MuHucTepcTBO 00pa3oBanus u Hayku Poccuiickoii @enepaunu

CAHKT-TIETEPBYPICKHUI MOJIMTEXHUYECKUI
YHUBEPCUTET IIETPA BEJIMKOI'O

OCHOBBI ITPOEKTUPOBAHUS
U PACUYETA
BXO/IHBIX U BBIXO/JHBIX
YCTPOWCTB
TYPBOKOMITPECCOPOB

@I M3AATEALCTBO
NOAUTEXHUYECKOIO YHUBEPCUTETA
Cankr-Ilerepoypr
2016




MunucTepcTBo 00pa3oBanus U Hayku Poccuiickoit deaeparyn

CAHKT-IIETEPBYPI'CKUI1 TOJIMTEXHUYECKUIA
YHUBEPCUTET IIETPA BEJIMKOI'O

OCHOBBI TTPOEKTUPOBAHMU
1 PACUETA
BXOJIHBIX M BBIXOJIHBIX
VCTPOUCTB
TYPBOKOMIIPECCOPOB

@I M3AATEALCTBO

MOAUTEXHUYECKOTO YHUBEPCUTETA

Cankr-IletepOypr
2016



VK 623.113.001
O-75

PeuneH3eHTH:
KannupaTt rexHuuyecKknx HayK, 3aMeCTUTETb UCTTOJTHUTEIbHOTO TUPEKTOPa,
HaYaJIbHUK PacueTHO-MCCIIeI0BaTEIbCKOTO OTAEIa
AO «HIT® «Hepunrtepmai» JI. K. Yepusasckuii
Kangunat rexunueckux Hayk, noueHT CankT-IleTepOyprckoro
nonuTexHndeckoro yuusepcurera I[lerpa Benukoro H. U. Cadosckuii

ABTODpBIL
1O. B. Koxyxos, JI. B. Tunesa, A. A. Jlebenes, A. B. 3yes, C. B. Kapraiios

OCHOBBI TPOEKTHUPOBAHMS M PacyeTa BXOIHBIX M BBIXOIHBIX YCTPOWCTB
Typookommpeccopos / 10. B. Koxyxos [u np.]. — CII6. : M3n-Bo TTonurexH.
yH-Ta, 2016. — 150 c.

MoHorpadust COOTBETCTBYET CIIEIIMATbHOCTH HAYIHBIX paboTHUKOB 05.04.06
«BakyymHasi, KoMIipeccopHasi TeXHUKa W MHEBMOCHUCTEMbl» W HAIMpPaBJICHUIO
noaroToBku acnupaHTtoB 15.06.01 «MalmMHOCTpOeHe» IO CIIELUATBHOCTH
15.06.01 10 «BakyymHast, KOMITpeCCOpHast TEXHUKA U ITHEBMOCUCTEMbI».

B MoHorpaduu rpencTaBiaeHbl pe3yibraThl HayYHO-HUCCIeI0BaTEbCKIX pa-
0ot Kadenpnl «KoMmpeccopHasi, BAKyyMHasl 1 XOJIOMWIbHAs TexHuKa» MHcTu-
TyTa 3HepreTMku 1 TpaHcnoptHeIX cucteM CIIOITY. ComepXXUT METOIUKH TPO-
€KTUPOBAHUSI U pacyeTa BCAChIBAIOIIMX U HarHeTaTebHbIX Kamep. M3ioxeHbl
OCHOBBI TEOPUU MAaTEMATUIECKOTO MOIETMPOBAHNS TIPSIMOi Ta30IMHAMUIECKO
3a1a9M METOIaM1 BBIYUCIUTETBHOM ra3omuHaMUKU. PaccMoTpeH pabouuit mpo-
1IECC B HETTOABWIKHBIX 2JIEMEHTaX MPOTOUHOI YaCTH LEHTPOOEKHBIX KOMITPEC-
COpPOB.

MoHorpacbusi MOXKeET ObITh LIEHHBIM MTOCOOMEM IS CTYIEHTOB, aCIIUPAHTOB U
JIOKTOPAHTOB, U3YYalOIIMX COOTBETCTBYIONIME NUCIUIUIMHBI U TPOBOMSIIMUX Ha-
YUYHbIE UCCIIEIOBAHMSI 10 TAHHOM U CMEXHOM TeMaM, a Takxke /ISl CIeLIMaTuCTOB
COOTBETCTBYIOIIIETO PO,

[MeyaTaeTtcs 1o penIeHNIO
CoBera 1o U3IaTeIbCKOM MesITeIbBHOCTU YUEeHOTO COBETA
Cankr-IleTepOyprckoro moaurexHnuueckoro yHupepcuteta Iletpa Benukoro.

