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COIAEPKAHUE

JIBHKeHHe ra3a B KaHaJIaX TYPOOMAIIUH
HeBsi3koe TeueHre B MEKIOIIATOYHBIX KaHalaX KOJIBLICBBIX M KPYTOBBIX PCHICTOK.

PaBHOBecue HqaCTHUIl Ha OCGCI/IMMGTpI/I‘IHOﬁ ITOBCPXHOCTHU TOKA B HAIIPABJICHUHA
HOPMAJIX U B HAIIPABJICHUHN ABHUKCHU.

YerwIpe BU1a CUIT UHEPIIMH, JEMCTBYIOIIMX HA Ta30BbI€ YaCTUIIbI B KPYTOBOM
pPELIETKE.

Pacnipenenienre naBiaeHuss 1 CKOPOCTH BIOJIb HOPMAIIU, ypaBHEeHUE bepHymm s
OTHOCHUTEIBHOTO JIBUKCHMUS.

TpaH3UTHBIN TOTOK U OCEBOM BUXPh B KaHAJIaX [IEHTPOOEKHOIo paboyero Kojieca,
oOpaTHOE TeYEHUE HEBSI3KOTO rasa.

OTHOCUTEIBHBIN BUXPb.
OreHka oTcTaBaHUs MOTOKA Ha BBIXOJI€ U3 KoJieca o dopmyne CTooa.

O HEBO3MOYKHOCTH MOJISJIMPOBAHUS TEUCHUS B paIMaIbHBIX PA00UHNX KoJiecax
METOIOM CTAaTUYECKOM MPOTYBKH.
bonblue nHgopmMaumnm 0 KOMMNPECCOPHOU TEXHUKE
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HeBsi3koe TeueHne B MEKIIONIATOYHBIX KaHAJIaX
KPYTOBOU PENIETKH

PaccMoTpyuM  ABMKEHHUE HWIACATBHOU HEC)KHMMAEMOU
KUIAKOCTH B KaHajJ€ KPYroBOM PEIUIETKH, T.€.
LEHTPOOEKHOIO padOYEro KOJIeCa, BPAIArOIIETOCs C
ITOCTOSHHOU YIJIOBOU CKOPOCTBIO.

BrigennMm B KaHale dJIEMEHTApHbIM 00bEM ra3a MacCcou
dm = pbdnds, tne b — muprHa KaHajla B
HampaBJICHUU OCU Z B MEPHUJIMOHAJILHON IIOCKOCTH.
IIpumeMm c¢; = w; = 0. CocTaBisroe HHEPIUOHHBIX
CUJI OT IEPEHOCHOI'0 U OTHOCUTEIBHOTO JIBHKCHUS U

KOPHOJINCOBA YCKOPEHHUS ITOKAa3aHbl HA PUCYHKE.

bonblue nHgopmMaumnm 0 KOMMNPECCOPHOU TEXHUKE 3
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HeBsi3koe TeueHne B MEKIIONIATOYHBIX KaHAJIaX
KPYTOBOU PENIETKH

B Kpyropou penérke HA YaCTHIY J€UCTBYET YeThIpe
BHM/IA CUJI HHEPIIUU:

1. Cunta nHEpIIUM, CBA3aHHAS C YCKOPEHUEM WIIH
3aMEIJICHUEM ITOTOKA B OTHOCUTEIbHOM JIBMKECHUHU

dwlds.

2. IleHTpOOEKHASI CHJIa OT OTHOCUTEIBHOIO JBHKCHHUEM
110 KPUBOJMHEMHON TPACKTOPHUU W2/Fs.

3. LlenTpOoOECKHAs cHa OT IIEPEHOCHOTO JIBHKCHUS

u2/R = om2R.
4. Cuna HH@EHI/II/I OT KOPHOJMCOBA YCKOPECHUS 20OW.
onblUue UHpopmMaLum 0 KOMNPECCOPHOW TEXHUKE 5
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HeBsizkoe TeueHne B MEXKJIIOIMATOUYHbBIX KaHAaJIax
KPYTOBOM PEHIETKH

