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BCTYII

AKTyadbHiCTL TemMHu. OIHUM 13 TEXHIYHUX 3aCOOIB  IMiJABHIICHHS
OPOAYKTABHOCTI CUTBCHKOTOCIOAAPCHKOT TEXHIKMA € 3aCTOCYBAHHS TlAPaBITYHOIO
NPUBOAY, JUKEPEJIOM €HEPrii sSKOro € Hacoc. BigoMo, 10 pecypc OBaJIbHUX
HIECTEPEHHUX HACOCIB 3HAYHO MEHIIE MI>KPEMOHTHOTO PECYPCY IHLIMX arperariB
TIIPOCHCTEMHU YEPE3 HHU3BKY 3HOCOCTIMKICTH pOOOYMX MOBEPXOHb JCTAICH, IO
YTBOPIOKOTH MPELM31HHI TApy TEPTSL.

Cepenniii pecypc BIIPEMOHTOBAHMX IICCTEPEHHUX HACOCIB CTAHOBHUTH HE
Ooumeme 50% pecypcy HOBOrO Hacoca. Y 3B'SI3KY 3 [HMM, NOIIYK HOBOTO
TEXHOJOTTYHOTO PIIIEHHS 7Sl BIAHOBIEHHS MApaMETPIB 3HOLIEHUX MOBEPXOHB 1
MIJBUIIEHHS 3HOCOCTIMKOCTI 3'€IHAHb JETAJICH HACOCIB 32 PAXYHOK MOJIMIIEHHS
(13MKO-MEXAHIYHUX BJIIACTUBOCTEN POOOUYMX MOBEPXOHb € aKTYaJbHUM 3aBIAHHSIM
PEMOHTHOTO BUPOOHUIITBA.

JIOCBIT PEMOHTY T1Apo- 1 POTOpHMX HacociB [1, 2] mokasye, mo s
BITHOBJICHHS PO3MIPIB 3HOLICHHWX JCTAJCil OBAWIBHUX WLIECTEPEHHUX HACOCIB
MOXYyTh OyTH YCHIIIIHO 3aCTOCOBaHI METOAM €JIEKTPOICKpoBOi 00poOku (EIO) —
€JICKTPOICKPOBA HAIJIABKA 1 3MIIHCHHSI.

Mera pocaigxenns. Po3poOka TexHonorii peMoHTy HacociB tumy HII-Y
HA OCHOBI1 BIJTHOBJICHHSI 1 3MIIHEHHS JIETAJICH €JIEKTPOICKPOBOIO 00POOKOIO.

OO0’€KT AOCTIIKeHHsSI — HOBIi, 3HOLIEH] 1 BIJHOBJIEHI MIECTEPEHHI HACOCH
HIII-50Y rigpocucTeM TPakTOPiB, CLIILCHKOTOCHOJAPCHKUX Ta THIIAX MAILWH.

IIpenmer aAocCaigKeHHA — 3aKOHOMIPHOCTI (DYHKI[IOHYBAHHS POOOUYMX
NOBEPXOHb HACOCIB.

Metoauka a0C/iKeHb. TEOpeTUYH1 JOCHIKEHHS BUKOHAHI HA OCHOBI
NOJIO’)KEHb, 3AaKOHIB 1 METOMIB MATEMaTUYHOIO aHali3dy, Teopii PO3MIPHHUX
JIQHLIFOTIB, T1APABIIKHA, TPUOOTEXHIKK. OOIPYHTYBAHHS PEKUMIB €IEKTPOICKPOBOT
00poOKM TpH BIJHOBJICHHI 1 3MIIIHEHHI 3HOUICHUX JETajCH MPOBOAMIIOC SK 3a

BIJIOMHMH, TaKk 1 PO3pOOIECHUMH OpHUIIHAIBHUMHA MeToaukamu. OOpolOka
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PE3YJIBTATIB JOCIKEHb MPOBEACHA 3 BUKOPUCTAHHSIM METOJIB MATEMaTUYHOI

CTaTUCTUKH.

TeopeTuyHa Ta NpaKTUYHA 3HAYUMICTD. [ [paKTHUHA 3HAUUMICTD MOJIATAE
B pO3po0Ill TEXHOJIOTTYHOTO MPOIIECY PEMOHTY HIECTEPEHHOrO Hacoca tumy HIII-Y
TIAPOCUCTEM TPAKTOPIB, CUIBCHKOTOCMOAAPCHKUX Ta 1HIIKUX MAIIAH BITHOBICHHSIM

1 3MILIHECHHSM 3HOMICHUX MOBEPXOHb MeToAoM EIO.



PO3/LT 1

CTAH IIUTAHHSA TA BUBIP HAITIPAMKY JOCJ/II’KEHDb

1.1. KoHCTPYKTHBHI 0COOJHMBOCTI Ta XApPAKTEPHi HECHPABHOCTI

riIpaBJIivYHUX HACOCIB

B 006’eMHEX TigpaBIiuHuX MPUBOAAX 3aCTOCOBYIOTHCS PI3HOMAHITHI THIA
HACOCIB, KOHCTPYKTUBHA BIIMIHHICTb SIKHX BU3HAYA€THCA B MEPIIY YEPTY YMOBAMU
3aCTOCYBAaHHs 1 BUMOTraMu L0 BHCYBAKOThCS A0 HUX. LI BUMOrM 3BOASTHCS A0
3a0e3MeueHHs] 3aJaHOr0 TUCKY B TLAPOCHCTEMI 1 MOAAYl AOCTATHBOI KUIBKOCTI
Macia npu MiHIMAIbHIA Maci 1 rabaputax, makcumanbHomy KK JI., manoi
CMOYKMBAHOI MOTYYKHOCTI HA MPHUBIiJ, MIHIMAJIBHOI TPYAOMICTKOCTI BUTOTOBJICHHS,
IPOCTOTI B 0OCIYTrOBYBaHHI 1 HAAIMHOCT1 B €KCIUTyaTallii.

Cepen ycbOoro pi3HOMAHITTS Ti1APOHACOCIB MOXHA BWJAUIATH HACTYIHI
OCHOBH1 TUMH: PaAiajIbHO-TIOPIIHEBR], POTOPHI AKC1aIbHO-MOPIIHEB], TUNIACTUHYACTI,
HICCTEPEHHI, TBUHTOBI, MeMOpaHHi, 3 OOCPTOBMMH TMOPIIHSAMHA 1 HACOCH 3
POJMKOBUMH BUTUCKYBaYaMH. OCHOBHI TUITM HACOCIB MOKHA PO3JLJIMTH Ha KUIbKa
BU/IIB, IpeacTaBieHuX B Ta0n. 1.1 [3]

B cywacHux rigpocucremMax, 30KpeMa B TIAPOCHCTEMAX BHUCOKOTO THCKY
(Bumie 10-15 MIla a6o BiamoigHo 100 - 150 Kkrc/cM), 3aCTOCOBYHOTH MEPEBAKHO
POTOPHO-MIOPLIHEB] HACOCH, SIKI TPEACTABIAIOTE COOOKO TAPOMAIIMHY 3 PYXOMUMH
€JIEMEHTaMH y BHIJISIAI POTOpA, IO 3AIACHIOE OOEPTaIbHUI pyX, 1 MOPIIHIB abo
TUTYHKEPIB, IO 00EPTAOTECS Pa30M 3 POTOPOM 1 MAOTh 3BOPOTHO-MOCTYNATBHUIA
PYX B IMJIIHAPAX MAIIWMHY, B 3araJIbHOMY BUNIQAKY POTOPHA MAIMHA BU3HAYAETHCS
K 00'eMHa MamMHa 3 00epTOBUM ab0 OOEPTaIbHUM 1 3BOPOTHO-NOCTYHAIBHAM

PYXOM poOOUYMX OPraHiB HE3AJEKHO BiJl XapaKTEPY PyXy BEAYyUOro JIaHKH [4].



Tabmuus 1.1 — OCHOBHI THIH 1 BUOY HACOCIB

1. BanpHuii Hacoc

2. KpuBowunuui
PanianbHO-NIOPIIHEBHIA HACOC 3. KynaukoBuii

3.1. AKClaJIbHO-KyJTauKOBHIA
3.2. PamianbHO-KyJIaYKOBU I

1. AkcianpHO-MOPIIHEBUI HACOC 3
NOXWJIMM LUJITHAPOBUM OJIOKOM
2. AKClaTbHO-MTOPIIHEBUH HACOC 3
NOXWJIMM JTUCKOM

PoTopHuii akciallbHO-MOPIIHEBHIA HACOC

1. OgunapHoi mii

I InacTuHyacTuii Hacoc o
2. IoasiitHOT mii

1. OnHOTBUHTOBHUHA
['BuHTOBHI1 HACOC 2. JIBOTBUHTOBUA
3. TpbOXIBUHTOBHUI

1. 3 mecTepHsMU BHYTPILIHBOTO
3QUenJICHHS

2. 3 MIECTEPHSMU 30BHILIHBOTO
[TlectepeHnuii HacoC 3aYCIIJICHHS

2.1. 3 K0CO3yOMMM LIECTEPHIMHA
2.2. 3 TIEBPOHHUMHU LIECTEPHAMHU
2.3. 3 npsAMO3yOrMU IECTEPHIMHU

Y poTopHUX paaiaIbHO-MOPIIHEBUX HACOCAX PiAMHA BHUTICHSIETHCS 3
poOounx Kamep (UMIIHAPIB) B MPOIECT OOEPTATBHO-MOCTYNAIBHOTO PYXY
BUTUCKYBAYiB (ITOPIIHIB, TUTYH>KEPIB).

PoTopHa akcialbHO-MOPIIHEBA TIAPOMAIIMHA — MallMHA, y sKid podoul
KaMepu OOEPTarOThCS BIJHOCHO OCI POTOpa, a OCl MOPIIHIB ab0 TUIYHXKEPIB
napajiejibHi oci 00epTaHHs a0o0 CKJIanarTh 3 HEW KyT MeHine 45° Haitouibmn
NOLIMPEHE YKCIO LWIHIAPIB B aKCIAJbHO-MOPUIHEBUX MAIIMHAX JOPIBHIOE 7-9,
JIaMeTpU LMJIIHIPIB T1APOHACOCIB 3HAXOMAThCS B Mexkax Bia 10 mo 50 mm, a
poGoui 06’eMM MalIkH — B MeKax Bimx 5 g0 1000 cm®. MakcuUMalbHUM KyT MiXK
OCSIMU IIMUTIHAPOBOrO OJIOKY 1 MOXWIIOi maiou 3a3Buyaiil nopiBHioe 20° [5].

Hacocu nux tumiB MarooTh BUCOKMiT 00'emumnii KKJI, sxuii mas OUIBIIOCTI
MOJIETIEH ocsrae npu ONTHUMAJIbHUX PeskuMax podoTH 3HaueHb 0,97 - 0,98. bararo

3aKOPAOHHUX (PIpM rapaHTyrOTh AJis HacociB 3 nmogadero 130 - 150 ji/xB 00'eMHumiA
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KK npu tcky 35 Mlla (350 xrc/cm) He menme 0,99. 3aransamii KKJ[ mux

HacociB ckanae npudnausno 0,95 [6].

PoTtopHo-mnacTuHYacTHii Hacoc 3a (POPMOKO BUTHCKYBAiB 1 32 COCOOOM
3aMHKAHHS BUTICHSETbCS OO0 ’€MYy BIJIHOCATBCS JO TPyNM MAallWH, B SIKHX
BUTUCKYBa4l BUKOHAH1 y BHIJISIAI TJIACTUH (MIMOEPIB), MOMILIEHUX B PaalaIbHUX
npopi3ax poTOpa, a BUTICHAIOTHCS OOCSATH 3aMHUKAFOTHCS MDK JBOMA CYCIAHIMH
BUTUCKYBaYaMH 1 MOBEPXHsSIMHU cTaropa 1 poropa. OTke, IIIACTUHYACTHIA HAcOC —
POTOpHA TAPOMAILIMHA 3 PYXOMUAMH €JIEMEHTAMH Y BUTJISAl POTOPA, IO 3A1HCHIOE
oOepTanbHUil pyX, 1 MIacTUH (MMOEPIB), MO 3AIMCHIOWTh O0CpTaIbHUN 1
3BOPOTHO-MOCTYNAJIBbHUI a00 3BOPOTHO-MOBOPOTHHN pyxy. B ocHOBY pobotm
HACOCa HAICKUTh MO3UTHUBHE MEPEKPUTTS, MPU sKOMY poboda kamepa B ii
CEPEOHBOMY TMOJIOKEHHI PO3MILIYETHCS HA TMEPBICHOT (PO3AUIOBOI) MEPEMHUILL,
Oyay4u BIACIYECHOIO (130JIbOBAHOKO) SIK Bl MPUHOMHOT KaMEpH, TaK 1 BiJ KaMEpH
HArHITaHHS.

HenonikoM nnacTMHYaCTMX TIAPOMAIIMH € TPYAHOINI TepMeTH3arii
BUTUCKYBaYiB, OCOOJIMBO repMmern3anii 3 OOKy, TOpPUIB, a TaKOX BEJHKE
HABAaHTA)KCHHS HA BICh POTOPA 1 MIACTHHY Bl CWJI TUCKY PLAVHM, IO TPHU3BOIUTH
JI0 BAHUKHEHHS HAAMIPHOT MyJbcallii moaadl Macyia HaCoCOM.

ToMy B TpaKkTHIi TOIMPEH] HEPEryJIbOBAHI IIACTHHYACTI HACOCH
JBOPa30BOi (piAIIE - YOTMPHUPA30BOi) Ali, K1 MarOTh OUIbII BUCOKHI poOoumii
o0'em 1 KKJI [7].

[[i mamwWHM, sKI OTPAMAIM TaK CamMO Ha3BY JIOMATEBHX, € HAWOIbII
OPOCTUMH 3 ICHYFOUMX TUMIB 1 MAKOTh MPHU BCIX 1HIIMX PIBHUX YMOBAX BEIMKHNA
o0car pobounx Kamep.

['BUHTOBI T1APOMAIIWHU MOKHA PO3INISATH SIK MAIOUHU 3 KOCO3yOMMH
HIECTEPHSAMM, YUCIIO 3YO1B SKMX 3MEHIICHO 10 YMCIA 3aXO/A1B TBUHTOBOI HAPi3KH.
['BUHTOBHMIA HACOC SIBJIsIE€ COOOKO OHY a00 KUJIbKA Map 3a4EIUICHUX TBUHTIB, IITEHO
NOCALKEHUX B KOJOAA31 Koprycy. Hapi3ka 0qHOro rBHHTA BXOJUTH B 3alauHy
THILIOTO, B PE3YJBTATI 00CAT MK HAPI3KAMU BUSIBIISIETHCS PO3AUICHUM HA KUIbKA (B

3QJIEKHOCTI B TOTO, Y CKIUJIbKM Pa3iB JOBXWHA TBHHTA MEPEBULIYE BEIUUYMHY
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KPOKY Hapi3KW) 3aMKHYTHUX MOPOXKHWUH. YacTWHA 3anajuH MIK BUTKAMU HApPI3KH,

BIAKPUTUX JUIS JTAHOTO TMOJOXEHHS A0 BXIJAHOI MOPOKHWHHU, 3aIOBHIOETHCS
PIAMHOK 1 TICHS TOro, SIK B Pe3yJbTaTl IMOBOPOTY T[BHHTIB Wi 3amajuHA
BIJICIKAIOTHCS Bl BXIJIHUX MOPOKHUHM, PIJMHA BUTICHSETHCS BUCTYIIOM B3JIOBXK
OCl y BHXIOIHY KaMmepy. ['BHHTOBI HACOCH BIAPI3HAKOTBHCS HAIIHHICTIO,
KOMMAKTHICTIO 1 BIIHOCHOK OE€3IYMHICTIO B POOOTI. [0 iX mepeBar BIAHOCUTHCS
TaKO PIBHOMIPHICTh PO3PaxyHKOBOi mojayi [8].

JUTs HarHiTaHHs PIAMH M1 HEBEJIMKUM THCKOM (2 - 3 MIIa) 3acToCOBYIOTH
TUTYHKEPHO-MEMOPaHHI HACOCH B SIKUX TYMOTKaHMHHA MEMOpaHa 3aCTOCOBaHA SIK
PO3IIBHUK CEPEIOBUIL 1 MIYHXKEP - K BUTICHIOBaY. B OnHINA KaMmepl KOpIycCy
HAcoca 3HAXOAMThCS MEpPEKavyBajibHa PIMHA, a B APYTiil kamepl — podoya pianuHa
(3a3BMYail MIHEpAJIbHE MACJIO), 3a JOMOMOTOI0 SIKOT 3MIACHIOETHCS POOOUMA X171
meMmOpanu. [Ipu yTomneHH1 MayHKepa B Kamepy poOoda piiMHA BUTICHSETHCS 3
Hei yepe3 oTBopu nNepdopoBaHOi KOPCTKOi omopu 1 jAedopmye (mporuHac)
MeMOpaHy, sKa BUTICHSE, B CBOK YEPry, PIAMHY 3 Kameph uepe3 kimanaH. O0csr
PIIMHY, [0 BUTICHSAETHCS MPU LIBOMY MEMOPAHOO B HATHETATEILHYIO MariCTpab
(mojaya 3a OAWH XI1J), JOPIBHIOE O0OCSTY, ONMUCYBaHOMY mopiiHeM. [lpu
3BOPOTHOMY XOJI TJIYHXKEpPa B KaMepl CTBOPHOETBCS BAKyyM, MiJ JIEK SKOTO
MeMOpaHa Jisrac Ha nepdopoBaHy >KOpcTKy omopy. [lig miero Bakyymy, 110
YTBOPUBCS TMPH LBOMY B KaMmepl OCTaHHS 3aMOBHIOETHCS PIAMHONO, IO
nepeKavyeTbes Yepe3 Kinanad [9]. Y rigpocucremMax TpakTOpiB JaHWM TN Hacoca
HE 3HAWIIIOB 3aCTOCYBAHHS.

JUTs AONOMDKHMX LINEH 1, 30KpeMa, Uil MEPEKavyyBaHHS BEIMKUX OOCATIB
B'SI3KMX PIAWH T1J HEBEJIMKHAM HAMOPOM (THCKOM), 3aCTOCOBYKOTH HACOCH 3
3y04acTUMU POTOpaMu (MOPIIHSMHU CHELAIBHAX NPOQUIIB), sIKI OTPUMAJIA HA3BY
HACOCIB 3 00epTOBUMH MOPIIHAMHA. [Tpodim poTOpiB TaKMX HACOCIB BUKOHAHI TaK,
00 BOHM IIJIBHO 3aMUKAKOTBCS MiXK CO00K 1 3 KOJoAs3saMH Kopnycy. [lpu
o0epTaHHsl POTOPIB 00'€M BEPXHBOI KamepHu OyJe 3MEHIIYBATHCS 1 piAWHA 3 Hei
BUTICHSITHCS, a OOCAT HUXKHBOI KamMepu — 30UIbIIyBATUCS 1 piivHa OyJe B HEi

3aCMOKTYBaTUCS. OCKUIbKM MOAIOHI POTOPH HE MOXYTh IMEpedaBaTH MOMEHT 3
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MPOBIAHOTO POTOpPa HA BEIACHWI, BOHH 3'€IHVIOTHCI MDXK COOOKO IIECTEPSHHOK
2

Mapor, po3TallOBAaHOK Mo3a Kopmycy Hacoca [7, 9] CknagHICTh KOHCTPYKIIi,
BEJMKI Ta0apuTh 1 0COOIMBOCTI POOOTH HE JO3BOJISIOTH BAKOPUCTOBYBATH JTAHUIA
BHU/JI HACOCIB B CLIIbCHKOTOCMOAPCHKIM TEXHIIII.

JUia nepekavuyBaHHs PIAMH M1 HEBEJTMKAM TUCKOM 3aCTOCOBYHOTHCSI HACOCH,
B SIKMX B SIKOCTI BATUCKYBA4iB CIy>KaTh posiiku. Hacoc CkmagaeTbest 31 CTAaTOPHOTO
KUTbLS 1 POTOPA, B IPOPI3H SKOTO BUIBHO MOMIIIEHT PONIMKH. OCh CTaTOpa 3MillICHA
1I0J0 OCl pOTOPA HA MEBHY BEJIMUMHY (EKCLIEHTPUCHTET ), 3HAYCHHS SIKOT BU3HAYAE
nomayy Hacoca. Ilpm oOepranHi poropa posMKu OyayTh MPUTHUCKATHCS
BIUEHTPOBUMH CWJIAMHU A0 OOMOTKM KUIBILIO 1 CHJIAMHU OMOPY - 10 O1YHOi CTIHKH
MPOPI3H POTOpPA, 3aBASKH YOMY 3a0€3MedyeThCs HEOOX1HA repMETHYHICTh. [Ipn
CBOEMY pyCl POJIMKM OyAyTh YAaCTKOBO KOB3aTM 1 YaCTKOBO KOTUTHUCS TIO
LWIIHIPHYHIA MMOBEPXHI CTATOpa 1 OJHOYACHO MO TMOBEPXHI KOHTAKTY MPOPI3IB
poropa. BCMOKTYBaHHSI pIAMHU 31HCHIOETHCS Y€PE3 3JBOEHI BIKHA, BUKOHAHI B
OluHmx KpuIkax Hacoca. CKIAOHICTP KOHCTPYKWIi, Benwki rabaputu 1
0COOMBOCTI POOOTH HE NO3BOJISIFOTH BUKOPHUCTOBYBATH HACOCH MEPEPAXOBAHUX
BULIE KOHCTPYKLIHA HACOCIB B TIAPONPHBOJAX CUIBCHKOTOCIIOAAPCHKOI TEXHIKA
[10].

