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JIner akryaauszanuu padoueil mporpaMmbl

PaGouast mporpamMma repecMoTpeHa, 00CykKaeHa u 0100peHa s peanusamuu B 2025 - 2026
yueOHOM rojly Ha 3aceaHuu Kadeapbl TermoTeXHHUECKUX U SHEPTETHISCKUX CHCTEM

IIporokomor 20 1. Ne

3aB. kadeapoii E.T. ITGI_HHOpeHKO

Pabouast mporpamMmma repecMoTpeHa, 00CcykaeHa u 0100peHa i peanuzamnuu B 2026 - 2027
yueOHOM Toly Ha 3aceaHuu Kapeapsl TerIoTeXHUYECKUX U SHEPTEeTHUECKUX CUCTEM

IIporokomor 20 1. Ne

3aB. kadempoii E.T. ITGI_HHOpeHKO

Pabouas nmporpamma nepecMoTpeHa, oocyxaeHa u ogodpena st peanmsanuu B 2027 - 2028
y4eOHOM roy Ha 3aceqaHuu kadeapsl TerroTeXHUYECKUX M SHEPTETHYECKUX CHCTEM

IIporokomor 20 1. Ne

3aB. kadeapoii E.T. ITGIHHOPCHKO

Pabouas mporpamma nepecMoTpeHa, 00cyxaeHa u ogoopena st peamszanuu B 2028 - 2029
y4eOHOM roy Ha 3aceqanuu kapeapsl TerIoTeXHUYECKUX M SHEPTETUIECKUX CHCTEM

IIporokomor 20 1. Ne

3aB. kadeapoii E.T. ITGIHHOPCHKO




1 Iles1u ocBOCHUS TN CUMILTHHBI (MOYJ151)

LenstMu OCBOEHUS TUCUUTUIHHBI (MOJYJISA) SIBJISIOTCSL:

-U3y4YCHHE 3aKOHOB COXPAHEHHUS U MPEBPAIICHUS SHEPTUH, TPUMEHUTEIBHO K CHCTEMaM
nepesavyy ¥ TPAaHCIIOPTUPOBKH KUAKOCTEN U T'a30B;

-3HAKOMCTBO OyIyIux 0akaaaBpOB C TUIIOBBIMH KOHCTPYKIIUSMU, IPUHIIUTIAMH PaOOTHI,
COBPEMEHHBIM COCTOSSHUEM U TEPCIEeKTUBAMHM Pa3BUTHSA, OCOOCHHOCTSIMHU JKCIUTyaTalluu
HarHeTaTeleH.

2 MecTo THCHHMIIMHBI (MOYJISAA) B CTPYKTYpPe 00pa30oBaTe/IbHOI MporpaMMal

HucuuiuinHa Harmerarenu B TEIUIO3HEPreTHKE BXOAUT B 4acTh Y4eOHOro IJIaHa
dopmMHpyeMyI0 yYaCTHUKaMHU 00pa30BaTEIbHBIX OTHOIIEHUH 00pa30BaTeIbHON IPOrPaMMBI.

Jns  W3ydeHWs  JUCLUIUIMHBI  HEOOXOOUMbl  3HaHUS  (YMEHMs,  BIJIAQJICHUsA),
cOpMHUPOBAHHBIC B PE3Y/IbTATE U3YUCHHSI JUCIUTUTUH/ IPAKTUK:

I'mpporazonuHaMuka

TexHudeckas TepMOAMHAMUKA

HcTopus TennosHepreTuku

Pusuka

VYyeOHasi - 03HaAKOMUTEIbHAS IPAKTUKA

3HaHus (YMEHHUs, BIaJeHHs), IOJIYYEeHHbIe MIPU U3YYEHUU AAHHOW TUCLUIUIMHBI OyayT
HEOOXOAUMBI [Tl U3yUSHHS TUCIUTLTIH/TIPAKTHK:

KorenpHbIE yCTaHOBKH U ITApOTreHEPaTOPhI

OCHOBBI BOJOIIOATOTOBKH Ha ITPOMBIIITICHHBIX IPEAIPUATHSIX

CucTeMbl IPOMBIIIJICHHOTO TETNIOCHAOKEHHS

IIpoekTHas neATEIBHOCTD

IIpon3BoaCTBEHHAA-TEXHOJIOTNYECKas! TPAKTUKA

Teopus HaAEKHOCTH TEIUIOIHEPTETUYECKUX CUCTEM

TemnosnepreTnyeckue CUCTEMBI IPOMBIIUIEHHBIX PEATIPUATUI

[ToaroroBka Kk npoiietype 3aliyThl ¥ 3all1MTa BHITYCKHON KBaTM(PUKAIMOHHOMN paboThl

ITonroroBka k cia4ye u czjada rocyapCTBEHHOTO DK3aMEHa

3 Komnerenuun ody4aromierocs, (popMmupyembie B pe3y/ibTaTe 0CBOCHUS

AUCHUILIMHBI (MOAYJIS) ¥ IJIAHUPYeEMble Pe3yJIbTAThl 00yueHust

B pesynbraTe ocBOeHMsS IUCHUILUIMHBI (Monyisi) «Harnerarean B TENIOIHEPrETHKE
oOyyaroImuiics JoKeH 001a1aTh CIEAYOIIUMU KOMIETEHIIUSIMHU:

KO,[[ HHJAUKATOpa I/IH,Z[I/IKaTOp JOCTHIXXCHHUA KOMIICTCHIIMH

[IK-1 CrnocoGeH ydacTBOBaTh B OLIGHKE TEXHUYECKOTO COCTOSHUS, MOJAJIEP)KaHUA U
BOCCTaHOBJIEHHUs pabOTOCHOCOOHOCTH TEIJIOMEXaHUYECKOTO 00OpYIOBAaHUS IMPOMBILIIIEHHBIX
T3C

IK-1.1 OneHuBaeT ypoBEeHb TEXHUYECKUX PELLIECHUI HallpaBJIEHHBIX Ha ITOBBIILICHUE
3¢ (HEeKTHBHOCTH PabOTHI TETIIOMEXaHUIECKOTO 000PYyI0BaHUS

[1K-1.2 [IpoBOIUT yueT W aHaIU3 TEXHUKO-DPKOHOMHUYECKHX IOKazaTesiell paboTbl
TETMJIOMEXaHUYECKOT'0 000PY10BaHHMSI




4. CTpyKTypa, 00bEM H coaep:KkaHue TUCHUILIMHBI (MOAYJIS)
OO6mas TPyJAO0EMKOCTh JUCIUIUIMHBI COCTaBIACT 2 3a4€THBIX CIWHHMI] /2 akaJl. 4acoB, B TOM
qyuce:
— KOHTaKTHas paboTa — 55 akaJl. 4acos:
— ayIuTOpHas — 54 akaJ. 4acoB;
— BHeayuTopHas — 1 akaj. 4acos;
— caMOCTOsITeNbHAs paboTa — 17 akaj. 4acos;
— B (hopme npakTuaeckoit moarotroBku — 0 aka. yac;

®dopma aTTeCTalMu - 3a4ET

AynuropHas ) s
o | xourakTHAS pabota E 3 dopma TeKyIIEero
Paznen/ rema S (B axan. wacax) g E‘ Bz RORIPOT Kon
g 8 ©| caMoCTOATENBHOM | ycreBaeMOCTH U
JIACIMTUTHHBI 5 [ . | KoMIeTeHIuu
@) 2 £ padoThI MIPOMEKYTOUHOM
Tlex mab. | mpaxr. z S aTTeCTaluu
“| 3aH. 3aH. |Q &
1. Paznen 1. Komnpeccopsr
IZI.<.1 ?I;I{;)Ifﬂbpllz MTOHSATHSI. . . . MK-1.1,
face an MK-1.2
HAarHETAaTeIbHBIX MAIIHH.
1.2 Twumbl KOMIOPECCOPOB. MK-1.1,
OcHOBHbIE TTOHSATHSL. 1 1
IK-1.2
PoropHble kKoMIpeccopsl.
i;)?;m o LentpobexHbie . , . MK-1.1,
p pPBI,  TIOHATHSA, TK-1.2
KOHCTPYKITHHU, PACUEThI.
1.4 OceBble KOMIIPECCOPHL, 5 . , . MK-1.1,
KOHCTPYKIIHH, METOJIBI TK-1.2
pacuera.
15 ITopurHeBsie
KOMITPECCOPHI, . ) . . MK-1.1,
MHIUKATOPHAs JHarpamma, TK-1.2
METOIBI pacuera.
MHOrocTyneH4aToe
i(i?(beKTI/IBHOCTI/II_I OBHI;IES::I 1 2 1 IK-1.1,
p MK-1.2
KOMITPECCOPOB.
HWroro no pazaeny 6 1 8 6
2. Paznen 2. BeHTUIIATOPBI
2.1 IlentpoGexHble MK-1.1,
BEHTWJISITOPHI,  OCHOBHEIE 1 3 1 1 K-1.2
TOHSITHS, XapaKTEPUCTHKH. )
2.2 OceBble BEHTWIATOPHI S
' PHL . . MK-1.1,
KOHCTPYKIIHH, TK-1.2
XapaKTEPUCTHKH.
Wroro no pazaeny 2 3 1 2
3. Paznen 3. Hacockr
3.1  OcHOBBl  TEOpHH.
IlonsiTHe Hamopa u mogayu. 5 5 5 2 1 I1K-1.1,
XapaKkTepHUCTHKY. IK-1.2
PerynupoBanue nogauu.




3.2 TlocnemoBarenpHast |

napasuieNbHas pabota
IK-1.1,
HACOCOB,  pETyJIHPOBAaHUEC 1 5 1 1 TK-1.2
Haropa u MOJIaYH. '
Hanopnas
IIpopaboTka
JICKIIUOHHOTO
3.3 IentpobexHbie a Hannune
. Mmarepuana,
HACOCHI, YCTPOHCTBO, KOHCIICKTOB
pelieHue .
JKCIUTyaTalys,  PacyeThl. neknuid. Caaya IK-1.1,
2 4 3 1 MPAKTUICCKUX
Ilouatne o KaBUTAIUM. pPELICHHBIX 3a/1a4 U I1K-1.2
3anad. [Toaroroska
Jomyctumas BBICOTA 71a00paTOPHBIX
11ab0paTOPHBIX
BCACBhIBaHMsI, TOMITAXK. pa0or.
pabor.
IIpunoxenue 1.
ITpopaboTka
JIEKIIMOHHOTO
H Hanuuue
3.4 OceBble HacoCHlI, MaTepHaa,
KOHCTPYKIHH METOJINKA 1 1 1 eIICHIE KOHCTICKTOB MR-1.1,
Py ’ p neknuii. Criaua I1K-1.2
pacuera. MPAKTHIECKUX
pELIeHHBIX 3a1a4.
3aj1ad.
IIpunoxenue 1.
ITpopaboTka
JIEKIUOHHOTO
Hammune
3.5 TlopuiHeBbie HACOCHI, MaTepHana,
XapaKTePUCTUKHU 1 1 1 CIICHHUE KOHCTICKTOB IK-1.1,
P P ’ P neknuit. Crada MK-1.2
peryiupoBaHue IIO1auH. MPAKTHIECKUX
PELICHHBIX 3a/a4.
3a/1au.
IIpunoxenne 1.
IIpopaboTka
3.6 PoropHbile  Hacochl, pop Hannuue
JIEKIITUOHHOTO I1K-1.1,
XapaKTePUCTHKH, 1 1 KOHCIICKTOB
eryJIMpOBaHUE 04N Marepnaa. JIEKIUH MK-1.2
perymp ’ IIpunoxenne 1. ’
IIpopaboTka
3.7 LlectepeHHblEe HACOCHI, pop Hanuuwne
JIEKITUOHHOTO I1K-1.1,
OCHOBHBIE TIApaAMETPhI U HX 0,5 1 1 KOHCIICKTOB
MaTepHana. o MK-1.2
pacuer. JICKITAH.
IIpunoxenue 1.
IIpopaboTka
3.8 IlnacTuHYaThIE HACOCHI Pob Hanuuue
JIEKIITUOHHOTO I1K-1.1,
U THIPOMOTOPHI, OCHOBBI 0,5 1 KOHCIIEKTOB
MaTepHana. o MK-1.2
paboThI, XapaKTEPUCTHKH. JICKITAH.
IIpunoxenue 1.
3.9 THE BUABI HACOCOB
HP Y A IIpopaboTka
(cTpyiiHbIE HaCcOCHI, Hammaue
ApaudTHI Tamdpun) 1 1 JICKLIMOHHOTO KOHCIICKTOB TK-1.1,
PITHOTEL, pH), Mmarepuaa. . MK-1.2
YCTPOWCTBO H  OCHOBHEIC JIEKLUH.
IIpunoxenne 1.
XapaKTePUCTHKH.
Hroro no pazaeny 10 14 9 9
Hroro 3a cemectp 18 18 18 17 3a4éT
Wroro no pucuuninnne 18 18 18 17 3aueT




5 O0pa3oBaTte/ibHbIE TEXHOJIOTHH

Jis1 perieHus pe1yCMOTPEHHBIX BUAOB y4eOHON paOOThl IPU U3YyUEHNUHN AUCIUILINHBI B
KadyecTBe 00pa30BaTENbHBIX TEXHOJIOTUH UCIOIB3YIOTCS KaK TPAIUIIMOHHbIE, TaK M MOJYJIBHO -
KOMIIETEHTHOCTHbIE ~TexHosoruu. Ilepenaya HeoOXOAMMBIX TEOPETUYECKUX 3HAHUH U
(dbopMHpOBaHKE MPEACTABICHUH MO KypCy MPOUCXOAUT C MPUMEHEHHEM BHJCOKOHTEHTA CETH
UHTepHeT. JICKIIMOHHBIN MaTepuan 3aKkpernsiercs Ha Ja0opaTOpHbIX paboTax, rie NpUMeHseTcs
COBMECTHAs JIEATENILHOCTh CTYJCHTOB B TpYIIE, HANPaBJICHHAs Ha pelleHHe oOImeil 3amauu
IyTEeM CJIOXKEHUS pPe3yJbTaTOB MHIUBUAYaJIbHONW pabOThl 4ieHOB rpymmsl. s pa3BuTus u
COBEPILICHCTBOBAHUS ~ KOMMYHUKAaTHUBHBIX  CHOCOOHOCTEHl  CTYIEHTOB  OpPraHHM3YIOTCS
NPAaKTUYECKHE 3aHATHS B BHJE JUCKYCCUHM, aHaJM3a pPEAIbHBIX MNPOOJIEMHBIX CUTyalMd H
MEKIUCIUTUTMHAPHBIX CBSI3€H M3 PAa3NMYHBIX 00JacTeld B KOHTEKCTE pElIaeMOi 3aaauu.
CamocrostenbHas paboTa CTUMYJIUPYET CTYIAEHTOB K CaMOCTOSITENIbHOM IpOpaboOTKe TeM B
nporiecce MOArOTOBKH K AUCKYycCHsM. [Ipu opranuzanuy caMoCTOsTEIbHON paboThl CTYJCHTOB
UCIIOJIb3YIOTCS JJIEKTPOHHBIE BEPCUHU JTA0OPAaTOPHOIO IPAKTUKYMA.