H[]Dﬁ:I{I_lHH YPABHCHHA PABHOBCCHA Ha OCh R IIPH ITIPHHATBIX AJONYVIICHHAX H

MNOKA3dHHOM PACIIONOXKCHHH OCEH HMEET BH/I:

2
L ap - 2R cosP — 20w + — =0
p dn r,

YCIIOBHC PAEHOBCCHA B HAIIPABIICHHH OCH 5-

1 d N aw
L Rsmnf3 =0
p dﬁ:me nHdopmaumm o KOMI'IpeCCOw;%ETeXHI/IKe

Ha camTe Hay4YHOW rpynnbl www.kviht.ru




Perrag coOBMECTHO INOJIYHCHHDBIC BBIIC YPABHCHHA M YHMTbIBAA,

YTO cosP = dR/dn;, smpP = dR/ds, w = ds/dt, ® = const,
TTOJTY UMM

dw/dn =20 — w/r,

[Tpu sToM #; = O, KOTZIa paluyc #; 110 HATIPABIEHUIO COBITAAST C

HAIIPaBJICHHCM OCIH #i. OTCID,I[H IMOJIYHI M.

w =Wy, (1 —n/ry) +20on

riae w., — sSHa4CHHE CKOPOCTH IIPH 71 — 0.
Cp
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HeBsizkoe TeueHne B MEXKJIIOIMATOUYHbBIX KaHAaJIax
KPYTOBOM PEHIETKH

M3 mnonyueHHOM QOpMYIBEL CIEAyeT, YTO Ha 3adHEH CTOpOHE

HomaTtku (1 = a/2) CKOpOCTh OTHOCHTEILHOTO ABMIKEHHMS PABHA:

W, =W, (1 —0,5a/r,) + aw

anaepennei. Wy = Wep (1 + OjSG/rS) — Q.
[TeperniieM 3HAYEHHE CKOPOCTH B BHJIE!

W =W T Wog,
bonblue nHgopmaumm 0 KOMMNPECCOPHOU TEXHUKE
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e Win = Wep (1 —1/F), Wo = 2001
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HeBsi3koe TeueHne B MEKIIONIATOYHBIX KaHAJIaX
KPYTOBOU PENIETKH

CocTaBiIs01Ias Wm, Ha3blBacMasi TPAH3UTHBIM
IMOTOKOM, 3aBUCHUT OT BEJIUYHUHBI CPEIHEU
CKOPOCTH Wep (OT pacxoja rasa), KpUBH3HBI
kaHaita 1/rs W MOJOXXEHUSI TOYKW B KaHAale,
OIIPEACIACMOr0 KOOPAUHATOM M.

Ecian Kojieco OCTAaHOBUTH W MPOITYCTUTH YEPE3
HEro TO K€  KOJWYECTBO Trasza, TO
pacOpenciICHue CKOPOCTEU OoymeT
ONPEACTATHCS CKOPOCTBIO Wrn.

orblle nHpopMaunn 0 KOMNPECCOPHOU TEXHUKE 9
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HeBsizkoe TeueHne B MEXKJIIOIMATOUYHbBIX KaHAaJIax
KPYTOBOM PEHIETKH

Bropas cocTaBigroiias Woes, Ha3bIBaeMas
OCEeBBIM BHXPEM, 3aBUCUT OT IOJIOXECHUS
TOYKM B KaHajJ€ M OT YIJIOBOU CKOPOCTH
KOJIECA.

