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BBE/I[EHUE

MaivHoi  Ha3bIBa€TCA  MEXaHM3M  WJIM  KOMIUIEKC  MEXaHU3MOB,
MpeAHA3HAYCHHBIM /I BBIMOJHEHMS TOJE3HOM (OTAaBaeMoii) paboThl. DTO —
paboTa cuJ TNPOU3BOACTBEHHBIX (TOJIE3HBIX) COMpOTUBICHUW. BceneacTBue
BPEIHBIX COMPOTUBJIICHUM B CaMOW MalllMHE OHAa BCErJa MEHbIIE 3aTpayeHHOU
(moTtpebisisieMoii) paboOTBI, COBepIIAEMON JBHXKYIIUMHU cujlamMu. [IpoTouHbie
MalllMHbl OTJIMYAIOTCA OT MPOYMX TEM, YTO Ipollecc mepeaadyr padoThl y HHX
LEJTUKOM CBSI3aH C MOTOKOM CpeJibl, MPOTEKAIOUIeH yepe3 MaluHy. B yactHocTH,
eciu Tekydel cpemoit (harouaoM) sSBIsSETCS KamneiabHas )KUIKOCTh, TO MPOTOYHbBIC
MalllMHbl HA3bIBAIOTCS TUIPABIMYECKUMU; €CIIM K€ TeKydas cpela razooOpaszHasi,
TO TOBOPST O Ta30BbIX WJIM MHEBMATUYECKUX MPOTOUHBIX MAIIMHAX.

[IpuBenenHoe oOlee ompeaeNeHUe MAIlWH TMOJHOCTbI0 OTHOCUTCSA K
MPOTOYHBIM U UCTOJB3YETCs ISl UX KIACCU(PUKAIIMU 1O ABYM OCHOBHBIM Ipynnam
B 3aBUCHMOCTH OT HAMpaBJ€HUs NepeAadd padOoThl: MPOTOYHBIE MAIIUHBI —
OpyAusi, KOTOPBIE MOJIy4YaroT paboTy OT MPUBOJAHOTO Bajla WM IITOKA, a OTJIAIOT €€
MOTOKY TeKyuel cpeasl. K 3TOM rpynme OTHOCATCA HACOCHI, CIyKauue s
CO3JIaHUs TIOTOKA >KMJIKOW Cpelbl, U KOMIIPECCOPHBbIE MAIlIUHBI (TO K€, HO IS
ra3o00pa3HbIX Cpell); IPOTOYHbIE MAIIMHBI — ABUTATEIU, KOTOPhIE BOCIIPUHUMAIOT
paboTy OT MOTOKA XKUJIKOCTH WJIM Ta3a, a OTAI0T €€ yepe3 BbIBOJHOM Bail. K HuM
OTHOCSTCS TYpOUHBI WU Jpyrue ruapo — U mnHeBMoaBuratenau. CyliecTBYIOT
arperatbl, COCTaBJIEHHbIE W3 MaIIMH OOE€UX Ha3BaHHBIX Tpynn. B momoOHbIX
CUCTEMaX TEKydas cpela CIYXUT IEepeJaTOYHbIM 3BE€HOM, IO OTHOIICHUIO K
KOTOpPOMY NMPOTOYHAsi MalllMHA — OPYAHE — OTJAIOIINM, a MalllMHA — JIBUTATElb —
NpUEMHBIA  opraH arperata. [lpuMmepsl: THApOAMHAMHYECKas Mepenaya,
UCIIOJIb3yeMasi B CUJIOBOM MPUBOJIE OypOBOM YCTaHOBKH; OECIITAaHTOBasi HACOCHAs
YCTAHOBKA, COCTAaBJICHHAs W3 HA3€MHOI'0 CHJIOBOIO Hacoca M MOTPYKHOTO
MOPITHEBOTO JIBUTATENSI C HACOCOM; CHCTEMa, COCTOAIIas U3 OypoBOro Hacoca U
3a00WHOTO THAPOABUTATEINS;, HACOCHBIM THAPOMPUBOJ] HEKOTOPHIX MEXaHHU3MOB
OypOBBIX 1 HETEITPOMBICIIOBBIX YCTAHOBOK.

B 3aBucuMocTH OT NMpUHLMNA JIEMUCTBUS BCE MPOTOYHBIE MAIIMHBI JAEISATCS
Ha JIBa KJIacca: TUHAMUYeCKne U oObeMHbIe. B nMHamMuueckoil MammHe nepenaya
paboThl OT pabodero opraHa K TeKyde cpene (Wi HA0OOPOT) MPOHMCXOIUT B
KaMmepe, MOCTOSTHHO COOOIIAIOIIEICs CO BXOAOM U BBIXOJOM MamuHbl. [Ipumepsr:
IIEHTPOOEKHBIM WJIM BHUXPEBOM Hacoc, TypOwHa TypOoOypa, HEeHTPOOSKHBIN WU
oceBoit kommpeccop. [Ipu3Hak 00BEMHON MPOTOYHON MANTUHBI — MEPHUOHIECCKOE
n3MeHeHne oO0beMa paboueld KaMephl, MTONEPEMEHHO COOOIIAIONICHCS] CO BXOJAOM U
BBIXOJIOM MaIlWHbI. [IpUMephl: MOPIIHEBOM HACOC WM KOMIIPECCOP, POTOPHBIN
HACOC, TUJIPOMOTOP, BUHTOBOM WJIW IUIACTUHYATHIA KOMITPECCOP.

I'ocynapcTBEHHBIN CTaHAAPT ONPEAEISIET HACOC KaK MAlIMHY JJI CO3/IaHUs
MOTOKA XKUJKOW cpelbl. Pa3BuTHE 3TOro onpenenceHus NPUBOJUT K MOHUMAHHIO
Hacoca KaK MAaIlWHbL, MPEIHA3HAYEHHON JUIsl TEPEMEIICHUS KUIKOCTU U
yBenuueHus ee sHepruu. l[Ipm pabore Hacoca »Heprus, Mojaydaemass UM OT
JBUTATENS, MPEBpAIIACTCS B  MOTEHUHAIbHYH), KHUHETUYECKYHD M B
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HE3HAYUTEIBbHON Mepe B TEIUIOBYIO PHEPTHUIO MOTOKA XUJAKOCTU. MaIuHbI JJs
MoJa4y ra3oBbIX CPEll B 3aBUCUMOCTH OT Pa3BUBAEMOI'0 UMH JIABJICHUS HA3bIBAIOT
BEHTWJIATOPAMH WJIM KOMIIpeccopamMu. BeHTWaTop — mMalinHa, nepeMeliaronas
ra3oBYyIO Cpely NpH CTENEHU NOBBIIEHHS naBiaeHus 1—1.15, kommpeccop cxxkumaer
ra3 npu 1.15 1 0OBIYHO MMEET MCKYCCTBEHHOE (Halle BOASHOE) oxjiaxaeHue. B
COBPEMEHHON MPOMBIIIIEHHOCTH PACPOCTPAHEHBI TUAPO — U MHEBMOBUTATENHU —
MaIllMHbI, MPEBPAIAIONINE SHEPrUI0 MOTOKA TEKy4del cpellbl B MEXaHHUYECKYIO
SHEprur (TUAPOTYpOUHBI, TUIAPO — W MHEBMOMOTOPHI). B mocnenHee Bpems B
pPa3IMYHBIX TEXHUYECKUX YCTPOMCTBAX YyHOTPEOISIOTCS THUApoINepenadyd —
KOHCTPYKTHBHBIE KOMOWHAIIMK, CIYKAIllKe JIJIs Iepeayll MEXaHU4eCKON SHepruu
C Bajla JBUTaTeNsl Ha BaJl MPUBOJIMMON MAIIMHBI THIPABINYECKUM CIIOCOOOM.

['uaponepenaya COCTOMT W3 HAcoca, THUAPOJBHUraTrelis UM CUCTEMBbI
TpyOOIIPOBOAOB C YCTPOICTBAMM JIsl pACHpEICTICHUS U PEryJIUPOBAaHUS TOTOKOB
paboueil KHUIKOCTH (PHEproHocuTens). Bo MHOTMX ciydasix BCe YKa3aHHbIE
AJIEMEHTHl TUAPOIEpEeayd COBMENIAIOTCS B €IUHOM KOHCTPYKTHBHOM OJIOKE.
I'uapaBnuyeckne NABUTATENM, HACOCHI W TUAPONEPENadyd COCTABIISIIOT KJAcc
TUAPABINYECKUX MalIlH. AHanorn4Ho pacrpocTpaHEHbI CUCTEMBI
MMHEBMONPUBOA, UCIOIB3YIOIINE B KauecTBE paboueil cpeanl cxaThiil Bo3ayx. K
OYEBUAHBIM MPEUMYILIECTBAM HTOr0 BUJA MPOTOYHBIX MAIIUH OTHOCSTCS, C OJJHOMN
CTOPOHBI, TPOCTOTA YCTPOMCTBa (OTCYTCTBHE HEOOXOAMMOCTU B TPyOONpPOBOJAX
BO3BpaTa paboueil cpeabl HU3KOIO JaBJIEHUS, pOJb KOTOPBIX HCIOJHSET
aTMOC(PepHBIi BO37yX) © yAa4Has CIOCOOHOCTh HAWIYYIIMM  00pa3oMm
VAOBJIETBOPSITH  BaXXHbIM  TPeOOBAHUSIM  HKOJOTUYHOCTH  HPUMEHSEMBIX
TEXHUYECKUX CUCTEM.

W3BecTHBIMU TpUMEpaMHU TaKUX CHUCTEM SIBIISIIOTCA IHEBMATUYECKUU
UHCTPYMEHT, YCTPOMCTBA, MIPUCIIOCOOJICHUS u MIPECCHI B
MeTamuiooOpabaThiBalOIel W MAaIIMHOCTPOUTENHHOW  MPOMBIIICHHOCTH,
MTHEBMOCUCTEMbI  YIPaBJICHUS OypOBBIMH ¥ MPOMBICIOBBIMH yCTaHOBKaMH,
YCTAaHOBKAMHU Ha TPEANpPUATHIX Ta30 — HedTenepepadOTKU, CHCTEMbI
MMHEBMOTOPMO30B aBTOTPAHCIIOPTAa, @ TAKXKE€ B TEKCTHJIBHOW MHPOMBILIIJIEHHOCTH
CKaThll BO3AYX HMCIHOJIB3YETCS KaK 3HEPrOHOCUTEINb IUIsl MPOBEACHUS TKALKOTO
nponecca. 'OCT 17398-72 mopapaznensieT HacOChl Ha JiBa OCHOBHBIX KJjacca:
IMHaAMUYecKkre u o0ObeMHbIe. B TuHaMuyecKkux Hacocax rnepeaadya SHePruH MOTOKY
MPOUCXOIUT TIOJ BIUSHUEM CHWJ, JEWUCTBYIOIIMX HA KUAKOCTH B PpaboOdMX
MOJIOCTSAX, TOCTOSIHHO COE€IMHEHHBIX C BXOJOM M BBIXOJIOM Hacoca. XapaKTepHbIM
MPEeICTaBUTENIEM JTOr0 KJacca SIBISIETCS IEHTPOOEKHBIM Hacoc. B 00beMHBIX
HAcocax SHEPrus mepenaeTcs KUJIKOU cpeie B pabouux KaMepax, MepuoIuiecKu
U3MEHSIONMX 00bEM W TIONMEPEMEHHO COOOIIAIOMIUXCS C BXOJIOM M BBIXOJOM
Hacoca. Jlns »TOro Kiacca THUNUYHBIM SIBIISETCS MNOpPIIHEBOM Hacoc. Cpenu
IMHAMUYECKUX HACOCOB, NPHUMEHSIEMBIX B MPOMBIIUICHHOCTH, Haubosee
pacrpoCTpaHEeHbl JIONMACTHBIE, B KOTOPBIX JKUJKas cCpela IMEepeMENIaeTcss MOoA
BO3JICUCTBUEM JABHKYIIUXCS JIONACTEN, U BUXPEBBIE.



HACOCHBI

B 1689 rony ¢panuysckuit puszuk enuc [lanun (Denis Papin) nzobpen
HEHTPOOEKHBIM HACOC, KOTOPBIA U CErOJHSA OYEeHb MOmyyspeH. LleHTpoOexHbIi
HAcoC IOCTPOEH Ha NPOCTOM MPUHLUIIE: >KUAKOCTh HANpPABISETCS K CTYIULE
paboyero Kkojeca W € IOMOIIBIO LEHTPOOEKHON CHIIBI BBIOpAchIBaeTCS K
nepudepun. Takas KOHCTPYKIMS  SIBISICTCS  OTHOCHTENBHO  HEJIOPOTOH,
JOJITOBEYHON M MPOCTOM, K TOMY K€ BBICOKAas CKOPOCTh BpAILEHUS IO3BOJISET
HalpsIMyl0 HNPHUCOEIMHATh Bajl HAcOoCa K ACMHXPOHHOMY 3JIEKTPOJBHMIATENIO.
LlenTpoOexHbIN Hacoc oOecreunBaeT MOCTOSHHOE 3HAu€HUE Haropa, KOTOPBIH
MO>KHO JIETKO PEryJIMpOBaTh, HE IPUYMHUB BPEAA HACOCY.

Ha pucynke n300pakeHO IPOXOXKICHUE KUIKOCTH Yepe3 Hacoc. KUIKOCTh
yepe3 BXOJHOM MaTpyOOK HamMpaBisIeTCs K LEHTPY Bpallarmierocs padoyero
KoJjeca, OTKyJa C CHJIOM OTOpAachIBaeTCs 1O HAMPaBICHUIO K ero mepudepun.
Takas xoHCcTpykmusi oOecnieunmBaeT Bbicokuid KIIJI wm wucnomp3yercs s
MepeKaYMBaHUA YHUCTHIX KUAKOCTeH. Hacocel, KOTOphie MOKHBI paboOTaTh C
3arpsA3HEHHBIMU KUJKOCTSIMU, HAlpUMEp CTOYHBIMM BOJAMH, HUMEIOT HHYIO
KOHCTPYKITMIO KOJeca — TaKyl, KOTopas MO3BOJIAeT M30ekKaTh OJOKUPOBKH WU
3aKyMOPKHU €ro r'uJIpaBInYeCcKON YacTH.

[lenTpoOexHBIE HACOCHI PA3ACICHBl HA TPYNIB: C pPaadaIbHBIM,
JIMaroHaJIbHBIM M OCEBBIM paboumM KosiecoM. Hambosee 9acTto HCMONBb3yHOTCS
HACOCHI C PAJIMAILHBIMU U THArOHAIBHBIMU PA00OYUMU KOJIECaMHu.



4 @

Hacoc Hacoc Hacoc
paauanbHoOro CMeLUaHHOoro oceBoro
noTtoka noToka noToka

Pa3nble TpeOoBaHMS K mapaMeTrpaM LIEHTPOOEKHBIX HACOCOB: Hamopy,
pacxody; crnocod0y MOHTaxa, a TaKKe 3KOHOMHUYHOCTH — SBJISIOTCS JIMIIb
HECKOJIbKUMH MPUYMHAMH UCIOJIb30BAHUS PA3IMUHbBIX THUIIOB HACOCOB.

H
[m]
10
6
4
10° MHorocrtyneHuarbie
HacoCbl C paauanbHbIMK
6 Konecamu
4
10 OaHocTyneHyaThie
5 Hacocbl C paguanbHbIM
4 Konecom
1
10 C AMaroHanbHbIM
6 Konecom
4

OceBble Hacocsbl

1 2 4610 2 46 10" 2 46 10° 2 46 1p* 2 4.6 10°
Q[m’/c]

[lapaMeTpbl 1EHTPOOEKHOIO HAcoca OOBIYHO OIMKCHIBAIOTCS pPaboYrMU
xapaktepuctukamu. Hamop, mnorpe6nsiemas wMomHocTh, KIIJI u NPSH
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IIPEICTABIICHBI KaK (PYHKIIMU OT pacxoja.
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OOBIYHO XapaKTEPUCTHKM HACOCA B TEXHUYECKOM KaTaJlOre OMMCHIBAIOT
TOJBKO paboTy caMoro Hacoca. Tak, morpeOisiemMasi MOIIHOCTb, 3HaUeHUe P,, —
3TO MOUIHOCTh Ha Baly 3JIEKTPOJABUTraTeNs (MOIIHOCTh HAa BXOJE€ B HACOCHYIO
yacTth. To ke camMoe MOXHO cka3arh W O 3HadeHuu KIIJ[ HacocHoir wactu. B
HEKOTOPBIX THUIIAX HACOCOB CO BCTPOEHHBIM 3JIEKTPOJBHUIaTEIEM M, BO3MOXHO,
BCTPOCHHBIM  IpeoOpa3oBaTeieM  4YacTOThl, HalNpuUMep B  IEePMETUUYHBIX
ANIEKTpOHACOCAX, 3HaUYeHnEe ToTpedasiemoit momHocTH 1 KITJ[ sBisitoTcst oOuumu
JUISL AJIEKTPOJABUTATENS U Hacoca. B aToM ciyyae nmorpedisiemMast MOIIHOCTb OyJeT
o0o3HauaThcsl Kak P;. Xapaktepuctuka J—H moka3pIBaeT HAMop, KOTOPBIH HACOC
crocoOeH co3daBaTh MpU JTAHHOM pacxojie. Hamop usmepsieTrcss B MeTpax [M].
Xapakrepuctuka (OJ—H 1eHTpoOexxHoro Hacoca. Uem HMXKE pacxojd, TEM BBIIIE
Harop, 1 Hao0OpPOT, YeM BbILIE pacxoi, TeM Huxke Hanop. KI1J — xapakrepucrtuka
3 (HEKTUBHOCTH CUCTEMBI (YCTPOICTBA, MAIIMHbI) B OTHOIIEHUH MPE0Opa30OBaHUs
WIN TepeAadyd SHEPruu; ONPEIENSIeTCs OTHOLIEHHEM II0JE€3HO HCMOJIb30BAHHOM
SHEPIruM K CYMMapHOMY KOJMYECTBY SHEPIHH, IMOJIYYEHHOMY cucTeMoil. Jlns
HacocoB npu onpenenenun KIIJ[ wucnosmp3yercss OTHOLIEHHWE MOUIHOCTH,
CO00111aeMOI HACOCOM KHMJIKOCTU K MOIUTHOCTH Ha BaJly 3JIEKTPOJIBUTATEIS.

7



KIIJI 3aBucut ot paboueid Touku Hacoca. CrenoBaTelbHO, OYEHb Ba)XEH
BBIOOp Hacoca, OTBEYAIONIIETO TPEOOBAHMSIM IO PACXOAy M TapaHTUPYIOIIETO
pabory B 30He MakcumanbHoro KIIJ[. 3nauenue NPSH mnacoca saBasiercs
MUHHMAaJIbHBIM a0COJIOTHBIM JaBJICHHEM, KOTOPOE HEOOXOJAMMO CO3/1aTh Ha
BCaChIBAIOIEM MaTpyOKe Hacoca BO H30ekaHwe KaBurtaruu. 3HadeHue NPSH
u3MepsieTcs B MeTpax [M]| M 3aBUCHT OT pacxoja: MPU YBEIWYEHUU pPacXoja
yBeJIM4nBaeTcs u 3HaueHue NPSH.

LentpobexHbie HaCOChI UMEIOT HECKOJIBKO KOHCTPYKTHUBHBIX
0COOEHHOCTEH.

* KonnuectBo crymneneil. B 3aBucuMocT OT KOJIMYeCTBa paboOuuUX KOJeEC,
LEHTPOOEKHBIN HACOC MOKET ObITh OJTHOCTYIIEHYATHIM JTNOO MHOTOCTYIIEHYATBHIM.

* Pacnonoxenue Bana Hacoca. OQHOCTyNEeHYAaTble U MHOTOCTYIEHYATHIE
HAacOChl MOTYT OBITh C TOPU3OHTAIBHBIM HIIM BEPTUKAIbHBIM PACIOI0KEHUEM
BaJla. OJTU HAcOoChl OOBIYHO SIBIAIOTCS JUOO TOPU3OHTAIBHBIMH, JHOO
BEpPTUKAIbHBIMU.

* PabGoume koneca OJHOCTOPOHHETO U JABYXCTOPOHHEro Bxoja. B
3aBUCUMOCTH OT KOHCTPYKIHUH pPabOYMX KOJEC, HACOC MOXET OBITh OCHAIEH
paboYuM KOJIECOM OJHOCTOPOHHETO JIMOO IBYXCTOPOHHEIO BXO/a.

* Coenunenue crymneHeil. CTynmeHM Hacoca MOTYT ObIThb YCTaHOBJIEHBI
JIBYMSI CIIOCOOAMHU: MOCIIEIOBATENIBHO WU MapajlIesibHO.

* Konctpykuust kopnyca Hacoca. Mbl paznuyaeM JiBa TUIIa KOpITyca Hacoca:
CIUpaNeBUIHBIN KOpIyC (YIUTKA) U KOPIYC C TaTPyOKaMu «B JTMHUIOM.

KoHCOnbHBIN HACOC — MOTOK KUJKOCTH HAMPABISIETCS B LEHTP pabodero
KoJeca. BcachiBaromuii 1 HanmopHbIA MAaTPyOKH paclooKeHbI MO yriaoM 90°.

Hacoc «uH—maitH» — KUAKOCTh MPOXOJIUT 4YEpPEe3 HAcOC HaMNPSIMYIO.
BcacpiBaromuii 1 HamopHBIA MATPYOKHU PACIOJIOKEHBI B JTMHUIO OJWH HAMPOTHB
IpYyroro, TMO3TOMY HAcOC MOET MOHTHPOBATbCA HEMOCPEACTBEHHO B
TpyOOIIpOBOI.

Hacoc nByXCTOpOHHEro BXO/a — HACOC C TOPU3OHTAIBHBIM Pa3zbeMOM
KopIryca.

Hacochl ByXCTOPOHHETO BX0/1a — 3TO HACOCHI, KOPIYC KOTOPBIX pa3ieieH
Mo OocH Ha JBe yacTu. Ha ciemyromuMm pucyHke H300pa)k€H OJHOCTYHEHYAThIN
HacoC JIByXCTOPOHHETO Bxoja. Takas KOHCTPYKIMS HCKIIOYaeT BO3HUKHOBEHUE
OCEBBIX CHJI, YTO O0ECIEeYNBACT MPOAOTIKUTEIBHBIA CPOK CIYKOBI MOIIHUITHUKOB.
Kak mpaBuio, Hacochl JBYXCTOPOHHETO BXOJIa MMEIOT JTI0BOJIbHO BbICOKHMM KII/I,
yAO0OHBI B OOCITY)KMBAaHWM M OOJIANAIOT JIOCTATOYHO IIMMPOKHUM JIHAINIa30HOM
pabounXx XapaKTePUCTHK.
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['opu30HTANBHBIT HACOC — HACOC C TOPHU3OHTAIBHO PACIIOJIOKEHHBIM
BaJIOM.

BepTukanbHbIil HACOC — HACOC C BEPTUKAIBHO PACIIONIO0KEHHBIM BaJIOM.

OpHocTyneH4aThlii HACOC — HACOC € OAHUM pabOYHM KOJIECOM.

MHorocTyneHuaTblii HacOC — HAcoC C HECKOJBKMMHU I10CII€0BATEIIBHO
YCTaHOBJICHHBIMU pa0OYUMU KOJIECaMHU.
Hacocel ¢ coenmnuuTenbHON MyQTOH — 3TO HACOCHI C ympyroil My(QToHu,

KOTOpasi COCAMHSET HACOC ¢ diekrponasurareneM. llpu takom Buae coenuHeHus
UCTIONIB3yeTCs Kak 0ObIuHast My(Ta, Tak U My(pTa ¢ IPOMEKYTOUYHBIM 3JIEMEHTOM.

Hacoc ¢ 06bluHOM MyhTOM

Hacoc ¢ MydhTOon C NPOMEXYTOUHBIM M
3NEeMEeHTOM

Ecnu snexktpoaBuraTenb COEIMHEH C HAaCOCHOW YacThi0 C IOMOIIBIO
OOBIYHOW MY(TBI, TO MPU TEXHUYECKOM OOCIYKMBAaHMM HACOCHOW YacTu (3aMeHa
VIUIOTHEHUH) HEOoOXOauM JEMOHTaX diekTpoasurarens. llpm stom 1o
3aBepIICHUH BceX paboT Hacoc HEOoOXOAMMO OTLEHTpoBaTh. Ecim ke Hacoc
OocHameH My(QTOl ¢ MPOMEXKYTOUYHBIM DJJIEMEHTOM, TO TMpPH TEXHHUYECKOM

O6CJIy>KI/IBaHI/II/I HCT HGO6XOI[I/IMOCTI/I B ACMOHTAXC JJICKTPOABUTIATCIIA. B sTtom
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cllydae TakKe He TpeOyeTcs W OTIEHTPOBKA Hacoca (€CIM MPH ITOM TOJIOKCHHE
HACOCHOM YaCTH U AJICKTPOABUTATEIS HE MCHSIOCH).

MoHO0OJIOUHBIIT Hacoc — pabouee KOJECO 3aKpEeIUIeHO Ha Baly
aneKTpoaBUraTesss. MoHOOIOYHbBIE HACOCH! OBIBAIOT ABYX BUIOB:

* Hacochl, B KOTOpBEIX pabodee KOJIeCo pacmojiaracTcsl Ha yIJTMHEHHOM Baly
AICKTPOABUTATESA

» Hacochl, coeTMHEHHBIE CO CTaHIAPTHBIM JICKTPOJIBUTATEIIEM C IIOMOIIBIO
TIIYXOW My ThI WUIH MY(PTHI C IIPOMEKYTOTHBIM 3JICMEHTOM.

KoHCONnbHbIE HACOCh!

Fopu30oHTanbHbIE

/\

OpHocTyneHuarbie MHorocrynexuarbie

N\

C coeauHuTenoHon mydron MoHoO6nouHble MoHo6nouHble

I




«MH-nanH» Hacocb!

Fopu3oHTanbHbIe FopusoHTanbHbie /| BeprukanbHbie

AByXCTOPOHHEro exona /\

OpHocryneHuarbie  MHOrocryneHuarbie

OaHocTyneHuarsie /\ \
/

C coeamHuTenoHOM C coeauHurensHon  MoHOOGnouHble MoHOGNOUHbIE
mycron mycron

[M'uapaBnuyeckue mapaMeTpbl Hacoca JOJKHBI COOOTBETCTBOBATH pabOyuM
pexuMam cucteMbl. IMEHHO 3TH napaMeTphl ONPEIeIIIIOT TUIIOpa3Mep Hacoca.

Pacxo0d. PacxonoM Ha3bIBa€TCs KOJUYECTBO JKUJKOCTH, IPOXOJSIIEE YEPE3
Hacoc 32 PUKCUPOBAHHBIN MPOMEKYTOK BpeMeHU. OOBIYHO UCTIONB3YIOT MOHATHSL:
00BEMHBIN pacxoa U MacCOBBIN pacxos. OObEeMHBIN pacxoj, U3MEPSIEMBbIi B M/c,
XapaKTepu3yeT 00beM KUAKOCTH, TPOXOASAIIEH Yepe3 HAcCOC B €AUHUILY BPEMEHHU.
OTUM MOHATHUEM MOIB3YIOTCS, KOT/Ia TUIOTHOCTh MEPEKAunBAEMOM JKUJIKOCTH MaJIo
MEHSIETCSL OT TEMIIEPATYpPhl, WIK TeMIIepaTypa >KUAKOCTU HE BIUsSET HAa (QYHKIUU
cucteMbl. [IpuMepoM TakuX CHCTEM SBISIOTCS CHUCTEMbl BOJOCHAOKEHMUS.
MaccoBblli pacxol — 3TO Macca KUAKOCTH, TPOXOIAIIEH Yepe3 HACOC B €AUHHUILY
BpEMEHM, u3MepsieTcsi B Kr/c. MaccoBblii pacxojl, Kak BUIHO W3 Ha3BaHUf,
VUYUTBHIBAET IUIOTHOCTh KUIAKOCTU. [loHSTHE «MaccOBBIM pacxoa» MIHUPOKO
MPUMEHSIETCST B TEIUIOTEXHUKE M TUJpOorazoJnuHaMuka. B ruapaBindeckux
CHUCTEMaX MAacCOBBIM pacXOJOM IMOJb3YIOTCS MNPHU pacyeTe CUCTEM OTOIUICHUS,
KOHJIUIIMOHUPOBAHUS U T.II.

Jlaenenue. JlaBnenve xapakTepu3yeT SHEPTHUIO, KOTOPYIO UMEET KUJIKOCTb.
[logoOHO  KkiaccupukauMu  BUAOB  DHEPTUM,  PaA3IMYAIOT  CTATUYECKOE
(moTeHIManbHasg PHEPrus) U JAUHAMUYECKOE (KUHETHYECKas dHEpPrus) JIaBJICHUS.

CymMa 3TUX TaBJICHUN TA€T MOJHOE JaBJICHHUE.
JluHamuueckoe JaBiieHue. [[MHaMu4ueckoe W MOJIHOE JaBJICHHE MOTYT OBITh
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U3MEPEHBI C TOMOIIIbI0 TpyOKu ITuTto (TpyOka monHoro Hanopa). CorjiacHO 3aKOHY
COXpAaHECHUS JHEPTUU, TUHAMHYECKOE IaBIICHHWE MpeoOpa3yeTcs B CTATHYCCKOE
MyTEM CHIDKCHHSI CKOPOCTH TIOTOKA, U HA00OPOT.

11 LML

pcr po6m pnvm

[Ipenmonaras, 9To B CHCTEME HET MOTEPH HA TPEHHUE, CYMMa CTATHYECKOTO H
JTMHAMHYECKOTO JIaBJICHUIN OylleT MOCTOSHHON mo Bcei TpyOe. Takum 00pazom,
YBEJIMYCHHUE AWaMeTpa TPYyObl BEAET K YBEIWYCHUIO CTAaTHYECKOTO HAIopa,
U3MEpPSEMOT0  MAaHOMETPOM. Bo  MHOTMX  THAPABIMYECKHX  CHCTEMax
TMHAMUYECKOE NaBlieHUE P.,;; HE3HAYUTEIBHO MO CPaBHEHUIO CO CTAaTHYECCKUM.
Hampumep, mpu CKOpOCTH JBWIKEHHUS IOTOKa BOAbl 4.5 M/c aUHAMHYECKOE
nasieHue Oyzaet okoio 0.1 Gap.

@
V
—

v, —
D$ _) 1 [ 102
—
A, B
N :
P : Pese

TN Psn




Hanop. Hanop — BelIMYMHA [ABJICHUS KUJIKOCTH, BBIPAXXaeMasi BBICOTOM
cToJi0a XKUJKOCTH HaJ BHIOpAHHBIM YPOBHEM OTCUETA; U3MEPSAETCS B JMHEUHBIX

CANHUIax.

| . 3
s 2 0
2 S S N
| | | |
Mopckas soaa Boaa npu 20°C, Boaa npu 95°C, [AuzenvHoe
npu 20°C, NNOTHOCTBLIO NNOTHOCTLIO macno npu 20°C,
NNOTHOCTLIO 997 Kkr/m®, 960 Kr/m?, NNOTHOCTLIO
1300 Kr/m3, 16ap = 10,2m 16ap =106 m 800 kr/m3,
16ap=73m ‘ 16ap = 12,75m

l

16ap 16ap

13)3 ‘ 1 6ap

Hamop Hacoca ompenensiercss HCXOOd W3 3HAYEHUW JABICHUWA BO
BCACHIBAIOIIEM W HATNOpHOM MarpyOkax. Ecimm mmeercs mepemanm BBICOT MEXKIY
JByMsI TOUKaMU H3MEpPEHHs] HEOOXOJIMMO KOMIIEHCHUPOBaTh 3Ty pasHully. boiee
TOTO, IPY HATWYUHU PA3HUIIBI JUAMETPOB BCACHIBAIOIIETO W HATIOPHOTO MATPYOKOB,
(dakTHUECKWil HAMOp TaKXe MOJDKEH OBITh CKOPPEKTHPOBAH C YUYETOM JTOH
Pa3HUIIBL.

Ypasnenue mnanopa. Ha cnenyromemM pHCyHKE NpPEACTaBI€HAa YacTh
HEPa3pBIBHOTO MOTOKA KUIKOCTH B TPYOOIIPOBOJIE.
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[ToTOK XKHAKOCTH, MPOTEKAIOIIMI 4Yepe3 JBa PACCMATPUBAEMBIX CECUCHUS
TpyOompoBoga "T" mpencTaBiseT IMIOCKOCTh OTCUETAa [JIi TE€OMETPUUYECKUX
HanmopoB hq W h,, Py u P, naBnenus xuakoctv, a V; UV, cKopocTH MOTOKa B
ceueHusx 1 u 2.

[Ipeanonoxkum, 4TO MEXIy ABYMSI pacCMaTpUBAEMbIMU CEUCHUSIMU | U 2
OTCYTCTBYET IMOJBOJI JSHEPrMH K JKHUJIKOCTH WM OTBOJ DJHEPIUU OT HEE.
[IpeanonoxkuM Takke, YTO B JKHAKOCTH OTCYTCTBYIOT CHJIBI TpeHHs. Takum
o0pa3om, MoJHasi SHEPrus >KUJAKOCTH, OTHECEHHAs] K TOPU30HTAIBHOUN MIOCKOCTH
orcuera "T" B JABYX paccMaTpUBaEeMbIX CEUEHHUSIX, JOJKHA OBbITh WJECHTUYHOM.
[lonHast sHEprusi COCTOMT W3 MOTEHIMAIbHOW SHEPrUH, DHEPTUM [ABJICHUS U
KUHETHYECKOW DHEPruH, OHHEPrus YacTUYKU JKUAKOCTH Maccou '"m" B
paccMaTpUBaeMbIX CEUYEHHUAX OyJeT ompeieieHa CIEAyIOUMMUA COCTaBHBIMU
YaCTSIMHU:

Ceuenne 1 2
[ToTeHuuanbHast SHEPTUS mgh, mgh,
3 f P
Heprusi 1aBIeHUS mg <—) mg <_)
PY PY
2 2
Kunernueckas sHeprus m;/1 mgz

Jl7ist moToKa, B KOTOPOM OTCYTCTBYIOT NOTEPH, MOJHAS SHEPTUsl B CEUCHUSX
1 u 2 Oynet uIEHTUYHOM, T.€.:

P mV2
1> n 1

P,\ mV}
mgh, + mg <E > ) + :

= mgh, + mg <E >

PazgenuB 06e yacTu ypaBHEHUs Ha BEJIMUKUHY "mg", HOIyYUM:

P, VP P, V}

+ .
pPg 29 pg 29

DOTO ypaBHEHME HA3BAaHO YpaBHEHHEM bepHyIIM, B 4YECTh WHXKEHEPA,
KOTOPBIM BHEpBbIE BbIBEN €ro. YacTu ypaBHEHUS MPECTABISIOT COOOM HAMOpHI U
HA3bIBAIOTCSI T€OMETPUYECKHM HAOPOM, IMbE30METPUYECKHM HAIOpOM U
CKOPOCTHBIM HaropoOM COOTBETCTBEHHO.

JIaHHO€ YpaBHEHHE SIBJISETCS OCHOBOIIOJAralOlMM B THUAPOJAVMHAMHUKE U
MOXKET OBITh UCIIOJIB30BAHO JIJI pacuy€Ta MHOTUX TUAPOJIUHAMUYECKUX MPOILECCOB,
TAKUX KAaK MaJCHUE IABJICHUS, BI3BAHHOEC YMEHBIIEHUEM IUIOLIAAN MMONEPEYHOT O
CEUYEHHMs MOTOKAa. B 3TOM cilyyae CKOPOCTh MOTOKA >KUAKOCTH PACTET, aTak Kak
MOJIHBIN HANOP AOJDKEH OCTAaBAThCS MOCTOSIHHBIM, TO €r0 NMbE30METPUYECKAS WIIH
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CKOPOCTHAsl COCTABJISIOLIAs YMEHBIIATCS.
Ecnu B noToke, mpoTekaromeM yepes3 ceueHus | u 2, IpucyTCTBYIOT IMOTEPH,
TO YpaBHEHHE Haropa OyAeT BBIIVIAIETh CAEAYIOINUM 00pa3oM:

R N S L
YWpg 29 7 pg 29

rae H cOOTBETCTBYET IIOTEPE HAIOPA.
Ecaim nmyrem ycTaHOBKM Hacoca MEXAy CEUYEHMSIMH | UM 2 K TOTOKY
MOJIBOJIUTCS SHEPTUs, TO YpaBHEHUE OyI€T UMETh CIEAYIOINNA BU:

TR WL SN S
'pg 29 T pg 29

rae H ecTh MOJHBIN HAMop Hacoca.
Toraa ns HaXOXKAEHUS MOJHOTO HAIIOpa HacoCa MOKHO 3aIHCATh:

P,—P VZ —VE
H = :+(h2_h1)+u_
P9

29

s\

V4
"N
L7

Ilpumep pacuema. Hacoc yCTaHOBJIEH B CHCTEME CO CIEAYIOLUMU
napamerpamn: Q = 240 m/a, Py = 0.5 6Gap, P, = 1.1 6Gap. IlepexaunBaemast
xuakocTs: Boxa npu 20°C. Jlmamerp BcackiBarouiero natpyoka D; = 150 mm.
Jluametrp HamopHoro mnatpyoka D, = 125 M. Pa3Huna BbBICOT MeXAy ABYMS
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natpyokamu, rje yctaHoBjieH MaHoMeTp (h, — hy) = 355 mm.
Tenepb 1Mo 3TUM TaHHBIM MBI MOKEM PACCUMTATH BHICOTY HAIopa Hacoca:

P, — P, 80%2/1 1
H=———+Mh,—h)+—|—=——=
A=AV T
240 \?
_1.1-105—0.5-105+(0355)+8(m) ( 1 1 )
B 998 -9.81 ' 9.81-3.142\0.125* 0.150%
=7.26 M.

Kak BugHO u3 pacdera, mepemaj OaBi€HUN, 3aMEPEHHBIA MaHOMETPOM,
npumepHo Ha 1.1 M Hmwke Qaktudyeckoro 3HadueHUs. OOBICHAETCS 3TO
ciaenyromuM. Bo-TiepBbIX, 3TO OTKJIOHEHHUE SIBISIETCS MPUYMHOW HMEIOIICHCS
pa3HULIBI BBICOT MEXAY YCTAaHOBICHHbIMU MaHOoMeTpamu 0.355 M u, BO-BTOpBIX,
ATO O0YCIIOBJICHO Pa3HUIIEH TUaMETPOB JIBYX NaTpyOKoB, B 3TOM ciydae 0.77 M.

Ocnognoe ypasnenue nacoca. OCHOBHOE ypaBHEHHE HACOCA UCIIOJb3YETCS
JUISL pacyeTOB MPHU MPOCKTUPOBAHUM T'€OMETPpUUECKUX (OPM U pa3MEpOB HACOCOB
HeHTpoOexxHoro Tuna. OCHOBHOE ypaBHEHHME HAcoca TaK)Ke HCIHOJIb3YETCs st
BBIBEJICHUSI XapaKTePUCTUKN Hacoca O—H.

Ha pucyHke mnpuBeneHa JjomacTe pabodero Kojieca Hacoca €
TPEYTrOJIbHUKAMU CKOPOCTEH Ha BXOJ€ U BbIXOJe. AOCONIOTHAas CKOpPOCTh
KUJKOCTU V, OTHOCUTENbHASI CKOPOCTh W, OKpy’KHasi CKOPOCTh pabouero kojeca
U, TaHreHIMaidbHas COCTaBJAIONIAsA aO0COTIOTHOM CKOPOCTH JKUAKOCTH V, H
paauanbHas COCTABISIOIIAS V.

OTHOCHUTENBHAS CKOPOCTh MapajuielibHa JIONACTU B JIIO00M 3aJJaHHON TOUKE.
Kpowme Toro:
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V1 = Vicos(ay) u Vo = Vycos(ay).

B3gs 3a ycnoBue, 4TO MOTOK HE MMEET IIOTEPb, 4 YMCIO JIONACTEN HE
OTPAaHUYEHO, UCIIONb3Ys 3aKOHBI MEXAHUKH, MOKHO BHIBECTU OCHOBHOE YPaBHEHUE
TEOPUH HACOCOB. JTa COOTHOLICHUE M3BECTHO KAK YpPaBHEHHE ODWiepa, KOTOPOE
BBIpAYKAETCS CIEIYIOIIMM 00pa3oMm:

1
Htoo = g(UZVuZ - U1Vu1)-

rje UHAEKC (f) OTHOCHUTCS K MOTOKY 0O€3 moTepb, a MHAEKC (00) OTHOCUTCS K
YCIIOBHIO, YTO YHUCJIO JIONacTeid Hacoca OECKOHEYHO, 4YTO O0O€eCleYyuBaeT
ONTUMAJIbHOE HAIIPABJICHUE MOTOKA KUIKOCTH.

B peanbHOM Hacoce HU OJIHO U3 ATUX MPEANOJIOKEHUN HE MOMXKET OBbITh
peaM30BaHO, MOCKOJBKY BCErJa MMEIT MECTO MOTEpU OT TPEHHs, a KOHEYHOE
YUCJIO JIONACTEN HE CMOXKET HAPABUTh MOTOK MOJHOCTHIO COTJIACHO HAINPABICHUIO
JIOTIaTKH.

CHmKeHue Hamopa, BbI3BAHHOE TMOTEPSIMU B TMOTOKE, YUUTHIBACTCS
ruapasindueckum KIIJ (77), a cHKeHuE Hamopa 3a CYET OTKIOHEHHUs OT
UJCATBPHOTO  yrila 3,  yYWATHIBAETCA  MOMNPABOYHBIM  KOI(PPHUIIUEHTOM,
VUYUTHIBAIOIIMM KOHEUHOe uucio Jjonacted (k). IlpuHumas BOT BHHMaHUE
BBIIIECKA3aHHOE, ypaBHEHUE Oilyiepa AJid peajbHOro Hacoca OYJET BBITJIAAETH
CJIeAYIOIIHUM 00pa30M:

Nh
H = ?(kUZVuZ — U1Via).

OOBIYHO 1EHTPOOEKHBIE HACOCHI MPOEKTUPYIOTCS € YoM @ = 90°,
caenoBarenbHo V,; = 0.
Takum 00pa3oM, OCHOBHOE yYpaBHEHHE HAacOca yMpoIIaeTcs 10 BUJA:

o= knhUZVuZI
g

Xapaxkmepucmuka nacoca u nomepu. VlneanbHelii Hanop, pacCUUTAHHBIN
[0 ypaBHEHWIO OJWjepa, HE 3aBUCHUT OT BEIWYMHBI pacxoma nortoka (. Ecmum
n300pa3uTh Ha JuarpamMMme Xapaktepuctuky Hacoca (—H;,, ToH;, Oyner
MpeacTaBiIeHa mpsAMoN JmHUel. PeanpHas Xapaktepuctuka Hacoca O—-H
MOJIy4yaeTcs MyTEM BBIYMTAHUSI U3 UACATBbHOM TMOTEPH, CBSI3AHHBIE C BIHUSHUEM
KOHEYHOT'O YHCJIA JIOMATOK U IPYTUMHU MPOLIECCAMU, TPOUCXOISIIMMU B HACOCE.

