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PEDEPAT

kBauti(pikariitHoi podotu «MojepHi3allisi CHCTEMH €JIEKTPONOCTa4aHHs BaenpHOro

nexy [lonraBcekoi koHaUTEpChKOi hadbpuku JJominik KO»

Po6ota mictuth 47 cTOopiHOK, 3 LmtocTpariiii, 6 Tabnuiib, 10 BUKOpUCTAaHUX JIKEPET.
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O6’exToM po3poOIeHHS KBaji(ikaliitHOT poOOTH € cCucTeMa eJIeKTPOIOCTadYaHHs
BaenbHoro 1exy [lonraBcekoi koHauTepchkoi hadpuku Hominik KO.

Mertoro  ganoi  kBamidikamiitHoi poOOTH €  MIABUIIEHHS  HAJIMHOCTI
€JIEKTPONIOCTAaUYaHHsl ~ CIIOKMBA4diB  EJIEKTPOEHEprii  BadenpbHOro 1eXy IUIAXOM
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SUMMARY

qualification work "Modernization of the power supply system of the waffle shop

of the Poltava confectionery factory Dominic KO"

The work contains 47 pages, 3 illustrations, 6 tables, 10 used sources.

Key words: power transformer, load switch, circuit breaker, disconnector, power
cables, fuse, generator.

The object of the development of the qualification work is the power supply system
of the wafer shop of the Poltava confectionery factory Dominik KO.

The purpose of this qualification work is to increase the reliability of the electricity
supply to consumers of the wafer shop by determining the category of electricity supply;
selection of power supply voltage; calculation of electric lighting; calculation of electrical
loads on the 0.4 KV side; selection of the power of power transformers; calculation of
short circuit current; selection of transformer substation electrical equipment; by choosing
a bus and power cables on the 10 kV side; calculation and selection of the distribution

network and its protection; calculation and selection of a guaranteed power source.
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BCTYII

AKTyaJbHicTh TeMu. [IpoOieMu parioHaILHOTO PO3MOAUTY €JIEKTPOCHEPTii Ha
MIPOMHUCIIOBUX MIAMPUEMCTBAX, K Ha CHOTOJHI € OCHOBHHUMH CIIO)KMBa4aMH €HEPrii B
VYkpaini, HaOyBarOThb ICTOTHOrO 3HaueHHs. [[iI 3aBmaHHS YCKIaAHSAIOTBCS IOCTIMHO
3pOCTalOUMMU  BUMOTaMH  JO  SIKOCTI  €JEKTPOeHeprii Ta [0  HaalHHOCTI
€JICKTPOIIOCTaYaHHsI, 0COOJIMBO Ha MIANPUEMCTBAX 3 BUCOKUM CTYIIEHEM aBTOMAaTHU3aIlli.

CyyacHl eJNeKTpOIoCTa4alibHI CHUCTEMH MPOMHUCIOBUX MIANPUEMCTB, MICT,
CUIBCBKOTO TOCIOJApCTBA 1 TPAHCIOPTY TOBHHHI BIANOBIAATH PIBHIO PO3BUTKY
TEXHOJIOT1, OOCSTY CIOXUBAaHHSA EJIEKTPUYHOI eHeprii, 3abe3nedyBaTH MOKa3HUKHU
SAKOCT1 €JEeKTPOEHeprii Ta BIANOBIAHY JO BHMOI CHOXMBada HAJIMHICTE  3a
MaKCUMaJIbHOI EKOHOMIYHOI €(peKTUBHOCTI. [ [pakTHUHO HA CTajil MPOEKTYBaHHS 00’ €KTa
B EJEKTPONOCTaYalIbHy CHCTEMY MOTPIOHO 3aKiIalaTh TaKl TEXHIYHI PIllIEHHA, K1
3a0e3nevrmyii 0 BUKOHAHHS 3raIaHuX YMOB. 3aB/IaHHS YCKJIQIHIOETHCS TUM, IO 3 YaCOM
MoTepe/lHl YMOBU MOXKYTh 3MIHIOBaTUCh SIK B YaCTHUHI 3HAYE€Hb EJICKTPUYHHX
HABAHTAXKEHb, TEPUTOPIATLHOMY IX pO3TalllyBaHHI, TaKk 1 3 OOKy €HEprocUCTeMH,
CTOPOHHIX CIOXXHMBayiB TolO. Jlo TOro >k AesKi BUXIJHI JaHI MOXYTb OyTH 3aJaHi 3
MEBHUM HAOMIKEHHSIM a0o MpocTo BiACYTHI. ToMy po3poOieHa eaeKkTpornocTadaibHa
cucTeMa MOBUHHA OyTH IOCUThH YHIBEPCAIBHOIO 1JIETKO aJanTyBaTUCh JI0 JEAKO1 Bapialii
BHUX1JIHIX YMOB 3 MOKJIUBICTIO 11 TTOTQJIBIIIOTO PO3BUTKY.

Merta i 3aaa4i qocaigxenHsi: Y pe3ysbTari aHaII3y CUCTEMHU €JIEKTPOMIOCTaYaHHsI
Ba(eIbHOTO IIeXy MHIANPUEMCTBA, JUIs 11 MOJEpHI3alli AOLUIBHO OYyJI0 O MiJBUIIUTH
HAJIWHICTh  €JIEKTPONOCTAaYaHHsI BIIPOBAKCHHSIM CHCTeMH Oe3mepeOiifHoro Ta
rapaHTOBAHOTO EJIEKTPOTIOCTAYaHHS.

CucreMa rapaHTOBaHOTO KUBJIEHHS — 1€ KOMITJIEKC 3aXO0/IIB 1 €JIEKTPOOOIaIHAHHS
KUl 3a0e3nedye 6e3nepediiiHy moaady eIeKTPOSHEPTil B pasi MOpyIIeHb Ta nepedoiB B
EJIEKTPOMEPEKI.

Jlo ckiaty CUCTEeMH TapaHTOBAHOTO €JIEKTPOMOCTAYaHHS BXOSTh:

- eTIEKTpUYHA KaOeTbHa MepekKa

- pe3epBHA I'eHEpaTOPHA YCTaHOBKA



- CUCT€MA aBTOMAaTHUYHOT'O BKIIFOUEHHSI PE3EPBY
Cepen MOXJIIMBOCTEW MIABUIICHHS HAIIMHOCTI €JIEKTPONOCTaYaHHsS MO>KHA
PO3MIISIHYTA BIPOBA/KEHHS JIOKAJIbHUX CHUCTEM >KHUBJICHHS 3 BUKOpucTaHHsSM BJIE.
Buxopucranass BJIE Moxe 3a0esneuyBaTé O€3MEpEepBHICTH POOOTH BaKIMBOTO
€JIEKTPOYCTAaTKyBaHHS a TAKOXK BUKOPUCTOBYBATHUCS Y BUTJISAII aKyMYJISIIII.

Cepen BapianTiB 3a0e3nedYeHHS TapaHTOBAHOCTI EJIEKTPOIMOCTAYaHHS MOYXKHA
PO3TISHYTH HACTYITHI CUCTEMH KUBJICHHS:

- COHSIYHA €JIEKTPOCTaHIIis, sika OyJie TeHEPYBATU €IEKTPOCHEPTII0 3 MOXKIIUBICTIO
il aKyMyJIsIli DUISIXOM BUKOPUCTaHHS IHBEPTOpPA Ta aKyMYJISITOPHUX Oatapei;

- pe3epByBaHHS 00’ €KTYy MPOEKTYBaHHS BiA cyciniHboi TII, B pa3i mopyiieHHs B
CUCTEMI €JIEKTPONOCTaYaHHsI HABaHTAXKECHHS OKPEMHUX eleKTpornpuiimauiB Bizbme TII
CYCIIHBOTO MIIIIPUEMCTBA;

- BITpOBa €JIEKTPOCTAHIIS, IO 3a0€3MEeYUTh >KUBICHHAM OKPEMY YaCTUHY
€JIEKTPOYCTAaTKyBaHHA Ta JO3BOJIMTh aKYMYJIIOBATH €JIEKTPOEHEPTIIO JIJIs 3a0€31eUeHHS
rapaHTOBAaHOTO KUBJICHHS B pa3l BUHUKHEHHS aBapIiHUX CUTYaIliif;

- TIJPOETIEKTPOCTAHIISI — KOMIUIEKCHA YCTAHOBKA sIKa MPH HASIBHOCTI BOJIOMMU
3a0€3MeUnTh aKyMYyJISILII0 €JNEeKTPOEHEprii JUisi pe3epBy Yy BHMAAKy IepedoiB B
€JIEKTPOIIOCTaYaHHi,

- nu3esibHa a00 OCH3MHOBA €JEKTPOCTAHIIIS JJIsl JIOKAIBHOTO KUBJICHHSI OKPEMUX
€JIEKTPOIPUIMAYIB.

YMOBHO PO3IIIAHYTI JKEpesia KUBJICHHS MOXHA PO3AUIMTH HA HETPAAMIliHI, a
came BJIE 3 MOXIUBICTIO akyMmyJisilii Ta TpajulliiHi, Au3eabHI ab0 OEH3UMHOBI
CIICKTPOCTAHIIIT.

Sxmo posrasgaT BapianT Bukopuctanus BJIE niis 3a06e3neuenHs rapaHTOBaHOCTI
KUBJICHHS OKPEMHUX BY3JIiB CHCTEMH €JCKTPOMOCTaYaHHS I[€Xy, MOKHAa BHUIUTUTH
OCHOBHI  €JIEMEHTH JIaHO1 MEpexXi: JpKepeno  eHeprii  (COHSYHI  TaHen,
TIPOENEKTPOCTaHIIIS, BITPOT€HEPATOP), IHBEPTOP, CUCTEMA aKYMYJISLIT, KOHTPOJIEP IS
CTaHy 3apsay aKkyMyJIATOPIB, JIiHI1 )KUBJICHHS.

To6T0 11 CTBOPEHHS TaHOT aBBTOHOMHO1T CUCTEMH HEOOX1THO BCTAHOBUTH COHSYHI1

MOAYJIi, 6e31mocepeIHbO Ha MOKPIBIIl LIEXOBOT0O MPUMIIIEHHS a00 Ha OKpeMiil TepuTopii,



BUpOOJIEHa eJeKTpoeHeprisi Oynae akymyJoBathcs B OaTapesx 1 HpH aBapiiHUX
CUTYaIliSIX CICKTPOIPUIMadi OTPUMYBATHMYTh YKHUBJICHHS Bil pE3€PBHUX aKyMYJISTOPIB.

[Ile ogHMM BapiaHTOM MPAKTUYHOI peaizallii CHCTEMH TapaHTOBAHOTO YKUBJICHHS
JUISL BUPIMICHHS TPOOJIeM TMOPYIIEHHS eJICKTPOIIOCTaYaHHs € pe3epBYBaHHS BiJl
JU3EIIbHUX TeHEPaTOPiB. BIIBIIICTh CydyacHUX AW3EILHUX I'eHEepaTOpiB KOMIUICKTOBaHI
CHUCTEMOIO aBTOMATHYHOTO 3aIyCKYy, 110 3a0e3mevy€e aBTOMaTHIHHM ITyCK TeHepaTopa Ta
NIePEeMUKAHHSI )KUBJICHHSI IO CTIO’KHMBAYIB.

Tomy 1711 BUKOHAHHS 3aBJaHHS MOJISpHI3aIlli, y X011 BUKOHaHHS KBai(iKaliiHo1
poOoTu OakanaBpa HEOOXITHO BHUPIMIMTH Takl 3aJadl: po3paxyBaTH NapameTpu
CJICKTPOHABAHTAXXEHb, CHJIOBHX TpaHCc(oOpMaTopiB; po3paxyBaTd Ta OOpaTH CHUCTEMY

0e31mepebitHOro eNeKTPONOCTauYaHH .
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1 AHAJITUYHA YACTHUHA

1.1 AHaJi3 cucTeMH eJIeKTPONoCcTAa4YaHHsA BadeIbHOI0 1mexa

Jlis BUPOOHMIITBA 1 PO3MOMIJICHHS EJIEKTPOCHEPTii 3aCTOCOBYIOTh 3MIHHUMN
TpudazHuii ctpyM yactotoro 50 I'1.

3actocyBaHHs TpU(DA3HOTO CTPyMYy OOTPYHTOBYETHCSI OUTBIIOI €KOHOMIYHICTIO
MEpEeX 1 EJIEKTPOYCTAaHOBOK B TOPIBHSHHI 3 EJIEKTPOMEPEKaMH Ta YCTaHOBKaMU
0/IHO(a3HOTO 3MIHHOTO CTPYMY 1 MOXJIMBICTIO 3aCTOCYBaHHS ACHHXPOHHUX Ta
CUHXPOHHUX €JIEKTPOABUTYHIB, sIKI OUTbII HaAlilHI, €KOHOMIYHI, JELIEBl Ta MPOCTI B
eKCIUTyaTallil, KpiM LIbOr0 BUKOPUCTAHHSI 3MIHHOTO TPU(PA3HOTO CTPYMY J1a€ MOXKIIUBICTD
BUKOPHCTaHHS BUMIPIOBAJILHUX TpaHC(HOpMATOPIB CTpyMy (HAIIPYyTH).

Takox nepeBaroro Tpru(pazHOro 3MIHHOTO CTPYMY € IIEPEPO3NOALT HABAHTAKEHHS
MDK (ha3amMu, YHUKAIOYHU TPU IbOMY «IIepEKocy (azy.

Pa3om 3 TuM, 3riIHO HOPM MOKEKHOI O€3MeKH, Tpu(azHUid BB BIAHOCUTHCS JI0
OUIbIII BUCOKOT KaTeropii HeOe3meku, TaKk SK CTPyM IpH 3aMHKaHHI OyJie 3HAa4yHO
BUCOKHUM.

[locTifiHuMii CTpyM 3aCTOCOBYIOTH B psll Tramdy3edl NpOMHUCIOBOCTI JJis
eJIEKTpONpuBOIa. ENEKTpoABUTYHH MOCTIMHOIO CTPYMY 3aCTOCOBYIOThH B TUX BUIAIKaX,
KOJIM 32 YMOBAMH TEXHOJOTTYHOTO MPOLIECY HEOOXITHO HIMPOKE 1 MJIaBHE PETrYIIOBAHHS
HIBUKOCTI BUPOOHUYUX MEXaHI3MIB.

