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INEPEYEHBb MATEPHUAJIOB B KOMIIVIEKCE

DJIEKTPOHHBIA YU4EOHO-METOAMYECKUM KOMIIJIEKC COJICPIKUT:
1. TeopeTnuecKkuii pa3en
Tema 1. O0Om1MEe cBeIEHNsI O HATHETATEIISIX
Tema 2. YCTpOWCTBO M OPHUHLMII _JCHCTBUS HACOCOB M BEHTHJIITOPOB,
YCTaHABJIMBAEMbIX B MH)KCHEPHBIX CHCTEMaxX
Tema 3. OcHOBHBIE TapaMeTPhI PA0OOTHI HACOCOB U BEHTHISTOPOB
Tema 4. XapakTepUCTHKU HACOCOB M BEHTHISITOPOB
Tema 5. PaboTa HACOCOB M BEHTHJISITOPOB B CETH
Tema 6. OO1Me BOOPOCHI IPUMEHEHHUS HarHETaTEIEN
2. IlpakTHyecKui pas3ien
2.1 Matepuansl juist  1a0opaTOpHBIX padbor mo aucumiummae  «Hacocel u
BCHTHJIATOPBID)
3. Pa3aes KOHTpOJId 3HAHUH
3.1 Ilepeuenb BOIPOCOB JJId TEKYIIECH aTTECTAllMH CTYACHTOB IO y4ueOHOH
qucnuinHe «Hacockl M BEHTHIISITOPBI»
3.2 IlepeueHb BOIPOCOB I IIPOMEKYTOYHOM aTTECTAllMM CTYACHTOB IIO
yueOHoM aucimminie «Hacochl M BEHTHUIATOPEDY
4. BcnoMoraTelnbHbII pa3jien
4.1 YVyebGHag nporpamMma QUCHUIUIMHEL «Hacochl U BEHTHISITOPBIY)

HOACHUTEJIBHAS 3AITMCKA

AKTYaJbHOCTH U3y4YeHUs JUCHUTLTUHBI

HucuurnmHna  «Hacocel W BEHTWIATOPB»  SBISIETCA  OCHOBOM
poheCCHOHAIBHON MOJTOTOBKU CICIIUAIUCTOB 10 crienuanbHocTu 7-07-0732-02
«mxeHepHble ceTd, OO0OpyJOBaHUE 3JaHUN U COOPYKCHHI» MpoQuiIM3aus
«Temnnora3ocHabxeHne, BEHTUIISIKSA U OXpaHa BO3AYIITHOTO O6acceitHa Bcex GpopM
MOJIy4eHHs] 00pa30BaHMUs.

OcHOBHOM 3ajmayedl M3Y4YEHHsS] JAUCUUIUIMHBI  SIBIIIETCS  MOJATOTOBKA
WHKEHEPa, CIOCOOHOr0 YCIEIIHO Peaiu30BaTh CBOM 3HAHHS TMPH pa3paboTke H
sKcIuryatanuu cucteM TI'B, ycBoeHHWE CTyAeHTaMH TEOPETUYECKUX OCHOB
(YHKIITMOHUPOBAHHUS, KOHCTPYKTUBHBIX OCOOCHHOCTEH, MPUHIIMIIOB MPUMEHEHMUS,
NPUHIAIIOB M CHOCOOOB yIpaBiieHHUs pabOTOMl HACOCOB W BEHTHISTOPOB,
MIPUMEHSIEMBIX B TEIJIOra30CHA0KEHUU " BEHTUJISILINA COTJIACHO
KBaJTU(DUKAIIMOHHON XapaKTEPUCTUKH.

Hean 9YMK:

— OecreueHne KauyeCTBEHHOTO METOJIMYECKOTO COMPOBOXKICHUS Ipoliecca
OOy4eHHS;

— o0ecrieyeHue OTKPBITOCTH M JOCTYIMHOCTH 00pa3oBaTeNbHBIX PECYPCOB
nyTteM pazMmenieHus OYMK B nokanbHON CETH YHUBEPCUTETA;

— opranu3anus 3QpPeKTUBHON CaAMOCTOSITEIIbHON PabOTHI CTYACHTOB.



CTpykTypa  DJIEKTPOHHOTO  Y4€OHO-METOJAMYECKOro  KOMIUIEKca  TI0
aucuuruinie «Hacochl 1 BEHTUIISATOPBDY:

Teopernuecknii pazaen DYMK conepKut MaTtepuanisl A TEOPETHUECKOTO
U3Y4YeHUs y4eOHOUM NUCHIUIUTMHBI U MPECTaBICH KOHCIIEKTOM JICKIUH.

[Ipaktnueckuit pazgen OYMK comepkuT marepuanbl s OPOBEACHUS
71a00paTOPHBIX YUEOHBIX 3aHATUHN B BUJIE 1a0OPATOPHOTO MPAKTUKyMa.

Paspnen xonTpons 3Hanuii OYMK coaepXUT nepedeHb BONPOCOB H
IIPAKTUYECKAE 3aJaHusl JUIsl TEKyIIeW MW IPOMEXYTOYHOW  AaTTECTallWH,
MO3BOJISIIOIIME OIPEACIIUTh COOTBETCTBHE DPE3YJITATOB YUYEOHOW AESATENBHOCTU
oOyuaromuxcs  TpeOoBaHMsIM  00pa3oBaTEeNIbHBIX  CTAaHJAPTOB  BBICIIETO
oOpazoBaHuss W  Y4EOHO-TIPOTPAMMHON  JIOKyMEHTAIlMd  00pa30oBaTEIbHBIX
MPOrpaMM BBICIIETO 00pa30BaHUS.

BcenomoraTenbHblil pa3ien BKIIOYAET ydyeOHbIE MPOTPAMMBbI YUPEKIECHUS
BbICIIEr0 oOpa3oBaHMs MO y4eOHON nucuuiuinHe «Hacockl W BEHTHIIATOPBIY,
CIIMCOK OCHOBHOW U JOTIOJTHUTEIBHON JIUTEPATYPHI.

Pexomenaanuu no opranusanuu padorsl ¢ JYMK:

— JIEKIIMM MPOBOJATCA C HMCIOJIb30BAHHEM IMEPCOHAIBHOTO KOMIIBIOTEpPA U
MYJIbTUMEIUMHOTO POEKTOPA;

— IIpU MOJTOTOBKE K aTTECTAllMM, BBIMOJHEHUIO U 3alluTe J1a0OpaTOPHBIX
paboT CTyAEHTHI MOTYT HCIOJIb30BaTh KOHCIEKT JIEKIUWA, TEXHUYECKYIO,
OCHOBHYIO ¥ BCIIOMOTaTEJIbHYIO JIUTEPATYPY;

— 1a0OpaTOPHBIC 3aHATUS TIPOBOSITCS C UCIIOIb30BAHUEM, MPEICTABICHHBIX
B DOYMK, meToanueckux MatepranoB Ja00paTOPHOTO MPAKTUKYMa;

— B TEUEHUE CEMECTPA MPOBOAATCS TEKYIAs U MPOMEKYTOUHAS aTTeCTalUs
B NMUCbMEHHOM BH/JIE, IEPEUYEHb BOIPOCOB U MPAKTUUYECKUE 3a/IaHHsI TPUBEJICHBI B
paszierne KOHTPOJId 3HaHU M.



1. TEOPETUYECKHWUM PA3IEJI

TEMA 1. OBIIIUE CBEJAEHUS O HATHETATEJISAX

1. Beenenune. OcHOBHBIE TOHSITHUS U OIIPEACICHUS.

2. Knaccudukanusa Hargerareiiei (o IpUHIMIY ASHCTBUS, 110 Ha3HAYCHUIO,
II0 BHAY IHEpEMENAeMOM  CpeAbl, MO  Ppa3BHBACMOMY  JIABJICHUIO H
IIPOMU3BOJIUTEILHOCTH).

3. IlpuMeHeHHWEe HarHeTaTreled B TEIUIOra30CHA0KEHWHM, BEHTWIANUU U
koupaunuonnpoBannd. (OcHOBHBEIE TpeOOBaHUS K HArHEeTaTSISIM WH)KEHEPHBIX

CHUCTEM).

1. BBeienne. OCHOBHbIE OHSATHS M OIIpe/ieIeHUs

I'mapaBianyeckol MamMHOM Ha3bIBAIOT YCTPOMCTBO, MpeoOpaszyrolee
MEXaHUYECKYI0 pPabOTy B SHEPTHUIO MOTOKA KUJIKOCTU U HA0OOPOT.

['unpaBnuyeckas MalimHa, B KOTOPOM MPOUCXOAUT MpeoOpa3oBaHUe
MEXaHUYECKOM paboThl B MEXAHUYECKYH) DHEPrUi0 KUIAKOCTH Ha3bIBACTCS
HATHETaTeJIeM.

K HarnerarensiM OTHOCATCS HAcoCbl W BO3AYXOAYBHBIE MAIlIUHBI.
Bo3ayxonyBHblE MalllUHBI CIIYKaT JJIs1 TOBBILICHUS JABJICHUS W MOJA4Yu BO3AyXa
WM JPYroro raza. B 3aBUCHUMOCTH OT CTENEHU CKATU BO3TyXOTyBHBIE MAIIUHbI
Pa3JENSAIOT HA 6EHMUIAMOPLL U KOMRPECCOPDL.

Benruasitop — BO37yXOJyBHAs MalllMHA, MpeJHA3HAYCHHAS [JIsl MOJauu
BO3ayxa (ra3a) moa nasieHueM 10 15 klla nmpu opranuzanuu Bo3gyxooOMeHa.

KomnpeccopoMm Ha3bIBalOT BO3AYXOAYBHYIO MAaIIUHy, MpeAHA3HAYCHHYIO
JUISL CKATUA U TOJIJauu Bo3yxa (raza) moa aasiieHueM He Huke 0,2 MIla.

Hacoc — ycrpolcTBO, crhyXamiee ISl HamoOpHOTO IEePEMELICHUS
(BcacweIBaHUSl, HATHETAHMUS ) )KUJIKOCTH B PE3YJIbTATE COOOIIEHUS €l SHEPTUH.

2. Knaccudukanusa HaruerareJei

(110 ImpUHIMOY AEHCTBHS, MO Ha3HAYEHUIO, IO BUAY IEpEMENIAeMON CPEIbL,
110 Pa3BUBASMOMY JIABJICHUIO ¥ IPOU3BOJIUTCIHHOCTH).

O0bemMHbIe — palbOTAlOT 1O NPHUHIIMITY BBITCCHEHHUS, KOT/Ia JIaBJICHHUE
repeMeniaeMou cpebl MOBBIIAETCS B PE3yJIbTaTe CKATHUA.

JluHaMuYecKue HarHerareJd — padoOTalOT MO MPHUHIMIY CHUIOBOTO
BO3J/ICHCTBUSI Ha TIEPEMENTAEMYIO CPEly.




Hacocs:
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ITo Ha3HAYEeHMIO:
1. IluratenbHbIE (UCMOJNIB3yEMbIE B TOM CIydae, €CJIM JaBJIEHUE B TOPOJCKOM
CHCTEME BOJOCHAOKCHHSI HEJIOCTATOYHO ISl BOJOCHA0KEHHUS OOJIBIIIOTO 3/[aHHUs);
2. Hupkynsumonnsie (mist cucrem ['BC, obecneunBaroniye Haiauuue ropsyeit
BOJIBI B JII000C BpeMs B JTF00OOM MecCTe 3a00pa);
3. OrtkaumBaromue (AJi1 Tps3HOM BOJIbI, UCTIOIB30BAHUE KOTOPHIX HEOOXOAUMO B
TOM CIy4dae, €Cld CTOYHbIE BOJBI WJIM BOJIBI, cojepxamue dexanuu,
CKaITUBAIOTCS, HIXKE YPOBHS 0OPaTHOTO MOIOPa);
4. Konpencarusie (g TOC);
5. CneumanbpHble HAcochl (MCMOJB3yeMbIE B  JIOMAIllHEM  XO3SUCTBE U
TIPOMBIIIJICHHOCTH).
IHo npuHuMIy AeHCTBUSA:
1. OGbemHbIC
2. JIlmHaMuueckue
3. Buxpesbie
I1Io pa3BuBaemMoOMy 1aBJICHHIO:
Hwuskoro
Cpennero
3. Bwicokoro
ITo npou3BOAUTEIBHOCTH:
1. Ilo nanopy:
- HU3KoHanopHsIie (10 20 M),
- cpennenanopssie oT (20 1o 60),
- BRICOKOHAMOpPHBIE (CBHIIIE 60)
2. Tlo momHoOCTH:
- mukpoHacocsl (710 0,4 kBT1),
- mesikue (10 4 kBT),
- manbie (mo 100 kBT npu nonaue 0,5 m3/c),
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- cpennue (10 400 kBT),
- kpynHbie (cBoimie 400 kBt npu nogaye Beimie 0,5 mM3/c),
- yaukaiabHblie (cBbie 8000 kBT npu noxaye cBoiie 20 m3/c).
I1o yucay cryneneu:
l.ogHOCTYNIEHYATHIE
2.MHOTOCTyII€HYaThIC
I1o 4yuciry cTOPOH MOABOAA BOABI K HACOCY:
l.omHOCTOpOHHEE BCAChIBAHUE
2.IByXCTOPOHHEE BCACBIBAHUE
Ilo ko3¢ dunueHTy OLICTPOXOAHOCTH:
l.Tux0XO01HBIE
2.0BICTPOXOIHBIE
ITo pony nepexkaunBaeMoii :KUAKOCTH:
1.061m1ero HazHaueHus (yuctoie cpeasl t=105°C)
2.ctounble (3arps3HeHHbIe t=100°C)
3.reropuKanMoOHHbIe (15 IepekaunBanus xuakocteit t 6oxee 100°C)
4 XUMUYECKHUE
5.06arepHsble (1IL1aK)
6.11aMOBBIE (30J12)
7.TpyHTOBBIE (I1yJbIIa, IIECOK)
ITo ycioBusAM MOHTA:KA:
1 .Ha3emMHbIE
2.0TpYKHBIE

3. IlpuMeHeHMe HarHerareJjieili B TeIJIOra30CHAOKeHHHM, BEHTWISAIMH H
KOHIMIIMOHUPOBAHUH

Harnerarenu pa3nuaHbIX THIIOB HAXOJAT MIUPOKOE MPUMEHEHUE B CUCTEMAaX
BCHTWISAIIMA M KOHJMIITMOHUPOBAHUS BO3JyXa Tpa)KJaHCKUX, OOIIECTBEHHBIX WU
MPOMBINIJICHHBIX 3/IaHWM, B CHCTEMax TEIIO-, Tra30- W BOJOCHAOXXCHUS, B
Pa3IMYHBIX TEIJIOPHEPreTUUYECKUX YCTaHOBKAX, B XHUMHYECKOM, JOOBIBAIOIICH,
MaIIMHOCTPOUTEIHLHON U APYTUX OTPACIISIX HAPOJIHOTO XO35SHCTBA.

IeHTpOOEKHBIE HACOCHI IPUMEHSIIOT JJISI:

- IOJaYM CETEBOM BOJIBI B CUCTEMAX TEIJIOCHAOKECHUS;

- VISl TUAPO30JIOYIaICHUS, MUTAHKUS KOTJIOArperaToB M MoJadnd KOHJEHcaTa
B CHCTEME ITOI0TPEBa MUTATEIIEHON BOABI B TEIJIOOHEPTCTHUCCKUX YCTAaHOBKAX.

PaguajbHble BEHTHJISTOPBI HCHOJIb3YIOT JIJI51:

- OTCachlBaHUS JIBIMOBBIX Ta30B U3 TOMOK KOTEIBHBIX arperaTtoB
(meIMOCOCHI);

- TOJJa4M BO3/IyXa B TOIKH KOTJIOArPEraToB (IyThEBbIC BEHTUIISATOPHI);

- CKUTaHUS B TONKax KOTJIOArperaToB HEarpeCCUBHOW YTOJBHOW TIBLIU
(MeTPHUYHBIMH BEHTHIIATOPAMHU );

- CO3/IaHUsI MHUKPOKJIMMAaTa B OTPaHUYCHHOM IIPOCTPAHCTBE, OXJIAKJICHHS
PaMOAJIEKTPOHHOM amnmapaTypbl U 00CITy)KMBaHUS TOPTATUBHBIX (DUITBTPOB.

- MHEBMOTPAHCIIOPTA JepeB0o0OPaOATHIBAIOIINX, METAJTyprUYeCKuX,
MaITUHOCTPOUTENBHBIX U IPYTUX TPEITPUITHH.




- IPSAIMOTOYHBIE paJUalbHbIE BEHTWISATOPHI HCIHOJB3YIOT B CHCTEMAax
KOHJIULIMOHUPOBAHUS U YCTAHOBKAX C OTPAaHUYEHHBIMU Pa3MEPAMMU.

OceBble HarHerarTeJu IIHPOKO TMPUMEHSIOTCS KaKk B  KadyeCTBE
BEHTWJISITOPOB, TaK U B KAUECTBE HACOCOB.

OceBble BEHTWIATOPHI HCIOJIb3YIOT:

- B YCTAHOBKaX MECTHOTO IPOBETPUBAHMS [JISI BEHTWISILUHU OTJIEIBbHBIX
BbIPAOOTOK, CTBOJIOB U YYACTKOB IIAXTHOW BEHTHJIALIMOHHOM CETH;

- B BEHTWJISITOPHBIX T'PAJUPHSIX TEILIOBBIX AIEKTPOCTAHLINT;

- ISl IPOBETPUBAHUSI CTAHLIMI U IEPErOHHBIX TOHHEJIEH METPOIOJIUTEHA;

- JUIsl IOJIaYM LIUPKYJISIMUOHHOM BOJIBI B KOHAEHCATOPBI TYpOUH.

CMepueBble BEHTHJISITOPbI TPUMEHSAIOT JJIsi HNEpPEMENICHUS Cpe.bl,
KOTOPYIO HEJb3sl IOABEPrarb MEXaHUYECKOMY MOBPEXKICHHUIO, a TakkKe IS
ITHEBMATHYECKOTO TPAHCIOPTHUPOBAHUS MAaTEpPUAJIOB, BBI3BIBAIOUIUX OOJBIION
M3HOC JIONATOK U JAUCKOB pabovmX KOJIeC.

JIMCKOBBIE BEHTHJIATOPbI YCTAaHABIMBAIOTCS B MECTHBIX KOHIUIMOHEPAX
JUTSI BEHTUJISILIMM TIOMEILEHU .

BuxpeBbie HACOCHI:

- IPUMEHSAIOT B XHMHMYECKOW IPOMBIIUIEHHOCTH [UIsl TMOJA4YU KHUCJOT,
1IeJI0YEN U OPYIMX XMMHYECKH arpeCCHBHBIX PEAreHTOB; B CUCTEMAaX IEPEKAYKU
CKMDKEHHOT'O ra3a;

- ICTIONB3YIOT B KA4eCTBE BaKyyM-HacOCOB M KOMIIPECCOPOB HHU3KOTO
JTABJICHUS.

JluamMeTpajibHble BEHTWJISATOPbI IIMPOKO UCIOJB3YIOTCS B CHUCTEMax
BEHTWISIUMA M KOHJIMLUMOHUPOBAHUS  BO3AyXa  KaOMH  CaMOXOJHBIX
CEJIbCKOXO3SIICTBEHHBIX MalllMH, B Ja3€pHBIX TEXHOJIOTMUYECKMX YCTaHOBKaX, B
AIEKTPOTEPMUUYECKOM 000PYIOBAaHNUH, B OBITOBBIX YCTAHOBKAX U T. TI.

IlopHeBbIe HACOCHI IPUMEHSIIOTCSH

- JUIsl IMTaHUS MAPOBBIX KOTJIOArPEraToB MaJOl MapONpOUIBOAUTEIBHOCTH
U B KayecTBE J03aTOPOB pPEareHTOB MJs MOAJIEp:KaHUs TpeOyeMoro KauecTBa
NUTATEIBHOW U KOTJIOBOW BOJbI KPYITHBIX KOTJIOArpEraTos;

- Ui 00lyBa MOBEPXHOCTEH HarpeBa KOTEJIbHBIX arperaTtoB C IIENIbI0 UX
OYUCTKHU OT JETY4MX 30Jbl M CaXH, a TakkKe JJI1 CHaOXKEHMs CKAThIM BO3YyXOM
ITHEBMATHYECKOT0 MHCTPYMEHTA.

CrpyliHble HArHeTATeJIH IPUMEHEHSIOTCS

- B BOJIOCHA0KECHUH;

- B IPOMBIIIJIEHHOM TETJIO3HEPTETHKE;

- B TeIUIO(UKAIIMOHHBIX YCTaHOBKaxX (B KadecTBE 3JIEBATOPOB Ha BBOJAX
TEIJIOCETH B 3aHMS);

- B CHCTeMaxX BEHTWISLMHU I[€XOB XMMHUYECKHX MPEANPUSTHIA, B3PBIBO- U
M10’KAPOOIACHBIX OMEIEHUH (B KAYE€CTBE 3KEKTOPOB B BBITSKHBIX YCTAHOBKAX;

- B XOJIOAWJIBHBIX YCTAHOBKAX;

- B IEPEJBIKHBIX [TAPOCHIIOBBIX YCTAHOBKAX (B KAYECTBE UHKEKTOPOB);

- B YCTAaHOBKAaX THEBMO- ¥ THIPOTPAHCIIOPTA.



I'azau¢ el npuMenstoTes:

- IpM HEOOXOJMMOCTH IOJAuu arpecCUBHBIX >KMJKOCTEH Ha HEOOJBIIYIO
BBICOTY B XMMUYECKOHN U MUILEBOU IPOMBILICHHOCTH.

- JUI TIOABEMa BOJABI M3 OYpPOBBIX CKBa)XMH OCHOBHOI'O WJIM PE3EPBHOTO
XO03sIICTBEHHOT'O BOJIOCHA0KEHUS Ha TEIJIOBBIX AIEKTPOCTAHLIMAX.

IlenTpOOEKHBbIE KOMIIPECCOPBI UCIIONIB3YIOT:

- B XUMHUYECKOM U METaJUIyprH4eCKOM ITPOU3BOCTBE;

- B CHCTEMaX MarucTpPaJbHOTO T'a30CHA0KEHNUS;

- B Pa3JINYHBIX THEBMATUYECKUX YCTPOMCTBAX HA MAIIMHOCTPOUTEIBHBIX U
METaJuI000pabaThIBaIOIINX 3aBOJAX;

- B TOPHOA0OBIBAIOIIEH U HEPTSIHON, MPOMBIIIJICHHOCTH, MTPH MPOU3BOICTBE
CTPOUTEIBHBIX U PEMOHTHBIX PadoT;

-B Ta30BOM NPOMBIIUIEHHOCTH MpH J00bIYe, TPAHCHOPTUPOBKE U
VCIIOJIb30BaHUN IIPUPOJHBIX U UCKYCCTBEHHBIX T'a30B.

B@DHVTBCH B OIJIaBJICHUC pa3aciia

BepHyThCH B OryiaBiieHHue




TEMA 2. YCTPOUCTBO U TIPUHIIUII JIJEMCTBUS HACOCOB 1
BEHTHUJIAATOPOB, YCTAHABJIMBAEMBIX B UHKEHEPHbBIX
CUCTEMAX

1. CxeMbl ¥ IPUHINT JICHCTBUS HArHETaTeNIel Pa3HOro TUMA:

— PanuanbHblid BEHTUIISATOP CO CIIUPAIBHBIM KOKYXOM.

— OceBoil BEHTUIIATOP.

— IIpAMOTOYHBIN pauaTIbHBIA BEHTUIATOP.

— (CwmepueBoil BEHTUIIATOD.

— JIMCKOBBIN BEHTUJISITOD.

— BuxpeBoii Hacoc.

— JluaMeTpanbHbI BEHTUIATOP.

— TlopmHeBoOM HarHeTaTeb.

— 3yOuartslii (I1ecTepeHHbIN) HACOC.

— IlmacTuHYaThIil HArHETATENb.

— IlneBMaTuueckuit HarHeTaresb (MOABEMHUK), Ta3TU(THI.
2. JIOCTOMHCTBA Y HEJOCTATKN HarHeTaTeJae! pa3Horo TUMa.

1. CxemMbl U IPUHINI IeCTBHUS HATHETATEJIei PA3HOI0 TUIIA

B pammaibHOM BEHTWISITOpEe €O CIHHMPAJBHBIM KoOKyXoMm (puc. 1.1)
nepeMeniaemMasl cpeia, IBUTAsCh B OCEBOM HAMpaBICHHHM Ye€pe3 BCACHIBAIOIINI
KOJUIEKTOp, TIOMajaeT Ha Bpamaromeecss pabdouee KoOJIeco, CHa0KEHHOE
JIOTIaTKaMH1, M3MEHSIET HaIlpaBJIieHWE CBOCTO JBIKCHHS K Tepudepuu Koieca,
3aKpY4YUBACTCS B HANPABJICHUH BPAICHUS, MOCTYMAET B CHUPAIBHBIA KOXKYX U
3aTeM uepe3 OTBEPCTHE BBHIXOIUT M3 HarHeraTensa. Pabodee komeco CUANT Ha Baldy
U TIPUBOAWTCS BO BpallcHUE NPHBOIOM. Banm BpamaeTcs B MOINIUITHUKAX,
YKPEIUICHHBIX Ha CTAHWHE WJIM HEMOCPEICTBEHHO Ha KOXKYXE.

St B

A

2
LY
I 2

Puc. 1.1 CxeMa paariaibHOrO BEHTHIIATOPA
1 — xosnekrTop; 2 — pabouee Kojeco; 3 — CUpalbHbIA KOXKYX; 4 — omnaTka.

AHaTOTUYHYI0 KOHCTPYKIIUIO W TPUHIIAI JACHCTBUS UMEET HEHTPOOCIKHBIH
HAacocC, n300pakeHHbINH Ha puc. 1.2,
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Puc. 1.2 Cxema neHTpOoOEKHOI0 Hacoca
1 — BxogHOI natpy0ok; 2 — pabodee Koyieco; 3 — KOPMIyc;
4 — Har"eTaTeNbHbIN NaTpyOOK; 5 — JIoMaTKa.

B oceBom BenTmiasitope (puc. 1.3) mOTOK ABMXETCS Mpe MMYIIECTBEHHO B
HaITpaBJICHUU OCH BPAILLECHUSA U HEKOTOPOE 3aKpYUMBAaHUE MPHUOOPETAET JHILIb IPU
BbIXOJIe M3 Koseca. I[IoTOK uepe3 KOJIEKTOp MOCTyHaeT BO BXOJHOM
HaIpaBJISAIOLIMI anmapar, 3aTeM B pabouee KOJIECO U B BHIXOJIHON HaIpaBJIsSIOMINN
annapat. Koneco cuaut Ha Baily, BpallaloleMcsl B OJIIUITHUKAX, YKPEIUIEHHBIX
Ha CTOMKaXx.

Koneco u Hampapisomue anmapaThl 3aKJIIOYEHbl B KOXyX (oOedaiky).
Brynka pabouero xoneca uMeeT 00TeKaTeb.

Kak B oceBOM, Tak M B paJHAIIbHOM BEHTWIATOPE IE€peaada SHEPruu OT

JBHUTATENs MOTOKY CPeJibl IPOMCXOAUT BO BPAIAIOIIEMCs pabodeM KoJlece.
1 2 3 4
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Puc. 1.3 Cxema oceBoro BEHTWIATOpa
1 — KoJIIeKTOp; 2 — BXOAHOW HaIpaBISAIOIIMI amnmnapat; 3 — padodee KoJieco;
4 — BBIXOJTHOM HAMpaBIISAIOIIMM anmapart; 5 — Koxkyx (oOeuaiika); 6 — 00TeKaTeNb.



Puc. 1.4 Cxema oceBoro Hacoca
1 — koprryc; 2 — cTynumna; 3 — JI0NacTH,
4 — BpalaronMics anmnapar ¢ psjoM jJonacTtei; 5 — Bail.

AHAJOTHYHYIO KOHCTPYKIIUIO W TIPUHIIMIT JICHCTBUSA MMEET OCEBOH Hacoc,
cXeMa KOTOporo m3o0OpaxkeHa Ha puc. 1.4 (cxema pabodyero opraHa OCEBOTO
Hacoca).

B npsimoTrouHom paamanabHOM BeHTHiasATOpe (puc. 1.5) mepemermaemas
cpella BHayajie TakKKe JBIDXKETCSI B OCEBOM HAIPABJICHUU U TMOCTyMaeT BO
Bpamarolieecss pabouee Kojieco, Tl IO JCHCTBUEM IEHTPOOSKHON CHIIBI
MPOXOJUT B paguajbHOM HAMPABICHUHM B MEXKJIOMATOYHOM TMPOCTPAHCTBE U
BBIXOJIUT B OCEBOM HAIPaBJICHUH MO KOJBIY Yepe3 paaualbHbIA JIOMACTHOM
muddy30p, CTEHKH KOTOPOTO HMEIOT KPUBOJIMHEHHYIO (opMmy, a JIOmaTKu
YCTAHOBJICHBl Ha OCECUMMETPUYHOM KOJIeHOOOpa3HOM yuacTtke auddyszopa. B
nuddy3ope yacTb AMHAMUYECKOTO JaBjeHus mpeodpasyercs B ctatuueckoe. KITJ]
BeHTUIIATOpa fHocturaet 70 %. OgHUM U3 MPEeuMyHIECTB BEHTUIIATOPOB TAKOIO
THUIIA SIBJISIETCS] BOBMOXKHOCTD Pa3MeENIeHUs dJIEKTPOIBUTaTElsl BHYTPU KOXKYXa, YTO
MPUBOAUT K YJIYUIICHUIO IIYMOBBIX XapaKTEPUCTUK YCTAHOBKH. M3roroBieHue
TaKUX BEHTWJISTOPOB HECKOJIBKO CJIOKHEEe, YeM OOBIUHBIX.
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Puc. 1.5 Cxema npsiIMOTOYHOTO BEHTUJISITOPA
1 — xopnyc; 2 — pabouee koseco; 3 — nuddyzop.



CMmepueBoii BenTuiasTop (puc. 1.6) nmeer pabouee xoyieco ¢ HEOOIBIITUM
YHCJIOM JIONIATOK, NMPUKPEIUIEHHBIX K 33aJHEMY IHCKY. DTO KOJIECO Pa3MELIEHO B
CHEIUalbHOW HHUIIE B 3aJHEH CTEHKE CIHpalbHOro Koxxkyxa. IIpum Bpamenun
KOJIeCa BO3HUKAET BUXPEBOE TEUEHME, aHAJIOTMYHOE aTMOC(HEPHOMY BHUXPIO —
cMepuy, B LEHTPaJIbHOU U NepudepuitHON 4acTsIX KOTOpOro odpasyercs mepemnaj
JaBJICHUN, SABIIIOIIMINCSA MOOYyAUTENEM IBMXKEHMsI Bo3Ayxa. BcmenctBue 3Toro
OCHOBHAsI 4acCTh IIOTOKA C COJEPXKAIIMMHUCS B HEM IPHUMECSIMHU IPOXOIUT Yepe3
HarHeraTenb, MUHys pabodee koneco. KI1/] Bentunsatopa He npesbimaet 60 %.

i

Puc. 1.6 Cxema cMepueBOTr0O BEHTHIISITOPA
1 — xoxyX; 2 — nomnarka; 3 — 3aJHUN JUCK.

JluckoBbIi BeHTHJIATOP (puc. 1.7) OTHOCUTCS K HarHeTaTreiasiM TPEHHUS.
Pabouee kojeco y Takoro HarHeTarens NpEACTaBIseT COOOM MakeT IHCKOB
(koJiel), pacHoOJIOKEHHBIX C HEOOJBUIIMM 3a30pOM  MEPNEHAUKYJISPHO OCH
BpaleHus kojeca. [lepegaua sHepruu ot Koseca NOTOKY KUAKOCTH MPOUCXOINT B
pe3yabTare ACMCTBUS CHJI TPEHUS B TOTPAaHUYHOM Cjoe, OoOpasyromeMmcs Ha
JTCKaX.

Puc. 1.7 CxeMa IMCKOBOTO BEHTUJISITOpA
1 — xoprmiyc; 2 — pabouee KoJieco.

Buxpeoii Hacoc (puc. 1.8) otHocuTcs k MammHam TpeHus. Ero pabouee
KOJIECO, aHAJIOTUYHO KOJIECY IIEHTPOOEkKHOr0 HAcOCa, 3aCachlBAECT JKUIAKOCTh M3
BHYTPEHHE 4YacTU KaHajda M HAarHeTaeT €e BO BHEIIHIOW, B pPe3yJbTaTe 4Yero
BO3HHMKAET MPOJOJbHBIA BUXpb. [IpU MpOXOXKIAECHUM KUIAKOCTH yepe3 padbouee
KOJIECO B BHXPEBOM HAacoce, KaKk M B LEHTPOOEKHOM, YBEINYMBAOTCS
KMHETHYECKasl HEPTUs KUIKOCTH (YBEJIMUMBAETCS €€ CKOPOCTh) U MOTEHIMAIbHAs
DHEPrUs JaBJICHUS.



PaGounm opraHoMm Hacoca siBisieTcsi pabouee KoJieco ¢ paJualibHbIMUA HITH
HAKJIOHHBIMH JiomaTkamu. Kojeco Bpamaercss B MIJIMHAPUYSCKOM KOpPIyce C
MaJbIMH TOPLOBBIMH 3a30paMu. JKHIKOCTh IIOCTYIAeT dYepe3 BCACBHIBAIOIIEE
OTBEpCTHE B KaHa, TIepeMeliaeTcs o HeMy pabounM KOJIECOM U BBIOPAChIBACTCS
qyepe3 BEIXOJAHOE OTBEPCTHE.
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Puc. 1.8 Cxema BuUXpeBOTO Hacoca
1 — pabouee koseco; 2 — JOMaTKy; 3 — KOPIYC;
4 — BcachIBaIOIIEEe OTBEPCTHUE; O — BHIXOJHOE OTBEPCTHE.

JuamerpanbHblii BeHTHJAATOP (pHc. 1.9) mMeer crienyromuid MPHHIINI
neiictBus. Ecnu Bo  Bpamaromieecss Kosieco Oapa0aHHOrO THIIA ITOMECTUTH
HEIOJBM)XHOE TEJO, PACIIOI0KEHHOE HECUMMETPUYHO OTHOCUTENIBHO OCH KOJIeca,
TO OCECUMMETPHUYHBIM BUXpb, OOpa3yIOLIUICS BOKpPYr Kojieca, CMeEIaeTcsl B
CTOPOHY, M BO3HHMKAE€T TEYEHHUE BO3JyXa 4Yepe3 KOJECO B CTOPOHY MEHBILETO
ceueHus. [lonepeyHoe TeueHHE MOSBISETCA TAKKE IPU YCTAHOBKE JIOMATOYHOTO
KOJIeca B HECUMMETPUYHOM KOJIEHOOOpa3HOM KOpITyce.
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Puc. 1.9 Cxema nuaMeTpaibHOTO BEHTHIIATOPA
1 — pabouee kojeco; 2 — KOpIyc; 3 — HEMOABMYXHOE TEJO.

IMopmHeBoii Harnerateab (puc. 1.10) coctoutr W3 HHIMHIPUYECKOTO
KOpITyca, BHYTPHU KOTOPOTO MEPEMENIAeTCs MOPIICHb ¢ KOJbIIaMH, BCAChIBAIOIIETO
W HarLerarejlbHOro kianaHoB. [lopiieHb B KOpIyce COBEpIIAeT BO3BPATHO-
nocrynaTteiabHoe ABKeHue. [IpeoOpazoBaHue BpaaTeabHOro IBUKEHUS MPHUBOIA
B BO3BPATHO-TIOCTYIIATEJILHOE JBWKCHHUE TMOPIIHS OCYIIECTBISCTCS C MOMOIIBIO
KPUBOIIIMITHO-IIIATYHHOTO ~ MeXaHu3Mma. [lpu  JBMKEHUHM TIOPIIHS  BIPABO
OTKpBIBAETCS KJIamaH 3, W KUJKOCTh 3aIlOHSAET MPOCTPAHCTBO BHYTPU KOpIyca.
[Ipu sTom kiamad 4 3akpbIT. [Ipy ABMKEHUM MOPIUIHSA BJIEBO KiamaH 3 3aKpbIT,



OTKpBIBaeTCS KjamaH 4, W JKUIKOCTh BBITAJIKMBAETCS B HATHETATEIbHBIN
TpyOOIpPOBO/I.

Puc. 1.10 Cxema nopurHeBOro HarHeTaress
1 — kopmyc; 2 — IOpIIeHb; 3 — BCACHIBAIOIINIA KJIATlaH;
4 — HarHeTaTeJIbHBIN KJIamaH.

3y0uaThlii (IIecTepeHHbI) HACOC — 3TO HAcoc ¢ pabouuMM OpraHaMu B
BUJIE LIECTEPEH, O0ECIEUMBAIOIIMX FEPMETUYHOE 3aMbIKaHHE padOUYMX Kamep U
nepenady Bpalaroero MOMEHTa ¢ BEyIIEro Bajla Ha BEIOMBIM.

[ecrepennsiii  Hacoc (puc. 1.11) cocTtout W3 [ABYX IIECTEPEH,
pacnoyioKeHHBIX B Kopmyce. OaHa W3 IIECTEpeH IPUBOAMTCS B JBHKEHHE
pPAacIOJIOKEHHBIM Ha OJHOM OCH DJJIEKTPOABUIATENIEM, a BTOpas IOJyd4aeT
BpallleHue OT MNepBOM Oyarojaps IMJIOTHOMY 3aleruieHuto 3yObeB. Ilpu pabote
KHUJKOCTb 3aXBaTbhIBA€TCs 3yObSAMM KOJIEC, OT)KMMAETCi K CTEHKaM KopIyca U
IIEPEMEIIAECTCSI CO CTOPOHBI BCACBIBAHMS Ha CTOPOHY HarHeraHud. Ileperox
KHUJKOCTU B OOpAaTHOM HaNpaBJICHUHU MPAKTUYECKH OTCYTCTBYET M3-3a IUIOTHOTO
CLEIUICHHS 3yObeB.

Puc. 1.11 Cxema 3y0uaToro Hacoca
1 — kopmyc; 2 — mecTepHs.

Yucio 3yObeB B Mpefese MOXKET ObITh YMEHBIIEHO 0 JABYX, MPHU 3TOM
BpaIaroNIecs: AIEMEHThl OyIyT UMETh OYepTaHUs, HAIOMHUHAIOUIUE BOCHMEPKY
(puc. 1.12). B TakoM HaraeTaTesae HEOOXOIMMO 00ECIICUUTh MMPUBOJT OT JABUTATEISA
0o0enx «BOCBMEPOK», TaK KaK B OTJIMYME OT 3yOUaThbIX HACOCOB OHU HE HMMEIOT
3aIleTUICHUS.
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Puc. 1.12 Cxema Harueraressi BOCbMEPOYHOTO THIIA
1 — xopmyc; 2 — pabouee KoJieco.



I[InacTuHYaTBIli Hacoc — 53TO POTOPHO-TIOCTYMATEIbHBIA HACOC C
pabourmMu opraHamMu (BBITECHUTENISIMHA) B BHJIE TUIOCKHX IUTACTHH. MOTYT OBITH
OJTHOKPATHOTO, IBYKPATHOTO WJIM MHOTOKPATHOTO JICHCTBUSI.

[Inactunyarelii HarHetatenb (puc. 1.13), kak U 3y04aThlii, OTHOCUTCS K
rpynme poTopHbIX MamuH. OH COCTOUT U3 LHUIUHAPUYECKOTO KOPITyca, B KOTOPOM
OKCIIEHTPUYHO PACIOJIOKEH MACCHBHBIA POTOP C pPaTUaIbHBIMHU TPOJOTHHBIMU
mazaMu, TJe CBOOOJHO pa3MelIeHbl IUTACTHHBI, BBHITIOJHEHHBIE W3 MaTepuala,
XOPOIIO COMPOTUBIISIONIErocs uctTupanuio. [Ipu Bpamennn poropa miIacTHHBI MO
JEHCTBUEM LIEHTPOOESKHBIX CHJI BBIXOJAT M3 Ma30B, MPIKUMAIOTCS K BHYTPEHHEH
MOBEPXHOCTU KOPITyca, 3aXBaThIBAlOT HA CTOPOHE BCACHIBAHUS >KHUIKOCTh U
NEepEMENIAIOT €€ K HarHeTaTelbHOMY TpyOOnmpoBOAy, T. €. IUIACTUHBI, Kak Obl,

BBIIIOJIHAKOT POJIb IOPIITHA.
J
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Puc. 1.13 Cxema T1acTHHYATOTO HAaTHETATEIIS
1 — xopryc; 2 — poTop; 3 — MIACTUHBI.

