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®OPMA YIUIOTHUTEJIBHOI'O 3A30PA B «CYXOM» M'A30JIMHAMUYECKOM VIIJIOTHEHUMU.
KOO®PDOUUUEHT KOHYCHOCTHU

Knrouesvie crosa: cyxoe 2azodunamuneckoe ynnomneiue, popma 3a30pa, Kosppuyuenm KoHYCHOCM.

llpeocmaenena ghopma yruommumenonozo 3a30pa, 06ecnevusaioWas OMCymemeue KORMaKma paboyux noeepxnocmei
CAZOOUHAMUYECKUX KONEY NPU NYCKe, PACHEMHOM PENCUME U OCMAHOBE YEHMPOOENCHO20 Komnpeccopa. s xapakme-
PUCTIUKYU (hOPpMbL YRIOMIUMENbHO20 3a30pa npedemasien be3pasmepHblii NAPAMemp — KoIQDUYUEHM KOHYCHOCM.

Key words: dry gasdvnamic seal, taper factor.

Shape of sealing clearance has been presented providing for the absence of contact between the working surfaces of
gasdynamic rings during the start-up. design operating mode and shut-down of centrifugal compressor. A dimension-
less parameter — taper factor has been presented for evaluation of sealing clearance.

K HacToslieMy BpPEeMEHHM «CyXHE» ra3oauHa-
muueckue ynaotHenus (CI'Y), no cpaBHeHHIO ¢ Apyru-
MU THMAMH KOHLEBBIX YMJIOTHEHWI KOpryca CxaTus,
NOJIyUHIM HauboJbiLee MPUMEHEHHE B LIEHTPOOEKHBIX
KOMMpeccopHbix MamuHax [1]. OqHoBpeMeHHO Bo3pac-
TatoT TpeboBaHUA MO HAAEKHOCTH M AOJIOBEYHOCTH
YTTOTHUTENBHBIX Y310B. CornacHo 3TuM TpeboBaHHAM
CI'Y noskhbl paborars 6€3 peBU3HK HE MEHEE TPEX JIeT
nnn 25000 wacos.

Hanéxwnas pabora CI'V 3aBucUT OT (GOpMBI
YIIIOTHUTENBHOTO 3a30pa, 00ecrneyuBaroLero oTeyTeT-
BHE KOHTaKTa pabouMX MOBEPXHOCTEH ra3oaMHaMHue-
CKMX KOJIE Ha BCEX PEXHMaX IKCIUTyaTallMM LEHTPO-
oexHoro komrpeccopa (LIK). ®opma yiuioTHUTENLHOTO
3azopa onpeaensercs 0COOEHHOCTAMHM KOHCTPYKIMH U
TEPMOYNPYTUMH  1e(POPMALMIMH  Fa30HHAMHUECKHUX
KOJell, 3aBUCALLMMH OT PEAKHUMHbBIX [1apaMeTPOB padOThI
LK, cBOHCTB KOMNIPUMUPYEMOro ra3a, reoMeTpUYECKHUX
pasmepoB konen [2,3.4]. Jng onpeneneHus npeanoyTu-
TeAbHOH (OpMBI 3a30pa HEOOXOIUMO TMPOAHATUIUPO-
BaTh BJIMSIHHE peKUMOB pabotel LIK na nedopmariu
pabouMX MNOBEPXHOCTEH ra30JMHAMHYECKHX KOJICLL

Ilepen myckom LK, koraa orcyreTyer ras noa
JaBICHHEM B KOPITYCE CWATUS W CKOPOCTh BpAllEHMs
poropa s paBHa HyJO, paboyas NOBEPXHOCTb AKCH-
albHO-NoABIKHOrO Kosbia 1 (I'panuua I'6) (puc. 1)
MpWKUMAETCs K pabouell NOBEPXHOCTH BPALUAOILETOC
koneua 2 (I'pannua I'S), ycunumamu cos3maBaeMbIMu
npyxnHamu. CyMmMapHoe yCHUIWe NpyxuH F ., neiict-

np >
BYIOLIEE Ha ThbUIbHYIO CTOPOHY aKCHAIbHO-TIOABHKHOIO
KOJbLA MeXay paadycamu R, + R Haxoaurtcs, B 3aBuU-

CHMOCTH OT pasMEpOB ra30dMHaMUYECKHUX KOJel, B
nuanasone 100...200 H.

