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Etanu po3po0ku CAY 4OopHOBOI rpymnu KjiTeit B
YMOBaX €HEpPro30epiraroumx TEXHOJOT1 BUPOOHHILITBA
APIOHOTO COPTY

VY crarTi poO3rIIHYTO CHEPTrOEMHHUI TEXHOJOTIYHHUN IPOIEC APIOHOCOPTHOTO BHPOOHHIUTBA, B SIKOMY
TMOEAHAHI 1Ba OC3MEPCPBHI MPOICCY TUTTA i mMpoKaTKH. CyMIMICHHA NMPOLCCIB 3a0C3MCUYETHCA 3a PaXyYHOK
3aCTOCYBAHHS arperaTy 3 BHCOKHM CTYIIEHEM aedopmalii 3a OAWH MPOXia, a caMe IUIAHCTAPHHUX TPHUBAIKOBHX
TBHHTOBHX KIiTe¢H. [Ipomec momepeyHO-TBHHTOBOI MPOKATKH PO3TILIHYTO, AK 00'€kT ympasiinaA. Po3podncHa
(yHKIIOHAaTRHA cxeMa aBopiBHEBoI CAY eneKTponpHBOJAMHE BAJKIB 1 KOPIyca IUIAHETApHUX KiiTeH. Cucremu
HIDKHBOTO PIBHS MAIOTh 3MIHHY CTPYKTYPY VIIPABIIHHA 3 METOK peaizalii pe:KUMIB CyMIIICHHS IPOLECIB
muTTS 1 mpokatku. HaBeneHO NMPHKIAJ KOHKPETHOTO BHKOHAHHS 3alPONIOHOBAHOTO OONATHAHHA I YMOB
poboru aporosoro crany 150 MakiiBCBKOTO METaNypriiHOro 3aBoAy. EXOHOMIYHI PO3PaXyHKH IIATBEPIMIA
EKOHOMIIO CHEPTOBHUTPAT B 5 pasis..

MONEePeTHO-TBIHTOBA MPOKATKA, IVIAHETAPHA TPHBAJIKOBA KJIiTh, KOOPAMHATOP, CHEPro3oepe:KeH st

OcTaHHIM YacOM CHOCTEpIraeTbCsl TEHASHIIS PO3BUTKY METANIyPTriHUX MiHI-3aBOJIB,
Ha SIKUX Pealli3yloThCs eHepro3depirarodi TEXHOJOr! BHPOOHHUNTBA cTadi 1 mpokary. Yum
IIBUJIIIE METAJ JOXOIUTh Bi PIAKOTO CTaHy A0 KIHLIEBOTO MPOKATY, TUM Kpalle eKOHOMIuHI
NOKa3HUKH EHEPrOEMHOr0 BHUPOOHMUTBA. TakuM UYHMHOM, €KOHOMIsA €Heprii crae
HABaXJIMBIIINM (pakTOpOM OyAb-SIKOT0 METANypriifHOrO BUPOOHULITBA.