3a yMOBaMH CXEMH €JIEKTPOINOCTauYaHHS Ha JIIBHUI BadelbHOTO 1EXy
NIAIPUEMCTBA HE MAa€ CIOXHUBAaYiB TMOCTIMHOTO CTpyMy, TOMY IS SKUBJICHHS
ACMHXPOHHUX JBUTYHIB €JIEKTPOIPHUBOIY BEPCTATIB MpUiiMaeMO Tpuda3sHUN 3MIHHUN
CTpYM.

B enexrpoycranoBkax 10 1000 B Halib11b111€ pO3MOBCIOIKEHHS OTPUMAIIA MEPEKI
TpudazHoro crpymy 3 HoMmiHaimbHOIO Hampyror 380 B. IlepeBaxkno 1me Mepexi
Tpuda3HOro CTPyMy, SKI TOpaliolTb B YOTHPbOX MPOBIAHOMY PpEXKUMI 1
BUKOPHUCTOBYIOTBCSl ISl JKMBIICHHS OCBITIIOBATHHMX YCTAHOBOK Ta MAaJIOTIOTY>KHUX
CJICKTPOIBUTYHIB.

Cxema "anpyroro 380 B 3a10BOJIbHSIE TBOM YMOBaM HUBJICHHSI CIHOKHBAYiB:
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— MOXIJIMBICTh ~ OJHOYACHOTO  JKMBJICHHS  OCBITIIOBAIBHUX  MPWIAMIB  Ta
CJICKTPOJIBUTYHIB;
— BiZHOCHO HM3bKa Hampyra (220 B).

JIist SKWBJICHHS CIOKMBAYiB HU3BKOI CTOPOHW JUIBHHUIN BadeIbHOTO IIEXY
MIMPUEMCTBA BUKOPUCTOBYEMO Hanpyry 380 B.

Bulip BenmuuyuHM HAnmpyru XUBJISUMAX 1 PO3MOAUIBUMX MEPEX 3aleKHUTh BiJl
Bimmanenocti KTII Big mxepena xusnenns (I1IC 110/10), Hanpyru mkepena >KHBICHHS,
KUTBKOCTI 1 OJJMHUYHOT TTOTY>KHOCTI1 €JICKTPONpUMMAaYiB.

Hampyra 10 kB 3acTocoByeTbcsl Ha BEIMKUX Ta CEPEAHIX MIAIPUEMCTBAX Ha
NepIIii CTyMNeH1 MepeTBOPEHHS eNEKTPOCHEPrii MpH BiJICYTHOCTI MIJCTAHINT TITMOOKOTO
BBOJy, Ha Jpyrid crymneni npu HasBHOCTI [II'B. Ilpu BiacyTHOCTI 3HAYHOI KIJIBKOCTI
€JICKTPOJBUTYHIB BUCOKOI HAIlPyTH, lepeBara MOBMHHA B1I1aBaTUCh Harnpy3l 10 kB.

B enekTpoycraHoBKkax 31 30ipHUMH ITMHAMHM HAWYacTiIlle 3aCTOCOBYETHCS OJIHA
a0o0 JB1 cucTeMU 301pHUX IIKH.

Jlo mepeBar yCTaHOBOK 3 OJHIEI0 CHCTEMOIO 30IpHHUX IIMH CJIiJ BIJHECTH
HECKJIQIHICTh 1 HEBEJIMKY BapTICTh BUKOHAHHS PO3MOALIHYOTO MPUCTPOIO.

Henomniku: 1) nns peMOHTY 301pHUX IIMH HEOOXIJHO BIIKIIOUMTH YCl JKEpela
JKUBJICHHS, 110 MPU3BOJUTH JI0 TIEPEPBH POOOTH EIEKTPOYCTAaHOBKM Ha BECh Yac
PEMOHTHHUX pOOIT; 2) IJIs1 PEMOHTY BUMUKA4ya OyIb-sIKOI JIIHIT BIIPOIKEHHS HEOOX1THO
BIJIKJIFOUMTH JIHIIO 1 IPUIIMHUTH KUBJIECHHS 11 €JIEKTPOCIOKUBAYIB HA BECh YAaC PEMOHTY
BUMHKAYA.

Omny cucremy 30ipHMX IIMH MOXHAa BHUKOHAaTH CEKI[IOHOBAHOKW abo
HECEKI[IOHOBAHOIO. i MOMHA CEKI[IOHyBaTH pO3’€JHyBaueM ab0 BUMHKAYEM.
CekIlioHyBaHHSI JIO3BOJISIE PEMOHTYBAaTH 301pHI IMWHU TIOCEKIIHHO, TOOTO TIpH
BIJIKJTIOUCHHI TIIBKM OAHIET ceKIii 30ipHuX muH. OHIEI0 3 HAUKpAIIMX CXEM € CXeMa 3
OJIHIEI0 CHUCTEMOIO 30IpHUX INHMH, CEKIIOHOBAHOK BHMMHKauyeM. IlepeBaramu mboro
crioco0y € Te, 10 OJHa 13 CEKIIM 3aBXJIU 3HAXOJIUTHCS B POOOTI, HABITh Yy BUMAIKY
KOPOTKOTO 3aMHUKaHHs Ha 30ipHUX mmHAax. L{e m03Bosi€e 3aCTOCOBYBATH OJTHY CHUCTEMY

IIMH B YCTaHOBKAX, 110 KUBIISATH €JIEKTpocmoxkuBadiB [-i Ta II-i kareropii.
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BpaxoByroun Bci epeBaru i HeIOMIKH, MPUAMAEMO OJTHY CHCTEMY 301pHUX IIIHH,
sKa CEKI[I0HOBAaHA BUMUKAYEM.

1.2 Onmc 0CHOBHMX CIIO:KUBAYIB eJleKTPoeHeprii Bag)eJIbHOTO0 1eXy

VY IUmIoMHOMY TPOEKTI JIJIsl PO3PaXyHKY €IEKTPUYHUX HABAHTAXKEHb BI3bMEMO
€JIEKTPOO0OJIaTHAHHS, 1110 3HAXOJIUTHCA y BapelbHOMY 1IeXy. Y TEXHOJOTIYHOMY IpoIIieci
10 BUTOTOBJICHHIO Badesb 3a/1isTHe HACTYIHE eJIeKTPOYCTAaTKyBaHHS:

3MinryBad Juist KIpy

3MinryBaHHs cyMilli 1l BaeIbHOTO TICTA 3/11MCHIOETHCS 3a JIOTIOMOT'O0 IBUTYHA
3 HUKHBOIO MiACTUIIKOM. [linroToBneHe BadeabHe TICTO MEPEAaeThCcsl 0€3MOCEPEAHBO Y
BadenpHy Iy ab0 B pe3epByap AJiA TiCTa 3a JONOMOIOI Hacoca. BHM3Y € 31MBHMIM
KJIATaH JUIisl BAKOPUCTAHHS B OUUIIEHHI.

ABTOMaTHYHA T1Y JJ15 BUIIYKHU Badeb

Posmip mucti neui 350*700 mm. ITiu mpairoe 3a paxyHOK ra3oBOi CUCTEMH 3
BUKOPUCTAaHHAM MeTaHy 1 nponany. Iliu o0opy1oBaHO CHUCTEMOIO 3aXUCTY B1J BUTOKY
rasy, CHUCTEMOIO OIOBIIICHHS 1 aBapiiHOI 3yNHHKH, CHCTEMOIO aBTOMAaTHYHOTIO
PO3MOJUTY Ta KOHTPOJIIO TICTa, aBBTOMAaTUYHUM 3allaJIFOBaHHSIM, FTOPIHHAM 1 KOHTPOJIEM
nonxym'si. TIoBHICTIO aBTOMAaTUUHMM HACOC JIJIs TicTa 3 by-pass CUCTEMOIO MEPEIIKOIKAE
kamanHio Ticta. Kpumku mnedi BuroromieHi 3 Cr-Ni marepiany 1 cropsaxeHH1
CHeiajJbHUM 130JISILIITHUM MaTepiajioM, IKUH MepelIkopKae BTpaTl TeIia, Kpasi KpULIOK
TaKOX CIOPSIPKEHHI CHelialbHUMHU Tpokiankamu. Kopmyc 1 pyxXJuBI 4YacTUHU
aBTOMATHUYHOI BadeIbHOI MeYl BUTOTOBJICHI 3 CIEIAbHOTO CIUIaBy 1 0OpOOJIeHH] Ha
Bepctatax UIIY. Pyxomi 4YacTMHM CHOpPSIKEHHI CHELIaIbHUMHU >KapOMIITHUMU
nigmumaukaMu C4 1 CHCTeMOI0 KapoMIITHUX BTyJIOK. CreriagbHa KOHCTPYKINS Tedi
JI03BOJISIE TIPALIOBATH 3 BUCOKMMHU TEMIEPATypaMU 1 CKIAIa€ThCS 3 IBOX OKPEMUX IPYI:
HIUKHBOT 1 BepxHboi. [liu oOnagHaHa aBTOMATMYHOIO CHUCTEMOIO 3HSTTS BageabHOro
aucTa npu gqomomosi nmoitps. [lig ympasnsierses 3 [UIK expany.

[IpucTpiil 0X0JI0AKEHHS JIUCTIB

Lleli mpucTpiii BUKOPUCTOBYETHCA MJISI OXOJIO/DKEHHS Ba(elbHUX JIHCTIB, IIO
BUHIUIM 3 Meul, JO TEMIEpaTypd HAaBKOJHUIIHBOIO CEPENOBUINA, JUIsl 3HATTS CTpeECy,

CTBOPEHOTO MPOIIECOM BHUITIYUKH, JIJIs BiIOpakoByBaHHS BadeIbHUX JIUCTIB HEBIMOBITHOT
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AKOCTi, 1 JJis IITa0emoBaHHS JHUCTIB.  BadenbHi JIUCTH HEBIAMOBIMHOI SKOCTI
BU3HAYAIOTHCSA 32 JJOMIOMOTOI0 CEHCOPIB B TPhOX TOUKAX KOHTPOJIO 1 BIJOPaKOBYIOTHCSI.
Bci Hecydl 4acTMHU MPUCTPOIO 1 YACTHHM, IO KOHTAKTYIOTh 3 MPOAYKTOM, BHUCOKOI
skocti. [lomaua cBiXoOcmeueHHX BadeNbHUX JHCTIB 3 Me4Yl Ha Ied NpucTpiil 3
HEPXKaBIIOYO1 CTall 31MCHIOETHCSI aBTOMATUYHO, a MICIS MOBITPSHOTO OXOJIOJKEHHS
TaK0>X aBTOMATUYHO MEPEAAEThCSA B HACTYITHUM OJI0K. B HOpManbHOMY pekuMi poOOTH
IpU KOKHOMY HAJXO/KEHHI MPOAYKTY MiTHOMHHMIA MEXaHI3M MPOXOJIUTh OJUH KpPOK 1
3YIUHAETHCS 32 PAXYHOK CEHCOpiB. JIMCT HaaXOauTh B MPUCTPIM, 3AIMCHIOETHCA OJUH
KpOK 1 33J]aHE OYIKYBaHHS, 1 IPM HACTYITHOMY KpOLll JIUCT BUIlycKaeTbcs. Ha Bxoni 1
BUXO/]11 BAKOPUCTOBYIOThCSI O-00pa3Hi CTPIUKH.

[Ipuctpiit Hama3Ku Kpemy

[Ipuctpiit Moxke 3a0e3nedyBaTi HaMa3Ky KpeMOM OJTHOTO a00 JBOX KOJBOPIB (32
OaxxaHHsIM KJieHTa). [Ipy HaMas31i BUKOPUCTOBYETHCS CTPIUKOBUI METO/ (32 OakKaHHIM
KiieHTa). s 3a0e3nedyeHHs: OAHOPITHOCTI KpeMy, pe3epByap sl KpEMY OCHAIICHUI
3MINTYBaJIbHUM MeXaHi3MoM. [l 3amoOiranHs 3amMep3aHHs 1]l Yac HaMa3Ku Kpemy B
OapabaHi BCTaHOBJIEHO HAarpiBay, KepoBaHU TepMmocTaToM. /s Oubil eheKTUBHOTO
BUKOPHCTAHHSA KpeMy, IiJ pe3epByapoM TMpaIloe CHHXPOHHO 3 Hama3yBaHHSIM i
3a0e3nedye MOBTOPHY mojady kpemy. KinmbkicTh mapiB Baduii 1 Kpemy Moxke OyTu
3MIHEHO 3a OakaHHsAM KiieHTa. Minimywm 3 (2 nucrta 1 kpem) mapy, MakcumyMm 9 mapis
(5 muctiB 4 kpemy). BepxHiii BadenbHUN JHCT TPOXOAUTH MO BEPXHBOMY MUIAXY
IPUCTPOIO, TAKUM YHHOM, Ha HBOI'O HE HAHOCUTHCS KpeM. JJisi piIBHOMIPHOTO HAaHECEHHSI
KpEMy Ha KOXEH IIap Ha BHUXOJAl BUKOPUCTOBYETHCS CHUCTEMa MapHUX LUJIHIPIB.
[TpucTpiit HaMa3Ku Mpalroe 3 TPOIYKTUBHICTIO B 32-a nucta. [Ipuctpiit BATOTOBJICHO 3
HepkaBirouoi ctaii 304-1 sKocTi.

