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3KCHEPUMEHTAJIbHBIE UCCJEJIOBAHUA THIPOCTATUYECKOM CHAJIbI B
IEJEBOM YIUIOTHEHUHA KOHEYHOM JIJTAHBI

AHHOTAITHA IIposedennvl sKcnepumenmanbhsle Uccie008anus uOpOCmMamuyeckol cuibl 6 OMHOCUMeNbHO OIUHHOM Yu-
JTUHOPUYECKOM Wje1e60M YHIOMHEeHUU NPOMOYHOU Yacmu yenmpobedicnoeo nacoca. Ioryuenvl 3asucumocmu kodgpguyuen-
MO8 paouanbHou U yenoeol Jdcécmrkocmell om nepenada 0asienus Ha weau. Jlana oyenka 61usHus OKPYICHbIX NepemoKos
pabouetl sHcuoKocmu 8 wjenu, 00yCIo6IeHHbIX NOTeM OABNEHUs, Ha BETUNUHY dSMUX KodGduyuenmos. [lonyueno senenue ca-
MOB030YIHCOeHUA HeBPAWAIOWe20Cs. BANA 8 OMHOCUMENbHO ONUHHOM Wele60M YNIOMHEHUU YUTUHOPULECKOU hopMubl.
Knioueswvle cnosa: yenmpobesicnuiii nacoc, weieeoe yniomuenue, 2UOpOCmMamuieckas Cuid, Kodgguyuenm paouanbHoi
orcécmrocmu, Koaguyuenm yenoeou #ECmKocmu.

A. 1. BEDA, I. N. BEDA, A. S. KOSTORNOY

EXPERIMENTAL STUDIES OF HYDROSTATIC FORCE IN ANNULAR SEAL
OF FINITE LENGTH

ABSTRACT The present paper describes the experimental test rig and the procedure for experimental studies of radial hy-
drostatic force components in a relatively long cylindrical annular seal for the hydraulic system of a centrifugal pump. The
obtained rotor loading characteristics showed a linear dependence between the applied force and the resultant displacement
over a wide range of the shaft eccentricity. With the theoretical ratio of coefficients for radial and angular stiffness, there
have been obtained experimental dependences of these coefficients from the pressure differential across the gap. The effects
of the circumferential backflows of the handled medium due to the pressure distribution on the magnitude of these coeffi-
cients have been evaluated. The phenomenon of self-excitation has been obtained for the non-rotating shaft in a relatively
long annular seal of a cylindrical shape at a relatively large eccentricity of the shaft.

Key words: centrifugal pump, annular seal, hydrostatic force, coefficient of radial stiffness, coefficient of angular stiffness.

BBenenune

O6ecnedenne HaA&KHONH pPabOTHI OBICTPOXOJI-
HOTO IICHTPOOEKHOT0 Hacoca TpeOyeT MOCTOBEPHOTO
OTIpENICIICHUST MUHAMUYECKUX XapaKTePUCTHK IIeie-
BBIX YIUIOTHEHHH ero mporodHoi yactw [1, 2]. Hdan-
Has 3a/1a4a J0 HACTOSIIETO BPEMEHH HE MMEET OJIHO-
3HAYHOTO PEUICHHS, a IO3TOMY IIPH €€ PelIeHIH MpH-
XOIOUTCS YNPOIIaTh MaTeMaTHYECKYI0 MOJENb IIesie-
BOTO yIuioTHeHHs. Hanbomnee HaaéKHYIO ONEHKY Tpa-
BOMCPHOCTH TCX WJIM MHBIX uonymeﬂm‘& MOJKHO IOJIYy-
YUTb Ha OCHOBAaHHHU PE3YJIbTATOB 3KCICPHUMCHTAJIb-
HBIX HCCIICAOBAHMNA. Y IOBJICTBOPUTEIILHOE PACXOXK-
JICHHE MEXIy SKCIICPUMEHTAIBHBIMA H PACYETHBIMH
JAHHBIMH SIBJSICTCS KPUTEPUEM IPABHIBHOCTH TPE/-
JIOXKEHHOTO METOJIa pacuéTa.

