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YcoBeplueHCTBOBaHME KOHCTPYKLMMU pafuanbHOro =
NIenecTKOBOro MOALMNHMKA Ha ra30BOiM CMa3Ke

U pa3paboTKa COOTBETCTBYIOLLEr0 pac4eTHOro
NporpaMMHOro KOMMJjeKca

A.B. KacatkuH, A.A. ¥apos, K.B. Poccosa, B.C. Hukonaes

MoCKOBCKMI roCyapCTBEHHBIA TEXHUYECKUI YHMBEpCUTET UM. H.3. bayMaHa (Hay4Ho uccnepoBaTenbcKuii yHuBepcuTeT), MockBa, Poccuiickan
Oepepaumn

AHHOTALIMA

06ocHoBaHMe: B cBA3M C yBENMYEHWEM CKOPOCTEN BpaLLeHWA BanoB TypboMaLLMH, B 0COBEHHOCTY aBUALIMOHHOMO U KOCMM-
YECKOro HasHa4eHms, YTo NPOAMKTOBaHO TpebOBaHWAMM KOMMAKTHOCTU M CHUMKEHMA Macchl, BCTAeT BOMpoc obecrneyeHmn
3aflaHHOro pecypca NoAWWNHUKOB. [nA nofobHbIX YCTPOMCTB NEPCMEKTUBHO MCMOMb30BaTh NEMNEeCTKOBbIE MOLLIMMHUKM
Ha rasoBov cMaske (JIMNIC), KoTopble He TPebylT AOMNOMHMTENLHLIX CUCTEM, paboTaloT Ha rase paboyero noToka Typbo-
MaLUMHbI U 061a8aloT XOpOLIMMK AeMNOMPYIOLLMMK XapaKTepUCTUKaMU. He cMOTps Ha NpUBNEKaTeNIbHOCTb KOHCTPYKLMIA
JINIC, mx pacyéT cubHO 3aTPYOHEH, TaK Kak HenocpeACTBEHHYI0 paboTy BOCMPUHMMAET TOHKWI C/IOM rasa, a He LIapu-
KM, KaK B Knaccuyeckux nogwmnHukax. IddektvsHoctb JIMTC HanpAaMylo 3aBUCUT OT €ro KOHCTPYKLMK U, B YacTHOCTH,
0T GOpMbI NIENECTKOB M BEIMHYMHOM 3a30pa Me/y BaioM W IeNeCTKOM.

Lenb pabotbl — co3faHne MaTeMaTU4eCKoM Mofdenn paboTbl IeNecTKOBOr0 MOALUMIMHMKA Ha Fra30BOM CMasKe, AfA onpe-
[eneHna pacnpeaeneHns LaBneHnaA no NoBEPXHOCTM fienecTKa U COOTBETCTBYIOLLYI0 KOMMbIOTEPHYIO MPOrpamMMy pacyeTa.
MeToapbl: PacueTHoe MogenupoBaHue pabotbl paguansHoro JINIC ¢ onpeaeneHveM aaBneHWs B CI0e CMasku U COOTBET-
CTBYIOLLMX MY MHTErpanbHbIX XapaKTePUCTMK B paMKax Moaeny PenHonbaca u ypaBHEHUA ANA BbICOTb CMa304HOMO CJI0A
npu pAage OONYLIEHNNA.

PesynbTartbl: B pe3ynbtate npofenaHHoin paboTkl bbina pa3paboTaHa KOMNbIOTEPHaA NporpamMMa, KoTopas No3BOJIAET aB-
TOMaTM3MpPOBaTb pacyeT A/ NPOCTPAHCTBA U3MEHEHMA NMEPEMEHHbIX M QYHKLMIA, CKOMMOHOBATb eauHyl0 Tabaumuy 1 Bbl-
BOJ, NOCTPOUTL 0OBEMHYI0 MoLeNb AnA nocnemylowero ucnosb3oBaHua eé B cucteMax CAD, rpa¢umkoB faBnenua. Pacyet
Ka[oro BapuaHTa npoucxoauT buicTpee, YeM aHanornyHbIn pacyet B cpeae MathCAD. Yoo6cTBo nporpaMMbl COCTOMT B ee
610KOBOVM CTPYKTYpE, HarnAOHOM YCTaHOBKE B3aMMOCBA3EN Meay 650KaMM U pa3Ho06pasHbIM M MOHATHLIM BbIBOAOM,
NoOXOAALMM AnA oT4eTa (MocTpoeHue rpadmKoB), ANA YepPTEHeEN U BU3yanm3aLmm.

