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MOBBIIIEHUE Y®PEKTUBHOCTH CTPYHHOI'O HACOCA
TP MAJIBIX KOO®PUIIUEHTAX 9 KEKIITUN

Kanp. Texn. Hayk, non. BYTEHKO A.T'., CMBIK C. IO.
Odecckutl HAYUOHATLHBIT NOTUMEXHUYECKUL YHUBEPCUmem

E-mail: alex_butenko@ukr.net

CTpyiiHble HACOCHI IIUPOKO NMPUMCHSIOTCS KaK B SHEPTETHKE, TAK U B JIPYTHX OTPACISAX
TEXHUKU. VIX OCHOBHBIM HEIOCTATKOM SBISCTCSI HEBbICOKas d((hekTHBHOCT pabOThI, KOTO-
PBIi yCHIIMBAETCS IPH PaboTe CTPYHHBIX HACOCOB € MAJIBIM KO OHIMEHTOM YKeKIuH. Takue
PEXRUMBI pabOTHI HHOTAA 00YCIOBICHBI XapaKTEPOM TEXHOJIOIHYECKOTO MPOLecca, H HO3TOMY
MX HEBO3MOXHO n36exarh. CTaThsl MOCBSIICHA MMOMCKY MyTeH MOBBILICHHST 3(P(EKTHBHOCTH
PabOThI LEHTPATBHEIX MKEKTOPOB IIPH MATBIX K0P HIIMEHTAX IKEKIHH.

IlyreM MaTeMaTHYECKOr0 MOJCIMPOBAHHS H3YYCHBl OCOOCHHOCTH KHHEMAaTHYECKOU
CTPYKTYpBI TMOTOKA B KaMepe CMEIICHHUSI [IEHTPATBHOTO 3KEKTOpa, paboTAaIoIIero ¢ MaIbIMH
k03 dHUIHEHTaMH MKEKIMI. MaTeMaTHYecKoe MO/IeTMPOBaHUE POBOAMIIM C TOMOIIBIO TTPH-
kinagsoro nakera Solid Works Cosmos Flo. TToka3aHo, 4To B TaKUX YCJIOBHUSIX y CTEHOK KaMe-
PBI CMelIeHust 00pa3yoTCsi 30HBI 0OPATHBIX TEUEHHUH, KOTOPBIE CHIKAIOT 3P PEKTUBHOCTD pa-
60TBI cTpyiiHOrO ammapara. [Torepy 3Hepruu TeM OoJble, YeM OObIIHe pa3Mepbl 0OHAPY-
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KEHHBIX 30H. OnpeienieHs! pexkKUMHBIE 00J1acTH, B KOTOPBIX BO3HUKAIOT 30HBI OTPHIBHOTO Te-
yeHus. [ npenoTBpamieHuss BOSHUKHOBEHHS 3THX 30H IPEAJIOKEHO 3aMelaTh 00JacTh UX
CYILLIECTBOBAHUs TBEP/OH MOBEPXHOCTBIO — TeNaMH 3amelieHus. [1o pesynbraraM MaTeMarTH-
YEeCKOTO MOJICIIMPOBAHUS OIIPEEICHEl TeOMETPHYECKIE TapaMeTphl Tell 3aMEeIeHUsS IS IIeH-
TPAIBHBIX PKEKTOPOB C PA3HBIMU MOJYJISIMH ¥ KO3 (DHIIMEHTaAMH 3XKEKINH, a TAKKe JAHO Ma-
TeMaTH9IecKoe Omrcanne ux (popMsl. MaTemaruueckoe 1 (pu3Mdeckoe MoJeInpoBaHue pado-
THI [IEHTPAJIBHBIX MKEKTOPOB C TeJIaMU 3aMEIeHUsI IT0Ka3alo Bo3pacTaHue Kod3(h(GHUINEHTOB
Haropa M MOJIE3HOTO JSHCTBHS TaKuX allapaToB MO CPAaBHEHHIO C KEKTOPAMHU TpPaJHIMOH-
Ho#t (opmel. [ToBbimenue 3pHeKTHBHOCTH MPOMCXOJUT B JIOCTATOYHO IITHPOKOM JHAaIa3oHe
PEXUMOB paboTHI.

