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3BiT noaibHoCTI

MeTagaHi

Hasga opranisauii
Ivano-Frankivsk National Technical University of Oil and Gas
3aronosok

N3 6P CEMAHULLUUHA

AsTop HaykoBuin kepiBHuk / Ekcnept

CEMAHULWLUNHA®epopoBuy A.T.

nigpoaain
Ivano-Frankivsk National Technical University of Oil and Gas

O6cAr sHanaeHnX noaioHocTen

KoediuieHT noaibHoCTi BU3Havae, Sik1i BiICOTOK TEKCTY MO BiAHOLLEHHIO [0 3aranbHoro obcsry TekcTy 6yno 3aHanaeHo B pisHuX mxepenax. 3BepHiTb yBary, Lo BUCOKI
3HaYeHHs1 koediLlieHTa He aBTOMaTMYHO O3HaYalTh nnariat. 3BiT Mae aHanidyBaTu KOMMNETEHTHa / ynoBHOBaxeHa ocoba.

2.64%
2.68%

K 1

25 10913 82767

HosxunHa dpasmn ans koediuieHTa noaibHocTi 2 KinbkicTb cnis KinbkicTb cumsonis

TpuBora

Y upoMy po3aini Bu 3HaiaeTe iHdhopmaLlito LWoJo TEKCTOBKX CNoTBOPeHb. Lli cnoTBopeHHs B TekcTi MoxyTb roBoputi npo MOXITUBI maxinynsuii B TekcTi. CnoTBOpeHHs B
TEKCTi MOXYTb MaTl HaBMWUCHWUI XapakTep, ane YacTille xapakTep TeXHIYHUX MOMUIOK NPy KOHBEPTALIii JOKYMEHTa Ta oro 36epexeHHi, ToMy M1 peKOMeHAYEMO Bam
niaXoAuTY [0 aHanidy Lboro Moayns BiAnoBsiaansHo. Y pasi BAHUKHEHHS 3anuTaHb, MPOCUMO 3BepTaTUCs A0 HaLLOi Cry»6u NigTpuMKu.

3amiHa 6yks R 18
IHTepBanu 0
MikponpoGinu J 2
Bini 3Haku 2
Mapadpasn (SmartMarks) a 312

Mopi6HoCTi 3a cnuckom axepen

Hwxkye HaBegeHuin cnncok axepen. B Lbomy cnvcky € pxxepena i3 pisHnx 6a3 gaHux. Konip Tekcty o3Hayae B skoMy akepeni BiH OyB 3HanaeHuii. Lli pxepena i 3Ha4eHHs
KoediuieHTy MopibHocTi He BinoGpaxatoTb npsiMoro nnariaty. HeobxigHo BiAKPUTM KOXHE [Mxepeno i npoaHaniayBaTy 3micT i NpaBuIibHICTb 0hOpMMEHHs Axepena.

10 HanpgoBLMX dpa3s Konip TekcTy
HOPHHKOBMIZ KINbKICTb INEHTUYHUX
HOMEP HA3BA TA AZIPECA IKEPENA URL (HA3BA GA3Y) CIIB (GPATMEHTIB)

1 MP_MYPIM_INO_HIOMs_23 1 1 386 3.54 %
1/24/2025

Ivano-Frankivsk National Technical University of Oil and Gas (Kac. HIO)

2 https://mir.zavantag.com/sport/12344/index.html?page=2 128 117 %
3 MP_MYPIV_INO_HIOm3_23 1_1 126 1.15%
1/24/2025

Ivano-Frankivsk National Technical University of Oil and Gas (Kad. HIO)



10

Marictepcbka Kyxga 21 01 2025_01
1/22/2025
Ivano-Frankivsk National Technical University of Oil and Gas (Kad. HIO)

https://mir.zavantag.com/sport/12344/index.html?page=2

MP_MYPIV_INO_HIOm3s_23_1_1
1/24/2025
Ivano-Frankivsk National Technical University of Oil and Gas (Kac. HIO)

http://4ua.co.ua/geology/qb3bd78a4d43b88521316d26_0.html

https://mir.zavantag.com/matematika/12343/index.html

CMAKYJIA_HIOm3_20_1.doc
12/14/2021
Ivano-Frankivsk National Technical University of Oil and Gas (Kad. HIO)

http://4ua.co.ua/geology/ta2bd78a5d53b88521206¢27_0.html

3 oMaLUHbOI 6231 gaHux (17.36 %)

120 1.10 %

109 1.00 %

99 0.91 %

98 0.90 %
95 0.87 %

90 0.82 %

87 0.80 %

NnoPAOKOBUN
HOMEP

3AronoBoK

MP_TMYPIV_INO_HIOm3_23 1_1
1/24/2025
Ivano-Frankivsk National Technical University of Oil and Gas (Kac. HIO)

CMAKYIA_HIOm3_20_1.doc
12/14/2021
Ivano-Frankivsk National Technical University of Oil and Gas (Kac. HIO)

Marictepcbka pobota [uHHik.docx
12/17/2021
Ivano-Frankivsk National Technical University of Oil and Gas (Kac. HIO)

Marictepcbka Kyxga 21 01 2025_01
1/22/2025
Ivano-Frankivsk National Technical University of Oil and Gas (Kac. HIO)

Bixko_HIOm_20_1.doc
12/15/2021
Ivano-Frankivsk National Technical University of Oil and Gas (Kac. HIO)

Mpywyk_HIOM3_20_1.doc
12/14/2021
Ivano-Frankivsk National Technical University of Oil and Gas (Kad. HIO)

3 nporpamu o6miHy 6asamun gaHux (2.37 %)

KINbKICTb IQEHTUYHUX
CIiB (®PATMEHTIB)

790 (9) 7.24 %

486 (19) 4.45%

240 (10) 2.20 %

212 (4) 1.94%

120 (7) 1.10 %

47 (3) 0.43 %

noPAAKOBUMN
HOMEP

3AronoBoOK

21-M-1 umiton O

6/9/2025
Drohobych Professional College of Oil and Gas (LiuknoBa komicisi HachTorazoBoi iHXxeHepii Ta
TexHonorin)

bitstream_c8dda27e-633e-401c-98ff-f4f557d5db62

12/7/2024
National Technical University "Kharkiv Polytechnic Institute" students papers (National Technical
University "Kharkiv Polytechnic Institute" students papers)

KINbKICTb IQEHTUYHUX
CIiB (®PATMEHTIB)

59 (1) 0.54 %

56 (6) 0.51 %



[Te3ogenpecaTtop LUTAHrOBOrO HAacoCy 3a TEXHOSONYHMX yMOB APTIOXIBCbKOrO HahTOrasoBoro poaosuLLa
3/16/2025

National Technical University of Ukraine Igor Sikorskyi Kyiv Politech Institute (National Technical

University of Ukraine Igor Sikorskyi Kyiv Politech Institute)

bitstream_81dffb34-90bf-4bf1-99a5-8b7b9a9731ab

12/9/2024
National Technical University "Kharkiv Polytechnic Institute" students papers (National Technical
University "Kharkiv Polytechnic Institute" students papers)

KP_HM_JlaxHo

6/24/2024
Poltava Applied Oil and Gas College (BigokpemneHuii CTpykTypHWii niapo3ain "MontaBcbkuii haxosuin
konedxx Hadptu i rady HauioHaneHoro yHiBepcuteTty "lMNonTaBcbka nonitexHika imeni FOpis KoHppatioka")

bitstream_47644970-b7ae-4764-aeed-eef0e8ec0836

12/7/2024
National Technical University "Kharkiv Polytechnic Institute" students papers (National Technical
University "Kharkiv Polytechnic Institute" students papers)

KP_EH_LUBAYKO

6/21/2024
Poltava Applied Oil and Gas College (BigokpemneHuii CTpykTypHUiA Niapo3ain "MontaBcbkuin haxoBuin
Koneax Hadtu i rady HauioHanbHoro yHisepcuteTy "lNontascbka nonitexHika imeri FOpis Kongpatioka")

bitstream_e7de8abc-79a1-45ba-8fe4-0acb5f3b5d37

12/9/2024
National Technical University "Kharkiv Polytechnic Institute" students papers (National Technical
University "Kharkiv Polytechnic Institute" students papers)

3 |[HTepHeTy (23.19 %)

53 (1) 0.49 %

46 (4) 0.42 %

20 (2) 0.18 %

12 (1) 0.1 %

8 (1) 0.07 %

5(1) 0.05%

MOPAOKOBUIA
HOMEP

10

1"

12

13

14

15

LDKEPENO URL

http://[samzan.ru/7371

https://mir.zavantag.com/sport/12344/index.html?page=2

http://4ua.co.ua/geology/qb3bd78a4d43b88521316d26_0.html

https://mir.zavantag.com/matematika/12343/index.html

http://4ua.co.ua/geology/ta2bd78a5d53b88521206c27_0.html

http://referatua.org.ua/category_content.php?c=other&id=68&s=7

https:/iplagiatik.at.ua/publ/referati/bzhd/referat_na_temu_analiz_potencijnikh_nebezpek_ta_shkidl
ivikh_faktoriv_virobnichogo_seredovishha/8-1-0-2236

http:/ireferatu.net.ua/referats/21/13575/?page=4

http://lum.co.ua/8/8-11/8-11142.html

https://studfile.net/preview/11139569/page:9/

https://standartgost.ru/g/%D0%93%D0%9E%D0%A1%D0%A2_%D0%A0_51896-2002

https://lektsii.org/13-20318.html

http://4ua.co.ua/manufacture/ra2bc68b4d53a88421206d27_1.html

KINbKICTb INEHTUYHUX
CHiB (®PArMEHTIB)

674 (34) 6.18 %

319 (6) 2.92 %

288 (8) 2.64 %

285 (1) 2.61 %

216 (11) 1.98 %

126 (3) 1.15%

92 (5) 0.84 %

83 (4) 0.76 %

78 (3) 0.71%
64 (6) 0.59 %
62 (5) 0.57 %
61(3) 0.56 %
52 (2) 0.48 %
27 (3) 0.25%

26 (2) 0.24 %



16 https://topuch.ru/analiz-sostoyaniya-tehnicheskoe-perevoorujenie-uchastka-ceha-p/index.html

17 http://elar.nung.edu.ua/bitstream/123456789/6781/1/5890p.pdf

18 https://dp.dsp.gov.ua/wp-content/uploads/2021/03/2323.pdf

19 https://refs.co.ua/71144-
Analiz_dobyvnyh_vozmozhnosteiy_skvazhin_oborudovannyh_ USHGN_Pavlovskogo_mestorozhdeniya.h
tml

20 https://infopedia.su/13x10be5.html

Cnucok NpunHATUX cbparMeHTiB

19 (1) 0.17 %

16 (2) 0.15%

16 (1) 0.15 %

16 (1) 0.15%

11(1) 0.10 %

noPsAKOBUMA
HOMEP 3mICcT

http://elar.nung.edu.ua/bitstream/123456789/6781...

1 [0MOMOTOH0 LUTAHMOBUX CBEPANOBUHHUX HACOCHMX ycTaHoBok. LLUICHY

2 BMKOPUCTOBYIOTLCS NEPeBaXHO B 3axiAHUX panoHax HadToBnaobyTky (Bopucnas, JonuHa...

Marictepcbka Kyxpaa 21 01 2025_01

1 EkcnnyaTauis CBEpANOBUH LUTAHIOBYMW CBEPASIOBUHHUMI HACOCaMU LIMPOKO
PO3MOBCIOKEH. ..

2 C, obBoaHeHicTIO He Ginblue 99

3 3a 06’emom, B'askicTio 0,3 Ma-c, miHepanisdauieto Boan Ao 10 r/n, BinNbHOro rasy H...

MP_MNYPIA_INO_HIOm3_23_1_1

1 HeobxiaHicTb peanisauii HOBMX TEXHOMOriN, Siki OTpMMarnv MacoBe 3aCToCyBaHHs, 00...

2 Haii6inbLuoro po3noBCofKeHHs B HrBy BopucrnaBHadToras oTpuMarni yCTaHOBKY LUTAHTOBM. ..
3 YmoBwu pobotun obnagHaHHs LUCHY noginsitoTbest Ha HopMarnbHi Ta ycknagHeHi. [lo Hopmarn...
4 Po3gin 3 3.1 PospaxyHok 3ycunns Ha nnyHxepians o6BogHeHnx ceepanosvH Pr.n. = 1...

5 3MiHa JOBXMHM XO4y BepcTaTa-kadarnky nos’sidaHa i3 HeobxiaHiCTIo nepecTaHoBKM nar...

6 Mpwy po36upaHHi BUKUAHWX NiHil rMMBUHHO-HACOCHOI YCTaHOBKU siki 0GnajHaHi 3BOpoT...

http://5fan.ru/wievjob.php?id=72365

1 KinbkicTb HadTOBMX CBEPANOBYH, LLO eKcnnyaTytoTees 3a gonomoroto LLICHY, cknagae 80...
2 CyyacHMMU LUTAHIOBMMMW HACOCHMMU YCTAHOBKaMU MOXHa BUAoByBaTy HadTy, ik NpaBuIio ...
3 3 TOYKM 30py eKOHOMIYHMX MoxnBocTen LLICHY moxyTb 3abe3neunT BUCOKMIA Hanip B O...

http://samzan.ru/7371

1 OCHOBHOMY L€ NMOSICHIOETHLCS EKOHOMIYHICTHO, THYYKICTHO i LUMPOKMMU MOXIIMBOCTSIMM 3aCT...

2 Bnunsbko 80% HahTOBUX CBEPAIOBWH EKCMNIyaTyeTbCs LUTAHIOBUMW CBEPATIOBUHHUMM HAcoC. ..
3 LLICHY ansa ekcnnyatauii ogHOro nnacra cknagaetbes 3 NpuBoAY (BepcTaTta-kayanku), ...

4 a TakoX BCTaBHOro abo HEBCTAaBHOMO CBEPASIOBUHHOIO Hacoca

5 Mpu3HayYeHHs NpUBOAY LITAHIOBOTO Hacoca - NePeTBOPEHHst 06ePTOBOro pyXy Barna ernex...

KINbKICTb OQHAKOBUX CiB

(®PArMEHTIB)

16 (0.15%)

6 (0.05%)

10 (0.09%)

192 (1.76%)

67 (0.61%)

5 (0.05%)

120 (1.10%)

732 (6.71%)

86 (0.79%)

7 (0.06%)

99 (0.91%)

386 (3.54%)

126 (1.15%)

28 (0.26%)

106 (0.97%)

12 (0.11%)

25 (0.23%)

69 (0.63%)

290 (2.66%)

71 (0.65%)

82 (0.75%)

14 (0.13%)

7 (0.06%)

40 (0.37%)



6 npusHayeHi Ans BiakadyBaHHs i3 HATOBUX CBEPASIOBUH PianHN 06BoAHEHICTo 40 99 T...

7 1000 1500 xB-1 nepenaBanbHe BigHOLUEHHS peayKkTopa,

8 O6uuncneHe 3Ha4YeHHs diameTpa NpUPIBHIOEMO A0 BNVXKYOro CTaHAAPTHOIO 3HAYEHHSANS ...
9 [Insi cBepAnoBMHHOIO Hacoca, AiaMeTp SKoro BU3Ha4YeHo 3a giarpamoto obnacTi 3acToc...

10 HeoOXiaHY OOBXVHY NiyHXepa Ta rpyny nocagku, Tin

11 3 BEPXHIM pO3MiLLleHHSIM 3aMKOBOI OMOpU peKoMeHA0BaHO BUKOPUCTOBYBATH

12 3a nonepeaHbO BU3HAYEHO MMUBMHOK CrycKy Hacoca BUGMPAEMO KOHCTPYKLLKO PiIBHOMIL,...

https://mir.zavantag.com/sport/12344/index.html?...
1 Haii6inbLu NoWMpeHUMM € MexaHiyHi NPYBOAM LUTAHrOBUX HacociB. KOHKpeTHe 3acTocysa...
2 IHAMBIAYyanbHi MexaHiYHi NPMBOAW BUKOHYIOTb 32 Pi3HUMU NMPUHLIMMIOBMMU CXeMamu 3are...

bitstream_c8dda27e-633e-401c-98ff-f4f557d5db62

1 TVNIB CBEPANOBMHHUX HACOCIB i cneuundidHIiCTb X KOHCTPYKLiN 0OYMOBMEHi LUMPOKUM ...
2 Hacoc noBvHeH 3abe3nedyBaTtyt Npu BiANOBIAHIN rMnGuHI

3 nopady sik B'i3Kofl, Tak i MarnoB’s3koi nrnacToBoi piaAnHU

4 MawwwuHn Ta obnagHaHHa ans BuaobyBaHHs HadTu i rasy: AOBIAKOBUIA MOCIGHUK

5 Xapkis: KM «Micbka gpykapHsi», 2014. 352 ¢

Bixko_HIOm_20_1.doc

1 LLItaHra npeactaensie cob6oto cTanbHWUA CTepXKeHb KPYrioro

http://4ua.co.ua/geology/qb3bd78a4d43b88521316d2...

1 16, 18, 22, 25 MM 3 BUCAKEHUMU KiHUAMW. Ha KiHUSIX LWTaHMM € QinbHULSA KBagpaTHO...
2 [Inga 3'eQHAHHA LWITaHr OAHAKOBKX PO3MIpPIB BUMYCKaTb 3'€4HYBanbHi MydTy, a LWUTaHT ...
3 BWUIOTOBMEHHS LUTAHT HOMiHanbHo foBxuHoto 8000 mm [ns ninbopy HEOOXiAHOT AOBXUHM. ..
4 BanaHcypHWI CTaHOK Kavarnka cknagaeTtbes 3 pammbanaHcupHuii,cTaHok,kavankaHa pami...

https://mir.zavantag.com/matematika/12343/index....

1 nNpoayKuii cBepAnoBUHW, Kr/M3; - MPUCKOPEHHS BiNbHOIO NadiHHS, M/c2.4e - Mun...

2 HeobxiaHo ninibpatn BepcTaT-kavanky Anst CBEPANOBUHY 3 cepefHim aebitom 25 m 3 ...

3 aiameTp LuKiBa, AKUA HeOOXiAHO BCTAHOBUTU Ha eNEeKTPOABUIYHi, AN 3abe3neyeHHs H...

4 nepegasarnbHe BiHOLLEHHS KIMHONACOBOI Nepeaavi; - AiaMeTp LUKiBa Ha peayKTopi,Mo...

https://studfile.net/preview/11139569/page:9/

1 mMaTtepianu Ans BUrOTOBMIEHHS BY3MiB Ta AeTanen Hacoca

https://topuch.ru/analiz-sostoyaniya-tehnichesko...

1 kavanku Bbinyckatotcsi no FOCT 5866, 76 ycTbeBble canbHuku - no TY 26-16-6- 76 HKT...

http://4ua.co.ua/geology/ta2bd78a5d53b88521206c2...

11 (0.10%)

6 (0.05%)

13 (0.12%)

14 (0.13%)

7 (0.06%)

7 (0.06%)

18 (0.16%)

237 (2.17%)

109 (1.00%)

128 (1.17%)

50 (0.46%)

17 (0.16%)

6 (0.05%)

10 (0.09%)

10 (0.09%)

7 (0.06%)

6 (0.05%)

6 (0.05%)

100 (0.92%)

13 (0.12%)

21 (0.19%)

15 (0.14%)

51 (0.47%)

208 (1.91%)

59 (0.54%)

95 (0.87%)

28 (0.26%)

26 (0.24%)

7 (0.06%)

7 (0.06%)

19 (0.17%)

19 (0.17%)

126 (1.15%)



1 3 KOMOHOI LUTaHr 3a AOMNOMOrOK KaHaTHOI NiABiCKn
2 CarnbHUKOBOIO LUTOKa 3 BiCCl0 CTOBOYpa CBEPASIOBUHM, BUKIOYAE OAHOCTOPOHHIN 3HOC H...
3 nopadi Hacoca sikuii nonsrae B TOMY, LLO HACOC nepectae 3aCMOKTYBaTN 3 CBEPAOBUH...

http://lum.co.ua/8/8-11/8-11142.html

1 BigmiTHa ocobnuBicTb canbHKKa - HAasSBHICTb NPOCTOPOBOTO KyNbOBOIO LUAPHIpa MiX T...
http://4ua.co.ua/manufacture/ra2bc68b4d53a884212...

1 BCepeauHi cebe ynnoTHUTENbHY HabuBaHHs | TpitHkoM. LLapHipHe 3'egHaHHs, 3a6es...
Me3oaenpecaTop LWTAHrOBOrO HACOCY 3@ TEXHOOTIYH...

1 TemnepaTypoto He Ginblue 130 °C, o6BoaHeHHs He Ginblue 99 % 3a o6ecsarom B'3KICTHO ...

MaricTtepcbka po6ota [iuHHik.docx

1 3 MOMEHTY no4arky pyxy nnyHxepa BHWU3 NpU 3aKpUTOMY NMPUAOMHOMY KnanaHi CymiLl, Li...
2 LKIANMBOMY NPOCTOPi MOYMHAE PO3LIMPIOBATUCS Ta BUAINSATUCS 3 CBEPANOBUHHOT PIAWHMW. ..
3 iHOAj i B HarHiTanbHOMY KnanaHi.BHacnigokK Yoro TUCK Ha NPUMOMI Hacoca 3poCTae, ...

4 sIKOpi- Napaconi porb 3aTpy6HOro NPOCTopy BUKOHYE KOPMYC SIKOPSI, @ POrib KOPMycCY ...

https://essuir.sumdu.edu.ua/bitstream/123456789/...

1 BiNbHOro rady mMoxe BiabyTucsi 3puB nogadi Hacoca

http://referatu.net.ua/referats/21/13575/?page=4

1 obnagHaHHA Npu3HaveHe Ansi repmeTuaadii 3aTpybHOro NpocTopy, BHYTPILLUHBOT MOPOXH...
2 carnbHUKCKNAAaeTbCs i3 CAaMOBCTAHOBIIOBAbHOI CanbHUKOBOI FOMOBKM i TpiHMKA. BiH...
3 0CcobnuBICTb canbHKKa nonsirae B HasiBHOCTI MPOCTOPOBOTO KyNbOBOTO LLAPHIPY MiX ro...