HaiiGuiboro  mommpeHHss B TIAPONPUBOAAX — CLIBCBKOTOCHOAAPCHKOT
TEXHIKM OTpUMAaJIM 1ecTepeHHl Hacocu. [Ipu HeBenmkomy Tucky (7 Mlla abo 70
KI'C/CM) 3aCTOCOBYIOTbH HAaCOCH 3 IIECTEPHSMU BHYTPIIIHBOTO 3AUYEIUICHHS, SKI
BIJPI3HSAIOTHCS KOMITAKTHICTIO 1 MaIMMK rabapuTaMu B TIOPIBHSIHHI 3 HACOCaMH 3
HIECTEPHSIMHU 30BHIIIHBOTO 3a4YEIUICHHS TI€l K TPOAYKTHBHOCTI. [lepeBaroro mux
HACOCIB € TAKOX CUMETPUYHE PO3TALIyBaHHS TPUBOJHOTO By 1I0AO Kopmyca. Li
HACOCH CKJIAJAOTHCS 13 30BHIIIHBOTO POTOPA 3 3y0aMu BHYTPIIIHBOTO 3a4CTIIIEHHS
1 BHYTPIMIHBOTO POTOPA 13 3y0amu 30BHIIIHBOIO 3a4€IUICHHs. BHYTpimHIiA poTop
Ma€ Ha OJMH 3y0 MEHIIE, HIK 30BHILIHIA 1 € MPUBOJHUAM €JIEMEHTOM. 3yOuacte
3QUENJICHHS BHYTPIIIHBOTO POTOPA BHMKOHAHO TAKUM YMHOM, LIO BiIOYBA€ETHCS

NOCTIHHE 3ITKHEHHS KOKHOro 3y0a 3 30BHIMIHIM pPOTOpoM. Bick obepranHs
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30BHIIIHBOTO POTOPA PO3TAIIOBAHA EKCLEHTPHYHO OCI OOCPTaHHSI BHYTPILIHBOTO

Ha BEJIMYMHY PiBHY MOJIOBMHI BUCOTH 3y0a [11].

[Tpu 0GepTanH1 BHYTPILIHBOTO POTOPA 30BHIIIHIN POTOP TAKOK 00EPTAETHCS
B NIJIIMIHUAKY KOB3aHHS KOPIYCY Hacoca B TOMY » HampsMKy. Mix3yOoBi
3aMaiHu 3’ €IHYIOThCS 3 YCMOKTYBAJIbHUMHM 1 HArHITATBHAMH KaHalaMH 3a
JOMOMOTOK)  CEPIONOAIOHMX BIKOH a00 padlajibHUX OTBOPIB B 3amaguHax
30BHIIIHBOrO poropa. [Ipun obepranHi poTopiB 00CIT MOPOKHUH, IO 3'€AHYIOTHCS
3 BIYCKHMM KaHAJIOM 3POCTa€, a 3'€IHYIOThCS 3 HATHITAJBHUM — 3MEHIIYETHCS.
TakuM 4MHOM MAaciio OAHOYACHO TMEPEKAYYEThCS B HANIPHHMIA KaHal ACKUIbKOMA
NOBUIBHO CTHKAOYMMK KaMepaMy Hacoca.

OnHak yepe3 0COOIMBOCTI KOHCTPYKIIIT 1 CKJIATHOCTI BUTOTOBJICHHS LIEH THTT
HACOCIB HE 3HAWNIOB IMPOKOTO 3aCTOCYBAHHS Y BITUM3HSHIN TEXHIL.

[[Inpoke MOMMPEHHS B T1APOCUCTEMAX BITYM3HSIHOI CLIILCHKOTOCTIOAAPCHKOT
TEXHIKM 3HAWIIIA MIECTEPEHHI HACOCH 3 LIECTEPHSAMM 30BHIIIHBOTO 3aYETUICHHS,
Kl MOXXHA YMOBHO PO3JAUIUTH MO BUAY LIECTEPEHb HA HACOCH 3 KOCO3yOMMH
(cripanbHAMH ), IIEBPOHHUMU 1 TPSIMO3YOMMM ECTEpHsMU [12].

[Tpu 0GepraHH1 HIECTEPEHB HACOCA B MPOTHIIEHKH1 CTOPOHU 3yOU BUXOIATH 13
3QUENJICHHS, YTBOPIOKOYH PO3PUB B MPUHMaJIbHI KaMepl. 3a paXyHOK LbOTO MAcCJIo
HAJXOJUTh B HEl, 3aMOBHIOE 3aMaJIMHA MK 3y0aMHu HIECTEPECHb 1 MEPEMIIIAETHCS
HICCTEPHSAMM 34 BHYTPIIIHIMA (UMJIIHAPUYHAM) IOBEPXOHb THI3[ KOPIYCY B
KaMEpy HarHiTaHHs. Y KaMmepl HarHiTaHHs I[IECTEPHI BXOIATh B 3aYCIUICHHS 1
BUIITOBXYKOTh MAaclio 3 MDK3yOOBMX 3amagiH B HArHITAJIbHWH  KaHal
rizpocucteMu. Mik 3y0aMM IIECTEPEHb, LIO0 3HAXOMATHCA B 3AYCTICHHI,
YTBOPIOETBCS IIUJIBHUA KOHTAKT, TOMY 3BOPOTHUH TEPEHOC Macla 3 KamMepu
HArHITaHHS B TPUAMAJIbHY KaMEPy HEMOKITUBUH.

KonTtakr pobGounx moBepxoHb (mMpoduiiB) 3yO0IB Npu  OpsAsMo3yOomy
3a4eIJIEHH] B1AOYBAETHCS MO JIIHIT O BCIA iX MUPHHI (JIOBXKUHI 3y0a), 4epes3 1o
0P HETOYHOMY BHIOTOBJICHHI IIECTEPEHb PyX BEACHOI IIECTEPHI CTae
MOIITOBXOMOIOHUM 1 CIIOCTEPITAETHCS MIBUAKUN 3HOC POOOYMX MOBEPXOHB 3yOIB.

[[i HegomiKM OPAKTUYHO YCYHYTI B KOCO3yOMX (CHIPAIbHUX) 1 IIEBPOHHUX



12
miecTepHsaX. Bxim 3y0iB y 3a4emiieHHs 1 BUXIA 3 HbOTO B LMX IMIECTEPHIX

BIIOYBAETHCS MOCTYMOBO, 3aBASKH YOMY 3MEHIIYETHCS BIUIMB OXMOOK B mpodi
3yba. KpiMm TOro, B Hacocax 3 KOCO3yOMMHM WIECTEPHSAMM NyJbcalis Mojaadl 1
KPYTHOTO MOMEHTY 3HA4YHO HW)KYE, HDK B HAacocaXx 3 LWIHIPHYHUMHA
miecTepHsAMU. [IpakTUYHO B LIMX HACOCAX BIJICYTHE TAKOXK 3aMHUKAHHS (KOMMPECIs)
piavHM B 3anaguHax [13].

Onnak npu poOOTI KOCO3yOUX IMIECTEPEHb BUHUKAKOTh OCHOBI 3yCHILIA, SIKI
NPUTHACKAIOTH IIECTEPHI 0 TOPLIB KOPNYCY, O MOKE BUKIMKATH IHTCHCUBHHUMA iX
3HOC. 3B@KAKYM HA [I€ MPU BEIMKHX 3HAYEHHSAX NHUTOMOI THUCKY Ha TOpPILI
HEOOX1IHO (pIKCyBaTH INECTEPHI B OCbOBOMY HANPSIMKY 3a JOMOMOTOK)
HAMOJIETTIMBUX NIAMMIHUKIB. L€l HEJOMIK YCYHYTO 3aCTOCYBAHHSM IICBPOHHHMX
HIECTEPEHD, Y SKUX 3a3HAYEH1 3yCWILUIS BPIBHOBAXYHOThCA. KyT Haxwmity 3y0iB
TaKuX MECTEPEHD 3a3Bnyaid 20 - 25° [14].

OpHak HaifyacTimie B HAcocax 3 LIECTEPHSAMH 30BHIIIHBOIO 3QYCIJICHHS
3YCTPIYAKOThC IIECTEPHI 3 OpsiMUM 3yOoMm. Jlo Takoro BUY HACOCIB MO>KHA
BIJIHECTH IECTEPEHHI Hacocu Tuny HITL.

[Ilecrepenni Hacocu tuny HII-Y (HIL-32V, HII-50Y) cknagarotees 3
KOPIYCY, MEPEKAYYBAJIBLHOTO BY3J1a, KPUIIKHM 1 YUIUIBHEHHS. Y MEPEKauyyBATbLHOMY
BY3J11 3HAXOAATHCS Belyda 1 BEACHA LIECTEPHI, YOTUPH MIMIMITHAKA. Y KPHIIILI
BCTAHOBJIFOKOTHCS KAPKACHA MAHKETA, YIIUIbHIOKYA MPUBOIHUI KiHELb MPOBIAHOI
HIECTEPHI, OMOPHA 1 CTOMOPHE KUIbI. 3arajbHUNA BUIJISA Hacoca MOKa3aHWH Ha
puc. 1.1, aitoro OynoBa — Ha puc 1.2.

Hacocu tuny HIII-10E, HII-8T no koHcTpykuii ananoriydi Hacocam HIII-
32V, HII-50Y 1 BiApI3HSAIOTHCS TUIBKK TadapuTamMu 1 NIAMIUIHUKAMHA. Y X
HACOCIB MIIIUITHUKA BUTOTOBJICH] Y BUIJISI «BICIMKHY, IO JO3BOJISE 3a00ITTH
BUTOKY po00YO0i PIAMHHU MO CTHKOBHMX MOBEPXOHb BTYJIOK 1 MIJABHIIUATH KOPCTKICTh

HepeKavyyBajIbHOrO By3J1a.
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bony

Pucynok 1.2 — bynosa nacoca HIII

Hacocu tumy HII-32-2, HIII-50-2 cknagaroThCs 3 KOPIYCy, B SIKHM
MOMIIICHA MIAMMITHAKOBA 000iiMa, BAKOHAHA Y BUIJISII HAMIBUUIIHAPA 3 YOTUPMaA
NIIIMITHUKOBAMH THI3AMK, JI€¢ OOEpTaroThCs BeAyva 1 BEACHA IIECTEPHI.
PanianbHe yINIIBHEHHS JOCATAETHCA 32 JOMOMOrOK MIATHCKHOI 000HMH, MO
NPEACTaBse COOOK MOJIOBUHY MIIUIMIHUKOBOT O0OMMM. YIIIJLHEHHS TOPIIIB

HIECTEPEHB 3a0€3MEUYYETHCS 3a IONOMOTOK ABOX IJIAaTHKIB [15].
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[TpuBoHMI Ban Hacoca YINUIbHEHUI MaHkeTor. OnopHe Kinmpue odepirae

MaHXKETY Bl MEXAHIYHHUX MOUIKOMKCHb., YTIOPHE KUIbIIE YTPUMYE ONOPHE KUTBIIE 1
VIIIJTBHIOKYY MAHKETY B BUTOUEHH] KOPITYCY BiJl OCBOBOTO 3CYBY.

LleHTpyroua BTyJIKA MEPEMIKOKAE MOPBEPTAHHIO MEPEKAYYBAJILHOTO BY3JIa
(mecTepHi B 300pi 3 000HMaMu 1 IJIATUKOM ) M1 4ac poOOTH HAcoca.

[IIupoke 3aCTOCYBaHHS HACOCIB 3 €BOJBBEHTHUM 30BHILIHIM 3QYEIUICHHSIM
NEPEKAYyBATBHOIO BYy3J1a MOSCHIOETHCS THUM, IO CaMe€ TakKl HAaCOCH MPOCTI 3a
KOHCTPYKIIEI0, BIIPI3HIKOTHCS HU3BKOK CIOKMBAHOK MOTYXKHICTIO HA MPHUBI,
MaJIMMH rabapuTamMH 1 Macor0, BIJHOCHO BHCOKOK HAIIHHICTIO. MakcuManbHUi
TUCK, 110 PO3BUBAETHCS MMM Hacocamu, 3a3Buyaii ctaHoBUTH 14-16 MIla 1,
piame, 18-20 MIla. Po3po0sieHo TakoK HACOCH, MPUAATHI Jisi pOOOTH MPU THUCKY
30 MIla. Ilogaya HacoOCIB, MPU3HAYECHHUX JJiI POOOTH HA HU3BKOMY THCKY,

noxoauth 1o 1000 n/xB [16].

1.2. AHaJj1i3 HeCMpaBHOCTEH HACOCIB

He3akaroun Ha 3a3HAY€H1 KOHCTPYKTHBHI NEPEBArd, WIECTEPEHHI HACOCH
3ATMIIAKOTECS  OJHIED 3 HAWMEHII JOBrOBIYHOK CKJIQJAIBHOK OJMHHULECIO
rIpaBIIYHUAX CUCTEM MAlIMH. {1 MpaBUIBHOTO BUOOPY TEXHOJOTII BIAHOBICHHS
1 pO3yMIiHHS (pI3UWYHOI CYTHOCTI BIJIMOB TAaKMX HACOCIB HEOOXIAHO MPOAHAI3yBaTh
YMOBH iX poOOTH 1 BA3HAYATHA OCHOBHI TPHYMHU MOSBH HECITPABHOCTEH.

KoHcTpykuiiiHi  BigMOBM  OOYMOBJICHI TMOMHWJIKAMH, JOMYILICHHMH TpU
MPOCKTYBaHHI, MOPYIUICHHSIMU BUMOT CTaHJAPTIB, 3aHMKCHHSM 3aIaciB MIIHOCTI,
MOMMWJIKaMU B PO3pO0I[l TPUHIIMIOBUX CXEM 1 KOHCTPYKIIH TpUCTpoiB [4, 9].

BupoOHMuYl  BIAMOBH  BHKJIMKAKOTBCS ~ MOPYLIEHHSAM  TEXHOJIOTIi
BUTOTOBJICHHS, HEJAOTPUMAHHSM BUMOT KOHCTPYKTOPCBKOI JOKyMEHTALli MpH
BUTOTOBJICHHI, 3aCTOCYBAaHHSIM HEKOHIMLIMHMX MarepialiB 1 KOMILIEKTYHOUYHMX

€JIEMEHTIB, HEJIOCTATHIM KOHTPOJIEM SIKOCTI B TPOLEC] BUPOOHMIITBA.
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KoHceTpykuiiiHi Ta BUpPOOHHMYl BIiJAMOBHM, SIK TNPABWJIO, BHSIBISFOTHCS B

NOYaTKOBUI MEPIoJ eKCruTyaranii abo HaBiTh B MPOLEC] MAPOOITKHA 3'€IHAHB T[T
yac BUNMPOOYBaHb B 3aBOJACBKUX YMOBAX

Ekcrmuyatamis TiipoHacocCiB  3AIMCHIOETBCS B CKIQJAHMX BUPOOHHUUX
YMOBAX, IO MPU3BOJUTH 10 BAHUKHEHHS BIAMOB 1 HECIIPABHOCTEH B iX pOOOTI.

BUHWKHEHHST BIIMOB 1 3MIHA TEXHIYHOIO CTaHy TiJPOMAIIMH MOB'A3aHI 3
poLEcamMu, K1 MOYKHA YMOBHO PO30OWTH HA KUIbKA TPYIL:

- IIBUJIKOTJIMHHI MPOIIECH,

- MPOIIECH CEPEIHBOI IIBUAKOCTI;

- MOBLIBHO MPOTIKAKOTH MPOLIECH.

JI0 MIBHAKOIJIMHHUX TPOLECIB BITHOCATHCS: BiOpallis aeTajcii, HasBHICTh
NOBITPsL B PiAMHI, MyJbcalis TUCKY. LIl mpouecu XapakTepu3yrThCs BEIMKUMHU
IIBUJKOCTAMU 1 YacTOK 3MIHOK MMapaMeTpiB, MO BiAOYBAKOTHCSI B YaCTKH
cekyHau. JIo mpOLECIB CEPEAHBOI HIBUIAKOCTI MPOTIKAHHS BIAHOCATHCS: 3MiHA
TemMneparypu 1 (pi3MYHMX BIACTHBOCTEH PoOOUYOi PIAMHH, 3MIHA TEMIEPATYPH
HABKOJIMITHLOTO CEPEIOBHUINA, SIKI BIAOYBAKOTHCS MiJ 4ac OE3MEPEPBHOIO LUKITY
pobotn oOnaaHaHHsA. [l0 MOBUIPHO MPOTIKAKYMX MPOLECIB, IO BiAOYBAKOTHCS
OPOTATOM YChOTO TEPMIHY €KCIUIyaramli, HajeKaTb. 3HOUIYBAHHS MOBEPXOHb
JeTanei, MpUpOAHE CTapiHHA 1 BToMy Marepiams [17].

Bci nepepaxoBaHi BHIlE MPOLECH JIEKaTh B OCHOBI HACTYNHUX MPUYMH
BIJIMOB:

- BUCOKI MEXaHI4H1 Jii Ha JeTajli TiJPOHACOCIB MPHU3BOJATH A0 MOSBU
TpiMH 1 371amiB. [IOCTIAHO MIHJIMBI HABAHTAXCHHS CHPUSIOTH BUHUKHEHHIO
BTOMHMX PYHHYBaHb JETAJICH;

- HHU3bKa SKICTb poO0YOi piauHU (3a0pYAHEHICTh, Ta30HACHYEHICT,
(YHKIIOHAJIbHA ~ HEBIJMOBIIHICT)  MIJBHUINYE I1HTCHCUBHICTh  3HOIIYBaHHS
NOBEPXOHb JcTanci. [IpucyTHICTh MOBITPS 1 BOAM B Macial NPU3BOAWTH JIO
HIBUAKOTO PO3KJIAJAHHS MPOTU3HOCHUX MPUCAJOK, IO CIPHUSE 3MiH1 YMOB TEPTH 1

3HOLLIYBAHHSI.
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- MIABMILECHUH TEMMEPATypPHUH PEKUM EKCIUTyaranii, Mo HE BIAMNOBIIAE

BUMOIaM 3HWXKYE B'SI3KICTh POOOYOi PIAMHM, L0 MNPU3BOIUTH A0 30UIBIICHHS
BUTOKIB 1 meperpiBy aeraneil. [lpm ekcryaranii rigpoMamivH MNP HHU3bKHAX
TEMIEPATYPAX CHOCTEPIracThCs HEAO3AMOBHEHHS POOOUYMX KaMep 1 PO3PUB MOTOKY
PIAMHY, 10 MPU3BOIUTE A0 KaBITAL[lHUX PyHHYBaHb BUTICHIOBAIBHUX CJIEMEHTIB
KOHCTPYyKIii [18]

B pesynbrari 3HOWmIYBaHHS J€Tajli HACOCIB 3MIHIOKOTh CBOi MEPBUHHI
pO3MIpH 1 TeOMETpUYHy (POpMy, MOPYWIYETbCA X B3a€EMHE PO3TAINYBAHHS B
CKJIaJabHIi OAWHMLI, IO MPU3BOAMTH A0 3MIHU PEXUMY poOOoTH By3na. Bigomo,
10 ACTajIl TIPOMAlIMH, B 3AJIEXKHOCTI BIJ SBULI 1 MPOLECIB, IO BiIOYBAKOTHCS B
NOBEPXHEBUX [IApax, MIAJAKOTECS MEXAHIYHOMY i KOPO31HHO-MEXaHIYHOMY

3HOmyBaHHIO (puc. 1.3).[3, 5, 10, 12]

3HOLIYBaHHS ACTAJICH

MexaHi4HE 3HOIIYBAHHS Kopo3iitHo-mexaHiuHe
AOGpazuBHE 3axOIIeHHS OKHCITIOBAJIBHE
3MUHAHHS Kasirariiine
Bromue I'apoabpazuBHe

PucyHnok 1.3 — Buau 3HOUIYBaHHS AeTANIEH T1IPOMAaLIHH

J10 OCHOBHMX BHJIIB MEXAHIYHOTO 3HOILIYBAHHS MMOBEPXOHb ACTAJIEH HACOCIB
BITHOCATHCS: aOpa3sMBHUM, CXOIUTIOBaHHs (3aIMpH), 3MHMHAHHS, KaBiTalllifHE,
BTOMHE, rigpoa0dpasuBHe [9, 17, 20]. AOpa3uBHE 3HOUIYBAHHS - 1€ MEXAHIYHE
3HOLIYBAHHS Marepialy B Pe3y/abTaTi PiKY4yOro 1 APAMarOyOro BIIMBY TBEPAUX

YACTHHOK. /[aHOMY BUAY 3HOLIYBAHHS IMIJIAKOTHCS KOPOYC, MAUUIHUKA 1 nandu
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HIECTEPEHD TiApoHacociB. [IpuumHamu aOpa3WBHOIO 3HOUIYBAHHS € CTOPOHHI

JOMIIIKK  (3a0pyAHIOBaYi), MO MICTATECA B poOOUiid piAWHI, MPOIYKTH
3HOLIYBAHHS TMOBEPXOHb TEPTA AeTancii. 3a0pynHroBadl PO3PI3HAKOTHCS CBOIMHU
(13MKO-MEXaHIYHUMH  BJIACTUBOCTSIMH. OCHOBHI mapaMeTpu 3a0py/HIOBaya:
TBEPAICTh, PO3MIP 1 KOHUEHTPALIsl YACTUHOK. [loTpamistoun B 3a30pH M1K TPYThCS
MOBEPXHSIMM KOB3AaOTh Map, TBEP/l YACTUHKW BUKJIMKAIOTh MMiABUIIECHUN 3HOC [17].

