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B yue6uiKe pacCMOTpPeHBEl OCHOBLI TEOPHHU JIOMATOYHBIX MalilH,
a TAaKMKe CXeMbl H NPHHLUGB paBoThbl JONATOYHBIX MAUIMH PA3auY-
HOTO THIA — OCEBBIX, LEHTPOGEkKHBIX H KOMOUHHPOBAHHBIX KOM-
[peCccOPOB M OCeBBIX TypPOHH. 3HauliTelbHOE BHUMaHHe YIeNeHo
XAPAKTEPUCTHKAM U PEryJHPOBaHHIO TypOHH U KOMIPECCOPOB,
a Takxe BONPOCAM COIVAcOBaHHS HX NapaMeTpoB B CHCTEME raso-
TyPOHHHOTO IBHraTess.

YyeOHUK TpeAHa3HauyeH IJIs CTYAGHTOB aBHAlMOHHLIX BY30B
u daxyavreros, O MOXKeT GBITH MCMOJBL3OBAH TAKIKe HHMKEHEPHO-
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eT HHXKeHepaM ObICTPO OCBOHTb KOHKPeTHbie METOJbI, [IpHMeHSeMbie B TOH
WIH ApYrol OpraHu3aluH.

B kuure npumeHeHa MexJyHapoiHas cHcreMa exuHHly uaMmepenus CH.
B npunoxenud pana tabauua mepeBofa HEKOTOPBHIX €IHHHIL H3MEPEHHS, BhI-
pajKeHHBIX B NPYrux, elle NpPHMeHSeMbIX B NPAKTHKE CHCTEMax, B CHCTe-
my CH. '

Paspenwt 7.2 u 8.10——8.13 mnpanmucansl 1noJ pyKOBOACTBOM aBTOPA
U COBMECTHO ¢ HUM J0OIL, Kauld. TexH. Hayk O. H. EMusbiM, KOTOPHIM Takxe
BBITIOVIHEH IPHMep pacuera MHOTOCTYIeHJATOH TypOHHbL.

Pacuersl, oTHOCAIHECS K paclpeleseHHIO OCEBBIX CKOPOCTelH 1o panuy-
CYy B OCEBOM KOMIIpeccope, H NMPHUMEpPHBIH pacyeT MHOTOCTYIIEHYATOrO KOMII-
peccopa chesaHbi JOL., KaHA. TexH. HayK E. B. Comoxunoh. Mux. . I1. Xa-
CHJIeBa TIpOM3Besa GOJBLIOE KOJHYECTBO PacyeTOB, OTHOCALIMXCS K pPassuy-
HBIM pasienaM Kypca. '

ABrop  BbIpa)XaeT NpPUBHATENBHOCTb  pelleH3eHTaM — AaKaJAeMHKY
A. M. JTionska n corpyauukam kadenpsl KaszaHCKOro aBHALMOHHOTO HHCTH-
TyTa 33 PAJ LEHHBIX 3aMeUaHUH 110 PYKOMUCH.

ABTop GsaromapHT TakiKe 3a NoJe3Hble COBETbl H 3aMedaHHA npodec-
copa, A-pa TexH. Hayk B. M. JIMUTpHeBCKOrO0 ¥ KaHAWAATOB TeXH. HaVK
B. II. Mugupruuana, B. M. Qeiunesckoro u . A. Komuccaposa, a Takxe
1.T. JI. P. Croukoro n WU. M. Hyuckoro.

ABTop ¢ 6/12r0ZapHOCTBIO TIPHMeET I[OXKeJaHHs U KPUTHUECKHEe 3ameya-
HHSI, KOTOpHIE CJeyeT HanpasasaTh mo ajapecy: Mocksa, K-51, ITerposka, 24,
H3fateabcTBo «MamunocTpoeHues. '




OCHOBHBIE YCJHOBHBE OBO3HAYEHHUS

@ — CKOpoCTh 3ByKa B M[cex;
@p— KPUTHYECKAA CKOPOCTb B M/CeK;
86— xop/a npothuas B M;
8/f— rycTOTa pelIeTKH B CTYHEHH KOMIIPECCOpa MM TYDGHHEL;
€ — CKOPOCTb BO3/lyXa HJIH rasa B. aGCOMIOTHOM IBHXKEHHH B M/CeK;
D— nnamerp B 4;
d — OTHOCHTENBHBI IMaMerp BTYJIKH;
F— mgomans NpOXOAHOTO ceyeHHs B M%
G — MaccoBblil pacxon B K2/cex;

G — K03 GULHEHT TPOH3BOLUTELHOCTH;
H, — ynenpnas pa6oTa, 3aTpauuBaeMasi B KoMOpeccope, B Ox/Ke;
H,— ynenvrnas paGota, nonyuaeMass B TypGune, B doxc/xe;
H ¢y — TeopeTHueckuii Hanop Kommpeccopa B Oxc/Ke;
H ;, — TeopeTHueckan pa6ota TypGuHH B Odc/Ke;

Hyp— xosddunuentT TeopeTHueckoro Hamopa CTYMeHM KOMIpeccopa;

H — kosdduunent agmabaruyeckoro Hanopa CTYNEHH KOMIIPECCOPa;
Ho,— Ko3(dunuent TeopeTuueckod paGoThl (ko3(UUMEHT HATPY3KH) CTYNEHH
TYpOUHEL;
h; — BbICOTA JIOTIATKH B M;
k— mokasartesab afuabaThl I BO3LYXa;
kp— mokasaresnb aguabaThl LJs1 rasa;
M — upcsio Maxa Bosjgyxa WM rasa B aGCOMIOTHOM JIBHIKEHHH,
M muan Mg— uncno Maxa Bo3AyXa HJH ra3a B OTHOCHUTETBHOM JBHIKEHHH;
n,— NoKasatesb NOJUTPONE! CKATHS B KOMIIPeccope;
n;— NoKaszaresb HOJIHTPONB paclIHpeHHs B TypGHHe;
N — MoIIHOCTB B K8T;
n— ugcno 060poTOB B 06/MuH; .
p — RasJjenue B Gap (105 la); n .
R — yuupepcannuas rasopasi nocrosiHnas B docfke - 2pad,
§— oceBas UIHPHHA JIONATKH B M;
T — temneparypa B °K; .
t— temnepatypa B °C;
I — OKDYXKHAsl CKOPOCTb KOJieca B M/Cex;
V— ofbemnstit pacxon B M3/cex;
W — CKOPOCTb BO3AYXa MJIM rasa B OTHOCHTEJIbHOM ABHIKEHHU B M/cex;
2 — UHCJIO CTYMeHel;
— YraBl [OTOKA M JIONATOK B TNPOTOYHOM 4YacTH KoOMIpeccopa H Typ6HHbI
B aBCoJIIOTHOM ABUIKEHHH B 2pad;
3— yraBl NOTOKa ¥ JIONATOK B OPOTOUHOR 4YacTH KOMIpeccopa M TypGuHbI
B OTHOCHTEJLHOM ABHMKEHHU B 2pad,
vy — mIoTHOCTL (00beMHasl Macca) B K2/m3;



3 — K03 GUUHEHT NOJTHOrO NaBJEHNST,;

N— K03 (PULHEHT N0JE3HOTO AeHCcTBHS;

A— nmpuBeleHHas CKOPOCTh B aGCOMOTHOM ABHIKEHHH;
%— TEILIONPOBOIHOCTD B 8T/M - 2pad,

¥ omnn Aw— npuBefeHHAas CKOPOCTb B OTHOCHTEJBHOM JBHIKEHHMU;

§ — AMHAMHYecKasi BA3KoOCTb B A - cex[u? ([1a . cex);
MM, — CTENeHb IOBBILIEHNS JaBAeHds1 B KOMIIpeccope;
U;— CTeNeHb NOHHXKEHHUS JaBjeHus B TypOuHe;
Gy— PACTATHBAIOLlee HANPSIKEHHE B H/cM?;

¥ — OTHOIIeHHe IJIOINAAH KOHLEBOro HONEepeyHOTO cevyeHMS JIOMATKH K IVIOIIajH

CeYeHHUst Y OCHOBaHHSL.

UHgeKcH

B — BXOJ B KOMIIpeccop; BG3AYX;
K — KOMIIPeccOp H BBIXOJ 43 KOMIPeccopa;

T— 7yp6HHA H BHIXOJ H3 TypPOHHBI;

I — BXOA B TypOHHY; I'a3;

¢ — PeAKTUBHOEe COIIO ¥ BBIXOAHOE €ro ceueHHe (UJIH TFODPJOBHHA);
Kp — KpHTHUYecKHe NapaMeTphl;

ajg — aavaGaTHyeckuil mpouecc.




Trasa 1

CXEMbI U OBJACTHN NPYMEHEHWS
JIONMATOYHbIX MAILUWH

1.1, HASHAYEHHUE U OBJIACTH TIPUMEHEHHY
ABUALHOHHDBIX JIOMATOYHbLIX MALLIUH

JIonmaToOYHbLIMH MAaIlHHAMHM HA3BIBAIOT KOMNPECCOPHI W TYPOMHH, B KO-
TOpBHIX Tlepeflaya 3HEPTUM Tra3y NJsf ero CXKatvs (KOMIPECCOpH) HIH OTOOD
SHEPrHH OT ra3a JAJIA HOJYYeHHs NoJae3Holl paboTel Ha Baay (TypOHHBI) npo-
HCXOAAT B pe3y/abTaTe B3aUMOJEHCTBHS € [a30M JOMNATOK CIeHHAJBHON
QOpMBI, pasMeELleHHbIX HA BPaIlaOUUXcs JUCKaX uiad GapadaHax.

CyIecTBYIOT MallMHBI, B KOTOPBIX a3 CXKHUMAETCA WJAH COBEpIIAeT
pabory u 0e3 NpuUMeHeHHUs JIOMAaTOK (B YACTHOCTH, NOpPINHEBLIE WU ApPYTHe
0o0beMHble MAUIMHLI), HO B HACTOAILNEH KHHTe 3TM MalMHBl HE paccMaTpH-
BAOTCA.

JlonarouHple MaUIMHBI HAaXOAAT IIHPOKOe IPHMEHEHHe B aBHALIHOHHOH
U B JApyrux o6JacTAX TeXHUKH. B aBHAIlHOHHON TeXHHKe JONATOYHBIE Ma-
INVHB HCTOJb3YIOTCA B IIEPBYIO Ouepelb KaK OCHOBHBIE JeMeHThl rasoTyp-
OHHHBIX anraTenei«’I Pas3JuYHOro THIIA, B KOTOPBIX ¢ HX NOMOMBIO OCYyLIEeCT-
BJAIOTCA MOJAYA M NPOUeccH CKATHA BO3jlyXa W pacliMpeHHd rasa B pabo-
YeM UHKJe IS NOAyYeHHA 3aJaHHOH TATH HJIM MOIIHOCTH,

Kpome Toro, JomnartouHble MallHHB IPHMEHSAIOTCS BO BCIOMOTraTe/b-
HBIX arperatax (IyCKOBble yCTpOHCTBA, NMUTaHHe KaGHH CXATHIM BO3AYXOM
H [p.}, 2 TakXe B KayecTBe OOOPYAOBAHUA HCNBITATEJNbHBIX BBICOTHBIX
CTAHIUH. ‘

st uanocrpalun QyHKIUN, BHIIOMHAEMBIX JONATOYHBIMU MalIHMHAMY
B ra3oTypOMHHOM JBHTaTeJe, PAcCMOTPHM cXeMy TypOOpeaKTHBHOTO HBH-
ratens (TPMI) c¢ oceBelM koMnpeccopoM (puc. 1.1). Boanyx mocrynaer us
atMocepst B KOoMIpeccop 2, poTOp KoToporo 3 Bpauaercss TypGuHOH 6.
B xomnpeccope Bo3ayXx CxKHMaercs, H ero faBjeHHe BoapacTaer B 8—15 u
6oree pas. M3 xommpeccopa BO3AyX NONajfaeT B KaMepy CropaHHs d, KyAa
BOpBICKHBaeTcsl uepe3 ¢GopcyHKKH 4 KHUAKOe TOMMHBO. CropaHde TOIIHMBA
, IPOUCXOAHT INIPH IIOYTH IOCTOSHHOM JaBJjeHHH. IIpW 3TOM 4acTh BO3AYyXa
[OCTyNaeT HeOCPEACTBEHHO K (POPCYHKAM B KOJH4YECTBEe, HeOOXOAMMOM
IJ1s1 CTOPAHHUSA IIPH NPUMEPHO CTeXHOMETPHYECKOM COCTaBe, a OCTaJbHOL
BO3[yX NOCTENeHHO NOAMEIIHBaeTCs K NPOAYKTAM CrOpaHus AJA HX OXJIaxK
IeHHs A0 3aJaHHOH TeMIEeparyphl, KOTOpas B COBPEMEHHbIX [ABHIrATeNsX
nocturaer 1300—1500° K. C 710l TeMmmeparypoil ¥ maBjeHHEM, GIHSKHM K
IaBJeHAI0 32 KOMIpPeCccOpoM, Ta3 MocTynaeT B TypOMHY M paciiupsieTcd B
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Hell, nepefaBasi OJHOBPEMEHHO 4YACTh CBOell SHepPrHH C HOMOIIbIO JOMATOK
Ha BaJ AJIs BpalleHHs KOMIIpeccopa.

B typ6une TP] ras pacmmpsierc Ao IaB/jeHHH, IpU KOTOPOM MOII-
HOCTh TYPOHHBI pPaBHA MOILLHOCTH, NOTpebJAeMOll KOMIIpeccopoM, DTO AaB-
JeHHe Oosbuie aTMOC(epHOr0, H B PEAKTHUBHOM COIJie 7 NPOHCXOJUT Aalb-
Hefillee pacHIMpeHHe rasa, B pe3yJbTaTe 4Yero ra3 BLITEKaeT CO CKODPOCTbIO,
KPUTHUECKOH HJIM 6OJiblle KPHUTHYECKOH B 3aBUCHMOCTH OT THIA COIJIAa K
pacrno/jaraeMoro Iepemnaja Mexkjly AaBJACHHEM Ha BXOJe B COINIO M aTMOC:
thepHBIM nNaBJEHHEM, CO3JaBasi PEaKTUBHYIO CHJIY TATH. B TypGOBHHTOBOM
Jeuratese OOJbLIAsi 4acTb TATH OOJyUaeTcs OT BHHTA, W TypOHHA pa3BUBa-
€T MOIIHOCTb, TPeOYIOLIYIOCA He TOJNbKO [JId BpallleHHs KoMIpeccopa, HC
¥ Aaa Bpaulenus BuHTa. CuepoBartesibno, B Typ6nHe TBJL cpaGaTbiBaerca
‘Goablinil mepenaf fgasjeHHH, yem B TP/, a Ha 100 peakTHBHOrO CONJAA
OCTaeTCsl TOJbKO HeGoJblliasi yacTh OOLIEro mepemaja JaBJieHH# pl[ p.,
Ifle p. — NOJHOE faBJjeHHe nepel TypOHHOH U pz — aTMocdepHOe naBieHHUe.

AHanornuHble QYHKUHH BBINOJHSIIOT KOMIIPECCOPH! ¥ TypOUHBI U B ApPY-
THX THIIAX ra3oTypPOMHHBIX ABHrartefefl. JTO KpaTKOe pPacCMOTPeHHe IIOKa-
3biBaeT, YTO TYpOHHa M KOMIIPECCOp SIBJSIOTCA OCHOBHLIMH 3JIEMEHTaMH
ra3oTypOHHHEIX JABHraTesell, o0OeCNeuHBAIOIIMMHE IpoTeKaHHe pabodero
npouecca.

1.2, OCHOBHbBIE TPEBOBAHHUS
K ABUALLUOHHBIM JIONMATOYHBIM MAHIHHAM

K yncay ocHoBHBEIX TpeGOBAHHE, KOTOPHIM [IOJIKHH YAOBJETBOPATH
aBHAalHOHHbIe JIOTIATOYHblE MAIIHHB!, OTHOCATCS:

1) MuHUMAaJbHble Ta0apUTHl U Macca;

2) BBICOKHH K.ILA.;

3) 6aaronpUATHOE NPOTEKaHHe XapaKTePHCTHK;

4) BLICOKaf HaJeXKHOCTD.

1.2. 1. MUHHUMAJIBHBIE TABAPHUTHI H MACCA

J1u TpebGoBaBHs, SBJAIOILHECS OCHOBHBIMH /s J11060H aBHALHOHHON
KOHCTPYKUMH, HMEKT AAf Ia3oTypOMHHBIX ABHrartenefli ocoGo Ba)KHoe 3Ha-
yeHHe, TIOCKOJNIbKY ABHUTaTeNH JOJIKHB OGECeUHTb IOJETHl Ha OOJBIIHX
CKODOCTAIX H BHICOTAX. BhINOJHEHHe MX B 3HAUUTEJNBHOH CTENEHH 3aBHCH1
OoT ra6apHTOB H MacChl JIOIATOYHLIX MAIIHH, HOCKOJBKY TrafapuUThl KOMI-
peccopa u TypOHHBI ONpeleasIOT B OGOJBIIOH CTeNEHH [JuHaMeTp W JJIHHY
OBHraTteliss, a HX Macca cocraBaser 60—709% wmaccel asuratenst. HrtoGbi
0o6ecneyuTh MOJYYeHHe MHHHMAJbHBIX raGapUTOB H MacChl aBHALMOHHBIX
JIONAaTOYHBIX MALIHH, HX IPOSKTHPOBAaHHME OCHOBHIBAIOT Ha psne HPHHIH-
I0B, K YHCJIY KOTOPBIX, B YACTHOCTH, OTHOCSATCA:

1) npumeneHHe GOJIBIIHX CKOpOCTell BO3AyXa H ra3a Mo TPakTy KOMII-
peccopa H TypOHHBI,

2) yMmeHblLIeHHe 4HCJa CTyNeHel 3a cueT yBeJUUEHHs a’poiWHaMHIec-
KO Harpy:eHHOCTH KaXXJOH CTYINEeHH W OKPYXHHIX cKOopocTefl pabouHx Ko-
Jiec TYpOHEBI H KOMIIPECCOPOB;

3) TNpHMeHeHHe JIONATOK C GOJBIIMM YyAJHHEHHEM (MaJjoi OTHOCHTEJNb-
HOH WIHPHHOMH);

4) WCHoOJAB30BAHME JIEPKHX MaTepuasoB (aJIOMHUHHEBble, MarHHEBLIE H
THTHOBHIE CIIJIABBHI) ¥ JKaPONPOUYHBIX CIJIABOB.

IlpuMeHeHHe 3THX NPUHIUIOB NpUBENO K 3HAUHTEJABHOMY YCOBEpIIEH-
CTBOB&HHIO JIONATOYHLIX MAIUMH, YTO BHJAHO H3 COMOCTABJECHHUS COBPEMEHHBIX
3HAYEHHH HEKOTOPHIX IIapaMeTPOB C UX 3HAUCHHSAMH B HayaJjie PasBHTHSA ra-
30Typ6HH_Hb1x asurateseit (ra6ua. 1.1).



YMeHBIIEHUE YAEJABHON Macch (T. e. OTHECEHHOf K1 # TSTH) Jonatou-
HbIX MAIIKMH MO2KeT ObITL KOCBEHHO HJIJIOCTPHPOBAHO YMEHbIICHHEM YAeJb-
HOH Maccht Bcero jgsurartens. Kax BuaHo w3 rtaba. 1.1, 3a mepuog 1945—
1970 rr. ynenvuas macca TP yMeHsmunacs B 3—4 pasa; pacxo[ BO3AYXa,
OTHeCEHHDBI K MJOWAAN MUIENs KOMIpeccopa, Bo3poc B 2—21/; pa3sa.

Caeayer OZHOBPEMEHHO OTMETHTb, YTO yMEHBIIEHHE YAeIbHOH MacCh
ABMraTesell HPOUCXOAMJIO He TOJbKO 3a CUeT CHHXKEHHA YIeJbHOH Macchl
JOTIATOYHBIX MallWH, HO ellle ¥ H3-3a pocTa padouell TeMIepaTypnl Trasa
neped TypOGuHofi, OGmarogaps deMy pocia yAeAbHAS THATa.

1.2.2. BBICOKMM K. IT. A

Bplcoku# K.IL.J. JONATOYHBIX MalliuH TpebyeTcd He TOJbKO B aBHALHOH-
HOoH TexHHke. OAHAKO B CBA3H C NPHMEHEHHEM B aBHALHOHHBIX JONATOU-
HBIX MalIHHAX OOJbINHX CKOPOCTEil BO3AYyXa W rasa u OOJbLINX OKPYXHBIX
CKODOCTefl, a TaKxke B CB53H ¢ BbICOKOH a3pOJHHAMHUYECKON HATPYIKEHHOCTBIO
CTyNeHeH JOCTHUIKEHHE BBICOKHX K.II.A. B aBMALMOHHBIX JONATOUHbLIX MAIIHHAX
CONpPAXKEHO CO 3HAUHTEJNBHHIMY TPYIHOCTAMH H Tpefyer UPOBEACHHS CIIellH-
aJbHBX HCCIeAOBAHIMH,

BenvuuHa X.I.J. JIONATOYHBIX MalIMH OKa3bBIBAET CYIIECTBEHHOE BJHS-
HHEe Ha K.OLJA. UUKJA [IBHUTATe]s d, CJeJ0BaTeJbHO, HA €r0 5KOHOMHMUYHOCTD.
B uacrtrocry, 8 TP/ yxyamenune Ha 1Y% k.I. . KoMOpeccopa WM TypOHHbI
yYBEJIMUHBAeT YAEJbHBIN PACXOA TONAWBa HpuMepHo Ha 1%. B typbopunu-
TOBOM ABHTaTeNe yXyAllleHue K.I.JA. TypOWHbL Ha 1% yBeauuvBaer yaedb-
HBll pacxox TronsinBa Ha 2—2,5%.

K.m.a. 1onaToyHBIX MAalIMH OKAa3blBAeT BJMHHE TAKKe H Ha MAacCoBhE
XapaKTepHCTHKH ABHTATe/s, TaK Kak OT 3HAYERHA K.M.A. 3aBHCHT Tsra, Io-
Jyiaemasl OT OJHOTO KHJOrpaMMa Bo3nyxa (ylgelbHasi Tara), a ClaeRoBa-
TeNbHO, PAcXOf BO3AyXa, rabapuTel ¥ macca. Poct aana6aTHyeckoro K.ILJK.
KoMmpeccopa W TypO6uHbl Ha 10—139% 3a mnepuwox 1945—1970 rr. (cm.
taba. 1. 1) Asiserca Takke pe3yabTaToOM COBepIIEeHCTBOBAHHUA aBHAUHOHHBIX
JIOATOYHBIX MAIUHH.

Crenens HOBHILIEHHS NaBJEHWS B KOMIpeccopax BO3pOCia 3a 3TO Ke
BpeMsa ¢ 3—4 no 10—20, a 310, B CBOIO OUepe/lb, BHI3BIBAJO AOMOJHHTCAbHEIE
TPYJAHOCTH [JIA TOJYyuYeHHs 60Jee BBHICOKMX K. 1. 1. B npaapheiinieM norpedy-
eTcsi UMeThb elle GOJbIIHe CTENEHH NOBBHIINEHUs AaBieHust (25—30), oxHaxo
A5 TIOJYYEHHS CTOJIb BHICOKHX K. II. 1. HeOOXOAUMBI AONOJHHUTEAbHBIE HCCAe-
JOBAaHHUS.

1.2.3. BJIATONPHATHOE NPOTEKAHHE XAPAKTEPHCTHK

ABpauuouHele ra30TypOMHHBIE JABHTATENH B 3KCILIyaTauud paboTalor
B IIHPOKOM [AHAaNa3OHe pPeXHMOB HO 0o0opoTaM, a Tak:Ke HO BHICOTE H CKO-
pOCTH TOJleTa H, CJeJ0BaTe/]bHO, JI0 TeMIepaType M ZAaBJCHHIO BO3AyXa Ha
BXOJle.

Ta6auuya 1.1
TapameTp 1945 r. 1970 r,
Yneavnas macca TP/l B xe/n 7—8.,5 } 1,6-2,0
OTromienxe pacxona BO3JYXa K MHIENI0 KOM- 70—80 160—170
npeccopa B Kz/cex- M2
AnuabaTndeckuit K. I, 1.
KoMmnpeccopa 0,75—0,80 0,85—0,88
Ty pOnHBI 0,8-—0,85 0,90—0,94
CTeneHb NOBBIIIEHHS NABAEHUS 3—4 10—20
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B cBA3K ¢ 3THM NPH HEYAOBJIETBODHTENbHON XAapPaKTEPHCTHKE MOXKET
CHJIbYO CHMKATbCA K.ILJA., @ KOMIDECCOp MOXKeT NONajxaTth B 06sacThb, THe
OH padoTaeT HeyCTOHYMBO H Tle HOpMaJbHas paGoTa ABHraTejss HEBO3MOXK-
Ha H3-32 Pe3KOro yMeHBbUIeHHsI Pacxola BO3AyXa, [aBJeHHI H KojeGaHHs
3THX napameTpos. [losTomy GaarompusiTHoe NpoTeKaHHe xapaKTEPUCTHK JO-
NMaTOYHbIX MAallKH, B MNEPBYIO oOdYepelb. KOMIIPECCOPOB, fABJSAETCA BecbMa
BaKHBIM.

1.2.4. BbICOKASI HAJLE)XHOCTbDb

BrinmosiHeHHe 3TOT0 TpeOOBaHHA ofecneydBaeTCs NMPABHJILHBIM KOHCTPY-
dpoBaHHeM, BbIGOPOM MaTepHaJOB, COOTBETCTBYIOIIMX YCJIOBHAM paGoThl H
HATpy3KaM, ¥ PalHoOHaJbHBIX 3al1aCOB IPOYHOCTH, YTO NOAPOGHO paccMaTpH-
BaeTCs B Kypcax KOHCTPYKUMH ABUTaTe/el.

C TOYKHM 3peHHA ra3oBOH AMHAMHKH JONATOUHBIX MAalIHH 3TO TpeGoBa-
HHe CBfI3AHO C yCTpaHeHHeM OIACHBIX KOJieOaHHUI JOMAaTOK, 4acTo BLI3BIBAIO-
UIMX HX NMOJOMKY. DTH KOJIeOaHHA MOTYT GbiTb yCTPaHEHB! COOTBETCTBYIOLIUM
61aroNpHATHBIM peryJHPOBAHHEM JIONATOYHBIX MAIUMH H OTIEeJbHLIMH KOH-
CTPYKTHUBHBIMH peLIeHHAMH (HaIpuMep, MIapHHPHBIA 3aMOK JIONATOK, Oa-
JaKHbi€ IOJIKU H T. 11.) .

