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Haeedeuo pgparyxxoei docttidcrceHHn xadseynoso?o eflceKmopa 3 MemoK, su4oPucmaHHn e nxocmi

domucrynvoeo Koilnpecopa Ha exodi e 6tot< Kor4npecopHrfr cmanqiil s ynoecu 3vttc,ceHHn mucKy e

*tepeltcw npupodnoeo zcBY

Ognn ir lnngrin nnpimenuf, naqiona.nrnol
upo6aenn rarnQiraqii antouo6inis s Vnpaini
fasnQirarrir astouo6ilrsoro rpaHcnoprry B

Yrcpaihi Mae BeJImi nepcneKruBlr. B cgiTogouy 6a-

lanci MoropHID( naJII{B 3pocrae Aont aJIbrepHarHB-

rulx. Yrcpaixa e nigepou cepeA rcpain CHA B BHKo-

pncmuHi crncryroro ra3y g f,Kocri TpancnoprHoro
narrnBa, npoAalK tKoro nrpnri 6inrrurfi, Hk s Po-

cii. Mixicf,epcrBo rpaHcnopry YrcpaiHn s2004 poui
3arrflalryBatlo po3noqaflr MacoBaHe nepeB9AeHHrI

AepxaBHHx aBToMo6inis Ha ra3oAl{semxnft IrI{Kn,

rrcnfi 3Merilrrye AoJIro naJIHBHHx BTpar Ao 3lo/o, a

npnpoAHoro ra3y - Ao 25%.
Asrouo6inrnnfi naPK c riasricno anro6ycio n

200 o.qnul{Irb npl{ nepexoAi Ha ragoAngelrnufi quKrt

Moxe n pirc 3eKonoMltrtr Ao 5 mnH. rpH. 3 Merolo

exororiqnoi 6egnerur mauyerbcn opraniraqir
TparrcKopAoHnltx "6tarultHlrx KoPI{Aopia" Ha aBTo-

unncax Vrcpaihn 3 BHKopHcraHHtM dlxx nprpoA-
Horo rary. [l].

florcmtian uepexi 87 artouo6inrsmt ra3oHa-

noBJrroBanbHnx KoMnpecopHux cmHqifi (AFHKC),
mi posraurosaHi s 65 uicril( Yrpainu, cnna,Aae 685

MnH. M' ra pirc. Cnoxnsa.raM npoAaerbcf, rilrxn
300 unn. u'. 3annasosani s 2003 poui g6nncn HAK
"HaQra rar Yrpainu" niA HeAoBHKopHcraHHf, Mox-
nugoctefi AFHKC cKnaAarIH 6ins 70 unn. rpH. [21.

O.qHieto 3 ocHoBHHx npuqnn TaKoro craHoBnlqa

cnpaB e 3HruKeHHt TI{CKy B ra3OBID( Mepex(a)( 3a

Me)qy uiHiualrHoro, irronn Ao 0,3 Mna, rcAi nr
nepeBDKHa 6inruimr AI-HKC pospaxonani Ha rI{cK
B Mepexi siA 0,8 Ao 1,2 MfIa. qlo npo6nenry 3arua-
HoBaHo nupiurmr uuttxoM pospo6ru AorncKyBaqa
erreKTponneBMarnqHoro rnrrY, Ir1o 3HaqHo norip-
runrb eronoMi.tni noragnnrn AI-HKC.

Aatopaun cmrti npoBeAeHi pospaxyHrn Mox-
JrnBoro BHKopI{cTaHHrI HaA3ByKOBOTO eXeICTOpa B

sxocri AorncKyBaqa crpryIrnHoro anapary, I
flKoMy aru ni.qsnlrleHlrf, eneprii oAHoro noroKy ra3y

Br{Kopl{croByerbct eneprir iHuoro norolqy ra3y.
flepenarauu BuKopl{craHrut raKoro Mero.qy e:

siAcyrHictb cnoxnB aHHs enelcrpoeneprii;
aigcyrHicru Heo6xi.qHocti s texHiqnouy o6-

cJryroByBasHi;

MaJIa raprimr BHroroBneHHt ra MoHTDKy;

npocf,ora roHcrpyxqii, uani ra6apumi pos-

uipu ra in.
Ana.nig po6orn AIHKC 3 Aorf,cnyloqtrM

KollttrpecopoM excercTopEoro rf, try
EHepremlr*ry ra rcxrrivrry uoxtnnicrr Brcnrc-

qeHH.s HaA3ByKOBOTO eXeKTOpa B npI{HIIE[OBy CXe

uy A|IIKC norcagaHo Ha puc.l .