Bucoka mDIOPCTKICTE MOBEPXOHb JACTAlC MICAs BUTOTOBJICHHS a0o0
BIJHOBJICHHSI, A TaKOX HeEsdKiCHa 301pka NpHU3BOAATH A0 TMOSIBU  €(EKTy
CXOIUTFOBAHHS MOBEPXOHb, IO TPYThCS, BUKIMKAHOTO BUCOKAMH TEMIEPATYPOIO 1
THCKOM, 110 BUHUKAKOTh B TOUKAaX KOHTAKTy actanei [18].

3MUHAHHS BIIHOCUTBCS 10 MEXAHIYHOIO 3HOIIYBAHHS 1 XapakTEPHO AJis
CTHKOBMX TOBEPXOHb MIJIIMIIHUKIB Hacoca. BOHO BMHMKAaE NpH YyIApPHHUX
HABAHTA)KCHHSAX BIA Aii TUCKYy Macja, COpPUHMAKOTBCS ACTANSAMH, IO BUKIMKAE
N1BUIICHI KOHTAKTHI HAPYTH Y€PE3 BEJIMKI MUTOMUX TUCKIB. B pe3ynbrari Toro,
00 3IM'sUI0 TMOBEPXHEBHMA IIAp METAly YIIUIBHIOETHCS, TMOYATKOBI PO3MIpU
NOBEPXOHb 3MIHIOKOTHCA. 10 TOTO K OCBITY HAKJIEMAHOTO APy 4acTO MPU3BOINTH
JI0 BTOMHOT'O PYHHYBaHHsI IOBEPXHEBOTO 1IApy aeranei [15].

[Ipu pyct poOOUYOi PIAMHM BHHUKAKOTH OynbOamIkd ra3dy (KaBEpHH),
HAMOBHEHI MapoM 1 MOBITPSM, 3aKPHBAKOThCS NOONM3Y MOBEPXOHBb Aetanci. Lle
CTBOPIOE MICIIEBE MIABUIICHUNA THCK, MIJ TIEK0 SIKOTO BiIOYBA€ThCS PyHYBAHHS
NOBEpXHI MeTanmy (KaBiTalliiHe 3HOUIyBaHHs). KapiTamlis TMOYAHAETBCS THUM
paHile, YuM OUTbLIE MOBITPS MICTUTBCS B poO0U0i piauHu [21].

Kopo3iitHo-MexaHiuHe 3HOLIYBaHHS BIAOYBAETHCS B PE3YJAbTaTI MEXAHIYHOT
Jii 1 CYNPOBOMKYETBCS XIMIYHUM 1 €JIEKTpUYHAM 21 B3aEMOJIEr0 Marepiany
JeTaei 13 cepeaoBuineM. Jletam TiApOHACOCIB OUIBIION MIPOK CXWJIbHI 0
OKHCITFOBAJIbHOTO 3HOLIYBAHHS, SIKE XapPaKTEPU3YEThCS PYHHYBAHHIM TPYTHC, 1
O0OyMOBJICHO PEaKIIE) Marepiajly 3 OKHCJsS€ 3AaTHICTIO Maced. [lpu nbomy
OJIHOYACHO TMPOTIKAE JBAa MPOLECH - IUIACTHYHA Acopmaliiss Maiux OOCATIB
METAJTy MOBEPXHEBHX IIAPIB 1 MPOHUKHEHHSI KUCHIO MOBITPS B A€(POPMOBaHI apH.

Y mepuniii craali OKMCIIOBAIBHOIO 3HOUIYBAHHS B1AOYBAeThbCs PyHHYBaHHS 1
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BUJIAJICHHSL APIOHUX TBEPAMX YACTMHOK METAy 3 O€3MEePEPBHO YTBOPKOKOTHCS Bijl

NPOHUKHEHHS KACHIO TUTIBOK. [Ipyra cTajis xapakTepHa OCBITOO 1 BukporoBaHHs
IUTACTAYHO Ae(POPMY€ETHCS TEHAITHUX OKUCITIB. BUsBIsE€ThCA LEH BUJ 3HOLIYBAHHS
OpPA TOPIBHSHO HEBHCOKHMX MMIBUAKOCTAX KOB3aHHS 1 HEBEIMKHX [MHATOMHUX
HaBaHTOXCHHAX [21].

['yMOBI metani (CaIbHUKH, KUIbLS YINIJIBHIOBAYIB) TAKOXK PYHHYIOTBHCS i
JUIEK0 Maclia, a TaKoK BIIOYBAETHCS iX CTAPIHHS 1 XIMIYHUNA 3HOC BiJ ii BUCOKHX 1

HU3BKUX TeMmneparyp [22].

1.3. IcHyro4i cnocoOu BiAHOBJICHHS JeTaJeil HeCTePeHHUX HACOCIB

OcHoBH1 aedektn neraneit Hacoci tuny HIII-Y npencraeneni B Tabnwin

1.2.

Tabmung 1.2 — OcHoBHi aedextr HacociB Tuny HII-Y

Hazpa nerani Hedextn

Kopmyc 3HOC KOJIOAA31B; 3HOC OMOPHOI MOBEPXHI i1 M IIATHUKA
3HOC NOBEPXHI MM YINUIBHIOBAIBHY MaHKETY; 3HOC P13b0H
3agupu, 3a00iHM Ta PHUCKM HA NPUBAT OYHIA TOBEPXHI,
Tpinman

[TignmunmHuKY 3HOC BHYTPILIHBOI MOBEPXHI Mija Hangy mecTepHi
3HOC BEIMKHAX Ta MAJIAX NOBEPXOHb B MICHSAX JOTHKY 3
KOPIIYyCOM Ta KpHMIIKOK HACOCy, 3MHHAHHA CTHUKOBHUX
NOBEPXOHb (JINCOK)

[lectepni 3Hoc nand; 3HoC TOPLEBOI MOBEPXHI; 3HOC TOJOBOK 3yOIB MO
OKPY>KHOCTI; 3HOC LUTILIB BEAy4Oi 1IeCTepHl; BUKpUIIyBaHHS
3y0iB

Kpuika 3HOC TOPLEBOi MOBEPXHI 31 CTOPOHU KOPIyCY; 3HOC MOBEPXHI
MiJl CaJlbHUK, 3HOC MOBEPXHI MiJi ONOPHE KiJblEe, 3a00iHU Ta
3aIMPHU TOPLIEBOI NOBEPXHI; 3MUHAHHS Ta 3PHUB Pi360U

Komnencatop | 3HOC OBEPXHI TOPLS COPSHKEHOTO 3 IIECTEPHEIO
3HOC NOBEPXHI CHPSHKEHOI 3 KOPITYCOM

Y PEMOHTHIH MPaKTHUIl ICHYIOTh HANPI3HOMAHITHIII CIIOCOOW BIAHOBJICHHS
1 PEMOHTY JA€Tajeil HACOCIB T1IPOCUCTEM.
Bignosnenns kopmyciB. Kopryc rigponacocis tumy HIII-Y Burotosnenuii 3

anmoMinieBoro crmiaBy AJl-11 abo AJI-9 mutTsam B KOKiab. [Ipyn BUTOTOBIEHHI HOTO
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N1AJa0Th TEpMO0OpoOII it AocarHeHHs teepaocti HB 76 ... 107. [23] Kopnyc

niuiarae  BUOPakyBaHHIO TPH  HASBHOCTI TPIMIMH, TAMOOKMX BUOOIH Ha
NPUBAJIOYHUX ITOIIMHAX, 3HOCY OypTHUKA MPOTOUYKH MiJ KUIbLIE VINIJTEHIOBAYA.

OnuH 3 METOMIB PEMOHTY Hacoca - 3MINICHHS liectepeHsb [3, 9, 11]. B
OMY BHUIAJKY KOJIO/S31 PO3TOUYIOTh HA 30UIBIICHUNA pO3MIp 13 3a0€3NECUCHHSAM
JIOMYCKIB, PEKOMEH/JOBAHUX  3aBOJOM-BUPOOHUKOM. Y  MIAUIMIIHUKAX 31
30UIbIIIEHAM MO 30BHIIIHBOMY J1AMETPY PO3MIPOM EKCLEHTPUYHO PO3TOUYYHOThH
OTBOPH MiJ Hangu MWECTEPEHb.

[Ilupoke 3acTocyBaHHs Uil BIJHOBJICHHS KOPIYCY 3HAMIIOB METOX
miacTUYHOro aedopmyBanHs (0OTUCHEHHS) [8, 12]. OOTUCHEHHS MPOBOJAATH B
cnewianbHii npecdopmi Ha rigpasmiuHomy 100-tonHomy npeci [1-474A. 3ycunns
JIOJIAETHCS MO BCIM MOBEPXHI KOpmycy, aedopmailiss 0OMEXKYETbCS CHEIIaIbHUM
CTPWKHEM, BCTAHOBJICHUM B HbOMY, MarTh (OPMY KOJIOAS31B 1 3MCEHINEHWIA
pO3MIP.

[Ipn BIAHOBIEHHI KOPIYCIB TUIACTUYHUM Je(POPMYBAHHIM 3 MOJAIBIIAM
PO3TOUYYBAaHHSIM OTPUMYIOTH OJATKOBI TP PEMOHTHHUX PO3MIPY HO I1aMETPy.
3MEHIIEHHS! MIKIEHTPOBOI BIACTAHI MK KOJOIA3SIMH JO3BOJISE KOMIICHCYBATH
BTpary poOo4oro 00'eMy, BHKIMKAHOIO 3MEHIICHHSM PO3MIPY HIECTEPEHB IO
30BHIIIHBEOMY J1aMETPY.

Ha psnai peMOHTHMX MIANPUEMCTB KOPOYCY BIAHOBIIOKOTH T'UIb3YBAHHSM,
HAHECEHHSM CKJIaly Ha OCHOBI €MTOKCHIHOI CMOJIH, PIAKOT ITaMiyBaHHsM [8, 18].

BiaHOBIEHHS KOpPNyCy HAHECEHHSIM CKJIaJy Ha OCHOBI €MOKCHUAHOI CMOJU
MoJIAra€e B HACTYNMHOMY. Ha peTebHO 3HEKUPEHI MOBEPXHI KOJOA31B MIATEIEM
HAHOCUTBCS MIAp €NOKCUAHOIO KIICHOBOrO CKJIaay, KM mpu Temmeparypl 18 ..
20°C BUTpUMYIOTH IPOTAroM 1 ... 2 TOA., @ MOTIM IIe 2 ToA. B CyUIWIbHIA madi
npu Ttemnepatypi 120 ... 220°C. Jlns BIAHOBJICHHSI 3aCTOCOBYETHCS HACTYyIHUI
kneiiopuii cknaa: 100 r cmomu EJ[-6, 20 r amominieBoi nyapu (ado 160 r
3aJ113HOro NMopouiky), 15 r audytundranara. [lepen 3acTocyBaHHSM B KOMITO3UILIO

JIOAATKOBO BBOJATH 3aTBEPIKyBay [18].
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JlocuTe 4acTo 3yCTpivaeThes ACPEKTOM KOPMYCY € TMOLIKO/DKEHHS 1 3HOC

pi3pOu. 3a001HU 1 3MMHAHHS HUTOK YCYBAKOTh MPOTOHOM MITYMKAMH. 3HOC 1 3pUB
pi3b0M yCYBaKOTh NOCTAHOBKOK CHIpalbHUX Pi3bOOBUX BCTAaBOK. /J[s 1bOTO
OTBOPH PO3TOYYIOTH 10 TEBHOTO PO3MIPY, Hapi3aroTh pPi3bOIEHHS 1 B Hel
BKPYUYYIOTh Pi3b0OBY BCTABKY, SIKY BHUTOTOBJISIFOTH Y BHIJISII MPY>KHOI cripail 3
JPOTY POMOIYHOIO MEPETUHY 3 TOCTPUM KyTOM B 60°. {1 BATOTOBJIEHHS! BCTABOK
3aCTOCOBYIOTh JApOoTy 31 ctajl Mapok 12X18HO9T abdo 12X18H10T. Ha omHOoMy
KIHIII BCTABKM € TEXHOJIOTIYHMI MOBIACIb, 32 JOMOMOTOK SKOTO CIEIlaIbHUM
KJTFOYEM ii BKPYUyIOTh B OTBIp. [10TIM MOBOAOK BUAANSIOTE BOPOTKOM [8, 23].

Ileii cmoci6 3abe3neuye BIAHOBJIEHHS PI3bOJEHHS JO HOMIHAIBHOIO
pO3MIpPy, B KUIbKA pa3iB MIJBUIIYE 3HOCOCTIAKICTh 1 CTAOLIBHICTH PI3bOOBUX
3'€IHaHb.

[Ipun BiACYTHOCTI Pi3bOOBUX BCTABOK B KOPHYCHUX JACTAISIX HAPi3arOTh
Pi3b0y PEMOHTHOIO po3Mipy. Y IbOMY BUMAAKY 3aCTOCOBYHOTH OONTH OUIBLIOrO
po3MIpYy.

PeMOHT KkOpmyciB HAcOCIB BKIIHOYAE TaK C€aMO 3aBapKy TpILIMH,
NpPUBAapIOBaHHs OOnaMaHMX 4acTWH 1 T.A. Kopnycw 3aunmiaroTe 1O METAJIEBOrO
Omucky mo oOmasa Ooku TpimmHM abo0 oOiomy Ha mmwmpunHy 10 ... 20 MM i
BU3HAUarOTh i Mexi. Ha Biactani 6 ... 10 MM Big BUOAMMOTO KIHLSI B HAMPSMKY
PO3BUTKY ACHEKTY CBEPAIATH HACKPI3HI OTBOpHU AiameTpoM 3 ... 4 mm. HackpizHi
TPIILMHA B TOHKMX 1 TOBCTHX CTIHKax OOpPOOJSIOTH BIAMOBIIHO 3 OJHOIO 1 JBOX
CTOPIH, @ B IEPEMUYKAX MK OTBOpPaMHM - 3 IBOX CTOPIH MO BCiil BUcOTI. Hekpi3Hi
TPIMHU OOPOOIISIFOTE 10 LIIOro Metany [3].

HaiiGuibr cknagHuii mpouec - BIIHOBICHHS PATIAIBHOTO 3a30py MIK
BEpIIMHAMU 3yOiB 1 CTIHKAMHM KOpMyCy Hacoca. [TpocTum 1 A0CUTh €(PEeKTHBHUM
Ccnoco0OM € PO3TOYYBAHHS KOPMYCY Hacoca IMijJ KOPUTyBaTh 3yOW IIECTEPEHb
PEMOHTHHMX PO3MIPIB 31 30UIbIIEHUM AlaMeTpoM. Takuii cnoci®O BIAHOBJICHHS HE
3HAWIIOB IIMPOKOrO 3aCTOCYBAHHS, TaK SK PEMOHTHO-TEXHIYHI IMiJMTPHEMCTBA
NPAKTUYHO HE MAarTh 3yOOPI3HHX BEPCTATIB, a 3aBOAM BHPOOHUKM INECTEPHI 3

KOpHUTIyBaTH 3y0amu 30UIBIIEHOTO J1aMETPY HE BHITYCKAKOTh.
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3HOUIEHY BHYTPILIHIO TOBEPXHIO KOPNYCY HAacoca MiJ HOMIHAIbLHUIA pO3MIp

HIECTEPEHb  BIJAHOBIIOKOTH HAIUIABJIEHHSM CTIHOK KOPIYCY 3 NOJAAIBIIOK
po3rouyBaHHsM [8, 12]. HannaeieHHs BeayTh OIMETANIYHMM (MITHOCTAJIBHKM)
a00 4YaByHHUM (Mapku b) enexkTpoaoM 3 sgKicHOT 00Ma3Kkow 0€3 MOMepeHbOTO
miairpiBy. [Ipy nbOMy HarmIaBISIETBCS METAJ HAHOCITH HA 3HOUICHY MOBEPXHIO Y
BUIJISII BAJIMKIB, IO MEPEKPUBAIOTH OJIMH IHIIWH HA 1/3 MUpPUHU.

3ac/iyroBye Ha yBary crociO BIJJHOBJICHHSI BHYTPIIIHBOT MOBEPXHI KOPIYCY
HACOCA 3aMPECYBAHHAM MMiBKIJIEb-BKIAIUIIIB 3 TONMEPEAHBOI PO3TOUKOK KOPITYCY
[3, 5]

Bignosnenns wmectepens. lllecrepni nHacociB tumy HIII BUTOTOBISIOTH 31
cram 18XI'T, mignaroTe neMenranii Ha moOuHy 0,9 ... 1,5 MM 1 3arapTyBaHHIO JI0
TBepaocti 58 ... 62 HRC [23].

OCHOBHHMMH MMapaMeTPamMHu, IO BIUIMBAKOTh HA EKCIUTyaTALIfHAN MOKA3HUK -
No/Iayy HAcoca, € IMPHUHA HIECTEPHI 1 11 30BHILIHINA JiaMeTp.

[llecTepHi 31 3HOCOM B MEXax TOBUIMHU TEPMOOOPOOJEHOTO IIapy
PEMOHTYIOTh 1LJTI(PYBAHHSAM 3HOIICHUX MOBEPXOHb /10 BIAMOBIHOIO PEMOHTHOTO
po3mipy. IlecTepHi 31 3HOCOM poOOUYMX MOBEPXOHbB, IO MEPEBUIILYE PEMOHTHUNA
PO3MIP BIJHOBIIOIOTH HACTYIHUMH METOAAMM: BHCOTY 1 IMMMPUHY 3y0a -
KOHTAaKTHUM TPHBAPIOBAHHSM MMOPOLIKOBUX MATEPIAIIB, EJIEKTPOIMIYJIbCHUM
HAMIKAHHSM TOPOLIKOBUX MAarepialiB, Hamdy - MPUBAPKOK CTANEBOI CTPIUKH,
3aJII3HEHHSAM, XpoMyBaHHsM [3, 8, 9, 11, 12].

[TepciekTMBHUM ~ cmOCOOOM  BIJTHOBJICHHST ~ MOBEpPXHI  3y0a €
€JICKTPOEMYJIbCIiiHE HaIIKaHHs MOPOLIKOBUX MaTePialliB HA BEPIIUHY 3y0a [7, 8].

JUTs BITHOBJIEHHS LA} MECTEPEHD IMUPOKO 3aCTOCOBYKOTh EJIEKTPOITHYHI
MOKPUTTS, HANpUK/IaJ HAHECEHHS  KOMIIO3MIIHHUX  MOJIMEPHOMETAIIYHUX
NOKPHUTTIB HA OCHOBI 3ai113a.

BunienaBeaeH1 cnocoOu BiIHOBJAEHHS MAarOTh HU3bKY MPOAYKTHBHICTH. Lle
NOSICHIOETBCSI  THM, IO B TOpoLeci BIOPOAYrOBOrO HAIUIABIEHHS 1 TpH

€JIEKTPOEPO3IHHOMY  HAPOILIYBaHHI MOJAETbCA  €JEKTPOA, HE3BAKAOUM Ha
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OPUCYTHICTh OXOJIOKYKOUOi PIAMHM, IIBHAKO PO3ITPIBAETHCA, IO BEAEC M0

3HMKEHHS TPOAYKTUBHOCTI 1 BUTPATI AOPOrOro Marepiaiy.

Yepe3 CKIAIHICTh, BHCOKOK TPYAOMICTKOCTI 1 HH3BKY PEHTAOENBbHICTh
BITHOBJICHHSI JaHI METOJM HE 3HAWIUIA IMUPOKOrO MPAKTUYHOTO 3aCTOCYBAHHS B
PEMOHTHOMY BUPOOHHMIITBI.