BisiHne KOHEUHOro yucia JIonacTen

Kak Ob1710 0OTMEYEHO paHbllle, KOHEYHOE YUCIIO JIoMacTeil B paboueM Kojece
CHUKAeT Hamop 3a cyeT mnompaBouyHoro koddduimenta (k). C yueroM 3TOro
MOJIOKEHUSI PACCUUTHIBACTCS TEOPETUUYECKUN Hamop H;, KOTOpBII MOXKeT ObITh
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BBIpa>KeH Cﬂeﬂy}OH_H/IM ypaBHeHI/IeM:
Ht ES kHtOO

Benuuuna H; He sBigeTcs aOCOIIOTHO JIMHEWHOM, TOCKOJIBKY MOMPAaBOYHBIM
Kod(ppuumeHT (k) HEeMHOro 3aBUCUT OT BEJIMYMHBI pacxoaa motoka (. Ilagenue
Hamopa C BenuuuHbl Hi,, 10 H; BBI3BIBa€TCS HE NOTEPSIMU B IIOTOKE, a
OTKJIOHEHUSIMH KUJKOCTH OT HUACAIBbHBIX YIJIOB INOTOKA BCIJIEACTBUE HAIUYMS
KOHEYHOT0 YHCJIa JIonacTel B paboyem KoJece.

Ilomepu na mpenue. Ilorepu Ha Tpenue fy BOSHUKAIOT IIPH IMIPOXOKIACHUH
MIOTOKAa CKBO3b KaHalbl paboyero koseca U kKopmyca Hacoca. OHH BO3pacTaroT
NpUOJIU3UTENBHO B KBaIPATUYHOM 3aBUCUMOCTH OT BEJIMYMHBI pacxoa noroka Q.

Ilomepu 3a cuem paspviea cnaownocmu nomoka. llotepu 3a cyer
pa3pbIBa CIUIOIIHOCTHU NOTOKA /1; BO3HUKAIOT B CIECAYIOIINX 30HAX:

® Ha BXOAHBIX KpOMKax JIONACTEeH, /i€ KUAKOCTb yJIapsieTCss O KPOMKY. ODTH

NOTepM MUHUMAJIbHBI B PAacCUYETHBIX pabOYMX TOYKAX Hacoca, TaMm, T[Ie

KHUJIKOCTh CTAJKUBAETCS C JIOMACTSAMHU MMOA YriioMm jomactu f3;. I[lorepu

BO3pACTAlOT [0 MEpE YBEIMYEHHs OTKJIOHEHHUs (PaKTUYECKOIo yria MOoToKa

OT pacyeTHOT'O yIJIa JIONACTH;

losses W)

Q> ON

® [OTEPU HA BBIXOJHOM KPOMKE BO3HHMKAKOT BCJIEACTBUE ''HEIOKPYTKH"
MOTOKA JIOMATKOM Kojeca. DTH MOTEpU BO3PACTAIOT MPUOIUZUTENHHO B
KBaJpaTUYHOM 3aBUCUMOCTH OT BEJIMYMHBI pacxoja MOTOKa;

® B KOpIIyce Hacoca MpH BEIMYMHAX pacXoja MOTOKA OTIIMYHBIX OT PACUETHBIX
3HA4YEeHUH, KOT/1a CKOPOCTh MOTOKA B OTBOJSIIIEM YCTPOUCTBE OTIMYAETCS OT

CKOpPOCTM Ha BBIXOJE H3 pabodero kojeca. Pa3nmuuus B CKOPOCTAX

MOPOXKIAET SABJICHUE TYpOYJIEHTHOCTH, KOTOPOE€ HPHUBOAUT K MOTEPSM,

BO3pPACTAIONIMM C POCTOM HECOOTBETCTBUA MEXKIY (HAKTUUECKUMHU U

pPacyYETHBIMU PacxoJlaMH MOTOKa.

Ilomepu na ymeuku. Ilotepu Ha yreuku [, BO3HHUKAmOT B 30HE 3a30pa
Mexay paboduM KoJecoM M KopnmycoM Hacoca. Jlaxke eciau 3TOT 3a30p Oyner
MOJAICP>KUBATHCA HA MHUHHUMAJIBHO BO3MOXHOM YpOBHE, HeOOJblliie OOpaTHbBIC
MOTOKUA KUAKOCTH OyIyT TMPOHUKATh U3 30HBl BBICOKOTO JIaBJICHUS,
PaCIIONIOKEHHOM Ha BBIXOJE M3 pabodyero koijieca, B 30HY HHU3KOrO JaBIICHUS,
PacIONIOKEHHYIO Ha BX0Ji€ B pabouee kosieco. Takum oOpa3om, MOTOK KUJKOCTH,
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MPOXONAINNA depe3 pabodee KoJeco, HE3HAUYMUTEIHHO MPEBBINIACT TOTOK, Ha
BbIXOJIe W3 Hacoca. Hamop Hacoca yMmeHbIIAeTcs, 3a CU€T CHIKEHHs pacxoja,
pa3HUIla HAOPOB MPEICTaBIsIeT cOO0M moTepH 3a cuéT yTeuek H,,.

Ilpouue nomepu. B TEHTPOOESKHBIX HAcOCaX MPUCYTCTBYIOT U JPYyrUe
MOTEepH, KOTOPhIC, HE OKA3bIBasi BIUSHUS Ha XapakTepucTuky O—H, TeM He MeHee,
TpeOYIOT YBETUYCHUS MOIIHOCTH Ha Baly ABUTaTENs. K 3THM MOTEpsiM OTHOCSATCS

® [OTepUM HA TPEHWE HAPYXKHOU IMOBEPXHOCTH PAOOYMX KOIEC O KUIKOCTH

(n11CcKOBOE TpEHUE);

® T[IOTEpU HA TPCHHE B YIDIOTHCHUSIX BaJia IBUTATEIIS,
e [loTepu Ha TpeHHME B MOAITUITHUKAX.

Bnusinne noteps Ha paboOTy Hacoca MOKa3aHO Ha CIEAYIOIIEM PUCYHKE.

H YmeHbweHue pacxona xuakoctuQ,
BbI3bIBaEMOE NOTEPAMM HaA yTeuku H,

BNusHMe KOHeYHOro Yucna
nonartok paboyero xoneca Hy

MoTepu Ha Tpexue H,

' MoTepw 3a cueT pa3psisa
N 3 CNNOWHOCTY NOTOKA H,

Hy,

Qn Q.

Kasumayua u kaeumayuonnstii 3anac (NPSH). Kaputanus oOpa3zyercs
MpY BO3HMKHOBEHWHM W Pa3pYLICHUH IYy3bIPHKOB Tapa B KUAKOCTH. Ily3bIpbKu
mapa oO0pa3ylTcs MNpH YCIOBUH, KOTJa MECTHOE CTaTHMYEeCKOe JaBJICHHUE B
JBIDKYIIIEUCS JKUAKOCTH TOHWKAETCS /10 YPOBHS JaBJICHUS HACBIIICHHBIX IapOB
WM HIDKE €ro MOpu TeMIepaType okpyskaromiei cpeabl. Korma my3sipek uiu
MOJIOCTh TEPEeMEIIaeTCsl ¢ MOTOKOM B 30HY BBICOKOTO aBJCHHS, OH OBICTPO
paspymiaetca. B3pblB my3blpbka TPUBOAUT K BO3HUKHOBEHHMIO B JKHUIKOCTH
BPEMEHHOM YJIAPHOW BOJIHBI YPE3BBIYAHHO BBICOKOTO MECTHOIrO JaBjieHMs. Eciu
B3PBIB IY3bIPHKOB MPOUCXOIUT BOJM3U MOBEPXHOCTH, yAaphl JABJICHUS, €CIIU OHU
BO3HUKAIOT ITOCTOSHHO, B KOHIIE KOHIIOB, pa3pylIaT MOBEPXHOCTHBIN MaTepHal.

[lepexaunBaeMasi KUJIKOCTh yHIapseTCd O BXOJHYIO KpPOMKY JIOMACTH
paboyero koJsieca MOJA YIVIOM OTJIMYHBIM OT YyIJIa JIOMATKA. BUXpU W 30HBI
MMOHMYKEHHOT'O JIaBJICHUS O0pa3yroTcss Ha oOpaTHOM CTOpoHE pabodero KoJjeca.
Ecnu naBrneHue CTaHOBUTCS HHKE JABJICHHUS HACHIIICHHOTO Iapa, TO BO3HUKAIOT
My3bIpbKU Tapa. I[lepemMecTUBIINCH, COBMECTHO C MOTOKOM B 30HY IOBBIIIEHHOTO
JABJICHUsI, OHU HEHW30EKHO B30OPBYTCA. ITO MOXKET IMPUBECTH K OOPA30BAHUIO
PAaKOBHMH W KOPPO3UMH Ha IOBEPXHOCTH, PACIOJIOKEHHOW PSJIOM C 00JIACTBIO
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IIOBBIIIICHHOI'O JaBJICHMA.

B3pbiBaroLWwMecs
Ny3bIpbK¥ Napa

My3bipbkut Napa

(Q>Qy)

Vi

SIBneHne KaBUTAMKU OOBIYHO BO3HUKAET B IIEHTPOOEKHBIX HAcOCaX B
MECTaxX, PAacHOJIOKEHHBIX BOJM3M BXOJHBIX KPOMOK JIOMAacTed paboyero kojeca.
KaBuranuss MoxeT Takke IOHU3UTh XapakTepuctuky (—H Hacoca u ero
s dexrrBHOCTH. KaBuTHpYIOIINI HACOC U3/IA€T XapaKTEPHbIN Apede3Kauui 3BYK,
Kak OyJTO uYepe3 HacoC MpoKauuBaeTcs IMecok. Hu oIMH U3 Marepuanos,
UCIIOIb3YEMbIX B KOHCTPYKIIUH HACOCOB, HE CMOKET MOJHOCTHIO MPOTHUBOCTOSITH
KaBUTALIMKM, TO3TOMY HEOOXOAMMO MPOSIBUTH 0CO00€ BHHUMAaHUE CUTYaILUSIM,
CO3/IAI0IINM YTpO3y BOBHUKHOBEHUSI KaBUTAIIUU.
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Cnenpl W3HOCA OT KaBUTAIIMUM OOBIYHO HOCST JIOKAJbHBIM XapakTep u
MPEACTABISAIOT COO0N I1yOOKHE MOBEPXHOCTHBIE PAKOBUHBI C OCTPBHIMU KpPasiMU.
['myOGuHa 3TUX paKOBUH MOKET JIOCTUTATh HECKOJIbKUX MUJIITUMETPOB.

OO6bIuHO paboume XapaKTepUCTUKU HACOCOB, OMyOJMKOBAHHbBIC /JI1 HACOCOB
MOTPYKHOTO THUMA, MPEACTaBICHbl TakuM o00pa3oM, YTO B HOPMAaJIbHO
YCTAHOBJIEHHOM B XUJKOCTH HACOCE KABUTALIMS HE BO3HUKHET JI0 TE€X IOP, MOKa
YCJIOBUSL €ro JKCIUTyaTallud OyJIyT HaxOJUThCsl B JIOMYCTUMBIX IIpejenax
xapaktepuctuku O—H.

Ecnn Hacoc morpyKHOro THIIAa YCTaHABIMBACTCS B CyXOM HCHOJIHEHHUH C
MCIIOJIb30BAaHUEM BCACBHIBAIONIETO MAaTPyOKa, TO B 3TOM CHUTYyallMd HEOOXOIUMO
MPOBEPUTH 00OPYAOBaHUE HA BO3MOXHOCTh BOSHMKHOBEHHUS KaBUTaluMU. B Takux
CiIy4asix ucrojbp3yerca konuenuus NPSH.

Onpeoenenue NPSH. NPSH sBnsieTcs aHaioroM MOHSATHS KaBUTAIIMOHHOTO
3amaca M NEPEBOJUTCS Kak ''CyMMAapHBIM HAmop BCAChbIBAHUS NPU HArHETAHHM'.
[TpuBeeHHBIC HUXKE BEIMYMHBI UCTIONB3YIOTCS TIpHU pacuere Benudnasl NPSH: hy
— BBICOTAa BCAChIBaHUS;, hy — Pa3HOCTh BBICOT MEXIY IUIOCKOCTBIO OTCUETa H

KOHIIOM BXOJHOM KPOMKH JOmacTH pabodero koiseca; h,; — IMOTEPU IOTOKA BO
2

V. .
BCAChIBAIOIlEM MaTpyOKe; i — CKopocTHOM Hamop; Ah — wmecTHas moTeps
JaBJICHUS HA BXOJHOW KpOMKE JomacTu pabouero koneca; P, — mnaBieHue

OKpYXalUIEH Cpelbl HA YPOBHE KUIAKOCTHU; P,,;,, — MUHHMaIbHOE CTAaTHYECKOE
JABJICHUE B Hacoce; P, — naBiieHUE HACBIIIEHHBIX NapOB.

o9 - -
‘[— FOPU30HTaNbHbIM HACcoC BepTukansHbIi HAcoc

1 Ah MusumansHoOe nasnexue

NPSH 2

Tpebyemslit Vo MnockocTs oTYeTa

Pp
Pg

B nensx uzOexaHus KaBUTAIMM MUHHMMAaJIbHOE CTAaTUYECKOE JIABJICHUE B
Hacoce JIOJDKHO OBbITh OOJIbIIE JAaBJICHUS HACKHIIIICHHBIX MTAPOB KUJKOCTH.

IInockocmov omcuema. ILIOCKOCTBIO OTCYETa SIBIAETCS IJIOCKOCTH, C
MoMOIIbI0 KoTOpoi mnpousBoautcs pacuer NPSH. Ona npencramisier coOoi
TOPU3OHTAIBHYIO  IJIOCKOCTh, MPOXOJSIIYI0 4Yepe3 LEHTP OKPY>KHOCTH,
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OMHUCHIBAEMOM KOHIIOM BXOJHON KpPOMKH Jiomactu pabouero koseca. Jlus
TOPU30HTAJIBHO YCTAHABIMBAEMBIX HACOCOB IUIOCKOCTh OTCUETAa COBHANACT C
OCEBOM JMHHEN Bana ABurarens. i BEpTUKAIbHO YCTAaHABIMBAEMBIX HACOCOB
ITOJIO’KEHHE TUIOCKOCTH OTCUETA ONPEAEISETCS POU3BOIUTEIIEM HACOCA.
[ToTpebnas Benuunna NPSH mosxet ObITh HailieHa U3 ypaBHEHHUS:

2

V,
NPSH,orp. = hg + i + Ah.

Oto ypaBHeHue Takke HazbiBaercss "NPSH Hacoca". OHO MoOxkeT ObITh
npeAcTaBieHo B Bujae ¢GyHkuuu pacxoma. [IpomsBoauTens Hacoca o00s3aH
o0o3HaunTh napamerpsl NPSH B Busie ipOBBIX BEIMYHH WK rpaduka.

JIro6oi1 Hacoc B ACUCTBUTENBHOCTH OyAET MUMETh pa3IMYHbIC 3HAUYCHUS
NPSH B 3aBUCHMOCTH OT OINpEIEIICHUs KOHKPETHON cuTyanuuu. B cooTBeTcTBUU C
YCTAHOBJICHHBIMU TapaMeTpaMy UCHBITAaHUN, UCIOJIb3YEMBbIMU MPOU3BOAUTENSIMU
HacocoB, BenmnunHaNPSH o, . onpenensercst ncxonst u3 CUTyaluu, IpH KOTOPOH
BEJIMYMHA HAmopa Hacoca yMeHbIIaeTcss Ha 3% BCIEACTBUE KAaBHTAMHU. JTOU
BEJIMYMHE NMPUCBOEHO HanMeHoBaHne NPSH.

Pacnpenenenne cTaTUYecKoOro sSIBJICHUSI BO BCAchIBaloIeM NaTpyOKe, Hacoce
Y HaropHOU TpyOe MoKa3aHO Ha PUCYHKE.

Cratuyeckoe nasnexue Xuakoctu

>

S LB

Haumerbwee nasnexue 8 Hacoce

Pb
09

Dasnexue HacCbIWEHHbIX Napos

ABcontoTHoe nasnexve = 0
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T

a — nepeaHAA Kpomka

- b nonarok pabouero
Koneca

b — 3aaHAAR KpomKa

nonarok pabouero

[Jasnenue, Na

P, Koneca
[asneHuve
HaCbIWEeHHOro
napa
Bxoa pabouero koneca Bbixoa pabouero koneca

a — nepeaHAA KpoMkKa
nonarok pabouero
Koneca

b — 3aaHAA KpomKa
nonartok pabouero

Koneca

B3pbiBatowmecn
ny3bipbKKU napa

Jlerkast kaBUTalMsI MOXKET CUMTATHCS JJIs1 Hacoca 0€30MacHOM MpU yCIOBHH,
YTO BOJIM3UM €r0 KOHCTPYKTHBHBIX 3JIEMEHTOB, TaKMX Kak pabouee KoJjieco, He
Ha0I0/1aeTcsl B3PHIBOB MY3bIphKOB Mapa. PazOpoc 3nauenuit paznumunbix NPSH
JIOCTUTAaeT OOoJIbIlIe BEIWYMHBI B Hacocax C pabdodyvM KOJIeCOM, B KOTOpPOH
YCTaHOBJIEHO MHHUMAJIbHOE 4YHCIIO JionacTed. Tak, oAHOJOMAacTHbIE paboune
Kojieca oOsanarT HaubonbliuM pa3OpocoMm 3HaueHuid mnapamerpa NPSH,
YUYUTBHIBAIOLINX pa3indue, BbI3pIBacMoe najgeHueM napamerpa NPSH;, npu stom
TECTOBBIC HUCIIBITAHUS JIaBaJM CIWIIKOM OJarompusiTHbIE pe3yiabTaThl. [loaTomMy
napamerp NPSH,,.,, Oasupyrommiics Ha mnpaBuie 3% OT YCTaHOBIECHHOM
BEJIMYUHBI, SBJISIETCA CJIa0bIM OCHOBaHUEM JJISI OIIEHKH PHUCKA BO3MOXKHOIO
BO3HUKHOBEHHUS KaBHUTAllMM I[PU HCMIOJIb30BAaHUM HAacoca C MHUHUMAIbHBIM
KOJIMYECTBOM Jjionacteil B pabouem koinece. ITapamerp NPSH o, yKa3biBaeMbiit
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MIPOU3BOJUTENIEM Hacoca B MPUHUUIE JOHKEH TapaHTUPOBAaTh Oe3aBapUilHYIO
paboTy Hacoca B ciy4ae, €CiIM Hacoc OylneT 3KCIUIyaTHpPOBAThCS B YCIOBHSX
MPEBBILIEHUS TAHHOTO MapaMeTpa. ITO OCOOEHHO NPHHIMIHAIBHO JJIs HACOCOB,
NEePEKAYMBAOIINX CTOYHBIE BOJBI U B pabodyeM KOJece KOTOPhIX UMEETCS Majoe
Koau4uecTBo Jonacteil. [Ipobnema 3akiatoyaeTcs B TOM, YTO B JAHHOM Clly4yae He
CYLIECTBYET TOYHBIX METOJOB HCIBITAHUNA W YCTAHOBJIEHHSI COOTBETCTBYIOILKX
3HayeHuil napamerpa NPSH.
Paznuunslie smropel napamerpa NPSH noka3zansl Ha cieayromeM pucyHKe.

NPSH wesHe (KaBuTaUMM HeT)

NPSH HaYano Wymoe

nesH HauaN0 U3HOCa matepuana

wesH, 0% NOTEpL Hanopa

s, 3% NOTEPL HaNopa

Bauanue eazkocmu dcudkocmu Ha Xapakmepucmuku UeHmpoOeHcHO20
Hacoca. [lepekaunBaHNe BSI3KUX KUJIKOCTEH, UMEIOIINUX 00Jee BHICOKOE 3HAUEHUE
BSI3KOCTH W/WJIU TJIOTHOCTH, YEM BOJIa, CKa3bIBACTCSl HA pab0YMX XapaKTEPUCTUKAX
LEHTPOOEKHOTO HACOCa MO—Pa3HOMY:

* VYBenuuuBaeTcs MOTpedssieMas MOIIHOCTh MJisi OOECIEUeHUs] TeX XKe
napameTpoB H—Q, 4Tto u s paboThl ¢ BOJOM, T.€. HECOOXOAUM 0O0J€€ MOIIHBIN
AIEKTPOJABUTATEND

» Hamop, pacxon u KIIJI Hacoca cHmxkarorcs.

Kunema-
Temneparty- | lnor-
TUUecKan
Xuakoctb pa XXuAKoc- | HOCTb
™t (°C) (xr/m?) i dle
v (cCr)
Bona 20 998 1,004
BeH3unH 20 733 0,85
Onuekosoe
RS 20 900 93
()
50% nponuneH 20 1043 6.4
MUKOIb
O,
50% nponuneH 20 1061 68.7

MWUKOINb
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Paccmotpum mpumep. Hacoc ucnonb3yercs AJisi iepeKaurBaHUs KUAKOCTH
B CHCTEME OXJAXKJCHUS, TeMIepaTypa nepekaunpaeMoi xxuakoctu Huxe 0°C. Bo
n30exaHue pasMOPAXKUBAHUS CUCTEMBI, B BOAY ObLI 100aBlieH aHTU(PPU3 THUIIA
nponwiedH raukoisa. [lpu poOaBneHuu aHTU(pU3a, TOAOOHOTO TIJIMKOIIO, B
MEepPEeKauNBaAEMYIO JKHUJIKOCTh, OHA MPUOOPETAET CBOMCTBA, a0COIIOTHO OTJIMYHbBIC
OT BOJIBI.

OTU CBOMCTBA JIOJKHBI OBITH MPUHSATHI BO BHUMAaHUE MPU MPOEKTUPOBAHUU
cucteMbl U moadope HacocoB. Kak ObLI0 ymoMsSIHYTO paHee, JJif KUIKOCTEH C
0oJjiee BBICOKOM IUIOTHOCTBbIO HEOOXOIUM SJIEKTPOJBHUrareiib 0oyiee BBICOKOMU
MonrHocTH. Tak kak Oosiee BbICOKasl B3KOCTb BEJIET K CHUXKEHHIO HAIopa, pacxoja
u KIIJI Hacoca, 3To npuBeneT K yBEIUYCHUIO TOTPEOIIEMON MOIIIHOCTH.

G

H,P,n

Buvioop nacoca ona smcuokocmu ¢ anmugpuznvimu npucaokamu. Pabouue
XapaKTEPUCTUKHA OOBIYHO OMHUCHIBAIOT pabOTy Hacoca MpHU MEPEeKadYMBaHUN BOJIBI C
temreparypord okoso 20°C, T. €. KOrja KMHEMaTHYEeCKas BS3KOCTb IPHUMEPHO
paBHa 1 c¢Ct m miaotHocth — 1000 KT/M-. [Ipy wucmonb30BaHMM HACOCA IS
NepeKaunBaHus KUJIKOCTH, COoAepkailed antudpus, ¢ temneparypoit Hmxe 0°C,
HEOOXOUMO YAOCTOBEPUTHCA, CMOXKET JIM HAcoc OOECHeYUTh HEOOXOJUMBbIC
pabourie mapaMmeTpbl WM HYXEH OoJjiee MOIIHBIA 3yeKTpoaBuraTens. Jlanee
MPUBEJICH  YNOPOILIEHHBIH  METOJA, HUCHOJb3YEeMbId IS  KOPPEKTHUPOBKHU
XapaKTEPUCTUK HACOCOB M CHCTEM, pabOTAIOIMIMX C KUAKOCTIMHU C BA3KOCTHIO OT 5
o 100 ¢cCt 1 MmakcuMalbHOHU ITUIOTHOCTHEIO 1300 Kr/M. DTOT METOJ MEHEE TOYECH,
YeM METOJI aBTOMAaTH3UPOBAHHOIO IMMOA0Opa Hacoca I BI3KUX M TIJIOTHBIX
KUJIKOCTEH.

3Hass pabouyro TOuky (QOs, Hs) U KUHEMaTHYECKYI0 BSI3KOCTb
MepeKavyBaeMOM JKHIAKOCTH, MOXXHO OMNPEACIUTh IOMPABOYHBIN KOd(PHHUIIUESHT
U1 Hatopa H u MouHocTH Ps.
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OmnpenenuB mno rpadukam 3HaueHuss ky U  kpy, Mbl MOXEM HaWTH
SKBUBAJIEHTHBIM HANOP JISI YUCTOM BOAbI H,, U CKOPPEKTUPOBAHHYIO MOIIHOCTH
Bana P,g o cnenytomen popmyse:

Hy,, = kyH; n Pys = kpy Py, (5_:/)-

[logbop  Hacoca  OCHOBBIBa€TCS HAa  TEXHUYECKUX  JAHHBIX U
XapaKTEPUCTHUKAX, MPEACTABICHHBIX Uil BOAbl. Hacoc HOIKEH yIOBIETBOPSTH
xapaktepuctuke (O—FH, ¥ BIEKTPOABUTraTellb JOJDKEH HMETh MOIIHOCTb,
JOCTATOYHYIO JIJIsl 00€cIeueHrs MOITHOCTH Ha Bally Hacoca Pog.
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Ha pucyHnke moka3zaHa mocieAoBaTeIbHOCTh MOAOOpa Hacoca U MPOBEPKHU
AIEKTPOBUTATEIIS 110 TOTPEOHOM MOIITHOCTH.

Ilpumep pacuema. upKyIAUMOHHBIA HACOC B CHUCTEME OXJIAXKICHUS
MEPEeKaYnMBaAET JKHUAKOCTh C coaepkanueM 40% TponuiaeH TIUKOAS TpH
temmeparype —10°C. IIpu sToM Tpebyemsiii pacxox Os = 60 M/4 1 TpeOyeMmblit
Hanop Hg = 12 M. 3Has TpeOyemyro pabouyr0 TOYKY, MOXHO Hailtu O—-H
XapaKTEePUCTUKY JJIsl BOJBI U MOJ00paTh HAcOC JJIs 3aJJaHHbIX TapameTpoB. [locie
TOr0 Kak Mbl MOAOOpaIud HACcOC, HYXXHO MPOBEPUTh, OOECIEUUBAECT JIH
ANEKTPOABUTATENL TPeOyeMyH0 MOIIHOCTh Ha Bally Hacoca. JKuakocTh umeer
KMHEMaTH4YeCKyI0 BI3KOCTh 20 ¢cCT u mmoTHOCTh 1049 KT/MC g Qg = 60 M /a, Hg
= 12 m u v = 20 cCt nomnpaBoyHbie KO3(PPUIMEHTH MOTYT OBITh HaMACHBI U3
rpadukoB. ky = 1.03, kp, = 1.15.

H, = kyH, = 1.03-12 = 12.4 m.

Hacoc pomxeH yaoBieTBOpsiTh pabouum 3HaueHuss O, H paBHbIM
cooTBeTCTBeHHO 60 M/4 u 12.4 M. OmpesennB HACOC, MBI Y3HAEM 3HAUCHHE
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MOIIHOCTH P, myisi pabodeil TOUKH, KOTOpOE B JAHHOM ciydae paBHO Py = 2.9
KBT.

Tenepb MOXXHO paccuuTaTh TPEOYEMYIO0 MOIIHOCTH 3JEKTPOJBUraTeNs s
ATOM KOHIEHTPALIMU IPOIUIICH TITUKOJIS:

P, =kn P S =115 291049—35 B
2s — Kpo ZWpW— . . 998 = 5.9 KDT.

N3 pacuera BUAHO, YTO HACOC JOJKEH OBITH OCHAIEH JBUTATEIEM
MOITHOCTHIO 4 KBT, 00ecnedynBaroM pacCYuTaHHYIO MOIIHOCTh Pys=3.5 kBT.

Ha cnmenyromeM pucyHKE TOKa3aHa XapakTepUCTHKA Hacoca s
MepeKaunBaHUs BSI3KOM JKUJIKOCTH (CIUIONIHAS JIMHUS) W XapaKTEPUCTUKA st
nepeKaunBaHus BOAbI (MpephIBUCTas JIMHUS). Tak Kak yKa3aHHbIE HAIMoOp, pacXxoj 1
KITJI cHuxeHbl, CIEACTBUEM JTOTO SBISIETCS YBEJIMYEHUE MOTpeOIsieMon
MOIIHOCTH.

3HaueHnue P, paBHO 3.4 kBT, KOTOpO€ COOTBETCTBYET PACCUUTAHHOMY.
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Xapaxkmepucmuku cucmempl. XapaKTEPUCTUKA CHUCTEMBbI MPEJICTABISIET
coOOl 3aBUCHMOCTh €€ THUAPABIMYECKOTO COMPOTUBICHUS OT pacxoja.
XapakTepuCcTUKa CUCTEMBI 3aBUCUT OT €€ THIIa.

Paznuuaror nBa TUMA CUCTEM: 3aKPBITHIE U OTKPBITHIC.

* 3aKpbITbIE CUCTEMBl. DTO CHUCTEMBbI, KOJHUYECTBO MUJKOCTH B KOTOPBIX
ocTaeTcsi NMOCTOSIHHBIM. HaumbOosiee TUMUYHBIM TPUMEPOM 3aKPHITOM CUCTEMBI
SBJISIETCS. CUCTEMa OTOIUICHHsS. B 3aKpbIThIX CHUCTEMaX HAcOC HEOOXOAUM st
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MPEOJIOJICHAST  THAPABINIECKOTO COTIPOTHBJICHUSI €€ COCTABJISTFOIITIX
(TpyOOTIPOBO/IBI, 3aMIOPHO—PETYIHUPYIOIIAs apMaTypa).

* OTKpBITBIC CHUCTEMBI. DTO CHUCTEMBI, TPAHCTIOPTUPYIOIIHE XUIAKOCTh W3
OJTHOM TOYKH B IPYTYIO, MOJAOOHBIE CCTEMaM BOJOCHAOKeHus. B Takux cucremax
Hacoc oOecneynMBaeT HEOOXOJMMOE JaBJIEHHME B TOUYKE Bojopa3dopa u
MPEOI0JICBACT TMOTEPH Ha TPEHHE B TPyOONMpOBOJAE M JPYTUX KOMIIOHEHTaX
CUCTEMBI.

Ecnu HauepTuTh XapaKTEPUCTUKY CHCTEMBl W XapaKTEPHCTHKY HAacoca B
OJTHOM M TOW K€ CHUCTeME KOOPJWHAT, TOUKA MEPECEUCHUS ITHUX XapPaKTEPUCTHK
OyJieT Ha3bIBaThCs paboyelt TOUKOM.

['mnpaBnu4eckoe  COMPOTHBICHHE  CUCTEMBI  SIBISIETCS.  CYMMOW
COTIPOTHUBJICHUH OTJETHHBIX KOMITOHEHTOB CUCTEMBI.

XapakTepucTuka
Hacoca
Pabouan Touka
Hacoca

XapakTepucTtuka
CUCTeEMbI

A 4

Kaxaplii OTOenbHBIA KOMIOHEHT CHUCTEMbI OKa3bIBA€T COIPOTHUBJICHUE
MOTOKY KHUJKOCTH, YTO CKa3bIBAETCS B JaJbHEHIIIEM Ha moTepsx Hamopa. [lorepu
Haropa Ha KaXJ0M y4acTKe CUCTEMbI paCCUUTHIBAIOTCS 110 (hopMmyrie:

AH = k- Q2.

rae k — SBISETCS MOCTOSHHOM BEJIMYHMHOM, 3aBHCSINEH OT BUJAa KOMIIOHEHTA
CUCTEMBI, () — 3TO pacXOJl KUAKOCTH, MPOXOIAIIECH Yepe3 3TOT KOMIOHEHT. Kak
BUIHO U3 (GOPMYJbI, MOTEPU B HAMOpPE NPSIMO MPOMOPIMOHAIBHBI KBAApPaTy
pacxoda KHUIKOCTH. TakuMm oO0pa3oM, MpH CHWKEHHH pacxoja >KUJIKOCTH B
CUCTEME MPOUCXOUT CYIIECTBEHHOE CHUXKEHHUE TTOTEPh JIaBJICHMUS.

Conpomuenenusn, coeduneHnvle nocneooeamenvno. llonHas mnoTeps
Hafmopa B CHCTEME, cojAepKalled HECKOIbKO KOMIIOHEHTOB, COEIWHEHHBIX
MOCJIeI0BaTEIbHO, COCTOMT W3 CyMMBI IOTE€pb Hamopa KaXKJI0ro KOMIIOHEHTa B
oTaenbHOCTH. Ha pucyHKe mpeacTaBieHa CHUCTEMa, cojepKalias KiamaH Hu
TEINIOOOMEHHUK.
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KnanaH
Tenno-
(2 * oOMEeHHMK
Y
AH

cym

Obwan xapakTepucTmka

AHcyy Knanawx

TennoobMeHHUK

)‘

'‘Q Q

Ecau mMbl vCKII0OUMM MOTEPU HAMopa B TPyOONPOBOJE MEKIY ITUMU JABYMS
KOMIIOHEHTaMH, IIOJIHAs TIOTEPS HAIopa B 3Tou cucreMe Ay, OyIneT paBHa CymMMe
MOTEPH B KAXKIOM KOMIIOHEHTE:

AH,y, = AHy + AH,.

Bonee Toro, mokazano, kak OyAe€T MpH 3TOM BBIVISIACTh PE3YIbTUPYIOIIAs
XapaKTepUCTUKa U e OyAeT pabodas TOUKa, €CIM CUCTEMa SIBIISIETCS 3aKPbITON
TOJBKO C 3TUMU JABYMs KOMINOHEHTaMU. Kak BUJHO U3 PUCYHKA, PE3YJIbTUPYIOIIAS
XapaKTEePUCTUKA OMPEACNSIETCS MyTeM JA00aBIeHUsI OTACIbHBIX NOTeph Hanopa AH
MpU JaHHOM pacxojie. Takke MOKHO BUJIETh, YTO YeM OOJIbIIE CONPOTUBICHUN B
CUCTEME, TeM Kpyue Oy/eT ee XapaKTepUCTHKA.

Conpomuenenusn, coeounHeHHbvle napaiieibHo. B TIPOTUBOIOIOKHOCTH
MIOCJIEIOBATENILHOMY COEAMHEHUIO, MTAPAIIICIIbHOE COCIUHEHNE KOMIIOHEHTOB J1a€T
OoJjiee TMOJOTYI0 XapaKTEPUCTUKY cucTeMbl. l[IpuunHON sBisieTcss TO, YTO
KOMITOHEHTBI, YCTAHOBJICHHBIE MapaJlIeIbHO, YMEHBIIAKOT MOJIHOE CONPOTHUBIIEHUE
CHUCTEMBI U, CIEI0BATENBHO, IIOTEPU HAMOPA.

Ilepenan naBieHUN MEXAYy KOMIIOHEHTAMH, COCIMHEHHBIMHU IapaUIEIbHO,
BCErJa OJMHAKOB. Pe3ynbTUpyIOIIas XapaKTEpUCTUKA CUCTEMBI OIPEIEISIETCS
no0aBJIeHUEM K KOHKPETHOW BeIWYMHE MoTepu Hamopa AH pacxoja B KaxXIOM
KOMIIOHEHTE cucTeMbl. Ha pucyHke mokaszaHa cucrema, cojaeprKauias KiamnaH U
TEMJI000MEHHUK, COSAMHEHHBIC MTapalIeIbHO.
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KnanaH

Tenno-
oBMEeHHUK

H_/

AH

v

Q,

Knanak

TennoobmerHuK
O6wan xapakTepucTuka

SH T (R ' Sy S (i ———

Q:>6u

OO6muit pacxon npu mnotrepe Hamopa AH paccuuThIBaeTCs MO CileAyroulen
dbopmyie:

Qo6m = Q1 + Q3.

KommoHeHThl, COE€IMHEHHBbIE TMapauIeIbHO, CHHXAIOT CONPOTUBIICHUE
CUCTEMBI, YTO JIENIAET €€ XapaKTepUCTUKY 0o0Jiee MOJOT oM.

3akpoimuie u omkpvimule cucmemot. Kak ObUIO CKa3aHO BBINIE, HACOCHBIE
CHCTEMBI JCIATCS Ha JIBA OCHOBHBIX THIIA: 3aKPBITHIE U OTKPHITHIC.

3akpvimovle cucmembl. 3aKpPHITBIMA ~ OOBIYHO  SBJSIIOTCS ~ CUCTEMBbI,
MepeIarolie TeIUIOBYIO PHEPTHIO B CUCTEMAaX OTOIUICHHUS, KOHAUITMOHUPOBAHUS U
oxnaxaeHusa. OOBEAUHSET OSTH CHUCTEMBI TO, YTO IMPKYJIUpYIOIIas B HHUX
KHUJIKOCTh — 3TO HOCUTEJb TETJIOBOM SHEPTUH.

3akppiTas CHUCTeMa XapaKTepU3yeTCs TEeM, 4YTO HAaCOChl  JIOJKHBI
MpeoI0JIeBaTh CyMMapHble MOTEpHM Ha TpEeHHE BO BceX ee¢ dacTax. Ha pucyHke
MOoKa3aHa CXeMma 3aKpbITOM CHCTEMBbI, B KOTOpPOM Hacoc oOecreunBaeT
IUPKYJISIIIAI0  BOJBI  OT HAarpeBarellsl 4Yepe3 peryJupoBOYHBIN  KiamaH K
TETUIOOOMEHHUKY.

31



PerynupoBouHbIv
KnanaH

Harpe-

garens TennooBmerHKrK

Bce 3T KOMIOHEHTHI, BKJIIOYAs TPyOOMpPOBOA W (DUTHHTH, OMPEACISIOT
XapaKTePUCTUKY CHUCTEMBI. XapaKTEPUCTHKOW CHUCTEMBI, KOTOpas OMpEesIcT
moTpeOHOE 3HAUCHUE HAmopa, SBIISICTCS Mapadona, ¢ Ha4aJIbHBIMH KOOPJIHHATAMU
(0, H) = (0, 0), u onuceiBaeTcs chneayroumen GopMynon:

AH = k- Q2.

Kak BHUIHO M3 3TOM 3aBUCHMOCTH, TIOTEPH JABIICHUS CTPEMSTCS K HYJIIO TIPH
MaJICHAN PacXoia.

H a

Hacoc

Obwan xapakTepucTuka

v

|
I
|
I
|
I
|
|
|
|
|
|
:
|
Q

Omkpoimole cucmemvl. OTKPBITBIE CUCTEMBI — 3TO TaKH€ CHCTEMBI, B
KOTOPBIX HACOC MCHOJB3YETCS ISl TPAHCIIOPTUPOBKHU KUJIKOCTU OT OJTHOU TOUKH K
JIPYroi, HampuMep, CUCTEMBI BOJOCHAOKEHHUS, OPOCUTEIIbHBIE CUCTEMbI, CHCTEMBI
TEXHOJOTMYECKUX TMPOIIECCOB. B TakuWx cucTemMax HAcoC JIOKEH 00ecCIeunBaTh
reoJe3MYECKUN HAmop J>KUJAKOCTM W KOMIIGHCHUPOBATh IOTEpU HA TPEHHUE B
TpyOOTIPOBOE 1 APYTHX KOMIIOHEHTAX CUCTEMBI.

MBI pa3zaudaeM JBa THIA OTKPBITHIX CUCTEM:

* OTKPBITBIE CHCTEMBI C HACOCOM, PACIOJIOKEHHBIM HHUXKE TOYKH
BOJIOpazobopa;

* OTKDBITBIE CHCTEMBI C HACOCOM, pAacCIOJOXEHHBIM BBIIMIE TOYKH
BoJIopasbopa.

OmKpvimele cucmemvl ¢ HACOCOM, PACHOJIOHCEHHLIM HUMCE MOUKU
6o0opazbopa. Ha pucyHke npeicTaBlI€Ha TUIIMYHASL OTKPBITasi CUCTEMA C HACOCOM,
PaCIIONIOKEHHBIM HHUXE TOYKHM Bojopazdopa. Hacoc momkeH mojaaBaTh BOIY M3
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pe3CpByapa, HaxXOoAAMCTOCsA Ha YPOBHE 3€MJIM, B CMKOCTb, PACIIOJIOKCHHYIO Ha
KpPBIIIC 3JaHMA.

Pesepeyap
Ha Kpblle 30aHnA
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Ha YPOBH
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[Ipexxne Bcero, HacoC MOMKEH OOECTEYUTHh HAmop OOJBIINKM, YeM BBICOTA
3nanust (k). Bo—BTOpBIX, HAacoC JOJDKEH KOMIIGHCHPOBATh MOTEPU HAmopa Ha
TPEHUE B TPyOOIPOBOJE, PUTHUHTAX, KIIANIaHAX U T.1. (H)).

Obwan xapakrepucTmka

»
L4

e O IR

Q

W3 pucyHka BUIHO, 9TO B OTKPBITOM CUCTEME He OyAeT pacxoia BOJbI, €CIH
MaKCUMaJIbHbIA Hamop (Hy.k) Hacoca HUXe, yeM BbicoTa moabema (/). Tonbko
Korma H > h, Boma HauyHET MOJAaBaThCA M3 HIDKHETO pe3epByapa B TOT, KOTOPBIH
HAXOJUTCS BhIMIEC. Takke M3 XapaKTEPUCTUKH CHUCTEMBl BUIHO, YTO YEeM HIKE
pacxon KUAKOCTH, TEM HMIXKE HOTepU Ha TpeHue (/y), U, CleA0BaTENbHO, HHKE
notpebiisiemMasi MOIIHOCTh Hacoca.

OCHOBHOE TIPAaBWJIO IJISI CHCTEM BOJOCHAOXKCHUS: YBEIWUYCHHE pacxoia B
CHCTEME BEJIET K YBEIMUYCHUIO MOTEPh HAMOPa, 1 HA00OPOT — CHUIKEHHE pacxoja
MPUBOIUAT K CHWKCHUIO TMOTEpPh HAMoOpa W, CIEJOBATEIIBHO, K CHIDKCHHIO
AHEPronoTPEeOICHHUS.
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OmKkpovimoble cucmemovl ¢ HACOCOM, PACHOJIONCEHHBIM 6Gbllle MOUKU
600opazoopa. TUNMYHBIM TIPUMEPOM  OTKPBITOH CHCTEMBI C  HAcOCOM,
PacToNIOKEHHBIM BBIIIE TOYKH BOJOpa3dopa, SIBISICTCS CHCTEMa ITOBBIICHUS
JaBJICHUS, HAMpUMEP TPH BOAOCHAOXKEHWW 3maHus. Boma, monm BIMsHHEM
nepenaja BbICOT (/4), TOCTaBISIETCSl MOTPEOUTENI0 — BOJa ABUXKETCs 0€3 Hacoca.
Pazaumia B BBICOTE MEXIY YPOBHEM XHUIAKOCTH B Pe3epByape W BBICOTOW TOUYKHU
Bojiopazbopa (/) obecnieunBaeT pacxoi, paBHbIM (Jy. HecMoTps Ha 3TO, BeIMUYMHA
Haropa SIBJISIETCSI HEJIOCTAaTOYHOU st obecnedyeHusi nmorpedHoro pacxona (Q)
notpedbutento. [loaTomy Hacoc nomkeH obOecreyuBaTh HAamop Ha YpoBHEe Hi,
4T00BI KOMIIEHCHPOBATh NOTEPH Ha TpeHue (/1y) B cucreme. Cxema TaKOW CUCTEMBI
MOKa3aHa Ha PUCYHKE.

Pesepeyap H

XapakTepuctmka CUCTEMBbI
NpY NOHWXXEHHOM YPOBHE BOAbI
B pesepsyape

i Hacoc

PezyneTupyrowan
XapaxkTepucTuka

v

XapakTepUCTUKON TaKOM CHCTEMBI SBJISETCS Tapaboia, ¢ HadaIbHBIMU
koopauHatamu B Touke (0, —4). Pacxon cucTtembl 3aBUCHUT OT YPOBHS KUJKOCTU B
pesepByape. [Ipy moHMmKeHWH YPOBHS BOABI BBICOTA /1 YMEHBIIAETCS. ITO BEJET K
W3MECHECHUIO XapaKTEPUCTUKUA CUCTEMBI U TOHKMXAET €€ PACXOI.