Crnemyer OTMETHTD, YTO U YKCTIEPUMEHTAIEHBIC
WCCIICIOBAHMS IBIDKEHIUSI KHUIKOCTH B IIENU CBSI3aHBI
C HEKOTOpbIMH crenududeckumu TpyaHocTsmu. Cy-
[IECTBEHHBIM SIBIISIETCSI TO, YTO MUHHMAJbHAsl BEJH-
YHHA PaJWalbHOTO 3a30pa IIEeNH OIMPENeIsIeTCs TeX-
HOJIOTHENH HU3TrOTOBJICHUS POTOPHBIX U CTAaTOPHBLIX A€-
Tajiel, paaualibHBIM MEPEMEIICHUEM POTOpa MpHU pa-
00Te EeHTPOOSIKHOW MAIIUHBI U U3MEPSCTCS JCCSAThI-
MU A0sMuA MuniaMerpa. [Tpu sToM nake HeOombIme
CMEIIICHHSI Bajla OTHOCUTENIFHO OCH BTYJIKH HPUBOJSAT
K OTHOCHUTEIBHO OOJIBIINM HM3MCHCHHSIM B JIBHKCHUU
JkuakocTa B mienu. CyliecTBeHHOE BIMSHAE Ha Xa-
pakTep OBIOKEHUS KHUIKOCTH B IIETH TaKKe OKa3bIBa-
€T BpallleHHe POTOpa U Ipereccus ero ocu. J{pmkenne
poropa, a BMECTe ¢ HUM W OJHOW M3 CTCHOK KOJIbIIe-

BOro KaHajia IpuBOAAT K U3MCHCHHUIO BCJIIMYHUHBI pa-
JMUAITLHOTO 3a30pa M, TAaKUM 00pa3oM, K HECTaIlHo-
HapHOCTU JBWKEHMS >KMIKOCTH. M3-3a Maneix 3a3o0-
POB, BpallleHUE Bajla U HECTALIMOHAPHOCTHU JBUKECHHUS
JKUIKOCTH B IIENH CTAHOBATCS HEMPHUTOJHBIME OOBIY-
HbIE CIIOCOOBI M3MEPEHHS TOJICH CKOPOCTEH M JaBJie-
HUS JKUAKOCTH B IIEJIEBOM VILUIOTHEHHH. B 3TOM Ciry-
Yae OLEeHKA THAPOJMHAMUYECKUX MapaMeTpoB IIeie-
BOTO YIUIOTHEHHSI JIeJIaeTCsi Ha OCHOBAHWHU HCCIIENO-
BaHUS JWHAMHYECKHX XapaKTePUCTUK CHCTEMBI, B
cocTaB KOTOpOM BXOIUT yrutoTHeHHe. Kak mpasuio,
HNCKOMBIC MapaMeTpbl YIJIOTHECHUSA IOJTYYaroT ITYyTEM
00pabOTKK aMIUTUTYAHBIX U (ha30BBIX XapaKTEPUCTUK
TakoW KoyiebaTeNbHOM cucTteMbl. Ho cyriecTByromnme
B HACTOsLIee BPEMsI METO/IbI OLICHKHU MapaMeTpoB Lie-
JIEBBIX YIUIOTHEHUH HE TO3BOJIAIOT OIICHUTH OTIEIEHO
BCE COCTABIISIONINE PaIHaIbHOMN CHIIBI B IIEINH, a Jal0T
TOJIBKO OIEHKY PaBHOAEUCTBYIOUINX HEKOTOPBIX CHI,
HaInpuMep, THAPOCTATHYECKON CHIIBI, 00YCIOBIEHHOM
panuaibHBIM M YIJIOBBIM CMEIICHHEM Balia, JeMIlbu-
pyIOIIeH ¥ MUPKYISIUOHHON CHUI U T. 1. DTO, KOHEU-
HO, YCJIOXKHSIET MOJIy4eHHUE IOCTOBEPHBIX HKCIEPH-
MCHTAJIBHBIX JaHHBbIX. H03TOMy Ipyu UCCICAOBAHUU
IIEJICBBIX YIUIOTHEHUM OYE€Hb BaXKHO PAa3JIOKUTh 3a/1a-
9y OSKCIICPUMCHTAIBHBIX HCCIEAOBaHUNA Ha Ooee
[IPOCThI€, YMEHbIIASI MPU 3TOM YHUCIIO HEU3BECTHBIX
mapaMeTpoB (YHCIIO COCTABISIOIINX PaTUATBbHON CH-
ne1). EcTecTBeHHO, 94TO Ha TEPBOM IIIare JKEIATeNEHO
paccMaTpUBaTh KOJIBIIEBBIC KaHAIBI C HETIOABIKHBIM
POTOPOM: B 3TOM cJy4ae, C OMHOW CTOPOHEI, HE OyaeT
THIPOAMHAMHYECKHX  COCTaBIIIIONIUX — PaTuaTbHON
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CHJIBI, & C JPYTOH — HOSBIIAETCS BO3MOXHOCTh HCCIE-
JOBaThb OTHOCHUTEIBHO IJIMHHBIC LIEJEBBIE YIUIOTHE-
HHS, IJIsL KOTOPBIX IIONYYUTh aMIUIMTYZAHBIE W (azo-
BbIE XapaKTEPUCTUKHU 3aTpyIHUTENBHO. B paborax [3,
4] npuBeneHbl pe3yibTaThl HKCIEPUMEHTANBHBIX HC-
CJIC/IOBAHUI JUIsl 1LENIEBbIX YIUIOTHEHUH C TapamMer-
poM //r<1. YHucmo paboT, MOCBSIIEHHBIX JKCIEPH-
MEHTAJIBHBIM HCCJIEJOBAHHSM IIENEeBBIX YIUIOTHEHUH
¢ mapameTpoM //r < 1 He3HauHuTeNBHO [5].