1.3. CXEMbI H OCHOBHBIE JAHHbIE
ABHUALHOHHBIX JIOMMATOYHbBIX MAIUUH

1.3. 1. KIIACCHPHUKALHUSA JIONMATOYHBIX MAWIUH

Haubosee obureii ABasiercs KaAaccudukanus JONAaTOUHBIX MAMIHH 110 HA-
fIpaBJEHHIO IIOTOKA, COTJIACHO KOTOPOIl MAIINHBI JeJATCA Ha:

a) OCeBbleg;

6) pamManabHble (UeHTPOOEXKHble M IEHTPOCTPEMHTEJbHBIE);

B) JHATOHAJbHbLIE;

T) CMelHaHHbIE.

K oceBbIM oTHOCAT MAalHHB,, B KOTOpPBIX HalpaBJeHHe HOTOKa B
cpeflHeM TapaJsiiesbHO OCH. EciM ke HampaB/ieHMe IOTOKa B CpeldHeM pa-
nuajapHoe (T. e. MepHeHAUKYJASAPHO OCH), TO TaKHe MAlIMHbl Ha3blBaloTCs
paauanbHeIMH. [IpuueM B 3aBHCHMOCTH OT TOLO, IIPOTEKAeT JIH ra3 o1
HeHTpa K nepudepun uau HaoGOPOT, paaHajdbHble MALIUHB AeJIATCH elle
Ha LeHTpoGeKHble H IeHTPOCTPEeMHUTE/bHEIE.

CMelIaHHBIMH, HJIM KOMOWHHDOBAHHBIMH, MAIUHHAMH, T. €. OCELEHTpPO-
GeXHBIMH MJH OCeJHaroHa/JbHBIMH, HA3bIBAIOT COYETAHWs MAUIWH YyKa3aH-
HbIX Bbillle THIOB. DTa KJacCHQHKaLUsi HEeCKOJbKO YC/JAOBHA, TaK KakK B JAeH-
CTBUTEJNBHOCTH B OCEBBIX M paJHaJbHBIX MAaUIMHAX 3HAUHTEJbHAs YyacThb
JIMHUH TOKa OTKJOHSIETCS OT YKAa3aHHbIX CpellHMX HampasJaeHHH. Hapany c
KJaccuHKallHell o HanpaBJeHHIO IIOTOKA BCe JONATOUHble MAlIWUHBI MOTYI
HOAPA3AENATbCA B 3aBHCHUMOCTH OT YHCJa CTYIEHe#d Ha:

a) OZHOCTYHEHYaThbie;

6) MHOrOCTyIeHYaThIe.

K ofuwell kaaccudpuKaluu OTHOCHTCS TaKKe pasjesicHHe JONATOUYHBIX
MalliH B 3aBHCHMOCTH OT OTHOIIEHH$ CKOPOCTeH MOTOKa Ha BXoJe B pabo-
yee KOJIeCO K MECTHOH CKOPOCTH 3BYKa.

B cBf3u ¢ 3THM MOTYT OBITh MAIUHHBL:

a) JAO3BYKOBLIE;

0) OKOJIO3BYKOBBIE («TPAHC3BYKOBEIEY);

B) CBEpPX3BYKOBHIC.

Bce mHOroctyneHuatbie MailMHei MOTYT OBITb:

a) OJHOBAJBHELIE]

6) ABYXBaJbHBIE;

B) TpexBaJjbHble.
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Hapsiny c¢ obmefi kaaccubuxkanueil, oTHOCcAUIEHCS KO BeeM JOnNaTou-
HHIM MAalI¥HaM, CyLIeCTBYeT elle KJacCH(HKal¥s YacTHAs, OTHOCIILANCS
K OTHeJbHBIM BHAaM JONATOUHBIX MalIMH. Tak, HaOpuMep, TYpOHHEI MOTY1
OLITh:

a) ¢ oXJaxXZaeMEIMH JONAaTKaMH;

6) c HeoXJlaXKJaeMBIMH JOIATKaMH.

IlenTpoGexxkHble KOMIIPECCOPEl BCTPEUAIOTCS:

a) ¢ OIHOCTOPOHHHUM BXOILOM;

6) C ZBYXCTOPDOHHHM BXOJOM.

YacrHaa KiaaccHHKalUsg HCHOJAb3yeTcsl INPH H3YYEHHH OT/AeNbHBIX
THIOB JONATOUHBIX MAIIHH.

Huxe paccmarpuBaercs psjl cxeM KOMIPECCOPOB M TypOHH, MPHMEHS-
IOIUXCA B aBHALMOHHLIX rasoTypOMHHBIX ABHUraTesfix M arperarax.

1.3.2. CXEMbl H OCHOBHBIE JAHHbLIE KOMIIPECCOPOB
1.3.2. 1. OceBble MHOTOCTyNEHYATble KOMOPECCOPLI

OceBble MHOTOCTYNEHYAThle KOMIPECCOPBI COCTOST H3 YepelyHOMHXCH
PAJIOB HeMOJABHXKHBIX JIONATOK, PAacHOJOKEHHBIX Ha KOpIyce, W Bpalalo-
IIKXCSA, PACIOJIOKEHHBIX Ha JAUCKax wim Ha Gapabamax (puc. 1.2,a). Ilo
TPAKTy TAaKoro KOMIpeccopa BO3AYX JABHXKETCS B HaNpaBJeHHH, B cpeJHEM

7 2 3 4 v Pasdepmra o a-a

-

a)
Puc. 1.2, OceBoii KoMnpeccop ¢ pOTOpOM IHCKOBOTO THIA:

a—nOpoJONbHEIN paspes; O—pasBepTKa Ha NJIOCKOCTh
1—B03ayx03a60pHUK; 2—paGoyee KOJEeCO; S3—HENOABHXKHLIE CNpAMJASAIONKS annapar; 4—a3jieMeHTapHas
CTyneHb, §—BXOAHOH Ranpasaswwu#l annapar: 6—8—paboyne Kogeca cryneneft I u I, 7-—8—crnpam-
JAOWHE annapaTe crynenei I u II

GJH3KOM K OCeBOMY, ueM H OGYCJOBJEHO ero Ha3BaHHe. Bpamalomiuecs
PALBI JIOMATOK HA3HLIBAIOTCH pabOuYMMH KOJecaMH WM HHOTJa POTOPaMH,
a HeNOJBHXXHBIE DPANBI JIOMATOK — COPSIMJSIOIMMH annapaTaMH HJAH CTa-
topaMH. COBOKYIHOCTb OAHOTO pafouero KoJeca M pacnoJOXeHHOTO 33
HUM COPAMJSIOLIEro anmapaTta Has3biBaeTcss CTYNeHbIO. B mepBylo cTyneHb
YacTO BXONHUT ellle HANpaBJAIONIKH annapar, paclnoJoXeHHHi nepex pa-
6OYHM KOJECOM.

CyuniHocrs pa6oThl KaxA0i CTYIEHH KOMIpeccopa COCTOHT B TOM, UTO
Jonatky paGouero KoJsieca, Bpallaioulerocss OT NOCTOPOHHEro MCTOYHHKA
MOIHOCTH, YBEJHYHBAIOT MOMEHT KOJHYECTBA ABYMKEHHS H 5HEPTHIO INPO-
XOMAIIEro yepes HUX BO3AyXa, BCJAELCTBHE Uero BO3PACTaeT ero CKOPOCTh R
naBjenre. B HeMOJBMKHBIX annapatax NPOUCXOAMT TOJNBKO Npeo6pasoBa-
nue sHepruu. Hampumep, B cnpsmisionleM annaparte, pPacloOKeHHOM II0-
clle KoJieca, Kak NPaBWIO, 32 CYET TOPMOMKEHHSI CKOPOCTH BO3pacTaer jAas-
JeHHe, a B HampaBJ/IsiOlleM annmapare Hepef KOJeCOM HepBOH CTYIEHH npo-

HCXOAHT YBeJHUEHHEe CKODPOCTH 32 CUET CHMIKEeHHHA JaBJeHHA. :
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Jlas Toro uTo6ul B paGounx Kojecax IepefaBaTh 3HEPTHIO, a B Hampas-
JSIOLHX allNapaTax ee Ipeo6pa3oBLIBATh C MUHHMAJbHBIMY IIOTEPAMH, JIONAT-
Ku paGouHxX KoJleC W HanpaB/AKILUX aNllapaToB NpelCcTaBasioT co6Oi co-
BOKYIHOCTb a3pOJMHaMHUeCKHX Npoduiel, pacloJoXeHHBIX 10 paAHyCY
NOoA pas3UUHBIMH YIJaMH K ocu MamuH. [locTrpoeHue npoduiaell U BbIOOP
YIJIOB HX YCTAHOBKH $IBJSIIOTCS OCHOBHOI 3ajadefl pacueTa OCEBOTO KOMI-
peccopa.

Ecnu pacceup cryneHp (WM HECKOJDbKO CTyleHel) LHJIMHIDHUECKON
MOBEPXHOCTHIO M 3aTeM Pa3BepHYTb ee HA IJIOCKOCTb, TO NOJYYHM TaK Ha-
3piBaeMble IJIOCKHe peuieTKd Npoduiaell paGouux Koaec U CHpsSMJAIOUINX
amnapatoB (puc. 1.2,6), n3 xortopeix 06pas3yloTcd <«3jeMEHTapHble CTyle-
HU». a5 Nody4YeHHs] AOCTATOUHO BBICOKHX K.ILJA. MPHUXOAHMTCS OrpaHHUYHBATH
5HEPTHIO, NepellaBaeMyi0 BO3LYXY B KaXXJOH CTyNeHH, 4TO XapaKTepH3yeT-
csl BEJHYHHOH TEOPeTHYECKOTo Hamopa B CTyIeHH, poctHramomero 30 000—
40000 Osc/ke. HarpyxeHHOCTh pelieTKH pabouero Kojeca MOXKHO elle Xa-
paKTepPH30BaThb YIJIOM OTKJOHEHHS NOTOKA HJIM TaK Ha3plBaeMoil KPHBH3HOM
npotuns, HaxogdmuMmucs B npefeaax 20—30° (cm. ra. V).

Beaencrsue ykasaHHbIX OTPaHHUEHMH [JOCTHZKHMAS CTeleHb MOBhIllle-
HMS [JaBJeHHsl B KaXKAOH CTyNeHH HeBeJUKAa H B NepBOfl U CPeSHHX cTyme-
HIX HaXOAMTCS NPDHMepHO B mpefenax ;= 1,3—1,4, a B nocaegHux — CHHKa-
ercs po 1,2. [Tosatomy nist nosydeHusi TpeOyIOIMUXCS AJs ABHraTeNs cTeneHell
NOBBLIIEHHs] AaBjerHs ni, =10—15 u BeLle TpebyeTcsi HMeTb JOCTATOUHO
G0JIbIIOe YHCJO CTYNEHeH, ROCTUralolliee B OTHENbHBIX ABUraTeNnsXx z=15—
17. Tlpu stom B OHO#H CTyNeHH yJaeTcd IOJYYHTh K.ILA. 1=0,88-—0,9, a
BO BCEM KOMIIpeccope B 3aBHCHMOCTH OT CYMMAapHOH CTelNeHH IOBHIIIEHHS
JaBJeHHus K.I.JA. JocTuraer snauenus 0,85—0,88.

HHorza npuMeHSIOT CTYIEHH C OKOJO3BYKOBBIMH H CBE€PX3BYKOBLIMH
CKOPOCTSIMM IOTOKa Ha BXoJe B pabouyio jgonaTkKy. Takue CTymeHH IO3BO-
JAI0T NoJAy4yaTb GoJjiee BLICOKHE CTeleHU IIOBBINICHHSI JAAaBJEHHS, HO K.ILX.
HX HEeCKOJbKO HHXKE, 4eM y A03BYKOBLIX CTyIeHeH.

/11 cokpallleRusi 4HcJa CTyIeHeii B COBPeMEHHBEIX aBHALUMOHHHIX OCe-
BBIX KOMIIpeccopax NIPHMEHSIOTCA JOCTATOYHO OOJbIUHE OKDPYXKHble CKOPOC-
TH, KOTOpPhle Ha Nepuepnu pabOUHX KOJEC JOCTHTAIOT 3HAYEHHI Uy=330-
350 m/jcex, a mHOorza u Bbime (370—400 m/cex). B mocnegnem ciayuae mep-
Bbie CTYNEHH, KaK NPaBHJIO, OKOJIO3BYKOBHIE HJIH CBEPX3BYKOBBIE.

st monyyeHuss npu 3aJaHHOM pacxoje BO3JAyXa MHHHMAJbLHO BO3-
MOKHBIX AMaMeTpaNbHbIX raGapuTOB KOMIpeccopa NPHMEHATCS Ha BXOAE
GOJIBIINE OCeBble CKOPOCTH IOTOKA, XapaKTepH3yloluyecs 3HaueHHeM IpUBe-
AeHHBIX cKopocTelt A, =0,66—0,7, a TakKe MaJjible OTHOCHTeJbHbIE JHAMETPH
BTYJ0K d=Dgy/Dy=~0,36—0,4, rae Dyy — IHAMETD BTYJKH KoJeca, a Dy—
€T0 HapYyXHbI1 JHaMeTp.

Baooap kKoMmpeccopa oceBhle CKOPOCTH IOCTENEHHO YMEHBIIAIOTCH C
LeJblo IIOCTENIEHHOTO CHHXKEHHs HX 3HAUEeHHH [JO BEeJHUYHH, [NpHEMJeMbIX
IJ1s1 BXOZa B KaMephbl CrOpanus, H JJs TOr0, 4TOOBl BHICOTA JIONATOK NOCTeN-
HHX CTyleHeli Oblia He CAHUIIKOM MaJoH—oOOGHIYHO He MeHee 156—20 mu.
B cBsi3M ¢ BO3MOXKHOCTBIO NOJAYYaTb JOCTATOUHO BHICOKHE K.ILA. M CTeleHH
NOBLIIIEHHs] NaBJEHHA [PH OTHOCHTEJbHO MaJsblX JHaMeTpaJbHBIX pa3Mme-
pax oceBBle KOMIIpECCOpPHL B HACTOflllee BpeMsl ABAAKTCA OCHOBHBIMH [AJIf
rasotTypOHHHBIX ABHTraTesei.

BMmecre ¢ TeM cllellyeT OTMETHTb M HEKOTODble HX HEXOCTATKH.

I. CpaBuuTeJabHO Yy3KM# AHana3oH pabouHX PEXHMOB, OCOOEHHO MpH
GOMBINKX CTeNeHsIX NOBLILIEHUS] AABJEHHs, YTO 3aCTaBJsieT IPHMEHSATh CIOXK-
HYX) CHCTEMYy peryJjupoBaHHs (HNepenyCcK BO3AyXa, IOBOPOT JONATOK Ha-
NpaBJsIOlIero annapara).

2. DoJabliioe unca0 CTyNeHeHd, YTO yBeJHUHBAET AJMHHY KOMIlpeccopa H
YCJOKHSET ero MPOH3BOACTBO.
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3. qYBCTBWI"e"JI‘bH‘OCTb K 3a60HHaM Ha BXOJHBIX KpOMKax JonaTok # -

VXYAUIEHHIO HMX TOBEPXHOCTH H3-3a NOMAaJaHHA MNOCTOPOHHHX YACTHL B
KOMOpeccop.

B npouecce coBeplIeHCTBOBAHHMS OCEBbiX KOMIPECCOPOB HEKOTOPHE U3
3THX HEJOCTATKOB YACTHYHO YCTPAHSIOTCH.

1.3. 2.2, JisyxKacKkajHble MHOrOCTylNeH4YaTble OCeBble KOMMPECCOpHl

C yBeqHYeHHEM CTEMeHU TOBHIIIEHUST MAABJACHHA [AHANA30H paGoOyHx
PEXHMOB MHOIOCTYNEHYATOrO OCEBOT0 KOMIIPEccopa COKpamlaercs, M NpH
VMeHbleHHH IPUBEJIEHHBIX OGOPOTOB KOMIpeccop mnonajgaer B 06sacTb He-
yCTOHYNBO#H paboThl.

Hast Toro utoOul u3bexarb 3TOr0, INPHXOJUTCH, KaK y¥Ke OTMeuasoch,
MPHMeHATh Ha KOMIIpeccopax cHelHaJbHbIe CIOCOGE! peryaupoBaHusi. [TouTw
TaKOH xKe 3PQeKT MOXKHO HONYUYHTb, IPUMEHAN ABYXKACKAAHBIH (IBYyXBaJib-
HbIK) MHOroCTyneHuaTeil Kommpeccop (cM. puc. 10.7), B KOTOPOM KaKabiil
U3 KackaloB BpalliaeTcsi CBoell ra3oBoil TypOHHOH. Pacipenesnenne ofuieh
CTelleHH TOBLIIIEHHS JaBJeHHUsl MeXAYy KacKaJaMH M UX 4ucaa o6opoToB Ol-
‘pelleJII0TCS B IIpOIecce COrJIACOBaHHUS MapaMeTpoB KOMIpeccopa U TypOHHH
€ YYETOM XapPaKTEePHCTHK KaXJOro M3 KackKaloB. B ocrajbHOM IapaMeTphbl
THX KOMIPECCOPOB Ay, Uy, d ¥ IP. W METOABI HX pacueTa OCTAIOTCsl TAKHMH,
KakK U [Jd OJHOBAJbHOIO MHOTOCTYIEHYATOrO KOMIIpeccopa.

1. 3. 2. 3. LlenTpoOexHbie KOMIPECCOPDI

Tak kak B LeHTPOOEKHOM KOMIpeccope HOTOK BO3JAyXa B KoJece IpoO-
TeKaeT B OCHOBHOM B pafHAa/JbHOM HAIIPABJEHHH OT HEHTpa K mepHepHH,
TO, CAEA0BATENbHO, Ha NOTOK BO3AYXa B YUCIE JPYTHX CWJ BO3ILeHCTBYIOT
elie UeHTPOOeKHble CHUIIBL.

LleHTpoGeKHBIfI KOMIIpECcOp MOXKET ObITh KaK OAHOCTYNEHUYATHIH, TaK #
MHOTOCTYNeHYaThlH.

‘ B aBHAlMOHHO! TeXHHKe IIHPOKO [pHMEeHSeTC TOJIbKO OIHOCTYIeHdYa-
ThH H ABYXCTYNEHYATBIH KOMIPECCOPHI.

OJ{HOCTYMEHUaThIH UEeHTPOOEKHBI KOMIpPECCOp HMeeT caeldylolllue 3Je-
MeHTHl (puc. 1. 3,a):

1) Bxoano# natpyGox M HaANpaBJAIOLKI annapar;

2} paGodee KoJIeco;

3) Gesnonartounslil nuddysop;

4) jonaTtouHb# ARPPY30P;

5) BuIXOJAHBIE YCTPOHCTBA.

OcHoBHBIM 3JIEeMEHTOM fBJfeTcs pabouee KOJECO, B KOTOPOM, Kak H B
OCEBOM KOMIIpeccope, ¢ MOMOULbiO JONATOK YBeJAHYHBAIOTCS MOMEHT KOJH-
yecTBa ABHMKEHHS U 3HEPTHsi NPOTEKaoLero BO3JAyXa M BCJAEICTBHe 3TOTO
ero CKopocTb U jAaBieHue. B nuddysope, kak U B crnpsMisiolleM alnapare
OCEBOTO KOMIIpeccopa, 4yacTb CKOPOCTH Ha BBIXOZe M3 KoJeca npeobpasyer-
csl B JaBjenue [[Jis1 yMeHbIIeHUsl NOTePb INPH BXOJe BO3JAyXa B KOJeco
BXOMHBIE KPOMKH paGoyHX JOMNATOK 3arHyThl. B oAHOCTymeHyaToM ueHTpO-
GexKHOM KOMIIpECcOpe NpH OKDPYMKHBIX CKOPOCTAX dp=350—370 m/cex no-
cruratores K.ai.j. 0,82—0,83 u cTeneHb NMOBBILEHHS AaBiaeHus i, =2,5~—3,0,
T. € NPUMEPHO B ABa pasa OoJblle, 4eM B CTYINEHH OCEBOIO KOMIIpeccopa
IPH TeX Xe NMPUMEPHO OKPYXKHBIX CKOPOCTAX. IIpH OKPY:KHBIX CKOPOCTAX
450-—480 m/cex, npumensaomuxcsa B TP/ ¢ eHTpOGeKHBIMH KOMIIpeccopa-
mu (asurarens BK-1 m ap), n) =4,5 npu x.n.a. 0,76—0,78. B sxcuepumen-
TAJbHBIX LEHTPOOEXKHBIX KOMIIpeCcopax JOCTHUTHYTHI CTEelleHb HOBBIIIEHHS
AaBjenHust x; =6,0 npu  OKPYXKHOH CKOPOCTH Uy =530 M/cex U K.ILA. n) —

—0,81 [62].
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Manbrelillee yBesuyeHHe CTEIeHH MOBBULEHUsT JNaBJeHHs CBA3AHO C
POCTOM OKPYKHOI CKOPOCTH W 4YHCJa CTYNEHel, YTO NPHBOAUT K YCJIOKHEHUIO
KOHCTPYKLHHK 1 HEKOTOPOMY CHHKEHHIO K.II.I.

Jlns yMeHbIICeHHsl JAHaMeTPaJbHBIX Das3MepoB NPUMEHSIOTCS LEeHTPO-
Ge)KHBIe KOMIPECCOPHl ¢ JIBYXCTOPOHHHUM KojaecoM (puc. 1, 3,6). Llentpo-
GexKHbie KOMIIPECCOPHI YCIIEHIHO NPHMEHSIIHCh B arperarax HajayBa aBHa-
UHOHHBIX MOPHIHEBDLIX. [BUraTe/el, 4 TAKKe Ha MepPBbIX COBETCKHX M aHIJIHH-
ckux typbopeakTuBHpix asuratensx. OAHAKO B CBA3H C OOJBIIUMH JHaMeT-

| 3
“ 3 . A

s

9

Puc. 1.3. CxeMbl 1eéHTPOOGCKHBIX KOMIPECCOPOB:

a—c¢ OJHOCTODOHHHM BXOLOM; 6—C NBYXCTOPOHHUM BXOJLOM.
/—BXxvjHOH 1naTpyOoK ¢ HENOABHKHBIM  HANPaBJIAIOLIUM
annapatoM; 2—paGouee Kogeco; 3—OGeanonarounsiii AudPy-
30p; 4--J00aTOYHBIA AMbPYy30p; 5—BLIXOJHOE YCTPONHCTBO

pPaJbHBIMH pa3MepaMH U OLPAHHUCHHOH CTeNeHbIO TOBBIMIEHHs AABJEHUS
Ha GoJiee NMO3AHUX KOHCTPYKUUSIXK aBHALHOHHLIX TasoTypOUHHLIX JBUraTesel
¢ GOJBIIHMH PACXOA0M BO3AYXA H TATMOH LeHTpoOeKHble KOMIPECCOPEL He nc-
noJb3yoTesd. Bmecte ¢ TeM OHH TPHroAHBl AJS NPUMEHEHHS HA TPAHCIOPT-
HHIX M y4eBHO-TPEHHPOBOUHBIX CAMOJIETAY, B ABUTATENSIX C OCELEHTPOGEeXK-
HBIMH KOMIIpeCCOPaMH, a Tak:Ke B HA3¢MHBIX TPAHCIOPTHHIX YCTAHOBKAaX M-
ap. DTOMY CIOCOOCTBYIOT HX IOJOXKHTENbHBIE OCOOEHHOCTH, K YHCAY KOTO-
pBIX, B YACTHOCTH, CJAeyeT OTHeCTH:

1) oTHOCHTeNbHO GOJBIIYIO CTCNEHb [OBLIMICHHS JaBJCHHA B OJHON
CTYIIEHH;

2) MOCTATOYHO INMPOKHH [IHANA30H paGouMX pe’KHMOB, MO3BOJSIIOUHH
B Ta30TypOWHHBIX ABHraTessix OOXOIAHTbCsl 0e3 peryJHpPYeMbiX 3JeMeHTOB;

3) mpocToTa KOHCTPYKUUM ¥ NPOM3BOACTBA, a TaKikKe HAaAeXKHOCTb B
3KCIIyaTauuu.

1.3.2.4. HuaroHadbHble KOMIPECCOPHI

Masasi crerieHb NMOBLIMIEHHs AAaBJEHHS B CTyHeHSX OCEBOr0 KOMIIPEcco-
pa u Goablive AHAMeTpaNbHble pa3MepHl I[eHTPOOEXKHOTO KOMIpeccopa HpH-
BeJH K CXeMe [JHarOHaJbHOrO0 KoMmnpeccopa (puc. 1.4), B KOTOPOM MOTOK
HATPABJEH TMOA YIJOM K OCH MAmiUH. JBAASCH NPOMEKYTOYHBIM THIOM, 3TOT
KOMIIpECCOp MMeeT W MpOMeXyTouHble cBoHcTBa. B uacrHocTtu, creneds 1o-
BBLIIIEHHS AABJCHHST MOXKET AOXOAHTH B HeM J0 2,5—3,0 B 3aBHCHMOCTH OT
OKPYHOH CKOPOCTH mpH 3HaueHHax K. I. 1. 0,84—0,85.
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Ozmaxo TIOCKOJIBKY CTEMeHb IOBLIICHUS JaBJI€HUS B OJHOM CTYIICHHA
BCE K€ HeBeJIMKa, NPUMEHEeHHe 3TOro KOMIIpeccopa B KauecrBe CaMmocCTos-
TEeJbHOI'0 MOXKeT OBIThb BeChbMa OTpaHUYEHHBIM H, IIO-BHAHMOMY, OHO BepOsT-
HO JIMIIb B COYETAHHH C OCEBBLIM KOMIIPDECCODOM.

