTH PIBHOMIPHOTO HAarpiBy MarepiaiiB Ta BUpoOiB. [1o 11iit ke mpu4IuHi TYT JOCUTH
CKJIaJHO 3a0e3MEeYUTH TOYHE PETYJIOBAHHS TeMIIepaTypu HarpiBy i, BIAMOBITHO,
MIPOBOAUTH TepMIuHy 0OpoOKy. JJis miaBieHHS X MaTepialiB, 0COOJHMBO METaiB,
JyroBa MY JOCUTH BUT1/IHA, TaK K BUCOKA KOHIICHTpAIIsl €HEeprii JO3BOJISE MIBUAKO
OPOBOAUTU PO3IUIaBICHHA. JlyroBl NpUCTPOi TaKOX BUIIJHI TNPH IPOBEIEHHI
BHCOKOTEMIIEPATYypHUX XIMIYHUX pEeaKIliil B piaKii ado ra3oBiid (a3l 1 miairpiBy rasy.
VY BCIX IIUX BHIaJIKaX HEPIBHOMIPHICTh HArpiBy HE I'pa€ BEIUKOI PO, TaK SIK 3aBISKA
TETJIONPOBITHOCT] 1 KOHBEKIIT B PIAKiIM BaHHI a00 ra30BOMYy MOTOLl TeMIIepaTypa
JIOCUTD IIBUAKO BUPIBHIOETHCA.

KpiM BracHe ayroBux meued, B SKUX Maike BCE TEIUIO BUAUIAETHCA B
CICKTPUYHOMY PO3PsIi, ICHYIOTh IT€4l 3MIIIAHO1 i1, B IKUX 00pOOJISIIOTHCS MaTepiain
31 3HQUHUM THUTOMHM €JIIEKTPUYHUM OIMOPOM, 3aBISKA YOMY B HUX BHUIUIAETHCS
JDKOyJieBe Teryio. Taki medl MOXHa Ha3BaTh JYyrOBUMH I€YaMH  OIOpY.
CriBBIJHOIIEHHS KIJBKOCTI €HEprii, 0 BUAUISETHCA B €JIEKTPUYHOMY PO3pAIL 1y
BUTJISA/II JDKOYJIEBOTO TEIUia, MOXKE 3MIHIOBATUCS B 3QJIKHOCTI BiJl TEXHOJOTTYHOTO
opouecy B IIMPOKUMX MeEXax, 1 B TIeudax NpsIMOro HarpiBy (B meuyax maJist
€JIEKTPOLUIAKOBOrO TMEpeIiaBy) BOHO MOXe OyTH pIBHUM HyIr0. Taki medi BiacHe
SBJISFOTHCS TI€YaMU OTIOPY, aJIe IO KOHCTPYKITIT 1 IO BUKOPUCTAHHIO BOHU OJIMKYE 10
JyTOBUX TI€YEH, TOMY 1X Kpallle po3TJIAaTh CruibHO. KpiM TOTO 3 IyroBUMHU medyaMu
JOLTEHO PO3TIISAAATH 1 €EKTPOHHO-TIPOMEHEB] YCTAHOBKH, X04a MPHUHIIMI iX AETIO0
iHmMi. TakuM YMHOM AYTOB1 €JIEKTPOTEPMIUHI YCTAaHOBKM MOXKHA PO3JUIATHA Ha
HACTYIHI TPYIIH:

1. dyroBi medi mpsMoi Aii: ayra TOPUTh MIXK EJIEKTPOJaMH 1 METajoM, MO0

PO3IUIABIISETHCS, O€3MOCEPETHRO HATPIBAIOYH METAJ.
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Pucynok 1.1- bynoBa nyroBoi nedi npsimoi i
1- enextpon, 2 - pyrepoBka, 3 — poOoui ABepuATa, 4 — KIIITKA IJIs1 BUITYCKY

plaKoi cTaii, S - piika BaHHa, 6 — MEXaH13M Haxuiy, 7 — eJIEKTPOI0TpuMaul

Ocepenok BUCOKOI TeMmrepaTypu (ayra) 3HaXOIUThCs Ol MOBEPXHI MeETaa,
BUIIAPOBYBAaHHS MeETajlla JOCHUTh BEJIUKE, OCOOJUBO JJIsi METaliB 3 HHU3BKOIO
TEMIEPaTypoI0 BUMAPOBYBaHHA. 3aBISKU €KpaHyOUld i €JeKTPOMdiB 3BOJ TMedi
YaCTKOBO 3axXMILEHUW BiJ O€3M0CEepeaHbOr0 BUIPOMIHIOBAHHSA Ay, TOMY TYT
JIONyCTUMI 3aHAJTO BEJIUKI 00 €MHI IMOTY)XHOCTI 1 € MOMJIHBICTh MPOBOIUTH
BHUCOKOTEMIIepaTypHi mnporiecu. EnekTpoau B Takux meyax MiBIIICHI BEPTUKAILHO,
OTO BOHHU MPAIIOIOTh B OCHOBHOMY Ha PO3TAT 1 JIMIIIE TIPU HAXMJII TIedl — 1 Ha 3THH.
ToMy TyT MOXHa 3aCTOCOBYBAaTH MOPIBHSHO JAOBI1 rpadiTHI €JIEKTPOAN BEIUKOIO
nepepisy, skl I0MyCKarTh 3Ha4H1 poOodi cTpyMH. [yroBi nedi MOKyTh OyTH TOCHUTH
NOTY>XHUMH 1 IPOAYKTUBHUMH 1 MpaIfoBaTH Ha 3-X (ha3HOMY CTPyMI.

OTxe, 1yroBi nedi NpsaMoi Jii — 1€ BeJIHKI, TOTYXH1 (AECATKA METraBOJIbT-aMIep
B OAMHUIN) TpboxdaszHi Tedi, MpU3HAYCHI MJis TJIABJICHHS METajiB 3 BHCOKOIO
TEMIEPATypoI0 BUIAPOBYBaHHS; B OCHOBHOMY Iie cTaneruiaBmibHl nedi (JCII).
3aBISKM TEXHOJIOTIYHMM TepeBaraMm B Meyax IbOro TUITY BUIUIABISIOTHCS Y BUTIISAI
3JIMBKIB MaiKe BCl CIIEI[iaJIbHI BMCOKOJIETOBAaHI CTalli, a B OCTaHHIA Yac TaKOX 1

OUIBIIICTh KOHCTPYKUIWHUX cTanei. KpiM Toro, B HUX BUIUIABISIOTH O1IBILY YACTHHY
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cTaiabHOTO (hacOHHOTO JUTTA. TakoX 1CHYIOTh BakyymH1 Ayrosi meui (B/II), koTpi

TAKOXK SABJISIFOTHCS MevyaMu mpsamoi it [3].
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Pucynok 1.2 — BynoBa BakyyMHOT 1yroBoi meui
1 — BakyymHa Kamepa, 2 — TUrejb, 3 — MEXaHi3M NePEeMIIICHHS eIeKTPoy, 4 —
HaIpaBJISIOYUH JOTOK, 5 — KOHTEHHEp 3 JIMBApHUMH opMaMu, 6 — BIKHO, 7 —

MMOBOPOTHUM KpaH, 8 — eIeKTpOMEXaHIYHUI NPUB1J BIALIEHTPOBOI MAalIUHU

B Takux meuyax ayra HOCTIHHOTO CTpyMy TOPHUTHh B Mapax IMEpeIuIaBisieMOro
MeTady MPU HU3BKOMY THCKY MIX €JIeKTpPOJOM (PO3IUIABISEMHUI MeTad) 1 PiIKOIO
BaHHOIO. KamMepa eyl He MICTUTh B CBOEMY CKJIaJl (PyTEPOBKHM; ii CTIHKHU (THUIEb)
OXOJIOZDKYIOThCSI BOJIOKO; €JIEKTPOJl METAJEBUM, BEPTUKAIbHHI, Yy HbOMY MOYXKHA
JOMYCTUTH BENUKI IILJIBHOCTI CTPYMIB 1 MPOBOJAUTH B I€4Yl BHCOKOTEMIIEpATYpHI
npoiiecu (TUTaBKa TYTrOIUJIABKUX METaliB — MOdiO/IeHa, Boyb(pama, Hi001s, TaHTasa).
Kpim Toro, B BJIIT mpoBoasiTh MOBTOPHUI NIEpeiaB cTajll (CTadbHUX €1EKTPOIIB) AJIs

CYTTEBOTO TMOJIMIIEHHS 1X SKOCTI.
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2. JIyrosi ne4i HENpsIMOi [I1i: Jyra TOPUTh MiXK €JIeKTPOJIaMU, a METaIly, IKUU pO3-
IJIABJIETHCS TEIUIO BiJ Jyrd TEPEAacThCsd BHUIIPOMIHIOBaHHSAM (1HOJI HAaBiTh

KOHBEKITI€IO 1 TETJIOMPOBITHICTIO).
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Pucynoxk 1.3 — /lyrosa niu HenpsiMoi Jiii

1 — enexktpoau, 2 — pyrepoBka, 3 — piakuil MeTan, 4 — MexaHi3M Haxuiy, 5 —

CIICKTPOAOTPpHUMAY

TyT mxepeso BUCOKOT TeEMIIEpaTypy 3HAXOAUTHCS Ha JESIKIA BIICTaH1 Bl MOBEPXHI
MeTally, TOMY yrap 1 BUIAapOBYBAaHHSI METally JEII0 MEHIE, HK B JyTOBUX Iedax
npsiMoi Aiil. 3aBASKU IIbOMY TYT MOXJIMBO IUIAaBUTH METAJIM Ta CIUIaBU 3 HHU3BKOIO
TEMIIEpaTypOIO0 BUIIAPOBYBAHHS, HAPUKIIAJ KOJIbPOBI METAJM 1 CIUIABH, IO MICTSTh
nuHK. ['paditoBani eIeKTpoaM PO3MIIIEHI TOPU3OHTAIBLHO ab0 TiJ HAXWJIOM 1 HE
€KpaHylOTh (DYTEpOBKY BIJl BUIIPOMIHIOBAHHS AYrd. bijblle MOJOBUHU Tema, SIKE
BUMPOMIHIOETHCS IYTOl0, CIIOYATKy MOMaJa€e Ha CTIHKU Iedl 1, BIIOUBIINCH BiJl HUX,
nocsrae posmiasiasiemMoro merany. Came TOMy KiaJka 3HAXOAUTHCS B YK€ BAXKKHUX
YMOBaX, 1 B TAKUX Me€YaxX HEMOKJIMBO MTPOBOJUTH MPOLIECH, IKI MOTPEOYIOTh BEIMKUX
00 €MHHX MOTYXHOCTEH 1 BUCOKHUX TeMIiepaTyp. EJeKTpou nmpaiioroTh Ha 3THH; 1e
OoOMeXKye X TOBXKUHY 1 MAaKCUMaJIbHUI Ji1aMeTp, a ¥ BIJMOBIIHO, 1 pO3MipH meul, ii
po0OouMii CTpyM 1 MAaKCUMAaJIbHY TIOTYKHICTb.

Orxe, ayroBi meui HenpsiMoi aii — HeBenuki (1o 500-600 kB-A), sk mpaBuio
ofHO(a3HI 1eyi, KOTp1 CAYTyIOTh JIs MJIaBJICHHS METaNIB 3 TEMIIEPATYPOIO IIABJICHHS

He Buuie 1300-1400°C, — B ocHOBHOMY M€Yl AJis IJIaBJICHHS KOJbOPOBUX MeTaliB. B
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HUX TIEePEIIaBIIsIOTh 3 METOI0 padiHyBaHHS 1 711 (GACOHHOTO JIUTTS M1Jb Ta ii CIUIaBU

— OpOoH3H, NaTyHi 1 T.II., @ TAKOX YaBYH JJIs1 (JACOHHOTO JINTTS B HEBEIMKHUX I[€XaX.
Jlo myroBuX medei HempsMoi il MOKIMBO TaKOXK BIJHECTH JAYTOBI IIa3MEHHI

YCTaHOBKH 1 JyTOB1 HarpiBayi ra3ie. B 1iux ycTaHOBKax Jyra rOpuTh MK €JIEKTPOIaMHU

B IIOTOIII Ta3y, HArpiBarO4u Horo.
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Pucynok 1.4 — CxeMa 1yroBoro mia3mMoTpoOHY
1 — xopmyc, SKU 0X0JIOKYEThCS BOJIOI0, 2 — 130JIsIliiiHa BCTaBKa, 3 — KaToJ, 4 —

BITYCK rasy, 5 — n1yra, 6 — CTpyMiHb IUIa3MU

Harpituii ra3 Mmoxe OyTH BUKOPUCTAHUU ISl BUNPOOYBANIbHUX LIIECH, a TaAKOX
JUTSI TIPOBEACHHS XIMIYHUX 1 METATYPT14HUX MPOIIECiB. B 0cTaHHbOMY BUMAIKY OJTHUM
3 €JEKTPOJIB MOKEe OyTH PO3IUIABISIEMHI MeTaj, TOOTO MOBa W€ Mpo AyroBy iy
npsimoi aii. OOpoOIroBaHU MaTepiall MOKEe BBOJAUTHCS 1 0€3M0CEPETHRO B 30HY IyTH
(HampuKkiaa B YCTaHOBKAaX JJis IUIa3MEHOro HamujeHHs). ['eHepatopu mia3Mu
(TUTa3MOTPOHU) BHUKOHYIOTH 3 CTEP)KHEBUMHM, TpyOyaTUMu abo0 KUIbLIEBUMHU
eJIEKTPOJIaMHU, SIK MPABUJIO 3 BOJSHUM OXOJIO/KEHHSIM. BOHM MOXKYTh MpalioBaTu npu
PI3HUX THCKax rasy B JIyTOBiil Kamepi BOPUTYII A0 TpyOOro Bakyymy (BUITYCK Ta3y B
BaKyyMHY Kamepy). XapakTEepHUM SIBIII€ETbCA CTUCK JIYTH MO OCl Ta30BOI0 CTPYMEHIO
(ra3oBa ctaOumizaris), o0 00YMOBIIIOE pi3Ke 30UTBIIEHHS TEMIIEpaTypy B KaHAIIl TyTH
1 B mazMeHHoMy ctpymeni (mo 10000-15000°C 1 Bumie). B nesxux Bumaakax

cTabumi3aIlis Jyry 31IHCHIOETHCS MATHITHUM TIOJIEM.
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[Tna3meHunit po3psa MOKHA OTPUMATH 1 HA BUCOKMX YacTOTaX B i0OHI30BAaHOMY
CTPYMEHI rasy, 10 MpOTIKa€ B BUCOKOYACTOTHOMY MAar”iTHOMY IIOJIi, aje OCKIIbKH
TaKU po3psa HE TOTpedye eNeKTpoAiB, TO HWOTro CIiJ BITHECTH 10 00iacTi
IHIYKIIHHOTO HArpiBy.

1 leas

f%)

Pucynoxk 1.5 — Cxema BUCOKOYACTOTHOTO 0€3€JIEKTPOIHOTO IIA3MEHOTO PO3PSTY

1 — xBapueBa TpyOKa, 2 — IHIYKTOp, 3 — 30Ha PO3PSIAY

3. JIyroBi medi onopy: €JIeKTpUYHa Jyra TOPUTh B Ta30B1i MOPOKHUHI BCEPEINHI
PO3IUIaBIIAEMO] IIMXTH, IKa BBIMKHEHA [TOCIIIJOBHO a00 MapaJiesbHo 3 1yroro. Tak sk

OMip IIMXTU 3HAYHHUM, TO TEIUIO, 10 BUILIAETHCS MOXKE OYTU BEJIMKUM.

Pucynok 1.6 — BynoBa ayroBoi nedi onopy
1 — enextpon, 2 — mmxTa B medi, 3 — po3- 1mas, 4 — pyTepoBKa medi, 5 — KIIiTKa,
6 — ra3oBa MOPOKHUHA, B AKi{ TOPUTH AyTa, 7 — €NEKTPOAOTPUMAY, § — BUTSHKHHIM

KOBIIAK, 9 — OJIOK 3aBaHTaKCHHS
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B Takux medax gkepeno BHCOKOI TemrmepaTypu (ayra abo HaBKOJIOEIEKTPOIHA
30Ha BUCOKHUX IIIJILHOCTEH CTPyMY) 3HAXOJMTHCS BCEPEAMHI IIMXTH, 1 IeUl IPHUIATHI
JUTS. PO3IUIABIICHHS MaTepiaiiB 3 BUCOKOIO TEMIIEPATyPOIO BUITAPOBYBAHHS.

Krnanka medi 3axuiieHa BiJ BUNPOMIHIOBaHHS JYyT'H IIApOM HENPOpearoBaHOi
IIUXTH, BCEPEANHI SKOTO 1 TOPATH Ayrd. ToMy TyT MOXJIMBO MPOBOJWTH MPOIIECH 3
BHCOKOIO POOOYO0I0 TEMITEPATypOI0, XapaKTEPHOIO JJIsl BITHOBIIOBAILHUX PYIHOTEP-
MIYHUX TporneciB. [ledi 11boro BUIy, SIK MPaBUIIO, HE HAXWIAIOTHCS (BUJIMB uepes
KIIITKY), TOMY €JI€KTPOJIM B HUX BEPTUKAJIbHI, BUKOHAHI 13 MEHIII MIITHOTO MaTepiany 1
BIJIHOCHO BEJIMKUX PO3MIpIB, 10 JO3BOJISE MPALIOBATH MPHU YK€ BEJIUKOMY CTPyMI 1
Ha BEJIUKINA MOTY>KHOCTI.

OTxe yroBsi eyl onopy — 1€ MOTYXHI PYJ0BIJHOBIIOBAJIbHI 1 pyAOILIaBUIIbHI
neyi (PBII), B koTpux IUIaBisITH MaTepiaid 3 BUCOKUM NMHUTOMUM OMOpoM. B Hux
OTPUMYIOTh (pepocCIuiaBu, KapOiJ Kaibllilo, YaBYyH, HIKEJIECBUN IITEWH, aOpa3uB,
docdop. Jlo Takux reyelt BIAHOCITH M4l MPSIMOTro HarpiBy (Jyra B HUX BIJACYTHS) JJIs
0OpoOKM JEsSKUX NUIAKIB 1 OTpUMaHHs abpa3uBiB. Takox 10 JYyroBUX MeYeil omnopy
MO’KHA BIJIHECTH yCTaHOBKH EJIEKTPOILIAKOBOTO MEperiaBy. B Takmx ycTaHOBKax
BiIOYBAETHCS 3 METOI padiHyBaHHS TEPEIUIaB eJISKTPOIIB 31 CHellaJbHUX CTajeH,

OTPUMaHUX B IHIIUX Nevax, Hanpukian B JICIIL.

3 2 1 4

VLTI

Pucynok 1.7 — bynoBa nieui jy1st oTpuMaHHs KapOOpyH1a

1 — xepH, 2 — enextpoau, 3 — pyTepoBKa nedi, 4 — rapHicax

PosmnaBnenHs eneKkTpoay MPOBOJIUTHCS B PIAKOMY NUIAKY, SKWAW HarpiTHMA
TEIJIOM BiJ MPOTIKAIOUOTO Kpi3b HHOrO pobodoro ctpyMmy. HamiaBnsrouuii 3muTok

bopMy€eThCSl B KpUCTATI3ATOPI, III0 MA€E BOJSTHE OXOJIOIPKCHHS.
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Pucynox 1.8 — BynoBa medi eeKTpoIuIakoBoro neperniaBy
1 — enexrtpon, 2 — nuak, 3 — pijika BaHHa, 4 — KpUCTAIII3aTop, 5 — MiJI0H,
6 — BUITMBOK

4. EneKTpoHHO-TIPOMEHEBI YCTAaHOBKM: B IIMX YCTAaHOBKAaX YyTBOPEHUU B
MIMOOKOMY BaKyyMi MOTYKHHM ITyYOK €JIEKTPOHIB, MPUCKOPEHUN B CICKTPUIYHOMY
KOJ1 (€JIeKTPOHHUI MPOMIHB), OOMOapy€e HarpiBaeMHl MaTepiall 1 po3irpiBae Moro
a60 posrasisie. JKepeaoM eIeKTPOHHOTO Iy4YKa MOXKYTh CITY>KUTH KUTbLIEBHUH KaToI,
paziadbHI 1 aKcCiaJibHI rapMard. YCTaHOBKH 3aCTOCOBYIOTHCSl JJIi BUILIABJICHHS
3IUTKIB, JTUTTS 1 3MKAHHSA, 30HHOI OYUCTKH 1 PI3HUX BHUJIIB TEPMOOOPOOKU aKTUBHUX
KapOTPUBKUX MaTepiaiiB Ta HanmiBnpoBigHUKIB. Ha puc. 1.9 300pakeHo elneKTpOHHO-
MIPOMEHEBY YCTAHOBKY 3 KIJIBLIEBUM KaTOAOM: | — pO3IuUIaBiasieMU €IEKTPOI -aHO/I, 2
— BaKyyMHa kamepa, 3 — Bosib(paMoBHil KaTo, 4 — pijKa BaHHA, 5 — KpUCTAJII3aToP.

SAxmio B JICII 1 PBII MeTtan BUIIaBISIETHCS 13 HIMXTH 200 PYJIU, TO B TAKUX MEUax
sk BJII, EILII 1 eneKTpOHHO-NMPOMEHEBUX BHUXIJTHOI CHPOBHHOIO € CICKTPOJI, BXKE
OTpyUMa- HUW B pe3ysbTaTl TUIABJICHHS B IHIIIN TeYl 1 MEePEIUIaBIsiIEMUl TTOBTOPHO 3
METOI0 O1IbII MOBHOI OYMCTKU MeTally. Taki nmeperuiaBHi mneyi 3BU4aifHO BUALUIAIOTH 3
JIYyrOBUX T€Ueld B YCTAHOBKM CIEIIaJbHOTO HArpiBy; 10 HHUX K€ BITHOCITH 1

MJ1a3MEHHO-AYTOB1 TIeYi.



Pucynoxk 1.9 — EnexTpoHHO-TIpOMEHEBA YCTAHOBKA 3 KUJIBLIEBUM KaTOJI0M

Ha puc. 1.10 306pakeHna Oyo0Ba raa3MeHHO-AYT0OBOI [1€l, 13 KEpaMIYHUM TUTJIEM

(a) Ta xkpucranizatopom (0): 1 — mma3moTpoH, 2 — 3Boj, 3 — 3aTBOP, 4 — KopIyC, S5 —

BaHHA MeTally, 6 — eJeKTpo], 7 — MeperviaB, 8§ — Kpucraiizarop, 9 — BuinuBok, 10 —

M1II0H.
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Pucynox 1.10 — BynoBa miazmeHHO-1yTroBOi medi

3a J0moMorow Ijaa3MeHHO-AyroBoi medl (puc. 1.10 a) oTpumyroTh cTam Ta

CIUIaBU HAa OCHOBI HIKEJIO, TAKOX 11 BUKOPUCTOBYIOTH JUIsl MEpeIiaBy JIETOBAHUX

BixoniB, a miy (puc. 1.10 0) mpu3HaueHa [Jis BMIUIABKM BHWJIMBKIB 3 0araTtbox

MatepialiB (CTai, TYrolIaBKMX MaTepiaiiB, TUTAHY).
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[Iporiec BUIIAaBKU €NEKTPOCTali B AYTOBUX I€4aX CKJIAJAEThCS 3 HACTYITHUX
oreparliii: po3IIaBJIeHHs CKpany, BUAQJICHHS IIKIJJMBUX JTOMIIIOK 1 rasiB, SKi B
HBOMY 3HAXOJSTHCS, PO3KUCHEHHS METaly, BBEJCHHS B HHOTO MOTPIOHUX JIETYIOUHX
KOMITOHEHTIB, padiHyBaHH:;, BUIMBAHHS METaIy B KOBII JJIsl HACTYIHO1 po3IuBKY. [1in
JE€I0 TeMIepaTypu AYyTU CKpam pO3IJIaBISIETbCA 1 PIAKUI MeTaja CTiKae B MmiIaoH. B
IIMXTI YTBOPIOIOTHCS KOJO31, B K1 MOTJTUOIIOIOTHCS €IEKTPOAM A0 THX Iip, TOKU HE

JOCSITHYTh TTOBEPXH1 PO3ILIABIIOBAHOIO METATy Ha Iii1oH1 eyl (puc. 1.11).
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Pucynox 1.11- Eranu naBiaeHHS MIUXTH

[Ipu po3muiaBiieHHI MIUXTU W CKpamy BiAOYyBaeTbCs 301IbIICHHS PIBHA METAIy,
0 TUIABUTHCS, TOMY Ui 3anobirands pexumy K3 enekTpoau migHIMAIOTHCS.
XapakTepHOIO OCOOJIMBICTIO MIEPIOY PO3IIABICHHS € HECIOKIMHUN PEXKUM TOPIHHS
nyru. Jlyra, KoTpa BUHUKAa€ MDK KIHIIEM €JEKTPOAY 1 XOJIOAHHUM METAJIOM €
HECTaOUTHHOO, JTIOBXKHUHA 11 MOXKE 3MIHIOBATHCS B IIMPOKHUX MeXax IMpU oOBanax i
NEepeMIIeHHSIX MUXTH (Bl KOPOTKOrO 3aMHMKaHHS 10 OOpuBY ayru). TpuBamicTb
nepiofy IJIaBJICHHS YacTiIIe 3a BCE CKJIa/la€ OCHOBHY YaCTHHY BChOTO MPOILIECY 1 IpU
IbOMY BUKOPHUCTOBYEThCS 0113bK0 60-80% yci€i enekTpoeHeprii.

[lepion maBieHHS BBa)XXA€ThCS 3aBEPIICHUM, KOJM YBECh MeTal B BaHHI medi

MIEPEHIIOB y PiIKUI CTaH.
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Bunanenuss noMimok BiOyBae€TbCcs HACTYMHUM 4YMHOM. CHoyaTKy BHACHIAOK
BIJIHOCHO HHU3BKOi TeMIIepaTypy BaHHU B HI aKTUBHO WJIyTh €HIOTEPMIUHI peakiiii
OKHCIIGHHSI 3ajli3a, KpeMHilo, Maprauio, ¢ocpopy. OKcuau BHUIUIMBAIOTH 1
YTBOPIOIOTH HA MOBEPXH1 PO3ILIABY pa30M 3 BAITHOM IIIap LUIAKY, SIKUW B CBOEMY CKJIa/i
MICTUTH JIETKO10HI3YI0Ul KOMIOHEHTH (OUIbII HU3bKa POOOTa BUXOY €IEKTPOHIB) Y
MOPIBHSAHHI 3 PO3IUIABJICHUM METAJIOM, TOMY, HE TUBISYNCH Ha 3HAYHE MOJOBXKEHHS,
Jyra TYT TOPUTH 31 3HAYHOIO CTIHKICTIO. B IUIaKy OKCHIX KPEMHIIO 3 €THYIOTHCS 3
3aKHCOM 3aj1i3a 1 MapraHIlio, YTBOPIOIOYH BIAMOBIAHI cwumikaTu. J{ms iHTeHcudikarii
[UX TPOIIECIB Y BaHHY JIOAAIOTh 3aji3HY pyay abo BayBaioTh KHCeHb. [Ipu mpomy
BYIJICIb METATy BIAHOBIIOE pyay. OKCHU/I, IO YTBOPUBCS, BUILIUBAE OyIp0alIkaMu —
B1JIOYBAETHCS TaK 3BaHUM MPOLEC ~KUIMHHS BaHHU. BaXJIHMBOIO CTali€r0 MpPOLECY €
padinyBanHs MeTany. B kiHIll mepiosia po3IIaBieHHS Il OCTATOYHOTO JOBEICHHS
CKJIaJly METaIy O HEOOXITHOTO, B HbOT'O BBOJSTH JIETYIOUl I00AaBKH 1 IPUCTYNAIOTh
70 PO3NIUBKU. BUXOAs UM 3 BUIIEHABEEHOTO OCHOBHOT'O IPOLIECY IUIABJIECHHS CTall
BUTIKAIOTh 1 BAMOTH JI0 AYTOBOI I1eyl.

[lepmia BuUMOra — THy4YKIiCTh KEpYBaHHSI IOTYKHICTIO Medl. B modyarkoBuil nepiox
pPO3IUIABJICHHS MeETaly HEOOXIIHO BBOJWTH MAaKCUMAJIbHY TOTYXHICTh, 1100
MPUCKOPUTH MPOLIEC MJIABJIEHHS; B IEP10M OKUCIEHHS 1 BITHOBJIEHHS MOTPIOHO MaTH
MO>KJIUBICTh B OyAb-SIKMi MOMEHT 3MIHIOBATH I[I0 MOTY>KHICTh 3 METOI KEpyBaHHS
TeMIlepaTypaMi MeTaly Ta INUIaKy, SKI € TOTY>KHUMH (pakTopamMu BIUTUBY Ha
nporTikaroul peakuii. [{ro BUMOTY JIerko BUKOHATH B AYTOBid Medl, HOTYXHICTh SKOi
PETYIIOETBCA 3MIHOK JOBXHHHM JYyT'H, TOOTO TIJHIMAHHSIM YU OMYyCKaHHAM
CIICKTPOIIB.

Hpyra BuMora — peryjlOBaHHS JOBXHHU Iyrd, 3MiHa ii B PI3HI TEpioau
TUTABJICHHS, HE3QJIEKHO B TOTYXHOCTI, IO BUALIAEThCA. Lle HEoOXimHO, Tak sK
IPaJIIEHT CTOBIIA IYTH CUIILHO 3MIHIOETHCS Ha TTPOTSI31 IUIABJICHHS, B TIEP10/] OKUCIICHHS
1 padiHyBaHHS JOBXHHA AYTH CTA€ B 0arato pa3iB OUIBIIONO 1 IHTEHCUBHO BUIIPOMIHIOE
TEII0 Ha (yTEpPOBKY CTIH 1 3BOAY fAKpa3 B TOM MOMEHT, KOJU UYEpe3 BHUCOKY

TEeMIIepaTypy BOHU 3HAXOIATHCA B HAMOUTBII TSXKKUX YMOBax poOoTH. Jlocaraerses 1e
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3MIHOIO HAaNpyrd Ha Jyrax IUISIXOM IEepEeMHKaHHS CTYIEHIB HaAlpyrd IiYHOTO
TpaHchopmaropa.