ITpensoKeHHbI METO/| MOBBILIEHHS 3P ()EKTHBHOCTH PabOThI EHTPAIbHBIX KEKTOPOB
JIOCTATOYHO NPOCT U HE TPeOyeT CYIIEeCTBEHHBIX (PMHAHCOBBIX 3aTPaT NP PEeATH3aLHH.

KnrodeBble ciioBa: CTpyiHBINH Hacoc, KOX(QOUIMEHT 3KEKIUH, MaTeMaTHIecKoe Moje-
JIMPOBAHHE.

Wn. 4. bubmuorp.: 10 Hass.

IMPROVING EFFICIENCY OF THE JET PUMP
AT LOW COEFFICIENTS OF EJECTION

BUTENKO A. G., SMIK S. Yu.

Odessa National Polytechnic University

Jet pumps are widely used in the power industry as well as in many others. Their main
disadvantage is low operating efficiency which aggravates when the jet pump is working with
a low ejection coefficient. Such modes are sometimes unavoidable being conditioned by the
character of technological process. The article considers methods of improving the operation
of central ejectors at small ejection coefficients.

The authors use mathematical simulation approach to study the particularities of kinema-
tic structure of the flow in the mixing chamber of the central ejector operating with low
ejection coefficients. They utilize Solid Works Cosmos Flo application-program package for
the mathematical simulation. The study shows that areas of reverse flows appear alongside the
walls of the mixing chamber under the above conditions which reduces the efficiency of the
jet apparatus. The more is the extent of the discovered areas the more is the loss of energy.
The study detects the regime zones where detached flows areas appear. The authors propose to
replace such areas with solid surface (substitution bodies) for preventing them from emerging.
The mathematical simulation results determine the geometric parameters of the substitu-
tion bodies for the central ejectors with different modules and ejection coefficients and yield
mathematical description of their shape. Mathematical and physical simulation of the central-
ejector operation with the substitution bodies shows the increase in pressure-head and
efficiency coefficients in such apparatuses as compared to ejectors of the conventional form.
Efficiency increase is the case in quite a wide range of operating modes.

The proposed method of the efficiency increase for the central ejectors is rather straight-
forward and does not require substantial financial expenditures for its implementation.

Keywords: jet pump, ejection coefficient, mathematical modeling.
Fig. 4. Ref.: 10 titles.

Crpyitapie Hacockl (CH) kak ouH W3 BHUIOB HarHeTaTeIhLHOTO 000pyHOBa-

HUsl Ojaroapss MHOIOYHMCIIEHHBIM IOJIO)KUTEIbHBIM Ka4eCTBAM IOJYYMIN IHU-
pOKO€ NMpPHUMEHEHHE B JHEPreTHKE U B JAPYTUX TEXHOJOTMYECKHX MpoIeccax
n npou3BoacTBax. OCHOBHBIM HENOCTATKOM CTPYHMHBIX HAcOCOB SIBISIETCS He-
BbIcOKas 3ddexkTuBHOCTh paboThl. IlpoGnema emie Gomnee ycyryomnsiercs, eciu
Ha peXHM pabOThl HAcoca HAKJIAIBIBAIOTCS TEXHOJIOTHUYECKUE OTpPaHHYCHUS.
Tak, B KOMOMHUPOBAaHHOW CHCTEME OYMCTKH acCIHUPalMOHHOTO BO3AyXa ILICH-
TPAIBHBIA KEKTOP — BAXKHBIN AJIEMEHT, BBHITONHSIOMNN (QYHKINIO HE TOIBKO
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BCACBHIBAHMS 3albJICHHOTO BO3AyXa B CHCTEMY, HO M CMELICHHUS JBYX BO3AYIL-
HBIX TIOTOKOB [1-3]. TexHOMOrn4eckuM yciaoBHEM TaKUX CHUCTEM SIBISIETCS pa-
6ora CH B pexumMe HU3KHX KOA(PGUIIMESHTOB PKEKIIUH, YTO 3HAYUTEIHHO CHU-
*aeT 1 0e3 Toro HeBbicokuil KI1/] ammaparta.