1. 3.2. 5. KoMOMHUPOBAHHBIE KOMIPECCOPHI
(oceuneHTpOGEKHbIe MJIH OCEAHArOHANbHbIE)

[IpumeHeHHe OCEBOrO KOMIpeccopa mpH HeGOJbIIHX PACXOJax BO3AyXad
M JIOCTAaTOYHO BBICOKOH CTENEHH MOBHIIIEHHS [aBJeHHs Hea(h(eKTHBHO, TaK
KaK JONATKH MOCJAENHHX CTyleHeH NoJydaloTcsl BecbMa KOPOTKMMH. Tak,
HanpuMep, eCIH NPHHATH pacxoX Bosayxa Gy=2,5 Ke/cex M creneHb NOBHI-
IIeHHs AaBJeHus n, =7,5, TO IPH NOCTOSAHHOM BHelIHeM JHameTpe KoMmmpec-

copa BHICOTA JIONATOK MOC/JEXHEH CTYIEHH AOJXKHa COCTaBJIATL ~8 MM, UTO

7 234 &§ 67

A

A B

Puc. 1. 4. Cxema anaroHaneHoro  Puc. 1.5. Cxema KOMGHHHDOBAHHOTO OCEUEHT-

KoMIpeccopa: pobexxHOTO KOMIIpeccopa:
!—BXo[AHOH HampaBAAIIHE anmapar; A-—oceBoil OKOJ03BYKOBOH KomImpeccop; B-—ueHTpo-
2—nuaronansbHoe palouee  KoJseco, Gexuplfl KOMIIpeccop.

3—oceBolt nudpdysop 1—cTolika, 2—pa6odee K0JecO OCEBOro KOMIIpeccopa;

3—nepsriii CIPAMJRIONIH I annapar; 4~pTOpOH
COpAMJIRIOIUA annapar; S5~—0QNOpHble CTOHKH; A—
BpallaIuics HanpaBasioHit annapat:; 7-—pabo-
yee KGJeco LeHTPOGEXKHOro KoMmmpeccopa; &—pa-
AHanpubli AHGdY30p; 9—oceroli Anddy3op

HenpuemaeMo. C Apyroft CTOPOHBI, LEHTPOOEKHBIH KOMIPECCOp AOCTATOUHO
yZAOBAETBOPHTENLHO paboTaeT NpH MafdbiX PacXxoiax, HO [OJydYeHHe B HEM
CTeNeHel MOBHIUIEHH AaBjaeHHst OoJsblie 4—4,5 KOHCTPYKTHBHO CJIOMKHO.
B cBf3H ¢ 3THM pauuOHANBHON SIBJASIETCS CXeMa 0CelleHTPOGEKHOr0 KOMIpec-
copa (puc. 1.5), B KOTOPOM BMECTO HOCJNEIHHX CTYIEHe# OCeBOro KOMIpec-
copa HCIoJAb3yeTcs LeHTPOoOEeXKHbIH KOMIIpeccop.

Takne KOMOMHHDOBaHHEIE KOMIpPECCOPH! NOJAYYMIN B HACTOsiliee BpeMs
IIHPOKOe NPHMEHEHHe Ha [BHraTeNfx ¢ HeOOJBIIMM pAacXOAOM BO3AyXa.
B HHX OKpyKHast CKOPOCTb UEHTPOGEXHOH CTYNMeHH HAXOAHUTCA B IIHPOKHX
npenenax: uy=300—450 m/cex.

B asurarene «llporeiis ¢upmb Bpucroas, spasiouleMcss OZHHM U3
paHHMX o0pa3LoB ABHraTejell ‘¢ KOMOHHHDOBAHHEIM KOMIIPECCOPOM, IIpH-
MeHsieTcs 12 OCeBBIX CTyMeHeH, KOTOpble BMeCTe ¢ UeHTPOOEeKHOH CTYNEeHbIO
zaorT m, =7,2. B HeM OKPYyXHAas CKOPOCTb LEHTPOGEKHOrO KOMIPECcopa

cocraBasier ~300 s/cex, T. e. 6AM3KA K OKPYXKHON CKOPOCTH NEPBOH CTy-
IeHH oceBOro KomIipeccopa. [loJgisi neHTpoGexkHOro Kommpeccopa B o6Iie#t
pabore cxkartusi He npesraer 30%. B Gosee NO3AHHX IBHraTeNsix OKPYXK-
Hasl CKOPOCTb HeHTPOOEXHOro KOMIIpeccopa, a CJeA0BaTeNbHO, U MPHUXOMASA-
masca Ha Hero jgous obmefl paGoThl cxKaTHA yBeauuauBaercs. Hampumep,
B nsuratenqe T-63 (CLHA) okpyxHas CKOPOCTb ILeHTPOOEKHOTO KOMIIpEC-
copa 360—380 m/cex, a oceBoro — 280 sm/cex u Ha MeHTPOOEKHBI KOMIIpeEC-
cop mpuxonutcs 42—52% obweit paboTel cxarua npu w, =6,2. Berpeua-

IOTCSl TaKXKe JBHrarteJiH, B KOTOPLIX pa60Ta CXKaTuda B HeHTpO6e}KHOM KOMII-
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peccope moxonuT no 70—75% obmeii pa6oTel. B HHX KOMOHHHPOBaHHBIH
KoMIpeccop ¢ oOLleli cTeneHblo MOBHIIEHHA JAaBJeHHs mn, =5,5-+-6,0 co-

CTOHT M3 OAHOH LeHTPOOEeXKHOH H OAHOH OKOJO3BYKOBOH OCEBOH CTYIEHH,
Kak nokasano Ha puc. 1.5. K TakuMm aBuratensM, HampuMep, OTHOCSITCS
auraniickuit TP «KoutuHerta» {55] u «Acrasy» [52]. B HHX CTeleHb IIOBHI-
IleHHs1 NaBJIeHUS B OCEeBOH CTyHeHM HOXOAUT Jo 1,6, a aas nonydeHus o6-
el CTeleHH MOBHIICHHMS JaBJeHHs x, =5,5—6,0 Heo6X0AMMO HMeTb B

LeHTpOoOeKHOM KOMIIpeccope OKPYXKHYIO ckopocte 450—475 wmfcex, T. e.
6JIM3KYI0 K BEpXHEMY Npefesy OKPYXKHBIX CKOPOCTel, IpUMeHsIEMBIX B LEHT-
pofexHBIX KOMIIpeccopax.

KoMOHHHDOBAHHBIH KOMIIpECCOP MOXKET TaKXe COCTOSITb H3 OCeBBIX
CTymeHeH#l M CTYNEHH AHArOHaJbHOTO KOMIIPpECcopa, YTO IO03BOJASET YMeHb-
WIHTh AHAMeTpaJbHble pa3Mephl. [IpH 5TOM BCTPEYANHCh CXeMbl T2KHX KOM-
GHHHPOBAHHLIX KOMIPECCOPOB, B KOTOPBIX OCeBbie CTYIEHH pasMellaJHCh
[Hocje OHATOHAJbHOTO KOMIpPECCOpa, 4TO MO3BOJSIO HMEThb B 3THX CTylle-
HSIX BBLICOKYIO OKPYXKHYI0 CKOPOCTb M NOBLIIIEHHBI HAllop IpH J03BYKO-
BHIX ¥ OKOJIO3BYKOBBIX CKOPOCTSIX [IOTOKa Ha BXOJe.

1.3.3. CXEMbl H OCHOBHbBIE JAHHBIE TA30BbIX TYPBHH

1.3. 3. 1. OpHocTyneHYaTele oceBble TYPOHHBI

, Ha puc. 1.6, nokasaHa mnpHHUHNHAJBHAS CXeMa CTYNEHH OCeBOH
ra3oBoil Typ6unbl. CTyneHb COCTOMT H3 pabouero koJjeca, aHaJOTHYHOTO
KOJIeCy OCeBOTO KOMIIpeccopa, M pacnoJioxeH-
HOTO TIiepe], HHM HaNpap/sAIOILlero ammnapara,
KOTOPBIA B JJAHHOM CJyyae IIPHUHSITO HA3blBaTh
consoBbiM annapatoM. B pa6ouem KoJjece
CTyTeHH urasosoi’l TYypOUHBI B pe3yabTare
B3aUMOJEHCTBHS rasa C JIONAaTKAMH IIPOHCXO-
JUT yMeHbIIeHHEe MOMEHTa KOJHYecTBa ABHXKe-
HHSl H SHEpPrHH ra3a Ha HEKOTOPYIO BeJHUUHY,
KOoTopasi nepepnaercsi pa6oyeMy KoJecy W IpH-
BOJHT €ro BO BpalllecHHe BMecTe ¢ KOMIpecco-
poM, BHHTOM H JIDYTHMH arperaTaMy.

Taxum o6pa3oM, B CTyHeHH TypOUHE
nporekaer Inpouecc,, o6paTHHIH  Ipoueccy
B CTYIIEHH OCEBOTO KOMIIpeccopa, H ofe Ma-
WwHHel B npuHuune obpatuMel. OnHAaKo,
TOTa KakK ONHOCTyIeHYaTass TypOHHA NpHMe-
HAJack M NMpHMeHAEeTCs N0 Cero BPEMEeHH Ha
HEKOTOPHIX ABHUraTe]siX C [dOCTaTOYHO BBICO-
KHM K. 0. J., OJHOCTyMeH4YaThiii 0OCeBOHl KOM-
npeccop H3-3a MaJjiOH CTENleHH IIOBLIIIEHHS
JaBJeHH B JBUTaTeNsIX NPHMEHSTbCSI HE MO-
XKeT. DTo sBAsSEeTCS CJAeNCTBHEM TOT0, YTO
M3-32 BBICOKMX TeMIlepaTyp B CTyHeHH Typ-
OMHBI, JaxKe TpH Inepefade OT rasa JI0CTa-
TOYHO OCJIBIIOH 3HEPTHH, NOJYYaloTCs YyMe-
peHHble YHCJa M NMOTOKa M CBA3aHHBIE C HHMH
yMepennbie norepu. Kpome Toro, MOCKOABKY  pyc 1.6, Crymens rasosoit Typ-

B TypbuHe MaBJeHHe M TeMmIeparypa IIOHH- GuHbI:
XKaoTcd ([POLecC PACIIHPEHHUS), TO 3HAYHTEND: g npunumnuansuas cxema; 6—paa-
HO MEHBIIYIO pOJIb UTPAIOT NOTEPH B IOrpaHUY- BEPTKa Ha IVIOCKOCTE.

I—conJjoBo# annapar; 2—pa6ouee Ko-
HOM CJIO€ Jaxe TIpH 6ONBUIOM OTKJOHEHHH Jeco; 3—pelleTKa COMJIOBOro anna-

s 4 6 H
NOTOKA B KaHaje MeX[Iy JOMaTKaMH. B oneMentepHan crynes
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Ecau pacceub cryneélp TypOHHBI UHAHHAPWICCKOI NOBEPXHOCTbIO, KO-
TOpYIO 3aTEM pa3BepPHYTh Ha IJIOCKOCTh, TO IOJYUYHUM pELIEeTKM npoduiaei
COMJIOBOTO ammnapara H pabouero xoJeca, o0pas3ymoUHx BMeCTe 3JeMeHTap-
HyI0 cTyneHs (puc. 1.6, 6). B nprHLHIne 3TH pelieTKH WACHTHUHBI pelleTKaM
OCEBbIX KOMIIPECCOPOB, HO OTJAMYAIOTCS OT HUX 3HA4YUTelbHO OOJbIIeH KpH-
BH3HOIl NpOQuUIell U COOTBETCTBEHHO GOJMBIIUM YIVIOM OTKJOHEHHS NOTOKA.

B oaHocTyneH4aThiX ra3oBblX TypOuWHAX, NPUMEHSIOUINXCA B rasoTyp-
OGUHHBIX JABHUIATEJAX, NPOLECC PACIIUPEHHsT OCYUIECTBJAAETCH Kak B COILIO-
BOM anmnapare, Tak M B pafoueM KoJece, T. €. OHH OTHOCATCS K TaK Ha3blBa-
€MBIM DEaKTHBHBIM CTYHEHSAM.

CoBpeMeHHAst OMHOCTyINEHUYaTass TypOMHA MOXKeT XapaKTepH30BaThCs:
CIeAYIOMIMMHU JaHHBIMH:

OKPYIKHAsi CKOPOCTb Ha BHeIHeM Auamerpe ur=350--400 u/cex;

CTelleHb NOHMXKEHHs faBaenns i, =2,0-+-2,5;

xoadhduuenT nonessoro aeicrsus v, =0,88-:-0,9;

TeMIeparypa rasa nepex Typounoii T =1200-+1300°K.
B npanpneiinmiem 3HayeHHe TeMmepaTypel rasa OyjieT yBeauuuBaTbes. OHO-
CTyneHvaTble TypOHHBI B HACTOAIEe BpeMs BCTPEUAIOTCS OTHOCHUTENBEC
penKko, TaK KaK ¢ yBeJHYeHHeM CTelCHU NMOHHIKEHHS [JaBJjeHHA B 3THX Typ-
6unax cHMxaercs Ko3pdHUUUEHT Noje3Horo HekctBus. OQHAKO OHH BepOAT-
HO HaWAyT NpuMeHeHHe B OyAylleM B TakK Ha3blBaeMblX <«HOLBEMHBIX»
IBUraTeNdX AJsl CaMOJEeTOB C BePTHKAJbHBIM B3JIETOM ¥ IOCAJKOH, B HEKO-
TOPHIX TPAHCIOPTHLIX ABUraTesfAX U T. 1.

1. 3. 3. 2. MuoroctyneHyaThie oceBblie TYpPGUHBI

MporocrynenuaTeie aBHalMOHHBIe OceBBHle TypOuHbt (puc. 1.7) mnpen-
CTABJAIOT cOB0H NocJaed0BaTeNbHOe cOeJUHEeHHe cTylleHeld TypOHH, paccMoT-
peHHHIX Bhimie. TakMe MHOrOCTyneHYaThle TypOHHBI TNpHHATO Ha3BIBATh
TypOMHAMH CO CTYNEeHAMH JaBJCHHA B OTJAHYHE OT TYpOHH CO CTYHeHSIMH
ckopoctu (cTyneHH «KepTHca»), B KOTOpPHIX Bce pacHiipeHHe ra3a MpOHCXO-
INT B IIepPBOM COIJIOBOM amnapare, a B pafouHx KoJecax H3MeHSIIOTCS TOJb-
KO cKopocTd 6e3 H3MEHEHMsI CTATHUECKOro AaBJieHus. TypOHHLI cO CTyneHs-
MH CKOpPOCTH BCTPEeUalOTCs B NapoTypOHHHONI TeXHUKE M B TypOMHAX IpUBO-
Ia PasJHUHBIX ABHAIMOHHLIX arperaToB W HACOCOB KMIKOCTHBIX PaKeTHLIX
npurateneil. Ilpu Boibope Haasexallero UKHCaAa CTyNEHEl MHOTOCTYNEeHYd-
Thle TYpOUHBEL CO CTYNEHAMH [aBJeHHs BCerja MOoryT o0ecHeudTb MOIIHOCTD,
HEOOXOAUMYIO [JI51 IPUBOJZA KOMIIPECCOPOB M BHHTOB C BBICOKMM K.ILJ.

B mMHoroctyneHuaTblx TYpOHHAX COBpEMEHHBIX ABHTATeIeH YHCJAO CTY-
neHell HaxomuTcd B Mpeaenax 2—8, npuiuem nocdennue UUdpPL OTHOCATCS K
JBYXKOHTYDHBIM JABHUTATENSIM C BBICOKOH CTENeHbIO INOBBIILUEHHS NABJEHHA
1 ¢ GOJBIIOH CTETEHbIO IBYXKOKTYPHOCTH.

OrrenbHble CTyNeHH MHOTOCTYIIEHUATOH TypOuHHI padoTamor B pasani-
HBEIX ycaoBuAX. Tak, HanmpuMep, nepBble CTyIeHH paGoTaloT Npu Haubogee
BLICOKOH TemIlepatype rasa, W JIONATKH 3THX CTyNeHeHd 4yacTo CHeHHasbHO
OXJIaXKAAI0TCA.

Bri6op umcna crynene#l, HX OKPYXKHBIX CKOpDOCTeH, [aHamMeTpaJbHBIX
pPasMepoB M APYTrHX NapaMeTpoB TYpOHHLI COrJIacOBEIBACTCHA ¢ ra3ojHHAMH-
YecKUMH NapaMeTpaMH ¥ pasMepaMy KOMIIPeCCOPOB.

KospduuneHTsl I0JA€3HOTO AEeHACTBHA COBpPEMEHHBIX MHOrOCTYNMEHYaThIX
Typ6uH HaxoasTcs npubGausutencHo B npegenax 0,90---0,94.

1. 3. 3. 3. Pannaabnble TypOHHbE

OceBble TYpOMHBEI, ONHOCTYNEHUATBIe H MHOIOCTYIEHYAThble, INONYYH/IH
MPeUMYIIEeCTBEHHOe NpUMeHeHHe 6Jarofaps HX BHICOKOMY K.JLA. H XOpO-
IIHM BeCOBBIM M raGapHTHBIM XxapakTepucrukam. OgHako NpH He6OJBIINX
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pacxolax rasa MHOTJa OTHAIOT NpeAmodYTeHHe (oJjiee TPOCTHIM M JelieBbiM
pagHanbHBIM TyYpOHHAM, KOTOpPHle B 3THX YCJIOBHAX MOrYT W MO K.IM.I. He
yCTYIaTb OcCeBbIM TypOHWHAM. PanmanpHble rasoBble TYpGHHBI, B YaCTHOCTH
LeHTPOCTPEMHTE/bHbIE, B TOCIEeHEe BpeMs BCe Uallle CTadH NPUMEHATHCS
B MajnopasMmepubix I'TJL, npeiHasHaueHHbIX JJIS IPHUBOLA Pa3iHYHOrO poIa
arperaTtos, a TakKxe B TypOOHACOCHBIX arperatax >KHMIKOCTHBIX DPaAKETHBIX
ABHraTemMeH.

Ha puc. 1.8,a usobpakeHa cxemMa LEHTPOCTPEMUTENBbHOH paAuaJbHOR
Typ6uHbl H Ha pHe. 1.8, 6 —uentpobexknoli, O6e TypOUHBI COCTOAT, KAK B
Typ6HHa OceBasd, H3 COIJIOBOrO ammapata ¥ paGodyero koJeca.

0)

Prc, 1.8, CxeMbl paguanbubix TypGHH:

a—NeHTPOCTPEMHATeNLHAA; O—IlleHTpobexRuas.
I—pabouee KoJeco; 2—coOmJoscH ammapat

B menrpocrpeMuTenbHOA TypOHHe pafouee KOJeCO aHAJOTMUYHO KOJeCy
LeHTPOGEKHOTO KOMIIpeccopa, MpuyeM LEeHTpoGeKHble CUJIbI B KoJece, Heil-
CTBYIOLUE HA TNOTOK, IIPe0joJeBalOTCs 3a cuer cpabarbiBaeMoro B TypOu-
He rtenaonepenafa. OZHAKO 3TO MaJ0 BJAHAET HAa BeJHYHHY NOAE3HOH pa-
foTe! TYpOHHEI U CKa3bIBaeTCsd, B OCHOBHOM, Ha ee CTelleHH PeaKTHBHOCTH.

B TO BpeMsa Kak B CTyNeHM IEHTPOOEXKHOTO0 KOMIIPEccopa BeJHYHHA
Hamopa B ABA-TPH pasa OoJblile, YeM B CTYIeHH OCEBOro KOMIpeccopa, CTy-
MeHb LEeHTPOCTPeMHTeNbHON TYpOMHBI MO BeJHUYMHE NOJAe3HOH paboThl He
IPEeBOCXOANT OAHOCTYIIEHYATYIO OCEBYIO TYpOHHY.

[lenTpoGekHas TypOHMHA, B KOTOPOH OBLIO HECKOJLKO PALOB paboyHx
M CONJIOBHIX JIONATOK, BIepBhie paspaborana B 1897 r. pyCcCKUM UHKeHepOM
[1. 1. Ky3bMHHCKHM B CBSI3H C MOCTPOHKOH HM rasoTypOHMHHOH YCTaHOBKH.

B naapHefimmem cupma «IOurcrpem» (Illpenus) nmpuMeHmNa mnapoBele
TYpOHHBI TAKOTO Xe THNA, HO ¢ ABYMA AHCKAMH, BpallalOIHMHCA B NMPOTH-
BONOJNOXKHbIE CTOPOHEI, UYTO yBEJHUYHBAJO cpabaTbiBaeMblH Tellonepenas.

1.4, KPATKHUH HCTOPHUECKHH OB30P PA3BHUTHA
ABHAUHOHHDBIX JIOMATOYHbIX MALUIHH

lazorypOuHHble ABHraTesM, AJs KOTOPHIX NOTpeGOBaNHCh 3(PPeKTHB-
Hble JIONATOYHEIE MAIIHHBL, pa3pabaThlBalHuCh elle B KOHUeE NPOLLIOro ¥ B
Hauane 20-ro Beka. K HHM OTHOCHIHCH yXKe YINOMHHABIIHMCH razoTypOuH-
HBll ABMTaTeJb pycckoro wmkenepa I1. JI. Kysomuunckoro (1837 v.), mew-
rateau (paHily3CKHX HixKeHepos ApMmeHro u Jlemaas (1903—1906 rr.) u
np. Opmmako Bce 3TH JABHTaTeNd NpeJHA3HayaJuch MJIA CTAUHOHAPHOTO
npuMenennsl. [1o9ToMy HauaJOM pa3BUTHS ABHAUHOHHbBIX JIONATOYHBIX Ma-
UIHH MOXKHO CUMTATh IOSIBJI€HHMe arperaTos HajjyBa, NPUMEHSBUIHXCA A%
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yBeHYeHHs] 3€MHO{l U BBICOTHOH MOIIHOCTH ABHAIHOHHBIX MOPIUHEBbLIX ABHU-
raresefl. B xonue Boiibnl 1914—1918 rr. A. PaTo HpetoXua1 B Kavyecrse

Puc. 1.9. TypGokommpeccop <«Pato» pmass MoTopa MOUHOCTBIO
300 a. c.

arperata HaZAyBa HCIIOJb30BATb

TaKk HasblBaeMbli TypOoKOMMIpec-

COp, COCTOSIIIUI H3 LeHTPOGEXKHOro KOMIIpeccopa H ras3oBoii TypOHHEL, pa-
GoTaolefi OT BBIXJOMHBIX raszos asuraredas (puc. 1.9). B srtom typ6oxomi-

peccope OKpyKHasi CKOPOCTb Ha BHeII-
HeM [HaMeTpe KoJeca KoMIipeccopa
npocruragaa 360—380 s/cex u aonartku
Typ6uHb paboTand NpH TeMmuepaTrype
750—800° C. TypGokomnpeccop ObLI
ucrneltad B nogere B 1918 r. u 3rto
6bl10, NO-BUAMMOMY, OJHHM H3 Ilep-
BbIX HCHBITAHHH TYpGOKOMIIPECCOPOB
B noJete. Ilo cxeme Pato Typ6oKoM-
npeccopsl CTPOWUJIUCh B psiie CTPaH H
8 Tom uucie B CIHA. TToznuee B CUIA,
npumepro B 1926—1927 rr., ¢upma
«Jl:xeHepasp 3JeKTPUK» Hayasna pas-
pabaTeiBaTh COGCTBEHHYIO KOHCTPYK-
uuio Typb6oKoMIpeccopa IJasd MOTopa

MOLIHOCTBIO OKOoMO 450 4. c¢. (puc.
1.10).

IloutH B TO Ke BpeMs OBbLIH pas-
paGoranel TypOOKOMIpeccopel H B

npyrux crpanax. Hanpumep: Typ6o-
koMmrpeccop Jlopenua (Fepmanus)
C TMYCTOTENBIMH JIOHATKaMH TYpPOUHH,
yepe3 KOTOpHIE MPOXOAHJ BO3AYX, BHI-
XOAAWKHA U3 KaHaJAOB KaJieca LEeHTPo-
0exXHOTO  KOoMIlpeccopa; TypOoKoM-
npeccop RAE k wmotopy Dbpucrons-
Onutep (Aurausi) u pp. [13].

Puc.

N |
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1.10. Typ6okommnpeccop
«[IxeHepanb 3JEKTPHK»

dhupMbl
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Buauase npHMeHeHHe TypOOKOMIpeccopa HOCHIO GOJbIIEH YaCThIO
3KCIICPHMEHTAJbHbIA XapaKTep, M NPaKTHYeCKOe NPHMeHEHHe OHH IOJYUYH-
AW B BOEHHOH aBHAUMWH BO BpeMs BoHHH 1941—1945 rr., xorga TypGokOMII-
peccopaMu Obliu cHaGxkenbl asuratenan camougera CIOA B-27 «Jlerawiuas
KpelocTb», 6Jarofaps 4eMy OHH MOTJIM JeTaThb Ha Bbicotax Hz11 K.

Ha GoJblipHCTBe MOpPIIHEBHIX ABHALMOHHBIX IBHUTATeNel NDHMEHSJIHCh
MpUBOAHble IEHTPOGeKHble HarHeTaTe H. B KauecTBe mpumepa Ha puc. 1. 11

Puc. 1.11. JIByxckopocTHOH LeHTPOGexHbIH HarHeTaTesb «Pato»

NoKa3aHa KOHCTPYKUHSA IPHBOZHOTO HarHerarteds <«Paro». IToT HarHe-
TaTeNb Obl CHaGXKeH NBYXCKOPOCTHBIM MEXAaHH3MOM, C IOMOUIBIO KOTOpPO-
ro Ha 3eMJe H MaJblX BbICOTAX MOALePKHBAJOCH IIOHHXKEHHOe YHCI0 060~
potoB paGouero kKojeca (n;=22000 06/mur), a mpu MaKCHMAJbHOM YHCIE
o6opotoB (n=27500 06/mur) HarHeraTelb MOI IOJAEPKHBATb 3€MHOE
IaBJeHHe 10 BEICOTH 6000 M.

B CCCP mnarnerateJu M TYpGOKOMIIPECCOPH HadyaJH HCCIEHOBATHCH
u cosgaBaTbes ¢ Havasa 30-x rogos. Ha ppurarensix, co3faHHBIX IOX Py-
koBomcTBOM A. A. MukynuHa, npumeHsiics paspaboTanHbii B [934—
1935 rr. neHTpoGexHBH HarHeraTedb (puc. 1.12), KOTOpHIl B HOCAeTHUX
MOAHGHKAUHUAX MMeJ OKPYXKHYIO cKopocth ~450 m/cex W BXOAHOH Hampas-
JAIMUI annapaT ¢ MOBOPOTHLIMH JOHNATKAMHU A5 PEryJHPOBAaHUs ero Ha-
nopHoctd. [IpuBOAHble HEHTPOOEXKHBIE HATHETATENM ¢ JABYXCKODPOCTHBIMH
MeXaHH3MaMH, ofecleunBaiomHe HeOOXOAMMYIO BBICOTHOCTb, GBLIM paspa-

6oTadsl NS IBHTaTesdel, co3LaHHBIX MoA pykoBoacTBom B. H. Kaumoa u
A. A, [ITsenoBa.
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[Tpod. B. WM. JImurTpueBcKHM ObLi paspaboTaH M cO3maH Typoo-
KOMITPECCOp, YCIEIIHO NPOILIeMINI BCe JETHbIE UCIBITAHUS.

