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Luchinin A.G. On Underwater Imaging Systems with Complex Modulated Beams of [llumination....

A scheme of construction of imaging systems based on a complex modulated illuminating beam and the re-
ceived echo signal processing is proposed, which involves the extraction of the modulated component and its
matched filtering is discussed. The approached model of a signal taking into account the effect of surface
waves and multiple scattering in water is constructed. The system limiting longitudinal and transverse resolu-
tions determined by random light refraction on the surface and scattering in water are estimated. Characteris-
tics of imaging systems with extremely high frequency of beam modulation are estimated.
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New approach to MODIS data processing, joined of algorithm for sun glint area and low-parametric algorithm
of atmospheric correction is presented. Software package processing MODIS imagery has been developed.
Validation of this algorithm with in situ measurements of the water radiance reflectance p(A) in most cases
shows better accuracy then the SeaDAS 6.1 data as in the presence of sun glint and without glint. As a result
of applying of new algorithm, the area of solving the inverse problem increased.
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One of the principle advantages of gliders is that they provide high-resolution measurements at small temporal
and spatial scales. They also autonomously operate 24/7 under a variety of weather and sea-state conditions,
they increase sample measurement densities (shipboard sampling 87 profiles day-1 as compared to 665 pro-
files day-1 from a glider), they are relatively low cost, easily re-locatable and finally, they have low power
requirements for extended deployment periods. The goals of this study were (1) to determine the radiometric
uncertainty of downwelling irradiance (Ed) measurements made from gliders, (2) to apply the Submerged Re-
mote Sensing (SRS) technique for calculating mean K's (average K over some depth interval from just below
the surface to the sensor depth) from validated glider Ed data and (3) to invert mean K's to local K's (K over
some smaller depth increment ~1-2 m to generate a vertical profile of K) under varying incident solar fluxes
(cloud cover/atmospheric conditions).

Key words: slocum gliders, underwater irradiance, vertical attenuation coefficient.

Dolin L.S. About the Distrotions of the Pulsed Light Beam in the Medium with Strongly Anisotropic
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The method for analysis of spatially - temporal distortions of a pulsed light beam in the stratified turbid me-
dium with narrow scattering phase function (in particular, sea water) is developed. It is shown that the radia-
tive transfer equation in the refined small-angle approximation is reduced to a set of equations for longitudinal
moments of a pulsed light field which is solved rigorously unlike the analogous equations for temporary mo-
ments of pulse. Recurrence relations, which permit to calculate the moments of the higher order based on the
zero moment, are obtained. The formulas for calculating the first three moments, defining the average radiance
(or irradiance), the distance between the leading front and the “centre of gravity” of pulse as well as the longi-
tudinal scale of its smearing, are given. Formulas for definition of time characteristics of pulse from its spatial
moments are obtained.
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the moments.
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Rodionov M., Dolina 1., Levin I. Correlations Between Depth Distributions of Water Attenuation
Coefficient and Density in the North Seas ...

The paper contains the data on measurements of depth distributions of attenuation coefficient and fluid density
in the Barents, White and Kara Seas together with results of analysis the correlations between these distribu-
tions. We founded that in many cases correlations between parameters of the functions used for distributions
approximation are rather high, namely, between the horizons of maximal change of attenuation coefficient and
the pycnocline depth, between widths of pycnocline and the layer of attenuation coefficient jump, as well as
between the gradient of ¢ and the buoyancy frequency.
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Vasulia S.V., Kopelevich O.V. Comparative Estimates of the Budget of Photosynthetic Available
Radiation (PAR) in the Barents, White, Kara and Black Seas Derived From in situ and
Satellite Data. ... ..o e

The comparative assessment of all components of the PAR budget (incident on the sea surface, reflected from
the rough sea surface, penetrating to the different depth in the water column, water-leaving and absorbed in
water) made by using satellite and in sifu data in the Barents, Black, Kara, and White seas is presented. Water
quality is varied from clear with the diffuse attenuation coefficient K,(555) ~ 0.13 m ' to very turbid with
K4555) = 0.42 m'. These differences cause the essential discrepancy of components of the PAR budget in
different seas. An agreement between the estimates of PAR penetration in the upper layer derived from in situ
and satellite data is quite satisfactory.

Key words: photosynthetic available radiation, PAR budget, satellite data.

Ficek D., Meler J., Zapadka T., Ston-Egiert J. Modelling the Light Absorption Coefficients of Phy-
toplankton in Pomeranian Lakes (Northern Poland) ...............cccooooiiiiiiiiiin,

In 2004-08 the absorption properties of phytoplankton was measured in 15 northern Polish lakes of different
trophicity. At the same time the concentrations of optically active substances in these lakes were also meas-
ured. These data were used to test the model of the absorption properties of phytoplankton, derived by Bricaud
et al. for case 1 oceanic waters (hereafter referred to as Bricaud's parameterisation), to predict the spectra of
light absorption by phytoplankton a,, for lakes in Pomerania. This study shows the limitations of this model to
lacustrine phytoplankton; and the reasons for them are discussed. In addition, an analogous model of light ab-
sorption by phytoplankton in the investigated lakes was derived on the same mathematical basis as Bricaud's
model, but with different values of the relevant empirical parameters. For the sake of simplicity, the analysis
covered the coefficients of light absorption only by surface water phytoplankton. The results were compared
with those obtained for case 2 waters by other authors using similar models.

Key words: phytoplankton absorption spectra, lakes, bio-optical modelling.

Pennucci G., Alvarez A., Trees C. A Satellite Covariance-Based Method to Support AERONET
Ocean Color Validation ACHIVITIES .....vevtirtireirtiteteiteteiteiterrerereeenriree e

The objective is to determine the location(s) in any given oceanic area during different temporal periods where
in situ sampling for Calibration/Validation (Cal/Val) provides the greatest improvement in retrieving accurate
radiometric and derived product data (lowest uncertainties). A method is presented to merge satellite imagery
with in situ samples and to determine the best in situ sampling strategy suitable for satellite Cal/Val efforts.
This methodology uses satellite acquisitions to build a covariance matrix encoding the spatio-temporal vari-
ability of the area of interest. The covariance matrix is used in a Bayesian framework to merge satellite and in
situ data providing a product with lower uncertainty. The best in situ location for Cal/Val efforts is retrieved
using a design principle (A-optimum design) that looks for minimizing the estimated variance of the merged
product.

Key words: satellite images, field measurements, calibration-validation, merged product.