3aknoueHune: Pa3paboTaH cneumanv3npoBaHHbIA NMPOrpaMMHbIA KOMMIEKC AN1A NapaMeTpu4eckon onTMMmU3aumm raso-
AVMHaMK4Yeckux xapartepuctuk JINIC. Pa3paboTaHHbIA MHCTPYMEHT MO3BOIAET He TOSIbKO PacCyMTaTb HECKOMBKO CNyyaes,
HO M MOMOYb BbIOpaTb ONTUManbHYK (GOpMy 3a30pa, Ha OCHOBE pPAAA NPeaoKeHHbIX KpuTepues. ToMMMO Bcero npove-
ro, pac4eT No3BONAET ONPeaennTb BapuaLuum B APYroM pekuMe paboTbl YCTAHOBKM, MCMOMb30BaHME OPYroro BELLECTBa,
npy Apyrux rabapuTHbIX pasmepax M BblbpaTb MMEHHO TOT ONTUMYM, YTO MOLOWAET KOHKPETHON ycTaHoBKe. bonee Toro,
CTano BO3MOMHbIM PacLUMpeHue FpaHuL NPUMEHMMOCTM NIENECTKOBbLIX MOALUMMHWKOB, HanNpuMep, Ha HU3KMX 0bopoTax
UK 6oMbLIMX AMaAMETpaXx.

Knwoyessbie cnosa: nenecTKoBble NOALUMMHUKM HA ra30BOM CMa3Ke; ra3oBan CMasKa; ra3oguHaMUYeCcKue NOALNMHUKY;
pacyeT nenecTKoBbIX NOALMMHUKOB.
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Improvement of the design of radial lobe
bearing on gas lubrication and development
of the corresponding calculation software system

Alexey V. Kasatkin, Anton A. Zharov, Ksenia V. Rossova, Vitaly S. Nikolaev

Bauman Moscow State Technical University, Moscow, Russian Federation

ABSTRACT

BACKGROUND: With the increase in rotation speeds of turbomachinery shafts, particularly for aviation and space applications
due to the requirements for compactness and mass reduction, the issue of bearing life becomes relevant. For such devices,
it is promising to use gas lubricated petal bearings (GLPB), which do not require additional systems and operate on the gas
of the turbomachine working flow with excellent damping characteristics. Despite the attractiveness of GLPB designs, they are
difficult to calculate because the direct work is performed by a thin layer of gas instead of balls, as in classical bearings.
The efficiency of a GLPB depends directly on its design, especially the shape of the lobes and the amount of clearance between
the shaft and the lobe.

AIM: To develop a mathematical model of the operation of a gas lubricated lobe bearing to determine the pressure distribution
across the lobe surface and the corresponding computer program for calculations.

METHODS: Computational modeling of radial GLPB operation is accomplished with the determination of pressure
in the lubrication layer. Moreover, its corresponding integral characteristics within the Reynolds model and the equation
for the height of the lubrication layer under several assumptions are determined.

RESULTS: In this research, a computer program has been developed that allows for automated calculation of the space
of change of variables and functions, the layout of a single table and output, construction of a volumetric model for its
subsequent use in CAD systems, and generation of pressure graphs. Herein, the calculation of each variant is faster than
similar calculations in the MathCAD environment. The same convenience consists of the block structure of the program,
the visual setting of interrelations between blocks, and various and understandable outputs, suitable for both the report
(construction of graphs) and drawings and visualization.