Coemecmnaa padoma HeCKOAbKUX HAcoco8. IIoMUMO XapakTEpUCTHK
Hacoca, Ha pe3yJbTaT PadOThl CHCTEMBI BIMSET CHOCOO YCTAaHOBKM HACOCOB:
MOCJICAOBATEIBHBIN UJIW NapajjieIbHBIN.

Hacocvl, ycmanoenennvie napanneavno. Takas yCTaHOBKa HAacCOCOB
MPOU3BOJUTCS, KOT/1a!
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* MOTPeOHBIM pacxo]l BHIINIE, YEM MOXET OOECHeUUTh KaXKIbIH HACOC B
OTZIENIbHOCTH;

* cuUcTeMa — C IEPEeMEHHBIM pacxoioM, H O0OECHeYeHUE TEKYIIEro
MOTPeOHOr0 pacxXo/ia BBIMOIHACTCS MyTEM OTKIIOUECHUS/BKIIOUCHUS MapaiieIbHO
COEIMHEHHBIX HACOCOB.

OOBIUHO TaKUM CHOCOOOM COEIUHSIIOTCS HAacOChl OJMHAKOBBIE MO TUIY U
tunopazmepy. OJTHaKO OHU MOTYT M OTIMYATHCA MO TUIOPAa3MEpy, a TAKKe OJIMH
WM HECKOJIbKO HAacOCOB MOTYT OBITh pEryJMpyEeMbIMH M, TaKUM 00pa3oM,
paboTaTh C pa3IMYHBIMU PAOOUYUMHU XapaKTEPUCTUKAMH.

Bo wu30Oexanue o0OpaTHOM LMPKYJISIMU B HepaOOTalOIIMX Hacocax,
MOCJIEI0OBATENIbHO € KaXIbIM HAacOCOM YCTAaHABIMBAETCS OOpATHBIM KJlalaH.
OOmasi xapakTEepUCTUKA CUCTEMBI, BKJIIOYAIONIas B ce0s HECKOJbKO HAacOCOB,
COCIMHEHHBIX MapajuleibHO, OyAET ONpelneNaThcsl MyTeM A00aBlIEHHsS pacxoja,
KOTOPBIM 00ecreunBaeT KaKIblii HacOC MPU KOHKPETHOM HaIlope.

Ha pucynke mnokazaHa cucremMa ¢ JBYMs OJMHAKOBBIMM HAacoCamw,
COEIMHEHHBIMU TapajlieNbHO.

OO011ast XapakKTepUCTHUKA CUCTEMBI OTIPEACTACTCS CIIOKEHUEM

pacxonoB O u O, Ul KaXA0TO 3HAUCHUS HAropa, KOTOPhIA OAWHAKOB JJIs
oboux HacocoB, H = H..

Tak kak Hacochl OJIMHAKOBBI, PE3YJbTUPYIOIIAs XapaKTepUCTHKa Hacoca
HMEET TO K€ caMOe MaKCHUMaJlbHOE€ 3HaueHHWe Haropa Hg, HO MaKCUMaJIbHBINA
pacxoll Qyaxe — YBEJIMYMBAETCS B JBa pasa. [Ipu KakaoM 3HaUY€HMHM Hamopa B
TakoM cuHcTeMe pacxoJl B JBa pa3za OoJblle, YeM Yy KaXKJIOro OTAEIbHO
paboTaroliero Hacoca:

Q =0Qq + Q5.
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Hacocwl, ycmanoenennvie nocnedosamenprho. OObIYHO MOCIEA0BATEIBHO
COCIMHEHHBIE HACOCHhl MCIOJIB3YIOTCSI B CHCTEMax, TIJie TpeOyeTcsi BBICOKOE
naBieHue. Takke B TaKUX CIIydasx MPUMEHSIOTCS MHOTOCTYIIEHYAThIe HACOCHI,
YCTPOCHHBIE IO MPUHLUMY MOCIEI0BATEIBHOCTH COCAUHEHUS, T.€. OJHA CTYICHb
paBHO3Ha4YHa OJIHOMY Hacocy. Ha pucyHke mpeiactaBieHa XapaKTEpUCTUKA JIBYX
OJIMHAKOBBIX HACOCOB, COCAMHEHHBIX IMOCJIEA0BATENbHO. Pe3ynbTupyromias
XapaKTEPUCTHUKA MOJyYeHA MyTEM CJIOKEHHUSI HAloOpOB Ka)JOr0 M3 HACOCOB IpHU
OJIHOM U TOM K€ Pacxo/ie.

2-H P2

MaKC
Q;=Q, > Hopu

P1

M3KC

»
L4

Q

Pezynuposanue padouux napamempog nacoca. I1pu nogdope Hacoca 0OYEHb
BOXXHO, 4YTOObI pabouas Touka HaxoJauiaach B 30He MakcumanbHoro KIIJI. B
MPOTUBHOM Clydyae MOTpedssieMass MOIIHOCTh MOXKET ObITh HEOOOCHOBAHHO
3aBBILICHHOM.

KpomMe TOro, wHorma HeT HEOOXOIMMOCTH  BBIOMpAaTh  HACOC,
COOTBETCTBYIOIIMI ONTUMAILHOW paboueil TOuKe, TaK Kak TpeOOBAHUSI CUCTEMBI
MOCTOSIHHO MEHSIOTCA WM C TEYEHHEM BPEMEHU MEHSETCA XapaKTepUCTHKa
CHUCTEMBI.

)
‘_\“\
50 —
40 0
_750 —70
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[ToaTOMy JydmuM BapHaHTOM MOKET OBITh PETYJIHPOBAHUE IMapaMETPOB
Hacoca TakuM o0pa3oM, YTOOBl OHM OO0ECHEYMBAIM  AIKCILTyTAl[MOHHbBIE
MOTPEOHOCTH CUCTEMBI.

HamnbGonee momymsipHble METOABI HM3MEHEHHUS IMapaMeTpoB  Hacoca
ClIeyIOIINe:

* JIpoccenbHOE peryanpoBaHUE;

* PerynupoBanue Oaiimacom;

* 3meHeHue auamerpa paboyero Koseca;

* PerynupoBaHue CKOPOCTH.

Meton peryaupoBaHUs BBIOMPAETCS HUCXOMAsl U3 BEIMYMHBI HavYaIbHBIX
MHBECTUIIMNA B 00OpYyIOBaHUE M PACXOJOB Ha HKcIUlyaTanuto. B TedeHue cpoka
CITY>ObI CUCTEMBI MOYKHO OMPOOOBATH BCE METOJIBI PETYIUPOBAHUS, KPOME OJHOTO
— KOPpEKILUH TruamMeTpa paboyero Koieca.

OyeHb 4YacTO JUIsI CHUCTEMBI KCIOJIB3YETCS MEepepa3MEepeHHbI Hacoc,
MOIIHOCTh KOTOPOT'O HAMHOTO BhIIIE TpeOyeMOH, U, ClIeI0BaTeIbHO, HEOOXOIUMO
OTPaHUYUTH €T0 MPOU3BOJUTEIBHOCTh — MPEKE BCErO0 Pacxojl, © B HEKOTOPHIX
CIIy4asiX — MaKCUMAaJIbHBIN HAMop.

/lpoccenvnoe pezynuposanue. 3aaBUKKA YCTaHaBIIMBAETCS
MOCJIeI0BATENILHO TIOCJIE HAcoca, MO3BOJIASl PEryaupoBaTh pabouyro TOuky. OHa
YBEJIMYUBAET CONMPOTUBJIIEHUE CUCTEMbl U CHIXKAET B HEW pacxoi. be3 3anBuxku
pacxon Oynet (,. C 3aIBMXKOW, YCTAaHOBJICHHOW IOCJIEIOBATEIHLHO C HACOCOM,
pacxo MOHWKAETCA 10 3HaYeHUs ().

H

/—/H 3ansuxxa

Cucrema
H:

Hacoc mexbwero
mnopamepa

PesynsTrpyiowan xapaxrepucrixa

b

Cucrema

3aasuxxa

3aaBMXKKM MOTYT HCIIOJB30BaThCS JJIl OrPAaHUYCHUS MAKCHUMaJIbHOTO
pacxona. Hampumep, pacxoj HUKorja He OyJeT BbIlle 3HaueHUs (J;, Jaxe ecCiH
XapaKTEePUCTHUKA CUCTEMBI OyJIeT a0COIIOTHO MOJOTOM, YTO O3HAYAET OTCYTCTBHE B
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CUCTEME Kakoro—iambo comnpotuBieHus. llpu peryaupoBaHuu napameTrpoB
JpOCCeIbHBIM METOAOM Hacoc Oyner obOecrneunBaTh 0oJjiee BBICOKMU HAMop, 4YeM
HEO0OXOUMO JJIsl JAHHON CUCTEMBI.

H, = H.+ H,.

I[Ipy 3ameHe Hacoca C 3aJBMXKKOM Ha MEHBIIMA HACOC, MOCICIHUN
obecnieunT kelaemblii pacxon (i, HO Tpu OoJiee HU3KOM Halope W,
CJIeI0BATENIbHO, C MEHBIIIUM 3HEPTrONOTPEOICHUEM.

Pezynuposanue o6aiinacom. 3anBuxkka OalinmacHoro (MepemycKHOro)
TpyOOIpOBOJa yCTaHABIMBACTCS MapalIeIbHO C HACOCOM M HCHOJB3YeTCsS MJIs
pPEryJIupOBaHUs €r0 MapaMeTPOB.

* 3ansnxxa
Q.

-~

~

O¢

Q

< Cucrema

wH_’/

Cucrema

Hacoc

Q, Q Q.

[lo cpaBHeHHIO C OOBIYHOW 3aJBUXKKOM, YCTaHABJIMBAEMOW 3a HACOCOM,
OalimacupoBaHue OOECIEUUT OMPENICICHHBI MUHUMANbHBIA pacxod (s, Hacoca,
HE3aBHUCHUMO OT XapaKTEePUCTHUK cucTeMbl. Pacxon Hacoca O, paBeH CyMMe pacxojia
cucteMbl O, U pacxoja uepes OaitnacHbiit TpyoonpoBoa Ogy.

Qu = Q¢ + Qpy

3anBukka Ha Oailnace Oyner oOecrneyumBaTh MAaKCHUMaJbHO JIONYCTHUMBIM
Hamop B cucteMe Hy,. Jaxe ecnu Tpedyemoe 3HAU€HHE pacxofa B CHUCTEME
PaBHO HYJII0, HACOC HUKOTI/Ia HEe OyJeT paboTaTh Ha 3aKPHITYIO 3aBIKKY. Kak u B
Clly4ae ¢ JIPOCCENIbHBIM PEryJupoBaHUEM, TpEOyeMOe 3HAaU€HHE PacxoJa CUCTEMBI
Q¢ MOXET ObITh 00ECIIEYEHO MEHBIIMM HAaCOCOM M 0€3 MEpenycKa; B pe3ysbTaTe
pacxon 4epe3 Hacoc Oyaer HWXKE U, CIEIO0BAaTEIbHO, MNOTpedJieHne

DJICKTPOIHEPIUU TOXKE CHU3UTCS.
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Koppexkuua  ouamempa  paboueco  kKonaeca. Jlpyrum  criocobom
pEeryJIupoBaHMsl MapamMeTpoB IIEHTPOOEKHOTO Hacoca SBISETCS KOPPEKIUs
auaMeTrpa palbodero Koseca: MPU €ro YMEHBIIEHUH IPOUCXOJIUT CHUKEHUE
pabouYnXx XapaKTePHUCTHUK.

OueBuHO, YTO YMEHBIIICHUE TUaMeTpa pabodero Kojeca HEe MOXKET OBbITh
MPOU3BEJICHO BO BpeMsa paldoThl Hacoca. [lo cpaBHEHMIO C JPOCCEIBLHBIM H
OalmacHbBIM METOJaMU PETYJIUPOBAHUSA, KOTOPHIE MOKHO IPOBOJIWTH BO BpEMs
paboThl Hacoca, KOPPEKIUs JuaMeTpa padoduero Koseca J0JKHA ObITh BBHIITOJHEHA
710 MOHTa)ka Hacoca WJIM BO BpeMs IPOBEJACHUS PEMOHTHBIX padoT. Creayromue
GbopMysIBl  MOKA3bIBAIOT CBSI3b MEXAY JMaMETpOM pabodero Kojeca H
rapaMeTpaMH Hacoca:

Qu1 _ <DH1)2_ Hy, _ <DH1)2_ ﬁ _ (DH1>4 o M1 _ 1
QHZ DHZ ’ HHZ DHZ , PHZ DHZ ’ Mu2 .

OtMetum, yTo 3T (OPMYIIBI OTpa)XkaloT paboTy uaeadbHOro Hacoca. Ha
MpaKkTUKe, YMEHBIICHUE JuaMeTpa paboyero Kkojieca BeIEeT K CHUXKEHUIO
apdexTuBHOCTH palboOTHl Hacoca, T.6. K cHwkenutro ero KIIIA. Ilpu
HE3HAYUTEILHON KOppeKIuu nuamerpa Dy, > 0.8 « Dy, KIIJ[ ymeHbImuUTCS TOABKO
Ha HECKOJBKO MPOLEHTOB. YpoBeHb cHkeHUA KIIJ[ 3aBucuT oT Thma Hacoca u
ero pabouei TOUKH.

v

Kak BumHo u3 ¢opmyii, OTHOILICHHUS] U3MEHEHUsI pacxoj]ia U Hamopa paBHbI
MEXJIy cOo00M W paBHBI KBajJpaTy OTHOIICHHS JHUaMEeTpOB pabouero Koljeca.
PaGoumne TOuku mpU 3TOM pacrojaraloTcs Ha MNpsSMOW, Oepylilei cBOe Havalio B
cucteme koopauHat B Touke (0, 0). OTHOIIeHHE OTPEOIIEMbIX MOIITHOCTEHN 0 U
MOCJI€ KOPPEKIUU PABHO OTHOIIECHUIO IMAMETPOB B YETBEPTOM CTEIICHH.
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Q.. Q. Q

Pezynuposanue ckopocmu. llocnennuii cmnocod peryaupoBaHuss —
peryaupoBaHue  CKOpocTH.  PeryaupoBaHue  CKOpOCTH € IOMOIIBIO
npeoOpa3oBaTesisi 4YacTOThI, BHE BCSKHX COMHEHHM, SBJSETCS Hambolee
3 PeKTUBHBIM CIMOCOOOM pEryJupOBaHUs XapaKTepUCTUK Hacoca. Clrenyroiue
YpaBHEHHUSI MOKA3bIBAIOT BIMUSIHUE U3MEHEHUSI CKOPOCTE IEHTPOOEKHOr0 Hacoca
Ha €ro napameTphl:

= 1.

QHl — nHl_ HHl — (nm)z_ PHl _ (nH1>3 . N1

; =
QHZ Ny HHZ PHZ Nu2

Ny Ny

DT ypaBHEHUS JACHCTBUTENBHBI TIPH YCIOBHHM, YTO XapaKTEPUCTHKA
CHUCTEMBI OCTACTCSI HEM3MEHHOM IS Ny U Ny M 00pasyeT mapadoiny, BEIXOISIIYIO
u3 Touku ¢ koopaunatamu (0, 0). bonee Toro, npeanonaraercs, uro u KII/ nacoca
0CTaeTCs HEM3MEHHBIM TIPU JBYX CKOPOCTSIX.

N3 dbopmyn BumHO, yTO pacxon Hacoca ((J) OpsiMO MPOMOPLHMOHANIEH €T0
ckopocTtu BpauieHus (n). Hamop Hacoca (H) mpsiMo MpONOPLMOHANIEH KBaApaTy
CKOPOCTH BpAII[EHHUS, 2 MOIIHOCTh €0 MPSMO MPOMOPIIHOHATIEHA KyOy CKOPOCTH
BpamieHus. Ha mpakThke CHIKEHHE CKOPOCTH BpAIEHWS HAcoca TPHBOIHUT K
ymenbiieauto ero KIIJ[. KIIJI npu cHmxeHuun ckopocTH (ny;) MOXKET ObITh
OTIpEeJICNICH 10 Cleaytonielt (hopmyie, KoTopas UMEeT CHITy TOJIBKO TIPU CHUKCHUHU
ckopocTH 110 50% OT MakCUMaIbHOM:

nHl)Ol

Nuz =1 — (1 - 77H1) <_
Nu2

W, wmakonemn, ecnu HEOOXOAWMO 3HATh, CKOJIbKO BblI COKOHOMHTE Ha
AJEKTPOSHEPIUM MPU CHUKEHUUM CKOPOCTH Hacoca, HYyxXHO ydecTh KIIJI
npeoOpa3oBaTesisa 4YaCTOThI M DJICKTPOIBUTATE]IA.
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Ilpumep pacuema. OTHOCUTEIBLHOE MOTPEOICHUE PHEPTUH MPU CHUKECHUU
pacxona Ha 20%. B crcTeMe pacxoi ZOJDKeH ObITh CHIDKEH ¢ 60 M /4 10 50 M /4.
Hauvanensie mapametrper: O = 60 M/au H =70 . [ToTpebiisiemy0 MOIIHOCTD
Hacoca npumem 3a 100%. B 3aBucuMocTH OT crioco0a peryinpoBaHus apaMeTpoB
CHUKEHHUE MOTPEOIsIeMON MOIITHOCTH OyAET pa3HbIM. Ternephb aBaiiTe MOCMOTPUM,
Kak MmoTpediisieMas MOLHOCTb 3aBUCUT OT CIOC00a peryIupoBaHus apaMeTpOB.

HpoccenbHoe perynaupoBanue. IloTpebisiemMass MOITHOCTh CHHYKAETCS
npumMepHo 10 94% npu cCHIXKEHHU pacxonaa. [[poccenbHoe peryjiupoBaHue BEAET K
yBeIMYeHUI0 Hamopa. JlJisi HEeKOTOPhIX HACOCOB MOTpelIisieMass MOIUTHOCTh UMEET
MaKCMMAaJIbHO€ 3HAYE€HHE MPU 3HAYEHUM pacxoja MEHbIIE MakcumaiabHoro. B
ATOM Cjydae TMpU JIPOCCEIBHOM PEryJMpOBaHUM MPOUCXOAUT YBEIUUYCHUE
noTpeOJIIeMOI MOIIIHOCTH.
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Hivl AN ® — ViameHeHHaR paBouan Touka

\ B — HauanoHan paBouan Touka
./
76 - u

50 60 Q [m¥/4)

PerynupoBanue ckopoctu. Ilpu perynupoBaHMM CKOpPOCTH Hacoca
IIPOUCXOJIUT YMEHBILIEHHUE PacXo/1a U Hamopa Hacoca. TakuM o0pa3om, CHUKAETCS
3Ha4YeHHUE MOTPeOIIeMOM MOIIIHOCTH J10 65% OT ee mepBOHAYAILHOU BEJTUYMHBI.

® — VameHeHHar pabouan Touka
, . Il — HauanoHanr pabouan Touka

OOBIUHO HAcOC, YCTAHOBJICHHBIN B cUCTEME, HE paboTaeT ¢ MaKCUMalbHOU
MPOU3BOJUTENLHOCTHIO 24 yaca B CyTku. Perynupyemble HAcoChl HCHOJB3YIOT
TOJBKO TO KOJMYECTBO PHEPTUH, KOTOPOE HEOOXOIUMO ISl BHITIOJHEHHS] HACOCOM
onpenesnieHHOW paboThl. [lo cpaBHEHHIO C JIPYrMMH METOJIaMH, PEryJIMpOBAHUE
ckopoct obOecneunBaeT MakcuMmanbHbI KIIJ[ u, Takum oOpaszom, Oomee
3(pheKTUBHOE HCIIOJB30BAHHUE DSHEPTUHM. DHEPToNmoTpeOICHHE Hacoca SBISIETCS
OYEHb BAXHBIM (PAKTOPOM, BIUSIONIMM HA CTOMMOCTH >KM3HEHHOTO IIMKJIA.
OddexTuBHas SKCIUTyaTalusi BeAeT K 0oJiee HU3KOMY SHEPronoTpeOsIeHUI0 W,
CJIeI0BaTENbHO, K 00Jiee HU3KHUM HKCIUTYaTallMOHHBIM U3JIEepKKaM. B HEKOTOpPbIX
ClIy4yasiX  HCIOJIb30BAHUE  PEryJHUPYEMbIX  HAcOCOB  IO3BOJIAET  CHU3UTH
AHEPronoTpedIeHNE IO CPABHEHUIO C HEperyaupyembiMu Ha 50%.
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KOMIIPECCOPbLI U BEHTH/IATOPAI.

KoMmnpumupyromnme MalmHbl — 3TO MAlIUHBL JJI CXKATUSA U MEepeMelleHUs
ra3oB. MalllvHbl TPOTUBOMOJIOAKHOTO HAa3HAYEHUS, MPU3BAHHbBIE OTCAChIBATh a3 U
CO3/1aBaTh Pa3peKEHHE B BAKyyMHUPYEMOM 00bEME, Ha3bIBAIOT BAKYyMHACOCAMHU.
OCHOBHBIMH TIapaMeTpaMy KOMIPUMHUPYIOIIMX MAIllUMH SIBJISIOTCS: JaBJICHUS Ha
BXOJIE W BbIXOJE, OObEeMHas mojaya (MO mapamMeTpaM BcachIBaHHUSI), CTENEHb
MOBBIIICHUSI JIaBJICHUS, YAaCTOTa BpAILEHHUS Bajla M NOTpediisseMas HOMHHaJIbHAs
MOIIHOCTh. ECu cTeneHp NoBBIIECHHS JaBieHUsa MeHble 1.15, To Takue arperarsl
Ha3bIBAIOT BEHTHIITOpaMHU. [Ipy cpaBHUTEILHO HEBBICOKUX CTEIEHSIX MOBBIIICHUS
JABJICHUSI U OTCYTCTBUU TMPUHYJIUTEIBHOTO OXJAXIACHUS, MAIlMHbI Ha3bIBAIOT
ra3ofyBKamMu, a Korja CTENeHb TOBBIINICHUS JaBlieHus Ooisbiie 3 —
KOMIIPECCOPAMH.

CxumaTh ra3 MOXHO pa3HbiMu mnpuémamu. lloaToMy no mnpuHUUITY
JICHUCTBUSL KOMIIPECCOPHI JENAT Ha TPU TPYMIbl: OObEMHBIC, JIOMATOYHBIC U
cTpyiHble. B mepBoM ciydae ckaTHe MPOUCXOJIUT B PE3yJbTAaTE YMEHBIICHUS
o0néMa raza. B monmaTouHBIX MamMHAX K Ta3y MOABOAUTCA DJHEPTUS OT
BpaIAIOIINXCS JIONATOK, 3aCTaBiisii €ro MNepeMeniaTbCs B PACHIMPSIOIINUXCS
kaHanax. Kak Mbl 3HaeM W3 TEPMOJMHAMUKHU MOTOKA, B TAKUX KaHalax JaBJICHUE
raza yBeJIMYUBaeTcs. B CTpyHHBIX amnmapaTax TakXe C)KaTUe NPOTEKaeT B
muddyszope, a TpeaBapUTEIBHBIM pa3roH €ro oOecrednBacTCs B Pe3ybTaTe
MOIMETIIMBAHMS C)KUMAEMOTO Ta3a B TIOTOK JAPYToro ras3a, 00J1aJaomero BEICOKIM
JABJICHUEM M TPOTEKAIOIIETO IO COIUIOBOM YacTH YCTPOMCTBA, A€ MPOUCXOIUT
pa3roH 3TOro BTOPOTO Ta3a, a JIaBJI€HUE, COOTBETCTBEHHO, YMEHbIIaeTca. CxeMa
MapoCTPYHHOr0 KOMIIpECCOpPa, MO3BOJISIIOIIETO OTCAChIBAaTh BO3AYX M3 Jea’paTopa
U T0JIaBaTh 00pa3yIOIIyIOCs CMECh IO/ JaBJICHUEM B OXJIAJUTEIb—Pa3IeiIUTENb,
MIPUBEJICHA HA PUCYHKE.

CMeECh

[Io  KOHCTPYKTUBHBIM  OCOOEHHOCTSIM  OOBEMHBIE  KOMIIPECCOPHI
MOJPA3NIENSAI0T Ha TOPIIHEBBIE, POTOPHO-TUIACTUHYATHIE W BUHTOBBIC, a
JIOTIACTHBIE — HAa OCEBBIE WJIA IIEHTPOOECIKHBIE.
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B poTopHO—IIaCTUHYATBIX KOMIIPECCOpPAX POTOP C MOANPYKUHEHHBIMU
IJJACTUHAMH  BpAIIAETCd B UWIMHIPUYECKOM Kopmyce. Potop ycraHoBieH
AKCIIEHTPUYHO, TaK YTO MPHU €r0 JABUKEHHUH 00BbEM MEXAy IJIaCTUHAMM CHauala
yBeIIMYUBAeTCs, o0ecrneunBasi BcaChlBaHUE, & 3aT€M YMEHBIIAETCS, B PE3yJbTaTe
YEero NPOMCXOIUT CKATHUE U BBITAJKUBAHUE.

[eHTpoOeKHBIN JOMATOYHBIA KOMIPECCOpP OTIMYAETCS TE€M, YTO 3/IeCh Ha
BaJly YCTaHaBIMBaeTcs paboyee Kojeco ¢ MPOPUIMPOBAHHBIMU JIOMACTSIMH,

HalpaBlIeHHbIMU panuaibHO. [lpu BpameHun kosieca IEHTPOOEKHBIC CHIIbI
3aCTaBJISIOT ra3 ABUTAThCA OT LIEHTPa K nepudepuu, CKUMasi ero.

B rax
=k O
A |
—
S B DS NSS SN

N3 TepMOIMHAMUYECKOrO0 aHalIM3a LHUKIOB KOMIIPECCOPOB H3BECTHO, YTO
CaMbIM "SKOHOMHUYHBIM' SABJSETCS MPOLECC H30TEPMHUUYECKOrO CKATUsA, TAK Kak
paboTa Ha MPUBOJ KOMIpeccopa NpU U30TEPMUUECKOM CHKATUM HAUMEHbIIAsI. DTO
HarJsITHO JIEMOHCTPUPYET PHCYHOK, Ha KOTOpPOM IIOKa3aHO Tpaduyeckoe
comnocTaBieHue uaeanbHbIX (BbITasKuBaeTcss 100 % BcocaHHOro rasza) LMKJIOB
KOMITIpECCopa TPH Pa3IMyHON OpraHW3aIuy Ipoliecca cxaTus: aguadbatHoe (6e3
BHEIITHETO TEIJIO00OMEHA) CKaTHe, MOJMTPOITHOE W M30TepMUUYecKoe cxatue. M3
pUCYHKA BHUJHO, YTO IUIOIIA[b IUKJIA, oOmNpeaesstomas padoTy 3a LUK,
HaWMEHbIIasi UMEHHO MPU U30TEPMUUYECKOM CHKATHH.
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[ToaTomy 3 (eKTUBHOCTH KOMIIPECCOPHBIX ITUKIIOB OLIEHUBAIOT BETUUYUHON
m3otepmuueckoro  KIIJI, moka3wiBaroIiero, HACKOJbKO  OJM3KO  ITUKII
JNEUCTBUTEIILHOTO KOMIIpeccopa MPUOIU3UIICS K caMoMy 3(DPEKTUBHOMY ITUKITY.

CreneHb MOBBIIMICHUS JABJICHUSI B KOMIIPECCOPE HE MOXKET OBITh OYEHb
OONBIION W3—3a MHOTUX MPUYMH: YTEYKH, MEXaHUYecKass U TeIuioBas
HaMpsbKEHHOCTh, W3HOC JAeTtaneil u ap. IlosToMy s moiiydyeHus BBICOKHX
JABJICHUM HCIOIB3YIOTCS MHOTOCTYIEHYAThIe KOMIIPECCOPBI, ¥ KOTOPBIX BBIXO]I
NPEAbIAYIIEH CTYINEHU CXKaTHUsl COCAUHSIOT CO BXOAOM THocieaytomen. s
MOBBIIIEHUS! AKOHOMHYHOCTH  MHOTOCTYNEHYAThIX  KOMIIPECCOPOB  MEXKIY
CTYHEHSIMH C)KATHsl, KaK IPaBUIIO, YCTAHABIMBAIOT IPOMEXYTOUHBIE OXJIaAUTENH,
B KOTOPBIX Tra3 OXJAXJIAaT J0 HaydalbHOM TeMieparypsl. MuaukatopHas
auarpaMma  HMA€ajdbHOTO MHOTOCTYHEHYaTOrO KOMIIpEccopa TIpUBEICHA Ha
pUCYHKe. 3allITpUXOBaHHAsl Ha JuarpamMMe IUIoIalb OTPaKaeT IKOHOMUIO PAOOTHI
Ha MPUBOJ KOMIIPECCOpPa, MOITYYAEMYIO 3a CUET TPOMEKYTOUHOTO OXJIAKICHHUS.

ir
Punx 6 y

PBX

e‘p

OceBoii koMIpeccop — 3TO Kak Obl oOpami€HHasi oceBasi TypOuHa. 31ech C
MOMOIIbI0 pabOYHKX JIOMATOK Ha BPAIAIOIIEMCs BaJly MAIIMHbBI Ta3 pa3rOHIETCS 10
BBICOKOW CKOPOCTH, @ 3aT€M BXOJWUT B HEMOABHM>KHBIA HAINIPABJISIOIIMICS armapar,
IJIC €r0 KUHETHYECKasl YHEPTHs TPAaHCHOPMHUPYETCS B DHEPrUIO JIABICHUS IIPU
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pe3koM TopMmokeHHH. [IpoxomgHoe cedyeHue W JIONMATOYHBIX PEmIETOK M KaHaJIoB
HaIpaBIIAIONIErO anmnapaTta o Xoay ABWXKEHHs raza yBenaunuuaetcs (muddysop),
MOATOMY M PacTEeT JIaBJICHUE Tra3a. Y CTPOMCTBO 3TOT0 KOMIIPECCOpa MOKa3aHO Ha
pUCYHKE, TJe Mbl BHJAUM 4YeThipe pabouyux Kojeca, AUaMeTp KOTOPBIX
YMEHbIIIAETCS IO Mepe MOBbIIeHUsT qaBieHus. Konéca 3T %ECTKO MOCakeHbl Ha
BEAYIIHM Bal U BpalllaroTcs BMecTe ¢ HUM. M3 pabounx Kojaéc ra3 BHITAIKUBACTCS
B HEMOABIKHBIC JIOMTAaTOYHBIE TUDDY30PHI.

-

‘:(4\4: 7 77,

Y

7 ‘ ’ iJ

BXO1 B NPOMEKYTOUHBIN |m BbIX0/1
OXJIAINTEIb  OXJIAJAHTeNs

Bo3nyx BcacbiBaeTCsd 4Yepe3 BXOJHOE YCTPOMCTBO M MOCJIEI0BATEIBLHO
CXKUMaeTCsl B JIByX CTYNEHSX ¢ padOYMMU KoOJiecaMU OJIMHAKOBOTO JHAMETpa U
cobupaercst B nmepBor cOopHOo# ynuTke. OTCr0o/1a yepe3 BBIXOJAHOM maTpyOoOK ras
HalnpaBJsIeTCS. B  MEXKCTYIEHYAThId NPOMEXKYTOUYHBIM  oxjanurenb. [locie
OXJIAKJICHUS BO3JIYX ITOCTYIIAET BO BXOJHOE YCTPOMCTBO BTOPOM CEKUHMHU. TaM OH
CKUMAaeTCsl B TPEThEll U YeTBEPTOM CTYIMEHSIX KOMIIpeccopa ¢ pabounuMuU KoJiecaMu
MEHBIIIETO AUaMeTpa. 3a pabouYrMHU KOJECAaMH TaK)Xe€ YCTAHOBIICHBI JIOMATOYHbIE
muddy3zopsl. Ha BeIXOAe W3 TocieaHEed CTyNeHW YCTAaHOBJIEHA BTOpas cOOpHas
YIIUTKA ¥ COOTBETCTBYIOIIUIN BBIXOTHOU MATPYOOK ¢ (PrraHIieM JJisi TPUCOSTUHEHUS
BBIXOJTHOTO TPyOOIIPOBO/IA, MOAAIOIIETO BO3MyX MOTpeduTento. Ban kommpeccopa
CIUIOIIHOM, EbHBIM, MOKOUTCS Ha JIBYX MOAIIMIHUKAX KaueHHs (U3 HUX MpaBbIi
— OINOPHO—YMOpPHBIHN). JlJIsi yMEHbIIEHUSI YTEUEeK MEXKIY BaJOM U JIHUTBIM
Pa3bEMHBIM KOPIYCOM YCTPOEHBI JTAOMPUHTHBIE YIIJIOTHEHUS. Y CTAHOBJICHHBIA Ha
BAJIy CJIEBa MACJSHBIA HACcOC 4Yepe3 CBEpPJICHUS B Bally IMOJAET Maciio B
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MOAIINITHUKH, YCTaHABIMBAEMbIe Ha MOIIHBIX (DYHIaMEHTHBIX onopax. Ha mpaBom
KOHLIE Baja YCTAaHOBJIIEHA IIECTEpHsS, KOTOpas COEOUHSAETCA C IIeCTepHEn
MIPUBOJHOTO PEAYKTOPA.

B nonarounbeix kommpeccopax (IIeHTpOOEXKHBIX U OCEBBIX) pabouee TEIO B
pe3yabTaTe BpalleHUsl pOTOpa Pa3roHsETCs 10 3HAYUTEIbHBIX CKOPOCTEM, a 3aTeM
KMHETUYECKasl HHEPrusi IMOTOKAa MpPEeBpallacTCs B MNOTCHIUAIBHYIO JHEPTUI0
napineHuda. llpu stom nmaBinenue B BeHTWIATOpax Bo3pactaeTr no 0.01 Mlla, B
BO3MyXoAyBHBIX MammHax — g0 0.3 MIla. B o0bemMHBIX KOMIIpeccopax
(MOpUIHEBBIX U POTAIIMOHHBIX) Ta3 CXKUMAETCS 32 CUET YMEHbBIICHUSI 3aMKHYTOTO
o0beMa, B KOTOPOM OH HaXOUTCH.

XOTsI KOMIOPECCOPHI PA3IUYHBIX THUIIOB OTJIMYAIOTCA MPUHIUNOM CHKATHUS
raza ¥ HMEIT 3HAYUTEIIbHbIE KOHCTPYKTUBHBIE  pa3dyds, CYLUIHOCTb
TEPMOJMHAMHYECKHUX MPOIIECCOB B HUX OJMHAKOBA.

PaccmotpuMm  paGoTy  MI€anbHOrO  MOPLIHEBOTO  OJHOCTYHNEHYATOIO
KOMIIpeccopa M MPOIIECCHI, MPOUCXOAIINE MPU MOTYYeHUH | Kr CxKATOro rasa ¢
3alaHHBIM AaBiacHUueM P, Ha P—v u T—s nuarpammax.
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JIluaus 6—-1 wm300pakaeT mMpoIlleCC BCachlBaHWUS Ta3a B HuauMHAp | B
pe3yiibTaTe nepementenus nopumHs Il Brpaso ot kpeiiku nununapa 1, B kotopoit
HaxoIATCs BIIyCKHOM KJarmaH A W BBINYCKHOM KknanaH B. JlaBnenue rasa
HOBBIIIAETCA IPU OOPAaTHOM XOJ€ NOpIIHA (JuHUs 1-2) 1o 3Ha4YeHus P, B MOMEHT

OTKpBITHS BBIMYCKHOTO kinanaHa B. IIpomomkass nBH>KEHWE BJIEBO, MOPIIEHb
BBITAJIKMBAET CXaThlii ra3 B pe3epByap (JuHUS 2—5) U BBINYCKHOM KiamaH
3aKpBIBAETCA. 3aT€M MPOMCXOAUT OTKPHIBAHME BOYCKHOIO KianmaHa A H
3aMOJIHEHUE [IUIMHIPA HOBOM MOPIIMEN rasa.

|
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[ — mumunap; II — nopuwens; 111 — kpeimka nunuHIpa

P, 6ap
6
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v, M/ K

: 0.9

oo |

IIponecc moBelICHUS HaBiACHUA OT F 10 P MOXET INPOUCXOIUTH II0

anuabare 1-3 mnpu OTCYTCTBMM TEIJIOOOMEHa MeXAy paboduMm TeloM U
OKPYXKAIOIIEH CPEHOM.
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Ecnu oTBecTH OT pabodyero Ttena KOIMYECTBO TEIUIOTHI, SKBHUBAJIEHTHOE
pabote, 3aTpayeHHOM Ha cxatue or F go P,, To Temmeparypa OCTaHETCs
MOCTOSIHHOM U nponecc 1—4 Oynet n3orepMuyeckuM. B peanbHBIX yCIOBHSIX BOJA,
LUpPKyJIHUpylonass B pyOallke Kommpeccopa WIM BHEIIHWA NPUHYAUTEIbHBIN
00yB IMJIMHAPOB, 00ECIEUYHBAIOT OXJIAXKJIEHUE CKUMAEMOI'O rasa, OTBOJS JIMUIb
4acTh TEIUIOTHI, M Ipouecc |-2 sABIAETCS MNOJUTPONHBIM C IOKAa3aTeaeM
| <n <k (y peanbnbix mamun n = 1.15 — 1.35).

[Tonnas Teoperndeckas padora /, 3aTpaunBaeMas Ha HOJIY4YEHHE OIHOTO

KI rasa ¢ jgasieHueMm P,, cxiagsiBaerca u3 pa®or cxatus [, ,BBITAJIKMBAHUSA
{ .+ ¥ BCacelBaHus [ :
z0 zzc.wc +£ebzm _zec'
Pabora ¢, wn3oOpaxkaerca miuomaneto 12871, pabora /., — IUIOIAABIO
25082 u pabora /¢, — momansro 16071. PabGora BcaceiBaHus (., uMeeT
IPOTHBOIOIOKHBIN 3HaK IO OTHOLIEHMIO K padoram ¢, u (.. CyMMUpOBaHHE

yKa3aHHBIX IUIOINAACH JaeT TEOPETUUECKYIO pPaboTy Kommpeccopa /.
Pabota cxatus B npouecce 1-2 B o01iem ciiyyae:

l.. :TPdv.

Bennuuna /, Bcerga oTpULATeNbHA, TaKk Kak paboTa coBEpIIAECTCS HaJ
razoM. [[ns aquabGaTHOro CXKaTus UACaNbHOTO ra3a:
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core

1
(“° =——(P-v,—P,-v,);
1 1 2 279
k—1
JUTSL U30TEPMUYECKOTO CHKATHUSA:

P
" =Py In—t;
2

AJIA IIOJIUTPOITHOI'O CKATHA:

l :—1(P1Vl_PzV2)'

Pa60Ty BCAaCbhIBaHUWA U BBITAJIKMBAHUS BBIYHUCIIAIOT CICAYIOIHUM 06p330MI

ec

t,. =By, l,. =—Pv,.
OKOHYATENBHO NOTYYaeM JJIsl HOJUTPOIHOIO CHKATHS:

1 n
EO: I(Plvl_szz)_szz—i_Plvl:—1(P1V1_P2V2):

=T Rw (P /P)" " ~1) =~ RT,(B,/ B)"" ).
n-— n—

KonnyecTBO OTBOAMMOM TEIUIOTHI IPH CXKATHH B IIIMHAPE ONPEACIISACTCS
o ¢popmyie:

n—k
g, =eb=T)=c¢,~— (L, ~-T).

N3 pucynka, a BHAHO, 4YTO MNpu aaumabaTHOM cxatuu pabora Oyner
HauOOJIbIICH.

[To Mepe yBenmnueHUsT KOJIMYECTBA OTBOAUMON TETUIOTHI OHA YMEHBIACTCS U
MIPY U30TEPMUICCKOM CXKATUU OYyJeT HauMeHbIIe. OTMETUM TaKXkKe, YTO B KOHIIE
annabaTHOTO CXKATHS TeMIIepaTypa MOXET JOCTUTHYTHh BBICOKMX 3HAYCHUH. ITO
MPUBOJIUT K YXYAIMIEHUIO KAYECTBA CMA3KHU JIeTaleH MIIMHIPOTIOPIITHEBON IPYTIITHI
U COOTBETCTBEHHO K TIOBBINIEHHOMY W3HOCY B TIPOIECCE OKCIUTyaTaIlWu.
[IpumeHeHne Ke OXJaXACHHWS CTCHOK UWJIWHAPOB BOJONH WM BO3TyXOM
OKpYXaIomel Cpelbl KpOME YMEHBIIIEHUSI pabOThI CXKATHUS CO3JACT emie u Oojee
OJIarompusATHBIE YCIOBUS PabOTHI IeTajei MIIHHIPO — TOPITHEBOM TPYIIIHI.
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B peanbHBIX KOMIpeccopax M3  KOHCTPYKTHUBHBIX  COOOpakeHUM
IPEeIyCMaTPUBAETCSl  HEKOTOpbIM  00BeM  V,, TPEACTABISAIOIUNA  CcOOOMU
MPOCTPAHCTBO MEXIY MOPIIHEM, HAXOISAIIUMCS B BEPXHEH MEPTBOM TOYKE H
MOBEPXHOCTBHIO KPBIIMIKA HHJIMHAPA. ITOT 00bEM C TEPMOIMHAMHUUYECKONW TOYKHU
3peHUs MPUHATO HA3bIBATh * BPEIHBIM ~ MPOCTPAHCTBOM. OCTaBUIMKCS B 3TOM
oO0beMe CXKaThli Ta3 MpU OOpaTHOM XOJe TOPIIHA B IWJIMHAPE KOMIIpeccopa
pacmmpsieTcs IO MOJUTPOITHOMY Ipoueccy. BcackiBaromuii KilamaH OTKPOETCS
JIMIIb TOCJE MPOXOKJICHUS YaCcTH XOJa MOPIINHSA, KOTrJa AABJICHUE B IUJIMHIPE

cHu3uTCs 10 F . B cBsA3M ¢ 3TUM 00bEM NIOCTYNUBLIETO T'a3a OyAEeT MEHbBIIE V, —V,

U IPOU3BOAMUTEIBHOCTb KOMIIPECCOPA  CIIENOBAaTENbHO yMeHbIINUTCA. llpnm
YBEJIMYEHUM KOHEYHOro JasieHus P, no 3Hauenun P,'m P" u T.I.

MNPOU3BOAUTCIIbBHOCTL  IIPOAOJDKACT IIaJdaTb, TaK KdK KOJIMYCCTBO TIasa,
OCTaroICrocsa B KOHIC IIpOoHCCCa BBITAJIKMBAHMA BO3pPACTACT W AJIS1 CHUIKCHHUA
JaBJICHUA 10 R, YBCIIMYHUBACTCA YyYaCTOK XOJa IMOPIOHA Ha 3TAIllC IMOJHUTPOITHOTO

pacmmpenus 37 — 4. [Ipy HEKOTOPOM KOHEUYHOM JaBJICHUH, KOTJla 00BEM CKATOTO
ra3za OyJeT paBeH Vy, IPOU3BOAUTEIHLHOCTh KOMIIPECCOPA CTAHET PABHOU HYITIO.

N3 u3I10)K€HHOTO BUIHO, YTO MO MEPE IMOBBIIICHUS JABJICHUS HAarHETaHUS
CHIDKAETCA TMPOU3BOJUTENBHOCTh KOMIIPECCOPA, IOATOMY JUISl TOIYyYEHUS
BBICOKMX JABJIICHUW MPHUMEHAIOT MHOTOCTYIEHYATHIE KOMIIPECCOPBI, B KOTOPBIX
MOCJE KaXJIOM CTYNEHHU ra3 MOCTYHaeT B MPOMEKYTOUHBIM XOJOAWUIBHUK, TIIE
OXJIQJKJIAETCS MPHU NOCTOSTHHOM JABJICHUU JO UCXOJIHOU TEMMEPATYPBI.