CyuacHe BHPOOHHITBO y NPSMOMY CEHCI 3aJIeKUTh Bil €HEPrOCIOXXKMBAHHS, TOMY

© H.B. Kyxoga, P 1. Biamtor, 2012
YUM MEHbBILIE BUTPATH HA EHEPrOCMOXHUBAHHA, - THUM BHIIE NPUOYTOK MiAMPHEMCTBA.
EHeproz0epeskeHHs1 y MeTayprii moJiAraE B CyMILIEHHI MPOIecciB Oe3mepepBHOro JIUTTS Ta
Oe3nepepBHOI MPOKATKH BiJ PIKOTO METally, 0 KIHIEBOTO MPOKaTy. Y NaHii TeXHOJOTTYHIN
CXeMl TeIJIO PIIKOrO MeTally He TryOMThCs, a BUKOPUCTOBYETBHCS Y MOJAIBLINX Mepenitax
micys Oe3nepepBHOTO JUTTS. TOMy CbOTOJHI MUTAHHS B MPOEKTYBAaHHI Ta BIPOBAIKEHHI
JUTEHHO-NIPOKATHUX MOJYJIB € aKTyaJlbHUM. AJle HE3BAKAI0UM HAa BHCOKY BHIOIY
BUKOPHUCTAHHS TEXHOJIOTI JIUTEHHO-TIPOKATHUX arperartis, PO3BUTOK B LIl rajy3i OTpUMaiu
SIK TIPABUJIO TOHKOCIISIOOBI JINTEHHO-TIpOKaTHI arperaTy. [IpakTuyHe BTIJICHHS L€l TEXHOJIOTI]
sl ApiOHOCOPTHOrO BUPOOHHUIITBA 1 BHPOOHHUIITBA KaTaHKM He OyJI0 BHUKOHAHO Tak
NOMYJISIPHO, Yepe3 BIACYTHICTh ONTHUMAaNbHOI KOHCTPYKLii KiiTed. besmepepBHa mpokarka
HAMONTHMAJIBHIINA, SKIIO OCHOBHHH OOTHCK MeTany 3IIHCHIOBATUMETBCA Y MPOKATHUX
KIITAX, A€ MAKCHUMAaJbHUHA BUTST BIIOYBA€ThCs 3a OOMH Npoxix B omHid xmiti. Lliefl ymoBi
3am0BoNIbHsIE TuiaHeTapHa rBuHTOBA KiiTh (II'K), sika 3amimye OMU3bKO AecATH KiiTEH
3BUYAHHOI MOJOBXKHBOI MPOKATKH Ta JO3BOJISIE OE3MEPEBHO CTHKYBATH IMOJAJIBINY YHUCTOBY
0o0pobky ™etanmy. Tomy, BUKOPHCTaHHsS IUIAHETAPHUX KJITEH T'BHHTOBOI IPOKATKH Y
YOPHOBIH rpymi 1 po3podka 6aroTopiBHEBOI lEpapPXIYHOI CHCTEMH aBTOMATHUYHOTO YIIPABJIIHHS
€JIEKTPOIPUBOAAMH TUIAHETAPHUX IBUHTBHX KJIITEH YOPHOBOI IPYIIH, € aKTyaJIbHHIM.
PenykyBaHHs momepedHoro mepepisy Martepiany npocsiraetbess Ha [IIK HacTymHEM
YHUHOM: TPH KOHYCOMOMIOHMX BaJika, PO3TAIlllOBAHUX IO BIAHOIIEHHI) OJWH IO OJHOIO Iif
KyTOM 120°, 0GXMMarOTh MeTan TAKHM UHHOM, WO MK iX MIOBEPXHSAMU YTBOPIOETHCS
KOHycomoniOHa 30Ha nedopmarii. 3aBASKU CXPEHICHOMY TOJIO)KEHHIO OCeW BaJIKIB IO



BITHOIIEHHIO IO OCI MPOKATKH 1 iX 0OEPTaHHIO, CTBOPIOETHCS 3YCHILISL TIOJIai, HAPABIISTIOYE
MeTan 4epe3 30HY nedopmarii. Banku npuBOASTBCS B il Bif JBUIYHA 3a JOMOMOIOIO
riaHeTapHoi mepenadi. Oci BaJkiB MOXKYTh IOBEPTATHCS HABKOJO OCEH IUIaHeTapHUX
HecTepeHb abo oceil OapabaHiB, B IKMX BCTAHOBJIEHI BaJKH, 3 METOI YTBOPEHHsI HEOOXiTHOI
HAMKOPOTIIOI BIACTAHI MK OCSIMHM TPOKATKH 1 BAJIKIB, IO 3a0e3meuye BIAMOBIAHE 3yCHILIS
nmojayi Matepially B3AOBXK OCI MpokaTtku. Jlpyruii ABUTYH CIYKWATh MAJisl 3anoOiraHHs
obOepTaHHs MPOKaTy, K€ BHHHUKAE 32 PAXYHOK MOMEPEYHOro PyXy MeTaiy, CKOMIICHCOBAaHE
o0epTaHHSIM KOPIYCY KIITI.

PosrisiHeMO CTPYKTYpHY TEXHOJIOTIMHY CXE€MY IO€IHAHOTO MOXYJsl Oe3mepepBHOTO
JUTTS Ta Oe3NepeBHOI MPOKATKH JUIsl BUPOOHULITBA APIOHOTO cOpTy 300paskeHa Ha puc. 1.

r

1 ' 2l 3
1 — MmammHa 6¢3mepeBHOTO TUTTA 3arotiemi (MBJI3); 2 — inaykuidami miairpiBay; 3 — 3arpy30uHa
pemriTka; 4 — ITOBXaTelb; 5 —IUIAHETAPHA KIIITh MOMEPEUHO-TBUHTOBOI MPOKATKH;, 6 — aBapiHi JCTIO9i HOXKAMI;
7 —yuCTOBA IPyMNA KIITCH, 8 — MPUCTPiH [T TEPMO3MIIHCHHS;, 9 — PI3HHUK A1 MIPHHUX JTOBXKHH,