CONCLUSION: A specialized software package for parametric optimization of gas dynamic characteristics of GLPB has been
developed. The developed tool permits the calculation of several cases and facilitates the selection of the optimal gap shape
based on numerous proposed criteria. Among other things, the calculation allows us to see the variations in a different
operating mode of the plant, use of a different substance with different dimensions, and choose the optimum that will suit
a particular plant. Moreover, it is possible to expand the limits of applicability of petal bearings, such as at low speeds or large
diameters.

Keywords: gas lubricated petal bearings; gas lubrication; gas dynamic characteristics; calculation of petal bearings.
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OPUITMHATTBHOE VICCNELOBARME

BBEOEHWUE

B cBA3M c yBenmueHWeM CKOpoCTeW BpalleHUA BasoB
TypboMalumMH B 0C06EHHOCTM aBMALMOHHOIO U KOCMUYe-
CKOro HasHayeHus [1], 4tTo nNpouMKToBaHO TpeboBaHWAMM
M0 KOMMaKTHOCTU M CHUMKEHWIO Macchl, BCTAET Bonpoc obe-
CcreyeHns 3a4aHHOro pecypca NoALMnHUKOB. B HacToALee
BPEMA NPUMEHSAIOT NOALLMMHWKM CeQYOLLMX BUAOB: LUapy-
KoBble [2, 3], anekTpoMarHuTHble [4, 5] 1 rasosble. B cBolo
oyepefb ra3oBble NOALWMMHUKK NOAPA3LENAOTCA Ha raso-
ctatuyeckue [6-15] u razoguHammueckume [16-19].

MpuyeM, aneKTpoMarHUTHbIE ONopbl TPebyKT BHeLUHe-
F0 WUCTOYHUKA 3MEKTPONMUTAHUA U COBCTBEHHOW CUCTEMBI
ynpaBneHus, rasoctatuyeckue TpebylT UCTOYHMKOB Haf-
LyBa, YTO YCNOMHAET TypboMalumHy. B 3Toi cutyaumm ne-
MecTKoBble NOJLLMMHMKKN Ha ra3osoit cmaske (JIMIC) [20]
He TpebylOT AOMONHUTENbHBIX CUCTEM, PaboTaloT Ha rase
paboyero noToKka TypboMalLMHbI M 06M1afalT XOpoLWUMK
AeMNOUPYIOLLMMU XapaKTePUCTUKAMM.

OnmweM ocHoBHele npeumyLuectsa JINIC nepen Knaceu-
YECKUMM LLIAPUKOBLIMM NOALLMMHUKAMMU:

e BO3MOMHbI CKOPOCTW, HEAOCTMMMMBIE ANA Knaccuue-

CKMX noaLwwmMnHmKoB, Ao 360 000 06/MuH;

*  Macco-rabapuTHbIE XapaKTEPUCTMKU CYLLECTBEHHO HUHKE

NPV aHaNOrMYHbIX LIEHTPOBEKHBIX YCUINAX;

*  BpeMs HenpepbIBHOW paboThbl CYLLECTBEHHO BhILLE;
o HU3KMIA KOIOPULMEHT TpEHUS;

» xopowasa aemMndupyloLlana cnocobHoCT;

e HeT Heo6XOAMMOCTM B MacnAHOW CMaskKe;

e OTHOCWTENbHO HEBLICOKAA CTOMMOCTb;

*  HUWe YpOBEHb 3BYKOBOM MOLLHOCTM.

Puc. 1. CxeMa KOHCTpYKLUMM NIeNecTKOBOM0 NOALIMMHMKA Ha ra-
30BOM CMaske. | — cTaTop; 2 — nenectku; 3 — Ban; 4 — rodppupo-
BaHHbIA 3NEMEHT.

Fig. 1. Design diagram of a gas lubricated lobe bearing. 7 — stator;
2 — lobes; 3 — shaft; 4 — corrugated element.
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06LLas KOHCTPYKLMA AaHHBIX MOALUMMHUKOB 04eHb Npo-
CTa 1 npuBefeHa Ha pucyHke 1.