CMAKYMNA_HIOm3_20_1.doc

1 MpuHuunosa cxema 068’513k ycts LUICHY Tunosui yctboBmin

2 2]. CanbHuUK 3 oguHapHUM yulinbHeHHaM Tuny CYC1 aus puc 2.1 npusHadeHuii Ans cee...
3 ABNsie co600 BCTAHOBMNEHWI Ha TPIHMKY 1 KOPNYC 3 KYNIbOBO FOMOBKOIO 2, LLO MaE Ty...

4 KPULLIKOIO 6 ronoBKM Yepes3 BepxHIo BTYNKy 7. B BepxHIo BTynKy 7 Tak sk

5 canbHuKa Hei npyvBapeHi ABa Byxa - pyyku. PoBoumnii TCK Npu pyxoMOMY YCTbOBOMY LL...

6 CanbHuWK 3 NoABINHUM yLinbHeHHsIM CYC2 (puc. 3anobiraHHsA po3repmeTuaallii cBepano...
7 PYYHOI 3aTSXKKM KPULLIKW FONOBKW CanbHMKa A0 Hel NpuBapeHi ABa Byxa - pyyku

8 14 MMa. Bucota ycTboBOro canbHuka pasom GinbL npueaHysanbsHa pisbba (FTOCT 633-8...
9 enemMeHTU nepep yCTaHOBKO 3MallytoTbest conigonom YC-2 (1) (FOCT 1033-89). YcTbo...
10 BiNOBIAHICTb YacTOTWM 0BepTaHHs Ta MNOTY)XHOCTi BCTAHOBIEHOTO €NEeKTPOABUryHa Heo...

http://referatua.org.ua/category_content.php?c=o...

1 [OCAraeTbCs 3a paxyHoK NpaBUribHOro MiaGopy yCTaTKyBaHHs!, KU 3anexXuThb Bif Tex...

6 (0.05%)

33 (0.30%)

87 (0.80%)

10 (0.09%)

10 (0.09%)

11 (0.10%)

11 (0.10%)

53 (0.49%)

53 (0.49%)

163 (1.49%)

41 (0.38%)

45 (0.41%)

43 (0.39%)

34 (0.31%)

7 (0.06%)

7 (0.06%)

78 (0.71%)

24 (0.22%)

22 (0.20%)

32 (0.29%)

344 (3.15%)

9 (0.08%)

16 (0.15%)

23 (0.21%)

13 (0.12%)

23 (0.21%)

90 (0.82%)

10 (0.09%)

13 (0.12%)

83 (0.76%)

64 (0.59%)

19 (0.17%)

19 (0.17%)



https://lektsii.org/13-20318.html 46 (0.42%)

1 nepLui AHi ekcnnyarauii NoTPiGHO CMCTeMaTUYHO KOHTPOMNoBaTK CTaH 36ipku, KpinneH... 46 (0.42%)
https://plagiatik.at.ua/publ/referati/bzhd/refer... 70 (0.64%)
1 Hebesneka TpaBMyBaHHSA NepcoHany npu 06cnyroByBaHHi CBEPASIOBUH, SiKi €KCNyaTytoT. ... 52 (0.48%)
2 BukoHaHHs1 pobiT no3 HeobXigHICTIO 3HaXOMKEHHs onepaTtopiB 6e3anocepeHbo Ha 6anaH... 18 (0.16%)
bitstream_47644970-b7ae-4764-aeed-eef0e8ec0836 12 (0.11%)
1 C. Boiiko, P. M. KoHgpar, P. C. Apemiitvyk. [loBigHWK 3 HadhTOrazosoi crnpasu 12 (0.11%)
https://standartgost.ru/g/%D0%93%D0%9E%D0%A1%D0%... 61 (0.56%)
1 Hacocbl LWTaHroBble NOrpyXHble B YacTU KOHCTPYKLUW, TUMNOB M UCMIOMHEHUS CaMMUX HaCcoC... 41 (0.38%)
2 FOCT 633-80. Tpy6bl HACOCHO-KOMMPECCOPHbIE Y MydThI K HUM 10 (0.09%)
3 [OCT 13877-96 LUTaHrn HacocHble 1 MydThbl LUTAHTOBbIE. TEXHUYECKME YCNoBUS 10 (0.09%)
bitstream_81dffb34-90bf-4bf1-99a5-8b7b9a9731ab 8 (0.07%)

1 MawwuHn Ta obnagHaHHa ans BuaobyTky HadTy i rady 8 (0.07%)
Mpuwyk_HIOM3_20_1.doc 23 (0.21%)
1 IBaHO-®PpaHkisebk : IPHTYHT, 2015. 344 c. 6 ®epoposuy A.T., [xyc A.l. MawmHu Ta... 23 (0.21%)
https://dp.dsp.gov.ua/wp-content/uploads/2021/03... 16 (0.15%)
1 HIMAOQIM 0.00-1.81-18 MNpaBuna oxopoHu npadi nig Yac ekcnnyartauii obnagHaHHs, Lo ... 16 (0.15%)
Beryn

AkTyanbHicTb. [Inst BUAobyTKky HachT! Ha npomMucnax YkpaiHu BUKOPUCTOBYOTLCSH B OCHOBHOMY MexaHi3oBaHi crnocobu. MNocepen MexaHi3oBaHnx
NoLUMPEHNM cnocobom € 3 [OMOMOroH0 LITaHroOBMX CBEPANOBUHHUX HAaCOCHUX ycTaHOBOK. LLUICHY BuKOpUCTOBYHOTLCA NepeBaXHO B 3aXiAHUX
paioHax HacdpToBMAO6YTKY (Bopucnae, [lonuHa, HapBipHa), a Takox MeHLle Ha cxoai. EkcnnyaTauis cBepAnoBUH WITaHIOBUMU
CBepANOBUHHUMU HacoCaMM LUIMPOKO _PO3NOBCIO/KEHa B GinbliocTi HacdhToBMAO0GYBHUX poAoBMLLY CBiTy. BoHa 3acTocoByeTbCS B TUX
BMNagkKax, Konv NnpupoaHoi eHeprii nnacta Ana _(HoHTaHyBaHHA HEAOCTaTHLO | KONMU KOMMPEeCOpPHUI cnocib BuaobyBaHHA HadTh NoB’A3aHUm 3

AyXe BeNIMKAMM NMTOMUMU _BUTpaTamun noBsiTpsa abo rasy [ 1].
3aBasky CBOIW NPOCTOTI i MOPIBHAMbHIN _AeleBU3Hi MUOUHHO-HACOCHMWIA _cnocib BuAoGyBaHHA HadTh OTPUMaB AOCUTL LUIMPOKE

rMUOMHI cnycKy Hacoca Y cBepanosuHy [ 1].
[o obnagHaHHA AnA ekcnnyartauii cBepAnoBUH MUOMHHO- HACOCHUM CMOCcO60M BXOAUTL: LUTAHFOBUIA CBEePANIOBUHHUIA HAacoc, KoroHa
HacocHMX TPYO i WTAHr, HAa _AKUX HACcOC NiABiLYETbCA B CBEPANOBMHI, NPUBIAHA YacTUHA iHAUBIAYaNbHOI LITAaHrOBOI YCTAHOBKM, NEpeBaXHO

66ﬂaHC|/|pH0rO TUny, Ao cKknany AKOT BXOAUTb BepcCTaT-Ka4yanka 3 npueBogom, ycTboBe obnagHaHHA cBepAanoBUH, NpU3Ha4vYeHe Oons

OcHoBHuM By3rnom LLICHY € Hacoc, sikuii npuBoAMTLCA B Ak Bif _Bepcrata-kadankn. O6epToBMin pyx, WO OTPUMYETbLCS Bifi €neKkTpoaBuryHa, 3a
[OMNOMOror peayKkTopa, KPMBOLUMIMHO-IATYHHOrO MexaHiaMy Ta 6anaHcupa, NepeTBOPHETHCA B 3BOPOTHO-NOCTYNaNbHUWA PyX, KOTpUi

nepefaeTbCs NyHXepy CBEPANOBUHHOMO Hacoca 3a JOMOMOrOH KOMOHW LUTAHT.
HeobxinHo BnpoBagXyBaTu Ta BUKOPUCTOBYBATU _CydacCHY TexHiKy Ta TexHomorii. Ane 3Ha4yHO AelueBLUMM HanpsiMOM € BAOCKOHamneHHs Ta

BuUbGpaHoro cnocoby. Mpu _npaBunbHoMy BuGopi 06nagHaHHA NiABULLYETHCA EKOHOMIYHICTb Ta eheKTMBHICTb 10oro po6oTu. B faHin GakanaBpcbkii

poboTi_po3rnsaaeTbecs npobnemMa nigBULLEHHS HadinHOCTI poboTu yCcTboBOro obnagHaHHs LUCHY Ta wraHroBux cBepasioBUHHIX HACOCIB B yMOBax
BMCOKOrO ra3oBOro haktopy.

MeToto poboTu € NiaBULLEHHSI HagINMHOCTI pob6oTN OCHOBHOrO 0bnagHaHHsa LUCHY (ycTboBOro Ta LUTAHroBUX CBEPANOBUMHHUX HACOCIB) B yMOBaxX BUCOKOTO
rasoBoro cakTtopy.

PO3A4IN 1

1.1 Ornsg obnagHaHHs Ans ekcnnyaTauii ceepanosuH 3 gonomoroto LLICHY

HeobxigHicTb peanisauii HOBMX TEXHOMOTiN, AKi OTPMManu MmacoBe 3aCTOCyBaHHA, 0OyMOBMIa CTBOPEHHA i Take )X MacoBe BNPOBafgXXeHHsA
BeNIMKOI KiNbKOCTi TMNIB i TMNOPO3MipiB HOBMX BUAIB MallWH Ta o6nagHaHHA, 6e3 ikMX iCHyBaHHS LMX TexHonorin Hemoxnuse. MosBunucs



_HadhTtora3sosi, ra3oBi i ra3okoHAeHCaTHI poaoBuLLa PO3POBNAITL | eKCnnyaTyoTh 3a AONOMOro MalluH, o6nagHaHHsA, cnopya, anaparis,
iHCTPYMeHTIB Ta MexaHi3miB, (hyHKLIIOHYBaHHSA IKUX B3aEMOMNOB’A3aHO MiX CO6010 i 3 (PyHKLIOHYBaHHAM 06’€KTa po3pobku Ta ekcnnyaTauii -
HadTOoBUM, HachTOra30BUM, ra3oBMM YU ra30KOHAEGHCAaTHMM NIACTOM 4M KinbkoMa nnactamu pogoBuwia [1].

Ha cborogHi icHyt0Tb HacTynHi cnocobu nepBMHHOT ekcnnyarauii ceepanosuH [6, 10]:

1) dOHTaHHWN;

2) rasnicpTHuR;

3) HacocHuI.

Tow um iHWKN MeToA BMAOOBYTKY HadhTU Mae CBOIO pauioHanbHy obnacTb, MexXi Ikoi BU3Ha4aloTbCA €eKOHOMIYHOIO AOLiNbHICTIO BUKOPUCTaHHA
AaHoro cnocooby, noro echekTUBHICTIO, O4YiKyBaHUM [e06iTOM, KOHCTPYKLIE CBEPANTIOBUHM.

KinbkicTb HachTOBUX CBEpAINOBUH, WO eKcnnyaTylTbcs 3a gonomoroto LUCHY, cknanae 75% Bia Aitounx cBepanoBuH. B ocHoBHOMy Le
NOSICHIOETHLCA EKOHOMIYHICTIO, THYUKICTIO i LUMUPOKMMU MOXITUBOCTSIMU 3aCTOCYBaHHA AaHoi cuctemu. [lo ocHoBHux nepesar LLICHY cnig

BiAHECTU: TeXHIYHO HeCKNaAHUM i LUBUAKMA MOHTaX; HasiBHICTb BENIMKOI raMn TUNOPO3MipiB CBepPANOBUHHMX HACOCIB, WO AA€ MOXIUBICTb
eKcnnyaTyBaTy CBepASIOBMHM B LUMPOKOMY Aiana3oHi AebiTiB i arpecuBHOCTI nnacToBux (noigiB; MoOXNUBICTbL aganTtauii 40 3MiHHUX yMOB
NPUTOKY PiAVHM B CBEPANIOBUHY 32 paxyHOK 3MiHU YacTOTH XOAIB NiyHXepa, AOBXUHU xoAy NiyHxepa i edheKTMBHOT NOBepPXHi NnyHxepa
CBepANIOBUHHOIO Hacoca; HeBUMOINUBICTb A0 TeXHIYHOro o6cnyroByBaHHsA Ta iHwi [2, 10].

LLinpoke BuKopUCTaHHs i posnoBctogkeHHs LLUCHY BuknukaHe TvM, Wo Teopis poboTn ycTaHOBKKU, MeTOAM Niabopy obrnagHaHHs i po3paxyHKy
HaBaHTaXXeHb po3pobneHi A4aBHO i JOCUTb PETENBHO.

Hanbinbloro po3noBCoMXEeHHS1 OTRPMMAanU YCTaHOBKM LUTAHFOBUX CBEPANIOBUHHUX HacociB. CyYaCHMMM LITAHFTOBUMMW HaCOCHUMU
ycTaHOBKaMu _MoxHa [06yBaTtu HadiTy, AK NpaBumno 3 oAHOro aéo ABOX NnacTiB CBEPANOBUH MUGMHOK [0 3 AeGiToM piauHM A0 Aekinbka

coTeHb Ky6omeTpiB 3a 40O6y. 3 TO4YKM 30py eKOHOMiIYHUX MoxnuBocTen LLUICHY MoxXyTb 3a6e3neunTy BUCOKUI Hamip B o6mexeHOMy Aiana3oHi
nopau Bia 5 o 50 m3/p06y. B o6nacTi nogay Big 1 Ao 40 m3/a06y LLCHY mae 6inbw Bucokuit KK B NopiBHAHHI 3 iHWUMMK _cnocobamu
BUAo6YTKY_HadTv i npy nopadi, piBHin 35 m3/8006y, BiH MOXe AocAraT MakcumanbHoro 3HavyeHHs (37 %). Takum YnHom, LLUICHY _po6Gpe
npucTocoBaHa Ans po6oTh B ymMoBax Marnoro i cepeaHboro ae6ity ceepanosuH [2, 6, 10].

Bnusbko 80% HachTOBUX CBEPANOBUH €KCMNIYaTyETLCA WTAHFOBUMU CBEPANOBUHHUMU HAaCOCHUMM ycTaHoBKamu (LLICHY). B ocHoBHOMY Le
NOAAICHIOETHLCA EKOHOMIYHICTIO, THYUKICTIO i LUMUPOKMMU MOXITUBOCTSIMU 3aCTOCYBaHHA AaHoi cuctemu. [lo ocHoBHUx nepesar LLICHY cnig
BifiHECTU: TEXHIYHO HECKNAAHUM i WWUBUAKMA MOHTAX; HAsiBHICTb BENIMKOI raMn TUNOPO3MipiB CBepANIOBUHHMX HAcoCiB, WO AA€E MOXIUBICTb
eKcnnyaTyBaTy CBepANIOBMHM B LUMPOKOMY Aiana3oHi AebiTiB i arpecuBHOCTI nnactoBux ¢nioigiB; MOXNUBICTL aganTadii 40 3MiHHUX YMOB
NPUTOKY PiANHU B CBEPASIOBMHY 3a paxyHOK 3MiHU YacToTu xoAiB NNyHxXepa, AOBXWHU xoay NinyHXxepa i ecpeKTMBHOI NOBEPXHi NNyHxepa
CBepANOBUHHOIO Hacoca; HeBUMOITUBICTb A0 TEXHIYHOro o6¢cnyroByBaHHs Ta iHWi [6].

YmoBu po6oTu o6nagHaHHsa LLICHY noginsaoTbcA Ha HopmanbHi Ta ycknagHeHi. [lo HopManbHUX YMOB BifiHOCATLCA NPAKTUYHO BepTUKaNbHi
CBEPANOBUHU 3 HEBENIMKMM ra3oBuM (hakTopoM i 6e3 NomiTHOro BNnMBY rasy Ha po6oTy cBepANOBUHHUX HacociB mobux Tunie, 6e3
nickonposBiB, AKi AalOTb HadTy cepeaHbOI B’AI3KOCTi, 663 aKTUBHOI KOPO3ii NiA3eMHOro o6nagHaHHA, 6e3 iCTOTHUX BiAKNaaeHb HeopraHiYHUX
Mpu HassBHOCTI X OQHOIO YU KinbKoXx 3 nepenivyeHnx pakTopis, AKi yCKNaAHOKTL eKcnnyaradilo, CBepAnoBMHA NepexoanTb B iHLLY,
BiANOBIAHO A0 yCKnaaHIo4Yoro gakropa KaTeropito: B _MOXWUIO CIPAMOBAHI, NiCKONPOSABAAOYI, 3 ra3onposiBaMu, CXUIbHi A0 coneBiaKknaneHb.

Han6inbw BaxnuBumm i ycknagHorounmm ekcnnyartauito LLUCHY dakropamm €: Benuka KpuB1M3Ha CTBoNa CBepANIOBUHU; BUCOKa B’A3KICTb
NpoAyKLii; HasiBHICTb NiCKy Ta MeXaHiYHUX AOMiLLOK.
LLICHY ansa ekcnnyaTauii oAHOro nnacra cknagaeTbcs 3 NpuBoAy _(Bepcrata-kayanku), obnagHaHHS YCTS, KOMOHW HACOCHMUX LUTAHr i KOMOHW

HaCOCHO-KOMMPECOPHMX TPyD, a Takox BCTaBHOro abo HeBCTaBHOro CBepANIOBUHHOIO Hacoca [6].
BaranbHa knacudikauisi NpMBOAIB LLUTAHIOBMX CBEPATOBUHHUX HACOCIB NpeacTaBneHa Ha puc. 1.1 [6].

PucyHok 1.1 - 3aranbHa knacudikauis npMBoAiB LWITAaHrOBUX HacociB [6]

MpuBoAM WITaHrOBOro CBEpPANIOBUHHOIO Hacoca MOXYTb KnacudikyBaTucs:

1) 3a poaOM BUKOPUCTOBYBaHOI eHeprii B nepeadi;

2) 3a yucnom o6¢cnNyroByOYNX OAHUM NPUBOAOM CBEPASIOBUH;

3) 3a BuAOom aBuryHa.

3a poaoM BUKOPUCTOBYBaHOI €Heprii po3pi3HsOTbL NPMBOAN: MeXaHiyHi, rigpaBniyHi, i nHeBMaTuyHi. B MexaHiuHoMy npuBoai
CBEepANOBUHHOIO Hacoca OCHOBHI (PYHKLIT BUKOHYIOTb MexaHi4Hi nepepadi. NMepeaasanbHOK NaHKOK B rigpaBniyHUX NnpuBoaax
3aCTOCOBYHOTLCA PiANHK, a B MTHEBMaTUYHUX - NoBiTpa [6].

Han6inbw nowmpeHnMmn € MexaHiyHi NpMBOAM WITAHFOBUX HacociB. KOHKpeTHe 3acToCcyBaHHA MaloTh riagpaBniyHi NPUBOAU HAcOCIB.
MHeBMaTU4Hi MexaHi3aMu B SIKOCTi NpUBOAA Hacoca MalTb He3HaYHe 3aCTOCyBaHHs i3-3a 6araTbox iCTOTHUX HeponikiB. B MexaHiuHux i
riapaBniYHUX npuBoAax NHeBMaTU4YHi MexaHi3MU 3aCTOCOBYIOTbLCA fIK 3piBHOBaXXyBanbHi cuctemu. Byab-akuin Bua npMBoAa LUTaHrOBOro
Hacoca Mae NepBMHHUIA ABUTYH, B IKOCTi IKOFO BUKOPUCTOBYHOThL eNeKTpUYiHi abo TennoBi ABUryHu. Ponb TennoBoro ABUryHa B OCHOBHOMY
BUKOHYIOTb ABUIYHU BHYTPiLLHbOrO 3ropsiHHA, NpaLloloyi Ha piAKoOMy nNanusi, 4 ra3oBi ABUryHM, Npawolodi Ha npomucnosomy rasi [10].
3anexHo Bif YMcna o6cnyroByoYnx CBepANOBMH OAHUM NPUBOAOM OCTaHHI MOXYTb OYTU: iHAMBIAyanbHi abo rpynosi. B nepwomy Bunagky
6inA KoXHOI cBepANoOBMHU BCTAHOBIIOETLCA CBill iHAMBIAyanbHUI NpMBOA 3 ABUIYHOM, BeAeHa flaHKa NnpuBoAa 3’€AHaHa 3 KONIOHOK
HACOCHMX LUTAHT.

IHAuBiayanbHi MexaHiYHi NPMBOAU BMKOHYIOTb 3a Pi3HUMU MPUHLMMOBMMW CXeMaMM 3aneXHOo Bif_ KOHCTPYKTUMBHOrO MNpuaHadyeHHs. B

OCHOBHOMY BOHM CKIlapaloTbCs 3 ABOX TUMIB MexaHiamiB [1, 6]:

- ANA 3HWKEeHHS WBUAKOCTIi o6epTaHHA Bana ABUryHa A0 YMcna XoAiB TOUYKM NiABiCY LITAHT; - AN NepeTBOPEHHSA 06epTOBOro pyxy NaHKM 3i
3HMKEHUM YMCcrIoM 06epTiB B 3BOPOTHO-NOCTYNanbHUI PyX TOYKU NiAaBicy wTaHr. NMeplwa rpyna mexaHiamiB Ha3BaHa TpaHcMmicieto abo
nepepayero o6epToBOro pyxy, Apyra rpyna - nepeTBopror4MmM MexaHiamMoM. Oco6numBuiA BNNMB Ha po6GOoTY | KOHCTPYKLiO NpMBOAA Hacoca Mae
NpUHLUMNOBa KiHemMaTU4Ha cxema nepeTBoploloyoro Mexadiamy [10].