IlocTanoBKa 3aJa4yM U oNMUCaAHHE
IKCNEPUMEHTAJIBLHOTO CTEH/1a

C y4éTOM CcIeNlaHHBIX 3aMEYaHUN IIeNIbI0 DKC-
MEPUMEHTAIBHBIX HCCIICIOBAaHUM JTaHHOW paboThI
SBJISIETCSl OLleHKa KOA(pQUIMEHTOB KECTKOCTH CO-
CTaBJIAIONIMX THUAPOCTATHUYCCKON CHIIbI, 00YCJIOBJICH-
HOW KaK pajMajbHbIM CMEIICHUEM HEBPAIAIOIIerocs
BaJa, TaK U €ro MePEeKOCOM B OTHOCUTEIHHO JUTMHHOM
KOJIBLICBOM KaHaJIe NWIHHAPUICCKON Gopmbl. B kaue-
CTBE pabOYCH KUAKOCTH IMPUMEHSIECTCS BOJIa TIPH TEM-
nepatype 25...30 °C.

B cooTBeTcTBUHM ¢ MOCTaBICHHBIMHU 3a1a9aMHU
WCCIICIOBAaHUHA OBUT CIPOSKTUPOBAH W H3TOTOBJICH
SKCIIEPUMEHTAIBHBIA CTEHJ, CXeMa KOTOPOTO IPHUBE-
neHa Ha puc. 1. CTeHa BKIIOYaeT B ce0sl UCIBITATEIb-
HBIH y3€J, CHCTEMY THAPABINIECKOTO obecrieueHus U
KOHTPOJIbHO-U3MEPUTENbHbIE  NPHOOpbl.  OCHOBOM
OKCIICPUMCHTAJIbHOI'O CTCHAA ABJIACTCA HCIBITATCIIb-
HBIA y3€J], CXeMa KOTOpOro MpHBEICHA Ha puc. 2.
YIUIOTHUTENIbHYIO TIapy (OOBEKT HCCIICIOBAHHS) CO-
CTaBIIICT BTYJKA J, HEMOABIKHO 3aKpeIUICHA HAa Baly
2, ¥ KopIyc ruapouunusapa 3.
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Puc. 1 — Cxema sxcnepumenmanvho2o cmenoa:
1, 3 — manomemp, 2 - ucnvimamenvbHwlll y3ei;
4 — pacxodomepHoe ycmpoticmeo, 5 — Hacoc;
6 — ¢unemp; 7 — bak; 8 — opoccens
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Puc. 2 — Cxema ucnotmamenvro2o y3ua:
1 — eaiixa; 2 — ean; 3 — kopnyc, 4 — kamepa nepeo
VRIOMHeHUueM, 5 — emyika,; 6 — kamepa nocie ynion-
Henust, 7 — YWIOMHAIoWas Mamicema, 8 — Kpblulkd