CripanbHui 0XOJOHKYIOUHM TYHENb

CmipansHul TyHENb, SKUH TMpaIioe Ha PIZHUX PIBHIX, PO3pOOJIEHUN s
OTpUMaHHS OUIbII BUCOKOI MPOAYKTUBHOCTI. CmipalibHa cucTeMa 3a0e3reuye BUCOKY
e(EeKTUBHICTh MPU OOMEKEHOMY BHUKOPUCTaHHI Miclsl. BIIMIHHICTH BIJ CTPIYKOBHUX
KOHBEEPIB, SKi CIIOKWBAIOTh 3HAYHO OUIbINE €Heprii 1 3aiMaroTh OLIbIe MicCIs,

CIipajJbHUM TYHEJb CIIOXKHWBAE 3HAYHO MEHIIE €HEprii, PU 1bOMY, BUKOPUCTOBYIOUH 0
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100-meTpiB Hecyuoi cTpiuku. CmipanbHHUI TYHEIb MPAIIO€ MOBHICTIO aBTOMATHUYHO.
BuroTtoBneHHst 3A1MCHIOETECA 0€3 MaHyaJIbHOTO BTPYYaHHS 3 JIOTPUMaHHSIM YCiX
ririeHiyHux HopM. Yac, eHepris, epeKTUBHICTh BUKOPUCTAHHS, TPOCTOTA BUKOPUCTAHHS,
BHCOKA MPOYKTUBHICTh, BIUIUB Ha X1J] MPUTOTYBAHHSA 1 M0a4l MPOAYKTY, TOTPUMAHHS
TIriEHIYHUX HOPM XapyoOBOTI'0 BUPOOHUIITBA 1 EKOHOMIS MPOCTOPY € JMEIKUMHU 3 TepeBar
chipansHOi cuctemMu. KoHTponbHa maHenb Moke OyTH 3amporpaMoBaHa Mija pi3Hi
npoayktu. Oneparop MPHUCTPOIO BUOMpAE MPOIYKT, 3 IKUM OyJae itu poOota, 1 3amae
HIBUJKICTh CIIPaJbHOI CUCTEMH, TAKMM YHWHOM, 3MIHIOIOYU MPOIYKTUBHICTH TYHEIIO.
CripaJbHAN OXOJIOKYIOUHI TYHETh BHUKOPHUCTOBYETHCS IJII OXOJIOMKEHHS Badenb,
MOKPUTUX KPEMOM 1 ropimkamu 6e3 nepeBepTanHs BadenbHUX JUCTIB. s nupkysiii
MOBITPS BUKOPUCTOBYETHCSI TMOBITPSHI BEHTWIATOpPU. JJIi MIATPUMKHA HU3BKOT
TEMIIepaTypyd 1 NEPelIKOJM BTPAaTU TaKOi, CHIPAIbHUA TYHENIb PO3MILIEHUN Yy
CHeliaJIbHIN XOJMOAHINM KaOiHl, CTIHM SIKOi BHUTOTOBJICHI 3 8-MH CaHTUMETPOBOIO
Marepianny. CripaibHUM TyHeIb OCHaIlleHU mpoTtuBaroto B 10 Kkr. Y pasi nepeBuIlieHHS
MeXI1, BIMOBITHUIN CEHCOP 3YMUHSE CUCTEMY 1 3aXUILA€ IPUCTPIN BiJl OJIOMKH. KoxkeH
PIBEHB TYHEIIO0 OCHAIIEHUH CEHCOPOM JIJIs 3ar00iraHHs MmiaiomMy 1 OOpUBY CTPIUKH.

[Ipuctpiit aBTOMaTHYHO1 IOPI3KK BadIi

[Ipuctpiii ciy>XuTh N1 aBTOMATHYHOI MOPi3kU BadeIbHUX JIMCTIB, Ha 5Kl OyB
nonepeaHb0 HaHeceHuM kpem. [IpucTpiii CoOpsIKEHUIT MEeXaHi3MOM aBTOMATUYHOIO
mrabentoBaHHs. YHpaBmiHHS 3A1HCHIOeTbea cuctemoro kKoHtposto IIJIK. Tlpuctpiit
CTIOPSAJIKEHUN HOKOBUM PIKYUUM MEXaHI3MOM.
[Mpuctpiii Burororieno 3 marepiamy Cr-Ni 304-1 skocTi. 3 MeTOI Oe3MeKd KPUIIKH
CHIOPAIKEH1 TIPO30POI0 CIII0/I010. BadenbHi 0JI0KK CrIoYaTKy MPOXOASTh MEPITy PIKydy
YCTaHOBKY, TMOTIM HpPOCYBAalOThCS A0 Apyroi. MokiuBa Jerka 3amiHa piLKy4dOro
MEXaHi3My.

Posnoainpunii marazun

Lleli mpucTpiil pO3MINIYETHCS TMICAS PLKYYOTO MEXaHI3My, 1 CIYXUTb IS
NOJAJIBIIOT0 MPOCYBAHHS TMOpi3aHUX Badenb PIBHUMH psAgaMu 3 3a3JaJleTiab
nepea0auyeHuM IPOCTOPOM B JOBXKHUHY 1 MUPHUHY Baduii ISl MOJATBIIOTO iX TOKPHUTTS

IOKOJIAJIOM. [logaua mopizanux Badedb B TPUCTPIA MOKPUTTS HIOKOIAJAOM
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3IIACHIOETHCS aBTOMATHYHO. 3aJie)KHO B1J pO3MIpIB MOpi3aHoi Baduii, po3Mojaiibya
criipaib po3auise iX Ha 11 psaiB. Bceil moBepxHi, 3 SKUMH KOHTaKTY€ MPOAYKT, BUKOHAHI
3 HepXkaBiouoi ctam. Jns ouuieHHs BadelbHOI KPUXTH 1 MUY BUKOPUCTOBYETHCS
nepopoBaHUil JTUCT 3 HEPKABIIOYOI CTAJII.

ABTOMaTUYHUH 3MilITyBay BEPIIKIB

[TonBiiiHmii 3MinryBad 3A1MCHIOE 3MIIIYBaHHSA, 3aMilIyBaHHS Ta 3MIIIyBaHHSA
TBepaoro miacumoBaya GG; HamiBTBepai marepiaiu, Taki SK TICTO, MOPOIIKH, KPEM,
nacra, nuiam, cycrnensii Toio. MammHa 3acTOCOBY€E MPH 3MINTYBaHHI TOHKOMIJIEHOTO
MIIIEHUYHOT0 OOPOIITHA, COyCy Oelamerb, moJiedipHoi MIMaKIiBKU, CKISHOI IMAaKIIIBKH,
KPEMHiI0, TYMH, CIIOJIYK 3alli3a, PO3YMHHUKIB, KJIEiB, PIAKOTO0 MUJa , PIAKUNA MHIOYUN
3aci0, KkepaMiyHi TOPOIIKH 1 T. A. ICHYIOTh pi3HI TUIM KOHCTPYKIIiH, 110 BiJAMOBIIAI0ThH
BUMOIaM TEXHOJIOTTYHOTO MPOLECY, BKIFOUAKOUX mijpKak 1t nigirpisy I'T" migcumroBayva;
OXOJIOJIKEHHSI, €KCTpyAEepHa CUCTeMa JJisl OIYHOTrO CKUJAHHS MaTepiainy, (popMyBaHHSA
HITaMITy TOTOBOTO TPOAYKTY, aBTOMAaTUYHE HAXUJICHHS Yallll Ta BEPXHbOI KPUIIIKH.
Martepian 3aBaHTaXKy€ThCS Yepe3 BEPXHIO YACTUHY €MHOCTI, K mpaBuio, 40 mo 65
BIJICOTKIB 3MilllyBaua 3arajibHoi 00'eMHO1 eMHOCTI. OOepTaHHs JonaTteil BiI0yBaEThCS
yepe3 BaXKKi TMPUBOAHI CHUCTEMH, IO 3a3BHYail CKJIAJAIOTHCSA 3 JIBUTYHA, KOPOOKH
nepenad, Myt 1 nepenay. [lIBuakicTh HAKOHEUHUKA 3MIIITyBaya, sIK IPaBUIIO, OOMEXKeHa
60 meTpamMu B XBWIMHY. 3MIIIyBaHHS MOXE 3AIMCHIOBATHCS TMpPH TeMIeparypi
HABKOJIMIIIHROTO CEpeloBUIa a00 TpU KOHTPOJHOBAHUX TEMIIEPATYpHUX YMOBaxX.
[Toinku 3MminTyBaya MOXKyTh OyTH 3a0€3medeH] KOKyXaMu ISl IUPKYJISIIT rapsiaux ado
XOJIOJIHUX CEpPENOBUI JJI1 MIATPUMKH HEOOXITHUX TEMIIEPATypHHUX YMOB BCEpPEIWHI
3MinryBaya. BuBaHTa)KeHHs MaTepially 3 EMHOCTI 3MillTyBada BiJJ0OyBaeThCs a00 MUIIXOM
HAXWIy EMHOCTI 3MIillTyBava. HIDKHIM BUITYCKHHUM KJanaH a0o 4yepe3 eKCTpyaep / TBUHT,
pO3TAIlIOBAaHUM Y HUKHIM YaCTHHI MK JBOMA >KOJIOOHUMH BiJICIKaMH. 3MIITyBa4 MOXE
OyTH OCHAIICHUI Oy Ib-SIKUM 13 IIUX MPUCTPOIB PO3BAHTAKEHHSI.

1.3 BUMOru 10 CHCTeMHU €JIeKTPONOCTAYAHHA Ba(eJbHOr0 1eXy
CnoxuBayaMu €JIEKTPUYHOI €Heprii BadenbHOro 1EeXy € aCHHXPOHHI JIBUTYHU

BEpPCTATHOTO OOJIaIHAHHSI, IEPETBOPIOBAYl 1 OCBITICHHSI.
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Taxi croxuBaui eJIEKTPUYHOI €HEprii CTBOPIOIOTH PIBHOMIPHE 1 CUMETPUYHE 1O
BCIM TphOM (ha3aM HaBaHTAKEHHS.

JKvBlIeHHS €1EKTPUYHOIO €HEPTIE€I0 CTPYMOIPHUIIMadiB MOBUHHO OyTH HaJ(IHHUM,
Oe3nepeOitHUM 1 €KOHOMIYHMM.  TOoMy  BIAHOCHMO  €JIEKTPOINOCTadyaHHs
CTpyMonpuiimMauiB BadheIbHOTO IEXY J0 IPYroi KaTeropii eJeKTpornocTayaHHsl.

BingnmoBigHo mo Bumor IlpaBun ynamrtyBaHHs enekTpoyctaHoBok (IIYVE),
CTHOXKUBAYl €EKTPUYHOI eHeprii BiAHECEHI M0 2-1 KaTeropii MoBUHHI 3a0€3MeuyBaTUCh
CJICKTPUYHOIO €HEPTI€I0 BiJl JBOX HE3AICKHUX JKEPEII )KUBJICHHS, TaK, IK MOPYIICHHS
CJIEKTPOTIOCTAYaHHA MOXE TPUBECTH JO pO3Naay TEXHOJOTIYHMX TMPOLECIB Y
BUPOOHUUYOMY MPUMIIIEHH] 1 BHECTH HETaTUBHI 3MIHU B KUTTEAISUIBHICT MPalliBHUKIB
MIPUEMCTRA.

TakuM 4YMHOM, B LIEHTPI HABAHTAXKECHHS CIIOKUBA4dIB TMIANPUEMCTBA OyJie
CHOpy/KeHa MOHMXKYro4a TpaHcpopmaropHa niacranuis 10/0,4 kB 3 nBoma cunoBumu
TpaHcopMaTopaMu, MOTYXKHICTh SIKUX OyJie BU3HA4Y€HA BUXOJA4YU 13 PO3PaXyHKOBOI
MOTYKHOCT1 CIIO’KMBAYiB Ha HU3bKIH CTOPOHI MiACTaHIII].

Buxopucrtanas ogHoTpaHcpOpMaTOpHOi NIACTAHLII YCKIaJAHUTh PE3EPBYBAHHS
CTpyMonpuiiMauiB, ©0 BiJ TpaHCPOPMATOPHOI MiACTaHLII OYIyTh OTPUMYBATU
CIIO’KMBAYl BCIX TPHOX KATETrOpii 1Mo HaAIHOCTI.

OT1xe, He0OX1THO MTPU BUOOP1 CXEMU 1 CUCTEMU €JIEKTPUYHOT MEPEX1 BPaXOBYBATU
MOTY>KHICTb 1 YMCJIO CIIO>KMBAYiB, PIBEHb HAIIMHOCTI €JIEKTPONOCTAYaHHS HE CIIOKHBAYiB
B LIIJIOMY, @ TUX L0 BXOJATH B IX CKJIaJ OKPEMHUX CTPYMONpUNMAaYiB.

[IpuiiHsATe pilleHHS IIOJO BapiaHTa CHCTEMHM €JEKTPOINOCTAaYaHHS CIOXUBayiB
[IpAT «JlomiHik» TOBMHHO 0a3yBaTHCS HAa OCHOBI TEXHIKO-€KOHOMIYHUX TMOKA3HUKIB
CUCTEMHU B IIJIOMY, SIKI BU3HAYAIOTHCA CYMOIO NPUBEACHHX 3aTpaT Ha 3OBHIIIHE 1
BHYTPIITHHO3aBOJICHKE €JICKTPOMOCTAYaHHS.

[TepepBa B eneKTpomocTadyaHHI CHOKHUBAYIB €JIEKTPOEHEPTii BadeabHOTO IEXy
MO>Ke MPU3BECTU O MACOBOTO HEJOBUITYCKY MPOAYKIIli, MACOBUX MPOCTOIB POOITHHUKIB,
MEXaHI3MiB Ta IPOMHUCIOBOTO TPAHCIIOPTY, MOPYIIEHb HOPMAJIbHOI M1SUIBHOCTI 3HAYHOL
KUTIBKOCTI Jtofiel. TomMy enexkTponpuiiMadl JaHOI MIJCTaHIlT BITHOCHMO J0 2 KaTeropii

€JICKTPONPUIMAaYIB MO HAIIMHOCTI €JIEKTPONOCTaYaHHS.
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2 PO3PAXYHKOBO-TEXHIYHA YACTUHA

2.1 Po3paxyHOK eJIeKTPUYHHX HABAHTAKEHb

HaBanTakeHHs CIIOXKMBaulB €JIEKTPUYHOI €HEPTii € OCHOBHUM MapaMeTpoM, 3a

SAKUM BHKOHYETHCA BI/I61p BCIX CJIEMCHTIB CHUCTEMH CICKTPUYHOI'O ITOCTAaYaHHA. TOMy

NpaBUJIbHE BU3HAYCHHS €EKTPUYHOTO HABAHTAXKEHHS HEOOXITHE MPU MPOCKTYBaHHI U

eKCIUTyaTarii eJNeKTPUYHUX MEepekK. Y JTUIUIOMHOMY TIPOSKTI Ui BH3HAYCHHS

CICKTPUYIHHNX HABAHTAKCHb 34CTOCYEMO MCTO YIIOPAIKOBAHUX I[ianaM, SIKUAM y I[aHHﬁ

4ac € OCHOBHUM ITPH po3po0LIl TEXHIYHUX 1 pOOOYHX MPOEKTIB €IEKTPOIOCTaYaHHS.