Tolkachenko G.A., Kalinskaya D.V., Smirnov A.V., Prohorenko Y.A. Evalution of Spatial Scales of
Aerosol Atmosphere over the Black Sea .............ccooiiiiiiiiiiiii e

Results of researches of spatial correlation of atmosphere optical heterogeneities above the Black sea are pre-
sented. Measurements of aerosol optical thickness are carried out by two spaced sun photometers. The spatial
correlation radius of aerosol optical thickness is estimated and constitutes in order of 160 km. Possibility of
revealing the absorbing aerosols properties above the sea is shown on a concrete examples. The recommenda-
tions on application of portable photometers in sub-satellite measured experiments are given.

Key words: acrosol, correction atmosphere, spatial correlation, undersattelite experiment.
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Levin I., Darecki.M., Sagan S., Kowalczuk P., Zdun A., Radomyslskaya T., Rodionov M. Can the

Commonly used optical models of natural waters have been analyzed in the context of their applicability in the
Baltic Sea. By use of a large data set collected at the Baltic, we found that published before relationships be-
tween scattering, attenuation and backscattering coefficients at wavelength 550 nm in ocean waters are valid
for Baltic as well. When the same data were used for validation of the relationships connecting absorption and
scattering coefficients of the chlorophyll and absorption coefficients of Colored Dissolved Organic Matter
(CDOM) with chlorophyll concentration, the result shows a large discrepancy, disqualifying them in the com-
plicated environment of the Baltic Sea.

Key words: inherent optical properties, phytoplankton, yellow substance.

Sukhorukov A.L., Titov M.A. Use of Gliding Effect for Motion of Underwater Vehicles ................

This study defines hydrodynamic characteristics of underwater gliders based upon numeric solution of Rey-
nolds-averaged Navier-Stokes equation. The characteristics were compared with experimental data and it was
shown that it is possible to use numeric methods of viscous fluid dynamics for development of a shape of such
objects. Mathematical model of glider's motion was designed. Feasibility of its use as a towing vehicle for
another underwater object was studied. Analytical estimations of glider motion parameters were obtained at
steady-state modes with and without account of towing force.

Key words: underwater vehicle, glider, numeric methods, mathematical model of motion, towing, excessive
buoyancy.
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OB UCMOJb30BAHUU DO®DPEKTA IIJIAHUPOBAHUS
JUIS IBUJKEHUS MOJABOJIHBIX ATIMTAPATOB

B pabore Ha OcHOBE YMCIIEHHOTO PEUICHUs] OCPeIHEHHBIX 1Mo PeliHonpacy ypaBHenuit Ha-
Bbe—CTOKCa ONpEnAeneHbl TUAPOJUHAMUYECKHAE XapPaKTEPUCTUKU MOJBOJHOrO IJIaHEpa —
rinaiigepa. [IpoBeneHo WX COMOCTABIEHHE C 3KCIEPUMEHTATBHBIMU JITaHHBIMH M IIOKa3aHa
BO3MOXKHOCTH MCIIOJIb30BaHMS YHCIEHHBIX METOIOB ANHAMUKH BA3KOM JKHIKOCTH AJISI OTpa-
60TKH (hopMbI Takux 00BeKTOB. [locTpoeHa MaTeMaTH4ecKasi MOJIENb ABIKEHHS TIaiaepa.
PaccMoTpeHa BO3MOKHOCTB €r0 HCIOJIB30BaHHUA B KaueCTBE OYKCHPOBIIHMKA JPYroro moj-
BOJHOTO 00BeKTa. [lomydeHsl aHANNTUYIECKUE OLIEHKH NMapaMeTpOB JBIDKCHHUS IUIaiiiepa Ha
YCTaHOBHBILHXCS PEXKHUMAaxX C yIETOM U 0€3 ydeTa CHIIBI TSTH.

KoaioueBble ci10Ba: o IBOJHBIN anmnapar, ImiaHep, riaiaep, YUCIeHHbIe METO/Ibl, MaTeMaTH4ecKast MOJIeIb JBH-
KEHUsI, OyKCUPOBKA, N30BITOYHAS TNIaBY4ECTb.

CeromHsi BO3pOC MHTEPEC K MPOCKTHPOBAHHIO aBTOHOMHBIX HEOOUTAEMBIX MOIBOJHBIX
anmapaToB ¢ HETPAAWIIMOHHBIMH MPUHIMIIAME JBIKeHUS. Cpeny Takux ammapaTtoB 0coboe
MECTO 3aHMMAIOT MOJBOJHbIE TUIaHephl (Thaiiepsl). BakHbIM TOCTOMHCTBOM 3TOTO THUIMA afl-
MapaToB MO CPABHEHUIO C APYTUMHU SIBJSETCS CYIIECTBEHHAs SKOHOMHMS SHEPTUH, 3aTpaunBac-
MO Ha IBI)KEHUE, a TAK)Ke MOHIKEHHOE 3HAYeHHE IITYMHOCTH. J[BI)KEHUE TIOJJBOIHBIX IJIaHe-
POB OCYIIECTBISIETCS 32 CUET MHOTOKPATHOTO CO3/1aHUsI 3HAKOIIEPEMEHHON M30BITOYHOM TuIa-
ByuecTd. [1o JaHHBIM OTKPBITHIX HCTOYHUKOB, HA CETOTHSIIHUNA IEHDb 32 PyOEKOM MOCTPOCHBI
JIECSATKU TIOABOJIHBIX aIapaToB, MCIOIB3YIOMUX 3((EKT MOIBOAHOTO IUIaHUpoBaHus [1-5].
Tak, rmaitnep RU27 nposen B mope 221 nenp, npeonones auctaniuio B 7410 km mexay CLIA
u Ucnanueii [1]. 3a 3o Bpems o coBepimi okodio 22 000 norpyskenuii-semibitaii (mo 11 000
B KaXIYI0 CTOPOHY), Mpoias nmo BepTukanu okoso 2200 kM. Csbiue 1000 pa3 BbIxoauia Ha
cBs3b ¢ Oeperom. B pabore [2] mpoBeneHa kimaccuduKarys riaiiepoB Mo peaarn30BaHHBIM
KOHCTPYKTHUBHBIM CXE€MaM W3MEHEHUS IUIaBY4YEeCTH, MPUBEACH JOCTATOUYHO MOAPOOHBIN 0030p
COBPEMEHHBIX pa3pabOTOK TJIaiIepoB M WX MPWIOKCHHUN JJIS UCCiieqoBaHus okeana. [Ipose-
JIEHO COTOCTAaBJICHHE TPEX THUIOB TNAHAEPOB C TOYKH 3peHUs 3((HEKTUBHOCTH BBINOJIHEHUS
MMM UCCJIEA0BATEIbCKUX MUCCH [3].

