








3micT
1 TEXHOJIOTTYHA UACTHUHA ... .8
1.1 TexHOMOT1YHUIA MPOLEC BUAOOYTKY HAPTH .. .eneeneninenineineneanannnn. 8
1.2 CtpykTypa NpuBOJY IITAHOBOI'O CBEPAJIOBUHHOIO Hacoca ... .........16
1.3 Orusix cuctem enexkrpornpuBony mist IICHY ... 18
1.4 BUCHOBKH 1O POBHIIIY cuenvnrean e et eaeaenineaneaeneeeineanneennnnnni22
2 PO3PAXYHKOBO-AHAJIITUYHA YACTUHA........................23
2.1. Po3paxyHok npuBeneHoro cratnyHoro momenry LICHY ............. 23
2.1.1. YpIBHOBaKEHHS BEPCTATA-KAYAITKH .. vneen e e eeeenaenevneene e 23

2.1.2. Po3paxyHOK MOMEHTY CTaTUYHOTO HABAHTAXXEHHS 32 €JIEMEHTAPHOIO
107 03 1052 T 26
2.1.3. Po3paxyHOK MOMEHTY CTaTHYHOIO HAaBaHTaXEHHS 3a YTOYHEHOIO
107 03 1252 28
2.2 Po3paxyHok cyMapHOTro npuBeaeHoro MoMenry inepuii IIICHY.........33
2.3 Po3paxyHOK MOTYXHOCTI Ta BHOIP MPUBOJHOTO
(0 108 X0 11 -3 8 0 4 T 39

2.4 TlepeBipka JBUTYHA Ha TEepeBaHTAXXYBaJIbHY 3/1aTHICTh, MOXJIUBICTh

3aIYCKY Ta TEMIIEPATYPY TIEPETPIBY  uveruvretnerntnneeneestenennessnenneaneannanseneens 41
2.5 Tlpunnun po6otu cucteMu TITH-AJ] ....ooveeiiii 43
2.6 CtpykTypHa cxema po3iIMKHEHOI CHCTEMH KepyBaHHS
eneKTporpuBOAOM TITH-ALL ... ..o e 47
2.7 BukopucTaHHs eJIeKTpornpuBoay 3a cucremoro TITH-AJ]

JUTSL eHepro30epekeHHs Ta (POPMYBAHHS MEPEXITHUX MPOIECIB v.uvvvvrernenennn... 48

3 MOJEJIIOBAHHSA CUCTEMMU TITH-AL JJIA HWICHY..................... 52
3.1. Mogenb CUITOBOT €IEKTPUYHOT HACTHUHU CUCTEMU . 'vvvnnraeneeeannnennns 54
3.2 Mopenb MEXaHIYHOT YACTUHM CUCTEMU ... .nvveennennnanneaeeneennennennes 60

3.3 Mogenb iHGopMaLIHHOT YACTUHU CUCTEMU KEPYBAHHS ..ewvvenvennennnnne. 62



3.4. MopentoBaHHs enekTponpuBoaa 3a cucremoro TITH-AJL 1

AHAJI3 PE3YJIBTATIB MOHCTIOBAHHS ... vnnetteenneeenteeeenneeanneeanneeeanneens 64

3.5 ucneruepusaiiis mpoiiecy BUA0OYBaHHS HAPTH 3a IOMTOMOT OO

................................................................................ 70

RGN 2770635 00):3:97 091 (015 01031 1 1 71
BHCHOBKH. ...ttt 72
BUKOPUCTAHA JIITEPATYPA  teenneennneeeneaneneaneneeeaneneeneaneneanenenneneanen 74

DKo i 21 28 G SIS (F



BCTYII

Hadta € omHUM 3 TOJOBHUX HKEpel €HEPreTHYHOI MOTY>KHOCTI JIFOJICHKOTO
CyCHUILCTBA, TOMY 3a0€3MEUeHICTh JIep>KaBU HAPTOTra3o0BO CHPOBUHOIO
3YMOBJIIO€ PIBEHb €KOHOMIYHOI'O PO3BUTKY KpaiHU 1 TEMIIM TEXHIYHOI'O MPOrpecy.
VYkpaina € HadTOBUIOOYBHOIO KpaiHOIO, HAa TEPUTOPIi AKOI IO MOYATKY BiiHU
BU100yBajocs Maibke 2% BiI pIBHA CBITOBOIO BHUJIOOYTKY Ha(TH.
HadtoBunoOyBHa ramy3p 3aluIlaeTbCsl OJIHIET 3 TOJIOBHUX B YKpaiHCHKIN
€KOHOMIIIi, pa3oM 3 TUM psii (PaKkToOpiB, B TOMY YUCI1 OCOOIUBOCTI reorpadiqHOro
po3ranryBaHHs Ha(TOBHJAOOYBHUX palOHIB 1 3ajliaraHHs Ha()TOHOCHUX IIJIACTIB,
pobsIATh COOIBapTICTh YKpaiHChKOI Ha)TH OJHIEIO 3 HAWBUINUX B CBITI. Tomy
3HIDKCHHS CKCIUTyaTalliiHUX BUTPAT, OB'SI3aHUX 3 BUAOOYTKOM Ha)TH, € OJTHUM i3
BaXUIMBUX 3aBJaHb B HA()TOBUIO00YBHI ramtysi.

3a KUIBKICTIO, CKJIQHICTIO Ta PI3HOMAHITHICTIO B)XHMBAHMX TEXHOJOTTUHHX
IpoIIeCiB, MAaIlMH 1 YCTaTKyBaHHS I iX 3MIMCHEHHS, 3a JMHAMIKOK  iX
BJOCKOHAJIGHHA 1 YIPOBA/)KEHHIO HOBHUX TpoleciB  HadrorazoBugo0yBHA
NPOMHUCTIOBICTh  3aifHsIa BeQydYe MiClle cepel IHIIMX rajiy3edl cydacHoi
npoMucioBocTi. besmepepBHe 30UIBIIICHHS HOMEHKJIATYpH, KUIBKOCTI MAaIllWdH 1
THIIIOTO YCTAaTKyBaHHS JJIsI 3100M4i, iX crenudika mpuBeau 10 GpopMyBaHHS HOBOT
rajxy3i IMPOMHUCIOBOCTI — HAPTOTra30BOTO MalIuHOOynyBaHHA. J[o migramysel, 1o
YTBOPHWJIMCS OCTAaHHIMH POKaMH, OKPIM IMOIIYKOBO-PO3BITyBaJIbHUX POOIT Ha HAPTY
i ra3 i1 OypoBux poOIT, MOKHa BIJHECTH EKCIUIyaTallil0 CBEPJUIOBHH, MPOIECU
MIATOTOBKH TJIACTOBOI PIAMHM 1 Ta3y, MPOIECH MOTOYHOTO 1 KamiTaIbHOTO PEMOHTY
CBEP/JIOBUH, TOOTO WUy TPyIy MPOIECIiB, JJII BUKOHAHHS SKUX 3aCTOCOBYETHCS
crieniajgbHe 00aJHaHHS, 3BUYaiHO 3BaHe 00JIaHAHHIM IS 34004l HadTH 1 rasy.

AKTyaJIbHICTb TEeMHM TIONIATa€ B  HEOOXIAHOCTI 3HWKEHHS COOIBapTOCTI
yKpaiHchkoi HadTH, MO MOXXe OyTH 3IMCHEHO IWIIE 3a YMOBH 3a0€3TMCUYCHHS
HadTOra3oBMa00yBHOI TPOMMCIOBOCTI MAaIllMHAMH 1 OOJaJHAHHAM HEOOXigHOT
HOMEHKJIATYypH, BHUCOKOHA/IIIHOTO, 3 NOTpiIOHUMU rapaMeTpamMu 1
XapaKTepUCTUKaAMHU, a TaKOX Yy CBO€YACHIM MoJiepHI3allli 00JiaJIHaHHS, IO B¥KeE

BHKOPHUCTOBYETLCA.
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Bigomo, 1m0 Ouiblle TOJOBUHUM HAaPTOBUX CBEPIJIOBUH B YKpaiHU
eKCIUTYaTyIOTbCS IITAHTOBUMH CBEPAJOBUHHHMH HACOCHHMHU YCTaHOBKaMH
(ICHY), B sKOCTI OPHUBOJHOIO MEXaHI3MY [UIsl SIKUX BHKOPHUCTOBYIOTHCS
BepcTaTu-kayanku. binemiicte enexkrponpusonis LICHY € HeperyinboBaHuMH,
YKOMITJIEKTOBAaHUMH ACHHXPOHHUMH JBUTYHAMHU 3 KOPOTKO3aMKHEHHM POTOPOM.
PerymnroBanHs MPOAYKTHBHOCTI YCTAHOBOK 3 TAKMMH MPUBOJIAMHU JI0 TETIEPIIIHHOTO
Yacy IPOBOJUTHCS MEXaHIYHUM CITOCOOOM IUISIXOM 3MiHU JOBKMHHU XOJy Hacoca i
JiaMeTpa IKiBa KJIMHOMAcOoBOi mnepenavi. HeBiamoBIAHICTE MPOAYKTHUBHOCTI
HACOCHOT YCTAHOBKM 1 TPUIIMBY HadTH B CBEPJIOBUHY MpPH BUKOPUCTAHHI
HEepPEeryIbOBaHOTO MPUBOAY MPU3BOIUTH 10 30UIBIICHHS YHCIa BiIMOB Ha3€MHOTO
1 BHYTPIIIHBOCKBAXXHOTO 00JIaHAHHS, PEMOHT SIKOTO € TPYJAOMICTKUM 1 IOPOTUM 1
MPU3BOIUTH 10 BUBOY CBEP/UIOBMHU 3 €KCIUTyaTallil Ha TPUBAIUNA TEPMIiH.

3 YCTaHOBOK 3 aBTOMaTHUYHUM PETYJTIOBaHHSIM MPOAYKTUBHOCTI HAHOUTBIIOTO
NOLIMPEHHST HAOYJIU EJNEKTPONPUBOAN 3 TMEPIOJUYHUM BiJKaYyBaHHSAM Ha(TH.
YacToTHO-perynp0BaHi MPUBOAM BXKE 3HAXOASATh 3aCTOCYBaHHS, aje y
BiTum3HaHuX LLICHY moxu me He HaOynu MIMPOKOTo MOMIKUPEHHS Yepe3 BITHOCHO
BUCOKY BapTICTh OOJaJAHAHHS, TOMY IpPHU MOJEpPHI3allli BaKJIUBUM € PO3TIIS
€KOHOMIYHO1 JOIIIbHOCTI BUKOPUCTAHHS TaKOTO MIPUBOAY .

MeTtoro poboTM € MoJepHi3amis CIICKTPOTIPUBOTY IITAaHTOBO1
CBEPJIOBUHHO1 HACOCHOI YCTaHOBKHM JUIS TIJABUIICHHS €(EKTUBHOCTI Ta
HaJIIHHOCTI 11 poOOTH.

O0’exT  nmocCJIiZKeHHA — BHMBYEHHS OCOOJMBOCTEHl HaBaHTaXEHb
€JIEKTPOIIPUBO/Ia MITAHIOBUX CBEPUIOBUHHUX HACOCHUX YCTAHOBOK 3 IULIIO HOTO
MOJIpHI3aIii Ta PO3pPOOKM HAMOUIBII paIliOHaTbHOI CHUCTEMH KEpyBaHHS
€JIEKTPOIIPUBOJIOM.

IIpeamer JoCHigKEHHS — EJIEKTPOINPHUBOJI IITAHTOBOI CBEPAJIOBUHHOI

HACOCHOI YCTaHOBKH.



1 TEXHOJIOI'TYHA YACTHUHA

1.1 TexHouoriynmnii npouec BUA00YTKY HaTH

Oco6nuBicTIO HadTOra30BUI00YBHOT MPOMUCIOBOCTI € BHUKIIOYHO BHUCOKI
TEMIK ii 3pPOCTaHHS Ta MOJEpHI3allli, SIKI XapaKTepHU3YIOThCS HacaMIiepe.
KUTBKICTIO IIOpiYHO BHI0OYyTOT HadhTH i rasy [1].

Hadra Hacuuye nopu, TpilIMHHU, SIKI € B TIPCBKUX MOPOJAX y HaApax 3eMJll.
[TpupoaHe yrBOpeHHs HaTH B Haapax 3eMJli HA3MBAIOTh HA(PTOBHM 3aJIsTaHHIM.
[IpaktnyHo Bci Ha@dTOB1 3ansraHHs MICTATh 1 HadTOBUH Ta3, AKuUd ado
3HAXOJUTHCS Yy BUIBHOMY CTaHl, a00 MOBHICTIO po3uMHEeHMH y HadTi. OKpim
Ha)TOTa30BUX 3ajsraHb B NPHPOMAI 3YCTPIYAIOTHCS YHUCTO Ta30Bi, a TaKOXK
ra3okoHicHcaTHI 3aimsaranHsa. CyKyIHICTh 371sTaHb Had T a00 rasy, po3TaloBaHUX
HA OJIHIA AUISHIIl SBJISAIOTH coOor0 HadTOoBe abo razore pojoBwuine. KiTbKICTh
razoBux a00 Ha(TOBUX ILJIACTIB Y POJIOBHIII MOXE BIAPI3HATHCH — BiJl OAHOTO 0
KUTBKOX JECATKIB. 3a3BUuyail CymyTHUKOM HadTH B HA(TOBUX POJOBUIIAX €
T1acToBi BoAau. YacTo 1i BOAM 3HAXOJAThCA Yy THUX K€ IJiacTax mo i Hadra. B
IIbOMY BHIAJIKy BOJIa 3aiiMa€ HIDKHIO YaCTUHY IUIacTa. 3a HAsIBHOCTI B HAQTOBOMY
IIacTi BUIBHOTO Ta3y, HAQTH Ta BOJW, BOJA PO3TAIIOBYETHCS B HWIKHIM YacCTHHI
miacTa, Tak SK HIUIBHICTH 11 HaiOutpma. ['a3, axkuii Mae HalMEHIy MUIBHICTH 1
HaWOLIBINY PYXJIUBICTh — y BEPXHIN YaCTHHI TUIaCTa y BUTJISIII Ta30BOT IIAITKH.

[cHytoTh nBa cmocoOu BUAOOYTKY Ha(pTH: (OHTAHHUN Ta MEXaHI30BaHUMU.
Sxo HadTa BIIIMBAETHCS HA TIOBEPXHIO MiJ JI€I0 MPUPOIHOI eHeprii HadhTOBOTO
miacTa, cmocid BUAOOYTKY Ha3uBarOTh (OHTAaHHUM. SIKIIO X eHeprii riacTa
HEJIOCTATHBRO  JIJI1  MiAHIMAHHA pIAMHA HAa  TIOBEPXHIO 1  HEOOXITHO
BUKOPUCTOBYBAaTH  JIOJIaTKOBE OOJaJHAHHS I KOMIICHcAIlll HEeIOCTaTHHOI
eHeprii, crmoci0 BUAOOYTKY Ha3MBAEThCS MeXaHi3oBaHWUM [2]. B 3anexHOCTI Bij
TUITY JOJAaTKOBOI €HEprii MexaHi30BaHHM CIOCi0 TOMUIIEThCS Ha Tas3miTHUI
(xommpecopHuil ab0 OE3KOMMPECOPHHUI) Ta TIMOMHOHACOCHUU (CBEPAJIOBUHU

00J1aTHaH1 ITAHTOBUMHU a00 3arJMOHUMU BIAIIEHTPOBUMH HACOCAMM).



laszmiptHa excrmyatamis Ha@TOBUX  CBEPAJIOBUH €  TPOJIOBKEHHSIM
(¢oHTaHHOTO C€noco0y BHIOOYTKY, 3 TIEIO PI3HUIIECIO, L0 NpHU (POHTAHYBaHHI
IDKEPENIOM €HEepTii CIIyrye ras, Sk HaJXOIUTh pa3oM 3 HaTOIO 3 TUIacTa; a mpH
ra3aiTHIA ekciulyaTamii MNiAHIMAHHSA PIAMHU 3JIMCHIOETBCS 32 JIOMOMOTOIO
CTUCHEHOT'O MOBITPA, 10 HATHITA€ThCA Yy CBEPAJIOBUHY 3 MoBepxHi. IloBiTps Ha
MOBEPXHI CTUCKAIOTh B KOMIIpecopax, ab0 BUKOPUCTOBYIOTh a3 BUCOKOTO THCKY 3
HaOMIKYMX Ta30BUX POJOBHIN a00 Ta30HOCHHX IUIACTiB. B mepmomy BuUTaaKy
ra3mdT Ha3UBAIOTh KOMIIPECOPHUM, B IPYrOMY — OE€3KOMITPECOPHUM.

[Ipu HacocHIM excruTyaTaiii NiAHIMaHHS PIIMHU 13 CBEPAJIOBUH Ha MOBEPXHIO
3MIACHIOETBCST HACOCaMH — B OCHOBHOMY IITAaHTOBHMH Ta O€3IITAHTOBHMH.
BinkauyBanHs Ha(dTH 13 CBEpIJIOBUH 32 JIONIOMOTOI0 INTAHTOBUX 3ariHOHUX
HACOCIB OTpHUMaJja MUPOKE PO3MOBCIOKEHHS B CHITY iX MPOCTOTH Ta MOPIBHSHOT
nemeBu3Hu. IlITaHroBi Hacocu J03BOJISIIOTH BinOupatu HadTy 3 TIUOUH 0
2500 M. 3armmOHMII Hacoc TPUBOAUTLCA B PYyX BiJ BepcTaTa-Kaydajaku, SKUN
pO3TalllOBaHW Ha TMOBEPXHI 3eMJIl 1 CKIAJaeThcsl 3 OallaHcupa, MIATYHHO —
KPHUBOIIIMITHOTO MEXaHi3My Ta PUBOJIHOTO EJICKTPOIBUTYHA [2].

OOGnamnanHs [ eKCIUTyaTallli CBEpIJIOBMH 3a JOIOMOTOI0 BepcTaTta-
KauaJKh BKJIIOYA€E: TIITMOMHHUN TTYHXEPHUH HACOC, CHCTEMY HACOCHUX TpPyO 1
IMTaHT, Ha SKI ~ HACOC MiABINIYIOTh Y CBEPJIOBHHI;, TPHUBIAHY YaCTHHY
IHAWBINYaJbHOI ITAHTOBOI YCTAHOBKH OAJaHCHPHOTO THUITY, KOTPa CKIAJAETHCS 3
BepCTaTa-Ka4yaJlku Ta JBUTYHA;, YCThOBE OOJIaIHAHHSA CBEPIJIOBHUHH, MPHU3HAUYCHE
JUTSL TIIBIITYBaHHST HACOCHO-KOMITPECOPHUX TPYO 1 repMeTH3aliii ycTs; miBiCHUI
MEXaHI3M IS MiABIITYBaHHS HACOCHUX IITAHT JO TOJOBKM OajmaHCHpa BepcTara-
kagayiku (puc. 1.1).

VY cBepanoBuHY Ha KOJIOHI HacocHO-koMmpecopHux Tpyo (HKT) mig piBens
PIIMHY CITYyCKAIOTh MUJIIHAP HACOCA, B HIDKHIM YAaCTUHI SKOTO BCTAHOBJICHO (QUTHTP
1 Ta mpuiimManpHUM KJIamaH, M0 BIIKPUBAETHCS TUTbKH Bropy. [loTiM Ha HacocHHMX
mranrax 4 y cepeauHy HAacOCHO-KOMIIPECOPHUX TPyO 3 CHYCKarOTh MOPIIEHB,
KOTPHI HA3WBAETHCS TUTYHXKEPOM, SIKHH BCTAHOBIIOIOTH y IMTIHJP TUTYHKEPHOTO

Hacoca 2.
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Bepxwiii kKiHeIb MITAHT 32 JOMOMOTOIO MIJBICKU 5 3aKPIILIIOIOTh Ha TOJOBII1
NepeaHboro mieva 0anaHcupa 7 BepcTaTa-Kadayiku. s cpsMOBYBaHHS P1IUHH 13
HKT y nHadTompoBig Ta monepemkeHHs ii PO3TIKaHHA Ha YCTI CBEPJIOBHHH
3aKpIMUIIOIOTh TPIMHUK Ta BUIIE HBOTO CAJbHHUK, 4Yepe3 SKUU MPOIyCKAIOTh

CaJIbHUKOBUH (TIOJIIPOBAHMIT) IIITOK.
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Pucynok 1.1 — bygoBa mrtanroBoi CBEpJIOBUHHOI HACOCHOI YCTAHOBKHU
1 — dineTp; 2 — TUTYHXKEPHUI HACOC; 3 — HACOCHO-KOMITPECOPHI TPYOH;
4 — HacoCHa IIITaHra; 5 — MiABICKA 3 YCTHOBUM O0JIaIHAHHSM; 6 — TOJIOBKA
Oamancupa; 7 — 6anancup; 8 — maryH; 9 — kpuBommwui; 10 — peaykTop;
11 — xnmuHO-TIacoBa nepeaayva; 12 — eNeKTPOABUTYH;

13 — mportuBara 6anancupa; 14 — mpoTuBara npuBOIy
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CBepAIOBUHHHMI HACOC MPUBOAMTHCA y A0 BEPCTATOM-KAudyaiKolo, B SKOMY
o0epToBHIl pyX, OTpUMaHMM BiA nABUryHa 12, 3a gomomororw pexykropa 10,
KPUBOIIMITHO-IIATYHHOTO MeXaHi3My 8,9 T1a OanmaHcupa 7 3 TOJIOBKOWO 6
NEPETBOPIOETECS B 3BOPOTHO-TIOCTYMAIBHUH  PyX, SAKHH  TepefaeTbes
IUTYH)KEPHOMY HAacoCy B CBEpJIOBHHI.

[Tpu xoni muyH)Xepa Bropy miJ HAM TNaJa€ TUCK, BCMOKTYBAJIbHHIA KIamaH
Il TUCKOM CTOBIIA PIAMHU B 3aTpyOHOMY MPOCTOP1 BIAKPUBAETHCS, 1 pIAMHA 13
CBEpJUIOBUHU TIOCTYIA€ B IWIIHAP Hacoca. Y el 4Yac HarHiTalbHUW KJanaH
TUTYH)Kepa 3aKpUTHIA MiJ] THCKOM CTOBIMA PIAMHM, 110 3HAXOIUTHCS Haa HUM. [Ipu
XOJi BHU3 MPUHAMAIbLHUN KJAllaH IIiJi THCKOM CTOBIIA PiIMHH B HACOCHUX TpyOax
3aKpPHUBAETHCS, a KJIalaH, PO3TAIIOBAaHUN Ha TUTYHXKEpl, BIAKPUBAETHCA, 1 PlAMHA
NOCTyIIa€ B HACOCHO-KOMMpecopHi Tpyou 3. B KOHCTpykuii mnpucyTHIH
YITUTBHIOBAY, SIKUH CITY>KUTH JJIs 3a0€3MeUeHHsI TEPMETUIHOCTI poOOTH Hacoca.

IIpu HemepepBHIM poOOTI IUIyHXEpa BCMOKTYBAaHHS Ta HarHiTaHHS
YepryroThCs, B Pe3yJIbTaTl YOro MPHU KOXKXKHOMY XOl Jeska KUIBKICTh PiIUHU
MOCTYyIMae B HAacOCHO-KomIpecopHi Tpyou. Pieenp pimunu B HKT mocrymoso
30UTBIIY€ETHCA 1 JIOCATAE YCTS CBEPJJIOBHHH, piMHA MOYMHAE IEPEITUBATUCS Y
BUXIJHY JIIHIIO Yepe3 TPIMHUK 13 CATbHUKOBUM MPHUCTPOEM.

Bepcratn — kavanku ocHaleHi 3aco0aMu IS iX BIAKIIOUCHHS Yy BHMIAAKY
oOpuBYy mTaHT ab0 TpH MOSBI yJapHUX IEepPEeBaHTAXKECHb, NMPH ITABUIIEHHI a0o0
3HIDKCHHIO THUCKY B HarHiTalbHOMY TpyOompoBoi, mpu oOpuBi ¢a3 abdo
CTPYMOBUX MEPEBAHTAKEHHAX Ta KOPOTKUX 3aMUKAHHSX EICKTPOIBUTYHIB.

[ItanroBi CBEpIOBMHHI HACOCHI YCTAHOBKM MAIOTh CYTTEBI HEIONIKH —
BaXXKE TPOMI3JIKE OOJIAHAHHS TPU BEJIMKUX TIMOMHAX CBEP/JIOBUH, HEOE3IMEKy
PI3HHUX HEMOJIAIOK, aBapiii 31 MTaHTaMH, OOMEKEHE BUKOPUCTAHHS ISl BUOOYTKY
Ha)TH B HAXWICHWX CBEPAJIOBHHAX; HE 3aBXKIU JTOCTATHS MPOIYKTUBHICTH IS
BiIOOpY BEHMKUX 00’ €MIB PiIMHHA, OCOOIUBO 13 CUIILHO OOBOTHEHUX CBEPAJIOBUH.

VY 3B’43Ky 3 IUM B TEMEPIlIHIN yac y OUIBIIOCTI KpaiH CBITY BUKOPUCTAHHS
3HaXOJSATh HACOCHI YCTAHOBKHM 3 HOBUM MPHUHIUIIOM Jii. OCHOBHOIO OCOOJIMBICTIO

iX € MepeHeceHHs eJIEKTPOJABUTYHA JI0 THpJa CBEPIJIOBUHHU 1 YCYHEHHS IITAaHT —
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HalOUIbII Bpa3IMBOi JIAHKM TJMOMHOHACOCHHUX YCTAHOBOK. I3 Oe3mTaHroBux
HACOCHUX YCTAaHOBOK HAaMOUIbII IIUPOKO BUKOPUCTOBYIOTH 3ariiiOHI €JIeKTpo-
BIILUEHTPOBI Hacocu. [lo mepeBar enekTpo-BiILIEHTPOBUX HACOCIB BITHOCSTHCS
MPOCTOTa OOCIYrOBYBaHHS, BHUCOKAa TMPOAYKTUBHICTh, BIIHOCHO BEIUKUU
MDKPEMOHTHHMM Tmiepion poOoTh. BOHM MOXYTh YCHIIIHO NpaIoBaTH SK Y
BEPTHUKAJIbHUX, TaK 1 B HAXWJICHUX CBEPJIOBHHAX [3].

Y CcTaHOBJIEHHI Ta PO3BUTKY HAa(PTOTra30BHAOO0YBHOI MPOMHCIOBOCTI MOXKHA
OPOCHIAKYBAaTH JIEKUIbKA €TamiB, KOXKEH 3 SIKUX BIIJ3EpKaNIO€ TMOCTIHHY 3MIHY
CIIBBIJHOIIEHHS, 3 OJJHOTO OOKY MacTabiB CIIOKMBaHHS Ha(TH 1 ra3y, 3 IHIIOTO -
CTYMIHb CKJIQJHOCTI iX BUA0OYTKY. HeoOximHICTh peanizaiii HOBUX TEXHOJIOTIH,
SAKi OTpUMaJM MacoBE 3aCTOCYBaHHs, OOYMOBWJIAa CTBOPEHHS HOBOTO Ta
MOJICpHI3allil0 ICHYIOUOro oOJiagHaHHs, 0e3 SKWX BIPOBAKCHHS HOBHUX
TeXHOJIOT1 HemoxJuBe. HadTorasopi, ra3oBi Ta ra3okOHAEHCATHI POJOBHUIIA
pPO3pOOJIAIOTE 1 EKCIUTyaTyIOTh 3a JIONIOMOTOK MAIllMH, I1HCTPYMEHTIB Ta
MexaHI3MiB, (YHKI[IOHYBaHHS SKHX B3a€EMOIIOB’si3aHE MDK co0o 1 3
dbyHKITIOHYBaHHSAM 00’ €KTa PO3POOKH 1 eKcIuTyaTallii — HadhToBUM, HaTOTa30BUM
a00 ra30KOHAEHCATHUM IIACTOM a00 KUIbKOMA TUIaCTaMH POJIOBHUIIIA.

Taxum duHOM, T€ IO 3a3BUYAll MPUHUHATO HA3WBATH HAPTOBHUM ab0 Ta30BUM
IPOMMCIIOM, CJII PO3MIISAATH K €IUHY CHCTEMY, sKa CIOJydae B co01 SK
I'COJIOT1YHE YTBOPEHHS, TaK 1 KOMIUICKC 1H)XEHEPHHUX 3ac00iB Ta 00’ €KTa PO3POOKHU
1 ekcrutyaTailii, mo 3a0e3MeuyeThCcsl TEXHIYHUM YMPABIIHHAM 13 3aTy4yeHHAM
HEOOXITHUX 3ac0o0iB aBTOMaTH3allii Ta perymioBaHHa 1, 30kpema, ACY. Tomy
OKpIM MaIlMH 1 OOJIaJHaHHS, I CHUCTEMa MICTHTh 1 3aco0M BHUMIPIOBaHHS,
pETYITIOBaHHSI, aBTOMATH3AIlli Ta OOYNCITIOBATILHY TEXHIKY.