Ha puc. 1.12 nokazanuii npubau3Huii rpadik 3MiHU TOTY>KHOCTI 1 HANPYTH MIPH
OCHOBHOMY TIpOIleCi BHUIIABKM CTajll 3 TOBHHUM OKHCICHHsM. Sk Oadumo, 1

MOTY>KHICTb T€4l 1 Harpyra MOXyTb 3MiHtoBaTHCs Bia 100 1o 40% 1 meHie.
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Pucynok 1.12 — [Tpubnu3nuii rpadik notyxuocti i Hanpyru JCII npu mmasi

Tpetst BUMOra — miATPMMKA B M€Yl BIAHOBIIIOBaIbHOI aTMocdepu. B ayrosiii neui
IIe TAKOX JIETKO BUKOHATH, TaK SIK B HIM 3aBMSIKA 3TOPSHHIO €JEKTPOJIB BUIbHUMN
KHCEHb BIJICYTHI, a 3aKpUTH JIOCTYNl 30BHIIIHBOMY KHUCHIO TMOBITPS Y
BIJIHOBJTIOBIBHUI TIEPIOJT HECKIAIAHO, SIKIIO JBEPITA IMedl 1 €NEeKTPOIHI OTBOPHU

HiATPUMYBaTH B HOpMaJIbHOMY cTaHi [3].

1.1.3 KoHcTpyKIisi Ta MeXaHi3MH IYT0BOI CTAJICNIABWIBHOI Mevi
OCHOBHOIO YaCTHHOIO KapKaca JAyroBOi CTaJICTUIaBUIILHOI Teul € ii KoxyX. Bin
MOK€ MaTH HWIIHAPUYHY (opMy abo 37Ierka KOHIUHY, [0 PO3IIUPIOETHCS JOBEPXY,
a0o0 CTYIIHYACTY, BEpXHS YaCTHHA KO Ma€ BEJIMKUM JliameTp. BaxnuBum ereMeHTOM

KOHCTPYKIIii 1edi € pyTepoBKa, BOHA CKJIAIA€ThCS 13 TPhOX OCHOBHHUX YaCTHH: JHUIIA,
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KJIaJIKU CTiH 1 3Boay. [loTpiOHO 3ayBakuTH, 110 caMe Ha (PyTepoBKY Iedi B IpoIeci
IUIAaBKY MpUIaJiae HalOUIbIle HAaBaHTAXXEHHS, OCOOJIMBO HA JHHUILE, TOMY MpoIleC ii
KJIaJKd Ma€ CBOi OCOOMMBOCTI (IIap JMCTOBOTO a30ecTy, MIAMOTHOTO TOPOUIKY,
[IaMOTHOI LIETJIH, PsJl BOTHETPUBKOI LIETJIH, I11ap MarHe3UTOBOI LIETJIH ). 3BOIU JyTOBUX
neyeil BUKIAAyIOTh 11038 ME)KaMH TIeUi Ha CIEI[iaIbHOMY JepEB STHOMY IIa0JIOH], 110
Mae (popMy BHYTpIIIHIX 0OpHCiB 3B0ay. Ha 1m1aboHi B MIiCIITX OTBOPIB JJIS €IEKTPO/IIB
BCTAHOBJIIOIOTh TPU I[WIHIPUYHUX OpyCKH MJis JOTPUMAHHSA MPaBUIBHOCTI
pPO3MIIIEHHSI 3BOJOBHUX OTBOpPIB. TakuM k€ YHHOM (DIKCYIOTBCS OTBOPH JUIA
ra3oBiJIBOAY 1 KUCHEBOI GypMH, SIKIIIO BOHU PO3MINIYIOThCS Ha 3BO/I1. B TyroBux rneuyax
(dyTepoBKa MOke OyTH KOHIYHOIO, IO MIABUIILYE ii CTIMKICTh. Y KPYITHHX MT€YEH KOKYX
poOuTbcs po30ipHUM Ha OodTax MO TOPU3OHTANII, MPUOJIM3HO Ha pIBHI MOPOry
poboyoro BikHa. KoxKyX 3BapioroTh 13 KOTENbHOI cTali ToBIKUHOIO 10—40 MM. B HBOMY
BUPI3aI0Th OTBOPH JJisi poOOUYOro BikHA 1 KIITKH. J[0 KOXKyxa 3HM3Y IPUBAPIOIOTH
chepuune, riocke aHumie. Taka ¢popMa € HaAHOUIBII PaIiOHATBLHOIO, OCKUIBKU TPU
JIOCTATHIM >KOPCTKOCT1 BOHA Kpallle MAX0auTh 10 hopmu BaHHU Tiedi. KoxkHa miy mae
oavH abo naBa poOOYMX 1 3JIMBHUM OTBIp. B BITUM3HSHUX mNeyax Mg 3arpy3Ku
MaTepiaiiB 1 3alpaBKH JHUINA 3aCTOCOBYIOTh OJIHE BIKHO, pPO3TalllOBaHE HABIPOTU

KJIITKH.

A

NN

Pucynox 1.13 — KoncTpykiiis pamu poO04oro BikHA

1 — xopoOka pamu, 110 0XO0JIOKYEThCS BOJI0I0, 2 — JIBEpIIsSITA
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OTBip poOOYOro BikHA 0OPAMIISIIOTH JTUTOIO PAMOIO Y BUTJISAI ITOJI0T KOPOOKH, IO
OXO0JIOJIKYETHCS BOJIOIO 1 KPIMMUTHCS OOJITaMM 10 Koxkyxa medi (puc. 1.13).

OnHuM 3 HAWBaXJIMBIIIMX €JIEMEHTIB MpH IUIaBLI € caM EJNeKTPOJ, SKHii
MIpU3HAYCHUH 17151 BBEJICHHSI €JICKTPOSHEPTii B 30HY i1 CIOKUBaHHS, )1 PO3IIIaBICHHS
IIMXTH 1 OTPUMaHHs HeOOX1THUX MaTepianiB. Panime enekrpomamu Oy KBajpaTHi
a00 KpyTJIi BYTUTbHI OpYCKH; IO Mipi 3rOpaHHS 1X 3aMIHIOBAJIM HOBUMH, & OTapKH, SKi
JUIIWIACH, BUKUIYBaIU a00 PO3MOIIIOBAIHU. 3apa3 k€ BUKOPUCTOBYIOTh HENEPEPBHO
HapoIIyBaHi TpadiToBaHl eIEKTPOIN, KOTPl MaIOTh KPYIJIH miepepi3 1 00podieHi Ha
BepcTaTax TOPII, B AKUX IO OCl €IEeKTPOoay 3p00JieHI OTBOPH 3 pi3b00i0. B oTBOpH Ha
MOJIOBUHY JOBKMHM BIrBUHYEH1 HINEJl, BUKOHAHI 13 TOTO X Marepially Imo i
esniekTpoau. Ha BucTynarouy 3 Topist €1eKTpOy HOJOBUHY HINES HaITUNA HACTYITHUN
eJNeKTpoJ. TakuM YMHOM BUTOTOBJISETHCS EJIEKTPOJHA CBIUKa. B 3amexxHOCTI BiX
JiamMeTpa eJIeKTPOAr BUTOTOBISIOTH N0BXHHOIO 1000-1800mMm. Ilo mipi 3ropanHs B
neyl HIKHBOI YACTHHU CBIYKM BOHA OMYycCKaeThcsi BHU3. Konu enexrpomoTpumay
MIIXOAWTh JI0 3BOJY, BIIOYBA€ThCA HAPOINYBaHHS 1 TMEPEMyCK EJICKTPOIIB.
['pacdiToBaHi €n€KTPOAH BUTOTOBIIAIOTH 3 IITYYHOTO €JeKTporpaditTy B crelialbHUX
neyax (mepeBara — HU3bKU MUToMuUM omip). OCHOBHUMU BUMOTaMU JI0 €IIEKTPOIIB €:
JIOCTaTHS MEXaHIYHa MIIIHICTh, HU3bKUM aKTUBHUU OMIp.

Jns Toro, 100 B eyl MOkHA OYJ10 TPOBOAUTH MPOIIEC MJIABJICHHS, BOHA TOBUHHA
Oyt oOnamHaHa PsZIOM MeXaHI3MIB. B miu HEOOXiHO 3aBaHTaXXyBaTH HIUXTY, 1
Cy4acHI 4l MaloTh MEXaHI3MH 3arpy3ku Marepiaiy. ['oToBHil MeTas moTpiOHO 3IUTH
3 Mevl, a B MPOIlECl TUTABKM HEOOXIMHO 3 Me4l CKayaTH IJIaK, TOMY Ii4 IMOBUHHA
HaXWISATHCS SK B OIK KJIITKH, TaK 1 B 01K 3aBaHTa)KyBaJbHOTO BiKHA. BigOyBaeThcs 118
3a IOMOMOTor MexaHi3My Haxwiy. [IBuakicTs Haxuiny ckianae g0 0,4-0,8 rpan/c y
BEJIMKUX Nevyax. MexaHi3M Haxuiny Moxe OyTu O1yHUM 1 HIkHIM. [lepeBaroto O1yHOTO
€ Te, 110 MPHU TO-PUBI JHUINA BIH 3aBISIKH CBOEMY PO3MIIICHHIO 3aXUILEHUN Bij
MOIIKOKeHH. HemomikoM € Benmka 4yTIUBICTh 10 TIEPEKOCIB.

Ha Bigkocax BaHHU Medi MK €JIEKTPOIaMHU IIUXTA MOTaHO PO3IJIABIISETHCS, TOMY
00 MPUCKOPHUTH IIEH MPOIIeC B BETUKHUX IeYax BUKOHYIOTh IIOBOPOT BaHHM Tedi Ha

JESKUI KyT HaBKOJIO ii BEPTUKAJILHOT BIC1 32 IOMIOMOTOI0 MEXaH13My TTOBOPOTY BaHHH.
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Tak sik 1Ipy TJIaBJICHHI PIKUN MeTall HEOHOPITHUM (0COOIMBO Y BEJIUKUX Te4ax ), TO
JUIS YCYHEHHS I[bOTO HEJOJIKY 3aCTOCOBYIOTh MPHUCTPIA EIEKTPOMEXaHIYHOTO
nepeMinTyBaddsa. | HapemTi KoKHa MY OOJaJHYETHCS MEXaHI3MOM IEepEeMIlEeHHS
enekTpoiiB. BiH moBHHEH 3a0e3neuyBaTH CaMOCTIMHHHA PyX KOXXHOTO EJIEKTPOIY
BBEpX 1 BHU3 IIPY BBIMKHEHHI 1 BUMKHEHHI TIedl B Tiepio ii poboTtu. B sxocti npuBoxy

3aCTOCOBYETHCS SIK TiPONPHBIJ, TaK i eIeKTpoMexaHidami [3].

1.2 TexHo0J10Tisl 3JIUTKOBOIO JINTTH €JIEKTPOAYTOBHUM CIIOCOO0OM

Enexkrponyrosa cranermaBunbHa 1y JICII-25 MOl npusnauena st
BUILIABJICHHS OUIBIIOCTI CEPEHbOJIETOBAHUX, BUCOKOJIETOBAHUX MAapOK CTall Ta
CHellaJIbHUX  CIUlaBiB. Mapka crajii, 10 BHUTOTOBJSETHCS  BH3HAYAETHCS
TEXHOJIOTITYHUM MPOLECOM IUIABKM Ta BHUKOPHUCTAHHSAM PI3HOMAHITHUX BHU/IIB
¢dbyTtepoBku. IcHye 1BI OCHOBHI TEXHOJIOTIl BUIUIABKM CTajli B OCHOBHHMX JYTOBHUX
eylekTporneyax [2]:

1) 3 MOBHUM OKHCJICHHSM 1 3aCTOCYBaHHSIM CBIXKUX JICTYIOUHX CIIEMEHTIB;

2) METOJOM IIepeIIaBKH JICTOBAaHUX BIJXOMIB SK 0O€3 OKHCIICHHS, TaK 1 3
OKHUCJICHHSM TEXHIYHO YHCTHM KHCHEM.

Posrisinemo mpouec ButaBiaeHHs craini Mapku 30XI'CA, sika 3acTOCOBY€eThCS
JUTSl 3HAYHO HABAHTAKEHUX JIeTajell BEIMKOro nepepizy. byksa A B KiHIIl MO3HAYEHHS
O3HAauva€, IO CTajdb BHUCOKOSIKICHA. XIMIYHHWM CKJIaJ CTajl MOBUHEH BIAMOBI1AATH
HACTYITHUM BUMOTaM:

— Bymero C, He 6inbie 0,3%;

— xpomy Cr, ne 6inbie 2%;

— Mapraniro Mn, ue oubie 1,5%;

— KpeMHiro Si, He OinbIe 1,8%;

— mikemro Ni, 1o 0,40%;

— BaHazio Va, 1o 0,3%;

— cipku S, He Oinbie 0,03%;

— docdopy P, me 6unbie 0,035%;
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YBecCh TEXHOJIOTIYHUN TPOIEC BUIUIABICHHS KOHCTPYKIIIHHOI JIeroBaHOI CTai
€JIEKTPOYTOBUM CIIOCOOOM YMOBHO MOHA MOJIIJTUTH Ha TaKl €Taru:

1) 3ampaBka meui;

2) 3aBaHTaKCHHS IIUXTH;

3) mIaBICHHS;

4) OKHCJICHHS,

5) BiIHOBIIOBANBbHUM TIepio (padiHyBaHHS).

[Tpubnu3Huit rpadix TPUBAIOCTI BUIUIABKH CTall MA€ BUIJIS, 110 HABEACHUH y
Tabmmi 1.2.

Tabmuus 1.2 — Butparu yacy Ha MaaBKy

HasBa nepiony TpuBanicTs nepiogy, XB
3amnpaBka mnedi 10
3arpy3ka HuXTH 15
[InaBnenHs 55
OxucneHHs 60

Bignosnenn

(padinyBanHS:) 0
Bceroro 210

Otxe 0auuMo, IO BECh Yac IUIaBJICHHsS 3aiimae mpuomm3Ho 3 rox. 30 xB..
PosrisitHemo fetanbHO JaHy TEXHOJIOTiIIO (BUIJIaBKa CTaji METOJIOM TIOBHOTO
OKHUCJICHHS):

3amnpaBka nedi

— SIKIIO Tepe]] BUILIABKOIO MAaPTIi CTall BUILIABJISUIACS TOMEPEIHS MapTis, TO
HEOOX1THO OYHMCTUTH POoOOYYy 30HY Tedl (BIIKOCH, KOJIOO, JHMIIE) BiJ 3aJIMIIKIB
MeTally Ta muiaky. PoOuTu 1ie moTpiOHO 3a JOMOMOTOIO CIEHIaIbHOTO METaJiqyHOTO
CKpeOKa;

— MiY 3alpaBlIIEThCSl MarHe3UTOBUM IMOPOIIKOM 3 po3mipoM 3epeH 0,8-0,15
MM, Mapku MIIM3, 3 MiHIMaIbHUMH BTpAaTaMH NPHU MPOKATIOBAHHI, SKINO y JTHHIII

MeTaJl T03aTiKaB y TJIMOOKI YIIKOXKEHHS, TO HE0OX1JHO MOT0 BUAAIUTH, 3MIIIYIOUH 3
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nopoikoMm. ITopir po6o4oro BikHa MOBHHEH OYTH 3alpaBlICHH, a BUJIMBHUMU OTBIp —
3aKPUTHI Ha MOYATOK MEePiojy MIIABICHHS.
3aBaHTAXKCHHS TUXTH

— OCHOBHOIO METAJIEBOIO IIMXTOIO JJIsi €JIEKTPONeUei € CTAIbHUM OpyXT, 110
MTOCTABJISIETHCS BIATMIOBITHO /IO MPUAHATUX CTaHAAPTIB. [l eleKTpocTaneniaBuiIbHIX
nevell BUKOPUCTOBYETHCA TaK 3BAHUU €JEKTpomiuHuN OpyxT mapku A2. ["abaputu
HOT0o OKpeMHX IIMaTKIB HE MOBUHHI nepeBuiyBatu 600x350%250 mm. CranmapTom
nependavaeThCsl TaKOXK IMOCTaBKa JIETOBAHOTO JIOMY, KOTPHHM copTyeTbes 1o 46
rpynam. [lonepenubo nepes 3arpy3Koro BCs IUXTA TOBUHHA 3MIITYBATHUCS;

— 3aBaHTAXEHHS MUXTH MOYMHAIOTH OJIpa3y K IICIA 3aKiHUCHHS 3alpaBKU
¢dytepoBku. PoOnsTh e 3a 1OMOMOroI0 KpaHy Ta 3aBajioyHoi Tapu. Ha mHmIe
3aBANIOIOTh YaCTUHY JpIOHOTU 31 cTayibHOTO OpyxTy mnpubmmusno 1800-2000 xr,
BarmHIK 4% Bim 3aBanku, mnaBukoBmii mmartr 0,7%. IlmaBukoBui mmar
BUKOPUCTOBYETHCSI NIl MIABUIICHHS  PIAMHHOPYXOMOCTI  IJIAKy,  MOXKeE
3aCTOCOBYBATHUCS TJIAaBUKOBH 1mirat Mapok @-92, ®-85;

— JlaJil 3aBaHTaXYIOTh BEJMKY LIMXTY, PO3MILLYIOUH i1 NPUOIU3HO MO LIEHTPY
poOouoi 30HU nieyi. [o ii cknagy BxoauTh ctanbauit OpyxT 1100-1400 kr, moBepHEHHS
BiacHoro BupoOHuursa 14500-15300 kr, Byrieuesuit Opyxt 2600-2800 kr 1 3Bepxy
3HOBY YacTUHY JpiOHOTU. Pekomennyerbcss Matu B muxTi 20-30% npidnoTtn Ta 80-
70% BeMMKHUX Ta CepeAHIX MMATKIB (KpymHOTO oMy He 6inbie 40%). Bara metaneBoi
MOCAJKH (3 YpaxyBaHHSIM HACTYITHUX J100aBOK) BUZHAYAETHCS PIBHEM P1AKOTO METAITY
1 IIUTaKy, SIKKMi TOBUHEH OyTH HE BUIIIUM HI)KHBOTO PIBHS BUITYCKHOTO OTBOPY;

— B IIpoIIeci 3aBaJIKK HEOOX1THO CJIIJIKYBATH 3a TUM, 11100 ITUXTA JiAraiga KOM-
MaKTHO, TI0 IICHTPY JHMINA, BUPIBHIOBAHHS IIMXTH B pa3i HEMPABWIBLHOI 3arpy3Ku
BiJIOYBAETHCS 32 TOTIOMOTOI0 METAJIEBOTO KPIOKA; MICIs 3aKIHUCHHSI MPOIIECY 3aBaJIKU
HApPOIMIYIOTHCS €IEKTPOJIH, JIJIsl TOTO, OO iX BUCTAYMIIO JIO KiHIIS MPOIIECy IIaBKH 0e3
HApOIIlyBaHHSA, OTJISJAEThCA iX KPIMJICHHS, CTaH 130JAMii, TepeBIPSIETHCS
BOJI0OXOJIOJKYBalb- Ha CHCTEMa, 3aKJIQAye€ThbCs BUITYCKHUN OTBIp MarHE3UTOBUM
MOPOIIKOM 1 BKIIFOUAETHCS €NEKTPOMIY.

IInaBnenus
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— Ha TOYaTKy MpoUECy IUIaBKU TpaHCHOpMATOp TMpalloe Ha MOHMKEHIH
MOTYXHOCT1 mpubm3HO 10-15 XB, 116 poOUTHCA 111 3amo0iraHHs OOIMaJeHHS 3BOY.
[ToTiM po3IUIaBIeHHS MIMXTH BEIyTh HA MaKCUMAaJIbHINA CTYIEHI BTOPUHHOI HAMPYTH
niyHoro TtpaHncdopmartopa. I[o6 NPUCKOPUTH TUTABJICHHS IIUXTH MOKJIUBO IO
posmnaBneHHi He meHmie 70-75% cagku BBOOUTH CTaTbHUMHU TPYyOKamH B PiAKHIA
MeTaJ Mo0IM3y HEPO3IUIABICHOI IIMXTH KUCEHB (O1TBIII PaHHE BBEICHHSI KMCHIO MOXKE
B JICSIKUX BUIMAJKaX 3HAUYHO 30UIBLIMTH yrap 3aji3a Ta Xpomy). 3a MpOoLecOM IUIaBKU
IIIMXTHA TTOBUHEH TMOCTIHHO HATJISAIATH CTAleBap, SKUH KEPye MEXaHi3MOM TOBOPOTY
BaHHU. [licist TOro, sIK eI KOJIOAs31 YTBOPUITUCS Ta €JIEKTPOIU JOCITIU JHUIIA, X
N11MMaroTh 1 MOBEPTalOTh BaHHY redl Ha 30-40° HaBKOJIO BEpPTUKAIBHOL BICI, MIiCIA
YOTO €JICKTPOAM 3HOBY OMYCKAIOTh, 3aMMATIOIOTh YT Ta MPOILIABIIIOTH HACTYITHI TPH
kojonsa3l. IloTiM 3HOBY miAIAMalOTh €JIEKTPOJU, MOBepTaroTh miy Ha 60-80° B
OPOTWICKHUN O1K Ta MPOIUIABISAIOTH B IIMXTI e TpU Kodonssi. Ilpu mpomy Ha
BIJIKOCAX 3HUKAIOTh MEPTBI (3 TOUKHU 30PY OMPOMIHEHHSI IyTaMH ) KYTH 1 MOCTH;

— s OTPUMAaHHS MIIHHX 3 €IHAHb OKHCJIB KpeMHil0 Ta ¢ochopy mcis
po3muiaBieHHs 75% IIMXTU B M4 NPUCAKYIOTh BamHO a00 BamHAK (mpuoOiusHo 80
Kr/T), a 32 20-25 XB 710 3aKiHUCHHS PO3ILIABIICHHS — 3aJIi3HY pyay Ta dhepocuiimii (16
KI/T) Ta jeroBaHi go0aBku. Koiau BCS MIMXTa PO3IUJIABUTHCA MiY BHUKIIOYAETHCS,
CJCKTPOAM TMiaiiMaroThes. Tak SK PIAKUM MeTaa BaHHU HE € OJHOPIJHUM MO
XIMIYHOMY CKJIay 1 Temmeparypi HOro mepeMillyloTh 3a JIOMOMOTOI0 IMPHUCTPOIO
€JIEKTPOMEXAHIYHOr0 MepeMilyBaHHA. HacTynmHum eramoM € B3ATTS OpoOW asis
aHai3y XIMIYHOTO CKJIaay CTadi, MICAS 4YOTO MPOBOAMUTHCS 3KadyBaHHS 75-80%
nuiaky, 700aBka B Mi4 BamHSAKY 1 IJIABUKOBOTO IIMATy, a MOTIM MPHUCTYIMAIOThH 0
OKHCJICHHS BaHHU.

Oxkucnenus

— OKHUCJICHHS MOXJIMBO MOYMHATH TUIBKW MIPH rapsyomMy MeTai (TeMreparypa
1600-1650°C), ockisibkM MPH OKUCICHHI 3aJ113HOI0 PYJOI0 BOHA OXOJIO/IXKY€E BaHHY 1
Mpollec MPOTIKAE 3 TOTJMHAHHSAM Teruia. Peakiiisi OKHUCIEHHS BYTJICIIO BITLHUM
KHCHEM iJie 3 BUAUIEHHAM Tera. [{to oOcrtaBuHy moTpiOHO MaTH Ha yBasi Mpu

PETYIIOBaHHI TEIJIOBOTO PEKMUMY IIJIABKH B OKHCITIOBAJILHUM MEP10/1: SKIIO TPH POOOTI
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3 PYIOI JIOBOAMTHCS MIJABOJUTHA BHUCOKY €JEKTPUYHY TMOTYXKHICTh, TO TMpHU
3aCTOCYBaHHI1 KMCHIO 1HO/II HaBiTh BUMAra€ThCs Yac BiJl 4acy BIAKIIOUATH CTPYM, 1100
HE BIZI0YJIOCS TIEPETPIBY METAIY.

Jlns BBEJEHHS KHUCHIO 3aCTOCOBYIOTh CTajeBl (pyTepoBaHi 330BHI TpyOKH 3
BHYTpIlIHIM AiameTpom 3/4-1 mroiima. Kiners TpyOKku omyckaroTh B MeTal Ha TTHOMHY
o6mu3pko 200 MM 1 MOCTIHHO MEPEMINIyIOTh B TOPHU3OHTAJBbHIN IUIOMIMHI, 100
3ano0IrTH TMOIIKOKEHHIO BIJIKOCIB 1 JHUINA medi. TpyOKu MOXJIUBO (pyTepoBaTH
NUIIXOM 00Ma3ku ix moBepxHi Macoro 3 80% mamorHoro mopomky i 20%
BOTHETPUBKOI TJIMHUA 3 J00aBKaMH I 3B 3Ky PIIKOrO ckia (UmibHICTH 1,5).
ToBmuHa mapy oomasku 25 mm. ITicns o6ma3ku TpyOku BUCYITYIOTh. s pyTepoBku
TaKOK MOJIMBO 3aCTOCOBYBATH 1 IMIAMOTHI TPYOKHU 3 TOBUIMHOIO CTIHKH 20 MM, SIKI
OJIATAIOThCSl TOBepX craimbHUX. llelt cmoci®é ¢yTepoBKH Kpaliuii, ajie 3Ha4HO
JTOPOKYIUM;

— B OKHCIIIOBAILHUI 1ep10] HEOOX1THO 3a0€3MEeUNTH 3I11HIOBAHHS B T€Yl IIIJIAKy
1 CaMOCTIMHMI HOTO CX1J] Yepe3 Mopir poO0voro BikKHA; TaAKE BUAAJICHHS IIAKY CIIPHSIE
MOBHIMIIOMY OYHITIICHHIO METay BiJ TOMIIOK. KuceHb, SKuii BUKOPHCTOBYEThLCS TPH
OKHC JICHHI CTaJll IOBUHEH MICTUTH B CBOEMY CKJajl: He MeHIe 99,5% O,, He OinbIie

1% Boyord Ha 1 M°

CTUCHYTOIO rasy 1 maTu TUCK He MeHme 9-10 atmocdep.
BupineHHss nuMy, sCKpaBe OiUIe MOJYM sI CBIAYUTH MNPO IHTCHCUBHHU TMPOIEC
OKHCJIEHHS BYTJIELIO.

3aKiHYyIOTh MPOAYBKY uepe3 2-3 XB miciid HosiBU Oyporo numy. OKHCIIEHHS
BaHHM 3aKIHYYIOTh MPHU BMICTI BYTJICIIO B HIA 10 MOMEHTY MOBHOTO CKadyBaHHS
nuiaky npuommsHo Ha 0,02-0,07% MeHIe HIKHBOT MEXKi 331aHOTO BMICTY BYTJICIIIO B

roTOBOMY MeTanl (OCKUIbKM MOe BiIOyTHCS mepeokucieHHs). Bmict docdopy B

MeTaJli 10 bOTO MOMEHTY He noBHuHEH nepesuiyBaT 0,014%.

Binnosnenus (padinyBaHHs)
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— MiCJIsSi TOBHOTO CKaYyBaHHS OKUCIIIOBAJIBLHOTO 1IJIAKY MOYMHAETHCS HAMOLTBII
BIJINOBIJIAJIbHUIN €Tall MPOIeCy IUIABKU — PO3KHUCICHHS METally 1 JIOBEJEHHS MOro
XIMIYHOTO CKJIay 10 33JaHOT0 JJi TOTOBOI CTai;

— npu Bumiasli ctaim Mapku 30XI'CA BUKOpHUCTOBYeThCs padiHyBaHs Tif
OlTMM MUIaKOM, TOOTO TMICAS OTPUMAHHS PIAKOTEKYy4yOro IiaKy (Ha IOYaToOK
BiTHOBJTIOBIBHOTO TIEPI10/Ty) B MY JAOJAI0TH hepoMapraHellhb, a MOTIM CyMilll BallHa,
MOJIOTOTO KOKCY 1 IJTABUKOBOTO IIMATy y ciiBBiAHOMIEHH] 5:1:1 (6im3bko 2,5-3% Bix
Baru Metainy B meui). Kinbkicth kokcy B cywmimni mpubnusno 1-1,5 kr/t. Take
PO3KUCIIEHHS 1IIJIaKy BYTJIEIIEM KOKCY POBOAATH A0 MOYATKy HOro nmocBITIiHHS (20-
25 XB), MICIA YOTO B CyMIIll BBOJSTH MOPOILIOK (Pepocuiiiito, a A00aBKY KOKCY
3HIKYIOTh 200 30BCIM 3aBEPIIYIOTh;

— BUTPUMKY BaHHU TMiJ OUIMM IIJaKOM TpoBOIATH Oiu3bko 50 xB. Bwmict
KapOly KaJpllil0 B IIUIAKy B cepeAuHi padinyBaHHs He nepeBuiye 1-1,5%, oxucmy
KaJbLil0 — He MeHIe 55%. J{ns KiHIEeBOro pO3KHCIEHHS METaly BHUKOPUCTOBYIOTH
KyCKOBUH aJlFOMiHIM, KM BBOJATH 3a 2-3 XB /10 BUIIYCKY IUIaBKH 3a JIOIIOMOT'OIO
mtanru. KiapkicTs npucamkyBaHoro anomiito ckiagae 0,6-0,8 kr/t. Jlana npucanka,
KpIM KIHIICBOTO PO3KHCIICHHS, JO3BOJISE IIE W PEryaroBaTH PO3Mip ayCTEHITHOTO
3epHa;

— PpO3KUCJICHHS BaHHM Tpu Burwiabii ctami mapku 30XIT'CA mokHaA Takox
IPOBOAUTU IUISAXOM MPUCATKUA B METaJl KOMIUIEKCHHUX PO3KUCIIOBAYiB B IIMATKax,
HaIpUKJIaJ CIJIaBa, 0 BMIILLYEe MapraHelb, KpEMHIN 1 aJlOMIiHIN Yy CIIBBIJHOIIECHHI
4:1:0,4. TpuBasicTh BiIHOBIIOBAIIBHOTO MEPIOAY CKOPOUYETHCS MPU IIbOMY Maiike Ha
30%;

— JUIS  BUMYCKY IUIABKA 3aCTOCOBYETHCS MEXaHI3M HaxXuiy TMedi, SKAN
3a0e3reyye 3JIMB 3 Tedl i1 BMICTY, IBUAKICTh Haxmity ckiuangae 0,9 rpan/c. Cnoyarky
BUITYCKA€ThCSI YaCTMHA MeTajly, NOTIM MeTan 13 nuakoM. Ilepea BWIMBKOIO
MOTIEPETHHO PO3POOIIAETHCS BUITYCKHUH OTBIp;

— OCTAaHHIM €TallOM € KOPWUTYBAaHHS METajly IO XIMIYHOMY CKJaay B pasi
HEOOXITHOCTI. 3 LI€0 METOI0 3 KOBILIA IS PO3JIUBKM OepeThcsl XiMiuHa mpoda i

IPOBOASTHCS MEXaHI4YH1 BUTIPOOYBaHHS;
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— I KOHTPOJII0O BUKOHAHHS ONepalliil IUIaBJIeHHS, BUTPAT eNeKTPOeHeprii,
XIMIYHOTO CKJIaJy METajly BUKOPHCTOBYETHCS IUIABHJIbHA KapTa, SIKa 3allOBHIOETHCS
pPOOITHUKOM, KOTpUW BUKOHYBAB JaHy po6oTy. KoHTpoib 3a mpaBUIIbHUM BEACHHAM

poliecy IPOBOJUTH ManCTED.