PHc.l. CnporueHa cxeMa A[HKC-500 r BnKoplrc-

TaHHtM elrerTope ars niganulenHt rrrcKy Ha sxoAi r
KoMnpecopHy ycroHoBKy

l-exerrop; 2-xou[pecopHa ycriluoBxa; 3-anapar

noairpxno ro oxonoA)I(eHHrI ; 4-sororouacro n ilAirnosaq ;

5-6nox ocyuenHt ra3y i penenepauii; 6-arryrryrunop;

7-ranpanHa raJlepefl; 8-perynmop rHcIry ra3y; 9-raso-

nponia .uJIt rrycxy AI-HKC; lO-rpan rrycKy

Cxeuorc nepeg6aveno HaAxoA)I(eHHt ra3y 3 ra-
gosoi uepexi qepe3 Ha,4snyxounfi exeKrop-l Ro

KoMnpecopHoi yctaHoarur-2, fiKa g.qificHroe f,oro

crHcHeHHt B 6ararocryneHeBln( KoMnpecopo( 3

npouixHuM oxorroA)reHHtM B xoJIoAHJIbHHKax-3 ao

25 MfIa. flicnr si/u(ineHHt BoJIorn ra MacrsHxx

Aortriuor B arperari -4, ocytuenHs 4o auicry BoJIorH

9 unr/u3 s 6noqi-5 ra3 Ha[xoAnrb Ao aKyMyntropa-

6, A€ a6epiraerrcs Ao MoMerrry nignycranHt cno-

xr{BaqaM Ha 3arlpaBnifi ranepei -7.
B arcyrvrynmopi nigtpnrqyerrcr rHcK na piuri

20,5...24,5 MfIa. Y pasi naAinnr rncKy ra3y B aKy-

Mynrropi snxcqe six 20 MfIa nPH neAoctamifi

npo.e/KmBsocti KoMnpecopin nePeKpnBaerrcr niA'

BeAeHlrr ra3y Ha 3anpaBtry raJlePerc Ao nonoBHeHHf,

aKyMynsroPa.

Fecosa Meperra
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flponorry€Tbcr nirrpnuyBaTn TI{oK Ha nxoAi s
KoMnPecopFy ycTaHoBr<l p1 3a po(yHoK exeKry-
BSrrHr ra3y G? 3 Tr{cKoM po 3 na3OBOi Mepexi, Br{-

KopHcroByrortH eHeprirc crHcHeHoro r3LGp 3 rHc-
KoM po qepe3 perymrop rHcKy-8. !5t rycKy
AIIKC B yMoBax naAiHHt rltcKy B ruoBifi Mepexi
.uo uiniuanrHo npnnycrr{Ml{x BeJII{qr{H norpi6no
3MoKryBarI{ rasonpoBi,q-9 g tcpanou- I 0.

Ilhpnrauu (l) no3HarleHo napaMerpu r&ly, qo
reqe xpisr Hq[3ByKoBe couo, a sipovxoro (*) - na-
paMerpH raJrbrryBaHHr.

Brrrpam ra3y qepea KoMnpecoprry ycraHoBKy

cKn4AarHMe Bennqnrry G:G, *Gr, npn qro[ry Ao
arqyMynrTopa, HaAxoAr{TnMe ra3 3 Brrrparoro
Gtnxc=G-Go. BrgHoIueHHr MacoBID( Bnrpar rrcy,
qo exeKrysrbcf,, i po6ovoro ra3y B exeKropi narn-
Bzrrorb xoeQiqieHToM exercqii crpyMeHeBono
K=G,/G, AorncKyBaqa.

Meta .qocriA)rennf,
Meroro Aocni.qxeHnf, € nouryK orrrnMaJrbHoro

exeKropa arrr po6mn A[IKC-500 s n'trbua KoM-
npecopaMn rrry 2fM4-l,3ll2-250 B yMoBax rncr(y
s ra3osifi uepexi 0,3 MfIa.