JInHMM TOKa OCEBOr0 BHUXPSA HA PHUCYHKE
[I0OKA3aHbl YCJIOBHO, TAKOW BUJ OHU HUMEIOT
IJI 3AMKHYTOW BPAIAXOIIEUCS ITOJIOCTH.

bonblue nHgopmMaumnm 0 KOMMNPECCOPHOU TEXHUKE 10
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HeBsa3koe TeueHne B MeKJIOIMAaTOUYHBIX KaHa1ax
KPYTOBOU PENIETKH

TakuMm  oOpa3oM, TIIOJIE  OTHOCHTEJIbHBIX
CKOPOCTEM B KaHajJ€ KoJieca IIPEACTABISIET
COOOM CYMMY CKOPOCTEd TPAH3UTHOIO
IMOTOKA U 0CEeBOI0 BUXPHA. BiIMsAHUE 0CEBOIO
BUXpSI HOPUBOJUT K TOMY, YTO CKOPOCTH
IOTOKa OOJBIIE Yy 3aJJHEW CTOPOHBI JJONATKU U
MEHBIIIE Y TIEPEITHEN.

bonblue nHgopmMaumnm 0 KOMMNPECCOPHOU TEXHUKE 11
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HeBsi3koe TeueHne B MEKIIONIATOYHBIX KaHAJIaX
KPYTOBOU PEIIETKA

Ecau paccmorpeTs QopmMyldy I OTHOCHMTEILHOM CKOPOCTH

IOTOKA, TO MOMKHO YBHMIETDH, UYTO MPH HEKOTOPHIX YCIOBMAX (Malble
3HAUEHUS We, W OOJbIINE 3HAUEHHA ®) MOXKHO IIOINYYWTh
OTPHLIATENILHOE 3HAUSHHWE CKOPOCTH Wy, T.€. B KaHale y IepeaHen
CTOPOHHI JIONATKM MOTYT IIOSIBUTHLCS 00paTHbIe TOKH. OCTaHOBKA
[TOTOKA Y MEPEAHEN TTOBEPXHOCTHA COOTBETCTBYET YCIOBHIO Wy = (0.
[Ipw sTOM:

wep (1 +0,5a/rs) —ao =0
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HeBsi3koe TeueHne B MEKIIONIATOYHBIX KaHAJIaX
KPYTOBOU PENIETKH

IIpakTndecku B OOJBIIMHCTBE CIIy4acB IIpHU
TEUCHUHU BS3KOI'O ra3a TaKo€ OOpaTHOE TCUCHHE,
KaK IIpaBUJIO, HE HAOIIONAETCs, TaK KaK CHaJalia
IIPOUCXOAUT OTPBIB IIOTPAHUYHOIO CJO0s, IpHU
KOTOPOM Wep YBEIIMUMBACTCSA. OMHAKO IJIsI KOJIEC
C paavallbHO PaCHOJ0KEHHBIMUA JOHAaTKaMM
(B2 = 90°) nmpum BecbMa MaJbIX pacxodgax M
OOJIBIIINX ® TAKOE TEUECHUE MOKET HAOIIOIATHCH.

bonblue nHgopmMaumnm 0 KOMMNPECCOPHOU TEXHUKE 13
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HeBsi3koe TeueHne B MEKIIONIATOYHBIX KaHAJIaX
KPYTOBOU PEIIETKA

TeueHne HMAeanbHOTO Tasa depe3 KPYTOBYIO BPAIAIOIYIOCS PEIIETKY
IPUHIIUIIHAILHO OTIHMYAeTCA OT TEUEHWd UYepe3 IUIOCKYIO WIH
KONILIIEBYED peIeTky. B oTnmwume OT IUIOCKOM pEIIeTKH ¢

HEHD,I[BH}I{HDﬁ prI‘DBDﬁ PCIICTKH 34CCHE Hd YdCTHIIBI I'd3d ,[[ﬂﬁCTByIDT

[HeHTPOCTPEeMUTeEJILHOE (uz/r) 1 KOPHOJIMCOBO (me)ycmnpeﬂnﬂ.