1.3 O0rpyHTyBaHHS JOUUILHOCTI PO3P00JICHHS ABTOMATH30BAHOT0
€JIeKTPONPHUBOIA M0aUi eJIEKTPO/IiB Y IYTrOBY CTA/leIVIABUJILHY MiY
KoxHa yroBa miy Mae MexaHi3M MEPEMIIICHHs €JIEKTPO/IiB. Tak sSIK KepyBaHHS
CJIEKTPUYHUM PEXKUMOM JyroBOoi Te4Yl BUKOHYIOTb B OCHOBHOMY IUISXOM
NEepPEMIIICHHS €JEKTPO/IIB, @ KOJMBAHHS CTPyMY, KOPOTKI 3aMUKAHHS 1 OOpHUBHU JIyT
B1JI0YBAIOTHCS, SIK MPABUIIO, PO3JIUILHO IO (pa3aM, TO KOXKEH €JIEKTPOJI Tedi MOBUHEH
OyTH OCHAIICHWI BJIACHUM MEXaHI3MOM MIIHOMY 1 ONYCKaHHS, SKUH J03BOJISIE
IIIBUIKO 1 TOUHO KEPYBATH HOTO MTOJIOKEHHSIM.
Hyrosa miu tumy JJCII-25MO01 B 6a30Bi#i KOMIUIEKTAIllT MA€ T1IpaBIIYHUN IPUBIA
NEPEMIIIEHHS €JIEKTPOIIB, SIKHIl BOJIOIIE PAIOM CYTTEBUX HEIOMIKIB, & CaMe:
— 3aHAJITO BEJIUKI TabapuTH 1 Maca CUCTEMH,
— BEJIMKa TPYJOEMHICTh B OOCITYTrOBYBaHHI,
— BIJICYTHICTh €(PEeKTHBHUX 3ac001B cTabumi3aiii (cuctemMa MPUBO-PETYIIATOP
Mae€ J1B1 KOJIMBaJIbHI JJAHKH),

— HecTaOUIbHICTh MapaMeTPIB 1 BEJMKA BapTICTh,

— TIAPOIPHUBIJ € JHKEPEIOM MiABUIIECHOT HeOS3MEKH B IIPOIIEC €KCIUTyaTarii (Tak
SK TIPU TTIOPUB1 MACJIOHAIOBHEHUX JIIHIN MOKE€ BUHUKHYTH TTOXKEXKA).

Tomy iCHY€ TOIIIBHICTh PO3POOJIEHHS aBTOMATU30BAHOTO €JIEKTPOMEXaHIYHOTO
MIPUBO/IA, SIKWK OW JO3BOJIMB MOKPAITATH TPOYKTUBHICTh Ta HAMIMHICTh poOOTH TIeyl,
mo 1 € wMerow JaHoi pobotu. llepiogn mmaBku MeTany OOyMOBIIOKOTHCS
OCOOJIMBOCTSIMU TPOTIKaHHS (PI3UKO-XIMIYHUX MPOLIECIB 1 BU3HAYAIOTh BIJIMIHHOCTI
3aJlay CHCTEMU aBTOMATHYHOTO KOHTPOJIIO 1 KepyBaHHs. Tak B Mepioj po3IUIaBIeHHS
HEOOX1IHO MIBOJUTH MaKCUMaJIbHY TOTYXKHICTh 1 JIIKBIJOBYBaTH 30ypeHHs, IO
BUHHUKAIOTh BHACTIJIOK OOBally IIHMXTH, B TEPIOJ OKHUCJICHHS 1 BIJIHOBJICHHS

NOTY>XHICTh 3HIXKY€eTbcs 110 0,5-0,6 HOMIHATBHOTO 3HAYEHHS.
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Buxonsunm 3 BHIEHABEICHOTO, OCHOBHI 3agadi CHCTEMH aBTOMAaTH3allil
MOJIATAIOTh :

— BBEJEHHI HEOOXITHOT BETUYMHU KOPUCHOI TOTYKHOCTI B OYy/Ib-SIKHIA MOMEHT
MpoIlecy IJIaBKK (3MiHAa CTYIEHIB MYHOro TpaHcopmaropa abo 3MiHa CTpyMy B
MeXaxX OJHI€l CTymeHi);

— MBUAKIA JIKBIJAMil BCIX MOPYIIEHb EIEKTPUYHOTO pPEXUMY (KOPOTKI
3aMUKaHHSI, 3TacaHHs TyTH);

— TMOKpaIleHHl eKOHOMIYHUX MOKA3HUKIB MPOIIECY TUIaBICHHS CTalll;

— TIJIBMINCHHS HAIIMHOCTI Ta O€3MEeKH Yy MPOIeCi eKCILTyaTarlii.
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2 PO3BPAXYHKOBA YACTHUHA

2.1 Po3paxyHOK NOTY:KHOCTI Ta NepeBipKa NPUBIAHOIO eJIEKTPOJABUTYHA Ta

MEXAHIYHOI YACTHHH

Big Tumy Ta KOHCTPYKIIii MPUBOAY MOJ1aul €JICKTPOAIB B 3HAYHIN MIp1 3aJI€KATh
eKCIUTyaTalliiiHl TMOKa3HWKH, Ta0apuUTHI pPO3MIpH, pIBEHb IIyMiB, KUIbKICTh
CIOKUBAHOI  €JIEKTPOCHEPrii, MOMXJIUBICTb BHUKOPUCTAHHS B PI3HOMAHITHUX
cepeoBHIIaX (3 XIMIYHO AaKTUBHUMH TapaMd Ta Tra3aMd, BOJIOTHMH,
BUOyxoHeOe3neuHnMu). [1ogaTkoBUM eTaroM po3paxyHKy eJIEeKTPONPUBOJIA € BUOIP
BUKOHABYOrO JBUTYHA. Big mnpaBuibHOrO BHOOpPY €JIEKTPOJBUTYHA 3aJICKUThH
3a0€3MEeUEHHs YCIX TEXHOJIOTIYHUX PEXUMIB POOOTH €IEKTPONPUBOJIA, HEOOXITHHUX
JTMHAMIYHUX XapaKTEPUCTHK Ta KOHCTPYKIIS MEXaHIYHOI 4acTWHU B Iiyiomy [4]. B
PUBOJAX TOJA4 €JIEKTPO/IIB 3HAUIIUIA 3aCTOCYBAHHS JBUTYHHU MOCTIHOTO CTPyMY 3
HE3JIEKHUM 30Y/PKEHHSIM, K1 TPAIIOI0Th B IOBTOTPUBAIIOMY PEXKUMI.

Buznaunmo HeoOXiHE 3yCHIUIS HATATY, AK€ MOTPIOHO MPUKIACTU JIJIS MiTHATTA
MEXaH13My NEPEMIIIEHHS EIEKTPOY:

FH:kP°FHB+f'(m1_mz)'g+FHn’ (2-1)

ne: Ko — xoedimient 3anacy, npuitmaemo pisaum 1,1;

Fups — 3ycuiuist HaTATY B3JI0BXK BEPTUKAILHOI Bicl, 32 yMOBOIO J1opiBHIOE 40KkH;

f — sarampHuMi Koe(illieHT TEPTS B YCIX PYXOMHX 4YaCTHHAX MEXaHi3My
NEepeMIIIEHHS eNeKTpoy, puitmaeMo piBHUM 0,098;

Frmn — 3ycuiuis monepeHboro HaTsTy, 10 3a YMOBOIO JopiBHIOE 5,6 kH;

M; — Maca MeXaHi3My MepeMIIleHHs eJIEKTPO1y, 32 YMOBOIO piBHa 650 Kr;

M, — Maca IpoTUBAary, 3a ymoBor 210 kr;

§ — OPUCKOPEHHS BimbHOTO nafinag 9,81 m/c?

Fu=1,4 - 40000 + 0,098 - (650 — 210) - 9,81 + 5600 = 50023 H ;

Tonai po3paxyHKOBa MOTYXHICTh, sIKa MPHUKIAIeHa 0 Bajla BUKOHABYOTO OpPTaHy
IIPH TTiHIMAHHI Ha MaKCUMAaJIbHIN IIIBUJIKOCTI piBHA:

Ppo3 = Fy - Vi, (2.2)

ne Fy — 3ycwins Hatsry Uil miiHIMaHHS MEXaHi3MYy;
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Vy, — MIBUAKICTH MEPEMIIIIEHHS €JIEKTPOIy IIPpH MigHIMaHHI, 32 yMoBo10 0,083 M/c
Ppo3=50023 - 0,083 =4151,91 Bt

JIBUTYH monepeaHbO0 BUOMPAEMO 3 KaTaJOry IO 3HAYEHHIO PO3pPaxyHKOBOI
MOTYXHOCTI. I1OTyXHICTh BUOpPAHOTO JBUT'YHA MOBMHHA OyTH OLIBIIIOIO 32 OTPUMAaHY
pPO3paxyHKOBY TOTYKHICTh, IO 3a0e3ledye Kpalle Vy3ro/PKeHHS [BUTYHA 3
BUKOHYIOUMM MEXaHI3MOM Y JAMHAMIYHUX pexuMax poOoTtu. OOHpaeMo IBUTYH
MOCTIHHOTO CTPYMYy He3aJIeKHOro 30ymkeHHs cepii 2I1. Mamunu 1iei  cepii
IpU3HAYeH1 A poOOTH B IIMPOKOPETYIHbOBAHUX EIEKTPONPUBOAAX, J1aHl MAIIUHU
3aMIHSIOTh ABUTYHHU cepii [, BUNycK sIKMX B Iiel yac mpuruHeHo. B mopiBHsHHI 3
enexktpoaBuryHamu cepii Il y mamun cepii 211 migBuiieHa nepeBaHTa)xyBajbHa
3IaTHICTh, PO3IIMPEHUM J1ala30H PEryJIOBaHHS YacTOTH OOEpPTaHHS, MOKpAaIleH1
JUHAMIYHI BJIACTUBOCTI, 30UIbIIEHI HAAIMHICTL Ta pecypc poOoTu. TexHiuHi
XapaKTEPUCTUKHU NONEPEIHBO BUOPAHOTO JBUTYHA HaBeAEH1 y Tabiumi 2.1

Tabmuusg 2.1 — TexHiuHi xapakTepucTuku ABUryHa tumy 211D 160M

XapakTepucTuKa, IO3HaAYEHHS Onunui 3HayeHHs
BHUMIPIOBAHHS
Tun - 21TO160M
HominanpHa OTYXHICTB, Py KBT 4.2
HowminansHa Hanpyra, Uy B 220
HowminanpHa yactota o0epTanHs, Ny 00/xB 750
MakcuMalibHa 9acToTa 00epTaHHs, Nmax 00/XB 2500
KoedimienT xopucHoi fii, 1) % 73
Omip odmoTkH siKOpS, R, Om 0,516
Ormip 101aTKOBHX IOMIOCIB, Ry Owm 0,407
Omnip 06MOTKHU 30yIKEHHS, Ros Om 12,6
[HAYKTUBHICTH JaHItOra sIKOpsi, Ly MI'H 14
[lepeBanTa)xyBasibHa 3/1aTHICTb, - 3
A=Myax/My
MowmeHT iHepuii, J,, KT M? 0,062
Ywciio map momirocis, 2p IIT. 4
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Busznaunmo napameTpu JBUryHa, KOTpi OyayTh HEOOXITHUMU MPU MOAAIBIIOMY
pO3paxyHKy.
[ToTyXHICTb, IKY CHO’KUBAE JABUTYH 3 MEPEXKI:
P1=PuMyx; (2.3)
ne Py — HOMiHAJIbHA MTOTYKHICTH IBUTYHA,;
N — KoedileHT KOPUCHOT i1 ABUTYHA.
P1=4,2/0,73 =5,753 kBt ;
HowminansHu#i CTpyM JBUTYHA:
Iy =1a=P1/Uy; (2.4)
ne [ — ctpym sixops;
Un — HOMIHaIbHA Hanpyra
Iy =1,=5,753 - 10%220=26,15 A ;
HoMinasibHa KyTOBa IIBUJIKICTH Bajia €JIEKTPOJIBUTYHA:

_2-m-ny .

0, =—" 2.5
" 50 (2.5)
Je N, — HOMIHAJIbHA YacToTa 00epTiB Bajia IBUTYHA
2-1-750
®, =—— = /8,54 pan/c;
60 P
HoMinanbHu 00€pTOBHI MEXaHIYHUNA MOMEHT €JICKTPOJIBUTYHA:
P 10°
M, =9,55-—+ = 9,55-ﬂ =53,48 H-m; (2.6)

n

H

BpaxoByroun HaOImKeHICTh BUOOPY Koe(illieHTa 3amacy Ta HaTSHKHUX 3YCUITh Y
MEXaHI3Mi MoNepeaHbO0 BUOpAaHUW JBUTYH HEOOXIAHO YTOYHUTH. i1 yTOUHEHHS
MOTYXHOCTI JBUTYHa MOTPIOHO MPOBECTH PO3PAXYHOK JIMHAMIYHUX HABAHTAKEHb
CJICKTPOIPUBOA Ta CTATUYHUX MOMEHTIB P MaKCUMaJIbHIM MIBUAKOCTI I THIMAHHSI.
Jliis boro Tpeba 3KOMIOHYBAaTH MEXaHIYHY Tiepeavy Ta MOHWKYIOUUH peIyKTop.

B skocTi MexaHIYHOi mepefadl BHUKOPHCTAEMO >KOPCTKY KOCO3YyOy peeuHy
nepeaady, KoTpa Mpu sIKICHOMY BUKOHaHHI 3a0e3medye JOCUTh BUCOKY IIBUIKOIIIO

CUCTEMH, TAKOK BOHA JI03BOJIAE JIIKBIYBAaTH OyAb-sKi JIOQTU Ta MPYXKHI JAHLIIOTH
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(mpu 1OCTATHBOMY 3YCHJUTI HATATY) 1 3a0e3medye 4yTTEBE PEryJIIOBaHHS PEKUMY
JIyTOBO1 CTAJICTUIABUIIBLHOT TIeYl.
Bu3zHaunMo OCHOBHI MapaMeTpu pyxXy Mpu nepenadi peika-mecTepHsi.
Po3paxyemo aiameTp 1mecTepHi:
A =m - Zug; (2.7)
7€ M — MOAYJb ECTEPHI, IKUW MPUIMAaEMO 3 HOMIHAJIBHOTO PSAY PIBHUM 6 MM;
Zyp — 4UCIO0 3y0iB MIECTEPHI, PEKOMEHIYEThCS ISl TUIABHOTO PyXY NMpUAMAaTH
He MeHuIe 20, ToMy odupaemo 22
dip=6-22=132 mmMm;
3HaiiieMo Tenep po3paxyHKOBY YACTOTY OOEpTaHHS BUX1IHOTO BaIy pEeAYyKTOpa:
\'

Ny = ——; .
" T.d, (2.8)

1€ Vi — JiHIMHA MBUAKICTh NEPEMIIICHHS pEeUKH (€JIEKTPO/IIB) MPH IMiIHIMaHHI,
3a ymoBoo 0,083 m/c

~0,083-1000-60

Nep =12,009 06/xs;
I1-132

Toxi po3paxyHKOBe niepeaBalibHE YHCIIO PEIYKTOpa pPiBHE:

: n, 750
lpp = =
n 12,009

PP

= 62,453, (2.9)

3 HOMIHQJIBHOTO pAY TMepelaBaIbHUX BIJHOIIEHb PEIYKTOPIB MPUHMAEMO
HaNOIK- de OlIblle 3HaueHHs, ToOTO 1 = 63.
Busznaunmo dYacToTy oOO€pTaHHS BUXIJHOTO Bajly pPEAyKTOpa 3 MNPUUHSATUM

nepcaaBaJbHUM YUCIIOM:

n
L =—t= =0 =119 006/xs; (2.10)
I 63
3HaleMo BIIXUJIEHHS JIIMCHOT 4acTOTU 0OepTaHHs BiJ HEOOX1THOI:
g (e =) 10006 = 12:009-119) 4500, 0,9%; (2.11)
n., 12,009

Jlane BIOXWUJIEHHS € HE3HAYHUM 1 33J0BOJIBHSE YMOBaM MEPEBIPKU, TOMY

IpUITMAEMO CTaHJIapTHE BUOPaHE MepeaaTOuHe BiTHOIICHHS.
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KyToBy MIBHAKICTH BUXIJHOTO Bajly €JEKTPONPHUBOAA BU3HAYMMO HACTYIHHUM

YNHOM:

_men,  3142.119
K.H 30

Ha ocHOBI BuIlIEHaBEACHUX PO3PAaXYHKIB BUOMPAEMO 3 KATAJIOTY YEpPB’SIUHHIMA

® =1,246 pan/c; (2.12)

PEIYKTOP, TEXHIYHI XapaKTEPUCTUKH SKOTO HaBeIeH1 y Tao. 2.2.

Tabmums 2.2 — TexHiuHI XapaKTEPUCTHKN PEIYKTOpa

XapakTepucTuKa, TO3HAUYCHHS OnuHu1l BUMIPIOBAaHHS | 3HAYEHHS
Tun - q
MiX1eHTpOoBa BiICTaHb, 4, MM 80
[lepenaBanpHe uncio, U - 63
YacToTta 06epTiB BXiTHOTO Bajy, N1 00/xB 750
YacToTa 00epTiB BUXIAHOTO Baly, Ny 00/xB 11,9
KoedoimienTt kopucHofi fii, 1 % 76
Maca, m KT 30

Jlami po3paxoByeEMO CTaTUYHUI MOMEHT Ha Bay ABUTYHA. CIIOYaTKy BU3HAYHUMO
MOMEHT BiJ] HEBPIBHOBKEHOT YaCTUHH CHUJIM TSKIHHS BY3J1a, 110 TIEPEMINIYEThCS 3
HACTYITHOIO (POPMYJIOIO:

m-g-d
M, =9 (2.13)
2.4 .
1, M
JIe M — Maca HEBPIBHOBAKEHOT YaCTHHHM BY3JIa;

1 — KoediIieHT KOPUCHOI I1i MexaH13My, ipuitmaemo 0,85.

M _ (650-210)-9,81-0132

. =532 Hwm.
2.63-0,85

MoOMEHT Ha Baly JBUTYHA BiJl CHJIM HATATY:
_ FH V.

M ,
O)max .T]

(2.14)

HT

A€ Wmax — MAKCHUMaAJIbHA HIBI/II[KiCTI) BaJia IBUT'yYHa
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_M-n,  314-2500
max 30

® = 2618 pan/c; (2.15)

50023-0,083
M, = ~18,66 H-m.
2618-0,85

MomeHT TCPTA B HAIIPABJLAIOYNX BU3HAYACTHCA BUPA30OM:

M. - (m, —mz.)-g f-d,, _(650-210)-9,81-0,098-0132 _ 0521 Hm.  (2.16)
2.1P.n 2630,85

Tonai cymapHUil cTaTHYHMI MOMEHT OTIOPY Ha Baly ABUTYHA PIBHUM:
Mecti = Mg + Myr My = 5,32 + 18,66 + 0,521 = 24,501 H-wm. (2.17)
Buznaunmo ekcrimyataiiiiauii koedimieHT enexkrponpuBoaa Ke3a popmyroro:
K,=K ‘K, K;-K,-K;-K;-K, - Ky, (2.18)
ne K; — xoedimient xapaktepy poOOTH, IJi1 JAHOTO XapaKTepy HaBaHTAXKEHHS
npUitMaEMo piBHUM 1;

K7 — koedilieHT 4acTOTH MyCKIB, JIsl TaHOT YCTAHOBKU IPUMMAEMO PIBHUM 1;

K3 — koediuieHT TepMiHy poOOTH, s 1000BOro CTpOKy podotu > 14 roa.
npuitMaemMo piBHUM 1;

K4 — xoedilieHT peBepCUBHUX IMYCKIB, IPUIUMAEMO PIBHUM 1;

Ks — koe(imieHT pexuMmy BBOJIY B €KCIUTyaTalllo, HpPHU CTYIIHYATOMY
nigBuineHHl HaBaHTakeHHS Big 0,7 mo 1,0 Tyow mpotsrom 100 roa., mpuitMaemMo
piBHUM 1;

Ks — koedirieHT po3rainryBaHHs 4epB’S'YHOI Mapu y MPOCTOPi, AJIs YepB’sKa
1] KOJIECOM MPUIMAEMO PIBHUM 1;

K7 — xoedimieHT 3manryBaHHsl, 11 CHHTEeTHYHOro Mactuia K7 = 1;

Ks — TemmeparypHuii KoeillieHT, IJIs TEMIEpaTypl HABKOJIMIIHBOTO Cepe-
nosuma 20° C mpu TpuBanomy pexumi podoru Kg = 1,12,

TakuM 4UMHOM MaeMo, 110
Ke=1.1.1.1.1.1.1.112=1,12.
Tomy 3 ypaxyBaHHSIM MPOLECY €KCIUTyaTallli CTATUYHUNA MOMEHT CKJIaJaTUMeE:

Mcr=Meri- Ke = 24,501 - 1,12 = 27,441 H-m. (2.19)
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HeoOxigHuii auHaMiYHUW MOMEHT Ha BaJly JBHUI'YHA, SIKUM BIH TOBHHEH
PO3BHBATH MPH ITiTHIMAHHI €JIEKTPOAY BU3HAYAETHCS HACTYITHUM YHHOM:

MZ[I/IH = (1,2 : \]Z[B + JBM) T e (220)
ne Jsm — MOMEHT 1HepIlli BAKOHABYOTO MEXaHI3MYy;

€1 — KyTOBE MIPUCKOPEHHS Bally IBUTYHA.

MowmeHT iHepIii MexaHi3My 3 epelavueto peKa-IecTepHs, TIPUBEACHHUHN IO BaTy
JBUTYHA, PO3pPaxyeMO 3a HACTYITHOIO (POPMYIIOIO:
(m,-m,)-d*u _(650-210)-0,132°

44° 4.63

J =

BM

=0,000483 xr-m2. (2.21)

Bu3HauMMO KyTOBE MPUCKOPCHHS BUXiIHOTO Bady PeayKTOpA:
€, =a, —, (2.22)

Jie ap — IiHiliHe MPUCKOPEHHs peliku, 3a yMOBOIO piBHe 1,4 m/c?

e —14- 2245 _ 51017 pawe?
0,083

Toxi KyToBe MPUCKOPEHHS Bajly JIBUTYHA:
Ew =& 1p=21,017 - 63 =1324,071 pan/c?; (2.23)
JIluHaMIYHUH MOMEHT:

My = (1,2 - 0,062 + 0,000483) - 1324,071 = 99,15 H-m.

Po3paxoBani 3Haue€HHS MOMEHTIB TOBWHHI OyTH MEHIIMMH 3a BIAMOBIIHI
JOTyCTUMI, SIK1 BU3HAYEHI HIKYC:

Miom =1,2 - My =1,2 - 53,48 =64,176 H-™m; (2.24)

Moz =A - My =3 - 53,48 = 160,44 H-m. (2.25)

JIBuryH BuOpaHuii BipHO, 32 YMOBU BUKOHAHHS HACTYITHUX HEPIBHOCTEH:
M = 27,441 H'M < Myom = 64,176 H-m; (2.26)
Mum = 99,15 H'M < Myom = 160,44 H-Mm. (2.27)

OTxe IBUTYH 0OpaHO MPaBUIILHO, OCKUIBKU HEOOX1HI YMOBH BUKOHYIOTHCH.
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2.2 Po3po0JieHHSI cXeMU eJIeKTPONPHUBO/Ia, PO3PAXyHOK Ta BUOIP

eJIEeMEeHTIB NPUHIIMIIOBOI CXeMH

2.2.1 Po3po0/ieHHsI cXeMH eJIeKTPONPUBOAA M0l eJIeKTPOIiB
B sKkocti enekTponpuBoAy MoJadl €IEKTPOAIB B JYTOBUX CTaJICIUIABHIIBHUX
MO’KHA BUKOPHCTATH aBTOMATHUYHUHN perynsaTop notyxHocTi ayru (APJAMT), kotpuii
BUITYCKA€ETHCSI CEPIMHO 1 HA JaHUH MOMEHT Ma€ HalO1IbIIE 3aCTOCYBAHHS B 3B SI3KY 31
CBOE€IO MPOCTOTOI0, HAJIWHICTIO Ta TEXHIYHOIO OOTPYHTOBAHICTIO.

Tomy 3rigHo 3 [10] o6upaemo crannaptauii perymsrop tuny APJIMT-034. Nanuit
PEryJATOp PO3paxOBaHUN Ha MOTYKHICTh MPUBITHOTO ABUTYHA 3,2 KBT, ajie ockunbku
3T1IHO 3 HAIIUM PO3PaxXyHKOM MM MA€EMO JBUTYH MOTYXHICTIO 4,2 KBT, TO B 1aHOMy
PO3/I1JT1 MPOBEAEMO MEPEPAXyHOK CUIIOBOIO BEHTHJILHOTO OJIOKY Ha He0OXiHe Olibiiie
HaBaHTa)KCHHS.

Ha mnpakTtumi mmpoke BUKOPUCTaHHS OTPUMAJIM CTPYMOBI 1 JudepeHuiiHi
PETYISTOPH MOTYXKHOCTI.

Y mepmomMy BUNAAKY NPHHHATO PETYIIOBATH CUIY CTPyMY MEXaHi3My IIedi.
CucreMoro perysatoBaHHs B Ipolect poOOTH MIATPUMYIOTh MOCTIHHOKO CUITy CTPYMY
neyi, MOTYKHICTh BTPAT Ta PEaKTUBHY MOTYXKHICTb.

[Ipu BuKOpucTaHH! AU(EPEHUINHOIO PEryasTOpa HE3MIHHUM MIATPUMYETHCS
BITHOIIICHHS HAmpyrd 10 CHIKM CcTpyMmy nmedi (daktuuno omip ¢dasu). Skio
B1JIOYBAETHCS OJTHOYACHA 3MiHA 1 HATIPYTH, ¥ CHJIa CTPYMY, TO TIOJIOKEHHS €IEKTPOIY
He 3MiHIo€eTheA. Judepenuiitnuii peryaarop, o Mu oopaiy sl JaHOi 1edl, BOJIOAIE
3HaYHUMH NepeBaramu, sSKIO MOPIBHIOBATH HOT0 31 CTPYMOBUM.

HudepeniianpbHuii peryasaTop A03BOJIsS€ 3AIMCHUTH aBTOMAaTUYHUN IMyCK Tedi,
OCKIJIbKM Y MOMEHT 31TKHEHHSI TIEPILIOTO €JIEKTPOY 13 IIUXTOI0 HAMPyTa CTa€ MaJOoKo 1
perynarop 3ynuHse enextpo. [Ipu miaxozi Ipyroro e1ekTpoay 3anaitoloThCs IyTH B
nBox (azax meui. 31 30UIBIICHHSM CHJIM CTPyMy B OAHIN 3 (a3 mepemilieHHs
SJIEKTPOIIB pemTu (a3 OyayTh 3HAYHO MEHIIMMH (200 30BCIM BIJICYTHI), OCKIJIBKA
30UIBIIEHHS. CHJIM CTPyMy JABOX IHIIUMX (a3 CYNPOBOKYETHCS OJHOYACHUM

MIJIBUIIICHHSM HAMNPYT B HUX (IIEPEKIC» HAIpyT).
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o HemomikiB audepeHIliaIbHOrO PEeryysiTopa MOKHA BIAHECTH JIOBOJI BEJIHKY
3QJICKHICTh TMOTYXKHOCTI T€4l BiJ KoJIMBaHb Hampyru. [Ipw 3MeHIeHHI Hanpyru
MEpPEeXKi PETyIATOp, MIATPUMYIOUN OCTIMHUM BiTHOIICHHS HAPYTH A0 CHUJIH CTPYMY,
MMOHW3UTH BIATIOBITHO 3HAYEHHS OCTAHHBOI, TOMY 30UIBIIICHHS MOTY>KHOCTI TIeul Oy e

3HAYHIIIE, HK 301UTBIIICHHS HATPYTH.