Anrrig pinnrns exenqi[ EaA3ByKoBoro erceK-
Topa ra MoxJtf,BEx pexnuin floro po6orr B yuo-
srx AIHKC

llpnnrtrrnoBa cxeMa HaA3ByKoBoro exercropa ra
xapuctepHi po3poryHxosi nepetrrnn noKasaHo Ha
pnc.2.

flepepis 2-2 e yMoBHuM i posmrAaerbcr y BH-

rnnqi nepepisy 3aMHKaHHt exercropa.
OrrrnuanbHl{M exeKTopoM H&tr,rBarorb exeKTop,

rrcnfi ra6esnevye siAcuolcryBannr 34Aasoi rciarxoc-
d rurgrronanipHoro ra3y npu Mr{Hr{uanrnifi arrrpari
Br{goKonarripnoro. Bngnaqerru onn{ManbHoro
exeKTop& - IlG, HacaldnepeA, no[ryK reoMeTprqHlD(
napaMerpis Ha Hafinnri.qniruorrry pexuui fioro po-
6orn. IIpn 3aAaHID( WoBo( onrnMaJrrHnfi exercrop
Ma€ MaKcnM&JIbHo Mo)KnHBl!fi IG.q.

OcHogxHMH reoMerpHqHHMH napaMerpaMn exe-
KTopa e rcoeQiuient a, sxnfi aopinnroe siAHoueHHrc
grxiAHrx nepepisir Ha,A3ByKoBoro ra Ao3B]/KoBoro

coneJr (ef/f,), ra niAnqpua snorla KpnruqHoro
nepepisy H4A3ByKoBoro corrrra f*o/f, .

Po6ory exeKropa xapaKrepu3yrorb mri 6espos-
uipHi BeJIHqHHH: cryninr niAnnuleHH.g rncKy
6:pa' /p o,' cryninr niAsnueHHr enranrniT ria.' /fi-;
xaparTepHe siAHoueHHs reruloBMicrig o=io''/io';
xapanTepHe siAHoruenHr rncris n-p o'' /p o',' xoesiui-
€HT err<eKlriT K=GJGp'.

B saranrHolry BHn4AKy cucreMa pinH.rnr npoqe-
cy suiuryaannf, ragis s pisnumn QisnvHHMH BJracrH-

BocrsMH cKrra[aerbcs 3 n'srr{ pinrunr exerqii g 16
guisnrun BeJrnquuaun [3].

IIpr siAounx napaMerpax suinryBanrrx nororin
Ta crynent ni.qsnuleHnfl Tucr(y e Ao cnmeun pin-
HnHb neo6xiAHo AoAaru .[oAarKoBi cnisniAHoueH-
u, lri BH3Havarclrbcr ytlroBarrrn po6oru coneJl ra
gnQyropa i sgaeuoAiero notoris Ha noqarKy KaMe-
pn suiruyBalrH.f,.

B nnn44rcy exeKryBaHnf, A|HKC suiuryorrcn
noroKn oAnoro ra3y 3 pisnnuu rr{cKaur{, ro6ro ao-
Hrr Marorb oAHaxosi noKa:rHr{KH a.qia6arn (&:e).
Onre, cucreMa piaruHr cnpou{yerb Ao BHmrAy:
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0' :.r)(r*r) "a'"1;fa#); (1)

Pnc.2. IlpnnunnoBt creue HrA3ByKoBoro exerTopr
a - coruro Fay, rqo exelcryerrcr g ra3osoT uepexi;

6 - coruro sucoroHanipHoro rary A|HKC; a - KaMepa
ruiurynanHr; A - ruaQysop

Ias HngrKono rHcKy g ragonoi uepexi n4AxoAurb
AO eXeKTOPa qepe3 AO3ByKOBe COrurO-A, Br{COKO-

Hanipnrfi rru Br{xoAHTb 3 BerHKorc rlBr{AKicro qe-

peg H4nsByKoBe couo{ i s raucpi suiurynaHHr-c
sgaeuoAie 3 Hn3bKonanipxnu. .{o rounpecopia
A|HKC Ha,e(oAnrb cyuiu ragis qepe3 anQysop-d.
t{z puc.2 no3uarreHi xaparrepHi neperuHn:

0-0 - sxiA n HaA3ByKoBe coruro;
l-1 - sxiA B KaMepy suiuryaaHlrr;
3-3 - sndA 3 KaMepu suiuyranru;
44 - erxlAs.qHQFopa;
K-K - KprrtrqHnfi nepepis H44sayroBoro corura.