XapakTepUCTUKH CIIOKMBAYIB €JIEKTPOCHEPTii 3aHeceHo 10 Tabi. 2.1.

Tabnung 2.1- Buxigni gaHH1 10 OIpOEKTY

Neo HaiimenyBarus KinbkicTb, P. kBr cos ¢ Ko Usows

3/ CIIO)KUBAYIB IIIT. : tg @

p | 3wimysad s 1 375 0,85 0,75 0,4
KIIpy 0,62
ABTOMAaTHYHA T4 0,85

2 JUTSL BUIIIYKH 1 7.8 —_— 0,75 0,4
BadeIb 0,62
[Tpuctpiit 0,85

3 OXOJIOKEHHS 1 15 0,75 0,4
JUCTIB 0,62

4 | Mpuctpiii namaskn 1 97 0,85 0.75 0.4
Kpemy 0,62
CripanbHuit 0.85

5 OXOJIOKYIOUHIA 1 11 ' 0,75 0,4
TYHEIb 0,62
[Ipucrpiit 0.85

6 aBTOMAaTHYHOI 1 45 - 0,75 0,4
nopi3ku Badui 0,62

. Posnopinrorounit 1 15 0,85 0.75 0.4
MarasuH 0,62

g | Asromamimimit 1 8,5 085 0,75 04
3MilIyBa4 BEPIIKIB 0,62

HominanpHa (BCTaHOBJIEHA) MOTYXKHICTh E€JIEKTPOJBUTYHIB TPUBAJIOTO PEKUMY

MpECTaBIIsAE€ MACOPTHY MOTYKHICTh JIBUTYHA, TTO3HAYEHY HA 3aBOJACHKIM Ta0uil. s
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JIBUTYHIB ITOBTOPHO-KOPOTKOYACHOTO PEKUMY HOMIHAJIbHA TIOTYKHICTh MPUBOUTHCS 10
TPHUBAJIOTO PEXUMY 3a Jornomororo ¢opmynu (2.1.1) 3 [1, c. 99].
Ockinpkd JUIsi JTaHOI TPYNH €JIEeKTPOYCTAaTKyBaHHS TACIOPTHA TPHUBATICTh

BBIMKHEHHS €JIeKTpOABUTYHIB npuBeaeHa 10 100%, Tomy:

PHOM. = Pnacn. ) (211)

ne P., — MacnopTHa MoTYyXHICTb, KBT.

Bu3HayaemMo akTHBHE 3MIHHE HABaHTA)XEHHS €JEKTpoycTaTtkyBaHHs P,,, kBT 3a

dopmyioro (2.1.2) 3 [1, ¢. 99]:

P3M = PHOM "K', (212)

1€ K — KOE(IIEHT BUKOPUCTAHHS €JIEKTPOYCTATKYBAHHS,

N — KUIBKICTh €JIEKTPOYCTATKyBaHHSI.

P,=075-(375+78+15+27+11+45+15+8,5) =49,2 kBt
Busnagaemo peakTuBHE 3MIHHE HaBaHTaxeHHS Q,,, KBap 3 Koedili€HTOM

TOTY>HOCTI COS ¢ = (,85 3a ¢opmyuoro (2.1.3) 3 [1, ¢. 100]:

Qsm = Pow " tgo, (213)

ne P,, — akTuBHE 3MiHHE HaBaHTaXEHHS, KBm;

tgp — TabJINYHE 3HAYEHHS, SIKe BIAMOBIAae c0S ¢ = (,85.

Q. = 49,2-0,72 = 35,4 kBap

B 3anexHOCTI BijI K1 N,y BHOUpPaEMO Kmaxi3 [1, €. 100, Tabmn. 5.2].
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Bigmosinno mo [1, ¢.100, Tabm. 5.2] mpu kK, = 0,75 1 n.p. = 8 mT. mpuitmaeMo  Kmax
= 1,08. 3HaxoaMMO MaKCUMajlbHE AKTUBHE HABaHTAXEHHS Pmax, kBm 3a dopmyioro
(2.1.4)3[1,c. 102]:

Prax = P * kmax (2.1.4)
1€ ki qx — KO€(ilieHT MaKCUMyMY aKTUBHOT MOTYKHOCTI.

Ppax = 35,4-1,08 = 38,2 kBT

BuzHauaemMo MakcHMallbHE peakTUBHE HaBaHTAXKCHHS Qmax, K6ap 3a GOpMYIIOI0

(2.1.5)3[1, c. 102]
Qmax ipun < 10 = 1,1 - Q,,, 260 Qg Ipun > 10 = Q,,,, (2.1.5)

ne Q. — 3MIHHE PCaKTHBHE HaBaHTAKCHHSI.

B nHamomy BUNajKy KiIbKICTh €JIEKTPOyCTaTKyBaHHsI n = 1, Tomy:
Qmax = Qsn - 1,1 (2.1.5)
Qmax = 354 - 1,1 = 39 kBap

3HaXOIUMO TIOBHE PO3PAXYHKOBE HABAHTAKEHHS S5, KB*A 3a popmyuioro (2.1.6)

3[1, c. 102]:

Sposp = /Prznax + Q,Znax ) (2.1.6)

Iie Prax — MakcUMaJIbHE aKTUBHE HaBaHTa)KEHHS, kBm;

Qmax — MaKCUMaJIbHE PEaKTUBHE HABAHTAXKCHHS, K8Ap .
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Sposp = +/38,2% + 392 = /2980 = 54,6 kB - A

AHaNIOr1yHO MPOBOJAUMO PO3PAXYHKHU JUISI 1HIIIOTO €JIEKTPOYCTAaTKyBaHHS.

Po3paxyHOK eeKTpUIHOTO OCBITIICHHS IIIBHUII 1eXa

HItyune poGode OCBITIEHHS MPOMHCIOBUX MPHUMIIIEHb CTBOPIOE HEOOXITHY 3a
HOpPMaMU OCBITJICHICTh, 3a0€3MedyloYd THM CaMHUM HEOOXiJHI YMOBH POOOTH IpHU
HOPMAJILHOMY peXuMi eKcruryatarii OymiBmi. CucTema 3arajJlbHOTO OCBITJICHHS
MpU3HAYeHa 11 CTBOPEHHS OJHAKOBOI OCBITJICHOCTI IO BCIA TUIOIII HPHUMIIIEHHS.
CBITWJIBHUKY PO3MIILYIOTh Y BEPXHIN 30H1 MPUMILIEHHS, SIK IPaBUJIO, HA OAHINA BUCOTI
HaJI IT1JI0T010, 3 OJHAKOBOIO BIJICTAHHIO MIDK CBITHJIbHUKAMH.

OcBiTIIIOBaJIbHI HABAHTAKEHHS PO3PAXOBYIOTHCS METOJOM MUTOMOI MOTY>KHOCTI
Ha OCBITJIOBAIBHY IUIONy Hexa (Bm/m?). JIus OCBITICHHS B LEXy BHKOPUCTOBYIOTHCS
CBITWJILHUKH 3 CBITJIOXIOAHHUMH JIaMIIaMH.

VY 0BiJIKOBIH JiTEepaTypl HaBeACHI TAOIHIIl 31 3HAUEHHSIMHU MUTOMOI MOTY>KHOCTI
(Bm/m?) 3anmexHO Bij BEIMYMHM HEOOXiMHOI OCBITJIIEHOCTI, THUITy CBITHJILHHKA,
Koe(]illieHTIB BIAOMTTSA CTEl Ta CTiH, IUIOMIl OCBITJIIOBAHOTO MPHUMIIIECHHS
(S = 1400 m?).

Bubupaemo cBiTI01101HY JTaMmy MOTYKHICTh sikoi P, = 30 BT Ta koedimieHTOoOM
MOTY>KHOCTI cosp = 0,9 ; nuTOoMa TOTYXKHICTh JJIsl CBITJIOMIOAHUX JIamMmn OyJe
nopisHoBaTH p = 4 BT/M?

3Hax0MMO HEOOXiHY KilbKiCTh CBITHMIBHMKIB (Bm/m?), 3a dopmynoro (2.1.7) 3

[1, c. 216]:

2.1.7)

Jie p -IMTOMA TIOTYKHICTh MEPEXi OCBITIICHHS, Bm/M?;
P, - mOTy>XHICTb OJIHIET JIaMIu, Bm;

S - mI0IIA OCBITIIOBAHOTO MPUMIILEHHS, M2,
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_4-1400_187
n=——p = T

3Hax0IMMO 3MIiHHE HaBaHTaxeHHS P, o, KBT 3a popmysioro (2.1.8) i3 [1, ¢. 99]:
P, o =P n-K, (2.1.8)
ne P, — MOTYXHICTh OJIHIET JIAMIIH;

N — KUJIBKICTB JIAMII,

Ks — KOe(ILIEHT BUKOPUCTAHHS JIaMII.

P,,0 =30-187-1 = 5,6 kBT.

Busnauaemo peakTUBHE 3MIHHE HaBaHTakeHHS @,y 0,KBap 3 KoediieHTOM

notyHocTi cos@ = 0,9 3a popmysoro (2.1.3) 13 [1, c. 100]:

Q3M.O.cos<p=0'9 = Pivo. 80, (2.1.3)

ne P, o, KBT - akTUBHE 3MIHHE HABAHTAXKCHHS;

tg@ - TabnuyHEe 3HAYCHHS.

Qa1.0.cospmos = 200 0,484 = 2,71 kBap

3Hax0AMMO MOBHE PO3PAXyHKOBE HABAHTAKECHHS Spos.O.r KB - A, nj19 nanux j1ami 3a

dopmyoro (2.1.9) 3 [1, c. 102]:

Sp03.0. = \/P3M.O.2 " Qsm02 (2.1.9)

ne P,y 0. — aKTUBHE HABaHTAXEHHS, KBT;

Q3M_o_ — PCAKTUBHC HABAHTAXKCHHS, KBap.
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S

1050, = /5,62 + 2,712 = /38,7 = 6,22 kBA

Po3paxoByeMo 3araiibHi OTY>KHOCTI JUIBHUII IEXY, BKIOYAOUH OCBITICHHS.
OT1xe, 3 ypaxyBaHHSIM OCBITJIICHHS 3arajbHE HAaBAaHTAKCHHS JUIBHHMIIL 3 JTIHICIO IO
BUPOOHUIITBY BapebHUX OICKBITIB CTAHOBUTH:
Byos. = 43,8 KBT
Qpos. = 41,71 kBap
Spos. = 60,82 kB - A
Bix TpancdopMaTtopHOi MIACTaHIIi TaKOX MXHUBIATbCS KaOlHET 1 jabopartopii
aJIMiHICTPATUBHOTO KOPITYCY, IIeX M0 BUPOOHUIITBY IIyKEPOK, IIOKOJIAIHUHN IIeX, MyIHUN
[eX Ta 1HII1 BUpOOHUY1 MTOTYKHOCTI.
3a HamaHowo 1H(OpMAIi€d BIJ TOJOBHOIO E€HEPreTHKa IMiANPUEMCTBA
HABAHTAXKEHHA TpaHC(HOPMATOPHOI MiICTAHIIIT CTAHOBUTH:

Byos. = 1227,6 kBT
Qpos. = 662,6 KBap
Spos. = 1395 kB - A

2.2 KommneHcanisi peakTUBHOI MOTYKHOCTI

Cepennbo3BakeHUN KOC(DIIIEHT MOTYKHOCTI COS(Q BU3HAYAEMO 32 (HOPMYJIIOIO

(2.2.1) 13 [3, c. 249]:

_ PP 3ar.

COS(pcpsB. - ’ (221)

SP 3ar.

ne Pp ... - aKTUBHA PO3paxyHKOBA MOTY>KHICTh BCOTO €JIEKTPOOOIaJHAHHS 1EXY,
xkBm.

Sp 3ar.- TOBHE MAaKCUMaJIbHE HABAHTAXKCHHS €JICKTPOOOJIaIHaHHS 1IeXy, kB A

1227,6

COSPcpzp. = W = 0,88
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Cepennbo3BakeHuii koedimieHT motyxkHocTi (cosq = 0,88) He Bigmomimae
ekcruryaramiitauM Bumoram (cos = 0,92...0,95), Tomy npoBOAMMO KOMIICHCAIIIIO
PEaKTUBHOI MOTY>KHOCTI JIJISl CTIOKMBAYiB €JICKTPHYHOI €HEpPTii 1exa.

3a cyMapHUMU PO3PaxXyHKOBUMH BEIMYMHAMHU aKTHBHOI 1 pEaKTHBHOI
MOTY)KHOCTEH Ta CEpeaHBO3BAXKCHOMY KOe(DIIiEHTy TOTYKHOCTI BH3HAYAEMO
KOMITCHCYIOUY TIOTYKHICTb.

BenuunHy KOMIEHCYI0YOi PEakTUBHOI MOTYXKHOCTI Qg , KBap BH3HAYAEMO 3a

dbopmyitoro (2.2.2) i3 [3, ¢. 125]:

Q« = Pp3ar_ (tgo, — tge,) , (2.2.2)

ne tgep, — tg KyTa, 110 BHU3HAYAETHCS 3a CEPEIHbO3BAXKEHUM KOoe(]illieHTOM

TMOTYHKHOCTI COS Q.. . 5

tg@, — tg KyTa, Mo BU3HAYAETHCS 3a KOS(DIMIEHTOM MOTYKHOCTI COSQe, = 0,93

Q. =1227,6- (0,53 — 0,395) = 165,73 kBap

Takum unHOM, Ha cTopoHi 0,4 kB TpanchopmaTopHOi MiACTaHLIi YCTAHOBIIOEMO
JIBa KOMIEHCYIOUMX TpucTpoi 3aranbHoi0 moTyxHicTio 100 xBap (YKBH-0,38-100-
50V3).

