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1. Kpatxusi 0630p n aHa N3

1.1 Ob6wne csegeHms. B MaLIMHOCTPOUTENBHON, XWUMUYECKOMN,
aBTOTPAHCMOPTHOW, MULLEBOW, METaNTypPriuyeckoi, ropHoOpyaHoON u Apyrux
MPOMBILLNEHHBIX OTPACNAX pas3fiMuHble rasbl (BO3AyX, YINIEKUC/bIA ras,
KUCIOpoA, NponaH U T.M.) 4acTo NpUXoAUTCS OKUMaTb /10 OYEHb BbICOKMUX
AaBJIEHUN.

YCTPOMCTBO ANA ©OKaTus M MNofauM rasa co CTeneHblo
noBbilWEeHUssT pAaBnieHnss 6Gonee Tpex pa3  Has3biBaeTcA
KoMrpeccopoMm (MeHee YeM B 2...3 pasa — BO3AyXOAyBKa, a C HaropoM
0 10 kMNa -BeHTMNSATOP).

B Tabnuue 1 npuBeneHbl CBeAEHWS O KOMMpeCcopax pas/inyHOro
TUMA, UCNOJb3YEMbIX B HEKOTOPbIX OTPACNSAX MPOMbILLNIEHHOCTM [1].

Tabnuua 1
Tunbl KOMNPECCOPOB U UX XapakTepucTuka
Tun MNapameTpbl Obnactb NpMMeHeHns
& | Vee=2..5 M/ MUH X0NoAnNbHbIE YCTAHOBKW, XMMUYECKas n
§>g pu=0,3...200 Mlla nyLeBas MPOMbILWIEHHOCTb, FapaXxHoe
& 9 n,=60...1000 0b/MuH XO3AWCTBO, MWTaHWE MNHEBMATUUYECKMX
= | Ngo 5500 kBr cucTem
I§_ >3 Xﬁcfg'j,s";’goMﬁ/"Z MAH XuMUyeckas NpoMbILLSIEHHOCTb, AYTLE B
o H=U,9...1,
g % 1o=300.. 2000 06/t HEKOTOPbIX METaINypPruyecknx rnevax u
< Y Ngo 1100 kBr Ap-
& s VBC_=01 (2)§020(/)w/|;3/ MU LleHTpasnbHble KOMMNPECCOPHbIE CTaHLUK
Q 9 ﬁ " 1’500 ’ 7 00006 B HedTenepepabaTbIBaKOLLEN,
éI,r 2 Og;MMH FOPHOPYAHOW,  MALUIMHOCTPOUTENLHOM,
\.c v
N 40 4400 kBT MeTanypruyeckon NpoMbILLIEHHOCTH
= XBC_=01 020"(.722(/)12/(7)&7/\43/ MUH [IoMeHHbIE W CTanenuTelHble 3aBofbl,
o H=U,£...U,
a _ HagdyB  rasoTypbuHHbIX  YCTAHOBOK,
g ’072;5530’"20000 MOPLUHEBbLIX ABWraTesiel, aBUaLMOHHbIX
N 70 11000 kBT peakTUBHbIX ABUraTenen u ap.

Mo npunHUmMny ,CleﬁCTBMFI n OCHOBHbIM KOHCTPYKTUBHbIM
0Co6eHHOCTAM KOMNpeCCopbI noapasaenatoT Ha MOPLLUHEBbIE,
pPOTAUMNOHHbIE, LI,EHTpO6e)KHbIe N OCeBbIE.



Komnipeccopbl Takke KnaccuduumpyroT No poay OKMMaeMoro rasa
(BO3AYLIHbIE, KWCNOPOAHbIE M Ap.), MO CO34aBaeMOMY [aBEHU p
(Hu3koro pgaenenus - ot 0,3 go 1 MMa, cpegHero - Ao 10 Mla n BbICOKOIO
- Bbiwe 10 MMa), no npon3BoanTenbHOCTU Vs T. €. 06beMy BCacbiBAaEMOro
(v oxkaTtoro) rasa B eAuHULY BpeMeHu (0BblMHO B M3/MuH) W APYrUM
npusHakaM. KoMnpeccopbl TakxKe XapaKTepU3yTCs YacToTol 060pOTOB 7o
(yacToTol BpalleHns BeayLlero Bana) 1 noTpedbnseMor MoLHOCTbIO .

B nMOpLIHEBbIX W POTOPHbIX KOMMPECCopax Mpouecc OkKaTus
OCYLLECTBNSAETCS B M30/MpoBaHHoY paboyelt kamepe (kamepax),
nooyepéaHO CoobLLaloWeNcs C KaHanamu BCacblBaHWsl M HarHeTaHusl. B
M1OPLIHEBBIX KOMMpPEeccopax pabouyasi Kamepa HErmogBMKHE, @ B POTOPHbIX
NoABWMXKHBLIE 3neMeHTbl, obpasylowme pabouytd Kamepy, cCoBepLualoT
BpaLYaTe/IbHOE OBUXEHNE.

B LeHTPOGEeXHbIX M 0CEBbIX KOMMpPeccopax ras COKUMMaeTcs Ao
TpebyeMoro AaBneHus B [IpOTOYHBIX (COEAMHSIOWMXCS OAHOBPEMEHHO C
KaHa/laMn BCaCbiBaHUS M HarHeTaHusi) pabouymx Kamepax onacTHbIMM
KOnecamm, YCTaHOB/IEHHbIMU Ha Basny BHYTPU LMIMHAPUYECKOTrO KOXyXa. K
pabouyeMy konecy ra3 nocTyrnaeT B OCEBOM HamnpasfieHuW, a OTBOAMTCS B
paananbHOM (LEHTPOBEXHBIE) NN OCEBOM ( 0CEBLIE) HAaNPaBNEHUSIX.

He3aBMCMMO OT NPMHUMNOB CkKaTus BO BCEX TUMAxX KOMMPECCOPOB
X0 TEPMOAMHAMMYECKOro Mpouecca oAMHakoB. OAHAKO, KOHCTPYKTMBHOE
ochopMneHNe oKa3biBaeT OnpeaenéHHOE BANSHUE Ha MOpPSAOK MX pacyeTa
N NPOEKTUPOBAHMS.