K+1 '

K ."(l)* 16)

K d.vn.qA)
-= ' (4)
r/u o'vro'q(4)'

Ae q(1), z(1) - ra3oAnHaui.rni Qynxuii s siAnosi-
AHnx nepepira.r, Vlg, V'lo, V43 - xoeQiUierrn BTpar,
TrrcKy Ha siAnosiAnnx Aiarnxax exercropa.

fIpH giaoMux napaMerpo( suiuyaannx noroxis
s sndAHrD( nepepigax conen piarunHr (l) aae gsa
Mo)KtrI{BID( 3HaqeHHr e Ha pe)KHMax, KoJrH n rcauepi

(2)

(3)

L *r)(r*r)

K+u
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3MiuryBaHnr pearri3yerbgfl HaA3ByKoBa reqir (1r >1),
a6o Ao3ByKoBa (lilq <1). PisHrHHn (3) npu
z(1**)>zQ)>2 raKox Aae ABa Mo)KrrHBrx 3naqeH-
nn lj, rryr ni,qnosiAarcrb, siAnogiAxo, HAA3Byroaifi
re.tii (&>1) m Ao3ByKoBifr Qd'<l). To6ro, Ao3By-
KoBa reqir Br{HnKae 3 HnrgsyKonoi B nprMoMy
crpu6ry yutinsneHHr B rauepi suiuryaaHHr.

3 ycieT pisnbuaninrocri Mo)KrrHBr{x pexHuin po-
6omr Nn nouyqf orrrnManbnoro HaA3ByKoBoro
exercropa po3rnrryro KptrrnqHnfi pexnrr,r 3 3aMH-
KaHHrM, KoJrr{ runnArimr trororcy Ao3ByKoBoro
crpyMenr n nepepisiz-2 Aocf,rae uBr{AKocri sayxy.

. [p" yuoni si4rosiAHrx giAHoEeHH,rx mcris
o < o< drar Ha,A3n5ncoanfi crpyuiHr npaq1oe B pe-
xmrri He.qopo3runpeHrrf,. Onxe, cepeA MoxrrHBrD(
BeJrrfqrH f.o/f, 6ygr fi rare, npn sKoMy B yMoBD(
AFHKC ea Aocf,rne MaKcHMaJrbHoro gsaqesHr i
exeKrop 6ya" onrnMaJrbHHM.

lp BttrHaqeHnt ocHoBHrD( reoMerpnrrHrD( na-
pauerpie exeKropa B cepenosnqi Microsoft Exel
3 BHKopHcraHHrM Mo)Knr{BocreE narery nporpaM
Maple 7 6yn peaniroeaxufi anroplrru piureHm pia-
HxHb exerqil ( 14) pa3oM s pinnrnnxMn AJUI Brr3Ha-
qeHnr BTpar noBnoro rncr(y B corurilx i auQysopi m
AoAarKoBt{x yMoB, rr1o Bu3HaqarcTb Kpr{Tlr.urnfi pe-
xHM reqii.

Aaalir pgynbrarin RocJri,qxenufl
B perynrmri posporynxia 6yan orpr{MaHi gHa-

qeHHr ocHoB HrD( neoMerprrqnr{x p osnr ipin exeKTo pa :

- slAnoueHr{r nnou1 KpnrrqHoro i gtDd.qHoro
neperrnrb s sn/{3ByKoBor\.ry conni le'/f1' 4,125 ;

- aiauerp Kprm,rqHoro neperurry B HqA3ByKoBo-
uy conai d,rt0,004 u;

- Aiauery KaMepu suiuynannn dr0,02lu;
- siAHourenHr nnolq sxiAHoro ta grxiAHono ne-

pernHin Ar{OFop 
^ 
fi/fl .

B m6nnqi I HageAeHo 3HaqenHrr noBHoro rucrry
po6ouoro noror(y p0'*, neo6xiaHoro Anr oAepxan-
Hr Ha sxoAi B KoMnpecopn rucr(y pFl,2 Mfi4 Koe-
QiqieHTa exercqii K, uacosoi Br{rparn rmy, u1o
exeKryerbcr G, Ta o6'euxoi npoAyKrr{snocri
A|HKC B craH,qaprHrrx amocQepHr{x yMoBax rpu
pirxnx 3uaqennrx rucKy por s uepexi.