3a_BuaamMy nepeTBOPIOKYNX MeXaHi3MiB, MexaHi4yHi NPMBOAM LITAaHrOBUX HAacOCIB NOAINAIOTLCA Ha ABi rpynu: 6anaHcupHi i 6esdbanaHcupHi. B
6anaHcuMpHOMYy NpuBOAI BepTUKaNbHUI 3BOPOTHO-MOCTYNanbHUIA PyX TOYKU NiABICY WTaHr 34INCHIOETLCSA 3a 4ONOMOro ronaaryoro
6anaHcupa (kopomucna), a B 6e36anaHCUpHUX NpUBOAAX MeXaHi4YHOI Aii e pyx 34iNCHIOETLCA IHWMMKU MeXaHi3MaMu 6e3 3acTocyBaHHA



rovipaaroyoro GanaHcupa [6].

_B HadbTonpomucnoBii npakTuui 6anaHcupHi iHAMBiAyanbHi NpUBOAN Ha3MBalTb BepcTaTaMu-Kavankamm.

BepcTtaTtu - Ka4anku BUroToBNAOTL Y ABOX BUKOHaHHAX: CK (akcianbHi) - BunyckatoTbca cemu Tunopo3smipis, CK (ae3akcianbHi) - wectn
TUNOPO3MIpiB.

OpHonneunn npmsig, wraxrosoro Hacoca OlMHLL 100-3-56 (puc. 1.2) npu3HadeHunii Ana ekcniyarawii Ha Manux i cepefiHix YacToTax KavaHb npu
MaKCMManbHi JOBXMHI Xxoay wToka 3 m [6].

PucyHok 1.2 - OgHonneunit npusig Hacoca wraHrosoro ONMHLL 100-3-56

BigpisHstotbes Bucokoto, Ao 20 %, EKOHOMIYHICTIO €HeprocnoXMBaHHS B NMOPIBHSHHI 3 BiANOBIAHMMY BepcTaTaMu-kavankamm 6anaHcupHoro tuny [6]:

- CNpUATNBA AVHAMIKa, siKa 3HUXYE NIKOBi HABAHTAXKEHHS B KPaWHiX MOMOXEHHSIX, NMOKPaLLye ekcnyaTaLiiiHi yMoBM | NOAOBXY€E TEPMiH CIy>XOu LUTaHr,
CUIMOBUX BY3MiB i AeTanew npuBoay;

- MPUBOAMN OCHALLYIOTLCA TPUCTYNIHYATUM PEAYKTOPOM, HaAiNHICTb SIKOro nepeBipeHa TpMBarow NpakTUKOK ekcniyaTtauii Ha HadpTonpomucnax;

- LUBMAKO MOHTYIOTLCS | A@MOHTYIOTLCS 3aBASIKU BEPXHI YacTWHI npuBoAy (6anaHcwvp, CTilikv, TpaBepcw, LWaTyHW), SiKi LLIAPHIPHO CKMafaoTbes B
KOMMaKTHWUI TPAHCMOPTHWIA NaKeT;

- KpinnieHHsa KpMBOLLMMIB Ha BMXiAHOMY Bany pegyKkTopa aHanorivyHo ix KpinneHHo Ha npusogax tuny CK i CK[ 3a gonomoroto knemHoro 3aTtuckaya 3
andepeHuianbHUM pisbboBUM 3'€gHaHHAM;

- BUKOPWCTOBYETLCS €AMHWIA MIALLIMMHMK HA HWXHI roniBui WaTyHiB, onopax 6anaHcupa i TpaBepci;

- 3abeaneyeHnin BiNbHWIA JOCTYN A0 ABUryHA AN MeXaHi30BaHOrO MOHTaXy i AEMOHTaXy i 3py4HUIn 4OCTYN A0 peayKTopa Ans 06CnyroByBaHHS | 3anmBKu
mMacna, a Takox A0 YCiX NigLLUMNHUKOBUX BY3MiB NpUBOAY;

- OCHaLLeHi LWBUAKOAIIOYUM ANCKOBUM ranbMOM, LWBWUAKO3HIMHOK MOBOPOTHOO rONOBKOK BanaHcupa 3 po3'eMHO HUXHBOK OMOPOLD, PYYHUM NPUCTPOEM
NS NepeycTaHOBIIEHHS AOBXMHU Xofdy 6e3 3acTocyBaHHS aBTOKpaHa.

BigmiTHoto ocobnusicTio BepcTartiB-kavanok MHLL 60-2,1-25 (puc. 1.3) € Bucoka SKiCTb i yHiBepcanbHicTb yeTaTkyBaHHs. Y MNLLIH 3acTocoByeTbcs HOBUM
3-CTyniHYacTWin pegyKkTop, O AO3BOMNSE 3MEHLLNTU HABAHTAXKEHHS Ha eNneMeHTU peayKTopa i ABUryH, MOHU3UTK piBeHb LWyMy. Lle npuHUMnoBo HoBui
BWA YCTaTKyBaHHA sike [O3BOMSAE, 3BeCTW A0 MiHIMyMy (Ha 25 %) BUHMKaIOYI NIKOBI HABaHTaXEHHS, 3aCTOCYBaTW ABUIYH MEHLLOT NOTYXHOCTI | OTXxe
NMOHU3WUTW CMOXMBaHHA enekTpoexeprii [10].

MpwuBiA WTaHroBOro Hacoca AN CBanHOT OCHOBU I'IHIJJCBSO-S (puc. 1.4) npu3HavaeTbca AN BUKOPUCTAHHS Ha CBaMHWX OCHOBAX B 30HaX BiYHOI
Mep3noTy. By3nu KpMBOLLMMHO-LLIATYHOBOrO MexaHiaMy B3aeMo3aMiHHi 3 BianosiaHum Byanamu npusogy MHLLU 80. Pos'emHa HukHSA onopa ronosku
6anaHcupa 3abesnedvye WBUAKUA MOHTAX | AEMOHTaX roniBku 6anaHcupa B HazeMHOMY nonoxeHHi [10].

PucyHok 1.3 - Mpwusig Hacocis wraHrosmx MHL 60-2,1-25

PucyHok 1.4 - MpuBig Hacoca wTaHroBoro Ans ceanHoi ocHosw MHLLUC 80-3
MpuBia wraHrosoro Hacoca Tymboeun MHLUT 60-3 (puc. 1.5) npusHadeHnii ang ekcnnyatauii Ha Manux i cepefiHix YacToTax KadaHb Npy MakcumarnbHin
[LOBXWHI X0y LUTOKA .

PucyHok 1.5 - Mpusig Hacoca wrtaHroBoro Tymb6osun MHLUT 60-3

LLnpokuin fiana3oH BUGOPY YaCcTOT KayaHHs | NOTYXXHOCTEN ABUTYHIB J03BONsiE 3a6e3neynT onTumMarnbHi ekcnnyatauiinHi yMoBu HadpToBnaobyTKy npm
MiHiManbHWUX eHeproBuTpaTax. Byanu KpMBOLLUMMHO-LLATYHOBOIO MexXaHiaMy B3aeMo3aMiHHI 3 BianosigHumu By3namu npusogis MHLL 60-2,1 [ 6,_10]..
_MpuBia naHuoroBui ceepanoBUHHOINO LiTaHroBoro Hacoca ML, _80- 6,1 (puc. 1.6) BiaHOCKTbCA A0 Knacy 6e36anaHCUpPHUX NPUBOAIB.
[MpusHayeHu ana _ekcnnyatauii_Bucokoaebithux (Ao 100 1/ Ao6y)_cBepAnoBUH.

_NepeBaru:

- NNaBHi JOBroXoA0Bi PeXMMM_BiAKadyBaHHSA CrpusioTh 36inbLIeHH0 HaAiMHOCTI | [OBroBiYHOCTI_YCiX CkNa[0BMX YaCTUH HACOCHOT YCTaHOBKY,

3HWXKEHHIO 3HOCY LITAHT i TPYO, 36inbLeHHI0 kKoedilieHTa HaNnOBHEHHSA _Hacoca;_
- BUKOPUCTOBYIOTbLCA LUTAHIOBI Hacocy 3 GinbLluok Nofayeto;_

-_PEayKTOp BUKOPUCTOBYETHLCA 3 _MeHLIMM_06epToBuM MomeHToM_(y_5-8 pasiB)_i 3 MeHWMM nepegaBanbHUM _YUCTIOM;_
- _nuUTOMi eHeproBuTpaTtu B 1,5-2 pa3u Hwk4e_nopiBHaHO 3 EBH.

PucyHok 1.6 - Mpwusig naHutoroswuii ML} 80-6,1

KoHcTpykTMBHI oco6nuBocTi npuBoay: 1 Ha BigMiHy _Bif_naHuorosux npuBopais ¢ipmu «Rotaflex» 3akputoro _tuny_npusia € npusoaom
BigKpuToro Tuny. Take pilueHHA A03BoONsi€ 3a6e3ne4YnTu BilbHUI [OCTYN OO OCHOBHUX BY3NiB NpuMBOAY NPy KOHTPOIi iX npaue3gaTHOCTI, Npu
obcnyroByBaHHi | peMoHTi. 2 [inA 3a6e3ne4vyeHHs 6e3neyHoi _i_6e3aBapiiiHoi po6oTu NpuUBIA OCHALLEeHMI ABOMA aBapitHMMKU ranbmamu, _oaHe 3
HUX - MexaHiYyHe, BCTaHOBMIOETLCA HA NPOTMBA3i,_iHLWe - eNneKTpoOMexaHiuHe - Ha pob6o4vomy ranbMi peaykTopa. ABapiliHi ranbmMa aBTOMaTU4HO
3YNUHAKTbL NPOTUBAry i ABUryH Npu o6puBi WITaHr a6o kaHaTa. 3 [inA 3anobiraHHA MOXNMUBOMY CXOAy KaHaTa 3 KaHaTHUX GrokKiB npu

3aBUCaHHI WITaHr By305 KaHaTHUX BNOKiB OCHaleHUi crelianbHUM o6MexXyBayeM cxoay KaHatiB. 4 MpuBia ocHalleHU _cucTemoro
enekTpobnokyBaHb, L0 BiAKMOYaE ABUTYH NPU HECaHKLiOHOBaHOMY _BiKpUBaHHI 06ropoaxyBaHb, BEPEW.

BesbanaHcupHi Bepctatu-kavanku MHKLL (3 KpMBOLWIMNHO-LWKIBHUM NEPETBOPIOIOYMM MEXaHIi3MOM) NpU3HaYeHi: AN NepeTBopeHHs obepTanbHOro
pyXy eneKkTpoaBuryHa B_3BOPOTHO- MOCTYManbHUi pyx TpaBepcu i Aarni yepes KONoHy LWTaHr nepegadi pyxy nnyHxepy Hacoca [6].

BesbanaHcupHi BepcTtatu-kayanku MNMHKLL mMatoTb opuriHanbHy KOHCTPYKLLIKO KPUBOLLMMHO-LLKIBHOTO NEPETBOPIOOYOro MexaHiaMy 3 V-nogibHum
po3TallyBaHHSM FiNoK KaHaTta, 3aBAsKW SKOMY BiACYTHI MacMBHWUI 6anaHcup i rpomi3faka NoBOPOTHA rofoBka, LWo A03BONMNo 6aratopasoBo NOHU3UTK
AMHaMIYHI HaBaHTaXeHHs, 3abe3ne4ynTy BUCOKY Mipy 3PiBHOBaXEHHS, @ TakoX MOBHY BiACYTHICTb HErATUBHUX KPYTHUX MOMEHTIB Ha peaykTopi [6].

1.2 Bubip NnpoToTMNY OCHOBHOIO 06nagHaHHs

O6nagHaHHA, Wo BxoauTb go cknaay LWCHY noginfeTbca Ha HazeMHe | cBepAnoBuHHe (kpecneHHss BP.I'MI-86.00.00.000 C3). 1o HazemMHoro
obnafHaHHs BiAHOCATLCSA: BCTAHOBMEHUI Ha (DyHAAMEHTI NpMBoA (BepcTaT-kavarska), Lo Cry»XWTb AN NepeTBOPEHHS 06epTOBOro pyxy eneKTpoABUryHa
B_3BOPOTHO-NOCTYNanbHWUI PyX CBepAMIOBMHHOrO Hacoca;_o6nafHaHHA YCTS CBEPR/ANOBUHY - ANs 3anobiraHHs Buxoay NpoAaykKuii Ha NoBepXHO




Ta AnA HanpaBneHHA NOTOKY PiAVHM, WO BUXOAUTL 3 CBEPATIOBMHMU; YCTbOBWIA CarnbHUK; B30 NiABICKM CanbHWUKOBOTO LUTOKA (kaHaTHa nigsicka);
YCTbOBWI LUTOK.

[lo cBepANOBUHHOrO o6nagHaHHA BiAHOCATLCA: CBepPANOBUMHHUNA WUTAHFOBMIA HAacoc - ANA BigkavyyBaHHA NpoAaykKuii cBepANoBUMHU Ta
NigHATTA i N0 HACOCHO-KOMNpecopHUx Tpybax; konoHa HKT - ansa nignomy npoaykuii cBepAnoBUHU; KOMIOHA HACOCHMX LUTAHT, WO €
NPOMIXKHOIO NMAaHKOK MK MPUBOAOM Ta CBEPASIOBUHHMM _HACOCOM;_KOMMNEKT 3aXMCHUX NPUCTOCYBaHb AN 3anobiraHHsA LWKiANMBOMY BNIMBY

nicky i BinbHoOro rasy Ha npuMMWoMi Hacoca (_MpoTvnicCoYHi (pinkTpu, ra3osi sikopi).

1 - npusia LLUCH (BepcTaT-kavyanka), 2 - oyHAaMeHT, 3 - niABicka yCTbOBOrO LITOKA, 4 - yCTLOBUI LUTOK, 5 - o6nagHaHHA ycTs, 6 - nnaHwanba, 7
- MycpTa wraHrosa, 8 - konoHa wrTaHr, 9 - konoHa HKT, 10 - konoHa ekcnnyarauiniHa, 11 - onopa 3amkoBa, 12 - LUICH PucyHok 1.7 - Cxema
LITAHFOBOI CBEPAIIOBMHHOI HACOCHOI YCTaHOBKMN
Mpu3sHayeHHsA NpMBOAY LUITAHFOBOro Hacoca - NnepeTBopeHHs 06epTOBOro pyxy Bana enekTpoaBUryHa y 3BOPOTHO-MOCTYNanbHUA PyX TOYKU
niasicy wraHr. MpuBia Moxe 6yTU MexaHi4YHUM, rigpaBnivyHMM i nHeBMaTU4HUM. Ha aaHuin yac Hanbinbworo nowmnpeHHA Habynu came
6anaHcupHi iHAMBIAYanbHI MexaHiYHi NPUBOAM LUITAaHFOBMX CBEPANOBUMHHUX HAcoCiB - BepcTaTu-kavanku (puc. 1.7) [6, 7].

Pi3HOMaHITHICTb TMNIB CBEpANOBUHHUX HacoCiB i cneundivHiCTb X KOHCTPYKLi 3yMOBNeHa LUMPOKUM Aiana3oHOM 3MiHM napameTpis LLICHY Ta
HeOoOXiAHICTIO NPUCTOCOBYBATUCL A0 BaXXKMX YMOB po60TU nia3emHoro obnagHaHHA. Hacoc noBuHeH 3a6e3nevyBaTy Npu BignoBiAHIN rMuMbuHi

oro cnycky HeobxiaHy nopavy sik B’A3KOi, TaK i ManoB’A3Koi NnacToBoi pianHK. CBepAnoBUHHUIA HAacoC B BinbLIOCTI BUNaAKiB € HACOCOM OAMHAPHOT
Aii 3 npoxiaHMm nnyHxepoM. Hacoc Lporo Tuny B pisHnx MoaudikaLisx fo3sonse Bigdupaty nnactosy piavHy Ao 400 1/406y npu rmubuHax niasickv
Hacoca go [11].

LLiTaHroBi cBEpANOBUHHI HAaCcOCK NpPU3HaYeHi AnsA BigkavyyBaHHSA i3 HATOBMX CBepANOBUH _PiAvHU 3 Temnepatypolo He Ginbwe 130 C,
obBoAHeHicTIo He Binblwe 99 % 3a 06’eMom, B’a3kicTio 0,3 Ma-c, MiHepanisauieto Boau Ao 10 r/n, BinbHOro rasy Ha npuinomi He Ginbue 25 %,
cipkoBoAHI0 He Ginblue 50 Mr/n i kOHLeHTpaLlieto ioHiB BogHIo pH 4,2-8,0. 3Ha4yeHHA rPaHUYHUX NapaMeTpiB YMOB po6OTU MOXYThb

HKT, a_uuniHap »kopcTko 3B’A3aHMM 3 LUTaHramu, 3iMCHIOE 3BOPOTHLO-MOCTYNanbHU pyx. Hacocu MoxyTb 6yTu BCTaBHi i HeBCTaBHi. 3a
MicuieM 3akpinneHHsa B konoHi HKT BcTtaBHi Hacocu MoXyTb 6yTH 3 3aMKOM HaBepXxy i 3aMKOM BHU3Y. 3a TUNOM LUNiHAPA - 3 TOBCTOCTIHHUM i
TOHKOCTIHHUM LMIiHAPOM. 3a TUMOM NIyHXepa - 3 MeTaniYHMM NIYHXePOM i NIYHXePOM 3 M’SIKUM yLlinbHeHHsAM (puc. 1.8).

a- RHA, RLA; 6 - RWA, RSA; B - RHB, RLB; r - RWS, RSB;
0 -RHT, RLT; e - RVT, RST, x - TH

Pucykok 1.8 - Knacudikauisi LUTaHroBux Hacocis 3a ctaHaapTom [3]

HacocHo-komnpecopHi Tpybu (HKT) npusHadeHi Ans TpaHCcnopTyBaHHsS NPOAYKLiT CBEPANIOBVHN Ha NOBEPXHIO; NoAaYi B CBEPANOBUHY Pi3HUX POBOUMNX
areHTiB 3 METOI NPOBEAEHHS TEXHOMOTYHUX NPOLIECIB, SiKi NOB'A3aHi 3 BUA0OYTKOM HadT i rasy, iHTeHcudikauieto BUAobyTKy, BUKOHAHHSAM NiA3eMHUX
PEMOHTIB i aBapilHMX pooiT.

HacocHo-komnpecopHi Tpybu no FOCT 633-80 MoxyTb BUNyckaTtucst Yotupbox Tunis [4] (puc. 1.9):

1. rmagki i MydTn 40 HKX;

2. 3 BUCAOXXEHUMM HA30BHI KiHLAMY | MydTV A0 HUX (Tun B);

3. rmapki _BucokorepmeTuyHi i Mydtn ao Hux (tun _HKM);_

4. 6e3myhTOBI BUCOKOrepMeTUYHI 3 BUCAIPKeHUMM Ha30BHiI KiHusimu (Tun HKB).

Kpim BULLEe 3a3Ha4YeHMX iCHIOTb Takox MydTOBI Tpy6u, MatoTb TpaneueBuaHy pisbdy i no FTOCT BUTPMMYIOTL Tow e Tuck (Ao 50 MIa) sk i 6e3amydToBI.
Tpy6u HKT i3 cnnasis 3 antomiHieM BigpisHAIOTLCA BiACYTHICTIO CIpKOBOAHEBOI KOPO3ii, TOMY 3acToCyBaHHs iHrib6iTopiB He 060B'A3k0BO. [MpK MiHIManbHi
Basi, JaHWN TUN NepeBuLLYyE 3a CTyNeHeM MILHOCTI cTanesi aHanoru B 2,5 pasu.

a) - ragki i MydTr 8o HKX; 6 - 3 BUCaMKEHUMU HA30BHI KiHUAMY | Myd T Ao HUX (Tvn B); B - rmapki _BucokorepmetuyHi i Mydytn Ao Hux (tun _HKM)
I - 6e3MyhTOBI BMCOKOrEepMETUYHI 3 BUCAOXKEHUMM HA30BHI KiHUsMY (Tvn HKB)

PucyHok 1.9 - HacocHo-komnpecopHi Tpy6bu

FOCT 633-80 nepeabayae BUroToBNEHHs1 TPYO MO TOYHOCTI i AKOCTi ABOX BUKOHaHb: A i B. Tpybu_ ycix Tunis BUKOHaHHS A _BUNYCKaOTLCSA
3aBAOBXKW ,_3 MOXITMBUMM BiaxuneHHsamu £5 %. Tpybu BukoHaHHA b BUroToBnsiOTb ABOX rpyn AOBXMH: rpyna 1 - Big 5,5 40 ;rpyna 2 -Big
8,500.

Tpybwu cnony4valoTb 3a 4OMOMOrOK KOHIYHMX pi3bb 3 TpukyTHUM (HKT) abo Tpaneueigansium (HKM, HKB) npodinem.

LlitaHra npeactaBnsie co6oto cTanbHUN CTePXKeHb KPYrnoro cidyeHHs giametpom 12, 16, 18, 22

__3 BUCAAXKEHUMMU KiHUAMM. Ha KiHUAX LwiTaHm
MatTb AINSHKY KBafApPaTHOro CiYeHHA ANA 3axOMfeHHsa nid Knwod. [na 3’eAHaHHA LuTaHr OAHAKOBMX PO3MIpiB BMMYCKAOTLCA 3'€AHYBarbHi

6e3 Hux. 3a [OCT 13877-96 nepenbayeHo _BurotoneHHs HLL HomiHanbHOK AOBXWUHOK . [lns nig6opy Heo6XiaHOT AOBKUHM NiABICKM _KONOHM
BUIOTOBMATb BKopodeHi HLL aoexuHoto 1000, 1200, 1500, 2000  [5].