Jns mBuakoi dikBijgaiii CTpUOKIB CTpyMy B IIE€pioj] PO3IUIABJIICHHS IIMXTH
HEOOX1THUH MITHOM €JIEKTPOIIB 3 BETUKOIO MBUAKICTIO. s MIBUAKICTE 3alI€KUTH Bi
MIBUKOCTI CTAJIOTO PyXy 1 4acy pO3rOHYy MEXaHi3My, SIKHii, y CBOIO 4epry, 3aJeKHUTh
BIJl 1HEPIIl PyXOMHUX YaCTHH MEXaHI3My 1 BiJ 4acy HEpeXiJHUX €JIECKTPOMAarHiTHUX

MIPOIIECIB.

BukoHaBumii MexaHI3M 3 TpOCOBO-0apa0aHHOIO TMepefadyerd Mae  4ac
3ami3HoBaHHA 300 - 400 Mmc, B mpolect eKcIuTyaTanii yHacaiJoK 301IbIIEHHS 3a30DiB
yac 3ami3HoBaHHS 3poctae g0 800 - 1000 mc. Po3paxyHKM NOKa3ylTh, IO
3aIi3HIOBaHHA B cucTemi nopsaka 100 Mc MOMITHO 3HMXKY€E JOMYCTUMY IIBHJKICTb
MEPEMIIICHHST  €JIEKTPO/IB. BHCOKI 3HAaue€HHS IHEPLIMHOCTI 1 3aMi3HIOBAHHS
oOyMOBJICHI HAsBHICTIO 1HEpIii ABUTYHA, 3a30piB B Iepeaadax, CyXxoro TepTs B
MeXxaHi3Max cuctemu. PazoM 3 1MM, MIBUAKOIiS CUCTEMH PETYJIOBAHHS OOMEkKeHa
OPYXKHICTIO JaHOK BHUKOHABYMX MEXaHI3MiB, $SKa TPU BHUCOKHX IIBUIKOCTSIX
MEePEMIIIICHHS €JIEKTPOIB MPUBOAUTH 10 MEXAHIYHMX KOJWBaHb, IO MEPEAarOThCA
peryiaaTopy 1 MOripuryroduM ioro po6orty. IlpoTe npu maHoMy MeXaHi3mi
3a0e3neuyeThCsl HaWO1IbIIa TapaHTisl MPOTH MOJIOMOK €JIEKTPOJIIB MPHU 3ITKHEHHI 3
TBEP/OIO HIMXTOIO.

Perynsarop Mae mponopuiiiHy XapakT€pUCTUKY IMpU MEPEMIIIECHHI €IeKTPOIIB
BHU3 31 MIBHJIKICTIO HE MEHINIE 2M/XB 1 PEIICMHO-TIPOIIOPIIIITHY XapaKTePUCTUKY TIPH
NepeMIIIeHH]1 eJIEKTPOAIB Bropy 31 MIBUIKICTIO HE MEHILE SM/XB., 3 PEryJIbOBAHOIO
30HOI0 HeuyTiuBocTi BiJ 3 a0 10 % . Perynstop 3a0e3neuye MOKIUBICTh 3MIHU
MOTY>KHOCTI, IO 3a/1a€Thesl, B Mexkax 20 - 125 %. PeryasTop nmoTyKHOCTI CKJIaJa€ThCS

3 UTa YIPaBJIiHHSA 1 MyJIbTa YIPABIIHHS.
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[ut mad kepyBaHHS ABOCTOPOHHBOrO 0OciyroByBaHHs. LluT cknamaerbcs 3
nBox mad ympapiainHga. B madax posmimieHi crtaniii ynparmiHHg. Ha cranmisx
KepyBaHHS BCTAHOBJICHI TaHEl KepyBaHHS ABUTYHAMH CJEKTPOJIB 1 amapaTrypa
kepyBaHHa. Ha paBepsx mad KepyBaHHA pO3MIIIEHI: amnaparypa IMiJIKJIIOUYeHHS
perynaropa 1o Mepexi, anapaTypa BBeJICHHS B poOOTY pe3epBHOTO KaHAITY KEpyBaHHS,
KOHTPOJIBHO - BUMIPIOBAJIbHI IPUIIAAH 1 CUTHAJIbHI JIAMITH.

Ha nynbTi KepyBaHHs BCTAaHOBJIEHA arapaTypa KEpyBaHHS PETYIISITOPOM 1 MIYHUM
TpaHChHOPMATOPOM, a TAKOK KOHTPOIHHO-BUMIPIOBAJIbHI IPHJIAIH 1 CHTHAIBHI JIAMITH.
B nynbri  ympaBhmiHHA < 1madOBOTO  BUKOHAHHS KpIM  TOrO  BCTaHOBIJICHUM
TpaHchopMaTop KUBJICHHS PEryisITOpa.

JInst 30BHIMIHIX MiA'€eHYBaHb APOTIB 1 KaOENmiB B IIUTI 1 MyJbTI KEPYBaHHS
BCTAHOBJICH] KJIEMHI 3aTHCKH.

Perynsitop moTy>kHOCTI OfHI€T a3y TYyroBOi Meul CKIAJAEThCS 3 HACTYIMHHUX
BY3JIiB:

a) CTaHlli KepyBaHHS 3 THUPUCTOPHUM NEPETBOPIOBAYEM, IO CIY>KUTH IS
KEepPYBaHHSI IBUTYHOM TEPEMIIIICHHS €JICKTPOAY;

0) 3amaTynKa MOTY>KHOCTI;

B) OJIOKY BBEJICHHS 110 CTPYMY

r) OJIOKY BBE/ICHHS MO HaIpy3i.

[TpuHIMN 11ii JAHOTO PETYNSITOpa MOJATSIE B HACTYITHOMY: 'y OJIOIl MOPIBHSHHS
MPOBOJUTHCA TEPETBOPEHHS CUTHAJIB, MPOMOPLIAHUX CTPYMOBI 1 Hampy3l AYTH.
PesynpTyrounit curnan 3 OJOKY MOPIBHSHHS, IO BH3HAYAE€ BEJIUYMHY IIBUJIIKOCTI
CJICKTPOJIBUTYHA TEPEMIIIICHHS €JIEKTPO/IIB , MOCTYIMA€E HA BX1Jl HAIBIPOBITHUKOBOTO
MIJICUIIIOBaYa 4epe3 eJIEMEHT MOPIBHSAHHS , KyJId TMOJAEThCS Y BUIJISAI BIAEMHOTO
3BOPOTHOTO 3B'A3KY 1 HAIlpyra Ha AKOp1 ABUTYHA .

B naHI11031 B1IEMHOTO 3BOPOTHOTO 3B'SI3KY € €JIEMEHT OOMEKEHHsI, OOMEKYIOUnit
BEJIMUYMHY 3BOPOTHOTO 3B'SI3KYy IpPH PYCl €JIEKTPOAY Bropy Ha NEBHOMY, Harepen
3aJIaHOMY PiBHI.

[Tpu Manux BIAXUJICHHSIX PEKUMY pOOOTH Medl BiJl 33aHOT0 IBUIKICTh JBUTYHA

Maja 1 Hampyra Ha HOoro sKopi MEHIIE BEJIWYMHH YCTaBKH eJleMeHTa OOMEKEeHHS.
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Perynsrop mpaiitoe B mponopuiiHoMy pexxuMi. [Ipy BeIMKUX BIIXHICHHSX PEXKUMY
poOOTH Teyl HallpyTa Ha SKOP1 IBUTYHA MEPEBEPIIYE YCTABKY €JIEMEHTa OOMEXECHHS,
10 MPUBOJUTH O OOMEKEHHS BIIEMHOTO 3BOPOTHOTO 3B'SI3KY IO HAmpy3i 1 IOBHOMY
BIJIMMKAHHIO HAIlIBIPOBIIHUKOBOTO IIJICHJIIOBaYya 3 3a paXyHOK CHUTHalIy 3 OJIOKY
MOpIBHSAHHA. J[BUTYyH TIOYMHAa€ TmpamoBaTd HAa MaKCUMaJIbHIA  IIBHAKOCTI,
JIKB1IOBYIOYH BIAXUJICHHS BiJ] 3aJIaHOTO PEKUMY POOOTH 1eyi. 3MEHIIEHHS BETUYUHU
BIIXUJICHHSI PEXUMY POOOTH JIyroBOi I€dl BiJl 33JIaHOTO JO BEJIMYMHH, TPH SKIH
Hampyra Ha SKOpl JBUTYHA CTa€ MEHIIE BETMYMHHU YCTABKH €JIEMEHTa OOMEKEHHS,
NEPEBOJUTH PETYIATOP B MNpONOpLiiiHMM pexum. [lpu moganpiiomMy 3MeEHIIEHHI
PO3Y3TO/KEHHST PEXUMY POOOTH TMedi MIBUAKICTh JBUTYHA 3HUKYEThCS. Perymsrop
3a0e3nedye BIAIPAIIOBAHHS MalIUX 30ypeHb (Malui CUTHAI 3 OJOKY MOPIBHSHHS) B
OPONOPLINHOMY PEXHMI, a BIAIPALIOBaHHS BEJIMKUX 30ypeHb, HaIpHUKIal, IpU
KOPOTKOMY 3aMHMKaHHI (KOJM CHTHaid 13 3aJaT4dKa MOTYXXHOCTI IEpPEBHILYE
O0OMEKEeHMI CUTHAJI 3BOPOTHOTO 3B'13KYy) HA MAKCUMAaJIbHIA HIBUAKOCTI.

[Ipu pyci enekTpooy BHHM3 PETyJIATOp TMOTYXHOCTI TMpAaIloe TUIBKK B
MPOIOPLIAHOMY PEXHUMI.

B sixocti miuHoTO TpaHnchopmaropa BUOMpaeMo TpaHChOpMATOp 3 HACTYITHUMHU
TEXHIYHUMH XapaKTEPUCTUKAMU:

1. Tun — ETAIIHK-20000/10-76Y3

2. HominanpHa nmoTy»HicTh — 15 MB-A

3. Cxema i rpyna 3’eqHanb — A/A-6

4. Yucno cTyneHiB Hanpyru — 23

5. Bun perynstopa — PITH

6. HominanpHa Hampyra:

BH - 6 a6o 10 kB; HH — 380 -130 B.

Januit TpanchopMarop Mae CTpyMOOOMEXKYIOUl pPEaKTOpH, SIKI BMHUKAIOThCS
MOCJIIIOBHO 3 00MOTKOIO0 BHcOkoi Hampyru (BH). OO0MoTku cTpymMOOOMEKyrOUnX
peaKTopiB BUKOHYIOTHCS CTYHIHYACTUMHU, TOOTO MAIOTh BIAT Ay IKEHHS.

3a IONOMOro MEPEMUKAIYOro MPUCTPOIO TPAaHCHPOPMATOPHUM arperar Kpim

3MiHM  KoedirieHTa TpaHcdopmalii (3a paxyHOK TEpEMHUKaHHS CTYICHIB-
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BiAranymkeHb ooMotok BH), BkmrouenHs oomotoxk BH 3 TpukyTHHMka Ha 3ipKy 1
HABIAKU MO>KJIMBO 3MIHIOBaTH 1HAYKTUBHUN OMIp peakTopa HUISIXOM 3MIHU 4YHCIIa
fioro pobounx BUTKIB. [lepemukanHs 3’e1HaHHS OOMOTOK TpaHcopmaTopa MOKHA
BUKOHYBATH TUIBKH TMpHU BIIKIIOUYEHOMY TpaHchopmaTopHOMy arperati. JlaHuii
TpaHchOPMATOP BUKOHAHUH 3 MIPUPOIHIM MACIISTHUM OXOJIOJDKEHHSM 1 MPU3HAYCHUN

JUTSL BHYTPIIIHBOT YCTAHOBKH.

2.2.2 Po3paxyHOK Ta BHOIP eJIeMeHTIB KEPOBAHOI0 NepeTBOPHOBaYa
OCHOBHOIO YaCTHHOIO CHUJIOBOi CXEMH THPUCTOPHOTO MEpPEeTBOpIOBava MaHeN i
YIPaBJIiHHS € CHJIOBUI BEHTHJIBHUN OJIOK, SIKMH 3aCTOCOBYETHCS I NIEPETBOPEHHS
HaIlPYTy 3MIHHOTO CTPYMY, IO IIJIBOJUTHCS, B PEryJbOBaHY MO BEIUYMHI HAIPYTy
noctiiiHoro crtpymy [6]. B manomy Bumaaky BiH 3i0paHuii o TpudasHiii HyIHOBIN

pOTHITapaiesibHIi cxemi Ha TupucTopax VS1 —VS6 (puc. 2.1).

A B C
™L —
[
|
-
S . N2
VSL I N R A -
qo_vst
g S |
| V3 V! A
Lp|t—Se ~< |
ypv VS5 VS6 |
\ \
| I .. |
SR =/ S~ A .
HABAHMAINCECHHS

Pucynok 2.1 — CxeMa TUpUCTOPHOTO MepEeTBOpPIOBaYa
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CuroBuii BEHTHJIBHUN OJIOK MiAKIIOYAETHCS 0 CHIIOBOTO TpaHcdopmaropa 3a
JIOTIOMOTOI0 aBTOMaTUYHOTO BHMHUKada 4depe3 TpaHCHOopMaTopu cTpyMmy. B KOHTYp
CTpyMY BKJTFOUEHI 0OMEXKYI0Ul IPOCETi.

[TpuHIMN BUMPSMIICHHS 06a3y€ThCsl HA OTPUMAaHHI 3a JOTIOMOTOI0 THPUCTOPHOI
CXEMHU 13 JBOIOJIPHUX HANpPyr OJHOMOJSPHUX HAMIBXBUJIb HAMPYTH, AKI MICISA
biabTpa CTAHOBIATHCA 3TNIAKEHUMH. [Ipy BENMKHX MOTYKHOCTSIX HABAHTAXEHHS
3a7aqy TIEPETBOPCHHS €JIEKTPUYHOI €HEprii 3MIHHOTO CTPyMy B TOCTIMHHUN CTPyM
BUPIIIYIOTh 32 JONOMOToi0 3-(hasHMX KEpPOBAHMUX BHIPSAMIISYIB, BUKOHAHUX 32
MOCTOBOIO CXEMOIO.

Buxigaumu gjaHuM# U1 pPO3paxyHKy CHIIOBOTO BEHTHJIBHOTO OJIOKY Ta BUOOpY
TUPUCTOPIB € HACTYIIHI:

1. Cxema 3’erHanHsa 0OMOTOK TpaHchopmaTopa — Y/A;

2. JliniitHa Hanpyra mepexi, Uy, — 0,38 kB;

3. HominaneHa Bunpsmiena nampyra, Ugs — 230 B;

4. HomiHabHUM BUNIPSIMIICHUM CTPYM HaBaHTaxeHHS, gy — 26,15 A.

[IpoBenemMo po3paxyHOK MOTYKHOCTI HA HABAHTAYKEHHI:
Pan=Uan-ldn; (2.28)
Pan=230 - 26,15 = 6014,5 BA.

3HaiiieMo TOTYXHICTh TpaHchopmaropa (0e3 ypaxyBaHHS MPOIeCy KOMyTallii):
St=1,35 - Pap; (2.29)

Si=1,35- 6,015 =8,12 kBA.
3 ymoBu S¢/S; Bubupaemo Tpanchopmarop tumy TC3-10/0,38 3 HacTymHUMHU

XapaKTEPUCTUKAMMU:

- HOMiHaJIbHA NOTYXHICcTh S = 10 kBA;

- nanpyra K3 U% =4,5;

- Hanpyra nepBuHHOi 06MoTkH U1,=380 B;

- Haripyra BTopuHHOi 00MoTku U,=230 B;

- BTpaTu y MarHironpoBo/i Tpancpopmaropa Py=0,09 kBT;

- BTpatu B 00OMoTKax TpaHchopmatopa P=0,28 kBT.
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s TpudazHoi cxemu 3 HyJIbOBUM BHUBOJIOM KoeditieHT dazHoi EPC cranoBuThH
B =10,87.
Buznaunmo HoMiHambHY (Da3Hy HAmpyTy BTOPUHHOI OOMOTKH TpaHChopMaTopa

(mmpu kyTi perymoBannas @ = Q)

. 0,

Udn = Udo - (cos o— wj ; (2.30)
100

3BIIKH:
U
dn 230 _
= = =239371B.
Yo B-U,, 0,87-4,5
coso— K% 1-
100 100

BusHaunmo BennunHy HEOOX1AHOT Ppa3HOT HANPYTy BTOPUHHOT OOMOTKH Uy,
Uao=(3 J6 - U2w)/2 - m=1,17 - Uy, (2.31)
3BIJICH:
U, = 0,855 - Ugo = 0.855 - 239,371 = 204,662 B .
Ock1JIbKM BTOpUHHA 0OMOTKA 3’ €JHaHA TPUKYTHUKOM, JIJIs IKOTO JIiH1IHI 1 (pa30Bi
Hanpyru piBH1, TO U= Usyg.
HeoOxinna niniitna Hanpyra Uz, ; CTAHOBUTH:
Uz =U2n =204,662 B. (2.32)
Bubupaemo niHiitHy Hanpyry BTOpUHHOT OOMOTKH CHJIOBOTO TpaHcdopmaTopa 3
HoMIHasbHOTO psiny 230B, 460B, 660B, 825B
U, =230B.
3Biaku ¢asHa Hanpyra ctaHoBUTH U=U,,=230B. (2.33)

Yrounumo 3naueHHs Uqgo 111 BUOpaHOTO 3HA4YCHHS (pa3HOT HAMPYTH BTOPUHHOI

oOMoTku TpaHchopmaropa Us:

Usw=117-U,; = 1,17 - 230 = 269,1 B.

3a Bimomumu 3HaueHHsAMU Ui, 1 Uy (U — Hampyra He Ha BTOpPHHHIA 0OMOTII
TpaHcopmaropa, a Ta, sKa BUKOPUCTOBYETHCS IJISi PO3PAXyHKY BHIIPSAMIISYA, IO

JKUBUTHCSI BiJ] BTOPUHHOI OOMOTKH TpaHcopmaTopa, 3'€IHAHOT TPUKYTHUKOM), 3
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ypaxyBaHHsIM 10%-ro KOJIMBaHHS HANpyrd, BU3HAYMMO Koe(illieHT TpaHc@opmarlii

CWJIOBOTO TpaHchopmaropa

n=——=—l_-""—217 (2.34)

da3zHuil A1F04YMil CTPYM BTOPHMHHOI OOMOTKH TpaHcgopmaTopa 3a YMOBH, IIO

BUNIPSIMJICHUN CTPYM i7ieaibHO 3riapkeHui (Ly— o0 ), TOpiBHIOE:

I, = 0,581 - gy = 0,581 - 26,15 = 15,193 A. (2.35)

Jirounii cTpyM nepBUHHOI OOMOTKH TpaHc(hopmaTopa, MOB'SI3aHHUI 31 CTPYMOM
BTOPUHHOI 0OMOTKH KO€(IlIEHTOM TpaHCPopMallii, BA3BHAYAETHCS 32 (POPMYIIOO:

_047-1, 047-2615
n 17

| =723 A (2.36)

1

TouHl 3HA4YeHHS KYTIB  PEryJIOBaHHA 3HAaXOJUMO 32  HACTYNHHUMH

CII1BBITHOIIIEHHIMHU.
oL, = arccos Ui , B-Yi ) _ arccos( 230 087 4’5j =26°64 (2.37)
U, 100 269,1 100

+ 8 Y% | arceos| 230, 087451 gr01g- (2.38)
2.U,. 100 2.2691 100

3HailieMo CyMapHHd 1HIYKTUBHHUIM ONIp PO3CISAHHS, MPUBEIECHUN 10 BTOPUHHOI

a.,, = arccos

0OMOTKHM TpaHchopmaropa:

_ AU, U, _ 45230

*~ 1,-100  15193-100

0,68 Om . (2.39)

3a pIBHAHHSM  PETyJIIOBaHHS  BUNpSAMIISiYa OyAyeEMO  PEryIIOBAJIbHY

XapaKTEPUCTHKY, IO Ma€ BHUIJISA KOCHHYCOiAW 3MimieHoi Ha BeanuuHy Ugo/2

(puc.2.2).
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Pucynok 2.2 — PerymtoBaiibHa XapaKTepHCTUKA BUIPSAMIISTIA
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JIns 3HalIEHUX KYTIB PETyJIIOBaHHA, a TAKOX JJs KyTa piBHoro "0", OyayeMo

30BHIIIIHI XapaKTePUCTHKH BUIIpsiMIIsga (puc. 2.3).

W A

269,1 252 12
240,53
22355
125,55 108,57
o
0
26,15

Pucynox 2.3 — 30BHINTHI XapaKTEPUCTUKHU BUTIPSIMIISTIA
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[ToTy>XHICTh BTOPUHHOT 0OMOTKH TpaHchopmaropa Sy, 3 ypaxyBaHHsaM 10%-Hoi
3MIHU HaNpyTH, 3HaXOAUMO Yepe3 T0OYTOK 3HaUYCHHS KUTbKOCTI (pa3, pazHoi Hanpyru
BTOPUHHOI OOMOTKH TpaHCcpopMaTopa 1 CTpyMmMy BTOPHUHHOI OOMOTKH, ane ¢a3Ha
Harpyra BTOPUHHOI OOMOTKHM TpaHcopMaropa TIpu 3'€THAHHI I11€i OOMOTKH
TPUKYTHUKOM PIBHSETHCSA JiHIMHINA. JIiHIHE 3HAUEHHS HANpPyrd BTOPUHHOI OOMOTKH
TpaHcopmaropa, 10 JOPIBHIOE JiHINHIN Hampy3i BEHTUIIBHOI CXEMH, 3HaXOJIUMO

yepe3 (azHe 3HAaUCHHsI HAPYTH BEHTHJIBHOI CXEMU. 3B1JICH:
S;=m-11-Uy-1,=3-1.1-230- 15,193 = 11531,487 BA. (2.40)

[ToryxHICTh IEPBUHHOI OOMOTKHU TpaHc(hOpMaTopa CKIaIaE:
Si=m-11-U;-1;=3-1,1-380-7,23 = 9066,42 BA . (2.41)
TunoBa MOTyXHICTh TpaHchopmaTopa s TpudazHOI CXEeMU 3 HYJIbOBUM
BHUBOJIOM JIOPIBHIOE:

S, +S, 9066,42+11531,487

s,
2

~10298,9 kBA (2.42)

Takum 4ymHOM BHOpanuii  Tpanchopmatop TC3-10/0,38  3am0BOJIBHSE

IIOCTAaBJICHHUM BHUMOTI'aM.

KoediuieHt Bukopuctanas tpanchopmaropa:

K =tw_ 0015 40 (2.43)

TS 102989

.
Tenep BU3HAYUMO KyTH KOMYTallli CTpyMy BUIOpSMIIsSYa 3 popMyIin:

2-1,-X, 2-2615.0,68
J6-U, 6230

cosa—cos(o—y) = =0,063 (2.44)

[Tpu KyTI peryatoBaHHS a=an!

7 = arccos(cos(an) - 0,063) - a, =arccos(cos(26,64°) - 0,063) - 26,64° = 7,17° (2.45)
[Tpu KyT1 peryatoBaHHs o= n1

y=arccos(cos(an1) — 0,063) - o n1 =arccos(cos(62,19°) - 0,063) - 62,19° = 4,01° (2.46)
3HaxXoAMMO KYT 3CyBY MEpPIINOi TAPMOHIKH CTPYMY BIJTHOCHO HAINpyTy IJs 2-X

BUIAJIKIB:

1) mpu a=an
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p=0, +%:26,64+7’—;7:30,23°. (2.47)
2) 0pu a=an
p=0a, +%:62,19+4’—201:64,2°. (2.48)

Koeditient cnorBopeHHs1 HOPMU KPUBOT 3MIHHOTO CTPYMY, 110 CITIOKUBAETHCS 3
Mepexi (KoedillieHT HecHHycoiganbHOCTi) Tpu L —»o  mas Tpudaznoi cxemu 3
HYJIbOBUM BHUBOJIOM JIOPIBHIOE:

K.=0,93.
Po3paxyemo koedilieHT MOTYKHOCT1 BUNIPSAMIISTYA A
A =K - cos(e) (2.49)
1) mpu a=an:
L =0,93 - cos(26,64°) = 0,83;
2) IpH a=a 1.
A1=0,93-co0s(62,19 °)=0,43.

Po3paxyemo cepenHe 3Hau€HHSI CTPYMYy 4epe3 BEHTWIb I ¢p 1 MaKCUMAaJIbHY
o0epHeHy Hanpyry Usg rax JUTSI BUOOPY TUPUCTOPIB.

O6epHEeHy MaKCHUMaJIbHY HAlpyry BUOMpPAEMO 3 ypaxyBaHHS KOJIMBaHb MEPEXKi
+10%, a TakoX 3 ypaxyBaHHSM KOMyTaliiHuUX mnepeHanpyr. Tomy B dopmyny
po3paxyHKy Uz max BBOAUMO KoedirieHT 1,4:

Locep- = 1o =1au /3 (2.50)
Uz max> 2,1 - Udgo (2.51)
lacep > 1.=26,15/3 =8,72 A
Uss.max >1,4-2,1-269,1=791,15 B.

Bubepemo tupucrop tumy T-112-10-8.

TexHiuHI XapaKTepUCTUKKA 00paHOTO TUPUCTOPA HaBeAeH1 y Tabnuii 2.3.



Tabnuns 2.3 — Xapakrepuctuku Tupuctopa T-112-10-8

o1

Uss. max, tBKJI,
Lo cep, A dU, B ., MA Uy, B Locn, MA
B MKC
10 800 1,75 2,5 7,5 10 100
CnouaTky Tpeba po3paxyBaTH BTPATH MOTY>KHOCTI Ha BEHTHJISAX
dP, = my dUq" |y, (2.52)

7€ M ¢ — YHCIIO TUPUCTOPIB B JAHOMY BUTIPSIMIISTYI BHIIPSAMILTYi (M ¢ = 6);

dU, — Hampyra Hanpyra Ha THPUCTOPAX;

[, — mpsaAmuii ctpyM tTupucropa.

dP, =6 -1,75- 10 = 105 Br.
Jlns po3paxynky KKJI aii Bunpsimiisga, (croskuBanHs eHeprii cxemoro CIOK He
BPaXxOBY€EMO), BU3HAYAEMO MOTO BETMYUHY JIJISl 2-X BUTIAJIKIB:
npu BuxiaHii Hanpy3i Ug =Ugp;
Ud =Udn/ 2.

s poro BuzHayaemo KKJ]I Takoxx i1 2-X BUNAJKIB:
a) B =Uq4 IUdgn= Ugn /Ugn=1:

n = (B Pan) (B -Pan+ p? dPat Pot+ g% - Py), (2.53)

e Pdn — HOMIHaJIbHA TOTY>XHICTb;
dP, — BTpaTH MOTY>KHOCTI Ha BEHTHJISX;
Po — BTpatu eHeprii B MarHiTONpoBo/i,

P« — BTpaTu eHeprii B 00MoTKax TpaHchopmaropa.

) 1.6015 )
= 601512 105+ 1% - 280490 "
6) B= Uy /Ugn'2 =0,5
0,5-6015

0,94.

= 056015+ 0,25-105+ 0.25- 280+ 90 _
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PeBepcuBHI TBOKOMIUIEKTHI MEPETBOPIOBAYi, IO 3aCTOCOBYIOTHCS IIJISI IPUBOJLY
miaoMy abo CITYCKY €JICKTPOJIIB CIY>KaTh TaKOX JJid €(eKTUBHOIO 1 B TOM K€ Yac
CeKOHOMIYHOTO TaJbMyBaHHs ABUTYHA. Lle mocsraeThcs MEpeBOJOM  JBUTYHA B
TeHEepaTOpHUI peXuM. B 1IbOMy BHITaKy MEpEeTBOPIOBAY IMPAIIOE B PEXHUMI iHBEp-
TyBaHHs, BIIOMOT0o Mepexero. O0uBa KOMIUICKTH BEHTHIIIB MO Yep3i BUKOHYIOTH

GbyHKIIT 1 BUpsAMIIsda 1 iIHBepTOpa.

+Uk 8ux

Ukex
'Ukeux

Puc. 2.4 Y3romxeHHs xapakTepucTuk miacuiatoBada tTa CIOK

B peBepcHUX TUPUCTOPHUX MEPETBOPIOBAYaX ICHYIOTH €JIEKTPHUYHI JIAHIIIOTH, 110
CKJIAJIAIOThCA 3 TUPHUCTOPIB 000X KOMIUICKTIB 1 BTOPUHHOT OOMOTKH >KHBJISIYOTO
TpaHchopmaropa, MO SKAX MOXKE TNPOTIKATH CTPyM, MUHYBIIM HaBaHTAKCHHS
nepeTBoproBavya. B eneKTpuyHOMY KOHTYpl, IO HA3UBAETHCS 3PIBHSUIBHUM, JIi€
3piBHsuIbHA EPC, 110 BU3HAYa€eThCs anreOpaiyHO0 CyMOIO JIBOX MUTTEBUX 3HAUYEHb
dazaux Hanpyr. OCKUIbKY 3pIBHAJIBHUNA KOHTYpP Ma€ MaJliid OIip, TO MPUXOIUTHCS
BXKMBATH CIICIIAIbHUX 3aXOJiB I OOMEXKEHHS BHHHKAIOUUX B I[bOMY KOHTYpI
3pIBHSUIBHUX CTPYMIB.

3 1i€10 METOI0 B KOHTYP BKIIFOHUAIOTHCS CTPYMOOOMEKYIOUl PEAKTOPH.