OTO MNPUBOIMT, ¢ OAHOM CTOPOHHI, K TOSBICHHID OCEBOI0 BHXPA,
CYIIECTBEHHO BIMSIONIETO HA PACTIPEASIEHUE CKOPOCTEN U JAaBISHNN B
MEKITOTIATOYHOM KaHalle M OKOIO MpodMIIs B pelleTKe, a ¢ APYToH, —
K CYIIECTBEHHOMY IOBBIIIEHHIO JaBJIeHHSl B KaHalle KPYTOBOM
PEIIETKM COINIACHO HIDKENPHUBEAEHHON ¢dOopMylle 3a CUeT TN

IIEPEHOCHBIX CKOPORPEHIE VHOPMaLI O KOMMNPECCOPHOW TEXHIKE
Ha cauTe Hay4HoU rpynnbl www.kviht.ru
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HeBsizkoe TeueHne B MEXKJIIOIMATOUYHbBIX KaHAaJIax
KPYTOBOM PEHIETKH

HucienHoe 3HaUCHUEC HABJIICHHWA C yqéTOM IHOTCPb

MOKHO OIlIpCACIIUTDb U3 YPABHCHMWA.

dp/p+d(w* —u*)/2+dh, =0
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HeBsi3koe TeueHne B MEXKJIIONMATOUYHBIX KaHaJIaX
KPYTOBOM PEHIETKH

bonbLle MHPOPMaLIMM O KOMMPECCOPHOW TEXHUKE
Ha camTe Hay4YHOW rpynnbl www.kviht.ru

a) 2, 8

“w @

PacnipeieneHnne CKOpOCTei:
@ — TpaH3UTHOTO NnoToka (ipu m#= 0, @ =0);
6 — oceBoro Buxps (mpu m =0, o # 0);

8 — IEUCTBUTENBLHOTO CyMMapHOTo TeueHus (pu m =0, o # 0).
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HeBsi3koe TeueHne B MEKIIONIATOYHBIX KaHAJIaX
KPYTOBOU PENIETKH

Xapakrep JIMHUU TOKa OTHOCHUTEJIbHOI0 BUXPHA
(OTIMYME OT 0CEBOr0 BHXPS 3aKJIHOUACTCS B
TOM, YTO OTHOCHUTEJILHBIM BUXPbh BO3HHUKAECT
[IPA BpAIIEHUM HE 3aKPbITOM HA BXOJIE U
BBIXOJIE PEIIETKE, & OCEBOU BUXPh BO3HUKACT,
KOIJIa MEXJIOMATOYHbIM KaHall 3aKpbIT Ha
BXOJIC ¥ HA BBIXOAEC) ISl KPYTOBOM PEIIETKH
XOPOIIO BUJEH HA CICAYIOIIEM PUCYHKE

bonblue nHgopmMaumnm 0 KOMMNPECCOPHOU TEXHUKE 17
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(OTHOCHTENBHBIA BHXPh)
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HeBsi3koe TeueHne B MEXKJIIONMATOUYHBIX KaHaJIaX
KPYTOBOM PEHIETKH

I[JISI dHall3a pPaclipCAaciICcHMA CTAaTHYCCKOIO JaBJICHMA B KaHAJIC

KPYTOBOM PEMIETKM BOCIONb3yeMcs ypaBHeHHeM bepnymnu (Oymem

paccMaTpUBATh HEBS3KOE TEUEHHUE ):
hy = hy + hy,
win B guddepeHInaIbHOM BIJIE:
d(c,u) = dpl/p + dc?/2.

W3 nocneaHero ypaBHeHU CIEAYET, UTO

— 2
dgﬁ BJG MHcQobéa Ll,cl/li lﬁo%g%zﬁleccopg.oﬁ) TEXHUKE
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HeBsi3koe TeueHne B MEKIIONIATOYHBIX KaHAJIaX
KPYTOBOU PENIETKH

Hpe,I[CTaBI/IB KBaJ[pal  CKOPOCTH B a0COJIIOTHOM

JABHKEHUM KakK ¢ = ¢ + ¢,° U ¢ YUéTOM TOro, uTo
C, =W, U ¢, + W, = d TIOJIyUUM ypaBHeHHe bepHy/n

B OTHOCHTC/IBHOM JBHU/RCHHH.

dplp + dw?/2 = du?/2
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HeBsi3koe TeueHne B MEKIIONIATOYHBIX KaHAJIaX
KPYTOBOU PENIETKH

