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BCTYII

Y cydacHOMy CBITI BaXJIuWBUM (DaKTOPOM TIJBHINCHHS EKOHOMIYHOI
e(peKTUBHOCTI CyO’€KTIB TOCHOJApIOBAaHHS Ta TMOJIMIICHHSIM YyMOB TIpaili €
aBTOMAaTH3alllsl TEXHOJOTTYHUX MpoIeciB. O0'€KTH CUIbCHKOTOCTIONAPCHKOT ramy3i
TAaKOX OCHAILYIOTbCs 3aco0amu aBToMaru3amii. KomiiekcHa aBToMaru3aris
HU3KA TEXHOJIOTIYHUX TMPOIECIB € KOHYE HEOOXIAHOW MNpHU  CKIIAJIHHUX
BUPOOHUIITBAX OyIb-SIKOTO HAIIPABJICHHS.

JUiss MacoBOCTI aBTOMATH3allli TEXHOJOTIYHUX TMPOIECIB Y CUIbCHKOMY
roCroJapcTBi, HEOOXITHA KOMIUIEKCHAa MeXaHi3amis Ta eneKTpu(ikaiis ycboro
CUIbCHKOTOCIIOAAPCHKOT0 BUPOOHUIITBA. Yepe3 BUCOKY COOIBApTICTh BITUM3HSHA
CUIbCBKOTOCIIOAAPChKa MPOAYKIISl HE € KOHKYPEHTOCIIPOMOKHOIO Y MOBHIM MIpi.
CBHHApCTBO, SIK YaCTHUHA CLIbCHKOTOCMOAAPCHKOI BITUU3HSHOT raigy3l, TAKOX HE €
KOHKYPEHTOCTIPOMOXKHHUM.

B Vkpaini cBuHapcTBO € HalOUIbII €(PEeKTUBHOIO Taly33i0 TBApUHHUIITBA,
TOMY 11 PO3BUTKY B JIep>KaBl MPUIIIAEThCA 3HauHa yBara. Ciij 3a3HAYUTH, IO
aBTOMAaTH3allisl B CUIBCBKOMY TOCIIOAApPCTBI, @ caM€ B TBAPWHHMIITBI, MAa€ CBOI
ocoOmmBocTi. Yepe3 Te, M0 OCHOBHI TEXHOJOTIYHI TIPOILECH BHPOOHUIITBA
CLJIbCBKOTOCIIOAPCHKOT MPOAYKINi MOB'si3aH1 3 O10JIOTITYHUMH MPOIECaMH, TO
HEOOX1JTHO BPaXOBYBAaTH YMOBH yTpPUMaHHs TBapuH. [1oCTiiiHE MOMINIIEHHS TaKUX
YMOB TIpHUBEJIE, B Pe3yJIbTaTi, 0 30UIbIICHHS BUXOY NMPOAYKIIT Ta MiABUIIEHHS ii
SIKOCTI.

Meroro pgaHoOi MaricTepchbkoi poOOTH € TiABUIIEHHS €(GEeKTHBHOCTI
KEepyBaHHs MIPOILIECOM MPUTOTYBAHHS Ta PO3/1ayul KOPMiB Ha CBUHOKOMILIIEKCI.

BunimmMo OCHOBHI 3ajadi, sKI HEOOXI1IHO pO3B'A3aTU Ul JOCSATHEHHS
MOCTABJICHOI METHU:

— TPOBEJEHHS aHAJI3y TEXHOJOTTYHOTO MPOIIeCy K 00’ €KTa aBTOMATH3allii;

— TIPOBEJICHHA aHaJi3y PIBHA aBTOMAaTH3aIlll TEXHOJIOTIYHOT JIiHii;

— BUOIp QYHKIIIOHATBLHOI CXEMU KEPYBaHHS,



— BUOIp €JEKTPOABUTYHA JJIA MPHUBOJY TPAHCHOPTEP 1 PO3PAXyHOK HOro
napaMmeTpiB 1 XapaKTePUCTUK

— pPO3paxyHOK  TPUPOAHUX  MEXaHIYHOI  Ta  E€JIeKTPOMEXaHIYHOT
XapaKTePUCTHK €JIEKTPOJIBUTYHA,;

— po3poOKa MaTeMaTW4HOI MOJENi 1 CTPYKTypHAa CXe€Ma aCHHXPOHHOTO
JIBUTYHA TPAHCIIOPTEPA;

— BUOIp BIpTyaJbHOI MOJEINI €JIEKTPONPUBOLY 1 JOCIIKEHHS MEPEXITHUX
MIPOIIECIB;

— BuOip cknaay nepudepii MY nns 3a0e3nedeHHs yMOB TralbMyBaHHS,
€JIEKTPOMArHiTHOT CYMiCHOCTI POOOTH €JIEKTPOBUTYHA B YMOBAX KOMYTAIIii;

— Tia01p CUJIOBUX €JIEMEHTIB KOMYTAIlli Ta 3aXUCTY.



PO311JI 1 AHAJIITUYHA YACTUHA

1.1 3arajanHi BizomocTi

Micuie yTpuMaHHsS BEJIHKOi KUTBKOCTI CBUHEH, KOPMIB Ta TPHUBAJIOTO
30epiraHHsl OpraHiuHUX BiJIXO/1B Ma€ Ha3BYy — CBUHOKOMILIEKC. CBUHOKOMILIEKC —
1€ P TEXHOJOrYHO 00’ €AHAHUX CHOPY/ Ta 00’ €KTIB, MPU3HAYECHUX [IJIs1 TOBHOTO
TEXHOJIOTIYHOTO UKy CBHHAPCTBAa — BIJ HApOJKEHHS /10 320010 Ta MepepooKu
M'aca cBuHed. Ha pucynky 1.1. cxemaTnyHO HaBEAEHUU TE€HEPAIBHUHN ILJIaH
TUIIOBOI'O CBUHOKOMILJIEKCY.

YTpuMyIOTh TBapuH Yy CIHELiaJbHUX NPUMIINICHHSIX — CBUHApHUKaX. Y
KOpMOIIEXax BUIOTOBJISIOTH KOpMOBI cymiml. Hapmami  xkopmoBl  cymimii
TPAHCHIOPTEPOM HAMNPABISIIOTHCA 10 KOPMYIIOK, Jie€ 0e3MocepelHbO XapuyroThCs
CBUHI, 110 YTPUMYIOTHCS Y CBHHOKOMILTEKCI [3].

TpanuiiiiHO y CBHHApCTBI 3aCTOCOBYIOTH CTAIllOHapHI CHUCTEMH pO3jaadi
CyXHX Ta PIAKUX KOPMOBHUX CyMIIIeH IS, BIAMOBIJHO, CyXOro (3aCTOCOBYIOTH
80% thepm) Ta pigkoro (3actocoBytoTh 20% ¢epm) TUITY TOIBII.

Cyxuil TUI TOMIBII CBUHEH € OUIBII TOIMYJISPHUM, Yepe3 MEHII BUCOKI
1HBECTHUIIIMHI BUTPATH HA YCTAHOBKY YCTATKyBaHHS, HE CKJIaJHE OOCIyroBYBaHHS
TAKOI0 YCTAaTKyBaHHSI Ta BHUCOKMH pIBEHb CaAHITAPHO-TITIEHIYHOIO CTaHy
cBUHapHUKa. Ha BCiX cyyacHUX CBITOBUX Ta BITUYM3HSHUX CBHHOKOMILIEKCAX JJIS
MIBUAKOT Ta SIKICHOI po37adi KOMOIKOPMIB 3aCTOCOBYIOTh aBTOMATHU30BaH1 TEXHIYHI
3aco0u MpW TOMIBII BCIX CTaTeBOBIKOBHX rpyn cBuHen. Ciif 3a3HAYUTH, IO
JI0CX0Yy TOJYIOTh CBUHEW Ha BIATOAIBII Ta MOPOCAT Ha JopoinyBaHHI. Bei iHm
CTaTEeBOBIKOBI IPyIM CBUHEH Xap4yIOThCS 32 YiTKUM NOPIiOHHNM pamioHoM [10].

Jlnst mocTiiHOT aBTOMATHYHOI TojJadi KOpMy, TOMIBHUII MarwTh OyTH
3po0JieH] Tak, 00 B MIpy MOiJaHHS KOPMY TBAapMHAaMH, BIH HAJXOJUB 3HOBY
3TiTHO BCTAHOBJICHO parioHy. Yepe3 cnemiaabHi KOPMOBI TPOBOAM KOPM

HAJIXOJIUTh Yy TIPUMINICHHS CBHHApHUKA 13 30BHINIHBOTO OyHKepa. SIKIio



NPUMIIICHHS CBUHApHUKA Ma€ CKJIaJAHy KOHQIrypaii€o, TO HE0OXiJAHO
3aCTOCOBYBATH JIAHITFOTOBO-I1aii00B1 TPAHCIIOPTEPH.

Ha cneniasibHOMy BUroJI0BYBaHHI 3HAXOMASThCS CBUHOMATKH 3 I1JICHCHUMHU
MOpPOCSITAMU Ta XOJIOCTO-TIOPOCHI CBHHOMATKU. [[J1sI CBUHOMATOK 3 MiACHCHUMU
MOpPOCSATAaMU TOJIIBHUINIO 3aKPIIUIIOIOTh B OTOPO/KEHHI, 1 B TEBHUW dac, y
3alaHOMY 00cCs31 4epe3 J03aTop iM MOJAEThCA KOPMOBA CyMIll. AHAJIOTI4HO
BUT'OJIOBYIOTHCSI XOJIOCTO-TIOPOCHI CBUHOMATKH MPH 1HAUBIAYaJIbHOMY YTPUMaHHI

[24].

_
‘I

= b=, = = = ‘f =

“C—'E ¢ N ¢ T4 M—D 00 D;ﬂ L N N o N ¢ I
|

Al
bl |

OO 000 0O

q’ 1 | L ,U:
‘ | [ [:: of
(I I e
a2 f E '0
‘ | | d
‘ hl| | 1.7
”"S: Srglglpl- ol IRIN 9
e e ol
| ,—”m__“___u
booTmoocomoocooan | D000
|

1§ 10

Pucynok 1.1 — I'enepasibHHii 1J1aH CBUHOKOMILIIEKCY

[Ipu rpynoBoMy yTpMMaHHI CBUHOMATOK Yy CBHHOKOMIUIEKCI, TE€XHOJOTIS
TOlyBaHHA € CKJIQIHINIOW, aIKe KOXXKHIM CBHHOMATIII YITKO BiAMIPSETHCS Ta
3roJ0BYyeThCA ii J03u. lle € ToJIOBHOI OCOOIMBICTIO TEXHOJOTIl TOiBII
CBUHOMAaTOK MpHU TPyHOBOMY YTpuUMaHHI. TakoX HEOOXITHO HE [OMyCKaTu
BIJITUCKYBAaHHS OLIBII CUJIBHUMHU OCOOaMHU CJIA0KMX TBApUH BiJ TXHIX KOPMOBHX

Micilb. Po3/aBaHHS KOPMOBOi CyMIIlll OpPraHi30BYEThCA JIOCHUTh IIBUAKO, 00



CBMHOMATKa Moijgaja ii He BIAXOISYH 0 1HIIOI romiBHUIN. IS HMpOro cmcrema

KOPMOBOI po3/1aui 00JIaHYEThCS IHAMBIyATbHUMHE J03YyI0urMHu Tipuctposimu [20].

1.2 IlpuroryBaHHs KOPpMiB

TexHomnOrisE TPUTOTYBaHHS KOPMIB JUIsl CBUHEH € BaXKIWBOI Ta
TPYAOMICTKOIO TEXHOJIOTIYHOIO orepamieio. [Iuroma Bara (mpubnmsuo 50-60%) y
3arajJpHUX BUTpaTax TMpail Ha OJMHMIO MPOAYKIII MpUNaJae came Ha
IPUrOoTyBaHHSA KopwmiB. 3ayBaxumo, mo 60-80% Bix coOiBapTOCTI OIMHUII
OPOIYKIli CTAaHOBUTH BApTICTh TOTOBUX KOPMIB. ICHye mommpeHa MNpaKkTUKa
BUTOJIOBYBAaHHS CBUHEH KOPMOBHMH CYMIIlIaMH BIACHOTO BUPOOHHMIITBA.

Bci kopMoBi cywmimni moTpeOyroTh monepenubpoi o0pobku. Ils mpomemypa
HEOOX1Ha IS MIABUIICHHS €(EeKTUBHOCTI BHKOPUCTAHHS IOXMBHOI Macu —
KpaIlloro 3aCBOEHHS OPTraHi3MOM CBHHI, MiJBUIIECHHS MOXXHBHOCTI Ta 3HM)KCHHS
3axBOproBaHHS TBapuH. OOpoOka KOpPMOBOi cyMimni — Iie¢ ogHa abo JeKiIbKa
IOCTIIOBHUX TEXHOJOTIYHUX ONepalliii Ha HajaekHomy piBHi [20].

[Tepen 3romoByBaHHSM KOPMiB TBapWHAM iX TOTYIOTh JO BXKMBaHHs. Taka
MiITOTOBKA MOYKe OyTH MeXaHIuHa, TEIJIOBa, XiMiuHa abo OioJioriyHa.

PosrnsHemo MexaHiuHi cmocoOu MiArOTOBKM KOpPMiB. Jlo HMX BiIHOCSTHCS
noApiOHEHHsI Ta PO3MNWIIOBAHHS, 3BOJIOKEHHS Ta pETEIbHE OYHUIIECHHS BIJ
JOMIIIOK, a TaKoXX Oe3mocepeHbO MPUTOTYBAHHS KOPMOBHUX cyMimieil. SIKiio
nepesn 3rofOBYBaHHSM TBapUMHI KOPM pO3MApIOIOTh, TO L€ € TemioBa 0oOpoOka
KOpMOBHUX cyMimieil. BannyBanusa, oOpoOka jyroM a0 KHCIOTOK € XIMIYHOIO
00poOKOI0 KOMOIKOpMIB. SIKIO BiAOYBAETHCSA CUIOCYBaHHSA a00 APIKIKYBaHHS
KOpMY, TO 1Ie 010JIOT1YHUH CTOCI0 32 Y4acTIO MIKPOOpPTaHi3MiB.

3anopykor0 MpOIyKTUBHOCTI TBapHH, 3HMKEHHS iX 3aXBOPIOBAHOCTI Ta, B
pe3yJibTari, OTpUMaHHs HaWO1IbIIOT €KOHOMIYHOI BUTOAM, € MPaBWIbHUN BHUOID

TOTO YHM IHIIIOTO CIIOCOOY MiJATOTOBKU KOPMIB JI0 yKuBaHHs [12].

10



O1xe, 10 TEXHOJOTTYHUX CXE€M MIJATOTOBKU Ta po3j/laul KOPMIB CbOTOJCHHS
MO>KHA BIJTHECTH

1) BUTOTOBJICHHS BJIACHHUX IOBHOI[IHHMX KOMOIKOpMiB a00 JoCTaBKa iX 3i
CHEllaTi30BaHUX 3aBOJIB, PO3JaBaHHS KOPMIB Ta 3rOJIOBYBaHHA iX y CyXOMY
BHTJISII.

2) BUTOTOBJICHHS BJIACHHMX PIJKMX KOPMOBHX CYMIIICH y KOpPMOIEXy Ha
OCHOB1 KOMOIKOpMIB Ta pO3JaBaHHS KOPMOBUX CyMilIeld HacocaMu. Y TaKOMy
BUIMAJKy MOXJMBAa KOMOIHAIlil KOMOIKOpMIB Ta BIJXOAIB IIYKPOBUX 3aBOJIB,
MOJIOKO3aBO/IIB, M'ICOKOMOIHATIB, NMUB3aBOAIB TOIIO. IIpOayKTHUBHICTH CBUHEHN
niaBHIIy€eTbest 10 15%, amke 3acBOOBAHICTh PiAKUX KOpMiB BHIa. OCKUIBKH
BOJIOTICTh PIAKUX KOPMOBHUX cyMmimeld Onu3bko 80%, TO MOXXHA IOBHICTIO
BiIMOBUTHCH BiJl TIOLJIOK, 1110, B CBOIO Yepry, 3HU3UTh BUTPATH HA BUTOJOBYBaHHS
ceuHeil. [lopsin 3 TakuMu mepeBaraMy € W HEIOJIKH PIAKOi KOPMO Po3AaBajbHOI
cuctemu. [lepeaycim, BOHM MOB’s13aH1 3 OUMILIEHHSM TPYyOOIPOBO/IIB Ta FOIIBHUIb
BiJl 3aJIMIIKIB KOPMY, IO 3aKucae. Y 3B'SI3KY 3 KOPO3I€I0 €JIEMEHTIB CHUCTEMU
po37a4i KOpMy, BOHA IIBUJIKO BUXOAUTH 3 JIaJy.

3) MpUrOTYBaHHS BJIACHUX IOXXHUBHUX BOJIOTUX MIIIAHOK 3 BOJIOTICTIO JIO
75%. Taki MilIaHKH BUTOTOBJISIIOTHCS 3 JOJABAaHHSIM 3 CHIIOCY, KOHIICHTPATIB,
ClHaxHOro OopomHa Tomo. Jnus iX nOpuroryBaHHs MNOTPIOHO OyAIBHULITBO
OKPEMOI'0 KOPMOIIEXY, TOMY 15l CXeMa MEHIIIE 3aCTOCOBYETHCS Ha MPAKTHII].

4) 30upaHHs MMOOJIM3Y BEIUMKHX KOMOIHATIB XapyyBaHHS Ta BEJIMKUX MICT,
MiJTOTOBKA Ta 3HE3apakyBaHHS XapyoOBHUX BIAXOIB y CIEIIaIbHOMY KOPMOIIEXY

Ta po3/aya CrerialbHUMI MOOITbHUMHU po3aaBaibHuKamu [3].

1.3 3aco6m po3naui kopmiB Ha cBUHO(epMax

Ha pucynky 1.2 300pakeHa TUIOBa CHCTeMa aBTOMATHUYHOI PIKOi T'OJ1BII

HYDROMIX, 1o BurorosnseTbes y Himequnni dipmoro Bigdutchman (puc. 1.2).
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Pucynok 1.2 — Cucrema HYDROMIX i3 npoMuBaHHsAM TpyO:
1 — 6ynkep Ay KOMOIKOpMY; 2 — KOPMOBHH IITHEK; 3 — EMHICTb [T CBIXKOT BOJIN;
4 — eMHICTB JUTIsI TEXHIYHOI BOJIM; 5 — EMHICTh 3MIIITyBaHHS; 6 — €JICKTPOHHI Bary;

7 — KOpMOBHI1 Hacoc; 8§ — KoMIipecop; 9 — KOPMOBUI BEHTUJIb

TexHomoriyHa cxeMa piKoi TOMIBJIl CBUHEH Ma€ CKIIAJIHIIIY TEXHOJOTIUYHY
CXeMy, HDK cyxumu KomOikopmamu. Ha pucynky 1.3 300paxeHa TEXHOJOTiYHA
cxema Mporecy po3aadi CyXux KOPMOBHX CyMillield y CBUHApHUKY [3].

Cuctemu cyxoi TrofiBii, B CBOI Yepry, 3a BaplaHTaMH KOMIUIEKTAIil
NOAUISIIOTHCS HA CUCTEMY CYXOi TOJIIBJII 3 PO3/Jaueio KOpMy B O0'€éMHI J103aTOpHU
(BUTOZIOBYBaHHS CBMHOMATOK) a0o0 po3Javyer0 KOpMYy B KOPMOBI aBTOMAaTH
(BUroI0BYBaHHsS TOPOCAT). 3a JIOIOMOI'OI0 KOPMOBHX aBTOMATIB BiJOyBa€eThCs
po3dada CyxXuMX KOPMOBHUX CyMIiII€Hl Uil MOpocAT yciX BiKOoBUX Ipyn. Kopmosi
aBTOMATH pPO3paxoBaHl Ha TPYNOBY TOMIBIIO CBUHEH. B 3amexHOCTI BiJ BIKY
TBapUHU, KOXKHAM KOPMOBHUHM aBTOMAT MOK€ HaroayBaTu 10 60 CBUHEM.

Cyxi KoMOIKOpMH 3a3BUYaill € rpaHyJIbOBaHUMH. BUaimMMo OCHOBI TiepeBaru
CyXOro BHTOAOBYBaHHS cBuUHeW. Cepen Takux, MiABUIICHHS 3aCBOIOBAHOCTI Ta
YaCTKOBE 3HE3apaKyBaHHS, MPOCTIIIMNA MEXaHI3M aBTOMAaTu3alli MpoLecy
pO37aBaHHA KOPMIB, 3MEHIIICHHsS BTPAT MpPH MOilaHHI KOPMY CBUHSIMH, a TaKOX
3HIDKEHHSI 0€3MOoCepe/IHbO 0O0CSTIB KOPMIB, 1110, B CBOI uepry, MpHU3BENE A0

3HMKCHHS TOTPEOH B CKIIAJCHKHMX MPUMIIIEHHSIX Ta TpaHcnopTyBanHi [10].
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Pucynok 1.3 — TexHomoriuHa cxema npolecy po3aadi CyXux KOMOIKOPMIB Yy
CBUHAPHUKY
1 — mpuBia TpocoIaitboBOro KOPMOBOTO PO3AATUMKA; 2 — MPUHOMHA BOPOHKA,
3 — TpocoiaiiboBuil TpaHcnopTep; 4 — MOBOPOTHUN MPUCTPIH; 5 — ceHcop
BIIKJIIOYEHHS M0/1a4ul KOpMiB; 6 — mpuBiJ 00'€eMHUX 103aTOPIB KOPMIB; / — CITyCKHA
TpyOa; 8 — 06'emHuUt q03aTop; 9 — kepyrounii npuctpiii; 10 — Oynkep as

30epiraHHs CyXux KOpMiB

TunoBa aBTOMaTMyHa CUCTEMa pO3/ladl KOPMIB — 1€ KOMIUIEKC HACTYyITHUX
€JIEMEHTIB: TPyOONPOBiJ, IO CKJIAIAETHCS 31 CTAJIEBOI OIIMHKOBAHOT TOHKOCTIHHOT
TpyOM KOPMOBOTO TMPOBOJY Ta 3 IUIACTUKOBUX KYTHKIB, MO SKUX KOpPM
TPAHCIIOPTYEThCS B 00'€éMHI J03aTOpu a00 KOpPMOBi1 aBToMaTH. Yepe3 Takuii
TpyOOmnpoBiL NPOTATHYTO maitborpoc. IllaitboTpoc — e craneBuil Tpoc 13 TUTUMU
IUTACTUKOBUMU JHMCKaMU. BrucoTa npoBefeHHs KOPMOBOT'O TPOBOY OJHM3BKO JABOX
meTpiB [12].

[Toxu Bci KOPMOBI amapaTy HE 3aMOBHATHCS KOPMOM, CUCTEMA TOAIBII Oye
npattoBatu. Lle € ii ocHoBHUM npuHLMIOM pobotu. Komm xkopMoBi anaparu abo
7103aTOPH HAMOBHIOIOTHCA OCTAaHHBOIO KOPMOBOIO /03010, TO CHCTEMa 3YMUHKHU
10JIa€ CUTHAJI Ha OJIOK KepyBaHHS ISl 3YMUHKHU TpaHcrnopTepa. BuiienaBenenuit
MPOIIEC € OCHOBHOIO (DYHKI[I€I0 CUCTEMHU TOM1BII1 CBUHEH.

bnv3pKo TBapUHHUIIBKUX MPUMIIIEHb PO3TAIIOBAHI CHICIiaIbHI OyHKEpH, e
30epiraeTbcsi ONepaTUBHUN 3amac cyxoi cymimm. Taki OyHKEpH MOXYTh OyTH

BUTOTOBJICHI 3 MeTaTy a00 CKJIOBOJIOKHA, OyTH TiaakuMu abo pudieanmu [20].
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BukopucTaHHs KOHTYPHOI CHCTEMHU TpPAHCIOPTYBaHHS KOMOIKOPMIB [0
JI03aTOPIB Ta TOMIBHHIL OyJe JOUUIBHHM Yy TPHUMINIEHHIX CBHHOKOMILUICKCY 3
BEJIMKOK KUIBbKICTIO BUTHHIB, MOBOPOTIB Ta PIZHHUICID B PIBHAX. Y TaKoMy
BUMAAKY, MOXKHAa BHUKOPHUCTOBYBaTH TakKi BHIU TPAHCIOPTEPIB KOPMIB SIK

CripaJibHi, JIAHIFOroBi a00 Tpocosi (puc. 1.4).

a) o) B)

Pucynok 1.4 — Tpancnoptepu KOpMiB:

a — JaHIIOrOBUI; O — TPOCOBUIA; B — CIIpAJIbHUMA

VY 3apyOiKHUX Ta BITYM3HSAHMX CBMHOKOMIUIEKCAX Ha MPAKTHIll, 3a3BUYAM,
JUIsl TPAHCIOPTYBAHHS CHUIIyYHMX KOPMIB 3aCTOCOBYIOTH TPAHCHOPTHY CHIpaJb.
TpancmopTHa cmipaib BUTOTOBJISETHCS 13 THYYKOI BUCOKOSIKICHOT cTaii. OTxke, 10
OCHOBHHX I€peBar CHipaibHUX TPAHCIIOPTEPIB BITHOCITHCS:

— BOHM € YHIBEPCAJIbBHUMH I KOXHOTO BHUAY HPHUMIILIECHHS, MaroTh
MIBUAKUAN Ta HECKIJIAHUN MOHTAX, MAIOTh PEYKTOPHUN JIBUTYH;

— 1X METO0 € MIJIBUILEHOI MPOAYKTUBHOCTI 3arajom, Iops 3 €KOHOMIEIO
KyTOBHUX KOJIIC;

— MaloTh XOJOCTUM XiJ JiHIT 10 KOPMOBOro OyHKepa Ta MOXKJIHUBICTh
3rpynyBaHHS OJAHOTO THYYKOrO IIHEKa 13 JIBOMa, a TaKOX OUIBIIOI KUIBKICTIO
KOHTYPIB [24].

Jlo3aTtopu, 1m0 3a3BuUYail 3aCTOCOBYIOThCS Yy KIIITKax [Jisi TBapuH, € 3

BEPTHKAIBHUM 3aIIOBHEHHSM JIO0 BCTAaHOBJICHOTO 00csTy o3aTopa (puc. 1.5).



Pucynox 1.5 — [IpuminieHHs 3 103aTopamMu BEPTUKAILHOTO 3aII0BHEHHS

JlaHl 103aTOpu € €JIEeMEHTOM €IMHOI KEpOBaHOI BIJl IyJbTa CHUCTEMH
aBTOMATU30BaHOI po3fadi KopMy. BoHM mpoCTO W YITKO BCTAHOBIIOIOTH J03HM Ta
o0carn KopMOBHX cyMimed. BiakpuBaeTbcs 103aTop dYepe3 Mylib KepyBaHHS
CHCTEMH aBTOMATH30BaHOI po3/iadi KOpMy CBHHapHHKA [3].

