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HEJMHEWHBIE KOJJEBAHUSI CBOBOIHOM IIOBEPXHOCTH KHUJIKOCTHU B
TI'OPU30OHTAJIBHO PACITIOJIO’KEHHOM HWJINHAPUYECKOM BAKE

bBaku, 4yacTHYHO 3aIOJIHEHHBIC JKMAKOCTBIO, SBIISIOTCS HEOTHEMIIEMOI COCTABHOM 4acThi0 MHOTUX COBpE-
MEHHBIX OOBEKTOB TPAaHCHOPTHOTO MAIIMHOCTPOCHHUS, ABHAIIMOHHOW U PaKeTHO-KOCMHYECKOW TexHHWKHU. [Ipm
JIBW)KCHUH TaKUX 00BEKTOB MHTCHCHUBHbIEC BHEIIHUE BO3JCHCTBHUS IPUBOJAT K HOSBICHHIO KOJIeOaHMIT XKUIKOCTH,
COIPOBOXKAAIONIMXCS PA3IMYHBIMH HETHMHEHHBIMH 3((eKTaMH, KOTOPEIE OKa3bIBAIOT CYHIECTBEHHOE BIUSHHUE Ha
JIMHAMUKY KOHCTPYKILMil. B cratbe mpHBeleHbl pe3y/ibTaThl SKCIEPUMEHTAIBHBIX HCCICAOBAHUH M KOHEYHO-
9JIEMEHTHOTO MOJEIHPOBAHHS IIPOCTPAHCTBEHHEIX KOJICOAHHI CBOOOAHOH IOBEPXHOCTH XXKHUAKOCTH B TOPH30H-
TaJbHO PACIIONIOKEHHOM LMJIMHAPUYECKOM 0aKke MpH rapMOHMYECKOM BO30YXKJICHHHM KOHCTpyKIMH Oaka. Llenb
HCCIIeIOBaHUN — OIpe/IeeHre 3aKOHOMEPHOCTeH HEIMHEHHOTO TOBEICHHS KUAKOCTH. J{JIs 9KCIIepHMEHTaILHOTO
orpe/esieHns] COOCTBEHHbIX MPOCTPAHCTBEHHBIX KOJIeOaHUi cBOOOJHON MOBEPXHOCTH KUAKOCTU B OaKe HCIOIb-
30BaH METOJ] CBOOOIHBIX KoneOaHuil. MaTeMaTHYeCKOe MOIENHPOBAHHIE MPOBEJCHO C MOMOIIBI0 METOJa KOHEd-
HBIX 371eMeHTOB. OnpesieeHsl COOCTBEHHbIE YAacTOThI U (POPMbI JOMHHHPYIOLIMX TOHOB (IIONEPEYHBIX U IPO-
JIOJBHBIX) KoneOaHuil CBOOOAHOH MOBEPXHOCTH JKHIKOCTU B 3aBHCHMOCTH OT YPOBHS 3amoyiHeHHs Oaka. Ilpu
HEeMaJbIX aMIUIMTyJaX KoneGaHui CBOOOIHON MOBEPXHOCTH >KHIKOCTH HCCIEIOBaHbI SIBJIEHUS, CBA3aHHBIE C
MIPOSIBJICHUEM HETMHEHHBIX CBOICTB CHCTEMBI “KOHCTPYKIHS 0aka — JKHIKOCTh”: OTpaHHYEHHE aMILIHTYH KOJle-
OaHuil cBOOOJHON MOBEPXHOCTH JKUJIKOCTH; aCUMMETPHs NMPOQUIS BOJHBI M Pa3pbIBbl CILIOIIHOCTH >KUIKOH
cpernbl, HaxoxsIeicss BO B3aUMOJEHCTBIN CO CTEHKaMH IOJIOCTH; KPYTOBBIE KoJeOaTellbHbIe IBIKEHUS. YCTa-
HOBJIEHO, YTO IOJIyYCHHBIC ITyTeM MaTEMaTHYECKOTO MOJEIHPOBAHHUS COOCTBEHHBIC 4AcTOThI U (QOPMBI Koseha-
HHUH CBOOOJHOHN MOBEPXHOCTU KUAKOCTH YIOBIETBOPHTEILHO COITIACYIOTCS C JAHHBIMH IIPOBEAEHHBIX JKCIIEPH-
MeHTOB. [1oKa3aHo, 4YTO MaTeMaTHYECKOE MOJIEIHPOBAHUE IPOCTPAHCTBEHHBIX KOJICOAHHUH MO3BOJISCT ONPEACIUTh
IIPUYMHBI BO3HUKHOBEHUS CIIOKHBIX (hOpM KoeOaHuil cBOOOHOH ITOBEPXHOCTH XKUIKOCTH.