Kommnekcn obnmagHaHHs i eKcrutyaTarii HapTOBUX Ta Ta30BUX POJIOBHUII]
Ha 3a00JIOYEHUX TEPUTOPISIX BIAPIZHAIOTBCA THM, W0 1X (YHKI[IOHAIbHE
MpU3HAYCHHS TOJsITae y 3a0e3MedeHH] MOXKIMBOCTI PO3pOOKH POJIOBHINA HE
OKPEMHMH BEPTUKAIHPHAUMHU CBEP/JIOBUHAMHU, a KOMILUIEKCOM HAMpaBICHUX I

HaxusioM cBepasioBuH [1]. Ile oOmagHaHHS MO3BOJISE€ 31MCHIOBATH ITABOIHE
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BUJI00YBaHHS POJIOBHIII, TUTOIII SIKMX 3HAXOJATHCS MMiJl BOJAOKD HA MaJlluX, CEPEIHIX
Ta BEJTUKUX TTTUOMHAX.

Icuytoue oOnagHaHHS A1 BUOOOYTKY HapTu 30epirae mnpaue3iaTHICTb
OOMEXEHUH dYac, TPHUBAIICTh SAKOTO 3HAYHO MEHIIA TMEepioly PO3pOOJICHHS
pPOZIOBHIIA; TOMY EKCIUTyaTallil KOKHOI CBEpJIOBUHHU IMKJIIYHA, TIEPEpHUBYACTa,
110 HaKJIa/1a€ TICBHI TEXHIYHI Ta CKOHOMIYHI YCKIaaHCHHS [4].

Homenknatypa oOiajHaHHS, SKE€ BXOJHWTh y KOMIUICKCH, CKJIaJla€ COTHI
HallMeHyBaHb, BUBUCHHSI IIbOTO PO3MAITTs TEXHIYHUX 3aC001B pOOUTH HEOOXITHUM
iX cucTemaTu3allilo, OCHOBY SKOi ckiagae kimacudikaiis. HalOimpn IO1UIEHO
KIacu(iKyBaTH BUXOJISIYU 3 TEXHOJIOTIYHUX BJIACTUBOCTEH, a HE 3a MapaMeTpaMH
a00 KOHCTPYKTUBHOMY BHKOHAHHIO.

I rpyna — oOmajHaHHS eKCIUTyaTalliiHOT CBEpJUIOBHHHM, sKE 3abe3rnedye
HOpMaJibHE ()YHKI[IOHYBAaHHSI HAWBaKJIUBIIIOTO 13 MPOMHCIIOBOTO OOJIaIHAHHS —
EKCIUTyaTaliifHOI CBEPAJIOBUHHM, SIKa € HAWBaXUIMBIIIMM KaHAJIOM, IO TOB’S3y€
MPOJYKTUBHUM TUTACT 13 TTOBepxHEr0. HaniHICTh Ta PYyHKIIOHABHICTD €T TPYITH
oOJlaTHaHHS TOBHICTIO BHU3HAYa€ HAJIMHICTH, pOoOOTH CBEpJIOBHMHU B IuIoMy. e
o0JlaTHaHHS 110 YTBOPIOE CTBOJ CBEP/JIOBUHU (00cCamaH1 TpyOH, KOJOHHI TOJIIBKH,
¢biIpTpa, KIanaHu - Bicikadl, MaKkepH - TePMETH3ATOPH 1 T.1HIIL.).

II rpyna — obnamHaHHSA IJIs MiTHIMAHHS 31 CBEPJIOBUHU IIJIACTOBOI PiIMHU
ab6o razy. YactuHy oOJaJHaHHS OIMYCKAaIOTh y CBEPAJIOBUHY, HA3WBAIOTH IO
YacTHHY OOJIaJHAHHS — MIAHOMHHKOM (Ji)TOM), a YaCTUHY MOHTYIOTH y 30HI
rupna. B iHmmX Bumaakax oOiagHaHHS BHKOPUCTOBYETHCS JUIsl HarHITaHHS B
1acT piANHYM, O0JagHAHHS B I[bOMY BHINAJKy HAa3WBalOTh HarHiTaouuM. JlaHy
rpyny oOJiafHAaHHS BHUKOPUCTOBYIOTH TUIBKM JUIsl €KCIUTyaTalii (hOHTaHyHUux
HaQTOBUX, Ta30BUX ab0 Ta30KOHAEHCAaTHUX ponoBumnl. Ile oOmanHaHHS
CKIIQJAE€ThCS 3 MIHOMHUKA, (POHTAHHOI apMaTypu Ta MaHU(OJIBIA, SKUH TO3BOJISIE
MiAHIMATH TI0 CBEPAJIOBHHI HA MIOBEPXHIO MPOIYKIIiIO, 3a0€31MeuyBaTH KOHTPOJb Ta
peryntoBaHHs (OHTaHyBaHHS 1 MIATPUMYBATH ONTHUMAIbHUNA PpPEXHUM POOOTHU
cBepuIoBUHU. ["a3nidTHe 00s1alHAHHS IPU3HAYEHE JIJIsl €KCILTyaTallii CBEPAJIOBUH

HUISIXOM TMOJAHHA 3TUCHYTOTO TOBITpS [0 HU3Yy migioMuuka. Jlo 1mworo
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oOnaHaHHS BIIHOCUTHCA CaM NIAMOMHHMK 3 KOMIUIEKTOM ITYCKOBHX 1 poOoYmMX
KJIalaHiB, ra3aiTHa apMarypa 3 KOHTPOJbHO — BUMIPIOBAIbHUMU TpUiIajaMu Ta
aBTOMAaTUKOIO, KOMIIPECOPHI CTaHIlil, XOJIOAWJIbHE OONagHaHHS Ta CKJIagHa
cucreMa TpyoOonpoOBO/IiB.

[TaHroBi CBEpUIOBUHHI YCTAHOBKM 3 MEXaHIYHUM MPUBOJOM 3HAWILIU
IIMPOKE 3aCTOCYBAHHS Ha MpoMuciax YKpainu. Humu excriyaryroTh Bl TPETUHH
cBepyioBuH. OOnamHaHHS TMpU3HAYCHE I MIHOMY pIIUHU 3a JOMOMOTOI0
IITAHTOBUX HacociB. Jlo 1€l rpynu oOnajgHaHHS BIAHOCUTBCS  BIIACHE
CBEP/UIOBUHHUN HACOC, OMYIIEHWH Ha HACOCHO — KOMIIPECOPHHUX TpyOax, sIKUi
NPUBOJUTHCS B PyX KOJOHOK INTAHT, HACOCHI IIITAHTH, TTOBEPXHEBUM IMPHUBOJ,
SKUH BKJIIOYaE€ B ceOE EHEpPreTHYHy YCTAaHOBKY 1 MEXaHIYHHWH IepeTBOPOBaY
00epTOBOrO pyXy Basia MPUBOAA YCTAHOBKH B MIOCTYMAIBHUHN PyX KOJIOHH IITAHT.

be3mtanroBi  yCTAaHOBKM IEHTPOODKHHMX CBEPAJIOBHH  EJIEKTPOHACOCIB
NpuU3HAYeH1 i eKcIulyartalii BucokoaeOeTHux cBepasioBuH. Ha VYkpaini 3 ix
JIOTIOMOTOI0  TOOYBalOTh OUTBII HDK TpeTUHY HadpTu. BuroroBnserbcs Ta
MIOCTABIIIETHCA BEJIMKA KUIBKICTh PI3HUX THUIOPO3MIpPIB, 10 CKJIAAy SKHUX BXOISITH
arperaTtuBH1 OMYCKHI IEHTPOOIXH1 HACOCH 3 CJICKTPOJIBUTYHOM Ta MPOTEKTOPOM,
KOJIOHa HAaCOCHHMX TPYyO 13 CTPYMONPOBIAHMM KabOelleM 1 IMOBEpXHEBa CHCTEMa
KEepyBaHHS €JIEKTPOIBUTYHOM.

be3miTaHroBi  €JIEKTPOTBMHTOBI CBEPJJIOBUHHI HACOCH TPH3HAYEH1 JUIs
eKCIUTyaTallii CBEPIJIOBUH 13 HEBEIUKHM JeOCTOM Ta BIAPI3HIIOTHCS Bia
MOTIePeTHIX BUKOPUCTAHHSIM 3aMICTh IIEHTPOO1>KHOTO TBUHTOBOTO HACOCA.

OO6mamHaHHA JUTsl €KCIUTyaTallli OJ{HI€I0 CBEP/UIOBUHOIO JEKUTBKOX PI3HUX 3a
XapaKTepoOM IUIACTIB, SIKE PO3MINIYETHCS B OJHOMY CTBOJII 1 BKJIIOYAE KOMILIEKC
PI3HOTUITHOTO 00JIaTHAHHS (HAMpUKIIaJ, (POHTAHHOTO Ta HACOCHOTO), B pe3ybTaTi
YOro CTa€ MOXJIMBUM TPHU PO3poOIIi 6arato riacToBUX PoaOBUI HAQTH Ta Tasy,
3HAYHO CKOPOTHUTH KUTHKICTh €KCIUTyaTaAIIMHIX CBEPJIOBHUH.

I rpyma — obnagHaHHs A1l 1HTeHCU(iKalii BUI0OyBaHHA HAaQTU Ta raszy i
Uil 30UIblieHHsT HadTorazoBingayi miacTiB. [llupoke 3acTocyBaHHS LBOTO

oOJlalHaHHS JO03BOJISIE CKOPOTHUTH Yac PO3POOKH pOJOBHUINA Ta KUIbKICTb
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HEeBUI00yTMX  HapTH 1 Tra3zy. buibma 4YacTMHa HapTOra3oBUX pPOJOBUII
pO3pOo0JIAE€ThCS MPU OJTHOYACHOMY HATHITaHHI B IUJIACT MOMEPEAHBO CIELIaIbHO
o0po6sienoi Boau. OOnagHaHHs [ OTPUMaHHS BOJU Ta ii MIATOTYBaHHS came 1
CKJIQJIal0Th 10 TMIATPYIMY, BKJIIOYAIOYM BOJ03a0ip, CHUCTEMY BiJICTOIOBAHHS,
KOaryJloBaHHs, XIMIYHOT 1 Oakrtepiosioriunoi oOpoOku. Jlo wiei miarpynu
BIJTHOCSITBCSL BOJIOHArpiBayl, MaporeHepaTopu, 00IalHaHHA AJIs MiIrpiBaHHS 30HU
biTpTpa CBEPAJIOBUHHU. Y 3B’A3KYy 3 OCOOJMBOIO aKTYaJbHICTIO PO3POOJICHHS
pPOJIOBHUII 13 BHUCOKOB’ A3KMMHM HaTamMu Ha Teputopii YKpaiHu 1 HEOOXITHICTIO
30UTbIIEHHST HA(TOBIAAa4ul POAOBHIL HOMEHKJIATypa Ii€l MIATPYNH 00JiaJHAHHSA
30UTBIIYETHCA 1 MACIITAOM MOTO BUKOPUCTAHHS IIIBUJIKO 3POCTAIOTh.

IV rpyna — obnanHaHHs 1 ciOpyau AJig 30MpaHHs MPOAYKIIlT CBEPAJIOBUH, ii
po3aIeHHS — cemapailii Ha HadTy, Ta3, BOJAY Ta JOMIIIKH, BUMIPIOBAHHS 1
NIEPBUHHOT MiATOTOBKM Ha(TH, Ta3y, ra30Boro kKoHaeHcary. Jlo miei rpymu ciig
BiJIHECTH OOJIaJIHAHHS JJIs TIepeKauyyBaHHs (HACOCHI, KOMIIPECOPHI YCTAaHOBKHU Ta
CTaHIli) 3 EJIEKTPONPHUBOJIOM Ta BIJAMOBIIHOK OOB’SI3K0K, KOHTPOJBHO —
BUMIPIOBAIBHUMH TIpUJIaZlaMH, 3alipHOI0 Ta PEryloBajIbHOI amaparyporo,
3acob0amMu aBToMaTu3alii.

V rpymna — obyaHaHHS CIIY)KOH €HEePreTHKH.

[3 BuUIlEHABEICHOTO TMEpEeNiKy CHCTEeMAaTHU30BaHUX TPYI 1 MATPYI BHUIHO,
HACKUIPKM BEJIMKa HOMEHKJIATypa MallldH, OOJIaJiHaHHA, CIIOpYd, 3aco0iB
MexaHi3allii Ta aBToMaTu3aIlii A BUI00yTKy HadTH Ta rasy.

[ItanroBHil CBEpJIOBUHHUI HACOC JJIsS BiIKauyBaHHS IUIACTOBOI PIAMHH 13
CBEP/IJIOBUH MPUBOAUTHCS B 110 KOJOHOO IITAHT. BiH mpaiftoe y BaXKKUX yMOBax:
MJIacTOBa pigWHA MICTUTH MiHEpali3oBaHy BOJy, alOpa3uB, XIMIYHO aKTHUBHI
CIIONIyKM Ta pi3HI rasu. TemmepaTypa HaBKOJHUITHBOTO CEPEAOBHINA MOXKE
nepepuiyBatu 100 rpagycis.

B Hacocax 3 HEBEIWKOIO JTOBXHHOIO Xoaa (puc. 1.2, a) BUKOPHCTOBYIOTH
KOHCTPYKI[IIO 3 TSITOBUM IITOKOM, 10 HEAOJIKIB JaHOT KOHCTPYKIIIT MOXHa
BIIHECTH 3HAYHUW IMIKIIJUBUAA TIPOCTIP, IO HEOOXITHUM MJIT PO3MIMICHHS

TACOBOTO IITOKA Y BHYTPILIHIA MOPOXHUHI IIyHXXepa. Hacocw 1HmMX THUMIB
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OCHAILIEHI CHEI[laJIbHUM 3aMKOM, KOTPUA MpPH ONYCKaHHI IUIYHXEpa B HUXKHE
MOJIO’KEHHSI 1 TOBEPTAHHI HOTO KOJIOHOIO IITAHT, JIO3BOJISE 3aXOMUTH 1 MIAHSATH

knanad. Hacocu (puc. 1.2, 6) ocHaleHi JBOMa HarHiTaJbHUMU KJIallaHaAMHU.

a 7 g z

YR YRS

]I
b b 8

Pucynok 1.2 — OcHOBHI cXe€MHU CBEPIJIOBUHHUX HACOCIB

[Tnymxep Hacoca (puc. 1.2, B) BHUKOPHCTOBYETHCS Y CBEpJJIOBHUHAX, SIKI
BUJIAIOTH IUIACTOBY PIIMHY 3 BEJIMKOIO KUTHKICTIO MICKY. 3a30p MK TUIYHXEPOM Ta
IWIIHAPOM VYIIUIBHIOETECS a00 TIAPaBIIYHO — 33 PaXyHOK YTBOPEHHS Majoro
3a30py BEJIMKOI JIOBXKUHHM, KWW 3a0e3reuye HeoOXiqHe MaaiHHd TUCKY HaJI Ta i

TUTYHXKEpPOM, a00 THYYKUMU MaHxkeTamu (puc. 1.2, T).

1.2 CtpyKTypa NpUBOAY HITAHTOBOr0 CBEPIJIOBUHHOI0 HACOCA

[Ipr3HaveHHs MPUBO/ia IITAHTOBOI'O CBEPIJIOBUHHOI'O HacOCa Mae€ IMOJIBIMHUM
XapakTep — 3 OJHOro OOKYy BIH MEPETBOPIOE EHEPril0 ABUTYHA B MEXaHIYHY
€HEpPril0 KOJOHHW INTAHT, 3 IHIIOTO — CTBOPIOE ONTHUMAJIBHUU PEXKUM POOOTH
MPUBOJHOTO eleKkTpoaBuryHa. [lpuBon 3abe3rneuye pyx TOUKM MiJBICY IITaHT 3a
MIEBHUM 3aKOHOM, PEryJIl0€ PEXUM BIJKAaYyyBaHHS MJIACTOBOI PIIMHU 32 PAXyHOK

3MIHM JIOBKMHHM Ta YacTOTH XOJY MIABICY WITAHT, MYyCK Ta 3YMUHKY LITAHTOBO1



17

HACOCHOI YCTaHOBKH, KOHTPOJIb PEXKUMY POOOTH BHYTPIIIHBO CBEPIJIOBUHHOIO
oOnamHanHs. BiH TakoX [103BOJIsIE BUKOPUCTOBYBATH JBUTYHH ONTHUMAJIbHOI
MOTY>KHOCTI, HA PEXKUM HABAHTAXXCHHS SIKUX 3aKOHOMIPHICTH 3MIHHM 30BHIIIHHOTO

HaBaHTA)XCHHS MOBUHHA BILUIMBATH y MIHIMAJIbBHOMY CTYIIEHI.

Cranuis
: KepyBaHHS,
»

Tpancdopmartop
i
O0aagHaHHS THPJIa CBEPAJIOBUHHI E’
1 Il
HacocHno-
KOMIIPECOPHi TpyOu

Kabean

1 i

NS
Eaexrpoasuryn | [ D = Hacoc

FA

IpoaykTuBHMI IJIACT

Ilepenaua enexkTpoeHneprii

Ilepenaya mexaHiuHolI eHeprii

vid

Pyx pinunu

Pucynok 1.3 — CtpykTypa nprBoja IMITAHTOBOi CBEPITIOBUHHOL

HAaCOCHOI YCTaHOBKU

[IpuBoa MITAaHrOBOI CBEPAJIOBUHHOI HACOCHOI YCTAaHOBKM CKJIQJIa€ThCS 13
HACTYIMTHUX OCHOBHUX OJOKiB (puc. 1.3): cuioBOro opraHy, BPIBHOBaKYIOUOTO
MPUCTPOIO 1 BIacHe enekTponpuBoga. CHIIOBUM OpraH MNpU3HAYCHUNM A
MEePEeMIIIEHHs] KOJIOHM IITaHT 1 MOXe OyTH MEXaHIYHHUM, IO CKIAJA€ThCS 13
CHCTEMH BaXkeJiB, KaHATIB Ta OJIOKIB, TrApaBiIlyHUM a00 MHEBMAaTHYHUM. BracHe

A0 CKIaay IMIpuBOJa BXOAUTH CICKTPOABHUI'YH Ta IIEpcaada, sdKa MOKCE 6YTI/I
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MexaHiuHO a0o rimpaBniuHoro. [li aBa 0Jioka B OCHOBHOMY 3a0€3ME4yrOTh
BUKOHAaHHS Tepmoi (yHKLII NpUBOJA, BUKOHAHHS JpYyroi 3a0e3nedyeThCs
BPIBHOBAXXYIOUUMU MPUCTPOSMHU, AKI HAKOMUYYIOTh NOTEHIIIHY €HEprilo KOJOHU

IITAHT TpH 11 IPOXOKEHH]1 BHU3 1 BIJIJIA€ 1] Yac MPOXOIKEHHS IITAHT yropy.

1.3 Oraspa cucrem eaexkrponpusoay aas IHICHY

BimbIIicTe  €NEKTPONPHMBOJIIB  IITAHTOBHX  CBEPUIOBUHHUX  HACOCHHX
ycranoBok (IIICHY) € HeperyiaboBaHMMH, MNPH I[LOMY CTaHII KepyBaHHS
BUKOHYIOTh TUIBKM MYCKO3aXMCHY (YHKIT 1 mepenayy IUCKPETHUX CUTHAJIIB
CTaHy CJICKTPONPHUBOAY (BKIFOUYCHHUI-BIKIIOUEHUN CTaH ABUTYHA, CTaH 3aXHUCTIB 1
1H.) MO KaHajliax TeJeMeXaHIKh B JUCIETYEePChKi ciy:xk0u Hadrompomuciis [3].
PerymtoBaHHS TPOAYKTUBHOCTI CBEPUIOBMHH 3 TaKUMHU CICKTPOIPUBOJIAMHU
3MIMCHIOETHCS MEXaHIYHUM CIIOCOOOM 3a PaxXyHOK 3MiHU TepeaaBajbHOIO 4uCia
KIMHOPEMIHHOI Tiepefadl (IIIIXOM TIEpEeMIIeHHs pEMEHIB Ha IHIIMN IIKiB
EJIEKTPOABUTYHA) a00 3a PaxXyHOK 3MIHHU JIOBXHUHHU XOAY IOJIPOBAHOTO IITOKA
(LIIIXOM  TEepeMillleHHs TOYKM  34WICHYBAaHHS  KPHUBOIIMIA 1  IIIaTyHA).
Bukopucranns kopoOok rmepenad, BapiaTopiB, (PpuUKIIHHMX MydT 1 T.OI. I
PETYIIOBaHHS TMPOIYKTUBHOCTI HE 3HAWIIIO IIMPOKOTO 3aCTOCYBAHHS 4Yepe3
HEJIOCTATHIO HAIIHHICTh TAKUX CUCTEM.

B enexkrponpuBomax BiTumsHsHux IIICHY B Oimpmocti BUNAIKIB
BUKOPUCTOBYIOThCA Tpu(a3HI ACHHXPOHHI JBUTYHH 3 KOPOTKO3aMKHEHHM
POTOPOM 3 TIABUIEHHM ITYCKOBUM MOMEHTOM IOTYXKHICTIO Bim 11 mo 55 kBt
cepii 4A, 5A ta AUP y 3akpuTOMy BHUKOHAHHI 13 CHHXPOHHOIO YaCTOTOIO
obeptanns 1500 1 1000 06/xB, piaiie 3aCTOCOBYIOThCS OUTBIN TUXOXITHI JBUTYHH
(750 1 500 06/xB).

Cucremnu enextpornpuBonaiB IIICHY 3 acuaxpornHumu nBuryHamu 3 (pazHum
pOTOpPOM, 3 CHHXPOHHUMH JBUTYHAaMH 1 3 JBUTYHAMH TOCTIHHOTO CTPyMY
MIPOMHUCIIOBOTO 3aCTOCYBaHHS B JJaHUH Yac MPAKTUYHO HE MAIOTh.

KpiMm MexaHIYHOTO peryjioBaHHS NPOAYKTUBHOCTI CBEPAJIOBUHH, B

HadToBUAOOYTKY 3a gonoMororo IICHY BHUKOpHUCTOBYIOTBCS 1 CHCTEMU
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ABTOMAaTUYHOIO  pEryiioBaHHA.  EnekTponpuBOoaM  BepCTaTiB-KadyalloK 3
ABTOMAaTUYHUM PETYyJIIOBAaHHIM MPOJYKTUBHOCTI MOKHA PO3AUIMTH Ha KUIbKa
KJIACIB:

1) enexTponmpuBOAM 3 IUIABHO PEryJbOBAHOIO MIBUAKICTIO TPUBOIHOTO
JIBUT'YHA,;

2) eNeKTPONPUBOAM 3 PUCTPOSMHU MEPIOIUYHOT BIAKAUyBaHHS HA(TH;

3) eneKTpOnpUBOIU 13 CTYICHEBUM  PEryJIOBaHHSIM IIBUIKOCT1
(€JIEKTPOTIPUBOIM 3 KOPOTKOIIUKIOBUM TIEPIOOM POOOTH).

B panuii yac enekTponpuBOAM 3 TUIABHUM PETYJIIOBAHHSIM IIBHUJKOCTI
3aCTOCOBYBaTh SIK B 3aKOPJOHHIM, Tak 1 Yy BITYM3HSHIN HaQTOBUIOOYBHIN
npoMucioBocti. OgHUM 3 METOAIB ONTUMAJbHOI eKCIUTyaTallii € BUKOPHUCTAHHS
aBTOMAaTUYHOTO peryJoBaHHsS Hamnpyrn Ha cratopi AJl B ¢QyHkmii #oro
HaBaHTaxeHHS. [Ipy 1bOMY MK >KHUBHJIBHOIO MEpEeXer 1 0OOMOTKaMH CTaTopa
BKJIFOYAEThCA 3-X ¢a3sHudl TupuctopHuit meperBopioBad Hampyru (TIIH).
EnexrponpuBos 3 Takoro cTpyKTyporo HocuTh Ha3By TITH-A/Jl. HaitGinbim mmpoko
3aCTOCOBYBaHa CHJIOBA CXE€Ma TaKOTO EJIEKTPONpHUBONY, B Kl Mk AJl 1
MEPEXKEI0 BCTAHOBJICH] TPU MApH 3yCTPIYHO-TIAPAIETBHO BKIIOYEHUX TUPUCTOPIB.

PoGora  cuctem  ONTUManbHOTO  pETyJIIOBAaHHS  3acHOBaHa  Ha
eKCTpeMaJIbHOMY (3 MiHIMyMOM a00 MaKCMMyMOM) XapakTepl 3aJIe)KHOCTEH
EHEePreTUYHUX TIOKa3HUKIB AJl Big Hampyru Ha CTaTtopi MNpU 3aJaHOMY
HABaHTAXXEHHI.

Takox BUKOpUCTOBYIOThCA enektponpuBogu CIHIHY, mo BUKOHYIOThCS 3a
CXEMOIO TICpETBOpIOBaY 4YacTOoTH - acuHxpoHHuid guryH (ITY-AJl). Yepes
0COOJIMBOCTI MEXaHI3My BepcTaTa-KadalKid NMPUBOJHUN JBUTYH 3HAYHY YACTUHY
po0OOYOro MHUKIY MOXKE TPAIIOBATH B TEHEPATOPHOMY PEXHMI, IO B OaraThox
BUIIAJIKaX YCKIIQHIOE BUKOPUCTAHHSI MAacOBHUX CEpii MEepeTBOPIOBAUIB YaCTOTH. 3a
KOpJIOHOM, Hampuiian (ipmoro Siemens, BuimyckaroThes cremiaiizoBani T4 3
BUPAKECHOKO JIAHKOK TOCTIMHOIO CTPyMy JJiS €JEKTPONPHUBOIB BEPCTATIB-
Kauasiok, ajne KowmrtyTh Taki [IY B cepegupomy B 1,5-2 pasu Ounblie

3araJibHOIIPOMHCIOBHUX.
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[lepeTBOprOBaYi YacTOTH € OJHUM 3 HAWJOPOKUYMX KIACIB CTaTHUYHUX
MEPETBOPIOBAYIB €JIEKTPUYHOI €HEprii IJis €JEKTPONPUBOAY, 1 1€ € OCHOBHHUM
YUHHUKOM, SIKHI OOMEXYye iX 3aCTOCYBaHHSI B HAPTOBUIOOYTKY.

KOpOoTKOIMKIIOB1 €IEKTPONPUBOIA BUKOPUCTOBYIOTBCS JIJISI TUX K€ IIJICH, 1110
1 IpUBOJAM 3 MEPIOAUYHUM BlaKauyBaHHSAM HadTu. KpiM TOro, KOpoTKOUMKIIOBI
MIPUBOJIM BUKOPHWCTOBYIOTHCS JJII TaK 3BAHOTO IIABHOTO IMYCKY CBEP/JIOBUHU B
pobotry. [lnaBHMII MyCK CBEPIJIOBUHU TIOJIATa€ B TMOCTYNOBOMY 30UIBIICHHI
NPOAYKTUBHOCTI CBEP/JIOBUHU JIO HOMIHAJIBHOTO 3HAYCHHS, MEPIOJ SIKOTO MOXKE
aocsrati  JASKiIbKOX — wmicsamiB.  CepeaHss  TPOIYKTHUBHICTH — CBEPJIOBHHH
PEryJIOETHCS 3a JJOMOMOTOI0 3MIHM TPUBAJIOCTI pOOOTH JABUTYHA HA BUCOKIN 1 Ha
HU3bKil mBHAKOCTI. I{UKII pOoOOTH €IEKTPONPUBOAY KOJIHMBAETHCS B CEPEIHBOMY
Bix 10 no 30 xBranH.

JIBOIIBHIKICHOMY €JICKTPOIIPUBOAY BJIACTUBI JiBa HEJOJIKH, TIIOB'I3aHi 3
nepeMUKaHHsAM 3 OJHI€1 mBHUAKOCTI Ha iHmYy. [Ipy mepemukanHi JBUTYyHA 3
BUCOKO1 MIBHUIKOCTI Ha HHU3BKY BIH KOPOTKOYAaCHO TIEPEBOJIUTHCS B PEXKUM
reHepaTopa. KpaTHOCTI cTpyMy 1 MOMEHTY B IIbOMY PEKHMI aHAJIOTI4HI TyCKOBUM
(6-7 pasiB mo ctpymy i 2-3 pasu mo MOMeHTY). Lle mpU3BOIUTH 0 JOJATKOBUX
BTpaT, IMeperpiBy OOMOTKHM cTaropa 1 A0 yJAapHUX HABAaHTAXKEHB, SKI MOXYTh
BUKJIMKATH TIOMIKO/)KCHHS MEXaHI3My BepcTaTa-Kadaykd 1 oOpHB KOJIOHU IITaHT.
Takox He Oaligyxe, B SKMA MOMEHT BiIOYBa€ThCs TEPEMUKAHHS IIBHIKOCTI
nBuryHa. Tak sSIK HaBaHTa)XEHHS MPUBOJHOTO JIBUTYHA BepCcTaTa-KadajlKd HOCUTH
MEepIOIMYHUI XapaKTep, TO MePEeMHUKaHHS MIBUIKOCTEH JOLUIBHO MPOBOIUTH TIPH
MIHIMAJILHOMY HaBaHTaXXEHHI, IO BHUMAarae JOJATKOBHX JaTduKiB. Jlpyruit
HEJIONIK TIONATAaE B TOMYy, IO 3HA4YHAa 3MiHA MIBUAKOCTI TPHUBOAY TMPHU
BUKOPHUCTaHHI 0araTonmBUAKICHIX JBUTYHIB BUKIIUKAIOTh CHJIbHY HEPIBHOMIPHICTH
BiOOpy HaTH 3 CBEPAJIOBUHU, KA MOXE BHKJIMKATH PSAJl YCKIATHEHb B POOOTI
NIMOMHHOTO HAcoCa, TaKUX SK 30UIBIICHHS HAJIXO/KECHHS TICKY B CBEPJIOBHUHY 1
MOXJIMBICTh CTBOPEHHS MIIIAHUX MPOOOK.