1- pi3bba, 2 - 3apisbboBa kaHaBKa, 3 - ynopHui 6ypT, 4 - kKBagpaTHa YacTUHa NiA Ko, 5 - onopHuit (nigenesaTtopHuit) 6yprt, 6 - rantennb, 7 -
Tino wraHrm

PurcyHok 1.10 - KOHCTPyKLiSt HACOCHOT LTaHrm
1.3 Bnnue ymoB po6oTtu Ta Bubip obnagHaHHs [1,10]

Mpu BGOPI cnocoby BnaobyBaHHA HadTK Ta BUKOPUCTOBYBAHOrO 0B6NagHaHHSA B SKOCTi OCHOBHUX MOKA3HWUKIB PO3INSAAOTECA TEXHIYHI, TEXHOMOriYHI Ta
ekcnnyarauiiiHi napameTpu. [ins onTMMansHOro BUpILLEHHS L€l 3aadi BUKOPUCTOBYOTb AaHi, 3ibpaHi Ha npomucnax, 4e BUKOPUCTOBYHOTHCS



[ocnigxkysaHi cnocobu.

AHanisytoun aaHi [1], 6a4nmo, Wo B NOPIBHSAHHI 3 iHWKUMK cnocobamu BuOobyTky Had T, BUAODOYTOK 3a JONOMOTOH0 LUTAHIOBMX CBEPASIOBUHHUX
YCTaHOBOK BMMarae BiIHOCHO HEBEMUKMX KaniTanoBknageHb, € HanpauboBaHUA BENVKWIA Aiana3oH TMNOPO3MipiB Nig3eMHoro obnagHaHHs, koedilieHT
KopucHoi aii ctaHoBuTtb 50 - 60 % (npu Buaobytky YEBH - 50 %, rigposarnnbHumu Hacocamu - 30 - 40 %, 3a gonomoroto rasnidty - 20 %), € MOXNMBICTb
peryntoBaHHs nofadi - 3a 4ONOMOrok 3MiHM HYacTOTU XOAIB LUTOKA, AOBXMHW XOA4Y MOMNipOBaHOro LUTOKA, Y/ 3a AOMOMOrot 3MiHM diameTpa Hacoca. [1o
HeponikiB, AN BUPILLEHHS SKUX BAPTO NPUAINUTY yBary, HanexwTb WMOBIPHICTb NPOTiKaHb Yepes yLinbHeHHs. 3aranom, HaginHicte LUCHY pocuts
BMCOKA, NPOTE NPU HASABHOCTI YCKMagHeHb 3MEHLLYETbCS.

YcTaHoBKa LUTAHIOBOrO CBEPAMOBUHHOMO Hacoca 3aCTOCOBYETLCS ANst BUAOOYTKY HachTh Npw AiameTpi 06cafHOi KONOHW He MeHLUEe Npu rmubuHi
CBEPANOBUHN MeHLUe npu cepedHbonoboBomy AebiTi 6insi , a Takox Npu cepeaHbopo6oBoMy AebiTi 6ins npu rmMmbuni ceepanosuHn 4560 m [2, 6].
MepeniveHi BULLE hakTopw, a Takox NPoOCcToTa 06CNYroByBaHHS Ta BUCOKA HaiHICTb LUTAHTOBUX HACOCIB, MOXIMUBICTb BUKOPUCTAHHS HaBiTb Npu
CKINagHUX yMoBax (HasBHICTb B BUAOOYTIN HadTi nicky, H2S, cxunbHicTb A0 napadiHo- BiAknaaeHb) Npu3Beny 4o LWMPOKOTo iX BUKOPUCTaHHS Ha
npomwucnax [10].

Bu6ip obnagHaHHs 3rigHO BUXIAHWX JaHuX [7]

BuxigHi gaHi:

MunbuHa ekcnnyatauinHoi cBepAIOBUHN, M 3150
[e6iT piamHn, m3/a06y 27,0
MnacTtoBun Tuck, Mlla 34,7

Tuck Ha ycTi, Mla 1,2
_KoedhiuieHT npoaykTuBHocTi, m3/(8o6y-MIla) 1,257
F'ycTuHa npoAaykKuii cBepAnoBUHM, Krim3 900
PekomeHAOBaHUM TUCK HA NpuoMi Hacoca, MMa 1,6

Busnayaemo BUGIiHMIA TUCK, Npu AKOoMy 3abe3nevyeTbes Biabip NNacToBoi pianHM:

= Ma (1.1)

_Ae - nnactoBum Tuck, MMa; - ne6it cBepanoBuHun, m3/0006y; - koedilieHT NPOAYKTUBHOCTI CBEpANIOBUHM, M_?:/(_/:lo_ﬁyﬂ;ﬂM);_
BusHayaeMo rmmbuHy__AMHaMiYHOro PiBHA NpW _3aAaHoMy_BiAGip NNacToBoi PiAUHK:

M (1.2)

_Ae - rmubuHa cBepanoBuHU, M; - BUBINHUI TUCK, Ma;

- rycTuHa npoaykKuii cBepanoBuHU, Kr/mM3;

- MPUCKOPEHHA BiNbHOro nagiHHA, m/c2.
BusHayaemo Hanip, kM NOBUHEH PO3BUBaTK Hacoc Ans NiANoMy NpoAyKLii Ha NOBepPXHIo | 3a6e3neYeHHs Npu LIbOMY HEOGXiAHOro TUCKY Ha
yCTi CBepAnoBUHU: M (1.3)

_Ae - Hanip Ha yCTi CBepANOBUHU: M (1.4)
ne - GydepHuit TUCK (TUCK Ha yCTi cBepanoBuHM), la.
Bu3Ha4yaemo rmmbuHy cnycky Hacoca: M, (1.5)

Ae - rMubuHa cnycky Hacoca nia AMHaMiYHUIA _piBeHb, Ska BU3HAYAETbCA 3 YMOBM [OTPUMAHHS PEKOMEHA0BaHOro TUCKY Ha NpUInOMi Hacoca: _
M (1.6)

[e - pekoMeHa0oBaHWI TUCK Ha NpUMAOMI Hacoca, Ma. Ha ocHoBi 3HaYyeHb Ae6iTy cBepAnoBMHM Ta IMUOUHM cNyCcKy Hacoca, KOPUCTYHUYUCH
piarpamamu obnacTi 3acTocyBaHHAl _BepcTariB-kayanok [7], Bubupaemo AiamMmeTp Hacoca, AOBXWUHY XoAy, KinbKicTb XoAiB ronoskn 6anaHcupa Ta
nonepeAHLO TUNOPO3Mip BepcTaTa-Kadasnku.

HeobGxigHo nigibpaTtn BepcTaT-kayanky Ansa cBepAnoBUHM 3 cepeaHiMm _aebitom 3a o6y npu rMUMGKMHI cnycKy Hacoca | BUSHAYUTU PeXUM
BifikauyBaHHs ANA OTPUMaHHA BKa3aHOI _NoAavi.

Mo _ropu3oHTanbHili oci 3 TOYKK, WO BignoBiAae rMUbuHI cnycky Hacoca [7],_NpoBoauTbCS NepneHANKYNSp A0 NePEeTUHY 3 FOPU3OHTaNbHOK
npsiMoto, fika BignoBiaae nogayi _Hacoca =26 m3/0o6y. OTpumaHa Touka nonajae B obnacTb 3acTocyBaHHA BepcTaTa-kayanku CKO8-3,0-4000,
a came, B peKOMeHAoBaHy 06acTb 3aCTOCYBaHHA Hacoca _[iaMeTpoM _Mpu AOBXMHI _xoay . [1na BU3Ha4YeHHA HeobXigHOI KinbKocTi xoaiB
ronoBku 6anaHcupa npu 3agaHin pekoMeHA0BaHIN AOBXUHI XoAy, NOTPiIGHO NPOAOBXUTU Bropy nepneHANKynAap, nposeaeHUn Big
rOpPU30HTaNbHOI OCi, A0 NepeTUHY 3 BEPXHLOK [PaHULIED [aHOl peKOMeHAOBaHOI o6nacTi i BU3HA4YUTU BiHOLIEHHS_ A0

(1.7)

HeobxinHa KinbKicTb XoAiB _piBHa
c-1, (1.8)
_Ae - po3paxyHKoBa KifbKiCTb X0AiB ronoBku 6anaHcupa (BkazaHa Ha giarpami).

Busnayaemo piameTp wikiBa, AKMIA HeOGXiAHO BCTAHOBUTU Ha €NEKTPOABUIYHi, AN 3a6e3nevyeHHA Heo6XigHOT KinbKocTi xoaiB [7].
[ns yacToTu XoAiB ronoBku 6anaHcMpa MoXHa 3anucaTtu: , xs-1 (1.9)
_0e - YacTtoTa ob6epTaHHsA Bana enekrpoaBuryHa, xe-1, =1000 xB-1 [7];

- _NepenaBanbHe BiAHoOLWeHHs peaykTopa, =37,1 [6];

- AiaMeTp LWKiBa Ha eneKkTPoABUryHi, M. 3 Bullle HaBeaeHoro Bupasy. (1.9)_MoxHa BM3HaYUTW AiaMeTp LKiBa, AKUA HeoOXiAHO BCTaHOBUTHU
Ha eneKTpoABUrYHi: , M. (1.10)
O6uuncneHe 3HaYeHHA AiameTpa NPUPIBHIOEMO A0 GNMKYOro cTaHAapTHOro 3HayeHHs =0,224 m_ans nonepeAHbO BMGpaHOro Bepcrarta-
Kavanku [7].

[lna cBepANOBUHHOIO Hacoca, AiiaMeTp SIKOro BU3Ha4YeHo 3a Aiarpamotro obnacTi 3acTocyBaHHSA, BCTAHOBMIOEMO iHLLi Horo napameTpu (Tvn _
Hacoca, HeobxiAHY AOBXUHY NiyHXepa Ta rpyny nocagku, maTepianu Ans BUroToOBNeHHs By3niB Ta AeTaneun Hacoca). B ceepgnosuHax 3
BiJICYTHICTIO rasy 3 rmmbuHoto, L0 NepeBuLLYyE PeKOMeHAOBaHO BUKOPUCTOBYBATWM BCTaBHi HACOCU 3 BEPXHIM PO3MillleHHAM 3aMKOBOI onopu [7].
Mpw Hanopi Hacoca NoHag, pekoMeHAoBaHa AoBXMHA nnyHxepa [7]. Mpu mubuHi cnycky Hacoca 1000- i cepefHiii B'Aa3KoCTi NpoayKLUii cBepAnoBUHN

pekoMeHAoBaHa Apyra rpyna nocagkv napu niyHxep-umniHap 3 MiHiManbHUM 3a30poM | MakcMarbHUM 3a30poM [11].

3a nonepeAHbLO BU3HA4YEHOI MUGMHOK CNYCKY Hacoca BUGMPAEMO KOHCTPYKLIit0 PiBHOMILHOT KOFIOHM LUTAHT, sika 3aCTOCOBYETLCA B
KOMMNOHOBLi 3 BuGpaHum Hacocom: HLU19 - 55 %, HLW22 - 24 %, HLWWI25 - 21 % [5].

[Ans nepeBipKM KONMTOHU HACOCHUX LUTAHT Ha BTOMHY MiLIHICTb BU3HaYaEMO MaKCMMaribHi Ta MiHiManbHi HaBaHTaXXeHHSI HAa KOMOHY LITaHr Y



BEpPXHiX nepepizax KOXHOI CTyMneHi.
CnpoueHa copmyna I.M. MypaBioBa ansi BUSHa4€HHA MaKCUManbHOFO HaBaHTaXX€HHSI Ha KOFNOHY _LUTaHI
(1.11)

_Ae - Bara KOfMoHM LUTaHr Ha NoBiTpi, H;
- _koedilieHT _NnaBy4OCTi WTAHT; - FiApocTaTM4He HaBaHTaXX€HHA Ha KOJMOHY wWTaHr, H.

Bary wraHr y nosiTpi Bu3Hayaemo 3a chopmynoto:
H, (1.12)
Ae - Maca O4HOro MeTpa LTaHr i-i _cekuji_
HWA19 - 2,35 «kr/m;
HW22 - 3,14 kr/m;
HLU25 - 4,07 kr/m;
- AOBXWHa i-1 cekuii
HLL19 - 0,55:1836=1010 ™m;
HLL22 - 0,24-1836=440 m;
HLLU25 - 0,21:1836=386 M.
KoedpiuieHT _nnaBy4yocTi:

(1.13)
_Ae - rycTvHa maTepiany wraHr(=7850 kr/m3),
FippocTaTyHe HaBaHTaXEHHS Ha KOJIOHY LUTAHr:
(1.14)
Togai 3a coopmynoto (1.11)
H.
CnpoueHa cdopmyna [1.0. [IKoHCOHa ANl BUSHAYEHHSA MiHIManbHOro HaBaHTaXXE€HHS Ha KOMOHY LUTaHT
H. (1.15)
MakcumanbHi Ta MiHiManbHi HanpyXeHHA B _LITaHrax
—(1.16)
_Age - BiANOBiAHO MaKcMMarbHe i MiHiManbHe HaBaHTaXeHHA Yy HebesneyHomy nepepisy, H;

- NnoLa nepepisy WTaHr, M2.
ANs _WTaHr_AiaMeTpom.
M2;_
ONS_WTaHr_JjiamMeTpom
_M2; MpuBeaeHi HaNpyXeHHs1 B KONTOHi HACOCHMUX LUTaHr
, (1.17)
Ae - amnniTyAHi HanpyXeHHA uukny, Ma_
(1.18)

13877-96, ans sikoro AONyCTUMI NPUBEAEHI HaNpPY>XEHHS 3a KOPO3iNHUX YMOB A HAcoCiB AiameTpom 29- CTaHOBNATb 150[]MI'Ia.
MpoBoAMMO pPO3paxyHOK KOFIOHM HACOCHO-KOMMPECOPHUX TPY6 Ha MilHicTb. 3riAHO TeXHIYHOI XapaKTepucTUKM nonepeaHLO BUGpaHoro
Hacoca Bubupaemo piBHomiuHi HKT _aiamMeTpom 3 TOBLUMHOK _CTiHKM _Ta Macoko MOroHHoro meTtpa 7,2 kr/m [4]. MakcumanbHe
HaBaHTaXeHHs, Wwo Aie Ha konoHy HKT B ekcTpemanbHMX ymoBax (y BUNagKy o6puBy YCTbOBOIO LITOKA) BU3HaYaeTbCA 3a hopmyrnoro: H,
(1.19)
_Oe - Bara konoHu HKT B noBiTpi, H - Bara pianHu B konoHi HKT, H - Bara wraHr B piauHi, H Bary kononn HKT y noBiTpi Bu3Hayaemo 3a
chopmynoto: H (1.20)
_0e - maca ogHoro _metpa HKT, kr/m;
- rubuHa cnycky kononn HKT, =1836 m.
Bary piamun B konoHi HKT Bu3Havaemo 3a popmynoto:
(1.21)
Ae - nrowa BHyTpiwHboro nepepidy HKT BHyTpiluHiM agiameTpom 60-2-:5=50 MM, M2.

Bara KonoHu wTaHr B piguHi
=Pwr-Kn=52245-0,885=46237 H.
YMoBa MiLHOCTI AN piBHOMILHMX (3 BUCaAXXEHMMU HA30BHI KiHLsIMU) TPYO
Pmax)/[Frp=t/n (1.22)
_ng[E]Ip - _nnouia nepepisy Tina HKT, m2;
T - rpaHuLs NIMHHOCTI MaTepiany Tpybu, Ma.
- koediuieHT 3anacy miyHocTi konoHn HKT (npuitmaemo 1,5).
Mnowa nonepeyHoro nepepiay Tina Tpyéu
[:]Tp =(11/4)-(D2-d2)= (3,14/4):(0,062-0,052)=0,86-10-.
Topi rpaHnLs NNMHHOCTI MaTepiany Bu6panux HKT nosuHHa 6yTn GinbLwoto 3a 1,5-(210192/0,86-10-3)=367 MIMa. Ocrato4Ho Bubupaemo martepian HKT
rpynu miuHocTi [1, Anga akoi rpaHnusa nnuHHocTi 380 MMMa.
Minbupaemo npwueia LLICHY.
Hanb6inbw po3noBclogKeHMM Ha AaHui Yac € iHAMBiAyanbHUI, 6anaHCUpPHUIA, ABONEYUA NPUBIA - BepcTaT-kadvanka. NMonepeaHbo
BepcTaT-kadanky 6yno nigiépaHo 3rigHo giarpam o6nacti 3actocyBaHHA. NepeBipsSeMo NpaBunbHICTb AaHOro BUGOpY No HanbinbLwomy
HaBaHTaXEHHI0, WO Ai€ B Touli NiABillyBaHHA WTaHr. Lle HaBaHTaXeHHA MOXXHa BU3HaunTu 3a chopmyrnoto: H (1.23)

_0e - AMHaMiYHa cKnaaoBa _HaBaHTaXEHHS.
(1.24)
_0e - AiameTpu BiANOBIAHO Hacoca i WTaHrM; - KyToBa WBUAKICTb 06epTaHHA KPUBOLLUNA;
- BUOOBXEHHSA WITAaHr Bif Aii BarM ctoBna _piavHu.




(1.25)

_Ae - nnowa nepepisy Tina Tpy6 i wraHr M2, (1.26)
M. (1.28)
_Ae - AonsA cTyneHi, 3 AKOI CKNafaeTbCA KOMOHA _LUTaHL.
(1.29)
_Ae - MoAaynb NpyXHOCTi Ans ctani . c-1, (1.30)

O6umncneHe 3Ha4YeHHs1 HaMGiNbLIOro HaBaHTaXEHHS, LWO Ai€ B ToYli NiABilLYBaHHA LUTAHI,_MEHLIEe 3Ha4YeHHA MaKCMManbHO AONyCTUMOro

HaBaHTaXXeHHA Ha YyCTbOBUM WITOK BUGpaHOro BepcTaTa-Kkavanku, To6T0
77,023 kH&It;80 kH.
Omxe, Bbupaemo BepcTaT-kajasnky 3 MakCMMaribHUM HaBaHTaXXEHHAM Ha yCTboBUi LWTok 80 kH.

1.4 Onuc KOHCTPYKLiT BUGpaHoro obnagHaHHs

Bunbip HazemHoro i cBepanoBnHHOro obnagHaHHA NPOBOAKMMO 3riAHO po3paxyHKy, npoBedeHomy B M. 1.3.

O6nagHaHHs, Wo BxoAuTb Ao cknaay LWCHY noginseTbca Ha HaseMHe i cBepanoBuHHe (BP.I'MI-86.00.00.000 C3).

[o HazeMHOro o6nagHaHHA BiAHOCATLCA: BCTAHOBMNEHUIN Ha hbyHaameHTi 1 npuBoa (BepcTaT-kayanka) 2, Lo CryXuTb AN NepeTBOPEHHA

06epTOBOro pyxy enekTpoaBuryHa B 3BOPOTHO-MOCTYNanbHUI pyX CBEpPASIOBUHHOrO Hacoca,  obnafHaHHA YCTA CBepAfoBUHM 7 - Ans
3ano6GiraHHsA BuxoAy NpoAyKuUii Ha NOBEPXHIO Ta ANsl HanpaBrieHHsl NOTOKY PiAWHM, WO BUXOAUTL 3 CBEPASIOBUHU; YCTbOBUIA CarnbHUK 6;
By30§ NifBiCKM YCTbOBOIOro LUTOKa (kaHaTHa niaBicka) 4;_yCTbOoBWI LWITOK 5; WiTaHroo6epTay 3 - ANsi NpoBepTaHHA KOMIOHM HACOCHUX LUTAHT 3

MeToto 3anobiraHHa CIY.

[o cBepAnoBUHHOro o6nagHaHHA BiAHOCATbLCA: CBepPANOBUHHUIA LWUTAHFOBUMIA _Hacoc 12 - Ans BigkavyyBaHHA NpoAyKuUii CBepANOBMHU Ta
NiAHATTA il N0 HACOCHO-KOMNpecopHux Tpybax; komnoHa HKT 10 - ona nianomMy npoaykuii cBepANOBMHW; KONOHA MGPMAHMX HACOCHUX _LUTaHr
11,_ 110 € NPOMIXKHOK NaHKOK MiK_MPUBOAOM Ta CBEPANOBUHHUM HACOCOM;_KOMMMEKT 3aXUCHUX MPUCTOCYBaHb A5  3anobiraHHsa WwKianmsomy

BMAUBY MicKy i BinbHOro rasy Ha npuiomi Hacoca 13 (npoTtunico4Hi dinbTpK, ra3o.i sikopi).
BepcTaTtu- kayanku Bunyckatotbca no FOCT 5866, rvpnosi canbHuku - no TY 26-16-6- 96, HKT - no NOCT 633-80, wraHru - no FOCT 13877- 96,
Hacocu CBEPAOBUHHI | 3amkoBi onopu - no COY 11.1-00135390-2007.

Bepcrat-kayanka cnyxuTb Ans nepeTBOpeHHst 06epTOBOro pyXy eneKkTpoLABUryHa B 3BOPOTHO-MOCTYNanbHUiA pyx CBEepANIOBUHHOIO Hacoca i ans
YTPUMaHHS KOFIOHU HAaCOCHMX LUTAHI Ta CBePANIOBUHHOIO Hacoca B MiABilleHOMY CTaHi.

BanaHcupHUii_BepcTaT- kayanka cknagaeTbes 3 _pamu (puc 1.11),. BCcTaHOBMEHOI Ha _MacuBHOMY._ dhyHAaMeHTi. Ha pami _3MoHTOBaHi CTillka, _Ha
AIKi 32 4ONOMOrol0 WapHipa yKpinneHuit 6anaHcup, Wo Mae Ha OAHOMY KiHLi FONIOBKY, Ha iHLUOMY - LWapHip, WO crnonyyae Moro 3 WaTyHoM.
LLlaTyH cnony4eHuin 3 KPMBOLLMINOM, YKPiNfieHOMYy Ha BUXiAHOMY Bany peaykropa. BxiaHuit Ban peaykTopa 3a _[0NOMOro0 KNnHONacoBol
nepefadi cnony4YyeHui 3 enekTpoasuryHom. lonoBka 6anaHcupa 3'€fHaHa 3 KONIOHOK LUTAHr 3 []0NOMOrol0 KaHaTHOI niaBicku [6].