ITpu nmycke npusosa LK, ¢ Hayanom BpaiweHus
poTopa komnpeccopa, razoiMHaMHYeckie KaHaBKU 3 Ha
BpALIAIOLIEMCS KOJILLE 2, CO3al0T CHITYy peakLnH razo-
BOro cnos F ., RozpacTarolyio ¢ yrenuuenuem »n . Ko-

rna cuna F, NpeBbINACT YCUIME F, ., aKCHalkhHO-

NOJABHXHOE KOJIbLO | OTOABUIaeTcs OT BpalllaroLIerocs
KoJjibLia 2. B pesysnbrate mMexay kofibLamu obpazyercs
rasoBbii  CJIOH, NpeAoTBpaIlaIOUHi KOHTAKT MEXIy
pabouuMH TIOBEPXHOCTAMH. YBe/IMYeHHe YMIOTHAEMO-
ro AaBJCHHA F, NOCJIE NOABIEHUs BPAWEHUs pOTOpa H

0
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06pa3013a1-mx ra3oBOro Cios MEXIAy KOoJibUaMu TpPUBO-
JAUT K UBMEHEHUIO BEJIMUUHBI 3a30pa.

Puc. 1 - Cxema pacnpeneneHusi CHJl, AeHCTBYOUINX
Ha ras’oMHaAMHYeCKHME KOJIbUA, 3aBHCALLIUX OT Y-
Jnorusiemoro P, u koHeuHoro P, passjenwuii

Ha npakruke nyck npusona LIK, kak npasuso.
OCYyHICCTBAACTCA MPH HAIHYHMK ra3a B KOPIyCe CKaTHA
NnoA YJIOTHAEMBIM JABJIEHHUEM. Ha srom pexXumMme, cuna
F., NEHCTBYIOILAsA HA ThHUILHYIO CTOPOHY aKCHalbHO-

NOJIBMZKHOTO  KOJIbL@A, MOMKET [OCTHIaTh HECKOJbKHX
ToHH. Hanpumep, y npeacraBuTessi THNIOpPa3MEpHOTo
psna CI'Y paspaborku 3A0 «HUHTYpbOOKOMMpeccop
M. B.b. lllnenna» (3A0 HTK) ana UK I'TIA 16 «Bon-
ra», NpM yNjiOTHAEMOM JaBieHuu 56 kr/cm’, cuna F

coctasisieT 8,8 TOHH. IIpU HATMYMU KOHTAKTA MEXAY
ra3oAMHaMU4eCKMMU KOJibLiaMK 1o Beel padouei no-
BEPXHOCTH, MOLUHOCTH NPHBOAA MOXKET ObiTb HEIOCTa-
TOYHO, 4TOOBI IIPUBECTH POTOP BO BpaleHue. 11pu noc-
TAaTOYHOM MOLIHOCTH NPHBOAA, CHIA PEaKLMK ra30Boro
CJI0sl, BO3HUKAIOIIAS C HAYaJIOM BpALIEHUs POTOpA, MO-
JKET OKa3aThCA HEJOCTATOUHOH Aas oOpasoBaHMs raso-
BOI'O /105t MeXIy KosibuaMHu. [Ipn yBenuueHnu ckopo-
CTH BpallEHNss pOTOpA TpeHue pabouux MOBEPXHOCTEH
BBI3OBET PE3KOC TMOBbILICHUE TEMICPATypbl B MECTE
KOHTAKTa M MOXET NMPUBECTH K pa3pyLIEHUIO KOJELL.
AHanornyHas KapTuUHa HaOJOIACTCs NpU Oc-
ranoee LK npu nanuumm rasa noj faBjieHHEM B KOPMy-
ce cxkatus. Koraa ckopocTh BpallleHHs pOTOpa yMeHb-
maercs oT pabouero 3HaYeHHs IO HyJs, CHla peaKLuH
ra3oBOro Cj0s, CO3j1aBaeMas ra3oJMHaMHUYECKUMU Ka-
HaBKaMM, yMCHbLIAETCs 10 Hyss. Cuna OT yIIOTHAEMO-




ro IaBjieHHs, NEHCTBYIOWIAA HA ThUILIYIO CTOPOHY aK-
CHAJILHO-MOIBUKHOIO KOJIbLIA MPH OTOM OCTa&rcs He-
usmenHoi. Ilpu 3ameanienun BpaiieHus poropa, korma
cuna F, CTaHOBMTCS MEHbLE F MPOHUCXOMNT KOHTAKT

paboyux MOBEPXHOCTEH KOJeL, KOTOPbid BBI30OBET POCT
TEMIepaTypbl.