JUis  BIAHOBIEHHS  MIJIIMANHUKIB TNEPCICKTHBHUM €  3aCTOCYBaHHS
€NEeKTPOICKpOBHiA 00poOku. B pobGoTi [24] 3anpomnoHOBAHO AAHMMH CHOCOOOM
BITHOBJIFOBATH BTYJIKH ITiJl PO3MOALIbHI BAIX ABUTYHIB BHYTPIIHBOIO 3rOPSHHS 1
BTYJIKH BEPXHbBOI FOJIOBKM maTyHa. CrociO BiTHOBIICHHS MOJSATAaE B TOMY, IO IS
30UTBIICHHS TOBIIMHYW [IApy, [0 HAHOCUTHCS HEOOXIAHO BIIMOBUTHUCS BIiJ
OJIHOLIAPOBUX MOKPUTTIB 1 (POPMYBaTH OararomiapoBl MOKPUTTS: 10 4-X IIapiB SIK

10 30BHILIHIA MOBEPXHI BTYJIOK, TaK IO BHYTPILIHIHA.

BucHOBKH, MeTa i 3aBAaHHSA J0CJIIKEHb

[IpoBeneHuii aHadi3 JITEpaTypHUX JOKEPES IMOKa3aB, MO OCHOBHUMH
OPUYMHAMM MMOPYLICHHS MPaLEe3JaTHOCT] IECTEPEHHOTO HACOCA €:

a) 30LIbIICHHS padiaibHOrO 3a30py B 3'€IHaHHI «mamnda IeCTepHl -
N1AIATHUAK» BHACIIIOK 3HOCY TIOBEPXOHb ACTANEH CKIAA0BUX HOTO;

0) 30UIBIIEHHS PamiaIbHOTO 3a30py B 3'€HAHHI «KOPIYC - MIECTEPHS»
BHACJI1I0K MIKPOPI3aHHs KOPNYCY IIECTEPEHB;

B) 30UIBLICHHS TOPIEBOIO 3a30Py BHACHIIJAOK 3HOCY TOPIEBHUX MOBEPXOHb
HIECTEPEHD 1 KOMIIEHCATOPIB.

MeTonm BIJHOBIIEHHS JAHUX CIONYK, IO ICHYKOTh B JAHUH Yac MPONOHYOTh
B OCHOBHOMY HAHECEHHSI METAJIOMOKPHUTTS HA 3HOLICHI MOBEPXHI 3 HACTYIHOK iX
TOYHOT 1 SIKICHOI MeXaHIYHOi 0OpoOKoro. Jl0 HEOMIKIB IIMX METOMAIB HAJICKATh
BUCOKI. TPYAOMICTKICTb, COOIBAPTICTh, CHEPrOEMHICTh BUPOOHMITBA. [0 TOrO XK
Ha OUIBIIOCTI PEMOHTHUX MIANPUEMCTB HEMAE HEOOXIHOrO OONaJHaHHS IS

BUKOHAHHS [IMX OTEPALIii.
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VY 3B'S3Ky 3 OMM METOK wLi€i poOOTH € MiJABHINEHHS JOBTOBIYHOCTI

HIECTEPEHHUX HACOCIB BIJHOBJICHHSM 1 3MIIHCHHSIM 3HOLICHUX [OBEPXOHb
JIETAJICH €IEKTPOICKPOBHUI 0OPOOKOIO.

JUI1 BUKOHAHHS TOCTABIEHOI METH HEOOXITHO BUPILIUTH TaKi 3aBAAHHSL:

1. JlocnmiauTd TPUYMHH BIIMOB OBAJIBHMX IIECTEPEHHHUX HACOCIB,
BCTAHOBUTH OCHOBHI J€()EKTH 1 3HOC pOOOYHX MOBEPXOHb JACTAICH.

2. TeopeTHuHO 1 EKCHEPUMEHTAIBHO OOIPYHTYBaTH (PakTOpH, IIO
BIJIMBAOTH HA MPALE3JaTHICTh, JOBIOBIYHICT 1 MPOAYKTHBHICTH HAacoCa.

3. O6rpyHTyBaTH KiHeMaTuyHi 1 eHepreTnyni mapametpu EIO HeoOxi1aH1 s
BIJTHOBJICHHSI PO3MIipIB 3HOLICHHUX AETaJlCH Hacoca.

5. TlpoBecTr OWIHKY (PI3UKO-MEXaHIYHMX 1 TPUOOTEXHIYHUX BJIACTUBOCTEM
EJICKTPOICKPOBUX TMOKPUTTIB 3 METOK OOIPYHTYBAHHS TEXHOJIOTTYHUX PEKHUMIB

IPU BiTHOBJICHHI 3HOIICHHUX ACTAJIEH.
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PO3/ILT 2

METO/IMKA I OCHOBHI METO/U JJOCJIJUKEHD

2.1. Ilporpama A0CHIIKEeHb

[lepmmii eran OyB MPUCBSYCHUN aHATI3y MPUYMH BIAMOB, PEKUMIB 1 YMOB
EKCIUTyaraili MECTEPEHHUX HACOCIB TIAPOCUCTEM TpakTopiB. lle mao03BONMIIO
c(hopMyJIIOBaTH BUMOTH MO JOBTOBIYHOCTI 1 MPANE3AaTHOCTI 0 BIJHOBIFOBAHHUX
aerancii. Po3risHyTO TEXHONOrIi BIJHOBIEHHS! 3HOIIEHUX MOBEPXOHb AETANECH
HIECTEPEHHUX HACOCIB.

Ha npyroMmy erami, BIANOBIAHO JO TMOCTaBACHOT METH 1 3aB/aHb
OPOBOAMIIUCS TEOPETWYH1 JociiykeHHs. Ha mbomy ertanmi  oOrpyHTOBaH1
3AIEKHOCTI 00'€eMHMX BHYTPILIHIX BUTOKIB HAcoca 4epe3 3a30pv B NMPEUU3IMHMX
napax TepTs, po3pobiicHa MaTeMaTU4YHa MOJAETb 3B'SI3KY MK IIBUIKICTIO BUTOKY
PIIMHM B TIJPOHACOCH 1 3a30paMM B MPEUM3IAHUX Mapax TEPTS; MPOBEICHUIA
aHaJli3 TOYHICHOrO OaJlaHCy PO3MIPHMX JIAHLIOTIB IIECTEPEHHOIO HACOCY,
3M1ACHEHO OLIHKY HABAHTAKCHb, IO MIOTh HA 3'€HAHHS arperary; po3rjsHyTI
BUMOTH JI0 TEXHOJIOTIi BIJHOBJICHHS 3HOIICHMX POOOYMX MOBEPXOHb JETajCH
HIECTEPEHHOIO HACOCA.

Ha TperpoMy erTami mnpoBOAMIIMCS €KCHEPUMEHTAJIbHI  JOCIIIKCHHS

BIJIMOBIJTHO JIO 3arajbHUX 1 MPUBATHAM METOIKAM.

2.2. Meroauka NpPOBEAEHHS BXiJIHOTO0 CTEHIOBOI0 KOHTPOJIIO

Npaue3J1aTHOCTI IeCTEPEHHUX HACOCIB

JUts BU3HAYEHHsT POOOYMX MAPAMETPIB IIECTEPEHHUX HACOCIB I1IPOCUCTEM
TPaKTOpPIB, IO HAAINIIIM HAa PEMOHT mapTis HacociB Tuny HII-Y mignaBanacs

BX1JTHOTO CTEHJI0BOI'O KOHTPOJIIO.
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Kinbkicte (1) 00'€kTiB, K€ na€ HEOOXIJHY TOYHICTH JOCHIKEHb, MPH

3a1aHiil goBipyii WMoBipHOCTI ¢ = 0,95 1 BimHOCHOT moMWIKK ¢ = 0,15, BU3Havam

3 BUPQXKEHHS [25]:
1%
T 2.1

ne t, — xoe@iuieHT CThIOJEHTA,

v — Koe(imieHT Bapiamii (OYIKyBaHE 3HAYEHHS KoeQilleHTa Bapiamii
nopiBHroe 0,3).

BxiaHuii cTeHI0BUH KOHTPOJIb MPOBOJAUBCS HA CTEHAl JAJis BANMPOOYBaHHS

rigpoanaparypu K1-4815M, cxema sikoro npeacraeieHa Ha puc. 2.1,

. .
1‘.

~

Pucynok 2.1 - 3araneauii Burnsig crenay KU - 4815M

B skocTi po6ouoi piAMHM BUKOPUCTOBYBaoCs mMacio mMapku AYm TY 38-
101-719-78 3 B'askicTio 60-70-10° m?*/c. Poboua Temmeparypa Macia CTAHOBUIIA
50 + 5°C.

JUIs MpOBENCHHS BXIJHOTO KOHTPOJIFO BCl HACOCH BCTAHOBIOBAJIMCS HA
CTEH], MOMNEPEAHBO MIAAABIINA 30BHIIIHBOMY OIJISIAYy HA HASBHICTh TPIMIMH B

KOPIyCl, TPA BUSIBJICHHI SIKMX arperar BiAOPAKOBYIOThCSA. YCTAHOBKA arperarisb
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3AIACHIOBAJIACS HA MEPEXIAHI MIMTH, 3aKPIIUICHI HA MPUBAJIOYHIN IIWTI, MICIS

YOro BOHM MMiATUCKAOTh 3aTUCKHUM MMPUCTOCYBAHHSIM.

HarniTarouy nopo>kHWHY Hacoca 3'€IHYBaJIA INJIAHTOM BHUCOKOTO THCKY 3
ApOCENIEM, a BCMOKTYBAJIBHY - LUIAHTOM HU3BKOTO THUCKY 3 Oakom. Jlpocenem
CTBOPIOBAJIM HABAHTAKCHHS, BU3HAYAIOUM HAOLIbIIE PO3BUBAETHCS HACOCOM THUCK
no MaHoOMeTpy. Hacocu, 110 HarHiTarOTh HOMIHAJIGHWA THUCK, BIIYyBaJld Ha
OPOAYKTUBHICTh. [Ipy IbOMY NOTIK Macjia TPOXOJAWB 4YEPE3 JIYWIBHUK BHTPATH
piavHU. Y MOMEHT, KOJM CTPUIKA JIYWIbHUKA 301rajacs 3 moaiioM, OOpaHuM 3a
NOYaTOK BIUNIKY, BKJIIOYAIM JIYWIBHHK 1MOYJbCiB. Konu uepe3 NYMIbHUK
BUTPaTH PIAMHUA MPOXOJUB KOHTPOJIbHAN 00car macna (ans Hacoca HIII-50V - 100
JITPIB), JIYWIBHHUK IMIYJIBCIB 3YMHAHAIM. 3a OOCArOM PIIMHU 1 KUIBKOCTI
IMOYJBCIB, (PIKCYETHCS 3a IIKAJIAMU JIYMIBHUKIB, BU3HAYAIM (PAKTHUYHY MOJa4y
Hacoca [26].

[Ticnms mpoBeAEHHST BXIJHOTO KOHTPOJIO HACOCH MIJJIABAJUC TECPBUHHIM
nedekramii Ta MIKPOMETPAXKHUM  JOCIIDKCHHSAM, MPH 1bOMY J€Tajll He

3HEOCOOTIOBAITH.

2.3. Meroanka MiKpOMETPaKHUX JAOCTIIZKeHb

MeTor nux AOCHIIKEHD € BUBYCHHSI XapaKTEPy Ta BCTAHOBJICHHS JE(EKTIB
1 BEIMYMH 3HOCIB JIeTajieii HACcOCIB, a TakoXX JOCHIKEHHS 3arajbHHUX
3aKOHOMIPHOCTEHN PO3MOJIITY BEIMYMH 3HOCIB.

[Tpu mpoBeneHH1 MOCTIHKEHb AJIsl 3pYYHOCTI poOOTH 1 OLIbIIOI HAOYHOCTI
Oyna po3poliicHa KapTa MIKPOMETPAXy, L0 BKJIIOYAE BCKO BHXIJHY 1H(OPMAIIIO
3a pO3MipaMH KOHTPOJILOBAHMX IMOBEPXOHb JETANCH, 13 3a3HAYCHHSM TOSICIB,
NEPETUHIB, TUIONIMH, IOBEPXOHb 1 TOYOK B SKUX HEOOXIIHO MPOBOJUTH
BUMIPIOBAHHS.

JloCIIPKEHHSM M1 aBaJINCSL:

- miameTp marnd Beaydoi i BeACHOT mecTepeHb D26 o, MM;

0,095 >

—-0,030

- 30BHIIIHIN AlaMeTp BEAy4Oi 1 BEACHOI liecTepeHb 55 ' MM;

-0,076 >
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- IMPUHA IecTepens 3427

MM;
- BHYTPILIHIN JlaMeTp KOJOIs31B KOPIYCY IiJ MPOBIIHY 1 BIIOMY IIECTEPHI
D55 mm;

6+o,015

- BHYTPILIHIA AiaMeTp BTYJIOK 2 MM;

>

-0,020 .
570,040 MM;

30BHIIIHIA A1aMETpP BTYJIOK 5

- BucoTa koMmneHncaropa 12+0,215mm.

B gkocti  3aco0iB  BHMIPIOBaHHS  BHKOPUCTOBYBAIMCS ~ HACTYIIHI
THCTPYMEHTH:

- 1151 Hand mecTepeHp, IMPUHK MIECTEPEHD HACOCA - BAKUIBHANA MIKPOMETP
MPII - 25-50 3 Tounictio 0,001 MMm;

- 30BHILIHIA AlaMETp HIECTEPEHB 1 30BHILIHIA 1aMETP BTYJIOK BUMIPIOBABCS
Bakens cko00ro 50-100 3 TounicTio 0,001 MM;

- Uil BHMIPIOBAaHHS BHYTPIIIHBOIO AlaMETPy KOJIOAS3IB  KOPIYCY
BUKOPHCTOBYBABCs 1HAMKATOpHUIA HyTpomip 50 - 100 3 tounictio 0,002 MM, a
BHYTPILIHIA AiaMeTP BTYJIOK BHMIPIOBABCS 1HAMKATOPHUM HyTpomipom 18-50, 3
touHicTIO 0,002 MM;

- BHMCOTa KOMIEHcCATopa BHMiproBajacs Mikpokatopom HWITI 3 1miHORO
noainka 0,001 M.

JUIs  HACTpOWKM BHMIPIHOBAIBHUX IHCTPYMEHTIB  BUKOPUCTOBYBAJUCS
TUIOCKONIApPAJIENibHI KIHIEBl MipH 1-ro KJ1acy TOYHOCTI.

[TiIMITHAKY BUMIPKOBAIKCS MO 30BHIMIHBOMY IAMETPY B JABOX B3AEMHO
NEPINCHANKYISIPHUX MJIOIIMHAX /I BU3HAYECHHST OBAJIBHOCTI 1 B JBOX MEPETHHAX
JUIS ~ BU3HAUEHHS KOHYCHOCTI. AHQJIOTYHO MPOBOAMIWCS  BUMIPIOBAHHS
N1AIXATHUKIB 10 BHYTPIIHBOMY T1aMETPY.

VY Kopnycy BHMIPIOBAJIMCS KOJIOAS31 MiJ MPOBIAHY 1 BIAOMY INECTEPHI B
TPbOX MEPETHHAX 1 B TPHOX MIOLIMHAX.

JIJisl BU3HAYEHHS BEJIMYMHA HEPIBHOMIPHOCTI 3HOCY KOJIOAS31IB KOPITYCY TIO.
JlaMeTpy BUKOPHUCTOBYBAJM CHEL[ANBHY OMPAaBKY, 13 3aKpIlUICHAM Ha Hil

IHAMKATOPHUM HYTPOMIPOM.
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BumiproBaHHs KOMIEHCaTopa NPOBOAWIMCS B YOTHPHAALSTH POOOUYMX

30HAaX, MPU OMY (IKCyBajacs HOro TOBIIMHA.

VY 3B'3Ky 3 BIACYTHICTIO BIIOMOCTEH MO MOYATKOBMX PO3MIpax AeTaneci
BU3HAYAIKMCS YMOBHI 3HOC, TOOTO 3HAWIEHI 32 YMOBH, IO 3HOCOM Oyne pi3HHLS
MAaKCHMaJIbHOTO 1 MIHIMAJIBHOTO 3HAYEHb OTPUMAHHUX PO3MIPIB

[Ticns 3akiHUYEHHST BMMIPIOBAaHb MPOBOAMJIACS TEPBHHHA OOpOOKa MaHMX:
BU3HAUAINCS 3HOC KOPIYCY, WIECTEPEHb, BTYJIOK, KommneHcaropiB. Kpim Toro,
BU3HAYAIHCS:

- pamiaNbHMIA 3a30p B 3'€IHAHHI KKOPITYC - TPOBIIHA IIECTEPHSDY,
- pamiaNbHMIN 3230p B 3'€IHAHHI KKOPITYC - BEACHA IIECTEPHSY,
- pamiaJibHUIA 3a30P B 3'€JHAHHI «Ianda MeCcTePH1 - MAMUITHAKY,

- TOpLEBUii 3a30p B 3'€IHAHHI (IIECTEPHS - KOMIIEHCATOPY.

2.4. Meroguka BHOOPY PpamiOHAJIBHHX PEKHMIB €JICKTPOICKPOBOIo

HaIlJIABJICHHSA

OCHOBHE 3aBJIaHHsI JaHOT METOAWKH MOJIATAE y BH3HAYCHHI PalliOHAIIBHUX
TEXHOJIOTTYHUX MMAPAMETPIB €JIEKTPOICKPOBHUI HAIJIABICHHS IPH PI3HUX PEKUMAax
HAHECEHHSI IOBEPXHEBOTO 1LIAPY.

[pYHTYIOUHCh HAa JaHUX TEOPETHYHHMX JOCTIUKCHb 1  pe3ysbTaTd
MIKDOMETPQKHUX  AOCHIIPKEHb, BU3HAYAEMO  TOBEPXHI, sKI  HEOOXIJHO
BIJHOBJIFOBATH, 1€ JO3BOJIATh HAM BH3HAYATH XiJ CKCHOEPHUMEHTAIBHHUX
nochaiypkens o EIO. Tlepmmii etan A0CHKEHD € BUOIP PAllOHAIBHUX PEXUMIB
€JICKTPOICKPOBUI HAIJIABJICHHS HAa KOJIOA31 Kopnycy. Jpyruii eranm mossrae y
BUOOP1 palliOHAIBHAX PEKUMIB HAIUIABJICHHS HA Landu mwecTepenb. TpeTii eTan
noJisirae y BUOOP1 palioHaIbHUX PEKUMIB 3MIIHEHHSI OTBOPIB M1 IIMITHHUKIB,

JUtss IpoOBEACHHS IOCIIDKEHHS HA MEPIIOMY €Tarli, BUTOTOBJISUTA 3PAa3KU Y
BUMISIAI ITAOMKIB 3 alFOMIHIEBOTO crjlaBy Ajl 11 3 mIOpCTKICTIO MOBEpXHI Ra =
0,32 MkMm. JlJIg TOCHIKEHB, 10 TPOBOASATHCS HA APYTOMY €Tall €KCIIEPUMEHTY,

OyJii BUTOTOBJIEH] 3pa3ku y BUMIIsLAL Kutenb 31 ctam 18XI'T, 026 1 mupuHoto 7 MM
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mopcTkicTioO Ra = 1,25 MKM, AONYCK HAa MapajieNbHICTh IMJIOIIMH 3pa3ka - HE

OUIBIIIE 5 MKM.

EnexrpoickpoBy HaruaBky Ha 3pa3ku 3 AJl - 11 1 3minHeHHs 3paskiB 3 AO3-

1 mpoBoanm Ha ycraHoBuUi «Enitpon - 22 BMy. 3araibHuidl BUTJIA YCTAHOBKH

NPEICTABICHUN HA pUc. 2.2, a ii eHEPreTHYH1 XapaKTEPUCTUKH B Ta0I.2. 1,

PucyHok 2.2 — 3aranbHuii BUTJISLT YCTAHOBKH IS €JIEKTPOICKPOBOT 0OPOOKH

Tabmuns 2.1 — OCHOBHI €HEPreTUYHI XaPAKTEPUCTUKN YCTAHOBKH

Hazea nmapametpy

Pexxumum yCTaHOBKHU

1 2 3 4 5
CepenHe 3HaYEHHS 3apsAHOro ctpymy, A | 0,3 0,4 0,6 2,6 3.8
AMIUTITYIa HAIPYTHA HA ‘ 45 67 67 96 96
HAKOMWYyBAIBHOMY KOHJIEHCaTOp1, B
€MKICTh HAKOMTMYYBAJIbHUX
koHeHCaTOpiB, MKDL30% 6020 | 60+20 | 6020 | 60+20 | 6020
Enepris pospsay, Jbx 0,06 | 0,13 | 0,28 | 0,81 1,66
Yacrtora BiOpaitii enekrpoay, [’ 150-350
AMITIITY 1A KOJIMBAHb €JIEKTPOY, 1-10
OJIMHUIII
TpuUBaTICTh 3aTPUMKH IMITYJIBCIB, MC 0,2-3.5
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Marepian enexkTpoAiB NiAOMpaIN, IPYHTYKOUHCh HA aHAII31 JIITEpaTypHHUX

JOKEpea 1 MONEPEAHIX AOCHKCHHS 3 AaHOi mpoOyieMH. SIK €NeKkTpoau Juis
HaIlaBKM  BHKOpUCTOBYBanucs, cram Y10, Cs08, Oponza BbpAX 3-1-1,
ANIOMIHIEBHH crutaB Al 1, HIKeNb, AJid 3MIITHEHHS - 0a01iT b16. [liamMeTp enekTpoaa
MPU MPOBEJEHHI €KCIEPUMEHTATBHUX AOCTIHKCHD BUOMPABCS B 3AJIEKHOCTI BIJY
€HEPreTUYHOrO PEKUMY YCTAHOBKM 1 CTAHOBMB MPW HarUIaBJieHHI 3-4 MM juis 4
PEXUMY, 5 MM - IJTs1 5 PEXKAMY, TIPU 3MILHEHH] 2-3 MM JUIs 3 PEXKUMY.