Huspka skicTh nepexiiHUX MPOLECiB MpU NEPEeMUKAHHI IIBUJKOCTEH €

OJIHI€I0 3 OCHOBHUX IPHUYMH, siKa 0OMEXY€e BUKOPUCTAHHS J1JI1 IPUBOY BEpCTaTIB-



21

kayajok OararomBuakicHux AJ[. Tak camo, sk 1 NpUBOAM IJsl MEPIOJUYHOTO
BiIKauyBaHHA Ha(QTH, ICHYIOYl BITUYM3HSAHI TPOMUCIOBI EJIEKTPOINPUBOAU
BEpCTaTiB-KauajoOK 3 0araTONMIBUJIKICHUMM JIBUTYHAMH, @O CYyTi, HE €
perynboBaHuMHU. Ilyck 1 mepeMHKaHHS IIBUAKOCTEH B TaKWUX TPUBOJAX, SIK
MpaBWJIO, 3AIMCHIOETBCS TMPSAMOIO MOJAYEI0 HAnpyru Ha OOMOTKH cTaTtopa
ACUHXPOHHOTO JIBUTYHA 32 JJOTIOMOT'OI0 MarHiTHUX ITyCKaYiB.

[HIIOIO  BaXJIMBOK  OCOOJIMBICTIO, BJIACTUBOK  OUIBIIOCTI  ICHYIOUHX
CJIICKTPONPUBO/IIB BEPCTATIB-KAYajJoOK, € I1X HHU3bKI CHEPreTUYHI TOKA3HHKH.
JlocimKeHH s, IKi TPOBOATECS Ha HaQTONPOMHUCTIAX, IMOKa3aJIH, 0 EHEPreTUYHI
NOKa3HUKU (POHIY E€IEKTPOINPHUBOAIB BEPCTATIB - KAa4aJIOK HEBEIWKIi: 3arajabHUIN
KK]I ycranoBku nexuTh B Mexax Bif 7% 10 30%, koedilieHT MOTYX HOCT1 — BiJ
0,3 no 0,65. OnHi€l0 3 OCHOBHUX MPUYUH TAKOTO CTaHy CIpaB € HU3bKa
3aBaHTAXKCHICTh MPUBOY. BCTaHOBIICHA MOTYKHICTh €JIEKTPOJIBUTYHIB BEpCTATIB-
KayaJioK 3aBHIICHA 1 BAKOPUCTOBYEThCA B Mexax Bix 13% mo 88%, B cepenHboMy
He nepeBuiyroun 50% .

MokHa BUIUIMTH KUIbKA OCHOBHUX TMPUYMH 3aBUIICHHS HACTaHOBHOI
MOTY>KHOCTI JIBUTYHIB BEPCTATIB-KayaJIoK:

1) yepe3 ckiIagHy KiHEMAaTHKy BepCTaTa-Kadaldkd 1 CKJIQJIHUX IPOIECiB
B3a€EMOJIII  BiIKAYyrO4Oi HapTH 3 HacocHUM OOJagHAHHSAM BCEpEIUHI
CBEP/JIOBUHU CIIOKUBAaHA CUCTEMOIO TOTYXHICTh HOCUTH IyJIbCYIOUUN XapakTep,
OMKMCATH AHANITUYHO SKUH 3 JIOCTAaTHHOK TOYHICTIO BaXXko. ToMy y BCix
MPAKTUYHUX METOJUKAX BHOOPY THUITY €NEKTPOJABUTYHA BUKOPHUCTOBYETHCS IIUTHAN
PSZl eMIIPUYHUX TOMPABOYHUX KOE(DIIIEHTIB, 3aCTOCYBAHHS SIKUX TMPU3BOJUTH 10
3aBUIIECHHS 3HAYCHHS MOTPIOHOT MOTY>KHOCT1 IBUTYHA,

2) po6ora HICHY cynpoBomKyeThCs O€3MEpepBHAM 3HOCOM TEPTHOBUX
MOBEPXOHB ITYH)KEPa, BTYJIOK 1 KJanmaHiB TIIMOMHHOTO HACOCa, 10, B CBOIO YEPTY,
BUKIIUKA€ 3pOCTAaHHA BUTOKIB B Hacoci. lle mnpu3BOAWTh 70 3HMKCHHS
MPOAYKTUBHOCTI YCTAaHOBKH, 1 BIAMOBITHO JO 3MIHM CHOXHUBAHOI 1 MOTY>KHOCTI.
ToMy MOTYXHICTh IBUTYHA /IS €TIEKTPOTIPUBOY TOBOJAUTHCS BUOMPATH BUXOISIH

3 MAKCUMyMY CIO>KMBAHO1 32 MI>KPEMOHTHUH Mep10J MOTY>KHOCTI, 1110 TPU3BOJAUTH
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J0 TOro, IO 3HAYHUU TMEpioJ yYacy NPUBOJHUM JBUTYH TMpaIioe 3
HEJIOBaHTAXKECHHSIM;

3) nyck HICHY BinOyBaeThcsi HalyacTimie y BaXkux ymoBax. [Ipaktuka
MOKa3ye, M0 Ha 3HA4YHIA YacTUHI HA(TONPOMUCIOBUX pailloHIB YKpaiHi
HaQTOHOCHI TMacTh CcPOpMOBaHI MAJOCTIMKUMU JO PO3MHUBY MICKaMHU 1
nickoBukamu. Y nepion 3ynuHku LLICHY nHa pemoHT, npodilakTUKY 1 T.I. MICOK
OPOHUKAE B 3a30p MDK IUIYHXKEPOM 1 LMJIHAPOM HAcoca, 110 3HAYHO MOTIPIIYE
YMOBHM IyCKy BepcTara-kauajiku. Llg mnpuuymna 3mymiye BuOMpATH JIBUTYHU

OUTBIIOT MOTYKHOCTI JJ1s1 3a0€3MeUeHHs. HeOOX1THOTO MyCKOBOIO MOMEHTY.

1.4 BUCHOBKH 10 po3aiay

TakuM YMHOM, JUIS MIJBUIIEHHS CHEPro30epekeHHs Ta (POPMYBaHHS KpallluX
NEepEeXiIHUX TMPOIECIB BBAXKAEMO 3a AoImuIbHE obOpatu s mozaepHizamii [HICHY
EJIEKTPONPUBO/ 3 IUIABHO PETYJIHOBAHOIO IIBUAKICTIO MPUBOJAHOIO JBUTYHA Ha
6a3i cxemu TTIH-AJI.

J171s1 1150TO TTOTPIOHO BUKOHATH HACTYITHI 3aBJIaHHS:

— po3paxyBatu cymapHuil npupeaeHuit momeHT iHepiii LIICHY, mpoBectn
BUOIp Ta epeBipKy BUOOPY MPUBOTHOTO €IEKTPOABUTYHA;

— pO3pPOOUTH CTPYKTYPHY CXEMYy CHCTEMH KEPYBaHHs €JIEKTPOIPHUBOIOM
TITH-ALL;

— MPOBECTH MOJICIIOBAHHSA EJIEKTPONPUBOJY Ta  OIHKY MOXIIUBOCTEH
Bukopuctanus TIIH nns moninmeHHS eHepreTUYHUX TOKAa3HUKIB ILISIXOM
paIliOHAIbHOTO PETYJIIOBAHHS HAIPYTH HA CTATOP1 ABUTYHA;

— 3AIMCHUTH aHaIi3 EPEeXiTHUX MpoIeciB mycky A/Jl.
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2 PO3PAXYHKOBO-AHAJIITUYHA YACTUHA

2.1 Po3paxyHOk npuBeaeHOro cratuaHoro momenty lHICHY

2.1.1. YpiBHOBaXEHHs BepcTaTa-KayaJKu

Binomo, 110 eneKTponpuBOAM BEPCTATIB-KAYaAJIOK, $KI 3aCTOCOBYIOTHCS B
IITAHTOBUX CBHPJAJIOBUHHO-HACOCHUX YCTAHOBKax JJis BUAOOYTKy HadTwu,
XapaKTepU3yIOThCS TPUBAIUM PEKUMOM poOoTu. HaBaHTakKeHHS NPUBOJHOTO
JABUTYHA BepCTaTa-KayaJKd IUKIIYHO 3MIHIOETBCS 3 TIEPiOJIOM, PIBHUM dYacy
OJIHOTO TOWJaHHS. YPIBHOBa)KEHHSI BEpCTaTa-KadyaJKM — HEOoOXigHAa yMOBa JUIs
3a0€3MeUeHHs] oro HOpMalibHOI poOoTU. BOHO € OHUM 3 HAMOUIBII 3HAYYIIUX
YMHHUKIB, SIKi BIUIMBAIOTh HA  TIPUBEJCHUH MOMEHT  HABaHTa)KCHHSI.
VYpiBHOBaXKEHHSI MIHIMI3y€ KOJMBAaHHS HABAHTAXXEHHSA JBUTYHA 1 MEXaHI3MY
caMOro BepcTara, 3HWKYE HaBAaHTAXXEHHS B MEXaHIYHUX Mepeaadax 1 3MEHIIYeE
CTIOKMBaHy JBUTYHOM TOTYKHICTh. YPIBHOBaXCHHSI IMPOBOJISATH IMPOTHBaramw,
MiABIICHUMHU Ha 3aJHbOMY KiHIII OanaHcupa (OamaHCHpHE YpIBHOBa)KEHHs) abo
BCTAaHOBJICHUMH Ha KPUBOIIMI (POTOPHE YPIBHOBA)KEHHS), a00 3K 3aCTOCOBYETHCS
KOMOIHOBaHa CHCTEMa, KOJHM YpPIBHOBaXKEHHS 3A1MCHIOETHCS NMPOTHBOBAHTAXKaMH,

BCTAaHOBJICHUMHX Ha KPHBOIIMWII B KOMILJIEKC] 3 6aJ'IaHCI/IpHI/IMI/I IMpoTHBaraMu

(puc. 2.1).

Pucynok 2.1-MexaHi3M BepcTaTa-Kadajiku



24

Sx BugHO 3 pUCYHKY 2.1, MexaHI3M BepcTaTa-KayaJKd € KpPUBOUIUITHO-
aTyHHUN MexaH13M 3 OanmaHcupoM. Bimomo, 110 Taki MexaH13MHU MalOTh 3MIHHUM
MPUBEACHUM MOMEHTOM I1HEPIIIi, 1 PIBHAHHS PyXY AJI1 HUX MA€ BUTJIA

M_MC((P):JZ((p).d_@+l.®2.‘“2_(“’); 2.1)
da 2 do

ne: M 1 @ — eleKTpOMarHiTHUH MOMEHT 1 KyTOBa WIBHJKICTh IPHUBOJHOTO
JBUTYHA;

(0 — KYTOBE IOJIOKEHHSI pOTOpa MPUBOHOTO JIBUTYHA;

Mc — npuBeIeHUI1 MOMEHT CTATUYHOTO HaBAaHTA)KCHHS;

J; — HaBeneHuit cyMapHUil MOMEHT iHEPILii €JIEKTPOIIPUBOLLY.

Bci po3paxyHku B IbOMY pO3AUTI IPYHTYIOThCSI caMe Ha piBHAHHI (2.1), npu
IIbOMY HE BBOJUTHCS MPUITYIIEHHS PO CTAIICTh MIBUIKOCTI MPUBOJIHOTO JBUTYHA.

HaiiGinpiie  po3MOBCIOKEHHS Yy BITYM3HSHIA — HapTOBUAOOYBHIN
IPOMHUCIIOBOCTI OTPUMAJM BEpPCTaTH 3 POTOPHUM BPIBHOBAXKEHHSM, TOMY
MOJAJbIIl  PO3PAXyHKH TIPOBENIEHI1 Il BPIBHOBAKEHUX CHUCTEM, B SAKUX
BUKOPUCTOBYETHCS POTOPHE YPIBHOBAKEHHS.

[Ipu po3paxyHKy ypiBHOBa)X€HHsI HEOOX1JTHO BPaXOBYBaTH KOHCTPYKTHBHY
HEBPIBHOBA)KEHICTh BEpCTaTa-Ka4aJIKd, TOMY IO JOMYIICHHS PO HEBAaroMocCTi
BepCTaTa MPUBOAUTH 10 3HAYHUX TOXUOOK B PO3PAXYHKAX.

[Tpu po3paxyHKy Macu BPIBHOBOKYIOUHMX BaHTAX1B Ha KPUBOIIHUIII ICHY€E JBa
HAWOUTBII TIOMIUPEHI METOAM OOJIKY KOHCTPYKTHMBHOI HEBPIBHOBa)KEHOCTI.
OcHoBOI0 000X CITOCOOIB € BBEACHHS JCSIKUAX MOMPABOYHUX KOSDIITIEHTIB.

JUis Tmepmoro MeToay HEBpPIBHOBAXKEHICTh BpPAaXOBYETHCS BBEJICHHSIM
MOTPAaBOYHOTO MHOKHHKA MPHU BU3HAYEHHI CyMapHOi Baru pOTOPHHUX MPOTHBAr

BiIMMOB1THO /10 hopMyIIH:

G, =(Rur +0,5P,)- K; (2.2)

olo

L.
R

olo

ne: Py — Bara mirasr;

P, — Bara piguHu;
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R — Biacranp BIig Bicl O00epTaHHS KpPUBOIIMMOA JO LEHTPY Mac
BPIBHOBaXYIOUUX BaHTAXIB;
a, b, r, R — BenuuunHwu, 1o 3anexaTh BiJl TUITy BepcTaTa-KayaiKu;
K — koedimieHT, 1m0 BpaxOBye KOHCTPYKTUBHY HEBPIBHOBAKCHICTB,
3aJIeKUTh BIJ THIYy BepCTaTa-KayajKu.
Bara pinunu 1 mwtadr (sl IBOCTYNEHEBOI KOJIOHHU IITAHT) BU3HAYAETHCS 3a

TaKUMH POpMYyIIaMH:

NN

P — TC'di_ I_lTC—d12+I_27Td
x 4 H 4 H

‘Hepy-g; (2.3)

AN

1_p_>K_I_1.TC._d12+I_2.
o) |[H 4 H 4

“H-pypr- g (2.4)

mr —

ne: dy — miameTp Hacoca,
d; d2—aiameTpu mepIoro Ta APyroro CTyMeHIB KOJOHH IITAHT;
i, 1> — MOBXKHMHA MEPIIOTO 1 APYrOro CTyMEeHs KOJOHH IITaHT;
H — rimmbuna crycky Hacoca,
P = 900 kr/M3 — IiABHICTD i i :

- i PIAVHM, 10 BiAKAYy€EThCS,
Pur =7800 Kr/M> — IIBHICTL MaTepialy IITAHT.

[Ipu po3paxyHKy 3a JpYTMM METOJIOM HEBPIBHOBAKCHICTh BPAXOBYETHCS
BBEJICHHAM B (opMyny mis po3paxyHKy Bimcrani R Big Bici obepraHHs
KpPUBOIIWIIA JIO IICHTPY Mac BPIBHOBOXYBAJIBHUX BaHTaXIB IIONMPABKH, IO
BpPaxoBY€ pOOOTY CHJI TSKIHHSI HEBPiBHOBaXEHUX YACTUH BEepCTaTa-KadallKu:

(PLHT +O,5-P>K)-S—AO_

R= ; 2.5
> G (25)

7ie: S— XiJ IOJIIPOBAHOTO MITOKA;
Ao — po0oTa cHJT TSKIHHS HEBPIBHOBAKEHHUX YaCTHH BepCTaTa-KayallKi,
G, — cymapHa Bara poTOpHUX NPOTHBAT.

JloBkMHA XO4y TMOJIPOBAHOTO IITOKA TOB'SI3aHA 3 T'E€OMETPUUYHUMU

rapaMeTpaMy BEpCTaTa-KAdaJIKU SK:
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a
S=2r-—; (2.6)
b
3ictaBistoun Bupasu (2.2) 1 (2.5), MO’kKHA BUBECTH 3aJICKHICTh K Bi Ao:
A
k=1-7: (2.7)
P

ne: My, — BpIBHOBa)XKYIOUUA MOMEHT, PIBHUM:

M, =(Pyr +0,5-Py)-S. (2.8)

yp
3a BupazoMm (2.7) Oynu pospaxoBaHi 3anexHOCTI K(Myp) 11 TeIKUX THITIB
BITUM3HSHUX BEPCTATIB-KA4aJIOK, sIKI HAMO1IbIII BUKOPUCTOBYIOTHCS B JIaHHI Yac.
2.1.2. Po3paxyHOK MOMEHTY CTaTMYHOT'O HAaBaHTAKEHHS 3a €JIEMEHTapPHOIO
TEOPIEI0
JIns po3paxyHKYy MOMEHTY CTaTHYHOTO HaBaHTa)XEHHS 3a €JIEMEHTapHOIO

TEOPI€I0 3a3BUYAN POOJATHCSA TaKl MPUITYIICHHS:
r'l=0,r/b=0,r/a=0

— BEpCTaT MOBHICTIO YPiBHOBa)KEHUH;

— nojada i BiIOIp pIAMHU Ha IUIYHXEP Hacoca BiiOyBaeThCsI MUTTEBO B
MEpPTBUX TOYKAX PyXy HAcOCa;

— MOMEHTaMH BTpaT B JBUTYHI, PEAYKTOpi 1 KIMHOPEMIHHIN Tiepeaadi
HEXTYIOTh;

— mexaHi3Mm ILICHY mokimamaerbcst aGCOMFOTHO YKOPCTKHM.

3aJIeKHICTh CTATUYHOTO MOMEHTY Ha KPHUBOIIHUII BiJl HOTO TOJOXCHHS IS

€JIEMEHTApPHO1 TeOopii BU3HAYAETHCS (OPMYIIOIO:

a P .
Mxp((PK)ZB'r'?’Sm(PK’ (2.9)
MakcuMmanbHAl KPYTHUH MOMEHT Ha KPHUBOIIUI B IHOMY BHUIIAJKY
JIOPIBHIOE
a Py .
Kp max :B. r'?’ (210)
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3 ypaxyBaHHSM MOMNEpPEIHIX BHpa3iB CTAaTUYHUNA MOMEHT Ha KPHUBOILHII

MOJHa 3allucaTu 4€pe3 NOBXUHY XOOY AK:

S'B, .
M., ()= 4>K -sin(gy); (2.11)

3aJIe)KHICTh MOMCHTY CTAaTHU4YHOI'O HABAHTAXXCHHA, IMPUBCACHOIO OO Bally

JIBUTYHA, MIPE/ICTABIIAETHCS B TAKUHM CIIOCIO:

S'P. .
M. (ox)= i -sin( oy ); (2.12)

>
3 ypaxyBaHHsM (2.3) Bupa3 (2.12) MoxHa 3anucaTy y BUTIIAI:

MC((p)chmax-SiniE; (2.13)
z
I (¥ MaKCUMaJIbHUU MOMEHT.
— S P>1< .

cmax P
4.1

M (2.14)

3Ha4YeHHs] MaKCUMAJIBHOTO HABEJCHOTO N[0 JABUTYHA CTATUYHOTO MOMEHTY
HABaHTXKEHHS JIJIS IBOX THUIOPO3MipiB BepcrariB-kadanok cepii CK HaBeneHi Ha
pucyHky 2.2. BuxigHi gaHi sl po3paxyHKY B3AT1 3 KaTajoT'y, YHCJIO KOJHMBaHb
BUOpaHO MaKCUMaJIbHO MOKJIMBHM JJIS1 TAHUX BEPCTATIB, TOOTO JUISI MAaKCUMaJIbHO
MO>KJIMBOTO JliaMeTpa BeIy4Joro IKiBa KIMHOPEMIHHOT nepeaadi. s BU3HauYCHHSI
MOMEHTY TpU TIepeaaBaJbHOMY UYHCII 1lg;, BIAMIHHOMY Bill MIHIMaJIBHOTO,
3HAUYEHHS MOMEHTY Ha Trpadikax pUCyHKY 2.2 HEOOXIJHO 3MEHIIUTH Yy CTUIBKH X
pasiB, Y CKUTbKH 30 UTHIIUIIACS 3HAYCHHS ixy-

Sk BumHO 3 TpadikiB pucyHKy 2.2, 3Ha4eHHSI Mcmax HE TIEPEBUIIYE 3HAUCHHS

HOMIHAJIBHOTO MOMEHTY JBUTYHa My, mepebyBaroun B Mexax 10-95% Bix HboOTO.

UuHHE 3HAYEHHS CTAaTUYHOTO MOMEHTY M. HUXYe MaKCUMAaJIbHOTO B J2 pas.
Hapenenuii MOMEHT iICTOTHO 3MIiHIOETBCS 31 3MIHOIO JIOBKMHH XOJY TOJIIPOBAHOTO
mMTOKa S mpu 30UTBIICHA] 3HAYEHHS XOAY BiJl MiHIMAJIBHOTO IO MAKCUMAJIBLHOTO
MpU HE3MIHHUX MapaMeTpax CBEPAJIOBUHU MOMEHT 30UIBIIYETHCS MPOMOPIIHHO
3pOCTaHHIO BEIMYUHU S, TOOTO MpUOIN3HO B 2 pa3u. Takok iCTOTHWN BIUIMB Ha

MPUBEJICHU MOMEHT HaJa€ JiaMeTp Hacoca: 31 3pOCTaHHSM JiaMeTpa Hacoca
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30UIbIIY€ThCA Bara  PUIMHM, 11O MIiIHIMAETBCS, 1 MOMEHT IpPH HE3MIHHOMY

3Ha4YeHH1 S 30UIbIIYETHCS B 6—7 pa3iB.

CK10-3,0-5600 ) CK6-2,1-2500

150

100 -

50 .

20 40 60 80 100 20 40 60 80 100
dy, MM dy, MM

PI/ICYHOK 2.2 — 3aneXHOCT1 MaKCUMAJILHOTO MOMCHTY CTATUYHOI'O HABAHTAKCHHA

BiJl JlaMeTpa Hacoca 1 JOBXKHWHU XOAY MOJIPOBAHOTO MITOKA

2.1.3. Po3paxyHOK MOMEHTY CTaTHYHOTO HABAHTAXEHHS 3a YTOYHEHOIO
TEOPI€r0

Jlnss  yrouHeHOi Teopil BBOAATBCS Ti K MPHUIYHICHHS, IO 1 JUJIS
€JIEMEHTapHOi, 3a BHUHATKOM TOTO, IO CHiBBiAHOMmMIEHHS [I/1 mOKIamaeThes
HEHYJIHOBUM. TakoXX TMependavaeTbes, M0 KOHCTPYKTHMBHA HEBPIBHOBAKCHICTH
BEpCTaTa-Ka4aJIKi CTBOPIOETHCS TUTBKU KPUBOIITUTIAMH.

CratnyHuil MOMEHT HABAaHTAXKEHHS MPU POTOPHOMY 3piBHOBAXKyBaHHI
MOXHa po3butu Ha 1Bi ckiuagoBi. [lepma ckmamoBa CTaTUYHOTO MOMEHTY
HABAaHTAXEHHS CTBOPIOETHCS KPUBOIIUTIAMU CIUTHLHO 3 PIBHOBAXXHUMHU BaHTAKaAMU.

Ils ckmamoBa He 3alleKUTh BiJ HAMPSAMKY pPyXy MOJIPOBAHOTO IITOKA 1

3MIHIOETHCS 32 TAPMOHIMHIM 3aKOHOM 31 3MIHOIO KyTa TOBOPOTY POTOpA JIBUTYHA!

G,-R+2-G, -2
My (@)=- . 2_.sn=>; (2.15)

I's

|6

™M

ne: Lxp — NOBKHMHA KPUBOIIUIIIB,;

Gip — Bara 0JHOr0 KpUBOIIUIIA.
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[Tincrapmnstoun (2.5) B (2.15), oTpuMyemo:
LK
(Pur +0.5:-R¢)-S-A,+2.G_ - =
Mg (0) =~ : 2 .§nL; (2.16)

IE z

|6

3 ypaxyBaHHSIM TOTO, III0 KOHCTPYKTUBHA HEBPIBHOBaXKEHICTh CTBOPIOETHCS
TUTbKU KPUBOILUIIAMH, BEJIMYMHA POOOTH CHJI TSXKIHHS HEBPIBHOBAXKEHUX YACTUH
BepcTaTa-KadaJiku Ao BU3HAYAETHCSA SIK:

Ay=2-G_ -L; (2.17)

3 ypaxyBanHsMm (2.7) Bupas (2.16) nepeTBOPUTHLCA 10 BUIY:

_(PLHT +0,5- P}K)-S. O)

sn—;
IZ IZ

Mcl((P) =

(2.18)

Jlpyra ckjajoBa CTaTUYHOIO MOMEHTY HaBaHTa)KCHHsS, CTBOPIOBAaHA Baroro
KOJOHHM IITAHT 1 MIAHIMAKOYOl PIUHM, 3aJCKHUTh BIJ KyTa MOBOPOTY pOTOpa
JBUTYHA HE B YHCTO TapMOHIWHIA 3aJ€KHOCTI, a BIAMOBITHO JO0 paaiycy
npuBeneHHs. [Ipu Xoxi MOMTipoOBaHOTO IMITOKA BrOPy B CTBOPEHHI ITi€l CKIa0BOT

OepyTh y4acTh Baru MITAHT 1 PIIUHU:

M,, ((P) = (P>K + Pur ) ‘ pi\ ((P);
a00, 3 ypaxyBaHHSM IOTIEPEAHIX BUPA3iB:

M ((p)zs.(P:X—FPLHT)- sin2+l-£sin@ ; (2.19)
<2 2-i i, 2 iy

[Ipu X071 MONIPOBAHOTO ITOKA BHU3 B CTBOPEHHI MOMEHTY Oepe ydacTh

TIJIBKHW Bara IITaHT;

21 I, 2 I

3araJlbHHii MOMEHT € CYMOIO IUX JBOX CKIaJOBHX:



M., ((P)

30

(2.21)

[lepmuit noganok y Bupasi (2.21) aHanoriunuit Bupasy (2.12) exemeHTapHOi

Teopii, a Ipyruil, NpONOpLUIHHUI CUHYCY NOJBIHOIO KyTa KPUBOILIUIA, BHOCUTHCS

YTOYHEHOIO TEOPIEIO 33 PaXyHOK 00JIiKY KiHIIEBOT JIOBXKHUHHM mIaTyHa |.

Ha pucynky 2.3 mnpeacTtaBieHUMN BHUJ KpPUBUX CTAaTUYHOTO MOMEHTY

BPIBHOBA)KEHOTO BEpPCTAaTa-KaYaJIKU MPHU PI3HUX 3HAYEHHSAX T/1 1 Pyyr/Py.

BBenemMo MOHATTS MONPAaBOYHHUM KOEPIIEHT MPU PO3PAXYHKY CTATUYHOTO

MOMCHTY HAaBAHTAXCHHS

K AT

r
I

Pur
P

r
I

XK

P)K

(Px +Pur)

(2.22)

Buxomsun 3 (2.21) — (2.22), BuUpa3 is CTaTHYHOTO MOMEHTY MOJKHA

3aIinMcaTty sK.