Jlnist pemieHus mpe1yCMOTPEHHBIX BUAOB Y4eOHOW paOOThl MPU M3YYECHUHU IUCIUILTUHBI
«HarsneraTtenu B TEIJIOSHEPreTUKE» B KaueCcTBE 00Pa30BaTENbHBIX TEXHOJIOIMH HCHOJIb3YIOTCS
KaK TPAJULMOHHBIE, TAK U MOAYJIBHO - KOMIIETEHTHOCTHBIE TEXHOJIOTHH:

1. UndopmanioHHbIE TEXHOJIOTHH — 00Y4YEHHUE B 3JIEKTPOHHOI 00pa30BaTesIbHOMN cpejie ¢
LEeNbI0 PAaCUIMPEHUsi JOCTyNna K 00pa3oBaTelbHBIM pecypcam, s YEero IpU IPOBEIECHUU
OTJENIbHBIX 3aHATUH W OpraHu3alMd CaMOCTOSATENBHOM pabOThl CTYIEHTOB HCHOJIb3YIOTCS
AJIEKTPOHHBIE BEPCUH Kypca JIEKLIHAMN.

2. PaboTa B KOMaH 1e — COBMECTHAs JeSIT€IbHOCTb CTYJJCHTOB B TPYIIIE IIPH pacueTax Ha
NPAaKTUYECKUX U JIAOOPATOPHBIX 3aHATHX, HANPABJICHHAS Ha peIIeHHE OOIIel 3aaaydl MmyTeM
CJIO’KEHUS Pe3y/IbTaTOB MHIMBUAYAIbHONU paObOThl YWICHOB IPYIIIIHI.

3. Case-study - ananu3 pealbHBIX MPOOJEMHBIX CHTYallMif, MMEBIIMX MECTO B
COOTBETCTBYIOLIEH 00JacTH MpOo(pecCHOHATBHON AEATENbHOCTH, M MOMCK BapUaHTOB JIYUYIIMX
peLeHui.

4. MexXIuCIUIUTMHAPHOE 00Y4YeHUE — UCTIOIh30BaHUE 3HAHUN U3 Pa3HBIX 00JacTeil u ux
IPYIIIMPOBKA B KOHTEKCTE PEIIaeMOH 3aauH.

6 YueOHO-MeTOIMUECKOE 00ecedeHHe CAMOCTOSATEeIbHO PadoThl 00yYaroIMXCst
[TpexncraBneHo B mpuioxeHun 1.

7 OneHoYHbIe CpeICTBA A5 POBeJeHUsI IPOMEKYTOYHOM aTTecTAluH
[IpencraBneHbl B IPUIIOKEHUH 2.

8 YueOHo-MeTOAMYeCKOEe H HH(POPMALIMOHHOE O0ecreueHrue TUCIUIIHHBI (MOTYJIs1)

a) OcHOBHas JIUTEpaTypa:

1. Hlyuxkas, E. E. Hacocsl. HacocHble 1 BO3AyX0AyBHBIE CTaHIMH | yueOHOoe mocodue / E.
E. Illynkas, E. I'. llypukosa, A. b. PomnonoBa. — PoctoB-Ha-Jlony : Jonckoii I'TY, 2021. —
140 c¢. — ISBN  978-5-7890-1967-2. —  Tekcr: oanekrponHsiii //  JlaHb
3IIeKTPOHHO-OnOmoreunas cuctema. — URL: https://e.lanbook.com/book/237911

2. Kysnenos, 0. B. Hacocsl, BenTmiisitopsl, kommpeccopsl / FO. B. Kysnernos, A. T.
Huxudopo. — 2-e¢ m3a., crep. — Cankr-IlerepOypr : Jlamp, 2022, — 304 c. — ISBN
978-5-8114-9832-1. — Tekcr : anekTpoHHbIi // JlaHb : 3J€KTPOHHO-OMOIMOTEYHas CUCTeMa. —
URL: https://e.lanbook.com/book/199508

0) lomostHuTeIBLHASI TUTEPaTypa:

1. Toncteix, A. B. Hacockl, BeHTHIIATOPBI M KOMITPECCOpHI : ydyeOHOoe mocooue / A. B.
Toncteix, 0. H. Jopomenko, B. B. IlensBckuii. - Tomck : ToM. roc. apXuT. -CTpOUT. YH-Ta,
2018. - 160 c. - ISBN 978-5-93057-836-2. - Tekcr : snekrponssiii // DbC "KoHcynbTant
cryaenta" : [cait]. - URL : https://www.studentlibrary.ru/book/ISBN9785930578362.html



https://e.lanbook.com/book/237911
https://e.lanbook.com/book/199508
https://www.studentlibrary.ru/book/ISBN9785930578362.html

2. JleontseB, B. K. Hacocel m HacocHble YCTaHOBKH: pacdyeT HACOCHOH yCTAHOBKH @ ydeOHOE
nocobue st By3oB / B. K. Jleoutse, M. A. BapaimeBa. — 2-e uzn. — Mocksa : M31arenbcTBo
FOpaiit, 2020 ; Spocnasnp : Usn-Bo AI'TY. — 142 ¢. — (Beicmee obpazoBanue). — ISBN
978-5-534-13028-7 (M3natensctBO HOpaiit). — ISBN 978-5-9914-0312-2 (U3a-Bo AI'TY). —
Tekcer : anekrponnsiii // DBC HOpaiit [caiit]. — URL: https://urait.ru/bcode/448766

3. lllep6a, B. E. Teopus, pacdyer W KOHCTPYHPOBAHHE IOPIITHEBHIX KOMIIPECCOPOB
00BEeMHOTO JIeiicTBUS : yueOHOE ocodue s By3oB / B. E. lllep6a. — 2-e uz ., qorn. — Mocksa :
NznarensctBo FOpaiit, 2021. — 323 c. — (Bricmiee oopazoanue). — ISBN 978-5-534-09232-5.
— Texcr : anexkrponnslii // DBC FOpaiir [caiit]. — URL: https://urait.ru/bcode/474941

4, JlenemkuH, A. B. I'mapaBnuka u ruaponHeBMONpUBOA. ['MapaBInyeckue MamuHbl 1
rHIponHeBMONpUBO/ : yueOHUK / A. B. Jlenemkun, A. A. Muxaiinus, A. A. llleinak. — 6-e u3g.,
nepepad. u gon. — MockBa | UH®PA-M, 2020. — 446 c. — (Briciee oOpa3oBaHue:
bakanaBpmar). - ISBN 978-5-16-011954-0. - Tekcr : onekrponHbri. - URL:
https://znanium.com/catalog/product/1045211

B) MeToanyeckune yKazaHus:
Metoauueckne MaTeprUalIbl TPEICTaBICHBI B priokeHnH K PI1JI.

r) [Iporpammuoe o6ecneuenue u UnTepHer-pecypcebi:

IIporpammHoe o0ecnieueHue

HaunmenoBanue .
o Ne morosopa Cpoxk neiicTBUS IULEH3UH

7Zip CBOOOJIHO pacHpoCTpaHsIeMOe 0eccpoyHO
MS Office 2007 |\, 135 o1 17.09.2007 Geccpouro
Professional
MathCAD v.15
Education J-1662-13 ot 22.11.2013 0eccpovHO
University Edition
Linux Calculate |cBoGojaHO pacmpocTpaHsiemMoe 0ecCpovHO

Hpmbeccnonanbﬂme 0a3bl JAHHbIX I/IHq)O]Z)MaIII/IOHHbIe CIIPaBOYHLIC CUCTEMBbBI

HazBsanwue kypca CchblIKa
Poccuiickas  TocynapcTennas  OWOMMOTEKA. | o avww.rsl.ru/ru/4readers/catalogues/
Karanoru
IMouckosas cucrema Axamemuss Google (Google URL: https://scholar.qoogle.ru/
Scholar) ' ) ) )
HanponanbHas HWH(GOPMAIMOHHO-aHATMTHYECKAS
cuctema — Poccmiickuii umHmekc Hayunoro|URL: https://elibrary.ru/project_risc.asp
nutupoBanus (PYHI)

9 MaTepuaJIbHO-TeXHHYECKOe 00ecredeHue TUCIIUIITIHHBI (MOTYJIs1)

MaTepI/IaJ'IBHO-TeXHI/I'-IeCKOe o0OecrieueHue JUCHHUIIIIMHBI BKJIIIOYACT:


https://urait.ru/bcode/448766
https://urait.ru/bcode/474941
https://znanium.com/catalog/product/1045211
https://www.rsl.ru/ru/4readers/catalogues/
https://scholar.google.ru/
https://elibrary.ru/project_risc.asp

VYueOHbIe ayUTOPHH JUTS IPOBEICHHS 3aHATHUI JISKIIMOHHOTO TUTIA:

- JIOCKa, Me;

Y4eOHast ayAuTOpHs AJIs POBEICHUS JIA0OPATOPHBIX PaboT:

nabopaTopusi TOIIMBA W XUMBOJOIOJITOTOBKH: aBTOMATHYECKash HACOCHAs CTaHIUS
OASIS; naboparopHasi yCTaHOBKA 10 W3YYCHHIO MOCIEAOBATEIHPHON M MapalieIbHONW paOOThI
HACOCOB; IICHTPOOCKHBIN BEHTHIISATOP.

VY4eOHblE ayAWTOPUHM JUIS TPOBEACHUS NPAKTUYECKUX 3aHATHHA, TPYNIOBBIX U
WH/IMBUIYAIbHBIX KOHCYJIbTAlMH, TEKYIIEr0 KOHTPOJS M TPOMEKYTOYHOW AaTTeCTalluu: -
KOMITBIOTEPHBIE KJIACChl YHUBEPCUTETA.

VYdeOHbIe ayJUTOPUH IS CAMOCTOSITEIIbHON PabOThl 00YJIarOIIUXCSI:

- mepcoHanbHble KommbloTepbl ¢ naketom MS Office, Beixogom B HHTEpHET U C
JOCTYIIOM B AJIEKTPOHHYIO HH(POPMAITMOHHO-00pa30BaTEIbHYIO CPEIy YHUBEPCHTETA

[Tomemenne i  XpaHeHUs W OPOPHIAKTUYECKOTO OOCIYKHMBaHHUS — y4eOHOTO
000pyI0BaHUS:

- CTEJUTaXH, CeHPBI U1t XpaHEHUs1 y4eOHOTO 000pYA0BaHUS, HHCTPYMEHTHI IJIsl pEMOHTA
mabONATONHOTO OBONVITORAHUS .
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[Tpunoxenue 1
6 YueOHO-MeTOoaHYeCKOe o0ecneyeHne cCaMOCTOATEIbHOI padoThI CTYIEHTOB.

6.1. TeMbI K TEKIIMOHHBIM pa3jieiaM JIJIs CAaMOCTOSITEITLHOM MPOPabOTKH.

Pazgen 1

UYro Takoe cTyneHb LIEHTPOOEKHOI0 KOMIIpECCOopa.
Kak HaliTu MOLITHOCTB LIEHTPOOEKHOT0 KOMIIpEeccopa.
B uem oTnnume cTyneHu HEHTPOOEKHOI0 KOMIIPECCOpa OT CTYIIEHH OCEBOI0 KOMIIPECCOpa.
B 1eM cmbICi1 HHANKATOPHOMN AnarpamMMbl paboThl KOMIIpeccopa.
Kak onpenenuTs nokasareis MOJIUTPOIIBI 10 UHAUKATOPHOU JUarpaMMe.
B yeM 0coOeHHOCTh MEPTBOI'O MPOCTPAHCTBA PabOTHI KOMIIPECCOpa.
Teoperuueckas M eiiCTBUTENbHAS MHIUKATOPHBIE JUarpaMMa paboThl KOMIIpeccopa.
Kak mpoBoJsT HCIIBITAHUS KOMIIPECCOPHBIX YCTAHOBOK.
CreneHnb cxaTus CTYNEHHU, YTO 3TO TAKOE.
. KIT/I paGoThl KOMIPECCOPOB U BIUSHUE Pa3IMYHbIX (PAaKTOPOB HA €r0 3HAYEHUE.

Pazpgen 2.

Kakoro BimsiHue caMOTATH Ha pabOTy BEHTHIIATOPA.
Kak BbIOpaTh BEHTHIIATOP 110 3aJJaHHBIM ITapaMeTpaM.
OcoOeHHOCTH PabOTHl BEHTUIISITOPOB C IJTMHHBIMU JIONACTSIMHU.
Crioco0b! peryupoBaHus 1014l BEHTHIISITOPOB.
[Tpodwite pemeTku u ero BAMSHUE Ha pab0Ty BEHTHIIATOPA.
OcobeHHOCTH PabOThl HEHTPOOESIKHOTO BEHTUIIATOPA Ha Ta3e C IPUMECAMHU.
Kak onpenenuth MOITHOCTD IEHTPOOESKHOTO BEHTHIISATOPA.
B 1eM cMbICIT CO3/1aHUsI MHOTOCTYTIEHYAThIX BEHTUISTOPOB.
Yro Bauser Ha KIIJ[ BeHTUIATOPOB.
. I'7le MpUMEeHSIOT BEHTUIISITOPBI.

Pazpgen 3.

Knaccudukanus HarueraTeneu.
2. ITlapametpsl, XapakTepu3ymlue padoTy HarHeTaTene.

OcobeHHOCTH NapallIebHON U MTOCe10BaTeIbHOM paboThl HarHeTaTeNeH.
KoHcTpykiiny eHTpoOeX HBIX HarHeTaTeseH.
CriocoObl perynpoBaHus IOAaYU B CETh pacxo/a.

3

4

5

6. CymIHOCTh MOMITaXKa U €T0 MpexyNnpeKIcHUE.

7. SIBieHWe KaBUTALMU M aHTHKABUTAIIMOHHBIC MEPOTIPHSITHSI.
8. (OO6o3HaueHMs U TPYIIIBI HACOCOB, TpUMeHsieMbIX Ha TOLI.
9. B oco6eHHOCTH pabOoThI 3pAUPTOB U CTPYHHBIX HACOCOB.

1

0. O uem TOBOPHUTH HAIIOpHAA XapaKTCPUCTHUKA HACOCaA.

6.2. [IpumMepsl 3a1a4 7151 MPAKTUYECKUX 3aHITUH

3amagya 1. CniBoeHHBIN HAacOC JBOMHOIO JIEHCTBUS MMEET CIEAYIOIINE NapaMeTphl: TUaMeTp MOPIIHS
Dn= 100 mwm, mtoka dur= 35 MM, xoa nopmHs h= 120 MM, 4uciio ABOHHBIX X010B N= 60 00/MuUH.
Omnpenenuth mojadyy Hacoca M TpPeOyeMyl0 MOIIHOCTH 3JIEKTpOJBUrarTens Nmpu paboTe Hacoca Ha
TpyOOIpoBO (JUIMHA HarHeTaTeNpHOrO Tpyoonposoaa lu= 1200 m, ntuamerp du= 90 MMm), naBieHHe B



KoHIIe TpyoornpoBoaa Pk= 0,2 MIla, reomerpudeckas Beicota Harnetanus Hra= 30 M. Koaddumment

noznauu Hacoca 0= 0,95, knx kmuHOpemeHHOM nepeaaun nuep= 0,97, nmex= 0,95. IlepekaunBaemas
6 2 3

KUAKOCTB: BSI3KOCTH v=30-10" m“/c, tutotHOCTH p=830 Kr/™M”. Hacoc ¢ MHEBMOKOMIIEHCATOPOM.