[Ticnst BuOOpY KOMIIEHCYHOUOTO MPHUCTPOIO TMEPEPAXOBYEMO CyMapHy IOBHY

PO3paxXyHKOBY IOTYKHICTh MIACTAHIIT Sp .o, KB * A 3a ¢popmyioro (2.2.3) 3 [5, ¢. 68]:

SP 3ar., = \/PP 3aI‘.2 + (QP 3ar. Q6)2 ’ (223)

1€ Qp 5ar.- PEAKTHBHA PO3PAXYHKOBA MOTYKHICTh BCHOT'O €JIEKTPOOOSIaIHAHHS

1exy, KBap;

Qs- pEaKTHUBHA MOTY>KHICTh KOMIIEHCYIOUOTO TPUCTPOIO.
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Spaar. =+/1227,6% + (662,6 — 200)2 = 1311,9kB - A

IlepepaxoByeMO CEpENHbO3BAXKEHNH KOCQIIEHT IIOTYXKHOCTI COS Qcepss. 38

dopmyitoro (2.2.4) 3 [5, ¢. 70]:

1:)P 3ar.
COS(pcpsB., - S 7 (2.2.4)
P zar.
. 12276
COSPcpap. = 13119 = (0,94
OTxe, micig  BUKOHaHHS  KOMIIGHCAllli  pPEAaKTHBHOI  MOTY>KHOCTI,

CEPENHBO3BAKEHUA KOCPIIEHT MOTYXKHOCTI (COSQPcp s = 0,94) cTaB BiAnosizatu
eKCIUTyaTal[iiHIM BUMOTaM.

[Ticnst BUOOpY GaTapei cTaTHYHUX KOHJIEHCATOPiB HEOOX1JHO BUOpATH PO3PSATHUN
ormip.

Po3paxoByemMo po3psiHuii omip 75,03, KOM 3a popmynoro (2.2.5) i3 [3, ¢.131]:

2

U
Ryes. = 15 -%- 108, (2.2.5)

ne Uy, - dasna Hanpyra, KB;

Qs — 3arajgbHa MOTYXHICTh KOHJAECHCATOPHOT YCTAaHOBKH, KBap.

2

04>
Rpos = 1555+ 10° = 12000 Om

B siKOCT1 po3psAHOTO OMOPY MPUIAMAEMO JIAMITA POIKAPIOBAHHS.
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2.3 Bubip uuciia i noTy:>KHOCTi cWJIOBHX TpaHcopMaTopiB

Bubip uucna 1 moTy>XHOCTI CHUJIOBUX TpaHcdopmaTopiB. BuOupaeMo Ha OCHOBI
TEXHIYHUX PO3PAaXyHKIB. 3a JBOMa BapiaHTaMH, BUXOSYH 13 PO3PAXyHKIB MOTY>KHOCTI
TpaHcHOPMATOPHOI MiACTAHIIIT Ta KaTeropii cTpyMonpuiiMayiB 00’ €KkTa.

Hamivaemo nBa BapiaHTa yCTaHOBKM CHUJIOBUX TpaHC(OpMaTopiB Ha MiACTaHIN]
10/0,4xB.

[lepmnii BapiaHT: nepeadadaeMoO BCTAHOBICHHS ABYX CHJIOBUX TpaHC(HOPMATOpPIB
noTyxHicTio 800 kB*A koxHMIA.

Jlpyruii BapiaHT: nepeadadyaeMoO BCTAHOBJICHHS ABYX CHJIOBUX TpaHC(OpMaTopiB
noTyxHicTio 1000 kB*A xoxHMI. XapakTEpUCTUKU CUIIOBUX TpaHC(HOpMaATOPIB MOJAHO

B Ta0nIl 2.2

Tabnuusg 2.2 — TexHiuH1 JaH1 CUIOBUX TpaHCHOPMATOPIB

Tun SH, Ix.x, UK.3.,
TpaHchopmaTopa kB-A APxx, KBT | APycs, kBT % %
TMI-800/10 800 1,3 9,6 1 5,5
TM-1000/10 1000 2,45 11 1,4 55

Po3paxyHku mapameTpiB 3a MEpIIUM BapiaHTOM

Po3paxoByemo koedirieHT 3aBanTakeHHs K, 3a popmyoro (2.3.1) i3 [7, ¢. 205]:

Sp !
3ar.
K3 =

e (2.3.1)

JIe N — KUTBKICTh CUJIOBUX TpaHC(OpMaTOpiB, IMIT.;

S, - HOMIHaNIbHA MOTYKHICTh CUJIOBOTO TpaHchopmaropa, KB -+ A.
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Btpata  peakTuBHOI  MOTYXXHOCTI B PEXKHUMI  XOJOCTOTO  XOJIY

AQ, , , KBap Bu3HayaeMo 3a ¢popmyiioro (2.3.2) 3 [1, ¢. 29]:

|
— XX | 232
AQX.X 100% SH’ ( )

ne Iy - CTpyM X0JIOCTOTO X0y CUIIOBOTO TpaHchopmaropa, %o.

1
AQy 1 = 100% 800 = 8 kBap

Brpary peakTHBHOI MOTY>KHOCTI B PEXHMI KOPOTKOTro 3aMukaHHs AQ, ., KBap

BU3Ha4YaeMo 3a ¢popmyJorw (2.3.3) 3 [1, c. 30]:

Ugs
AQK.3 100 SH 4 ( )

ne Uy, - Hampyra KOpOTKOTo 3aMUKAaHHS CHJIOBOTO TpaHchopmaropa, %.

5,5
AQK_31 = TOO/O -800 = 44 KBap

Busnauaemo mpuBe/ieHI BTpaTH MOTYKHOCTI B CHJIOBOMY TpaHcdopmatopi AP,

kBT 3a ¢hopmyioro (2.3.4) i3 [1, c. 32]:
AP"=12- [APXX + Ky - AQyx + K?z, (APKB + Ky QKS)] ’ (234)

ne AP, - BTpaTH TMOTYXXHOCTI B PEKHUMI XOJIOCTOTO XOJy CHJIOBOTO
TpaHchopmaropa, KBT;
AP - BTpaTd TOTYKHOCTI B PEXKUMI KOPOTKOTO 3aMHUKAaHHS CHJIOBOTO
K.3.

TpaHchopmaropa, kBT;
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K; = 0,05 - koedirmieHT BTpat (HOBIAHUKOBA BETUINHA).
AP, =2-[1,3+ 0,05-8+0,822(9,6 + 0,05 - 44)] = 19,3 kBT

[lepeBanTaxyBabHy 31aTHICTb Spe, KB+ A BusHayaemo 3a ¢popmyioro (2.3.5) i3

[5.,c.85]
Snep. = 1,4 * Syomrp » (2.3.5)
Spep = 1,4+800 = 1120 kB - A
1120 >1311,9

OTxe, yMOBa HE BHUKOHYEThCS. B micisaBapiiiHOMy pexumi moTpiOHO Oyne
BUMUKATH JICSIKUM BIJICOTOK CIIOKUBAUIB €JICKTPUYHOT €HEPTii.
Po3paxyHku napameTpiB 3a IpyTUM BapiaHTOM

Koedirient 3aBanTaxenns K, Buznauaemo 3a ¢popmysioro (2.3.1):

— 1311,9 066
3272.1000

Brpary =~ peakTMBHOI  MOTYXXHOCTI B  PEXHUMI  XOJIOCTOTO  XOAY

AQ, ., KBap BuU3Ha4aeMo 3a GpopmyJioro (2.3.2):

1,4
AQy o = TO%. 1000 = 14 kBap

Brpara peakTHBHOI MOTYXKHOCTI B pEXHMMi KOPOTKOIro 3amukaHHsi AQ, ., KBap
BH3Ha4YaeMo 3a hopmyiioro (2.3.3):

)

100%

AQy 4o = - 1000 = 55 kBap
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BusHauaemo npuBe/ieHI BTpaTH MOTYKHOCTI B CHJIOBOMY TpaHcdopmatopi AP,

kBT 3a dpopmyioro (2.3.4):

AP, =2-[2,45+ 0,05-14+0,66%(11 + 0,05 - 55)] = 18,3 kBT

IlepeBanTaKyBalbHy 31aTHICTh Sy, KB - A Bu3sHagaemo 3a popmynoro (2.3.5):

Snep = 1,4+ 1000 = 1400 kB - A

1400>1311,9

OTxe, yMOBa BUKOHYE€ThCSA. B micisaBapiiiHOMy pexuMmi He MOTpiOHO Oyne
BUMUKATH JICSIKUM BIJICOTOK CIIOKUBAUIB €JICKTPUYHOT €HEPTii.

Bcranosnenns aByx tpanchopmatopiB TMI'-800/10 nHe € BumpaBgaHum Ta
nouiteHUM. Tpanchopmaropu TMI-800/10 wmaroTe OidbINi THTOMI BTpaTH, Ta
KOe(]illI€EHT 3aBaHTAXKCHHS ABJISIETHCA 3aHAJTO MAJIUM Ta HEJOIIJILHUM.

OTtxe, mpuiiMaeMo JIsi BCTAHOBJICHHSI Ha MIACTaHIII] ABa TpaHncpopmaropu TM-
1000/10. Bonm 3abe3meuaTh HaAIMHE EIEKTPONOCTAYaHHS  BCIX  KaTeropii

CJICKTPOIIPUIMAYIB TIEXY.

2.4 Bubip TNy i KOHCTPYKTHBHOI0 BUKOHAHHS MiICTaHIIl

CxeMa eeKTpoIroCcTayaHHs 1eXy, MiAMPUEMCTBA, B IIIJIOMY, IOBUHHA BiIMOBIIaTH
TEXHOJIOTIYHOMY Mpolecy 1 OyTh opraHidyHo 3 HUM 3B'si3aHa. (CxemMa TOBHUHHA
3a0e3medyBaTi 3a/laHy KaTeropild HAAIMHOCTI TOCTadyaHHsS, OyTH EKOHOMIYHOKO 1
JIOCTaTHHO THYYKOIO, TOOTO, 0€3 CyTTeBOi TepeOyoBH 3a0E3MEeUnTH KUBJICHHS
€JICKTPOIPUIMAYIB MPHU 3MiHI iX MOTYXHOCTI ab0 KinbKOCTi. ToMmy mpu BHOOpI cxemu
CJICKTPOIIOCTAYaHHS HEOOXITHO Tepea0auyuTH MOXIJIHUBICTH PO3IIUPEHHS 1 PO3BUTKY

OKPEMHUX 1X €JIEMEHTIB.
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XapakTepHOIO  OCOONMBICTIO CXEM  BHYTPIIIHbO3aBOJCHKOTO  PO3MOALLY
CJICKTPOCHEPT1l € BEJIMKAa PO3TATYKEHICTh MepeXi 1 HasBHICTh BEJIHUKOrO 4YHCIa
KOMYTaIllifHO-3aXHCHOI araparypu.

Koxna migcraniis mae posnoginbuuii npuctpiid (PI1), sxuit MicTUTh KOMyTalilHi
amapaTd, 3acoOM 3axXHCTy Ta aBTOMATHKH, BUMIPIOBAJIbHI  Tpuiaaau, 30ipHI Ta
3’€IHyBaJIbHI IIMHU Ta JOTIOMIXHI IPUCTPOI.

[To koHCTpYKTHUBHOMY BHUKOHAaHHIO BC1 PII MiisThCSl HA BIAKPUTI Ta BHYTPIIIIHI.

Binkputi Ta BHYTpimHi PIT Moy Th OyTH KOMIUIEKTHUMH (301pKa Ha MiAIPUEMCTBI
— BUPOOHHUKY) UM 301pHUMHU (301pKa YaCTKOBO YW MOBHICTIO HA MICLI1 3aCTOCYBAHHS).

Kommnexktaum posnoginsunm npuctpoeMm (KPIT) — HasuBaroTbes po3moaiibyi
MPUCTPOI, SKI CKJIAAIOThCs 3 mad), 3aKpUTUX TMOBHICTIO, a00 YaCTKOBO, YW OJIOKIB 3
BOY/TOBaHMMH B HUX amapaTaMi 3aXUCTy Ta aBTOMAaTHUKH, BUMIPIOBAIbHUMU TPUIIaaMU
Ta JOTOMDKHHMMH TIPUCTPOSIMHU, SIKE TIOCTAaBJISE€TbCS B 310paHOMy  (TIOBHICTIO
M1ArOTOBJICHOMY 1Sl 310paHHs BUTJISA1) 1 MPU3HAUEHE JIJIs1 BHY TPIIIHBOTO BCTAHOBJIEHHS.

KPII, Buxonani Ha Hampyry g0 10 kB 1 ctpymum no 3000 A, mmpoko
BUKOPUCTOBYIOTbCS Ha TMPOMHUCIOBUX Ta MICBKUX MIACTaHINAX, TonoBHUX PII
€JIEKTPOCTAHIIIM CePeIHhOI Ta MaJIOi MOTYKHOCTI.

KPII pi3HOMaHITHUX KOHCTPYKIIA BUTOTOBJSIOTHCS Ha  MIANPUEMCTBAX
€JIEKTPOMOHTaXKHUX oprasizauid B Burisial kamep tuny KCO (kamepa craumioHapHa,
OJIHOCTOPOHHBOTO 00cayroByBaHHs) un mad tumy KPIL.

KomruiekTHi po3noAinbpdi NPUCTPOi BHYTPIITHBOTO BCTAHOBJICHHS 30UPArOTh 3
OKpEeMHMX MeTalIeBUX 1ad 0JHOCTOPOHHBOrO o0cayroByBaHHs cepli KCO-266 3 oaHiero
cucremoro muH. [lapu KCO BUKOPHUCTOBYIOTBCS [UIsl 3aKPUTUX PO3MOALTBYMX
MPUCTPOIB CTAHIIIH 1 mijicTaHIlii Hanpyroro 6-10 kB. BoHn Mar0Th MPOCTY KOHCTPYKIIIIO,
TOMY iX MOXHA BUTOTOBJISITH 1 Ha 3aBOAAaX 1 B MAaMCTEPHSAX MOHTAaXXHUX OpraHizallii.
[[Tagm wmaroTh ONOKyBaHHS, $KI HE JOMYCKAIOTh TOMWJIKOBUX OIEpaliid Mpu
ekcrutyarainii. Po3risaao koHcTpykiiito madgu KCO-266 3 BuMukadyeM HaBaHTaKEHHS.
3riIHO CXeMH BHMMHUKA4 HABaHTAXEHHS MIJKIOYEHUM 10 IIUH Yepe3 3amoOiKHUK.
Howminansuuit ctpym madu 400 A. Ilicns BuMukaya HaBaHT@KEHHS 3 3a3€MIIFOIOUYUMU

HOXKaMH, SIKUA KepyeTbcs pydyHuM mnpusojom [1P-10, posmimenuit TpanchopmaTop
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cTpyMy. PykosiTka mpuBOAa BUMHKaua MICTUThCS Ha mepenHid maneni madu. [Hadu
KCO npocri i HaaiiH1 B eKCILTyaTaIri.
[Tpuiimaemo madu KPII nns xoncrpykmiiHoro BukoHanHs PII mexy, Tomy 1o

BOHHM OLJIbIII 3py4HI B PEMOHTI 1 ecTuTyaTartii.