N3BecTHBI IB€ KOHCTPYKTUBHBIE CXEMbI CTPYIHBIX anmnapaTtoB. B anmaparax,
BBITIOJIHEHHBIX MO nepBoi cxeme (puc. 1.14), nmoagmMenmBaeMblii TOTOK MOCTYIAET
noA yriom 90° k ocu anmnapara.

1 2 J
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Puc. 1.14 Cxema BOAOCTPYHHOTO HarHETATEIsI
1 — como; 2 — kamepa cmetreHust; 3 — nuddy3op.

B  ammapartax, BBINOJAHEHHBIX 1O  BTOpoii  cxeme  (puc. 1.15),
MOJAMEIIMBAEMBIA MOTOK MOABOAUTCS BIOJb ocu ammapara. [Ipu stom mx KIIJI
MO>KET OBITH JoBeaeH 10 43,5 %.

Puc. 1.15 Cxema 3xekTopa
1 — comno; 2 — kamepa cmemienust; 3 — nuddysop.



JIro0oi1 CTpyHHBIN ammapaT COCTOMT M3 COIUIa, Kyaa Tojaercs padodas
KUIKOCTh (BOJA, ra3, map), Kamepbl CMEIICHUs], TJIe CMEIIMBAIOTCS padodasi u
nojcacbiBaemasl OKMIKocTH, W Juddy3opa, B KOTOPOM OCYHIECTBISETCS
npeoOpa3oBaHUe KHWHETUYECKOM DSHEPruM B MOTEHIMAIbHYIO, T.€. CO3JaeTCs
JIaBJICHUE.

PaGoraer cTpyiiHBIA ammapaT cleayromuM oOpa3om. Pabouas >XuAKOCTh
BBIXOJIUT U3 cOIIa ¢ OOJBIION CKOPOCTHIO B BUJIE CTPYH, HECYIIICH OOJIBIION 3amnac
KMHETHYECKOW SHEpruu. AKTHBHas paldoyasi CTpysl 3aXBaThIBAET OKPYKAIOLIYIO
XKUJKOCTh W TEpelaeT el yacTh cBoed sHepruu. OOpa30BaBIIMNCS CMEIIAHHBIN
MOTOK JIBMXKETCSI B IPOTOYHOM YacTH anmnapara. B kamepe cMelieHust B pe3yibTaTe
oOMeHa MMIYJIbCaMH MPOUCXOIUT BHIPABHHUBAHUE TOJS CKOPOCTEH MOTOKA M 3a
CYET BBICBOOOKIAIOMIECHCS KHHETHYECKOW DJHEPTUHM PACTET €ro ITHYECKOEe
JaBjeHue. 3aTeM MOTOK MOCTymnaer B aud@y3op, rae BCIACACTBUE YMEHBUICHUS
CKOPOCTH M, CI€JOBAaTENIbHO, JWHAMMYECKOIO [ABJICHUS ITOTOKA IPOUCXOIUT
YBEIMYEHHUE CTATUYECKOTO JTABJICHHUS.

B nHeBMaTHYeckHMX HarHerareasix (MOAbeMHHMKAX) [ MOJbeMa
YKUJKOCTH MCHOJIB3YETCS CHKAThIM BO3/IyX WM TEXHUYECKUU ra3. Mnes moabema
JKUJKOCTH CXKaTbIM BO3JyXOM BO3HUKJIA B KOHLE 18 B., HO TOJBKO CITyCTH
CTOJIETUE HallUla MPAKTHYECKOE NMPUMEHEHHE NJis MOoAbeMa BOJAbl U HEPTH U3
CKBOXHMH. AMNMapar, B KOTOPOM MOABEM >KUIKOCTHU OCYLIECTBISETCA CHKATHIM
BO3/[yXOM MOJIYYWJI Ha3BaHUE 2a3zaugpm (Apaughm).

CymectByeT TpH THIIA Ta3mudroB (puc. 1.16):

1) ¢ aByms TpyOamu: ra30BOM U IS TTOIbEMa YKHIKOCTU (SKUAKOCTHON);

2) ¢ OJHOI Tra30BOM TPYOON;

3) ¢ OIHOHM >KMIKOCTHOW TPYyOOH, YCTaHOBJICHHOW B OOCAQJHOH TpyOe H
ONYIIEHHOW B CKBAXHHY.
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Puc. 1.16 Cxema razmudra
1 — obGcannas TpyOa; 2 — razoBas TpyoOa; 3 — nmoabeMHas Tpyoa.

B razmudre 1 m 2 TtHmoB cxkarbiii BO3ayx (WM ra3) MOJ JIaBJICHHUEM
HarHeTaeTcss B CKBAXHWHY IO Ta30BOM TpyOe, a B raznudre 3 THHA BO3AYX



HAarHeTaeTcss B KOJBIIEBOE MPOCTPAHCTBO MEXKAY O0O0CATHOM U IKUIKOCTHOMN
TpyOaMu. B *KUIKOCTHBIX TpyOax oOpa3yercs CMeCh >KUIKOCTH W BO3Ayxa (WiId
raza) — smyJbcus. [1y3pipbku Bo3ayxa (WM ra3a) yCTpEMIISIIOTCSI BBEpX, YBIIEKas
c co0oil xuAKOCTh. JlocTUTHYB Bepxa TpyO, SMyJsibcus u3iauBaeTcs. [ly3bIpbku
BO3/lyXa (WJIM rasza) MO Mepe JIBWIXKEHUS BBEpPX YBEIMYUBAIOTCS B O0BEME
BCJICJICTBUE YMEHBILICHUS B HUX JaBJEHUS, MPU ITOM BO3PACTAET CKOPOCTh
noabeMa 3Mmyjibcuu. [Ipu moabeme My3bIPHKOB YacTh >KHIKOCTH HE YBJIEKAETCS
MMM U TajaeT BHU3. UeM MeHbIlle CKOPOCTh MOJIbeMa SMYJIbCUM, TEM OOJIbIlIe
yTeuKa >KUIKOCTU. IIpu yBenMYeHUMM CKOPOCTHM OBICTPO BO3pACTalOT MNOTEpU
JIaBJICHUS, a TIPU €€ YMCHBIICHUU YBEIMYUBACTCS CKOJIBKEHUE MY3bIPHKOB
BO3/1yxa (WJIM raza), YTOo MPUBOJUT K YBEIUUYECHUIO MTOTEPH KUAKOCTU. Ha BbIXOJIE
AMYJIBCUH U3 Ta3Iu(Ta cenapaTopoM MPOU3BOAUTCS pa3AesieHUE ra3a U KUAKOCTH.
CemnapaTopoM 11 BOABI CIIY>)KHT OTpa)kaTelb B BUAE 30HTA, YCTAHOBIICHHBIN B
pUEeMHOM Oake. DMYJIbCHUS YIapsieTcsl O BHYTPEHHIOI MOBEPXHOCTh OTpaXKaTers,
BO3/IyX YJIETYyUHMBAeTCs, a BOJIa CTEKAeT C OoTpaxkaress B 0ak, OTKyAa Mo TpyOam
HaIPaBJISIETCSl B CUCTEMY BOJIOCHAOKEHHUS.

K mnHeBMaTHYeCKMM MNOIbEMHHUKAM OTHOCUTCS M IHEBMATHYECKOE
YCTPOMCTBO mepuoaudeckoro aeictaus (puc. 1.17).
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Puc. 1.17 CxeMa MHEBMaTUYECKOTO MTOABEMHHKA TIEPHUOTUIECKOTO ISHCTBUS
1 — pe3epByap; 2 — 6ak; 3 — kommnpeccop; 4 — OaJIoH.

[Togbem Boabl U3 pe3epByapa 1 B Oak 2 Ha BeicoTy H, ocymiecTBusieTcs C
MOMOIIbIO KOMIIpeccopa 3 u mHeBMatuuyeckoro Oaminona 4. [Ipu oTkItOueHHOM
KOMIIPECCOPE M OTKPBITHIX 3aJIBUKKAX a U 0, OAJIJIOH 3amoIHSAETCS BOJOM. 3aKphIB
3QIBUKKH a U 0, OTKPHIBAIOT 3aJBIKKY B U, BKJIIOUMB KOMIIPECCOP, BBHITECHSIOT
BOoAy B Oak. L{uki mogaun ocyiiecTBiIseTCs IEPUOANUECKH.

BepHyThCs B OrJIaBICHME pa3jieiia




2. JloCTOMHCTBA M HEIOCTATKHM HArHeTaTeJiel pa3Horo TMma

Paouanvhvie 6eHMUIAMOPHL CO CRUPATTLHBIM KOHCYXOM.

JlocTOMHCTBA:

- BOBMOXXHOCTh ~ HMCIIOJIb30BaHHMS  JIJII  NPHUBOJA  BBICOKOCKOPOCTHBIX
AIIEKTPOABUTATENIEH,

- Beicokuit KITJT (6osee 80 %),

- MPOCTOTA U3TOTOBJICHUS,

- BBICOKYIO PAaBHOMEPHOCTD [10JIa4U U MIPOCTOTY €€ PEryJIUpPOBaHHUS.

Henocratku:

- 10J1a4a 3aBUCUT OT CONIPOTUBJICHUS CETHU.

Ocegble 6eHmMuUIAMOPDL.

JIoCTOMHCTBA:

- POCTOTA,

- KOMIIAKTHOCTb,

- PEBEPCUBHOCTb,

- BOBMOXXHOCTb MEPEKAYMBAHUS 3arPSI3HEHHBIX KUJIKOCTEH.

- 6onee Bpicokue KIIJI m momady mpu OTHOCHUTEIIBHO HHU3KOM JaBJICHUH
(Hamope) Mo CpaBHEHUIO C paadaJIbHBIMA HarHETATCISIMHU.

IIpamomounwvie paduanvHvle 6eHMUIAMOPDL.

JIOCTOMHCTBAa: BO3MOXKHOCTb pPa3MEIICHUS DJICKTPOJBUTATENSl BHYTPHU
KOXKyXa, UTO IPUBOJUT K CHIDKCHUIO IIIyMa.

HemocTaTku: MX M3roTOBJICHUE CI0KHEE OOBIYHBIX.

Jluckoevle genmunamoput.

JloCcTOMHCTBA: YCTOMUMBOM pabOTE JUCKOBBIX MAILIUH C MAJIbIM LIIYMOM.

Henocratku: auskuit KI1J1 (40-45 %).

Buxpeeuvie nacocui.

JloCTOMHCTBA:

- IPOCTasi U JielieBasi KOHCTPYKIIUS;

- 00J1a1aF0T CaMOBCACHIBAIOIIEH CITOCOOHOCTEIO;

- MOTYT paboOTaTh Ha CMECH KUIKOCTH U ra3a;

- MEHbIIIasi 3aBUCUMOCTh MTOJa4u OT IPOTHUBOIABJICHUS CETH.

Hepocratku:

- nu3kuii KITJT (18-40 %),

- OBICTpBII U3HOC,

- HEMPUTOJHOCTh JUISl TOJA4YM  KUJKOCTU, coJepxkaiieli adpa3uBHBIC
YaCTHUIIBI.

Jluamempanvnvle 6eHMUNAMOPDL.

JIoCTOMHCTBA:

- MOTYT TPHUCOCIUHATHCA K BO3yXOBOJIaM, UMEIOIIUM CE€ueHHEe B dopme
BBITSHYTOI'O NMPSAMOYTOJIbHUKA;

- CO3/1a0T 3HAYUTEIbHbBIC JIAaBJICHUS MPU HEBBICOKUX OKPYKHBIX CKOPOCTIX
pabouux Koiéc.

Henocratku:

- uebicokuit KI1/] (60-65 %);

- MIOBBIILICHHBIA YPOBEHD LIyMa;




- HEYCTOWYMBBIC PEKUMBI padOTHl MPU YBEIWYECHUW TOJAYM U POCTE
JIaBJICHUSI;

- IEPErPY3KH AJIEKTPOJBUTATENS PU YMEHBIIICHUU COMPOTUBJICHUS CETH.

3ybuamule nacocwl.

JlocTonHcTBA:

- KOMITAaKTHOCTb,

- IPOCTOTa KOHCTPYKIIUH,

- OTCYTCTBHE KJIAllaHOB,

- BOBMOXHOCTh  HMCIOJIb30BaHMSl I  MNPHUBOJAA  BBICOKOCKOPOCTHBIX
AIEKTPOIBUTATEIIEH,

- HE3aBUCUMOCTbD MMOJJaY OT MPOTHUBO/IABJICHUS CETH,

- PEBEpPCUBHOCTb,

- BO3MOXHOCTb TOJTYUYCHHUS BHICOKUX JaBJICHUM.

Henocrarku:

- OBICTPBII U3HOC pabOYKX OPraHoOB,

- HEBBICOKA 1M0/1a4a,

- Hus3kuit KIT/1.

IInacmunuamole HazHemamenu.

JlocronHcTBa:

- IPOCTOTa KOHCTPYKIIHH,

- OTCYTCTBHE MOJIBUKHBIX 3JIEMEHTOB.

Henocratku:

- umskuit KITJ0 (25-45 %.).

ITHeBMaTHYecKkHe HATHeTaTE U (Tra3Jau@ThI).

JlocTronHcTBA:

- IPOCTOTA yCTPOMCTBA,

- OTCYTCTBHE B CKBaKMHE MEXaHH3MOB,

- HAJIG)KHOCTh B OecTiepeOOMHOCTh ICUCTBUA,

- HEBBICOKHE TPEOOBAHMS K KaU€CTBY KHIKOCTH.

HenocraTku:
- maubiit KI1J] (15-36 %).

BGDHVTBCH B OI'JIaBJICHHUC pa3jacjia

BepHyThCs B oryiiaBineHune




TEMA 3. OCHOBHBIE HAPAMETPBI PABOTBI HACOCOB 1
BEHTHJIATOPOB
1. OcHOBHBIE TapaMETPbl HArHETATEEH.
2. TpeyroJIbHUKY ¥ NapaJIIeI0rPAMMbI CKOPOCTEH.
3. OCHOBHOE YypaBHEHHUE PabOThl [IEHTPOOEIKHOTO HATHETATENsl. Y DaBHEHUE
Oiepa s paboThI JIONACTHOTO KOJIECA.
4. BiiusHue yriia BbIX0Ja JONAaTOK Ha HAIlOp HarHeTaTesl.

1. OcHOBHBIC IAPAMETPLI HATHETATEJIel
PaGora moboro  HarHeraTens = XapakTepuszyeTcss  ero  pabouumu
napamMeTpaMH, TJIaBHBIMH W3 KOTOPBIX SIBISIFOTCA: IOJada, Hamop (Z1aBlICHHUE),
MonrHocTh ¥ KII/I.
OcHOBHBIC TapaMeTpPbl pad0ThlI HATHETATeIeH

OcHoBHBIE JHepreTu4eckue
CanurapHo-
norpeduTeIbCKHE U (3Hepro- JKCIIyaTallHOHHbIE
TUTMeHHYecKue
TeXHHYEeCKHe cOeperaroniue)

L — npousBoauTenn- N — notpebasiemast | YpoBeHb Iryma -BUOpanus

HoCTh (Q — moaya) MOIIHOCTb (ompenensiemMbliit Cuerl.ycioBus:

P — naBnenue n — KIIJ OKpY>KHOM -B3pBIBO-, MT0Kap0O0OE30-

H — manop CKOPOCTBIO) MacHOCTh
-yCTOMYMBOCTB K arpec-

N — 4ncao 060poTOB CUBHBIM CpeJiaM U

PK (o — yrnoBas BBICOKUM {

CKOPOCTb) -TIIepUOJI FKCIUTyaTalluH

U — OKpY>KHasl 710 KaIl.peMOHTa

CKOpOCTH -TapaHTUNHBIN CPOK
JKCILTyaTaluu

IMoxaua Hacoca uan pacxon (Q) — oObeM (Macca) KUIKOCTH, TOJaBaCMOi
HACOCOM B €IMHMILY BpEMEHHU (pacxXoj >KUIKOCTH, MIPOXOJISIIEH B TPyOOIIPOBO/IE,
paBeH Iojaye HATHETATENsS, COOOIMIAIOIIEr0 JTOM JKHUAKOCTH IBHKEHHE), M /C
(M>/a).

Q=V (3.1)
raie V — pacxoj Hacoca.

Hamopom wunu nasnennem (H) — Ha3piBaeTcd mnpupanieHue yaeabHOU
HHEPTUU TOTOKA KHUIAKOCTH TP MPOXOKIACHUM €€ depe]] paboune opraHbl Hacoca,
M.

H=P2—Pi_AP (3.2)

88 88
rae P, — JaBJICHME )KUAKOCTU Ha BXOJE B Hacoc, I1a;

P, — ZaBJIEHUE KUIKOCTH Ha BBIXOJIE U3 Hacoca, [la;
Ap — mepenan 1aBiICHUS;
p — IUIOTHOCTb MEPEKAYNBAEMON KUAKOCTH, Kr/M>;

2
g — yCKOpeHHue CBOOOIHOTO MaeHHUs, M/C .
Momnocte Hacoca (N) — wMomHOCT, HOTpediiseMas HACOCOM IS
co3nanus onpeneneHubix Q u H, Br.



N _P9QH (3.3)

n
rae M — KIIJI vacoca.
IMosie3nass MmomHocTh Hacoca (N,) — MOIIHOCTH cooOlacMasi HacOCOM
MEPEKavYNBAEMOM KUIKOCTH, BT.
N, =HpgQ = ApQ (3.4)
KosgppuuueHT 1mosie3HOro JAelcTBHS HACOCA — OTHOUICHHE I0JIE3HOM
MOIIIHOCTH K MOIITHOCTH Hacoca:
n=u (35)
N

KH]_I YUUTBIBACT CHHKCHUC MOIIHOCTHU HACOCa BCIICACTBHUC IIOTCPL U PABCH
IIPONU3BCACHUIO:

n=n, M, My (3.6)
rae 1, — ruapasandeckuidl KIIJ[ (oneHnBaeT rupaBinyecKkue IOTEPU HAIOpPa

Ha JBUKEHUE KUJIKOCTU B KaHATAaX THAPOMAIIINHBI);
N, — oOwvemubIl KIIJ[ (yuuTsiBaeT 0OBEMHBIE NOTEPU HA YTEUYKH U

HUPKYJSLIHUIO KUJKOCTH Yepe3 3a30pbl BHYTPU THAPOMAIIMHBI K3 OOJACTU
BBICOKOT'O JIaBJICHUS B 00J1aCTh HU3KOIO0);
N, — Mexanuueckuil KI1/] (oueHnBaeT MexaHMUeCKHUE MOTEPU HA TPEHUE B

IMOAUIUITHUKAX U YIINIOTHCHHUAX I’I/IIIpOMaIHI/IHBI).

BepHyThCs B ornaBieHue pasaeia

2. [lapanJjieJiorpaMMbl M TPEYIOJLHUKH CKOPOCTEii

XKunkas cpema k paboueMmy Kojiecy Hacoca TMOJBOAMTCS B OCEBOM
HaIpaBJICHUM, U KaXJas €€ YacTHYKa JBUKETCS MOCTYNATEIbHO C aOCOJIOTHOM
ckopocTeio C. IlonmaB B MEXJIONATOYHOE MPOCTPAHCTBO KOJE€ca Kaxzaash W3 HUX
MPUHUMAET y4acTHE B CJOXXKHOM JABwxkeHuH. Ha pwuc. 3.1. mokaszaHbl CXEeMbI
JBIDKEHUS YaCTHIl KUAKOM cpeipl B OJHOM U TOM e paboyeM Kojece B
HEKOTOPBII MOMEHT BpPEMEHHM. JIBM)KEHME YaCTULBI, BPALIAOIICHCS BMECTE C
KojecoM (puc. 3.1a), XapakTepuszyeTcsi BEKTOPOM OKPYKHOW (IIEpeHOCHOM)
ckopoctd U, HampaBieHHBIM NEPHEHAUKYISPHO K PAaUyCy BpamieHus (WUiIu T0
KacaTelIbHOM K OKPYXHOCTH BpamieHus). Kpome TOro, sra ke yacrtuia
nepeMeniaeTcsi OTHOCUTENbHO KoJieca (puc. 3.10) u xapakTepu3yeTcsi BEKTOPOM
OTHOCUTENBHOU ckopocTu W, HampaBiIe€HHBIM O KacaTeIbHOW K JIMHUU TOKa B
OTHOCUTEIBHOM TIOTOKE (MOCKOJBKY JIMHUS TOKa B OTHOCUTEIBHOM IIOTOKE
COBNAJAET C MOBEPXHOCTHIO JIOMATKH, BEKTOP OTHOCUTENIBHOW CKOpPOCTU OyJIeT
HaIpaBJeH MO KacaTeJIbHOM K TOBEPXHOCTU JIOMATKU. AOCOJIOTHOE ABUKEHUE
YacTHUIbl ~ XapaKTepU3yeTCs BEKTOPOM  a0COJIIOTHOM  CKOPOCTH, PaBHBIM
F€OMETPUUYECKOU CyMME BEKTOPOB OKPYKHOM M OTHOCHUTEIBHOW CKOPOCTEU
(puc. 3.1B), T.e. C—U—W. Takum o0OpazoM, B JIFOOOW TOYKE MEKIOMATOYHOTO
KaHaja KoJieca MOXHO IOCTPOUTh TPEYroJbHUK (WIM MapalijiesorpaMm)
CKOPOCTEH.




Puc. 3.1 Cxembl ABMKEHUS YaCTHIT )KUJKOW CpelIbl B KoJiece Hacoca
a — OKpYy>kHOE (TIEpEHOCHOE) IBIKEHUE; O — OTHOCUTEIIBHOE JBUKCHUE;
B — a0COJIIOTHOE JIBI)KEHHE.

st paccMOTpeHHsI KMHEMATHUKU IIOTOKA IPU JBUMXKEHUU JKUIKOW Cpenbl B
paboueM KoJjiece MPUHITO CTPOUTh TPEYTOJBHUKU CKOPOCTEH ma BXOAHOU 1 u
BBIXOJTHOM 2 KpoMKax JjionaTku (puc. 3.2), mpejamnosaras Ipu 3TOM, YTO BO BCEX
TOYKAaX CEYEHHMM Ha BXoJe B paboyee KoOJIECO H. Ha BBIXOJAE U3 HEro
TPEYTOJIBHUKH CKOpOCTed OyayT Takumu >ke. Ha puc. 3.2 Tak ke NMpUBEICHBI
OCHOBHbBIE BEJIMYMHBI, XapaKTEPU3YIOLIME pa3Mepbl pabodero KoJeca.

A

%

Puc. 3.2 Cxema pabouero xoseca Hacoca U TPEYTOJbHUKH CKOPOCTEH

D, — auamMeTp BXOIHOTO OTBEPCTHS KOJIeca;

D; u D, — nuaMeTpbl Ha BXOJIe B KaHAJIbI U HA BBIXOJIC U3 HUX (AUaMeTphl
BXO/Jla U BBIX0Ja);

r1, ', — paauychl BX0Ja U BBIXOJIA;

b, u b, — mmpuHa TonaTKM (KaHAIOB) HA BXOJE M BHIXOJC;

S1, S, — ToJIIMHA JIONATKU Ha BXOAE U BLIXOJIE;

U1, U, — okpykHBIE CKOPOCTH Ha BXOJI€ U BBIXO/IE;

W;, W, — oTHOCHUTEJIbHbIE CKOPOCTH Ha BXOJI€ U BBIXOJIE;

Cy, C; — abCoOMI0THBIE CKOPOCTH Ha BXOJIC M BBIXOJIC;

01, 0 — YTJIBI MEXY BEKTOpaMu aOCOJIOTHBIX U OKPYKHBIX CKOPOCTEH
Ha BXOJIE U BLIXOJIE;




p1, f2 — YIIBl MEXKIy BEKTOpaMH OTHOCHUTENBHBIX M MPOAOJDKEHUSIMHU
BEKTOPOB OKPY>KHBIX CKOPOCTEH Ha BXOJE U BBIXOJE;

Cu;, Cu, — mpoekiun abCoNIOTHBIX CKOPOCTEl Ha HAIlPaBIICHUE OKPYKHOM
CKOPOCTH Ha BXO/I€ M BBIXO/IC;

Cr;, Cr, — TpoeKIMu abCONIOTHBIX CKOPOCTEW Ha HampaBieHHE paauyca
(MepuaMOHAJIBHBIE CKOPOCTH);

6, — KO3Q(HUIMEHT YyUYUTHIBAIOIIMKA BIHUSHHUE KOHEYHOTO YHCIA
JomnacTel Ha HAMop HEHTPOOEKHOTO HACOCA;

Y — KO3 PUIIUEHT CTECHEHUS MOTOKA.

TpeyronbHUKH CKOpPOCTEH MOTYT OBITh MOCTPOEHBI BHE CXEMBI pabOvero
KoJieca, HO TPH 3TOM CJIEAYyeT COONIIONATh YCIOBHE: 3a HanpasieHue paouyca
NPUHUMAEMCS 6ePMUKATb, A 3 HANPAGIEHUE OKPYHCHOU CKOPOCMU — 2OPUSOHMATL
(puc. 3.3 a, 0).

Oxpy>KHasi CKOPOCTh OIpeNEsIeTCs 10 popMyJIe:

U =n-D-n/60 (3.7)
rne D — nuameTp oKpy)HOCTH, Ha KOTOPOM OMpEeesieTcsi CKOPOCTh, M;

N — YacToTa BpalieHus pabodero Kojeca.

Kpome BekTopoB ckopocteit (U, W u C), mapamienorpaMMm BKJIHOYAET
AJIEMEHTBI, OCHOBHBIMU M3 KOTOPBIX SIBIAIOTCS CI — TpOeKIus aOCOIOTHON
CKOpPOCTH Ha HarlpaBiieHHue paguyca 1 CU — MpoeKIus abCOMOTHOM CKOPOCTH Ha
HaIpaBJIEHUE OKPYKHOM.

[lo mpoeknuu aOCOMIOTHOM CKOPOCTM Ha HANpaBlIEHUE paauyca
oIpeenseTcs nojaya )XUJIKoN cpeapl padourM KOJIecoM Hacoca.

'4}' 2
Y
Lu, | o L

Puc. 3.3 TpeyroabHUKH CKOPOCTEit
a) BXoj1a; 0) BEIX0/1a
BepHyThcs B orjaBieHue pasziesna




3. OcCHOBHOE VpaBHEHHE PpPAa0OTHLI  IEHTPOOEKHOI0  HATHeTaTess.
YpaBHeHue Jiijiepa s pa0doThl JOIMACTHOI0 KoJieca.

Ecnu nieHTpoOeXHbIi HacoC BKIIOYHMTH B paOOTy MPH 3aKPHITOM 3allOPHOM
YCTPOMCTBE Ha HAMOPHOM IMaTpyOKe, >KHJKas cpela He MPOTEeKaeT B KaHalax
pabodero KoJsieca, ¥ YaCTHIIBI €€, BpalllasiCh BMECTE C KOJIECOM, UMEIOT OKPYKHYIO
CKOpPOCTh. B pe3ynbpTaTe B MEKIIONATOYHBIX KaHajgaxX pabouero kojeca oopasyercs
OCEBOI BUXPh, HAMPABJICHHBIN MPOTUB BpallleHHs KoJyieca (CM. IIPaByIO 4acTh PHC.
4) B CTOpPOHY YBEIHMYEHHS OTHOCUTEIBHOM CKOPOCTHM HA TBHUIBHOM CTOpOHE
JIOMATKU U YMEHBIIECHUS €€ Ha JIUIIEBOI CTOPOHE.

Puc. 3.4 CxeMbl 0ceBOT0 BUXPS U pacHpeIeIeHNsI OTHOCUTEIIBHON CKOPOCTH B
LWIMHIPUYECKOM CEUYEHUH paboyero Koseca

Puc. 3.5 Cxema ycnoBHOTO pabodero kojeca

[Ipy OTKPBITOM 3alIOPHOM YCTPOMCTBE, KOTla HACOC MEPEKAUYNBAET KUJKYIO
Cpelly, MHTEHCHUBHOCTb BHUXpsl Ocia0eBaeT, HO B pPe3yJibTaTe BIUSHUA €ro Ha
nepepacIpeeneHue OTHOCUTEIBHBIX CKOPOCTEN BOZHUKAET LIMPKYJIALUSA CKOPOCTH
BOKpYT Jionatku Iy



Takum 00pa3oM, B MEXKIONATOYHBIX KaHAJIAX TMPOUCXOTUT CIOXKHOE
JBUKEHUE, OTHOCUTENbHBbIE cKopocTH W B paJuanbHBIX CEYCHHUSX KaHAJIOB HE
OJIMHAKOBBI (CM. JIEBYIO YacTh puC. 3.4) U mapaieaorpaMMbl CKOPOCTEH BXoJla U
BBIXOJIa MIOTOKA Ha ydyacTKax t; W tp (I — mmar pemeTku jonacteil) OTIMYAOTCS.
VYyecTh Bce sIBIICHUA, TPOUCXOASIINE B paboueM KoJiece, MPU BBIBOJE OCHOBHOTO
ypaBHEHUs pabOThI HacOca HE MPEICTABISAETCS BO3MOKHBIM.

Ilosmomy npumem credyroujue OOnyujeHus:

1. YcnoBHOe pabouee komeco (puc. 3.5) umeeT 0€CKOHEYHO OOJIBIIIOE YHUCIIO
Z OeCKOHEYHO TOHKHMX JIOomaToK. Torja MOXHO CUHMTaTh, UTO MEXKIY JIOMAaTKaMu
OyIyT 3JE€MEHTapHbIC TOTOKU — CTPYHKH, U OTHOCUTEIIBHOE JBUKEHUE B TaKHUX
AJIEMEHTAPHBIX KaHajlaX MOXKHO XapaKTepU30BaTh OJIHUM BEKTOPOM CKOPOCTH.
CrnepnoBateinbHO, pu Z = coNnst Bce CTpyHKH B HIWJIMHAPUYECKUX CEUECHUAX KoJieca
MMEIOT OJIMHAKOBBIE TPEYTOJbHUKH CKOPOCTEN U SHEPTHIO.

2. Kunkas cpena, mojaBaemasi yCIOBHBIM paO0O4YHM KOJIECOM, UjealbHa, T.€.
HEC)KUMaeMa, U B HEl OTCYTCTBYIOT CHJIbI BSI3KOCTH.

JlefiCTBUTEIBHBIN HAMOP LIEHTPOOESIKHOTO HacOCa PABEH:

H= ng”r U,Cy, —UCy, (3.8)

rae 6; — KOd(pPUUMEHT YyYHUTHIBAIOMIMUKA BIUSHHE KOHEYHOTO YHCIHA
JomnacTeil Ha Harop LEeHTPOOEKHOTO Hacoca,;
U;,U; — okpyKHBIE CKOPOCTH Ha BXOJI€ U BBIXO/IE;
Cu1,Cuz2 — mpoekuuu abCoNOTHBIX CKOPOCTEN Ha HalpaBlI€HUE OKPYKHON
CKOpPOCTHU Ha BXO/I€ U BBIXO/JIE;
OTO BBIpAXEHHE MPEICTABISAET COOON oOCHO8HOE ypagHeHue pabomol
YeHmMpOoOEeINCHO20 HACOCA.

Vpaeuenue Diinepa onsa pabomwr nonacmuoco Koneca
B cxeme nBmkeHUs MOTOKA XKUIKOCTH 4epe3 pabouee KOJIeCO HarHeTaTess
MPEIO0JIaraeTcsi, 4YTo BCE TPACKTOPHUH KUAKUX YACTHUIl B pabOYeM KoJiece Ha BXO/JIe
Y BBIXO/JIE C JIONATOK OJMHAKOBKI. Takoe ABMKEHHE BO3MOXKHO JIUIIIb B TOM CJIy4ae,
Korga pabodee KoJiecO Harherateiass HMeeT OECKOHEYHOE 4YHCIO JIOMaToK,
pPacCTOSIHUE MEXIy KOTOpPhIMM Majio. B 3ToMm ciydae mpoekiuio aOCOIOTHOU
CKOPOCTH Ha TEPEHOCHYI0 CKOpPOCTh Ha BXOJl¢ MOTOKa B pabodee KoJeco

0603Ha4aroT cumBosiom Cj|,, a Ha BBIX0e M3 pabouero koyeca — cumBoiiom Cy, .

B xoHCTpyKkmmsax, rae >KUAKOCTh MOJBOIAUTCS K paboueMy Kojecy 0e3
IpEeIBAPUTEIBLHON 3aKpyTKH, yacto monaraior C;, =0. B aToM ciyuae ypaBHEeHHE
Ditnepa JIst JONACTHBIX HATHETATEICH UCTIONIB3YIOT B BUJIC:

0o
U

Hy = 222 (3.9)

g
(= =]
APr =p-U, - (g (3.10)
rne  H, — teoperndeckuii Hammop Hacoca,
AP — TeOpeTHYeCKOe NaBICHUE BEHTUIATOPA.



VYpaBuenue Oiinepa B Bume Bbeipaxkenus (3.9) wmwm (3.10) mmpoxo
UCIIOJIB3YETCSl TPU aHajdu3e paboThl JIOMACTHBIX HarHetatenei. OCcoOEHHOCTh
3TOTO YpaBHEHUS COCTOUT B TOM, YTO OHO TOJYYEHO B MPEITOJIOKEHUH, YTO BCE
CTpYHKH B pabo4eM KoJiece JBUXKYTCS OJIMHAKOBO. DTO BO3MOXHO TOJBKO TOT[A,
Korja pabodee KOJIECO HarHETaTellss UMeeT OSCKOHEYHOE YHCIIO JIOTIATOK, MEXIY
KOTOPBIMU CYIIECTBYET OCCKOHEYHO Majoe MPOCTPAHCTBO. B aeicTBUTETHLHOCTH
pabodee KoJieco, HapUMeEp EHTPOOEIKHOTO HACOCa, MMEET BCETO IIeCTh — BOCEMb
JONATOK,  CJIEeNOBATelIbHO,  CYIIECTBYET  3HAUMUTEIBHOE  MEKJIOMACTHOE
MIPOCTPAHCTBO, B KOTOPOM MOTOK JAe(hOpPMHPYETCS.

BepHYTBCS B OTJIaBIICHUE pa3aeiia

4. Biausinue yrjia BbIX0/1a JIONATOK HA HANOP HATHeTaTeJs

VYron BbIX0OjJia MOTOKA 3aBUCUT OT (popMbI JionaToK. CyIIecTBYIOT TP BUAA
JIOTIATOK:

- 3arHyThI€ (110 X0y BpaleHus) Ha3az (puc. 3.6 a);

- C paJiMaJIbHBIM BBIXOJIOM (puc. 3.6 0);

- 3arHyThIe Brepen (puc. 3.6 B).

[Ipu paBHBIX TEOMETPUYECKUX pa3Mepax KOJeC U MOCTOSHHOM 3HaueHuu U,
C BO3pacTaHUeM [, YBEIUYHMBACTCS OKpyxkHas coctaBisitomas CUp; abCoIOTHOU
CKOPOCTH.

CnenoBaresibHO, HA OCHOBAHUM YPABHEHUS DUJIEpa MOXKHO CAEIAaTh BBIBOJ,
YTO C YBEIMYEHHUEM yTIJia f, HAOp HAcoca YBEJIMUMBAETCS U Y pabodero Kojeca ¢
JOTIaTKaMM, 3arHYTHIMH BIiepen, oH OynaeT HaubOombmuMm. OJHAKO B TMPAKTUKE
HAaCOCOCTPOCHHMSI 4Yallle BCEro WCIOJB3YIOTCS pabouue Kojieca € JIOMaTKaMH,
3arHYTHIMH Ha3a/. TO 0OBICHACTCS CIEIYIOIIMMH TPUYNHAMHU.

bonee coBepiieHHBIM SBISETCS HAcoc ¢ OonbmuM  KodhUImeHTOM
cTaTudeckoro Hamopa. M3 pucynka 3.6 cieayer, 4yTo C yBEIHMYCHHEM yria [
BO3pacTaeT aOCoNIIOTHAass CKOpOCTh Bbixoga moToka C,. ClenoBarenbHo,
YBEJIMYECHHE HAmopa TMPOUCXOJUT 3a CUeT BO3pacTaHUs JIMHAMHYECKOU
cocTaBisironieu H,.

Koneco ¢ nomarkamu, 3arHyThIMH BIIEpEed, UMEET Maiblii KO3 UIIMEHT
cratnueckoro Hamopa (Kc < 0,5).

Jlomatku, 3arHyThle Ha3aj, C THUAPOJAMHAMUYECKON TOUKH 3peHus Oosnee
yn00000TeKaeMbl IPU IEPEMEHHOM PEXXUME pabOThl HAcOCa, JUara3oH CKOPOCTEH
0€30TpBHIBHOTO OOTEKaHMs 3HAYUTENbHO Imupe. CleqoBaTensHO, THAPABINICCKUE
MOTEPH TP JBKEHUH XKUIKON Cpenbl 1o KaHajmaMm OymyT menbie, a KITJ[ Hacoca
BbIme. OOBIYHO MPUHUMAIOT CIEAYIONIME 3HAYCHHs YTJIOB BXOJa W BBIXOJA IS
JIOTIaTOK, 3aTHYTHIX Ha3a/I:

By =14...25°u B, = 15.. 40°.
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/32>90°

Puc. 3.6 Tpu Bua jonarok

BGDHVTECH B OT'JIABJICHHMC pa3acjia

BepHyThCH B OryiaBieHUE




TEMA 4. XAPAKTEPUCTUKHN HACOCOB U BEHTUJIAATOPOB

1. OOmme cBeaeHHs O XapaKTEpPUCTHUKaX HarHerareiaei. I'paduueckue
XapaKTECPUCTHKH.

2. XapakTSpHUCTUKH pPaaualbHBIX HarHerarenci. XapaKTEpUCTHKU OCEBBIX
HarHeTaTeei.

3. 3akoHbsl noxo0us. IlepecueT XxapakKTepUCTHK HarHETaTENICH.

4. KocdduimenT ObICTPOXOTHOCTH.

5. KaButanmmoHHBIM 3amac — JIOMOJHHUTEILHBIM ITapaMeTp K XapaKTECPHUCTHUKE
Hacoca (BricoTa BcacwiBanusa Hacoca. KaBurarms).

1. O0mme cBeleHHS 0 XapaAKTEePHUCTHUKAX HarHeraresjed. I'paduyeckme
XapAKTEPUCTUKH

[3] c. 34; [4] c. 24-25; [5] ¢.35

IIpu mombGope HarHeraTteneil s KOHKPETHBIX YCTaHOBOK HEOOXOJIUMO
3HATh 3aBUCUMOCTh OJHUX ITApAMETPOB HArHETATEIISI OT IPYTHUX.

B kadecTtBe HE3aBUCHMMOI0 MEPEMEHHOTO IIapaMeTrpa IpU MOCTPOCHUU
XapaKTepUCTUK  NPUHUMAIOT  mojady  (MpOU3BOAMTEIBHOCTH), T.K. OHa
HETOCPEJCTBEHHO CBs3aHa C PacxoJoM padodei >KUIKOCTH (raza) B CHCTEME
TpyOOIPOBOOB (BO3TyXOBOIOB) JAHHOW YCTAHOBKH.

XapakTepucTHKAa HarHerarejss — 3aBucuMmocth napamerpoB P, H, N, n
HarHeTaTelsl OT ero npou3BoauTeabHocTH L (mogaun Q) mpu MOCTOSIHHOM YacToTe
BpallieHus padodero koseca (N=CONSt) (npu nocmosinuvix 63K0CmMu U NIOMHOCMU
JAHCUOKOCU HA 8X00€ 8 HACOC).

BepHyThCA B OTJIaBIICHUE pa3jiena

2. XapaKTepUCTUKH PAAUAJIbHBIX HAarHeTarejJeid. XapaKTepPUCTHKU O0CEBBIX
HArHeTaTeJIel

[1] c.83-85, puc. 4.14, 4.15; [3] ¢.24-25

— IlomHbIE  XapakTEpUCTUKU pAAUAIBHBIX M OCEBBIX HAarHeTarelew.
OmnpenencHue pabouel 30HbI HATHETATEIA.