VY cydacHOMy CBITI Ta Ha BITYM3HSHUX CBMHOKOMIUIEKCAX BXKE MOPST 13
CTAIliOHAPHUMH, 3aCTOCOBYIOTh i MOOiNBHI KOpMOpo3faBadi. IX (yHKIiEO €
TPaHCIIOPTYBAHHS Ta PO3/1ada KOMOIKOPMIB B 1HIUBIAyadbHUX CTOMKAX.

VY CcBUHapHUKax TBapuH TOAYIOTh Oararopa3oBo. SKIIO 1€ CBUHApHHK-
BiJIKOPMJTIOBAY, TO CBUHEHN TOMYIOTh 5 pa3 y mo0y 3 inTepBasiom 4, 8, 12, 16 a6o 20
roguH. CyMilll BHUJA€TbCS aBTOMAaTUYHO HEBEJIMKUMHU MOPIISIMU  3T1IHO
BCTAHOBJIEHOI HOPMHM OO0'€eMHMMH J03aTOpaMH JJIg KOXHOI BIKOBOI TpyIHu
(mampuxman, 1..3,5 kr 3a omHy A03y). Y BepcTarT MOJAEThCS IMOBHA HOpMa
KOMOIKOpMY 3a BCi NHOBHI IMKJIM KOPMOBOIO po3daTduka. B 3anexHocTi BiJ
30HAJBHUX OCOOJMBOCTEH, cnocoOy TOJIBII, YMOB YTpPUMaHHS CBUHEH Ta
oprasizaiii poOIT Ha CBUHOKOMIUIEKCI 31MCHIOEThCS BHOIp THIy KOPMOBOIO
po3natuuka. Ilo Mipi 3pocTaHHsS CBUHEH HOPMHU KOpMY 30LIBIIYIOTH BI1AIOBIIHO
[10].

3azHaunmo, 1o 3mimyBadi KC-1,5, KEC-1,7, PC-5A € nonynspHumMu
MOOUIBHUMH €JEKTPU(IKOBAHUMHU KOPMOpO3JaBadyaMd y BCbOMY CBITI. BoHu

MOKYTb 3MIIIIYBAaTH Ta PO3JAaBaTH KOPMOBI cyMiiili BosoricTio 60...80%.
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Mob6inpHuii enexkrpudikoBanuii kopmoposnaaau KCII-0,8 3acTtocoByeThes
JUISI HOPMOBAHOT'O PO3/JaBaHHS KOMOIKOpPMIB Yy CBUHApHHKax-MaTOYHUKaX
CBMHOMAaTKaM Ta MopocsATaM-cucyHaMm. Taki KopMopo3jaaBaul 3aBaHTaXYIOThCS
KOpMaMHM, II0 HAJIXOASATh TOTOBI 3 KOPMOIEXY, 3a JOMOMOTOI0 TpaHCIOpTEpa.
[MpuHIM po3aadi KOPMIB y BCiX KOPMOBHUX po3aaTyukax Maibke aHamoriunuii [20].

Jlnst 3MillyBaHHA ¥ po3jayl HamiBPIIKUX KOPMOBUX cyMmimieil Ha (depmax
BUKOPUCTOBYEThCSI TepecyBHUN KopmoBHil po3gaTuuk KC-1,5. ®akthyHo 1€
pEeHKOBUI CaMOXIJIHMM Bi30K 3 JBOMa Mapamu KoJiic y BUIIISIAI OyHkepa. Bizok
oONasHAaHUI MEXaHI3MOM TPUBOAY, KEpPYBaHHS Ta eleKTpoycTaTKyBaHHs. Jlo
MEpeXi EJIEKTPOJBUTYH TIAKIIOYAEThCS KaOenem, 10 pPO3TAIllOBAaHUM Y
cnemianbHii puHBl. KopMoBa CyMilll 3aBaHTaXyeTbCs 4Yepe3 OTBIP Yy BEpXHIU
yacTuHl OyHkepa. B cepenuHi OyHKepa pO3TallOBYIOThCS BlJIBAHTAKYyBaJIbHI
IIHEKW Ta MIIIajika 3 JIonaTaMu. 3a3HAa4yuMoO, 110 KEPYBaHHS pPO3JaBAbHUKOM €
HAiBaBTOMATMYHUM.  BKIIIOYEHHS Ta BHMHKAaHHS MIIIAJKA 3 JIOMATKAMH,
BUBAHTAXKYBAJILHOTO IIHEKA W KepyBaHHS MEPEMIIICHHSIM KOPMOBOTO PO3JaTYMKa
3MIACHIOETHCS 32 JOTMOMOIOI0 KYJIAuyKOBHUX MYy(QT, SIKI MEPEeMHUKAE OIepaTop.
[ToBOopoTOM 3acCHiHOK Yy MICHSIX MPUEIHAHHS BUBAHTAXYBAJIbHUX IIHEKIB
PETyJIIOETHCS HOPMa BHIa4l KOPMIB 3TiAHO BCTaHOBJIEHOI no3u. Komm 3aciinka
OJIHOTO 31 IIHEKIB NEPEKPUBAETHCS MOBHICTIO, TO BUJa4l KOPMIB Ha BIJI0YBA€ThCS
Ha OJIHY CTOPOHY.

Ha pucynkax 1.6 ta 1.7 300paxkenuii kopmopo3aaBau-3minryBad KC-1,5 ta
poro cxema. ®akTHMYHO 1€ OyHKEp Ha BI3KYy 3 OINOPHMMH KOJECaMH, SKUH
NEPEeMINIy€eThCA M0 CHEIlalbHUM  peWKaM-IUIgXaM  3a  JIOOMOTOO
enekTponpusoay [24].

Jlns 1030BaHOTO poO3/1aBaHHS KOPMOBOI cymilnl Bosiorictio a0 75 % 3
po3MmipamMu 4acTok He Outbine 10 MM y TpynoBi TOAIBHHUII Ha CBHHO(epmax
3aCTOCOBY€ETHCS KOPMOPO3AaBay BojJorux kopmoBux cymimeit KBK-®-15.

Sx Oauumo Ha pucyHky 1.7 KOpMopo3gaBau CKIAIaeThCs 13 OyHKepa-

KUBWIbHUKA |, madu kepyBaHHS 2, €JIEKTPOHACOCHOIO arperary 3, mepemMukKaya
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NOTOKIB 4, KOPMOBOIO MPOBOAY S, MEXaHI3My BIJIKpUBaHHS KIamaHiB o,

HaAMpsIMHOT 7, BIIBOJIIB § Ta €IEKTPOKOHTAKTHOT'O MaHoMeTpa 9.

Pucynok 1.6 - Kopmopo3zgasau-3mimryBau KC-1,5
1 — po3noainpua KOpoOKa; 2 — X0JI0Ba YaCTUHA; 3 — IPUCTPIN 3YNTUHKU
KOpMOpO3/1aBaya NpH 3ITKHEHHI 3 TIEPEIIKoIaMu; 4 —peyKTOp-3MilllyBay;
5 — BUBaHTAXXYBaJbHI IITHEKW; 6 — MilIaika; 7 — OyHKep-3MIlTyBay; 8§ — MyJbT
KepyBaHHs; 9 — nmaHenb npwiaiB; 10 — e1eKTpOIBUTYH MEXAaHI3MY MEPEMIIICHHS;

11- nenmane raipMma

- |

Pucynok 1.7 — KoHCTpYyKTUBHO-TEXHOJIOT1YHA cxeMa KopmoposaaBada KC-1,5
1 — OyHKep; 2 — po3piBHIOBAY; 3 — BEPTUKAILHUN NTHEK; 4 — JIOTIaTeBa MiIaKa; 5

— KaMmepa; 6 — 3acirHKa; 7 — BUBaHTaXXyBaJbHUM IIIHEK; 8§ — X00Ba YaCTHHA

Enextponacocuuii arperatr IB 20/10 1me mnoemHaHHS eJIEKTPOJBUTYHA,
IBUHTOBOTO HAacocy Ta TMPOMIDKHOTO Kopiycy. TpuXoJoBUM KpaH, SKUN

CKJIaJIa€ThCs 3 KOPITYCYy, KPUIIIOK Ta OapabaHa € mepeMuKadyeM MOTOKY.
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KopmoBuii nipoBiz € cranpHol0 TpyOoro aiamerpoM 80 MM 3 BIKHAMHU IS
BUTIKaHHS KOPMY Ta OTBOPH JIJIsl TPOCIB BUITYCKHUX KJIANaHiB.

BusnaueHo, 1110 €1€KTPOABUTYH, IITAHIa 3 yIOpaMH , YEPB'sIUHUN PELYKTOP,
HampsiMHA, JBOIUIEYl Bakedl Ta 3yOdacTa peiika BXOIATh A0 CKIIATy MEXaHI3My

BIIKpHBaHHS KiamaHiB [3].

Pucynox 1.8 — 3aranbpauii BUTIIA KOPMOPO3aBada BOJIOTUX KOPMOBUX CyMilIen
KBK- ®-15:
1 — OyHKep-)KMBWIbHUK; 2 — mada KepyBaHHs; 3 — €JIEKTPOHACOCHUM arperar
4 — mepemMuKay; 5 — KOPMOBHH MPOBiT; 6 — MEXaHI3M BIAKPUBAHHS KJIAMAHIB;

[ — HanpsMHa; 8 — BIABIA; 9 — €EeKTPOKOHTAKTHUN MaHOMETP

Bunycknuii kiamaH siBis€ CcOOOI0 IJIACTMACOBUM KOHYC 3 JKOPCTKO
3aKpIIUICHUM CITIBBICHUM HOMY TPOCOM, Ha SIKOMY (PIKCY€EThCS yHOP.

[TocnimoBHICTH TIpoliecy poOOTH KOPMOPO3AaBaIbHOI TiAPABIIYHOT CHCTEMHU
300pakeHa Ha pucyHky 1.9.

OTxe, TBUHTOBUM HAacOCOM HArHITA€EThCS Yepe3 MEepeMHKad MOTOKY B
KOPMOBHUI MTPOBiJT KOMOIKOpM. [1OTIM TOCITIIOBHO BIIKPUBAIOTHCS BUITYCKHI BiKHA
Ta KOpPM IO BIJBOJAAM CIPSMOBYETbCS Yy TOJIBHMI[, 3T1IHO MPOrpaMu,
BCTaHOBJIEHOIO pesie uacy. llltaHra aBTOMaTHYHO TOBEPTAETHCA Yy BHUXIJHE
MIOJIOKEHHSI, TTICIS BUJIadl KOPMOBOI CyMillll, Yepe3 BUMUKAHHS €JIEKTPOHACOCHOTO
arperary. [Iporec MOBTOpPIOETHCS MICs BCTAHOBICHHS NEpeMUKada MOTOKY IS

3aIOBHEHHS HACTYITHOTO KopMoBoro mposoxay [20].



Pucynox 1.9 — ®dynkirioHansHa cxema aBToMaTu3allii KopMopo31aBaIbHOT
TAPaBIIYHOT CUCTEMU
1 — rizponacoc; 2 — roJIOBHUH KJianaH; 3 — JiHig KOPMOBOI1 po3jaui; 4 — TOJIIBHULIS,

5- MiCHCBI/IfI KJIaITaH JO3YBAHHA, 6 — Kj1anaH IIOBCPHCHHA 7 — KJ1anaH CKHUIaHHA

[Ipyu HOpMOBaHIM TOMIBII CyXMMH KOMOIKOpMAaMU BHUKOPUCTOBYIOTHCS
TpocoiaiiboBi kKopMmoposnaradi. Ha dyHkiioHanpHIA cxeMi aBTOMaTH3allii, IO
300pakeHa Ha pucyHKy 1.10, HaBeeHO NpaBUIIbHE KEPYBaHHS PO3Javyeio KOPMIB
[12].

3 6ynkepa n10o0oBoi Hopmu Buaadl kopmy BCKI mHekoBUM TpaHcnopTepom
KOMOIKOpM TmoaeTbecss Ha npoMikHui OyHkep 2. BCKI1 3Haxoautbes mo3a
TBAPUHHUIILKUM TIPUMIIICHHSAM, a OyHKep 2 3HaxOAWThCA B MPUMIIICHHI
cBuHO(GEepMU. 3 MPOMIKHOTO OYHKEpa KOpPM IMEPEMILIYEThCSI MO KOPMOBOTO
IPOBOJY TPOCOIIAHO0BUM TpaHcHopTepoM. Uepe3 oTBOpH B KOPMOBOMY MPOBO/II

KOMOIKOPM MOJA€ThCS B IHIUBIyaIbH1 a00 IPymHoOBi J03aTOpH 3.

19



a c n [

| [ I

IIpunajm 5a

MicIi

Ilpanajgm

HA IATL LA
ECpYEBaHHA

Pucynok 1.10 —®yHKI110HATEHO-TEXHOJIOTTYHA CXeMa TPOCOIIaii00BOTO

KOpMOpO3/1aBada

Hatuuk piBHsi LE B BcTaHOBIIEHO OCTaHHBOMY 1HAMBIIYyaJIbHOMY J103aTOPI.
Ha perymsrop piBHs curHamizyroun LAC moTpamise CUTHaI TPO TOTOBHICTH
BUJIa4i KOPMY 3 JaTuuka piBHs [24].

B 3anexxHoCTI BiJ piBHS KOPMIB y 1HIMBIAYyaJbHUX J103aTOPaX, PETYIATOP
piBHS 3abe3nedye JIBOXIIO3HITITHE KEepyBaHHS €JIEKTPOIIPUBOJIOM
3aBaHTaXYBAJIBHOIO IIIHEKAa Ta TpocoliaiiboBoro Tpancnoprepa. lnsxom
OJIHOYaCHOT'O BBIMKHEHHS 3aCJIIHOK 3 €JIEKTPOMArHiTHUM IIPUBOJIOM, B110YyBA€ThHCS
BUJIa4a KOPMOBHX CyMIIIeH 0 KOMaH/1 BiJ mporpamMHoro npuctporo KS B neBHuit
Jac.

Ha mpakTuili mpu HEHOPMOBAHMX BUIAYaX CHUIKUX KOPMIB B CBHHAPHHUKAX
JOPEUYHUM OyJle BUKOPUCTAHHS CITIPAJIbBHUX KOPMOPO3/1aBadviB, Kl MO CTPYKTYpi
aHaJIoTyHi 3 Tpocomaidoosumu [10].

Sx 1 B monepenHiii cucremi B Oynkepax bCK, 30epiraerbcsi 1o00Ba HOpMa
BHU1aul KopMiB. KOMOIKOpM MOMA€ThCs CHipaIbHUMU TpaHCIOpTEpaMu 3 OyHKepa
BCK no mpoMikHoro OyHkepa Ta pgo3aTopiB mo TpyOompoBogam. Iloctiiiny
HAsBHICTH KOpPMY B Jl03aTOpax 3abe3nedye eJIeKTPONPHUBOJ  CIIPaTbHOTO

TpaHCHopTepa, L0 Ma€ MporpamMHe KepyBaHHS. I[HOWBiAyanbHI YU TPYIOBI
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J103aTOPU MAalOTh JIMILE PEryJIIOBajlbHI 3aCliHKM, CaM€ TOMY KOpPMOBa CyMill B
TOMIBHUISIX € TOCTIMHO Ta CBUHS XapuyeThes 3a OaxkaHHsM. lle € cyTrTeBoro
BIJIMIHHICTIO BiJl ITONIEPEIHBOT CUCTEMH, 110 PO3IJISAAIacs BUIIE.

He pinko BUKOpPUCTOBY€ETHCS CTallOHApHUI KopMoBui pozpaTtunk PKC-
3000, sxkuit 3abe3meyye piBHOMIPHY pO37ady CyXHX, COKOBHUTHX Ta HaIiBPIIKHUX
kopmiB g 3000 3a miBroaunu. Takuii npuctpiit Oyae JOpEYHUM MPU TPYyHOBOMY
croco0i1 yrpumanHi TBapuH [10].

Ha pucynky 1.11 BuiHO, 110 TOTOBUI KOMOIKOPM HaJIXOJUTh Y KUBUIIbHUK,

BpPaxOBYIOUH Pa30BYy HOPMY KOPMIB Ha BCE MOTOMIB'SE CBUHEH.

TToxmmmit M2

Ha mpyry
TpaHCHIOPTEP é CEKIIK

JKuBu- FPOB]‘IOI[]JIB'-LHH TPAHCIOPTEp |_®_
IBHHK

“FEEL YT

M4} PospaTouna nnargopma ll
-_—

[1-# niBpan xopmy ok | 2-if MiBPAA KOPMY LIOK |

Cexmiz 1
E 3 3 412

Ha apyry cexuiro

[ut xepyranHa

Cxema KepyBaHHA

Pucynok 1.11 — Cxema aBToMartu3aiiii kopmoBoro posaarunka PKC-3000

[ToTiMm kKOpMOBa CyMIIll TOJAETHCA Ha TMOXWIMNA Ta HAa PO3MOAUTHHHIMA
Tpancroptepu. [1o dep3i po3moAiTbHUN TpaHCTIOPTEp 3aBaHTaXye cekmii 1 Ta 2
po31aBajbHUKA KOPMIB (CEKLIs 2 HE IOKa3aHa Ha PHUCYHKY) 3a JOIOMOTOIO
po3aaBanbHOI miathopmu [24].

Y KoXHIM cekuli po3aaBalbHUKa po3AaBaibHa IaTdgopma poOUTH
3BOPOTHO-TIOCTYNAILHUM PyX Ha BiJICTaHb, PIBHY MOJOBUHI JOBXXHHH T'OIIBHUIIb.

Komm posnmaBanpHa muiaropma pyxaeTbes BITIBO, Ha HEl HAIXOAWTHh KOPM.
He 3aBaxaroTh npocyBaHHIO MaTHOpPMU 3 KOPMOM IIKpEOKH, IO MiJABIIIEHI Ha

HIapHipax Ta MmoBepTarThcs Haropy. LIkpeOku omycKarThCs, 3aTPUMYIOTh KOPM 1
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CKHJIAIOTh MOro B TOJIBHUIIl TMPU 3BOPOTHOMY XoJi mmiargopmu. Y 1ei yac
KOPMOM 3aBaHTaXKy€ThCS MpaBa MOJIOBUHA IIaTHOPMHU.

3niiicHIOBaTH 0€3MOcepelHbO TPYOOINPOBIAHUM TPAHCIOPTOM JIOCTaBKY
KOpMY Ta HOTO po3Jady JOIIBHO B BIJOKPEMIICHHX CEKTOpax CBHHO(MEPM.

Otxe, MHEBMAaTUYHUN Ta TiIPaBIIYHUA € ABOMA CIOCOOAMH JIOCTaBKH M
po37adi BOJOTUX KOPMOBHX cyMimiei no Tpy6ax. [IHeBMaTHuuHMii criocid € Ou1bIl
JOPOTHM, aJpKe OUIbII MeTaloMICTKHI. o Toro »*, mpu Takomy croco0i Oarato
KOpMY IIpM BHBAaHTaXXEHHI B TOJIBHULI PO3MPUCKYETHCA Ta PO3MUIIOETHCA.
OOrpyHTOBaHO JOLIJIBHUM OyJle BUKOPUCTaHHS BIALEHTPOBUX HacociB Tuny HO
Ipy TPAHCTIIOPTYBaHHI KOPMOBHUX cyMimieil 3 BosoricTio Buine 74 %. Ilpore ix
YYTIUBICTh 10 3MIH BOJOTOCTI Ta TUCKY B CUCTEMI HE POOUTH iX MOIMYISIPHUMH Y

BUKOPHMCTaHHI Ha CBITOBHX Ta BITUM3HSIHHX CBUHOKOMITIEKcax [12].

1.4 Onuc 00’exkTy aBTOMAaTH3AIIIL

HaBeneni cxemMu KepyBaHHS MOXKHA peai3yBaTH Ha OCHOBI peJIelHO-
KOHTAKTOPHOI CXeMH Ta Ha 0a31 KOHTpOJEpa.

VY naniii marictepcbkiii poOOTI peamnizyemMo cxemy Ha 0asi KOHTpoJiepa,
BpaxoByloud (pakTopu HAIIMHOCTI, NPOCTOTA BHUKOHAHHS, MOHITOPHUHTY,
(yHKL10HAIBHOCTI Ta EKOHOMIYHOI TOLIIBHOCTI.

PosrnssHemo OubIl eTaabHO KOXKHUM 3 BUILE MepeiuyeHux (HaKkTopiB:

— BUKJIIOYEHHS 31 CXEMHM BEJIMKOi KUIBKOCTI peleHHO-KOHTaKTHUX
€JIEMEHTIB MiABUIIY€E HAAINHICTh, JO3BOJISE€ MPOCTINIE YCyBaTH HEMOJAIKA Ta
CKOPOYY€ MOXJIMBI MICIIS iX TOSIBH,

— HasBHICTb 3pYYHOrO Ta JOCTYMHOTO I1HTepQehcy KOHTpoJepa 103BOJISE
peanizoByBaTH Ha HBOMY HEOOXIJHI 3aBAaHHSA MpPU MIHIMYMI 3aTpadyBaHHUX
3yCHIIb;

— KOHTpPOJEp JIO3BOJII€E BUKOHYBAaTH KOHTPOJIb Ta MOHITOPUHT

TEXHOJIOTTYHOTO MPOLIECY B PeaIbHOMY 4aci;
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— Yy BUINAJKy 3MiHM TEXHOJOTIYHOTO MpPOLIECy MOXKHA HE BIPOBAIKYBaTU
HOBI1 €JIEMEHTH CXEMHU, LIUISIXOM NepenporpaMyBaHHs KOHTPOJIEpa;

— BapTICTh KOHTpOJIEpa HIDKYE BApTOCTI amapaTypu 0Oe3 3acTOCyBaHHS
KOHTpoJepa [24].

OTxe, € OOrpyHTOBaHOIO JOIUIBHICTH 3aCTOCYBAaHHS KOHTpPOJEpa MIpH
peanizalii anropuTMy KepyBaHHS.

CxeMa niHIT IPUrOTYBaHHS Ta po3Jadl KOpMy Ha CBUHO(pEpPMi HaBEJIEHO Ha

Joszatop
KOMOGIKOpMY
Bona

DRE

| 3minryBa4

pucynky 1.12.

Bona

Mimanka

B kanamizarito

ITepexnnni K1anmanu '

Pozna- 7' KOp
BaTbHHI e
I(opwru+a

Pucynox 1.12 — Cxema JiHii TOTYBaHHS 1 po37adi KOpMy Ha

CBHHOKOMILJIEKC1

JIiHig mpauoe y JBOX peXHMax: KOPMOBOi po3jiayi Ta NMPOMUBAaHHA. Y
pexuMi KOPMOBOI po3/ayi JIiHIS TIOBUHHA TIPAIfOBATH HACTYIHUM YHHOM.
Croyatky y camMoMy 3MilllyBayl FOTY€ThCS KOPM MO CUTHANy BiJl 000BOTrO pese
gacy. [[ns 1mporo B 3MinTyBad 3ajMBA€THLCS MEBHA 1032 KUBUIHHOI PiIUHU, TICIS
Yoro TMpH BKJIIOYEHINH MIIIANIl 3aCUIAEThCA J03a KOMOIKOpMY M MiIIaika
nepeMilnye CyMill Ie JoAaTkoBuil yac. Ilicims 3akiHYEHHsI 3MINTyBaHHS KOPMY
BKJIFOYAETHCS PYX PO3AABAIBHOIO BI3KA, SKUM IEPEMIIIAETHCA 3 BHXIJIHOTO
MOJIOKEHHS JI0 MEePUIOro MEPEKUIHOrO KilanaHa Meplioi roJiBHUIN, A€ BIJKPUBAE
KJanaH 1 3ynuHseTbes. [Ipu 1boMy crpaiiboBy€ HaCOC Ta BUBAHTAXKYE 103y KOPMY
B TEpIIy TOMIBHHUIIIO (71032 BUMIPSEThCA BUTpaTomipoMm). Ilicis BHUBaHTa)KeHHS

JI03M HACOC BIIKJIFOYAETHCS, a PO3/IaBalIbHUMN Bi30K pyxaeTbes aam [10].
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[Ipouiec 3aBaHTaXeHHS TOAIBHULL NOBTOpIOEThed. Konm 3abe3nedeHe
3aBaHTAKCHHS OCTAaHHBOI TOMIBHHMIN, CIiJ 3a0e3MEYUTH PyX Bi3Ka y BHUXIJIHE
MOJIOKEHHSI W BKJIFOYEHHSI 3BYKOBOI CHTHaII3aIlli 3aBepIlieHHS poOOTH JiHII B

pEXHMM1 KOPMOBOI po37ayi.

1.5 OcobauBocTi pexumiB podOTHM miABiICHMX TpaHcHmopTepa i

BHUMOI'H, IO CTABJATLCHA 10 eJIeKTPOIIpI/IBOIliB TpaHcIopTepa

PosrisHeMo yMOBU eKCIUTyaTallii TpaHCIOpTEPa, Cepe SIKUX

— JIOCUTh JIOBIMW Ta TPUBAJIUN pPEXKUM pPOOOTH. 3a3BUYAl, MPOTATOM
3HAYHUX MPOMIXKKIB Yacy, 31 3MiHaMu, 0€3 may3 3a 4yac BKIIOUYCHHS;

— MOKJIMBICTh BUHUKHCHHS 3HAYHUX CTAaTUYHMX MOMEHTIB TpH PYIIaHHI,
NepeBaKar0YMX HaBITh HOMIHaJbHI HaBaHTaXeHHS (Mcrp > M, How). Hampukian
IPU IMyCKY HABAHTAKEHUX TPAHCIIOPTEPa MICIsl panTOBOi a00 aBapiiHOI 3yNHUHKHU;

— BIJIHOCHO HE 4YacTi IMYCKH, IO HE BIUIMBAIOTh HA MPOIYKTUBHICTH
TpaHCHOpTEPY MOPsIA 3 HE3MIHHUM HANPSIMKOM OOepTaHHS ABUTYHA;

— JBUTYH TpAHCIOPTEpa TPAMIOE B PI3HAX YMOBAaX HABKOJHUIITHHOTO
CEPENIOBUINA: B 3alMJICHUX YHM BOJIOTHMX MPUMIMIEHHAX, HA BIAKPUTOMY MOBITPI,
Ipy BUCOKIA a00 HM3BKII Temmeparypax, B LI€Xax 3 arpeCMBHUM CEPeIOBUILEM
too [3].

Posristnemo BUMOTH, 110 BUCYBAIOTHCS JI0 €IEKTPONPUBOJLY TPAHCIIOPTEpA:

— IUIaBHUM MYCK Ta rajabMyBaHHS Uil 3amoOiraHHs MNpoOyKCOBYBaHHS
CTpiukH a00 pPO3TrOiAyBaHHS BAaHTAXKY Y CTPIUKOBHX Ta MiBICHUX;

— MiABHINCHUI MycKOBUH MOMEHT (Miy/Myye = 1,6...1,8);

— HEBEJIMKE PETyJIIOBaHHS IMIBHAKOCTI B Alama3oHi 1:2 st 3MIHM TeMIy
po0OOTH Y TIOTOYHMX JIHIH;

— Y3roJIKeHe 00epTaHHsI eIEKTPONPUBOIIB IS ICKUIBKOX TPAHCIIOPTEPIB.