1 - pama; 2 - cTiika; 3 - 6anaHcup; 4 - TpaBepca; 5 - WwaTyH; 6 - KPUBOLLMM;

7 - peaykTop; 8 - ranbmo; 9 - mifgicka ycTboBoro wroka; 10 - enekTpoaBuryH;
11 - oropomxeHHsi; 12 - nnowaaka BepxHd; 13 - nnowanka HKHA

PucyHok 1.11 - BepctaTt-kavanka CK[8-3,0-4000

TexHi4YHa xapaKTepuCcTVKa BepcTaTa-kadyanku npeacrasneHa B Tabnuui 1.2.

PenykTop npuaHadeHuii Ans 3MeHLLEeHHs YacToTy obepTaHHs, sika nepeaaeTbCs Big ABUIYHIB KpyBoOLLMNam. PedykTop € CykynHiCTb ABOX nap
LUMNiHAPOBUX LIEBPOHHUX 3yByaTunx nepefay. PeqykTop - ABOCTYNEHEBUIA, 3 LUNIHAPUYHOO LLEBPOHHO 3yByacTolo nepedaveto 3adenseHHs HosikoBa.
LLiBnakoxigHa cTyneHb - po3ranyXeHuni WeBPOH, TUXOXiAHa CTYMNeHb - LUEBPOHHA 3 KaHaBKOW. BubpaHuii BepcTaT-kadasnka ocHalleHa peaykTopom
LI2HLW-7506 (pwuc. 1.12) [10].

Tabnuus 1.2 - TexHiYHa xapakTepucTuka BepcTaTta-kadanku CKA8-3,0-4000

No n/n  TMapameTp 3HayeHHst

HomiHanbHe HaBaHTaXXeHHSA Ha rMpnoBui LTOK, kKH 80

[loBXu1Ha xoAy YCTbOBOIO LUTOKY, MPU NOPSAKOBOMY HOMEpi OTBOpY Ha Kpusowwmni,m: 1 2 3 4 5 1,8

HomiHanbHWIA KpyTHWUI MOMEHT (Ha BUXiAHOMY Bany _peayktopa),_kH-m 40
Yucno xomiB banaHcupa B xBunuHy 5-15

CuncTema 3piBHOBaXEHHS KpUBOLLMNHA

Twn peaykTopa L2HLU-750B6

[abapnTi, MM JOBXUWHA LUMpUHA BWUCOTa 8500 2250 6650
Maca komnnekcy, He GinbLie, kr 15100

® N Oy W N =

[Ins 3'eqHaHHst yCTBOBOrO LUTOKA 3 NMPUMBOAOM LUTAHIOBOrO CBEPANIOBUHHOIO Hacoca MNpusHaveHa nigeicka yCTbOBOro LWToka. BoHa gossonse
[ocnifgxXysaTn CBEpANOBMHY 3a _[J0NOMOroK_riApaBnivyHoro AvHamorpadia, a Takox perynioBaTi yCTaHOBKY NiyHxepa B UuniHapi Hacoca. B
SIKOCTi NiABICKM YCTBOBOIO LUTOKa BMOMpaemMo Ans KOHKpeTHoro Bunaaky niagicky MCLLU-15 (puc. 1.12) 3 HacTynHO TexHiYHO xapakTepuctukoto [10]:

- Hanbinble gonycTMMe HaBaHTaXeHHA, kKH 150
- AiaMeTp yCbOBOro LWTOKa, MM 31 - AiaMeTp kaHaTa, MM 22,5 - rabapuTHi po3mipu, Mm 300%108x245
- maca, kr 44

1 - HUXKXHA TpaBepca; 2 - NNalKKM KaHaTa; 3 - Npy>KMHa Nnawok; 4 - rBUHT ONOPHUIA; 5 - BepxHs TpaBepca; 6 - nnaluka WToKa; _7- NpyXuHU
NNaLoK WTOoKa; 8 - yCTbOBMIN LUTOK; 9 - KaHaT
PucyHok 1.12 - Nigsicka MCLU ycTboBoOro wroka

[ns 3’eqHaHHA KONMOHM HAaCOCHMX LUTAHT 3 KAHAaTHO NiABICKOK BepcTaTa-kavanku npusHadYeHnin canbHUKOBWIA YCTbOBMIA LUTOK. BiH BUroToBNAETLCS
3 _XONOHOTArHYTOI_KanibpoBaHoi_ skicHo! Byrneueroil ctani mapku 40. TpokaT nocTtaBnseTbcsa B CTaHi Hopmanisadii i goaaTkoBoi TepMoobpobku He




NPOXOAATb.
Bubupaemo ok LLICY31-5600 3 HACTYNHOK TEXHIYHO XapakTepucTuKoto [5]:

- Hanbinblue AoNyCTUME HaBaHTaXeHHs!, kH 100
- NpuegHyBarnbHa pisbba LLIH25

- fiameTp, MM 36

- AOBXMWHA, MM 5600

- Maca, Kr 46

YCTbOBI CanbHWUKN CEPINHO BUrOTOBMSIIOTLCS ABOX BUAIB (i3 caMOycTaHOBMIOBaNibHOKO FONMOBKOK 4K 6e3 ii)_i [BOX BUKOHaHb - 3 _O[IUHAPHUM i
NOABIMHUM YLUINbHEHHAM AN Pi3HUX TUNOPO3MIPIB_YCTbOBMUX LUTOKIB - BiAnoBiAHO A0 OCT 26-02-952- 94 «YcTaTKyBaHHS YCTA CBEPANOBUH, L0

EeKCMyaTylThCS LUTAHFOBUMWU CBEPANIOBUHHUMU Hacocamu, canbHUKK YCTLOBI. KOHCTPyKLii i po3Mipu» . CborogHi Ans yLinbHEHHS YCTbOBOrO
LUTOKa Ha CBEpAJIOBMHAX, LLIO EKCryaTyTbCs LTAHTOBMMU HAacOCaMU, BUKOPUCTOBYHOTLCS YCTbOBI canbHukn Tuny CYC.

CanbHuk yctboBuii CYC _(puc. 1.13) npusHayveHuii Ans ywinibHEHHS CarlbHUKOBOIO LUTOKAa CBEPASIOBUH, €KCMiyaToBaHMX LUTaHrOBUMW Hacocamu,
po3TalloBaHUX B panoHax 3 MOMIPHUM i XONOAHUM KNiMaToM.

BiamiTHa ocobnuBicTb canbHuKa - HassBHICTb NPOCTOPOBOro KyNbOBOrO LWapHipa MiX rofloBKOK canbHuka (Lo Hece BcepeauHi cebe
CanbHUKOBOIO LUTOKA 3 BiCCIO CTBONA CBEPRANOBWHW, BUKIKOYAE OQHOCTOPOHHIN 3HOC HabwuBkuM, 36inbluye TepPMiH CnyX6u canbHUKa, OoQgHOYaCHO
nonerwye 3miHy Habuskn. CarnbHUK po3paxoBaHWW Ha NiABULLEHMI TUCK Ha rMpri cBepANoBUHM i 3a6e3nevye HaAiliHe yLiNbHEeHHA WToKa Npu_
0AHOTRYGHIN cuctemi 36opy HadTu i rasy [6].

1_- TRiMHKK;_2 - KynbOBa rofioBka; _3_- yulinbHioBanbHe Kinblie; 4 - KynboBa KpULLKa; 5 - nakeT  yulinbHeHb (canbHMKOBa HabuBKa); 6 - KpULLKa;
7 - BTYynKa; 8 - wrok; 9,11 - HanpamHi BTynku; 10 - HWXKHA BTynkKa; 12 - BTynka; 13 - _goaatkoBe yuwinbHeHHS; 14 - onpaBka; 15 - kopnyc PucyHok

1.13 - YCTbOBMIA CanbHUK 3 MNOABINHUM yLinbHeHHsiM CYC2 [3]

LLtaHroBui ceepanoBuHHuin Hacoc HB16-32-30-22 3a ctaHgaptom [11] npu3HayeHui Ans BiakadyyBaHHA 3 HATOBUX CBEPANOBUH PiAVH 3
TemnepaTypoto He G6inbie 130 °C, obsoaHeHicTio He Ginbwe 99 % 3a ob'emom, B'askicTio Ao 0,3 MNa-c, MmiHepani3auieto Boau Ao 10 r/n, BMicTom

MexaHi4yHuX gomiwok Ao 3,5 r/n, BinbHOro rasy Ha Nnpuiomi He 6inbwe 25 %, cipkoBoAHIO He Ginblwe 50 minirpam/ N i KOHUEHTpauieto ioHIB
BoaHto pH 4,2-8,0.

PO3aIN 2

2.1 YcknagHeHHs, LWo BUHUKaOTb NpW ekcrnyaTauii cBepanoBuH B yMOBaX BUCOKOIO ra3oBoro haktopy

BwmicT BinbHoro rasy y BigkadyBanbHin piavHi npeactaense coboto ogHy i3 rofioBHUX npobnem npu ekcnnyarauii. HasBHICTb BinbHOro rasy BnmnvBae Ha
KoediLieHT KOpUCHOI Al cBepANOBUHHOIO Hacoca [Ins AoCArHEHHs BUCOKOro KoedilieHTa KopUCHOI Aii npouecy BiakavyBaHHSA NOBUHHI OyT BUKOHaHI ABi
Bumoru: [1,2]

1) BigHOLEHHS MiX LLKIANUBUM NPOCTOPOM i 3aranbHUM 06°‘€MOM NOBUHHO ByTH, SK HAUMEHLLE.

2) BmicT BinbHOro rasy B BigkadyBasbHi pigyHi Ha rmMybuHI nigBillyBaHHS Hacoca NOBUHHO ByTW CKOPOYEHO A0 MiHIMYyMYy.

BigHOLIEHHSA MiX LKIANMBUM NPOCTOPOM i 3aranbHUM 06'eMOM Moxe OyTV 3MEHLLEHO 32 paxyHOK MPUAHATTS HACTYMHUX Mip:

1. MakcmanbHe 36inblUeHHS [OBXUHU XOA4Y;

2. 3MEeHLLEHHS LWKIANMBOrO NPOCTOPY, Hanp. BCTAHOBINEHHS NIYHXXEPHOTO KnamnaHa Ha HXHbOMY KiHLi niyHxepa;

3. Bubip cneuianbHux TuniB Hacoca (6e3 noagiiHNX knanaHis);

4. ToyHa nocagka Hacoca.

BMicT BinbHOro rady Moxe 6yTV 3MEHLLEHO LLMSIXOM:

1. NigBilwyBaHHA Hacoca Ha BeNviKii rmmnbuHi;

2. Cenapaulisi BinlbHOro rasdy nepef BXogoM B HAacoc 3 OMNOMOrO0 ra3oBoro sikopsi, i Bigbopy rasy 3 KinbLeBoro npocTopy.

2.2 Bnnue BinbHoro rasy Ha po6oty Hacoca [1, 2, 6, 10]

a3, Wo MicTUTbCS Y BigkadyBaHii pianHi (0cobnmBo y BiNbHOMY CTaHi), NoraHo BnnvMBae Ha poboTy cBepAnoBUMHHOIO Hacoca. BiH 3aMeHLuye koedilieHT
HanoBneHHs Hacoca, a y B3aemopii 3 abpasvBHOO Aieto nicky niaBuLLye 3HOC AeTanei i ocobnmneo napwu Kyns-ciano. Tomy ra3 HeobxigHo BUyyaTu Bcima
[OCTYNHMMM criocobamu, Hanpuknag 3acTocyBaHHAM 3aXMCHUX MPUCTPOIB, LLIO BCTAHOBMIOIOTLCSA Ha Hacoci [1].

[Ins enemeHTapHOro aHaniay CyTHOCTI LibOro BMABY 3p06UMO Taki MpUNyLLEeHHS:

a) BCMOKTY€ETbCSt HACOCOM CyMiLLl PiAuHK | rady abcontoTHO ogHopiaHa, TO6TOo ra3osi 6ynbballkvm 4OCUTL Maoro i 0AHAKOBOrO PO3Mipy PiIBHOMIPHO
po3noaineHi B CyMmiLui;

0) WBMAKICTb cnnMBaHHSA Bynbballok OPIBHIOE HYIHO;

B) BCMOKTYyBarnbHa pigunHa - Hadra.

Mpu LMX ymoBax OAHOPIAHICTE CyMillii HE MOPYLLYETLCA NPOTArOM BCbOrO MPOLIECY MPOXOAXKEHHS ii Yepes Hacoc.

Mpy xopi nnyHxepa Bropy_razoHad)ToBa CyMill 3anOBHIKOE BecCb 06'eM LuniHApa nif NiyHXepoMm, BKNOYauMm i WKiANMBMIA npocTip, T06T0
obcar _uuninapa, Wwo 3anuiiaeTbes nig NNyHXepoMm Npu Noro KpaiHbOMY HUXXHbOMY NOMoXeHHi. YacTuHa poboyoro o6'emy umniHgpa, 3anoBHeHa

rasom, CTaHOBWTb BTpaTy nofdadi Hacoca (pobounin 06'eM BU3Ha4aeTbCA AOBYTKOM NIOLLI NEePEeTUHy MNyHxXepa Ha JOBXWUHY NOro Xoay).
3 MOMEHTY noyaTtKy pyxy niyHxepa BHM3 NPU _3aKpUTOMY MNpuUiiManbHOMY KnanaHi CyMmill, Lo 3anoBHIOE LUNIHAP, CTUCKAETLCA A0 TUCKY,

BiANoBiAHOro BUCOTI NiAWOMY _piauHW. Y NpoLeci CTUCHEHHS CyMillli (A0 BiAKPUTTA HarHiTanbHoro knanaHa) obcarn 6ynbbailiok rasy
3MEHLUYIOTLCA | ra3 YaCTKOBO PO3UYMHAETLCA B HadTi. [lo KiHUA _Xoay BHU3 Y LWIKIANMBOMY. NPOCTOPI 3anNuaeTbCA ra3 B CTUCIOMY i B

PO34UHY_ OO0 TUX nip, MOKN TUCK Nig nIyHXepomM He 3MEeHLWUTbCA A0 TUCKY BCMOKTYBaHHA i Bi,D,KpVIGTbCﬂ BCMOKTYBalbHUIA _KkranaH. Ane Noku

BIAKPUETLCA BCMOKTYBaNbHWUI _KNanaH, NayHxep nponae AesKy YaCTUHY [OBXWHW NOro XoAy i Npy LbOMy B LMNiHAP He Hajinae HoBa nopuis
CyMiLlli 3i cCBepAnoBMHM. 3HAYMTb LA YacTuHa xoAy NnyHxepa Oyae BTpayeHa i nogavya Hacoca BignoBigHO 3MeHwWUTbLeA [1,2].

OTxXe, 3MeHLLEHHsI nofadi Hacoca nig BNAMBOM BifIbHOTO rasy 3a YMOB, NPUAHATUX BULLE, NONSrae B HACTYMNHOMY.
1. a3, Wo noTpannsie B uMniHAp 3alMae YacTUHy poboyoro o6'eMy LMMiHARA | TUM caMUM 3HWXKYE noAadvy piMHU _HacocoMm.




2. a3, Wo MIiCTUTLCA _Y_LUKIANMBOMY NPOCTORI, PO3LUMPIOIOYNCE | BUXOAAYM 3 PO3YMHY, TakoX 3MEHLWYe rnojavy Hacoca.

Mig BnnuBoM BiNbHOrO rasy Moxe BiAGyTUCA 3pMB nopadi Hacoca. CyTHICTb 3puBY _Mofadi _nonsarae B TOMY, L0 HACOC NEPECTaE BCMOKTYBATY 3i

CBEPAIOBMHM Fa3opiAuHHY cyMmill abo niHy, Tak gk _poboya YacTUHa _umniHApa MOBHICTIO 3aMoBHIOETLCA ra3oMm. Mpu xoai nnyHxepa BHU3 a3
CTUCKaETbCA,_a NPWU X0Ai BBEpX PO3LUMPIOETLCA. TUCK ra3y B LMNIHAPI NPU _XOAi BBEPX HE CTa€ HWXKYe TUCKY BCMOKTYBAHHSA i TOMY.
BCMOKTYBabHU/A _KnanaH He Moxe BiAKpPUTUCA. 3pMB nopadi _Moxe BiaOyTUCA Tinbku BiA Ail rasy, WO 3anvlnBcs Y WKIAMUBOMY NPOCTORI.

To4yHO Tak camo,_ KO WKIANUMBUIA NPOCTIP NOBHICTIO /era3yeTbCsl /10 MOYaTKy XoA4y BHU3, TO 3pUBY He Moxe OyTu. Lia o6cTaBuHa ayxe
BaXnuBa ANA NPaKTWKM, Tak Sk _03Hayae, Wo NpU BiACYTHOCTI BNNUBY LWKIANMBOro NpocTopy po6oTa Hacoca cTillka Nnpu 6yAb-IkoMy _HaBiTb

HalHWk4oMYy_koediLlieHTi HanoBHeHHA [1,2].
3puB nogadi He Moxe TpVBaTK Ay>Ke [OBro, 3@ BUHATKOM BUMNaAKy, KON 3aTpy6HUIA NPoCTip 3akpuTo. Y Hacoci € 3aBxan xo4a 6 HeBENUKWIA BUTIK PianHM

Yyepes 3a30p NNyHXepHoi napu, a iHoAi i B HarHiTanbHOMy knanadi. Kpim T0ro, 3a nmepioa 3puBYy _NoAadi Npunnve pPiavHW B CBEPANOBUHY TPUBaE
BHAaCINIiOK YOro TUCK Ha NPUIOMI Hacoca 3pocTaE, _a NiHOCYMill NepeMilllyeTbCa BULe NPUAOMY Hacoca. Lle cnpuse BigHOBNeHHO nopayi Ha
AesKUN Yac - A0 HOBOro 3puBy. TpMBanicTb 3pMBYy MOXe OyTW _pi3HOK 3anexHo BiJ yMOB eKcnsyaTauii Ta peXxXuMy BiakadyyBaHHSA - Bif_Kinbkox
[0 _fAecatkiB xBunuH  [1,2].

2.3 Ornsag, o6rpyHTyBaHHs Ta BMGip obnagHaHHa Ansa HaginHoi poboTy B CBEpANOBMHAX 3 BUCOKUM ra3oBuM hakTopom

Cenapallito rasy MOXHa NOKpaLLMT 3a JOMOMOrOI 3aXMCHUX NMPUCTPOIB, SKi HA3MBAKOTb ra3oBUMK AKOPSIMK (ra3ocenapaTopamu) i BCTAHOBIOOTb Ha
npuiomi Hacoca [1,10].

OpHokopnycHuii razosuii sikip AM-1 (puc. 2.1) cknagaeTbes i3 ABOX KOHLEHTPUYHO PO3MiLLEHUX TPYD - 30BHILLHBOT 5 | BCMOKTYBarnbHOI 3, sk
BKPYYEHi B NepeBigHvK 2, siknil 3'edHaHWI 3 MpUnoMoM rMmbuHHOro Hacoca 1 pisb6oto. B BepxHili YacTuHi kopriyca npocBepaneHi 12 oTBopis 4, 3HU3y
KOpMyC 3akpuUTWIA 3arnyLuKoto 6.

OpHoKopMyCHWIA ra3oBuii sikip AM-1 sk NpaBMo BUrOTOBMSAIOTH i3 4" HACOCHO-KOMMNPECOPHUX TPY6. [iaMeTp ra3oBoro sikopsi BUGUPAETHCS B 3aNIEXHOCTI
Big Aiamerpa konoHu HKT. B cBepanoBuHax 3 ekcnnyatauinHUMy KOfIoHaMn MeHLue 7" [O3BONSETbCA 3aCTOCOBYBATW SIKOPI 3 30BHILLHIM AiaMeTpoM He
6inblue 3". Ma3opiguHHa CyMill A0 NOCTYMNMEHHS B HACOC ABa pasu 3MiHIOE HAaNpPsM CBOTO PyXY, LLO A03BONSE BiAAiNeHHo rasy Big HadTu. a3
BiABOAUTBCS NPW LibOMY B 3aTpyOHMIN NPOCTip CBEPANOBUHU | AanbLue B ra3o3bipHy mepexy. Mnoly KinbLeBoro nepepisy sikopsi nigbupatotb B
3aneXHOCTi 3 MPOAYKTVUBHICTIO HACOCHOT YCTAHOBKM 3 TaKUM pO3paxyHKoM, o6 3abe3neunTyt MiHiMasnbHy LUBUAKICTb MOTOKY, MEHLUY LUBUAKICTb
CMNMBaHHSA ra3oBux OynbbaLlok Bu3Ha4yeHoro poamipy [1,10].

1 - npuiom rmMmMbuHHOro Hacoca; 2 - NnepeBiaHuK; 3 - Tpy6a BCMOKTYBanbHa; 4 - oTBopu; 5 - Tpyba 30BHILLHS; 6 - 3arnyLuka
PucyHok 2.1 - OgHokoprycHuI ra3oBuin skip Ar-I

[BokopnycHuii razoBui sikip 2AM-1 (pyc. 2.2) BiapisHAETLCS Bif, OQHOKOPMYCHOrO TUM, Lo poboya YacTuHa NOro cKnagaeTbes i3 ABOX KOPMYCiB -
BEPTMKANbHOIO i HKHBOTO JOBXMHOK KOXEH i cneuianbHol MydTi; B HACTYNHOMY KOHCTPYKLisi Moro aHanoriyHa KoHCTpykuii Ar-1. [JBokopnycHUi
rasoBui fkip 2AM-1 BUroTOBNSETLCSA 51K NPaBMIo i3 4" HAaCOCHO-KOMMNPECOPHUX TPyO. AKip cnyckatoTb B CBEPANOBUHY Mif Npuiom rmmbrHHOro Hacoca, a
Yepes Te i pianHa noctynae B Hacoc 6e3nocepenHbo Yepes skip. Akip nigHiMakoTb i3 cBEpANOBUHU pa3am 3 HacocHUMK Tybamm [1,2,10].