10 — roToBi OYHTH 3 APOTOM

PucyHok 1 — JInTeHHO-TTPOKATHUH arperar IpabHOCOPTHOTO BUPOOHHUIITBA

Ilpokarka 3aroTiBiai 0Oe3 ii oOepTaHHs Ha BUXOAl 13 KIITI 3IMCHIOETBCS TIPH
BM3HAYEHOMY TOYAaTKOBOMY CITIBBIAHOIIEHHI YacCTOT MPUBOJY BBAJKIB Ta MPHUBOAY KOPIYCY.
B Hamifi cuTaymii, BUKOPHCTOBYIOTBCS MABI IUIAHETapHI T'BHUHTOBI KIITi, TOMy oOuaBa
€JIEKTPOIPUBOAN KJITEH MOBHHHI MPALOBATH CUHXPOHHO, 10O MPOLIECC B OMHINA KITI He
3aBa’kaB MPOIIECCY B iHININ KTITI. Y CYHEHHS KyTa MOBOPOTY 3aroTiBJll HAC LIKABUTD TUTBKU HA
BUXO/Il 3 APYTOi KJIITI, TOMY IO caMe MicJisl Hei BiMOYBAETHCS CTUKOBKA 3 YHCTOBOK) TPYIO0
kimiteld. Kyt mosopoty 3arotiBiai mMae OyTH 0OMEXKEHHUM, KOHTPOJIOETBCS 32 TOTIOMOTORO
eHKoJziepa 3 imeHTu(IKAIiE 3HAKYy HOTro MOBOPOTY. Y 3B’SI3Ky 3 THUM, IO TEXHOJOITYHI
napamerpu nedopmarii MeTany HEOJHOPIIHI, packaT MOBEPTATHMETHCS 3 HEOTHOPIAHOIO
MIBUAKICTIO. 3 TOYKM 30py TEXHOJOTi, HEKOHTPOJBOBAHMI pPyX 3aroTiBJii HABKOJO BICI
MPOKATKHU € HEMPUITYCTHMHUM.

s Toro, mob 3ade3meunTH aBTOMATH3AII0 TPOLECY IIAHETAPHOI MOMEPEeYHO-
I'BHHTOBOI MPOKATKH, a TAKOX 3’ €THAHHS O€3MEepEepBHHUX TEXHOJIOTIH JIUTTS Ta MO3OBXKHBOI
NPOKATKH PO3TJISAAETHCS LTHPOKIA CIEKTP 3a7ad.

Po3po0nen TexHIYHUI MPOEKT KOHCTPYKLIT KJIiTI TBUHTOBOI TPHBAJIKOBOI IIAHETAPHOT
KOHCOJIBHOT OOTHCKHOI. KOHCTpyKIiss KJiTi BIAPI3HAETBCS BiJ MOMEPENHIX THM, IO BOHA
po3poOiieHa Ha OCHOBI MONEPEAHBLOTO BUOOPY ONTHMAJBHUX XapaKTEPHHUX IapaMeTpiB
I'BHHTOBOI MTPOKATKHU 1 TPHOX 1i KIHEMaTHYHUX KpuTepiiB. ToMy HEOOXIIHICTD y peryOBaHHI
KTl BiAmaja, MO 3HAYHO CIHPOCTUJIO KOHCTPYKWIO KITL. XapakTepHi TIeoMeTpUdHI
napameTpu He Tpeba 3MiIHIOBaTH ad0 PeryJiroBaTH, X ONTUMANIbHI BETMUUHU PEaNi3yIOThCs Ha
KTl KOHCEpBATUBHHM YHHOM 3a JOMOMOIOK MPOCTOro oOJagHaHHA 3 HAWMMEHIINMHU
BUTpPATaMH, L0 3aBXIW MNPHHHATHO B BUPOOHMYMX yMoBax. Onrumizamis mnapamerpiB
oOJagHaHHS BUKOHAaHA Ha 0a31 HOBUX O3HAK, MATBEPIKEHHUX IMATEHTOM Y KpaiHH;

Ocol6nuBoi yBarm BUMAarae CHUCTeMa YIPaBIiHHS CKJIQAHUMH MEXaHi3MaMH 3 JBOMa
€JIEKTPOIPUBOAAMH, TOB'3aHUMU OJAHUM POOOYHMM TIJIOM, METAJIOM, KM NepOpMyeEThCs 3