EnextponpuBoa 3 Tpuda3sHUMU ACUHXPOHHMMH JBUTYHAaMHU TPUBAJIOTO
peXUMYy poOOTH — 3 KOPOTKO3AMKHEHHM Ta 3 (DasHUM pOTOPOM, 3aJ0BOJIBHSIE
BUMOTHU MaiiKe MOBHICTIO.

Benukuii myckoBH CTpyM MOpsSJ 13 3JACLIEBICHHSAM aBTOMAaTH3allli
TpaHCHIOpTEpPA € HEIOJIKOM JBUTYHIB 3 KOPOTKO3aMKHEHUM pPOTOpOM. binbmr
JOPEYHUM €KOHOMIYHO Oyne BUOIp ABUTYHA 3 IMiJIBUILIEHUM ITyCKOBUM MOMEHTOM.
JUisi  OTHOABUTYHHOI'O TMPUBOAY TPAHCIOPTEpa, UIBUAKICTh SKUX ITOBUHHA
pEryJIOBaTUCS, BUKOPUCTOBYIOTh 0OaraTO-IIBUAKICHI JBUTYHU 3 NEPEMUKAHHSAM
yucjaa map MOJCiB, ad0 3aCTOCOBYIOTH JOAATKOBI MeXaHI4HI Bapiatopu abo
peryiapoBaHl €JIeKTpUYHI 1 TimpaBiiudi mMypTu. JBuryHu 3 Qazaum potopom
BCTAHOBJIIOIOTh HA TpaHCHOpPTEpi, IO MNOTPEOYIOTh MIABUIIEHOI ITyCKOBOTO
MOMEHTY, pU 0araToJABUTYHHOMY MPUBO/II TPAHCTIOPTEPA 3 METOIO BUPIBHIOBAHHS
HaBaHTa)XK€Hb OKPEMUX JIBUTYHIB, a TAKOXK IPH HEOOXIIHOCTI Y3TOAKEHOTO PyXy

tpauncnoptepa [1TC [10].

1.6 Tunu eJeKTPONPUBOAIB, NPU3HAYEHUX IS TPaHCHopTepa.

Ipunuunm po6oTH, nepeBary i HeAOJMiKH

A/l 3 K3-poTopoM Ta miABUIIEHUM ITyCKOBUM MOMEHTOM, OJIHO-IIIBUJIKICHI
a00 OaraTo-IUBHUIKICHI 3 MEPEeMHMKaHHSAM 4ucia nap nomocis. [omamo, mo ans
pEryroBaHHs IIBUJIKOCTI OJIHOJIBUTYHHOT'O IPUBOY TpaHCIIOPTEP
3aCTOCOBYIOTHCS JTOJATKOBI BapiaTOpU MEXaHiIuHI a00 peryjboBaHl €JIeKTPHUYHI 1
rigpasiiuni mydTu [24].

AJl 3 pazHuUM pOTOpPOM:

— Ha TpaHCIopTepl, M0 NOTPEOYOTh MIABUILEHOTO ITyCKOBOT'O MOMEHTY;

— npu 0araTOJABUTYHHOMY TPHBOJAI TpaHCIopTepa (i1 BUPIBHIOBaHHS
HABaHTaXE€Hb OKPEMUX JIBUTYHIB);

— npu 3a0e3nedYeHH] Y3To/HKEHOTO pyXy TPaHCIIOPTEPA.
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[Ipn BEJIUKIM OPOTSKHOCTI TpaHCIopTeEpa 3aCTOCOBY€ETHCS
O0araToABUTYHHUU TpuBiA. BuKoOpuCTaHHS JEKUIBKOX TMPUBOJHUX CTaHIIN
J03BOJISIE YHUKHYTH BEJIMKHUX HANpyr B MEXaHi3MaX, MEepPEeBaHTAXKEHHS JUISHOK,
3MEHIIIATH TAa0APUTH TATOBOTO OPTaHy i BETUYNHY TATOBUX 3yCHIIb.

[Ipu oMy TSTOBMIA OpTaH KOKHOI NMPUBOAHOI CTaHIII TEpenae 3yCUIus,
OPOMOPIIfHE CTAaTUYHOMY ONOPY TUIBKM OJHIET JUISHKH, a HE BChOTO
TpaHCTIOpTEP.

Bubip Micis ycTaHOBKM NPUBOJHUX CTAHIIA BU3HAYAETHCS BIJMOBIAHO 0
JiarpaMoro 3MiHU 3yCHJIb HATATY.

OntumanpHa KUIBKICTh TPUBOJHHMX CTAHIIH BHU3HAYAETHCA TEXHIKO-
CKOHOMIYHHMH pO3paxyHKaMH.

IIpuBoani A/l 3 K3-poropoM moBHHHI MaTu OAHAKOBI mapamerpu, y A/l 3
(ba3zHUM POTOPOM XapaKTEPUCTUKHU y BIAMOBIIHICTH MOKHA MPUBECTH BBEICHHSIM
JI0JTATKOBUX OIOPIB B JIAHIIOT ix poTopis [20].

EnexTpornpuBog CHHXpOHHOTO 0OepTaHHS.

[cHyIOTH MeXaHi3MH, K1 TOTPeOyIOTh OOEpPTaHHS 3 PIBHUMHU IIBUIKOCTIMHU,
TOOTO 1X MPUBIA CKIATAETHCS 3 OAHAKOBUX NBUTYHIB. [Ipukiagamu MoXyTh OyTH
MEXaHI3MH OaImTOBHX KpaHiB, CTBOPIB PO3BIIHUX MOCTIB, BOPIT IUIIO3iB,
TpaHCIopTepa, Je MOTPIOHO MOro/KeHe 00epTaHHS €JEKTPOJBUTYHIB, a 3'€ THAHHS
iX MeXaHIYHUM BajJOM HEMOXJINBO. Y TIhOMY BHIIQJIKy 3aCTOCOBYETHCS
CIICKTPUYHUN 3B'SI30K Mk poropamu acuHXpoHHUX (AJl) abo cuuaxponnux (CJI)
JIBUTYHIB, 3BaHA €JIEKTPUIHUM BaJIOM.

IcHye «kimbka cCHOEMIAIBHUX CXEM, pEali30BaHUX 3a  MPUHIIMIIOM
«ENEKTPUYHOTO BAITY.

Jo cknagy cxemu BxojaTh JaBa rosoBHi asurynu (I'Z[1, ['12), mio
MIPUBOJISATH Y PYX, BIJIMOBIIHO, «MEXaHI3M 1» Ta «MeXaHi3M 2» Ta MarOTh OJTHAKOBI

XapaKTEPUCTUKHU.
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Ha xoxnomy Banmy «['JI1» 1 «['JI2» 3MOHTOBaH1 JOMOMIXHI aCHUHXPOHHI1
nBuryHu «Alll» 1 «AJ12», ¢a3Hi poropu Skux 3'€aHaH] eneKTpuyHo. [1oTyKHICTh

I[OHOMi)KHI/IX GJICKTpO,Z[BI/IFYHiB 3Ha4YHO MCHIIC HOTy}KHOCTi T'OJIOBHHUX.
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Pucynok 1.9 — CxeMa «eJIeKTpUYHOTO BaTy» 3 TONMOMIKHUM AJ]

O6motku cratopiB [']] BkiIroYeHI B MEpExXy 3 IpsIMUM depryBaHHsIM (a3, a
JOTIOMIXKHUX — 31 3BOpPOTHHMM. [Ipu HEpIBHOCTI HaBaHTaX€Hb Ha MEXaHI3MH,
PO3PI3HAIOTHCS IIBUAKOCTI 00€pTaHHS POTOpPIB 1 1 w2, BUHUKae EPC, mig aiero
SKOi 3'SBISIIOTHCS 3PIBHSUIBHI CTPYMH, IO CTBOPIOIOTH MOMEHTH Mi, My, ski
OylyTh MPOTUIIATH 1110 BUKIIUKAJA 3 TPUYMHU (3aK0oH JIeHIa) 10 TUX Mip, MOKH M1
1 02 He BupiBHATH [20].

[lepeBaru: Bucoka e(peKTUBHICTD 1 JKOPCTKA MEXAaHIUYHA XapaKTEPUCTHKA.

A Mepexa
B
C
R
) Jq ljp 21p L (O}
Mexanism 1 @P T T ((é égHEjexaHim 2
M] MZ
1EA, 1Ep, 1EC . 2E,, 2Eg, 2E¢
1M 2M
e i

Pucynok 1.10 — Cxema «eleKTpUYHOTO Bally» 3 PE3UCTOPAMHU



Jlo ckitay cXxemu BXOJATh JBa MIPUBOIHUX ACHHXPOHHUX JABUTYHA 3 (ha3HUM
potopom (AJl1, A12) ta pesuctopu (R), mpoTe cama cxema Ipairoe aHAIOTIIHO
cxemi 3 fonoMibKkHUME AT.

VY TOpiBHSHHI 3 MONEPEIHbOI0, HEAOJIKAaMU Iii€i cxemu OyJe MeEHIla
¢(EeKTUBHICTb, a/PKE JIONMOMDKHI MOMEHTH M1 1 M2 3Ha4yHO MEHIIE, HasSBHICTH
PE3UCTOPIB B JIAHLI031 POTOPA 3MEHIIYE KOPCTKICTh XapaKTEPH CTUK Ta BUKIIUKAE
JOJIaTKOBI BTpatHu enekrpoeneprii [10].

VY mnopiBHSHHI 3 TOMNEPEIHBOIO0 IepeBaru Oyne MPOCTOTa BUKOPHUCTAHHS,
JIEIIEeBU3HA Ta MEHIIA Ta0apUTHICTh IPUIIALTY .

Jlo ckiamy cxeMu BXOJSTh JIBa IPUBOJIHUX JBUTYHA 3 (pasHUM poTopoM [I1,
12 1 meperBoproBay yactotu (I14). Cratopni oomotku 14, JI1 1 JI2 miaxmatoueHi
710 MEpEXI1, a pOTOPHI MOB'A3aH1 EJIEKTPUYHO.

IIpu oGepranni IIY uacrora B poTopax Oyjae MNpOIOpIliiHA KOB3aHHIO,

. ) .. 27
HIBUJIKICTh 00EpTaHHS BCiX MAIIUH OyJle OJHAKOBOIO 1 PIBHOIO @ = —( f,—f1, )

P

e cnpaBeIMBO MpH PIBHUX HABAHTAXKECHHIX HA MEXaHI3Max.

KoB3anHsg 301IBIIMTHECS, a IIBHAKICTH B3HU3UTHCS, SKIIO 30UIBIIUTHCS
HaBaHTaXXE€HHA oAHOro MexaHismy. IIpu HoBoMy koB3zanHi EPC potopa /1
30UTBIIUTRCSA, MO TPHU3BENE 10 30UIBIIEHHS CTPyMy pPOTOpa, a, OTXE, 1 HOro
MomeHTy. CuctemMa TMOBEpHEThCS B TIOYATKOBHHM cTaH 1 Oyjae mpaioBaTu
y3TOKEHO.

Mo>kHa BCTaHOBUTH TIPUCTPIN JJIA 3MIHM YaCTOTH, HATTPHUKIIA], MEXaHIYHUMA
BapiaTop, JJI PO3IMIMUPEHHS MEX 3MIHU HIBUIKOCTEH Mpaloloyux MexaHi3miB. Lle
JI03BOJIUTh BCTAHOBJIIOBATH Ta OOMpPATH BEIWYUHY Y3TOMKEHOI IIBHUAKOCTI

MeXaHi13MiB 0e3 3MiHN BHAKOCTI AJl.
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Pucynoxk 1.11 — CxeMa «eJleKTpHUYHOTO Baly» MOABIHHOTO KUBJICHHS

Po3rnsHyTi cxeMu MOXHa 3aCTOCOBYBATHU JIJisi Oy b-SIKOTO YUCa y3r0IKEHO

MPAIIOI0YUX MEXaH13M1B, IPUHITUI POOOTH CXEMHU HE 3MIHIOETHCS.

1.7 TlepcnexkTHBH BUKOPUCTAHHA YaCTOTHO-PEryJabOBaHUX

€JIEKTPONPUBO/IB

[Tutanus 3a0e3neyeHHs MyCKOBUX MPOIECIB KOHBEEPHUX YCTAaHOBOK MOKHA
BUPILIIUTH LUISXOM 3aCTOCYBAaHHS PEIEHHO-KOHTAKTOPHUX CXEM Ta MPHUCTPOIB
IUTABHOT'O MYCKY.

HeoOxinuuMm Oyne 3acToCyBaHHsS PEryJbOBaHOIO E€JIEKTPOIPHUBOLY IS
peanmizanii 1HIIMX BUMOT /0 KOHBEEPHHMX YCTAHOBOK, TAKUX SIK, PETyJIIOBAaHHS
MIBUAKOCTI CTPIYKUM B (PYHKII BAHTAXKOMOTOKY a00 OOMEXKEHHS IMHAMIYHHX
HABaHTaXXEHb.

B cywyacHux ymMoBax HalOUTbIIMMHU NEPCHEKTUBAMH BOJIOAIIOTH YaCTOTHO-
pErynboBaHl €JEKTPOIPUBOAN 3 ACMHXPOHHHMHU Ta CHUHXPOHHUMH JABUTYHAMH.
CHUHXpPOHHHUI YaCTOTHO-PETYJIbOBAHMM €JIEKTPONPUBOJ] BUKOHYEThCS Ha 0asi
BHCOKOBOJIbTHUX IEPETBOPIOBAUIB YACTOTH 3 BUXIAHOIO Hampyrorw 6 i 10 kB.
ACUHXpOHHMM  4YaCTOTHO-PEryJbOBaHUM  €IEKTPONPHUBOJ  BHUKOHYETHCS 3
NEPETBOPIOBAYaMHU YaCTOTH BITUM3HSHUX 1 3apyOIKHUX BUPOOHHUKIB HA HAIpyru
0,4; 0,69; 1,19; 3,0 (3,3); 6,0 (6,3; 6,6); 10,0 (10,5) kB nns 1BUTYHIB BiAMOBITHOTO

Hanpyru. JIByxTpaHchopmMaTOpHI MEPETBOPIOBAaYl YacCTOTH HE MOXYTh OyTH



BUKOPUCTaHI I TPHUBOJY KOHBEEPHHUX YCTAHOBOK, /K€ pEryJitoBaHHS
MIBUAKOCTI CTPIYKM KOHBEEPHMX YCTAHOBOK 1 OOMEXKEHHS JUHAMIYHHX
HaBaHTa)XEHb BHUMarae Jlana3oH pEeryJjloBaHHA IMMIBHUAKOCTI sk MiHiMyMm 10:1.
[linBicHuit TpanchopmaTop BKe MpH Aiana3zoHi perymoBaHHsS 1,5:1 BXOAUTH B
PEKUM HAaCHYEHHsSI Yepe3 MEHIY YacTOTH CTPyMy IIOJAO HOMIHAJIBHOI, MIO
IPU3BOJUTH 10 MIJBULIEHUX BTPAT MOTY>KHOCTI.

Ha pucynky 1.12 mnpencraBmeHa THmoBa cXemMa HHU3bKOBOJIBTHOI'O
ACUHXPOHHOT'O  YaCTOTHO-PEryJbOBAHOI'O  €JIEKTPOINPHUBOLY 3 aABTOHOMHUM
iHBepTopoM Hanpyru Ha ©0a31 IGBT TpaH3ucropiB. mepeTBoproBadl 4YacTOTH
noOy10BaH1 HAa OCHOBI HaIIBIPOBITHUKOBOI CHIJIOBOT €JIEKTPOHIKH:

— iHTenekTyanbHl cwioBl moaym (IGBT-moaynb), mo mnpencTaBisiioTh
c000k0 KOHCTPYKTUBHE €JJHICTh CUJIOBHUX KIIFOUIB 1 IpaiiBepiB KEPYBAHHS HUMU;

— BOyZIOBaHI €JIEMEHTH 3aXHCTy Ta IHTepdehcy 3 MIKPOKOHTPOJIECPHOIO

VT3 VT4
X KA
(4]

CUCTEMOIO KepyBaHHS.

Vs1 Vs2 Vs3

—

VT
vs4 VS5 VS6 LD

MikpoKoHTpoIEep

PI/ICYHOK 1.12 — TunoBa cxeMa HU3bKOBOJIBLTHOT'O ACUHXPOHHOI'O YaCTOTHO-

PEryJIb0BaHOIO €JIEKTPOIPUBOAY 3 aBTOHOMHUM 1HBEPTOPOM HaIpyru

HusbkoBoNbTHI mepeTBOproBadl  yacToTu Hampyroro 1o 1,19 kB i
BHCOKOBOJIBTHI Ha Hampyry f0 10 kB BumyckaroTbCs 3 1HBEPTOpAMH HAmpyrd Ha
6a31i IGBT Tpan3ucrtopis 1, Sk npaBuio, koMmriekTyioTbes [I-peryastopom (PID

Controller). BucokoBosibTHI niepeTBOproBadi yactotu Ha Hamnpyra Big 3,0 (3,3) no
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10 (10,5) kB BumyckaroTbcs 3 1HBEpPTOpaMH CTpyMy Ha 0a3l 3aMHKalOUYUX
tupuctopis [17].

[lepeTBOproBay 4YacTOTHM TPU3HAYEHUH JUISI  PErYJIIOBaHHS  YacTOTH
oOepTaHHs BaJly aCHHXPOHHHX Ta CHHXPOHHUX EJIEKTPOJBUTYHIB Ha HOMIHAIbHY
Hanpyry kuBiieHHs 6 1 10 kB. [[ianma3on 3minu gactotu ctpymy craropa Big 0,2 1o
70 I'n, a vanpyru — Bix 0 1o 6000 B a6o Big 0 7o 10000 B.

Merton kepyBaHHS, SKHWA BHUKOPHCTOBYETHCS B  BHCOKOBOJBTHOMY
NEepPEeTBOPIOBaYl YacTOTH 3 I1HBEPTOPOM CTPYMY, HA3UBAETbCA O€37aTYMKOBUM
PSIMUM BEKTOPHUX KepyBaHHsM. Lle 03Hauae, 10 CTPyM CTaTopa pO3KIATAETHCS
Ha CKJIAJIOBI, 110 BH3HAYAIOTh MOMEHT 1 MOTIK, JO3BOJISIIOYM HIBUIKO 3MIHIOBATH
MOMEHT JIBUTYHA HE BIUIMBAaIOYM Ha Horo mortik. Lleit MeTon 3acTocoByeThes 6€3
TaXOMETPUYHOTO 3BOPOTHOTO 3B'SI3KY Y BUMAAKAX, KOJH MOTPiOHA TpHBaia poOdoTa
JIBUTYHA TP IIBUJIKOCTSX, BIAMOBIAHUX OUIbII 6 'l 1 MOYaTKOBOMY ITYCKOBOMY
mMomeHTi MeHIre 100% HominamsHOTO [15].

[ToBHMIT BeKTOpHE KEpyBaHHS MOXKE€ OYTH 3[IMCHEHO 1 3 TaXOMETPUIHUM
3BOPOTHUM 3B'A3KOM, KOJIM TOTPIOHO TPUBAJIUN pEXUM pOOOTH ABUTYHA MpHU
MaJIuX 3HAYCHHSX IBUAKOCTI, BignoBigHuX 0,2 — 6 'l 1 3 BEIUKUM IMOYATKOBHM
IyCKOBUM MOMEHTOM — 710 150% HOMIHAJIBHOTO.

BinOyBaeTbcss  3a0e3nedyeHHst yciel  JIHIAKM — NPUBOJHUX  JBUTYHIB
KOHBEEPHUX YCTAHOBOK 3aBJSIKM aHANI3y ICHYIOYOro IapKy IEpPETBOPIOBAYIB
yactotu. [Ipu BHOOpPI mepeTBOprOBaviB YacCTOTHU JJisi PETYJIOBAHHS IIBUIKOCTI
TATOBOTO OPTraHy KOHBEEPHOI YCTAaHOBKM HEOOXITHO KEepyBaTHUCS HACTYITHUMU
paBUJIAMHU:

— HOMIHaJIbHA Hampyra MPUBOIHOTO JIBUTYHA MA€ BiNOBIIaTH HOMIHAIBHIN
HaIpy3i IepeTBOpIOBava YaCTOTH;

— HOMIHaJIbHA TIOTYXHICTh (CTPyM) IIepETBOpIOBaYa 4YacTOTH ITOBHHHA
BIJIOBIJIATH HOMIHAJIbHIN NOTYKHOCTI (CTPYMY) MEPETBOPIOBaYA YAaCTOTH;

— TapanenbHe BKIIOUEHHS JEKUTBKOX JIBUTYHIB JTOMYCKAETHCS TIJIBKUA [0

NEPETBOPIOBAYIB YACTOTH 3 1HBEPTOPOM Hampyru. Take MiAKIIOYEHHS JIBUTYHIB

31



JIOMYCKA€EThCSI B MEXKaX MOTYXKHOCTI (CTpyMy) MEPETBOPIOBaYa 4acTOTU (CyMapHa
HOMIHAJIbHA TMOTYKHICTh MiJKJIIFOYEHUX JBUTYHIB NMOBUHHA OYTHU JOPIBHIOE a00
MEHIIIE HOMIHAJIBHOI MOTY>KHOCT1 MePEeTBOPIOBaYa YaCTOTH);

— TEepEeTBOPIOBAY YaCTOTH 3 IHBEPTOPOM CTPYyMy MPHU3HAUYCHUHN AJI1 POOOTH 3
IHIMBIAYaJIbHUM €JIEKTPOIIPHUBOJIOM, TOOTO 10 HHOTO MOKHA MIIKIFOYUTH TUIBKH
OJIMH TIPUBOJHHUIN JBUTYH KOHBEEPHOI YCTAaHOBKH. Psij KOHBEEpPHMX YCTaHOBOK
MaroTh KIJIbKAa MPUBOJIHUX JABUTYHIB, JJI1 HUX HEOOX1THO BUKOPUCTOBYBATH KUIbKa
NEePETBOPIOBAYIB YacCTOTH 3 I1HBEPTOPOM CTPYMY, KUIBKICTH SKHUX BIJIOBIJIA€
KUIBKOCTI JIBUTYHIB;

— JUIS TaXT, HEOS3MEYHUX 3a ra3oM Ta IMHJIOM, HEOOXITHO 3aCTOCYBaHHS
BUOYXO3aXMIIEHUX [EPETBOPIOBAYiB  YacTOTU. Bitum3HsHa 1 3apyOixkHa
IIPOMUCIIOBICTh BUTOTOBJISIE CIIEIIalbHI BUOYX03aXHILEH] MePeTBOPIOBAYl YaCTOTH
3 IHBEPTOPOM HAMPYTH IS MIAXTHUX KOHBEEPHUX YCTAHOBOK MOTYXHICTIO 10 500
kBT Ha Hanpyru 660 1 1140 B. Psg moaudikaiiiii nepeTBoproBaviB 4aCTOTH MarOTh
BOyZ0BaHy (YHKIIIO JUHAMIYHOTO TajlbMyBaHHSA, III0 HEOOXITHO  JJIA

TpaHCIOpTEpPa, 10 MPALIOIOTh HA CITYCK BAHTAXY.
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PO3I1JI 2 PO3PAXYHKOBO-KOHCTPYKTOPCBKA YACTUHA

1 Bubip ejexkTpoaABUIYHA AJisi NMPUBOJAY TPaHCHOPTEp i po3paxyHoOK

HOro mapameTpiB i XapaKkTepucTuK

VY nanHiii Marictepcbkid poOOTI MU OOMpPAEMO ACUHXPOHHUN JBUTYH

notyxHictio 2,2 kBt cepii 4A112MA8Y3. TexHIuHI XapaKTEPUCTHKH JIBUT'YHA

HaBeeHl B a0 2.1.

Jlist po3paxyHKy MaeMo Takl JaH1 eJIEKTPOJBUTYHA:

HOMIHAJIbHA BUX1AHA OTYXXHICTB P2y = 2,2 KBT;

HOMIHaJIbHA (pa3Ha Hampyra ooMoTku cratopa Uiy = 220 B;
HOMiHaJbHA yacToTa cTpymy f1 = 50 I'm;

HOMIHAJIbHUH KOeDIIi€EHT KOPUCHOI 11T Nu = 76,5%;

HOMIHAJIbHUI KOE(ILIEHT MOTYKHOCTI 0OMOTKHU cTaTopa cos@y = 0,71;
KPUTUYHE KOB3aHHs poTopa Sk = 29%,
HOMIHAJIbHE KOB3aHHA poTopa Sy = 3,4%);

YKCIIO Tap MOJIOCIB: p = 4;

gucio ¢a3: m = 3;

IIBUJIKICTh XOJIOCTOTO X0ay: no = 750 006/XB;
MOMEHT iHepwii Ha Bany Mammau: J = 0,017 kr-m2,

BIJIHOIIIEHHSI ITyCKOBOT'O MOMEHTY JI0 HOMIHaQJIbHOI'O MOMEHTY, m; = 1,9;

BIJTHOIIEHHSI ITyCKOBOT'O CTPYMY /10 HOMIHAJIBHOTO CTPYMY, Kin= 5,0

BIJTHOIICHHS] MaKCUMAJIbHOTO (KPUTUYHOTO) MOMEHTY JO HOMIHAJIHLHOTO

MOMEHTY, Mk = 2,2,

1,5.

BIJTHOIIIEHHS] MIHIMAJIbHOTO MOMEHTY O HOMIHAJbHOTO MOMEHTY, Mm =

CHHXpOHHA KYyTOBa LIBUJKICTb OOEPTAHHS:

W, = —: (2.1)



0

314750

=78,5pao / c.