2.5 Po3paxyHOK CTPYMiB KOPOTKOI0 3aMHUKAHHSA

J171s BU3HAYEHHS CTPYMiB KOPOTKOTO 3aMHKAHHS CKJIQIa€EMO PO3PaXyHKOBY CXEMY,
300pa)K€Hy Ha PHUCYHKYy 1, 110 BIJINOBIAa€ HOPMAJIbHOMY DPEXUMY POOOTH CUCTEMHU
€JIEKTPOIIOCTAYaHHSI, BpPaXOBYIOUH, 10 BCl JKepesa JKUBJICHHS BKIKOYEH1 MapajieabHO.

[To po3paxyHKOBIi# CXeMi CKJIaIaEMO CXEMY 3aMIIIeHHs, 300pakeHy Ha PUCYHKY 2.

7 /IETT T0kB N /T 10kB
ALU:&EW [1=05km
TM-1000/70 TM-1000/10
@ U =55% U =55%
04 K 04

Pucynok 1 — Po3paxyHkoBa cxema
Onopu €JeMEeHTIB KOPOTKO-3aMKHYTOTO KOJIa BH3HAYa€EMO Yy IMEHOBAHMX
OJIMHUIISX, IPUBEACHUX J0 Oa3ucCHUX yMOB. Ha OCHOB1 po3paxyHKOBO1 CXEMH CKJIaIaEMO
cxemy 3aminieHHs. Ha cxemi 3amimieHHs BC1 OMOPU MO3HAYAEMO JPOOOM, YUCETHLHUK
SAKOTO TMOPSAKOBUA HOMEP OINOpY, a 3HAMEHHUK — a0COJIIOTHA BEJIMYMHA, sKa

BU3HAYAETHCS 32 BIAMOBITHUMU (HOPMYJIAMHU.
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Pucynok 2 — Cxema 3aMileHHs] €IeKTPUIHOT MEpexi

Buznauaemo OIIOPH CXCMHU 3aMiIH€HH5L

Busnauaemo omip cuctemu X¢, OMm, sika 3a71a€ThCA EHEPrOCUCTEMOIO 3a (OPMYJIOIO

(2.5.1)3[3, c. 84]:

Us

X = X r—
C C.HOM.
Sk’

(2.5.1)

e Xexow. = 0,1;
Us — 6a3ucHa Hanpyra BUCOKOT CTOPOHH, KB;

Sk — cymapHa MoBHA PO3paxyHKOBa MOTYKHICTH MijicTanIii, MB-A.

2

)

1
Xx.=0,1" 13

= 8,5 Om

Busnauyaemo omip JiHii enekrpornepenad X, Om 3a popmynoro (2.5.2)3[7,c. 171]:

Ug
2 )
Ucep

X =Xo" - (2.5.2)

ne Xo = 0,08 OM/KM — TUTOMUI IHAYKTUBHUHN OMip MOBITPSHOI JIIHII;
| — moBKMHA MOBITPSIHOI JTiHIT, KM;

Us — 6a3ucHa Hanpyra BUCOKOT CTOPOHH, KB;
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Ucep — cepenHs Hampyra BUCOKOI CTOPOHH, KB.

2

10,
X =X = 0,08 0,5 —>- = 0,044 Om

0z

Busnayaemo omip tpancgopmaropa X,, OM 3a dpopmysioro (2.5.3) 3 [2, ¢. 230]:

Ugs. - U62

= = - 2.5-3
XT1 = X712 100 S, ( )

ne Ugs = 5,5 %, 10BIIHUKOBE 3HaYeHHs TpaHchopmaropa, 6epemo 3 Tabmui 2.2;
Us — 6a3ucHa Hanpyra BUCOKO1 CTOPOHH, KB;

Shom — HOMIHAJIBHA MOTYKHICTH TpaHchopmaTopa, MB-A.

551052 _

T =700 1 Om

CoporuryemMo cxemy 3aMillleHHS! BIAMOBIJHO TOYKM KOPOTKOro 3aMukaHHs K 3a

dopmynamu (2.5.4) Ta (2.5.5):
Xzam.1 = X711 T X171, (2.5.4)
Xsam2 = X12 T Xi12, (2.5.5)

1ie X1, XT2 — ONIOpH TpaHchopmaTopi, OM;

X1 ,X|2 — OMIOPH JIiHIHN enexkTponepeaad, Om.
Xzam1 = 6 + 0,044 = 6,044 Om

Xaam2 = 6 + 0,044 = 6,044 Om
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CxeMa 3aMilieHHs TPUME BHJI, SIK TIOKa3aHO HA PUCYHKY 3.

X
&
Xoaw 1 Xoan2

6,044 %A’ 6,044

Pucynok 3 — Cxema 3aMilIeHHs €eKTPUYHOT MEpexi
Busnauaemo pesynbryrounii onip Xpes, OM 17151 TOUKH KOPOTKOTO 3aMKHEHHs K 3a

dbopmyitoro (2.5.6) 3 [7, c. 150]:

X3am.1 " X3am.2
X o3 = + XC (256)
p +
X3am.1 X3am.2

6,0442

X =——" 185=1150
bes = 60442 M

3HaX0IUMO TOXITHY Xpes', OM BiJ] pe3ysIbTyr0uoro omnopy 3a Gpopmyioro (2.5.7):
(2.5.7)

ne Us; — 6a3ucHa Hampyra BUCOKOI CTOpOHHU, KB;

Us, — 6a3ucHa Hanpyra HU3bKOI CTOpOHH, KB.

2

)

10,52

Xbey = 11,5+ = 0,01 Om

ITouaTkoBe 3HAYECHHS TEPIOAMYHOI CKJIAAOBOI KPHUBOi CTPyMy KOPOTKOTO

3aMUKaHHA |y, KA BU3HAUaeMo 3a opmydioro (2.5.8) [7. ¢.146]:
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I1.0. \/§-X£)e3’ J.

ne Us, — 6a3ucHa Harpyra HU3bKo1 CTOpOHH, KB.

.04
I1.0. \/§.0’01

Y napHuii cTpyM iy,, KA BuzHauaeMo 3a opmysoro (2.5.9) 3 [5, c. 142]:

= 23,1 KA

i = V2 Ky o, (2.5.9)

1€ Ky -yAapHUN KOE(ILIEHT, KU 3aJ€XKUTh BlJ IOCTIMHOIO 4Yacy 3aTyXaHHs

areploAMYHOI CKJIaJIOBOi CTPyMY KOpPOTKOro 3aMukanHs. [Ipuitmaemo ky = 1.8.
iy, =V2-1,8-23,1=588kA

2.6 Bubip e1ekTpoTexXHiYHOr0 00/1aHAHHSA TPaHc(PopMaTOPHOI miAcTaH LT

BucokoBoOJIbTHI BUMHKAY1 - KOMYTAalliiHI armapaTy, Ipu3HadeH1 I ONepPaTUBHUX
BKJIIOYEHb Ta BIJKIIOUYEHb OKPEMHX EJIEKTPUYHUX Kid abo eneKkTpooOiaJHaHHS B
€HEProcUCTEM1 B HOPMAJIbHUX YW aBAPIMHUX PEKUMAX MPU PYYHOMY, TUCTAHIIHHOMY
a00 aBTOMaTUYHOMY YTIPaBIIiHHI.

Jlesiki po3paxyHKOBI TapaMeTpu, a TaKOX JIaHI BHCOKOBOJIbTHUX TPUJIAJIIB

3aHOCHUMO 10 Ta0mi 2.3.
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Tabmuis 2.3 — [lapameTpu BUCOKOBOJIBTHUX MPHIIAIIB

Po3p. napamerpu ABTOMAT. BUMHKa4 Po3’ennyBau Tp-p ctpymy
U. =10 kB Ux=10 kB Ux=10 kB U: =10 kB
l. = 80,6 A I = 630A I =400A l. = 100A
lo = 23,1 KA lo =20 KA - -
Iy, = 58,8 kKA Iyx=52 kA Iy =41 kA Iy =745 kA
Bi = 133,4 kA%c By = 1600 kA%c Bi = 1024 kA% c B« = 66,83 kKA%c
Monens npunary BIIM-10-20/630 V3 PB-10/400 V3 TIIJIK-10

[lepen Tum sik mouyaTu BUOIp BUMMKAYiB, HaM IMOTPIOHO MOpaxyBaTH IHTETpall

Jlxoyis, By, kA%-c, axuii BusHauaeThes 3a popmynoro (2.6.1) 3 [5, ¢.71]:

BK = 1130 ) (tBI/IM + Ta): (261)

ne lyo — moYaTKoBe 3HAUYEHHSI MEPIOANYHOI CKIIA0BOI KPUBOI CTPYMY KOPOTKOIO
3aMHUKaHHS, KA ;

teun — 9aC BUMKHEHHS. tpyy = L + L,

t, — yac icHyBaHHS KOPOTKOTO 3aMukaHHs, c. t; = 0,1 c;

t; — Yac BAMKHECHHS BUMHUKAYa, C;

T, — Tabmuune 3HaueHus. T, = 0,04. [2, ¢.70, puc. 3.2].

Bubupaemo aBromarnununii Bumukad tuiry BIIM-10-20/630 V3 i3 [2, ¢. 228, Ta0un.

5.1]. Yac #ioro BUMKHEHHS CKIafae ty,, = 0,11 c.

B, = 23,12 (0,21 + 0,04) = 533,6- 0,21 = 133,4 kA? - ¢

Busnagaemo interpan J[»oyisi KOHKpeTHOro BUMHKa4a i3 [2, ¢. 228, Tab:a. 5.1].
Yucno nepen MOXUIIOK MIJHOCHUMO Yy KBaApaT 1 MHOXKXHUMO Ha YHCIO MICHSI MOXHUIIOI.

TakuMm 4MHOM OTpUMY€EMO 1HTETpall J[KOys, SIKUi JOPIBHIOE:
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B, = 20%-4 = 1600 kA? - c.

Amnanorigao BuOupaeMo po3’eaHyBadi [2, c¢. 260, tabn. 5.5] i TpancopmaTopu

cTpymy 3 [2, c. 294, tabi. 5.9]. OtpumaHni naHi 3aHOCUMO y TabmwuIo 2.3.

2.7 Bubip BUCOKOBOJLTHUX IIUH i Ka0eJIiB KUBJIEHHSA

Bubip mun

BuOip mmHu npoBogumo Ha ctoponi 10 kB migcranmii.

Jlnst BUOOPY MIMHU 3HAXOJMMO PO3paxyHKOBHit cTpyM |, A 3a hopmyoro (2.7.1)

3[1, c. 80]:

Z Sp03p 3ar
== 2.7.1
Ip UH ’ ( )

1€ Y Sposp.sar. — MAKCUMAJIbHE PO3PAaXyHKOBE HaBaHTa)XEHHs, KB-A;

U, — Hanipyra BUCOKO1 CTOPOHH, KB.

L 1311,9
P10

=133,2A

BpaxoByrouu Benmuuny crpymy |, = 133,2A, Bubupaemo 3 [2, ¢. 97] craneBi mmHu
IpSIMOKYTHOTO Tiepepi3y po3mipamu 60x3 mwm, gomyctumum ctpymoM 150 A. Bincrans
MIK oniopamu 1305sTopiB 0,15 M, BiacTaHb Mk ocsiMu cyMixkHHX (a3 0,05 M.

MOMEHT Onopy IIMHH, siKa KPIIUTECA 10 i3omsaTopa mwiuckom Wy, M3, BuzHauaemo

3a (hopmyioro (2.7.2) 3 [1, c. 84]:

wo=—, (2.7.2)

ne b — roBmumna mmHM, cMm;

h — mmpuHa mMHU, CM.
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0367

w. 3
t 6

=1,8M

Enextponunamiuna aist ctpymiB K.3. nmpu tpudaznomy K.3. BU3HAUA€THCS CUIIOIO
B3a€MO/Iii MiX TIPOBITHUKAMH TIPU TPOTIKaHHI 110 HUM ly,. Cuia, op, Krc/cM2, 110 JIi€ Ha
IIMHY CTBOPIOE HATIPY>KEHHS B METaJli HA BUTHH 1 BU3HAYAETHCS 3a popmyrioro (2.7.3) [1,

c. 88]:

1,76 -i2, - 121073
o, = YA ) (2.7.3)
Wi-a
1€ Iy; — YIApHUH CTPYM K.3., KA;
| — BiicTaHp MiXK OLIOPHUMH 130JIATOPAMH, CM;

W, — MOMEHT ONopy LIMHH, M°;

a — BIICTaHb MIXK OCSMH CyMIKHUX (a3, CM.

1,76 - 58,8% - 150%- 1073
0., =

> 1850 = 1521,3 krc/cm?

JlonmyCcTHMAa CHJIa HAIIPYKEHHS Gop JUIS CTANIEBUX LIHH G op = 1600 Kre/cm?,

BuxoHyemo nepeBipKy Ha MpaBUIbHICTh BUOOPY IIMHU 32 HEPIBHICTIO Gp < Gon.

1521,3 krc/cm? < 1600 kre/cm?

YMOBa BUKOHYEThBCH.
Bubip BUCOKOBOJIBTHOTO KaOEI0
Bub6ip xabemro npoBoguMo Ha ctopoHi 10 kB migcranmii.

Buznadaemo pobounii ctpym |, A 3a popmyroro (2.7.4) 3 [7, c. 190]:
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I &l 2
= ) A4
P V3 Ucep * €COSpy ( )

ne Sx — CyMapHa IMOBHA pO3paxyHKOBa MOTYKHICTh MiacTaHIi, KB-A;
Ucep — cepeaHs Hanpyra BUCOKOT CTOPOHH, KB.
COSyx — KOE(ILIEHT NOTY>KHOCTI MiCJII BUKOHAHHS KOMIIEHCAllll peaKTUBHOI

MOTYKHOCTI;

L=—0 _ _go6a
P V3-10-0,94

Buxonsuu 13 po3paxyHKIB BUOMpaeMO KaOeidb 3 aJIIOMIHIEBUMH >KUJIAMU B
TanepoBiii i30/A1ii 3 HonepeyHuM nepepizoM cTpyMornposigaux xui1 ACB 3x25 Mm?, 3
JOIYCTUMHM CTPYMOM |0 = 90 A i3 [1, ¢. 199, Tab:1. 10.6].

ne A - AnoMiHIEBA CTPYMOIIPOBIIHA KUJIa;

C - Cun1ioBa 000JI0HKA;

b - bpoHns 13 cTaneBux CTPIUOK.