B pgaHHOM — METOQMYECKOM  DYKOBOACTBE  PacCMOTPEHA
10C/IE40BATE/IbHOCTH POEKTUPOBAHMS MOPLIHEBLIX KOMITPECCOPOB.

MopLuHeBblE KOMNPECCopbl 6bIBAOT OAHO- Y MHOMOUMANHAPOBbLIE, C
BEPTUKA/IbHLIM, FOPU30HTasIbHbIM, V-06pa3HbIM M APYrMM PacrofioXKEHNEM
UMAMHAPOB, OAMHAPHOMO M ABOMHOrO AeicTBus (Koraa rnoplieHb paboTaer
obenmmMn CTopoHamMu), a Takxke OAHOCTYMNEeHYaToro WM MHOrOCTYNeHYaToro
oKaTtus.

1.2 Pabora maeazibHOro o4HOCTYINEHYAaTOr0 KOMIIPECCOPa.
MpocTenWwmnin  NOPLIHEBOM KOMMPECCOp - OAHOCTyneHyaTbln (puc.l.) -
npeacTaBnseT cobon umnnHAp 1 ¢ oxnaxaatowein pyb6alikoit 3, BHYTpU
KOTOPOro ABWKETCS MopLieHb 2. B KpbiWKe uuavHapa UMEKTCS KnanaHbl:
BNYCKHOW 4 WM HarHeTaTeNbHbI 5. Bo3BpaTHO-MOCTyMNaTenbHOE ABWXKEHME
nopwHa 2 obecrneumBaeTcs KpPUBOLUMMHO-LIATYHHbIM MeXaHW3MoM 6,
COeMHEHHbIM CO LIKMBOM Npusoaa 7.

MoplweHb UMeeT ABa KpanHUX MOJMOXEHWS: BEPXHEE U HUDKHee,
Ha3blBaeMble BEPXHEN M HIDKHEN MepTBbIMU ToukaMu (BMT n HMT).

O6bEM Vw Mexay MOPLIHEM W KPbIWKOW LMAMHAPA NPU KpaHeM
BEPXHEM MOJIOXKEHNM MOPLUHS HA3bIBAETCS BpPedHbIM (MM MEPTBbIM)



NpoCTpaHCTBOM. B wnpeanbHOM KoOMMpeccope BpeaHOe MpOCTPaHCTBO
CYMTAIOT pPaBHbIM HYJO. B peanbHbIX KOHCTPYKUMSIX BpeaHOe NpOCTPaHCTBO
3aHnMaeT o 10 % ot pabouyero o6véma, 06blvHO v = (0,04...0,1)vp.
TeopeTnyeckuii LMK OKaTWsl rasa OT [JaBfEHWS Ha BXode B
KoMnpeccop o A0 [OaBNeHMs Ha Bbixoge p7 B p-V  KOOpAMHATaX
npeacTaBneH Ha puc. 2 (34eceb M gasiee MHAEKCOM « /> 0603HayeHbl
BXOAHbIE NapaMeTpsbl, 3 HHAEKCOM « //» - napaMeTpbl Ha BbIXO4E).

JInHmsa 4-1 (cm. puc. 2) oTpa)kaeT Mnpouecc BCacbiBaHUS rasa B
umimHap. Kpusble 1-2, 1-2r 1 1-2a ONUCLIBAIOT BO3MOXXHbIE BapuaHThbI

& 5
4 =Tl . pVi=const ~ pvi=const
3 X - )
- A - p// 3 2 2 2a
2 X x 7
1 Q\ig / pv=const
A .
______________ = - p/
1,
R Puc.2 TeopeTnyeckuii LMK
naeanbHOro OAHOCTYMNeHYaToro
Puc. 1 OgHocTyneHyaTbIn KoMrpeccopa
MOPLUIHEBOWN KOMNPECCop
OKaTUs - COOTBETCTBEHHO MO nonuTpone (pv'=const), w3oTepme

(pv=const) unn agvabate (pV =const). Nnnnsa 2-3 (2+-3, 2a-3) oTpaxaeT
npouecc BbITECHEHMSI Fa3a M3 Kkomnpeccopa. JInHust 3-4 COOTBETCTBYET
MOMEHTY N3MEHEHMSI HanpaBneHns LBMKEHUS MOPLUHS,
CONPOBOXAAIOLLEMYCS TEOPETUYECKU MIHOBEHHBLIM MaZEeHWEM AaBfIEHMS B
pabouyeii kamepe.

B peanbHOM KOMMpeccope MoAyyYuTb W30TEPMUYECKOE OKaTue
TpyaHo. O6bIYHO  MpU  OXNaXAEHUM BOAOW UMAMHAPA KoMnpeccopa
oKaTue  MoJslydaeTcs  MONAUTPOMHbBIM € 6OMbWMM UM MEHbLUMM
npubnmxeHveMm K u3oTepMe Wnu aguabaTte, UTO BbIPAKAETCA TEM WU
WHbIM 3HAYeHWeM MokasaTens nonuTponbl n. Kpome TOro, Hanuuue
"MepTBOro" MpoCTpaHCTBa, BCerga 3anofIHEHHOrO ras3oM, MpPUBOAUT K
nosiBneHnto "ocratoyHoro" obbema vo (06bEMA, A0 KOTOPOro paclumMpseTcs
ras, paHee HaxoavBLUMICA B "MepTBQM" MPOCTPaHCTBE), CHWXKAOLLEro
pabounii 06BEM 10 AENCTBUTENBHOIO paboyero o6beMa Vg



CnenyeT Takxke OTMETUTb, YTO UCXOAS U3 YCIOBUIN 6@30NacHOCTM U
SKOHOMUYHOCTYU ero paboThbl, O[HOCTYNEeHYaTbIi KOMnpeccop
uenecoobpasHo MNPUMEHSTb CO CTEMEHbI0 MOBbILWEHUS AABAEHMS MNpu
okatum o 7..8. ObycnaeBnmBaeTcs 3TO TEM, 4YTO C YBEIMYEHMEM
KpaTHOCTM oxaTus x (x = p///p/) TemnepaTypa rasa 3HAUMTENLHO
nosblaeTca. TemnepaTtypa »>k€ KOHUA OKaTus  OrpaHu4MBaeTcs
TEMMNEpaTypoil BCMbILIKM CMA304YHOr0 Macna, Jexaller B npeaenax
200...240 °C. [onycTuMOM TeMnepaTypol KOHUA OKaTus SIBASIETCS
TeMmnepaTypa rasa 160...180 °C. [ns npeaoTeBpalleHns CaMoBO3ropaHus
CMa3Kku KkoMmnpeccopbl obopyaytoTcss BoasHbIM (CcM.pyc.l no3. 3) wm
BO3AYLUHbIM OXxNa)kaeHueM. MpuyeM, C noBbllleHMEM TeMnepaTypbl KOHUa
OKaTUS  OCTATOYHbIN O06BEM Vo YBEIMUMBAETCH, a AEUCTBUTESNbHbIN
pabounit 06bEM Vg YMEHbIUAETCS, YUTO MNPUBOAUT K  CHUKEHUIO
NPOU3BOANTENBHOCTM KOMMNpPeccopa no COKMMaeMoMy rasy.