PaccmoTtpum nedopmalinu paboumx MoBepxXHO-
CTedl W MyTH YMEHbLIECHWUS UIOLAAM KOHTAKTA MEMLY
ra3o/IMHAMHYECKMMHM  KOJIbLUAMH Ha PpeKMMax [Mycka,
pac4€THOro pexxiMa paboTsl U octanora LK.

. Pexum mycka. CKOpOCTb BpalleHHs po-
Topa h =0, yNIOTHACMBIC 1aBieHHe U TemrepaTtypa P

02

7, - pacu&THble 3HAUEHHS.

Bpauaromeecs kosblo HMeeT npsMoyroiLuyio
(opmy B panuanbHom cedenun. [TosTomy cuna ot yn-
JIOTHAEMOTO JABJICHHA, NEHCTBYIOWIAA MO MOBEPXHOCTH
'8 (puc. 1) He okasbiBaeT BiMsHMUE HA U3MeHeHHUE (op-
Mbl ero paboueii nosepxuoctu I'S. Cuna or P, neiict-

BYIOLLAA Ha ThUIBHYHK) CTOPOHY BPAlLAKOUIEroCs Kojibua
no nosepxHoctu ['14 nedopmupyer ero pabouyio no-
BEPXHOCTh MO HaNpPaBACHUKO JEHCTBHUA. AKCHANIbHO-
MOABHAKHOE KOJIBLO MMEET CIOKHYIO (OpMy ceueHus B
paaManbHOM HANpPAaBJIEHHHM, MOITOMY Ha JedopMauuu
padoueii NOBepXHOCTH ['6 OKA3LIBAET BIMSHHE CHIA OT
f, nelcTBylOIan Kak Ha paaMaibHble MOBEPXHOCTH

['l1, Tak u na nosepxnoctu I'19. Tloa neiictBuem P,

0
paboyas NMOBEPXHOCTb AKCHANLHO-NOABIKHOTO KOJIbLA
MOXET U3MEHAThCA, 00pa3ys ¢ BpallaKIIUMCa KOTbIOM
caenytouue Gopmpl yIIOTHUTENbHBIX 3d30pOB: @ — Ce-
UCHHE 3330pa YRENIHUUBACTCS 110 HAMPABJICHUIO JIBMXKE-
HUS rasa ot paauyca R Kk pamuycy R (pu TOM
KONbllda UMEIOT KOHTAKT nmo panuycy R, ), 6 — koablia

MMEIOT KOHTAKT 1o Bcell paboueil nmosepxHocTu (I'pa-
Huubl ['5 — '6); B — ceueHue 3a30pa yMEHbIIAETCA 110
HaTIpAB/ICHHIO ABWKEHMS rasa OT paauyca R K paauy-

cy R

Wi

R, ); T — 1O HaNpaBJICHUIO JBWKCHMWS raza OT pajiyca

e

(ﬂpl’l OTOM KOJIbLIA UMEIOT KOHTAKT 110 pajuycy

R, « paguycy R cedenue 3a30pa ymeHbluaetes (puc.

2), nanee ypenuuuBaeTca K pamuycy R (mpu 3TOom

min

KOJIbLIA HMEKOT KOHTAKT No paauycy R ).

= 1 Hawon) 1§

L o

Puc. 2 - ®opma ynjaoTHATENLHOrO 3a30pa Ha pac-
4€THOM pexume padorTel LIK ’

dopmbl 3a30poB (B) u (r), noa neicTBUEM Ne-
penajga Mexy BbICOKHM YIUIOTHS€MbIM HaBicHueM P,
W JIaBJEHUEM 3 YIIOTHEHHEM P, , Mo3BOJIAIOT NPOHH-

KaTh YMJIOTHAEMOMY rasy Mex/1y pabouuMH HOBEPXHO-
cTaAMH Koneu. Hanuuue rasoBoro ciost Mexay pabouu-
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MU MOBEPXHOCTAMH ra30MHAMMUYCCKUX KoJiel, obecne-
YHBACT OTCYTCTBHE HMX KOHTAKTa B MOMEHT Hauyana
BpalleHUA POTOpa.