OpHMM W3 OCHOBHBIX 3TANoOB NpU pa3pabOTKe TAaKUX almapaToB SBISETCS BBIOOP 3aJaH-
HBIX THIPOJUHAMHYCCKHX XapaKTEPHUCTUK, obecrieunBaronux 3(HeKTHBHOE TUTAHUPOBAHUE U
COOTBETCTBEHHO JBIKEHHE ammapaTa. Eciu panbiie otpaboTka (oOpMBI anmnapaTtoB MPOBOIM-
J1aCh B OCHOBHOM JKCIIEPUMEHTAILHBIMU METOJAMH, TO CETOJIHA B CBSI3M C PE3KHUM POCTOM
MIPOU3BOJUTENILHOCTH BBIYMCIUTEIBHON TEXHUKU MOSBUIACH BO3MOXHOCTH «BHPTYalbHOID
OTpabOTKU (POPMBI ammapara ¢ ONPEACIICHUEM €Tr0 THAPOJAMHAMHUYECKUX XapAKTEPUCTUK YHC-
JICHHBIMU METOJIaMHU.

B nannoli pabote paccMarpuBaeTcs MOABOAHBIN TuiaHep (Tmaiimep) (puc.l) ¢ dopmoid,
ONMU3KOW K MOABOJHOMY IUTaHEpy, NpuBeaeHHOMY B [1]. s 3TOr0 00bEeKTa UMEIOTCS JKCIIe-
pPUMEHTAJIbHBIC JAaHHBIE 110 MPOAYyBKaM B adpoamHammuueckoir Tpyoe HUMMM JII'Y [6], uro
MO3BOJIUJIO COMOCTAaBUTh THAPOJUHAMUYECKHE XapaKTEPUCTUKU, MOTYyUYEHHBIE SKCIIEPUMEH-
TaJbHBIM U PACUETHBIM IyTEM M TEM CaMbIM MOATBEPIUTH BO3MOKHOCTh MCITOJIH30BAHUS YHC-
JICHHBIX METO/IOB JMHAMHKH BSI3KOU KHUAKOCTH AJIsl OTpabOTKU (POPMBI TaKHX OOBEKTOB.
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00 ucnonb3oBanuu dQ(PeKTa MIAHUPOBAHMSL. ..

B pabGore [1] mnpemnoxena
Ues WCIOJb30BaHUS TIOJIBOTHBIX
IUIaHEepOB (TJ1aiIepoB) B KauecTBe
OYKCHUPOBIIUKOB JPYTHX TMOABOJI-
HBIX 00BEeKTOB. B manHON pabote
Ha OCHOBE AHAJUTHUYECKUX OIECHOK
MPEJICTaBICHbl 3aBUCUMOCTH Tapa-
METpPOB JIBHXKEHUS OT TSTH, Pa3BH-
Ba€MOW TJAWJEpOM, Ha YCTaHO-
BUBIIUXCS PEKUMAX.

OmnpenejieHue MaccomHep-
HHMOHHBIX U THAPOIMHAMMYECKHX
XapakTepucTuk riaiaepa. lloa-
BOJIHBIM IUIaHep (miaiizep) mnpen-
cTaBiIIeT co00I OOBEKT, BBHITOIHEH-
HBIM 110 caMoJIeTHOM cxeme. [[mmHa
oobekta 1167 MM, quametp kopiyca 178 MM, OIHOE MOABOAHOE BOJOU3MElIeHHE V = 0.022n°,
[momane KpbUIbEB 0.044M°, KOPMOBOI'O TOPU30HTAJILHOTO OMEPEHUS 0.014n". Koopaunatse! nien-

Tpa BEIMYUHBI OT HOCA X, = 0.55M, y = 0.001 M. MomenT nnepuyn oosekta J,, =0.167 KM,

Puc.1. TpexmepHast MozieNnb MOBOIHOTO TUIAHEpa.

Jlnsa naHHOTO O0BEKTa MO MeTonuKe [7] ObUTM ompeseNneHbl MPUCOCTUHEHHBIE MACCHI,
IIPH 3TOM KOPITYC 00BEKTa CXEMaTU3UPOBAJICS AJUTUTICOUIOM BPAICHUS, & KPbUIbS M CTaOWIIH-
3aTopbl MIacTHHaMU. B Tabin.1 mpuBeneHbl pacueTHbIC 3HAUCHHUS MPUCOEINHEHHBIX MacC 00b-
€KTa JIJIsl €r0 ABUKEHUS B BEPTUKAIBHOU MJIOCKOCTH.

Tabnuya 1
Ay s KT Ay s KT Ao KrM° Ao KM
Kopmyc 1.05 19.53 -0.65 0.15
Kpbuibs - 243 0.01 0.05
Crabumm3aTtopsl - 0.48 -0.27 0.15
) 1.05 22.44 -0.93 0.35

I'uaponvHaMIUECKUE XapaKTEPUCTUKHU OIIPEIEISIINCH C UCTIONB30BaHUEM MPOTPAMMHOTO
komriekca ANSY S-Fluent, BeruncnutenbHble IpoLe ypbl KOTOPOro 6a3upyroTcss Ha YUCIIEeH-
HOM pelieHnu ypaBHeHuil HaBbe—CTOKCa, OcpeiHEHHBIX 110 PeitHombacy.

