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1. Tema mpoekty (po6Got) «Mopepuizauis cucremH aBroMaTH3auii a30THOI
cTanuii Ha 00'exkTax Ha(pTOrazoBoi NPOMHCIOBOCTI».

KepiBuuk npoexry (3axapuenxo P.B., K.T1.H., loneHT), 3aTBepkeHa HAKA30M
BHUIIOTO HaB4aIbHOTO 3aKkyaay Ne818-¢.a.Bim «09» ceprrs 2024 poky.

2. CTpok nojaHHs cTyAeHTOM NpoekTy (pobotr) 20.12.2024p.

3. Buxigni nasi no npoekty (po6oTH) npoayKTHBHicTE nopaui azory — 0.5 m%/c;
HOTY KHICTB IBUI'YHA Komnpecopa — 132 kBT; nepeperymoBanss y mexax 20%, gac
peryoBaHHs He 6insine 3.0 c.

4. 3micT po3paxyHKOBO-IOSICHIOBAJIBHOI 3aMUCKH (Mepesik MUTaHb, AKi MOTPiOHO
po3poOuTH) AHali3 TEeXHOJOTIYHOIO NpOLlecy OCBOEHHS CBEpJIOBHH. AHAaNI3
TEXHOJIOTIYHOINO Mpolecy OTPHMaHHA a30Ty fAK 00’exkra MojaepHizamii. AHami3
TEXHOJIOTIYHHX pilIeHb MOJEpHi3alii a30THoi cranilii. Po3paxyHok Ta BHOIp
eJIEKTPOIIpHBOIa KoMmIpecopa. Po3paxyHok Ta BuOIp enekrpoaBuryHa. Ilepesipka
eJIeKTPOABHIYHA 3a HarpisoM. IlepeBipka eJeKTPOJBHMIYHA 3a YMOBOIO IIYCKY Ta
NepeBaHTAXKYBAJILHOK 31aTHicTio. Bubip neperBoproBada yactotu. Po3pobka
CTPYKTYPHOI Ta (OYHKIIIOHAIBHOI CXEM KEPYBAaHHS €IeKTPONPHUBOAOM KOMIIPECODA.
Po3paxyHOK XapaKTepHCTHK eNeKTponBuryHa Ta cucremu [TY-AJ] xommpecopa.
Po3pobka (yHKIIOHAJILHOI CXeMH MOJEpHi3allii CHCTEeMH aBTOMATH3allil CHCTEMH
nonagi azory. Bubip mporpamMoBaHOro KoHTposepa. Bubip 3acofiB aBTomaTH3allii.
TlocnimKeHHs ABTOMATHYHOIO PEryJIIOBaHHS TEXHOJOTIYHUM NapaMeTPOM CHCTEMH
aBTOMAaTH3alil a30THOI craHuii. Po3podka cxemu ABP. Bubip enemenTis cxemu ABP.

Po3pobxka cucrtemu eJIeKTPOODIrpiBY KiIanaHiB.

5. Ilepenix rpadi4HOro Mmarepiany (3 TOYHMM 3a3Ha4eHHAM OOOB'A3KOBHX
IUIaKaTiB):

1. AHaTi3 TeXHOJOTIYHOI'0 MPOIIECY OCBOEHHS CBEPIJIOBHH.

2. AHaJi3 TeXHOIOTIYHOrO MPOIECY OTPUMAHHS a30TY.

3. @ynkiionansna cxema CAK enekTponpHBo/ia KOMIPECopa.

4. CrpykrypHa cxema CAK enexTponpuBo/ia KOMIIPEecopa.




- KO ec
5. XapaKTepHCTHKH eJeKTPO BU H.a acucTe-l.v.l:II:"‘*I s .
6. ABTOMATH30BaHa CUCTEMA no/jayl f}_-"lol'! Ta 1l Me baza
7. JlocaijpKeHHs CAK azoTHOl CTaHLLL. |

8. Po3pobka cucTeMH ABP a3zoTHOI f}TaH TREL
9. Po3pobka cHCTEMH esiexTpoobirpiBy KianamiB.

6. Jlata Buaavi 3aBIaHHs 02.09.2024p.
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I AHAaJIi3 TEeXHOJIOTYHOro Mpolecy 0CBOEHHA 07.10.24 10% | TIn 1
CBEP/IJIOBHH e
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a30Ty AK 06’ €KTa MOJIepHi3alii
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eJIEKTPONPHUBO/Ia KOMIIpecopa
Po3paxyHoK Ta BUOIp eJIeKTpOJ/IBUIYHa.
4 Hepenipxa eJIEKTPOBUIYHA 32 HArPiBOM. 28.10.24 40% | Tl 4
ITepeBipka eIeKTPOABUIYHA 32 YMOBOIO ITyCKY
Ta NepeBaHTAXYBATBHOIO 3[aTHICTIO

Bubip neperBoproBaya yacrot. Po3pobka
CTPYKTYPHOI Ta (PYHKIIOHAIBHOI CXeM

5 |KepyBaHHs eJIeKTPOIIPUBOAOM KOMIIpecopa. 06.11.24 50% | IIn.5
Po3paxyHok XxapakTepUCTUK eJIeKTPOABUTYHA
Ta cucremu [1Y-A /] komnpecopa

30% | Iln.3
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i rnapamMeTpoM CHCTEMH aBTOMAaTH3allil a30THOT 24.11.24 70% . 7
CTaHIi1
Po3pobka cxemu ABP. Bubi i
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9 |Po3pobxa cuctemu enektpoobirpisy knananiz |14.12.24 90% | TIIn.9

10 |Odopmnenns Marictrepcbkoi po6oTu 24| 111| 100%
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HKT — HacocHO-KOMIIpECOpHI TpyOHn

JEC — nu3enbeneKkTpocTaHIlis



BCTYII

AkTyanabHicTb po0oru. CyyacHuil crtaH HadTOrazoBoi ramysi Ykpainu
BIJI3HAYAETHCS HECTAayel0 rasy BJIAacCHOTO BHAOOYTKY Ta 3HAYHUM BHUCHAXKCHHSIM
3araciB BYTJE€BOAHIB y Ta30BUX 1 Fa30KOHJEHCATHUX poaoBuIliax. OCBOEHHS HOBHX
pPOIIOBHUII] Ta3y BiIOyBAETHCS MOBUIHHO, 1 B HAMOMMKYiM MEPCHEKTHBI BOHH HE
MOXYTh 1CTOTHO IIJIBUIIUTH 3arajibHUN 0OCIT BHAOOYTKY ra3y 1 KOHAeHcaTy. Y
3B'SI3KYy 3 MM 3aJMIIAETHCS aKTyaJbHOIO MpoOJieMa IMABUIICHHS IMOTOYHOTO
BUJIOOYTKY Ta CTYNEHS BWIYYEHHS BYTJEBOAHIB 3 PO3POOIIOBAHUX POJIOBHIIL.
OCHOBHUMHM HamnpsAMKaMH{ MiJABUIICHHS KIHIIEBOTO KOE(II[I€EHTAa Ta30BUIyYCHHS
ra30BUX POJIOBHIN Y Ta30BOMY PEXKHUMI €: 3MCEHIICHHS KIHIIEBOTO IUIACTOBOTO
TUCKY B 30H1 JIpEHYBaHHS BUJOOYBHHMX CBEP/JIOBUH; 1HTEHCU(IKaIllis BUIOOYTKY
razy 3 MaJOJIpEHOBAaHUX 1 HU3BKONMPOHUKHUX JUISTHOK POJOBHINA 3 MiABUIIICHUM
MJIACTOBUM THCKOM Ta BUTICHEHHS 3aJIUIIIKOBOTO MPUPOTHOTO Ta3y 3 BUCHAKCHHUX
POJIOBHUIIl HEBYTJICBOJAHEBUMH ra3aMM 1 PiIMHAMH, a TaKOX iX MoeqHaHHAM. J[is
JIOCSITHEHHSI BUCOKMX 3HAa4Y€Hb KIHIEBOTO KOe(DIiliEHTa ra30BHJIYYEHHS POAOBHIILL
HEOOX1THO 3a0e3meunTu CTadUIbHY pPOOOTY BHUAOOYBHUX CBEPIJIOBUH 3
MIJBUIICHUMU AcOiTaMU Ta3y LUISXOM TMOKpAIeHHS CTaHy MPUBUOIMHOI 30HU
macTta Ta 0OpOTHOM 3 YCKIaJHEHHSIMH Y CBEPIJIOBUHAX 1 BUKUIHUX JIIHISIX I1]T Yac
BHUI00yBaHHSI rasy.

BukopucranHs HEBYTJIEBOAHEBUX Ta3iB Yy MPOMHCIOBOCTI  IOYAJIO
posrasipatucs me B 10-20-x pokax muHysoro cromittsa. HeByrneBoaHeBi rasu ta
PIAVMHYU 3HAXOATh Jiefaii OlIbIle 3aCTOCYBaHHS B HAPTOTa3oBii ramysi. 30kpema,
iX BHUKOPHUCTOBYIOTh Yy MPOMHCIIOBUX MacmTabax Mg MiATPUMKH IJIaCTOBOTO
TUCKY B Ha(pTOBUX poJOBHIIAX ab0 B AKOCTI 3aMiHHHMKA OydepHOro rasy B
MIJ36MHUX Ta30CXOBHINAX. Pe3ynbTaTH BiIOMHUX JIa0OPAaTOPHUX 1 TEOPETHUHUX
JOCIIIJIKEHb CBII4aTh PO BHCOKY TEXHOJOTIYHY €(QEKTUBHICTh 3aCTOCYBaHHS
HEBYTJIEBOJIHEBUX Ta3iB JUIsl MIABUIICHHS TA30BWJIYUYCHHS 3 BUCHAKEHUX Ta30BHX

MMOKJIQI1B.
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OTxe, MUTaHHS MiABUIIEHHS €()EKTUBHOCTI BHUKOPUCTAHHS Ha(TOTa30BUX
PONIOBHUII] € aKTyaJhbHUM, IO TOTPEOYIOTh HEBIAKIAJAHUX IMOIIYKIB CY4acHHUX
plllieHb Ta JOCHIPKEHb MOMXJIMBOCTI 11X BIPOBAKEHHS. ToMy METOI0
MaricTepchbKoi poOOTH € MOJIEpHi3aIlisl CHCTEeMH aBTOMATHU3aIlli a30THOT CTaHIIIi Ha
o0'ekTax HadTOrazoBoi MNPOMUCIOBOCTI. (OJHOYACHO TIOBUHHI BUPIIIUTUCH
MUTaHHS €HEePro30epeeHHsT 3 BUKOPUCTAHHSM CY4YacHOTO EJIEKTPOIPUBOAY Ta
€JIEMEHTHOI 0a3H.

O00’€KTOM JOCHIPKEHHSI € TEXHOJOTIYHUN TMPOIEC OCBOEHHS CBEP/IOBHH
KOMIIPECOPHUM CITOCOOOM 3 BUKOPUCTAHHSIM a30Ty.

IIpenmeTrom AOCHIPKEHHS € MOJEpHIi3allisi a30THOI CTaHIi Ha 00'ekTax
HadTOrazo0BO1 MPOMHUCIOBOCTI.

JIns  JOCSTHEHHA TOCTaBJIEHOT METH HEOOX1IHO BHUKOHATH HACTYIIHI
3aBJaHHA:

— TIpOaHaji3yBaTU TEXHOJIOTTYHUMN MPOIIEC OCBOEHHS CBEP/IOBHH;

— IPOBECTH  aHaji3  TEXHOJOTIYHOIO TPOLECYy OTPUMaHHSA  a30Ty
KOMITPECOPHUM CIIOCOOOM SIK 00’ €KTa MOJIEpHI3allii;

— OOIpyHTYBaTH HaIlpsIMKHU MOJIEpHI3allil a30THOI CTaHIIii;

— 3I1ACHUTH MOJEPHI3AIlII0 EIEKTPONPUBO/Ia TA CUCTEM KEPyBaHHS;

— po3poOUTH (PYHKIIOHAIBHY Ta CTPYKTYPHY CXEMU E€JIEKTPONPUBOJA
a30THOI CTaHI];

— 3MIACHUTU JAOCTIPKEHHS] CTaTUYHUX Ta JMHAMIYHUX PEXKUMIB POOOTH
€JIEKTPONPUBOA a30THOI CTaHIIIT;

— PO3pOOUTH CHUCTEMY KEpYyBaHHS €JIEKTPOOOIrpIBOM Ta BY3JOM OOJIIKY

a3oTy;
— 3I1ACHUTU BUOIp 3ac001B aBTOMATHU3Allli Ta aJTOPUTMIB KEpyBaHHS HUMH;
— MOJEpHI3YBAaTH CHCTEMY EJIEKTPONOCTAa4aHHsS a30THOI CTaHIli, a came
nependauntu ABP;

— po3pooutu cxemy ABP, BuOpaTu 3acobu 3axucty Ta oOpaTu mepepis

MIPOBITHHKIB.
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JIyst BUpIiIIEHHS MTOCTaBJICHUX 3aBAaHb B pOOOTI BUKOPUCTAaHA METOMKA, IO
BKJIIOYaE B ceOe MeTomu Teopii aBTOMATHYHOTO KEpPyBaHHS Ta METOIU
MaTeMaTuyHOro mMojentoBanHs Ha [1K.
PO3J1J 1
JOCIIKEHHSA TEXHOJIOI'TYHOI'O MPOLECY OCBOE€HHS
CBEPIJIOBUH TA OBI'PYHTYBAHHS HAIIPSIMKY MOJEPHI3AIII
A30THOI CTAHIIII

1.1 AnaJi3 TEXHOJIOTIYHOI0 MPOLECY OCBOEHHS CBEPIJIOBHH
OCBO€HHS CBEPJIOBUHH — 11€ KOMIUIEKC Y3TOJIKEHUX 1M, HalpaBiICHUX Ha

PO3pOOKy pOOBHIIA, I 3a0e3reueHHs Horo 6e3nepebiifHoi e)eKTUBHOT poOOTH

BPaxOBYIOUU OCOOJTUBOCTI JAUISHKH.

BUKIMK IpUIUIMBY 13 MJIACTY

BignoBnenHs (mpy He0OX1THOCTI)

IIPOHUKHOCTI TIOPiJT TPUBUOIHHUX 30H
macta (I131IT)

BcTaHnoBieHHS TEXHOIOTIYHOTO PEXKUMY
eKCILTyaTarlii CBep/IJIOBUH
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Pucynoxk 1.1 — Komruiekc poOIT 3 OCBOEHHS CBEP/IJIOBUH

PosrisineMo HOpMaTUBHO-3aKOHOAaBY1 JTJOKYMEHTH, 1[0 PETYIIOIOTH MPOIIEC

OCBO€HHS cBepJIOBUH. Cepesl TaKuX:
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1. 3akon Ykpainu «IIpo nadty 1 ra3» Big 12.07.2001 Ne 2665-111.

2. [TonoxkxenHs mpo MIiHICTEpCTBO €KoJoTli Ta MPUPOAHUX PECYpPCIB
VYkpainu, 3atBepkeHoro nocraHoBoro Kabdinety MinictpiB Ykpainu Big 21 ciuns
2015 poxy Ne 32.

3. IIpaBuiia po3poOku HadTOBUX 1 TazoBux poaosuil Bif 15.03.2017 Ne 118.

CrymniHp TiIPpOAMHAMIYHOTO 3B'S3KY CBEPJJIOBUHMU 3 ILIACTOM, SIKICHI Ta
KUTbKICHI XapaKTepUCTHUKU NpoQiIio, 10 BMaJa€ B CBEPIJIOBHHY, TPUBATICTbH
eKCIUTyaTallli CBEep/JIOBUHU 0€3 YCKIaJHEeHb, HaJIHHICTh, OE3BIAMOBHICTH Ta
JIOBTOBIYHICTh KOHCTPYKTHBHHUX (DYHKIIM MOBEPXHI CBEP/UIOBUHU 0arato B YoMy
BU3HAYAIOTHCA KIIBKICTIO HAa(TOBHX CBEpJIOBHH, BUIOM Ta SKICTIO poOIT B
nporieci po3pooku HadTOBOTrO pomoBuIa. Bubip texHonorii po3poOku HapTOBOI
CBEp/UVIOBUHU UIUIBHO TMOB'A3aHUN 3 Teo0JIOro-(pi3MYHUMHU XapaKTEePUCTUKAMU
miacTa, a TakoX (UIBTpalliiHUM Ta HANPYXEHUM CTaHOM IUiacTa OypiHHS.
OinbTpaniiiHuii cTan 011 CBEpAJIOBUHU (OPMYETHCS y MPOIECI MEPBUHHOTO Ta
BTOPUHHOI'O PO3TUHY MPOJYKTUBHOTO miacta. OinbTpalliiHuii cTaH NpUBUOINHOT
30HM BIAYYTO BHUJO3MIHIOETHCS TPH KaliTAIbHOMY PEMOHTI CBEPAJIOBUHU Ta
HECYTTEBO 3MIHIOETHLCS TIPU MPUPOJIHIN SKCIUTyaTallii CBepyIoBUHH [7].

Bubip meromiB Ta mporeciB po3poOku Ha(TOBOrO POJIOBHINA 3aJICKUTh,
HacaMIiepes1, BiJ MICIIS 3HAXOKEHHS CBEPJUIOBUHH, BEJIMYNHU TJIACTOBOTO TUCKY,
pO3TallyBaHHs MDK(IIOITAIBHUX PO3IUTIB BIAHOCHO IHTEpBaiB mepdoparii,
MPU3HAYCHHS CBEP/IJIOBUHU Ta BU3HAYCHOTO CIIOCO0Y BUIOOYTKY HA(TH.

[Ticnst cycky 10 CBEpIOBUHU KOJIOH HacocHO-kommpecopuux Tpyo (HKT),
CrieliaJibHOro 0O0JIalHaHHS, YCTAaHOBKM Ta BIAMOBIIHOT OOB'S3KH THUPIIOBOI
apMaTypu MO>KHA PO3TMOYMHATH il OCBOEHHA. 3aJ€XHO BiJ OOCTAaBHH, HIDKHIN
kiHenp (uepeBuk) kosoH HKT wmoxxe OyTH BCTaHOBIEHUM BCEPEAMHI CEKIIIT
nepdopaiiii, a B IeIKUX BUTAJKaxX BHIlE a00 HUKYE OCTAaHHBOI CEKIli mepdoparrii.
Otxe, OubIN eeKTUBHE IPOMUBAHHS CTOBOYpa CBEPAJIOBUHU MOKHA OTPUMATH,
skio posranryBaT yepeBuk HKT y 3ymmndi HadroBoi cBeputoBuaum [12].

[IpomMuBaHHS  CBEpP/UIOBUH 3  METOIO  OYMIINCHHS,  IiJIKIFOYCHHS

KOMIIDECOPHUX Ta HACOCHMX arperariB, aHajgi3 Mpo0, BUMIp THUCKY Ta



11
TEMIEPATypU, 3aHYPEHHS y CBEPAJIOBUHY HEOOXIIHUX MPHUIaJliB, BUOKPEMIICHHS
ra3zy Bil HAaQTH Ta CHAIIOBaHHS ra3y, 110 BUBUILHUBCSA MOBHHHA 3a0€3Me4YyBaTH
rUpJIoBa apMaTtypa Ta ii 00B'si3ka. Takox 70 11 000B’SI3KIB BXOSITh PETYIIOBAHHS
MOTOYHOI POOITH CBEPIJIOBHH, BMICT CBEpPJUIOBHH, 30ip HApTOBOI MPOIYKIli Ha
MIPOMHUCITI.

[Tpu3HayeHHs, cnocid ekcruTyartarlii Ta Kareropiss BU3Ha4a€ KOHCTPYKTHBHI
0COOJIMBOCTI TUPJIOBOT apMaTypu HaTOBOI CBEPITIOBUHHU.

Konu crneuianbHe o0iajHaHHS 3aHYpPWIA B CBEPJJIOBUHY, BCTAHOBWJIM Ta
TAKITIOYUIN TUPIIOBY apMaTypy, MOXKHA PO3MOYaTH POOOTH 3 OCBOEHHS HAPTOBOT
cBepyIoBUHU. Hagani MakcuManbHO IHTEHCUBHO CBEP/IOBUHA IPOMUBAETHCS, JIJIS
HOJTAJTBIIIOTO BUKJIMKY pUTOKY [19].

[Iporiec  BUKJIIMKY TPUTOKY € TOJOBHOIO  CKJIaJOBOI0  OCBOEHHS
eKCIUTyaTaliiHuX cBepasioBuH. [IpoaykThBHA TOBIIA I1acTa IMepedyBae Mif
perpeci€ro CTOBMAa PIAWHU YU PO3UYMHY MICIS 3idcHEeHHs nepdopaiiii. ¥ sSKoCTi
TaKol PIAMHMA MOXX€ BHUCTYNATH YKMCTa BOJA, CIEIadbHO MPUTOTOBAHUN PO3YHMH
noBepxHeBO-akTUBHUX pedoBUH (ITIAP), OypoBuil po3zuumH Tomo. OCHOBHUMHU
BJIACTUBOCTSIMU BHILEHABE/ICHOI PIAMHU MalOTh OYyTH 1HEPTHICTh [0 METaly
0o0CaJlHUX KOJIOH Ta CBEpIJIOBUHHOTO CIEHOOJaJHAHHSA, a TaKOX 3aHMKEHa
MPOHUKHICTH TOPOJAM TMPOAYKTUBHOTO IUIacTa B 30HI HABKOJO HadTOBOT
cBepasioBuHU. lle moB’si3aHO, B mepily 4epry, 3 THM, IO MPOMIXKOK 4acy MIX
nepdopallielo 1 OCBOEHHSM MOXE OOYMCIIOBATHCS PI3HUMH  IeplojaMu
(HampuKJIa, 117101000B0, THXKHSIMHU, MICSALISIMU TOIIIO).

Cxema BepTHKaNbHOI Ha(TOBOI CBEpAJOBHHM, IO OYIKYE OCBOEHHS,
300pakeHa Ha pucyHky 1.1. 3HaueHHs Tucky Ha 32601 (P,,5) Takoi cBepaioBUHU
BU3HAYaeThCs Gopmyioro [12]:

P = Pp g-Hyps (1.1)

o 3.
Z€: Pp —IIIIBHICTh PO3YHHY, 1110 3aII0OBHIOE CBEPAJIOBUHY, KI/M";
g — IPUCKOPEHHSI BUILHOTO MaiHHS, M/C”;

H,.; — 3Ha4ueHHs cTOBMNA PO3YMHY, M.
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Binznauumo, mo HadTOBa CBEPAJIOBHHA MOXE MAaTHU CKIAIHHUN Mpodinib, a,
OTXe, MOXe OyTH INOXWIOI0, TOPU30HTAJIBHOIO TOIIO. Y TakoOMy BMIAJKy 3a
BEJIMYMHY CTOBIA MPUIMAEMO PI3HULIIO MK a0COTIOTHOIO MTHMOMHOIO TOJI0KESHHS
320010 Ta TJIMOMHOIO TOJOXEHHS PIBHS PO3UYMHY B CBEPAJOBHHI. AOCONIOTHY
NO3HAYKy IUIOIIMHU Y MeXax iHTepBaiy mnepdoparii mpuiiMaeMo 3a TIHOUHY

3a20010.

Pucynok 1.2 — CxematuaHe 300pakeHHS CBEPIJIOBUH TIEPET BUKIMKOM TPUILIHABY:.
1- rupnioBe oOnaaHaHHs; 2 — o0calHa eKCIUTyaTalliiiHa koyioHa; 3 — koiona HKT;
4 —nepdopoBanuii 3a0iif; 5 — 3ymnd; 6 — IPOTYKTUBHHI MJIACT

[TpuHIMI 3HMKEHHS] TUCKY Ha 32001 CBEp/UIOBUH HIDKYE PIBHS MJIACTOBOTO,
a TaKOXX CTBOPEHHSI MIHIMAQJIbHOI Aemnpecii, MpH SKid MOYWHAETHCS TPUILIUB 13
mactTa B HaTOBY CBEp/JIOBUHY IOKJIAJEHUH B OCHOBY 3aCTOCYBaHHS BCIX 0e€3
BUKJIFOYEHHS CIIOCOO1B BUKJIMKY MPUILITUBY.

3HIKEHHSM HIUIBHOCT] PO3YMHY, 0 HaXOAUTh Y Ha()TOBY CBEp/JIOBUHY, a
TAKOX 3MEHUICHHS PIBHSA pPO3YMHY B 00CaJHIN eKcrulyaTalliiHId KOJIOHI
(3HI)KEHHA CTOBIIA PO3UMHY) € 3ac00aMH 3MEHIICHHSI THCKY Ha 3a00i CBEpAJIOBUH,
K 10BOAUTH Ham dopmynu (1.1).

Bimzraunmo, 1m0 yMOBH BUKJIMKY NPUILIMBY 3 IJIaCTa CYTTEBO BILUIMBAIOTH

Ha €(QEeKTHBHICTh PO3POOKM Ta Ha TEXHIYHUN PEKUM eKcruryaTarii HadToBOl
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CBEP/IJIOBUHHU, a TaKOXK Ha ii HaaIHHICTh. 3ayBakKUMO, 110 TIpU BUOOpPI METOAY Ta
TEXHOJIOT1i BUKIIMKY TMPHUIUIMBIB 3 IJJACTAa BAXKJIMBUM IOKA3HUKOM € 3HAYCHHS
IJTACTOBOTO THUCKY [7].

Buokpemumo ocHOBHI (akTopu, M0 BIUIMBAIOTH HAa BHOIP METOIY
TEXHOJIOT1i BUKJIUKY TIPUIMBIB, Cepe]l HUX:

—  XapakTep Ta CTYIIHb MPOHUKHOCTI 3aJI€KHOI TOPOIH;

—  CKJIaJ Ta XapaKTEPUCTUKHU MPOAYKTUBHOI TIOPOJIH;

—  CTYIiHB LIEMEHTAIlli TOPOJIH;

—  CTYIiHb HEOJHOPITHOCTI IJIACTa;

—  CKJIaJ] Ta XapaKTEePUCTUKHU (IIOINY;

—  HasIBHICTb 200 BiJICYTHICTh Fa30BUX IIAIOK;

— TEXHIYHI YMOBH KaM'SSHOT'O OOJIMIIOBAHHS.

Ha npakTtumi npu ocBoeHH1 HAapTOBOI CBEPJUIOBUH HE PIJKUM SIBUILEM €
aBapiiiHl cuTyalli Ta pi3H1 yCKIaAHEHHs. TakuMH yCKJIaJHEHHSIMU MOXYTb OyTH
nedopmaitisi 00cagHOT KOJOHM, MOPYIIEHHS IIIICHOCTI IIEMEHTHOTO KaMEHIO 3a
KOJIOHOIO0, PYWHYBAaHHS TIpChKUX TOpPIJ B MPUBUOINAHINA 30HI, BEpXHI a00 HIKHI
NpOPUBH BOAM Y 30HAX IUIACTOBMX INBIB . He BpaxyBaHHS CKIagy Ta
XapaKTEPUCTHUK IIACTA, TAaKOXX HETAaTHBHO BIUIMBAIOTh HA BHIO00YTOK HadTH Ta
rasy uepes3 MoxJuBe 1ehopMyBaHHS IIEMEHTY 00caHO1 Kojionu [12].

VY HadrorazoBiii NpOMHUCIOBOCTI BUAUIAIOTH HACTYIMHI CHOCOOM BUKIIUKY

MPUILIUBY 3 IJIACTa B CBEPJUIOBUHY, SIKI CXEMaTUYHO 300pakeH1 Ha pucyHKy 1.3.
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Tapranns

[TopuiHeByBaHHs

[MocnigoBHa 3aMiHa CBEPAJIOBUHHOTO PO3YHHY Ha

po6oui areHTH (y TOMY YHCITI TIHU) MEHIIIO1
[JIBHOCTIL

Kommnpecopnuit
3acTocyBaHHS CBEPJIOBUHHUX HACOCIB

Pucynox 1.3 — OcHOBHI cCIOCOOM BUKIIUKY MPUIUIMBY 3 TUIACTY

[Iporiec HEOHOPA30BOrO CITyCKaHHS B CBEPAJIOBUHY CIELIATIbHOI KEIOHKU
€ TapraHHaM. JKemoHKa — 1€ JOBIHM IMIIHAP MEBHOTO JiaMeTpy 3 TapiadacTUM
KJIAalIaHOM B HIDKHIW JIOHHIA YaCTHHI Ta CKOOOIO 3BEpPXY, JO SKOi KPIMUTHCSA KaHAT
HEoOX11HOT TOBUIMHM. J[OBXKMHA BMILE3a3HAUEHOI JKEJIOHKU MOXKe nocsratu 15
METpiB, a 30BHIIIHINA AiameTp Mae Oyt He Oinbine HiX 70% Big BHYTPIIIHBOTO
niameTpa o0canHoi KOJOHHU. SIKIIO 301IbIIWTH J1aMeTp >KEJIOHKH, TO CYTTEBO
30UTBIIUTHCSA TIAPaBIIYHUM OMip NpH CHYCKOMAMOMHHMX MaHINyJAlisxX. 3a
JIOTIOMOTOI0  CIIEIiaIbHOI JIEO1IKM 3IIMCHIOEThCS chyck Ta migidoM. DyHKIis
TapTaHHS Ma€ JOLUIbHICTh 3aCTOCYBaHHS B TUX CBEPJJIOBUHAX, /1€ HE OUIKY€EThCS
dboHTaHyBaHHSA Ha(TH, a/pke CBEpAJIOBMHU He MaroTh koysioH HKT Ta rupmosoi
apmatypu [19].

Crnoci6 TapTaHHS BUKOPUCTOBYETHCS ISl 3HMXKCHHSI PIBHS CTOBIIA PO3YHHY
B CBEP/IJIOBHHI MOPS 3 OJJHOYACHUM OUYMILICHHSIM CBEPJIJIOBUH BiJ OCUJIOI TTOPOIH,
TJIMHUCTUX a00 IIEMEHTHUX PO3YMHIB Tol0. HacTymHUM KpOKOM € OIyCKaHHs
MOPOKHBOI JKEJIOHKM Ha KaHaTi Ha 3a0id. Ilpm ymopi mToka kiamaHa o0 JHO
Ha(TOBOi CBEPIJIOBUHHU, /i€ HAKONMUYWINCH 3a0pyAHIOIOYl PEUYOBUHH, KIIAlaH
aBTOMAaTUYHO BIJIKPUBAETHCS, IO MPU3BOAUTH 10 IHTEHCUBHOI'O BCMOKTYBaHHS B

JKEJIOHKY PIAMHU pa3oM 13 3a0pyIHIOIOUYMMH peUYoBHMHAMHU. Bia3zHauumo, 110
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OCHOBHOIO TI€pEBArol0 TapTaHHS € MOXJIHMBICTh BHIAJICHHS 13 CBEPIJIOBUH
3a0pyJHIOIOYMX PEYOBMH Ta 3aluIIKiB. TapTaHHAM MOXXHa EKCIUIyaTyBaTh
CBEP/JIOBUHY MEXaHI30BaHUM CIIOCOOOM, a HE JIUIIE i1 OCBOIOBATH.
[Topsan 3 mepeBaramu, crocid BUKIMKY MPUILIUBY 3 IJIACTY SIK TAPTaHHS BCE
K TaKM XapaKTEePU3YEThCS HU3BKUM KOE(IIIEHTOM KOPUCHOI Jii Ta BUCOKHUMU
CHEPreTUYHUMHU BUTpaTaMu. Jleski eKCHepTH BiJ3HA4YalOTh I€M CIocid sK
MaJIOPOAYKTHBHUN Ta TpynomicTkuii. Kamar, oOcajgHa KoJIoHA Ta creriajgbHa
JKEJIOHKA IHTCHCUBHO 3HOINYIOTHCS Ta MiJISATal0Th PETyJSIpHiN 3aMiHi. bins rupia
Ha(TOBOI CBEP/JIOBUHU PO3TAIIOBYETHCS BIAMOBITHA €EMHICTh, B SKYy 3JIMBAETHCS
BMICT MIIHATOI PIAMHYU 31 CBEPAJIOBUHHU XKEJIOHKU. BpaxoByrouu BuUllEHABEIEHE,
croci®é TapTaHHS JOIILHO 3aCTOCOBYBAaTH Y HETJIMOOKWX CBEPJJIOBMHAX, KOJH
IUTACTOBHM TUCK 3HAYHO HW)KYMKA 3a TIIPOCTAaTUYHUN TUCK. Y THUX Ha(TOBHX
CBEP/IJIOBUHAX, JI€ IPUCYTHIN CIPKOBOJIEHb, 3A00POHEHO 3aCTOCOBYBATHU KEJIOHKY.
3MiCT croco0y BUKIMKY MPUILIUBY 3 TUIACTY SIK TIOPUTHEBYBAHHS IOJISITAE Y
3HMDKEHHI PIBHS PIAUHU y CBEpAVIOBHHI 3a JonoMoror Cg,s. Ilopmiens 31
CHeliaJbHUMHU YIIUTbHIOBAJLHUMHU €JIEMEHTAMU, IO CITYCKAE€ThCS Ta BUTATAETHCS
3 Ha(pTOBOI CBEPJIJIOBMH Ha CTalleBoMy KaHaTi Ma€e Ha3By C,,5. Takuit C,,5 MOXKE
OyTH OCHAIlEHUW TEPEemyCKHUM a00 3BOPOTHIM KJIAMaHOM. Y IIIJIbHIOBAIBHUMHU
enemeHTamMu Cy,6 MOXKYTh OYTH TUTACTHHM 13 TYMU 200 METaly, a TaKOX MOJIMEpPHI
ManxeTu Toulo. L{o6 yHuKHYTH ab0 MIHIMI3yBaTH BUTOK CTOBMA PIIUHU, SKa
MITHIMAETHCSA, YIIUTbHIOIYNH ePeKT Mae OyTH BUKITIOUHO TIpH pyci C,, BBEPX.
Otxe, (yHKIIs cBaOyBaHHS MOJSATae B NEPIOJUYHOMY MIAHOMI MEBHHUX
nopIiii piiuHu 3 HATOBOI CBEPJIOBUH OJTHOYACHO 3 MOCIIJA0BHUM CTYMIHYACTUM
3HIDKCHHSIM PIBHS PIIMHMA Ta CTYMIHYACTIA 3MiHI TIUOMH cmycky C,,s abo
weTmoHKH 31 Cy,g IPU KOXKHIN omeparlii cnycky-miaiomy. Po3rissHeMo cxeMaTH4HO

MOPIIHEBYBAHHS SIK CIIOCIO BUKJIMKY MPUILTUBY 3 IJIACTY HA PUCYHKY 1.4.
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Pucynok 1.4 — BapianT nigiioMy piiuHU 31 CBEP/JIOBUH MOPIIHEBYBAHHIM

a — cBa0yBaHHsI MO KOJIOHI HACOCHO-KOMIIPECOpHUX TpyO; O — cBabyBaHHs 0e3
koJioH HKT (mo excruryaraiiiiiHoi KOJIOHHU); B — cBaOyBaHHS 3a JOTIOMOTOI0
KEJIOHKU B €KCIUTyaTalllifHIN KoJloHi; 1 — o0cagHa eKcruTyaraiiiiHa KoJIOHa;

2 — xonona HKT; 3— rayukuii TaroBuii opras; 4 — BaHTax; 5, 6 — cBas;
[ — XKeJOoHKa

BigzHaummo, 10 TEXHOJIOTiS BHKJIMKY MPHUIUTMBY TOPUTHEBYBAHHS TIPH
OCBO€HHI Ha(TOra3zoBOi CBEP/IJIOBMH MMOBUHHA BUKOHYBATHU Dsiji 3aBAaHb, CEpel
akux [7]:

— 30epexxeHHs BiJ AedopMaliii 00caHOI eKCIUTyaTallliHOl KOJIOH;

— BUKJIFOUYEHHS 3 Ta30BOi MIANKHK Y CBEPVIOBUHY TIPOPUBY BOIM a00 razy;

— 3axUCT BIJ pyHHYBaHHS MOPOJM y MpU3a01iiHIii 30Hi;

— 30epeKEeHHS TEPMETHIHOCTI IIEMEHTHOTO KIJIBIIS 33 KOJIOHOIO;

— BIJHOBJIEHHS, 3aXUCT a00 30UIbIIEHHA MPOHUKHOCTI MOPOIU Yy
npu3albiiiHiid 30Hi;

— OXOpoHa Hajp Ta Oe3meka MPOBEJACHHS BCIX POOIT.