BenuuuHa 3piBHSUIBHOTO CTPYMY 3aj€XHUTh BIJ ONOPY KOHTypa 1 BiJl KYyTIB
peryioBaHHs 000X KOMIUIEKTIB. [IpuiiHATHII cmOCi0 KepyBaHHS BHIPSIMHHM 1
IHBEPTOPHUM KOMIUICKTAMH, 0 Ma€ Ha3By pO3IIIbLHUN 0€3 3aMUKaHHS
HEIPAITIOI0Y0r0 KOMIUICKTY, XapaKTEePU3YEThCS TUM, IO KYT BIIKPUTTS THPUCTOPIB

HEMpPAIIOIYoro KOMIUIEKTY B = Pmin = const, B TOM dac, SK KyT BIAMUPAHHS



53

MPaIoYoro B JIaHUH MOMEHT (BHUMIPSIMHOTO) KOMILIEKTY O 1 3aJeXHICTh BIJ
YIPABJISIOYOr0 CUTHAITY 3MIHIOETBCS B MEXKAX Omin < O < Omax, IPUIOMY Omin = Pmin.
3aBASAKM TaKOMY pETyJIOBAaHHIO CEpeIHE 3HAUYECHHS HAlpyrd 1HBEPTOpa 3aBXKAU
O1BIIE CepeIHhOI HAMPYTH BUIIPSAMIISIYA, 3PIBHJIBHUN CTPYM 1CTOTHO 3HMXKYETHCS 1
Ma€ IPEpUBHUCTY HOpMy.

Ha puc. 2.4 mokazaHo y3ro/UKeHHsS XapaKTEpPUCTUK MiACHIIOBaYa 1 CHUCTEMH
IMITYJIbCHO-()a30BOTO KEPYBAHHS TUPUCTOPAMHU.

TyT Ukpx 1 Ukpux - BXiIHA 1 BUXiIHA Hampyra MpOMIKHOTO TifacuiaoBada. [Ipu
poOOTI TEpUIOT0 KOMIUIEKTY THPUCTOPIB y BuOpsiMHOMY pexkumi (II xBampanT)
Harnpyra Ha Buxoji1 BXKK 11poro koMriekty 3MiHIOeThCS B MexKax Bi 0 10 — Uy pux, 110

3a0e3neuye 3MiHY KyTa peryJItOBaHHS O B1J] Olimax 1O Olimin , TOJIL SIK HAIpyTa HA BUXO/I1

BXXK npyroro KOMILIEKTY piBHA HYJIO i KYT 02 = Ozmax = 78 - Pmin = CONS.

MiHIMaJIbBHUI KYT pEryJIOBaHHS THPUCTOPIB Omin Y BHUIOPSIMHOMY pPEXKHUMI
BU3HAYAETHCSI HOMIHAJIIBHOIO HAPYyrolo IEPEeTBOPIOBAYA 1 HAPYTH KUBJITYOT MEPEXKI.

VYCcTaHOBKa Omin MOBUHHA MPOBOAMTUCA 3 YpaxXyBaHHSIM MOJKJIMBOTO 3HM)KEHHS
HanpyTu Mepexi, a TakoX 3 ypaxyBaHHSAM JIOMYCTUMOTO KyTa peryJIrOBaHHs
Burnpsimiisida. Kyt omin B TaHOMY TepeTBOprOBaul BUOMpaeThcst B Mexkax 25 - 30
eJ1.rpaaycCiB.

['paHuuyHuil KyT peryaioBaHHS T[EPETBOPIOBaYa B I1HBEPTOPHOMY PEXKHUMI
BU3HAYAETHCS 3 ypaxyBaHHSIM CTaTUYHUX 1 JMHAMIYHUX PEKUMIB poOOTH
nepeTrBoproBada. OueBUIHO, IO KYT Pmin TOBUHEH OyTH HE MEHIIIE TPAHUYHOTO KyTa,
PIBHOTO KYTy KOMYTaIlli MPU MaKCUMaJIbHOMY BUIIPAMIIEHOMY CTPYM1 HaBaHTAKECHHSI
neperBoproBaya 1 He Oumbme 30 enrpanyciB. HeoOximHo mnam'statu, 1o 13
30UTBIICHHSAM Pmin POCTE 3PIBHSUIBHUIA CTPYM, a TIPU KyTaX Pmin > 30 en.rpamycis BiH
pi3ko 3pocTae. CiiJl TAKOX BiJI3HAYUTH, 1110 B PEBEPCUBHUX MEPETBOPIOBaYax MOBUHHA

JTOTPUMYBATUCS YMOBA Omin = PBmin. L1 yMOBa BUTIKae 3 HEOOX1THOTO CHIBBIAHOIICHHS

cepennix 3HaueHb EPC Bunpsimirsiya i inBepropa Uy, 2U, ; , Koy 3piBHSUTBHUIN CTPYM

Mae mpepuBuYary abo rpaHUyHO-Oe3nepepBHY (GopMmy 1 3a0e3MedyeThCsi HOpMallbHA

po0oTa 3pIBHIIBHUX PEAKTOPIB.
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BpaxoByroun BUCIIOBIIEHE, PEKOMEHAYETHCS KYT PETYJIIOBAHHS TUPUCTOPIB Pmin

BCTAHOBIIIOBATH B Mexkax 25% > Brin < 15°.

2.2.3 AHaJi3 po60TH OCHOBHUX OJIOKIB CXeMH

OyHKIIOHATbHA CXeMa aBTOMAaTHUYHOTO peryjsTopa JIyrd IMpeacTaBicHa B
noaaTtky. Bxigauit ynpaBnsrouuii curaan UBX, piBHUH pI3HUII 33]1aI040T0 1 HAIIPYTH
3BOpoTHOTO 3B'sI3Ky Uszanm - U33, morpamise Ha BXiJ HaIiBIPOBIIHUKOBOTO
T ICHITIOBAYa .

[Tincunennit ynpasisouuii curHas UBMX mocTymae fajiai B OJ0K JKUBJICHHS Ta
KEpyBaHHA, 110 BUKOHYE (QYHKIII KepyBaHHS OJIOKOM (OpMyBaHHS  IMIIYJIbCIB
(CI®OK), a Takox (QyHKIIi OOMEXKEHHS MIHIMAJIBHOIO 1 MaKCHUMAaJIbHOTO KYTIB
pEryJoBaHHsS B CHHXPOHI3AIIi1 IMITYJIbCIB 3 HANPYyToto *KuBJsiuoi mepexi. biok CIOK
nepeTBoproe BUX1aHy Hanpyry (Ux) B IPAMOKYTHI IMIYJbCH JOJATHBOI MOJSPHOCTI
neBHOi (a3u, SKI MOJAIOThCS Ha Kepyrodl eleKTpoAau TtupuctopiB. Ha mnawnemi
BCTaHOBIIOIOTHCS 2 6510ku CIDK, HeoOX1qH1 /Uil YIIpaBIiHHS PEBEPCUBHUM CHIIOBUM
BEHTUJILHUM OJIOKOM.

[InaBHa 3MiHa a3y ynpaBistOyuX IMITYJIbCIB IPUBOAUTH JO 3MIHHM CEPEIHBOTO
3HAYEHHS BHUXIJHOTO HAIpsMy CHJIOBOTO BEHTHJIBHOTO OJIOKY - Halpyrd Ha
HaBaHTAYXKEHHI.

Jis OOMEXEHHS CTpyMy HaBaHTa)XEHHS IE€PETBOPEHHS BCTAaHOBIIIOKOTHCS
JTATYUKHU 3MIHHOTO cTpyMy TA, 1110 BIUTMBAIOTh HA cUcTeMy yrpaBiaiHHsA. OOMeKeHHs
CTPYMIB KOPOTKOI'O 3aMUKaHHS Y€pe3 CUJIOBI BEHTUJI 3[1MCHIOEThCS 32 paxyHOK Ex
CHJIOBOTO TpaHc(opmaTopa.

[TonsipHiCTh BUNIPSAMIIEHOT HANTPYTH BU3HAYaeThes nossipHicTio Usx = Uzag - U33,
Ipy [bOMY TMPAIIOE 3aBXAW TUTBKH OJHA Tpyla BEHTWIIB, NPOBIIHUA CTPyM
HABAHTAXKEHHA, a y IPYroi rPyny BEHTWIIB BCTAHOBIIOETHCS KYT YIPABIMIHHS Omax.
[Ipy 3MiHI MOJSIPHOCTI CTaH TPYNU BEHTWJIIB 3MIHIOETHCS Ha 3BOPOTHE - Tpyma
BEHTUJIIB, Y SIKO1 OYB BCTAHOBJICHUM KYT Omax, IIPOBOJAUTH CTPYM HAaBaHTa)KCHHS, a Yy
MPAaIlOI0u0i paHillle TPYMU KyT YNPaBIIHHS MEPEBOAUTHCA Y  Pmin - MPU LIBOMY

3MIHIOETHCA HAMpPSIMOK CTPYMY HaBaHTAXKEHHS 1 MOJISIPHICTh BUIPSIMIICHOT HAIIPYTH.
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PosrisHeMo (yHKITiOHaJIBHE TTPU3HAYEHHS OCHOBHHMX OJIOKIB €JIEKTPOIPHBOJIA
nojayi eJICKTPOIIB.
1) bnok mopiBHSHHS

Cxema 0JI0Ky IOpIBHSIHHS HaBEJIeHA Ha puc. 2.5

<&

Pucynok 2.5 — Cxema 010Ky MOpiBHSIHHS

By3on 3BopoTHOro 3B'SI3Ky IO Hampy3i ckianaerbes 3 koHueHcaropiB C8-C9,
ornopiB R7-R9, kpemuieBoro craburitpona VD8, mioga VD7 1 mpusHauenuit mis
OTPUMAaHHS TPOMOPIIIHHO-PENEHHOT XapaKTePUCTHKN PETyJIsATOpa Ta 3a0e3MeUYeHHs
rajJbMyBaHHS €JIEKTPOJIBUTYHA.

IIpn HeBenukux 30ypeHHSX MIBUAKICTh JBUIyHAa Taka, 110 Hampyra Ha sKopl
JIBUTYHA, SKa 3HIMaeThcs, 3 moTeHIiomerpa R10, menme Hampyrm mpoOoro
crabimitpona VD8. Tomy Ha Bxoai migcuiaroBayda € curHai Usy, = (bU - ¢l) - Uss. Skio
CUTHaJ 3 BUXOJY 3a/1aBaya MOTYKHOCTI Oublie Hanpyru npodoto cradutitpona VDS,
TO Ha BxoJi miacumoBavya curian Us,, = (bU-cl) —Usz mocsirae Takoi BenuuuHH, 1110 3
BUXOJy MIJCUIIIOBaYa 3HIMAETbCA MAaKCHUMallbHa Harpyra. Perymsarop ¢akTudHO
HEPEXOUTh B PEIICHHUN PEXHM 32 PaXyHOK OOMEXKCHHS BEJIWYHMHHU BiJl EMHOTO
3BOPOTHOTO 3B'A3Ky IO Hampy3i. BenwmunHa 30HW MPOMOPILIHHOTO pEryIrOBaHHS

3MIHIOETBCA 3a JTOomoMororo moTeHriomerpa R9. By3onm mopiBHSHHS CKIIagaeThes 3
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JIBOX BUIPSMHUX OJHO(A3HUX MOCTIB, EMHICHUX (PIILTPIB 1 ONMOPIB HABAHTAXKEHb 1
CIIY)KUTb JIJIsl IOPIBHSIHHS CUTHAJIIB, MPOIOPIIIHHUX CTPYMY 1 HANpy3i AYTH.

2) brok migcuneHHs

PeBepcuBHMII  HaAMIBOPOBITHUKOBUI  MIJCHIIOBAY  CKJIAA€TBCA 3 JIBOX
HEPEBEPCUBHUX TMIJCHIIOBAUIB: OJHOTO JUIsI KEPyBaHHS CHUCTEMOIO IMITYJIbCHOTO-
¢$a30BOro KepyBaHHS KOMIUIEKTOM THUPHUCTOPIB «BrOpYy», 1HIIOTO ISl YIPaBIiHHS
CUCTEMOIO IMITYJIbCHO-()A30BOr0 KEPYBaHHS KOMILJIEKTOM TUPUCTOPIB «BHUBY.

[Tpu BimcyTHOCTI curHamy Ha BXOJl miacuimioBada tpanszuctopu VT6 1 VTS
BIJIKPUTI 32 paxyHOK CTpyMy, IO IpoTikae yepe3 onopu RS6, R63, a Tpan3zucropu
VT3 i VT4 Bigkputi B cBoto 4epry depe3 Tpansuctopu VT6 i V5. Konu Ha BXix
NPUXOIUTH curHal, Tpansuctop VT6 3akpuBaeThes, 3aMmukaroun Tpansuctop VT3, Ha
BUXOJIl TIJCUJIIOBayYa 3'SIBISIETHCS CHUTHAJ, SKUN BHUKJIMKAE€ 3aMUKAHHS TPAH3UCTOP
VT6 cuctemu IMITyJIbCHO-(A30BOTO KEPYBAHHS, IO MPUBOAUTH 10 3MEHIIICHHS KyTa
BIJIMUKAHHS 0 KOMIUIEKTY «BHHU3». B 1HIIOMY KOMIUJIEKTI KYT PEryJIIOBaHHS
3aJIMIIAETECSA PIBHUM Omax, OCKUIbKHM Tpausuctopu VT5 |1 VT4 3anumarThcs B
MOYaTKOBOMY CTaHi. By3om perymoBaHHS 30HM HEUYYTIMBOCTI PETyIATOpa
ckiamaeTbes 3 onopiB R64, R65 1 gioxis VD34, VD27.

Pene KR1, KR2, KR3 3naificHI0I0Th TIepexia Oyap-aKk0i ¢a3m Ha «pe3epB», peie
KR4, KR5 nonaroTe peBepCMBHMI 3aJjal0unii CUTHA Ha BXI1J MIiJICUIIOBaYiB MpHU
pyuHomy kepyBaHHi, pene KR6, KR7 3miiicHioloTh BHOIp pexuMy KepyBaHHS
(aBTomaTtnunmii, pyunuii), pere KR8 1 KR9 3miiicHIOIOTh KOHTPOJIbL IOJIO0KCHHS
CJICKTPOJIIB yroBoi medi. B moyarkoBomy cTaHi Ha OOMOTKH pejie yepe3 KiHIEBI
Bumukaui SQ1 1 SQ2 nogaerses Hanpyra. Perne 3aMuKkal0OuYMMKU KOHTAKTaMH ITYHTYIOTh
nionn VD25 1 VD24. ¥V pa3i BUX0[ly MeXaH13My NEPEMIIICHHS eJIeKTpoay 3 poOoyoi
30HHM KiHIeBui BumMukad SQL ab6o SQ2 Bigkmouae pene KR8 a6o KR9. B 3amarounit
JaHUIOr BKIoYaeTbest aion VD25 a6o VD24 3 monsipHicTIO, IO TEPEelIKoKae
MPOXO/PKEHHIO 33J]al0Y0r0 CHTHANTY. 3a PaxyHOK BiJl EMHOTO 3BOPOTHOTO 3B'SI3KY
BiIOYBa€ThCS TaJIbMyBaHHS 1 3yNHMHKA JABUTYHA. 3MiHA TMOJSPHOCTI CHUTHAIY
MIPU3BOJIUTH J0 TIOBEPHEHHS €JIEKTPOIy B poOOUy 30HY.

3) Bnok sxuBnenns ta kepybanHs (BXXK)
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B BKK BcTaHOBIIEHI €IEMEHTH >KUBJICHHS 1 KEPYBAHHS CUCTEMOIO ()OPMYBaHHS
imnynbciB (CIDPK). Cuctema XUBUTBCS Bl TphOX OaHO(MA3HUX TpaHchopmaropiB
TM6-TMS8. OomoTku TparchopmatopiB (TM12-TM 14) e mxepenom CHHXPOHI3YIOY01
Hanpyru komyTyrounx tpanszuctopiB (VT10, VT14,VT18) 6noky CIDK. B saxocTi
€JIEMEHTIB KepyBaHHs B cXeMi 3acTocoBaHi Tpanzuctopu VT1,VT2,

4) CucreMa iMmmyiscHO-(a3oBoro kepyBanHs (CIDK)

Januii 6J10K MICTUTB y CBOEMY CKJIAJI TPY aHAJIOTTYHUX KaHaJIH, K1 IPU3HAYCHI
s (opMmyBaHHS iMIyJbCiB KepyBaHHA. biok CIOK mpamroe cmiibHO 3 OJI0KOM
KUBJEHHS Ta KepyBaHHSA. OcHOBHOIO 3amaueto Onoky CIOK e dopmyBanHs
NPSMOKYTHUX BIIMUKAIOUUX IMITYJIbCIB TUPUCTOPIB. BJIOK BUKOHAHUI MO TpudazHii
HYJIbOBIM CXEMI.

5) Biiok cTpyMOOOMEKEHHS

Cxewma 010Ky 300paxeHa Ha puc. 2.6

v g >
Vip?2 =  Cd pr ¥ VD17
< NUCVy
VP3 V19 V120 v
R2 8 Csg| RO
HH-
VD20 VmgSlZ

Pucynok 2.6 — Cxema 6510Ky cTpyMOOOMEKEHHS
Jlanuii OJOK BHKOHYE (YHKIII 3aXUCTy KEpPOBAHOTO IMEpPETBOPIOBAaYa Bij
nepeBanTaxeHHs. [limcumoBad CTpyMOOOMEKEHHSI € MPOMOPIIIHHO-THTETPYIOUYHM
NIJCUIIIOBaYeM, SKUA BUKOHaHMM Ha Tpansuctopi VT20. B mouatkoBoMy cTaHi

tpanzuctop VT20 3akpuTuil €TajJOHHOI OMOPHOK0 HANPYrol0, IO 3HIMAETHCA 13
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crabimitpona VD17 uvepes onip R18. Tpanzucrop VT19 npusnauenuii ajs po3psay
koHJeHcaTopa C2 1 B MOYaTKOBOMY CTaH1 BIAKPUTUN CTPYMOM 3MIIICHHS Yepe3 Omip
R6 o nepexoy konekrop-6a3a. Curaas, mponopiiiHuil CTpyMy IBUTYHA, 3HIMAE€ThCS
3 TpaHc(opMaropa cTpymy, 1110 BUMIPAMIIIETHCS 1 yepe3 nmoTeHuiomeTp R21 nomgaerses
Ha BXiJ MiJCHIIOBada. PiBHICTH cepeHiX 3HAYE€Hb CTPYMIB, IO MPOTIKAIOTH Yepes
ornopu R19 1 R18 Bu3Havae ycTaHOBKY By3J1a CTPYMOOOMEKEHHS.

[lepeBullieHHSI CUTHAJIOM, TIPOMIOPILIIITHIUM CTPYMY JIBUTYHA, BEIMYMHU €TaIOHHOI
cTaO11130BaHO OMOPHOI HANPYTH MPUBOAUTH N0 BLAKpUTTA Tpansuctopa VT20 i
3HIDKEHHSI KEPYIOYOi HAIlPYTH 32 PaXyHOK IIYHTYBAaHHS BXOJY CUCTEMH IO JIAHIIOTY
VD23 (abo VD22) — VD21 —VVT20. B MOMEHT POTIKaHHS CTPYMY I10 IIbOMY JIAHITIOTY
3a paxyHOK majiHHg Hanpyru Ha miogi VD21 tpamsuctop VT19 3akpuBaeThCs.
Oco0auBICTIO JAHOTO MIJICKITIOBAYa € T€, [0 HAMPYT OO YKUBJICHHS JUIsl HHOTO CITY>KUTh
Kepyloua Hampyra, IO TOJA€TbCSl HA BXIJl CHUCTEMH YIPAaBIIHHSA 3 BUXOIY
HaImBIpoBiTHUKOBOTO mifcuiatoBada. RC nanitoxkok (R17, C14) 3BopoTHOTO 3B'S3KY
BKJIFOUEHUI Oe3mocepeIHbo Yepe3 po3noauibHi aioau VD23, VD22 na Bxoau cuctemMu
KepyBaHHs. 3aBIsSKU I[bOMY Kepyloua Hampyra Ha OyJb-SKOMY BXOJll CHCTEMI
YOpPaBIIHHS TPU CTPUOKOMOAIOHOMY HApOCTaHHI HANpyru Ha OyAb-SKOMY BHUXO1
HaIIBIPOBIJHUKOBOIO MMiJICUIIIOBaA4Ya HAPOCTAE MO JIIHIKHOMY 3aKOHY 13 IIBHJKICTIO,
o BU3HayaeThcs BenuuumHOw Cl4. Ile no3BOJsE€ NIKBIAYBAaTH MEPUIMI CTPUOOK
CTPYMY 1 3aJIe)KHO BiJ] BEIMYMHU €MHOCTI (HOpMyBaTH Mepiinii PpOHT HAPOCTAHHS
CTpyMY JIBUTYHA.

Omip R17 1 audepentirorounii nanirroxxok R20, C38, BUKOHYIOTH pOJIb THYYKOTO
3B'SI3KYy 10 CTPyMy JIBUTyHa, 3a0€3MedyloTh CTIAKYy poOOTy  KOHTYpY
CTpyMooOMekeHHs. [HTerpytoua emMHicTh C14 BUKOHYE TaKOX pOJb 3TIaIKYHYOro
binpTpy cucTeMu KepyBaHHS. [lpu 3HUKHEHHI CHUTHally CTPYMOOOMEKEHHS
MOYaTKOBHM CTaH CXEMH BIJTHOBIIOEThCA 1 KoHaeHcatop Cl4  pospsmgkae depes
tpan3uctop VT19.

6) bioK JKUBICHHS.
Jlo cknmagy nmaHoro OJIOKy BXOAuTh TpudaszHuid TpaHchopmaTop, €MHICHI

GITETPH Ta MOCTOBI CXEMHU BUIMPSMIICHHS. BJIOK KUBJIEHHS 3a0e3medye pKeperna
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MOCTIHHOTO CTpyMy Hampyrorw 6, 12, 18, 24, 195 B. BiH € mxepenoM >KUBIEHHS ISl
050Ky miAcwiIeHHs. bIOK KOMaHJOKOHTPOJIEpIB MPU3HAYEHUN I TEpexojy Ha
PE3EPBHUI PETYIATOP MOTYKHOCTI.

EnexTpuyHa npyHIMIIOBA CXeMa MaHell KepYBaHHS IBUTYHOM I0/1aul €JIEKTPOIY
MpUBEACHA B 10oAaTKy b.

Jlanwuii perynarop ycyBae HaCTyIHI 30ypeHHS:

- 3MiHa TEIJIOBOTO PEXKUMY, IKa OOYMOBIIOETHCS 3MIHOKO TyTOBOT'O MMPOMIXKKY;

- 3MiHa TOTY)KHOCTI, SIKa MiABOJUTHCS B 1Y, BOHA BUKJIMKAHA KOJHMBAHHIMHU
HaIPYTH KUBJICHHS;

- KOPOTKOYACHI MOPYLIEHHS PEXKUMY, KOTP1 MOKYTh OyTH BUKJIMKaH1 KAITIHHIM
BaHHU PIAKOT0O MeTaly 1 (IyKTyalisiMy AyT MiJ BIUIMBOM €JE€KTPOMAarHiTHUX cuil. B
NEPIIOMY BUIAAKY TPUBAIICTh NOPYLIEHb PEXXKUMY CKJIAA€ ECATI YACTKU CEKYHH,
TOMY PETYJISITOp YHACHIJOK 1HEPLIMHOCTI MPUBOJY HE MOXKE BCTUTHYTH 3a ITUMHU
KoJuBaHHAMH. OJIHAK PEryJsToOp MOBUHEH MiITPUMYBATH Ha 3aJaHOMY 3HAYCHHI
CEepelHIO CWIYy CTpyMy MpOTSIroM nepiogy. B npyromy Bumagky 3MiHH peXHUMY
CKJIQJIaf0Th COTI YaCTKU CEKYH/U 1 CUCTEMaTUYHO MOBTOPIOIOTHCS KOKHMM nepio. Ll
KOJIMBaHHSI Y€pe3 KOPOTKOYACHICTh ABTOMAaTUYHUN PETYJIATOP HE BIANPAILILOBYE;

- HEpIBHOMIPHUW PO3MOAUT MOTYKHOCTEH mo (a3zax. OCHOBHOIO NPUYHUHOIO
NEPEHECEHHS MOTYKHOCTI € ACUMETPUYHICTh 3HAYHOT YaCTUHU KOPOTKOI MEpexi meul,
SKE € 3BUYAHUM Ha JUISTHKAX CTPYMOIIPOBOIY BiJl BUBO/IIB HU3bKO1 HAMIPYTH MIYHOTO
TpaHcopmaTopa A0 KOHTAKTHHX MOBEPXOHb MIXK IIOKOIO 1 €JIeKTpoJoM. B oMy
BUIAJIKY Y OJHOTO 3 KPalHIX €JIEKTPOIIB MOTYKHICTb, 110 BUAUISIETHCS, BUSBIISETHCS
HANWOUIBIIO0, Y THIIOTO KPAWHBOTO - HAMMEHIIIO 1Y CepeHBOT0 - MPOMIKHOI, 4aCTO
OJIN3BbKOIO 10 HANOLIBIIIOTL,

- HEO/THAKOBA MIBUJIKICTH MTPOTUIABIICHHS KOJIOS31B IT1/1 OKPEMHUMHU EJICKTPOIaMH,
oOyMOBJIEHa PI3HOI LIUIBHICTIO WIMXTH MiJ AyramMu. BoHa mocuiioe acuMerpiio
IHAYKTUBHHUX OIMOPIB OKPeMHUX (a3 1 3HWXKYE 3arajibHy MOTYXKHICTh, [0 MOJAETHCS B
my;

- pi3Ke BiIXUJICHHS PEKUMY B OCHOBHOMY B IEPi0/I IJIABICHHS, [0 BUKITHUKAETHCS

oOBaJlaMU ITUXTH, YaCTO MEPEXiTHE B KOPOTKI 3aMUKAHHS 1 OOPUBH AYT.
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2.3 Bu0ip inpopmManiiHuX eJIeKTPOMEXaHIYHHUX eJIEMEHTIB

BUKOHABYMX CHCTEM eJIEKTPONPHUBO/AA MOAa4i eJIeKTPOo/iB

B enexTponpuBoAi BHKOPHUCTOBYETHCS BEJIMKA KUIbKICTh BHUMIPIOBAJIbHUX
MPUCTPOIB (JATYMKIB) JJIsI BBEJACHHS B CHUCTEMY KEpyBaHHS IMPHUBOJIOM HEOOX1THOI
1HpOpMaIlii PO ENEKTPUYHI Ta HECJIEKTPUUHI TapaMeTpH.

HaiiGinb1ie po3noBCIOKEHHSI B PEryJIbOBAHOMY EJIEKTPONPUBOJI OTPUMAIH
JaTYUKHA CTPYyMY, HAMIPYTH, MIBUIKOCTI Ta MOJIOKEHHS, SKi HEOOX1IH1 JJI1 CTBOPEHHS
3aMKHYTUX KOHTYPIB KEpyBaHHS y cucTeMi perymoBaHHs. KpiMm nepepaxoBaHux BUIIe
TaK0’)X BUKOPHCTOBYIOTHCS JaTYMKM MOMEHTY, MOTykHOCTi, EPC, curnamm sxux
3BUYANHO OTPUMYIOTh IIIXOM BIANOBIJHOI OOPOOKH CHTHAJiB JAaTYUKIB CTPyMY Ta
HaIpyTH.

B ananoroBux cuctemax KepyBaHHS €JIEKTPOIPHBOJAMH B SIKOCTI JaTUYMKIB
MOJIOXKEHHS ~ BHUKOPUCTOBYIOTbCS B~ OCHOBHOMY  €JEKTPUYHI  IHIYKUIMHI
€JICKTPOMAILIMHU  THUITY CEJIbCUHIB Ta  CHHYCHO-KOCHUHYCHI  IIOBOPOTHI
TpaHchopmaropu. [liIBUIIEHHS TOYHOCTI CHIAKYIOUMX 1 MO3UIIMHUX CHUCTEM IIO
MOJIOKEHHIO JIOCSTAEThCS BUKOPUCTAHHAM Tpy00i Ta TOYHOI CHCTEMH BIJIIKY.
JlaTuyuku TOYHOT CHCTEMU BIJJIIKY MalOTh MEHIIE MEPeIaTOYHEe BITHOIICHHS 10 Baly
BUKOHABYOTO JIBUTYHA.

[Tpunun nii o6eproBuxX TpaHchoOpMaTOpiB 3aCHOBaHMM Ha 3MiHI KoedimieHTa
B3a€EMOIHYKIIIT MI’>K OOMOTKaMH CTaTOpa Ta poTopa MpHU MOBOPOTI pOTOPaA, NPUUOMY
JUI. TaKuX TpaHCcHOpMaTOpIB 3aJICKHICTh Koe(illeHTa B3a€MOIHAYKINI BiJ KyTa
MOBOPOTY POTOPA HOCUTh XapaKTep CUHYCOIAN 4i KOCHHYcoinu. Cxema Ha 00epTOBUX
TpaHcopmaropax 3adesnedye OUIbII TOYHE MEPETBOPEHHSI KyTa HEY3TOKEHOCTI.
Haituacrimme, BUMIp 371HCHIOETHCS 32 TOTIOMOTOFO JIBOX BUMIPIOBaUiB, BKIFOYSHHUX T10
TpaHCHOPMATOPHIN CXeMi.

[Tpu BuOOpI naTurka MoyiokKeHHs OyJ1IeMO KepyBaTUCsI BUMOIO10, 11100 BUOpaHUid
MOBOPOTHUH TpaHCHOPMATOP MaB IKOMOTAa MEHIITY Macy, BUCOKY TOYHICTb, Jlala3oH

poOOUYMX MIBUJIKOCTEH, IO BiJAMOBIIAIOTH PO3PAXOBaHUM. Y SIKOCTI OOEpPTOBOTO
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TpaHcdopmaropa BuKopucTaeMo TpaHchopmarop tuny BT — 5 3 HactynHumwu

TEXHIYHUMH XapaKTepucTukamu (Tad:m. 2.4).

