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BCTYII

HadrorazoBa mpoMuciioBicTh YKpaiHM Ma€ IiKaBy Ta 0OararorpaHHy iCTOPIirO
CBOTO PO3BHUTKY, KA € HEBIJ'€MHOIO YACTHMHOIO ICTOPii CTAHOBJEHHS Ta PO30YyI0BU
MAJTUBHO-CHEPreTUYHOTO KOMIUIEKCY YKpainu. OpHak TEXHOJIOTiuHa CTOpOHA
NpoIecy PO3BUTKY Ili€l rajly3i Ime Jajeka BiJ onTuMmainbHOl. Tak gk 1
paHime, KOHTPOJBOBAaHICTh TEXHOJOTIYHUX TMPOIECiB 3aJHUIIAETHCS Ha
JOCUTh HU3BKOMY PiBHI.

Ane yac He cTOiITh Ha Micul 1 0COOJAMBO OYpPXJIUBOTO PO3BUTKY
HaOUpalwTh CydYacHI CHCTEMHU aBTOMaTHu3allii BUPOOHHUIITBA. MOXIUBOCTI
HOBOi  TEXHIKM  JO3BOJSAKOTh BUKOPHUCTOBYBAaTH iI B  CKJIAJHUX
TEXHOJOTIYHUX Mpollecax, siki TOTpeOyIOTh BUCOKOT TOYHOCTI1 yHpaBIiHHS 1
KOHTPOJIO BChOTO MPOIIECY.

BbypiHHS — 1€ KOMMJEKC MOBTOPIOBAHUX TEXHOJOTIYHUX OMNepaliu.
3o0kpemMa - IIe ONyCKaHHA OypoBHX TpyO 3 OYpPHIbHUM I1HCTPYMEHTOM
(momoToM) B CBEpIJIOBUHY, pYWHYBaHHS caMUX MOpPiJ AOJOTOM (BJacHE
npouec OypiHHS ), IPOMUBKA CBEPJIOBUH, HAPOIIYBAHHS OYpUIBbHOT KOJOHU
npu 3arjin0JIeHH1 Ta 1HIII. s BUKOHAaHHSI MUX ornepamniu
BUKOPHCTOBYETHCS IM€ IIJIHN KOMIIJIEKC omepalniii i MexaHi3MiB, 0e3 SKUX
Oypinas Oymo 6 He wMoxmauBe [1]. Ile — wHacocu, poTOp, OCHOBHI i
JOTOMIXHI Jebinku Ta iHmi. Bci mexaHi3Mu OypoBOI KHUBISATHCS BIiJ
CHUJIOBOTO TPHUBONY, SIKMW BUOUpAEThCA B 3aJeXKHOCTI BiJ BUAY OypiHHA,
MiCIIS leé BOHO MPOBOJUTHLCS, MEXaHI3MIB K1 BUKOPUCTOBYIOTHCSA Ta 1H.

[IpuBing OCHOBHHUX MeXaHI3MIB OypoBOi yCTAaHOBKH MOXe OyTH
ABTOHOMHHUM — HE3aJeXXHUM BiJ €HEeprocucrteMu (AU3CIbHUN, ITU3EIb-
CIEKTPUYHUN, TA30-TypOOCIEKTPUUYHHII) i HEaBTOHOMHHM — 3 JKUBJICHHSIM
BiJl MPOMHUCIOBHUX EICKTPUUYHUX Mepex (CIEeKTPUYHHNA Ha 3MIHHOMY 1
MOCTINHOMY CTPYMI).

B VkpaiHi 6JIM3bKO TPETHUHU OYPOBUX YCTAHOBOK MAalOTh €JICEKTPUUYHUU

NPUBOJ OCHOBHUX MEXaHI3MIB, MPUYOMY II1 YCTAHOBKHU 3a0€3MEeUyIOTh



BUKOHaHHSA Onu3zpko 70% Bcbhoro o0’emy OypoBux poOit. Bimomo, mio
NPOAYKTUBHICTh OYpPOBHMX YCTAaHOBOK 3 eJekTpomnpuBoaoM Ha 25-30%
O17blIE€ NPOAYKTHUBHOCTI aHAJOTNIYHUX OYpOBUX YCTAaHOBOK 3 JHU3EJIbHUM
MPUBOJOM, II€ MOSCHIOETHCS 3HAYHO O1MBIIOI HAaJIMHICTIO 1 JOBTOBIYHICTIO,
a TakoXX 3HA4YHO KpallMMHU XapaKTepUCTUKAMHU eJeKTponpuBoAy (Oiabil
Bucokuit KK/ i mepeBaHTaxyBalibHa 3IaTHICTH), IPOCTOTOI KiHEMATUUYHUX
CXeM, MEHIIIOI0 BapTICTIO €KCIayaTalii.

IcHye 3 ocHOBHUX cnocoOu OypiHHA: pOoTOpHE, TypOiHHE 1 OypiHHSA
enekTpoOypamu [2]

I[Ipu  OypiHHI  enekTpoOypoM  A0JOTO  OOepTaeTbcsi 3a  JOMOMOIOIO
MacCJIOHAIIOBHEHOTO 3a01MHOTO €JIEKTPOJABUTYHA 3MIHHOTO CTPYyMY, SIKMH Ma€ MaJlui
niaMeTp 1 3HayHy JOBXKHHY. CaMm eleKTpoOyp ONYyCKaeThCs B CBEP/JIOBUHY Ha
OypuibHUX TpyOax. 3apa3 enekTpoOypom Oyputhes Onusbko 1,5%  Bimg 3araabHOTO
00’emy OypiHHS B YKpaiHi, ajeé BOHO BBaXKA€THCS AKTYAJbHHM 1 MEPCICKTUBHUM
BUJIOM OypiHHA B MalOYTHHOMY 3aBASKH MOMJIMBOCTI IIUPOKOI aBTOMAaTH3AIlli
nporecy. Po3pobienuit  peryiboBaHUiA CJICKTPONPUBOJT  JTO3BOJISIE  30LIBIIUTH
MBUAKICTE OypiHHS 10 20%, a TaKOX J1a€ MOXKJIUBICTh MPOBOJIUTH OYPiHHSA i IEBHUM
kyroMm, 1o 30umemrye KKJ[ po3pobiieHHs 1utacTy, TOOTO J03BOJISE BHAOOYTH
MaKCUMaJIbHO MOJIMBY KUIBKICTh HAQTH a0 rasy.

006’ekTOM JOCJHiIJ:KeHHsI € Tpoliec OypiHHS, MmO 3AIMCHIOETHCSA 3a
JOTIOMOTOI TpHuBOAa elekTpobypa. IlpeaMeTroM mocJaiJg:KeHHS € TPUBOJI
YCTAaHOBKH AJisi OypiHHS eleKTpoOypaMu HaQTOTa30BUX CBEPAJTOBHUH.

MeTow gaHoi MaricTepchkoi poOOTH SABASETHCS MOJAEpHI3aIid
CJICKTPONMPUBOY YCTAHOBKH s MiABUIICHHS ¢()EeKTUBHOCTI Ta HagiHHOCTI
ii po6otu. Ilpu nmpomMy HeoOXiAHUN TepexiJy Ha HOBI CHUCTEMHU KEpyBaHHS
MPUBOJOM eleKTpoOypa, Ha HOBY e€JIEMEHTHY 0a3y 3 OJOYHHM
pO3TamyBaHHSAM, M0 CYTTEBO TMOJETHHUTh poOOTYy OOCIyroByHYOTO

nepcoHamy.



1 TEXHOJOI'TYHA YACTHUHA

1.1 Ocob0auBocTi TexHOJOTii OypiHHA eleKTPOOYypOM

Po3rassuemMo nOpUHIHUNOBI OCOOJIMBOCTI €JNEKTpOOYypIHHS: JBUTYH
elekTpoOypa OTpUMYE KHUBJIEHHS Big OypoBoro TtpaHchopmaTopa 1O
Kkabento, IKUil 3HaAXOIAUThCS BcepeauHl OypuiabHoi KoJoHU. EnexTpoeHnepris
NOJAa€ThCS 3 MIHIMAJIbHUMHM BTpaTaMH BHAaCH1J10K BUKOPUCTAHHS BUCOKOI
Halpyru, NpU IIbOMY Ha MOTYXHICTh €lIeKTpoOypa Maiike He BIIMBAKITH
KITBKICTh 1 BJIACTUBOCTI OypOBOro PO3UYUHY 4Yepe3 KOHCTPYKTHBHE
BUKOHAHHS eNeKTpoOypa. 3aBAsSKUM IbOMY XapaKTEpPUCTUKHU eJIEeKTpoOypa
MaiiKe He3MIHHI i 4ac BChOTo yacy Moro podoru [3].

KinpkicTh mpokauyBaHOTO OypOBOTO PO3YMHY MpPH €JIEeKTPOOYpiHHI
BU3HAYA€THCS YMOBAMH HOPMAaJIbHOTO OUMIICHHS BUOOIO HE3aJleKHO Bif
NOTYXXHOCT1, IO PO3BUBAETHCS €JIEKTPOoOypoM. 3MiHA MOMEHTY OINOpPY Ha
JOJIOTI MUTTEBO Bi1JOMBAETHCSA HA 3MiHI BEJIMUYUHU CTPYMY 1 TOTYXXHOCTI, 1€
Jla€ MOXJHBICTh CIIOCTEpIraTH 3a HaBaHTaXEHHSM Ha J0JOTO, BHU3HAYaTH
XapakTep #Woro poOOTH, CTYMiHb 3HOIIYBAaHHA 1 MmomepeskaTu aBapii 3
I0J10TOM. 3MiHAa CTPyMy 1 TOTYXHOCTiI, 0[O0 BiAOyBaeThcs MpPH 3MIiHI
HaBaHTa)XXEHHS Ha [JOJIOTi, JAalTh MOXKIWUBICTH aBTOMAaTU3yBAaTHU MPOIEC
OypiHHS TpH  MaKCHUMaJlbHOMY  BUKOPHUCTaHHI  MOTYXHOCTi,  fKa
CHOXXHBAETHCA €IEKTPOOYpOM.

[le omHuUM TIJIIOCOM YyHIKaJdbHOI KOHCTPYKIi elekTpobOypa i
BIICYTHOCTI oOepTaHHS OypHIAbHOI KOJOHU B MpoIeci OypiHHS MOXUIHX
CBEpPAJOBHH — € MOXIJIHMBICTHh 3J1HCHIOBATH KOHTPOJb 3a KYTOM Haxuiy 1
a3UMyTOM, a TaKOX BCTAaHOBJIOBATH MEXaHI3M MOBOPOTY B MOTpPiOHOMY

HAMPSAMKY 1 KOPUTYBATH MOTO MOJIOKEHHS B Ipomeci OypiHHS.

1.2 Onuc npuHouny Aii 6ypoBoi yCTAHOBKH
Jonoto 1 3 enekTpoOypoM 2 ONyCKAETHCSA B CBEPAJIOBUHY Ha OYypOBUX
Tpybax 3 (puc. 1.1). B cepeamni koxHoi TpyOum BMOHTOBaHa KabOeiabHa

CEeKI[isl, 0 CKIaJaeThCs 13 BIAPI3KIB Kabento 4, KOHTAKTHOTO CTEPXKHA 1
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MypTtu. MydTa 1 cTepkeHb 3aKpimjeHl B 3aMKoBoMy 3'egHanHi 5. [lo
KBaJpaTHOI TpyOu 13 3BepXy HPUKPINIASAETHCS BEPTIIOT, MO NiABINIEHUU
Ha raky 11. Beptiawor 3a0e3nedye BiabHEe oOepTaHHS OypoBOi KOJOHHU 3
OJTHOYACHUM MiJBOJOM MPOMHUBHOI PIAMHU OO0 KOJOHM OypuUIBHUX TpPYO.
Takox BIH 3a JONOMOrOI HATATY KaHaTy MNIATPUMYE Bary OypUIbHOI
KoysioHu. PimuHa 10 BepTJIOra HaAXOAUTh 3 HATHITAJAbHOI JiHII o) momauil

OypoBoro po3uuHy 15 no OypoBomy munanry 14.

Pucynoxk 1.1 - Cxema ycTaHOBKH IJisi OypiHHS €J1eKTpoOypoMm
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[TigBig enmexkTpoeHeprii BiJ Jkepesia KUBJIEHHS (TpaHchopmaTopa) Ao
eJeKTpoOypa BUKOHYETHCS 3a JOMOMOTOK 30BHINIHBOTO Kabenw 6 uepes
crpymonpuiimay 12, kalOenbHy cekuilo B KBajpaTHid TpyO1 13, 1
IBOXJKMJIBHUYM NMIJIAHTOBUM TYMOBHUH Kalesib 3 THYYKMMH MiJTHUMH KHJIAMH.
B skocTi TpeThoro mpoBOAY B CHUCTEMi JXMUBJIEHHS IBUTyHaA e€IEKTpoOypa
BUKOPUCTOBYIOTbCA OypoBi TpyOu. lllmanroBuil kabeyib BUKOHYETHCH 13
OKpeMHUuX BiApPI3KiIB (CEKIliil), Akl aBTOMAaTUYHO 3 €IHYIOTHCS B OJHE I[iJie
npu CKpydyBaHHI OypoBux Tpy0. J[ns HbOoro KoxeH BIiIpi30oK Kabenro mae
Ha OJIHOMY KIiHIII KOHTaKTHHW CTEepkeHb, a Ha JIPYroMy — KOHTAaKTHY
My(]Ty, iK1 BCTAHOBJEHI1 B 3aMKOBHUX 3'€ITHAHHAX OYypOBUX TPYO.

Ob6epranns OypoBUX TpyO s BUKOHAHHS JONMOMDKHHUX oOmepalii
BUKOHYETHCS 3a JIOMOMOrow poTopa 7. HaBaHTakeHHsS Ha JOJOTO
CTBOPIOETHCSI CHJIOIO Baru OypoBux TpyO. [ng momaui gonora Ha 3a0il
CIY>XUTh aBTOMAaTHUYHHU perynsatop mnonadi nonora 10, skuil 3B’ s3aHUU
JAHIIOTOBOIO Tepenadyerd 3 OypoBoro Jjebigkoro 9. Jlas ynpaBiiHHSA
EJIeKTPOOYpPOM CHYXHUTh MYJbT 8, M0 BCTAHOBJIEHUHN 011 poOoUoro Micus

OypuIbHUKA.

1.3 OcobauBOCTi KOHCTPYKIIi e1ekTpoOypa

Enextpobyp (puc. 1.2) ckmagaerbcs 3 JBOX OCHOBHHMX YacCTHH:
CJNIEKTPOJBUTYHA Ta IMNHUHJIEISA 3 I ATaMU IS Mepeaadi HaBaHTaXCHHS Ha
nosoto [5]. Bam aBuryHa 3’€qHYEThCSA 3 BaJoM IMNHUHAEIS 3y04acTolo
3’€IHyBaJbHOIO My(]PTOot0. B BepxHiil yacTuHI enekTpobypa € TEepeBITHUK
7 3aXBaTy MOTO €1eBaTOpOM, a 3HM3Y HAa30BHI BUXOJHUTH BaJ HIMUHACIS,
Ha SKHUW HAKPYUYYETHCA JOJIOTO.

JIBUTYH Tpami€e B CBEPAJOBHHI Ha BEIUKIA TAHMOWHI B CEepeaOBUIII
OYpOBOro PO3UMHY, THCK AKOT0 Moxke gocsaratu 40-50 MH/m2. Jlns 3axucTy
JBUTYHa €JeKTpoOypa BiJ NPOHUKHEHHS OypOBOrO0 PO3UYUHY, SIKUH MOXKE
BUKJIMKATU NpoOiil 130111 0OMOTOK 1 mepenyacHe aOpa3uBHE 3HOIMICHHS

Horo By3J1B 1 feTaliei, 3aCTOCOBYIOTh CUCTEMY MAaCISIHOTO 3aXHUCTY.
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Puc.1.2 - KorcTpykiis enexkTpodypa 3 Macio3aloOBHEHUM IINMUHIEIEM

1-KOHTaKTHHUU CTEPKEHb KaOEIbHOTO BBOAY; 2-1yOpUKATOPHU JBUTYHA;

4-makeTH MarHiTOMPOBIJAHOT cTali

5

3-BEepXHE VYIIUJIBHEHHS BaJy JABUTYHA;

; 6-TTakeTH MarHiTONpPOBIAHOI cTali

cTaTopa; S-HEeMarHiTHI MakeTH cTaTopa

0-

HUKHE YIIIJIbHEHHS Bajly JIBUTYHA;

) 8-

7-00MOTKa cTaTOpa;

poTopa;

Bally

10-ymibHEHHS

MIIUHACIA,

OIIOIUTHUK

()

HapUKOBUU

(v

YIOpHUU

mnuagens; 11-san mnuagens.
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Jns  MaciasHOTO  3aXUCTy BHYTPIMHIO TOPOXHHUHY  JIBUTYHA
eJeKTpoOypa 3amoOBHIOKTH TpaHCHOPMATOPHUM MacClioOM, THCK SKOTO
nepesumye Ha 0,05-0,25 MH/M? THCK 30BHIIIHBOTO CEPENOBUINA.
'epmeTusanis BHYTPIMHBOT MOPOXHHUHU JIBHUTYyHA enekTpodypa
3a0e3nevyyeThCcsl TOPIEBUMU YIIiJIbHIOBaYaMHu BalliB, 1[0 00epTalThCs, Ta
T'YMOBHUMHU KIJIBIIMU B HEPYXOMHX 3'€ THAHHAX.

CyuacHul cepidHUN NBUTYH €JeKTpoOypa € aCUHXPOHHOI MAaIIUHO
BUCOKOI Hampyra 3 KOPOTKO3aMKHEHHM CeKIliiHuM poTopom. Crartop
JBUTYHA PO3MIIMYETHCS B MUJIIHAPUYHUX KOPIycax, 3’ €THAHUX MiXK CO00F0
KOHIYHUMHU pi3bOamu. B kopmyci crtaTtopa 3ampecoBaHl HMakeTH MarHiTHOI
cTani, SKi  4YepryoTbcs 3  HeMarHiTHuMu  mnaketamu. OcTaHHI
BCTAHOBIIOKTHCA JJsI TOTO, I00 3amo0iraTu MIyHTYBaHHS MAarHITHOTO
NOTOKY 4Yepe3 IMapUKOMiAIMMUIHUK 1 3MEHIIMUTH BTPATH BiJl BHUXPOBUX
CTPYMIB, sIKi BAHUKAIOTh B MICISIX pO3TallyBaHHS MPOMIXKHHUX ONOP pOTOpa.
O6mMoTKa cTaTopa po3TalloBaHa B Mma3ax. [T BuBiAHI KiHI 3’ €aHaHi KabeaeM
3 KOHTAaKTHUM CTEpPX HEM, 3a JIOMOMOTOI0 SKOTro ABUTYH MIAKIIOYAOTh 0
kabesto, 1m0 po3TamoBaHUM B OypoBux TpybOax. Porop naBuUryHa sBIse€
co000 moJMW Bal 3 I[EHTpPalbHUM KaHAJIOM g HpPoXoJay OypoBOTO
po3unHy. Ha Bam HacaakeHl cekilii poropa 3 ajJlOMiHI€EBOIO ,,0aJJOYHOIO
KJIITKOI”’, MI’)K HUMH PO3TallOBaH1 MPOMIKHI MiAMUITHUKH.

JlybpukaTopHa cuctemMa, sKa CIYXHUTh JJi CTBOPEHHS BCEpeIMHI
IBUTyHa 30MTKOBOTO THUCKY, KOMII€Hcallii BUTOKY Macja MpH HarpiBaHHI,
3BUYAWHO CKJIAaJa€ThCs 13 TPhOX TPYOOK, pO3TAIOBAHUX B BEPXHIN YaCTHHI
nBuryna. J[Bi TpyOku 3amoBHEHI TpaHcHOpPMATOPHUM  MacioM 1
3’€IHYIOTHCS 3 BHYTPINIHHOIO MOPOXKHHUHOK JIBUTYHA, TPETS 3aMOBHIOETHCS
O017bII B S3KUM MAacCJOM, 3’ €IHYETHCS 3 MEHTPAJbHOI YaCTHHOIO BEPXHBOTO
calbHUKA.

Bcepenuni Tpybum  ayOpukaTopa  po3TallOBaAaHUM  MOpUIEHb 3
NPYXUHO, 3BEPXY € KPUIIKA, a 3HU3Y BOpOHKA. [Ipu 3amoBHEHHI JBUTYHA

MacJoM MOpIIeHb MNiAIWMa€eThCs 1 CTUCKAE MNPYXUHY. BepxHs yacTuHa
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mopmHS 3’ €IHYEThCA 3 HABKOJWUIIHIM cepeJoBUIIEeM. TakKuM YHHOM,
NOpIIEHh KOXHOTO JyOpHUKaTOopa 3HAaXOAMUTHCS M1 THUCKOM OYpOBOroO
PO3YMHY 1 TPYXHWHHU, TOMY HE3aJEXKHO Bil THCKY HaBKOJHUIIHHOTO
CepeIOBHINA BCEPEAMHI IBUTYHA 3aBXKJIU CTBOPIOETHCS HANJIUIIKOBUN THCK,
MmiJ Ji€0 SKOrO0 Macjo BHUTIKAa€ Ha30BHI, NEPEUIKOJKAIUYU IUM
MPOHUKHEHHIO OYpOBOTO PO3YMHY BCEPEAUHY MANIUHH.

Ha koHiuHy pi3s0y HUXHBOTO 3 €JAHYBAJIBHOTO KOPHYCY JABHUIyHa
HAarBUHYYETHCS KOPMYC IINHUHICISA, B SKOMY BCTAaHOBJCHI pajiaidbHi Ta
ynopHi nigmunHuku. Inuagens cinyXuTh g CHOPUHHATTA 1 mHepenpaui
MEXaHIYHUX HAaBAaHTAXCHb, a TAKOX JJIA mmepejgadi o0EpTOBOTO MOMEHTY BiJ
ABHTYHa J0 JaojioTa. HaBaHTaXEeHHs, SKE€ CTBOPHETHCS Barorw CTHUCHEHOI
YacTUHU OypoBOI KOJIOHHM, TEpPEIa€eThcs Ha JOJOTO dYepe3 KOopuyc
enexkTpoOypa, mn’saty 1 Ban mnuHAeas. lnuHaenb, SKUA Mae CBOIO
NyOpUKAaTOPHY CHCTEMY, 3alMOBHAIOTH B’SI3KMM MacioM. B erxexTpoOypi €
3amac wmaclia AJisg HopMalibHOi po6oTu mpotsarom 15-20 romuH. 3a 1ei
NPOMIKOK 4Yacy AJisS 3aMIHU J0JOTa €JeKTpoOyp MiniiMarTh Ha MOBEPXHIO
1, AKIIO HEOOX1JHO, 10OaBISIOTH MAacjao B IyOpUKaTOpH.