3anaua 2. IlocTpouTh TEOPETHUECKYI0 MHAMKATOPHYIO JUarpaMmy IOPIIHEBOTO Z — CTYNEHYaTOro
KOMIIpeccopa B KoopAuHatax P-V | eciu mpou3BOJUTENBHOCTh IPU HOPMAaNIbHBIX YcioBuax Po =
1,013-105 ITa, To = 273 K 3amana Q, . Uucno apoiHbIX xom0B N, 1/MuH. /laBneHue BcachiBaHus P B,
Temreparypa BcacbiBanus TB. /laBnenue narneranus 3agano no manomerpy Pa. Komnpeccop cxxumaer
ra3 no nosuurpore M. Paccunrars TeMnepaTypHbIil pexkUM KOMIIPECCOPa, YUUTHIBAsI, UTO Ha BBIXOJE U3
KaKJ0ro TOCJENYIOIIEr0 XOJOAWIbHUKA TemnepaTypa raza Ha AT1 Belie, yeM Ha BBIXOAE
npensiaymero (Te2=Tel+ A Tl wu T.1.). OnpeaenuTs KOJIMYECTBO BOJBI, HEOOXOAUMOE st
OXJIAXKJIEHUSI KOMIIpECcopa, IPUHAB PAa3HOCTb TEMIIEpaTyp BOJbI HAa BXOJE€ U BbIXoJe paBHOU AT2.
3anaua 3. 3amaya no teme «LleHTpOOEKHBINA HACOCH

1.1. BBIMOMHUTE TUPABIUYECKUI pacdeT TPYOOIPOBOIa U MOCTPOUTH €0 XapaKTEPUCTHKU

1.2. ITono6patpk Hacoca

1.3. I[lepecunTaTh XapaKTEpPUCTUKH HACOCA C BOJIbI HA MEPEKAYNBAEMBbII MPOAYKT

1.4. I[TocTpouTh COBMEIIEHHYIO XapaKTEPUCTHKY TPyOOIpOBOAa U Hacoca (WK TPYIIbl HacocoB) 1.5.
OTtperynupoBaTh HACOC Ha 3a/laHHYIO IIPOU3BOJUTENBHOCTD (JPOCCENIMPOBAHNE, N3MEHEHNE YacTOThI
BpaIeHus Baja, 00Touka pabodero KoJeca)

1.6. [IpoBepuTh BCachIBaIOILYO CLIOCOOHOCTH HAacoca.



7. OnleHOYHbIE CPEACTBA MPOBEICHHS MPOMEKYTOUYHOM aTTecTaluu (3a4eT)

a) [lnanupyemble pe3yJibTaThbl 00yUeHHs U OLleHOYHbIE CPe/ICTBA /1JIsl IPOBe/leHUsI MPOMEKYTOYHOM aTTecCTAlMu:

[Ipunoxenue 2

IIK-1: Cnoco0eH y4acTBOBATH B OLlEeHKE TEXHUYECKOI0 COCTOSIHMS, MOIePKAHUSA U BOCCTAHOBJIEHUS PA00OTOCIIOCOOHOCTH TENJIOMEXAHMYECKOT 0
o0opynoBanus npomMbinuieHHbIX TIOC

IK-1.1 OneHuBaeT ypoBeHb Bonpocwi
TexHn4yeckux pewmenui 1. Knaccupukanus Harneratenei.
HalpaBJICHHBIX HA 2. [TapameTpsl, XapakTepusyroliie padoTy HarHeTaTemne.
MIOBBIIIICHUE 3. OcobeHHOCTH MapajlieIbHON U ITOCIIe10BaTeIbHON paboThl HarHETaTeNeH.
3pPEKTUBHOCTH 4. KoHCTpyKIIMK IEHTPOOEKHBIX HarHETaTENEH.
paboThl 5. CocoOsI peryanpoBaHus Mo/Iavu B CETh pacxoa.
TeruioMexaHmdeckoro 6. CyImHOCTh IOMIaXKa M €ro IpeaypekIeHue.
o0opynoBaHus 7. SIBneHre KaBUTAIlMK ¥ aHTUKABUTAIIMOHHBIE MEPOTIPUSITHSL.
8. O003HaueHMsI U TPYIIIBI HACOCOB, MpUMeHseMbIX Ha TOLI.
9. OcoO6eHHOCTH LIEHTPOOEKHBIX BEHTHIIATOPOB U MX 0003HAaYEHUE.
10. OceBble HACOCHI ¥ BEHTUIIATOPBI.
I1K-1.2 [IpoBoauT yuer u Hccneoosams pabomy KoHCONbHO20 HACOCA HA MOOeNU
aHaJIn3 Ilopsaook pacuema

TEXHUKO-D)KOHOMUYECK
X ToKazareseit
paboThI
TEIIOMEXaHHYSCKOTO
obopynoBaHus

1. KoaddunmeHnT ObICTPOXOAHOCTH Hacoca
s=3,65 ~ 3600/ >
r7ie n — 9uciao o00pOTOB Ha Bally Hacoca, 00/MuH (mpuHuMaetcs n= 2900 o6/MuH);
Q — mogava Hacoca, Mg,
2. O6wsémuniii KITJ] Hacoca
06 =11+0,68 —23
3. PacueTHas mojaua Koseca, Mg
pacu= 00 (3)

4. [IpuBeneHHBIN AUAMETP HA BXOJIE, M




=4,25-1000N 3600/ s
S. I'mppasnuueckuii KI1/ nacoca
=1-0,42/(log( 11)-0,172),
6. TeopeTnueckuii HaNop JIOMACTHOTO KOJieca, M

T r
H —namop Hacoca, M.
7. Ilonusmii K111 Hacoca:
= 6w
rae nm — mexanundeckuid KI1J[ nacoca, pasusiii 0,96.
8. MomHocTh Ha Bally Hacoca, KBT:
= 3600-102

r/i€ p — INIOTHOCTh MepeKauynBaeMoON KHUAKOCTH, KI/M3.
9. MakcumasbHasi MOITHOCTD ¢ yueToM KoddduimenTa 3amaca 1,1:
max=1,1 (9)
MOJTy4YeHHOE 3HaYEHHUE OKPYTIIIeM /10 OiMrKaiiiero O0JbIIero Heloro Yyucha.
10. InameTp koneca, m:
2=19,2:( - -100)16\2 -
11. dnameTtp Basna, M:
8=0,145V 3 (11)
12. JIlnameTp BTYJIKH, M:
BT=0 — JIUIs1 KOHCOJIBHBIX OJTHOCTYIIEHYATHIX HACOCOB
13. InameTp BXx0/aa B KOJIECO, MM:
0=V 2+(1,3 Br-1000)°

14. lnameTp BXxo/Ja Ha pabouMe JOMaTKH, MM:

1= 0+20
15. OTHOLIEHNE TUAMETPOB:

2-1000/ 0O
DKypran nabnroneHus

[TapameTp 3HayeHue




[uamerp pabouero koseca, M

Juamerp natpyOka Ha BX0OJie B KOJIECO, M

0) [Topsimok mpoBeAeHUS TPOMEKYTOUHOM aTTeCTallly, IOKAa3aTed U KPUTEPUH OLICHUBAHMUS:

Jlyis momrydeHus 3a4eTa 1o JUCIHILTUHE O0yYaroNIUiiCs TOJDKEH MOKa3aTh CICAYIOIINE 3HAHUS, YMEHUSI M HAaBBIKU TI0 UCTIOJIb30BAHUIO M BHEIPCHUIO
pE3yNbTaTOB 00pa30BaTEIHHON ACSITENILHOCTH:

— Ha OLICHKY «3a4YTEeHOY:

OOyuaromuiics TOJDKEH MOKa3aTh YPOBEHb 3HAHWM HE TOJBKO Ha YPOBHE BOCIPOU3BEACHHS M OOBSCHEHHS MH(POpPMAIUU, HO U HUHTEJUICKTYaIbHbIE
HaBBIKH pelIeHUs MPoOJIeM U 3a/1a4, HAXO0XKJICHHS YHUKAIBHBIX OTBETOB K ITPOOJIeMaM, OLIEHKH U BEIHECEHUSI KPUTUUYECKUX CY>KICHUM;

OOyuaromuiicss TOMKEeH MPeAOCTaBUTh BHIMOJIHEHHOE 3aJ]aHKe, B KOTOPOM ObUIM OBl OTpa)KeHbI MPOOJIEMBI, KacaIOIIMECcss BCEX aclEeKTOB M3ydaeMoun
JUCITUTUTUHBL.

— Ha OIICHKY «He 3aYTeHO:

OOyyaifiuiicss He BIIaeeT TEPMUHOJIOTUEH H3ydaeMOW JUCIIUTILINHBI,

OOyuaifiuiicss He MOXET MMOKa3aTh 3HAHUS Ha YPOBHE BOCIPOU3BENCHUS U O0BSICHEHUS MHPOPMAINH U3ydaeMON AUCIUILTUHBL

He MoxeT moka3ath UHTEIIEKTyaJIbHbIC HABBIKH PEIIECHUS MTPOCTHIX 3a7a4.




Ipuioxkenue 3
MeToanyeckue yKazaHus

NCCIEJOBAHUE KOHCTPYKINHN 1 HATIOPHBIX XAPAKTEPUCTUK
HEHTPOBEXHOI'O KOHCOJIBHOI'O HACOCA

HEJIN PABOTBI
1. O3HakoMJIEHHE ¢ KOHCTPYKIUEH U MPUHIIUIIOM PabOThI IIEHTPOOEKHOTO HACOCA.
2. [To 3amepeHHBIM ¢ HATYpHOTO 00pa3lia pa3MepaM U 3aJJaHHBIM ITapaMeTpaM BhIOPATh
TUIIOpa3Mep Hacoca U3 CBOJHOTO rpaduka.
3. [TocTpouTh HAMOPHYIO XapaKTEPUCTUKY HACOCA.
4. Paccuurate momuocts npuBoga u KIIJI nacoca.
TEOPETUYECKAA YACTb

LlenTpobexxubie koHconbHble Hacochl Tha K (TOCT 22247-76) npeaHa3zHaveHsl 1S
NepeKaurnBaHus YUCTON BOJIbI (KpOME MOPCKOIi U arpeccuBHoi) ¢ pH=6,5-8, ¢ Temnepatypoii 0-85° u
coJiep>KaHuEeM TBEPJBbIX BKItoUeHUI pazmepami 110 0,2 MM, He nipeBbimatomumu 0,1% mo macce, a
TaKXe JPYTUX KHUJIKOCTEH, IMOAOOHBIX BOJIE MO IMIIOTHOCTH U XUMUYECKOH akTBHOCTH. Hacockr
M3roTaBIMBaloT ¢ noxavyend Q = 5-360 m*/4 (1,4-100 n/c), nanmopom H = 10-90 m (v naBnennem P =
0,1-0,9 MIla), KI1[1 50-84% u ¢ 7onyCcTUMBIM HaBUTAIMOHHBIM 3aracoM 4-5,5 M. Koadunment
OBICTPOXOTHOCTH JJOCTUTaeT = 60-250, a Hanop Ha BXO/Ie periaMeHTHpYyeTcs Ha BXxoje He O6onee 20
M.

Hacocsl Tina K — ropusoHTanbHble OJJHOCTYIEHYAThle KOHCOJIBHBIE, C OJJHOCTOPOHHUM
TOPU30HTAIIBHBIM ITOABOJIOM BOIbI K pabodyeMy KoJiecy U3rOTaBIMBaIOTCs IBYX TUIOB: K — ¢
TOPU30HTAIIEHBIM BaJIOM Ha OTAENBbHOW ONTOpHOU cToMKe; KM — ¢ ropn3oHTanpHbIM BajaoM
MOHOOJIOUHBIE C AeKkTpoaBuraTesneM. Hacocel Tuna K, Ha oTiepHO# CTOMKE, 110 COTIIACOBAHUIO C
3aBOJIOM — M3TOTOBUTENIEM MOTYT OBITh H3TOTOBJICHBI [T TIEPEKaYMBAHUS BOJIBI C TEMIIEPATYPOH J10
105°C.

YcnoBHoe o603HaueHue Hacoca (Harpumep, K20/30a wiin KM20/30a-42): OykBbI — TUIIA Hacoca
(K — xoHCONBHBII Ha O0THENbHOM cTOlKe; KM — KOHCOTBbHBIA MOHOOIOUHBIH € JIEKTPOIBUTATENIEM);
nepBas nudpa nocne OyKB — mogaya, M>/4; BTopasi — Hamop, M; OykBa nocie nudp («a» uiam «o») —
MHJIEKC BapuaHTa 00TOUKH pabouero Koseca; nocjaegHue OykBa u nudpa — KIIMMaTHYECKOE UCTIOTHEHNE
U KaTeropus pazMenieHus (Hanpumep, Y XJI — st ymepeHHOro u XoJI0IHOTo Kiumara; 1 — s
HKCIUTyaTallMi Ha OTKPBITOM BO3JyX€E; 2 — I0J] HABECOM HJIM B TOMEILEHUSX ).

Hacocbl B 00BIYHOM HMCIIOJTHEHUH MOCTABISIOTCS C paboYrM KOJIECOM, 00eCeUNBaIOIIUM
BepxHHe npeens moiist Q-H (B aToM ciryyae wHIIEKC B yCIIoBHOE 0003HaueHNE Hacoca He BBoauTes). [1o
3asBKe 3aKa34MKa HaCOChl MOT'YT OBITh MOCTABJIEHBI C 00pe3aHHBIM pabOYUM KOJIECOM TI0 OJTHOMY U3
BapHUaHTOB, 00ECTIEUNBAIONIUX CPEIHION (MHAEKC «a») WM HIDKHIOI (MHICKC «0») XapaKTEepUCTHKY
Q-H nons Hacoca.

Koprryc ropu30HTaIbHOTO OAHOCTYIIEHYATOTO KOHCOJIBHOT'O HACOCA C OCEBBIM BXOJIOM KHIKOCTH
IpeJICTaBIsIeT CO00M YYyTYHHYIO (PUTypHYIO OTJIMBKY, BHYTPEHHSIS [TOJIOCTh KOTOPOI BHINOJIHEHA B BUJIE
criupanu ¢ 1udy30pHBIM KaHATIOM, TIEPEXOIAITUM B HATOPHBIN maTpyOok ¢ ¢uranmem. Kopryc Hacoca
KpenuTcs K UIaHIly OMOPHOM CTaHUHBI YEThIPbMsI OosiTaMu. B HOpMallbHOM HCTIOTHEHUH HAMTOPHBIH
naTpyOOK HalpaBlieH BEPTUKAIbHO BBEPX, U B 3aBUCUMOCTHU OT YCIIOBUH SKCIUTyaTallul, OH MOXET
OBITH MOBEPHYT BOKPYT ocu Hacoca Ha 0,180 u 270°.