B  wupgeampbHOM — TpeXCTymeH4YaTOM  KOMIIPECCOPE  OCYIUIECTBIISIIOTCS
CIEAYIOIINE MPOLECCHI: BCACBIBAHUE ra3a B MEPBYIO, BTOPYIO U TPETHIO CTYNEHH—
nuHuU al, B3 U C5; BRITAJIKMBAHUE CXKATOrO ra3a M3 MEPBOM CTYNEHH BO BTOPYIO,
U3 BTOPOM B TPEThIO W U3 TPEThEM CTYNEHH B pe3epByap (KaXIbld pa3 depes
MIPOMEKYTOUYHBIE XOJOAWIBHUKU—IIUHUM 2B 4¢ U 61). OTpe3ku aunuid 2-3 u 4-5
OMpeNeNAI0T W300apHOe OXJIaXJACHUE ra3a B XOJOAWIbHUKAaX. Te ke mpouecchl
MPEJCTABJIEHBI HA 1—s quarpaMmme.
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Ecnu TtemnepaTypa rasa mocie KaXAOro XOJOAWJIbHUKA PaBHA MCXOAHOMU
(Ty = T; = Ts), KOHEUHbIE TEMIIEPATYPhl Ha BBIXOAEC M3 KaXKJOW CTYNEHU TaKKE
onuHakoBbl (7, = T4 = Tg) M Bce MpoLECChl UAYT C OJIMHAKOBBIM MOKa3aTeleM
MOJIUTPOIIBI, TO M CTENEHU TOBBIINICHUSI JABJICHUS B CTYINEHSX X OyAyT paBHbI
MEXKy COOOM:

x=P,/R=P,/P,=F,/P,

YuureiBas, uto P, = P, u P, = P,, nony4uMm:

x=3/P, /P .

B o0Omem citydae nipu uucie cTyneHei z:

x:ZV})ICOH/})Halt *

Jlns onpenenenus o6mieil pabOThl, 3aTpayMBaeMONl MHOTOCTYNEHYAThIM
KOMIIpeccopaM, He0OX0IUMO IPOCYMMUPOBATh pabOTHI, pacXoayeMble Ha CKaTUE
raza B Kaxjaou cryrneHu. [Ipu coOnrofeHnN yKa3aHHBIX BBIIIE YCIOBUN 3aTpaThl
paboThI Ha KaX/I0M CTYIIEHH PAaBHBI MEXAY COOOM.

Jlnst koMrpeccopa € YHCIOM CTYINEHEH z 3HaueHue oOIeil 3aTpaueHHOU
paboThI pPaBHO:

n

KO :Z'L'RVI(XW_I)/” —1):2.

“R.T (x" D" —1).
1 1 T ( )

20

0 01 02 03 04 05 06 07 08 09 1% s

I/I3 P—V I[I/IarpaMMBI XOpOIHO BHUJIHO, YTO HpI/I HpOMC)KYTO‘-IHOM OXJTAXKIACHHUN
rasa CYH_IGCTBGHHO YMCHBH_IaIOTCH 3anaTBI pa6OTI)I nu 06111215{ KapTI/IHa CXKaTusi 110
Mepe YBEIUYEHHUS Ynciia CTyNeHel MpUOInKaeTcsl K U30TEPMUUECKOMY IIPOIIECCY.
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KonndecTBO TEmnoTel, OTBOAMMOW OT ra3a B KaXIOM XOJIOJWIIbHUKE,
YCTAHOBJIEHHOM MEX]y CTYIEHSMHU, ONpeiesieTcs o popmyrie:

quz :cp(TZ _T‘l)'
Koneunasa TEMIICPpATypa CXKATUSA B KaKJIOM HUIMHAPEC OIPCACIIACTCA M3
YpaBHCHHUS ITOJIUTPOIIBI:
_ (n-1)/n __ (n-1)/n
T,=T,(B/B)"™" =Tx""".

Bennuunel g, u q,,, s MHOTOCTYIIEHYAaTOTO KOMIIPECCOPA MOTYT OBbITh

OIIPCACIICHBI KaK IIJIOMAaAu 1101 IIOJUTPOIIaMH U I/I306apaMI/I Ha T-s auarpammce.

T,K
6 4 2
500
450 g
P, = const P, = const P, = const PV = const
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400 f f f
f ; f
f f f
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i §
o pa o
300 - P 3/ 1
it iii I I I I
— q, Dson q, Dson q,
S, kx / (kr-K)
1 1.2 1.4 1.6 1.8 2
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Ilpumep pacuema. ] 1a00paTOPHBIX SKCIIEPUMEHTOB HEOOXOUMO UMETH
G =0.2 kmorpamMMoB B CEKyHIy BO3AyXa IpPH MapaMmeTpax
t,=t;, Tae t; — Temmeparypa OKpy»Kawllueh cpeasl. Paccumrars nopuiHeBon
koMmrpeccop (0e3 ydera TpeHUS M BPEIHOrO MPOCTPAHCTBA), OMPEACIIUTH:

KOJIN4YCCTBO CTYHGHCﬁ KOMIIpECCOpa;, CTCIICHb IMOBBLIIICHHUSA OAaBJICHUSA B K&)KI[OfI

CTyIICHHM, KOJMUYCCTBO TCIlJIa, OTBCACHHOI'O OT BO34yXa B
KOMIIpECCOopa, B IPOMEKYTOUYHBIX U KOHCYHOM XOJIOJUJIbHUKAX (HpI/I OXTaXICHHUN

a0 tl); MOIIHOCTH IMPUBOJA, €CJIN JABJICHHUC BO3AYyXad HAa BXOAC B IICPBYIO CTYIICHDb

Kommpeccopa P, =0.1MIla, a Temneparypa
MOBBIILICHUE TEMIEPATYypPhl BO3/lyXa B KaxJI0u cryrneHu At = 180 °C. Tlokasarenn

noautpornsl n = 1.29.

P, = 0.8 MIla u

OUIMHApax

t,=27°C wu pomycTumoe



CuurtaeM OJIHOCTYNEHYATHIN KOMIIpPECCcop.
ty, =t +At=180+27 =207 °C;
T =27+273=300K;
T, =207+273=480K;

T,=T,(P./P)" """ =300(0.8/0.1)"*V"* =474 K ;
AT=T,-T,=474-300=174 <180.

CrnenoBatenbHO MOAXOIUT OJHOCTYIIEHYATHI KOMITPECCOP.
Jlns mocTpoeHus: AuarpaMmbl B P—v KOOpJIWHATax MPOM3BEIEM HEKOTOPHIC

BBIYMCIICHMUA.

y=—"-, R =287 Jc/ke-K;

6030

¢, =1005 e /ke - K ;

v, = RT, _ 287.3060 =0.861m" /xz;
P, 0.1-10

v, = RI, _ 287'4764 =0.170 m’ / ke ;
P, 0.8-10

_ KL _ 287390 108 0 /e

\% =
P 08-10°

Jlist mocTpoeHust iuarpaMmbl B 7—s KOOpAMHATaX MPOU3BEAEM pacueT As B
npoueccax 1-2 n 2-3:

5
s, =c, 1n£—R1n£:1005 'ln%—287 -1111 0131;)5 el

H

=98.69 J[lc/ke- K =0.0987 xlic/xe-K;
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As, =5, —s;=¢c,In(T,/T)) - RIn(P,/ P) =
=1005In(474/300) —2871In(0.8/0.1) =—134.5 Joc/ ke - K
=—-0.1345 xJIx/kr-K;

As, ;=c,In(T;/T,)=1005In(300/474) =—459.7 [joc/ ke - K =
=—-0.4597 xJIx/kr - K

Crpoum auarpammsl B P—v u 1—s KOopauHaTax

P, MIla T,K
1 500

08 460

420

0.6

04 380

340

300 U s, xIx/xr-K

TR . - L v, W kr
0 01 02 03 04 05 06 07 08 09 1

0

PaccuutbiBaeM  ynenbHYr0 pabOTy Ha TOPUBOA  OJHOCTYHNEHYATOTO
KOMIIpeccopa:

n

£y =" RT(1=(B/P)" ") =
n_

= 12'59 1 :287-300(1 — (0.8/0.1)"* Y12y = —223138 ]/ k2 = —223.1 k/Tic/ .

HeoO6xoauMas MOIITHOCTH TIPHUBO/IA

N=t¢ G=223.1-02=46.6xBm.

PaccuntbiBaeM TEIIOTY, OTBEJICHHYIO OT CTEHOK IIMJIMHpa KOMIIpeccopa:

n—k

ql*Z :Cn(TVZ _Tl')’ rne cn = cv ) 4
n—1

k=c,/c,;

c,=c,—R=1005-287 =718 [ /ke K ;

k=c,/c,=1005/718 =1.4;
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c =cv-n_k=718-1°29_1°4

=-279.3 Jlnc/ke- K;
n—1 1.29-1

q,, =—279.3(474 -300) = —47380/orc/ ke =—47.4 k/Jorc/ ke .

PaccunteiBaeM KOJIHMYECTBO TCIIJIOTEL, OTBCACHHOC B PCCUBECPC,

qy-3 =¢, (T, = T;)=1005(300 — 474) = —174870 Tk /kr = —174 ]Ik /kr .

Benmunamop. BeHTWIATOp — yCTPOHCTBO ISl NMEPEMENIEHHUS Ta3a Co
cTerneHpr0  cxatus  meHee  1.15. OCHOBHOE  NPUMEHEHHE:  CHCTEMBI
MPUHYJINATEIIbHOM NPUTOYHO—BBITSDKHOM M MECTHOM BEHTWISIUAM 3JaHUW U
MOMEIIECHUM, 00/1yB HarpeBaTebHBIX U OXJIAXKIAIOUIUX SJIEMEHTOB B YCTPOMCTBAX
oborpeBa W KOHIUMIMOHMPOBAHUS BO3JyXa, a Takke OOAYyB paauaTopoB
OXJaXICHUS Pa3TUUYHBIX YCTPOUCTB. BEHTHIATOPHI OOBIMHO HCIHONB3YIOTCS Kak

JUISL TIepEeMENIeHUsT BO3JlyXa — JJISI BEHTWISIIIUU TMOMEIICHUN, OXJIaXKIACHUS
0o0opy10BaHUsl, BO3YXOCHA0KEHUS MPOIECCa TOPEHUSI.
B oOmem cnydyae BEHTHISTOP — POTOpP, Ha KOTOPOM OIpPEIEICHHBIM

00pa3oM 3aKperuieHbl JIONATKU, KOTOpbIe MPU BpallEHUU POTOPA, CTAIKUBASCH C
BO3JIYXOM, OTOpachiBalOT ero. OT mnosiokeHuss U (OPMBbI JIOMATOK 3aBUCUT
HalpaBlieHHEe, B KOTOPOM oOTOpachiBaeTcsa Bo3ayX. CyllecTBYET HECKOIBKO
OCHOBHBIX BHJIOB IO THUIY KOHCTPYKIMM BEHTWJIATOPOB, HCIOJIB3YEMBIX IS
MEepEMEILICHUST BO3/lyXa: OCEBbIE (aKCHUANIbHBIC); LIEHTPOOEKHBIE (paaUalibHbIC);
Oe3onacTHbIE.

Oceeoil (akcuanvuolii) 6enmunamop. JJauHblil BUJI BEHTUIATOPA COAEPKUT
nonactTd (B HEKOTOPBIX CIIy4yasX BMECTO TMOHSTHSl <«JIOMAacTU» MPUMEHSIETCS
MOHSTUE «IOMATKW»), KOTOPbIE MEPEMEIIAIOT BO3/1yX BIOJIb OCH, BOKPYT KOTOPOM
OHM BpalllaloTca. B BuUIy coBnajeHUs HamNpaBieHUs ABUKEHHS BCACHIBAEMOTO U
HAarHETAeMOTO BO3AyXa, a Takke, B OOJBIIMHCTBE CIIy4aeB, MPOCTOTHI
M3TOTOBJIEHHUS, 3TOT BUJl BEHTUISITOpA SABJSETCS HAanOoJiee pacnpoCTPaHEHHBIM.
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[Ipumepsl NpUMEHEHUST aKCHAIBHBIX BEHTWISTOPOB: MAJIbIe BEHTUJIATOPHI
OXJIAKJICHUS DJICKTPOHUKHU (KyJEpbhl), OBITOBBIE BEHTHISTOPHI, BEHTWISTOPHI IS
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TYpOOBEHTUJISITOPHBIX ~ ABUAIMOHHBIX JBUTATEJEH, NIaXTHbIE BEHTWIATOPHI,
BEHTHJISITOPHI ABIMOYJAJICHUS, BEHTUISITOPHI a3POAMHAMUYECKUX TPYO.

Lenmpooesicuutit (paduanvustit) genmuaamop. JJaHHBIN BUJ BEHTUISATOpPA
MMEET BpAallaIOIIUUCSI POTOP, COCTOSIIIMN K3 JIOMATOK CHUPAIbHOU (POPMBL.
Bo3nyx 4epe3 BXOIHOE OTBEPCTHE 3acachlBACTCS BOBHYTPh pOTOpa, TAE OH
npuoOpeTaeT BpallaTeIbHOE JBMKEHHE U, 32 CUET I[EHTPOOEKHON CHUIIbI U
crieuuanbHOW  (OpMBbI  JIOMATOK, HANpaBiIsieTCsd B  BBIXOJAHOE OTBEPCTHUE
CHELUAIBHOTO CIUPAJIBLHOIO KOXKyXa (Tak Ha3biBaeMoW "yIUTKHU", OT BHEIIHETO
cxojacTBa). TakuM 00pa3oM, BBIXOAHOM MOTOK BO3/lyXa HAXOIUTCS IMOJ MPSIMbIM
YIJIOM K BXOAHOMY. JlaHHBIA BHJ BEHTWIATOpPA IMIHPOKO TMPHUMEHSETCS B
MPOMBINUIEHHOCTH. B 3aBUCHMOCTM OT THMOAa, HA3HAYEHUS U Pa3MEpoB
BEHTHJIATOPA, KOJUYECTBO JIOMATOK paboyero Kojieca ObIBAE€T pa3iuyHbIM, a caMu
JOMATKA W3TOTABIMBAIOT 3arHYThIMU BIEpPEN WIM Ha3aJd (OTHOCUTEIBHO
HarpaBlieHus BpaiieHus). [lpumeHenue paananbHbIX BEHTHWIATOPOB C JIONATKaMH,
3arHyThIMU Ha3aj, N1a€T SKOHOMHUIO 3JIeKTpo3Hepruu npumepHo 20 %. Takxke oHuU
JETKO IIEPEeHOCAT TMeperpy3kd 1o pacxony Bosayxa. [IpemmymecrBamu
paguanIbHbIX BEHTWISITOPOB C JIONMATKaMU pabOYero Kojieca, 3arHYThIMU BHEPEN,
SABJISIFOTCS MEHBIIMK JUAMETP KOJIECA, & COOTBETCTBEHHO M MEHBIIME DPa3Mephl
CaMOTO BEHTWISITOpA, U Oojee HU3Kash 9acTOTa BPAIIEHUS, YTO CO3/aET MEHBITUI
IyM.

be3nonacmusiit 6enmunamop. B 6e3710MacTHOM BEHTHIIATOPE BO3YIIHBIN
MoTOK ¢opMHUpyeT TypOWHa, CHpATaHHAS B OCHOBAaHMHM M TIOJAOIMIAs BO3YyX
CKBO3b Y3KHUE IIETU B OOJIBIION paMKe, yepe3 KOTOPYIO IPOXOAUT OCHOBHOM MOTOK
MepEeMENIaeMoro Bo3ayxa. 3a CUeT adpoAMHAMUYECKUX d(PPEKTOB, NCTEKAIOIIHNI 13
mesiei BO3AyX YBJIEKAeT 3a co0OW coceqHue Ciou. B OCHOBHOM, OKpY»Karomui
BO3/IyX 3aCaChIBA€TCA C THUIBHOW CTOPOHBI 32 CYET BO3HUKAIOUIETO Pa3pEKECHUS
n3—3a ¢hopmbl poduis pamku. B pe3ynbraTe moToK Bo3ayxa ycuimBaeTcs 10 15—
18 pa3 mo cpaBHEHHIO C MpPOKaYMBaeMbIM TypOwHOW oO0BemMom. HampaBnenue
MOTOKA MOET OBITh M3MEHEHO IyTEM PETYJIMPOBKH TIOJOKECHHS PAMKH.
JIOCTOMHCTBO Takoil CXeMbl — OTCYTCTBHE JIOCTYNHBIX H3BHE KOpITyca
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OBWOKYIIUXCS AeTtaned. dopmMa paMKud MOXKET ObITh B BHUJE KOJbLAa WIM B BUJE
BBITSIHYTOI'O OBAJIA.
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Jlanee mpuBENEHBI HECKOJIBKO pACUETHBIX (QOpMYyNT A OmpeAesieHUs
MOIIHOCTH BEHTWIATOpA. TeopeTndecKknii Hanop, pa3BUBA€MbI BEHTUIIATOPOM:

T

_ (UyCyc0s(ay) — Ui Cicos(ay))
. :

Oxkpy»XHasi CKOPOCTb:

dn
U=

60
JIeCTBUTENBHBIN HATIOP, PA3BUBAEMBII BEHTWIATOPOM:

H = H.n,.

Mo1HOCTB, ToTpedIieMasi BEHTUISITOPOM:

_100p.gHQ
Mo '

B
MOH_[HOCTI) ABUTATCIIA JJIS IIPUBOJAa BECHTUIIATOPA

N5 = bNj.
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ABUHI'ATE/IN BHYTPEHHEI'O CI OPAHUHA

ITapoBsie mamunbl. B cepennne XVII Beka Obuu caenaHbl MEPBbIE MOMBITKH
nepexojia K MallMHHOMY MPOM3BOJICTBY, MOTPEOOBABIIINE CO3/IaHUSI JBUTATEICH,
HE 3aBUCAIIUX OT MECTHBIX UCTOYHUKOB SHEpruu (Bojbl, BeTpa u mp.). [lepBbiM
JIBHUTAaTEIEM, B KOTOPOM HCIOJB30BaJIOCh TEIUIOBAs JSHEPIrUs XUMHUYECKOIO
TOIUIMBA CTaja mapoaTMoc(depHass MalllHa, W3TOTOBJICHHAS 1O MPOEKTaM
¢dpannysckoro gusnka Jlenu [lanena u anrnuiickoro mexanuka Tomaca Cesepu.
Ota MammuHa ObUla JIMIIEHAa BO3MOXXHOCTHM HEMOCPEACTBEHHO  CIYXHUTh
MEXaHWYECKUM TMPUBOJIOM, K HEH «IpWIarajoch B KOMIUIEKT» BOJSHOE
MEJIbHUYHOE KOoJIeCO (MTO—COBPEMEHHOMY TOBOPS, BOJsSHAs TypOMHA), KOTOPOE
Bpamajga BOJa, BbDKMMaeMasi IMapoM M3 KOTJa MapoBOM MalllMHBI B pe3epByap
BoJoHanopHoi OamHu. KoTen To mojmorpeBajicss mapoMm, TO OXJa)Aaycs BOJOM:
MAalllMHa JIEWCTBOBAJIA NEPUOIUYECKHU.

B 1763 rony pycckuit mexanuk MBan MBanoBuu [10J13yHOB M3rOTOBHII IO
COOCTBEHHOMY TIPOEKTY CTallMOHAPHYIO TMApOBYIO MalIMHy HENPEPbIBHOTO
neiicTBus. B Heli ObUTM CABOCHBI JBa IWIMHAPA, MOOYEPENHO 3AIMOTHSIBIITHECS
MapoM, ¥ TakKe MOJAOIIMMH BOIY Ha OAIIHI0, HO — TIOCTOSTHHO.

K 1784 rony anrnuiickuii wmexanuk Jxeiimc VYarrt co3gan  Oosee
COBEPIICHHYIO TMapoOBYI0 MAIlMHY, Ha3BaHHYI) YHUBEpPCaJbHBIM MapOBHIM
JBUTATENEM. YaTT C JeTcTBa paloTai MOJPYyYHbIM Ha MalllMHE KOHCTPYKIUU
Cesepu. B ero 3amauy BXOAWIO MOCTOSHHO MEPEKIIIOYATh KpaHbl MOJAYU Hapa u
BOJbI Ha KOTEN. DTa OAHOOOpa3Has paboTa M3PSAHO Hajoena M300peTaTeno u
noOyauia M300pecTH Kak MOPIICHb TBOWHOTO XOJa, TaK U aBTOMATHYECKYIO
KJIAMIaHHYIO0 KOPOOKY (TIOTOM M IEHTPOOEKHBIN MpeoXpaHuTelb). B MammHe Ot
MPENyCMOTPEH B IWIMHAPE >KECTKUH TOpIIEHb, MO 00€ CTOPOHBI KOTOPOTO
[IOOYEPEAHO TNOAABAJICS Iap. Bce mpoucXonmiio B aBTOMAaTUYECKOM PEXKHUME U
HenpepbiBHO. [lopmieHs Bpaman dYepe3 KpUBOIIMIIHO—INATYHHYK) CHUCTEMY
MaxOBHK, OOECMeYMBAIOIINN TUTAaBHOCTh Xo0ja. [lapoBas mamivHa Morjia Temnepb
CTaTh TPHUBOJIOM pa3IMYHBIX MEXaHM3MOB M TiepecTaia ObITh NpUBSI3aHA K
BOJOHATNIOPHOW OarrHe. DJIEMEHTHI, MPUAyMaHHbIle YaTTOM, BXOAWIM B TOW WIIU
WHOU (opMe BO Bce MapoBbie MamuHbI. [[apoBbie MalIMHBI COBEPIIEHCTBOBAIN U
MPUMEHSUIM JUIsl PELICHUs] Pa3IMUHBIX TEXHUYECKUX 3a7ay: MPHUBOJA CTAHKOB,
CYJIOB, SKUITAXKEW ISl IEPEBO3KH JIIOJIEH MO T0pOoraM, JJOKOMOTHBOB Ha KEJIE3HBIX
noporax. K 1880 rony cymmapHasi MOIIIHOCTh BCEX pa0OTaBIIMX MapOBbIX MalluH
npesbicwiia 26 mutH kBT (35 mutH 71.c.).

[ukn KapHo — waeanbHbId TEPMOAMHAMUYECKUN NUKII. TeruioBas MaliruHa
Kapno, pabotaromas mo stomy I1ukiy, obmamaer makcuMmanbHeiM KIIJ[ u3 Bcex
MallliH, Yy KOTOpPBIX MaKCMMaJibHasi W  MHHHUMAaJbHas  TeMIEpaTypbl
OCYLIECTBIISIEMOTO IHMKJa COBIAJAIOT COOTBETCTBEHHO C MAaKCUMaJbHOH U
MHHUMaJbHOM Temnepatypamu mukina Kapuo. [lukn KapHo Ha3BaH B yecTh
dpanysckoro ¢usuka Canu KapHo, KOTOpBIN BrepBbIe €ro MccieaoBan B 1824
rogy. OgHUM M3 BaXKHBIX CBOMCTB mukiIa KapHo sBisieTcss ero oOpaTUMOCTh: OH
MO3KET OBITh MPOBEAEH KaK B MPSIMOM, TaK U B 0OpaTHOM HaIlpaBJIEHUU, ITPU 3TOM
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SHTpOMHUS aanabaTUYECKH H30JIMPOBaHHOUN (0e3 TermiooOMeHa ¢ OKpyKarollen
Cpeaoii) CHCTEMBI HE MEHSETCH.

B cepennne XVII Bexka Obuin caenaHbl MHEpBbIE MOMBITKU IEpexona K
MalllMHHOMY  TPOUW3BOJICTBY, MOTpeOOBaBIIME CO3JaHUsI JIBUraTelei, He
3aBUCAIIMX OT MECTHBIX HCTOYHUKOB 3HEpruu (Bonbl, BeTpa u mp.). llepBbiM
JIBUTATENIEeM, B KOTOPOM HCIOJb30BaJOCh TEIUIOBAsE JHEPTrUsi XHUMHUYECKOIO
TOIUIMBA CTaja mapoaTMoc(depHass MalllHa, W3TOTOBJICHHAs] 1O MPOEKTaM
¢dpanuysckoro gusnka Jlenu [lanena m anrnuiickoro mexanuka Tomaca Cesepu.
Ora MammHa ObUla JIMIIEHAa BO3MOXXHOCTHM HEMOCPEACTBEHHO  CIYXHUTh
MEXaHWYECKUM TMPHUBOJIOM, K HEH «IpWIarajoch B KOMIUIEKT» BOJISHOE
MEJIbHUYHOE KO0JIeCO (MTO—COBPEMEHHOMY TOBOPS, BOJsSHAs TypOMHA), KOTOPOE
Bpamajga BOJa, BbDKMMaeMash IMapoM M3 KOTJa MapoBOM MAalllMHBI B pe3epByap
BoJIoHanopHoi OamHu. KoTen To mojorpeBaicss mapom, TO OXJa)Aaycs BOJOM:
MallliHA JIeMCTBOBaJIA NEPUOIHYECKHU.

B 1763 rony pycckuit mexanuk MBan MBanoBuu I10J13yHOB M3rOTOBHII IO
COOCTBEHHOMY TIPOEKTY CTallMOHAPHYIO TMAapOBYIO MaIIMHY HENPEPbIBHOTO
nevictBusi. B Heil ObLIM CABOEHBI JBa LMJIWHJPA, MOOYEPETHO 3aMOJHABIINECS
Mapom, M TakKe MOJAIIINMU BOAY Ha OAIIHIO, HO — MOCTOSIHHO.

K 1784 rony anrnuiickuii wmexanuk Jxeiimc VYarrt co3gan  Oosee
COBEpPIICHHYIO TMapoOBYI0 MAIlIMHY, Ha3BaHHYI) YHUBEpPCAJbHBIM [apOBHIM
JBUTATENEM. YaTT C JeTcTBa pabdoTai MOJPYYHBIM Ha MAalllMHE KOHCTPYKIUU
CeBepu. B ero 3amady BXOAWIO MOCTOSHHO MEPEKIIOYATh KpaHbl MOJAYd Hapa u
BOJbI Ha KOTeJN. DTa OAHOOOpa3Has paboTa M3pSAHO Hajoena M300peTaTento u
noOyauiaa M300pecTd Kak MOpPUIEHb JIBOMHOrO XO0Ja, TaK M aBTOMAaTHYECKYIO
KJIAMIAaHHYIO0 KOPOOKY (TIOTOM U IEHTPOOEKHBIN MpeoXpaHuTenb). B MammHe Obu1
MPENyCMOTPEH B IWIMHAPE JKECTKUH TOpIIEHb, MO 00€ CTOPOHBI KOTOPOTO
MOOYEPEAHO TNOAABAJICS Iap. Bce mpoucXoamyio B aBTOMAaTUYECKOM PEXKHUME U
HernpepbiBHO. [lopiiens Bpaman dYepe3 KpPUBOMIMIHO—INATYHHYIO CHUCTEMY
MaxOBHK, OOECMeYMBAOMNN TUTAaBHOCTh Xo0ja. [lapoBas mamivHa Morjia Temepb
CTaTh TPHBOJIOM pa3IMYHBIX MEXaHM3MOB M TepecTaja ObITh NpUBsSI3aHA K
BOJIOHAIIOPHOM OarrHe. DJEeMEHTHI, NMPUAyMaHHbIE YaTTOM, BXOAWIM B TOW WIIU
WHOU (opMe BO Bce MapoBbie MamuHbI. [[apoBbie MalIMHBI COBEPIIEHCTBOBAIN U
MPUMEHSUIM JUIsl PELICHUs] Pa3IMYHBIX TEXHUYECKUX 3a7ay: MPHUBOAA CTAHKOB,
CYJIOB, SKUIIAXKEW ISl IEPEeBO3KH JIIOJIEH MO T0pOraM, JJOKOMOTHBOB Ha KEJIE3HBIX
noporax. K 1880 rogy cymmapHas MOIIHOCTh BCEX paOOTaBIIMX MApOBBIX MAITUH
npesbicwiia 26 mutH kBT (35 mutH 51.€.).

[ukn KapHo — wnaeanbHbI TEPMOAUHAMUYECKUN TUKIL. TeruioBas MallrHa
Kapno, pabotaromas mo stomy I1ukiy, obmamaer makcumanbHbiM KIIJ[ u3 Bcex
MalllvH, Yy KOTOPBIX MaKCMMaJlbHasi W  MHHHUMAaJbHas  TeMIEpaTypbl
OCYLIECTBIISIEMOTO LHMKJAa COBIAJAaIOT COOTBETCTBEHHO C MAaKCUMaJbHON U
MHUHUMaJIbHOM TemnepatypamMu mukina Kapuo. [lukn KapHo Ha3BaH B uyecTh
dbpanmysckoro ¢usuka Canu KapHo, KOTOpBIN BrepBbIe €ro uccieaoBai B 1824
roay. OgHUM M3 BaKHBIX CBOMCTB mukia KapHo sBisieTcsi ero oOpaTUMOCTh: OH
MO3KET OBITh MPOBEAEH KaK B MPSMOM, TaK U B 00paTHOM HaIlpaBJIEHUU, ITPU I3TOM
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SHTpOMHUS aanabaTUYECKH H30JIMPOBaHHOUN (0e3 TermiooOMeHa ¢ OKpyKarollen
Cpeaoii) CHCTEMBI HE MEHSETCH.

B 1816 motnannen PoGept CTUPAMHT MpensioxkWiI JBUraTellb BHEIIHETO
CropaHusi, Ha3bIBaeMbld cerldac ero uMmeHem JIBuratens CtupiuHra. B stom
nBUratesne padbouee Teno (BO3AyX WU MHOMU ra3) 3aKJII0OUYEH B TEPMETUYHBIN 00BEM.
3/1ech OCYIIECTBICH UK 10 TUIly nukia CeBepu («10—YaTTOBCKOT0»), HO HarpeB
pabouero Tejia U €ro OXJaXJAECHUE MPOU3BOAITCS B PA3IUYHBIX 00bEMAX MAIIMHBI
U CKBO3b CTEHKHU paboumux kamep. [Ipupona HarpeBaTesns U oXJaaguTens AJs [UKIIa
HE UMEIOT 3HAUYCHUS, a IOTOMY OH MOXKET paboTaTh Jaxe B KOCMOCE U OT JII000ro
ncrounuka terwia. KII/[ co3gaHHbIX celdyac CTUPIUHIOB HEBEIUK. TEOpeTHUYECKHU
OH J1oykeH pasa B 2 npesbimath KIIJI qnsg JIBC, a npakTudyecku — 3T0 IpUMEPHO
OJIMHAKOBbIE BEIWMYMHBL. HO y CTUpPIAMHTOB €cTh psif APYyrux MNPEUMYIIECTB,
KOTOpbIE CIIOCOOCTBOBAIM Pa3BUTHIO UCCIIEIOBAHUM B ’TOM HAaIlpPaBJICHUH.

JIBUraTenu BHELIHErO0 CrOpaHusi — KJlacC JBUTATENEH, TJI€ UICTOYHUK Terlia
WU TPOLIECC CropaHusl TOIUIMBA OTAENIEHBI OT padouero Tena. K stomy kiaccy
OTHOCSITCS TapOBbIE MaIlIUHbI, TAPOBbIE TYpPOUHBIL, [BUTraTenu CTUPIUHTA, Ta30BbIE
TypOMHBI BHEIIIHETO CrOpaHUs, a TaKXKe Apyrue Tuibl ABurateneid. Jlonroe Bpems
ObUIM HEONpaBJaHHO 3a0bITHI, B TOCJIEAHEE BpeMs HaxoAsAT Bc€ Oobliee
MIPUMEHEHUE, B OCHOBHOM M3—3a TAKUX CBOUX OCOOEHHOCTEH KaK BO3MOXKHOCTb
WCIIOJIb30BaHUS JTIOOBIX MCTOYHUKOB TeIIa (HapuMep, COJHEYHOW WM SACPHON
SHEPTUM), HETPeOOBATEIBHOCTh K BUAY TOIJIUBA.

JlBuratens  BHYTpEHHEro cropaHusd. IIpoekT mepBoro  aBUraTtens
BHyTpeHHero cropanus (/[ABC) mnpuHaainexuT HU3BECTHOMY HM300peTaTeNto
yacoBOro asHkepa Xpucrtuany [rourency u npemnmoxeH emé B XVII Beke.
HNHuTepecHO, 4TO B KadyecTBE TOIUIMBA MPEAIOJArajoch HMCIOJb30BATh MOPOX, a
cama uzes ObUla TMOJCKa3aHa apTWUIepuiickuM opynueM. Bce mombiTku Jlenuca
[lamena (ynmoMsiHyTOro BbIIIE, KaK CO3JaTelb MEPBOM MapOBOM MAIIMHBI)
MOCTPOUTH MAIIMHY Ha TAaKOM IMPUHIMIE, YCHEXOM HE YBeHYalHCh. llepBbIii
Han&xHo padorasmuii [IBC ckonctpyuposan B 1860 roay dpaHIy3cKkuii HHKEHEP
OxeH Jlenyap. JIsurarens Jlenyapa paboran Ha razoBom torue. Ciycts 16 ner
HeMenkuil kKoHcTpykTop Hukomnac OtTo co3man Gosiee coBepiieHHBIN 4—TaKTHBIN
ra3oBblii jBuraTenab. B 3Tom ke 1876 romy motinaHackuii uHxkeHep Jlyranba
Kiapk ucnbitan nepBblii yaauHblii 2—TakTHBIN ABUraTenab. CoBEpIIEHCTBOBAHUEM
JIBC 3anuManuch MHOTHME MHXKEHEPHhl U MeXaHWkH. Tak, B 1883 rogy Hemenkuii
nwxkeHep Kapy beHIl u3roToBui UCMOAb30BaHHBIA UM B JlaJIbHEHIIIEM 2—TaKTHBIN
JIBC. B 1897 romy ero cooTeuecTBEHHMK U Toxe HHxeHep Pymonsd [duzens
npeanoxun JIBC ¢ BocrmameHeHueM pabodedt cMecH B IWJIMHAPE OT CHKATHUS
BO3/yXa, Ha3BaHHbIA BriocieacTBuu auzerneM. B XX Beke JIBC crtan oCHOBHBIM
JBUTATEIEM B aBTOMOOWIBHOM TpaHcropTe. B 70—x romax moutu 80 %
CyMMapHO#l MOIIHOCTH Bcex cymectBoBaBmux JIBC npuxoauinoch Ha
TPaHCHOPTHBIE MaIlMHBI (aBTOMOOWIM, TpakTopa M mp.). [lapamnensHo 11O
COBEPIIIEHCTBOBAHUE THAPOTYPOUH, MPUMEHSBIIUXCS HA THUAPOIICKTPOCTAHIUAX.
Nx momHocTh B 70—X rogax XX Beka npesbicuiia 600 MBT.
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[lopuiHeBble ABUTATEIM — KaMEpOM CropaHus SIBISETCS UWIUHIpP, TIE
XUMHYECKAS] SHEPTHUsI TOIUIMBA MPEBPALIACTCS B MEXaHUYECKYIO SHEPTHUIO, KOTOpas
W3  BO3BPATHO—TIOCTYNATEIBHOTO  JABHXKEHUS TMOPIIHA  MPEBpallaeTcs  BO
BpalaTEIbHYIO C MOMOIIbI0 KPUBOIIUITHO—IIATYHHOTO MEXaHHU3Ma.

beH3uHoOBBIE ABUTATENN — 3TO KJIACC JIBUTaTelIe BHYTPEHHETO CrOpaHusl, B
UUJTUHApPaX KOTOPBIX MPEABAPUTENIBLHO C)KaTas TOIUIMBOBO3JYIIHASL CMECh
MOJKUTAETCS AJIEKTPUYECKON UCKPOM.

UeThIpEXxTakTHRIN OCH3UHOBBINM JBUTaTeNb. Kak clemayeT u3 Ha3BaHUA,
pabounii UK YEeTBIPEXTAKTHOTO JBUTaTENsl COCTOMT U3 YETHIPEX OCHOBHBIX
ATanoB — TAKTOB.

. Bnyck. B TeueHwe 3TOro TakTa NOPIIEHb OITYCKA€TCs W3 BEPXHEHU
MéptBoi Touku (BMT) B HmxkHi0t0 MEPTBYIO Touky (HMT). Ilpu sToM kymnauku
pacrpeqBaia OTKPBIBAIOT BIYCKHOM KjamaH, U 4Yepe3 3TOT KJalaH B LWIMHAP
3acachIBA€TCA CBEXasi TOIUIMBHO—BO3YIIHASI CMECh.

2. Cxarue. Ilopmens unér uz3 HMT B BMT, cxxumas pabouyto cmech. [Ipu
ATOM 3HAYMTEIHHO BO3pacTaeT Temreparypa cmecu. OTHomeHrne pabodero oobéma
munHapa B HMT u o0bpéma kamepsl cropanuss B BMT HassiBaeTcsi cTemeHbIO
cxatusi. CTeneHb CHKaTUsl — OYEHb BAKHBINA MapaMeTp, OOBIYHO, UeM OHA OOJIbIIE,
TeM OOJIbllIe€ TOIUIMBHASA SKOHOMUYHOCTH ABuratens. OgHako, AJig ABUTATENS C
OOJIbIIIEH CTENEHBIO CKATUSI TPEOYETCS TOIUIMBO C OOJBIIMM OKTAHOBBIM YHCIIOM,
KOTOPOE TIOPOKE.

3. Cropanue u pacmupenue (padoumii xon mopurHs). Hezagonro no koHma
LMKJIA CXaTusd TOIUIMBOBO3JYIIHAS CMECh MOJKUTAETCsI HUCKPOM OT CBEYHU
3axuranus. Bo Bpems nytu nopuwHda u3 BMT B HMT tommBo cropaer, u noa
JNEUCTBHEM TeIUla CrOPEBIIET0 TOIUIMBA paboyas CMECh pacHIUpsieTCs, TOJIKas
nopiieHb. CTENeHb «HEIOBOPOTa» KoJieH4aroro Bana nsurarens 1o BMT npu
MOJKUTAHUM CMECH Ha3bIBAa€TCsS YIJIOM ONEpekeHus 3axuranusd. OnepexeHue
3KHTaHUS HEO0OXOIUMO JUIsl TOro, 4TOOBI OCHOBHAas Macca OCH30BO3AYITHOU
CMECH ycIienia BOCIUIAMEHHUTHCS K MOMEHTY, KOTJia TIOPIICHb OyJeT HaXOIUThCS B
BMT (mporiecc BOCIUIaMEHEHUS SIBJISIETCS MEJJICHHBIM MPOIECCOM OTHOCHUTEIIBHO
CKOpPOCTH padOThl MOPILIHEBBIX CUCTEM COBPEMEHHBIX aBurareneit). Ilpu stom
WCIIOJIb30BAaHUE SHEPTHM CTOPEBIIETO TOIIMBA OyAeT MakcuManbHbIM. Cropanue
TOIUIMBA 3aHMMAaeT TMPAKTHUYEeCKH (UKCUPOBAHHOE BpeMs, TOITOMY ISt
MOBBINIEHUS d(PPEKTUBHOCTU JBUTATENSl HYKHO YBEITUYHBATH YTOJI OIMEPEKEHUS
3a)KUTaHUSl TIPU TOBBIIICHUH 000POTOB. B cTaphIX ABUTATENSIX ATa PEryaupoBKa
MPOU3BOIUIIACH MEXAHHUYECKUM YCTPOUCTBOM (IIEHTPOOEKHBIM MU BaKyyMHBIM
PETYJISITOPOM BO3JCHUCTBYIOIIMM Ha TMpepbiBaTtenb). B 0Oojee coBpeMEHHBIX
IBUTATENSAX [UJI PETYJIMPOBKU YIJla OINEPEXKEHUsS 3aKUTaHUS HCIHOJb3YIOT
ANEKTPOHUKY. B 3TOM cilyyae HCMONB3yeTCs NaTUMK MOJIOKEHUS KOJEHYATOTO
Bajia, paboTaronuii 0OBIYHO MO €eMKOCTHOMY ITPUHITUITY.

4. Beimryck. ITocie HMT pabodero 1mukiia OTKpbIBa€TCS BBITYCKHOW KilamlaH,
W JIBIDKYIIMICS BBEPX IMOPIICHb BBITECHSET OTpaOOTaHHBIC Ta3bl M3 IWJIMHIpA
neurareis. [lpu noctmkenun nopmHeM BMT BbITYyCKHOM KJIanaH 3aKpbIBacTCs U
IIUKJ HauyMHaeTcd cHadajna. HeoOXoauMo Takke NOMHHUTB, UYTO CIETYIOUIUI
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npoiiecc (HarmpuMmep, BIYCK), HEOOsA3aTENbHO JOJKEH HAYUHATHCS B TOT MOMEHT,
KOTJla 3aKOHYUTCS MpEeAbIIyIIui (Hanpumep, BbITYCK). Takoe mojokeHue, Koraa
OTKPBITHI Cpa3y 00a KiianaHa (BIYCKHOM U BBITYCKHOM), HA3bIBAETCS MEPEKPHITHEM
KkiamaHoB. [lepekpbiThe KIamaHOB HEOOXOJMMO HJig JIYYIIEro HamoJIHEHUs
HWIAHAPOB TOPIOYEN CMEChIO, a TAKXKE MJId JIy4lIe OYHUCTKH LWIMHAPOB OT
OTpabOTaHHBIX T'a30B.