TypGoxkommpeccop cHenHadbHOH KOHCTPYKUMHM Obl1  paspaboran B
1938—1940 rr. aBropom 3ro#t kuuru (puc. 1. 13). Ilaa nosyyenus 0O/IbLIOL
OKpyHO# ckopoctd (~400 m/cex) W BBICOKOrO Hamopa LEHTPOGEHKHOrO
KOMIIpeccopa IPH yMEpPEeHHBIX uucjaax o6OPOTOB TYPOHHE MexAy TypOUHOI
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Puc. 1. 12, TIpuBonHoii ueHTpoGesKHBI HarHerartenan Asuratenas AM-34

H KOMIIpeCcCcopom OBl MOCTaBJIeH MyJAbTHIJHKATOD C [IepeJaTOYHbIM  UHC-

JgoM =2, TypGoxomnpeccop o6ecleUn MPOEKTHLII NPUPOCT BBICOTHL U CKO-
POCTH TOJIeTa camoJera.

B uesnsix co3laHHs aBHALHOHHLIX JONATOUHBIX MALIMH 32 TpaHulell #
B CCCP mnposoauiHCh crelua/dbHble HCCAefOBAaHHS, TaK KaK CTalHOHap-
Hble KOMIOpPECCOphl M NapoBble TYpOWHB He HUMENH CTOJb OOJBHIHX OKPYH-
HBIX cKOpocTelt paGounx kKojec (o 400—450 x/cex) W TaKHX BBICOKHX TeM-
mepaTyp rasa, Kak aBUALHOHHbIE KOMIPECCOPEl H TYpOHHEL

Cnenyer ormeruts paborel akagemuka B. C. CreukmHa u 1npod.
B. M. JIMuTpueBCcKOTO, KOTOPHIM TaKKe HANHCaHA IMepBas MoHOrpadgus,
MOCBSIIEHHAs] TEODHH BBLICOTHBIX aBHAABHraTe]ell W arperaToB HaAAyBa, -
rJaBHbIM 06pa3oM, eHTpoGexHbIX KoMmpeccopos {13].

Bosibirne paGoTel MO HEHTPOOEKHBIM KOMIIpeccopaM IpOBeleHBl KaHZ.
TexH, Hayk M. H. DTuHroboMm u ApyrHMH COBETCKHMH YUCHBIMH.
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Puc. 1.13. Typ6okommnpeccop TK-2
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HecMoTps Ha 3HauuTeJNbHBIl O6GBbeM HCCAeIOBAHUH, K.IIJ. H HAalop co3-
JaHHBIX KOMIIpECCOPOB W TYpOMH AJA arperatoB HajAyBa OBIJIH OTHOCH-
TeJbHO HeBBICOKH. Tak, HampuMep, K.I.A. LeHTPOOeKHHIX KOMIPeCCOpoB
6o paBHbl 0,60—0,70 mpu cremeHsx MOBBbIEHHs AaBjenus w, =2,0~-3,0;

K.I.A. TypOuH Obl1 He Bhitne 0,7—0,75.

Huskue X.1.J. KOMOpeccopoB u TypOUH arperaToB HajjlyBa aBHALUOH-
HbIX ABHTaTejedl oOBACHANUCH, C OJNHOH CTOPOHBI, OTHOCHTEJbHO MaJbiMH
HX pasMepaMH H, ¢ APYTOH CTOPOHBI, HECOBEDINEHCTBOM METOJAOB pacueTa
H IPOEKTUPOBAHUS JIONATOYHBIX MALIHH.

Takue K.ILJ. W CTelleHH MOBBIIIEHHS JaBJdeHHs ObJIM HeJOoCTaTOYHH
I CO3MaHHsi rasoTypOuUHHBIX ABHraTtejed. KpoMe Ttoro, mas rasorypOHH-
HbIX jBuUrarenell GOJbINOH HHTEPEC NPEACTaBJsJH elle OCeBble MHOFOCTY-

AT

Puc. 1.14, TypGopeakTuBHHI1 ABHrateab PoJjuic-Poiic «HWH»

neHuaThle KOMOPECCOPHl, KOTOpBle B arperatax HaaqyBa He NPHMEHSJHCE.
[TosToMy, Korja BIIOTHYIO BO3HHKJA 3aJaua CO3/laHWs aBHAIMOHHBEIX raso-
TypOHHHBEIX JABHraTesell, norpeGoBasach Gosblriast paGoTa MO yCOBEPLIEHCT-
BOBAHHIO METOJOB pacyera ¥ NPOEKTHPOBAHHA UEHTPOOEKHBIX KOMIIPECCco-
pPOB M Ta3oBHIX TYPOHH M IO pa3paloTKe OCHOB pacyeTa W NPOEKTHPOBAHHA
OCEBHIX KOMIIPECCOPOB.

PazpaboTka aBHALWOHHBIX Ta30TyPOHHHEIX ABUraTeNedl ¢ LEeHTPoOexK-
HBIMH K OCeBBIMH KoMmIpeccopaMu Hauajace B CCCP (B. B. ¥Bapos,
A. M. Jlionbka) U 3a rpaHuuel ewe A0 BOHHBL 1941—1945 rr. ‘

B. B. ¥BapoBblM Ha CO3JaHHOM HM TYpOOBUHTOBOM [BHTaTese C HEHT-
poOeKHBHIM KOMIPECCOPOM U OCEBOH razoBoil TypOHHON ¢ OXJaKAaEeMBIMH
jgomatkaMu Obljla NpHMeHeHa ellle HeHTpoOexkHas TypOGuHa, paboraiomas
OT IIOTOKa BO31yXa, BEIXOAAIET0 W3 KoJieca UeHTPOOEXKHOro KOMIpeccopa,
H [epenaulas CBOIO MOIIHOCTh HA BUHT.

Ha 6ase omnbita, HAKOMJIEHHOTO IPH CO3JaHHH LEHTPOGEXKHBIX KOMIIpec-
COPOB arperaTtoB HalAyBa, yAaJoCh OTHOCHTENbHO GLICTPO PEUIHTh 3axauy
noBbiileHHa ux kK.A. (no 0,76—0,78) u crenexu noBblilieHHs AaBjeHHs (10
4,0—4,5), B peayabrare dero B 1945—1946 rr. B Auraun u 8 CCCP 6sian
co3faHbl TypOOpeaKTHUBHBIE IBHTATENH C LEHTPOOEXKHBIMH KOMIPECCOpaMHU
(puc. 1.14), umelomuMH IBYXCTOPOHHEe KoJeco (mBurarteiu «JlepBeHT» H
«HWUH» aunrauniicko#i dupmsl Poanc-Poiic, oreuecrBennsiit gpuratens BK-1).

IlepBuie TypGOpeakTHBHbiE [BHraTeJH C OCEBLIMH KOMIIpECCOpaMH
IOMO-004 1 BMB-003 6v11i co3nanel B 'epmanuu B XoHile BOHHH 1941—
1945 rr. (puc. 1. 15).

B B34 C HECOBEPIIEHCTBOM OCEBBIX KOMIIPECCOPOB H TypOHH (HH3KHE
K.ILA. U CTelleHb MOBLIIIEHHs NABJEHMA, a TaKXKe HEBHICOKAs TeMIeparypa
rasa) 3TH [IBUTATeJNH UMeJH OOJbIIOH yNeJNbHBIH PacXol TOIJIMBA, OTHOCH-
TesqbHO GOJibIINe yIenbHble raGapuTel U Maccy. TeM He MeHee 1O yAEJBHON
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‘Macce ¥ raGapuTaM oHY OLLIH 3HAYNTEJNbHO Jydllie TTOPIIHEBLIX JBUrATeJdeH 1
ofecnednH peskoe yBeJHueHe CKOpoCTel noJeTa.

B 1945-—1946 rr. mosiBUANCH HepBble TypGOpeakTHBHble ABUraTeNnH ¢
ocesniMH Kommnpeccopamu B CCCP (A. M. Jlionska u A. A. Muxyauu), B
Auraun uw CHIA. JlanbHeifinmiee ycoBeplIEHCTBOBaHUE OCEBBIX KOMIIPECCO-
POB H Ta30BbIX TYpOHH NPHBEJNO K CYIIECTBEHHOMY YJYUIIEHHIO 3KOHOMMUY-
HOCTH, 4 TaKiKe MAaCCOBBIX W rafapuTHBIX JAHHBIX aBHAIMOHHBIX T'a30Typ-
O6vHpbix ABHratedeir. IlosgBuauch TypOOBHHTOBBle aBuratenu B CCCP
(H. JI. Kysnenos, A. A. ViBueHko) u B AHTIHH.

PaspaGorka HOBBIX THIOB JABUrateneill (ABYXKOHTYPHLIX, a Takxke IJ7
CaMOJIETOB C BEPTHKAJbHBIM B3JETOM M MOCaAKOH), MpeIbaBHIa K JOIa-
TOYHBIM MAaldHHAM HOBble TpebOBaHHUS HO MacCOBLIM HNoOKasareasM H 00
NPOH3BOAUTENBHOCTH, B UacTHOCTH, MJId CaMOJETOB C BepTHKa/JAbHEIM B3Jje-
TOM H TOCaJKol morpeGoOBaJHCL ABHTaTeNH ¢ yAeapHOll maccoft 0,05—0,06,

T R
LA =g

Puc. 1.15. Tazoryp6uHHbll peakTUBHBIH ABuratens BMB-003

YTO BHI3BAJIO HEOOGXOAMMOCTH IPHMEHEHHs HOBBIX KOHCTPYKTHBHBIX W Tex-
HOJIOTHUCCKHX peLleHHil W HOBBIX MAaTepHasNoB. Y ydllleHHe IMapaMeTpoB
JIONATOYHBIX MAIIHMH W Tas3oTYpOHHHBIX JBUTaTejell HENpepblBHO MpOLOJ-
JKaeTcs, U B 3TOM OTHOLIEHHH OOJbINAS 3aC/Hyra NPHHALJIEKHT KOJJIEKTHBAM
HayuyHO-HcciegoBaTenbckux wHCTUTYTOB IIMAM w ILIATH u xoucrpyxTop-
ckHxX 610po, pykoBoAuMBIX C. K. Tymanckum, A. M. Jlronska, H. 1. Ky3snue-
nosbiM, I1. A. CosnoBbeBniM, a Takxe kKadeap unpod. T. M. MenbkymoBa,
upod. I'. H. A6pamosuua u np.

B CCCP paspaGoTka MeTOZOB pacyeTa OCEBBIX KOMIIPECCOPOB H Typ-
OHH TIPOU3BOAUNACH Ha OcHOBe Kjaccuueckux paBor H. E. JKykosckoro u
C. A. Uanapiruna no aspoJHHAMUKe KpPBLIa M DELIETOK H MO BHXPEBOH Teo-
pHH BuHTA. Dosblioii BKJajx B pas3paloTKy THIAPOAHHAMHUYECKOH TeOopuH
peuleTok BHecad coBeTckHe yueHnle WM. H. Boanecenckuii, JI. ®. Jiecoxun,
JI. . Cenos, JI. A. Cumonos, I'. }O. Crenanos u ap. BecbMa cyurecrBeHHoe
3HadeHHe B 5TOH OGJACTH UMEJH TaKKe TeOpeTHUECKHe H IKCHEPHMEHTaJib-
Hble paboTol 3apybexHBIX yueHbIx (Befinura, Xayensna u np.).

OcHoBHBIE TPYABI IO TEOPHMH peIIETOK IlepeuncieHbl B Oubanorpadun
kuuru I'. HO. Crenanosa [42].

.B pa3pa6oTke MeTOLOB pacueTa OCEBBIX KOMIIPECCOPOB OOJBUIVIO POJb
coirpanu  pabotel B. C. Creukuna, K. A. YmakoBa, K. K. baynauna,
JI. A. CumoHoOBa.

IIpunHuunuanpHOe 3HAauYeHHe AJSl Pa3BHTUS ABHALMOHHLIX JIOMATOYHBIX
Mamud uMenn pabortei npod. B. B. ¥YBapoBa mo Teopuu rasoBnix TypOHH,
Mo crnoco6aM HX OXJa)KACHUA H N0 NPOPHIAUPOBAHHIO IJIHHHBIX JIONATOK
ra3oBbiXx TYpOMH Ha OCHOBe 3aKOHa MOCTOSIHCTBa HHPKYJIAUHH [0 BLICOTE
JIONaTOK.

Boapmoft BKJIam B pasBHTHE TEOPHM ra3oBbIX TypOHH BHeCHH npod.
. C. )Kupunkuit, 1. V. Kupuanos, I1. K. Kasaumxkan, B. X. AGuaHu.



[aasa 2

OCHOBHbBIE YPABHEHHSl TEOPUU
JIONNATOYHbIX MAUIWH

2.1. OBILHUE CBEAJEHHSA O NAPAMETPAX BO3AYXA (TA3A)
B CTYINEHH JIONATOYHOM MAIUHNHbBI

CryneHb JoMaTOYHOH MAIUMHBI B 00ieM cjyyae COCTOMT W3 HalpaBas-
lomero anmnapara, pa6oyero KoJseca H COpaMJsiolero annaparta. Ecau
CTynEeHb pacceyb MepHAHOHAJbHOH IJIOCKOCTBIO, TO NOJYYHM €e MePHUIHO-
HaJbHOe ceuenHe (puc. 2. 1).

BosbMem kakylo-1160 TOuKy A B 3a3ope MexAy HanpaBJsIOIUM aNia-
patom / ¥ paGoyuM KOJECOM 2, HAXOAALIYIOCS HA PACCTOSHHHU 7 OT OCH.
Touxa A JeXHT Ha HEKOTOPOH JIHHHM TOKA, MePHAUOHAJABHASA I[IPOeKLUS
KOTOpOJ} Ha yJyacTKe 3a30pa 0603HayeHa yepe3 b—d.

[IpennosioxKuM, 4TO ABMXKCHHE YCTaHOBHBIEeCH; TOT4a JWHHHH TOKa
LOJIKHBI COBNajaTh C TPaeKTOpUsMM uyacTHLl. KacaTesbHasl K JUHUM TOKa
B Touke A Oyfer naBaThb HalpaB/eHWe MePHIHOHANBHOH NPOEKIIHH CKOPO-
CTH IIOTOKa B 37O Touke. O603HaYHM MEPHAHORAJIBHYIO MPOCKIHIO CKOPOCTH
yepes €, W PA3JOXKHM ee B CBOIO Odepelb [I0 HANPABJEHHIO pajauyca r H 10
HanpaBJeHUI0 X OCH MAIUUHBL. DTH NPOCKIUHH NPHHATO HA3bIBATb pPafHajlb-
HOM COCTaBJAAIOUIEH CKOPOCTH NOTOKA — ¢, H OCEBO#l COCTaBJsionleH — Cq.

KpoMe HHX NoJHad CKOPOCTb NOTOKA MOXKeT HMeTb COCTaBJAIONLYIO,
NeprneHIUKYAAPHYI0 paAHyCy, KOTOpas Ha3blBaeTcsl OKPYXKHOH COCTaBJaAl-
el ¥ 0603HaYaeTCcs 9epes Cy.

PasnoxeHHe CKOPOCTH MOTOKAa ¢ B TOYKe A 110 BCeM yKa3aHHBIM Ha-
IpaBJeHHSM 1TOKa3aHO HA pHC. 2. 2.

3HaueHHe TOJHOM CKOPOCTH TOTOKA M €e COCTaBJSIOIIUX NO Painycy
B OCEBOM 3a30p€ MOXKeT H3MEHATbCA Pa3THUYHBIM 06pa3oM B 3aBHCHMOCTH
OT OpUHATOTO crnocoGa NpodUIMPOBAHUS JONATOK pabouero KoJjeca, NpPH
KOTOPOM COXPaHAIOTCSl YCJAOBHA DPABHOBECHSl YACTHL IO HOPMAJSIM K JIMHH-
M TOKA WJIH 10 paJHyCy.

OGbYHO TpeAmnoJaraeTcsi, YTo B OKPYKHOM HampaBJeHUH Ha KaxKIOM
ZAHHOM palIHyCe CKOPOCTH NOTOKa He H3MeHSIOTCH, T. €. TeUeHHe HBJISETCS
ocecuMMmerpuunbiM. OfHAKO Takoe NPEANONOKEHHE CIPaBelJHBO TOJBKO
Ha HEKOTOPOM PAacCCTOSTHHH OT KPOMOK JIONATOK: TeOpeTHYecKH — Ha GecKo-
HEUHOM YJAaJieHHH, a TpPAKTHYeCKHM — Ha PacCTOSHHH INPHMEpPHO OJHOrn
urara. B HenmocpeACTBeHHOH e GJH30CTH OT KPOMOK CKODOCTH B OKPYX-
HOM HampaBJeHWH GyAyT M3MEHATbCS Ha ydyacTKe B Ipefieslax IIara Mexuy
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COCeiHUMHY JONATKAMH. DTO H3MeHeHHe CKOpocTell OyneT NEepPHOLHYECKH MO-
BTOPATbCS NpU HepeXxoe OT OAHOrO KaHaja K Apyromy.

JlaBjieHHe W TeMIepaTypa BO3IyXa IO pagnycy GYyAYT M3MEHATbCH B
COOTBETCTBHH C M3MEHEHHEM CKOPOCTeH, a IO OKPY>KHOCTH Ha JaHHOM pa-
ohyce B CJydae OCeCUMMETDHYHOrO TeUeHHs JOJIKHBl OCTAaBaTbCs HeH3-
MEHHBIMH.

B nampaBasiiolieM anmapaTe IPH YCTAHOBHBLIEMCS ABIXKEHUH YCJIOBHE
0CEeCHMMETPHUYHOCTH CKOPOCTel, TeMIepaTyphl K JAaBJeHHH, eCTeCTBEHHO,
cOGMI0NaThCA HE MOXKET, TAK KaK IO IIHpHHE KaHaja MeXAYy JonaTKaMu
gCe 3TH NapaMeTphl W3MEHSIOTCS, MEPHOJHYECKH MOBTOPASCh MPH TEPEXoje
OT KaHaJja K KaHaany.

Cy

Puc. 2. 1. MepunnoHa/bHoe ceyeHde CTy- Puc. 2.2. PasnoxeHHe NOJHOK CKOPOCTH
MeHH JIONATOUHOH MAUIHHBL: B Touke A 10 TpeMm HanpaBJjeHHAM

I-—-nanpasaswomull annapat: 2—pabouee KOJECO;
3—cnpaAMasioling annapar

B cBsizau ¢ atuM Ha yvyactke a—b (cM. puc. 2. 1), coOTBeTCTByIOIIEM
HanpasJsilonleMy alfapary, JHHUH TOKa MOTYT OBITh pa3jU4HLIMH B 33BHU-
CHUMOCTH OT HX HOJOXKeHHs 10 IUHpHHe KaHasna. MHoria B pacuerax omnepH-
PYIOT HEKOTOPLIMH CPeJHHMH 3HAaueHHSIMH CKOpOCTell 1 COOTBeTCTBYIOmIef:
UM JIHHHe#l TOKa. B 3TOM c/aydae TeueHHMe M B HanpaBJAsIOIIeM allapaTte
paccMaTpHBaeTcs KaK OCECHMMETPUYHOE,

OueBuHO, YTO H3JIOXKEHHOE BBIIe NMPHMEHUTENBHO K HANPaBJSIOIEMY
anmapary u 3a3opy MeXay HMUM H paGouHM KoJecoM, OCTaeTcs B CHJE
IJIsl CHPAMJASIIONIETr0 annapara ¥ 3a3opa MeXAy HUM H pabouyuM KOJecoM.
Muas xapruHa, oAHakKO, OyAeT NMOJYYaTbCs NPU PACCMOTPEHHM JIMHHI TOKa
B paboueM KoJjece. Bo-mepBbIX, NPUMEBUTENbHO K HENOJBHIXHBIM amnapa-
TaM H 3a30paM peyb Lila TOJLKO 06 abGCOJNIOTHOM IBHUKEHHH, TaK Kak pac-
CMAaTpPHBa/Jach CKOPOCTb NMOTOKA B ONpEAENEHHBIX TOYKAX HENOJBUKHOIO B
NAaHHOM CJydYae OTHOCHTEJbHO 3€MJIH IPOCTPAHCTBA, B KOTOPHIX KakK OBl Ha:
xonuwiacss HaGuogaresnb. AGCOMIOTHOE ABHIKEHHE MOKHO ONpEeIeNsiTh TaKKe
KaK JBHIKeHUEe [0 OTHOLIEHHWIO K HENOABHKHOH CHCTEMe KOOpIMHAT,

Ecnm JjomatouHas MamigHa HepeMellaeTcsl OTHOCHTeNbHO 3e€MJH BMeC-
Te C JeTaTeJbHLIM ammapartoMm, To, obpalilas ABHKeHHe, GyleM paccMaTpH-
BaTb HENOJBHKHBIN JieTaTeNbHLIH ammapar B [OTOKE BO3AYyXa, WMEIONIEM
CKOPOCTb, PABHYIO CKOPOCTH MOJETa, W MPUMEHATh NOoHATHe 06 abCoMIOTHOM
nsukennu. IIpn aToM HEOOXOAMMO YUHTEIBATH BJHSHHE CKOPOCTH TOJETa
Ha 3HaueHHdA .aBCOMIOTHLIX CKOPOCTEHl W APYrHX HapaMeTpoB BO3AyXa H ra-
3a B JIOIATOYHOH MallHHe.
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[IpuMeHHTeNbHO Ke K paboueMy KoJecy, Hapsily ¢ abCOJIOTHBIM JBH-
WKeHHeM HeoGXOIMMO pacCMaTPHBATH ellle OTHOCHTeNbHOe JBHIKEHHe, KOT-
Ia CKODOCTH IIOTOKA OIpeleNsIoTcs B TOYKAX IPOCTPAHCTBA, Bpallalomlero-
csi BMecTe ¢ KojecoMm. OgyeBHIHO, YTO 3TO COOTBETCTBYET YCJOBMIO, KOTHA
HabJofaTe b epeMelllaeTcss BMeCTe ¢ IBHKYUINMCS TEJOM, T. €. ¢ KOJECOM.

HWHBIMH cJIOBAMH, OTHOCHTENbHOe [BHKeHHe MOXKHO ONpeNeJHTh Kak
JIBH2KeHHe 110 OTHOIIEHHI0 K CHCTeMe KOOpJAHHAT, BpalllalolIHXCA BMecTe C
KoJecoM. Bo-BTOpBIX, BCe YacTHLBI B KoJece HAapsiLy €O CKOPOCThIO OTHOCH-
TeJIbHO KOJIeCAa MMEIOT ellle TaK Ha3blBaeMyIO IePEHOCHYIO CKOPOCTh, KOTOPOH
B JlaHHOM CJlyyae fIBJSIeTCS OKPYXKHasi CKOPOCTb Kojeca B JAaHHOH TOuKe.

Taxkum o6pa3oM, aGCONIOTHAsA CKOPOCTH HACTHI rasa CKJAAJbIBaeTrcH
M3 CKOpPOCTell NMepeHOCHOH H OTHOCHTEeNbHOH (IO OTHOINEHHIO K KOoJecy) H
SIBJISIETCS UX TeOMETPHUECKOH CyMMO:

~-~

c=u+w, (2.1)
-
Tie ¢ — BeKTOp aGCOMIOTHOH CKOPOCTH;
W — BEKTOP OTHOCHTEJBHOH CKOPOCTH;

1 — BEKTOD TEePeHOCHOH CKOpOCTH (OKDYKHasi CKOPOCTh KoJieca B JaH-
HOH TOuYKe).
YpaBuenne (2.1) usobpaxkaerTcs TpeyroJbHHKOM ckopocreil (puc. 2.3),
B KOTOPOM BEKTOD CKOPOCTH € SIBJISIETCSl 3aMBIKAIOUIeH CTOPOHOH.
OKpy:KHasi CKOPOCTb KoJieca B JAaHHOM TOUKe
MoxkeT OBIThb 3aMHCaHA TaK:

u=rw, (2.2)

raie o — yrJaoBasi CKOpPOCThL BpalleHHd KoJjeca.

C
Ecan paccmarpuBaTb B OTHOCHTENBHOM [BHU- it
JKEHHH MeDHMAHOHAJBHYIO, OCEBYK H DaiHajbHYI o p
COCTABJSIOUINE CKOPDOCTH @, TO OHH [0 BeJHYHHE
O6yayT TaKHMH XKe, KaK H B abCONIOTHOM [BHIKEHHH, u

TaK KaK NpPOEKLHH CKOPOCTEH W ¥ ¢ HA KaXKA0e U3  Puc. 2.3, TpeyroabHHK

3THX HANpAaBJCHUH DaBHB Mexny coboii. Ilostomy  ckopocrei B paGoucm
KoJece
Wm=1Cm; Wr=Cr U Wy="Cg. (2.3)

OkpyzKHbIE Ke COCTaBJAIOLINEe CKOPOCTeN W W ¢, ABJSIOILUECS HX TIPO-
eKUHUSAMH Ha HalpaBJ/eHHe OKPYXKHOH CKOPOCTH, GyLyT pas/iHYyHBl H CBf3a-
HBl MeK/y cOGOH COOTHOIIEHHEM

Cu=Uuxw,. (2.4)

3Hak NA0C B 3TOM ypaBHeHHH OepeTcs, KOrga HampaBleHHe CKOPOCTH Wiy
COBIIaZideT C HalpaBJeHHEM OKPYXKHOH CKOPOCTH.

lipy paBHOMepHOM BpalleHMM KOJieCa M ONPEJCJCHHOM pacXole BO3-
Ayxa (rasa) OTHOCHTeJbHOe ABH:KcHHe OyZer ycraHosuBumiHMcs. CJenoBa-
TeJbHO, JHHHH TOKa B KaHaJax MeXIy JollaTkaMH He OyAyT 3aBHCETb OT
BPEMEHH, 4 JOJXKHBI ONpEeNeNATbcA TOJAbKO NOJOXKEHHEeM HacTHIl 110 OTHO-
LIeHHIO K IOBePXHOCTH JIONATOK.