PucyHok 2.2 - [IBokoprycHWI ra3oBuin sikip 2A-

YoTtupucekuinHun sikip ATCM cknagaeTbest i3 HOTUPbOX MPOCTMX SIKOPIB, SKi NpaLoloTb NapaneneHo. 3aranbHa BUTpaTa ra3opiaMHHOI CyMmilli, sika
NPOXOAUTL Yepes HbOro, PO3 NPUAINSAETLCA MO CEKLisX I-I@ piBHOMIpHO (puc. 2.3). [locaraeTbes Lie 3a JONOMOro NpoCBepASItoBaHHA Pi3HOI KiNbKOCTI
OTBOPIB Ha BCMOKTYBasbHIiN TPpy6Li B KOXHI cekuii. [ins 3anobiraHHs 3abuBaHHSA NicCkoM OTBOPIB BCMOKTYBarnbHUX TpyO Hineni 3pobneHi y Burnsai
KOHYCIiB. YMOBHUWI AiaMeTp YOTUPbOXCEKLNHOrO sikopsi - Ans 168-mm o6cagHnx KonoH; - ans 134-mm KomnoH i - ans 114-mm konoH. 3aranbHa AoBXuWHA
YOTUPUCEKLIHOIO SIKOPS - , @ AOBXMHA KOXHOI cekLii - 530 mm [1,2].

1 - NnepeBIiaHUK; 2 - KOXYX CeKUil; 3 - BCMOKTyBarnbHi Tpy6ku; 4 -Hinenb; 5 - npobka
PucyHok 2.3 - Ma30BuUiA YOTMPLOXCEKUiHWIA siKip MoaepHizoBaHuin AFCM

HeponikomM KOHCTPYKLUIi YOTMpUCEKLINHOTO 89-MM SIKOpPS SABMSIETLCS: Aesika CKNaAHICTb Y BUTOTOBIEHHI | HEAOCTaTHSA HaAiNHICTb pisbboBYKX 3'eAHaHb i3-3a
BifXMNeHb BHYTPILLHLOrO AiameTpa Tpyb Bia HomiHany. CneuianicTamy B OCTaHHI Yac 3anponoHoBaHa binbL NpocTa KOHCTPYKLUis. KopnycHy YacTuHy
SIKOPS BUKOHYIOTb i3 CyLifibHOro naTpybka 3 HacBepAneHMMn B HboMy dinbTpamu, a 3aMiCTb MeTaneBux HirneniB 3aCTOCOBYHOTb Hineri i3 HadTOCTiNKoi
pe3vHn 3 BNpecoBaHUMU B HUX MydTammn AN 3’€AHaHHA BCMOKTYBanbHUX TPY6OK. Takum YnHoM, usi Moaundikallisi 6araTokopnycHoOro sikopsi
Binbw npocTa i came roroBHe, 3Ha4HO MilHilWa BiA nonepeaHbOoi.

Cnig BiAMITWTH, O YOTUPLOXKOPNYCHUIA 89-MM SKip 3HaWLIOB LUIMPOKE BUMKOPUCTAHHSA Ha MpoMUCHax i nokasas AyKe BUCOKY edeKTUBHICTb

MOPIBHAHO 3 iIHWIMMW AAKOPSAMU, siKi 32aCTOCOBYBaNMNCh A0 NOro BTiNEHHs [1].

[a3oBuii sikip-napacornbka ckrnagaeTbes i3 Koprnyca, KUl BUTOTOBNSIETLCS i3 TPYO yMOBHUM AiameTpom 48, 60 i ; BCMOKTyBanbHOI Tpybu giameTpom ;
TpyB4acToro KyTHUKa AiaMeTpoM | YLLIMLHIOKYMX MaHXeT i3 MPOPE3NHEHOro PeMeHs Mo AiameTpy ekcnyaTaLiiHol KonoHw. BikHa B kopnyci skopst MatoTb
po3mipu 25x140 mm (puc. 2.4).

1 - MydTa; 2 - pos'eaHyBanbHa Wwainba; 3 - kopnyc sikopsi; 4 - BCMOKTyBanbHa Tpyba; 5 - TpybyaTuin KyTHUK; 6 - yLLiNbHIOYI MaHXeTun

PucyHok 2.4 - TazoBuii sikip-napacornbka

Yepes psig KOHCTPYKTUBHUX 0COBNMBOCTEN SKip-NapaconbKy HEMOXHA CrycKkaTu B CBEPASIOBMHU 3 AeEKTHUMUN KONOHaMU, a TakoX B (hinbTPOBY YaCTUHY
KonoHu. He pekomeHAy€eTbCS CryckaTh MOro | B CBEPANOBUHU, B AKUX Ha CTIHKax eKkcnnyaTaLinHUX KONOH BigknaaarTbes cori i napadiH. Akip-
napaconbka Aie HacTynHMM YnHom. HadtorazoBa cymilll nocTynae B KOPRyc SiKOpsi i Yepe3 OTBOPU BUXOAUTL B KinbLEBUIA NPOCTIP MiX ekcrnnyaTauiinHoo
KOINOHOI0 i KopnycoMm sikopsi. BHacnifok 3mMiHM HanpsIMKy pyxy rasopiavHHOI cymili (Ha 1800) ras BigainseTbes Big HadTH | NigHIMaeTbCs, a AerasoBaHa
HadbTa pyxaeTbCsi BHU3, BXOAUTb B OTBOPY TPyBHACTOro KyTHUKa i Yepesa KyTHUK i BCMOKTyBarbHy TpybKy noctynae npuiiom Hacoca [1].

3aTpy6GHOro NpocTopy._Ayxe 3BY)XeHe, a CiYeHHsi kopnyca poslumpeHe. Taka KOHCTPYKLiA aHanoriyHa KOHCTPYKLii NpocToro o4gHOKOPNyCHOro
AKOPA, _ane Benukoro Aiametpa. [pote ed)eKTUBHICTb IKOpSA- Napacornbkn Habarato nepeBuLlye edeKkTUMBHICTb OQHOKOPNYCHOIO SIKOpS
AiameTpoMm B KONOHi ogHakoBoro fiamertpa [2].




3acToCOBYIOTb TaKOX [ABOCEKL|iViHI _SIKOpi-Napacornbku, B AIKMX 3araribHa BUTpaTa PiAMHU  PO3AiNseTbCa Ha ABi HEPIBHUX YaCTUHMW.

BUHTOBMIA ra30BKI siKip BCTaBHOIO TuMy (puc. 2.5) mae kopnyc 1, 30BHILLHI AiaMeTp SKOro piBHUIA . B HWXKHIN YacTuHI Kopnyca B LWaxmaTHOMY
nopsiAKy pPo3MiLLieHi OTBOPM AiaMeTpoM , siki Mpu3HaYeHi ANns NOCTYNNeHHs PiAnHM i3 CTBOMA CBEPANOBUHU B SIKIp, TaK-sIK HA HWXKHIN KiHeLb Kopnyca
HakpyyeHa npobka 9.

1 - kopnyc; 2 - KyTHUK; 3 -MydTa; 4 - KnanaH; 5 - Hinenb; 6 - ra3oBUNyckHa Tpyoka;
7 - ra30BnoBnoYa BOpoHKa; 8 - WHek; 9 - npobka
PucyHok 2.5 - Cxema rBMHTOBOrO ra3oBoro sikopsi BctaBHoro tuny CIrB-AsHUIMN-46

MpyHUMn poboTu sikopst 6a3yeTbest Ha BiAAiNeHHi rady Bif piavHW Nig Aieto BiALEHTPOBOI CUMK, sika BUHWKAE NPV PYCi PiAUHU B3J0BX rBUHTOBOI
HanpagsnsoYoi nnowwmHn. PignMHa, nocTynatoum Yepe3 oTBOPY B KOPMYCi SIKOPSt i 3AiCHIOYN TBUHTOBUI PyX, 3BINbHSAETLCA Bif rady i nepemillyeTbcsi 4o
CTiHOK kopryca, a bynbballku rasy - 4O NOBEPXHi CTEPXHS LWHeKa 8. Bia cenapoBaHuii ras, Npoxoasyn Yepes razoynosntoBarnbHy MKy 7, ra3oBUMYCKHY
Tpy6Ky 6, knanaHu 4 i KyTHVK 2, nonagae B 3aTpy6OHWI NPOCTip CBEPASIOBMHM, @ fiera3oBaHa pianHa nocTynae Ha npuinom Hacoca. [ins 3’egHaHHs
razoBoro sKopsi 3 M1BUHHUM HACOCOM Ha BEPXHBbOMY KiHLi kKopryca € nepeBigHuK 3 pisbboto. MydTa 3 i Hinenb 5 cnyxatb Ansa 3'eqHaHHs By3niB SKopsi
[1,2].

[a30BuiA siKip TBUHTOBOTO TWMNY BiAPI3HAETLCS Bif BCIX BiZOMMUX TUM, LLO cenapaldlisi rasy npoxoauMTb B OCHOBHOMY B KOPMYCi SIKOpsi, Yepes Te
3MEeHLLIEHHSI MIOLLi CiYeHHs 3aTpyBHOro MPOCTOpY He BNMWBAE Ha MOro cenapauiiHy 3aatHiCTb. a3 B HbOMY BigAinNsaeTbCs Bif piavMHK B peynbsrari
BiALIEHTPOBOI CUMK, siKa BUHWKAE MNPV PYCi PiAVHN B3JOBX MBUHTOBOI HANPaBmsAo4oi NOWWHK, | Yepes Te i3 3MEHLUEeHHAM AiaMmeTpa Kopryca sikopst
cenapauiiHa 3aaTHiCTb Moro 36inbLUyeTbCS.

BibpauinHuin razoBuii sikip (pyc. 2.6) cknagaeTbes i3 KoKyxa 5, HUXKHIN Hinenb sikoro obnagHaHuii rinyxor MydTolo-3arnyLKoo, a Ha BEPXHI KiHeub
Oro HaKpy4eHUii NepexiaHrK, 3a LONOMOro SKOr0 Yepes LeHTPanbHWI Hinenb, sikip 3'€4HYETLCSA 3 NPUOMOM MMMBMHHOIO Hacoca. BcepeauHi koxyxa €
BCMOKTYBasbHa Tpy6a 4 AiaMeTpoMm , HUXKHIN KiHELb SIKOI CINYXUTb A5 BXOAY PiOVHW, sika 3BiNbHEHa Bif, ra3y, a BEPXHil KiHeLb ii BUpyYeHuii B
cneuianbHy Hapi3ky B nepesigHuKy. [Jo BCMOKTyBanbHOi TpyOu Ha BiACTaHi oauH Bid 0OHOrO, B KiNbKOCTi 9 LUTYK, MpUBapeHi LeHTPYHoYi KinbLs, Ha sKi
onMparTbCst NPYXUHKU 3, SiKi B CBOIO Yepry NigTpumytoTh BibpaTopu 2, siki 3’egHaHi cnewianbHO BTYNKOK. B HUMXKHIM YacTuHI sikopst € nickoBa KuLLeHs 6
[1].

Ha noBepxHi Koxyxa siKkopsi € M'sTb rpyn OTBOPIB 1 AiaMeTpoM KOXeH, pO3MilLleHUX B TPU psam No BiCiM OTBOPIB B pAay. [JoBXuHa Koxyxa , a
BCMOKTYBaIbHOI Tpyou - . [pyxunHuW BibpaTopa BUroTOBMSAOTLCS 3 KPYroi NPY>XMHHOI cTani giameTpom , Ski NoTiM TepMiyHO 06pobnstoTbes. KoxeH
BibpaTop cknagaeTbCs 3 TPbOX TAPINOK AKi 3'€4HaHI OAHOK BTYIIKOK OOBXMHOLO , sika 06pobneHa BcepeamHi i o TopusaMm i BUroToBreHa i3 2" HacocHo-
KOMMpecopHux Tpyo.

MpuvHUMN aii SKopsi 3aCHOBaHMIA B HACTYMHOMY: MPW PYCi MyHXepa BBEPX HACOCHI TPY6K CTUCKAIOTLCS, @ MPU BHW3 - HABaHTaXXEHHS BiA Baru piamHn
nepegaeTbCst Ha TPy6U | BOHM BUAOBXYHOTbCS. Lii konuBanbHi pyxu Tpy6 cnpuimatotbCs YyTTEBUMY NPYXXKMHAaMK BibpaLiiHOro SIKopsl, Ha SIKUX
yTpUMytoTbCS BibpaTopu, ki NpeacTaBnsaioTb COB0I0 3arocTpeHi TPbOXSIPYCHI KinbLs. 3aBasikv iHepLii Npy»uH BibpaTtopu 6e3nepepBHO KOB3aOTb MO
BHYTPILLUHI Tpy6i akopsi, HA iKY BOHW HaAiTi NPOBOASYM eHeprilHe NepeMmilleHHs HadTy, sika MOCTynae Yepes OTBOpPK B KOXYCI. Mpu Lbomy 3 HadTK
BUAINAETLCA He TiNbKY ras, Ak 3HaxoAMTbCs B BiNlbHOMY CTaHi y BUAi Gynb6allok, ane 1 ras, po3YMHeHuii B HadoTi [2].

[a3oBuii cenapartop (puc. 2.7) Ans TpyOHUX HacociB cknagaeTbes i3 3aTUCkHOI MydTH 1, NnepeBigHoi MydTun 2, cnelianbHoi Myd T 3, nepdopoBaHoOro
natpy6bka 4, cneuianbHoro natpybka 5, mydTtn 6, 4" HacocHo-komMnpecopHux Tpy6 7 i 3arnyLuku 8.

1-otBopy; 2 - Bibpatopu; 3 - MpyXuHKW; 4 - BCMOKTyBarnbHa Tpy6a; 5 - KOXyX; 6 - nickoBa KuLLEHS PucyHok 2.6 - BibpauiiiHuii
rasosun sikip 1 - 3aTnckHa mydTa; 2 - nepesigHa MydTa; 3 - cneuianbHa MydTa; 4 - nepcdopoBaHuii naTpybok; 5 - cnevwjanbHui naTpy6oK;
6 - mydhTa; 7 - 4" HacocHo-koMMnpecopHa Tpyba; 8 -3arnywka PucyHok 2.7 - Ma3oBuin cenapartop

MMBUHHKUIA Hacoc 9 3HaxoaUTLCS B CepeamHi ra3oBoro cenaparopa. [ocTynaHHs pianHM i3 CBepAnoBVHM B cenapaTtop NPOXOAUTL Yepes 0TBOpU
nepdoposaHoro natpy6ka 4. BenuunHa Bigaadi Big BXigHVX OTBOPIB cenapatopa Ao NpuioMy rinmbruHHOrO Hacoca BUOMPAETLCSI B KOXXHOMY OKPEMOMY
BWMNafKy, HA OCHOBI r€0NOro-TEXHIYHOI XapaKTePUCTUKM AaHOT CBEPASIOBUHM.

Lis BENMYMHa 3MiHIOETBCS LLINAXOM HapoLLyBaHHSA A0AaTKOBOI KinbKocTi Tpy6. Ma30BMin cenapaTop 3aCTOCOBYETLCSI B CBEPANOBUHAX, ki 06nagHaHi sk
BCTaBHMMM TaK i TpyOHUMU Hacocamu. AKip MigHIMAETLCA i3 CBEPANOBUHU pa3oM 3 HacoCHMMM Tpybamu [10].

[MpoBiBLUM KOPOTKMIA OMNSiA KOHCTPYKLIM ra30BKX SKOPIB 3aMpONOHOBAHO B SKOCTi ra30BOro SIKOPst KOHCTPYKLiS SIKOPSt YaLKOBOro Tuny, GinbLu NpocToro i
HagiiHoro, sika npeacTaeneHa Ha nucti BP.MMI-86.13.00.000 CK.

Akip cknagaeTbes i3 34BOEHOI TPYOU, NPMYOMY BHYTPILLHA Tpyba Mae MOXNMBICTb BIBUHYYBaTUCh Y KOrMoHy HKT.

MpuHumn gii skopst 306paxeHuii Ha nucti BR.IMMI-86.13.00 CK. HadbTorasosa cyMill 3a JONMOMOTOH0 YaLLOK SKOPS BCMOKTYETBCS Y ra3oBUi NPOCTIp Mk
AIKOPEM i BHYTPILLHBLO TPy6O BCMOKTYBaHHS. Jlerkuii ras nigHiMaeTbCs BBEPX Y KillbLIEBOMY NPOCTOPI i BiACMOKTYETbCS. Baxkka HadTa onyckaeTbes
BHW3, BCMOKTYETBCSH HACOCOM Yepe3 NPUrBMHYeHy 0 BCMOKTYBarbHOIO knanaHa Tpyby BCMOKTYBaHHS, i BigkauyeTbCs BBepx. [insa 3abe3neveHHs
[0CTaTHBOI Aerasauii sikip Moxe ByTu BUAOBXEHWI (K NpaBuno, A0 TPUKPATHOT AOBXMHM). B npoueci poboTn MoxnvBe ocifaHHs nicky Ha AHi 3akpuToi
BHW3Y HACOCHO-KOMMNPECOPHOI TPyOU, ika NPUrBMHYEHa 4O BCMOKTYBaIbHOI TpyOu.

2.5 O6rpyHTyBaHHS HEOOXIAHOCTI BUKOPUCTaHHSA BAOCKOHANEHNX KOHCTPYKLI YCTbOBUX CarnbHUKIB

YcTboBe 0GnapgHaHHA Npu3HaveHe ANA repmeTu3adii 3aTpy6Horo npocropy, BHYTpilwHbOi nopoxHuHu HKT, BinBeaeHHs npoaykuii
CBepAnoBUHM i NiaBilwyBaHHA konoHn HKT. YcTboBe 06nafHaHHA CKNaAaeTbCA 3 YCTbOBOIO CalnbHUKA, XPeCTOBWUHM i 3anipHUX KpaHiB  (puc.
2.8) [2].

PucyHok 2.8 - MpuHUunoBa cxema o6B’sa3ku ycta LLUCHY [1]

TunoBui ycTboBUK canbHUK ( puc. 1.3) cknagaeTbcs i3 cCaMOBCTaHOBMIOBaNbHOI CanbHUKOBOI FONOBKM i TpiiHUKa. BiH repmeTusye Buxia
YCTbOBOrO LUTOKA 3a AONOMOroK0 canbHUKOBOI roNoBku i 3a6e3neyye BigBeAeHHSA NPoAYKLUii Yepe3 TPiHUK. BigmiTHa oco6nuBicTb canbHUKa
nonsirae B HAABHOCTI NPOCTOPOBOro KyNbOBOrO LWapHipy MiX ronoBKoto canbHUKa i TpinHukoM. KynboBe 3’egHaHHsA 3a6e3nevye
CaMOBCTaHOBIEHHS CanbHuKa B pasi HecniBBICHOCTi canbHMKOBOro WToKa 3 Biccto HKT, 110 ycyBae oAHOGIYHE 3HOLUYBaHHA YLIiNbHEHHSA
HabuBKM i nonerwye npouec 3amiHn Habueku [ 2]. CanbHUK 3 _OAMHAPHUM YLIiNbHEHHAM Tuny CYC1 (puc. 2.9)_npusHayeHuii AN cBepAfioBUH 3




MarniMMm ra3oBuUM _(HaKkToOpoM i HU3bKUM CTaTUYHUM piBHEM [6].

1 - Hinenb; 2 - raka HakuaHa; 3 - TPIMHKK; 4 - KPULLIKa KYNboBa; 5 - KpMLUKa ronoBKu; 6 - BTyrNka BepxHsi; 7 - HanpsiMHa BepxHs; 8 - kinbue
ynopHe; 9 - marxeTa; 10 - marxeTa; 11 - kinbLue ynopHe; 12 - kinbLe yuinbHotode; 13 - KynboBa ronoska; 14 - HanpsmMHa HWKHS; 15 - BTynka HUxXHS; 16 -
naneub; 17 - 6onT BigknaHWiA; 18 - ranka; 19 - nnaxka; 20 - 3aknenka

PucyHok 2.9 - CanbHuK 3 oaMHapHUM yuinbHeHHsiM CYC1[6]

NPOTikaHHS Had)TU MiXX HEH | KyNbOBOK KPULIKOK 4. BcepenmHi yCTbOBOIO canbHMKa BCTAaHOBMKOETLCA NaKeT YLliNbHEeHb 5, AKUA  MiATUCKYETbCS
KpULLKOIO 6 ronoBKu Yepe3 BepxHIo BTYNKY 7. B BepxHIo BTYnKy 7 Tak fiK i B HWkHI0 _10 BCTAHOBMIOKOTb HANPAMHI_BTYNkM 9 3 npecoBaHoOil
AepesuHu AN-K, po3atoyeHi nig 30BHIWHIV giameTp wToka 8. [Ina 3py4HOCTi pyYHOT 3aTsXKKM KPULLIKM FONOBKM _CanbHUKa [0 HEl npuBapeHi ABa Byxa -

YCTbOBOIO caribH/WKa pa3oMm 3 TPIiHUKOM , npueaHyBanbHa pisb6a (FOCT 633-80). Maca 6num3bko 21 kr [1,6].
CanbHUK 3 NoABiINHUM yulinbHeHHAM CYC2 (puc. 2.10) npusHayeHuii ans 3anobiraHHs posrepMeTraallii cBepanoBUH 3 BENIMKAM ra3oBUM _

Kpuwkoro 4. KynboBa roniBka 2 3’eAHaHa 3a _0NOMOIoOK pisbbu A0 BTYNKM _15, BCcepeauHi sikoro BCTaHOBMKETLCA NakeT yulinbHeHb 5. Maket
NiATUCKYETbCS KPULLIKOK 6 FONIOBKM Yepe3 BepXHIo BTYNKy 7. B BepxHIo BTYNKy 7 Tak K i B NPOMiXHY BTYJKY i B HWXHIO 10 BCTaHOBMOTb

HanpamHi_BTyNkM 9 3 npecoBaHoi AepeBuHn AMN-K, 3 BHyTPIlWHIM AiaMeTpoMm, WO BiANOBIAAE AiaMeTRY._YCTbOBOIO WToKa 8. B HWXHIi YacTuHi
KyNbOBOI rOfIOBKU BCTAHOBIIOETLCA 0AATKOBE YLlinbHEeHHA 13, MiATUCKAHHA AKOro MPWU 3aMiHi BEPXHbLOro NakeTy_ YLiinbHeHb 5 3AiNCHIETHCA

3arBMHYyBaHHAM 3a [OMOMOIO0 _cnellianbHux onpaBok 14 ronoBku 15. [Ind 3anobiraHHs camo BiaKpydyBaHHA rONnoBkM 15 crnyXuTb KOHTpraika 12.
Micns 3amiHn nakeTa yLinbHeHb A0AATKOBE YLUiNbHEHHS 3BINbHIOETLCS NPY BiAKPYYYyBaHHI ronosky 15. [ins 3py4HOCTI PYYHOT 3aTSKKM KPULLKKN
rONoBKM canbHWKa [0 _Hei npuBapeHi aa Byxa - pyydku [1].