[lepenusis KpplllIka KOpIyca Hacoca (OTJIMTas 3a OJIHO 1IeJI0€ C BBIXOJAHBIM MaTpyOKOM) CheMHas,
YTO TIO3BOJISIET OCMATPHUBATh pabodre OopraHbl Hacoca 0e3 ero IeMOHTaxa. B KopIryce BBITOIHEHBI
OTBEPCTHS, 3aKPBIThIC MPOOKAMU: B HUKHEHW YaCTH — JJIS CJIMBA BOJBI U3 MOJIOCTH KOPITyca Hacoca
nepe JUIUTENbHOU ero OCTAHOBKOW UIT pa300pPKOM; B BEpXHEW YaCTH CIUPATBLHOTO OTBOIA — JJIS
yIaJeHus BO3ayXa U3 KOopIyca Hacoca Mepe] ero 3aJIMBKOW U IPUCOSIUMHEHUS TPyOOIpOBOIa OT
BakyyM-Hacoca. Kpplllika kopmyca AJisi yBelIM4eHHsl pecypca paboThl Hacoca 3allliiieHa CMEHHBIM
VIUTOTHUTEIHHBIM KOJIbLIOM. Pabouee koseco (3aKpbITOro TUMA — JIOMACTH KOJIeca 3aKPhIThI IEPEIHUM U
3aJIHAM JIMCKaMH) 3aKpeIlIeHO Ha BTy HACOCa IMIJIOHKON M TaliKOM. Y HacOCOB MOIITHOCTHIO /10 10 kBT
yCTaHaBIIMBAIOT pabouue Kojieca, Hepa3rpyKEeHHbIE OT OCEBBIX YCHIINI, a y HACOCOB MOIIIHOCTBIO OoJiee
10 kBT — pasrpy>kennblie. Pa3rpy3ka oceBOro JaBjieHUs Ha 3aIHUNA BEAYIIHI JUCK U CHUKECHUE
JIaBJICHUS Mepe]] Y3JIOM CATbHUKOBOIO YIUIOTHEHHUS BaJla HACOCA JIOCTUTAIOTCS C TOMOIIbIO
pa3rpy304HBIX OTBEPCTHH B 3aJHEM JTMCKE pabodero Kojieca U yIJIOTHUTEIBHOTO MOsICKa Ha pabodeM
KOJIECE CO CTOPOHBI y3JIa YIUIOTHEHHS. Y HEpa3rpyKEHHOro pabovero Kojeca OCEBOE YCHIINE
BOCIIPUHUMAETCS MOAIIUITHUKAMH.
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Puc. 2. Hacoc 3K -6:

j ~ CMPanibHbid kaHar; 2 - kpbiwka kopnyca, 3 - koneco pabouge; 4 — 3alUTHO-
ynneTHAowee Konsuo; 5 - sar; 6 - BEPXHAA Npobika; 7 - BbixoaHown natpybok; 8 -
KaHar, 9 ~ KOnbUo ruapoynnotHenns; 10 - wabuska canbhuka: 12 ~ NOAWMNHAK,
13~ OnOpHbt KpoHuwTeliH; 14 - wydhra Bana; 15 - OnopHas craHuHa; 16 — BTynKa Ba-
na; 17 - Kopnyc; 18 - HixHas npobka



Jns pazenenus B KOpITyce HacOCa MOJOCTEN HU3KOTO U BBICOKOIO AaBJICHUS MPEYCMOTPEH Y3€ll
YILUIOTHEHHUSI JIOTIACTHOT'O KOJleca, KOTOPbI 00pa30BaH KOJIbLIEBBIMU BBICTYIIaMH Ha JUCKaxX KoJieca U
3alIUTHBIMU YIUIOTHSIOIIMMH KOJIbIIAMH, YCTAHOBJICHHBIMH B IIEPEIHEN KPBIIIKE KOpIyca U
3aKpeIuIeHHBIMU BUHTaMH. Paboune koneca, pa3rpy>kKeHHbIE OT OCEBBIX CHJI, UMEIOT JIByCTOPOHHEE
VIUIOTHEHHE, OCTaTbHBIC — OJHOCTOPOHHEE (CO CTOPOHBI BXOJHOTO MaTpyoOKa). 3a30p B y3iie
YIUIOTHEHHUS HE T0JDKeH ObiTh Oonee 0,3-0,5 mm. [IpeBbinieHue 3TOM BEIMYHUHBI IPUBOJIUT K
YBEITUYCHUIO 00beMHBIX MoTeph U cHUxkeHuto KITJI Hacoca.

Ban Hacoca U3rotaBiMBaeTCs U3 BHICOKOKAUYECTBEHHOU cTainu. OnopaMu Bajia CiIyXart JiBa
MOJAIINITHUKA, HAXOJSIIHECA B MaCIISIHOM BaHHE, KOTOpas pa3MelleHa B ONOpHOM KpoHiuTeliHe. Hacockl
K 8-18 u K-90/20 uMeroT BHEITHIOKO MIAPUKOIOIIIHUITHUKOBYIO OTIOPY U BHYTPEHHIOIO B BH/JIE
OpOH30BOI BTYJIKH, 3alPECCOBAHHOM B KopIyce Hacoca. K BHelIHe! orope mojaeTcst u3 MacieHKU
rycrasi CMa3ka, BHYTPEHHSS1 Oll0pa CMa3bIBAa€TCs U OXJIAXKAAETCS IEPEeKaunBaeMOM KUIKOCThIO. J{iist
MOBBILIEHUS pecypca paboThl Hacoca U MPEIOTBPALLEHUS U3HOCA Bajia B 30HE y3J1a CaIbHUKOBOTO
YIUIOTHEHHUS Ha BaJl HAJIEBAIOT CMEHHYIO 3allMTHYIO0 BTYNKY. Bee Hacocs! TunoB K u KM umeror
CaJIbHUK C MATKOM HAaOMBKOH (13 MPOMACICHHOTO XJIOMYaTOOYMa)KHOTO IIHYpa), KOTOpas yIJIOTHIETCS
MOATSITUBAHUEM T'a€K KPBIIIKU CAIbHUKA. Y HACOCOB MOUTHOCTHIO 10 KBT 1 BbIlIe MEXY KOJIbLIAMHU
HAOMBKHU yCTaHABIMBAIOT (POHAPHOE KOJIBIO, COETUHEHHOE KaHATIOM C MOJOCTHIO BHICOKOTO JABICHHUS.
Tem cambIM oOecrieunBaeTcsl THIPO3aTBOP B 30HE y3J1a CaIbHUKOBOIO YIUIOTHEHMS Bajla,
IPENSTCTBYIONIMI IPOHUKHOBEHUIO BO3/lyXa B IIOJIOCTh HU3KOTO JaBJI€HUs (IIPU BaKyyMe Ha BXOJ€
BOJIbI B pabouee KoJjieco Hacoca). Y HacocoB MOIIHOCTHIO A0 10 kBT ruapasinueckoe ynioTHEHHE
caJlbHUKA HE npeaycMmarpuBaetcs. OnopHas CTOMKa MpeCTaBiIsieT COO0M OMOPHBIN KPOHIITEHH, Ha
KOTOPOM C TTOMOII[bIO OOJNTOB 3aKperuIsieTcss KOPIyC Hacoca U B MIAPUKOMOAIIUITHUKOBBIX OTIOpax
yCTaHaBIUBAETCA Basl Hacoca. [[oAMMITHUKYN 3aKpBITHl KPBILIKAMH, IPUYEM CMa3Ka B HUX
KOHCHUCTEHTHas (y HacoCcOB MOITHOCTHIO 10 10 kBT) mnu xwunkast (y HaCOCOB MOIIHOCTHIO Ooee 10
kBT).

B Mono006104HbIX Hacocax Thna KM u EKM pabouee koneco Haca)keHO HEMOCPECTBEHHO Ha
YIJIMHEHHBIN BaJl 3JIEKTPOABUTATENS], KOPILYC KOTOPOTo MMeeT (haHell AJis KperIeHUs! KopIyca Hacoca.
[To KOHCTPYKIIMM MTPOTOYHOM YAaCTH 3TU HACOCHI AaHAJIOTUYHBI KOHCOJIbHBIM HacocaM Tumna K, moatomy
UX SHEpreTUYECKUe apaMeTphl 0JuHaKoBbl. Kopryc Hacoca, Kphllka Kopiyca, YIUIOTHSIOLIUE KOIblia,
JeTanu y3na ymiotHeHus Baja y HacocoB K, KM u EKM (¢ yanuHeHHBIM KOJIBLIOM 31€KTPOABUTATENS).
Bau nacocoB tunos K u KM Bpaiiaercs npoTUB 4aCOBOM CTPENIKH, €CIIM CMOTPETH CO CTOPOHBI
npuBojia. KoHCcoNbHBIE HACOCH IPUMEHSIOT B CHCTEMaX BOJOCHAOKEHHS, a TAK)KE B KAUECTBE
MUPKYISIUOHHBIX HACOCOB IS MTO/Ia4YM MOJIbl B CUCTEMAaX TOPSIUEro BOJAOCHAOKEHUS, IICHTPAIBHOTO U
JIOKaJIbHOTO OTOIJICHUSI.

[TOPAIOK BBIIIOJIHEHWA PABOTBI

1. O3HAaKOMHUTHCS C HATYPHBIM O00pa3lloM KOHCTPYKIMH HAcoca: 3aMEpPUTh JTUAMETPHI
BCACBHIBAIOIIETO U HATHETATEIILHOTO MAaTPyOKOB, THaMETPhl pabounx KoJjec.

2. BriOpars Tunopasmep Hacoca 1mo cBogHoMy rpaduky noiei Q-H (cMm. pucyHok 1) mpu
YCJIOBHH TIEpEeKaYMBAHUS BOBI, UCXOJIA U3 CIIeAyONuX naHHbX Q=30 M3/q; H=25 m. Boz.cCT.

3. [TocTpouTh HAMOPHYIO XapaKTEPUCTHKY HAcoca TMPU YCIOBHUU, YTO THAPABIMYECKUE
OTEPH BO BcachiBaromieM Tpyodomnposoje hy. = 1,2 M, a B HamopHOM Tpy6ompoBoe h, = 3,8 M.

4, Onpenenuts moutHocTh 1 KI1/] Hacoca.

[MOPAJJOK PACYHETA

1. KoaddurmenT 6p1cTpox0qHOCTH Hacoca



1)
rje N — 9rciao 060poTOB HA Balmy Hacoca, 00/MuH (mpuHuMaetcs = 2900 06/muH);
Q — nozxaya Hacoca, M /4.

2. O6neémusiit KI1/] nHacoca
)
3
3. PacuerHas nmomada Kojeca, M°/4
3)
4. IIpuBeeHHBIN TMaMETP HA BXOAE, M
(4)
S. I'mnpasnnuecknii KII/I vacoca
()
6. TeopeTrnueckuii Hanop JIONACTHOIO KoJjieca, M
(6)
H —namnop Hacoca, M.
7. [Tonueri KIII Hacoca:
(7)
rae Ny — mexannueckuit KI1J[ nacoca, pasusiii 0,96.
8. MormHocTh Ha Bally Hacoca, KBT:
— (8)
r7ie p — IUIOTHOCTh NIEPEeKaunBaEMOU KUIKOCTH, Kr/M®.
9. MakcumarnbpHasi MOITHOCTE € Y4eToM Koddduimenta 3amaca 1,1:
(9)
MOJIyY€HHOE 3HaUYEHUE OKPYTJIsieM J10 OrKalero O0bIIero Heioro 4nucia.
10. [uamerp koseca, M:
— — (10)
11. HwuameTtp Bana, m:
- (11)
12.  JIlmameTp BTYJKH, M:

— JUI KOHCOJIbHBIX OJTHOCTYIEHYAThIX HACOCOB
13.  ImameTp BXOJa B KOJIECO, MM:



(12)

14. JuameTp BXxoaa Ha pabodne JIOMAaTKU, MM:

(13)
15. OTHOLICHUE TUAMETPOB:

(14)

NCCIEAOBAHUE XAPAKTEPUCTUKU HEHTPOBEXHOI'O BEHTUJIAATOPA

HEJIN PABOTBI
1. O3nakomiieHHE ¢ KOHCTPYKLUEH U MPUHIUIIOM pabOThl LIEHTPOOEKHOTO BEHTUIIATOPA.
2. DKCHEpUMEHTAIbHOE CHATHE XapaKTEPUCTHUKU BEHTHWIIATOPA IPH TOCTOSTHHOM YHCIIe
000pOTOB.
3. I'paduueckoe moCTpoOeHHE XapaKTEPUCTUKHA BEHTHIISATOPA.
4. AHanu3 NoJy4YeHHON XapaKTePUCTUKHU.

TEOPETUYECKAS YACTb

JIBuKeHMe ra30B MOXKET ObITh €CTECTBEHHBIM U MPUHYIUTENbHBIM. EcTeCTBEHHOE JBUKECHHE
ra30B OCYILECTBIISAETCS 3a CUET PA3HOCTH MIIOTHOCTEH OTAETBHBIX 00HEMOB, UMEIOIINX pa3HbIe
TeMIlepaTypbl. B MeTamrypruueckux rnedyax, 3JHepreTH4eCKuX yCTaHOBKAX M Pa3jIM4yHOro pojaa
ra3oxojJax uMeeT MeCTO MPUHYAUTEIFHOE TBUKEHHE ra30B, BO30YK/1aeMO€e BHEITHUMHU CHIIAMU;
BEHTWJIATOPAMH, IBIMOCOCAMH, FKEKTOPAMH U T.]I.

BenTunsitopaMu Ha3bIBarOTCS MATUHBI, IEPEMEIIAIOIINE Ta30BBIE CPEJIbI MIPU CTETICHU
MOBBIIICHHS TaBJICHUS 00 € = 1,15 (cTeneHb MOBBIIMICHUS TaBICHUS

— - OTHOIICHHUEC JaBJICHHA I'a3a Ha BbIXOJ€ W3 MAIIMHBI K JaBJICHUIO €0 Ha BXOI[C).

BeHTHISTOPBI TPUMEHSFOTCS JUIS;

a) 1MoJayu BO3AyXxa, HE0OXOIMMOrO JIJIsl TOPEHUs TOIIINBA;

0) ynaJieHus IpOyKTOB TOPEHUS U3 pabovyero mpocTpaHcTBa B atMochepy:

B) OpPTaHU3AIMH TPUHYAUTESILHON IUPKYIISAIAN TIEYHBIX Ta30B;

T') IepeMelleHus TbIJIEBUAHOIO TOITUBA, 30JIbI U IIP. (THEBMOTPAHCIIOPT);

1) YIYYIIEHUS] CAHUTAPHO-TUTUEHUYECKUX HOPM YCIIOBHI B MPOU3BOJICTBEHHBIX TOMEIIEHUSX.

