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PO3PAXyHOK OhThMAnbHOrO HAA3ByKOBOTO EITGKTOPA B TKOCTI
AOThCKyIOqOTO CTPyMHHHOTO KOMnpECOpA

Ilpueedend pacuemHde uccttedoeanun. cseprcryKoloeo oaceKmopa c 4eJrbro npuileHeHun 6 Kavecm7e
nodnopxozo KailnpeccoPa ua exode e 6nox Koi4npeccopHbtx cmau4uit e ycnosunx cHy.sceHun daaneuya e
cemnx npupoduoeo za3a.

Calculated'research of the supersonic ejector with the aim of using it as an additional compressor on the
input in the block of the compressor station in conditions of lowering of the pressure in the natural gas
ne tw orlcs i s pre s ent e d.
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Ilpo6reua reru$ira uil asrouo6in is n Vrpaih i ra
oArH ir unrxin II oxpiurenun

B csirosouy 6anaxci lvroropnrx namm 3pocrae Aont
zurbreprrarr,rBrrax. Vxpaiha e niaepou cepeA rpaih CIIA s
Br{KopncraHxi crncnyroro ra3y B rxocti TpzucnoprHoro
nanr{Ba, npoAaKrKoro nrprvi 6ilsuruft, uix n Pocii.

B 2004 poqi MiHicrepcrBoM rpaHcnopry Yrpainu
3aruIaHOBaHO po3noqaTr MaCOBaHe nepeBeAeHH' AepxaB-
Hto< aBToMo6iaia Hara3oAlr3ensnrft utlKn, rxuri 3MeHuye

AOJrrc naJrnBHrD( BTpaTAO 3lyo,a npnpoAHoro rary -Ao25%. 3 uercro ennoriqnoi 6egnexu nnalryerlcr opranira-
uir rpancKopAonnl{x <6larnrx[x KopuAopin> na aBf,o-
rrJrrxurx Yrpaihu 3 BnKopr,rcrauHrM rilsxn nprpoAHom
ra3y [].

florc nui al u epexi 8 7 aarov o6irnx rtx ratoH anoBrrlo-
BaJIIHLD( KoM npecopxnx ctan uifi (A FHKC), I xi po:Ta r t 16-

nalri s 65 rr,ricrax Yrpainn, cKJraAa€ 685 rrlnH. rrr3 ra pix.
CnoxcmaqaM npotraerbc,r Bcboro 300 r'rrm. rtr3. B 2003 poui
3aruarroBarri g6lrncrFlAK <Haifraraa Vxpairrm su HeAo-

Br{Kopucrantfi MoxJrr{Bocrefi A|HKC crnanaru 6iff
70 r',snr. rpu.[2].

Orodoo 3 ocHoBHrD( rpmuH Taroro cranoBgrrla e 3rru-
xeHHn rr.{cxy B rutoBro( Mepexax 3a Mexry uinirrlarnuoro,
iruorrAo 03 Mftra, roqi rr nepeBarHa 6i.rnuicrr AIHKC
po3po(oBasi sa rncK B uepexi ei.q 0,8 Ao 1,2 MfIa. L{ro
npo6reuy 3annaHoBaxo aupiruurr{ rrurf,xorrl poepo6ru
loTucrcyBarra eneIOponHeBMaTIFIHoN) Tr{rD/, ulo 3HaqHo
noriprunru exonouiqxi norassuxu A|HKC.

Anropaun qami rporeaex i p$paxy Hlc.r ruoruusocri
Br{KOpr{ cTaHHr HaA3By KO BO rO exerffOpa - CTpyM U HHOm
anapary s qxocriAorr{cqyBaqa, B tKoMy A.nr niaanuenHt
exeprii oAlroro noror(y na3y Br.r Kop HcroByerucr eHepri.r
ix ruoro nororry ra3y. B xoHcrpyxqii AI. HKC raKa Moxrrrd-

sicru icrye.
flepenarauu BuKopHcraHHr raxoro MeroAy e:
. aiAcyT nicrr cnoxuBaHHr eJreKTpoeHeprii;
. MaJra eapricru BHroroBreHHt ra MoHTaxcy;

. fipocrora KoHcrpyrurfr m Marri ra6aprmri po:ltlipll;

. slAqruricr xeo6ximroffi s rexniurorrry o6cnyrony-
saHHi m in.