Pabounii 1MKI JBYXTAKTHOTO JBUTaTels. B JBYXTakTHOM JIBHUTaTese
pabounii LUKJI MOJHOCTBIO MPOUCXOJUT B TE€UEHUE OJHOTO 00OpOTa KOJEHYATOIO
Baa. [Ipu 3TOM OT MKIIA YETBIPEXTAKTHOTO IBUTATENsSl OCTAETCSA TOJIBKO CKATUE U
pacuiupenue. Briyck U BBIITYCK 3aMEHSIOTCA NPOoayBKoU nuinuuapa BOau3u HMT
MOPILIHS, PU KOTOPOH CBeXas paboydasi CMECh BBITECHSIET OTPaOOTaHHBIE T'a3bl U3
uunuHapa. bosee moapoOHO UK ABUTATENs YCTPOEH CIEAYIOUIUM 00pa3oMm:
KOrjJa MOpIIeHb UAET BBEPX, MPOUCXOAMUT CxKaThe pabodeil cMecu B LMJIUHJPE.
OIHOBPEMEHHO, JBWXYIIMWACS BBEpPX IMOPHIEHb CO3HAET pa3pekKEHUE B
KpUBOIIMITHOW Kamepe. [loa neicTBueM 3TOro pa3pekeHuss OTKPBIBACTCS KIIalaH
BIIYCKHOTO KOJUIEKTOpa M CBeXas MOpLHsS TOIUIMBOBO3AYIIHOW cMecH (Kak
MpaBuUilo, ¢ J00aBKOW Maciia) 3acachlBaeTCsd B KpHUBOIIMIHYIO Kamepy. [lpu
JBWKEHUHM TIOPIIHS BHHU3 JABJIICHUE B KPUBOLIMIIHOW KaMepe TMOBBIIIACTCS U
KJIaraH 3akpbiBaeTcs. I[lomxkur, cropanume U paciivpeHue pabodeil cmecu
MPOUCXOJAT TAK K€, KAK U B UETBIPEXTAKTHOM JABuratene. OgHako, Npu JBHKEHUU
nopiHs BHU3, npumepHo 3a 60° no HMT oTkpbiBaeTCcsi BBIIYCKHOE OKHO (B
CMBICJIE, MOPIIEHb MEePeCcTaéT NEPEKPHIBATh BBHIITYCKHOE OKHO). BBIXJIOMHBIE ra3bl
(umeromue ené OoNbIIOE AaBIECHUE) YCTPEMIIIIOTCSA Yepe3 3TO OKHO B BBIITYCKHOMN
KOJUJIEKTOP. Uepe3 HEeKOTOpOe BpPEMs MOPLIEHb OTKPBIBAET TAKKE BITYCKHOE OKHO,
pPaCIIOJIO)KEHHOE CO  CTOPOHBI  BIIYCKHOTO  KoJuiekTopa. (CBexas CMech,
BBITAJIKMBAEMasi U3 KPUBOIIMIIHON KaMepbl UIYIIUM BHU3 MOPIIHEM, MOMAIAET B
pabounii 00bEM IMIIMHIpPAa W OKOHYATEIHHO BBITECHSET M3 HETO OTpaOOTaHHbBIC
ra3pl. [lpu 3TOM 4acTh paboueld CMECH MOXKET BBIOPACHIBATHCS B BBITYCKHOU
KoJUIeKTOp. [Ipyn IBUXEHMM MOPIIHS BBEPX YaCTh CBEKEW CMECHU BBITOJKHYTOH U3
BBIITYCKHOT'O KOJUJIEKTOpPA 3acachlBAa€TCS Ha3al B KPHUBOIIMIIHYIO Kamepy. MoKHO
3aMETHTbh, YTO JBYXTAKTHBIA JBUTATENb MPU TOM K€ 00bEME HMWIMHIAPA, TOJDKEH
UMETh TOYTH B JBa pas3a OONBIIYI0O MOIHOCTh. OJIHAKO, TOJHOCTBIO 3TO
MIPEUMYIIECTBO HE PEaTU3yeTCsl, M3—3a HEA0CTaTOUHON 3(h(PEKTUBHOCTH MPOTYBKHU
[0 CPAaBHEHUIO C HOPMAJbHBIM BIIYCKOM U BBIITYCKOM. MOIIHOCTbH JIByXTaKTHOTO
JIBUTATENISL TOTO K€ JINTPaXka, YTO M YEThIPEXTAaKTHBIN Oombmie B 1.5 — 1.8 pa3za.
BaxHoe mpenMyIecTBO ABYXTAKTHBIX JBUIaTEIEd — OTCYTCTBUE TPOMO3IKOMU
CUCTEMBI KJIAIIAHOB U PACHPEIEIUTEIBHOrO Baja.

WNneanu3upys pabouuii LUK KaK JBYXTAKTHBIX, TAK U YETHIPEXTAKTHBIX
KapOIOpaTOPHBIX JBUTATEIIEH BHYTPEHHETO CropaHus, MOJTY4YaroT
TEpPMOJIMHAMUYECKUIN IUKJ, Ha3blBaeMbId yacto mukioM Otro. B sTOM 1mukie
mporiecc cxatus pabodedt cMecu mpoucxoaut mo aamabare 1-2. M3oxopa 2-3
COOTBETCTBYET TOPEHUIO TOIUIMBA, BOCIUIAMEHEHHOTO OT 3JIEKTPUUECKON UCKPHI, U
NOABOAY TEIJIOTHl ¢. Pabouuit Xoxa, OCYIIECTBISEMBIM TpU aguadaTHOM
pacuIMpeHur NpOayKTOB CropaHusi, uzoopaxeH Junueil 3—4. OTBOJ TEIUIOTHI ¢>.
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OCYILIECTBIIIETCA IO u30X0pe 4—1, COOTBETCTBYIONIEN B YETBIPEXTAKTHBIX
JIBUTATENSIX BBIIYCKY Ta30B M BCACBIBAHWIO HOBOM MOpPIMU paboueld cMmecH, a B
JIBYXTaKTHBIX — BBIITYCKY U TPOJAYBKE HUJIUHJPA.

P, 6ap

50

40

20
P-v "= const
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Vv = const
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Tepmuueckuit KIIJ[ paccmarprBaeMoro nukia BBIYUCISAETCS CIHEAYIOLINM
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OTtHomieHue Bcero o0beMa LUIMHIpA Vi K 00BEMY KaMepbl CTOpaHus V;
HAa3bIBAETCS CTETICHBIO CHKATHS E:
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U SABJISIETCS OJHOM M3 OCHOBHBIX KOHCTPYKTHBHBIX XAPAaKTEPUCTHK IOPIIHEBOIO
JABC.
VYuurtsiBas, yTo 15 aguadarsl 1-2 mexnay v 1 T CylIecTBYET CBS3b:

k-1 k-1
]I V= Tz Vo
OKOHYATCJIIbHO UMCCM.

1
n, :l_gk—l .

N3 »sToro BelpaxkeHus BUIHO, 4To Tepmuueckuit KIIJ nBurarenei,
pabotatouux 1o UMKIy OTTO, 3aBHUCHUT TOJIBKO OT CTENEHH CXaTuig €, U C
YBEJIIMYEHUEM € M Bo3pactaeT. [loHATHO, 4YTO Temmeparypa B KOHIIE c:kaTus T, HE
JOJKHA JOCTUTATh TEMIEPATYPhl CaMOBOCIUIAMEHEHHUs roproueit cmecu. [loatomy
CTEIIEHb CXKATUS B PEANbHBIX JBUIATENSAX TAKOIO TUIIA COCTaBseT nopsaka 7 <+ 10
WM HECKOJbKO OOJbIlle, B 3aBUCUMOCTH OT AaHTUACTOHAIMOHHBIX CBOWCTB
MPUMEHSEMOTO TOILUINBA.

Crenenp cxatus B nukie JIBC MoxeT ObITh MOBBIIIICHA, €CIU CKUMATh HE
TOPIOYYIO0 CMECH, & BO3[yX, M 3aT€M IOJYYUB BBICOKOE JABJIICHUE U TEMIEPATYPY,
o0ecrnevYnTh CaMOBOCIUIAMEHEHUE PACHBUICHHOTO B IWIMHApPE ToIuiMBa. B sToM
Clydae IIpOLEcC TOpEHUs 3aTATUBAETCS, W JABWATaTe€Id TaKOro  THIIA
XapaKTEPU3YIOTCS TOCTENEHHbIM (MJIM MEJJIEHHbIM) CTrOpaHUEM TOIUIUBA MpHU
MTOCTOSIHHOM JABJICHUU.
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P = const
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P-v = const
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4 v = const
0 - - = - S T — L - v, M kT
0.1 02 03 04 05 06 0.7 0.8 09 1

WNneanu3upoBaHHBIl LUK TakKOro JBUTATENsl BHYTPEHHETO CropaHus
Ha3biBaeTcs nukiaom Juzens. Pabouee Teno (Bo3ayXx) cxkumaeTcs o aguadarte 1-2,
a u300apHbBId Tporiecc 2—3 COOTBETCTBYET IIPOIIECCY TOPEHHS TOILIMBA, T.€.
MOABOAY TEMIOThl ¢. Pabouuii xoa BbIpakeH aAauabdaTHBIM pacHIupeHUEM
npoayktoB cropanus 3—4. Hakonen, uzoxopa 4—1 xapakrepusyetr OTBOJ TEIIOTHI
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¢2, 3aMEHss Ui YETBIPEXTAKTHBIX IABUTATENIEN BBIIYCK IPOAYKTOB CrOpaHus, a
JUI IBYXTAKTHBIX BBIITYCK U IPOAYBKY LWJIMH/PA.
®opmyna ais pacuera repmudeckoro KII/ B 3Tom ciaydae npuHUMaEeT BUA:

T4
|
pot @y L-T) _ T-T _, L T
¢ ¢-T)  KL-T) (1, T

2

Kpome crenenn cxarus ¢, y uwmkina Jluzens wumeercs eme OJHa
XapaKTEPUCTHUKA — CTENEHb MPEIBAPUTEIILHOTO PACIIUPEHUS:

_Vs
V)

Yo,

st u306apel 2—3 MOXKHO 3anucaTh vi/v, = T3/T,. PaccMaTtpuBas
k k k k

uzoxopy 4-1 n yunreBasg P,-v, =PF-v, , B-v, =P v, uv;= v, Hoily4aem:

k k
P, v, P v, i

= = p .

k k

Pl gl Pz "V,

~

NN
o |

0 AT
KOHYaTeJIbHO, C y4eToM cooTHowmenus 1;-v, =1,-v, , popmyna ansa
pacuera tepmuueckoro KIIJ[ nukna Jluzens numeer Bua:

OTO BBIpAXKEHHUE MOKA3bIBAET, YTO OCHOBHBIM (DaKTOPOM, OMpPEIESIONINM
SKOHOMUYHOCTb JBUTATENIeH, paboTaromux mo UMKy Jluzens, Takxke sBISIETCS
CTEIEHb CXaTUs €, C YyBenuueHueM Koropoul tepmuueckuit KIIJ nwukia
Bo3pactaetr. Huwxuuil npenen ans € oOyclOBIEH HEOOXOIUMOCTHIO TOJIYYEHHUS B
KOHIIE CoKaTHs TEMIIEPATYypPbl BO3/1yXa, 3HAUUTEIBHO NPEBBIIAIOIIEH TEMIEPATYPy
caMoOBOCIJIaMeHEeHUs1 TorunBa. Bepxuuih mnpeaen € (a0 20) orpaHudeH
JONYCTAMBIM JIaBJI€HWEM B UWIHHAPE, MPEBBIIMIEHUE KOTOPOTO MPUBOJIHUT K
YTSDKEIICHUIO KOHCTPYKUMU JBUTATENsl W YBEIMYEHUIO IIOTEPhL HAa TPEHHUE.
[ToBblllIEHNE CTENEHU NPEABAPUTENBHOIO PACIIMPEHUS P BBI3BIBAET CHHKECHHE
tepmuueckoro KIIJ[ mmkma. Orcroga ciiegyer, 4To ¢ yBEIWYECHUEM HArpy3kd U
VUIMHEHUEM  MpoLecca TOPEHHs  TOIUIMBA  JKOHOMUYHOCTH  JIBUTATEIIA
YMEHBLIAETCS. JTO CIIEAYET YYUTBHIBATh, HapsAy € APYIrUMU OOCTOSATEIBCTBAMH,
P ONPENICICHUH ONTUMAIILHOTO PeXKUMa padOThI IBUTaTEIIs.
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Huxn TpuHkiaepa WIM HUKI CO CMENIAHHBIM TMOABOJOM TEIJIOTHI, MO
KOTOPOMY pabOoTarOT COBPEMEHHBIE OECKOMIPECCOPHBIE TU3EIU, OCYLIECTBISETCS
no cieaywomei cxeme. Anuabata 1-2 COOTBETCTBYET CXATUIO B LWIMHIAPE
BO3/yXa 10 TEMIIepaTyphl, MPEBHIIIAIONIEH TEMIEPaTypy CaMOBOCILUIAMEHEHUS
TOIJIMBA, BOPHICKMBAEMOTO B MWJIMHIAP, a u300apa 3—4 wu3o0paxkaeT Mpolecc
TOPEHUsI OCTAIBHOM YAacTH TOIUIMBA IO MEpEe MOCTYIUIEHUS €ro U3 (OPCYHKHU.
Pacmpenne npoayKkToB cropaHus MPOUCXOAUT 1o anuabdare 4-5, a uzoxopa 5—1
COOTBETCTBYET BBIMYCKY OTpaboTaBIIMX ra3oB B armocdepy. Takum o0pazom,
TEIUIOTA (| MOABOJUTCS B IBYX nporeccax 2—3 u 3—4:

P, 6ap
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P-v/“= const

10
v = const

1 v, M KT
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0

q1 — qll + q2”-

[IpuBenem 0Oe3 BbIBoAa BhIpakeHue misi tepmuueckoro KIIJ[ nwuxmna co
CMEILIaHHBIM MOJABOJIOM TEIUIOTHI:

A-pf—1 1
A-D)+k-Ap-1) &

771:1_
(

[TapameTp A  Ha3bpIBaeTCId  CTEMEHBIO  TOBBIIMICHHWS  JAaBJICHHS U
pacCUUTHIBAETCS TaK:

PIREEY
P2

B nBurartensx, pabGoramomux no MUKy TpuHKIEpa, pachbul TOIUIMBA
MPOU3BOAUTCS MEXAaHMYECKUM TOIUIMBHBIM HACOCOM BBICOKOTO [IaBJIEHUS, a
BO3AYIIHBII KOMIIPECCOP, MPUMEHSAEMbIA B aBurarene Jluzens, OTCYTCTBYET.
Crenensb cxaTus € B pacCCMaTPUBAEMOM ITUKIIE MOXET JOoCcTUTaTh 18 u Goiee.
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CpaBHeHue >(PPEKTUBHOCTH PACCMOTPEHHBIX IMKJIOB MpoBeAeM Ha 1—s
auarpaMme, MOpPEAnojoXKHUB, YTO B KaXJAOM U3 HUX JOCTHTaeTcs OJMHAKOBas
MakCUMaJsbHas Temieparypa 73.

OnuHakoBbl M KOJIMYECTBA OTBEJAECHHOM TEIUIOTHI ¢ B KaXJOM LIHMKJIE
(momans 14ab). Ilpu Takux yCIOBMAX TEIIOTA LMUKIA ¢,, PaBHAs IOJE3HOM

pabore nukna ¢, Oyaer Haubonbmen i uukina Jusens 12734 v HanMeHbIIeH
s uukna Orro 1234, Iukn Tpusknepa 12°3°34 3aHMMaeT MpoOMEKYyTOUHOE
MOJIOKEHUE.

T, K
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P = const
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v = const 3
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1234 — mukn Otro; 12734 — ukn uzens; 12°3°34 — nukn Tpunkiepa

Takum oOpazom, Tepmuueckuit KIIJI, xapakrtepusyromuii CTENeHb
TEPMOJIMHAMHYECKOTO COBEPIICHCTBA IMHUKIa, OyaeT HauOOJbIIMM IS IIUKJIa
Jlnzenst ¢ mMoJABOAOM TEIUIOTHI MPU MOCTOSSHHOM JABJICHUM WU HAMMEHBIIUM IS
1ukiaa OTTO ¢ MOABOOM TEIUIOTHI IIPH MOCTOSIHHOM 00BEME.

Ilpumep pacuema. [Jano JIBC c noaBoioM Teruia mpu MOCTOSHHOM 00beme

(mukn Otro). CreneHb cxaTusi € = 9,cTeNeHb MOBBIMICHUS JOaBieHus A = 3.5,
5 0

nasinenue Ha Bxoxe P, = 1-10° Ila, Temmeparypa Ha Bxoge ¢ =5 "C, MOIIHOCTb

nsuratesist N = 100 kBt. Onpeaenuts nmapaMeTpsl IUKIA.
Pacuer napameTpoB Touku | nukia:
P = 1-10° TMa — 3aJ1aHO M0 YCJIOBUIO;
T'=273+1t,=273 +5=278K;
R, = 8314 JIx/xmonb-K;

L = 28,9 Kr/kMoJb (MOJIEKYIJIsIpHAs Macca BO3/lyXa);
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R =R,/pn=8314/28.9 = 287.7 Ix/krK;
v = RT/P; = 287.7-278/10° = 0.8 m/kr;
u; =c, 71 =0.71-278 = 197 xJI>x/kT;
hy = c,- Ty = 1.005-278 = 279 xJIx/Kr.

JIisi HAXOXJIeHHUs] TapaMeTpoB TOYKU 2 IMKJIA MCHOJB3YIOT COOTHOIICHUS
Mexy napamerpamu P, v, T, B anuabatHom nponecce 1-2:

V2 =vi/e =0.8/9 = 0.089 m’/kr;
k=c,c,=1.4;
P,=P-£"=10"9"*=21.6-10" I1a = 21.6 6ap;
T, = P,-v)/R = 21.6:10°-0.089/287 = 668 K;
u, = c, T, =0.71-668 = 475 xJx/kr;
hy = ¢, T = 1.005-668 = 671 xJIx/kr.

Jlnst onpenieneHus napaMeTpoB TOUKHM 3 IUKIIA UCIOJIB3YIOT COOTHOIICHUS
MEX1y MMapamMeTpaMy B U30XOPHOM Iporecce 2—3:

P =P-1=21,6-10-35=756-10’ Ila="75,6 6ap;
I,=T,-1=668-35=2338 K;
v, =v, =0.089 »’/xe;
u,=c, -T,=0.71-2338=1660 xrc/xe;
hy=c,-T, =1.005 - 2338 = 2350 K/Joic /2 .

Jliist pacyeTa mapaMeTpoB TOUKH 4 IIUKJIA UCTIOJB3YIOT COOTHOIICHUSI MEXIY
napaMeTpaMu B aguadaTHOM mpoiiecce 3—4 1 H30X0pHOM Tporiecce 4—1:

3
v, =v,=0.8 m /xe;
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P, =P(v,/v,) =75.6-10°(0.089/0.8)'* =3.53-10° ITa=3.536ap;
T,=P,-v,/R=3.53-10°-0.8/287.7=981K;
u,=c,-T,=0.71-981=697 k/]orc/ ke ;
hy=c, T, =1.005-981=986 x/oc/xe.

MOXHO ONpeneNuTh 3HaY€HNE SHTPOIUU B TOUKE 1.

$) =C, ln%—Rlni—l,

rne 1, =273 K, a P, =760 mm pt. ct. = 101375 Ila.
3aTteM OIpeAesaloT U3MEHEHNUE SHTPOIHUHU B MPOIECCaXx:
As, , =0, Tak Kak mporecc U303HTPOITHBIH;
As, ,=c,-In(T;/T,)=0.71-1n(2338/668) = 0.89 kx/kr-K;
As, , =0, Tak KaK mporecc H309HTPOITHBIN;
As, ,=c, -In(T;/T,)=0.71-1n(278/981) = -0.89 x{x/krK.
KonnuecTBo Temia, noaABOAUMOro K TEIly B Imponecce 2—3:
q,=c, (I, -T,)=0.71(2338 — 668) =1186 k/{orc / ke .
KonuuaecTBo Temia, oTBOAMMOro OoT pabouero Tena B mporecce 4—1:
q,=c, (I, —T,)=0.71(981—-278) =500 x/otc/ ke .
Pabora, coBepiiaemas B IIMKIIE:
ly=q,—q,=1186—-500=686 xllnc/xe.
Tepmuuecknit KIT[ nukna:

Ni=(q,-9,)/q, = (118 —500)/500 =0.579 .
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I'A30TYPbUHBIE YCTAHOBKHU.

TpanuinmonHass coBpemMeHHas razotypounHas yctaHoBka (I'TY) — »sto
COBOKYITHOCTb BO3JIYIITHOTO KOMITPECCOpPA, KaMEphl CrOPaHUs U Ta30BOM TYpOUHBI,
a TaK)Ke BCIIOMOTATENIbHBIX CUCTEM, oOecreunBaromux ee padotry. COBOKYIHOCTh
I'TY u snekTpudeckoro reueparopa Ha3blBalOT ra30TyPOUHHBIM arperaToM.

Heo6xoaumo noguepknyTh oaHO BaxkHoe otiuuue ['TY ot IITY. B cocras
IITY He BXOAUT KOTEN, TOYHEE KOTEJI PACCMATPUBAETCS KAK OTJIEIbHBIN HCTOYHUK
TEIJIa; MPU TAaKOM PACCMOTPEHHUH KOTENl — 3TO «UEPHBIN SAIIUK»: B HETO BXOJUT
nuTatenbHasl Boja, a BbeIxoauT map. [lapoTypOunHHas ycTaHoBka 0e3 KOTJIa Kak
¢uzmyeckoro oobekra padborath He MoxkeT. B I'TY kamepa cropanusi — 310 ee
HEOThEMIIEMBIN 371eMeHT. B 3TOM cMmbIiciie I'TY — camonmocraTouHa.

'a3oTypOuUHHBIE  YCTAHOBKM  OTJIMYAIOTCS  YPE3BBIUAWHO  OOJBIIMM
pa3HooOpa3ueMm, TNOXKalyd, Jaxe OoNbIIMM, 4YeM napoTypOuHHble. Huxke
paccMOTpuUM HamOoJiee IEPCTICKTUBHBIE U HAaMOO0JIee NCTOIb3yEeMbIE B DHEPTETHUKE
I'TY mpocroro nukia.
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Bo3nyx u3 armocdepsl mocTynaer Ha BXOJ BO3IYIIHOTO KOMIpeccopa,
KOTOPBIM TpEACTaBIsAeT COOOW POTOPHYIO TypOOMAIIMHY C MPOTOYHOM YACThHIO,
COCTOSIIIIEW W3 BPALAIONIMXCA U HEMOJBUKHBIX pelieTOK. OTHOLICHUE AaBJICHUS
3a KOMIIPECCOPOM K [IaBJICHHUIO MEPEJ HUM HA3bIBACTCSA CTEIEHBIO CHKATUSA
BO3JYLIHOTO KoMIIpeccopa. PoTop koMmpeccopa OpUBOAUTCS Tra30BOM TypOWHOM.
[loTok cxatoro Bo3ayxa Mmojaercs B OJHY, JIBe win Oosee kamep cropanus. [lpu
5TOM B OOJBIIMHCTBE CJly4yaeB MOTOK BO3/yXa, HIAYIIMHA H3 KOMIIpeccopa,
pasgensieTcss Ha JABa NOTOKA. [lepBhIM IMOTOK HANpaBise€TCs K TOPEJIOYHBIM
yCTpOMCTBaM, KyjJa TakKe MOJaeTcsl TOIUIMBO (Ta3 WM KUJKOE TOmIHUBO). [lpu
CXKUTaHUU TOIUIMBAa O0Opa3yloTcsl MPOAYKTbl CrOpaHUsl TOIUIMBA BBICOKOMU
temneparypsl. K HUM MOJMEMMBAETCS OTHOCUTEIBHO XOJIOJHBIA BO3JYX BTOPOIO
MOTOKA C TE€M, YTOOBI MOJYUYUTh ra3bl (MX OOBIYHO HA3BIBAIOT PAOOUYUMHU ra3amu) ¢
JOMYCTUMOM J1Jis JIeTalield ra30BoM TypOUHBI TEMIIEpaTypOHu.

PabGoume raszsl moiar0TCs B MPOTOUYHYIO YacCTh ra30BOil TypOUHBI, MPUHITUIL
JNEUCTBUSA KOTOPOM HHUYEM HE OTIHMYACTCA OT IPUHIMIIA JEUCTBHS NApOBOU
TypOuHbl. B Ta3zoBoii TypOmnHe paboume ra3pl pACHIUPSIOTCS MPAKTUYECKH 0
aTMOC(EepHOTO JaBJICHUS, MOCTYNAlOT B BBIXOAHOW muddy3op 14, m u3 HETO —
b0 cpady B JBIMOBYIO TpyOy, 5m0OO mpeaBapuTeNbHO B KaKOW—IHOO
TEIJI000OMEHHUK, UCTIONIB3YIONIUHN TETUIOTY yxoasamumx razoB ['TY.

BcenenctBue  pacmmpeHuss Ta3oB B Ta3oBOM  TypOWHE, TOCIEIHSS
BbIpa0aThIBa€T MOITHOCTh. BechbMa 3HauMTENbHAS €€ YacTh (MPUMEPHO TOJIOBHUHA)
TPATUTCA HA NPUBOJI KOMIIPECCOpA, a OCTaBIIASCA 4YacTb — HA IPUBOL
3JIEKTpOreHepaTopa. ITO M €CTh Moje3Has MoImHOCTh I'TY, KkoTopasi yka3biBaeTCs
IIpU €€ MapKUPOBKE.

Hns wm3obOpaxenuss cxem [TY mnpuMeHSIOT yClIOBHbIE 0003HAYEHUS,
oA0OHbIE TeM, KOTOpbIE UcTIONb3YIOT aiis [ITY.

Tonauso T
pC" c A

| I §
/a a // -”d'Td

Py T,
Y b b Kawmepa
\ Cropanus /

| S—
L
/ TeHepaTop
BoznymHbii ['azoBas
KOMIIpeccop TypOMHa

bonee mpocroit I'TY ObITh HE MOXKET, TaK KaK OHA COACPKUT MHHHUMYM
HEOOXOIMMBIX KOMIIOHEHTOB, OOECMEYMBAIONINX TOCIEIOBATEIbHBIC IPOIIECCHI
CKaTus, HarpeBa M pacliMpeHus padouero Teja: OJAMH KOMIIPECCOp, OAHY WU
HECKOJIbKO KaMep Cropasuisi, paOOTalOIIMX B OJWHAKOBBIX YCJIOBHUAX, U OJIHY
razoByro Typouny. Hapsay ¢ I'TY npocroro mukia, cymectBytorT I'TY cinoxuoro
[IMKJIa, KOTOPbIE MOTYT COJIEpXaTh HECKOJbKO KOMIIPECCOPOB, TYpOMH M KaMmep
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cropanusa. I'TY He oTiaumyaercss BBICOKOW HSKOHOMHUYHOCTBIO HM3—3a BBICOKOU
TEMIIEPATYpPhl YXOISAIIUX Ta30B. YCIOXKHEHUE CXEMBI IMO3BOJISIET MOBBICHTH €€
AKOHOMUYHOCTb, HO OJJHOBPEMEHHO TpeOyeT YBEIMYCHHS KalmuTaJOBIOXKEHUN U
YCHOXKHSET SKCILTYaTalHUIo.

Ha pucynke nokazano ycrpoiicteo ['TY V94.3 pupmsl Siemens.

18 17 16

15

S

ATMocepHblii  BO3yX OT KOMIUIEKCHOTO  BO3yXOOUYHCTUTEIBHOTO
yctporictBa (KBOY) nocrymaeT B maxrty 4, a u3 Hee — K NPOTOYHOU yacTtu 16
BO3AYIIHOTO KomIpeccopa. B koMmipeccope NpOUCXOAHUT CKaTUE BO3AyXaA.
Crenenp cxaTuss B TUIIMYHBIX KoMmIpeccopax cocrtasisier 13—17, u Takum
obpa3zoM paBieHue B Tpakte I'TY He mpeBsimaer 1.3—1.7 MIla. D10 eme oxHO
ceppe3Hoe orinuue ['TY oT mapoBod TypOuHBI, B KOTOpPOM JaBlieHHE TNapa
6omnbmie, yem gaBieHue ra3oB B ['TY B 10—15 pa3. Manoe naBnenue pabodeit
Cpenbl OOYCIOBJIMBAET Myl TONIIUHY CTEHOK KOPIYCOB U JIETKOCTh WX
nporpeBa. Mmenno sto genaer I'TY oueHb MaHEBPEHHOM, T.€. CIOCOOHON K
OBICTPBIM ITyCKaM M OCTaHOBKaM. Ecmm mins mycka mapoBOodl TypOWHBI B
3aBUCUMOCTH OT €€ HauaJlbHOI'O0 TEMIIEPATYpPHOI'0 COCTOSIHUS TpedyeTcs oT 1 u 1o
HECKOJIbKHX 9acoB, To [ TY moxeTt ObITh BBeZieHa B paboTy 3a 10—15 Mu=.

IIpu cxxatum B KOMIIpecCOpe BO3AyX HarpeBaercs. 3a KOMIIPECCOPOM
temneparypa Bosayxa coctabisieT 300—350 °C. Bo3ayx Mexay CTEeHKaMHu
IJIAMEHHOW TpyOBbl M KOpIyca KaMephl CrOpaHus JABWXKETCS K TOPEIOYHOMY
YCTPOMCTBY, K KOTOPOMY IIOJa€TCA M TOIUIMBHBIA ra3. [IOCKOJBbKY TOIUIMBO
JOJKHO TMOCTyHaTh B Kamepy cropanus, riae naasiaenue 1.3—1.7 Mlla, To
JaBJICHUE Ta3a JOJDKHO OBITh OONbIIUM. {711 BO3MOXKHOCTH PEryJUpPOBAHUS €T0
pacxoia B KaMepy CcropaHusi TpeOyeTcs JaBleHUE Tra3a MPUMEPHO BIBOE OOJIBIIE,
yeM JaBJeHHEe B Kamepe. Eciau B moABOIAIIEM Ta3ompoBOAE HUMEETCS TaKOe
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JABJICHUE, TO Ta3 MOAAETCS B KAMEPY CTOPaHHUs MPSIMO C Ta30pacipeaeTuTEIbHOrO
nynkra (['PIl). Ecnu maBnenue raza memocratounoe, To mMexay ['PIT u xamepoit
YCTaHABIMBAIOT JOKUMHOW ra30BbId KOMIIPECCOP.

Pacxon TommBHOrO rasza cocrasisiet Bcero npumepHo 1—1.5 % ot pacxona
BO3yXa, MOCTYIAOIIETO OT KOMIIpeccopa, MO3TOMY CO3/IaHuE
BBICOKOOKOHOMHYHOTO  JIOXKUMHOTO Ta30BOr0  KOMIPECCOpa  MPEACTABISAECT
ONPEAECIEHHBIC TEXHUYECKUE TPYAHOCTH.

Buytpu nnamennoir Tpyosl 10 00pa3yroTcsi IpOIyKThl CrOpaHHsI BBICOKOMU
temneparypsl. [locie noamemnBanys BTOPUYHOTO BO3/1yXa HAa BBIXOJIE U3 KaMEPhI
CrOpaHusi OHA HECKOJIbKO CHHMXKAETCA, HO JOCTUTaeT TEM HE MEHEE, B THUIIMYHBIX
coBpeMmeHHbIX [ TY 1350—1400 °C.

N3 kamepsl cropaHusi ropsuvie raspl IMOCTYIAKOT B MPOTOYHYK YacTb 7
ra3oBoi TypOuHbl. B He#l rasmel pacmupsroTcss A0 MPAKTUYECKH aTMOC(PEPHOTO
JABJICHUSI, TaK KakK MPOCTPAHCTBO 3a Ta30BOM TypOMHOU cooOmiaercs Jubo ¢
IBIMOBOM TpyOOH, HOO € TEMIOOOMEHHUKOM, THIPABIMYECKOE COMPOTUBICHUE
KOTOPOT'O HEBEIIHKO.

[Ipu pacmimpeHnn ra3oB B Ta30BOM TypOMHE Ha €€ Bally CO3JaeTcs
MOIIHOCTb. JTa MOIIHOCTh YaCTHUYHO PACXOAYeTCs Ha MPHUBOJ BO3AYLUIHOIO
KOMIIpeccopa, a ee U30BITOK — Ha MpUBOJ poTopa | snekrporeHeparopa. OnHa u3
xapakTepHbIX ocobOeHHocteld ['TY cocrout B TOM, 4TO KOMIIpeccop Tpedyer
MPUMEPHO MOJIOBUHBI MOUTHOCTH, pa3BHUBaeMoi razoBoi TypOunoi. Temneparypa
razoB 3a I'TY pocTaTo4HO BBICOKA, W 3HAYHUTEIBHOE KOJIMYECTBO TEMJIOTHI,
MOJIyYEHHOW NIPU C)KUTAaHWU TOIUIMBA, B OYKBAJIbHOM CMBICIIE YXOJIUT B ABIMOBYIO
TpyOy. [TosTomy nipu aBToHOMHOM padote I'TY ee KII/] HeBenuk — 11 TUIUYHBIX
I'TY on cocraBnset 35—36 %, T1.€. cymectBeHHO MeHble, yeM KIIJI IITY. [eno,
OJTHAKO, KapJAHMHAIBHBIM 00pa3oM HU3MEHSETCA MPH yCTaHOBKe Ha «xBocte» ['TY
TEIJI000OMEHHUKA (CETEBOTO TMOJOTpEeBaTeNsl WIM KOTJIa—yTHWiIM3aTopa s
koMOuHupoBanHoro mukia). K.m.a. I'TY MoXHO HAaWTH U3 COOTHOIICHUS:

te 1 k-1 1
T]Oig 1_/1_% _<Ak _1>(E)

Eo1-(T 1))

rie A — CTENeHb NOBBLIIICHUS MAaBJICHUS B KOMIIpEccope; f, — Temmeparypa
BCaChIBAEMOT0 B KOMIIpecCcop Bo3ayxa, K; # — TeMrepaTrypa ra3oB Ha BBIXOJIE U3
Kamepsl cropanus, K; 1o — OTHOCUTENbHBIM BHYTPEHHUN K.I.J. TYpOUHBI; T, —
BHYTPEHHUU K.IT.JI. KOMIIPECCOPA; T — K.II.J. KAMEPHI CTOPAHUSL.

K.m.a. ¢ yuetom noTepp B 2JIEKTPOABUTATEE:

M= N.c:

Ne = Nilu-

TJ€ My — MEXaHUYECKUHU K.I1.]1.
VY nenpHbIi 3¢ (PEeKTUBHBIN pacxo TOIUIMBA ONPEAEIISIETCS:
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3600
¢ n.QY

3a ra3zoBoil TypOuHOW ycTraHaBauBarOT Juddy3op —  IIaBHO
PaCIIMPSIOMINIICA KaHal, NPU TEUYEHUH B KOTOPOM CKOPOCTHOM HAamop Ta3oB
YaCTUYHO npeolpasyercs B AaBICHUE. JTO MO3BOISET UMETh 332 Fa30BOUM TypOUHOM
JABJICHUE MEHbIlIee, YeM aTMOC(hEepHOe, YTO yBEIMYMBAET pabOTOCMOCOOHOCTH 1
KT Ta30B B TypOMHE U, CJIEIOBATEIbHO, OBHIIIAET €€ MOUTHOCTb.

YcrpoiictBO  BO3aymHOro  koMmmpeccopa. Kak — yxe  yKa3bpIBaJIOCH,
BO3AYILIHBII KOMIpPECCOp — 3TO TypOOMallinHa, K Bally KOTOPOM MOABOAMUTCS
MOIIHOCTh OT Ta30BOM TypOWHBI, 3Ta MOIIHOCTh MEpeaaeTcss BO3AYXY,
MPOTEKAIIIEMY 4Yepe3 MPOTOYHYK0 YacTh KOMIPECCOpa, BCIEICTBHUE YErO
JABJICHUE BO3/yXa MOBBIIAETCS BIUIOTh A0 JIABJICHUS B KAMEPE CrOPAHUSL.

B coBpemennbix ['TY BXOOHOW HampaBiSOMIMK anmapar JeJIaroT
noBopoTHbIM. HeoOGxonumocTs B moBopoTHoM BHA BbI3BaHa cTpemiieHHMEM HE
JONYCTUTh CHHMXKEHUSI SKOHOMUYHOCTH NpU CHIWKeHuM Harpy3sku ['TY. Jleno
3aKIIFOYAeTCsl B TOM, YTO BaJlbl KOMIIpECCOpPAa W DSJIEKTPOTEHEpPATOpa HMEIOT
OJIMHAKOBYI0 4YaCTOTYy BpallleHWs, paBHYK dyactore cetu. [loatomy, ecnu He
ucnons3oBaTh BHA, To n KoinuecTBO BO3/yXa, MOJaBAEMOI0 KOMIIPECCOPOM B
KaMepy CropaHus, MOCTOSTHHO M HE 3aBUCUT OT HArpy3Kd TYpOWHBI. A W3MEHUTH
MOIMHOCTh ['TY MOXHO TONBKO HM3MEHEHHMEM pacxojla TOIUIMBA B Kamepy
cropanusa. [loaTomy npu ymMEHBIIEHHMM pacxoJa TOIUIMBA M HEW3MEHHOCTH
KOJIMYECTBA BO3JyXa, IOAABAEMOI0 KOMIIPECCOPOM, CHHIKAETCA TEMIlEpaTypa
pabounx ra3oB W mepen ra3oBOM TypOMHOI, W 3a HEl. DTO MPUBOJIUT K OYEHD
3HAYUTEIBHOMY CHIKEHUIO HKOoHomuuyHOoctH ['TY. IloBopor ionarok mnpu
CHUKEHUU Harpy3ku BOKpYyr ocu 1 Ha 25 — 30° mo3BoJsieT Cy3UTh MPOXOIHBIE
ceyeHuss kaHaioB BHA u yMeHBIINTH pacxoll BO3AyXa B KaMmepy CropaHus,
MOAJEPKUBAsA OCTOSTHHBIM COOTHOLIEHHE MEXIY PAacXOJOM BO3[yXa W TOIUJIMBA.
YcraHoBKa BXOJHOI'O HAaNpPaBIBIIOLIETO ammnapara IT03BOJSET MOAACPKUBATH
TeMIepaTypy ra3oB mnepej razoBoil TypOMHON M 3a HEW MOCTOSHHOM B Juamna3oHe
MoutHocTH npumepHo 100—S80 %.

3akpyueHHbli ¢ mnomoupio BHA Bo3nyx moctynaer B 1—10 cTymeHb
BO3YIIHOTO KOMIIpECCOpa, KOTOpasi COCTOUT U3 JBYX PEUIETOK: BpaIllaOLIECs U
HenmoABWKHOU. (OO0e pemerkd B OTIMYHE OT PEHIeTOK TYpOWHBI HMMEIOT
pacmmmpsromuecs (nuddy3opHbie) KaHajbl, T.€. IIOMA b Uil IPOX0Ja BO3IyXa Ha
BXxoz€ ['| MeHbIIE, 4YeM [ Ha BBIXOJE.
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[Ipu nBWXEeHHM BO3JyxXxa B TaKOM KaHalle, €ro CKOPOCTh YMEHBIIAETCs
(W, < W), a naBnenue yBenuuuBaetrcs (P, > P;). K coxanenuto, caenatb
mudPy30pHYyI0 PEIIETKY AKOHOMHYHOW, T.€. 4YTOOBI CKOPOCTh moToKa W) B
MaKCHUMAJIbHOW CTEeNEeHU MpeoOpa3zoBaiach Obl B JaBJICHUE, a HE B TEIIOTY, MOXKHO

TOJBKO MPH HEOOJBIION cTernmeHu cxatus P,/P; (0O0bIYHO
MPUBOJUT K OOJIBIIOMY YHCITY CTYNEHEH KOMIIpeccopa

Py

Bpawawowascs
( paGouasn)
penrerka

Py 7Py

c
2 w.
“2 2

p Z

Henonsuxuas
(Hanpasisomasn)

Py >pl peluCTKa

a

S

1.2 — 1.3), uro

Ha pucyHke mokazaHo Te€YeHHE BO3/1yXa B KOMIIPECCOPHOW cTyneHu. M3
BXOJHOTO (HEMOABUXKHOI'0) MOBOPOTHOTO COILJIOBOTO ammapara BO3JyX BBIXOJIUT
co ckopoctbio C| (BEpXHHMU TPEYroJIbHUK CKOPOCTEH), UMEIOIIUNA HEOOXOIUMYIO
OKpYXKHYI0 3aKkpyTky. Eciam pacnonoxkennas 3a BHA Bpamaromasics (padouas)
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penieTka uMeeT cKopocTh U}, TO OTHOCUTENbHASI CKOPOCTh BXOJia B Hee W) Oyner
paBHa pa3zHoctu BektopoB C| u Uj, u 3Ta pa3HocTh Oynet Oonbiie, uem C; T.e. W)
> C). IIpn 1BM>KEHUU B KaHAJIE CKOPOCTh BO3yXa YMEHBIIAETCS 10 3HaueHus W,
U OH BBIXOJUT MOJ YyrioMm [}, ompeaessieMbiM HakJIoHOM mnpoduneid. OaHako
BCJIEJICTBHE BpalleHUs U MOABOAA K BO3JYyXYy SHEPrUU OT pabOYMX JOMATOK €ro
ckopocTh C, B aOCONMIOTHOM JABUXEHUM Oyaer Oonbiie, yem (. Jlomatku
HETOJBUKHOU PEIIETKH yCTaHABIMBAIOT TaK, YTOOBI BXOJ BO3/lyXa B KaHayl ObLI
O0e3yaapHbiM. Tak Kak KaHaJlbl 3TOM PEHIETKH PACIIMPSIONIUECS, TO CKOPOCTh B
HEW YMEHBIIAETCA, a JAaBJIECHHE Bo3pacTtaeTr oT P; 1o P,. Bo BTOpo# cTyneHu u
MOCHEAYIONINX CTYMEeHSAX MpoIecC CxkaTusi OyAeT NpOoTeKaTh AaHaJIOTHYHBIM
obOpazom. [lpu 3TOM BbICOTa UX pEHIETOK OYJeT YMEHBIIATHCS B COOTBETCTBUH C
YBEJIMYUBILEHCS TIIOTHOCTHIO BO3AyXa U3—3a CXKATHUSL.

Co3nanue BBICOKOOKOHOMUYHBIX BO3JIYIIHBIX KOMIIPECCOPOB MPEICTABISIET
coO0Ol 4Ype3BbIUAHHO CIOXHYIO 3aJady, KOTOpPYK, B OTJIMYHME OT TypOuH,
HEBO3MOXXHO PEIIUTh TOJBKO pacueToM U MpoeKkThupoBaHueM. [lockonbky
MOIIHOCTh KOMIIpeccopa paBHa mnpuMmepHo MomHoctH [TV, TO yxyaueHwue
AKOHOMUYHOCTU KomIpeccopa Ha 1 % NpUBOAUT K CHMXKEHUIO YKOHOMUYHOCTHU
Bcen ['TY na 2—2.5 %. IloaTomMy co3maHue XOpOLIEro KOMIIpEccopa SIBIISIETCA
OJTHOM M3 KJIF0UeBBIX MpooOsieM cozmanus ['TY. OObIYHO KOMIPECCOPHI CO3AAI0TCS
MyTEM MOJIETUPOBaHUS (MacCIITaAOMPOBAHUSI ), UCIIOJIb3YsI MOAEIbHBIN KOMIIPECCOP,
CO3JIaHHBIN MTyTEM JJTUTEILHON SKCIIEPUMEHTAIBHON TOBOJIKH.

Kamepwsr cropanus ['TY ornuuarores OonbimiuM — pasHooOpasuem. Ha
pucynke nokazana I'TY tuna 13E momuocteio 140 MBT dupmer ABB ¢ onnoit
BBIHOCHOM Kamepoul cropanus. Bo3gyx w3 Kommpeccopa W3 KOJBLEBOIO
muddy3zopa mocTymaer B IpOCTPAHCTBO MEXKIY KOPITYCOM Kamephbl U TUIAMEHHOU
TpyOO# M 3aTeM HCIIOIB3YETCS JUIsl TOPSHUS ra3a W IS OXJIAXKICHHS TUTAMEHHOU

TPYOBI.
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['azoBast TypOuHa siBiseTcss Haubojee clOoXHbIM 3iaeMeHtoM ['TY, dro
00yCJIOBJIEHO B MEPBYIO OYEpE/lb OUECHb BBICOKOW TEMIlEpaTypoil pabouux rasos,
MPOTEKAIOIINX Yepe3 €€ MPOTOUYHYIO YacTh: TEMIIepaTypa ra3oB mnepej TypOUHOM.
CrpemiieHHE TOBBICUTH HA4yaJbHYIO TEMIIEpPATypy CBS3aHO, MPEXKAE BCEro, C
BBIUTPBHIIIEM B 9KOHOMUYHOCTH, KOTOPBIA OHA JIaeT.