1.3 HgeanbHbisi MHOrocryneH4yarbisi kommapeccop. [pu
6oMbWNX  CTENEeHAX  OKaTus NPUMEHSAIOTCS MHOroCTyneH4yaTble
Komnpeccopbl. CMbICT MHOroCTyneH4YaToro oxatma (C Ko/mM4yecTsom
CTyrieHes m) COCTOUT B MOCNeA0BaTe/lbHOM MOBBIWEHUN AABNIEHUS OT
HaYanbHOro p7 A0 3aAaHHOrO KOHEYHOrO pn/ B HECKONbKWUX LMAMHAPAX
(ctyneHsx). Tpuyém, Mexay CTyneHsMM ra3  MpoxoauT  yepes
NPOMEXYTOYHbIE XONOAWNBbHUKW, FAe OXnaXaaeTcs OT TeMnepaTypbl KOHUa
OKaTUS B KAXKAOWM CTyrneHu A0 TeMMepaTypbl BXOAa €ro B NepBblit LMANHAP.
Mpy 3TOM npouecc okaTusa rasa B KoMmnpeccope 6yaeT npubnmxaTtbCs K
N30TEPMMYECKOMY, KOTOPbIM C TOYKM 3peHMs 3aTpaT MeXaHWYeCKoMn
3HEpPrumn sIBNISIETC TEOPETUYECKN HaUBbIFOAHENLLNM.

Yepeoys o©KatMe C MNPOMEXYTOYHbIM  OXN@XAEHUEM, MOXHO
noslyyaTb ras o4eHb BbICOKUX AaBneHuii — o 10 MlMa v Bbiwe.

Mcxoas u3 BbilLeM3NoXKEHHOro, MPU MHOFOCTYNEHYaTOM OKaTum
L0/MKHBI 6bITb cObNtoAeHbI creayowme yCnoBus:

1- TeMmnepaTypbl BXOAa rasa B KaXAyl /-Tyr0 CTYMeHb, Kak W

TEMMepaTypbl BbIXOAA W3 /-Telx CTYNEHEW KOMMPEeCcopa,
[AO/KHbI 6bITb OANHAKOBBI:

T/=.=T=.=T, ®

T{/=...=Tl.//=...=T,§§; (2)

rae m — 4Yncno CTyneHeil;
2- MpoLecC OXNaXAeHWs rasB xonoannbHUKax AOMKEH GbiTh
n306apHbIM (p//=pi+?);
3- KpaTHOCTM CKaTWUs X; B KaXK4ON CTyneHW KOMMpeccopa paBHb
mMexay cobou:



I 1

I I
el P Pu_ |Pm, @
: ST T /
p, p, p, P
roe P/, p7/ - RABNEHNs1 COOTBETCTBEHHO Ha BXOAE U Bbixoae i-ToM
CTYNeHu;
3aTpaTbl paboTbl Ha CXKaTWE rasa B KaXxAoi CTyneHu B 3TOM ClyYyae
6yayT paBHbl MeXxay coboi:
L=L~=.=L, 4)
1 2 m
Toraa
m
L: ZLi=mLi’ (5)

i=1
roe L — nonHas paboTa okaTus rasa B MHOrOCTyMNeHYaToM
KOMMpeccope.

1.4 PeansHbléi AByXcTyneH4Yarsid kommapeccop. [pu
pacCMOTPEeHWM peanbHOro KOMMpeccopa CneayeT yuuTbiBaTb BAUSIHUE HA
npoLecc okaTusa rasa BpeaHoro (MEpTBOro) NpocTpaHcTBa (puc. 3) KaXkaon
CTyNeHu cxaTums.

MpeHebperasi ApoccennpoBaHMEM Ha KkanaHax (BXOAHbIX U
BbIXOZHbIX) 06enx CTyrneHeil cxkaTusl, MpoLEecc CkaTus rasa B peanbHOM
KOMIPECCope MOXHO onucaTh cneayrowmm obpasom (cm . puc . 3).

Mpn yBenuueHun o6bEMa NepBOro LMAMHAPA OKaTus, ras npu
NOCTOSIHHOM (Tak Kak mnpeHebperaeM [ApOCCENMPOBAHMEM Ha BXOAHOM
KnanaHe) aaBneHnn pyr/ 3aiMET 06bEM W/ (npouecc 0-1).

Mpn yMeHblueHMM 06bEMa MEpPBON CTYMEHM, ra3 MOUTPOMNHO
OKMMAETC B MEepBOM LMAMHAPE, NpU 3TOM €ro AaBfeHue BO3pacTaeT [o
YPOBHS p1// (NONMUTPOMHbIN Npouecc okatus 1-2).

3aTeM OkaTblii ra3 BbITECHAETCA MNpW MOCTOSHHOM AaBneHun pi’/
(Tak Kak npeHebperaeM ApocCenMpoBaHMEM Ha BbIXOAHOM KfanaHe) B
MPOMEXYTOUHbIN TennoobMeHHWK (Mpouecc 2-3), OAHaKo BBMAY HanMuus
MEPTBOro MPOCTPaAHCTBA B NEPBOM LMMHAPE Vmz U3 HEro Hyaer BbiTeCHEH
He BeCb CXaTblh ras, a MoTOMYy peasibHbl1 MPOLEeCC BbITECHEHUS 6yaeT
onucaH nuxueit 2-3/.