N3 ypaBHeHUs bepHYIIM B OTHOCHUTEIBLHOM JIBUXKCHUU
CJIEAYET, YTO IIOBBIIICHUE CTATUYECKOIO JABJICHUS B
[IECHTPOOCIKHOM KOJE€CE B OTIMYME OT HEIMOJABHUKHOIO
KaHaJla MPOUCXOAUT KAK 34 CUET YMEHBIIECHUA CKOPOCTH
OTHOCHUTEJIBHOTO JBUXKEHUS W, TaK Y 3a CUET YBEIIMYCHUS
OKPY>XHOM CKOPOCTH ¥ NpPU JBUKEHUM raza OT IEHTpa K
nepudepun. M3 ypaBHeHHs1 bepHYIIM B OTHOCHUTEILHOM
ABWKCHHUM M (OPMYJIBI I CKOPOCTH CJEAYET, YTO
CTaTH4YeCKOe JdaBJieHHMEe B KaHajie padodyero KoJjeca
0o0JIbIIIEe HA MepeaHer CTOPOHE JIONATKH M MEHbIle Ha
3aTHEN.

bonblue nHgopmMaumnm 0 KOMMNPECCOPHOU TEXHUKE 21
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HeBsi3koe TeueHne B MEKIIONIATOYHBIX KaHAJIaX
KPYTOBOU PENIETKH

Ba)xHBIM mapaMeTpoM, ONPEACISIONMM HAaIOPHOCTh
PEIICTKHU, SIBIISICTCS YIOJ BbhIXOAA IIOTOKA U3 PEIICTKU
B2. HamnbGonee mpocTtoii, HO B TO k€ BpeMs I'py0o
OPUOJIMKEHHBIM  CITOCO0 HAXOXJACHUSA BBIXOIHOTO
yIjla JJIs  JIONaToOK, OYEePYEHHBIX MO  JyTe
OKPY>KHOCTH, pazpadoran  A.CromoJa. OH
OPEANOI0XKIUI, 4YTO Ha HAIpaBJICHUE BBIXOJAHOMU
CKOPOCTU BIUAKOT TOJBKO TE€OMETPUYECKUAN YIOJ
BBIXOZa 312 U OCEBOH BUXPb, JUHUH TOKAa KOTOPOIO
3aMbBIKAIOTCS B 00J1aCTH BBIXOJA U HPOTUBOMNOI0KHBI
HaINpaBJICHUIO OCH U
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HeBsi3koe TeueHne B MEXKJIIONMATOUYHBIX KaHaJIaX
KPYTOBOM PEHIETKH

U2 Cu2eco Cu2
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TpeyroJbHUKHU CKOPOCTEH Ha BBIXO/IE M3 LIEHTPOOESIKHOTO paboyero

KOJICCa IIPH KOHCYHOM H OESCKOHSUHOM YHMCJIC JIOITATOK



ComocTaRNIeHHe JenaeTca IIPH OJHHAKOBOM Kos(pHIMeHTe pacxoma

®,. [Ipu deckoHeUHOM UHCIIe JTOMATOK KO3(pHIHEHT TeOpeTHUeCKOTrO

HaItopa paBeH:

C

WT@:I — he — 1_ (I)ZCthJIZ
MZ

KoaddmipieHT TeopeTHueckoTo Harmopa peaimbHoro PK ¢ KoHeuHBIM

WHCIIOM JIOTIATOK MEHBIIE HA BeIITWIHY ACHZ — Cu 20 CHZ ;
CuEm o Acu

Y, = 2 =1-o,ctgp,, —Ac,,

i,
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HeBsi3koe TeueHne B MEKIIONIATOYHBIX KaHAJIaX
KPYTOBOU PEIIETKA

A.CTo0J1a NIPeIIOKHI CYUTATH BeJIMYHHY AC,, paBHOI cpeaHeii

JJHHEHHOH CKOPOCTH OTHOCHTEJILHOI0 BHXpsA Ha BbIXode H3 PK.