M, (¢x ) =M, -SinQ + Ky -Sin 20, (2.23)
PLUT
r/l Py !
1 2 5 :
x00 x00
M aaepx sz Mc M,
1/5
Px o '/\ ' (f?/(
: y ~ ) T 2 ———— : \ y ' \-/l
0 180° 360°| 5 e 600 0| \/180° 360°
Mc M, M
25 [/\
V\ /\ Pk \ \\ Py iy
I = + { { / A
0 _1/800 «600 0, \/1800 .)600 \//1800 \/ 600

Pucynok 2.3 — @opmu KpHBOi CTATUYHOIO HABAHTAXXECHHS HA BEPCTAT-KAYaJIKy

IpU BUKOPUCTAHHI YTOUYHEHOI Teopii
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3naueHHs Kpat B (2.22) 1 popMa KpuBOT MOMEHTY BIAPI3HSAETHCS AJISL XOTY
Hacoca Bropy 1 BHU3. OJHaK, K BHJIHO 3 PUCYHKY 2.3, B OUIBIIOCTI BUIAAKIB I
BIIMIHHOCTI HECYTTEBI1 1 pO3pPaXyHOK MOMEHTY CTaTUYHOTO HABaHTAKEHHSI MOXKHA

BECTH, BUKOPHUCTOBYIOYH 3HAYCHHS KijaT IS X0y Bropy:
kLUAT zim’ (224)
| P
K
3 ypaxyBaHHSAM TOro, mi0 BigHomeHHs T/l B BepcraTax-Kadaikax
konuBaeTbes Big 0,2 1o 0,4, a BITHOIIEHHS Bard IITAHT J0 Bard piguHu — Big 0,6
10 10, MokHA 3pOOWTH BHUCHOBOK, IIO MOMPABOYHHN KOEQIIieHT Kiatr MOXe
3MiHIOBaTHCS B Mexkax 0,3 1o 4 .
Ha pucynky 2.4 naBeneni rpadiku 3anexxHocTi (2.23) aas pi3HUX 3HAYCHBb
Kiiat, a TakoX mMOOyJOBaHAa 3ajC)KHICTh BEIMYMHH MAaKCUMYMY MOMEHTY
CTaTHYHOTO HABAHTAXKCHHS 332 YTOYHEHOI TeOPii Mcmax(yr) BII BETHUUHH KAt
OLiHOYHO 3aNeXHICTh Mcmaxyr) BiIl Kimar MOXXKHA anmpOKCHMYyBAaTH JIHIHHOO
3aJICKHICTIO:

k =0,8+Kk -

AT

(2.25)

BBeneMo MOHATTS MonpaBOYHUN KOE(QIIIEHT MPU PO3PAXyHKY CTATHYHOTO

MOMCHTY HaBaHTAXXCHHA

M,

M, Crax(ymov) klUA =2
M Cmax T et M, Crmax(ymounij
6
51 |
4 b T 0,
3 0 o i\/;/_ Cmax
2
I :
5 ! 0° 90° 270
6 1 2 3 4 5 Px
k[UA T

Pucynok 2.4 — Brutus koedirienTa Kijjar Ha MOMEHT CTATHCTHYHOTO

HaBaHTA>XCHHA BCPCTATy-KadaJIKn
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KoeoirienT Kijar MOXe OyTH 3HaYHO OLIBIIE OJUHUIN JUISI BUITAIKY MaJIAX
3Ha4Y€Hb XOJIIB S 1 HACOCIB MaJIOro jJiaMeTpa, KOJM Bara IITaHr Habarato OuibIie
Baru piAMHU. PO3paxyHKOBI 3HAYEHHS NOMPABOYHOrO Koe(illeHTa sl JBOX
TUIIOPO3MIPIB BEPCTATIB-KayalOK MPEACTaBIEHI y BUIIAAI IpadikiB Ha PUCYHKY
2.5. BuxinHi JaHi Juisl po3paxyHKy B3ST1 3 KaTaJIOT'y Ha BEpCTAaTU-KAYaJIKU.

3 rpadikiB puCyHKY 2.5 BUIHO, 110 BKe TpH Kipar = 0,5 MOMEHT CTaTUYHOTO
HABAHTAXKEHHS ICTOTHO BIIPI3HAETHCS BiJ OOYUCICHOTO 3a EJEMEHTApPHOIO
Teopi€to, a Mpu Kyzx = 0,5 mik MoMmMeHTY B 2,5 mepeBepliye OOYMCICHHN 3a
CIIEMEHTAPHOIO Teopiern. TUM 4acoM 3 pe3ysbTaTiB po3paxyHKy Kimar, HaBeIeHUX
Ha PUCYHKY 2.5, ciinye, 0 AJig CBEPAJIOBUH 3 HACOCAMH MAJoro i CepeaHbOro
miamerpa (<68 mm) 3HaueHHSA Kya > 0,5, a 11 CBEpAJOBHH 3 HacocaMu 28 MM 1
BCJIMKAMHU BeluunHamMu XOAiB Kupar = 4-4,5. TakuMm 4YMHOM, 3aCTOCYBaHHS
€JIEeMEHTApHOT Teopii MNpU PO3PAXyHKY HABEJCHOIO0 CTaTHYHOTO MOMEHTY
HaBaHTAXXEHHSI BEPCTATIB-KayaJOK 3 POTOPHUM BPIBHOBAKYBAHHSIM MPU3BOJIUTH

J0 3HaAaYHUX ITOMHAJIOK, 1 CJIiI[ KOPHUCTYBATUCA YTOYHCHOLIO TGOpi€IO.

CK10-3,0-5600 CK6-2,1-2500
klUAT kll.l/lT
5 S=3.0m 5
i =’,
i i 2.5 i ; S=2.1m
12,1 e
L8 > 115
}1,5 12
“4 27109
1 .
0 i : oo .0 . -
20 40 60 80 100 20 40 60 80 100
dy, MM ‘ dy, MM

Pucynok 2.5 — 3anexHicTh koedimieHTa Kyar BiT JiaMeTpa Hacoca i TOBKHHH X0y

MOJIIPOBAHOIO IITHEKa
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2.2. Po3paxyHok cyMapHOro npuseaeHoro momenry inepuii LICHY

[Ipu po3paxyHKy MEXaHIYHOT YaCTHHH BEpCTaTa-KayalKd OJHHUM i3 3aBJIaHb
€ BU3HAYEHHs MPUBEJIEHOr0 0 Bally JBUT'YHa MOMEHTY 1Hepiii MexaHi3my. Ilpu
aHai3l Ciil BpaXOBYBaTH, IO MPAKTUYHO BCl YACTMHU BepcTaTa KayaJKd MaloTh
BEJMKI Macu 1 BHOCATh NEBHMM BKJIaJ B MOMEHT iHepuii. [lpu Bu3HaueHH1
CyMapHOr0 MPHUBEIEHOI0 MOMEHTY IHEpIIii MexaHI3My 0e3 BEJIUKOi MOTrpIIIHOCT1
MOJKHA 3HEXTYBaTH TUIBKM MacaMy MIaTyHiB. [laHWil po3paxyHOK MPOBOIUTHCS
IpY THX K€ MPUMYIICHHSX, [0 1 IPX PO3paxyHKy CTATHYHOTO MOMEHTY.

Bci nmaHkm MexaHi3My BepcTaTa-Kadallki MOXKHA PO3IUTUTH HA JIBI YaCTHHHU:

1) obepraroui Macw — JABHUTYH, KJIMHOPEMiHHa Iiepeaada, pemyKTop,
KPUBOIIMIK 1 BpIBHOBaXYyloul BaHTaxi. KyToBa MIBUAKICT, JaHUX JIAHOK
NPOTIOPIliiHA IIBUAKOCTI TPUBOJHOTO JBHTYHA, TOMY IX HaBelIE€HI MOMEHTH
1HepIIii € MOCTINHUMU BETUYMHAMU;

2) 3BOPOTHO-TIOCTYNAJIBHO PYXOMi Macu PIAMHU 1 KOJIOHU IITaHT, a TaKOX
OaylaHCcHp pa3oM 3 TPABEPCOIO 1 TOJIOBKOIO, IO 3AIMCHIOE TOWIAaHHA HaBKOJO
ornopu Oamancupa. [lIBUAKOCTI MUX JIAHOK HENIHIAHO 3ajeXaTh BiJl IIBHUIKOCTI
JIBUT'YHA, TOMY 1X HaBeJ€HI MOMEHTH 1HEPIIii € 3MIHHUMH BEITMIMHAMMU.

SkIio 3HEXTYBaTH MOMEHTAMU 1HEPIIil KIMHOPEMIHHOI TiepeIadi, peIyKTopa
1 IIaTyHIB, CYMapHU PUBEIACHUIN 10 Bally JTBUTYHA MOMEHT MOXKHA TIPEICTaBUTH
y BUTJISII CYMH MPUBEICHUX JI0 Bajy JBUT'YHA MOMEHTIB 1HEpIIii poTOpa JBUTYHA

JnB, kpuBomHUMIB Jp, POTOpHUX mpoTHUBar Jp, OamaHcupa, Js, KOJIOHU IITAHT 1

piauHU Jy.
I (0) =3 + I + Ip+I5 (@) + Iy (@) + I (0); (2.26)
Bupa3s (2.26) MmoxHa 3anucarti siK:
2 2
® ®

3 (@) =34 + (3, + ) KK +J. EE +

) (2.27)

VA V)K
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ne: JLP,J:)— HaBEJEHl 10 BHUXIIHOIO Baly pEeAyKTOpa MOMEHTH IHEpIi
KpUBOIIUNA 1 pPOTOPHUX IPOTHUBAT;

Js — MOMEHT iHepI1ii 6aaHcupa 1mo/10 BiCl HOr0 KOJTUBAHHSI;

Oy — KyTOBa MIBUJKICTh OajJaHCUPA 11010 HOro BICl TOMJAHHS;

My — Maca KOJIOHU ILITAHT;

M, — Maca piIMHU B HACOCHO-KOMIIPECIMHUX TpyOax;

Vo — HIBUIKICTb PIIVHU.

KyroBa mBuakicTe OanaHcupa MpUd BUKOPUCTaHHI €JEMEHTapHOi abo
yTOYHEHO1 Teopil TMoB'si3aHa 31 MIBUIKICTIO pyxy Touku A (puc. 2.1)
CIH1BBIIHOIIECHHSIM:

vV, =a-0;, (2.28)

3 ypaxyBaHHSM BUIIE MPUBEACHUX PIBHSIHL BHUPA3 AJI1 CYMAapHOTO MOMEHTY

1HEepIlii MOYKHA 3aIMCaTH Y BUTJISII:

/ 2 2
I (0)=3p +(Jip+J£)+(J—Bj + My + My (V—*J :

2
. §S|n$ :
(2 IZJ

SKI110 BBECTH TOHATTS MAaKCHUMAJIBHOTO 1 MIHIMQJIBHOTO MOMEHTY 1HEPIIIi SK:

J -J
= +t—5"

(2.29)

J

zmin

E
2
J v St . (2.30)
(B +My +my | 2| |2
.\ a Vit

=J

< max min -2

I's

TO 3aJIEKHICTH (2.29) MOXHA TIPEJICTABUTH Y BUTJISIII:
‘JE((PK):‘JZmin +(‘szax _JZmun)'SinZ(PK; (2.31)
[IInsixoM TPUTOHOMETPUYHUX TEepeTBOpeHb Bupa3 (2.31) MoxHa

NpcaACTaBUTHU AK:

J, (@)=, —J, - cos29,; (2.32)
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i (SN
J = ‘]Z max T ‘JZmun |
0 5 >
J = JZmax B JEmin ' (2:33)
1 2 J

3 Bupa3y (2.32) BurumBae, 10 MaKCHUMalbHI 3HAYEHHS TPUBEICHOTO 10
BaJly JBUTYHa MOMEHTY IHEpIii gocsaraiotbes mnpu ¢, = 90° 1 @,= 270°
(ropU30HTAJIbHI MOJOKEHHS KpUBOIIUIA), MiHIMaiIbHE — ipu @, = 01 180° (MepTBI

TOYKH).

Busnayaemo MOMEHTH 1HEpLii OKpeMHUX JaHOK MEXaHIYHOT YacTUHHU
enexktponpusoay HICHY.

MomeHT iHepuii KOJIOHU IITAHT

Maca }IBOCTYHGHGBOI KOJIOHH HITAaHI' BU3HAYAECTHCA 3d BUPA30OM!

. t-d> 1, mn-d?
m — 1—1+_2.—2 -H- ’ 2.34
IT H 4 H 4 Pt ( )

[lpuBenenuii 10 Bajdy JABUIYHA MOMEHT iHepIlii mrtadr 3rigHo (2.29)

BHU3HAYAETHCA SK.
Jur (@) =My +| =——-sin= | ; (2.35)

MowmeHT iHepuii pixuHu

CeepanoBuaauii Hacoc IICHY € wnacocom onuHapHOi aii, 1 piguHa
BIIKAYYETHCS 31 CBEPUIOBHHHM TUIBKHM TpH Xxonai Bropy. OOcsar pimuHU, IO
BIIKAUYYETHCS 3a XIiJ Hacoca Bropy, MHpU BIACYTHOCTI BUTOKIB BHU3HAYAETHCS

CIIBBITHOIICHHSIMH:
AV, =S-(R; —FRur ); (2.36)
ne: Fu 1 Fur — moiomii mepepi3iB TuTyHXepa Hacoca 1 KOJOHHU IITaHT, IO

BU3HA4YAIOTbHCA AK:
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- 2.37
_L ond L, medg (230

MTH 4 H 4

[Ipy BHU3HAYEHHI MOMEHTY IHEpIii Macu pAMHM, IO MiHIMAETHCA,
HEOOXIHO BpaxoBYBaTH, 1[0 OCHOBHA Maca PIIMHU 3HAXOOUThCA B TpyOax, jae ii
MIBUJKICTh HIDKYE, HDK IMIBUIKICTh PITMHU B IIJIIHJAPI Hacoca 4Yepe3 MEHII 3a
pO3MIpOM TUIONII TEpPeTHHY Hacoca Fy B TOPIBHAHHI 3 MEPETHHOM HACOCIB
kommpecopuux Tpyo (HKT) F.. BigHomeHHsS nmux IIBHIKOCTEW MPHU XOJ1 Bropy

00€pHEHO MPOTOPIIIHO BITHOIICHHIO AKTUBHUX TIEPETUHIB!

Vinr FT — FLLIT

= ; (2.38)
Vi FH - FIHT
[IpuBenena g0 mTaHr Maca PilMHA BU3HAYAETHCS 31 CITIBBIIHOIICHHS:
2
Ve | .
My =Myer | — | » (2.39)
VH_[T
a0o:
m
_ et
My =" (2.40)
Lyt

Je: Ix-ur — TepelaBaJibHe BIIHOIIEHHS MAacH PIIMHM JIO Macu KOJIOHU

IITAHT, SIKE 3 ypaxyBaHHIM (2.38) 00UUCITIOETHCS 32 HACTYITHUM BHPA30M:

\ _FT_FLHT.

_ vVt
K-IIT — - >
V)K FH - FI_UT

i (2.41)

Bupa3 (2.41) BimmoBimae xony IDIyH)Kepa Hacocy Bropy, IpH XOii Hacoca
BHHM3 IIBUIKICTh PIIWHHA, TaK caMO SK 1 IpHUBEJAEHA JO INTAaHT Maca piIuHH,
JOPIBHIOE HYJIIO.

Maca pinuau B HKT 1 Bara piguHu HaJ IDTyH)KEPOM, IO BU3HAYAE CTATHYHI
HaBaHTa)KEHHS, IOB'I3aH1 CHIBBIIHOIICHHSIM:
— Py ) Fr —Fypr .

m - ’
o g FH B FI_LIT

(2.42)
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a00, 3 ypaxyBaHHsAM (2.41), njst X0y Bropy:
m,, = P—”( (2.43)
9 L wr
TOOTO MpUBEACHA JI0 IITAHraX Maca PiIUHU MPHU XOJl BIOPY B lyyr MEHIIIE,
HDK Maca piJIiHA HaJl TUTYHXKEPOM.
Tunosi chiBBiIHOLIEHHS MK JiameTpamu Hacoca Dy 1 giamerpamu HKT Dy,
B3ST1 3 KaTajoriB BepctaTiB-kadajok cepii CK, a Takox 3HaYeHHS BiIHOIICHHS

IMPUBCIACHHA MaCU plI[I/IHI/I A0 MaCH KOJIOHHM IITaHT i)K-H_IT npu XOI[i IUIYHXKCPa Bropy

HaBeJleH1 B Ta0murl 2.1.

Tabmums 2.1 — JliameTpu Hacoca 1 KOJIOHH HAaCOCHUX TPYO

Du,MM 28 32 38 43 55 68 93
D1,MMm 2 2 2v2 2v2 3 3 4
51 51 64 64 76 76 102
j— 5,65 3,51 3,47 251 | 2,05 1,27 1,22
6,25 3,71 3,61 2,57 2,09 1,28 1,22

3 tabmui 2.1 BuaHo, mo D; = 1,1-1,8 Dy, ToMy npuBeneHa 10 MITaHTH Maca
piguau B 1,2—5 pa3u MeHIIE MacH PiIIMHM M1 TUTYH)KEPOM, 1110 BU3HAYA€ CTATUYHE
HaBaHTAXKCHHSI.

[TpuBenenuit 10 Bamy IBUTYHAa MOMEHT 1HEPIIii pITUHU BU3HAYAETHCSA SK:

s ) .2
ch((P)=mm'(T] -sini—(P; (2.44)
Y K0T z

CtyneHeBO MIHJIMBUNA XapakTep NPHUBEACHOTO MOMEHTY IHEpIli pIAUHU
YCKJIQTHIOE MOJICITIOBAHHS MEXaHI3My BepcTaTa Kadajdkd, OJHAK, SK MOKa3yHTh
MOTAJIBII PO3PaXyHKH, CKIAJ0Ba MOMEHTY IHEPIIii PITUHU B CyMapHOMY MOMEHTI
THEpIIil I BETMKOTO KJIacy CBEPJIOBUH HEBEIINKA, TOMY HEIO MOKHA 3HEXTYBATH.

MoMeHT iHepuii 0aaHcupa

IIpu po3paxyHKy MOMEHTY IHepuii OanaHcupa caMm OajdaHCUp MOXHA

NPUUHATH PO3MOALICHOI0O Macow, a TOJOBKY OallaHcupa 1 TpaBepcu — SK
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3ocepe/xeHi. Toll MOMEHT iHeplii OanaHcHupa II0/0 BICI HOTO KOJIUBaHHS OyJe
BHU3HAYATUCS (OPMYJIIOIO:
J. =+ M, -a”-my, - b’ (2.45)
ne: Jsan— MOMEHT 1HepIli camoro 6ajiancupa;
Mroj — Maca roJI0BKU OallaHCUpa;
Mrp — Maca TpaBepPCHU.
[TpuBenenuit 10 Bady JABUTYHa MOMEHT IHEpINii BU3HAYAETHCS, 3TITHO 3

BUpa3oMm (2.29) sk:
1) 2
3=1 %-i— -sini—(p; (2.46)
) z
MomeHT iHepuil KpUBOIIUINA | BPIBHOBAKYBAJTbHHUX BAHTAKIB
[Tpu po3paxyHKy MOMEHTY iHEpIlii KpHBOIIUIT MOYKHA YSIBUTH SIK PIBHOMIPHO
pPO3MOIJIEHY Ha IOBXHWHI KpuBoluna Lkp Macy, a BpIBHOBa)XyBalbH1 BAaHTaX1 — SIK
30cepekeHl Ha BijcTaHl R Bix Bici oOepranns macu (puc. 2.1). Toai npuseaeHuii
70 BajJly JBUTyHAa MOMEHT IHEpIli MapW KPHUBOIIMIIB 1 BPIBHOBaXYBaJIbHHUX

BaHTaX1B BU3HAYAETHCS 32 (hopMyIamMu:

1 1
Myp - é ) LZKP; (2-47)

J==>-2-n,-m R (2.48)

ae: N, — YUCI0 POTOPHUX MPOTUBAT;

M, — Maca OAHi€T pOTOPHOT MPOTUBATH;

R — Bigctans Big Bici oOepTaHHS KpUBOIIHWMA [0 IEHTPY Mac
BpIBHOBa)KYBAJIbHHX BaHTaXIB, 1[0 BH3HAYAEThCH 3a (2.5);

Mkp — Maca OJHOTO 3 JBOX KPHUBOIIIUIIIB.

JUist pAmy BITYM3HSHUX BEPCTATIB-KayajloK OyB MPOBEACHHUH PO3pPaxyHOK
CyMapHOro TMPHUBEACHOTO [0 JBUTYHA MOMEHTY IHEpIii 1 HOro CKJIaJ0BHX.

PesynpTatii po3paxyHKIB NpuBeneHI B AomaTky B. Jlins 3MIHHMX CKIQJOBUX
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MOMEHTY 1HEpLil NPHUBEICHO IX MaKCUMalbHI 3HauYeHHSA. Buximni mani s
BEpCTaTIB-KayaJIOK 1 CBEPAJIOBUH OYyJIM B3STI 3 KaTAJIOTY.

3a pe3yJbTaTaMu PO3pPaxyHKy MOKHA 3pOOUTH HACTYMHI BUCHOBKH:

1. CymapHuii mnpuBEeIEHUNH MOMEHT JBUTYHA HOCUTH ICTOTHO 3MIHHUM
XapakTep, MiHIMalIbHI 3HAYEHHs JeXaTh B AianasoHi (1,5..5) Jgp, MakcumaibHI —
(2,5..13) .

2. CymapHuii MOMEHT 1Heplii AJig BepCTaTiB OJHOTO THUITY 30UIbIIYETHCS MPHU
30UTBIIICHH] JJOBKWHU XOJy IITOKA S 1 3MEHIIIEHH1 JiameTpa Hacoca dy mpuOIu3HO
B 4 pasu. TakoX BCTaHOBJICHO, IO y BaXXKUX BEPCTaTiB-KayaJOK MpPHUBEICHUHN
MOMEHT 1HEpIlii B BIAHOCHUX OJMHHUISIX MPUOIU3HO B JIBa pa3u OUIbLIE, HDK Yy
JIETKUX BEPCTATIB.

3. JIoa cBepUIOBUH 3 MallMMHU 1 CepeHIMH AiamerpaMu Hacoca (28—55 mm)
MOMEHT 1Hepuii piauHu He mnepeBuinye 10% Bi MaKCUMaJbHOIO CYMapHOIO
MOMEHTY 1HEepIlii, TOMy HUM 0e3 BEJIMKOi MOrPIIIHOCTI MOYKHA 3HEXTYBATH.

4. MomMeHT iHepiii OamaHCUpa CTaHOBUTh B CyMapHOMY MOMEHTI 1HEpIIii

BeIMUUHY He Outbiie 13%.

2.3 Po3paxyHOK mNOTY:KHOCTi Ta  BHOIp NpPHUBOJAHOIO
€JeKTPOJABHIYHA

HICHY tumy CKJ 8-3-4000, enekTpompuBOJ  SKOTO  HEOOXITHO
MOJICPHI3yBaTH, Ma€ HACTYITHI XapaKTEPUCTUKH:

— MaKCUMaJIbHUI KPYTHUH MOMEHT Ha BEJECHOMY Bally peIyKTOpa IpHu
pobouomy xoxi BepcraTy-kadanku M _ =18,8 kH-Mm;

— MAaKCHUMaJbHUN KPYTHUH MOMEHT MPHU XOJIOCTOMY XOJI1 BEpPCTAaTy-KavyalKu
Mmoo =150 xkH-M;
=8,27 xkH'™m;

—  cepejHil KpyTHUI MOMEHT 3a nepiox pobotn M.,

T — mepion poOOTH BepcTaTy-KayaiKu:

;_60_60_

=—=b5¢
n 12 , (2.49)
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ae N,— KUIBKICTh KOJMBaHb BEPCTATY-KayaJKH 3a XBWIUHY (B HaIIOMY

BUMAAKY MaeMo N, =12 koi/xB) .

[ToTyXHICTh TPUBIAHOTO JBUTYHA JJIsl YCTaJ€HOrO0 PyXy BHU3HAYAEMO Ye€pe3

cepeaHiil KpyTHUM MOMEHT 33 BUPA30M:

M cepOa)Kp _ 1’38,27 . :L257
1, 0,9

P=K

=1502 xBm (2.50)

1€ Wxp — KyTOBA MIBUJIKICTh KPUBOIIIMIIA, SIKA 3aJIEKUTh BIJ] YACIA KOJUBAHb
BEpCTaTy-KayajKHu:

n, 12
= =——=1257 paol

M.,0 — CEpEIHIN KPYTHUI MOMEHT,

K — koedimieHnT 3anacy Ha nepeBaHTaXeHHs, I HaJlIHHOT poOoTH Gepemo 3

3anacom K=1,3,
1., — KKJI mepenadi Bijg Bajly eJIEKTPOJBUTYHA JI0 Baly KPHUBOIIUIA (s
nanoro IICHY 77, =0,9).

He3Bakaroum Ha  BIJHOCHO BHCOKY BapTicTh Oyj0 BHpilIeHO oOpaTtu
BHUCOKOHAIINHUI JIBUTYH TUITY Siemens 1LE1501-1EB23-4AB4 3

XapaKTepUCTUKAMU:

— HOMIHaJbHA MOTYXHICTh Pyoy = 18,5 kBT;

— HoMiHanbHa Hamnpyra U, = 400 B;

— cuHXpoHHA YactoTa obepranus N, =1500 06/xs;
— HOMiHaJIbHA yacToTa obepranus n, = 1465 06/xs;

— wominaneHIN KKJ[ 77,=91,2 %;

— cos ¢ = 0,84,
Mo .

- M—nom —3,4, (kl)
M

v =2,5; (ko)

nom
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nyck

- II =7,2; (ks).

nom

Jlpurynu ¢ipmu SIEMENS MaroTh BENHKI 3amMacd MO0 MaKCUMAJIbHOMY
MOMEHTY, HI0 Ja€ MOKJIMBICTb BUTPUMYBATU NEPEBAHTAXEHHS, MO IMYCKOBOMY
MOMEHTY (3a0e3neuyeTbcs HaJIMHUM TMYCK), Ta BEJMKIA 3amac Mo MyCKOBOMY
CTpyMy (3HAQYHO 3MEHUIYETHCS MOXIIMBICTH NEPErpiBY), TOMY MpPH MOJEpHIZaLil

npuBojiB [IICHY im nyxe yacto BiAiarOTh nepenary.

24 IlepeBipka JBHIyHa Ha NEePeBaHTAXKYBAJIbHY  31aTHICTB,

MOKJIMBICTH 3aIyCKYy Ta TeMIepaTypy neperpiBy

CnouaTky HEOOX1JHO pO3paxyBaTh HOMIHAJILHUNA MOMEHT JIBUTYHA

P
M = 95502 — 955002 _120,6 H - 1. (2.52)
n 1465

[ToTim 11€#i MOMEHT MPUBOJMMO JI0 BaIy PEAYKTOpA:
M, =MV, n =1206-122,08-0,9=13250,6 H -m, (2.53)
ne n, — KK]I nepemaui.

Busnavyaemo 3aranpHe nepeaToyHe YnuciIo MeXaHi3MYy:

n, 1465
L =—2="—"-=12208, _
- (254)
Po3paxoByeMo MakcuManbHUN NPUBEACHUA MOMEHT €JICKTPOJBUTYHA:
M o, =KM, ., =34-13250,6 = 45052,04 H - m . (2.55)

[TopiBHIOEMO #OTO 3 MaKCMMaJbHHM MOMEHTOM Ha Bally peayKTopa 3
BpaxyBaHHIM MOKIIMBOTO MajiHHsA Hanpyru Ha 10%:

0,81Mm > M

mex np max O 1

0,81-45052,04 = 36492,15
3649215 H-m>18800 H - m.
[lepeBipka 3iiiniacs, MBUTYH HAIIHHO 1 3 BEJIMKHAM 3allacOM BUTPHUMYE
MepeBaHTAKCHHS.
Jist  mepeBipkM  JIBATYHAa HA MOXIIHMBICTH 3aIyCKy  pPO3pPaxOBYEMO

HOMIHAJIbHUI TPUBEIECHUN MYCKOBUW MOMEHT:
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M, =kM,, =25132506=331265 H-u. (2.56)

Binomo, mo npu nycky HICHY ioro nBuryH moBMHEH pPO3BUHYTH TaKHi
MOMEHT, IO 3MOXXe 3a0€3MeYUTH MOAOJAHHS CTATUYHOI'O MOMEHTY OMOpy, a
TaKOX JEeSIKUM HAJJTUIIKOBUN MOMEHT, KOTPUN € HEOOXITHUM JIJIsi pO3TOHY YChOTO
MEXaHI13MY J0 BCTAHOBJIEHOT IIBUAKOCTI.

SIK110 BBaXkKaTH, 110 CTATUYHUM MOMEHT OIIOPY BEPCTaTy-KayajaKu IIPU HOTO

mycky M, Moxe OyTM pPiBHUM MaKCHMAJIbHOMY CTATHYHOMY MOMEHTY OIIODPY

M 0, TO Tyck MoOke OyTH 3abe3MedeHnii, K0 BUKOHYEThCS yMOBA:
08IM,,,, =M ...

[TpoBenemMo nepeBipKy JiJisi 0OpaHOTO ABUTYHA
0,81-33126,5 = 26832,5
268325 H-m>18800 H -m
[TepeBipka 3iimuiacs, MycK JBUTyHa 3a0€31eUeHUM.
[lepeBipKy ABUT'YHa Ha TEMIEpaTypy MEPErpiBy MiJ 4ac MycKy 301HCHIOEMO

3TiJTHO BUpa3y:

t = 3 ° t *
nep 175 n ( )

e A — IUTBHICTh CTPYMY, ISl IBUTYHIB CEPEIHBOI MOTY>KHOCTI TPUHMAIOTh
A =4 A/MMZ;

ks — koe(illieHT KpaTHOCTI ITyCKOBOTO 1 HOMIHAJILHOTO CTPYMIB JIBUTYHA;

t — yac mycKy npuBoJa Hacoca.

Yac mycky mpuBojAa 0 HOMIHAIBHOI YaCTOTH OOEPTAHHS My, PO3PAXOBYIOTH
o GpopMmyii:

an ’ a)H

' MH - MCT.MAX (2_58)

ne J,, — NpuUBEJCHUM AMHAMIYHUI MOMEHT iHepuii CHUCTeMH, MpHIMaEMO
HOro BIAMOBIAHO 10 MPOBEJACHUX MONEPEAHIX PO3PAXYHKIB Y MEkKax

J,, =(15-50)J, (2.59)

ne Jos — IMHAMIYHUN MOMEHT 1HEpIIii ABUTYHa,
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11 00paHOro ABUTyHa MaeMo J,=48 kr-m?% 6Gepemo koedimieHT 5, mo6
BpaxyBaTH HAWTIPIINI BUNAJ0K
J, =948=240 (xr-m?).
KyroBa mBHAKICTE 00€epTaHHS JABUTYHA 3aJ€XKHUTh BIJ YacTOTH HOro

obepranHs, 111 oOpanoro aeuryna N, =1500 06/xB;

n, 1500
=MW D e 07000/ _
M =955 955 pacic (2.60)

Po3paxoByeMo yac mycky ABUTYHA

240-157,07

= —263 .
33126,5—-18800

Po3paxoByeMo Temneparypy neperpipy

1224

t
" 175

-2,63=12,46 OC .