— YHuBepcaibHble U Oe3pa3MepHbIe XapaKTePUCTUKU HarHETATENCH.

Kaxnmas w3  XapakTepuCTUK  OTACIBHO  HA3bIBACTCS  HEIOJHOM
XapaKTePUCTUKOH HATHETATeJIA.

Kommiekc 3TMX  XapakTEpUCTHK [JAaeT TMOJIHOE TMPEICTABICHUE O
BO3MOXKHOCTSIX HATHETATENsl W HA3BIBACTCS MOJHOW XapaKTepUCTHKON. OTa
uHpopMarusi JaeTrcs NPOU3BOJUTENIEM Ha OCHOBAaHWU HSKCIIEPUMEHTATBHBIX
HUCCIIeI0OBaHUM.

YHuBepcaJbHbIe U 0e3pa3MepHbIe XapaKTePUCTHKH

[Ipu M3MeHEeHnH YacTOThHI BpallleHus padovero Kojeca N=var:

YCTpOUCTBO COBPEMEHHBIX HATHETATENIEW MO3BOJIIET IMOJIYYUTh IIUPOKUHN
HaOop yuces 060pPOTOB | I KaXJA0TO HAJ0 CTPOUTH MOJIHBIE XapakTepUCTHKU. C
L[EJIBIO YIPOLIECHUS MPOLEAYP MPUMEHEHUS MOJIHBIX XaPAKTEPUCTUK Ha MPAKTHUKE
pa3paboTaH METOJl MX COBMEIICHHS. JTO MPHUBEIO K CO3JaHUI0 YHHBEPCAIbHOM
XapPAKTePUCTUKH — 3TO KOOPAWHATHOE I0JIe, HA KOTOPOM JaHbl MapaMeTphbl
paboOThI OJTHOTO HATHETATENS C PA3IMYHBIM YHCIOM 000POTOB.




[IIupokoe HCMOIB30BAHUE TOJYYMIIM XapPAKTEPUCTUKH B Oe€3pa3MepHBIX
KOOpAMHATax. JTOT BHUJ XapaKTEPHUCTUK MPEACTABIISAECT MAPaMETPbl BCEU CEpUU
HarHeTaTesield OJHOTO THUIIA, YTO MO3BOJISET:

— 1aTh OILIGHKY pa0o4yuM MapameTpaMm HarHerarels Jito00oro TUIopa3Mepa,
3Has n, 00/MHH;

— UX MPUMEHSIIOT JUIsl BBIOOpa 0oJiee ONTUMAIBHOTO HArHEeTaTeNsl U3 JaHHOU
CepuH (npumenene HecepuliHo2o HaeHemamens).

be3pasMepHYI0  XapaKTePUCTHMKY Har"HeTateis  MOJIy4alT  IyTeM
nepecdera Mo OmpeaeiieHHbBIM (opMysiaM pe3yIbTaTOB HMCHBITAHUS HECKOJIbKHUX
HarHerarejied OAHOro TUmopasMepa (OJHOW a’pOJAMHAMUYECKOM  CEpHUH).
Hanpumep, Ge3pa3MepHYI0 XapaKTepHCTHKY AaBICHHA P MOXHO HOTYYHTh Ha
OCHOBaHUH (POPMYJIbI

P=y-p-U;° (4.1)
B texnuuecko nurepaType BCTpedaroTcss 0003HAUCHUS
L=L=¢;P=P= y;N=N=4n=0y/h
BepHyThCs B OTJIaBiICHHE pa3jiesia

3. 3akoHbl 1ono0Msi Ha mNpuUMepe NEHTPoOekHbIX HacocoB. Ilepecuer
XapPAKTEePUCTUK HATHeTaTeJIel

[1] c.83-85, puc. 4.14, 4.15; [3] ¢.24-25

[Ipy KOHCTPYMpPOBaHMM M OSKCIUIyaTallMd LEHTPOOEKHBIX HACOCOB
NOJIB3YIOTCS 3aKOHAMHM HX MOJ00MS M B MEPBYIO OYEpEeIb 3aKOHOM MOJ00MS
paboyux KoJIeC 3TUX HACOCOB. Pa3znuyaroT reoMeTpuyecKkoe, KNWHEMAaTHYECKOe U
TUAPOMHAMHUYECKOE TToA00ue pabodynx KoJiec.

['eomerpuyeckoe noaodue padboyux Kojec — (COXpaHEHUE JIMHEHHBIX
pa3MepoB 0€3 M3MEHEHHs YIJIOBBIX Pa3MEPOB) O3HAYAET MPONOPLUUOHAIBHOCTH
BCEX COOTBETCTBEHHBIX PAa3MEPOB HUX MPOTOYHOM 4YacTu (IMaMeTpa, IIMPUHBI
JIOMATOK, PaANyCOB KPUBU3HBI JIOMIATOK U T. II.).

D./D,=b,/b,=...=k=const

(M-Mopenb, H-HaTypa)

Kunemarnyeckoe nogobue (MponopruuoHaIbHOE U3MEHEHUE TPEYTOJIbHUKOB
CKOpPOCTEd B CXOJICTBEHHBIX TOYKAaX MPOTOYHOW YACTH) MPEIoJiaraet
OJIMHAKOBBIE HAIIPABIICHUSI BEKTOPOB CKOPOCTH B CXOJICTBEHHBIX TOUKAX IMOTOKOB.

CUZM / CUZH = CrZM / CI’2H = UZM / UZH = DM nM/DH Ny = const

['uapoarHamMuyecKoe nojaobue MpeAnoaraet PaBEHCTBO
TUAPOAMHAMUYECKUX KpUTEepUEB (Kputepuil Diinepa, yucio PeliHonbaca u ap.).

Eciu reomerpuueckun mnoaoOHble paboune koneca auametrpoM D u Dj
BpallalOTCsd COOTBETCTBEHHO € YacTOTOM N M nj, TO MPU 3TOM PA3BUBAIOTCA
Haropsl H u Hj. Tlome3ysice dopmynoit (1) m mpuHuMas BO BHHMMAaHHE, YTO
CKOPOCTH U, U V, IPONOPIUOHATBHBI AMaMeTpy padouero kojeca D, MoxkHO HalTh

Hy _ (ﬂf. (u_i)z 4.2)
H D n

YTO CIIPABEIIMBO B ciyyae 1,=Const.

[logada Hacoca MPONOPLMOHANIbHA TUIOMIAIA BEIXOAHOTO CEYEHUsI paboyero
KOJIEca M paJInajibHOM COCTABIISIONIEH CKOpOCTH Ha BbIxoje. Eciu paboune koseca




MO00HBI, TO TUIOMIAh BBIXOJHOTO CEUEHUS MPOIOpIroHaibHa D;, a CKOpocTh Ha
BbIX0J1e — D. M0)XHO HamucaTh, 94TO MPHU MOCTOSHHOM 00beMHOM KIT/I:

3
Q _ (D1} | (m
0 (D) (u) (43)
MO![!HOCTB, HOTp€6J'I$I€MaH HaCOCOM, IIPOIIOpHUOHAJIbHA ITPOU3BCACHHUIO Q
Ha H:
5 3
Ni _ (D1} (m
N o (D) (u) (44)

Cootnomrenuss (4.2)-(4.4) oTpaxarOT 3aKOHBI IOJ0OMS ICHTPOOEIKHBIX
HACOCOB. Omu COOMHOWEHUS MOJNCHO HNPUMEHAMb, eCclu 2eoMempuyecKue
pasmepuvl CPABHUBAEMbBIX HACOCO8 He Omaudaomcs Oojee yem 6 2-3 pasa u eciu
CpasHusaeMmvle HACOChbl NEPEeKaA4UBaom 0OUHAKOBYIO HCUOKOCHb.

BepHyThes B OIVIaBICHUE pa3jielia

4. KoddduumeHT OBICTPOXOIHOCTH

[1]¢.101-104; [5] c.33-35

OOOOIIEHHBIM ~ KPUTEPUEM  OLEHKH  pa3IMYHbIX  paboyux  KoJiec
HEHTPOOEKHBIX W OCEBBIX HACOCOB TMPHUHATO CUMTATh TaK Ha3bIBa€MbIN
K03 dunreHT OBICTPOXOTHOCTH HAacoca Ng.

Ko3dduunuentom OBICTPOXOAHOCTH HNPUHAMO  HA3LIBAMbL  YACHOMY
epawenus  pabouezo Kojecda, MuH, KOmopoe 2eomMempuuecku nooOo6GHO
paccmampusaemomy Kolecy Hacoca u npu nooade cuokocmu Q=75 a/c
obecneuusaem wuanop H=I m. 3HaueHne Ko3puuueHTa OBICTPOXOIHOCTH N
naxomst mpu H=1 m 1 Q=0,075 m*/c.

n, = —‘*—3'65;;__,10”“ (4.5)
omoT
550 'L_
- (4.6)

rne Qo — TMoJaya B ONTHMAIBHON TOYKE XapaKTEPUCTUKH HACOCa, M3/C;

H,nr — HaImop B ONTUMAJIBLHON TOYKE XapaKTEPUCTUKU HACOCA, M;

N — 4JacToTa BpalleHus, MuH ",

JIJis HacOCOB C JABYCTOPOHHHM BXOJIOM JKHJKOCTH B pabodee KOJIEeCO B
dbopmymy (4.5) BMecto Q moacrasisitoT Q/2.

3Has K03(hGUIMEHT OBICTPOXOJHOCTH, MOKHO CPAaBHHMBATh pabodme KoJieca
Pa3TUYHBIX TUTIOB U UCCIIEIOBATh Pa0OTy OOJBIITNX HACOCOB MO MX YMEHBIIIEHHBIM
mozaensaMm. Koadduiment OBICTPOXOMHOCTH Ta XapakTepuzyeT THUIl pabodvero
KOJieCa U COOTHOIIIEHHE €ro OCHOBHBIX pa3MmepoB. B Tabmuie 4.1 cxemaTudecku
MOKa3aHbl Pa3IMYHBbIC THITHI KOJEC W TPHUBEIACHBI COOTHOIIECHUS WX OCHOBHBIX
pa3MepoB, a Takke KodPOUITMEHTHI OBICTPOXOTHOCTH.


http://nasosinfo.ru/node/11

Tuxoxoomnwvie neHTpOOSKHBIE Hacochl (50<N;<80) nMeroT Maryro mojaavy, HO
pa3BUBarOT OobIION Hamop. [103TOMY y THXOXOIHBIX HacocoB oTHomeHue D,/D
BEIIMKO, a OTHOUICHHWE IIUPUHBI KoJieca Yy BBIXOJa b, K JAUAMETpy Malo
(b2/D;~0,03). BcneactBue OonpIIOro auaMeTpa Kojieca W Maloil IIMPHHBI
npoXxoaHbIX KaHanoB 06wt KII/] THXOX0QHBIX HACOCOB, KaK MPABUIIO, HEBEIHK.

Taomura 4.1
Hacoc Koa¢ppuuuent | Cxema ceueHust D,/D; ®opma
OBICTPOXOTHOCTH Padovero Kojeca XapaKTepPUCTHKH
I'I‘F i H
;
T i 50-80 & 25- =
MXOXOJIHBIN 1N . 5-3 ﬁ_ﬂ__,fﬂ
—— e QF
HopmanbHbrit 80-150 . 2 !
|1§E; —
P E
2L Y
bricTpOXOHBIN 150-350 1.4-1.8 3
2, —
_H.f_ i
JlnaronaabHbIN | H
Tomyocesoi 350-500 | 1.1-1.2 4
7, h
HAN
OceBoii 500-1500 1 &
BN

[lenTpoOexkHbIE HACOCHI HOpMAbHOU ObIcTpoxoAHOCTH (80<ne<150) nmeroT
Heckonbko Oonbmmit KIIJ[, Tak kak y HHX 3a CYET YMEHBIIICHHUS Haropa
YBEIIMYCHO OT HoIeHue b,/D.

B 6wicmpoxoonvix  nentpobexknbix  Hacocax  (150<ng<350) wu3-3a
3HAYUTEIBHOTO YMEHbBIIIEHUS OTHOIIeHUs Do/D u yBenmuueHus oTHomeHust by/D
HEO0OXOMMO H3MEHATh ¢GopMmy JjomnacTted paboyero kojgeca W MEPEXOAUTh K
JIONACTAM JBOMHOW KPUBU3HBI.

VY  nuaroHanbHbIX HacocoB (350<ns<500) BBIXOJHBIE KPOMKH JIOMACTEH
KOJIeca UMEIOT HAKJIOHHOE TI0JIO’KEHHE OTHOCUTEIIFHO OCH HAcoca, YTO MO3BOJIAET
3HAYUTENIbHO COKPATUTh OOIWI AMaMeTp Hacoca.

OceBbie Hacochl (500<n<1500) wumeroT HaumOOABIIUK KOIDDULIHEHT
OBICTPOXOHOCTH U TIPEIHA3HAYCHBI JUIsI TEepeKaunBaHUS OOJBIINX Macc
KUJKOCTHU TIPU HU3KUX HATOpax.


http://nasosinfo.ru/taxonomy/term/2

B cBs3u ¢ nepexogom Ha cuctemy eaunun CU ¢hopmynsl 11t onpeaenenus
Kod(ppuueHTa OBICTPOXOAHOCTH  MEHSIOTCA.  MeXayHapoIaHbli  cTaHAapT
NCO 2548 pexomenayeT BMeCTO KOI(P(UIIMEHTa OBICTPOXOAHOCTU MPUMEHSTh
KOA(Q(QUIMEHT, XapaKTepU3yIOUIM TUI Hacoca, — TaK Ha3bIBaeMbIH
KO3 PHUUIHEHT KOHCTPYKIMH HACOCA.

— 21 Qom (4.7)
VigHg B

Mexny  ko3puIUMEHTOM  OBICTPOXOMHOCTH M KO3 PHUIIMEHTOM
KOHCTPYKIMU HAcoca CyIIECTBYET cleAyromas 3aBucumMocTtb: & = 0,00515m.

3akOoHbl TOAO0MS IEHTPOOEKHBIX HACOCOB HAXOASAT MPAKTUYECKOE
IIPUMEHEHUE MTPU HEOOXOAMMOCTH U3MEHEHHUSI TI0JIa4M HACcOCa U Pa3BUBAEMOTO UM
Hamopa IyTeM YMEHBIICHHS auamerpa (OOTOUKOW WM MOAPE3KOH) paboyero
KOJIeca.

[Ipu bi=b nosy4yeHs 3aBUCUMOCTH:

Hu:ul.':i . (DDE)Q
H \D

(4.8)
D’ 2
QDE _ ( Dﬁ)
0 D
rac H06 )51 Qoﬁ — COOTBCTCTBCHHO HAIIOP W IToAada HacocCa IIpU 00TOYEHHOM

paboueM Kosece;

D,s — nauameTp pabodero kosieca nocie 00TOUKH.

Jlist Kojec 1EHTPOOEKHBIX HACOCOB € ng<150 mpu H3MEHEHUU 3a30POB
0oJiee TOUHBIN Pe3yJIbTaT Onpeaeistor mo hopmye (4.9).

Qo5 __ Dos
= = — (4.9)
Q D

Hns coxpanenus Bbicokoro KIIJI HacocoB —  wmenecooOpa3HO

NPUAECPKUBATHCS CAEAYIOIIMX MPEAeIOB 00TOUKH (TIOJPE3KH) KOJIEC, TPOLIEHTHI:
50<n,<120...... 15-20

120< n <200...... 11-15

200< ns <300..... 7-11

BGDHVTBCH B OI'JIaBJICHHUC pa3acjia

5. KaBUTAIIMOHHBIH 3a11aC — JONOJHHUTEJIbHBIH ITapaMeTp K XapaKTePpUCTUKE
Hacoca (BbicoTa BcacbiBaHusi Hacoca. KaBuranus)

[1]¢.167-175; [5] ¢.27-30

- JlomycTtuMasi BbIcOTa BcCachbiBaHHMSI Hacoca (MUHMMAIbHBIA H30BITOYHBIN
Harop BCaChIBaHUS).

- KaBuranus. OtpunarenbHoe BO3ACHCTBUE KABUTALINH.

- Meponpustus 1o npeaoTBpAIlICHUIO KaBUTAIUH.

KaBuTanus — o0pa3oBaHHMe MYy3bIPHKOB Ta3a B pPe3ysbTaTe MOSIBICHUS
JIOKQJIbHOTO JIaBJICHUS HIDKE JaBJCHUS MapooOpa3oBaHMs TepeKaurMBaeMoOn
KUKOCTHU Ha BXOJIe B pabodee KoJyieco. (OT JIaT. — IMyCTOTa)

Kasumayus eo3nuxaem uz-3a:




1) yBenu4eHus TeMIIEpaTyphl MepeKauYMBaCMON KHUIKOCTH;

2) yBEIMYCHHS COTIPOTUBIICHHUS BO BCACBIBAIOIIIEM TPYOOITPOBO/IE;

3) yBeMueHUsI UTMHBI BCACBIBAOIIETO TPYOOITPOBOIA.

OTpuiaTesbHOE BO3ACHCTBHE KABUTAIIUU:

— CKayKM JIaBJICHUs BBI3bIBAIOIIME BUOpAIUIO, KOTOPHIE MOTYT MOBPEIUTH
TUAPABINYECKYIO CHCTEMY.

— IIIyM B paboyeM KoJlece U €ro 3p03usi; BHYTPEHHUHN TPECK;

— IIPU Pa3BUTOM KaBUTAIMU B HACOCHBIX YCTAHOBKAX HAOJIOAAIOTCS YIaphl;

— camxenune KI1J]

[IpenoTBpanieHre KaBUTALINU:

— coOJIroieHre MIN BBICOTHI BCAChIBAHMS: BBICOTA BCACHIBAHUS JOJDKHA OBITH
MEHBIIIE JIOMYCTUMOW BBICOTHI BCAcChbIBaHUS (KOTOpas 3aBUCHUT oT Tuma PK u
YaCTOThI BpPAIICHUSI U OT TEMIIEPATYPHI )KUJIKOCTH U aTMOC(HEPHOTO JTaBJICHUS );

— MOBBIIICHUE CTATUYCCKOT'O NABJICHUS; (CHUMICEHUE pa3pedtceHlsl)

— CHU)KEHHUE TEeMIIEPaTyphl XKHUJIKOCTHU (cHIDKEHUE JIaBJICHUS
napooOpa3oBaHusi);

— BBIOOP Hacoca ¢ MEHBIIUM 3HAUYEHUEM THAPOCTATUYECKOTO HAIopa,;

— JKCIUTyaTalus Hacoca B peKUMax OJU3KUX K PaCUCTHBIM (eciu yseauyums
nooayy npu COXpaHeHuu cyuwecmeyroujeli 8biComvl 8CACLIBAHUS — DMO MONHCeM
npueecmu K (popMupo8aHuIo Kasumayuu).

— MUHUMM3ALUS COMIPOTHUBJICHUS BCACHIBAOIIECH MarucTpay;

— HEJIOMYCTUMOCTh JPOCCENIMPOBAaHUSI Ha Bcace (JIOMyCKAaeTCs YCTaHOBKA
TOJIBKO 3alIOPHOM apMaTyphl).

Jluteparypa k Teme 4:

1. dsuek, I1. . Hacocsl, koMIpeccopbl U BEHTUIISITOPHI © yueOHOE rmocolue
/ I1. K. Hsauek. — M. : U3naTeasctBo ABC, 2013. — 432 c.

2. I'pumutiun, A. M. Hacochl, BEHTUISITOPBI, KOMIIPECCOPHI B MHXECHEPHOM
obopynoBaHuu 3MaHui . ydeOHOe mocobue / A. M. I'pumutimn, O. Il1. ViBaHOB,
B. A. ITyxkain. — CII6 : U3narensctBo «ABOK CeBepo-3amany, 2006.

3. Toncteix, A.B. Hacocel, BEHTHISATOpPHI W KOMIIPECCOPHI . ydeOHOe
nocobue / A. B. Toncteix, 10. H. lopomenko, B. B. [lensiBckuii. — Tomck : U3a-
B0 Tom. roc. apxur.-ctpout. yH-Ta, 2018. — 160 c.

4. Tanguu, B.JI. BeHTuasTopsl W KoMIIpeccopsl . ydeOHOe mocodue /
B. J. I'anpua. — Omck : U3a-Bo CubAJIH, 2007. — 105 c.

5. Kapaces, b. B. HacocHble 1 BO31yX0yBHbBIC CTAaHIMH . y4eO. i By30B /
b. B. KapaceB. — MH. : U3a-Bo «Beicias mkosay, 1990. — 326 c.

6. Wilo Hacocnas a30yka : CropaBoyHoe IOCOOME II0 TEXHOJOTHH
MOBBIIIEHUS naBiaeHus. — 112 c.

BepHyThcs B ornaBieHue pasziena
BepHyThes B OryIaBiIeHUE




TEMA 5. PABOTA HACOCOB U BEHTUJIAATOPOB B CETH

1. Xapakrepuctuka cetd. CoBMectHas pabota HarHerartesiss M cetu (Cmoco0
HaJOKCHUSI XapaKTEpUCTUKHM HAacoca M CETH JUId  IIOJYYCHHS IIapaMeTpOB
COBMECTHOM padOTHI).

2. HeoOxoauMocCcTh  coBMeCTHOM paboThl HarHerarenei. IlapajuienbHoe M
ITOCJIEIOBATEIHHOC BKIIOUEHHE OJMHAKOBBIX M Pa3IMYHBIX HarHeTaTeJICH.

3. IlocTpoenne cyMMapHOH XapaKTEPUCTHUKH IIPH _ COBMECTHOH  paboTe
HarHeTaTelIeH.

4. AHaim3 coBMECTHOM paOOTElI HArHETATEIEH Ha CETh.

1. Xapakrepuctuka cetu. CoBMecTHasi pa0oTa HArHeTATE sl U CETH

[1] c.13, 46-48, 49 puc.3,2 a, 50 Tab6n.1.

CoBmectHast pabota HarHerateiass u  cetd. Cnocod  HaJIOXKEHUS
XapaKTEPUCTUKU HACOCA U CETH JIJIS MOJYyYEHHUS TapaMeTPOB COBMECTHON pabOTHI.
Pabouas Touka. [5] ¢. 50-53, puc.1.26; [1] c.91.

2. Heo0Xx0a1MMOCTh COBMECTHOM padoThl HATHEeTaTeJ1eH

[1] c.344

[TapamnienbHOE U TTOCTIEIOBATEILHOE BKIIOUCHUE OJIMHAKOBBIX U PA3JIMYHbBIX
HarHetatenen. [1] ¢.318, puc.9.3.

3. IlocTpoeHne cyMMApPHOM __XapaKTePUCTHKH _NIPU___COBMECTHOM __padoTe
HArHeTaTeJIel

- [TapamensHas paboTta AByX OAMHAKOBBIX HarHeTaTenew [1] ¢.319-321,

- [TapamnensHas paboTta AByX pa3audHBIX HarHerarenei [1] ¢.325-326;

- [locnenoBarenbHas paboTa ABYX OJIMHAKOBBIX HarHerarenen [1] c.328-

330;
- [locnenoBarenvHas paboTta AByX paznuyHbIX Haruerarenew [1] c.331.

4. AHAJIN3 COBMECTHOI pad0Thl HATHETaTeJ e HA CeTh
OsznakomuTthest co crarbeit B.I'. Kapamxu, FO.I'. MockoBko «OcobeHHOCTH
COBMECTHOM pabOThI BEHTUIISITOPOBY.

JIutepatypa k Teme 5:

1. dsuek, I1. . Hacocsl, koMmpeccopbl M BEHTHIISITOPHI : yueOHOE ocodue
/ T1. N. dsaek. — M. : U3patensctBo ABC, 2013. — 432 c.

2. I'pumutiuH, A. M. Hacochl, BEHTUIISTOPBI, KOMIIPECCOPHI B HHXXKEHEPHOM
obopynoBaHuu 31aHuil : ydeOHoe mocobue / A. M. I'pumutiun, O. I1. ViBaHOB,
B. A. Ilyxkain. — CII6 : U3znarensctBo «ABOK CeBepo-3amany, 2006.

3. Toncteix, A.B. Hacocel, BEHTHUISTOPHI M KOMIIPECCOPHI : ydeOHOE
nocobue / A. B. Toncteix, 10. H. Jlopomenko, B. B. [TensiBckuii. — Tomck : U3a-
B0 Tom. roc. apxur.-cTpout. yH-Ta, 2018. — 160 c.

4. Tanauu, B.J]. BeHTunsaTopsl W KOMIIpeccopbl : ydeOHOe mocobue /
B. J. I'angun. — Omck : U3a-Bo Cu6AJIH, 2007. — 105 c.



5. Kapaces, b. B. HacocHbie 1 BO3yX0{yBHBIE CTaHIIUH : y4el. I BY30B /
b. B. KapaceB. — MH. : U3a-Bo «Bricmias mkosnay, 1990. — 326 c.

6. Wilo Hacocuas a30yka : CropaBoyHoe TMocoOHE II0 TEXHOJOTHH
MMOBBILIEHUA naBieHust. — 112 c.

BepHyThCs B OTIaBICHHUE




TEMA 6. OBIIIUE BOITPOCHI IPUMEHEHMUSA HATHETATEJIEA

1. Oco6ennocTH pabOThHl HATHETATEICH B COCTABE CHCTEM.

2. IIpuHIMObEl OpUMEHEHHUS, TOA00pa M DKCIUIYAaTAllUd CEPUMHO BBINYCKAEMBIX
HarHeTaTeei.

3. PerynupoBanue paO0OThl HarHETaTENICH.

4. BuOpanusg W IIIyM  HarbHertarenaeH. AKYCTHYECKHE  XapaKTECPUCTHKH
BECHTHJIATOPOB. 3BYKOBAs MOIITHOCTh M 3BYKOBOE JIaBJICHHE.

5. McnplTaHue ¥ HAJIQJKa HACOCOB M BEHTUJIITOPOB.

1. Oco0eHHOCTH PadoThl HATHETATEJIEl B COCTABE CHCTEM.

TpebGoBaHus K dKCIUTyaTalliy HarHETATEIEH, HAJEKHOCTH U YCTOWYUBOCTH
ux paboThsl B ceTax. [1] ¢.344

Tpebosanus Kk Hachemamensim UHICeHepHbIX cucmem [1] c. 1l —
noemopenue

Heobxooumocmov coemecmnoti pabomvr nacnemameneu. [1] c.344 —
noemopenue

[TpuurHBI OTKIOHEHHS pabOUUX MapaMeTpoB OT 3aJaHHbIX. [1] c.344-356

YcroiunBoCTh paboThl HarHeTaTeNneH B cersx. [1] ¢.358-360

ITommax. [1] ¢.363-365
BepHyThes B OoriaBiieHUE pa3fesna

2. IllpuHuUMNbl __NPUMEHEHHs, MOAOOPA M JIKCILIVATAIIMH __ CEPHAHO
BBINIYCKAEMBbIX HATHETATEIEH

OO6me MeToaIMYSCKUE YKa3aHus K BeIOOpY HarHeTaTeneh. [1] ¢.381-385

1. BemosHATh TpeOOBaHUS TOCYAapCTBEHHBIX HOPMATHBHBIX JOKYMEHTOB,
TEXHUYECKUX YCIOBUH HAa WX MPUMEHEHHE, MPEICTaBISEMbIC MPOU3BOJAUTEIICM
MPUHATOTO K YCTAHOBKE U3/IEIHS.

2. 3HaTh HeoOXxoauMbIi pacxon (L wim Q) u nasnenue (P) win Hamop (H):

— B6EHMUIAMOPbL:

oasieHue = nomepsm 0asieHus 8 6030YX0800ax

npPoU3800UMENbHOCIb = Pacxody 8 cemu

— Hacocwl:

no Hanopy u nooave — vlOUpaemcs munopazmep,

nOmMoM napamempul YmMoOUHAIOMCSA N0 UHOUBUOYATIbHOU XAPAKMEPUCTNUKE

VCMAHABAUBAEMCS YUCTIO 000POMO8 U napamempuvl NpUood

3.K ycraHoBke mnpWHMMATh HECKOJHKO, COBMECTHO padOTarOIIMX
HarHeraresen (KeaaTeabHO OJIMHAKOBBIX ), €CIIU:

— He oOecneunBaeTcsi TpeOyemblii pacxon B cetd (L) npumensiercs
napaieibHoe COeIMHEHUE.

L.=L/n (6.1)
rae N — YKCIIO IPUHSATHIX K YCTAHOBKE HarHETaTeseH.
P = aspoaniHaMHUUY€CKUM MOTEPSIM B CETH.
— He oOecneunBaeTcsi TpeOyemoe naBieHue B cetn (P) mpumensiercs

nocieooeamenvHoe COCIHNHCHUC.
P.=P/n (6.2)



L« = pacxoay B oOCITyKHMBAaEMO CETH.

I'pynnosas ycmanoska pa3iuuHblX HacHemameslel HA NAPAIIENbHYI0 U
nocneodosamenvHyio pabomy mpeodyem 0OnoJHUMENbHO20 000CHOBAHUL.

4.3HaTh XapaKTepUCTUKY MeCTa YCTAaHOBKM HarHeTaTedsl M 3HATh
TPacCUPOBKY CETH.

— 0114 6eHmuaAMOpa:

8AJICHO YCMAHOBUMb mpebyemoe epaujeHue pabouez2o Koleca u pabouyee
NOJI0JCeHUE KOHCYXA.

— 0212 Hacoca:

GnUsIem HA UCNOJIHEHUE HACOCA U NPUBOOA

5. YuuThIBaTh YCIOBUS IPUMEHEHUS U CBOMCTBA MTEPEMEIIAEMON CPEBI.

— GEHMUNAMOPbL

(63pbleo3aWULEeHHbIE, KOPPOIUOHHO-CMOUKUE, Nbliesble, KPbLUHbLE),

— Hacocwl

(Ons 60061 uuUCMOU, C NPUMECAMY, XUMUYECKUe, YUPKVIAYUOHHDbIE,

NOONUMOYHbLE, NOBbICUMENbHbLE U M.O.)

6. CobronaTh 30Hy SHEPTOAKOHOMUYHOCTH HArHETaTelIs:

— sermunsimopol § = 0,9 Nmax

— Hacocobl § = 0,93 Nmax

Y4uThiBaTh KOMIUIEKTAIlMI0O pabOYUMHU  KOJecaMd C  Pa3IMYHBIMU
auaMeTpamMu  (BO3MOXKHOCTh ~ OOTOYKM) i1 pPACHIMPEHUsT  Juarna3oHa
XapaKTEPHUCTHK B TIPEIeIax 3TON 30HBI.

7. /lna nacocog.

— mapaMeTphl TEepPeMeNIaeMOi JKHIKOCTH BO BCAaChIBAIONIEM IMAaTpyOKe
HAacoca JIOJDKHBI TApaHTUPOBAHO MCKITFOYATh PEKUM KaBUTAIIHH.

Tpebosanus, 0ba3amenvubie 0isl UCHOTHEHEHUS NPU 8blOOPe BEHMUIAMOPO8

- [10 TEXHUYECKUM XapAKTEPUCTUKAM U YCIOBHUSAM NPUMEHEHUS BEHTUIISITOP
IIOJIHOCTBIO JIOJKEH YAOBIIETBOPSATH MapaMeTpaM NEPEMEIAEMON Cpelibl U MECTY
€ro yCTAaHOBKH;

- BEHTWJISTOP JOJKEH obecrnieunBaTh Oe3omacHoe BEJICHUE
TEXHOJIOTMYECKOr0  MpoLecca,  YJIOBJIETBOPSITh  TPEOOBAHUSAM  OXpaHbI
OKpY>Karolllel cpejibl, OXpaHbl TPyla U TEXHUKU O€30MacHOCTH;

- BEHTUWJIATOP  JOJDKEH  oOecneuuBaTh A(PQPEKTUBHOE  UCIOIb30BAHUE
noTpebnsiemMoil sHepruu; B cooTrBeTcTBUU ¢ TpeboBanusimu ['OCT 10616 ero
nericrButenpHbli K111 nomkeH ynoBieTBopsTh ycJIOBHIO 1 > 0,9 Nyax-

[Tpou3BOANTENBHOCT BEHTUIISITOPA CIEAYET ONMPENEHsITh C YYETOM MOTEPD
WIM TOZACOCAa BO3JlyXa B BO3JIYyXOBOAaX U B BEHTWISIIMOHHOM OOOpYJIOBaHUU
YCTaHOBKH, T.€.

L = Ljacw + AL (6.3)
[Tpu BBIOOpE pacueTHON BeNMWYUHBI L yuuThIBaeTcsl ee OoJiblliee 3HAUYCHHE,
MOJIYYEHHOE TPU OMNPEAEICHUU TMOJCOCAa B BO3AYXOBOJAX 10 BEHTUJISITOpA WIIU
MOTEPh BO3/yXa B BO3JAyXOBOJAax IIOCIE€ BEHTWJATOpa. BenuunmHa mojacoca
(motepb) BO3yXa B BO3yXOBOJIaX OMPEIEIACTCS:
AL = 0,1 Lscs — IIpH CyMMapHO# JUIMHE BO31yX0BOJOB 10 50 M;



AL = 0,15 Lacq — IpU CyMMapHO# AJIMHE BO31yXO0BOJIOB Ooiiee 50 M.

XapakTepuCTUKH BEHTUJISITOPOB, MIPUBEICHHBIC B KaTamorax
NpPOU3BOJAMTENIEH WJIM B  CIOPABOYHOM  JUTEparype, MpeACTaBiIeHbl Jis
cTanaapTHeix ycnoBuit: t = 20°C; y = 50%; B =0,101MIla (760 mm.pt.cT.) U
p = 1,2 kr/m°. Tlo 9To#i IPUUHHE PACUETHYIO BETHUNHY a9POLHHAMHYCCKUX [IOTEPD
naBieHus B ceTd (Pp,.q) mepes BEIOOpOM BEHTHMIIATOpA HEOOXOIUMO NPHUBOAUTH K
HOPMAJIBHBIM YCIIOBUSIM, T.€.

P =Ppacu ((273 + tpace)/273) (0,101/ Bpaca) (1,2/P pacu-) (6.4)

I[Ipu sTomM TpebyeTcs W pacueT YCTAHOBJICHHOW MOIIHOCTH MPHUBOJA,
KOTOpasi MOXET OTJIMYaThCS OT KOMIUICKTAIlMH BEHTWISITOpA JIBHTATETIEM IS
CTaHJAPTHBIX YCIOBUM:

N3 = k3 ((1+kp) PL)/(3600 * 1000 ng 1y ) (6.5)
rae  Ppics — adpommnamuueckue norepu nasnenus (Ila) B cetu, onpenensemsle
U3 YCJIIOBHI TeUeHUs B TPyOOINpoBOJax Bo3ayxa (ra3a), UMEIOUIETO MapameTphl,
COOTBETCTBYIOIIUE CTAHAPTHBIM;

Lpacs — pacxon Bo3myxa (rasa) B CETH, M/d, ONpENeNSeMbIii KaK CyMMa
pacueTHBIX PACXOJOB €ro y morpeburtenei 0e3 ydyera yredek (Imojcoca) uepes
HEIJIOTHOCTH;

AL — pacHeTHBIH 0COC BO3LYXA B CETH, M /4;

toaces Bpacus Ppacs — pacderHas temmeparypa (°C), Oapomerpuyeckoe
nasiienre (MlIla) u oObemMHas Macca nepemMeniaeMoro rasa, Kr/M;

N5 — yCTaHOBJICHHAsI MOIITHOCTh MPUBOJIa BEHTUJISATOPA, KBT;

ks — xoadduieHT 3amaca, BBOJUMBIM Ha CHHXKCHHE HETaTHBHOTO
BO3JICHCTBHSI Ha JJIEKTPOABUTATENIb ITyCKOBOIO MOMEHTAa W Ha TEMIIEpaTypHBIE
YCIJIOBHSI 3KCIUTyaTalluy 31€KTPOIBUTATENS;

K — ko3pduipeHT, ydUTHIBAIONMN BHJ MEXaHWYCCKUX IpPHUMeEceld B
IIEPEMEIIAEMOM Ia3e;

L — KOHIIEHTpAIUsI MEXaHUYECKUX MPUMECEH B JTOJISIX SUHUIIBI,

NB, Mn — KO3(POUIMEHTHI MOJE3HOTO JNEUCTBUS BEHTHIATOPA W MepeaadH,
BBIPKEHHBIE B JIOJISIX €IMHHUIIBIL.

[Ipu ompeneneHny pa3BUBAEMOTO BEHTWISTOPOM JIABJICHHS HEOOXOIMMO
YUUTHIBATh BIUSHHUE HA €ro aj’poJWHAMUYECKUA PEKUM TMOABOJAIINX U
OTBOJIAIIUX KAHAJIOB.

Oco00 3HAUMMO BIUSHHUE TMOABOMIIIMX KAHAJIOB Ha  IapaMeTphl
BEHTWJIATOPOB C 3arHYTBIMH BIIepe JOMaTKaMu. Y BEHTHJIATOPOB JAaHHOTO THUIIA
CHU)KEHHE Pa3BUBAEMOI0 JaBJICHUS MOXET ObITh A0 ypoBHA 50 % OT 3HaueHwus,
MIPEICTABJIICHHOTO B KaTajorax M crnpaBoyHukax. [Io 3TuM npudnHaM mpu BEIOOpE
BCHTHJIAITOPOB HEOOXOAMMO YYHUTBHIBaTh YKa3aHHBIE OOCTOSTEIHCTBA M BHOCHTH
KOPPEKTUPOBKY B KaTaJOXHBIC XapaKTEPUCTHUKHA BEHTHJIATOPOB, a TaKkKe
OCO3HAHHO Ha3HA4YaTh KOHPUTYPAIUIO MTOABOAIINX U OTBOJSAIINX KAaHAIOB.

BGDHVTBCH B OI'JIABJICHHMEC pa3acjia




3. PervaupoBanue padoThbl HATHETATE el
Crioco0b1 yripaBnenus pabortoit Haraerarteneit [1] c. 195-202.

4. BHﬁDaHHH M__IIIYM HarHerarejei. AKYCTHMYECKHME XapaKTEePHUCTHKH

BEHTHJISITOPOB. 3BYKOBAs MOIITHOCTL H 3BYKOBOE JIaBJICHHE
[1] c. 407 — Bubpanus, c.409-411, 414-417 — mym.

5. HNcenpiTanue u HAJAJAKAa HACOCOB U BCHTHUJIATOPOB
[1] c. 420-422

JIutepatypa K Teme 6:
1. dsuek, I1. . Hacocel, koMmpeccopbl U BEHTHIISITOPHI : yueOHOE mocoOue
/ T1. 1. Istuek. — M. : U3patensctBo ABC, 2013. — 432 c.

BepHyThCs B ornaBieHue pasaeia

BepHyThCH B OryiaBiieHHue




Ilpunoscenue 1

BapuaHT nonoopa BeHTHJIATOPA

3ajgaHue:
B nomernienre HEOOX0AMMO MOI00PATh MTPOMBIIIJICHHBIA BEHTUIISIIMOHHBIH

arperat il TEpeMEIlEeHUs Ta30BO3MYIIHBIX MacCc C MapaMeTpaMu, KOTOphIe
MaKCUMaJIbHO TPUOIMKEHBI K cpeaHecTaThucTHueckuM. IIpemycMoTpeHHas
IIPOEKTUPOBIIUKOM IIPOU3BOIUTEIBHOCTD COCTaBJISICT 3050 m*/u c
a’pOAMHAMUYECKUM CONPOTUBIIEHNEM BEHTHIIALMOHHOM ceTn P=400 I]a.

BapuaHT peuieHus 3a1a4u:

PacuetHbsiM napamerpaM, 3aJaHHBIM B IPOEKTE, COOTBETCTBYET paIuAJIbHBIN
BEHTWJISITOP HU3KOTO AaBienus BP 80-75. 1o nMmeromuMces Tex. XapakTepucTUKaM
MpPEABAPUTEILHO JENA€M BBIBOJ, YTO HCXOAHBIM JAHHBIM COOTBETCTBYET
BEHTWJISATOp TUIOpazMepa Homep 4, umeronuii npu n=1450 06/MuH. (060pOTHI
PK) mapamerpsl B paboueil 30He: mpom3BojauTelbHOCTh V=1850-4300 m*/4,
noiHoe nasienue ot 290 no 520 ITa.