Cepen mepeBar BUTOKY NMPHUILIMBY MOPIITHEBYBAHHAM BUIUISIOTH TIPOCTOTY
TEXHOJIOT1i, Bi/ICYTHICTh MPOHUKHEHHS B IJIACT TEXHOJIOTTYHHUX PIIUH 31 CTOBOYpa
Ha(TOBUX CBEP/JIOBMH, MOKJIMBICTD TIJIABHOTO 3aCTOCYBaHHS, MIUPOKUHN Jiana3oH
peryJifoBaHHS THUCKYy Ha TIUIaCT, CYMICHICTb 3 PI3HOMaHITHUMU METOJIaMH
iHTeHcH(DiKaIlli MPUTOKY, EKOJIOTIYHA YHCTOTa, 3aXHUCT BIJ TOXEXKi. TakKoX,

MOPIIHEBYBAHHS 3aJUIIA€TbCsl €()EKTUBHUM MpU BHUCOKIM B'sI3KOCTI HadTH,
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M1 IBULIIEHOMY ra3oyTpUMaHHI, HU3BKOMY IJIACTOBOMY THCKY,
cI1a0031IEMEHTOBAaHNMH TTOPOJIaMH B TIPUBHOiIHIH 30Hi [7].

OuniieHHsIM HaTOBOI CBEPAJIOBUHM MOKHA Ha3BATU TOCIIJOBHY 3aMiHY
CBEP/IJIOBUHHOTO PO3YHMHY poOO4YMM areHToM. PoOoumii areHr, 1o OYHIlye, Mae
MEHIY HIUIBHICTh, HIK CEPeNIOBHUIIE, L0 3alOBHIOE CBepiIoBUHY. [locmigoBHa
3aMiHa € HaWOUIbII MOMYJSIPHUM METOJOM 3a0e3MEeUeHHs MPUIUIMBY 4Yepe3 Horo
yHiBepcanbHICTh. [locii1oBHY 3aMiHy CBEPAJIOBUHHOTO PO3UMHY Ha pPOOOYl areHTH
MO>KHa 3aCTOCOBYBATH, HaBITh KOJIM IUIACT CKJIAJAEThCS 3 MOTAHO 3'€THAHUX
I'PYHTOBUX TMOPII.

Po3zbepemo neranbHO CyTh METOAY MOCHIJOBHOI 3aMiHM CBEPAJIOBUHHOTO
po3unHy Ha poOoui arentH. Omepailisi BUKJIMKY TPUILUIUBY BUKOHYETHCS B
CBEpJYIOBUHAX, JI€ 3aBEpIICHI OypuiibHI poOOTHU, a TaKOX Yy CBEPIJIOBHHAX, JE
3aKIHYMBCSA PEMOHT. SKIIO Y CBEP/IJIOBUHI BXKE 3aBEPIIMIUCH OypUIIbHI pOOOTH, TO
BOHA 3allOBHIOETHCA IMIUIBHUM OypoBUM po3unHOM. O6’eM OypOBOTO PO3YHUHY
PETYIIOETHCS HOPMATUBHUMH JTOKYMEHTAMH 3 BCTAHOBJICHUX TPaBHII Oe3neku. Y
JIPYroMy BapiaHTl CBEP/JIOBUHY 3alIOBHIOIOTH CIICIIAIBHO MPUTOTOBAHUM BOJIHUM
PO3YMHOM HEOOX1AHOT MiHepasi3allii 3 J0JaBaHHSIM TMEBHUX aKTUBHUX PEUOBHH.
Ane B 000X BHUIAJKaX IJIACT MMOBUHEH mMepeOyBaTH IiJl TUCKOM, 3HAYEHHS SIKOTO
PETryJIIOEThCS YITKUMH MTPpaBUIaMK Oe3MeKkH y HadToraszoBiit ramysi [12].

[Ipu BUKOpUCTaHHI METOYy MOCIIOBHOI 3aMIHU MPUILUIUBY PIAVMHU 3 OOPTY
B HATOBY CBEPJUIOBUHY, BUKOPUCTOBYETHCS JIBA IUISXH CTBOPEHHS HEOOXITHUX
nornuoens. lepmnii msx nepeadayae OTpUMaHHS PO3UYHMHIB HU3BKOI IILTBHOCTI
3 TEXHIYHOI BOJOIO y TOEIHAHHI 3 MOBEPXHEBO-aKTUBHUMH PEYOBHHAMHU MJIS
neraszailii Had)TH, HAJAIITYBaHHS IJ1aCTa, @ TAKOXK OYypiHHS CBEP/JIOBUH HAa BOMAY
ab0 IHIIMX CHeniajdbHO MIATOTOBJICHUX PO34MHIB. Jlpyruil musix nependayae
BUKOPHUCTAHHS MHHOI CUCTEMHU.

3riIHO 3 BCTAHOBJICHHMMH TIpaBUjIaMH O€3IEeKH, PI3HUIA B IIUIBHOCTI
MOCJIIJIOBHO BBEACHUX NpPENapaTiB HE MOBUHHA OyTH Outblior HiK 600 kr/m3.
Binxunenns Oyae NpUAHATHUAM JIMIIE PI3HUII Y BUIMAJIKY SIKICHO 3alleMEHTOBAHO1

MOPOAM Ta BUCOKOSIKICHOTO MOHTaxKy 00caJiHO1 KoJIoHHW. [Ipu moTpedi npuriauBy
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pPIAMHM PiIKI peareHTiB MOTPIOHO TMoAaBaTH dYepe3 KUIbLE 3a JIOTIOMOTOIO
HACOCHOTO arperaty. TakoX TOMYyJSIpHUM € BHUKOPUCTAaHHS IIEMEHTYBAJIBHOI
YCTAaHOBKU Ta OYypOBHX HAcOCIB. ABTOIIMCTEPHH 3a3BHUYail JOCTaBIAIOTH PIAKUAN
peareHT 10 Ha(TOra3oBOi CBEPMJIOBHHU. 11 3aidWIIKH, moO OynM BWIy4eH] 31
CBEpJUIOBUHU MarOTh OyTH 310paHi B CHeEIlajibHI KOHTEHHEpPH JJIsi MOBTOPHOTO
BUKOPHUCTaHHA, a00, y pa3i HEMOXJIMBOCTI MOAAIBIIOTO BUKOPUCTAHHS, MalOTh
OyTu 3akomaHi a00 3HETTKOKEHI.

VY pa3i BUKOPUCTAHHSM CHUCTEMH CIIIHIOBaHHA a00 MIHHOI CUCTEMHU MOXKE
OyTH BUKJIMKAHUN HU3BKUU IUIACTOBUIl THUCK MPUILIMBY BOAM 3 pe3epByapa B
cBepIoBMHY. HasBHA TeXHIYHA MOKJIUBICTH CTBOPUTH CHCTEMY CIIHIOBaHHS Y
mianasomi Bix 900 go 100 kr/m’.

OTxe, pO3TITHEMO NETATbHO TMOHSTTS MiHU. IliHa — 116 TeBHA CTPYyKTypa
JUCTIEPCHOI CUCTEMH, y SIKiM AUCHEPCHOI0 (a30l0 € MyXHUPIll rasy, M0 po3JiieH]
TOHKMMH TIPOIIapKaMH PiIKOTO AucHepcHoro cepeaonuiia [19].

ITo cBoili cTpyKTypi MiHa MOKe OyTH JBO(Da3HOI0 a00 Tpuda3zHOI0, a TAKOK
OJIHOKOMITOHEHTHOIO abo OararokoMmroHeHTHoro. Ha pucynky 1.5, y skocTi
NpUKIaay, HaBeaeMo ABO(a3Hy OJHOKOMIIOHEHTHY ITiHY, IO YTBOPHJIACh 3
piAMHU, Ta3y Ta IOBEPXHEBO-aKTUBHOI pEYOBUHU. biiblne BOX BIJICOTKIB
CTaHOBUTh MacoBa yacTka I[IAP y miHax, /e MOBEPXHEBO-aKTHUBHI PEUOBUHU

BUCTYIIAIOTh MMIHOYTBOpIOBaYaMu [7].

Pucynoxk 1.5 — Cxema OynoBu nBodazHoi miHu:
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1 —ra3; 2 — piauHa; 3 — MOJIeKyJa MOBEPXHEBO-AKTUBHOI PEUOBUHU

Bigznauumo, mo TtpudaszHa miHa mictuTh TBepay ¢asy. TBepma daza y
BUTJISIAL APiOHUX YACTHUHOK (HAMPHUKJIAA, TIUHU) PO3MOAUISETHCA B Iapl PiAKOTO
JMCTIEPCIMHOTO CEpEeIOBUINA, 3MIIHIOIYM pPIIKUNA Kapkac Ta HaJalouyd MiHl
BIJIHOBHI (THUKCOTPOITHI) BJIACTHBOCTI BHXIJHOI CTPYKTypu. OTXKe, CTIUKICTH N0
MOTIKOKEHb TPU(A3HOTO KOHTAKTY 3HAYHO BHUIIE, HIK Y ABO(A3HOTO.

[Ipu oOnamrTyBanHi HapTOTra30BUX CBEPJIOBHUH  3aCTOCOBYIOTH  SIK
OJTHOKOMITOHEHTHI, TaK 1 0araTOKOMITIOHEHTH1 ABo¢a3Hi mHu. Bigomo, Mo HaBITH
HaWMpOCTIIIa CHUCTEMA CHIHIOBAHHS Ma€ B'A3KOIJIACTUYHI Ta €JaCTUYHI
BJIACTUBOCTI, 5IK1, B CBOIO YEPry, MOKYTh MO3UTUBHO BIUIMHYTH Ha €(EKTUBHICTh
10/1a4i BOAM 3 TUTACTA B CBEPIJIOBUHY.

Hacrymawuii, koMnpecopH#uii ¢rmocid, MMpOKO 3aCTOCOBYEThCS TP PO3POOIIi
Ha(TOBUX 1 ra30BUX CBEPJJIOBHH, SIKI TUIAHYETHCSI EKCIUTyaTyBaTH (POHTAaHHUM a00
razmpTauM ~ metogoM.  OCKUIbKM — JJIi  CTBOPEHHS  MPUIUIUBY  TYT
BUKOPUCTOBYIOTBCS Ta3u  (BYIJIEBOJHI, a30T, BYIVICKUCIWN Ta3  TOIIO),
KOMITPECOPHUN CMOCIO IIUPOKO BUKOPUCTOBYETHCS ISl pO3POOKH CBEPIJIOBUH Y
3MMOBHI MEP10J1, aJKE BICYTHIN pU3UK 3aMep3aHHsI pOOOYOTO areHry.

CyTh KOMIIPECOPHOTO CHOCO0Y IOJsATae y BHAAJICHHI poOOUYOTro areHTy B
cepearHl HaPpTOra3oBOi CBEPAJIOBUHM Ta 3aKauyBaHHS CTUCHEHOTO razy B IIIO
CBEPIOBHHY ISl 3HHDKECHHSI CTOBIIA I[OTO K areHty [12].

JIJist IKICHOTO 3aCTOCYBAHHSI KOMIIPECOPHOTO CIOCO0Y BUKJIMKY MPHUILIHMBY,
CBEp/VIOBMHA OOJIAHYETHCS CHEIliaIbHUMU TpyOaMu Ta (POHTAHHOI apMaTyporo.
[lepecyBHU#l KOMIpPECOpP BHUKOPUCTOBYETHCS IS  3aKadyBaHHS Trazy B
cBepAsIoBUHY. HeoOxigHMMU OTBOpaMu JUisl BIAKPUBAHHS, a TaKOX 3alipHUMH
KJIallaHaMH OCHAIIY€EThCS KOJIOHA TPYO.

[Ipupoguboto € curyaris, KOJIM CTUCHEHMH Ta3 TOTpaIlisie Yy
CBEpJUIOBUHHUM areHT 3 Oammaka (a00 HIKHBOTO KIHISI) KOJIOHU Tpyo.
Bigznaunmo, 10 THCK, SIKHA MAaeEMO Ha BXO/Il 3 KOMIIpECOpa, MPpHU IKOMY poOOUHii

areHT pO3MOYMHAE BX1J B CBEPAJIOBUHHUNA KOMIIOHEHT, IPUIMAEMO 3a IyCKOBHI



20
tuck. OTXe, yuM TIHOIIE 3aHYPIOEThCS OalMak KOJIOHW TPyO, TUM BHIIUN Oyne
MYyCKOBHM THUCK, a OTKe, MOTPIOHO Oinbple yacy m00 CTHCHEHUH Ta3 JoCsT
Oammaka. ToOTO, ICHY€e TIpsiMa 3aJIeKHICTh MK 94aCOM IPOXOKEHHSI CTHUCHEHOTO
ra3y 1o Oammaka Ta mOTYKHICTIO CaMOoro KoMmmpecopa. BusiBieHo, 1mo y rimbokux
Ha(TOra30BUX CBEPJIOBHMHAX MMYCKOBUI THCK MOXE JOCATTH COTHI 0ap. [Ipomixok
qacy, 3a KM B110YBa€ThCS peaizallis ra3y, Moke OyTH OLIBIITUM HIXK JIB1 T00H.

Ha npaxTuii HaQTOBI CBEPATIOBUHU MOXYTh OypUTHCS B IUTacTax, /1€ TUCK
3HAYHO HWXXYMM 3a TiApocTaTUUYHMMA. Tako, CBEpUIOBUHA MOXKE PO3pOOISTUCS
MICJIs KamiTaabHOTO PEMOHTY, SIKIIO J0 IIbOTO BOHA JACSIKMHN Yac eKCIUTyaTyBajacs
MEXaHI130BaHUM CIOCOOOM. Y JaHOMYy BUIAJKY, 3a3BHYail, BIACYTHIH e(dexT
¢doHTaHy y cBepioBuHi [19].

VY THX cBepASIOBUHAX, A€ BiIOYBAETHCSA 3MEHILIEHHS CTOBMA PIAUHH, MOTIK Yy
MOXHa BHKJIMKAaTH 3a JOMOMOTOIO0 CHEIlaJbHUX HacociB. TakuMu Hacocamu
MOXXYTbh OyTH Ti, 0 MU PO3TJISAANIN BUIIE. 3a3BUYall TaKUil HACOC 3aHYPIOIOTH Ha
MPOCKTHY TJIMOWHY B 3aJ€KHOCTI BiJI OYIKYBaHOro JAeOITY Ta TMOJOXKCHHS
JUHAMIYHOTO  PpIBHS TpH  eKCIUTyartaimii  HadTora3oBoi  CBEpPIJIOBUHU B
PO3paXOBAHOMY TEXHIYHOMY PEKHUMI.

Bumepo3risiHyTiid METOA TPUNHATO BBaXKaTH EKOHOMIYHMM METOOM
Haykiii npurumBy. [Ipote Horo 3actocyBanHs Oy/ne MOMIMBUM Ta JIOIIBHUM,
JMIIE 32 YMOBU PETEIBHOTO OYMILEHHS CTOBOypa CBEPAJIOBUHU Ta BIJCYTHOCTI
PYXOMUX MEXaHIYHHUX JIOMIIIOK, SIK1 3aBaKar0Th POOOTI CBEPUIOBUHHOTO HAcOca y
HOpMaJIbHOMY pexumi [7].

AHani3 BCIX METO/IB IHTEHCU]IKalLlli TPUILIKMBY 3 IJIacTa JO3BOJIMB 3pOOUTH
BHUCHOBKH, 110 HAHOUIBIII TIOMIMPEHUM, MPOCTHM Ta €PEKTUBHUM € KOMIIPECOPHUI
METO/]I BUKITUKY TTOTOKY.

Came TOMy, HACTymHUW pO3MIT HAMIOTO JOCTIPKCHHS MPUCBIYCHUM

JIETAIbHOMY aHaJli3y KOMIIPECOPHOMY CIIOCO0Y BUKJIMKY MPUILTUBY 3 IJIACTa.

1.2 AHaji3 TeXHOJIOTiYHOI0 NpoLecy OTPUMAHHS a30Ty SIK 00’€KTa

Mo/IepHi3amii
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Sk 3a3HAYAIOCh y BUIICPO3TIITHYTOMY PO3JUIL Y SKOCTI Ta3y IJIsi BUKJIUKY
MNPUILUIUBY MOXE BUKOPHUCTOBYBATUCH BYIJIEBOJHHWM, BYIJIEKHCIIHN ra3 abo a3orT.

[lepeBaru a30Ty nmpecTaBiIeHO Ha pUCYHKY 1.6.

Cnabo po3unHSETHCA Y
BOJI Ta Ha(TI

Bubyxo6e3neunuii Hertoxcnunuii

He ctBOpIOE MOXIUBICTh
BUOyXOHEOe3meyHi1 OTPUMAaHHS 3 MOBITPS B
CYMIIIII 3 Ta30M HEOOX1IHIH KUIBKOCTI

Pucynox 1.6 — IlepeBaru a30Ty Ha/1 IHIIKUMHU ra3aMu

VY pe3ynbTari mMpoBEAEHUX MOCTIKEHb OyJIO BHSIBICHO, IO OIUIBHIIIE
BUKOPHCTOBYBATH a30T K HEBYTJICBOJAHEBUM Ta3 JIJIsl MOHOBJIEHHS ra30-HaQTOBHUX
poMoBHIN, sKI Oyau BHUCHaXeHI. Bimomo, mo a30T 1e JISTKOAOCTYITHUMN Ta3, sIKAd
MO>KHa OTpUMAaTH 3 MoBiTpsA. [IopiBHAHO 3 HIIMMH MPOIECAMHU, OTPUMATU a30T 3
MOBITPS MOXHA JIOCUTh JEHIEBO, SIKII0 BUKOPUCTOBYBATH KpIOT€HHI abo
MeMOpaHH1 YCTaHOBKU TakoX, 11ei ra3 Ma€ HU3bKy CXWJIBHICTh J0 KOpO3ii, 1110, B
CBOIO Uepry, 3amo0irae Kopo3ili CBEpIJOBHHHOTO oOjagHaHHSA. OTKe, MaeMO
CYTTEBY €KOHOMIIO Ha BiICYTHOCTI HEOOXIIHOCTI 3aCTOCYBaHHS aHTUKOPO3IHHOTO
3aXUCTy OOJaJHaHHS Ta BHUKOPUCTAHHS CHCMIATBHUX  KOPO31WHOCTIMKHIX
matepiainis [19].

Taki BIaCTMBOCTI a30Ty 3YMOBJIOIOTH HOr0 IIMPOKE 3aCTOCYBAHHS B
PI3HOMAHITHUX Taly3sX MPOMUCIOBOCTI, y TOMYy uuciai 1 Hadroraszosiil. Y
BITYM3HSHIA  HadTOrasoBii ramgy3l YCTAaHOBKM JUIsi OTPUMAaHHS  a30Ty
3aCTOCOBYIOTHCSI JIJISI HOpMasti3allii TIacCTOBOTO THUCKY mpu OypiHHI HadTOBOI
CBEPVIOBUHU. TaKOXK, BUIIEPO3TIITHYTI a30THI YCTAHOBKH BUKOPUCTOBYIOTHCS JIJISI

3anmo0iraHHs MOXEX Ha MPOMHUCIAX a00 1X TaCiHHA, SKIIO MOXKeXa BCE K TaKu
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cTajack. Bigomo, 1o Asii peMOHTY CBEpAJIOBHH Ta OYHILEHHS TPyOONpPOBOIIB
TaKOX 3aCTOCOBYIOTh YCTAHOBKH JJII OTPUMAHHS a30Ty.

Onnak, sk 1 Oyap-sKuM Ta3, a3oT Mae psAjx HenodikiB. Hampukman,
HarHiTaHHS a30Ty B TA30KOHJCHCATHUH TIJIACT CTPIMKO 301JIbIITY€E TUCK KOHICHCATY
B BYIJIEBOJHEBIM CyMilll, 1110, B CBOIO YEpry, BUKIIMKAE MepeayacHe BUIIAJaHHS
KOHJICHCATy 3 rasy B 1iact [12].

BpaxoByroun mepeBaru Ta HEIONIKH a30Ty MPUXOJAMMO JI0 BUCHOBKY, IIIO
JUIsl KOMIIPECOPHOTO METOAY BUKIIMKY MPWIMBY 3 IUTacTa BCE X TaKu a30T Oyne
HAWUTIEPCIIEKTUBHIIINM Ta30M.

Y  cywacHii Ha@TOra3oBiii  MPOMMCIOBOCTI  3a3BMYail  IPHUIHATO
BUKOPHCTOBYBATH JBa METOJM BHIOOYTKY a30Ty: a00 BHJUICHHS a30Ty 3 MOBITPS
(excTpakuisg), abo OTpUMaHHSA a30Ty 3 BIANPALbOBAaHMX rasiB. Bimomo, M0
BIJINTpaIlbOBaHI ra3u CKIanaroThes Ha 85% a30Ty Ta Ha 15% 3 ByTIIeKHUCIIOro rasy.

SAxmo BumoOyBaTH a30T 3 MOBITPS, sKe CKianaeTbes Ha 78,12% 3 a3zoTy, Ha
20,95% 3 kucHio Ta Ha 0,93% 3 aproHy, OoTpUMaeMO caMUl E€KOHOMHHUW Ta
edexkTrBHUN cnoci® y HadTorasoiii mpomucioBocti. Haragaemo, mo y moBiTpi
TaKOX 3HAXOJSITHCS TIApH BOJH, TUTOMA Bara KUX MOXE JIOCATATH JBa BIICOTKH.

PosrnssaemMo aeTanbHO CIIOCOOM OTpUMAaHHS a30Ty 3 aTMOC(HEPHOTO TOBITPSI.
BHOKpeMITIOI0Th TpY OCHOBHUX: MEMOpaHHHM, ancopOLiiHMIi Ta KpIOT€HHUH.
["a3onoaiOHui a30T OTPUMYIOTh MEMOpaHHUM Ta aacopOUIHHUM crocobamu. 3a
JIOTTIOMOT'0F0 KPIOT€HHOTO CIIOCO0Y OTPUMYIOTh PiKuii a30T [7].

VY BHCOKOpPO3BMHEHHX KpaiHax CydyacHI MeMOpaHHI YCTaHOBKH NPAKTUYHO
CTOBIJICOTKOBO 3aMIHUJIM aJbTEPHATHMBHI METOAM BUPOOHHUIITBA TEXHOJIOTTYHOTO
a30Ty, HE BUKOPUCTOBYIOUYH BEJIMKI 00CITH a30Ty Ta BUCOKY UHCTOTY.

BupoOHUIITBO a30Ty MEMOpaHHUM METOJIOM 3/1HCHIOETHCS 3a JOIMOMOTOI0
a30THOI CTaHIII1, III0 CXeMaTUYHO 300pakeHa Ha pucyHky 1.7. Ha cxemi BugHO, 110
Ha BXiJi MEMOpPAaHHOI YCTAaHOBKH TIOJA€THCS TMOBITPS HOPMAIbHO CTHUCHEHE,
OCyIIEHE Ta OYHMIIEHE BIJ MEXaHIYHUX YacTUHOK. [loTiM MaeMo piBHOMIpHE
PO3MOAUICHHS TOBITPS MDK MOPOXHUCTHUMHU BOJIOKHaMHU. [IOpO>XKHHCTI BOJIOKHA

3aKpPIIUIIOIOTHCS BIAMOBIAHO Ha KOpmyci ycTaHOBKH. [IOBiTpst BcepelnHi KOKHOT
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noriedipHOi MEMOpaHU PO3MIAPOBYETHCS 3a PAXYHOK PI3HUIN MapIliaIbHOTO TUCKY
M1 30BHIIIHBOIO Ta BHYTPIIIHBOIO MOBEpXHSAMU MeMOpanu. Hanami, mpoHHMKHI
rasu, U0 MUPKYIIOITH Yepe3 Mi>KMEeMOpaHHUN MPOCTip, pO3NOAUIAIOTHCS Ha JIBa
notokd. OAMH MOTIK € MOBITPS, 110 30aradeHe a3oToM. [[pyruii moTik — MOBITPA,
mo 30aradueHe KHCHEM. Bimomo, mo 30araueHe a30TOM TOBITPS MOJAETHCA
KIHIIEBUM CIIO)KMBayaM ra3y, a 30araueHe KHCHEM TMIOBITpsS BUKHUIAETHCS B
atMocepy. Uucrora as3ory, 10 BHUPOOISETHCS B MEMOpaHHUM CIOCOOOM, €

JIOCUTh BUCOKOIO Ta KOJIMBAETHCA Y MexKax Bi 95% 10 99,5%.

Pecueep ObnanHanE" Membparmmii Pecusep
Koumpeco: 3 MOTOTOBKH Ta30pO3ALTEHIIT
= TOBITpst 6mox
l A J Aszor
> EN 0N » " > § s
Tositps CTucHeHe l v i | |
TMOBITPA X
\ A v
3ImMEaHHA TloeiTpa

KOHIEHCATY 36arayene
’ KHCHEM

Pucynok 1.7 - Cxema oTpuMaHH4 a30Ty 3 MOBITPS. HA OCHOBI MEMOpaHHUX
ra3opo3UIbHUX OJIOKIB

MemOpaHHa TEXHOJOTIS OTpUMaHHS a30Ty Oyjia momylspu3oBaHa y 70-x
pOKax MUHYJIOTO CTOMITTS. B 00iacti BiAUJIEHHS] a30Ty Bij 1HIIUX KOMIIOHEHTIB
aTMocepr MeMOpaHHUN METOJ 3aiiMaB IMepIIe Micle. 3BHYAWHO, Yy peatisx
CHOTOJICHHSI BUIICPO3TISHYTUNH METOJ] BJAOCKOHANIOETHCA IIOIHS, BPAaXOBYIOUH
30BHIIIIHI ()aKTOPHU Ta Cy4acHI BUMOTH Y HadTorasosii ramysi [7].

Jlam mpuauIuMO yBary HacTyITHOMY METOJIy OTpUMAaHHS a30Ty — aAcopoOIlii.

Sk BugHO 3 puCyHKY 1.8 amcopOirist 3A1CHIOETHCS 3a TOTIOMOTOI0 @30THOIT CTaHIII1.
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v
! I e : A30T
CTHCHEHHA TIITOTOBKA ATICOPBUIHEE HAROUMIFHHY CTIORUBAUERI

TIOBITPA TIOBITPA PO3JUIEHHA A30TY =
Cucrema
Pecusep imsrpaii
Konmpecop
TOBiTPA { {
> < ‘g < Pecusep
I I Amv
99.9-
3mE 99,9995% Tponysamx
KOHfeHCaTy L
N Tlosexoracinea
Ancopbep 1 >4 AncopBep 2 P
o B o | iHepTHOL

ammocdepn

Pucynox 1.8 - Cxema oTpuMaHHS a30Ty 3 MOBITPS aACOPOIIIHHUM CITOCOOOM

BracHe mpouec oTpuMaHHS a30Ty 3 MOBITPS TEXHOJIOTIYHO aHAJOTTYHHIMA
MeMOpaHHOMY MeToty. CTHCHYTa aTMocdepa MPOXOAUTh Yepe3 MOJIEKYJISIPHI CUTa
(anmcopOeHTH), sIK1 TOTJIMHAIOTh B ceOe BCl KOMIIOHEHTH rasy, okpim azory. [lpu
a7copOLIMHOMY METOJII OTPUMYIOTh a30T Maif’K€ CTOBIJICOTKOBOI UHUCTOTH, MPHU
MaKCHMaJbHO HU3bKIM BapTOCTI OTpUMaHHS a30Ty 3 noBiTps. [Ipote, oOnagHaHHs
JUTSL 3aCTOCYBaHHS aJCOPOLINHOTO METOAY Ma€ MEHIIY MPOAYKTHUBHICTb, a TaKOXK
notpedye creniaabHUX aCOPOEHTIB Y 3HAUHIN KijgbkocTi [12].

OcranHiii cnoci®0 OoTpuUMaHHS a30Ty 3 MOBITpsA € KpiorenHuid. Crenudika
IBOT0 crnocoOy MoJisira€e y BUHUKHEHHI PI3HUL TEMIIEpaTyp MK 3pIIKEHHIM
KHCHIO Ta a30Ty B YMOBaxX 3HA4HOI'O OXOJO/DKEHHs MOBITpsA. B mopanbmiomy
MOBITPS B aTMOC(EP1 CUIIBHO CTUCKAETHCS, ISl BAOKPEMIICHHS] YACTUHOK MUY, a
MOTIM aKTHBHO OXOJIOJKYeThbcsa. Ha 1poMy eTami MpUHATO BUKOPHUCTOBYBATH

CreriajgbHi KOMIIPECOPH, SIKI HE MOTPEOYIOTh MONEPEIHBOTO 3MAIICHHS MAaCTHIIOM.
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YucTwil asor

MepeusKnii aBIUryH

(_

eKTPUKE,
ras

Pucynok 1.9 - Cxema oTpuMaHHS a30Ty 3 MOBITPS KPIOT€HHUM CIIOCOOOM

[IpoBeaemMO MOPIBHSUIBHY XapaKTEPUCTHKY MEpeBar Ta HEIOJIKIB PI3HUX

croco0iB OTPUMAaHHS a30TYy 3 MOBITPA, K1 3rpynyeMo y Tadmuio 1.1.