Tabnuis 2.1 — HomiHanbHi 1adi acuHXpoHHoro AsuryHa 4A112MA8Y3
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Tun Homina | Homin | Koe | Koedi | Homin | Homin | Cmieiga | CmiBei | BiHo Bix Junam
JIIBUT' | JIbHA anpHa | Gili | WiEHT | aNbHU | QTBHU | OIICHHS THO e HO 1YHUI
yHa NOTY)XHI | CHHXp | €HT | moty | # i IYCKOBO | IIEHHS | HHA LICHHS | MOMEH
CTb, KBT | OHHa | KOpH | )KHOCT | CTpyM | MOMe | IO IYCKOB | MaKCH | MakCH | T
gacto | CHOI | 1 pH HT, MOMEHTY | OTro MaJib MaJb iHepIi
Ta i, 380 B, | Hm bils) CTpyMy | HOTO HOTO i
obept | % A HOMIHaN | JI0 MOMEH | MOMEH | pOTOp
aHHS, BHOTO HOMiHA | Ty Ty a,
00/XB. MOMEHTY | JBHOTO | 1O bi(o) KT M2,
, My CTpyMy | HOMiHa | HOMiHa | Jup
Kin JIBHOTO | JBHOTI'O
MOMEH | MOMEH
TY, Mk | Ty, M
4A1 2,2 750 76,5 | 0,71 6,1 29 19 5 2,2 15 0,017
12M
A8Y
3
HominanpHa KyTOBa MIBUAKICTE 0OEPTAHHSA:
W, =(1-S,, ) w,; (2.2)
W, :(1—0,034)-78,5: 75,83 pao | c.
HominanpHUIT MOMEHT €JIeKTPOJIBUTYHA:
P
M, =28, (2.3)
WH
3
2,2-10
h=— =29H - m.
75,83
Howminanbha ¢da3na Hanpyra:
U
U o5 (2.4)



HominanbHuit pa3uuii ctpym craropa:

P, -10°

Ly = - ; (2.5)

3'U1¢H "Ny - COS@y,

2,2-10°
Uldm = =%
3-220-0,765-0,71
MaxkcumanbHUN MyCKOBHUM CTPYM:

‘IinyCK = }%;.y.np, .‘qubn ; (:2'(5)

L,.=561=3054.
Kputnunuii (MakcuMaabHUM) MOMEHT €JIEKTPOABUTYHA!
M,=m -Mg,; (2.7)
M, =2,2-29=63,8H - m.
[IyckoBHI1 MOMEHT E€JIEKTPOABUTYHA:

M :mn : MH’ (2'8)

nyck

M =19-29=551H - m.

nyex
MiHiMaIbHUM MOMEHT €JICKTPOIBUTYHA!
M, =m, M, (2.9)
M =15-29=43,5H - m.

VY noBinHUKY HaBeneH1 mapaMmeTpu [ -moniOHo1 cxeMu 3amitieHHs (puc. 2.2)
y BITHOCHHMX OJMHMIISIX:

— B HOMIHAJBLHOMY PEXHUMI: Rll =0,093; Xl/ =0,11; Ré =0,083; Xé=0,17;
X, =15.

3a BiIOMUMHM MacnopTHUMH naHuMu A/l 1 mapamerpamu ['-06pa3Hoi cxemu

3aMIILIEHHS pO3paxoBYIOThCS napaMmeTpu T-moai0Ho1 cxemu 3aminieHHs (puc. 2.3).

ba3ose 3HaueHHs onopy:

C

zZ =" (2.10)

6as I
1H
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L., 220 _ 360m.
6,1
x B 5L B

b —

]2
|

O~

Pucynok 2.2-I"-mmogi6Ha cxeMa 3aMilleHHS

L

-
-

Pucynox 2.3 — T-mogibHa cxema 3aMileHHs

PeakTuBHMIT omip po3CitOBaHHS cTaTOpa y BIAHOCHUX OAWHUIX [1]:

. 2-X-X
X, = m : (2.11)
X+ X2 +4-X]- X,
X 2.011-1,5 1103

15+4/15 +4-0,11-15

Koedimient, mo 3B's3ye mapamerpu mammHu B T 1 [-00pasHux cxemax

3aMIIEHHS:

/
=2k (2.12)
1

0,11
C,=——

: =1,07.
0,103
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PeakTuBHuUl onip po3citoBaHHA (a3u craTopa:

_X{-Z

X, e Gas - (2.13)
1
x, = 21303 20u
Y107 ’ '

AxTuBHUH omip (a3u cTaTopa:

/
— Rl Zéas . (214)

S )
G

R =R

R_R - 0,093-36

=R, =3,350m.
1,07

[HAYKTUBHICTH pO3CitOBaHHS a3y cTaTopa:

Xl
=— 2.15
Lo =3 (2.15)
3,7
=——=0,01187H.
"5 =314 !
PeaktuBHMIA omip po3ciroBanHs da3u poropa [7]:
/1
Xé - w; (2.16)
G
0,17-36
AKTHBHHIT ortip pasu potopa: X, =— =5,720m.
/1
R =R} =2 L. (2.17)
G
R =R =208336 5 290,
1,07
[HAYKTUBHICTB po3citoBaHHS (ha3u poTopa:
x /
L. =—%; 2.18
- (218)
572

L, =—==0,018 .
314

PeaxkTuBHUI Oomip B3a€MOTHAYKITII:



X.=X,"Z,,, (2.19)
X,.=15-36 =540m.
[HIyKTUBHICTH B3aeMOIHAYKII [4]:
L =X (2.20)
Wl
L, = ﬁ =0,172 In.
314

[ToBHa 1HAYKTHUBHICTB (pa3u craropa:
L. =L, +L;; (2.21)
L, =0,172+0,0118=0,1838 .
[ToBHa 1HAYKTUBHICTH (ha3u poTopa:
L, =L, +L; (2.22)
L, =0,172+0,018=0,19/n.
[HAYKTHUBHUH OMip KOPOTKOTO 3aMUKaHHS:
X, =X, +X}; (2.23)
X, =3,7+572=9,420m.

2.2 Po3paxyHOK MNPHUMPOAHHX MeXaHIYHOI Ta eJeKTPOMeXaHiuHol

XAPAKTEPUCTUK €JICKTPOABUTIYHA

BusznayeHno, 1m0 3ajeXHOCTI MOMEHTY, CTPyMYy pOTOpa Ta CTpyMy cTaropa
Big koB3aHHA, M (s), 12'(S), |1 (s) BiAMOBIIHO, € OCHOBHUMH XapaKTCPUCTUKAMHU
ACMHXPOHHUX JBUTYHIB. [li7 MeXaHIYHOIO XapaKTEPUCTUKOIO ACHHXPOHHUX
JBUTYHIB ~ pO3YyMIIOTh  3aJIEXKHICTh 4YAaCTOTH OOEpTaHHS h  poTopa  BiJ
eJIEKTPOMArHiTHOr0 MOMeHTY M, To6To n = f (M) [11].

[{r0 xapaKTepuCTHUKY 3pY4YHO pPO3paxyBaTH 3a 3aJEKHICTIO MOMEHTY Bij
koB3aHHs (M = f (s)). 3a popmyroro Kimocca 3MiiHCHIOETBCST pealbHUN PO3PaxXyHOK

MEXaHIYHOI XapaKTEePUCTUKU:
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2-M, -(1+as)

M = ; (2.24)
s S,

—+*4+2-a-s

S, S

ne: Mk —KpUTUYHUA MOMEHT JIBUTYHA;
Sk — KpUTUYHE KOB3aHHS;
S — MOTOYHE 3HAUYCHHS KOB3aHHS;
a = R1/R7 — koediuient, a =1,2.
3Ha4YeHHSI KPUTUYHOTO KOB3aHHSI BUBHAYAETHCS 32 HACTYITHOIO (DOPMYIIOI0:
R/
\/ RZ +(X, + x’

(2.25)

S, =+ 219 =0,28

3,35 +(3,7+5,72)

Po3paxyHOK 3a€KHOCTI MOMEHTY BiJ] KOB3aHHSI IPOBOJUTHCS IO TaKUMH
dbopmynamu:

2-M, -(1+s
My=~—%" (L+s) ; (2.26)
k
—+—<4+2-a-s,
s, S

2-69,28-(1+12-0,28) 185,1

5 0% 512028 5 0%
028" s 028" s

M, = .
+0,672

Kputnaauit MOMEHT BU3HaYa€ThCs 32 (POPMYIIOFO:

3.U2
M, = i ; (2.27)

WO[R1 i\/Rf F(X, + x;)z}
3.220?2
2. 78,5[3,351 J3,35°+(37 +5,72)2}

M, = =69,28H - 1.

ITpu f= 50 I'u, 3miHOIOUYN S B Mexax aianazony 0...1, BU3HauaeMo 3HAYCHHS

MOMEHTIB, PE3yJIbTATH PO3PaXyHKY 3BEEMO B TaOIHIO 2.2.

1. =0 w=w,-w-S, ®=78,5-78,5-0=78,5paod/ c.



25=0,01. w=w,—w-S;, ®=785-78,5-0,01=77,71pao/ c.

185,1

A= 0,01 0,28
0,28 0,01

M =6,45H - .

3.5=0,034, w=w,-w-S, ©=78,5-78,5-0,034=75,83pao/ c.

185,1
M, = ’ =20,51H - m.
ﬂ ]
0,034 N 0,28 10,672
0,28 0,034

45=0.1 w=w,-w-S, ®=78,5-78,5-0,01=70,65pa0 / c.
M, = 1851 =48,34H - m.

a1
0.1 + 0,28 +0,672
0,28 0,1

55=0,29, w=w,-w-S; ©=78,5-78,5-0,29=55,73pao / c.

~ 185,1
1029 028 67
0,28 029

M

=69,34H - m.

6.s=04, w=w,-w-S, ®=785-78,5-0,4=47,1pao/ c.

B 185,1
2=
0,4 + 0,28 +0,672
0,28 0,4

M =66,12 H - m.

7.5=0,7, ow=w,-®-S, ©=785-78,5-0,7=23,55pao/ c.

M, = 1851 =51,86H - m.

1
0,7 +0’28+O,672
0,28 0,7

8.5=0,85, w=w,—w-S; @w=785-78,5-0,85=11775pao / c.

B 185,1
b=
0,85 + 0,28 +0,672
0,28 0,85

M =45,83H - m.

9.5=1 w=w,-®-S, ©=78,5-78,5-1=0pao / c.
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M, =2t 40968 u

l8+1+0,672

Tabmuusg 2.2 — Pe3ynbTaTl po3paxyHKy

41

S 0 0,01 | Sy=0,034| 0,1 |Sx=0,29| 0,4 0,7 0,85 1

o | /85 |77,/1| 7583 | 7065 | 5573 | 47,1 | 23,55 |11,775| O

M 0 6,45 20,51 | 48,34 | 69,34 | 66,12 | 51,86 | 45,83 | 40,96

w, pag/c
90

80 =
70 4
60
50
40
30
20
10

MH Mk
0 ; / Y M, Hm

0 20 40 60 80

Pucynok 2.4 — [IpupoiHa MexaHI4Ha XapaKTEPUCTUKA aCHHXPOHHOIO

€JIEKTPOJIBUTYHA TPAHCIIOpTEpa

EnexTpoMexaHiYHUMU  XapaKTEPUCTHKAMU  ACHHXPOHHUX  JIBUTYHIB
Ha3MBaIOTh 3AJIEKHOCTI CTPYMIB cTaTopa 1 poTopa Bia koB3aHHs, ToOTO (I1 (S) 1
[5'(S), K1 BU3HAYarOThCS 3a TaKUMU Gopmyamu [13]:

U
I = i ; (2.28)

RIY L,
\/[Rl+5] + X,

ne: Upn — HOMIHanbHA (ha3Ha Hampyra 0OMOTKH cTaTopa, B;

Xk — IHIYKTUBHHUIA OMip KOPOTKOIO 3aMUKaHHs, OM.



I =

42

220 (2.29)

!

2,79
S

3,35+

2
j +9,42?

3MIHIOIOYH 3HAYCHHS KOB3aHHS S B aiana3oHi 0...1, 3HaxoauMo 3HadeHHS 12’

Pesynbratu po3paxynky 3aHocumo B Tabmuiro 2.3 [15].

I _
1.s=0, .=0.
2.5=0,01
I = 220 2 =0,79.
3,35+ 219 4 (9,42)
0,01
3.5=0,034
I = 220 : _2,56.
335+ 212 | 4 (9,42)
0,034
4,5=0,4
I, = 220 - =6,74.
335+ 272 1 (9,42
0,1
5.5=0,29
I = 220 _ =13,72.
3,35+ 272 4 (9,42)"
0,29
6.s=0,4
L= 220 15,74,

7.5=0,7

3,35+
(N

2,79

JZ +(9,42)°



I = . =18,43.
\/(3,35+ 279} +(9,42)°
8.5=0,85
I = 2202 =19,1.
3,35+ 279 4 (9,42)"
0,85
9.s5=1
I = 220 . =19,57.
\/(3,35 + 2’179J + (9,42)2

Tabmuis 2.3 — Pe3ynbrati po3paxyHKy

S 0 0,01 | S:=0,034| 0,1 |S+=0,29| 04 0,7 0,85 1

o | 785 7771 7583 |70,65| 55,73 | 47,1 | 23,55 11,775 O

I/ 0 0,79 2,56 6,74 | 13,72 | 15,74 | 18,43 | 19,1 | 19,57

Crpym I1 € BEKTOpPHOW CyMOK0 poTopHOro ctpymy I2' 1 crpymy

HamarHiuyBanHs [. Moaynas cTpymMy cTaropa BHU3HAYa€ThCS 3a HACTYITHOIO

dbopmyiioro:
Il(s)=\/(lé)2+lj+2lylé-sinz//z; (2.30)
Jie: sinyz — 3pyIIeHHs CTpyMy cTaropa 1o ¢asi:
/
Sing, =21 X22 ; (2.31)
/
S
i 9,42
sing, = - :
\/(3,35+ 2'79) +9,42°
S

Crtpym HamarHiuyBaHHs [, BU3HauaeTbes 3a GOpMyIIok0:



|, = Js
ﬂ_ 2 2
\/Rl +(X, +X,)

B 220
.U_\/ 2 2
3,35° +(3,7 +54)

: (2.32)

I =3,81A.

[Ipu pi3HHMX 3HAYEHHSX KOB3aHHS S 3HaxoaAuMo cTpym portopa [2'(S) 3a

dopmyioro (2.58), 3HadeHHs sinyz — 3a opmyioro (2.61), a ctpym cratopa I1 (S) —
3a hopmysioro (2.60) [18].

Pe3ynbraTu po3paxyHKy HaBeAeH1 B Tabauui 2.4

1.
2.

s=0, siny,=0, 1:=0.
s=0,01
. 9,42
sing, = -
3,35+ 2,79 +9,42°
0,01

=0,033.

1,(5)=+/(0,79)° +3,81° +2-3,81-0,79-0,033=0,152.

s=0,034
9,42

sing, = =
3,35+ 219 +9,42°
0,034

=0,110.

1,(s)=+/(2,56)° +3,81° +2-3,81-2,56 -0,110=0,7.

s=0,1
9,42

.= 2,79
335+ 2| 49,42
01

=0, 2809.

1,(s)=+/(6,74)° +3,81° +2-3,81-6,74 0,289 = 3,05.

s=0,29
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9,42

.= 2,79
335+ | 49,42
0,29

=0,588.

1,(5)=+/(13,72)° +3,812 +2.3,81-13,72.0,588 =10,31.

6. s=0,4
9,42

.- 2,79
3,35+ 22| 19,427
0,4

=0,674.

1,(5) = /(15,74) +3,81° +2.3,81.15,74 .0,674 =13,18,

7. s=0,7
9,42

e 2,79Y
3,35+ 2 +9,42°
0,7

=0,790.

1,(5) = /(18,43)° +3,81° +2-3,81.18,43 0,790 =17,57.

8. s=0,85
9,42

e 2,79
335+ 2 | 19,42
0,85

=0,818.

1,(5)=/(19,2)° +3,81° +2-3,81.19,1-0,818 =18, 74.

9,42

sing, = .
\/(3,35+ '1 j+9,422

1,(5)=1/(19,57) +3,81° +2-3,81.19,57 - 0,838 =19,59.

=0,838.

Ha pucyHky 2.5 HaBeneH1 NpPUPOJHI €IEKTPOMEXAHIYHI XapaKTEPUCTUKH,

T00TO rpadiku 3anexuocrei I1 (o) i I2'(w) [23].



Ta0auis 2.4 — PesynbraTi po3paxyHKy 3aiiexHocTi I1 ()

46

S 0 0,01 |Su=0,034| 0,1 |Sk=0,29| 04 0,7 0,85 1

o | /85 |7771| 7583 |7065| 5573 | 47,1 | 23,55 |11,7/5| O

17(s) 0 0,79 2,956 6,74 | 13,72 | 15,74 |18,43 | 19,1 | 19,57

l1(S) 0 |0,152 0,7 3,05 | 10,31 | 13,18 | 17,57 | 18,74 | 19,59

sin 0 |0033| 0,110 |0,289| 0,588 |0,674 0,790 | 0,818 | 0,838

w, paa/c
90

80

70 \

i I

“ T~

N N\

- 11(5\\ 12(s)
A\

; \
\

0

0 5 10 15 20 25

Pucynok 2.5 — I'padiku 3anexnocreit [2'(w) 1 [1 (o) (enekTpoMexaHIYHUX

XapaKTEPHUCTHK)

2.3 Po3paxyHok IITYYHHUX MeXaHiYHHUX XapPaKTEePUCTHK

eJIeKTpoABUTyHA npu 3akoHi U/f = const 4acTOTHOTO peryJioBaHHsI

JU1st 3HaXOKEHHSI MOMEHTY CKOPUCTAEMOCS (POPMYJIOK0:

2M, (1+as,)

a = S !
i+—k+2ask
s, S

(2.33)



ne: My — MakcuMalbHUN (KpUTUYHUI) MOMEHT JBUTYHA,

Sk — KpUTUYHC KOB3aHH.

(2.34)

QD
Il
0 |H;U

N

a:EL—zLZ
9

~N W
o1

:
Cnin 3a3HauuTH OOCTaBMHA BIUIMBY 3MIHM HAlpyrd Mepekl Ha MeXaHIuHI
XapaKTEPUCTHKU ACHUHXPOHHOro JBUTyHAa. [Ipu 3amaHOMy KOB3aHHI MOMEHT
JBUT'YHA NPONOPLINHUI KBaapaTy Hampyrd, TOMY ABUTYH JOCUTh UyTJIUBHUH JO
KOJIMBaHb Hanpyru [15].
[Ipu 3MiHI 9acTOTH HAMPYTH >KUBJICHHS 3MIHIOIOTHCS CHHXPOHHA 4YacTOTa
oOepTaHHsI Mo, KOB3aHHSA S 1 IHAYKTUBHUU ONIp cTaropa 1 IHAYKTUBHHUM OIIp

PO3CIIOBaHHS pOTOpa:

WO:Z”( fy J:Z”(f*); (2.35)
p\ fy ) 2p
oy, 2z f4 2”( f *)
zp \ f, Zp
xl+x;=(x1+x;)(:—1]=(xl+x;)(f*); (2.37)
1Y
ChiBBIAHOIICHHS! MK YacCTOTOK 1 HAMpPyroK BHUPAKAETHCS HACTYIMHOIO
dbopmyIioro:
Y Y const: (2.38)
fi Ty

3 Bupasy (2.38) BuruiuBae, 110 Mpu 3Ha4EHH1 4acTOTH f1 1 3HAYEHHS HANIPYTH

TEX Ma€ 3MIHIOBAaTUCS, BOHA MA€ JIOPIBHIOBATH:

Ui=UH%=UH(%j=UH(f*); (2.39)
H H
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Po3paxoByeMo mTyuHi MexaHiuHi xapakrepuctuku AJl nmpu U/f = const s

yactor f1 =40 T, £, =25Tn, f3=15T1.

st moOyA0BH JaHUX MEXAHIYHHUX XapaKTEPUCTHK PO3PAXOBYEMO KYTOBY

IIBUAKICTB IS BCIX 3HAYCHb KOB3aHb [23]:

[TepepaxoByeMo 1HIyKTHUBHI OMOPY cTaTopa 1 poropa s yactotu 40 I'u:

X1(4o) =2r-L;

X0 =2+3,14-40-0,0118 = 2,96 On.

X/
2(a0) = 725 = 4,576 Om.

[HAyKTHBHI omopy npH 4yacToTi 25 I':

X1(25) =27 fs - Ly

X0 =2-3,14-25-0,0118 =1,850.

/
X! :%: 2,86 Om.

2(25)

[HaykTHBHI onopu npu yacToTi 15 I'u:
X1(15) =2r- fi5- Ly

X5 =2-3,14-15-0,0118=1,110m.

(15)

X/
X ous) = —323 =1,720m.

Po3paxoByeMo 3Hau€HHSI KpUTUYHOTO KOB3aHHs npu yacToTi 40 I'i:

: i

2

\/R12 + (X1(40) + X£(4o))
, 2,79

3,35 + (2,96 + 4,576

Ska0 =

Ska0 =

as, o = % -S40 = 0,406.

2

=0,338.

(2.40)

(2.41)

(2.42)

(2.43)

(2.44)

(2.45)

(2.46)

(2.47)



©6,28-40

wo(4o) -

=62,8 pao/ c. (2.48)

Po3paxoByeMo 3Hau€HHSI KpUTUYHOTO KOB3aHHS Mpu yacToTi 25 T

R,

Scs =% = (2.49)
2 /
\/R1 + (X1(25) + X2(25))
as, ,x = % *S,,s =0,579. (2.50)
2
2 f
Dy(z5) = — 2. (2.51)
P
6,28-25
gy == = 39,25 pao / c.
Po3paxoByeMo 3HaY€HHSI KpUTUYHOIO KOB3aHHs Npu yacToTi 15 I'i:
R/
Sas =% 2 = (2.52)
2 /
\/R1 + (X1(15) + XZ(lS))
Sgsos =L 219 = = 0,728.
(3,35 + (111+1,72)
as —ﬁ-s =0,873 (2.53)
ki5 — k15 — ' '
RZ
2r f
Dy(15) = TS; (2.54)
6,28-15
Dy15) = =23,55 pao / c.

Yepes Te, 110 3a/1aHuii 3ak0H yacToTHOro peryitoBanHs (U/f = const), To mu
otpumyemo 220/50 = 4,4, 3Biaku BUIIMBaE 1o npu yactoTi fi = 40 I'u 3HaueHHs
Ug1 = 176 B, npu gacroti f2 = 25 'y 3Hauennst Uy, = 110 B, npu gacroTi f3 = 15
I'y 3HauenHs Uy = 66 B.

Po3paxoByeMo 3HaYEHHS KpUTUYHOTO MOMEHTY i yactoTu 40 I'm:
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2

3U .
k(40 =
20)40{ \/R2 Xyao) T Xé(4o)) }

2
v 3-176 _638.

k(40 2
2.62,8[3,351\/3,352 +(2,96+4,576) }

M

Kputnunuit MomeHt 115 yactotu 25 '
3U %2

M, e =—F ,
20y | R £ ,|RZ+( X, o + X! 2
25 1(25) 2(25)

k(25)

3.110°
2.39,25| 3,35+ /3,35 + (1,85 + 2,86)2}

M =50, 65.

k(25) —

Kputnunuit MomenT u1s wactoru 15 I'u;
2
Mk(lS) = L 98 )
2 N
200, |:R1 + \/Rl T (Xj(zo) + Xz(zo)) }

3.667
2. 23,55[3,351 J3,35%+ (1,11+1,72)2}

M

=35,87.

k(15) —

50

(2.55)

(2.56)

(2.57)

3HaiiIeMO 3Ha4YE€HH MOMEHTIB ACHHXPOHHOIO JBUryHa npu yactoti 40 I'n.

M B 2Mk40(1+ask40) _
AR T g s, ’
—— + %0 4 2as,

Sk40 S
Mo =038
+— +0,812

0,338 S

1. s=0, o=w,-w-S;, ®=62,8-62,8-0=62,8pao/ c.
M=0.

2. s=0,01, w=w,-w-S, ©®=62,8-62,8-0,01=62,172pao/ c.

(2.58)



- 179,35
40770,01 0,338
0,338 0,01

M =516 H - m.

+0,812

s=0,034, w=w,-w-S, w=62,8-62,8-0,034=60,66pao/ c.

~ 179,35
470,034 0,338
0,338 0,034

M =16,5H - m.

+0,812

s=0,1, w=w,-®-S, ©®=62,8—-62,8-0,1=39,77pao / c.

179,35
M = : =39,77H - .
740 )
0.1 + 0,338 +0,812

0,338 0,1

s=0,338, w=w,-w-S, ®=62,8-62,8-0,338=41,57pao/c.

_ 179,35
4470,338 0,338
0,338 0,338

M =63,63H - m.

+ 0,812

s=0,4,5s=04, w=w,-®-S, ©=62,8-62,8-0,4=37,68pao / c.

179,35
M = : =62,99H - .
140 ]
0.4 +O’338+0,812

0,338 0,4

s=0,7, w=w,-w-S;, ®=62,8-62,8-0,7=18,84pao/ c.

179,35
M = : =53,04H - .
740 )
0.7 + 0,538 +0,812

0,338 0,7

s=0,85, w=w,-w-S; ®=62,8—-62,8-0,85=9,42pao/ c.

- 179,35
a0~ 70,85 0,338
0,338 0,85

M =48,04H - m.

+0,812

s=1, w=w,-w-S, ©=62,8-62,8-1=0pao/c.

Mﬂ40 = 1 107%’??85 = 43,53H M.
+— +0,812

0,338 1

o1



PesynbTaTu po3paxyHky HaBe/leHi B TaOiuIll 2.5

Tabnuus 2.5 — PesynbTatl po3paxyHKy

0 0,01 [ 0034 | 01 |0338| 04 0,7 0,85 1

62,8 | 62,172 | 60,66 | 56,52 | 41,57 | 37,68 | 18,84 | 9,42 0

0 516 | 16,5 | 39,77 | 63,63 | 62,99 | 53,04 | 48,04 | 43,53

3HaiiieMo 3HaYE€HHS MOMEHTIB ACHHXPOHHOIO JIBUTYHA npu yacToti 25 I'n.

2M, .. (1+ as
MﬂZS = s kZSS( kZS) , (2.59)
—— + 2 4 2as, .
Sk25 S
160
M = )
25
> + 0,483 +1,159
0,483 S

1. =0, w=w,—w-S, ©=39,25-39,25-0=239,25pa0 | c.
M 155 = 0.

2. s=0,01, w=w,-w-S; ©=39,25-39,25-0,01=38,86pao / c.

160
M, .= =3,23H - m.
125 )
0,01 N 0,483 11159
0,483 0,01

3. s=0,034, w=w,-w-S, ©=39,25-39,25-0,34=37,92pao/ c.

- 160
42 70,034 0,483
0,483 " 0,034

M =10,37H - m.

+1,159

4. s=01, w=w,—w-S; ©=39,25-39,25-0,1=35,33pao/ c.

160
M = =2582H - m.
225 ’
0.1 + 0,483 +1,159

0,483 0,1

5. s=0,29, w=w,—w-S;, ®=39,25-39,25-0,29=27,87 pao / c.
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160
M, .= =46,78H - m.
125 ]
0,29 N 0,483 11159
0,483 0,29

6. s=0483, w=w,-w-S, ©=39,25-39,25-0,483=20,29pao / c.

~ 160
4% 70,483 0,483
0,483 0,483

M =50,65H - m.

+1,159

7. s=0,7, o=w,-w-S, ®=39,25-39,25-0,7=1178pao/ c.

160
M, = =11,78H - m.
1125 )
0,7 N 0,483 11159
0,483 0,7

8.5=0,85, w=w,-w-S, ©#=39,25-39,25-0,85=5,89pa0/ c.

~ 160
4= 770,85 0,483
0,483 0,85

M =45,85H - m.