Mpu nocneayoweM yBennYeHnn o6bEMa B MEPBON  CTyMEHM
OKaTUS, OCTaBLUMIACS B MEPTBOM MpPOCTPAHCTBE COKaTbll ra3 wmz OyaeT
MOSIMTPOMHO PacLUMPSTCS A0 06bEMa Vor , M JIMWIb OCTaBWWICS A0 Vi
06bEM ByaeT 3anoNHATLCSA U3 BHELHEro UCTOYHMKA rasa.

p A
77 6 6
pZ
Iz 13 8 3 2
a V,ClZ [
0 4 7
p Va1 .
Va2 Vo2 Vi Vor v Vp2 v v v/ \:/

Puc. 3 UnpukaTtopHas AMarpamMma ABYXCTyneH4YaToro
KoMnpeccopa

TakMM 06pa3oM peanbHO B MEPBYHO CTyneHb 6yaeT nocTynaTb
06bEM, paBHbIM PasHOCTU (Vi/ -Vo1). B CBS3U C ueM BBOAMTCA MOHSATUE
o6bEémHoro Kr komnpeccopa fjo :

/
g, =0 Yo = M (6)
Vi Vi
roe Vgi= V- Vo — [AEUCTBUTENBbHBLIM pabounii 06bEM NepBoi
CTYMEHU CXKaTus.

BbITECHEHHBIN M3 MEPBON CTyNeHM 06bEM OKaToro rasa (vVi'-vr)
npoias yepes TennoobMeHHWK (M306apHbIii npouecc 2-3/) 3alMET 06bEM
Vg2 U 6ydeT BbITECHEH B UMMHAP BTOPOM CTYNEHW okaTus (1306apHbii
npouecc 3-5, BAMSHMEM APOCCENMPOBAHMS Ha BXOAHOM KnaraHe BTOPOM
CTyneHu npeHebperaem).

Mpn NONUTPOMHOM CKaTWKM BO BTOPOW CTyneHu (npouecc 5-6) ras
AOCTUIHET AaBneHuss p27 v byaeT BbiTeCHEH B pecvBep (M306apHbIN
npouecc 6-7, BAMSIHUEM APOCCENMPOBaHMUS Ha BbIXOAHOM KnamnaHe BTOPOM
CTyneHu npeHebperaem).



OpaHako BBMAY HanuumMs MEPTBOrO NPOCTPaHCTBA BO BTOPOIA
CTYNEHWN CXKaTusl B pecuBep ByAeT BbITECHEH HE BECb CXKaTblil a3 - YacTb
ero B 06bEMe v,z OCTaHeTcs.

Mocne yBenuyeHnss obbEMa BTOPOM CTYMeHuM 3TOT ras byaer
PaCLIMPSTLCS CO CHUXKEHUEM AABNEHUS OT P27/ 40 P2/, V Npy AaBneHun p2’
3aiiMET 06bEM V,2 (MOMMTPONHBIM npouecc 7/-8). 3To 03HayaeT, yTo Mpu
o4YepenHoOM LMKe paboTbl BTOpasi CTyrNeHb CMOXET MPUHSATL U3 NEPBOV He
BeCb 06BEM Vg2, @ Wb YacTb ero (@ UMEHHO Vg—Voz). OfHaKo, ucxoas us
yCrnoBui (bYHKLMOHMPOBaHMSI KOMMPECCOpa 3TO HEeAOMyCTUMO, MOCKOJIbKY
BECb ra3, BbITECHEHHbIN U3 NEPBOW CTYMEHW OKaTUs, AO/HKEH MOCTYMNUTL BO
BTOpY!O.

CnepoBaTtenbHo, 06beM BTOPOM CTYyMeHM OKaTus AOMKEH ObiTb
CKOPPEKTUPOBAH, @ UMEHHO YBEIMYEH Ha OOBEM V2.

vé =V, +V, @)
roe v2 - CKOppeKTUpPOBaHHbI 06bEM pabouyeit KamMepbl B Hadasne TakTa
oOKaTusl BTOPON CTYMEHMW.

B 3TOM cnyyae BO BTOpPOW CTYMEHM MPOLECC BCacblBaHMS
3aKOHUMTCA He B TOUKE 5, a B Touke 5/, 1 npouecc okaTus rasa nonagT no
NHUM 5/-6/,

Taknm o6pasoM, BBugy Ha/munss o6bémHoro K[,
peasibHbIi KOMIPEccop TEPSET B MPoN3BOANTE/IbLHOCTH, a4 O6BbEM
BTOPO# CTyneHn oxxarus [JO/DKEH ObiTb yYBEJIMYEH, HTOObI
KOMIIEHCHpPOBaTb yC/IOBHble OObEMHbIE IOTEPU BO BTOPOH
CTYNeHH oxaTms.

2. . 06wme TpeboBaHMA U peKoMeHAaLUN

2.1 Cogep)xaHne KOHTPOJIbHOH paborbli (KP). Pabota
BbIMOSIHAETCA MO [aHHbIM, BbIGPAHHLIM M3 [lpunoxewuin 1 M 2 B
COOTBETCTBUM C MOCNEAHUMM UMdpaMu HoMepa 3a4eTHOW KHUXKKU. KP
[JO/MKHA COCTOSITb M3  MOSICHUTENbHOM U rpacduyeckon dacteir. B
NOSICHATENBHOW YacTu 0/MKHbI 6bITb OCBELLIEHbI OCHOBHbIE TEOPETUYECKME
MOSIOXXEHUSI MO MHOFOCTYNEHYATOMY COKATUIO, NMPUBEAEH TEMIOBOM pacyeT
W pacyeT 3NEMEHTOB KOHCTPYKLMM, NPEACTaBNIEH CMUCOK MCMONb30BaHHOM
nuTepatypbl. B rpadmuyeckor dactv paboTbl MO AaHHBIM  PACYeETOB
HeobxoauMo MpeacTaBUTb B p-V U T-s KOOpAMHATaX TEOPETUUYECKMI LMK
[BYXCTYMEHYATOro KoMnpeccopa n npoxoasiiue B HEM
TEpPMOAVMHAMUYECKME NMPOLIECCHI.

[nsi BbINOMHEHMSI PacyYeToB CNEAYyeT WCMOMb30BaTh Kakylo n6o
nporpamMMHyto cpeny knacca CAIMP (Microsoft Excel, Matcad, Matlab v 1.17).