[To sTo#t asponrHaMHUEecKO XapakTepucTuke BeHTwsiTopa BP Ha rpaduke
(puc. 6.1) Haxogum ero «pabouyyrd TOYKY» M BCE COOTBETCTBYIOIIUE €M
napaMeTphbl:

—_——

Puc.6.1 AspoaunnaMmuueckas Xxapakrepuctuka BeHtuisaropa BP80-75

[IpoussoautenbHocTh Q — 3050 M3/y
[Tonnoe naBnenue P — 420 I1a

Yacrtora Bpamienusi PK — 1450 o6opot/MuH.
KI1J—0,8



Makcumanbabiid KIT/1 Beatrisropa — 0,81
MormrHocTs anektpoasuratens Ny, kBt — 0,75

[TpoBepuM BBITIOJIHEHHBIE YCIOBUS 3a/1a4H:

n>=0,9*nmax

ng = 0,8>0,9*0,81=0,729

Tpebyemast MOIIIHOCTB HA Bajy 3J1.JBUTATENs, KBT

N = (3050*400)/(3600* ng) = 464,8 Bt = 0,5 kBt

YcTaHOBIEHHAasT MOIIHOCTh 3JIeKTpojBuratens, KBt mpu kosdduumente
3araca Ks= 1,5 (tab. 6.1)

Ny = K5*N = 1,5%464,8 = 697,2 Br

Y cTaHOBIIEHHAs MOLTHOCTD AJ1.ABUTaTes B KOMILIEK € Ny- 750 Bt

Tabnuua 6.1 Koadduimentsl 3anacoB MOITHOCTH

MOoITHOCTh Ha BTy <05 0,51-1 1,01-2 2,01-5 >5
AJICKTPOABUTATENS, BT

Koaddunment 3amaca 15 1.3 1.2 1.15 11

morHocTH, K, ’ ’ ’ ’ |

Jist Toro 4Tto OBl TIepecUYWTaTh aAdPOJUHAMUYECKHE XaAPAKTCPUCTUKH
BeHTarperatoB tuna BP Ha apyroe xonudecTBO 000poTOB pabouero kojeca n’,
€ro IUaMeTphbl, a TaKXKe IUIOTHOCTH MEPEMEIIaeMOro Bo3ayxa p’ 0e3 MOMpaBok,

YUHUTHIBAIOIIMM  HW3MEHEHWe «kputepus PeliHonpaca (Re)» u  BiausHuHE
CO)KMMaEeMOCTH MTPOU3BOJIAT 1O JaHHBIM (OopMyJiaM:
w2 DN\ (p n
Po=p-(5) - (5) -(5) 0-0-(3)-(5)
2 /D ' ny3
e G (8) | o))
n D D n

ra=ra (2 (2)(2) A

n"=n=

BGDHVTBCH B OI'JIABJICHHMEC pa3acjia

BepHyThCcs B oryiaBieHue




2. IPAKTUYECKHUM PA3JIEJI

2.1 MarepuaJjibl 1J15 J1a00paTOPHBIX padoT
o aucuuiuinae «Hacochl M BEHTHIIATOPBI»

2.1.1 JlaGopaTopHas padora Ne 1

2.1.2 JlabopaTopHas padora Ne 2

2.1.3 JIabopaTopHas padora Ne 3

2.1.4 JIabopaTopHas padora Ne 4

2.1.5 JIaGopaTopHas padora Ne 5

2.1.6 JIaGopaTopHas padora Ne 6

2.1.7 JJabopaTopHast pabora Ne 7

2.1.8 JIabopaTopHas padora Ne 8

JlabGopaTopHnasi padora Ne 1
KOHTPOJIBHO-U3MEPUTEJIBHBIE ITPUBOPHI 1J15 [TPOBEJAEHU A
CAHUTAPHO-TUT'MEHUYECKWX UCIIBITAHUI U OBCJIEJIOBAHWI
BEHTUIAIIMOHHBIX CUCTEM
Henb padorbl: O3HAKOMUTCA € YCTPOMCTBOM M JEHCTBUEM KOHTPOJIBHO-

U3MEPUTENbHBIX TPUOOPOB:

1. TepMoMeTpBI: )KUIKOCTHBIN, HH(ppaKpacHblii TepmomeTp testo 830-T1;

2. Manometp: muddepennmanpapiii  MaHomerp 1udposoit  JMI[-01M,
OapomeTtp-anepou Meteoposiorndeckuiit BAMM-1, MUKpOMaHOMETp C HAKJIOHHOM
Tpyokoit MMH-2400 (5)-1,0;

3. TepmoanemomeTp testo 410-1;

4. AuemomeTpsr: vameunsiiit MC-13, kpeumsuateiii ACO-3;

5. l'urpometp ncuxpomerpuyeckuii Tuna BUT-1;

6. Tepmorurpomerp TI'L[-MI'4;

7. Taxometp yacosoii TY 10-P.

OCHOBHBIE TEPMUHBI U OLPEACIICHHUS

KoHTponbHO-u3MepuTenbHble MPUOOPHl U UHCTPYMEHTHI HAXOAST LIMPOKOE
OpPUMEHEHHE HE TOJIbKO B cdepe MpOU3BOJACTBA, HO M IpPH OSKCILTyaTalluu,
JUArHOCTUKE  TEXHUYECKUX  CHCTEM, OOECIEeYeHUH UX  DKOJOTHYECKOU
0€30MacHOCTH.

Hsmepenue — HaxoxJeHUE 3HaYeHUs Quinueckoid BenuuuHbl (DB)
OTBITHBIM ITYTEM C TOMOILBIO CIEIMAIBHBIX TEXHUYECKUX CPEJICTB.

IIpsamoe u3zmepenue — W3MEpPEHHE, MPU KOTOPOM HMCKOMOE 3HAYEHUE
(bu3MYeCcKOi BEJIMUYMHBI HAXOASAT HEMOCPEACTBEHHO U3 OMBITHBIX JTAHHBIX.

Koceennoe usmepenue — wm3MepeHue, MpU KOTOPOM HMCKOMOE 3HAYEHUE
BEJIMYMHBl HAXOJIAT HA OCHOBAaHWM W3BECTHOM 3aBUCUMOCTH MEXIy 3TOH
BEJIMYMHON U BETMYUHAMH, TIOJBEPTa€MbIMH MPSIMBIM H3MEPEHUSIM.

Cogokynmuvie uzmepenusi — TPOU3BOJNMBIE OJHOBPEMEHHO H3MEPEHUS
HECKOJIbKMX BEJIUYHH.

Cpeocmeo usmepernus (CH) — TeXHUYECKOE CPENICTBO, UCIOJIb3yeMOe MPHU
U3MEPEHUSX U UMEIOILEe HOPMUPOBAHHBIE METPOJIOTHYECKUE CBOMCTBA.




Hsmepumenvnoiti npubop — CU, mupenHasHa4eHHOE I BBIPAOOTKHU
CHUTHaja W3MEpPUTENbHOW  WHpopMarmmu B  ¢opMe, JOCTYMHOH IS
HETIOCPEICTBEHHOTO BOCTIPUATHS HAOIIOaTENIEM.

UsmepumenvHoiti  npeobpazosamens — CH, mnpeaHazHayeHHOE IS
BBIDAOOTKM CHUTHaja H3MepuTelbHOM wuHopMamuu B QopMme, ymoOHON s
nepejayu, JajbHeuero nmpeodpasoBanus, 00pabOTKH U (WJIK) XpaHEHHS, HO HE
BOCTIPUHUMAEMOW HEMOCPEACTBEHHO HAOII0JaTeIeM.

Jluanazon usmepenusi (npeden uzmepeHus) — JWANA30H 3HAUYCHUUN
U3MEPSIEMON BEIIMYUHBI, KOTOPBHIA MOXKET OBITh W3MEpPEH ITaHHBIM CPEICTBOM
U3MEPCHUS U IS KOTOPOTO HOPMHUPYETCS JOMycKaeMas MOTPENTHOCTh CPECTBA

WU3MEPEHUS.
Iloepewunocms  usmepenus — OTKIOHEHUE pE3yJIbTaTa WU3MEPEHUS OT
VCTHUHHOTO 3HAYEHHUS U3MEPSIEMOMN BEINYNHBI.

TepMomMeTpsl

Temneparypa MoxeT OBITh ONpenelieHa Kak MapamMeTp TEeIIOBOro
COCTOSIHUA. VI3MepeHne  TeMIeparypbl  OCYIIECTBISIETCA  KOHTAaKTHBIM U
OECKOHTaKTHBIM crioco0amu. KOHTakTHBIM cr1ocoOOM TeMIiiepaTypa U3MEpsieTcs: ¢
MIOMOIIBIO MEPMOMEMPO8 pacuuperuss Heuokocmuuix. JKUIKOCTHbIE TEPMOMETPHI
MOCTPOECHBl HA NPUHLHUIIE TEIUIOBOIO PACUIMPEHUS MKUJAKOCTH B CTEKISTHHOM
pe3epByape. B kadecTBe pabouyux BELIECTB NMPUMEHSIIOT PTYTh M OPTraHUYECKUE
KUJIKOCTH. JKUAKOCTHBIE CTEKJISIHHBIE TEPMOMETPbl PACHIUPEHUS COCTOST U3
CTEKJISTHHOTO KalwUIsipa, 3aloJIHEHHOTO TEPMOMETPUYECKON JKUJKOCTBIO, U
CTEKJITHHOTO Kopmnyca co wmkainoil. Ilpu HarpeBaHnu o0beM TEPMOMETPUUECKOM
KUJIKOCTH YBEJIMYMBACTCS, YPOBEHb B KaNWJUISIPHOM TpyOKe MOBBIIIACTCS, YTO
ONpeAesieTCs IO TPagyupPOBAHHOM IIKajle. PTYyTHO-CTEKIIHHBIE TEPMOMETPHI
MPUMEHSIIOT I u3Mepenus temmneparypbel ot -30 mo +500°C. Tepmometpsl ¢
OPraHUYECKUMH SKUJKOCTSMHM Ha3bIBAIOT HU3ZKOTEMIIEpATypHbIMU. B  Hux
npuMeHsieTcs ATWIoBbIN cnupt 10 -130°C, Tomyon no -90°C, nerposnernblit 2gup
bie} -30°C " IIEHTaH hife)
-190°C.

Jist m3MepeHusi TeMIiepaTypbl Bo3ayxa B pabodeil 30HE TOMEIICHUS
TEPMOMETPHI YCTAHABIMBAIOT Ha BbICOTE 1,5 M OT moJia, BIAadud OT XOJIOJHBIX
HApYXKHBIX OTPaXICHUM W OOOpYJOBaHUS, M3ITYYaIOUIEro TEIUIO, ¥ BHE 30HBI
JICUCTBHUSl MPUTOYHBIX CTPYH M COJIHEYHBIX Jiydyed. Temmeparypy Bo3ayxa B
BO3/YXOBOJaX PEKOMEHIYETCS HU3MEPSITh TEPMOMETPAMH, BBOJUMBIMH BHYTPb
BO3/IyXOBOJIOB 4Y€pe3 CIEUHMATbHOE OTBEPCTUE WIM JIIOUKU. Mecta u3MepeHus
TeMIepaTyphl BO3/lyXa B BO3/IyXOBOJIaX JOJIKHBI BEIOMPATHCS C Yy4€TOM TOTO, YTO
YCTAHOBJICHHBIC TEPMOMETPHI HE JOJKHBI MMOJIBEPraThcsi BUOpAIIMM U TPSICKE, Ha
MOKa3aHUs TEPMOMETPOB HE JOJKHO OKa3bIBAaTh BJIUSHUE JIYYUCTOE TEIUIO OT
KasmopudepoB, JOMKHA ObITh TAKXKE HCKIIOYEHA BO3MOKHOCTD MOMAAaHUs Karelhb
BOJIbI HA TEPMOMETP MPHU 3aMepax Mociie KaMep OPOLICHUS.

[Tpu u3MepeHnn TeMrepaTrypbl XOJOAHBIX U TOPSYUX MOBEPXHOCTEH OYEHBb
yInOOHBI OECKOHTAKTHBIE TEPMOMETPHI C HH(]pakpacHbIM gaTaukoMm. K wyuciy
TaKuX TPUOOPOB OTHOCUTCA uHpakpacHvili mepmomemp testo 830-T1. Y
MaTepHUAIOB PA3INYHBIA KOIPDUIIUESHT U3ITYICHHUS, T.€. OHU U3ITy4arOT Pa3IMIHbIN




YPOBEHb IJIEKTPOMArHUTHOMN paauaruu. MHppakpacHOoe n3MepeHne mpeICTaBIseT
co0Oll omnTHYECKOEe U3MEpeHHue TMOoBepXHOCTU. WHppakpacHblii TepMOMETp
npeaHa3HayeH JUisi OECKOHTAKTHOTO HW3MEpPEHUsS TeMIlepaTyphl MOBEPXHOCTH.
Jnamnazon
HNK-uzmepenuit — ot -30 no +400°C; MK-norpemnocts +1,5-2°C.

ManomeTpsbl

[Ipubopsl s WM3MEpeHHsl NaBJIICHUS B 3aBUCUMOCTH OT HA3HAUYCHUS H
MPEEIOB U3MEPEHUS MOKHO Pa3ACIUTh HA CIAEAYIOIIUE TPYIIIIbL:

bapomemp-anepouo memeoponocuveckuii BAMM-1 — nns u3MepeHus
aTMoc(epHOro JaBJIeHUs B Ha3eMHBIX YCIOBUAX mpu Temmepatype ot 0 1o 40 °C u
oTHOCcUTENbHON BiaxHoctu 10 80 %. [uamazon wusmepsiemoro pnasienust 80-
106 (600-800) xIIa (MM pT.cT.); Tpeaenasl JOMYCKAeMBIX ITOTPEITHOCTCH
coctasisiet = 0,2 — 0,5 klla (MM pT. cT.).

MukpomMaHoMeTpbl ~ OBIBAIOT ~ KUAKOCTHBIMH W DJIEKTPOHHBIMH.
Mukpomanomemp mHo2oouanazonnwviil ¢ Hakiounou mpyoxou MMH-2400 (5)-1,0
— TIpeHa3HAYeH ISl U3MEPEHUsI U30BITOYHOTO, BAKYYMMETPUUECKOTO JIABJICHUS
M Pa3HOCTH [IaBJIICHWI Ta30B, HEAarpecCUBHBIX K CTAlld, JaTyHU, OJIOBY U
nonvdTWiIeHy B mpenenax ot 600 mo 2400 Ila mpu craTuyeckoM AaBIECHUU HE
6omnee 10 000 ITa. Knacc Tounoctu — 1,0. Pabouast KUAKOCTh — CIHUPT ITUIOBBIN
pekTupuKOBaHHbINA. JKUIKOCTHBII MHUKPOMAaHOMETP YCTPOEH 10 MPUHIIUITY
npocroro U-o0pa3HOro MaHOMETpA, TOJIBKO OJJHA TPyOKa 3aMEHEHA Pe3epByapoM,
a BTOpas CO IIKaJOM MOKET HAKJIOHATHCA U (PUKCUPOBATHCS B OMPEACICHHOM
nojokenuu. [lpuHuun aedcTBusi nmpubopa OCHOBAaH Ha TOM, YTO H3MEpPsIeMOe
JABJICHUE BO3/lyXa YpPaBHOBEUIMBAETCS HaBJICHUEM CToJi0a padodeil >KHUIIKOCTH,
KOTOpbI oOpa3zyeTcss B HAKJIOHHON TpyOke (K TpyOKe MOJBOIUTCS MEHbIIEE
naByienue). [Ipu 3ToM yciioBUM ypOBEHb CIIUPTa B U3MEPUTEIBHON TpyOKe Oyner
MOBBIIIATHCS, a B pe3epByape — MOHUKATHCS.

Hapsny ¢ KHUIKOCTHBIMM MHUKPOMAaHOMETPaMHU IPU HAJAJKE BEHTCUCTEM
HIUPOKO MIPUMEHSIOTCS DNIEKTPOHHBIN /Jughhepenyuanvuvii manomemp JIMI]-01M.
Orto 1nudpoBoil MpuOOP IS W3MEPEHHs JIaBIICHUS, Pa3pEkKEHUs, CKOPOCTU U
00BEMHOTO pacxoja BO3AYIIHOTO MOTOKAa B BO3MyXOBoje. /[nama3oH mu3mepeHus
nepenaaa nasnenus — 0-2,0 xI1a (0-200 mm Boj.cT.); morpentHocTs 1 %.

TepMmoaneMomeTp

Tepmoanemomemp testo 410-1 ciyx uT AJis U3MEPEHUS CKOPOCTH MOTOKA
BO3/yxa M TeMmreparyphl. [Ipubop moaXoauT ajis U3MEPEHUsI CKOPOCTH IMOTOKA
BO3/lyXa Ha BBIXOJIaX BO3JYXOBOJOBOB BEHTWJIALIMOHHBIX cucTeM. Hapsany c
U3MEPEHUEM TEMIEpPaTyphbl MOXKHO IMPOBECTH aHAIW3 KJIMMATUYECKUX YCIOBUH.
Huanazon wusmepenus: 0,4-20 m/c; -10+50°C. Ilorpemnocts =+0,2 m/c +2 %
m3Mmepenus; £ 0,5°C.

AHEMOMETPBI
CKOpOCTh IBW)KECHHS BO3yXa U3MEPSIOT aHEMOMETPaMU — KPbUIbYATHIMH,
YaIleYHbIMH, JIEKTPOHHBIMH, TU(HPOBHIMU YHUBEPCATBHBIMH.
Kpvinouamoiti  anemomemp ACO-3 CIyXUT sl WU3MEPEHUS] CpeaHEei
CKOPOCTH HAampaBJIEHHOTO0 BO3AYIIHOTO MOTOKa B auana3zoHe uzmepeHus 0,3-
Swm/c. Ilpemen nomyckaemoi mnorpemHoctd He ©Oonee =+0,1 + 0,05V m/c.




BeHTnpreMHUKOM aHEMOMETpa CITY)KHUT KPbLIbYaTKa, HACAKEHHAsT HA TPyOUaTyro
OCh C MOAIIUITHUKOBBIMU BTyJKaMu. Ha koHIe TpyOUuaToil ocH 3aKperieH YepBskK,
Nepeaovii  BpallleHue BETPOIPUEMHUKA 3y04aTOMy pEeayKTOpY CUETHOIO
MexaHu3Mma. CueTHbII MeXaHM3M HMMEET TpPU CTpeNKkH, ero Iudeponar umeer
COOTBETCTBEHHO TPHY LIKAJIBI: €IUHHULL, COTEH, THICSY.

Yaweunviii anemomemp MC-13 mnpenHa3HauyeH Ui U3MEPEHUs] CpEaHEH
CKOPOCTH BO3JIyIITHOTO NOTOKA B MPOMBILIJIEHHBIX YCIOBUSX U CPEAHEN CKOPOCTH
BeTpa ckopoctu oT 1,0 mo 20 m/cek. Ilpexen momyckaemol MOTPENTHOCTH HE
Oonee +0,3 + 0,05V m/c. Betpornpuemankom aHeMOMeTpa CITY>KHUT
YeThlpexyalleyHasi BepTyllKa. BeTponpHeMHHMK aHEMOMETpa COEIMHEH C
PEAYKTOPOM CUETHOTI'O MEXaHU3MA.

Ilcuxpomerp

OTHOCHUTENIbHYIO BJIQXHOCTh BO3[yXa B IIOMEUICHUSX ONPEIEISIIOT C
MOMOIIBIO TICUXPOMETPOB. [Ipocmoii ncuxpomemp TPEACTaBIsIET cOO0N KOPIYC,
Ha KOTOPOM 3aKpEIUICHBI 1B OJIMHAKOBBIX PTYTHBIX T€pMOMETpa. baion ogHOrO
TEPMOMETpPA «CYXOil», a OaJUIOH JIpPyroro — OOEPHYT TKaHbIO, KOHEIl TKaHU
OIyLIEH B CTakaH ¢ BOAOW. [0 NCHXpOMETPUYECKON Pa3HOCTU M IMOKAa3aHUIO
«CyXOoro»  TEpMOMETpa, TOJIb3YACh  CIEUUATbHBIMU  TaONHMIIAMH WU
HOMOTPAMMaMH, ONPEAEISIIOT OTHOCUTEIBHYIO BIAXKHOCTH Bo3ayxa. [lokazaHus
npulopa CyIIECTBEHHO 3aBHUCSIT OT CKOPOCTH BO3]lyXa, 00JyBalOIIEr0 «MOKPBI»
TEPMOMETP, YTO HEOOXOAMMO YYHUTHIBATH MPHU ONPEAEICHUN OTHOCUTEIbHOU
BJIQ)KHOCTH.

['urpomerp nNcUXpoMeTPUIECKUN

llcuxpomempuueckuti  euecpomemp muna BHUT-1 npennasHadeH st
U3MEPEHUS OTHOCUTEIHLHOM BJIAXKHOCTU M TEMIIEPATYphl BO3JyXa B MOMEIICHUHU.
Juamna3zoH wu3MepeHusi OTHOCUTEIbHOM BiaxHocth — oOT 20 1o 90 %j;
TEMIEPATYpPHbIA AWANa30H M3MEPEHUs BIAXXHOCTU — oT 5 1o 25 °C; aumana3oH
u3Mmepenust temneparyppl — oT 0 go 25°C. AOGConoTHasT TOTPENIHOCTh
TEPMOMETPOB  MOCJie BBeAeHUs mnompaBok cocrasisier +0,2°C; mnpenpen
JOTTYCKaeMOM TOTPENTHOCTH TurpomeTpa mpu acrnupanuu ot 0,5 mo 1 wm/c
cocTtaBisier +5-7 %. B kaduecTBe TEpMOMETPUUYECKOUN >KUAKOCTH B TEPMOMETPAX
TUrpoMeTpa Hcmnoiib3yeTcss Toiyod. [mrpomerp tuna BUT-1 orTHocuTcs K
npubopamM TMOJIHOTO TOTPYXKEHUsS, T.€. HAXOJUTCS TOJTHOCTBIO B HM3MEpsSeMOi
cpene. Bpemst Bblep:KKHM TUTpoMETpa B M3MEPSIEMON cpele A0 Hayaiga oTcyeTa
TeMmrepaTypbl He MeHee 15 MuHYT. ['Urpomerp mnpeacraBisieT co0oil mpudop,
coOpaHHBIi Ha OCHOBaHMM U3 TMoJHUCcTUposia. K OCHOBaHMIO KpemsiTcs JBa
TEpMOMETpa CO IIKAJIOW, TICUXPOMETpUUECKas TaOIuIa, CTCKISHHBIA MUTATElb,
3anoiHsAEMBIM  BoAouW. PesepByap TepmomeTrpa I1I0J HAANMCHIO <« Y BIIAXKH.»
YBIQXHSCTCS BOJOUW U3 MUTATEIISI C TOMOIIBIO (DUTHIIS.

Meton u3MepeHHs: OTHOCUTEIBHON BIIAXKHOCTH TMTPOMETPOM OCHOBAaH Ha
3aBUCUMOCTH MEXK]ly BJIQXXHOCTBIO BO3yXa M MCUXPOMETPUYECKOU PA3HOCTHIO —
PA3HOCTBIO MOKA3aHUN «CYXOT0» U «yBJIAKHEHHOT0» TEPMOMETPOB, HAXOAIIUXCA
B TEPMOJMHAMHYECKOM PABHOBECHMU C OKpY)Kawoleh cpeaoi. 3areMm 1Mo
MOKA3aHUSIM «CYXOTO» TEPMOMETpAa H PA3HOCTH IMOKA3aHHM «CyXoro» u




«YBIIQ)XKHEHHOT0» TEPMOMETPOB OIPEIEISAIOT OTHOCUTENBHYIO BIAXKHOCThH BO3/1yXa
MO MICUXPOMETPUUYECKON TaOJIHIIE.

Tepmorurpomerp

JUisi u3MepeHusT OTHOCUTENTBHOM BIAXHOCTH B JKWIBIX M pabouyux
MOMEIIEHHUSX, a TAKKE HA OTKPBITOM BO3IyX€ HMPUMEHSIOTCA MeEepMOUSPOMempbl
muna TI'[[-MI'4, xoTOpbIe COCTOST W3 OJIOKa MHIUKALWW W H3MEPUTEIBHOTO
npeoOpazoBarens,  COCOMHEHHBIX  MEXAy  coboil  TulOkuM  Kabenem.
[IpeoOpazoBarens yCTAaHOBJICH Ha KOPITyCE€ WHAMKAIMK, a THOKWI Kabemb B
CMOTAaHHOM COCTOSIHUM HaXOAMUTCSl BHYTPU OJIOKa MHIUKALUU.

Taxomerp

[Ipubopel asi1 u3MepeHus: yuciaa OOOPOTOB HA3bIBAIOTCA TAXOMETPAMH.
TaxoMmeTpsl OBIBAIOT KOHTAKTHOTO M OECKOHTAaKTHOrO HU3MepeHus. Taxomemp
yacogou TH10-P KOHTaKTHOTO TUIIA CO CMEHHBIMU HAKOHEYHUKAMU MIPEAHA3HAUECH
JUTSL KpaTKOBPEMEHHOTO (4-5 cek) u3MepeHus YacTOThl BpallleHHUs YacTel MAaIlliH U
MEXaHU3MOB, HMMEKIINX LIEHTPOBOYHBIE 3JIEMEHTHI, W JIMHEHHBIX CKOpPOCTEH
cIocoO0OM  HEMOCPEACTBEHHOro mpucoequHeHus. (ObOecrneuynBaeT uanazoH
u3Mepenust 4actotel Bpamenus ot 50 g0 1000 u ot 1000 mo 10 000 oGopoToB B
MUHYTY, JUHEHHbIX ckopoctedr oT 10 go 100 m or 100 mo 1000 m/mMuH.
[TorpemHocth 3TOrO NMpUOOpa cocrapisieT £1% OT BepXHEro npejaesia U3MepeHu.
TaxoMeTp COCTOUT M3 CUETHOI'O M YAaCOBOIO MEXaHU3MOB M MEXaHM3Ma BO3Bpara
cTpesiok. CueTHBI MEXaHU3M TOKa3bIBAET YMCI0 000pOoTOB Ha nudepodaare. s
M3MEPEHUS YaCTOThl BpaIllCHUsI TPUMEHSIOTCS JBa BUJIa HAKOHEYHUKOB C TIPSIMbIM
U oOpaTHbIM KoHycaMu. JlJii W3MEpeHHs JIMHEWHBIX CKOPOCTEH MpPUMEHSETCS
JIUCKOBOW HAKOHEYHUK.

[opsinok npoBeaeHus: paboThl ¥ 0hOPMIIEHUS 0TYETA

1. O3HaKOMUTBCA C TEXHUYECKUMU XapPAKTEPUCTHUKAMU KOHTPOJIBHO-
U3MEPUTENBHBIX TPUOOPOB;

2. 3yunTh cBeneHus 00 yCTPOMCTBE U MPUHIIUIIE PaOOTHI MPUOOPOB;

3. [IpoBectr n3MepeHus Bo3ayxa B IOMEIIEHHUH C MIOMOIIbIO TPHOOPOB;

4. JlanHbIC N3MEPEHUI 3aHECTH B TAOIHITY 1:

KoHTpOJIbHBIE BONIPOCHL.

1. Yro Takoe u3MepeHue 1 CpesICTBA U3MEPEHHUS?

2. Kakue ecTb BUIBI N3MEPEHUIT?

3. Uto Takoe AuanazoH U3MEPEHUs U MOTPEITHOCTh U3MEPEHHUS?

4. Kak paboTaroT KOHTaKTHbIE TEPMOMETPHI PacIIupeHus?

5. [Ins yero npennasHaueHsl MaHOMETpbI? Kakue mpuOopbl UCTIONIB3YIOT AJIs
W3MEpPEHUs IaBJICHUS B BEHTWISALIMOHHOMN CeTH?

6. st yero mpenHasHaueHbl aHeMoMeTpbl? Kakue BHIIBI aHEMOMETPOB BbI
3Haere?

7. Kakumu nmpubopaMu U3MEpSIOT OTHOCUTENHHYIO BIAXKHOCTh BO3TyXa?

8. Jlis yero npemHa3HaYeH YaCOBOM TaxoMeTp?

BGDHVTBCH B OI'JIABJICHHMEC pa3acjia




BepHyThCs B OTIaBICHHUE




Tabmuua 1.1 Hannsie nzmepennii KUIT

KHUII

N3mepsiembie
BCIIMYNHBI

[Ipumeuanus

KuaKoCTHBIH TEpMOMETP

TemnepaTypa Bo3ayxa B nomemieHuu, °C

Yameunslii anemomerp MC-13

CKOpOCTh NMOTOKA BO3yXa, M/C

KpbLibuaTtelii anemomeTp ACO-3

CKOpOCTh MOTOKA BO3yXa, M/C

Taxomerp yacosoii TU10-P

Yacrora BpamnieHusi, 00./MUH

Mudppaxpacublii Tepmomerp testo 830-77

TemmepaTypa MoBepXHOCTH OTONHUTEIBHOTO nprbdopa,’C

TemrmiepaTypa MOBEPXHOCTH BEHTHIISITUOHHOTO
BO31yX0oBoJa, °C

I[cuxpomeTpuyeckuii rurpomerp BUT-1

OTHOCHUTENbHAS BIAKHOCTD, %0

TemnepaTypa Bo3ayxa B nomemienuu, °C

lbapomeTp-anepoua Mmereoposiorndecknii bAMM-1

IATMochepHoe napiienue, klla (MM pr.cT.)

Tepmoanemomerp testo 410-1

CKOpOCTB ITOTOKA BO3JIyXa, M/C

Temnepatypa oxsaxaenus serpom, °C

Tepmoanemomerp testo

CKOpOCTb IIOTOKa BO3/J1yXa, Mm/c

TemnepaTypa oxsaxaeHus Berpom, °C

10.

Tepmorurpomerp TT'1]-MT'4

OTtHOCUTENbHAS BIXKHOCTD B INOMCIICHHNH, %

OTHOCHUTENBHAS BIAKHOCTh Ha OTKPBITOM BO3/1yXe, %

11.

Tepmorurpomerp

OTHOCHTENbHAS BIAKHOCTD B ITOMEIIEHNH, %o

OTtHOCUTENbHAS BIaXKHOCTH Ha OTKPBITOM BO3YyXC, %

12.

Jndpepenunanbubiii Mmanomerp JMI-01M

Ilonxnoe naBnenwme, Ila

CraTtndeckoe JaBJICHHC, I1a

Jlnaamuyeckoe gasienue, I1a

CKOpOCTB JABWIKCHUS BO3AyXa, Mm/c




JlabopaTtopHasi paGoTa Ne2
N3YYEHUE KOHCTPYKIMHN HEHTPOBEXHBIX HACOCOB C
MOKPBIM POTOPOM

Heab padorbi: M3yunTh yCTpONCTBO LEHTPOOEKHBIX UPKYISILIMOHHBIX
HacocoB WILO TOP S 50/7 u GRUNDFOS UPS 25-60.

OO11ue cBeIeHNd 0 LIEHTPOOEKHBIX HACOCAX C MOKPBIM POTOPOM

Hacoc — rugpaBianyeckas MalldHA JUIS CO3/1aHUS MOTOKA JKMIKOW CpPEIbI.
Haubonee pacnpocTpaHéHHBIMH B CHCTEMaX OTOIUICHHS W BOJOCHAOKEHUS
ABJIAIOTCS LIEHTPOOEXKHBIE HACOCHI. DTO OOBACHSIETCS MPOCTOTOM KOHCTPYKIIHH,
MIMPOKUM JHAma30HOM TMojaud ©u Hamopa, BbicokuMm KIIJI u ymobctBom
DKCILIYaTaLWH.

B ueHTpoOeXHBIX Hacocax Mepenada dSHEPrUu MEepeKaunBaeMOM >KHUIKON
Cpele OCYILECTBIAETCS 3a CYET B3aUMOJEHCTBHUS JIONATOK pabodero Kojeca C
notokoM. [Tox neficTBuEM LIEHTPOOESKHOM CUJIBI, KUAKAS Cpe/ia MepeMeaeTcs oT
LEHTpa pabouero Kojieca K ero nepudepun.

CTOpOHa HarHeTaHuA HanpasneHue
BpauLeHHA

Pabouee Koneco

N

S

N

CTopoHa
BCacbIBaHMA

Kopnyc Hacoca

HanpasneHue notoka
Ouddysop MUOKOCTH

Puc. 2.1 YerpoiicTBo IeHTpoOEeKHOTO Hacoca

Kopnyc Hacoca

Haunbonee pacnpocTpaHeHbl HAaCOCHl C «CYXHM» M «MOKPBIM» POTOPAMH.
PoTtop «Mokporo» Hacoca BMecTe C pabO4yuM KOJECOM TMOrpYyXeH B
MEPEKAYNBAEMYIO KUAKOCTh. OHA CMA3bIBAET MOJIIUITHUKY Baja U OJJTHOBPEMEHHO
OXJIAKIAET MOTOp. ['€pMETHYHOCTh HAXOASUIECHCS TMOJ HANPSHKEHUEM YacTH
JIBUTATEJIs 00ECIIeUnBAET pa3/IeIMTEIbHbIN CTaKaH UK THUJIb3a, U3TOTOBJICHHBIN U3
HEP>KaBEIOIIEH HEMAarHUTHOM CTaJIu.

JIOCTOMHCTBA HAaCOCOB C «MOKPBIM» POTOPOM: HET YTEUYEK KUJIKOCTU H3
Hacoca BO BHEITHEE MPOCTPAHCTBO, HE TpeOyeT TexoOCTy>KuBaHMs (TaK Kak HET
YIUIOTHEHUI Bajia), HU3KUI ypoBeHb IryMa. HenocTtaTok 3THX HAaCOCOB — HHU3KHM
KIIJI (mo 50%); y HacocoB ¢ «cyxum» poropom — 110 80%.

B kauecTtBe mpumepa panee pacCMaTPUBAIOTCS LUPKYISLUOHHBIE HACOCHI
BEIYIIUX EBPOINEUCKUX (PUPM IO MPOU3BOACTBY HACOCHOTO OOOPYyIOBaHUS —
WILO u GRUNDFOS.



YcrpotictBo Hacoca WILO TOP S 50/7

Hacocet TOP S mnpumensitorcs sl MOAa4d KUAKOCTEH B CHCTEMax
OTOIUICHUSI W OXJIXICHHS, XOJOJHOTO W Topsyero BogocHaOxkeHus. Kopiryc
HAcoca BBIMIOJHEH M3 CEpOro 4yryHa, pabodee KoJieco — U3 IJIACTUKA, Bal — M3
HepXKaBeloled  cTajau, TNOAMMIHUK — W3 MeTamwiorpadura. Pabouue
xapaktepuctuku Hacoca TOP S 50/7 cm. B nmpuiioxenuu 1.

Tumooit ko HacocoB TOP
Hacoc ¢ MoKpbIM poTOpOM TOP - S 25/ 5 EM

S — CTaHgapTHbI Hacoc A 4 A

SD — CraHaapTHbIA COBOEHHbIW Hacoc

Z — Hacoc gna nuTbeBoi Boabl

D — Hacoc ¢ nocToaHHbIM YucnoMm obopoToB
(makc. 1400 1/MuH)

BHyTpeHHUI AnamMeTp naTpy6ka DN, Mm

PesbboBoe coegunHeHune: 20 (Rp 3/4), 25 (Rp 1), 30 (Rp 1 1/4)
Komb6. donaney PN 6/10 npu gnameTpe DN 32, 40, 50, 65
®dnaHuesoe coeguHeHne PN 6 unn PN 16 npu DN 80, 100

Hanop Hacoca npu pacxoge 0, M

EM = ogHodpasHblin asuratens 1~230 B
DM = TpexdrasHell gBuratens 3~400 B
(Bo3MoXKHO ucrnonHeHue: 3~230 B ¢ nepeknoyaownm LUTEKEPOM)

Hacoc wumeer wmotop oanodasznoro toka (1~). Motop wumeer 2-x
CTYIIEHYaTOE NEPEKII0YeHNe Yrciia 000poToB. [lepekiitoueHne Ha HYKHOE YHCIIO
00OpOTOB  MPOU3ZBOAUTCS BPYYHYHD B KIEMMHOM KOpPOOKE MOBOPOTOM
MEePEKITIOYaTeNs UM, B 3aBUCMMOCTH OT THIMAa KJIEMMHOW KOPOOKH, U3MEHEHHUEM
MOJIOKEHHS] TEPEKIIIYAIOIIEr0 IITeKepa. YCTAHOBICHHAs CTYNEHb 4YHCIIa
000OpOTOB BHJIHA TPHU 3aKPHITON KPBIIMIKE KJIEMMHON KOPOOKH 4Yepe3 CMOTPOBOE
oKkomKo. Bo3nyx M3 Hacoca ynansieTcsi aBTOMaTHYECKH 4Yepe3 KOPOTKOE BpeMsi
IIOCJIE 3aITycKa.
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Puc. 2.2 Hacoc TOP S ¢ MokpsIM poTOpOM
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Puc. 2.3 YcrpoiictBo Hacoca TOP S ¢ MOKpBIM pOTOpOM
1.1 — BunTHI, 1.2 — yrmoTHsOIIEE KOIbIIO, 2.1 — paboyee Kojeco,
2.2 — KonbleBOM 3aMOK, 3.1 — mpoOka, 3.2 — Baj poTopa,
3.3 — ctakad portopa, 4.1 — crarop,
5.1 —-5.8 — sneMeHTHI KIIEMMHON KOPOOKHU.

[Topsinok pa30opku U cOOPKU HAcoca:

- BBIBEPHYTh BUHTHI 1.1 1 U3BJIeUb MOTOP U3 KOPITyCa HACOCA;

- CHATH KOJIBIIEBOM 3aMOK 2.2. U 3aTeM pabodee KOJeco;

- TpU TOMOIIM OTBEPTKU BBIIPECCOBATH PA3AEIUTEIbHBI CTaKaH C
pOTOpPOM;

- BBIBEPHYTh BUHTHI KJIEMMHOUW KOPOOKH U CHSITh €€ KPBIIIKY;

COopka Hacoca MPOU3BOIUTCS B 00PATHOM MOCTIEA0BATEILHOCTH.







YcrpoiictBo Hacoca GRUNDFOS UPS 25-60 cepuu 100

[upkynauuonnslie Hacocsl cepun 100 mpenHa3HadeHBI CIENUAIBHO IS
paboThI B cucTeMax oToruieHusl. Hacochl Takyke MPUMEHSIFOTCS IS ITUPKYJISIIAA B
CHUCTEMaX TOPSYETO BOJOCHAOKCHHS, a TAaKXKE B CHCTEMax OXJIAKICHUS W
KOHJIUIIMOHUPOBaHUs Bo3ayxa. Paboune xapakrepuctuku Hacoca UPS 25-60 cm. B
MIPUJIOKECHUH 2.

Hacocwt mogenu UPS umerot Tpu cCKOpocTH BpalleHus Baja.

Tunosoii ko1 HacocoB UPS

| up | s | 25 | -40 A |180

UMpKYNALMOHHEIA HAacoc

Hacoc ¢ nepekntoveHrem ckopocTer

YcnoBHeIM guameTp TpyDeIl, MM

MakcumaneHeld Hanop, am

BapuaHTel NpHcoegMHEeHMA
[1 TpybBHoe
F &naHuesoe

McnonHeHMRA kopnyca
[1 Hyryn
N Hepxaeetowan crant
B bBponsa

K [ns nepekaynBaHWA XMOKOCTH C
OTPHUUATENBHOW TEMMNEpPATYPOr

A C BO3OYXOOTAENMTENEM B KOpNyce

MoHTaXKHaA SAAMHa, MM

Hacoc Bcerna momkeH ycTaHaBIMBATHCS TaK, YTOOBI BaJl DJIEKTPOIBUTATEIS
HAXOJIUJICS B TOPU3OHTAIBLHOM TOJIOKEeHHH. [Ipu mycke He0oOX0auMo 00ecreynTh
BEHTWISALIUIO 3al[UTHOM TWJIB3bI, I 4Yero ynaimserca pe3bOoBas MmpooOka
ANeKTpoBUraTens. B TeueHne KOpPOTKOro BpPEMEHHM OCTaBIIMKCA BO3AYX uepes
TMIOJIBIN BaJl BRITECHSIETCS] B CUCTEMY OTOTUICHHS.