He cMoTpA Ha npuBnekaTenbHOCTb KOHCTpyKumm JIMNTC,
UX PacyeT CUNbHO 3aTPYAHEH, TaK KaK HemocpepAcTBeH-
Hylo paboTy Npou3BOAMT TOHKUI CJIOM rasa, a He LUapuU-
KU, Kak B KNacCMYeCcKMX NoplunHukax. IggeKTuBHoCTL
JINIC HanpAMylo 3aBUCUT OT ero KOHCTPYKLMM U, B YacT-
HOCTK, OT ¢OpMbI IENECTKOB M BeIMYMHBI 3a30pa MeXay
BaJIOM U JIeNEeCTKOM.

MOCTAHOBKA 3AA4H

Lenb pabotbl — co3paHue MaTeMaTUYecKowW Moaenu
paboTbl NenecTKoBOro MOALUMMHMKA HA ra3oBOW CMaske,
ONA ONpefeneHna pacnpeaeneHna JaBeHWA No NOBEPXHO-
cv nenectka. DopMy 3a3opa Mexay NenecTkoM 1 poTopoM
bynem 3anaBaTb NPOM3BONBbHOW GyHKLMEN C NapaMeTpaMy.
WcxonAa n3 nonyyeHHoro pacnpeaeneHna JaBneHuns, MOXKHO
bymet cyanTb 06 3pdeKTUBHOCTH JaHHO ¢popMbl. [Ins Toro,
4TObbI OTCOPTMPOBATL MONyYeHHble pe3ynbTaTbl U BblUne-
HWUTb Haubonee noaxoaslive, HeobxoauMMo paspaboTaTb
CUCTEMY KpUTEPUEB OLIEHKM.

METOObI

[na Pacyéra paeneHnA B cnoe cMasku 1 COOTBETCTBYIO-
LMX EMY UHTErpanbHbIX XapakTepucTuk pagmansHoro JIMNMC
npuBefeHbl B paMKax Mofenu PerHonbca (4acTHoM cnyyae
ypaBHeHuit HaBbe-CToKca — ypaBHEHWI OBMHKEHWUA NOTOKOB
C*KMMaeMOro BA3KOr0 ra3a B TOHKOM CJi0e Npu ManbiX Ync-
nax PeliHonbaca COBMECTHO C YpaBHEHUEM HEpa3pbIBHOCTU)
W ypaBHeHWUA ONA BbICOTbI CMA304HOr0 CNI0A NpU clepyto-
LMX OONYLLEHUAX:

*  PEXMM TeYeHWA rasa no paboueMy 3a3opy laMUHapHbIi
¥ CUNaMKM UHEPLMM MOXKHO NpeHebpeub;

* PEXWM TeyeHWA rasa no paboyemy 3a3opy M30TEPMU-
YecKuim;

 TEYEeHWe rasa CTaLMOHapHOE;

e lLEPOXOBATOCTb paboymx NOBEPXHOCTEM
W He BNMAET Ha TeYeHWe rasa B paboyeM 3a3ope;

 TeyeHWe ra3oBoi CMa3Ku NPUHUMAETCA CMIOLLIHbIM;

* BA3KOCTb CMa3KM COXPaHAET CBOE HEW3MEHHOE 3Ha-
YeHue BO BCeM 0611acTV TEYEHWS, @ TaKMkKe Mo BbICOTE
3a3opa;

 KEeCTKOCTb FopUpPOBaHHON NEHTbI paBHOMEPHO pacrpe-
[eNeHa Y NOCTOAHHA N0 BCEM NOBEPXHOCTW NOALUMMHU-
Ka M He 3aBMCUT OT CyMMbl fedopMauuii rodpos;

e JIeMecTok He OedopMMpyeTcA OTHOCWUTENBHO Fo¢poB,
T.e. He nporubaeTcA BO BRaguHbl Mexay rodpamu,
HO NOBTOPAET WX AedopMaLmio;