Crnenys mpuHATON KiaccuUKaUK IMOTEPh MOLIHOCTH B HAarHeTaTelsX,
MOXHO BBIIJIIUTH TPU UX BHAA — MEXaHHMUYECKHE, OOBEMHBIC M THAPABIHYE-
ckue [4]. IlockonbKy B 3KEKTOpax HET ABMKYIIUXCS JeTanel, MeXaHHYecKHe
MOTEPH B TAaKUX HATHETATENSAX OTCYTCTBYIOT. TO K€ OTHOCHUTCA M K OOBEMHBIM
MOTEPSIM, MOCKOJIBKY KOHCTPYKIHS KEKTOpa HE MPEAyCMaTPHBACT KOHIEBBIX
YIJIOTHEHUH W MIEPETOKOB U3 30HBI HATHETAHHS B 30HY BCachIBaHHS. TakuMm 00-
pa3oM, €IWHCTBEHHBIM BHJIOM MOTEPh MOIIHOCTH B KEKTOpaX SIBISIOTCS THII-
paBIMYeCcKre, 3HAYUTENbHAs 9YaCTh KOTOPBIX MPUXOUTCS Ha KaMepy CMEIICHHS,
TaK KaK B HEH IMPOUCXOIST MPOLECCH CMEIIMBAHMUS Pad0Uero u »KEKTHPYEMOTO
MMOTOKOB M 0OMEHA YHEPrHeH.

I'unponuHaMuveckrue WCCIeNOBaHUS, LENbI0 KOTOPHIX OBUIO MOBBIMICHHE
3¢ (heKTUBHOCTH pabOTHI IIEHTPAIBHBIX KEKTOPOB, OCYIIECTBIISUIN B [[BA dTala.
Ha mepBoM 3Tane n3y4ann KHHEMaTHYECKYIO CTPYKTYpy ITOTOKa IyTeM MaTeMa-
THYECKOTO MOJICITUPOBAHMs € TOMOINbI0 TpukiagHoro makera Solid Works
Cosmos Flo [3], B koTopoMm peanusyetcs k—e-monens TypOynentHoctd. Ha BTO-
POM — PE3YJIbTAaTbl MATEMATUUYCCKOI'0 MOACIIUPOBAHUA MTPOBEPATIN SKCIICPUMCH-
TaJIbHBIM ITYyTEM.

MaremarnyeckoMy MojenupoBaHuio TedeHns B kKamepe cmemenus (KC)
MpeIecTBOBA aHAJIN3 MOCTAaBISHHOM 3a/1ayM ¢ MOMOIIbI0 T-Teopemsbl. K uuc-
Jy HE3aBHCUMBIX Pa3MEpPHBIX BEJIMYMH OBUIM OTHECEHBI: 1) reomMeTpuyecKue
napameTpsl — quameTpbl comia d. U Kamepbl CMeIeHUs Oy, JUIMHa Kamepsl
CMeIIeHHS |; OTCTYI BBIXOTHOTO CEUEHHMS COILIa OT BXOJHOTO CEUYCHHSI KaMephl
cMemeHus A; 2) peXKHMMHble IapaMeTphl ammapaTa — pacxoisl paboueil Q,
U KEKTHpyeMOoH KHUAKOCTH Q,,; 3) CBOWCTBA XHIKOCTH — €€ IUIOTHOCTH P
1 K03 UIMEHT JTUHAMUYECKON BSI3KOCTH LL.