Tabmui 2.4 — TexHiuH1 XapakTepucTuku Tpancopmaropa tuny BT

[TapameTp On. BumipiB Benuunna
Hampyra B 40
Koedimient tpancdopmarrii 0,53
Yacrota I'g 1000
Maca KT 0,7
TouHiCTB + 0,06
YacrtoTa obepTaHHs 00/xB 2500
3cyB da3 rpa. 1-30

Jlns BuOpaHoro tuiy oOepTOBOro TpaHCc(opMaTOpa MaKCUMalbHa Hampyra

PO3Y3rOJIKEHOCTI CKIaIaTUME:

U;=U,-K;sing, (2.54)

ne Uy — nanpyra xunenns, Uy = 40 B;
Kt — xoedimient Tpanchopmaiiii BuOGpanoro ooeprooro tpanchopmaropa,
K= 0,53,
0 — MakCHUMaJbHUI KyT MOBOPOTY POTOpa MPU MEPEMIIICHHSIX BUKOHABYOTO
oprany, s 3a0e3nedeHHs poOOTH B MeEXax JIHIMHOI YaCTUHU CTaTUYHOI
_ 0
XapaKTEPUCTUKHU AAaTUUKA OOMEKUMOCS poOOUO0I0 30HOI0 B 0 =+ 10°,

Toni MakcuMasbHE 3HaYEHHS HAIIPYTH PO3Y3TrOXKEHHS CKIIaAaTHMeE:

Us =40-0,53-sin10° = 3,68 B.

B skocTi maTtyMka IMIBHIKOCTI BUKOPUCTAEMO TaxoreHepatop. YyTiauBiCThH
TaxoreHepaTopiB MOCTIHOrO cTpyMy JiexkuTh B Mexax 20..30 B na 1000 06/xB., 1o
IIIJIKOM JOCTaTHBO IS O1IBIITOCTI MPUBOIIB, a Kiacu TouHocTi Big 0,2 mo 1. Jluramivuni
XapaKTEPUCTHKN TaXOTEHEPATOPIB TMOCTIHHOTO CTPyMy TNE€PEBaXHO TOB’sI3aHl 13

THEPIIAHICTIO €JEKTPOMArHITHUX TMEPEeXIJTHUX TMPOIECIB Y JIAHLIOTY SKOPAL.
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Heo06xigauM BuMoram poo60oTH HalO1IbII TOBHO BiAnoBigae TaxoreHepatop tuimy CJI

— 161 3 TaKUMH TEXHIYHUMHU JTAaHUMMU:

Tabmuis 2.4 — TexHiuHI XapaKTEPUCTHKU TaxoreHeparopa tumy CJI -161

[TapameTp On. BumipiB Bennunna
Hanpyra 30ymxenns B 110
Ctpy™m 30yIKEHHS A 0,055
MaxkcuMmaibHa IBUIKICTD 00/XB 2500
Hampyra B 110
Ctpym A 0,17
Omnip 0OMOTKHU sIKOPS OMm 176
KpyTtusna xapaktepucTuku B/06/xB 0,021
MowmeHT iHepuii poTopa KreM? 631077
Maca KT 0,56

B skocTi gatumka CTpyMy BHKOPHUCTAEMO IIYHT 3 HACTyIMHUMH

XapaKTEPUCTUKAMMU:

- koedimienT nepemadi — 1,5 MB/A;

- HOMIHaJIbHUM cTpyM — 50 A;

- MaJIIHHS HAMPYTH Ha omopi myHra — 75 MB.

3 PO3POBJIEHHA TA JOCJIIIKEHHS CAP ITOJIOKEHHS
EJEKTPOAIB

Hust po3pobnenns CAP HalikpaiiM pilieHHsIM Oy/le BUKOPUCTAHHS TPUHIIUITY

nianopsiakoBanoro perymoBanas [5]. Ilpu moOymosi Takoi CAP 3a3Buyait s

peryJioBaHHs BUKOPUCTOBYIOTh TPU KOHTYPHU: CTPYMY, IIBUIKOCTI Ta MOJIOXKEHHS. TyT

KOXXHUM 3 BHYTPILIHIX KOHTYpPIB OyJe MIANOPSAKOBYBAaTUCS 30BHILIHBOMY, a JJIs
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KepYyBaHHs KO)KHUM 3 TTapaMeTpiB TpeOa MaTH OKPEMHIA PEryisiTOp, KOTPUH CTBOPIOE
3 00’€KTOM (peryasaTopoM TOJIOKEHHS €JEKTPOJiB) CBIM 3aMKHEHUW KOHTYpP 3

BUKOPHCTAHHSM 3BOPOTHHUX 3B’ SI3KIB.

3.1 Po3paxyHOK mapaMeTpiB nepeaaTo4Hoi pyHkKiii IBUTyHA
JI71s1 CrIpollleHHs PO3PaxyHKY PO3TJITHEMO MOJIEb JIBUTYHA MOCTIHHOTO CTPyMY
K JIIHIHHY cucTemMy. Ham TpebGa BU3HaUNTH mapaMeTpu KoJjia SKops, IpH IboMY Tpebda
BpaxyBatu mapamerpu TII  (TupucTtopHHMii mepeTBOpioBad) Ta  OOpaHOro
tpancopmatopy. [IpoBenenuii po3paxyHok 3rigqHo metoauku [13] 3a momomororo
nakety npukiaaaaux nporpam MATLAB HanaB HacTynHi pe3yJibTaTH.
Hampyra na BuxiaHiit oOMoTI TpaHncopmaTopa

U,=E,k, -k, Ky =0857-220-1,2-11-1,05 = 261,32B (3.1)

mepedxci
110 BiJIMOB1/Ia€ MOMEPETHHOMY PO3PAXYHKY.
Po3paxoBaHe 3HaueHHsI BTOPUHHOTO CTPYMY JOPIBHIOE

I, =k -k,-1,, =11-0578-2615=16,63 A (3.2)

ne K Ta K,- xoebiumientu, sxi xapakrepusyrots ¢popmy crpymy, K, =11;
k, = 0,578_
Takox OyJi0 OTprMaHe 3HaY€HHsI CyMapHOI0 aKTUBHOTO OMOPY TpaHcPopMaTopa
Ta ONOpPy OOpaHOro JBUTYHA 3 BpPaxyBaHHSM ONOPY AHOJIHUX CTPYMIB Ta OHOpPY
I[ITKOBOTO KOHTAKYy
R,=12-(R, +R)+(R, +R)+R (3.3)
R,=12-(0,516+0,407) +0,94+0,076 =1,94 Owm.
Po3paxoBaHe 3HaYeHHS aKTMBHOIO OMOPY Ta IHIYKTUBHOCTI OOMOTKH SIKOPS

CKJIaJI0

R, =2,231 Om,
L, =18,7-10"° 1y .

Takox TpPOBENEHMI PO3PAXYHOK EJIEKTPOMATHITHOI Ta EJIeKTPOMEXaHIYHOI

MOCTIMHMX Yacy SIKIPHOTO JIAHITIOTa MTOKa3aB HACTYIHI Pe3yibTaTh
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T, =83810"
T, =0,024 c.

PospaxoBanwuii nepenaBansuuii koedimient JIIIC Ta Taxoreneparopa

wy @y 78,54

AT E,, Un—l,,R,, 220-2615111 G4
U

K, =" _ 110 042, (35)

@, 2618

Koedimient nepenaui TII Oyxae piBHwMit
E 105.58
K, =—2 = =10,56.

m = k 10 (3.6)

TupucTopHuil MepeTBOPIOBaY MPEACTABIAEMO AMEPIOTUIHOIO JIAHKOIO TEPIIOTO
nopsAAKY (Ut BpaxyBaHHS 1HEPIIHOCTI), MOCTIHHY "acy nmpuiimaemo piaoro 0,007c,
a koediwieHT nepeaayi 6epemo piBHuM 10,56, sik OyJo monepeaHbO BU3HAYCHE.

Key 1056
1+T,,-p 1+0,007-p

WTH(p): (3.7)

3 TEXHIYHUX XapaKTEPUCTUK LIYHTA KOCPIIIEHT IIYHTYBaHHS

k =15

OIyHT

Takox Oy0 BU3HAYEHO MepeaaTOYHUN KOe(DIIEHT KoJa 3BOPOTHOIO 3B’ SI3KY 3a

CTPYMOM:

U

k, == (3.8)

ler
ne Ier mpuitmaemo piBHIM 2,351, 2 MaKkcuManbHa Hanpyra U paumax — 10 B.

10

K.,=———=0163
2,35-26,15

JIIC npu HYyJIbOBOMY MOMEHTI MPEICTABISEMO SIK JIB1 TTOCTIAOBHO 3’ €HAH1 JIAHKI

31 ctasmumu gacy Tg Ta Ty. AKipHE K0JI0 TPeICTaBUMO SIK areploANYHY JaHKY MEPIIOTro
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1/R : .
MOPSIIKY ]./TO’ a EeJEKTPOMEXAaHIYHYy 4YaCTUHY TPEJACTaBUMO I1HTETPYIOUYOIO
1P
k. -R
naHkor0 ———. Toni oTpuMaeMo piBHAHHS IepefaTouHOi (YHKIii ABHTYHA Y
L
BUTJISIL
k,-R, 1/R
WﬂB(p): - > (3.9)
TM P 1+ T,q P
0,91 0,45
10(P)

P = 0,024.p 10,0084 p |

3.2 Po3paxyHOK mapamMeTpiB KOHTYPY peryJl0BaHHsS CTPyMYy

[IpoBenemMo omnTUMI3AIl0 BHYTPIIIHBOTO KOHTYPY CTPyMYy 3a MOJYJIbHUM

ontuMyMoM ((pyHKIIIOHAIbHA CXeMa PEryJIsaTopa CTpyMy HaBeleHa Ha puc. 3.1).

R/B}C Q}C
P m Tttt /ﬁ
U — | ] 0K I
1 R ]
JIC

Pucynok 3.1 — ®yHkiiOHaNbHA CXEMa PETYIATOpa CTPyMy

Tyt PC - perymsarop ctpymy PC, JIC - matumk ctpymy, TII - TupucropHmii
nepetrBoproBay TII, M - ITIC, koTpuii 3aMUKa€THC 3BOPOTHIM 3B SI3KOM 10 CTPYyMY 3
koedimieaTom nepenayi Ke. ¥V SKoCTI HECKOMITIEHCOBAHOT MaJioi CTaJIol yacy OepeMo
nocTiitHy yacy neperoptoBada Trp=0,007 c.

VY Bumazaky He BpaxyBaHHs BIUuBY EPC aBuryna Ha poOOTy KOHTYpPY, KOHTYp

CTpyMY ONTUMI3y€ThCs mponopiiiHo-inTerpansuuM (I11) perynstopom.
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Toni nepenatouna QyHKIIisI 00’ €KTY PEryJIIOBAHHS IO CTPYMY:

! K (3.10)

R,(T,p+1) T, p+1

W,,.(p)=

1 1056
2,231-(0,0084p +1) 0,007p+1

W,,.(p) =

[TocriiiHy 1HTErpyBaHHA [UJIsl KOHTYpY CTPyMY BH3HAUMJIM YEpPE3 YMOBY
HaJalITyBaHHs Ha MOAYJIBHHUM ONITUMYM

T, =4, =aT,, =2T, =2-0007=0014 c. (3.11)

Toni orpuMana nepenatoyHa (PyHKI[iS pO3IMKHEHOTO ONTUMI30BAHOTO KOHTYPY

CTPYMY MAaTHUMC BUTJTIA

k k
Wo e (p) = ]7/ = = ]/ < (3.12)
a-Tp-(Tp+l) a-T,p-(05-T,p+l)
6,13
W = :
oxe(P) 0,000049p* +0,014p
[lepenarounana ¢pynxkuisa [I-perymnstopa ctpymy
W, . R, (T,p+1
W, (p) = ore _ (T,p+1) _
Wo.p.c kTH ’ kc ZTHD
’ (3'13)
R, T, R, 1
= + =K  +—
2-T Ky ke 2Tk -kep T

TYT Kpc, Trc — KOCQIIIEHTH ITiACHICHHS Ta MOCTIHHA Yacy Peryasiropa CTpyMy.

[Ticns miacTaHOBKY BX1AHUX JTaHUX OyJIM OTPMMaHI TaKi 3HAYCHHS [IUX BEJIMYMH

R, T
Ky.=—2> 7 =078
P.C 2-|-/u - Ke ' (314)
2T -k, -k
o =———"—==0011c., (3.15)

0
Jns gaTauky cTpymy KoeilieHT miacuaeHHs Oye piBHUIMA

ke 0163

Kz = K 15 =0109 (3.16)

wynm 1
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B pesynpraTi oTpumaHa mepemaBaiibHa (YHKIliS Ui 3aMKHEHOTO KOHTYPY
CTpyMY, 1110 OyB ONTUMI30BaHUI

1k, 6,13

W o1 _ .
#e ) o o P+ +1 98107 p? +0014p +1

(3.17)

[Ticnst mepeTBOPEHHSI PIBHSHHS Ta CIIPOIIECHHS 3HAMEHHUKA MU OTPUMAJTN TaKUU
BUTJISI]T TIepeaBalibHOT (PYHKITIT

k k 6,13
Wgz{c(p)=2]/‘: L .
Tup+1 Tp+1 0014p+1

(3.18)

Takum ynHOM pe3ybTytoua nepenaBanbHa QyHkiis [1I-perynsropa ctpymy mae

BUTJISI;

W, (p) =018+ (3.19)

0,014

Jns ouinku mnepexigHux mpoieciB B CAK BUKOpHUCTOBYEMO cepeoBUIIE
MATLAB 3 posmmpennsm Simulink [13]. Po3paxyHkoBa CTpyKTypHA cxemMa KOHTYPY
CTpyMy 300paxkeHa Ha puc. 3.2.

0.0036=+1 10.56 0.45
| —» —» i

0.011s 0.007F =+ 0.0054=+1

Step

=
Transfer Fecn Transfer Fend Transfer Fon2 wope

Zain

0.163 }Q

Pucynok 3.2 — Po3paxyHKOBa CTpYKTYpHa cXeMa KOHTYPY CTPyMY

['padix nepexigHoro npouecy 300paxeHuit Ha puc. 3.3.



68

j’[]A LA

)

20

5

10

5

0 —

0 005 g1 4155 g2 025 03 1 C

Pucynok 3.3 - I'padik nepexigHOro npouecy 1js KOHTypy CTpyMy

MoskHa mo6auuTH, 110 MEePEX1THUM MTPOIIEC MAE JIUIIE OJHE MTEPEPETyIIOBAHHS i
yac nmycky. Hac perymoBanns ckiagae 0,08 c.
[lepeperystoBaHHs 1] Yac MEPEXITHOTO MPOIIECY OLIHIOEMO 110 MAaKCUMaTbHOMY

BIJIXWJICHHIO PETYJIbOBAHOI BEIMYMHU (CTPYyMY) BiJl BCTAHOBIIEHOTO 3HAYEHHS

o = D =locr goog, _ 27:2-262

BCT y

:100% =3,8% (3.20)

JIst O1IBIIOCTI CUCTEM MepeperystoBaHHs HE MOBUHHE nepeBuilyBatu S...10%.
Bimomo, mo mepeperyitoBaHHS MO CTpyMy He MOBHHHO mepesuinyBatu 10%. B
HAIIOMy BWITaJKy MOJXKHA CTBEpKYBaTH, IO JaHWUH PETyIATOp BiAMOBiZac

HEOOX1JHUM BUMOTaM.
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3.3 Po3paxyHok napaMeTpiB KOHTYPY pPeryJjJioBaHHs HIBUIKOCTI

[IpoBeneni momnepenHi pPO3paxyHKH MpPU BUKOPUCTAHHI HJisi PETyJIOBaHHS
MIBUAKOCTI HadmpocTtimoro [I-perynaropa Moka3yloThb HEIOCTATHIO >KOPCTKICTb
MEXaHIYHOI XapaKTepUCTHKU (TAIIHHS IIBUIKOCTI Yy pPO3paxoBaHId cHUCTEMI
KEepyBaHHS ITPY HOMIHAJILHOMY HaBaHTXKEHHI cKianaso 27,9 paa/c mpy HOMIHAIBHIN
mBHUAKocTi 78,54 pan/c), Tomy Oyno BUpilIeHO 3aMicTh [I-perynsitopa BUKOpUCTaTH
[TI-perymsTop.

OyHKIIOHATBHA CXeéMa KOHTYPY PETyJIIOBaHHS IIBHIKOCTI (Pa3oM 3 KOHTYpOM

CTpyMy) TpHUBeJCHA Ha puc. 3.4.

n&‘; I QM Rn;«jc ijc
— I ~
R, P TTe
— RS I
U, — PC 0oK 77
J= Rju/ R J:
JIC

Pucynok 3.4 — @yHKI1OHaIbHA CXeMa KOHTYPIB PErYIIOBAHHS IIBUAKOCTI Ta CTPYMY

3 ypaxyBaHHSM BHIIEPO3PAXOBAHUX TMApaMETPIB BU3HAYAEMO IE€PEIATOUHY

(GyHKLIIO 1J11 3aMKHEHOTO KOHTYPY PEryJIFOBaHHS IIBUIKOCTI

W = k. _ 6.3 | (3.21)
ME e T op(T,p+1)+1 0,014-(0,007p+1) +1

[lepenarouna GpyHKIIS 1715 PETyIATOpa MBUAKOCTI
1+T
L pu
T, .p

W, =k

P.II p.u

(3.22)
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SKI0 HaANAIITYBaTH PETYJATOP HA CUMETPUYHUNA ONTUMYM, OyJAeMO MaTH Taki

napaMeTpu
Tow=8-T,=8"-0,007=0,056 c. (3.23)
ck, T,
K ., = : (3.24)
4-T -x, Ry

U,, 10 .

ne k,, = = =0,127 ( Hampyry Jis 3aJaTudKa MIBHIKOCTI OepeMo
® 78,54

piBaoto 10 B). [lincraBnsemo gaHi, OTpUMy€eEMO
I 2,44-0163-0,024
" 4.0,007-0127-111

1+0,056p 1+0,056p
0,056p  0,023p

W, =242

Sk Oys10 BU3HAUEHO paHillie, MepeXiHi MPOoILEeCH KOHTYPY CTPYMY 3a XapaKTepoM
OJIM3BKI 10 amepioJUYHOro (IMEepeperyiaroBaHHs J0BOJII Maje) 1 TOMYy MepelaTovyHa

(byHKIIIs TpecTaBIIsIe COOO0I0 anepioUYHy JIAHKY

Mo en | (3.25)

W _ _
e (P) =70 2T p 1+0,01dp

Tonl MOXHA OTpUMATH HACTYNHE pPIBHSAHHA TNEpelaBaIbHOT (QYHKIIT IS

PO3IMKHEHOTO KOHTYPY HIBUIKOCTI

1 1+8Tp 1+0,056p
32T2p*(1+2T,p) 2,78-10“p® +1,91-10“p* '

WPO3.]_LI (p) = (326)

it
Mo>kHa mo0auuTH, 110 PETyIATOP MBHUJIKOCTI KOMIIEHCYE JIOBOJI1 BEJIHMKY CTaly
yacy Tm , TOAl IMHaMIiYHI BJIACTHUBOCTI KOHTYpPY IIBHUJKOCTI BHU3HAUAIOTHCS JIUIIE
HEBEJIMKOIO CTAJIOK Yacy T .
[lepenaBanbHa QyHKIIISI 3aMKHEHOTO KOHTYPY IIBUIKOCTI Ma€ BUTIIAL :
1 1+8T,p
64T p° +32T p" +8T p+1

n

W (P) = , (3.27)

1+0,056p

W =
win(P) = 28104 + 19110 “p* + 0,007p + 0127
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B niporieci monepeHporo MoICTIOBaHHS. KOHTYPY IIBUIKOCTI BUSIBHIIOCS TOBOJI
BeNuKe nepeperyitoBanHs (45%), Tomy Oyiia mpoBeJeHa KOPEKIisi: Ha BX1Jl KOHTYPY
MIBUJKOCTI Jtonanu (pineTp 31 cranoro yacy Te = 8T,. Lle nano 3mory nokpamuru
XapaKTePUCTUKH.

Po3paxyHKkoBa CTpyKTypHa cXemMa KOHTYPY HIBHIKOCTI (pa3oM 3 KOHTYPOM

CTpyMy) 300paxeHa Ha puc. 3.5.

1
| [
0.056=+1

Step

Transfer FonS

0.056=+1 0.0036=+1 10.56 0.45 0.a1
> —» H
0.023s 0.011s 0.007=+1 0,005+ 0.024:

Transfer Fand Transfer Fen Transfer Fend Transfer Fonz Transfer Fond

3ain

Fres }. T

Gaini

Stepi
0127 }q

=

Scope

Pucynox 3.5 — Po3paxyHkoBa CTpyKTypHa cXeMa KOHTYPY HIBUIKOCTI

['padix mepeximHOTO MIpOoLIeCy A KOHTYPY IIBUIKOCTI TPUBEACHUM Ha puc. 3.6.

OTpuMaHne nepeperynroBaHHs

o :M.loo%:w

HOM )

:100% = 4,5% . (3.28)

Yac perymosanns 1, = 0,42 c.

Ili mnoka3HWUKHM BIJMOBIAAIOTH HEOOXITHUM BHUMOTaM I PETyIIOBaHHS

MIBUIKOCTI.
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Pucynox 3.6 — I'padik nepexigHOTo MpoIiecy sl KOHTYPY IIBUAKOCTI

3.4 Po3paxyHOK mapamMeTpiB KOHTYPY pPeryJl0BaHHS M0J10KeHHS

JI1st 1bOro po3paxyHKy BUKOPHUCTOBYEMO CHUCTEMY PETYJIOBAHHS IIBUIKOCTI 3
MIMOPAIKOBAaHUM 1l KOHTYpOM peryjitoBaHHs cTpymy. JlOMOBHMMO Ti Takox
IHTErpyBaHHAM MIBHJKOCTI ® JJII OTPUMAaHHS NEPEMIIIEHHS ¢, YBIBIIM 3BOPOTHIN
3B’130K 10 TOJIOXKCHHIO 3 KoedillieHToM mepeaayi K 3 1 BKIIOYMBIINKA Ha BXIiJ
PEryJsTOp NOJOKEHHS OTPUMAEMO TPUKOHTYPHY CUCTEMY PETYJIIOBAHHS MOJIOKEHHS
(puc. 3.7).

[lepenaBanbpHa GyHKITIS TPUKOHTYPHOT 3aMKHEHOT CHCTEMH MaTHUME BUTJIST

W (p): an(p)'Wd) (p)'WPlH(p)’WPC(p)’Wmn (p)'Wo (p)'WMq (p) |
3 L+Woe (p) W, (p) W, () [K 330 + Wiy (0) Wy () - (K 3y - p+ W, (p) .qu (p)-K )]
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Pucynox 3.7 — TpukoHTypHa cucTeMa PeryItoBaHHS MOJ0KEHHS

BukoHaemMo omTuMizaIlifo peryiasTopa TIMOJOKEHHS  METOJOM TOCIiTOBHOI
Kopekiii. OO’€KT peryjatoBaHHS KOHTYpPY TOJOXKEHHS B JIaHOMY BHIAQJKy Mae
nepenaToyHy (PyHKIIio:

1 1/x,, 1

WOPH (p) = W3AM.LL[ (p)_ =

= (3.29)
p am'ac'TTnp+1 P

7€ ajy, ac — BIJIHOIIEHHS MOCTIMHUX 4Yacy KOHTYPY WIBUJIKOCTI Ta CTPyMy [0
HEKOMIIEHCOBAHOI MOCTIMHOI Yacy TUPUCTOPHOTO repeTBoproBaya 1.
[lepenarouna QpyHKIIS pO3IMKHYTOIO KOHTYPY MOJIOKEHHS MaTUME BH/I:

1/x,,
dy -adc-ay 'TTnp(aUJ adc 'TTnp+1)’

Wi (p) = (3.30)

Jie ar — BIJTHOIICHHS MOCTIMHUX 4Yacy KOHTYPY TOJIOKEHHS, NPUUMEMO HOoro
piBHUM ar = 1 pu HaJIaroI>KEHHI KOHTYPY Ha KPUTUYHE AeMII(pyBaHHS.
Perynsatop nojokeHHs BIANOBIIHO MPEACTABICHUN NTEpeAaTOYHO0 (QYHKIIEO:

K
W, (p) = = , (3.31)
- YOI P (O 'TTn

ne Ksn — koediltieHT nepenayi 3BOPTHHOTO 3B’ A3KY 32 MOJIOKEHHSIM;
Ksm — koedinieHT nepenayi 3B0pOTHOTO 3B’ SI3KY MO HIBUIKOCTI.

k, = =998 _ 40011, (3.32)
©, 7854

H

B 909,1
0,112p-(0,028p+1)

W,0; (P)

Koedimient miacunenns I — perynstopa mojaoKeHHsS CTaHOBUTS.
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B 013
2-8-1-0,0011-0,007

W, (p) =K, ~1055,19

Bu3HaunMo mapamMeTpu peryisaTopa, SKIIO 3aJaT4MK 1HTEHCHBHOCTI Oyne
BUKOHAHUI Ha 6a3i HAMIBIPOBIIHUKOBOTO OIEPAIIIHOTO MiACHIIOBAYA.

Rsn=0,5-10° Om,

Ro.n=Kp.m. - R3. n=1055,19-0,5-10%®=527,6 kOm . (3.33)
Toni omip B J1aHI(031 3BOPOTHHOTO 3B’ SI3KY CTAHOBUTUME:
k
.00
Ry - D Rsu, (3.34)
3.01

ne Ky n — nepenatounnii koedimieHT 06epToBOro TpanchopMaTopa i CKIaIae:

-——=0,97,
a.11 0, 4014 (3.35)

1€ @y — HOMIHAJBHUM KYT MOBOPOTY Baja JBUryHa (IJ1s1 NIATPUMAHHS B1ACTaHI
MDXK €JIeKTPOJIOM 1 MIKUXTO Ha piBHI 4 cM ckiagae 2300 © ado 40,14 pan.)

Toni omip B JIAHIIOTY 3BOPOTHBOTO 3B S3KY PETYJISATOPA MOJOKEHHS CKIIAIE:

- 097 45.10° =441
0,0011

KOM.

[Ticns migcTaHOBKHM YCIX pO3pPaxOBaHMX IMapaMeTpiB TPUKOHTYpHA CHCTEMa

MaTume BUTIsA (puc. 3.8)

sioe
gy b x h

+ . W
5519 ! 1+ 00%p 1+ 00086p 05 045 291 E'
G050 + 1 00230 001 1007 RO0084p 0024p L2 |
ke

U thw U

a3

a7

a001

Pucynoxk 3.8 - Po3paxyHKoOBa CTpYKTYpHa cXeMa TPUKOHTYPHOI CUCTEMHU
3a momomoroto nporpamu MATLAB 3 posmmupennsm Simulink mu otpumanu

piBHSHHS NepeaaBaibHOl QYHKINT 3aMKHEHOT cucTeMu peryioBanus (3.36).
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W, (p)= 760-10° - (0,0086p +1) (3.36)
’ 59.10°° p® +15,4-10° p* +44,8-10° p* +5,9-10° p® +98,2-10° p+1,06

['padiku mepexigHOro MpoLecy IS PEeryisTopa MOJOKEHHS MpeCTaBICHI Ha
puc. 3.9.

éﬂ,o
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Pucynox 3.9 — I'padik nmepexigHOTO MPOIECY PETYIATOPA MOJIOKEHHS

[lepexinHuii mponec MoKa3zye JIMILIE OJHE HEBEIUKE MEepEeperyaoBaHHs Mij Jac
MYCKY.
OTpuMaHe nepeperynroBaHHs

o :M-100%=%-100%=2,2%- (3.37)

HOM

Yac perymosanns t, = 0,95 c.
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Sk Oyno BkazaHe BHUIIE, JUIs OUIBIIOCTI CUCTEM IEPEPEryItOBaHHS HE MOBUHHE
nepeBunryBatu S...10%. Yac perynmtoBaHHS MaEMO TaKOXK HeBeIMKUU. TakuM 4rMHOM
MO’KHA CTBEPJIKYBATH, 1110 TaHUW PETYISATOP BIANOBIIa€ HEOOXITHUM BUMOTaM.

3.5 OniHka cTiliKkocTi po3po0.ieHoi cucTeMH AaBTOMATHYHOIO

KepyBaHHSA
[luTaHHS OIIIHKK CTIMKOCTI CHCTEMH BHPIIIMMO 3a JIONMOMOTOK BIJOMHUX
kputepiiB ['ypBina ta HalikBicTa.
3.5.1 Kpwurepiii I'ypsina
[lepenaTrouyna ¢yHKIliS 3aMKHEHOT CHCTEMH Ma€ BUTJIS/:

Panimre 0yno oTpumaHe piBHSHHS NEpeAaTOYHOI (PYHKIIT 3aMKHEHO1 CUCTEMU

760-10° - (0,0086p +1)
W3(p): 6 .5 34 3.3 3. 2 3 .
59-107" p° +154-107 p” +44,8-10°p° +5,9-10° p© +98,2-10° p+ 1,06

3rigHo 3 [19] cuctema € cTiiikor0, SIKII0 BUKOHYIOTHCSI HACTYITHI CITiBBiTHOIIICHHS

(I71s1 cCTeMH 5-TO MOPSIKY, SKY MU OTPUMAJIH):
(ar-a2 — ap-az)(as-az — az-as) —(ar-as — ao-a5)2 >0 (3.38)
ar-ap — ag-az > 0, (3.39)
ne ao, ai, a2, as, a4, as — KOePIIIEHTH XapaKTCPUCTUIHOTO PIBHSIHHS.