OTxe, JABUTYH HE TMEperpieTbCs MiJA dYac IMYCKy, TaK SK JOMyCTUMa

TeMIepaTypa HeperpiBy s kinacy izonsuii B ckmamae 90 °C.

2.5 Ipunuun poooru cucremu TITH-AJL

Cucrema TIIH-AJl cknagaeTbesi 3 TUPUCTOPHOTO MEPETBOPIOBAYa HAMPYTH
(TTIH) Ta acuaxponHoro nsuryHa (puc. 2.2). Bona 3abe3rneuye 3a paxyHOK
peryJloBaHHs 3a MOTPIOHMM YacOBUM 3aKOHOM KyTa BIIKPUTTS THPHUCTOPIB
HEOOXITHUM 3aKOH 3MIHU B Yaci MEepIIoi rapMOHIKH HAIIPYTH, JOJAHOI 10 JBUTYHA:
BiJl MIHIMaJIbHOTO (HYJBOBOTO) 10 MAKCHMAJIBHOTO (HOMIHAJIBHOTO) 3HAUYCHHS.

Bukopucranns TIIH JI03BOJISIE 3HU3UTHU EHEProCHOKUBAHHS
HEJIOBAaHTAXKEHOTO0 ACHHXPOHHOTO JIBUTYHAa MpH pPOOOTI B 30HI HOMIHAJIHHOT
IIBUKOCTI, 3a0e3medynBIy Woro podorty 3a paxynok TITH na perymroBanbHii (U1
< Up), a #e na mpupoxaniit (Uy = Uy) xapakrepuctuili, 1e U1 — aitoue 3HAYCHHS
MepIIoi TapMOHIKA HANpPYTH, MpUKIageHoi no asuryHa, Uy — mirode 3HAaYeHHS

HOMIHAJIBHOI HAIIPYTH MEPEXKi.



Pucynok 2.2 — Cxema TITH-A/J]

Leit pexxum pobotu imroctpye puc. 2.3. [{ludporo «1»Ha pUCyHKY TTO3HAYEHO
OPUPOJHY  XapaKTEPUCTHKY, MHPPOI «2» — PETyIIOBAIbHY MEXaHIuHY
XapaKTepUCTUKy npu kepyBanHi Big TITH.

Tyr MH 1 Mc — HOMIHAIBHUNA MOMEHT JBHUTYHA Ta MOMEHT CTaTHUYHOIO
HaBaHTaXeHHs; S1 Ta S2 — KOB3aHHS Ha MPUPOAHIA Ta pEryITHOBAIbHIN

XapaKTepUCTUKaX MpH 3a7aHoMy Mc.

e

M. M, M

Pucynok 2.3 —Ilpupoana (1) Tta perymtoBasnbHa (2) XapaKTepUCTUKU

ACHMHXPOHHOI'O ABUT'YHA
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Yac ¢hopMyBaHHS HallpyTH KUBJICHHS MOXKHA BapilOBaTH B IIUPOKHUX MEXKax,
HANPUKIAL - 10 AeKUTbKOX XBUINH. Cuctemu miuaBHoro mycky 3 TIIH mo3BomnstioTs
OOMEXUTU 10 OaKaHOrO pIBHA MOMEHTH ACHMHXPOHHOI'O JBUTYHA y IYCKOBHX
pexxumax, 3a0e3MeunTd KEepOBaHUM («PO3TATHYTHH» y dYacl) MyCK 13 3aJaHuM
JTHIMHUM Ta HEJNIHIWHUM TEMIIOM HApOCTAaHHS IMIBUAKOCTI, MEPEXiAHI MPOLECH 3
CTaJICTIO CTPyMy cTaTopa (Tak 3BaHy «BIJICIUKY IO CTAaTOPHOMY CTPYMY»),
3HAYCHHSI SIKOTO MOYKE PETYIIFOBATHCS.

Henonikom naHOTO METOMYy peryjrOBaHHS HAmNpyrd € Tod (akxT, mo poboTa
JIBUTYHA Ha PETYITIOBATBHHUX XapaKTePUCTHKAX (MPU 3POCTaHHI KyTa BiTKPUTTS
TUPUCTOPIB 0) BiAOYBaeTbCs B peXUMI IepepuBYacToro crtpymy. llpu
NEPIOIUYHOMY HECHMHYCOINaIbHOMY CTPYyMi KpPiM OCHOBHOI FapMOHIKH HPHUCYTHI
HenapHi rapMoHiku (5-a, 7-s, 11-a 1 1. 1.). Bumii rapMoHiku 3011bIITYIOTh BTPATH B
AJl, npu oMy 3HIKYeThest KK/, 31 3pocTanHsM KyTa o) 30UIbIIyeThCs (ha30BUM
3CYB MEPIIOi TapMOHIKM CTPYMY IO BiJIHOIIEHHIO IO HANPYTH MEpexki, TOOTO
3MEHIITYEThCS KOSQIIIEHT MOTY>KHOCT1 cos®. ToMy Taki IPUCTPOi peKOMEHYEThCS
3aCTOCOBYBATH JUIsl TJIAaBHOTO 3aMyCKy BEHTHJIATOPIB, HACOCIB, KOMIIPECOPIB Ta
THIITUX TIPUCTPOIB.

[Ipu npsmMoMy 3amycKy AacCHMHXpPOHHHMX JBUTYHIB, KOJIM JIBUTYH Bimpasy
IIKIIIOYAE€THCS 10 HOMIHAIBHOT HaPYTH MEPEKi, Ha TOYATKOBOMY €Talll 3aIyCKy
BUHUKAIOTh 3HaYHI MOMEHTH. BOHU B KUTbKa pa3iB MEPEBUIIYIOTh PiBHI TyCKOBUX
MOMEHTIB, PO3PaXOBAaHUX 32 CTATUYHUMH XapaKTEPUCTUKAMH, Yepe3 BUHUKHCHHS
MIABUIICHUX HABAaHTAXXCHb y KIHEMAaTUYHUX Tepenadax (0COOIMBO, KO MOMEHT
JIBUTYHA B MEPEXITHOMY PEKMMI HOCUTh 3HAKO3MIHHUM XapaKTep, a B MEXaHIUHIH
YacTUHI € MIOPTH Ta 3a30pu). Lle mpu3BOIUTH 10 NEPETIACHOTO 3HOCY Ta BUXOY 3
Jaay eIeMEHTIB KiHeMaTW4yHoi mepegadi. [liarpamMa MmBUAKOCTI MUISHKU PO3TOHY
Ma€ KOJIMBAJbHUM XapakTep, MPOLEeC CYMPOBOKYETHCS HEMPUITYCTUMHMH MJIs
HU3KHU MEXaH13MIB pUBKaMH 1 MPUCKOpEeHHSIMU. BinOyBaeThcsi 3HauHe 30UIbIICHHS

MIyCKOBUX CTPYMIB (MOPIBHSIHO 3 PO3PaXyHKOBUMH 3HAUYCHHSIMHU 33 CTATHYHUMU
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XapaKTEepPUCTUKAMHM ), [0 MOXE MPU3BECTH 0 HEMPHUITYCTUMHUX MOCAJI0K HANPYTH
Ha IIMHAaX, 0COOJIMBO MPHU NPSIMOMY MYCKY JABUTYHIB BEJIMKOT OTYKHOCTI.

CuctemMu  IUIABHOTO  MYCKY  JIO3BOJISIOTH  3a0€3MEUYUTH  KEPOBAHUM
(«po3TATHYTUI» y 4Yacl) MycK 13 3aJaHUM JIHIMHUM a00 HENIHIMHUM TEeMIIOM
HApOCTaHHS IIBUIKOCTI aCHHXPOHHOTO JIBUTYHA, PETYIFOBAHHS MOMEHTY 1 CTpyMY
cTaTopa /10 OakaHWUX 3HAYCHb.

Ha niacraBi mpoBeieHOTo aHai3y CIlijl 3a3HaYUTH:

- cucreMy TIIH-AJl, Tak camMoO $IK CHCTEMY pEOCTaTHOIO PETYJIOBAaHHS
mBHIKOCTI AJl, HE MOXXHa BH3HATH HA Cy4YaCHOMY €Tami JOIUIBHOIO JIIs
pPETYIIOBaHHS MIBUAKOCTI TIPU TPHBAJIOMY pPEXHMiI pPOOOTH dYepe3 HU3bKI
CHEPreTUYHI TOKa3HUKU Ta cyTTeBe 3HMWKEHHS KK]I enexrponpuBony. ExkoHOMIs
eleKTpoeHeprii mpu 3actocyBaHHi cuctem TIIH HesnayHa mnpu perynroBaHHI
mBuakocti AJl B pexumax poboru. Buxopucranns TIIH-AJl y OunbmiocTi
BUTAJKIB BU3HAYAETHCS TEXHOJOTTYHUMHU BUMOTAaMH BHPOOHHYHUX MEXaHI3MIB
(TpaHCcTOpTEpiB, HACOCIB, BEHTUJISATOPIB, KOHBEEPIB, JI(PTIB Ta iH.), 1110 BUMArarTh
IUTABHOTO IMYCKY Ta OOMEXEHHsI yJAapHUX MOMEHTIB, MPUCKOPEHb Ta PHUBKIB, IO
BUHUKAIOTh TpU TNpsaMoMmy miakimodeHHl AJ] mo mepexi. Ilpu BukopuctanHi
cucrem TIIH-AJl nyisi kepyBaHHSI HEIOBAHTAKCHUM ACUHXPOHHUM JBUTYHOM Y
30H1 HOMIHAJILHOI MIBUJIKOCTI €KOHOMISI €JIEKTPOCHEPTii Oy/ie THM OUIBIIION, UM
MEHIIIMA MOMEHT JIBUTYHA MOPIBHSHO 3 HOMIHAJBHHUM 1 YUM OUIBIIUN Yac poOOTH
JBUTYHa 3 HEJIOBAHTAXKEHHAM. EQexT mocwioerbcss TpU  BUKOPHUCTAHHI
ACHHXPOHHMX JIBUTYHIB 13 BITHOCHO BUCOKHUM 3HAYCHHSAM CTPYMY XOJIOCTOT'O XOY
CTaTopa;

— npu 3actocyBanHi cuctem TIIH-AJl, kpiM BUpIMICHHS TEXHOJOTIYHHX
3aB/IaHb, MOKHA Ha 3—5 % 3HU3UTH BTPATH B ACHHXPOHHHX JIBUTYHAX 332 PaXyHOK
OOMEXEHHsS  pIBHI  MaKCUMaJIbHHX  ITYCKOBHX  CTPyMiB, OOYMOBJICHUX
CIEKTPOMArHiTHUMHU TEPeXiTHUMHU TpollecaMu B MamuHi. BukopuctanHs
MJIABHOTO MYCKY aCHHXPOHHOTO JBUTYHA JO3BOJIUTH 3HU3UTH MOCAAKY HAMPYTH B

MEpEexK1 eJIEKTPONOCTAYaHHs, MIBUIIUTH SIKICTh €JIEKTPOCHEPrii,;
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— TpU TOCTIMHOI YacTOTI JKMBJIEHHA 31 3HIWKEHHSIM U TMpu 3HUKEHHI
IIBUJIKOCT1 30 TBITYEThCSl KOB3aHHS Al 1, 0TXKe, BTpATH €JIEKTPONPUBO/IA,;

- pobGota AJl Ha perymoBanbHUX xapaktepuctukax npu U; < Ugy
BIIOYBA€EThCS B PEKHUMI NEPEPUBUACTOIO CTPYyMy, IO BEAE A0 MOSBU BHUIIHUX
TapMOHIK CTPYMY 1, OT3K€, 1O 3pOCTaHHA BTPAT B €JIEKTPOIPUBO/II;

- YEpryBaHHsS CXEM MIJKIIOUEHHS CTaTOpHOI 0OMOTKM AJl MPU3BOIUTH 10
nyJbcalii MOMEHTY JIBUT'YHa;

— TIIH € cnoxuBauem peakTUBHOI NOTYyxHOCTI. [Ipum Hampyrax MeHiue
HOMIHQJIBHOI ~Ta TMOCTIAHIA IIBUJIKOCTI pEaKTHUBHA TMOTYXHICTH  MOXe
NEPEBUIYBATH PEAKTUBHY MOTY>KHICTh IPU HOMIHAJIIbBHOMY PEKHUMI;

— 32 YMOBH BHOOPY JIMIIIE ONTUMAIBHOI TPUBAJIOCTI 3pOCTAHHS HAIMPYTU MPH
BukopuctanHi TIIH nns mnaBHoro mycky AJl myckoBI BTpaTd 3HUXKYIOTBCS 0
(10-15) %. Edekt oco0auBO BiMUyTHUI JUIs JBUTYHIB CEPEIHBOI Ta BEIUKOI
MOTY>KHOCTI;

— EKOHOMIYHUN e(eKT BiJ BIPOBAIKEHHS MPUCTPOIO IUIABHOTO IYCKY
CKJIAaa€ThCsl 3 €KOHOMII HE TUIBKHM €JIEeKTpOeHeprii, a I 3HWKEHHS
eKCIUTyaTalllfHUX BUTPAT, 3HIKEHHS aBapiMHOCTI TPyOOIIPOBOIIB Ta 1X €JIEMEHTIB
3a paxXyHOK BUKIIOYECHHS TIApaBIIYHUX yAapiB, 3HWKCHHS BTpPAT, HAIPHUKIIAT

Ha(TH, Ta, SIK HACIIOK, MMIBUIICHHS €KOJIOTTYHOT O€3IeKH.

2.6 CTpykTypHa cxema PO3iMKHEHOI CHCTEMH KepyBaHHS

ejqexkrponpusoaom TITH-AJ]

PosristHemo  CTpyKTypHY CXeMy pO3IMKHEHOI CHCTEeMH KepyBaHHS
enextponpuBonoM TITH-AJl mpu cuHXpoHi3alii BEHTUIIIB MEPEKHOIO HAMPYTOIO
(puc. 2.4).

Tyr acunxponnuit aBuryn AJl mnpencraBieHuil y HeEpyxomiil cucTtemi
koopauHart o, 3, 0. Ciix 3a3Ha4uTH, 110 HAanpyra kepyBaHHs Uy, sika noJaeTbes A0
€JIEKTPOINPHUBOAY B aHAJOTOBOMY BHTJISIA1, MOXKE 3MIHIOBaTHCA y Mexkax = 10B. La

Hampyra MoOKe MOoJaBaTUCA Ha cxeMy IMIylibcHO-(ha3oBoro kepyBaHHsi CIDK sk
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BiJ noteHiiomerpa Il (pyuHe ynpaBiiHHS), Tak 1 Bil 3aJaBayda IHTEHCUBHOCTI 3

(aBTOMaTH4YHE yNPaBIIIHHS).

M “B” axmo Ux>0
[ M
N “H” stkmo Uk<0 V ¢
+10B o Ul M J/ 1
b QK b \(e)
2o peel>| ClOK | (|THH —> AL |03 —>
P L.P e JR
-10B 3l
1
2T [ FO ¢

Pucynok 2.4 - CtpykTypHa cxema po3IMKHEHOI CUCTEMU

enextponpusony TITH-AJL

[lepeMukaHHS PEKUMY 3IIMCHIOETHCS 3a JOIOMOTOI0 MepeMukada P. Biok
CI®K 3MiHIO€ KYT BIIKPUTTS TUPUCTOPIB O 1, TAKUM YUHOM, 3MiHIO€E Hanpyry UL,
o nogaeThess Ha ABUTYH AJl. ¥V BIAMOBIAHOCTI 31 3MIHOIO HANPYTH BiIOYBA€ETHCS

3MiHa IIBUJKOCTI OOepTaHHS ABUTYHA 1 MOMEHTY M Ha HOoro BUXOII.

2.7 BuxopucranHs ejexktponpuBoay 3a cucremow TIIH-AJl nas
eHepro3oepexxkeHHsi Ta (pOpMyBaHHS NepPeXiHUX MpoleciB

ExcrutyaramiitHi  BUTpaTH  Ha  €JIGKTPOCHEPrit0 1 0OCIyroByBaHHS
€HEPreTUYHOr0 KOMIUIEKCY nocsraioTh a0 40% Bimg BapTocTi HadTH, MPUIOMY
OJIM3BKO TOJOBUHM CIIOKMBAHOT €IEKTPUYHOI €HEeprii BUTPAYAEThCS HA MITHOM
HadTH Ha TOBEpXHIO. TOMYy MHUTAaHHA EHEPro30EPEeKEHHS € AaKTyaJbHUM JJIs
Ha(TOBU00YBHOT TPOMHUCTIOBOCTI.

OmauM 13 MeToniB migBumieHHs 3aranmbHoro KKJI enmekrpompuBogy €
3HIDKEHHS BTPAT B aCHHXPOHHOMY NIBUTYHI. Bimomo, 1o eHepreTHyHi MOKa3HUKH
ACUHXPOHHOTO €JIEKTPOJABUTYHA MOXKYTh OyTH ITiABUIICH] IEKUTHKOMA IIISIXaMU |

1) ontumansHe mpoekTtyBanHs AJl. Ileli meton mepegdayae BUKOPHUCTAHHS

JIBUTYHIB 3 MIABUIIEHUMHU E€HEPreTUUHUMU IMOKA3HUKAMU, Kl OTPUMYIOTHCS 3a
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PaxyHOK 30UIbIICHHS BUTPATH aKTUBHUX MaTepiamiB (Mii 1 cTail) Ha OJUHUIIIO
MOTYXHOCTI;

2) pamioHanbHUN BUOIp MPUBOJHOTO JBHUTYHA, 10 Nepeadadae po3poOKy
HOBHUX YTOUHEHHMX METOJIMK BU3HAUEHHS NMOTPiOHOT nmoTykHoCT1 Anig ILHICHY;

3) mpaBuiibHA ekciuTyaTallist AJl 1 BChOro eJIEKTPONPUBOY B LIIOMY.

OpHuM 3 METOAIB ONTUMAJIBHOI €KCIUTyaTalli € BUKOPUCTAHHS ONTHUMAJIbHOTO
aBTOMATUYHOIO pEryiioBaHHs Hanpyru Ha crtatopi A/l B ¢yHkuii ioro
HaBaHTaKEHHS.

Pobora cuctemM onTUMaIbHOTO PETYIIOBAHHS 3aCHOBaHA HAa €KCTPEMATbHOMY
(3 MiHiIMymMOM ab00 MAaKCUMyMOM) XapakTepl 3aJeKHOCTeH EeHEepPreTHYHUX
noka3HukiB A/l Big Hanmpyru Ha CcTaTOpi NpH 3aJaHOMY HaBaHTAXEHHI.

Icnye 0e3miu cHCTEM ONTHUMAJIBHOIO PETyNIOBaHHA, SKi 3a0e3MeYyloTh:
MIHIMyM crnoxuBaHoro AJ[ cTpymy craropa; miATpUMaHHS KoedilieHTa
NOTYXKHOCTi, PIBHOTO HOMIHAJIBHOMY; MIIATPUMAHHS JI€IKOTO ONTHMAIBHOTO
KoB3aHHS AJl mpu piI3HUX MOMEHTaX HaBaHTaAKEHHS. TakoX MOXYTb OyTH
peaizoBaHl CHUCTEMH EKCTPEMaJbHOTO PEryJIOBaHHSA MO MIHIMYMY CIIOXHBaHOi
AJl aKTHUBHOT MOTY>XHOCTI1, 10 MiHIMyMY BTpaT B AJl, Mo MIHIMyMy CHOXHBaHOI
MOBHOT ITOTY>KHOCTI 1 T.]I.

Tak gk 3HauHA YacTHMHA EJEKTPOIPHUBOIIB BEPCTATIB-KAYAJIOK MPAIIOE 3
HABAaHTAKCHHSAM 3HAYHO HWKYUM 3a HOMiHaJIbHE B Oe3mepepBHOMY pexumi 24
roJMHU Ha 100y, THUTaHHS MPO MOXIHUBICTE BukopucTands TIIH 3 wmetoro
eHepro30epekeHHsl ISl JaHMX eJEKTPONPUBOAIB CTAHOBUTH IIEBHMH IHTEpec.
[IpoBeneHi ekcriepuMeHTaabHI JOCIIKEHHS M0 3acTocyBaHHIO cuctemMu TITH-AJ]
s [HICHY nokaszany MOXIMBICTh BUKOPUCTAHHS TaKOT CHCTEMU JIJIs1 301UTBIIICHHS
KK/I 1 koedirtieHTa TOTYKHOCT1 YCTAHOBKH.

Baxn1uBoro 0COOMUBICTIO €IEKTPOIPHUBOY BEPCTATIB-KAUYaJOK € XapakTep
HaBaHTA)XEHHS €JIEKTPOJBUTYHA. llpu mpaBUIBHO YPIBHOBaXEHOMY MeEXaHi3Mi
BepCTaTy-KadajdKh 3a OJWH TMepioJ KOJIWBaHHA OalaHCHpa HABaHTAKCHHS Ha
JIBUTYH JBIUl JIOCSTaE MIHIMaJIbHUX 1 MaKCHMaJbHUX 3HAau€Hb. TakWil xapakTep

HaBaHTAXKEHHS, KOJW MOMEHT IUIAaBHO 3MIHIOETBCS 3 TMEPIOJIOM B 2—5 CEKyH, €
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XapaKTEPHOI0 OCOOIMBICTIO JIAHOTO EJIEKTPONPHUBOAY, IO BHUAUISE HOTO cepen
THIITUX MACOBUX MEXaHi3MIB.

3 omHoro OOKy, Yac IMKIYy KOJMBAaHHS 3HAYHO MEHIIE MOCTIIHOT dYacy
HarpiBy JIBHUTYHA, TOMY TeMIIepaTypa OOMOTOK BH3HAYAETHCS JIFOUYUM 3HAYCHHSIM
BTpaT 3a UMK KOJMBaHHA. 3 1HIIOrO OOKYy, TPUBAIICTh LUKIY KOJIMBAaHHSA
HEJI0OCTaTHhO Majia, MO0 MaTH MOKJIUBICTH 3a JOTIOMOTOI0 JOJAaTKOBHX MaXOBHUX
mac abo 3actocyBaHHs AJ[ 3 mMiIBHINEHMM KOB3aHHSIM BHUPIBHATH KPUBY
HABAaHTAXXCHHS 1 THM CaMUM 3HHU3UTH BTPATH B JABUTYHI 3a PaxXyHOK 3HIKCHHSI
JII0YOro 3HAYCHHS MOMEHTY JBHWTIyHa. Takok, dYepe3 IHKIIYHUH XapakTep
HAaBAaHTAXXCHHS BCEPEIMHI IUKIY KOJUBAHHS 3aBXKAM € 00JIacTi 3 MaJMMH
3HAUYCHHSIMH MOMEHTY JBUTYHa HE3aJIC)KHO BiJ JIFOUOTO 3HAYEHHS MOMCHTY
HaBaHTAXCHHS.

[lepepaxoBaHi OCOOJMBOCTI CTaBISATH PO3POOKY METOAUKUA PO3PAXYHKY
edeKTy eHeproz0epeKeHHs JJig eIEKTPONPUBOY BEPCTATIB-KayaloOK 3a CXEMOIO
TIIH-A/] 3aBnaHHsIM, BUPIIIEHHS SIKOTO MOXE JaTH BIANOBiIb HA MUTaHHS MPO
JoUUIbHICTh 3actocyBaHHd TIIH st 3HMKEHHS CHOKMBAaHOI JABUTYHOM
€JIEKTPOCHEPT1i.

[amoro o6mactio moxkiuBoro Bukopuctanus TIIH B enektponpusoni HICHY
€ (hopMyBaHHS IJIABHUX MPOIIECIB ITYCKY JJISI CUHCTEM IEPIOMYHOTO BiIKAUyBaHHS
Ha(TH 1 IJTABHOTO TIEPEMUKAHHS IIBUIKOCTEH.

HICHY xapakTepu3yloTbCsl BIIHOCHO PIAKICHUMH MyCKaMHU: ISl YCTAaHOBOK
MEePIOIMYHOTO BiKaYyBaHHS 4ac MK IMyCKamMH CTaHOBHUTH He MeHie 10-20 xB, i
MPOLIECH ITYCKY 30UTBIIYIOTh €HEPrOCIOKUBAHHS YCTAHOBKM MEHII HDK Ha 1%.
Takum umHOM, peamizallisi IUIaBHOTO MycKy 3a nomomoror TIIH He 3moxke
3HM3UTH crnoxkuBaHny A]Jl enextpuuny enepriro. Onpnak Bukopuctanas TIIH
JIO3BOJIUTh 3HU3UTU JOAATKOBI HABaHTaXXEHHS HA Ha3eMHE 1 BHYTPILIHbO-
CBEp/JIOBUHHE OOJIaJIHAHHA, SIKI BUHHKAIOTh NPHU MPSAMHUX IMyCKaX MPUBOJIHOTO

ABUI'YHA BCpCTaTa-KadaJIKH.
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BianoBigHO [0 BHIEONHCAHOTO, BHOMpPAaEMO IS pPOOOTH CHUCTEMU
tupuctopHuii neperBoptoBay tuny KEMPOH 4AEB Bupo6nuursa GAMMA
MOTORS (bosrapist) 3 XapakTepUCTUKAMMU:

— wyactoTta obepranHusa 1500 06/xB;

— pexum pobotu - Sl (TpuBanuii);
— yacTtoTa Hanpyru xuBieHHs 50 ['x;
— HoMiHanbHa Harnpyra 400 B;

— cryninb 3axucty [POO.

Cucrema TIIH-AJl € opHicro 3 HaWOUIBII CKJIAJHMX CHCTEM B YaCTHHI
MaTEeMaTHYHOT'O OIUCY MPOIIECIB, IO BiOYBalOTHCSA B Hii. ICHye Kijibka MIIX0JiB
0  BHUpPINICHHS  [BOTO  3aBJaHHS, 1[0  BUIPI3HAIOTBCS  CKIIAJIHICTIO,
BUKOPUCTOBYBAaHUM MATEMaTHYHUM araparoM 1 o0JacTi0 BUKOpUcCTaHHsA. Jlyxke
4acTo IJsl 1HXKEeHEepHUX po3paxyHkiB B cuctemi TIIH-AJl mpuBomHuMil ABUTYH
NOJIal0Th SIK AKTHMBHO-IHAYKTHMBHOTO HaBaHTaXeHHS. Takui MiAXiJ J103BOJISE
3HAYHO CIIPOCTUTH PO3PAXYHKHU Ta JOBOJII TOYHO BU3HAYUTH HAMPYTH 1 CTPYMU B
¢dazax IBUTYHA B YCTAJIEHOMY PEXHMIi, a TaKOX MPOBECTH HAOIMKEHUN aHami3
poOoTH enexkTpornpuBoay. OqHaK BiH HE MOBHICTIO BiIOOpa)kae peayibHy KapTUHY
IpoIIeCiB, IO BiAOYBAIOThCA B EIEKTPONPHUBOAI, OCOOJMBO B JUHAMIYHUX
pexuMax. Il BUpIIIEHHS 3aBJaHbh aHATI3y Ta CUHTE3Y CHCTEM CJICKTPOIPHBO/IIB
TUPUCTOPHUI TEPETBOPIOBAY HAINPYTd MOXKE OyTH TMPENCTaBICHUN Yy BUIJISAL
JAHKA aBTOMATUYHOTO PEryJIIOBaHHS, IO JO03BOJISIE TPAAMIIIHHUMHU METOJaMU
BUPIIIYBaTH THUTAHHA TMOOYJOBH CHCTEM aBTOMAaTUYHOTO pEryJIIOBaHHS, IO
mictuth TITH.