Tabmuusg 1.1 - OcHOBHI nepeBaru Ta HEJOMIKH PI3HUX CHOCO0IB OTPUMaHHS

a30Ty 3 MOBITPS

IlepeBaru Ta

Crioci® oTpuMaHHS a30Ty

HEIOIIKU MemMOpaHHUi A nicopOriiHui Kpiorennuit
Y ra3opo3ainoBalIbHUX 0JI0Kax .
[IOBHICTIO BIACYTHI oMl 4uac Moxcmsicrs
YTHI Pyx N OTpUMaHHS HaJI-
THHHU, 110 3a0e3mevye Haii-
. YHUCTOTO a30Ty (y
HICTh YCTAHOBOK. )
MewmOpaHnu ayxe CTiHKI 10 HAO/KEHH]
; A ) MOoXITHBICTH 10 100 %)
BiOpartiif 1 ynapis, .
. OTPUMaHHS a30Ty MOoXIIHUBICTH
(YHKIIOHYIOTB y . .
) . BHUCOKOT UACTOTH — 10 | OTPUMAHHS 1HIIUX
[TepeBaru HIMPOKOMY JIiana3oHi TeMIepa- 0 .
O o 99,9999 % KOMIIOHCHTIB
Typ — Bilt Minyc 40 °C 10 Bigcyrui oMi MOBITPSA
mtoc 60 °C. YTHI PyX P:
. YaCTHUHH MoOXJIUBICTE
[Ipn norprmanHi yMOB
eKcIuIyaranii pecypc OTPUMAHHA
y pecyp KOMIIOHEHTIB
MEMOPaHHOro IIOBITPS B PIAKOM
6moky cknazmae Bix 130 000 go pCTaI—II)i y
180 000 roauH.
Bucoka BapTicTh
oOJagHaHHS
O0OMexeHa IPOTYKTUBHICTD .. 3HauHi BUTpPATH HA
"p YK HeoOxigHicThb p
) BHOPAHOI yCTaHOBKHU . . } BHPOOHUIITBO
Henomiku ) MEePiOIUIHOI 3aMiHU :
MaxkcruManbHa KOHIIEHTPALIis Benuki rabaputu
0 aZIcopOeHTy
azoty — 99,5 % 00JaTHAHHA

TpuBanuil myCKOBUI
nepios
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3aBAaHHA HAIIOTO MAariCTepChKOrO JIOCHIIKEHHSI TOJisArae y po3poOii
yHIBEpCATbHUX HAMPSIMKIB MOJEpHi3alii, ikl 0 MaKCUMaIbHO MiAINIIIN 10 Oyab-
SAKOTO Croco0y OTpUMMaHHS a30Ty, a TaKOX g BCIX BHU[IB CTAI[lOHAPHUX Ta

MEPECYBHUX a30THUX CTAHITIH.

1.3 AHaJii3 TeXHOJIOTIYHUX pillleHb MOJIepHi3auii a30THOI cTaHILil

BpaxoBytoun cydacHi TeHAEHLII y CBITOBi Ha(TOra3oBid NpPaKTHIl Ta
€HEpPreTUYHl BUMOTU /10 HA(TOTa3oBUX 00'€KTIB, MPOMOHYEMO Yy MaricTepchKiil

po06oTi HacTymHI eeKTUBHI TeXHOIOTiuHi pimenHs (puc. 1.10).

BripoBaykeHHs CydacHOro
€HEepro30epiraroyoro

€JIEKTPONPUBO/A KOMIIpecopa

MopepHnizairisi aBTOMaTH3aIii
mmm A30THOI CTaHIII{ 3 BCTAHOBJICHHIM
By3J1a 00JIIKY a30Ty

BripoBakeHHSI aBTOMaTHYHOTO
BBOJIy pe3epBYy

Hanpssmku MoaepHizaliii a30THO1 cTaHIIii

BnpoBamxeHHs eeKTpooOirpiBy
KJIallaH1B Ta TPyOOIPOBO/IIB

Pucynox 1.10 — HanpsiMmku MoepHizariii a30THOT cTaHIIii

SIKII0 TOBOPUTH TMPO BIPOBADKCHHS CYYacCHOTO EHepros0epirarodoro
CJICKTPUYHOTO TIPUBOJIY KOMIpecopa, TO ¢akTUUHO BiAOyBaeThCcsa 3amiHa
CUHXPOHHOTO JBUTYHAa HAa ACUHXPOHHMU JBUTYH 3 YaCTOTHHUM pPETyJIOBaHHSM.
Taka 3amiHa Oyjie JOLUIBHOIO Ta BUMPABAAHOIO, aJKE MiABUIIUTH MPOAYKTUBHICTD

TEXHIYHOTO TMPOLIECY OTPUMAHHA a30Ty, 3HAYHO 3pOCTe €HeproeeKTUBHICTb, 11O,
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B CBOIO 4Yepry, 3OUIBIIMTH TEPMIH CIY>KOM MEXaHI4HOI  CKJIaJ0BO1
€JIEKTPOTIPUBO/LY.

KoHTpostoBaTu KiNbKICTh OTPUMAaHHS a30Ty Ta MOTro0 SIKICTh MOXJIMBO 32
JIOTIOMOTOI0 YCTAHOBKH CIEIiaIbHUX BY3JIiB 00Ky a3oty [7].

Psn mepeBar Mmae BukopuctanHs ABP B eHepretuuHux cucremax Ta
00'eKTax 3 BUCOKMMH BUMOT'aMU JI0 HATIMHOCTI Ta €(EKTUBHOCTI, CEpe/l HUX:

1. besnepepBHe Ta Oe3nepebiiiHe >KUBIECHHS KPUTUYHUX CHUCTEM JJIA
HAJIIHHOTO 3aXHMCTy HaPTOBUX 00'€KTIB BIJ MOXJIMBHUX BTpAT IiJ 4ac MOXIUBHUX
nepeOoiB eNeKTPOIOCTauaHHS.

2. ABTOMAaTHM30BaHHWH TIPOIEC, IO MOKIWKAHWK TIEPEeMHUKATH JDKEpelia
YKUBJICHHSI aBTOMAaTUYHO 0€3 «pYYHOT0» BTPYUaHHS y JaHUHU TpolIeC.

3. IligBuIiieHHs HAAIIHOCTI BUKOPUCTAHHS PE3EPBHOTO JHKEpea KUBICHHS
JUISL MIHIMI3AIlll pU3UKY BIIMOBU CHUCTEMH, SIKIIO BIIOYBCS 301ii B OCHOBHOMY
JUKEpeTl KUBJICHHS.

4. EkoHOMIA 4Hacy, 110 JO3BOJIUTh MUTTEBO PearyBaTy Ha BIAMOBY CHCTEMHU
YKUBJICHHS, 10, B CBOIO UEPry, 3a1100irae NpoCcTOO BCI€l CUCTEMH.

Po30epemMo  neTanbHO  OCHOBHI — IEpeBAard  €JIEKTPUYHOI  CHCTEMH
MIPOMHUCIIOBOTO OMajeHHs B HA(TOBINM MPOMHUCIOBOCTI, CEpe]l HUX: OOITPiB MO BCii
JOBXKHHI TpyOONpPOBOJY Ma€ TMOCTIHHY MOTY>KHICTb, OCHOBHAa KOHCTPYKIISI €
(GyHIAMEHTAIIBHOIO 3 BUCOKOK TMOTYXKHICTIO, TPOLEC € EKOJOTIYHUM, MiCIs
JIOBrOTPUBAJIOl MEPEPBU B EJIEKTPOKUBICHHI MOXHA JIETKO BIJHOBUTH POOOTY
TpyOONpPOBOAY, TEMIIEpATypH 00’ €KTa MiIIAETHCS PETYIIOBAHHIO Y Oyab-sKuUi OiK,
MOJKJIIBA 3HAaYHa EKOHOMis 3a paxyHOK ONTHUMAaIbHUX BHUTpAT EJIEKTPUUHOI
eHeprii. Takox, TMpollec € aBTOMATH30BAaHWUM, Ma€ JOBIHM TEPMIH CIIyXKOW Ta
BHCOKHUH piBeHb Oe3meku [19].

Ha nouaTtky mporiecy omajieHHS IPOMHUCIOBUX O00’€KTIB 3/iHCHIOBajoOCA 3
BUKOPUCTAHHSAM Taps4yoi BOJW, TapH, Ta3y, macia abo pinuuau. Haitgacrime
3aCTOCOBYEThCS BOAsSHA mapa. [lopsa 3 ThM, BoJsiHA Tapa € Ma€e BHCOKY BapTiCTh,

0 3HAYHO 3JI0POXKYE caMe BHUPOOHUIITBO. TakoX BUHUKAE HEOOXITHICTH
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BIIBEJICHHS KOHJEHCATy Ta ICHYe€ HEMOXJIMBICTh aBTOMAaTHU3allil Mpolecy Ta
BIJIXO/IH.

OT1xe, 3aBISKH BIPOBAHKEHHIO BUIIEIPOAHAIII30BAHUX 3aXOIB B ICHYIOUI

CydacHI aBTOMATH30BaHI CHCTEMH a30THHUX YCTaHOBOK, BIJIaCHE MIPOIIEC

BUPOOHUIITBA a30Ty MOKe OyTH O1IbII HATIHHUM, @ OTPUMAaHHS a30Ty 3 HAPTOBOTO

poaoBHIIA OUTBIT €(PEKTUBHUM.

1.4 BucHoBKHM 32 po3aijiom

[IpoBeneHo pAeTanbHUM aHaIi3 TEXHOJIOTIYHUX MPOLECIB, 110 BJacHE
MIPOBOKYIOTh BUKJIMK MPUILIMBY 3 TJ1acTy. byB 0OpaHuii HalOUIbII MepCIIEKTUBHUN
METOJI, 110 BapTUH Cy4aCHHUX JAOCIIKEHb y Ha(TOra3oBii rajiy3i Ta MmoOTpedye
BIIPOBA/DKCHHS Cy4YaCHHUX 3aco0iB aBTOMaTH3allli Ta aJIrOpUTMIB KepyBaHHS.
[IpoanamizoBaHl TEXHIYHI MPOIIECH BUPOOHUIITBA a30Ty 3 JCTAIHPHUM BHBUCHHSIM
repeBar Ta HeJIONIKiB IUX METOIB OTPUMAHHS a30Ty.

BpaxoByroun noTpedu cydacHOi BITUM3HSAHOI HAPTOTa30BO1 MPOMHUCIOBOCTI,
BU3HAYWJIA OCHOBHI HaNpsIMKM MOJIEpHI3allii ICHYIOYOi CHCTEMH aBTOMAaTH3alli

a30THOI CTaHI].
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PO311J1 2 MOAEPHI3ALIA EJIEKPOITPUBOAY CUCTEMH
KEPYBAHHS KOMIIPECOPA

2.1 Po3paxyHoK Ta BHOip eJIeKTPONPHBOAAa KOMIIpecopa

2.1.1 Po3paxyHok Ta BUOIp eJIeKTPOJABUIYHA

Metoau, ki MU PO3TISAAld y MEPIIOMY PO3UT Maricrepchbkoi poOoTH,
MOKHa BHUKOPHCTOBYBaTHM Ha CTalllOHApHUX Ta Ha MOOUIBHMX CTaHLISIX
MOHITOPUHTY BimomMo, M0 OCHOBHOIO CKJIAJJOBOIO OyJb-fIKOi a30THOI CTaHINi €
KOMIIpECOop, SIKUK Oe3mocepeHbo 3aKauye a3oT B pecuBep. Taki KOMIIpecopH 3a
CKJIaJIOM MOJLISIOTh Ha POTOPHI Ta MOPIIHEBL. Y POTOPHUX MOJENAX CTUCHEHHS
TOBITPS TOCSITAETHCS 32 PaXyHOK BUKOPHUCTAaHHS 00€PTOBOTO KOMIIOHEHTA, 10 Ma€
BUIJIAJ IOBOPOTHOI IUIATMHU 13 BOYJIOBAaHUMHM MeMOpaHaMu Ta CIHIPaJISIMH.
[lepeBakHa KIJIBKICTh BUIIECHABEIEHUX THUIIB CTBOPEHI CHELIAJbHO JIs
noOyTOBOr0O BHUKOPHUCTaHHS. BOHM BHKOPHUCTOBYIOTH BIJINOBIIHY CHCTEMY
KJIallaH1B 3 aBTOMAaTUYHUM KEPYBaHHSM JJIs TOAAJIBIIONO NEPEPO3NOILTY BOIH.

OCKUIbKM BHUKOPHUCTAHHSI POTALUIMHUX KOMIPECOPIB € TMONYyJISApHUM Ha
aQ30THUX CTaHINSAX, BIJANOBIJIHA YCTAaHOBKAa Oy/l€ OCHOBOIO  JOCIIJKEHHS
Marictepchbkoi podotu. Bimomo, 1m0 €heKTUBHICT, BUPOOHHUIITBA 3QJICKHUTH BiJI
MPU3HAYCHHS, MOTY)XHOCTI Ta XapakTepy Impolecy. MexaHi3Mu TMpollecy, IIo
BIJIMOBIJIATIGHI 32 1[I0 TPyIy, MNOTPEOYIOTh NEPIOJUYHOTO PETYIIOBAHHS IS
NIATPUMKNA ONTUMAJIbHUX MapaMeTpiB MOBITpA. TakoXX, BOHU MOXYTh MaTu
IIMPIIKN Jlana30H PeryyiroBaHHs, 1100 BIIMOBIIATH KOJIMBAHHSAM MPOJTYKTUBHOCTI.

Maemo opmyity po3paxyHKy MOTYKHOCTI JBUTYHA KOMIIpecopa:

Q-A-107 .

=k, =0 (2.1)

PB
§ N My

K

ne Q - mpoayKTHBHICTH (ITofaua) kommpecopa, 0,5 m*/c;
A - poGoTa i30TepMiuHOro Ta agiaGaTMdHOro crucHeHHs JHK/M° (TaGmuIst

2.1).
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N« - iIHAuKatopanii KKJI kommpecopa, 1110 BpaxoBye BTpaTH MOTY>KHOCTI IPU
pealbHOMY TIPOIIeCi CTUCHEHHS MOBITps 1 piBHUii 0,6 - 0,8;
N - KKJI MexaniuHO1 niepeaadi Mixk kommpecopoM i asurynom (0,9 - 0,95);
ks - koedimienT 3amacy, skuit nopieatoe 1,05 - 1,15 [14].
Tabmums 2.1 — Tabmuuni 3HayeHHS POOOTH  130TEPMIYHOTO  Ta
an11abaTUYHOTO CTUCHEHHS

P,10°, Ila | 3 4 5 6 7 8 9 10
A, Jok/m® | 132 | 164 | 190 | 213 | 230 | 245 | 260 | 272

VY pe3ynbTaTi po3paxyHKOBa MOTY>KHICTh JIBUTYHa OyJie MaTh HACTyHHUUN

BUTJISLI:

-3
P —1,05. 22132007 107 03B
e 0,7-0,925

Busnavaroun HaiOutein miaxoasumi asuryH (Al uu CJl) nns pobdouoi
MaIllMHH, BaXKJIMBO BPaXxOBYBaTH HACTYITHI (PaKkTOpH:

1. Bin wmepexi TpudazHoi Hampyrd BiJOYBAa€TbCS KUBJIEHHS OOMOTOK
cratopiB A/l ta CJ. Ilpore nns sxuBneHHs poTopHoi 00MoTkM CJl A01aTKOBO
MOTPIOHO MaTH JKEPEIIO TOCTIHHOTO CTPyMY.

2. BBaxkaeTpCsi, IO MpoOLEC IMYyCKy CHHXPOHHOTO JBUTYHa € JEIO
cknagHimmmM, HiX aBuryHa AJl. OtTxe, BpaxoBYIOUM NyCKOBI BIJIACTUBOCTEN
neuryHa AJl 3 K3 poropom Bin mae nepeBaru niepes npuryHom CJI.

3. CUHXpOHHI ABUTYHH MAaIOTh aOCOJIOTHO J>KOPCTKY poOouy MUISHKY
MEXaHIYHUX BJIACTUBOCTEH, TOJI SK JBUTYHH 3MIHHOTO CTPYMYy MAalOTh JKOPCTKY
ninsaky. ToOTo, yacToTa oOepTaHHS POTOpA CHHXPOHHOTO JIBUTYHA HE 3aJICKUThH
BiJl 3MiHM HaBaHTa)XCHHS Ha BaJly MAIlIMHU, B TOHM Yac K ABUTYH AJl Ma€ mocTiHy
3MiHYy YaCTOTH OO€pTaHHS POTOpa MpU 3MiHI HABAHTAKEHHS HA BTy MAIlIMHH.

4. IcHyIO0Th Pi3HI CIIOCOOM PETyNIOBaHHSA 4acTOTH obOepraHHs potopa AJl.
BukopucTaHHs aHaJOTIYHUX CIOCOOIB JUIsl PEryJIOBaHHS YacTOTH OOepTaHHs
poropa CJI maiixe HeMOxJHMBe a00 3aHAATO CKiIaaHE B ekcruryaraitii. Tomy AJ]

NPUIHATO HA3UBATU JBUTYHAMH 3 HEPETYJIHOBAHOKO YaCTOTOO OOEpPTaHHS pOTOpA.
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5. Crpymom 30ymxeHHst CJ] MokHaA peryaioBaTH COS( IBUTYHA Y IIUPOKUX
mexax (Bim—1 mo +1). Y AJl coso 3aBxau Oyne MaTu 10AaTHI 3HAYCHHS.

6. [Iporiec peBepcyBanHsi Ta TranbMmyBaHHsS potopy CJI BigOyBaerbes
aHajorivHo sk 1y AJl.

7. Yepe3 HECYTTEBI BTpaTH MOTY>KHOCTI Y POTOpi Ta OOMOTII CTaTtopa, MmpH
po6oti 3 BucokuMm cos@ KKJI y CJI Ourbmuii, mopsa 3 MEHIIOK Macom Ta
rabaputamu, HIX y AJl aHAIOT14HOT TOTY>KHOCTI.

BpaxoBytoun BuIlleHaBeneHe, JII KOMIIPECOpa a30THOI CTaHIlii JOIUTBHUM
Oyle 3acTOCYBaHHS 3arajbHOIPOMMCIOBOTO aCHHXpOHHOro jaBuryHa AlP
noTyxHicTio 132kBT.

Tabmuns 2.2 — [TapameTpu enektpoasuryHa AIP280M2 [22]

JBuryn ANP280M2 (5AM280M2)
[ToTyxHicTh, KBT 132
HowminanbHa yactota o6epTanHs, 00/XB 2965
KK, % 94,5
Cos @ 0,92
Howminansuuit ctpym mipu 380B, A 231
HominaneHuii kpyTHUII MOMEHT, H-M 425
IHyCK/IHOM 7 , 2
MHyCK/MHOM 118
MMaKC/MHOM 215
JIMHAMIYHMIA MOMEHT iHepIiii poTopa, KI'M° 1,02
Maca, kr 770

2.1.2 TlepeBipka eJIeKTPOJABUIYHA 32 HATPiBOM

HarpiBanus BUOpaHOT0 ABUTYHA MOXKHA MEPEBIPUTH MIPSIMUM 200 HETIPSIMUM
MeToJoM. SIKI0 MOBa 1J1€ MPO MPSIMUN METOJ| MEePEeBIpPKU, TO HEOOXiHA CKJIaJIHA
pI3HOIUTAHOBA MaTeMaTW4YHa MOJIeJIb HarpiBy JABUTYHa. SIKIIO TmepeBipseMO
HEMPSIMUM METOJIOM, TO MAa€eMO CIpPaBy 3 METOJOM CEpelHIX BTpaT Ta MOro
noxigHi. OTXe METOJ CEepelHIX BTpaT, sIKIi BH3HAYAIOTHCA TIJ Yac IUKITY

HaBaHTAXXCHHA, OTPUMAEMO 3a JOIIOMOI'OIO piBHHHHSI HUKYC.
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AAL + APy +ty +AAL .
Bn'tn+ﬁr'tr+5y‘ty+ﬁo‘t0’

ne: AAp 1 AA[— BTpaTH €HEprii y JABMIYHI IpU IYCKYy Ta rajibMyBaHHI,

APqp = (2.2)

JUx;

AP+, — BTpaTy MOTYKHOCTI B pexumi, B;

Br1>Bv-Br>B, — KOeDIIEHTH, M0 XapaKTEPU3yIOTh YMOBH OXOJIOIKECHHS
AJl pu mycky, poOOTi B pexXuMi, ralbMyBaHHI Ta 3yMHHKH (T1ay3H).

Maemo HacTyIHy 3aJI€KHICTh, 1110 BU3HAYa€ BTPATU €HEPrii JBUTYHA ITiJ] Yac
IyCKy Ta raabMmyBaHHs [14]:

AApr = K‘(J* °(D§H * Mz: "Woy ‘tn/r)5 (2.3)

ne: K — xoediuieHT, piBHUM OJMHHULI NpPU MYCKYy 1 JUHAMIYHOMY
raJbMyBaHHI;

®, — HOMIHAJIbHA KyTOBa IIBUJIKICTh 0OEPTaHHA POTOPA ABUTYHA, Pajl/C.;

* o . .
M — HaBenenuii MOMEHT OMOpPY MEXaHi3My B MIEPEXiTHUX peskuMax, H- m;
* min ;.
ne: My, — MIHIMaJIbHUM MOMEHT OIopy MexaHizmy, H-m;
1 — mepeaaTHe BITHOIIICHHS PUBOTY.

= O™ . (2.5)
WoH

VY BuIIeHaBeAEHIN 3HaK QOpMyIll 3HAK IUIKOC BIAMNOBIAA€E MYCKY, a MIHYC —
rajJbMyBaHHIO.
Bupas, mo omnucye HOMIHAJIbHY KYTOBY IIBHIKICTH OOEpTaHHS poOTOpa

CJICKTPOABUTYHA MA€ HACTYITHUM BUTJISII:

I€: », — CHHXPOHHA IIBUJKICTh 00epTaHH:, 00/XB.

_2meny 2.7
W = 60 s ( )
—2'3’14'30002314pa11/c.

1= 60
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S,,— HOMIHaJbHE KOB3aHH:, %0;
W,y =314-(1-0,0117)=310,34pan/ c.

[ToTpiGHO po3paxyBaTu MepeaTHe BITHOIICHHS MPHUBO/IA, TOA1 MAEMO:

i 263,79 — 0,85
310,34

. *
Toni M 3MoxemMo po3paxyBaTh HACTYIIHHM YHHOM:

M. =42,53-0,85=36,15H - u.
Hapenenuii MOMEHT 1HEPINT MPUBOAY HPSAMO 3aJCKHUTh BlJ] MOMEHTY 1HEpIIIi
MeXaHi3My Jy, Ta JAWHAMIYHOrO0 MOMEHTY iHepuii poropa J;. MomeHT iHepuii
PO3paxoBYETHCS 32 HACTYMHOW (hopmyroro [1]:

J =y "+ (2.8)

J*=0,25-0,85% +1,02=12 xr- m>.

HaCTyrIHa 3aJIC)KHICTh MIXK YaCOM IIyCKY Ta raJIbMyBaHHSAIM Ma€ BUIJIAM.

t =J-.— 224 . (2.9)
M r +Mc

Ae: My, — MOMEHT EJIEKTPOJBUIYHA 34 Yac IyCKY Ta TaJIbMyBaHHS

VY BuIleHABEIEHIN 3aJIC)KHOCTI MIHYC BIJANOBIIA€ MYCKy, a IUIIOC —
raJibMyBaHHIO.

Po3paxyeMo MOMEHT M, €AEKTPOABUIYHA HACTYITHUM YHHOM:
Mp =my; - Mpy; (2.10)
Mp =my - M,y (2.11)
J€: My — BIJHOCHUH IIyCKOBUI MOMEHT,

M,,; — HOMIHaJIbLHUI MOMEHT 00EPTaHHs POTOPa eJEeKTpoABUTYHa, H - M.

P
Woy
132000

o = =425,34H - m.
310,34



Po3paxyeMo MOMEHT MycKy (raJiIbMyBaHHS) HACTYITHUM YHHOM:

M =1,8-425,34=765,61H-m.
My =2,5-425,34=1063,35H - M.

MaemMo HaCTyITHI 3HAYCHHS .

t=12.—038 96,
425,34 36,15
310,34 ale

tr =17 =
425,34 + 36,15

dopMya po3paxyHKy 4acy 3yIUHKU Ma€ BUTIISI:

t) = 'tH -(1—8);

Jie: & — BIJIHOCHA TPUBAIICTh BKItoUeHHs, %. [lpuitmemo &= 50 %

t, =120- (1— 0,5) =60c.
OTtpumanuii yac poOOTH B pexkuMi ty Oye po3paxoBanuii [14]:
ty =ty —tg —tr 1ty
ty =120—-0,96 —0,81—-60 =58, 23c.
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(2.13)

(2.14)

Hapasi mojxkemMo 004YHCIUTHA BTpATH €HEPTii B €IEKTPOABUTYHI, CIUPAIOYNCH

PO3paxyHOK:

AAp; =1-(1,2-310,34% +36,15-310,34-0,96 ) = 126343 [lx.

Ha OTpUMMaHI BHILIE 3HAYEHHSI. Y MOMEHT NycKy OyAeMO MaTh HACTYIHUUN

[Tpu quHAMIYHOMY TajlbMyBaHHI OyI€eMO MaTU HaCTyTHUHN PO3PaXyHOK:

AAp=1-(1,2:310,34 ~36,15-310,34-0,81) = 106485 [l

VY mnonaneimoMy NOTPIOHO BU3HAYMTH 3HAYEHHS KOE(DIIIEHTIB MOTIPIICHHS

Jliist oOpaHoro JBUTYHA Take 3Ha4YeHHsS ctaHoBUTH 0,3 [22].

_p. - (1=Po).
B =Pr = 5

(1-0,3)

BH :BT - 20,65.

0X0J10/KeHHS [, Bo. sl IbOro HEOOX1AHO CKOPUCTATUCS JTOBIIKOBUMHU JTaHUMHU.

(2.15)
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()]
By =By +(1—By) —2; (2.16)
Oy
314
310,34

By =0,3+(1-0,3)- =1,008.

3anexHiCTh, IO BU3HAYA€ BTPATH TOTY>KHOCTI OOpaHOro JBHUTYHa Ha

poOouiit ainsHII rpadika Mae BUTIIA!

1-—
AP, =Py - — B (2.17)

Nns

AP, =132000- 22999 _ 7665 54 Br.
0,945

Po3paxyHok  BTpaT TMOTYXHOCTI B  PEXHUMI, 110 BCTAaHOBHBCA,
PO3paxoBYETHCS 32 HACTYMHOIO (OPMYIIOH0:

NnB

APy, =132000- . 1|{—7682,54=4579,76Br.
0,915

1
B pesynbpTaTi HaBeIEHHMX BHILE PO3PAXYHKIB MOXHA BU3HAYUTH CEPENIHI
BTpATH CHEPTii mia 9yac poOOTH enekTpoaBuryHa [1]:

AP, = 126343 + 4579, 76 - 58,23 + 106485
“"0,65-0,96+0,65-0,81+1,008-58,23+0,3- 60

=6416,28Br.

JIns yHUKHEHHS TIEeperpiBy JABUTYHA OOOB’SI3KOBUM € BHUKOHAHHS YMOBU
BIJIMOBIAHO /10 METO/y CEPE/IHIX BTPAT:
APy > AP(p; (2.19)
SIKIO0 MIACTAaBUTH YHCIOBI 3HAYEHHS, OTPUMAEMO HACTYMHHUN BUTJIIS
YMOBHU:
7682,54 > 6416, 28.
[TimcymMoByIOUH BHWINIEHABEACHE, NMPHUXOAWMO 10 BHUCHOBKY, IO OOpaHMIA
HaMmu eeKTpoaABUTYH AIP280M2 BifmnoBijae BUMOTaMm JI0 MEPErpiBy, a OTKe, HOTro

MOJXHa BUKOPHUCTOBYBATHU IJIsA )II/IHaMi‘IHOFO rajJbMyBaHH: KOMIIpECOpa.
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2.1.3 TIlepeBipka eJIEKTPOABMIYHAa 32  YMOBOW IIyCKy Ta
NepPeBaHTAKYBAJIbHOIO 31aTHICTIO
HactynHa ymMoBa Ma€ BHMKOHYBATHCh [UJIl YHUKHEHHS II€PEBAHTAKCHHS
JBUTYHA!
Mppax > Myex. - Moy (2'20)

AcC: Mmax — MAKCUMAJIbHO AOIIYCTUMC HABAHTAXCHHS HA JABUI'YH, H-m.

Minax = Mgy - Moy (2.21)
* .
Mmex = MMex 'L (2.22)
J€: My, — MAKCUMAIBLHUNA KPUTHYHUI MOMEHT.

Mo =2.5-425,34=1063,35H-m.

M*MEX =60-0,85=51H -m.
1063,35>51.
Takum ymHOM, 0O0paHMi HAMU €JIEKTPOJIBUTYH BiJIOBIA€ YMOBI 3JaTHOCTI
710 TIEpEBAHTAKEHHHI.

YMOBOIO ITEPEBIPKH Y MOMEHT ITYCKY €:
min=
My > My (2.23)
ne: My, — IlyCKOBHM MOMEHT JaBUryHa, H- M.
Mp =mp - Mpy; (2.24)
M =1,8-425,34=765,61H -m.
MU~ M,,,, -1 (2.25)
M = 425,34.0,85=361,54H - m.
[lizcTaBUBIIM YUCIa B YMOBY MA€EMO:
765,61>361,54.

BuiienaBeneni  po3paxyHKM — MIATBEPIKYIOTh  MPABWIBHICTH  BHOODPY

CJICKTPOJIBUTYHA, 10 BIATIOBIIa€ YMOBI 3aITyCKY.

2.2 Bu0ip neperBoproBada 4acTtoTu
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Binomo, mo mis eeKkTHBHOCTI poOOTH aCHHXPOHHHX JIBUTYHIB HEOOXiTHE
eeKTUBHE HaJle)KHE KepyBaHHS HUMH. [li TakuM KepyBaHHSM CIiJl PO3YyMITH
PETYIIOBaHHS IMIBUAKOCTI 00E€pTaHHS PI3HUX MPHUCTPOIB, MO BUKOPUCTOBYIOTHCS
JUIS TIPUBOJYy ACHHXPOHHOTO JBHUTYHA. TakUMH pETyJIsSTOpaMH BHUCTYIAIOThH
NIEPETBOPIOBAYi YACTOTH.

B minomy perynsitop Mae psiji mepeBar, cepel Hux:

— EKOHOMMTH €JIEKTPOEHEPrito OUIBII HiXK Ha I ATIECST BIJICOTKIB JI03BOJISIE
YaCTOTHE PETYJIIOBAHHS;

— acHMHXpOHHUH mepeTBoproBad yacToT Moke mMatu KKJ/[ mo 100%, mio
TOBOPUTH PO 3HAUHY €(EeKTUBHICThH MIPUIIA/IIB,

— 4Yepe3 MOXJIMUBICTh BUOOPY PEKUMY POOOTH JIBUT'YHA JIOCATAETHCS CYTTEBE
MJBUIIEHHS IKOCTI Ta KUIBKOCT1 BUPOOJIEHOTO MPOAYKTY;

— KOJIM ITYCKOBI CTPYMHU € MaKCUMAaJbHUMHM IIiJl 4ac CTapTy BiJIOYyBAEThCS
3MCHIIICHHS] HABAaHTA)KCHHS Ha JIeTaJli €JIeKTPOMOTOPA.

HeoOxinHe BUKOHaHHS HACTYIMHUX YMOB mpu Bubopi [14:

Lema = T (2.26)
U = Y (2.27)

JUist eNeKTpoABUTYHAa KOMIpecopa BIalduM Oyae BuOIp NepeTBOproBaya
gactotn Danfoss LT AQUA Drive FC 202. 3rpymyeM0O OCHOBHI MapamMeTpH
neperBoproBaya yactotu Danfoss LT AQUA Drive FC 202 y ta6mumi 2.3.

Tabmums 2.3 — IMTapamerpu neperBoproBaua vactotu Danfoss LT AQUA
Drive FC 202 [23]

Danfoss VLT HVAC

IlepeTBOproBay 4acTOTH Basic Drive FC102

[ToryxHicTb, KBT 160
Hamnpyra, B 380
[TinKmroueHHs Tpudaszue
Cos ¢ 0,92

Howminansauit ctpym pu 380B, A 315
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3azBuuaii 10 ckaany 1Y BkiIroYaeThCsl BUNPSAMIIAY Ha TUHPUCTOPAX, CUIIOBHIA
¢bipTp Ta aBTOHOMHHUI 1HBeprop Ha IGBT-TpaH3ucropax, Mo MNOKIMKAHUN

NEePETBOPIOBATH MOCTIMHY HANIPYTy B 3MIHHY B1JIMOBIJIHOT YaCTOTH Ta BEJIUYUHH.

2.3 Po3poOka cTpyKTYpHOI Ta (PYHKHIOHAJBHOI CXeM KePyBAHHA

€JIEKTPONPHUBOIOM KOMIIpecopa

VY momepenHiX po3aigax Marictepcbkoi pobOTH g Kommpecopa OyB
oOpanwuit acuaxponnuii neuryn AIP280M2 Ta ITY Danfoss VLT HVAC. BiguytHo
HIJBUIIUTHCA SIKICTh POOOTH Ta CYTTEBO 3HM3ATHCS BUTPATH Ha OOCIYroBYBaHHS
Ta PEMOHT, SIKIIO J0JIaTh B CUCTEMY YaCTOTHUU MEPETBOPIOBAY ISl HOPMAIBHOTO
KepyBaHHs KoMIipecopamu [1].