Kpome Toro, Ha JHMHHIO TOKa AOJKHO BJHATb PacCTOSAHHE OT OCH KO-
Jeca, MOCKOJABKY OT 3TOTO PacCTOsSIHHs 3aBHCAT HMIMPHHA KaHajda H Gopma
npodunaa. OnHako aBcoNOTHOE ABHKEHHe UacTHI, HalJiofaeMoe B KaKo#-
Jn60 HEMOABHXKHOH TOYKe IIPOCTPAHCTBA, OMETAaeMOro JIOMATKaMH, ABJAET-
Csi HEyCTAHOBHMBINMMCS, TaK Kak MHMMO 3TOH TOUKM OyHYT HNPOXOAHTb pas-
JHYHBIE OTHOCHTeJbHBIE JIUHHH TOKAa H, CIef0BaTeNbHO, NPH OLHOA M TOH
e IepeHOCHO CKOpPOCTH abCOJIOTHhIE CKOPOCTH OyAyT mHepeMeHHBIMH BO
BpPEMEHH. A

Ecnu B onpeneneHHLIl MOMEHT BpeMeHH TIIPOBECTH JJd psAga TOUEK
IPOCTPAHCTBA, OMETAaeMOr0 JONATKaMH, HANpaBJeHHA abCOJIOTHHX CKO-
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pocTeil, TO MOXKHO MOJYYHTb MTHOBEHHYIO KaPTHHY aGCOMIOTHOrO NBHKEHUS
BO BCEM paccMaTpHBAeMOM INIPOCTPAHCTBE, MPEACTABJEHHYI0 MIHOBEHHbIMU
aGCOMIOTHBIMY JMHHSMH TOKa. ECJIHM OTHOCHTE/bHOE [BHMKEHHe YCTaHOBMB-
ureecsi, TO KapTHHA MTHOBEHHbIX aGCOMIOTHBIX JIMHMEA TOKA XKak Gbl NMPOXO-
IHT MHMO HENOJBHAKHOI TOYKH IIPOCTPAHCTBA C HEPEHOCHOH CKOPOCTbHIO.

JIas WAMOCTPAUUE H3JI0XKEHHOrO Ha pHC. 2.4 Nokasana pemlerka, ABH-
XKyLiascs ¢ pPaBHOMEPHOH CKOPOCTbIO . Takasi peulerka MOXeT ObiTb 10-
JyyeHa CeYeHHEM KOJIeCa OCEBOR CTyNeHH UHMIMHAPHYECKOH NOBEPXHOCTHK)
¢ TOCJeAyIOlleH pasBepTKOH 3TOM TOBEPXHOCTH Ha MAOCKOCTb. [lpn aToM
npefmosiaraercsl, YTo ras TeueT MapasijieIbHO OCH KoJeca.

Ha Bxofie B pemreTky ¢ MOMOLIbI0 HANpaBJswlero anmapara obecre-
yuBaeTcsl NpOTeKaHHWe rasa NOA YoM a; (puc. 2.4,6). Ilpundaro, yro Ha-
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a) Tpeyzons HUK CHOpO~
cmea Ha Boixode
0)
Puc. 2.4. Teuenume rasa uepe3 MJOCKYI0 HPAMYI0 DaBHOMEPHO JBHXKYUIYIOCH

peLleTKy

npaBjieHde W BeJNHYMHA CKOPOCTeH IO BCeH IIMPHHE PEWETKH NOCTOSHHEL
(TedeHne OcecCHMMETPHUHOE), Tak 4TO pacxoj rasa OyleT BHOJHE onpele-
JdesHpM. TTocKoJAbKy NMPH 3TOM CKOPOCTb 4 MOCTOSTHHA 110 BPEMEHH, TO OTHO-
CHTeJIbHOEe JBHKeHHe Oyler yCTaHOBHBIIMMCS. JIMHHM TOKAa B OTHOCHTEb-
HOM [BHIKEHHH [OKa3aHbl Ha puc. 2. 4, a.

EciM TreOMETPUYECKH CJIOKHTb OTHOCHTE/NBHBIE HsIIEPEHOCHBIE CKOPOC-
TH, TO NOJYyIHM abCcoOJIOTHEBIE CKOpPOCTH C H MI'HOBEHHbIE abcoJIOTHBEIE JIH-
HUK TOKOB (cM. puc. 2.4,6). Cnenyer OTMETHTh, YTO N0 BCEMY KOHTYpY JO-
[laCTH HOPMaJbHAas COCTAaBJSIONIAs ¢, MIHOBEHHOH ab6COIIOTHON CKOPOCTH €
JoazKHa OBITH paBHA TPOEKIMH U, OKPYKHOH CKOPOCTH 4 HA HaNMpaBJeHHE
HODMAJH B COOTBETCTBEHHOH TOUKe KOHTYPA, T. €. Cp=Un. ITO MOKA3AHO
1451 OZHON TOYKM Ha pHc. 2.4,6. KapTHHA MTHOBEHHbBIX aGCOJIOTHBIX JUHUH
TOKA B Kaxk[bili MOMEHT BPEMEHH MMeeT OAMH H TOT Xe BHA M TO XKe pac-
OJI0’KEeHHe TI0 OTHOIIGHHIO K pellieTKe; OHa MepeldBUraeTcs BMeCTe C pelrer-
KOHl, KaK ecqu Obl Obla ¢ Hell XKeCTKO CBsi3aHa.

Taxkum o6pasoM, HabJi0iaTeNb, HaXOMSUHACH B HEelOABUXKHOA TOUKE
MPOCTPAHCTBA HEMOCPEICTBEHHO y BXONA B PeWeTKy, OyNeT BHAETH MepH-
OHUECKHE 110 BpeMeHH H3MeHeHHs aGCOJIIOTHOH CKOpPOCTH. DTO CKa3blBaer-
cd ¥ Ha TPaeKTOPHH OTHEeJNbHOH YacTHULL. B 3aBUCHMOCTH OT TOFO, 6/1H3K0
WM [aJIeKO OT TOYKHM HaOJI0OLeHUA HAXOAHTCA B 3TO MTHOBEHHE JIOHACTH,
YACTHIIA ONHCHIBAET COBEPIIECHHO Da3/HUYHbIEC TPAEKTOPHH.

Takum 06pasoM, H3 OFHON M TOH K€ TOUKH NPOCTPAHCTBA HCXOAAT He-
PHOIMYECKH KOJeBJIoLecs TpaeKTopun; Ha puc. 2.4,a oGosnaueHa nad-
poit | HCTHHHASI TPaeKTOPHS UACTHUBI, KOTOPAas B OTHOCHTE/NLHOM JBHIKE-
HHH TPOXONHMT BAOJb BOTHYTOH CTOPOHEI JIONACTH, H UuppOH IT — Tpaekro-
pHS 4aCTHUBI, ABHXKYIleficd BAOJDb ee BBIIYKJIOH CTOPOHBL. Haxkounen, nud-
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poit 111 06osHaueHa TPAEKTOPHA YACTHUBL, KOTOpas ABHIKETCA B CepeluHe
MEeXAY JIONaCTAMH.

OGpatuMcsl ONATL K cxeMe pHc. 2. 1. 3aMeHuM AefiCTBUTENbHOE TedeHHe
B pabouem KoJece HeKOTODBIM OCPeAHEHHBIM IO BPEeMEeHH H lalry TeyeHHeM
{42} u npoBeAeM uepe3 HEKOTOPYIO CPEIHIOK OTHOCHTEJNBHYIO JIHHHUIO TOKA B
KauaJje 31oro pafodero xojeca IOBEPXHOCTb BPALIEHUS, HA KOTOPON MOXKHO
paccMaTpHBATh ABYMEpHble pellleTKH. DTy NMOBEPXHOCTb HA30BeM OCPeJHEH-
HOJl OCECHMMETPHUYHON NOBEPXHOCTBIO TOKA.

MepranoHanbHas NPOEKUUsT 3TOH TOBEPXHOCTH H30GPAasuTCAd B 06IIEM
clyyae KPUBO#l d—e, KOTOPas MOMKET paccMaTpPUBATBCH KakK MepUAMOHAJb-
Has Npoekuusi abCONIOTHLIX MICHOBEHHBIX M OTHOCHTEJBHBIX JUHHUH TOKa, Jie-
JKANIMX Ha TOH XKe NOBEPXHOCTH.

Ecan 0poAO/IKHTh YKa3aHHYI [IOBEPXHOCTh TOKA B HEMOABUMKHBIX
annapaTax ® B 3a30pax MeXJAy HUMH W paBodHM KOJecOM, TO B pPe3yJbTaTe
MepHAHOHA/NbHAS NPOEKUHs HNOBEPXHOCTH TOKA AJs BCeH CTYNEHH MOXKET
OniTh ¥306paKeHa HEKOTOPOH KpUBOH a—b—d—e—f—g, npoxonsaiel uepes
OKPYKHOCTb, COOTBETCTBYIOIYIO TOUKe A.

CraTuyeckde 3HAUEHHs HABJCHHH, TEMOEPATyp M IJIOTHOCTH B OTHOCH-
TEJBHOM M a0COMIOTHOM [ABHMIKEHHMH paBHLI.

Yro Ke KacaeTcsi TeMOEpaTyp, AaBJCHHI M IJOTHOCTH, COOTBETCTBYIO-
muX aanabatHyeCcKH 3aTOPMOXKEHHBIM CKOPOCTSIM, TO OHH B OTHOCHTEJIbHOM
¥ a6COMIOTHOM ABHKEHHAX HeORWHAKOBBl. [leficTBHTe/BHO, 0GO3Hauass 3a-
TOPMOXKEHHbIE MapaMeTphl, COOTBETCTBYIOIHE aGCOMIOTHBIM CKODOCTSIM, HH-
JleKCOM € W OTHOCHTE/bHBIM CKOPOCTAM — HHIEKCOM W, OyneM WMeTb:

Tia=T4 2.
20p
(2. 5)
Toy= T+2—c;
OTKYy1a
Thee 7o 182 (2. 6)
er
HJaU
T;: *__02——102. :
7 . (2.7)

Ckopoctd ¢ M @ He paBHbI, YTO OYEBHJAHO, B YaCTHOCTH, M3 TPEYrOJbHHUKA,
II0Ka3aHHOTO Ha puc. 2. 3.

CooTHOlleHHe MeXIy 3THMH CKOPOCTAMHU 3aBHCHT OT OKPY3KHOH CKOpPOC-
TH H THITA MaIlHH. HaanMep, LS TypOHHBI Ha BXOJle B KOIECO w<c o, cle-
nosatenbro, T, <T"

JlaBJIeHHﬂ BaTOpMO)KeHHOI‘O TIOTOKA CBSI3aHBl C COOTBETCTBYIOIIHMH
TeMInepaTypaMy 3aKOHOM aZHaGaThl:

k—1 r—1

* % k '
B(5) (1mame) o
P Tc 26’PT .

2.2, OBUIHE CBEJAEHHY O PELIETKAX
W 3JEMEHTAPHBIX CTYNEHSAX

Kax ChaellyeT U3 H3JOXKEHHOro paHee, BAaXHBLIM 3JIEMEHTOM JIOTIaTOUHOT!
MALIHHBL SABJISICTCH IJIOCKAs PEIIeTKa, M[NO3BOJ40Iad MNPOCTPAHCTBEHHYIO
KOJMbLUEBYIO PEHIETKY, COOTBETCTBYIOULYIO paﬁoquy KOJIeCy WM HelOoABUXK-
HOMY annapary, pacuJeHHTb Ha 2JCMCEHTBH C ABYMEPHBLIM (IIJIOCKHM) TIOTO-
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koM. [liockasi pelleTka MOJYUAeTCss B Pe3ysibTaTe CeYeHHs KOJbUEBOH pe-
IIETKA NOBEPXHOCTbIO C MOCJEAyIOliell PasBEPTKOH 5TOH IOBEPXHOCTH HA
(IJIOCKOCTD, €CJId CeKyliass [OBEPXHOCTb CaMa He fABJIAETCA IIOCKOCTHIO.

B KauecTBe CeKyllefl NMOBEPXHOCTH GepeTcss NMOBEPXHOCTb BPALICHHA,
IPOXOMAIIAs Yepe3 HEKOTOPYIO CPEAHIONn JIHMHMIO TOKA M sBJsiomlascsd, Ta-
KHM 06pa3oM, HEKOTOPOH OCPeHEHHOM II0BEPXHOCTBIO TOKA ),

B oceBoil JONATOUHON MalllHHEe OCPEIHEHHBIE TOBEPXHOCTH TOKA OJIH3Kh
K COOCHBIM KPYTOBHIM UHJIMHAPAM. B 3TOM ciydyae B IUIOCKOCTH pPasBepTKH
M060ro W3 9THX LUHJAHHAPOB IOJYYalOTCs MJAOCKHEe NPsMH e pellleTKH ¢
6ecKOHEUHBIM YHCAOM npoduaell (cM. puc. 1. 2).

AHaJOTHYHO B pafiMajbHbIX JONATOYHBIX MaIIMHAX B IVIOCKOCTAX, mep-
NeHAUKYIAPHBIX K OCH Bpallenus, o6pasyloTcd MNJAOCKHEe Kpyroshie
(uM pajMafbHBle) PEMIETKH C KOHEUHbIM YHCJIOM mpoduienn (cMm. puc. 6.27).

o
y 2 U 4
Q‘}. i
[5 - /
4 y ' '
> 5 Y
g J fmax>f -2
(7—-—_,-])(" ‘\Q x
X;=a
x
i

Puc. 2.5, OcropHble mapaMeTpbl APOGHIT

B AuaroHaJabpHOH JONATOYHOI MallHHe B CJAyyae, KOrja ocpelHeHHas
MOBEPXHOCTb TOKA SIBJASETCS NOBEPXHOCTBIO KPYIJIOrO KOHYCA, B pa3BEPTKE
ee HA IMIOCKOCTh MOXKHO IOJYYHTb TJOCKYIO pPeleTKy ¢ KOHEUHBbIM HHCIOM
npodusei.

PaccmoTpHM mojpo6Hee IJIOCKYIO HPSIMYIO PEIIeTKy. Ona COCTOHT H3
GeCKOHEYHOTO 4MCJa OJHHAKOBHIX Hpoduiel, pACHONOKEHHBX SKBHUAHCTART-
HO BJLOJIb NPSIMOH, KOTOPYIO yCJOBHMCS HashiBaTh @POHTOM peIleTKH.

PaccMOTpHM OCHOBHBle TeOMeTpHYECKHe MapaMerphl npoduad H pe-
[IEeTKH.

Ha npogune / (puc. 2.5) pasauvalorT BEIIYKIYIO CTOPOHY, HIH CIIAH-
Ky 2, BOTHYTYIO CTOPOHY, WK KO P BI TO 3, BXOAHYVIO (NepefHiol0) KPOM
Ky4HBHXOJIHYIO (3a84HIO0) KPOMKY 5. KpoMku MOryT ObiTb pajHyc-
HbIMH H YIJIOBHIMH C YIVIOM CXOXJeHHs y. I'eOMETpHUECKOe MECTO LEHTPOB
OKpYXKHOCTEH, BIHCAHHBIX B npoduab, Ha3LBAWOT ero CPeAHE I IUHHEH.

[psimMasi, cOENUHSIIONIAs KOHIIBL cpelHell JIMHUH y BXOJHOH H BBIXO/JHOH
KPOMOK, Ha3blBalOT XOpJO¥H NMPOdHIA C gnuuoit b. JluaMeTp cmax HaHO0Jb-
[iell M3 BOHCAHHBIX OKPYMKHOCTEH HA3HBAIOT TOJILHHO U npoduas;
amaMetpnl d; U dy KPaWHHX BIHCAHHBIX OKPYKHOCTEH — TOJ LM HAMA
KPOMOK.

I[Ipoduns yacTo 3aAaeTcs AByMs KOOPAHHATAMH €TI0 TOUCK: abenuccon
X, OTCUHTBIBAEMOH 10 XOpAe OOLIUHO OT BXOIHOM HACTH K BHIXOXHOH, H Op-
ANAATaMH TOYeK, 06pa3yIoHX BOTHYTYIO ¥x M BHIMYKAYIO Yo CTOPOHbI.

O6bIUHO NPOUIb XapaKTePH3YeTCsi OTHOCHTENbHBIMU 3HAUCHUAMH erg
OCHOBHBIX MAaPaMeTPOB, UHOTLA BHIPAKEHHBIMH B NMPOLEHTAX OT XOPABL

a) oTHOocHTenpHas abcuucca
X
b

=

*) BpicoTa MJIOCKOH peweTku (IIOCTOSIHHAT HIH mepemMeHHast) COOTBETCTBYET CeueHHIO
KOJNBLEBOH PEIeTKA ABYMs GJM3KHMH TOBEPXHOCTAMY TOKA C TIOCJEAYIOIelt HX Pa3BepTKOH.
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6)

OTHOCHUTeJIbHbIE OpAMHATHI

CHHHKH yo=2=,
b
— e

KOpbITa e

OTHOCHTeJIbHASA TOJALINHA NPOQPUIIs

E.'= Cmax .
b
OTHOCHTENIbHASI BOTHYTOCTh (KpHBH3HA) mpoduiis

Z_ Sfmax .
f— b ’

OTHOCHTeJIbHas afcuHcca MeCTa MaKCHMaJabHON TOMIMIMHBI Tpoduis

Xe

X, =
c” b

3
OTHOCHTeJIbHAsA abcHucca mMecTa MaKCHMaJbHOMH BOrHYTOCTH

.’sz

an\é:

=2
P

B cnyyae ecan npoduib o6pasyeTcst COmpsiKeHHeM YT OKPYKHOCTH E
NpSAMBIY JIHHHH, TO €T0 OYePTAaHHS MOTYT 3aAaBaThbCsl KOOPAHHATAMH LEHT-
POB OKPYXHOCTEH, UX paiuycaMH W KOOPIHHATAMH TOUEK CONpPSXKEHMS.
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Puc. 2. 6. FeoMeTpuueckue mapaMeTpbl pabouell pelIeTKH:

a—Typ6uHHas; 6 —KOMIpeccOpHAs

[lpo¢uns B pabodeil peilerke (puc. 2.6) xapakTepH3yeTca CJAeAYIOLIH-

MU YIiaMH:
Y1 M 2 — yIVibl M3rH6Ga BXOJAHOH M BBIXOAHOH KPOMOK npodussa, obpa-

3yeMmble HampaBbJieHHeM XOPIbl M COOTBETCTBYWOIIMMH Kaca-
TeTbHBIMHU K cpeAHeH JHHUH IpOPHIs;

© — yroa Bmigoca (yros yCTaHOBKH npoduis), o6pasyeMbili Ha-
npaBJeHHEM XOPAB U GPOHTOM PelIeTKH,

f1 — yroJ noToKa Ha BXOJe B PElIeTKY;
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B2 — yroJ noTtoka Ha BHIXOJe U3 PEUICTKH;
B M P, — BXOMHOH M BBIXOZHOH yrabl mpotuis, obpasyeMble COOTBET-

CTBYIOLIHMH KAaCaTeJbHBIMH K CpelHeill JIHHHH Npoduis n
dpouTOM pemmerkry *J;

§ — yroxa KPUBHSHbI, mm yroa wn3ruba, npoduas; 8 =y;+x2, a
Takke § =P, —p; Anst xommpeccopoB u § =180°—(B; + 8 )
aas TypOuH,;

i—yroa atakd; i=f, —Pu;
8 — yroa orcTaBaHHA NOTOKa Ha BBIXOJE M3 PEINETKH; §=Pa—P,.

Mcxonsi us ofmero ypaBHeHHAa mapalboJsel, mo KOTOpO#l usru6Gaercs
CpPelHss JHHHS NPO(HJs, MOXKHO YCTAHOBHTH CJEAVIOUIYKO CBS3b MEXKAY
YIJIaMH 9 U %2 U OTHOIIeHHeM a/b:

3etg y1 4+ ctg 1o
dctg 1+ ctg 2

e _
b

OI‘paHH'-II/IBaHCb MepBbIMH YJE€HAMH PAa3JIOKEHHA KOTAHT€HCAa B PHAA H yuU-
TbIB&S, 4YTO X2=ﬂ -—%1, IOJIYUHM C TOYHOCTBIO JO NoJIrpagyca:

_[1+2(1_2_‘;_)]; Xz:%[l——Z(l—Q—g—)].

Z—=o,45, 11==0,60 u y,=0,486.

[lpu

Yrie oTcTaBaHHMA 6 NOTOKA HAa BbiXOJe ONpPeACHsAIOTCA IJs KOMIPeccOopHbIX
1 TypOMHHBIX PeIIeTOK [0 3MIHPHUECKHM 3aBHCHMOCTAM, KOTOpble MpHBe-
JleHbl B L. DU 7.

Jas npodune#l M pelleTKH HENMOABHKHOTO amnapaTa yrisl MOTOKa H
npoduas oboszHauapTcs OYKBAMH @ ¢ COOTBETCTBYIOLIMMHM HHIeKcamu. Ha-
npuMep, AJs pelleTKH CIPSMJSIOIIEr0 anmapaTta OCeBOro KOMIpeccopa
NpHHSATE 0003HAUYEHUS:

Oz M @3~ YIJIbl MIOTOKa HA BXOJe M HA BEHIXOAE COOTBETCTBEHHO,
0y U 0y — BXOJHOH ¥ BEIXOLHON YIMIB NPOQHJSA COOTBETCTBEHHO.

a5t pemieTK: HampaBJSIOUIEro H COMJIOBOrO aNNapaToB NMPUHATHL 0003-
HaueHHs:

Op M )~ yIJbl NOTOKa Ha BXOJe H Ha BBHIXOJe COOTBETCTBEHHO;

0y ¥ a; — BXOJHO! M BBIXOAHOH yIJIBl NPOGUIsT COOTBETCTBEHHO.

B MHOroctyneH4aToM KOMIIpECCOpe TOJBKO MepBast CTyNeHb HMeeT Ca-
MOCTOSATEJIbHbIA HANpaBJAAIIHHE annapaT. B ocTaabHBIX CTYNEHSX pOJIk
HamnpaBJAIOLIETO annapaTa wurpaeT CcHpPAMJSAOLIMI anmapar NpeXblayuiel
CTyIIEHH.

Pemerka xapakrepusyercs cAeAyOIHMU NIapaMeTpaMH:

§ — HIMPHHA PeLIeTKH;
{-— mar pemeTKH, PaBHbLIH PaCCTOAHHMIO MeXJy ABYMA OJHOHMEHHBI-
MH TOUKaMH COCeIHHX npoduiei;

b
~~ ——TYCTOTa pelleTKH (oOpaTHas BeJHYMHA HA3bIBaeTCsl OTHOCHUTENb-

HBIM IHATOM);

AP — yros OTK/JOHEHHs MHOTOKa B pabodefi pemieTrke, 06pa3QBaHHBIH
BEKTOpPaMH CKOPOCTell @ H Wg;

Aq -— yros OTKJOHEHHSI NOTOKa, 0O6pa3oBaHHBIN BEKTOPAaMH CKOpOCTel
C; W C3 B CUPAMJAINEM anmnapare KOMIpeccopa HIH Co H C; B
CONJIOBOM amnmnapaTte TypOHHEL

*) B naapuefimieM u3 coofpaxkeHH#i ynoGCTBa Yrabl J0iaTOK OyAyT WHOrAa o6o3Ha-
-44ThCS HHJEKCOM IS,
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Kak suano u3 puc. 2.6,6, Ap=p0,—p; u Aaa pemerku pabouero KoJeca
Typ6HHE (puc. 2,6,a)

AB=180°—(B1+ B2).

¥Yrapl OTK/IOHEHHS NOTOKa B TypOMHHOL pelleTKe, KaK HPaBHJIO, CYLIeCT-
BEHHO 6oJbllle, YeM B pellleTKe KOMIpeccopHOiH. Tak, HampuMmep, B TypOuH-
HOM pemeTke B cpeiHeM APp=50°--80°, a B komnpeccopHoi — A= 15"=-25°

TypOunHble pewerky DeaKTUBHOTO THHA HMEIOT HENPEPBIBHO CYyXKaio-
HIHeCA KaHaJlbl, a aKTHBHOTO THIIa COCTaBJeHbl U3 Gojee U3OTHYTHIX M YTOJ-
H{eHHBIX I[poQu/Iel, 00pasyoIiHX KaHaJbl ¢ OPUOMH3UTENBHO MOCTOSHHBIM
MPOXOAHbIM ceueHHeM. KoMmpeccopHble pelIeTKH B OTJIHYHE OT TYPOHHHBIX
HMeIOT PpaclIHpSAIOLIHeCs] MEXKJONATOYHble KaHagdbl, MeHee H3OrHYTHle, H
fosee TOHKHe NPoQHIAM, HAIOMHUHAOWHe npo@HaK Xpblia camonera. B typ-
OMHHBIX peuieTKax MMeT MecTO KOH(Y30pHBIE MpPOLECcCH B OTJIHYME OT
BHQOY30pPHBIX HPOLECCOB B pelleTKax KOMIPecCOpoB. JTHM H OGBACHAET-
csi BO3MOXKHOCTb MpPHMeHEHHsi GOJBIUHX YIJIOB NOBOPOTAa NOTOKa B TYpOHH-
HBEIX pemerkax. Pemerka, siBafsfche HaubOosaee oOuiuM OOBEKTOM THAPOAH-
HAMHYECKOTO HCCJeLOBAHHMA, MEePeXOANT B OXMHOUHBIH mpoduap HJAH KaHag
COOTBETCTBEHHO NpH f{—o0 (mpu b=const) u npu b—oo (npu t=const).
JlpyruM BaiKHBIM [peJeNbHBIM CJAyYaeM sIBJAeTCs OeCKOHeYHO CycTasl pe-
meTka, KOTopoil coorsercTByer {—0 mpu b=const u c/t=const.

HauGoJee nccienoBaH yCTaHOBHBUIMICA HOTOK uepe3 IJIOCKHE pelleT-
KH B CJIO€ IIOCTOSTHHOH TOJILIMHBI, Ha3bIBAEMBId NMPOCTO NJAOCKHM YCTAHOBUB-
WHMCA MOTOKOM. B GOJblINHCTBE TeOpeTHUYECKHX HCCAeAOBaHHi TakKorc
MOTOKAa Yepe3 peHIeTKy Ipeanonaraercsi, 4o HOTOK Ge3BHXPeBOi (MOTeHIH-
aJIbHBIH) ¥ XKHIKOCTb HECXKHMaeMas.