2. PacuétHelii pexuM paGotel. CkopocTs
BPALIECHUS POTOpA /7, YIUIOTHACMbIC UABJICHHE M TEM-
neparypa F,, T, - pacuérublc 3HadeHus. [Moa nefcTaim-

€M CHJIbl pEaKLHH ra30BOTO CJOSI, TeMIEPaTypPhbl M CHALE
OT YTMJIOTHAEMOr0 MaBJICHUS aKCHANbHO-MOABHKHOS
KOJILLO OTO/BHIAETCA OT Bpalllalolierocs, odpasys yi-
JIOTHUTESTLHBIN 3a30p ¢ GOPMaMU ONUCAHHBIMH BBILLE.
Ilpy 5TOM Ha BpallaKOLEecs KOAbLO, MO Ha-
NPABICHUIO OT LEHTPa K nepudepun AeicTBYIOT UeH-
TPOOKHBIE CHJIBI «PACTSUBAIOLINE» KObLO B Pamdi-
IbHOM HAIPaB/CHHU. DTU CUJibl HE BIMAIOT HA H3Me-
HeHue dopMil ero paboueii norepxuoct. Ha paousne
NOBEPXHOCTH  ra30[MHAMUYECKUX KOJiel JAeHCTBYET
CHJIa peaKLMH ra3oBOro CNOsi, KOTOpas NPOTHBOAEHCT-
BYET CHJIaM OT YIJIOTHAEMOrO [aBJICHHA, ACHCTBYIO-
MM Ha KoJbla B oceBoM HamnpasicHun (Cpannua 14,
['19 — cm. puc. 1). Temneparypa ynnoTHsemoro rasa.
HpOTEKALLEI0 10 paboyemy 3a30py, YBEJIHUHBAETCA ©
YBCJ/IHUEHUEM CKOPOCTH BpalleHus potopa. Kosdhuuwm-
CHT, XapakTepU3YKIWHH MHTEHCHBHOCTb TEMIOOTAAYH
OT ThUIBHBIX MOBEPXHOCTCH ras0qHMHAMMYECKHUX KOjell
(I'panuua I'14, T'15, T'19, I'20) Tem Bbimie, YyeM 6ObLIE
TEKYUWH paguyc.
3.  Pexum ocranosa. CkopocTh BpalleHHs
poTopa # yMeHbLUAeTCs 0 HYJs, YIUIOTHIEMbIC J1aBie-
Hue u temneparypa F,, T, - pacu@THble 3Ha4eHuMA. 3a

BPEMS YMCHBLICHHSI CKOPOCTH BpALUEHHS POTOpa razo-
JIMHAMUYECKHE KONblA He BOCCTAHARIUBAIOT (opmy,
1epOPMUPOBAHHYHO OT ACHCTBHSA HEPABHOMEPHOIO 110-
s rtemnepatypbl. Cuma peakiMd ra3oBOro  cjos
YMCHBLUIAETCS 10 HYJIA. I'a30lMHaM Mieckue Koblia npu
(popmax 3azopa, (a,6), KOHTAKTUPYIOT N0 NOBEPXHOCTAM
COOTBETCTBYIOUMM paauycam R u R, . ®opMsl 3a30-

POR, (R,r), 06ECNEUURAIOT OTCYTCTRME KOHTAKTA 33 CUET
HaJlU4HA ra3oBOro ¢jos, 00pa3oBaHHOrO MO AEHCTBU-
€M mepenaja MexIy YIUIOTHSEMbIM MaBJIEHHEM W aB-
JIEHUEM 3a YIUIOTHEHUEM.

[Ipencrabnennpiit TeoperHycckuii ananns pe-
KnUMoB pabothl CI'Y, nosmonser onpeaenuTh, 4TO C
TOYKHM 3PEHMA 00ECNEHEHU OTCYTCTBUSA KOHTAKTA MEK-
Iy pabo4yMMU MOBEPXHOCTAMH raz0oAMHAMUUECKUX KO-
Jiel, IpeAnoYTUTENbHBIMU (POPMAMU 3a30POB ABJISAIOTCH
dopmbl (B,r).