Jlo OCHOBHUX METOJ[IB YaCTOTHOI'O YIPABIIHHS HAJEKUTh CKaJspHE Ta
BEKTOpHE KepyBaHHS. MeTOoAM YacCTOTHOTO YIPaBIiHHSA TMOKJIMKAHI PETyJIOBaTH
MIBUAKICTH Ta MOMEHT B ITY-A/I.

EnexTponpuBos komiipecopa 0a3yeTbcs Ha CKAISAPHIA CHUCTEMI KEpyBaHHS.
BianoBigHO YacToTa, 110 BU3HAYA€ YaCTOTy OOEpTaHHS IBUTYHA, PO3IIISAAETHCS
K HE3aJIeKHUW BIUIMB, a 3HAYCHHS HANpPYrd Ha i YacTOTI BHU3HAYAIOTh
IIBUJIKICTh TTOTOKY JBHUTYHA 1, OTXKE, THI MEXAHIYHUX BIIACTUBOCTEH, a TaKOX

SHAYCHHJ ITYCKOBOI'O Ta rpaHU4YHOTO MOMEHTIB ABUTYHA.
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ITeperBoproBag
JACTOTH
U/f - xapakrepuctuka SZ
U U, U, —--;;4_F;_
do” -//f;
ds (S (ot
U
Ud- =
AIaTINK -
jHTiHi(gBI:;CTi Peryrmsrop u* KOPEKTOp baox [C
" IIBUJIKOCTI KepyBaHHsI
(O] ©) [IEPETBOPIO-
I : j BauyeM |
© ©) Y
KOMII€HCALIist
Perynarop ’I\— . .
00MEKCHHS CTPyMy OuiHKa 3HAYEHHS i )
I CTPyMy s .
max | j
Q)
ilo e —

Pucynok 2.1 - @yHKIlIOHAIbHA CX€Ma AaCUHXPOHHOTO €JIEKTPOIPUBOY 31
CKaJIIPHUM YaCTOTHUM KEPYBAaHHSIM 13 JATYUKOM IIBUIKOCTI

Bim3naunmMo, 1m0 TpuU CKAIAPHOMY pETyIIOBaHHI MEpeBaHTaXyBallbHA
3MaTHICTh TNPUBOJY 3AJMINAETHCS Ha TMOCTIMHOMY piBHI. Ko dYacTtoTta
3MIHIOETBCSI BUKIIOUHO B OUIBII BHUCOKOMY Jialla3oHi 3HA4Y€Hb, TO MPHU OUIBII
HUA3BKUX YaCTOTAX IIyCKOBUM Ta MAKCUMaJbHHM KPYTHUHM MOMEHT 3HA4YHO
3HIKYIOTBCS.

Oo0panuii Hamu acuaxponnuit apuryH [T4 Danfoss VLT HVAC Basic Drive
FC102 nanamroBanuii Ha CKaJISIPHUN METOJI KEPYBaHHS.

[IpuiiHsITHOIO € akciomMa, KOJHM 3BOPOTHUM 3B'I30K 3a MIBUAKICTIO
3aCTOCOBYETHCS y TIOEHAHHI 3 KOPUTYBAHHSIM BOJIbT-4aCTOTHOI XapaKTEPUCTUKU

U,(f,) abo 3 IR-xommencamiero. JloBeleHO, IO 3HAYHO 30UIBIIMTH [iana3oH

pEeryJitoBaHHs IIBHJIKOCTI ACHHXPOHHOTO €JEKTPONPUBOAY 31 CKaJSPHUM
4acTOTHUM KepyBaHHsSM 10 1:50...1:100 MoxHa NUIAXOM 3aCTOCYBaHHS
3BOPOTHOTO 3B'SI3Ky 3a IMBUAKICTIO. IIpore Takuil MmMUpOKUKA Jiana3oH
peryJyitoBaHHs MIBHJIKOCTI MOXK€ He 3a0e3MeYuTH 3aJ0BUIbHY NPOAYKTHBHICTDH

MIPUBOJY.
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300pa3uMo Ha PHUCYHKY 2.2 CTPYKTYpHY CXE€MY KOHTYpPY IIBHUIKOCTI
ACHHXPOHHOTO €JIEKTPOIIPUBO/TY 13 YACTOTHUM CKAJIIPHUM KEPyBaHHSIM.
®opmyna 2.28 ommcye mapaMeTpu  JAHOK ~ CTPYKTYPHOI  CXE€MHU
ACHHXPOHHOTO JBUTYHA T/ Yac yNpaBIiHHS 3MIHOIO YAaCTOTH Ta Ma€ HACTYIHUN
BUTJISI

_AM_2:M, _M,p, (2.28)

Ao @y S, 7-f, s

K 1a K

p

- BII3HAYUMO, 1[0 MOJYJIb JKOPCTKOCTI JIiHEApU30BaHOI MeEXaHIYHOi
XapaKTEPUCTUKN ACHHXPOHHOTO JBUTYHA MA€ BUTJIS;

T .= 1 = 1 .
® s, 2m-f,_ .S

enlHoM K

(2.29)

- TAaKUM YHWHOM, eKBIBaJICHTHA GHGKTPOMaFHiTHa MOCTIHA qacy JIaHIOor 1B

CTaTOpa Ta pOTOPA ACHHXPOHHOT'O IBUTYHA BUTJIAMNAE;

T, = %‘* (2.30)
- eJIGKTPOMEXaHIYHa TOCTIHHA Yacy eJIEKTPOIPHUBOAY MaTHUME HACTYITHUN
BUTJISA,
A€ J, — HaBeIECHUI MOMEHT 1HEpLIi eIEKTPOIPUBOLLY, KT - M2
_Awy _ 27
©Af, p,

-MaeEMO KOEQIIIEHT 3MIHA IIBUAKOCTI 17€aJbHOTO XOJOCTOTO XOIY
ACHMHXPOHHOTO [IBUTYHAa BiJ BIAXWJCHHS YacTOTH HANPYTW JKUBICHHA ¥

HacTymHoMY Burisiai [15].

AUpm Afy Awy AM,
N’}]_]_[ AM (')
i Lymp+1| 1 ks \ " \ B 1 | Ao
il Tpmp Tucnp‘"l e Tep+1 Jep
() )
by
s
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Pucynok 2.2 — CTpykTypHa cxemMa KOHTYPY LIIBUIKOCTI aCHHXPOHHOTO

€JIEKTPOTIPUBO/Y 31 CKAJISIPHUM YaCTOTHUM KEPYBaHHSIM

Ha pucynky 2.3 HaBeneno npuHiun poootu cucremu [1Y-AJ] kommpecopa

IIPU YaCTOTHOMY PETyYJIFOBaHHI.

OGMIH JJTAHHMH ¢ 4
Bxomu/Buxomn ¢ KepyBaHHS/peryIioBaHHSA/KOHTPOIb
BceTaBkn
- .
' [  WVvDI .[ Cl ]: VTI
. LV L . .

2 L 1 | s

3 | B T —(E | 6 1 Ml )

PE 1 ¥ 5

——— _ | . —~——
Bumpamig IIpomikHa IaBepTOp Hpurs
TaHKa

E g BxiTHui . HekepoBaemit | DineTp 1 IHBépmp HAIPYTH i Buximami E Aparys |
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Pucynox 2.3 — I[Ipunanmn pobotu cxemu cuctemu [TH-AJ]

VY Tolt yac, KoM JaTYMKU BUSABIISIOTH, III0 PIBEHb TUCKY B TPYOOIpoBOi 200
pIBEeHb BOJM B pe3epByapi BIIaB HIDKYE MIHIMAJIBHOTO 3HAYEHHS, TO CHUTHA
BI/IMOBIJTHO HAJXOJUTh HA MEPETBOPIOBAY. Y TOM K€ yac, MepeTBOPIOBAY ILJIABHO
3amycKae JIBUTYH HAcOCa, YHHKAIOUW yJIapHUX HaBaHTa)XCHb HA TPyOONpOBia Ta
MepexXy. MOXIUMBUM € BCTAHOBJIEHHS 1HAMBIAYaJbHOIO BIAMOBIIHOIO Yacy

po3roHy ABWUryHa. Bij3HauumMo, 110 BIANOBIAHI  JaTYMKA  TEpeAaroTh

nepeTBOproBavy iH(QOpMaIlil0 B peaTbHOMY dYacl MiJl 4ac MPOIECy PO3roHy. Y
NoAaNbIIOMY TIPpU JOCSATHEHHI HeoOxigHoro 3HadyeHHs [IY 3ynuHseThes
MIPUCKOPEHHS Ta BIAOYBA€THCS MPHUPOIHS MIATPUMKA MIBUIKOCTI JBHUTYHA. SIKIIO
piBeHb BOJM CYTTEBO TMOYMHAE TManatd abo MiAHIMATUCSA, MIKPOIPOIECop

aBTOMATUYHO PEryjlo€ TUCK Ta KOPUTY€E MOTYKHICTh Hacoca. OmHowacHo [TH
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NOKJIMKAaHUM 3axuInatd, TOOTO 3HECTPYMIIIOBATH OONaJHAHHS TPH CUJIBHUX
KOJIMBaHb CTPyMY B enekTpoMepesxi [10].

PosrnsHemo geranbHO anroputMm camoro [IY, mo mpaimroe HacTYIHUM
gyiHOM. OTXe, Harpyra Mepeski MOAA€ThCs Yepe3 BXIIHUN MPUTHIYYBAY MyJbCallii
Ha TpudazHuii HenpsiMui BUNpsAMisd. [loTiM BigOyBaeThcs mepenaya MOCTIHHOI
HaNpyrd uepe3 oOMexyBad IEpeHarpyrn Ha TPAH3UCTOPHUU I1HBEPTOp, SKHUM
BUPOOJIsiE 3MIHHUN CTPYM BIAMOBIAHOI 4acTOTH 1 Hampyru. [licis mpoxomkeHHs
yepe3 BUXIJIHUN peakTop, SKUM 3IIIapKye iMIYJIbCH CTPYMY, 3MIHHHHM CTpyM
3aJjaHOi YacTOTHM 1 HAmNpyrd TOJAEThCSl Ha OOpaHUil y MaricTepchkiid poOoTi

€JIEKTPOJABUTYH.

2.4 Po3paxyHOK XapaKTepHUCTHK ejeKTpoABUryHa Ta cuctemu ITYU-AJ]

KoMIpecopa

T-nonibHa cxemMa 3aMillleHHS ACHMHXPOHHOIO JIBUTYHAa CXEMaTUYHO
300pakeHa Ha PUCYHKY 2.4.

[IpoBenemo BiAMOBIHI po3paxyHKH Jyist ABUryHa 3 f; = 50 I'm.

P/ 1 )

\,}3\
' [

Pucynox 2.4 — T-mogiOHa cxema 3aMilleHHsS] ACHHXPOHHOTO JIBUTYHA
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Pucynok 2.5 — EnepreTudna giarpama aCHHXpOHHOTO JTBUTYHA 3

KOPOTKO3aMKHCHUM JIBUTYHOM

1. Maemo Bupas, M0 po3paxoBye HOMIHAIBHY (pa3Hy HAMpyry, KUIbKICTh
nap moirociB, koedimientu enektpopymiinux cun (EPC) Ta po3scitoBaHHs

oOMoTKH ctaropa [1]:

U
U, = Jar. 2.31
=7 (231
380
U, = >— =220B.
SNE)
ky =0,985—0,005 - p; (2.32)

kg =0,985—-0,005-1=0,98.

oy =—; (2.33)
o = — —1,02.
0,98

HactynHuMm Bupa3oM o0paxyeMoO CUHXPOHHY KyTOBY IIBHUIKICTh OO€pTaHHs

neuryna mpu f; = 50 I'm;

n-f;,-60

_ 3,14-50-60

ON 30 =314pan/c.
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3BiicHM MAa€EMO HOMIHAJIbHY YacTOTy oOepTanHs ABUryHa npu f; = 50 '
N om :(1_SH0M.)' Nsgs (235)
Nyow =(1—0,0117)-50-60 = 296506 / xB.

B cBoro depry HOMiIHalmbHa KyTOBa IIBHUIKICTb OOEpTaHHS JBUTYHA

BUIJILAcE.
T-Nn
o, = % Miow . 2.36

_3,14-2965

H

=310,34pan/c.

2. Tlo ¢opmyni 2.36 obuncnumMo HOMIHANBHUN (a3HUl CTPyM OOMOTKH
cTaTopa Ta Moro akTUBHI Ta PEAKTUBHI CKJIaJI0BI:

P

L= HAB ; (2.37)
© \/§-U1-nH-coscpH
Loy = 132000 =230,04 A.
3-220-0,945-0,92
Ila = IHOM *COS Py, (238)

I, =230,04-0,92=211,64 A.
Lip = Lion -SINOQ,; (2.39)
I;, =230,04-0,39=89,72A.

3. 3HaveHHS €(QEeKTHUBHOTO OINOPY Ta HOMIHAJIBHOTO CTPYMYy OOMOTOK

poTopa HaBejeHI HK4Ye. (0OTprMaHo 3 BUkopuctanusm [9, 10, 11]):

R, =S, -—Iul ; (2.40)
R, =0,0117- 220 _ 5 0110m.
230,04
=1, (0,2+0,8 cosp,); (2.41)

I, =230,04-(0,2+0,8-0,92) = 215,32 A.
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4. HowmiHanbHi 3HAY€HHS ENEKTPUYHUX BTpaT B OOMOTKax pOTOPIB,

eJIEKTPOMArHITHUX CHJI B MalllMHAaX Ta MEXaHIYHUX CHJ B POTOpax (3a pUCyHKaMu

1 Ta2):
' '\ 2

P, =3-0,011-215,32% =1530Br.

_ o [Ra (2.
PeMH =1m, - (gj ’ (12) > (243)
P, =3 0.011 1 515322 ~130766Br.
0,0117
PMeXpH = PeMH ’ (1 — Sy ); (244)
Py =130766-(1-0,0117)=129236Br.

5. MaeMo BiJTHOIIEHHS HOMIHAQJIBHOI CITOKHMBAHOI MOTY>KHOCTI Ta JOTIOMIXKHUX

MOTY>KHOCTEM:
P
P, =—2; (2.45)
Nu
p, = 132900 434788
0,92
PMepo = PMepo Vi SH; (2.46)
P expn =129236-4/1-0,0117 =128856Br.
P'OZ ~ Oa5 : (\/PeMH + \/PH.,Z[B ) ) ‘\/PIH 5 (247)

Py, ~0,5- (\/130766 + \/132000)-\/143478 =137296Br.

PI(IJZ ~0,5- (\/ PeMH + \ P;/Iepo ) ’ \/ﬁ; (248)

Py, 0,5 (\/130766 + \/129236)-\/143478 =136570Br.

6. BuszHauuTH eneKkTpuyHI BTpaTH OOMOTKH CTaropa, Mepiie Ta Apyre
HaOMMKeHHs 11 e()eKTUBHOTO OMOpPY, a TaKOXK Oa)kaHe 3HAUEHHS LbOTO OMOpY Ta

CJIIEKTPUYHKX BTPAT 0OMOTKH ctaTopa [14]:
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P IEl =Py, - P(;z; (2.49)

Pey =Py, —Poy; (2.50)

R,=—=< - (2.51
S ome(1) )
6182

= 3015322 215 327 =0,0440m.

1

R,=—=< _: (2.52)
X0
6908

= m = 0,050M

1

3a nonomMoroto hopmyiu 2.52 aKTUBHUHN OMIp CTaTOpa OOMOTKH Ma€ BUTIISL!
R,=05:(R;+Ry); (2.53)
R, =0,5-(0,044 +0,05)=0,047 Om.
P =m;-R; I (2.54)
P_, =3-0,047-230,04° = 7462 Br.
7. OTxe, TOTYXHICTh aCHHXPOHHOTO JBUTYHa 3a BHPaxXyBaHHIM

CJICKTPUYHUX BTPAT B OOMOTKAaX CTaToOpa, a TAKOX BTPAT B CTaJli BU3HAYAETHCS 32

JIOTIOMOTOF0 JliarpaMy MOTY>KHOCTI Ha PUCYHKY 2.2:

Pgo, =Py, —Pgys (2'55)
Py, =143478 — 7462 =136016Br.
P.=Py, — P, (2.56)
P.=136570—-130766 =5804 Br.
8. Ha pucynky 2.3 BU3Hau€HO HACTYIHI (PI3UYHI BETUUMHU:
Ingég (2.57)
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I, = 215,32 =211L1A.
1,02
Z, =$; (2.58)
|2
'I2:£:1,04OM.
211,1
. ) R'2
R, ~1,02-0,047+1,02%- 22 _ 1 030m.
0,0117

X =y Z3 -R%; (2.60)

X, = /1,042 1,032 =0,1440m.

cos ) :%; (2.61)
2

COS @, = % =0,99.

Ipa =15 - cos@y; (2.62)
I,, =211,1-0,99 = 208,99 A.
I"2p = I; -sin (p;; (2.63)
Ip, =211,1-0,141=29,76 A.
Loz = IZ'La - I;a; (2.64)
Too, =211,64—208,99 =2,65A.
Toop =Lp — Loy (2.65)
Ioop =89,72—29,76 = 59,96 A.

MaeMo HeOOXI1JIHICTb OOYUCIEHHS CTPYMY XOJOCTOTO XOJY 332 HACTYIHOIO

Igo = \/ Ic2)0a + I(Z)Op ; (2.66)

dbopmyoro:



Ipo =+/2,65% +59,96% = 60,02 A.

Roo = Zoo - COSPgp;
Rpo =3,66-0,044 =0,1610m.
Xoo = Zoo - SINPgp;
Xoo =3,66-0,99 =3,620M.
Ro =R —Ry;
Ry =0,161-0,047 =0,1140m.

X, =292 _3 5490m.
1,02

Z, =+R2 +X2;

Z, =/0,114° +3,55% =3,5520m.

OTpuMaeMo  pO3paxyHOK IHAYKTUBHOTO OHOpPY OOMOTKHU
MPUBEICHUH 10 0OOMOTKHU CTaTOpPa:
X1 = (0 = 1) Xgp;

X6 =(1,02-1)-3,55=0,0710m.

48

(2.67)

(2.68)

(2.69)

(2.70)

(2.71)

(2.72)

(2.73)

(2.74)

poTopa,

(2.75)
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9. V nmnopanpmioMy BHHHUKA€ HEOOXIAHICTH B OOYHMCIIEHHI HACTYIMHUX

BEJINYMH:
I,=0, -1 (2.76)

I, =215,32-1,02=219,63A.

R;:Rl+&; (2.77)
Su
R, =0,047 + 0.011 _ 4 9870m.
0,0117
7, -4, (2.78)

(2.79)

Xy, = X5 =/1,02 —0,9872 =0,1610m.
P03anYHOI( iHI[}IKTI/IBHOI‘O 10)8(0]0)% 00OMOTKH CTaTopa Mae HaCTYHHHfI BUTIJIAM.
Xa6 = X = X103 (2.80)
X, =0,161—0,071=0,090Mm.
E, =E; =74 Ioo; (2.81)

E, =3,55-60,02=213,07B.

E
Ko =—1: 2.82
==, (2.82)
2
E= 13,07 =0,97.
220
HacrtynHuit Bupa3 Bu3Haua€ MOMEHT KPUTUYHOTO PYXOBOT'O PEKUMY:
2
M= my - Ui : (2.83)
2.0, -[RI +R? +X§H]
2
M, = 3-220 —1089H - M.

2-310,34- [0,047 +4/0,0472 +0,1612 J
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Tabnuis 2.4 — 3HadeHHs ONOpiB, OTPUMAaHI 3a HABEIEHUM BUIIE aJTOPUTMY

Ne n/m Omip Po3MipHicTh | 3HaueHHs

1 R, Om 0,047
2 X1 Om 0,071
3 R Om 0,011
4 X’; Om 0,09

5 Xk Om 0,161
6 Xo Om 3,549
7 Z Om 3,552

Bupazom 2.83 BUpaxoByeTbCA KPUTUYHE KOB3aHHS:

s -+ Ro . (2.84)
©JRZax2
S 4 0,011

= — 10, 066.
0,047% +0,1612

®opmyna 2.84 mae 3MOTYy BHU3HAUUTH MEXaHIYHY XapaKTEPUCTHUKY

ACHHXPOHHOTI'O CIICKTPOJABUT'YHA!

,
M(s) = My Ui Ry : (2.85)

Y
' 2
S

2
M(s) = ) 3-220%-0,011 _

2
314-s- (0,047+0’211j +(o,o71+o,09)2}

1597

> .
S- [0,047+0’011j +0,026:|

S

Y  rtabnuumio 2.5 3rpynoBaHi  YMCENbHI  3HAUYEHHS  MEXaHIYHOi
XapaKTePUCTHKH.

Tabmuus 2.5 — UncenbH1 3HaY€HHS MEXaHIYHOT XapaKTePUCTUKU

1 0,9 0,8 0,7 0,6 0,5 0,4 0,3 0,2 0,1 0

0 314 | 628 | 942 | 1256 | 157 |188,4|219,8 | 251,2 | 282,6 | 314

Z|g|e

23,7 | 26,3 | 296 | 33,8 | 395 | 474 | 59,22 | 78,9 | 118,5 | 236,9 0
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MexaHiuH1 XapaKTEepUCTUKU 3aJE€KHOCTI KPYTHOTO MOMEHTY BiJ] YacTOTH
o0epTaHHs POTOpa aCHHXPOHHOTO JIBUTYHA MOKa3aHi Ha PUCYHKY 2.6.

o(s,f)=wy(f)-(1-3); (2.86)

W, pao/c

2001

100

1 ] | M HwMm
0 200 400 M, 800 M,

Pucynox 2.6 — MexaHiuHa XapaKTepUCTUKa ACHHXPOHHOIO €JIEKTPOIBUTYHA

Hactynnuit Bupa3 BU3Ha4a€ 3aJIeKHICTh CTpyMy poTopa I ,, HaBegeHoro 1o

OOMOTKHM CTaTOpa, BiJl KOB3aHHS S:

l, = ; (2.87)

220

2
i\/(0,047 + 0’2“) +0,161°

1386

> :
J_r\/(B + 2,569j + 420,25

VY rtabnuiio 2.6 3rpynoBaHi 4YMCEIbHI 3HAYEHHS XapaKTEPUCTHUKU CTPyMY

|2:

poropa.

Tabnuis 2.6 — YncenbH1 3HaUCHHS XapaKTEPUCTUKHU CTPYMY poTopa

S -1 -0,8 -0,6 -0,4 -0,2 0 0,2 0,4 0,6 0,8

[EEY

w | 628 | 565,2 | 502,4 | 4396 | 376,8 | 31 | 251,2 | 188,4 | 125,6 | 62,8 0
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o

o

| | 1333, | 1338, | 1345, | 1356, | 1364, 1154, | 1240, | 1266, | 1278, | 1285,

Ha pucynky 2.7 300pakeHo padik eIeKTpOMEeXaHIYHOI XapaKTePUCTHKH
o =f(I,)
w, pad/e
6001

4001
Wy ee—————

2001

0 400 800 1200

Pucynok 2.7 — I'padik enekrpomMexaHiqHOT XapaKTEPUCTUKH CTPYMY OOMOTKH

poropa o =f (I'z)

HactymauM BHpa3oM BH3HAYAETHCS EJIEKTPOMEXaHIYHA XapaKTepUCTHUKA

CTpYMY cTatopa 0OMOTKHU:

=12+ 17 +2-15-1,-sin@, ; (2.88)

|, = /60,022 + 17 +2-60,02- 1, -sin g, ;

i X
sing, = = ; (2.89)

D N\2
R1+RZ] +X12<H
S

20,5

: .
\/(3+ ngj +20,5°

B Tabmumi 2.7 HaBeneHI 4YHCENbHI 3HAYEHHS XapaKTEPUCTUKH CTaTOPy

sing, =

CTPYMY.
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Tabmuus 2.7 — UncenpH1 3HaYEHHS XapaKTEPUCTHKU CTPYMY CTaTopa

S -1 -08 | -0,6 -0,4 -0,2 0 0,2 0,4 0,6 0,8 1

Sql)n 0,976 | 0,979 | 0,984 | 0,993 | 0,999 | 0,000 0,845 | 0,908 | 0,927 | 0,936 | 0,94
2

W 628 |565,2 | 502,4 | 439,6 | 376,8 | 314 | 251,2 | 1884 | 125,6 | 62,8 0

. [1392,1| 1397 | 1404,4 | 1416,1 | 1424,7 | 60,02 | 1205,4 | 1294,8 | 1322 | 1334,8 | 1342,2

Ha pucynky 2.8 cxemaTnuHo 300pa)keHi €JIeKTPOMEXaHIUH1 XapaKTePUCTUKU
cTaTopa JBUTYHA.

w(s), paolc

60071

4001

W
L SR e

2001

I, A

0 b 200 I 400 1000

Pucynok 2.8 — I'padix mpupoaHOi eneKkTpoMexaHiuHO1 XapaKTepUCTUKU

I, =f (s) acuHXpOHHOTO IBUT'YHA

3a ¢popmynoro 2.90 BU3HAUYAEMO HOMIHAIBHHHA CTPYM POTOpa BH3HAUMMO

IPY HOMIHAJIBHOMY KOB3aHHI:

: U
I,= L ; (2.90)
R. 2
+ [R1+2) + X2
SH
I, = 220 - =219,95A.
+ [ 0,047+ 99 ) 01612
0,0117

3anexHicts 2.90 BU3Ha4ae CUHYC KyTa MK BEKTOPOM (pa3HO1 HanpyrH Iy Ta

CIOJIyYEHUM BEKTOPOM CTpyMy poTopa I;:
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. X

C N2
\/[Rl +R2J + Xi
SH

0,161

SN = 0,011
\/(0,047+ ’ j+0,1612

=0,16.

0,0117

®opmyna 2.91 BupaxoBye HOMIHAIBHUN CTPYM CTAaTOpa JABUTYHA:

L=+ 17 +2-Tg-T,-sinQy,; (2.92)

I, =+/60,02% +219,95% +2-60,02-219,95-0,16 =237,13A.
Po3paxoBani 3HaueHHs moka3HukiB Maemo aisa gactot £;=50; 40; 30; 20 I,
amxe npuitHaTHUN KK]I enexTpoBiALeHTpoBOro Hacoca 3a0e3MnedyeThes B bOMY
Jiarma3oHi YacTOT HANPYTH KUBJICHHS.

Maemo dopmyity 2.92 sk 3akoH perysroBaHHs [21]:

Z,= Pt (2.93)
Z,= 2—2(3) =0,00176.
50
Hactynmna 3amexHiCTh BH3HA4Ya€ BIJHOCHI 3HAYEHHS YacTOT HaNpyTrH
YKUBJICHHS:
f
1pA f1H1 =50T"11 f1.1 = fl_H; (294)
1u
50
1=,
f2H .
f1,
40
f,,=—=0,8.
12755
f3H .
npu f, , =301 fla=-21; (2.96)
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30
=—=0,6
13 50
1H
20
f.,=—=0,4.
4750

HactynHum noriyHuM Kpokom Oyjie po3paxyHOK (pa3HOi Harpyru 0OMOTKH

cTaropa aCHHXPOHHOI'O [BHUTYHA, SKUH OTPUMAEMO 3a JOIMOMOrOI HACTYITHOI
dbopmynu [14]:
3 .

Uy, =0,00176-50° = 220B.
Upp =2, 'f13H2; (2.99)
Uy, =0,00176-40° =112,64B.
Ups =Z, - fili; (2.100)
Uy =0,00176-30° = 47,52B.
Uy, =Z, -l (2.101)
Uy, =0,00176-20° =14,08B.

Po3paxyeMo 3HaYeHHS MIBUAKOCTI 11€IBHOTO XOJIOCTOTO XOAY BIJMOBIIHO

710 TIPE/ICTaBICHUX YacTOT KUBUIIbHOT HanpyTH [1]:

®o1 = 20 By n'lel; (2.102)
p
®p; :w =314pan/c.
gy = 2T fia (2.103)
p
(O3 :LJM) = 251’2paﬂ/c_
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o3 :w =188,4pan/c.
®os :M; (2.105)
p
Moy = w =125,6pan/ c.

HactynHa 3anexHIiCTh BH3HA4a€ CTPYMH XOJOCTOTO XOAYy MpU JaHHUX

JaCTOTax pCryjarOBaHH:A:

_ Ui . (2.106)

_ Y (2.107)

(112,64 =39,64A.

__ Y (2.108)

= Y (2.109)

3a JIOMOMOTOI0 HIDKYEHABEJEHWX BHUPA3IB PAXYIOTHCA E€JEKTPOMEXaHIvHI

xapakrepuctuku (prc.2.9) | () LI 06paHuX YacToT:

I(f,s)= Us, (f) : (2.110)
R,-R,

AN
R 2
+ | Ry+—2 | +X2, - f(f
\/[ 1 3) e 1*( ) +S'XHH'f1*(f)

(f.s)=wo(f)-(1-s); (2.111)
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' 220
12 (le’S) = y ‘
+,/ 0,047 + 0,011 +0,161% 1% + 0,047-0,011
S s-3,552-1
| 112,64
IZ(fZH’S) = ; .
+./| 0,047 + 0,011}, 0,1612-0,82 + 0,047-0,011
S 5-3,552-0,8
‘ 47,52
12 (f3H,S) = y .
+ /[ 0,047+ 2O1) | 01612 0,62 + 20470011
S s-3,552-0,6
| 14,08
+[[0,047+ 2911, 01617 . 0,42 1 2:047-0,011
S s-3,552-0,4
| e i
e | f1x=50Ty

225

f1:=30IYy

150 -
.fj,,=20]—1[

75

0 100 150 200

Pucynok 2.9 — PerynroBaibHi eJIeKTpOMeXaHiqHI XapakTepucTHKH [ o( )

Omxe, enekTpoMmexaHiuHi xapakrepuctuku Ii(®) (puc. 2.10) morinbHO

po3paxyBaTH 32 HACTYITHOO (HOPMYJIOH0:

L(£,5) =T (£) + Ty (£,5)2 +2-Tp-(£) T, (£,5)-sino, (£.5);  (2112)

X fi(f) (2.113)

Sin(pz(f,s): — ;
\/[Rl +RSZJ + XEH
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1 (i) =\/61,942 +1, - (fi,08)° +2-61,94-(f,,,5)-sin@, - (,,,,5).
0,161-1

0,011
S

sin ¢z (f].H)S) = \/

- .
(0,047 + j +0,161%2 1%

Iy (Fypr8) = /39,642 + 1y - (F308)7 +2-39,64 Ty - (£3,15) -5in @3 - (F35).
0,161-0,8

0,011
S

. .
(0,047 n ) +0,161%-0,82

L (f3,.8) = \/22,302 +1, -(f3H,s)2 +2-22,30-1, - (f3,,8) -sin @, - (£3,,,5)-

] 0,161-0,6
sing, (f3,.s) = )
\/(0,047 L0 011) +0,161%-0,6°
S
w(s), pao/c
350 = =
Wo f],.,]ZDOFI[

Pucynok 2.10 — PerysroBajibHi eleKTpoMexaHiuHI XapaKTepucTHKH 11 ()

L (f4,..8) :\/9,912 + 1y - (£48)° +2-9,91-1, - (£y,,5) -$in @, - (£3,0.5).
0,161-0,4

0,011
S

SiNQ; (f4,,,5) = \/

2
(o, 047 + j +0,161%-0,4°
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HactynmHuMu — BHpazamMu  po3paxyeMO  MEXaHIYHI  XapaKTEPUCTUKU

ACHHXPOHHOTO MBUTYHA M( o ):

2 '
M(s.£) = Imlz.ulH.(f) ‘R, | . (2.114)
R 2 R.-R
f)-s-|| Ry+—2 | +X2 -f,-(f) + 1° 22
(oo( ) S [( 1 s J ku 1l ( ) S'XpH'f1*°(f)
3.220%.0,047
M{f-5) = 0,011 0,047.0,011 |
314-s- (o,o47+ ’ j +0,161%-1,0% y 212
s 5-3,552-1,0
3.112,64%.0,047
M(f2us) = 0.011)? 0.047-0,011 |
251,2-s- (0,047+ ! ) +0,161%.0,8% + 1~
S 5-3,5652-0,8
3.47,52%.0,047
Mifans)= 0,011 0,047-0,011 |
188,4-s- [0,047+ ! j+0,1612-0,62+ i
S §-3,652-0,6
3.14,08%-0,047
M) = 0,011 0,047-0,011 |
125,6-s- (0,047+ ’ ) +0,161%2.0,4% 4 2=
s s-3,552-0,4

HacrtynHi BiAHOIIEHHS 1al0Th 3MOTY TMOCHIJIOBHO pO3paxyBaTu KPUTUUHUIN

MOMCHT Ta KOB3aHH::

2
M, ()= 3-Uy, - (f) . (2.115)
2
2.0, (F)-| Ry + [RZ+X2 £, (£ | 14— FL___
o()[ 1 \/1 e (F) ( X1 -Fro (F)
2
M, (fi,)= 3220 =50,6H-m.