Haii6inpmr  moBHO  mpoaHamizyBatu  moBefiHKy —cuctemu  TITH-AJ]
JI03BOJITIOTh Cy4YacHi 3aCO0M MOJIENIOBAHHS JUHAMIYHUX CHUCTEM, SKi aJI€KBaTHO
Bi10OpaxaroTh pexkuMu poboTu KokHOro 3 BeHTWwI B TIIH 1 BUKOPHCTOBYIOTH
TIOBHI PiBHSHHSA AaCHHXPOHHOTO JIBUTYHA. X BHKODHCTaHHS JO03BOISE BPaxXyBaTH
noriky po6otu cuctemu BeHTwiiB TITH 1 nmepexinHi e1eKTpoMarHiTHI NpoOLECH, 1110

BUHUKAIOTH B IBUTYHI, IiaKiroueHomy g0 TITH [7].
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3 MOJAEJIOBAHHA CUCTEMM TIIH-AJ JJid IICHY

EnexrponpuBon TIIH-AJl, sikuii HEOOXiTHO DOCIIAUTH B JaHid poOOTI, €
CKJIQJHOIO €JIEKTPOMEXaHIYHOI cucTeMor0. HaBiTh B cTamomy pexxkumi poOOTH B
ACMHXPOHHOMY JBUTYHI (DOPMYIOTHCSl CKJIaJIHI MEPEeXigHi MPOIECH, TMOB'A3aH1 3
yepryBaHHsIM pexxumiB poootu BenTwiniB TIIH. Jlns cuctemu enekTponpuBony
BepcTata-kadaiku anaini3 npoieciB B TITH-A]J] ctae 1ie OuUIbIn BaXKKUM 3aBJIaHHIM
yepe3 CKIagHy MEXaHIKy MeXaHI3My 1 HaBaHTaXEHHS, 110 Oe3MnepepBHO
3MIHIOEThCSI Ha BaJly aCMHXpPOHHOro ABuryHa. Ili oOCTaBUHM 3MYIIYIOTH s
OTPUMAaHHS IPUIHSATHOI TOYHOCTI TPOBOJIUTU JUHAMIUHI PO3PAXYHKH YHUCEIHLHUM
ciocoboM 3a moBHUMHU piBHsSHHAMU AJl, 3 ypaxyBaHHsIM pOOOTH KOKHOTO
tupucropa TIIH.

B xinmi 80-x pokiB ykpaiHchbkuM HaykoBieM [. Kamapom OyB po3poOneHuit
nakeT MporpaMm s JochimkeHHs enekrponpuBonay TIIH-AJl, mo mo3Bose
monentoBatn TIIH 3 pi3HUMH CHIIOBUMM CXEMaMHU 1 aJTOPUTMaMH KepyBaHHSI.
PesynpTaT MoOpeNniOBaHHS 3a JOMOMOTOI0 JIaHOTO TMAaKeTy MiITBEPIAKEH1
YUCJIICHHUMHU JT0CBiqYeHUMH AaHuMu pobotu TITH-A/Jl B enexTpornpuBoaax pi3HUX
MEXaHI3MIB, TOMY BiH MOE€ CIIY)KUTH 3pa3koM sl mooymoBu moxeni TTIH-AJI.
OpnHak BUKOPHUCTAHHS LIUX Mporpam s MoaentoBaHHs enektponpusony CIIHY
YCKJIQJIHEHO Yepe3 3acTapijie cepenoBHile mporpamysanus — Microsoft Fortran,
0 Ma€e OOMEXKEHI MOXKJIMBOCTI 1o Moaudikallli 1 HaJaroPKeHHIO MPOrpPaMHOTO
3a0e3MeUeHHs], a TAaKOX BBEJCHHS 1 BUBEICHHS 1HPOpMAIIii.

Jlns  BUpINICHHS IIOCTAaBJIICHUX B JaHId poOOTI 3aBAaHb BU3HAYCHHS
parioHaJIbHUX aJTOPUTMIB KepyBaHHS Ta aHanizy pobotu cucremu TIIH- A/l mpu
il BUKOpPUCTaHHI B E€JEKTPONPHUBOI BepcTaTa-Kadyajdkd BUHUKIA HEOOXIITHICTh B
po3po0IIi THYYKOTO IHCTPYMEHTY MOJCITIOBAHHS TOBEIIHKH TAaKOi CHCTEMH 3a
JIOTIOMOTOF0 CYYaCHHX 3aC001B KOMI'TOTEPHOTO MOJICTTIOBAHHS.

Tak sk muTaHHIO JOCHIIKEeHHS poooTu cuctemu TITH-AJl B enexrponpuBoi
BepCTaTa-KayaJiky 0 TENEePIlIHbOr0 Yacy MPUAUBUIOCS Majlo yBaru, TO po3pooka

pallioOHaJIbHOI CTPYKTYpU €JIEKTPONPHUBOAY BHUMArae po3risiy Oesnidl pi3HUX



53

anroputMiB kepyBaHHs TIIH 1 mninbopy onTuMaipHUX NapameTpiB JaHUX
anroputMiB. Tomy wmonens TIIH-AJ] ans enekTponpuBOIy BepcTaTa-KaydalKu
NMOBMHHA 3a0e3medyBaTd JIETKICTh 3MIHM CBO€I CTPYKTYpH, JOJAaBaHHS
(GYHKIIOHATBHUX OJIOKIB PI3HOTO MPU3HAYEHHS 1 IPOCTOTY HaIaroA>KeHHS.

s nobynoBu mopeni cuctemu TITH-AJl, mo BianoBizae 3a3HAYCHUM
BUMoram, OyB oOpanuii maker MATLAB sk oaun 3 HalOUIbII MOTYKHHUX Ha
CHOTOAHIIIHIA J€Hb IMAaKeTiB uHcelbHHX oOumciens [12,13]. Simulink e
nonatrkoBoto nporpamoro st MATLAB 1 sBisie co0010 IHTEPaKTUBHY CUCTEMY
JUISL MOJICJIFOBAHHSI JIMHAMIYHUX CHCTEM, IO MIATPUMYE JiHIMHI Ta HETIHINHI
CHUCTeMH, SIK JUCKPETHI, Tak i HemepepBHi. SImulink — rpadivyna mporpama, 1o
JI03BOJISIE KOPUCTYBA4Y€Bl MOJIEIIOBATH CUCTEMY, MaJIfOIOUM ii GJIOKOBY Aiarpamy
Ha €KpaHi, 1 MaHIMyJIOBaTH II€I0 MOJEIUTI0 B JAMHAMIYHOMY pexumi. Ilaker
Simulink Bkirouae Benuky 010110TEKyY 3ac001B BigoOpakeHHs iH(oOpMaIlii, JKepet
CHUTHAJIIB, JIHIMHMX 1 HEJIHIMHUX KOMIIOHEHTIB 1 3B'I3KIB. Tak0XX € MOXKJIHUBICTH
CTBOPIOBATH 1 HACTPOIOBATH BJIACHI1 OJIOKH.

Mogeni B Simulink MarTh i€papXiuHy CTPYKTYPY 1 JTO3BOJISIOTH (JOpMYyBaTH
MOJIENIl, 110 BUKOPUCTOBYIOTH SIK MPHUHIUI MOOYIOBU 3BEpXYy-BHU3, TaK 1 3HU3Y-
Bropy. Takwil WiAXil TO3BOJISE JIETKO TMPOCTSKUTH OpraHizaiiro Mozem i
B3a€EMOJIS 11 OKpEMHX YacTHH. YCI 3a3Ha4eHl OCOOJMBOCTI 3HAYHO CIPOINYIOTHh
PO3pOOKY 1 HaJAroJPKCHHS MOJIeel CKIQJIHUX JUHAMIYHUX CHUCTEM, IPHUYOMY HE
BUMAararoTh BijJl pO3pOOHHKA 3HaHB B 00JIACTI MpOrpamMyBaHHs, B TOMY YHCII 1 Ha
MoBi MATHLAB. Ixmoro moxnuBicTio Simulink, mo poOuts #oro nmpuBabIMBOIO
JUIS. MOJICITFOBAHHS CHUCTEM EJISKTPOIPUBOAY, € Oaratuii HaOip Oi0mioTeK s
KOHKPETHUX 00JacTeil MOJICTIOBaHHS.

Simulink mocTtaBnseThcs 3 HAOOPOM IHCTPYMEHTApIiB, MO TPEACTABISIOTH
co00r0 010JTIOTEKH TOTOBHUX OJIOKIB ISl CIIEI[iali30BaHUX 3aBJaHb, TaKUX SK
MOJICITIOBAHHS E€JIEKTPOTEXHIYHUX cucTeM. [HcTpymeHTapii EnextpoeHepreTuku
(Power System Blockset), mo mocraBmserbcs 3 maketom Simulink, Hagae

MOXJIMBICTh MOJICJIIOBATH €JIEKTPOCHEPreTUYHl CHUCTEMH, B TOMY YHCHI 1
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€JCKTPONPUBOIM, MAJIOYU 0e3MOCepeIHbO iX CHUJIOBI EJIEKTPUYHI CXEMHU 1

00'eIHYIOUH X 3 MOAEIIIMH CUCTEMH KEPYBaHHS 1 MEXaHI3MY.

3.1. Moaeab CHJI0BOI €JIEKTPUYHOL YACTHHH CUCTEMH

Mopnens TITH-AJl OyayeTbes 3a TUMH 5K PUHLKMIIAMH, 110 1 peajbHa cucTemMa
€JIEKTPONPUBOAY 1 CKJIANAEThCS 3 TPhOX MIJICUCTEM — CHJIOBUU EJIEKTPUYHOI,
MeXaHI4HOi Ta 1H(popMaliiHoi. B3aemonis nux miacucTeMm 3A1MCHIOETBCS 3a
JOTIOMOTOI0  3aCO0iB  BUMIpIOBaHHS Ta KepyBaHHA. Mojaenb pO3IMKHYTOTO
enekrponpuBony 3a cxemotro TIIH-AJ] mpencrasnena Ha pucyHky 3.1.

Mopenb CHIOBOT YacTUHU SBISIE COOOI0 EJIEKTPUYHY CXEMYy CUCTEMHU 1
BKJIFOYA€E B ce0e HACTYIHI OJIOKH:

—tpudaszHe i7eanbHe JKEPEIO CUHYCOiaIbHOT HAIIPYTH,

—TtpudasHuii JaTIUK CTPyMY;

—TpudazHuil JaTYUK HATIPYTH;

—TpudazHuii JaTIuK HAIpyru Ha cratopi A/Jl.

—aCUHXPOHHUH JBUTYH;

—cwinoBa yactuHa TIIH, mo cknamaerbes 3 3-X map 3yCTpiuHO-TIApasieIbHO
BKJIFOUYCHUX TUPHUCTOPIB.

Psn 3 mepepaxoBaHMX CKJIAMOBHX Ma€ JiajoroBi BIKHA I BBEIACHHS
napameTpiB. Jliamorosi BikHa 3'SIBISIOTHCSA MPU MOABIMHOMY HATHUCKaHHI MUIIECIO
Ha BIAMOBIIHIN YaCTHHI CHCTEMH.

PosristHeMo OCHOBHI €1€MEHTH CUCTEMH, 1X TPU3HAYEHHS Ta MOJICITIOBAHHS.

Tpudasue qxepeso HANPYTrU

Tpudaszue mxepeno Hanpyru sSBisie cOOO00 i1eanizoBaHe JHKepeno TpudazHoi
CUHYCOIaTbHOI HAMIPYTH 3 HYJIBOBUM BHYTPIIIHIM OMOPOM. Y 1aJJOTOBOMY BiKHI
KOPHUCTYBauy 3aJa€ 4YacToTy JDKepena (I'm) 1 pmiroue 3HauYeHHS JiHIAHOT
Hanpyru (B).

TpudasHi JaTYMKN HATIPYTH TA CTPYMY

TpudazHi naTyvuku HANPYyrd Ta CTPYMY HEOOXIAHI MJiS KOHTPOJIO 3a

MUTTEBUMU 3HAYEHHAMU Hanpyru Ha Buxonail TIIH 1 cTpymiB, siKi CHOKHUBAIOTHCS
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ctatopoM AT, a TakoX JJIs1 B3a€MOJI11 3 CUCTEMOIO KepyBaHHA. J[aTUUKHU CTpyMYy 1

HaIlpyrd BUKOPUCTOBYETHCA JIJIsl CUHXpOHI3awii podotu TITH.
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Pucynok 3.1- biok-cxema moneni TITH-A/I

ACHHXPOHHUI IBUTYH

Mopens AJ] mocraBnsietbess 3 Power System Blockset 1 3acHoBana Ha
MaTeMaTUYHOMY ONHCI y3arajbHEHOI €JEeKTPUYHOI MalllMHU B OcAX portopa d, q.
[Tpu oMy crcTeMa peanbHuX Tpuda3zHUX cTpyMiB 1 Hampyr crtaTopa i potopa (i1a,

l1b, 11c, 123, I2b, 12¢, U1a, Uip, Uic) 3aMIHIOETHCS IBO(A3HOIO CHCTEMOIO CTPYMIB 1
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HAmpyr, 0 00epTalThcs 3 Y4acTOTOK poTopa ( lib, l1g, 12b, l2g, Ub, Uig), K

ITIOKA3aHO HA PUCYHKY 3.2.

I
b Ic U,

Pucynok 3.2 — ®a3Hi nepeTBOPEHHS 3MIHHUX y3arajibHEeHOI MAallIMHU

Ctpymu cTatopa 1 poTopa HaBOASTHCS 32 TAKUMHU BUPAa3aMU :

o =42 i -COSQ,, + =+ (i, —i,)-sin

id 5 lid (O \/E i lic (pen. (3.1)
: 3. . i .. .

i = /5-|ia-sm(peﬂ+ﬁ-(|lb—|lc)-coscpeﬂ

.
2d — Al A ‘22
2 - (3.2)

e (Qyy— €NEKTPUYHUI KT MDK BicsIMU cTaropa i poropa (puc. 3.2). Hanpyru

CTaToOpa HABOJATHCS 32 BUPA30M, AaHAJIOTIYHUM BUpa3y s ctpymy (3.1).
PiBHSHHS €IIEKTPOMAarHiTHOrO IEePETBOPEHHS eHeprii B ocax d, q mus

ACUHXPOHHOTO JIBUTYHA 3aMMUCYIOTHCS B BUTIISII:
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U, =i -R1+d\cl;t1°'—coej1 Vi

Uy =i, R+ d:jllth + O, Y

10=il, R, + d‘gfd ; (3.3)
0=il, R’2+d\gt2d

I\/I=—PH-(\|fld-i1q—\plq Ild)

ne: Ri11 Rz — aktuBHI1 onopu (a3 craropa i poTopa;
Wen — KyTOBA MIBUAKICTE A/l;

Wi Wig» Wags Woq — TIOTOKO3YEIUICHHS CTATOpPA 1 POTOPA;

M — eNeKTpOMarHiTHUA MOMEHT JIBUTYHA;
P, — ymciio map MarHiTHUX TOJIOCIB.
[ToToko34erieHHsI CTaTopa i pOTOpa BHPAXKAIOTHCS Yepe3 CTPYMH 32 TaKHUMHU

BHUpPa3aMU:

( . ./
Wiy =Ly lig+ Ly iy
. -/
WYig =Ly lig+ L5 _
. ./ 1
Wog =Ly lig+ L, 15 (3.4)

_ . -/
WYiq = L12'|id+|—2'|2q

~

ne: LiiLlo— BmacHi IHIYKTUBHOCTI OOMOTOK CTaTopa i poTopa;
L — iHAyKTUBHICTD JAHITFOTa HAMarHivyBaHHS.
[HAYKTUBHOCTI TIOB'sA3aH1 3 MapaMeTpaMu T-1moioHOT cxeMu 3amimeHHs A/l

X, XX, CTiBBiTHOIIEHHAMY:
I __u 1. _ .
12 — Ll_—l L2_—1 (35)

ne: Moen — €IEKTPUYHA KYyTOBA YaCTOTa 3MIHHUX cTaTopa AJl.
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VY nianoroBomMy BiKHI MOJENI ACHHXPOHHOTO JIBUT'YHa BBOJSTHCA Taki

BCINYHUHU.

—HOMIHAJIbH1 3HaueHHs cnoxkuBaHoi AJl moBHOT moTyxHOCT1 (B'A), niHilHOT

Hanpyru (B) 1 wacrorn (I'nm);

—akTuBHUMU omip (OM) 1 iHaykTUBHICTH (['H) MaHIIOra cCTaTOpA;

—HaBeJieHul akTtuBHUU omip (OM) 1 HaBeneHa HAYKTUBHICTH (I'H) naHuiora

poTtopa;

—IHAYKTUBHICTb JaHIfora HamaraiuyBanus (I'n);

—CyMapHHIl IpUBEIEHUI MOMEHT iHeplii (kr/mM?2), KoeillieHT B'SI3KOro TepTs

(H-™m'c), unciio map moJirocis;

—II0YaTKOB1 YMOBH JJIsl KOB3aHHS JIBUTYHA, MOJIOXKEHHS poTopa (B rpaaycax),

a TakoX cTpyMiB (A) JIJIs BCIX TPhOX (as3.

Mojens acCHHXPOHHOTO JIBUTYHA MpEICTaBjIeHa Ha puc. 3.3
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Pucynok 3.3 — Mogenp aCHHXpOHHOTO JBUTYHA
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CunoBa yactuna TITH

Mopens cunoBoi yactuau TIIH QopmyeThcs Tppoma mapamu 3yCTpIUHO-
napajieJIbHO 3'€JHAHUX MOJENIEeN THPUCTOPIB MK TpU(PA3HUM JIKEPEIOM HAIPYTH 1
ACMHXPOHHUM JIBUTYHOM, TIO3HAYEHUX Ha cxeMi pucyHky 3.1 sk Symistor A—C.
Mogens THpHcTOpa Oepetbcss 3 Power System Blockset i 3acHoBana Ha
MPEACTABICHHI TUPUCTOpPA SK CXEMY 3 MOCIIIOBHO 3'€THAHOTO pe3uctopa Ron,
KOTYIIKU THAYKTUBHOCTI Lo, Tkepena Hanpyru 3cyBy Ucwm 1 i1€anbHOTO Kitoua S,
4K 1€ TOKa3aHo Ha pucyHky 3.4. Koy S kepyeTbCs JOTIYHUM CHUTHAJIOM,
3HAYCHHS SIKOTO BH3HAYAETHCS MOJICIUTIO JIOTIKM THpHcTOpa (Ha cxemi MJI) 3a
3HAYEHHSMH HaNpyru aHoJ-KaToJ TUpUcTopa Uak, CTpyMy uepe3 TUPUCTOD 1nk 132
piBHeM curHaiy Y. Mojens TupucTopa mnependadae Takoxx IryHTyrounit RC-

JIAHIIOXKOK, SIKUH 3a3BUYal MIKITIOYAETHCS TapayieIbHO TUPUCTODY.

:[::>A'T on «
Yy —s MI T
I

Pucynok 3.4 — Mojenb TupucTopa

Jlorika po6oTH MOJIEII THPUCTOPA aHAIOTIYHA JIOTIII peaJbHOTO TUPUCTOPA 1
OMMHCYETHCS HACTYITHUM YHUHOM:

1) xirou S 3amMuKaeThes, KO Uak > Ucm 1 € CUTHAIT Ha KEPYIOYOMY BXOAl Y

2) ko9 S po3MukaeThes, Ko iak < 01 Uax <O0;

3) pu BCiX IHITUX YMOBAaX KITF04Y S HE 3MIHIOE CBOTO CTaHy.

VY niamoroBoMy BiKHI MOJIEJIi TAPUCTOPA BBOISITHCS TaKi apaMeTPH:

—omip y BiAKpuTomMy cTtaHi (Om);

—IHYKTUBHICTb Yy BiikpuTomy ctadi (I'n);

—Harpyra 3cyBy (B);
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—3Ha4y€HHS MTOYaTKOBOIro cTpymy (A);

—BeIMYMHA onopy myHTytodoro RC-nanioxka (Om);

—BEJIMYMHA €MHOCTI IIyHTYyo4oro RC-nanmtoxka (D).

Mopenb  CUJIOBOiI  €JIEKTPUYHOI  YAaCTUHU  CUCTEMH  B3a€EMOJIE 3
1HGOpPMAIIITHOIO0 YACTUHOIO CUCTEMHU KEPYBaHHS Yepe3 NaTYUMKU CTPYMIB, HAMPYT 1

KaHaJIM KEpyBaHHS TUPUCTOPAMH, a 3 MOJEJUII0 MEXaHi3My — uepe3 mozenb A/l

3.2 Mopneab MeXaHIYHOI YACTUHHU CHCTEMH
MopentoBaHHsT MexaHI4HOI yacTUHU AJl B Moneni ABUTYHA, IO HAJA€ThCS
Simulink, mpoBOAUTECS 32 OCHOBHUM PIBHSIHHSIM PYXY €JICKTPOIPUBOY :

do
M-M =J-—; 3.6
c a (3.6)

JIJisi mpUBEICHHS MOJIENI MEXaHIYHOT YaCTHHHM CJICKTPOIPUBOIY BepcTarta-
Kauajgku B BianoBigHicTh 3 (3.1) 6e3 3minu Mmozeni AJ[ mexaHi3M BepcraTa-

Ka4aJKyd MOKHA YSBUTH SIK JIB1 )KOPCTKO IOB'S3aH1 MacH: ABUIYHa J,;; 1 BChOIO
iHmoro wmexanismy IICHY J. —J,;. B npoMy Bumagky piBHSIHHA pyXy

enekrponpuBony (3.1) MoHa 3amKMCcaTH y BUIJISIAI CHCTEMH JIBOX PIBHSHb:

do
M—leLm'E;
dJ d
M, —Mc(cp)—%._égp) =(1:(0) =T ) (37)

ne: Mix — aBisge co60r0 MOMEHT 3B'SI3Ky Ha BaJly IBUTYHA.
[lepmie piBusiHHA B (3.7) 3a ¢dopmoro aHanoridHo piBHAHHIO (3.6), ToMmy
MOJIEb MEXaHI3My BepcTaTa-KayalKd MOXHa OyayBaTH  BUXOISIUM 31

CHIBBIHOIICHHS ;

do

MlZZMIlB +(Jz((P)_JﬂB)'E»

(3.8)

[lincraBnsitoun paHiiie NpoBeAeHI Po3paxyHKu st M B (3.8), oTpumyemo:
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: P : : :
My, =M, ... -| [sing, ]+ Ll sin2¢, |+ J‘_&-sm&pk +
I Py Is (3.9)

+(J —J1-0052@k)-?j—f[0+AM;

MEX

ne: AM — cymapHHUii IpUBEIEHUN MOMEHT TEPTA MEXaHI3MY,
\]Mex = \JO - \J):[B-
bnok-cxema mMojaeni MexaHI4yHOi YacTUHU cucTemMu enekrponpusony LLICHY.

noOyroBaHo1 Ha mifcTaBi Bupasy (3.9) npencrasiena Ha puc. 3.5.

v
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Pucynok 3.5 — biiok-cxema Mozeni MexaHIYHOT YaCTUHU CUCTEMU

enexktponpusony LLICHY

BXimHEM cUTHAIOM IS MOJCNI CIIYKHUTh CHTHAJ MBHAKOCTI AJl, 3a sSkum
OOYHUCITIOIOTECS TPUCKOPEHHSI JBUTYHA, KyT TOBOPOTY KpPHBOIIWIA, 1 Jaii
CKJIaJIOBI MOMCHTY HaBaHTaXCHHSA. Ha BHUXiT cXeMH NOMAIOTHCS CHUTHAIHA 3i
3HAYCHHSIMH CTATHYHOTO 1 CyMapHOI'O MOMEHTY HaBaHTa)KCHBb, a TAKOK MOMCHTY
3B'I3KY 1JiA 3aMuKaHHA 3 Mojemuto AJl. YV Mozeni nepenbaueHo nepemMukad BUIY

HAaBaHTAXXCHHA  JIA MO>KJIUBOCTI MOJCIOBAHHA 3 MMOCTIMHUM MOMEHTOM



62

HAaBAaHTAXEHHSA. Y J1aJIOrOBOMY BIKHI MOJENl MEXaHIYHOI YacTUHU CHUCTEMHU
BBOJSITbCA TaKl MapaMETpPH: IMOYATKOBUH KYyT IMOBOPOTY KPHBOUIMWIIA, 3arajibHe
nepeaBalibHE YMCIO MEXaHI3MY Mepenadi, CepeHe 3HAYEHHS MOMEHTY 1HepIii
MexaHi3My ©0e3 JBUTYHA, aMIUITyJa 3MIHHOIO MOMEHTY 1Hepuii, MOMEHT
CTaTUYHOI'O HaBaHTaXXEHHS B TOPU3OHTAIBHOMY IMOJIOKEHH1 KpUBOIIMNA Mc max 1

KOCQIIIEHT MATYHA Kiyar.

3.3 Mopneab ingopManiiiHOi YACTUHH CHCTEMH KepyBaHHA

[HpopMariiiiHa YacTHHA CHCTEMH KEpPyBaHHS MOJCIIOEThCS HACTYITHHUMH
0JIOKaMH:

— Tpuda3Ho0 CHCTeMOIO iMmmyiabcHO-(a3zoBoro kepyBanus (CIOK) 3
CHUHXPOHI3aIII€10 32 HAIIPYTOI0;

— tpudaznoi CIOK 3 cuHXpoHI3aIlIE€I0 32 CTPYMOM;

— 3aJJaTYMKaMU KyTIB KEepyBaHHS JIJIsi 000X TUITIB CHHXPOHI3aIlii;

— KOMYTaTOpPOM THIy CHHXpOHI3aIlli 3 OJIOKYBaHHSIM;

— ocruyiorpadaMu  MEXaHIYHUX TEPEXiIHUX MPOoIeciB (MUTTEBUX 3HAYCHB
MOMEHTY 1 MBHUAKOCTI AJ[) 1 eIeKTpUYHUX MEepeXiTHUX MPOIeCiB (MUTTEBUX
3Ha4YCeHb CTPpyMY 1 HanpyTH dazu AJl).

Crpykrypu tpudazaux CIOK 3 pisHUMH TUTIaMH CHHXPOHI3aIlll MPaKTUIHO
301ratoThCs 1 ABJSAIOTH cO0010 KoMOiHaIio 3-x ogHodazHux CIDK 3 oOMmexeHHsIM

3aJIaHOTO KyTa KepyBaHHS, SK IMOKa3aHO HA puc. 3.6.

la Ga-

> S E

Gamma Ga+
Gamma min) 1 ph. SIFU (1) A

Gamma may

p|Gamma G+ _’@

1ph. SIFU () B

Cwe  OrRcED
Ic Ge-

Ge+
1ph.SIFU()C

Pucynok 3.6 — biok-cxema tpudaznoro CIDK 3 cuaxpoHizarier 3a cTpyMoM



63

bnok-cxemu onnodasnoro CI®K 3 cuHxpoHi3alli€ro 3a CTpyMOM OOy 10BaHa
3a TPUHIUMIIOM 3CYBY CHUTHAJly CHUHXPOHI3alii 1 CKIAJaeTbcs 3 JIBOX KaHAIIB

KEpYBaHHsI, KOXKEH 3 IKUX Kepy€e OJTHUM 3 JIBOX THPUCTOPIB B (ha3i (puc.3.7).

D« N [4]
7 >
o Y
= V
e R D
Crossing1 G+

Copy] =]

Pucynok 3.7 — biok-cxema ogHodasznoro CI®K 3 ctpymoBoro

CUHXPOHI3aIII€r0

Kanan cknagaetbcst 3 JOeTEKTOpa TMEPEXOAy uepe3 HyJdb CHUTHANY CTPyMY
craropa l., opmyBaya iMITyJIbCY CHHXPOHI3aIlii 3a0aHOl MUPHHH (IOOYI0BAHOMY
Ha RS-tpurepi) i ¢opmyBaya IMIyNIbCy KEpPyBaHHS THUPHCTOPOM 32 PaxyHOK
3MIMIEHHS IMITYJIbCY CHHXPOHI3allii Ha 3aJaHuil KyT KepyBaHHS, SIKUU TOJAETHCS
gepe3 Bxigx Gamma.

VY nmianoroBomy BikHi a5t Tpudaznoro CIDK 3 cunaxpoHizaiiero 3a CTpymMoM
BBOJISITHCSA 3HAYCHHS MIHIMAJIBHOTO 1 MaKCUMaJIbHOTO KyTa KEpPYBaHHS, a TaKOX
IIUPHUHA IMITYJIECY KEPYBAHHS TUPUCTOPAMHU.

brok-cxema omHodazHoro CIDPK 3 cuHXpOHI3AIi€0 3a HAMPYTrow
aHAJIOT1YHA BUIICOMMCAHOI 3a BHHITKOM TOTO, IO IIUPHUHA IMIYJIbCY KEepyBaHHS

HE PEryJIo€eThCs.
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Komyratop Ttumy cuHXpoHi3auii 3 OJIOKYBaHHAM MpPU3HAYEHUH IS
NepeMUKaHHs 3 CUHXpOHI3allii 3a Hampyroto, 3 sikoi cuctema TIIH-AJ[ moBuHHa
MpaloBaTh B MOYATKOBHM MPOMDKOK yacy npu mycky A/l (Tomy mo B 1eil yac
CUTHAJI CTPYMY BIZICYTHIi), HA CHHXPOHI3AIII0 32 CTPYMOM.

3a JI0MOMOrol KOMYyTaTopa MOKHa Takox 3a0oponsatu podory CIDK (Bxin
Enbl) 3 TuM, 106 abo moBHicTIO 3akpuTh Bci TUpucTOpH (Koyu Bxia Extrn = 0),
a0o0 moBHICTIO Bigkputu ix (komu Bxim Extrn = 1). IlepexitodyeHHs TuUITIB
CUHXpOHI3allil BiIOyBa€ThCsi B MOMEHT Yacy , BEJIMYMHA SIKOTO 3aJa€ThCS Y

BiJIMOBIIHOMY J11aJIOTOBOMY BiKHI.