« nporub rodpa nog LEMCTBMEM CUMbl 3aBUCUT TONBKO
OT NOKanbHoro ad¢exTa, T.e. OT CUNbI, JEACTBYIOLLEN
HenocpeACTBEHHO B JaHHOM KOHKPETHOW TOYKE.

mana
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Bo3bMEM ypaBHeHWe PelHonbaca B CeayioLieM Buae:

275 T) 2 (15 2) a2 g
a0\ Po0) Fa\" Paz)” " ae
rae p — [aBneHue rasa, s — BbicOTa 3a30pa, z — KOOpAMHaTa
B0/b NPOMO/LHOM OCK poTopa, & — yrnoBas KoopaMHaTa,
A - napameTp cxkuMaemocty [21].

YpaBHeHve (1) peluaeTcA MeTOAOM YCTaHOBNEHWUA CO-
rnacHo pabore [21].

Ha puc. 2 cuHuM LBeToM M306parkeHa paboyas obnactb
nenecTka NofWWMHUKa.

B cuny Toro, 4to UcXofHble YCNOBUA, TaKMe KaK, aB-
NeHune, YactoTa 060poToB, BCE BpEMA pasHble, TO HEBO3-
MOMHO OMpefeNnTb YHUBEpCabHyl0 ONTUManbHylo $opMy
3a30pa NenecTka. HanpuMep, NocTpouM rpadmku aaBnexun
MPU U3MEHEHUAX CKOPOCTU BpaLLEHUSA POTOpa C pasHbIMU
reoMeTpUYeCKMMM NapaMeTpaMu NIenecTKoB:

ln(x+1.1)a+b (2)

Ina a=0.7, b=0.52, rpadpvkun OaBneHna no LEeHTPanbHoO-
My CEYEHWI0 NenecTka npefacTaBneHbl Ha puc. 3. Makcu-
MasnbHaA 3Miopa COOTBETCTBYET CKOPOCTU BPALLEHWUA Bana
32000 06/MMH. MoHO yBMAETb TEHAEHLMIO CMELLEHWA
3KCTpeMyMa QYHKLMM BNpaBo, @ 3HA4YUT NpU YBENIMYEHWUM
CKOPOCTEN KOHeL, NenecTka nepecTaHeT yaepHuBaThb Barl.
Kpome Toro, HeCMOTpA Ha To, YTO PacTeT BeIMYMHA MaKCU-
MaNbHOMO AaBNieHWA rasa noj fenecTkoM, yBeauynBaeTca
HepaBHOMEPHOCTb [aBNEHUA MO ASIMHE NENecTKa, T.e. MUK
[aBNEeHNs CTAHOBMTCA 6oiee APKO BbIPAXKEHHbBIM, @ 3HAUMT
bueHns Bana B NOALLUMIMHMKE BO3PAcTaloT, YTO TaK Ke He-
¥enatenbHo.

Vol. 110 (2) 2021
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Kak cneacteue, AnA KamablX Ha4anbHbIX YCNOBUIA MOTYT
OT/INYATLCA He TONBKO ONTUMarbHbIE NapaMeTpbl GYHKLUK,
HO M BML caMUX QYHKLWIA, @ 3HAYUT He0HXOAMMO NPOBEPATL
pa3nuuHble GYHKUMM Kaxabi pa3 Npyu NMPOeKTUPOBaHUM.

[nA cpaBHeHWA M COPTMPOBKM MONYYEHHBIX BapUMaHTOB
Heo6X0IMMO BBECTU KPUTEPUM OLIEHKMU:

KpuTepuit MakcuMyMa — YeM Bbilie MaKCUMabHOE [aB-

nexve, TeM nyywe. K, . = Do -
Kputepuit MMHUMyMa — 4eM HUKE MO MOLYNI0 MUHMMANb-
Hoe [aBneHwue, TeM fydLue (B XOPOLLEM Ciy4ae 3T0 3HaUeHne
COOTBETCTBYET eAMHULE, T.€. be3pa3MepHan BeNMYMHA AaB-
newva p=1). K,..  Duin-

WHTerpanbHbI KpUTepUii — onpeaenseT 06Lwmin 06beM
non rpaduKoM, KOTOpbIA JONMKeH ObITb MaKCUMaNbHbIM.