2
2.314-/ 0,047 + |0,047% +0,161% -1,02- 1, %0477
3,552-1,0
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2
M, (f5,) = 3:112.64 —19,34H - m.
{ \/ ) y [ 0,0472 H
2.251.2-1 0,047+ [0,0472+0,1612.0,82 .| 14+ "
3,552.0,8
2
M, (f3,) = 347,52 =5,47H-m.
{ \/ ) o ( 0,0472 }
2.188,4-| 0,047 + |0,0472+0,161%2-0,62 .| 1+l
3,552.0,6
2
M, (f4,) = 3:14.08 =0,88H - M.
{ \/ 5 y [ 0,0472 ﬂ
2.125,6-| 0,047 + [0,0472+0,161%2-0,4% | 140
3,552-0,4
2
Ly )
S, (F) = Ry |1 (2.116)
Rl +XKH.f1*.(f)
5, (1, )=0,065. w(s,.f,, ) = 293,4pan/c. (2.117)
s, (f,,)=0,072. w(s,.f,, ) =291,19pan / c. (2.118)
s, (f3,)=0,083.w(s,,f,, ) =288,07pan/c. (2.119)
5, (f4s ) =0,098. w(s,,f,, ) = 283,18pan / c. (2.120)

HactymHuM  1OCHIIOBHUM  KpOKOM  Oylae  po3paxyHOK  (yHKIii
HaBaHTaxeHHA. [Ipuiimemo MomMeHT TepTst My = 1,2 H-m. IIpu vacroti fi,,; = 50 I'n
HABAHTAXKEHHA MPOMJIe Yepe3 TOUKY HOMIHAJIBHOTO pekuMy aBuryHa. KoedirieHnt

K oGumcroeMo 3a popmyJioro:

(2.121)

K= 425,34 —-2,5

310.34° =0,0044.

[Tomanpia GyHKIIS A€TATBHO ONMKUCYE HACOCHE HABAHTAXKCHHS:

M, =M, +k- o (2.122)
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M, =2,5+0,0044 - o°.
Pucynok 2.11 HarjmsgHo omucye INTYy4YHI MEXaHIYHI XapaKTepUCTUKHU

JABHUI'YHA Ta HABAHTAKCHH.

W, pao/c

e fia=50T1

yi il JInl™ < !
‘1‘["‘: /
300 i

Wiy

200

i M Hu
0 My Ms 200 M 400 M, 1000 Mg

Pucynok 2.11 — lITy4Hi MexaHiuHI XapakTepucTUKu M( )

2.5 BUCHOBKHM 3a po31ijioM

VY wmaricrepcekiii poboTi Oyna obpana cuctema kepyBanHs [TY-AJl s
komrpecopa. AcuaxpoHauid apuryH AMP280M2 rta IMTY Danfoss VLT HVAC
Basic Drive FC102 o60pamu mms HOBOi cucTeMu. JloBedM AOIUIBHICTh
3aCTOCYBAaHHS CKaJS[PHOTO METOAY SK HaWOLIbII ONTUMAJIBHOTO JIsi CHCTEMHU
kepyBanHsa [TY-AJl. JletasibHO nocmiauiu (PyHKI[IOHAIBHY Ta CTPYKTYPHY CXEMHU
KEpyBaHHS CKaJSIPHUM MeETOJ0M. Po3paxyBanu Ta moOyayBalld XapaKTEPUCTHKU

enexktpoaBuryHna ta cucremu [T4-A /] kommnpecopa.

PO3/1J1 3 MOJAEPHI3ALISI CHCTEMU ABTOMATHU3AII
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A30THOI CTAHIII

3.1 Po3poOoka  ¢yHkuHioHAJBbHOI cXeMH  MoJepHi3auii  cucTeMn

aBTOMAaTH3allii mogayi a3oTy

Ak 3a3HavaIoOCs B MEPIIOMY PO3/1I1I MaricTepchbkoi poOOTH a3oT, 0 OYB
BUPOOJICHNN OyIb-IKHM MOXJIMBAM METOJIOM, 30€piraeThCs B pPECUBEPl s
MOJAJbIIOT Mojaydl Ha 00'ekT BUKopucTaHHs. [Iporec ckinaganHs QyHKIIOHAIBHOT
CXEMHU aBTOMAaTH3allli CUCTEMHU MOJadl a30Ty MOKIWKAHWN BHUPIIIYBaTH HACTYITHI
3aBJIaHHs, Cepe]l SIKUX:

— TeHepallis MepBUHHOI 1HdoOpMaIllli mpo cTaH oO0JIaJHAHHA Ta BJacHE
TEXHOJIOTIYHOTO MPOIIECY;

— Oe3nepepBHUM KOHTPOJIb 33 CTAHOM TEXHOJOTIYHOIO OOJaJHaHHS, a
TaKOX peecTpallis TEXHOJOTIYHUX MapaMeTpiB MPOIIECIB;

— BIUIMB Ha TEXHOJIOTIYHUWA TpoUeC s YHpaBIiHHA Ta cralumi3amii

napameTpiB BChOTO MIPOLIECY.

N IIpoxyBanus

Pecusep [ToxexoraciHas
a3oTy
TnepTHa
atMocdepa

Pucynok 3.1 — OyHkIioHaIbHA CX€Ma aBTOMAaTU3allll MoJaul a30Ty
FT - natuuk ans BuMiptoBanHs TUCKY, TT - qaTuuk Juisi BUMIPIOBaHHS
temneparypu, PT - gatuuk 1u1s BUMiproBaHHSI BUTPaTH

3.2 Bubip nporpaMoBaHoOro KOHTpoJiepa
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OpuuM 13 HaWBaxJIMBIIIKX  (AKTOpIB  YCIHIXy TpH MPOEKTyBaHHI
aBTOMATH30BaHOT CUCTEMH YIIPABJIIHHS TEXHOJIOTIYHUM IPOILIECOM € MPaBUJIbHUN
BUOIp Kepyrouoro obmamnanns. Jlo ocHoBHux BuMor 10 [1JIK HanmexaTsh KiTbKICTh
BOYJIOBaHUX KaHaJIIB 3B'A3KYy, TApaHTIMHUN TEpMiH, 1HTEpBaJI MK BI1JIMOBaMHU,
iHTEepdeiic Ta, 3BUYalHO, iX BapTicTh. Y Tabmuimi 3.1 HaBejeHa MOPIBHSIIbHA
xapaktepuctuka kontpoiepie OBEH I1JIK160, SIMATIC S7-1200, OMRON
CP1H.

Tabmuns 3.1 — Iopisusuus [TJIK [28]

Kpureplii OBEH IJIK160 | SIMATIC S7-1200 | OMRON CP1H
MOPIBHSHHS

B6yoBaii xkanam DI/DO - 16/12 DI/DO - 14/10 DI/DO —-12/8
Al/AO — 8/4 Al/AO - 2/2 Al/AO —4/2

gglc) J?SFT(I)I/:;eBaHHH 24 micsi 24 micsr 12 micsmiB

Cepenne

HampaifoBaHHs Ha 100 000 ron. 262 800 rozx. 120 000 rop.

BIJIMOBY

Inrepdeiicn RS 485/422, RS 485/422, RS 485/422,

Ethernet Ethernet Ethernet

Sx BugHo 3 Tabmumi 3.1 OBEH ITJIK160 € Ginpin gemeBuM Ta Ma€ OiTbITy
KUIBKICTh BOYJIOBAaHMX KaHaJIB 3B'A3KY. 3MAaTHICTIO JOJaBaHHS PI3HUX MOJYIIB
ocHamenud moxynbami IIJIK SIMATIC S7-1200. Takox BigzHauyumo, IO
SIMATIC S7-1200 mae cepenHe HampaifoBaHHsI Ha BIIMOBY Mailke y TpU pa3u
BUILE, HDK Yy 1HIIKX po3riaHyTux Hamu IIJIK. Came tomy, ana Oe3nepeOiitHOi
BrCcOKoe(ekTuBHOI podoTH cructemu ooupaemo SIMATIC S7-1200.

[TporpamoBani koutposiepu S7-1200 MOHTYIOTBCSI Ha CTAaHAAPTHY TPHUALISTH
0 saTd MutiMeTpoBy npodinbHy mmHy DIN ab6o Ha MoHTaxkny muiary. Taki
KOHTPOJIEPH TpaIioTh y aiama3zoHi Ttemmepatyp Bigx 0 mo +50 °C. Takox
BUIIEPO3TIIIHYTI MPUCTPOI MAOTh KOMITAKTHI TIJIACTHKOBI KOPIYCH 31 CTyNEHEM
3axucty P20, mo naroth 3mory obciyropyBaTu Bif 10 10 284 nuckpeTHUX Ta Bijl

2 10 51 aHaJI0rOBOTO KaHaIy BBEJACHHS-BUBEACHHS [28].
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JlocmiakeHo, 1m0 KOMYHIKAIiiiHI MOMYJi, CUTHAJIbHI MOJAYINi, CUTHAJbHI
IUTATH Ta TEXHOJOTIYHI MOIYJi JJIsi BBOAY/BHBOJY HHU(PPOBUX 1 aHAIOTOBHUX
CUTHAJIIB TMPUEAHYIOTHCS IO IEHTPAIBHOTO TPOIEcOpa MPOrpamMoOBaHOTO
koHTposiepa S7-1200. [Ins 1pboro 3acTOCOBYEThCS 4-KaHaJbHHUM MPOMHUCIOBUINA
komytarop Industrial Ethernet (CSM 1277) y noeaHaHHi 3 MOJIyJeM >KHBIICHHS
(PM 1207).
BucokoedekTuBHI TpoIecopu MIATPUMYIOTh IIUPOKHA CHEKTp (YHKIIIH,
cepell SKMX BUOKPEMHMO HACTYIIHI:

— BHUKOPHCTaHHS CIIEI[iaIbHUX MOB MporpamyBaHHs, Takux sik LAD (Ladder
Diagram), FBD (Function Block Diagram) ta SCL (Structured Control Language)
3 IEBHUM HAOOPOM KOMaHJ;

— BHUKOHaHHsI OyJb-KO1 JIOT1YHOI omepailii mpoiecy He nepesuirye 0,1 mMkc,
TOOTO (PYHKIIIS IITBUIKO/IIT;

— BceOiyHa migTpumka ¢ynkuiid [T1[] peryntoBanus;

— BiANOBigHO A0 BuUMOTr cranaapty PLCopen 3ailiCHIOETBCA MIATPUMKA
GyHKII1 KepyBaHHS MIEPEMIIIICHHSIM,

— Oe3nepepBHa MIATPUMKA (YHKIIA TMOCTIMHOTO OHOBJIEHHS OMEepaliifHol
CUCTEMU,

— JUCTaHIlIiHA IarHOCTHKA MPOrpaMOBAaHUX KOHTPOJIEPIB 3a JOMOMOTOIO
crtangaptHoro Web-0Opay3sepa € peanbHoto 3aB/sku BOygoanomy WEB — ceprepy;

— BCI IPOrpamMu KOPHUCTYyBaua 3aXUINAIOThCS HAMIMHUMU MapOJIsIMHU;

— cucteMa mae BOyAoBaHy nam'atb 00'eMoM A0 4 MOaiT, a TakOX KapTKy
nmam'sati 06'emom 110 4 I'0aiiT;

— cucrteMa Mae pobouy mam'site 00'emom g0 150 Koair;

— JJI1 YHUKHEHHS 300iB Yy OKUBIEHHI KOHTpOJiepa CHCTEMa Mae
eHEeproHe3anexHy nam'stb 00'emom 10 KoairT;

— JJIS BBEJICHHSI MTOTEHITIHHUX a00 IMITyJIbCHUX CHUTHAIIB CHCTEMa OCHAIIICHA
BOYIOBaHMMH JIUCKPETHUMH BXOJaMHU YHIBEPCAIBHOTO MPU3HAYCHHS

— Tpu TIepebosAX Yy JKHMBJICHHI M0 JBaJIATA AHIB Yy pPOOOTYy CHCTEMH

BMUKA€ETHCSI BOYJOBAaHUN amapaTHUi TOJUHHUK PEaIbHOTO Yacy 13 3a11acoM X0y,
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— BUKOpUCTaHHS BOYIOBaHUX IIBUIKICHUX JIYWIBHHKIB 3 YacCTOTOIO
MIPOXOJKEHHS BXITHUX CUTHAMIB 10 1 MI1;

— 3aCTOCyBaHHS BOYTOBaHUX IMITYJIbCHUX BUXOIB 3 YaCTOTOIO MPSIMYBaHHS
imnyneciB 70 1 MI'h (Tinbku B CPU 13 TpaH3UCTOPHUME BUXOIaMHU);

— e(dexTuBHE 3acTOoCyBaHHS KOMYyHIKaIIiHUX MoayiB CM 12xx ta CP 12xx
JUISL TAKTI0UeHHsT KoHTposiepa Ao mepexi Industrial Ethernet, PROFIBUS DP, a
TaKOXX OOMIHY TaHWUMH Yepe3 TOCIiOBHI KaHAIH 3B's13Ky, MOO1UTBHY Mepexy GSM

a00 KaHaJIU 3B'A3KY CHCTEM TeJIeyIPaBIiHHS.

3.3 Buo6ip 3ac06iB aBTomMaTH3amii

JIaTYuKU TUCKY PO3IIISAAINCS JJIsl 3aCTOCYBaHHS Y MPOEKTYBaHHI CUCTEMHU
aBTOMAaTHYHOTO KEpPyBaHHS a30THHUMHU ycTaHOBKaMu Rosemount 3051S Ta
Metpan-150. VYV  tabnumi 3.2 HaBeleHa TOpIBHSUIbHA — XapaKTEPUCTHKA
BUIIE3a3HAYCHUX JTATYHMKIB THCKY.

Tabmuus 3.2 — [TopiBHSHHS AaTYHKIB THCKY [26]

KpuTepiii nopiBHIHHSA Rosemount 3051S MeTtpan-150
HapnuiikoBuii THCK, HannuimkoBuii THCK,
BuwmiproBana BenuuuHa PI3HHMIIS THCKIB, PI3HHUIIS THCKIB,
a0COJIFOTHUH THCK a0COJIFOTHUH THCK
I'a3, piguHa, I'a3, piguHa,
PoGoue cepenonuiiie > P : 3, P :
ra30piIMHAA CYMIIT ra30piIMHAA CYMIIIT
OcHOBHa HaBeJicHA
. Tlo +0,075% Jlo +0,085%
ITOXHOKa
Tuck podbodoro ) .
P Bix 0 mo 68 MlIla Bix 0 no 68 MIla
cepenoBHUIIa

Ha ocHoBi manux Tabmnuii 3.2 MoKHa 3pOOMTH BHUCHOBOK, IO HaWOUIbII
BJIaJIUM BUOOPOM CTaB AaTuvK THCKY Rosemount 3051S.

Pozbepemo mpuniun podotu natumka TUCKY Rosemount 3051S. Tuck nHa
MeMOpaHy CTBOPIOETHCS  BUMIPIOBAaHMM  cepefoBuileM. HaituyTnusimmm

CJIEMEHTOM CHCTEMH € TEH30PE3HUCTOpP, OIIp SKOr0 OJHOYACHO 3MIHIOETBCS 31
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3MIHOIO THUCKY. 3HA4€HHS OMOpY TPaHC(HOPMYETHCS B CTPYMOBHUUM CHUTHAJ, SKUN

NEePEIAETHCSI HA MOYJIb @HAJIOTOBOTO BXOy B CUCTEMI1 YIIPaBIIHHS.

Pucynok 3.2 — Jlaruuk Tucky Rosemount 3051S

OTxe, BepxHS MeKa BHUMIPIOBAHHS THCKY JIOCHTh BEJIHMKA, TOOTO MJIA
CIPOIIEHHS! pOOOTH CUCTEMU MOKHA BUKOPHUCTOBYBAaTHU TOW K€ MaHOMETp, IO i
JUIsS. BUMIPIOBaHHSI TUCKY B IHIIMX TOYKAaX, aj€ BIAKaJIIOpOBaHUM BIAMOBIIHO 0
HEOOXIJTHOTO TIOJIOKEHHsS. B SKOCTI ajabTepHATHBM MOKHA 3YMUHUTH BHOIp Ha

JTUCIUICTHOMY MaHOMETp1 kiacy TouHocTi 0,6.

Pucynox 3.3 — 3arajiibHui BUTJISA MAHOMETPY

Hactynmaum kpokom Oyzae BUOIp JaT4yMKa TeMIEpaTypH JJiS MPOSKTYBaHHS
aBTOMAaTUYHOTO BYy3Jia OONiKy razy. Ha mpakTuil BUAUISIOT JBa BaplaHTH

naTuyukiB Temneparypu: Rosemount-644 ra WIKA TR10-C.

Pucynok 3.4 — Jlatuuk Temnepatypu Rosemount 644
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Pucynok 3.5 — Jlatunk temnepatypu WIKA TR10-C

VY Tabmumto 3.3 3BefeHa MOPIBHSUIBHA XapaKTEPUCTHKA BUIIE3a3HAYCHUX
JaTYMKIB TEMIIEpaTypH.

Ta6muus 3.3 — [lopiBHSHHS JaTYHKIB TeMIiepatypu [26]

TexHiuHA XapaKTepUCTHKA Rosemount 644 WIKA TR10-C
PoGoue cepenonuiie I"a3, pinuHa, I"a3, piguHa,
ra3opiIMHHA CYMIII | Ta30pIIMHHA CyMIII
Jliama3oHM MepeTBOPIOBAHOT -200 ... 850 °C -150 ... 700 °C
TEeMIIepaTypu
Mexi HaBesIeHOi +0,18 °C +0,2 °C
OCHOBHO1 MTOXHOKHU
Buxigunii curgan 4..20 MA 4..20 MA
HasBHicTh + +
CTymiHb 3aXHCTY Bix BOIM P65 1P65
YUyTnuBuil €1EMEHT [ImatuHOBHM ITImatuHOBHM
TEPMOMETP ONIOPY TEPMOMETP OTMOPY
[IpoTOKO/IM 3B'A3KY 3 HART, Foundation | HART, Foundation
KOMIT'FOTEPHUM CEPEIOBHILCM Fieldbus, Fieldbus,
Profibus Profibus

Buxonsuu 3 manux tabnumi 3.3, MO)KHA 3pOOMTH BHCHOBOK, IO HAMOLIBII
BJIaJIUM BHUOOPOM 3 TOYKH 30py €(PEKTHBHOCTI € nartyuk temmneparypu WIKA
TR10-C. [liama3zoH Ta moxuOKa MO0 JAaTYWKa BIAIOBIAAIOTH BHUMOTraM
TEXHOJIOTTYHOTO TIPOLIECY, a MOTO BapTICTh € OUIbII KOHKYPEHTOCIPOMOXKHOIO.

BuwmiproBansuuii nepersoptoBad WIKA TR10-C, o mae 3mory nepenaBatu
nani 3a mnporokoidamu HART, FOUNDATION Fieldbus uu PROFIBUS €
BHCOKOTOYHHM.

PosrnsiHeMo OCHOBHI  OCOOJIMBOCTI  BHUMIPIOBJIBHOTO TEPETBOPIOBAYA
3a3HAYCHOTO BHIIIE, CEPE/T TAKUX

— HasBHICTb cepTu(ikaTy KaOpyBaHHS MO 3 TOUKAX;
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— Ma€ BUCOKY TOYHICTh BUMIPIOBAHHS Ta CTaOLIBHICTB;

— Ma€ MIMPOKHUH Jiana3oH poOoYnx TeMmepaTyp;

— MoxnuBa miaTpuMka npotokoiaiB HART/ 4-20 mA, Foundation fieldbus
a6o Profibus PA.

— MOJKJIUBICTh y3TOJIKEHHSI BUMIPIOBAJILHOTO MEPETBOPIOBAYA 3 EPBUHHUM
NepeTBOPIOBaYEM 3MEHIITY€E MOXUOKY cuctemu Maibke Ha 80 %.

Ha mneperBopeHHi curHamy Aatyuka B YHI(GIKOBaHWN BUXIIHMNA CHUTHAI
nocTiitHoro ctpymy 4-20 MA 3 1iupoBOIO YACTOTHOIO MOAYJISIIIEIO 32 CTAHAAPTOM
HART abGo B craHmapTHW BHXITHUW CHUTHAT 3 IMGPOBUM MPOTOKOIOM
FOUNDATION Fieldbus nie npuamun xii natunka remmneparypu. B mogansimomy
CUTHAJ 3 IaTYMKa MepeaeTbcs Ha BX11 BUMIPIOBAJILHOTO nepeTBoproBaya (BII), ne
3a J0moMorow ananoro-ndpoBoro neperBoproBada (AIIIl) mepeTBoproeThcs B
JUCKPETHUN CUTHAJ.

HacTtynHuM kKpokoM € 00poOKa JUCKPETHHX CHTHAIIB MIKPOIPOLECOPHUM
neperBoproBadem (MII). Ilotim 3 Buxomy MII uudpoBi curHanm HaaXoAsSTh Ha
moayisitop uudpoBoro mporokoay FOUNDATION Fieldbus a6o mudpo-
ananorosuil neperBoproBad (LIAII), ne Bonn TpaHnc@opMyroTbcsa B yHi(IKOBaHUMN
ananoroBuii curuan 4-20 mA. DSP 3 BuxigaumMu cTpymMoBHUMH curHaiamu 4-20
MA. TakoX BOHM MarOTh BOYJOBaHUN 4aCTOTHHM mMonaynsitop mpotokoiny HART,
SIKMI HAKJTAJIA€ThCsl Ha aHAJIOTOBHUH CTPyMOBHUH curHau [26].

OOpanuii HaMU JATYUK TEMIEPATypH BUKOPUCTOBYETHCS JJIsi BUMIPIOBAHHS
TeMIepaTypy ra3onoi0HUX Ta PIAKUX CEPEAOBUII, a MaTepiall KjlanaHy € CTIMKUM
JI0 KOpO3ii IIUX cepeloBUIll. BUIllepo3rssHy T MepeTBOPIOBadY, 1110 BOY/10BaHUH B
TOJIOBKY JaTyWKa, Ma€ BUIJISI BHUMIPSHOI TEMIIEpaTypu SK BHUXITHUWA CHUTHAI
noctiitHoro  crpymy. Bigomo, mo WIKA TR10-C Takoxkx He piJKo
BUKOPUCTOBYEThCSI y BUOyXOHeOe3meyHux 30Hax. [lim dac BuOOpYy marumka
BUTPATU CJIJ PO3MJISIHYTH TiJ KyTOM PI3HUX BHUTPATOMIPIB Ta, B PE3yJbTari,
oOpaTu HailouIbLI miaXoaauMil. TakuMu BUTpaTOMipaMHu MOXKYTb OyTH:

1. CtpymeneBi akycTuyHi BUTpaToMmipu razy. HopmatuBHuil 00k razy B

TakoMy TpWIaai OOUYHCIIOEThCS SIK YacTOTa MPOXO/KEHHS IMOTOKY Ta3zy uepes
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creliaJibHUiM OTBip. 32 TaKOIO OOYMCICHOI0 YaCTOTOIO KOJMBAHb 32 OJUHUIIIO Yacy

PO3PaxXOBYETHCS KUTBKICTh CIIOKATOTO Ta3y.

Pucynok 3.6 — Ctpymenesuii Butpatomip TurboFlow GFG-F

BigzHaunmo, 1o mnepeBaraMuM CTPYMEHEBHX BHUTPATOMIPIB € MpHUHITHA
BapTICTh, HEBEIMKI (PI3UYHI PO3MIPHM Ta HECKIAIHICTh BCTaHOBIEHHS. OHAK,
nopsii 3 PpAIOM IepeBar, TparuisiloTbCs BUMNAAKH, KOJM Takl IpUIaTu
HEKOHTPOJIHOBAHO (PIKCYIOTh HEBUKOPHUCTAHUM ra3 d4epe3 HasBHICTh 30BHIIIHIX
BiOparrii.

2. VIibTpa3ByKoOBI Tra3oBi BUTparoMipu. [IpuHuun nii yiabTpa3ByKOBUX
ra3oBHUX BUTPATOMIPIB MOJSATA€ Y MOPIBHSAHHI Yacy MPOXOKEHHS YIbTPa3BYKOBHX
IMITyJIbCIB 4Y€pE3 CEpPEJOBUIIEC B HAMPSAMKY, 10 30IraeThCs Ta MPOTHICHKHOMY
HANpSMKY pyXy cepemoBuina. SIKIIo JBa TaKMX MEPETBOPIOBaua BCTAHOBUTH ITiJl
KyTOM JIO TIOTOKY ra3zy, TO BOHHM MOYMHAIOTHh MISITH MO 4ep3l fK mepenaBad 1
npuiiMay. CuUrHamy, WOI0 BIANOBIZHO TNEPENAIOTbCA B  HANPSIMKY IOTOKY
cepeoBUIIA, MPUCKOPIOIOTHCS 1 BIMIOBIIHO CIIOBUIBHIOIOTHCS MPOTH MOTOKY.

Pisnunis B waci mepepadi CUTHalTYy, SIKY MH OTPHUMAEMO B PE3yJbTaTi
PO3paxyHKY, BHUKOPHUCTOBYETHCS I BHU3HAYCHHS IIBHIKOCTI TOTOKY Tasy.
Binctanp MK JaT4vMkaMd B TOJAbIIOMY BHKOPHUCTOBYETHCS AJI PO3PAXYHKY
o0'emMHOi BuTpath raszy. BigzHaunmMo, MO0 Ha TOYHICTP BHUMIPIOBaHHS HeE

BIUIMBAIOTH TaKi (JaKTOPH K THUCK, TeMIepaTypa ado CKJIaJ rasy.
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Pucynok 3.7 — YabpTpa3Bykosuii BurpatoMip Q.Sonic plus

3. Burpatomipamu 3miHHOro Tmiepemany TucKy. Lleii mpuian Bumipioe
nepenaj TUCKY, IO CTBOPIOETHCS MPH MPOXOKEHHI piakoi abo raszomnosioHo1
pPEUOBMHU Uepe3 CIeLiaJbHUI 3BY)XYIOUMH €JIEMEHT, M0 BCTAHOBJICHUH B
TpybomnpoBozai. [Ipu mnpoxomkeHHI piakoi abo ra30omoaiOHOI PEUYOBHHHU dYepes
3BY)KEHHSI YacTHMHA IMOTEHILIMHOI €Heprii TUCKY TpaHC(OPMYETbCS B KIHETUYHY
€Hepriio, 1o B pe3yJbTaTi 30UIbLIye CEpeHIO MIBUIKICTh MOTOKY B 3BYXEHOMY
nepepizi. SIk HacIIJOK — CTaTUYHUN THUCK MOTOKY MICHS 3BYXKYHOUOI'O MPUCTPOIO
CTa€ 3HAYHO HWXXYMM, HDK JIO0 3BY)Kylodoro mpuctporo. Ilepenmaa Tucky, To6TO
HOro pi3HUL, 3aJ€KUTh Bl MIBUIKOCTI MOTOKY MaTepiany. Takox MU MOXEMO

HOro mpuiHATH 3a Mipy IIBHIKOCTI MOTOKY [26].

Pucynox 3.8 — Butparomip Metpan 350

[TopiBHsIbHA XapaKTEPUCTUKA BUTPATOMIPIB 3TpyIoBaHa y Tabmui 3.4.

Tabnuus 3.4 — [opiBHsUIbHA XapaKTEPUCTHUKA BUTPATOMIPIB

Tun BuTparomipa IlepeBarn Henoniku
CtpymeHeBo- Hu3sbka 11iHa HeBucoka TouHICTB
AKyCTUYHUU [IpocToTa KOHCTPYKIIIT Brpatu trcky

Bucoka TouHicTh
3axuIeHiCTh BUMIPIOBAIBHOT
CUCTEMU

Y IBTPA3BYKOBHH MoxuBICTh QYHKIIOHYBaHHS 0€3 Bricoka tiHa
BTPATH TUCKY MPU HU3BKUX
TEeMIEpaTypax
3MIHHOTO [TopiBHSIHO BUCOKA TOYHICTb
nepenauy 3py4YHICTh Ta YHIBEpCAIbHICTh Brpara eneprii

THUCKY METO]Ty BUMIPIOBAHHS




71
3rimHo gaHux Tabmuil 3.4, poOMMO BHCHOBOK, IO Haie()EKTUBHIIIAM
pilieHHsM OyzAe yIbTpa3ByKOBUH BHUTPATOMIp 3 BHCOKOIO TOYHICTIO, IIO HE
BUTpAayae EHEprilo MmiJ dYac BumipioBaHHsA. HacTymHumM kpokom Oyne BuHOIp
HallKpaioi Mojeli YJIbTPa3ByKOBOro BuTpaTromipa. I[lopiBHSEMO pe3ynbTaT, sKi
orpumMani 3 ButpatoMmipie Turbo Flow UFG-F, FLOWSIC 600 ta Q.Sonic plus
[26]. [TopiBHSIBHI XapaKTEPUCTUKHA TaKUX Pe3yJbTaTiB MpOaHai30BaHi B TaOJIHMIII
3.5. Takuii anamniz mokasye, mo Q.Sonic plus Maike HeMae MOXHOOK 3a PaxXyHOK
O1MbpIIOT  KUTBKOCTI TIAp  YJABTPA3BYKOBHX IIPOMEHIB, OUIBIIUX 1HTEPBAJIIB
KamiOpyBaHHS Ta OUTBIIOI MBUAKOCTI MOTOKY. OTxke, obupaemo matamk Q.Sonic
plus st momanbmoi po3poOKU CHCTEMH.

Tabnuusg 3.5 — [lopiBHSHHS yIbTpa3BYKOBUX JATYHKIB BUTPATU

KpuTtepiii mopiBHSIHHS TULbFOGIT:é)W FLOWSIC600 | Q.Sonic plus
Kinbkicte map 4 2 6
yJIBTPA3BYKOBUX NMPOMEHIB
[ToxnoOxa 0,3% 1% 0,3%
IHTeHgKTyanLHa cucTremMa + + +
CaMO/TIarHOCTHKHU
Bino6paxxenns VY3 curnamy
BiJ BHYTPIIIHIX CTIHOK + — +
KOPITyCY
MDKIIOBIpOYHHUI 1HTEPBAT 4 poku 4 poku 6 pOKiB
MaxkcumanbHa 00'eMHa 235000 20000 fron. 39000
BUTpaTa M"/TOJI. M"/TOJI.

Bimznaunmo, 1m0 yneTpa3BykoBHi miumibHHK razy  Q.Sonic  plus
NpU3HAYEHUN i1 BUMIPIOBaHHS 00'€éeMHO1 BUTpaTH Ta 00'eMy oAHO(a3zHUX 1
0araTOKOMITOHEHTHHUX I'a3iB 32 HOPMAJIbHUX YMOB.

Q.Sonic plus — me akycTH4YHHMI TIEPETBOPIOBAY BUTPATH, L0 MPAIIOE B
yJIbTPa3BYKOBOMY Jiama3oHl YacTOT Ta TPYHTYETbCS Ha BHUMIPIOBaHHI Yacy
NOIIMPEHHS  YJIbTPa3BYKOBOTO IMIYJIbCYy B IOTOYHOMY BHUMIPIOBAJILHOMY
CEpPE/OBUIIIl 3 TOJAJBIIO TEHEpaIl€l0 BUMIPIOBAJILHOIO 1H(QOpMAIIHHOTO

curnaiy [26].
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[lpunuun  poGotu  BuUTpaTOoMipa  Oa3yeTbCsi  Ha  BUKOPUCTaHHI
eJIEKTPOAKYCTUYHOTO TIEPETBOPIOBAYa, IO 3aKPIIUIIOETHCS HA KOPMIyCl s
BUMIPIOBAHHS PI3HHULI Yacy MPOXO/KEHHS YJIbTPAa3BYKOBOTO CHUTHAIY MIXK
BUIIPOMIHIOBaUYeM Ta mpuiiMaueM. Takuil mpoiiec poOUTH Yac MPOXOMKEHHS
yJIBTPA3BYKOBOTO CUTHATY MPSIMO 3aJ€KHHUM BiJl HAMPSAMKY B3J0BXK MOTOKY rasy
Ta MPOTUJICKHOTO HAMPSIMKY, BUMIPIOE BUTPATy 1 00'€M Ta3y, BUKOPHUCTOBYIOUHU
3alporpaMoOBaHi CHUCTEMOIO 3HAUEHHS MapaMeTpiB MOMEPEUYHOTo Mepepizy Tpyowu.
Butpatomip ocHamieHuil mIicTbMa mHapamMu eJeKTPOaKyCTHYHUX BiOpaTopiB Ta
3a0e3rnevye HaiiHI pe3yabTaTH BUMIPIOBAHb AJIS Pi3HUX (DaKTOPiB BIUIUBY.

HNatuuk Butpatu Q.Sonic plus 0a3yeTbCcs Ha TEXHOJIOTIT BIIOUTTSA
yJIBTPA3BYKOBUX CUTHAJIIB Bl BHYTPIIIHIX CTIHOK KOPITYCY NMPUJIaAy, 10 30UIbIIyE
JIOBKHMHY HUISIXY MPOXOJKEHHS CUTHATY 1, TAKUM YHUHOM, TOYHICTH PE3yJIbTaTiB
BUMIipIoBaHb. KpiM TOro, BuIE3a3HauY€HA TEXHOJIOTIS JO3BOJISIE BUSBIATU
TypOyJICHTHICTh Ta HEOJHOPIAHICTh 3 MAKCHUMAJIbHUM PIBHEM KOHTPOJIO IO
BCbOMY TI€pepi3y MOTOKY, a TaKOX KOPHUTYBAaTH CEpPEIAHIO MIBHAKICTh Ta3y IO
BCHOMY MPODLITIO.