Jlns 1IpoBEPKM TEOPETHUECKOrO aHalu3a npo-
BEIEH KcnepuMeHT. CyTh 3KCNIEPUMEHTA 3aKTIouaiach
B UMHUTALMH PEKUMOB IMyCKa U OCTAHOBA HA UCIMbITA-
TEAbHOM CTCHAC MPH HAJIW4YHK [ABJICHUA B MOJOCTH
niepes yruiotHeHHeM. C 3Toli Henbio ObUTH CIPOEKTUPO-
BaHbl ra30lMHAMHUYECKUE KOJIbLIA, O0pasylolliMe Ha HC-
cnenyembix pexumax dpopmbi 3azopos (B,r). [locne me-
MbITAHUH [POBENEHA PEBU3US COCTOSHMs PabOYMX M10-
BEPXHOCTEH, KOTOpas Ha ra3o/IMHAMUYECKHUX KOJIbUAX,
oOpasyrolnx (OpMbl 33a30poB (B), BbiABWIA HE3HAUU-
TeNIbHbIE Clebl KOHTAaKTa B 00/acTH, COOTBETCTBYIO-
wei paguycy R, .

ITo pesyJbraram IKCIEPUMEHTANIbHO-
TEOPETHYECKHX MCCeJ0BaHnH, (hopMa YILIOTHHTEIhHO-
ro 3a3opa (r) onpeaesieHa B Ka4ecTBe 00bEKTd HCCIE10-
BaHUs I JajIbHEUIIEro HU3YUYCHHUSL.



[Tpencrapnennbiii ananus pabotel CI'Y Bbi-
ABWJT, YTO NPUHATAs B KAUECTRE 0OhEKTA MCCAEeTOBAHNS
(hopma YIUIOTHUTEIBHOTO 3a30pa 0OecneYmBaeT OTCyT-
CTBME KOHTaKTa Ha BCEX PACCMOTPEHHBIX PeKUMaXx.
Takum o0paszoMm, npu npoextTHpoBaHuu CI'Y MoxHO
paccMaTpuBaTh TOMLKO pacuéTHblif pexum padots: LIK.
s onucaHus GOpMbl YILIOTHATENBHOTO 3a-

30pa BBOAMTCSA CJIEAYHOLIAs TEPMUHOIOrUA (puc. 2):
1. 3a3zop Ha BXOJEe B razoBblil cj0i, coOT-
BETCTBYIOIMHA paauycy R, obosHauyaercs kak H

axaca *

2. 3a30p Ha BBIXOZIE U3 ra3oBOro cnos, cooT-
BCTCTBYIOLWMH pannycy R, obo3Hauaercs kak

ewxooa *

3. MuHHManbHbIN 3a30p 0003Ha4YaeTca Kak
Paauyc, cootsetctBytomut H_, o6o3HavaeTcs

min °

C uenbt0 BO3MOXHOCTH pacTpoCTpaHeHHs
pes3yJbTaTOB HCC/eAOBaHUA rojosHoro obpasua CI'Y
U1 NPOSKTHPOBAHUA THTIOPA3MEPHOTO pAfa YIUIOTHE-
HWH, oxBaTbiBAKOIMX WHpokui crektp LIK Heobxomu-
MO BBeCTH OespasmepHblit mapamerp. Takoii mapamertp,
B KOMTJIEKCEe ¢ MUHUMANbHLIM 3HAYCHHEM 3a30pa H

min
¥ cooTHOILEHUeM Jedopmalguii pabounx nosepxHocTeil
ra30AMHaAMHMYECKMX KOJIELl MOTYT CIYKHTb PEKOMEHIa-
unAMH A npoektuposanmns CI'Y. _

JUist olleHKW WaMeHeHus (OpMbl  YIUIOTHH-
TEAbHOIO 3d430pa BBOAMTCS KOY()(HUIMEHT KOHYCHOCTH,
KOTOpBIt onpenensercs 1no popmyne:

Ky = ﬁ:-‘1“- ;
) I

rae h - TeKyllee 3HauYeHMe 3a3opa; H . - MUHUMAJIb-

HOE 3HAYEHME  3a30pa MEXKAY Tra30dHHAMUAYECKHMH

KOJIbLAMMU; L - NPOTSHKEHHOCTH Ta30BOrO CIIOS.
TpOTSKEHHOCTHL FA30BOT0 €08, /Uis ClIyyas, KO-

I 3a30p HMEET MHHUMANbHOE 3HaueHHe B 00/1acTH, 3a-

KMOUYEHHOM Mekay paauycaMu R, + R, omnpenensercs:
Lh'xmla &2 RI = Rmnl; Ebixooa = Rnlm i Rm &

B ocTanbHbIX cayyasx npoTsKEHHOCTh Fa30RO-

ro clios onpejensercs no popmyie:
LR —RE.