+1,159

9,s=1, w=w,—w-S; ®=39,25-39,25-1=0pao/ c.

160
Mﬂzs =7 0,483 =43,13H - m.
+ +1,159
0,483 1

Pe3ynbratu po3paxyHKy HaBe[eH1 B Tabuuii 2.6

Tabmuus 2.6 — PesynbTatl po3paxyHKy

0 0,01 | 0,034 | 0,1 0,29 | 0,483 | 0,7 0,85 1

39,25 | 38,86 | 37,92 | 35,33 | 27,87 | 20,29 | 11,78 | 5,89 0

0 3,23 | 10,37 | 25,82 | 46,78 | 50,65 | 48,48 | 45,85 | 43,13

3HaiiieMo 3HaYE€HHS MOMEHTIB ACHHXPOHHOIO JIBUTyHa npu yactoti 15 I'm.

2M s (1

M g =~ Mhas(1+ d5s) (2.60)
S Sk15

—— + —=>+2aS,,¢

Sk15 S

1. s=0, w=w,-w-S, 0w=2355-23,55-0=23,55pao/c.
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M .. =0.

15
s=0,01, w=w,—w-S; ®=23,55-23,55-0,034=22,75pao / c.

~ 134,4
450,010,728
0,728 0,01

M =1,8H - m.

+1,75

$s=0,034, w=w,—w-S, w=23,55-23,55-0,034=22,75pao / c.

~ 134,4
570,034 0,728
0,728 ' 0,034

M =5,79H - m.

1,75

s=0,1, w=w,-®-S, ®=23,55-23,55-0,1=21,2pao | c.

134,4
M .= : =14,66H - m.
115 ’
0.1 + 0,728 +1,75

0,728 0,1

$s=0,29, w=w,—w-S; w=23,55-23,55-0,1=21,2pao/ c.

~ 134,4
M5770,29 0,728
+ +
0,728 0,29

M =28,84H - .

1,75

s=04, w=w,-®-S, o=2355-2355-0,4=14,13pao/ c.

134,4
M .= . =32,62H - m.
115 ’
0.4 +0’728+1,75

0,728 0,4

s=0,728, w=w,—w-S, w=23,55-23,55-0,728=6,41pao/ c.

~ 134,4
M5 70,728 0,728
+ +

0,728 0,728

M

=35,84H - m.
1,75

s=0,85, w=w,—w-S; ®=2355-23,55-0,85=3,53pao/c.

~ 134,4
457085 0,728
0,728 0,85

M =35,65H - .

+1,75

s=1, o=w,—0-S, o=2355-2355-1=0pad|c.
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134,4
M = ! :34 9H - M.
15 )
1 + 0’728+1,75

0,728 1

PesynbraTu po3paxyHKy HaBeeH1 B Tabumi 2.7

Tabmuis 2.7 — Pe3ynbrat po3paxyHKy

S 0 001 [(0034| 01 | 029 | 04 |0,728| 0,85 1

® 2355 | 2331 | 22,75 | 21,2 | 16,72 | 14,13 | 6,41 | 3,53 0

M 0 1,8 5,79 | 14,66 | 28,84 | 32,62 | 35,84 | 3565 | 34,9

3a maHuMu, HaBeAeHWMHU B Tabmuisx (2.5; 2.6; 2.7), mobyayeMo MITy4Hi

MEXaHIYHI XapaKTepuCTUKH (puc. 2.6)

@
70

60 -
50
40
30
20
10 -
0

0 10 20 30 40 50 60 70
Pucynox 2.6 — MexaniuHi xapaktepuctuku AJl npyu 4acCTOTHOMY

peryJiroBaHH1
2.4 Bubip nepeTrBopoBaya 4acToTH

3rifHO 3 MaTeMaTUYHOTO OMNHCY MOXKJIMBICTb YaCTOTHOTO PETYIIOBAaHHS
MIBUAKOCTI MaIIMH 3MIHHOTO CTpyMy odeBuaHa. llepeBaroro € Te, mo mopsj 3i
MIBUAKICTIO 3/I1IMCHIOETHCS PETYJIIOBaHHS 1 CIIOKUBAHOI 3 MEPEXK1 €Heprii, TOOTOo, B
NOpPIBHSAHHI 3 MapaMeTPUYHUMH CIIOCOOAMH PETYJIOBAaHHS IIBUIKOCTI, BTPATU TYT
MiHIMasbHI [1].

o, =%; (2.61)



56

HeoOxigHicTh yCTaHOBKM MEPETBOPIOBAaYA YaCTOTU OOYMOBIIIOETHCS TaKUMU
BUMOTaMH JI0 KOHBEEPY, AK IUIABHICTh X0y (PETYIIOBaHHS B IIMPOKHX MEXKax),
MiHIMaJIbHI Ta TIOCTIHHI EHEPreTUYHl BTpPATH, MOMIIMBICTh pPEBEPCYBaHHS
oOepTaHHA Bajly JBUTYHA 3T1HO 10 PO3MVIIHYTOTO HAMU BUIIAJIKY.

[Ipu BHOOpPI mepeTBOprOBaYa YAacTOTH CIiJ] BUXOAUTH 3 KOHKPETHOTO
3aBJIaHHS, SIKE Ma€ BUPIITYBATH EIEKTPOTPUBO/:

— TUIy Ta MOTYXXHOCTI €IEKTPOABUTYHA, IO MiIKII0YA€ThCS;

— TOYHOCTI 1 Jllalla30Hy PETyJIOBaHHS IIBUIKOCTI;

— TOYHOCTI MiATPUMKH MOMEHTY 00€pTaHHs Ha Bajly JIBUTYHA.

[Ipu poOOTI 31 CTaHIAPTHUM ACMHXPOHHHM JBUTYHOM TIE€PETBOPIOBAY CIIiJI
BUOMpATH 3 BIANOBIIHOI MOTYXKHICTIO. fKIIO TOTPiIOEH BENMKUN ITyCKOBUUN
MOMEHT a00 KOPOTKHIl Yyac pO3TrOHY/yMOBUIbHEHHS, BUOMPAEMO TIEPETBOPIOBAY Ha
11abeb BHILE CTAHIAPTHOTO [7].

MO>XJIMBICTh MPALIOBATH 3 MOBHUM MOMEHTOM JIBUTYHA B 00JIaCTi HYJIbOBUX
4acToOT, MiATPUMYBATH IIBUIKICTh MpPU 3MIHHOMY HaBaHTa)XEHHI 0e€3 JaT4hKiB
3BOPOTHOTO 3B'SI3Ky, TOYHO KOHTPOJIIOBAaTM MOMEHT Ha Baly JBUTYHa, HJis
30UTBIIEHHSI TOYHOCTI MIATPUMKHA MOMEHTY Ta IIBHUJKOCTI Ha Bally JBUI'YHa B
HANUOUIBII JOCKOHAIMX TIEPETBOPIOBAYAX PEali30BAHO BEKTOPHE KEPYBAHHS.

[lepeTBOproBaui yacToTu (IHBEpPTOpH) 3a3Bu4ail maroTh BOynoBanuid I1I/1-
peryinstop. [lepeTBoproBau 3MiHIOE MIBUAKICT OOEPTaHHS JABUTYHA TAKUM YMHOM,
mo0 MATPUMYBAaTH Ha 3aJaHOMYy pIBHI TEBHHMM IapaMeTp CUCTeMH (BUTparta,
HMIBUAKICTb, PIBEHb, THCK, TEMIIepaTypa TOIIO) 3aBASKA BCTYIy aHaJOrOBOTO
curHairy 0-10 abo 4-20mMA 3 natumka. HasBuicte BOygoBanoro I1IJ[-perymstopa
JO3BOJISIE CIIPOCTUTH CUCTEMY KEPYBaHHS Ta HE BUKOPUCTOBYBATH 30BHIIIHIX
PEryJsITOpIB.

Ak mpaBwio, TOTYXHICTh I1HBEpTOpa MIAOUPAETHCA PIBHINM TOTY>KHOCTI
eneKkTpoaBUryHa. Lle mpaBuio MOMMPIOETHCA Ha EIEKTPOABUTYHH 3 HOMIHAJIBHOO
kutbkicTio 060poTiB 1500 Ta 3000 060pOTIB B XBIWIMHY. Y NESIKUX BUIAAKax abo

NPy BUKOPUCTAHHI 1HIIMX €JEKTPOJABUTYHIB BHOIp IepeTBOpIOBayYa YacTOTU



(iHBepTOpa) MOBHUHEH BIJINOBIJIATH TaKiid yMOBI: HOMIHAJIbHUM BUXIJTHUU CTPyMy
NepeTBOpIoBavYa 4acToTH (IHBEpTOpa) MOBUHEH OYTH HE MEHIIE HOMIHAJIHLHOTO
CTPYMY €JIEKTPOJBUTYHA.

BuGip tumy nepeTBoproBauiB 4aCTOTH MPOBAAUTHCS:

a) mo Harpy3i ®kuBuIbHOT Mepexi: Ue = 220B 1 BeTUYHMHOIO HOMIHAJIBHOTO
ctpyMy: lwow = 6,1 A, B mepmomMy HaOJMKEHHI, BIJANOBIIAE MOAMPIKALIS:
I[TYB101-K37-A. OnHak, 3 orasay Ha HEOOXIAHY CTYIIHb 3aXHCTY YCTaTKyBaHHS —
IP54 HeoOXiaHO PO3MICTHTH MOT0 B MOHTaXHOMY ImIadi 1 BuOuparu Moaudikairito
[TYB 3 koedimieHTOM 3amacy mo BuxigHoMy ctpymy, Ki > 1,3. Taka Mmipa
HeoOximHa 11 OesaBapiiiHoi poGotu I[TYB B ymoBax 0OMEXEHOTO OCTYITY
OXOJIOJUKYIOUOro MoBITpsA Asa BiaBoay Ttemia Bia [TUB. Tonai, po3paxyHkoBe
3HAYEHHS BUXIJTHOTO CTpyMy it BuOopy Moaudikamii [TYB:

Iposp = luow. X K1>6,1 X 1,3>7,93 A

0) BuUMory 1o ctpymy lposp > 7,93 A 3amoBonbHsie Monudikartis: [TYB103-
2K2-A (pobouwnii ctpym 110 9,5 A).

Ha miacraBi orpumanux ganux, BuOepemo mneperBoproBau E2-8300S3L, 3
napaMeTpamu, HaBeJCHUMH B Tabmuii 2.8.

Tabmuusa 2.8 — [Tapamerpu [TUIT E2-8300-S3L

[ToTyxHicTh epeTBOproBaya, KBA 3
[ToTyXHICTb €NEeKTPOABUTYHA, KBT 2,2
Buxigauii HOMIHaIBHHHN CTpyM, A 10,5
Hanpyra >xuBnenss Onnodazna 220 B
(+10%, -15%), 50 ' (+
5%)
Buxigna yacrora, I'1t 0,1-400

JlommyckaeTbesi mepeBaHTaXXeHHS 10 cTpymy: 150% HOMIHANIBHOTO CTPyMy

npoTsarom 1 xs.
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Pucynok 2.7 — IIpuHuumnoBa cxema nepeTBoproBaya 4acTOTH

Jlanuii mepeTBoproBadY YacCTOTH € JBOJIAHKOBUN 3 MPOMIKHHM KOHTYPOM
ctpyMy. Ilepma nanka [TH — kepoBaHuii BUNPSMIISIY Ha TUPUCTOPAX, MPOMIKHUN
KOHTYp HOCTIMHOro CTpyMmy — peaktop. Jlpyra jJaHka — aBTOHOMHHUN 1HBEPTOpP
ctpymy (RTA), Bukonanuit Ha 3amukarounx tupucropax GTO. AIT wmictuth
KOHJICHCATOPH, SIKI € JDKEPEJIOM PeaKTUBHOI eHeprii ;i HaBaHTaxeHHs [14 [4].

OcnogHni niepesaru [14 3 AIC:

— MOXXJIMBICTB peKyIiepallii eHepTii B MEpexy;

—BHXIJIHA  Hampyra 3MIHIOETbCS  3a  3aKOHOM,  OJM3BKOMY [0
CHUHYCOIJAJIHOTO;

— 0e3aBapiiHICTh PEKUMY KOPOTKOI'O 3aMUKAHHS Ha BUXO/I].



2.5 Onuc nepersoprosaya yacroru E2-8300-S3L

Sx  BiIOMO, IIBUAKICTH pOTOpa ACHHXPOHHOTO  EJIEKTPOJBUTYHA
pEryNIO€ThCA  3MIHOIO YacTOTH HANpYTd OKUBJICHHA, aMIUNTYId Hamnpyru
KUBJICHHS, YMClia Map MOJIOCIB cTaTopa. Buxoasun 3 TEXHONOTIYHHUX YMOB, MU
3YMUHUMOCS Ha NEPIIOMY CIIOCO01 peryJItoBaHHS.

Ile oOmagHaHHSA pPO3POOJIEHO A PEryjaloBaHHS MOpUBOLY Jidra 1
BAHTKOIIHOMHUX MEXaH13MiB 3 IBUTYHOM 3MIHHOTO CTPyMY.

BigoMum € ¢akr TOro, mo peryjtoBaHHS IIBUIKOCTI ACMHXPOHHOIO
JBUTYHA 3MIHOIO YacTOTH MiJBOJAUTHCS JIO0 CTAaTOpa HAIpyrd MOXIHWBO SIK B
CTOPOHY 3HI)KEHHS IIBHAKOCTI, TaK 1 B OIK 30UIbIICHHS WIBUJIKOCTI BHIIE
HOMIHAJIBHOI.

[Ipu perymtoBaHHI 4aCTOTH BHHU3 BiJI HOMIHAJIBbHOI, MOKHA BHOpaTH TaKWl
3aKOH YacCTOTHOIO KEpyBaHHs, W10 MAarHiTHUH MOTIK MallUuHU  Oyne
OIATPUMYBATHCS HE3MIHHUM. Y 1IbOMY BHUIAJIKy MakCUMaJIbHUM MOMEHT JBUTYHA
30epiraeTbCsi HE3MIHHUM 1, TaKUM  YMHOM, 3a0e3Me4yeThCcsl  CTaJiCTh
NEPEBAaHTAXYBAJIbHOI 3/JaTHOCTI B yCbOMY Jlama3OHl PEryJIlOBaHHS IpU
HE3MIHHOMY MOMEHTI HaBaHTa)KEHHSI.

Ha 6a3i iHBepropa cTpyMy, oOOpaHUil NE€pEeTBOpPIOBAY YaCTOTH €
NEPETBOPIOBAYEM 3 IMPOMDKHOKO JIAHKOK MOCTiiiHOro crpymy. llpuHumn ioro
poOOTH mojsirae B TOMYy, IO 3MIHHA Hampyra MEpexi BHUIPAMISETHCA 32
JIOTIOMOTOI0 ~ THPUCTOPHOTO  BUNpPSMIIAYA; OTPUMaHa TIOCTiHHA  Hampyra
CTaOUTI3y€ThCS B MPOMDKHINA JAHITIOT 1HAYKTUBHO-€EMHICHUM (IIBTPOM HUIKHIX
yacToT. Y OJIOll 1HBEpPTOpa, BUKOHAHOTO Ha CUJIOBUX 3aMUKAIOYUX THPUCTOPaX
(GTO), ¢dopmyerbcss BHUXIIHMA CUTHAJI MOTPIOHOI HAmpyru 1 YaCTOTH.
dopMyBaHHS BUXIJHOI HAMpyrd 3IIHCHIOETHCS METOAOM HIMPOTHO-IMITYJIBCHOT

Moyl (LIIM).
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Tabmuus 2.9 — OyHKIIOHAIbHI XapaKTEPUCTUKU MEPETBOPIOBaYa

Tun E2-8300
Pexxum kepyBaHHS U/f abo kepyBaHHS BEKTOPOM
CTpymy
PerymoBannsa | Jlianazon Bin 0,1 no 650,0 I'u
4acTOTH MOMEHT pH MyCcKy 150%/1T'ny  (mpu  ympaBiiHHI

BEKTOPOM CTPyMY)

Kparnicts perymtoBaHHs | 1:50 (mpu yIpaBJliHHI
MIBUAKOCTI BEKTOPOM CTPyMY)
Tounicth perymoBanus |+ 0,5% (mpum  ynpaBiiHHI
IIBUKOCTI BEKTOPOM CTPYyMY)
Hecyua wactora ILIIM Bix 2 no 16 k'
Xapaktepuctuku U/f 18 (bikcoBaHUX 1 1
nporpamMoBaHa
XapaKTEePUCTUKHU
Temmneparypa cepenoBuia Bin -10 no+50° C
BigHocHa BoioTICTH Bin 0 1m0 95%  (6e3
KOHJICHCATY)
CryniHb 3axucty IP20 o I'OCT 14254-96
KepyBanHs po3roHOM /TabMyBaHHSIM JBa CTYIIEHI po3rony/

ranbmyBanHs (0,1 - 3600 ¢) 1 S-
KpHUBI1 (IUB. OMKUC KOHCTAHTHU 3-

05)

Bubip nomgatkoBoro o0xaHaHHS.

JIns migBHINEHHS SKOCTI KEepyBaHHS Ta OE3BIIMOBHOI POOOTH MPHUBOAY
PEKOMEHIY€EThCSl  3acTOCOBYBaTH cniibHO 3 [[UB  30BHilIHE J0JaTKOBE
obnanHanHs. Cxema HOTo MiAKIIOYEHHS] NpUBelieHa Ha pUCyHKY 2.8. HaBeneno

MPUCTPOI 3aXUCTy Ta KOMYyTallii 1 JIaHItory xuBjieHHs [TYB.
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Pucynok 2.8 — CtpykTypHa cxema IMiJIKIF0UeHHS MPUBOIY Moaudikaii

[T4YB103-2K2-A

Bubip MarHiTHuUX KOHTaKTOPIB.

MarHiTHUH KOHTAKTOp CIYXHUTh JJs MICHEBOro ab0 JAMCTAHLIIHOrO
KepyBaHHS >KUBJICHHSIM, a TaKOX JIJI1 BUKOHAHHS 3axucHuX ¢yHkmii [TUYB. s
neperBoptoBaya yactotu [IUB103-2K2-A BuOMpaeMo MarHiTHUM KOHTaKTOp
[IMJI-110 (BukoHaHHs 3a ctynenem 3axucty — [P00) 3 HomiHanbHUM cTpymMoM 10
A.

Bubip MepexxeBux JIpoceliB.

MeperxeBuii 1poceib MABUILYE KOS(IIEHT MOTYKHOCTI PEKOMEHYEThCS Y
TOMY BHUINAJIKy, SKIIO TOTY)XHICTh JDKepeia >KUBICHHS (PO3MOIIIBHOTO
tpanchopmaropa) Oinbmie 500 kBA 1 mepeBumgye B 1mmicTh 1 Ounbie pasiB
noTyxHicte [[YB abo skmo noBkuHA KaOeo MK JKEPEIOM >KUBJICHHS 1
IIEpETBOPIOBAaYEM 4acTOTH MeHIe 10 M.

I[Ipu poGoti iuBeprop I[IYB reHepye BwHII TapMOHIKH CTpyMy, SKi
CHOTBOPIOIOTH QopMy Ta cuMeTpito ¢a3 KUBIA4Oi Hanpyru. Yum Oublie
notyxHicte [IYB, ThMm Ouiblll CHOTBOPEHHS BIH BHOCUTh B CHUCTEMY

€JIEKTPOIIOCTa4aHHs. BuIlll rapMoHiKH CTpyMy MPU3BOASTH 10 JOJIATKOBHX BTpaT
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B MarHiTONpoOBOAax IHIIUX JIBUTYHIB 1 TpaHC(GOPMATOPIB, BUKJIMKAIOYX HArpiBaHHS
1 CKOpOUYEHHS TepMiHy ciryx)0u. Kpim TOro, BUIIl TapMOHIKH MOXYTh MPUBOJIUTH
10 HeCTaOUILHOT pOOOTH €ICKTPOHHUX MpriIais [13].

[Ipn panToBHX KOPOTKHMX 3aMHKaHb Ha BXoal 1 Buxoxl ITYB abGo npwu
I'PO30BUX MEPEHANPYKEHHIX B MEPEKI MEPEKEBUM TPOCETh 0OMEXY€E IMBHUAKICTh
HapoOCTaHHs CcTpyMy uepe3 aioau 1 Tpansuctopu [IGBT-moxyns, mo 3abe3neuye
YCHIIIHE CIPalbOBYBAHHS €JIEKTPOHHOIO CTpyMOBOro 3axucty [TUB.

3acTocyBaHHS MEPEKEBOTO Apoces B ckiaai npusoay [TUB:

1) no3BoJsie GBI MOBHO BUKOPUCTOBYBATH €HEPro30epirarwyi BIaCTUBOCTI
[TYB B nmpuBOAax HACOCIB, BEHTUIISATOPIB a00 1HIINX MEXaHI3MiB;

2) 3axMIIIa€e MEPEXKY eIEeKTPOIOCTavYaHHs B1J] BUILIUX TrapMoHik Big [TYB;

3) 3axumae [IYB Bim acumerpii 1 mepeHampyr B Mepexi
€JIEKTPOIIOCTauYaHHs;

4 ) migBuIrye KoeilieHT MOTYKHOCTI.

s meperBoproBaua uvactotu [TUB103-2K2-A BuOGupaemo MepexeBHit
npocesib OBEH PCO-025-A 3 HomiHanbHuM cTpyMoM 25 A Ta inaykTuBHicTIO 0,7
MI H.

Bubip pamiouactoTHHX QUIBTPIB.

Jlns  3a0e3nedyeHHs enekTpomarHiTHoi cymicHocti (EMC) Ha Bxoml
xuBieHHs [TUB pekoMeHyeThCs 3aCTOCOBYBATH paaiodacToTHl puibTpu (nam PY
- (impTpm). Hns  meperBoproBaua yactotTu [[UYB103-2K2-A  BuOupaemo
pagiouactotHuii  ¢ubTp EMFOI1A21A 3 HomiHanbHUM cTpymoM 11 A,
po3paxoBaHuii Ha Hanpyry 220B.

Bub6ip Buxiguux ¢utetpis s [TUB.

Jlis  miABWINEHHS  AKOCTI KEpyBaHHA Ta TepMiHy ciuyxOu AJ]
peKOMeHIy€eThCs 3acTocoByBaTH Ha Buxo/1 [TUB motopHi apoceni, apocemi dU/dt i
CUHYCHI (UIbTPHU.

OcHoBHe npusHaveHHs apoceniB dU/dt — 3HMKEHHS MBUAKOCTI HAPOCTAHHS

HAINpyTH 1 BEJIMYMHU NepeHanpyru Ha kiemax AT BHaAcHioOK iMIyJbCHOI GopMu
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nanpyru Big [TYB. JIpoceni dU/dt BcTaHOBIIOIOTHCS B Oe3mocepeiHii 0IU3bKOCTI
BiJl Buxoay [TYB Ta pekoMeHIyI0TbCSl B HACTYITHUX BUIIAIKAX:

a) IpY KOPOTKOMY KabeJsIi MIXK IepeTBOproBaueM 4acToTu 1 AJJ;

0) 31 crapumu abo mepemotatu A/l;

B) B arpeCUBHUX a00 3 BUCOKOIO BOJIOTICTIO CEPEIOBUILAX.

Jlns neperBoproBaua yactotu [TYB103-2K2-A Bubupaemo apocens dU/dt
ED3du-1,27/7 3 HomiHansHEM cTpyMOM 7 A 1 iHgyKTHBHICTIO 1,27 MIH.

[Tpu xuBnenni AJl Big [TYB mo #ioro 0OMOTOK MPUKIAAAETHCS IMITyJIbCHA
Hampyra 3 IIUPOKHUM YaCTOTHUM CIIEKTPOM, SKHM HETaTUBHO BIUIMBAaE Ha
BJIACTUBOCTI 130JISI[IHHUX MaTepiaiiB 1 BHUKJIMKAa€ TapMOHIKM B (opmi HOTO
dbazHoro CTpyMmy.

MortopHi apoceni 3HIKYIOTh 3arpo3y MpoOOr0 130JsIii 1 BEIUYHHY
nyJbcaiit ctpymy AJl, a Tak ke KOMIIEHCYIOTh €MHICHI CTPYMH JIOBFUX MOTOPHHX
Ka0eJliB 1 J03BOJISIIOTH 30LJIBIINTH iX JOBKHUHY.

Hns meperBoproBaua uyactotu [TUB103-2K2-A BuOupaemo wmepekeBHit
napocenib OBEH PMO-010-A 3 HoMiHasibHUM cTpymMoM 10 A 1 iHAyKTUBHICTIO 2,1
MI H.

CunycHi QiIbTpH SIBISIOTH CO00I0 KOMOIHAIIIO €MHICHUX 1 1HIYKTHBHHUX
eineMeHTiB. Bucoka uacrora mneperBopeHHs iHBepropa [IUB mnornuHaerbes
CUHYCHMM (UIBTPOM 1 Ha HOro BUXOJl BUXOJHUTh CHUHYCOiJajibHa Hampyra Oe3
TrapMOHIMHUX CKJIQJ0BHX, 1110 JI03BOJISIE 3HAYHO 30UIBIITYBATH JTIOBKUHY MOTOPHHX
kabemniB (1o 150 MeTpiB) Ta BUKIIOYAE HEOOXIIHICTh 3aCTOCYBaHHS €KPAHOBAHOTO
kabemto. Kpim toro, mpu sikicHii (inbTparii Hampyru, 3HIKYEThCS HarpiB Ta
akycTuuHui 1mmym AJ] mo 301abi1ye TepMiH Horo ciyxOu. CuHycHI (QLIBTpH
BCTaHOBITIOIOTHCS B Oe3mocepenHiit 6musbkocti g0 [TYB.

Jns  meperBoptoBaua yactotu I[IUB103-2K2-A BuGupaemMo cuHycHUU
¢ieTp EF3LC-5,5/10 3 HoMiHansHUM cTpyMoM 10 A 1 iHAyKTUBHICTIO 5,5 MI'H.

Po3paxyHok 3HaUeHHS MOTYHOCTI Ta ONIOPY TalIbMIBHOTO PE3UCTOPA.
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lanbMiBHUN pPE3UCTOP 3aCTOCOBYETHCSI MJisi TajdbMyBaHHS JBUTYyHa abo
MIBUKOTO 3HIKEHHSA HWOTO MIBUAKOCTI (OCOOJIMBO, JUIsl HABAaHTAXXCHb 3 BEIMKUM
MOMEHTOM 1Hepuii). [lpu ralbMyBaHHI AaCHMHXPOHHUM JBHUTYH TIpaIloe B
TEHEPATOPHOMY pPEXHUMI Ta Bijjgae enekrpuuHy eHepriro B [TUB, mo Bukimkae
NepeHanpyXEHHs B JAHI[l MOCTIHHOTO CTpyMy. JlJig TaciHHS MepeHanpyry B JaHIl
NOCTITHOTO CTPYMY BHKOPHCTOBYIOTHCSI TaJIbMiBHI PE3UCTOPHU, SIKI MEPETBOPATH
SNIEKTPUYHY SHEPTio B TeIUoBy [15].