Baku, 4aCTKOBO 3allOBHEHI PiJMHOIO, € HEBiJl'€MHOI CKJIAJJOBOI YaCTHHOK 0araTboX Cy4acHUX 00'€KTiB
TPaHCIOPTHOrO MAIIMHOOYIyBaHHsI, aBialiifHOI Ta paKkeTHO-KOCMIvHOI TexHiku. [Ipu pyci Takux 06'€KTiB iHTEH-
CHBHE 30BHINIHE 30y/KEHHS NPU3BOJHUTH IO IOSBU KOJIMBAHb PIIMHM, IO CYIPOBOUKYIOTECS Pi3HUMHU HeENiHiH-
HUMH eeKTaMu, sIKi MalOTh iCTOTHHI BIUIMB HA JUHAMIKY KOHCTPYKIii. Y CTaTTi HaBEIECHO Pe3yJabTaTH CKCIIe-
PHMEHTAIBHUX JOCII/UKEHb Ta CKIHIEHHO-EJIEMEHTHOTO MOJEIIOBAHHS IPOCTOPOBHX KOJIMBAHb BiIEHOI OBEPXHI
PIAMHU B TOPU30HTAIBHO PO3TAIIOBAHOMY 0aKy LILTIHAPUYHOI (POPMHU TPH FAPMOHIYHOMY 30YHKEHHI KOHCTPYK-
uii 6aka. Mera JIOCiPKeHb — BU3HAUYCHHS 3aKOHOMIPHOCTEH HEiHIHHOT NOBEMiHKH piauHu. IS eKCliepuMeHTa-
JIBHOTO BM3HAYCHHS BJIACHUX IPOCTOPOBHX KOJMBAHb BIJIBHOI MOBEPXHI PiAMHHM B 0aKy BUKOPHUCTAaHUH METOZ
BUIBHHMX KOJIMBaHb. MaTeMaTH4He MOJIENIOBAHHS IIPOBEJCHO 3a IONOMOIOI METOIy CKIHYEHHHX CJIEeMEHTIB.
Busnaueno BiacHi 4acToTH i HOPMH THX TOHIB (MONEPEYHHX 1 TO3IOBXKHIX) KOIHBAHb BITbHOI MOBEPXHI PiAUHH,
1[0 TOMIHYOTb, y 3aJIeXKHOCTI BiJ{ piBHS 3amoBHEHHs Oaxa. [Ipy Hemanmx aMInTiTynax KOJIMBaHb BiTbHOT MOBEpX-
HI PIIMHU JOCTIJDKEHO SIBUIIA, MOB’SI3aHi 3 MPOSBOM HENiHIHHMUX BIACTHBOCTEH CHCTEMH ‘‘KOHCTpPYKLis 0aka —
pinvHa”: 0OMeXEHHs aMILTITY/l KONMBaHb BLIBHOI MOBEPXHI PiZIMHHU; aCHMETPis MPOQITI0 XBHUIi Ta PO3PHBH Cy-
LTBHOCTI PIIKOTO CEepeAOBHIIA, 110 3HAXOAMTHCA y B3AEMOJIT 31 CTIHKaMH MOPOKHMHH, KPYTOBI KOJIHBAJbHI
pyxu. BcraHoBieHO, 0 OTpHMaHi IUIIXOM MaTeMaTHIHOTO MOJICIIOBAHHS BJIAcCHI 4acTOTH i OpMH KOIHMBaHbL
BUJIbHOT MOBEPXHI PIAMHM 3aJI0BIJIBHO Y3TO/DKYIOThCS 3 JAHUMHU MPOBEICHUX eKcrepuMeHTiB. [loka3aHo, 1o Ma-
TEeMaTHYHE MOJEIIIOBAHHS POCTOPOBHX KOJMBAHb JO3BOJISIE BU3HAYMTH NPUYNHN BUHUKHEHHS CKJIATHHUX (GopM
KOJIUBaHb BUILHOT MOBEPXHI PiJIUHU.