Jst obecnieueHust TpeOyeMoil TOUHOCTH pacueTa, CBSI3aHHOW ¢ KOPPEKTHBIM pa3pellieHHeM
TypOyJIEHTHOTO TIOTPAHUYHOTO CJIOSI, TI0O METOAMKE [8] Ompenessuiuch napameTpsl CryIIeHUs y3-
JIOB BBIYMCIIUTENILHOM CETKH Y IOBEPXHOCTH 00bekTa. Pacuet mpoBoauics Ha ocHoBe Realizable
k — & Monenu TypOyJIEHTHOCTH C UCIOJIb30BAaHUEM U 0€3 MCIOIb30BaHMS MTPUCTEHOUYHBIX (DYHK-
IIUI; KPOME TOTO, UCTIOIL30BaIach MOJENb TypOynenTHocTH Crnianapra—AsumMapaca. st comoc-
TaBJICHUS PE3YJIbTATOB YCIOBHS MIPU pacyeTe MPUHUMAIICH COOTBETCTBYIOIIMMH YCIIOBUSM TPU
9KCIEPUMEHTAIBHOM OIPENECICHUN THAPOJUHAMUUECKUX XapaKTEPUCTUK: CKOPOCTh IOTOKA
Bo3yxa 30 m/c. JlaHHas BeMMUMHA CKOPOCTH o0ecTieunBaeT nogooue mno yuciy PeitHonbaca npu
NBIDKEHUN 00beKTa B Boje. Ha BXOJHBIX IpaHMIaX pacdeTHOM 00JIaCTH 3aJaBajach CKOPOCTb
Ha0eraromero NoToka, Ha BBIXOAHBIX — CTATHYECKOE JIaBJICHUE B MTOTOKE Ha OECKOHEYHOCTH, Ha
HOBEPXHOCTU O0BEKTa CTAaBWIUCh YCJIOBUS NPWINIAHUS M HenpoTekaHus. Pacuer mpoBoauics
JUISL pa3HbIX yIIIOB aTaku. ONpenensuinch r’uapoIMHAMUYECKUE CHUITBI 1 MOMEHTBHI, ACHCTBYIOIINE
Ha 00beKT. Ha puc.2 npencraBineHo pacnpeeneHue ruipoAnHaMUYEeCKUX JaBJICHUH 110 KOpITycy
riaiaepa npu yriax araku 0.10 u —10 rpagycos.

KoadduuneHTs! NO3MIMOHHBIX THAPOJUHAMUYECKUX CHJI 1 MOMEHTOB ONPEAEISUINCH Ha
OCHOBE CJIEAYIOINX COOTHOLIEHUI: B IOTOYHON CUCTEME KOOPAUHAT (COOTBETCTBYIOIEN JKC-
NEpPUMEHTAIbHBIM JTaHHbBIM)
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Ha puc.3 conocTaBnsiroTcsi pacueTHbIe M SKCIEPUMEHTAIbHbIC JaHHbIE Ui KO PHUIIEH-
TOB MO3ULIMOHHBIX THUAPOJUHAMUYECKMX CHUJI U MOMEHTOB B IOTOYHOH CHCTeME€ KOOpAMHAT.
[TpencraBnennble rpaduKy MOATBEPIKIAIOT aJEKBATHOCTh YHCIEHHOTO METO/A U MOKa3bIBAIOT
BO3MOKHOCTh €0 MPUMEHEHUs Jis1 0TpaboTKu (hopMbl Takux 00bekToB. [Ipu 3TOM Iyuiee co-
IJIACOBAHUE PACUETHBIX M SKCIICPUMEHTANIBHBIX JTAHHBIX HAOIIONACTCs MIPHU MCIIOIb30BAHUU MO-
nemu TypoynentHoctn Cranapra—Aimmapaca. OTMeTuM, 9TO OOoJIbIliee PacXoXKIIEHUE TPH TI0-
JIOXKUTEBHBIX YTJIaX aTaKd M0 CPAaBHEHHIO C JAHHBIMU MPH OTPHUIIATEILHBIX yIIaX MOKET OBITH
CBSI3aHO C HE3HAUUTENIbHBIMU PA3IUYUAMU B (hopMax IKCHEPUMEHTATBHON U «BUPTYaJIbHOI
MoJienei (ocaeTHsIsl CTPOWIIACh 10 YEPTEXKY, IPUBEACHHOMY B [6] B MaioM MaciTade), a TakxKe
C MOTPEIIHOCTAMU YUCIIEHHON MOJIENTU U, BO3MOXHO, YCIIOBUSIMU MIPOBEACHNUS SKCIIEPUMEHTA.

Ha puc.4 nokazaHbl 3aBUCUMOCTH KO3((QUIIMEHTOB MO3UIIMOHHBIX THAPOTUHAMUYECKIX
CHJI U MOMEHTOB B CBSI3aHHOW C OOBEKTOM CHCTEME KOOpPAMHAT, KOTOPbIE MCIOJB3YIOTCS B
YPaBHEHUSIX JIBIKEHUS TIaiaepa.

[IpencraBneHnble rpaduKy MOKA3bIBAIOT, YTO B JHMANa3OHEe MajbIX YIJIOB aTaku « MpU
COCTaBJICHUU YpaBHEHUHN JIBUKEHUSI OOBEKTa MOKHO BIIOJIHE OTPAaHUUUTHCS JTUHEHHBIMU 3aBU-
CUMOCTSIMH KO3((UIIMEHTOB MO3UIMOHHBIX THAPOJIUHAMUYECKHX CHJI U MOMEHTOB OT yTJja

ataku: ¢, =c,(0)+cjo, m, =m(0)+mo. Eciu 0ObEKT CAUMMETPHYEH OTHOCHTEIBHO TO-

o
»1

pu3OHTANBHOMU MIockocTH, TO ¢,,(0) =0, m_(0)=0. [ns 3anaHHOr0 00bEKTA MPOU3BOHBIE
KO3(QHUIMEHTOB MO3UIMOHHBIX THAPOJUHAMUYECKUX CHJI Ha OCHOBE aHaju3a Tpa(uKoB
(puc.4) paBHBI: ¢

a

1 =371, m7, =1.28. B nepBoM npuOIMKEHNH TPEATIONAraIOCh OTCYTCTBHE

3aBUCHUMOCTH KOB(b(i)I/II_II/IeHTa CUJIbI COIMPOTHUBJICHUSA OT yIJla aTaKU: €TI0 3HAYCHHUC COCTABJIACT
¢, =-0.0609, oTnuune OT COOTBETCTBYIOILEIO 3HAYECHHSA B IOTOYHOM CHCTEME KOOpAUHAT

CBA3aHO C pa3IMYMeM XapaKTepHBbIX BEJIMYUH, HA KOTOpbIE 00e3pa3MepuBaeTCs AaHHbIN mapa-
METp B Pa3HbIX CUCTEMAX KOOPJIUHAT.