Auanb po6orr AIHKC r Aorf,cqruoqnM Kounpe-
copoM omerTopHomTurry

Eneprennrry ra rexnivry uoxrngicrb BKnroqeHut
HaA3ByIoBoro exeKTopa B nplrHqnnosy cxelvfy A|HKC
noKa3anonapnc. l.

Puc, l. Cnpoqena cxcna AfiHKC-sOO
s EHKopHctaHHtt'z errrcKtopa Ant nigeut4ennn
rHcty na exogi B Konnpecoptiy yctaHoaKy:

| - exerrop; 2 - KonnpecopHa ycraHoara;
3 - anapar noairpnnoro oxonoArxeH,te;
4 - aonoronccnoaiAAinrceaq; 5 - 6nox

ocyueHHs rasy i pereHepalaii; 6 - aKy*ynerop;
7 - aanpaBHa ranepea; 8 - perynnrop rucKy

ra3y; 9 - rasonpoaig Ant nycKy NHKC;
' l0 - KpaH nycKy.

Cxeuorc nepea6aveHo HalxoAxeHHr ra3y 3 ragosoi
rvrepexi qepe3 Ha.(3ByKoBnfi exercrop 

- 
/ .uo xounpe-

copnoiycraHoBKl{ - 2,rxa sAificriloe fioro crHcHeHHn B

fagona Mepexa
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6araro cry neHeBrD( KoMnpecopo( 3 npouixxlrM oxoJlor-
xeHHrrM B xono.rtHJlbHr{Kax- 3 no25 MIIa.

llicns siA,uireHHt BoJIonu ra MacJlnHltx Aol'lituox s

arperari - 4, ocyrueHHt.uo nuicry BoJIorH 9 urr/M3 e

5;roui - J ras Ha.(xoArrb ,uo al(yMyntropa - 6, AE

r6epiraerrcr Ao MoMeFry rianycxaruu cno>tcltBaqtu Ha

ranpaenift ranepei- 7.

B arq/i,rynmopi niarpta,ry€Tbct rr{cK na piaxi 20,5...24,5
MTIa. Y pari naAinns rr{cKy ra3y B arryMyJltropi nnxcre
nix 20 Mfla rpn HeAocratnifi npolyKrusHocriKoMnpe-
copir nepeKpr,rBaerbcf, ni.aseaelrHfl ra3y Ha 3anpaBHy
raJreperc [o nonoBHeHHt arryMyffTopa.

Ilponorryerscr ni,wrpm,ryBarl{ rHcK Ha axoAi B KoMnpe-

copHy ycraHoBr(y P u' 3a p&xyHoK exerffyBall ut rwy G rs
TncxoM p0' g ragonoi uepexi, BI{IopHcroByIoqH exepriro
crr,rcneHon) tary G r' 3 Tr{cKoM 4 " uepe3 perynrrop rucKy
8.Nrr-rrycKy Ail{KC B yMoBo( uaninru rHcIry n ragonifi
uepexi Ao rvrixiuarrrHo nprurycrl{Mlo( BeJIIrII{H norpi6xo
3MoHTyBarH ra3onposiq 9 3 KpaHoM /0. Illrprxa^It4n (')
no3HaqeHo [apaMerpr{ ra3y, rqo rerre rpisr HaA3ByKoBe

corrJro, a ripovron (*) - napaMerpr{ raJIbMyBaHHt.

Bntpara ra3y rlepe KoM[pecoptry ycraHoBl(y cKJIa'

lIarHMe BeJImnHy G = Go a Gd rpu IIboMy Ao alryMy-

nrropa HaAxoAr{Tr{Me rdt 3 BI{TparoIo Grorr= G - G, .