TeueHHe BsI3KOH KMJKOCTH M3y4aeTcsl npU Goabmux ducaax PefHONbI-
ca, Korja BJHSHHe BA3KOCTH CBOJUTCH K o0pasoBaHHi0 Ha npoduaAfax mno-
TPaHUMYHOTO CJO0S1 U TYPOYJEHTHBHIX CJEN0OB 32 pelleTKOH.

Hapsay c TeopeTHYeCKHMH HCCAELOBAHHAMH pelleTOK GOJblIoe BHHU-
MaHHe yJensieTCs 3JKCIepUMEHTaM, KOTOpble HaHOoJee TIONHO MO3BOJSIOT
M3YUHTh BJIMAHHME pas3jHuYHBIX (AKTOPOB W B TOM uHCJe BJIHSHHe BS3KOCTH
U CKMMaeMOCTH. BcaedcTBHe 3TOTO 3KCIEepHMEHTasbHElEe JaHHBE LIHPOKO
UCNONB3YIOTCSA B MHIXKeHePHbIX pacuerax. [IpuMeHsieMble METOJBI MOCTPOEHHA
pellleTOK B TypOHHAX W KOMIIpeccOopax MPpaKTHYECKH HECKOJIbKO pa3JIMyuHbL.

2.3, YPABHEHHMSI MOMEHTA, MOLIHOCTH
M YIEJbHOH PABOTHI

2.3.1. YPABHEHHE MOMEHTA
AJ4 PEIHETKH PABOYEIO KOJIECA

Mowmnocte ¥ yAeapHylo paboTy, moayiaeMble ¢ KoJjeca HJAH 3aTpayd:
BaeMble Ha ero BpallleHHe, cJelyeT ONpeaefsATb, HCHOAb3Ys] B KAauecTBE HC-
XOJHOH BeJHMUHMHB MOMEHT Koseca. [lociaensuii yno6HO HaXOAHTh ¢ MO-
MOIIbIO TEOPEMBl 0 MOMEHTe KOJIHYecTBa ABHKeHHs. [IJasi atoro TpebyloTcs
TOJIBKO JIaHHble O COCTOSIHMM NIOTOK4 Ha TPaHMYHBIX MOBEPXHOCTAX paccMar-
puBaeMoil 06J1acTH, HO He BHYTPM OOJaCTH. DTO 3HAUHTEJHHO yIpoLiaeT
3ajauy, TaKk KaK IO3BOJSCT He PAacCMaTPUBATh CJIOXKHLIE THIPOAHHAMHUec-
KHe sBJeHusi B Kojece. CoIvIacHO TeopeMe O MOMeHTe KOJHUeCTBa JABHKeE-
HHS ero NPOHM3BOAH&ST MO BPeMEHU OTHOCHUTENBHO KAaKOH-JTHGO TOUKH (HJIH
OCH) paBHa IJIABHOMY MOMEHTY OTHOCHUTENBHO TOH Xe TOUKH (WJIH OCH)
BCeX BHEIIHMX CWJ, NPHJOXKEHHBIX K Macce. BripekeM cHauaJsia pelIeTKY
H3 KoJieca, NOKa3aHHOrO Ha pHc. 2.1, n1ByMsa BecbMa OJH3KMMH KOHHYECKH-
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MM NOBEPXHOCTAMM, NpeJNo/iarasi, Yro OHH COBNALAIT ¢ I[IOBEPXHOCTAME
TOKa, ¥ pa3BepHeM ee Ha IJIockocTH (puc. 2. 7).

[Tpumenenne TeopeMbl O MOMEHTe KOJNMYECTBA JBHXKeHHs K TaKoil pe-
leTKe NpolLe, YeM AJI BCEro KoJjleca, TakK KakK U3-3a MaJOCTH BHICOTHI peuier-
KH MOXHO CYUHTAaThb CKOPOCTH NOCTOSHHBIMH 1O BhicoTe. Kpome Toro, pac-
cMaTpHBasg MOTOK Ha HEKOTOPOM pACCTOSIHMH OT pelleTKH, MOXKHO TaKKe
CYHTATb paclpeleleHHe CKOPOCTeH# BIOJL Hee PABHOMEPHBIM, UTO cJeAyeT
H3 YCJIOBHSl OCECHMMETPHYHOCTH.

Onpejenenne MOMEHTOB HEOOGXOAHWMO NPOHM3BOAMTL AJsi abGCOMIOTHOTO
ABHXKeHHA. [leACTBHTENbHO, KaK BHAHO U3 AaJbHEHLIEro, MOMEHT 3aBHCHT
OT NPOH3BEJEHHs] PAa3HOCTH OKPYXKHBIX COCTABJSIILUX aGCOMIOTHBIX CKO-

Puc. 2.7. Pewierka ¢ KOHTPOJBHBIMH [OBEPXHOCTAMHU

pocTel Ha BXOjle B pelleTKy M Ha BbIXOJe M3 Hee Ha COOTBETCTBYIOIUHI pa-
auyc, uian oT juddepeHurana NpousBefeHus c,r. Tak Kak OKpyXKHasg coc
TaBJAKLIAsA B OTHOCHTEJIbHOM [BHXKEHHH OTJIHUYAeTCsi OT aHAaJOTHYHOH CKO-
pocTH B a0COMIIOTHOM ABHXKEHHH Ha BEeJHYMHY OKPYIKHOH CKOPOCTH [CM.
ypaBHenue (2.4)], To TONIbKO NpPH IOCTOSHCTBE OKPYXKHOH CKOPOCTH AJA
BCEX TOYEK peIleTKH MOMEHTHl B abGCOJIOTHOM M OTHOCHTEJbHOM ABHKCHHSAX
OyAyT OJHMHAKOBLL. B 4acTHOCTH, 3TO AOJIKHO HMETb MeCTO B IJOCKOH mps-
MOH pellleTKe, pacCMOTPeHHO# Ha puc. 2.4, IJs KOTOPOH NPedIoaarasoch,
4TO OHA JBHIKETCA C IOCTOSAHHOI CKOPOCTBIO 4, OAHHAKOBOH [Jid BCeX TOYEK.
[ns npuMmeHeHHA TeopeMbl O MOMEHTe KOJAMUECTBA [BUXKEHHS B pe-
uIeTKe, NOKa3aHHOH Ha pHC. 2.7, BbIAGIUM AJsI ONPeAeJeHHOro MTHOBEHHS
OKOJIO OJHOH JIOaTKH KOHTPOJIbHOe MHPOCTPAHCTBO, OrpaHHYeHHOe [AByMS
TIOBEPXHOCTAMH a—a’ U b—>b’, oTCTOSMUMH IPYr OT ApYyra Ha AJHHY OJHO-
ra wara {=2 mrf/z W COBNAAAIOLINMH C OTHOCHTEJbHBIMH JHHHAMH TOKa, H
UHIUHADHYECKUMH TNoBepxHOCTAMH /—] u 2—2. Kpome TOro, moBepXHOCTH
npoduaAs JOHATKH TaKxXe SBJASIOTCS TIPAaHHIAMH KOHTPOJBHOrO IIPOCT-
pancrBa. HakoHel, B KayecTBe TpaHHU cjAelyeT pacCMaTPHBATb ABe IIO-
BEPXHOCTH, JexallHe B ILJIOCKOCTH YepTeXka U OTPAHHUMBAIOUIME BBICOTY
pemeTkd. a5 Kaxkao#l yacTHUB XKUAKOCTH C MaccOH Am, Haxogsulefica B
‘3TOM TIPOCTPAHCTBE, Ha OCHOBAHHMH TeOPeMbl O MOMEHTe KOJIHYeCTBa [ABH
2KEHAS OTHOCHTENBHO OCH KoJeca MoxKeT ObITb HAalHCaHO ypaBHeHHe

am X . 2.9

drt
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CyMMHpyd 3TH Bbipa)KeHHsd [/ BCeX HAXOJALIMXCA B MPOCTPAHCTBe 4Yac-
THI, NoAyYaeM

3 am &;:Q:Z AM, (2. 10)

rie AM — MOMEHT BHEIIHHX CHJ OTHOCHTEJNbHO OCH.

B nmpaBoii uwactu ypaBHenHs (2.10) cokpallaloTcsi MOMEHTBI BCeX CHJI,
ReACTBYIOLIMX MeXJy 4acTHLUAaMH, BKJAIOUAs CHJBl TPeHHS, TAaK KaK BCe 3TH
CHJIEl AIBJSIOTCS BHYTPEHHHMH, U OCTAIOTCS TOJBKO MOMEHTHI CHJ Ha rpa-
HHILAX U MOMEHTHl CHJIbl TsxkKecTH yacTull. [TocneiHre OGBIYHO He YUYHTHIBA-
10TCSt BCJIEACTBHE HX HE3HAYHTENBHOCTH.

Ha nosepxHoctsax I—I u 2—2 nosABJAIOTCS MOMEHTH OT CHJl TpPEHHS,
KacaTeJbHBIX K 2JeMeHTaM IOBEPXHOCTH M NEepIeHAHKYJISPHBIX K pajguycy.
BcrnenctBue Manof BSI3KOCTH TPeHHe MEXKJy YAaCTHLAMH HEBEJHKO H B HaJb-
HefinleM He [IPHHHUMaeTcs B pacyeT. [laBieH¥e rasa Ha 5TH IOBEPXHOCTH Ha-
NpaBJeHO MO HOPMAaJH K HHM H, CJAeJOBAaTeNbHO, He CO3J3aeT MOMEHTA.

[aBnenue rasa Ha rpasuilax noBepxHoOcTe#l a—a’ U b—b’ maer MOMeH-
Thl OTHOCHMTEJLHO OCH, HO TaK KaK IIoJie TeYeHHsl U IMOoJie AABJeHHs HMeHHU
TeM H XapaKTepU3YIOTCsd, YTO Ha PaCCTOSHHM 1Iara ! MOMeHTH Ha NOBepX-
HOCTH a—a’ TOBTOPSIIOTCS Ha MOBEPXHOCTH b—b’, T0 KaKIOMYy 3JeMeHTY
Ha a—a’ ¢ MmoMeHTOM +AM cooTBercTByeT Ha b—0’' IPOTHBONONOXKHBIHA
MoMeHT —AM, Tak uro 00e 3TH NMOBEPXHOCTH He JAIOT HUKAKOrO JOMOJHE-
HHUA K CYMM€ MOMEHTOB.

Ha noBepXHOCTSIX, OrpaHHYHBAIONIUX BHICOTY pPELIETKH H II0 KOTOPHIM
Bblpe3aHa pellleTKa M3 KoJeca, B IPHHIHNE CYL[ECTBYIOT MOMEHTH OT TaH-
FeHIHANbHBIX CHJI HA TOPLAX JIOMATOK M OT TaHreHUHAJbHBIX COCTABJSAI0-
[UX CHJl TPEHHUS B NOTOKe. Pa3HOCTb MOMEHTOB OT TaHTeHIHAJNbHBIX CHJ Ha
TOpLAX JONATKH N0 YCJOBUSM paBHOBECHS, OYeBHJIHO, OyIeT B TOYHOCTH pas-
Ha MOMEHTY CHJI JaBJIEHHS] H TPEHHS, JeficTBYIOLIHX Ha IIOBEPXHOCTH mepa Jo-
MATKH MEXJY TJIOCKOCTSIMH, OTPAHHUYHBAIOLUMH €€ BBLICOTY, H IOTOMY HHYEro
K CyMMe MOMeHTOB He no6apaser. Uro xacaeTcsi MOMEHTOB OT TAHTeHIH-
aJbHBIX CHJ TPEHHs] B NMOTOKAX HAa OTPaHHYUBAIOIUX MJIOCKOCTAX, TO OHH,
BooOlie roBops, OYAYT OKa3blBaTh HEKOTODOE BJHSIHHE HA Cy U Cur. OfHAKO
BCJIACTBHE MaJOd BSI3KOCTH BJIMSIHHE 3TO HEBEJHKO H ero MOXKHO He Y4YH-
THIBaTb, KaK 3TO [AeJaJoCh BBIIEe AJs NOBepxHocred /—I1 u 2—2.

B pesyabTare OCTAIOTCS TOJABKO MOMEHTHI CHJ IABJCHHI W CHJI TPEHHA
Ha NOBEPXHOCTH Ilepa JONATKH, CYMMHDYSl KOTOphle, MBI [IOJIy4aeM paBHOHAeH-
CTBYIOLIHY MOMEHT.

Hnasi toro uToObl ONpeleNHTh YHCIEHHOe 3HAUYEHHE JIEBOJ UacTH ypas-
Henus (2.10), paccMOTpUM 3JeMeHTapHYI CTPYHKY B OTHOCHTEJbLHOM MIBH-
HKEHUH.

TlpuHumas, YTO BpalleHHe KoJeca PaBHOMEPHOe U PacXOA Tasa HMeeT
ofpelefieHHOe 3HAUEeHHe, MOJYYHM, UTO OTHOCHTeJbHOEe [BHKeHHe OyIert
YCTaHOBHBIUHMCS.

TToCKOJIBKY MEpPHAHOHAJNbHBlE CKOPOCTH W IIOTHOCTH B OTHOCHTEJNBHOM
u aGCOMIIOTHOM [BMXKEHHH paBHBIL, TO M pacxoj] rasa B CTpyHKe B OTHOCH-
TeJIbHOM H aGCOJMIOTHOM [BHXEHHH depe3 eJHHHLY IVIOMaAu Gyaer OZHHA-
KOBbIM.

Ilna snemenrapHof crpyiikd ypaBHeHue (2. 10) sanuimeM B BHIE

d )
272 Am (c,r)=dM, (2.1

rae dM — MOMeHT BHEWIHHX CHJ, AeHCTBYIOIIMX Ha CTPYHKY.

JleBas yacth ypaBHeHMs (2.11) npencrapasier co6oli H3MeHEHHe B
e[MHHLlY BpEMEeHH MOMEHTa KOJHYeCTBa [ABHIKeHHS Maccel XAm, Haxods-
meHca B 3JeMeHTapHOH cTpyHKe. 3a BpeMs dT pacCMOTPEHHas Macca Iepe-
MecTHTCA u3 nosnoxenus ABCD B moaoxeHue A’B’C’D’. VismeHeHHe MO-
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MEHTA KOJWUYeCTBAa ABHMKEHHS 3TOH MacChl pPaBHO Pa3HOCTH MOMEHTOB KO-
JHUYecTBa JBHKeHHs macc B obbemax ABCD u A’B’C’D’. Tak Kak aBuxke-
HHe YCTaHOBHBIIeecs, TO 3Ta Pa3HOCTh paBHA MOMEHTY KOJHYECTBA [ABHXKe-
HUs Maccsl B o6beme CDC’D’ MHHYC MOMEHT KOJMHUECTBA [ABHMKEHHH Mac-
cel B 06beme ABA’B’. O603HAUMM MacChl ¥ MOMEHTHl KOJHUECTBA JBHiKE-
HHS 3JeMeHTapHblX 00BbeMOoB CDC’'D’ u ABA’B’ uepes Ams, Amy, coyry ¥
Ciuri. Torna BMecTo ypaBHeHHs (2.11) mMoxeM HamucaTh

d
oy (AmgCoyro—Amycyyry)=d M.

Ho Tak kak maccn o6bemoB CDC'D'=Amy u ABA’B’=Am, npeicrasis-
IOT COOTBETCTBEHHO MaccChl rasa, BLILIEJAIIEro U3 KOHLEBOT'O CeueHHs cTpyil-
KH H BOINeJlIero B HAYaJbHOe CeyeHHe CTPYUKH 3a NPOMEXKYTOK BpeMeHH
dv, To ciaegoBaTenbHo, Amy=dFsyeCmedt; Amy=dFyicmdr, rtne dF,, dF,
Y2» Y1, Cmg U Cmi— IVIOMIAAM CEUCHHS, IVIOTHOCTH W MEPUAMOHAJbHBIE CKO-
POCTH CTPYHKH Ha BBIXOZe U Ha BXOZe cOOTBeTCTBEHHO. Ho dFoyeCma=dGo;
dF \y\¢mi=dGy, toe dG, u dGy—MaccoBblil CEKYHAHBIH pacxojy rasa. [nos-
TOMY Amy=dGydt; Am,=d G dx.
Tax xak ABHKEHHe YCTAHOBHBLIEECH, TO

Amy=Amy=Am; dGi=dGy=dG n Am=dG: Ar.

B pesyabrate nns Bcell CTPyHKM BMeCTO ypaBHeHHs (2.11) Oyzem

UMETb
dG(Czufg——Clufl) =dM. (2 12)

PacnpocTpasfis Ha Bce KOHTPOJIBHOE TIPOCTPAHCTBO OKOJIO JIOMATKH,
nonydaeM
=20

z

M,= j dG (Coyls— C1gT). (2.13)

0
[Ipy uHTerpHpoBaHuM paccMaTpHBaercsi ceyeHHe BXOJa U IpeinoJaraercs,
4TO BHICOTA PelleTKH paBHa eJUHHLE.

Tax kak Ha mnoBepxHOCTAX /—I u 2—2 CKOpPOCTH pachpejeseHsl paB-
HOMEpHO, TO

‘/MII=GJI (cﬂur2—“clur1):Gn:le (Cur), (2 14)

rie Gy U My COOTBETCTBEHHO pPacXOi M MOMEHT IJs OAHON JIONAaTKH.

Ecan ypaBrenne (2.12) pacnpocTpaHHTb Ha BCIO peLIETKY, TO MOJY-
UuM

o2mry
M=\ dGia(e,r),
d
HAU
My=Giia (cur), (2.15)
rie M; 1 G; — MOMEHT H pPacXOX AJs Bcel pelleTKH.

[TosyueHHBle ypaBHEHHs MOXKHO TPEACTABHTb ellle B APYroM BHIE.
Il KOHTypa, OXBaTbIBAIOIIETO KOHTPOJbHOE IIPOCTPAHCTBO BOKPYr JO-

[IaTKH, COCTaBHM HHTErpaJ ASICCOS ads, rjie ¢ — CKOpOCTb B TOYKAX KOHTY-

pa, ds — sJleMeHT KpHBO# B @ — YToJ MeXJ1y HHMH. Benuunny Sc cos ads anqa

3aMKHYTOH KPHMBO! Ha3bIBAIOT UHPKYJAALHEeN NO 3aMKHYTOMY KOH-
Typy I's. Ecin 0603HaYHTb COCTABJAIOUIYI0 CKODOCTH B HaNpaBJEHHH § de-

pe3 ¢(s), uHTerpan BHOJb 3aMKHYTOro KoHTypa uepe3 §, To
I'y= é c(s)ds.
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PaccmanuBas{ OTJ&JIbHbIe YYAaCTKH BCero KOHTypa, MOXeM HAaImHCaTb

a

Iy= —fc (s) ds-|—13: ¢(s) ds—i-?c (s) ds— Sc(s) ds.

OueBKAHO, YTO Ha TpaHHLAX NOBepxHOCcTed a—a’ ¥ b—b’ BeAHUYHHBI HHTEr-
pasioB GYAYT paBHBI [0 aOCOJIOTHOH BeJdHYHHE U IPOTHBONOJNOXKHE! N0 3HA-
Ky. Ha yuactke a—b BeJnmuMHa HHTerpajia 3amHIUeTCSi B BHAe

2nriciy
r]n:~ ;
Z
Ha yuactke a’'— b’
21‘[7‘202“
r?n: s
<
OoTKyna
T1a2 Iyaz
Crghy= — i Coulg== .
el o w2 o

CJ'IellOBaTeJIbHO, AJIs JIOIIATKH INOJIYYHM

— Ty, r ]

M, =G, ——n—lz G,,Qs z. _ (2.16)
[Oas pewetrku umeer M;=M,z2; G;=Gu2; I';=[zz. Toraa ypaBHEHHIO
(2. 16) MOXKHO pUAATb BHA

Fj— 1T r

M=Gle=ln_gls (2.17)
2m 2

B nanHOM cayuae NHPKYJASLUS BBIUHCIEHA HCXONS H3 aGCOJIOTHOH KapTu-

Hbl TeYeHHU. OHa MOXeT OBbITh BLIYHUCJEHA TaKXKe U HJIA OTHOCHTeJIbHOfI

KapTHHH Teuenus. B ofuieM ciaydae mJs paCCMOTpeHHOI‘O 3aMKHYTOrO KOH-

Typa MOXHO HAMUCATh

I, _ﬁ ds_gﬁu(s ds—l-@'w(s)ds
B cayuae, KOTla OKpPYXKHasi CKOPOCTb SIBJIAETCS MOCTOSIHHOM 110 BeJHYHHE W

HalpaBJeHuo [IJs1 BCeX TOYEK KOHTYpa, HMHTEerpal @ s)ds=0 wu, caeno-
BaTeJbHO,

éc (s) ds:gﬁ w (8) ds.
YuureiBasg 3TO, MOXKeM AJfl IVIOCKOH NpPSIMOH peHleTKH HAMHCATh
rs =t (C2u - Cla): 14 (wlu - w?u)9

rge ¢ — mar pemerkH.

TlomyuenHble ypaBHeHHs OYAYT cHpaBelJHBBIMH M AJs1 PelIeTOK HeNoA-
BHXKHLIX aNapaToB (HANpaBJAIOIIEr0 W CIOPSAMISIONIEro). B 3THX caydasax
KOHTPOJIbHbIe NMPOCTPAHCTBA OKOJO JIONaTKH Ha WIHpMHe Imara OynyTt orpa-
HUYHMBATHCA JIHHHAMH TOKa B aGCOJNIOTHOM [BHIKEHHH U TAKHM XK€ JIHHHSM
6YAyT COOTBETCTBOBATDL 3jeMeHTapHBle CTPYHKH. FI3/moKeHHbie BHIBOBL TAKIKe
NOKa3blBAIOT, 4YTO 324 MOMEHTHI C1yufy H C2ufe NPHHHMAIOTCA T, KOTOpHIE
AMeeT NOTOK Iepel KOJecoM H IOcCJe KoJjieca B 06JacTH, rhe HoJjie CKOpocC-
Tell paBHOMePHO. B CBA3M ¢ 3TUM BO3HHKaeT BONPOC, GYAYT JIH ClpaBenJu-
Bbl 3TH ypaBHEHHSs], €CJIH PAaCCMaTPHUBAThL CeUeHUs B HEIOCPeACTBEHHOH OJu-
30CTH K KoJecy, rle, Kak ywxKe oTMedajoch, Habuaiogaercs HepaBHOMepHoOe
noJe CKOpoCTeH.

Cheayer OTMETHTb, YTO Ha y4acTKax Mepexoia OT paBHOMEPHOro IIOTO-
Ka K HepaBHOMEPHOMY HJH Hao60pOT HeNOCpeACTBeHHOe BO3AeHCTBHE KO-
Jeca Ha INOTOK elle OTCYTCTByeT. [loaTroMy BHipaBHHBAHHe NIOTOKA (3a KO-
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NecoM) HJIH JedopMalys NOJs CKOPOCTell (mepel KOJNECOM) IPOMCXOIAT
3a CuUeT HEPrHH caMoro nortoka. [103ToMy ec/y, HaNpUMep, B KOHTPOJBHOM
mpoctpaHcTBe (cM. puc. 2.7) BHIeauTb yuyacrox /—I u I’—I’, pacnoJo-
KeHHBIH 110 KoJeca, TO AJsl 9TOTO ydyacTKa MOMEHT BHELIHHX cuJ Oyler pa-
BeH HY/I0O M MOMEHT KOJHUYECTBA ABUIKEHHS CJAEAyeT 3allMcaTh B BHIE

2nr,

y dag (c;ar; — cwrl) =0.
§

[IpuEnMas Bo BHMMAHHWE, UTO HA NOBEPXHOCTH /—] mOJe CKOpOCTEl PaBHO-
MepHOe, MOXKeM HalucaThb

2nr

1
2
Guowri= | daei,r,

o' 17
0

Ecau na nosepxHocru I’—I1’ npuHATb CpeflHee 3HAUEHHE OKPYKHOU COCTAaB-
AsoUle CKOPOCTH, TO HOJYIHM

'

r

Cipl1= c]ucp 1.

C.HeIIOBaTeJIbHO, H3J02KEeHHbIE BLILIE€ BLIBOILI 6leY’I' ClIpaBe/l/INBbI, eCJqU Ha
[IOBEPXHOCTAX, rAe noJe CKOpOCTeI:l HepaBHOMEpPHOE, pacCMaTpHUBATH cpel-
HHE CKOPOCTH.

RN

Crunk@  —~e—— " ——s Kopsitrio
. ] -

A

B I I L 1 - L | IR 1
L M iz g 23 43 674
* Homepa 1m1o4ex

Puc. 2.8. Pacnpenenerne napjeduit no npodHI KOH(Y3OPHOH
pelleTKH

MoMeHT Ha OTHeNbHON JIONACTH PEUIeTKH M Ha Bcell pellieTKe, Bbipesal-
HOWl H3 KoJeca, MOXKHO TaK:Ke ONpeAeNMTh, 3Has paclpeleseHHe AaBJCHHA
no npodumo. Ilpu stom mop pacnpellefeHHeM LABJEHHS HNOHMMAeTcs 3a-
BHCHMOCTb [aBJIeHHs] p Ha NpodHJae OT JJIUHBEL ero nyrd S. KOHKPETHbIH BHUI
3Toll YHKIHM omnpejgensieTcd dopMoi npodu/s, yrjaMe ero yCTAHOBKH M
[IATOM DeleTKH, a TaKxkKe YCIAOBHAME OOTeKaHHUs NaHHOH pelleTKH, Xapak-
TepH3yeMbIMH uallle BCErO BeJIMUMHAMHM YrJa aTaKH M CKOPOCTH Ha BXOJe.
C pacnpepenenueM naBJeHHs OZHO3HAYHO CBSI3AHO H paclpejefieHHe CKO-
poctu Ha npoduiae. Ha puc. 2.8 mokasano pJjs mpuMepa paclpefeseHHe
AaBJeHHA Ha npodujge JONATKH OCeBOH TypOHHBI, NMOCTPOEHHOEe AJAA pas-
JHYHBIX TOUEK Ha BBINYKJOH M BOTHYTOH mNOBepxHOCcTAx mnpoduasa. Ecan
0603HauNTh IJAMHY KOHTypa NpoduIs uepe3d L, TO pe3yJbTHPYIOULYIO CHIY
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JaBJeHHs rasa, NPHXOAALLYIOCS HAa eIHHHLY BBICOTHI JIOMATKH, MOXKHO BBI-
PasHTb B BHIE

R= gﬁL p(8)ds.