I[Ipy mpoekTyBaHHI JABHUIyHIB €JEKTPpOOypiB HaMmararoTbhCs 3JA00yTH
MaKCUMaJIbHY MOTYXHICTh NPH HaWMEHIIHX rabapuTHUX po3Mipax, fAKi
BU3HAYAIOTHCS JiaMETPOM J0JioTa 1 TexHojorierw OypinHsA. CUHXPOHHY
4acTOTy OOepTaHHSA JABUTYHA MOXXHA BU3HAYUTH, BUXOJASYU 3 MAKCUMaIbHO
JOMYyCTUMO1 YacTOTH oOepTaHHS J0J0Ta, fKa MO HOpMaxXx HE MMOBUHHA
nepepuniyBatu 1000 o06/xB. 3 iHmOro OOKYy KOHCTPYKTHBHO BaXKoO
BUTOTOBUTH 3aHYPEHUH JBUTYH TMPOMHUCIOBOI YACTOTH 3 CHUHXPOHHOIO
gactoToro obOepranHs wMeHme 500 o60/xB. OTxe, CUHXpPOHHA dYacToTa
oOepTraHHs JABHUryHa eiaekTpoOypiB moxe Oyru 500, 600, 750, a6o 1000
00/xB. JlocBim OypiHHS TJIMOOKHUX CBEPIJIOBHUH EJICKTPOOYpOM 3acBiguye
Npo JOLIJBHICTh 3HUXKEHHS 4YacTOTH oOOepTaHHsA Baly eJekTpoOypa B
noeqHaHH1 13 30i1nbHmIeHHSIM MOMeEHTY. lle mocsiraeThbcsi 3acTOCYBaHHSIM

ejlekTpoOypa 3 3y0yacTuM peaykTopoM. B JOBHUryHIB pPeayKTOPHHUX
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CICKTPOOYpiB CHHXPOHHA YyacToTa oOepTaHHsA moBuHHA OyTH 1500 00/XB.

Sxmo npu poTopHOMY OypiHHI 6a»aHO MaTU M’ SIKy XapaKTE€PUCTHUKY 1
MIHIMaJbHUA MOMEHT I1HepIii MNPUBIAHOTO JBUTYHaA [Js 3amnoOiraHHs
nojaMkKu TpyO, TO mpu OypiHHI 3aHYpEHMMHU JBUTYHAMHU Li€i HeOe3meKu
HeMae. 3 TOYKHM 30py MNOKpameHHs OypiHHS JAOUUIbHO, MO0 dYacToTa
o0epTaHHS J0JIOTAa NpU CTpUOKAaX HABAaHTAXXECHHS 3MiHIOBajJacs HE3HAYHO.
[Togonanas cTpuOKIB HaBaHTa)XCHHS MOBHUHHO TNPOXOJUTH 3a PaxyHOK
BHUCOKOI TepeBaHTa)XyBallbHOI 3JaTHOCTI JABUTYHa. JliaMeTp 3aHypeHHX
ABUTYHIB HEBEJIMKHHA, TOMY MOMEHT I1Hepuii iX poOTOpiB HE3HAYHUH.
BHacnigok 1boro JABUTYHHM eJNeKTpoOypiB MOBHHHI MAaTH JKOPCTKY
MEXaHIYHY XapaKTepPUCTUKY 1 JOCTaTHIO  KpaTHICTh MAaKCHUMAalbHOTO
MOMEHTY.

Oco6nuBICTIO JBUTYHIB €JEKTpOoOypiB € TiJABHUIIEHE KOB3aHHS B
peXuM1 HOMIHAJIbHOTO HABAaHTAXEHHS 1 3HAYHUUA NYCKOBUM MOMEHT, IO
nocsrae  (1,2-1,7)My,. Bubip Takoi XapaKTEepUCTHKU 3YMOBJCHUH
NparHeHHSIM 3a0€3MeYUTH MaKCHUMaJbHO MOXJIUBUM MyCKOBUH MOMEHT, IO
CYNPOBOJKYETHCS HEBEIMKOI KPATHICTIO MYyCKOBOTO CTPyMy. Ale HOCBIiA
eKcmiyaTalii moxkazaB, O[O0 HE3Ba)XalUW Ha 3HUKCHHS HANpPYTd NPU NMYCKY
auryHa mo (0,75-0,8)U,, gac iioro po3roHy A0 HOMIiHAJIbHOI YaCTOTH HE
nepeBumye 0,2-0,3 cex. Tomy ans enekTpoOypiB MOXHa 3aCTOCOBYBATH
JBUTYHU HOPMAJbHOTO BUKOHAaHHS, mo MamTh Bucokud KKJ[ i cos ¢, a He
ABUTYHU 3 MiJBUIIEHUM TYCKOBUM MOMEHTOM 1 MiIBUIIIEHUM KOB3aHHSM.

EnexTtpoOyp oTpumye XHBICHHS BijJ Jxepena OkB depe3 komipky
PO3MOMIIBHOTO MPUCTPOIO BUCOKOT Hampyru i Tpanchopmatop, MO 3HUKYE
HAanpyry 0 HeoOXiJgHOi BEJIWYWMHH, SAKa 3aJCKHUTh BiJd JOBXHHHU
CTPYMONpPOBOAY A0 ABUTYHa enekTpoOypa. Tomy B TpancdopmartopiB, mio
3aCTOCOBYIOTHCS M I1bOTO, MOBHHHI OyTW BIABOAM Ha TMEPBHUHHIN 1
BTOPUHHIN 0OMOTKaX; HEOOXIAHY HaNpyry BCTAaHOBJIIIOThH 32 JOMOMOTOI
nepeMukauiB. OOMOTKa cepelHbOI Hampyru TpaHcpopmaTopa HpU3HAUYEHA

JUIs KUBJEHHSA e€JeKTpoOypa; MeXl peryjlloBaHHA ii Hanmpyru MNOBUHHI
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cranoButu 1085-2270 B i3 3MiHow mnotyxHocTi Big 270 mo 560 kBA.
OOMOTKa HHU3bKOI HAaNpyru, Npu3HaueHa AJs KUBJIECHHS JABHUIYHIB OypoBOi
ne01aku Hanpyrow 525B.

[Ipu OypiHHI rIUOOKUX CBEPIJOBUH €JIEKTPOOYpOM, KOJHU Hac, SAKUHU
3aTpavyaeThCsd Ha CHOYCKO-MIAHOMHI omepalii, 3HaYHUM, JOLUIIBHO MPAarHyTu
10 301JbIIEHHS NPOXOJAKH Ha JOJOTO HABITh I[1HOIO JE€SIKOTO 3HUKEHHS
MeXaH1uHOi MmMBHUAKOCTI OypiHHS. EkcnmepuMeHTanbHO BCTAHOBJIEHO, IO
3HUXKEHHS 4YacTOTH oOepraHHs jgojoTa (1 Bajia enekTpobypa ) 3 680 nmo
375 06/xB, mpu riaubuHi OypinHs 4000Mm, nanxo NIABUIIEHHS peHUCOBOI

mBuakocTl Ha 40-50%.

1.4 MeToau peryJlOBaHHA MBHUIKOCTI 00epTaHHA eJeKTPoOypiB

OcHOBHOI0O 00JaCTI0O AaCHHXPOHHUX JBHUIYHIB €JIEKTpoOypiB A0
HEJJaBHbOTO Yacy SBJISIBCS HEPEryJlbOBaHUN esnekTponpuBolx. B ocrTaHHI
POKH, B 3B 3Ky 3 PO3POOJEHHAM 1 CEpIHHUM BUIYCKOM €JIE€KTPOTEXHIYHOIO

NPOMHUCIOBICTIO THPUCTOPHUX MEPETBOPIOBAYIB YACTOTH 1 HANPYTH, MOYaAIU

CTBOPIOBATHCH peryiaboBaHi ACHHXPOHHI eIEeKTPOTPUBOIHU 3
XapaKTepUCTUKAMH, [0 HE IMOCTYMalThCA  CBOIMH  MOKa3HUKaMH
CJNCKTPONPUBOAY  MmocTidHOro ctpymy [6]. 3acTocyBaHHsS  Takux

CJICKTPONMPHUBOJIIB B CHJY IlepeBar acCHHXPOHHHX JABUIYHIB BijgoOpaxae
NPOTPECUBHY TEHIECHIII0 PO3BUTKY aBTOMAaTU30BAHUX €JIEKTPOMPUBO/IIB.

3MiHa dYacTtoTu oOepTaHHS  eJeKTpoOypa  MOXKIMBA  MIIIXOM
3aCTOCYBaHHS pPEAYKTOpa—BCTaBKH, JBHI'yHAa I1HIIOI IMOJIOCHOCTI, 3MiHOIO
KHUBISY0T HAIPYTU 1 4aCTOTH.

[ToHm>xeHHsT IMBHUAKOCTI oOepTaHHA eJeKkTpoOypa 3a JOMOMOTOIO
pEeNyKTOpa-BCTaBKH BUKOHYETHCS BCTAHOBJIEHHSIM HOTO MiX JABHUTYHOM 1
mnuHaeneM. llepeBaror maHOTO METOAY € TMIABUIIEHHS MOMEHTY Ha
BUXIAHOMY Bany. HenmomikamMmu € Te, 10 3MiHAa dYacTOTU oOepTaHHS
BiJOYBAa€THCS CTYMIHYACTO, a TaKOX CKJIAJHICTh BUTOTOBJIEHHS TakKoOTro

peayKTopa uepe3 Malui ioro giamerp.
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PeryntoBaHHS MIBHUAKOCTI JABUI'YHA 3MIHOI YHCJa Map MOJIOCIB MOXKE
OyTH peasll3oBaHO TUIbKHM NPU BUKOPHUCTAHHI ClellaJbHUX THUMIB ABUTYHIB.
OcoOnuBICTIO KOHCTPYKIli TakWxX JABUTYHIB € cTaropHa oOMOTKa, fKa
CKJIAaJa€e€ThCs 13 JBOX OJHAKOBHUX CEKI1i (HamiBoOMOTOK), BUKOPUCTOBYIOUHU
p13H1 CXeMH 3’ €JHAHHS SAKUX MOXHAa 3MIHMUTH YHCJO Map MOJIIOCIB, IO HECE
3a c00010 3MIHY MIBHUAKOCTI OOepTaHHA MAarHiTHOTO TOJs, a OTXe 1
mMBUAKOCTI oOepraHHs aABuryHa. HenonikamMmu gaHoro cmnocoby €
CTYNIHYaCTICTh 3MIHM MIBHUJIKOCTI oOepTaHHS JBUTyHa 1 BIJHOCHO
HEBEJWKUI Jiama3oH peryiarBaHHSI, a TaKOX CKJIAJHICTh BHUTOTOBJICHHS
TaKUX JBUTYHIB g e€JeKTpoOypiB uYepe3 BeJIUKY iX JOBXKUHY (Oinbuie
10 M), mo Hece 3a co0OM BEJIHUKI BTpAaTH B CTajl MarHiTONMPOBOAY, a OTXKeE
sHmxkeHHsa KK/]I.

PerynroBaHHS MBUAKOCTI OOEpTaHHS JBHTYHa 3MIiHOK HANpyTH, IO
OiABOJUTHCA 10 CTaTopa JBUTyHA, J03BOJIS€E BUKOHYBAaTH B CTAaTUYHUX I
AUHAMIYHUX peXUMax peryjiroBaHHS HOro MMBUIKOCTI 3 BIJAHOCHO
XOpOUIMMHU NOKa3HUKAMHU 1 3a JOMNOMOIOI BIJHOCHO  MNPOCTUX CXEM
ynpaBiiHHS, a TakKoX 3a0e3MeYuTH €KOHOMIYHI PEeXHUMHU POOOTH JBUTYHA.
PerynioBaHHsS Hampyrua Ha CTaTopi HE NPHUBOAUTH 10 3MIHH MIBHIKOCTI
XO0JIOCTOTO XOJYy 1 HE BIJMBAa€ HA KPUTUYHE KOB3aHHS, aje CyTTEBO 3MIHIO€
KPUTUYHUNH MOMEHT. 3MEHIIEHHS KPUTUYHOTO MOMEHTY BiAOYyBaeThCs
OpoNmoOpuUiHHO KBaApaTy 3HMKEHHA Hanpyru. OTxe, JaHUNA METOJ SABISETHCS
MaJONpUAATHUM JAJs PEryJloBaHHS MMBHUIKOCTI oOepTaHHA JBHUIYHa
enexkTpoOypa, Tak SK MO Mipl 3MEHIICHHS HAMNPYTH Pi3KO 3MEHIIYEThCSA
KPUTUYHUNA MOMEHT JBUICyHAa 1 THM CaMUM #HOro mnepeBaHTaXyBajbHa
31aTHICTh, @ J1anma30H PeryjaloBaHHsI MBUIKOCTI AYyXe Maluld.

Cmoci® perynroBaHHA IIBUAKOCTI JBHIyHa 3a JOMOMOTOK 3MIiHH
YaCTOTHU JKUBJIAYOI HANPYrd LIUPOKO BUKOPHUCTOBYETHCS B JaHHU dyac.
[lpuauun poOoTu monsirae B TOMYy, IO 3MIHIOYH YacTOTy HANpYyTH
KUBJIECHHSA JABUTyHA, MOXHa 3MIHIOBATU MOT0 WMIBUJKICTh, OTPUMYIOUYH Pi3HI

mTY4YH1 XxapaktepucTtuku. lleil cmoci® 3a0e3nedyye mniaaBHE pEryJlOBaHHS
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MBUJIKOCTI B MIMPOKOMY J1ala30Hl, a XapaKTEPUCTHUKH, IO OTPUMYIOThCH
npu I1bOMY, MAaKTh BHUCOKY JKOPCTKICTh. PerymtwoBaHHS MBUAKOCTI
YaCTOTHUM METOJOM HE CYNPOBOJKYETHCS 301MbIMICHHIM WOTO KOB3aHHS,
TOMY BTpaTH TOTYXHOCTI HeBeluKi. JlIsg Kpamoro BUKOPUCTAHHS U
OTpPUMaHHS BHUCOKHX CHEPTreTHYHHUX TOKAa3HHKIB poOOTH JABUTyHA
(koedimieHTIB MOTYXHOCTI, KOpPUCHOi Al1i, 1 TepeBaHTaXyBaJbHOI
31aTHOCT1) OJHOYACHO 3 YacCTOTOK HEOOXiJHO 3MIHIOBATH 1 HANpPyTry, II0
NiIBOAUTHCA O HBHOTO. PamioHanbHUW 3aKOH 3MIHHM HAmNpyru MPH HbOMY
3aJICKHUTh BijJ XapaKTepy MOMEHTY HaBaHTaXCHHS.

I[Ipu peanizamii YacTOTHOTO CmOCOOy pEryjalOBaHHS MIBUIKOCTI
JBUTYHAa BUKOPHUCTOBYETHCS MEPETBOPIOBAY YACTOTH, SKUW JO3BOJISE TAKOX
peryjimoBaTH 1 HaNpyry Ha Horo cratopi. Pi3HI mepeTBOpIOBaUl 4acTOTH, fAKI
3HAWIIIM 3aCTOCYBaHHS B YAaCTOTHHX ACHHXPOHHHX EJICKTPOINPHUBOJaAX,
MOJXHa pO3AIJUMTH Ha JBI TPYyNU, IO BIAPIZHAWTHECS CTPYKTYporw i
TEXHOJOTIYHUMH 3ac0o0aMu.

Jlo mepmoi TpynW  BIiZHOCATBCA  €JIEKTPOMAIIMHHI  00EpTOBI
nepeTBoproBaul (cucTtemMa TreHepaTop-ABUTYH), B SKHUX JAJIS OTPHUMaHHS
3MIHHOT YaCTOTH BUKOPHUCTOBYIOTHCS 3BUYANHI, a00 crelialbHl €JIeKTPUUIHI
MamuHU. 3acTOCYBaHHA TMEPETBOPIOBAYIB YAaCTOTH JO3BOJISIE TJIAaBHO
peryjimoBaTH MBUAKICTh JABHUTYyHAa B MHUPOKOMY Jiama30Hi, OJHAaK IpoOIec
peryiaoBaHHS YaCTOTH B €JIEKTPOMAIMIMHHOMY MEPETBOPIOBAUlI YACTOTH Mae€
CYTTEB1I Henodiku. J(as CTBOpEeHHS TaKOTro TepeTBOploOBada NOTPIOHO
YOTHPU CEJIEKTPUYHI MAIIMHHU, SIKI pPO3paxoBaHl Ha MOBHY MOTYXXHICTb
CMOXHMBa4iB, IO BU3HA4Ya€ HOTO BEJIUKY BEIMYUHY H BapTiCTh, OCOOJHBO
NpU BEIUKUX TOTYXHOCTAX. [loaBiiiHE mepeTBOpeHHS eHeprii 3MIHHOTO
CTPYMy 3 MPOMHUCIOBOK YAaCTOTOI B €HEPTil0 MOCTIHHOTO CTPYMY 1 MOTIM
3HOBY B €HEpPrito 3MIHHOTO CTPyMYy peryjibOBaHOi YacTOTH  —
CYNpPOBOJXXYETHCS BTPATOK €HEprii B yChOMY KOJi, TOMY CHCTEeMa
Bu3Havaetbca HeBucokuM KKJ[. Kpim Toro, KOJEKTOpPHI MallWHU

MNOCTIHHOTO CTPYMYy MNOTpeOYIOTh MNOCTIMHOTO Harasay W Jorjasany Mnpu
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exkcriyaTalii, a ix po0oTa CympOBOJXYEThCS IMyMOM. A TakoXk, NpoOIEC
3MIHM YaCTOTH B €JE€KTPOMAUIMHHOMY NEPETBOPIOBAYl YaCTOTH 1HEPLUIHNHUH,
IO MOSICHIOETHCS MEXAaHIYHOIO 1HEPI1€I0 eJIEKTPOMAallMHHOTO arperaty. Llei
cnoci® peryiamBaHHS BXE€ MNPAKTUYHO HE 3aCTOCOBYETHCS 1 BBAXKAETHCS
3acTapliiuM.

B ngaHuii 4yac BeJdMKE PO3MOBCIOJXEHHS OTPUMAJHM CTaTHUYHI
nepeTBOPOBAaYi 4YacTOTH (CUCTeMa IMEepeTBOPIOBAY YaCTOTH - JBUTYH),
Ha3BaHI Tak TOMY , IO B HUX BUKOPHUCTOBYIOTHCS €JIEMEHTH i MPHUCTPOT AKi
HE MaloTh YaCTHH, IO PYXalThCs, TaKli K HAaNIBOPOBIAHUKOBI MpUIIAAH,
peakTopu, KOHJACHCATOpW W iHmEe. PO3BUTOK CTAaTHUYHUX MEPETBOPIOBAYIB
4aCTOTH OCOOJMBO TIPUCKOPUBCS Yy 3B SA3KYy 3 MAaCOBHM BUNYCKOM
TUPUCTOPIB 1  CHJIOBHUX  TpPaH3UCTOpPiB. 3aCTOCYBaHHS  CTaTUYHUX
NEepeTBOPIOBAYIB YAaCTOTH JO3BOJMJIO MIJABUNIUTH TEXHIKO - E€KOHOMIYHI
NOKa3HUKU PEryJibOBAHOTO YAaCTOTHOTO €JIEeKTPONMPHUBOAA: 301MBIMIUTH HOTO
KKJI 1 mBuaAKO110, YCYHYTH IIyM Ta COIPOCTUTH OOCIYyTrOBYBaHHS.

CraTudHi TepeTBOpPHOBAaYl YacTOTH MOXYTh OyTH 0e3 JaHKH
NOCTIMHOTO CTpyMy, 3 Oe3mocepenHIM 3B'S3KOM [)Kepelia >KUBJICHHS U
HaBaHTa)XEHHSAM Ta 3 MPOMIKHOK JJAaHKOIO MOCTIHHOTO CTPYyMY.

BaxnauBo 0COOJIHMBICTIO MEpPETBOPIOBAYIB YAaCTOTH 3 JIAHKOIO
NOCTIHHOTO CTPYMY € MOXJIHMBICTH 3a0e3NeUeHHs IJIAaBHOTO PEryJIIOBaHHS
4acTOTH CTPYMYy Ha CTaTopl JABHUTyHA, SK HHUXYE, TaK 1 BHUIIE HANPYTH
JKepena )KUBJICHHS.

YacToTHEe ympaBiiHHA € HaWO1IbII €KOHOMIYHHUM, TaK SK 3a0e3meuye
peryiioBaHHS WIBUAKOCTI JBUTYHa O0€3 BEJIHMKHUX BTpPAT MOTYXHOCTI B
poTopHOMY Koui, mo noripmyoTs KK]| enexTponmpuBoga i mpu3BOASATH 10
HEOOXIMHOCTI  3aBUINEHHS  MOTyXHocTi aBuryHa [18]. UYactoTHe
pEeryJioBaHHS MBHUIKOCTI MOXE¢ BUKOHYBATHCH MJaBHO B 0O0MJaBa OOKH Bif
NPpUPOAHOT XapaKTePUCTUKU, TOOTO NOBUTYH MOXKE MaTH IMBUAKICTH SK
Oinpmie Tak 1 MeHme HoMmiHaabHOi. Ilpu 1nbOoMy perynroBanbHi

XapaKTEepPUCTUKH MAKTh BUCOKY JKOPCTKICTh, a JABHUIYyH 30epirae BEIUKY
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NMepeBaHTaXyBaJlbHY 3/1aTHICTh.

Jiama30H peryjoBaHHS HIBUAKOCTI B PO3IMKHYTHUX CHUCTEMaXx CKJagae
Big 5 g0 10, a B 3aMKHYTUX CUCTE€MaX MOT0 3HAUYCHHS MOXeE OyTH W 3HAUHO
OlabIIe.

B cuny BigMi4eHMX BHCOKHMX T[OKAa3HUKIB YacTOTHUM cmocid
3HaXOJUTh B JaHWM Yac  HaWOUIbIIe 3acTocyBaHHSA. binsme Toro, €
NpoIecH, KOJM BUKOPHUCTAHHS YaCTOTHOTO YIpaBiiHHI AaCUHXPOHHOTO
EJIEeKTPONMPUBOJIa € €IUHO MOXJHUBHUM: TPHUBIJ BHCOKOMBHIKICHUX
€JICKTPOIITIH/AEIIB, BEHTHUJIATOPIB BHCOKOIMIBHUIKICHHUX aepOJUHAMIYHUX
TpyO, a TakoX NPUBIA eNeKTpoOypiB, SKMH € mpeaMeTOoM MoJepHi3alii B

naHii poOOTI.

1.5 BucHoBKHM 10 po3aiay

B naniit marictepchkiii poOOTI MOCTABIEHO 3a METY MOJEPHI3ZYBaTH |
TOCHIIUTH TPUBIJ enekTpoOypa D215 myig MexaHIYHOTO pyWHYBaHHS MOPia
NIJISXOM HOTO yJIOCKOHAJIeHHS 1 Mepexoay Ha HOBINMII 3aCO0M TEXHIYHOTO
3a0e3Me4YeHHs, M0 TO03BOJIUTh 301JbMIUTH NPOAYKTUBHICTH OYpiHHS MpHU
MiHIMaJBbHO MOXJIHBHX 3aTpaTax.

[IpoananizyBaBmu poOOTYy eaeKTpoOypa, MOXHa 3pOOMTH BUCHOBOK,
0 JaHa CUCTeMa KepyBaHHS €JICKTPONPHUBOJOM BiaImpamrBaiga CBik dac i
3HAXOMUTHCS JAJeKO TMO03aJy CY4YacHUX JOCSATHEHb HAayKW 1 TEXHIKH.
EnemeHnTun, sfKki 3aCTOCOBYIOThCA B CHCTEMI1 3apa3, 3aMIHUTH NPaKTUYIHO
HEMOXJIMBO, TaK SIK BUNMYCK iX NpUNUHEHO. HeBUCOKI TEXHI4YHI MOKAa3HUKH,
HU3bKa HANIWHICTh €JeMEeHTHOi 0a3u NpPUBOIUTH A0 YCKIAJHEHHS TpHU
o0CnyroByBaHHi 1 pEeMOHTI, IO B CBOW0 Yepry TiIrHe 3a co0oro
JOBTOTPHUBAJII IPOCTOT 00TaqHAHHS.