JUTs 1OCH1IPKEHHST BAKOPUCTOBYBAJIA HACTYITHE OOJIaIHAHHS:

- Baru anamithyHi TtAnmy BJIP - 200 r (TOYHICTH BUMIPIOBAHHS [0
0,00005 r) 3 BaXKKaMH,

- 1HauKaropHa royioBka 3 TouHicTro 0,001, 3akpimiena B ctivimi C - 111,

- 1pamkatopauii mikpomerp MPIIT 25-50, 3 TounicTio rosoBku 0,001
MM,

- mikpockon MIM-§,

- mikporeBepaomipu [IMT-3.

B nponeci enexTpoickpoBoi 00poOKH, Micas HAHECEHHS [apy NpoTarom 1
XB. 3Pa3KH OXOJIO/UKYBIA HA TMOBITPI, 3HEKAPIOBATIM ALICTOHOM 1 BUMIPIOBAJIH.
SIKicTh TIOBEPXHEBOrO INAPY MOKPUTTS 3pa3KiB OLIHIOBAIM 3a JOMNOMOIOK)
Mikpockona MIM-8. lle n03BOJISSIO BUSBUTH 30BHIMIHI JE(PEKTH TOKPUTTS:
HECYLJIBHICTh, TOBEPXHEBI MOPH, PAKOBMHU. MIKPOTBEPAICTh  3pa3KiB
BUMIpIOBaiM Ha mpuiaal [IMT-3.

[Tpw omiHII CYHUIBHOCTI MOKPUTTS BU3HAYAIW MPOTSHKHICTH 30HU 3'€JHAHHS
MOKPUTTS. 3 OCHOBHUM METAJOM 1 3arajbHy MPOTSDKHICTh JOCIIIKYBAHOTO
AuistHKA. CyIIbHICTE TOKPUTTS BU3HAYAJIH 32 (POPMYJIOHO:

C:LLi-IOO%, (2.2)
ot

ne C — CYyUUIbHICTh MOKPUTTSL, %0,

L5 — CyMapHa NPOTSHKHICT 30H 3'€/IHAHHS TOKPUTTS 3 OCHOBHUM METAJIOM;

Lo, — MPOTSKHICTD AOCHIIKYBAHOT JUISTHKY 3Pa3Ka.
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2.5. Meroaunka A0C/TIIZKEHHS] BJACTHBOCTEH 01ePKAHUX MOBEPXOHb

JUTS OL[IHKK SKOCTI Ta MPOTHO3YBAHHS MPALE3IaTHOCTI HAHECEHOTO IIapy
HEOOXITHO MPOBECTH MeTajiorpadiuHl JAOCHIIPKCHHS OTPUMAHOTO MOKPUTTS st
PI3HUX MarepiaiBb.

JIJisl IpoBEACHHST METATOrpa(piuHUX AOCTIIKECHb OYJIM MIATOTOBJICH] 3pa3Ku
31 cmapy amtoMidito AJI-11, cram 18XI'T, oOpobneni metomom EIO 3rigHo 3
METOJMKAMU, BUKIIAJICHUM B 11.2.4 - 2.5, 3 IKUX BUTOTOBJISIN Mikpountid [27].

JUTs BHSIBJICHHST MIKPOCTPYKTYPH 30HM 3'€IHAHHS OCHOBHOTO METaly 3
NOKPHUTTSIM 3Pa3Ku TPaBWIH B 4% BOJHOMY PO3YMHI Q30THOI KMCIIOTH TPOTATOM 5
... 7 c. Ilicnst TpaBneHHS 3pa3Ku MPOMUBAIMCS MPOTOYHOIO BOAOKO 1 TPOCYIIYHOTh.

JIoCIIKEHHST  MIKPOTBEPAOCTI  MPOBOJMWJIM  TaKOXK 3a  JOMOMOTOKO
MikpotBepaomipu [IMT-3 kBagpaTHOi anMa3HOi MIPaMIAKOK 3 KyTOM MNpH
BepimHi 136°. HapantaxkeHHs Ha iHAcHTOp ctaHoBuio 1,0 H. Ilpu nposeaeHHi
BUIPoOyBanb 102 BUMIPIOBAIM AiaroHaab BIAOWTKIB 1 BU3HAYAIM MIKPOTBEPIICTh
10 TaOJIMYHKUX JAHHX.

BumiproBaHHs MIKpPOTBEPAOCTI MOKPUTTS BHPOOsmA depe3 10 MKM, MK
LHEHTPaMU BIJOWTKIB Y3[0BXK 30HU 3'€HAHHS 1 BiJ MOBEPXHI BIVIMO OCHOBH
METAJTy, IO JO3BOJIAJIIO BU3HAYATH MEXKI PI3HUX MO MIKPOTBEPAOCTI 30H MOKPUTTSL.
3HAUEHHST MIKPOTBEPAOCTI BU3HAYAIOCS 3a pe3yjbpTaTtamu ycepeanenns 10 ... 15
3aMipiB.

CyTHICTB  TOPIBHSJIbBHUX  BUOPOOYBaHb  MOJSATaE Yy  BU3HAYCHHI
CHIBBIJHOIIEHHS! 1HTCHCHBHOCTI 3HOILIYBAHHS «YHCTHX» MNOBEPXOHb AeTalci 1
noBepxoHb, migganux EIO, ki [107aw0Th MNOpU 1IEHTUYHUX  YMOBAX.
BunpoOyBaHHsIM THIy «KOJIOJAKA-PONMK» Oyna MmiggaHa napa Teprs «uamnga
HIECTEPHI - T1IIAITHAKY .

JUIs TpOBEACHHS TOPIBHAJIBHUX TPUOOTEXHIYHMX BUNPOOYyBaHb Oyiin
BUTOTOBJICHI JBI MapTii 3pa3KiB. TMeplia napTis - 3pa3ku, HE MiAaHI
€JIEKTPOICKPOBIi  00pOoOIl: KOJOJKM BHUIOTOBJISUIA 3 MIAMIMITHAKIB KOB3aHHS

HIECTEPEHHOI0 Hacoca (aoMiHieBril crutaB AO3-1), posmkn 3 nang mWecTepeHb
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(cramp 18XI'T). Jlpyra maprtisg - 3pa3ku 0OpOOJICHI METOAOM EJEKTPOICKPOBHIA

HaraBiaeHHs. [loBepxHi Kojomok o0poOssuncs Oabitom b16 Ha ycraHOBIN
«Enitpon-22bM» Ha pamioHaJIbHUX PEKUMAX 3MILHEHHS, HA MOBEPXHIO POJIMKA
HaHocunacss crtanb 85 ['OCT 1050-74, Ha e€KCIEPUMEHTANbHIA YCTAaHOBLI
«Enmitpon-22bI"» Ha pamioHANIBHUX TEXHOJIOTTYHUX PEKUMaxX Uisl OTPUMAaHHS
MAaKCHMaJIbHOI TOBLIMHM 1 MIKPOTBEPAOCTI wmapy. OOciIr KOXHOi mapTii 3pa3KiB
CTAQHOBUB 3 IITYKH.

BunpoOyBaHHst mapu TepTs «IMiIMIMIHUAK-HAN(A MIECTEPHI» MPOBOIWINA HA
MAalIKHI Ui BUIpoOyBaHHS MarepianiB Ha TepTs 1 3Hoc CMT-1.

BunpoOyBaHHst TpOBOAMIN MPU NOCTIHHIHA JIHIHHIA IIBUAKOCTI POJUKA, TPH
(dikcoBaHlil cucTemi MacTuiaa. MacTuibHMIl matepian - Macio mapku AVII,
PEKMM MACTHWJIA - TPAHWYHE TEPTS; 0Ja4a MACTHIIA pa3oBa B KapTep.

TpubotexHiyHl BHNMPOOYBaHHS CKIAJAIMCA 3 TPbOX €TAIliB. MPUTHPAHHS,

NPUTIPALIOBAHHS TA TPUBAJMX CTAlllOHAPHUX 3HOLTYBAJIbHUX BUITPOOYBAHb.
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PO3/ILI 3

PE3VJILTATH TEOPETHUHNX I EKCIEPUMEHTAJTBHIX
JTOCJKEHD

3.1. Oninka HaBaHTa:XeHb, W0 JiIOTh HA NIAMIUIMHUKOBI 3'€IHAHHS

mMEeCTEPEHHOI0 HACcoCa

[Tpn poOOTI HIECTEPEHHOIO HAcOCa HAWOLIbII HABAHTAKEHUMU JETASIMU €
HOro MiAIIMITHUKA, HA K1 AIFOTh PaliajibHl CHJIM TUCKY PIAMHH 1 MEXaHI4HI CHUJIH,
OOyMOBJIEHI PpEaKUI€0 Bl KPYTHOrO MOMEHTy. [lpudomy, mnepuil 3HA4HO
NEPEBUILYIOTh OCTaHHI.

Y mnepuioMy HaOMMKEHHI TPU PO3PaXyHKY HABAHTAKEHHSI BPaXOBYIOThH
JMIIE CUJTy TUCKY PIIUHM, TPUUOMY MPUAMAIOTh, IO L€ HABAHTAXECHHS P SBIISE
cOOOK0 MOXIJHY MPOEKI1i O1YHOI MJIOMII [ECTEPHI HA BEJIMUMHY MEpenany THUCKY
Ap pinanu [27]:

P:bd(pz—pl):bdAp, 3.1
ne Ap = p,— p, — nepenaj THCKIB B KaMepl HarHiTaHHS 1 BCMOKTyBaHH4, [1a;

b 1 d — mmpuHa [WEeCTEPEHb 1 AIAMETP OKPY>KHOCTI MIECTEPEHD, MM.

[ToniOHe mpunymieHHs nae Aeske 3aBuuicHHs (Ha 15 - 20%) BenwuuHM
HABAHTAKECHHS B MOPIBHSAHHI 3 AIMCHOI0, OCKUIBKH HA MOBEPXHIO LICCTEPHI M€ HE
nepenajy TUCKIB, a ACSIKUM CEepeaHlil TUCK HA YAaCTUHY JOBXKMHHU OKPYXKHOCTI
HIECTEPEHD JII€ BUXITHUI THCK p, HA PIBHINA ili yacTMHU (200 aewo OUIBIIOK0) Mi€
TUCK p; Y BCMOKTYBAJIbHIHA Kamepi, sKe MOoxe OyTH HEraTMBHUM, Ha PELITI
YaCTUHU PO3TOPTKU Kojia OyJI€ MisITH MPOMIXKHE MIK THCK, 3aKOH 3MIHU SIKOTO BIJ]
p2 A0 p; Ui BUNAAKY KOHIICHTPUYHO PO3TAUIYBAaHHS ILECTEPHI B KOJOIA31
Koprmycy, Oyae THIHHUM.

Ha mectepHi, Takox ai€ 3yCHJUIsl B TUCKY PIIMHU B Kamepl HarHiTaHHS,
PIBHE pPI3HHII HArHITAETBCA TUCKY 1 THCKY BCMOKTYBaHHS. LlpOMy THCKY

M1IJA0THCS 3yOH, 1110 3HAXOAAThCs B poOouiii kamepi. [Ipu oOepTaHH1 IECTEPEHB
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BEIIMYMHA MOBEPXHI 3y0iB, MiJJaHa TUCKY B poOoUiil Kamepl, 3MIHIOETbCS. ToMy

3YCUJUIS, IO JII€ HA MIECTEPHI Bl IBOIO TUCKY TAK CAMO 3MIHIOETHCS.

KpiM TOro, miecrepHi HaBaHTAXCHI 3YCHWIUIAM BlJ TIAPABIIYHOIO THCKY
PLAMHM, 10 3HAXOAUTHCS B 3aMaJrHaxX 3yO1B 1 KIJIBLEBHUX 3a30pax Mmo nepudepii Ha
JUISTHKAX KUT BlJ HarHiTAIBHOI IO BCMOKTYIOUOi KaMmep. Y 3B'I3Ky 3 PI3HHULECIO
TUCKIB, PIIMHA Ye€PE3 PaliaibHl 3a30pH MEPETIKAE 3 MOPOKHWHW HATHITAHHS B
NOPOKHUHY BCMOKTYBaHHs. [Ipoxoasun yepe3 By3bKi IIUIMHYU, PIAMHA TOCTYTIOBO
BTpaya€e THUCK BiJ, CTBOPIOKOYM BIAMOBIIHI TUCKY B 3anaiWHax 3yOiB, IO
3HAXOAATHCS HA NUIAXY ii mepeoiry.

CymapHe 3ycWuis Big Jii  TIAPaBIIYHOIO THCKY BU3HAUUTHCA — SIK
PE3YJIBTYIOUMiA 3yCHIIb 3MIHIOKOTHCSI THUCKIB, IO JIF0Th HA 3yOW Ha JIy31 KOJla MIXK
HArHITAHHSIM 1 BCMOKTYBAHHSIM, 1 3yCHJIJISL BiJ Jii THCKY Ha 3yOM 3HAXOAATHCS B
NOPOKHWHI HarHiTaHHs. B pe3yapTari Takoro po3moauly THCKY MO 30BHILIHIX
NOBEPXHAX MIECTEPEHb BUHHUKAIOTHh HEBPIBHOBAXKEHI 3yCHILIS, SIKI CIIPUHAMAOTHCS
M IITATHAKAMHA.

3 oAy Ha Te, IO THUCK JII€ HE MO BCbOMY KOy, a MPUOJIM3HO 1o 1y31 270°,
B PE3YJbTATI YOr0 HABAHTAKEHHS HA IMIECTEPHI YACTKOBO BPIBHOBAXKYETHCH,

PO3PaxyHOK ii 3a3BHYaid MPOBOJUTHCS 32 BUPA3OM: [28]
P=0,6bd(p, - p,). (3.2)

KpiM 3a3Ha4eHOr0 HABAaHTAXXEHHS, HA LIECTEPHI AIOTh MEXaHIYHI CHWJIH,
00yMOBJICHI 00epTaHHSM. 3BaKAIOUM HA 1€, 10 TIAPOCTATUYHOI CUJIN P HEOOX1THO

aoaarn CUiIy Py, O6YMOBHeHy KPYTHUM MOMCHTOM:

AHaJi3 Mmokasye, 0o CUjia peakili Bl bOr0 MOMEHTY 30UIbIIYE palaibHE

HAaBAHTA>KCHHA HA HiI[I]_II/IHHI/IKI/I.
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3 ypaxyBaHHsIM CHJI PEaKIIii Bil KPyTHOIO MOMEHTY, BEIMYMHA PIBHOAIFOUOT

pajlajIbHAX CWI, 10 JIFOTh HAa WIECTEPHIO, OOYMCIIOIYHA MO HAOIMKEHOMY
BUCIIOBOM:

P =0,85pbd. (3.3)

[pYHTYIOUHCh Ha BHINECKA3aHOMY 1 PO3MJIAHYBIIA CXeMy pPOOOTH
NIJIWATHAKA, 300paxeHy Ha puc. 3.1, MOKHA CTBEPUKYBATH, IIO PIBHOMIOYA
pamaibHUX CWI P Jl€ TEepHeHAMKYISPHO OCI LIECTEpHI Mpu PpoOOTI Hacoca,
NPUATHCKAE nangy MeCTEPHI A0 N1AUITHUKA.

F

bearing

journal

( X | 7~ Oil pressure

. ' distribution

Pucynok 3.1 - Cxema poOOTH MiAMIAITHAKA

Ban 30nmkyerbecst 3 OTBOPOM, BHHHMKAE TPAHUYHE, a MOTIM CYXE TEPTHL.
[HTEHCHBHICTh 3HOINYBAHHS CIPSHKCHUX MOBEPXOHB 301IbIIyEThCS. BiaOyBaeThes
3017bIICHHST JlaMeTpa OTBOPY MIAINMMHKMKA 1 3MEHUICHHS AiaMeTpa uandu, 1o

MPU3BOJUTH A0 3POCTAHHS BEJMYMHUA MEPEMINIEHHS MIECTEPHI MiJ AIEK0 THCKY 1
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KPYTHOTO MOMEHTY. Take 30UIBIIECHHS TMEPEMIMICHHS, B 3B'S3KYy 3 HASBHICTIO

MaJIMX 3a30PiB M1K IIECTEPHSIMH 1 KOPIyCOM, TPU3BOANUTH JO KOHTAKTY IIECTEPHI 1
KOPIyCY B MPOLEC] €KCIUTyaranii, 3a MIKpOpI3aHHs B 3'€IHAHHI 1, IK HACIIAOK, JIO
30UTBIIEHHS paJilaJIbHUX 3a30PIB 1 BUXOY HAcoca 3 jaiy.

[TpoBeneH1 TEOPETUYHI Ta EKCIEPUMEHTATIBH] JOCTIIPKEHHS, a TAKOXK aHaml3
YMOB B3a€MO/Ili B MPEUM3IHHUX Napax TePTs, TO3BOJIMIN CPOPMYITIOBATA BUMOTH
JI0O TEXHOJIOTIi BIJHOBJICHHS 3HOIICHUX POOOYMX TMMOBEPXOHb IMECTEPHEBOTO
Hacoca.

[Ipn BiTHOBIECHHI JA€Tajeéi Hacoca ChiJ MParHyTH J0 MaKCUMabHOIO
3MCHILIEHHS 3a30py B 3'€lHAaHH1 «wamda MecTepHl - MIAIMMIHUK» 3a PaxXyHOK
HAHECCHHSI APy METAJIOMOKPUTTS HA LAM(H IIECTEPHI, a TAKOXK A0 3a0€3MeUEHHS
BUCOKOI 3HOCOCTIMKOCTI JAHOTO 3'€JHAHHS 3a PaxXyHOK 3MILHEHHS OTBOPIB
OiAIUANHUKIB. [Ipy BiIHOBJIECHHI KOJIOAS3IB KOPMYCYy HEOOXIAHO KOMIICHCYBaTH
3HOC 3 OOKY 00jacTi BCMOKTYBAHHS 3a PAXyHOK JIOKQJbHOTO HAHECEHHS MIapy
METAJIONOKPUTTS, a TAKOXK MPArHyTH 10 3a0€3MEUCHHST MIHIMAIBHOTO 3a30py MIXK
KOPITYCOM 1 HIECTEPHAMM.

3HOCOCTIAKICTh BIJIHOBICHHX TOBEPXOHb MMOBHHHA OyTH Takow, w100
IHTEHCHBHICTh 3HOINYBAHHS CIIOJIYYCHHS Mae€ HAOUIbIIMA CTyMiHb BIUIMBY Ha
nojavy piavHu Oyia HaWMEHIIOK.

Po3paxyHKOBO-EKCIEPUMEHTAIBHAM CIOCOOOM OYyJI0 BCTAHOBJIECHO, IO AJIS
MIJBUIIEHHST 3HOCOCTIAKOCTI 3HOWYIKOThCA TMOBEepXoHb B 1,2 - 1,5 pasm,

IHTEHCHUBHICTb iX 3HOLIYBaHHS MOBUHHA BIANOBIIATH YMOBI:

0,326

[=3,82-E27-A%. % |32 <(2,94-3,67)-107, (3.4)
(o}

w 0

ne F,, — IpUBEICHAN MOAYJIb IPYXKHOCTI KOHTaKTYrOuuX Marepianis, Ml1a;

R . . o
Anp =—" — NPHUBCJCHUH IAPAMETP MOPCTKOCT1 MAaTEPIaiB,
r-b
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Ruax — BIICTaHb MK HAHOUIBIIMM BHUCTYMOM 1 HAaWMEHIIOK 3amaJuHOIO,

MKM;

b, v — mapaMeTpu KpHBOi ONOPHOT MOBEPXHI1, MKM;

r — pajlyC 3a0KPYIJIEHHSI BUCTYIY NPOQUIK0 TBEPAOro Marepiary, Mkm; H

Hy,, R, — MakcUMaJlbHa BUCOTA 1 paalyC 3a0KPYIJIEHHS XBHJ BIANOBIIHO,
MKM;

f — KOe(ILI€HT TepTs,

0p — MEKa MIMHHOCTI 011k M'sikoro marepiany, Mlla;

t, — mapameTp QPpUKLIIHOI BTOMH.