3.4. MonenwoBannsa ejgexkrponpuBoaa 3a cucremow TIIH-AJl i anani3
pe3yJbTaTiB MOJEJTI0BAHHSA

Jlnst mepeBipku TpaBUiIbHOCTI poOoTu ckiaaeHoi moxaemi TIIH-AJ] Oyno
IPOBEICHO MOPIBHSHHS PE3yJbTaTiB PO3paxyHKY NMEpeXiTHUX MporieciB mycky All,
OTPUMAaHHUX 3a JOTMOMOro po3pobiienoi B cepemosuini Simulink momem, 3
pe3ynabTaTaMl MOJCIIOBAaHHS 3 BHUKOPUCTAHHSIM IPOTPAMHOTO 3a0e3MeUYeHHS
I. Kanmapa, sika JOCUTh TOYHO y3TOKYETHCS 3 YHCICHHUMH €KCIIEPUMEHTATbHUMHU
JTaHVMH .

Pesynbratn MojenroBaHHS TEPEXIMHUX IMPOIECIB MyCKy TBUTYHA BEpPCTATy-
KayaJky 0e3 HaBaHTXKECHHS 1 JIOJJATKOBOTO MOMEHTY 1HEpIlii 3 KyTOM KepyBaHHS
o = 90°, oTpuMmaHi 3a TBOMa MOJICNISIMH, MPEACTaBIeH] Ha pucyHkax 3.8 1 3.9.

Ha pucynky 3.8 mpexacraBineni rpadikd 3MIHM TIBHAKOCTI Ta MOMEHTY
JBUTYHA TpH ycky B cuctemi TTTH-AJI.

Ha pucynky 3.9 npencraBieHi OCIMIOTpaMH 3MiHH CTPYMIB 1 HallpyT cTaTopa
AJl pu mycky B cuctemi TITH-A/L.

Mosknaa mobaunTty, 1o rpadikyd MepexiTHUX MpOoIeciB Ha pucyHkax 3.8 1 3.9
MPAKTHYHO 30IraroThCs, IO TOBOPUTH MPO aJEKBAaTHICTH cTBOpeHOi B Simulink

MOENI.
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Pucynox 3.8— Pe3ynbratu MojentoBaHHs nepexigHoro mnpouecy nycky A/l B
cuctemi TITH-AJ] 3 nomomororo Simulink-momeni (a) 1 po3poosienoro 1. Kagapom

nporpaMHoro 3abesnedeHHs (0)
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Pucynok 3.9 — Ocummorpamu 3MiHU CTpyMiB 1 HanpyT cratopa AJl ipu
nycky B cuctemi TITH-AJI 3 nomomororo Simulink -mozernti (a) i po3po0ieHoro

I. Kagapom mporpamsoro 3a6e3neueHHs (0)

Takox Oyna mnepeBipeHa pobOora cuctemMu 3 cuHxpoHzauiero TIIH 3a

ctpymoMm. Ha pucynky 3.10 mnpencraBieHi ocuuiorpaMd MNYyCcKy JBHUTYHa 3
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nepexo/ioM B MOMEHT vacy t = 40 Mc Ha CHHXPOHI3allil0 32 CTPYMOM 3 3aJJaHUM
KyToM 0Oe3 cTpymMoBOi may3u Y = 25°. XapakTep OCHWIOIpaM CTPyMY 1 Hapyru
(azu craTopa roBopATh MPO MPABWIBHICTE POOOTH CHUCTEMHU KEPYBAaHHS, TaK SK
KyT 0€3 CTpyMOBO1 TMay3W 3aJMIIAETHCS PIBHUM 3aJaHOMY 3HAUCHHIO Y BCIX
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Pucynoxk 3.10 — Ilepexinui npomecu mycky AJl 3 BUKOPUCTAHHSM CTPYMOBOI
CHHXpOHI3aIi1
a — rpadiku MoMeHTy 1 mBUIKOCTI AJl; 6 — ocliiiorpaMu CTpyMiB 1 Harpyr

Ha PI3HUX JUISTHKAX NEPEX1AHOTO MPoLecy
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Onucana monens po3iMkHyToi CAK enektponpuBony TIIH-AJl € 6a3oBoro

U1t TOOYI0BH OUIBII CKJIAJIHUX 3aMKHYTHUX CUCTEM KepyBaHHsS. B 1iboMy BUNaJKy
0a3zoBa MOJIETb JIONOBHIOETHCA BIIMOBIIHUMH PETYJISITOPAaMU 1 3BOPOTHUMHU
3B'si3kamu. Ha pucynky 3.11 npuBeneHi pe3ynbTaTtd MojaentoBanHs cucremu TITH-
AJl 3 TO3UTUBHUM 3BOPOTHHUM 3B'A3KOM 3a CTPYMOM, IO 3a0e3nedye 3HUKEHHS

cnoxuBaHoro A/l ctpyMy B MOpPIBHSIHHI 3 HEPETYJIbOBAHUM €JIEKTPOIIPUBOIOM.

eneKmponpueoo 3 pecyno8aHHsIM 3a
Hepe2yIbO6anUll eNeKmponpueoo MIHIMYMOM CROJCUBAHOSO CIMPYMY

“ 2 Alnen
dc/pen

A 2 A/nen-

; I
. 1c/nen ;

50 H-M/pmen 50 H-M/nen
1 c/nen

1 c/nen

6)
Pucynok 3.11 — Po3paxyHKoOBI ocijiorpaMu CTpyMy cTaTopa (a) Ta

enekTpomarHiTHoro MmomeHty (6) Al mpu Bukopuctani TITH-AJl nns minimizanii

CIIO’KMBAHOTO CTPYMY

BuxopuctanHs CHHXpOHI3aIii 32 CTPyMOM J03BOJISIE TOJINIIUTH AUHAMIKY
enextponpuBony cuctemu TITH-AJl, ocobmuBo mpu poOOTi Ha pobOUid AUTSHIN
MEXaHIYHOI  XapaKTEePUCTHKW. Pe3yiapTaTH  MPOBEAEHUX  PO3PaXyHKIB 3
BUKOPUCTAHHSAM PO3POOJICHOT MOJIENi JT03BOJIAIOTh BITHECTH 1€l BHCHOBOK 1 Ha
€JIeKTPONPUBOJ BepcTaTa-kavyasiku. Sk mnpuknan Ha pucyHKy 3.12 mpuBeneHi

rpadiky €JIEeKTPOMArHiTHOI0O MOMEHTY 1 mBHAKOCTI AJl mpu poOoTi Horo B
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cuctemi TITH-AJl Ha MexaHI3M BepcTaTa- Ka4aJKi B KBa31yCTaHOBICHOMY PEXHMI
Ha BUCOKIA MIBUJKOCTI, 3 PI3HUMH TUIIAMHU CHHXPOHI3ALI1].

3 rpadikiB BUILUIUBAE, 1110 TPU BUKOPUCTAHHI CUHXPOHI3allll 32 HAIIPYrolo MpU
nepexoai AJl 3 renepatopHoi 00acTi B ABUTYHHY B €JIEKTPOMArHiTHOMY MOMEHTI
JIBUT'YHAa BUHUKAIOTh 3HAUHI KOJIMBAHHS, Kl MOBHICTIO 3HUKAIOTh MIPHU NEPEXO0/11 Ha

CTPYMOBY CUHXPOHI3aLII0.

M, ®  Cunxponizayis 3a nanpyzoio Cunxponizayis 3a cmpymom
a=60° y=40°

M

0 K A 2 ! ! /
I3 :
J i, o fwnummm. '

Pucynok 3.12 — IlepexigHi mporiecy B KBa3lyCTaHOBJICHOMY PEXXKHMI poOOTH

enexktponpuony TIIH-A/Jl BepcraTa-kayanku

[IpoBoaunocs MoaentoBaHHs TUIaBHOTO Tycky AJl 3 pi3HUMH MOYaTKOBUMU
ymoBamu. B pe3ynbrati oTpumaHi rpadiku nepexigHuX MpoIeciB, CTPyMy CTaTopa
JIBUTYHA BepcTaTy-Kadajaku [1 Ta MIBUAKOCTI 0OepTaHHS Baly , SIKi MPUBEICHI Ha
pucynkax 3.1313.14.

Pucynok 3.13 xapaktepusye 3MiHy XapakTEPUCTHK MPH Yaci MyCKy TBHUTYHA
tstat =5C, a pucyHok 3.14 - mpu OUTBIIT TPUBATOMY Yaci MyCKY tsat =15C.

3 pUCYHKIB MOXHA TO00a4uTH, MO rpadiku 3MIHH IIBHIKOCTI OOepTaHHS
MPAKTUYHO OJTHAKOBI (32 BUHATKOM 4acy), a rpadiku CTPYMIB BIIPI3HSIOTHCS: TIPH
OUIBIIIOMY Yacy CTPYM 3MIHIOEThCSA OUIBII MOBUIBHO 1 HE mepeTuHae mMexy 40A,

TOOTO Ma€ Kpally MyCKOBY XapaKTEPHUCTHUKY.
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Pucynok 3.13 — Ocriunorpamu ctpymy ctatopa |1 Ta mBUIKOCTI 00epTaHHS

Baly @ TPHU Ugat= 10 %, tgat =5¢, J=10-J;s, M=0,01M,

1.4
w,pad/c

160 )
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100 ; /
80
V] I, A
60 ' :

—

1] 1 2 3 4 5 6 7 3

Pucynok 3.14 — Ocuunorpamu cTpymy cratopa |1 Ta MBHAKOCTI 0OEpTaHHS
Bay @ TPH Ugat = 10 %, tgat =15C, J=10-J;, M=0,01M,
l'onoBHMMEU TepeBaramu MOOYAOBAHOI MOJENI € HAOYHICTh, BIAKPUTA IS
BUJIO3MIH apXiTeKTypa, MOKJIUBICTh BIUIMBATH Ha TPOIeC O€3MOCcCepeIHbO i Yac
MojentoBaHHs. Pa3oM 3 TUM JaHa MoOJElIb Ma€ HEBUCOKY UIBHUJIKICTb
MOJIETIOBaHHS, TAKOK BOHA € MOJIEIIIIO 3 MOCTIMHUMHU MapaMeTpaMu, TOOTO y Hiii

HC BpPpaxXOBYIOTbhCA e(beKTI/I HACHYCHHS Mar"iTHOTO ITOJISI MAIlIMHH.
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Tpeba BIAMITUTH, 110 HEBHUCOKAa IIBUAKICTh MOJEIIOBAHHS B OCHOBHOMY

KOMIICHCYETBCSI MCHINMMH BUTpATaAMH YaCy Ha BBCACHHS IMOYAaTKOBHUX AdAHUX 1

3MiHy napamerpiB mojeni. Crpoiena x moaenb AJl, ik MOKa3yrOTh TOCHIIKEHHS,

Ipy MaluX KOB3aHHAX 1 (a3oBO-IMIyiabCHOMY MeroAl kepyBaHHs TIIH He

BHOCUTh BEJIMKHUX NOXHUOOK B PE3yNbTaTH 1 MOXKE BUKOPUCTOBYBATHUCS MpHU

MOJIETIOBaHH1 pOOOTH €JIEKTPOIIPUBOIY BepcTaTa-Kadaiku 3a cuctemoro TITH-AJ]

B KBa31yCTAHOBJICHOMY PEKHMI.

[Ipu pocniKeHH1 XapakTepy NPOLECiB MYCKY, KOJM KOB3aHHS 3MIHIOETHCS B

HIMPOKUX MeEXKax, HEOOXIAHO BUKOPHCTOBYBATH MapaMeTpU CXEMHU 3aMIIICHHS,

BIJIMOB1JIH1 CEPEIHIM 3HAUYCHHSIM [UX MTapaMeTPiB 3a yac MyCKY.

3.5 Jucneryepusauiss mpouecy BHI00YBaHHS HadTH 3a J0NOMOIOI)

HICHY

Tabnuus 3.1 — Bubip anaparypu mis aucneruepusanii [IHICHY

Neo | HalimenyBaHH# Tun XapaKTEepUCTUKHU KomyHnikarris
1 | BumiproBau SITRANS | Bixg 20 m6ap mo 700 6ap | HART,
THCKY P320/420 | npu temmepatypi ot -40 | PROFIBUS
°C oo +100°C
2 | BumiproBau SIEMENS | Big -100 mo +450 °C, HART
TeMIepaTypu FT-TP BumiproBansHUM
enxement Pt100
3 | PiBHEMIp SITRANS | PiBaemip emuicHoro | HART
LC500 TUIly, Mpalle  MpHU
Temmepatypi Big -200 1o
+400 °C m THCKY BIiA
MOBHOTO  Bakyyma [0
525 Gap
4 | Butparomip SITRANS |[Big 0,02 «kr/ron 1o | HART
FM 510000 kr/rox
MASSFLO
5 | Kontponep SIMATIC | KinbkicTh karaimiB | PROFIBUS,
S7-300 BBOJy-BHBONY 1H(. PROFINET

JUCKPETHUX/aHAIOTOBUX

256/64
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Jlns onmtumizaiii mpoiiecy HapTOBUIOOYBaHHS 3 METOHO 3a0e3MeyYeHHS
ONEpaTUBHOI Tmepeaadl iHGopMalii Ha MyJbT JAUCIETYepy OyJio BHUPILIEHO
CTBOPUTH CHUCTEMY IIEHTPAJII30BAHOTO KOHTPOJIO Ha 0a3i BUMIPIOBAIBHOT
amaparypu ¢ipmu Siemens.

JUist 1poro Hadkpaiie — BUKOPUCTOBYBATH O€3MPOBIAHI JATYUKH IS
KOHTPOJIIO THUCKY, TEMIIEpaTypd Ta BHUTPATH, sIKI HEOOXITHO BCTAHOBIIOBATH
Oe3mocepe/lHbO Ha BHUJIOOYBHMX CBEpJUIOBHHAX, a pIBHEMIpU — B pe3epByapax
PI3HOTO THUIA.

[Hpopmariss 3 JaT4YMKIB TEpelaeTbcs Ha KOHTpPOJiep, a IMOTIM —
Oe3nocepelHbO Ha podoYe Miclle [AUCTIEeTYEPA, CIHPOILIYIOYH KOHTPOJIb Ta
ONTHUMI3aIlI}0 TEXHOJIOTTYHOIO MPOIleCy BUI00YBaHHS HApTH.

JIisi bOro 3ampONOHOBAHO BUKOPUCTOBYBAaTHM HACTYIHY araparypy, IO

rnmokasana B Ta0i. 3.1.

3.6 BucHoBkH 10 po3ainy

1. Pe3ynbTaT TpPOBENEHOTO MOJIETIOBAHHS JIOBEIH, IO MO3UTHUBHUIM
3BOPOTHHM 3B'SI3KOM 3a CTPYMOM, IO 3a0e3neuye 3HWKEHHS CHOoKMBaHOro AJl
CTPYMY B IMOPIBHSHHI 3 HEPETYJIbOBAHUM €JICKTPOTIPUBOJIOM.

2. BukopucranHs CHHXPOHI3aIlii 32 CTPyMOM JI03BOJISIE TIOJIIMIITUTH TUHAMIKY
enexkrponpuBony cucremu TITH-AJl, oco6nmuBo mpu poOOTi Ha poOOUIM MUISHIT
MEXaHIYHO1 XapaKTepuCTHKU. [Ipu BUKOpUCTAHHI CHHXPOHI3aIlii 32 HAIPYTOO MPHU
Mepexoai acMHXPOHHOTO JBUTYHAa 3 TEHEPaTOpHOi 00yiacTi B JABUTYHHY B
CJIEKTPOMArHiTHOMy MOMEHTI JIBUTYHa BUHUKAIOTh 3HAYHI KOJUBAHHS, SIKi
MOBHICTIO 3HUKAIOTH MPH MIEPEX0i Ha CTPYMOBY CHHXPOHI3AITIIO.

3. [IpoBenene momentoBaHHs TUIABHOTO TycKy AJl 3 pi3HMMH MOYaTKOBUMU
yMOBaMHU TIOKa3ajio, MmO Tpadiku 3MIHA MIBUAKOCTI OOEpPTaHHS MPAKTHIHO
OJTHAaKOBi, a Tpadiku CTPyMiB BIAPI3HAIOTHCSA: TPH OUIBIIOMY dYacy CTPyM
3MIHIOETHCSl OUIBII MOBUIBHO 1 He mepeTuHae Mmexy 40A, ToOTO Mae Kpaiy

IMyCKOBY XapaKTEPUCTHUKY.
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BUCHOBKH

B wmarictepcbkiit pob0OTi B mpolieci MpOBENEHOI MOJEpHI3allli HITaHTOBOi
CBEP/JIOBUHHOT HACOCHOI YCTAHOBKM OYJIM OTPUMAaHI1 HACTYIMHI pe3yJbTaTu:

1) mpoBeICHUI aHalli3 CUCTEM EJICKTPOIPUBOIY Ta METOJIUK PO3PaxyHKIB
HaBaHtaxeHnb 11 LICHY, BusBneni ix mnepeBarn Ta Henodikd. BupimeHo
PO3pOOUTH OLIBIIT CYYaCHUM €JIEKTPONPHUBO/L 3 TJIABHO PETYJIHOBAHOIO IIBUIKICTIO
npuBogHOro ABuryHa Ha 6asi cxemu TIIH-AJl 3 metoro ¢hopMmyBaHHS TJIaBHUX
MPOILIECIB MYCKY ISl CHCTEMH BiJKauyBaHHsS Ha(TH,;

2) IPOBEJICHUI PO3PAaXyHOK CYMapHOIO MPHBEICHOIO MOMEHTY 1HEpIil
HICHY 3 BpaxyBaHHSIM MOMEHTIB 1HEPI[li OKPEMUX YACTHUH CUCTEMHU, PO3PAXyHOK
HaBaHTa)X€Hb, BUOIp Ta mepeBipka BHOOPY MPHUBOJHOTO EJIEKTPOABUTYHA, SKUMN
Ma€ Kpalll TEeXHOJIOTIYHI 1 €HEepPreTHYHl IMOKAa3HUKHU y TOPIBHSHHI 31 CTapuM
nBUTYHOM. BubOpanuii craHIapTHUM TUPUCTOPHUM TEPETBOPIOBAY HAINPYTH, SKUH
IUIIXOM 3aCTOCYBaHHS CHUCTEMHU IUIaBHOro mycky A/l 3gaTHuil 3abe3neduTH
3HIKCHHS MmyckoBuX BTpar 10 (10-15) %. Po3poOneHa cTpykTypHa cxema
CHUCTEeMU KepyBaHHs enekTponpuBogom TTIH-A/L;

3) mpoBejicHEe MOJICTIOBAHHS ACHHXPOHHOTO JABUTYHA, CHJIOBOI T MEXaHIYHOT
YaCTUH EJICKTPONPUBOMIY, TAKOX po3polJieHa Mojeiab 1H(GOpMaIliiHOI YacTHHU
CUCTEMH KepyBaHHs enekTponpusogoM LHHICHY;

4) na 0a3i MaTeMaTHYHOI MOJIENI €JCKTPOIPHBOIY BU3HAYCHI 3aJIC)KHOCTI
MpPUBEACHUX MOMEHTY 1HEpIii 1 MOMEHTY HaBaHTAaXEHHS [JII THUIIOBHX
OalaHCUPHUX BEPCTATIB-KAYaJIOK;

5) pe3yibTaTH TPOBEACHOTO MOJCIIOBAHHS JOBEIH, IO TO3UTHBHHM
3BOPOTHH 3B'I3KOM 33 CTPYMOM 3a0e3Ieuye 3HIKEHHsI ClIOKuBaHoro A/l ctpymy
B MOPIBHSHHI 3 HEPETyJIbOBAHUM €JICKTPOIIPHUBOIIOM;

6) BUKOpHCTAaHHSI CHHXPOHI3aIlii 32 CTPYMOM J03BOJISI€ MOIMIITUTH TUHAMIKY
enextponpuBoay cucremu TITH-AJl, oco6auBo npu poOoTi Ha poOoUiil AUISHIN
MEXaHIYHOI XapaKTepUCTUKU. [Ipy BUKOPUCTAaHHI CHHXPOHI3allli 32 HAPyrow Mpu

Mepexo/li aCMHXPOHHOrO JBUTYHAa 3 TE€HEpPaTOpHOi 00JacTi B JABUTYHHY B
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€JIEKTPOMArHiTHOMY MOMEHTI JBUTYHAa BHUHHMKAIOTh 3HAa4yHI KOJUBAaHHS, SKi
MOBHICTIO 3HUKAIOTh MPHU MEPEX0/il Ha CTPYMOBY CUHXPOHI13aIli0;

7) IpoBeIcCHE MOJICTIOBAaHHS ITUIABHOTO MYycKy AJl 3 pi3HUMHU MOYATKOBUMH
yMOBaMM TMOKa3ajlo, 10 Tpadikd 3MIHU IIBUAKOCTI OOEpTaHHS MPAKTUYHO
OJIHaKOBl, a Tpadiku CTPyMiB BIAPI3HAIOTHCSA: NPH OUIBIIOMY 4Yacy CTpyM
3MIHIOEThCSl OUTBII MOBUTBHO 1 He mepeTuHae Mmexy 40A, ToOTO Mae Kpairy
IIyCKOBY XapaKTEPUCTHKY;

8) mis onTuMizallii mporiecy HadTOBHAOOYBaHHS 3 METOI 3a0e3MeueHHs
olepaTUBHOI Tepenadi iHdopmarllii Ha NyJAbT AWCIETYEPY PEKOMEHIOBAHO
CTBOPUTU CHUCTEMY IIEHTPAJI30BAHOIO0 KOHTPOJIIO, JJIi 4Ooro oOpaHa HeoOXinHa
BUMIpIOBaIbHA anaparypa ¢pipmu Siemens.

Buknanene Bule J03BOJISE 3pPOOUTH BHCHOBOK, IO 3alpPOIIOHOBAHUN
enexktponpuBoa Ha 6a3i cxemu TIIH-AJl € cyyacHMM, €KOHOMIYHO JOLUIBHHM,
HAJIWHUM 1 BIATIOBIZA€ IMMOCTABJICHUM 3a7a4aM. TakuM YMHOM, METa MaricTepchKoi

poOOTH YCHINTHO AOCITHYTA.
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1 TECHNOLOGICAL PART

1.1 Technological process of oil production

The peculiarity of the oil and gas production industry is its exceptionally high
rates of growth and modernization, which are characterized primarily by the
amount of oil and gas extracted annually [1].

Oil saturates pores, cracks, which are in the rocks in the bowels of the earth.
The natural formation of oil in the bowels of the earth is called an oil deposit.
Almost all oil deposits also contain oil gas, which is either in a free state or
completely dissolved in oil. In addition to oil and gas deposits, there are pure gas
and gas condensate deposits in nature. A set of deposits of oil or gas located in one
areais an oil or gas field. The number of gas or oil layersin afield can vary - from
one to several dozen. Formation water is usually a companion of oil in oil fields.
Often these waters are in the same formations as oil. In this case, the water
occupies the lower part of the formation. If there is free gas, oil and water in the oil
reservoir, water is located in the lower part of the reservoir, as its density is the
greatest. Gas, which has the lowest density and the highest mobility, isin the upper
part of the reservoir in the form of a gas cap.

There are two methods of oil extraction: fountain and mechanized. If the oil
flows to the surface under the action of the natural energy of the oil reservoir, the
production method is called fountain production. If the reservoir energy is not
enough to raise the liquid to the surface and it is necessary to use additional
equipment to compensate for the insufficient energy, the mining method is called
mechanized. Depending on the type of additional energy, the mechanized method
Is divided into gas lift (compressor or compressorless) and deep pumping (wells
are equipped with rod or submersible centrifugal pumps).

Gas lift operation of oil wells is a continuation of the fountain method of
production, with the difference that during fountaining, the energy source is gas,
which comes together with oil from the reservoir; and during gas lift operation, the

fluid is lifted using compressed air injected into the well from the surface. Air on



the surface is compressed in compressors, or high-pressure gas is used from nearby
gas fields or gas-bearing formations. In the first case, the gas lift is called
compressor, in the second casg, it is called compressorless.

During pump operation, the lifting of liquid from wells to the surface is
carried out by pumps - mainly rod and rodless. Pumping oil from wells with the
help of submersible rod pumps has become widespread due to their simplicity and
relative cheapness. Rod pumps allow you to extract oil from depths of up to 2,500
m. The submersible pump is driven by a rocking machine, which is located on the
surface of the earth and consists of a balancer, a connecting rod-crank mechanism
and a drive electric motor. Equipment for operating wells with the help of a
rocking machine includes: a deep plunger pump, a system of pump pipes and rods
on which the pump is suspended in the well; the drive part of the individual rod
installation of the balancing type, which consists of a rocking machine and an
engine; wellhead equipment designed for hanging pump-compressor pipes and
sealing the wellhead; hanging mechanism for hanging pump rods to the head of the
balancer of the rocking machine (Fig. 1.1).

A pump cylinder is lowered into a well on a column of pump-compressor
pipes (tubes) below the liquid level, in the lower part of which there is a filter 1
and areceiving valve that opens only upwards. Then, on the pump rods 4, a piston,
which is called a plunger, is lowered into the middle of the pump-compressor pipes
3, which isinstalled in the cylinder of the plunger pump 2.

The upper end of the rods is fixed to the head of the front arm of the balancer
7 of the rocking machine using a suspension 5. To direct the liquid from the tubing
into the ail pipeline and prevent its spreading, a tee is fixed at the wellhead and a
gland above it, through which a gland (polished) rod is passed.
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Figure 1.1 — The structure of the rod well pump installation
1 — filter; 2 — plunger pump; 3 — pump-compressor pipes; 4 — pump rod; 5 —
suspension with mouth equipment; 6 — head of the balancer; 7 — balancer; 8 —
connecting rod; 9 — crank; 10 — reducer; 11 — V-belt transmission; 12 — electric

motor; 13 — counterweight of the balancer; 14 — drive counterweight

The well pump is driven by a rocking machine, in which the rotary motion
received from the engine 12 is transformed into a reciprocating motion, which is



transmitted to the plunger pump in the well, with the help of a reducer 10, a crank
mechanism 8, 9 and a balancer 7 withahead 6 .

When the plunger moves up, the pressure drops under it, the suction valve
opens under the pressure of the liguid column in the annular space, and the liquid
from the well flows into the pump cylinder. At this time, the discharge valve of the
plunger is closed under the pressure of the liquid column above it. When moving
down, the receiving valve closes under the pressure of the liquid column in the
pump pipes, and the valve located on the plunger opens, and the liquid flows into
the pump-compressor pipes 3. There is a seal in the design, which serves to ensure
the tightness of the pump.

During continuous operation of the plunger, suction and discharge alternate,
as a result of which a certain amount of liquid enters the pump-compressor pipes
with each stroke. The liquid level in the tubing gradually increases and reaches the
mouth of the well, the liquid begins to overflow into the output line through the tee
with the packing device.

The rocking machines are equipped with means for disconnecting them in the
event of a break in the rods or in the event of shock overloads, in the event of an
increase or decrease in pressure in the injection pipeline, in the event of a phase
break or current overloads and short circuits of electric motors.Rod well pump
installations have significant disadvantages - heavy, bulky equipment at great
depths of wells, danger of various malfunctions, accidents with rods, limited use
for oil production in inclined wells; not always sufficient productivity for the
selection of large volumes of liquid, especially from heavily watered wells.

In this regard, pumping units with a new operating principle are currently
being used in most countries of the world. Their main feature is the transfer of the
electric motor to the mouth of the well and the elimination of rods - the most
vulnerable link of submersible pumps. Of the rodless pumping units, submersible
electric centrifugal pumps are the most widely used. The advantages of electric

centrifugal pumps include ease of maintenance, high productivity, and a relatively



long maintenance period. They can work successfully in both vertical and inclined
wells.

In the formation and development of the oil and gas industry, several stages
can be followed, each of which reflects a constant change in the ratio, on the one
hand, of the scale of oil and gas consumption, and on the other - the degree of
complexity of their extraction. The need for the implementation of new
technologies, which have gained mass application, determined the creation of new
and modernization of existing equipment, without which the introduction of new
technologies is impossible.Oil and gas, gas and gas condensate deposits are
developed and operated with the help of machines, tools and mechanisms, the
functioning of which is interconnected with each other and with the functioning of
the object of development and operation - an oil, oil, gas or gas condensate layer or
several layers of the deposit.

Thus, what is usually called the oil or gas industry should be considered as a
single system that combines both a geological formation and a complex of
engineering means and an object of development and operation, which is provided
by technical management with the involvement of the necessary means of
automation and regulation and, in particular, ACS. Therefore, in addition to
machines and equipment, this system also contains means of measurement,
regulation, automation and computer equipment.

Complexes of equipment for the exploitation of oil and gas fields in wetlands
differ in that their functional purpose is to ensure the possibility of development of
the field not by separate vertical wells, but by a complex of inclined wells [1]. This
equipment allows for underwater mining of deposits whose areas are under water
at shallow, medium and deep depths.

The existing oil production equipment remains operational for a limited time,
the duration of which is much shorter than the field development period; therefore,
the operation of each well is cyclical, intermittent, which imposes certain technical

and economic complications.



The nomenclature of the equipment included in the complexes consists of
hundreds of names, the study of this variety of technical means makes it necessary
to systematize them, the basis of which is classification. It is most appropriate to
classify based on technological properties, and not on parameters or constructive
performance.