Kos UIIUECHTHI BpalllaTCJIbHBIX THAPOANHAMHWYECCKNX CHJI U MOMCHTOB C(t)ZI u meI OII-
yl z1

peaCIgr0TCSa Ha OCHOBC COOTHOIIICHUM

o _ o1 PWwWo o _ o1 Py 4/3
F=cy oV, M;=m] oV
2 2

3HadeHus ATUX KO3 OUIIMEHTOB Opaauch Ha OCHOBE JIAHHBIX MpOoTOTHUTIA [3] M coCTaBIs-
ma: ¢ =0.664, mS =-0.522.
YpaBHeHus1 ABHKeHUs TJaiiiepa. YpaBHEHUsS JBIKCHHS MOJIBOJHOTO OOBEeKTa (TJIaii-

Jiepa) B BEPTHKAILHOW TUIOCKOCTH B PEXXHME TUIAHUPOBAHHS B MPOEKIUSAX HA OCH CBSI3aHHOMN
cucrembl OX1Y 1 umerot cnenyromuid Buza [7, 9]:

2
PV +A) d;;cl =Cy pwzvo G PV +Ary )vyl(’)zl + 7\‘26(’051 + psiny ;
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dv d 2
(p,V + kzz)—d;“ + g 2);1 =c, szVo VP et _pgvo o,V -
=PV + A vy, + peosy;
dv 2
(o1 + g6) dz),;l + Ay d:I =m, pwzvo V+ms DEVO o, V" —p Vehsiny -
—AyVa @, + p(x, cosy — y, siny);
d_w = (Dzl 5
dt

rae p, — IUIOTHOCTh MOPCKOW BOABI;, V' — BoloM3MELIEHHE O0BEKTa; Vv , — IPOEKLUs BEKTOpa
ckopoctd o0bekra Ha ock OX1; v, —nmpoekuus BeKTopa CKopocTH 00bekra Ha ock OY1;
V, —a0COJIOTHAs BEJIMYMHA BEKTOpAa CKOPOCTU OOBEKTa; ®_, — YIVIOBAasl CKOPOCTh BpAILlEHUS
o0beKkTa oTHOCUTENbHO ocu OZ1; J,_, —MOMEHT MHEpLHMM KOplyca 0ObEKTa OTHOCUTEIBHO
ocu OZ1; A,,,A,, —TIPUCOEAUHEHHBIE MAcChl KOpPITyca 00BEKTa; A,, — IPUCOEAUHEHHBIN CTa-
TUYECKUI MOMEHT KopIryca 00BbEKTa; A, — IPUCOEIMHEHHBI MOMEHT UHEPLMH KOpIyca 00b-

€KTa; ¢,,C,,Mm, —KOS(I)(bI/IHI/IeHTI)I MO3UIUOHHBIX THAPOAVMHAMHWYCCKUX CHI W MOMCHTOB,

x1>~yl»

ozl ozl

Cyl ,m - KOS(i)(I)I/II_[I/IeHTLI BpalaTCJIbHbIX THAPOAUHAMUNYCCKUX CHII 1 MOMCHTOB; h —MeTa-

z1

LHCHTpHUYCCKAd BbICOTA, p — n30BITOYHAS IJIaBYy4CCThb, xp,yp — IJI€YH U30BITOYHOH IJIaBy4CCTU

B CBSI3aHHOM CHCTEME KOOpJUHAT; Yy —yroi auddepenta.

PaccMoTpuM yCcTaHOBUBIIMICS PEXUM JIBHKEHHSI 00bEKTa MO ACHCTBUEM CUJT TIOJIOXKUTEIb-
HOI1 T1aBydecTd p . B 3TOM cityyae ypaBHEHHS IBIKEHHSI 00BbEKTa MOTYT OBITh 3aIMCaHbl B BUIE:

2
PuwYo y,2/3 .
¢,V +psiny=0;
PV
1 W 0V2/3

5 +pcosy =0; (1)

Cy
V2
mzlproV—pnghsin\V+p(xp cosy—y,siny)=0.

Cuctema anrebpanueckux ypaBHeHHH (1) mmeeT Tpu HEM3BECTHBIX: O,y U V,. g ux
onpeAeseHus U3 EPBOro U BTOPOr0 YpaBHEHUI HalieM

. 1 v 1 Vi
sm\|/:——cxlpw—°V2/3, cosy =——c IPW_on_ (2)
y
p 2 p 2
Iocrne moacTaHoBKH (2) B TIocieIHee ypaBHeHHe cucteMbl (1) ¥ IpUBEICHNS YpaBHEHHUS
K Oe3pa3sMepPHOMY BUIY TIOJNyYMM YPaBHEHHE MOMEHTOB C OJHUM HEM3BECTHBIM:

_ _h
xpcyl(a)_(yp +:)Cx1(a)_mzl(a‘) = 0’ (3)
p
_ h _ p
rae h = — 5 — 0Ge3pasMepHas METALIEHTPUYECKAs BBICOTA; p = — ——— OTHOCHMTENIbHAA U30bI-
V p.Vg
TOYHAs IUIABYYECTh; X, = W; y, = W_ Oe3pa3MepHbIC TUICUYH MPUIIOKEHUS CHIIBI TIJIaBYy-

YEeCTH B CBSI3aHHOH CHUCTEME KOOpAUWHAT.
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Contours of Static Pressure {pascal)
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ANSYS FLUENT 13.0 (3d, dp, pbns, S5-A)
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|
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Contours of Static Pressure (pascal)

Jun 01, 2011
ANSYS FLUENT 13.0 (3d, dp, pbns, S-A)

Puc.2. Pacnpenenenue nasnenus (B [1a) mo kopmycy oObexTa
mipu yraax ataku: 0° (a), 10° (6) u —10° (s).
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06

2 4 6 8 10
Yron araku, rpanycsl

—+ k-e non-EQ Wall Fnet

-4 —#-Kk-e Enhanced Wall Treatment
—*— Spalart-Allmaras

—0— DHCNEPUMEHT

-6

Puc.3. I'paduk u3menenus 3nauennii C, (a), C, (6) u m. (6) B 3aBUCUMOCTH OT yTJIa aTaKu
IUIS pa3IMYHBIX MoJesiel TypOyJIeHTHOCTH B CPAaBHEHUH C HKCIIEPUMEHTOM
B IIOTOYHOM CHUCTEME KOOpAUHAT.
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20 ~
L5 -
1.0 -

Qb -

-5 A

-1.0 A

-1.5 A

_20 a

.25 .

()}

1

2 4 6 8 10
Yron ataxky, rpagycebl

-0.16

-Q20 - —+ k-e non-EQ Wall Fnet
#- |i-e Enhanced Wall Treatment
—— Spalart-Allmaras

_Q% 4

Puc.4. I'padguk nsmenenus snauenuit C,; (a) ¥ m.; (6) B 3aBUCUMOCTH OT yIJla aTaKu
JUTSL Pa3IIMYHBIX MOJIeliel TypOyJICHTHOCTH B CBSI3aHHOUN CHCTEMe KOOPIMHAT.