AHani3z popMyJiM 1 YMOBM B3aeMOJIi B MPEUM3IMHUX Mapax TEPTs HACOCA,
J03BOJIMB BCTAHOBUTH BUJ TEXHOJIOTTYHOTO BIIMBY HA poOOUl MOBEPXHI AETANICH.
JInst 3HAKEHHS! THTEHCHBHOCT] 3HOLIYBAHHS JACTANCH, N0 YTBOPKOKOTH NpeHM3iitHl
napyu TepTs, HEOOXIAHO 3MIHIOBATH iX (PI3MKO-MEXaHIYH1 BIACTHBOCTI, 30KpeEMa
NIABUIILYBATH TBEPAICTH 1 3HWKYBATH KOC(DILIEHT TEPTS KOHTAKTYKOUHX

MOBEPXOHb.

3.2. Onrumizanis pexumis EIO npu BixHOBJIEHHI AeTajieil TUIy Tija

oGepTaHHSs

Enexrpoickpoa 00poOka sBisie €000 CKIagHWI  MpOIEC, SKHiA
XAPAKTEPU3YETHCS BEIUKOIO KIJTBKICTIO PI3HUX YAHHHUKIB 1 MOYKJIMBICTIO peastizaliii
iX Ipy PI3HUX pexxuMax. BUOIp TEXHOIOTTYHUX PEKUMIB 31HCHIOETHCS BUXOASYH
3  XapakTepucTHUK oOOnaJHaHHs, BuAy OOpoONOBaHOI TMOBEPXHI, (HI3HKO-
MEXAHIYHUX, TPUOOTEXHIYHMX TA 1HIIMX BIACTUBOCTEN HAIJIABOYHOIO Marepiany i
T.1.

[To3uTUBHUI pe3ysbTaT MOXKe OYTH TOCITHYTHI B 3HAYHIM MIP1 32 paxyHOK
BUOOpY palliOHATBHUX PEKUMIB 0O0poOku. bepyun a0 yBarum TOW (akT, 10
3MIACHIOETBCS 00pOOKAa LMIIHAPUYHHUX MOBEPXOHb, SSIKUMHU € Hangu IECTEPEHb,
OYEBMJIHO, IO ii JOIUIBHO 3MAIACHIOBATM HA MEXaHI30BaHOi ycTaHOBII. BoHa

CKJIQMA€ThCA 3 TOKApPHO-TBUHTOPI3HOIO BepcTaTta, SKWA 3a0e3mneuye CTajicTh
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4acTOTH 00epTaHHst 0OpPOOIIFOBAHOT IETai 1 MO30BKHBOI MOAa41 €JIEKTPO/IA, a TaK

caMO YCTAHOBKH JJi1 €JIECKTPOICKPOBHM OOpOOKHM, 10 J03BOJIIE BapitOBaTH
CIICKTPUYHAMH PEKAMAMHU, €MHICTIO HAKONMAYYBAJIbHUX KOHJEHCATOPIB 1
HANpPyTroK HAa HUX, BEIMYMHOK POO0YOro crpymy. OTXKE, TEXHONOTTYHI PEKUMU
€JIEKTPOICKPOBH OOpPOOKM MOKHA YMOBHO PO3JUIMTH HA MEXaHIYHI, Taki, SK
yacTotra OOepTaHHs JIeTajl, mojava €JIeKTPOoJa, dacTtora oO€pTaHHS €JINEKTPOJa,
JlaMeTp €NEeKTPoJa, 1 ENEKTPUYHI - BEIMYMHA 3apSJHOrO CTPyMYy, aMILIITYJa
HAMpyrd Ha HAKONMYYBAJILHOMY KOHACHCATOPi, €MHICTh HAKOMUYyBaJbHUX
KOH/JIEHCATOPIB, CHEPrisl OIMHAYHOTO 1ICKPOBOTO PO3PSY .

EnexrpoickpoBa 00poOKa 31HCHIOETHCS €IEKTPOJOM, IO TPUETHYOTHCS J10
NO3UTHUBHOTO TOJIOCA PO3PSAHOTO KOHTYPY T€HEparopa IMIYJbCIB CTpymy. Jlo
HETaTUBHOIO TOJIFOCA MPHUENHYEThCA JeTanb. EnekTpon — BiOpyroumid ado
HEBIOPYIOUMIA — MIATUCKAETBCS 10 TNOBepxHI getam. Ilpm  obepranHi
HAIUIABJIFOBAHOTO JIETANl 1 €JIEKTPOAY HEPIBHOCTI MNPOTWICKHUX TMOBEPXOHb
BUKOHYIOTh BIJHOCHI TEpPEMINICHHS. BHacmigok TepTs TOpus €aeKTpoaa 00
NOBEPXHIO JI€Tall BIAOYBAaeThCS X PO3IrPIB 1 IJIACTHYHA jAcdopmariis M
HABAHTAKEHHAM P .

B ocHOBy KiHEMaTW4YHOi MOJENI JAHOrO MPOLECY MOKIAAEHO MO30BKHE
NEPEMIIICHHST OOEPTOBOIO €JIEKTPOJA IMOA0 OOEpPTAEThCS JETajl, aHAJOTIYHE
NEPEMILICHHIO Pi3Lisl MPU TOKapHiit 00poOI.

JlaHuii BT pyXy OMUCY€ETHCS PIBHSAHHSM IBUHTOBOI KPHBOI:

x=Rcoswt, y=Rsinaot, z=5_27/0, (3.5)

HannaBneHHs MpOBOAUTHECS 13 33JaHOK0 YaCTOTOK OOEpTaHHS AeTaml 1
NOJAYEI0 E€NIEKTPOAA, MO 3a0€3MeUyr0Th B3a€EMHE NEPEKPUBAHHS HAIUTABISFOTHCS
CMYr B TIONMEPEYHOMY 1 TMO3J0BKHBOMY HAMPSAMKY, SKE XapaKTePU3YEThCs
Koe(iieHTaMu MEepeKpUTTa B psaaky Kc 1 Mk psaakamu kM. s 3a0e3neueHHs
HOpMaTUBHOI cyliabHOCTI (70%) 1 ToBumHM mOKpUTTH - Ke = Km ~ 0,25, Sknio

BEIIMYMHU 3MIIIEHHS OCl €JIEKTPoJa IMIOAO0 OCl JAeTanl €, KyTOBOi IIBHIKOCTI
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oOepTaHHsl €NEKTpoAa, THCKY P BBakaTu MOCTIHHUMH, TO HEOOXIJHA 4YacToTa

oOepTaHHs AeTalll JOpiBHIOBaTUME: [29]

na:ﬂ abo a)a:@, (3.6)
27Z-R[ijwn R[iM}’l

e W, — KyTOBA IBUKICTE 00EPTaHHs AETali, ¢

R — paniyc aerai, MM,

D, — plaMeTp JIyHKH (3aJIEXKUTh Bl eHepreTnyHux pexkumib EIO), mwm;

tivm — TPUBATICTH OJIHOTO IMITYJIBCY, C.

Jlns 3a0e3neueHHs Koe(imieHTa NEPeKpUTTss Kv MO3JAOBXKHS IMOAAayYa
€JICKTPOJIa HA OJTMH 000POT JAETall MOBUHHA OyTH, MM / 00.

[Ipn oOepranHi enekTpoAa 1 AETanl BHACTIIOK BIJHOCHOTO MEPEMIMICHHS
HEPIBHOCTEN €JEKTPUYHI PO3PSAM MITPYHOTh, 3a0€3MEUyrOUd PIBHOMIPHICTH
HariaBiaeHHs. KpiM [bOro, 3 BUKOPHCTAaHHSM OOEPTOBOTO €NEKTPOJA MOKHA
HAHOCUTH TMOKPUTTSA, SKI HE BAAETbCS HAHECTH MPH BIOpYE EINEKTPOIL.
JIoMaTKOBUMM TEXHOJIOTTYHUMH MApaMEeTPaMU MPOLECY HAIUIABIIEHHS € OKPYXKHA
HIBUJIKICTh OO€PTAHHS ETal, TUCK 1 MIBUAKICTh MEPEMILIEHHS €ICKTPOIa

OCHOBHHI €IEKTPHUYHOI XapakTepucTukor EIO € peskuM yCTaHOBKH, SKHiA
XapaKTEPU3Y€EThCA CYKYMHICTIO MapaMeTpPiB. €HEPri€rd IMIYJbCY, HAPYroK Ha
HAKOMWYYBAIBHUX KOHJCHCATOPAX, IX €MHICTIO, TPUBAIICTIO OJUHUYHOTO
IMOYJBCY 1 CTPYMOM po3psny. [[iABUIIEHHS €HEprii iMIyJIbCiB BIAOMBAETHCA HA
MPOJYKTUBHOCTI  OOpOOKHM, 30UIBIICHHS TOBUIMHU TOKPUTTS 1 KUIBKOCTI
MEPEHECEHOr0 HA 00poOItOBaHM BUPIO MaTeplainy eIeKTpoaa, 3pOCTaHHI BUCOTH
MIKPOHEPIBHOCTI 00p00aeHOi MoBepxHi. 30UIBIICHHS €MHOCTI HAKOMMYYBAJIbHUAX
KOHJCHCATOPIB BIAOMBAETbCS HA MIABHIIEHH] JU(Y31HHOTO NPOHUKHEHHS
€JIEMEHTIB MaTeplainy €IeKTPoa B NOBEPXHEBUI mIap BUPOOH, TOBIIMHY MMiIIAPY
(200 30HM BIAMYCTKH 3arapTOBAHOI AETajl), 3MEHIICHHI MIKPOTBEPAOCTI OLIOT0

uiapy 1 30UTbIICHHS HOTo 1e(PEKTHOCTI, MiIBUIECHH] 3AJIMIIKOBUX HAMPY>KEHb [29].
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[Ipyn 3MIHI ENEKTPUYHOTO PEKUMY, 31 30UIBIICHHSAM CTPYMYy 3apsaHOrO

KOHTYPY HIABUIIYETHCS BETWYMHA PO3PSAHOrO cTpymy. I[lpm mpomy poOounmii
CTPyM MOe 30UTbLIYBATUCS TaKOK 0€3 3MIHM E€JICKTPUYHOIO PEKUMY, aje MpH
MIJBUIIEHHT TPUBAJIOCTI OJIMHUYHOIO KOHTAKTY €JIEKTPOAA 3 ACTALII0. 3pOCTaHHS
BEJIMYMHU POOOYOro CTPyMYy BEAE A0 MIABHMILCHHS MEPEHECEHHS E€JIEKTPOJIHOTO
Martepialy Ha AeTajb, 301IbIICHHS TOBIIMHM 1 MOPCTKOCTI NOKpUTTS. HaiOinbin
ICTOTHUI BIUIMB 3 PO3IJISHYTUX €IEKTPHYHMX pekuMiB Ha npouec EIO Hanmae
€HEPrist OAMHUYHOIO ICKPOBOTO PO3PSIAY.

HasBHicTh BenMKOi KITBKOCTI (PAKTOPIB, LIO BIUIMBAKOTh HA SKICHI Ta
KUTbKICHI XapaKTEPUCTUKU 1Iapy, 10 HAHOCUTHCS MPHU €IICKTPOICKPOBHA 00poOii
LWITIHAPHUYHOT MOBEPXHI BUHUKAE HEOOXITHICTh Y BU3HAYEHH1 HAHOUIBII BarOMHX.
KpiMm TOro, HeoOXxigHO 3HAHTHM TaKy BEIMYMHY KOXKHOTO 3 HHMX 1 Take ix
NOEJHAHHS, TPH SKOMY TOCTaBJICHE HAMM 3aBJaHHs OyjJe BUPILICHE 3
MIHIMQJIbHUMHM BHTpPaTaMH 1 MaKCHMaJIbHUM pe3ysabraroM. OTHUM  CIIOBOM,
HEOOXITHO BHM3HAYWTH  palllOHAJbHI  PEKUMHU  E€JIEKTPOICKPOBOi  0OpOOKH
LWIIHIPUYHUX TOBEPXOHB LA MECTEPEHD.

[Tomyk onTUManbHUX PEXUMIB EIEKTPOICKPOBOI  0OpoOKM  nmeTtanei
MOB'S3aHUN 3 BUMOTraMM 3a0€3MEUCHHS HEOOX1AHOI TOBIIMHUA HAHECEHOTO IMapy
(JI) 1 Hioro MikpoTBepaocti H,. DyHKIIi 3aiexare BiA 0ararb0X 3MIHHUX, SIKi

HOCSITh SIK IKICHUM, TaK 1 KUIbKICHUH XapakTep:

en? en> 02" “en? en?

mH, =f(S,.md,n,n, M,M_W), (3.7)
1€ Se; — M0JIayua €NEKTPOa, MM/XB. ;
M — YUCJIO MPOXO/IB €JEKTPOA,
ey — MIAMETP E€JIEKTPOJIA, MM
Mg, Men — BIMOBIAHO, KUTBKICTH OOCPTIB 3a XBUJIMHY JIETAJIl Ta €ICKTPOLY,
00/XB.;
My, M., — BIANOBIAHO MaTepian aAeTail Ta eIEKTPOAaY;

W — eHeprist OIMHAYHOTO 1CKPOBOTO po3psiay, k.
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[Tapamerpn S ,d ,n,,n W MarOTh pO3MIPHUH XapakTep, a 1HII - AKICHUH 1

en?" 702" e,
0e3p0o3MIpHUIA.

J171s1 KOHKpeTHUX (PIKCOBAHMX 3HA4YEHb napaMeTpiB S ,d ,n ,n W (QyHKLis

en? Ten?" 02" e

MO>K€ OYTH 3amvcaHa y BUTJISIL

hH, =f(S,.d,.n,W), (3.8)

en?

Sk BunnmmBae 3 (QOpMYyNaH, BHU3HAYAIBHUMH (PAKTOpaMW TOBIOUHHU 1
MIKPOTBEPAOCTI HAIUIABIIIEMOTO IAPY, M TEBHUX TMOE€IHAHb MaTepiaiiB
€JIEKTPOJIA 1 IETaNI, € - OJ/a4a 1 JIaMeTP €IEKTPoAa, 4acToTa 00epTaHHs AeTall, a
TAKO CHEPIrisl OMMHUYHOTO ICKPOBOTO po3psay. Jlisi BABHAYCHHS CTYTICHS BIUIMBY
KOHOTO (pakTopa Ha TOBLIMHY 1 SKICTh HAIJIABISEMOrO MOKPUTTS BUKOPHCTAHI
METOJM CTATUCTUYHOTO MOJCIIOBAHHS, MATEMATHYHOK MOJCIUII0 s SIKUX €

NEPETBOPEHE PIBHSHHS Y BATJISIL

Lnh=Lnb,+bLnS_+blnd +blnn +blnlV

3.9
LnH = Lnb, + bLnS, +b,Lnd, +blLnn,+bLnW 3.9

Jlis BA3HAYCHHS KOe(ILI€HTIB PIBHSIHB BAKOPUCTOBYBABCS
OBHO(AKTOPHMI eKCIIEPUMEHT TUIY 2*.

Bu3HaueHHs pallloHAIbHUX PEKUMIB €JIEKTPOICKPOBOI 0OpOOKH moJisirae B
noOy70Bl, Ha OCHOBI OTPUMaHUX MAaTEMaTUYHUX MOJCICH, i1 KOXKHOTO
KOHKPETHOIO MOEIHAHHS MATEPIaliB, KIHETUKH 3MIHU TOBIIMHU MOKPUTTS 1 HOTO
MIKPOTBEPAOCTI Bl TEXHOJOTTYHUX PEXKUMIB OOPOOKH MPONOPLIHHUX Yacy (puc.

3.2).
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OnTumizamis OTPUMAHMX MATEMATHYHUX MOJENEH M03BOJIsIE BUOpaTH

00nacTh TEXHOJOTIYHHUX PEKUMIB  €IIEKTPOICKPOBUM  HAIUIABJICHHS LA
HIECTEPEHD, MTPH K1 OTHOYACHO BUKOHYIOTHCS HACTYIIHI YMOBH:

- TOBIIIMHA HAHECEHOT O Wapy A2 A, ;
- MIKPOTBEPAICTH Inapy /7, — max.

CylUIBHICTE €JIEKTPOICKPOBOTO MOKPUTTS MOBUHHA CTAHOBUTH HE MEHIIE
70%.

SIK BUTHO 3 MaJTFOHKA!

- Tepuia yMOBa, OPH SIKOMY TOBLIMHA [Iapy Oulblie ado JOPIBHIOE
HEOOX1IHOI HOPMATHBHOI TOBIIMHM 3a0e3medyerbcs B IHTEpBam A-D 3
adcIucamu;

- Jipyra yMOBa BUKOHY€ThCa B Toull A" 3 aOcuucoro t" A (puc.3.2, B). 3
NPAKTUYHOT TOYKK 30PY BUKOPUCTAHHS TOYKOBOTO KPUTEPIO OLIHKH YTPYIHEHO.
Buxin 3 gaHoi cutyanii OauMThCcs B PO3LIMPEHHI IHTEPBALy palliOHATIBHHUX
pekuMiB. [Ipy 1IbOMY ONTUMAIBHUMU BBAKAKTHCS PEKUMHU MAKOTh HAUTICHIIIMNIA
KOHTaKT t" A

3acTOCYBaHHs APYrOro YMOBM MOKIIMBO 34 JBOMA PI3HUMH BaplaHTaMu. -
NEPIIUI  BapiaHT, KOJMM MIKPOTBEPHICTh €IEKTpPoAa OIinblie MIKPOTBEPIAOCTI
BUXIJHOTO 3pa3ka. Y LUbOMY BUOAAKY, SKIIO HAKIACTH YMOBH, BHUAHO, IO BOHHU
MOKyTh OYyTH OJHOYACHO 3aJ0BOJICHI B IHTEPBAI 3 abcuucaMu — IPyrvid BapiaHT,
KOJIM MIKPOTBEPAICTh €JEKTPOJA MEHIIE MIKPOTBEPAOCTI BHUXIAHOTO 3pazka Y
IbOMY BHUIAAKy, 3HAQUYECHHS HOPMATHUBHOI TOBLIMHM Oyne JOCATHYTO MpH
MIKPOTBEPAOCTI MOKPHUTTS MEHIIOMY HI)K MIKPOTBEPAICTh BHXIAHOTO 3paska Y
JAHOMY BHIAJIKy HAOLIbII palllOHAIbHUMH YUTAIOTECS PEXKUMU Onu3bki 10 1"A.

Y peanpHI EKCIEPUMEHTAJBHIA NPAKTHII [ OTPUMAHHS TMOKPUTTIB
OUTBIIOT TOBIIMHA MOXJIMBE BUKOPUCTAHHS 30HU [4-1,, OJHAK, YAM OJVMKYE J0 /o,
TUM TIPIIE SIKOCTI TMOKPUTTS, POCTYTh LIOPCTKICTH, MOPUCTICTh, 3MEHIIYETHCS
MIKPOTBEPAICTb, TOOTO NEPEKTHICTh CTPYKTYPH IOCIATA€ TPAHUYHOIO 3HAUYCHHS.

Bukopucranns iHTepBany ff,, B NPAKTHUYHUX LUIIX HEOAKAHO, OCKUIbKA



44
BIIOYBAETHCS PYWHYBAaHHS HAHECEHOTO MIAPY 1 PI3KO MOTIPIIYIOTHCS HOro (i3uKo-

MEXAaHI14H1 BJIACTUBOCTI.
TakuM YWHOM, 3acCTOCYBaHHS 3alpOMOHOBAHOTO TIiAXOAY JO3BOJUTH

3a0€3MeUnTH BUCOKY SIKICTB POOIT MO €JIEKTPOICKPOBIi 00polii aeTanei.

3.3. Pe3yabraTH BXIAHOTO0 CTEHAOBOr0 KOHTPOJI0 NPaLE3IaATHOCTI

HACOCa i nepBUHHOT HederTanii

3riHO 3 TEXHIYHMMH XAPAKTEPUCTHKAMM T1IPABIIYHUX MIECTEPECHHHUX
HACOCIB, SIKI BU3HAYAKOThC BUPOOHMKOM, HOBHiIT Hacoc Tuny HIII - 50V noBuHeH
PO3BMBATH HOMIHAIBHMIA TUCK HA Buxoal 16MIla, mpu npoMy KOeQIMIEHT mogadi
CcTaHOBHUTH 0,92.

B pesynprarti 3 30 HacocCiB, MiagaHUX CTEHAOBOMY KOHTPOI, y 15 THCK Ha
BUXOJI1 1 KOS(PIIIEHT Mojayl JOpiBHIOBAIA HYJIIO, THCK A0 10 MIla po3suBanu 11
arperartiB npu Koe(iieHTI mojaavl JopiBHIOE HYJ0; Bix 10 Mlla - no 12 MIla - 3,
npu koediienti nogadi 0; Big 12 MIla no 13 Mlla - 4, 3 koediieHTOM oaayl Bij
0 mo 0,642; monax 13 MIlla - 2 arperatv npu cepeaHbOMY KOEDIliEHTI MOaavi
0,728. HomiHaibHU TUCK HA BUXOJ1 PO3BUBAJIM TIILKM 7 HACOCIB, MPH IBOMY
cepenHiii koedimieHT noaayl ckias 0,717, oqHaK, y IMX B MPOIIECT KOHTPOJIIO OYJI0
BUSIBJICHO MAJIIHHS TUCKY B cepeaHboMy Ha 5 MITa.