BinxonenHfi MacoBID( Bnlpar ra3y, Iqo exexryerrcr, i

poOovoro ra3y B exerropi HiBI{Ba}orr xoeQiuieHroM

exerutii crpyMeHegoro K= G,lGp' [ornclcyBaqa.

Mera .uoc.nhxenns
Meroro noc.ni.uxeHHr e nouryK onrl{MzlJlbHoro exeK-

ropa AJU po6orn AFHKC-500 g n'rrtMa KoMnpecopaMu
nury 2fM -4- 1,3 I 12-250 s yMoBax rucr(y s ra3oniil uepexi
0,3 Mna.

A Ha.n is p in n r n u enceru [i n aA3Byrco Bo ro eN(elcropa
Ta MoxJrrrBrx pe?Knuir iloro po6om B WoBax AIIKC

llpnnunnoBa cxeMa HaA3ByxoBono exeKTopa ra xa-
parrepni po3paxyHrcri neperr{Hr noKa3arlo Ha puc,2,

fag Husrroro rr{c4y 3 ra3oBoiuepexi HaAxoAHrb Ao
exeKTopa qepe3 Ao3ByIoBe coruIo - a, Bucoxonanipurft
ra3 BrD(o.qnrb 3 BeJruKoro EsnAxicrro qepeg rIa[3ByKoBe
coruro - 6 ir xar'.repi ouiuryeaxnr - I B3aeMolie g HI{3L-

ronanipnnrtr. .{n$ysop - d nprnHaqeHwft ans anpinruo-
BaHH.s nororqy ra3y Ha gxo,qi B KoMnpecoplry ycraHoBlcy
A|T{KC.

r;*
p["

Ha puc. 2 nosHaqeui xaparrepui neperunn:
0-{ - nxi.u s HaA3ByIoBe coruIo;
l-l - sxiA s KaMepy srrliuryaaHnr;

3-3 - slD(ir3 KaMeplt ruiurynanru;
44-slD(i.qrau0y:opa;
K-K - KpHTHtIHtIfi nepepi: HaA3ByICoBoro conna.

fiepepi: 2-2 e yMoBHITM i po:rur.raa€rbcfl y nurar.ui

nepepisy 3zrMr{KaHHt exeKropa.
O mnrrr aruHr,rlr exe tiropo M H a3 r[B alorb exeKTop, gtotlt

sa6ernevye s irlcl"to xry BaH Ht raAaHoI xl.Irxo cri H I'I3 bKo-

nanipHoro ra3y npr MnHurvranrnifi rntpari BIlcoKo-

nanipnoro rary. B nr uaqeHHt onruMaJlbHoro exeKropa -qe, HacaMrrepeA, nolrryK reoMerpnqHlrx naPaMerpia na

nafinnriAniurouy pexnui ftoro po6otr. IIpn 3aAaHnx

yMoBax onrl{MaJlbnuil exerrop Mae MaKcHMaJIbHo

M oxr nsrft KI([. Oc xon m u n reor'rerpn; H ltMrl napaMer'

paMH exeKropa e xoeQiuierr a" nofi aopiryuoe sfuHoueH-

ruo sr{xi.[Hr.rx nepepiaia Ha,usryKoBoro Ta Ao3ByxoBoro

conan (a: fr/fr' ), ra orlHocHa ruoula IQHTi{ErHoro nepepiry

Ha.II3ByKoB orc cowraf*' /f ,' .

Po6ory exetmopa xapalcreprcylorr raxi 6eapoauipni

BeJrr{rrr{Hu : cryninr ni,qnnruengt rl{cKy t : i 
n' 

l i 
o' ; cry ninr

ni.mrutelurs emamnil e = p 
u' 

lp 
o' ;xaparcT€'pHe siAHouIeEIt

reruoruicris u = i o" I i 
o' ;xapaKTepue sirHonemrc rncxis

o = p i lpo; xoeQiuie Hr exexuil K: G,/G 
r.' 

.