BpaxoByiouun BummeomnucaHe, HaWJAONINbHINE 3MIHCHUTH IMepexig Ha
HOBI CHCTEMH KEpyBaHHS MPHBOJAOM e€JIEKTpoOypa, Ha HOBY €JIEMEHTHY
0a3y. 3apa3 cepiiHO BHUIYCKAKThCI 1 MIUPOKO 3aCTOCOBYIOTHCH

MBUAKOIIOYL 1  HIUPOKOPEryJIl0€eEMl  KOMIJEKTHI  €JIEKTPONPUBOJIU.
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3poOuBIIM aHali3 BCIX iX MO TaKMM BaXJUMBUM MOKa3HUKaAM, SIK JAiama3oH
peryiatoBaHHsA, BapTicTh, rabapuTHI pO3MIpH Ta I1HINI, MOXHa 3pOOUTH
BUCHOBOK, IO [ TUJIAaBHOTO PETYNIOBAaHHSA IIBHIKOCTI JBUTYHA
eJekTpoOypa  HaMOiIABImI  JOMIJIBHUM €  3aCTOCYBaHHA  CYy4YacHOTO
KOMIIJIEKTHOTO THPUCTOPHOTO €JEKTPONPUBONA, SKi BHINYCKAIOTBHCS  JJIA
pI3HUX Tajy3ed NpPOMHUCIOBOCTI 1 MAalOTh pAJd NepeBar Haja IHIIUMU
CNEKTPONPUBOIAMHU.

broune po3tamyBaHHS €JIeMEHTHOI 0a3u CYTTEBO MOJIETHIYE POOOTY
00CIYTOBYIOYOTO MEpCOHANy i TUM CaMHM 3MEHIIY€ Yac Ha PEMOHT, a Iie, B
CBOIO Yepry, BIJIMBAE HA MPOJYKTUBHICTh OypIiHHSA.

JI1s1 JOCSTHEHHS MOCTaBJICHOI METH HEOOX1/THO BUPINIUTHA HACTYIIHI 3aa4i:

— MPOBECTH PO3PAXYHOK MOTYXXHOCTI Ta BUOiIp IBUTYHA €JIEKTPOOypa;

— MPOBEACHHS CKCIIEPUMEHTAIBHUX JOCHIDKCHb TapaMeTpiB JBUTYHA B
3QJIKHOCTI B/l MIBUAKOCTI 0OEPTaHHS 1 MOMEHTY HaBaHTa)KEHHS

— ONTHUMI3AIisl TPOIECIB PO3TOHY, NMYCKY HOMIHAJIBLHOTO PEXUMY poOOOTH Ta
3YNUHKH JIBUTYHA,

— po3pobka CAK 3 nmogaiasIiuMm po3paxyHKOM ii mapaMeTpiB,;

— TIPOBECTH JOCIIKEHHS SKOCT1 Ta CTIMKOCTI CUCTEMH, 10 pO3pO0OIISIIaACh.



20

2 PO3PAXYHKOBA YACTHUHA

2.1 Po3paxyHOK HABaHTaKeHb
2.1.1 Po3paxyHOK MOTYXXHOCT1 Ta BUOip ABUTyHA e€JIEeKTpoOypa
OOepToBUIl MOMEHT Ha Bally ABUI'yHa eleKTpoOypa BU3HAYAETHCS 3a

bopmynoro

My = —, (2.1)

ne M - o6epTOBUIl MOMEHT Ha Bajly ejekTpooypa, H;
Nw - KK mnungens, odupaerbcsa B mexax 0,9-0,96. Ilpuitmaemo
nu =0,95.

OO0epToBUIl MOMEHT €1eKTpoOypa BU3HAYaeEMO 32 GOPMYIOIO

M=M,-G+M, (2.2)

ne M, - nutomuit MmomeHT, Hu/kHm, Bu3HavaeThes 3 rpadika puc.2.1;

G - ocbOBe HaBaHTaXeHHs, H,

Mo - MOMEHT, IO 3aTpadyaeThcsd Ha oOepTaHHS ao0JoTa 6€3 OCHOBOTO
HaBaHTa)XeHHs, Hu.

MomMmeHT, 1O BTpadyaeThCs Ha oOepTaHHsS Jo0jo0Ta 0€3 O0ChOBOTO

HaBaHTa)XCHHS, BU3HAYaeEMO 3a GOPMYJIOIO

MO = Ml' + M6.m' (23)

ne Mr - oOepToBHH MOMEHT, HCEOOXIJHHMH Ha IOJOJIAHHS
ripaBIidHOTO ONMOPYy NMpu obepTaHHI gonora, H,
Mg, - 00€pTOBUH MOMEHT, HCOOXITHUH HA MOJOJIAHHSA OIYHOTO TEepPTH

no10Ta 00 CTIHKH CBEepAJNIOBUHU, H.
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OO0epTroBUil MOMEHT, HEOOXiAHMM Ha mMoAOJaHHS OIYHOTO TepTH

10J0Ta 00 CTIHKM CBEPAJOBHUHHU, BU3HAYAEThCA 3a (GOPMYJIOI0 HABEIEHOIO

HHUXYC.
ol él
14
12
10
8
300 500 700 n, 7al 6a

Pucynok 2.1 - 3anexHicTh TUTOMOTO MOMEHTY BiJ MIBUIAKOCTI

O6€pTaHHH J0JIOTa

Mﬁlm:k-Q'S%, (2.4)

ne kK - koedimieHT, M0 XapaKTEepU3y€e BEIUIUHY 00EPTOBOTO MOMEHTY

Ha gosoTi mnpu OypiHHI 3 OokoBuM 3ycunnsm |H; #oro Beauuuny

NPUUMAOTh PIBHOO MUTOMOMY MOMEHTY,
Q - Bara emekTpoOypa, xe;

o - KyT Haxuny cBepanosunu, a=90°.
k=M, =11 H-m/kxHwm. (2.5)

3,53 xsin90°
2

=11

= 19,42 (H-m).
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M,=250+19,42=269,42 (Hm).
M=11-196,2+269,42=2427,62 (Hm).

_ 2427,62

5 = 2555,39 (H-m).

[loTyxHICTh JOBUTYyHa MNpH 00epTalbHOMY pyCli BHU3HAYae€ThCsA 3a

bopmynoro
P:Mﬂg'a)o ) (26)
J¢ o - CHHXpPOHHAa KyTOBa INBUJAKICTh OOCEpTaHHSA JBUTyHa
eJekTpoOypa.

3rigHo TeXHIYHUX JaHUX eJekTpobypa D215 ne=600 06/x6, oTxe

7-n, 3,14-600
a)o = =
30 30

P =2555,39-62,8 =160,478 (xBm).

-62,8 (cb). (2.7)

BI/IXO,ZI}I‘II/I 3 YMOBHU.

PH606X.2P1 (28)

BUOHMpaeMo OLIBII JOCKOHAJIUK MOAEpHI30oBaHUUN ABHUTyH D215-8M 3amicTh
nBuryna 2215, gkuili 3acTapiiui 3a KOHCTPYKIIE€W 1 EKOHOMIYHUMH
MOKa3HUKAMHU.
[TapameTpu nBuryHa enexkrpodbypa 2215-8M:

— HOMIiHalIbHA MOTYXHICcTh — 175 xBm;

— Hamnpyra xuBieHHs — 1550 B;

— HOMIiHaJIBbHUMN cTpyMm — 131 4;

— HOMIiHaJIbHA YyacToTa o0epTanHsa -680 06/xs;

— 00epTOBHM MOMEHT

HOMIHanbHUN — 2750 H m;

MakcuMaiabaui — 6500 H-wm;
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— MOMEHT iHepuii poropa — 24 ke -m?;
— KKI - 72 %;
— cos¢p — 0,69 ;
— Koe(IilieHT KPaTHOCTI MYCKOBOTO 1 HOMIHaJbHOTO MOMEHTIB - 2;
— KOe(]ilieHT KPaTHOCTI MYCKOBOTO 1 HOMIHAJIBHOTO CTPYMIB - /;
— JOBXHHa enekTpoOypa — 13,9 wu;

— Maca — 2,9 ke.

2.1.2 TlepeBipka ABUTYHa e€JeKTpoOypa Ha NepeBaHTAXyBaJbHY
3aTHICTh, MOXJIMUBICTH 3aMyCKYy 1 HAarpiB

[lepeBipKy ABUTYHa MPOBOISATH 32 YMOBU 3HHKCHHS HANPYTH MEpexKi
Ha 10%. Tak, sk MOMEHT aCHHXPOHHOTO JBHIYHa NPOMOPIIHHUNA KBaapaTy
Halpyru, TO 1€ 3HM)KCHHS HANMPYTU MPHU3BOIUTH O 3HWIKECHHS MOMEHTY Ha
19%.

Jns  mepeBipkM  JABUTYHAa  HEOOXIZAHO  po3paxyBaTH  TaKOX
MaKCUMaJbHUN CTAaTUYHUM MOMEHT ( MOMEHT KOJIM CTaTHU4YHA MOTYXHICTh
Ha Bajly OiJpllIa 3a HOMIHAJBHY).

Jlns  po3paxyHKy BukopucTtoByemo ¢dopmyru (2.1) i (2.2),

[MIACTAaBIAIOYA MaKCUMaJlbHE OChOBEe HaBaHTaxeHHa G,,,=350 kH.

MCT.MAX = My 'GMAX + Mo’ (2-9)
MCT_MAX =11.350+ 319,42 = 4169,42 (H-m).

OTxe, mepeBaHTaXyBalbHIN 3AaTHICTH ABUTYH 3aJ0BOJIbHSE, TaK K
BUKOHYETHCS yMOBa
0,81-M,,,, ZM 1 v1ix (2.10)
5265>4169,42 (H-m).

Jlns mepeBipKU IBUTYHA HAa MOXKJHUBICTH 3aMyCKy MPU MaKCUMaJIbHOMY
CTATUYHOMY HaBaHTaXEHH1 1 MIHIMaJlbHIA Hampy3l BU3HA4YaeMO MOro

MNYCKOBUW MOMEHT
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(2.11)

nyex. 1V H"

e K — koedimieHT KpaTHOCTI MYCKOBOTO 1 HOMIHAaJIbHOTO MOMEHTIB.

M =2.2750=5500 (H-nm).

nyckK.

VYMmoBi NYyCKY ABHUI'YH 3aA0BOJIBHA€, TaK IK BUKOHYETHCS YMOBaA

081M, >M,. ... (2.12)

nyck.

[lepeBipky ABHTYHa Ha TeMIlepaTypy MHeperpiBy NmpH MyCKYy JIBUTYHA
3IIUCHIOEMO 3T1HO BUPA3Y

k12.A2
= -1, 2.13
e 175 " ( )

ne A — UJIbHICTH CTPYMY, JJIA JABUTYHIB CepeIHbOI MOTYXHOCTI, IO
AKOT BigHOCHTBHCA 0OpaHuil ABUTYH, npuiiMaemMo 4 = 8 A/MM?;

ki — kxoedimieHT KpaTHOCTI MyCKOBOTO 1 HOMIHAJIbHOTO CTPYMIiB
JIBHTyHa, OepeMo 3 XapaKTepPHUCTHUK JIBUTYHA,

t, — 4ac mycKy NpHBOAY e€JIeKTpoOypa.

Yac mnycky MNpHBOAY J0 HOMIHAJIbHOI 4YacTOTH OOEpPTaHHA Oy,

PO3paxoBYOTh Mo GopMyIi

f = mw (2.14)

ne Jup — IpuBEeEeHUN NUHAMIYHUNA MOMEHT 1HEpIii CUCTEMHU
an =(11+125)-J,,, (2.15)

ne Jis — AMHAMIYHUNA MOMEHT iHepuii poropa aBuryHna, J,;;=24 xz-u?.

J,,=11-24=26,4 (k2-m?).

26,4 -55

= -=1,001 (c).
5500 — 4169, 42
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TakuM YHHOM Yac NyCKy ABUTYHa t, HEBeNuKUH 1 ckiagae 6au3bko lc.

7.8

t -1,091=19,53 (o
nep 175 ( C)

OTxe, ABUTYyH HE€ MEperpieThcs MNiJ yac NYCKY TakK, AK JONYyCTHUMa

TeMmeparypa meperpiBy ans kinacy izonsauii F — cknamae 115 °C.

2.2 Po3po0JjienHs pyHKIiOHAJBLHOI cXeMHU NMPUBO/AA eJeKTpPoOypa

2.2.1 OcHoBH1 (YyHKIIIOHAJIbHI OJIOKU €JIEKTPONPUBOIY

Hns  npuBony  enekTpodbypa  Oynao  BHUpPINIEHO  BHUKOPHUCTATHU
CTaHJAApPTHUH KOMIJCKTHHH THUPUCTOPHUH  CICKTPONPHUBOJ 3MIHHOTO
CTPyMy 3 peKymnepaTuBHUM rainbMmyBaHHsM tuny EKT2P-250/380-200. Tak
SK TOKa3HHKH CTaHAAapPTHOTO THUIOBOr0 EJCKTPOMPHUBOAY HE MOBHICTIO
BIAMOBIIalI0OTh BUMOTaM MNPUBONY, IO pO3poOdsI€ThCA, HEOOXIAHO
MOJIEPHI3yBaTH AEsIKl HOT0 OJIOKH.

TunoBa ¢QyHKIIOHAIbHA CXeMa eJEeKTPONPHUBOAY TIpUBEJEHA Ha
puc.2.2. Bona BkJwuae B cede¢ HacTynH1 QyHKIIOHAIbHI BY3JIH:

A(IT) — cunoBuit aBTOMaTUYHUMN BUMHUKAY (MycKay);

AIH — aBTOHOMHU# IHBEpTOp HANPYTH;

JNCB-A — natuyuk cTaHy BEHTHIJIIB aHOJHOI TPyl IHBEpTOpa;

JNC — naTtduk BXiJHOTO CTPYMY;

JAH — natyuk Hanpyru;

HE — matuuk EPC;

JAY — naT4ukK 4acTOTH;

J31 — natyuk 3puUBy 1HBEPTOpPA;

3] — 3agaTYUK IHTEHCUBHOCTI;

31" — 3ajgar4uil reHepaTop;

KP — kinpueBuil po3moAiIbHUK;

M - nBUTYH,;

PCI1, PC2 — perynsaropu cTtpymy;
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PY — perynatop 4yacToTy,
PE — perynsarop EPC;
CC — By30J CHUJIOBOTO CTPYMOOOMEXKEHHS ;
CVYB — cuctema ynpaBiliHHS BUNPSIMIISYEM;
CVYI — cuctema ynpaBiiiHHS 1HBEPTOPOM;
C3C — cucTema 3aXUCTy 1 CUTHaNI3alli;
BI' — By30os raneMyBaHHA,
KB — KepoBaHuii BUNpaMisy,
KI — iuBepTOp BeneHUl Mepexero;
[IP — mpuctpiit pesepcy;
[II" — npucTpiil ynpaBiiHHS TaJlbMyBaHHSIM;
I[IJIP — npucTpiif 1BOX30HHOTO pEryjalOBaHHS;
® — cunosuit LC- dpinbTp;
®I — popmyBay iMNyNbCiB;
I — myHT.
YMOBHI MO3HAYEHHS NMapaMeTpiB GyHKI[IOHAIBHOT CXEMHU:
+U;a; — CUTHAJ 3aBJAAaHHS MIBUIKOCTI;
f* - curman 3aBOaHHA 9acTOTH;
f — curnan 3BopoTHOTO 3B’SI3KY IO YacCTOTi;
E — curnan 3BopoTHoro 3B’s3ky no EPC aBuryHa;
1g — CUTHAJ 3BOPOTHOTO 3B A3KY MO CTPYMY;
lo6w — CUTHAM 3aBAAHHA OOMEXEHHS CTPYMY,;
U - curnan 3BOpOTHOTO 3B’ SI3KYy MO HANpy3i;
+Uo6w — CUTHAJ 3aJaHHA OOMEXEHHS NMPU ABOX30HHOMY PEryJIOBaHHI,;

U,; — curHan 3amanHs OOMEKCHHS HANpyTru i HAMPAMKY CTPYMY.
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2.2.2 Cxnan 1 npuHIUO pOOOTH €JIEKTPONPUBOAY

EnextponpuBoa cknagaeThCcs 3 HACTYNHUX PYHKI[IOHAIbHUX YaCTHUH:

1) cunoBoi 4acTUHU;

2) cuctemu kepyBaHHa BunpamiasueM(CKB);

3) cuctemu kepyBaHHs iHBepTOopoM (CVI);

4) cuctemu aBTomMaTuyHoro peryiatwoBanHs (CAP);

5) cuctemu 3axucty 1 curnanizanii (C3C).

Bzaemonis GYyHKIIOHATBHUX 4aCcTUH €JIEKTPONPUBOIa
nokaszaHa Ha puc.2.2.

Cunosa JyacTUHA €JIEKTPONpPHUBOIA NEPETBOPIOE 3MIHHY
HANpyry NPOMHUCIOBOT 4aCTOTH B 3MIHHY HANpyry peryjibOBaHOI 4YaCTOTH.

[Tomaya  Hampyru Ha  KepoOBaHUW  BUNPIMIAY  3T1HCHIOETHCS
aBTOMAaTUYHUM BuUMHUKaueM (A), yINOpaBIiHHSA SKUM 3JIIHCHIOETHCS 3a
nomoMorow KHomok "BBimMkHeHno", Ta "BuMkHeHO", a TakoXX BIIJIMBOM
CUTHANlliB 3aXUCTIB. YCl CUTHaJlM HAa BMHUKAaHHA 1 BUMHUKAHHS BUMHKauda
GOpMYIOTHCS 32 JONOMOTOIO MJIATH 3aXUCTY CUCTEMHU yNPaBIiHHA.

CunoBuii  kepoBanuit Bunpsmasa (KB) 13 cucrtemorw ¢da3zo-
iMmnynbcHoro kepyBaHHs (CYB) 3paiiicHioe amMmiiTyJHe peryJloBaHHS
BEJIWYUHU BUXIJAHOT Hanpyru. Bunpsmiasd  BUKOHaHMNW mo Tpudazuii
MOCTOBIN CXeMI.

B cucremax 3 pexymepaTUBHUM TaJbMyBaHHSAM A pekymeparnii
eHeprii B MEPEXKY BUKOPUCTOBYETHCH Apyrun TAPUCTOPHUU
mict (KB), mo BBIMKHEHHH 3yCTpidyHO-TIapajeIbHO KEPOBAHOMY
punpsamiauy (KB).

KepyBanas KB 1 KI 3ngilicaoerscs cuctemoto CKB. Ilpomec
BriroueHHs KB u KI BigOyBaeThcs mo komauai curHany 3aBmanHs (Usi) i3
IUIaTH peryitoBaHHs, n03Bin Ha mepekawudeHHs KB 1 KI 3 matuukiB cTany
BeHTumniB (JICB).

Cuctema kepyBaHHs 1HBepTopoM (CKI) 3pailicHioe ynpaBiaiHHS

4acTOTO BUXIJAHOT HAPYTU €JIEKTPONMPUBOJIA.
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Cuctema aBToMaTtuuHoro peryntwoBaHHs (CAP) 3abe3meuye mniaaBHE
peryialoBaHHS IWIBUAKOCTI JIBUTYHAa, a TaKOX iX pPO3riH, TaJlbMyBaHHSA 1
pesepc.

OcHOBHI IIPUCTPOI perynonyol YaCTUHHU €JIEKTPOIIpUBOIA
po3TamoBaHi Ha miati peryiatoBanus (I1P).

Perynrwotroua yacTuHa 3abe3neuye:

1) popMyBaHHA BXITHOTO CUTHaly 3aJaHHs KEpyBaHHSA;

2) peryjoBaHHS TeMIy 3MIHM 3aJaHHd Ha yacTtoty, 0,5-60 c;

3) 3MiHYy BHXIJHOI Hampyru eJeKTPONpPHUBOAAa JO HOMIHAJIBHOIO
3HA4YeHHS Y QYHKIIT 4acTOTH;

4) mnigTpuMaHHSA BUXIJHOT HANpyrd MNOCTIHHOK MO BEJIMYMHI Ha
4acToTax BUILE HOMIHANBHOT;

5) KOPCKTYBAaHHA 3aKOHY YaCTOTHOTIO KCPYBAHHA CICKTPOINIPUBOAA,

%zconst, (2.16)

ne E - niroue 3Hauenns EPC nBuryHa;
f - BuxigHa 4yacToTa;

6) TOYHICTh MIATPUMAHHS BUXIAHOT HANIPYTH 1 YaCTOTH |

7) YCYHEHHSI MOXJIUBUX aBTOKOJHBAHbB;

8) raapbMyBaHHSA €JIEKTPONPUBOIA;

9) peBepc €IEKTPONPUBOIA;

10) poboty esexkTponmpuBOIa BiJi 30BHIMHBKOTO F'€HEpATOpa IMIYJIbCIB.

[ligTpuMaHHS MBUIKOCTI 3M1HCHIOETHCS O€3 3aCTOCYBaHHS 0OCPTOBUX
MAaTYUKIB IMIBUIKOCTI.

3 MmeTow 3abe3medeHHS BUCOKOI TOYHOCTI 4YacCTOTH 1 MiATPUMAHHSA
o0epTiB JBUTYHA nepenbaveHa MOXKJTUBICTH poboTu CUCTEMHU
apromatudyHoro perymtoBaHHs (CAP) i3 3acTocyBaHHSM 30BHINIHBOTO
uudpoBOTO 3aJa0Y0T0 TeHeparopa.

Cucrema CAP BUKOHaHa IBOKOHTYPHOIO 1o NPUHLUIY

NIANOPSIAKOBAHOTO peryjiloBaHHsA. BHYTpIIHIM KOHTYpPOM € KOHTYP



30

peryiloBaHHA BXIJHOTO CTPpyMy IMe€peTBOpIOBadya, 30BHIMIHIM - KOHTYD
perynwBaHds EPC aBuryna, a6o yactoru. Cucrtema 3aXUCTy 1 CUTHagi3amii
(C3C) 3abe3neuye BMUKaHHS 1 BUMUKAaHHS €JE€KTPONpPHUBOAAa B poboyoMy W

aBapiiHUX pexXumax.

2.3 MoaepHi3anisgs npUHUMIIOBOI cXeMH NPUBO/AA eJeKTpPpoOypa

2.3.1 [IlpuHnunoBa cxemMa CUCTEMU PEryJIIOBaHHS

[IlpunnunoBa  cxemMa  TpHBOJAa  eJeKTpoOypa  mpHUBEJEHAa  Ha
AEMOHCTpaliiHOMY claiai Ta B 10JaTKY.

[Inata perynioBaHHS CKIaJa€eTbCs 3 TAaKUX (PYHKIIOHAJIbHUX BY3JIIB:

1) 3aaTYUK IHTEHCUBHOCTI;

2) mpucTpiii peBepcy;

3) perynaropu;

4) ctabinizaTop HANPYTH.

OyHKI10OHAJIBbHUN BY30JI 3a1aTYUKA IHTEHCUBHOCT1 CIYXHUTbh AJIS
dbopMyBaHHS OJHOIOJIIPHOTO CHUTHANYy, II0 JiIHIKHO 3MIHIOETHCSA Ta
perymwoerbcs B giamazodi (0,5-60)c, a Takox s OOMEXEHHS CHIHAIy
3aBJJaHHSA BUXIJHOT HANPYTHU €JIEKTPONPUBOIA.