Popma 3a3opa, KOrga ero BeJMYMHA [0 Ha-
NPaBJEHHIO IBUKEHWS ra3a yMeHbluaeTcs, 0003Hayaer-
¢ Kak KoHdyszopHas. Dopma 3a3opa, Koraa BeaTHUMHA
3a30pa MO HANpPABIEHUIO ABMXKEHHS Ia3za yBeIUUWBaCT-
cst, 0603HavaeTcs kak Judy3opHas.

O6nacTh ymIoTHUTEALHOTO 33a30pa, COOTBETCT-
RYIOILAs NPOTSHKEHHOCTU ra30BOrO €10s OT R, 10 R

min ?
o0o3HavaeTcad kak 00acTh ra30AMHAMHYECKMX KaHa-
BOK. O0JlaCcTh YIIOTHUTEIBHOIO 3a30pa, COOTBETCT-

BYIOLLAS MPOTAXKEHHOCTH Ta30BOro cioa or R 10
R, , obo3nauaercs Kak 001acTh YIUIOTHUTEILHOTO M0s-
cka. CicayeT OTMETHTh, YTO R . HE COBMajaer ¢ pa-
JIMYyCOM OKOHYaHHMA ra3oJHHaMUYECKHX KaHaBOK R, u

MPUHATasA TEPMHHOIOTHA CAYXKHT And 0003Ha4eHHA
¢opMbI 3a30pa Mo OTHOLIEHWIO K R .

Koadpduument xosycHoctw Ky HOKa3bIBAET,

KaK w3meHsieres (hopMa yriaoTHUTENBLHOTO 3a30pa B paliu-
anpHoM HanpasineHud. Koadpduumenr Ky =0 upu na-

pajlUICIbHBIX MMOBEPXHOCTAX Aa30AMHAMHUYCCKHUX KOJIELL.
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OnpeneacHUe NMPEANOYTHTE/IBHONO 1HanasoHa
3HaueHWi Ky sBAseTcs BaxkHeluei 3amadvel pacuér-

HOTO WCCNEN0BAHUA.

C  uecnoib3oBaHueM  pa3pabdOTAHHOIO  11PO-
'PaMMHOIO Komiuiekca [S] npoBeaeHo pacuy&THoe Mc-
cienoBaHue. B kavectBe uccaeayemoro npuusto CI'Y
ans LK 6% tunopasmepHoii Gassi ITIA-16 «Bonra»
npoussoactea OAO «KaszaHbkoMmpeccopmally o cie-
IYIOIMM TPHYMHAM: AMaMETp poTopa B MECTe ycTa-
HOBKM YIUIOTHEHHMS y JaaHHOro tunopazmepa LK co-
crapjigeT 160 MM, 4TO COOTBETCTBYET BepXHEii rpaHuile
HCCIIeIOBAHHA MO pasMepaM, pa3pabaTbiBAEMOro THIO-
pasmeproro psaa CI'Y; nuamerpsl razoauHamMuyYecKux
KOJIEL IaHHOMO YMJAOTHEHHUA MMEIOT HaubojibLive pas-
Mepbl M3 NpeiacTaBUTeNel psaaa, a ClefoBarelbHO
O0nbluKe OKPYXHbIE CKOPOCTH U AedopMaiuu padoumx
NOBEPXHOCTEH, NPU NMPOUHX paBHbIX YCJOBHAX. Takum
obpazom, CI'Y mna LIK T'TIA 16 «Bonra» pabdoraeT B
Gosiee «TAKENBIX» YCIOBUAX MO CPABHCHUIO C OCTallb-
HbIMM [IPEACTABUTENSIMU psiia, UMEKOLIUMHU MEHbIIHE
pa3sMephbl ra30AMHAMUUYECKUX KOJIEL,

3a HOMUHATBLHBIH (pacuéTHeIN) pexkuM paboTel
CI'Y npunsat pexxum pabotsl LK, cKUMaromero npu-
poaHslii ra3 (coctaB 70 % - meTan, 16 % - stan, 10 % -

nponat, 4 % -a30T) ¢ ynioTHseMbIM JaBiieHneM P =56

krc/cm®, TemnepaTypoii  rasa nepen  yruioTHEHHEM
7,=333 K ¥ CKOpOCTbIO BpalleHusi poTopa n=5600
00/MUH.