rUOOKOK0 BUTSDKKOKO 1 MPH LBbOMY poOoue TLIO HE MOBHHHO OOEpTaTHCA HABKOJO OCI
MPOKATKH, YUM 3a0e3meuyeThesi Oe3MepepBHICTh TEXHOJIOTTYHOIO MPOLIECY 3 MONEPEeAHIMH 1
HACTYITHUMH TEpeaiiaMi MeTally. Y 3B'A3KYy 3 THUM, IO MOMEPEYHHH pyX MeTajy HE BHABHUTU
3a TOTIOMOTOKO SIKOrO-HeOyAb NaTunKa MEPEeMIIleHHs, TaK K pobode Tio, sike 1ehOopMyeThCs
B KJIITi, (PI3UYHUM YHMHOM TPOJIOHIOBAHO, SIK BIEpPEN TakK 1 Ha3aj A0 IHIIUX TEXHOJIOTTYHHX
MEPeUTIB, TO TYT TIIBKU PETYJSTOPU MIBUAKOCTI BAJIKOBOTO 1 KOPIYCHOTO MEXaHI3MIB KJIITI
HE IOMOMOXKYTb Yy BHPIIIEHHI y3TOMKEHHS PyXy MOB'SI3aHOTO 3 HUMH €JIEKTPONPUBOAY 3
IBOMA CHJIOBUMH €JIEKTPOJIBUTYHAMU. CIMHUM KPUTEPIEM TYT MOKe OyTH MIHIMyM BUTpaTH
eHeprii Ha TEXHOJOriyHI omnepauii aedopmamii Merany npu 3a0e3neueHHl 3aJaHOro
MO30BKHBOTO pyXy pobouoro Tina. Tomy nokanbhi CAP kmiTsiMu mOBUHHI OyTH 13 3MIHHOO
CTPYKTYpOr0. ENekTponpuBOaN MOBHHHI YIIPABISATUCS 32 TOTYKHOCTSIMHU TP MiHIMAJIBHIHN X
CyMi 3 ONTHMaJbHUM PO3MOAIJIOM €HEPTii Ha J1Ba eNEKTPONPUBOAY. Y MOJEINi MOBUHHA OyTH
iH(popMarLlis MO CUJIl 1 MOMEHTY MPOKATKH, BIANOBIIHUM YHHOM CIPOEKTOBAaHI Ha BAJIKOBY Ta
KOPITyCHY MEXaHiuHi nepenadi 3 BUHUKHEHHSM MOMEHTY CUJIM peakiii MeTany mpu Horo
MOJIMBIM ~CKPYYyBaHHI, $K€ MOJXE€ 3'IBUTHCS TPH HEY3TOJDKEHOMY pyCi  JBOX
eJIEKTPOIpUBOAIB BasKiB 1 kopmycy kimiti. Todro CAY moBWHHA aBTOMATHYHMM O0pa3oMm
IIBUJIKO pearyBaTH Ha «3alBl» BUTPATH €HEprii Ha JAOAATKOBY neopMariio CKPy4dyBaHHS
MeTally TIPY 33JaHOMY TTOAOBXKHBOMY HOTO pycCi y3J0BK OCI IPOKATKH.

Ha ocnoBi mux Bumor Oyno moOymoBaHO (YHKLIOHAJIBHY CXeMy OaroTopiBHEBOi
iepapxiuaoi CAY. B cxemi NpUCYTHHIl BepXHIH piBEHb, y SIKOCTI KOOPAMHATOPA, KU
BUpOOIOE 3anmaroul BIUTMBU aiisi JokanbHuX CAY xmiteidl HmwkHIX piBHed. Koopnunarop
NpeACTaBICHUH y BUMIIAAM nporpamu Ha 0Oasi 3BuvaiiHoro IIK, mipkimo4YeHHOro 10
IPOTrPaMMOBAHOTO JIOTIYHOTO KOoHTposuiepy. Jlokansai CAY — 11e O10KM yrpaBiIiHHS NEPLIOO
Ta JAPYrol0 KIITTAMH, Ta MIOKIIOYEHHI O HHUX YacTOTHI NEPETBOPIOBaYl 3 BEKTOPHUM
KEPYBaHHSIM, JJISI aCHHXPOHHUX 3-(pa3HUX NBUTYHIB. PI3UYHUM pPiBHEM KEPYIOTb JIOKAJIbHI

CAY 3a nonomororo curHaiiB ympasiniHHs. Cxema 6arotopiBHeBoi CAY 300pakeHa Ha puc.
2.
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IIEPIIO0 KITITTIO JAPYTOFO KIITTIO

X 2 X 2 X X x 2
YacToTHui YacToTHui YacToTHui YacToTHui
[IEDETBODIOBAY [IEPETBOPIOBAY [IEPETBOPIOBAY [IEPETBOPIOBAY
/[BUTYH| /IBUryH /[BUTYH| JBury