Jlnst obecrieueHus] JIUTENBHOM pabOThl Ta30BOM TYpPOMHBI HCMOJIB3YIOT
coueTaHue JByX cpeiacTB. llepBoe cpelncTBo — mpuUMEHEHUE sl Hauboliee
Harpy>KeHHbBIX JIeTaJIel *KapOoMpOYHbIX MAaTEPUATIOB, CIOCOOHBIX COMPOTUBIATHCS
JIEUCTBHUIO BBICOKUX MEXAaHUYECKUX HArpy30K U Temmeparyp (B MEpBYIO ouyepeib
JUISL COIJIOBBIX W pabouux jomnaTok). Ecim s monmaTok mapoBbIX TypOUH U
HEKOTOPBIX JPYTUX AJIEMEHTOB MPUMEHSIOTCS CTaldu (T.e. CIUIaBbl Ha OCHOBE
xKemeza) ¢ comepxkaHueM xpoma 12—13 %, To myis J0oMaTOK ra3oBBIX TYpOUH
UCIIOIB3YIOT CIUIaBbl HA HUKEJIEBOM OCHOBE (HUMOHUKH), KOTOPbIE CIIOCOOHBI MPHU
peabHO JEHCTBYIONMUX MEXaHMYECKUX HArpy3Kax U HEOOXOIMMOM CPOKE CITYKOBI
BbIZIepKaTh Temiepatypy 800—850 °C. IloaTtoMy BMecCTE ¢ MEPBBIM HCHOJIb3YIOT
BTOPOE CPEJICTBO — OXJIAXKAEHUE HauOOoJIee TopAUnX JAeTalIei.

st oxnaxzaeHus OoiblIMHCTBA cOBpeMeHHBIX ['TY ncnonb3yeTcss Bo3ayX,
OTOMpaeMbIil U3 PA3IMYHBIX CTYNEHEH BO3IYIIHOTO KOMIpeccopa. Yike padoTaroT
I'TY, B KOTOPBIX ISl OXJIAXKAEHUS UCIIOJIb3YETCSI BOJSHOM Map, KOTOPBIN SBIISIETCS
JY4YIIMM OXJIQXJAIOIMM areHToM, 4eM BO3ayX. OXJaxaaroluil BO3AyX MOcie
HarpeBa B OXJaXJaeMOW JeTanu cOpachblBaeTcsi B MPOTOYHYKO YacTh Ta30BOM
TypOunbl. Takasi cucTeMa OXJIAXKJECHHS Ha3bIBaeTCS OTKPBHITOW. CyllecTBYIOT
3aMKHYTBIE CUCTEMbI OXJIaXKJICHUSI, B KOTOPBIX HATPETHIN B AETATN OXJIAXKIAIOIIUN
areHT HampaBlseTcsl B XOJOAWIBHUK M 3aT€M CHOBa BO3BpallaeTcs Jyis
OXJIAXKJICHUS neTanu. Takas cucreMa HE TOJNBKO BEChbMa CIIOKHA, HO U TpeOyeT
YTHIM3AIUY TeTia, OTOMPAEMOTO B XOJIOIUIIbHUKE.

Cucrema OXJIaXXJEHHUs Ta30BOM TypOMHBI — camasi CIIOKHas CHUCTeMa B
I['TY, ompenmensmoomas ee cpok chnyxObl. OHa o0ecreynBaeT HE TOJIBKO
Moj/Iep>KaHue JOMYCTUMOTO YPOBHS paboOuMX W COIJIOBBIX JIOMATOK, HO U
KOPIYCHBIX 3JIEMEHTOB, JIMCKOB, HECyIIMX pabouyue JOomaTKu, 3arnupaHue
VIUIOTHEHUN MOJAIIUIHUKOB, TNI€ UUPKYJUPYET Maclio M T.0. JTa CHUCTEMa
Ype3BbIUAHO CWJIBHO pa3BeTBICHA M OPraHU3yeTCsl TaK, 4YTOOBl KaXKIbId
OXJIaXIAaE€MbIM 3JIEMEHT MOJy4dall OXJIaXKAAIMINU BO3AYyX T€X NapaMeTpoB U B TOM
KOJMYECTBE, KOTOpPHI HEOOXOoAMM Jisi TOAJEPKaHHS €ro ONTHUMAaJbHOU
Temneparypel. M3nMiiHee oOXJaxIeHHE JeTajledl Tak K€ BpEAHO, KaK H
HEJIOCTATOYHOE, TAK KaK OHO MPUBOJUT K MOBBIIIEHHBIM 3aTpaTaM OXJIAKIAFOIIETO
BO3/lyXa, Ha C)KAaTHE€ KOTOPOTO B KOMIIPECCOpPE 3aTpavyrMBaeTCsi MOIIHOCTh
TypOuHbl. KpoMe TOro, MOBBIIIEHHBIE PACXOIBI BO3yXa HA OXJIAXKICHUE TPUBOJISAT
K CHIDKCHMIO TEMIIEpaTyphl Ta30B 32 TYPOMHON, YTO OYEHBb CYIIECTBEHHO BIIUSET
Ha paboTy o0opymoBaHMs, ycTaHOBIeHHOTO 3a ['TY (Hampumep, mapoTypOMHHON
ycTaHOBKH, paboraromeit B coctaBe I[ITY). Hakonen, cucrema oxmaxiacHUs
J0JKHA OOecreurBaTh HE TOJBKO HEOOXOJMMBIA YpOBEHb TEMIIEpaTyp AETalleH,
HO W PaBHOMEPHOCTh HUX TMPOrpeBa, HCKIIOYAKONIYI0 TOSBIECHHE OIMACHBIX
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TEMIIEPATYPHBIX HANPSOXKCHUHM, IUKINYECKOE JIeMCTBUE KOTOPBIX MPUBOIUT K
MOSIBJICHUIO TPEIINH.

JIist OXJaKJIeHHUs] 3JIEMEHTOB Ta30BOM TypOWMHBI HUCIOJNB3YETCS BO3IYX,
oTOMpaeMblii OT KOMIIpeccopa B TOUM €ro CTYIEHH, T/ €ro JaBJICHHE HECKOJIbKO
OoJbIlie, YeM JaBJICHHE padOYMX ra30B B TOW 30HE ra30BOM TYPOWHBI, B KOTOPYIO
nojgaercs Bo3AayXx. Hampumep, Ha oXJtakJI€HUE COIUIOBBIX JIOMNATOK |- CTyneHu
OXJIAKIAIOMNAN BO3yX B KoJmdecTBe 4.5 % OT pacxojga Bo3ayxa Ha BXOJE B
KoMIIpeccop oTOupaercss W3 BbIxoaHOro auddys3opa KoMmpeccopa, a s
OXJIaXJECHHUS COIJIOBBIX JIOMATOK MOCIEIHEN CTYNEeH! U MPUMBIKAIOIIEr0 y4acTKa
Kopnyca — W3 5—H CTynmeHH KoMmmpeccopa. MHorma s oxyiaxIeHUs caMbIX
ropsiudX DHJIEMEHTOB Ta30BOM TYpOMHBI BO3/lyX, OTOMpAaeMbIi U3 BBIXOJHOTO
muddy3opa KoMIIpeccopa, HAIpaBIsAIOT CHayajda B BO3AYyXOOXJIAIUTENb, TAE €ro
oxnaxnaaroT (oObiyHO Bomoi) g0 180—200 °C wu 3arem HampaBIISIIOT Ha
oxnaxaeHue. B 3Tom ciyyae Bo3ayxa Juisi OXJIaXKIEHUsI TpeOyeTcs MEHbIIEe, HO
IPU 3TOM MOSIBIIAIOTCS 3aTparbl HAa BO3AYyXOOXJAAWUTENb, yciaoxHseTcs [TV,
TEPSETCS YaCTh TEIUIOTHI, OTBOJAMMON OXJIAXKIAIOIIEN BOJOM.

["a3oBas TypOuHa 00BIYHO MMeeT 3—4 CTyINEeHH, T.€. 6—8 BEHIIOB PENICTOK,
M 4Yalle BCEro OXJIAKJIAIOTCSA JIONMATKU BCEX BEHLIOB, KPOME pPabOoyuX JIOMaTOK
nocjieAHed cTyneHu. Bo3nyx Juisi OXJIaKAEHUS! COIUIOBBIX JIONMATOK MOABOAUTCS
BHYTpPb 4€pe3 HMX TOpLbl U cOpackiBaloTcsi yepe3 MHorouucieHHsie (600—700
orBepctuit  aumamerpom  0,5—0,6 MM) OTBEpCTHs, pACHOJOXKEHHbIE B
COOTBETCTBYIOMIMX 30HAX Mpoduis. K pabounm onaTkam OXJIaxaaronIiui BO3IyX
MOABOAUTCS YEPE3 OTBEPCTHS, BHINOJIHEHHBIE B TOPILIAX XBOCTOBUKOB.

I'maBupiM  mpeumymecrBoM  ['TY  sBisiercs €€ KOMIOAKTHOCTb.
JlelictBuTenbHO, mpexae Bcero, B ['TY oOTcyrcTByeT nDapoBOM KOTEN, —
COOpY)KEHHUE, AOCTUTAIoNee OOJBINONW BBICOTHI U TpeOyromee isi YCTaHOBKH
oTaenpHOr0 momernieHus. CBsi3aHO 3TO 00CTOSATENBCTBO, TIPEK/E BCETO C BBICOKUM
naBiieHHeM B kamepe cropanud (1.2—2 MIla); B koTiie TOpeHHUE MPOUCXOIUT MPHU
aTMOC(EpPHOM JIaBJIICHUU M COOTBETCTBEHHO O0BEM OOPA3YIOMIMXCSA TOPSYMX Ta30B
okasbiBaercs B 12—20 pa3 6onbmie. [lanee, B 'TY mpouecc pacmmpenus ra3oB
MIPOMCXOUT B Ta30BOM TypOHMHE, COCTOSIIEH BCero u3 3—5 CTymneHel, B TO BpeMs
KaKk IapoBas TypOWHA, HMMEKINas TaKyl € MOIIHOCTh, COCTOMT H3 3—4
HWIMHAPOB, 3akimtovaronux 25—30 crynenei. [laxke ¢ yd4eToM HM KaMephbl
cropanus, u Bo3nymHoro kommpeccopa I'TY momHocTeio 150 MBT nmeer nnuny
8—12 M, a yirHA TapOBOM TYPOMHBI TAKOM K€ MOIIHOCTH IIPH TPEXIMITUHIAPOBOM
ucrionHeHuy B 1.5 paza Gonwine. [Ipu 3TOM a1 mapoBoit TypOMHBI KpOMe KOTIIa
HEOOXOIMMO TMPETYCMOTPETh YCTAHOBKY KOHJECHCATOpa C HHUPKYJISIUOHHBIMH U
KOHJICHCATHBIMM HAacoCaMH, CHUCTEMY pereHepanuu u3 7—9 mnoporpesarenei,
nUTaTeIbHBIC TYPOOHACOCH! (OT OJTHOTO 0 TpeX), aea’parop. Kak cnencteue, ['TY
MOXXET OBITh YCTaHOBJEHa Ha OETOHHOE OCHOBAaHME HA HYJICBOH OTMETKE
MamuHHOTO 3ana, a [ITY tpebyer pamHoro dyHaaMeHTa BBICOTOH 9—16 M ¢
pasMeleHueM TapoBOM TypOWMHBI Ha BepxHed (yHIaMEHTHOM IUIUTE U
BCIIOMOTATEIBLHOT0 000PYA0BaHUS — B KOHJIEHCAIIMOHHOM TTOMEIIEHUH.

KomnaktHocte I'TY mo3BossieT OCYIIECTBUTH €€ COOPKY Ha TYpOMHHOM
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3aBOJE, [OCTABUTH B MAIIMHHBIA 3a]1 KEJIE3HOJOPOKHBIM WM aBTOJIOPOKHBIM
TPAHCIIOPTOM IS YCTAHOBKM Ha mpocToM dyHAameHTe. Tak, B YaCTHOCTH,
Tpa"ncnioptupyercs  ['TY ¢ BCTpoeHHbIMM  Kamepamu  cropanus. llpu
TpaHcnopTUpoBKe ['TY ¢ BBIHOCHBIMM KaMe€paMy MOCJIEIHUE TPAHCIIOPTUPYIOTCS
OTZIENIHO, HO JIETKO U OBICTPO MPUCOETUHSIOTCS C MOMOIIBI0 (PIIaHIIEB K MOYIIIO
KoMmrpeccop — razoBas TypOuna. IlapoBas TypOuHa  mOCTaBisIETCA
MHOTOUYMCIICHHBIMHM y3JlaMH U JCTalsIMM, MOHTaX KaKk €€ caMoi, Tak H
MHOT'OUYHCIIEHHOTO BCIIOMOTaTEIbHOTO OOOpYJOBaHUSI MU CBSI3€H MEXIY HHUMU
3aHMMAaeT B HECKOJIBKO pa3 Oosblie BpeMenu, uem ['TY.

I'TY He Tpedyetr oxnaxnaromieit Boabl. Kak cnencteue, B ['TY oTcyTcTBYeT
KOHJICHCATOP U CUCTEMa TEXHUYECKOr0 BOJOCHA0KEHUSI C HACOCHOW YCTaHOBKOM U
rpaaupHent (mpu 000pOTHOM BOJOCHAOXeHUHU). B pe3ynbTaTe Bce 3TO MPUBOJIUT K
TOMYy, 4YTO CTOMMOCTh | KBT ycTaHOBIEHHOW MOIIHOCTH Ta30TypOMHHON
ANEKTPOCTAHIIMU 3HAYUTENbHO MeHble. IIpu 3ToM croumocts cooctBeHHo I'TY
(koMmpeccop + Kamepa cropaHuss + ra3oBas TypOHMHA) H3—3a €€ CJI0XKHOCTHU
okasbiBaeTcsi B 3—4 pa3a Oojbllie, YeM CTOMMOCTb NMAapOBOM TYpOMHBI TAaKOU ke
MOIIHOCTH.

Baxueim npeumymectsom ['TY sBideTcss ee BbICOKas MaHEBPEHHOCTb,
ompenensemMass MajlbiM YpOBHEM JaBieHUs] (IO CpPaBHEHUIO C JAaBJICHUEM B
MapoBOil TypOMHE) U, CIEeAOBATENbHO, JIETKUM IMPOTPEBOM U OXJaXIEHUEM Oe3
BO3HMKHOBEHUS OTIACHBIX TEMIIEPATYPHBIX HANIPSHKCHUH U epopmaruii.

Onnako I'TY uMeIOT W CyIIECTBEHHbIC HEJOCTATKH, W3 KOTOPBIX, MPEXKIE
BCEro, HEOOXOAMMO OTMETHTh MEHBIIYI0 3KOHOMHUYHOCTh, YEM Y MHapOCHUIIOBOU
yctanoBku. Cpeanuit KIIJ[ noctarouno xopomwux I'TY coctaBusier 37—38 %, a
NapoTypOMHHBIX 3HEProoysokoB — 42—43 %. Menbiiass 3xk0oHOMUYHOCTH ['TY
CBSI3aHA C BBICOKOM TEMIEPATYPOUN yXOIAIINX ra30B.

Hpyrum HepoctatkoM ['TY sBIIsIeTCS HEBO3MOKHOCTD UCIIOJIb30BAHUS B HUX
HU3KOCOPTHBIX TOIUIMB, MO KpailHeH mepe, B Hactosimiee BpeMsa. OHa MOXKET
XOpOIIO padoTaTh TOJIBKO Ha ra3e WM Ha XOPOIIEM >KUJAKOM TOIUIMBE, HAIPUMEDP
nu3enbHOM. [lapocuioBeie 3HEProOJIOKH MOTYT paboTaTh Ha JIFOOOM TOIUIHBE,
BKJIIOYAsl CAMOE HEKauYeCTBEHHOE.

Huskas nauaneHas crouMocth TOC ¢ I'TY ¥ 0qHOBPEMEHHO CPaBHUTEIBHO
HU3Kass SKOHOMHUYHOCTh M BBICOKHE CTOMMOCTH MCIOJIB3YEMOIO TOIUIMBA U
MaHEBPEHHOCTh  ONPEAENISIIOT  OCHOBHYIO 00JacTh  HMHAUBHUAYATHLHOTO
ucnosibzoBanus ['TY: B sHeprocucTeMax Ux cienyeT IPUMEHATh KaK TUKOBBIE UIIH
pE3epBHBIE HMCTOYHUKKA MOIIHOCTH, pabOTarONIMe HECKOJIbKO YacoB B CYTKH.
Bmecte ¢ TeMm cuTyanus KapAHMHAIbHO U3MEHSETCS MPU UCIOJIb30BAHUM TETIOTHI
yxomamux razoB [ TY B TemwioQUKAMOHHBIX  YCTAaHOBKAaX WM B
KOMOMHHUPOBAHHOM (TIapOTa30BOM) ITUKJIC.
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IHHAPOTYPbUHHBIE YCTAHOBKH

[lapoBas TypOuHa — 3TO TEIJIOBOW JBUTATENb, B KOTOPOM IOTEHIMATbHAS
SHEprus IMapa IMOCIEIOBAaTEIbHO MPEBPAIIACTCS B KHHETHYECKYK) JHEPTHIO
MOTOKA, UCTEKAIOILIETO U3 CONEN, a U3 KNHETUYECKON — B MEXaHUYECKYIO SHEPTHUIO
BpallleHUs poTopa Ha pabouux yonarkax. OCHOBHBIMHU MPEUMYIIECTBAMH MapPOBBIX
TypOUH SIBJISIFOTCSL KOMITAKTHOCTb, OBICTPOXOJHOCTb, BBICOKAas E€AUHUYHAs
MouHocTh, Bbicokuit KIIJI. TlapoBasi TypOuHa sBJSIETCS OCHOBHBIM JBUTAaTEIEM
TEIUIOBBIX U aTOMHBIX 3JeKTpocTaHiuil. [ToMrUMO BBIpaOOTKHU 3JEKTPOIHEPTHH, B
MapoTypOMHHBIX  YCTAaHOBKaX BO3MOXKHO pealu30BaTh KOMOUWHHUPOBAHHOE
MPOU3BOJICTBO TEIUIOBOM U 3iekTpuueckoil sHepruu (Ha TOIL[), uyto oueHs
CYILIECTBEHHO MOBBIIIAET 3 (PEKTUBHOCTH UCIIOIB30BaHUS TOILIUBA.

Tunuuynasa napoBas TypOuHa noka3aHa Ha pucyHke. [lokazana 3aaHss 4acTh
koxyxa 2. Typ6buna coctout u3 tpex muiauaapos (LB, LCHA u IIH/I), aHumxHuEe
ITOJIOBHHBI KOPITYCOB KOTOPBIX 0003HA4YCHBI COOTBETCTBEHHO 39, 24 nl8. KaxupIii
U3 IWIMHAPOB COCTOUT W3 CTATOpPa, TJIABHBIM 3JIEMEHTOM KOTOPOIrO SIBIISFOTCS
HEMOJBWKHBIA  KOpIyc, H Bpamjatomerocsi portopa. OTaelbHbIE POTOPHI
uunuuaapoB (porop LB 47, porop HCH 5 u porop HHJ 11) xectko
coenunsrorcss mydramu 31 u 21. K momymydre 12 mpucoenunsercs nomymydra
poTopa dJeKTporeHeparopa (HEe MOKa3aH), a K HEMYy — pPOTOp BO3OYAHTEIs.
[leriouka u3 cOOpaHHBIX OTAEJIBHBIX POTOPOB MIJIMHAPOB, TrEeHEparopa U
BO3OY/AMTENST HA3bIBACTCSA BAJIONPOBOAOM. Ero mnmuHa npu OOdBIIOM dHCIE
WIMHAPOB (a camoe OOJIBIIIOE WX YHCIO B COBPEMEHHBIX TYpOMHAX — 5) MOXET
nocturath 80 M.

43 42 41 40 393837 133835
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BanonpoBoa Bpamaercs Bo Bkiaabimax 42, 29, 23, 20 u T.1. ONOPHBIX
MOAIIUITHUKOB CKOJBXKEHHMSI HAa TOHKOM MAacisHOW IUIGHKE U HE KacaeTcs
METAJUIMYECKOW YacTH BKJIAABINIEH MOAIIUIHUKOB. Kak mpaBwio, Kaxabplil H3
POTOPOB pa3MeEIIalOT HAa JBYX OMOPHBIX MOAIMMIHUKAX. IHOTIa MexX Ty poTOpaMu
B/ u [ICJl ycTaHaBAUBAIOT TOJIBKO OJWH OOITUM JJIs1 HUX OTIOPHBIM MOIITAITHUK
29. Pacuupsroniuiicss B TypOuHE map 3acTaBIISIET BPaIlaThCsl KAXIbI U3 POTOPOB,
BO3HHUKAIOUIME HA HUX MOIIHOCTU CKJIAJIBIBAIOTCA U JOCTUTAIOT HA noaymydre 12
MaKCHUMaJIbHOT'O 3HAYEHUSI.

K xaxxmoMy U3 poTOpOB NPUIOKEHO OceBO€ ycuiane. OHU CYMMUPYIOTCS, U
WX pe3yJIbTUpPYIONIasi OceBasi cuja nepegaercs ¢ rpeoHs 30 Ha yHIOpHbBIE CErMEHTHI,
YCTaHOBJIEHHBIE B KOPITYCE YIIOPHOTO MOAIINITHUKA.

Kaxnaplii U3 poTopoB momemarT B kKopnyc nwiuHapa 24. Ilpu Oonpmmx
JABJICHUSIX (2 B COBPEMEHHBIX TypOuHax oHO MoxeT gocturats 30 MIla) kopmyc
uunuaapa (o0eruHo [[BJI) BBIMOJMHSIIOT JBYXCTEHHBIM (M3 BHYTpEHHEro 35 u
BHEITHET0 46 KOPHyCOB). DTO yMEHBIIAET Pa3HOCTh JABJICHUM Ha KaXXIbIM M3
KOPITYCOB, IMO3BOJISIET CAENaTh €ro CTEHKU 00Jiee TOHKUMH, OOJIEr4aeT 3aTsDKKY
(bIaHIEBBIX COCNMHEHWH W TO3BOJISIET TypOMHE TpPH HEOOXOAMMOCTH OBICTPO
U3MEHATH CBOIO MOITHOCTb.

Bce koprnyca B 0043aTe€IbHOM MOPSAKE UMEIOT FOPU3OHTAIBHBIE PA3bEMBbI
13, HeoOXoauMBble IJi1 YCTAHOBKU POTOPOB BHYTPU LUJIMHIPOB MPU MOHTAXKE, a
TaKKe JJI JIETKOro J0CTyla BHYTPb LHWJIMHIPOB MPU PEBU3UAX U pemMoHTax. [lpu
MOHTaX€ TYpOMHBI BCE IUIOCKOCTH PAa3b€MOB HHUXHUX I[IOJOBUH KOPITYCOB
YCTaHaBIIMBAIOT CHEIMATBbHBIM 00pa3oM (11 MPOCTOTHl MOXKHO CUUTATh, YTO BCE
IJIOCKOCTH pa3be€Ma COBMEHIAIOT B OJHOM TOPU30HTaNbHOW IockoctH). [lpum
MOCJIEAYIOIIEM MOHTaX€ OCh BaJOMPOBOJA MOMEIIAIOT B ATY IUIOCKOCTh pa3beMa,
94TO OOeCIeYnBaeT IEHTPOBKY — OCh BaJOMPOBOAA Oy/IeT TOYHO COBMANaTh C
OCBIO KOJIBIIEBBIX PACTOUEK KOPITYCOB. DTUM OyAyT UCKIIFOUCHBI 3aJIEBaHUS pOTOpa
0 CTaTop, KOTOPbIE MOT'YT HPUBECTHU K TSHKEJION aBapuu.

[Tap BHYTpU TypOMHBI UIMEET BHICOKYIO TEMIIEPATYPY, & POTOP BpAIIaeTCs BO
BKJIQ/IBIIIAX Ha MAacCJsHOM IUIEHKEe, TeMIleparypa Macjia KOTOpOM Kak [0
COOOpaXEHUAM  TIOKapoOE30MacHOCTH, TaK U HEOOXOAMMOCTH  HMETh
ONpENIeJICHHbIE CMa304YHbIE CBOICTBAa, HEe JokHa npeBbliath 100 °C (a
TeMIiepaTypa IOJaBaeMOT0 W OTBOAMMOTO Macja JOJDKHA OBITh eIe HHUXKE).
[loaToMy BKIQABIIMA MOAINIMIHUKOB BBIHOCAT M3 KOPIYCOB LHWJIMHAPOB U
pa3MemiaT UX B CHCIUAIBLHBIX CTPOCHUIX — omopax 45, 28, 7. Takum obGpazom,
BpalJAIOIINECS] KOHIBI KaXJOr0 U3 POTOPOB COOTBETCTBYIOIIETO LIMJIMHIIPA
HE0OXO0IMMO BBIBECTH U3 HEBPAILIAIOIIETOCS CTaTOpa, MPUYEM TaK, YTOOBI C OJTHOM
CTOPOHBI UCKITIOUUTh KaKue—n0o (Jake MajeiIne) 3aieBaHusi poTopa O CTaTop,
a ¢ Ipyroil — He AOMYCTUTh 3HAUUTEIBHYIO YTEUKY Mapa U3 UWJIUHIpA B 3a30p
ME¥Kly pOTOPOM M CTAaTOPOM, TaK KaK 3TO CHHXKAET MOIIHOCTh U S3KOHOMUYHOCTh
TypOunbl. [loaTOMYy  KaXaplii W3  IWJIMHAPOB  CHAa0XalT  KOHIIEBBIMU
yriotHeHusiMu 40, 32, 19 cneunanbHON KOHCTPYKIIMH.

TypOuna ycranaBnuBaeTcs B TIJ1aBHOM Kopryce TOC Ha BepxHel
bynnameHTHOU uTe 36. B 1uinTe BHIMOIHSAIOTCS IPSIMOYTOJIbHBIE OKHA 110 YHCITY
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UWIAHAPOB, B KOTOPBIX Pa3MEIIAIOTCS HUKHHUE YaCTH KOPIYCOB LHWJIMHAPOB, a
TaKXK€ OCYILIECTBIISIETCS BBIBOJ TPYOONPOBOJIOB, MUTAIOLIUX pEreHEpaTUBHbBIC
MOJOTPEBATENIA, MMAPONPOBOABI CBEXET0 MW BTOPUYHO TNEPErPETOro mapa,
MEePEXO0IHBIN MAaTPyOOK K KOHAEHCATOPY.

Ilocne w3roroBneHuss TypOUHA TMPOXOJUT KOHTPOJBHYIO COOpKY U
onpoOoBaHue Ha 3aBojae—u3roroButesne. Ilocie atoro ee pazbuparor Ha Ooee—
MEHee KpYyIHbIe OJIOKH, AOBOJAST JO XOPOUIEr0 TOBAPHOTO BUA, KOHCEPBUPYIOT,
YIIAKOBBIBAIOT B JICPEBSIHHBIC SIIIUKHU M OTIPABIIAIOT Aj1s1 MOHTaxka Ha TOC.

MonTax TypOMHBI OCYIIECTBISIIOT B clienytomeM nopsake. CHauana
yCTaHABIMBAIOT HWKHIOK nonoBuHy [IH/I 18 omopusiM mosicom 15,
PacCIOJIOKEHHBIM 10 TIepuMeTpy o0oux BbIxoaHbIX nmaTpyOkos [IHJI. [ITH/] umeer
COOCTBEHHBIE BBAapEHHbIE B HHUX OIMOPHI POTOpA. 3aT€M Ha NEPEMBIUKE MEXIY
okHamu noxa [IBJl u IICJ/I u cieBa ot oxkHa mox [[BJ] pa3memaroT HMXHHE
MOJIOBUHBI KOPITYCOB Omop cooTBeTcTBeHHO 28 u 41. Ilocine 3toro Ha omopsl
MOJBEIIMBAIOT HUXHUE MOJIOBUHBI KOPITYCOB HApYXHBIX UWIMHAPOB 39 u 24, B
HUX I[IOMEIIAIOT CTaTOPHBIE DSJIEMEHTBI W OCYUIECTBIISIOT LEHTPOBKY BCEX
UUJTUHIPOB TYpOUHBI.

B omnopel poTopa BCTaBIAIOTCS HUKHUE TOJOBHUHBI OMOPHBIX BKJIAJbIIIEH
42, 29, 23, 20 m 16, 1 Ha HUX OMYCKAaKT OTIEJIbHbIE PpOTOpbL. MX cTpOro
MPUIICHTPOBBIBAIOT JIPYT K APYTY U COSAUHSIOT ¢ ToMoIsio Mydt 31 u 21.

3aTeM B BEpPXHHUE T[OJOBHUHBI KOPIYCOB MOMEIIAIOT HEO0OXOAUMBbIE
BHYTPEHHHUE CTATOPHbBIE SJIEMEHTHI U TypOUHY 3aKpbIBatOT. JJisl 3TOr0 B OTBEPCTUS
Ha TOPU30HTAJIbHBIE Pa3beMbl KOPIYCOB BBUHYMBAIOT IIMWIBKH U OIYCKAlOT
BEpXHUE TMOJOBUHBI 46, MOCIE 4Yero ¢ MOMOUIbI0 IIMHJIEK W CHEHHATbHBIX
MPUCIIOCOOJICHUI BEpXHUE M HH)KHHUE TMOJOBUHBI KOPITYCOB IUIOTHO CTSATHUBAIOTCS
1o (ITAHIIEBBIM Pa3beMaM.

AHanoru4HeiM 00pa30M 3aKpBIBAIOTCS OMOPHI poTopoB. [locie u3omsnmnm
TypOWHBI, OTPAXKICHHUSI KOKYXOM M MHOTOUYHMCIICHHBIX MPOBEPOK €€ JAOBOJIAT IS
COCTOSIHUSI, IPUTOJTHOTO K HECEHHUIO HAarpy3KHu.

[Ipu pabotre TypOMHBI Tap H3 KOTJIA IO OJHOMY WU HECKOJIbKUM
MaporpoBojiaM (3TO 3aBHCHT OT MOIIHOCTH TYpOWHBI) TOCTYMaeT cHadaia K
IJIABHOM MapoOBOM 3a/IBUXKKE, 3aTEM K CTOINOPHOMY (OJHOMY WJIM HECKOJIbKHUM) H,
HaKOHEIl, K peryaupyroummM kianaHaMm (dame Bcero — 4). OT peryiupyromux
KJIAMIaHOB T1ap MO MEePernyCKHBIM TpyOam | uX yeThIpe: ABE U3 HUX MPUCOCTUHEHBI
K Kpbilike 46 BHemHero kopmnyca [IBJI, a ABe apyrux mnoaBoJsT map B HUKHUE
MOJIOBHMHBI KOPITyCa) MOJAeTCA B MAPOBIYCKHYIO KaMepy 33 BHYTPEHHETO KopIlyca
[IBJI. U3 »Toii mojocTu map momajaeT B IPOTOYHYIO YacTh TYpPOUHBI H,
paciupsisich, ABWXKETCS K BoixogHou kamepe LIB/[ 38. B aToii kamepe B HUXKHEM
nonoBuHe kopmyca I[BJI wumerorcss nBa BeIxoaHbIX mnatpybka 37. K HuMm
MIPUBAPEHBI NAPONPOBO/IbI, HANPABJISAIOIIME Hap B KOTEN ISl IPOMEXKYTOYHOTO
neperpesa.

Bropuuno meperperblii map 1o TpyOOmpoBOoJaM IOCTyHaeT depe3
CTOTNOPHBIN KJIallaH K PEryJIMpYyIOIIUM KiianaHaMm 4, a U3 HUX — B MApOBITYCKHYIO
nosiocts LIC/] 26. [lanee nap pacmupsiercs B mpotounoit yactu LIC]] u moctynaer
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B €0 BBIXOJHOM MaTpyOoK 22, a U3 HEro — B JIBE€ MepenycKHble TpyObl 6 (MHOTIa
UX Ha3bIBAIOT PECUBEPHBIMU), KOTOPHIC MOJAIOT Map B MapOBIYCKHYIO KaMepy
HHA 9. B ommuue ot oanomorounsix [IBJl w HC/, IIHJ[ nmoutm Bcerma
BBITIOJIHSIOT JIBYXIOTOYHBIMM: TIOMaB B Kamepy 9, map pacxXxoAuTcsi Ha JBa
OJIMHAKOBBIX MOTOKA U, MIPOWIs MX, MOCTyNaeT B BeixoAHble maTpyOoku [IH/] 14. 13
HHAX [ap HampasisieTcsa BHU3 B KoHjaeHcarop. llepen mnepeaneir omopon 41
pacrionaraeTcsi OJIOK peryJupoBaHusl U ynpasieHus TypouHoit 44. Ero mexanusm
ynpaBieHus 43 TO3BOJIAET MYyCKaTh, HAarpy»KaTh, pa3rpy’aThb U OCTAHABIUBATH
TypOuHY.

[IpoTouHasi 4acTb COCTOUT M3 YEPEAYIOIIMXCS KOJIBIEBBIX COIIIOBBIX U
pabouux pemeTok. COBOKYIMHOCTh OJTHOM COIUIOBOM M OJHOM pabouei pemieTKu
Ha3bIBAIOT CTYNMEHBIO TYpOMHBL. ODTO Ha3BaHUE MPOUCXOJUT U3 TOrO, YTO
MOTEHIMAJIbHAsT BHEpPrus Imnapa npeolOpasyercss B KHUHETHYECKYIO HSHEPTHIo
BpallEHUS POTOPA MOPUUSIMU (CTYIEHSIMH).

ComnoBass penieTka COCTOMT U3 OJUHAKOBBIX COIUIOBBIX JIOMATOK,
YCTAHOBJICHHBIX MO OKPYHOCTH Ha PaBHOM PACCTOSIHUU JAPYT OT JIpyra (LIarom).
ComutoBble JIOMATKH WMEIOT BIIOJHE OMNPEACICHHBIH NpoduiIb B CEUCHUH, U
MO3TOMY MEXKJYy COIUIOBBIMHM JIOMATKaMu oOpa3yeTcsi BIIOJHE OIpeleICHHbIN
COIUIOBBIMA KaHal (coruio) Juisi mpoxoja napa. CormioBble JIONATKU 3aKpPEIJICHbl B
nuadparmMe, UMEIONEH TOPU30HTAIBHBIA pa3beM, HEOOXOAMMBIA NIl YCTAaHOBKU
poropa mpu MoHTaxe. Jlmadparma — 5TO KOJBIIEBAas MEPETrOpOAKa, KOTOpas
MOABEUIMBACTCS JABYMSl JIallkaMM HAa YPOBHE TOPU3OHTAIIBHOTO pa3beMa B
KOJIBIIEBOM pacTouke 00o0itmMbl. O00iiMa 0XBaThIBa€T HECKOJBKO Auadparm (IBe,
Tpu U Ooliee) — OTCIOJa U €€ Ha3BaHue. B cBoro ouepenb o0OoiMa JankaMu
MOJIBEIINBAETCS B KOopmyce TypOuHbl. KonbIieBoe MpoCcTpaHCTBO MEXKY 000iMamMu
4acTO HCIONB3YyeTCsS Il KaMmepbl OTOOpa Tapa Ha pereHepaTHBHbBIC
MOAOTPEBATEIIH.

Takum o0pa3om, HETIOABMIKHBIE B IPOCTPAHCTBE KOPITYC TYPOUHBI, 000MMBI
u nuadparMbl 00ECIIEYMBAIOT HETOJBM)KHOCTh COIJIOBBIX KAaHAJIOB COIUIOBOU
pemerku. CamMu KaHaunbl, Ojarojapsi ocoOobiM (hOpMe COIIOBBIX JIOMATOK U X
YCTAHOBKE B PEIIETKAaX, BBINOJIHSAIOTCSA CYKHBAIOMIMMU: IUIOIIA/b ISl MPOX0Ja
rapa Ha BbIXO/JI€ U3 COIUIOBOM PELIETKHU BBIMIOJHSIOT B HECKOJIBKO pa3 MEHbIIIE, YEM
Ha Bxoje. /lamee, ecau mMeTh B BHIY, 4TO 00BEM Mapa 3a COIUIOBOM PEIIETKOMN
0oJbINIe, YeM Ha BXOJE, TaK KakK JaBJeHHUE 3a HEH MEHbIIE, TO SICHO, YTO CKOPOCTh
rnapa Ha BBIXOJIE€ M3 PEHIeTKH OyAeT B HECKOJIBKO pa3 Oolibllle, YeM Ha BXOJE.
JIeliCcTBUTENILHO, €CIIM Ha BXOJI€ B COIUIOBYIO pelIeTKy ckopocTh mapa 50—100
M/c, To Ha BbIxoje u3 Hee — 300—400 m/c u Oonee.

Jlanee, MOTOK mapa HE TOJBKO MpUOOpeTaeT OONBIIYI0 CKOPOCTb, HO H
M3MEHSET CBOE HAIpaBJICHHUE: BBIXOJHBIC YACTH COIUIOBBIX JOMATOK (mpoduiieii)
3aCTaBISIOT MMAap Pa3BEPHYThCS M JIBUTaThCA B HAINPABICHUM HE BJIOJIb OCHU
TypOuHBI, a momnepek. Takum o0pa3oM, M3 COMIIOBBIX KaHAJOB BBIXOIUT MOIIHAS
3aKpy4YEHHAasl KOJIbLEBAsl CTPys Mapa, IIMPUHA KOTOPOM paBHA BBICOTE COIUIOBBIX
jomatok. YacTh NOTEHIMAIBLHONW SHEPruu IMapa MnpeoOpa3oBaHa COIUIOBBIMU
KaHAJIaMM B KHHETHYECKYIO0 SHEPIHIO0 KOJBLEBOW CTPYH Napa, ABUKYLIEHCS C
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OTPOMHOM CKOPOCThIO (OOBIYHO — 3TO CKOPOCTh HECKOJIbKO MEHBIIE CKOPOCTHU
3BYyKa, HO B HEKOTOPBIX CTYIIEHSAX — U OOJIbLIE €¢).

Jlist Toro, 94TOoOBI 3aCTaBUTh CO3/aHHYIO KOJBLEBYIO CTPYIO Iapa BpamniaTh
BaJl TYpPOUHBI, €€ HAIIPaBIAIOT HAa KOJBIIEBYIO pelIeTKy mpoduieid, o00pa3oBaHHYIO
pabounMm JomatkamMu. J[as aTOro, mpexae Bcero pabodeil pemieTke JIaroT
BO3MOKHOCTh BPAIlIaThCsl: €€ 3aKPEIUIAIOT HA JAUCKE POTOPa, KOTOPBII COCTUHEH C
BAJIOM M VYJIOXKEH BO BKJAJBIIIM OMNOPHBIX MOAUIMIHHUKOB. [loaTtomy, eciu Ha
pabouyro JonaTky OyneTr JelcTBOBAaTh OKpYXHas CUJla, HUMEIoIas IIeqyo
OTHOCHUTEJIbHO OCH BPAIlIEHUs, TO POTOP HAYMHAET BpallaThCsl. DTy CUIIY CO3/1al0T
C MOMOUIbIO CMEIHUaTbHON pelleTKu npoduiel, cosaatomeid pabouue KaHallbl
BIIOJIHE oONpeAesieHHO ¢GopMbl (MpUMEPHO MOCTOsSSHHOTO cedeHust). [lap,
MPOTEKAIOIINI Yepe3 KaHallbl pabouel pelieTKy, U3MEHAET CBOE HalpaBieHUE, U
3TO TJIaBHAs MPUYMHA MOSBJIEHUS OKPY>KHOM CHWJIbI, JCHCTBYIOLIECH HA KaXXIYIO
pabouyto nomnarky. CkopocTh mapa B pabouel pelieTKe YMEHbIAETCs, TaK Kak
BCJIEJICTBHE OKPY)KHOW MOAATIMBOCTA pabOUMX JOMAaTOK MOTOK Mapa Kak Obl
BSI3HET BHYTPU KaHala. B pesynbrate u3 paboyedl pemeTkd map BBIXOJIUT CO
CKOPOCTBIO MPHUMEPHO PaBHON CKOPOCTHM HA BXOJIe B COIUIOBYIO pemieTky. Ho
MOCKOJIbKY JIaBJIICHHE M TeMIIepaTypa mapa 3a CTYNEHbIO MEHbIIIE, YeM Iepe]] Hel
M3—3a TOrO, 4YTO B KOHJEHCATOPE MPUHYJUTEIbHO MOJJIEPKUBACTCS HHU3KOE
JABJICHUE, U OHO MOCTENEHHO MOBBIIIAETCS K MapOBIYCKHOW YacTH TYpOUHBI), TO
4acTh KHHETHYECKOW SHEpPruu IMOTOKAa IMapa, UAYIIero 4epe3 CTYIEHb,
npeoOpa3yeTcsi B MEXaHUUYECKYI0 (BpalllaTelIbHYI0) SHEPTUI0 pOTOpa, KOTOpas, B
KOHEUHOM CUeTe, EPEaeTCs pOTOPY ANEKTPOreHepaTopa.

Tpeyzonvnuku ckopocmeit. Ha cienyroimeM pucyHKe MOKa3aHbl MPpOoQum
JIBYX COCEIHHMX CTYNEHEH, MO3BOJAIONIMX YBUAETh, KaK MPOTEKaeT map B
MPOTOYHOM YacCTH M KaK OHU PACMHOJOXKEHBI IO OTHOIICHUIO ApYyr K apyry. Ilap
BXOJUT B KaHaJbl COIUIOBOM pEHIETKH IEPBOM CTymeHH co ckopocTthio Cy, a
BBIXOAUT CO CKOpocThio C| moa yriaom o; KOTopbld coctaBisier 10—15°, T.e.
MOYTH B OKPYXHOM HampaBieHud. OJHAKO TOCKOJIbKY padoyue JIONaTKu
nmpo0OeraroT MUMO COILJIOBOM CIpaBa HaJI€BO CO CKOPOCThIO M, TO Ha pabouue
JonaTku map OyAeT mocTymnaTh co CKopocThio Wi < C; u moxa yrioMm P > a; .
[Ipodunes paboueit nomarku NMepBOM CTYNEHU YCTAaHABIMBAIOT IMOJ TaKUM YIJIOM
By, 9TOOBI BEKTOP CKOPOCTH W «BCTPETUID» €€ MEPEIHIO0 4acTh 0€3yAapHO, U Map
IJIAaBHO BOIIIEN B KaHaJbl pabouel pemreTku. [lockonbKy, Kak yKa3blBajaOCh BBIIIIE,
UX CE€YEHHE MPUMEPHO MOCTOSIHHO, TO YTOJ BbIxoAa P, = i, a CKOPOCTh BBIXOJa
rapa B OTHOCHTEIbLHOM JABWKeHUU W, = W,. Ho Tak kak, pabouune JIOMaTKH UMEIOT
CKOPOCTh M, TO CKOPOCTh BBIXOJIa Mlapa OTHOCHUTENILHO Kopiyca Oynet paBHa C; =
Cy. anee npouecc NOBTOPSETCS B MPOTOYHOW YaCTH BTOPOM CTYIIEHU U TaK J0 TEX
1op, MoKa nap He MonajeT B KOHJIEHCATOp.
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Pabouas pemerka
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Ynanomnenua. Ha xoHLIEBOM 4acT poOTOpAa MMEKOTCS KOJIBLIEBBIE BBICTYIIBI
Ha Bajly, CIyXalllhe JUIsl OpraHU3aliy KOHIEBOro yIuloTHeHus. CaMo yIjIoTHEHue
IIPEJCTaBICHO HA PUCYHKE.
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B oGoiime 7, umerorieii Takyo ke KOHCTPYKIIHIO, Kak U 00oiiMa quadparm u
BBINIOJIHEHA KOJIbIIEBAs pacTodka |, B KOTOPYHO BCTABIISIIOTCS CETMEHTBI
VIUIOTHEHUH 3 (MO0 TPU CETMEHTAa B KaXAYIO MOJIOBHHY 000#MbI). CerMeHTHI
uMeroT ToHKHE (110 0.3 MM) KOJIbIIEBbIE TPEOHU, YCTAaHABIUBAEMBIE TTO OTHOILLICHUIO
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K Bally ¢ oueHb MajbiM 3a30poM (0.5—0.6 mm). COBOKYITHOCTb KOJBIEBBIX IIETIEH
MEXIy IpeOHSIMU 4 W KOJBUEBBIMU BBICTYNIaMH 6 M KOJIBIIEBBIX KaMep MEXIY
HUMH Ha3bIBaeTCsl JIAOMPUHTOBBIM YIUIOTHEHHEM. BBICOKOE THIpaBINYECKOE
CONPOTHUBJIEHUE, KOTOPHIM OHO 00JaJaeT, O0ECrneYrMBaeT Mallyl0 yTEUKy Mapa
MOMHUMO MPOTOYHON YaCTU TYpPOUHBI.