© Canxr-IletepOyprckuit MOMMTEXHUTISCKUIA
ISBN 978-5-7422-5540-6 yHusepcureT [Tetpa Benuxkoro, 2016



1.

1T ol rURe

///////////////////////

letsjChdtese Odzd § J @G @réle casfg@m

1.2. ltesWddzdtese Odzg é § céld &#¢ &S&O.
1.2.1 Yteddijte oW dazfddd Oazfdé ¢
1.3. ltwsWddzdtetso OREE étrBERBE 6E0
1.31) slsjtcd § sdzdzsets H Oo dzj dzdév.é & és.
1.4. [frlsdzOvY ltcOBSBEOES HOHE S O
1.5. Jldzdwded] COydmseO® o MmMOMr o O

//////////////////

Ml gz ééeéeéeéeééeééeéeeéeé. eéecé.
ltotsj SIsdetso Oded § d tc Odneye dsé edgOes. oz
2.1 lwsWddazdtecsoOdzd] éeE8&aéx&8ééq
2. 1.1 [MmMjos@édiefdd e dsdcé éééééé.
2. 1.2 (OHdOdE ézERcca e &e 5k éé .
2. 1.3 [MmjtcOHd Gde édgr €26 enédeVéelerrLéets .
214 tsWdazdtese Odzd § M tc@rede@de edzts
2. 2. )1 tsW phzdusseddRipée éeeeeeééé
{ BN dj totustfegitsiny’ dzd v ud Mdzj delebs & &€ ok
331. [JjbtsHr orydmdzdepdéds® éd®dL t
3.2. 1dMCtejlsdL Oydéé &6O©ma g Célzs@ é 6«
3.3. 11 6fehjddy, Efttsh jddw d tétsc
3.4. [ilbsHdSO ftetsojHjddw ydfmdzj c

11
13
17
19
19

23
23
25
25
27
28
29
38
42
42
55
65



dzJ f SsHodY d2" » | ZEEBEREIEBE éBISEE L ¢
4 [ BHjdzJso OdzdJ t©OBBYJGEB (temg] f
4. 1. ~SHdz géeeEhHbBE2hHBEe®éeéeéeé. .
4. 1.1 RMMdzj H 5 ac@dzdf] JO das jdaipjdzizch W= tseH dz
stcB 5 sRBte s B2 { sdzkz y § ézéz€ B .
4. 1.2 ltwsjSIsdeseaOdzdd d tOMyYJls
ontSHdsets dZOftcOQoadzves h jets Of f OO
YyJ dZlstotsB | Y desc B eEBBEBLEHEBEO € € é .
4. 1. 3 RNz tzd Qdz g W Ssted3 OHJ O
Emistets2 Mmlse yj dzlstcsB j ) dese s § s to

4, 2. 1" D SH dz" § é &zdndsdcés@ dndsérddé € € é é é .
4. 2.1 I 7" atsHd&OVY Mf JteOdz dzOw € Od3J
COLBY jtoj COYydoOs h jets Ockg 6§066.

4. 2.2 Jr atsHdOVW MBtttdOw COdj tcO
COLBY jtoj COYydoOsh jets Ockg 6§066.

4. 2.3 1 osHdOY fMBsEdOY COdij O
COL B jtoj S OyYdo QEE jdeed SO o & 62650 & & . I

//////////////////////

75
75

75

93

99
113

113

117

135

140
141



IlrrceueRr

l nBHdz § d or atsHdz J Emistcs2 Miseo O
CcBf tcj MMstots o sCOL T 90Ok ls mMzh j Mise j dazdzts §
L WWJiClsde detsflisd f etsls sydats 2 yofisd d a3 (
CsBf o] MMstcO.