[TepeBipsieMo BuOpanuii cuiioBuil kabenb Ha BTpaty Harpyru AU, % 3a popmyrioro

(2.7.5)3[3, c. 84]:

V3-100
AU = U—. (1o - cos@ + x, - sing) - L1, (2.7.5)

ne U, — HoMiHaibHa Hamnpyra Ha kaoeini, B;

‘o — TUTOMUN aKTHBHUM OMIp OJHOTO KUJIOMETpa KaOeabHOI JHii, JOBIIHUKOBA
BenuuuHa. [Ipuitmaemo ro = 1,28 Om/km.

Xo — IHIYKTUBHHM OIip OJHOTO KIJOMETpa KaOelnbHOi JiHii, JOBIJHUKOBA
BenuunHa. [Ipuiimaemo Xo = 0,11 Om/kMm.

| — moB>kuHa Kabero, M.
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_V3-100

= . . . . . — 0
AU 10000 (1,28-0,94 +0,11-0,341)-80,6-0,5=0,87%

3a noMmyCTUMOIO BTPATOIO HAMPYTH Kabens BUOpaHuil BipHO, 00 po3paxyHKOBa

BCJIINYMHA 3aI0BOJIBHSE yMOBI/IZ
AU =0,87 % < AU,on = 5 %

2.8 Po3paxyHoK i BUOIp HU3bKOBOJILTHOI CHJIOBOI MepesKi

JUist HopManbHOI 1 HaAIHHOT POOOTH IIEXOBUX MEpEeX HEOOXIAHO MependadyuTu
3aXHCHE 00JaJHaHHS Ta BIJIMOBIIHI MIPOBIIHUKY JUIS *KUBJICHHS IIbOTO OOJaHAHHS BiJl
PO3MOAUIPYUX IIMH Ta PpO3NOAUIbUMX MpucTpoiB. Kabemi Ta 3axucHe oOiagHaHHS
BUOMPAEMO 32 HOMIHAJIbBHUM CTPYMOM I10 KOXKH1M OKPEMO B3ATii IPYIIi CIIOKUBAYIB.

Howminanbpuauii ctpyM |y, A po3paxoByeTbes 3a popmysioro (2.8.1) 3 [1, ¢. 190]:

Py

I, = ,
V3-U, - cos@

(2.8.1)

ne Py — HoMIHaNbHA MOTYXHICTh CHIOKKUBaya, KBT;

U, — HOMIHaJIbHA HampyTa, IojaHa J0 CIoKUBaJa, B;

COS (¢ — KOE(ILIEHT MOTY>KHOCTI CIIOXKHBaya.

[IpoBoguMO poO3paxyHOK HOMIHaJLHOTO CTpymMy [, KA s OpuUCTpirO

OXOJIO/PKEHHS JIUCTIB 3a popmyrioro (2.8.1)

— 1,5 —
\V3:0,4-085

2,5A

H

Matoun nani i3 tabmuui 1.2.1, aHaIOri4YHO BUKOHYEMO PO3paxyHKHW ISl 1HIIUX

crnoxuBadviB. [1o oTpumMaHUM po3paxyHKaM BHOMpaeMo Mapku i mepepi3 kabemro [1, C.
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199], a Takox mapaMeTpW aBTOMATHYHOTO BUMHUKAya JUIS SKHBIITYOI JIiHIT KOXKHOTO 13
croxuBadis [1, €. 196]. Otpumani qani 3aHOCHMO 10 Tabuuii 2.4.

Taxum 9MHOM, 32 OTPUMAaHUMHU PO3paxyHKaMu 00MpaeMo CTpPyMOBeIydi Kabei 3
MOJIIBIHUTXJIOPUHOIO OOOJIOHKOIO JIIs MPOKJIaaHHs B MPUMILIEHHSX, KaHaax 1

tyHensix mapku BBI' Ta ABBI [6, ¢. 269].

Tabnuis 2.4 — Pe3ynbTaTi po3paxyHKiB

HaitmeryBanss HominansHuii Mapka i mepepis Honyctumuit cTtpym
CIIO’KMBaYiB cIpyM kabeo Kabemo
IH, A IL[OH, A
SMinrysad Jus 6,4 ABBI 3%2,5 MM Lon =22 A
KISIPY
ABTOMAaTHYHA T4
JUTSL BUTIIYKH 13,2 ABBI 3X2.5 Mm? lion =22 A
BadeIb
[Tpuctpiit
OXOJIOIKEHHS 2,5 ABBT 3%2,5 Mmm? lon =22 A
JIUCTIB
Hpucrpii 458 BBT 3X10 v lion = 60 A
HaMa3KH KpeMy
CnipanbHuit
OXOJIOIKYIOYH I 18,7 ABBI 3X2,5 Mm? lion =22 A
TYHEJIb
[Ipucrpiit
aBTOMATHYHOI 7,6 ABBI 3%2.5 Mm? lhon =22 A
nopi3ku Badui
Posnopumorosit 2,5 ABBI 3x2,5 mum? Lon =22 A
MarasuH
ABTOMaTUYHHI
3MilTyBaq 14,4 ABBI 3%2,5 Mmm? lnon =22 A
BEpLIKIB

3a 0OpaHUMH CTPYMOBEIYUYHUMH YaCTHHAMHU O0MPAEMO arapaTy 3aXUCTy, TOOTO
aBTOMATUYHI BUMUKaYl. JIJisT MpaBUIILHOTO BUOOPY 3aXMUCHOTO OOJIaIHAHHS Ma€e
CrpaBpKyBaTHCs HepiBHICTH (2.8.2) 3 [1, ¢. 192]:

I, <1, < Loy (2.8.2)

ne |, — HOMIHAJIbHUI CTPYM, SIKUM CIIOKUBAETHCS €IEKTpOIpuiimadem, A;
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|, — HOMIHaIBHUI CTPYM, 32 SKOTO PO3YEILIIOBAaY BUMHUKa4a CIIPaLbOBYE, A;

| }on — TOTIYCTUMHMI CTPYM, SIKUH MOYKE MTPOTIKATH MO Kadeto, A.

J171st 0GUKCIIeHHs TPAaHUYHOT'O 3HAYCHHS HaJICTPYMy HEBMHKaHHSA |, A

BUKOpUCTOBYEMO opmyay (2.8.3) [1, c. 193]:

I, = Iposq *6 (2.8.3)
1€ lposa — CTPYM pO3YeILIIOBaYa BUMHUKaAYa, A.
JlaHi 3aHOCHMMO 10 Taommil 2.5.
Tabnurs 2.5 — JaHi 3aXUCHUX IPUCTPOIB
) . ) . Hominansuuii
Howminannanit Hominansauii
. Tun CTpyM
HaiimenyBaHHs CTpyM CTpyM In,
. aBTOMAaTUYHOTO YCTaBKH
CIIOKUBAYiB BUMUKAaYa, po3ueruioBaya A
BUMHKA4a po3ueruioBaya
IHOM, A IpOS'—I, A
IyCT; A
SmintyBas s A3710B 40 20 120 400
KISIpY
ABTOMAaTHUYHA 1114
JUTSL BUITIYKHA A3710b 40 20 120 400
Badeb
[Ipucrpiit
OXOJIOIKEHHS A3710b 40 20 120 400
JIUCTIB
Hpnerpii A3710B 80 50 300 400
HaMa3Ku KpeMy
CripanbHuit
OXOJIO/IKYHOUHI A3710b 40 20 120 400
TYHEJIb
[Ipucrpiit
aBTOMAaTHYHOI A3710b 40 20 120 400
nopi3ku Badui
Posnonimoioqmi A3710B 40 20 120 400
MaraszuH
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2.9 Bubip Ta po3paxyHOK rapaHTOBAaHOI0 JKepeJsia )KUBJIeHHS

Heo0xi1HO BUKOHATH BUOIp JIOKAJIbHOT CUCTEMU TAPAHTOBAHOTO >KUBJICHHS J1JIs1
MEXaHIYHOTO II€Xy BPaxOBYIOUH OCOOJIMBOCTI €IEKTPONPHUIIMAYIB K1 MOTPEOYIOThH
PE3epPBHOTO KUBJICHHS.

BpaxoByroun BUCOKY BapTiCTh KalliTalOBKIA/I€Hb, K1 TOTPEOYy€e COHSTYHA
CJIEKTPOCTaHIIIS, a caMe: (POTOCIeKTPpUIHI MOAYJIi, IHBEPTOP, JIIYUILHUK, KOHTPOJIEP,
KPITJICHHS Ta MOHTQKHI CHCTEMH, TIOCTIHHUN TEXHIYHUNA OTJISA, TIEpeBary s
BCTAHOBJICHHS Ha JaHOMY 00’ €KT1 OYyJIO BiJITaHO JU3EJIbHIN eleKTpocTaHiii. J{is
BuOOpy noryxHocTi JJEC HeoOX11HO po3paxyBaTH MOTY>KHICTh I'PYNH CIIOXKUBAYIB, SKa
noTpedye pe3epBHOTO KUBJICHHS.

Jist po3paxyHKy noTy>kHOCTI 1 Bubopy JAEC nist skKMBIEHHS CIIOKMBAYiB
3arajibHOro MpU3HAYEHHS HEOOX1THO 3HATH:

1. cymapHy MOTY>KHICTh HaBaHTaXKEHHS (CIIOKUBAY1B €JIEKTPOCHEPTii);

2. BUJ (XapakTep) HABAHTAKEHHS,

3. pexxum pobotu (Bukopucrtanus) JAEC;

4. TemmiepaTypy cepenoBuina, B ki npairoe JJEC.

3aranpHa po3paxyHKOBa, MakcuMalibHa MoTykHicTh JIEC BU3HavaeThCs 3a
dhopmyInoro:

Prax = Pex t Focs (2.9.1)

ne P, — NOTy>KHICTb, IO CHOKUBAETHCS €IEKTPOJBUTIYHAMM;

Pocs — MOTYKHICTh CHIOKUBAYIB OCBITJICHHS.

[Tpu pospaxynkax nmotyxkHocTi JIEC moTpiOHO TakoX BpaxoByBaTH BTpaTH
MOTYXKHOCTI B Mepeskax 1 Ha BiacHl notpebu JJEC. MakcumanbHe po3paxyHKOBE
HaBaHTaKeHHs /[EC B boMy BUIIaKy Oy/1e BU3HAYATHCH SIK:

Prax " Kpr
Pmax.p = k— (2.9.2)
B.II
ne kpr = 1,1 - xoeitieHT, 110 BpaxoBY€e BTPATH MOTYKHOCTI B MEPEKI 3 pIBHEM

Harpyru 10 250B;
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kg 1 - KOediLi€eHT, 110 BpaXOBYE BUTPATH €JIEKTPOCHEPTIi HA BIACHI TOTPEOH
JEC, 3a3Buuait kg = 0,97.

BuznauumMo noBHy po3paxyHKoBYy notyxHicTs JIEC:

Pmax.p
Smaxp = Cosp (2.9.3)
P,.. =382+56 =438 kBT (2.9.1)
43,8-1,1
Pmax.p = W = 49,67 KBT (292)
49,67
Smax.p = m = 58,44 KBA (293)

Buznaunmo MakcMManbHUN CTPYM:

Smax.p

Ly = AP 2.9.4
SE R /9 (294

I _ %4 g435a
max.p_\/§_0’4_ ’

3a BEJIMYMHOIO PO3PaXyHKOBOI MOTYXHOCTI HeoOx11HO oopatu JIEC onnak
HEOOX1THO BpaxOBYBaTH 3ariac MOTY>KHOCTI.

A tipu BukopuctanHi JJEC B pexxuMi pe3epBy NOTYHICTh HABAHTAKEHHS
noBuHHA OyTH B Mekax 70 ... 90% Big MOTY>KHOCTI CTaHIII].

Ile o3nauae, mo notyxHicTh 00panoi JIEC mst pesepBHOi poO0TH TOBHHHA OyTH
O11b1I010 po3paxyHKoBoi — B 1,11 ... 1,43 pa3u (B cepenubomy B 1,25 pasn).

OTxe, B pe3yJibTaTi BU3HAYCHHS PO3PAaXyYHKOBOI, MAKCUMAJIBLHOI MOTY>KHOCTI Ta 3
BpaxyBaHHIM BIIMOBIAHOTO KoedirieHTy 3anacy ajis pesepsuux JIEC, 6yno oOpaHo

nuzenbHui reneparop WattStream WS90-WS.
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HowminansHa MakcumanbHa O6csr
HominansHa MOTY>KHICTh MOTY>KHICTh HUTHBHOLo Butpatu | ABTOHOMHICTB
Hampyra | OiAKII0OYYBAHOTO | MiJKIIOYYyBaHOTO Saxa najauBa pobory,
Uy, B HaBaHTa)XCHHS HaBaHTa)XCHHS o a/r TOJIUHU
TiTpU
PH, kBT Pmax, kBT
400 64 70,4 200 14,2 14

BpaxoByioun yMOBH MPOEKTYBaHHSA HEOOX1THO BUZHAYUTH OCOOIUBOCTI
komruiekraiii JJEC, axa moxe 0yt cpopMoBaHa HA 3aMOBJICHHS.

BHyTpilIHe NpUMILIEHHS MEXaHIYHOTO 1IEXY Ma€ IOCTATHHO BEJIUKY KUIBKICTb
SJIEKTPOIIPUIMAYIB Ta BEPCTATHOTO YCTATKYBAaHHSI, TOMY, OyJIO BUPIIIIEHO BUKOHYBATH
yctanoBky JIEC 3a MexaMu OCHOBHOT'O MPUMIIIIEHHS.

Bpaxosyroun te, mo JIEC 3HaX0IUTHCS HA B1ICTaH1 BiJl LIEXOBOTO MPUMIIIICHHS,
HE0OX1THO 00paTu KabebHY JIIHIIO KO0 Oye BAKOHYBATUCH YKUBJICHHS
€JIEKTPOIPUIMAYIB.