XapakrepuctuuHe piBHsiHHA CAK MaTtvMe HaCTyTHUN BUTIISI:
59-10%° + 15,4103 p* + 448 p3+59-103 p2+ 98,2103 p + 1,06 =0 (3.40)
Toni ap=59-10;

a;=15,4-1073;
a; = 44,8,

a3 =5,9-103;
as=98,2:10%;
as — 1,06

Po3paxyemo HeoOXi/IHI YMOBH:
(0,0154-44,8 -0,000056-5900) (98200-5900 — 44,8-1,06) — (0,0154-98200 — 59-10°° -
-1,06)2 =196 -10°> 0
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0,0154-44,8 - 59-10°-5,9-10=0,342 >0

OTxe HEeOoOXiJIHI YMOBU BUKOHYIOTHCS, TOMY OyJeMO BBa)aTH, LIO0 CHUCTEMa

cTilika 3a kputepiem ['ypBima.
3.5.2 Kpurepiii HaiikBicTa

3a kputepieM HaiikBicTa 3aMKHEHa cucTeMa € cTilikoro [19], skmo po3iMKkHeHa
cucreMa CTiika 1 11 amruritynHo-(ba3zoBa xapakrtepuctuka (ADX) HE OXOIuToe
KPUTHYHY TOYKY, TOOTO TOUKY 3 koopauHatamu (—1; jO).

['oporpad HaiikBicTa moOyayemMo 3a JOMOMOTOI0 MaKeTa MPUKIAJAHUX MPOrpam
MATLAB. Sk Buano 3 puc. 3.10, romorpad He oxommoe Touky (-1; jO), ToOTO

CHUCTEMA € CTIHKOIO.

A 8w/

T T

+\ | Pl 2//

_3 .
4 \ i /
5 " '

2 -7 0 1 2 3 4 5 6 7

Pucynok 3.10 — I'omorpad HaiikBicta

JInst BU3HAUEHHSI 3aaciB CTIMKOCTI CUCTEMHU 3a JIOMTOMOTOI0 TTaKeTa MPUKIIATHUX
nporpam  MATLAB 6ynu noOyaoBani jorapudmiuni xapakrepuctuku JIAUX Ta
JI®YX (puc. 3.11).
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3riIHO HUX 3amac Mo aMIuT Tyl ctaHoBUTE AL = 27 nb, a 3anac no ¢aszi AF =77°.
Taki 3amacW TOBHICTIO 3a/JI0BOJIBHSIOTH yCIM BHMOTaM JUIS JIaHOI CHCTEMH

pEryJItOBaHHS.

[Alw)

100

27 0b

50 ~

=100

-0

=200

[Flw)

-160

|
|
|
|
|
|
|
|
|
|
|
[
|
[
|
[
|
[
|
|
|
|
|
|
|
270 \JT_—___”_——_—__ ______ I

%60 NG
\

1 0’ o' /M 0’ 0

Pucynok 3.11 — Jlorapugmiuni xapakrepuctuku CAP

Takum 4MHOM, MICIIS MPOBEACHUX JOCIIHKEHb MOKHA 3pOOUTH BUCHOBOK, IO
po3po0iieHa CcHUCTeMa aBTOMATHYHOTO PETYJIOBAaHHSA TIOJOKCHHS  €JIEKTPOIIB

CTAJIEIIABMJILHOI T1€Y1 3a10BOJIBHSE IIOCTABJIEHUM BHMOIaM I10 CTIHKOCTI Ta SIKOCTI.
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BUCHOBKH

[Tpu BupileHHI MOCTABICHUX 33Ja4 OyB MPOBEACHHI aHaji3 TEXHOJIOTTYHOTO
npoliecy IUIaBJICHHS, PO3TISHYTO ICHYIOU€ OO0JIaIHaHHS, BU3HAUYEHO WOTO HEIOJIKH.
3aranbHU TOPIBHSJIBHUM aHami3 €JIeKTpO- Ta TiAPOMPUBOAY MOJadi €JIEKTPOJIIB
MOKa3aB, 110 OCTAaHHIA 3HAYHO MOCTYMAEThCS MO OararboX MOKa3HHUKaX, 110 1 CTajo
nepeayMOBOIO JUIsl po3po0JIeHHS JaHOT TEMH MaricTepchbKoi poOOTH.

B mpomieci MoaepHizaliii exeKTpornpuBoAa mojavi eaeKTpoaiB Oyiio IpoBeIeHO
pPO3paxyHoOK, BHOIp Ta IepeBipka BUOOPY MPUBIIHOTO ABUTYHA Ta MEXaHIYHOT YaCTHHU
EIl. Po3poOnena QyHKIiOHaJIbHA Ta NPUHIMIOBA CXEMH peryistopa. B sxocti
CJICKTPOIIPUBOAA TOJa4l  EJIEKTPOAIB  3aCTOCOBAaHO  CICIIANIbHUI  PEryJsTop
notyxHocTi Tunty APJIMT. [IpoBeneHo po3paxyHoK Ta BUOIp €I€MEHTIB TPUHIIUIIOBOT
CXEMH.

Ha ocHoBi 3amanux Bumor 10 CAK Oyino po3po0iieHO TPUKOHTYPHY CHUCTEMY
peryItoBaHHs TMOJOXKEHHS €JIEKTPO/IiB, PO3PAaXOBAHO Ta MPOAHAII30BaHO MapaMeTpu
KOKHOTO KOHTYpY, HIPOBEACHO CTaHAApTHI HaJallTyBaHHA. AHaII3 MEpexiTHUX
nporeciB CAK mokazaB, 1o mapameTpu peryysiTopiB 3aJ0BOJIBHSIOTh HEOOX1THUM
MOKa3HUKaM SKOCTi. J[Ji1 BHM3HA4UEHHsS 3amaciB CTIMKOCTI CHCTEMH 3a JOIOMOIOIO
MakeTa NPUKIAJHUX [porpam MATLAB noOyoBaHi  Jiorapudmivyni
xapaktepuctuku JIAUX Tta JIOUX, BusSBICHO, MO 3amacu CTIMKOCTI MOBHICTIO
3aJI0BOJIBHSIOTH YCIM BUMOTaM IS JaHO1 CHCTEMH PETyJIIOBaHHS.

[To 3akiHYeHHIO pO3pOOJIEHHS AaBTOMATH30BAHOTO EJIEKTPONPUBOJA MMOaYi
CJICKTPOIIB 3 ICSIKUMHU MTOXHOKaMU, TIepe10aueHIMU IPUITYIIIEHHSIMA B PO3paxyHKaX,
OyJM TOCATHYTI HEOOX1/IHI MOKA3HUKH PETYJTIOBaHHS Ta SIKOCTI.

Buknanene Buie 03BOMSIE 3pOOUTH BUCHOBOK, IO  3alpPOTOHOBAHMIA
MOJICPHI30BaHUN €JIEKTPOINPHUBOJI TMOJIaul EJIEKTPOJIB € Cy4aCHHUM, EKOHOMIYHO
JOLIITLHUM, HAJIMHAM 1 BIAIIOBIJa€ ITOCTAaBJIEHUM 3ajadaM. TakuM YHUHOM, MeETa

MaricTepcbKoi poOOTH YCHIIITHO JOCSITHYTA.



80

BUKOPUCTAHA JIITEPATYPA

1. BepxoBmok A. M., Hapiscekuit A. B., Moruraneako B. I'. Texuomorii
oJIep>KaHHSI METalIB Ta CIUIABIB ISl TMBAPHOTO BUPOOHUIITBA: HABY. MOCIO.; 32 pel.
akan. HAH VYkpainu B. JI. Haitnexa. KuiB: Bugaunuuii nim «Biniuenko», 2016. —
224 c.

2. OCHOBU MeETaJyprifHoro BUpOOHMIITBA METaJIB 1 CciuiaBiB: miapydnuk / 1. O.
Yepnera Ta iH.; 3a pen. . @. Uepnern, FO. S. ['otBaucekoro. Kuis: Buria mikona,
2006. - 503 c.

3. lyrogi cranemnaBuibHi iedi: Metoauunuii mociouuk / Kosnos I'.O. - Hikomnoss:
HT HMetAY, 2006. - 60 c.

4, Bozask, O.M., Ilryns. A.A., Komichuk M.A. CyyacHi cuCTeMHU
enexktponpuBoAiB. Teopis Ta mpaktuka. Yactuna 1. / HaBuanbHuli NOCIOHUK. —
Biaaumsa: TBOPU, 2021. — 280 c.

5. Buamui A. A. OcHoBu enekTponpuBojia. Teopist Ta npaktuka / A. A. Bunmui,
JI. B. Spomenko. — Binnuus: Tropu, 2020. — 391 c. — (HaB4aJIbHUM TTOCIOHUK).

6. PerynboBanuii enexrpornpuBoa: igpyunuk / [.M. I'ononnuii, FO.M. JIaBpinenko,
B.B. Kosupcekuit, JI.C. Uepsincekuii, J[.A. A6aypamanoB, A.B. Topomos, O.B.
Canuenko; 3a pen. .M. I'onoanoro. — K.: TOB "III "Kommpunt", 2015. — 509 c.: i71.

7. EnextponpuBoj; [iApydHUK 7S CTYA. BUIL. HaBd. 3aki. | / FO.M. JlaBpinenko,
O.C. Mapuenko, I1.I. CaBuenko, O.10. Cunsscekuii, J1.I'. BoitTiok, B.I1. JIucenko: 3a
pen. FO.M. JlaBpinenka.— K.: Jlipa-K, 2009. — 504 c.

8. bapano O.B. Asrtomatu3aris TEXHOJOTIYHUX TIPOLIECIB 1 CHUCTEMH
aBTOMATUYHOI'0 KEpyBaHHs: HaBYaJIbHMI TociOHuK / bapano O.B., Camoiinenko I1.T'.,
I'panar C.€., KoBansoB B.O. — K: Arpapna ocsitu, 2010. — 557 c.

9. Yopuwmit. O.II. MogentoBaHHs €1EKTPOMEXAHIUHUX CHCTEM: MApy4yHUK ajst BH3/
O.I1. Yopnwit, A.B. JIyrosui, )I.PI. Ponpkin, I'.YO. Cuctok, O.B. CanoBuii. —KpemeHuyr,
2001.-376 c.



81

10. Kymenko IO.M., Sfxosnes B.®. Enexkrpuuni MamwmHM 1 anapaTu:
HaBuyaibHUM nocionuk / KO.M.Kyuenko, B.®.fkosneB Ta iH. — K.: ArpapHa ocsiTa,
2013. —449.c.

11. EnextpomexaHUyH1 CUCTEMU aBTOMATUYHOTO KepyBaHHS Ta
€JCKTPOIIPUBOIM: Hagu. mocioank / M.I'.IlomoBiy, O.1O.JIo3uHChKMH,
B.b. Knenmkos ta i1.; 3a pea. M.I'. [Tonogiva, O.}0.JIo3unckkoro. — K.: JIub6ins, 2005.
- 680 c.

12. Omnymko, B.B. MogentoBaHHs €JIeKTPOMEXaHIYHUX CHUCTEM: HaBYAIbHUN
nocionuk / B.B. Onymiko, J[.B. Ctpuxeyc. — [lonrasa, [TontHTVY, 2010. — 81c.

13. Ko30yp I.P. MonentoBanusi cucreM kepyBaHHs B maketi MATLAB
SIMULINK / I.P. Ko30yp , I'.B. Ko30yp , P.I. Muxainumms. — TepHomuis : THTY,
2019. - 23 c.

14. OcHOBH KOMIT IOTEPHOTO MOZETIOBaHHA: HaBu. ociOHUK / M.C. bapaba, [1.M.
Kip’szes, O.1. Jlanenko, M.A. Pomamikina. 2-¢ Bua. crep. — K.: HAY, 2019. — 492 c.

15. MopentoBaHHsl €IEKTPOMEXAHIYHUX CUCTEM. MaremMaTuuHe MOJAETIOBaHHS
CUCTEM aCMHXPOHHOTO €JIEKTpONprBOAY: HaB4aabHM nociOHuk / O. 1. Tonouko. — KuiB,
HTVYYV «KIII», 2016. — 150 c.

16. Tomogamit .M., Yepsincekuii JI.C., XumpnoB A.B., Canuenko O.B.
Pomanenko O.I. MopentoBaHHs peryiboBaHoro enekrponpupona: [linpyunuk. — K.:
Arpap Menia I'pym, 2019. — 266 c.: 1.

17. Jounennr O. B. Teopis enekrponpuBona/ B. 1. Konotino, O. B. Jloneis;
XapkiB. HaIl. yH-T MiCbK. rocm-Ba iM. O. M. bekeroBa. — XapkiB : XHYMI im. O. M.
bekerona, 2021. — 148 c.

18. Iledep, B.B. Enextpuuni MammHu: HaB4asibHU ocionuk / B.B. Onymiko,
O.B. llleep. — IonTara, [TontHTY, 2015. — 536 c.

19. Tanait M.B. Teopist aBTOMaTUYHOTO KEPYBAHHS: HEMEPEPBHI Ta AUCKPETHI
cuctemu. Hasu. moc-k. — [lonrtasa: [TortHTY, 2005. — 454c.

20. Tamaii B.M. Teopis 1uudpoBux CUCTEM aBTOMATUYHOTO KEpPyBaHHS:

HaB4YaabHUM 1TociOHuK. — [TonTasa: ITonTtHTY, 2009. —131 c.



82

Honmatok A
1 ANALYTICAL PART
1.1 Steel melting furnaces: types, technical characteristics, possibilities of
use

1.1.1 General information about electric furnaces

The possibility of using an electric arc for melting metals was discovered as
early as 1803 by V.V. Petrov, who first obtained an arc using a large battery of
galvanic cells. V.V. Petrov showed that with such an arc it is possible not only to
melt metals, but also to create them from oxides by heating in the presence of carbon
reducing agents. Several designs of laboratory furnaces were created in 1878-1880
by Siemens. In them, the arc burned in a crucible between two horizontally placed
electrodes (indirect action arc furnace) or between an electrode and a plug placed in
a crucible (direct action arc furnace). Siemens was the first to propose automatically
adjusting the arc current by moving the electrode and using a magnetic field to break
the arc. Industrial development of arc furnaces took place at the turn of the 19th and
20th centuries, when the first Eru steel furnaces appeared, Stassano built the first
mine powerhouse for smelting iron from ore, and Acheson developed the process of
obtaining graphite electrodes in direct action furnaces. At the same time, the
processes of obtaining calcium carbide and ferroalloys in mine arc furnaces acquired
a promil scale.

Electric furnaces are used in those industries and technological processes, the
basis of which is the heating of materials or products with the help of electric energy
(so-called "electrothermal processes").

Electrothermal processes are used:

1) when the technological process cannot be carried out without electric
heating.In this case, it is appropriate to determine the value of the obtained products
for the national economy, and the value of the economic effect is calculated for
industries that use this product instead of another one with worse characteristics, but

obtained without the use of electric heating;
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2) when the use of electric heating makes it possible to obtain products of
higher quality. In this case, the economic effect depends on the extent to which the
profit from the improvement of product characteristics compensates for the increase
In its cost;

3) when the use of electric heating improves working conditions, reduces its
harmfulness and severity, increases safety;

4) when obtaining the same products results in a reduction in cost (for example,
due to savings in metal waste or higher productivity of the electrothermal process)
or a reduction in capital investments, including costs in related industries.

The industrial application of electric heating became possible with significant
production of electrical energy. Currently, up to 15% of all electrical energy
consumed by industry is spent on electrothermal processes.

In ferrous metallurgy, electric furnaces are used for melting and remelting
ingots of special high-quality steels and alloys (so-called “electrical steel™), melting
steel for shaped casting, production of ferroalloys, heating for metal pressure
treatment (rolling, forging, stamping) and thermochemical processing.Electric
furnaces are divided into the following groups according to the method of heat
generation, that is, according to the method of converting electrical energy into
thermal energy:

1) resistance furnaces, in which heat is released in a solid or liquid heater during
the passage of an electric current according to the Joule-Lenz law;

2) induction furnaces, in which electrical energy is transferred to heated metal
placed in an alternating electromagnetic field according to the law of
electromagnetic induction and then dissipated (absorbed) in the form of thermal
energy according to the Joule-Lenz law;

3) dielectric heating installations, in which heating of the material (dielectric or
semiconductor) placed in an alternating electric field between capacitor plates
occurs as a result of polarization of molecules (so-called "dielectric losses™);

4) arc furnaces, in which heating is a consequence of the creation of heat energy

in an arc electric discharge existing in a gaseous medium (air, inert atmosphere) or
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vacuum. When materials of sufficient conductivity are heated, additional heat can
be released according to the Joule-Lenz law, which allows such units to be called
mixed heating furnaces or resistance arc furnaces (these are ore reduction furnaces
widely used in the ferroalloy and chemical industries). Installations that generate
streams of low-temperature plasma at temperatures up to 5000-20000 °K due to the
energy of the arc discharge are called plasma-arc furnaces (PDP);

5) installations for heating in electrolyte; the principle of their operation
consists in the utilization of the heat of the electric discharge that occurs in the gas
(hydrogen) cavity on the surface of the heated object, which serves as a cathode
during the electrolysis of solutions of alkalis, acids or carbon dioxide salts of alkali
metals under a voltage of 200-400 V;

6) electronic heating installations, in which the energy of the electric field of
high (10-35 kV) voltage is transformed into

the kinetic energy of fast-flying electrons (“electron beam") followed by its
dissipation in the form of thermal energy when "bombarding" the surface of a metal
that is heated;

7) installation of heating with coherent stimulated radiation of an optical
quantum generator (OCG).

A comparison of individual types of electric heating in terms of heat flow

density is given in Table 1.1.

Table 1.1 — Comparison of individual energy conversion methods

Way Electrical installation Heat density Notes
electric heating flow, kW/m?
With the use of | Open metal heaters 5-20 At 1300 °K at
resistance Tubular heaters 80-120 in the air,
Electroslag remelting on 1 m? of surface
installation 2000-3000 --//--
Direct heating oven 3000-6000 --//--
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Induction Oven: On 1 m? of the
industrial frequency (50 | 700-1000 inductor surface
period/s)
high frequency (150-250 | 1000-1500
period/s)
high frequency (500-8000 | 1500-10000
period/s)
high frequency (more | 30000-50000
than 10000 period/s)

Arc method Steel furnaces 2500-330000 On 1 m? of a bath
(chipboard) mirror
Plasma-arc furnaces 106-101°
Electronic — 10’-108
OCG radiation On 1 m? of the
— 10%0-10*? surface  of  the
processed part

1.1.2 Classification, principle of operation and field of application of arc
furnaces and special heating installations

In electric arc furnaces, the conversion of electrical energy into heat takes place
in the main electric discharge, which flows in a gas or steam medium [1]. In such a
discharge, it is possible to concentrate very large powers in relatively small volumes
and obtain very high temperatures. At the same time, sharp temperature differences
appear in the furnace chamber, and due to this, it is impossible to obtain a uniform
temperature distribution and achieve uniform heating of materials and products. For
the same reason, it is rather difficult to ensure accurate regulation of the heating
temperature and, accordingly, to carry out heat treatment. For the melting of
materials, especially metals, an arc furnace is quite profitable, since the high
concentration of energy allows for rapid melting. Arc devices are also beneficial
when conducting high-temperature chemical reactions in the liquid or gas phase and
heating gas. In all these cases, uneven heating does not play a big role, since due to
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thermal conductivity and convection in a liquid bath or gas stream, the temperature
is leveled off quite quickly.

In addition to arc furnaces proper, in which almost all heat is released in an
electric discharge, there are mixed-action furnaces in which materials with a
significant electrical resistivity are processed, due to which Joule heat is released in
them. Such furnaces can be called resistance arc furnaces.The ratio of the amount of
energy released in the electric discharge and in the form of joule heat can vary widely
depending on the technological process, and in direct heating furnaces (in furnaces
for electroslag remelting) it can be zero. Such furnaces are actually resistance
furnaces, but in terms of design and use, they are closer to arc furnaces, so it is better
to consider them together. In addition, it is advisable to consider electron beam
installations with arc furnaces, although their principle is somewhat different. Thus,
arc electrothermal installations can be divided into the following groups:

1. Direct action arc furnaces: the arc burns between the electrodes and the

molten metal, directly heating the metal.

Figure 1.1 — Structure of a direct action arc furnace
1 - electrode, 2 - lining, 3 - working door, 4 - cage for releasing liquid steel, 5

- liquid bath, 6 - tilting mechanism, 7 - electrode holders

The center of high temperature (arc) is located near the surface of the metal,
the evaporation of the metal is quite large, especially for metals with a low

evaporation temperature. Thanks to the shielding action of the electrodes, the
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furnace vault is partially protected from direct radiation of arcs, therefore too large
volume capacities are permissible here and it is possible to carry out high-
temperature processes. The electrodes in such furnaces are suspended vertically, so
they work mainly in tension and only in bending when the furnace is tilted.
Therefore, it is possible to use relatively long graphite electrodes with a large cross-
section, which allow significant operating currents.Arc furnaces can be quite
powerful and productive and work on 3-phase current.

Therefore, direct action arc furnaces are large, powerful (tens of megavolt-
amperes per unit) three-phase furnaces designed for melting metals with a high
vaporization temperature; mainly these are steel furnaces (CDF). Thanks to the
technological advantages, in furnaces of this type, almost all special high-alloy
steels, and recently also most structural steels, are melted in the form of ingots. In
addition, most of the steel shaped castings are melted in them. There are also vacuum

arc furnaces (VDP), which are also direct-acting furnaces.
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Figure 1.2 - Structure of a vacuum arc furnace
1 — vacuum chamber, 2 — crucible, 3 — mechanism for moving the electrode, 4
— guide tray, 5 — container with casting forms, 6 — window, 7 — rotary valve, 8 —

electromechanical drive of the centrifugal machine

In such furnaces, the direct current arc burns in the vapors of the remelting
metal at low pressure between the electrode (melting metal) and the liquid bath. The
furnace chamber does not contain a lining; its walls (crucible) are cooled by water;
the electrode is metal, vertical, it can allow high current densities and carry out high-
temperature processes in the furnace (melting of refractory metals - molybdenum,
tungsten, niobium, tantalum). In addition, VDP carries out repeated remelting of
steel (steel electrodes) to significantly improve their quality.

2. Arc furnaces of indirect action: the arc burns between the electrodes, and the
heat of the metal that melts from the arc is transmitted by radiation (sometimes even

by convection and heat conduction).

Figure 1.3 — Indirect arc furnace
1 — electrodes, 2 — lining, 3 — liquid metal, 4 — tilt mechanism, 5 — electrode
holder
Here, the source of high temperature is at some distance from the surface of the
metal, so soot and evaporation of the metal is somewhat less than in direct action arc
furnaces. Thanks to this, it is possible to melt metals and alloys with a low
evaporation temperature, such as non-ferrous metals and alloys containing zinc.

Graphite electrodes are placed horizontally or at an angle and do not shield the lining
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from arc radiation. More than half of the heat emitted by the arc first falls on the
walls of the furnace and, reflecting off them, reaches the melting metal. That is why
masonry is in very difficult conditions, and in such furnaces it is impossible to carry
out processes that require large volumetric capacities and high temperatures.
Electrodes work on bending; this limits their length and maximum diameter, and,
accordingly, the dimensions of the furnace, its operating current and maximum
power.

So, arc furnaces of indirect action are small (up to 500-600 kVA), usually
single-phase furnaces, which are used for melting metals with a melting temperature
not higher than 1300-1400°C, mainly furnaces for melting non-ferrous metals. In
them, copper and its alloys - bronze, brass, etc., as well as cast iron for shaped casting
- are remelted for the purpose of refining and for shaped casting in small workshops.

Indirect action arc furnaces can also include arc plasma installations and arc

gas heaters. In these installations, an arc burns between electrodes in a gas stream,

heating it.
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Figure 1.4 — Diagram of an arc plasmatron
1 — body cooled by water, 2 — insulating insert, 3 — cathode, 4 — gas inlet,

5 —arc, 6 — plasma jet

The heated gas can be used for testing purposes, as well as for chemical and
metallurgical processes. In the latter case, one of the electrodes can be melting metal,

that is, we are talking about a direct action arc furnace. The processed material can
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be introduced directly into the arc zone (for example, in plasma spraying
installations). Plasma generators (plasmatrons) are made with rod, tube or ring
electrodes, usually with water cooling. They can work at different gas pressures in
the arc chamber close to rough vacuum (gas release into the vacuum chamber).
Characteristic is compression of the arc along the axis of the gas jet (gas
stabilization), which causes a sharp increase in temperature in the arc channel and in
the plasma jet (up to 10000-15000°C and higher). In some cases, the arc is stabilized
by a magnetic field.

A plasma discharge can also be obtained at high frequencies in an ionized gas
jet flowing in a high-frequency magnetic field, but since such a discharge does not
require electrodes, it should be classified as induction heating.
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Figure 1.5 — Scheme of a high-frequency electrodeless plasma discharge

1 — quartz tube, 2 — inductor, 3 — discharge zone

3. Resistance arc furnaces: an electric arc burns in a gas cavity inside the molten
charge, which is switched on in series or in parallel with the arc. Since the resistance
of the charge is significant, the heat released can be large.

In such furnaces, the source of high temperature (arc or near-electrode zone of
high current densities) is inside the charge, and the furnaces are suitable for melting

materials with a high vaporization temperature.
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Figure 1.6 — Structure of a resistance arc furnace
1 —electrode, 2 — charge in the furnace, 3 — melting, 4 — lining of the furnace,
5 — cage, 6 — gas cavity in which the arc burns, 7 — electrode holder, 8 — extraction

cap, 9 — loading unit

The masonry of the furnace is protected from arc radiation by a layer of
unreacted charge, inside which the arcs burn. Therefore, it is possible to carry out
processes with a high operating temperature, characteristic of regenerative ore-
thermal processes. Furnaces of this type, as a rule, do not tilt (pouring through the
cage), so the electrodes in them are vertical, made of a less durable material and of
relatively large sizes, which allows operation at a very high current and at high
power.

Therefore, resistance arc furnaces are powerful ore-reducing and ore-smelting
furnaces (ORFs) in which materials with high specific resistance are melted. They
produce ferroalloys, calcium carbide, cast iron, nickel matte, abrasive, phosphorus.
Such furnaces include direct heating furnaces (there is no arc in them) for processing
some slags and obtaining abrasives. Electric slag remelting installations can also be
classified as resistance arc furnaces. In such installations, remelting of electrodes
from special steels obtained in other furnaces, for example in chipboard, takes place

for the purpose of refining.
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Figure 1.7 — Structure of the furnace for obtaining carborundum

1 — core, 2 — electrodes, 3 — furnace lining, 4 — garnish

Melting of the electrode is carried out in liquid slag, which is heated by the heat
from the working current flowing through it. The surfacing ingot is formed in a

water-cooled crystallizer.
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Figure 1.8 — Structure of the electroslag remelting furnace

1 —electrode, 2 —slag, 3 — liquid bath, 4 — crystallizer, 5 — tray, 6 — casting

4. Electron-beam installations: in these installations, a powerful beam of
electrons formed in a deep vacuum, accelerated in an electric circuit (electron beam),
bombards the heated material and heats it or melts it. The source of the electron
beam can be a ring cathode, radial and axial guns. Installations are used for smelting
ingots, casting and sintering, zone cleaning and various types of heat treatment of

active refractory materials and semiconductors. In fig. 1.9 shows an electron beam
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installation with a ring cathode: 1 — melting electrode - anode, 2 — vacuum chamber,
3 —tungsten cathode, 4 — liquid bath, 5 — crystallizer.

If in chipboard and RVP metal is smelted from charge or ore, then in such
furnaces as VDP, ESHP and electron-beam furnaces, the raw material is an electrode
already obtained as a result of melting in another furnace and remelted again for the
purpose of more complete metal purification. Such remelting furnaces are usually
allocated from arc furnaces to special heating installations; they also include plasma-

arc furnaces.
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Figure 1.9 — Electron beam installation with a ring cathode

In fig. 1.10 shows the structure of a plasma-arc furnace, with a ceramic crucible
(a) and a crystallizer (b): 1 — plasmatron, 2 — vault, 3 — shutter, 4 — body, 5 — metal

bath, 6 — electrode, 7 — remelt, 8 — crystallizer, 9 — casting, 10 — pallet.

With the help of a plasma-arc furnace (Fig. 1.10 a), nickel-based steels and
alloys are obtained, it is also used for remelting alloyed waste, and the furnace (Fig.
1.10 b) is designed for melting castings from many materials (steel, refractory
materials, titanium ).

The process of smelting electric steel in arc furnaces consists of the following
operations: melting scrap, removing harmful impurities and gases contained in it,

deoxidizing the metal, introducing the necessary alloying components into it,
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refining, pouring the metal into a ladle for the next casting. Under the influence of

the temperature of the arc, the scrap melts and the liquid metal flows into the tray.
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Figure 1.10 — Structure of a plasma-arc furnace

Wells are formed in the charge, into which the electrodes are deepened until
they reach the surface of the molten metal on the furnace tray (Fig. 1.11).

wriak

Figure 1.11 — Stages of charge melting

When the charge and scrap are melted, the level of the melting metal increases,
so the electrodes rise to prevent the short-circuit mode. A characteristic feature of

the melting period is the turbulent mode of arc burning. The arc that occurs between
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the end of the electrode and the cold metal is unstable, its length can vary widely
during collapses and movement of the charge (from short circuit to arc failure). The
duration of the melting period is most often the main part of the entire process, and
at the same time, about 60-80% of all electricity is used.

The melting period is considered complete when all the metal in the furnace
bath has passed into the liquid state.

The removal of impurities occurs as follows. Initially, due to the relatively low
temperature of the bath, endothermic reactions of oxidation of iron, silicon,
manganese, and phosphorus are actively taking place in it.Oxides float out and form
a layer of slag on the surface of the melt together with lime, which contains easily
ionizing components (lower work of electron release) compared to the molten metal,
therefore, despite the significant elongation, the arc here burns with considerable
stability. In the slag, silicon oxides combine with iron and manganese oxides,
forming the corresponding silicates. To intensify these processes, iron ore is added
to the bath or oxygen is blown. At the same time, the metal carbon reduces the ore.
The oxide formed floats out in bubbles - the so-called process of "boiling" of the
bath takes place. An important stage of the process is metal refining. At the end of
the melting period, in order to finally bring the composition of the metal to the
required level, alloying additives are introduced into it and casting is started. Based
on the above basic process of steel melting, the requirements for the arc furnace also
follow.