AHanm3 1mokasaj, 9TO MOJEIHPOBATh IPOIECC CIEAYET C YUCTOM I'eOMETpH-

d A '
YEeCKUX KPHUTEPHEB MOAOOUA. T, =—<=+/M; 7, =—; M;=—=, PEKHUMHOIO
dC dC dC
Kpurepus Tw, = % =(Q ® KpUTEPUS THUAPOJUHAMHYECKOTO  IOJ00US
Q,
1 vd !
= YEP Re, (rne m= Ae _ MOJYJIb MKEKTOPa;  — KOIPPHUIIUEHT I3KeK-

T [
UH; Ve — CKOPOCTh UCTEUCHHUS pabodeii )KUIKOCTH U3 COTLIA).

Ipu poBeNEeHUH YKMCIICHHOTO MOZEIMPOBAHUA B mporpammHuoii cpexe Solid
Works Cosmos Flo mis »kektopa ¢ onpeaesieHHbIMA T€OMETPUYECKMMHE MapaMeT-
pamu 3amaBamy Q, 1 Q,, (TeM caMbIM JOCTUraIOCh XKeIaeMoe 3HaueHHe Kod(hu-
IIMEHTA PKEKIHH), a TAKXKE TABJICHHE CMECH Ha BBIXOJE Py JaBleHns pabodero p,
U 9KEKTUPYEMOT'O P, TIOTOKOB OIPEICIISUTH 10 pe3ysibTaTaM pacuera. Momeaupo-
BaHKE MPOBOIMIM B aBTOMO/IEILHOM 00JIaCTH TI0 YkCITy PeitHosbaca.

B npenBapuTebHON CepUM YUCICHHBIX AKCIIEPUMEHTOB CTABUIINCH 3a/1a4H:

1) comoctaBuTh Pe3yJabTaThl MOJCIUPOBAHHS C JUTEPATYPHBIMH TAHHBIMH
C LIEJIBI0 YOCIUTHCS B IeKBATHOCTH HCIIOIb3YEMOM MOJIEIH;

2) WCClieIoBaTh KHHEMATHIECKYIO CTPYKTYpyY noToka B KC;
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3) OLICHUTH CTENICHb BIWSHUS BBISIBICHHBIX KPUTEPUCB MMOJ00MS HA M3ydac-
MBIl TIpo1ecc.
PaccunteiBanm ko3 pPuImeHTsI:

e MKEKIUN
Qe .
q =
Q,
e Haropa
h= Pov = Pox :
p P p MK
o TIOJIE3HOTO JEeHCTBUL
gh
n=—r1
1-h

Conocrasienue nomydeHHbix rpadukos h = f(q) u n = f(q) ¢ sxcnepumen-
TagpbHBIMU [6, 7] TOKa3aJlo WX XOpOIee COOTBETCTBHE. TeM cambIM MOATBEP-
JKIEHA TPABOMEPHOCTh PEIIEHHUs MOCTABICHHON 3a/la4d HCIIOJIb3YEeMBIM IIpH-
KJIAJHBIM IPOTPaMMHBIM MakeToM. Kpome Toro, BRIABIEHO, YTO MIPH HEKOTOPOM
COYETAaHHH PEKHMHBIX U T€OMETpUUECKUX napameTpoB y creHok KC obpasyercs
30Ha obpartHoro Teuenus (30T, niu 30Ha OTPHIBA TIOTOKA), XapaKTePU3YIOIAsICS
BBICOKAM YPOBHEM JIMCCUIIATUBHEIX TporieccoB (puc. 1). O4eBuaHO, 9TO yCcTpa-
HEHHE OTpbIBa MOTOKa 1Mo3BoaUT noBbicuTh KIIJI cTpyitHoro ammapara. Takum
00pa3oM ObLI OIpeieTieH My Th PELICHUs OCTaBICHHON 3a/1a4l NCCIIeI0BaHUS —
MOBBIIICHHE PPEKTUBHOCTH PadOThI IIEHTPAIILHOTO KEKTOPa 3a CUeT yCTpa-
Henus 30T B ero KC. Taxxke yctaHOBIIEHO, 4TO Ha KoHpurypamuio 30T kpure-
PHUH T, U T3 3aMETHOTO BIUSHUS He OKa3bpiBaloT. [loaTomMy M3 manpHelero pac-
CMOTPEHUS OHU HCKITIOUEHBI.