Ha pucynke Xopomo BHAHBI TOPU3OHTAIBHBIA pa3beM LHWIUHJIPA,
HaIpaBJIAIONIME KOJOHKH 5, MO KOTOPHIM OYyJIEeT OMYCKaThCS BEPXHsSl MOJOBHHA
KOpITyca U HECKOJIbKO BBUHUEHHBIX HIMUJIEK 2 JJISI CKPEIUIEHUS TOPU30HTAIBbHOIO
(bnaHLIeBOrO pazbema.

Pabouue nonamku. TunvuHas palOoyass JOmaTKa COCTOUT W3 TPeEX
OCHOBHBIX 3JIEMEHTOB: MPO(PUIBHON 4YacTH 1; XBOCTOBHKA 2, CIYy)KaIllero s
KpEIUIEHU JIONATKU Ha JUCKE; IUIa 6 MPSIMOYTOJIBHOW, KPYTJIOW WX OBaJIbHOU
(hopMBI, BBIMIOJIHAEMOTO Ha TOPIE NPO(PHIHLHON YaCTH JIONIATKHU 33 OJTHO LEJIOE.

N

SN
&
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\\\
X

Jlomatku W3roTaBIMBAIOTCS U3 HEpKaBerollei cramu, couxepxamei 13 %
XpoMa, METOJIOM MITAMIOBKH M TOCIEeAyomero ¢ppe3epoBaHus U HaOUPAIOTCS Ha
JMCKE Yepe3 JBa CIENHUATbHBIX KOJOANA, B KOTOPHIE 3aT€M YCTaHABIMBAIOTCS
3aMKOBBI€ JIOTIATKY C XBOCTOBHKAMH CHEIUATBHOU (POPMBI.

OTaenbHO TPOKATHIBAIOT OaHJAXHYIO JICHTY 7, B KOTOPOW MPOOWBAIOT
OTBEpCTHS, COOTBETCTBYIOMUE (POpME IIUIOB U PACCTOSHUIO MEXIy HUMU. JleHTa
Hape3aeTcss Ha KyCKU CO CTPOTO PACCUUTAHHBIM YHCIOM OOBEAMHSIEMBIX JIOMATOK.
bannaxknast jeHTa HajgeBaeTCS HA IIUIBI, KOTOPHIE 3aTEM DPACKJICTIBIBAIOTCA. Psif
cocemHUuX JIomaTok (00buHO OT 5 1o 14), oObeAMHEHHBIX OAHMAKHON JIEHTOMN
(6banmaxkoM), Ha3pIBaeTCA IMAaKeToM pabouyux Jjomarok. [maBHas  1eb
MaKeTUPOBAHUS — O00ECTeUnTh BUOPAIIMOHHYIO HAJEKHOCTh PAa0OUYMX JIOMATOK
(He [OMYyCTUTh WX TOJOMKH OT YCTaJOCTH BcienctBue koneOanuit). Ilocie
pacKJIENKHd IHWIOB Ha OaHAakaX pabOuYMX JIOMATOK POTOpP YCTAHABIMBAIOT Ha
TOKapHBIA CTAHOK U OKOHYATEIHHO MPOTAYMBAIOT IPEOHM YIUIOTHEHUH.

Konoencamop. llpunmun ero paGoTel OYeHb MPOCT: Map W3 TypOMHBI
MOCTYIAET HA XOJIOJHBIC TPYOKH KOHIEHCATOpa U, TaK KaK BHYTPU HUX TTOCTOSIHHO
MPOTEKAET XOJOJHAs BOJA, TO Map KOHICHCHPYETCS, U KOHJICHCAT CTEKAeT BHU3.
Otcroga o00pa3yromuiicss KOHJEHCAT TMOCTOSIHHO YJAsieTCsl KOHJEHCATHBIMU
Hacocamu. OHAKO 10 MPUYHHAM, U3JI0KEHHBIM HIDKE, JJIsl paboThl KOHJEHCaTOpa
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HEoOXOoquMa  JOTIOJIHUTENIbHO  CJIOXKHAasi ~ CUCTEMa, KOTOPYH0  Ha3bIBAIOT
KOHJICHCAIIMOHHOM ycTaHOBKOU. Kpome oOecrnedueHusi KOHJEHCAIlMU Mapa Mpu
HU3KOM JIaBJICHUU, KOHACHCATOP BBIMOJHSAET IENBbIA P JOMOJHHUTEIbHBIX
byHKIMA.

3nauntenbHas yacth oobema [[HJ/[, B yacTHOCTM BBIXOJIHBIE TATPyOKH,
MOCJIEIHUE CTYNEHU U KOHIIEBBIC YIIJIOTHEHUS paOOTalOT MOJA pa3peKeHueMm. ITO
MPUBOJUT K TOMY, YTO, HECMOTPS Ha BCE MPUHUMAEMbI€ MEPBI, BHYTPbh TypOUHbI
npucacbiBaercsi atMochepHbli BO3AyX. [J1aBHBIMH HMCTOYHUKAMU MPUCOCOB
BO3/yXa SBISAIOTCSA HermmoTHOcTH (iaHieB pazbemoB I[[HJI um HemocTaTtouHas
YIUIOTHEHHOCTh KOHIEBBIX YIUIOTHEHMA TO BCEW OKpyXHOCTH Bana. Camu
MIPUCOCHI HEBEIIMKHU U HAXOMSTCSA Ha YPOBHE HECKOIBKHUX JIECSITKOB KUJIOTPAMMOB B
yac (3aMeTuM JIJIsl CpaBHEHUS, YTO B KOHJIeHcaTop TypOouHsl T—170—7.8 nmoctynaer
okosio 500 T mapa B yac). B ornnuue oT BOJbI, IIpU TEX TeMIlepaTypax, KOTOpPbIE
CyliecTBYI0OT B  KouaeHcaropax (20—30°C), Bo3ayx sBIsETCS Ta3oM
HeKoHJIeHcupytommuMcs. [loaToMy, ecinu He NPUHATH CIELUATbHBIX MEpP, BO3IYyX
OyJeT HaKamiuBaThCs B MApOBOM MPOCTPAHCTBE KOHJEHCATOPA, JAABJICHUE B HEM
Oyner pacTh, M 4Yepe3 KOPOTKOe Bpemsi paboTa KOHJIEHCATOpa CTaHET
HEBO3MOXXHOU. [lo3TOMYy KOHIEHCATOp CHA0XKalT CHEHHAIBHOM YCTaHOBKOM,
MOCTOSIHHO ~OTCAaChIBAIOLIEW TOT BO3AYyX, KOTOpbli mnoctynaer B LIH/ wu3
atmocdepsl. [lyist oTcoca Bo3yxa M3 KOHJIEHCATOpA TYpPOMHBI 9acTO MCIOJIB3YIOT
BOJIOCTPYHHBIE 3KEKTOPHI.

OT paboThl 3KEKTOPOB, KOTOpPHIE B JIFOOOM Clly4a€ OTCAChIBalOT BECh
BO3/1yX, MOCTYMAaWOIMA B TypOMHY C HIpUCOCAMH, B 3HAUMUTEIBLHOW CTENEeHU
3aBUCUT KOHLICHTpAILMS BO3[yXa B MapoBOM NIPOCTpaHCTBE KoHAeHcaTopa. [lpu
KOHJICHCAILIMM Mapa U3 MapoOBO3AYIIHON CMECH HEKOHJICHCUPYIOLIMICS BO3AYX KaK
Obl 0OBOJIAKMBAET TPYOKY, Ha KOTOPOUW MAET KOHACHCAIMS U M3—3a CBOEH Malloi
TEIJIONPOBOTHOCTH CO37]a€T TEPMHUYECKUN Oapbep MEXKIy KOHICHCHPYIOUUMCS
mapoM © METAJUIMYEeCKOW TMOBEpXHOCThIO TpyOKku. B wTOre KOoHAEHCaIms
MPOUCXOJUT HE MPU TeMIEpaType, KOTOPYIO MMEET OXJIaXKIarmas BoJa, a MpH
Oornpiieit TemmepaTtype. A Oomblel TeMmrepaTtype KOHIEHCAIUU COOTBETCTBYET
OorbIiee AaBiICHHE B KOHACHCATOPE W 3a MOCIEIHEH CTYNEHbIO TYpOWHBL. ITO
yYMEHBIIIAeT PabOTOCIIOCOOHOCTh Mapa B TypOMHE W CHWIXKAeT €€ MOIIHOCTb.
[lone3Ho 3amoOMHHTBH, YTO IMOBBILIEHHWE JaBJIEHHs B KoHaeHcaTope Ha 1 klla
CHI)KAeT MOITHOCTH IMapoBOil TypOuHbI IpuMepHO Ha 1 %.

Knaccuguxkayua naposvix mypoéun. 1lo Buy >HEpPruu, MnojydyaeMou OT
MapoBO TypOMHBI, UX ACNST Ha KOHJIEHCAIMOHHBIC U TETIO(PUKAIIMOHHBIE.

B xonnencanmmoHHbix TypOmHax (tmmna K) map u3 mociemHed cTymneHu
OTBOJUTCS B KOHJEHCATOpP, OHM HE MMEIOT PETYIUPYEeMBIX OTOOPOB Iapa, XOTS,
KaKk TMpaBUJIO, HWMEIT MHOTO HEpPEeryJupyeMbiXx OTOOpOB mapa s
pereHepaTUBHOrO MOJAOrpeEBa MHUTATEIbHOM BOJBI, @ MHOTJAa W JJIsI BHEIIHHX
TEIUIOBBIX TMOTpeOuTeneil. I'maBHOe Ha3HaUYeHHE KOHACHCAIIMOHHBIX TYpOMH —
o0OecrieynBaTh TMPOU3BOJICTBO  AJIEKTPOIHEPTHH, TOITOMY OHHM  SIBISIIOTCS
ocHOBHbIMHM arperatamMu MouIHbIX TOC u ADC. MOIIHOCTh CaMbIX KPYIHBIX
KOHJIEHCAIIMOHHBIX TypOoarperaros pocturaetr 1000—1500 MBr.
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TennodukanmoHHsie TypOUHBI UMEIOT OJIUH MM HECKOJIBKO PETYIHPYEMbIX
oTOOpPOB mapa, B KOTOPBIX TMOJAJAEpKUBAaETCA 3ajaHHOe naBieHue. OHu
MpeAHa3HA4YeHbl [JIsi BBIPAOOTKM TEIJIOBOM M DJJIEKTPUUYECKOW SHEpPruu, U
MOIIHOCTh camMoOil KpymHOW u3 Hux cocrtasiser 250 MBrt. TemnodukanmonHas
TypOMHAa MOKET BBIMIOJIHIATHCSA C KOHJEHcaluei napa u 0e3 Hee. B nepBoMm ciyuae
OHAa MOKET MMETh OTONUTENIbHbIE OTOOPHI mapa (TypOuHbl TMna T) s Harpesa
ceTeBOM BOABI Juisi o0OorpeBa  3JaHHi, mOpeanpusitvi u T.J4., WU
MPOU3BOJICTBEHHBIN 0TOOp mapa (TypOunbl Thna II) aas TEXHOJIOrMYECKUX HYXK]I
MPOMBIIIJICHHBIX TPEANPUITUN, WU TOT U Apyroi orOopsl (Typounsl Tuna [T u
I1P). Bo BTOpOM ciiyyae TypOMHA HOCUT Ha3BaHUE TYpPOMHBI C IPOTUBOIABICHUEM
(typObunbl Tuna P). B Helt map W3 mociegHed CTyNeHU HAMNpaBISIETCS HE B
KOHJIEHCATOp, a OOBIYHO MPOU3BOJCTBEHHOMY MoOTpeduTento. Takum o00pazom,
IJIABHBIM Ha3Hau€HUWEM TYpOWHBI C MNPOTHUBOJIABICHUEM SBJISETCA MPOU3BOJCTBO
napa 3agaHHoro gasineHust (B mpenenax 0.3—3  Mlla). Typbuna ¢
MIPOTHUBOJABIICHUEM MOXKET TAKXKE UMETh U PETYIHPYEMBIN TETUIO(UKAITMOHHBIN
VI TIPOMBINUJICHHBIA OTOOpP Tapa, U Toraa ona oTHocutes K Tuny TP wu T1P.

Temnopukanmmonnpie TYpOMHBI C OTONMUTENHLHBIM OTOOpOoM mapa (tuma T)
CIIPOEKTUPOBAHBI TaK, YTOOBI NIPH MAaKCUMAIBHOW TEIIO(UKAIIMOHHON Harpy3ke
CTYTICHH, PACIOJIOKEHHBIC 32 30HOW OTOOpa, MOIIMHOCTH HE BhIpadaThiBain. B
MOCJIEAHUE TOAbI Pl TYpOUH MPOEKTUPYIOTCA TaK, YTO Ja)e MPU MaKCUMalbHOU
Harpy3ke TIOCIIETHUE CTYIEHU BbIPAOATHIBAIOT MOIIHOCTh. Takue TypOUHBI
otHOcsTCs K Ty TK.

st o6o3nauenust tunoB TypOuH ['OCT npenycmaTpuBaer crenHalbHYIO
MapKHUpPOBKY, COCTOSIIYIO0 M3 OYKBEHHOM M YHMCIOBOM 4dacTeil. bykBeHHas 4acThb
YKa3bIBa€T THUIl TypOUHBI, CIEAYIOIIEE 32 HEM YHCIIO — HOMUHAJIbHYIO MOIIHOCTD
TypOuHBI B MeraBaTTax. Eciam HEoOX0IMMO yKa3aTh ¥ MaKCUMAJIbHYIO MOIIHOCTD
TypOMHBI, TO €€ 3HAauCHHE MPHUBOIAT Yepe3 Kocyr depty. Creayromiee Yucio
yKa3blBae€T HOMHUHAIBHOE JaBJIEHHE TMapa nepen TypouHoit B Mlla: mnsa
TeII0(PUKAIMOHHBIX TYpOWH Jajiee 4epe3 KOCYI YepTy YKa3bIBAalOT JIaBJICHUE B
orbopax minu nporuBoAaBiecHue B Mlla. Hakonen, mocnennss nudpa, ecnu oHa
MMEEeTCs, YKa3bIBa€T HOMEp MOAMGPUKANNN TypOWUHBI, TPHUHITHIA Ha 3aBOJIE—
U3rOTOBUTETIE.

[IpuBeeM HECKOIBKO MPUMEPOB 0003HAYCHUH TypOUH.

Typ6una K-210-12.8-3 — tuna K, HomuHansHON MomHOCTRIO 210 MBT €
HAYaIbHBIM aOCOTIOTHEIM fAaBieHneM mapa 12.8 MIIa (130 krc/cm®), Tperbeil
MOJU(PHUKAIIAHN.

Tpy6buna [1-6-3.4/0,5 — Tuna II, HomuHanbHOUW MomIHOCTREIO 6 MBT, C
HavyaJdbHBIM a0COMIOTHBIM JaBiieHreM mnapa 3.4 Mlla u aGCONIOTHBIM J1aBICHUEM
orbupaemoro napa 0.5 MlTa.

Typ6una T—110/120-12.8 — tuna T, HomuHanbHOU MoIIHOCTRIO 110 MBT
A MaKCUMaJIbHOM MOIIHOCTHIO 120 MBT, ¢ HadanbHBIM aOCOIOTHBIM JIaBJICHHUEM
napa 12.8 MIIa.
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Typ6una I1T-25/30-8.8/1 — tuna 1T, HoOMuHaIBEHON MOIHOCTHIO 25 MBT
1 MakcuMaJlbHOM MomrHocThio 30 MBT, ¢ HayambHBIM aOCOIIOTHBIM JaBJICHHEM
napa 8.8 MIla (90 at) u abcooTHBIM J1aBiIeHHEeM oTOMpaemoro mapa 1 Mlla.

Typouna P—100/105-12.8/1.45 — Ttuna P, HomunanbeHOM MomiHOcThO 100
MBT wMakcuManpHOT MomHOCTRI0O 105 MBT, ¢ HayanbHBIM a0COIIOTHBIM
nasinenuem napa 12.8 Mlla u aGcontoTHbIM npoTuBoAaBieHueM 1.45 Mlla.

Typ6una I1P—12/15-8.8/1.45/0.7 — Tuna IIP, HOMUHaIbHOW MOIIHOCTHIO
12 MBT m MakcuMaJIbHOM MOIIDHOCTBIO 15 MBT, ¢ HaYaJbHBEIM aOCOIIOTHBIM
napienueM 8.8 MIla, naBnenunem B oto6ope 1.45 MIla u nporuBomaBienuem 0.7
MITa.

Pacuem mypounsl. llpeoOpazoBaHue HHEPrUM B TYPOMHHON CTYyNEHU
MIPOUCXOJUT B pe3yJIbTaTe B3aUMOJECHUCTBUS MOTOKA C HEMOIBUKHBIMU COIIIOBBIMU
U BpAIIAIOIUMHUCS pabO4YMMU JIONAaTKaMu, 00pa3yoIIMMHU COIUIOBYIO U pabouylio
pemietky. [Ipotekas yepe3 MexIonaTOUHbIE KaHANbI, TOTOK U3MEHSIET CKOPOCTh U
HaIpaBJICHUE JBM)KEHUA. B COIIOBBIX KaHAJIaX MOTOK Pa3rOHSETCS 10 BBICOKOMU
CKOpPOCTH. 3JeCh NOTEHIMalIbHas »JHeprusi mnapa (mepenaj >SHTAIbIOUN /i)
npeobOpaszyeTcsi B KuHeTH4eCcKyro. CTpys ra3a, BRIXOJsIAas ¢ OOJBIION CKOPOCTHIO
U3 comes, o0TekaeT pabouylo pemerky. 3/1ech KUHETHYeCKas HEeprus MOTOKa
npeoOpa3yeTcs B MEXaHUYECKYIO SHEPTUIO BpallleHUs] paboyell peleTku BMECTe ¢
paboYUM KOJIECOM.

[TapameTpbl mOoTOKa Mepes CTYNEHBIO (COMIOBOM penieTkoi) 0003HaYar0TCs
MHJEKCOM «(0», 32 COIJIOBOM peleTKor — HHAEKCOM «/», 3a pabouel pemeTkon —
UHJEKCOM «2», Cp 1 0 — abCOMOTHASI CKOPOCTh U YT0JI BXO/JIa MOTOKA B COIJIOBYIO
penieTky. AOGCOJIIOTHAs CKOPOCTh MOTOKA HA BBIXOJI€ U3 COMIOBOU pemietku — Cy,
yToJ BhIXOJa MOTOKA — 0. [lockonbky pabouune JIONaTKu BpaIlaloTcs ¢ OKPYKHOU
CKOpOCThI0 U, MOTOK BXOAUT B pabouyl0 PEHIETKY C OTHOCUTEIHHON CKOPOCTHIO
W;, non yrnmom [i. U3 Bpamaromeiicss paboueld pemieTku MOTOK BBIXOJUT C

OTHOCHUTEJIbHOU ckopocThto W, mox yriaom [,. Ckopocts Cr, U yroa o, —
a0COJIIOTHAs CKOPOCTh M YrOJd BBIXOJA U3 CTyNEeHU (A CIEAYIolled CTYNEeHH —
3TO CKOPOCTh M YTOJI BX0Ja B COIIIOBYIO pemeTky Cp 1 ).

OcoOeHHOCTH TeueHHUs Mapa B TyYpOMHHOM pemieTKe, T.e. Ta30AMHaAMUYECKue
XapaKTEPUCTUKU, OMIPECIISIIOTCA B 3aBUCHUMOCTH OT T€OMETPUUYECKUX U PEKUMHBIX

XapaKTepUCTuK: b, by — Xxopaa coraoBOro u padodyero npoduiisi COOTBETCTBEHHO;
B, B> — mpuHa pemerok; ¢;, ¢, — mar pemeTok; /;, [, — BbICOTA JOMATOK; d; —
KOPHEBOM IMaMETp CTYNEHH; d., — CPEIHMU auaMmeTp; d, — mepupepuiHbId
nrameTp; Aj;, A, — TONIIMHA BBIXOJHOM KpoMKH; O;, O, — IMIMPUHA BBIXOJIHOTO
CEYEHHS COIIOBOrO M Pabo4ero KaHaloOB COOTBETCTBeHHO; (),0),— mupuHa
BXOJHOrO ceueHus KaHaioB; O,,;, — IIHPHHA MHHUMAJIBHOTO CCUCHUS
PaCHIUPSIOIIETOCS KaHANa;  Olys,0s,P s, — TOmaToynsle (CKETETHBIC) YIIIBI

HAaKJIOHA BXOJHOM U BBIXOJIHOM KPOMKH MTPOQUIISL.
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(L
-

,
) connosasi pcLICTKA

RS

pavoUas peLIcTKa

O)

[lapametpsl, omnpenensoonme ¢GopMy MEXIONATOYHOTO KaHala, MPUHSITO
BbIpakaTh B 0O€3pa3MEpHBIX  OTHOCUTENBHBIX  BEJIMYMHAX,  HA3bIBAEMBIX
OTHOCHUTEIIBHBIMH T€OMETPUUYECKUMHU XapaKTEPUCTHUKAMH: ¢ =f/b—O0THOCHTEIbHBIH

mar pemerky; [ =//b—oTHOCHTeNbHas BbICOTA pewmeTky; [/d,, —BeepHOCTS permneTky;

A=A/O—oTHOCUTENbHAA ~ TOMIMHA  BBIXOAHOH  kpomkwu;  O,/O, . —CTeneHb

in
aCIIUpPEeHUs KaHaJa; ,=arcsin/ ,/t , B ,=arcsin/ ., /t,— sddexruBHbIE YIIbI
Y 1Y ¥y 1 2y 2 yr

MOTOKA MPH BBIXOJE M3 COIJIOBOM U pab0Yei peIIeTOK COOTBETCTBEHHO.
Eciu yron narexanus motoxka Ha pabovue JIOIAaTKH [3; HE COBIALAET CO

CKEJIETHBIM yIJI0M Npoduiis JomaTku B, , TO pa3sHOCTb [ = Bl e Bl Ha3bIBACTCS

yrmom ataku. llpu i~0 wumMeer MecTo Oe3yJapHO€ HATEKaHHE IMOTOKa,
oOecrnieunBaroiiee Haujydiiee oOTekaHue Tmpopuias, K YeMy U CcleayeT
ctpemuTbes. UeM Oodiblile yroia aTakv, TeM Xyxke oOTekaercs npoduib, TeM
Oonblie MOTEpH IHEPruu B pabouelt pemietke, TeM Huxe KIIJ crynenu.

Korga comsoBbie KaHallbl 3aHUMAIOT TOJIBKO YacTh OKPYXHOCTH CTYIEHH,
TakoW MOABOJ Tra3a Ha3blBaeTCs mapuuaibHbIM. CTeneHb MapIUaIbHOCTU — 3TO
OTHOIIEHUE IYTH, 3aHITOUN COIUIaMHU, K JUTMHE OKPY>KHOCTH CTYIICHHU:

91



3nech Z,— YUCJIO COIJIOBBIX KaHAJIOB.

Baxnaeimu TCOMCTPHUUCCKUMHU XaPAKTCPUCTUKAMU PCIICTOK ABJIAKOTCA YIJIbI
IMOBOPOTa MCKJIOIIATOYHBIX KaHAJIOB:

Aa=180°—(a,,+0,,);
AB=180°—-(B,, +B,,)

a TaK)KC I1omaayn BbIXOJHOT'O CCUCHUA !

F,=z2,-0,:1,=nd el sina,_;
F,=2z,-0,-l,=nd_,el,sinf, .

®opmbl npoduiiei JTOMaTOK U MEXKIOMATOYHBIX KaHAJIOB B MEPBYIO OYEPEab
ONpeAENSIOTCs yriaamu moBopora Ao win AP u 6e3pazMepHOiil CKOPOCTBIO ITOTOKA

(uncnom Maxa).
[1o Ha3HAYEHUIO PEIIETKHU JEISATCA Ha IBa TUMA: 1) peaKTUBHbBIE COILJIOBHIE U

pabouue; 2) akTUBHbIE paOOYne U TOBOPOTHBIE.

B npepenax kaxxaoro TUNa pelIeTKH pa3AesisilOTCS HAa HECKOJBKO TPYII B
3aBUCUMOCTH OT ynciia Maxa:

- M <0,7-0,9 —rpynmna A (103ByKOBbIC);

- 0,9<M <1,15—rpynna b (0k07103BYKOBBIE);

- 1,1<M <1,3 —rpynna B (cBepX3ByKOBBIE);

- M <1,3-1,5 —rpynna P (pacmmupsitoruecs).

TI'azoounamuueckue xapakmepucmuku. KoodhpuueHTs NoTEPh SHEPTUH:

— JUISI COTJIOBOM PEIIETKHU

2
C
S (%ltj -

— 1151 pabouei penieTku

2
w. 2

L=1—] 2 =1-v",
Ce ( %sz Y

rne Cj, Wy — TEOpETHUYECKHME CKOPOCTH MOTOKA Ha BBIXOJE W3 COIUIOBOM U
paboueii pemeTkr, cooTBeTcTBeHHO; (C;, W, — HEHCTBUTENBbHBIE CKOPOCTH C
YYETOM MOTEPb SJHEPTUU B PEUIETKAX;

Koadpunments ckopoctu:

— COIUTOBOM PEIIETKU ©0=C;/Cyy
— paboueii peneTku =W/ W,
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Koad purpent pacxoma conaoBoi penieTku

G

M]:G_]ts

rae G;, Gj; — IENCTBUTENBHBIA U TEOPETUUECKUN PACXO] TTapa 4yepe3 COIMIOBYIO
pELIETKY.
CpennHuil yroJ BbIX0/Ja MOTOKA U3 PEIIETKU:
— JUISL COTJIOBOM PEMICTKH — Oy
— 1151 paboueid pemeTku — [3,.
Pesrcumnvie xapakmepucmuku. CKOPOCTh MOTOKA HA BBIXOAE W3 PELICTKH:
C; 1 W,. CteneHb paclIupEHUs B PELICTKE:

B b
81 HE 9 82_ * 9
5 By

* k V)
rae Py, P, — naBjieHue yCJI0BHO 3aTOPMOKEHHOTO TOTOKA MEPEJL COMIOBOM U

paboueli pereTKou.
Yucno Maxa:

Gy
a

rne @, =.k-B-V,, a,=\/k-P,-V, — ckopocts pacupocTpaneHus 3ByKka B

MOTOKE Mapa COOTBETCTBEHHO 3a COIUIOBOM M pabouei pemetkod. k= 1.3 —
MOKa3aTe’lb U309HTPOIIBI.
Yucno PeitHonbAca, XxapaKTEPU3YIOLIEE BIUSIHUE CHIT BA3KOCTH:

W
2t 5
a,

Mlt

C, b
Relz—l\t)1 L Re

_ W2t 'bz

2 — T
AP

rae Vv, V,— KHHEMaTHYECKast BA3KOCTH Mapa Ha BBIXOJE U3 COIUIOBOM 1 paboueit
pemrerok; V; =l 'V]t; V, =W, 'V2t‘ 3neck Yy, W, — nuHaMUYeCKast BA3KOCTb.

Yron BXoga TOTOKa B pPEHICTKY 0, B, XapakTepucTHueckoe 4HCIIO,
ONPEIEIISIONIEEC YPOBEHb IKOHOMUYHOCTH CTYIICHU:

Xa:U/CCl9

93



rne U=nd,n/60- okpyxnas ckopocts; C,= 2k -10° - puxrusHas

CKOpPOCTb, 3KBUBAJICHTHAS PACIOJIATAEMOMY TEIUIONEPENAy CTYIICHHU.

Pacuem ymeuku napa uepe3 3a0Hee KOHUegoe J1aOUPUHMOBoe
ynjiomHenue mypounsl. Y T€UKa napa U3 Kopiyca TypOUHBI, a TaK)Ke MEPETEUKH B
CTYMNEHSIX Yepe3 3a30pbl MexAYy AuadparMoil U poTOpoM, pabOUYUMH JIONATKaMU U
KoprycoM mpuBoAsST K cHuwxeHuto KIIJ. s ymeHbIIEHHs yTe€deK MIHUPOKO
UCIIOIb3YIOTCSI OECKOHTAKTHBIE JTAOUPUHTOBBIC YIJIOTHEHUS.

YIIOTHEHUS COCTOAT W3 TOHKUX TpeOHEH, YCTAHOBICHHBIX B P, C
MHUHUMAJIBHBIMH 3330paMHU MEXAY BPAIIAIOIIMMUCSA W HEMOABHXHBIMU JICTAJISIMH.
Mexay rpeOHsIMH 00pa3yloTcsl pacliupuTeNbHble Kamepsl. [lepenan naBneHuii Ha
YIUIOTHEHUE pacOpeaesieTcsl MEXAY BCEMU 3a30paMu, NO3TOMY Ha Ka)bId 3a30p
MPUXOAUTCA OTHOCHUTEIBHO HEBBICOKMU Tmiepenaa. B kaxaom 3a3ope 3a cuer
MOHWKEHUS JaBJICHUS U SHTAIbNUU (Harpumep, npouecc A—A;) nap pasroHsieTcs
(puc.4). B kaxaoil pacliUpUTENbHOW KamMepe CKOPOCTh TacUTCs, KMHETUYEeCKas
SHEPrus NEPEXOJUT B TEIUIOBYIO U SHTAIBIINS BOCCTAHABIMBAETCS HA HAYaJIbHOM

ypoBHE i) (mpouecc A,—B). B caenyromem 3a3ope MOTOK CHOBA YCKOPSIETCS U
CHOBAa €ro CKOpPOCTb TAaCHUTCS B pPaACLIUPUTEIBHOM Kamepe. OTOT IPOLECC
IIOBTOPSIETCA OT 3a30opa K 3a3opy. /JlaBineHue mnapa npu JABUKEHHUH BIOJb
VIUIOTHEHUSI TOCTENEHHO NaJaeT, yJIeabHbIi O00BEM BO3pacTaer. YpaBHEHHE
HEPa3pbIBHOCTH JJIS1 YIUIOTHEHMUS:

G,V =p,F,-C,

. 3
rae Gy — pacxo]l yTE€UKH yepe3 YIUIOTHEHUuE, Kr/c; V— ynenbHbli 00beM, M /KT;
2
Fy —IUIOWIA/(b 3a30pa B YIUIOTHEHUH, M"; C— CKOpOCTh I1apa B 3a30pe, M/C; [y —

Kod(ppULIMEHT pacxoaa YIUIOTHEHUS.

Pacxon depes yImioTHEHHME OINPENENAETCS pacXOoJOM 4epe3 IMEPBBIN 3a30D.
Tak kak cymMMapHBbI Nepenaj JaBlI€HUW Ha yIIOTHeHue Py— P; pacnpenensercs
[0 BCEM 3a30paM, Ha MEPBbIM 3a30p MpuUxoAUTCs HeOombioi nepena. [losTomy
3/IECh Pa3BUBACTCS OTHOCHUTEIHHO HEOOJbINas CKOPOCTh, KOTOpas M OMpeAesseT
HEBBICOKHI pacxoj 4yepe3 ymiaoTHeHHe. [IockonapKy pacxon depe3 yIIIOTHEHHE U
IJIOIIA/Ib 33a30pa — BEJIIMYUHBI MOCTOSHHBIC ISl KaXKJAOr0 OTCEKa YIUIOTHEHHS (

G, =const, F,, =const), ysenndenne yaensHoro oGbéMa ¥ 1o Mepe MOHIKEHHUS

JIABJICHUSI COMPOBOXKJAETCS TaKUM K€ yBelnueHuem ckopoctu C OT 3a3opa K
o 2 o

3a3opy. l[loaTomy mnepenan sHTambnun h=C / , CpabaTbIBa€MbIi B KaXXIOM

MOCJIETYIOLIEM 3a30p€e, OOJIbIIE, YEM B MPEABIIYILEM.
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‘ Ban
Kopnyc
VYHIOMHEHUA
=1
NN
[
Py P’ P"

P,
y

OTHomIEHHE CKOPOCTU K 00BEMY — BEJIMUMHA MOCTOSIHHAS, YTO CIEAYET U3
YpaBHEHUS HEPA3PBIBHOCTH:

G,
=——~— =const,

Hy £

< a

a KpuBasi, MOUMHSIONIASCS 3TOMY 3aKOHY, Ha3bIBaeTcs uHNeH DanHO.
Pacxon yreuku depe3 cTyneH4aroe JaOMpUHTOBOE YIIJIOTHEHHE, KT/C,
ompenaensercs mo Gopmyie:

rae Uy — koaGpuuuMeHT pacxoa yIIOTHEHHS, KOTOPbIH 3aBUCHUT OT ()OPMBI

rpeOHel, UX TOJIIKHBL U pauaIbHOro 3a3opa (puc. 5); F, = mwd, 3, — miomanp
2
3a3opa, M*; Py, V) — napamerpsl nepea yrjaoTHEHUEM, 0ap, M /KT;
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i=const

Jlunus dauno,
C/V=const

P
EZ—I—OTHOIHCHI/IC AaBJICHUHW YIINIOTHCHMUA, Z—YHUCJI0 FpC6H€I/I. Bennuuna

0
paguansoro 3asopa 0, =(0,001-0,0015)d,, Ho mne wmenbme 0.2-0.3mm.

Tonmuna rpedus Ay 00braHO coctansiet 0.2—0.3MMm.

1,00 Ay A\ k
By e ){
\§ — —_—
\* YYYYTIYITIYTTYTYYTY YT
N
0,95 < A Eé; A % \
e o)
0,90 A Y/
A @ \ ‘/ﬁl&
*
, v ) \
0,85 A \
_
0,80 8
0,75
0,70
-+
0,65

0 1 2 3 4 5 6 8./A
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Ilopsaook nocmpoenusa aunuu @anno. OnpenenseM MojJoxeHue Touku £; Ha H—S
IarpamMMe:

a) IOCKOJIbKY 3HAY€HUE YJEeIbHOro 00beMa B TOUKE £; HEU3BECTHO, B IEPBOM
npubmmkeHnu npuHMMaem, dto V=V, tme V, HaxoauMm o W3BECTHOM

SHTAJBIIUU i) U NaBieHut0 P;=1 Oap 3a ymioTHEHHEM. 31eChb iy — SHTAIBNUS 3a
MoCJeHEN CTyNEHbIO TYpOUHBI, HaliJIeHHAas B 1abopaTtopHoit pabote Nel;

0) N0 YypaBHEHUIO HEPaA3PbIBHOCTH HAXOJUM CKOpPOCTh HCTEUYEHHUS B
MOoCeTHEM 3a30pe, M/C (TIepBoe MPUOIMKEHNUE):

G, Vy=n,-F,-Cp,
"G,V
C. =— .
El l.lyF b

y

B) pacrojiaraeMblii TeIionepenaj B nocjaeIHeM 3a3ope, K K/Kr:

'
' C 2
— El .
hEEl -

2000’

'
r) OTI0XKUB /) BHU3 OT TOukH F, OmpesiensieM SHTabIIHIO T1apa Ha BEIXOJE
U3 MOCIIETHETO 3a30pa, KJIK/KT:

g

=l — Mgy

'
1) HaXOIWM B TMEPBOM NPUONMKEHUH TOYKY FE,, KaKk TOYKY MepecedyeHus
.|
n300apel P; U U303HTAIBIBI Iy ;

P;=16ap

i=const

Jlunus @anmno,
C/V=const
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'

€) NEepexoJuM KO BTOPOMY NPHUOIMKEHUI0 — OIpeneisieM B Touke E,

3
HMCTUHHOE 3HAaY€HUE YACIbHOTO 00bemMa VEl, M’/KT;
) YTOUHSIEM 3HAY€HHE CKOPOCTHU B MOCIIEIHEM 3a30pe, M/C:

G,V
C. =—2 El.
El Hy'F’

y

3) YTOUHSIEM 3HAUYEHHE paclojiaraeMoro Tersionepenana, kJx/kr:

2

El_.
2000’

hEEl =

M) YTOYHSIEM 3HAUYE€HUE DHTAJIBIIMU Ha BBIXOJE M3 MOCIEIHETo 3a3opa lp u

oTpeieNsieM UCTUHHYIO TOUKY MepecedeHus n3o00apsl P;/=10ap u W309HTAIBIB g
(Touky E)):

Iy =l — gy

N3 Toukn E; BOCCTaHABIMBAEM MEPHEHIUKYISAP OO MEPECEUEHUS C JIMHUEH I
= const U QukcupyeMm TOUKy E, B KOTOpOW HaxoauM AaBieHUE Pp U yAelbHbIN
00BéM V.

CoBepllleHHO aHAJOTMYHO Haxoaum Touku D;, C;, B;, A;. CoequHseM ux 1o

JIeKany U nojiydyaem JuHuio Oa"Ho.

Pacuem mypounnoii cmynenu. Ha H-S nuarpaMme HaHOCHM TOYKY A; ,
COOTBETCTBYIOILYIO COCTOSIHHIO TIapa Iepe] CTYNEHbIo (110 mapaMmeTpaM mapa
P ,t3) 1 onpezensieM dHTAIBIHIO I .

*

U3 toukn A, mpoBommm M309HTPOIlY TEOPETHUYECKOro Ipouecca 110
N\ '
nepeceueHus ¢ uzobapoit P,. B Touke Ag, ONpeleNsieM JHTAIBINK I, ,
'

yAENbHBIN 00beM Vztn TeEMIEpaTypy l,,. Pacrionaraemsiit repenajg SHTAIbINN
CTyneHu, KJK/Kr:

Pacnonaraemble mepemnajabl SHTAJbIMA COIUIOBOM M paboyel pemnieTox,
KJK/KT:
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hOc =h§ '(l_pT):
hy, = hy - pr.

*
HOJ’Iy‘ICHHBIC TCILIONCPCIaaAbl OTKIAAbIBACM OT TOYKH A() Ha H-S

auarpamme (puc.7) ¥ ompeneNseM IapaMeTphl mapa 3a COIUIOBOH PEIIeTKOW B
'

TOYKE <1y, (P], Vi, l‘];).
TeopeTndeckas abCOMIOTHAS CKOPOCTh MAPA HA BBIXOJE U3 COMEN, M/C:

C,, =2k, -10°.

CKOpOCTB 3BYKa B ITIOTOKC I1apa 3a COIlJIaMH, M/c:

a,=\Jk-B-V,,10°,

rme k=C » / C, — moka3saTels H309HTPOIIBL, IS eperperoro mapa k=1.3.
Yucno Maxa COIUIOBOU PEMIETKU

KoapunmeHT ckopocT COIIoBON penIeTKH ¢ onpeaesisieM o hopmyle:
¢=0.980 —0.009 - (b,/1)),

rae b, [; — XopJia ¥ BEICOTa COTIIOBBIX JIOTIATOK.
KosddunmeHT noreps 3Hepruu B COIIIOBON PEIIETKE:

OxkpyxHasi CKOPOCTh paboyeil pelieTKy Ha CpeTHEM AUaMeTpe, M/C:

nd n
U=—=L_,
60

JleticTBuTeNbHAS aOCOIFOTHAS CKOPOCTH T1apa Ha BBIXOJIE U3 COIIeI, M/C:

Cl :¢'C1t°
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Ecimn uucno Maxa M;; >1 T.e. CKOPOCTh UCTEUYEHUS U3 COIUIOBOM PEIIETKHU
CBEPX3BYKOBasi, BOZBHMKAET OTKJIOHEHHE MOTOKAa OT OCH comia B KocoM cpese. C
Y4E€TOM yTia OTKJIOHEHHUS O yroi BeixoAa ckopoctu C; ompenensiem 1o dhopmylie
bapa:

sina, =sin(a,, +d)=sina,, Cop
Ixkp
2-k
=.—F -V;-10°
C,, il V107,

rae C, — KpUTHYECKass CKOPOCThb IIOTOKA, paBHAas CKOPOCTH PacIpOCTPaHEHUs
3ByKa; Vj,— KpUTHYECKHH O0ObEM Iapa INpH KPUTUYECKOM JaBiIcHUH P, B

k
MHHUMAJIPHOM CEUYEHHH COIUI; KPUTHUYECKOE JaBJICHHE Ple —SKp 'E) 5

0,546. Kputnueckuit 00beM MOXHO ONpeAeanTh Ha H—S nuarpaMmme 1o JaBJICHUIO

P, AN U3 ypaBHEHMS] H309HTPOIIBL:
1k

(P
Kkp:% ) 1)1

Ecim M;; <1, OTKIOHEHHS TOTOKa OT OCH COIUIa B KOCOM Cpe€3€ He

Kp

IIPOUCXOINUT U Z(Xl = Lala.
Pacxon nmapa depe3 COIIOBYIO PEIIEeTKY, KI/C:

a) mpu M;;>1 G, =0,667-n,-F,
6) nipu My, <1 G =n, -1 C,
1t

rae My — koadduiueHt pacxoia COImIoOBON pelieTKU, onpeaensercs no Gopmynie:
},L1:O,982 - 0,005(b1/11)
3nech by, [}, F; — reoMeTpUYECKUE XapaKTEePUCTUKHU, M, M, MIPUHUMAIOTCS 10

pe3yiabTatam JiabopaTopHoi padoTsl No 1.
OTHOCHUTENBHAS CKOPOCTH Mapa Ha BXOJI€ B pad0UyI0 PEIIeTKY, M/C:

W, =JC2+U*-2UC, cosa,.
Yo BX0/1a OTOKA B pabO4yI0 PEMIETKY, [PaL.:
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C, -sinq,

£ =arcsin—
1
* Z*O
i Ao
A A A
Prp
S
~ Ax N 3
@ V*]W P 1w
Vip A*JW
A 7
P
W]2/2 VJ P2
i y A, v
V, =
g i 3
= @)
N §¢
A 4 1 =
t
A Ay Az S
<
A
3 Va
Yy ¥ I ,
A’y

B BbiOpanHOM MaciiTabe Ha MUJUIMMETPOBOM OymMare CTpOUM BXOJHOM
TPEYIrOJIBHUK CKOPOCTEM.
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[Totepu sHEpPTrUM B COTIIOBOM pemieTke, KJK/KT:

Ah, =G+ .

[lonyueHHOe 3HaUeHUE OTKJIAJbIBAEM OT TOYKH A;, BBEpX Mo uzobape P;.
Touka A; xapakTepu3yeT COCTOSIHUE Tlapa nepes paboyeil peneTKou.
TeopeTnueckass OTHOCUTEIbHAs CKOPOCTh Ha BBIXOJE M3 paboueil pemieTKw,
M/C:

Wy, =20, 10° + W2,

CxopocThb 3ByKa B IOTOKE 3a paboyel pereTkon, M/c:

a,=+Jk-P,-V,,-10°.
Yucno Maxa st paboueid penieTku:

— 2t
M, =
az

Pacuetnoe 3HaueHne ko3dduIMeHTa CKOpPOCTH paboueit pemeTrku o (0e3
y4eTa oTephb OT yIjla aTaku) onpeesiseM no Gopmyse:
\|10:O,957 — 0,01 l(bz/lz)

PacuetHoe 3HaueHue koddduimenta norepb B paboueit pemierke (6e3 yuera
NOTEPb OT YIJIa aTaKM):

1 w2
CJ‘IO - 1 \IIO :
VYron ataku B paboueli pemieTke, rpa.:

i=P, =B
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rae Bl n — JIOTIATOYHBIN yrOJ HAKJIOHA BXOJHOW KPOMKH.