Q.Sonic plus mnpomonyTs 3HAaYHI TepeBard Iepel  TPaAUIiHHUMHU
TEXHOJIOT1SIMU BuUMiptoBaHHs ra3zy. Cepen Takux IepeBar BUIIITUMO. IIUPOKHIMA
Jiana3oH BUMIPIOBAHHSA, MIHIMQJIbHA CXWJIBHICTh J0 BIUTMBY acCUMETPii, 3aBIpIOX 1
nyJibCalliii B MOTOLI rasy, BIICYTHICTh IMepenagy THUCKY, 3AaTHICTh BUMIPIOBATH
MOTIK Ta3y B 000X HampsMKax 0e3 J0JIaTKOBHUX NEpeHAIallTyBaHb, HE CXUJIBHICTh
JI0 BOJIOTH 200 JIOMIIIIOK B Ta31, BUCOKY TOUHICTh BUMIPIOBAHHS.

BuxonaBuuii npuctpiii B CAK — 11e npuctpiii, SKuii BUKOHY€E KEpyrouy 10
BiJl KOHTpoOJIepa Ha 00'€KT KepyBaHHS 3a JOMOMOTOI0 MEXaHIYHOTO MEepeMiIeHHS
pPEeryJIIoI0uoro OpraHy. 3aBAsSKd PEryJjlo4YoMy BIUIMBY BiJl BHKOHABYOIO
MeXaHI3My TIpoliec TpaHCHOPMYETHCS B MOTPIOHOMY HAMPSAMKY JJISl TOCSATHEHHS
3aBJaHHS cTabum3alii perynpoBaHoi BenmuuuHU. [Ipu momayi ra3y KiHIICBOMY
CIIO’KMBauYeBl THCK Ha BXOJI1 B J103aTOP MOBUHEH OyTH BIAPETyIhLOBAHUM TaK, 1100
BiH OyB BHILle a00 HMXKYE 3a/1aHOTO THCKY, BUXOJYH 3 MIITHOCTI TpyOonpoBoxy. Y

SIKOCTI npuBoaAy Jis1 PCEryjarOoBaHHsA THCKY Ta3y MOXYTb 3aCTOCOBYBATHCHA



73
eJIeKTpOKIananu. B cBOw uepry, Ansi peryitoBaHHS THUCKY €(QEKTUBHUM Oyne
BUKOPHUCTAHHS CUCTEMH JIPOCETIOBAHHS.

Hapa3i s mBuakoi Ta IUTaBHOI 3MIiHM 3HAY€Hb THUCKY HE PIIKO
BUKOPHUCTOBYIOTh CHCTEMH JpOCEIIOBaHHS NOTOKYy. Jlo ckiagy cTaHaapTHUX
JPOCENBHUX TPHUCTPOIB BXOJATH 3allipHAa apMmarypa, KpaHW, BEHTHII, a TaKOX
criemiayiibHl 1maiou. Takok B CHUCTEMI BHKOPHUCTOBYIOTBCS APOCENIbHI BTYJIKH.
be3snepedynoro mepeBaroi0 peryitoBaHHS BUTPATH 3a JONOMOIOI0 KIIAMaHIB € Te,
0 HOoro MOXKHa BHKOPHUCTOBYBAaTH T 4ac IIBHIKOI 3MiHM POOOTH Hacoca B
3aJIeKHOCTI BiA cuUTyalii, TOOTO 34aTHICTP HAacoca MPAIIOBATH B 3MIHHOMY
pexumi. Y 1pOMY BHIIAJIKYy, SIKIIO MOTpiOHA NMEBHAa BUTpaTa, HAcOC HEOOXIITHO
3YNUHUTH, a MOTIM 3HOBY HaJAlITYBaTU Ha 3aJaHUI pexuM poOoTH. 3poOuMO

BUOIp pEryJIoYoro kianaHy Ha Kopucts moaenit VFM2 (puc. 3.9).

Rt

-

1T

Pucynok 3.9 — Knanan perymiorounit npoxinuuit VFM2

Texuiuni xapakTepucTuku kinanada VFM2 Bucsitieni y Tabmui 3.6.

Tabmuis 3.6 — Texuiuni xapaktepuctuku VFM?2

XapaKTepUCTHUKA 3HavYeHHs
YmoBHuit npoxig Dy, MM 250
IponyckHa 3aatHicTs K, M°/rox. 900
Xig mroka, MM 50
JlnHaMiyHU# Alana3oH peryroBaHHS bitbme 100 : 1
Temneparypa cepenopuiia, °C -40 ... 150
Tun 3'eqHanHsA daanuese
Kopnyc kiamana, Kpuiku, cijia HC

B sixocTi mpuBoiB Oysiv pO3TISHYTI MIPUBOAM TIOCTiitHOTO cTpyMy Danfoss,

acuaxpoHHi enekrponpuoau SIPOS 5 FLASH Ta acHMHXpOHHI €J1eKTpONpPUBOAU



74
Auma Matic. lnsa xepyBaHHA KjamaHoM Oyno obpano mpsimuii mpusig SIPOS 5

FLASH 2SB5 (puc. 3.10).

Pucynox 3.10 — ITpusing SIPOS 5 Flash 2SB5

1- mepeTBOpIOBaY 4aCTOTH; 2 —ABUTYH; 3 — YepB'sSUHMM Baj; 4 — BeAy4Ynid Ba,
5— X0/10Ba Taiika MIMUHIENS apMaTypH; 6 — CHTHAJIBHU Ba,
7a — cUTHaJILHUM MPUBIJ; 8 — TaTYMK MEPEMIIIEHHS; 9 — BeJIeHUI Bajl

EnexTponnuii nmpuctpii 3 BOyJJoBaHUM MepeTBOproBaueM 4actotu (1) kepye
nBuryHom (2). JIBuryH udepes depB'sunuii Ban (3) oOeprae mpuBoaHuil Ban (4),
SKUH, Y CBOIO Yepry, 4epe3 X0/I0BY raiiKy MPUBOJIUTH y pyX MPUBiA a00 MIMUHAETb
kiamnana (5). Pyx depB'sunoro Bany (3) mepenaerbcs Ha CUTHaIbHUM TipuBiy (7a)
yepe3 curHaiabHuil Ban (6). CurHaJibHMA NOpUBIA 3MEHIIYE X1 Ta IOBEpPTa€e
MOTEHI[IOMETp a00 MarHiTHUN JaT4uk mojoxkeHHs (8). Jaruuk monoxeHHs (niP)
NiApaxoBye KUIbKICTh 00epTiB. [lo3uilisi TakokK peecTpyeTbes 0€3 30BHINIHBOTO
JoKepena SKuBiieHHS. Ha OCHOBI MOJOXKEHHS TOTEHIIOMeTpa abo JaTyuka
nosioxkeHHs1 (niP) enexkTpoHika po3Mi3HAE TOJOXKEHHS MPUBOAHOrO Bany (9) 1
BUKOPHUCTOBYE 1€ TIOJOXKEHHS 7S pO3Mi3HABaHHS IOJIOKCHHS KJamaHa Ta

KepyBaHHS JBUT'YHOM BIJIIMTOBIAHO JI0 BUMOT Tporiecy [29].

3.4 locaim:kennst CAK a3orHoi cTanmii

HactymHuM KpoKOM € BUMipIOBaHHS BUTpATH a30Ty. [Ipu bOMy THCK a30Ty
B TpyOl HE TIOBUHEH TMEPEBUIILYBATH 3aJaHOTO PIBHS, SIKWW 3aJIKHUTh BT MIITHOCTI
TpyOH, a TUCK Mae OyTu He Hibkue 3amaHoro piBHs. I[1IJ[-perynstop BucTymae B
SIKOCT1 BHCOKOSIKICHOTO aJTOPUTMY KepyBaHHS, aJ)Ke Ma€ JOCHUTh KOPOTKUH dac

BUXOAYy Ha PEXHM Ta € HEUyTJAMBHUM 10 30BHImHIX (akropiB [3]. do ckmaxy
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ocHOBHUX eneMeHTIB cxemu BxoasaTh [1JIK 3 ITII-perymnstopom, 00'ekT kepyBaHHS
Ta PEryJIIOI0YUNA OPTaH.

dyHKITIOHAIBHA cXeMa 300paxkeHa Ha pucyHky 3.11.

P, I i .
_3. ITJIK ’ T4 B AI[ LAl Penymop—» Knanan va Tpy6ompoBia

MTla MA I'n paw/c % MIla

Itp JlaTumnk Prp
MA THCKY MIla

Pucynox 3.11 — ®yHKIioHaIpHA CXeMa aBTOMATH3aITl i

OTxe, peryiao4uil opraH — 1€ AUISTHKa TPyOONpOBOAY IMiCHs KilaraHa,
KEpOBaHAa EJIEKTPONPUBOAOM, pO3JIUICHUM Ha YacTOTHMHM IMEpeTBOpIOBady,
ACUHXPOHHUM JBUTYH Ta pEAyKTOp. 3a JONOMOIOI MyJibTa YIPaBIIHHS
BCTAHOBJIIOETHCA THUCK, SKHM HEOOXIJTHO MIATPUMYBaTH B TpyOONpoOBOAI s
6e3mnepebiitHoi poOOTH cUCTEMU. 3HAUCHHS 3 IaTYMKa TUCKY nepenaeThes Ha [TJIK,
JUIS TIPOBEACHHSI TOPIBHAJIBHOI XapaKTEPUCTUKH. Y MOAATBIIOMY (OPMYETHCS
BUXIJIHUI CTPYMOBHI CHUTHAJI, IO HAJCWIAETHCA HA TEPETBOPIOBAY YacTOTH, Ha
BUXO/Il SIKOTO F€HEPY€EThCS HANpyTa KUBJICHHS JUIsl IpUBOAY KianaHa. HactynHum
KPOKOM 3a JONOMOTIOK €JIEKTPONPUBOAY KiamaHa eJEeKTPUYHA EHepris
TpaHC(POPMYETbCS B TMOCTYHNAIbHMA pyX IITOKAa. TakuM UYMHOM, THCK B
TpyOOIpOBOIi HOpMai3yeThes [9].

Hactynnum HabopoM nepenaBaibHUX (DYHKIIIN OMUCYEThCA JIIHEApU30BaHa
MOJIeJIb CUCTEMHU KEPYBaHHS.

TakuM YMHOM, HACTYNMHUW BUIJSAL Mae AUQEpeHIianbHe PIBHIHHS IS

Y4aCTOTHOTO MEPETBOPIOBAYA:

df f=k_ -L:

qn'a urm 32

T (3.1)

Otxe, mepeTBOpIOBaY YacTOTH — 1€ alMKJIIYHA JIaHKa, sIKa TEPETBOPIOE
SHEPTII0 3 MEPEXK1 B CHEPTiI0 JIJISl TTOIAIBIIIOTO KepyBaHHs KianaHnamu. Hactymaum
KPOKOM € pO3paxyHOK KOe(DIIIEHTIB Mepeaadl Ta MOCTIHHOI Yacy JJisi CTBOPEHHS

nepeaaBaibHOI (QyHKIIT neperBoproBaya yactotu [10].
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Jlis 1bOTO THUMY MEPETBOPIOBAYIB YACTOTH MOCTIMHA Yacy MpHUiIMaeTbCs
piBaoto T.;; = 0,005 c.

KoedimieHT mMBUAKOCTI MEpEeTBOPOBaYa YacCTOTH B CTAaTHYHOMY PEXKHUMI
MO>KHA BU3HAYHTH SIK CITIBBIJHOIICHHS MIX YaCTOTOIO Ha BUXOJIi IMEPETBOPIOBAYA,
sKa rapaHTye HOMiHaJIbHY poOOTY JIBUTYHA, 1 cTpyMoM ycTaBkd Bij [1JIK Ha BXoi
nepeTBoproBaya. OCKUIbKM yOpaBIiHHS BiIOyBaeThcsi cTpymoMm 4-20 MA, a

4acToTa 3MiHIOEThCSA B miama3oni 0-50 ', HominansHa actota = 5001, ctpym I,

=20 MA.

oy = 2 (32)
I3H
o= 0,5
20
Hepez[aTHy (bYHKHlI-O JaCTOTHOTI' O HGpGTBOpIOBaLIa MOKHa 3aIrumcaru skK.
k
W, () = —an__- 3.3
(S) T st (3.3)
25
W, (s)=—=2>
<(S) 0,005-5+1

Hactynnuii Bupa3 onucye audepeHuiaabHe PIBHSHHS Ui aCUHXPOHHOTO

JIBUT'yHA:
do
THB'E_F(D:kZlB.f; (34)
ACHHXPOHHI JBUTYHM — 1€ AaUUKIIYHI JIaHKH, $IKI [EepPETBOPIOIOTh

CJICKTPUYHY €HEPTil0 B MIBUAKICTH 00€pTaHHS Baly.

Po3paxyemo mnoctiiiny 4dacy T, Ta xoediumieHT nepenadi kK., BuUxonsuu 3
TEXHIYHUX XapaKTePUCTHUK ABUTyHa [3].

[Tpuitmemo mocriiiny dacy piBHow = 0,83 c. KoedirmieHnT nepemadi ABuryHa
Ma€ BUIJIAJ BIJHOIICHHS HOMIHAJIBHOI KyTOBOI IIBHJKOCTI OOEpTaHHS JABUTYHA
Mepexi xuBieHHs f,. BBaxxatumemo, 3riHO 3 JOKYMEHTAIli€l0 HA JBUTYH, IO
HOMIHAJIbHA MIBUAKICTH JopiBHIOE 400 o00/c, a HOMIHaJIbHA YacTOTa

enexkTpoxxkuBieHHs S50 ['1.
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Kk =m_g (3.5)

[lepenaTHa QyHKIIA JBUTYHA PO3PAXOBYETHCS 32 HACTYITHOIO (hOPMYJIOLO:

k
W_(s)=—2__: 3.6
=2 (36)
8
W (8)=———.
HB() 0,83-s+1

Hactynine piBHSHHS € qudepeHiaTbHUM PIBHIHHIM 7S KJarnaHa:

d-P
BX )\ 3.7
™ (3.7)

Knanan € iHTErpyrodoro JIaHKOK, SIKa IIEPETBOPIOC CTYIIiHb BIIKPHTTS A
KJIaraHa B THCK Ha Buxoji [9].

IlepenatHy (byHKIIIIO KIalaHa poO3paxyeMo sIK:
1

llepeoamna ¢hyuxyis mpy6onposooy.
O0'ekTOM KEepyBaHHS € IUISHKA TPYOOITPOBOAY MICIISI KJlanaHa.
[lepenatHa  ¢yHKiisE oO0'ekTa  ympaBiiHHA MOXe OyTH  OmmcaHa

anepioJMYHOI0 JIJAHKOIO MEPILIOTo NOPSAIKY 3 YUCTUM 3ami3HeHHsM [ 10]:

1
W._ (s) = e 0%, 3.9
Tp() T-s+1e (3:9)
L-f
Tg=—"13; 3.10
0="5 (310)
2
T:&; (3.11)
P
C:E- L; (3.12)
f \\2-AP-g
n-d?
f= : 3.13
y (313)

VY Tabnui 3.7 rpynoBaHi BUXIIHI JaH1 IS JUISTHKA TPYOOTIPOBOTY.



Tabmnus 3.7 — Buxiaai maxi

Bennunna 3HavyeHHs
P — tuck micad xinanaga 0,7 MIla
L — nomxuHa JISTHKH TPYOOIIPOBOTY SM
A P—niepenag THCKY B TpyOOTIPOBO/II 0,05 MIla
P — IIUIBHICTD Tazy 1,25 kr/m°
d — miametp TpyOH 0,25 ™

‘ 3,14-0,25

=0,309.

o [
f 2-Ap-g’

c= 0.7 0.7 =1,51.
0,39 \2-0,05-9,8

2
T:2 L-f.-c™
p
2
T:2 5.0,39-151 127
0,7
L-f
TOZ—,
p
T0=L396=1,56-10_6.
125-10
1 ~1,5610%
W, (s) = ———— e 156107,
Tp() 12,7-s+1
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(3.14)

(3.15)

(3.16)

(3.17)

UYepes HEBENUKY JI0BKUHY TPYOOIIPOBOLY 3aTPUMKH MPU TPAHCIIOPTYBAHHI €

JIOCUTh HE3HAYHMMH. 3TIIHO 3 JIITEpaTypHUMHU JKEpEIaMH, JaTYUKU BUTPATU

MOXHa BBaXaTH O€31HEPLUIMHUMHU JaHKaMHU. Y TOH XK€ 4ac PEeAyKTOp MOXKHa

posrasgaty sik Oe3iHepliHy JaHky. [lepenaBanbHe 4nCIO peAyKTOpa CTAaHOBUTH

0,02, i IBUTYH MO>K€ MEPEMICTUTHU KJIAMIaH B CTOBIJICOTKOBO 3aKpUTE 200 MOBHICTIO

BIJIKPUTE TMOJIOKEHHS 32 OAUH 00epT NMPU HOMIHAIBHIN MIBUAKOCTI.

Mognens cuctemu Simulink Mae HacTymHUN BUIIISI.
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(0

x e 25 | 8 005> 1 1
A s : 1
= : 0,005 +1 0.83s+1 - s Tl 1275+

Step PID Controler un Al Peayxrop Knanax TpySonposaa Scope

Pucynok 3.12 — Monens y Simulink

Hanmamryemo IIIJ[-perynstop BpyuHy wmetoaom Ilurnepa-Hikosca. Ileit
METOJ TIOJISITA€ B TOMY, IO B CHUCTEMI BHMHUKAIOTHCS IHTETpalbHA Ta TOXIiTHA
ckaagosi [I/I-perynstopa, TOOTO cucTtemMa cTae CHCTEMOIO KepyBaHHs 3 U-
noAiOHUM 3akoHOM. [licis boro cucrema Jocsirae Mexi BIOPOCTIMKOCTI. Y LIbOMY
pexuMi poOOTH (IKCYEThCS 3HAYEHHS KPUTHYHOTO KOePIII€HTa MMiACUICHHS

PEryJaTOpPa Ta KPUTHIHOI'O HGpiOI[y KOJIMBAaHb CUCTCMH.

Tuck, MIla

Yac, ¢

Pucynoxk 3.13 — Criiiki KOJIMBaHHS

Jlani KOIMBaHHSA BHUABMIMCA, Kouu KoedinieHT Oy piBHMi K, ,=0,085.
CTiliki KONMBaHHA, SKI NUIATAlOTh JOCIDKEHHIO, MaroTh nepiox T, Ta
nIopiBHIOE 9.5 c.

Otpumaemo HacTymHi 3anexHocti mapametpiB I[IIJ[-perymsitopa 3rigHo 3

metozaom Llurnepa-Hikonbca [10]:
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K, =K,,-0,6=0,051. (3.18)
TK
T, = 21’ =4,75. (3.19)
Ty,
T, =—=119. (3.20)

B pesynbrati maemo xoedinientu: K, = 0,051; Ki=0,01; K,=0,06.
3anecemo gnaHi koediuientu B IIIJ[-perymsitop Ta oTpumaemMo rpadik

nepexigHoro nporecy (puc. 3.14).

Step Response

From: Step2 To: Mux2
T T

ooy » ‘ :
| System: linsys1
4+ | 1/O: Step2 to Mux2 4
|| Peak amplitude: 1.55
| Overshoot (%): 55.2 System: linsys1
| Attime (seconds): 4.92 1/0: Step2 to Mux2
! Settling time (seconds): 17.9
(PR T | N | SO ———————————- e e e et e

Tuck, Mlla

i
I
r
i
I
i
i
|
i
i
i
i
i
|
|
i

ol i .

Pucynok 3.14 — [lepexigawuii mporec npyu pyYHOMY HaJallTyBaHHI

[IpsiMi OKA3HUKHU SIKOCTI MEPEXIJHOrO MPOIECy, TaKl SK Yac MEepPEeXiTHOro
MpoLIeCy Ta MepeperyItoBaHHs CTAaHOBIIATH BiANOBIAHO 18 ¢ Ta 55%.

Just  anHamizy  sikocti  pyyHoro  HamamTyBaHHs  [IIJ[-perymnsitopis
BUKOPUCTOBYWTE 1HCTpyMeHT MathlLab pansg aBTroMaTuyHOro HalalITyBaHHS
perynstopa. Bin  nmo3Bonsie  BuOpaTM yac MEpeXiAHOTO  Tpolecy Ta
nepeperytoBanHs sl 3agaHoi cuctemu. [ligiOpani KoedillieHTH TOKa3aHO Ha

pucysky 3.14.
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Source: internal v | B Compensator formula
Proportional (P):  |0.0345211106728678 y
Integral (I): ’0.000301805607421962 .
1 N
b (1Y) P+I=-+D
Derivative (D): 0.187251593688593 | 5 1N

Pucynoxk 3.15 — Pesynwrat nHanamryBanss [11]] perynstopa

Ha pucynky 3.15 300paskeHo nepexigHuii mporec CUCTEMHU.

Step Response
From: Step To: Mux
1.2 r ‘ T
System: linsys2
Fisi=img— = T O: SteptoMux r=r=rmrmrmrm et s e
- I System: linsys2 ne (seconds): 6.51 s TP TETY T eCTrey 4
A oo I e e
| ! Peak amplitude: 1.04
o ! Overshoot (%): 4.06
0.8 r : At time (seconds): 2.68 1
] . .
= ! !
> ! !
~ 0.6 ! !
5 i i
=t I |
= i i
‘ i i
i i
i i
i i
2 I i
2 | :
i i
i i
i L i . : .
5 1 15 20 25
Yac, ¢

Pucynox 3.16 — Ilepeximamii mporec

OTxe, yac mepexigHOro Mmporlecy AopiBHIOE 6,35 ¢, a MepeperynroBaHHS
nocsirae 4%.

Otxe, MOXXHa 3pOOMTH BHUCHOBOK, IO anropuT™m HanamtyBands [11]1-
perynstopa, BOygoBanuii B MathLab, € Oub1l TOCKOHAIUM Ta BUCOKOTOYHUM, HIXK
meton Llurnepa-Hikonca, sskuif BUKOPUCTOBYETHCS AJII PYYHOTO HaJlallITyBaHHS.
3MOICII0EMO TaKy CUCTEMY 31 30ypEeHHSIM, /i€ BOHO 3'ABISEThCA Ha 25 ¢. Moenb 3

BUIIICHABE/ICHUM 30ypEeHHSM MTOKa3aHO Ha pUCYHKY 3.17.
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Pucynok 3.17 — Mogens y Simulink 31 30ypennsim

Ha pucynky 3.18. mpencraBiieHHil MEpeXiHUM MPOIEC 3MOJIeTbOBAHOL

CUCTEMMU.
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Pucynox 3.18 — Ilepeximnamii mporec

[Ipoanaini3yBaBIiM  BUILIEHABENCHU puUCYHOK 3.18, MoOxHaA 3poOHUTH
BHCHOBOK, III0 CHCTEMa YCyBa€ yaapHi 30ypeHHs Ta MOBEPTA€ 3HAYCHHS THUCKY B

TpyOOTIIPOBO/Ii 10 3a/IaHUX 3HAYECHb.

3.5 BUCHOBKH 32 po3aijiom

Otxe, miIg MOJEpHI3allli CHUCTeMHM aBTOMaTH3allli mojaadi a3ory Oyna

po3pobieHa QyHKIioHAIbHA cxema. Jlo Ckiamy HOBOi CHCTEMH YBIWIILIN TaTYUKH
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TUCKY, Temmeparypu Ta Butpatu, a Takoxk I[IJIK. ¥V skocti TIJIK ob6panwmii
SIMATIC S7-1200, nmatunk Ttucky Rosemount 3051S, matumk TtemmepaTypu
WIKA TR10-C Tta Butpatomip Q.Sonic plus. byno mocmimkxeno CAK azotHoi
yCTaHOBKH; anroput™ HanamryBanHs [11/[-perynaropa, BOynoBanuii B MathLab, €
OlMBII JOCKOHAJIUM Ta BHUCOKOTOYHHUM, HIXK Meton Ilurnepa-Hikonca, sxuit

BUKOPHUCTOBYETHCS ISl PYYHOT'O HAJIAIITYBaHHS.

PO3/I1J1 4 MOJEPHI3ALISI CACTEMM EJEKTPOIIOCTAYAHHS
A30THOI CTAHIIIT

4.1 Po3poOka cxemu ABP

Jlns 6e3nepepBHOCTI Ta HAIIMHOI POOOTH aBTOMATH30BAaHO1 CHCTEMU 11014l
a30Ty HEOOXIAHO mependauuTu AEKUIbKa albTepHATUBHUX JDKEpeN ii JKUBJICHHS
[4]. ToOTo mpu 3HMKAHHI HAPYTW HA OCHOBHOMY BBOJIi CHCT€Ma aBTOMATHYHO

IICPCMHUKAECTHCSA HAa OWH 3 PC3CPBHUX BBOIU.

Bgig Ne2 (moxke Oytn
3aCTOCOBaHA aBapiiiHa
JIIHIS YKUBJICHHS,
aJBTePHATUBHI JDKepelia
eHeprii)

Bgig Ne3

Beix Nel(ocHOBHMIA

BBOJI)

(IM3enbeneKTPOCTaHIIis)

Pucynok 4.1 — Beonu ABP a3oTHoi1 cTan1ii

B sKocTi OCHOBHOrO BBOJAY a30THOi CTaHIli BUKOPHUCTOBYETHCS 3BUYAMHA
Mepexa xkuiieHHs 380 B. [{ns BBoay Ne2 a30THOI cTaHIlii Moke OyTH 3aCTOCOBaHa
aBapiifHa JHII eJeKTpPOoNocTayaHHs abo K aJbTEepHATUBHI JiKepenaa eHepril
(constyna abo BiTpoBa ctauiii). s BBomy Ne3 a30THOI cTaHIli BUKOPUCTOBYEMO
nuzenbenekrpoctaniiio (IEC).

Jliist 3amycky aBToMatuaHoi poOoT ABP a30THOI cTaHIlii moTpiOHMI curHamn

«ABTOMaTnuHMM pexxum podotu ABPy. 3a HasiBHOCTI BXigHuX curHaiiB "Hampyra
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Ha BBOgI Nel", "Amapar BBoay Nel - Hemae aBapii", "Amnapar BBoay Ne2 - Hemae
aBapii", "Amapar BBoay Ne3 - Hemae aBapii" cucTtema mepeiiie B HOpMalbHUMN
pexum (QF1 Bxmouenuit, QF2 BumkHenuit, QF3 BUMKHEHHMIT): KOHTpOJEp
nepeBipuTh BuMkHeHui ctad QF2, QF3 1 Bxmounts QF1.

Sxmo mpomanae skuBieHHs Ha BBOAI Nel a3oTHOI craHuii, TO cuUcTeMa
Ipalftoe 3a HACTYMHUM anroputMmoM. [Ipu 3HuKHeHHI curHany «Hampyra Ha BBOJI
Nel» 1 3a nasBHOcTi curHany «Hampyra na BBoai Ne2» ABP azotHoi cranmii
BlIpaxye BHUTPHMKY Yacy (mapamerp, 1o 3amaeTrhcsi) 1 BumkHe QF1. Ilicmsa
ninTBepkeHHs BiakmrodeHHss QF1 (BimcyTHicTh curHamy «Amapat BBomy Nel —
yBIMKHEHO») ABP a30THO1 cTaHIii BiApaxye BUTPUMKY 4Yacy (3aJaHuil mapameTp) 1
BKJITIOUUTH QF2.

[Ipu BigHOBNEHHI Hampyru Ha BBOA1 Nel. Ilpu BiHOBIIEHHI XUBJIEHHS Ha
BBojal 1 1 HasBHOCTI curHany «Hampyra na BBomi Nel» ABP a3zorHoi craniii
BiJ[paxy€ BHUTPUMKY dacy (mapamerp, 1o 3amaerhcsi) 1 BumkHe QF2. Ilicms
niaTBepAKeHHs BiakmodeHHs: QF2 (BiacyTHICTh curHainy «Amnapat BBogy No2 —
BKIOUeHMi») ABP Bijpaxye BUTpUMKY dYacy (3aaHUi MapameTrp) 1 BKIIOYUTH
QF1.

Axmo nponanae xxupieHHs Ha BBojax Nel ta No2. I[Ipu 3HMKHEHHI CUTHAJIIB
«Hampyra na BBomi Nely», «Hampyra nHa BBomi Ne2y» i 3a HasiBHOCTI CUTHAIy
«Hanmpyra na BBoai Ne3» ABP a3o0THOi cTaHlii BiApaxye BHUTPUMKY 4Yacy
(mapametp, mo 3anmaerbes) 1 BumkHe QF1, QF2. Tlicns migTBepmKeHHS
BikmoueHHss QF1 (BiacyTHiCTh curHainy «Amapat BBoAl Nel — BKIIOUEHHII») 1
QF2 (BigcytHicTh curHany «Amnapat BBoai No2 — prioueHuit») ABP Bigpaxye
BUTPUMKY Yacy (mapameTp, 10 3a1a€ThCs) 1 BKITFOYUTH QF3.

VY TakoMy pa3si, npu 3HUKHEHHI >kuBJIeHHs Ha BBOJI Nel 1 BBomi Ne2 ABP
nepenae curHan «CurHan Ha 3amyck JIEC» Ta BKIIIOUHTH pE3epBHE KUBICHHS
(BBim 3) nmmie 3a ogHOYACHOI HasBHOCTI curHamB «JIEC roToBuil mpuitHATH
HaBaHTaxxeHHs» Ta «Hanpyra Ha BBOI1 No3y.

ABapisi aBTOMaTUYHOTO BUMHKa4da. SIKIIO BiOyBa€eThCs aBapis Oyb-SIKOTO

aBTOMaTUYHOIO0 BMMHKAa4a Yd KOPOTKE 3aMUKaHHS y cucteMi, Ha ABP a3zorHoi
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CTaHIli 3HUKAIOTh BIAMOBIAHI CUTHANTU «Amapar BBeAeHHS Nel — Hemae aBapiiy,
«Amnapat BBeqeHHS Ne2 — Hemae aBapii», «Amapat BBeneHHs No3 — Hemae aBapii».
Y 1upoMy BHUMNAAKYy KOHTPOJIEP BUMHKAE ABTOMATUYHUN pPEXUM POOOTH Ta HE
dbopmye BuXimHI curHamu. sl mepeBeCHHS CHCTEMU B aBTOMAaTUYHUN PEXKUM
MOTPiOHE BTPYYAaHHS OTIEPATUBHOIO MEPCOHATY Ta JIIKBIAAIlis aBapii.

Pyunuit pexum. IIpu HEOOXITHOCTI PYYHOTO KEpyBaHHS CHCTEMOIO
PO3MOMLTY EJIEKTPOCHEPrii HEOOXIMHO 3HATH CUTHAT «ABTOMATHYHHUHA PEKUAM
po6otun ABP» Ta momaru cur"an «Pyunuii pexxum po6otu ABPy». Ilicas mporo
ABP a30THOI cTaHIii HE CTEKUTUME 32 CTAHOM CUCTEMU Ta (OpMyBaTUME BUXI1/IHI
CUTHAJIH.

Bain xusnerns Nel Bain xusnerns Ne2 Bain xwmpnenns Ne3
380B,50I'n 380B,50Tn 380B,50I'n

1, L2 N 1, L2 N, 1, L2 N
LI ILsIPEOi LI ILBIPEO_E_ LI ILSIPEO_L
Qs1 = Qs2 = Qs3 =
vV vovov vvov
Jlizwsaax Nel Jlicansrmk Ne2 Jligunsaax Ne3
vV V V Y vy ¥V Yy vV Y
TAEI : E-« TA4) E* TA7 : E*
TAz*E* TS A8
TA3[ TAS| TAS[
o N sz} LR o N
——1
HapanTaxeHss

a30THOI CTAHITIT

Pucynok 4.2 — Cxema cuiioBoi yactuan ABP a30THO1 cTaH1ii

QS — BUMHUKau-po3’€IHYBaY 3 aBTOMATUYHUM Ta PyYHUM KEPYBaHHSIM,
QF — aBTomMatnunuii BuMukay; TA — TpanchopmaTopu CTpymy sl JIAHIIIOT1B
BUMIPIOBAHHSA T KOHTPOJIIO
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Pucynox 4.3 - JlaHmtor kepyBaHHs aBTOMaTUYHUM BuMHKadeM QF 1

SF — aBromaTtnuni Bumukadi 24 B; SB — kHonku kepyBanHns; K — mpoMixHi
pene; HL — curnanpHi 1amnu
CurHasii  BiJL TNPOMDKHHUX  peJ€  HaIxoAsITh Ha  BXig  MOAYJs

BBEJ/ICHHSI/BUBEJICHHS, SKUW B CBOIO 4Yepry 3acobamu 1HTepdeiicy mnepenae
1H(}opMaIlito Ha maHelb oneparopa. TakoX MOJyJb BBEJICHHS/BUBEIICHHS TIepeiae
curnai Ha [TJIK [8].