1 - TPiNHUK; 2 - KyNbOBa ronoBska; 3 - yLiNbHIoYe KinbLe; 4 - KpULLKa KyrbOoBOi rONOBKK; 5 - nakeT yulinbHeHb;  6_- kpuwka; 7 - BTynKa_BepxH:; 8 -
LUTOK; 9,11_- HanpamHa BTynka; 10_- BTynka HwkHA; 12 - sTynka; 13 - goaatkose yulinbHeHHs; 14 - onpaeka; 15 - kopnyc PucyHok
2.10 - TupnoBwuiA canbHWK 3 NOABINHUM YLLiNMbHEHHAM

Po6ouni Tvck npu pyxoMmomy ycTboBOMY LUTOKY 4 MIMa, npu HepyxomoMmy i nigTUCHeHOMy nakeTi yulinbHeHb 14 MIMa. Bucora ycTboBOro canbHuKa _
pasoM i3 TpiltH1kom He Binblie . MpuearHysanbHe pisbba (FTOCT 633-80). Maca He 6inbw 25 kr [1].

Yci rymoBi KinbLs 1 yLWiNbHIOBaNbHI enemMeHTH nepep _yCTaHOBKOW 3masytoTbes conigonom YC-2 (1) (FTOCT 1033-89). YcTb0BMM WITOK
BCTaBNAETbLCA B CaNlbHUK Y TOPU3OHTANbHOMY MOMNOXEHHI Ha MiCTKaX, a NOTiM 3'€AHYETbCA 3 KONIOHOK HAacOCHUX _wTaHr [1].

Cnin_3a3Haunty, wo canbHukn CYC1 i CYC2 MaTb KOHCTPYKTUBHI HeoMiku, WO NPUBOAATL A0 HECMPaBHOCTEN i BiAMOBMNEHb: NPOMyCcK HathTn B
LiapHipHOMY 3'eAHaHHI BHACMIAOK YaCTUX YLWKOMAKEeHb [YMOBOIO YLLIiNbHIOBANbHOIO KiNbLd; NiABULLIEHNA OCbOBUIA NMHOMT Yy _LUAPHIPHOMY 3'€HaHHI B

pesynbrati 3HOWYBaHHA c)ePMYHUX NOBEPXOHb; BeNnuke AiaMmeTpanbHe CnpaltoBaHHS HUXHbLOI BTYIKM 3 NPEeCOBAHOI _AePeBUHN BHACNIAOK
0f1HOBIYHOro GiYHOro TUCKY YCTHLOBOFO LUTOKA, Ha AKOMY 3'ABNAIOTLCA IMUOOKIi NOB3A0BXHI NOAPANWUHK, L0 NPUBOAATL A0 po3repmeTusadii ycTa

eNneMeHTIB By3na YLUiNbHEHHS 3HUXKYETbCA HEOBXiAHUN KOHTaKTHUIA TUCK repMeTu3aLlii, ANs NiATPUMaHHS SIKOro HeobXiAHO NepioanYHO 3aTaryBatu

KPULLKY rOfIOBKM canibHUKa Bpy4Hy [1].

B HIBY “ JonuHaHadToras” ekcrnyatytotbest 336 rmmbuHHO-HacocHi ceepanoBunHn, To61o 96 % Big Bcboro choHay cBepanoBuH. Lii ceepanoBuHm
(kpiM NepioanyHKX) excnyaTyloTb LinofoboBo i 06¢cnyroByoTLCS onepaTopamu nuile B AeHHWI vac.
MnbrHHO-HacocHi ceepanosrHM B HIBY npautooTb Npu TUCKax Ha yCTbOBMX 06B’A3Kax, Lo 3HaxoaaTees y Mmexax 0,25-1,2 MIMa, a npu npoBeaeHHi
pisHoro Buay o6pobok - 8 - 12 MIMa, Tomy Ayxe BanvMBMM A1 HOpManbHOT poboTu € HadiNHICTb | NpaLe3aaTHICTb YLLiNbHIOBaYiB CanbHUKOBMX LUTOKIB.
Mpu HeHagiNHUX yLinbHIOBaYax NPOXoANTb PO3repMeTr3aLlisi i MOB3 YCTbOBUI LUTOK HA NMPUYCTLOBUIA MangaHumk BunmBaeTbes 50 - , HadTv i nnacToBoi
BOAM, 3a0pyaHIOKYY 0ro.
B HIBY “OonuHanacbtoras” yacto (npmbnusHo 30 pa3 Ha pik ) TpannsaTbcs 06pMBM YCTHOBOTO LUTOKA i MaAiHHA KOMOHW LUTaHr B CBEPANOBUHY. B
Hacnifok UbOro B CBEPASIOBMHAX 3 aHOMANbHO-BUCOKUM MIacTOBMM TUCKOM Ha MOBEPXHI0 3eMri i 3 aTMocdepy BXoauTb HadTa i ras, Lo Npu3BoanTb
[0 3a0pyAHEeHHS HaBKOMULLHBLOIO cepeaoBuLla (amB. puc. 2.11).

PucyHok 2.11 - HadpTonposiBneHHs

3 MeToo HegonyLleHHs HadTorazonposiBreHs (ave. puc. 2.11) npm o6pmBi canbHUKOBOrO WTOKa B HIBY 6yB po3pobnenuii i BUKOPUCTOBYETHCS
YCTbOBUI carnbHUK, WO 3abe3neyye repmMeTnsaLlito canbHUKOBOTO LUTOKA i NepeKkprBae CBEPAIOBUHY Y BUNaaKy Moro oGpusy.

1 - nnaHwaba; 2 - nepeBiAHUK; 3 - TPINHKUK; 4 - KOPNYC 3anacHoro canbHuka; 5 - wainba onopHa; 6 - HabuBka canbHUKOBA; 7 - KOHTpraiika; 8 -
rpyHabykca; 9 - kopnyc canbHuka pobounit; 10 - rarika HaTuckHa; 11 - kopnyc; 12 - kpuwika; 13 - npoknagka; 14 - kynbka; 15- npyxwuHa; 16 - onopa
npyXuHu; 17 - pydka; 18 - pyyuka KOHTprawku

PucyHok 2.12 -YcTboBun canbHuk HIBY «[onuHaHadToras»

CanbHuK, 306paxeHunii Ha pucyHKky 2.12, cknagaeTbes 3: Kopryca 3anacHoro canbHuka 4, koprnyca poboyoro canbHuka 9, HaTuckHoi ramku 10 3
NPOTUBUKUAHUM MPUCTPOEM .

B kopnyci po6o4oro i 3anacHoro canbHWKIB po3MilLieHi: canbHUKOBI HABUBKM 6, siki BUKOHAHI Y BUrMAAi po3pi3HUX r'yMOBMX KineLb, ONOpHi Wanbu 5 i
rpyHABYKeK 8, AKi BUKOHaHI po3pisHUMK.

Kopnyc po3pi3Horo canbHuka HarBMHYyeTbCs Ha TpiHWUK 3. Yepes nepexigHuk nigsicky 2 i nnaHwariby 1 canbHWK WTOKa 3'€AHYETLCSA 3 NMPOTUNEXHUM
dnaHuem i KONOHHMM hraHuem .

HasBHiCTb B canbHuKy ABOX CTyNeHeN yLUiNbHEHHS 3abe3nedye HagiliHe yLLiNbHEHHS NPy BUCOKMX TUCKaX Ha YCTi CBEPANIOBUHU | [O3BOMNSAE 3A4INCHUTY



3aMiHy canbH1KOBOI HabVBKM Ha poBoui CTyneHi NPy NpaLotoYii 3anacHin CTyNeHi yLwinbHEeHHs .

[insa 3aMiHn HabvBky 6 B pobOoYilt CTYNEeHi CanbHUKOBOTO YLUINbHEHHS BiArBUHYYIOTE HATUCKHY raviky 10, dikcytoTb ii BBEpXY Ha NonipoBaHOMYy LUTOKY 3a
[0MOMOrOto creuianbHuX 3aTuckadis, Micns Yoro NPOBOASTE 3aMiHy PO3pPi3HMX NYMOBUX Kineub. [ns 3aMiHn HabyBKW B 3anacHilt CTyneHi BiArBUHYYOTb
kopnyc pobo4yoro canbHuka 9, nigHiMaloTb No LUTOKY, (PiKCYtOTb MOro BBEPXY | MPOBOAATL  3aMiHy ryMOBMX KineLpb.

[ins cBepAnoBMH 3 BUCOKMM MIIaCTOBUM TUCKOM YCTbOBWIA CanbHUK 06nagHy€eTbCs NPOTUBUKMAHUM NPUCTPOEM.

[MpoTuBUKMAHWIA NPUCTPIV cKNagaeTbes 3: kopnyca 11, B AKOMY po3MmilLlyeTbCs  Kynbka 14, ska nigHiMaeTbcs npy>uHoto 15 yepes onopy npyxuHu 13. Ha
KOpMyc HarBUHYYeTbCst Kpuka 12 yepes npoknagky 16.

[Mpu 06pmBI canbHUKOTO LITOKA 3BiNbHAETLCS Kyrnbka 14 i nig gieto TUCKy nnacToBoro chnioify nepekpvBae oTBip Y HaTUCKHIN ranui 19.

TexHiYHa XxapaKTepucTyKa yCTbOBOrO CarnbHUKa

1. Pobouunii Tuck, MMa 12

2. YMOBHUI fliameTp, MM 50

3. Po3mip nig ycTbOBMIA LLUTOK, MM 25-32

4. KinbKicTb repMeTusytounx kamep 2

5. Tun ywinbHeHHs rymoBe 3 Kopaom
6. MabapuTHi po3amipu, MM 700 x 520

B HIBY € 6nu3bko 75 cBepanoBuH 3 nepiognyHum aebitom 6nusbko 0,1-0,2 T/006y i Ha cBepanoBMHax 3 NOCTIMHUM BUAOOYTKOM HadTu icHye
Hebesneka yTBOPEHHS ra3oBumx NidTiB, B pe3ynbraTi Yoro nnacToBa piauHa Ha ycTi BiAcyTHSA. BHacnigok BiAcyTHOCTI piavHM B 30HI YLLiNbHEHHS - LUTOK
BiABOyBaeTbCA NPOLEC CyXOro TepTs. B Hacnigok skoro NpoxoamnTh iIHTEHCMBHE CNpautoBaHHs YLLiNbHEHb NPY NiABULLEHIN TemnepaTypi, Lo NpUBOAUTL A0
po3repmeTun3alii ycTsi. ToMy NpPONOHYETLCSA B AaHill KOHCTPYKLT yCTbOBOrO canbHWUKa BCTAHOBUTU A0AATKOBUIA MacTUNbHUIA MaTepiarn, Skui po3MicTUTV B
Kamepi, sika yTBOpUnacst Mixk HaTUCKHO rpyaABYKCOLO i KOprycoM canbHuka (aue. puc. 2.13). LLlo6 macnuno nonagano B 30Hy TEpPTS, camy rpyHAGYKCy
NPOMNOHYH BUKOHATK nepdopoBaHoto. MNpu cyxomy TepTi Byae cnoctepiraTuch 3HayYHe NiABULLEHHSI TeMNepaTypu B 30Hi TepTs i Le Tenno byae
nepepasatu Yepes rpyHabykcy go mactuna. g gieto Temnepatypu Gyae 36inbluyBaTUCh MOro B'A3KICTb | MacTuno Yepes oTBopu Gyae amallyBaTtu
YCTbOBOWIA LUTOK. B SIKOCTi MacTunbHOro matepiany MoXyTb BUKOPUCTOBYBaATUCb MacTumna TUMy: MacTUIo KOHCUCTEHTHe 3 rpadiitom 1/13 3 gobaBkamu
migHoro nopotuky, CM-01, LIMATUM-201, LINATUM-203, UMATUM-221, NNTOJ-24 Ta iHWi matepianu, WO MiCTATb NOBEPXHEBO aKTUBHI PEYOBUHM 3
BiHOBMNOBaNbHUMM BNACTUBOCTSIMU, MPALOKYMMK B pexuMi BUGipkoBoro nepeHocy [17].

HasiBHiCTb [00aTKOBOro 3mMalleHHs B nepioA BiACyTHOCTI NNacToBOI PiAVHN HA YCTi CBEPANIOBUHU NOBUHHO 3HAYHO 36inbLUMTK pecypc poboTn
YLWiNbHIOYMX Kineup.

[ns nioBuLEeHHs pecypcy YLULiNbHIOBaNbHMX Kinelpb 3anponoHOBaHO BUKOPUCTOBYBATU KOHCTPYKLT 'yMOBO-KOPAHMX YLLiNbHIOBAYIB LUTOKA puc.
2.13.

1 - ravika; 2 - rpyHabykca; 3 - ryMoBi Kinbusi; 4 - canbHUKoBa HabuBKa;

5 - nepeBigHuWK; 6 - pagianbHWUN KOMNEHcaTop; 7 - KYyTOBUA KOMMNeHcaTop;
8 - kopnyc; 9 - ravika; 10 - HakmagHa rainka; 11, 12 - nnasatovi Wwanbu;

13 - HaTuCKHe Kinbue; 14 - KOHTpranka

PucyHok 2.13 - YcTboBUI canbHUK yAOCKOHaNeHnin

PurcyHok 2.14 - KOHCTPYKLiSt rfyMOBO-KOPAHOIO YLLiNbHEHHS

CanbHukoBa HabuvBka, sika CKnafaeTbCsl 3 'yMOBO-KOPAHUX YLLiNbHIOBaYiB Mae BNacTMBICTb yNMTyBaTu B cebe NnacToBy piauHy, a kopa TpuBanuin yac
yTpumye ii. Lle fo3Bonsie 3Ha4yHO AOBLUE HiX M'SKi HaOMBKM NpavoBaTh B peXuMi PiAMHHOIO (HamniBCyxoro) TepTs.

TexHiyHa xapakTepucTuka
MakcumanbHuii pobounii Tuck, Mra, He GinbLue:

Npun NpaLoYoMy BepCTaTi-KavanLi.........ccveeveennee. 2,0

NpY 3yNUHLL BepCTaTa-KauarmnKM..........cocceeueeerernenne 5,0

KomneHcaList HecnieBiCHOCTi YCTbOBOIO LUTOKA BifLHOCHO OCi NiABICKN BepcTaTa-Kadyarnkv B pafianbHOMY Hanpsivky,
MM ..ttt e et e e et e e e et e e e e et e e e e et e e e e aareaans Big 0 oo 8

KomneHcauist KyTa BigXWUNEeHHs1 yCTbOBOTIO LUTOKA Bify BEPTUKAMBHOT OCH, TPAM, «.veiuvveeiiieiiieeaiiieaieessiieesiieesiieeaiee s Bin 0 no 5
[iameTp WTOKAa, WO YLLiINBbHIETLCS, MM.. |

MpreaHYBaNbHA Pi3b0a........cccuieieiieieeeie e HKT73 rmapg. FOCT633-80

POG0OUE CEPEAOBUILLE. ......eeeeeieeiieeeiee e nNpoayKuisi cBepAnoBUHN

TemnepaTypa HaBkonuMLHboro cepepoBua, 0C ..........cceeeeeee. Big MmiHyc 30  pgo +40

FabapuTHi po3mipu, MM, He BinbLue:

=1 oo 1 - PP UEPURPP N 852

LUMPUIHA .ttt seeaenseeeneeas 184

FLOBMKUHA ...vvevviieieeieeeeeeeeee e e ee e e eeneanaeneeeeees 242

Maca, kr .... 65

Po3gin 3 3.1 Po3paxyHoK 3ycunns Ha nnyHxepi Hacoca

Po3paxyHok 3ycunns Ha nnyHxepi NpoBoAMMO B 3aneXHOCTi Bii TUCKY Ha pPiBHi HarHiTanbHOro KnanaHa i giametpa Hacoca. Cuna, wo Aie Ha
nnyHxep, BU3Ha4YaeTbCA 3a hopmynoto Pn = Pt + Pr + PiH, (3.1) ae Pt - cuna tepTa; Pr - riapaBniyHa cuna; PiH - cuna iHepuii macu npoaykuii
CBepAnoBUHMU B NidToBIN KONoHi. Cuna TepTa CKNafaeTbLCsA 3 CUNU TepTA NNyHXKepa A0 CTIHOK LuMniHApa CBepANIOBUHHOIO Hacoca i cunu
riapaBniyHoro onopy B HarHiTanbHomy knanadi Pt = P1.n. + Pkn.H=1040,6+420,5=1461,1 H, (3.2) Cuny TepTa nnyHxepa A0 CTIHOK uuniHapa

H, (3.3)

Ae -3a3op B napi “nnyHxep-uuniHAp”; npuiMemo ANA po3paxyHkKiB cepefHiit 3a3op 1-oi rpynu nocagku AnsA cknageHoro uuningpa =0,025 vm



[71.
Cuna rigpaBniyHoro onopy B HarHiTanbHOMY KrnanaHi BU3Ha4aeTbcs 3a (popmyrnoto Pkn.H. = pkn @n=0,523-106-0,804-10-3=420,5 H,

(3.4)

Ae pKn - nepenap TUCKY B KnanaHi Hacoca;

@n - Nroua nonepevyHoro nepepisy nnyHxepa Hacoca. Nepenap TMcKy B knanaHi Hacoca [7] pkn ==0,523 MMa, (3.5) ae max - MakcumanbHa

WBKAKICTb PYyXy PiAVHKM B OTBOPI _Ciana knanaxHa, m/c; npunMemo max = 2=2-0,122=0,244 wc. Buwe 3a3Ha4yeHa cepeaHs WBUAKICTb pyXy

piavHKM y Tpy6i BU3HavyaeTbcA 3a chopmynoto = =0,122 mkc, (3.6) ae S - poBXMHA X04Y LWITOKA; NPUAMAEMO S = ; N - YACIO XOAIB LUTOKa 3a

XBUIMHY; npuiMaemo n = 10 xB-1; d - BHyTpiwHin giametp HKT, m; d=0,05 m; kn - 6e3po3mipHuMit KoediLlieHT BTpaTK knanaHa, ikKun

BU3HAYa€ETbCA 3anexHo Big umcna PeliHonbaca Re = (-d-)/=(0,122-0,05-900)0,025=281, (3.7) Ae - AMHaMiYHa B'A3kicTb BuAoOGyBHOrO dhntoiay; =

0,025 m2/c. 1. npu 0&It;Re2320 (neplia 30Ha TepTA - NaMiHapHUNA peXum pyxy pianHu) =64/Re=64/281=0,23 (3.8) Mnowa nonepe4yHoro nepepisy

nnyHxepa cBepANOBMHHOIO Hacoca BU3Ha4YaeTLCA 3a hopmynoro @n = @n214=3,14-0,0322/4=0,804-10-. (3.9)
lippaBniyHa cuna piBHa AOGYTKY TUCKY 6insA HarHiTanbHOro KnanaHa Ha nnoLly nonepeyHoro nepepisy nnyHxepa, To6To
Pr = pFn=0,78-106-0,804-10-3=627,1 H (3.10)
Cuna iHepuii BU3Ha4yaeTbcA 3a hopmyrnoro
PiH = @pa=1519-0,168=255,3 H, (3.11)

ne [@p - Maca npoaykuii cBepanoBuHU
cbopmynoto (3.13) cuna, wo aie Ha nnyHxep Pn = Pt + Pr + PiH=1461,1+627,1+255,3=2343,5 H. 3.2 Po3paxyHok po6ouvx napameTpiB knanaHa
Butpata piguHu yepes knanaH

(3.14)
Ae - 3MiHHa nnoLa NpoxigHOro NepeTuHy;
d i h - giameTtp oTBOpY cigna knanawxa i nigMom 3aTeopa;
- KoeqiLlieHT BUTpaTH;
Kr/M3 - rycTuHa piamHu;
MMa - nepenag TUCKy Ha knanai.
Ockinbky nepebir piguHn Yepes KnanaH HOCUTb 3BUYaHO TypOYNEeHTHUIN XxapakTep, 3Ha4eHHs koedilieHTa BUTpaTV MOXHA NPUAHATW NPU MOLLMPEHUX
pexvmMax NocTinHWUM i piBHUM [7].
M2;
m3/c.
MakcumanbHa LWBMAKICTE pyXy NpoAyKLUii B OTBOpI CiAna knanaHa 3 ypaxyBaHHSM HEPiBHOMIPHOCTI pyXy niyHxepa piBHa:
m/c. (3.15)
Yucno PertHonbaca piBHO:

(3.16)
Ae - KiHemaTuyHa B'A3KICTb PianHU, M2/c.
BtpaTtu T1cky B KnanaHHOMy By31i NP1 BCMOKTYBaHHI BU3HA4aloTbCA 3a (POpMYIio:

(3.17)

e - rycTMHa AerasoBaHoi pignHu;
- KoediLEHT BUTPATK KnanaHa, Lo BU3HA4YaeTbCa 3anexHo Bi KOHCTPYKLIT knanaHHOro By3na Hacoca i ymcna PenHonbaca.
[Pra=loha-(1-B')+[gk-B'=900-(1-0,95)+1000-0,95=895 k3, (3.18)
e B - 06'eMHa 06BOAHEHICTb HATU, YaCTKM OAUHULL;
- rycTuHa AerasoBaHoi HadTH, Kr/m3;
Kr/M3 - rycTuHa Boau.
CepefiHe 3Ha4YeHHs1 Ans OCHOBHMX TuNiB Hacocis cknagae 0,3 - 0,4.
=49,1 Ma.