Incompletely filled tanks are an integral part of many existing objects of transport machine-building and
aerospace engineering. In the motion of these objects active environmental effects lead to fluid oscillations ac-
companied by various nonlinear effects affecting strongly the dynamics of structures. The results of the experi-
mental research and finite-element simulation of spatial oscillations of the free surface of a fluid inside the hori-
zontal cylindrical tank in harmonic exciting the tank are presented. The research aim is to find regularities of a
nonlinear fluid behavior. For the experimental determination of spatial natural oscillations of the free surface of a
fluid inside the tank the method of free oscillations is employed. Mathematical modeling is performed using the
finite-element method. Natural frequencies and shapes of dominant modes (lateral and longitudinal) of slosh
oscillations inside the tank depending on its filling level are determined. The phenomena associated with non-
linear properties of the system of the tank structure and a liquid (limitation of slosh amplitudes; wave profile
asymmetry and the continuity gaps of the liquid interacted with tank walls; circular oscillatory motions) are stud-
ied. It is found that the results obtained by mathematical modeling natural frequencies and modes of oscillations
of the free surface of a liquid are in satisfactory agreement with experimental data. It is shown that mathematical
modeling spatial oscillations results in the determination of causes for occurring complex modes of oscillations of
the free surface of a liquid.
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bak, npocmpancmeennvle KoieOanus, HeluHeuHvll d¢hgexm, cobcmeennas ua-
cmoma, 9KCHepUMEeHmMAIbHbIe UCCLe008AHUs, MAMEeMAMUYECKoe MOOeTuposanue,
MEMOO KOHEUHBIX IEMEHMO8.

BBenenne. 3HaunWTeNbHOE ~ KONWYECTBO  CBOMX  paboOT  aKaJeMHK
B. B. IImyinneHKo MOCBATWI PELICHUIO HEJMHEWHBIX 3a7a4 IUHAMHUKHU KUIKOCT-
HBIX paKeT U XKUIAKOCTHBIX PaKeTHBIX nsuratenei [1, 2]. [Ipu a3Tom 0coObIi akIeHT
CTaBWICA Ha HKCIIEPUMEHTAIbHBIE W TEOPETUYECKHE HCCIIEOBAHNS HETMHEHHBIX
MIPOIIECCOB U SBIEHUHA B JKUIAKOCTH, Pa3pabOTKy METOJOB OOECIIeUeHHs YCTONIH-
BOCTH THJIPOMEXaHHYECKHUX CHUCTEM. ODTHM MpoOJieMaM YAENEHO CYIIECTBEHHOE
BHUMAaHHE B Pa3BUTONH MM TEOPUH KAaBUTAIMOHHBIX KOJIEOAHWH THAPABIHYECKUX
CHCTEM U B TEOPHH MIPOAOIBHBIX KOJeOaHUH KUIKOCTHBIX PaKeT-HOCHTEIIEH.

ITox pykoBoactBoM Ilununenko B. B. B oTaene TMHaMUKU MHOTOMEPHBIX Me-
xaHu4yeckux cucteM WMHcruTyTta TexHHYeckod MexaHukn HaunuoHnansHOUM akaze-
MUU HayK YKpauHbl U ['0CyIapCTBEHHOIO KOCMHYECKOI'O areHTCTBA Y KpauHBI
(UTM HAHY u I'KAY) paspaboTana mMaTeMaTH4YeCcKass MOJAEIb B3aMMOIEHCTBHS
KUAKOCTH C YIpyruM TpyoompoBoaoM [3]. [IpoBeneHs! uccienoBanns HEYyCTaHO-
BUBIIIETOCS PEKMMa JBIKCHUS 3aKPYICHHOTO TTOTOKA KUAKOCTH B TPYOOIPOBO/IE,
B TOM YHCJE COJEpKalleM KaBUTAIMOHHYIO TOJOCTh, KOTOpas pacHojOXKeHa IT0
OCH TIOTOKa, C YYETOM 3ama3fbIBaHUs 110 BPEMEHH MEXITy M3MEHEHHUEM JIaBIICHUS
Ha CTEHKax TPyOONpPOBOa M M3MCHEHHEM ILIONIAIM KaBUTAIMOHHOM mojiocTh [4].
ComnocraBieHrne pe3yiabTaTOB BBIIIOJHEHHBIX PACYETOB C IKCIIEPHUMEHTATHHBIMHU
JAHHBIMU [5] TO3BONHIIO OMpEAENUTh 3HAYCHUS TPUBEACHHOTO Ko3(]dummenTa
JTUHEWHOTO TPeHHS Ha AMHHILY JUIMHBI TPyOOTPOBOIA U HAWTH 3aBUCHMOCTH JTO-
ro Ko3pUITHEHTa OT YKCIIa KaBUTAIHH.