TIpockins Pe3yAbTHPYIOMIeH CHAB HA MJIOCKOCTD, MePIEeHAHKYIISPHYIO ocH
Kojeca, OymeT SBJIATBCA ee TaHreHIHAIbHOK cocraBasiomed, Koropas
s Bpanlaiolleficss pemeTkn GyAeT COBNAjfaTh C HanpaBJieHHeM OKpY2KHOH
CKOPOCTH.
7 a W P 6 /
7

/|9

iy

47

Puc. 2.9. Cxema cus, DeACTBYOINMX Ha Opodu/Ib B pelIeTKe

O603Hauas MPOEKIUMIO AYTH § HAa YKa3aHHYIO MJOCKOCTb Yepes3 Sy, MO-
JKeM TIPOEKUUIO Pe3yJAbTHPYIOUiel CHALI 3amucaTh B BUAE

Ru:‘_‘@LP(S) ds,. -
Torga MOMEHT JIONAcTH 6yIeT paBeH
M, = SﬁL p(s) rds,.
MoMeHT pelieTKH, cocTosililell U3 2 mpogu/ei, O4eBHIHO, BHIPAZHTCA TaK:
Mi:MnZ.

Ecan npoduab COOTBETCTBYET TaKOM pemIeTKe oceBol TypOOMaminHb,
B KOTOPOH BCe MOBEPXHOCTH TOKA fBJSIOTCS KOHIEHTPHUHBIMH UHJIHHAPAMH,

TO A/l BCeX 3JeMeHTOB Npo(dHas paguyc r GyAeT OAMHAKOBBIM, H MOMEHT
MOXKHO 3aMHCaTh B BHIE

My=Ryr=r @ Lp(s)dsy.

OueBHIHO, UTO BbIYHC/AEHHE MOMEHTA ¢ MOMOIIbIO Pe3yIbTHPYIOIleH CHILL
LaBAeHHs Ha Npoduib Gyzer NpeicTaBJsATb 3HAYHTEJbHBIE TPYAHOCTH IO
CPaBHEHHIO C MeTOAOM, OCHOBaHHBIM Ha TeopeMe O MOMEHTe KOJIHuecTBa
nBHXKeHus. Pe3yJbTHDPYOLLYI0 CHJY AaBJeHHS Ha NPOQHIb MJIOCKOH MNps-
MOl PEBIeTKH, COOTBETCTBYIOLHA OCEBOH MaIUHHE, MOXHO CBA3aTh ¢ LHPKY-
JslKell BOKPYT MPOodu/s ¢ MOMOIbo TeopeMbl JKyKOBCKOTO.

TpuMeHHM TeopeMy O KOJHMYEeCTBe ABWIKEHHsi K KOHTPOJbHOMY KOHTY-
py a—b—a’—b’, npoBejeHHOMY BOKPYr NPOQH/IS IVIOCKOH NpSIMOH peller-
KH (pHc. 2.9), NpHHUMAs A TPOCTOTH KHAKOCTh HECKHMAEMOH H npeHeo-
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perasi TpeHueM. COrJIacHO 3TOH TeOopeMe H3MeHEHHe KOJUYeCTBA IBHKEeHHS
BO BpPEMeHH, T. €. IPOHM3BOJHAS O BPEeMEHH, paBHa paBHOJelicTByIOLLEll
BCeX BHEUMIHHX CHJ, AeHCTBYIOIUMX Ha BbIAEJNEHHHIN KOHTYpP. B paccmartpm-
BaeMOM CJyyae BHEUIHHMH CHJIaMH GYAYT SBAATBCA CHJABI NaBJIeHHs1 Ha IO-
BepxHOCTAX a—b, a’—b’ u Ha nosepxHocTH npoduas. CuAbl ke AaBAeHHS
Ha TOBEPXHOCTAX @—a u b—b, OyAyYd paBHHIMM M NMPOTHBOIOJOXHO Ha-
npaBieHHBIMY, B3AWMHO COKpamaloTcsl. BrifepeM ocu KOODAMHAT 4 W @ Tak,
UYTO OChb X4 COBHNAJaeT IO HANPABJIEHUIO C OKPYXKHOH CKOPOCTBIO (HJAH C
&hpoHTOM pellleTKH), a2 OCb @ — C HampaBJeHHeM OCeBO#l cKopocTH. Bce pac-
CyXJeHHs, OTHOCAILIMECS K COCTaBJEHHIO ypaBHeHHs (2.14) Ha ocHOBe Te-
OpeMbl O MOMEHTe KOJHYeCTBa JABHXKEHHS, OCTAIOTCS CIPaBelJHUBLIMKH H NpPH
HCIOJNb30BAHMH TEOPEeMB! O KOJHUYECTBE ABMKEeHHA. [T03TOMYy B COOTBETCT-
BHH C 3TOH TeOpeMOil B NMPOEKIHH Ha OCb a MOJYYHM

Gn(w2a_w1a) =t(p2_p1)_Ra, (2 18)
rae

R.,= fﬁp (s)ds..

Takum o6pasoM, R, — Ipoekuust Ha OCeBOe HampaBJeHHe Pe3YJbTUDPYIO-
el CHJIE JaBJeHHs] XKHAKOCTH Ha JIOTATKH, MPUXOAAIIEHCS HAa eIHHHIY €e
BBICOTHL

M3 ypaBHeHHs DaBEHCTBA pacXoja uYepe3 BXOJHBIE H BHIXOAHble ceue-
HHS TOAYYIaeM, 4TO

G =yiW1a=VIWa,
OTKYZa
Wie=W2a=W,.

Bcaenctere aToro ypaBHenusa (2. 18) npumer Bun

Ro=t(pe—p1).
Bripasum JaBjeHHs uepe3 CKOPOCTH, HCNOJAb3ys HHTerpan Bepnyanu, ko-
TODPBIY NMPH OTCYTCTBHH NOTEPb U NPH NOCTOSHCTBE AJS BCeX TOUCK OKPYXK-
HOU cKopocTd OyaeT AJA OTHOCHTENBHOTO JBHMIKCHHUS HMEThb BHJ

w?2

2~ 4 -2 —const.

2 ¥
Torpa monyuaeMm

N LA SIS LR S
Re= e (wy—wi) =~ 5 (@5 — @1,),
RJIH
Wou+ Wig

Ry= — vt (wo, — wy,) 9 .

Hecnoar3ya ypaBHEHHe AJIS1 LUPKYJISHHH BOKPYr NpOGbHIA, TMOJYIHM

Ry= —yI et e, (2.19)

B IIPOEKU UK Ha OCb # IIC TeOpeMe O MOMEHTe KoJuuecTBa ABHXKeHHA [0Jy-
yaeM aHaJorH4yHo!

Gn ('w2u - wlu) = Ru,

rie X
Ru =¢ p (S) das,,
OTKyIa :
Ru: — Yt (W — W1y,) Wy = —-'\stwa. (2. 20)
Otnowenue
Re Ot @u / —w,,
Ry 2
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BoiTekalomee u3 dopmya (2.19) u (2.20), nokaswiBaeT, 4To paBHOAEHCTBY-
ouas cul R, u R, nepneHAUKY/ISPHA K Pe3yJbTHPYIOUEH CKOPOCTH

] 2
TQJmEI/(————m?"_’_QwM ) +w?,

nonyqammeﬁca IIpY reOMETPHUYECKOM CAOXKECHUH cxopom“ey"x

Wou+ Wiy
2
B 3ToM Jerko yGeauThCs, PacCMaTpHBAas COOTBETCTBYIOLIKE NOAOGHDIE

TPeyToJbHUKH Ha PHC. 2.9. BeKTOP CKODOCTH W, HEJHT NONOJaM OTPE3OK,
COeAHHSAIOWINI KOHLLI BEKTOPOB CKOPOCTeH w; H Wy Kaxpas U3 3THX HOJIO-

H w,.

Wiyg— Woy

BHH 4YHCJACHHO paBHa , 4 oA HpﬂMOf{ IJIOCKOH peleTkKH — OAHO-

Cou — Clu
2
CpedHHM apH(PMeTHUCCKHUM BEKTOPOB CKOPOCTEH w; H Wg, T. €.

BpeMeHHO paBHa . HOSTOMy BEKTOD CKOPOCTH W, ABJIACTCSH

— - -

w1 +

W, = 1+ w9
2

VunThiBasi, YTO paBHOZelcTByloWas cui R, ® R, paBma R=V Ry R.,
Mbl BMecTo ypaBHeHu# (2.19) u (2.20) moxxeM HamucaTh OJHO ypaBHeHHe

R=vyl,w,, (2.21)

[TIpu npumenenun ypasHeHuii (2.18)—(2.20) x HemnOABHXKHOH peleTKe
OTHOCHTEJIbHBlE CKOPDOCTH M HX NPOEKIHH 3aMeHAIOTCH aGCOJIOTHHIMH CKO-
POCTSIMH H HX IIPOCKLHAMH.

YpaBHeHHe (2.21) u yka3aHHe O HampaBJeHHH paBHOAeHCTBYyIoLIeH
CHJIBI, JeHCTBYIOLlell Ha mnpodHib, COCTaBJseT COJepXKaHHE TeopeMbl
H. E. )XykoBckoro, nosyueHHOi HM Kak [Jisi OXHHOYHOTO mnpodunas (Kphi-
Ja), TaKk M Aas peuieTku npoduiei. Eciu yBeJHuHBaTh MIAaT MEXAy ABYMSA
COCEeHUMH NpPOUISMH, COXpPaHAA NpPH 3TOM UHPKYyAANHI0 [ =1vyi(wWey—
—Wiy) NOCTOSAHHON, TO PA3HOCTb CKOPOCTeH Way,—Wi, OGYAET YMEHBHIATHCH,
U B Ipefene JJsi {—oo0, T. e. AJd OJMHOYHOTO NPOPHIA, OHA CTAHOBHTCA
paBHoO# Hymo. C/iefoBaTeJNbHO, HA AOCTATOYHOM PACCTOSHHH Iepe] OXMHOY-
HbBIM OpodHJIeM K HO3aLH HEro CKOPOCTH NOTOKAa GYAYT COBHAAATh H NO3TO-
MY CPeRHIOI0 CKOPOCTb W,, MOXHO NPHUHATL PaBHON CKOPOCTH W, HEBO3MY-
LIeHHOTO NOTOKa B 6€CKOHEUHOCTH.

HOns  n03BYyKOBBIX CKOpOCTell IIPAKTHUECKH HCIOJb3YyeTcs TeopeMa
H. E. JKykoBckoro B ee (OpMyJHPOBKe [Jisg HECXKHMAaeMOH IKHIKOCTH,
npuyeM B KauecTBe IJIOTHOCTH y Oepercs cpeflHAs apudMeTHYeCKas BelH-

1
yuHa y=—(y, 1 YVo) HaH, 60J€e TOUHO, CPeHHss TaPMOHHYECKAas BeJHUHHA
2 1

1 1 1 1 . o o
—= ( — 4 . ) W3 3HaYeHHH IUIOTHOCTH lepe] pellIeTKOH M 3a HeH.
Y < Y1 2
BeK"lrop(lg cpg:meﬁ CKOPOCTH CUMTAeTCs NO-TIpeXHeMYy CpelHHuH Belf'rogwm=

- -
— (@ + W,) IS BpamAIOLeHCs PelieTKH Uil Cn =5 (c14¢9)
Ans HenoxBuKHOH pemeTkyu [42]. [Ipu OTCYTCTBHH MOTEph PaBHOLEHCTBYIO-
mas cuna R gBjsercs oZHOBpPeMeHHO W TIONbeMHOI cuiaoll mpoduas u, cie-
HOBaTeNBHO, MOXKeT OBITh BhIpaKeHa ypaBHeHUeM

2

R=Cyyb 3';1’ : (2.22)

rae b—xopaa nmpoduis;
Cy,—x03¢QuHeHT MO beMHOH CHILL
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C y4eTOM BSISKOCTH IOSIBHTCS1 elle CHJla J060BOTO COIIPOTHUBJICHHUA MPO-
qﬁ)I/IJIH, HanpaBJeHHAs TIPOTHBOIOJNOXKHO CKOPOCTH Wy, U paBHad IIC BEJTHUHHE

“
R,=Cvb DR

rie C,—Ko3(dHIHeHT J0OOBOr0 CONPOTHBJCHHS.

BospmeM [ONONHHMTENbHbIE KOOPAMHATEI X U Y TakK, YTO OCb x Hampas-
JIeHa TI0 CKOPOCTH Wy, @ OCb Y NEPIeHJIMKYJspPHa el H, CJed0BaTesIbHO, CO-
BHajaeT IO HaNpaBJeHHIO C CHIOH R
y © (puc. 2.10). TIpumem, 9TO UPH HAJUUHH
BSI3KOCTH COXPaHSIOTCS  HEH3MEHHBIMH
TPEYTOJIbHUKH CKOpPOCTEH H OKpYKHasl
cocTasiafmmas R, pe3yJbTHpYIOLieH
cunbl faBienus. Torna, HaHOCS CHIY JIO-
60OBOTO COMPOTHBJEHHS, MOAYIHM HOBYIO
NOABEMHYIO CHay R, ¥ paBHOAEHCTBYIO-
mymo culty Rp, a Takxke OCeBYI0 CHJAY
Rop. Bee 3T cusibl MeHbIIE M0 BeJTHUHHE
COOTBETCTBYIOLLIMX CHJ, TOJYuYaBIlHXCH
6e3 yuera BASKOCTH. ‘
Ilogbemuas cuna R, Moxer ObTb
Takxe Bolpaxena ypasHenuem (2.22),Ho
“F : ¢ ApyruM (MEHBIUHM 10 BeJIHYHHE)
KO3(p(PUIHEHTOM NOXBEMHOH CHJIBI:

Puc. 2.10. Cxema cun, peficTByomnx
Ha mpoduaL B pellleTKe, C YYETOM W
noTephb R,=Cypvb -

2

O6q3naunym yepes P yroJ MekAy paBHOAEHCTBYIOLLECH CHIOH Rp U Moxb-
eMHOH cunoii Ry. TorZa HeTpyAHO BUAETDb, UTO

Ry Cy
Tle p—BeJIHUMHA, o6paTHasl KauyeCTBY HNPOQHJIS.

’

2.3.2. YPABHEHHWA MOUIHOCTHU #H YO EJIbHOW PABOTBI
AJid PEMIETKH PABOYETO KOJIECA

Iasi elMHUYHO! CTPYHKH NOJYYHM MOUIHOCTb, €CJIH MOMEHT yMHOXHM
Ha YTJIOBYIO CKOPOCTD:

AN —dMo—=dG (coytts— C1ytt)) = dO1A (c t2).

MouiHocTb, OTHECEHHYIO K PacXoiy, NPHHATO Ha3hBaTbh YAEJbHON paboTol:
JOTIATOUHOH MalnHel. [ 3jleMeHTapHON CTPYHKW nojydaem

H:%:cguz@—cmul =1Ac,u. (2.23)
Has pelieTKH HMeeM

N;= Sde:Gf(Cm“z—i—cmux) (2.24)
H COOTBETCTBEHHO

Hzgii:c?uug——cwul =1Ac,u. (2.25)

Takum o6pasom, yaeabHast paboTa AJjist CTpyHKM M [JA Bcell pelueTKH
OlHHAKOBA.
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Ecau pemerka oceBas, T0 U =u, 4, ClAeAOBATEBHO,
2 o
H=u (¢y, —¢1,)=uinc,. (2. 26)

Ecan c,u npu npoxox/[IeHHH rasa uepe3 peIleTKy yBeJIHUHBAeTcCs, TO H
H Bospacraer (meilicTBHe KOMIIpeccopa, Hacoca); e€cJd OHO yMeHbllaercs,
T0 nafaer u H (nmelictBue TypOHHH).

Taxum oOpasom, npu npHHATOM OGO3HAYEHHMH CKOPOCTEH H pajuyca
Ha BBIXOJE H3 KOJeca H Ha BXOJe B Hero MOIIHOCTb H YAeJdbHasi padora 1%
pelleTKH KOMIpeccopa B COOTBETCTBHH C ypaBHeHusamH (2.24) u (2.25)
OyayT HMeTb IOJOXHTEJNbHOe 3HAYeHHe, a IJis TypOHHbl—OTpHIATeJbHOE.

[ns monyueHusi B TypOHHe IOJIOXKHTENbHbIX 3HaueHH#d N u H MeHAT
MecTaMH WieHbl B ckoOkax. B panbHeilliem ygenbHasi pafoTa mo ypaBHEHHIO
(2.25) HasplBaeTcss TEOPETHUECKWUM HANOPOM pelleTKH AJAS KOM-
npeccopa H;, H TeopeTHueckKOH pabGoToOi pemeTkd TYpPOHHB iy,

Taxoe HauMeHOBaHHe, OJHAKO, He O3HAyaeT, YTO peyb HJAET O BEJHUH-
Hax, COOTBeTCTBYIOIIMX HIeaJbHOMY Ipolieccy Ge3 moTepb. B JAeficTBHTE/b-
HOCTH, KaK CJeIyeT U3 BLIBOJOB, TEOPETHUECKHI HANOp U TeOopeTHYecKas pa-
00Ta YUHTHIBAIOT NOTEPH Ha TpPeHHe MeXKAYy YaCTHLAMH ¥ Ha IOBEPXHOCTH
napoduas. TpeHHIO MOTYT CONYTCTBOBATL BHXpPeBble ABHKEHUs W OTPHIBBL IO-
toka. Ecau 3TH sIBJeHHS BO3HHKAIOT BHYTPH KOHTPOJBHOTO NPOCTPAHCTBA,
TO B BHIBOJAX HHYero He MeHdercd. Ec/M Ke 0HYM BRIXOAAT 3a npejesbl KOH-
TPOJILHOTO TIPOCTPAHCTBA, TO JOJKHBI OBITh MPHHATH BO BHUMAaHUe IPH Bbl-

yucaeHu | ¢, udG.

Has yaeiapHO#l paGOTH MBI TaKkKe MOMEM BBECTH IOHSTHe LHDPKYJIALHH
U 3alhcaTh ypaBHeHHe (2.25) B TakoM BHHe:

r
H=—="52 (2.27)
2n
Kak ycranoBmeno B pasg. 2.5, yaeabHas paboTa xapakKTepH3yeT H3Me-
HeHUE SHePrHH B JIONATOYHON MauuHe. V3 ypaBHeHus (2.25) noayuaem

dH =d(cu). (2. 98)

Taxkum o6pasom, IUIg ABHXKYHIeHCS YacCTHLbLI B KaXI0# TOUKe SHEpPTHR
TeUEeHHS MEHAETCs B TOH Ke Mepe U B TOM ke HallpaBJeHHH, B KaKoM Me-
HAeTCS NIPON3BefieHHe Cyld.

OueBHAHO, UTO yIeabHasi paGoTa CYUIECTBYET TOJBKO B MOTOKE, ABHXKY-
meMca yepes Bpamiampomeeca Kojgeco. [Ipu 3rtoM, Kax y:Ke yKasbBaJoCh,
a6coa0THOe JBHXKeHHe 6yleT HeYCTAHOBUBIIHMCS.

CnenoBaTenbHO, yBeNHUeHHE (B KOMIpPeCCOPe) WJIH YMeHblIeHHe (B TYp-
61He) 3HEPTHMM JBHXKYILETOCH INOTOKAa BO3MOXKHO TOJNbKO, e€Cc/lIH ero a6co-
JIOTHOE ABHKEeHHe HeycTaHOBHBIIeecs. /{5l TaKOro ABHIKEHHsI NOJHOe MIHO-
BeHHOe H3MeHeHHe 3HePrHH WaCTHLBI [IOTOKAa B 3JIeMeHT BpeMeHHu dt GyaeT
HOPOHUCXOMHTh BCJEACTBHEe H3MEHEHHs CKOPOCTH W JAaBJeHHUS BO BPEMEHH B
KaXJIOM NaHHOM MecCTe NMOTOKA M NPOJABUIKEHHS YaCTHUBI HA BeJHUYHHY dS B
HalnpaBJeHHH MTFHOBEHHOH a6COMIOTHOH JMHHH TOKa. DTO H3MeHeHHe AJ
HampaBJieHUs! KacaTelbHOH K JIUHUU TOKA 3aluIIETCHd TaK:

4E _9E | [ 9E (2. 29)
drt ot 0s

Jlng uaealbHON HECKHUMAEMOH KHUIAKOCTHU

F=Pl 2
y 2
[TopcraBasgs, noaydum
dE d p [0 p . Oc dc
—_—=—tq = —F—=+c—=). 2.30
dt ot y+(as v+01+ 6s> ( )
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Ho Brlpaxkenne B cKOGKax paBHO HYJIO, TAK KaK OHO HpeJCTaBJ/ser cO-
6oli ypaBHeHHe Diijlepa B HanpaBJeHHH KacaTeJbHOH, KOTOPOE, KaK M3BECT-
HO, UMEeT BH[

fe 9 2 90 p
ot s 2 s 1
TTostroMy nosyuaem
dE 9 ,
482 (i) (2.31)
av T Y

CJIGIIOBaTeJIbHO, ofillee H3MeHeHHe SHEPTHH TCYEHHUA OTACJIbHOH 4acCTH-

I[bl paBHAETCA JOKAJbHOMY H3MECHEHHIO BEJHUYUHEI p/y an/I yYCTaHOBHBIIEM-

0
Csl IBHMKEHHH 3~ (—f:*) =0 u noaromy E=const.

B sTOM cayuae yhdenabHast paGora Oy/JeT paBHa HYJIO.

Ypabrenna (2.25) u(2.26) npuHATO HasbiBaTb ypaBHEHHAMH Disepa.
ITHM ypaBHEHHAM MOXHO NMpPHIATh elile APYrodl BHJ, €ClAH BBECTH OTHOCH-
TeJbHble CKOPOCTH. I3 TpeyroJbHHKOB cKOpoOCTell (CM. pHC. 2.7) AJs BXOAa
H BBIXOJA IOJydaeM

2 442 2 — 2 .
Wi = ui+c]—2u,cy cos oy =ul+4c3—2u,cq,;

Wy == U3+ €3 — 2U9Cy COS Qy== UL+ C]— 2UyCyy.
Orciona
wi—w) | up—ui | i—e]

2+2+2'

UgCoy— Uy Cry =

CJIellOBaTeJIbHO, YpPaBHEHHE JIs1 TEOPETHYECKOro Halopa peIueTKH KOMIIpec-
COpa MOXKHO 3alHcCaTb B TAKOM BHIE.

2 2 2 2 2 2
wl-—w2 u2——-[l1 02—01
Hp=——t—— - (2.32)
COOTBETCTBEHHO /151 TYpPOHHEL
2 2 2 2 2 2
Wo— W uy; —u c{— C
Hyy= e = (2.33)

Takum oOpasoM, ypaBHeHHs (2.32) u (2.33) NOKa3blB4IOT H3MEHEHHS,
KOTOpBle JOJKHBEI IPOHCXONHTh B MOTOKE, IPOTEKAIOlleM yepe3 pellleTKy pa-
6ouero xosieca mpm 3aTpaTe HEPrHH (KOMIIPeCCOP, HACOC) WU IPH IMOJY-
YeHHH OT MOTOKa >HepuH (TypbuHa).

B 3aBHCHMOCTH OT THIIA KOJeca H clioco6a ero IpOEKTHPOBAHHAA OTAEIb-
Hple wieHH B ypaBHeHHax (2.32) u (2.33) MoryT uMeTh pasjHyHOe 3Haue-
Hue. Tak, HalpuMep, B OCEBHIX MallMHax Hcuyesaer BTOPoM ujeH. Ilpu npo-
eKTHPOBAHHH OCEBLIX MAIIHH HHOIJa NPHUHHMAIOT, YTO W;=W2, U TOTAa KH-
HeTHYeCKasi SHepTHsl B OTHOCHTENbHOM [BHMXKEHHM He OyJeT H3MEeHAThCH
(Tax HasbiBaeMbie «aKTHBHBIE» KoJeca). B 3ToM ciyuae Bca sHeprusi, coo6-
HaeMasl B KOMIIpeccope WM NojydaeMas B TypOuHe, 6yleT cOOTBETCTBOBATh
TOJbKO M3MEHEHHI) KMHETHYECKOH 3HePruy B aOCOJIOTHOM ABHIKEHHH.

Hapsay ¢ aGcoaioTHbIMHU 3HayeHMAMH Hi, u Hp, B pacyeTax Kommpec-
COpOB H TypOHH LIMPOKO NPHMEHSIOTCS caeAylomye 6e3pasMepHble KO3 du-
LHEeHTH], XapaKTepu3ykoline yAelbHy10 paboTy pelleTOK JONMATOYHbIX MAWHH:

s H

K03(pduLMedT TEOpeTHYeCKOTG Hamopa f1,, == ;” ;
u
o r __H'ru
K03 HUIKEeHT TeopeTHuecKoit paboTh f7,,== .
u

ITocmennuit wacTo Has3blBaeTcsd TakkKe KOdPOHIHEHTOM HAarpy3KH.
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2.3.3. YPABHEHUE MOMEHTA JJid PABOYEIrO KOJIECA

ITosmyueHHble AJ1A pelieTKH YpaBHeHHsI MOMEHTA, MOLIHOCTH M yAe/bHOI
pa6oTel He MOryT GBITH 6€30TOBOPOYHO MPHMEHEeHbl i BCEro KoJjeca Beael-
CTBHE HaJHUHs JONOJHHTEJNbHBIX SIBJEHHH Ha BHELIHHX IpaHHLax KoJjeca H
mepeMeHHOTro MO pajuycy MoJs CKOpocTeil M JaBijeHHH. [[asa nonayueHHs MO-
MEHTOB H yAeNbHOI paloThl U KoJieca B LeJOM BOCHOJNb3yeMcsl CHOBA TeO-
peMOi © MOMeHTe KOJIMUECTBA ABHKEeHHs. BrlgenuM 0KoJ0 KoJeca KOHTPOJIb-
HOe NMPOCTPAHCTBO, KOTOPOE B JAHHOM cjyvyae OTpaHHUYeHO 3aMKHYTOH IIO-
BepxHOCThI0 Bpawenust A (puc. 2. 11). Ha 3T0o#t noBepXHOCTH MOKHO BbLIie-
JHUTL CJefylolue YacTu:

1) a—a’ u b—b’, nepecexkawmue
NOTOK Ha BXOJe B KOJIECO W BHIXOE H3
Hero;

2) a’—a’ u b’—d, cooTBeTCTBYIOLIHE
IUCKY KoJieca;

3) a—b, coorBercTBylomas Gau-
Jaxy JONaToKk KoJeca;

4) d—d, cooTBeTcTByIOILAs Hepece-
4eHHI0 KOHTPOJBbHOH MOBEPXHOCTH C Ba-
jgoM. (Ecau kxoseco pacmonoxeno He-
KOHCOJIBHO, TO NepeceyeHHe MPOUCXOHT
B IBYX MecCTax.)