MakcumanbHas notpebiasieMas MomHOCTh Hacoca UPS 25-60 coctaBisieT
70 Br.

Hacocel g  cucreM  OTOIJIGHUS  XapaKTEPU3YIOTCS MO KJaccy
sHeproddpdextuBHoctu. Kinacc aneproshPpekTMBHOCTH yKa3bIBa€TCS HA HaKJIEHKe,
UMEIOIIelicsl Ha YNakoBKEe Hacoca. B cucreme wucnoib3yemblx OYKB,
0003Havaromux Kiacc sHeprodPpdekTuBHOCTHU, OyKBa A 0O3HAYaeT BBICIIMI Kjacc,
G — mm3mmit. Hacoc UPS 25-60 umeer knacc sneprodddextuBHoctu C. Hacoc
TOP S 50/7 umeer knacc sneproddpdextuBHoctd E ¢ onHodazHbIM aBUTATENIEM,
kyacc sHeproddpextuBHOCTH D ¢ Tpexda3HbIM ABUTATEIEM.
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Puc. 2.4 Hakuieiika ¢ ykazaHueM ypOBHsI MOTPeOJICHUs SHEPTUH Hacoca



Ha pucynke 2.4 xnacc sHepro3ppextuBHOCTH Hacoca — A.

YcoBeplieHCTBOBaHHbIA KOpnyc
4 BapuaHTa UCMOMHEHMA:

O u3zuyryHa Pabouee koneco Porop 8 obonouke ynnotHurens- Kepamuueckue  Pessbosan
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= W3 HePXXABelo-  HepXXaselowen B30MAEHHYIO A0on- 13 heppuTHOM yCTO#H
wen cranu cranu roBeyHocTb paborsb! HEpXXaBeluen K TOKy 6noku-
Hacoca no cpas- cranu POBKH

HEHWIO C Banom u3
ApYrux matepuanos

Puc. 2.5 YcrpoiictBo Hacoca UPS ¢ MOKpbIM poTOopoM

Iopsanok pa30opku U cOOPKU Hacoca:
Pa30opka Hacoca MPOU3BOAUTCS B CIEIYIOIIEM MTOPSJIKE:
- BBIBEpHYTh BUHTHI M U3BJI€Yb MOTOP U3 KOPITyca HAcOCa;
- BBIIIPECCOBATH pabouee KoJIeco;
- BBIBEpHYTh pE€3b00BYIO IPOOKY;
- TIPY TIOMOIIM OTBEPTKHU BBIMPECCOBATH THIIH3Yy POTOPA.
COopka Hacoca MPOU3BOAUTCS B 00OpaTHOM MOCIIEI0BATEIIbHOCTH.

[TopsiaoK BhIOAHEHUS Pa0OThl U 0DOPMIICHHUS OTYETa

— W3yYUTh W 3amucaTh THIOBOM KOJ Hacoca, JaTh paciimgpoBKy Koja
(Mapku) WM3y4aeMOro HAcoca, O3HAKOMHUTBLCS C JaHHBIMH THUIIOBOM TaOJIMYKH
HACOCa,

— U3YYHUTh paboune XapakKTePUCTUKU Hacoca (mpuioxenue 1, 2);

— pa3obpaTh HaCoC;

— U3YYHUTh YCTPOMCTBO HAcOCa U 1aTh €T0 ONKCAHUE,

— TPOM3BECTU H3MEPEHHS JMaMeTpa padboyero Kojeca, pa3AeMTEeIbHOTO
CTakaHa, BaJla POTOPa, BCACHIBAIOIIECTO MIJIM HarHETATEIHbHOTO MaTpyOKa;

— pe3yJabTaThl 3anucaTh B Tadnuiy 2.1.




Tabnuma 2.1 [NapameTpsl HACOCOB ¢ MOKPBIM POTOPOM

[Tapamerpsl Hacoca

Mapka Hacoca

WILO TOP S 50/7

GRUNDFOS UPS
25-60 cepuu 100

Marepuait:

pabouero kojeca

BaJia poTopa

KOpITyCa HacoCa

["abapuTHas qIuHA, MM

Crioco0 nmpucoeIMHEHUs K TPYOOIIPOBOY

HoMuHanbHBINM BHYTPEHHUH TUaMeTp naTpyoka, Mm

Jlmametp pabouero xoneca, MM

O O N| O g |l W N

Jlnametp Basia poTopa, MM

[ =Y
o

JlnameTp pa3/ieIUTENbHOrO CTaKaHa, MM




[Tpunoxenue 1
PaGouwne xapaktepuctuku Hacoca TOP S 50/7
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[Tpunoxxenue 2
Pa6ouue xapakrepuctuku Hacoca UPS 25-60
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BepHyThCs B OrJIaBJICHHME pa3jieia

BepHyThCS B OTJIaBlIcHNE




JlabopaTtopHasi paGora Ne 3
N3YYEHUE KOHCTPYKUUU PAIAMAJIBHBIX N OCEBBIX
BEHTUJIATOPOB

Hean pabdoTbl: O03HAKOMUTHCS C KOMIIOHOBKOM 0OOpYIOBaHUS W
KOHCTPYKIIMEH BEHTUJISATOPOB: paauaibHOro, oceporo QuanneBoro BO-®-1,5,
kaHanpHOro BK 30-15, xanansnoro BKK 100, oceBoro kpeimnoro BKO-3,15B,
paauanbHoro kpsimHoro BKP-190.

OO0mme cBeIeHHs 0 BEHTUIISATOPAX

Bentwnaropel —  JomatoyHble  MAaIIWHBIL, NpPEAHA3HAYEHHBIC IS
MEepPEMEILICHHUST BO3JyXa WM JPYrux Tra30mapoBO3AYyIIHBIX cMmeceid. OCHOBHOE
Ha3HAYEHUE BEHTUJISTOPA 3aKJIIOYAETCA B MEPEMEILICHUH TpeOyeMOoro KOJIM4ecTBa
BO3/yXa, JUISl 4YEro BEHTWISATOP JOJDKEH CO37aBaTh OMPEACIICHHOE AaBJICHUE,
HEOOXOIMMOE JIJIsl MPEOI0JICHUSI COMTPOTUBIICHUSI BO3YIITHOTO TPAKTa M BBIMYCKa
MIOTOKA C ONPEACICHHON CKOPOCTHIO.

BenTunaropsl noapasznensroTcs:

- 10 KOHCMPYKMUBHOMY peuleHur0 — Ha paJualibHble (IEHTPOOESKHBIC)
OJTHOCTOPOHHETO U IBYCTOPOHHETO BCAChIBAHHUSI, OCEBBIC, TUAMETPAIIbHBIC;

- no pazsusaemomy oasnenuro — Hu3Koro (1o 1 klla), cpennero (no 3 klla)
1 Beicokoro (110 12 kIla) naBnenus;

- N0 YCI08UAM IKCHIyamayuu — Ha BEHTUWISATOPHI OOIEro Ha3HAYCHUs W3
YTJIEPOAUCTON CTaiM, OLUMHKOBAHHOW CTald, IJIACTMACCHI JUISl TEpEeMElIeHUs
YUCTOIO WJIM Majio 3albUICHHOTO BO3JyXa M HEarpeCCUBHBIX Ta30BO3TYIIHBIX
cMmeceit ¢ Temnepatypoi 10 80 °C u cnenuanbHble (U3 pa3HOPOIHBIX MaTEPUAJIOB,
CIUJIABOB) — JIJIsl TIEPEMEIIEHUS Ta30NapOBO3IYIIHBIX, B3PBIBOOMACHBIX CMECEH C
arpeCCUBHBIMU MTPUMECSIMU;

- N0 cxeme COeOUHeHusi ¢ d1eKmpoogueamenem — HEMOCPEICTBEHHO C
AJIEKTPOJBUTATEIEM Ha OJHOW OCH, C TOMOIIBIO DJIACTUYHOW MY(THl U
KJIMHOPEMEHHOM IIepelaun;

- N0 8pawjerulo — MPaBOTO U JEBOTO (CO CTOPOHBI BCACHIBAHMS);

- N0 HA3HAYEHUIO, PACHOJONCEHUI0 8 cemu 6030YX080008 — Ha OBITOBBIE,
KaHAJIbHbBIE, KPBIIITHBIE.

Haunloinee BaXHBIMU XapaKTepUCTUKAMU BEHTUJISITOPOB SIBIISTFOTCSI:

— a’pPOJMHAMHUYECKUE XaPaAKTEPUCTUKH;
— aKyCTUYECKHE XapaKTePUCTUKHU;

— rabapuTHO-MacCOBBIE TIOKA3aTEeNH;

— JProHOMETPUYECKHUE MOKA3ATEIH.

Aspoounamuueckue xapakmepucmuxuy — O5TO JaBJICGHHUE, pa3BUBAEMOE
BEHTHJISITOPOM, MPOU3BOAUTEIHHOCTh, KOTOPYIO OH MMEET M TNoTpebiisemasi npu
HTOM MOIITHOCTb.

Axycmuueckue (uymosvle) xapakmepucmuxuy — 3TO BOJHBI CXKaTusi,
pacnpocTpaHsoIecs B Bo3ayxe. B ¢Bsi3u ¢ pacuimpeHreM 00J1acTy MPUMEHEHUS
BEHTHJIATOPOB CYIIIECTBEHHO TOBBIMIAIOTCS TPEOOBAHUS K UX IIIYMY W BHOPAITUSIM.
W3mepenne nrymMma mpou3BOAST MPHU MOMOIIH 1rymomMepa. [Ipu u3mepenusx myma,
B TOM YHCJI€ IIyMa BEHTWJIATOPOB, UCIOIB3YIOT, B OCHOBHOM, JBE (hHU3HUYECKUE




BeJIMUMHBL: 3ByKoBoe napienue P (I1a), mubo P (nb, 1bA) 1 3ByKOBYIO MOIIIHOCTb
W (BT1), mu6o W (nb, nbA).

l'abapumno-maccosvie napamempsvl  3aBUCSAT OT  adpPOJIMHAMHUYECKOU
XapaKTEePUCTUKU BEHTWISTOPA, BBIOMPAEMBIX aKyCTHUECKUX MapamMeTpoB, THUIIA
a’pOAMHAMUYECKOIN cXeM, MOTPeOIIEMOIl MOIITHOCTH.

Opeonomuueckue napamempsl (BHEITHUIN BUJ BEHTUISATOPA) XapaKTEPU3YIOT
OTHOIIEHUE MPOU3ZBOJUTENS K BBIMYCKAEMOW MPOAYKIMU. ITO OTHOCUTCSA K
BHEIIIHEMY BUJly U KA4ECTBY JAKOKPACOUYHOTO MOKPBITHS, YAOOCTBY MOHTaxa U
oOCTy>KUBaHMUS.

Y CcTpOoNCTBO pagraJdbHBIX BEHTHIATOPOB

Pamuanpubiii (eHTpOoOCKHBIN) BeHTHIATOP (puc. 3.1) cocToWT M3 Tpex
OCHOBHBIX 3JIEMEHTOB: JIOMATOYHOIO paJualibHOrO0 Kojieca 1 ¢ Jjonatkamu 2,
3aKPEIJIEHHOTO0 Ha Bajdy 3 SJEKTPOJBUraTelis, BXOJHOIO WA BCACHIBAIOIIETO
naTpyOka 4, HarHeTaTeIbLHOTO MaTpyOKa 5 U KOoKyXxa BEeHTWIsATOpa 6. JlomaTouHoe
pabouee KOJEeco pacIoyioxKEHO B CrupaibHOM Kopiyce. [Ipu Bpamenun koseca
BO3/yX, MOCTYIAIOUIMN 4Yepe3 BXOJHOE OTBEPCTHE, MOMANAET B KaHAJbl MEXIY
JormatkaMu Kojeca, TOJa JCHCTBUEM BO3HMKAIOIIEH IEHTPOOCKHOU CHIIBI
nepeMeniaeTcss Mo HSTUM KaHajlaMm, cOoOHMpaercs CHUPaIbHBIM KOPIYCOM U
HaIIPaBJISIETCS] B €T0 BBIITYCKHOE OTBEPCTHE.
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Puc. 3.1 CxeMa 11eHTpoOeKHOTO BEHTUIISTOPA

PaamanbHble KoJIECa COCTOSIT M3 JIONATOK, EPETHETO AUCKA, 3aIHETO JUCKa
U cTynuubl. JINThIe WM TOYEHBIE CTYMHUIIbI, MPEIHA3HAYEHHbIE ISl HACAXKUBaHUs
KOJIEC Ha BaJlbl, KPEMAT Ha 3aKJICNKaX, MPUKPEIUISIOT 00JITaMu WM MPUBAPUBAIOT
K 3agHuM JauckaM. K 1uckaMm, B CBOIO oOuepellb, MPUKPEIUISIIOT JOMaTKU ¢
MTOMOIIIBIO 3aKJICTIOK WJIM CBAPKH.

KoHCTpyKTHBHOE UCTIOTHEHNE PaIHAIBbHBIX BEHTUIATOPOB PETIaMEHTUPYET
I'OCT 5976-90 «Bentunstopsl paauanbHble oO0mIero HasHaueHus. OOmume
TEXHUYECKHUE YCIIOBU.

YCTpOMCTBO OCEBBLIX BEHTUISITOPOB

[Ipocreitmmii  oceBoit  BeHTWisATOp (puC. 3.2) TpPEACTaBISIET COOOM

pPacrnoyIOKeHHOE B IWJIMHAPUYECKOM Kopmyce | jomatouHoe pabouee KOJeco




nporneuiepHoro tuna 2. Ilpu BpalneHuH Kojieca BO3AyX, HNOCTYHAIOIIUNA Yepe3
BXOJITHOE€ OTBEPCTHUE, MOJI BO3ACUCTBUEM JIONATOK MEPEMELIACTCS MEXAY HUMU B
OCEBOM HalpaBJICHUM, I[PUYEM JaBJIeHHE YyBenuuuBaeTcs. Jlaiee BO3ayx
IOCTYIAET B BIlYyCKHOE OTBEPCTHE.

OceBble KoJIeca COCTOSIT U3 BTYJOK U MPUKPEIUVIEHHBIX K HUM JonaTok. B
3aBUCHUMOCTH OT HpOQMIs JIOMATOK KOJEca Ha3blBalOT HEPEBEPCHUBHBIMU WM
PEBEPCUBHBIMU.

e

2 1
Puc. 3.2 CxeMa 0ceBOTO BEHTHIISATOPA

JlomaTtku BBINOJIHAIOT U3 METAJlIa WIM IJIACTMACC, JJUCTOBBIE U OOBEMHBIE,
MpPUYEM TIOCIECAHUE MOTYT OBITh MOHOJMTHBIMH (JIUTBIMH) WUIA ITYCTOTEIIBIMHU.
BTynkn OCEBBIX BEHTWIATOPOB HW3TOTABIWBAIOT CBApPHBIMH, JIUTBIMH U
mraMrnoBaHHbIMU. [lITamMIyIoT OAHOBpEMEHHO JIOMATKH U BTYJIKH, T.€. BCE KOJIECO
MOJIHOCTHI0. B 1IeHTpe BTYJOK pacnojiaratoT CTYHHIIbI JIs MOCAJKKA KOJieca Ha Bajl
npuBoa. JIomaTku K BTyJIKaM KpEMsAT Ha CTEP>KHSIX WM MPUBAPUBAIOT.

B 3HauuTenbHON cTenmeHW Ha pabOTy OCEBOrO BEHTUJISITOpPA BIMSET 3a30p
MEXIy KOHIIAMU JIOMATOK M BHYTPEHHEH TMOBEPXHOCTHIO IMIMHIPUYECKOTO
KOpITyca — OH H€ JIOJKEH IpeBblath 1,5 % OT AIMHBI JJONaTKH.

OObIUHBIE OCEBBIC BEHTWJISATOPHI HMCHOJB3YIOT TpH AaBieHusx ot 30 10
300 I[Ta. Mx mpou3BOAMTENBHOCT, TPH OOJBIIUX JUAMETPAX KOJEC MOMKET
JOCTUTAaTh HECKOJIBKUX MUJUTMOHOB KyOMYECKHX METPOB B Yac.

[IpoTounbie pa3mepbl W Jpyrue TMapaMeTpbl OCEBBIX BEHTHIATOPOB
pernamenTupoBanbl [[OCT 11442-90 «BeHTHUIATOPHI OCEeBBIE OOIIET0 HA3HAYCHHUS.
OO01111e TEXHUYECKUE YCIOBUS.

Y CcTpoiCTBO AMaMeTpanbHbIX (TAHT€HIIMATBHBIX ) BEHTUIISITOPOB

JlnameTpalibHbIi BEHTWJISITOP COCTOMT U3 paboyero kosieca OapabOaHHOIroO
THUIIAa C 3aTHYTBIMH BIIEpE]] JOTIATKaMU M KOPITyca, UMEIOIIEro MaTpyOOK Ha BXOJIE
u 1uddy30p Ha BBIXOIE.

Pabouee KoyiecO TaHTEHIMAIBHOTO BEHTHJIATOPA MPEJCTaBIsIET COOOM
Kojieco OapabaHHOTO THMA C 3arHYTHIMHU BIiepe] JonaTkaMu B kopmyce. Kopmyc
TaKUX BEHTUJISTOPOB UMEET NMAaTPyOOK Ha BXOJIe Bo3ayxa u Au(dy30p HA BBIXOJIE.
Boznyx nmpoxoauT pabodee KOJECO TaHMCHIIMAIBHOTO BEHTHIIATOPA B TIONIEPEYHOM
HampaBieHUW. JlelicTBUe  nuUaMeTpaidbHBIX  BEHTWISITOPOB  OCHOBAaHO  Ha
JIBYKPAaTHOM TIOTIEPEYHOM MPOXOKIECHUU MOTOKA BO3ayXa yepe3 paboyee KOieco.




HpI/IMeHHIOTCSI TaKUC BCHTHUIIATOPLL OOBIYHO B arperarax BCHTWIAIHNU U
KOHAWIVOHHUPOBAHUS.

Puc. 3.3 YcTpolicTBo AMaMeTpanibHOTO BEHTUIISATOPA:
1 — xopryc BeHTUIIsITOpA; 2 — pabouee Koyieco; 3 — MPSIMOYTOJIbHOE BXOIHOE
OTBEpCTHUE; 4 — MPSIMOYTOJIbHOE BBIXOTHOE OTBEPCTHE

JlnameTpallbHble  BEHTHJIATOPHI ~ XapaKTEePU3YIOTCS  0ojiee  BBICOKUMH
a’pOJAMHAMUYECKUMH [MapaMeTpaMu, 10 CPaBHEHUIO C JAPYTUMHU THUIIAMU
BEHTUJIATOPOB, B YACTHOCTH, OHU CO3/AI0T IIJIOCKUN PaBHOMEPHBI MOTOK BO31yXa
OOJBINION IIMPUHBI; yAOOCTBOM KOMIIOHOBKH, ITO3BOJISIONIEH OCYIIECTBIIATH
[IOBOPOT MOTOKAa B IMIHMPOKUX Mpeaenax; KOMIIAKTHOCTBIO  YCTaHOBKH,
MO3BOJISIONIEH CYIIECTBEHHO COKPAaTUTh OOBEM, 3aHMMAaeMblii BEHTHJISILIMOHHOMN
YCTaHOBKOM.

Puc. 3.4 PaGouee koseco nMamMeTpaIbHOTO BEHTUIISITOPA

biarogapss 3TMM KadecTBaM IMaMETPAIbHBIE BEHTWISTOPHI HAIUIA CaMOeE
HIMPOKOE MPUMEHEHHUE B PA3JIMYHBIX arperaTUPOBAHHBIX YCTAHOBKAX BEHTUIISLUN
Y KOHJMIIMOHUPOBAHUS BO31yXa: (haHKOWIaX, BHYTPEHHUX OJIOKAaX CIUIUT-CUCTEM,
BO3/YIIHBIX 3aBECaX.

[IpeumyiiecTBa TAHT€HIUATBHBIX BEHTHJIATOPOB:

— CO3/al0T PAaBHOMEPHBIN MJIIOCKHUI MTOTOK BO3/1yXa;

— ynoOHast KOMIIOHOBKA TIO3BOJISIET JIETKO U3MEHSTh HAIPaBIIEHNE MTOTOKA;
— o6ombmoi KITJ] (mocturaet 0,65-07);

— KOMIIAKTHBIE pa3MepBbI.

YceTporcTBO 0CEBOT0 BEHTHIIATOPA (hiraHiiesoro BO-®-1.5




OceBoii BeHTWIIATOp BO-® npenHazHayeH A UCIOIb30BaHUS B CUCTEMAX
OOIIECOOMEHHOM W TEXHOJOTMYECKONM BEHTWISILIMM PECTOPAHOB, MAara3uHOB,
MacCTEPCKHUX, CKJIaI0B U APYTUX ITOMELICHU.

BeHTWIIATOp peKoMeHayeTcs U N0Jadu BO3AyXa ¢ MaJbIM COJAEPKaHHEM
IIBUIN, @ TAKXKE HU3KOArpeCCUBHBIX I'a30B U MAapOB MPU MaJbIX a3POJINHAMHYECKHUX
COIPOTUBIICHUAX. 3aNbIICHHOCTh BO3AyXa He JOKHA mpesbimath 10 mr/m°. B
BO3/JyX€ HEJONYCTHUMbl BKJIOYEHMSI, arpeCCHUBHBIE K CTaJsIM OOBIKHOBEHHOTO
KAaueCTBa, a TAK)KE JIUIKHAE, A0pPa3UBHBIE U BOJIOKHUCTHIE MAaTEPHAIIBI.

NoTOK
BO37yXa

Puc. 3.5 YcrpotictBo oceBoro BenTuisitopa BO-®d-1,5

Kopnyc BeHTHIISITOpa €O CrieUalIbHBIM (PiIaHIeM ISl KPEIJICHUsI K CTEHE
BBITIOJTHEH U3 CTalld C 3alllUTHBIM TMOKPHITUEM IMOPOIIKOBOM Kpackoil. Pabouee
KOJIECO BEHTWJISITOpA M3rOTOBJICHO W3 allOMUHMS. BeHtwnsarop o0opyaoBaH
JBUTAaTElIeM C  YINPABICHUEM CKOPOCTBIO  BpAIllEHUs, KJIACC  3alIUThI
anekTpoaBuratens BeHTwiIsiTopa — |IP 42, TepMOKOHTaKThI, YCTaHOBJICHHBIC
BHYTpPH, IPEAOXPAHAIOT ABUTATEIb OT IIEPETPEBA.

Y CTpOWCTBO KaHAJIbHBIX BEHTHJISITOPOB

KoHCTpyKkTHBHOE OT/IMYME KaHAJbHBIX BEHTHJISATOPOB (pHC. 3.6) OT Bcex
MpOYMX THUIOB 3aKIIOYAETCS B HAIWYMU CHOPSIMIISIONIECTO —afmapara Wid
CIIUPAJIBLHOTO KOpIyca, T.€. YCTPOMCTBA, CHIIKAIOMIETO 3aKpyTKy IOTOKa Ha
BBIXOJIE W3 paAualbHOTO Kojeca. I[lo »3ToMy mpu3HAKy BEHTUISTOPHI
NOApPA3JEIAIOT Ha JBE OOJIbIIME TPYMINbl: KaHAJIbHBIE BEHTHWISITOPHI CO
CIPSMJISIONIMM  anmnapaTtoM (IPSMOTOYHBIC) M KaHAJIbHBIE BEHTHJISTOPHI CO
CIIUPAJIbLHBIM KOPITYCOM.

K nepBoii rpyrine OTHOCSATCS BEHTWISITOPBI ¢ KPYTJIBIMU, KBaAPATHBIMU WU
NpSIMOYTOJIbHBIMA ~ KOprycamu. OTIWYUTENbHOW YEpTONM ATUX BEHTHISITOPOB
ABJISIETCA TO, YTO OCh BpPAIIEHHUSI KOJIECA PACIIOJIOKEHA NapaJIEIbHO HAMPABICHUIO
MOTOKa BO BXOJHOM/BBIXOJHOM BO3JYXOBOJIE. OTH arperatbl BCerja HMEIOT
CIPSIMJISIFOIIUH anmapat. Y BEHTHUISTOPOB C KPYTIIBIM KOPITYCOM (DYHKITHIO TaKOTO
amnrapara BBIIOJHSAIOT CHEUUANbHbIE CTOMKHM KPEIUJICHUS 3JIEKTPOJBHUIATEls, Y
BEHTWISITOPOB C MPSMOYTOJbHBIM (KBaJIpaTHBIM) KOPIYCOM 3Ty pPOJb WUIParoT
YTJIBI KOPITyCa U CTOMKH KPEIJICHUS dJIEKTPOBUTATEIIS.

BenTunstopsl BTOpPOM Tpymmbl, T.€. KaHAJIbHBIE BEHTHJISATOPHI CO
CIIUPAJIbHBIM KOPIYCOM, OTJIMUUTEIHLHOM YEPTOM KOTOPBIX SIBJISIETCS TO, YTO OCh
BpallleHUsI KoJieca PacCMoJIOKEHA TMEePIeHANKYISIPHO HAIpPaBICHUIO IMOTOKA BO
BXOJHOM/BBIXOJIHOM BO3AYyX0Bojie. B 9Ty rpynmy BXOIST BEHTWISATOPHI C




IPSIMOYTOJIBHBIMHU KOPITyCaMH, T.H. «IIOJIO’KEHHBIE Ha OOK KOJIECa» U BEHTUJISITOPHI
CO CIUPaATBHBIMH KOPITyCaMH, YCTAaHOBJIEHHBIE B OOKCHI WM SIIIIUKU. BEHTUIISTOPEI
ATOM rPyNIbl BCErIa UMEIOT CIUPAIbHBIN KOPIYC WJIM €r0 YIPOIICHHBIN 3JIEMEHT

AL OpraHu3allii BbIXOJ4 ITOTOKA.
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Puc. 3.6 CxeMbl KaHAILHBIX BEHTUIATOPOB
a — C OCEBBIM, 6 — C IWaroHajJbHbIM, B — C paadaJIbHbIM KOJICCaMHU

1 — nBurarens, 2 — pabouee Kojeco, 3 — obeyaiika, 4 — KOJIJIEKTOP

YCcTpolCTBO paiMalIbHOTO KAHAJILHOI'O BEHTHJISITOpA BK 30-15
HpHMOYFOHBHBIﬁ KaHaJIbHbIN BCHTHJIATOP IIPUMCHACTCA B IIPUTOYHO-
BBITSDKHBIX CHUCTECMaX BCHTHUIIIOMWHU C BO3AYXOBOAAMU IIPAMOYTOJIBHOTO CCUCHUA

AIMHUHUCTPATUBHBLIX, O6H.[CCTBCHHBIX W IPOMBIIIJICHHBIX ITOMCIICHUAX.
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Puc. 3.7 YcrpoiictBo kananbHoro Bentuisitopa BK 30-15

Kopmyc BeHTHISTOpa U3rOTOBJIEH U3 CTAJIBHOTIO WM OLIMHKOBAHHOTO JIMCTA.
IeperpeBa  BEHTWISTOPBl ~ OCHALIEHbl  BCTPOEHHBIMU
KaHAJIbHBIE  BEHTWJIATOPBI  MOTYT

BeHTunsaTop  3IEKTpUYECKH

3alUTBl  OT
[IpssmoyroJibHbIE
IIOJIOXKECHUU.

Hns

TEPMOKOHTAKTAMM.

yCTaHaBIMBAaTbCA B JIIOOOM

MOAKJTIOYAETCS K KJIEMMHOM KOpOOKE, YCTAaHOBJICHHOW Ha KOpITyCe.
Y CcTpoiCTBO paiualibHOTO KaHaIbHOTO BeHTUgTOopa BKK 100

Kpyrnbiii kaHanbHBIA BEHTWIATOP TMPUMEHSAETCS B CHUCTEMax OOIIei

BeHTwiATOp OCHaIlleH JBUTaTeleM C BHEWIHUM pPOTOPOM U

BCHTHUJISILINHA.
KpbUIb4YaTKaMH1 € 3arHyTbIMH HA3a/l JIOIIAaTKaAMMU.



BripapHusarone
JIONATKH
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Puc. 3?8 YCTpoﬁc—TBo kaHasibHOrO BeHTHisiTopa BKK 100

Kopryc m3roroBieH n3 BBICOKOIIPOYHONW TEPMOCTOMKOW ILTacTMacchl. [lis
3alMTBl OT IMeperpeBa JBUIaTelsi BEHTWIATOP OOOpPYAOBAH BCTPOECHHBIMHU
TepMOoKOHTaKkTaMu. Crenenp 3amuthl [P 44. KananbHBIM BEHTWIATOP MOXKET
YCTaHaBIMBAaTbCA B  JIIOOOM  TIOJIOKEHUU.  BEHTWIATOp  3IeKTpUuYecKd
HOJIKJIFOYAETCS K KJIEMMHOM KOpOOKE, YyCTAaHOBJIEHHON Ha KOpITyCe.

Y CTpOWCTBO KPBIIIHBIX BEHTUISTOPOB

KpblliHbIe BEHTWIATOPBI IIPEIHA3HAYEHBI Ul YJAJIEHUS BO3AyXa U3
IIOMEIICHUI HEMOCPEICTBEHHO Yepe3 KPBIILY WM Yepe3 BO3AyX0BoAbl. KpblliHbie
BEHTWISITOPbl YCTaHABJIMBAIOTCS Ha CHELHAJbHBIE NbeAECTaldbl (CTPOUTEIbHBIC
CTaKaHbl WJIM KOHCTPYKIMH, IOJIOOHBIE UM) JJIS 3aIUTHI OT CHEXHOT'O TTOKPOBA.

Bentunsatopnsiii  arperatr (puc. 3.9) cocroutr wu3 pabouero komeca |1,
OCHOBaHMS 2, Kojimnaka 3, ajeKkTpoaBuraresns 4, BAOPOU3OISAIMOHHBIX HPOKIIAJIOK,
OrPAX/ICHHUSA 5 ¥ IIyMOTTYLIMTENICH, 3aKIIIOUCHHBIX B OJIHOM KOpIIyCe.
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Puc. 3.9 YcTpolicTBO KPBIIIHOTO BEHTUIIATOPA

KpbliiHble BEHTUIISTOPHI NMpEAHA3HAYEHbI ISl OpraHu3aluu CBOOOIHOTO
BbIXOJIa MMOTOKA. B KauecTBe BEHTUIISTOPOB B COCTABE ATUX arperaTtoB OOBIYHO
IIPUMEHSIIOT OCEBBIE WJIM PAJUAIBHBIE BEHTWIATOPHI € MPSIMOYTOJbHBIMU,
KBaJpaTHbBIMU WJIM KPYIJIbIMU KOpmycamu. PanuanbHble BEHTHIATOPBI  CO
CHUPAIBHBIM KOPITYCOM M OCOOEHHO C 3arHyThIMHU BIEpe] JomaTkaMu padodero
KOJIeCa B KAauyeCTBE KpBIIIHbIE BEHTWJIATOPHl MOAPA3ACISIIOT HA JiBa THUIA!
BEHTUWJISITOPHI C paAHATILHBIM (BEEPHBIM) BHIOPOCOM M BEHTHIISITOPHI C (PaKeIbHBIM
BbIOpocoM. B wu3roroBneHnn oOOMX ATHX THIOB BEHTUJISTOPOB MPUMEHEHbI
paboune Kojeca BEHTUISTOPA C 3arHYThIMHU Ha3a/1 JIOMaTKaMHU.

Bentunsatop ¢ paauanbHbIM (BEEpHBIM) BBIOPOCOM — 3TO BEHTHJISATOP CO
cBOOO/IHO BpalLIAIONIMMCS paJuajbHbIM KOJIECOM, Y KOTOPOIrO MOTOK Ha BBIXOE



pacupeacisiCTCss B padrvajIbHbIX HAIIPABJICHUAX. VY Takoro tumna BCHTUJIATOPOB
padralibHasd CKOPOCTH IIOTOKA HA BBIXOAC 34aTyXacT OUCHb 6I>ICTpO, ITO3TOMY IIOTOK
HC BI)I6paCI)IBaCTCH JAaJICKO OT KOJICCA.

BGHTHJ’IHTOp C (baKeJ'II)HBIM BI)I6pOCOM OYCHb IIOXO0XX Ha KaHaJIbHbIN
HpHMOTO‘IHBIfI BCHTHJIAATOP, B KOTOPOM IIOTOK Ha BBIXOJC BI)I6paCBIBa€TC}I BBCPX B
OCCBOM HalIpaBJICHUHU.



YcTpoiicTBO pasnanbHOTo KpbimiHOro BeHTHIsiTopa BKP-190
PamnanbHplii  KpBIIHBIA ~ BEHTWIATOP NPEAHA3HAYEH JUIA  BBITSHKHOU
BEHTWSILUA TOMEIIEHUA. BeHTWIsATOp mnpeaHa3HaueH M BEHTWISLUHU

HpOMBIHIJ'IeHHBIX, CGHBCKOXOBHﬁCTBCHHBIX nu O6H.I€CTB€HHBIX BHaHHﬁ.
gD

OB

Puc. 3.10 yCTpOfICTBOE(pBIHIHOFO BenTmiaropa BKP-190

BenTuiATop OCHaIleH ABUTaTelieM C BHEIIHUM pOTOPOM M paboydum
KOJIECOM C 3arHyThIMM Ha3aJl JonaTtkamu. KopIyc KphIIIHOrO BEHTWIATOpA
W3TOTOBJIEH W3 CTaJIM C MOJHMMEPHBIM MOPOIIKOBBIM IOKPBITUEM. [[J1s 3aIUTHI OT
IeperpeBa JBUraTellb OCHAIEH BCTPOCHHBIMA TEPMOKOHTAKTAMM.

[Tpeumyiecta Bentrisitopa BKP:

— IIPOCTO€ YyIpPaBJIEHUE IIOAA4YE€W BO3JyXa C IOMOILBI PETYIATOPOB
CKOPOCTH;

— HU3KUU YPOBEHbB LIyMa;

— IIPOCTOTA MOHTAXKA U DKCILIyaTalUu.

YcrpoiicTBO 0ceBoro KpeimHoro BeHtuisitopa BKO-3.15B

OceBoi1 kpbiHbIM BeHTWIATOp BKO npenHazHadeH misl MCMONb30BaHUS B
CUCTEMAaX IMPUTOYHOM W  BBITSDKHOM  BEHTWISALMM  NPOU3BOACTBEHHBIX,
CEIBCKOXO3SIMCTBEHHBIX M aJIMUHUCTPATUBHBIX noMemeHnii.  KpbImHbIi
BEHTWJISITOP MOKET YCTAaHABJIMBATHCS HA IUIOCKUX, OJHOCKATHBIX, JBYXCKATHBIX
WJIM APOYHBIX KPBIIIAX.

28,5
T o /8 ore.
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OB
Puc. 3.11 YcrpoiicTBo kpsittHOTo BeHTHisiTopa BKO-3,15B




Kopryc KpbIITHOTO BEHTWISATOpPA BBIIIOJIHEH W3 OLUMHKOBAHHOW CTajy WIN
CTIA C NOJIMMEPHBIM ITOPOLIKOBBIM IOKPBITHEM. U1 NMPEeAOTBpAIICHUSI YTEUKH
TEIUIOrO BO3AyXa U3 MOMEIIECHUS U MONAJAaHUs aTMOC(PEPHBIX OCAJKOB KPBILIHBIN
BEHTWJISITOP CHaOXEeH OOpaTHBIM BO3AYILIHBIM KiamaHoM. KpbIIHBIA BEHTHISATOP
o0opynoBaH Tpex(a3HbIM  ACHUHXPOHHBIM  JIBUTaTeleM, KJIAcC  3alllUThl
aneKTpoABUTraTess BeHTwisitopa — I[P 54 wmm I[P 55.

Bentwaropsr BKO SBIAIOTCS OTIMYHBIM PEIIEHUEM BEHTWIALIMM 4YEpe3
kpbiry. [Ipy momMomm nepexomHOW MOHTAKHOW IUIMTBI BEHTHIIATOP MOXKET
YCTAHABJIMBAThCSI HA PAHEE YCTAHOBJICHHYIO IIAXTy KPYIVIOW WIIM IPSAMOYTOJIBHOU
¢dopmbl. CKOPOCTH BpallleHUs SJCKTPOABUTATENS MOKET U3MEHSTHCS MPU TOMOIIU
YaCTOTHOTO PETyYJIATOpA.

[Topsiaok npoBeIeHUs PpaOOThI
1. O3HaKOMUTBHCA ¢ KOHCTPYKIIMEH U KOMIIOHOBKOW pauaibHOTO, OCEBOrO,
KaHAJIbHOTO, KPBIIIHOTO BEHTUJISITOPOB;
2. smeputh rabapuThl.

[opsnok odbopmiieHUs OTYeTa
— 3amucaTh MapKy BEHTWJIATOPA M €ro TEXHUYECKHE XapaKTePUCTUKU
(mpuioxenue 1);
— JaTh OMMCAHUE YCTPOUCTBA BEHTUIISITOPOB;
— COCTaBUTh 3CKH3HBIM YEpPTEK BEHTWIATOPA C YKa3aHHUEM €ro OCHOBHBIX
r€OMETPUYECKHUX MTapaMETPOB;
— pe3yabTaThl U3MEPEHUS 3aHOCATCS B TaOHIry 1.

Tabnuma 3.1 'eomeTpuyeckue napaMeTpbl BEHTHIATOPOB

Hasgamme | o\ g ¢ | p D, [D, | E| F | K| L

BEHTWJIATOPA
BO-®-1,5
BK 30-15
BKK 100
BKP-190
BKO-3,15B

[Tpunoxenue 1
TexHnyeckue XapakTepUCTUKU BEHTWISITOPOB

HanmeHnoBanme moka3areinst BO-@- | BK 30- BRK BKP- BKO-
15 15 100 190 3,15B
Ilogaua BO3yXa, Mg 175 570 247 470 2000
MoIHOCTb dJIeKTpoABUTaTENS, BT 5 58 58 58 120
YacroTa BparnieHusi, 00/MHH 1500 2500 2500 2500 1500
ITuranue 220 B 220 B 220 B 220 B 380B
YpoBeHb nryma, 1b(A) 48 55 49 62 68
CreneHn 3alIUThI IP 42 IP 44 IP 44 IP 54
Macca, kr 2,8 7,0 2,2 4.8 16




| Tonroe nasnenwue, Ila | | 310 295 320

KOHTpOJIbHBIE BONPOCHI
Ha3oBuTe THIIBI BEHTUIISATOPOB.
KakoBbI OCHOBHBIE XapaKTEPUCTUKN BEHTHIIATOPOB?
[To xakuM TpU3HAKAM KITACCU(DUIUPYIOTCS BEHTUIISTOPHI?
B yeM oTiinume 0ceBbIX BEHTUISATOPOB OT PaAUaIbHBIX ?
I'1e mpuMEHSI0TCS KaHAJIbHbIE BEHTHIIATOPBI?
Jl1st uero npegHa3HaYeHbl KPIIIHBIE BEHTHIIATOPHI?
Y CTpOoHCTBO M IPUHIIMI IEUCTBUS THAMETPAIBLHOTO BEHTUIISITOpa?

NoakowdE

BepHyThCs B ornaBiacHuUe pazgeiia

BepHyThCH B OrjiaBiieHHue




JlabopaTtopHasi pab6ora Ne 4
NCCIIEAOBAHUE ADPOJJMHAMUNYECKNX XAPAKTEPUCTUK
OJIEKTPOHHO-KOMMYTUPYEMOI'O BEHTWJIATOPA EBM-PAPST CO
BCTPOEHHO! DJIEKTPOHUKOM

Hean padorbi: M3yuuts paboTy BEHTWIATOpA C  DIJIEKTPOHHO-
KOMMYTHUPYEMBIX JIBUTATEJIEM, MOCTPOUTH ero a’POAMHAMUYECKYIO
XapaKTEPUCTHUKY.