JIist po3paxyHKy OIOpPY TaJbMIBHOTO PE3UCTOPA B 3aJIEKHOCTI BIJ IUKITY
HaBaHTAXEHHS PEKOMEHY€EThCSI BUKOPUCTOBYBATU HIXKUEOIIUCAHUHN aJITOPUTM.

Po3paxoByeMO MakCUMaJIbHUI MOMEHT TaJibMyBaHHSI Mamax. [JlaHuil MOMEHT
3QJIEKUTh BiJI MOYATKOBOI IIBUJIKOCTI YMOBUIBHEHHS N1, KIHIIEBOI IIBUAKOCTI
YHOBUIBHEHHS N2, 0a)KaHOTO Yacy yHOBUIbHEHHS tg 1 3araJIbHOTO MOMEHTY 1HEpUIi
cucreMu Jiot.

HeoOxignuit uyac rajbMyBaHHs Ta 3HAYCHHS TaJlbMIBHOTO IUKIY JJIsi
3a0e3MeveHHs 33J]JaHOTO MOMEHTY TaJIbMyBaHHS:

2-r-n

t =
°60-M

B max

(2.62)

_6,28-750 ~2 71e.
° 60-29

ED = (2.63)

t8
T

ED =ﬂ= 4,52%.
60

Po3paxyeMo MakcuMallbHy TaJIbMIBHY MOTY>KHICTb:
P _MBmax'(nl_nZ)
Bmax — 9, 55

29-700
Bmax 9’55

; (2.64)

=2,1xBm.

Bu3HaunmMo eeKTpuyHy NMOTY>KHICTh FaJbMyBaHHS:

P,=P, —k-P. (2.65)

B max mol?



P,=21-0,2-2,2=166xBm.
3a rpadikom, 300paxxeHoMy Ha pUCYHKY 3.3, BuOupaemo koedimieHT fk =

0,15. Buznauaemo HOMiIHaJIbHY MOTYKHICTh TaJIbMyBaHHS:

P
P ion = f_ﬂ; (2.66)
k
Poow = % =0,18xBm.

Buznauaemo MakCMMallbHO AOMYCTHUMUM OMIp TajdbMIBHOTO pE3UCTOpa st

3aJaHOI'0 OIUKJIY HAaBAHTAXXCHHS:

U 2
Rama <—B. (2.67)
’ Pa
2
220 o9160m.
1660

Bubupaemo ransmiBauit moayias FCI-BU-50 va 29 Owm.

2.6 Po3paxyHOK eHepreTHYHMX MOKA3HUKIB €J1eKTPOABUIYHA

Po3paxoByemo moBHY MOTYXHICTH [4]:

AR, =P, [i 1 (2.68)
M
1
AR, = 2200 —— —1 |- 675,8 Bm.
0,765

Po3paxoByeMo 3MiHHY CKJIaJJOBY BTPaTH MOTY>KHOCTI:

AR, = MH(a)O _a)H)'(l—}_&); (2.69)

2

AR, ,, =29-(78,5-75,83)- (1+ 3—32} =170,35Bm.

1
Po3paxoByeMo NoCTiiiHY CKJIaIOBY BTPATH MOTY>KHOCTI:

AR., =AP, — AP, (2.70)

VH 1

65



AR, =675,8—170,35 =505,45 Bm.

Busnauenns koedilieHTa BTpat NOTY>KHOCTI:

a =%; (2.71)
A})VH
50545

a= - &
170,35

AKTHBHA TIOTYXHICTb.
Po3paxyHOK KOpUCHOT BUTpaTH €HEprii:
A=M o -t; (2.72)
A, =29-75,83-0,8=1759,26 Bm - c.
ne: ®,,t — KyToBa IIBHIKICTH 1 4aC YCTAJICHOTO PEXKHUMY.

BusnaueHHs MOCTIHHOIT CKJIaIOBOT BTpATH €HEPTII:

2
AA ~ AP, (%} L (2.73)

0

2
AA, =505,45- (%853] -0,8=377,3Bm-c.

]
Bu3HaueHHs BEIMYMHU MPUBEACHOIO (Pa3HOrO CTPyMy pOTOpa B CTaJOMY
peXKUMI:

U
= 2 ; (2.74)

g

= 220 =2,56 A

2
\/{3,35+ 279) +(9,42)°
0,034

Bu3zHnaueHHs 3MIHHOT CKJIaJI0BOT BTpaTH €HEprii:
AA, :3.[|§ R+(1)) -6 R+(1) -6 R +Ré]tc; (2.75)

7ie: B — MOMIPaBOYHUNA KOCPIIiE€HT:
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—14 570 2k 2.76
8 U, (2.76)
g=14 261942
220

AA, =3-[6,17-3,35+2,56° -(1,52-3,35+2,79) | -0,8 =347,58Bm-c.

CrioxuBaHa 3 MEpEeXi CHEPTis:
A=A4,+A4 +AA4,; (2.77)
A =1759,26 +377,3+ 347,58 = 2484,14 Bm - .

Crio>KuBaHHSI pEaKTHBHOT €HepTii 3a 1K [7]:
>4 = Zn:s[lj (X +Xx,)+ (1;. )2 : (Xl + X! )} 1 (2.78)
i=1

A, :3-[6,12 .57.7 + 2,562 -9,42] .0,8=5300,96 B - c.

A
n, = 24 -100%; (2.79)
24
n, =119920 160 70,8%,
2484,14
KoeoimieHT moTy>kHOCTI:
A
cosg, = ; . —; (2.80)
(ZA4) +(Z4)
CoS@, = 2484,14 =0,42.

J(2484,14)° +5300,96°
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PO311J1 3 JOCJIIIKEHHSA CUCTEMMU EJIEKTPOIIPUBO/Y B
JUHAMIYHUX PEXKUMAX POBOTH

3.1 MaTtemaTH4Ha MOJeJIb i CTPYKTYPHA CXeMa AaCHHXPOHHOI'0O ABHI'YHA

TpaHcHopTepa

[ToOyyBaTH CTPYKTYypYy CUCTEMHU KE€PYBaHHS YaCTOTHUM €JIEKTPOIPUBOIOM
MOJKJIMBO 3aBJSIKH HOBOMY CY4YacCHOMY MIJIXOJy, 110 3aCHOBaHMM Ha IOBHHUX
mudepeHiaTbHUX PIBHAHHAX aCHHXPOHHOIO JIBUTYHA. Taka cucTeMa Ha3UBa€ThCS
CHUCTEMOI0 YaCTOTHOI'O KepyBaHHsS. AHami3 Ta CHHTE3 AaCHHXPOHHOTO
€JIEKTPOJBUTYHA MOKHAa BHKOHATH NPOCTIIIMMU MeTodamu. JludepeHiianbHi
PIBHSIHHS JJIs1 y3arajJbHEHOI MAaIlIMHU 3aMUCYIOTHCS B PI3HUX CUCTEMaX KOOpJUHAT.
[TpuitHsiTO BiCl KOOpAWMHAT ¢, [ HEPYXOMi 1I0A0 cTaTopa i Bici d, q — Hepyxomi
BIJHOCHO pOTOpa. 3amuc piBHSAHb B I[HMX BICIX € OKPEMUM BHIIaJKOM

MaTEeMaTHYHOT'O OIUCY MPOIeCciB ManuHu [4].

- dy,
U, =1,R + T — Y

dt
0= R dl//2u _ _
by, + dt (wk Wyt )l//zg
dy
0=1,R, + dtw (a)k — Wgy )‘/jzu

M =F, L12<i19i2u - iluiza)
v, = Ly, + Ll

Wig = Loy + Ly,

Vo =L, + L,

Was = Loy + Ly

(3.1)
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4

3arajJbHOMY BHUIIQJKy PpIBHSHHS

3aMUCYIOThCS  IIOJI0  JOBUIBHUX

KOOPJAMHATHUX BiCEH, HANIPUKIAI U, V , [0 00EPTAIOTHCS 31 IMIBUIKICTIO Wk, 3 SIKUX

MOXHa OTpUMAaTU OyJb-sKi MPHUBATHI BUMAAKUA POOOTHU EJIEKTPUYHOT MAIIWHU.

Sxmo npuiHATH BiChb U 3a JIHCHY, a BICb V — 3a YsABHY, TO JIu(epeHLIaTbHI

PIBHSIHHSI MOKYTh OyTH 3aIicaHi B BEKTOpHii Gopwmi [7].

MarematudHa MOACIIb I[BO(paZ’;HOFO ACMHXPOHHOT'O IBUT'YHA B BICIX U-V BUA:

w, =0

S dy,
U1:|1R1+%_Jweﬂl//2

- dy, . -
O=i:R,+—2 - jw
2Ry dt lo, v,

M = p,L,Im| ivi; |= an12(i1ﬂi2a _ilaiZﬁ)

JC. Wk — I]_IBI/II[KiCTB CUCTCMHU KOOPAWHAT,

lv, lu — CKJIQJIOBi CTPyMY; ¥/, , ¥/ ,— OTOKO3UETIICHHS;

R1 — omip ctaTopa; M — enekTpoMartHiTHUI MOMEHT JIBUTYHaA;

L, L2 — innykTuBHOCTI (pa3 craTopa i poropa; L1z — IHAYKTUBHICTD

B3aeMOIHYyKIIi1;U1— Hanpyra Ha cTaTtopi.

Ac:

di,
—2 —K (U
dt :

di

la

L =K, (U — iRy ) + Kiig, — K,

—i, R )+ Ky, + Koe

vl

ela

(3.2)

(3.3)
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K=t g -—le (3.4)
LL, - L, LL -L,
K,=K,R}; K, - L (3:5)
LL - Ly,
3
KS = K4Ré1 Ke :Emeﬂ; (36)
U, =U,,cos| g, (1)]; (3.7)
Ulﬁ :Ulm cos :¢€Jl (t):" (38)
b., = 2%]‘1}1@”.'0{0 Jat; (3.9)

Lnom (3.10)
ne: M, Mc — MOMEHT IBUT'YHA 1 CTATUYHUI MOMEHT ONIOPY MEXaHI3MY;
Js — cymMapHUii MOMEHT iHEpIlii MexaHi3Mmy.
Bci 3minHI 111€1 MOJ1eIT1 3MIHIOIOTBCS 3 4aCTOTOIO CTPYMY CTaTopa.
ImiTamiitna Moaenb ABO(a3HOr0 aCHHXPOHHOTO ABUTYHA B BICSX ¢ , f Mae
BUTJISA;
Ha pucynky 3.1 moka3zaHa CTpyKTypHa CXe€Ma aCHUHXPOHHOI'O JIBUTYHa,

no0y/IoBaHa Ha OCHOB1 MOei 1B0(Ga3HOTO aCHHXPOHHOTO JABUTYHA B BICAX & — [3

P

Pucynok 3.1 — CTpykTypHa cxema aCHHXpPOHHOTO JIBUT'YHA



3.2 Po3paxyHok mapaMeTpiB 00'€KTa KepyBaHHS

Jlns BuszHaueHHs koedimientie K1, K2, K3, K4, K5 ta K6 ans nBodasznoi
mozeni AJl moTpibHO po3paxyBaTi HEOOXiTHI TApaMETPH:

— IHIyKTUBHICTH CTAaTOpA:

X, +X
=" (3.11)
2r f
L - 1,119+79,88 01847 H.
314
— IHAYKTUBHICTb POTOpA:
X, + X
L, =—2—-%; 3.12
? 2 f (3.12)
L - 2,249+ 79,88 _0.197%.
314
— B3a€MHA 1HIYKTUBHICTb:
L= (313)
> 2xf] '
54
=——=0,172 1.
"2 =314
— €KBIBaJICHTHA 1HAYKTUBHICTb JaHI[IOra CTaTopa:
2
L=l - (3.14)
L2
2
L, =0,184 - 01727 0,0283 x.
K= . (3.15)
L1L2 - L12
K, = 019 ~=35,341/ I'n.
0,184.0,19-0,172
Lo . (3.16)

K,=—32—;
’ L1L2 _Liz
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0,172

K, = ~=31,9941/ I'n.
0,184-0,19-0,172

K, =K,R,; (3.17)
K,=31,994.2,79=89,261/ I'n.

K, :#; (3.18)

|-1L2 B L12

0,184

K, = ~=34,2261/ I'n.
0,184-0,19-0,172

Ky =K,R,; (3.19)
K, =34,226-2,79=95,491/ I'n.

3
Ky :Eanlz; (3.20)
3
Ky=>-4-0172=1,0320m
2
K, =R +R, (—;j (3.21)
L2
2
K, :3,35+2,79£0'1722 ]=5,640M.
L
T =—¢; 3.22
"R (3.22)
7 =0028 ey o Bewn o217 ool
c“T5e4 Tt gt VTR T YR

3.3 CrpykrypHa cXxemMa CHCTEMH «IepPeTBOPOBAaY 4YacTOTH —

ACMHXPOHHUI1 IBUT'YH» i pO3PAaXyHOK ii mapamMeTpiB

CrpykTypHa cxema A/ Ta quHaMiyHa JaHKa Ha il BXOJI 3 IEpeIaBaIbHOIO
dbynkuiero TIMYU 3o00pakeHa Ha pHUCYHKY 3.2 Ta € CTPYKTYpHOIO CXEMOIO

nineapuzoBaHoi cuctemu TIIY-/I, mo Mae HaCTymHUN BUTTIS;



73

@, (P) K., 27
W, . = =¥ : 3.23
Wich Uyq (P) PH ( )

ne: Uyy, Ky — Hanpyra kepyBaHHs 4acToToro 1 KoedimienT mocunenus TITY
10 KaHay YacTOTH.

3a ¢gopmynoro [18] po3paxoByrOTh MOAYJIh CTATHYHOI KOPCTKOCTI TaKUM

YUHOM.
p=lMe o My (3.24)
Doy - SK WOoy — Wy
p=—2) 1086
78,5—-75,83

" — l_ ?
Uy " .& v 24‘ (o = Itp . .@) 1 J"
,D: —b@—b TP +1 > 2.7 .D

- Coe 0
Mec

Pucynok 3.2 — CrpykrypHa cxema cucremu TITH-AJ]

EnextpomaruiTHa rocriifHa 4acy BU3HA4a€ThCs 32 (POPMYII0I0:

: (3.25)

1

T.=——=0,0114.
314-0,28

EnexTpoMexaHiyHa cTajla yacy eJeKTPOJIBUTYHA PO3PAXOBY€ETHCS TAKUM

YHUHOM.

T, =3-% (3.26)

T, =0,017782 _0,001.
63,8



3.4 BuOip BIpTYaJbHOI MOJAeJl €JEKTPONPHUBOAY i JOCJHiIKEHHS

nepexiiHuX npouecis

Haiibinpm  goUiIbHUM Ta €(QEeKTUBHUM MPOTPaMHUM MAKETOM JJis
MOJICJIIOBAaHHSI HAIMIBIIPOBIJHUKOBUX EJIEKTPONpPHUBOMIIB € cuctema MatLab abo
MaTpuyHa jabopaTopis 31 cBOiMH nakeramu po3mupeHHs Toolboxes. Marpuuna
naboparopis mNpuUAHATA B SIKOCTI OCHOBHOTO  1HCTPYMEHTY  BHMBUYEHHS
HaIIBIPOBITHUKOBOTO €JIEKTPONPHUBOA, 3TiAHO 3apyODKHMX Ta BITUYM3HSHUX
BYCHBb PO3poOHHMKIB [18].

IIpn pgocmipkeHHI HaIiBIPOBIAHUKOBOTO CIICKTPONPHBOJA OCHOBHUMU
nakeTaMmH po3upeHHs ciijl BBaxxkarn Simulink Ta Power System Blockset.

[Taker Simulink 31 cBOiMH pO3MIMPEHUMH TOMOBHEHHSIMH BCE X TaKH €
OCHOBHMM I1HCTPYMEHTOM BHBYEHHS PI3HHX €JEKTPOMEXAaHIYHUX CHUCTEM. 3a
JIOTIOMOTOFO IIHOTO MAKETy BUPINIYETHCS PsiI MUTAaHb, MOB'A3aHUX 3 JOCIIIKEHHSIM
cucteM ejnekTpornpuBoay. Ilaker Simulink wmae psng  BucokoedeKTHBHUX
MO>KJIMBOCTEH BiJl CTPYKTYPHOTO (MaTeMaTUYHOTO) MPEACTABJICHHS CHUCTEMHU J10
TE€HEPYBAHHAM KOJIB JUIA MPOrpaMyBaHHsS MIKpPOIIpoliecopa BIAMOBIIHO [0
CTPYKTYPHOI CX€MHU MOJIEIII.

bibniorexka Simulink € Habopom Bi3yanbHUX 00'€KTIB, 32 JIOMOMOTOIO SIKHX
MO>KHA JOCIIIUTH OyIb-sIKy CUCTEMY aBTOMAaTHYHOTO peryiroBaHHs. [IpakTtuuno
JUIS. BCIX OJIOKIB 1CHY€ MOXIJIMBICTh HaJlalITyBaHHs mapameTpiB. Ilapamerpu
HaJaIITyBaHHS B1JOOPa)KalOThCS B TTaHEN1 BIKHA HAJIAIITYBaHHS 00paHoro OJIOKY.

VY nocnimkyBany mozaens (puc. 3.3) yBIHIIUIA TaKi €IEMEHTHU:

— Asynchronous Machine SI Unit — roroBa Mojieib aCHHXPOHHOTO JIBUTYHA
napaMeTpaMH, BIAMOBIIHUMU HOMIHAJIBHUM MaCIOPTHUM JaHUM JBUTYHa
4A112MASY3.

— Tpudaszne JOKEpEo CUHYCOITAJIbHOT HaIpyru 3Phase

ProgrammableVoltage Sourse 3 HomiHanbHHUMH mapamerpamu:, Um = 380 B;
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3cyHyTI 10 (a3l oguH BiAHOCHO oAHOro Ha 1200, Moaentoouy TpudazHy cUCTEMY
Hanpyr 3 HoMiHanbHUMU 3HaueHHsMu: Uy = 220 B, U, =380 B, f =50 I'w.

— Three-Phase V-1 Measurement — tpuda3auii MyJIbTUMETp JUTs 3MIHCHEHHS
3aMipiB MEPEKEBOrO CTPYMY 1 HaIIPYTH.

— EIIEMEHTH THUIY Scope — Mojeni ocimiorpadiB s neperasany rpadikis
MEPEXKEBUX CTPYMY 1 HAMIPYTH, a TAKOXK 3MIHU B Yacl YaCTOTH OOEpTaHHS pOTOpa
JIBUTYHA 1 MOMEHTY Ha Horo Baiy.

— enemMeHTH Tuny Display i KOHTpPOJIIO CTaJOro 3HAUYEHHS THX K€
napameTpiB.

— SCOpe — eJIeMEeHT, 3a JOMOMOIOI0 SKOTO MOXJIMBO 3HSATH OCLUJIOTPAMHU
3MIHM IIBUAKOCTI 0OEpTaHHS pOTOpa ABUT'YHA 1 MOMEHTY Ha BaJly B 4aci.

— Constant — emeMeHT, 3a IOIMOMOIOK SIKOTO MOK/IHMBO 3MOJIEIIOBATH
NOCTIMHI HABaHTA)XKEHHS Ha BaJl JIBUTYHA.

— Timer — enemMeHT, 3a JOMOMOTOI0 STKOTO MOXJIMBO 3MOJICITIOBATA HAKHU]L 1

CKHIAaHHA HaBAaHTA>XCHH: Ha BaJl IBUT'YHA B IIEBHUI MOMEHT qacy.

78.83]

0.0121
—DI
fa—

<Elecromagnetc orgue Te (N m)>

{ Tm

A A
LI @: B ] al s =
Cc I I c
Three-Phase

Programmable
Voltage Sourced

<Rofor speed (wm)>

Asynchronous Machine Deplay
Sl Units4

]

Voltage Measurement Scope2

Pucynok 3.3 — BipTyasibHa Mozieib MyCKy aCHHXPOHHOTO JIBUTYHA

VY BIKHO BBEACHHS BBEAEMO NApaMeTpu OOPaHOro EJEeKTPOJBUTYHA

4A112MAS8Y3, BiANOBIAHI HOMiIHATBHUM TACTIOPTHUM JaHUM (puc. 3.4).
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MopaentoeMo MycK ABUTYHA I1]1 HABAHTAKEHHAM IPU TPHOX Pi3HUX YaCTOTaX

Harnpyru sxuBjieHHs f1 = 50 I'm, £ = 30 I'n, f3 = 15 ', BUKOPHUCTOBYIOYH 3aKOH

YaCTOTHOI'O PCTYIIOBAHHSA

-

U
— =const.
f

T =]
Asynchronous Machine (mask) (link) -~
Implements a three-phase asynchronous machine (wound rotor, squirrel

cage or double squirrel cage) modeled in a selectable dq reference frame
(rotor, stator, or synchronous). Stator and rotor windings are connected in

wye to an internal neutral point.

Configuration Parameters Advanced Load Flow

Nominal power, voltage (line-line), and frequency [ Pn(VA),Vn(vrms),fn(Hz)

[[2200 380 501
Stator resistance and inductance[ Rs(ohm) Lis(H) ]:

[[3.35 0.0118]

Rotor resistance and inductance [ Rr'{(ohm) LIF(H) 1:

[[2.79 0.018]

Mutual inductance Lm (H):

[0.172
Inertia, friction factor, pole pairs [ J(kg.m~2) F(N.m.s) p() 1:

[[0.017 0. 4]

Initial conditions

[ltooooooo]

<

Pucynok 3.4 — [Tapamerpu enektpoasuryna 4A112MA8Y3

Cancel Help Apply

Ha pucynky 3.5 nmokasasi nepexigHi XapaKTepUCTUKH IIBUIKOCTI 1 MOMEHTY

CJICKTPOABUTYHA NpH MycKy 0e3 HaBaHTaxeHHs, npu = 50 I'u U, = 380 B.

Pucynok 3.5 — IlepexigHi XapaKTepUCTUKH IIBUAKOCTI 1 MOMEHTY IIPH

Ha pucynky 3.6 mokazani mepexiHi XapaKTepUCTUKH IIBUAKOCTI i MOMEHTY
CJICKTPOJABUTYHA TIpH IycKy 0e3 HaBaHTaxeHHs, f = 50 I'u U, = 380 B; npu f = 30

TuU; =228 B;mpu f=20Tu U, =152 B; f=15Tu U, =114 B.

mycky 50 'Ll 6e3 HaBaHTa)KEHHS
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jat

Pucynok 3.6 — [lepexigHi XapaKTepUCTUKH MIBUAKOCTI 1 MOMEHTY pHU

nycky 50,30,20,15 T'L] 6e3 HaBaHTa)KEHHS

Ha pucynky 3.7 nmokasani nepexiJiHi XapakKTepUCTUKH IBUIAKOCTI 1 MOMEHTY
eJIEKTPOABUTYHA TIPHU MYyCKy Mij HaBaHTaxxeHHsM 10; 5; 0 Hm, xoxHi 2 ¢ nipu f =

50; 30; 20; 15 I'mm.

Pucynox 3.7 — IlepexigHi XapaKTepUCTUKH MIBUAKOCTI 1 MOMEHTY TIPH

mycky 1 HaBanTaxeHHsM (M = 10; 5; 0 H - m) 1 mpu £ = 50; 30; 20; 15 '

Ha pucynky 3.8 mokazani nmepexiiHi XapaKTepUCTUKH IIBUIAKOCTI 1 MOMEHTY
€IIEKTPOJIBUTYHA TIPH MYCKY i HaBaHTaxeHHsM 7 Hwm depe3 1 ¢ micas mycky npu

f=150;30;20; 15T
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Pucynok 3.8 — IlepexigHi XapaKTEpUCTUKH IIBUIKOCTI 1 MOMEHTY TIPH

nycky nija HaBanTaxxenusm (M =7 H - m) 1 npu = 50; 30; 20; 15 T'w.

BpaxoByroun oTpuMaHi nepexiiHi XapakKTepUCTUKU MOKEMO CTBEPIKYBaTH,
10 MPU MPONOPUINHOMY 3HUKEHHI HAIPYyTH Ta YaCTOTH 3HMXKYETHCS BIAMNOBIIHO
3HAYEHHS HOMIHAJIBbHOI INBUIKOCTI Ta 4Yac JOCITHEHHSA 1€l MIBUAKOCTI.

EnextpoaBuryH mosxe 3a0e3ne4nTH HOMiHAJTbHUM MOMEHT.

3.5 Bu0Oip peJie KOHTPOJIIO PiBHA

JluctaHuiiHe KepyBaHHS €JNEKTPUYHUMHU JIAHIIOraMM B OAHO(Da3HHUX
EJIEKTPUYHUX Mepekax MOCTIHHOro ad0o 3MIHHOTO CTPYMY MOKJIMBE 3aBJISIKH peJie.
Pene KOHTpoOstO pIBHS Mae€ IIMPOKUWNA [1alla30H pEryJjioBaHb, a TaKOX Jae
MOJKJIMBICTh PETyJIIOBATH Jlala30HU CIPallbOBYBAaHHS IO KOXKHIM KOHTaKTHIN
rpymi

J11st 301IbIIIEHHS TEPMIHY CITYKOH pelie, Horo peKOMEHI0BaHO 30epiratu Bij
BIUIUBY KJIMaTUYHUX (AKTOPIB B YNAKOBILI BUPOOHMKA, Yy MNPUMILICHHSIX 3
OPUPOAHOIO BEHTUJISALIIEIO TPU TEMIIEPATypl HABKOJIMIIHBOIO TOBITPS BiX -35 © 10
+75 °. PekomeHIyeTbCsS JOTPUMYBATHUCh YMOB 30€piraHHs peje, a came He
JIOITYCKaTH KOHJICHCAI[iI0 BOJIOTH Ta 3JIC/ICHIHHS.

Pene koOHTpONIO pIiBHS MNPU3HAYEHO JJIS KOHTPOJIO PIBHS PIAMHH B

MUCTCPHAX, E€MHOCTAX, KOJOIA3AX TOIIO 3 BHAAYUCIO CHI'HAJIy KCPYBAHHA JIA
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BKJIFOUEHHSI Hacoca, 110 Bijkauyye abo 3akauye. CyTh poOOTH pelie MoJsArae B 3MiH1
OTIOpY TPOBIAHOT PIIMHM MK JaTdydKaMu ejleKTpoiamMu. JIaTYMKW B KOMILICKT
MOCTAa4aHHS HE BXOJIATh. /[Ba KOHTPOJILOBaH1 PiBHI.

Tun: Pene pisast ORL 24-240 B AC/DC IEK

— Tun niAKIIOYeHHS: TBUHTOBE 3'€ THAHHS.

— HominanbeHa Hanpyra sxuBieHHs janmora kepysanas Us AC 50 I'u: 24 B.

— HoMmiHaneHa Hampyra >KHMBIIEHHs JaHLiora kepyBaHHsA Us MNOCTIHHOIrO
ctpymy DC: 240 B.