2.2 TennoBo¥s pacyér kommapeccopa. TennoBol pacyeT
KOMMpeccopa C KOMMYECTBOM CTYMEHEN /m COCTOUT B TOM, 4TOObl Mpu
3afaHHbIX HayanbHOM pPo (Ha BXOAE B NEPBYIO CTYMEHb) U KOHEYHOM Pm
(Ha BbIXoAe W3 MFTON CTyMeHM) AABNEHWSX Fasa, NOASIEXALLEro OKaTHL,
MacCOBON MPOU3BOAUTENBHOCTU G, C YY4ETOM TENNoPU3NMYECKUX CBOMCTB
cped ¥ MaTepuanoB W Apyrux ycnosui (cM. npun. 1. v npun. 2.)
onpeaennTb paboTty okatmsa L, MOWHOCTb Nmp , 3aTpaumBaeMyto Ha Np1BOA
KOMMpeccopa, a Tak e TennoTy, KOTOpYyld HeobxoauMo OTBOAUTHL
HernocpeACTBEHHO OT UWIMHOPOB O©OKaTUS rasa M B MPOMEXYTOYHOM
XONOANITbHUKE.

C 37Ol Uenblo Heo6X0AMMO paccUnTaTh:

@) KpaTHOCTb OKaTus X;

6) naBnenust (P17,iee,Pm-1/7), 06bEMBI (Vi/,...,vn!) M TemnepaTypsl
rasa (Tl//""’Tr/r/t ) mocne KaXxaow CTyneHn okatus KoMmnpeccopa;

B) obuwee konuyectBo Tenna Qors, OTBOAMMOIO OT rasa 4epes
CTEHKM UMIMHAPOB W B TernyjioobMeHHOM annapate B npouecce
KOMMPEeCCMpoBaHuS;

2.3 KoHcTpyxTOpCckmii  pacyér  MHOrocryneHYaroro
KomMmnapeccopa. [lpyn NpOEKTMPOBaHUS  KOMMpeccopa HeobxoamMMmo
paccunTbIBaTb:

a) 06BbEMbI pabounx kamep, AMAMETPLI U X0 NOPLUHEN;

6) XapaKTepucTMKM 3NEMEHTOB MNpMBOAa KoMmnpeccopa (4YactoTy
BpaLLeHWa KOMeHBana, ANMHbI KPMBOLIMNA WU WATyHa, ANAMETPbI LKMBOB U

T.4.);

B) paboTy oxaTusa Ha Kaxaon ctynenun Li...,Li...Lm (ANS OaHHOW
paboTbl YNCNO CTyneHen m=2),
) MOLLHOCTb, 3aTpayYnMBaeMyto Ha Bany ABUraTens.

3. MeToamka pacueTta ABYXCTyNeH4YaToro Komnpeccopa

MepBoOHaYarnbHbIi PaAcYéT MPOU3BOAMM U3  YCNIOBUWA  OKATHS
OA4HOIro KNJIoOrpaMMa rasa.

3.1 Onpenenserca AgeHCTBUTE/IbHbIA paboynii 06BEM \;1/
NnepBoOi CTYNeHU, HEO6XOAMMBIV ANSt BLITECHEHWUS OAHOTO KW/IOrpaMMa rasa
3a oAMH pabounii xoa, M3/Kr.

YpaBHEHWE COCTOSIHMSI B 3TOM CJTydae MMEeeT BUA:

P{V,Zu = RTI/ (8)
Torga
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I RT, 1/
=
Yo
roe p/—abconoTHOE AaBNEHME rasa Ha BXOAE B NEPBYIO CTYNeHb, /74,

R - ynenbHas rasosas noctosiHHas, [Ix/(kr=K)*;

Ti/ - abconioTHas TemMnepaTypa rasa Ha BXoAe B NEPBYIO CTyneHb, K.

¥ HaxoauTcs 10 MCXOAHBIM fAaHHBIM KaK PasHOCTb MEXAY VAETbHbIMMU

U306aPHOU Cp Y UB0XOPHOY Cy TEN/IOEMKOCTSIMA.

% , MC/KT (9)

3.2 BpegHbisi O06BbEM V. TNPUHUMAETCS KaKk <«&  OT
[AENCTBUTENBHOIO paboyero o6baMa Vg’

V. =ev , M/kr (10)

al’

3.3 OnpenenseTca KParHOCTb OKaTHS CTYNEHEN:

// //
=P n vy o P2 (11)
/ 1 2 /
Py Py
roe x — KPaTHOCTb CKaTUsi KOMMpPeccopa B LieoM;
X1, X2 - KpaTHOCTM CKaTWsi COOTBETCTBEHHO NEPBOM W BTOPOW

CTyNeHein KoMnpeccopa;
p1,p2’ - DABNeHNsi COOTBETCTBEHHO Ha BXOAEe B MEpBYlO CTyMNEHb U
Ha BbIX0OZE M3 BTOPOM CTYMEHM.

3.4 Onpenenserca gas/enme ra3a pi'’ Ha Bbixo4e U3 nepeoit
CTyneHu:

p{/ = xlp{, Ma. (12)

3.5 Onpepensetca 06bEM V,;, KOTOpbIA  3aWMET  ras,
OCTaBaBLUNIACA B 06BEME V,,;, MOCSIE CHUXKEHMSA ero AasnexHus ot p// no pi/
npu MocneayowWmnx BcacbiBaHMsAX. W3 ypaBHeHMsI Ans MOAWUTPOMHOro

npouecca:
n

/
\)
pl — wml (13)

1
pl Val
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"\,
pl n
vol = le / = V,wl n\/ 'xl ’ MS/K/— (14)
P
rae nm— nokasatesib NOJINTPOnbI NpouecCa paClnpeHnd.

3.6 Onpenensetca 06bEM paboyesi KaMepbl v B Ha4asle
TAKTa C)KaTys NeEPBOV CTYMEHN peasibHOro_KOMMpeccopa:

v =V, +V, , M/Kr (15)

ol?’