PaznuyaroT BEeHTWIATOPHI EHTPOOEKHBIE U OceBbIe. Bee 001MpHOe BEHTUISTOPHOE XO3IHCTBO
MPOMITPENNIPUATHIA O0a3upyeTcs TTIaBHBIM 00pa30M Ha IEHTPOOESKHBIX BEHTUIISATOPAX.

XAPAKTEPUCTHUKU BEHTUJIATOPOB

Bb100p BEHTHIISITOpA OCYIIECTBIISIETCS IO WX XapaKTEPUCTHUKAM. XapaKTePUCTUKOW BEHTHIIATOPA
Ha3bIBAIOT 3aBUCUMOCTH IOJTHOTO AaBiieHus P, motpebasemoit momuocTd N u ko3¢ durnenrta
0JIC3HOTO JACUCTBHS 7] OT MPOU3BOAMTENbHOCTH Q, M300paskaeMble 0OBIYHO B BHjIE rpadukos P = f
Q). N=f(Q), »=1(Q) [1.2].

Ecnu 5T 3aBUCUMOCTH TaHBI pU N = CONSE, TO OHU SABJISIFOTCS XapaKTEPUCTUKAMH TIPH
MOCTOSTHHOM YacTOTE BPAICHHS; €CITU K€ OHH JIaHBI TP N = Var, TO UX Ha3bIBAIOT XapaKTePUCTHKAMU
[IpH IEPEMEHHON YacTOTE BPAIlICHUS.



p Ha puc.1 nokazana npuHIMNIAAIbHAS XapaKTEePUCTHKA

N HEHTPOOESIKHOTO BEHTHIISATOPA MIPHU MOCTOSIHHOM 4HciIe 000pOTOB N.
[Tpon3BoAUTENFHOCTS BEHTWIIATOPA Q - 3TO KOJIMUYECTBO rasa,

[IepEMEIIAEMOro MalllMHOW B €IMHULY BpeMeHU. [Ipu uzmepenun

MPOU3BOIMTENIFHOCTH B €IMHUALIAX 00beMa €€ Ha3bIBAIOT 0O BEMHOM.

ITpon3BOIUTENBHOCTS BEHTHIIATOPA ONPEAEIAETCS pa3MepamMu

=& pa6oqero KOJI€Ca, CKOPOCTBIO €TI0 BpalllCHUA U CBOMCTBaMH CC€TH, B
Q- KOTOPYIO BKJIKOUEH BEHTHIIATODP.

ITomHoe JaBJICHHUC P , CO31aBa€MO€ BEHTHIIATOPOM, MOXKHO

Pucynok 1 - 6 1 3 o
N — paccMaTpuBaTh Kak 3HEPruo, coodmaemyro 1 M~ raza. OHO sBisETCS
XapaKTePUCTHKA CYMMOU CTaTU4ECKOTO P, 1 AMHAMHUYECKOTO Py, JaBIEHUI, T.€.

I.IeHTpO6e)KHOFO BCHTHUJIATOPA

P= Pcm + PauH.
(1)

Jiis obGecniedeHrs: paboThl BEHTHIISATOPA K €ro Bally JJOJKHA HEITPEPBIBHO MOIBOJAUTHCS SHEPTUs
OT JBUTATENsl COOTBETCTBYIOIEH MOUTHOCTHU. Pa3innyaroT NOHITHS MOJIE3HOW MOIIHOCTH U MOIIIHOCTH
BEHTUJIATOPA.

[Tone3Hast MOIHOCTh BEHTUJISITOPA - MOIHOCTD (CEKYHJIHAsi SHEprus), coolIiaemas
BEHTWJIATOPOM HAarHETaeMoOMYy ra3sy, T.€. 3TO MOIHOCTb, 3aTpaunBaeMas sl IPUIaHus IIOTOKY rasa B
KosmdyecTBe Q COOTBETCTBYIOIIETO MaBiICHUS P.

Benmuuna nonesnoit MoutHocTH, KBT, onpenensercs nmo ¢popmynam [1]

niIn

rne Q - KOJIMYECTBO rasa, MEePEMeI[acMOT0 BEHTHIATOPOM, M>/d;
P - naBnenue, coznaBaemMoe BEHTHIATOPOM, Kr/M? 2)um H/m? (3);
102 u 1000 - ko3¢ ¢puireHTsl nepecyera MOIHOCTY MPH 3a/1aHUM JaBJICHUS B kr/m? u H/m?, kBT,

MoiHoCTbIO BeHTHIIATOpa N Ha3bIBalOT MOIIIHOCTb, TOJIBOAUMYIO OT JBUTATENsl Ha Ball
BEHTWJISITOpA (MOIIHOCTD JIEKTPOABUTATENS], HEOOX0uMas JIsi IPUBOJIA BEHTUJISITOPA).

O} PeKTUBHOCTH UCIIOJIB30BAHUS SHEPTUN BEHTUIISITOPOM OLIEHUBAIOT KO3 PUIIeHTOM
MOJIE3HOTO ACUCTBHUS [, IPEACTABISIOUIMM COOON OTHOIIEHHE MOJIE3HON MOITHOCTH K MOIIIHOCTH,
IMOABOIMMOM Ha BaJl, T.C.

JleicTBUTENbHBIE XapAaKTEPUCTUKN BEHTHIISITOPOB CTPOSATCS O pe3yJibTaTaM a3pOAMHAMHYECKUX
WCIIBITAHUHN MaIINH WIA UX MojieNiel. XapakTePUCTHKNA OOBIYHO CTPOSTCS JJI BO3ayXa IS
CTaHJapTHBIX YCJIOBUHM Ha BcacbiBanuu (P = 760 mm pt. cT., t =20 °C, =1,2 KF/MS).

Ecnu xe yepe3 BEHTUIIATOP TPAHCIIOPTUPYETCS MOJOTPETHIN T'a3 UM BO3AYX 0 TEMIIEPATYPBIL,
TO HEOOXOIUMO BBOJIUTH MOTIPABKY [2]:

- Ha TPOU3BOIUTEIIHHOCTD, M>/a

2
- Ha JaBJIEHHE, KI/M



Pexxum BeHTHIIsITOpa, pu KoTopoMm ero KIIJI nocturaer MmakcuMaabHOW BEJIMYMHBI, HA3BIBAKOT
ONTUMAJILHBIM PEXHUMOM. B 3TOM peskrme 3aTpaThl MOLTHOCTH ISl CO3/IaHMSI JaBJICHUS U MOJa4u Ta3a
OCYILECTBIISIIOTCS B BEHTWIATOPE C- HAMITYYIIUM dHEPreTHIecKum 3¢ dexrom, T.e. Hanbosee
HKOHOMHYHO.

BeHTmiisTop 10KEeH SKCIUTyaTUpOBaThCs B pezenax «paboueii yacTu» XapakTepUCTHKH, T.€. B
obnactu pexxumon ¢ KITJI He menee 0,9 or MakcumanbHOTO (CM. puc.l).



OIIMCAHHUE YCTAHOBKU

VYcranoBka (puc.2) BKIIOYACT;

1-
2 -

panuanbHbIi HEHTPOOSKHBINH BeHTUIsITOp L[4-70 Ne 3;
3JIEKTPOJIBUTaTENb JUIs IPUBOJIa BeHTUIIATOpa (ycraHoBouHas MoiHocTs N, = 0,25 kBr,

qrcii0 oboporos N = 1360 o6/mun, KI1/ 1 = 0,91);

3-
4 -
5 -
6 -

1.
2.
3.
4.

TpybomnpoBos ceueHueM 200x200 mwm;
3aJIBUYKKA I U3MEPEHUS IPOU3BOAUTEILHOCTH BEHTHIIATOPA;
BaTTMETP U1 U3MEPEHUS AIEKTPUUECKOU MOIIIHOCTH 3JIEKTPOABUTATENS,;
MaHOMETp JIJIs1 U3MEPEHHUSI ITOJIHOTO, CTATUYECKOT0 U JUHAMUYECKOTO J1aBJICHUI.
MMOPAIOK BBITIOJIHEHU S PABOThI
O3HAKOMHUTKLCS C YCTAHOBKOW U TIOJITOTOBUTH JKypHA 1Mo ¢opme (cM. TabIuIry).
BxirounTh BEHTUIATOP MPH MOJHOCTHIO 3aKPHITOM 3aABUKKE 4.
[Tpoussectu no mpudopam 3amepst N, P, P, u Py,,. Pe3ynbrarsl 3aHecTu B TaOIHUILY.
[TooyepeaHO MPUOTKPHIBAS 3aIBIKKY B ToJoxkeHus 1, 2, 3,4, 5, 6 (OT MOJIHOTO 3aKPBITHS 10

IIOJIHOI'O OTKpBITI/IH), IMPOMU3BCCTHU HA KAXKIOM PCIKHUME 3aMCPhI 110 1.3 ¥ 3aHECTH UX B Ta6J'II/II_[y.

5.

BBINOIHUTE A1 BCEX OMBLITOB pacydeCThl , MPOU3BOJUTCIIbHOCTHU Q, HOTpG6J'I$ICMOI>i

MOIITHOCTH N u KOB(b(i)I/II_II/IeHTa MOJIC3HOU MOIIHOCTH 7. PCSYJ'ILTaTLI PacdCTOB 3aHCCTU B Ta6J'II/II_Iy.

6.

[To naHHBIM OCTPOUTH XaPaKTEPUCTHKY BeHTHIsITOpa P = f (Q),

N=1(Q), n=1(Q).

Puc. 2. Cxema nadopaTtopHoi YCTAHOBKM



[MOPAJJOK PACYHETA
1. TlonHOE JaBiICHHE, CO3AaBAEMOE BEHTHIIATOPOM, KI/M°:
P :Pcm +P()MH'
2. CKOpoCThb IOTOKA BO3/lyXa B TPYOOIIPOBO/I€ OMPEIESAETCS M0 BEIUYUHE TMHAMUYECKOTO

JIaBJICHUS, M/C;

rae p = 1,205 KI/M - IUIOTHOCTS BO3/IyXa IPU CTAaHIAPTHBIX YCIOBHUAX
(20 °C u 760 MM pT. CT.).
3. TIpOU3BOAUTENLHOCTh BEHTHISTOPA, M/d

Q=w-"F,

2

riae F - momank cedeHus BO3yX0npoBoaa, M*.
4. MouHoCTh, oTpediiieMast BEHTUIATOpOM, KBT;

N =m1" N,
5. Koaddumment nonesHoro AeHCTBHUS BEHTHIIATOpA

Tono-x | 3MepeHHbIe mapaMeTpbl PaccunTanHble mapaMeTpbl
2
e P, P Py, KT/M N, o, Q, N,
2
BYDK-KH KT/ Ilo |p.. + Py, xBr M/C M3/a KBt N

OO




VCCJIEJOBAHUE PABOUYNX XAPAKTEPUCTHUK ITPH ITAPAJIJIEJIBHOM 1
TIOCJIEJJOBATEJILHOI PABOTE HACOCOB
LIEJIb PABOTBI

HccnenoBath pabodrie XapaKTepUCTUKHU (HAIOP | [10/1a4a) MPH MapauieIbHON 1
MOCJIEeI0BATENbHOM paboTe HACOCOB.

O0opynoBaHme: cTalluoHapHOE 000PYAOBaHUE - YICOHBIH CTEH/I C ABYMS IEHTPOOCSKHBIMU
HacocaMmH, MpuOOpaMu JJs 3amMmepa JaBieHus 1 pacxosa. [IpuGops! Asist BBITOTHEHUS 1a00paTOPHOMA
paboOThI — CEKYHIOMED.

TEOPETUYECKAS YACTD

Uro0b1 0b6ecnieunTh HEOOXOMMBIE 110J1a4y U HAIIOp HACOCHOW CTAaHIIUH, YCTAaHABINBAIOT
HECKOJIbKO HAacoCoB. JlJIsl yBeIMUYCHHS HAIlOpa HACOCHI YCTAHABIMBAIOT IOCIIEAOBATENLHO, @ [T
YBEJIMYEHUS TOJJa4H — MapajlieIbHO.

Jlns ananu3a cOBMeCTHOM paboThl HACOCOB Ha OOIINIA TPYOOIIPOBO CTPOAT UX CYMMApPHYIO
xapaktepucTuky. [lapannensnas padora qByx u Oosiee HEHTPOOEIKHBIX HACOCOB BO3MOKHA ITPH
YCIIOBUU PaBEHCTBA Pa3BMBAEMOr0 UMM Haropa. Eciiu oluH 13 HAaCOCOB MMEET HANOp MEHbIIIE, YeM
IpyrHe, TO OH MOXKET OBITh MOJAKIIIOUEH B COBMECTHYIO MapajliebHYI0 paboTy, TOJBKO HAUMHAs C
MOMEHTa, KOTJ]a pa3BUBaeMble HACOCAMHU HANIOPBI OYyT PaBHBIL.

J171s moCcTpoeHHsI CyMMapHO# XapaKTEPUCTUKU JIBYX OJUHAKOBBIX MapauieIbHO paboTarommx
HACOCOB HEOOXOMMO yIBOUTH MOJaul HACOCOB MPHU paBHBIX Hamopax (puc. 1). Hanmpumep, mis
HAXO0XJICHUS TOUYKHU BcyMMapHOil xapaktepuctuku H — Ql+11 Heobxonaumo yaBouts oTpe3ok ao, T.e.
oTpe3ok aB = 2a0. Takum 00pa3oM, HAXOAST U APYryue TOYKU CyMMapHOU XapaKTePUCTUKH.

Jlns onpenenenus peskiMa COBMECTHOM paOOThI IBYX MapauieTbHO BKIFOYEHHBIX HACOCOB
HEO0OXOMMO MOCTPOUTH XapaKTEPUCTUKY TpyOorpoBoaa. Pabouast Touka OyneT HaXOAUTHCS Ha
nepecevyeHN: CyMMapHO# XapaKTepPUCTHKH HACOCOB C XapaKTEPUCTHKON TPyOOIIpoBoa.

OO6m1as noiaya Mpu mapasuiebHON paboTe ABYX HACOCOB XapaKTepU3yeTcs adCcIiuccoit padoueit
Touku A u paBHa QA, a Harmop COOTBETCTBYET OpJAMHATE ITOM TOUKH, paBHONH HA.

Jist TOTrO, 9TOOBI YCTAHOBUTH PEKUAM PaOOTHI KAXKIOTO U3 ApaJIeIbHO PabOTaIOIINX HACOCOB,
Heo0X0IuMO yepe3 pabouyro TOUKy A MPOBECTH JIMHUIO NapajuleNbHyI0 ocu abcuuce. Adcuucca,
COOTBETCTBYIOIIAs TOUKE nepecedeHus 3tou uauu ¢ kpusoit H — QI(11) Hacoca (Touka B), onpenenut
pacxoxn QB, a opaunara — Haop HB = HA kaxaoro u3 nmapamuienbHO pabOTAOIINX HACOCOB.
CrnenoBartenbpHO, HANOP, Pa3BUBAEMBIi KaKIBIM HACOCOM, PAaBEH HAIOPY, Pa3BUBAEMOMY JIBYMS
HacocaMu IIPU KX MapajienbHON padoTe, a mojaya Ka)/Ja0ro Hacoca paBHa MOJIOBUHE CYMMapHOH
[0JIauy JIByX HacOCOB.
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Pucynok 1 - [TocTpoeHne xapakTepuCTHKHU MapaieIbHONW padOThI ABYX OAMHAKOBBIX IIEHTPOOESKHBIX
HACOCOB.