Axanemuk B. B. [lunumenko mpuHAMAN y4acTie B PEIICHUH 33729 TUHAMHUKA
KOHCTPYKITHH, CONEPKAIINX €MKOCTH, YaCTUYHO 3aI0JHEHHBIE KUAKOCTHI0. baku
C XKHUAKOCTBIO ABIISIOTCS HEOTHEMIIEMOI COCTAaBHOW YacThE0 MHOTHX COBPEMEHHBIX
O0OBEKTOB  TPAaHCIMOPTHOTO  MAITUHOCTPOSHUS, AaBHAIMOHHOW W  PakKeTHO-
KOCMHUYECKON TeXHWKH. M3BECTHO, 4TO MpU ABMKEHWU KOHCTPYKIIHIA, COMEpiKa-
IIUX TIOJIOCTH, YaCTHYHO 3aIOJHEHHBIE XUIKOCTHIO, HHTEHCUBHBIE BHEIIHHE, B
TOM YHCJE YIapHbIE, BO3JEHCTBUS MPUBOAAT K MOSBICHHIO HEMAIBIX KOieOaHUit
JKUAKOCTH, COMPOBOXKIAIONINXCS PA3TUYHBIMH HEJNIWHEHHBIMU 3] QeKrTamu, KOTO-
pBIe OKa3bIBAIOT CYIIECTBEHHOE BIIMSHUE HA JUHAMHKY KOHCTpYKIuH. Jlms
YMEHBIIIEHUS 3TOTO BIVSHHS MPU PEIISHUH PsAa 3a/1a4, B TOM YHCIe 3a7a4 THIPO-
JUHAMUKH PAaKET-HOCUTENEH Ha >XUAKOM TorumBe [l, 2], AMHAMUKKA BaroHOB-
IUCTEPH TSl IEPEBO3KH IKOJIOTUYECKH OTACHBIX KUAKUX TPY30B [6] U T. 1. HE0O-
XOJTUMBI UCCIIEJIOBAHUS HEMAIIBIX KOJICOaHMIA KHUIKOCTH B Oakax. B mabopatopun
MOJICJIMPOBAHHS THAPOAMHAMUYECKUX CHCTEM OT/AeNa TUHAMUKHA MHOTOMEPHBIX
Mexanndeckux cucreM UTM HAHY u I'’KAY BeInonHEH psaJ yHUKAJIBHBIX JKCITE-
PUMEHTOB [7] TI0 W3YYEHUIO MOBEICHUS KUJIKOCTH B 0akax pa3IUYHON KOH(DHUTY-
palnyu, B TOM 4YHCJEe C BHYTPHUOAKOBBIMH JJIEMEHTAaMH, NMPH TaAPMOHUYECKUX U
YIApHBIX BO3MYILEHHAX C YYE€TOM Pa3HbIX YPOBHEH 3amoiHeHHs 0akoB >KHIKO-
cTbi0. B pesynbrare mpoBeneHHOW pabOTHI MCCIENOBaHBI XapaKTEPUCTUKU COO-
CTBEHHBIX U BBIHYXJICHHBIX KOJICOaHUH XKHUIKOCTU B 0aKax CIOKHOW KOH(UTypa-
LI1H, BBISIBJIICHBI HEJMHEHbIE 3QQEKThl, MHOTHE U3 KOTOPBIX IIOKa HE UMEIOT TEO-
petnyeckoro obocHoBaHUs. B HacTosiiee BpeMs cymiecTBYeT psl MaTreMaThde-
CKUX METOJIOB OIpeNesIeHUs] THAPOIMHAMUYECKUX KO3()(DUIIMEHTOB Al OJOCTEH
CPaBHHTEIBHO MPOCTOH reomMeTpuueckoil kongurypamuu [8, 9]. [Tomyyennsie skc-