BpaxoBytoun 3HaUu€HHS PO3pax0BaHOTO CTpyMy odupaemo kabenp ABBIT 2x25
MM 3 JIOMyCTUMHM 3HAYEHHSIM CTPyMy TIpH mpokiaari B 3emii 120 A.

JList 3a0e3reyeHHs KUBJICHHSAM ITPU BUHUKHEHH1 aBapiiiHUX cUTyanii HeoOX1JHO
po3paxyBaTH KUTBKICTh U3EIBHOTO MaIbHOTO sika HeoOxinHa JIEC.

BpaxoByroun nokazuuk SAIDI(xB) — (cepeaHsi TpUBANICTh BIAKIIOYEHB) IS
MICIIEBOCTI Ji¢ PO3TAIIOBAaHUN MEXaHIYHUH 1€X, 1110 CTAHOBIATH MPUOIM3HO 260 XB Ha
piK, HEOOX1THO pO3paxyBaTH KUTHKICTh MATBHOTO JJIA 3a0€3MeYCHHS )KUBICHHIM
CTIOKUBAYIB MPOTATOM IIOTO Yacy.

3azsuuait WattStream WS90-WS — komrektyrotbest manuBauM 0akom Ha 20071.
Burtpara nanuBa B 3BU4aifHOMY pexkumMi podoTu ckiagae 14,2n/ron. Yac 6e3nepepBHOL
pobotu cknagae 14 roa. MoxemMo BUKOHATH €JIEMEHTAPHUN PO3PAXYHOK IS
BU3HAYCHHS HEOOX1HOI KUTBKOCTI IU3EIBHOTO MATMBa JIsl 3a0€3MeUeHHS MTOCTaBICHUX

3aBJlaHb.
200  «x
840 260



_200-260
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Omxe s 3a0e3neueHHs TOTped Pe3ePBHOTO KUBJICHHS OKPEMHX CIIOKUBAYiB
IPOTATOM POKY 3 ypaxyBaHHSM MOKa3HUKa TpuBanocTi BiakmoueHb JIEC notpelye

61,91 1u3enpHOro mmajanBa.
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BUCHOBKU

VY BIANOBITHOCTI 3 BUJAHUM 3aBJaHHSAM OyB pO3pOOJICHUI MPOEKT MOJEpHi3allii
CHUCTEMU €JICKTPOINoCcTadyaHHs BadenbHOro 1exy [lonTraBchkoi KOHANTEPChKOi (habpuku
Howminik KO. B ocHOBY MpoeKTy MOKJIaJACHUN PO3paXyHOK €IEKTPUYHUX HABAHTAXKEHb.
Jlst migBuIieHHsT KoedilieHTa MOTYKHOCTI Ha MIiACTaHIlli MPOBOJAUBCS PO3PAXyHOK Ta
BUOIp KOHICHCATOPHO! YCTAHOBKH, MICNiA 4Oro OyB MPOBEACHUI PO3PaxXyHOK 1 BUOIp
CUJIOBUX TpaHCHOpPMATOPIB.

Ha cTopoHi BHCOKOi 1 HHM3bKOi Hampyrd MPOBEACHUI PO3PAXyHOK CTPyMIB
KOPOTKOTO 3aMUKaHHSI.

Ha ctoponi Hu3bKO1 HapyTH BUOpPaHi €JIEKTPOOOIaTHAHHS 1 KOMYTaIliHHUN 3aXHCT.
Bce BuOpane enektpoobiaiHaHHs 3a0e3meuye KiCHy poOOTy Ta €KOHOMIYHO CIIOKHBA€E
€JIEKTPOCHEPTIO.

3ailicHeHH po3paxyHOK 1 BUOIp rapaHTOBAHOTO JXKepelia )KUBJICHHS.
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JOJATKH
1 ANALYTICAL PART

1.1 Analysis of the power supply system of the wafer shop

An alternating three-phase current with a frequency of 50 Hz is used for the
production and distribution of electricity.

The use of three-phase current is justified by the greater economy of networks and
electrical installations in comparison with power networks and installations of single-
phase alternating current and the possibility of using asynchronous and synchronous
electric motors, which are more reliable, economical, cheap and easy to operate, in
addition, the use of alternating three-phase current makes it possible to use measuring
current transformers (tensions).

Also, the advantage of three-phase alternating current is the redistribution of the
load between phases, while avoiding "phase skew".

However, according to fire safety regulations, three-phase input refers to

of a higher category of danger, as the current during short-circuiting will be
significantly high.

Direct current is used in a number of industries for electric drives. Direct current
electric motors are used in those cases when the conditions of the technological process
require wide and smooth speed regulation of production mechanisms.

According to the terms of the power supply scheme, the company does not have
direct current consumers at the wafer shop site, therefore, three-phase alternating current
is used to power the asynchronous motors of the electric drive of the machines.

In electrical installations up to 1000 V, three-phase current networks with a
nominal voltage of 380 V have become the most widespread. These are mainly three-
phase current networks that work in four-wire mode and are used to power lighting
installations and low-power electric motors.

The circuit with a voltage of 380 V satisfies two conditions for supplying
consumers:

—the possibility of simultaneous powering of lighting devices and electric motors;
—relatively low voltage (220 V).
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We use a voltage of 380 V to power the consumers of the low side of the enterprise's
wafer shop section.

The choice of the voltage of the supply and distribution networks depends on the
distance of the KTP from the power source (PS 110/10), the voltage of the power source,
the number and unit power of electrical receivers.

A voltage of 10 kV is used at large and medium-sized enterprises at the first stage
of electricity conversion in the absence of a deep-entry substation, and at the second stage
in the presence of DHW. In the absence of a significant number of high-voltage electric
motors, preference should be given to a voltage of 10 kV.

In busbar electrical installations, one or two busbar systems are most often used.

The advantages of installations with one system of busbars include the simplicity
and low cost of the distribution device.

Disadvantages: 1) for the repair of prefabricated tires, it is necessary to disconnect
all power sources, which leads to interruption of the operation of the electrical installation
for the entire duration of the repair work; 2) to repair the circuit breaker of any
regeneration line, it is necessary to disconnect the line and stop powering its electrical
consumers for the entire time of the circuit breaker repair.

One busbar system can be made sectioned or non-sectioned. It can be sectioned
with a disconnector or switch. Sectioning allows you to repair busbars section by section,
that is, when disconnecting only one section of busbars. One of the best schemes is a
scheme with one busbar system divided by a circuit breaker. The advantages of this
method are that one of the sections is always in operation, even in the event of a short
circuit on the busbars. This allows the use of one bus system in installations that supply
electricity consumers of the I-th and I1-th categories.

Taking into account all the advantages and disadvantages, we accept one busbar
system, which is sectioned by a switch.

1.2 Description of the main electricity consumers of the wafer shop

In the diploma project for the calculation of electrical loads, we will take the
electrical equipment located in the wafer shop. The following electrical equipment is used

in the wafer manufacturing process:
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Dough mixer

The mixing of the waffle dough mixture is carried out using a motor with a lower
bed. The prepared waffle dough is transferred directly to the waffle oven or to the dough
tank using a pump. There is a drain valve at the bottom for use in cleaning.

Automatic oven for baking waffles

The size of the furnace sheets is 350*700 mm. The furnace works due to the gas
system using methane and propane. The oven is equipped with a gas leakage protection
system, a warning and emergency stop system, a system for automatic dough distribution
and control, automatic ignition, burning and flame control. A fully automatic dough pump
with a by-pass system prevents dough dripping. Furnace covers are made of Cr-Ni
material and equipped with a special insulating material that prevents heat loss, the edges
of the covers are also equipped with special gaskets. The body and moving parts of the
automatic wafer oven are made of a special alloy and processed on CNC machines. The
moving parts are equipped with special C4 heat-resistant bearings and a system of heat-
resistant bushings. The special design of the furnace allows working with high
temperatures and consists of two separate groups: lower and upper. The oven is equipped
with an automatic system for removing the wafer sheet with the help of air. The oven is
controlled from the PLC screen.

Sheet cooling device

This device is used to cool off-the-oven wafers to ambient temperature, to relieve
stress created by the baking process, to reject substandard wafers, and to stack the wafers.
Wafer sheets of inappropriate quality are determined using sensors at three control points
and rejected. All bearing parts of the device and parts in contact with the product are of
high quality. The supply of freshly baked wafer sheets from the oven to this stainless steel
device is automatic, and after air cooling, it is also automatically transferred to the next
unit. In normal operation mode, with each arrival of the product, the lifting mechanism
goes one step and stops due to the sensors. The sheet enters the device, one step and a set
wait are performed, and at the next step the sheet is ejected. O-shaped tapes are used at
the entrance and exit.

Device for spreading cream
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The device can provide a smear with cream of one or two colors (at the request of
the client). When spreading, the tape method is used (at the request of the client). To
ensure homogeneity of the cream, the cream tank is equipped with a mixing mechanism.
To prevent freezing during cream spreading, a thermostat-controlled heater is installed in
the drum. For a more efficient use of the cream, under the tank works synchronously with
the spreading and ensures repeated feeding of the cream. The number of layers of wafers
and cream can be changed at the request of the client. Minimum 3 (2 sheets 1 cream)
layer, maximum 9 layers (5 sheets 4 cream). The upper wafer sheet runs along the upper
path of the device, so no cream is applied to it. A system of paired cylinders is used to
evenly apply the cream to each layer at the output. The spreading device works with a
productivity of 32 sheets. The device is made of 304-quality stainless steel.

Spiral cooling tunnel

The spiral tunnel, which operates at different levels, is designed for higher
productivity. The spiral system provides high efficiency with limited use of space. Unlike
belt conveyors, which consume much more energy and take up more space, the spiral
tunnel consumes much less energy, while using up to 100 meters of carrier belt. The spiral
tunnel works fully automatically. Production is carried out without manual intervention
in compliance with all hygienic standards. Time, energy, efficiency of use, ease of use,
high productivity, influence on the course of preparation and serving of the product,
compliance with hygienic standards of food production and saving space are some of the
advantages of the spiral system. The control panel can be programmed for different
products. The device operator selects the product to be processed and sets the speed of
the spiral system, thus changing the performance of the tunnel. A spiral cooling tunnel is
used to cool wafers covered with cream and nuts without turning over the wafer sheets.
Air fans are used for air circulation. To maintain a low temperature and prevent its loss,
the spiral tunnel is placed in a special cold cabin, the walls of which are made of 8-
centimeter material. The spiral tunnel is equipped with a counterweight of 10 kg. If the
limit is exceeded, the corresponding sensor stops the system and protects the device from
damage. Each level of the tunnel is equipped with a sensor to prevent lifting and breaking
of the tape.
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Automatic wafer cutting device

The device serves for automatic cutting of wafer sheets on which cream was
previously applied. The device is equipped with an automatic stacking mechanism.
Management is carried out by the PLC control system. The device is equipped with a
knife cutting mechanism.

The device is made of Cr-Ni 304 quality material. For safety purposes, the lids are
equipped with transparent mica. Wafer blocks first pass through the first cutting unit, then
advance to the second. Easy replacement of the cutting mechanism is possible.

Distribution shop

This device is placed after the cutting mechanism, and serves to further advance
the cut wafers in even rows with a predetermined space in the length and width of the
wafer for further covering them with chocolate. Feeding of cut wafers to the chocolate
coating device is carried out automatically. Depending on the size of the cut wafer, the
distribution spiral divides them into 11 rows. All surfaces with which the product comes
into contact are made of stainless steel. A perforated stainless steel sheet is used to clean
wafer crumbs and dust.

Automatic cream mixer

The double mixer performs the mixing, kneading and mixing of the solid amplifier
GG; semi-solid materials such as dough, powders, cream, paste, slurries, slurries, etc. The
machine is used for mixing finely ground wheat flour, béchamel sauce, polyester putty,
glass putty, silicon, rubber, iron compounds, solvents, glues, liquid soap, liquid detergent,
ceramic powders, etc. There are various types of designs that meet the requirements
technological process, including a jacket for heating the GG amplifier; cooling, extrusion
system for lateral discharge of material, forming of a stamp of the finished product,
automatic tilting of the bowl and top cover.

The material is loaded through the top of the container, typically 40 to 65 percent
of the mixer's total volumetric capacity. The rotation of the blades occurs through heavy
drive systems, usually consisting of an engine, gearbox, clutches and gears. The speed of
the mixer tip is usually limited to 60 meters per minute. Mixing can be done at ambient

temperature or under controlled temperature conditions. The drinkers of the mixer can be
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equipped with casings for the circulation of hot or cold media to maintain the necessary
temperature conditions inside the mixer. Discharge of material from the mixer tank occurs
either by tilting the mixer tank. the bottom outlet valve or through the extruder / screw
located at the bottom between the two chute compartments. The mixer can be equipped
with any of these unloading devices.

1.3 Requirements for the power supply system of the wafer shop

Consumers of electrical energy of the wafer shop are asynchronous motors of
machine tools, converters and lighting.

Such consumers of electrical energy create a uniform and symmetrical load on all
three phases.

Power supply of current receivers must be reliable, uninterrupted and economical.
Therefore, we classify the power supply of current receivers of the wafer shop into the
second category of power supply.

In accordance with the requirements of the Rules for the Arrangement of Electrical
Installations (PUE), consumers of electrical energy classified in the 2nd category must be
supplied with electrical energy from two independent power sources, as a disruption of
the electrical supply can lead to a disruption of technological processes in the production
premises and make negative changes in the daily life of employees enterprises.

Thus, a 10/0.4 kV step-down transformer substation with two power transformers
will be built in the load center of the company's consumers, the power of which will be
determined based on the estimated power of consumers on the low side of the substation.

The use of a single-transformer substation will make it difficult to reserve current
receivers, because consumers of all three reliability categories will receive from the
transformer substation.

Therefore, it is necessary to take into account the power and number of consumers,
the level of reliability of electricity supply not to consumers as a whole, but to those that
are included in their composition of individual current receivers when choosing a scheme
and system of an electrical network.

The decision made regarding the option of the power supply system for consumers

of PJSC "Dominik" should be based on the technical and economic indicators of the
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system as a whole, which are determined by the sum of the costs of external and internal
power supply.

An interruption in the electricity supply of electricity consumers of the waffle shop
can lead to a mass shortage of products, mass downtime of workers, mechanisms and
industrial transport, and disruption of the normal activities of a significant number of
people. Therefore, the electric receivers of this substation belong to the 2nd category of

electric receivers in terms of power supply reliability.