Koxuuii BB 3HAXOMUTHCA B OKpeMiil komipii mmuTa. [[o KOMipKHU BBOIY
Nel BimHOCHTBCS BUMHKA4-pO3’€AHYBAd 3 aBTOMAaTUYHUM Ta PYYHUM KEPyBaHHSIM
QS1, tpanchopmartopu ctpymy TAl, TA2, TA3, apromatnuanii Bumukad QF1,
3anmoOixHukn FUIL. JIo koMipku BBoAy No2 BiIHOCUTHCS BUMHUKA4Y-po3’€IHYBaY 3
aBTOMATHUYHMM Ta PydyHHM KepyBaHHsIM QS2, tpanchopmatopu ctpymy TA3,
TA4, TAS, apromatnunuii BuMukad QF2, 3anobixxuuku FU2. [lo koMipku BBOIY
Ne3 BimTHOCHTHCS BUMHKAY-pO3’€AHYBAY 3 aBTOMAaTHYHUM Ta PYYHUM KEepyBaHHSIM
QS3, tpanchopmatopu ctpymy TA7, TAS, TA9, aBromatnunuii Bumukau QF3,

3arno0ikuuku FU3.
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Pucynok 4.4 — ABromatuka ABP a30THOi cTaHIlii B IIUTI

QF — aBTomMaTnuHuii BUMHKay; QS — BUMUKaU-po3’€IHYBaY 3 aBTOMAaTUIYHUM
Ta py4yHuM KepyBaHHsM; TA — Tpancopmaropu ctpymy; PV — niunnibHUK;
K — mpomixkne pene; SB — kHonku kepyBanHs; K — mpoMixHi pene;
SF — aBTomaTnyHi BUMHuKaui 24B
Ha nepenniii maneni mwura 3HaXOASIThCs nepemuikad SB1 3 pydHoro B

ABTOMATHYHHHN PEKMM Ta HaBIAKW. Tako)K KHOIKH BKJIFOUCHHS Ta BIIKIFOYCHHS
KOKHOT'O 3 BBOJIIB. 3a BKJIFOUEHHSI/BIIKIFOUEHHS BBOAY Nel BiJIMOBiAatOTh KHOMKHU
SBI1, SB2, BBogy Ne2 — knonku SB3, SB4, BBomy Ne3 - knHomnku SBS5, SB6.
Csitnosa cur"anizamis HL1, HL2, HL3 BigmoBigaroTh 3a aBTOMAaTHYHUN BUMHUKAY
QF1. CsitnoBa curnamizamiss HL4, HLS5, HL6 BiamoBigaroTh 3a aBTOMAaTHYHHUI

Bumukauy QF2. CsimnoBa cwurramizamis HL7, HL8, HL9 BignosimaroTe 3a

aBToMaTuuHuii BuMukad QF3.
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Pucynok 4.5 — Curnanizanis ABP a30THO1 cTaHIii B ITUTI

HL — cBiTioBa curHamizaiisi; SA — nepeMukad pexumy; SB — kHonku
KEepyBaHHS

4.2 Bubip esiementiB cxemu ABP

Bubepemo aBromatnuni Bumukaui QF1, QF2, QF3, ski mpusHaueHi s
3aXMCTy MPOBOJIB, KaOENIB, €IEKTPOYCTATKyBaHHS BiJl KOPOTKOIO 3aMUKAHHS Ta
nepeBanTakeHb ABP azorHoi cranmii. s mporo mae Oyt HacTynmHa ymoBa [16]:

I =1,251 (4.1)

CITpall. TeIl.

| =151, (4.2)

YCT.CJICKT.BCT.

HOM

ne: Ienpanren— HOMIHAIBHHM CTPYM HEPETYJIBOBAHOTO Ta DEryJHOBAHOTO
TEIJI0BOro0 a00 KOMOTHOBAHOTO PO3YEIUIIOBAYa aBTOMAaTUYHOTO BUMHUKAYA;

Lycrenexrs: — CTPYM yCTaBKM (CIPalbOBYBAaHHS) €JIEKTPOMArHITHOIO
pO3YIIUIIOBaYa MUTTEBOT i1 (BIACIKAHHS);

Liom — CTPYM, SIKHM CTIOKUBAE ABUTYH lcox.;

Jlns enexTponpuBoga a30THOI CTAHIIII:

I =1,25-230,69 = 288,36 A;

CIIpall.TeIl.

I =1,5-288,36 =432,54 A.

YCT.CJIEKT.BCT.
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Hnsa cxemu enektponoctauanHs ABP  asotnHoi cranmii BuOHpaemo
apromatuuanii Bumukad E.NEXT, 3p, 300A, xapakT€pUCTHKU KOO HAaBEJAEHO B

tabmuin 4.1.

‘a0 %
olele
’ ’

Pucynok 4.6 — 3aranpHuid Buj aBroMatnuHoro Bumukada E.NEXT, 3p,

300A

Tabmuusa 4.1 — Xapakrtepuctuku aBromatuyHoro Bumukaua E.NEXT, 3p,

300A [25]

XapaKkTepUCTHUKA 3HaYCHHS
HowminaneHa poboya Hampyra Ue, B AC 660
KigbKiCTh HOMIOCIB 3
HoM. rpaanyHa BUMHKaJIbHA 31aTHICTH Icu, KA 70
Howminansuuii ctpym In, A 300
3HOCOCTINKICTh MEX./€JIEKTp., IUKIIB ¥Y-B, HE MeHIIe 4000/1000
Howm. poboua BuMukaibHa 3aaTHICTh Ics, KA(AC 400 B) 70

Jis  mepepadi  CUTHay BUMIPIOBaIBbHOI  1H(MOpMaIii  (curHasmizarii,
aBTOMAaTUKH, OOJiKy enekTpoeHeprii)) ABP a3oTHoi craHuii mnpu3HavyeHui
Tpanchopmarop ctpyMy. B skocti TA1-TA-9 BuOupaemo TtpancdopmaTopu

ctpymy T-0,66.

Pucynok 4.7 — 3aransuuii Bug tpanchopmaropa ctpymy T-0,66
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Tabmuus 4.2 — Xapakrepuctuku Tpanchopmatopis crpymy T-0,66 [27]

XapaKkTepucTuka 3Ha4YEeHHs
HowminansHa poboya 0,66 kB
HowminasbHa cuiia cTpymMy nepBUHHOI 0OMOTKHU 400A
HowminasibHa ciiia cTpyMy BTOPUHHOT OOMOTKH SA
Kiac Toynocrti 0,5S
TemnepaTypa HaBKOJMIIHBOTO CEPEIOBUIIA -45 °C no +40 °C
Tun BUKOHaHHS HIMHa

Jlns koMyTallii eJeKTPUYHHUX JIaHIIOTiB HU3bKoi Hampyru ABP a3zotHOi
CTaHI[li  3aCTOCOBYIOTbCS ~ BHMHKaul  HaBaHTaxeHHs.  JlaHi  mpucTpoi
BCTAHOBIIIOIOTHCSL Yy PO3NOJAUTbYMX ImuTax. [lpu copaiiboByBaHHI BHMHKaYl
HAaBAHTAKEHHA 3a0€3MeuyloTh NOJABIMHUN po3puB JaHuwora. Jlani npucrpoi
XapaKTEPU3YIOThCA CYTTEBUM MEXaHIYHUM Ta EJIEKTPUYHUM pPECypcoM Ta
3pYYHICTIO MOHTaXy. Y SKOCTI BUMHKaudiB HaBaHTaxxeHHsS QS1, QS2 ta QS3

BHOMpaeMo BUMHKavi HaBaHTaxxeHHS LBS 400 3p [25].

©
=

Pucynok 4.8 — 3aranpHuii Buj BUMHKada HaBaHTaxxeHHs LBS 400

Tabnuusg 4.3 — XapakTepuCcTUKK BUMHKaYiB HaBaHTaxkeHHa LBS 400

XapakTepuCcTrKa 3HaYeHHS
HowminanpHa Hanpyra 130111 800 B
HowminanpHa Hanpyra 13011111 IMITyJIbCHA 12 kB
HominansHuit cTpym 400 A
CtpyM KOpOTKOro 3aMukaHHs (1 cek.) 13 kA
MexaHiuamit pecypc 10 THC. IUKITIB
BTpaTa noTy»HOCTI Ha OJJUH MOJIOC 10,8 Bt
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Jlist 3axucty mepexki ABP a30THOT cTaHIlii Bil KOPOTKUX 3aMUKaHb B SKOCTI

FU1-FU3 3actrocoByemo 3amobixkuuku [THB5SM-380/630 630A, mapameTpu sIKux

MpeCTaBiIeHO B Ta0Omuill 4.4.

Tabmuis 4.4 — Xapakrepuctuku 3ano0ixaukiB [THBSM-380/630 630A

XapakTepuCcTUKa 3HavyeHHs
HowminanbHuii ctpym 630 A
HowminanpHa poboya Hampyra 3MIHHOTO CTPYMY 380 B
HowminanpHa poGoya Hanpyra MoCTIHHOTO CTPYMY 220 B
[Toka>xyuk cripanbOByBaHHs HEMae

Pucynok 4.9 — 3aransauit Bua 3ano6ixxuukiB [IHB5SM-380/630 630A

Jist xomytamii cxemu kepyBaHHS ABP a30THOi cTaHIii BHKOpHUCTaEMO
npomixHi pene. B skocti K1-K9 3actocyemo e.control.p533 5A [27].

Tabnuug 4.5 — XapakTepuCTUKHU 3ano01KHUKIB €.control.p533 SA

XapaKkTepUCTHUKA 3HaYCHHS
HowminanpHa Hanpyra KoTymku ynpasiidas, B | 24 B DC
KuJIbKICTh ITpyl KOHTAaKTIB 3
Crymninb 3axucry, [P P40

Pucynok 4.10 — 3aransHuii BUa MpOMIKHOTO pesie e.control.p533 SA
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Jlna 3axucty kaOenpHUX JiHINA cxemu kepyBaHHS ABP a3otnoi cranmii y

skocti SF1-SF6 Bubupaemo aBromatnuni Bumukadi ACKO BA-2017 5A [25].

Pucynok 4.11 — 3aranenuii Bu1 aBTomatuuHoro Bumukada ACKO BA-2017 SA

Tabmuua 4.6 — Xapakrepuctuku aBTomarnyHoro Bumukagya ACKO BA-
2017 5A

XapakTepucTruka 3HaYEHHS
Hominanehuii ctpym SA
CtpyM KOPOTKOTO 3aMHKaHHS 6KA
KinpkicTs mostocis 1P
Enextpuuna 3HOCOCTIHKICTD 6 000 tuKIiB

Jns mycky Tta 3ynuHKy BBOAiB ABP azotHoi cranmii SB1-SB6

3aCTOCOBYEMO KHOMKHM 3 TijacBiuyBaHHAM AELA22 «I'pubok» 3enmeHoro Ta

KpPaCHOTO KOJbOPIB.

Pucynok 4.12 — 3aranbHuii BUJ1 KHOTIKM 3 TiAcBIuyBaHHSAM AELA22 «['pubox»
VY skocti curnamizanii HL1-HL10 ABP a3otHoi craniiii 3acTocOBy€eEMO

CBITJIOCUTHaJBHY apMatypy AD22-22DS 220V.
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Pucynox 4.13 — 3aranbHuii BUJ1 CBITJIIOCUTHANIbHOIT apMmaTypu AD22-22DS

Jlns  BimoOpakeHHsST MUTTEBUX Moka3HUKIB ABP  a3otHoi  cranmii

3acTOCOBYEMO TaHenb oneparopa Schneider Electric Easy.

Pucynox 4.14 — 3aransuuii Bua naneni oneparopa Schneider Electric Easy

Tabmuus 4.7 — Xapakrepuctuku naneni orneparopa Schneider Electric Easy

XapakTepucTUKa 3HaueHHs
HowminasipHa Hanpyra »KMBJICHHS 24V/DC
Tun mucries TFT
B6ytoBani intepdeiicn RS-232C, RS_-485, 1xUSB

2.0 Micro-B
Modbus
[TixTprMyBaHi MPOTOKOIH Uni-TE
Third party protocols

J103B11 800x480

JlerienTpanizoBaHi MOYJi BBEJCHHS/BUBEACHHS IMIIKIIOYAIOTh JIBIMKOBI Ta
aHaAJIOTOB1 JaTYMKU Ta BUKOHABYl MPHUCTPOI 10 KOHTposiepa. BoHu 3abe3neuyroTh

JCLEHTPaTI30BaHy OI[IHKY CHTHaJIB JAaTYUKIB 1 KepyBaHHA MpPHUBOAAaMHU abo
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npornopuidHumMu kinanaHamu. Jns ABP a30THO1 craHiii 3acTOCOBYEMO MOJIYJIb

BBeneHHsA/BuBeacHHs CR2042.

Pucynox 4.15 — 3aranbHuii B MOYJIsl BBEICHHSI/BUBEICHHS

Tabmuus 4.8 — XapakrepucTuku naneni orneparopa Schneider Electric Easy

XapaKTepUCTHUKA 3Ha4YCHHS
HomiHanpHa Hanpyra >KMBJICHHS 24V/DC
Tun mucries TFT
B6ytoBani inrepdeiicu RS-232C, RS_—485, 1xUSB

2.0 Micro-B
Modbus
[TigTpuMyBaHi MPOTOKOIH Uni-TE
Third party protocols

Jlo3Bi 800x480

VY saxocti IIVIK ABP a3otHoi cranmii 3actocoByemo anaioriynuii IIJIK

aBTOMAaTH30BaHOI CHCTEMHU I10/1a4i 30Ty, MApaMETPH SKOTO OMUCaH1 y 3 PO3Iiii.

4.3 Po3po0Oka cuctemMu eJ1eKTPOOOIrpiBy KianaHiB Ta TpyoonpoBoay

[IpoexkroBana cucrema OOIrpiBy TMpU3HA4YeHA JUIsi  TONEpEeIKeHHS
3aMep3aHHs KJIAMmaHiB Ta TpyOONpoBoay y 3UMOBHH miepion. Enexrpomnocrauanus
cucteMu oOIrpiBy BifgOyBaeThcs Bijg 1mmuta ABP, ne 3HaxoauThcs oOKpemuit
aBTOMATUYHUI BUMHUKAY.

Enextpuyna crucrema 00IrpiBy CKIaIa€ThCs 3 HACTYIMHUX YaCTHH:

— Ipitouyuil Kabenb;

— 3’eqHyBajbHA KOPOOKA, B sKiH BiMOYBAETHCS MIAKIIOUEHHS TPIIOYOTO

Ka0eIIro 0 CHIIOBOI MEPEexKi;



95
— JaTYUK TEMIEpPATypH, IKUU KOHTPOIIOE TEMIIEPATypHy OBITPS;
— komipka y madi ABP, mo 3a0e3neuye momady >KUBJIEHHS 70 IPIIOYOTO
Ka0eJo, KepyBaHHS HArpiBOM Ta 3aXHCT YCTATKYBaHHS.

VY sxocTi rpitodoro kabento obupaemo kabenbr nVent RAYCHEM BTV
napaselbHOTO TUITY 3aCTOCOBYIOTHCS JJISl 3aXUCTY BiJ 3aMep3aHHs TPyOOIPOBOIIB
Tta emHocTeil. Kabemi 1i€i rpynu MOXyTb BUKOPHCTOBYBATHUCS MJIsi MIATPUMKHU
TEXHOJIOTTYHUX Temnepartyp 110 65°C.

Tabmuus 4.9 — Xapakrepuctuku rpirogoro kabemo nVent RAYCHEM BTV

XapakTepucTuKa 3HaYEHHs
HomiHanpHa Hanpyra >kKuBJIeHHs], B 230
Howminan. notyxHicts (B1/M mipu 10°C) 16

Hapyzxha oGonouka
3 (ToprioTiMepy

& OO0IuIeTeHHs 3 Mijal

EnekTpoizonsiisa
CTpyMyBeIyuHii TPIFOUH eTeMeHT

CrpyMoBexyyl MifHI KHIH

Pucynox 4.16 — Konctpykitis rpirouoro kabento

JUist miAKIIOYeHHs Tpiovoro kademnto BUOMpaemo kabenbHy kopoOky PTB
401, sxa mnpu3HayeHa IS MIAKIIOYEHHS HEOPOHHOBAHUX CHUJIOBUX KalemiB
niaMeTpoM Bia 7 1o 18 MM ab0 OpOHBOBAHUX CHJIOBUX KaOediB AiaMeTpoM Bia 12
no 20 mm. KnemHi Habopu, IO 3aCTOCOBYIOTHCS, TO3BOJIIOTH 3a0€3MEUUTH
MIIKJTFOYEHHS 0araToXuibHUX a00 OJTHOKWIBHUX MPOBOAIB MepeTHHOM Bifa 1,5 no

10 mm2.

Tabmuus 4.10 — TexuiuH1 XapakTepucTUKH KabenpbHOi kopooku PTB 401

XapaKTepUCTUKA 3HaYCHHS
CryniHb NUIOBOJOT03aXUCTY IP66
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MapkyBaHHS BUOYX03aXUCTY 1Ex e IIC T3...T6 GbX
PoGounii nianazoH Temneparyp -60 ... +50°C
HaBKOJIMIITHEOTO CEPEIOBHUIIA

Po6oua Hanpyra 10 550 B
PoGounii ctpym 10 50 A

Pucynox 4.17 — Koncrpykiis kabenbHoi kopooku PTB 401

['pirounii xkabenb KpiMmUTH Oa)kaHO 10 HUKHBOI YACTHHHM TPYyOW MJisi MOTO
3aXUCTY BiJl YHIKOJKEHb. [IpUKpiruioBaTH rpitounii kadeab 10 Tpyou HEOoOX1THO
BUKOHYBATH KIIMKOIO CTPIUKOK dYepe3 KoxkHi 30cM. VY wMicml NiAKIIOYEHHS
Ipiro4oro kabesro 10 CUIIOBOI MEpEXi, 3 yCIX CTOPIH 3pOIIyBaHHS Ta BBEJICHHS B
KOpPOOKH, a TaKOXk y KIHIIEBUX 3aKJIaJIeHh HEOOX1IHO 3aJUIIaTH BIAPI30K KaOEIto

50cM 1 TEXHOJIOTIYHUX TleTeNb. HeoO0X1AHO 3MOHTYBATH TETIO130JISIIIO.

Kiemna
KOpoOKa

KHBJICHHS

Crpiuka ms
KpiMJIeHHS

I'pirouwnii
Kabeip
Temmnoizonsiis

Pucynok 4.18 — By3os1 MoHTa)Xy KOpOOKH I'piro4oro Kadelto

€JIEKTPOOOITrpIBY KJIalaHiB
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Kmanan
PperyIodnit

Crpiuka Jist
KpiTUICHHS

Pucynok 4.19 — By301 MoHTaXy Ipitodoro kadoemto

€JIEKTPOOOITpIBY KJIalaHIB

Jliist 3a0e3neueHHs enekTpooOirpiBy HeoOxigHo 250 M rpitouoro kaberto,
TOJ1 3arajibHa MOTY>KHICTh €JIEKTPOOOIrpiBY Oy/i€ CTAHOBUTH:

Prp.Ka6. =L- PKa6.1M; (43)

P =250-16 =4xBrT.

rp.kao.
Toni 3HaiEMO CTPYM, IO MPOTIKAE IO TPIFOYOMY KaOeto:
P

rp.Kad. .
=0 . 4.4
Tp.Kad. UHOM. . COS(P ( )

4000

I =— =20,20A.
P8 220-0,9

Bukonaemo 3amnac 3a ctpyMmom 25%:
y=T . a0.+25 %. (4.5)
[,=20,20-1,25=25,25 A.
3a po3paxyHKOBUM CTPYMOM BUOUpaeMo Kabelb mnepepizom 2,5 MM MapKu
BBI'Hr, 10 Mae MakcuManbHUNA CTPyM HpOTiKaHHA 27 A, a MOTYXHICTb 5,9 KBT.
Jist 3axucty KabOemo KUBJIECHHS BHUOMPAEMO AaBTOMATHYHUMA BHUMHKAY
Schneider Electric 25A.

Cucrema KepyBaHHs €JIEKTPOOOIrpiBOM MPEICTaBICHO Ha pUCyHKY 4.20.
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Pucynok 4.20 — CAK enextpooOirpiBoM KiamnaHiB Ta TpyOOIpOBOIY

Cucrema nepenbayae aBTOMaTHMYHE Ta Py4YHE KepyBaHHS. Temmeparypy
BKITIOYEHHST TepMoperyistopa BeraButi Ha 0 °C, TemmepaTypy BiIKITIOYEHHS
+5°C. Kumomku SB1, SB2 ta mepemukau SAl mnpusHadeHi mis KepyBaHHS
€JIEKTPOOOIrpiBOM y pasi BUXOY 3 j1aay TepMoperyistopa. CBITIOBa CUTHAII3AIIIS

HL1, HL2 copaiboBye B pa3i aBapii Ha OAHOMY 3 KJIanaHiB (JIiHIl TpyOOIIPOBOY ).

4.4 BUCHOBKH 32 PO3alJIOM

Jiist Ge3nepebiiHOCTI pobOTH a30THOI cTaHIlii po3podunu cxemy ABP. Jlns
aK01 oOpaiu eJEeMEHTH CXEeMHM KepyBaHHsS. Po3poOwiud IUT aBTOMAaTHKH Ta
curHamizariii ABP. Jlyis monepemkeHHs 3aMep3aHHs KJIanaHiB Ta TPyOOIIPOBOIY Y

3UMOBHH MEPi0] pO3pOOUITH CXEMY eJIEKTPOOOITPIBY.
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BUCHOBKHA

VY X0l BUKOHAHHSI MaricTepChbKOIo JOCIIPKCHHS BUKOHAHO BCl MOCTaBJIEHI
3amaui. byma MojepHi3oBaHa ICHYHO4a aBTOMAaTHM30BaHA CHCTEMa KepyBaHHS
a30THOIO CTaHILEIO.

Y nmepumioMy po3auli BUKOHAHO aHaMi3 ICHYIOUMX METOJIIB OCBOEHHS
cBepyioBuH. KommpecopHuii croci® € oTHUM 3 HaWMOMYJISIPHIIIUX Ta MPOCTIIINM
y Cy4acHOMY CBITi. BusBWIM, 110 NMpU KOMIIPECOPHOMY BHUKIHUKY MPUIUIMBY 3
IUIACTy BUKOPHUCTOBYETHCA Ta3: BYIJIEBOAHMM, BYyrJeKucauil ra3 abo as3or.
PamionanpHiIIIE BAKOPUCTOBYBATH a30T SIK HEBYTJICBOJHEBHM ra3 ISl 3alIOBHEHHS
BUCHAKEHUX Ta30BUX pojoBHIll. Bynu mpuBeneHi mepeBard a3zoTy Haj 1HIIMMHU
razamu. Ha chOTOZIHI B OCHOBHOMY BHKOPHUCTOBYIOTHCS JBa CIIOCOOM OTPUMaHHS
a30Ty: BIJIOKpEMJICHHS (BWJIy4EHHs]) HOro 3 TOBITPS Ta 3 JHMMOBHUX Ta3iB.
Oxpecawii OCHOBHI MepeBaru Ta HEAOJIKA PI3HUX CHOCOOIB OTPUMAaHHS a30Ty 3
NOBITPA. 3 ypaxyBaHHSIM CBITOBOI MPAKTUKH, CYYaCHUMU EKOHOMIYHUMHU Ta
CHEPreTHYHUM BUMOTaMH 70 00'€KTiB HAPTOra3oBOr0 MPOMUCIY OyJId MPUHHSTI
HaIPSIMKH MOJIEpHi3allii a30THOI CTaHIII].

Y nmpyromy po3auii ajisi KOMIOpecopa a3oTy BHOpalH €JIeKTPONPUBOA 3
nsuryHoM 3 K3 poropom AIP280M2. [Ins miaBHOro MycKy Ta rajJbMyBaHHS, a
TaKOX JIA TJIAaBHOTO PETYJIIOBAHHS IIBUIKICTIO OOEPTaHHS Ta 3aXHCTY JBUTYHA
BiJI IepeBaHTaKeHb 00panu neperBoproBad yactotu Danfoss LT AQUA Drive FC
202. BuxoHaiu po3poOKYy CTPYKTYpHOi Ta (PYHKIIOHAJIbHOI CXEM KEpyBaHHS
€JICKTPOIIPUBOIOM KOMIIpECOpa, a TaKOXK AOCIIIUIN HOro poOoTy.

Y TperboMy po3auni po3poOmiM (PyHKIIOHANIBHY CXeMy Mojayi a3zoTy. Y
SAKOCTI TEPBUHHUX JATUMKIB aBTOMAaTH3alli oOpanu JaTYMK THUCKY Rosemount
3051S, nmatumk Ttemmepatrypu Rosemount 644, Butparomip Q.Sonic plus. Bci
JATYMKW TOAAI0Th 1H(POPMAII0 JO0 MPOrpPaMOBAHOTO JIOTIYHOTO KOHTpOJIepa
SIMATIC S7-1200. Tuck oOpanu sIK Peryjiaiouuii mapaMerp TEXHOJOTIYHOTrO
mporecy, 1o peryimoerbes kimamaHoMm. OO'€eKTOM KepyBaHHS € JIUISHKA

TpyOOIIpOBOAY TMicis KianaHa. PeryiaroiouuMm oOpraHoM BHCTyHae KiamaH,
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KEpOBAaHUU EJEKTPONPUBOJIOM, SKUA Yy 1A CXeMi PO3AUICHWA Ha YaCTOTHUMN
NEPEeTBOPIOBAY, ACMHXPOHHUU ABUTYH Ta penykrtop. [ocmigwmm, mo cucrema
BIIMpaIbOBY€E 30ypEeHHS BIUIMBY 1 MTOBEpPTA€ 3HAYEHHSI TUCKY B TPYyOOMPOBO/II /10
BCTaHOBJIEHOro. OTxke, po3po0JeHy CHUCTEMY MOKHAa BUKOPUCTOBYBATH SIK
CHUCTEMY CTaO1I13a1lli TUCKY.

VY uyerBepTOMY pPO3MIiI1 JOBEAEHO HEOOXIMHICTh BcTaHOBIeHHS ABP, 1mio
HaJla€e aBTOMATH30BaHIl CHUCTeM1 a30THOI CTaHIl psija mepesBar: Oe3mepepBHE
JKUBJICHHS, HAIIWHICTh, €KOHOMIA 4Yacy. BCTaHOBJIEHHS e€JIEKTpoOoOIrpiBy Ha
KJamaH I[0/a4yl a30Ty HaJa€ EKOHOMII0 3a paxyHOK ONTUMalIbHHX BUTpAT
€JIEKTPUYHOI €HEprii, a TakKoX 3PYYHICTh Ta EKOJOTIYHICTh TEXHOJIOTIYHOTO

POIIECy.
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JTOJATOK A

CHAPTER 1

RESEARCH OF THE TECHNOLOGICAL PROCESS AND

JUSTIFICATION OF THE MODERNIZATION DIRECTION

1.1 Analysis of the technological process of well development

Well development is a set of coordinated actions aimed at developing a field

to ensure its uninterrupted and efficient operation, taking into account the

characteristics of the site.

Calling inflow from the reservoir

Restoration (if necessary) of
mmm Permeability of rocks in bottomhole
zones of the reservoir (BZP)

Establishing the technological mode of

well operation

Well development complex

Figure 1.1 — Complex of well development work
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Let's consider the regulatory documents that regulate the process of well
development. Among them:

1. The Law of Ukraine «On Oil and Gas» dated 12.07.2001 No. 2665-I11.

2. Regulations on the Ministry of Ecology and Natural Resources of
Ukraine, approved by the Resolution of the Cabinet of Ministers of Ukraine dated
January 21, 2015 No. 32.

3. Rules for the development of oil and gas fields dated 03/15/2017 No. 118.

The degree of hydrodynamic connection of the well with the formation, the
qualitative and quantitative characteristics of the profile flowing into the well, the
duration of operation of the well without complications, the reliability, reliability
and durability of the structural functions of the well surface are largely determined
by the number of oil wells, the type and quality of work in the process of
developing the oil field. The choice of oil well development technology is closely
related to the geological and physical characteristics of the formation, as well as
the filtration and stress state of the drilling formation. The filtration state near the
well is formed in the process of primary and secondary cutting of the productive
formation. The filtration state of the bottomhole zone is significantly modified
during the overhaul of the well and does not change significantly during the natural
operation of the well.

The choice of methods and processes for developing an oil field depends
primarily on the location of the well, the magnitude of the formation pressure, the
location of the interfluid sections relative to the perforation intervals, the purpose
of the well and the specific method of oil production.

After the tubing strings (tubing) have been lowered into the well, special
equipment, installation and appropriate rigging of the wellhead fittings, its
development can begin. Depending on the circumstances, the lower end (boot) of
the tubing strings can be installed inside the perforation section, and in some cases

above or below the last perforation section. Therefore, more effective flushing of
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the wellbore can be obtained if the tubing boot is located in the sump of the oil
well.

Wellhead fittings and their casing should provide well flushing for cleaning
purposes, connecting compressor and pump units, analyzing samples, measuring
pressure and temperature, immersing the necessary instruments into the well,
separating gas from oil and burning the released gas. Its responsibilities also
include regulating the current well operation, well content, and collecting oil
products in the field.

The purpose, method of operation and category determine the design
features of the wellhead fittings of an oil well.

When the special equipment has been immersed in the well, the wellhead
fittings have been installed and connected, work can begin on the development of
the oil well. In the future, the well is washed as intensively as possible, for further
inflow induction.

The inflow induction process is the main component of the development of
production wells. The productive layer of the formation is under the repression of a
column of liquid or solution after perforation. Such a liquid can be clean water, a
specially prepared solution of surface-active substances (SARS), drilling fluid, etc.
The main properties of the above liquid should be inertness to the metal of the
casing strings and special wellhead equipment, as well as low permeability of the
productive layer rock in the area around the oil well. This is primarily due to the
fact that the time interval between perforation and development can be calculated
in different periods (for example, 24 hours, weeks, months, etc.).

The scheme of a vertical oil well awaiting development is shown in figure
1.1. The value of the bottomhole pressure (Rzb) of such a well is determined by the
formula:

P =Py Hes (1.1)

where: pp — density of the solution filling the well, kg/m®;
g — acceleration of gravity, m/s*;

Hcr — value of the solution column, m.
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Note that an oil well can have a complex profile, and therefore can be
inclined, horizontal, etc. In this case, the column value is taken as the difference
between the absolute depth of the bottom hole and the depth of the solution level in
the well. The absolute plane mark within the perforation interval is taken as the
bottom hole depth.
The principle of reducing the pressure at the bottom of the wells below the
reservoir level, as well as creating a minimum depression at which the inflow from
the reservoir into the oil well begins, is the basis for the use of all methods of

inducing inflow without exception.

Figure 1.2 — Schematic representation of wells before inflow:
1- wellhead equipment; 2 — casing production string; 3 — tubing string;

4 — perforated bottom; 5 — sump; 6 — productive reservoir

Reducing the density of the solution entering the oil well, as well as
reducing the level of the solution in the casing production column (reducing the
solution column) are means of reducing the pressure at the bottom of the wells, as
shown by formula (1.1).

It should be noted that the conditions for inflow from the reservoir
significantly affect the efficiency of development and the technical mode of

operation of the oil well, as well as its reliability. It should be noted that when
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choosing a method and technology for inflow from the reservoir, the value of the
reservoir pressure is an important indicator.

Let us highlight the main factors that influence the choice of the method for
inflow technology, including:

— the nature and degree of permeability of the dependent rock;

— composition and characteristics of the productive rock;

— degree of rock cementation;

— degree of reservoir heterogeneity;

— composition and characteristics of the fluid,;

presence or absence of gas caps;

— technical conditions of the rock lining.

In practice, emergency situations and various complications are not
uncommon when developing oil wells. Such complications may include
deformation of the casing string, violation of the integrity of the cement stone
behind the string, destruction of rocks in the bottomhole zone, upper or lower
water breakthroughs in the zones of formation seams. Failure to take into account
the composition and characteristics of the reservoir also negatively affects oil and
gas production due to possible deformation of the casing string cement.

In the oil and gas industry, the following methods of causing inflow from the
reservoir into the well are distinguished, which are schematically depicted in figure
1.2.
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Application of borehole pumps

Figure 1.3 — Main methods of inducing inflow from the reservoir

The process of repeatedly lowering a special sluice into a well is sluice. A
sluice is a long cylinder of a certain diameter with a disc valve in the lower bottom
part and a bracket on top, to which a rope of the required thickness is attached. The
length of the aforementioned sluice can reach 15 meters, and the outer diameter
should be no more than 70% of the inner diameter of the casing string. If the
diameter of the sluice is increased, the hydraulic resistance during lowering and
lifting manipulations will significantly increase. A special winch is used to lower
and lift the sluice. The sluice function is appropriate for use in wells where oil is
not expected to flow, because the wells do not have tubing columns and wellhead
fittings. The sluice method is used to reduce the level of the solution column in the
well along with the simultaneous cleaning of wells from settled rock, clay or
cement solutions, etc. The next step is to lower the empty wellhead on a rope to the
bottom. When the valve stem abuts against the bottom of the oil well, where
contaminants have accumulated, the valve automatically opens, which leads to
intensive suction of liquid into the wellhead along with contaminants. It should be

noted that the main advantage of truing is the ability to remove contaminants and
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residues from the wells. By truing, it is possible to exploit the well in a mechanized
way, and not just to develop it.