93



MEPUMEHTANbHBIE PE3yNbTaThl CTUMYIHPYIOT Pa3BUTHE NaJbHEHIIUX TeopeThde-
CKHX WCCJICIOBAaHUN HEIMHEHHBIX KOJICOAHWN OTPaHUICHHOTO0 00beMa KUIKOCTH,
a TaKKe JUHAMHUKHA KOHCTPYKIUH, COJIEPKAIUX EMKOCTH C KUIKOCTBIO, 0COOCHHO
B YACTH TIOCTPOCHHS aJeKBATHBIX MAaTEMaTHYECKHX MOJIENEH W OIEHKH TPaHUI
MIPUMEHMMOCTH NPHOIIMKEHHBIX METOI0B pacdera [10 — 12].

IlocTanoBka 3agaum. /[aHHas CTaThs MOCBSIIEHA SKCIIEPUMEHTAIHLHOMY U
TEOPETUIECKOMY M3yUeHHUIO KoJIeOaHWH CBOOOTHON MTOBEPXHOCTHU JKUIKOCTH B T'O-
PU30HTAIBHO PACIIONIOKEHHOM Oake MUIMHIPHYECKON (HOPMBI s OompeaeseHus
3aKOHOMEPHOCTEH HETMHEWHOTO TIOBEICHHS >KUIKOCTH TPHU BBIHYKIESHHOM BO3-
OyXIeHNU KOHCTPYKIIUU 3TOTO OaKa.

B kadectBe 00BeKTa MCCIEAOBAHMN BEIOPAH TOPH3OHTAILHO PACIIONOKCHHBIN
HWIMHAPAYECKUH 0aK C TUIOCKMMH THUINAMH, YaCTHYHO 3alOTHEHHBIN JKHIKO-
cthio (puc. 1). Jlnamerp O0aka — 265 mm, ero amuHa — 950 MM, TONIMHA CTCHOK —
10 mm.
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Puc. 1

Ha puc. 1 mokazanel Mecta ycTaHOBKHM aaTtuukoB ypoBHs D1, D1', D2, D2'".
[ Tpuxamu 0003HAYCHBI OJJHOUMEHHBIC JATYHKH, PACIIOI0KEHHBIE CHMMETPUYHO.

DKCIEPUMEHTAJILHBIC UCCIICIOBAHUS BBITIOJHEHBI C HCIIOIB30BAHUEM CTCH/IA,
00eCneunBarOIIEro KHHEMAaTHIECKOe CUHYCOUAJIbHOE BO30YXIeHHe Oaka B rOpH-
30HTaJIBLHOM HarpaBjeHuu ¢ dactoToi ot 0 mo 3 I'm u ammutynoit 2,7 mm. Hc-
CJIeJIOBaHbI KOJicOaHHUs CBOOOJHOM MOBEPXHOCTH JKUIKOCTH, BO30YKIaeMbIe Kak
BJIOJIb, TAK M TIOTIEPEK MPOJIOJILHON OCH 0aKa JIs Pa3IndHbIX YPOBHEW €ro 3aroJi-
uenns (H). PaccMoTpensl HemuHeWHBIE d3QQPEKTH, BOSHUKAIOIINE B PE30HAHCHBIX
30HaX U MPU B3aUMOJICUCTBUHU KUJKOCTH C BEPXHEN YACThIO MOJIOCTH.

IKcnepuMeHTATbHbIE HCCIEA0BAHNSI COOCTBEHHBIX NMPOCTPAHCTBEHHBIX
KoJie0aHuii cCBOOOTHOI MOBEPXHOCTH KUIAKOCTH B 0ake. /[yt onpenenenus coo-
CTBEHHBIX MPOCTPAHCTBEHHBIX KOJICOAHUI CBOOOIHON MOBEPXHOCTH JKUIAKOCTH B
0aKe MCII0JIb30BaH METOJ] CBOOOIHBIX KoJicOanui [7].