Ky = [ pdS

KpuTepuin HaknoHa — MoOKasblBaeT CaMblii Pe3KUM
HaKNOH MPUCYTCTBYIOLLMIA Ha rpaduke, 1 ero HeobxoamMMo

5

BblbpaTb HaMMeHblUMM. K, =max| — |.

do

C y4yeToM BbllUecKa3aHHoOro, bbina paspabotaHa npo-
rpamma, CKpUHLLIOT paboTbl KOTOpOI M306parkeH Ha puc. 4.
B paspaboTaHHoi nporpaMMe CyLLECTBYET BO3MOMKHOCTb aB-
TOMaTM3MPOBaAHHOMO pacyeTa A1 NPOCTPaHCTBA U3MEHEHUA
nepeMeHHbIX U QYHKUMI, KOMMOHOBKM €AMHON Tabnuupl
¥ BbIBOAQ, NOCTPOEHUA 06 bEMHOM Mofdeny Ana nocneaylo-
LLiero 1cnosb3oBaHuA eé B cucteMax CAD, rpa¢mko faene-
HUA. PacyeT Kawporo BapuaHTa NpoucxoauT beicTpee, YeM
aHanoruyHbl pacyet B cpege MathCAD, Tak Kak pacyetsl
BeAyTCA Ha 6oee HA3KOM W NOHATHOM KOMMbIOTEPY YPOBHE.
MHOXeCTBEHHOCTb pacyeToB M Y[o6CTBO MCMOb30BaHWA

Puc. 2. Buzyanusauua paboTbl NOALIMMHUKA.
Fig. 2. Visualization of bearing operation.
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Puc. 3. PacnpeneneHue U36bITOYHOMO JaBneHWA rasa o nosepx-
HOCTU fIenecTKka Npu W3MEHEHWUW CKOPOCTW BpaLUEHWA poTopa.
(DopMa 3a30pa BblparkaeTcs lorapupmmyeckon dyHkumen. Mo ro-
PW30HTaNbHOM OCK AaHa KoopAuHata O (yrnosaA anuHa nenect-
Ka), a No BEPTUKaNbHOW 0CKU aHa KoopauHaTa p (6e3pasMepHan
BE/IMYMHA [ABNEHNA).

Fig. 3. Distribution of excess gas pressure over the lobe surface
when rotor rotation speed is changing. The shape of the clearance
is expressed as a logarithmic function. The coordinate 6
(the angular length of the lobe) is given on the horizontal axis,
and the coordinate p is given on the vertical axis (dimensionless
value of pressure).

Puc. 4. CKpWHLLOT paboTbl NporpamMmbl.
Fig. 4. Screenshot of the program operation.

DO https://doi.org/10.17816/RF543244

pe3ynbTaToB YCKOPAIOT pacyeT BO MHOMO pa3, OTHOCUTENb-
Ho pacuyeta B cpefie MathCAD. YaobcTBo paspaboTaHHoM
MpOorpaMMbl COCTOMT B ee BJIOKOBOI CTPYKTYpE, HarNAgHOM
yCTaHOBKe B3auMOCBA3en Memay 61oKkaMu 1 pasHoobpas-
HbIM W MOHATHLIM BbIBOAOM, MOAXOAALLMM 1A 0TYeTa (Mo-
CTPOeHMWe rpadmKoB), ANA YepTeXel 1 BU3yanu3aumm.