OO1ue cBeIeHNs, ONKMCAaHNE JTa00PATOPHON YCTAaHOBKH

JUis  WCTBITaHUST HUCIHOJB3YETCsl CHEIUANbHBIN  J1a00paTOPHBIA  CTEH],
npousBeneHHbli Gupmoit Ebm-papst Mulfingen GmbH & Co. KG (I'epmanus) c
ucnons3oBanueM  EC  Bentmiaropa  R3G450-AG33-11. DnekTpoHHO-
kommyTtupyembie (EC) murarenu 310 mHHOBanus (GupMbl ebm-papst, koTopas
3aKJIIOYAeTCsT B TOM, YTO OJJIEKTPOHHKA BCTPaMBAaeTCs HETMOCPEACTBEHHO B
nsurarenb. [lo JaHHBIM MPOU3BOJIUTEINS, 3a CUET ATOrO JOCTUTACTCSl BBICOKAs
3¢ HeKTUBHOCT, pabOThl U CHUXKEHUE YpOBHsA pabouero mryma. [lotpebienue
AJIEKTpO3HEprun ymensbinaercs 10 50%, a sKcIulyaTallMOHHBIE 3aTpaThl — Ha
30 %. BerpoeHHas anekTpoHUKa 00€CIIeYMBAET IUIAaBHYIO U TOUHYIO PErYIHpPOBKY,
HMIMPOKUE BO3MOKHOCTH ITPOTrPAMMHPOBAHMSI, a TAK)KE KOMIBIOTEPHOE YIIPaBICHHUE
BEHTWISIIMOHHOM cuctemoil. K mpumepy, moaaepikaHue MOCTOSHHOIO pacxoja
yepe3 BEHTWIATOP HE3aBUCHUMO OT COINpPOTUBIECHHUS ceTu. B  OOBIYHBIX ke
JIBUTATENSX s JTOr0  HEOOXOJUMO  HCIIONB30BAaTh  JTOTIOJHHUTEIHHOE
o0opy1I0BaHUE.

Konnexrop

EC-Bentuisitop
R3G450
(uenrpodexusiii EC-
BCHTHJIATOP C
00parHO3arHy ThIMH
JIOTIAaTKaMH )
Bozaymnerii
KJ1anaH

JlaTunk
JIaBJICHUSA

Puc. 4.1 LHentpoOexnsiii Bentriiarop EC-R3G450

[TpermytiecTBa BEHTHIISITOPOB C AIEKTPOHHO-KOMMYTHPYEMBIX JIBUTATEIIEM:

1. Boeicokuii  KIIJ (93 %), SKOHOMHS DJICKTPOIHEPIHMH OOCCIIeUHBACT
CHIDKEHHUE DKCIUTyaTallMOHHBIX pacXxo10B MHHIMYM Ha 30 %.

2. KommnakTHbIe pa3Mepbl W HU3KHH YpPOBEHb IIyMa IPH CPaBHUTEIIHHO
BBICOKOM MOIITHOCTH.



3. Ynopasrnstomasi 3IeKTPOHUKA BCTPOCHA B IBUTATEh BEHTHIIATOPA;

4. BO3MOXHOCTh IIJIABHOM W TOYHOW PEryJIMPOBKH MPOU3BOIUTEIHLHOCTH
BEHTWISITOPA B 3aBUCHMOCTH OT YpPOBHS TeMIIEpaTyphl, IaBIICHUS, CTEHCHU
3aIbIMJICHHOCTH.

5. 3ammra nBUTAaTENs OT MEXAHMUYECKUX BO3JCHUCTBHM M ANEKTPHUECKUX
HeperpysoK.

6. bricTpoe u MpoCcTOe MOAKIIOUEHHE.

7.He TtpeOyer cepBHCHOTO 0OCTykMBaHUA. VIMeeT AMUTENbHBIN CpPOK
ciry:x0b1 (6onee 60 000 gyacos, T.€. 6,8 MeT HENPEPHIBHOM PabOTHI).
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Puc. 4.2 JTabGopaTtopHasi ycTaHOBKa

JlabopaTopHasi ycTaHoBKa coCcTOMT u3 BeHTwisiTopa R3G450-AG33-11,
KOJUIEKTOpa, Ju(dPepeHInaTbHOrO JaTyuKa JaBiI€HUST U PEryJupyeMoro
BO3IYITHOTO KJarmaHa, CO3JAIOIIET0 COMPOTHBICHWE Ha BCAChIBAaHUU U
UMUTHPYIOIIET0  CONPOTUBIEHUWE  BEHTWIALMOHHON cetu. JlabopartopHas
yCTaHOBKAa TIOAKIIOYEHa K KoMmbloTtepy. [lms ympaBieHus ABHUTraTesneM
BEHTUJIITOpA UMEETCs MporpaMMmHoe oOecrieyeHue — mnporpamma LISAS. Ha
pucynke 4.2 mpencrtaBieHa cxema JabopaTopHoW yctaHOBKH. JlaBmeHume APy
U3MEpSIETCsl aBTOMAaTUYECKU MPHU TOMOIIM BCTPOCHHBIX JaTYMKa U KOHTPOJUIEpA.
3nauenne APy oToOpaxaeTcsi B AUAJIOTe MPOTPaMMBI.

OTO «aKTMBHOE» JAaBJICHUWE, PABHOE JUHAMHYECKOMY JaBJICHUIO B
KOJUIEKTOpPE YCTAaHOBKHM, U TMO3BOJIIONIEE OMPENEIUTh PacxoJ BO3IyXa
IPOXOSIIETO Yepe3 BEHTHIISATOP, 0 hopMyIie:

L=7217- . /AF, (4.1)
rie L — pacxon Bo3gyxa, mpoXosIIero uepes3 BEHTUIISATOD, MS/II;
APy — «aKTHUBHOE» MaBJICHWE, PaBHOE JIUHAMUYCCKOMY JABJIICHHIO B

KOJIJIEKTOPE YCTAaHOBKH, [1a;
217 — k03¢ duUnUeHT KouteKTopa (TI0 TaHHBIM MPOU3BOIUTEIS ).



[TopsiToK BBIMOTHEHUS PaOOThI ¥ 0hOPMIICHUS OTYETA

Bo Bknaake BenTwisiTop nporpammbl LISAS, B mone «YcTaHOBUTH
3HAYCHUE», YCTAHOBUTH 33/IAHHOC 3HAUYCHUE «aKTHUBHOTOY» JABJICHUS UM CKOPOCTH
BparieHus: pabodero koneca. HaxaTh KHOMKY «YCTaHOBUTBY U JIOXKIATHCS TTOKA B
noyie «AKTyaJlbHOE€ 3HAUYEHHME» YCTAHOBUTCS 3HAYCHHE OJM3KOE K 3aJaHHOMY
(£1-2 %).

Jlanee u3MeHEHUEM TOJIOKEHHs (yrila HaKJIOHA) KAIMIO3UMHOW pEIIeTKH
BO3JIYIIIHOTO KJjlarmaHa JOOWUTHCS 3aJlaHHOTO 3HAYEHUS CKOPOCTH BpalleHUs
pabodero kojeca BeHTHIsATOpaA(£0,5-1 %).

[locne d4ero mnpu mNOMOIIM TPYOKM CTaTHYECKOTO JABJICHUS, W
mudepeHnanbHOr0 MUKpOMaHOMETpa U3MEPUTH JaBJICHUE Mepe]] BEHTUIISITOPOM
AP¢, kotopoe Oyner paBHO MAJEHUIO JIaBJIICHHUS Ha >KAIIO3UWHON pelIeTKe
(MMUTHpYIOIEH BEHTUIIAIIUOHHYIO CETh).

N3mepernss HEOOXOAMMO TIPOBECTH TIPW  HECKOJIBKUX  3HAYCHHSX
«axtuBHOro» masiaeHus APy — 50, 75, 100, 125, 150, 175, 200 ITa u omHOM
3HAYEHUU CKOPOCTH BpallleHUs pabovero Kojieca BEHTUIISTOpA.

Pe3ynbraTel 3aHecTy B Tabiuiy 9.1.

Tabnuua 5.1 Pe3ynbTaThl n3MepeHus: mapameTpoB BEHTHIIATOPA

3HayeHue nasieHus, [1a Pacxon CKOpOCTL BpaIlCHUS HOTpe6HﬂeMa}I

3agaHHOE AxTyanbHOe BO3yXa pabouero koieca MOIIHOCTb
AP APy L, M/ BEHTUJISITOpa, 00/MUH N, Bt

1 50
75
100
125
150
175
200

Ne
OIIbITA

N[O Wi

Ha ocHoBaHum naHHbIX TaOIUIKBI D.1 MOCTPOUTH TIpapuK 3aBUCUMOCTH
NoTPeOJIIEMO MOIITHOCTH OT M3MEHEHHsI CKOPOCTH BpalleHHUsl pabodero koleca
BEHTUJIATOPA, TpadUK adpOJMHAMHUCCKHUX XapakTepucTuk BeHTHsTopa APc=f(L).

BGDHVTBCH B OI'JIABJICHHMEC pa3acjia

BepHyThCH B OryiaBiieHHUE




JlabopaTtopHnasi pab6ora Ne 5
OIPEAEJIEHUE ASPOJUHAMUYECKNX XAPAKTEPUCTHUK
OCEBOI'O BEHTUJIAATOPA

Heas  padorwl:  OmpeneneHue 1m0 pe3ysibTaTaM  UCIHBITAHUS
a’pOJAMHAMUYECKUX XapaKTepUCTUK oceBoro BeHTwsitopa BOK-1,5 u cpaBHeHue
WX C JAaHHBIMU TEXHUYECKOTO MacrnopTa

Kpatkue cBeieHUs U3 TEOPUH.

B cootBerctBun ¢ TtpeboBanusmu ['OCT 10616-90 aspoamHamuueckue
napaMeTpsl BEHTHWIATOPOB JOJDKHBI OBITh MPEACTABICHBI MPOU3BOIUTEIEHOCTHIO
L, (oTHOCHTCS K yCIIOBUSAM BXoja), naBicHueM (monHbM P (P,), muHamudeckum
P.(P) u cratmueckum P (P,)), MomHocThi0 N, KO3(h(OHUIUESHTOM ITOJIC3HOTO
JnercTBUs 1M (MOJHBIM U CTAaTHYECKHUM), OBICTPOXOAHOCTBIO M TabapUTHOCTHIO, a
Takke Oe3pasMEpPHBIMU IMapaMeTpamMu. AdpOJUHAMUYECKHE XapaKTEPUCTHUKU
BEHTWJISITOPOB YCTAHABJIMBAIOTCA TMYTEM HKCIIEPUMEHTAJIbHBIX HCCleoBaHul. B
TEXHUYECKOH JIMTEpaType OHU MPEACTABICHBI B BUJI€ TpadUUECKUX 3aBUCUMOCTEH
P=fi(L,), Ny,= fo(L,), n = f3(L,) 1 mpakTUYecKH peau3yeMbIX dncesl 000pOTOB
N, a Ip¥ MOBOPOTHBIX JioMaTKax (Kojeca WM HaIpaBJSIoIEro (CIpsMIISIONIETo)
ammapara) — B 3aBHCHUMOCTH OT yrja UX YCTAHOBKH (. Y BEHTUJISITOPOB OOIIIETO
Ha3Ha4YeHUs] Mpu paboTe ¢ MPUCOEAUHIEMONH CeThl0 3a pabouMii ydacTok
XapaKTEePUCTUKU MPUHUMAETCS Ta €€ 4acTh, HAa KOTOpoi 3HaueHue nojaHoro KII]
YIOBJIETBOPSIET YCIOBUIO

N = 0,9Mmax (5.1)
TO€  Mmax — MakcumanbHbld KITJI.

AdpOIMHAMHUYECKHE  CBOMCTBA  BEHTWISATOpPA  ONPENENSIOTCS  €r0
KOIUYEeCMBEHHbIMU W KayecmeeHHvlMu  Xapaktepuctukamu. Ilocnennue
UCIIOJIB3YIOT TIPU  OILIEHKE KadecTBa BO3JYIIHOIO IIOTOKA Ha BBIXOJAE W3
BeHTWIsSITOpa. KonMuecTBEHHbIE XapaKTEPUCTUKU MOTYT OBITb pa3MepHuiMuU WU
be3pasmepHbiMUL.

KonnyecTBO BO3AyXa, I0OJaBAEMOr0 BEHTWJISTOPOM B CETh, HA3bIBAETCS
NPOU3800UMENbHOCMbIO eHMUNIAMOPA WIH €T0 pacxo0om 6o30yxa. C U3MEHEHHEM
CONPOTUBIICHUS] CETU TMPOU3BOAMTEIBLHOCTh BEHTWIATOPA, pabOTAIOIIEro C
MOCTOSTHHBIM YHCJIOM 000POTOB, OYJI€T MEHSATHCS.

I'padukm  3aBUCUMOCTH  CTaTHYECKOro jaBiieHuss P, mnorpedHOCTH
MomHocTH N Ha IPUBOJ BEHTUWIISATOPA U €ro Ko3(dpuiimeHTa noje3Horo AecTBus
7 OT KOJMYECTBa IMOAABAaEMOro Bo3ayxa L, mpencrtaBisitor coOoil pa3zMepHYIO
XapaKTEPUCTUKY BEHTHIISITOPA.

B orinnume OoT pa3MepHOM XapaKTEPUCTUKH, BBIPAXKAIOLICH 3aBUCUMOCTH
pa3MepHbIX BEJIMYMH OT pacxojla BO3ayxa, Oe3pa3MepHasi XapaKTepUCTUKa
SBJIIETCSI 3aBUCUMOCTBIO 0O€3pa3MepHbIX KO3(PQPUUMEHTOB WM BEJIMYMH OT
kodddurmenTa pexxuma  pabOThl, KOTOPBIA  CIOYKAT  XapaKTePUCTHUKOMN
CONPOTHUBJIEHUS CETH.

K= |2 (5.2)



Pasmepnvle xapaxmepucmuku TIONTy4alOT B pe3ysbTaTe JabOpaTOpHBIX
UCIIBITAHUM BEHTWJIsITOpa, a Oe3pa3MepHble — Ha OCHOBAHMMU PACYETOB 10
MPEABIIYIIUM XapaKTEPUCTHKAM.

Nmest pa3mepHble XapaKTEPUCTUKHU Psijia BEHTHWJISITOPOB, MOKHO T10J100paTh
BEHTWJISITOP, YJOBJICTBOPSAIOUIMNA TMOCTABIECHHBIM YCIOBUSIM B OTHOLICHUHU
BenuuuH: P, P, Py, Ny, 7, L.

bespasmepnas xapaxmepucmuxa JIEUCTBUTEIbHA [UIS  OIPEICICHHON
TPYNNbl  BEHTWISATOPOB, TE€OMETPUYECKH MOJOOpPAaHHBIX HCHIBITHIBABIIEMYCSI.
Pacmonaras Oe3pa3mMepHON XapaKTEPUCTUKOW W adpPOJMHAMHYECKOU CXEMOU
BEHTWJISATOPA-MOJEIIH, MOYKHO ONpPENEIUTh pacdeTaMu IO IMOAOOHI0O OCHOBHBIE
pa3Mepsl U 4HCI0 00OPOTOB JIOMACTHOTO KOJIECA HOBOTO BEHTUIISTOpA, KOTOPBIN
OyJeT UMETh 3aJJaHHbIE IPOU3BOUTENBHOCTD U JABJICHUE.

Onucanue 1a00paTOPHOro CTEHAA JUIsl UCIbITAHUS BEHTHIIATOPA

CHsTHE XapaKTepUCTUK BEHTHJIATOPA BBHIMOJIHAIOT C IMOMOIIBIO MPUOOPOB
JUIsL U3MEPEHUs JaBJICHMsI BO3AYIIHOIO MOTOKa (MHEBMOMETPUYECKON TpyOKH U
mubdepennuansaoro  manomerpa JIMI[-01M). Yactory Bpamienus Baia
BEHTWISATOpAa  3aMmepsitoT  Taxomerpom 4acoBeiM 1Y 10-P. B kauectse
MU3MEPUTEIBLHOTO HHCTPYMEHTA HUCTOJIb3YIOTCS IITAHTCHIIUPKYJIb, JIMHEHKA.

Ha naGopaTtopHOll yCTaHOBKE HCHBITHIBAETCS OCEBOM BEHTWISTOP CEpUU
BOK-1,5. /lanHbIE TEXHUUECKOTO MACIIOPTa BEHTHIISITOPA:

— moTpebisgemMas AIeKTPOABUraTEIeM MOIITHOCTE cocTaBiisieT N, = 5 BT;
— MPOU3BOJIUTENBHOCTh L, (Mogaya BoO3myxa) BEHTHJIATOpA COCTABISET MpU

P, =0Tla— 170 m°/g;

— CKOpPOCTB BpalleHus pabodero Kojeca, Nmg, coctarisier 1500 06/mMuH.

OCHOBHBIMU 3JIEMEHTaMU J1a0OPATOPHOM YCTAHOBKU SIBIISIIOTCS: OOBEKT
UCCIICIOBAHUSI —  OCEBOM  BEHTWIATOpP,  APOCCENIHMPYIOWIAsl  3acCJIOHKA,
mudpmaHomeTp, MHEBMOMETpHUYECKass TpyOKa, BO3AYIIHBIA KaHaj, TaXxOMETp,
CUMHCTOPHBIN PETYIATOP CKOPOCTH BpamieHus asurarens CP 2A.

[TopsiI0K BBITOTHEHUS Pa0OThHI

1. JIns MPUTOYHBIX W BBITSHKHBIX BEHTUJISITOPOB CO CBOOOJHBIM ITOJCOCOM
BO3MIyXa Pacxo]i BO3IyXa U3MEPSIOT C TTOMOIIBI0 BXOJHOW HACAIKH C IMOJTHOCTHIO
3aKpYIJICHHBIMU KpasMH Ha BXOJI€ B HEr0, KOTOPBIA YCTAHABJIMBAECTCS TEPE.
BEHTUJISITOPOM.

CKOpOCTh  ONPENENSIOT  Pa3IUYHBIMU  KOHTPOJIBHO-U3MEPUTEIHHBIMU
npudbopamMu — aHeMoMeTpamMu U Tu(hMaHOMETPOM.

[Tpu MOTHOCTHIO OTKPBHITOM JAPOCCENUPYIONIEM KIIallaHe MOYKHO CUUTATh:

P.=0,P,=max, L, =maxu K=1.

[Tpu MOTHOCTBIO 3aKPBHITOM APOCCETUPYIONIEM KITallaHe:

P,.=0,L,=0,K=0.

CkopocTh BO31yXa W IPH ATOM OINIPEAECIISIOT 10 (hopMyJIe:

W= J@ (5.3)




rne AP_ — crarnueckoe nageHue napienus, [1a;

3
p — IJIOTHOCTb BO3/1yXa, KI/M".
[Ipou3BOANTENIBHOCT, BEHTHJIATOPA PACCUUTHIBAIOT  T10
JAHHBIM 10 hopmyTe:
2P
L,= |—2
g
JlnHaMu4ecKoe TaBJIeHHE PACCUUTHIBAIOT MO opmyIie:
— _ 2
P,=P-P.,.=05pw

2. DKCTIepUMEHTANIbHAS YaCTh.

N3MCPCHHBIM

(5.4)

(5.5)

Ha naGopaTopHoii ycTaHOBKE ONpeneNuTh 3HaUeHue nokasareneit F, P, P,
P, n. 3necs N — yacToTa BpaleHus BEHTUIsATOpa, 00/MuH; F — mioimans ceuenus

2
BBIXOJTHOTO NaTpyOKa BEHTHIATOPA, M.
JI71s1 3TOr0 HE0OX0AMMO:

~ TPOBEPUTh HAIMYKE 3a3€MJICHUS JIa0OpaTOPHOM YCTAHOBKH, HAJICKHOCTD

KPEIUICHHS BCEX y3J10B, HAJTMYME 3alUTHBIX OTPaXKIACHUM;
~ TOJKIIOYUTH TMUTAIMA Kabelb K CETEeBOM PpO3ETKe,
HaIpsKEHUE Ha PETYISTOP CKOPOCTH;

- IIYCK BCHTHUJLATOPA OCYHICCTBIIACTCA KHOIIKaMH (HO

Iperno/iaBare’s);

T.C. IIOAAThb

YKa3aHHIo

— II0CJIC YCTAHOBHUBIICIOCA PCIKHUMaA pa6OTI>I BCHTHWIATOpAa IIPOU3BCCTHU

HEO0OXOIMMbIE U3MEPEHHS;
- OTKIIOYeHHE J1a00opaTOpHON  YCTAaHOBKH  BBITIOJHSIOT
HOCJIeI0BATEIHLHOCTH.

B oOparHoH

N3meHenue pexuma pabOThl BEHTUJISTOpAa JOCTUTAETCS  CO3/IaHHEM
COIIPOTHUBIIEHUS BBIXOAY BO3yXa U3 TPyOOIIPOBOJA 32 CYET YCTAHOBKH 3aCIIOHOK C
pPa3IUYHBIM MTPOXOJHBIM CEYEHHEM, & TAK’KE€ U3MEHEHHEM CKOPOCTH PEryJsiTOpOM

CP 2A.

[Tokazanusi MUKpOMaHOMETpPA, YACTOTHI BPAIICHHS 3amucaTh B Ta0auIry 5.1.



Tabmuua 5.1 PacueT XapakTepuCTUK BEHTUIISITOPA

Ne ompiTa

Pa3mMepHbIe mapaMeTphl 1 2 3 4

CpenHss yacToTa BpalieHus, n, 00/MuH

Cpennee nonHoe nasienue P, I1a

Cpennee nuHamuueckoe nasienue P, Ila

Cpennee cratuctuyeckoe nasienue P, [la

Cpennsisi CKOPOCTh BO3AYIITHOTO TIOTOKA W, M/C

OOBeMHBIN pacxo] Bo3ayxa, L Mo/C
L=Fw

MomtHocTh TOTOKA, N,y KBT
Noor =L P

[ToTpebsiemas MOITHOCTh BeHTU IsITOpa N;, BT

KII/] BenTmiaropa N, = Npor / N,

T
YrioBas yacToTa BpallleHUs, ®, C
o=3,14n/30

be3pa3mepHbie mapameTpsl

[IpuBeneHHBIN pacxoa BO3ayXa, M /c
L'=L/n

[IpuBenenHoe nosiHOE nasieHue, [1a
P'=10°P/n?

[IpuBeneHHOE AMHAMUYECKOE NaBiieHue, [la
P, =10°P,/n’

[IpuBeneHHOE cTaTUCTUYECKOE JTaBiieHue, [1a
P = 10° P,/ n’

[IpuBeneHHas morpediisieMas MOIHOCTh, BT
Nl‘[OT' = 109 NHOT/ nS

Koadduiment pexuma paboThl BEHTHIIATOPA

KoHTpoJibHbIE BOIPOCHI

1. Kak onpeienuTh KaueCTBEHHBIE XapaKTEPUCTUKU BEHTHIISITOpA?

2. Kak onpenenuTh KOJIMYECTBEHHBIE XapaKTEPUCTUKH BEHTHIIATOpA?

3. Kak M3MEHSIOTCS XapaKTepUCTHKHA BEHTHIATOpPA IPU  IOJHOCTHIO
OTKPBITOM U MOJIHOCTBIO 3aKPHITOM BBIXOJHOM KaHajie?

4. Kakue naBjaeHUS MOXKHO H3MEPUTh IPH MOMOIIM MHUKPOMaHOMETpa U
MTHEBMOMETPUYECKON TPYOKHU U Kak?

5. Kakue OCHOBHBIE TapaMeTphl XapaKTEpHU3yIOT pabOTy BEHTUJISATOpa B

cetu?
6. B kakux cucremMax BEHTUJISIIUUA UCTIOJB3YIOTCS OCEBbIE BEHTUIISTOPHI?




[Tpunoxenue 1

['paduix 3aBUCMMOCTH IJIOTHOCTU BO3/1yXa p OT TeMIlepaTyphl t

MnoTHOCTBL BO3AvXa
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JlabopaTtopHasi pa6ora Ne 6
OINPEAEJIEHUE XAPAKTEPUCTUK HEHTPOBEXXHOI'O BEHTUJISATOPA

Heanb padorsi: M3yunth yCTpONCTBO M MPUHLUI PAOOTHI LEHTPOOEKHOTO
BEHTUJISITOPA U ONPENENUTh XapaKTEpPUCTUKU BEHTW IsITopa. HaliTu onTuMaiibHbIN
pexuM pabOThl BEHTUIIATOPA.

OO61ue cBeieHus

Beumunamopvl —  3TO  BO3AYXOJyBHbIE  MAaIllMHBI,  CO3JAIOLIUE
OINPEJEIICHHOE JABJICHUE U CIyXaIIUe IS MEePEMEIIEHUs BO3/yXa MpHU MOTEPsSX
JABJIEHUS B BEHTWIALIMOHHOM ceTh He Oosee 15kI]1a.

B 3aBucuMoOCTM OT pPa3BUBAaEMOro JaBJICHHUS BEHTWIATOPBI MJEJAT Ha
CJIEIYIOLIUE TPYIIIIBL:

- HM3KOTO naBieHus — 10 1klla ¢ okpykHOM CKOpOCThIO Kosteca 23-55 m/c;

- cpeanero gasieHus — 1-3klla ¢ okpykHOU ckopocThio Koneca 40-100 m/c;

- BbIcOKOro pamieHuss — 3-12klla ¢ okpyxHoli ckopocTbio koisieca 100-
150 m/c.

BeHTUIsATOpsl HU3KOTO M CPEIHETO MABJIEHUS MPUMEHSIOT B YCTAaHOBKAX
0O1IeOOMEHHOM W MECTHOM BEHTWJISILIMU, JUISI CYHIMJIOK W Tieduei. BeHTunsTopsl
BBICOKOTO JIABJIEHUS UCTIOJIB3YIOT B OCHOBHOM JIJISl TEXHOJIOTUYECKUX LIEIICH.

Haubonee pacnpocTpaHEHHBIMU SIBIISIIOTCS  IIEHTPOOECKHBIE W OCEBBIC
BEHTWISITOPHI.

Lenmpobesicnviti senmunamop (puc. 6.1) cocrout U3 padodero kojeca 1 ¢
JomarkaMy 2, 3aKpeIuvIeHHOr0 Ha Bally 3 3JEeKTpoJBHUrareis (Ha pUCYHKE
AIIEKTPOJBUTATENb HE IOKa3aH), BXOAHOTO WJIM BcachlBaloOUIero marpyoka 4,
HarHeTaTeJIbHOTO MaTpyOKa 5 u KoXKyxa BEeHTUJIsiTopa 6.

Puc. 6.1 Cxema 11eHTpoOeKHOTO BEHTUIISITOPA

Ilpunyun Oelicmeus YeHMPOOEHCHO2O BEeHMUNAMOPA 3AKITIOYAETCS B
cnenyromieMm. [Ipu Bpamenuu padodero kojeca 1 yacTuibl BO3/IyXa YBIIEKAIOTCS
JonaTKaMu 2 BO BpaIllaTeIbHOE JBUXEHHE, MPH ITOM Ha YacCTHUIBI BO3yXa
JEUCTBYIOT IEHTPOOEKHBIC CHUJIbI, KOTOPhIC HAIPaBJICHBI OT IIEHTPAa K CTEHKaM
Kokyxa 6. Kaxmas yacTuiia Bo3ayxa COBEpIIAET CIOXKHOE IBIKEHHE: C OJIHOU
CTOPOHBI, IBUKETCS BOJIb JIONATKH, a C IPYroi — BpalaeTcs BMecTe ¢ pabouum



KOJIECOM BOKpPYI €ro OcH. Tak KakK 4YacTHIbl BO3AyXa ABIDKYTCS OT IIEHTpa K
CTEHKE KOXKyXa, TO B IIEHTPE BPAIllEHUs U BO BcachiBaroleM naTpyoke 4 co3mpaercs
paspexeHue, T.€. JaBJICHHE BO3JyXa MeHbIIe aTMocdepHoro pasienus. llon
JIEUCTBUEM PA3HOCTU JABJIEHWH BO BCACHIBAIOMIMKI MaTpyOOK MOCTYIAIOT HOBBIE
YacTHUIIbl BO3/AyXa U3 OKpyaromieil atmocdepsl. Takum o0pa3om, yaansercs
3arpsi3HEHHBIA  BO3AYyX OT JIIO0OOT0 HCTOYHMKA B  MAIIMHOCTPOUTEIBHBIX,
METaJUTyprUYecKuX M Jpyrux nexax. YacTuusl Bo3ayxa, OTOPOIIEHHbBIE OT LIEHTpa
BpallleHUusI K KOXKYyXy BEHTHUJISITOpA, JIBMXKYTCSA BIOJb KOXKyXa M IMOMAJaloT B
Har”HeTaTelbHbld marpyOok 5. Ilpy 3TOM NPOUCXOIHUT CXKATHE BO3AyXa, €ro
JIABJICHUE YBEIIMUNBACTCSI 1 CTAHOBUTCS OO0JIbIIIE aTMOCGHEPHOTO.

[Ipu mocTOSHHOM YacTOTE BpalleHHusl paboTa HEHTPOOEKHOTO BEHTHIISATOPA
XapaKTepu3yeTcs CIACAYIONINMHE MapaMeTpaMu:

1) 00OBeMHBIN pacxoj IMepeMeIIaeMoro rasa — IPOU3BOIUTEILHOCT L,
M/c;

2) nepenan napineHudl (Hanop), co3maBaeMblii BEHTHJISITOPOM — Pa3HOCTh
NOJIHBIX JIaBJICHUM Ha BXojA€ (BO BcachlBarolleM NaTpyOKe) M Ha BbIXonE (B
HarHeTaTeJIbHOM NaTpyOke) BeHTuiaropa — APy, la.

AP, = P* — P5 (6.1)
rne P; — momHoe naBneHne Ha BbIXOAe (B HAarHETAaTeNILHOM IaTpyOKe)
BEHTWJIATOPA, [1a;
P, — nmomnoe paBinenwe Ha BxoJe (BO BCACHIBAIOIIEM IATPYOKE)
BEHTWJIATOPA, [1a;
3) k03 PUIIMEHT TMONIe3HOT0 JCHCTBUSA 1 — OTHOIICHHWE MOIIHOCTH,

TpeOyeMol Uil TepeMelleHUsT BO3AyXa, K MOIIHOCTH, 3aTpauuMBacMod B
JNEHUCTBUTEIBHOCTH BEHTUIISITOPOM:
"’jP -100% (6.2)
4) 3aTpadeHHass MOITHOCTh BeHTWIsATOpa Ny, BT.
VY 1eHTpoOekHbIX BEeHTUIATOPOB mapamerpsl V, AP, u N, cBsizanbl Mexay
co00H, 1 U3MEHEHUE OJTHOM U3 ATUX BEJIMYHH BbI3bIBAET U3MEHEHUE OCTAJIbHBIX.
I'papmueckue 3aBucumoctun AP, =fi(L), N, =f(L), n=f;(L) Ha3bIBaror
xapaxmepucmukamu eeumunsimopa. OHM HArJISAHO OTPAXalT OCOOEHHOCTH
pa®oOThl BEHTWJIATOpPAa M MO3BOJISIIOT MOAOOpaTh MJisi JIaHHOTO BO3yXOBOJa
Haubosiee YKOHOMUYHBINA BEHTUIATOp. Ha OCHOBaHMM TEOpeTHYECKHX pacdEToB
3TH XapaKTEPUCTHKU C JOCTATOYHOM TOYHOCTBIO MOIY4YUThH Henb3s. [losTomy Ha
IPaKTUKE MPUMEHSIOT XapaKTEPUCTUKH BEHTUJISITOPOB, IOJIYYEHHBIE OMNBITHBIM
nytéM. Ha pucynke 6.2 moka3aHbl THUIHYHBIE XapaKTEPUCTHKU LIEHTPOOEKHOTO
BEHTUWJISITOPA NP TIOCTOSIHHOM YacTOTE BpalleHus padodero koseca N (06/MuH).
3nauenne MakcumanbHoro KIIJ[ ompenenser pemaromee KayecTBO
BEHTUJIAITOPA  —  A3KOHOMHMYHOCTh.  [IpOM3BOAMUTENHHOCTH  BEHTUIISATOPA,
cooTrBeTcTByromas MakcumanbHomy KIIJ[, Ha3pIBaeTcs onTtumanbHOM, a
COOTBETCTBYIOIIUNA PEXUM pabOThl BEHTUIISITOPA — ONTUMAIIbHBIM.
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Puc. 6.2 [TonHas xapakTepucTUKa BEHTHISITOPA

HawnGosee BakHOU SIBISETCS KpHUBas 3aBUCUMOCTH MEXKAY JaBICHUEM H
POU3BOAUTEIILHOCTEIO P-V (unu P-L) — Tak Ha3bIBaeMas xapakmepucmuxa
Oasnenusi BeHTWISATOpPa (Hanopnas xapaxkmepucmuxa). JJIS ee ONpeaeICHUS
HEOOXOMMO CJENaTh 3aMePHI MTOJTHOTO JABJICHUS Ha BXOJIC U BBIXOJE BEHTUIIATOPA
MIPY Pa3IMYHBIX 3HAUCHUSX TTPOU3BOIUTEILHOCTH.

llonnoe  Oasnenue  TPEACTaBIACT COOOM  anreOpanyeckyrd CyMMy
CTATUYECKOr0 M JUHAMUYECKOTO JaBJICHUMN:

PHOH:PCT+PHHH (6 . 3)

Cmamuueckoe oOasnienue — ITO PA3HOCTh JIaBJICHUN Ta3a BHYTPH
TpyOOIpOBOJa M OKpY’KaroIIero Bo3ayxa. Ha BXojie B BEHTHUISATOP CTaTHYECKOE
JIaBJICHHE MEHBIIIE aTMOC(EPHOT0, TO3TOMY UMEET OTPHUIATEIbHYIO BeauuuHy. Ha
BBIXOJIE BEHTHJIATOPA CTAaTHYECKOE MABJICHHE OOJbINE aTMOCHEpPHOTO U HMEET
MOJIOYKUTEIbHBIN 3HAK.

Jlunamuueckoe, unu cxopocmuoe OasgieHue 3aBUCUT TOJBKO OT CKOPOCTH
JBIDKEHUS Ta3a U BCET/Ia MOJIOKUTENIBbHO. OnpeensieTcs TMHaMAYecKOoe TaBJICHUE
o ¢opmyie:

P = = (6.4)

rie  p — IUIOTHOCTH rasa, Kr/M ;

(® — CKOPOCTh raza, M/cC.

Ha mpaktuke naBieHuwe B TpyOOIPOBOJIE MOXKHO HM3MEPHUTh C MOMOIIBIO
U-06pa3Horo maHoMeTpa ¥ THEBMOMETPUIECKOM TPYOKH.

[Ipu w3MepeHun nmaBieHHUs] SKUAKOCTHBIM U-00pa3HbIM MaHOMETPOM
u3MepseMas cpeia C JaBieHHeM P, coenuHseTcs Tpu MOMOIIM METaUITMYeCKOn
WM PE3WHOBON TPYOKH C OJHUM KOJIEHOM MaHOMETpa, a BTOPOE KOJIEHO — C
atMocepoit, wumerouieli OapomeTrpuueckoe naasinenue Pz Beicora cronba
XKuUaKocTh h uaMepsieT n30bITouHOE naBienue (puc 6.3, a).

PH36:h'p'g (65)
rie P — IUIOTHOCTh JKUJIKOCTH, KI/M",

gJ — yCKOpeHHEe CBOOOHOTO TaJIeHuUs], M/c?,

B kaudectBe pabodeil KUAKOCTH Yallle BCETO HMCIOJIB3YIOT BOJY MU CIHPT.
Tounocts w3MepeHusi U-oOpa3HBIM MaHOMETPOM TMPHU TPABHUIBHOM OTCUETE



YPOBHEH KHUAKOCTH B TpyOKax JOCTaTOYHO BbIcOKa. OTcueT moKa3aHUU
YKUJKOCTHBIX MAHOMETPOB MPUBE/IEH Ha PUCYHKE 6.3,

@
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g
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L J g‘:
4
L
a - OIpene/IcHAS 0 - CMaTHBASMAR B - HECMATHEACMAR
H3ORITOTHOTO BHIKOCTE EHIEOCTE
TaBTEHHA

Puc. 6.3 N3mepenue naBineHus: KUAKOCTHbIM U-00pa3HbIM MaHOMETPOM

[lonHoe naBieHWE B BEHTHIATOPE MOKET OBITh MU3MEPEHO MPHU IOMOIIM
OTKPBITON THEBMOMETpHUUECKOU TpyOku (TpyOka IInTo), mocTaBineHHOW HaBCTpeUy

noToky (puc. 1.4, a), a craruyeckoe AaBI€HUE — IPU TOMOLIM TPYOKH WU
OTBEPCTUSI B TPyOONPOBOJE, PACIOJNOKEHHBIX MEPHEHIUKYISIPHO K IOTOKY
(puc. 1.4, 6).

Ecnu o6e TpyOKH mprCOETUHUTD K IPOTUBOIOJIOKHBIM KOHIIAaM MaHOMETPa,
TO Pa3HOCTh YpPOBHEH paboyeill KUAKOCTH B KOJEHAX MaHOMETpa IMOKaKeT
Pa3HOCTh MEXIY MOJHBIM M CTATUYECKUM JAaBJICHUEM B JJAHHOM TOYKE MOTOKA, TO
€CTh BEIMYMHY TUHAMHYECKOTO JaaBieHus (puc. 1.4, ).

[lepenag MOSHOTO JaBJICHUS OMPENETSETCS C MOMOIIBIO JBYX 3arHyThIX
TpyOOK, TMOMEIICHHBIX HABCTPEUy IOTOKY BO3AyXa B JBYX CCUEHHUAX KaHaja
(puc. 1.4, 2). Tlepenaa CcTaTUYECKOTO JABJICHUS OMPEIEIATCS C MOMOIIBIO JIBYX
TpyOOK, PacmoJIOKCHHBIX B KaHaJC MEPICHAUKYJISIPHO HANPABJICHHUIO IBVIKEHUS
Bo3ayxa (puc. 1.4, 0).
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Puc. 6.4 Onpenenenue naBaeHUs U NepenagoB JABICHUS C TOMOIIbIO
U-06pa3Horo maHomertpa
Jlns  omnpeneneHuss MPOUBBOAMTEIBHOCTH  BEHTUJIATOpPA  MCHOJIB3YIOT
MMHEeBMOMETPUYECKHE TPYOKH WM JAPOCCEIbHbIE TPUOOPHI — CYyXKarolue



ycrpoiictBa. Cyxaromye yCTpoHCTBa MOTYT OBITh UCHOJB30BaHBI ISl U3MEPEHUS
pacxojna JrOOBIX OJNHO(MA3HBIX Cpell, OHM MOTYT OBITb YCTAaHOBJCHBI B
TpyOOmnpoBOaxX JO00T0 JUaMeTpa; TeMreparypa U JaBjieHUE U3MEPSIEMOM cpebl
MOTYT HMETh NpakTU4YeCKu Jitoboe 3HaueHue. OYeHb CYIIECTBEHHO, YTO
rpalydpoOBOYHAsl XAPAKTEPUCTHUKA CTAHAAPTHBIX CYKAKOLIUX YCTPONCTB MOMKET
OBITH OMpe/ieieHa PaCUETHBIM MY TEM.