[Tpu paboTe Ha AaHHBINA TPYOONIPOBOA OJHOTO HACOCA PEXUM €ro paboThl XapaKTepHu30Baics Obl
toukoil D. Kak BuiHO 13 pucyHka 1 ero nojgaua npu 3ToM Obli1a Obl O0JIbLIE, UEM B ClIydae
napaiesibHOM paboThI.

Taxkum 0Opa3oM, cymMmapHas 1ojiaqa HacocoB, pabOTAIOUIMX MapajlUIeIbHO B 00IIEH cucTeme,
MEHbIIIE, YeM CyMMa Mojay 3TUX YK€ HACOCOB IPH UX pa3/eibHOI paboTe. DTO NPOUCXOIUT U3-3a
TOTO, YTO MPH YBEITMUYEHUH OOIIETo pacxo/a KUAKOCTH, oJaBaeMoil B TpyOOIpOBO/, BO3pacTatoT
HOTEPU HAropa, a, CIIe0BaTEeNIbHO, YBEIUYUBACTCS U HAMIOP, HEOOXOMMBIH JUIs 1T0/1a4M JaHHOTO
pacxofa, 4To BieyeT 3a cO00M yMEeHbIIIEHNE 0JJaYM Ka)KJJ0ro Hacoca.

Bo3moxHOCTB U 11€51ec000pa3HOCTh NapaieIbHON paboThl HACOCOB C Pa3HBIMU
XapaKTEepUCTUKAMU MOYKHO YCTaHOBUTH, IPOAHAIM3UPOBAB COBMEIIECHUE XapaKTEPUCTUK HACOCOB U
TpyOomnposoja (puc. 2). Kak Buano u3 pucyska Hacoc |l pazBuBaer meHbIIMii Hanop, yeM Hacoc |,
no3romy Hacoc || MoxkeT ObITh BKIIIOUEH B MapajlieNbHYI0 padOTy TOJIbKO HAYMHAS C TOUKH, I/1€
pa3BHBaeMble MU HANopbl OyaAyT paBHbl. CyMMapHas XapakTepUCTHKAa COBMECTHON pabOTHI HACOCOB,
HaunHas ¢ TOUku C, CTpOUTCS MyTeM CIIOXKEHHUs abciuce xapakTepucTik HacocoB | u |l mpu
OJIMHAKOBBIX OpJIMHATAaxX (Haropax, pa3BUBaeMbIX HacocaMu). Touka A nepecedeHnsi CcyMMapHOil
XapaKTePUCTUKU pabOTHI HACOCOB U XapaKTEPUCTUKHU TPyOONpoBoia OYAET ONpPEaeNsITh PEKUM
napajuieIbHON pabOThI IBYX HACOCOB Ha OOIIHI TPYOOIIPOBOI.

[Tonauy ka)ka0ro U3 COBMECTHO PabOTAIOIINX HACOCOB MOXKHO HAMTH, TPOBES U3 TOUKUA A
npsAMYyI0, apauieNbHyIo ocu abcuucc. [lepeceuenne 3Toi mpsiMoil ¢ XxapakTepucTUKaMu HacocoB | u
Il nact coorBercTBytommue Toukam Bl u Bll Bemmuunsl mogau Bl Q u Bl Q . Kak u B cmyuae
napanienbHONW paboThl BYX HACOCOB C OJJMHAKOBBIMH XapaKTEPUCTHKAMU, CyMMapHas 1ojiauya AByX
HAcOCOB MEHbIIIE CYMMBI 110/1a4 Ka)KJI0T0 U3 HACOCOB B OT/AEIbHOCTH.
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Pucynok 2 - [locTpoeHne xapakTepuCTHKHU MapaiieIbHONU paboThl ABYX Pa3HBIX LIEHTPOOESKHBIX
HACOCOB

IlenTpoOekHBIE HACOCHI BKJIIOYAIOT B OJHY CUCTEMY IOCIIE0BATENIBHO B TEX ClIydyasx, KOraa
HAarop, pa3BUBAEMbIi OJTHUM HaCOCOM, HEIOCTATOUYEH IS IIOJJauy KUAKOCTH Ha TpeOyeMyIO BBICOTY.
[Tpu 3TOM OAMH HACOC MOJIAET KUAKOCTH BO BCACHIBAIOIINK MATPYOOK APYroro, KOTOPHIH MMOaeT ee
Jlajiee B HalIOPHBIN TPyOOIIPOBOI.

Jl1s mocTpoeHusi cyMMapHO# XapaKTEepUCTUKU MTOCIIEA0BAaTENbHO PA0OTAIOIINX HACOCOB
HEOOXO/IMMO CIIOKUTBH OPIIMHATHI XapakTepucTHK H — Q 3THX HacOCOB MpH OHOM U TOM e mojave,
TaK KaK Harop, pa3BUBAE€MbIi MOCIEeI0BaTENbHO paOOTAIOIIMMK HACOCAMH, PABEH CyMME HAropoB,
Pa3BUBACMBIX KAXXABIM U3 3TUX HACOCOB.

B cnyuae nocnenoBaTenbHOI paboOThl IBYX HACOCOB C OJMHAKOBBIMU XapaKTEPUCTUKaMHU (pHC.
3) opauHATHI (IIPU 1aHHOM I0/1a4e) y/ABaUBarOTCs: aB = 2a0.
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B cnyuae nocneoBaTeIbHOTO BKIIIOYEHHS IBYX HACOCOB ¢ HEOJUHAKOBBIMH XapaKTEPUCTUKAMHU
CyMMapHasi KpuBasi X COBMECTHON paOOThI CTPOUTCS IYTEM CIIOKEHUS OPJIMHAT XapaKTEPUCTHK
Ka)KJJOT0 U3 [I0CIIE0BATEIbHO PA0OTAIONINX HACOCOB.

Pucynok 4 - JlaboparopHas ycTaHOBKa
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1 — ppemmpuTefibHbIA - K3 —IpeHaxHbIA BeHTWIB;K3, K4, K5 K6 —B¢ | 5, K7+ Bo3xyrunbIi

BEHTHUIIb; 7 — BTQPOH HACOC;, ¥ — mepphIit Hacoc; 9,12,13— pacxoxpmep; 1, . .. . — MAHOMETP.
MC}’HOK 5 - Cxema J1abopaTOpHOH YCTaHOBK \

I[TOPANOK BBIITOJIHEHMA PABOTHI 1

1. [IpousBecTr BHEITHUIT OCMOTpP YCTAHOBKH M YOSAUTHCS B OTCYTCTBHH BUIAMUMBIX
MTOBPEKICHUM.

2. 3auTh BOMy B OaK M 3alIOJTHUTh HACOCHI BOJIOH.

3. Heo06x01uMo OTKpBITh BEHTWIH K3,KS5, KO U 3aKpHITh BEHTUIH K4, K7.

4. [Tocne Toro, kak yOeIUIUCh, YTO MIPABIIIBHO BCE MOAKITIOYUIN, MOXKHO IIPUCTYIATh K

BBITIOJTHEHHUIO Pa0OTHI.

5. BKITI04NTH YCTAaHOBKY B CETh M 3aIIyCTUTh HACOCHI 7, 8.
6. Heo6xoanmo cHATH moka3zanus Mmanomerpa P.



7. Bce nokazanus 3aHECTH B )KypHaJI HaOIIOICHUHN.

8. BBIKITIOUNTB HACOCHI U OTKITIOYHUTH YCTAHOBKY OT CETH.

9. JUiis BBIYMCIICHHUS pacxo/ia BOABI HEOOXOMMO MCCIEI0BATh OTHOIICHHE 00bEeMa BOIbI
IPOILEAIEH Yepe3 CUeTUHK, KO BpEMEHH, 32 KOTOPOE ATOT 0OBEM BOBI MPOIIEIT Yepe3 HEero
—me.

10. O0BEM BOIBI MBI HETIOCPEIACTBEHHO O€peM 110 CUETUUKY 32 OJJHY MUHYTY.

11. Berauciuth pacxoa BOJbI M 3aHECTH PE3yJIbTaThl B Ta0JI. 2

[TOPAJJOK BBIIIOJIHEHU A PABOTHI 2

1. [TpousBecTr BHEUTHUI OCMOTpP YCTAHOBKHU M YO€IUTHCS B OTCYTCTBHH BHJIMMBIX
MOBPEKICHUM.

2. 3anuTh BOy B 0aK U 3allOJIHUTH HACOCHI BOJOH.

3. Heo0xoauMo OTKpBITH BEHTHIIN KO,K4 U 3aKpbITh BEHTHIIU K3, K5, K7.

4. [Tocne Toro, Kak yoeauirch, YTO IPABUIBHO BCE MOAKIIOYUMIN, MOKHO MPUCTYIIATh K
BBITIOJTHEHHUIO Pa0OTHI.

S. Bxi1rounTh yCTaHOBKY B CETh U 3aIlyCTUTh HAcOChl 7, 8.

6. HeobOxonumo cHATH oka3zanus MaHomerpa P.

7. Bce nokazanust 3aHecty B xKypHa HaOJIIOACHH.

8. BBIKITFOUNTE HACOCHI U OTKITIOYHUTH YCTAHOBKY OT CETH.

9. Jlnist BBIYMCIICHHS pacxo/ia BOABI HEOOXOMMO MCCIEI0BATh OTHOIIEHHE 00hEeMa BOIBI
NPOIIEAIIEH Yepe3 CUeTIHK, KO BpEMEHH, 32 KOTOPOE ATOT 0OBEM BOBI IPOIIEIT Yepe3 HEro
—nm’/c.

10. OO0BEM BOBI MBI HETTOCPEICTBEHHO OepeM MO CUETUHUKY 32 OJJHY MUHYTY.

11. BbruucnuTh pacxo/1 BOJIbI M 3aHECTH pe3yJbTaThl B Ta0I. 2



Kypnan nabnroneHuit

Tab6muna 1
JlaBrieHun 1 s e BOLEL O0vem
Bug ocie ABJICHIe OOmmee A b1 IIOCIIE Oo6mmit
OTBI HAcOCa  [€PBOTO 1€ BTOpOTo terue Pys p1C TIEPBOTO 3TOPOTO EM BOJIbI
P oo 8
pca(8) Py, Ca(ﬁ]‘[a 2 MIla i\icoca( ) acoca(7) / o6
MIla o Moy,
aDaIes 0,009 0,00877 0,0173
P 0,095 0,095 0,095
Ho 0,009 0,00878 | 0,01835
cpenHee 0,009 0,008775 | 0,017825
ocIe10BAT 0,0166 0,0165 0,0173
A 0,03 0,09 0,09
JIBHO 0,01527 0,01525 | 0,0154
cpenHee 0,015935 0,015875 0,01635
I[TOPAJIOK PACUHETA
B Tabmuily 3anuceiBaeM pacxojl BOJAbI 32 | MHHYTY.
Tabmuma 2
Bug paboTst .
Hacoca Pacxox Boasl B Pacxox BozsI BO OO6mmit pacxon
oM Hacoce(8) G, MY/c  pom Hacoce(7) Go, MY/ | BombL, Gogm, M/C
[MapannensHo 0,00015 0,00015 0,0003
ITocnemoBaTenbrHO 0,00026 0,00026 0,00027

[Ipumep pacuera pacxona BOJBL:



NCCIEJOBAHUE HATIOPHBIX XAPAKTEPUCTHUK HEHTPOBEXKHOI'O HACOCA
LIEJIb PABOTBI

DKcIepuMEeHTATbHOE U3yYeHHE 3aBUCMMOCTH HAlopa U MOTPeOIIieMON MOLITHOCTH OT pacxoja
JUTSL IEHTPOOEIKHOTO HAcoca.

NCIOJIB3YEMOE OBOPY/IOBAHUE

CranronapHoe 000pyI0BaHUE — JIAOOPATOPHBIN CTEH]I C IICHTPOOCIKHBIM HACOCOM, MTPHOOpaMU
JUTS 3aMepa JIaBJICHHS, PACX0/1a U 3JICKTPOCcUeTYNKOM. [IpubopEI, mosrydaeMble CTyICHTaMu TIPU
BBINOJIHEHUH PabOThI — CEKYHIOMED.

TEOPETUYECKAS YACTb

[To »HEpreTHYecKOMyY MPUHIIMITY KJIACCH(DHUKAINN IICHTPOOCIKHBIE HACOCHI OTHOCATCS K
JIONAaCTHBIM AMHAMHWYCCKUM HArHCTaTCJIsIM, B KOTOPBIX MEpCada SHECPTHUU ITOTOKY NPOUCXOAUT O]
HeﬁCTBHGM CHIJI, I[eﬁCTBymHIHX Ha )XUJIKOCTH B pa60qu ITOJIOCTAX, IIOCTOSIHHO COCAMHCHHBIX C
BXOAOM H BBIXOAOM HACOCa, U NPCAHA3HAYCHBI B TCINIOOHCPICTUKE NI ICPEMCILICHHU A qUCTOH BOJHBI,
pacTBOPOB, CMECEH 30J1bI MJIH IIITaKa C BOJOW, Macia uin masyra [1-5].

[TpomblIlIeHHBIE IEHTPOOEKHBIC HACOCHI UMEIOT AIEKTPUUECKUH MPUBOJ] OT TPeX (ha3HBIX
JIBUTATEIICH aCHHXPOHHOTO THIA (BO3MOXKHO CO CTYIIEHYAThIM U3MEHCHHEM YaCTOThI BPAIICHHUS), a
HACOCHI OOJIBIION TPOU3BOJUTEIHLHOCTH MOTYT HMETh TAPOTYPOUHHBIHN TPUBO/I.

OCHOBHBIMH TIapaMeTPaMU HACOCOB, TIOJAFOIIUX KHUIKOCTH B CETh SABJISIFOTCA [6]:

1. ITogaya — KONIMYECTBO KUAKOCTHU, IEPEMEIIAEMOE HACOCOM B €UHUILY BPEMEHU
(oObemMHas ~— u MaccoBas — —).

2. JlaBJjieHHe, pa3BHBaeMoOE HACOCOM

1€ U  — HayalbHOE M KOHEYHOE JaBJIEHUE KHUJIKOCTH; U — CpeJHHE CKOPOCTH
MOTOKA KHUJIKOCTH Ha BXOJIE B HACOC U HA BBIXOJIE U3 HETO; U — BBICOTHI PACIIONIOKEHHS LIEHTPOB
BXOJIHOT'O M BBIXOJIHOTO CEUEHHH MaTpyOKOB HACOCA; P - MIOTHOCTH JKUIKOCTH.