PE3YJIbTATbI U OBCYHAEHWUE

OueHWB NoMyYeHHbIE pe3ynbTaTbl, MOKHO YBEPEHHO CAe-
NaTb BbIBOJ, N0 NEPBUYHOM OLIEHKE NEPCNEKTUBHOCTM (PYHK-
LMK 3a30pa fenecTKa:

« OQyHKUMA [OOMKHA ObITb HenpepbiBHO Y6blBalOLLEN

Ha BCeW [JIMHe NenecTka;

(YHKUMA JOMKHA ObITb MaKCMMANbHO rafKoN, 0HaKo
npAMas — He ABMAETCA NYULLMM BapUaHTOM.

3aMeTuM, 4TO KpuTepun MUHUMYMa =1 B mpepenax
pacyéTHOM norpelHocTh. OgHaKo, KpUTEPUIA MaKkcMMyMa
He 3aBUCWT Ha MPAMYI0 OT MHTErpanbHOro Kputepuma. Ta-
KMM 06pa3oM 3KCTpEMyM MaKCMMyMa pacrpefieneHna faB-
neHuA oT $yHKUMM 3a30pa —3sin(x-1.57) byneT Bhbiwe,
YeM y GYHKUMKM —2X , UHTErpanbHbIN KPpUTEPUIA KOTOPOI —
MaKCUMasbHbIW.

Ecnu cpaBHMTL AaHHble GYHKLUMM 3a30pa MO KpUTEpPUIO
HaKMOHa M 0BHapyKMM, YTO ANS NMHENHON QYHKUMK 3a-
30pa, AaBneHue pacnpefeneHo 6onee NnaBHo.

MonbepeM ansa yacTHOro cnyyan [8 nenecTkos, YactoTa
Bpawenua Bana 31000 o6/MuH, paBneHne B 2 bap
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(abcontotHoe), BA3KoCTb paBHa 17.3-10 Ma-c, rapaHTupo-
BaHHbIM 3a30p B 0.2 MM, paguyc Bana 40 MM, WinpuHa nog-
wunHmKa 40 MM] Hanbonee onTUManbHLIM BapuaHT. C no-
MOLLbID [AaHHOWM MporpaMMbl He COCTaBWIO Tpyna
06HapPYKMTb GYHKUMIO, AAIOLLYI0 MaKCUMaNbHO 3QdeKTUB-
HbI pe3ynbTat. B gaHHOM cnyyae 3Ton GyHKUMen ABNAETCA:

—1.29ln(tan(x+21'5

MPUPaBHUBAIOLLMIA MUHUMYM AaHHOW GyHKUMM K 0. Mpyn yem
be3pasMepHoe cpeaHee 3Ha4eHWe U3OLITOYHOMO AaBNeHNs
coctasut 0.0012 (4Tobbl 06pa3MepuTh, HE06X0AUMO JOMHO-
¥UTb Ha paboyee faBneHue). pu M3MeHeHUM NepBoro na-
paMeTpa QyHKUMM Ha 1%, M3MeHeHWe pesynbTaTa CoCTaBUT
10 MPOLEHTOB: TakK ana GyHKRLMM

—1.281n(tan(x +21'5

nenue cooteetctByeT 0.00112. Takum 06pa3oM MOXKHO
HabnioaaTb BaMKHOCTb Kaaoro KoapduumeHta QyHKUMK
3a30pa fienecTka.

D+C, roe C - napametp,

D + C, cpeaHee M36bITOYHOE AaB-

3ARJTIOYEHUE

Pa3pabotaH cneLyan13vpoBaHHbIA NPOrpaMMHbIN KOM-
MAeKC ANA napaMeTpuyecKor ONTUMM3aLMK Fa3oauHaMM-
yeckmx xapaktepuctuk JIMIC.

Pa3paboTaHHbIN MHCTPYMEHT NO3BOJIAET HE TOJIBKO Paccym-
TaTb HECKOJIbKO CTy4aeB, HO M NOMOYb BbIOpaTh ONTUMANTbHYI0
(opMy 3a30pa, Ha OCHOBE pAZA MPeaNoMKeHHbIX KpUTepUEB.
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