C y4eToM cJieTIaHHbBIX BBIIIE IOMYIIEHUH ypaBHEeHHE (3) MOKET ObITh MPECTaBICHO B BUJIE

h
— o — o
X,Cp 00— (yp +—)c,—mo=0.
p
Torna 3HaueHue yria aTaku MPH YCTAHOBUBILIEMCS IBUKCHUHU OyIET paBHO

)
cxl yp+:
a=— P/ 4)

- o 03
X,C —m

z1
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>
0 X

Puc.5. Mcnone3yeMble CHCTEMBI KOOPAUHAT.

YcranoBuBIIeecs 3HaYeHHe yria auddepenta onpenensieTcss Ha OCHOBE COOTHOLICHUS

c
tgy = —-. (%)

cy

YcTaHOBHBIIIEECS 3HAYCHHE CKOPOCTH OIMPEACISETCS U3 COOTHOLICHUH (2):

2 2

: (6)

2
v,
42 PV pr2/3

2
2 2| PwYo p2/3
2 M

p :cxl

2
VOZ - 2/3 pz 2 ()
pwV \/cxl + cyl

PaccmoTpuM Teneps ABHKEHHE MOABOAHOIO IUIaHEPA B peXXUMe OYKCHPOBIIMKA IPYrOro
o0bekTa. B 3TOM ciiyuae B mpaBble 4acTH YpaBHEHUH JBMXKEHUS O0BEKTa BOMAYT MPOCKIMH
CHJIBI, ICHCTBYIOLICH CO CTOPOHBI OyKCUPHOTO Tpoca Ha rnainep 7,,, 7, B CBSA3aHHOH cuCTe-

x1»

M€ KOOPAMHAT U MOMEHT M, . DTa Cclila paBHA IO MOAYJIIO M HAIIPABJICHA IPOTUBOIIOIOKHO

CHUJIE TATH IJ1aijepa.

[Tpoekiuu cuibl, JeMCTBYIOMEH CO CTOPOHBI OYKCHPHOTO TpOca Ha riaijaep, © MOMEHT
9TOM CUJIBI B CBSI3aHHOM C OOBEKTOM CHUCTEME KOOPJMHAT MOTYT OBbITh BBIPAXKEHBI YEPE3 COOT-
BETCTBYIOILME POCKIIMU B HETIOBUYKHON CUCTEME KOOPAMHAT HA OCHOBE COOTHOLLIEHUH

T,=T. cosy+T,siny,
T,=-Tsiny+T, cosy,
M = Tylxkl ~TyVus

rac Tx , T;) — NPOCKINHU HATAKCHUA 6YKCI/IpHOI7I CBSI3H B KIJIFO30BOI TOYKE B HeHOHBH)KHOﬁ CHC-

TEMe KOOPJHMHAT; X,,,,, — KOOPJMHATHI KJII030BO TOYKM B CBA3aHHOW C 0OBEKTOM CHCTEME

KOOpPJMHAT.
B cooTtBercTBHH C [1] paccMOTpUM KUITBBAaTEPHOE TOJIOKEHHUE TIaiepa 1 OyKCHPyeMOTO
00BEKTa U TPEANONOKUM, YTO U3MEHEHUE KMHEMATHYEeCKUX MapaMeTpoB Iiiaiiepa Mmpoucxo-
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JUT MEJUIEHHO U €ro JBM)KEHHE OJU3KO K yCTaHOBMBILEMYCs. B 3ToM ciydae BepTHKalbHas
NPOCKIIMSI CHIIBI HATSHKCHUS OyKCHPHOTO TPOCa B KJIF030BO# TOYKe paBHa Hymo: 7, =0, a ro-

PU30HTAIBHYIO MPOEKIHI0 0003HauMM Kak 7 =-—7 . Torma ypaBHEHMs yCTaHOBHUBILETOCS

JBHXXCHUA rnaﬁﬂepa MOTYT OBITh 3aIMCaHbI B CJICAyromeM BUAC:

2
cxlpw%Vm+psin\|f—Tcosw=0;
PV =
c,, LV + peosy+Tsiny =0; (8)

y

2
m 1_pW2v0 V—p,Vghsiny+ p(x,cosy—y, siny)+x,Tsiny+y,Tcosy=0.

z

Bripaxas u3 nepBoro ypaBHeHUs cucTeMslI (8) siny W MOACTaBIIssA BO BTOPOE, MOTyYUM:

2
T cosy —c,, PuYo 213
siny = 2 ;
p
Tc,, szvé p2/3 —c, pwV§ 23
cosy = 4 72 = Cxlvéfll(T:p)+Cy1V§flz(Tap) . 9)
pt—
p
AHAJIOTUYHO JJI COS
—Tsiny - vaé y3
\‘V cyl
cos\y = ;
p
Te, p,ve PV
pyl 20 V2/3 +CX1 2 0 V2/3 N N
siny = — 72 :CxlvngI(T,p)+cylv§f22(T,p). (10)
P+
p

[IpuBenem nocrnenaHee ypaBHEHUE CUCTEMBI (8) K CIEAYIOMIEMY BUIY:
2
~\ . =~ V,
cos w(pxp + yle)+ sin \p(xle —-py, - pVgh)+ m_, p“TOV =0. (11)

Honcrasnss B (11) Bepaskenus (9), (10) u cokpamas Ha v, , IOJyYHUM JIMHEHHOE ypaBHe-

HHUC OTHOCUTCIBHO O .

(i (T p)+cofin (T, p)px, + v T )+
N N - (12)
+ (e /o (T, p)+cofo, (T, p)x, T = py, —p,Veh)+ MZG%V =0.

JlaHHO€ ypaBHEHHE IIO3BOJIIET OIPEACIUTh YCTAaHOBHUBIIMECS 3HAYCHUE YIJIA ATaKH
rIaiiepa npy 3aJaHHbIX TAre 7, INIaBy4YeCTH p W KOOPJAMHATAX KIFO30BOW TOYKHU.
YcranoBuBIeecs 3HaueHHe yria auddepenta onpenensercs Ha OCHOBE COOTHOIICHUS
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_ cx1f21(7~",p)+c;af22(f,p)
tgy = = ~ ~. (13)
Cxlﬁl(Tﬂp)+cylaﬁ2(Tﬂp)

Ha ocHoBe mepBoro u3 cooTHOIICHHH (8) MOXET OBITh OMPEEICHO YCTAaHOBHBIICECS
3HaUEHUE CKOPOCTH TIIaljiepa:

2 2 -~ .
vy =— (T cosy — psinvy . 14
0 CxlpwVZ/3 ( \Ij p \V) ( )