PucyHoxk 2 — ®yaknionamsHa cxema CAY

J15 — BUMIpIO€ KyT TIOBOPOTY 3aroTiBil Ha BUXOAl 13 Apyroi kiiti. Ha ocHOBI maHuX
orpuManux 3 /IS5 Ta MeTody ympaBiiHHS, KOOPAMHATOP BHPIIIYE 3a[ar04i BIUIMBH IS
noxkanbHUX CAY HIDKHBOTO pPiBHA. YTpaBiiHHA (PI3MUHUM piBHEM 3aiHCcHIOEThCs yepes [TJIK
CHTHaJIaM{  VIPaBJIIHHA HAa  YacTOTHI  MEPETBOPIOBAYl, sKI  KEPYIOTb CaMHMHU
enekrponsurynamu. J{1-J14 ¢ismuno mow’sizani 3 neuryHamu. [lawi 3 enkoxpepis J[1-/14
HAJIXOAATh HA YaCTOTHI NEPETBOPIOBAYI, JIe 3a JOMOMOTOK (PYHKLIi BEKTOPHOTO KEPyBaHHS
PO3POXOBYETHCS  €NIEKTPOMEXAHIYHA TOTYKHICTh. 3 AQHAJIOTOBHX BHXOJIB YaCTOTHHUX
NEPEeTBOPIOBAYIB  3YMTYIOTBbCS ~ IMOKAa3HWUKUM  LIBUAKOCTI  OOepTaHHS  [BUTYHIB 1
€JIEKTPOMEXaHIuHO1 MOTYXKHOCTI. [laHi MmO yciM ABUTYHAM HAIXOMAATb HA BEPXHIH pIBEHb
YIPaBJIIHHSA Y BUTJISAAI CUTHAIIIB 3BOPOTHBOTO 3B S3KY.

[Ipuknan KOHKPETHOTO BUKOHAHHS IPOMOHOBAHOTO OOJATHAHHSA PO3TIITHEMO IUIS
yMoOB pobotu apotoBoro craHy 150 MakiiBCbKOTO MeTaJypriiiHOro 3aBoay. 3 METOHO
€KOHOMIi eHeprii MO)KHa CIIOJYYHTH 3 Oe3MepepBHUM pO3JHMBAHHSAM KpPYIJIOl 3arOTOBKU

D 150mm IBi TUTAHETaPHI I'BHHTOBI KJITI i3 CYMapHOO BUTSKKOIO

2 2
150 50 . . . o o
= | ——| =81. LIi kiiTi 3aMiHsAIOTE OOTHUCKHY 1 JBI MPOMUKHI I'PyHH KJITEH

50 16.66
MO3JA0BKHBOI MPOKATKH, IO MOJSrarTh 13 17=9+4+4 ximiteli 3ragaHoro crany 150, ne
. . . ®150mm
BINOYBAETHCS YOPHOBUN OOTHCK MeETajy 13 3arajlbHOK BUTSIKKOIO Ll = ®T =78
MM

Jdami B JECATIKIITEEBOMY YHCTOBOMY OJIOLi, IO YEPryrOTBhCS 13 TOPU3OHTAJIBHUX 1
BEPTUKAJIBHHUX KIITEH MO3M0BXKHBOI MPOKATKU 13 CYMAapHOI BHUTSIKKOIO 8 OJMHUIL PO3KAT
mpuiiMae KiHIEBI PO3MIpU APOTY P 6mm .



Otxe, micns Oe3mepepBHOrO PO3JIMBAHHS rapsiua Kpyrja 3arotoBka® 150w,
NPOXOAAYN dYepe3 IHAYKUIWHUN HarpiB, A€ BHUPIBHIOETbCS ii Temmeparypa, O€3yNmUHHO
M

MOAAETHCS 13 CEPENHBOI0 MBUAKICTIO 6 = 0,1 — B mepuy njpaHeTapHy 'rBUHTOBY KJITh. li
c

MUH
KyT CXpEIIyBaHHS 1 HAWKOPOTINA BIACTaHb MK OCSIMH IPOKATKH 1 BajKa BIANOBIOHO PiBHI

v=30°,d ~125mm . TIo310BKHS WIBUAKICT BXOJAy 3arOTOBKM B KIiTh Y3TOJKYEThCS i3

. . . 06
WIBUAKICTIO PO3JIMBAHHS, SIKIIO MIBHAKICTH OOepranHs BankiB f' =0319— . Meran
c

2
75 . .
neopMyeThes 3 BUTSKKOIO AL = (r—oj = [ j =9 mpu cxpeueHoMy KyTi 30HU aedopmariii

n 25
B =6.606".
Cepenniii paxiyc 30uu nedopmanii 7, = S0Mmm ;II0MA KOHTAKTY METay 1 Bajka, sk
21 - : .50-
MOKasye MNpakTuka S, u; e Zo 2:3.14-50-610.6 =15985 wmv’,  rpaHMs
6 2 6-2
. H
TEKYYOCTI raps4oro MeTaly o, =100—; cHia MPOKATKHU
MM
F=0, -85 =100-15985 =1598500H ~1600kH ; cepenHiil paniyc
: +r, 100+264 .
BaJIKAFp = h 2r2 = 5 =182mm = 0,182 ; xoediuieHT TepTA f,, =03; MOMEHT

npokatku (HaBaHTaxXeHHA)M , =87 36kH - . MOMEHT HaBaHTA)XEHHs, NPUKIAICHUN 1O
neopMyrUOro MeTally Bl TPpOX BalkiBM ., = 62.35kH - m.