Ta6nu4n I
Perynsrarr po3pexyutcy exeKTopa

3a Rannun m6anrd I no6ygonani ganexsocri
gi4rogiAnrD( napaMeryin ai4 rncry s ra3osifi Mepe-
xi, rxi npeAcraBJreui na pnc. 3-5.
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Puc.1, 3aneucalcmc nompldaozo
zary cid mucry e zasoeirt nepeuci

flpn g6inruenHi rncKy g ra3osifi uepexi pof,
xoeipiqierrr exeKrlii ^I( HaagByKoBoro exeKTopa He-
crpuMHo 3pocrae, qo o6yuoaneno g6ilruennsu
Blrrparn na3y qepe3 Ao3ByKoBe coruro npn yuoni
).j=0,5=consl flpn rlbo[ry Ao3Byr(oBe coruro npu
g6inrruex^i po* sce 6iruue nepexoAe Ha AoKpnrnrt-
Huf, pexnu reqii (ly suenuryerbcr nifi l1=Q,91 npn
po*=0,3 MIIa go ly=0,53 npn po*=1,1 MfIa).

Heo6xianimr raKoro 3MeHrueHHa h norcHroerb-
cr BHKoHaHHTM yuoBlr o'< o< 6^, MA peutigaqii

Qao-Qadnax fipU fxp'/fi '=0,125. Bussneno 3MeHrrlen-
H.s Berr{qnr o nig a=31,8 npn po*=0,3 MIIa Ao o
=9,1 npu po*=l,l MfIa rrpu 0':1,85 ta o,-*=195.

0.?S I po *, lrlfla
xoeQlqtenma aucexqil K cid

1 po'. lrtlr
t utcrE pofiovozo

255{'
vAncc,

r, 2a<O}|,tOI
2lso

1930

Irso

1550

Il30

lrso

950

7!o

0,ls 0,?S tpo.. 1vgln t,ts

Pttc,S. 3srecrcnlcmb cumpam eary A-\HKC oll muc-
Ky e zuoelfi nepeacl

\

\
\

\
\

Po],
MIIa

Pt,
MfIa K G,,

rr/c
Po'*,
MfIa

Vqx*c,,
u'lroA

0,30 t.2l 0,313 0.166 25,0 8t4.7
0,35 t.2t 0.360 0.196 24.0 960.3
0.50 1.20 0,564 0.251 21.0 t230.7
0,60 1.20 0,710 0,290 19,2 14t7.9
0.70 t.2l 0,887 0.328 t7.4 1605.1
0.75 1.20 0.990 0.347 l6.s t 698.6
0,80 t.22 l.l l8 0.368 15.5 1802.6
0.85 t.22 1,249 0.387 14.6 1896.2
0.90 1,23 1.400 0.406 13.7 1989.8
1.00 t.20 1.783 0,u7 I1.8 2t87.4
l.r0 1.20 2,293 0.485 r0.0 2374.6
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' 
O6'eusa nporyrcrlrBnicru AFHKC B cranAapr-, Hnx arnocQepnrx yMoBo( npu g6inrurexni ulcrcy a

rasorifi uepexi BiAp0t:0,3 MfIa Ao po+=l,l MfIa
s6inruryerrcs niHifiHo uafixe a 3 pasn, trpH rlbolry
rurexnimr uorpi6Horo rncKy po6ouoro rary nig
rilcKy s ra3osifi uepexi, ulo HaAaHa Ha pnc.4, uae
sraryc 3ar(ory ynparnirurr perynfiTopa rncKy rasy-g
GHs. pnc.l), HeBr{rcoHaHnfl rKoro [pnBoAtrrb Ao 3a-
MnKaHHf, AO3ByKOBOTO Coruta.