B uacrax a’—a’, b'—d u a—b koHt-
pOJIbHBIE TIOBEPXHOCTH JOJIKHBI BILIOT-
HYIO TNIPUMBIKAaTb K NOBEPXHOCTH KOJIecCa, :
TaK Kak B jalibHefilleM OYIeT HATH Puc. 2.11. KOHTpOJIBHBIE [OBEPXHOCTR

BOKpYT pafouero koseca
pedp O CUiaX, NPHIOXKEHHBIX Ha 3THX
NOBEPXHOCTAX K KOJIECY.

Ecin nonatku koneca He MMelor GaHAakefl, TO Ha yuacTke a—b KOH-
TPOJibHAsl NOBEPXHOCTb TAKXke, B OCHOBHOM, OV/IeT NPOXOAUTL B IIOTOKe
raza. OTMeTHM, YTO B IPOTHBONOJNOXKHOCTb BBIBOJAM B pasi. 2. 3. 1. noBepxHo-
CTH JIONATOK B JAHHOM CJlydae He pPacCMaTPUBAlOTCs KAK MOBEPXHOCTH KOH-
TPOJBHOTO INPOCTPAHCTBA.

IlpuMeHHM AJIf1 ONpejesleHHOTO MOMEHTa BpeMeHH HJs XKHAKHX H TBep-
IbIX YaCTHIl, HAaXOASIIMXCA B KOHTPOJBLHOM IIDOCTPAaHCTBE, TEOPEMY O MO-
MEHTe KOJIMUeCTBa ABHkKeHHA. Torja AJsi KUAKHX YACTHIL NOJYYHM

/
\/b

Am ) M
v

a s TBepIAbiX 4acTul

Am,, AM

k]

d(ur d (r2
@)y 207
drt av
The U—OKpPYXKHasi CKOPOCTL Ha AAHHOM pajauyce;
®-—YIJI0Bas CKOPOCTh KoJeca.

CyMMupysl 3TH BBHIpa’KeHHs IJs BCeX YaCTHL, HaXOAAMHUXCA B KOHT-
POJILHOM NIPOCTPAHCTBE, NMOJyYaeM

2 Am%c:rbrx am., 2 ('i“):z AM. (9. 34)

d

Paccmorpum cHauaja mpaBylo yacTe ypaBHeHuda. OTMeTHM, uTO MO-
CKOJIbKY KOJIecO CHMMETDHUHO®, TO LeHTpP THAXKEeCTH BCeX Macc, HaXOMSIIHX-
cs1 B KOHTPOJbHOM IPOCTPAHCTBE, JIEKUT HA OCH, TOTOMY B IeJOM CHAA TS-
JKECTH He JaeT MOMeHTa. Bce BHYTPeHHHe CHJIBI, T. €. AdBJeHHe M TPeHHE
MeXAY XKHUAKAMH YaCTHIAMH WM HaUpPSAXKEHHS MeXAy TBEDPAbLIMH yacCTHUA-
MH, NIPH CJ0XKeHHH B3aHMHO YHHUTOXKaloTcA. TOUHO Tak e, IIOKa YaCTHIIbE
HAXOAATCA BHYTPH KOHTPOJBLHOT'O NPOCTPAHCTBA, BHINALAIOT CHJB! JaBJCHHSA
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H TPeHMA MeXK/Ay MHAKUMH ¥ TBepAbIMH YaCTHIIAMH H, CJAEAOBATEAbHO, MEXK-
Ly TIOTOKOM C OJHOH CTODOHBI M IIOBEDXHOCTBIO JIONATOK M APYTHX YacTel
Koseca ¢ Apyroft. OIHAKO 3TO He NPOTHBOPEUHT PE3YJAbTATAM, MOJYYEHHBIM
B pasf. 2. 1 Ipu BHIBOJe MOMEHTAa AJS pelIeTKH, OTKYAA BBITEKAaJaO, YTo MO-
MEHT omnpejessieTcss CHIaMH NABJEHHS H TPEeHUS HA MOBEPXHOCTH JIOHATKH.
Ilpyn paccMoTpeHHH KoJleca MOMEHT OT CHJI Ha JIONaTKax MpOsIBJseTcs B ce-
4eHHH d—d BaJla KOHTPOJbHOH NOBEPXHOCTBIO. KpoMe TOro, B MOMEHT BHET:
HHX CHJ1 BXOJASIT MOMEHTB! OT CHJI JaB/JeHUI U TPEHHH HA OCTAJbHBIX II0BEpPX-
HOCTSIX KOHTPOJIBHOTO NPOCTpaHcTBA. [IpH 9TOM MOMEHT CHJ TPEHHA HA IO-
BEPXHOCTAX @—a’ ¥ b—0b’ MOXKHO He YUHTBIBATH, TAK KaK 3TH MOBEPXHOCTH
HAXOASTCH B Tas3e U BCJAGACTBHE MAJOH BA3KOCTH CHABI TPeHHst GyayT He3Ha-
HHUTEIbHH.

* MoMeHT cun TpeHMs Ha TIOBEPXHOCTAX nMcKa M 6Gaujgaxka (uacTH KOH-
TPOJILHOH NMOBEPXHOCTH @' —a’, b'—d u a—b) HoMKeH NMPUHUMATHCA BO BHH-
maHue. O603nauum sToT MOMEHT depe3 My Owu neficTByeT Bcerga NpPOTHBO-
nmos0kHO Bpaienuio. Cieiyer OTMETHTb, 4YTO TPH OTCYTCTBHH GaHKaxa
MOMEHT TPERHSl Ha 3TOH NMOBEPXHOCTH YMEHBLIAETCA, HO 3aTO IOABJASIOTCA
noTepu B 3azope. Hanmuune Ganpaska TOJE€3HO MPH MJIHHHBIX JIONATKAX JUIS
yMeHbIIEHHsI B HUX BUOPaLMOHHBIX HATIPSIXKEHUH, 8 MPH KOPOTKHX JIOATKAX —
IJsi yMEeHbIUEHHs NOTepb, OOYCJOBJIEHHbIX pafgHajbHBIM 3a30pOM. Beawnuu-
HY KPYTALIETO MOMEHTa B CeueHHU Bana d-—d, MepefaBaeMorg Ot BHeMIHeR
YaCcTH Baia HA BHYTPEHHIOW (HAH HaoGopoT), o6osnayum depes M, u Gymem
CYMTATDb er0 MOJOMHUTEbHLIM, eCJH OH JefiCTByeT B HANpaBJeHWH BPalieHHA
Kosieca. B 4acTHOCTH, 2TOT MOMEHT JOJXKEeH MMETh B KOMIpPEccope MOJOXKH-
TeNbHbH 3HAK M OTpuLATesbHH B TypOune. Takum ob6pa3oM, momyyaem

YaM=M,—M,. (2. 35)

Jlns onpeneseHns 3HaYeHHs JeBOH YACTH PAacCMOTPHM B MepByio ode-
pelb TBepIble HaCTHIBL CYMMy MOMECHTOB KOJIHYeCTBa ABHXKEHHUS OJs HHX
MOKHO 3alicaTtb B BHIAe

Y} am, S =20 am,, =1 (2.36)
41 dr

dr

rge J—MOMEHT HHEepLUHH Macchl KoJeca.

HOJIy‘leHHoe Bblpa)KeHHe HMeeT CymecTBeHHOE 3HAaUeHUue [JId HeyCTaHO-
BUBIIMXCH PEKHMOB JIONATOUHBIX MAIUWH (3alyCK, PA3rOH) M HA ITHX PexH-
MaxX BBOLAHUTCA B pacuer.

B jnasbpHefiieM Mbl OFPaHMUMMCS PacCMOTPEHHEM YCTaHOBUBILMXCS pe-
XKHUMOB, KOT'Jla (v MOXKHO CYHTaThb TIOCTOSIHHOM BeJIHqHHOfJI, 1 IO3TOMY MOMEHT
ST Macchl KoJleca OyaeT paBeH HYJIO.

ILJIH JKUAKUX YacTUIl Mbl JOJXKHBI UME€Thb B BHIAY, YTO MOMEHT CKOPOCTH
C,r M3MEHJETCA 0 ABYM IIpHYHHaAM. BO'HepBbIX, NOTOMY 4YTO 4YacTHUb! B
MIHOBEHHOI KapTHHe TeueHHsS IBHTaloTCA IO KAKOH-MHG0 JHHHYM TOKA (KOH-
BeKTHBHOE M3MeHeHHe). MIMEHHO T4KOro pojJa H3MeHEeHHsi pacCMOTPEHbI Gbl-
JIH BBHILIE TIPH COCTaBJ/JE€HHH ypaBHEHHSI MOMEHTOB /sl pelIeTKH. BO'BToprX,
C,r U3MEHAEeTCS NOTOMY, YTO H3-3a HECTALHOHADHOCTH IOTOKAa H3MEHAIOTCH
BQ BPEMEHHU CKOPOCTH B KaXAOM JAHHOM MeCTe NOTOKa (JIOKaJIbHOQ H3Me-
HQHHE) . 2rto0 BTOPOe H3IMEHCHHe [jada 4YacCTUUBl BHIp axaerca B BHIAE
Am a(fur)

ot
BpEMEHH.

Jlnst Bcex UACTHI, HAXOJALIAXCH B KOHTPOJBHOM NPOCTPAHCTBE, MOJY-
yaem

, T. e YacTHOH HpOI/IsBOIIHOI'/’I MOMEHTa KOJIHYECTBA ABHIKEHHSA IO

v
J ot
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rae V—saBasercd NOJMHBIM 0GBEMOM KHAKOCTH (rasa), HaXOASIILEerocsi B KOH-
TpOJIbHOM mpocTpaHCcTBe. Ho Tak Kak OJHO M TO XKe paclpefiesieHHe CKOpo-
creil MepHOJAMYECKH NOBTOPSETCS, TO TOT MHTETPaJ, KOrja XOTAT MOJYYHTb
CPENHIO KapTHHY TeYeHHs, MOXKHO NPHUPaBHATL Hya0. CleLoBaTeNbHO, B
JIeBOl YacTH ypaBHeHHs (2.34) HeoOXONHUMO yUYMTBIBATbH TOJBKO KOHBEKTHB-
HOe M3MeHeHHEe MOMEHTa KOJMYeCTBa ABMKeHHA. [Ind ssneMeHTapHO# cTpyi-
KH 6blJI0 MoJiyueHo ypaBHenue (2. 12). Ecau pacnpocTpanuTh €ro Ha IoBepx-
HOCTb BXOJAa (MJIH BBIXOZA), TO MOJYYHM MOMEHT KOJHYECTBA JIBHKEHHs [A9
AOTOKa B KoJece:

an nau Fnux

M= dG (Coyry— Crary), (2.37)

rie Fpy ¥ Fpuy — ceueHHe Ha BXOZE B KOJNeCO H Ha BHIXOAE H3 HErO COOT-
BETCTBEHHO YaCTAM KOHTPOJbHOH IIOBEPXHOCTH a—a |
b—b’.
Ypasrenue (2.37) MOMKHO 3aIHCATL ellle B BHMe
F

FRb]X 3X

M= j (l'GCQuI’Q-— g‘ dGCIurl. (2. 38)

[lpy npumeHeHHWH 3TOrO ypaBHEHHs NOCTATOYHO 3HATH pacHpeeseHHe
cKopocTell, JaBAEHHN M TEMIEPATyPhl OTAEJbHO B KAXKAOH TOUKe Ha BXOJe
H Ha BBIXOJe, HE3aBHCHMO OJHO OT APYroro, TOTAa Kak B ypaBHeHHH (2.37)
napaMmerpsl B KaxA0H TOYKe Ha BXoJe (HJIH BBIXOZAe) NOJIXKHBI ObITh B3aMM-
HO CBSI3aHBbl C TapaMeTPaMH Ha BHIXOAe (MM BXOJE), TaK KaK peub HAeT 06
OIHOH CTPYHKE.

IlpuMmensAs Jas BXOAa WM BBIXOZA CHCTEMY INOJSPHBIX KOODAMHAT, MBI
MOXKeM paccMaTpHBaTh CKOPOCTH H Jp. MapaMeTphl Kak (PYyHKIUM pajuyca I
MOJIAPHOTO YI1a , BCJAEACTBUE Uero Pacxol yepes CTPYHKY GyleM BHPAKATh
3aBHCHMOCTHIO

dG= cpyrdedr.

I'IoaTomy BRIpAXECHHE O MOMEHTA KOJIHUECTBA ABMXKEHHSA MOXKHO 3alHCaTh
B BHIE

2%

rK
M= j dG (cguTs— C1,71), (2. 39)
0 r

BT

TA€ 7' H ry—PaJHychl BTYJKH U NepudepUiHOro ceueHHs JOMATKH Ha BXOJe
B KOJIECO M HA BLIXOJE H3 HErOQ. '

Ecan yyects nmpuHuMaBiueecsl Blllle yC/JI0BHE, YTO IOTOK SIBJSIETCS OCe-
CMMMETPHYHBIM, TO BMECTO ABOHHOTO MHTerpaja B ypaBHeHHH (2.39) MOX-
HO 6paTh HHTErpaJ TOJMbKO MO pajHuycCy H, ClIel0BaTEeIbLHO, B IOAKHTErpasb-
HOM BhbipaKeHHH BeJH4YHHb dG U ¢, OYIYT COOTBETCTBOBATH pelieTKaM, Ha-
XOAAIIMMCA Ha Pas3IMYHBIX paauycax:

Ty

M= dG,(cyrs—c1,r). (2. 40)

R
rBT

AnasnoruyHo uaMeHuTCs ¥ ypaBHeHue (2.38):

Tyo "1
M:j da, (cz,,rg)—j dG; (cy,ry), (2. 41)

r

BT2 Tl

rie dG;=2nrcmydr—pacxon uyepes peilleTKy Ha AaHHOM pajuyce (Ha BXOJe
B KOJIECO HJIH HA BBIXOJe U3 HeEro).
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B pesyaprare ypaBneHue (2.34) c yuetom ypaBHeHHsa (2.35) Mbl MexeM

3anucaTp B BUae
M=M,—M;, (2. 42)

rae M to ke, uro u B ypaBHeHusax (2.37)— (2. 41).
s ypaBHenus (2.42) cnexyer, yTo MOMEHT Ha Baay GyaeT BbIpaKaTbCs CO-
OTHOIIEHHEM

M, =M+ M;. (2. 43)

B sroM ypaBHeHMH M; Bcerfa cuHMTaeTCs MOJOXKHTEAbHbBIM. Ecau
Coula>>C1yl1, TO U M, TIOJNIOKHUTENBHO, T. €. BaJ OPUBOAHUT B ABHKeHHe pabo-
yee KOJIeco M K BaJly AOJKeH ObITb NPUIOXKEH BpalialOmUil MOMEHT; B TAKOM
caydae 5TO ecTh Kommpeccop (Hacoc). Ecan, Hao60poT, Caure<<Ciyfi, TO IO-
ckoJibky My cocrasnsier He Gonee 10% mpaBoil uact, M, OTpHLATENBHO.

CienoBaTesbHO, BaJ NPUBOAUTCA B ABMIKEHHe paGOYHUM KOJIECOM, T. e.
Mbl HMeeM TYpOHHY. YUHTBIBasi, YTO NPHUMEHHTENbHO K TypOune M, u M
UMEIOT OTPHUATEJbHbIN 3HAK, ypaBHeHUe (2.43) MOXKHO HamucaTh B BHIe

My——M+M,, (2. 44)
HepeXOlIﬂ K TOJIOKHUTECJADbHbIM BeJHUYHHAM, NOJYYHM \
MZ=M_M)‘
HJIH
M=M-M,. (2. 45)

Mowmentr M nosiBasieTcsi B pe3y/bTaTe B3aHMOJEHCTBHS JIONATOK H IO-
TOKa. B TypGHHe 3TOT MOMEHT NPHBOJHUT B ABHKEeHHe Kojeco (MoMeHT M,)
H 3aTpauyMBaercsl Ha NpeoJoJeHHe MoMeHTa TtpeHuss M; [cM. ypaBHeHHe
(2.45)]. B xomnpeccope (Hacoce) Ha co3ZaHue MoMeHTa M pacxoayercs
BHEUIHH}] MOMeHT M,, yacTb KOTOPOro OJHOBPEMEHHO 3aTpauMBaeTcs Ha Ipe-
ofosieHne MoMeHTta Tpenus My [cM. ypaBHenue (2.43)].

Bce monyuennrsie B pasf. 2.3.3. ypaBHeHHs NPHUMEHHMHL H JJIs1 HeMOX-
BIDKHBIX HampaB/sIOUMX U COPAMJSIOIUX allnapaToB, HO MOMeHT M; npk
3TOM BCerja paBeH HYJIIO.

2.3.4. YPABHEHHSA MOLUHOCTU U YAEJIbBHON PABOTBI
AJ1 PABOUEI'GC KOJIECA

Ecnu ypasHeHHS IJs MOMEHTOB YMHOXHTb Ha YIVIOBYIO CKOPOCTb KO-
Jeca o, TO MONYUYHM ypaBHEeHHs AJs MoL{HOCTell. MOIIHOCTh Ha Bajy, cOOT-
BETCTBYIOLLYI0 MOMeHTY M,, o6o3Haunm B TypOuHe N, u B komnpeccope Ny
Taxkum o6pasoM, nasa TypOuHbI [U3 ypaBHenus (2.44)}—

Ne=N—Ny, (2. 46)
175 KoMmiipeccopa [us ypaBHenus (2.42)]—
\ Ne=N+Ny. (2.47)

Crel0BaTeNbHO, B 3THX ypaBHEHHAX
N —wmomHocTs, 06yciaoBauBaeMas B3aHMOAEHCTBHEM [OTOKA 4 JIONATOK
pa6ouero KoJeca,
N;—MomuoCcTb, 3aTpaunBaeMasi Ha TpeHHe IMCKa u o06ozma Kojeca («6o-
KOBO€» TpeHUe).
C ucnonb3oBaHneM ypaBHeHHs (2.40) BequuuHy N aa KoJeca TypOHHE
MOXKEeM 3aMHCaTh B BUAE

N= \ dGl (Cluul+02uu2). (2. 48)
'BT

50



{I1pu 3TOM yUTeHO, UTO OKPYIKHAsl COCTABJAIOLIAS CKOPOCTH 3a KOJECOM
CTyNeHH OOBIYHO HampaBJieHa B CTOPOHY BpalLleHHs W MO3TOMY OHA 3aMMCHl-
BaeTcs €O 3HAKOM IIIOC. JIJA NOJAYYEHHs IMOJIONKHTENBHOro 3HaueHuss N H3-
MeHeH 3HAK Y BEJUUYHHE C)qyl;.

Jnsi Koleca KoMmIpeccopa aHAJOTHYHO MOJydaeM

N= 5 dG, (coptta— C1,1). S (2.49)

rBT

B 3TOM ypaBHeHHH TNPHHATO, YTO OKPYKHasi COCTABJASIOILAS CKOPOCTH Ha
BXOJle Halpab/JeHa B CTOPDOHY BpalleHHs KoJjeca. B cOOTBeTCTBHH C ypaBHe-
HHeM (2.25) Mpl MOXKeM BbIpaXKeHHs B CKOOKax MOJ WHTerpajoM ypaBHeHHH
nas N samenurb yaenabHo#l paGotoll H, 0603HaYasi ee MHIEKCOM i, 3allHCATh
3TH ypaBHEHKA:

IJist TypOHHDBL

rT
N= 3 dG,H, i (2.50)
rBT
4J1d KOMnipeccopa
N = j AG H ;. (2.51)

BT

B ypaBuenue Ay N B o6lleM cllydae A0JXKHBI BXOAHTDH ACHCTBHTE/bHEIE
CKOPOCTH €1y M Cgyy HA PAIMUHBIX PASUYCAX, OTJAHYAIOHNIMXCS OT pacdeTHHIX
B CHJYy pAJla NPHYHH, B TOM UHCJe B CHJY BJAHSHHA paJHaJbHOTO 3a3opa,
yMeHbIIAIOINero LHPKYIALMIO BOKPYT NPodH/Is B BEPXHHX CEeUEHHUSX H H3Me
HSIIOILETO COOTBETCTBEHHO VIVIBI BBIXOAa NOTOKA. DTO SABJEHHe BHI3LIBAeTCH
neperekaHHeM (IpM OTCYTCTBMHM GaHpaxkefl) rasa ¢ BOTHYTOH CTOPOHHI IpPO-
duns, rae BHICOKOE JAaBJEHHE, Ha BBHIIVKJAYIO CTODOHY C HU3KHM JaBJIeHHEM.
CymlecTzeHHOe BIHSIHHE, U OCOOGHHO B CPENHHX H IIOCJAeJHHX CTYHeH:X
KOMIIpeccopa, OKa3blBaeT TaKXe Aepopmallus INOJsI CKOPOCTeH mo pajuycy
nepel KOJEeCOM H3-32 HAJIHYUSl MOTPAHUYHOTO cCJIOs Ha nepudepuud u v
BTYJKH. JTO TaKXKe BBHI3bIBAeT yMeHblleHHe YAENbHOH paGOThH.

Bausiave sTHx M APyrux (akTOpPOB HAa pacyeTHEHE 3HAYEHHS] OKPYKHEIX
COCTABJISIIOLINX CKOPOCTeH U YAeNbHOH paBoThl AJsl pellleTOK Ha PAa3JIMYHBIX
pamuycax YCJOBHMCS VYHTHIBaTh C NOMOIIbI0 KO3 GHLHMeHTAa £;, KOTOPHIH
NPUMEHHTEJbHO K KOMIIpeccopy HasbiBaeTcs KO3GQGHIHEeHTOM 3a-
TpauenHuo# paboTH, a MPUMEHHTeNbHO K TypOnHe — Koadp dbuuu
€HTOM yMeHbIIeHHA paboTH.

Taxkum o6pasoM, Ans TypOuHnl BMecTo ypaBHeHus (2.50) monaydaem

N= j H., 246, (2.52)

rRT

Jns komnpeccopa BMecTo ypaBHeHud (2.51) 6ymeM umers

Tx

rBT
Ecnu BBecTH cpejHHe NoO pafuycy 3HAUCHHS TeOPETHYECKOK paBoThl,
TEOPETHYECKOTO HATOPa H KOS()(QUUHUEHTOB Q, TO MOXKeM HalHCaTb

N=GH, 2 (2. 54)
H
N=GH,2. (2. 55)
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- Cpennue ssauenus Hy, u Hy, 101KHBl, OUeBHIHO, NOAYHHATBCA ypaBHe-
HHAM .

Ty

* [ dGi(erun1 — cguuy)
r

H, = G ; (2. 56)

rK
| Gy (cauue — c1ym1)

H =0 - . (2. 57)

B yacTHOCTH, €CiM B MCXOAHBIX YCJAOBUSIX AJs NPOPUIHPOBANHA JOTa-
TOK KOJIeca NMPHHHMAETCs MOCTOAHCTBO TEOPETHYECKONH paGOThi MM Teope-
THYECKOTO Hamopa Mo BLICOTE JIONaTOK, TO B ypaBHeHus1 (2.54) wu (2.55)
HOJIXHBl BXOJAMTb 3TH pacueTHble 3HaueHUs] Hry, u Hyp.

Gy ZJ 3

0’ LLLLLLLALL
fizll
= ;

) d)
Puc. 2.12. Cxema neperekaHHsi BO3AyXa yepes3 pa-

IHaTbHBIH 3a30p M 0603HAUeHHE CeueHHI:
a—Typ6uHa, 6—KOMIIpeccop

6, ?

1

”
K !
i uL.L.ulF
Tt vgliE

=

Heo6xonuMo noauepkHyTb, 4To KO0dbduuueHr Q He ABAserca Kodpodu-
UHEHTOM MOTephb, CBA3AHHEIX C DPOCTOM 3HTPONHH, a YUMUTHIBAET JHIIL CTe-
IIeHb OTKJIOHEHHs TeOpeTHUeCKOl palOThl M TeOpPeTHYeCKOTO Hamopa oT HX
pPACYETHHIX BeJHUHH, KOTOpBHe (AKTHYEeCKH He pPeaTH3yIOTCs BCJAEACTBHE
TOTO, YTO IPU peajbHBIX YCAOBHUAX OOTeKaHHs I[peTepneBalOT H3MEHeHHs -
OKDY2KHBIe cOcTaB/fAnnue CKOpocTH. Takum o6pa3oM, paboure NOBEPXHO-
CTH JIONATOK He mNepejaloT ra3y HJAM He BOCIPHHHMMAIOT OT Hero mpeanosa-
raeMoi 3HepTHH.

YpaBHeHus1 Ganadca mouHocreil (2.46) u (2.47) MoxHO 3amucath ye-
pe3 yaenbHbie paboThl. [IpeABapHTeNbHO HEOGXOAUMO OTMETHTh, YTO B TYp-
O6uHEe PacXOol ra3a HeNocPeNCTBEHHO uepe3 pabouee KOJECO HECKOJIBKO MeHb-
llle MOJIHOFO pacxoia, BCIEeNCTBHE TOTO, YTO YacTh rasa NPOXORHUT vepes pa-
nuanbHblil 3a3op. Takum o6pasom (puc. 2. 12. a),

G - GI‘_ G3, ’

rage G —pacxof rasa yepes KoJjeco;

Gr—oO6WHufl pacxol, MoNe3HO HCIONb3yEeMBIli 3a KOJECOM;

G,—pacxopn depe3 panguaJbHbH 3a30p.

B otaunune ot TypOuHBL, pacxox G uepe3 pabouee KoJeco KOMIpeccopa
IpeBbiIaeT MOJE3HO HCHONb3yeMblli 3a KojaecoM pacxod Gp, BclaeacTBHE
TOrO YTO YaCTh CKATOTO B KoJece BO3[yXa BHOBb BO3BpalllaeTcs Ha BCAChI-
BaHHe W3-3a HaJHYHs paauajpHoro 3asopa (puc. 2.12,6). llostomy nas
KOJIeca KOMIIpeccopa MOJyYHM '

G=GB+G;;. (2 58)
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