OyHKIIOHAJIBHUN BY30J MPHUCTPOIO pEeBepca CIYXKUTh AN 3aBIaHHS
HAMpsIMKy 4YepryBaHHsS ¢a3 BHUXIIHOI HANpyru eJeKTponpuBOna, IS
KepyBaHHsA 3YNHHKOK 1 1HTEHCHUBHICTIO JAHHaMIYHOTO TaJlbMyBaHHS
ABUTyHa, (OpMYyBaHHS aHAJIOTOBHX CHUTHAJNIB 3BOPOTHOTO 3B'S3Ky IO
gacToTi, Hanpy3i, EPC i curnany po6o4oi 30HH €JIeKTpONPUBOIA.

Hatuuk EPC cnyxutes nnsa ¢gopMmyBaHHS-aHanmoroBoro curnany E,
nponopuiinoro BeauunHi EPC enektponBuryHa, 1o paxyeTbcs Ha

MiJCUIIOBAaYl HANIPYTU BIAMOBIAHO 10 GOpMynH
E=U-1, r, (2.17)

ne U - BUXIJHUM CUTHAN HaTyWKa HAMPYru €JeKTPOABUTYHA;

l4 - BUXIAHUM CUTHAN NaTYUKA CTPYMY;
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s - aKTUBHUHM ONip CcTaTopa €JIEeKTPOJABUIYHA.
PiBenp curnany U paTtuMka Hanmpyru €JEKTPOJIBUTYHA PETYIIOETHCS
3MIHHUM PE3UCTOPOM.
VYV 3B’A3KYy 3 HEBIANOBIAHICTIO JE€SKUX NapaMeTpiB THUIOBOI CXEMH
€JIEKTPONPUBOAY 1 BHMOraMu €JEKTPONPUBOAY, IO PO3pOOIIETHCS,
BUPINIEHO MPOBECTHM  MOJEPHI3allil0 KEpPOBAaHOro  BHUIpAMIsSYa  Ta

AaBTOHOMHOTO 1HBEpPTOpa HANpyTH.
2.3.2 Po3paxyHOK KEpOBaHOI'O BUNIPSAMJIYA

Po3paxyHok KepoBaHOro BHUIPSAMIIAYAa MPOBOJUMO BHUXOJSYH 3 BEIUYHUHU
MOTYKHOCT1 pO3Pax0BaHOTO Ta 0OPAaHOTO JABUTYHA.

Howminanbauit omip xoJyia cratopa

Ruony = 0,5[L|JHM(1— n)]’ (2.18)

HOM

ne U, — HOMiHaJIbHA HalpyTa JABUTYHA;
l110,s — HOMIHQJIBHUH CTPYM JIBUTYHA,
n - KK/I nuryna.

1550
Ryom = O'S[E(l_ 0,69)j =1834 Om.

Buznaunmo EPC nBuryna

E=U,, (2.19)
ne U, - da3sHa Hanpyra JABHTYHA, KA BU3HAYAETHCS 32 (POPMYJIOI0
U, = Yoy _ 1550 _ 894,89 B. (2.20)

NN S
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Toni maemo Bennuuny EPC
E =894,89 B.
BenuunHy BUNPSMIIEHOI HApyrd B TUPUCTOPHOMY BUMPSAMIISTYI BU3HAYUMO 32

dbopmyroro

U - E+11,50 Rayon @ 6 AUg | (2.21)

do COSamin —ag (6 “Kpep &%+ cmAPM%) - dAUMep%

ne FE—EPC nBuryHa;
a, - Koe(IIEHT, IO 3aleKUTh BIJ CXEMHM BUNPAMIEHHA 1 U1 TpHda3HOI

MOCTOBOi CXeMH PIBHHI 2;

AUg - najiinbs Hanpyru B THPUCTOPI, piBHUi 15;

C.,,d, 6 — po3paxyHkoBi koedirieHTH;

6=0,0025; ¢,,=0,0052; d=0,0043;

Kyep - KOCOILIEHT, 110 BPAXOBYE IHIYKTHBHICTH MEPEXKI 3MIHHOTO CTPYMY;
£,% - Hanpyra KOpOTKOIo 3aMUKaHHA B %;
AP % - BTpaTtu y Miai tpancdopmartopa B %;
AU,,.,% - 3amac Ha KOJMBAHHS HATIPYTH B MEPEXKI %o,

Jlns Bu3HaueHnus U do TOTepeIibo MPUHMAaEMO TaKi 3HAYCHHS BEJIIMYUH

&, %0 =5%; AP % =2%); AUMep% =10%.

Tak sk BUMOTH J10 IPUBO/A y BIAHOIICHHT IIBUIKO/II1 TIPH BIAIIPAIlFOBaHHI PI3HUX
30ypeHb 3a paxXyHOK 3MiHM HANpPYTH, IO TPUBOJAUTLCS IO JBUTYHA, TOCTATHHO BHCOKI,

TO BEJIMYMHY « .. BHOUpaeMmo piBHOMO 30°,

n

BenuuuHa k., BU3HAYAETHCS BIJHOLICHHAM MOTYXKHOCTI MEPEKI HKHUBICHHS.

JLiist IpUBOAIB CepeIHBOT MOTYXKHOCTI IPUAMAIOTh K., =1,1.

[TincraBuBiIM BCi 3Ha4YeHHs Y popmyiy (3.3) 3Haiinemo Benuuuny U, .
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B 894.89+11-131.1834 + 20,0025 - 1
® cos30° —2(0,0025-11-5+0,0052-2) ~0,0043-10

U =1496 B.

Busnaunmo HOMiHanbHY (pa30BY HAPYry BTOPUHHOT 0OMOTKU Usg

u,, =—%° (2.22)

1€ Kg - KOe(IUIEHT, o Uil Tpu(pa3HOi MOCTOBOI CXEMH BHUIPSMIICHHS PIBHUH

Bean4uHI 2,34, TOIl MaEMO

U,y = 1496 _ 639,31 B.
2,34
[loBHy mnoOTyXHicTh TpaHchopMaTropa i pPOOOTH eNeKTponpuBoay 0Oe3
ypaxyBaHHs KOMYyTallii BU3HA4ae€MO 3a GOpMYyJI0I0

S, =1045-U, | (2.23)

do" Hom !

S, =1045-1496-131=204794,92 BA.

JlinifiHa Hampyra BTOPUHHOI 0OMOTKH TpaHc(opmaTopa

Uzn:\/§ Uz, (2.24)
Uan=+/3 -639,31=1107 B.

[3 kartamory BuOupaemo TpaHCchHOpMATOP TMTB — 560/6 YXJI4 13
HACTYITHUMH TapaMeTpaMu
Uwep =1300 B, S=560 xBA,
Po=1300 Bm, P«,=3200 Bm, U%=5,2; 1x%=16;

Koedimient tpanchopmarii cuioBoro TpanchopmarTopa BU3BHAUYAETHCS
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U

Koy = —, (2.25)
U,

o L6000V8
1300/3

HominansHUl CcTpyM NEpBHUHHOI OOMOTKM TpaHc(hopMaTOpa BHU3HAYAEMO 32

dbopmymoro
S
L, = : (2.26)
560000 oo
J3-6000
dasnHa Hanpyra MepBUHHOT 0OMOTKH
U

U, =-%£, 2.27

w3 (2.27)
U, = 000 =3464,1 B.

L

[HaykTUBHMI omip TpaHchopMaTopa, MNPUBEACHUN 0 BTOPHUHHOI OOMOTKH,

BHU3HAYAEMO 32 (POopMyII0r0

1% -U
X, = L S (2.28)
|1 - K - 100
X, = 11.10.3424,1 ~0.332 O
53,894,615 -100
AxTuBHU omip TpaHchopMaTopa , MPUBEICHUN JO BTOPUHHOT OOMOTKH

R,, = —opu - 251100 (2.29)

m -1 m -1

g Kmp 1p " Kmp
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Ie M — KUIBKICTh a3,

2-560000

R, = : ~=0,06On.
100-3-58,89%-4,615

[HIYKTUBHICTh PO3CIIOBaHHS BHU3HAYAETHCS IO HAINpPy3l KOPOTKOTO 3aMUKAHHS
TpaHcpopMaropa, NpU HOMIHAIBHOMY 3HA4Y€HHI CTPYMY lowow HPUBEAEHOTO M0

BTOPUHHOT 0OMOTKH

_ U %-Uyon (2.30)
® 1, -100

2HoM

ne Uspowm , l2mom — HOMIHABHA (ha30Ba HAIpyra Ta CTPyM BTOPHUHHOI OOMOTKHU

TpaHcpopMmaropa.

w _5:2:1300

Tomi -
¢ 131-100

= 0,469 Owm.

KyTtn komyrarii ctpymy y BUIIpSIMIISYi BU3HAYAEMO 32 (POpMYIIOr0

cos(a)-cos(oty)= 20y % (2.31)

\/E'UZ ,

ITpu Ug= Uy, a=0°
=1- 2- Id ) Xa ]
\/E'UZ
2-131-0,469 =096
J6-1300

y = arccos0,96=16,26°.

cos y

cosy =1-

Mpn Ug= 0,5Uq,  a=60°
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y = arccos(cos60°- 2-131-0,469 )-60°=2,6°.
J6 1300

3HaX0MMO KYT 3CYBY MEPIIOi TApMOHIKH JJISI 2-X BUIAJIKIB

p=a+’, (2.32)
2
ITpu Ug= Uy, a=0°
0

,_1626° o050

Tpu Ug= 0,5Ug,  a=60°
0
0=60°+2° _613°.

Po3paxyemMo koedilieHT MOTY>KHOCTI BUIIPSMIISYA:

A=K, COSQ, (2.33)

ne  k, - KOe(QIlieHT CHOTBOpPEHHS (OPMHU KPHUBOI 3MIHHOTO CTPyMYy, IO

CIIO’KMBAETHCS 3 Mepexi (KoeillieHT HECUHYCOINanbHOCTI) TpU L —o00 niisa TpudazHoi

MOCTOBO1 CXeMH JOPIBHIOE

K.=3/z=0,955.

Toni 3rizno dopmymu (2.33) koedimieHT TOTYKHOCTI BUIIPSIMIISYA

ITpu Ug= Uy, A =0,955-¢0s8,13° = 0,945.

ITpu Ug= 0,5U4y A =0,955-¢c0s61,3° =0,46.

Bubip BeHTUIIIB MPOBOAMMO IO JOMYCTUMOMY CTPYMY 1 JOMYCTUMINA OOepHEHiN

Hampy3i
I n

Locep = % (2.34)
3

I >1—1:43.66A.

a.cep — 3
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Jomyctuma o0epHeHa Hanpyra

.6

ob.max — 20!
2 ®»

/6

U (2.35)

U

06.max 2

O6epHeHy MakCUMallbHY HAanpyry BHU3HAYA€EMO 3 ypaxXyBaHHS KOJIHMBAaHb MEPExKi
+10%, a TakoX 3 ypaxyBaHHSM KOMYTAIlIMHUX TMepeHanpykeHb. ToMy 3HaiJIeHy

o0OepHeHy Harpyry 30u1blryemo Ha 40%

U =14-783=1096.2 B.

06.max

I3 karanory BuOupaemo tupuctopu s cunoBoi cxemu Ttuny T133-400-1600 31
HACTYITHUMH JAHUMHU:
MaKCUMAaJIbHO JIOIYCTUMUMN CEpEeHIN CTPYM Y BIAKPUTOMY CTaHI - L4cp=4004,

3BOPOTHA IMITyJIbCHA HAaMpyra y 3akpuToMy cTadi — Us, 0 =100...1600 B.

Xapaktepuctuku Tupuctopa T133 — 400-1600:

Lo cep- =400 4; AU, =1,75B; Uss. max = 100...1600 B;

U.=3,5 B; I« = 200 mA4; Lo = 25 mkc; tomer. = 160 mke.

ne I, cep— MaKCUMaJbHO AONMYCTUMHM CepeaHid CTPyM y BIAKPUTOMY
cTaHi, A4;

AU,— magiHHsA HANpPYTH HA TUPUCTOPI, B;

U, vax— MAaKCHUMaAJIBHO JONyCTHUMA Halpyra TUpUcTopa, B,

tex,— 4aC BMUKAHHS TUPUCTOPA, MKC;

teuxs— 9aC BUMUKAHHS TUPUCTOPA, MKC;

[ — CTpyM Kepyro4doro eiaekrpoaa, A.

BrpaTtu noTy)XHOCT1 Ha BEHTHIIAX PO3PaxyeMO 3a (GOPMYIIOI0

APy = Ma AUz lucep, (2.36)
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1€ Ma — KUIBKICTh TUPUCTOPIB Y BUMIPAMIIAYL (1151 JAHOT CXEMU CTAaHOBUTS 6);
AU, — magiHHA HAaOpyrd Ha TUPUCTOPAX;

1y, cep. — TIPAMUI CTPYM TUPUCTOPA.
AP, =6-1,75-400 =4200 Bm.

Po3paxoByeMo  KoedillleHT KOPHUCHOI [ii BUIpsAMISYa, Oe€3 ypaxXyBaHHs
cnoxkuBaHHs eHeprii CIOK, 3naiigemo Horo 3HaueHHs JUIs 2-X BUIMAJIKIB: NIPU BUXIAHIN
Hanpy3i Ug =Ug, 1 Ug =Ug4, /2 .

JIns 1poro TOMEPENHBO 3HAXOAUMO KOEQIIIEHTH 3aBaHTAKECHHS IS 2-X
BUIIAIK1B

a) B=Uyq /Ugn= Udn/Udn=1,

2
-P
n=— PPy, — (2.37)
B Py, +pB-P,+P, + B -P,

ne Pdn — HOMiHaJIbHA KOpPHUCHA TIOTYKHICTB;
P, — BTpaTy NOTY>XHOCTi HA BEHTUJISX;
Po — BTpatu y maraitonpoBo/i TpanchopmaTopa;

P, — BTpat B 00MOTKax TpaHchopmaTopa.

~ 12.1550-131 ~
12.1550-131+1- 4200 +1300 + 12 - 3200

6) ,B: Ug IUgn-2 =0,5,

n

0,5%-1550-131

S . —0,925.
0,5%-1550-131+0,5 - 4200+ 1300+ 0,5% - 3200

n

2.3.3 Po3paxyHOK aBTOHOMHOTO iHBEpTOpa HANpyTHu
3HaxoquUMO Ji1l04Ye 3HAUYEHHS HANpyru Jxepena xuBieHHs Ug 3a

bopmyor0

u, - "o (2.38)
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b, 363931 o

2

IIpu po3knananui B pag @yp’e Hanpyru MOCTOBOTO iHBEpTOpa

2.3

Un(wt)——U S|n®——sm5®—lsm7®+ismll@) (2.39)
S 7 11

MaeMO 104y JIHIHHY HANpyTry
243 NCRU
wZdT

U, = — d_o78-U,. (2.40)

da3Ha niroya Hampyra

U,=——9-0,48-U,. (2.41)

OTXe nmepepaxoBaHe 3HAYEHHS JIiI0YOr0 HANPyTH
u,

= 048"

639,31

0,48

U, (2.42)

U, = =1331,9 B.

Busnauaemo ¢a3He 3HaueHHS CTpyMy [y HaBaHTaXeHHA 3a GOpPMYI0I0

24,
d):—\/_3 @ (2.43)
ne lo— 6a3ucHu# cTpym, A
U U, -l
lg=2f=r———, 2.44
° R, U,-cose (2.44)

ne cosp — KoeIilieHT MOTYXHOCTI ABUTYHA.
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~1331,9.131

=~ ~°= =39553 4.
0 639,31-0,69

A— koediieHT (aMIJIITYyAa OCHOBHOI FapMOHIKM BUX1IHOT HAIIPYTH)

3 1-a’
A= [1- :
\/ 2-r-k 1-a+a® (2.45)

ne kK — xkoedimieHT HeMIHIHHUX BUKPHUBICHD

R R R
Kk = - H - H , (246)
w-L, ZH-SIn(p 72 _R2
H H

€ w— KyTOBa MBHUJIKICTh ABUTYHA,
L, — iIHAYKTUBHICTh OOMOTOK JBUTYHA.

Z, — MOBHUH Omip OOMOTOK JIBUT'yHA

U
ZH = |_’ (247)
TakuM 4ynHOM
_ 63931 _
Z, = 31 = 4,880m.
[TinctaBumo naHi 3HaueHHSA B popmyny (2.46)
k = 1834 =0,406.
4,882 —1,834
a— BIJTHOCHA JOBXXWHA IMIYJIbCY BUXITHOT HANIPyTHU
_kp
a=e 3 (2.48)

Toni
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0,406314

a=e 3 =0,654.

[TincTaBuMO oTpuMaHi 3HaYeHHsS y hopmyny (2.45)

2
Al 3 _1-0654° 40
2-0,406-3,14 1-0,654 + 0,654

3HaxoauMo (azHe 3HAYEHHS CTPYMY

I¢:§-395,53-0,36:67,12 A (2.49)

JlaHe 3HauE€HHS 3aJ0BOJIbHSIE€ HAlIUM moTpedaM Tak Sk [4>1,.

Jlitoue 3HaYEHHS CTPYMY JOPIBHIOE

2
| |o|=§'|o'A2 | (2.50)

Toni

I :%-395,53-0,362 =34,17 A.

Jlane 3Ha4YeHHS BiamoBigae ymoBi: Iq> [,.

BubupaemMo THUpUCTOpHU )i aBTOHOMHOTO 1HBepTOopa Hampyru. Jlas

IbOTO BU3HAUYUMO CEpPEAHINA CTPYM TUPHCTOpA

Ly cp=14=67,12 4. (2.51)
3BOpPOTHA HAaNpyra TUPUCTOPA JOPIBHIOE

U36.m.:1,2'Ud, (252)
Use. w =1,2-1331.9=1598,28 B.
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ITo nanux I, cp 1 Uz, BUOUpaemo Tupuctopu. Bubepemo tupucrtopu
T134-300-1600 3 TakuMu mapaMeTpamu:

Lo cp =300 4, AU, = 1,5 B; Use. wax = 1600 B;

U,=3,5 B; I, =100 mA; texn = 10 mke;,  teuws. =100 mkc.

CepenHiii cTpyM 3BOPOTHHUX 10A1B 3HaeMo 3a GopmMynoro

La. ¢p 4=(0,05+0,1)-7,, (2.53)
la. ¢p 4=0,1-67,12=6,712 4.

3HaxX0JMMO 3BOPOTHY HaNmpyry A1011B 3a GOPMYJIOIO

U36.()= U36. m=1;2' Ud ) (254)

ne U;q »— 3BOPOTHA Hampyra THPHUCTOPA.
Uy — 3HaYeHHS Q110401 HAMPyTu po3paxoBane mo ¢popmyii (2.38).
Toni
U,e0=1,2- Ug=1,2-1331,9=1598,28 B.

ITo nanux I, cp o 1 Usey BUOUpaemo nioau 3 xaranory. BubGepemo nioau
KJI225B 3 TakuMu napameTpamMu:

locpo=15 A; U49=1600 B; 1,,=1,5 mA; fnax=1 xly;

ne l,cp o— cepeaniit cTpyM niogaa, A;

U,s.0o— 3BOpOTHA Hampyra aiona, B;

I;,— 3BOPOTHUHN CTpyM Jnioga, OOyMOBJIEHHUH MOCTIHHOK 3BOPOTHOIO
HaInpyrorwo, MA;

fmax— MakCHMaJIbHO JIOMMyCTHMAa dYacToTa: HaWOiIpma dYacToTa
MiABEeJEHOT HANpyru 1 IMOYIbCIB CTPyMy, NOpH SKHX 3a0€3MeU4y€eEThCS
HanailiHa poboTa mioja.

MakcuManbHa BeJMYMHA €MHOCTI KOHJAEHcaTopa TMpU  YMOBI

3MEHIICHHS BEJIMYUHU HANPYTru He MeHIIe H1K Ha 20%.
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U, T,

= 2-lIn2-1) , 2.55
° S-RH-O,Z-Ud( n2-1) (2.55)

ne 7T, — mocTiiiHa yacy HaBaHTaXXE€HHH, C.

T == (2.56)

ne L, — i1HIyKTUBHICTh OOMOTOK JABUTYHA,
L, =0,54-103mIn.

[linctaBumo nani y popmyny

. 0,54-10°

’ =252-10" c.
2,138

Toai eMHICTh KOHJIEHCATOPA JOPIBHIOE

~1331,9.2,52-10*
° 3.2138-0,2-1331,9

-(2In2-1)=0,76 MKD.

Bubupaemo kougencaropu K50-20 3 mapamerpamu:

— HoMmiHaipHa Hanpyra U=6.3-450B,

— H"oMmiHainpHa eMHIicTh C =2MK.

TakuM 4YHHOM MOJEpHiI30BaHI OJOKM KEPOBAHOTO BHUIpPAMISYA Ta
AaBTOHOMHOTO  1HBEpTOpa  HANpPyTrd  JO3BOJSAIOTh  BUKOPUCTOBYBATH
CTaHJAAapTHUNW KOMIIJIEKTHUH THUPUCTOPHUM EJIEKTPONMPHUBOJ B CXeMi

KUBJICHHS JBUTYHa eJIeKTpoOypa.
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3 MOIAEPHI3ALIIA CUCTEMHU ABTOMATHUHYHOI'O KEPYBAHHA
HNPUBOJAOM EJEKTPOBYPA

3.1 Bubip cucteMu aBTOMaTHYHOI0 KEpyBaHHA

BuzHauuMo TpPUHLIUI aBTOMAaTHYHOTO KEpyBaHHs, 3a SKUM OylIeMo
CUHTE3yBaTHU CUCTEMY. Ax B1JJOMO, TOJOBHUMH NPUHIUTIAMHA
AaBTOMAaTUYHOTO KEPYBaHHS € TMPUHIUIN KepyBaHHS 3a 30ypeHHsSIM Ta
NPUHIIMIT KEPYBAHHS 32 BiIXHJICHHSIM .

[Tpunuun KEpyBaHHA 3a 30ypeHHIM 1HO 1 HA3UBaIOTh
KOMIIEHCAI[1HUM.

CyTHICTh IBOTO MPHUHIUNY MOJSTa€ B TOMY, IO 3aJ€XHO BiJl 3MIHU
30ypenns fi(t), KOHTpoNbOBaHOTO BUMIipIOBalbHUM eleMecHTOM BE, Ha BXif
00'exta O HaAXOIHWTH BEJIHMYMHA X4y, AKa IMOBHHHA JOISATH Ha O00'€KT TaKHUM
YUHOM, 00 BUKJIMKATH 3MIHY PEXHMY HOTO poOOTH, IO KOMIIEHCYE I1I0

30ypeHHs BIIHOCHO BUXIJHOT (peryiboBaHOi) BEIUYUHHU 00'€KTA.

l faft)
fa(t)

Us(t) P Ukep(t) Usux(t)
\ e — —— o) >
Us(t) I P Ukep(t) Upnx {t) . (t)r’ (HK)
33
a) KepyBaHHA 3a 30ypeHHAM 0) KepyBaHHS 3a BIAXUJICHHIM

Pucynoxk 3.1 — CTpyKTYpHI CXe€MHU CUCTEM aBTOMAaTUYHOTO KEpyBaHHS
IIK — mpuctpiii kepyBanHs (a6o perymnsatop), O — 00’ €KT KepyBaHHS,
Us(t) — 3anmatounii curnai, Ukep(t) — curnan kepyBanss, U33(t) — curnan

3BOpoTHOTO 3B’ 513Ky, UBnx(t) — Buxigauii curnan, f3(t) — curaan 30ypenHs

OcoOMuBICTIO MPUHIUNY KepyBaHHS 3a 30ypeHHSIM € BUKOPUCTAHHS
PO3IMKHYTHUX (BIIHOCHO BUXIJIHOI BEIMYHUHU O0O0'€KTa) CXE€M KEpyBaHHS
(puc. 3.1 a). Benuunna 30ypeHHS BUMIPIOETHCS 1 CUTHAJ PO 11 3HAUCHHS MTOIA€ThCS

Ha BXIJ Kepyrwouoro mnpuctporo. Kepyrouuii npuctpiil aHamizye 3HAYEHHS CUTHAILY
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30ypeHHs 1 BUpOOJIsie Kepyrouy J1it0 Ha 00’ €KT kepyBaHHs. CuUrHani i€l Jii moka3aHo Ha
dyHkionanbHiit cxemi y Bursaai crpiiku Uxkep(t). IlepeBaramMmu KepyBaHHS 3a
30ypeHHsIM € BimHOcCHa mnpoctota Ta HanidHicth CAK mnpu HasBHOCTI
oaHoro (rojxoBHOro) 30ypeHHs, SKIIO I1HIIUMU 30ypEHHSAMH MOXKHaA
3HeXTyBaTu. Jl0o HeJONIKIB IbOTO HNPUHIMNY KEpyBaHHSA CJ1J BIAHECTH
TPYAHOIIl KOHTpOJI 30ypeHb Ta A€o0 MEHIIYy TOouyHICTh. I[li Hemomiku
0COOJIMBO TOMITHI, KOJM Ha 00'€eKT Jl€ KUJIbKa pIBHOLIHHUX 30ypEHb,
BpaXxyBaHHsS SKUX mNOTpeOye TMIiABUIICHHS CKJIAJAHOCTI Ta 3MEHIICHHS
Haniiinocti CAK, a HeXTyBaHHS HUMHU PI13KO 3HUIKYE TOUYHICTh CUCTEMHU.