Pabowas XHOKOCTP TOCTYHmaeT W3 CHCTEMBI
THIPABINYECKOTO OOECIeYeHus B Kamepy 4, 3aTeMm

yepe3 IIeJieBOe¢ YIUIOTHEHHE IMOCTYIaeT B KaMmepy O,
OTKyZla BO3BpAIIAeTCS] B CHUCTEMY THAPABINYECKOTO
obecrieuenus. JlaBnenne mepen MIENbI0 W TOce Heé
KOHTPOJHMPYETCS] MAaHOMETpaMH, MO TMOoKa3aTelisiM KO-
TOPBIX OIpPEICNIACTCS Mepenas NaBiICHUsS pabouei
YKUJKOCTU Ha WIEJIEBOM YIJIOTHEHUH. PerynupoBanue
JABJICHUST pabodell JKUAKOCTH, KOTOpas MOCTYIAeT B
WCIIBITaTEIbHBINA y3€J, OCYILECTBISIETCSI BEHTHUIIEM Ha
OaiimacHOW JIMHHUH, MO KOTOPOH OTBOAMTCS OCTaTOY-
HOE KOJHWYecTBO pabodued KHUAKOCTH B pe3epByap,
MUHYS UCTIBITATENbHBINA y3ell.

[lleneBoe yIUIOTHEHHE MMEET CICAYIOIINE OC-
HOBHBIE TIapaMeTPhl: JAUAMETP HCIBITYEMOTO YIUIOT-
HEeHUsT — 76 MM, CpeIHHMHA paauadbHBIA 3a30p —
0,35 mm. J[;s1 OleHKM BIMSIHHSI OCHOBHBIX T€OMETPH-
YECKUX IMapaMETPOB WIETU U Mepernaaa JaBicHHs Ha
HEl Ha XapaKTepUCTUKU IIEJIEBOr0 YIUIOTHEHHUS B
Mpoliecce MCCIETOBAaHUM 3aMepsiicsl Mepenaj JaBie-
HUs Ha 1enu u e€ anuHa. [lepenas naBneHus Ha WENU
Bapbsuposaics ot 0,1 go 0,8 MIla, a e€ anuHa cocras-
nsuta 20, 40, 60, 80 u 100 MM, 9TO COOTBETCTBYET O€3-
pasMepHOMY mapameTpy
L, =1r=0,5;1,0; 1,5; 2,0; 2,5.

MeTtoabl O1lleHUBAHUS BeJTUYHHBI
THAPOCTATHYECKON CUJIBI

BKCHepI/IMeHTaﬂbHOe OIpPEACICHNE BCIIMYMHBI
FI/I}:[pOCTaTI/I‘-IeCK()ﬁ CHUJIbI IIECJIEBOI'O YIUIOTHCHUSA IIPO-
BOJIUTCSl METOJIOM HAECHTH(UKAIMU apaMeTpoB, CYTh
KOTOPOT'0 3aKJII0YaeTCsl B TOM, YTOOBI 110 pe3ysbTaram
BXOJIHBIX M BBIXOJHBIX JIaHHBIX B IIpOIIECCE€ PaOOTHI
CHCTEMbI «YIPYTHi Ball - IIENEBOE YIUIOTHEHHE) I10-
JY4YUTh KAueCTBEHHBIE W KOJMYECCTBEHHBIC OIEHKU
HCKOMBIX ITapaMeTpOB.