MakcumanbHas JTUHEHHad CKOPOCTh BUXPA PaBHA YIVIOBOM CKOPOCTH
BUXPS 20, YMHOXKEHHOW HA4 PACCTOAHHUE IO IOBEPXHOCTH JIOIATKH
0,5a, Cpenpss nuHeHHAs CKOPOCThL BIBOE MEHBIIE, II03TOMY
(B mpeHeOpeeHMH TOIIIMHON JIONIATOK Ha BEIXOAE 13 PK):
Ac,, = 20% — o 250P,
u2 -
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HeBsi3koe TeueHne B MEKIIONIATOYHBIX KaHAJIaX
KPYTOBOU PENIETKH

®opmyna CTOmOJBI MHAPOKO MCHOIB30BANIACh B HWHKEHEPHBIX METOJAX
MMPOCKTUPOBAHUS U MOKa3blBajga JOCTATOYHYK) TOYHOCTb pacyera
CPEIHEHAIIOPHBIX CpeaHepacxoaublx PK ompeneineHHON KOHCTPYKIUH,
KOTOPBI€ TIPAKTUYECKH MCKIIOUUTEIIBHO MPUMEHSJINCh JO0 CEPEAUHBI
MPOIIIIOTO CTOJIETUS.

B 10 e Bpemss npu pacuere napyrux PK dopmyna Cromonbl paer
HEJONMyCTUMO  OoJiblilyt0  ommOKy. Creayer yka3aTh Ha BaXXHOE
00CTOSITENILCTBO, KOTOPOE AEMOHCTPHUPYIOT YCJIOBHOCTH CXEMBI TEUCHMS,
Ha KOTOpOM moOCTpoeHa 3Ta (opmyna. A HMMEHHO, TEOPETUUYECKUE
COOOpak€HUSI W JaHHBbIE M3MEPCHUN JEMOHCTPHUPYIOT 3HAYUTEIbHOE
BJIMSIHUE BSI3KOCTH MOTOKA Ha KOA((PUIIMEHT TEOPETUUECKOr0 Hamopa (4em
CUJIbHEE TPOSIBJICHWE BSI3KOCTH, TEM CHJIbHEE IIOTOK OTCTaeT OT
HarpaBieHust Jjonarok). ®dopmyna CTomOdbI MOCTPOEHA IEJIUKOM Ha
«HEBSI3KOM» CXEME TEUCHHUs, WTHOPUPYS BAXKHOE BIIMSHUE PEATbHOIO

Xdpaxrepa HOTEgg, ) e MHJPOPMaLIUM O KOMIMPECCOPHOWU TEXHUKE 26
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HeBsi3koe TeueHne B MEKIIONIATOYHBIX KaHAJIaX
KPYTOBOU PENIETKH

N3 pacCMOTPEHHBIX OCOOCHHOCTEM JBHUKCHHUS rasa
B KPYIrOBOM PEHIETKE CICAYET, YTO B OTIIMYHUE OT
OCEBBIX Ppa0OUMX KOJIEC DKCIEPUMEHTAILHOE
MCCJICAOBAHHUE ILICHTPOOCKHBIX pPadOYMX KOJIEC
METOJIOM CTATHYECKHUX IPOAYBOK
HENMOABHKHBIX PENIETOK HEBO3MO:xkHO. Ha
CTPYKTYpPy HOTOKa BO BpallarolieMcs KoJiece
OCHOBHOE€ BIIMSHHME OKa3bIBa€T KOPHOJIMCOBA
Chujia, OTCYTICTBYIOIIAs IpPH  CTAaTUYCCKHUX
IpOyBKaX.

bonblue nHgopmMaumnm 0 KOMMNPECCOPHOU TEXHUKE 27
Ha camTe Hay4YHOW rpynnbl www.kviht.ru




Hou. FO.B. Kojcyxos. Teopusi trypoomamiuH. Jlekyus 11.

bJIAr'O[JAPHO 3A BHUMAHUE
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