Hns peanizanii npuHnuny kepyBaHHs 3a BiaxuieHHsIM CAK mae O0ytu
3aMkHyTOot0 (puc. 3.1, 6). OCHOBHOI0O OCOOJHUBICTIO 1 MEPEeBarol IbOTO
npunuuny € Tte, mo CAK pearye Ha BiAXHICHHS AIHCHOTO 3HAa4YCHHS
peryjiboBaHOi BEJWYMHHM BiJl 3aJaHOr0 HE3aJleXHO BIiI NPHUYUH, SKI
3yMOBUJIM 1€ BIJXUJEHHS, KEPYIUYUH CHUTHAI € PIZHUIEI 3aJalydyoro
CUTHaJNy Ta cur"any 3BopoTHoro 3B sa3ky. Otrxe CAK, moOymoBaHa Ha
JaHOMY TMPUHIUMI, BpPaxoBYy€ KIHIEBUH pe3ynbTaT BCIX NPUUYUH NOSABU
BIIXUJIEHHS 1 TOMY MOY€ MaTH BUIIY TOYHICTh KEPYBaHHS.

CAK, nmobynoBaHi Ha NPUHIMIII KEPyBaHHSA 3a BIAXHIEHHSIM, MAKOTh
O1MBII CKJIAJHI METOAM iX pO3paxyHKy, JTOCHI/DKEHHS Ta HacTpolOBaHHA. B
UJIOMY II€¥ NMPUHIUII KEpyBaHHS BUKOPHUCTOBYETHCS MPH MoTpedi micTaTH
BUCOKY TOYHICTh SK B CTAaTHUYHHUX, TaK 1 B JUHaAMIYHUX pexumax. Ha
NpakTUIli BUKOPUCTOBYIOTHCS TaKOX CHUCTEMHU 3 KOMOIHOBAaHUM MPUHIUIIOM
KepyBaHHs, fKi MalwTh JBa KaHalu KepyBaHHa. OJIuMH 3 HHUX i€ 3a
NPUHIUIIOM KEpyBaHHS 32 30ypeHHSIM 1 Ma€e pO3IMKHYTHH KOHTYp, a Apyrui
— 3a NPUHIUNOM KEpyBaHHA 3a BIAXWIEHHSIM BHUXITHOI BEJIWYHHU 1 Mae
3aMKHYTHH KOHTYp. OCHOBHOIO mepeBaror KOMOIHOBAaHOTO KEpPYBaHHS €
MOJXXJIHUBICTh JIiCTaTH BHUCOKY TOYHICTh TMPH KpalluxX JUHAMIYHHX
XapakTepucTukax, Hixk y BiamoBigmHii CAK, anxe Taka cuctema A0BOJI

CKJIaJIHA.
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B CAK, mo po3poOaserbcs, peanizoBaHO MNPUHIIMN KEpyBaHHS 3a
BIIXHUJICHHSIM, a KoopauHaTtamMu KepyBaHHsS € cTpym 1 EPC naBuryna
eqekTpoOypa. MogaepHi3oBaHIi cUCTeM1 aBTOMAaTUYHOTO  pPEryJlOBaHHS
HIBUJIKOCTI TMpHUBOJAA eJeKkTpoOypa BIANOBIJAa€e CTPYKTypHa CcXema, sfKa

npuBeacHa Ha puc.3.2.

.
syl W =] W = Wore |Vt |-={ W W
M

K

/(E.[PC

Pucynok 3.2 — CtpykrypHa cxema CAK

[To3nauenusM Ha cTpykTypHil cxemi CAK BigmoBigawTh:
U, — HampyTra 3aBAaHHS MIBUIKOCTI;

W,p.epc — lepenaBanbHa pyHkuisg perynsitopa EPC;

Up.cpc — Hamipyra Ha BuxoJi peryistopa EPC;

W, — nepenaBanbHa QyHKIisA perynsiTopa CTpyMy;

Upc — Hampyra Ha BUXO/1 PEryjsaTopa CTpyMYy;

Wgj — nepenaBanbHa GYHKIIIS €IEKTPOJBUTYHA;

® — BUXiJTHA MIBUIKICTh 00€PTaHHS ABUTYHA;

Ksc — koedimieHT 3BOPOTHOTO 3B’ 3Ky MO CTPYyMY;

Ksepc — koedimieHT 3BopoTHOTO 3B’ 513Ky 110 EPC.
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3.2 Po3paxynok napamerpiB CAK

Po3paxyemo mapamerpu perynastopa ctpymy Tta EPC, xkoedimienta
3BOPOTHOro 3B’s3Ky mo ctpymy 1 EPC Ta iHmuX mapamMeTpiB CTPYKTYpHOI
CXEMH.

Perynstop Moxe MaTM TakKl OCHOBHI 3aKOHHU KEpYBaHHSA:
nponopuiinuit (I — perynarop), interpansuuit (I — perynsartop),
nudepenuianbuuit ([ — peryngarop), a Takox KOMOIHOBaHI 3aKOHU
KEepyBaHHsA, O 00 €IHYIOTh NO3UTUBHI BJIAaCTUBOCTI BKa3aHWUX BHUIIE
NPUHIIMITIB KepyBaHHs. Po3risHeMo mepeBaru Ta HEJOJIKH PI3HUX THUIIIB
perynsiTopis.

IT — perynstop Mae HaWNpPOCTIMHUH 3aKOH peryjarBaHHSI, IO MepeBar
I[LOTO PEryjsiTopa BIJHOCATHCSA: MPOCTOTA 1 HaAIWHICTh, O€31HEPIINHICTD 1
MOJJIHMBICTh 3MEHIIEHHS CTAaTUYHOI MOXHMOKH 1 TPUBAJIOCTI MEPEXITHOTO
npouecy. OCHOBHI HEIOJIKH pEryjsTopa: NPUHIHUIOBA HEMOXIHUBICTH
BIUIMBY Ha JWHAMIYHI TOXWOKM 1 HEMOXJIHMBICTH TOBHOI JiKBigamii
cratuuHoi mnoxuOku. OcTaHHE BU3HAYAETHCSI THUM, IO MPU PI3KOMY
3011pmeHH] KoedimieHTa mepenadi po3iMKHEHOI cHUCTeMHU, sSKe HeoOXiaHe
IJIs. BIAMOBIIHOTO 3MEHIIEHHS CTAaTUYHOI MOMMIIKH, CUCTEMa MOJXKE CTaTH
HECTINKOIO.

I — peryaarop MA03BOJSE YCYHYTH Pi3HI MOXHMOKH 1 MiJABHIIUTH
AVWHAMIYHY Ta CTaTUYHY TOYHICTH cucTeMHu. [IpoTe BiH TakoXX Ma€e CyTTEBI
Henoniku. Ilpu iHTerpaapbHOMY 3aKOHI peryjalOBaHHS dig peryiustopa
NpOSIBISETHCA JUIIE Yepe3 ACIKHNA Yac, M0 MOXXKE NPUBECTU A0 BUHHUKHEHHS
HeOa)XaHUX KoNuBaHb. KpiM TOro g YCyYHEHHS KUIBKOX JAMHAMIYHUX
CKJIaJJOBUX MOMHIKU HEOOXIJHO BBECTH BIAMOBIAHY KIJIBKICTh IHTETPYHOUYUX
130IPOMHHX JTAHOK, IO YCKIJIAJTHIOE CHCTEMY.

JI — peryusatop Ma€e BUCOKY IIBUAKOMI 1 JO03BOJISE€E 3MEHIIUTHU
MBUAKICHI MOXUOKHU. AJle BIH HE yCYBa€ BMJIMB CTAJIUX CKJIAJOBUX MOMHUIIOK

1 HE MO€ MOBHICTIO YCYHYTH IIBUJKICHI HTOMHUJIKH.
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B wamiit cucremi Bukopuctaemo Ill-perynsitop ajis KOHTYpPY
pEeryjioBaHHS CTPyMy MO0 3MEHIIUTH MOXUOKY KEepyBaHHS 1 JIKBIAYyBaTHu
CTaTU4YHY NMOXUOKY, a AJs KOHTYypy peryntwoBanus EPC - Il-perynarop, mo6
3MEHIIUTH TPHUBAJIICTh MEPEXiJHOTO MpOIecy 1 KOMIEHCYBaTU HBHUIKICHY
CKJIaJl0BY MOXUOKHU.

[IpuBenenuit A0 Bajla JBUT'YHA MOMEHT 1HEpIii 3TiJHO PO3PaXyHKYy 3a

dbopmynoro (2.15) piBHui

Jnp=26,4 Ke-m2,

KoedimieHT MOMEHTY BU3Ha4YaeMo 3a GOPMYII0OI0

3W2-E
km:h:\ﬁ M, (3.1)

]
T @, 31, K,

Kn = \E—ZBO =3,71.
3131-4,615

ExBiBaneHTHY MOCTiHHY Yyacy BU3HA4YaeEMO 32 GOPMYIIOIO

T,=— (3.2)

ne Le - ekBiIBaJeHTHA IHAYKTUBHICTHh CTATOPHOTO JIAHIIOTa IBUTYHA;
R, - ekBiBaJICHTHHH OMIP CTATOPHOTO JIAHI[IOTA JBUTYHA.
ExBiBajieHTHa I1HAYKTHUBHICTh CTAaTOPHOTO JIAaHIIOTAa BHU3HAYAETHCS 3a

dbopMmynoro
Le :2.(L()6+me) ' (33)

ne Los— IHDIYKTHBHICTh 0OMOTOK nBUTYHA, Ly=L,=0,00054 ['u.

L,y - IHAIYKTUBHICTD TpaHcpopMaTopa, IKy BU3HAUYAEMO 3a POpMYyII010

L _ X (3.4)
mp COO ! .
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ne Xup- HAYKTUBHUU OMIp CHJIOBOTO TpaHcpopmaTopa, NPUBEIEHUNU 10

BTOPUHHOT 0OMOTKH, 3TinHO opmynu (2.28)

X,p=0,332 I't;

@o — KyTOBa 4acTOTa MEPEXK1 KUBJICHHS;
w,=2rxf, (3.5)
w,=27-50=314 ¢

Toni

L,y = 23322 0,00105 In.

™ 314
L, =2-(0,00054 +0,00105) =0,00318 [H.

ExBiBajeHTHU OMip CTATOPHOTO JIAHI[IOTAa BU3HAYAEMO 32 (HOPMYIIOIO

R, :2-(R06+Rmp.np) , (3.6)

ne Ros — akTUBHUHW omip craTopa e€JeKTPOJABUTYHA, MPHBEICHUHN 10

temnepatypu 80°C, Bu3HauaeMo 3a HOPMYII0IO

R, =124R,, (3.7)

ne R, — omip cratopuoi ooMoTku npu 15°C, srigao ¢popmynu (2.18)
R,=1,834 Owm.

Toni
R,, =124-1834 = 2,27 Ou.

Rup.np — IPUBEJEHUN aKTUBHUM omlip TpaHchopMaTropa, BU3HAYAETHCA 3a

bopmyIioro
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3

=175:R,, + > X, (3.8)

Rmp-np o’

ne R,, - akTuBHUU omip cuioBoro TpaHchopmartopa, HPHUBEAECHUH 10
BTOPUHHOT 0OMOTKH, 3TigHO Gopmynu (2.29)
R»p=0,06 Owm.
Toni

=1,75-0,06 +§-0,332 =0,422 Owm.
T

Rmp.np

R, =2-(2,27+0,422) =5,384 Ou.

Toni exBiBaJIeHTHA MOCTIHA Yacy

7, = 299318 _ 6006 c.
5,384
Bubupaemo pgatuyumk CTpymMy BUXOAAYH 3 HOMIHAJIBHOTO CTPYMY

IBUTyHa mpuBoAy enekTtpoOypa [, =131 A. BubOupaemo pgaTtyuk TUTY

LT200-S, mapaMmeTpu SKOTO HaBEJICHO HHXKYE:

o HominanpHu#t BXiTHUN CTPYM sy 1on=%200A;
) IToxub6ka £0,5% B1a L,om;

o Hianma3on neperBopenHs 0+500 4;

) Buxigauit curgan 5 B;

° Po6oua wactora 0...150 /'y,

o Hanpyra xuBnenns +=12...18B,;

o CnoxuBaHuMl cTpyM, 28 mA;

3Haiinemo koedimieHT mepeaadi

Kymo, = =2, 3.9
d.m.c. K| ( )

ne K; . — xoedili€eHT NiACUICHHS BUMIPIOBAJIIbHOTO MIyHTA

K, —Jw__> _0038. (3.10)
e, 131

HW
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[lincTaBuMO OoTpuMaHe 3HaAUYCHHS y GOpMYyIy

5

K, =—— =0,66.
me. 0,038 - 200

[Ipy cTanmapTHOMY HaJlalUTyBaHHI Ha CHUMETPUYHUN ONTHUMYM pEryJsTopa

CTpyMy

Theee. = 8Ty, (3.11)

ne T, - enekTpoMexaHiuHa NOCTINHA Yacy, IpU HaJallITyBaHHI HA CUMETPUYHUN

ontumyMm 71,=0,01c, oTxe MaeMo

Tpese. = 8:0,01=0,08 c,

k3C ) TM
Kp.c =
0,44 -k

= (3.12)

a.m.c.
1ie (- mapaMeTp HacTpoiku cuctemu, u=0,25.

. = 0,038-0,01 ~
7% 0,4-0,25-0,66-2,058

Hatuunk EPC BuOGupaemMo BUXOASYM 3 HOMIHAJIBbHOI HANMPYTHU JBUTYHA
npuBony enekrpooypa U,=1550 B. Bubupaemo matuux EPC tunmy LV100
napamMeTpH SKOTO HaBEJACHO HUXKYE:

° Howminanpna BxigHa Hanpyra Ugy ,0,=100-2500 B,

o IMoxu6xka £0,7% Big U,ou;

) Buxiguuit curuan 15 B;
° Po6oua yactora 0...3 /[y,
° Hanpyra xuBnenuns £15 B;

3HaiigemMo KoedIilieHT nmepeaayi
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K. = —max (3.13)

ne E, — sominanbaa EPC nBuryHa, sika Bu3HadaeTbcs 3a GopMyJiolo 3

BpaxyBaHHSIM MapaMeTpiB JABUIyHA

E,=U,-1 R, (3.14)
E, =1550-131-1,834 =1309,75B.

15

K, oo = ————=0,0114.
> 1309,75

KoediuieHT migcuiieHHs peryiasaTopa MIBUIKOCTI BHU3HAYa€ThCS 3a
dbopmynoro
K

K _ 3.epc ’ 3.15
- kon.an‘aC.Ty ( )

ne Kou, an, a.- mapamerpu HacTpoiku cuctemu, K,,=1, a,=4, a.=0,064;
Takum YMHOM MaeMoO 3Ha4YeHHS KOeQilIEHTY MiACUICHHS

o oou4 .
P4 1.4.0,064-0,01

3.3 Ouninka criiikocTi MOJepHi30BaHOI cXeMH KepyBaHHS

Cuctema BBaXa€ThCS CTIMKOIO, SKIIO BOHA MOBEPTAETHCS O YCTAJIECHOTO
CTaHy IicJs NPUNUHEHHS J11 30ypeHHs, 10 BU3BaJI0 BUXIJ ii 3 MbOTO CTaHYy.

Jlns BH3HAYEHHS CTIHKOCTI CHCTEMH HEOOXiTHO 3HAWTH TIepeaaBaibHy
(GYHKITit0 3aMKHEHOT CHCTEMH.

Jlana cucrteMa CKJIamaeThbCs 3 JIBOX KOHTYPIB: KOHTYP PETYNIOBAaHHSA CTPyMY 1
KOHTYp peryntoBanHs EPC .

[lepenaBanbHa QyHKIIISI KOHTYPY PETYIIOBaHHS CTPYMY Ma€ BUJT
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K . 1 AH T e P
PR, (T, -p+1]) T oo P

1+T . -p°
1+K30'K c . 1 . + pee. p
P R (T, -p+Y) T oo P

W,.(p)= (3.16)

[licnsa cuponieHHs BUpa3y OTPUMAEMO

W Ko (14T, -p)
a Re(Tep + 1) ) Tpea. ) p + Kp.c ) KSC ) (1+ Tpee. ) p) .

(3.17)

[Ticnsa migcTaHOBKM 3HAYEHb OTPUMAEMO TepeaBalibHy PYHKIIIIO

0,0216-p +0,27
Wi = 02 o2 '
0,126-10" - p~ +0,16528p + 0,007938

[lepenaBanbHa QyHKIliS KOHTYpY peryntoBanHs EPC

KP.EPC ’ Wp.c.(p)

W, epc(P) = :
PERC 1+ K3.EPC 'KP.EPC 'Wp_c_(p)

(3.18)

ITicns HiIICTaHOBKI/I 3HAYCHb OTpUMAEMO

0,01173p +0,14661
0,126-10%p? +0,16544p + 0,009968

Wp.EPC (p) =

3aranpHa nepenaBaiibHa QYHKIiS 3aMKHEHOT CUCTEMHU Ma€ BHJ

WsaM. (p) = Wp.EPC (p) ) KM Ty (319)

1
J-p

[Ticnsg migcTaHOBKHM 3HAYEHb OTPUMAEMO

0,0366p + 0,458

WaaM(p) = -2 ..3 2 .
0,3326-1072p° +4,3676p° +0,0,263155 - p + 2,85

XapaKTepUCTUYHE PIBHSIHHS Ma€ BUJ

0,3326-1072p° + 4,3676p° +0,263155p + 2,85 =0. (3.20)



54

[lepeBipuMO cUCTEMY Ha CTIMKICTh 3a KpuTepieM Muxaiinona.

3a UMM KpUTEpIEM CHUCTEMa BBAXa€ThCAd CTIMKOIO, SKIIO Troxorpad
MuxaiiioBa 3aMKHEHOT CHUCTEMH IMpH 3MiHI 4acToTh (0<w<co MpOXOAUTh MNPOTHU
FOJAMHHUKOBOT CTPUIKM, MOYMHAIOYM 3 TNEpUIOro KBaJApPaHTy IMOCIIIOBHO n-
KBaJIPAHTIB KOMIUIEKCHOI IJIOIIUHU, € N-MOPAJOK XapaKTePUCTUYHOTO PIBHSHHSA
3aMKHEHOI CUCTEMHU.

Hns mobynoBu rogorpada MuxaiinoBa HEOOXiTHO BUIIUJIUTH AIMCHY Ta

yABHY YaCTUHY XapaKTEpUCTUUYHOTO PIBHSAHHS, TOOTO 3BECTH WOTO 10 BUTISALY

M(w)=B(w)+jD(w). (3.21)

BpaxyBasiiu, 110 p=jw, a BiANOBIIHO p=-0?  p’=-jo? i nigcTaBuBIIM

BC1 3p00JIeH1 IEPETBOPEHH Y JaHe XapaKTepUCTUYHE PIBHAHHS, OyJ1eMO MaTH

M(w) = j(0,02631550 — 0,3326 -1020°) + 4,36 760> + 2,85.

bynyemo rogorpad MuxaiinoBa M(w)=B(w)+jD(w), 3MIHIOIOYH YacTOTy ©

Big 0 10 . B pesynprari 0ys0 orpumano rpadik (puc. 3.3).

[B\Vave

025

32 285 A

Pucynok 3.3 — I'omorpad Muxaiinosa

Ha mingcraBi omepxkaHol XapakKTepUCTUKU POOMMO BUCHOBOK, IO CHUCTEMaA

CTifika 3a kputTepieM MuxainoBa ( Ma€EMO piBHSIHHSA 3 TOPAIKY).
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3.4 OuiHka AKOCTi po6OTH MOJIEPHI30BAHOI CXeMHU KePYBAHHSHA

Jns monentoBaHHS pPO3pOOJIEHOT CHUCTEMU KEpyBaHHSA €JIEKTPONPHUBOIIB
BUKOpucTOByeMo mporpamy MatLAB [15], mo € nmocute yHiBepcalbHOIO i
OpIEHTOBaHAa Ha PO3PAXyYHOK TMEpeXiHUX TMpPOUECiB 'y HENEepEepBHUX,
OUCKPETHUX, NUCKPETHO-HENEPEPBHUX, JIHINHUX 1 HENIHIHHUX, CTAlIOHAPHUX 1
HecTallloHapHUX cucteMax. [lepexigHi npoiecu MOXyTh OyTH MOOyAOBaHI K
y (ynkuii gacy, tak 1 y ¢a3oBid miaomuHi. Mojgenb CUCTEMHU 3aJa€ThCA Yy
BUTJISLA1 HAOOpPy mepefaBalbHUX P YHKIINA JTaHOK, KPOK IHTETpyBaHHS BBOJUTHCS
KOpHUCTyBaueM. 3ajaBajibHi Ta 30yproBalibHI 11 HA CUCTEME, [0 MOJCIIOETHCH,
MOXYTh OYyTH 3aJlaHi SIK JKEpeso mMmojiHOM, abo y BUIJSAAl TapMOHIYHOTO
curHany. Pe3ynbpTaT po3paxyHKiB BHBOJIMUTBHCS Yy BUTIAAl rpadikiB, MpUUYOMY
MOJXHAa OTPUMATH BUXIJHUN CHTHAJ Ha BUXOJi OyIb-fAKOi JaHKU MOJEIbOBAHOI
CHCTEMH.

3a 10MOMOrOI0 MOJIEJIbOBAHOT MPOTrpaMM IOCIIAUMO PEAKIil0 CUCTEMHU Ha
BXIJIHY 3aJaBajbHy Jil0 y BHIJAA1 OAMHUYHOI cTymeHeBoi ¢yHkmii U,=1 i1
30yproBajibHY JI1IO.

OCHOBHMMHU TMOKa3HUKAMHU SKOCTI TMEPEXIAHOTO Tpolecy €  dYac
peTyJIIOBaHHS, TMEpPEeperyialoBaHHsA, KOJHUBAJIbHICTb, CTYIiHb  3aTyXaHHS
KOJWBAaHbD.