ITOTyXHICTb MPOKATKH HA TPbOX Bayikax P, =3-M, -®' npu mWBUAKOCTI BXOAY
3aroTOBKH B KJIiTh V| piBHa P, = 524,5xBT . IloTyXHICTb, IPUKJIALEHA IO IPUBOLY POTOPA

AJIs1 3yNUHKK obepTaHHs MeTalty Py, = 431,9xBT

. . . 00
Yactora oOepTaHHs poTOpa 1 LEHTPAIBHOTO KoOJjeca BIAMOBIHO @, =11—,
c
00
0, =1,63—
c

30BHILIHIA PeayKTOp 3 KoediuieHTOM MexaHiuHoi nepenaui 7, =1.478 | 3’eqHanuil i3
y K >

. . 06 . .
IBUTYHOM pPOTOpA, 30UTBINYE Horo obopot mo 1,63 — 3 MEeTOr BUPIBHIOBAHHS IIBHIKOCTI
c

JBOX MPUBOIIB.
Ha Buxoni 3 mepmoi kiitTi po3kar miamerpoM D50mm pyxaerbes 13 MIBHIKICTIO

M. . .
V=V, - #£=01-9=09— 1 BXoguTh y Ipyry IJIaHETApHY IBUHTOBY KJIiTbh, 5IKa IMOBHICTIO
c

reoMeTpudHO moaiOHa mepmiii kimiti B macmrabi 1:3. 3oHa medopmaunii apyroi KiiTi Mae
NOYaTKOBHH 1 KIHLEBUH paatycur, = 25mm , 1, = 8.33.mm . YV Opyriil KIiTi KyT CXPEIyBaHHS

2

1 HallKOpPOTIIA BIACTAHb MIXK OCSIMU NMPOKATKHU 1 BaJIKa BIAMOBIAHO piBHI ¥ =30°, d ~ 42mm .

. 00
Yacrora obepranust BaikiB f' =8.63—. Meran nedpopMyeTbCsi 3 BHTSKKOIO
c

2
25 . . .
U :(r—oj :[@j =9 mpu cxpeuieHOMy KyTi 30HH aedopmauii [ = 6.606°. Cepenniii
v :

1



paniyc 30mu amedopmauii 7, =16.7mmK, NOmA KOHTaKkTy METajy i Balka, sK TMOKA3ye

. H
TPaHHULS TEKY4OCTl rapsioro merany o, =100——

IPaKTHKA S .y ~ 1780mm7 , cuJa
MM
npokatku [ =178xH , CepenHiii paniyc
: +r, 332+879 .
BaJIKAFp = d 2r0 = 5 = 60.6:mm = 0,0606m, koediuieHt Teptst f,, = 0,3, MOMEHT

npokatku (HaBaHTaxeHHs) M, =3.24xH -m. MOMEHT HaBaHTaXEHHS, NPHUKIANEHUNA 10
neGopMyrouoro MeTary BiJ TPHOX BaJIKiB
M., =30, Siour - Jrp Top -cOsy =3-178-0.3-0.01666-0.866 = 2.32kH - m .

IToTy>KHICTD MPOKATKU HA TPbOX Bajkax P, =3-M, -@' npu WBUAKOCTI BXOAY 3arOTOBKH
B kit V, =w'c,dsiny pina P, =526,87kBT . TloTyXHiCTb, MPHUKJIAACHA OO MPUBOAY
poTtopa muis 3ynuHKH o0epraHHs Mmertany FP,, =433,97kBT Yacrora obepranHsa poTopa i

) ) 00 00 C
LEHTPAJIbHOTO KOJeCa BIANOBIAHO @, = 29,76 —, @y =44—  30BHILIHIA PEAyKTOp 3
c c
koe(iieHTOM MexaHIuHOI nepenavi/, =1.478, 3’enHaHuii 13 IBUTYHOM POTOpPA, BUPIBHIOE

fioro 000pOTH 13 IBUTYHOM LIEHTPAIBHOTO Kojieca29.76-1.478 = 44%.
c

I3 mpakTuku Bimomo, mo Ha crani 150 MakiiBCbKOr0O MeTanypriiiHOTO 3aBOAY YOPHOBA
oOpobka metany B 17-Ti KJIITSIX MPOBOIUTHCS BCTAHOBJICHOKO MOTY)KHICTIO €JIEKTPOTIPUBOIIB
Ha OIMH CTPYMOK O5u3bko 10Mem, mo B m'stTh pa3 Ouiblie mMpONOHOBAaHOI TEXHOJIOTI] OOTHCKY
METaJly Ha JBOX 'BHHTOBHX KJITSX. JlokaxeMo 1ei pakT po3paxyHKaMH.