Along with the advantages, the method of inducing inflow from the
formation as churning is still characterized by a low efficiency and high energy
costs. Some experts note this method as low-productivity and labor-intensive. The
rope, casing and special nozzle are subject to intensive wear and tear and must be
replaced regularly. At the mouth of the oil well, there is a suitable container into
which the contents of the fluid lifted from the nozzle well are drained. Considering
the above, the churning method is advisable to use in shallow wells, when the
formation pressure is significantly lower than the hydrostatic pressure. In those oil
wells where hydrogen sulfide is present, it is forbidden to use the nozzle.

The essence of the method of inducing inflow from the formation as
pistoning is to lower the liquid level in the well using a Swab. A piston with
special sealing elements that is lowered and pulled out of the oil well on a steel
rope is called a Swab. Such a Swab can be equipped with a bypass or check valve.
The sealing elements of the Swab can be rubber or metal plates, as well as polymer
cuffs, etc. In order to avoid or minimize the rotation of the rising liquid column,
the sealing effect should be exclusively when the Swab moves upwards.

So, the function of the swab is to periodically lift certain portions of liquid
from the oil well simultaneously with a successive stepwise decrease in the liquid
level and a stepwise change in the depths of the Swab descent or the Swab jet with
each descent-ascent operation. Let us consider schematically pistoning as a method

of inducing inflow from the formation in figure 1.3.
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Figure 1.3 — Variant of lifting liquid from wells by pistoning
a — pumping along the tubing string; b — pumping without tubing strings
(along the production string); ¢ — pumping using a sluice in the production string;
1 - casing production string; 2 — tubing string; 3 — flexible traction

element; 4 — cargo; 5, 6 — wedding; 7 — sluice

It should be noted that the technology of inflow induction by pistoning
during the development of oil and gas wells must perform a number of tasks,
including:

— protection from deformation of the casing production string;

— exclusion of water or gas breakthrough from the gas cap into the well;

— protection from rock destruction in the bottomhole zone;

— preservation of the tightness of the cement ring behind the string;

— restoration, protection or increase in rock permeability in the bottomhole
Zone;

— protection of the subsoil and safety of all work.

Among the advantages of inflow induction by pistoning are the simplicity of
the technology, the absence of penetration into the formation of technological
fluids from the oil wellbore, the possibility of smooth application, a wide range of
pressure regulation on the formation, compatibility with various methods of inflow

intensification, environmental friendliness, and fire protection. Also, pistoning
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remains effective at high oil viscosity, high gas content, low reservoir pressure, and
poorly cemented rocks in the bottomhole zone.

Oil well cleaning can be called the sequential replacement of the well fluid
with a working agent. The cleaning working agent has a lower density than the
medium filling the well. Sequential replacement is the most popular method of
ensuring flow due to its versatility. Sequential replacement of the well fluid with
working agents can be used even when the reservoir consists of poorly connected
soil rocks.

Let us analyze in detail the essence of the method of sequential replacement
of well fluid with working agents. The operation of inflow calling is performed in
wells where drilling work has been completed, as well as in wells where repair
work has been completed. If drilling work has already been completed in the well,
then it is filled with dense drilling fluid. The volume of drilling fluid is regulated
by regulatory documents on established safety rules. In the second option, the well
is filled with a specially prepared agueous solution of the required mineralization
with the addition of certain active substances. But in both cases, the formation
must be under pressure, the value of which is regulated by clear safety rules in the
oil and gas industry.

When using the method of sequential replacement of the inflow of liquid
from the side into the oil well, two ways are used to create the necessary
depressions. The first way involves obtaining low-density solutions with technical
water in combination with surfactants for oil degassing, reservoir adjustment, as
well as drilling wells with water or other specially prepared solutions. The second
way involves using a foam system.

According to established safety rules, the difference in the density of
sequentially introduced preparations should not be more than 600 kg/m®. The
deviation will be acceptable only in the case of high-quality cemented rock and
high-quality installation of the casing. If a liquid inflow is required, liquid reagents
must be supplied through the ring using a pumping unit. The use of a cementing

unit and drilling pumps is also popular. Tank trucks usually deliver the liquid
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reagent to the oil and gas well. Those residues that have been removed from the
well must be collected in special containers for reuse, or, if further use is
impossible, must be buried or disposed of.

In the case of using a foaming system or a foam system, low reservoir
pressure of water inflow from the reservoir to the well may be caused. There is a
technical possibility to create a foaming system in the range from 900 to 100 kg /
m®.

So, let's consider in detail the concept of foam. Foam is a certain structure of
a dispersed system in which the dispersed phase is gas bubbles separated by thin
layers of a liquid dispersed medium.

According to its structure, foam can be two-phase or three-phase, as well as
single-component or multi-component. In figure 1.4, as an example, we show a
two-phase single-component foam formed from a liquid, gas and surfactant. More
than two percent is the mass fraction of surfactants in foams, where surfactants act

as foaming agents.

Figure 1.4 — Schematic of the structure of a two-phase foam:
1 —gas; 2 — liquid; 3 — surfactant molecule
Note that the three-phase foam contains a solid phase. The solid phase in the
form of small particles (for example, clay) is distributed in a layer of liquid
dispersion medium, strengthening the liquid frame and giving the foam the
restoring (thixotropic) properties of the original structure. Therefore, the resistance

to damage of the three-phase contact is much higher than that of the two-phase.
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When arranging oil and gas wells, both single-component and multi-
component two-phase foams are used. It is known that even the simplest foaming
system has viscoplastic and elastic properties, which, in turn, can positively affect
the efficiency of water supply from the formation to the well.

The next, compressor method, is widely used in the development of oil and
gas wells that are planned to be operated by the fountain or gas lift method. Since
gases (hydrocarbons, nitrogen, carbon dioxide, etc.) are used to create the inflow,
the compressor method is widely used for well development in the winter, as there
is no risk of the working agent freezing.

The essence of the compressor method is to remove the working agent in the
middle of the oil and gas well and inject compressed gas into this well to reduce
the column of the same agent.

For high-quality application of the compressor method of inflow, the well is
equipped with special pipes and fountain fittings. A mobile compressor is used to
inject gas into the well. The pipe string is equipped with the necessary openings for
opening, as well as shut-off valves.

A natural situation is when compressed gas enters the well agent from the
shoe (or lower end) of the pipe string. Note that the pressure that we have at the
inlet from the compressor, at which the working agent begins to enter the well
component, is taken as the starting pressure. Therefore, the deeper the shoe of the
pipe string is immersed, the higher the starting pressure will be, and therefore, the
more time it takes for the compressed gas to reach the shoe. That is, there is a
direct relationship between the time of passage of compressed gas to the shoe and
the power of the compressor itself. It has been found that in deep oil and gas wells,
the starting pressure can reach hundreds of bars. The period of time during which
gas is realized can be more than two days.

In practice, oil wells can be drilled in formations where the pressure is
significantly lower than the hydrostatic pressure. Also, a well can be developed
after a major overhaul, if before that it was operated by a mechanized method for

some time. In this case, there is usually no fountain effect in the well.
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In those wells where the liquid column decreases, the flow can be caused by
special pumps. Such pumps can be those that we considered above. Usually, such a
pump is immersed to the design depth depending on the expected flow rate and the
position of the dynamic level when operating an oil and gas well in the calculated
technical mode.

The above method is considered to be an economical method of inflow
induction. However, its use will be possible and advisable only if the wellbore is
thoroughly cleaned and there are no moving mechanical impurities that interfere
with the normal operation of the well pump.

Analysis of all methods of intensification of the inflow from the reservoir
allowed us to draw conclusions that the most common, simple and effective is the
compressor method of inducing flow.

That is why the next section of our study is devoted to a detailed analysis of

the compressor method of inducing the inflow from the reservoir.

1.2 Analysis of the technological process of obtaining nitrogen as an

object of modernization

As mentioned in the previous section, the gas used to induce the influx can
be hydrocarbon, carbon dioxide, or nitrogen. The advantages of nitrogen are

presented in figure 1.5.

Slightly soluble in

Explosion-proof Non-toxic water and oil

Possibility of
obtaining from the
air in the required

quantity

Does not create
explosive mixtures
with gas

Figure 1.5 — Advantages of nitrogen over other gases
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As a result of the conducted research, it was found that it is more expedient
to use nitrogen as a non-hydrocarbon gas for the renewal of gas and oil fields that
have been depleted. It is known that nitrogen is an easily accessible gas that can be
obtained from the air. Compared to other processes, nitrogen can be obtained from
the air quite cheaply if cryogenic or membrane installations are used. Also, this gas
has a low tendency to corrosion, which, in turn, prevents corrosion of well
equipment. Therefore, we have significant savings due to the absence of the need
for anti-corrosion protection of equipment and the use of special corrosion-
resistant materials.

Such properties of nitrogen determine its wide application in various
industries, including the oil and gas industry. In the domestic oil and gas industry,
nitrogen production plants are used to normalize reservoir pressure when drilling
an oil well. Also, the above-mentioned nitrogen plants are used to prevent fires in
fields or extinguish them if a fire does occur. It is known that nitrogen production
plants are also used for well repair and pipeline cleaning.

However, like any gas, nitrogen has a number of disadvantages. For
example, injecting nitrogen into a gas condensate formation rapidly increases the
pressure of the condensate in the hydrocarbon mixture, which, in turn, causes
premature loss of condensate from the gas into the formation.

Considering the advantages and disadvantages of nitrogen, we conclude that
nitrogen will still be the most promising gas for the compressor method of
inducing a surge from the reservoir.

In the modern oil and gas industry, it is usually customary to use two
methods of nitrogen extraction: either separating nitrogen from the air (extraction),
or obtaining nitrogen from exhaust gases. It is known that exhaust gases consist of
85% nitrogen and 15% carbon dioxide.

If we extract nitrogen from air, which consists of 78.12% nitrogen, 20.95%
oxygen and 0.93% argon, we will get the most economical and effective method in
the oil and gas industry. Recall that water vapor is also present in the air, the

specific gravity of which can reach two percent.
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Let us consider in detail the methods of obtaining nitrogen from atmospheric
air. There are three main ones: membrane, adsorption and cryogenic. Gaseous
nitrogen is obtained by membrane and adsorption methods. Liquid nitrogen is
obtained by cryogenic methods.

In highly developed countries, modern membrane plants have almost
completely replaced alternative methods of producing process nitrogen, without
using large volumes of nitrogen and high purity.

Nitrogen production by the membrane method is carried out using a nitrogen
station, which is schematically depicted in Figure 1.6. The diagram shows that
normally compressed air, dried and cleaned of mechanical particles, is supplied to
the membrane plant inlet. Then we have a uniform distribution of air between the
hollow fibers. The hollow fibers are fixed accordingly on the plant body. The air
inside each polyester membrane is stratified due to the difference in partial
pressure between the outer and inner surfaces of the membrane. Further, the
permeate gases circulating through the intermembrane space are divided into two
streams. One stream is air enriched with nitrogen. The second stream is air
enriched with oxygen. It is known that nitrogen-enriched air is supplied to end gas
consumers, and oxygen-enriched air is discharged into the atmosphere. The purity
of nitrogen produced in the membrane method is quite high and ranges from 95%

t0 99.5%.

Pecusep O6nanuanma MembparHuit Pecusep
e 3 MOTOTOBKH ra3opo3ALTEHMIT
s p) TOBITPA 60K

| R | Asor
E > >

¥ 1

\ A ‘
3/mBaHHER TTosiTpa
KOHIIEHCATY 36arauene

Komnpecop

>_

Tositpa Crucrere
TIOBITPS

KHCHEM

Figure 1.6 - Scheme of obtaining nitrogen from air based on membrane gas

separation units

Membrane technology for obtaining nitrogen was popularized in the 70s of

the last century. In the field of separation of nitrogen from other components of the
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atmosphere, the membrane method took first place. Of course, in today's realities,
the above-mentioned method is being improved every day, taking into account
external factors and modern requirements in the oil and gas industry.

Next, we will pay attention to the next method of obtaining nitrogen -
adsorption. As can be seen from figure 1.7, adsorption is carried out using a

nitrogen station.
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Figure 1.7 - Scheme of obtaining nitrogen from air by adsorption method

The actual process of obtaining nitrogen from air is technologically similar
to the membrane method. The compressed atmosphere passes through molecular
sieves (adsorbents), which absorb all gas components, except nitrogen. With the
adsorption method, nitrogen of almost one hundred percent purity is obtained, at
the lowest possible cost of obtaining nitrogen from air. However, the equipment
for applying the adsorption method has lower productivity, and also requires
special adsorbents in significant quantities. The last method of obtaining nitrogen
from air is cryogenic. The specificity of this method lies in the occurrence of a
temperature difference between the liquefaction of oxygen and nitrogen under
conditions of significant air cooling. Subsequently, the air in the atmosphere is
strongly compressed to separate dust particles, and then actively cooled. At this
stage, it is customary to use special compressors that do not require prior

lubrication with oil.
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Figure 1.8 - Scheme of obtaining nitrogen from air by cryogenic method

Let us make a comparative description of the advantages and disadvantages

of various methods of obtaining nitrogen from the air, which we will group in

Table 1.1.

Table 1.1 - Main advantages and disadvantages of various methods of
obtaining nitrogen from the air

Advantages Method of obtaining nitrogen
and : .
) Membrane Adsorption Cryogenic
disadvantages
The gas separation
units are completely Possibility of
free of moving parts, obtaining ultra-
which ensures the o pure nitrogen
Possibility of

Advantages

reliability of the units.

The membranes are

highly resistant to

vibrations and shocks

and operate in a wide

temperature range —

from minus 40 °C to
plus 60 °C. If the

operating conditions

obtaining high
purity nitrogen —
up to
99.9999%

No moving parts

(close to 100%)
Possibility of
obtaining other air
components
Possibility of
obtaining air
components in a

liquid state
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are met, the service life

of the membrane unit is
from 130,000 to
180,000 hours.

High cost of
Limited performance of The need for equipment
) the selected installation periodic Significant
Disadvantages _ _ _
Maximum nitrogen replacement of production costs

concentration — 99.5% the adsorbent  ment dimensions

art-up period

The task of our master's research is to develop universal modernization
directions that would be maximally suitable for any method of nitrogen production,

as well as for all types of stationary and mobile nitrogen stations.

1.3 Analysis of technological solutions for modernization of nitrogen

station automation

Taking into account current trends in global oil and gas practice and energy
requirements for oil and gas facilities, we propose the following effective
technological solutions in our master's thesis (fig. 1.9).

If we talk about the implementation of a modern energy-saving electric
compressor drive, then in fact the synchronous motor is replaced by an
asynchronous motor with frequency control. Such a replacement will be expedient
and justified, because it will increase the productivity of the technical process of
obtaining nitrogen, significantly increase energy efficiency, which, in turn, will

increase the service life of the mechanical component of the electric drive.
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Introduction of a modern
energy-saving electric
compressor drive

Installation of an automatic
nitrogen metering unit
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Figure 1.9 — Directions for modernization of the nitrogen station

It is possible to control the amount of nitrogen obtained and its quality by
installing special nitrogen metering units.

The use of automatic control systems in energy systems and facilities with
high requirements for reliability and efficiency has a number of advantages,
including:

1. Continuous and uninterrupted power supply of critical systems to reliably
protect oil facilities from possible losses during possible power outages.

2. An automated process designed to switch power sources automatically
without "manual™ intervention in this process.

3. Increasing the reliability of using a backup power source to minimize the
risk of system failure if a failure occurs in the main power source.

4. Time savings, which will allow you to instantly respond to a power
failure, which, in turn, prevents the entire system from being down.

Let's analyze in detail the main advantages of an electric industrial heating
system in the oil industry, among them: heating along the entire length of the

pipeline has a constant power, the main design is fundamental with high power, the
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process is environmentally friendly, after a long-term power outage, the pipeline
can be easily restored, the temperature of the object can be adjusted in any
direction, significant savings are possible due to optimal electricity consumption.
Also, the process is automated, has a long service life and an acceptably high level
of safety.

At the beginning of the process, heating of industrial facilities was carried
out using hot water, steam, gas, oil or liquid. Most often, steam is used. At the
same time, steam is of high cost, which significantly increases the cost of
production itself. There is also a need to drain condensate and there is an
impossibility of automating the process and waste.

So, thanks to the implementation of the above-studied measures in existing
modern automated systems of nitrogen plants, the actual nitrogen production
process can be more reliable, and obtaining nitrogen from an oil field can be more

efficient.

1.4 Conclusions by chapter

The section of the master's thesis «Research of the technological process and
justification of the direction of modernizationy identified key aspects and schemes
for the modernization of the nitrogen station at oil and gas facilities.

A detailed analysis of the technological processes that actually provoke the
formation inflow was carried out. The most promising method was selected, which
iIs worthy of modern research in the oil and gas industry and requires
modernization. The technical processes of nitrogen production were analyzed, with
a detailed study of the advantages and disadvantages of these methods of obtaining
nitrogen.

Taking into account the needs of the modern domestic oil and gas industry,

the main direction of modernization of the existing system was determined.
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CYYACHUI MIIXLI IO HAMIPSIMKIB MOJEPHI3ALII CHCTEMU
KEPYBAHHS A30THOIO CTAHITIEIO

CyuacHa curyaniss B Hadrorazopii ramysl YKpalHH XapaKTepHU3YEThCs
JedirmmroM razy BiIacHoTo BH00yTKY Ta 3HAYHUM BUCHAKEHHSIM 3a11aciB By TIIEBO/IHIB
HA Ta30BUX 1 TA30KOHJICHCATHUX POJIOBHITAX.

JIISL TOCSITHEHHST BUCOKOTO 3HAUCHHS KIHIICBOTO KoedillieHTa BIIYUEHHS Tazy 3
IUIacTa HeOOX1IHO IIOKPAallyBaTH YMOBH CBEPJIOBHHHOI 30HH IUIACTA, 3a0e31IecTyBaTh
crabuipay podoTy BUI00YBHOT CBep NIOBUHH 3a PaxyHOK 30UILITIeHHS JIeOITy rasy.

JlocSTTH JaHuX IIed MOKIMBO 3 3aCTOCYBAHHIM HEBYIIIEBOJHEBUX Ta3iB, SIKi
[OYald JIOCTDKYBATHCh IT[e Ha MOoYaTKy XX CTONTTS. 3 KOKHHM POKOM
HCBYIVICBOIHCBI Ta3W Ta PILAMHE 3HAXOMATL JAc¢Aali OiIbINe 3acTOCYBAaHHA B
HadrorazoBli raiaysi. Y SIKOCTI HEBYIJICBOJHHX Ta3lB MOXKE BHKOPHCTOBYBATHCH
BYTTICBOTHHM, BYIJIEKHCIHMH Ta3 alo a30oT. 3 Hamoi TOYKH 30pY parioHalbHIIe
BUKOPHUCTOBYBATH a30T, IEPEBArH SKOTO MPEICTaBICHO Ha PUCYHKY 1.

Cnabo po3YHHAETRCS ¥

Bubyxobe3meuHui Hetokcuurnmit . .
- Boi Ta HadTi

He ctROpIOE MOMKIIHBICTh 0 TPHMAHHS
BHOYXOHEOE3IeH1 3 MOBITPS B HeOOXimHiH
CYMIIII 3 Fa30M KUIbKOCTL

Puc. 1. IlepeBaru a3oTy Haji IHIMUMHA HEBYIJIEBOJHAMH TazaMHy

A3OT JOCTYIIHMNA y BeIHKoMY oOcs3i, HOro MoOKHA BHTATTH 3 atMochepu 3
BIJHOCHUMH HM3LKHMH BHTpaTaMH, BHKOPHCTOBYIOUH KpioreHHI ado MeMOpaHH
TexHonoril. Uepe3 CBOIO HU3BKY KOPO3IHHY AKTHBHICTE BHKOPDHCTaHHA a30Ty HE
HPH3BOUTE JI0 KOpo3li oliaHaHbs, MO ycypae HeoOX1THICTL B aHTHKOPO3IHHOMY
3aXHUCTI Ta CleialbHAX KOPO3IMHOCTIHKUX MaTepiaiax.

Y wadrorazoBiti Tamysi a3zoT Ta obraHaHogd g HOTO BUPOOHUIITBA
3aCTOCOBYIOTLCS BT TMATPUMKH TITACTOBOTO THCKY, TIPH OYPIHHI CBEPATOBHH, JIIIS
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3amo0ITadHsd Ta TaciHHdg HOMKEHK, d TAKONK I PpEeMOHTY CBEPIJIOBHUH Ta OHHIIECHI

TPy OOTIPOBOIIB.

OCHOBHI TIepeBard Ta HEJOMKH PI3HMX cHocobIB OTPAMAaHHS a30Ty 3 THOBITPS

HaBeIeHO v Tadomii 1.

Tabmurg 1. OcHOBHI HepeBar Ta HeJIOIIKHA Pi3HUX CIIOCOO1B OTPUMAaHHS a30Ty 3

TIOBITPS
TTepeBaru ta Crioci0 OTpHMAHHS 830TY
HEJTOMKH MemOparHmii AcopOui HEHIA Kpiorernmii
Y razopoziioBaTbHITX BI0KaX
MOBHICTIO BIICYTHI PYXOMI Yac-
THHH, MO 3abe3nedye HaaliHICTh MoxmuBICTE OTpHMAHHS Hafl-
ycTaHoBOK. MemOpaHu fyske cTifKi MoKITHBICTE YHCTOTO 830Ty (y HabIMKeHH]
J10 BIGpariii i yaapie, GyHKIIOHYIOTh OTPHMAHHS 430TY o 100 %)
Y LUIHPOKOMY [J1aMa30Hl TeMIepa- BHCOKOI YHCTOTH — 10 |  MOMIHBICTE OTpHMMAHHS 1HITIX
[leperarn R . . ;
Typ — Big minyc 40 °C 1o 99,9999 % KOMITOHEHTIB TIOBITPS
mmoc 60 °C. BigcyTai pyxomi Mo®IHBICTE OTP MMAHHS
[Ipn gorpumanni yMoB exciuryararmi YACTHHI KOMIIOHEHTIR IIOBITPS B PLIKOMY
pecype MeMGPaHHOTO cTaHi
6oy cxanae Bix 130 000 no
180 000 rogmu.
O6MeKeHa TPOLY KTHBHICT BHOPaHOT HeoGxinmicts BI/ICQKa BapTICTh 0GJIA/HAHHS
Hexomixu YCTaHOBKH _ HepiOMITHOT 3 HIT 3maYHi BUTPATH Ha BUPOGHUIITBO
MaxcumManbHa KOHITeHTpaIia aTcopEeHTy Bennxi ra?apmn 06J3a;:[Ha_HHs{
azoty — 99,5 % TpuBanmmii Iy cCKOBHI Nep1ojt

3aBjlaHHsAM CY4HacHMX JIOCHI/DKeHb € pPOo3podKa YHIBEPCANbHUX HAalpPAMKIB

MOJIepHIZari, ki 6 MakCHUMallbHO THAXOUIN JIo Oy Ib-SIKOTO clocody OTpHUMaHHS
a30Ty, a TaKOK JUISI CTAIIOHAPHUX Ta IEPECYBHUX a30THUX CTaHINN. 3 ypaxyBaHHIM
CBITOBOI TIPAKTHKH, CYYaCHMMHU EKOHOMIUHMMH Ta €HEepPreTUIHUM BUMOTaMHU 10
00'ekTIB Ha(TOTA30BOTO MPOMUCTY IPHMMaeMO HACTYIIHI TEXHOMOTIUHI PINTeHHS

(puc. 2).

Hampsamxu
MOACpHIi3aIil
a30THOL CTAHII1T

Buposampxenns
CY4acHOTo
€HEPTO30EPITAIOUOTO
€ICKTPOIIPHBOIA
KoMIIpecopa

Beranornenns
ABTOMATHIHOTO
BY3J1a 00TIK)
30Ty

BnporeagxeHns
ABTOMATHYHOTO
BBOJY PE3€pPBY

BrnposamxeHHg

SIICKTPOOBIrPiBY
KJIamaHy

Puc. 2. Hatpsivku Mo iepHizartii a30Taoi craniii
BrpoBaaxeHHA CyUacHOTO €Hepro30epiralotuoro eneKTpolpuBoia KoMIIpecopa

HOJEITae B 3aMiH1 CHHXPOHHOI'O ABHUIYHA Ha aCI/IHXpOHHI/Iﬁ 3 JacTOTHHM KCPYBAHIAM.
Taxa 3aMiHa TOBUHHA [IPHUBECTH JO:
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1. Kpamei npanesgatnocri Ta 0e3BIIMOBHOCTI 3a PaxyHOK peryIIOBaHHIO
JIMHAMIYHHUX IIPOTIECIB eIEKTPOIPHUBO/IA Ta YITKOTO KOHTPOIIO HOro mapaMmeTpis, Mo
JUIS TEXHOIIOTTYHOTO IPOTIECY OTPUMAaHHS a30TY BKpail BaKIIUBO.

2. Ilisummenns eneproepe KTUBHOCTI 3a paxyHOK 3MEHITEHHS 1Ty CKOBUX CTPYMiB
eJIEKTPOIPUBO/IA, IUIABHOIO PErYIIOBAHHS PeXUMIB poOOTH JIBUTYHA IIPH 3MiHI
HaBaHTAKEHHS, YITKAH KOHTPOTH PeTyThOBAaHUX MapaMeTpiB.

3. 36inbIneHHs TepMIiHY cIIy0U MeXaHiuHO YACTHHH €JIeKTPOTIPUBO/IA.

BeranoBneHHS By3na OOMIKY a30Ty HaJacTh MOKITHBICTH KOHTPOTIOBATH HOTO
KiTBKICTD, & TAKOK MOHITOPHTH SKICTH POOOTH ICHYIOUOTO METOAY OTPHUMAHHI.

Buxopucrasss aBTOMaTHIHOIO BBOIY pe3epry (ABP) B cHepreTHUHIX CHCTEMAX
Ta 00'eKTax 3 BUCOKHMH BEMOTaMH J0 HaJIMHOCTI Mae HACTYIIHI IICPEBark.

1. BesnepepBHe ;xuBICHHA: HaJ1lHO 3axuiae o0'eKT Bl MOXKIIUBAX BTPAT 4epes
IIEPEPBU B €IIEKTPOIIOCTAYAaHHI.

2. AsroMarm3oBanuii niporiec: ABP BHKOHYE TIEPEKIIOUEHHSI MK JIKEpeIaMu
JKUBJIEHHS aBTOMATHYHO, YHHKYIOUH HEOOX1IHOCT1 BPYYHOT'O BTPY YaHHSI.

3. 36UbInenHsT HaAIMHOCTI: BUKOPHUCTAHHS DPE3EPBHOTO JIKepesia KUBIEHH
3HUXKY€ PU3HK BIJIMOBU CUCTEMH B pasi epedOKd OCHOBHOTO KUBJIEHHS.

4. Exonomig vacy: ABP j03B0s1e IBU/IKO pearyBaTh Ha BIIMOBY KUBJIEHHS Ta
3HUKYE Yac MPOCTOIO CUCTEMH.

Enexrpuuna cuctemMa IIPOMHCICBOTO oOIrpiBy HadTOBOI raiy3i Bij3HaUeHA
TaKUMH IIepeBaraMu:

1. 3pydHICTh KOHCTPYKITIT 1 BUCOKA TIOTY KHICTD.

2. EXOmOTIgHICTE TIPOTIECY.

3. [Ticma mepepBW B ENEKTPOKMUBICHHI MOYXHA IETKO BITHOBHTH pPoOOTY
TPy OOIIPOBOY.

4. MoOKIHBICTE PeryIIOBaHHI TeMIepaTypH o0 eKTa.

5. ExoHOMIS 3a paxyHOK ONTUMAa/IbHUX BHTPAT €JIEKTPHYHOI eHeprii.

6. ABTOMAaTH3aMId IPOLECY, JOBIHH TePMIH CIIy:KOH 1 BHCOKHUH PIBEHE OQ3IICKH.

Croyarky, HPOMUCIOBHH OOIIPIB NPOBOJMBCH 3a JOIOMOIOIO Tapsdol BOJIH,
BOJITHOT TIApH, raziB, Macen 1 pijiua. HaOinsm nomnyisiproo Oyia 1apa, ajie BoHa Malia
psiJL HEJIONIKIB: BHCOKA BapTicTh TeHepallll, HeoOXIJIHICTH BLJBOJY KOHJCHCATY,
HEMOVKIJIMBICTH aBTOMATH3AI] TIpoTiecy, llepeBruTpara i iHiii.

[MoctynoBa abo koMOiHOBaHA iHTErpamis IMX  3aXO/iB  JIO0  icHYIOUOi
ABTOMATH30BAHOI ~ CHCTEMM  a30THOI  YCTAHOBKM  IIJBUINATL  HaJ(IHHICTH
TEXHOJOTTYHOTO TPOIECY OTPUMAHHS a30Ty, a TaKoX e(eKTHBHICTh BHKIIUKY
IIPUILIUBY 3 POJIOBHIIL,

JITEPATYPA
1. Ocnosu nagmozazosor inocenepii [Texem/]: niopyunur ons emyodenmis suiux

nasguansnux 3axiadie. / Bineyokuii B. C., Opnoscoxuii B. M., Bimpux B. I'. - /lveis:
«Hoeuti Ceim- 2000», 2020 — 416 c.
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MOJEPHIBAIIS TPAHC®OPMATOPHOI IMIJIC TAHITI 110/10 kB
3 ZKUBJIAYOLO0 ITOBITPAHOIO JIHICHO EJEKTPOIIEPE TAY1

FuepreTuka sk ranysb HPOMHCIOBOCTI KpalHM B Pe3ylbTaTi Pi3HMX BUJIIB
TATEHOCTI CYCIINBCTBA OTpHMAata TPOBiAHe Miclie. HemapeMHo piBeHb PO3BUTKY
CyJacHOI ITHBLTIRAINI BI3HAYAETHCS KITBKICTIO CITOKHABAHO! eJIeKTPHIHOI eHeprii Ha
JyTY HaceleHHd. Tak, 3 MiJIBUINEHHSM HayKOBO-TEXHIYHOTO MPOTPecy eNCKTPUIHA
CHEpris cTae OJHUM 3 OCHOBHHX 1 JCHICBUX BHJIB eHepril. PazoMm 3 THM eHepreTHka
IIpH BUPOOHHMIITBI, IICpeAadi, PO3MOALII Ta CIOKHBAHHI CICKTPHIHOI €HEPrii
CTHKACTBLCS 3 HEMUHY YUMU TPY/HOIAMHE, HOBSI3AHUME 3 €KCIUIyaTaIieio 0CHOBHOTO
cunoBoro  obmagHanag. [[i TpyAHOTT 3 WacoM Bce OUIBINE 3pPOCTAlOTh, IO
BH3HAYAETRCS, B TEPINY Hepry, NPUPOJHUM 3HOCOM alapaTypu. 3 M€K0 MeTolo, a
TaKoXK IS MIBUINEHHS €KOHOMIYHOT eeKTHBHOCTI camoi ranysi, ToBHHHO OyTH
mepeadaueHo MOMINICHAS BHKOPHCTAHHSI HAsABHOIO OOIagHAHHI Ta MOICpPHI3allil
3acTapinoro odnaananas [1].

TakuM gmHOM, OJHHM 13 €TaliB pealizalli Iiel IporpaMu € NPOEKTYBaHHSI Ta
Oy IIBHUIITBO HOBHX €IEKTPOYCTAHOBOK, 30KpeMa eIeKTPHIHWX MiCTaHIH, gKki €
HEBIJ[EMHOIO YACTHHOIO BCHOTO E€HEPreTHIHOTO KOMIDICKCY. SIKICTh eleKTpHIHOi
eHeprii, HaTifHICTh eIeKTPOIOCTaYaHH s 3aJIeKaTh, KPiM 1HITIHX (GaKTOPIB, TAKOK BIJT
MPaBUILHOCTI Ta PAIiOHATEHOCTI IPUHHATHX PIilleHp P TPOSKTYBAHHI i ICTAHITH.
Takox BaXIMBEM € MATPEMYBaHHS IIpale3faTHOCTI ICHYIOUOre oONagHaHHI Ha
JTTOYWX  TpaHC(HOPMATOPHUX IMIICTAHINAX, IO 3JIMCHIOCTLCI 34 pPaxyHok HoTo
TEXHIYHOTO OOCIYTOBYBAHHS 3 MEPIOJUMHAMU OTJBIAMHE, JIarHOCTYBAHHIM CTAHY
00NaTHAHHS, BUABICHHAM JTe(ekTiB 1 HECTIPaBHOCTEH Ta CROETACHAM PEMOHTOM.

MogepHizariis TpaachopMaTOpHOT TACTAHITT BKITIOTAE KITBKA €TariB!

- MJIFOTOBKA — OTPUMAaHHS TEXHIYHHUX YMOB abo 3aBJIaHHS Ha MPOEKTYBAHHS,
mialip BIAOBIAHOTO 00 Ia THAHHST,
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