Btopyio cepuio 4MCICHHBIX SKCIIEPUMEHTOB MPOBOIAWIN JUIsl [ICHTPAIBLHOTO
PKEKTOpa, Y KOTOPOro BaphbUPOBAIHM TOIBKO KOIP(MUIIMEHT KEKIMH B TIpejie-
nax ot 0,1 go 1,5 u Moxmyinb, 3agaBaemMselil paBabM 5; 7; 9 u 11. O6paboTka pe-
3ynpTatoB mokasama, uyto 30T B KC oOpasyrorcs B 0o0nacTH 3HaueHHHA
g—m, orpanndyeHHsIx HepaBencTBoM /M < 0,11, TIpuuem uem MeHbIe g/M, Tem
00JIBIIMMHU OTHOCUTENbHBIMU pa3Mepamu obagaet 30T. JlaHHbie BTOPO#t cepun
MaTeMaTUYECKOr0 MOJEIUPOBAHUS TMO3BOJIMIM onpeaenuTs pazmepsl 30T, KoH-
Typbl KOTOPBIX COBMAJAIOT C M30JMHUEH OCEBON MPOEKLUUU CKOPOCTU IOTOKA
B KC Uy = 0 ma puc. 1. Haubonee mpocTeiM cioco60M YCTpaHEHHUS OTPBIBHBIX
30H SIBIISIETCS 3aMeHa 00JacTH MX CYIIECTBOBaHMS TBEPAOH IMOBEPXHOCTHIO —
tenoMm 3amemienus (T3). Takol cmoco0 ycmemHo HCHONb30BaH U PELICHUS
CXO0XUX THIPOJAMHAMUYECKHX 3a1ad [8, 9].

200
16.0
120
8.0
40

\_—
0
-4.0

-120
-16.0

Velocity (4) [mis] /

Puc. 1. VI3onuHNM TpOJOTABHON NPOEKIUH CKOPOCTH KUIKOCTH B KAaMEPe CMEIICHUS
LEeHTpabHOTO MKekTopa (M = 11; g = 0,5)
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TpeTbio cepuio YKUCIACHHBIX 3KCIEPUMEHTOB MPOBOIWIM ISl LIEHTPATbHBIX
MKEeKTOpoB, y kotopeix 30T Obima 3amenena T3. MogmenupoBaHue mokasaio,
9TO, BO-TIEPBBIX, OKHIaeMOoe Bo3pacTanue kodddunuenrta Harmopa u KI1/] amma-
pata ¢ T3 nmelCTBUTENHHO MPOUCXOIHUT, BO-BTOPHIX, HEIIOCPEACTBEHHO Y IIO-
BepxHOCTH T3 BO3HHMKAIOT HEOOJBIINE OCTATOYHBIC OTPBHIBHBIC 30HBI. [loaTOMY
pasMepbl T3 yTOYHSIM W pacyeThl MOBTOPSUIM HEOOXOIUMOE KOJIMYECTBO pa3
JUTS TIOJTHOTO MCKJTIOYEHHUS OTPBIBA. B KaXI0M MOCTeMyIoIIeM pacueTe pa3Mepsl
00JTACTH OCTATOYHOTO OTPHIBA YMEHBIIIAIKNCH, a N U 1 2KEKTOpa BO3PACTAIH.
Oxka3bIBaIOCH JOCTATOYHO HE Oojiee TpeX UTepaltuii.