3.7 Mo ypaBHeHuio (6) onpeaensetcs o06bEMHbI KI14 1o

3.8 Onpenensetcs 06béM paboyes kamepsbl V' B KOHUe
TaKTa CXaTys NepBoii CTyneHn. [na NoAMTPOMHOro NpoLecca oxKaTms

=vi|— | =v/|— =V/L,M?/Kr. (16)

: pl// ol i

3.9 Onpenensercs o6béM v/ ra3a, BbITECHAEMOro w3 nepson
CTYNEHWU B NMPOMEXYTOYHBIA TEMI006MEHHNMK:

vﬁ = vl// -V, . M/kr (17)

3.10 OnpepensieTcs remneparypa T/ ra3a Ha Bbixoge W3
MepBoOW CTyMNeHn cxatus. s noaMTponHoro npouecca

n—1

T/ p// -
——=| = (18)
T, P
TOraa
Y
Tvl// =]'v1/ 1 =Tvl/n xln—l , K (19)

/
1

PacuyeT nepBoii CTyneHWM CYMTAETCS 3aKOHYEHHbIM M HAYMHAETCH
pacyeT BTOPO#H CTYIMEHM.
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3.11 Onpepensietca 06béM v/ rasa, mociIe NPOXOXKAEHUS
MPOMEXYTOYHOTO Ter/I006MEHHNUKA.
[ns n3obapHoro npouecca

T// V//
T 't

F = (20)
T T

roe Ty -TemMnepaTypa rasa Ha BXOAE B TENI006MEHHbIN annapar;
T/ -TeMnepaTypa rasa Ha BbIXOA€e M3 TEMNI006MeHHOro annapara.

C y4eToM TOro, YTo TeMrnepaTypa rasa Ha BXOAE B TEMNI006MEHHbIN
annapaT 77 paBHa TeMnepaType Bbixoga u3 ctyneHun T+/7, a TemnepaTypa
rasa Ha BbIXOAE M3 TennoobMeHHoro annapata 777/ gomkHa 6biTb paBHa
TeMnepaType BXxoAa B CTyneHb T/, ypaBHeHue (20) MOXHO NpeacTaBuUTb B
Buae

/

T
vi=vl =L Mk (21)

T L
1

3.12 fesicTrBure/ibHbIi paboymnii 06BEM ;2 BTOPOV CTYMNEHU
NPUHUMAETCS PaBHbIM V7

v, =v/ (22)

3.13 BpeaHsbisi 06BEM v .2 BTOPOW CTYNEHW MPUHMMAETCS Kak
«€» OT AENCTBUTENBHOrO paboyero o6bEMa Vg2,

Vi =&V, M/KT (23)

3.14 OnpepensieTcs OCTaTOYHbIM OOBEM voz, KOTOPbLIN 3aMET
ras, OCTaBaBLUMIACA B O6BEME V,,» MOC/E CHUMXXEHUSI €ro AaBneHns ot 2/ oo
P2/ Npu nocneayowmx BCacbiBaHMSX.

/3 ypaBHeHWs1 AN NOAUTPONHOMO NpoLecca:

"\ n
V02 = VMZ I;Z/ = VMZ n\/ x2 ! MJ/K/-' (24)
2

3.15 OnpepensieTca 06béM paboyesi kaMepbl v2 B_Hayasne
TAKTa CKaTHs BTOPO CTYMNEHM

VY=V, +V,,, MWK (25)

3.16 OnpenenseTcs gas/ieHue ra3a B pecusepe py// nocne
€ro U30XOPHOr0 OXNAXAEHMS A0 HAaYasbHOW TeMnepaTypbl T7/.
3.17 Pe3ynbTaTbl pacYETOB 3aHOCATCS B Tabnumuy 2.
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CeogHas Tabnmua pesynbTaToB pacuéra

Tabnuua 2

§ PacuéTHbI napameTp Cumson | Pa3mepHOCTb| 3HaueHue
1. [aBneHve Ha BbIXxoae V3 nepsBon P1 // Mila
CTyneHu
2. [laBneHue Ha BbIXxoAe U3 pecmeepa pl// Mlla
3 TeMHePaTypa rasa Ha Bblxoge 13 T // K
nepBoW CTyneHu
MoTpebHoe n3MeHeHne o6bEMa NepBom
4. CTyneHu Vni1 w/c
MoTpebHoe n3MeHeHne o6bEMa BTOPOI
> CTynenu Vn2 w/c
6. [lMamMeTp MopLUHs NepBoli CTYMEeHM d: M
7. [MameTp NopLUHSI BTOPOI CTyreHn d> M
8. XoA NopLUHSI NepBOii CTYNeHU hi M
9. Xoa NopLUHSi BTOPOI CTyneHu h> M
10. | YpenbHas pa6ota | Aw/kr
11. MonesHas MOLLHOCTb N Br
12. MOLLHOCTb MPUBOAHOMO ABUraTens Nas Br
o Ha BXOAe B KOMMpeccop S1 -Q
C | Ha Bbixoae 13 nNepBsoi CTyneHu s/ |i
x
13. £ Ha BXoAe BO BTOPYHO CTyNeHb \\‘
E_ il pyto CTy st/
& | ha BbIXOZIE U3 BTOPOW CTyneHu 5,/ §
TennoBol NOTOK, OTBOAWMBIV B
14. LUMAMHApax Q1+Qz | Br
TennoBoi NOTOK, OTBOAUMBI B
15. TENN006MEHHMKe QT Br
TennoBoi NoToK, OTBOAUMBIV B
16. » OTBOA Q | Br

pecusepe
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4. PacyeT KOHCTPYKTUBHbIX 3JIEMEHTOB KOMIpeccopa

4.1 OnpepensioTcs guaMeTpbl MOPLUHEH UWTMHAPOB M UX

Xo4

4.1.1 Onpegensietca notpebHoe w3MeHeHWe 06BEMOB
nepBoro M BTOPOro LUMAMHAPOB (COOTBETCTBEHHO Vi U Vi) B €4uHuLy
BpeMeHH NPU MaccoBOM MPpon3BOANTE/ILHOCTH KoMMpeccopa G.

th = G(vl/ - le ) ! M3/C Vt2 = G(V; - V.r\ft2) ! M3/C (26)

4.1.2 OnpegenseTca morpebHoe u3MeHeHue o0b6béma
MEepPBOro V1 U BTOPOIO Vn2 UWIMHAPOB 33 04#H (ABOMHOMN) X0 NOPLUHS.

v v
t1 t2
o, =——, M/06 v, =——, M/06. (27)
n() n()
roe M - YacToTa BO3BPATHO-MOCTYMATENIbHOMO [ABMXKEHWUS MOpPLUHEN