The first group is production well equipment, which ensures the normal
functioning of the most important industrial equipment - the production well,
which is the most important channel connecting the productive layer with the
surface. The reliability and functionality of this group of equipment completely
determines the reliability of the well operation as a whole. This is the equipment
that forms the wellbore (casing pipes, column heads, filters, shut-off valves,
packers, etc.).

Group Il - equipment for raising reservoir fluid or gas from a well.A part of
the equipment is lowered into the well, this part of the equipment is called a lift
(elevator), and a part is mounted in the mouth area. In other cases, the equipment is
used to inject fluid into the formation, the equipment in this case is called injection.
This group of equipment is used only for the operation of gushing oil, gas or gas
condensate deposits. This equipment consists of a lifter, fountain fittings and a
manifold, which allows you to lift the products up the well to the surface, provide
control and regulation of the gushing and maintain the optimal mode of operation
of the well. Gas lift equipment is designed for operating wells by supplying
compressed air to the bottom of the lift. This equipment includes the lift itself with
a set of starting and working valves, gas lift fittings with control and measuring
devices and automation, compressor stations, refrigeration equipment and a
complex system of pipelines.

Rod borehole rigs with a mechanical drive have found wide application in the
fields of Ukraine. Two-thirds of the wells use them. The equipment is designed for
lifting liquid using rod pumps. This group of equipment includes the well pump
itself, lowered on pump-compressor pipes, which is driven by a column of rods,

pump rods, a surface drive, which includes a power plant and a mechanical



converter of the rotary motion of the drive shaft of the installation into a
translational movement of the column of rods.Rodless installations of centrifugal
wells of electric pumps are designed for the operation of high-flow wells. In
Ukraine, more than a third of oil is extracted with their help. A large number of
different sizes are manufactured and supplied, which include aggregative
submersible centrifugal pumps with an electric motor and protector, a column of
pump pipes with a conductive cable and a surface electric motor control system.

Rodless electric screw well pumps are designed for the operation of wells
with a small flow and differ from the previous use instead of a centrifugal screw
pump.

Equipment for the operation of several reservoirs with one well, which is
located in one well and includes a complex of various types of equipment (for
example, fountain and pumping), as a result of which it becomes possible to
significantly reduce the number of production wells when developing multi-layer
oil and gas fields.

Group Il — equipment for intensification of oil and gas extraction and for
increasing the oil and gas yield of formations. Wide use of this equipment allows
to reduce the time of field development and the amount of unextracted oil and gas.
Most of the oil and gas fields are developed by simultaneously injecting specially
treated water into the formation. The equipment for obtaining water and its
preparation make up this subgroup, including water intake, a system of settling,
coagulation, chemical and bacteriological treatment. This subgroup includes water
heaters, steam generators, equipment for heating the well filter zone. In connection
with the special relevance of the development of deposits with high-viscosity oils
in the territory of Ukraine and the need to increase the oil yield of the deposits, the
range of this subgroup of equipment is increasing and the scale of its use is
growing rapidly.

Group IV - equipment and facilities for collecting well products, their
separation - separation into oil, gas, water and impurities, measurement and

primary preparation of oil, gas, gas condensate. This group should include



pumping equipment (pumps, compressor units and stations) with an electric drive
and appropriate harnesses, control and measuring devices, shut-off and regulation
equipment, and automation tools.

Group V - equipment of the energy service.

From the above list of systematized groups and subgroups, it is clear how
large the nomenclature of machines, equipment, structures, means of
mechanization and automation for oil and gas production is.A rod well pump for
pumping formation fluid from wells is actuated by a column of rods. It works in
difficult conditions: formation fluid contains mineralized water, abrasive,
chemically active compounds and various gases. The ambient temperature can
exceed 100 degrees.

Pumps with a short stroke length (Fig. 1.2, a) use a design with a pull rod; the
disadvantages of this design include the significant harmful space required for
placing the pull rod in the inner cavity of the plunger. Pumps of other types are
equipped with a special lock, which, when the plunger is lowered into the lower
position and turned by a column of rods, alows you to grab and raise the valve.

The pumps (Fig. 1.2, b) are equipped with two discharge valves.
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The pump plunger (Fig. 1.2, c) is used in wells that produce reservoir fluid
with a large amount of sand. The gap between the plunger and the cylinder is
sealed either hydraulically - due to the formation of a small gap of a long length,
which provides the necessary pressure drop above and below the plunger, or with
flexible cuffs (Fig. 1.2, d).

1.2 Structure of therod well pump drive
The purpose of the rod well pump drive is twofold - on the one hand, it
transforms the engine energy into the mechanical energy of the rod column, on the

other hand, it creates the optimal operating mode of the drive electric motor.
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The drive ensures the movement of the suspension point of the rods according
to a certain law, regulates the pumping mode of formation fluid by changing the
length and frequency of the suspension of the rods, starts and stops the rod
pumping unit, controls the operating mode of the downhole equipment. It also
allows you to use engines of optimal power, the load mode of which should be
influenced to a minimum degree by the pattern of changes in the external load.

The drive of the rod well pump installation consists of the following main
units (Fig. 1.3): power unit, balancing device and the actual electric drive. The
power body is designed to move a column of rods and can be mechanical,
consisting of a system of levers, ropes and blocks, hydraulic or pneumatic.
Actually, the drive includes an electric motor and a transmission, which can be
mechanical or hydraulic. These two blocks mainly provide the first function of the
drive, the second function is provided by balancing devices that accumulate the
potential energy of the column of rods during its downward passage and release it

during the upward passage of the rods.

1.3 Overview of electric drive systemsfor RWPI

Most of the electric drives of rod well pump installations (RWPI) are
unregulated, while the control stations perform only the start-up protection
function and the transmission of discrete signals of the state of the electric drive
(on-disabled state of the motor, state of protections, etc.) via telemechanics
channels to the dispatching services of oilfields [3]. Regulation of the productivity
of the well with such electric drives is carried out mechanically by changing the
gear ratio of the V-belt transmission (by moving the belts to another pulley of the
electric motor) or by changing the stroke length of the polished rod (by moving the
articulation point of the crank and connecting rod). Use of gearboxes, variators,
friction clutches, etc. for performance regulation was not widely used due to
insufficient reliability of such systems.

In most cases, three-phase asynchronous motors with a short-circuited rotor
with an increased starting torque of 11 to 55 kW of the 4A, 5A and AIR seriesina



closed version with a synchronous rotation frequency of 1500 and 1000 revolution
per minute (rpm) are used in the electric drives of domestic SHSNU, slower
motors are used less often (750 and 500 rpm).

Systems of electric drives of RWPI with asynchronous motors with a phase
rotor, with synchronous motors and with direct current motors have practically no
industrial application at present.

In addition to mechanical regulation of well productivity, automatic
regulation systems are also used in oil production with the help of RWPI. Electric
drives of rocking machines with automatic performance adjustment can be divided
into several classes:

1) electric drives with smoothly adjustable drive motor speed;

2) electric drives with periodic oil pumping devices;

3) electric drives with variable speed control (electric drives with a short cycle
period of operation).

Currently, electric drives with smooth speed control are used both in foreign
and domestic oil production industries. One of the methods of optimal operation is
the use of automatic voltage regulation on the AM stator as a function of its load.
At the same time, a 3-phase thyristor voltage converter (TVC) is included between
the power supply network and the stator windings. An electric drive with such a
structure is called TVC-AM. The most widely used power scheme of such an
electric drive, in which three pairs of counter-parallel connected thyristors are
installed between AM and the network.

The operation of optimal control systems is based on the extreme (minimum
or maximum) nature of the dependence of the AV energy indicators on the stator
voltage at a given load.

Also used are electric drives of the National Academy of Sciences, which are
made according to the frequency converter - asynchronous motor (CF-AM)
scheme. Due to the peculiarities of the rocking machine mechanism, the drive
motor can work in generator mode for a significant part of the operating cycle,

which in many cases complicates the use of mass series of frequency converters.



Abroad, for example, by Siemens, specialized inverters with a pronounced direct
current link are produced for electric drives of rocking machines, but such inverters
cost on average 1.5-2 times more than general industrial ones.

Frequency converters are one of the most expensive classes of static electrical
energy converters for electric drive, and this is the main factor that limits their
application in oil production.

Short-cycle electric drives are used for the same purposes as drives with
periodic oil pumping. In addition, short-cycle drives are used for the so-called
smooth start-up of the well. Smooth start-up of the well consists in gradually
increasing the productivity of the well to the nominal value, the period of which
can reach several months. The average productivity of the well is adjusted by
changing the duration of the engine at high and at low speed. The operating cycle
of the electric drive ranges from 10 to 30 minutes on average.

The two-speed electric drive has two disadvantages associated with switching
from one speed to another. When switching the engine from high speed to low, it is
briefly switched to generator mode. The multiples of current and torque in this
mode are similar to the starting ones (6-7 times the current and 2-3 times the
torque). This leads to additional losses, overheating of the stator winding and
shock loads, which can cause damage to the mechanism of the rocking machine
and break the rod column. It also does not matter at what moment the engine speed
Is switched. Since the load of the drive motor of the rocking machine is periodic, it
Is advisable to switch speeds at a minimum load, which requires additional sensors.

The second disadvantage is that a significant change in the speed of the drive
when using multi-speed motors causes a strong unevenness of the selection of oil
from the well, which can cause a number of complications in the operation of the
deep pump, such as an increase in the inflow of sand into the well and the
possibility of creating sand plugs.

The low quality of transient processes when switching speeds is one of the
main reasons that limits the use of multi-speed AMs for driving rocking machines.

Just like the drives for periodic oil pumping, the existing domestic industrial



electric drives of rocking machines with multi-speed motors are not, in fact,
adjustable. Starting and speed switching in such drives is usually carried out by
direct voltage supply to the stator windings of the asynchronous motor using
magnetic starters.

Another important feature characteristic of most existing electric drives of
rocking machines is their low energy performance. Research conducted at oilfields
showed that the energy indicators of the fund of electric drives of rocking
machines are small: the overall efficiency of the installation ranges from 7% to
30%, the power factor - from 0.3 to 0.65. One of the main reasons for this state of
affairs is low drive load. The installed capacity of the electric motors of rocking
machines is overestimated and is used in the range from 13% to 88%, on average
not exceeding 50%.

There are several main reasons for the overestimation of the setting power of
rocking machine engines:

1) due to the complex kinematics of the pumping machine and the complex
processes of the interaction of the pumped oil with the pumping equipment inside
the well, the power consumed by the system has a pulsating character, which is
difficult to describe analytically with sufficient accuracy. Therefore, in all practical
methods of choosing the type of electric motor, a number of empirical correction
factors are used, the application of which leads to an overestimation of the required
motor power;

2) the work of RWPI is accompanied by continuous wear of the friction
surfaces of the plunger, bushings and valves of the submersible pump, which, in
turn, causes an increase in leaks in the pump. This leads to a decrease in the
productivity of the installation, and accordingly to a change in the power consumed
by it. Therefore, the power of the motor for the electric drive has to be chosen
based on the maximum power consumed during the inter-repair period, which
leads to the fact that the drive motor works under load for a significant period of

time;



3) the start-up of RWHPI occurs most often in difficult conditions. Practice
shows that in a significant part of the oil-producing regions of Ukraine, oil-bearing
layers are formed by sands and sandstones that are not resistant to erosion. During
the shutdown of RWPI for repairs, prevention, etc. sand penetrates into the gap
between the plunger and the pump cylinder, which significantly worsens the
starting conditions of the rocking machine. This reason makes it necessary to

choose motors of higher power to provide the necessary starting torque.

1.4 Conclusions on the section
Thus, in order to increase energy saving and form better transient processes,
we consider it expedient to choose an electric drive with a smoothly adjustable
speed of the drive motor based on the TPN-AD scheme for the modernization of
SHSNU.
To do this, you need to perform the following tasks:
— calculate the total reduced moment of inertia of the RWPI, select and
check the choice of the drive electric motor and TPN;
— to develop a structural diagram of the TPN-AD electric drive control
system;
— carry out modeling of the electric drive and assessment of the
possibilities of using TPN to improve energy indicators by means of
rational regulation of the voltage on the motor stator;

— carry out an analysis of the transient processes of AD start-up.
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YIOCKOHAJIEHHS EJJEKTPOIIPUBOY IITAHIOBOI
CBEP/UIOBUHHOI HACOCHOI YCTAHOBKH

VYkpaina € HaQTOBHI00YBHOIO KpaiHOW, Ha TEPUTOPIi SIKOi J0 MOYATKy BIAHU
BU00yBanocs Maitke 2% Bija piBHS CBITOBOTO BUAOOYTKY Hadtu. HadroBumoOyBHa
rajiy3b 3aJIMIIAETHCA OJHIET 3 TOJOBHUX B YKPAiHCHKIA €KOHOMIIll, pa3oM 3 THUM Psiji
dakTOopiB, B TOMYy 4YHCIl  OCOONMBOCTI  TeorpadiqHOro  po3TalnryBaHHS
Ha(dTOBUIOOYBHUX palOHIB 1 3aysiraHHS HAQTOHOCHUX TUTACTIB, POOJISTH COOIBAPTICTH
YKpaiHChKOI HaTH OJHIEIO 3 HAWBUINMX B CBITI. TOMY 3HM)KEHHS €KCILTyaTalliiiHUX
BUTpAT, IOB'S3aHUX 3 BHJAOOYTKOM Ha(pTH, € OJHHUM 13 BaXJIUBHX 3aBJaHb B
Ha(TOBUA00YBHIM ramy3i [1].

binbmicts [ICHY (uTaHroBUX CBEPIJOBUHHMX HACOCHUX YCTAHOBOK) €
YCTAaHOBKAMU 3 TPUBAIUM PEKUMOM poOOTH, sKI O€3MepepBHO MPOBOIATH
BiKauyBaHHA Hadtu 24 roauHu Ha A00y 1 3YNHUHSIOTHCA TIUIBKM B aBapiiHHUX
cuTyalisix abo s IUIAaHOBOTO pEeMOHTY. Tpeba BiA3HAYMTH BIJHOCHO HH3BKI
CHepreTHYHl TOKa3HWKHM 3HAYHOI YacTUHU eKCIUIyaTOBaHMX B JaHWA Yac
enextporpuBoAiBs IICHY. Opniero 3 nmpuuMH IBOTO € TMiABUIIEHA BCTAaHOBJICHA
MOTYXHICTh MPUBOJHUX JABUTYHIB: Ha HAPTONPOMUCITAX YKpaiHU MPUBOIHI JBUTYHU
HEJOBAHTAXKEHI B CEpeNHbOMY y 2 —2,5 pa3u. Tak sk yacTKa BapTOCTI €JIEKTPUYHOI
eHeprii B 3araJibHUX BUTpaTrax Ha BUpoOHMITBO HadTu nocsirae 10%, a 3arambHi
BUTpPATU Ha eJeKTpooOnaaHaHHs carailoTe 40%, TO MiABUINEHHS EHEPTeTUYHHX
noka3HukiB IIICHY € omanM 3 HaraapHUX 3aBAaHb B HAGTOBUIOOYTKY [2].

OcHOBHOO 3a1a9€10 POOOTH € MOJIEPHI3AIlisl CHCTEMH €IEKTPOIIPUBOIY HACOCHOT
YCTaHOBKH, MTPU LIbOMY CUCTEMa NOBUHHA OyTH €KOHOMIYHO €(DEKTUBHOIO, HAJIIHHOIO
Ta OE3MEYHOIO.

Haii6inb1 po3noscromkenum it npuBojaa BiTun3Haaux [IICHY B nanuii yac €
KOPOTKO3aMKHEHI aCHHXPOHHI JBUTYHHU 3 MiJABUIICHUM ITyCKOBUM MOMEHTOM Cepii
4A, 5A ta AUP y 3akpuTOMy BUKOHAHHI 13 CHHXPOHHOI YacTOTOK OOepTaHHs
1500 06/xB. L{i 1BUTYHH MalOTh JOBOJII BUCOKUM MyCKOBUM MOMEHT, KPATHICTh SIKOTO
cknazgae 1,7 - 2,3 mpu KpaTHOCTI IMTyCKOBOTO CTpyMy He Ounbiie 7,5.

[TpoGaemoro enextpornpuBoay IICHY € Te, mo mpu 0AHOYACHOMY 3aIyCKy
JIEKUTBKOX HACOCHHMX YCTAaHOBOK X MYCKOB1 CTPYMH JOJAIOTHCA, IO MPU3BOJUTH 0
3HIDKCHHSI HAmpyrd Ha JBUTYHax dYepe3 WOro BTpaTh B MpoBoAax. Tomy s
3a0e3MeyeHHs] HOPMaJIbHOT pPOOOTH CHCTEMH €JEKTPONOCTayaHHS HACOCHUX
YCTaHOBOK HEOOXIJIHO 3aCTOCOBYBAaTH IHAUBIAyadbHUII a00 rpymnoBuil crocoOu
ABTOMATHUYHOI'0 MOBTOPHOro BKItOueHHs (AIIB) ABUTYHIB HACOCIB MiCJisl 3HUKHEHHS
a60 3HmwkeHHs Hanpyru. Ilpu iHnuBinyansHomy AlIB micng BigHOBIEHHS
HOMIHAJIBHOTO HANpyrd MEpeKl JBUTYH 3HOBY MIJKIIOYAETHCS 1O HEl 3 AESKOIO
BUTPUMKOIO 4acy. s pi3HUX T'pyl ABUTYHIB, SKI XKHUBJISATHCSA BiJ OJHOTO JIXKEpena,
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CTBOPIOIOTHCS Pi3HI BUTPUMKH Yacy JIJisl 3a1100ITaHHS HAKJIaICHHS TyCKOBUX CTPYMIB.
[Ipu rpynoBomy AIIB mnpu 3HUKHEHHI a00 TIMOOKOMY 3HWKEHHI HAMpyTH
BIJIKJTFOYAIOTHCS MaricTpati, 10 SIKUX HIAKIIOUYeHUHN IBUTYH Ha )KUBUJIBHOI M1JICTAHIIII.
AIIB 311iCHIOETBCSl BKIIFOUEHHSIM MAricTpali B MEBHIA MOCIIAOBHOCTI 3 PI3HUMU
BUTpUMKaMH yacy. Bei 1i mutanHs Oyniu BpaxoBaHi B CUCTEMI, IO PO3POOISETHCS.

[Tpn MoaepHizaii 0110 BupimeHo po3podutu enekrponpuBoa HICHY na 6asi
CIICKTPOABHUTYHIB (ipMu SI@MENS, siKi MatOTh 3HAYHI TIEPEBAry Mepe.l IBUTYHAMU TUITY
4A, 5A ta AWP: Benukuii 3anac mo MaKCMMaJbHOMY Ta ITyCKOBOMY MOMEHTY (3-4 BiA
HOMIHAQJIBHOTO), IO Ja€ MOYJIMBICTh BHKOPHUCTOBYBAaTH JABUTYHH 3HAYHO MEHIIIOI
MOTY>KHOCT1; CHCTEMY CaMOOXOJIO/PKCHHS; BUCOKUH CTYITiHB 3axucTy 1P55; HUu3bKMiA
piBeHb mmymy, BiOpaiii, Bucokuir KKJI, BHCOKY eHeproedeKTHUBHICTb. 3aKpHUTe
BUKOHAHHS IIMX JBUTYHIB TapaHTy€ iX HaJIiHY poOOTy IBUTYHIB Ha BIIKPUTOMY
TIOBITPI, /I¢ BOHU MOXKYTh TiJIaBATUCS BILTUBY BOJIOTH, IMICKY, CHITY.

Po3pobnena aBTomMaTH30BaHa cuUcTeMa ympaBiiHHSA enekTpornpuBogom [HICHY
3/1aTHAa BUKOHYBAaTH HACTYIHI (DYHKIIIT:

— IUIaBHHM ITyCK JIBUTYHA;

— TMYCK 1 BIIKJIIOUSHHSI IBUTYHA B PYYHOMY PEXKHUMI;

— aBTOMAaTHUYHE BIJIKJIFOUCHHS €JIEKTPOJABUTYHA IIPU 0OpHBI OJHIET 3 (a3;

— BIAKJTIOYCHHS €JCKTPOJBHUTYHA TPHU TEPEBAHTAKCHHAX ITOHAJA JOMyCTHMY
MexXy abo MpU KOPOTKOMY 3aMUKaHHI B HOro oOMoTkax abo kabeii;

— BIAKJIIOYEHHS €JEKTPOJBUIYHA IMPU KOPOTKOYACHOMY 3HHUKHEHH1 abo
NIMOOKOMY 3HIDKEHHI HAlpyrd 1 aBTOMAaTUYHUN MYCK €JIEKTPOJABUIYHA MICIIA
BIJTHOBJICHHSI HAIIPYTH Yepe3 BU3HAYEHUH Yac;

— BIAKJTIOYEHHS €JICKTPOJBUTYHA MPU aBAPIHHOMY CTaHI CBEPIJIOBUHHU.

[TpoBeneHe po3poOIeHHS CTPYKTYPHOI Ta MPHUHIIUIIOBOI CXEM EJIEKTPONpPUBOIA
HICHY, po3paxyHOK Ta BUOIp €IEMEHTIB CXEM, MOJCIIOBAaHHS POOOTH CHIIOBOI
YacTUHM Ta OJIOKY KepyBaHHs. JloChipKeHHs MOKa3aiu, 0 MOJEpPHI30BaHa CUCTEMA
HaJ1liHa, e)eKTUBHA Ta 3a/I0BOJIbHSIE YCIM BUMOTaM 3aBJIaHHSI.
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AKTYQJIBHICTh TEMM TIOIATa€ Yy HEOOXIAHOCTI 3HHKCHHSA
CO01BapTOCTI YKPAiHCHhKOI HA(PTH, 0 MOXKE OyTH 3M1MCHEHO JIMIIIEC
32 yMOBHM 3a0€3M€4YeHHs HA(PTOrazoBUIAOO0YBHOI MPOMMCIOBOCTI
MalmyHaMd 1 OONagHaHHSIM  HEOOXIZHOI  HOMEHKIIATYpPH,
BHCOKOHAIIMTHOTO, 3 OTP1IOHUMHU nmapaMeTpaMHu 1
XapaKTEPUCTUKAMH, a TaKOXX VY CBO€YACHIA MOJEpHI3alli
oOJIaIHaHHS, 110 BXXE BUKOPHUCTOBYETHCS.

MeTo10 po00OTH € MOJEpPHI3alllsd EJICKTPOIPUBOAY IITAHTOBOI
CBEP/IJIOBUHHOI1 HACOCHOI  yYCTAaHOBKM JJsi  IIIABUIICHHS
€(DEKTUBHOCTI Ta HAJIMHOCTI 1i poOOTH.

O0’ekT  JOCHIIKEHHS —  BHUBYEHHS  OCOOJMBOCTEH
HaBaHTA)XXEHb  CJICKTPOIPHBOJIA  IITAHTOBHUX  CBEPJIOBUHHMX
HAaCOCHUX YCTAHOBOK 3 IULIKO HOro MOJEpHI3aIlli Ta PO3POOKH
HaMOLIBIN palllOHAJbHOI CHCTEMH KEPYBAaHHS €JICKTPOIIPHUBOAOM.

Ipeamer TOCJIiKeHHS — EJIEKTPOIIPHUBOJ IITAHIOBOI
CBEPAJIOBUHHOI HACOCHOI YCTAHOBKHU.
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Monesib aCHHXPOHHOIO IBUT'YHA
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Monesb MeXaHIYHOI YaCTUHHU cucTeMHu ejgekTponpusoay HICHY 9
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BXigHuM curHajoMm Jjis MOJIeNl CIYXXUTh CHUTHal MBUAKOCTI AJl, 3a SIKUM OOYHMCIIIOIOTHCS
IMPUCKOPEHHS JIBUTYHA, KYT IOBOPOTY KPHUBOIIMIIA, 1 Jal CKJIaJ0BI MOMEHTY HaBaHTa)KCHHS.
Ha Buxig cxeMu IOAAlOThCS CHUTHAIM 31 3HAUEHHSIMHU CTAaTHYHOTO 1 CyMapHOr0O MOMEHTY
HaBaHTaXEHb, a TAKOXK MOMEHTY 3B'SA3KY I 3aMUKaHHS 3 Mojaeuto AJl.




IlepexiaHi mpouecu nycky A/l 3 BUKOPUCTAHHAM CTPYMOBOI

CHMHXPOHI3aIil
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a) — rpadiku 3MiHU B
4acl MOMEHTY 1
mBUIKOCTI AJ;

0) — ocHHIIOrpaMu
CTPYMIB 1 HAIIpyT Ha
PI3HUX JUISTHKaX
IEePEX1THOTO MPOIECY



IlepexiaHi mpouecu B KBa3iyCTAHOBJIEHOMY pPeKUMI po0oTH 11
ejektponpusoay TIIH-AJI HICHY

M, ® Cunxponizayia 3a nanpyzoio  CuHxpoHizayis 3a cCmpymom
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BukopucrtanHs CUHXpOHI3aIlli 32 CTPyMOM JIO3BOJISIE MOJIMIIIUTUA JUHAMIKY €JIEKTPOIPUBOILY
cuctremu TITH-AJl, ocobauBo npu poOOTI HAa poOOYIN AUISHII MEXaHIYHOI XapaKTEPUCTUKH.
[IpuBeneHi rpadiku €JIEKTPOMArHiTHOTO MOMEHTY 1 mBuIkocTi AJl MexaHi3My Bepcrara-
Ka4aJIKM Ha BUCOKIM IMIBUJKOCTI, 3 PI3HUMH TUIIAMU CHHXpOHI3aMii. 3 rpadikiB BUILUIMBAE, 110
IIpY BUKOPHMCTAHHI CHHXPOHI3allli 3a Hanpyroto npu nepexoai AJl 3 reHepatopHoi o0jacTi B
JIBUTYHHY B €JICKTPOMarHiTHOMy MOMEHTI JBWTYHAa BHHUKAIOTh 3HA4Hl KOJMBaHHS, SKi
MOBHICTIO 3HUKAIOTh IIPH MEPEX0/Il HA CTPYMOBY CHHXPOHI3AIIiI0.
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MopenaroBanHss nycky A/l 3 pi3HUMH NOYATKOBUMM YMOBAMHU
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Ocumitorpamu ctpymy craropa |y
Ta IMIBUIKOCTI 0OEPTaHHS Bally ©
npu Ug, = 10 %, ty,,=5c, JF10-J
M=0,01M
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JAucneryepusaiis npouecy BuaA00yBaHHd Ha(pTH 32
nonomororw HICHY
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BucHoBkn

[IpoBenenunii aHaji3 CUCTEM EIIEKTPONPHUBOIY Ta METOJHMK PO3PaxXyHKIB HABAHTAXKCHbB JIJIs
HICHY, BusiBieHi iX mepeBaru Ta HENOJIKU. BupimieHo po3poOUTH OUIBII CydacHUUH
€JIEKTPOIPUBO/] 3 MJIABHO PETYILOBAHOIO IIBUIKICTIO TPUBOJAHOTO ABUTYHA Ha 0a3l cXemMu
TIIH-A/] 3 MeToro (hopMyBaHHS IUIABHUX TMPOLECIB MYCKY JJII CUCTEMH BIlJIKA4yBaHHSI
HaTH.

[IpoBeneHuii po3paxyHOK cyMapHOro nmpuBeaeHoro MomeHty iHepuii [ICHY 3
BpaxXyBaHHSIM MOMEHTIB 1HEPI[li OKPEMHUX YAaCTHH CUCTEMH, PO3PaXyHOK HABAHTAXKECHb,
BUOIp Ta TepeBipka BHOOpPY MPUBOAHOTO €JIEKTPOABUIryHAa. BuOpaHuil cTaHaapTHUN
TAPUCTOPHUHN TEPETBOPIOBAY HAIPYTH, SIKUH IUISIXOM 3aCTOCYBAHHSI CUCTEMH ILIABHOTO
nycky AJl 3gaTHui 3a0€3MeUnTH 3HKeHHS myckoBux BTpar 10 (10-15) %.

[IpoBeneHe MOACIIOBAHHS ACMHXPOHHOIO JBUIYHA, CHJIOBOI Ta MEXAaHIYHOI YaCTUH
enekrponpupoay HHICHY.

PesynbTatn MOJI€NIOBaHHS JOBEIH, IO ITO3UTUBHHUM 3BOPOTHHUM 3B'SI3KOM 3a CTPYMOM
3a0e3Meuye 3HUKEHHS CHOXUBaHOTO AJl cTpymy B MOpIBHSHHI 3 HEPEryJIbOBaHUM
€JIEKTPONPUBOAOM; BHKOPHUCTAHHS CHHXPOHI3AIlll 3a CTPYMOM JO3BOJISIE TOJIMIIATH
nuHaMIKy efiekTponpuBoay cuctemu TIIH-AJI, ocobauBo mipu poOOTI Ha poOOUii AUISHIN
MEXaHIYHOI XapaKTePUCTUKH.

3amnpornoHoBaHui enekTporpuBoa Ha 0as3l cxemu TIIH-AJl € cydacHUM, €KOHOMIYHO
NOLIUTHHUM, HAAIHHUM 1 BIAMOBIAAE€ MOCTABJIEHAM 3a1auyaM.

Takum YMHOM, METa MariCTEPChKoi poOOTH YCIIIITHO JOCITHYTA.