OmpenenseM OTHOLIEHHE JEMCTBUTEIBHOTO KOd((HUIMEHTa IOTEPh K
pacuetnomy (. /C,, a 3aremM — nelcTBUTENBHOE 3HAUEHHE KOd(DPUIMEHTA TOTEPD

C, C y4eTOM IIOTEPH OT yIJia aTakKH. 3IeCh

Y = Cthln _Cth1 .
Ctg Bln

JleiicTBUTENbHOE 3HAUYEHUE KOA(Q(UIMEHTAa CKOPOCTH C yY4E€TOM MOTEpPh OT
yIJla aTaKu:

y=41-G,.

JleficTBuTeNnbHAsT OTHOCUTEIbHA CKOPOCTh Tapa Ha BBIXOJAE U3 paboueit
peleTKu, M/c:

VV2=\|I'W2[.

AOCOII0THAsI CKOPOCTh Mapa Ha BBIXOJIC U3 CTYNEHH, M/C:

VYT0I1 HallpaBIIEHUs BEIXOIHON CKOPOCTH, TPajl.:

VVZ 'Sian
W, -cosp,, ~U

2o, =arctg

[loTepu sHepruu B paboueit pemeTke, kJHK/Kr:

w;
2000°

M, =G,

3uauenne A/, oTkmagsiBaeM BBEPX 10 n3zobape P.

B BbiOpanHOM MacmiTabe Ha MWIJIUMETPOBOW Oymare CTpOUM BBIXOJHOMN
TPEYTOJIBHUK CKOPOCTEN.
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[loTepu sHEPrUM ¢ BHIXOJHON CKOPOCTHIO, KJ[AK/KT:

CZ
Ah,  =—2_.
. 2000

[TomyueHHOE 3HaUEHUE OTKIIAABIBAEM BBEPX IO U300ape Po.
OtHocutenbHbIl tonatounbid KIIJI ctynenn:

hy —(Ah, +Ah, +Ah,,)
nOH = h* *
0

KoadduumeHt norepb oT TpeHUs OOKOBBIX MTOBEPXHOCTEN pabouero koyeca B
MapoBOM cpeJie:

2 (U Y
gmp:Kmp' Ff (_J ’

rae K,,,=0,0008-0,0012; £, U/C, .
[ToTepu ot Tpenust, Kx/Kr:

Ahmp = h(;k ) é/mp'

KosduumeHT norepb OoT napiuaibHOro MoJ1Bojia napa (ToJibko npu e<l):

3
K l-el U B, [, U
= — 8 . +1< 2 2. :
Cnapu sin ab e (C J ceam Fvl Ca T]0.11 ,

a

rie K, =0,065, K =0,25; 12, Bz,e — r€OMETPUYECKUE XaPAKTEPUCTHUKH.

[loTepu oT mapuuanbHOro NoaABoaa, KJx/Kr:

ceem

Ahnapu - h; C

napig
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Kosdduument mnorepp OT mnpoTeyek uepe3 JTaOUPUHTOBBIE YIUIOTHEHHS
nuadparmsi:

Hy £,
C . .:#.non,
Hy MI'E'\[Z)/

rae Fy = TE-dy -5y —IUIOWIAJb 3a30pa B YIUIOTHEHUH, M2; d y — IHaMETp

YIUIOTHEHMUS; 5y = 0.005M—panuanbHbId 3a30p YIUIOTHEHHUS; W— KO3(DPUIHEHT
pacxoga coImioBoi pemeTkd; p,=0,7-0,75-ko>pPuunenT pacxomga ymIOTHEHHS;
Z, —4HCI0 rpeOHel AuadparMeHHOro yIUIOTHEHUS.

KosduumeHT norepb oT mpoTedexk nmoBepx padouux JIONaToK:

[
Pr +198_1 .non, rae
d,

d,.,= ! ;

2\ 1,5z
. + r
(&J (3,)

d, :dcp—l_lZ; O = 0,5MM — paguanbHbIdi 3a30p Haja paOOYMMM JIONATKaMU;

0, =4 MM — 0CceBO# 3a30p; Z, =2 —4ucio rpebHei neprudepUiHOrO yrIOTHEHHS.
CyMMapHas moTepst OT yTeuek

Cym = Cd.y. +Cn.y.’
AR=F (.

CYMMapHaH IMOTEPsA OT TPCHUA, NMAPITHUAJIbHOCTH U YTCUCK:

> Ah=Ah, +Ah,, +Ah,,,.

napy

TMotepu Y, Al orxnansiBaem BBepX 0 H306ape P.
[Tone3Ho ucnoapr30BaHHbIN B CTYIEHH Temuionepena, kKJH/Kr:

ho=h —(Ah +Ah +AR)—3 Ah.

Bnaytpennunit orHocutenbHblil KII/ crynenu:
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noi :_i
hy

BayTpeHHAs MOIIHOCTH CTyNEHH, KBT:

*
Ni =G- ho IR
Cn/Cno
\ ¢ /
\ 1-+/B=0,03 0,07
5 2-1/B,~0,15
\ 3-1/By=0,22

N~

I 7
3 / 1
2 >
3 2 L~ 3
-1,0 0,8 -0,6 04 -02 0,2 0,4 0,6 08 y

7 —paJuyc BXOJTHOM KpOMKHU pabouero npo@uis;
B,— mmpuna paboyeit pemeTku

Opzanusayusa Hepezynupyemozo menaoQuKkayuonnozo omoopa napa.
CxemMa TypOOYyCTaHOBKM C TEIUIOPUKAIMOHHBIM OTOOpOM u300pa)keHa Ha

CJIEAYIOIIEM PUCYHKE.

Ilpeooméopnas

CmM)Ynendb

Cemesoii
nooozcpesamenns

Kawmepa
ombopa

omo

Cemesoti
Hacoc

B mennosyro
cxemy

Tennosoii
nompebumeny,

<
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Jlnst onpeneneHuss nmapaMeTpoB TypOMHBI HAHOCSITCS 3HAYEHUS PACUETHBIX
JABJICHUM B MPEOTOOPHON M MOCICOTOOPHBIX CTYMEHSX. 3aTEM HOBOE JaBJICHUE
3a mpeAoTOOpHOM cTymeHbio (B Kamepe oTOopa) ompexaensercs mo ¢dopmylie
®mrorensa — CTOIOMBI:

3necy Gyy — pacyeTHBIN pacxoj mapa Ha TypOUHY (M3 MpeABAPUTEIBHOIrO
pacueta Typounsl), Gy; = Gypp — G,ns — HOBBIM (HEpacUETHBINA) pacxoi yepes
MOCIICOTOOPHBIE  CTyNeHH; Py — pacueTHOE JdaBJeHHUE Tiepesd IepBOM
MOCIeoTOOPHOM CTyIeHblo (B Kamepe oTOopa); Py; — HOBOE JaBIICHHE TMepe.

MEepBOM MOCICOTOOPHON CTYNMEHBIO (B KaMepe otOopa); P, = const — NaBlIeHHE B

KOHJIeHcaTope TypOunbl. Ilapamerpsl pacueTHoro pexuma Gyy, P yxe
OMpeNieJIieHbl Ha JTale MNpeIBapUTEILHOIO pacueTa TYpOUHBI, a pacyeTHbIE
JNABJICHUS MO CTyneHsMm Py, nerko Hautu no H-S — numarpamme, OTIIOXKUB
M3BECTHBIE TEIIONepenaabl CTyIEeHen /igy.

Otcrona onpenensercss HOBOE JaBIICHHUE Pj; KOTOPOE YCTAHOBUTCS B KaMepe
oTtbopa:

2
P | (R -rE) 2.
00

[lockonbky naBineHue Pj;; B kamepe oTOOpa ymaJer, 3TO MPUBEIET K
HEKOTOPOMY TAJICHUIO JIaBJICHUST M TMepel NpeaoTOOpHON CTyneHbio (Mpu
JI03BYKOBBIX CKOPOCTSIX), YTO TaK>Ke€ MOXHO OIEHUTh mo ¢dopmyne Dirorens —
Cronmonsr:

(R = Po)+ P

Cnenyer oOpaTuTh BHMMAaHHE Ha TO, YTO XOTSI B 3TOW W TPEIbIAYIICH
dbopmyne @miorenst — CTomonabl  AaBieHUsT OOO03HAYEHBI OJIMHAKOBO, 3TO
COBEPIIIEHHO pPa3HbIE ABJICHHSI, B pa3HbIX TOUKaX TypOWHBL. B 3T0M dhopmyne Gy,
= Gy — pacxoll depe3 MpeaoTOOPHYIO CTYNEHb (He MeHseTcs); Py — pacueTHoe
JaBJICHUE 3a HJTOW CTymeHblo (B Kamepe otTOOpa), 3apaHee U3BeCTHOE (B
NpEeAbIIYIIEM BBIPAKEHUU 0003Hayanoch Py)); P;; — TO &€ B HEPaCUYETHOM
peXHMME, BBIYHCICHHOE B MPEIBIAYIIIEM BBIpRKCHHUH (TaM OHO 0003HA4aIoCh Py;);
Pyy — n3BecTHOE NaBiieHUE mepe] MPea0TOOPHON CTYNIEHBIO B PACYCTHOM PEKUME.
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Taxkum oOpazom, o dopmyne dmrorens — CTOAOABI MOXKHO JTOCTaTOYHO TOYHO
OLICHUTH JIaBJICHUE Napa Nepe. U 3a NPeAoTOOPHOM CTYIEHBIO.

3aduKcUpOBaB HaMICHHBIC TABJICHUS HAa U303HTPOIIE IIPoliecca PaCIIUPEHUS
OTCEeKa, OMNpPEACNISIIOT HOBBIM pacrmoyiaraéMblil  TeIUloNepenan MnpeaoTOOpHON
CTyHeHU hy;, KOTOPHI, HECOMHEHHO, YBEJHMUYUTCS TOCIE€ OpraHu3aiuu oTodopa.

[Tocne 3TOro HaXoIAT COOTBETCTBYIONIEE 3HAaUeHUE (PUKTUBHOM ckopocTH Cy;:

C, =+2hy - 10°

M HOBOE 3HaueHHWe Xapaktepuctudeckoro uucna (U/C,);, mpeaBapuTeabLHO
BBIUMCIIUB OKPYXHYIO CKOPOCThb cryneHu Uy = md.,'n/60. 3mech ke HaxomsT
pacuetnble 3Ha4enus C,y u (U/C,)o 110 pacueTHOMY TEIUIONEPEnany CTYIEHH Agy.

4. Tlo 3nauenusm (U/C,)yu (U/C,); onpenensoT HOBbIE 3HAUYCHUS CTETICHU

peakTuBHOCTU Py, U KIIZ Moi] IMpesoTOOpHON CTYHNEHH C y4ETOM BO3MOKHOM

BraxxHoctu (popmyna JIKN):

. s
Pr
=(0,5- i
1-prq ( pTO) ~
C, )y
noﬂ:z’l, l_i ‘X -1,19-X*+0,09- X°
Moi0 0°

_Noit ( )
Tloil n.. TloiO Keﬂ
010

31ech App=pr- pro: A(U/Co) = (U/C)s— (U/Coor X = (U/Co) /(U/Ca)y, O

= dy/l; — BeepHoCTh cTynenu; Ko, = 1 — 0,87 yep s yep = (Vo + y2)/2 — cpenuss
CTETIeHb BJIAXKHOCTH CTYIICHU; )y, V2 — CTENECHb BIAXKHOCTH MEPE] U 32 CTYNCHbIO;

Noio — KIIJ cTtynenn mnm orcexka, B KOTOPOM PACIHOJIOKEHA CTYNEHb, HAIIPUMED,

e YyHJ[
nOi nin nOl .

Haﬁﬂﬂ CTCIICHb PCAKTHBHOCTU B HOBOM PCXKHUME P, OIPESACILIIOT Ha JINHUU

Mpolecca HOBOE JIaBJICHUE 3a COIUIOBOM pemIeTKor P;; W mepemnaj AaBJICHUN Ha

mnadpparme (Py; — P;;). Ilo pacyeTHBIM 3HAUEHUSAM pPp, U TNojo OHNPENEIAIOT
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pacueTHOE JABJIICHUE 3a COIUIOBOM pEIIETKOW P;y) W pacueTHbIM Mepenaj Ha
ﬂna(i)parMe (P()()—P]()).

OueHMBaIOT yBEIUYEHUE HAMpsSHKeHWM wu3ruda B pabouyux JiomaTkax,
KOTOPOE MPOMOPUAOHAIBHO MOITHOCTH CTYIICHH:

Syart _ Go1 o1 Meig

Susro Goo Moo Mo

OLEeHUBAIOT YBEIWYEHHE  HANpSOXKEHUA B muadparme, KOTOpoOe
MPONOPIUOHAIIBHO TEPENany JaBICHUN:

Su _ Poi-Py
2
Poo-Pio

G,Z[O

[locne onpeneneHus: Bcex nmapaMeTpoB MPeI0TOOPHON CTYIEHU CTPOUTCS €€
peaIbHBIN IPOLIECC PACIIUPEHHUS.
3atem no ¢dopmyne Dmrorenssi—CTOAO0Ab OLEHUBAIOTCS HOBBIC JaBIICHHS

nepea BCCMU HOCJ'IeOT60pHI)IMI/I CTYNCHAMM, CHHUTAA NJaBJICHHUC B KOHJCHCATOPC PK
IIOCTOSAHHBIM :

2

G (Ro—PB) +F: .

00

By =

3neck Pyy u Py; — COOTBETCTBEHHO pacueTHOE (M3BECTHOE) U HEPACUETHOE
JABJICHUSI TIEPE]T KaXI0M U3 pacCMAaTPUBAEMBbIX CTYIICHEH.

[lo HalileHHBIM [aBJICHUSM Ha TMPOIECCEe paCUIUPEHUs TYpPOUHBI,
OMPEIENAIOTCS HOBBIE pacrojlaraeMble TEIIoNepenajibl CTyneHen /), U yaeabHble
o0beMBbl Mapa 3a Kaxaou cryneHbto V,;, a takke mapamerpol U), Cgu, Cqy
(U/Ca)() > (U/Ca)l-

OnpenensitoTcsi TPaHUIBI TPEACTbHOTO PEXHUMa BCEX IOCICOTOOPHBIX
crynenei, npu kotopbix KII nei = 0:

U 2
~ 17 (&jo
o (U]ZI.VM. L CCOSO&(U]

2

"r] =Y -
0 VIO o1 VIO Uo Ca

0
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Bce mapamerpsi, Bxomsiue B 3Ty (OpMyly — mHapamMerpbl pacuye€THOIO
peXnMa CTYIICHHM, 3aBEIOMO HM3BECTHbIC. ECIM AE€TanbHBI pacdyeT CTYNEHU HE
MpPOU3BOJMICS, TO O00BeMbl V;y U Vi onpenenstorcs MO U3BECTHHIM
TEIIoNEepenagaM U CTENEHU PEaKTUBHOCTU Ha H—S auarpamme, ckopocth Cyy U
YTOJ 09 OPUHUMAIOTCS OPUEHTUPOBOYHO M3 JIETAILHOIO pacuera OnmKauiien

ctynenn; Bmecto HemsBecTHOro KIIJI crynenu nejg ucnons3yrot KIIJ[ orceka, B
u
KOTOPOM PacCIOJIOKEHa CTYICHbB, HAIPUMED, ng‘fﬂ 17001 no?ﬂ. OxpyxHasi CKOPOCTh

Up = md,'n/60, huxrusHas ckopocts C,, =42k, -10° .

Omnpenensitorest  pakTuyeckue aOCOMOTHBIE OOBEMHBIE pacXobl Iapa
KaXJO0M CTYNEHU MJIs PACUETHOTO M HEPACUETHOTO PexXUMOB Gop'Vag m Gy Vs;.
Otcrona pakTHUeCKre OTHOCUTENbHBIE PACXO/IbI:

~ _ (Gm 'Vzl)
( 2)¢)akm - (GOO . VZO) ’

B nepBoMm mpubnmxkeHnu, Mmoka HET BO3MOXXHOCTH IOCTPOUTH pPEabHbBIC
MpOLECChl JUIsl KaXJOW CTYNEHW U JOCTOBEPHO OLECHHUTh 3HAYEHUS PEabHBIX
00beMOB V,;, OHU OLIEHWBAIOTCS MO M303HTpOIaMm, T.e. V5, = V,. B nanbHeleM,
Mocjie TOCTPOCHHUS PEaJbHOTO TMpPOIEcca pacHIupeHusi, o0beMbl V;; BO3MOXKHO
YTOYHUTH U TTIOBTOPUTH PACYET € ITOTO MYHKTA.

CpaBHUBAIOTCS 3HAYCHHUS TPEASTLHOr0 M (haKTHUECKOTO OTHOCHUTEIbHBIX

pacxoioB ((_?-172) . u ((_}-172) . Ecnin  ¢akTtnueckoe 3HaueHHE pacxoja
noi=0 paxm
OoJIpIIE  MPENEITHHOTO (G'Vz)(paxm > (G-Vz)noi: 0> CIYNEHb  HMeeT

nonoxurtenbHbld KIII, ecnu HET — OTpULIaTENbHBIN.

[onoxurenbusiit KITJ[ crynenu onpenensercs no ¢popmyne JIKU ¢ yuetom
MOTEPH OT BIAXKHOCTH:

Dot 51 (1.1 | ¥-119. %2 40,09 X7,

noio 0>

=Doin
oil . 010 61°
010

3nech 0 = d,,/[; — BeepHocThb crynenu; Kq, =1—0,87 yep; Yep= (Vo +y2)/2
— CpedHsisi CTETIeHb BIAXHOCTHU CTYIEHH, )y, ), — CTEIIEHb BIAXKHOCTH TEpeN U 3a
CTYIIEHBIO.
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HOO P0m6

— — = Jlunus npoyecca nocie
opeanuzayuu omoopa

JIns BEHTUISILMOHHBIX pexkuMoB, korna KIIJ[ crynenun oTpuuatenbHbIi, 1o,
< 0, onpenenstoTcs 3aTpaThl MOITHOCTHA HA TPEHHUE U BEHTUISILUIO. B yrpomieHHom
MOCTaHOBKE UcToiab3yeTcs hopmyna CTOAO0bI IPU CTENEHU MaplUaIbHOCTH € = 1,
KBT:

3
1
Ny =A-[1,07-d2 +0,61-d_ -1, i
10° V5

3nece A=1,2-1,3;dep—M; [ —cm; U—w/c,
B TemnoBeix equaumax, kJHx/Kr:

Ny

Ah. =
h, C

[loTepu Ah,, OTKIaIBIBAIOTCS BBEPX OT COCTOSIHUS Mapa 3a CTYIEHBIO.

C yuerom uzmenenusi KIIJ nmpenoTtOopHOi U MOCIEOTOOPHBIX CTyINEHEH, a
TaKXe MOTepbh Ha BEHTUJIALIMIO CTPOUTCS MPOIECC PaCIIUPEHUs: TypOUHBI.

MomtHOCTh TYpOUHBI OMpEesIeTCsS KaK CyMMa MOIIHOCTEH OTCEKOB J0 U
nocJje Kamepsl 0Toopa, KBT:
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N;=N; + N
I _ I oTceka
Ni = G - Hop My
/N I
3necs HJ,— pacmonmaraeMplii Temymomepenan BceX CTYMEHeH 10 KaMepsl

17 v
0T6opa; Hi — IOJIC3HO HMCIIOJIB30BAHHBIM TCILIOIICPCIIaA OTCCKA ITOCJIC KaMCPhbI

oTOOpa ¢ y4eTOM BO3MOXHOMN «OTPHUIIATENIBHOI» MOIIHOCTH MOCIEIHUX CTyNEeHEN
nocje oroopa.
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KOHTPOJIBHBIE 3A/TAHUA

3aoanue 1

Paccuurats Hamop Hacoca, YyCTAaHOBJICHHOTO B CHCTEME M MOIIHOCTH Baja
JUTSL TIEpeKauYMBaHUs KUJIKOCTH pacxonoM (). /[aBiieHure BcachIBarOUIEro narpyoka
P, n ero aumamerp D), naBiieHHEe HAMOpHOro marpyoka P, u ero auamerp D,.
Pa3nunia BeICOT MEX1y ABYMS MaTpyOKaMHu, TJi€ YCTAHOBIIEH MaHOMETp Ah.

h,
[peanociaennss |[lepekaunBaemas| Q, | P, Dy, Ilocaennsis P, D,, Ah,
nudpa mudpa JKHIKOCTh m/u| kIla | mMm muppa mudpa| klla | MM | MM
0 Bona 40 | 50 | 250 0 300 | 250 0
1 ben3un 50 | 100 | 225 1 350 | 225 | 150
2 QmuskoBoe | o | 150 | 200 2 400 | 200 | 250
MaclJio
50% nponuneH
3 I'mukons 70 | 200 | 175 3 450 | 175 | 350
t=20°C
50% nponuneH
4 TJIMKOJIb 80 | 250 | 150 4 500 | 150 | 450
t=-20°C
5 Bona 90 | 250 | 125 5 300 | 125 0
6 ben3un 100} 200 | 100 6 350 | 100 | 150
7 QmuBKOBOC |11 150 | 75 7 400 | 75 | 250
MaclJio
50% nponuneH
8 I'mukons 120 100 | 50 8 450 | 50 | 350
t=20°C
50% nponuneH
9 [IIMKOJIb 130 50 | 25 9 500 | 25 | 450

t=-20°C
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3aoanue 2

OG6beM B O M’ BOJIBI 32 Yac JOJDKEH OBITh MEPEKayaH W3 KOJIO/IA IIyOHHOM
h, mo TpyOe mnuHou L, u amamerpoM D; B 0ak, pa3MEUIEHHbIA Ha BBICOTE /)
OTHOCHUTEJIbHO YPOBHSI YCTAHOBKHM Hacoca mo Tpyoe JUIMHOUN L, u nuametpom D;;
KOHEYHOE JIaBJICHHE B 0aKe JTOJKHO OBITE Ps.

Heob6xonumo mpousBecTd moaoop Hacoca. OnpeaenuTs mnotpedieHue
SHEPIruM MpPU CHWKEHUH pacxoda Ha 20% ¢ HCIOIb30BAHUEM JPOCCEIBHOIO M
YaCTOTHOTO PETYyJIUPOBAHUS.

Pesepsyap
Ha Kpbllwe 34aHuA

S

Pesepsyap
Ha ypOBHe
3emMnu

Ilpeanmocieanss y D, Ilocaennsin P,

Illl)/l(l);[pa umi;)pa M%‘l f, m\L1, M M;’I uudpa I)llllfl(l)pa haym | Lo, M 6azp Dy, mm
0 5 0|5 25 0 10 5 2 250
1 10 2 110 50 1 12 10 2.5 225
2 I5 |4 |15] 75 2 14 | 15 3 200
3 25 | 6 | 20| 100 3 16 | 20 | 3.5 175
4 30 8 [ 25| 125 4 18 25 4 150
5 35 8 [ 25| 150 5 20 25 2 125
6 40 | 6 | 20| 175 6 22 | 20 | 2.5 100
7 45 | 4 | 15| 200 7 24 | 15 3 75
8 50 | 2 |100| 225 8 26 | 10 | 3.5 50
9 551 0 | 50| 250 9 28 5 4 25
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3aoanue 3

HeoOxonuMo paccuuTarh MOIIHOCTh NPHUBOAA KOMIpEccopa Ijs MOoAadH
CXKAaTOro Bo3ayxa pacxoaoM G KWJIOTpaMMOB B CEKyHAY IpU napamerpax P u
t, =t,, T t; — TEMIIEPATYPA OKPYKAIOLIEH CPEIBI.

OnpenenuTs: KOJIUYECTBO CTYNEHEH KOMIIPECCOPA; CTENEHb MOBBIIICHUS
JABJICHUsI B KaXXJOW CTYINEHW; KOJWYECTBO TEIUIA, OTBEIEHHOIO OT BO3J1yXa B
LUJINHIPaX KOMIIpECCopa, B MPOMEKYTOUYHBIX 1 KOHEYHOM XOJOAUIbHUKAX.

JaBieHue Bo3yXxa Ha BXOJI€ B IIEPBYIO CTYNEHb KoMIpeccopa P, = 0.1 MIla
U Ttemmeparypa t, =27 °C. JlomycTUMOe IMOBBIIICHHE TEMIIEpaTypbl BO3AyXa B
KaXJIOM CTyneHn At, Imoka3areib ITOJMUTPOIIBI CKATHSA N.

OTBeTUTH Ha BOIIPOC: BO CKOJBKO Pa3 YBEJIMYHUTCS MOIIHOCTH IPHUBOAA
KOMIIpECCopa, €CJIM CKaTue MPOU3BOAUTH B OJHOCTYIIEHYATOM KOMIIPECCOPE IMpPU
BBIOPAaHHOM TOKa3aTese MOJIUTPOIBI 727

Taxxe HE00X0IMMO POU3BECTU MOJI00P KOMIIPECCOPA.

Ipeanocaexnsas o Hocaennsis
uugpa mmudppa A, °C | Py, Mlla uugppa n G, kr/c
mudpa
0 100 11 0 1.29 02
! 110 12 1 131 03
2 120 13 2 132 04
3 130 14 3 136 0.5
4 140 15 4 1.28 0.6
5 150 16 5 13 07
0 160 17 6 1.25 0.8
7 170 18 7 13 0.9
8 180 19 8 137 10
2 190 20 9 133 12
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Onpenenurb

MOIODHOCTB

3aoanue 4

JABHUIaTCIIsA

BEHTHJIATOPA 1), U OOLIUHN K.M.J1. BEHTHIISITOPA M.

IS

MPUBOJIA

IIEHTPOOEIKHOTO
BEHTWJISITOpA, €CIAM Tojaya BeHTUsATOpa (O, KO3 (UIMEHT 3amaca MOITHOCTH
JBUTATENsl [3, 4yacToTa BpallleHHs pabodero kKojieca 7, BHYTPEHHUM JUAMETP
pabouero kojeca d;, HapyKHbII TUaMeTp pabouero Kosieca d,, CpeIHsIs IITOTHOCTh
BO31yXa B BeHTUJATOpE 1.2 KI/M°. AGCONIOTHAS CKOPOCTBH BO3JyXa IIPU BXOAE Ha
pabouee kosieco C), aOCOJIIOTHAsE CKOPOCTh BO3JlyXa MPU BbIXOJAE U3 paboyero
kojeca C,, yroil Mexay aOCOJIOTHOW M OKPYKHOM CKOPOCTSIMH IIpU BXOJIE
BO3/lyXa Ha pabouylo JIOMATKY O, YroJ MEXAy aOCOIIOTHOM U OKpPYXKHOMU
CKOPOCTSIMU MPH BBIXOJIE BO3yXa U3 paboyeil J0MaTKu 0y, TUAPABIUYECKUMN K.I1. 1.

1}&?;;?3;3:?; 0, w'/c B n, 06/MuH MNs Mo
0 5 1.05 1000 0.75 0.60
1 10 1.10 1100 0.76 0.61
2 15 1.15 1200 0.77 0.62
3 25 1.20 1300 0.78 0.63
4 30 1.25 1400 0.79 0.64
5 35 1.05 1500 0.80 0.65
6 40 1.10 1600 0.81 0.66
7 45 1.15 1700 0.82 0.67
8 50 1.20 1800 0.83 0.68
9 55 1.25 1900 0.84 0.69

H"c“‘;’;‘;fb’; L A dom | Cumle | Cuwie | ay, s,

0 0.2 0.3 10 20 36 16
1 0.3 04 15 30 37 17
2 04 0.5 20 40 38 18
3 0.5 0.6 25 50 39 19
4 0.6 0.7 30 60 40 20
5 0.7 0.8 35 70 41 21
6 0.8 0.9 40 80 42 22
7 0.9 1.0 45 90 43 23
8 1.0 1.1 50 100 44 24
9 1.1 1.2 55 110 45 25
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3aoanue 5

Heo6xoauMo mpoBecTd pacueT TeopeTudeckoro nukia mnopurHeBoro [IBC.
HNcxonHpIMU JaHHBIMM JJIS1 BBIIOJIHEHUSI PACUYETOB CIYXKAT: OJTHA U3 CXEM LIHKJIA;
CTENEHb CKaTUsl €, CTENEHb TIOBBIIICHUS JaBJICHUS A W  CTENEHb
MPEIBAPUTEIBHOTO PACIIMPEHUS P; TEMIepaTypa Bo3ayxa 7], MOCTYNAOUIErO B
UWIAHAPBI IBUTATENS, U TEOPETUUECKAsI MOIIHOCTh ABUTAaTENS V.

[Ipu BBIMOTHEHUH pacUETOB AaBieHUE paboyero Tena o nogauu ero B JIBC
OpuHATh paBHbIM P, =10 Ila. TeruioeMKOCTh CYMTaTh HE 3aBUCALICH OT

temneparypsl. IIpunate: ¢, = 1.005 xx/kr-K, ¢, = 0.71 xJlx/kr-K, nokasarens
annabarel ¢, /c, =1.4.

TpeOyercs: paccuntaTh napaMeTpsl pabouero tena i, P, s, T, v 175 y3JI0BbIX
TOYEK IMKJIA, TOCTPOUTH IMKI B Maciirabe B koopaumHatax P-v u T-s;
OTIPEJICTATh TIOJIBEICHHOE TEIUI0, OTBEACHHOE TETUIO U pabOTy IMUKJIA; PACCUYUTATH
TepMUUYECKUN KOA(PPULIMEHT MOJIE3HOTO AECUCTBUS IIUKIIA.

Ilocaennsin
1}111)4?1);[1[)[;) iilI;I(;)li)ﬂaﬂ Eﬁiﬁ: & A P unq?;a el?mcbpa T, 'C N, kBT
0 Orro 7 2.5 1 0 -20 50
1 Juzens 16 1 24 1 -10 60
2 Tpuukiepa | 14 1.7 | 1.5 2 0 70
3 Orro 8 3 1 3 10 80
4 Juzens 18 1 2.6 4 20 90
5 Tpunknepa | 15 1.6 | 1.6 5 30 100
6 Orro 9 3.5 1 6 40 110
7 Huzens 20 1 2.8 7 50 120
8 Tpunknepa | 16 1.5 | 1.7 8 60 130
9 Tpunknepa | 17 14 | 1.8 9 70 140
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3aoanue 6

Onpenenuts ynenbHbld 3G (PEeKTUBHBIN pacxoj ycioBHoro tomauba [TV,
€CIIM CTENEeHb TOBBIINICHUS JIaBJICHUSI B KOMIIpeccope A, TeMIeparypa
BCACBIBAEMOTO B KOMIIPECCOP BO31yXa f;, TEMIlEparypa Ta30B Ha BBIXOAE U3
KamMepbl CroOpaHus f,, OTHOCUTEIbHBI BHYTPEHHHH K.M.J. TYpOUHBI T,
BHYTPEHHUU K.II.J. KOMIIPECCOPA My, K.II.J. KAMEPBI CTOPAHHUS T ., MEXAaHUUYECKU
K.ILJI. Ny

IIpeanmociaeanss Ilocaennsia

inppamepa | & | °C | M | wugpon mugpa| 'C | Wi [ Ne | N
0 2 20 |0.80 0 650 | 0.8510.95| 0.85
1 2.5 25 10.81 1 700 | 0.86 |10.96| 0.86
2 3 30 |0.82 2 750 1 0.87 10.97| 0.87
3 3.5 35 10.83 3 800 | 0.88 10.98| 0.88
4 4 40 |0.84 4 850 | 0.89 10.99]| 0.89
5 5 45 10.85 5 650 | 0.90 10.99| 0.90
6 5.5 50 |0.86 6 700 | 0.91 098] 0.91
7 6 55 10.87 7 750 10.92 1097 0.92
8 6.5 60 |0.88 8 800 | 0.93 10.96| 0.93
9 7 65 |0.89 9 850 | 094 1095|094
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3aoanue 7

[locTpouts mpollecc pacuidpeHus napa B TypOuMHE C HaYaJlbHBIMU
napamerpamu Py u fp, U AaBieHueM B KoHjeHcatope P, TypOuna coctout u3
HECKOJIbKUX OTCEKOB, JIaBJICHUE TOCJIE€ i—0r0 OTCeKa P; U K.IL.JI. OTCEKA. ;.

OrnpenenuTs HOBBIE JaBJICHUsS B TypOMHE, TEIUIONepenaabl U K.I.J., €CIH B
TypOHMHE OpraHU30BaH HEPETYIUPYEMbI 0TOOp Mapa Mocie TPEeThbe CTYNEeHU s
TEIUIOBOrO MoTpeduTenss B pasmepe 25% OT pacxoja mapa MOCTYIMAIOUIETO B
TypOuny. Ctenens peaktuBHOcTH p = 0.25.

Ipeanociaennss

Py, MIIa | P, MIla | P, MIla | P;, MIIa | P, MIla | P,, MIla

uudpa mudppa
0 24 2.8 13 0.3 0.12_ | 0.003
1 9 32 2.0 1.1 025 | 0.006
2 13 33 15 0.32 0.18 | 0.008
3 14 2.5 1.7 1.1 0.12 | 0.003
4 9 2.7 1.8 12 021 | 0.005
5 24 33 1.7 0.28 0.09 | 0.005
6 13 33 22 0.5 0.13_| 0.007
7 24 2.4 13 0.17 0.05 | 0.004
8 14 3.0 1.4 0.9 032 | 0.005
9 13 22 14 0.42 0.1 0.004

o mgpa | 'C Y b 13 N M
0 535 0.95 0.92 0.89 0.86 0.83
1 540 0.94 0.91 0.88 0.8 0.82
2 545 0.93 0.9 0.87 0.84 0.81
3 550 0.92 0.89 0.86 0.83 0.80
4 555 0.91 0.88 0.85 0.82 0.79
5 560 0.9 0.87 0.84 0.81 0.78
6 565 0.89 0.86 0.83 0.80 0.77
7 570 0.88 0.85 0.82 0.79 0.76
8 575 0.87 0.84 0.81 0.78 0.75
9 580 0.86 0.83 0.80 0.77 0.74
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3aoanue 8

[IpousBecTu pacyer mociaeAHEd CTYNEHU MapoOBOM TYpOWHBI ISl IPUBOJA
nurarenbHoro Hacoca OBIIT-270A. Ilapamerpsl mapa nepea CTyneHbto Py U t;
JABJICHUE 3a CTYIEHBIO: P,; 4acToTa BpalleHus: poTopa: /; CTENEHb PEaKTUBHOCTH:
pr. Hast aToro HEeoOXoAMMO CHSTH OTHEYaTKH npoduiield COmioBod M pabouyeit
pemietok. OnpeaenuTs CpeAHUN AUaMETP, BHICOTY COIJIOBBIX M pab04YMX JIOMATOK
M YUCIO COIUIOBBIX JIOMATOK, a TaKXe OCTaJlbHbIE T€OMETPUYECKHUE
XapakTepucTuku. Berueptuth npodunu B Macmtade 2:1 1 0003HaYUTh HA YEPTEKE
UX  TeOMETpUYEeCKHe  XapakTepuctuku.  Onpenenutb  pexUMHBIE U
ra3oJJMHaMUYEeCKUe XapaKTepUCTHKU. 3aloJHUTh TaONuily, MPUBEACHHYIO B
MIPUIIOKEHHH.

IIpeanocaeauss n, IMocaennsis

ull)ﬂl)pa mngpa Py, Bap | 1,°C 00/MuH | ¢ppa mmdppa P, 0ap P
0 8 450 | 8000 0 3.0 0.05
1 9 400 | 9000 1 3.5 0.10
2 10 350 | 10000 2 4.0 0.15
3 11 300 | 11000 3 4.5 0.20
4 12 250 | 12000 4 5.0 0.25
5 13 250 | 8000 5 5.5 0.05
6 14 300 | 9000 6 6.0 0.10
7 15 350 | 10000 7 6.5 0.15
8 16 400 | 11000 8 7.0 0.20
9 17 450 | 12000 9 7.5 0.25
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3aoanue 9

PaGota BeIIONHSIETCS Ha TApOBOW TypOWHE NHUTATEIBHOTO TypOOHaAcoca
OBIIT-270A. Ormpenendercs pacxoJ YTEUKHM Mapa 4Yepe3 3aJHee KOHIIEBOE
YIUIOTHEHHE.

[lapameTpsl mapa mepej  YIJIOTHEHWEM  (JIaBJIEHHWE,  DHTAJIBIIMS)
MPUHUMAKOTCS W3 3aaHus Ne8, Kak mnapaMeTpbl 3a MOCIEAHEH CTYIEHBIO.
JlaBneHue 3a YIUIOTHEHHEM IPUHUMAETCA paBHBIM atMmochepHomy. Ilnomans
3a30pa ONpEeIEIAeTCs O Pe3ybTaTaM U3MEPEHUM.

Heo0xoauMo onpeaenuTs 4uciio rpeOHel 3aJHero KOHIEBOIO YIUIOTHEHUS,
IaMeTp YIUIOTHEHHsI, TOJIIMHY T'peOHS, paauanbHbIA 3a30p, (Gopmy TpebHEH,
KOX(pUIIMEHT pacxofa, IJIOLaAb 3a30pa YIUIOTHEHMs, PacxXojJ YTEUKH uepe3
YIUIOTHEHHUE.

[Toctpouts nuHH0O DaHHO METOAOM HTEPALUA OT M3BECTHOTO COCTOSHHS
rapa 3a yIIOTHCHHEM.

3aoanue 10

BpINOJIHUTE TEIUIOBOM pacdyeT NOCHEAHEW CTYNEHH MHOTOCTYIEHYATON
Typounsl tuna OBIIT-270A. Hcxomueie gaHHBIE HEOOXOAWMBIE ISl pacuera,
3a/1aHbl U OTpeeeHbl B 3a1anuu Ne §.

[TocTponuTth peanbHBId MPOLECC PACIIMPEHHS IMApa B CTYNEHU, BXOJHOU U
BBIXOJIHOM TPEYroJbHUKU CKOpocTeil. OmnpenenuTs BHYTPEHHIOID MOUIHOCTh
CTYIICHH.

b

»
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IIPUJIO/KEHUE

Tabnuua K 3a0anuro 8.

XapaKTepHCTI/IKa Oo6o3Hauenune Beanuuna IPaSMepHOCTl)
BricoTa comioBoil peueTku ll MM
Bricota paboueii penietku A MM
[ITar connoBoOM peleTKn 1 MM
[ar paGoueit pemeTku t MM
CpenHuii [uamMeTp CTyIeHH d, » MM
Xopaa comioBoro mpodus b, MM
Xopna padouero mpodus b, MM
[[Tupuna cornoBoOM peMIETKU B, MM
[Hupuna paboyeii pereTku B, MM
TosmunHa BEIXOTHOW KPOMKH A MM
COIIJIOBOTO MPOUIIs !
TosmuHa BEIXOJHOM KPOMKH
A, MM
pabouero npodus
Pannyc BXoHOM KpOMKH
COIIJIOBOTO MPOhUIIS 7 MM
(OKOJIO MOJIOBHHBI TOJIIIHHEI 0
BXOJHOUM KPOMKH)
Pannyc BXoHOM KpOMKH
pabouero npodus
7"1 MM
(OKOJIO TOJIOBHHBI TOJIIIHHEI
BXOJHOM KPOMKH)
[IIvprHa MMHUMAIBHOTO
0} MM
CEUCHHsI COTIOBBIX KaHAJIOB
[IIvprHa MMHUMAIBHOTO
o, MM
ceueHHst pabounX KaHAJIOB
Uucno coruioBbIX KaHAJIOB zZ, IIT.
Yucno rpedHei z T
aradparMeHHOTO YINIOTHEHUS Y '
Y CTaHOBOYHBIN yIoJ1
- Qe rpag
COIIJIOBOTO MPOUIIs
Y cTaHoBOYHBIH yro paboyero B pa
npopuis yem pai
JlonaTouHsle (CKeIETHBIE)
aon H alﬂ rpaﬂ
YTJIBI COIUIOBOTO PO QIS
O dexTUBHBIN yroJ cOmIoBOH .
b o a,, =arcsin O, /1, rpaj
peIeTKH
D¢ dexTuBHBIN yroa paboueit .
(bq) yroip BZa = arcsin 02 /tz rpan
peIeTKH
OTtHOocuTeNnbHAS BBICOTA 7=/ /b
COIJIOBOM PEIIETKU Lo
OTHOCHTENIbHAS BBICOTA I,=1,/b,
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paboueil pemerku

OTHOCHUTENBHBIN 111ar P
COIIOBOM PEIIETKU A
OTHOCUTENbHBIH mar pabouein —
= tz/ b,
peIeTKH
BeepHOCT $=d, [l

Crenenp napuuagbHOCTU

eztl-zl/(n-dcp)

F, =nd el sinay,, 10

[Tnommaas BEIXOAHOTO CEYECHUS y
COIIJIOBOM peleTKu 3nech d.y, [} — B MM
. -6
Inomans BeIXOHOTO ceuenns | F, = 7126176[7612 sinf3,, » 10 .
paboueii pemeTku 3nech dp, [ — B MM
Pacnonaraemsliit nepenan
* . '
SHTaNbNUi (TemIonepena) hy =1, —1,, KJ>K/KT
CTYICHU
Crenenp peakKTUBHOCTH —h I
CTymeHu Pr = 0,1/ 0
Ilepenan >HTANBNNI
o *
(Teruionepenas) ComoBoi hy, =hy(1—p;) kJIx/kr
pELIETKH
Ilepenan >HTANBNNI
£
(Temtonepenan) paboueii hy, =hy - pr kJK/KT
peIeTKH
OxpyxHasi CKOPOCTb paboyeit
PELIETKH Ha CPEIAHEM _ ndcpn M/c
auameTpe 60
XapaKkTepuCTUIECKOE YUCIIO
X, =U/C
CTYIICHU 4 / a
VY nenbHbIN 00beM mapa nepes 7 3
COIJIOBOM penieTKoi 0 M
Teopernueckas CKOpoCTh napa
Ha BBIXOJIE U3 COTUIOBOM C, =+ [2. h, 10° M/c
peIeTKH
CkopocTb 3ByKa B IOTOKE
P ia y a, =k BV, -10° M/c
napa 3a COIUIOBOM perieTKon
Yucno Maxa cormioBoit M. =C
1t = lt/ a,
peIeTKH
—npu M,, 21
G, =0,667-F, - Kr/c
MakcumanbHbIi pacxon mnapa
—npu M,, <1
G _ Fi ) Clt
1t = v
It




Koadduuuent pacxona

COIUTIOBO¥ pelieTKu R, = G_lt 0,97
JIeHCTBUTENBHBIN pacxo 1 mapa G =u.-G, Kr/C
[TapameTpsl I1apa 3a COIUIOBOU P .V ¢ Oap, M3/Kr,

pemieTkoi > "> Mt °C
JlunamMuueckast BA3KOCTb I1apa )
3a COIIOBOH PEeIIeTKOM Hu 1la-c
B e R i
Uucno PeiiHomnbAcCa COMIOBOM Re. = G, b
peleTku oy,
Junamuueckasn éazkocmo 600an020 napa 1-107, Ia-c
Temnepatypa, JlaBnenue, Oap
°C 1 20 40 60 80 100
100 121
150 141

200 162

220 170 164

260 186 183 180

280 194 193 191 189

300 202 202 201 200 199

320 211 211 211 212 212 213

350 222 225 227 229 232 236

400 243 246 248 251 254 258

450 264 266 268 270 273 276

500 284 286 288 290 293 296
540 300 302 304 306 308 311
600 325 326 328 330 332 334
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