Buxoasuu 3 BulllecKa3aHOro, MOKHA 3pOOMTH BHCHOBOK, IO 3 HACOCIB
85,45% po3BHBAIM THCK HM>KYE HOMIHAIBHOTO 3HAYCHHSI.

Omxe, MIC/S OUYMLICHHS 1 PETYJIOBAHHA, 34 KPUTEPIEM MOAa4yl PiJWHM,
MOXKyThb OyTH TOBTOPHO BHKOpHCTaHl He Oumbmie 12,73% HacociB, a pemra
M1JISTal0Th PEMOHTY.

[Ticns mpoBEAEHHST BXIIHOTO KOHTPOJIO BCI arperatd BIANPABISUIACA Ha
NEPBUHHY Ae(EKTAIliI0, IO JO3BOJIAIO BUSBUTH OCHOBHI TPUYMHU BIJMOB.

Y Tabmumi 3.1 mpexacraBineHi OCHOBHI BHAM Je(EKTIB 1 cnocodm ix

YCYHEHHS.
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Tabmuug 3.1 - Jlepextn neranei mecrepeHHOro Hacocy tumy HIII-Y

[ToBTOPIOBAHICTH
Hedekr nedexty Cnoci0 ycyHEHHs
Koedimient | v %
3agupu Ha K S3IX :
ap OTIOM3 1,00 100 | EnexTpoicKpoBa HalIaBKa
KOpIycy
3aaupu HA TOPLSAX 0.91 01 [epeurnidyBaHHs min
LIECTEPEHB ’ PEMOHTHHI pO3MIP
3aaupy HA BHYTPILIHIA .
JIMIPH HA BHYTP : Possepranns mig
MOBEPXHI MIAMUITHAKA 1111 0,77 77 Ny }
PEMOHTHUI po3MIP
nandy
3aaupy HA TOBEPXHAX Han@ 0,86 86 JloBofIKa, eNeKTPOICKpOBa
HaIUIaBKa
3agupu HA TOPLSIX :
FIMIPH THia TOpI 1,00 100 | EnexTpoicKpoBa HalIaBKa
KOMIIEHCATOPIB
TpimuHN KOopryca 0,09 9 He BITHOBIIHOETHCS
TpilMHN BTYJIOK 0,07 7 He BITHOBIIHOETHCS
: HapizanHsi peMOHTHO1
3puB pizsou 0,14 14 P13aHHA PCMOHTHO
pi360u
CKoa muniniB 0,03 3 He BITHOBIIIOETHCS
3HOC TYMOBHX YIILIBHIOBAYIB 0,86 86 3aMiHa PEMOHTHOTO
KOMILICKTY

3a pe3yapTaramMu AedekTanii MOKHA 3pOOMTH BHUCHOBOK, IO B MPOIIEC
pobotn Hacoca tuny HIII-Y HaifO1abIIoMy 3HOCY MiANAOTHCS MOBEPXHI AeTaNCH
BUTOTOBJICHUX 3 AJIFOMIHIEBUX CITJIABIB, IO BEAE B MPOLECI POOOTH 10 palajbHOTO
3HOCY KOJIOAS3IB KOPIYCY, 3HOCY OTBOPIB MIAUIAIHUAKIB 1 [MIIHAPAYHUX
noBepxoHb mand. Kpim Toro, BiaOyBaeTbCs 3HOC TOPLIB KOMIIEHCATOPIB,
30BHIIIHIX MOBEPXOHb 1 TOPLIB MIECTEPEHB. (151 BU3BHAYEHHS BEJIMYMH, & TAK CAMO
BCTAHOBJICHHSI 3aKOHIB PO3MOJALTY 3HOCIB pOOOUYMX MOBEPXOHb ACTANCH Hacoca i

3a30PiB B 3'€THAHHSX OyJIM MPOBEICHI MIKPOMETPAKH1 TOCI1I>KECHHSI.

3.4. Pesyabratn BHOOpPY paliOHAJILHHX PEXKHUMIB €JICKTPOICKPOBHId

00poOKu

[Ipn BUOOp1 PpALIOHAIBHUX TEXHOJIOTIYHUX PEXUMIB EJIEKTPOICKPOBOI

0OpOOKM OCHOBHA CKJIAJHICTh TOJSATae B HEOOXITHOCTI BpaxyBaHHS Oararbox
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(akTOpiB, O BIUIMBAKOTh HA (POPMYBaHHS MOBEPXHEBOro mapy. Ilpm BubGOpi

TAKOX HEOOXIAHO BPAXOBYBATH (DI3MKO-MEXAHIYHI BIACTHBOCTI OJEP>KYBAaHOTO
NOKPHUTTS (TBEPAICTh, 3HOCOCTIMKICTD, INUIBHICTh, CYLIUTBHICTB).

AHami3  pe3ynpTaTiB  NEPBUHHOI  jaedekranii Ta  MIKPOMETPAKHHUX
JOCIIKEHB MMOKa3aB, 110 B MPoIieci poOOTH MIECTEPEHHOTO HAcOoca HAOLILIIOMY
3HOCY MIJAAKOTHCS KOPMyC 1 MIAMMIHAKK, TOOTO, JAETajl, BHUIOTOBJICHI 3
AIFOMIHIEBOTO criaBy. oMy mpu BimHOBICHHI Hacoca tumy HII-Y merogom
€JICKTPOICKPOBOTO HAIJIABIIEHHS, OJHHUM 13 TOJIOBHUX 3aBIaHb € B HAHECEHHS LIapy
METAJIONOKPUTTS. Ha atoMiHieBuii cruta An 11. HeoOximHO BpaxoByBaTw Taki
0COOJIMBOCTI IAHOTO CIUIABY, SIK YTBOPEHHS HA TOBEPXHI METAITy CTIHKOT OKCHAHOI
IUTIBKK, BUCOKY TEIMJIOEMHICTh, MaJly UIUIBHICTH. JIpyre 3aBAaHHs NOJISrajo B
HAHECEHHI 3HOCOCTIHKOrO Mapy METATONMOKPUTTS HA 3HOLICHI Han(u BUTOTOBIIEH]
31 cram 18XI'T. Tpete 3aBaaHHs B 3MIHEHH] POOOYMX MOBEPXOHB IMiIIIUITHUKIB
BUTOTOBJICHHX 31 ciaBy AO3-1. [ BUPILICHHS IOCTABJIEHUX 3aB/aHb B MEPLIY
4yepry HEOOXITHO 3AIMCHUTH TpaBWIbHUI BUOIp MaTepialy €iaeKkTpoja 1
TEXHOJOTTYHUX PEXKUMIB €JIEKTPOICKPOBOi OOpPOOKH O3BOJISIFOTH HAHOCHUTH
NOKPHUTTS ~ HEOOXIAHOI  TOBUIMHMA 13 33aJaHUMU  (DI3MKO-MEXaHIYHUMHU
BJIACTHBOCTSIMHU.

[Tpu 3MiLHEHH] OTBOPH MiAMKANHKKA (amroMiHieBHHA crutas AO3-1) B sKOCTI
€IEKTpPOJa BUKOPUCTOBYBaju 0alit b16, skuii Mae BHCOKI aHTU(PUKINTHI
BJIACTHBOCTI. 3aCTOCYBaHHS I1HIIMX MaTrepialiB, TPAJULIHHO BUKOPHCTOBYBAHHUX
JUIS 3MILHEHHS, TPHU3BOJWTH O BUIAIKOBAHHS IMOBEPXHEBOTO WLIApy 3pasKka 1,
BIJIMTOBIJTHO, JTO 3MEHIIEHHS PO3MIPIB JETAJII.

B pesynbrari €KCnEpUMEHTY MO €JIEKTPOICKPOBOMY 3MILHEHHIO OTBOPH
OIJIIATHAKA OTPUMAaHl HACTyNHI PE3yJIbTaTW. NOPHA 3MILHEHHI 0OpaHUM
€JICKTPOIOM 3OIIBIICHHS TEOMETPUYHUX PO3MIpPIB JAcTall He BlAOyBaJIoCH,
CYUUIbHICTh TOKPUTTIB cTaHOBUA ~ 70-90%; 31 30UIBIICHHIM Yacy { 3MIIHEHHS
MIKPOTBEPAICT MOKPHUTTS CIOYATKy PIi3KO 3pOCTae, TMOTIM  MOHOTOHHO

3MCHINYEThCSA, HaWKpalll pe3yiabTaTd OTPUMAaHl HA HACTYNHUX PEKUMax
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3MILIHEHHS: PEKUM YCTaHOBKM P - 3, yacrota BiOpauii f/ = 200 ['u, TpuBamicts

3MIMHEHHS {6 = 3 XB.
Ha puc. 3.3 mnpeacraeneHa (QyHKIiS BIUIMBY Yacy 3MINHEHHS [ Ha

MIKPOTBEPIICTh MOBEPXHEBOTO 1apy mpu EIO 0TBOPIB miAIIMIHKUKA.

Hp, MIla
3000

™

2500

2000

1500

| BAAELE LR LA S B
'}

e N B e "‘%‘3

1000

500

—rerer e

.

. | m— s — —

0

-

—

>}
.
-
4
3
-
.
p
o
-
.
-
3
3
-

" e e e — ——

o
-
3
-

2 4 6 8§ B 10
PucyHok 3.3 — BiiuB 4yacy 3MilIHEHHS { Ha MIKPOTBEPIICTh TOBEPXHEBOTO

miapy.

Mertanorpagiudi  JOCHDKEHHST 30HM  3'€AHAHHS 3Pa3KiB  MMOKA3aJld
BIJICYTHICTb B 30H1 3'€JTHAHHSI MOKPUTTS 3 OCHOBHUM METAJIOM AC(PEKTIB TUITY MOP 1
TPIIMH. Y BCIX 3aBAaHUX MOKPUTTIB MA€ MICIC SIBHO YITKA MEXKa PO3AULY MIXK
NOKPHUTTSIM 1 OCHOBHUM METAJIOM.

Ha puc. 3.4 npeacrasieHa MIKpOCTPYKTYpa HOCHIIKYBaHUX 3Pa3KiB.
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Pucynok 3.4 — MikpocTpykrypa 3paskiB, orpumaHux EIO (30u1blueHHs
x300)

[TpoBeneHi AOCHIDKEHHS MOKA3aad, L0 HAHECCHWH Iap CKIAOAEThCA 3
OKCHJIIB 1 ()pArMEHTIB 3aCTUIIIOT0 METATY (MEPIINiA Map), 32 CTPYKTYPOIO HAraaye
ra3oTepPMIUHI TOKPUTTS, MOTIM HETPABIEHOro OUTOro mapy (Apyruii map) i
TepMOAU(Py31iiHOT 30HU — MiAmapy (TPETii map).

ToBIIMHA TEPIIOr0 MAapy MOKPUTTS HAHECEHOr0 Ha wandu HIecTepeHb
CTaHOBUTH Bia 3 A0 15 mxMm; apyroro mapy — ans ctam 85 Big 100 po 120 mMkm.
ToBwmmMHA TPETHOTO Wapy A cTaji 85 3HaxoauThes B Mexkax 110 ... 130 Mkm.

Crpykrypa Oioro mapy [uisi TOE€JHAHHS METATIB, IO CIOJIYYarOThCs €
JeroBaHuil  aycTeHIT abo Oe3romyacTWii MapTEHCHT, IO MAarTb BHCOKY
MIKPOTBEPAICTh, a00 TMOEAHAHHS JIETOBAHOTO AayCTEHITY 3 O€3CTPYKTYPHUM
maptreHcuToM [30]. OcHoBaumii Metan (crasp 18XI'T), sk B MOYATKOBOMY CTaHi,
tak 1 mchas EIO, He3anekHOo Bl Marepiany, 00 HAHOCUTHCSA, MA€ MEPJITHO-
(epUTHY CTPYKTYPY 3 TUIACTUHYACTHM LIEMEHTUTOM.

Ha puc. 3.5 mnpeacraBiaeHO po3noAll MIKPOTBEPAOCTI MO  TOBIIMHI

HAHECEHMX IIapiB Ha cTtaib 18X 'T Ha BCIX PO3MIISHYTUX PEKHMAX.



49

;{u. MIla 000 .
5900 4
5800 +
5700
5600
5500
5400 +
5300 +
5200
5100 +
5000

besdeoedescbecdans

i
—Tv/

.
/.

TOE DY TR S

hecdescpbonallond.a r--.- coshesdenad

T

‘llm Ad b alas b

201240 60 80
Il

-
b
s
-

—
—
wewnscosbondeessdocchocndeons

3
-
-

Abassslasasdiani

120 140 160 180 200
LT

-

bededod daaaad s s a s laas sl iany

220 240 260 280 300 320
1V,

-
) Beatahs

h, MkM

I, 111, IV;

Y

I - oxkcuaum 1 pparmenTu 3acturnoro merany; 11y, 1I; — Oinuit map ans cram
85 npu MakcuMalibHIM MIKPOTBEPAOCTI 1 MaKCUMaJIbHIA TOBUIMHI BIANOBIAHO; 114
— TepMoau(y3iiiHa 30HAa UId CTall 85 MpU MakCUMalbHIi MIKPOTBEPAOCTI 1
MaKCHMaJIbHIi TOBIIMHI BIAMOBIAHO;, [V — 30Ha OCHOBHOIrO MeTally uis ctail 85
P MAKCUMAJIbHIA MIKPOTBEPAOCTI 1 MAKCUMAJIbHIA TOBUIMHI BIANOBIAHO;, 1-1 -
poGoua 30Ha Ui cTall 85 Mpu MakCUMaJbHIN MIKpOTBEPAOCTI;, 2-2 - poOoya 30Ha
JUTSL cTajli 85 mpu MakCUMaJIbHINA TOBIIMHI BIANOBIIHO; 1,2 - HOMED 3pa3Ka.

Pucynok 3.5 Po3nopisi MIKpOTBEPAOCTI MO TOBUIMHI HAHECEHUX LIApPIB HA

ctanb 18XI'T

B pesynprari meranorpadiuHux JOCHIIKEHb BCTAHOBJIEHO, IO CEPEIHE
3HAUEHHS MIKPOTBEPAOCTI MOKPUTTIB B POOOUIA 30H1 KOJOIA3IB KOpIyca MpU
HamaBiaeHHl ix cmiaBoM An 11 — craHoButh 2236,898 Mlla (BuxigHa
MmikpotBepaicTs 1401 MIIa). MikpOTBEPAICTh MOKPUTTS, YTBOPEHA HA MOBEPXHIX
nang mecrepeHb ctauto 85 cknamae 5586 Mlla npu moyarkoBiii TBEpAOCTI Handg
4497 MlTa. [1pn 3minHeHH] enexkTpoaoM 3 6adity b16 migMNHUKIB Ha TOBEPXHI
(dopMyeThCs ap, TMMOMHOK OJM3bKO 20 MKM 13 CEPEIHBOI0 MIKPOTBEPIICTIO

2500 Ml la (BuxigHa TBepAicTh miamunHukiB 1044 Mlla).
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PucyHok 3.6 — Po3noaisi MIKpOTBEPAOCTI MO TTIMOKMHI 3MIHEHOTO 3pa3Ka 3

anroMinieBoro craBy AO3-1 enexktpoaom 3 6adity 516

TpubotexHIYHI BUTPOOYBAHHS JO3BOJWIA BCTAHOBUTH, IO PalllOHAIbHUMHU
IPY BIAHOBJIEHHI 1anQ € Takl MaTepiajiv eNeKTPOAIB 1 TeXHOOruH1 peskumu EIO:
- MaTepia eNeKTPoaa — CTajlb 85, TEXHOJOTIYHI PEKUMH — EHEPTETUYHUN PEKUM
ycTaHoBkH P-5 (poOGounii ctpym [ = 3,8 A, 170 enepris po3pany W =1, 66 J1x), Sex

=1,31 mm/xB., ny= 11,5 x8."!, d., = 3,5 mMm.

BucHoBku

1. OCHOBHMMHM MPUYMHAMHU BIAMOB MeCTepeHHUX HacociB tuny HIII-V e:
301bIICHHS MTOHAJ JOMYCTUME (KPECIIPCHKOT0) 3HAYECHHS PaAialIbHOTO 3a30PY B
3'eqHaHH] «uanda WEeCTEPHI - MIIMMWITHAKY, 3aPaXyHOK 3HOCY wHand 1 OTBOPIB
NIJIXANHUKA;, 301IbIICHHS MOHA JOMYCTUMOrO 3HAYCHHS PAdiajbHOTO 3a30py B
3'€IHAHH] «KOPIIYC - WIECTEPHS», 3a PAXyHOK 3HOCY WIECTEPHI MO 30BHIMIHBOMY
JaMETPy 1 KOJOIS31B KOPIYyCYy, 3OUIbHICHHS TMOHAJ JOMYyCTUME 3HAYEHHS
TOPLUEBOTO 3a30Py, 3@ PAaxXYHOK 3HOCY TOPLEBUX TMOBEPXOHb MIECTEPEHb 1

KOMITEHCATOPIB.
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2. 3 ypaxyBaHHSIM MNPUIYCKYy HA MEXaHIYHY OOpOOKy Jiama3oH TOBIIMHH

NOKPHUTTS JJIsl BIIHOBJICHHS Land mecrepeHb cTraHoBuTh 31-184 MM, a ams
KOJNOJ31B Koprycy 61-330 MkM.

3. PaumioHabHUMH € Takl Marepiagd €JCKTPOMIB 1 TEXHOJIOTIYHI PEKUMHU
EIO: npu BiAHOBIECHHI KOJOsA31B KOPIYCY - Marepiayl €IeKTpoaa - aJrOMIHI€BHN
cruiaB An 11, TexHonoriyHi pesxxumu - P-5, yactora BiOpanii enekrpoaa f = 250 I'n,
TPUBAIICTh IMITYJIbCY - 3, yac 00poOkh 1 cM #,s = 8 XB., MpW BIIHOBJICHHI LA
HIECTEPEHb - MaTepilal €JIEKTPoJa - CTalb 85, TEXHOJOTIYHI PEXKUMH -

CHEPreTUYHUIN PEXKUM YCTAaHOBKH P-5.
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PO3JILI 4

PEKOMEHJIALII IIIOJ0 MPAKTUYHOI PEAJIIBAIIIL PO3POBOK

4.1. Exojioriuyna ekcneprusa po3podok

Ekonoriuna nacnoprtus3amis PEMOHTHO-OOCTYTOBYHOUMX MIANPHEMCTB €
OJHUM 3 €(EKTUBHUX TMEPCHEKTUBHUX 3aCO0IB OXOPOHM HABKOJIMIIHBOTO
OPUPOJHOTO CEPEeNOBUIIA. EKONOriYHMA NacnmopT NIANPUEMCTBA HAICKUTH 10
HOro0 OCHOBHOI MPOEKTHO-TEXHIYHOI JOKyMeHTalii. [lopsx 3 TEXHOJIOTTYHUM
PErIaMEHTOM BIH TOBMHHMA OyTH Ha KOXKHOMY NIANPUEMCTBL. Y LBOMY
JOKYMEHTI HABECHI1 JaHl, OO0 XapaKTEPU3yIOTh B3aEMOBITHOCHHH ITIANPUEMCTBA 3
JOBKIJUISIM.,

Y nepwiii 4YacTMHI TAcnopra HABOJATBCS 3arajibHi BIIOMOCTI PO
BUPOOHUIITBO: Ha3Ba MIJNPUEMCTBA Ta MPOAYKIIi, IO BUPOOIAETHCS, PAWOH
pO3TalllyBaHHs, HOro MOTY>KHICTh, 3aliMaHa IUIONIA, KUIBKICTH MPALIOYUX Ta
OCHOBHI BUTPATH1 BEJIMYMHU CIIOKUBAHOI CHPOBUHHU, BOJIM, CHEPTIi, MajnBa, Mapw,
NOBITPSL TOINO, & TAKOX BIJOMOCTI MPO CIIOKMBAHY CHUPOBUHY, JKEpENa BOJO- 1
TEIUIONOCTAYaHHS, KOPOTKHIA OMHUC TEXHOJOTIYHUX CXEM BHPOOHMITBA OCHOBHOI
OPOAYKILi1, TEXHONOTI] OYMILEHHS ra30- AUMOBUX BHKHUIIB B aTMOC(EPHE MOBITPS
Ta CTIYHUX BOA, OOOPOTHICTh, 30€piraHHs, TPAHCHOPTYBAHHS Ta BHIIYYCHHS
TBEPAUX BIAXOJIB (HA3Ba, KUIbKICTh, XIMIYHMHA CKJIaJl Ta JCSKI OCHOBHI
BJIACTHBOCTI, TEXHOJIOTIS BIMHOBJICHHA a00 BWITOTOBJICHHS), YTPUMaHHs
OPUMILIEHD 1 COPYA, TUIAHW O1i B aBapiiHWX YMOBAax, HEOE3MEYHI MaTeplaiH,
BIJIOMOCTI MPO Kpaull ajJibTEpHATUBHI TEXHOJIOTII, 0 3aCTOCOBYKOTHCS HA 1HIIMX
MIJOPUEMCTBAX KPAiHW YW CBITOBOI MPAKTUKHA 1 3aBAAKOTH MEHIIOT HIKOIW
JIOBKIJLTIO.