PesyabraTsl pacuera. Ha puc.6-8 nns rmaiinepa ¢ 3aJaHHBIMM XapaKTEpPUCTUKAMM
IIPEJICTaBJICHBI TapaMETPhl ABWKCHUS B PEKUME IUIAHUPOBaHUsA. [Ipy 3TOM 3Ha4eHHE OTHOCH-

TEIbHON M30BITOYHOM IUIAaBYYECTH COCTABISIO D = P __ —0.02 ; koopMHATBHI TOYKU NpH-

p.Vg
JIOKCHUA CHUJIBL HHaBy‘IeCTI/I OTHOCHUTCJIILHO ueHTpa BCJIIMYUHBI xp = 04 M, yp = 0 M. MCTallCH-

Tpudeckas Beicota /= (.05 M. B kadecTBe HauambHBIX YCIIOBUN 3a71aBajlaCh CKOPOCTh JIBHKE-
HUS Thaiinepa, paBHas 1mM/c, ¢ HyneBbIM nuddepenToM. BuaHo, 4TO CIycTsi HEKOTOPOE BpeMs
TJIaiiiep BBIXOJUT HA PEKUM YCTAaHOBMBILETOCS TUIAHUPOBAHUS C OTpULIATENbHBIM quddepeH-
TOM 6.9° ¥ TIOJIOKUTENBHBIM YITIOM aTaku 7.8°. B HauanbHBIH MOMEHT HAOIIOIal0TCs KoJieha-
HUS Thaijepa Ha COOCTBEHHOM YacTOTe, KOTOpPbIE MHTCHCHBHO 3aTyXalOT TOJ[ BIHSHUEM
neMnuUpPYoOIUX CHII 1 MOMEHTOB. [lapamMeTpbl yCTaHOBUBIIETOCS peXUMa ABMXKEHHUS COOT-
BETCTBYIOT 3aBUCUMOCTSM (4)—(7).

a o

0.01

Q9

-0.01}———

-002f

Vyl, M/c

-0.08

-0.04

-0.05[

-0.06|

04 . 1 : . - J -0.07 . .
4] (] 100 180 200 260 300 [0} 50 100 180 200 2650 300
t,c e
Puc.6. 3aBrCHMOCTB TIPOIOIBEHOM (@) W TMOTIEPEUHOH (6) KOMIIOHEHT CKOPOCTH TIIalaepa

OT BpECMCHH B CBSI3aHHOM CHCTEME KOOpAWHAT B PCKUMCE IUIaHUPOBaHUA.

B &
a
-9 7
7]
-4 = = - . R G|
I
5) 5
Be — N — i z
[+]
4
E - o =
s @
10| ]
2
12} .
-1a} o
- : ‘ i : 5 |
‘o 50 100 tlﬁO 200 250 300 ) 50 100 160 200 260 300
;€ 1..C

Puc.7. 3aBucumocts auddepenTa (a) u yria ataku (0) Tiaiaepa oT BpeMEHH B peKUME TIAHHPOBAHHUS.
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o Ha puc.9-11 NPHBE/ICHbI 1apa-
i METpbI ABM)KEHHUS IJIaliiepa Mpu ero
pabote B KadecTBe OyKCHPOBIIHUKA.
20 ~
6 IIpu sToM Tsra riaiigepa 7I' cocras-
nsna 5 % BETUUMHBI IUIABY4YECTH p U
E o T —— 0
. —— coorBercTBeHHO 0.1 % BeaMUMHBI
=10 i ] y
- L p,.gV . KoopauHatsl KiIr030BOM TOY-
@ v KN KpeIuIeHHs OYKCHpPHOTO Tpoca K
P I S N SN S B T rIaiiepy NPUHUMAIHCh X, = -0.62
| I— e S N S E— i i M, Vi = 0 M.
-60 Ha puc.12, 13 ¢ ncnonp3oBanu-

0 20 40 0 ® 100 120 140 em cootHomeHu (12)—~(14) npuse-
JI€Hbl 3aBUCUMOCTH YCTAHOBUBIIMXCS
3HAYEHUM NapamMeTpoB  JBUKEHUS
ryiaiiiepa IpU BapbUPOBAaHUU TIATOU
ot 0 10 0.2 % BenmuuuHbl p gV .

Puc.8. TpaekTopus IBUXEHUS Iiaiiaepa
B PEXXUME IUIaHUPOBAHUS.

o002

09 o]

Vai , M/C

2 : ; -01 L
(] 80 100 1580 200 250 300 0 80 100 160 200 250 300

{6 £ic

Puc.9. 3aBucumocTs MpoAoNIbHOH (@) ¥ ToTIepeyHoit (0) KOMIOHEHT CKOPOCTH Tiainepa
OT BPEMEHH B CBSI3aHHOM CHCTEME KOOPAMHAT IPH €ro padoTe B Ka4eCTBE OYKCHPOBILHUKA.

o 14
a P aall|
2 12 | |
ch 10| 1
i
:‘: -6 3 8|
g g
B8 36
g B
10 S 4
12} 2
-14 (¢]
‘ | |
.16 i j 5 i ‘ i i
(0] 50 100 tl,50 200 250 300 (o] 80 100 160 200 250 300
C Lc

Puc.10. 3aBucumocts muddepenra (a) u yria ataku () riaiaepa oT BpeMeH!
IpH ero paboTe B Ka4eCcTBe OYKCHPOBIINKA.
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20 e R |
45 E
10}
- 40
A
0
= .10}
= B
-90} S 25|
-30} 20|
15
_40;
10}
-60
: : % 05 1 1.5 2
[¢] 20 40 80 80 100 '
XM Tg/(ro*Vig) x1073
Puc.11. TpaekTopus OIBMXEHUS TIaiaepa Puc.12. 3MeHeHNE YCTaHOBUBIIETOCS
MIpH €ro paboTe B KaueCcTBE OYKCHPOBIIHKA. 3HAYCHHMS yTJia aTaky Tiaiaepa
TP BapbHUPOBAHUH BEJTMYNHON THATH.
-6.72
a
-8.725
-673|
3
Q
%5 -6.735(
2
E Z
%’ -674f
avasl—
-6.75[
-6755 - ; - ; als . :
0 0.6 1 1.6 2 o a5 1 " 1.5 2
Te/(ro*Vig) X107 Tg/(ro*V'e) 1073

Puc.13. V3menenue ycranoBuBLIerocs 3HaueHust quddepenta (a) u ckopocth (0) rnaiiaepa
IIpY BapbUPOBAHUM BEIMYMHOM TSATH.