3.3 Po3spaxyHoK Ha MiLHiCTb Kopnyca KnanaHa
ToBLUMHa CTiHKK Kopnyca:

(3.19)
e - 30BHIiLWHIN AiameTp kopnyca;
- BHYTPILLHI AiameTp Kopnycy.
MM.
Mnowa KinbueBoro NepeTuHy Kopnycy:
M2. (3.29)
HonycTtumi HanpyxeHHs: []=1100 MMa.
HanpyxeHHa B kopnyci knanaHa
=pkn-d/2=49,1-0,027 /2-0,00296=266,5 Mla
YMoBa BMKOHYETLCSA, TaK SIK PO3PAxXyHKOBI HANPY)XXEHHS 3HAaYHO MEHLUi 3a 4OMyCTUMI.

PO30I 4

4.1 ObcnyroByBaHHs i paLjioHanbHa ekcnnyaTauis obnagHaHHsa LWCHY

[Mepen nyckom HeOOXiAHO NepeBipUTU HasBHICTb MacTuna B NiAWMNHMKAX i 3anMTh MacTuno B peaykTtop. lNoTim obkataTtu BepcTaT-kavasnky Ha
XOINOCTOMY XOAi, 3 BPIBHOBaXYHOUM MU NpOTVBaraMu, BCTAaHOBMEHUMW Ha HYNbOBIN NoAinui kpusoLumnis [8].

[Mpu ubOMYy MPOBIPAIOTD :

a) BepTUKanbHICTb PyXy TOYKW MiABILLYBaHHS LUTAHT ;

0) HasBHICTb LWYMIB , CTYKIB i HarpiBaHHS MiAWWNHMKIB y By3nax .

HasBHi Henonagku ycysatoTb :



a) YCTaHOBKOK PEeryrtoryoi NPOKNagku ;

6) nepe.ipkol MNpaBWnbHOCTI 36ipku BY3MiB i HasiBHOCTI macTuna .

Micns obkaTyBaHHS BepcTaTy-kayarky Ha XOroCTOMY PeXuMi NMpoTAroM 3-X roAuvH A0 HbOrO MPUEAHYHOTb LUTaHrM MUBMHHOrO Hacoca .
Mepen nyckom BepcTaTa-kavankv B poboTy Mif HaBaHTaXEHHAM Nicns Woro MoHTaxy abo [OBroTpMBaNoro NPOCTO, KPiM NepeKUCneHnx Bumor
HeobxiaHo: [8]

a) NepeBipATU BiANOBIAHICTb YacTOTM 06epTaHHS Ta NOTYXXHOCTI BCTAHOBMNEHOro eNneKkTpoABUryHa Heo6XigHMM ANs AaHoro pexuMy po6otu
BepcTaTa-kavanku. EnektpoaBuryH noBuHeH _6yTu nigkniyeHMM B eNeKTpoMepexy TaKuM YMHOM, Wwo6 KpuBowwMnu obeprtanucb no
TOOWHHMKOBIN CTRINL, AKLIO AMBUTUCH Ha BepcTaT-Kadarky 3i CTOpOHU, KON CBepANoBMHA 3HaXOAUTLCSA 3MiBa Bif _cnocrepirava;_
6)_npoBecTy 3piBHOBaXeHHSA BePCTaTy-Kayanku ;

B)_NEPEeBipUTU cNpaBHICTb _enekTpoobnaaHaHHa. [lyckoBa enekTpoanapaTtypa NoBUHHa 6yTU BCTaHOBIIeHa BepTukanbHo. KpinneHHs myckoBoi

enekTpo-anapaTypu NOBUHHO GYTU MiLlHUM;_

r)_npubpatu BCi HenoTpibHi _npeaMeTu, AKi MOXYTb 3a4€NUTH KPMBOLLMNMW NPU 06epTaHHi.
HapiiHa po6oTa BK pocsiraeTbcsl 3a paxyHOK NpaBUNbHOIO NifGopy ycTaTKyBaHHS, SIKMIA 3aNneXuTb Bif TEXHONMONYHOro peXxumMy ekcnnyartawii

CBepANOBUHU, AKICHOrO BUKOHAHHAA MOHTaXXHUX POGIT, TOYHOro 3PiBHOBAXEHHS, CBOEYACHOIO NPOBEAEHHSI TEXHIYHOrO 06CMNyroByBaHHS i NNaHoOBUX
peMoHTiB. Lle 0cobnuneo BaxknunBo npu BNpoBaaKeHHi CUCTEMU aBTOMaTK3aLii i AUCTaHLiIHOrO KOHTPOS poboTU CBEPASIOBUH, KoMK iX 06CnyroByBaHHS
BMKOHYETbCS OAMH-ABa pa3u Ha Joby. B Takux ymoBax Hegornsan, Heabanicte onepaTopa MOXyYTb NPUMBECTM A0 KPYNHOT aBapii i, 0Txe, 40 TpMBanoro
NPOCTOK CBEPANOBUHM [8].

Micns nycky BK B ekcnnyaTauito Yepes nepLui Aekinbka AHIB po60oTu cnif ornsHyTH Bei pisb0oBi 3'egHaHHsA | nigTartm ix. B nepuwi gHi
ekcnnyarauii NoTpiGHO cMCTeMaTUYHO KOHTPONIOBaTU CTaH 36ipKu, KpinneHHs NigWWNHUKIB, 3aTAryBaHHA KPMBOLIMMHUX | BEPXHiX NanbLuiB Ha
WaTYHi, _ypiBHOBaXXEHHS, HaTArHEeHHA NnaciB, BiACYTHICTb MPOTiKaHHA Macna B peAyKTopi i T.N.,_NepeBipatoTb BiANOBIAHICTb MOTYXHOCTI i 4acTotu
obepTaHHsa Bany enekTpoaBUryHa BCTAaHOBNIEHOMY pexuMy po6oTu Bepctata. EnekTpoaBUryH noBuMHeH 6yTu NigknioveHUin Ao Mmepexi Tak, wob

KpvBOLWUNK oGepTanuca no cTpinui, BkasaHiii Ha pegykTopi [8].

B npoueci ekcnnyaTauii Heo6xigHO perynsapHo nepeBipaTH i 3mawyBaTv By3nu BK i pegykTopa. Micus 3amallyBaHHS, TOYKU 3MaLLyBaHHSI, YACIO
LMX TOYOK, COPT 3MalLlyBanbHOro Matepiany i TepMiHM MacTuna, Wo pekoMeHayoTbesl, 00yMOBIEHI BiAMNOBIAHOK HOPMATUBHO-TEXHIYHOK
pokymeHTauieto. Akwo BK nianaeTbca Aii _Benukux_ 3mMiHHUMX HaBaHTa)XeHb i eKCNyaTyeTbCA B yMOBaxX BUCOKMX abo HU3bKUX TemnepaTyp,
niaeuiieHol BonorocTti _abo_NUNbHOCTI, TO HEOOXiAHO YacTille nepeBipATH 1oro, LWo nepeabadyaeTbes AaHO AoKyMeHTauieto [8].

Mpu nycky B ekcnnyarauio HOBOro pegykropa HeobxigHo yepes 10-15 gHIB BUMNWTU 3 HBOrO MAcno i MPOMUTM racoM abo CONAPOBUM _Macriom

3 MeTOK BWAaNeHHs YacTUHOK MeTany, sKi yTBOpUnucsa npu npupobnexHi peayktopa. HasBHicTbL Macna B peayktopi nepeBipsaloTh Yepes
KOHTpONLHI knanauu abo wynom. [Ons mexaHizoBaHOi 3MiHM Macna B peaykTopi, Ans MacTuna niawvnHmkoBmx By3nis BK 3actocosytoTb
creujianisoBaHi arperaTtu.

Mpu ornapi i o6ctexenHi BK peTenbHo nepeBipAOTh XKOPCTKICTb _KPiNNeHHA_NyCKOBOi anapaTypw, AKy Heo6XiAHO BCTaHOBMOBAaTU CTPOro

BEepPTUKaNbHO, ocobnueo npu _YCTaHOBL|i_MarHiTHMX nyckayis, Lo MalTb_KOHTaKTHi npuctpol. KpinneHHsa_noBWHHE OyTu MiLHMM, Takum, WO

3ynuHaTh. Mpwu 3ynuHui_BK peaykTop cnif 3aranbMoBYBaTH TiNbKW NiCNa_BiAKNIOYEHHA eNneKTPOABUIyHa Bifi_Mepexi B HWXKHbOMY MONOXEeHHI _

nnyHxepa_Hacoca ceepanosuHu. Mepen nyckom BK HeobGxinHo npubpaTty Bei 3aiiBi npeaMeTH, siki MOXYTb 3aBaXkaTu BiflbHOMY 0GepTaHHI0

KpuBoLLMna.
[itoyoto cuctemoto TO i MP ans BK nepenbayeHi noTouHi i kanitanbHi peMoHTW. MoTo4YHMIn peMOHT NoBuHeH 3abe3nevyBaTtu npauesgaTtHictb BK oo
KaniTanbHOro peMOHTY. BUKOHYIOTb AOr0 pEMOHTHI KOMMNIEKCHI 6puragmn Npy KOPOTKOYACHUX 3YMUHKaX CBepANOBUHM abo Mig3eMHOMY peMOoHTi [8].

[Mpu NOTOYHOMY pPeMOHTI NepeBipsAOTb i 3AINCHIOITbL NIATSKKY KPINUAbHUX 3'€AHaHb, 3aMiHIOTb Ti, L0 NPUALLAN B HENPUAATHICTb KPINunbHI AeTani,
KIMHOBI Nacu, kaHaTHi niaBicku abo nnawuky, AeTarni HWKHBOT roNoBKY LWaTyHa, NanbLi KpMBOLLKMIB, 3MaLLytOTh NiAWMMNHMKOBI ONOpU, LUAPHIPHI 3'€éAHaHHS
i XOO0Bi rBUHTW.

Mpu kaniTanbHOMy peMOHTI LaTyHiB B 360pi 3 NanbLUsaM1 KpYBOLLIMMA, XOA0BUX MBUHTIB 3 AeTansiMu Ha KpuBoLIMnax npu 6e3cTyniHiacTiil 3MiHi JOBXUHM
XoAy i MexaHizoBaHOMY NepeMiLLeHHi NPoTMBar, 3A4INCHIOETLCS 3aMiHa LWaTyHIB, YCyHEeHHS 3CyBY OCEIN KpUBOLLUMMIB, 3aMiHa AeTanen KnsMKy NoBOPOTHOI
ronoBku H6anaHcupa, nanbLiB NOBOPOTHOT ronoBku, ckob onopu GanaHcupa, 3amiHa geTanei ranbma, enekTpoaBUryHa i 3HOLLEHX LUKIBIB, BUNPaBMEHHS
OropoX, CXOAiB, 3aBapka TPILLMH B 3BapHUX LIBaX, 3aMiHa NPOKNafokK i yLinbHeHb peayKTopa, BUNpaBneHHs nasis LINOHOK Banis, 3a4McTka 3y6iB y
LiecTepeHb pefyKkTopa, 3aMiHa 3ybuaTux Konic i iHwe. KanitanbHuii peMoHT BK BMKOHYIOTE crneLianisoBaHi peMOHTHI 6puraamn arperaTHUM MeTofoM
pemoHTy. MNpu LboMy cknadanbHy OAUHULIO, SKa BKIHOYAE HeMpuAaaTHI AeTani, 3amiHioTb HOBOK abo BipeMOHTOBaHOK. 3aMiHoBaHy cknaganbHy
oguHuuto nepepatoTb Ha LIBIMO ans pemoHTy. Mpu upomy Ha LIBMO noBuHHI 6yTy 060pOTHI cknaganbHi oguHuui Beix Tunopo3smipis BK, wo 3HaxoaaTbes
B ekcnnyartauii [8].

[ins mexaHisauii pyyHoi npaui i 3a6e3neyeHHs 6eaneyHrx ymoB poboTu npu pemoHTi BK B nonboBux yMoBax BUKOPVCTOBYIOTb CreLiani3oBaHunii arperar.
B npoueci ekcnnyarauji WTaHroBnx cBEPANOBUHHMUX HACOCIB 3HOLLYKOTLCA POBOYi NOBEPXHI NIyHXepa, UMNiHAPA i Knanaxis, LWo NPUBOAUTL 40 BUTOKY
NPOAYKLii CBEPASIOBUHM | 3HUKEHHS nogavi.

OCHOBHMMU MPUYMHAMK 3HOCY KPiM CUI TEPTSA € NPUCYTHICTb MiCKy Y BigkadyBaHin piavHi, H2S, CO2, miHepanbHuX conein, a TakoX BUCOKa 0OBOAHEHICTb.
[Micok B cBEpANOBUHI HEPIAKO NPMBOAUTL A0 3aKNUHIOBAHHSA NyHXepa B uMniHapi Hacoca. MNpu upomy Wwob He BiAbyBCs 0OpMB LUTaHT, AOBOAUTHCSA
nigHiMaTn Hacoc.

3 MeTOo NOBTOPHOTO BUKOPUCTaHHS LMNIHAPIB, LLO MaloTb PIBHOMIPHUIA 3HOC, ANS KOXHOIO AiaMeTpy HacoCiB BUrOTOBMAKOTLCSA NIYHXepK 3 Aekinbka
36inbLIeHMmM giameTpamu, Lo A03BOMsE Nigdupat nnyHxep Ao Hacoca, Lo 6yB B poboTi, 3 MEHLLMM 3a30pOM i 3HOB NyckaTu oro B poboTy.

Hacocu, Wwo niansraoTs PeMOHTY, MOCTYNaTb B PEMOHTHUX LEX, A NPOBOAATb 1X Ornsf. AKLWO B pe3ynsTaTi ornsay BCTAHOBMKETHLCS, WO AN PEMOHTY
HeoObXiHO NPOBECTM TiNbKW 3aMiHy 3HOLLEHUX AeTanen (MnyHxepa, Knanaxis, WTokKa), TO BUKOHYETLCSA NOTOYHUI PEMOHT Hacoca. FAKLLO B pesynbraTi
ornsay BCTaHOBIIOETLCS, LU0 AN PEMOHTY Hacoca HeobxifHe 3acToCcyBaHHS creLianbHUX NPUCTOCYBaHb, KOHTPOMbHO-BUMIPIOBarbHOI anapaTypu i
BMCOKOT kBanidikauii pobounx (Hanpvknag, 3BifilbHEHHS 3aKNMHEHOro NnyHxepa abo BCi poboTK, NoB'A3aHi 3 po3dbupaHHaM LuniHapa Hacoca i T.4.), TO
BMKOHYETbCS KaniTanbHU peMOHT Hacoca [8].

PO3AIN 5

5.1 OxopoHa npaui nig vac ekcnnyarauii ceepanosunn LLICHY
Cnoci6 BugobyTky HadTV 3a JONMOMOrOH YCTaHOBOK LLITAHIOBOrO CBEPAJIOBUHHOIO HACOCY MO KiNbKOCTi CBEPANOBUH € HaWBINbLL PO3MOBCIOIXEHNM.



HasiIBHICTIO PyXOMMX YaCTUH BepcTaTiB-KayanokK i Heo6XigHICTI0O BUKOHAHHSA Pi3HUX onepauiii No nepesipLi TEXHIYHOro cTaHy, 3MiHi peXxumy
po6oTH i peMOHTY Ha3emHoro _obnaaHaHHa [15].

[o yMcna Takux onepawin BigHocATbCA: Pob0TY NO _3aMiHi_KNWMHONAciB, 3HATTIO i BCTAHOBNEHHI KaHATHOI NiABICKW, 3MiHi AOBXWUHU XoAY i
yucna kayaHb GanaHcupa, npu 3amiHi 6anaHcupa, peaykrTopa i iHWKX YacTUH BepcTaTa-kadanku [15].

3MmiHa fJOBXMHM X0A4y BepcTaTa-Kayarku nop’sisaHa i3 HeobXiAHICTIO NnepecTaHOBKM NanbusA Ha kpuBowwuni. Mpu BUKOHaHHI Wiei onepaduiii
BUHUKAE HeGe3neka NagiHHA po6iTHMKA 3 BUCOTU, TPaBMyBaHHA POGITHMKA, WO 3HAXOAUTLCA Ha 3eMIli Big’€AHaHMM LUaTYHOM, iIHCTPYMEHTOM
BcraHoBneHHst 6anaHcupa B NOTPiGHEe NONOXeHHSA LWAXOM NpUBeAEeHHA BPY4HY naciB KNMHONACcOBOI NepeAayi MicTUTb He6e3neky
TpaBMyBaHHA NanbLUiB pykK Ta iX 3aTAryBaHHs Nig nacy . 3HATTA | BCTAaHOBNEHHA KaHaTHOI NiABICKM BepcTaTa Kavarnku BigHOCATLCSA A0 Yucna
HebGe3neyHux onepadii, TaKOX NPU BUKOHaHHI L€l po60TK He BUKITIOYEHA MOXMUBICTb TPaBMyBaHHSA PYK i NigHIMaHHSA iHCTPYMEeHTY
npauiBHUKa, AKMIA 3HaXO0AUTLCA Ha GanaHcupi.

BUKOHaHHSA POGIT N0 NpPUEAHaAHHIO Ta BifEAHAHHIO TPaBepCHW i LIaTyHiB NoB'A3aHe 3 HeOoGXiAHICTIO 3HaXOAXKeHHs1 onepaTopiB

_Nig yac cnycky Bia’eaHaHOI i NigHiMaHHA HOBOI TpaBepcu 3a AOMOMOrol NeHbLKOBOro kKaHaTa, AKU NepekKuHyTUin Yepe3 6anaHcup BepcTata
Ka4yanku BUHMKae HebGe3neka NnafiHHA TpaBepcu i TpaBMyBaHHS Heto NpauiBHUKIB.

Onepalii No 3amiHi BENUYMHM BaHTaXy Ha KPMBOLLMMNAX € TEX HeGe3neyHMMY Tak sk poboTa NPOBOAUTLCS 3 BaHTAXXEM BENUKOI Baru.

CepiiosHoto Hebesnekoro npy o6CrnyroByBaHHi BepcTaTta Kadarnkum € MOXIMBICTb 3aTaryBaHHst 06CNyroByHO4Oro NepcoHany pyxoMmmMmu YactuHamu, siKLLO
BOHW HE MaloTb HafiiHUX OrOPOX.

Mpwu MoHTaxi BepcTaTa-kayankum MoxnuBa HeGe3neka o6puBy KaHaTy 3 JONOMOIOKO SIKOFrO BepcTaT-kayarnka 3aTAryerbcs Ha (pyHAaMeHT, a
TaKoX NepeknayBaHHA pamMu 3 CTIMKOIO Ha NtoAen, siKi 3HaxoAATbCS B Hebe3neyHiln 30Hi.

Okpemi He6e3nekn BUHMKaOTb TaKoX NpY 06CNyroByBaHHi YCTLOBOro o6nafgHaHHa ( HabuBKa CarbHYKOBOrO LUTOKOBOIO YLUiNIbHEHHS,

3'efiHaHHA i_Bif'eaHaHHi BrkuaHOI fiHiT). TMpwn po36upaHHi BUKMAHUX NiHiA rMMGMHHO-HACOCHOI YCTaHOBKM AKi _00najHaHi 3BOPOTHUMM
KnanaHamu, MOXrvMBe NOTpansIsHHA HadTM Ha NPUrMPNoBY NIOLWaAKY, WO CTBOPIOE Hebe3neky noxexi [15].

Mpwn obcnyrosyBaHHi BepcTaTiB-ka4anok BUHMKae Hebesneka HeLLacHUX BUNaaKiB Npy 3HATTI LUKIBa enekTpoaBuUryHa, BUiMaHHi nanbLis i BTYNOK
kpvBoLuMna. TpaBMyBaHHS 06CIyroByloHOro nepcoHany MoXnuee, KpiM Toro, Npu o6CrnyroByBaHHI enekTpoobnagHaHHA BepcTaTy Kadarnku, npu poboTi
YW MOLLKOMPKEHHI i3onsuii. He BUKnioYeHe BUHWKaHHS CTaTUYHOT Hanpyr BHACMiAoK NPOTikaHHSA pignHu no o6s’aaui [15].

BucHoBku

MpoBeneHo ornsa obnagHaHHA Ans ekcnnyaradii ceepanosuH 3 gonomoroto LLICHY. Bpaxoytoun ymoBu po6oTu BUGpaHO OCHOBHE 0bnagHaHHs.
OuiHeHO WKiAnUBWUIA BNNUB ra3y Ha poboTy obnagHaHHs. 3a pesynsrataMmu nNpoBeaeHoro aHanisy 3acobiB (ra3oBux sIKOpiB) 3anponoHOBaHa KOHCTPYKLS
(npocToro i HafiNHOro) ra3oBOro SKOPS YaLLKOBOIO TUMMY.

3anponoHoBaHa KOHCTPYKLis YCTbOBOrO casibHUKa, L0 A03BONUTL NONEPEANTH NepenmBaHHs nnacTtosoro dnoigy y Bunaaky obprey yCTbOBOrO LITOKA, @
TaKoX MonepeauTyt BUropaHHs yLliNibHeHb carbHUKa Yy CBEPAOBUHAX, SIKi MPALIO0Tb Y NEPIOANYHOMY PeXMMi poboTH.

MpencTtaBneHi nponosuii Wwoao pauioHanbHOT ekcnnyatauii obnagHaHHsA YCTaHOBKM LUTAHrOBOrO CBEPASIOBUHHOIO Hacoca.
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