[lo pe3ympraTram TpeThero sTama YHUCIEHHOTO MOJIEIUPOBAHUS OBUIH ITOINY-
YeHBl reoMeTpuueckue napamerpbl T3. B kauecTBe mpumepa B Oe3pazMepHOM
Bune T3 st 33kekTopa ¢ M = 5 mokaszaHsl Ha puc. 2. ['eomeTpuueckue napamer-
po1 T3 n ux pacnonoxxenns B KC mpeacTaBisia B BUIE 3aBHCHMOCTEH:

rae Lo — paccrosiaue ot Hauana KC no T3; Ly — paccrosiaue ot Havana T3 mo
TOYKH ¢ MAaKCHMAJIBHBIM MTOTIEPEYHBIM pazMepoM T3; Max — MAKCUMAIBHBIN T10-
niepevnbiit pazmep T3; L — mmna T3.

0,50
£ o025

0 0,5 1,0 15 2,0 2,5 3,0 3,5 4,0 I/IR 5,0

Puc. 2. TeoMeTpuyecKre mapaMeTpbl TEN 3aMEIICHHS JUIS LEHTPAIBHOTO MKEKTOpa
¢ m =5 u ko3 durenrom 3xexuuu g: 1 - 0,10; 2 - 0,25; 3 -0,35; 4 - 0,50

KpI/IBI:;IC, COOTBCTCTBYIOIIHC HpO(l)I/IJ'IIO T3, OIIMCaHBbI C IIOMOIIBIO ITOJIMHOMA

i
n II

h_ k
E_,Z:;‘a" L)’

rze I — 3HaueHHe MOMEPEeYHON KOOPIANHATHI TOYKHU MPOQUIIS, COOTBETCTBYIOLICH
NpOJ0IbHON KoopauHaTte lj, orcunTeiBaeMoii ot Havana T3.

Jlis IpOBEpKH pe3yJIbTaTOB YUCIEHHOI'O MOJEIUPOBAHUS B JIAOOpaTOPUU
Kaeapsl NPUKIAAHOW 3KOJIOTMH M THAporazofuHaMuku OpeccKoro Haluo-
HAJIBHOTO TOJUTEXHUYECKOTO YHHBEPCHTETa OBUI MOCTPOEH JKCIEPUMEHTAIIb-
HBII cTen (puc. 3). B xoae skcnepuMeHTOB M3MEpSIIN Mepenaibl Haropa B pac-
XOZOMEPHOM KOJIIEKTOpE PabOovero oToKa M JAaBJI€HUs B PACXOAOMEPHOM KOJI-
JIEKTOPE »KEKTHUpyeMoro mnoroka. Ilpoduian KonjgeKTopoB pacCUMTHIBAIM IO
¢dopmyne Buromunckoro [10]. [To 3TUM BenHYMHAM ONPENENSIN PACXOJIBI
pabouero u 3KEKTUPyeMoro Bo3znyxa. JlaBneHus pabodero moTroka M IOTOKa
CMECH H3MEpSIH C TMOMOIIBI0 KHUAKOCTHBIX U-00pa3HbIX IH(MaHOMETPOB,
a JTaBJIeHHE KEKTHPYEMOro MOToKa — AupmaHomeTpoM Testo 506. Pexxum paboTs
PKEKTOpa 337aBajli C IOMOILBIO IIOBOPOTHBIX 3aCJIOHOK Ha BCACBHIBAIOILEM TPYOO-
MPOBOJIE ¥ HA BBIXOJIE M3 HAMIOPHOTO TPpyOompoBoa (Ha puc. 3 He mokaszansl). Kak
W B ClIydyae MaTeMaTH4YeCKOrO0 MOJEIHPOBAHMUS, PACCUUTBHIBAIM KOA(DOUIMECHTHI:
PKEKLUH, HAmopa M MOJIE3HOro JeWcTBUs. CpeqHeKBagpaTHyecKas HOTrPeirHOCTb
st Ko durmenTa Haropa coctasisiia 6,02 %, mis KI11 - 6,28 %.
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Puc. 3. TlpuHUMNHanpHast cXeMa 3KCIIEPHUMEHTAIBHOTO CTEHA!
1 — uentpobexubie Ky3Heunbie BeHTHIsITophl OKC-3361; 2 — KoyutekTop pabodero moToka;
3 — KOJUIEKTOP MKEKTUPYEMOTo NoToKa; 4 — nuddepenipansabie MaHoMeTpsl Testo 506;