I'mapocratuyeckast panuanbHas CHia LIEIeBO-
r0 YIUIOTHEHHUS ONpenessieTcss KaK peaklus LIend Ha
Harpy>XeHHeE Ha BaJ, puc. 3.
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Puc. 3 — Cxema nazpysrcenus:

1 — mapuposannviii epy3; 2 — ean, 3 — 610K;
4 — unouxamop

HarpyxxeHue Bana OCyILIECTBIISIETCS C TMOMO-
IIbI0 TApUPOBAaHHBIX TPy30B [, TPHUKPEIUIEHHBIX
HETOCPEJCTBEHHO K Bany 2 (IpU CMEIICHWH Basa
BHU3), WK depe3 070K 3 (TIpH CMETICHUH Balla BBEPX).
Taxoii mMoxxon MO3BOJSIET MCCIEAOBATh THAPOCTATH-
YeCKyl0 CIIy B Oojee IMIMPOKOM HHTEpBale Iepeme-
IIEHUs] BaJla, YTO YMEHBIIAET MOTPEIIHOCTh M3Mepe-
Hui. CMEIeHns Bajla U3MEPSUTICh WHANKATOpOM Ha-
coBoro tuma ¢ nexnoir gaenenus 0,01 MMm. Yka3saHHBIN
WHIIUKATOP MPOCT B HCIIOJIb30BAHUH U JAET BHICOKYIO
TOYHOCTbh U3MEPEHUM.
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3aBUCHMOCTh MEX[Y IPHIOKEHHOH cuioi F;
1 00yCIIOBJIEHHBIM €10 CMEIleHueM Bana Ah; B pabote

ONMCHIBAETCSl JIMHEHHBIM YpAaBHEHHEM IapHOW pe-
rpeccunt Buna F =kAh+a, toe xapakrepusyronmi
KECTKOCTh JIAHHOW cucTeMbl KO3((GUIMEHT k Haxo-
JIUTCS] METO/IOM HaMEHBIINX KBA/IPATOB.

Crenyer 3aMeTHTh, 4TO MapameTp k onpenesns-
eT KO3 PUIHEHT KECTKOCTH BCEil CUCTEMBI «yTIPYTHil
BaJI — IIEJIEBOE YIJIOTHEHHUEY. [l OLIEHKH HEmocpen-
CTBEHHO KOX(P(HUINEHTOB >KECTKOCTH COCTABIISIOLIIX
THUIPOCTATUYECKON CHIIBI, OOYCIOBICHHON pauaib-
HBIM CMEIIEHHEM Bajla M ero IMOBOPOTOM B YIUIOTHE-
HUH, PACCMOTPHUM CJIEIYIOIIYI0 MOAETH «yIPYTHH Bajl
— MIeNIeBOe YIUIOTHEHUEY, pUc. 4.

F

fo_——Nn

e N

h h

Puc. 4 — K 6onpocy uoenmugurayuu ko3 uyuenma
AHcécmrocmu 2uOPOCMAMUYECKOl CUTbL

Hcnone3yss pUCYHOK M YYHTBIBAs CTPYKTYpPY
panuanbHoOM cuisl [1]

K,
|F| = K,e+ K¢S =K,e 1+ K S , )
K, e
HAXOIUM
-1
K
K,=K, 1+l—2 1-—<
1 Kb
-1
K K
1+ KoLy, Ke b , ®))
e ‘1 Kb 12

rae K, — koaddunuent paguansHoi xEcTKocTH; Ky
— ko3¢ duimeHt yrnosoi xécrkoctu; K, — xo3hdu-
LIUEHT JKECTKOCTH CUCTEMBI «YIPYTHi Ball - IENEBOE
YIZIOTHEHHE).