3. IHo1HbIH HATIOP, pa3BHMBaEMbIil HACOCOM

4. CraTuveckuii HaNMop, pa3BUBaEMblii HACOCOM

S. YaeabHast mosiesHasi padboTa, XapakTepu3yroIas padoTy, M0Iy4aeMyo OTOKOM

’KHUJIKOCTU OT pabOurX OpraHoB Hacoca Ha 1 Kr Macchl

6. IMos1e3Hast MOIHOCTH
7. MouHocTh Hacoca, TOIBOMMAs OT JBUTATENs Ha ero nmpuBoaHOoM Bat N (kBT)
8. KosdduumeHnT mosie3Horo geiicTBUs HaAcoca

Hacocsl paboTatoT cOBMECTHO ¢ TPyOOIIPOBOAHOM CUCTEMOI U 00pa3yIOT ecTh C obecreueHueM
CIENYIOIIUX YCIOBUN CBSI3HU:



1) maccoBble MOJauu KUAKOCTEH, MPOXOASIINX Yepe3 HACOC U MPUCOECANHEHHBIX K HEMY

BCAaChIBAIOIIEM U HAIIOPHOM TPyOONpPOBOAAX, PABHbI (151 HECHKUMAEMBIX KHJIKOCTEH,
Korja o0ecreunBaeTcsi paBeHCTBO OOBbEMHBIX 104 )i
2) BBIIOJIHEHHUE 3aKOHA COXPAHEHUSI SHEPTUU: — — ; TIe
u — COOTBETCTBEHHO JIaBJICHUS B EMKOCTSIX 3a00pa U HarHETaHUsI )KUAKOCTH; U —

BBICOTBI PACIIOJIOKCHHUSI HACOCA HaJl YPOBHSIMH )KHKOCTH BO BCACHIBAEMOI U IPUEMHOMN EMKOCTSIX;

— CyMMapHbIe MOTEPU HAopa B TpyOax.

I'pacduk coBMecTHO# pabOThI Hacoca Ha TPYOOIIPOBOAHYIO CETh (OPMUPYETCS TEPECCUCHUEM
XapaKTEPUCTHKH CETH, OTPEICIIACMOM U3 THAPABIMYECKOrO €€ pacueTa, i HANOPHOit
xapaktepucTuku Hacoca P =f (Q) mim H = (Q). Touka nepeceueHus XapaKTEPUCTHK OMPEICIIACT
€IMHCTBEHHO BO3MOXKHBII B IAHHOM CHCTEME YCTAaHOBHUBILHICS peKUM paboThl. 3aBucumoctu N= f
(Q) un =1 (Q) Ha3pIBatOTCS COOTBETCTBEHHO XapaKkTepucTukaMu MourHoCtu 1 KIT/I.

PerynupoBanue mojauu B CeTh pacxoja OT HACOCa MOXKET MTPOM3BOUTCS CICIYIOIIUMH
criocobamu [ 1-6]:

1) IpoccesibHBIM PETyIMPOBAHIEM — C TOMOIIBIO POCCENIs Ha HATHETAIOMIEM WITH
BCACBIBAIOIIEM MMAaTpyOKe HAcOCa MyTeM BBEICHHUS TOMOJHUTEILHOTO THAPABIMYECKOTO
CONPOTHUBJICHUS;, PETYJIMPOBAHUE IPOCCEIUPOBAHNEM HA HATHETAHHMH SBJISICTCS HAUMEHEE
KOHOMHYHBIM, T.K, YaCTh HAIIOpPa, CO3/1aBACMOT0 HACOCOM, OECITOJIE3HO TPATUTCSI HA MIPEOIOJICHUE
CONPOTHUBJICHUS 33]IBH)KKH, C YMEHBIIIEHHEM  , U 1], @ TAK)KE C TIOBBIIIIEHHBIM U3HOCOM HACOCa;

2) GaifrlaccHpOBaHHUEM WM PELHUPKYIISALIUEH - IEPEeyCKOM YacTH )KUIKOCTH, ¥ HAIIOPHON JTMHUU
Ha Bcac WM B pa300pHBII pe3epByap: crocod nepermycka 0ojee SKOHOMUYEH, HO ISl IEHTPOOCKHBIX
HACOCOB, y KOTOPBIX MOTpeOIsieMasi MOIIHOCTh PAcTeT C YBEIMUYCHHUEM TOJauH, BO3MOKHA Ieperpy3Ka
JIBUTATEIIsl 1 BOSHUKHOBEHUE KaBUTAIIHH;

3) U3MEHEHUEeM YacTOTHI BPAIICHUS Bajla Hacoca — My(TaMu, TapoTypOMHHBIM TIPUBOIOM,
JIBUTATEJISIMU TTOCTOSIHHOTO TOKA MJIM aCHHXPOHHBIMH JIBUTATEISIMU C TPe00pa30BaHUEM YaCTOTHI
MHUTAIOIIET0 TOKA; TOT METOJ SABJISIETCS HanboJiee IKOHOMUYHBIM, T.K COKPAIAIOTCs
HETPOU3BOUTEIBbHBIC IOTEPU B CUCTEME HACOC-CETh.

BakHbIM TapaMeTpoM paboThl SHEPTETHUSCKUX HACOCOB SIBIISICTCS aHTUKABUTAIIMOHHAS
yCcTOHYMBOCTS [7]. B IeHTpoOeKHBIX Hacocax HaUMEHbIIee JaBlieHne HaO01aeTCsl OKOJIO BXOa B
IITHHPUYECKOE CeYeHUe pabovero Kojeca, Ha BOTHYTOU cTopoHe jonacreil. Eciu naBnenue B aToit
30HE OKa3bIBACTCSI PABHBIM MJIM MEHBIIINM JABJICHUS HACHIIIEHHOTO Napa MepeKaunBacMOM KUIKOCTH,
TO TIPOUCXOUT HapyIIEHUE HEPa3phIBHOCTH MTOTOKA, C 00pa3oBaHUEM MOJOCTEH (KaBepH),
3aI0JTHEHHBIX TAPAMU JKUJIKOCTH U BBIJCIISIFOIIUMCS M3 KHIKOCTH ra30M, I BO3HUKACT KaBUTAIHS,
JlasnbHeiiIee CXJI0NbIBAHUE KABEPH, COMPOBOXKIAIOIINXCSI TEPMHUUECKUMH, IPO3HOHHBIMHU H
EKTPOXUMUIESCKUMH TIPOLIECCAMHE, CIIOCOOCTBYIOIIMMH Pa3pyLICHUIO TOBEPXHOCTEH MPOTOYHOI
IIOJIOCTH HAcoca, CHKEHHIO €ro HallOpHOU xapakTepucTuky, Momuocty 1 KIIJ[. KaButanmoHHsIi
peXHUM paboTHI HacOCa BHEIITHE MPOSIBIISICTCS] YMEHbIIIEHHEM 3HaueHni P u Q, XapakTepHbIM TyMOM ¢
BHYTPEHHHUM TPECKOM, BUOpaIel ¥ yJapaMy B IIPOTOYHOM MOJIOCTH, BOZHUKAIOUIMMU TIPH
00pa30BaHUM U 3aXJIONBIBAHUH KABUTAIIMOHHBIX My3bIPHKOB. B cilydae HHTEHCUBHOTO Pa3BUTHUS
KaBUTAILUH IPOUCXOUT MOJHBIA CPBIB padOTHI Hacoca. B MHOrocTyneHYaThIx Hacocax KaBUTAIHS
HaOJIF01aeTCsI JIUIIH B ICPBOM CTYIICHH.

BrusiHue kaBUTAIUMK HA THIPABINYCCKUE XapaKTEPUCTHKH [ICHTPOOSKHBIX HACOCOB B
3HAYUTEILHOM CTEIIEHH 3aBUCHT OT KO HUIIMEHTa OBICTPOXOAHOCTH . J[JISI THXOXOMHBIX HACOCOB
( ) xapakrepuctuku H = f (Q) N=f (Q) u n = f (Q) pe3ko magaroT, Korja mojavya Hacoca
JOCTHUTAET 3HAYCHUS, TP KOTOPOM BO3HHMKAET KABUTAIIUS, C HATbHEHIITMM MTOYTH MIHOBEHHBIM



CPBIBOM paboThI Hacoca. B Gomnee ObICTPOXOAHBIX HAacocax ( ) Ip¥ BO3HUKHOBEHUH
KaBUTAIMH XaPaKTEPUCTUKU CHIDKAIOTCS MOCTENICHHO, 3a/I0JIT0 JI0 CPBIBHOTO PEXKHMMa Ha OOJIbIIEM
JMarna3oHe 1ojad.

[TprunHbI, BBI3bIBAOLINE BOBHUKHOBEHNE KaBUTALMU B HACOCAX:

1) yBenuueHue reoie3uYeCcKoi BbICOTHI BCAChIBAHUS HACOCA;

2) yMeHbIlIeHHe aTMOC(HEPHOT0 JaBJIEHUS B MECTE YCTAHOBKH HACcOCa,;

3) ymeHbIIeHHE a0COIOTHOTO AAaBJICHHS B 3aKPHITOM ITPHEMHOM PE3epBYyape;

4) yBenuueHue TeMIiepaTrypbl IepeKaunBaeMoil JKUKOCTH;

5) yBenuyeHue noTephb HArmopa BO BCACHIBAIOIIEM TPYOOIIPOBO/IE HACOCa BCIIEACTBUE €TO
3aCOpEHHsI UM HEUCIIPABHOCTH  3aIlOPHO-PETYIUpPYIOIIEi aTMoc]epsl;

6) nepekauka ruIpoCMeCcel U APYruX TAKENbIX KUAKOCTEH.

[TpenynpexaeHue KaBUTalM OCOOCHHO aKTyaJlbHO JJIsl IUTATEbHBIX HACOCOB
aporeHepaTopoB Ha BBICOKKE MapaMeTphl napa. OCHOBHOM Mepoil MPOTUB KaBUTALMU B HACOCaX
SIBIISICTCS TOJ00P JOMYCTUMON BBICOTHI BCACBIBAHUS , IPH KOTOPOH KaBUTALMSI HE BO3HUKACT:

rae  — 4YKCIIO 00OPOTOB JBUTATEIS; — — ko3 dunment kaputanuu Toma; —

MOTEPSI HATIOpa BO BCACBIBAOIIEM MAaTPpyOKe HACOCa MM aHTHKABUTAMOHHBIN 3anac; Q u H -
o0beMHas T10/]aua U HATOpP, Pa3BUBACMBIC HACOCOM.

VYBennuenne BEINUYNHEI , IPUBOJUT K NPCAOTBPALICHUIO BOSHUKHOBCHUSA KaBUTAllUU.
I[OHYCTI/IMaSI BBICOTA BCACbIBAHHWA 3aBUCUT TAKKE OT TEMIICPATYPLI ) KUAKOCTHU, JaBJICHUA B 32160pHOI>i
C€MKOCTH U PACIIOJIOKCHHUA YPOBHA JKUAKOCTH OT IIOJIOKCHUA HACOCa. I[pyFI/IMI/I AHTUKAaBUTAalIIlMUOHHBIMHU
MepaMH SIBIISIOTCS: YMEHBIICHUE COTIPOTUBIIEHUS M cCKOpocTH (10 1-2 M/c) Ha Bcace; HeJIOMyIIeHHe
BO3/IYIIHBIX «MEIIKOBY» B TPyOax BcackiBaromiel Maructpanu. OqauM u3 3QPeKTUBHBIX CIOCOO0B
TTOBBIIIICHUS SIBIISIETCS yCTAaHOBKA HA BCACHIBAHWH IIEHTPOOEKHOTO Hacoca OyCTepHOro Hacoca
(LLTHEKOBOTO WJTU TUPOCTPYHHOTO).

[To crangapty neHTpoOexkHbIe Hacockl obo3navaroTcs [IHK-Q-H; ITHC-Q-H; HH/-Q-H

(momawa  —; Hanop H, m; K — onHocTyneHuarsie, KOHCOJIBHOTO THIIA, T. € pabodee KoJeco

pacnosaokeHo Ha KOHCOIM Basla; C — MHOTOCTYIIEHYAThIE MU CEKIIMOHHOTO THMa; [l — ¢
JIBYXCTOPOHHUM TIOJIBOJIOM KHJKOCTH K pabodyeMy KoJjecy).

OCHOBHBIE TPYIIIBI IEHTPOOEIKHBIX HACOCOB, IPUMEHSIEMbIE Ha TETIJIOBBIX AJIEKTPOCTAHLIUAX (C
MaKCHMaJIbHBIMU €IMHUYHBIMU XapaKTEPUCTUKAMHU ), UMEIOT ClIeAyIolne 0003HAUCHHUS:

1) nuratenbHBIE HACOCHI TAPOBBIX KOTJIOB CPEAHETO U BHICOKOTO JABJICHUS — MpPEAHA3HAUEHBI
JUISI TOaY TIUTATEIbHOU BOJBI U3 1€a3paToOpOB Yepe3 pereHepaTuBHbIE MOJ0TPEBATENN BHICOKOTO
nasienus (I1B/]) B mapoBbie KOTJIBI M BBIOJHSAIOTCS MHOTOCTYIIEHYAThIMU (710 14 cTymeHei) —
[13-Q-P wnu [ITH-Q-P-P,, (3 — snexrpuueckwuii npuBoxa; TH — typOonpuBoanoit Hacoc; P —

JaBJICHHUE BOJBI: Ha BBIXOJIe; P — JaBieHue mapa Ha BXOJe B MPUBOAHYIO Typouny; Q 1o 900 —; P

1o 30 MIla; N 1o 6 MBrT);

2) GycTepHbIe HJIM NMPEIBKIIOYEHHbIE HACOCHI — UCIIOJIB3YIOTCS ISl CO3aHUS MOIOpa BO
BCachIBaloIIeM narpyoke nuratenbHbix HacocoB — [1/1-Q-H;

3) KoHAeHCcaTHbIe HACOCHI — JIJIsl OTCACHIBAHUS KOHICHCATa U3 KOHJCHCATOPOB MapOBBIX
TypOUH U MO/Ia4YH €r0 B CUCTEMY PEreHepaTUBHOTO MOJ0TPEBa MUTATEILHONW BOIBI TAPOTYPOMHHOM



yctanoBku — Kc-Q-H i KeB-Q-H (Kc - ropusonransubie; KcB — Beptukanbnsie; Q mo 125 —; H

1o 140 m);
4) HUPKYJISIMMOHHBIE HACOCHI — JIJISI [TOIAYU OXJIAXKIAIOIIEH BOJIbI B KOHACHCATOPHI MTAPOBBIX

typoun — dB-Q/H (d — auamerp Hamoproro narpyoka; B — Beprukanbusiii; Q 1o 54000 —; H mo

90 m; N no 10 MBT);

5) ceTeBbIe HACOCHI — JIJIs TT0/1a4X OOPATHOM CETEBOM BOBI U3 CHCTEM TEIJIOCHA0KEHHS Ha
TeropuKaIMOHHbIe Ooepa win B Bogorpeiinbie KoTiibl — C3-Q-H (C - cereBoif; O —
3IEKTPONPUBO/);

6) Ipo4Ke HACOChl — MOANMUTOYHBIE (JJIs1 HOIMUTKU KOTJIOB B CUCTEMAaX C OTKPBITHIM
TEIJIOCHAOKEHUEM ), IPEeHaKHbIe (7151 y1alieH!s KOHIeHcaTa u3 O0MIepOB U MOA0TPeBaTENICH ),
MacJsiHble CUCTEM CMa3KH M PETYJIHPOBAaHUsS TypOOarperaroB, HacOChI-103aTOPbI (I OJa9n
PacTBOpPOB pEareHTOB B CUCTEMbI BOJIOIIOJIOTOBKH); OarepHble HAcOCHI (1Ji TPAHCIIOPTUPOBAHUS
30JI0-IIUTAKOBBIX CMECEH B CUCTEMaX T'MIPO30JIONLIAKOY IAICHUS MTBUICYTOIBHBIX MAPOBBIX KOTIOB);
TOTUIMBHBIE HACOCHI (JIJIS1 TPAHCIIOPTUPOBAHUS YKHUJIKMX TOILIUB B Ma3yTOXPAaHWIHINA U TIOJAYH UX K
dbopcyHKaMm KOTJIOB).