B nannoil pabore s ompeneneHUs pacxoja BO3AyXa IMPUMEHSETCS
JIpocCenbHBIM  Tpubop (pacxomoMepHas maiba). I[IpuHIMO WCMONB30BAHUS
JPOCCENbHBIX TMPUOOPOB sl 3aMepa pacxoja raza MOXHO YSICHHUTb MO Tpaduky
pacrpesielieHus JaBJICHUS IIPH YCTaHOBKE B TpyOe nuadparmel (puc. 6.5)

[Tomectum B TpyOompoBoa auamerpom D muadparmy, HpeacTaBISIIOIIYIO
coboif a0y ¢ otBepctueM O, W HM3MEpUM JaBlieHHE B TPyOONpoOBOJE JI0
muagparmel U 3a Hel. Ilpu cyxeHun TpyOONpoBOIa CKOPOCTh BO3AyXa
YBEIIMYUBAETCS OT 1 A0 V2, BCIEACTBHE YETO IO 3aKOHY BepHYIIM Mpoucxoaut
najzieHue aasienus ot Py 1o P,. 3a quadparmoii ckopocTh Bo3ayxa yMEHbIIIAeTCs, a
nasieHue pactet 10 P3, Ho P3< Py, To ecTh HaGmromaeTcs mepemnaj JaBiICHUS HA
maiioe AP, =P;-P3, KoTOpBII nponopiimoHalieH KBaJpaTy CKOPOCTH BO3Ayxa. 3Has
nuaMetp d OTBEpCTHSI IIAHOBI, MOXHO ONPEACTUTh PAcXoJ raza B KyOHMUECKHX

MeTpax 3a CeKyHY:
L=c-./AP, (6.6)

riae ¢ — pacxoaHeli koadduuuent guadparmel. s pacxomomepa,
UCIIOJIb3YEMOT0 B JaHHOU ycTaHOBKe, ¢=0,64" 107,

-
B

: —

Puc. 6.5 JlpoccenupoBanue ra3a auadparMoil U XapakTep U3MEHEHUS JTaBICHHUS
IPY IPOCCEIMPOBAHUU

[Tpon3BOANTENHHOCT, BEHTHWIISITOPA MOXKET PETyIUPOBATHCS PA3TUYHBIMU
cnocobamu. OnuH u3 Hanbosee PKOHOMHYHBIX CITIOCOOOB — HM3MEHEHHE YHCiia
000pOTOB pabouero Kojeca — HE TMOJYyYMII JI0 HACTOSIIETO BPEMEHHU ITUPOKOTO
pacnpocTpaHeHUs W3-3a 3aTPYIHCHUI, CBI3aHHBIX C N3MEHEHUEM YHciIa 000pOTOB
anekTpoaBuratens. Hawnbonee MMPOKO HMCHOMB3YIOT CIOCOO IPOCCETHPOBAHUS
3aCJIOHKOM, UMEIOIUN HU3KYI0 9KOHOMUYHOCTh. B TaHHOM padoTe peryanpoBaHue



MIPOU3BOJAUTEIILHOCTH OYJIET BBITOIHATHCS C TTOMOIIBIO 3aCIIOHKH, YCTAHOBIICHHOM
Ha BXOJIHOM NaTpyOKe.

OnucaHue yCTaHOBKHU

JlaGoparopHas yctaHoBka (puc.6.6) COCTOMT U3 ILEHTPOOEIKHOTO
BEHTUJIATOpA 1, ACHHXPOHHOTO JBUTaTeNls 2, BCACBIBAIONIETO NaTpyOka 3,
3acJIOHKUA 4, HarHeTaTeJlbHOro maTpyoka 5, TpyOompoBoaa 6 M pacxoJaOMEpHOI
maiiosl 7. Jlns m3MepeHus mepernajga IMOJHOIO JABJIECHUS Ha BXOAE M BBIXOZE
BEHTWJISITOPA HCIIOJIb3YIOT W30THYTBIE MOJA MPAMBIM YIJIOM ITHEBMOMETPUYECKUE
TpyOKkn 8 u 9, 3aKpersieHHble BO BXOJHOM U HarHeTaTelIbHOM MaTpyOKax u
IPUCOEINHEHHbIE K
U-o0pa3sHomy maHometpy. [lepenaa cTaTH4ecKoro IaBJIEHHsS Ha pacXxoJIOMEPHOU
naiide M3MepA0T ¢ MOMOIIBIO MPSAMBIX MHEBMOMETpudeckux TpyOok 10 u 11,
3aKpEJICHHBIX MEPIEeHIUKYJIAPHO TpyOONmpoBOAYy [0 M IMociie Mmaiosl 7 u
MOAKIIFOUEHHBIX K MaHOMETPY 12.

X011 pabOTHI
1. BKIIOYHUTh YCTAaHOBKY B CETh.

2. [locne Habopa 3JIeKTpoABUTATENIEM OOOPOTOB YCTAaHOBHUTH 3aCJIOHKY B
HCXOJTHOE MOJIOKEHUE (3aCIIOHKA 3aKPhITA).

L

Puc. 6.6 Cxema 1abopaTOpHOI YCTaHOBKH

3. H3meputTh MOIIHOCTh, MNOTpeOsieMyt0 ayekTpojaBurarenem, N, u
nepenajsl JaBICHUM: TOJHOTO — Ha BEHTWIATOpE (Pa3HOCTh JaBJICHUH BO
sxogHnoM P35 wu marmerarensnom Pj  marpyGkax) M cratMueckoro — Ha
pacxoa0MepHOH I1aioe (pa3HOCTh JaBJICHHI mepe maiboi Py u 3a mraiiboit Py).

4. [1oBTOPUTH OMBIT 3 MPHU PA3IUYHBIX MOJTOKEHHUSIX 3aCTOHKH.

5. Pe3ynbraTel n3MepeHuit 3anucaTh B Ta0nuiy 6.1.



Tabnuma 6.1 Pe3ynbrarel u3mepenuii

N3mepsiemas BenmmunHa En. Howmep onbiTa

U3M. 1 2 3 4 5
MornHocTh AsekTpoaBuraTens N, kBT
MormHocTs BeHTHIISITOpa N,y Bt
Ilepenan naBieHus Ha maiioe AP, I1a
[Tpon3BoaUTENBHOCTHh BEHTUIIATOpA L M/c
Ilepenan naBnenus Ha BeHtuisatope AP, |  Ila
KIIJl BenTHIIATOpA N, %

[opsaok pacyeTa
1. OnpeenuTh IPOU3BOUTENLHOCT BeHTHIIATOpa L, M/C:
L=0.64-10"%- /AP, (6.7)
rae AP, — nmepenaja ctaTU4ecKOro JaBjieHus Ha 1maioe, [1a.
2. BRIaucnuTh MOIITHOCTB, TOTPEOIsIeMy 0 BEeHTHIATOpOM Ny, BT:
NB = N,qs "MNag - 10° (68)
rane Mg — KIIJI anextpoasurarens, npuHath paBHbiM 0,85.
3. Paccuurate KIIJ[ BenTunaropa:
L-AP,

n, =——-100% (6.9)

Ng

4. Pe3ynbTaThl pacyeToB 3amnucaTh B Ta0muiy 6.1.
5. [lo pe3ynbTaTam pacyeToB MOCTPOUTH XAPAKTEPUCTUKU BEHTUIISTOpA —
rpaduKu 3aBUCUMOCTEN N, AP, 11 N, OT TpOM3BOAUTEIBHOCTH:
nB:fl(L); APB:fZ(L); NB=f3(L)'
6. [Ipoananu3upoBaTh XapaKTEPUCTUKKA BEHTHJIATOpPA M ONPEICIHUTH
ONTUMAJIbHBIN pekuM padboTel. CPOpMyIHpOBaTh BBIBOJ — HAWUTH ONTUMAJIbHYIO
IIPOU3BOUTEIILHOCTD BEHTUJIATOPA.

KoHTpoJsibHBIE BONIPOCHI

1. Kaxkue mamvHbl OTHOCATCS K BEHTUISTOpam?

2. Kaxk onpenenuTs CTENEHb MOBBILIECHUS 1aBJIECHUS B BEHTHIIATOpE?

3. Ha xakue rpynmnsl O MOJIHOMY JaBJICHUIO IEIAT BeHTUIATOphI? ['ie oHu
MPUMEHSIIOTCS?

4. OnuimTe TPUHIMIN ASUCTBUS [IEHTPOOESKHOTO BEHTHIIATOPA.

5. Oxapakrepu3yiiTe OCHOBHBIC MTapaMeTPhl BEHTUIISATOPA.

6. HazoBuTe OCHOBHBIE XapaKTEPUCTUKH IIEHTPOOESIKHOTO BEHTHIISATOPA.

7. Kaxkoii pexum pabOThl BEHTUJISITOPA CYUTACTCS ONTHMATBEHBIM?

8. CmocoObl ompeneneHus] MOJHOTO, AWHAMHYECKOTO M CTaTUYECKOTO
JaBJICHUM.

9. Cnocob onpenenenus 00bEMHOTO pacxoaa BO3IyXa.

10. IlpuHIMT UCTIOTB30BAHUSI IPOCCEIIBHBIX MPUOOPOB.
BepHyThbcs B orjaBieHue paszziesna




BepHyThCH B OrjiaBiieHHue




JlabopaTtopnas paGora Ne 7
MCCJIEJJIOBAHME COBMECTHOM PABOTHI IIEHTPOBEXHBIX
HACOCOB I1PA UX ITAPAJIJIEJIbBHOM U ITOCJIEJOBATEJIbHOM
BKJIFOYEHUN

Hean padoThbl: HA OCHOBAHUU CTEH/IOBBIX UCIBITAHUM JBYX LIEHTPOOEKHBIX
HacocoB Tuna KM (bupmbr WILO) mocTpouTs MHAMBUAYAIBHYIO U CyMMAapHbIE
pacxoaHo-HamopHble  xapakrtepuctnkn Q-H 1npum ux napawienbHOM W
MOCJIEIOBATEIBLHOM BKIIOUYEHUH.

OO1Me cBeieHus

Ha HacocHbIX CTaHUMAX B MOJABJISIOMIEM OOJBIIMHCTBE CIy4aeB B OJHOM
MalIMHHOM 3aJI€ YCTaHABJIMBAIOT HECKOJBKO HACOCHBIX arperaroB. BxiatoueHue
HACOCOB Ha oOmui TpyOONMpPOBOJ MOXKET OBITh MapauieIbHBIM (daie) u
MOCJIEA0BATEILHBIM (PEXKeE).

YcaoBuem napamienbHOM paboThl HACOCOB Ha 0OIIMKA TpyOOIpoBo OyaeT
PaBEHCTBO UX HANIOPOB.

UtoObl HAWTH PEKUMHYIO TOYKY MapajjIeIbHO pabOTaloIMUX HACOCOB,
HEOOXOJMMO  TMOCTPOUTH HMX CYMMapHyl HAMOPHYIO  XapaKTEpUCTHUKY,
MepecevyeHns KOTOPOW C XapaKTepUCTHUKON TpyOOIpoBoJia M  OMPEACIUT
MOJIOKEHHE PEeXKUMHOW TOUKA. CyMMapHYH0 HANOpHYIO XapaKTepUCTHKY
MOJIYHalOT IyTEM CIIOKEHUSI a0CLHUCC, OMNPEACNSIONMX TMOJa4yl HAacOCOB IPHU
OJIMHAaKOBBIX Hamopax. Creayer OTMETUTh, 4TO OOIIas Iojadya HACOCOB NPH
napajiebHOW paboTe YMEHBIIAETCS 10 CPAaBHEHUIO C CYMMAapHOW MOAAa4yen 3THUX
HAacocoB, paloTarolUMX Ha TOT K€ TpyoOonpoBoa paszaenbHo. Hamop mnpu
napajyielbHOM paboTe HacocoB OOJbLIE KaXAOr0 W3 HAMOpPOB HACOCOB,
paboTaroUX UHIUBUIYATBHO.

[TapanenbHOE BKIIOUEHHE HACOCOB MPUMEHSIETCS JUIsl YBEIMUEHHUS Pacxoa
KUKOUN CpeJlbl B CETH TPYyOOIPOBOIOB.

[TocnenoBarenbHOE BKIIOUEHHE HACOCOB B TMPAKTHKE BOJOCHAOKECHUS
OCYILIECTBIISIETC KpaiiHe penko. CymMapHas HamopHasi XapaKTepUCTHKAa B 3TOM
CJIy4ae MoJy4daeTcs MyTeM CII0KEHHUS OpAUHAT HAOPOB HACOCOB MPH OJIMHAKOBBIX
3HaUeHUAX UX mnojay. I[locrnegoBaTenbHOE BKIIOUEHHE HACOCOB MPHUBOAUT HE
TOJBKO K YBEJIMUEHUIO HAMOpPa, HO U MOJIavu.

OnHako Takoe BKIIIOUEHHE MPUMEHSIETCS U1l YBEJIIMUEHHS] Haropa B CETH
TpyOOIPOBOJIOB.

Cxema 1 onucaHue 1a00paTopHOro CTEHIA
JlaGopaTopHbIil CTEHJ MJIS UCCIEIOBAaHUI COBMECTHOW pabOThl HACOCOB
COCTOUT M3 JIBYX IEHTpoOexHBIX HacocoB Tuna KM (dupmber WILO) ¢ o0OBsizkoit
TpyOONpPOBOAaMH, MO3BOJISIONICH MPOBOIUTH MapalieIbHOE U MOCIEeN0BaTEIbHOE
BKJITIIOUYCHHUE (puc. 7.1).
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Puc. 7.1 CxeMa 1abopaTopHOTO CTE€H 1A
1, 2 — meHTpOOSKHBIE HACOCHL; 3 — pe3epByap; 4, 5 — BcachIBAIOIINE TPYOOIIPOBO/IHI,
6, 7 — HarHeTaTeNnbHbIe TPYOOIIPOBOIBL; § — OOIIMI HATHETATENBHBINA BOJAOBO,

9, 10 — mapoBsIe KpaHbl HA BCAaCchIBarOIIEM TpyOorpoBose; 11, 12 — mapoBbie KpaHbl Ha
HarHeTaTeIbHOM TpyOompoBoe; 13 — mapoBoil KpaH uist 00ecreyeH s MOCiIeI0BaTeIbHOTO
BKJIFOYEHUS HAcOCOB; 14, 15 — BakyymmeTpsr; 16, 17 — manomerpsr; 18, 19 — Bonomepsi;
20, 21 — oOpatHble KianaHel; 22 — TPeXX0A0BOH KpaH, 23 — TpyOOonpoBo AJsi o0ecredeHus
[I0CJIEZI0BATENBHOIO BKJIFOUEHHUSI HACOCOB

N
3
\

Bona u3 pesepByapa 3 mo BcackiBarouuM TpyOomnpoBojaM 4 u 5 3abupaercs
UCIIBITYEeMbIMU HacocaMu | W 2 W MO HarHeTaTeNlbHBIM TpyOompoBogaM 6 u 7,
00OBbECIMHEHHBIM B OOIMIA BOJOBOJ &, TMoOjaeTrcs oOpaTHO B pe3epByap 3.
TpyOonpoBoabl 000pya0BaHbI MmapoBbiMu Kpanamu 9, 10, 11, 12, 13. Uzmepenue
JIaBJICHHS HA BXOJI€ B HACOCHI OCYIIECTBIISIETCS C IOMOIIBIO BaKyyMMeTpoB 14, 15,
a Ha BBIXOJIC M3 HACOCOB — C TMOMOIIbI0 MaHoMmeTpoB 16, 17. OO0bem BOAbI,
MOJIaBa€MbIii HACOCaMH, onpeaensiercs Bogomepamu 18,19.

[Hopsinok npoBeaeHus: paboThl

1. [TapannensHas paboTa HaCOCOB

- OTKpBIB Kpassl 9 1 10, 3a/IMTh HCTIBITYEMBIE HACOCHI BOJOM.

- 3akpbITh Kpansbl 11, 12 u 13 u 3amyctuts B paboty Hacoc 1.

- C nomortipio kpana 11 ycTaHOBUTB PEKUM €T0 pabOTHI.

- IlpoBectn 3amepsl PB;, Pmj, orcuer mo Bomomepy 16, BpeMss pabGoThb
BOZIOMEpA t ¥ 3aHECTU X B IPOTOKOJI UCIIBITAHUM.

- Ilpu paboraromeM Ha yCTaHOBJIEHHOM pEXHME Hacoce | BKIIOYHMTH B
paboTty Hacoc 2.

- C momomibro kpaHa 12 yctaHoBUTH naBieHue Pm, = Pum;.

- [IpoBectu 3amep oObeMa 1 BpeMeHH t TpU COBMECTHOM paboTe HACOCOB.

- 3akphITh KpaH 12 (Hacoc 2 He OTKIII0YATh).

- C nomotpto kpaHa 11 ycTaHOBUTH ClIEyIONINI peskuM paboThl Hacoca 1 u
MOBTOPUTH U3MEpEHUs (6-8 peKUMOB).

- 3akphITh KpaHsbl 11, 12 1 0CTaHOBUTH HACOCHI.




2. [locnenoBarenpHas paboTa HACOCOB

- IIpu oTkpbITOM KpaHe 9 (ocTanbHbIE KpaHbl 3aKPBIThI) 3allyCTUTh B paboTy
o0a Hacoca.

- OTKpBITH KpaH 13.

- C nomo1pio KpaHa 12 yCTaHOBUTH PEXHUM COBMECTHOM pabOThI HACOCOB.

- 3anucaTth mnokazaHus npubopoB PB; m Pmp, a Takke mpoBecTH 3amep
o0Bbema mogaBaeMoin BOJBI IO Bojomepy 18 u Bpems t.

- C momonipio KkpaHa 12 yCTaHOBUTH CIEAYIOUIUI PEKUM pabOThl HACOCOB U
MOBTOPUTH U3MEPEHHUS (6-8 PEKUMOB).

- 3aKpbITh KpaHbl 12, 13 U 0OCTAHOBUTH HACOCHI.

PacueTabie hopmyIabl
OO0beMHass Tmojaya Hacoca WM COBMECTHO palOoTalolMuX HacoCOB
ompenenseTcs mo GpopmyJie:

Q=Wh (7.1)

rie  Q — oObeMHas mmojaua, M3/C;
W — 06beM BOZIBI 110 BOAOMEPY, M°;
t — Bpems HanoHeHust o0beMa W, c.

ManomeTpuueckuii Harop Hacoca (H, M) onpenensiercs mo dpopmyire:

2 \y2
H:—PM1+PBl+zM—zB+—VH Vs (7.2)
P-g 29
rae Pm m PB — MaHOMETpHYECKOE M BAaKyyMMETPHUUECKOE [aBJICHHUE B

HarHeTaTelIbHOM M BCaChIBAOIIEM IMaTpyoOkax Hacoca, I1a;

/M — BBICOTA MOAKJIIOYEHUSI MaHOMETpa, ZM = 1,12 M;

ZB — BBICOTA MOJKIIOYCHUS BakyymMmeTpa, ZB = 0,35 wm;

VH 1 VB — CKOPOCTH JBMKCHHS BOJIBI B HATHETATEIHHOM U BCACHIBAIOIIEM
naTpyOkax Hacoca, M/cC:

4Q
V,, =2 (7.3)
n-di .
rae d,,, — JIdaMeTp HarHeTaTeIbHOIO WM BCACHIBAIOIIErO TPYOOIPOBOJIOB,

d,=0,08 m; d, = 0,1 m.

[Ipy mociaenoBaTebHOM BKIIIOUEHHH HACOCOB COBMECTHBIH — HAIop
ompenensieTcs no gopmyre:

2 2
H=PM2+PB1+ZM2—ZBl+VH VB

(7.4)
p-g 29



I IpOoTOKOJIBI HCOBITAHNUI U PACUETOB

Tabnuua 7.1 [1pu napanienbHOM BKIIOYEHHH HACOCOB

Hamnop HacocoB, BKIFOYEHHBIX
Tlogaua
napajuIeIbHO
Ba HACOCA, BKIIFOYEHHBIX
Ne Onu™ Hacoc A a aJ,]JIeHLHO
pexuMa W tp 0 Pmy, | PB, | VH, | VB, | H,
W, |t Q, b b Y 1 Qup | Ma | IMa | Mic | Mc | M
3 3 Wo, ta, Q2,
M C M/ 3 3 m/c
M C M°/c
Tabnuna 7.2 [1pu nocinegoBaTeIbHOM BKIIOYEHUH HACOCOB
Ilomaya nByX HacoCoOB, Harop HacocoB, BKIIFOYEHHBIX
No BKJIIOYEHHBIX IT0CJIEA0BATEIHLHO [IOCJIEI0BATEIBHO
pexuma W, t, Q, PMmy, Pg, VH, VB, H,
M C M/ I1a I1a M/c m/c M

KoHTposibHEIE BOTIPOCHI

1. Kak onpenensiercs nogaya Hacoca?

2. Kak omnpenernsercs Hanmop HaCOCOB MPH MapauIeTbHOM BKIIFOUEHUH ?

3. Kak onpenenseTcss Hanop HaCOCOB MPHU MOCJIEA0BATEIIBHOM BKIIOUECHUN?

4. Kak BKJIIOYAIOTCS HACOChl JJISI YBEIWYEHHS] PaACXola KUIKOCTH B
BOJIOIIPOBOJIHOM CcE€TU?

5. Kak BKIIFOHAKOTCA HACOCHI JJIsl YBEJIMYEHUS HAlopa B BOJOIPOBOJIHOU
cetu?

6. Ornauyarorcss 1M TOJAYM HACOCOB MPU  MOCIEAOBAaTEIbHOM UX
BKJIIOUYEHHH?

7. OTIM4YaroTCA M MOAa4Y¥ HACOCOB MPH MapaJIEIbHOM UX BKIFOYEHUU?

8. Korma mnpumeHseTcs TMOCIENOBAaTEIbHOE M KOrJa IPUMEHSETCS
MapaJIeIbHOE BKJIOUYEHUE HACOCOB?

BepHyThCs B ornaBiieHue pasaeina

BepHyThCcs B oriiaBineHue




JlabopaTtopHasi pa6ora Ne 8
NCCIELOBAHUME BJIMAHWA USMEHEHN A YACTOTBI BPAIIIEHIMA
PABOYEI'O KOJIECA HACOCA HA EI'O XAPAKTEPUCTUKHU

Henap paboThl: 10 pe3ynbTaTaM UCHBITAHUN LIEHTPOOEKHOro Hacoca
IOCTPOUTH €r0 ONBITHBIE PACXOAHO-HANIOPHBIE XAPAaKTEPUCTUKHU AJI1 Pa3IMUHBIX
4acTOT BpalleHus padbodero kojseca. OnpeaennTs 3HaYEHUS PACUETHBIX PACXOJHO-
HAIIOPHBIX XapaKTEPUCTUK JUIsI COOTBETCTBYIOIIMX YacTOT BpAIEHUS paboyero
KoJjieca. BBINOJHNATE CpaBHEHHE OIBITHBIX W PACUYETHBIX PACXOIHO-HAMOPHBIX
XapaKTEPUCTHK HAcoca.

OO1Me cBeieHus

OgHuM M3 METOJOB PEryJIMpOBaHMs IOAAYA HACOCOB SBISIETCA METO]
WU3MEHEHUs] 4YacTOThl BpaulleHusi padouero koseca. IIpruMeHeHHE 3TOro Meroaa
OTKPBIBAET 3HAYUTEIBbHBIE BO3MOKHOCTH SKOHOMUH 3JIEKTPOIHEPTUU.

3a/laHHbBIE XapaKTEPUCTUKN HACOCA, NOJyYECHHBIE DY YacTOTE BpalleHus N,
MO>XHO IEpECUYUTaTh U MOCTPOUTH PN APYTHMX XAPAKTEPUCTHUK U1l Pa3IUIHBIX
yacToT BpauieHus. llepecueT HamoOpHBIX XapakTEPUCTHK HAcoca BEAETCS I10
HIDKECIEAYIOUM (opMyiam:

Q_Mm (8.1)
Q, n,

2
LR Y (8.2)
H, \n,

rie Qi m Hy — cooTBeTCTBEHHO MoAaYa U HAIOP MPHU YaCTOTE BpaIIeHHsI Ny,
Q,, H, — cooTBeTcTBeHHO MMogava W HAIOP MPH YaCTOTE BpaIeHUS Ny.
OnbITHl TPOBOASTCS HA JaOOPATOPHOM CTEHJE C MCIOJIb30BAaHUEM HAcoca,
UMEIOIIETO TpeoOpa3oBaTeib 4YacTOThl Toka. [IpM HM3MEHEHWH YacTOThl TOKa
M3MEHSETCS 4acTOTa BpalleHHs pabodero Kojieca Hacoca.

[opsinok nmpoBeaeHus: pabOThI

- OTKPBITHEM KpaHa Ha BCAaChIBAIOIIEM TPYyOONPOBOJE HAcoca MPOU3BECTU
€ro 3aJIMBKY;

- IPU 3aKPBITOM KpaHEe Ha HarHeTaTeJIbHOM TPyOOINpOBOJE 3alMyCTUTh B
paboTy Hacoc;

- OTKPBITUEM KpaHa Ha HarHeTaTeJIbHOM TPYyOONPOBOJI€ BBHICTABUTH PEXKUM
paboThl Hacoca (OIMBbIT);

- U3MEpUTh 00BEM BoIbI W, MOJJaHHBIN HACOCOM 3a BpeM4 {;

- MPOM3BECTU 3aMepbl MOKa3aHUN U3MEPUTEIBHBIX MPUOOPOB BaKyyMMETpa
P, u manomerpa P;

- C TIOMOIIBI0 KpaHa Ha HarHeTaTeIbHOM TPYOONpPOBOAE BBHICTABUTH
CJIEAYIOIINI PEXXUM HACOCA U TIOBTOPUTH U3MepeHus (6-8 peKuMoB);

- YCTAaHOBUTH JPYTYIO YaCTOTY BpaIleHUs pabovero Kojeca Hacoca U OIbITHI
MOBTOPUTH. [[71s1 M3MEHEHMs] 4acTOTHI BpallleHUs1 pabouyero kojieca HEOOXOIUMO
KPYTUTh KpacHyto KHOTKY Ha Omoke ITHT, cMoTpeTh Ha JKUIKOKPUCTAIIMUECKOM




WHJIMKATOpE 3HAYEHUE YaCTOThl BpAlEHUS W JJI MPUHITUS YAaCTOThHI BpallleHUs
Ha)XaTh Ha 3Ty KPACHYIO KHOIIKY;

- 10 OKOHYAHHM BCEX OINbBITOB CHayajga OCTAaHOBUTH (BBIKJIIOUHUTH) HACOC
3aTeM 3aKpbITh KpaHbl Ha BCACHIBAIOIIEM M HArHETATEILHOM TPYyOONpPOBOAAX
Hacoca.
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Puc. 8.1 Cxema nabopaTopHOro cTeHaa
1 — uenTpoOexHbII Hacoc; 2 — pe3epByap; 3, — BCachIBAIOUINI TPyOONPOBO/I;
4 — HarHeTaTeNbHBIN TPYOOIIPOBOI; 5 —3a/IBIKKA HA BCACHIBAIOIIEM TPYOOTIPOBO/IE;
6 — mapoBoil KpaH 3a/IBI)KKA Ha HarHETaTeJIbHOM TPyOOmpoBoie; 7- BoAOMED; 8- 00paTHBII
kjanas; 9 — Bakyymmerp; 10 — manomerp; 11 — Tpexxo10Boii kpaH

Pacuernbie popMyibl
O0bEMHas To1aua Hacoca omnpeaensercs rno hopmysie:
Q=Wh (8.3)
rme  Q — obbeMHas mojaua, M/c;
W — 06beM BOZIBI 110 BOZAOMEPY, M°;
t — Bpems HanmonHeHust o0beMa W, c.

MaHoMeTpuUeCcKUid Harmop Hacoca onpeaesercs mo popmyre:

2 \2
H=PutPo g 7 M- Ve (84)
p-g 29
rne P,uP,— wMaHOmMeTpuyeckoe © BaKyyMMETPUYECKOE JIaBJICHUE B

HarHeTaTeJIbHOM W BCACHIBAIOIIEM MmaTpyOkax Hacoca, [1a;

/M — BBICOTA MOAKJIIOYEHUSI MaHOMeTpa, ZM = 1,17 M;

ZB — BBICOTA NOJKIIOYEHUS BaKyyMMeTpa, ZB = 0,33 M;

Vy 1 V, — CKOpPOCTH JBMKECHHS BOJBI B HATHETATEIILHOM M BCACHIBAIOIIEM
naTpyOkax Hacoca, M/cC:

v -4 (8.5)

H,B 2
- dH’B

rae  d,,, — JAMaMeTp HarHEeTaTEeIbHOTO MJIM BCACHIBAIOIIETO TPYOOIIPOBOIOB.



Pacyernas nogaya (Q,) m pacuersslii Hamop (H,) Hacoca mpu wyacrtote
BpalleHus N, onpeaensercs u3z ¢popmyna 8.3 u 8.4.

[IpoTOKOA UCHBITAHUN M pacueTa TEXHMYECCKUX ITapaMeTPOB Hacoca

Ta6J'II/IHa 8.1. OnpITHBIC JaHHBIC, CHATBIC B PC3YJIbTATC S3KCIICPUMCHTA U
PaCUCTHBIC NaHHBIC, OIIPCACICHHBIC 110 TCOPECTUICCKUM (I)OpMy.IIaM

Pacuetnnie
No n, W, t, Q, | Pw, | Py | Vu | Vs | H, | mapameTpsl Hacoca
ombita | O6/MHH | M c | M |Ta| MMa | mc |mc|m Qo H,,

Mc M

Ta6J'II/IHa 2. CpaBHeHI/IG 3HAQYCHUM ONBITHOTO U paCu4CTHOIO HAIIOPOB

* H-H,
H, M  |AH=—"2.100%
H

No /it n, o6/MuH Q*, m¥e H*, ™

[lo pe3ynbraTam MPOTOKOJA CTPOSITCS ONBITHBIE PACXOJHO-HATIOPHBIE
XapaKTEPUCTUKU HACOCA MPHU YAaCTOTaX BPAILLEHUA Ny U Ny , a TaKXKe ONpeieseHHas
10 TEOpPETHYECKUM (OopMyslaM pacyeTHasl pacXoJHO-HANOpPHAs XapaKTepUCTHKA
Hacoca npu yactore Ny. Jlamee mpoBOAUTCS CpaBHEHHE MOCTPOEHHBIX ONBITHOW U
pacyeTHOM XapaKTepUCTUK Hacoca W AaHaIM3 T[OJIYYEHHBIX PE3YJIbTATOB.
CpaBHEHHE ONBITHOIO W PACUYETHOIO HANOPOB MPOU3BOAMTCS IMPU OJUHAKOBOU
BEJIMYMHE MOJauu A OJHOW M TOM e 4YacTOThl BpalleHus pabouero koieca
Hacoca.

KOHTpOABHBIE BOIIPOCHI

1. Kak onpenenseTcst onbITHAs ogadya Hacoca?

2. Kak onpenensercs OnbITHBIN Harop Hacoca?

3. Kak onpenensiercs pacueTHas ojjaua Hacoca IMpu yacTtore Np?

4. Kak ompenensieTcsi pac4eTHBIN HaIlop Hacoca MpH 4yacToTe N,?

5. Kakumu crnocobamMu MOKHO U3MEHUTH N0J1avy Hacoca?

6. Kak TexHWYeCKHM OCYIIECTBISETCA M3MEHEHHWE 4YacTOThl BpalleHUs
pabouero kojeca Hacoca?

7. Kakue xapakTEepUCTHKH HAcoca M3MEHSIIOTCA B pe3yJbTaTe HU3MEHEHUs
4acTOThI BpallleHus paboyero kojeca?

8. Jlms dero mpUMEHSIOTCS MpeoOpa3oBaTeNid YacTOThl AJIEKTPUUYECKOTO
TOKa?
BepHyThCs B OrjaBiaeHue paszaena

BepHyThCH B OryiaBiieHHUE




3. PA3JIEJI KOHTPO.ISI 3HAHUN

3.1 IlepevyeHb BONPOCOB /1JI51 TEKYIEi aTTeCTAIUU CTYIEHTOB 10 y4eOHOM
aucuniinHe «Hacochl 1 BeHTHIATOPBDY:

TeopeTnueckas 4acTh:

1. Hacocs! u BeHTHISITOpBI. OCHOBHBIE ONPEETICHUS U OHATHS.

2. llpumeHeHHE HACOCOB U BEHTWJIATOPOB B TEIIOTa30CHA0KEHUU.

3. Kraccudukarus HaCOCOB ¥ BEHTHJIATOPOB 10 TIPUHITUITY JICHCTBHS.

4. Knaccudukanys HaACOCOB MO HA3HAYCHHUIO, MO BUAY IEepeMeniacMoi
Cpebl, IO pa3BUBAEMOMY JABJICHUIO U TPOU3BOIUTEIIBHOCTH.

5.  Kunaccudukanust HacOCOB MO HA3HAYEHHIO, MO BUAY IMEpeMeniaeMon
Cpebl, IO pa3BUBAEMOMY JABJICHUIO U TPOU3BOIUTEIIBHOCTH.

6. Krnaccudukarus BEHTWIATOPOB MO HA3HAYCHHIO, 1O HCIIOTHEHHIO, 1O
pa3BUBaEMOMY JABJIECHUIO U IPOU3BOJUTEIBLHOCTH.

7. Kiaccudpukanus o0beMHBIX HacocoB. OOmmue CBOWCTBA OOBEMHBIX
HAaCOCOB.

8. OcHoBHBIE TpeOOBaHMS K HAcocaM U BEHTWISTOPAM WH)KCHEPHBIX
CUCTEM.

9. TIlapameTtpsl pabOThI HACOCOB U BEHTHWIIATOPOB. [ToHATHE «HOPMATBHBIX
YCJIOBUI» AJISI Ta301yBHBIX MAIIIHH.

10. OmpeneneHne  OCHOBHBIX  TMOTPEOUTENBCKMX WM TEXHUYECKUX
MapaMeTpoOB HACOCOB U BEHTUJISITOPOB.

11. IIpou3BOIUTENBHOCTh, IOJaYa HarHeTaTeJeH: OMNpEeACIICHUE, CBS3h
MEXIy  mojadyell U TpOM3BOJAUTENbHOCThIO. (Cxema  (opMHupOBaHUs
MPOU3BOJIUTEIIBHOCTH BEHTUJIATOPA.

12. Momaocts u KIIJ] Haraerareneit: onpeneiacHue, eAMHUIBI H3MEPEHUSI.
Cxema sHepreTuyeckoro 6ajianca Ha MPUMEPE YCTAHOBKU C BEHTUJISITOPOM.

13. JIpwxeHue  KUAKOCTH B  paboyeM  Kojiece  HarHeTarTels.
['eoMeTpudeckue napameTpbl pabodero KoJeca.

14. TpeyronbHUKU U APAIIEIOTPAMMBbI CKOPOCTEH.

15. VYpauenwue Ditnepa 1 pabOTHI JIONACTHOTO KoJeca.

16. OcHOBHOE ypaBHEHHE padOTHI IIEHTPOOESIKHOTO HarHETATEJS.

17. BnusHue yria BbIX0/a JOMATOK HA HAMOP HAarHETATEJIs.

[TpakTryeckas 4acTh:

3aganue: W3 mnpennoXeHHbIX BapHaHTOB BHIOPATh CXEMY 3aJaHHOTO
HarHeTaress, IMOANMUCATh IMO3UIIMM OCHOBHBIX KOHCTPYKTHUBHBIX JJIEMEHTOB.
Onucath TPUHIUIT JEHCTBUS, JOCTOMHCTBA U HEJIOCTATKH 3aJJaHHOTO HarHEeTaTesl.
[{enTpoOexHbIi HacoC.

PanuanpHbI BEHTWISTOP CO CIUPATIBHBIM KOXKYXOM.
OceBoil BEHTUIIATOP.

OceBoii Hacoc.

[IpsAMOTOYHBIN paguaIbHbIN BEHTUISATOP.
CmepueBoil BEHTUIIATOP.

Buxpesou Hacoc.

JlnameTrpanbHblii BEHTUISATOP.

LONoakrwdE



9. IlopuHeBoii Hacoc.
10. 3yOuaTslii (l1ecTepeHHbIN) HACOC.
11. TlnacTtuHYaTHIA HacoOC.

12. CrpyiiHblil HarHeTaTENb.
13. DOpaudr.

3.2 llepeyeHb BONPOCOB /1JIsl IPOMEKYTOYHOM ATTECTANMH CTYI€HTOB 10
yueOHoi qucuuninne «Hacocbl 1 BeHTHISITOPBIY:

TeopeTnueckas 4acTh:

1. OOmue cBeiaeHHS O XapaKTepUCTHKaxX HarHerateneu. ['paduueckue
XapaKTePUCTUKHU HacoCOB u BEHTUJISITOPOB (THaOpOIMHAMUYECKHE,
a’POJIMHAMUYECKHUE).

2. llomHble XapaKTePUCTUKA pPAJAMAIBHBIX W OCEBBIX HACOCOB H
BEHTWISATOPOB. Onipesienienue paboyeit 30Hbl HarHETaTENs.

3.  VYHuBepcaibHble U Oe3pa3MEpHbIE XapaKTEPUCTUKH HACOCOB W
BEHTUJISITOPOB.

4.  3akoHbI MOAOOUS IEHTPOOEKHBIX HATHETATEIICH.

5. KosdpdunmeHt ObICTPOXOTHOCTH.

6. Jomyctumas BbicoTa BcachiBaHus Hacoca. KaBuranus. OtpuiaresibHOe
BO3JICHCTBHE KaBUTAIIUU. MeponpusiThs 1Mo NpeOTBPAIICHUIO KABUTAIIUH.

7. AKyCTHYECKHE XapaKTEPUCTHUKUA BEHTUIISTOPOB. 3BYKOBAsS MOIIHOCTH U
3BYKOBOE JIaBJICHUE.

8. Xapakrepuctuka ceTu. Buabl XapakTepuCTHK.

9. CoBmectHas paboTa HarHeTatenss W cetn l[lapameTpbl COBMECTHOM
paboTsl. Paboyas Touka.

10. Crmoco0 HaIOXEHHS XapaKTepUCTUKH HArHeTaTels W CeTH IS
MOJIYYCHHS TTapaMEeTPOB COBMECTHOM pabOTHI.

11. HeoOxoauMocTh COBMECTHOM  paboThl  HarHeratenei. CXeMbl
COEJIMHEHUS HarHEeTaTeIe Ha COBMECTHYIO padoTy.

12. TlocTpoeHue CyMMapHOW XapaKTEpUCTUKH TPU COBMECTHOM paboTe
OJIMHAKOBBIX M PA3JIMYHBIX HarHETaTeNeH (apaJljieIbHOE BKIIOUCHUE).

13. HeoOxomumocThb COBMECTHOH paboThI Har"HeTaTeyeH.
[TocnenoBaTenbHOE BKIIFOUEHUE HATHETATENEH.

14. TlpuuuHbI OTKJIOHEHUS PaOOYMX MAPAMETPOB OT 3a/IaHHBIX.

15. VYcroiunBoCTh pabOThl HACOCOB M BEHTHIISITOPOB B CETSX.

16. SIBneHue momrmaxka, MpeaoTBpaIcHUE BOSHUKHOBEHUS IMOMITaXKa.

17. TpebGoBaHus, oOs3aTeNbHbIE JUII  HWCIOJHEHUS] TIPU  BBIOOpE
BEHTHUJISITOPOB.

18. HcnpiTaHue U HaJlaJIka HACOCOB U BEHTHJISITOPOB.

19. PerymmpoBanue pabOTHl HACOCOB M BEHTUJISTOPOB (Kau€CTBEHHOE W
KOJIMYECTBEHHOE).

20. CmocoOs1 yripaBieHus: paboTOil HACOCOB U BEHTHIIATOPOB.

21. BuOpamwus v mrym HarHetartesne.




IIpakTHueckas 4acTh.

1. TIlo 3amaHHBIM mapameTpaM pabouell TOYKHU IMOJ00paTh BEHTUJIATOP.
Omnucatk 00IIe METOIMUECKUE YKa3aHUsI K BHIOOPY BEHTHIISITOPOB.

2. Ilo 3agaHHBIM MapaMmeTpam padouei Touku 1mojaodparh Hacoc. OnucaTh
o0l11IMe METOIMUECKUE YKa3aHUs K BHIOOPY HACOCOB.

BepHyThCs B OT1aBICHHUE




4. BCIOMOT ATEJBHBIN PA3JIEJ

4.1 YueOHnasi nporpamma qucumMiuvinabl «Hacochbl 1 BEeHTHIISITOPBD)

BepHyThCs B OTIaBICHHUE

P-7 2055 |
YTBEPXJIAIO
Pekt HIBEPCUTETA

g S C.A KacnepoBu4
A, b, 2049

PerMCTpaunanLIﬁ Ne V]I-95-1-0ifyu.

Hacochl n BCHTUJISATOPBI

VYyeOHast mporpamMma yupexaeHHsl BHICIIET0 00pa30BaHus 0 yueOHOU
JUCHUIUIMHE JIJIS1 CHIEUaJIbHOCTH:
7-07-0732-02 «nxeHepHbIe ceTH, 000pYyI0BaHHUE 3TaHUN U COOPYKCHHID)
npopunmzanus — «TemnorazocHaOxeHne, BEHTUIISALMUS U OXpaHa BO3AYIIHOTO
OacceliHa»

2025



YdeOHasi MporpaMMa COCTAaBJI€Ha Ha OCHOBE OOpa30BAaTENbHOTO CTaHJApTa
OCBO 7-07-0732-02-2023 yTtB. mocraHoBieHHE MuHHCTEpPCTBA O00pa30BaHUS
Pecniyonuku benapyce Ne 289 or 28.08.2023, yueOHOro mjaHa YUpeKICHUS
obpazoBanus 1o  crneunanbHocTH  (-07-0732-02  «MHXEHEpHBIE  CeTH,
o0opyZoBaHuE 3[aHUN U coopykeHu» npodunuzanus — «TemnorazocHadxenue,
BEHTWISILIUA U OXpaHa Bo3ayiiHoro OacceitHa» (o1 14.04.2023 mpotokonm NeS,
perucrpanyoHHbiii Homep B-319-1-23/y4.).