[TockosbKy MCHBITATENbHBIN Y3€] HE TO3BOJIS-
€T HeIOCPEACTBEHHO IMOJYYUTh BEIMYHHBI COCTaBII-
IOIINX PaauaTbHONH THAPOCTATHYECKOW CHIIBI, TO B
paboTe MCIONb3yeM COOTHOIIECHHE on(l,): Ky /(Ker)
MeXIy TeopeTHdecKuMu koddunuentamu K, 1 Ky,
MOJy4eHHBIMH B [3].

Kosddunuent paauanshHoi xéctkoctu K,
THPOCTAaTHYECKOH CHIIBI OyZeM HaXOJUTh METOIIOM
TIOCJIEI0BATEINILHBIX MPHONIDKEHUH 110 (2), IpU 3TOM
KOO(QQHUINEHT YTIOBOW >KECTKOCTH THAPOCTaTHYEC-

CKOH CHIIBI HAXOWUM TI0 (popMyIIe
Ky =K, rall,). 3)

Pe3y.m)TaT1>1 IKCNEPUMEHTAJIBbHBIX HccJIeI0BaHMM

Tunuynsie XapaKTCPUCTHUKU HAIpy>KCHHUA Bajia
Ipu pa3JINIHbIX TCOMCTPUYCCKUX pasMepax MHICIN U

nepenagax JaBjeHus paboyeil KUIKOCTU MPHUBEICHBI
Ha puc. 5 u puc. 6.
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Puc. 6 — Xapaxmepucmuxu nazpyocenus eana

B nannoii pabore pe3ynbraTthl 00pabOTKH Xa-
PaKTEPUCTHK Harpy>KeHHUs Baja MPUBEIEM IS Ierie-
BOTO YIUTOTHEHHs ¢ mapamerpoMm /.=2.5. Ha puc. 7
MPUBENIEHBI 3aBUCHUMOCTH K03 duireHTa xECTKOCTH
CHCTEMBI «yNpPYTHH Bal — IIEJIEBOC YIUIOTHEHUE»
(mapkep 4) u ko3 durenTa KECTKOCTH COCTaBIISIO-
e THAPOCTATHYCCKOW CHIIBI, OOYCIOBICHHON paju-
aJpbHBIM CMEIleHHeM Bana (Mapkep 3) OT mepemnaaa
JaBiieHus: Ha miend. Ha puc. 8§ mpuBeneHa 3aBHCH-
MOCTb KO3 HIMEHTa KECTKOCTH THIPOCTATUUECKON
CHIIBI, OOYCJIOBJIEHHOH YIJIOBBIM CMEIIEHHEM Basa
(mapkep 3) or mepemaza naBieHuss Ha Ienu. Ha
puc. 7, 8 TakkKe MOKa3aHbl TEOPETUUECKUE 3aBUCHMO-
CTH KO3 QUIIMECHTOB, MOJIYyYCHHBIE IT0 METOJHUKE KO-
POTKOTO IIEJIEBOro YIUIOTHEHUs! (JIMHUSA /) U METOIH-
K€ IIEJIEBOr0 YIUIOTHEHUS! KOHEYHON JUIMHBI (JIMHUS

2).
k108
Hfm | 1 =2
1, =108
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Puc. 7 — Teopemuueckue u sxkcnepumeHmaibHble 3a-
suUCUMOCMU KOIDDUyUeHma paouanbHOU HCECMKO-
cmu 2UOPOCMAMuU4eckol CUbl
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Puc. 8 — Teopemuueckue u sxcnepumenmanvhvle
3asucumocmu Ko3guyuenma yeiooi
arcécmrocmu 2uOPOCMAMUYEcKOl CUbL

Crnenyer Takke OTMETHTh, YTO IIPH IIPOBEIE-
HUH SKCIEPUMEHTAIBHBIX HCCIEIOBAHUIN OBLIN BBISB-
JICHBI CIIeIYIOIINE OCOOCHHOCTH:

I1Ilpn [/, <1 Banm «BCHIBIBAaECT» B IIEICBOM

YIDIOTHEHWH, YTO CBHJETENLCTBYET O IOSBICHHU B
IIEIEBOM YIUIOTHEHHH LEHTPUPYIOMEH THAPOCTATH-
YECKOW CHIIBL

21Ilpu [/, 21,5 Ban nepecTaér «BCILUIBIBATH) B

VIUTOTHEHVH, a JIGKUT Ha YIUIOTHSIOUICH MaHXere 7,
puc. 2. 3T0, MO-BUANMOMY, OOBSICHSACTCS BIUSHHEM
COCTABIIAIONICH paJUANBHON CHIIBI, OOYCIIOBICHHON
MIePEeKOCOM MEXKITy BaJIOM W BTYJIKOH, BETMYINHA KOTO-
PO, KaK TOKAa3bIBAIOT TEOPETHUCCKUE HCCIICIOBAHUS
[2], ¢ poctom mapamerpa [, CTPEMUTENbHO PACTET.

Ho npu cmeliennu Bana BBepX HaOIIOAAeTCs JTHHEH-
Hasl 3aBUCUMOCTD MKy MPUIIOKESHHON CHIION U 00Y-
CIIOBJICHHBIM €0 MEPEMEICHIEM TIPH BCEX PAcCMOT-
PCHHBIX IIeperiaax JaBICHUs Ha MICIH.

31lpu /. 21,5 HabmrogaeTcs morepst yCTOH4H-

BOTO IOJIOKEHHS Baja BOJIM3M CTCHKH BTYJIKH: CMeE-
asi Baj BHU3 M3 IMOJIOKEHHS] PaBHOBECHUS MPHU Tepe-
najax JaBJICHUs >KUIKOCTH Ha mienun Ap < 0,4 MIla
BaJl CTPEMUTENILHO BO3BPALIAETCSI B UCXOJHOE MOJIO-
>KEHUE PAaBHOBECHS U Ha MOCIEAYIOIlee yBEIUYCHUE
Harpy>keHus moutu He pearupyer. C pocToMm nepena-
Jla JTaBIICHHUS HAONIOZAeTCs SBICHUE CaMOBO30YXKIe-
HUS KoIleOaHWi Baia, MpUYEM C POCTOM IMepemnanaa
JTABJICHUS UX HMHTCHCUBHOCTB PACTET.

BuiBoabl

1 l'mapocrartiyeckass cuia, BO3HUKAIOAS B
IIEJIEBOM YIUIOTHEHHH, XapaKTepU3yeTcsi BBICOKOM
JMHEHHOCTBIO U1l JOCTATOYHO HIMPOKOTO AMaIia3oHa
9KCLIEHTPUCUTETOB Bajla, YTO MO3BOJET JOCTATOYHO
TOYHO €€ OTIHCHIBATh KOA(PHUIMEHTOM JKECTKOCTH.

2 C poctoM napaMeTpa [, BO3pacTaeT BIUSIHUE

COCTaBJSIIOLICH THUAPOCTATHYECKOI CHIIbI, OOYCIIOB-
JIEHHOU IIEPEKOCOM OCe Baiia U BTyJIKU. [1oCckosbKY B
pEaIbHBIX YCIIOBUSAX BCErAa IMPHUCYTCTBYIOT Clydai-
HbI€ HECOOCHOCTH Bajla M BTYJIKH M IMEPEKOC MEXKIY
HX OCSMH, JKEJIATeIbHO HE HCIOJIb30BaTh OTHOCH-
TEJBHO JUIMHHBIE LIENEBbIE YIIJIOTHEHUSI.

3 Ucnonp3ysi TEOPETHYECKOE COOTHOIICHHUE
MeXIy K03 UIHeHTaMH JKECTKOCTH COCTABIISIONIIX
THAPOCTATHYECKOH CHJIBI, DKCHEPHUMEHTAIBHO IIOJY-
9eHbl KOI((QUIMEHTHl KECTKOCTH COCTABJISIOLIHX
THIPOCTATUYECKON CHIIBI, O0YCIIOBICHHOW Kak paju-
AJIBHBIM, TaK U YIJIOBBIM CMCIICHUAMH Bajla B HICTIC-
BOM YIUIOTHEHUH.
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