The first requirement is the flexibility of furnace power management. In the
initial period of metal melting, it is necessary to enter the maximum power to
accelerate the melting process; during the periods of oxidation and reduction, it is
necessary to be able to change this power at any time in order to control the metal
and slag temperatures, which are powerful factors influencing the reactions taking
place. This requirement is easily fulfilled in an arc furnace, the power of which is
regulated by changing the length of the arc, that is, by raising or lowering the

electrodes.
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The second requirement is to adjust the length of the arc, change it in different

periods of melting, regardless of the output power.This is necessary, since the

gradient of the arc column changes greatly during melting, during the period of

oxidation and refining, the length of the arc becomes many times greater and

intensively radiates heat to the lining of the walls and vault just at the moment when,

due to the high temperature, they are in the most difficult conditions work This is

achieved by changing the voltage on the arcs by switching the voltage stages of the

furnace transformer.

In fig. 1.12 shows an approximate schedule of changes in power and voltage

during the main process of steel smelting with full oxidation. As you can see, both

the furnace power and the voltage can vary from 100 to 40% or less.
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Figure 1.12 — Approximate graph of chipboard power and voltage during

The third requirement is to maintain a regenerating atmosphere in the furnace.

It is also easy to do in an arc furnace, since there is no free oxygen due to the

combustion of electrodes, and it is not difficult to close access to external oxygen
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during the recovery period, if the furnace door and electrode holes are maintained in
normal condition [2].
1.1.3 Design and mechanisms of an arc steel melting furnace

The main part of the frame of the arc steel melting furnace is its casing. It can
have a cylindrical shape or a slightly conical one that expands to the top, or a stepped
one, the upper part of which has a large diameter. An important element of the
furnace design is the lining, it consists of three main parts: the bottom, masonry walls
and the vault. It should be noted that the lining of the furnace during the melting
process bears the greatest load, especially on the bottom, therefore the process of
laying it has its own characteristics (a layer of sheet asbestos, fireclay powder,
fireclay bricks, a row of refractory bricks, a layer of magnesite bricks). Vaults of arc
furnaces are laid out outside the furnace on a special wooden template that has the
shape of the inner contours of the vault. On the template, three cylindrical bars are
installed in the places of the holes for the electrodes to ensure the correct placement
of the arch holes. In the same way, the holes for the gas outlet and the oxygen nozzle
are fixed, if they are placed on the vault.In arc furnaces, the lining can be conical,
which increases its stability. In large furnaces, the casing is made collapsible on bolts
horizontally, approximately at the level of the threshold of the working window. The
casing is welded from boiler steel with a thickness of 10-40 mm. Holes for the
working window and cage are cut in it. A spherical, flat bottom is welded to the

casing from below.
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Figure 1.13 — Construction of the working window frame
1 — water-cooled frame box, 2 — door

This form is the most rational, because with sufficient rigidity, it better fits the
shape of the furnace bath. Each furnace has one or two working and drain holes. In
domestic furnaces, one window, located opposite the cage, is used for loading
materials and filling the bottom.

The opening of the working window is framed by a cast frame in the form of a
hollow box, which is cooled by water and fastened with bolts to the furnace casing
(Fig. 1.13).

One of the most important elements in melting is the electrode itself, which is
designed to introduce electricity into the area of its consumption, to melt the charge
and obtain the necessary materials. Previously, the electrodes were square or round
coal bars; as they burned, they were replaced with new ones, and the cinders that
remained were thrown away or ground. Currently, continuously growing graphite
electrodes are used, which have a round cross-section and machined ends, in which
threaded holes are made along the axis of the electrode. Nipples made of the same
material as the electrodes are screwed into the holes for half the length. The next
electrode is placed on the half of the nipple protruding from the end of the electrode.
This is how an electrode candle is made. Depending on the diameter, the electrodes
are made with a length of 1000-1800 mm. As the lower part of the candle burns in
the furnace, it falls down. When the electrode holder approaches the arch, the
electrodes are built up and bypassed. Graphitized electrodes are made from artificial
electrographite in special furnaces (the advantage is low specific resistance). The
main requirements for electrodes are: sufficient mechanical strength, low active
resistance.

In order for the melting process to be carried out in the furnace, it must be
equipped with a number of mechanisms. It is necessary to load the charge into the
furnace, and modern furnaces have mechanisms for loading the material. The
finished metal must be poured from the furnace, and in the process of melting, slag

must be removed from the furnace, so the furnace must be tilted both toward the
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cage and toward the loading window. This happens with the help of a tilting
mechanism. The rate of inclination is up to 0.4-0.8 degrees/s in large furnaces. The
tilt mechanism can be lateral or bottom. The advantage of the side is that, due to its
location, it is protected from damage when the bottom is torn. The disadvantage is
great sensitivity to distortions.

On the slopes of the furnace bath between the electrodes, the charge does not
melt well, so in order to speed up this process in large furnaces, the furnace bath is
rotated by a certain angle around its vertical axis using the bath rotation mechanism.
Since the liquid metal is heterogeneous during melting (especially in large furnaces),
an electromechanical mixing device is used to eliminate this drawback. And finally,
each furnace is equipped with a mechanism for moving electrodes. It should ensure
the independent movement of each electrode up and down when the furnace is turned
on and off during its operation. As a drive, both a hydraulic drive and an

electromechanical one are used [2].

1.2 Technology of ingot casting by electric arc method

The DSP-25 MO01 electric arc steel melting furnace is designed for melting most
medium-alloyed, high-alloyed grades of steel and special alloys. The grade of steel
produced is determined by the technological process of melting and the use of
various types of lining. There are two main technologies of steel smelting in basic
electric arc furnaces:

1) with complete oxidation and the use of fresh alloying elements;

2) by the method of remelting doped waste both without oxidation and with
oxidation with technically pure oxygen.

Let's consider the process of smelting 30KhHSA steel, which is used for
significantly loaded parts of a large section. The letter A at the end of the designation
means that the steel is of high quality. The chemical composition of steel must meet
the following requirements:

— carbon C, no more than 0.3%;

— chromium Cr, no more than 2%;



100

— manganese Mn, no more than 1.5%;

— silicon Si, no more than 1.8%;

— nickel Ni, up to 0.40%;

— vanadium Va, up to 0.3%;

— sulfur S, no more than 0.03%;

— phosphorus P, no more than 0.035%;

The entire technological process of smelting structural alloyed steel by electric
arc method can be conventionally divided into the following stages:

1) refueling the furnace;

2) load loading;

3) melting;

4) oxidation;

5) recovery period (refining).

An approximate schedule of the duration of steel smelting is shown in Table
1.2.

Table 1.2 - Time spent on melting

Name of the period Duration of the period, min
Furnace refueling 10
Batch loading 15
Melting 55
Oxidation 60
Restored (refining) 70
A total of 210

So we can see that the entire melting time takes about 3 hours. 30 min. Let's
consider this technology in detail (smelting of steel by the method of complete
oxidation):

Furnace refueling
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— if a previous batch was smelted before the batch of steel was smelted, then
it is necessary to clean the working area of the furnace (slopes, chute, bottom) from
metal residues and slag. This should be done using a special metal scraper;

— the furnace is filled with magnesite powder with a grain size of 0.8-0.15
mm, MPMZ brand, with minimal losses during calcination, if the metal has flowed
into deep damage at the bottom, it must be removed by mixing it with the powder.
The threshold of the working window must be filled, and the pouring hole must be
closed at the beginning of the melting period.

Load loading

— the main metal charge for electric furnaces is steel scrap delivered in
accordance with accepted standards. For electric steel melting furnaces, the so-called
electric furnace scrap grade A2 is used. The dimensions of its individual pieces
should not exceed 600x350%250 mm. The standard also provides for the supply of
alloyed scrap, which is sorted into 46 groups. Before loading, the entire charge must
be mixed,;

— loading of the charge begins immediately after the filling of the lining is
finished. This is done with the help of a crane and a filling container. At the bottom,
a part of fines from steel scrap approximately 1800-2000 kg, limestone 4% of the
backfill, fluorspar 0.7% is filled.Feldspar is used to increase the liquid mobility of
slag, F-92, F-85 feldspar can be used;

— then a large charge is loaded, placing it approximately in the center of the
working area of the furnace. It includes steel scrap 1,100-1,400 kg, return of own
production 14,500-15,300 kg, carbon scrap 2,600-2,800 kg, and again part of fines
on top. It is recommended to have 20-30% of fines and 80-70% of large and medium
pieces in the charge (coarse scrap no more than 40%). The weight of the metal
landing (taking into account the following additives) is determined by the level of
liquid metal and slag, which should not be higher than the lower level of the outlet;

— in the process of filling, it is necessary to ensure that the charge lies
compactly, in the center of the bottom, leveling of the charge in case of incorrect

loading is done with the help of a metal hook; after the end of the filling process, the
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electrodes are built up, so that they are enough for the end of the melting process
without building up, their fastening, the condition of the insulation is inspected, the
water cooling system is checked, the outlet hole is filled with magnesite powder and
the electric furnace is turned on.

Melting

— at the beginning of the melting process, the transformer works at a reduced
power for about 10-15 minutes, this is done to prevent burning of the vault. Then the
melting of the charge is carried out at the maximum stage of the secondary voltage
of the furnace transformer. In order to speed up the melting of the charge, it is
possible, after melting at least 70-75% of the charge, to introduce oxygen through
steel tubes into the liquid metal near the unmelted charge (an earlier introduction of
oxygen can in some cases significantly increase the soot of iron and chromium). The
process of melting the charge must be constantly supervised by a steelworker who
controls the mechanism of turning the bath. After the first wells have formed and the
electrodes have reached the bottom, they are raised and the furnace bath is turned
30-40° around the vertical axis, after which the electrodes are lowered again, arcs
are ignited and the next three wells are melted. Then the electrodes are raised again,
the furnace is turned 60-80° in the opposite direction and three more wells are melted
in the charge. At the same time, dead (from the point of view of arc irradiation)
corners and bridges disappear on the slopes;

— to obtain strong compounds of silicon and phosphorus oxides, after melting
75% of the charge, lime or limestone (approximately 80 kg/t) is added to the furnace,
and 20-25 minutes before the end of melting, iron ore and ferrosilicon (16 kg/t) and
alloyed additives. When the entire charge melts, the furnace is turned off, the
electrodes rise. Since the liquid metal of the bath is not homogeneous in terms of
chemical composition and temperature, it is mixed using an electromechanical
mixing device.The next stage is taking a sample for the analysis of the chemical
composition of the steel, after which 75-80% slag is pumped out, limestone and
fluorspar are added to the furnace, and then the oxidation of the bath begins.

Oxidation
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— oxidation can be started only when the metal is hot (temperature 1600-
1650°C), because during oxidation with iron ore it cools the bath and the process
proceeds with heat absorption. The reaction of oxidation of carbon with free oxygen
proceeds with the release of heat. This circumstance must be kept in mind when
adjusting the thermal mode of melting during the oxidation period: if when working
with ore it is necessary to supply high electrical power, then when using oxygen it
IS sometimes even required to turn off the current from time to time so that the metal
does not overheat.

For the introduction of oxygen, steel tubes with an inner diameter of 3/4-1 inch
lined from the outside are used. The end of the tube is lowered into the metal to a
depth of about 200 mm and constantly stirred in a horizontal plane to prevent damage
to the slopes and the bottom of the furnace. It is possible to line the tubes by coating
their surface with a mass of 80% fireclay powder and 20% refractory clay with
additives for bonding liquid glass (density 1.5). The thickness of the coating layer is
25 mm. After coating, the tubes are dried. For lining, it is also possible to use fireclay
tubes with a wall thickness of 20 mm, which are worn on top of steel ones. This
lining method is better, but much more expensive;

— during the oxidation period, it is necessary to ensure foaming of slag in the
furnace and its independent rise through the threshold of the working window; this
removal of slag contributes to a more complete purification of the metal from
impurities.The oxygen used in the oxidation of steel must contain: not less than
99.5% 02, not more than 1% moisture per 1 m3 of compressed gas and have a
pressure of not less than 9-10 atmospheres. The emission of smoke and a bright
white flame indicate an intensive process of carbon oxidation.

Finish purging 2-3 minutes after the appearance of brown smoke. Oxidation of
the bath ends when the carbon content in it until the slag is completely discharged is
approximately 0.02-0.07% less than the lower limit of the specified carbon content
in the finished metal (since reoxidation may occur). The phosphorus content in the
metal by this point should not exceed 0.014%.
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Recovery (refining)

— after complete unloading of the oxidizing slag, the most responsible stage
of the smelting process begins - deoxidation of the metal and bringing its chemical
composition to that specified for the finished steel;

— in the smelting of 30XXCA steel, refining under white slag is used, that is,
after obtaining a liquid slag (at the beginning of the recovery period),
ferromanganese is added to the furnace, and then a mixture of lime, ground coke and
fluorspar in a ratio of 5:1:1 (about 2.5 -3% of the weight of the metal in the furnace).
The amount of coke in the mixture is approximately 1-1.5 kg/t. Such deoxidation of
slag with coke carbon is carried out before the beginning of its lightening (20-25
min), after which ferrosilicon powder is introduced into the mixture, and the addition
of coke is reduced or completely completed,;

— holding the bath under white slag is carried out for about 50 minutes. The
content of calcium carbide in the slag in the middle of refining does not exceed 1-
1.5%, calcium oxide - not less than 55%. For the final deoxidation of the metal, a
piece of aluminum is used, which is introduced 2-3 minutes before the release of the
melt with the help of a rod. The amount of planted aluminum is 0.6-0.8 kg/t. This
additive, in addition to final deoxidation, also allows you to adjust the austenite grain
size;

— deoxidization of the bath during smelting of 30KhHSA steel can also be
carried out by adding complex deoxidizers to the metal in pieces, for example, an
alloy containing manganese, silicon and aluminum in a ratio of 4:1:0.4.The duration
of the recovery period is reduced by almost 30%;

— to release the melt, a tilting mechanism of the furnace is used, which ensures
the draining of its contents from the furnace, the tilting speed is 0.9 degrees/s. First,
part of the metal is produced, then metal with slag. Before pouring, an outlet hole is

pre-developed,;
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— the last stage is the adjustment of the chemical composition of the metal, if
necessary. For this purpose, a chemical sample is taken from the ladle for pouring
and mechanical tests are carried out;

— to control the performance of melting operations, electricity consumption,
and the chemical composition of the metal, a melting card is used, which is filled
out by the worker who performed the given work. Control over the correct

management of the process is carried out by the master.

1.3 Justification of the feasibility of developing an automated electric
drive for supplying electrodes to an arc steel melting furnace
Each arc furnace has a mechanism for moving the electrodes. Since the control

of the electric mode of the arc furnace is carried out mainly by moving the electrodes,
and current fluctuations, short circuits and arc interruptions usually occur separately
in phases, each electrode of the furnace must be equipped with its own lifting and
lowering mechanism, which allows fast and accurate manage its position.The DSP-
25M01 type arc furnace in the basic configuration has a hydraulic drive for moving
the electrodes, which has a number of significant disadvantages, namely:

— dimensions and mass of the system are too large,

high labor intensity in maintenance,

lack of effective means of stabilization (the drive-regulator system has

two oscillating links),

parameter instability and high cost,

the hydraulic drive is a source of increased danger during operation (as
a burst of oil-filled lines may cause a fire).

Therefore, there is an expediency in developing an automated
electromechanical drive that would improve the productivity and reliability of the
furnace, which is the goal of this work. Periods of metal melting are determined by
the peculiarities of the flow of physical and chemical processes and determine the
differences in the tasks of the automatic control and management system. Thus,

during the melting period, it is necessary to bring up the maximum power and
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eliminate disturbances arising from the collapse of the charge, during the period of
oxidation and recovery, the power is reduced to 0.5-0.6 of the nominal value.

Based on the above, the main tasks of the automation system are:

— introduction of the required amount of useful power at any moment of the
melting process (change of stages of the furnace transformer or change of current
within one stage);

— quick elimination of all violations of the electrical regime (short circuits, arc
extinction);

— improvement of the economic indicators of the steel melting process;

— increase in reliability and safety during operation.
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HA0HITBHICTE PO3POBJTEHHA ABTOMATH30BAHOIO
EJIEKTPOITPHBOJA I1OJAYI EJIEKTPOJIB ¥ IYTOBY
CTAJIEITTABHJIBHY ITIIY

Jlnd oTpuMaHHA BHCOKOAKICHMX cTajeil moTpidHO HE TINBKH BBOIUTH
JIeryio4l KOMIIOHEHTH B 3BHYAiHY BYT/IELEBY CTAllb, a NepLl 3a BCE OYMCTUTH ii
Bil WKigMBuX Aomimok. Taka HaiidinbIl MOBHA OYMCTKA CTajll Bijg TrasiB i
UIKIIJIMBUX IOMINIOK Bi/IOYBA€ThCA B AYTOBIH cTaleriaBubHIi meuqi [1].

Tepmiuna 0OpoOka neropaHHx craneil norpedye ayxe TOHMHOI BUTPHMKH
3aaHOTO TEMIEPaTYpPHOTO PeXKHMY | BHCOKOI CTENeHI PIBHOMIPHOCTI HarpiBy
BUPODIB, perymoBaTi K el npouec 1 3ade3neydTH oro piBHOMIPHICTH
MOMKIIHBO [THIIE B IYTOBHX CTANEMUIABUIBHHX MEe4ax, MPHYOMY 3 BHCOKOK
TouHicTH. KoskHa ayroea niu mae MexaHi3m nepeMilleHHs enekTpoiB. Tak sk
KePYBaHHs ENeKTPUYHHM PEKHMOM JYroBOI Me4l BHKOHYIOTB B OCHOBHOMY
LIIAXOM MepeMilieHHs eleKTPO/IIB, 4 KOJTMBAHHA CTPYMY, KOPOTKI 3aMHKaHHA 1
0o0pHBH JAyr BiA0YBAKOThCA, SK MOPABHIIO, pPO3AUIBHO no ¢azam, TO KomeH
eNeKTpo] ne4yl NoeHHeH OYTH OCHALIEHWI BIACHHM MeXaHI3MOM mnigiiomy 1
OMYCKAHHS, AKHII TO3BOMNAE MIBUAKO 1 TOYHO KEPYBATH OTO MNOIOMKEHHAM.

Jyrosa miu tuny JICTI-25MO1, mo posrnsnaerses B faHiii podoti, B
0a3oBiii KOMIUIeKTaUll Mae riIpaB/Ii4HWI NPHBLL NepeMilleHHs elNeKTPOJIB,
AKMil BONOJIE PANOM CYTTEBUX HENONIKIB: 3aHANTO BenMki radaputu i maca
CHCTEMH; BeJIMKA TPYJOEMHICTE B ODCIYTOBYBAHHI; HecTaOLILHICTE apaMeTpIB
1 BeJIMKa BapTicTh. Jlo TOTO kK TIAPONPHUBIL € JKepenoM MiABHIIeHO! Hede3mekH
B npoueci ekcrnnyarauii. Tomy iCHYE HOUUIBHICTE pPO3poONEHHS CY4acHOTro
aBTOMATH30BAHOTO  NIEKTPOMEXaHIYHOrO [MpHBOAA, SKHl OH  103BOJUB
MOKPAIIUTH TPOAYKTHBHICTE, €(PEKTHRHICTE Ta HAOIHHICTE poOOTH MeHl.

Jnsa  pozpoOnenHss cucteMH  aBTomartudHoro kepyeaHua (CAK)
eNeKTPONPHBOAOM TO/a4ui eNeKTPOMiE OYJI0 BUPIILEHO 3aCTOCYBATH BiNOMMI
NPHHLKI NANOPAAKOBAHOTO PErYIOBAHHA 3 BUKOPHCTAHHAM TPBOX KOHTYPIB:
CTPYMY, WIBHAKOCTI Ta MOJI0KeHHA [2]. B Takux cHcTeMax KOMKeH 3 BHYTPIILHIX
KOHTYPIB MiANOPAIKOBYETHCA 3O0BHILIHEOMY, a /A KEpPYBaHHA KOKHHM 3
napaMeTpie Tpeba MaTH OKpeMuii perynsaTop, KOTpHil CTBOPHOE 3 00 €KTOM (B
JAHOMY BHMNAAKY — PerylaTopoM IONOMKEHHS €JIeKTPOaIB) CBiil 3aMKHeHMIl
KOHTYP 3 BHKOPHUCTAHHAM 3BOPOTHHX 3B A3KIB.
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30ipuuk Tez MixHapoHOT HAYKOBO-NPAKTHYHOT KOH(epPeHUT CTYIeHTIB, ACNIPAHTIE Ta MOJIOIHX BYEHHX

B pofori Oyna BHKOHaHa ONTHMI3ALIA PETYIATOPA MMOJNKEHHA ENEKTPOIB
MeTo/IOM nocnifoBHol kopekuii. Jlng ouinku mepexignux npouecie B CAK
eukopucToryeany cepenornie MATLAB 3 po3wupennsam Simulink.

Orpumanuii rpadik nepexiiHUX NPOLECIB KOHTYPY MOI0KeHHA (pHc.1).

(0,0
A

2500
2000
1500
1000

S00

a

_’_
o a5 1 15 2 3 L€
Puc. 1 — I'padix nepexiHOTO NpoLecy peryisTopa nojloxeHHs

POBpﬁXOBaHﬁ BCIIHYHHA NMEPEPEryIOBaHHA

o = Zhuon 1000, - 3122300 10000 9 90
2300

HOM
Binomo, mo ans OinemiocTi NOJIOHMX CHCTEM MEepeperyiloBaHHA He
noBHHHE nepepHilyBaTH (5...10)% [2]. Yac perynioBaHHs, AK BUIHO 3 rpadiky,
MAEMO HeBeluKuii (¢, = 0,95 ¢). [Huwi napamMeTpu nepexiiHoro npouecy Takox
3HAXOAATBECH Y MEKAX HOPMH.
Takum YMHOM MOMKHA CTBEpLKYBATH, IO JaHWi perynaTop BiANOBLIAE
MOCTABIEHUM BHUMOTaM 1 Moxe OYTH BHUKOPHCTAHHIl 178 aBTOMATH3OBAHOI
MOAAa4i eNeKTPO/IiB Y AYTOBY CTANCIUIABUIBHY MiY.

Cnucok suxopucmanux oxcepen

1. BepxoBmiok A. M., Hapiecekuii A. B, Morurtanenko B. I'. Texnonorii
OJlep:KaHHA METANB Ta CIUIABIB [/ JHBAPHOro BUpOOHHMITEA: HABY. Nocid.; 3a
pen. akan. HAH Vxpainu B.JI. Haiineka. — Kuis: BupaBuuumii mim
«Binigenkox», 2016. — 224 c.

2. Bozusik, OM., Iryue. A A, Komichuk M.A. CyvacHi cucTeMH
enekrponpueoiie. Teopia Ta npaktuka. Yactuna 1. / Hagwanenuit nocibuuk. —
Binauus: TBOPH, 2021. — 280 c.
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AKTyaJabHicTh TeMH. EJeKTpHYHI Iedi 1 eIeKTPOHArpiBaibHI MPUCTPOI OTPHMATIH 2

MIHPOKe 3aCTOCYBAaHHS B IMPOMHCIOBOCTI, TPAHCIOPTI, CIIbCBKOMY TOCIIOAApPCTBI 1
IHIIHX TaTy3SX HapOIHOTO TOCIoJapcTBa YKpaiHW. J[0BOII 3Ha4HAa YacTHHA Yciel
eIeKTPOeHePrii, IO CIIOKHBAETHCS HAINIOK IMPOMHCIOBICTIO, BUTPAYaeThes HA IILTI
eTeKTPOTePMii, TOMY pO3pOOIEHHS CyYacHHX eJIeKTPONPHBOMIB Ha  0a3sl
€HeProOIIaTHUX TEXHOIOTIH € JIOCHTh aKTyaIbHIM.

00’exkTOM JO0CTiIKeHHSI B J1aHIil poOOTI € MPOIeC IIaBIEHHS CTall 3 BPaXyBaHHSAM
TeXHIYHHX BHMOT [0 MeTaly, IO ILIABUThCS, a TAaKOK BHUTPAT E€HEPreTHYHHX 1
TEXHIYHHX PeCypCIB.

IIpeameToM JocCaiIsKeHHS € €IeKTPOIPHBOJ IOAadl €IeKTPOIIB Y CTaleIlIaBIIbHY
mia tummy JJCTI-25MO1.

MeTor 1aHOi POOOTH € 3aMiHa TIAPABIIYHOrO IPHBOAY HOAaYl e TeKTPOIIB, IO ICHYE,
Ha CyYaCHHIl aBTOMATH30BaHUIl eIeKTPOIPUBO/L.

JI1s 1bOro HeOOXITHO BHKOHATH HACTYIIHI 3aBAAHHS:

* TpoaHaT3yBaTH MPHBOI, IO iCHY€, Ta BUSBUTH HOTO HEIOMIKH;

* TPOBECTH PO3PAXyHOK IMOTYKHOCTI Ta BHOIP €IeKTPOABHIYHA Ta PeAYKTOPa;

*  PO3poOHTH (YHKIIOHATBHY Ta INPHHIHUIOBY CXeMy eJIeKTPONPHBOLY IOJadi
€IEeKTPOIIB ;

* BH3HAUUTH CTATHYHI H JHHAMIYHI XapaKTePHCTHKH MOJEPHI30BaHOiI CHCTEMH,
OIIHUTH ii AKICTH Ta CTIAKICTE.
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6 — Ha/CTaBKa,

7 — 130714TOp, 8 — eIeKTPOIOTPHMAY,

; 9 — NPHBITHUIT IBUTYH,
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10 — pexyxrop,

11 — exexTpon,

12 — 3aruckad erexTpogoTpUMada
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ETtanun nnaBneHHA WUXTU 5

WiaK

Jlyra, KOTpa BHHHKA€ MUK KIHIIEM eJIeKTPOXy 1 XOJIOIHHM MeTalIOM € HeCTaOlIbHOK. JORKHHA il
MOKe 3MIHIOBATHCS B IMHPOKHX MeKaX IPH 0oOBalaxX i MepeMillleHHAX IMHXTH (Bi KOPOTKOTO
3aMHKaHHS 10 OOpHBY AyTH). TpHBaTiCTh Nepioxy IUIaBIeHHs JacTillle 3a BCe CKIAlaE OCHOBHY
YacTHHY BCBOIO Ipolecy 1 IpH IIbOMY BHKOPHCTOBY€ThCS OMH3BKO 60-80%  yciel
eneKTpoeHeprii. ITepioJ IIaBIeHHS BBAXKAETHCS 3aBepIIEHHM. KOJIH yBeChb MeTal B BaHHI Iedi
HepeiInoB y piAKHI CTaH.

dyHKUIOHaNbHa cxema perynartopa
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MpuHUMNOBa cxema perynsropa 7

Lrwrl 4 ===
W{LOK Az [ =T

AT

XapakTepuctuku BuUnpsMnsaya o
WA
270
ol | 2691 P
sk 1 24053
180 - 223%
Wa) 1501 T
120 = 125’55 10&57
o0l =
301 1
lo
0 | | | | | | | | 1 e
0 9 18 27 36 45 4 63 72 81 90 0 r
26,15

PerynioBanbHa xapakTepucTuka Bunpamnsya 30BHILLHI XapakTepucTUKu BUNpAMMaYa



115

TpMKOHTypHa cuncreMma aBTOMaTU4HOro perynroBaHHA 9
NonoXeHHA enekTpoaiB
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JocnimpkeHHA nepexigHUX NpoueciB TPUKOHTYPHOI CUCTEMU

IlepexinHuii nponec peryaAaTopa MoJI0KeHHS
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BucHoBKM

[Ipu BHUpIMEHH] MOCTABISHHUX 3a/a4 OyB MPOBEIEeHHI aHAaIl3 TEXHOJIOTIYHOTO IIPOIECY
IUTaBIeHHA, PO3IVIHYTO ICHYKO0Ue 001aTHAHHS, BH3HAYEHO HOro HeJOMIKH.

B mpomeci  MomepHizamii eIeKTPONPHBOAA ITOofadi eIeKTPOMiB Oya0 IPOBEIEHO
PO3paxyHOK, BHOIP Ta IepeBipka BHOOPY IPHBIIHOTO ABHIYHA Ta MEXaHITHOI YaCTHHH
EIl. Po3poGrena ¢yHKIIOHaTPHA Ta IPHHIHIIOBA CXeMH peryiiaropa. [IpoBemeHO
PO3paxyHOK Ta BHOIP €TeMEeHTIB IIPHHITHIIOBOI CXEMH.

Ha ocuoBi 3amamumx BuMmor g0 CAK Oymo po3poGleHO TPHKOHTYPHY CHCTEMY
PeryIIOBaHHS IIOIOKEHHS eIeKTPOIIB, PO3PaxOBaHO Ta IIPOAHAII30BAHO IMapaMeTpH
KOXKHOTO KOHTYpPY, IIPOBeJIeHO CTaHJapTHI HaJaINTyBaHHA. AHam3 IepexiTHHX
mportecie CAK mnoka3aB, o IMapaMeTpH pPeryjsaTOpIB 3aJ0BOJBHAIOTH HEOOXITHHM
ITOKa3HHKaM SKOCTI.

JInd BHU3HAUEHHs 3amaciB CTIHKOCTI CHCTEMH 3a JOMOMOIOK IaKeTa IMPHKIATHHX
mporpam MATLAB  moOGymoBani gorapugmiuni xapaktepuctuku JJAUX ta JIOUX,
BHABJIEHO, IO 3allacH CTIHKOCTI ITOBHICTIO 3aJ0BOJBHAIOTH YCIM BHMOTaM IS JaHOL
CHCTEMH PeryIIOBaHHS.

MoskHa 3pOOHTH BHCHOBOK, INO 3alIPOIIOHOBAHMI MOJEpHI30BaHHIl elTeKTPOIIPHBOJ
Iofiadi eJeKTPOAIB € CYYacHHM, €KOHOMIYHO IOLUTHHHM, HAMIAHHM 1 BIIIOBIJTA€
IIOCTaBJIeHHM 3aJadaM. [aKHM YHHOM, MeTa MaricTepchkoi pOOOTH YCIIIITHO
JIOCATHYTA.