B sararsHoMy BHnaAKy ct{creMa plBrutHb npoqecy

ruiuyaaHH.n nasis o piexnvu Qiorvxnun BJIacrI'IBocrtMH

cKraAa€rbcr 3 n'tru piau-rxr exexuii g 16 sMiaHwnu
BeJITqKHaMH [3].

flpu ninorvrrx napaMerpax rniuryBaHn( noroxis ra
cryneHrr ni,qguqerHt rlrcqy 6A0 cllcreun pienrxr xeo6-
xi.uxo [oAarl{ Ao[arrosi cnissi.[xouleHHt, sxi el,tgHa-
qarorbcr yMoBaMH po6orn coneJl ra grQyaopa i araeuo-

.uiero noroxis Ha norlarlqy I(aMepI{ ruiuynanru.
B snna[Ky exeKTyBaHHt r4ly g ragogol rrlepexi n

A|HKC srr,riruyrcruct roroKl{ o.tlHoro ra3y 3 pilttllult
Tncr€Mlr, rc6ro BoguMalorb offnKosi noKa3HI{KIt ania6arv
(k' : k).

Orxe, cucreMa pinnrnr exexuii, tra cKlraAaerbct B

pe3ynbrari cyuicxoro piueunr pinurnr s6epexeHHt
Macr4 eueprii, crany ra riruocri pW EJnBxi,uroro i rlxia-
Horo nepepirin xauepn suiruyBanHrl, crpouryerbcfl Ao

BHr]Iq.ry:

(2)

0i
.'()")+ z(s,\

t(
.l\

(f .r)(r*r)
z(l,r)=

Puc, 2, Llpux4nnoEa cxe*a HaA3ByKoBoro
erKexTopa:

a - conno ra3y, t4o erxeKfy€fbcn s ragoaoi'
uepexci; 6 - conno aHcoKoHanipnoro rasy

A|HKC; a - Kanepa suiwyBaHHt;
A - 4uSysop.

K d'vro' qQ,)

(3)

(4)

mffi;(r)
K+u

T=-'
K +l'

6=m'
t8
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-I e6nuu9 t U'r-rc q( A ), z( ). ), - r a3oAHHaM iv a i {ynxuii s signosiAHrD(

nepepiaax; v,oi, vfo,v43 roerpiuieuru BTpar rl{clcy Ha

siAnosiArilD(,qirsrra( exeKropa.
flpn aiaoMID( napaMerpax rrraiurynaruD( noroxis s su-

xinrnrx nepepisax coner pisnnurr ( I ) gae ABa Mo)KtluBKx

3HaqeHrrt s Ha pexllMax, KoJIH n xauepi sraiuryrauur
peariryetrcn H4A3BVxosa teqit lr' u l), a6o Ao3ByKo'

sa(ll),r'< 1).

PisHrHHsr(3) npH z(1r,,,)> z(1r) > 2 taxox Aae

ABa MoxJrr{B}o( 3HaqeHH.r A, txi siAnosiaarcrb HaA3By'

r<osifi ftFrii (1 r' > I ) ra loreyxosifi (1 ; . I ). Onre, Ao3By-

rosa reqit ButluKae 3 HaA3ByKogoi s nptMoMy crplt6Ky
yuimnerurr q1 xarrlepi srrliurynanln [3].

3 yciei pishouauirnocri uoxmlBlD( pexl'IMin po6ou
.uIr uouy{y o[TuMaJIbHOft) HaA3ByI(OBOTO eXeICTOpa

po3rnrryro t(plrrlrq*uf4 pexlrM 3 3aMuKaHI{flM, xoJl}l

usnuxicrb norolqf Ao3ByKoBoro crpyMent B nepepizi2-2
Aoctrae ulBl4trfq cri gry tqy.

flpu yuoni siAnosi.uHux siAHouleru rucria o' << o <
o ,nd Har3nytornft ctpyrrlixr npauoe n pexnrrri HeAo-

pornnpernu. Omre, cepeA MoxcIIHBID( aerurwmf ' lf,' 6yne

fi raxa, npu rxifi B yMoBax AfHKC qdaoclrne MaKcu-

MaJrbHoro 3HaqeHHt i exerrop 6yae onmMaJIbHHM.