COCTABUTEJIb:

Kmioesa E.B., crapmmii mnpenonaBarensb Kadeapbl TEIUIOra3oCHaOXKEeHUS U
BEHTWISILIUU

PEINEH3EHTBI:

HoBuk IO.H., HavyaibHHMK OTAENa HKCHOEPTU3bl HMHKEHEPHOTO O0eCredYeHUs
yIIpaBJICHUSA JKCIIEPTU3BI IIPOEKTHO-CMETHOW  JIOKyMEHTALUH JPVII
«I"occTpoiiakeneptrsa o bpectckoit o61acTuy,

Mopo3z B.B., 3aBeayromuii kadenpoit mpuponooOycTpoicTBa, KaHIUIAT
TEXHUYECKUX HAYK, TOL[EHT

PEKOMEH/IOBAHA K YTBEPKIEHUIO:

Kadenpoii Teruiora3ocHa0xeHNs: 1 BEHTWISALIAN

3aBenyrouui kabenpoit YA B.I".HoBocenbles
(mpotokonm Ne_ 7/ OT 2204~ 2055

Mertonuueckoit KOMUCCUEH GaKynbTeTa _UHKEHEPHBIX CUCTEM U JKOJIOTUH

[Ipencenarens METOOUYECKOW KOMUCCUN ,\Aé/. B.I".HoBocensues
(mpotokon Ne 4 ot _ ¥ ¢4 2025);

Hayuno-meTonudeckum coBetoMm bpl ' TY (HpOToxon'Ngt H or 26.06. 2025)
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HOACHUTEJBHASA 3AIINCKA

MecTo yueOHOM QM CIMIIMHBI.

Juctuumuimaa  «Hacockl W BEHTWISTOPBD)Y  SIBISIETCS  OCHOBOM
npoeCCUOHAIBHON MOJTOTOBKU CHEIUAIUCTOB 10 crenuanbHocTu 7-07-0732-02
«mxeHepHble ceTH, 00OPYIOBAaHHUE 3JaHUW U COOPYXKEHUM» Tpoduauzanus —
«TemnorazocHabxeHue, BEHTUWIALMSA U OXpaHa BO3AYIIHOTO OacceiHay.

Heab npenoxaBanusi y4e0OHOM JUCUUIIMHBI:

MOATOTOBKAa MHXKEHEpAa, CIOCOOHOTO YCIENIHO pealiM30BaTh CBOM 3HAHUS
pu pa3pabOTKe M AKCIUTyaTallMd CHCTEM TEIIOra30CHA0XEHUsI U BEHTUJISLIUH,
YCBOCHHE CTyJCHTaMu TEOPETUUYECKUX OCHOB (GYyHKIIMOHUPOBAHUS,
KOHCTPYKTUBHBIX OCOOCHHOCTEH, TMPUHIIMIOB NPUMEHEHHUS, MPUHLUIOB U
criocoOOB  yIpaBJIeHUs1 pabOTOM HACOCOB M BEHTWISITOPOB, MPUMEHSEMBIX B
TEINIOra30CHA0KEHUH " BCHTHJISIINH COTJIACHO KBaJIu(DUKAIIMOHHON
XapaKTePUCTUKH.

3amayu y4eOHOU JTUCHMILIUHBI:

- MpUOOpETEeHNEe 3HAHUN IO KJIAaCCU(UKAIMK M YCTPOHMCTBY HarHeTaTelleH,
YCTaHABJIMBAEMbIX B HMHXEHEPHBIX CHCTEMaX, 110 OCHOBHBIM TpPEOOBaHHAM K
HarHeTaTeNIM UHKEHEPHBIX CUCTEM,

- opMHUpOBaHNE HABBIKOB CHSATHS XapaKTEPUCTHUK HM3y4YaeMbIX HACOCOB M
BCHTHJISITOPOB, BBIOOpA HACOCOB M  BEHTWIATOPOB B  COOTBETCTBHU C
XapakTepUCTUKaMH TepeMeniaeMoi paboyed KUIAKOCTU U OCOOCHHOCTSIMU
MIPUMEHEHUS;

- U3y4YCHUE MNPUHIUIIOB MPUMEHEHUS, Moa00pa M IKCIUTyaTalld CEPUMHO
BBIITYCKAaE€MbIX HACOCOB U BEHTUJIATOPOB,;

- OBJIQJICHUE METOIaMH OTNPENCIICHUST  Pa3IUYHBIX napaMeTpoB
HarHeTaTesbHOW YCTaHOBKU, METOJIaMH YMpPABJICHUS HACOCAMHU U BEHTUJIATOpaAMU
B YCJIOBHUSAX DKCIUTyaTaIluH.

B pesynbrare m3ydeHus ydeOHOW NUCIUIUIMHBI «Hacochl U BEHTHIISATOPHI»
GhOpPMUPYIOTCS CIICAYIONINE KOMIETEeHIUM: TTPUMCHSITh 3HAHUS KOHCTPYKTHBHBIX
0COOCHHOCTEH, MPHUHITUIIOB JCHUCTBUS M 00JIACTH IPUMEHCHHS OCHOBHBIX THIIOB
HarHerartenen s ux moadopa M SKCIUTyaTalluH.

B pesynbrate nuzydeHus IUCIUILIMHBI CTYACHT JOJDKEH:

3HATh:

— of0mme cBemeHUss W KilaccUUKAIMIO — HarHerarened  (HACOCOB W
BEHTUJIITOPOB);

—  YCTPOMCTBO HarHeraresel, yCTaHABIMBAEMbIX B MH)KEHEPHBIX CUCTEMAX;

— OCHOBHBIC TP€OOBaHMS K HATHETATEIISIM MHKEHEPHBIX CUCTEM;

— TpeOOBaHMS K IKCIUTyaTalldd HarHeTaTesel, HAJe)KHOCTH U YCTOMYMBOCTH UX
paboOThI B CETHX;

— TMPUHIUIBI IPUMEHEHHUs, TMoaA00pa U HKCIUTyaTalluM CEPUMHO BBITYCKAEMBIX
HaCOCOB U BEHTUJIATOPOB;

— pa3nuYMe SHEPreTUYECKHX MPOILECCOB B MalllMHAX, CIYyXKalluxX s
MepEMEILICHHS )KUAKOCTEN U ra3oB (Hacocax, BEHTHIISITOPAX);



— ONpelesIEHUE PA3IMYHbIX IAPAMETPOB HATHETATEIbHON YCTAaHOBKH;
— CHSTHE XapaKTEPUCTUK U3Y4aeMbIX HACOCOB U BEHTUJISITOPOB.

yMeTh:
— OCYIIECTBIISITh BBHIOOP HACOCOB U BEHTWISITOPOB B COOTBETCTBUU C
XapaKTEPUCTHUKAMU MepeMelaeMoi paboueld >KHIKOCTH M OCOOEHHOCTSMHU
PUMEHEHUS;
— (dopMupoBath TpeOOBaHUS K MECTY YCTAHOBKH HACOCOB U BEHTWJISATOPOB,;
— aHAJIM3MPOBATh B YCIOBHUAX JKCIUTyaTallMM paOouue mapaMeTpbl HACOCOB U
BEHTUJISITOPOB U COOTBETCTBHUE UX MPEIbSIBIIEMbIM TPEOOBAHUSIM;
— COBEpUICHCTBOBAaTh CBOM 3HAHUS M HABBIKM B MpOIEcCe MPOQPECCHOHATBHOMN
JEATEIbHOCTH HAa OCHOBE CaMOCTOATEIBHOTO HU3YYEHHUS HAyYHO-TEXHHUYECKUX
JOCTHKEHNU B pACUETHOU NPAKTUKE TEXHOJIOTUUECKUX CETEN U COOPYKEHHM.

BJIA/ICTh:
— MeETOoAaMH YIPAaBIEHHS HACOCAMH W  BEHTWIATOPAaMUM B YCIOBHSX
DKCILTYaTallNH;
— MeToJaMH U3MepeHus pabouynx napaMeTpoB HACOCOB U BEHTUIIATOPOB.

CBsi3u ¢ IpyruMu y4eOHbIMU JUCHUIIJIMHAMU

VY4eOHble AUCHUIUIMHBI, HEOOXOAMMBIE ISl M3YYEHHs JAHHOW y4deOHOM
JUCUUIUIMHBL: BBICIIA MaTeMaThka, (U3MKa, XUMUS, OJJIEKTPOTEXHUKA H
IIEKTPOOOOPYI0BaHUE, MEXAHUKA )KMIKOCTH U ra3a.

VY4eOHble NTUCHUIUIMHBI, IJIS YCBOEHHUS KOTOPBIX HEOOXOAUMBI 3HAHUS IO
JaHHOW y4eOHOM IUCLMIUIMHE. OTOIJICHHE, BEHTWIALUS, KOHIUIMOHHWPOBAHUE
BO3/yXa.

Ilian y4eOHOM JMCUMIIIMHBI 1JIA JTHEBHOU ()OPMBI 11OJTyYCHUS
BbICILIEr0 00pa30BaHUA
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Ilnan yuyeOHOH TUCHUNIMHBI IS 3209HOM (POPMBbI OJTYYCHHUS
BbICIIETr0 00pa30oBaHUsA
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1. COAEP’)KAHUE YYEEHOI'O MATEPUAJIA
1.1. JEKOUOHHBIE 3AHATUA, UX COAEPXAHUE

1.1.1 O0mue cBenenus o HarHerareynix. Beenenue. OCHOBHBIE MOHATUS U
onpeneneHus. Knaccudukanus HacOCOB M BEHTWISITOPOB 1O NMPUHIUILY JEHCTBUS,
[0 HAa3HAYEHUIO, 0 BUJY MEPEMEIIAEMON Cpenbl, 10 Pa3BUBAEMOMY JAaBJICHUIO U
IPOU3BOAUTENBHOCTH. (OCHOBHBIE TpeOOBaHUS K HacocaM M BEHTHIATOpaM
VUH)XCHEPHBIX CUCTEM.

1.1.2 YcrpolicTBO M TPUHLUI JIEHCTBUSL HACOCOB U BEHTHIIATOPOB,
YCTaHABJIMBAEMbIX B HH)KEHEPHBIX cucTeMax. JlOCTOMHCTBA M HEIOCTaTKU
Har”HeTtaTteled pa3Horo Ttuma. IIpuMeHeHHe HAacoCOB U BEHTHIATOPOB B
TEIJIOra30CHA0KEHUU U BEHTUIISLIUY.

1.1.3 OcHoBHBIE mapaMeTpbl pabOTHl HACOCOB U BEHTUIATOPOB. [loHATHE O
TUAPABINYECKHX cHucTeMax. Kiaccupukanuss OCHOBHBIX IapaMeTpoB pabOThI
Har”erareseld. [I[puHINIIBI U3MEPEHUS TPOU3BOAUTENBHOCTH, aBJICHUS, YaCTOTHI
BpallleHusi paboyero Kozeca. JIBuKeHHE IKUIKOCTM B paboyem Kosece
HeHTpoOexkHOoro Har"erareias. OCHOBHOE YypaBHEHHE pPaOOThl LIEHTPOOEKHOTO
HarHeTaTes.

1.1.4 XapakTepuCTUKA HAcOCOB M BEHTWJIATOpPOB. OOmme cBenaeHust o0
adPOAMHAMUYECKAX  XapPaKTEPUCTHUKAX  BEHTWISATOPOB M  TUAPABINYECKHUX
XapakTepUCTUKax HacocoB. ['paduyeckue  XapaKTEepUCTHKHM  HACOCOB U
BEHTUJISITOPOB. XapaKTEPUCTUKUA HEHTPOOEKHBIX HarHerarenen. XapakTepUCTHKU
oceBbIX  HarHerartened.  OmpeneneHue  pabodeil  30HBI  HarHeTaress.
VYHuBepcanbHble U 0Oe3pa3MEpHbIE  XAPAKTEPUCTHKU. 3aKOHBI  MOA0OUS
LHEHTPOOEKHBIX HarHerarenen. Ilepecyer XapakTepuUCTUK HarHeraTenel npu
W3MEHEHUM pa3MEpoB pabouero KoJjieca, MPU HM3MEHEHHHM 4Yuciaa OOOpOTOB
paboyero kojeca. AKYCTHYECKHME XapaKTEPUCTUKHM BEHTUJISITOPOB. 3BYKOBas
MOIIIHOCTb ¥ 3BYKOBOE JIaBJICHUE.

1.1.5 PaGota HacocoB M BEHTWISATOPOB B CETH. XapaKTCPHUCTHUKA CETH.
Crioco0 HaJoKeHUs XapakTepUCTUKM HarHeTrareiass W CeTH g IOJy4YeHUs
nmapamMeTpoB COBMECTHOM paboTel. HeobxoammocTh COBMECTHON  paboThI
Har”erarenen. llapamenbHoe M mocnenoBaTeIbHOE BKIIIOUEHHE OJMHAKOBBIX WU
pa3IMYHBIX HACOCOB M BEHTWJIATOPOB. [locTpoeHne cyMMapHON XapakTEepUCTHKU
IpU COBMECTHOM paboTe HACOCOB U BEHTUJIITOPOB. AHAJIU3 COBMECTHOM pabOThI
HarHeTaTeer Ha CETh.

1.1.6 O0mme Bompoch TNpPUMEHEHHs] HarHeraTtenei. TpeOoBaHUS K
HKCILTyaTallMi HACOCOB M BEHTUJISITOPOB, HAZC)KHOCTU U YCTOUYMUBOCTU UX pabOTHI
B ceTsax. lIpuHiumnsl npuMeHeHus, NoAOOpa M AKCIUIyaTalldd CEpUHHO
BBIITYCKAaE€MbIX HACOCOB U BEHTWJISITOPOB. PerynupoBanue pabOThl HarHeTaTeNEH.
MoHTax, HajaJKa U UICIIBITAHUE HACOCOB M BEHTWJISITOPOB, pa0OTAIOIINX B CETH.



2. VYYEBHO-METOJIMYECKA 1 KAPTA YYEBHOM JUCIIUTIJIVHBI
JUIsl THEBHOU (DOpPMBI MOJTyYEHUs BBICIIET0 00pa30BaHus

. KommnuectBo ayauropssix | Konnuectso
[ ®opma
13} 5 4 YacoB 4acoB
Z 5z Hasganue pasnena, TeMbl canoc KOHTPOJIS
o v
T s - JK | JI3 | II3 C3 MOCT. 3HAHMUI
= paboTsI
5-it cemecTp
IInceMeHHBIN
9K3aMEH.
1.1.  |O6mue cBeeHUS O HAaTHETATesX. 4 | 2 10 Oruer 10
nabopaTopHBIM
paboTam.
VCTpoiCTBO U MIPHUHIIKIT ICHCTBUS [TucemenHbIi
9K3aMEH.
HACOCOB U BEHTHIIATOPOB
1.2. pOB, 6 4 20 Ortuer no
yCTaHABJIMBAEMbBIX B MHKCHEPHBIX TAGOpATOPHBIM
CHCTEMax. paboram.
IIuceMeHHBIH
OCHOBHBIE TTapaMeTPhl PaOOTHI OK3AMCH.
1.3. p PRID 6 2 18 OrtyeT 0o
HACOCOB U BEHTUJISITOPOB. 1aGOPATOPHBIM
paboTam.
ITnceMeHHBIN
XapaKTepPUCTHKH HACOCOB U IK3aMCH.
1.4. p p 6 4 18 OT4er 1o
BEHTUJISITOPOB. 1a6OpATOPHBIM
paboTam.
ITnceMeHHBIN
Pa6oTa HACOCOB U BEHTIIISITOPOB B OK3aMCH.
1.5. p 6 4 14 Oruer 1o
CCTH. 1a6opaTOPHBIM
paboTam.
IIucrMeHHBIH
O6111e BOMPOCHI MPUMEHEHUS OK3aMCH.
1.6. m p\, p 6 2 14 Oruer no
HATrHETAaTeNeM. 1a6OPATOPHBIM
paboTam.
JUTs 3209HOM (DOPMBI TTOJTYYEHHS BBICIIETO 00pa30BaHuUs
. KomuuectBo ayauropusix | KonnuectBo
& % = q 4acoB 4acoB ®opma
E 5’( 5 a3BaHUEC pa:%z[ena, TEMBbI CaMOCT. KOHTpOJ;IH
an) s JIK | JI3 I13 C3 paboThi 3HAHUN
5-it cemectp
IIuceMeHHBIH
11 OO11He CBeIeHUS O HATHETATESX. 1 20 KRAMCH
VCTpoHCTBO U IPUHIIKI AE€HCTBUS [TuceMmenHbIi
9K3aMEH.
HACOCOB W BEHTHJIATOPOB
1.2. POB, 1 2 26 Oruer no
yCTaHABJIMBAEMbBIX B MHKECHEPHBIX TAGOpATOPHBIM
CHCTEMax. paboram.
IIuceMeHHBIH
OCHOBHBIE TIapaMeTPhI PAOOTHI OK3aMCH.
1.3. p PRI D 1 2 26 Oruer no
HACOCOB U BEHTHUJISITOPOB. 71a00paTOPHBIM
paboram.
XapakTepruCTUKU HACOCOB U ITucemeHHbII
1.4. 1 20
BEHTHJISITOPOB. JK3aMeH




R KonuuectBo ayautopusix | Konnuecto
5y % = q 4acoB 4acoB Dopma
E 5’( § A3BAaHUC pa3;leﬂa, TEMBbI CaMOCT. KOHTpOJ;I)I
T8 JIK | JI3 113 C3 paBOTHI 3HAHUHI
IIuceMeHHBIH
PaGoTta HacOCOB U BEHTUIIITOPOB B OK3aMCH.
1.5. 1 2 20 Oruer no
CCTH. 1a6opaTOPHBIM
paboTam.
16 OO61ue BompoCkl MPUMEHEHHS 1 20 IInceMeHHBIN
Hargerareyieci. OK3aMCH

JUTSL 3209HOU (DOPMBI TTOTYYESHHSI BBICIIIETO 00pa30BaHusl, HHTETPUPOBAHHOTO CO
CPEHUM CIielMaIbHBIM 00pa30BaHHEM

. Kommuectso aymuropusix | Kosmaectso
5 e = 4acoB 4acoB ®opma
= q[:)( = HaSBaHI/Ie paSL[eJ'Ia, TEMBbI KOHTpOHﬂ
5 H 5B CaMoCT. .
T g = JK | J13 | II3 C3 3HAHUI
paboTHI
5-i1 cemectp
IIncpMeHHBIN
1.1
OO01mMe cBeIeHUs O HarHeTaTeNsX. 1 20 SKBAMCH
VY CTpoicTBO U IPHHIMIT A€HCTBUS ITuceMeHHbIA
1,  |HACOCOB U BEHTHIATOPOB, 112 26 (S)If[?;fel\:[[e]f[{é
YCTaHABIMBAEMbIX B HHYKEHEPHBIX 11aGOPATOPHBIM
CUCTEMaX. paboTam.
IInceMeHHBIN
13  |OcHOBHbIE MapaMeTpsl paGoTbI 1] 2 26 (S)I;?el\ie;.)
HACOCOB ¥ BEHTUJISATOPOB. 11aGOPATOPHBIM
paboram.
14 XapakTepruCTUKN HACOCOB U 1 20 ITuceMmeHHbII
BEHTHJISTOPOB. IK3aMeH
IInceMeHHBIN
Pa6oTa HACOCOB U BEHTHJIATOPOB B JK3AMCH.
1.5. p 1 2 20 Oruer no
CETH. 1a6OpaTOPHBIM
paboTam.
16 OO6mIre BompoCkl MPUMEHEHHS 1 20 [TuceMeHHBIHI
Har"eraTenei. 9K3aMCH




3. ”THOOPMAIITMOHHO-METOJJMYECKA S YACTH
3.1. [lepeuenp  nutTepaTypbl (y4eOHOM, y4YEOHO-METOJMYECKON, HAy4HOH,
HOPMAaTHUBHOM, JIp.)
OcHoBHast

1. DOnexTpoHHBIH  y4eOHO-METOJUYECKUNA  KOMIUIEKC MO  y4eOHOM
nucuuruinHe «Hacochl, BEeHTUIISATOPBI U KOMIPECCOPBI» ISl CHEIUaibHOCTU: |-
70 04 02 TennorazocHabxeHHE, BEHTWISLMS M OXpaHa BO3AYIIHOTO OacceiHa
[OmekTponHbIi  pecypc] /  bpectckuit  TOCygapCTBEHHBIM — TEXHUYCCKUU
yHUBepcuTeT, DakyapTeT WHXEHEPHBIX cucTeM U dkonoruw, Kadeapa
TEIJIOra3ocHadkeHuss u BeHTW MK ; cocT.: E. B. KmoeBa. — bpect : bpI'TV,
2022. — Pexxum nmoctyma: https://rep.bstu.by/handle/data/33396. — Jlata moctyma:
15.01.2024.

2. Hsuex, I1. K. Hacockl, KoMIpeccopbl U BEHTHIATOPHI @ yued. mocodue /
I1. U. dsgek. — M. : U3matensctBo ABC, 2015. — 432 c.

3. Toncteix, A. B. Hacockl, BEHTHJIATOPHl U KOMIIPECCOPHI B CHCTEMax
TEIJIOTa30CHA0KEHUST M BEHTWIIIMU : ydeOd. mocobue / A.B. Toncrteix,
FO. H. lopomienko, B. B. IlensBckuii. — Bonorma : W3marensctBo «MHbpa-
Nuxenepusin, 2022. — 177 c.

4. Kapamxu, B.I. BenruwrmsanuonHoe oOopynoBanue. TexHHUECKHE
pPEKOMEHJIalMK JUIsl TPOEKTHPOBIIMKOB U MoHTaxHUKOB / B.T. Kapamxu,
10. T'. MockoBko. — M. : ABOK-ITIPECC, 2010. — 432 c.

JlonosiHUTEIBLHAS

1. Tammuu, B.JI. BeHtmiastopsl W KoMIpeccopsl : yueb. mocoOue /
B. JI. 'anaun. — Omck : U3a-Bo CubA /1M, 2007. — 105 c.

2. Pocmsxos, E. M. Hacocel. Bertunsatopsl. Konaummonepsl. CripaBoYHUK
| E. M. Pocnskos, }0. M. Cynaps, 1O. E. Tynuuua. — M. : [Homutexauka, 2006. —
822 c.

3. Bentunaropsl (paguaiibHble, TBUIEBBIE, OCEBBIC, KPBIIIHBIE (0OIIETr0
HA3HAUYCHUS, KOPPO3HMOHHOCTOMKKE, B3PHIBO3AIIUIICHHBIE U JAp.). biaoku
Bentuisitopubie (BBKIT). KO-06.01.12-03. Karanor o6opynoBanus. — M. : 2006. —
138 c.

4. BacunbeB, B. JI. MoHTa)x KOMIpPECCOpPOB, HACOCOB U BEHTUJISTOPOB /
B. 1. BacunweB, E. A. UBamues, B. B. Mamomenko. — M. : Beiciias mikoina,
2016. — 216 c.

5. PaguanpHbBIi  BEHTHJIATOP C  KpyribIM  KopmycoM.  OCHOBHBIC
ocobennoctu u npeumyiectsa / C. B. Kapamxku, B. I'. Kapamxu // ABOK. — 2017.
—Ne 3. - C. 48-54.

6. Texumueckuit  permament EADC  048/2019: tpebGoBanus
sreprodddexruBnoctu BeHtwastopoB / T.C. Conomaxosa, B.K. Mamaes //
ABOK. —2021. — No 1. — C. 42-48.

7. HacocHoe o000pyJoBaHHE: COBPEMEHHBIH TMOJXOJ K TOBBIIICHUIO

addexruBHoCcTH / A. B. Koctiok, C. A. CokonoB // Cantexuuka. BomocHabxenue.
—2019. — Ne 4. — C. 30-34.


https://rep.bstu.by/handle/data/33396
https://www.abok.ru/avok_press/content.php?0+3+2021
https://www.abok.ru/avok_press/content.php?2+4+2019
https://www.abok.ru/avok_press/content.php?2+4+2019
https://www.abok.ru/avok_press/content.php?2+4+2019

8. Wilo Hacochas a30yka : chopaBoYHOE ITOCOOME IO TEXHOJOTHH
MOBBILIEHUA naBjieHust. — 112 c.

9. 3aitues, C. A. KOHTpOJIbHO-U3MEPUTENbHBIE TPUOOPHI U UHCTPYMEHTHI
y4eOHUK 11 Had. mnpod. oOpazoanus / C. A. 3aiiueB [u np.]. — M.
N3natensckuii eHTp «Akagemus», 2006. — 464 c.

3.2. Ilepeuenb TeM 1a00OpPaTOPHBIX 3aHIATHH, UX HA3BAaHUE

3.2.1. KoHTpOJIbHO-U3MEPUTENbHBIE TTPUOOPHI AJIsi MPOBEICHUSI CAaHUTAPHO-
TUTUEHUYECKUX UCTIBITAHUHN M 00CIIeIOBaHUN BEHTUIISILIMOHHBIX CHCTEM.

3.2.2. I3yuenue ycTpoicTBa IEHTPOOEKHBIX IUPKYJSIIUOHHBIX HACOCOB
WILO TOP S 50/7 u GRUNDFOS UPS 25-60.

3.2.3. O3HakOMJICHHE C KOMIIOHOBKOW OOOpYIOBaHHMSI M KOHCTPYKIIHEH
BEHTWISITOPOB: pavalibHOr0, TAHTCHIIMAIBHOTO, oceBOro (pyanmeBoro BO-d-1,5,
kaHanbHOro BK 30-15, xanansnoro BKK 100, oceBoro kpeimHoro BKO-3,15B,
paauanbsHoro kpsirHoro BKP-190.

3.2.4. Isyuenue paboOThl  BJIEKTPOHHO-KOMMYTHPYEMOTO  BEHTUJISATOPA
Ebm-papst co BCTpoeHHOM 3JIEKTPOHUKOM.

3.2.5. Onpenenenue a’poAMHAMHUYECKUX XapaKTEPUCTHK pabOThl OCEBOTO
BEHTWJISITOPA IMyTEM TEXHUYECKHUX UCTIBITaHUI.

3.2.6. Onpesienenne XapakTEPUCTUK IEHTPOOEKHOTO BEHTUIISTOPA.

3.2.7. iccnenoBanne COBMECTHON pabOTHI IIEHTPOOEKHBIX HACOCOB MPU UX
napayuIeTbHOM U TOCIEA0BATEIFHOM BKIIFOUCHHUH.

3.2.8. UccnenoBanre BIMSHHUS W3MEHEHHUS YacTOTHl BpaIeHHS padbodero
KOJIEca HACOCa Ha €T0 XapaKTEPUCTUKH.

3.3. [lepedenb cpeCTB AMATHOCTUKH PE3YIHTATOB YIECOHOM NEATEIHLHOCTH

Texymras arrectanus CTyJAE€HTOB MO JUCIUTUIMHE MPOBOJAUTCS B BUJIE:

JUTsl O4HOM POpMBI O0yUEHUS:

— KOHTPOJILHOTO OIpoca B MUChbMEHHOM (popme.

B cemecTpe npeaycMoTpeHa TeKylas aTTecTalius, BeCoBble KOdDPUITUCHTHI
BCEX aTTECTAIlNI MO JUCIUTUIMHE, BKIIIOUYAsk TPOMEKYTOUHYIO, COCTABIISIOT:

Krek = 0,45; Knpomex = 0,55.

JUTsI 32049HOM (hOpMBI OOYUECHHUS:

— YCTHOTO OIpoca Ha JJA0OPaTOPHBIX 3aHATHUSX.

B cemectpe mnpemycMoTpeHa OJHA TEKyImIas aTTECTaIlUs, BECOBBIC
Ko2(PHUIIMEHTHI BCEX aTTecTalidi M0 JUCIHMIUIMHE, BKIIOYAas IPOMEKYTOUHYIO,
COCTaBJISIOT:

Krex = 0,1; Kppomex = 0,9.

K mnpomexyTouHol aTTecTallii CTYJCHTHI JIOIYCKAIOTCA TP YCIOBUH
YCIIEIITHOTO TIPOXOKACHUS TEKYIIEH aTTeCTaIluK 10 y4eOHON TUCIIUITIIMHE.

PesynpraThl TeKymed arTecTallud YYUTHIBAIOTCS TIPU  MPOBEJACHHUH
MIPOMEKYTOUYHOM aTTECTAIMH 110 JUCITUTUIHHE.

[lepeyerr BOMPOCOB JIsi TEKYIIEW aTTECTAllMU CTYACHTOB IO Yy4eOHOM
nucuuiuinee «Hacochl 1 BEHTWISTOPBDY:



Teopernueckas 4acTh:

1. Hacocs! u BeHTHWISTOPBI. OCHOBHBIE ONPEECICHUS U TOHATHUS.

2. llpumeHeHHE HACOCOB U BEHTWIATOPOB B TEILIOTa30CHAOKEHUU.

3. Kunaccuduxkanus HaCOCOB ¥ BEHTHJISITOPOB MO MPUHIUITY I€HCTBUS.

4. Kraccudukanus HacoCOB MO HA3HAYEHHUIO, MO BUIY IepeMeniacMoi
Cpellbl, 10 Pa3BUBAEMOMY JaBJICHUIO U MTPOU3BOAUTEIBHOCTH.

5. Knaccuduxanuss HacoCOB MO Ha3HAYEHUIO, MO BUAY IEpeMelaeMon
Cpellbl, 10 Pa3BUBAEMOMY JABJICHUIO U TPOU3BOAUTEIBHOCTH.

6. Kraccudukanus BEeHTHIATOPOB MO HAa3HAYEHUIO, [0 MCIOJHEHUIO, IO
pa3BUBAaEMOMY JIABJICHUIO U MPOU3BOJUTEIBHOCTH.

7. Krnaccudukamus o0beMHBIX HacocoB. OOmue cBOWCTBa OOBEMHBIX
HAaCOCOB.

8. OcHoBHBIE TpebOOBaHMS K HAcocaM W BEHTHJISTOPAM HHKEHEPHBIX
CUCTEM.

9. TIlapameTtpsl pabOThI HACOCOB U BEHTUIATOPOB. [oHsATHE «HOPMATTBHBIX
YCJIOBUI» AJISI Ta301yBHBIX MAIIIHH.

10. OmpeneneHne  OCHOBHBIX — MOTPEOUTENBCKUX M TEXHUYECKUX
MapaMeTPOB HACOCOB M BEHTUJISITOPOB.

11. TIpou3BOaWTENBHOCTh, IOJIaYa HATHETATEJIEH: OIpeJeieHne, CBA3b
MEXIy  IMojaye W NpOM3BOAUTENIBHOCTBIO. (Cxema  (opMUpOBaHUS
MPOU3BOJIUTEIIBHOCTH BEHTUIIATOPA.

12. Momaocts u KIIJ] Haraerareneit: onpeneiacHue, eAMHUIBI H3MEPEHUS.
CxeMa sHepreTu4eckoro OajiaHca Ha MPUMEpPE YCTAHOBKH C BEHTUJIITOPOM.

13. JIBmwkeHme  KUAKOCTH B  paboyeM  KoJiece  HarHeTaTels.
["'eoMeTpuyeckue napameTpsl padbovero KoJeca.

14. TpeyronbHUKU U TApAJJIEIOrPAMMBbI CKOPOCTEM.

15. VYpaBuenwue Ditnepa i1 pabOTHI JIONACTHOTO KoJieca.

16. OcHOBHOE ypaBHEHHE paOOTHI IIEHTPOOESIKHOTO HATHETATES.

17. BnwusHUe yria BeIXO0/a JIOTIATOK HA HAIOP HarHeTaTesl.

IIpakTrueckas 4yacTb:
3amanue: W3 mnpennokeHHBIX BapUAHTOB BBIOpATh CXEMYy 3a/laHHOTO
HarHeraresis, IOANUCATh IIO3UIUUM OCHOBHBIX KOHCTPYKTHUBHBIX JJIEMEHTOB.
Onuncars NpUHIMIT JEHCTBUS, JOCTONHCTBA M HEOCTATKH 3aJaHHOTO HATHETATENS.
[{enTpoOexkHBII Hacoc.
PanuanpHbIl BEHTWISATOP CO CIUPAIBHBIM KOXKYXOM.
OceBoil BEHTUJIATOD.
OceBoii Hacoc.
[IpAMOTOYHBIN paguaIbHbI BEHTUIATOP.
CmepueBoil BEHTWIATOP.
Buxpesoii Hacoc.
JlnameTrpanbHbIii BEHTUISATOP.
[TopuraeBo# Hacoc.
0. 3yOuatslii (IIECTEPEHHBII) HACOC.
1. IInacTuHYaThHIii HACcOC.

HRO©oo~NOo O A~WNE



12. CrpyliHblil HATHETATEb.

13. DOpaudr.

[lepeyeHr BOMPOCOB Il MPOMEKYTOYHOM aTTeCTallud CTYAEHTOB IIO
yueOHol auctuminie «Hacochkl 1 BEHTUIISI TOPBI»:

Teopernyeckas 4acTh:

1. OOmmue cBeneHusi 0 XapakTepUCTHKax HarHerateneil. ['paduueckue
XapaKTEPUCTUKU HACOCOB u BEHTUJISITOPOB (THaOpOIMHAMUYECKHUE,
a’POJIMHAMUYECKHUE).

2. llomHble XapaKTepUCTUKHA pPAAHAIBHBIX M OCEBBIX HACOCOB H
BEHTWIATOPOB. OnpeiesieHne padbodeil 30HbI HarHeTaTeNsl.

3. VYHuBepcambHble U Oe3pa3MepHbIE XapaKTEPUCTUKA HACOCOB U
BEHTUJISITOPOB.

4.  3akoHbI MOAOOUS IEHTPOOEKHBIX HATHETATEIICH.

5. KosddummeHT ObICTPOXOTHOCTH.

6. Jomyctumas BricoTa BcachiBaHus Hacoca. KaButarus. OtpunatenbHoe
BO3JICHCTBHE KaBUTAIIUU. MepornpusThs 1Mo NpeOTBPAIICHUIO KABUTAIIUH.

7. AKycTHYECKHE XapaKTEPUCTUKU BEHTUISATOPOB. 3BYKOBAs MOIIHOCTh U
3BYKOBOE JIaBJICHUE.

8. XapakrepucTuka cetu. Buabl xapakTepuCTHK.

9. CoBmectHas paGoTta HarHeTatenss W ceTu llapaMeTpbl COBMECTHOM
paboTsl. Pabouas Touka.

10. Crmoco0 HaIOXKEHHWS XapaKTCPUCTUKH HATrHETaTeNnsl W CEeTH IS
TIOJTYYCHUS TTapaMEeTPOB COBMECTHOM pabOTEHI.

11. Heo0xoauMocTh COBMECTHOM  paboThl  HarHertateneil.  CxeMbl
COCTMHEHMsI HaTHETaTeNeil Ha COBMECTHYIO paboTy.

12. TlocTpoeHue CyMMapHON XapaKTEpPUCTUKU IPU COBMECTHOM paboTe
OJIMHAKOBBIX M PA3JIMYHBIX HarHETaTeNeH (MapayljieIbHOE BKIIOYCHUE).

13. HeoOxomumocThb COBMECTHOH paboThI Har"HeTaTeyeH.
[TocnenoBaTenbHOE BKIIFOUEHUE HAaTHETATENEH.

14. TlpuyuHbl OTKIOHEHUS PAOOYMX MMapaMeTPOB OT 33JJaHHBIX.

15. VYcroiunBoCTh pabOThl HACOCOB M BEHTHIISITOPOB B CETSIX.

16. SBnenue mommaxka, MpeaOTBpaleHUE BOZHUKHOBEHUS TTOMITaXA.

17. TpebGoBanus, oOs3aTelbHbIE JUIi  WCIOJHEHUS TIPU  BBIOOpE
BEHTHJISITOPOB.

18. HcnpiTaHue U HaJlaJIka HACOCOB U BEHTHJISITOPOB.

19. PerynupoBanue paOOThl HACOCOB M BEHTUJISATOPOB (KAYECTBEHHOE W
KOJINYECTBEHHOE).

20. CnocoObl ynpaBieHus: padb0oToi HACOCOB U BEHTUISTOPOB.

21. BuOpamwus v mrym HarHeTatesne.

[IpakTrueckas yacTb:
1. [Tlo 3amaHHBIM TapameTpaMm pabouell TOYKH MOJ00paTh BEHTUIISATOP.
Omnucate 001IMe METOMYECKHE YKa3aHUs K BRIOOPY BEHTUIISITOPOB.



2.

06HII/IC MCTOANYICCKUC YKA3aHUA K BI)I60py HaCOCOB.

3.4. Meroanueckue

PCKOMCHAAINHN I10

opraHu3aluu

[To 3amanHbIM TapameTpam pabodeit Touku momxoopath Hacoc. Onucarh

151 BBIITOJIHCHHUTIO

CaMOCTOSITeIILHOM PabOThl 00YUaAIOIIMXCS MO0 YICOHOM TUCITUTIIINHE
JUISl JHEBHOM (DOPMBI TTOJTyUEHHUS BBICIIIETO 00pa30BaHUs

Howmep nuteparypsl u3
Ne i/ Ha3Banue pa3zzaena, TeMbl P patyp
CIIUCKA
OcnoBHas: 1, 2
1 |OOuwe cBeneHus 0 HarHETATENAX.
HomonaureneHas: 1, 5, 6, 9
N N OcHoBnas: 1, 2, 3
YCTpoicTBO M NPUHIMIT AEHCTBUS HACOCOB U BEHTHIISITOPOB, >
2 JIOTIOHUTEbHASL:
YCTaHABJIMBAEMbBIX B HHKECHEPHBIX CUCTEMAX. 13579
OcnoBnas: 1, 2, 4
3 |OcHOBHEBIE MapaMeTpbl padOTHI HACOCOB U BEHTHIISATOPOB.
HonomauTensHast: 1, 2, 6, 8
OcHoBHas: 1, 2, 4
4 | XapaKTepUCTUKH HACOCOB U BEHTHJIATOPOB. >
HomonaurensHas: 1, 2, 6, 8
OcHoBHas: 1, 2, 3
5 |PaboTa HacOCOB M BEHTHWJISITOPOB B CETH. 7
JlononuurenpHas: 6, 8
. OcHoBHas: 1, 3, 4
6 |OO6mue BOIIpOCkl MPUMEHEHHS HarHETAaTEIIeH. >
HomonaurensHas: 4, 6, 7, 8
JJ1s1 3a04HOM (DOPMBI MOJIYYEHUS BBICIIETO OOpPa30BaHUs U
JUTsI 32049HOM (hOPMBI TIOJTYYEHHSI BBICIIIETO0 00pa30BaHus,
WHTETPUPOBAHHOTO CO CPEAHUM CHEIHAIBHBIM 00pa30BaHUEM
Howmep nutepatypsl us
Ne n/m Ha3Banue pa3znena, TeMbl p patyp
CIUCKa
OOu1re cBeieHUs 0 HarHeTarensx. YcrpoiictBo v npuniun  |OcHoBHas: 1, 2, 3
1 |meiicTBUS HACOCOB M BEHTWJISITOPOB, YCTAHABIMBAEMBIX B JlonomHuTEHHAS:
WH)KEHEPHBIX CUCTEMAX. 1,3,5,6,7,9
2 OcHOBHbIE TapaMeTpbl pabOThl HACOCOB M BEHTUJIATOPOB. OcHosnas: 1, 2,4, 3
XapakTepUCTUKU HACOCOB U BEHTHJIATOPOB. HononuurensHas: 1, 2, 6, 8
3 PaboTa HacocoB U BEHTHIIATOPOB B ceTH. OOI11IHE BOMTPOCHI Ocnosnas: 1, 2, 3, 4
MIPUMEHEHHUsI HaTHETaTeNei. JononaurenwHas: 4, 6, 7, 8

BepHyThCH B OryiaBiieHHuE