Yac peryntoBaHHs i, BuU3Hayae TpUBaNICTh (IIBUIKOJII0) MEPEXITHOTO
npouecy. IIpuiimMaroTs, 0 MO 3aKiHYEHHI 4yacy 1, BIAXHUJIEHHS PETyJbOBaHOI
BEJIMYMHU BIJ 3HAYEHHS, [0 BCTAHOBHJIOCH, MOBUHHE OyTH He OijibIne 3aaaHol
BEJIWYHMHHU € (K mpaBuio ¢=5%).

[lepeperynioBaHHIM Ha3UBAETHCS MaKCHUMallbHe BIAXUJICHHS

pEeryjibOBaHOT BEIMUMHU BiJl yCTAJIEHOTO 3HAYEHHS, BHUpa)X€HE Yy MPOIEHTaX

a%:w-100%=ﬂ-100%, (3.22)
h h

0 0

KonuBanpHICTh  CHUCTEMH  XapaKTEPU3YEThCA  YUCIOM  KOJIMBaHb

peryjiboBaHOI BEJIMYUHU 34 4ac peryyroBaHHs 1.
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CtyneHeM 3aTyXxaHHS Ha3WBA€THCS BIIHOIIEHHS PI3HUIIl JBOX CYCIIHIX

aMIUTITYl OJTHOTO 3HaKa 0 MepuIoi 3 HuX

— Ai_AZ
W= 4 (3.23)

UuMm Onumxkdye OJAWMH A0 OJHOTO Ii BEJIUYMHU aMIUIITYyJ A, TUM HIBUAIIC
3aTyXalTh KOJUBAHHS MEPEX1THOTO MPOIleCy.
[IpoBeaemMo AOCHIIKEHHS IEPEXiTHOTO MPOIECY.

Panime 6ys0 oTprMaHe XapaKTepUCTUYHE PIBHSIHHS CUCTEMU

0,003326p3 + 4,3676p> + 0,263155p + 2,85 = 0.
3a 1I0MOMOr010 MPOrpaMu 3HAXOJUMO KOPEH1 PIBHSAHHS

p1=-131,3109 ;
p2=-2,9878-102+0,8072;; (3.24)
p3=-2,9878-102-0,8072j.

Jani s 3HaxomkeHHs opuriHany h(t) ckopucTaemMocst Apyrorw TEOpeMOro

Xesicaiia, CyTh K01 B HACTYIMHOMY: KIIo 300paxenns F(p) yukuii f(t) mae Bursia

F(p) .

F(p)= : 3.25
(P)= £ (p) (3.25)

TO 11 OpHUTIHAT JOPIBHIOE
f(t) =ﬂ+ N M.epk't’ (3.26)

Fz (O) k=1 Py - Flz (pk)

7€ Pk — KOPEeH1 XapaKTepUCTUIHOTO PIBHSIHHS.

B namomy Bunaaky maemo

F1(p) =0,0366p+0,458;
F2(p) = 0,003326p° + 4,3676p* + 0,263155p + 2,85;
Fa(p) = 0,009978p? + 8,3676p + 0,263155.



3Haiiiemo 3HaueHHs F’2(py), 1€ Pk — KOpEHi XapaKTePUCTUIHOTO PiBHSIHHIL.

F’,(p1) = 0,009978(~131,109)? + 8,3676 (~131,109) + 0,263155= -926,4477;

F,(p2)= 0,009978 (~2,9878-102-0,8072j)2 + 8,3676 (~2,9878-102-0,8072j) +
+0,263155=6,7668%89";

F»(ps) =0,009978 (~2,9878-10-2+0,8072j)% + 8,3676 (~2,9878-102+0,8072j)+
+0,263155=6,766%°8%";

F1(0) = 0,458;

F2(0) = 2,85;

Fi(p1) = 0,0366-(~131,109) + 0,458 = 5,2639;

F1(p2) = 0,0366- (~2,9878-102-0,8072j) + 0,458 = - 0,4569-0,0295;;

F1(ps) = 0,0366- (—2,9878-102+0,8072j) + 0,458 = - 0,4569+0,0295;.

3HaiizemMo Bupas aiis opurinany h(t)

h(t) =1-027¢ -131,31t 0 957e-0,0298t7j(0,8072t+ 89,89) 4

+0,957¢ 00298t +(0,8072 t + 89,89);

h(t) =1 —-0,27¢ 331t 1+ 0,957e0:02%t.c05(0,8072t + 89,89°).

ITo onep:xkanomy Bupa3sy Oyayemo rpadik mnepexignoro mpomuecy (puc. 3.4).
BuzHnadaemo BuIieonucani XapakTepUCTUKN SKOCTI.
Yac perymtoBanas 1,.=1,5c.

N —hy 142 —1

max o

h

o

=042

[lepeperymoBanus O =

KonuBanpHICTh IEPEXiTHOTO MPOLIECY:
YHCJIO KONMBaHb — 2; mepioa konuBanb 1=0,95 c.

Ctyninb 3aTyxaHas W= b,- b, _|0.42- O’O7|: 0,83.

b, 0,42

57
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15
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05 1 15 2 25 3t

Puc. 3.4 - Tlepexinna QpyHKIIisI 3aMKHEHOT CUCTEMU

TakuM YMHOM, OTpUMaHi MOKAa3HUKH MEPEXiAHOTO TpoIecy, Mo
BiIOBIalOTh BHMOTaM 3aBIaHHS Ta 3a0e3MeuyloTh JAOCTATHIO IIBUAKOIIIO 1

AKICTh CUCTEMHU MPUBOJA €JIEKTpoOypa.
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5 TOCJIJHA YACTUHA

4.1 HuknaiyHiCTh pOOOTH €IEeKTpOOypa

OnHuM 3 OCHOBHUX KputepiiB BuOopy cuctemu kepyBanHs TIYU-AJl €
3a0e3MneyeHHs] HEI TEXHOJIOTIYHOro Mpolecy OypiHHS 4Yepe3 MIaBHUM MYCK,
raJlbMyBaHHs 1 3yIMHKY JBUIYHA, sIKI CyTTEBO BIJIMBAIOTh Ha Mpouec OypiHHSA
B3araji i eJIeKTpoOypoM B TOMY YHCIII.

CnouaTky enekTpoOyp CIyCKalTh y CBEPAJOBUHY 1 3allyCKalOTh HOTO Ha
MiHIMalbHUX 00epTax, IpH UbOMY BiH IlI€ HE OypUTh MOPOIY, a 3HAXOJUTHCS B
peXUMi XOJOCTOTO XO4y. B 1eil 4ac B CBEpAJIOBHHY MOYMHAE TOJaBATHUCH
OypoBuil po3umH. Jlajmi ABUTYH pO3TaHATH 10 MEBHOI MEXi, m00 JOCATTH
MBUANIOTO OO0epTaHHA J0J0Ta JAJs T0o4YaTKy OypiHHsS, Tak CKa3aTH,
O3HaWOMHUTHUCSA 3 TBEPAICTIO mNopin. | nume micias HbOTO, BpaxyBaBIIU BCI
dbakTopu, JABUTYH pO3TaHAOTH A0 pobo4yoi wyacToTh oOepTaHHSA [J0JI0oTa
(ocHOBHUI pexum pobotu enekTpobypa). IloTiM 1 yactora MOKe HE3HAYHO
3MIHIOBATHUCh B 3aJI€KHOCTI BiJ )KOPCTKOCTI OYPHUIBHUX MOPIJI.

['anbmyBaHHS enekTpoOypa BinOyBaeTbes Ounbin mBHAKO. [IIBHAKICTH
JBUTYHA 3MEHIIYIOTH 1O IMEBHOI MiHIManbHOI BenuuwHu. [Ipu 1mpomy pi3ko
3YNUHSATH JBUTYH HE MOXHa, 00 Ile MOX€ MPHU3BECTHU A0 YB si3aHHS 0JOTA B
CBEPIJIOBHHI 1 3yMMMHKHA BCHOTO mporecy. ToMy MiHIMajabHa 4yacToTa OOepTaHHS
MJaBHO 3MEHIIYeThCS A0 Hyada. Cama 3ynuMHKa HacTae TUIBKM TOM1, KOJHU
eIICKTPOOYp 3HAXOJAUTHCS B IMIJABIMICHOMY CTaHi, NMOBHICTIO HE KOHTAKTYHOUH 3

MOpOJIaMHu.

4.3 Po3paxyHok mapamMeTpiB po00OTH NPUBOAY ejJeKTpPoOypa

4.2.1 Po3paxyHOK MBUJAKOCTEN ABUTYHA

Oio = Oy * I. (4.1)
io=10-5=50(c?);
o= 15-5=75(c?);
o= 5-5= 25(c?),
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Ie o, - cTaja MBHUIKICTH poOOY0i MAIIMHU IS PI3HUX €TaliB, | — mepeaaBaibHe

qucio peaykropa ( s BUOpaHOro JIBUT'YHA piBHE 5).
Maewmo t 1= 20 (c), t2=10(c), t3 = 10 (c) — yac poOOTH MeXaHi3My 3a yCTaJICHUMHU

MBUAKOCTAMU.

4.2.2 Po3paxyHOK NPUBEACHHUX JIO BaJly IBUT'YHA CTATUYHUX MOMEHTIB OMIOPY
[IpoBenemMo po3paxyHOK CTAaTUYHOTO MOMEHTY po00YOi MamMHHU 1 MOOYJOBY

3aJIXKHOCTI IBUIKOCTI ABUT'YHA Big MOMeHTY M ; To0TO, i =f (M),

HpI/I BU3HAYCHHI NPpUBCACHUX OO0 Baly MAIBUTYHA CTAaTHYHUX MOMECHTIB CJIiI[

BpaxyBaTu MOMCHT XOJIOCTOI'O XO4y ABUTYHA

M XX:MH—MHB’ (4.2)
ne M, - HOMIHaJIbHUN €JeKTPOMarHiTHUH MOMEHT JBUT'YHa,
M . - HOMIHaJIbHUI MOMEHT Ha Bally.

Bu3znaunMo HOMIHAIBEHHI MOMEHT Ha BaJly IBUI'YHaA

_p*10° 175.10°
o 62,8

H

M

H

= 2786,6(H - m) . (4.3)

Tonmi
M =M -M _ =2786,6-2750 = 16,6(H-m).

@aKTUYHUI MOMEHT ONIOpY pPoO0YOT MaIIMHU
!
MCl = MCl + Mxx : (44)

[IpuBeneHn1 MOMEHT AJIs1 ABUTYHHOT'O PEXUMY

M., 1 1000

M == =208,3(H-m);
o i*n 5.0,96
Hp
M
= ew2 1000 _ 508, 3(H-1):
o i*n 5.0,96
Hp
M
M =3 _ 1000 o685 41,

03" j*p, 50,9
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M =M!,=M!,=1000 H-m (mMomeHT omopy poOOYOi MaIIMHHM) 3TiIHO MapameTpiB
HAIIIOTO JIBUTYHA.
Mcl = M’ol +M _ =208,3+16,6 =224,9 (H-m);

M =M ,+M, =208,3+16,6=224,9(H-m);

c2 ="

M g=M'+M, =208,3+16,6=224,9(Hwm).

[IIBuAKICTH HA BaJy JBUTYHA BIJIOBIJIa€ CTATUMHUM MOMEHTaM, SIKi BA3HAYCHI B
nyHKTi 4.1.

BinknaBmm Ha rpadiky 3HAYEHHS MOMEHTY OMNOpY 1 HIBHUAKOCTI, MOOYIyeEMO
XapaKTePUCTUKy MOMEHTY OTOpY Ha Bajly JIBUTYHA, sika OyJie BUKOPHUCTOBYBATHCH B

moAaJbIINX PO3paAXYHKaX.

Wi/

75?:3

Vil

555__:}:-_

50

L s

2

g 0 200 2249 MHm/

Pucynok 4.2 — CtatnuHa MexaHi4Ha XapaKTePUCTHKA

[Tyck mpuBOMY 3MIMCHIOETHCS MUISXOM JIHIMHOI 3MiHM HIBHUAKOCTI 1/1€aJbHOTO

XOJIOCTOTO XOJ1y.
PerynroBaHHSI IIBUIKOCTI aCHHXPOHHOTO JIBUT'YHA IPOBOJMTHCS IUISIXOM 3MIiHHU

YaCTOTH HAIIPYTH, IO KUBUTH ABUI'YH, TOOTO YaCTOTHUM MCTOOOM.

lNanbmyBaHHS BIIOYBA€ETHCA 3 PEKyIEpali€l0 EHEPrii B MEpexKi.
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4.2.3 Po3paxyHOK CTATHYHUX MEXAHIYHUX XaPAKTEPUCTUK JABUTYHA

CratnyHi MexaHI4H1 Xapakrepuctuku o(M) nmpoekroBanux peryiaboBaHux EIl B
nepioMy HaOIMKEHH] 3 ypaXyBaHHAM BIIOMHUX MPUIYIIEHb JIHIHHI, TOMY TOOYAYy€EMO
iX MO JBOX TOYKAaX 3 KOOPJAUHATAMU:

1) ® = ®gj; M = 0 (TouKa i1eaTBHOTO XOJIOCTOTO XOIY).

2) ® = 0j; M =M (TOYKa i-TO yCTANICHOTO PEKUMY POOOTH KOOPAHHATH).

Koopnunatu To4ok myis moOy/OBH CTaTUYHUX MEXAHIYHMX XapaKTEPUCTHK
JIBUTYHIB BU3HAYAIOTHCSI HACTYITHUM YHHOM.

Mexaniuni xapakrepuctuku nauryHa B cuctemi TIIU-AJl pospaxyemo B
NPUITYIIEHH] KOMIIEHCAllll MaJiHHS Hampyrd Ha akTUBHOMY OIMOpi OOMOTKH CTaTopa,

TOOTO MPHU 3aKOH1 YACTOTHOTO YNPaBIIHHS

=const = A 4.5
faj (49)

[Tonepeaubo HEOOXITHO BU3HAYUTU CHUHXPOHHI IIBUIKOCTI, YaCTOTH 1 BEJIMUMHU
Hanpyru Ha Buxoji TIIY, mo 3abe3nedye poOOTYy ABUTYHA 3 3aJlaHUMH YCTAJICHHUMH
MIBUIKOCTSAMHU. J[JI9 IbOTO 3HAXOAATH MaAIHHS MMBHAKOCTI Amy Mpu poOOTI i3 3a1aHOIO0

WBHAKICTIO @, Ha NMPHUPOIHIA Xapakrepuctuui mpu 4acrori 50 I'm. ILle mo3sonuthb

BU3HAYMUTH i1 )KOPCTKICTh

M 224
ﬁ: cl = 9 =—64,26(H - m-c). (46)
@, —O 75-78,5

io

Aw, =M /p. (4.7)

[Tpu 3amanux ymMoBax BoHa Oy/ie OJHAKOBOIO JJISl BCIX XapaKTEPUCTUK, HA SKUX

MTOBWHECH TPAIFOBATH JIBUTYH.
Jlns KoKHOI 3 XapaKTepUCTHK BH3HaumMo Bemmumay Aw =M./  npm

BIIIOBIAHUX 3HAYEHHIX Mcil O
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2249

Awy ==—==35; Aw, = 3,5; Aws = 3,5.
601 64.26 ,AOJz 3,5,A603 3,5

3HaiiIeMO BIIMOBIIHI CHHXPOHHI MIBUAKOCTI 00EpTaHHA @o 1 HEOOX1H1 YaCTOTH

Ha Buxomal TITH

Wy =@y — Ay =50+3,5= 53,5(c?); (4.8)
Oyo =Wy —Awy =75+3,5=785(c™);

Wy =g — Ay =25+3,5=285(c").

fi = flya;,(:" 4.9
11:50-;2—:2:62,5 (T'm);

f12=50~22—”?3=42,6 (T'm);

f13=50-é§—:2=22,7 ().

BianoBigai 1iuMm yactotaMm Hampyru Ha Buxoai TITY s KOXKHOTO yCTajaeHOTO

peXUMY pOOOTH, BUBHAYAIOTHCS BUXOASMYH 13 3a/IaHOTO 3aKOHY YACTOTHOTO KEepyBaHHS

UncernbHe 3Ha4eHHs KoedimieHTa A BH3HAYAETHCS 3 PIBHAHHS HIKYE.

Upi—lnRL 220-131.0,14
A = = ’ = 4, 03 .
. 0 (B/T), (4.10)
ne U bi IlH’ Rl - BSJIMYMHH, BUOPAHI 110 TaHUX JIBUTYHA.

st po3paxyHKy Hampyr, HEOOXigHO 3HAWTH CTpyMH B OOMOTIII cTaTtopa B

KOXXHOMY CTajioMy pekumi. Bonn Bu3Ha4gatoThes 3a hopMmynamMu

z\/léiz-(1+2-a)+liﬁ : (4.11)
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M. Ao
I = |~ o (4.12)
3*R,
. oS _
|y = 1y, o] Sing, ————2— |; (4.13)
- 1[ /1/”+1//1j—1}
a=1, /G (4.14)

l,,, =U%W, (4.15)

! . . o
ne | 2 | L Mci’wci’a)op’ﬂw — MPUBEACHUN y CTAJIOMY PEKUMI HOMIHAJIbHUN

CTPYM Ta HOMIHAJbHUM CTPYM HaMarHiuyBaHHS; MPUBEIACHUN CTaTUYHHN MOMEHT Ha
BaJy JBUTYHA 1 BIAMOBIAHA WOMY MIBHUIKICTH OOEPTaHHS; HIBHJAKICTH 17€aJIbHOTO
XOJIOCTOTO  XOIy HAa [-TIi  peryjbOBaHIA  XapaKTEPUCTHUIll; HOMIHAJIbHA

nepeBaHTaXXKyBalibHA 31aTHICTh A/l M0 MOMEHTY.

2np= 220

\/0,142 10,58

=368,5(4),

ne X =0,58 no naHux ABUTYHA.

sing = \/1-cosp? =/1-0,692 =0,72, (4.16)
ne COS @ =0,69, Bu3Ha4YCHO MO JAaHUX ABUTYHA.

0sp, 0,69

C
|y~ 1y | sing ————1 |-131.(0,72-
HH = T1n H
A 422 -1 2,84-+4/2,84% -1

Je A,- HOMIHaJIbHA MEepEeBaHTaXKyBaJlbHA 3/IaTHICTh IBUTYHA, B HAILIOMY BHUIAJIKy

)=T717,88(A)

piBHa 2,84,
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77,88
o= =0,211:
368,509
oo 224935 oo 2AA)
2174 3.033 A
R,= R.— Ry (4.17)

R,=0,47-0,14 = 0.33,

ne Ry= 0,47 Owm.

2

Iy ~/28,2% - (1+2.0,211) + 77,887 =84,83(A)

Busznaunmo Hanpyry Ha Bxoji TITU miist KOKHOTO yCTaJICHOTO PEXKUMY POOOTH

Ugin =A T + 13 Ry (4.18)
U g, =4 03-62,5+84,83-0,14 = 263, 75(B) ;
U gy =%03-42,6.+84,83-0,14 ~183,55(B)

Uqb3H =4,03-22,7 +84,83-0,14 =103,36(B) .

4.3 Po3paxyHoK nepexiiHux npoiecis
Po3paxyHOK mepexigHUX TMpOIECiB B PO3IMKHYTIM CHUCTEMI EJIEKTPOIPHBOIA
3MIACHIOETHCS SIKIO YIPABIIHHS MPUBOJOM BHUKOHYETHCS IUISIXOM JIIHIMHOI 3MIiHU B

9aci MBUKOCTI 1ICAIBHOTO XOJIOCTOr0 X0y, TOOTO 32 3aKOHOM

Wo(t) = Womow T €0 1, (4.19)

AC &y — IIPHUCKOPCHHA IHBI/II[KOCTi iI[eaJ'H)HOFO XOJIOCTOI'O X0y, SAKC BHU3HAYACTHCA

13 YMOBH ITIOBHOI'O BUKOPHUCTAHHA ABUI'YHA IIO MOMCHTY.

M +M
&0 = M, (420)
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ne My, Meu BIANOBIAHO MaKCHUMaJIbHO JOMYCTUMHIA MOMEHT JABUTYHA 1

MaKCHUMaJIbHUM CTAaTUYHUU MOMCHT,

J=26,4 Ko M2 - MPUBEICHUN MOMEHT 1HEPIII.

6500 + 4169, 42
£ =
26,4

€0 = 404.145 (c) npu ransmysanHi; &= 88,28 (¢1) npu posromi.

T, — enekrpomMexaHIuHa NOCTIIHA YacCy €JIEKTPOIPUBOLY.

T, = _J : (4.21)
p.-18
B, Pc — BLANOBIAHO KOE(DIIEHTH MXKOPCTKOCTI MEXAHIYHMX XapaKTEPUCTHUK
JBUTYHA 1 p0O0OYOT MaIIUHH,
AM AM
= ' == 4.22
=00 =" (4.22)
—t

peq-t P&
o)=0 +—0 4T g 0 |1l | (4.23)

B~ fie - By

ne AM, A® — 3MiHM MOMEHTY JBHI'YHAa 1 MOMEHTY CTaTHYHOIO OIOpY, SKi

BIAMNOBIIAIOTH 3MIHAM MOMEHTIB 1 IIIBUIKOCTEMN.

[IpoBenemMo po3paxyHKu

AM M 224,9
p=—r ¢l _ = —64,26(Huc).
Aw  wg1—-wg1 75-78,5

26,4

=0,36(c).
M 04725 ©)

HIBUAKICT, ABUTYHA 1 MOTO MOMEHT B TEPEXiTHUX PEKUMAaX 3MIHIOIOTHCS 3a

3aKOHOM
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—t

Vi ﬂ—goJ T

M, —B|eyt-]1- -T ¢, — d1=e"" |]. (4.24)
0 ( ﬂ_ﬂc] ’(8 ﬁ—ﬂc ‘

TYT €noy — MOYATKOBE KyTOBE NPUCKOPEHHS €JIIEKTPOIIPUBOLY,

Emou =( Mnoq _MC .I10Y )/Ja (425)

ne Mgy 1 Mcpoy — MOYATKOBI MOMEHTH JBUTYHA 1 CTaTUYHOTO OIOpPY, IO

BIJIMOB1JIaIOTh MOYATKY 1-T'0 €Tamy MepexXiTHOTO MPOIEeCy.

[IpoBeneMo po3paxyHOK MEPEXiTHUX MPOIECIB JJIsl PI3HUX €TalliB

4.3.1 Etan po3roHy aBUTyHa eJIeKTpoOypa

B npomy Bumaaky nepexigHui mpoiec po30uBa€eThCs Ha 3 eTaru.

Ha mepmomy erami, 0 < t < t,, ABUTyH 3aJIMIIAETHCI HEPYXOMHUM, OCKIIBKH
MOMEHT JIBUT'YHA MEHIIe cTaTuyHOoro. [loyaTkoBa MexaHiuHa XapaKTepUCTUKA JIBUTYHA
POXOJUTH Yepe3 MOYaTOK KOOPAUHAT, a KIHI[EBa — Yepe3 TOUKY 3 KoopauHatamu =0,
M= M, ( i BiAMOBiga€ MIBUAKICTD 171€aILHOTO XOJOCTOI'0 XOY, KA PIBHA Moxix I).

JI71st naHoro eramny crpaBe/JIMBl TOYaTKOB1 YMOBH

BC:OO:» o= O, €nou = O, Mnoq: O, &> 0.

MoOMeEHT JIBUT'YHA Ha IIbOMY €Talll 3MIHIOEThCS 33 3aKOHOM

M(t) = -B -0 - t = 64,26 - 88,28t = 5668t. (4.26)

3akiHuyerbes | eran mpu 30utbiieHHI M 10 Mo, KOJIM MIBUIKICTh Mg AOCATHE

3HAYCHHS

ITpu momeHTOBI M, = 224,9 HMm

2249
O.xind ~ 64,26

-1

3,5(c 7).