[5t atnuatel{ Ht o cHoBH ID( reoMerpl{q }IID( napaM er-

pia encerropa r cepeaonruqi Microsoft Exel g BI{KopI{craH-

r{flM Mo)Kllrnobtefi naxery nporpaM Maple 7, interpona-

HrD(y ue cepedoBl{qe, 6yr peudeosarud arroprm'r piueH-

ru pianrm exenfii ( 14) pasorrl r piannumrau E:la BIIIH&
EreHHfl Erpar rroBHoro rflcl(y B co[ua)( i araoysopi ra.uoaat-

KoBrD( )fl\doB, q,o BIBHaqaIorb KpI{TI{rIHI{ft pexuu resii.

Aga.nir perylrrarin Aoc.niArcenns
B pesynrtari pospaxymin 6yln orpnuaxi taxi gxa-

qeHHt ocHosluD( reoMeTpuqnlx posrr'r ip ir exerropa:
. siAHouenxr IUIoIq KprrrsHoro i slD(hHono nepe-

rruris r HansrlhcoBorfy corrrn f*' lf,' = 0,125;
. giauerp KpI{TIfIHoro neperl{Hy B HaA3ByKoBoMy

coruri d..-' :0,004 ttl;
. ffi*."p KaMepr stuiurynax Hn d , = 0,02 I u;
. siAHouenHn ruIout sxiAuoro m uxi,quoro neperu-

nia au0y3 oplf/.f,= 0,2.

:

B ra6ruiti I xasegeHo 3HaqeHHt noBHoro rl{cKy

po6ovoro norolry ps"rHaolxigsoro AJII oAepxaHnt Ha

sxoAi B KoMnpecopn rI,IcKy Pu= I,2 Mfla, xoeQiuieHra

exexqilK, uaconoi nnrparu na3y, IrIo exexryerbctGrta
o6'eusoi npoAyKrnsHocri A|HKC B cranAaprHux
arru ocQepHnx yMoBttx npu p isu rax 3HarIeHH nx r ucrcy p o' e

uepexi, Iqo xEBHrr AI-HKC. 3a AaHI{MI4 ta6.nnui I

no6yaonani ganensocti siArIosiEIIdK napaMsrpin nia ucry
s ra3osifi uepexi, rxi npeAcrasneni Hapuc.3-5.

Pesynatarr,, pogpaxyHKy errce'Topa F
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IPuc. 3, 3anexnicr xoepi4iexra exex4ii K

aig wcxy a rasosif uePexi. 

=flpu s6irnuernri rucl(y s ra3osifi uepexipo'rcei[iui- €
€Hr exeKrrii K HaA3ByroBoro exelmopa HecrpI{MHo 

=3pocrae, uo o6yuoBJleHo g6hruexnsM Bllrparl{ ra3y 

=
qepes Ao3ByKoBe coruro npl{ yMoBi Ar= 0,5 = const. Ga3 AO3ByKOBe CoIUIo uPlI yMoBr ^t- u'J - culrst. Ga

IIpu urouy Ao3ByKoBe coruIo npn s6inrueuxi pr' 
I

sce 6irlbue nepexoAHrb Ha AolgHrmrnfr pexcm rcvii (2,
3MeHuryerscr siA )",=0,91nprpo'= 0,3 Mfla,qo )',:0,53
flpvpo'= l,l MIIa).
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Pnc, 4, 3anexnicr norpi6loro rHcKy po6ouoro
rasy ai4 rHcKY d rasoaif, uePexi,
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Heo6xi.qnicrr raxoro 3MeHmeHHrI 2, norcurcerbct t:

BHKoHaHHTM yMoBLr o' < o 1 o 
^o,.urr.a 

peanisauii r;, = i.frr.
= qoa,,^wpnf*'lf,' = 0r 125. BHsBneHo 3MeHEeHHf, BeIIIFIHIT

o iif o- = fii ,8 np" pr'= 0,3 Mfla Ao o = 9,1 flpvr po'= 2l

: l,l MfIa fipn o ': lr85 ta o ^ = 195. lt

15

A
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0.15 o;i o,E I po*,ltdTlr I'L'

Puc. 5. 3anexnicrb Brrpar rasy AI-ltKC
aig rucxy a rasoaii uePexi.