Burparu Ha enexTpoeHepriro BU3HA4aEMO 32 (POpPMYJIOHO:

Ce :a'Waxmﬂ (1)
ne C.- piuHI BUTPATH HA BUKOPUCTAHY €JIEKTPOEHEPTi0, IPH. Ha PIK;

a - onpHocraBouHMi Tapudp 3a 1 kBT Ha rogumHy BHUKOpUCTAaHOI eHeprii, A
nianpuemcts ckianae a=0,82 rpu./kBt rox.;

Wam - aKTHBHA €HEpTis, sSTka BUKOPUCTAHA 3a PiK, KBT TO Ha PiK.

OOcsr akTUBHOI eHepTii 3HaiIeMo 3a (OPMYJIOKO:

W._=P-N, (2)

aKkm

ne P - cepenns akTuBHA NOTYXHICTb, KBT;

N - KiTbKICTB TOAMH poOOTH B PIK.

Eneprosurpary, HeoOxinHi 17 KIITSIM MOAOBKHBOI MPOKATKU Ha AehOpMALIIO METay
Ipy BUPOOHMULTBI KaTaHKH, CKiIananTs P=1490 kBt. ¥ 2011 poui podounmu € #,,,~248 nHiB.
Po6oua 3mina Tpusae 7,,=10 roxn. Ha miacraBi [ux JaHUX MOJKHA PO3PaxyBaTH, Ky KiJIbKICTh
€JIEKTPOEHEPTii CIOKMUBAE YOPHOBA IPyNa KIITEH MOAOBKHBOI TPOKATKH.

KinpkicTe rogus poboTH Ha pik:

N=t,,-1, =248-10= 2480222
PIK (3)
Toni oOcsr akTUBHOI eHeprii 1o (2) ckiane:

xBm - 200
DIk '

W.__ =11490-10°-2480 = 284952

axkm]

(4)

Burpatu Ha eHeprocrnoKuBaHHs KJITAMHU MOJIOBKHBOI MPOKATKUA BU3HAUYUMO 110 (1):



€, =082-285-10° = 23370000-22 (5)
piK

JBi muianerapHi kiiti [IT'TI cnioxusarots 2 MBT. Toai piuHi BUTpaTH eneKkTpoeHeprii
MOJIEPHI30BaHOI YOPHOBOI IPYITH KJIITEH CKIANyTh:
kBm - 200

pix (6)
Burparu Ha enexTpoenepriro mist 1ox kiitedt II'TI cknaparoTs:

w

axm?2

=2-10°-2480 = 4,96-10°

C, =0,82-4,96-10° = 4067200 2"
PIK . (7)

Piunnit ekoHOMIUHUH eeKT BiJ 3aMiHH YCTATKYBaHHS PO3PAXyeEMO SIK:

E=C, —C,, =23370000 - 4067200 = 19302800 2"
PIK . (8)

TakuMm 4YHHOM, 3a paxXyHOK 3aMiHM KIITeH MOJOBXHbOI MPOKATKU JBOMA
TUTAHETAPHUMH KJITAMHU MATPHEMCTBO OTPUMYE €KOHOMIIO BHTPAT HA E€JIEKTPOCHEPTIIo, sIKa
nopiBHIOE 19,3 MJIH. TPH. Ha PIK.

BucHoBku:

1. CyvacHi TeHzmeHLIi PO3BUTKY €HEPro30epiraroumx TEXHOJOTIH B MeTajyprii ass
MiHI-3aBOJIB  JIITEHHO-NIPOKATHOTO BUPOOHMITBA, BHMAararmTh BHUKOPHCTaHHS HOBHUX
€HePrOEMHHX, BHCOKONPOAYKTUBHUX METOMIB, $KI MOENHYIOTH Oe3nepepBHE JHTTSA 3
ONTHMAJILHOK Oe3mepepBHOI MPOKATKOK, B sKil OOTHCK Mertany BigOyBaeThes 3
MaKCHUMAaJIbHOIO HOro aedopmariero 3a OAMH MPOXiA B OHIH KIITI.

2. B ymoBax 3aMiHM 3BHYAlHHUX KJITEH MO3AOBXKHBOI NMPOKATKH Ha IUIAHETapHI
I'BHUHTOBI KJIITi, MOJKHA JOMOITHCS MakCHUMaJbHOI aedopmawii merany 3a mpoxix B OAHIN
kiitTi. TakuM 4MHOM OfHa a0o 1Bl TUTAHETapHUX T'BUHTOBUX KIITEH 3aMiHATH BCl KIIITI
3BMYANHOI NO30BXXHBOI MPOKATKH YOPHOBOI IPYIIH.