Il mMOMmr s O h OW COBRBj O CoB@Bftel MMste® d d3d
CtodaW 2L stc. 1 tod ftotsj CIsdtetse Odzed d omMOMmr o
Fdsj dz' " jdzds EdHtcOoadzdyjmMSdrs ftslsjtec! d Mtst
fsssCO d&O ornatH] dL SCtdVikzLctO. YyJd&3 B
9" AatSH gL o MOMr e O h j2 COdgj ter Isj d3 d34
COdy tor ZzO0 OBl MdzjHEkzehdr L O dzgj 2 1 d
HBCdkOMdets Y rilsdz &3 HOdzder &3 bk dzzyh j dzd 4 fml
HsMisde OjIsmw Ekeojdzdyjddjda JY ©OHJOdAd dzf =
tcj Odz dgr = CdemlstezS ydwr MlsOydodzOtcdzr = 51
G OB OtdIsdz A tcOL d3j tets5 o COdj tor 56 tc ©dzd .
1L WWjSIldeodetsisd oMOMr e s hda COd3jte o©jHVY Is
figL sdetso Odzedw d wWOMyYJ 0O, sMdztse Odzdz = C
dmf " sOdzd?2 dsHjdz! dgf » d dOlkztedsy = ¢ sdzMmistet

1 Ocdzj sOIsj dzv dzOW CORBj O CtBftc MMstcO
MY Olstsets cOLO dL SCtBftej MMstc® o dzOG6 dzj Is
o ntsH ] C sHlff W bLsRts . lted fHftetsj SIsdtetse Odzed d
Mty BB smw ©BJ MY Judls! Mmdednjdedy GdH®LODC
tcOo dets d3j tcdets My ls ! fcslstsC O ) 9" A fSH dats d3 mJ
1L WWjiClsdoeadzgr » SCSBdelmstclzS yd?2 dzOcdzj IsOIlsj dz¢ dg
CO®d e, thditicod@Rpsiz] dePd dB3JIssHIE fosj Cisdt
Eydlsr o O h dQa L MY J ted d3d dzls Odz! dz" § H Odzdz" J
ZOlskztcdzr » CtdmistezS yd2 COdj to.



RLIEZEY jdzdz" | © HOdzdetdz f sfmsBdd o3 IstsH €
slsdesmw Is fipw ¢ o mMOMr e O h dd3 zOG dzj IsOIs
fd dgdg tc d y dz’ 9 t©OHJdOdz des?2 f dzsCtsmisd tslisd
YyjtejL s Cesdif toj Mtstc O. vsOCdj oeMmMOM" 90
hdtesCts ftedd3j dgveslsmw o toj Odz' dgf = € tsdzMmiste
Csi3f toj Mstoso .

I'Md drdsyjdds j o §Yosmsedd K5bedsd
ZzO 1 jJoMEBd3 LOoatsH] 106 ¢t Tl me.

4 B dzlsO § sWeo dzj dgd W Csdisdzj eyj MS dn 1
CdHEsSEOL BHd Zed3d@as. a dzd 9@OIsdoj (oW . S
COWjHtO c¢cstlisftcj MihtstecdzOW o 0C bk dzdzOw d
1 jlstcO | jdzd 68O jHHc@Pey ) d2OyOdzO t©WOMyJ Isdzr j§
o MtsltczHdzedyj Mlsoj M | Odzdese j temC & Mz dzd o §
rted LHjdzmMCdds kEdzdoe j edlis Istsds, LOIsjd f v
MssdzjIsdd o dwlBlu 1 jlkteO®O | jdzditset fsW:e
o' ydmdzdisj dz' dz' gzd Yyjdeelaftas dzdztf 4 f totsG te O BA3" .
ftedmskzy dlIs* ¢ twieckzdzwtcds &3 tOMyJdIsdzi &3 dMmf
sjrdedyj MStsds ktetso dzj .

[MB" 7 EkEMfjrse COWjHtO HBMIdecdzO o
CsRf o) MMstess. Jd ") Stddyjmsets mtss
1 €Y Jted d3] dzlsts o fsLotsdzddzs o mMtse j toh j dzfMmls
W dzj dzd 2 , fiesdmMransHWh dr o ftslstsydess?2 yof
tcOL teOB SIS Ols Msslse jlsMlsakzs hzs Isj sted b . t
JgdeW stcdsOydd dzO0 COW jHtc) Br dzd tcOL tcOBTsls(
fsLotsdzves hdj ftcj HMCOLT™ 9 Ols! nOtcOCIsj tcd M
(BBt MNSKLO 5 JY 6l sedyud Ms dgdg™ 306 O
fsHisB dW. 10 thmdtse | LIsdn BsH j dzj 2 B ' d
ftesjClsdtetso Odedy d flbkddddL Oydd yj dzlstetss j