B kauecTtse npumepa onpenenenusi (popMbl yri-
JIOTHUTEJIBHOTO 3a30pa W Kodpduumenra Ky npen-

CTaBJIEHbl UCCNEJOBAHUS BJIUAHUS YTUIOTHSAEMOIO JaB-
neHus P

A
[lpu wuccneposanuu 7,=333 K, »n=5600
00/mMuH, F, BapbUpOBAIOCH B mpegenax or 16 no 96
Kre/cm’.

[lpn  yBenuueHuM YILIOTHSEMOro AaBiCHMS
BO3pacTaloT CHIbl, JEHCTBYIOLIME Ha ra3oaMHaMHUye-
CKHE KOJIbLIA, B PaJHATIbHOM H OCCBOM HAIMpPaBIICHUAX.
Cxema pacrnpeneneHus NeHCTBYIOUMIUX CWI, MpencTas-
JleHa Ha puc. 1.

[Npu yBenuaennn P,

), B pajdajibHOM Harpas/ie-
HUU OT NepudEpHH K LEHTPY: HA BPALLAIOILEECS KOJbLO
YBEIUYHUBACTCA ACHCTBHE CHJIbI TIPUIOKEHHOH K NO-
BepxHocTH (I'panuua I'8), orpaHHYCHHON HAPYKHbIM
paauycoM Kojibla R, W LIMPHHOM KoJbLa L ; Ha aKcH-
aJIbHO-TIOJIBWKHOE  KOJIbLIO YBEJWYUBAETCSH JEHCTBUE
CHNBI TIPUJIOXKEHHON K MOBEPXHOCTAM, OrpaHUYEHHbLIM

paamycoM R W WwMpuHOIi BbICTyna /,, paguycom R

whin

W wupwHOM [/, paguycom R, n

w

WHPHHOM
L —(l, +lm) (I'panmnna I'11). B oceBom HanpaBieHnH ¢

ThUJIBHOW CTOPOHBI KOJIELL YBEIMYUBAETCA ICHUCTBHUE CHUI,
HAaINpaBJIEHHBIX B CTOPOHY YIUIOTHUTEILHOIO 3a30pa M
NPWIOKEHHBIX: HA BPALLAKLIEMCS KOJbLE K [IOBEPXHO-
CTH Mexay paanycamu R =R (I'pannua I'14); na
aKCHaJIbHO-TIOABHIKHOM KOJBLC K MOBEPXHOCTH MEKIY
paaumycamu R, + R, (I'panuua I'l9). Cuna peakuun

razoBoro cjios £

cu?

BO3HHMKaloLiass B YIUIOTHUTEIbHOM

3a30pe, NpUIoXEeHa K pa60un NOBEPXHOCTAM razoau-




HAMHYECCKUX KoOIeu Ol"paHId‘{CHHblM paanycamu
R +R, (I'panuua ['5,I6).

DopMy yNIOTHUTENILHOIO 3a30pa ONpPEeAessIoT
2edopmauun paboOYMX MOBEPXHOCTEH ra3oiMHAMMYe-
ceux konen (Ipanuua 5,10 — Bpaialomeecss KoibUo,
! paunua@ 1 6 — akcHabHO-NOABIKHOE KOINBbLO). Ha puc. 3
12.6) npexacraeieHbl (GOpMbI  YTUIOTHHTENBHBIX 3a30pOB
i P, 16 1 96 kre/em”. 1LTpUX myHKTHPHBIME JTHHUAMHU

MOKa3aHbl MOJIOKEHNUST pabOUYUX MOBEPXHOCTEN Ia3oguHa-
MHYECKHX Kouiel 6e3 yuéra ux aedopmanumit. Ha pucyHok
HAHCCCHblI 3HAYCHMST MUHUMAJIBHOIO 3a3opa H KOTO-

min ?
Poifi  ONpene/AeTcs B pe3ysbTaTe ra30HHAMHYECKOIO
pacu€ra ¢ yuétom Gopmbl pabounx MOBEPXHOCTEN, Be-
AHYKMHA 3a30pa HA BXOJ€ B rasoBblil ciol H__ . W Ha

axooa

BBIXO/IE W3 ra3oBoro cios H
paxMyca R

min ?

a TakK)Xe 3Ha4YCHUs

abrxooa

cooTsercTeyromero H

A =50 My

Puc. 3 - ®opma ynioTHUTEILHOrO 3230pa B 3aBUCH-
MOCTH OT P, a- P,=16 krc/em’; 6 - P,=96 krc/em?; 1