XapakTepru3yeThCsl TAKOXK CAHITAPHO-3aXMCHA 30HA MiANPUEMCTBA (TUTOIIA
30HU, MPWJIETITL 00’ €KTH, ii OPOPMIICHHS).

VY npyriii yacTWHI macnopra BiAOOPaKeHI 3aljlaHOBaH1 MPUPOJOOXOPOHHI
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3aXOM 13 3a3HAYEHHSAM KOHKPETHHX TEPMIHIB, BUKOHABI[IB, OOCSTIB 1 BHTpAT,

NUTOMHUX 1 3arajlbHAX ra3o-JAMMOBUX BHUKHJIB B aTMOC(EepHE MOBITPS 1 CKUIIB
CTIYHMX BOJ Ta BIAXOA1B BUPOOHMIITBA /10 1 MICJISl BIPOBAIKEHHS KOKHOTO 3aX0y.
Ekosoriuai  macnoptd  Aar0Th 3MOry 3pOOMTH  aHajl3  E€KOJOTIYHOTO
CEPENIOBUIIA B PETIOHI, MOPIBHATH TEXHIKO- 1 €KOJIOrO-€KOHOMIYHI JIaH1 3 JAaHUMH
THIIKX MAMTPUEMCTB, 10 XaPaKTEPU3YIOTHCS MPUPOJOOXOPOHHUMHU 3aX0JaMH.

OnHOYaCHO MO’KHA OIIHUTH W €(EKTUBHICTH 3aCTOCOBAHOI TEXHOJIOTI,
NOBHOTY BHKOPUCTaHHS MarepiagiB H naimBa, €(QEKTHBHICTb TEXHOJOTII
OUMIIEHHS CTIYHUX BOJI 1 Ta30-TMMOBUX BUKH/IIB.

MoskHa TakoK 3pPOOMTH €KOJIOrO-€KOHOMIYHY OLIHKY 30MTKIB B3araii i
3aBJAHUX MPUPOJI 30KpeMA, €(DEKTUBHICTh BUKOPUCTAHHS MAJIMBA Ta EHEPTII.

Ockinbku 00'€KTH MIANPUEMCTBA € JHKEpenaMu 3a0pyAHECHHs atMochepH 1
HABKOJIMITHLOTO CEPEAOBUINA, TO MPOBOAITH aHA13 3a0€3MEUEHOCTI TEXHIYHUMHI
3aco0amMM KOHTPOJIO 32 CTAHOM HABKOJIMIIHBOTO CEPEAOBUINA, BHKHAAMHA
3a0pyHIOKOYMX PEUOBHH B arMOC(EPY 1 NarOTh OLIHKY BUKOHAHHS €KOJIOTTYHHMX
3aXO0/iB, MPUBOJAATH JaHI MPO BHUKOPUCTAHHS 1 OXOPOHY 3€MENBHHMX 1 BOIHMX
pECYPCiB, OMHUCYIOTh METOAM KOHTPOJIKO 32 MIKIJJIMBUMUA BUKHAJAMU, 3aXO/U LIO0
IX 3MEHIIICHHS.

Ekonoriuni mopymeHHs (3JI0YMHM) KaparoTbCs BIAMOBIAHO 10 BHMOT
KpuminanbsHOro kojaekcy Ykpainu. Bumoru 3akoHy nepeadadaroTb BCTAHOBJICHHS
YITKOTO MPUYMHHOTO 3B'S3KY MIK 3pOOJICHMM NOPYIIEHHSM 1 MOTIPIIECHHSIM
HABKOJIMIITHBOTO CEPEAOBULIA.

JI0 €KOJIOTIYHUX 3JI0YMHIB BIJHOCATH. 3a0pPYJHEHHS HABKOJUIIHBOIO
OPUPOJHOTO CEPENOBUINA (BOAM, MOBITPS, IPYHTY), NOPYIIECHHS MPaBuil 000pOTY
HEOE3MEUHUX MaTePIajIiB 1 BIAXO/IB.

3a0pyIHEHHS, BUCHA)KCHHS IMOBEPXHEBUX UM MIJ3EMHUX BOJ, JUKEPEI
NUTHOI BOAM a00 3MiHA ii MPUPOAHMX BIIACTUBOCTEM MOXYTh 3aBJATH IIKOIH
CUIbCBKOMY  TocmoaapcTBy. OIHKA 3aBAAHOTO 30WUTKY 3OIACHIOETBCA 3
ypaxyBaHHSM peajibHOi BapTOCTI 3arpaT Ha BIJHOBIIOBAIbHI POOOTH Ta

JTIIKBIAALIFO HACTIAKIB.
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[TopylieHHs TpaBWJl BHKWAY 3a0pyIHIOBAIbHUX PEUYOBHMH B armocdepy,

eKCIUTyaTanli OYMCHUX CHOPYJA YW 1HIIMX OO €KTIB CIPUUYMHSIOTH 3a0pyIHEHHS
a00 3MIHY TPUPOAHUX BIACTUBOCTEN MOBITPS, 110 MOKE 3aBAATH 1CTOTHOI IIKOM
310POB 10 JIFOIHHMU.

[IxiyivBAid MAWB HA IPYHTH YHHHATH 3a0pyJHEHHS IX BIAXOJAMHU
roCrnoAapChKoi AISUIBHOCTI, MO MOKe OyTH HEOE3NEYHWM Ui 370pOB’S JIHOJEH,
3a0pyAHIOBATH CLILCHKOTOCHOIAPChKY MPOIYKIIIFO 1 BOJONMHU.

[TopylieHHS MpaBui OXOPOHHM HABKOJMIIHBOIO CEPEIOBHUINA MOJSTAE Y
BUKOPUCTaHHI HEMEepen0aYeHUX MPaBUJIAMU METOJMK, BIAMOBHM BiJl BUKOHAHHS
BIANOBIAHKAX poOIT ab0o B OE3MIsUIBHOCTI MPU HEOOXITHUX OOOB’s3kax. Lle moxke
OyTH, 30KpeMa, ITHOpYBaHHs 1H(OpMaIii, BIAIMOBA B1J MPOBEACHHS €KOJOTTYHOT
EKCNEPTH3M Ta OyNIBHHUIITBA OYHCHUX CHOPY[, MOPYLICHHS NpaBui OyAIBHULITBA,

EKCILUTyararlii 1 JJIKBigamii mooyJoOBaHUX CIIOPY/ TOLIIO.

4.2. Oxopona npaui Ta 6e3nexKa B HAA3BUYANHUX CUTYyalisAX

OxopoHa mpami B HalNid KpaiHi OXOIUIKOE 3aX0JW MO TNOJAIBIIOMY
MOJICTIICHH]1 YMOB Mpalll HA OCHOBI MEXaHi3allii BaXKKUX 1 IIKIIJIABUX BUPOOHUUMX
MPOLECIB, MIMPOKOMY BIPOBAPKEHHIO CyYaCHMX 3aco0iB  OXOpPOHM Ipalli,
YCYHEHHIO MPUYMH, L0 MOPOKYIOTh TPaBMAaTH3M 1 MPOodeciiiHi 3aXBOPIOBAHHS
poOiITHHKIB. BOHA TICHO MOB’sA3aHa 3 yMOBaMH Mparil.

OxoponHa mpami Ta Oe3neka B HAA3BHYAWHUX CHUTyalisXx B YMOBax
CUIBCBKOTO BHUPOOHMIITBA — BAXKIIMBE 3aBJAHHS, BHUPILICHHS SKOTO 3a0€3MECUYUTh
HOPMaJIBHI YMOBH Mpani NpaliBHAKaMH CIIbCBKOTO rocnogapersa. Lle 3axoam mo
NOJAlbIIOMY MOJIMIICHHKO 1 O3J0OPOBJICHHKO YMOB TMpaml, MIHPOKOMY
BIPOBA/PKCHHIO Cy4acHUX 3ac001B O€3MEKHU, YCYHCHHIO MPUYMH, M0 MOPOLKYIOTh
TpaBMaTH3M, CTBOPEHHIO HA BHPOOHHWITBI HEOOXIIHMUX TITEHIYHHUX 1 CaHITApHO-
noOyTOBUX YMOB.

KoxkHa monuHa 1, Oe3mepeduHo, JIFAWHA 3 BHUIIOK OCBITOK TMOBHUHHA

YCBIAOMJIFOBATH BAXKIIMBICTh MMTAHb YHUKHEHHS PU3UKIB Y JKHATTI Ta MParll.
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VYKpaiHa B OCBITHBOMY IUJIaHI NpHUEAHANIACA 10 €BPONEHCHKOI MPOrpamu

HaBuaHHd 3 pusKkiB FORM-OSE [32]. be3neka >kuTTs Ta mpaii ChOrOJHI
(opmyeThCs SIK MeraHayka, 0e3 sSIKOi JIFDICTBO MPUPEUYCHE HAa 3HAYH1 BTPATH.

YMOBHM Mparlll — [i€ CKJIagHe 00’ €KTHBHE CYCHUIBHE SBUILE, IO (POPMYETHCS
B MPOLECI TPYAOBOi MISUIBHOCTI IMiJT BIUIMBOM B3a€EMOMOB’SI3aHUX (PAKTOPIB
COLIATPHO-€KOHOMIYHOTO ~ XapakTepy, sKI  BIUIMBAKOTH  HA  3J0POB’A,
NPALE3AATHICTD JOAUHM, HA 1 BIIHOLIEHHS A0 MPall Ta CTYMiHb 3a0BOJICHHS Bl
Hel, Ha €(PEKTUBHICTH Mpalll Ta 1HIN1 €KOHOMIYHI pe3yJibTaTh BUPOOHHULITBA. BOHM
XAPAKTEPU3YIOTHCS OIIHOYHUMM TMOKA3HUKAMM MIKPOKJIIMATy, HAasBHICTIO B
po6oulil 30H1 WKIATUBUX Ta HEOE3NEUHNX BUPOOHUUMX (PAKTOPIB, MCUXOPIZUUHUM
T4 €CTETUYHUMM €JIEMEHTAMHU JISJIbHOCTI PALIBHAKIB TOCIOIaPCTRA.

OxopoHa >KUTTA Ta 3I0POB’Sl TPOMAJISH y TPOLEC] X TPYA0BOI IISTIBHOCTI,
CTBOPEHHSI OE€3MEYHUX Ta HEIIKIAJIMBUX YMOB Mpall € OJHUM 3 HABaKIIMBIIIUX
JEPKaBHUX 3aBJaHb. YCIIIIHE BUPIMICHHS LBOTO 3aBJAHHS 3HAYHOK MIPOKO
3QICKUTh BIJ HAICKHOT MIATOTOBKM (PaxiBLIB YCIX OCBITHBO-KBATI(IKAIAHIX
PIBHIB 3 MUTaHb OXOPOHU TTpalli.

3 Yacy BHHHKHEHHS JIOACBKOI IUMBLII3alli KOKHA JIoauMHA A0ana mpo
BJIaCHY O€3MeKy Ta 0e3MeKy CBOIX OJIM3bKUX TaK camo, SIK 1 JIFOACTBY JOBOJUJIOCH
n0aru npo Oe3meKy CBOro iCHyBaHHs. JIFOAChKA NMBUTIZALlIS JOCITAE BCE OUIBIIOT
MOTYTHOCTI, a mpobOnema Oe3meku ii ICHYBaHHS CTAa€ BCE OUIBII TOCTPOKO.
AKTyaJIbHICTh MPOOJIEMH OXOPOHU Mparlli Ta OE3MEeKN B HAA3BUYAMHUX CUTYallIIX B
CBITI 3HAQYHO 3pOCJIa HA TOYATKy TPETHOTO TUCAYOMTTS. ChOroJHl Us nmpodiiema

CTajla MPIOPUTETHOKO 7Sl CBITOBOI IUBLTI3allli.

BucHOBKH 11010 MiABHILEHHS CTAHY OXOPOHH Npami

VY po3aun oXopoHW Tpaill MaricTepchbkoi poOOTH MPEACTABICHUM aHai3
3arajbHUX MATAHb OXOPOHHW Mpalll, PO3ISHYTO OCHOBHI LIKIUIMBI (PAKTOPH, IO
BUHUKAKOTh B M1J] 4YaC TEXHOJOTTYHOTO MPOLECY Ta iX BIUIMB HA OPraHi3M JIFONHH,

3aMmpoNOHOBAHO 3aX0/IU JJis 3a0€3MEYCHHS] HOPMaJTbHUX YMOB TTpalli:
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1) nns 3a0e3neueHHst Oe3neku OOJaJAHAHHS 3aMpPONOHOBAHI 3aXMCHI 1

OrOpOKYBAJIbHI MTPUCTPOT,

2) ud  BUKIKOYCHHS YPOKCHHS CIEKTPUYHUM CTPYMOM HEOOXIIHO
3aCTOCYBAHHSI 3a3EMITFOOUMX TPUCTPOIB;

3) and 3axucTy BiAg HEOE3NMEYHMX XIMIYHMX PEUOBUH — BUKOPHCTAHHS
CHENIATLHOTO 3aXUCHOTO OJIATY;

4) s 3MEHIICHHS 3aMWIeHOCTI — BHKOPWUCTAHHS BEHTHIISALIL, IS

3MEHIICHHS IIyMY 1 BIOpaLliii — 3ByKO130JIF00U1 3aCO0MU;

4.3. TexHiK0-eKOHOMIYHE 00T PYHTYBaHHSI PO3PO0OKH

ExoHOMiUHMI e€(EeKT BM3HAUYAETHCS 13 31CTABIICHHS HABEICHUX BUTPAT Ha

BIJTHOBJIEHHS 110 0a30B1ii 1 3aMPONOHOBAHIA TEXHOJIOTH:

E=lc, -c, L

sionoan 1
A

‘N, (4.1)

ne Caes — cOOIBAPTICTh BIAHOBJIEHHS TiAPOHAacoca mo 0a30BOMY CHoOcoOy
(3aCTOCOBYETBCSL TEXHOJIOTISI ATITYBaHHS KOJIOAA3IB), BapPTICTh CTAHOBUTH 990
IPH.;

Ceionosn  — COOIBApPTICTh BIJHOBJICHHS TlApoHacoca MO  PO3poOseHii
TEXHOJIOT11, IPH..;

P, P; — cepenHl MDKPEMOHTHI PECYpPCH BIAHOBIEHHMX T1IPOHACOCIB IO
3amponoHoBaHiil TexHonorii (P; = 5600 rox.) 1 O6azoBum metomom (P, =
3500 ron.);

N — nporpama BiIHOBJIEHHS, WIT.

Co0iBapTiCTh BIJHOBJIEHHS MO HOBOMY CIOCOOY PO3PAaxOBYETHCS 34

(hopMyJIOK0, TPH.

C

8ioHO6N

:COCH+C000+Ccc+CM+CWBM+CH+CO@Z+CM+C%+C

16K 2

4.2)
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ne Cocy — OCHOBHA 3apIuiaTa BAPOOHUYMX POOITHUKIB, TPH. ;

Cooo — TOTATKOBA 3apIuiara, IpH.

Cec — HAPAXyBaHHS IO COLICTPAxy, IPH.

C,, — BapTiCTh MaTEPIAIIB, TPH.;

Cunsn — TPAHCIOPTHO-3ar0TIBENIbHI BUTPATH HA MaTEPIal, TPH.;

Cy — IEXOB1 BUTPATH, TPH.;

Cogn — BUTPATH HA YTPUMAHHS OONaIHAHHS, TPH.;

Cen — IO3aBUPOOHMY1 BUTPATH, TPH.;

(ss — 3araJIbHO3aBOJICbK1 BUTPATH, TPH. ;

Chex — MATOMI BUTPATH HA KaIiTaJIbH1 BKJIAJACHHS, TPH.

OnHi€0 3 NEPCIEKTHBHUX TEXHOJOTI BIJHOBICHHS MIECTEPHUX HACOCIB
tuny HIII-Y, mo 3a0e3nedye cepenHiii pecypc arperariB Ha PiBHI HOBUX, €
BIJIHOBJIEHHSI 3HOIICHUX MOBepXoHb MeTogoM EIO. IlpoBeaemMo po3paxyHOK
coO1BapTOCTI BITHOBJICHHS 3a IIUM BapIaHTOM TEXHOJIOTIi.

CoO1BapTICTh BIAHOBJICHHS OJHOIrO rigpoHacoca wmetogom EIO Oyne
nopiBHoOe C = 6274 TpH.

3BiACH €KOHOMIYHUHK e(eKT Ha mporpamy peMOoHTY 300 IITYK Ha PIK CKJIAB:
E=|990-687,04- 3500 -300=168180 epr / 200.
5600

TepMiH OKYMHOCTI KamiTAIbHUX BKIJIAJEHb HOBOi TEXHOJOT PEMOHTY

HIECTEPEHHUX HACOCIB CKJIAB:

OK

K
I =—=17poxis.
I pP

TakuM 4YHMHOM, €JIEKTPOICKpoBa OOpoOKa € BEIbMHM MEPCHEKTUBHUM

3aBJaHHAM.
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BucHoBku

[TpoBeneHa €KoJIoriyHa €KCnepTrU3a CBIIUMTh, 10 3aMPONOHOBAHUN CMOCIO
BITHOBJICHHS IIECTEPEHHMX HACOCIB € OE3MEYHUM Uil  HABKOJMIIHBOTO
CEPEIOBHILA.

BukoHaHO aHali3y yMOB BHHHMKHEHHS 1 PO3BUTKY TpaBM 1 aBapii, mjis ix
YCYHCHHSI 3alPONOHOBAHI HACTYIHI 3aXOJM: BCTAHOBJICHHS 3aXWCHUX IIUTKIB,
OJTOKYIOUMX MPUIAdIB, 3a3€MJICHHS MTPH poOOTI 3 METano0OpOOHUMHU BEPCTATAMM,
BUKODUCTAHHS CHELOJATY JJIi TPUTOTYBaHHS  TEXHOJOTIYHMX  PO3YMHIB,
POBEACHHS PETYIISPHUX IHCTPYKTAXKIB 3 TEXHIKK OE3NEKH.

TepMiH OKYMHOCTI KamiTAIbHUX BKJIAJEHb HOBOi TEXHOJOT PEMOHTY

HIECTEPEHHUX HACOCIB CKJIaB 1,7 pOKiB.
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3AT'AJIBHI BUCHOBKHA

1. BcTaHOBIIEHO, W0 OCHOBHOK MPUYMHOK BTPATH NPALE3JaTHOCTI
HIECTEPCHHUX HACOCIB € 3HIKEHHSI iX poO0YOro THUCKY 1 MPOAYKTUBHOCTI 3a
PaxXyHOK 301JIbLICHHS 3a30PIB B 3'€THAHHAX MPELM3IAHUX Nap.

2. AHai3 OTpUMaHUX MaTEMaTUYHUX MOJEIECH 3B'SI3KY MK TOBIIMHOIO 1
MIKPOTBEPIICTIO EJIEKTPOICKPOBOIO MOKPHUTTS 3 TEXHOJOTIYHMMM IMapamMeTpaMu
EIO nokazanmu, mo 3a CTYNEeHEM BIUITMBY HA TOBLIMHY 1 MiKPOTBEPAICTh MOKPUTTS
(hakTOpW PO3TALIOBAHI B TaKWidl CIOCIO: M1aMeTp €NEKTPOAa, CHEPTisl OAMHUYHOTO
ICKpOBOTO PO3psily, Ioa4a eJIEKTPoaa, 4acToTa 00epTaHHs AeTali

3. BCTaHOBJICHO, [0 CEPEAHE 3HAYEHHSI MIKPOTBEPAOCTI MOKPUTTIB B poOOUlil
30HI KOJIOASI3IB KOPHYyCY MPW HAIUIaBjieHH1 iX cmiaBoM An 11 — cTaHOBUTH
2236,898 Mlla (Buxigna mikpotBepaicte 1401 Mlla). MikpoTBEpAICTh MOKPUTTS,
YTBOpPEHA Ha MOBEPXHAX wang mectepeHp ctauio 85 ckiagae 5586 Mlla npu
noyaTkoBii TBepaocti nand 4497 Mlla.

4. BCTaHOBJIICHO, LI0 ONTUMAJIBHUMM € TaKl Mareplaid €eJIeKTPOAIB 1
TexHOoJoT1uH1 pexxumu EIO: — mpu BigHOBJCHH] nand — marepiaig €leKTpoaa —
CTalb 85, — NpW BIJHOBJICHHI KOJOJS3IB KOPOYCYy — Mareplan elekTpojaa —
aroMiHieBUil crutaB Ast 11; - mpH 3MINHEHH] OTBOPIB MIAIIMIHUKA - Marepiai
enekTpoja - 6aoit b16.

5. ExoHOMiuHMI e€(eKT Bix 3ampolOHOBAHHUX PO3POOOK MOXKE CKIIACTH

168180 rpH.