5 —xunkoctHle U-06pasuslie ruddepeHnuansHple MAaHOMETPEL; 6 — IIOBOPOTHAS 3aCJIOHKA;
7 — LEHTPAIbHBIN 3KEKTOP

ComocTtaBieHne pe3yabTaToB MaTEeMAaTHYECKOTO U (PU3MYECKOT0 MOAEIHPO-
BaHUsI TO3BOJISIET C/eNaTh BBIBOJ 00 WX YJOBJIETBOPUTEIHHOM COBITAJICHUU.
B kauecte npumepa rpaduku h = f(q) u n = f(q) ans sxkexropa c m =9 u T3,
M3TOTOBJICHHBIM B COOTBETCTBHH ¢ pazmepamu 30T, Bo3HUKArOMIEH ipu padboTe
CH ¢ pacyeTHbIM K03(QOHIUEHTOM RKEKIHH O, = 1, mpuBeeHbI Ha puc. 4.
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h

0,26 =
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Puc. 4. 3aBucumocts kodddunmenta Hanopa (a) 1 KIIJ] (6) ot koaddunnenTa ek
A annapatracM=11n g, = 1: A ¥ M — pe3ynbTaThl MATEMATHYECKOTO MOJICTUPOBAHUS
MKeKTopa 6e3 u ¢ T3 cOOTBETCTBEHHO; A M O — pe3yIbTaThl (PHU3HMIECKOTO MOIEIUPOBAHHUS

KekTopa 6e3 u ¢ T3 cCOOTBETCTBEHHO

I'padmkn moKa3bIBalOT, YTO TMOBBINICHUE 3(PPEKTHBHOCTH MPOUCXOAUT HE
TOJBKO IPU PACUYETHOM 3HAYEHMH KOOI(PPHIHUEHTA 3KEKLUUH (,, HO U B JI0CTa-
TOYHO HIMPOKOM MHTEpBAJle peXXKUMOB padoThl. OAHAKO MPU JOCTHKEHUN HEKO-

85



TOPOTO TPEACTHLHOTO KOAPQUIMEHTa 2KEeKIUU 3PPEKT OT BBeAcHus T3 cTaHo-
BUTCS OTpHUIIaTeIbHBIM. CBsA3aHO 3TO ¢ TeM, uto 3ameHna 30T Tenom 3amerneHus,
C OJTHOW CTOPOHBI, UCKITFOYAET TOTEPH YHEPTHH, 3aBUCAIINE OT OOPATHBIX TOKOB,
a ¢ JpYyroii — yBEIMYMBACT MOTEpU HAa TpeHue. YeM MeHbIIe KO3PQPUIUCHT
»kekuu, TeM Ooibiie dddekt ot 3amenierns 30T. B 3ToMm citydae cHmKeHUe
THIPABIMYECKOTO COMPOTHBIeHHA U3-3a ycTpaHeHus 30T 3HaumrensHO Tpe-
BBIIIACT JIOTIOJHUTEIHHOE COMPOTUBIICHUE TPCHUS, BBI3BAHHOE IPUCYTCTBU-
em T3. C yBenuuenueM ( no cpaBHeHHIO C (, BennunHa 30T ymeHbmaercs,
a cjemoBaTeIbHO, pa3Mephl T3 CTAaHOBSTCS JHITHEH XapaKTEPUCTHKOW — ITOJIO-
xutenbHbl 3Qdext or T3 cHikaeTcs, a 1018 OTEPh YHEPTUU HA TUAPABIHYC-
CKOE TPEHHE BO3PACTAET.

HccnenoBanusi Takxke IOKa3ald, 4TO MakcuMmaibHOoe Bo3pactanue KII/]
npoucxoaut ¢ T3 misa mansix O, 7o 11 %, a Haubonee mMUpoKas 06JaCTh PEXKU-
MOB, Ha KoTopo# ciaydaercs noseimenue KIIJI, ¢ T3 s 6onbimux .