KOMMpeccopa, NpuHUMaeTca B npeaenax m,=50...300 ABOWHbIX
XO[O0B B MUHYTY.
4.1.3 Xoags! nopruxest h: v hz cOOTBETCTBEHHO NEPBOro
W BTOPOro LMAUHAPA MOMYT 6biTb KOHCTPYKTUBHO MPUHSATBI B COOTHOLLEHNM
C ux Avametpamn di n dz a wMmeHHo h, =d, w h, =2d,.Torna w3

ypaBHEHWIA

_ﬂh _ﬂf ’ _7Z'd22h_72'd23
- = L=

V. =
1 2

! 4 4 " 4 2
cneanyeT, UTO gMaMeTpbl NMEPBOro M BTOPOro UM/IMHAPA MOTryT 6biTb
onpeaeneHbl Kak

1%

(28)

4y v
d =3—%, m " v d =3/ —"2 (29)
1 T 2 P

4.1.4 lNpun HeyaoBNETBOPUTENbHbLIX 3HAaUEHUSAX ANaMEeTpPOB
CKOPPEKTHPOBATb 3HAYEHHUE YacTOTbl «/,» WU MOBTOPUTb pacyéTbl Mo
nyHkTam 4.1.1...4.1.3.

lNocne nony4yeHus npuemnembiX pasMepoB MepexoavMm K pacyery
npusoga.
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4.2 PaccunTbiBaeTcs yAge/sbHas pabora, coBepliaeMas npu
oKaTUM OJHOro KuaorpamMma rasa ot pf no pZ/. Ona AByXCTyneH4yaToro
KoMrpeccopa:

n—-1

RT/[x" +| 2| -2 (30)
n—1 X,

n—1
n

n

[=

4.3 OnpepensieTca mosie3Has motyHocrs kKomnpeccopa Ny C
YYETOM NPOM3BOANTENBHOCTU G

N, =IG (31)

4.4 [lpeHebperasi 3Heprven paclUMpeHnss rasa BpPEAHOro
NPOCTPAHCTBA M MEXaHUYECKMMKN NoTepsiMn B Komnpeccope u cumtasa K
K/IMHOPEMEHHON Mepeaayn paBHbIM Nnep=0,95 MoOLWHOCTL ABuraTens s
onpeaensieM Kak

N
N,, =—= (32)

nnep
4.5 T[loabupaeTca COOTBETCTBYIOWIMIN  3neKTpoaBuratenb MU
onpegensieTcs nepegaToyHoe YUCio NpuBoAa (COOTHOLLIEHME AMAMETPOB
LLKMBOB).

5. MocTpoeHne aonarpamm

5.1 lNpu NocTpoeHnn p-v — guMarpaMmMbl CNeQYET YETKO MOHMMaATb, YTO
OHa COCTOMT M3 [BYX COBEPLUEHHO CaMOCTOSITENbHbIX YacTel (cM. Puc. 3):
0123 — onucCbIBaeT M3MeHeHne obbemMa M AaBNEHUST OKMMAEMOro rasa B
nepBoi CTyMeHn okaTus; 35/6/7 — COOTBETCTBYET W3MEHEHUIO TeX e
napamMeTpoB TOrMO0 € KOJIMYEeCTBa rasa BO BTOPOM CTYMeHW CXKaTus
KoMmnpeccopa. lNpu nepexofe e M3 MepBol CTyNeHn BO BTOpYyl, ras
NpoxoauT Yepes TEeMI00O6MEHHUK, B pe3y/bTaTe Yero ero yaesbHbii 06bem
yMeHbluaeTcs oT v/ Ao v4/. uarpaMma CTPOMTCS Ha OCHOBAHWM PAcYeToOB
NpoM3BeAeHHbIX MO MN.3 HaCTOAWEro MeToAMYEeCcKOro pyKoBOAcCTBa (CM.
Tabnuuy 2).PacctosiHue Mexay 3TUMM MOSIOXKEHUSMU, YMHOXEHHOE Ha
naowage MopwHs, HasbiBaeTcs pabounM 06bEMOM 1y UMAMHAPA
KOMMpeccopa.
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5.2 [Ina noctpoenuns T-s guarpamMmbl HeobxoamMMO onpeaenunTb
SHTPOMUIO B Havasne npouecca okaTus rasa — Ha BXofe B NepBylo CTyneHb
okaTums.

3adaavMMcsl YCIOBMEM, YTO HyneBoM sHTponven (s=0) obnagaet
ra3 c paeneHnem p=101,3 «kla npu TemnepaType HacbiweHns Ty
(TeMnepaType KuneHusl OKVXKEHHOro rasa nNpu AaHHOM AaBfieHUN).

3HayeHMsa U3MeHeHMs 3HTponuu As B npouecce nepexoga M3
Ha4aNbHOro TEPMOANHAMUYECKOTO COCTOSIHUSI C SHTPOMNMEN &/ B KOHEYHOE
TEPMOANHAMUYECKOE COCTOSIHWE C SHTPONMWEN &7 MOryT BbiTb OnpeaeneHsi
n3 opmynbl

T// p//
As=s" —s' =c, In— — RIn"—, Ix/(kr K) (33)
r p
rge Cp— yaenbHasa TENN0EMKOCTb rasa npn NOCTOAHHOM AaBJieHUN,

7/, p/ — TeMnepaTypa W AaBneHWe rasa B Hayane npouecca (npu
HAYasbHOM TEPMOAMHAMUYECKOM COCTOSIHUM);

T/, p/ — TeMnepaTypa v AaB/ieHWe ra3a B KOHLEe npouecca (npu
KOHEYHOM TEPMOANHAMNYECKOM COCTOSIHVIVI).

[ns MNONMTPOMHOro MpoLecca COKaTUS U3MEHEHWE SHTPOMUK Asp
MOXET BbITb ONpeaeneHo Kak

_ "
As =5 —s' =¢. kln%,[bk/(KrK) (34)

n

"n-1
roe  cov—  YAenbHas TensjoéMKOCTb rasa npy NOCTOSIHHOM 06bEMe;
n-  nokasaTesb NOAUTPOMbI;
k - nokasatenb aguabatbl.
5.2.1 Mo dopmyne (33) onpenenseTca_sHTPOMUs rasa: Ha
BXOZe B NepBYto CTyneHb oxatus (npu T/ u py/);
Ha BXOAE BO BTOPYIO CTyneHb oxaTus (npu T2 u p2);
Ha Bbixogde 13 pecusepa (nocne oxnaxaeHus go T/=Ti un py/).
Ha 7-s- guarpammy HaHOCATCS COOTBETCTBYHOLUME TOUKN.