O6'eusa npoAylcrnsHicrs A|HKC B craHAaprHI'Ix

arrvrocQepxr{x yMoBax npn s6imueHlri rucry s ra3oniil
r'repexi 

"iApr'= 
0,3 Mfla a o po'= l,l MfIa r6i.muyemcr

ninifino uafixe n 3 paru, rpn ubolrry sarexnisrr norpiG
Horo rr{cKy po6ouoro rary aia rncKy r rasosifi uepexi,
rlo [oKa3a]Ia Ha puc.4, Mae craryc 3alcorry ynpawrinru
perynrropa rncl(y rasy -8 (pnc. l), nearuconalilu tKorro

npI{Bo,qI{Tb AO 3aMHKaHHTI AO3ByKOBOnO COITJIa.

Anurir eQernrsHocri Butsopncrennf, crpyllllnnono
.uoTucKyBaqa

EQemnnnimr nnrcpucraHut crppltr{Hom Aom{cKy-

Barra Moxe 6yrn oqinesa 3a AonoMonoto cnporqeHono

noKtBHItKa ercnouiqnoro eiperry' Iqo Bl'I3Haqaerbcfl 3a

Qopr"ryroro [2]:

E: V^rrr, (c,- cr)- N c,

\e V^o*r,trr3/rog - o6'euna [po,(yKTrnnicrr A|HKC
npr,r HopMUIsHI.D( napaMerpax: cr rpr/r"rt - aiarrycxHa
qiHa I u3 rary; crrrpx/u3 

-qinasaryniani 
1 u3 rary;/f,

KBr - noryxHicrb KoMrpecopir A|HKC, npn salauifi
rycrtlrri ra3y Ha sxogi B KoMnPecopn; cr, rpx/I(BrFoA-
uina enempoeneprii.

Pesyrrrarn po3paryHlry eronouiqxono ei[erry exeK-

ropa o6panoi roHQirypaqii npr Bl{Kopl{crauni crpyultx-
Horo AoruclryB€ttta npl{ yMoBi uiH c, = 0,78 rprilu3, c r=
= 0,34 rpH/M3, cr= 0,1rpr/KBrro,u noxa3ano Ha puc. 6.

\u

)
0,2s

pot, Mte

-lm

-1m

Puc, 6, 3anexnicrb eroHouiqnorot eQexry
aig rncxy a rasoaifr uePexi.

A Harr i s srvr iH tl e xo Hot'r i.I H o ro eQercry B n Kop It cr aHHfl

exerffopa B npHHuunoaifi cxeui A|HKC [o3BoJIte
spo6rru BI,IcHoBKH npo noui.rrrnicrr ftoro shxopucrannfl'

npn THcKy s ra3osift uepexi ein, po' = 0,3 MIIa 1o Po =

= 0,8 Mfla. flpu po' > 0,8 Mfta norpe6u a nnropncraHHi

exemopa HeMae.

BlrcHoaKfi
B perynsrati poapaxyHrin 6ymt otpuuaHi 3HaqeHHl

ocHoBHID( reoMeTp Hq HHx po3M lpt B Ha,A3By KOBOm eXeK'

ropa, BI{KopI{craHHt tKono s srocri Aor}IcKyloqorc crpy-
MHr{Hono KoMnpecopa A|HKC losaorte iga6egneunrll

po6ory xounpecopioi ymanosxu i sanpaq',Ky aEffo(pau-

cnopry B yMoBo( 3HIDKeHoro rncKy n raronifi uepexi siA
po':0,3 MfIa Ao Po'= 0,8 MfIa. i
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