— pa0o4asi NOBEPXHOCTH BpalalOIIerocs KoJiba oe3
yuyéra aedopmaumii; 2 — paboyasi NOBEPXHOCTL AK-
CHAJIbHO-TIO/IBHAKHONO KoJibLa 0e3 yuéra aedopma-
umii; 3 — paGoyasi MOBEPXHOCTH BPALIAOINErOCs
KO/IbUA ¢ yuérom jedopmaumii; 4 — paGouas no-
BEPXHOCTH AKCHAILHO-TIOABHIKHOIO KOJALLA ¢ yué-
TOoM aAedopmannii; § — ra30IMHAMHYECKAS KAHABKA

PCSyﬂbTaTbI paC‘IéTOB NoKa3sbIBavOT, 4YTO [pu
VIIOTHAEMBIX JaBJieHUsX 16 u 96 kre/cM® 3a30p umeer
MAKCUMAJIbHYIO BEJIMYMHY HA BXOJE - 3,56 u 4,31 MKm
coorsercTBeHno. [lo manpasnenmio ot nepudepuu K
LHEHTPY 3a30p YMEHBINAETCS 10 MUHMMAJIBLHOIO 3Haye-
HUsA, KOTOPbIH cOCTaBjsgeT COOTBETCTBEHHO 2,72 u 1,8
MKM, 06pasys KoH(py30pHYIO GopMy B 061aCTH ra3oiu-
HAMHUYECKHX KaHaBOK. Jlasiee 3a30p paciuupsercs K Bbi-
XO4Y M COCTaBfAET COOTBETCTBEHHO 2,75 1 2,1 MKwm,
obpasys nudy3opHyio GopMy B 001aCTH YIIIOTHUTE b~
HOT'O NosACKa.

B obnactu koHdy30pHOro yIIOTHUTENLHOTO
3a3o0pa npu yBenudenud P, ot 16 10 96 kre/em’ K02(h-

(uuuent Ky ysenuuusaercs B 3,71 pasa ot 0,035-107
n0 0,130-107, Mpu P, =56 xrc/cm® 3Hauenue K03pdu-
LIMEHTa KOHYCHOCTH Ky B obnactu au(py30pHOro yii-
JIOTHUTEJBLHOTO 3a30pa umeeT MuHumym 0,031-107,

Ha puc. 4 npencrasnen xapakrep M3MCHCHHS
ko3 duumenta konycHoctu Ky or P, nns koudyzop-

O
HO# 1 indy30pHOIT 0bnacTell yIoTHUTEILHOTO 3a30pa.

Ay~ Ay x 12
€44 4

T e —— 3 woer. S SRR
R ko) &% o o 10 a & 0 wn

Prxec/tm”
a o
Puc. 4 3aBucumocts koopdpuunenta Ky or P, a —

]

00/12CTH KOH(Y30PHOI0 YNJIOTHHTENLHOIO 3230pa; O
— 001a¢Th TH(PY30PHOrO YNJIOTHHTETLHOIO 3a3opa

B pesynbrare npeacTaBiaeHHbIX HCCIEaOBa-
HUI pa3paboTaHbl PCKOMEHIALUMK /15 MPOCKTHPOBAHMA
YIUIOTHHUTENILHOTO 3330pa MEeXIY raz0JiMHAMUYECKHMU
KonbLamH (Tabnuua 1), KOTOPbIMU MOMCHO MOAb30BATh-
¢s npu paspabotke 1o6oro Tunopasmepa CI'V aas wiu-
POKOro Anana3oHa pexHMHbIX 1apameTpoB padoThbl LK.

TaGavua 1 - Mpeanoyrurensubii AManason napa-
METPOB  JLIA  NPOCKTHPOBAHHA  YINIOTHHTE/IbLHOIO
3azopa CI'Y

[Tapamcrp [peanoyrurensumpii Ana-
1nasoH
min » MKM e a0
Ky (oGnacth koHdy- 0,08...0,09
30PHOTO 3a30pa)
Ky (o6nacte nudy- 0.025...0.035

30PHOTO 3a30pa)

O6nactb koudysopuo- | Jledopmauus paGoueit noepxio-

ro 3a3opa CTU aKCHAIbHO-TIOABMKHOIO KOJb-
ua > geGopMauny BpaalonIerocs
KoJbua Ha 10...15%.
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