— Tun nanpyru kepyBanus: 3min/noctii. (AC/DC).

— MinimanbHa 3aTpUMKa Ha BKJIFOYEeHHS: 1.5 c.

— MakcumanbHa 3aTpuMKa BKIIOYEHHS: 1.5 c.

— [IpuHuun BUMiproBaHHA: OyAb-SIKUU.

— [Mupuna: 18 mm.

— Bucora: 90 mm.

— 'mubuna: 64 MMm.

Al 12 14
Min PiBeHB

Max

Peny RepysaEsn 2 pises Peang ppysanms-| pissss |
[ [

Pucynok 3.9 — CxemMa migK/IIO4eHHS pelie PiBHS

[lepeBaramMmu BUKOpPUCTaHHSI peJie KOHTPOJIIO PIBHS € peajizalisi CXeMm
poOOTH JApPEHaXHUX HACOCIB Ta CHUCTEM KOHTPOJIO PIBHS PIAUHMU JIUIIE 3a
JIOTIOMOTOI0 OJTHOTO peJie, MOHTaX Ha craHnapTHy 35mm DIN-peliky Ta rapaHTis

B1Jl BUpOOHHKA CKJIAJa€ 5 POKIB.



PO311J1 4 EKOHOMIYHA YACTHUHA

4.1 TexHiKk0-eKOHOMiYHE OOTPYHTYBAaHHS

OCHOBHOIO METOI) MAariCTepChbKOro JOCTI/DKCHHS € MOJIepHI3alis Ta
JIOCTI/DKEHHSI  €NEKTPONpPHBOJA  TPOCOMIA0OBOTO  TpaHCmopTepa  AJA
BUTOJIOBYBaHHSI CBUHEH Ha CBUHOKOMIUIEKCAX. SIK 3a3Hauanocst BUIE, y HalIii
KpaiHi CBUHAPCTBO € €(PEKTUBHOIO Tally33l10 CUIbCHKOTO TOCIOAApCTBa, TOMY Ha
Jep>KaBHOMY PpiBHI 1M NpUILIsAETbCS 3HAauyHAa yBara. Yepes Te, 10 OCHOBHI
TEXHOJIOT1YHI TPOIECH BUPOOHHUIITBA CIIILCHKOTOCTIONAPCHKOT MPOAYKIIii MOB'sI3aH1
3 OlOJIOTIYHUMH TIPOLIECAMH, J€ HEOOXIAHO BPaxOBYBATH YMOBHU YTpPUMAaHHS
TBapHH, aBTOMAaTU3allisl B CLUILCbKOMY FOCIIOAAPCTBI € 0COOIMBOI0. ABTOMATH3AIIA
B CLILCBKOMY TOCIOJApPCTBI, a caM€ y CBHHApCTBI, MpPHU3BeAC M0 30UIbIICHHS
00cAriB BUXOAY MPOAYKIIii, MIJBUILEHHA 1i SIKOCTI Ta YTPUMaHHS Ha HAJEKHOMY
piBHI.

[Ticnst MmoepHizallii eJIeKTPOPUBO/Ia TPOCOIIAHOOBOTO TpaHCIIOPTEPA:

— 3MEHIUUTBHCA KUIBKICTh PEMOHTIB YM TEXHIYHHUX OOCIYroByBaHb 3a
MIXPEMOHTHHH MEPIOT;

— 3MCHIIUTHCA  CIOKMBAHHS  CJICKTPUYHOI  €Heprii  3a  paxyHOK
ONITHMAJIBHOTO KEPYBAaHHS €IIEKTPOTIPUBOJIOM;

— TOJIOBXUTHCS TEPMIH MPUAATHOCTI MEXaHIYHUX YACTHH E€JIEKTPOIPUBOAA

3a paxXyHOK 3HHUXCHHS BIIJIMBY I[I/IHaMi‘IHI/IX HAaBaHTAaXXCHb.

4.2 Bu3sHayeHHsI BHTPAT HA MOJEpPHiI3alifg eJeKTPONpuBoOIA

TPaHCIOpTEpa

Jnst MOJIEpHI3allli ~ EJIEKTPONPUBOAA  TpPAHCIOPTEpA  3aKYIUIEHI

KOMIUJIEKTYIOU1, IEPEITiK SKUX 3BeIeHUI y Tabnuito 4.1.
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Tabmuusg 4.1 — Ilepenik HEOOX1AHUX KOMILIEKTYIOUUX

KinekicTs Ha Ilixa 3a
HaiimenyBanHs Cyma,
OJIMHHLIIO, OJIMHULIIO,
KOMILJIEKTYIOUOTO TPH.
IIT. TPH.
JBuryn 4A112M8VY3 1 6000 6000
T4 E2-8300S3L 1 3700 3700
Kontponep Mitsubishi
1 10 000 10 000
AL2-24MR-D
Pene piBas ORL 24-
1 600 600
240 B AC/DC IEK
Pazom 20 300

TakuM 4MHOM, BUTpATH Ha MPUAOAHHS KOMIUIEKTYIOUMX JUIsl MOJAEpHI3alii
eJIEKTPOINIPUBO/IA TPAHCIIOPTEPA IOPIBHIOIOTH!

3« = 20 300 rpH.

Po3paxyHok 3apoOITHOI MJIaTHI 3 HApAXyBaHHSIMHU.

Jlns  BCTAHOBIIGHHS  CHUCTEMH HEOOXITHO BHKOHATH  pPOOOTH  TO
BCTAaHOBJICHHIO, MOHTaXy CHCTEMHU KEPYBaHHA, JEMOHTaXy CTaporo oOJaJHaHHS,
HaJlaaIi Ta MycKy cucteMu. Bkazani poboTu OyAyTh mpoBoAMTH Opuraaa 3 2-X
CITIOCAPIB 5-T0 PO3PsIAY MPOTATOM 2-X JHIB.

Butpatu Ha 3apo0iTHY MJaTy 3 HapaxyBaHHSIMH BU3HAYUMO 32 (HOPMYJIOIO:

m
Sym =K, A -t thi (1+H); (4.1)
i=1

ne: Kus — koedilieHT, SKUi BpaxoBy€ HaKIaJHI BUTPATH Ha 3apoOITHY
miaty, K= 1,3;

A - Koe(dilieHT, AKui BpaxoBye npemii, A =1,25;

t — yac BUKOHaHHS POOIT, TO;

Cii — yacoBa Tapu(Ha cTaBKa MpailiBHUKA 1-TO PO3PSAY.

H — Hopma HapaxyBaHHA Ha 3apo0iTHY mnaty, H = 0,22;



M — KUIBKICTh pOOOYMX, YOJI.

S, =13-1,25-2-(37,87-2)- (1+0,22) = 2402, 47 rpn.

BusnadeHnHs 3arajgbHOi CyMH BUTpAT.
Butparn Ha MOzepHi3allif0 €IEKTPONPUBO/IAa TPAHCIIOPTEPA K CYyMy BUTpaT
Ha KYIIIBIIIO KOMIUICKTYIOUMX Ta BUTPAT HA 3apOOiTHY IUIATy 3 HapaxXyBaHHSIMHU
pOOITHHKAM, SIK1 IPOBOJISITH MOJICPHI3AIIIIO:
3m = 3k T 350w ; (4.2)
3w =20 300 + 2402,47 = 22702,47 rpH.

4.3 Po3paxyHok piuHoro ¢onay podoTu TpaHcnoprepa

PospaxyHok piunHoro ¢onay uacy poOOTH TpaHCHoOpTepa MPOBEAEMO 3a

dbopmyioro:

T,—— to . (4.3)

ne: To — piununii pora podoyoro vacy, To =251 aHiBs;

tem — TPUBAJIICTH 3MIHU B MAITUHO-TOJIMHAX, tey = 8;

Ken — KO€(dimieHT 3MiHHOCTI poOOTH ycTaTKyBaHHs, Kew = 2;

Jlp — IpocTOi B MalIMHO-JHSAX y BCIX BUJAX TEXHIYHOTO OOCIYrOBYBaHHS 1
PEMOHTY, SKHH TPHUXOAWTHCI Ha OJHY MAIIMHO-TOJIWHY, BHU3HAYUMO 32

dbopmyIioro:

N =" (4.4)

Je: N — YUCIO PIZHOBHUIIB TEXHIYHMX OOCIyrOBYBaHb Ta PEMOHTIB 3a
MI>XPEMOHTHHH TIEPIOT;
dpi — TpuBamicTh TmepeOyBaHHS B 1-My PEMOHTI YW TEXHIYHOMY

00CITyroByBaHHi;
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aj — KUIBKICTb 1-X PEMOHTIB UM TEXHIYHUX 0OCIYyrOBYBaHb 332 MI)KPEMOHTHHM
nepioz;

Jlo Ta micis MoJepHi3allii yac MIXKPEMOHTHOTO IUKITY ckianae 8760 roauH.
o ynockonanenuss CAK npoBoaunocs 15 ormsaniB BopoaoBx 1,0 roaunu, a micis
5 ornsiaiB Briponosxk 1,0 roguan. BpaxoByroun HaBeneHe, PO3paxoByEMO MPOCTOT

B MAIIMHO-IAHSAX MpPH BCIX BUJAAX TEXHIYHOIO OOCIYroByBaHHSA J0O Ta MICHA

MOJEpHI3aIli:
I = 1-1-15 ~0,0017 MaH_I.}IHlB;
P 8760 MAlIILIO/1
I, :1-1-5 —0,0006 MaI]_I.I[HlB;
P 8760 MAIILTOT

Toni piunmii poHA Yacy podbOTH TpaHCIIOPTEPa JOPIBHIOBATUME BiAOBITHO:

251

Ti=— =3909,66 rox,
= 40,0017
82

Tu=—3 21 _3977,81 ron,
—=~+0,0006
8.2

4.4 Po3paxyHok piyHOIL eKCILIyaTaliifHOL NPOAYKTHBHOCTI

TpaHcHopTepa

Piuna excrutyaramiifHa TPOXYyKTHBHICTH TpaHCHOpTEpa BHU3HAYAETHCS 3a
bopmyoro:
B=B; T, Ky; (4.5)
ne: Ber.m — rogMHHA eKcIuTyaTalliiiia IpoyKTUBHICTh, (1,5 T/ron),
Kmp — xoedimieHt, mo BpaxoBye MNPOCTiH, HE BpaxoBaHE B TOJUHHIN
eKCIUTyaTalliifHIi TpOayKTUBHOCTI.
[Ticns MopepHizalli eIeKTPONpPUBOJA TPAHCIOPTEPA Ta BCTAHOBIICHHS

JaTYMKA PIBHS MPOIYKTUBHICTh TPAHCIIOPTEPA HE 3MIHUTHCS.
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Takum 4yWHOM, 10 Ta TICIs MOJEPHi3allii eJIEeKTPOINPUBOJAa TpaHCIOpTepa
pluHa IPOAYKTUBHICTH CKJIAJIAE:
B1=1,5-3909,66.0,9 = 5688,56 T1/pik.
[Ticnst MmonepHi3anii:

B>=1,5-3977,81.0,9 = 5787,71 1/pixk.

4.5 Po3paxyHOK NOTOYHUX PIYHMX BUTPAT

[ToTouH1 piuHiI eKCIUTyaTalliiHI BUTPAaTH BU3HAYAIOTHCS JJIA TpaHCcHopTepa
JI0 Ta TICIs MOJIepHI3aIlii.
3a mpouecoM poOOTH TpaHCIOPTEpa CIOCTEpIrae OJMUH OINepaTop S-To
pO3psiy, MICHs MOJAEPHI3allil €IEeKTPONPUBOAA TPAHCIIOPTEPA CKIIa] HE 3MIHUTHCA.
Butpatu Ha 3apo06iTHY 1U1aTy 10 Ta Micias MOAEPHI3aIlil CKIIa1aloTh:
S3n=1,3-1,25-3909,66-37,87-1-(1+0,22) = 293526,62 rpH.
S3n=1,3-1,25-3977,81-37,87-1-(1+0,22) = 298643,14 rpH.

BusHaueHnHsi BUTpaT Ha TEXHIYHE OOCITYrOBYBaHHS Ta MOTOYHHM PEMOHT
CAK Tpancnoprepa.

Butpatn Ha TexHiuHe oOciayroByBaHHd 1 mnotouyHuid pemoHT CAK
BU3HAYUMO 32 POPMYJIOIO:

Sto = Sto3 + StoM; (4.6)

ne: Sto3 — BUTpATH HA 3apO0ITHY IJIaTy PEMOHTHHUKIB 3 HApaxXyBaHHAMU;

Stom — BUTpATH HAa MaTepiaiy Ta 3aacHl YaCTHHH.

Butpatun Ha 3apoOiTHY muiaTy peMOHTHHX POOITHUKIB 3 HapaxyBaHHSIMU
BU3HAYAIOTHCS 32 POPMYIIOLO:

T m

Sto3 :T_P'Km A -Gy 'Zapi "y -(1+ H); (4.7)
1T i=1
ne: Cp — cepemns TapudHa CTaBKa PEMOHTHOTO POOITHUKA, IO

00CITyTOBYIOTh YCTaHOBKY, TPH/TO/I;



api — KUIBKICTh TE€XOOCIYroBYBaHb 1 MOTOYHUX PEMOHTIB 0€3 KamiTaJbHOIO
PEMOHTY;

Ypi — TPYJAEMKICTb 1-TO TEXHIYHOT'O 0OCIYTrOBYBaHHS Ta IOTOYHOT'O PEMOHTY,
J0 1 micas — up; =7,58; u, =6,25.

Butparu Ha maTepianu Ta 3amacHi YaCTUHU BH3HAYAIOTHCS 32 (OPMYIIOH0:

Spy@-H)

= KIH K

Srom Ksps (4.8)

H3

ne: Kim — HopMa HakJagHUX pO3XOJIIB 3a BCiMa BUJAMHU BUTpPAT, KpIM
3apo6itHoi matu, Km = 1,1;

Ksp — xoedimieHT mepexoay Bij BUTpAT Ha 3apoOITHY IUIATY JI0 BUTpAT Ha
MaTepiajy Ta 3amnacHi yactunu, Kzp = 1,25.

Jlo MoaepHizalii I TEXHIYHOTO OISy Ta MOTOYHOTO PEMOHTY HEOOX1THO
Ornsan mpoBoauThCs 15 paziB Ha pik 10 MoJepHI3aIlii Ta 5 mics.

~3909,66
TO31 8760

Syops = 398772’:)31 1,3-1,25-1-5-6,25-37,87- (1+0,22) = 1065,37 rpn

-1,3-1,25-1-15-7,58-37,87 - (1 + 0, 22) = 3809, 81rpH.

Burtparu Ha MaTepianu Ta 3amacHl YaCTUHU O MOJEpPHI3allli CKJIa1at0Th:

13809,81-(1-0,22)
1,3

Son; =11 1,25 = 3143,09 rpH.

ButpaTtu Ha MaTepiany Ta 3amacHi YaCTUHHU ITICJIsI MOJIEpHI3allii:

11065,37 - (1-0,22)
13

S,ons =11 1,25 = 878,93 rpH.

Takum 4MHOM, BUTPATH HA TEXHIYHE OOCIYyrOBYBaHHS Ta MOTOYHHN PEMOHT
TpaHCIIOpTEpa 10 MOACPHI3aIii CKIIAJIH:
S;o =3809,81+3143,09 = 6952,90pH.
MICIIsE MOJIEpHI3aIlli:

S;o, =1065,37 + 878,93 =1944,30rp=.

Benuunny BUTpaT Ha €JIEKTPOCHEPT1H0 BU3HAYUMO 32 (POPMYJIOIO:
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Sen =K - Wiy - Big - T (4.9)
ne: Ben — uina 1 kBt/rog enexrpoeneprii — 5,5 rpH;

WEn — BuTpara 3a ronuHy eHeprii, kBr/ro.

EneproobnagHanHs TpOCOIIaii0OBOTO TpaHCIOpPTEpa CHOXKUBaIO 2,2
kBT/ron, micms MonepHi3aimii  eNeKTpONpHBOAA TpPAaHCIOPTEpa, a came
BCTAHOBJICHHSI €Hepro3oepirarouoro enekrponpuBona mno cucremi [TYU-AJ]
eHeprocnoxxupanHs 3MeHIuThHes 20 %.

Buxopasuu 3 11b0ro BUTpaATH Ha €EKTPOCHEPTIIO 10 MOJIEPHI3AIIil CKIIAIN:

Sgp =11-2,2-5,5-3909,66 = 52037,57 rps.

ICJIsT MOJIEpHI3aIIii:

SEHZ = 1’1 21 2- 0180 : 5, 5 : 3977, 81 = 42355, 72 I'pH.

Po3paxyHOK cyMu piuHUX BUTpAT Ha EKCIUTyaTaIlif0 TPaHCIIOPTEPA 3BEACHUN
y Tabnuio 4.2.

Tabmuns 4.2 — Cyma piuHUX BUTpAT HA €KCILUTyaTalllio

Benuuuna Butpar
HaiimenyBanns crarti Butpar | Jlo BnpoBamkeHas | Ilicis BompoBaKeHHS
CAK, rpH. CAK, rpH.
3apruiara 3 HapaxyBaHHSIMHU 293526,62 298643,14
TO Ta noToYHUN PEMOHT 6952,90 1944,30
Enexrpoenepris 52037,57 42355,72
Pazom 352517,09 342943,16

4.6 Po3paxyHoOK BapTOCTI MAIUMHO-TOAUHHA POOOTH TPaHCIIOpTEpPa

Po3paxyHOK BapTOCTI MAaIlIMHO—TOJIMH PO3PaxyeMO 3a (POpMYIIoL0:

s - (4.10)

M
TP

Jlo MonepHi3aillii BapTiCTh OAHIET MAIIMHO-TOIMHM CKJIajana:
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_ 352517,09

M T3509.66 =90,17rpH./ TOA

[Ticis MmoepHi3alii BapTiCTh OJHI€T MAIIMHO-TOIMHYU 3MIHUIACH 1 CKIIaJIa€:

| 342043,16

_ _86,21rpH. /
Mr2 = 3977 81 Rkl

4.7. Po3paxyHOK BapTOCTi TEeXHOJIOTIYHOI omepaunii Ha OJXUHUIIO

NMPOAYyKIil

BapricTs TexHOMOTIYHOT onieparlii BU3Ha4a€eThes 3a (PopMyIIoro:

S
Sy =+ (4.12)
Jlo MonepHi3alii BapTICTh CKJIajala:
=220 61 o7 rp /.
5688,56 '
[Ticnst MoepHi3allii BapTICTh CKIAJAE:
0 = 34294316 59,25rpH./ T.
5787,71

4.8 Po3paxyHOK €eKOHOMIYHOI0 e()eKTy BiJ IPOBeAeHHS MOAEPHi3awil

Piununii ekoHOMIYHMI e(eKT BiJl MPOBEIEHHS MOJIEpHI3allll BU3HAYAETHCS 3a
dbopmyIioro:

E= (Snl - Snz) -B; (4.12)
E= (61,97 - 59,25) -5787,71=15742,57 rpu / pix.

TepmiH OKYMMHOCTI BUTPAT MO MOJIEpHi3allii po3paxyemo 3a GopMyIIor:

3

T ZFM; (4.13)



OTtxe, TepMIH OKyHOCTI pubnu3Ho 1,44 pokis.

TaOmuna 4.3 -

T 22702,47
15742,57

TexHIKO-eKOHOMIUHI

JOCIIJIKEHHS €JIEeKTPONPUBOA TPAHCIIOpTEpa

= 1,44 poxis.
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MOKA3HUKW  MOJIEpHi3alii Ta

: 3Ha4YEeHHS
Onuanin .
[MToka3HuKH . 10 TicIIst abCoTFOTHE
BUMIPY N N
MojiepHizarii | MojepHizamii | BiIXuieHHs

1. Kal'IlTaJ'II.)Hl B:I/ITpaTI/I rpi. . 2270247 <
Ha MOJICPHI3aIlif0
2. Piunuid omn sacy ror. 3909,66 3977,81 68,15
pobotu
3. Pi 111

fHa cremyatatima - 5688,56 5787,71 -99,15
POYKTHBHICTh
4. Piumi excruyaranidsi rpH. 352517,09 | 34294316 | +9573,93
BUTPATH, YCHOTO:
y TOMY YHCJIL:
BUTPATH Ha OIUIATY IPH. 293526,62 298643,14 -5116,52
nparii
Butparu Ha TO Ta TP I'DH. 6952,90 1944,30 +5008,60
puTpatiHa rpH. 52037,57 42355,72 +9681,85
eJICKTPOCHEPT10
5. Bapticts ogHi€el FpHL/TOL. 90,17 8621 +3.96
MalIMHO-TOIMHHA POOOTH
6. Bapricte | rpuse 61,97 59,25 2,72
TEXHOJIOTTYHOT OTepariii
7. PluHMi1 €KOHOMIYHHI rpi. . 15742 57 X
edexT
8. CTpok OKymHOCTI . 144

POKIB X , X

KaIlTaIbHUX BKJIaJACHb




BucHoBku 3a po3nuioMm

Butpatu Ha  TexHiuHe OOCIyroByBaHHS Ta IIOTOYHHUHA  PEMOHT
eJIeKTPoOoOJIaIHaH s 3MeHIIIUCh Ha 72,04 %.

Butpatu Ha enekTpoeHeprito eleKTponpruBoAa 3MEHIIWINUCH Ha 18,61%.

Baprictbs MammHo-roAHN pOOOTH €IEKTPONPHBOa 3MEeHITMINCH Ha 4,39%.

BapricTe TexHIUHOI omneparuii AJisi OAMHUIN MPOAYKII MICAs MOJepHi3alli
3Hu3uiIack Ha 4,39%.

ExonomiuHa eeKkTHBHICTH BijJ MPOBEICHOI aBTOMaTH3allii ckiana 15742,57
TPH.

Ctpoxk okymHOCTI BUTpAT ckianae 1,44 pik.
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BUCHOBKHA

3aBAsSKHM  TPOBEACHUM Yy  MaricTepchkii  poOOTI  AOCIIKEHHSIM
TEXHOJIOTITYHOTO TPOLECY NPUTOTYBAHHS Ta pPO3/Jadl KOPMIB BHSBICHO, IO Y
Cy4acHOMY CBHHApCTBI, B OCHOBHOMY, 3aCTOCOBYIOTHCS HaITiBaBTOMAaTHU30BaH1
KopMopo3snaBadi. ToOTo, y Tiporiec ToyBaHHs Ta pO3AaBaHHI KOPMY BTPYYa€ThCS
oreparop, 110 3a3BUYail HEraTUBHO BIUIMBA€ Ha KIHIEBUW pe3yibTaT, a OTXKE Ha
BCIO €(PEKTUBHICTh TEXHOJIOTTYHOTO MPOIECY BUTOJOBYBaHHS HA CBUHOKOMILIEKCI.

JloBenieHo, 10 AOLIIBHUM Oy/ie BUKOHAHHS aHAJi3y MpU3HAYEHHS, TUITY Ta
KOHCTPYKIli KOHBEEpIB. PO3MISIHYTO yMOBH Ta pPEXUMH POOOTH KOHBEEPIB,
NPOAHANTI30BAaHO  CHUCTEMH  €JCKTPONPHBOJIB, IO  3aCTOCOBYIOTBCS Y
TpaHCIIOpTEpax.

[IpoBeneHo po3paxyHOK MPUBOAY TPOCOLIAOOBOro TpaHCIoOpTepa, 3a
pe3yibTaTaMu SIKOro OOpaHO ACHMHXPOHHHWH ABUTYH BIAMOBIAHOI MOTY>KHOCTI.
[lobymoBano mpupoaHi Ta IITYy4YHI MEXaHIYHI Ta  eJIeKTPOMEXaHIuHI
XapaKTepPUCTUKU €NEeKTPOABUTYHA. bylo o00paHo mneperBopiroBad YacTOTH Ta
MIPOBEICHO PO3PAaXyHOK HOro mapaMeTpiB Ta mimiOpaHe JOJATKOBE O0JIaTHAHHS.
HaBeneHo cxeMmy MiAKITIOYEHHS TIEPETBOpIOBaYa YacTOTH JO ACHHXPOHHOTO
JBUTYHa Ta EJCKTPUYHOI Mepexi. 3IIHCHEHO pO3PaxyHOK CHEPreTUYHHX
MMOKA3HUKIB €JIEKTPOABUTYHA.

CkiialeH0 CTPYKTYpHY CXeMy 3aMKHYTOi CHCTEMH aBTOMAaTH30BAaHOIO
€JIEKTPONPUBOAY Ta BHU3HAYEHO TMepeJaBajbHl (YHKIII OCHOBHHMX CHJIOBUX
eJeMeHTIB. BuBYeHO mepexiHi XapaKTEpPUCTHKH ACHHXPOHHOTO JIBUTyHa Ta
3MOJyJIbOBAHO BIPTyaJIbHY MOJENb €JIEKTPONPHUBOAY B TMAaKETl MPUKIATHUX
nporpam Matlab.

Y eKOHOMIYHOMY pO3/iJ1 BUKOHAIM TEXHIKO-€KOHOMIUYHE OOIPYHTYBaHHS
MOJIEpHi3allii eJIeKTPONPUBOAA TPOCOIIAHOOBOTO TpacmopTepa Ta JOBelIeHa

E€KOHOMIYHA €()EKTUBHICTH 3aIIPOIIOHOBAHUX 3aXO0/IIB.
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Honatoxk A

SECTION 1 ANALYTICAL PART

1.1 General information

Consider the pig farm as a place to keep a large number of pigs, feed and long-
term storage of organic waste. In other words, it is a series of technologically
integrated facilities and facilities designed for the full technological cycle of pig
farming - from birth to slaughter and processing of pig meat. In Figure 1.1. the
master plan of a typical pig complex is schematically given.

Animals are kept in special rooms - piggeries. Feed mills produce feed
mixtures. In the future, feed mixtures are sent by conveyor to the feeders, where pigs
kept in the pig farm are fed directly.

Traditionally, in pig breeding, stationary systems of distribution of dry and
liquid feed mixtures are used for, respectively, dry (80% of farms use) and liquid
(20% of farms use) type of feeding. Dry type of pig feeding is more popular, due to
lower investment costs for the installation of equipment, easy maintenance of such
equipment and a high level of sanitary and hygienic condition of the pigsty. For fast
and high-quality distribution of compound feeds, automated technical means are
used at all modern world and domestic pig farms when feeding all sex-age groups
of pigs. It should be noted that pigs are fed to fattening and piglets on rearing. All
other sex-age groups of pigs are fed a clear portion diet.

For constant automatic feeding, feeders should be made so that as the food is
eaten by animals, it came again according to the established diet. Through special
feed wires, feed enters the pigsty from the outer hopper. If the room of a pigsty has
a difficult configuration, it is necessary to apply chain and washer conveyors.

Sows with suckling piglets and single-pregnant sows are on special feeding.

For sows with suckling piglets, the feeder is fixed in the fence, and at a certain time
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in a given amount through the dispenser they are fed the feed mixture. Similarly,

single-pregnant sows are fed individually.