5.2.2 Yepe3 TOukM, MONyyeHHble B n. 5.2.1 npoBoadATcs
nsobapbl p’=const, p2 =const py’/=const Ons 4ero pacCunTbIBAIOTCA
3HAUEHMUs1 3HTPOMWIA, COOTBETCTBYIOLMX YKa3aHHbIM M306apam Mpu npu
Temnepatypax 77/+0,6(T¢/-T¢)w T/ +1,2(T¢-TY).

5.2.3 Mo dopmyne (34) ans MUCT B nepBoi CTyneHu
(NOAMTPOMHOrO OKaTKA rasa) onpenenseTcss M3MEeHEeHHEe SHTPOMUH ra3a
B _rnepBos cryneHu coxatns. Ha T7T-s- guarpamMMy HaHOCUTCS TOYKa,
COOTBETCTBYIOLLAsA Touke 2 Ha puc. 3.
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5.2.4 [ns wnzobapHoro MNUCI onpenensietcs #3mMeHeHue
SHTpOMUKU Ta3a B [IPOMEXYTOYHOM Tern/1006MeHHuKke. Ha T-s-
ANarpamMmMy HaHOCUTCA TOYKa, COOTBETCTBYIOLLASA ToUKe 57 Ha puc. 3.

5.2.5 [MoBropserca nyHkT 5.2.3 Ons BTOPOW CTyneHei

oKaTtus.

5.2.6 Tllo dopmyne (33) onpegensercas U3MEHEHMWE
SHTpOnuy ra3a npu ero M30XOpHOM OxnaxaeHuu B pecusepe. Ha 7-s-
Anarpammy HaHOCUTCS Touka 9.

6. Tens10BOM pacueT koMnpeccopa
6.1 TenioBo¥ norox Q1 v Q2 KOTOPbI HEOBXOAMMO OTBECTU OT

rasa B MOJMTPOMNHOM MpOLECCe cwarns COOTBETCTBEHHO B /1EPBOMH Vi BO
BTOPO# CTYNEHsX onpeaensieM U3 3aBUCMMOCTel

0, =Ge, Q(TK/ -T}), B (35)
n —
n
0,=Ge,” 111‘ (1, =T,), B (36)

rae G - MaccoBblii pacxof rasa B KOMMpeccope.
Mockonbky T2/=T+/, a T2//=T¢/ Tennosble NOTOKK, OTBOAMMbBIE B
CTYMNeHsX paBHbl Mexay cobol, T. e. Q:1=Q:2.

6.2 TlpyHAB yaenbHylo n306apHy0 TensoéMKOCTb  Cp=Const,
onpefensieTcs Ien/IoBOH MOToK @Qr , OTBOAWMbIA MNpu Kn306apHOM
npouecce B /IPOMEIKYTOYHOM TEM/IO0O6MEHHOM annapare :

0,=Ge, (T"-T"),Br (39)

6.3 CyMMapHbIii 0TBOAMMBIA TEMNIOBOW NOTOK Q onpeaensieTcs Kak

0=20, +0,,Bt (40)

6.4 OnpepensieTcs TeN0BoM NoTok @p , OTBOAUMBIN B pecvBepe
npv OXNaXKAeHUW rasa 4o Temnepartypbl 77.

6.5 Pe3ynbTaThl pacyeToB 3aHOCATCS B Tabnuuy 2.
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MNpunoxeHue 1

Tennoghnsnyeckne cBoHCTBa HEKOTOPbIX BELYECTB

X o § © =
%[ g"- § g = § :-Ut:: é ) § % % =
252 = ¢ | 2F | E%i:
g I Bewectso (dhopmyna) i 233 g ) T3 5 2
55E 2 SE8 | 2% | 5358
(] = @]
ESg g P=F -gE
O603HaueHne H HCo k=cp/cv Th,
Pa3smepHoOCTb _ KK - K
KMOJIb kmosib K
1. I'enuii (He) 4,0026 20,93 1,66 4,215
2. Bomopon (H2) 2,0159 28,62 1,41 20,397
3. Asor (N2) 28,0134 29,12 14 77,34
4, Oxcup yriepona (CO) 28,0104 29,12 1,4 81,0
o. Kucnopon(02) 31,9988 29,27 1,397 90,19
6. Boznyx (cmech 02, N2, u ap) 28,966 29,07 1,401 81
7. Metan (CHa) 16,0426 34,74 1,315 111,66
8. Juokcun yriaepona (CO2) 44,0098 35,86 1,302 194,68
9. ®peon-115 (C2FsC1) 154,46 36,5 1,3 234,18
0 Amvmuak (NHz) 17,030 35,00 1,313 239,81
MNpunoxeHue 2
Ta6/mua HNCXOQHbIX AaHHbIX
o
g [laBrieHve Ha Koag-
o2 [laBneHve Ha TemnepaTypa rasa| [okasaTenb durumeHT o
¥ BbIXoA4e un3 ) MaccoBbin
© = | BXoae B MepBYIO BTOpOV Ha BXoje B cTeneHun nponop pacxon
g2 CTyneHb MepBYIO CTYMEHb|  MOUTPONbI LIMOHaNb-
S < CTYNEHM
33 HOCTM
x I
T o
= J
Q3
g p! pd T n & G
C
Mrlla Mlla K - B Kr/c
1. 0.09 0.4 283 1.3 0.07 0.02
2. 0.09 0.6 293 1.3 0.08 0.03
3. 0.1 0.4 303 1.3 0.09 0.04
4, 0.1 0.6 313 1.3 0.1 0.05
5. 0.11 0.4 323 1.3 0.11 0.06
6. 0.11 0.6 333 1.3 0.12 0.07
7. 0.12 0.4 343 1.3 0.13 0.08
8. 0.12 0.6 353 1.3 0.14 0.09
9. 0.13 0.4 363 1.3 0.14 0.10
0 0.13 0.6 373 1.3 0.15 0.12
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