3. Ilpouec mnomepeyHO-TBUHTOBOI NPOKATKH Yy KIITI TUIAHETAPHOTO BUKOHAHHS
peanizyerbcst uepe3 OarartopiBHeBy CAY enekTponpuBiZaMH BajKiB Ta KOPIYCY KJITI.
€OMHUM KPUTEpieEM YMPaBJIIHHA TYT MOKe OyTH MIHIMYM BHTPATH €Heprii Ha TEXHOJIOTIUHI
omepauii aedopmarii Merany npu 3abe3medeHHl 3aJaHOro TMO3A0BXKHBOTO PyXy poOodoro
Tia. CucreMa yrnpaBIliHHS IOBUHHA aBTOMATHYHUM OOpa3oM LIBUAKO pearyBaTH Ha «3aiBi»
BUTPAaTH €Heprii Ha JOAaTKOBY aAedOopMaLiio CKPyYyBaHHS MeTaly NpPU 3aAaHOMY
MOJIOBKHBOMY HOTO MPOCYBaHHI Y3[IOBXK OCl IPOKATKH.

4. Po3paxyHOK €KOHOMIYHOTO e(ekTy Big MOAepHi3aLii YOPHOBOI IPyIH MOKAa3aBs, IO
s 3aMiHu 17 KitiTell OJOBXKHBOI MPOKATKU JAOCUTH JIUIIE 2 KIIITeH MONepedHO-TBUHTOBO]
NpoKaTKU. Y pe3ynbTari wiei 3aMiHd 1 BOpoBakeHHsT po3podienoi CAY mianmpuemMcTBo
MOJKE€ OTPUMATH €KOHOMIIO BUTPAT Ha €JIEKTPOEHEPTIIo, sika cKiazae 83 BiACOTKA.
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H. JKykoea, P. bunowe
Jransi pazpadorkn CAY 1qepHOBOil rpynnsl Kiereii B YCIOBHAX JHEPTocheperaronmx
TEXHOJIOT Uil IPOU3BOACTBA MEJIKOTO COPTA

B cratee paccMOTpPEH 3IHEPrOSMKHH TEXHOJOTHUSCKHH IPOLECC MEIKOCOPTHOTO IPOM3BOJICTBA, B
KOTOPOM COBMCIICHBI JBAa HENPEPHIBHBIX IpOIEcca JUThI W Npokarku. COBMEIICHHE IPOIECCOB
o0ecre nBaeTCs 3a CUET MPUMCEHEHHS arperara ¢ BHICOKOH CTENEHBIO Ae(opMalmy 3a OIWH MPOXOI, 3 IMCHHO
IJIAHETAPHBIX TPEXBAJIKOBBIX BHHTOBBIX KIETEH. IIpouecc momepevHO-BHHTOBOH HMPOKATKH PACCMOTPEH, KaK
00BeKT ympasicHuA. Pa3paborana (yHKIHOHAIRHAA CXeMa ABYXYPOBHEBOH CAY 3JICKTPONPHBOIAMH BAaJIKOB H
KOpITyCa IUIAHCTAPHBIX KICTCH. CHCTEMBI HIDKHETO YPOBHA HMCIOT TCPCMCHHYIO CTPYKTYPY YIPABICHHA C
LETBI0 PEATH3AMHA PSKUMOB COBMCINCHHA MPOIECCOB JTHThSA W NMPOKATKH. [IpHBEAEH mpHMEP KOHKPETHOTO
HCTIONTHCHUS TPETIOKEHHOTO 00OPYIOBAHMS A1 YCIOBHH padoThl MPOBOIOYHOTO crana 150 MakeeBckoro
METaJUIYPrHIECKOTO 3aB0Ja. JKOHOMHUECCKHE PACUETHI OATBEPIIN SKOHOMHIO SHEPro3aTpaT B 5 pas.

N. Zhukova, R.. Bindjug
Stages of developing ACS roughing stands in energy saving technologies for small class

In this article the energy-intensive process hoop production, which combines two continuous casting
and rolling process. Combined process achieved through the use of the unit with a high degree of deformation in
a single pass, namely helical planetary three-roll stands. The process of the helical rolling considered as an object
of control. Developed a functional diagram of a two-tier ACS of electric rollers and planetary body stands. The
lower level of the system are of variable structure control to implement modes of combination of casting and
rolling. An example of a specific implementation of the proposed equipment to the working conditions of wire
mill 150 Makeyevka Steel Plant. Economic calculations confirmed the energy savings of 5.
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