Amnanu3 3aBucuMocTei Ha puc.12, 13 mokasbiBaet, uto ¢ yBenudenueMm tsru 6onee 0.1 % ot
BCJIIMYUHBI pw g V Ha6JIIOIIaIOTC}I SHAYUTCIIbHOC YBCIIMUCHUC YyIJIa ATAKU U MaJACHHUC CKOPOCTU Ha

yCTaHOBHUBIIIEMCS pexxume. [Ipu 3ToM 171t CToNb OONBIIMX 3HAUSHUH yriioB aTaku (okoino 50°) me-
pecTatoT ObITh CHpaBEUIMBBIMU JIOMYIIEHUS O JIMHEAPU3ALMK TUAPOAMHAMHUYECKHX XapaKTepH-
ctuk rnaiinepa. Takum obpasom, Try B 0.1% Benuuunel p, gl HyXKHO CUMTATh MPENEIBbHOMN UL

riaiiziepa ¢ 3alaHHbIMU napameTrpamu. Kpome Toro, ciemnyer OTMETHTh, YTO B MOMEHTHI H3MEHe-
HUS BEJIMYUHBI [JTABYYECTH U, COOTBETCTBEHHO, N3MEHEHHSI HAIPABJICHUS JBVKEHUS TJIaiiepa rno
BEPTHUKAIIU 3HAYECHUE BEIMYUHBI PA3BUBACMOM TaiiIepoM TATH OyAET MaaaTh.

Cnesa Ha puc.14—16 mokaszaHsl mapaMeTpsl JBIKECHUS Tiaiiiepa Mpu 3aJaHud 3HAKOIIe-

PEMEHHOH IUIABY4YECTH D =P 1002 ¢ nepuogoM 300 c. OTMeTHM, 4TO Takoe pe3Koe

p.Vg
N3MCHCHHUC nnaByqecn/I ABIIICTCA MOJCJIBHBIM, B HpaKTI/I‘-IeCKI/IX pvaeTaX HpI/I onpez[eneHI/m
N3MCHCHUA HHaBy‘leCTI/I cnenyeT y‘II/ITBIBaTL pacxonHHe XapaKTepI/ICTI/IKI/I Hacoca. BCJ'II/ILII/IHa

Taru coctaisiia 0.1 % Benmuuunsl p gl . CrpaBa Ha 3THX K€ PUCYHKAX MPUBEJCHBI MTapaMeT-

W

pBl JIBWXKEHUS TJaiifiepa € yBEIMYEHHBIMU 3HAUYEHUSMU 3HAKOINEPEMEHHOW IJIaByuyecTH
p= LV =20.04 u Taru 0.4 % Benuuussl p, gV . YBeIndeHUe CUIBI IIaBY4YECTH, 1aXKe IPU
P.E

00JIbIIEM 3HAUYEHUU TATH, MPUBOJIUT K YBEIMUEHUIO CPEJHEN CKOPOCTH ABM)KEHHUS TIiaiinepa,
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yraa nquddepeHTa 1 yMEHbIICHUIO yria aTakd. O4eBUIHO, YTO YBEIMUYCHHE IIaBy4eCTH IO-
3BOJIET 00ECIIEYUTh OOJIblIEE 3HAUEHNE Pa3BUBAEMOM ITIAiIEpOM TATH.

1 a 1

a8

a8
a8

a7
0.6 Lo i) \

0.5

i ME

0.4

03 Y- ¥ ¥ e

T T

o 100 200 300 400 H00 GO0 TOO 800 600 o 100 200 2300 400 500 800 VOO 80O 200
Lo Le

Puc.14. 3aBucuMocTh Mpo10NIKHOIM (@) monepeyHoH (6) KOMITIOHEHTHI CKOPOCTH TIIaiiiepa OT BpeMeH!
B CBSI3aHHOM cHUCTEMe KOOPAMHAT IPU 3alaHUH 3HAKOMEPEMEHHOH I1aByYeCTH.

Cresa— p=+0.02; T =0.001p, gV; cnpasa— p =+0.04; T =0.004p gV .

25
20, a
20
15
15 T 1
10 -
& T T | P [ &
g o
=
® .5
10
10|
-15
15| .20
.20l S
20

alfa,rpan.
[=]

-15 1 o I 1 Pl 1 |
o 100 200 300 400 BOO 00 TOoo 800 200 o 100 200 300 <400 600 600 TOO 800 900

Le Le

Puc.15. 3aBucumocts nuddepenta (a) yria ataku (6) riaiigepa oT BpeMEeHH
IIpu 3aIaHNN 3HaKOMepeMeHHOI7[ IJ1aBy4€CTH.

(3uauenus p u T cM. puc.14).
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Puc.16. TpaekTopus qBM>KEHUS Taiinepa Mpu 3aJaHUHN 3HAKOMEPEMEHHOM IMI1aBy4YeCTH.

(3navenus p u T om. puc.14).

B pabore Ha OCHOBE YHMCIEHHOTO pPEUIEHHs] OCPEIHEHHBIX MO PeliHONbACY ypaBHEHUI
HaBbe—Crokca omnpeneneHsl THIPOJUHAMUYECKHE XAPAKTEPUCTHKHU IOABOJHOIO IIJIaHEpA —
rnaiinepa. [IpoBeieHO UX CONMOCTaBIEHUE C AKCIEPUMEHTAIBHBIMU JAHHBIMH U TIOKa3aHA BO3-
MOKHOCTb HUCIOJIb30BAHUS YHCIEHHBIX METOJOB AMHAMHUKH BS3KOW >KUIKOCTHU JUIsl OTpabOTKU
(GhopMBI TaKHX OOBEKTOB.

IlocTpoena mMaTemaTHueckass MOJEIb IBHKEHUS Iiaiinepa. PaccMoTpeHa BO3MOXKHOCTB
€ro KCIOJb30BaHMUsI B KayecTBE OyKCHUPOBIIMKA JAPYroro moaBogHoro oObekra. [lomyueHsl
AHAINTUYECKUE OLICHKU IapaMeTpOB JBWKECHMS TIJIAalZiepa Ha YCTAHOBMBIIMXCS PEXHMAX C
y4eTroM U 0e3 yudera cuibl TArH. [IpuBeneHbl 3aBUCMMOCTH MapaMeTPOB ABMXKEHHUS Ilaiepa
npu JIeHCTBUM 3HAKONEpeMEHHON M30bITOuHON miaByuyecTd. [lokazaHa BO3MOXHOCTb YBEJH-
YEHUS pa3BUBAEMOM TJIAlJIEpPOM TSI 32 CUET yBEJIWYEHHS U30BITOUYHON I1aBYUYECTH.
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