[IBUAKICTD 11€aTLHOTO XOJOCTOTO X0y
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(Do(t): Momoateo- t = 88,28 t. (4.28)
TpuBaiicTh eramy mycky

Mco 2249
o=h="%. "
Ben  64,26:88,28

=0,04 c. (4.29)
Ha Il srami to<t<tj, Bi10yBa€eTbCs pO3riH ABUTYHA MPH JIIHIMHIN 3MiHI (g B Yaci.
[ToyaTkoOB1 yMOBH LIbOTO €TAy

On.oy — O; Mnoq: Mg, = 224;9; Enoy — O; 0. oy :64;261 € > 0.

IBHAKICTH 1 MOMEHT Ha JAHOMY €Talll OMUCYIOTHCS PIBHSIHHAMHU

W) = Béy ~[tTM~[1eT”J]; (4.30)

M = Mo -B~[€O ~t~(1— B j+TM P& -(1eT”j]. (4.31)

Bemnunna € Mae Te K 3HaA4YeHHS, MmO 1 Ha nepmomMmy ertami. [logaTkoBa
MexaHIuYHa XapakTepucThka aBuryHa Ha |l erami posrony 30iraeTbCs 3 KiHIIEBOIO
XapaKTEepUCTUKOIO | eTamy, KiHIIeBa XapakTepucTuka |l eramy mpoxoauTs yepe3 TOUKYy i
3aJIaHOTO YCTAJIEHOTO PEKUMY POOOTH.

3aKiHYy€eThCA €Talm y MOMEHT yacy 11, KOJM JBUTYH BHXOJWTh B TOYKY Ha
XapaKTepUCTUKY, IO 3a0e3neuye 3ajaHy MBUAKICTh POO0OYOi MAIIMHU, MPU BOMY M,

JOCSTAE 3HAUCHHS Woxin = 78.5(1/¢).

—t
o(t) = 88,28 | t-0,36| 1-¢0,36

—t —t

M(t) = 224,9 + 64,26[0,36 - 88,28 (1-e%30)] = 224,9 + 2042,3(1 - £2:3°),
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[IBuaKICTH 00EpTaHHS 1€aTBHOIO XOJIOCTOTO XOAY
®o(t) = ®o.nou + €0 - t = 64,26 + 88,28 - t.
Tpusainicts |l eramy

ty =ty -t = POMkin=@xind _ 535735 ¢ 6550y (4.32)
2 88,28

Ha Il eTani t>t; BinOyBaeThCsi OCTATOUHMI PO3TIH ABUTYHA IO YCTAJICHOTO
pexuMy poOOTH TIPU MOCTIHHOMY 3HAUCHHI1 IIBUJKOCTI 1J1€aJIBHOTO XOJIOCTOTO XOAY .
JI7ist bOro eTarny NoYyaTKOB1 YMOBHU

Oriou 111 = Ogin. 11 = 996,15 Myou. 1 = Myin. i = 2267 (H- m), & = 0.

M -M _
— nowdll " cnoudll _ 22672249 =77,35(C_2). (4.33)

&
Hod J 26,4

PiBHSIHHSI IIBUAKOCTI HAa TAaHOMY €Talll Ma€ BUTJISI

—t
O(t) = Onos + T+ &aou (1= e Tar ). (4.34)
PiBHAHHS MOMEHTY Ma€ BUTJISL]

—t

M(t) = Mc + ( Muoa — Mc ) - e T (4.35)

[TpoBoANMO PO3paXyHKH
= t
o(t) = 596,15 +0,36 - 77,35(1 - ¢%36) =596,15 + 27,846(1- ¢%3%) (cY).
L t
M(t) = 224,9 + (2267 —224,9) - 036 =224.9 + 2042,1 - 930 (1-m).

Tpusanicte Il etany

tn = (3 -4 ) 0,36 = 1,44 (C)



Pe3ynbTaT po3paxyHkiB 3B0AMMO B TaOauIIO 4.1

Tabnuus 4.1 — Po3paxyHok posrony 3 | o Il eTan
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t 1 M, ®, t M, o, t I M, o,

eramy, |Hw™ ¢t erany, |HwM ct eramy, | Hm ¢t

c c

0 0 0 0 2249 64,26 |0 2267 596,15

0,01 56,68 10,883 |1 2140 152,54 | 0,25 1245 610,09

0,02 113,36 | 1,766 |2 2259 240,82 [ 0,5 734,102 | 617,05

0,03 170,04 | 2,648 |3 2267 329,1 0,75 479,171 | 620,53

0,04 2249 3,521 |4 2267 417,38 |1 351,871 | 622,265
5 2267 505,66 | 1,25 288,303 | 623,131
6,025 | 2267 596,15 | 1,44 262,302 | 623,486

4.3.2 Erar 30UIbIIeHHS IBUAKOCT] CUCTEMU

BBakxaeMo, 110 BUXITHMI peXuUM POOOTH OyB CTajauM, JIBHTYH IIpaIlfOBaB Ha

MOYATKOBIM XapakTepucTuill. Y AJaHOMY BUIAAKY MEPEXiTHUN MPOIeC po30MBAETHCS HA

IBa IIiJ€TaIu.

@, =const (t>t).

[TouatkoBi ymoBu IV eramy

| migeran

O =0 | =62 M,

=M

c.nou.

| =262.3 £,>0, &,

=0.

miieTan po3roHy TpHU JIHIMHIA 3MIiHI @ (OStStl) 1 mpu

PiBHSHHS 111 IIBUAKOCTI 1 MOMEHTY B (DYHKIIIT 9acy Ha JTaHOMY ITiJT eTarri

o(t)=o,, +

nou

L BE
p—P.

25fn (o]

(4.36)
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—t
o(t) = Onos + 88,28|t-0,36| 1-eTw ||. (4.37)

Mt)=M +ﬂ-{80 -t-{l— P }+TM&-(1—e%"j]
ﬂ_ﬁc ,B_IBC
-t -t

M(t) = 262,3+ 64,26[0,36 - 88,28 (1-30)] = 262,3 + 2042,23(1 - ¢%:3°),

| migeTan nbOro eramy 3aKiH4yeTbcss B MOMEHT 4acy (t1), Koyin JBUTYH BUXOIUTh
Ha XapaKTEePUCTUKY 33JIaHOTO PEKUMY).

TpuBainicts mi eramy

@, . —0 78,5-53,5
t — — 0.KiH 0.no4  _ ! L 0’28 C ] 4
1 =4 & 88,28 ©) (4.38)

Jliss po3paxyHKy IMEpeXiTHOro TPOIECy HEOOXiTHO BHU3HAYMTH HOBE UYHUCEIIbHE
3HAYCHHsI BEJIMYUHHU &, [lomanblivii po3riH JABUTYHA TPOTIKAE TPU TMOCTIHHOMY
3HAa4YeHH1 @, = @, . LLIBUIKICTb 1 MOMEHT Ha LIbOMY €Talll ONUCYIOThCS PIBHSIHHIMH,
SIK1 TTO/IaH1 HIKYE.

Ha Il migerami t > t; BimOyBaeTbcsl OCTATOYHUN PO3TiH JABUTYHA JI0 YCTaJEHOTO
PEXKUMY TIPH TIOCTIHHOMY 3HAUEHH1 XOJIOCTOTO X0V,

JI1s1 1IbOTO TiIeTaIy € Taki IOYaTKOBI YMOBHU

Onoy 111 = Okin, 11 = 648,718 Myou. 11 = Miw. 1n = 1366, g9 >0.

_ Muowttt =M g1 _ 1366-224,9

- )
Enow = : oa  —R20E). (4.39)

PiBHSHHS IIBUIKOCTI HA TAHOMY ITiICTaIll Ma€ BUTIIS]

-t

®O) = Onou + Ty * Enou * ( 1- eTM ). (4.40)
t t
o(t) = 648.718+ 0,36 - 43.22 - (1- eTm ) =648.718 + 15.56 - (1- e Tm ).



PiBHSIHHS MOMEHTY Ma€ BUTJISIA

—t
M(t) = Mc + (Mg, —Mc) - e T .

—t

(4.41)
—t

M(t) = 224,9 + (1366 —224,9) - eTm = 2249+ 1141,1 - T .

TpuBaicTh 1aHOTO MiAETAIY

Pe3ynbTaTl po3paxyHKiB 3BOAUMO B TAOJIHITIO 4.2

t=(3-4) 0,36 =144 (c).

Tabnuus 4.2 — Po3rid nBuryHa npu 30UTbIIEHH] IIBUAKOCTI cuctemu Ha IV etami
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t | M, o, t 1l M, o,
mijeTary, ¢ HwMm ¢t nigerany, ¢ | H'm ¢l
0 262.3 624 0 1366 648.718
0.1 757.612 632.828 0.25 794.71 656.508
0.15 958.209 637.242 0.5 509.436 660.398
0.18 1066 639.89 0.75 366.984 662.341
0.2 1133 641,656 1 295.85 663.311
0.25 1285 646.07 1.25 260.329 663.795
0.28 1366 648.718 1.44 245.8 663.933

4.3.3 Etarn 3HIKEeHHS BUIKOCT1 CUCTEMHU

V eram Takox po30HBaEMO Ha TIieTaIy.

| migeran

3HWKEHHS INIBHUIKOCTI CHUCTEMH BIJ MOYATKOBOI MIBUAKOCTI BUXIIHOI'O

YCTAJICHOTO PEXUMY JO JeAKoi KIHIIeBOi, ajie He HymnboBoi. [lepeximamii mporec

pO30MBaeThHCS HA 2 MiAETaNu: HA MEPIIOMY eTarl (O <t< t2) W 3HUKYETHCS BII Mo nou

10 Woxin 3 DOCTIMHUM CIOBUIBHEHHAM £o.



73

[TouatkoBi ymoBH | migerany

Dy =@ | =664 M, . :Mnoq.l ,=2458 ¢, =0, &0 <0.

no

[IBUAKICTH 1 MOMEHT Ha JAaHOMY IIiJI€TaIll OMKUCYIOTHCS BUPa3aMu

. _t
o(t)=aw,, + P& {t -T, -(1— e A, ﬂ (4.42)
ﬂ - ﬂc
—t -t
o(t) = Onoy + 404,145t - 0,36 1—eTu = 663,933+404,145| t - 0,36| 1-e T

J— . _ ’ 0 ( _ %wj}
M((t)=M g1 &, -t-1 - +T —32 .1 . 4.43
( ) nou |: 0 ( Cj M ﬁ ﬂc € ( )

—t —t
M(t) = 245,8- 64,26[0,36 - 404,145 +(1-e%36)] = 245,8 - 9349,3(1 - %),

) 78,5-28,5
t — — 0.KIH 0.no _ ! ! — 0’123 C . '
1 =Y £ 404.145 © (4.44)

Ha Il migerami (t>t2) BinOyBaeTbcs moabliie 3HUKEHHS IBUIKOCTI JBUTYHA TIPH

fioro po6oTi 3 MOCTIHHUM 3HAYCHHAM Wy = @ ,.. s Muou1.= Miin 111,

_ Mnous=M¢ pous _ —2460-224,9

_ -2
€rnou. — ] 26.4 =-101, 7(C ) . (445)

[IIBUAKICTH 1 MOMEHT JBUTYHA HA JAHOMY IIij] €Talli OIUCYIOThCS BUpa3aMu

t
+T -&,, °(1—€ ﬁ) (4.46)

¥

ot)=w

nod

-t —t

o(t) = 713,643, + 0,36 - (-101.7) - (1- eTa ) =713,643 -36,612 - (1- e ' ).

_t
M@E) =M, +(M,, M )e ™. (4.47)
—t —t

M(t) = 224,9 + (-2460 —224.9) - eTn = 224926849 " e T .



TpuBasicTh 1aHOTO MiAETAIY

t, =(3+4)-T, =4-0,36=1,44 (c?).

[IpoBeneni po3paxyHku 3Be7eMO B Ta0auIo 4.3

Tabnuus 4.3 — 'anpMyBaHHS ABUTYHA Ha V eTarll

t | M, , t M ,

migeramny, ¢ | Hwm ct nigeramny, ¢ | H'm ct

0 245.8 663.933 0 -2460 713.63
0.001 219.866 664.337 0.25 -1116 695.313
0.005 116.846 665.954 0.5 -444.586 686.16
0.01 -10.329 667.974 0.75 -109.409 681.59
0.05 -966.573 684.14 1 57.962 679.307
0.1 -2022 704.347 1.25 141.539 678.168
0.123 -2460 713.643 1.44 175.724 677.702

4.3.4 Eran rasibMyBaHHS 1 TOBHO1 3YIIMHKH JIBUTYHA €JIEKTPOOypa

Posrnsiaemo po6oty asurysna Ha VI erarri.
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Ile eram rasibMyBaHHS CUCTEMH Bijl TOYATKOBOI MMBUAKOCTI Wyou, IKY BOHA Majia B

BUXITHOMY YCTJICHOMY pEXHMi poOOTH, 10 TOBHOI 3ynmuHKHU. [lepeximuuii mporec

posouBaeThes Ha 2 migeranu. Ha | mimerami (0<t<t,) wo 3HmKyeTbca 3a HiHIMHUM

3aKOHOM Bl M0.n04. 10 0. [Ipu ibomy €0<0.

[TowatkoBi ymoBH | migeramy

3aKiHYy€eThCS €Tall Mpu @

0.KIH

[IOMY ITi/I€Talli CIIpaBe/INBI BUPa3U

a)(t) =w,, +

,B‘go
y f—

M, =M =175724,0,, =0 | =671,702¢,, =0, £<0.

(4.48)

=0. Jlns mBuaKocTi 1 MOMEHTY B (DYHKIIIT 4acy Ha

[m@/ﬂ
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—t —t
o(t) = Onow. — 404,145 t—0,36| 1-eTw || = 677.702 — 404,145 t - 0,36| 1-eTw

= — — < <o ( _ %j:|
M{t)=M,,,—B-| & t-|1-— +T, - 11 . 4.49
() ot { ( ,B—ﬂcj 'ﬂ—ﬂc ¢ ( )

—t
M(t) = 175,724+64.26[ 404,145 0,003 + 0,36 - (-404,145)-(1-¢%30)] =
—t
= 175,724 - 9349.3 - (1 - ¢93%),

175.124
@ | =& :—M(O)/,B:W:ZJZS(C). (4.50)

3aKiHUYEThCS IMiIeTan Ipu MIBUIAKOCTI @ =0, fioro TpuBaiCTh CKIATAE

0.KiH.

t=t, = Qo= _ 272 0067 (c).
& 404,145

Ha Il migerani (t>t2) nepexiguuil npouec npotikae npu @, =0. JIBUTyH mpaitoe
B PEXKHMI IUHAMIYHOTO TaJbMyBaHHS, MIBUJKICTb 1 MOMEHT Ha JaHOMY ITi eTarli
OMMUCYIOTHCS BHpa3aMU HaBeJeHUMHU HUxk4e. HeoOXiMTHO BIAMITHTH, 110 BETUIMHU Oy,
1 Mpou. BU3HAYAIOTBCS KOOpPAMHATAMH TOYKH, a ®c Ta Mc— KOOpAMHATAMH TOYKH
YMOBHO YCTaJ€HOTO pexuMy. Todka 3HAXOMUTHCS B MICIIi NMEPETHHY IPOJOBXKEHb
MEXaHIYHUX XapaKTePUCTUK JABUTYHA 1 p0O0YO0i MAITHHU.

Il migmeranm mepexigHOTO MPOIECY 3aKIHYYETHCS MPH 3HUKEHHI MIBUIAKOCTI 1
MOMEHTY JBUTYHa a0 HyJdsa. Jlami mpuBoa 3anuiiaeTbes HepyxomMuM. JloBxkuHa

MEePEXiTHOTO MPOIIECY Ha IIbOMY IieTari

.  +|o)
_ nou | C

28,5-25

=0,36-In =0,713(c) .

ot)=w,+(o,, - )-e_%"’ :

c

Wi
o(t) =25+ (674,994 —25).¢ / 'r.



Mt)=M_+(M,,, - M

c

[IpoBeneni po3paxyHKH 3BeJieH1 B Tabuuito 4.4.

Tabnuis 4.4 — ETan 3ynuHKY JBUTYHA

_t —t
)-e s = 224,9 + (~1412 — 224,9)e A .

t | M, o, t M, o,
mijieTany, ¢ HwMm ¢t nigerany, ¢ | Hm ¢l

0 175.724 677.702 0 -1412 674.994
0.001 -80.405 677.298 0.1 -1015 65.414
0.002 -329.517 676.894 0.25 -592.489 25.627
0.003 -571.805 676.49 0.4 -313.956 25.01
0.004 -807.455 676.085 0.5 -183.256 25
0.005 -1037 675.681 0.6 -84.27 14
0.0067 -1412 674.994 0.708 0 0

Po3paxoByemo cyMapHuil 4Yac MNpPOXOIHKEHHS

MiJIeTalliB) Ta BIIHOCHY TPUBAIICTh BMUKAHHS

tnn=0,004 + 6,026 + 1,44 + 0,028 + 1,44 + 0,123 + 1,44 + 0,0067+0,713 =11,508¢.

tynno = X tn - 100%/t, = 11,58-100/296,402 = 3,88 %,
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etamiB (10 CKJIAJAa€TbCs 3

110 He nepepuInye 4% Big 4acy IUKITY 1 3a0BOJIBHSE 3a/IaHIN MIBUIKO/III.

[TpoBeneni

JOCIIPKEHHSI TPOIIECIB MYCKYy, PO3TOHY, TallbMyBaHHS 1 3YMUHKU

JBUTYHA TIOKa3ajW, IO JlaHI MPOIECH BiAOYBAIOTHCS 3HAYHO TUIABHINMIE 1 JIMCHO

pOOIIATH TIpoLiec OypiHHS KEPOBAaHUM, Ha OCHOBI IIBOT'0 3HAYHO ITiJIBHINYIOTHCS TEXHIUHI

MOKA3HHUKHU Ta €(hEKTUBHICTh POOOTH €NEKTPOTPUBOTY .
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BHUCHOBKHA

[IpoBenenuii aHami3 MOKa3aB, L0 3aHYPHUU JBHUIYH e€JEKTpoOypa Mae psia
BAXKIIMBUX IIEpeBar NOPIBHSIHO 3 MPUBIJHUMHU JIBUTYHAMU 1HIIUX  THIIB,
BUKOPHCTOBYBAaHUMHM B OypiHHI: Oe3mocepenHiil 3B’SI30K JBUT'YHa €JIEKTpoOypa 3
JOJIOTOM TOKpAIly€e TEXHOJOr0 OypiHHS; CTBOPIOIOTHCSA CHPHUSTIMBI YMOBHU JUIS
ABTOMAaTHUYHOI'O KePyBaHHS €JIEKTPOOYPOM 1 /111 HEMEPEPBHOI'O KOHTPOJIIO 32 pOOOTOIO
3aHYpPHOTO JIBUTYHA; po0OOTa JIBUTYHA €JIEKTPoOypa HE 3aJ€KUTh Bl IKOCT1 1 KUTHKOCTI
NPOMHUBAIBHOI PITWHU, IO CHpHUsie ePEKTUBHOMY 3aCTOCYBAHHIO E€JIEKTPOOYpiB MaJs
OypiHHS 3 TPOMUBAHHIM OOBaKEHMMHU PO3UYMHAMHU 1 CTUCHEHUM MOBITpsAM. [Ipu npomy
30UTBIIY€ETHCA TEPMIH EKCIUTyaTallii OypiuiIbHUX TPYO Ta 3MEHIIYETHCSI BUTpaTa METaIy.

JlocHiDKeHHsT TTOKas3alnu, M0 JJIs KepyBaHHS MPHBOJOM e€JIEKTpoOypa Kparie
BukopuctoByBatn cuctemy TIIU-AJl, 6o ii mepeBarm B NaHOMY BHUNAAKy 3HAYHO
NEPEBUIIYIOTh HEIOJIKK y MOPIBHSAHHI 3 IHIIMUMH BIJOMUMH cucTeMamu. HaitOoimbim
BaroMMMH TI€peBaramMu SBISIOTHCS IIUPOKIN [lama3oH peryaioBaHHS MIBUIKOCTI Ta
CTIMKICTh 1O TEpPEeBaHTAXKEHb, IO € JyK€ BAXKIUBUM Yy TaKOMYy CKIaJHOMY
TEXHOJIOTTYHOMY MPOIIECi, sIK OypiHHS.

VY maricrepchkiit po6oTi po3pobiieHa 3aranbHa cTpyktypHa cxema CAK mpuBoxy
enexkTpodypa, a TakoX (DYHKITIOHAJIbHA 1 MPUHIIMIIOBA CXEMH €JICKTpoIprBoa. B xomi
po60TH po3paxoBaHa MOTYKHICTh MPHUBITHOTO JBUTYHA €JIEKTpoOypa, BUOpaHU HOBUH
JBUTYH, SIKMA Ma€ Kpamll TEeXHOJOT14HI 1 €KOHOMIYHI MOKAa3HWKH B TOPIBHSHHI 31
CTapuM  JIBUTYHOM, JIOBEJCHO, [0 JAHUH JBUTYH TIOBHICTIO  3aJ/0BOJIbHSE
TEXHOJIOT1YHOMY IPOIIECY.

BuOpanuii  KOMIUIEKTHUI  TUPUCTOPHUN  TMEPETBOPIOBaY  YacCTOTH IS
peryJIroBaHHs MBUAKOCTI ooepranus gojora tuy EKT2P-250/380-200, B skomy
npoBeIeHa MOJCpHi3aligs OJOKIB KEpPOBAHOTO BUMIPSIMIISYA Ta aABTOHOMHOTO
IHBEpTOpa HaNpyrd, IO J03BOJSIE BUKOPUCTOBYBATH CTAaHAAPTHUM KOMIUIEKTHUN
TUPUCTOPHUH €JIEKTPONIPUBOJI B CXEMi JKUBJIICHHS IBUTYHA €JIEKTPoOypa.

Po3paxoBana mepenaBanbHa (QyHKIA po3iMKHeHOT Ta 3aMmkHeHOoi CAK,

MpoaHali30BaHa CTIMKICTh Ta AKICTb CUCTEMHU aBTOMATHYHOTO KepyBaHHs. OTpuMaHI1
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MOKa3HUKU NEPEeXiAHOTO  Mpouecy, M0 BIANOBIAAaIOTh 3aBAaHHIO Ta
3a0e3Me4YyITh JOCTATHIO MIBUAKOAIIO 1 IKICTh CUCTEMH MPUBOJA €JIEKTpoOypa.

B nocnipHiii 4yacTMHI TpPOBENEHUN pETEIbHUN PO3PaxyHOK Ta JOCIHIJKEHHS
PI3HOMAHITHUX PEXHUMIB pOOOTHM TMPUBOAY €JIeKTpoOypa, sKI HEOOXiJIH1 s
JOTPUMAHHSI OCHOBHMX €TalliB TE€XHOJOT1i OypiHHSA: MYCKYy, PO3rOHY, T'aJIbMyBaHHA 1
3YIUHKHU JIBUT'YHA.

[IpoBeneHni  AOCHIIKEHHS pPEXUMIB POOOTH TMOKa3ald, W0 JaHl MPOLECH
BiI0YyBaIOTLCS 3HAYHO IUIABHINIE 1 JIMCHO pOOJISITH mporec OypiHHS KEpPOBaHUM, Ha
OCHOBl IIbOTO TIJBUIIYIOTHCS TEXHIYHI TMOKa3HUKU Ta €(QEeKTUBHICTh POOOTHU
EJIEKTPONPUBOLY.