Figure 1.1 - General plan of the pig farm

When group sows are kept in a pig farm, the feeding technology is more
complicated, because each sow is clearly measured and fed her dose. This is the
main feature and technology of feeding sows in group keeping. It is also necessary
to prevent weaker animals from pushing weak animals away from their feeding
grounds. The distribution of the feed mixture is organized quickly enough so that
the sow eats it without leaving the other feeder. To do this, the feed distribution

system is equipped with individual dosing devices.

1.2 Preparation of feed

One of the important and time-consuming technological operations is the
technology of preparation of feed for pigs. If we take into account the total labor
costs per unit of output, then 50-60 % is spent on feed preparation. Note that 60-80
% of the unit cost is the cost of finished feed. Usually, own pigs are prepared with

feed mixtures of own production.
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All feed mixtures require pre-treatment. This procedure is necessary to
increase the efficiency of nutrient use - better absorption of pigs, increase nutrition
and reduce animal diseases. Feed processing is one or more successive technological
operations at the appropriate level.

Before feeding the animals feed, they are prepared for consumption. Such
preparation can be mechanical, thermal, chemical or biological.

Consider mechanical methods of feed preparation. These include grinding and
spraying, moistening and thorough cleaning of impurities, as well as direct
preparation of feed mixtures. If the feed is steamed before feeding the animal, it is
heat treatment of feed mixtures. Liming, treatment with alkali or acid is a chemical
treatment of feed. If there is ensiling or fermentation of feed, it is a biological method
involving microorganisms.

The key to the productivity of animals, reducing their morbidity and, as a
result, obtaining the greatest economic benefit, is the right choice of a method of
preparing feed for consumption.

Thus, the technological schemes of preparation and distribution of feed today
include:

1) production of own high-grade compound feeds or their delivery from
specialized plants, distribution of feeds and feeding them in dry form.

2) production of own liquid feed mixtures in the feed mill on the basis of
compound feeds and distribution of feed mixtures by pumps. In this case, a
combination of feed and waste from sugar factories, dairies, meat plants, breweries,
etc. is possible. The productivity of pigs increases to 15 %, because the digestibility
of liquid feed is higher. Since the humidity of liquid feed mixtures is about 80%,
you can completely give up drinking, which, in turn, will reduce the cost of feeding
pigs. Along with such advantages, there are disadvantages of liquid feed distribution
system. First of all, they are related to the cleaning of pipelines and feeders from the
remains of fermented feed. Due to the corrosion of the elements of the feed

distribution system, it quickly fails.
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3) preparation of own nutritious wet mixes with humidity up to 75 %. Such
mixtures are made with the addition of silage, concentrates, hay flour, etc. Their
preparation requires the construction of a separate feed shop, so this scheme is less
used in practice.

4) collection near large food processing plants and large cities, preparation
and disinfection of food waste in a special feed shop and distribution by special

mobile distributors.

1.3 Means of feed distribution on pig farms

Figure 1.2 shows a typical HYDROMIX automatic liquid feeding system

manufactured in Germany by Bigdutchman (Figure 1.2).

|

P |
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Figure 1.2 - HYDROMIX system with flushing pipes
1 - the bunker for compound feed; 2 - feed auger; 3 - capacity for fresh
water; 4 - capacity for technical water; 5 - mixing capacity; 6 - electronic scales; 7

— feed pump; 8 - compressor; 9 - feed valve

The technological scheme of liquid feeding of pigs has a more complex
technological scheme than dry feed. Figure 1.3 shows the technological scheme of
the process of distribution of dry feed mixtures in the pigsty.

Dry feeding systems, in turn, according to the options are divided into a dry
feeding system with the distribution of feed in volumetric dispensers (feeding sows)
or distribution of feed in feed machines for feeding piglets). With the help of feed

machines, dry feed mixtures for piglets of all ages are distributed. Feed machines
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are designed for group feeding of pigs. Depending on the age of the animal, each
feed machine can feed up to 60 pigs.

Dry feed is usually granular. Let's highlight the basis of the benefits of dry
feeding pigs. These include digestibility and partial disinfection, a simpler
mechanism to automate the feed distribution process, reduce feed loss by pigs, and
directly reduce feed volumes, which in turn will reduce the need for storage and

transportation.

Figure 1.3 - Technological scheme of the process of distribution of dry feed
in pigsty
1 - drive of the cable washer feeder; 2 - receiving funnel 3 - cable conveyor;
4 — rotary device; 5 - sensor to turn off the feed; 6 - drive bulk feed dispensers; 7 -
downpipe; 8 - volume dispenser; 9 — control device; 10 - hopper for storage of dry
fodder

A typical automatic feed distribution system is a set of the following elements:
a pipeline consisting of a galvanized steel thin-walled feed pipe and plastic corners
through which the feed is transported in volumetric dispensers or feed machines. A
washer is stretched through such a pipeline. A washer cable is a steel cable with cast
plastic discs. The height of the feed line is about two meters.

The principle of operation of the feeding system is to work until all feed
devices are filled with feed. When the feeders or dispensers are filled with the last
feed dose, the stop system sends a signal to the control unit to stop the conveyor.
The above process is the main function of the pig feeding system.

Special bunkers are located near the livestock premises, where the operational
stock of dry mix is stored. Such hoppers can be made of metal or fiberglass, be

smooth or corrugated.
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In the premises of the pig farm with a large number of bends, turns and
differences in levels, a contour system of transporting feed to dispensers and feeders
IS used. In this case, you can use such types of feed conveyors as spiral, chain or
cable (Fig. 1.4).

Figure 1.4 - Feed conveyors

and - chain; b - cable; in - spiral

In foreign and domestic pig farms, in practice, a transport spiral is usually
used to transport bulk feed. The transport spiral is made of flexible high-quality steel.
Therefore, the main advantages of spiral conveyors are:

— they are universal for each type of room, have a quick and easy installation,
have a gear motor;

- their goal is increased productivity in general, along with saving corner
wheels;

- have an idle line to the feed hopper and the ability to group one flexible
auger with two, as well as more contours.

Dispensers with vertical filling up to the set volume of the dispenser are

usually used in animal cages (Fig. 1.5).

-~ - 2
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Figure 1.5 - Premises with vertical filling dispensers
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These dispensers are part of a single remote-controlled automated feed
distribution system. They simply and clearly set the doses and volumes of feed
mixtures. The dispenser is opened through the control bullets of the system of
automated distribution of pig feed.

In the modern world and in domestic pig farms, mobile feeders are used
alongside stationary ones. Their function is to transport and distribute feed in
individual racks.

In piggeries, animals are fed repeatedly. If it is a fattening pig, the pigs are fed
5 times a day with an interval of 4, 8, 12, 16 or 20 hours. The mixture is automatically
dispensed in small portions according to the established norm by volume dispensers
for each age group (for example, 1 ... 3.5 kg per dose). The full feed rate for all
complete feeder cycles is fed into the machine. Depending on the zonal
characteristics, the method of feeding, the conditions of keeping pigs and the
organization of work on the pig farm, the choice of the type of feeder is made. It is
clear that as pigs grow, feed norms increase.

Note that the mixers KS-1,5, KES-1,7, RS-5A are popular mobile electrified
feeders around the world. They can mix and distribute feed mixtures with a humidity
of 60 ... 80%.

For normalized distribution of compound feeds in sow pens and sows and
suckling piglets, mobile electrified feeder KSP-0,8. Such feeders are loaded with
feed that comes ready from the feed shop, using a conveyor. The principles of feed
distribution in all feed distributors are almost similar.

The KS-1,5 mobile forage distributor is used for mixing and distribution of
semi-liquid forage mixes on farms. In fact, it is a rail self-propelled cart with two
pairs of wheels in the form of a bunker. The cart is equipped with a mechanism of
drive, control and electrical equipment. The electric motor is connected to the mains
by a cable located in a special gutter. The feed mixture is loaded through a hole in
the top of the hopper. In the middle of the hopper there are unloading augers and a
mixer with shovels. Note that the control of the distributor is semi-automatic.

Activation and deactivation of the agitator with blades, the unloading auger and
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control of movement of the forage distributor is carried out by means of cam
couplings which are switched by the operator. By turning the valves at the
connection points of the unloading augers, the rate of feed distribution is regulated
according to the set dose. When the valve of one of the augers overlaps completely,
the feed is not on one side.

Figures 1.6 and 1.7 show the feed mixer KS-1,5 and its scheme. In fact, itis a
bunker on a trolley with support wheels, which moves on special rails by electric
drive.

For dosed distribution of feed mixture with a moisture content of up to 75%
with particle sizes not exceeding 10 mm in group feeders on pig farms used feed
distributor of wet feed mixtures KVK-F-15.

As you can see in Figure 1.7, the feeder consists of a feed hopper 1, a control
cabinet 2, an electric pump unit 3, a flow switch 4, a feed line 5, a valve opening

mechanism 6, a guide 7, taps 8 and an electrical pressure gauge 9.

Figure 1.6 — Feeder-mixer KS-1,5

1 — junction box; 2 — running gear; 3 — device for stopping the feeder in the

event of a collision with obstacles; 4 — reducer-mixer; 5 — unloading augers; 6 —
stirrer; 7 — hopper-mixer; 8 — control panel; 9 — dashboard; 10 — electric motor of

the movement mechanism; 11— brake pedal
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Figure 1.7 — Structural and technological scheme of the feeder KS-1,5
1 — bunker; 2 — leveler; 3 — vertical auger; 4 — paddle stirrer; 5 — camera; 6 —

damper; 7 — unloading auger; 8 — running gear

The electric pump unit IP 20/10 is a combination of the electric motor, the
screw pump and the intermediate case. The three-way valve, which consists of a
housing, lids and a drum, is a flow switch.

The feed pipe is a steel pipe with a diameter of 80 mm with windows for feed
outflow and holes for exhaust valve cables.

It is determined that the electric motor, rod with stops, worm reducer, guide,

two-arm levers and rack are part of the valve opening mechanism included.

Figure 1.8 — General view of the feeder of wet feed mixtures KVVN-F-15
1 — feeder hopper; 2 — control cabinet; 3 — electric pump unit 4 — switch; 5 -
feed line; 6 — valve opening mechanism; 7 — guide; 8 — branch; 9 — electrocontact

manometer

The exhaust valve is a plastic cone with a rigidly attached coaxial cable on
which the stop is fixed.
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The sequence of the process of operation of the feed hydraulic system is
shown in Figure 1.9.

Therefore, the screw pump is pumped through the flow switch into the feed
line feed. Then the exhaust windows are successively opened and the feed is diverted
to the feeder, according to the program installed by the timer. The boom
automatically returns to its original position, after the feed mixture has been
dispensed, due to the switching off of the electric pumping unit. The process is

repeated after installing the flow switch to fill the next feed line.

= e
sy

Figure 1.9 — Functional diagram of feed automation hydraulic system
1 — hydraulic pump; 2 — the main valve; 3 — feed distribution line; 4 —

feeder; 5 — local dosing valve; 6 — return valve; 7 — reset valve

Cable-washer feeders are used for normalized feeding with dry fodder. Feed
distribution is managed in the same way as shown in the functional diagram of
automation (Fig. 1.10).

From the hopper of the daily rate of feed BSK1 screw auger feed is fed to the
intermediate hopper 2. BSC1 is outside the livestock room, and the hopper 2 is
located in the pig farm. From the intermediate hopper, the feed is moved along the
feed line by a cable-washer conveyor. Through the holes in the feed line feed is fed

into individual or group dispensers 3.
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Figure 1.10 — Functional and technological scheme of the cable car feeder

The LE B level sensor is installed in the latest individual dispenser. On the
level regulator signaling LAC the signal on readiness of delivery of a forage from
the level sensor arrives.

Depending on the level of feed in individual dispensers, the level regulator
provides two-position control of the electric drive of the loading auger and a cable-
washer conveyor. By simultaneously switching on the electromagnetic actuators, the
feed mixtures are dispensed on command from the KS software device at a certain
time.

In practice, with unregulated bulk feed in piggeries, it will be appropriate to
use spiral feeders, which are similar in structure to cable-washers.

As in the previous system in the BSC bunkers, the daily feed rate is
maintained. Compound feed is fed by spiral conveyors from the BSC hopper to the
intermediate hopper and dispensers via pipelines. The constant availability of feed
in the dispensers is ensured by the electric drive of the spiral conveyor, which has
software control. Individual or group dispensers have only control valves, which is
why the feed mixture in the feeders is constant and the pig is fed on request. This is
a significant difference from the previous system discussed above.

It is not uncommon to use a stationary feeder RKS-3000, which provides
uniform distribution of dry, succulent and semi-liquid feed for 3000 pigs in 20 ... 30

minutes. Such a device will be appropriate in the group method of keeping animals.
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Figure 1.11 shows that the finished feed enters the feeder, given the one-time

feed rate for all pigs.
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Figure 1.11 — Scheme of automation of the RKS-3000 feeder

Then the feed mixture is fed to the inclined and on the distribution conveyors.
In turn, the distribution conveyor loads sections 1 and 2 of the feed dispenser (section
2 is not shown in the figure) using the dispensing platform.

In each section of the dispenser, the dispensing platform reciprocates at a
distance equal to half the length of the feeders.

When the dispensing platform moves to the left, it receives food. Scrapers
suspended on hinges and turned upwards do not interfere with the advancement of
the platform with stern. Scrapers are lowered, hold the feed and dump it in the feeder
at the reverse of the platform. At this time, the right half of the platform is loaded
with feed.

It is expedient to deliver fodder and distribute fodder directly by pipeline in
separate sectors of pig farms.

Thus, pneumatic and hydraulic are two ways to deliver and distribute wet feed
mixtures through pipes. Pneumatic method is more expensive, because it is more
metal-intensive. In addition, with this method, a lot of feed when unloaded in the
feeder is sprayed and sprayed. It will be reasonably expedient to use centrifugal
pumps of the NF type when transporting feed mixtures with humidity above 74 %.
However, their sensitivity to changes in humidity and pressure in the system does

not make them popular for use in global and domestic pig farms.
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1.4 Description of the automation object

On the basis of the relay-contactor circuit and on the basis of the controller it
Is possible to implement the given control circuits.

In this master's thesis we implement the scheme on the basis of the controller,
taking into account the factors of reliability, ease of implementation, monitoring,
functionality and economic feasibility.

Consider in more detail each of the above factors:

— exclusion from the scheme of a large number of relay-contact elements
increases reliability, makes it easier to troubleshoot and reduces the possible
occurrence of them;

—the presence of a convenient and accessible interface of the controller allows
you to implement the necessary tasks with a minimum of effort;

— the controller allows to carry out control and monitoring of technological
process in real time;

—in case of change of technological process it is possible not to introduce new
elements of the scheme, by reprogramming of the controller;

— the cost of the controller is lower than the cost of the equipment without the
use of the controller.

Therefore, the expediency of using the controller in the implementation of the
control algorithm is justified.

The scheme of the line of preparation and distribution of feed on the pig farm

Is shown in Figure 1.12,

Figure 1.12 — Scheme of the line of preparation and distribution of feed at

the pig farm
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The line works in two modes: feeding and washing. In feed mode, the line
should work as follows. First, the mixer prepares the feed mixture according to the
signal from the daily time relay.

For this purpose a certain dose of nutritious liquid is filled in the mixer then
at the included mixer the dose of compound feed falls asleep and the mixer mixes
mix for additional time. After mixing the feed, the movement of the transfer trolley
is switched on, which moves from the initial position to the first check valve of the
first feeder, where it opens the valve and stops. At the same time the pump works
and unloads a forage dose in the first feeding trough (the dose is measured by a
flowmeter). After unloading the dose, the pump is switched off and the transfer truck
moves on.

The process of loading the feeders is repeated. When loading of the last
feeding trough is provided, it is necessary to provide movement of the cart in initial
position and inclusion of the sound alarm system of termination of work of the line

in the feeding mode.

1.5 Features of the modes of operation of the suspended conveyor and the

requirements for electric drives of the conveyor

Consider the operating conditions of the conveyor, including:

— quite long and long mode of operation. Usually, for significant periods of
time, with changes, without pauses during the inclusion;

— the possibility of significant static moments during movement, exceeding
even the nominal loads (Ms, tr > Ms, nom). For example, when starting a loaded
conveyor after a sudden or emergency stop;

— relatively infrequent starts that do not affect the performance of the conveyor
along with the constant direction of rotation of the engine;

—the conveyor motor works in different environmental conditions: in dusty or
humid rooms, outdoors, at high or low temperatures, in shops with aggressive

environments, etc.
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Consider the requirements for the electric conveyor:

— smooth start and braking to prevent the belt from slipping or the load from
swinging in the belt and suspension;

— increased starting torque (MP / MPus = 1.6 ... 1.8);

— small speed adjustment in the range of 1:2 to change the pace of work in
current lines;

— coordinated rotation of electric drives for several conveyors.

Electric drive with three-phase asynchronous motors of long mode of
operation - with short-circuited and with phase rotor, satisfies requirements almost
completely. However, the disadvantage of motors with a short-circuited rotor is the
large starting current, along with cheaper automation of the conveyor. However, it
Is better to choose engines with high starting torque. For single-motor conveyor
drive, the speed of which must be regulated, use multi-speed motors with switching
the number of pole pairs, or use additional mechanical variators or adjustable electric
and hydraulic couplings. Motors with a phase rotor are installed on the conveyor,
requiring increased starting torque, with a multi-motor drive of the conveyor in order
to balance the loads of individual motors, as well as if necessary, the coordinated

movement of the conveyor PTS.

1.6 Types of electric drives designed for the conveyor. Principles of work,

advantages and disadvantages

AD with short-circuit rotor and high starting torque, single-speed or multi-
speed with switching the number of pole pairs. We will add that for adjustment of
speed of the single-motor drive of the conveyor additional variators mechanical or
adjustable electric and hydraulic couplings are applied.

BP with phase rotor:

— on the conveyor requiring the increased starting moment;

— at the multi-engine drive of the conveyor (for equalization of loadings of

separate engines);
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— while ensuring the coordinated movement of the conveyor.

The multi-motor drive is used for long conveyor lengths. Use of several drive
stations allows to avoid big stresses in mechanisms, overload of sites, to reduce
dimensions of a traction body and size of traction efforts.

In this case, the traction body of each drive station transmits a force
proportional to the static resistance of only one section, not the whole conveyor.

The choice of the location of the drive stations is determined in accordance
with the diagram of the change in tension forces.

The optimal number of drive stations is determined by technical and economic
calculations.

Driving HELL with short-circuit rotor must have the same parameters, HELL
with phase rotor characteristics in accordance can be brought by the introduction of
additional resistance in the circuit of their rotors.

Electric drive of synchronous rotation.

There are mechanisms whose drive consists of the same motors (two or more)
that require rotation at equal speeds. Examples are the mechanisms of tower cranes,
drawbridges, sluice gates, conveyors, where the coordinated rotation of electric
motors is required, and their connection by a mechanical shaft is impossible. In this
case, the electrical connection between the rotors of asynchronous (AD) or
synchronous (SD) motors, called an electric shaft.

There are several special schemes implemented on the principle of «electric
shaft".

The scheme includes two main engines (GD1, GD2), which drive,
respectively, «mechanism 1» and «mechanism 2». They have the same
characteristics.

Auxiliary asynchronous motors «AD1» and «AD2», whose phase rotors are
electrically connected, are mounted on each shaft «<GD1» and «GD2x». The power of

auxiliary electric motors is much less than the power of the main ones.
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Figure 1.9 — Scheme of «electric shaft» with auxiliary BP

The windings of the stators of the GD are included in the network with direct
phase alternation, and auxiliary — with the reverse. When the load on the mechanisms
is uneven, the rotational speeds of the rotors @l and . differ, EMF occurs, under
the action of which equalizing currents appear, creating moments Mz, M., which
will counteract the cause (Lenz's law) until w1 and w2 does not align.

Advantages: high efficiency and rigid mechanical characteristics.
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Figure 1.10 — Scheme of «electric shaft» with resistors

The circuit works similarly to the circuit with auxiliary AT, but its circuit
includes two drive asynchronous motors with a phase rotor (AD1, AD2) and
resistors (R).

Compared to the previous one, the disadvantages of this circuit will be less
efficiency, because the auxiliary moments M1 and M2 are much smaller, the presence

of resistors in the rotor circuit reduces the stiffness of the joints and causes additional

power losses.
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Compared to the previous advantage will be ease of use, cheapness and
smaller dimensions of the device.

The circuit includes two drive motors with a phase rotor D1, D2 and a
frequency converter (RF). The stator windings of the inverter, D1 and D2 are
connected to the mains, and the rotor are electrically connected.

When the inverter rotates, the frequency in the rotors will be proportional to
the slip, the speed of rotation of all machines will be the same and equal

2
a):?ﬂ(fl— f,).

This is true with equal loads on the mechanisms.

As the load on one mechanism (for example, the first) increases, its slip will
increase and its speed will decrease. With a new slip, the EMF of the rotor D1 will
increase, which will increase the current of the rotor, and hence its torque. The
system will return to its original state and will work in concert.

You can install a device for changing the frequency, such as a mechanical
variator, to expand the limits of change of speeds of working mechanisms. This will
allow you to set and select the value of the agreed speed of the mechanisms without
changing the speed of the BP.
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Figure 1.11 — Scheme of «electric shaft» dual power supply

The considered schemes can be applied to any number of coordinated working

mechanisms, the principle of work of the scheme does not change.
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1.7 Prospects for the use of frequency-controlled electric drives

The use of relay-contactor circuits and soft-start devices solves the problem
of ensuring the starting processes of conveyor systems. To implement other
requirements for conveyor systems, such as adjusting the speed of the belt as a
function of freight flow or limiting dynamic loads, requires the use of an adjustable
electric drive. In modern conditions, the most promising are frequency-controlled
electric drives with asynchronous and synchronous motors. Synchronous frequency-
controlled electric drive is based on high-voltage frequency converters with output
voltages of 6 and 10 kV. Asynchronous frequency-regulated electric drive is
performed with frequency converters of domestic and foreign manufacturers at
voltages of 0.4; 0.69; 1.19; 3.0 (3.3); 6.0 (6.3; 6.6); 10.0 (10.5) kV for motors of
appropriate voltage. Since belt speed control and dynamic load limitation require a
speed control range of at least 10:1, two-transformer frequency converters cannot be
used to drive conveyors. Suspended transformer already in the control range of 1.5:
1 enters the saturation mode due to the lower frequency of the current relative to the
nominal, which leads to increased power loss.

Low-voltage frequency converters with voltage up to 1.19 kV and high-
voltage with voltage up to 10 kV are available with voltage inverters based on IGBT
transistors and are usually equipped with a PID Controller. High-voltage frequency
converters for voltages from 3.0 (3.3) to 10 (10.5) kV are available with current
inverters based on closing thyristors.

Figure 1.12 shows a typical circuit of a low-voltage asynchronous frequency-
controlled electric drive with a stand-alone voltage inverter based on IGBT
transistors. frequency converters are built on the basis of semiconductor power
electronics:

— intelligent power modules (IGBT-module), representing the constructive
unity of power switches and drivers control them;

— built-in security elements and interface with micro-controller control

system.
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Figure 1.12 — Typical scheme of low-voltage asynchronous frequency

controlled electric drive with stand-alone voltage inverter

The frequency converter is designed to regulate the speed of the shaft of
induction and synchronous motors to a nominal supply voltage of 6 and 10 kV. The
range of stator current frequency from 0.2 to 70 Hz, and voltage — from 0 to 6000 V
or from 0 to 10000 V.

The control method used in a high-voltage frequency converter with a current
inverter is called sensorless direct vector control. This means that the stator current
Is decomposed into components that determine the torque and current, allowing you
to quickly change the torque of the motor without affecting its flow. This method is
used without tachometric feedback in cases where long-term operation of the engine
at speeds corresponding to more than 6 Hz and the initial starting torque less than
100% of nominal is required.

Full vector control can be carried out with tachometric feedback, when you
want a long mode of operation of the engine at low speeds corresponding to 0.2 — 6
Hz and with a large initial starting torque — up to 150% of nominal.

Analysis of the existing fleet of frequency converters shows that the entire line
of drive motors of conveyors is provided. When choosing frequency converters to
regulate the speed of the traction body of the conveyor system must be guided by

the following rules:
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— the rated voltage of the drive motor must correspond to the rated voltage of
the frequency converter;

— rated power (current) of the frequency converter must correspond to the
rated power (current) of the frequency converter;

— parallel connection of several motors is allowed only to frequency
converters with voltage inverter. Such connection of motors is allowed within the
power (current) of the frequency converter (the total rated power of the connected
motors must be equal to or less than the rated power of the frequency converter);

— the frequency converter with the current inverter is intended for work with
the individual electric drive, ie only one drive motor of the conveyor installation can
be connected to it. A number of conveyor units have several drive motors, for which
It is necessary to use several frequency converters with a current inverter, the number
of which corresponds to the number of motors;

— for mines that are dangerous for gas and dust, it is necessary to use
explosion-proof frequency converters. Domestic and foreign industry manufactures
special explosion-proof frequency converters with a voltage inverter for mine
conveyors up to 500 kW for voltages of 660 and 1140 V. A number of modifications
of frequency converters have a built-in dynamic braking function required for the

conveyor.
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Honmarok €
CxeMa eleKTpUYHA MMPUHIIAIIOBA CUJIOBOT YACTUHU €IEKTPOIPUBOIA
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Homarok 7K
CxeMa eneKTpuYHa MPUHIUIIOBA €1EKTPONPUBOJIA TPOCOIIA00BOTO
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Honatoxk 3

TaOmug TEXHIKO-EKOHOMIYHUX IMOKA3HUKIB

[loxazmukn

OuuHALE
BHMIpY

3HaueHHsA

J0
MOJIepHI3ALIT

T

MOJIepHIZaIi

adCOMOTHE

BIJIXHIIE HH

1. KarnitaasHl BUTPaTH HA MOJIEPHIZAII0 I'PH. X 22702.47 X
2. Piunmit ponj vacy poborn rojl. 390966 3077.81 -68.15
3. P1una exciuryataliiina 1po,y KIHBHICT T S688,56 578771 0915
4. Piuni excruryaTaniiiini BUTPaTH, VCEOTO! TPH. 35251709 342943.16 +9573,93
Y TOMY HHCII:
) IpIL 29352662 20864314 -5116,32
BUTPATH Ha OIUIATY  IIparil
puTpatH Ha TO 1a TP TP 6952,90 194430 +5008,60
BHTPATH Ha €ICKTPOSHEPT 1O I'PH. 52037.57 42355,72 +9681.85
5. Bapriets ojimiel  Marmno-ro;(HH posoTH rpi/roj. 90,17 86,21 +3.96
6. BapTicTh TEXHOIOITMHOL onepari pu/ T 61,97 59,25 +2,72
7. Piunuii exonomiumnmii edexr IpIL X 15742,57 X
1. CTpoK OKYIIHOCTI S5 < 144 «

KaliTalbHHX BEIQJICHL
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