Asadr e$ercrrnnocri BrKopf,cTeHHfl
crpyMrEEOrO AOTf, C l(yBaqe
EQerrnaHicru BnKopncrauHfl crpyMnHnoro Ao-

T[crcyBaqa Moxe 6yna oqineHa 3a AonoMororc
cnpouenoro noKa3nr{Ka exonouiqHoro eQercry, u1o
Bn3naqaerbcf, 3a Qoprrrynoro [2J:

E =Vuor.(", -cr)- N.c, ,

Ae V^onrMt / zod - o6'euna npoAyKTusHictr
AEIKC npr{-HopMaJrbHro( napaMerpaq
j,, zpx/u3 - giArrycKHa qiHa I nr3 ra3y Ha

A|}IKC;
c2,eprdn3 - qina sarqyninni I u3 ragy;
N, I(Bm - norJDrxicrr rounpecopin A|HKC,

nprr sqAaHif, rycurxi rasy na nxoAi B KoMnpecoplt;
cj , epH./KBmeod - qina erreKTpoeneprii, ulo B!t-

lPaqa€-rbcr..
Pceynrrarn po3paxyHrqy eKoHouiqnoro eQercry

exeKropa o6puroi roHQiryryauii npn nnxopncmnni
clprylrHHoro Aorncrq/Baqa npn yrlroni qiH c;0,79
Tr/ut, cfl,34 rpr/ut, cf},lrpnrftBro4, HaBeAe-
Ho Ha pnc.6.

E?0

Analig guinn eronoui.rHoro eSercry BHKopHc_
ranHr exeKropa B npltnurnosifi cxeui A|HKC ao_
3Borrre spo6rmr BHoHoBKH npo loqiarHicm fioro
BuKopr.tcraHnf, npr{ rt{cKy B ragosifi uepexi sia
po*=0,3 MIIa Aopor=0,8 MfIa. flpn pof)0,9 MfIa
norpe6n B BHKopHcranHi exeKTopa HeMae.

BRcnosrn
B pesynrrari pospaxynxia 6ynu orprMaHi rari

3HaqeHHr ocHoBHnx reoMerpr{rlnr{x posuipin exeK-
ropa:

- siAgoueHru rutout KpnrnqHoro i sr{xiAxoro
nepemlniB B Ha.q3ByKoBorr{y cowi f,s' /f t' =0,125 ;

- aiauerp KprmtlqHoro nepernlry B HaA3ByKoBo-
uy conni dry'=0,004 u;

- 4iauerp KaMepH suiuynanHr dt4,02lu;
- siAHoueHnf, rurorq BxrAnoro rai srxi.qHoro ne-

pernnia anQyrop a fi/f4,2,
BnropucmHnr H4A3ByKoBoro exeKTopa s nxocri

Ao(Hct(Foqoro ctpyMnHHoro KoMnpecopa A|HKC
Ao3Bonre sa6egneqnru po6ory KoMnpecopnoi ycra-
HoBKH i sanpaaqy aBTorpaHcnopry B yuoBax 3HH-
xeHoro rtlcKy s ra3oaif, uepexi BiA pot=0,3 MI|a
Ao po*=0,8 MfIa. flpn po*)0,8 MfIa uorpe6u a
BrrKopncranHi exerropa HeMae.

3alexlrimr notpi6Horo Tucr(y po6ouoro ra3y
siA THcKy n rasosifi uepexi, trlo Ha,AaHa Ha puc.4,
Mae craryc 3aKory ynparaiHnf, peryrflropa rucrry
Itl3y, HeB}tKoHaHHn rKoro npHBoAtrTb AO 3AMnKaHH'
AO3ByKOBOTO Corura.
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Puc, 6. 3aneucnicmb eKouor.lqnozo ee etony eld
mucry c zasoolfr nepeucl

K. U. Kamrran.ryK, KaHA{Aar rexgnqecg,( HayK, C. fI. Onxrqearo, O. f, Enxora
OnnrMaJrn{f, csepxuSxorofi exerTop B Kaqecrre noArropHoFo t<oMnpcccop&
Epwedenu pacverrr*bte ucctedoeanun c,eway*odozo sxexmopa c qenbn npu e*eHu, I K(NecmBe

nodnopozo xotrotpeccopa aa axode c 6ao* xonmpeccopttwx cmoxtsufi e ycaodtnx ciuxe*u daaneHut 6 ce-
Drnt nprydvozo eata

K.Kapitanchu( S.Orischenko, O. Bykova
The optimum supersonic ejector as an additional compressor
Cala\tel yslarch of the supersonic eiector with the aim ofusing it as an additional compressor on the

inpul il tle block of the comprersor station in conditions ol loweing of the pressure tn tie notural gas
networks is presented
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