TakuM 4MHOM, MO>KHA 3pOOUTH BHUCHOBOK, IO 3alPONOHOBAHUM €IEKTPOIPUBO/T
Ha 0a3i cxemu TITY-AJl € cydacHUM, €KOHOMIYHO JOIUTLHUM, HAJIIMHUM 1 BIATOBIIAE

MOCTaBJIEHUM 3a7a4aM. MeTa MaricTepcbkoi poOOTH YCHIIITHO JOCSATHYTA.
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1 TECHNOLOGICAL PART
1.1 Features of electric drill drilling technology

Let's consider the basic features of electric drilling: the engine of the electric drill
receives power from the drilling transformer via a cable located inside the drill string.
Electricity is supplied with minimal losses due to the use of high voltage, while the
power of the electric drill is almost unaffected by the amount and properties of the
drilling fluid due to the design of the electric drill. Thanks to this, the characteristics of
the electric drill are almost unchanged during the entire time of its operation.

The amount of pumped drilling fluid during electric drilling is determined by the
conditions of normal hole cleaning, regardless of the power developed by the electric
drill. The change in the moment of resistance on the bit is instantly reflected in the
change in current and power, this makes it possible to observe the load on the bit,
determine the nature of its operation, the degree of wear and tear and prevent accidents
with the bit. The change in current and power, which occurs when the load on the bit
changes, makes it possible to automate the drilling process with maximum use of the
power consumed by the electric drill.

Another advantage of the unique design of the electric drill and the absence of
rotation of the drill string during the drilling of inclined wells is the ability to control the
angle of inclination and azimuth, as well as to install the rotation mechanism in the

desired direction and adjust its position during drilling.

1.2 Description of the principle of operation of the drilling rig

Bit 1 with an electric drill 2 is lowered into the well on drill pipes 3 (Fig. 1.1).In
the middle of each pipe, a cable section is mounted, consisting of cable sections 4, a
contact rod and a coupling. The coupling and the rod are fixed in the lock joint 5. A
swivel is attached to the square pipe 13 from above, which 11 is suspended on a hook.
The swivel ensures free rotation of the drill string with the simultaneous supply of
flushing fluid to the drill pipe string. It also supports the weight of the drill string with
the help of rope tension. The liquid to the swivel comes from the injection line for

supplying the drilling fluid 15 through the drilling hose 14.



Figure 1.1 - Scheme of the installation for drilling with an electric drill

The supply of electricity from the power source (transformer) to the electric drill
is carried out with the help of an external cable 6 through a current receiver 12, a cable
section in a square pipe 13, and a two-core hose rubber cable with flexible copper cores.

Drill pipes are used as the third wire in the power supply system of the electric drill



motor. The hose cable is made of separate segments (sections), which are automatically
connected into a single whole when drilling pipes are twisted. For this, each segment of
the cable has a contact rod at one end, and a contact coupling at the other, which are
installed in the lock joints of the drill pipes.

The rotation of the drill pipes for auxiliary operations is performed using the rotor
7. The load on the bit is created by the weight of the drill pipes. The automatic bit feed
regulator 10, which is connected by a chain transmission to the drill winch 9, is used to
feed the bit to the face. The electric drill is controlled by remote control 8, which is

installed near the driller's workplace.

1.3 Design features of an electric drill

The electric drill (Fig. 1.2) consists of two main parts: an electric motor and a
spindle with heels for transferring the load to the bit. The motor shaft is connected to the
spindle shaft by a gear coupling. In the upper part of the electric drill, there is a guide
for gripping it with an elevator, and from the bottom, a spindle shaft protrudes, on
which the bit is wound.

The engine works in a well at a great depth in the environment of drilling mud,
the pressure of which can reach 40-50 MN/m2.An oil protection system is used to
protect the motor of an electric drill from the penetration of drilling mud, which can
cause a breakdown of the insulation of the windings and premature abrasive wear of its
components and parts.

For oil protection, the internal cavity of the motor of the electric drill is filled with
transformer oil, the pressure of which exceeds the pressure of the external environment
by 0.05-0.25 MN/m2. Sealing of the internal cavity of the motor of the electric drill is

ensured by end seals of rotating shafts and rubber rings in fixed joints.
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Fig. 1.2 - Construction of an electric drill with an oil-filled spindle

1-pin cable entry rod; 2-engine lubricators; 3-upper seal of the engine shaft; 4-
packs of magnetically conductive stator steel; 5-non-magnetic stator packages; 6-packs
of magnetically conductive rotor steel; 7-stator winding; 8-lower seal of the engine
shaft; 9-thrust ball bearing of the spindle; 10-spindle shaft seal; 11-spindle shaft.

The modern serial motor of an electric drill is a high-voltage asynchronous
machine with a short-circuited sectional rotor. The stator of the motor is placed in

cylindrical housings connected to each other by conical threads. Magnetic steel



packages are pressed into the stator housing, alternating with non-magnetic packages.
The latter are installed in order to prevent shunting of the magnetic flux through the ball
bearing and to reduce losses from eddy currents that occur at the locations of the
intermediate rotor supports. The stator winding is located in the grooves. Its output ends
are connected by a cable to a contact rod, with the help of which the engine is connected
to the cable located in the drill pipes.The engine rotor is a hollow shaft with a central
channel for the passage of drilling fluid. Rotor sections with an aluminum "beam cage"
are mounted on the shaft, intermediate bearings are located between them.

The lubricator system, which serves to create harmful pressure inside the engine,
to compensate for oil leakage during heating, usually consists of three tubes located in
the upper part of the engine. Two tubes are filled with transformer oil and connect to the
internal cavity of the engine, the third is filled with more viscous oil, and connects to
the central part of the upper gland.

A piston with a spring is located inside the lubricator tube, there is a cover on top,
and a funnel on the bottom. When the engine is filled with oil, the piston rises and
compresses the spring. The upper part of the piston connects to the environment.

Thus, the piston of each lubricator is under the pressure of the drilling fluid and
the spring, therefore, regardless of the environmental pressure, excess pressure is always
created inside the engine, under the influence of which the oil flows out, preventing the
penetration of the drilling fluid inside the machine.

The spindle housing, in which radial and thrust bearings are installed, is screwed
onto the conical thread of the lower connecting case of the engine. The spindle serves to
perceive and transmit mechanical loads, as well as to transmit torque from the engine to
the bit. The load, which is created by the weight of the compressed part of the drill
string, is transmitted to the bit through the body of the electric drill, the heel and the
spindle shaft. The spindle, which has its own lubrication system, is filled with viscous
oil. The electric drill has a reserve of oil for normal operation for 15-20 hours. During
this time, to replace the bit, the electric drill is raised to the surface and, if necessary, oil

is added to the lubricators.



When designing the engines of electric drills, they try to get the maximum power
with the smallest overall dimensions, which are determined by the diameter of the bit
and the drilling technology. The synchronous speed of the engine can be determined
based on the maximum permissible speed of the bit, which according to the standards
should not exceed 1000 rpm. On the other hand, it is structurally difficult to
manufacture an industrial frequency submerged motor with a synchronous speed of less
than 500 rpm. Therefore, the synchronous frequency of rotation of the motor of electric
drills can be 500, 600, 750, or 1000 rpm.The experience of drilling deep wells with an
electric drill testifies to the feasibility of reducing the rotation frequency of the electric
drill shaft in combination with an increase in torque. This is achieved by using an
electric drill with a gear reducer. The synchronous speed of motors of geared electric
drills should be 1500 rpm.

If in rotary drilling it is desirable to have a soft characteristic and a minimum
moment of inertia of the drive motor to prevent pipe breakage, then in drilling with
submerged motors there is no such danger. From the point of view of improving
drilling, it is advisable that the rotation frequency of the bit during load jumps changes
slightly. Overcoming load jumps should be due to the high overload capacity of the
engine. The diameter of submerged engines is small, so the moment of inertia of their
rotors is negligible. As a result, the motors of electric drills must have a rigid
mechanical characteristic and a sufficient multiplicity of the maximum torque.

A feature of the motors of electric drills is increased sliding in the nominal load
mode and a significant starting torque, which reaches (1.2-1.7)Mn. The choice of such a
characteristic is due to the desire to provide the maximum possible starting moment,
which is accompanied by a small multiple of the starting current. However, operational
experience has shown that despite the reduction of the voltage when starting the engine
to (0.75-0.8)Un, the acceleration time to the nominal frequency does not exceed 0.2-0.3
seconds. Therefore, for electric drills it is possible to use motors of normal performance
with high efficiency and cos ¢, and not motors with increased starting torque and
increased slip. The electric drill receives power from a 6kV source through the cell of

the high-voltage distribution device and the transformer, which reduces the voltage to



the required value, which depends on the length of the power line to the electric drill
motor. Therefore, the transformers used for this should have taps on the primary and
secondary windings; the necessary voltage is set using switches. The medium voltage
winding of the transformer is intended for powering the electric drill; its voltage
regulation limits should be 1085-2270 V with a power change from 270 to 560 kVA.
Low-voltage winding, intended for powering the motors of the drilling winch with a
voltage of 525V.

When drilling deep wells with an electric drill, when the time spent on lowering
and lifting operations is significant, it is advisable to strive for an increase in penetration
per bit, even at the cost of some reduction in the mechanical speed of drilling. It was
experimentally established that reducing the rotation frequency of the bit (and the shaft
of the electric drill) from 680 to 375 rpm, at a drilling depth of 4000 m, increased the
cruising speed by 40-50%.

1.4 Methods of adjusting the rotation speed of electric drills

Until recently, the main field of asynchronous motors of electric drills was an
unregulated electric drive. In recent years, in connection with the development and
serial production of thyristor frequency and voltage converters by the electrical
engineering industry, adjustable asynchronous electric drives with characteristics that
are not inferior to those of a direct current electric drive began to be created. The use of
such electric drives due to the advantages of asynchronous motors reflects the
progressive trend in the development of automated electric drives.

Changing the rotation frequency of the electric drill is possible by using a
reducer-insert, a motor of a different polarity, by changing the supply voltage and
frequency.

Reducing the speed of rotation of an electric drill with the help of an insert
reducer is performed by installing it between the engine and the spindle. The advantage
of this method is to increase the torque on the output shaft. Disadvantages are that the
change in rotation frequency occurs in stages, as well as the difficulty of manufacturing

such a reducer due to its small diameter.



Motor speed regulation by changing the number of pole pairs can be implemented
only when using special types of motors.A feature of the design of such motors is the
stator winding, which consists of two identical sections (half-windings), using different
connection schemes, the number of pole pairs can be changed, which entails a change in
the speed of rotation of the magnetic field, and therefore the speed of rotation of the
motor. The disadvantages of this method are the gradual change in the speed of rotation
of the motor and a relatively small adjustment range, as well as the difficulty of
manufacturing such motors for electric drills due to their long length (more than 10 m),
which entails large losses in the steel of the magnet wire, and therefore a decrease in
efficiency.

Regulating the speed of the engine by changing the voltage applied to the stator
of the engine allows you to adjust its speed in static and dynamic modes with relatively
good indicators and with the help of relatively simple control schemes, as well as to
ensure economical engine operation modes. Adjusting the voltage on the stator does not
change the idle speed and does not affect the critical slip, but significantly changes the
critical moment. The reduction of the critical moment is proportional to the square of
the voltage reduction. Therefore, this method is not very suitable for adjusting the
rotation speed of the motor of an electric drill, since as the voltage decreases, the critical
moment of the motor and thus its overloading capacity sharply decreases, and the speed
adjustment range is very small.

The method of regulating the motor speed by changing the frequency of the
supply voltage is widely used at present.The principle of operation is that by changing
the frequency of the motor supply voltage, its speed can be changed, obtaining various
artificial characteristics. This method provides a smooth adjustment of the speed in a
wide range, and the characteristics obtained at the same time have high rigidity. Speed
regulation by the frequency method is not accompanied by an increase in its slip, so
power losses are small. For better use and obtaining high energy performance indicators
of the engine (power coefficients, useful action, and overloading capacity), it is

necessary to change the voltage supplied to it at the same time as the frequency. At the



same time, the rational law of voltage change depends on the nature of the load
moment.

When implementing the frequency method of motor speed regulation, a
frequency converter is used, which allows you to also adjust the voltage on its stator.
Various frequency converters, which have found application in frequency asynchronous
electric drives, can be divided into two groups that differ in structure and technological
means.

The first group includes electric machine rotary converters (generator-motor
system), in which ordinary or special electric machines are used to obtain variable
frequency.

The use of frequency converters allows you to smoothly adjust the speed of the
motor in a wide range, however, the process of frequency regulation in an electric
machine frequency converter has significant drawbacks. To create such a converter,
four electric machines are needed, which are designed for the full power of consumers,
which determines its large size and cost, especially at high capacities. Double
conversion of alternating current energy with industrial frequency into direct current
energy and then again into alternating current energy of regulated frequency is
accompanied by energy loss in the entire circuit, therefore the system is characterized
by low efficiency. In addition, DC collector machines require constant supervision and
care during operation, and their operation is accompanied by noise. And also, the
process of changing the frequency in the electric machine frequency converter is
inertial, which is explained by the mechanical inertia of the electric machine unit. This
method of regulation is practically not used anymore and is considered obsolete.

Currently, static frequency converters (frequency converter-motor system), so
named because they use elements and devices that do not have moving parts, such as
semiconductor devices, reactors, capacitors, etc., have become widely used. The
development of static frequency converters was especially accelerated due to the mass
production of thyristors and power transistors. The use of static frequency converters

made it possible to increase the technical and economic indicators of the adjustable



frequency electric drive: increase its efficiency and speed, eliminate noise and simplify
maintenance.

Static frequency converters can be without a direct current link, with a direct
connection between the power source and the load, and with an intermediate direct
current link.

An important feature of frequency converters with a direct current link is the
ability to provide smooth regulation of the current frequency on the motor stator, both
below and above the voltage of the power source.

Frequency control is the most economical, as it provides regulation of the motor
speed without large power losses in the rotor circuit, which impair the efficiency of the
electric drive and lead to the need to increase the power of the motor. The frequency
adjustment of the speed can be carried out smoothly in both directions from the natural
characteristic, that is, the motor can have a speed both higher and lower than the
nominal one. At the same time, the adjustment characteristics have high rigidity, and the
engine retains a large overload capacity.

The range of speed regulation in open systems is from 5 to 10, and in closed
systems its value can be much higher.

Due to the noted high indicators, the frequency method is currently the most
widely used. Moreover, there are processes where the use of frequency control of an
asynchronous electric drive is the only possible: the drive of high-speed electric
spindles, high-speed wind tunnel fans, as well as the drive of electric drills, which is the

subject of modernization in this work.

1.5 Conclusions to the section

In this master's thesis, the goal is to modernize and research the E215 electric drill
drive for mechanical destruction of rocks by improving it and switching to newer
technical equipment, which will increase drilling productivity at the lowest possible
Costs.

Having analyzed the operation of the electric drill, it can be concluded that this

electric drive control system has served its time and is far behind the modern



achievements of science and technology.Elements that are used in the system now are
almost impossible to replace, as their production has been discontinued. Low technical
indicators, low reliability of the elemental base leads to complications in maintenance
and repair, which in turn entails long-term downtime of the equipment.

Considering the above, it is most expedient to switch to new electric drill drive
control systems, to a new element base. Currently, high-speed and widely adjustable
complete electric drives are mass-produced and widely used. Having analyzed all of
them according to such important indicators as the adjustment range, cost, overall
dimensions, and others, we can conclude that for smooth adjustment of the motor speed
of an electric drill, it is most appropriate to use a modern complete thyristor electric
drive, which are produced for various industries and have a number of advantages over
other electric drives.

The block arrangement of the element base significantly facilitates the work of
service personnel and thereby reduces the time for repairs, which, in turn, affects the
productivity of drilling.

To achieve the goal, the following tasks must be solved:

— calculate the power and choose the engine of the electric drill;

— conducting experimental studies of engine parameters depending on rotation
speed and load moment;

— optimization of the processes of acceleration, starting the nominal mode of
operation and stopping the engine;

— development of SAC with subsequent calculation of its parameters;

— conduct a study of the quality and stability of the system being developed.
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AKTYaJILHICTh TEMH. PO3POOJICHUM PETYIbOBAHUM  €JIEKTPOIPUBO/L
J03BOJISAE€ 30UIBIINTH IIBUJAKICTH OypiHHA 10 20%, a Takox naae
MOXKJIMBICTh IPOBOJUTH OypIiHHS M1 IEBHUM KyTOoM, 1110 3011b11ye KK/
pO3pOOJICHHSI IUIACTy, TOOTO J03BOJISIE BHIAOOYTH MAaKCHUMAJIbHO
MOXJMBY KUIBKICTh HaTh abo ra3y. bypiHHS CBepajI0BUH
CJIEKTPOOYpOM BBAXKAETHCS AKTyaJbHUM 1 TMEPCIEKTUBHUM BHUOM
OypiHHS 3aBASKH MOKJIMBOCTI IIUPOKOI aBTOMATHU3AIll IPOIIECY.

MeTo10 po00TH SIBISIETHCS MOJCPHI3AIS CICKTPONPHBOAY YCTaHOBKHU
IS MABHINEHHS €(EeKTHMBHOCTI Ta HamIMHOCTI i podotu. Ilpu mpomy
HEOOXITHMN TIepexiJi Ha HOBI CHCTEMH KEpyBaHHS MPUBOIOM
€JeKTpoOypa, Ha HOBY €JIEMEHTHY 0a3y 3 OJIOUHUM pPO3TallyBaHHSIM, 1110
CYTTEBO MOJIETIIIUTH POOOTY 0OCTYTOBYHOYOTO IIEPCOHAITY.

O0’€KTOM JOCHIIZKEHHSI € TEXHOJIOTIYHHM TIpolec OypiHHS, IO
3IIACHIOETHCS 3a JIOOMOI0I0 IIPHUBOJIA €IIEKTPOOYypa.

IIpexMeTOoM [MOCJIIKEHHS € TIPUBOJA YCTAHOBKH IS OypIHHS
eleKTpoOypaMu Ha(hTOTa30BUX CBEPIJIOBHH.



3arajJbHUM BUIVISA] YCTAHOBKH JJisl OYPiHHSA €JIeKTPOOypoM 3

1 - monoto;

2 - eIEKTPOOYD;

3 - OypoBi TpyoOu;

4 - xabeln;

5- 3aMKOBe 3’€¢IHAHHA,
6- mojaua eIeKTPOCHEPrii;
/- potop;

8- MyJbT;

O- OypoBa nebiKa;

10- moioTo;

11- rak;

12 - 3’eqHaHAA;

13 - Tpy0a;

14 - maHr;

15 - niHisA mojaayl piAMHU
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IIpyMHUMIIOBA CXeMa NPUBOAA eJIeKTPoOypa
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CrpykrypHa cxema CAK npuBoay ejekrpo0ypa
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U, — Hanpyra 3aBnanus msuakocti; W, . — nepenasanbia QpyHkiis perynsropa EPC;

U, epc — HanIpyra Ha Buxomi perynstopa EPC; W — nepenaBanbHa QyHKIIsA perynsropa

crpymy; U . —Hanpyra Ha Buxomi perymsitopa ctpymy; W, — nepenaBanbHa QyHKIILS

€JICKTPOJBUTYHA; () — BUXI1JIHA MIBUJAKICTH 00epTaHHs ABuryHa; K. — koedimieHT
3BOPOTHOTO 3B 3Ky O cTpyMy; K. ppc — KoedimieHT 380poTHOTO 3B’ 513Ky 1o EPC.

B CAK peaizoBaHO NPUHIMI KEPYBaHHS 3a BIAXUJICHHIM, a KOOpJIMHATaAMU KePyBaHHS €
ctpyMm 1 EPC nBuryna enekrpoOypa.
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BucnoBxku 13

[IpoBeneHunii aHa i3 MOKa3aB, 0 3aHYPHUN JBUTYH €JIEKTpOOypa Mae psijl BAXKIMBUX IEpeBar
MOPIBHSIHO 3 TPUBIAHUMHU JBUT'YHAMH 1HIIUX THUIIIB, BAKOPUCTOBYBAHUMHU B OypiHHI.

JlocnipkeHHs MoKa3aiy, 10 JJI1 KEPYBAHHS MPUBOJOM €JIEKTpoOypa Kpalle BUKOPUCTOBYBATH
cuctremy TITU-AJl, 60 ii mepeBarn B JaHOMY BHUMIAJKy 3HAYHO MEPEBUIIYIOTh HEIONIKU Y
MOPIBHSIHHI 3 1HITUMHU BIJOMUMU CUCTEMaMHU.

VY Marictepchkiit poOoTI po3poliieHa 3araiibHa cTpykTypHa cxema CAK mpuBoay enektpoOypa,
a TakoX (PyHKI[IOHAJbHA 1 MPUHIMIIOBA CXeMH eJieKTporipuBoAa. B xoai pobotu po3paxoBaHa
MOTYXHICTh NPUBIJHOTO JBUTYHA €JIEKTpoOypa, BUOpaHUW HOBHUM JBUIYH, SIKMM Ma€e Kpalii
TEXHOJIOT14H1 1 EKOHOMIYH1 TOKa3HUKH B MOPIBHSIHHI 31 CTAPUM JIBUTYHOM.

Bubpanuii craH1apTHUNA KOMIUIEKTHUN TUPUCTOPHUH MEPETBOPIOBAY YaCTOTH JJIsl PEryItOBaHHS
IIBUJIKOCTI OOEpTaHHS, B SIKOMY IMPOBEJIEHA MOJIEpHI3allisl OJIOKIB KEPOBAHOTO BUIIPSMIIAYA Ta
aBTOHOMHOTO 1HBEPTOpa HANPYTH, 1110 J03BOJISIE BUKOPHUCTOBYBATH 1I€H €JIEKTPOIPUBO]] B CXEMI
’KUBJICHHSI IBUTYHA €JIEKTpoOypa.

Po3paxoBana mnepenaBanbHa GyHKIIS po3iMkHeHOT Ta 3amkHeHoi CAK, mnpoanamizoBaHa
CTIAKICTh Ta SIKICTh CHCTEMM aBTOMATUYHOTO KepyBaHHs. OTpUMaHiI MOKa3HUKHU MEPEX1THOTO
MpoIeCy, IO BIAMOBIJAIOTH 3aBAAHHIO Ta 3a0e3Me4YyOTh JOCTATHIO IIBHUJAKOMIIO 1 SKICThH
CHUCTEMU IIPUBOJIA €IIEKTpOoOypa.

B nocnigHiii 4acTUHI TPOBEACHUM  pO3PaxyHOK Ta JOCIIJIKEHHS PI3HOMAHITHUX PEKUMIB
po0oTH NpUBOAY elIeKTpoOypa. IIpoBeneH! TOCHIKEHHS PEKUMIB pOOOTH MOKa3a/u, 110 JaH1
npolecu BiI0YBAIOTHCA 3HAYHO IUIABHIIIE 1 JIMCHO poOisTH mpoiiec OypIHHS KepOBaHUM, Ha
OCHOBI IIbOTO MIABUIIYIOTHCS TEXHIYHI MOKAa3HUKU Ta €PEKTUBHICTh pOOOTH €JIEKTPOIPUBOY.

3ampornoHoBaHMi elekTporpuBod Ha ©0a3zi cxemu TIIU-AJl € cydacHUM, EKOHOMIYHO
JTOIJIBHUM, HaJIiiHUM 1 BIJIMOB1/Ia€ NOCTABJICHUM 3ajiladaM. MeTa poO0OTH BHKOHAHa.
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