Br160p HacoCcOB [1st KOHKPETHOTO MPUMEHEHHS OCYIIECTBIISIETCS C TOMOIIBIO CBOJIHBIX
rpaduxoB (TabauIl WK KaTanoros [8]) As MpUHATOrO TUIlAa Hacoca — 1o Hanopy H (wnu naBnenuro
P) u mogaue Q (M), ¢ yueTom 3aaHnHOT0 KO3(puIreHTa 3amnaca.

3navenus H (P) momyuarot u3 pacuera ruipaBIudecKoro COMPOTUBICHUS CETH, HAIPUMED: IS
MUTATEIBHBIX HACOCOB MapoBhIX KOTI0B — [1BJ] nbmapoBoasiHoro TpakTa KOT/a; s 0yCTEpPHOTO
Hacoca — ypPOBHS MOJIIOPa Ha Bcace MUTATEIbHOTO HACOCA; IS KOH/ICHCATHBIX HACOCOB — CHCTEMBI
KOHJIEHCAaTOOTBO/Ia M peTeHEPATHBHBIX TIOJJ0TPEeBaTeNe HU3KOTO AaBICHHUS; ISl IIUPKYIISITHOHHBIX
HACOCOB — KOHTYpa HUPKYIALINOHHON BOJBI KOH/IEHCATOPOB MAaPOBBIX TYPOUH; I CETEBBIX HACOCOB
— MarucTpaiei u TerIo0OMEHHUKOB CUCTEMbI TETNTIOCHA0KEHHS U JIp.

[Tonauy, peanu3yromyro HeOOXOIUMBIM PacX0/1 KUAKOCTH B CETH, OMPEACIISIOT U3
COOTBETCTBYIOIIMX TETJIOBBIX PACUETOB: AJISl MUTATEIbHBIX HACOCOB MAPOBBIX KOTIOB — IO
pacueTHOH MaponpoN3BOIUTEIFHOCTH U3 TEIUIOBOTO pacyeTa KOTia; /Uil KOH/IEHCATHBIX HACOCOB —
pacxo]l KOHJIeHCcaTa U3 TEIUIOBOTO pacdyeTa MapoTypOMHHON YCTAaHOBKH; JUIS IUPKYIISIIIUOHHBIX
HACOCOB — PAacXo/1 BOJIBI U3 TEIUIOBOTO pacdeTa KOHJCHCATOPA; IS CETEBBIX HACOCOB — PACXOJ
CEeTEBOI BOJBI M3 pacueTa TEIUIOBBIX Harpy30K MOTPeOUTENeH 1 MPUHATOTO rpaduKa OTITycKa TETUIOTHI
u JIp.

C yuerom HaiineHHsix H (P) u Q, a Takke TEXHUKO-9KOHOMHUYECKOTO OOOCHOBAHUS U
pe3epBUPOBAHUS, BRIOUPAIOT TUIIOPA3MEP HACOCOB, MX KOJIMYECTBO U CXEMbI BKIFOUCHHUS, TUTT

JIBUraTelsi, €ro MOLIHOCTb U 4aCTOTa BPAILCHMUS.
OITMCAHUE JJABOPATOPHOU YCTAHOBKH
Cxema 3KCepUMEHTAIBHON YCTAaHOBKH ITPUBEICHA HA PUCYHKE.



Pucynok 1 — Cxema J1abopaTOpHO YCTAHOBKH:

1 - 6ax ¢ Bogoii; 2 - Hacoc; 3 - BeHTUIIb Ha Bcace; 4 - BEHTHIL Ha HarHCTaHUH; 5 -
AIIEKTPOABHUTrATENb; 6 - AIEKTPOCUETUHK; 7 - MAaHOMETP; 8 — poTameTp; 9 — Tepmonapa Ha Bcace; 10 —
TepMoIIapa Ha HarHeTaHuu; 11 — MUITUBOIBTMETD; 12 — peUUpPKYIISIIMOHHBIN BEHTHIIb.

YcraHoBka cocTout U3 6aka ¢ BoJo 1, MOACOEAMHEHHOTO K HEMY IIEHTPOOEKHOT0 Hacoca 2, ¢
PEryIupYOIUMU BEHTWISAMH U KOHTPOJIBHO-U3MEPUTENBHOU anmnaparypoil. s usmenenus pacxonaa
BOJIbI Ha BCACHIBAIOIIEM MAaTPyOKe HACOCA UCIONB3YETCs BEHTHIIb 3, a IS peryIupOBaHus oJau B
CEeTh BOJBI — BEHTWIb 4. J[BUraTens 5 Hacoca MOJAKIIIOUASTCS K JIEKTPUIECKON CETH Yepes
AIIEKTPOCUYETYMK aKTUBHOW MOITHOCTH 6. )11 M3MepeHusI TaBJICHUS M pacxo/ia BOAbI B CETH Ha
HarHeTaroleM naTpyoke Hacoca yCTaHOBJICHBI MaHOMETp 7 U potametp 8. Omnpezenenne
TEMIIepaTypbl BOABI Ha BCACHIBAIOIIEM M HarHETAIOMIEM NaTpyOKaxX MPOU3BOIUTCS COOTBETCTBEHHO
TepMoMeTpamu (Tepmonapamu) 9 u 10, noaxIr04aeMbIMH K MUJUTUBOJIBTMETPY

Jlnist ocyiecTBIeHHs peryaupoBaHus [o1aun 6alacCUpOBaHUEM HUCIOIb3YETCs
PEeLMPKYISAIMOHHBIN BeHTWIb 12. MI3MepeHne Kon4ecTBa 3J1eKTPOIHEPTHH, 3aTpaulBaeMoi B
npoliecce ONbITa, JUINTEIBHOCTh KOTOPOro (pUKCHpyeTCs O CEKYHIOMEPY, MPOU3BOAMUTCS C TOMOIIBIO
CUETYHKA JIEKTPOIHEPIUu 6.

I[MOPAOK BBITIOJIHEHHW A PABOTBI

[Tepen BrimoHEHUEM JTabOpaTOPHOI PabOTHI HEOOXOIUMO O3HAKOMHUTCS C OTTUCAHUEM
1a00paTOpHOI YCTAaHOBKHU M METOAMKON IPOBEJEHUS 3KCIiepuMeHTa. BkitoueHrne ycTtaHOBKU B padoTy
OCYIIIECTBIISIETCS MPEINO0IaBaTeIeM WU JTa0OPaHTOM.

Uccnenytotest nanopubie [P =f (Q)] u momHocTHBIE [N= f (Q)] XapakTepucTrku Hacoca u
3aBucumoctsb KI1JI ot mogauu m = f (Q) mpu Tpex crocobax perynupoBaHus:

1. IpoccenupoBaHreM Ha HarHeTaromeM narpyoke Hacoca. [Ipu stom BenTiinu 3 u 4
MOJTHOCTBIO OTKPBITHI, BEHTHIIb 12 3aKpBIT, @ peryJupoBaHUE PacXxojia OCYIIECTBISAETCS CTYIeHYaThIM
(3 monoxxeHus1) 3aKpbITHEM BEHTHIIA 4.

2. IpoccenupoBaHueM Ha BcachIBaroIIeM nmarpyoke Hacoca. [Ipu stom BenTrim 3 u 4
TIOJTHOCTBIO OTKPBITHI, BEHTHIIb 12 3aKPHIT, @ pEeryJMpoOBaHIE PacXo/ia OCYIIECTBISIETCS CTYIIEHYaThIM
(3 monoskeHus) 3aKpHITUEM BEHTHIIA 3.

3. PerynupoBanue GaiimaccupoBaHUEM WM PEIUPKYISIITUEH BOABI C HATHETAIOIETO MaTpyOKa Ha
BcachIBatOMMi, [Ipu 3TOM BeHTHIN 3 1 4 MOJIHOCTHIO OTKPBITHL, BEHTUJIb 12 3aKpBIT, a PEryIHpOBaHUE
pacxojia OCYIIECTBIISIETCS CTYIEHYAThIM (3 MOJOKEHHs ) OTKPHITHEM BEHTHIIS 12.

Bo Bcex croco6ax perynupoBaHus naBieHue P Ha HarHeraronieM natpyoke 3amepsieTcs
maHomeTpoM 7 (c nepecuyerom Ha Ila), a momaua Q perucrpupyercs poraMmeTpoM 8 (C yueToMm
TEMIIepaTypbl BOABI U €€ IIIOTHOCTH, C TIEPECUETOM JICTICHUH 10 KaIHOPOBOYHOI KpUBOIA B M3/C).

N3mepenune pacxoja anekTposHepruu O, KBT-4, Ha nBurarene npou3BOIUTCS MPU
YCTaHOBUBIIEMCS peXUMeE paboTe Hacoca C MOMOIIBIO AIEKTPOCUETYHKA 6, IO KOJIMYECTBY 000pOTOB



JUCKa  3a Bpems , hukcupyemoe cekynaomepom (pu ycrnouu 1 kBr-u = 1250
000pOTOB JTUCKA).
PACUETHAA YACTb
1. OnpenenuTs IEKTPUUYECKYI0 MOLUTHOCTb, HOTPEOISIEMYIO IBUTaTEJIEM HAcOCA B KaX/10M U3
OITLITOB, KBT

rae O — KOJIMYECTBO 3aTPayeHHOM 3JIeKTpodHepruu, KBty;  — Bpems omnbiTa, .
Pe3ynbratel pacuera 3aHecTH B TaOIHILY.

2. ITo ompeneneHHBIM 7Sl KaXI0T0 omnbITa 3HaueHusM Q, —, u P, [la unmu —, Haxogurcst

MOJIE3HO. 3aTpayeHHas MOIHOCTh  , BT,

Pe3ynbraTsl pacuera 3aHECTH B TaOJIULLY.
3. Ilo paccunTaHHBIM JUI KaXI0T0 onbiTa 3HaYyeHusM N 1, onpenensieTcs KodQPUIUEeHT
II0JIE3HOTO AEUCTBUS HAcoca

PGSyJ'IBTaTBI pac4dcTa KHI[ JJIA BCEX OIIBITOB 3aHCCTU B Ta6nnuy.
4. I[J'ISI KaXJ0ro OIbITa IIpU TPEX PCKUMAX PEryJIMPOBAHUSA ONIPECACIUTE JOIMYCTUMYIO BBICOTY
BCaCbhIBaHHUA

Jnis pacdera nmpuHUMaeTcs: yicio 000opoToB aBurarens N = 100 06/MuH; U HaIop, co37aBaeMblii

HacoCoM —, IINIOTHOCTH BOAbI —, YCKOPCHUC CUJIBI TSAKECTU —, IOTCPA

Haropa BO BCachIBaIOLIEM NMaTpyOKe Hacoca WM aHTUKABUTALIMOHHBIN 3arac ;
K03 dumMeHT kaBuTanuu Toma —. Pesynbrarsl pacuera H n JUISl BCEX OIBITOB 3aHECTH B

Ta0HILy.
5. TToctpouts Tpaduku HAMOPHBIX XapakTepucThk P =f (Q)my1st Tpex pexkrMOB peryIupoBaHus.
6. [Toctpouts 3aBucumoctb KI1J] Hacoca ot nogauu 1 = f (Q) mnst Tpex pexxumoB
pEeryJIMpOBaHus.
7. IlocTpouTh 3aBUCUMOCTHU JIOMTYCTUMOM BBICOTHI BCACBIBAHUS OT MOJIa4n JIs
TpEX PEKUMOB PETYIUPOBAHUS.
Tabnuia 115 3aMMcH SKCIEPUMEHTATBHBIX M PACYETHBIX JaHHBIX

Pexum perynipoBanus Ne ombiTa P, ITa D, KBT 4 N, Bt n, % H, m

JpoccenupoBanue Ha

THETAIOIEeM naTpyoke

JlpoccenupoBaHue Ha

ackIBaroleM maTpyoke

BaitnaccupoBanue

W N RN RN




[TOPAJJOK O®OPMJIEHMA OTUETA

[lepen BbImonHEHUEM PabOTHI TOJKEH OBITh U3Y4eH M 0(OPMIICH CIeIYIOIUI MaTeprat:

1) Ha3BaHUe U 1eNb PabOTHI;

2) KpaTKuii KOHCIIEKT TEOPETUYECKOTO BBE/ICHUS;

3) onucaHue CXeMbl YCTaHOBKH;

4) MOPsIOK BHITIOJIHEHHSI paOOTHI;

5) moaroroBiieHa TabaUIA sl 3aHECEHUSI SKCTIEPUMEHTANIbHBIX JaHHbIX.

Otuer no paboTe T0JKEH cCoAepkKaTh CIAeaAyIolee:

1) pe3yabTaThl U3BMEPEHUI U PacyeTOB, CBEJCHHbBIC B TAOIUILY;

2) rpaduku HanopHbIX XapakrepucTuk P =f (Q)mwis Tpex pexkuMOB peryJnpoBaHus;

3) rpaduku 3aBucumocteit KI1/] Hacoca ot mogauu 1 = f (Q) mnst Tpex pexumMoB
peryinupoBaHusl.

4) rpaduku 3aBUCUMOCTEN AOMYCTUMOM BBICOTHI BCACBIBAHUS OT MOAAYU TUISE
TPEX PEKUMOB PEryIHPOBAHUS.

B 3axmouennun o0s3aTeIbHO JOMKHBI OBITh MPEACTaBIECHBI BEIBOJIBI 110 paboTe ¢ O0BSICHEHHEM
MOJIyYEHHBIX 3aBUCUMOCTEH, B YACTHOCTH:

1) Kak 3aBucsT HamopHbIe XapaKTEPUCTUKU OT PEKUMA PETYyIUPOBAHUS?

2) Kak 3aBucut KIIJI Hacoca oT pexuma peryiupoBaHusi?

3) Kakoii pexxum peryianpoBaHusi 00eCreuynBaeT MaKCUMaJIbHYIO0 aHTUKABUTAIMOHHYIO
YCTOMYMBOCTB Hacoca?