BBIBOJI

ITyTeM MaTeMaTHYECKOTO MOJETUPOBAHMUS C TIOMOIIBIO IPUKJIAIHOTO ITaKeTa
Solid Works Cosmos Flo BrisBieHa 0Ha W3 OCHOBHBIX MPHUYUH BBICOKUX TH/I-
PaBIMYECKUX MOTEPH B KAMEPE CMEIIEHUS IEHTPABHBIX KEKTOPOB, paboTaro-
HIMX TPH MAJIbIX KO3()OUITMEHTAX MKEKIIUH, — 30HBI 00PATHBIX TeueHuM. J[ist ux
YCTpaHEHHs MPEII0KEHO U3MEHATH (POPMY MPOTOYHOM YacTH KaMephl CMeIlre-
HUS TAKUM 00pa3oM, YTOOBI 00JIACTH OXKHIACMBIX 0OPATHBIX TOKOB 3aMEIAUCh
TBEPIOU IMOBEPXHOCTRIO — TeoM 3amelneHus. OnpeneraeHsl OTHOCHTENbHBIE
TreOMETPHUCCKHE TTapaMeTpPhI TeJIa 3aMEIICHHS, YTO JaET BO3MOXKHOCTH MTPOCTHIM
MEPECUYeTOM OIPE/CIATh pa3Mephl TEI IS IKEKTOPOB JIIOOBIX pa3MepoB. DKC-
MEepUMEHTANIbHAs MPOBEpKa MOATBEPANIA PE3YIBTaTEl MATEMATHIECKOTO MOJIE-
JTUPOBAHUS.

[Mpunsteie obo3naueHus: d., A, — IUaMeTp U WIoHaas ceueHusi coria; Uy, A —
JUMaMeTp ¥ IUIOINAIb CCUYCHHUS KaMephbl CMENICHUs; R — paauyc kamepbl CMCIICHHS,
lc — IIMHA Kamephl cMentenus; Q, — pacxox padoueii )KUIKOCTH; Q,, — PACXOJ 3KEKTHU-
pyeMOii KUIKOCTH; P, — JABJIECHUE PA00YEro MOTOKA; Pey — NABIECHUE CMECH; Py — JIAB-
JICHUE YKEKTHPYEMOT0 TTOTOKA; P — IUIOTHOCTD JKUAKOCTH; | — AWHAMIYECKUH K03hdhu-
IUEHT BS3KOCTH XUAKOCTH, V., — CKOPOCTh HCTEYCHHS pabodeil >KUIKOCTH W3 COILIA;
Re. — uuncno PeliHonbaca IUis BBIXOJHOTO CEUCHHS COIDIa; M — MOIYJIb KEKTOPa;
g — K03(QGUIHEHT BKEKIHH; O, — PACICTHBIH KO3(DOHUIMEHT KeKInH; h — KospduuueHT
HATopa; 1 — KO3 PUIMCHT MONIE3HOTO ACHCTBUS; Uy — OCEBas MPOCKIUU CKOPOCTH MOTO-
Ka B KaMmepe cMelneHus; Lo — paccTosHie OT Hadaia KaMepbl CMEIICHHS JI0 Tela 3aMe-
meHus; Lya — pacCTOSIHHUE OT Hadaia Teja 3aMelIeHHs 10 TOYKHA ¢ MaKCHMalbHBIM TI0-
MEPEYHBIM Pa3MEPOM TEJa 3aMEIICHUS; Imax — MAKCUMAIIBHBIN IOIICPEYHBIA pa3Mep Teaa
3amernienus; L — qnuHa Tena 3amemenus; CH — crpyiinsiii Hacoc; KC — kamepa cmertre-
aust; 30T — 30Ha oOparHoro Tedenws; KIIJ] — xoadduIueHT mosie3HOTO NEHCTBUS;
T3 — teno 3ameneHus.
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