Ha puc. 2 npuBeneHs! SKClIEepUMEHTABHBIE U paCYeTHBIE 3aBUCUMOCTH YacTOT
CBOOOJIHBIX KOJICOAHUH KHUAKOCTH OT YPOBHs Hejponupa Oaka. Ha puc. 2 mokasaHbl
OKCIICPUMECHTAJIBLHO HaﬁﬂeHHBIe 3aBUCUMOCTHU CO6CTB€HHLIX YaCTOT HNEPBLIX TPEX
ACMMMETPHYHBIX TOHOB IMPOJOJBHBIX KOJCOAHUH CBOOOHOW MOBEPXHOCTH KHJI-

KOCTH, BO30YKIAaeMbIX BIOJIb MPOIOJIEHON ocH Oaka (JIMHUU le , F3X , F5X ), BTO-

POro CMMMETPHYHOTO TOHA TPOJIOJILHBIX Kosiebanuit (muuus F,' ), Bo3Oyxkmaemo-
ro BJOJb NPOJOJIBHON ocu 0aka, a TakKe YaCTOTHI MEPBOTO IONEPEYHOr0 TOHA

KoJjeOaHui (JIMHUS Fly ), BO30Y’>KJ]aeMOr0 TOTEePEK MPOJIOJIBHOM ocu 0aka, OT Be-
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aaiHBL Nned/R (Nned — ypOBeHB HemoMMBA, KOTOPBIN U3MEPSETCS OT BEpXHEH 00pa-
3yroeit nuMHApuIeckoro 6aka (puc. 1); R — paanyc 6aka).

fi, T

0.2 0.4 0,6 0.8 1 1 hned IR

™

Puc. 2

Ha puc. 2 Taxke npuBeieHbI MOJTYYSHHBIE C UCIIOIB30BAaHHEM METOa KOHEed-
HBIX 3JIEMEHTOB PAaCUCTHBIC 3aBUCHMOCTH COOCTBEHHBIX YacTOT CBOOOJHBIX KOJIe-
OaHMii KUIKOCTH B 0ake OT BeTUYHHBI Nned/R. OHM 0003HAYEHBI COOTBETCTBYIO-

IIMMH JIMHUSIMUA C WUHIEKCOM P (JIMHUU Fl)l(o, F3Xp1 F5Xp, F4Xp, Fﬁ; ). Bosnee mo-

IpoOHOE OIMCAaHUE BBHIIOIHEHHBIX PAcYeTOB OyAeT NPUBEIEHO Aajee.

ITpu sKcnepuMEHTAIBHOM UCCIIEIOBAHUH MOIEPEYHBIX KOJIeOaHUH KUAKOCTH
B TOPHU30HTAJIBHO PACIOIOKEHHOM IMJIMHIPUYIECKOM Oake, KpOME YETKO BbIpa-
JKEHHOTO0 MEepBOr0 TOHA ACHMMETPUYHBIX ITONEPEYHBIX KOJICOAHWI KHUIKOCTH,
HaOJIroaIca ¥ BTOPOX TOH €€ CUMMETPUYHBIX KOJIeOaHUH BIOJIb IPOAOJIBHON OCH
0aka. 910 OBIIIO O0YCIIOBIIEHO TE€M, YTO COIJIACHO pe3yibTaTaM, PUBEICHHBIM Ha

pHC. 2, 9acTOTa ePBOTO TOHA MOMEPEYHBIX (JIMHUSL Fly) 1 BTOPOTO TOHA CUMMET-

PUYHBIX POIONBHBIX (uHUs F,' ) KoneGaHuil JKUAKOCTH JOCTATOUHO OIU3KH.

Kak BuAHO M3 3aBUCUMOCTEH, MPUBEJICHHBIX HA PUC. 2, YaCTOTHI COOCTBEHHBIX
KOJIEOAHUH KUKOCTH YMEHBIIAIOTCS MTPH YMEHBIICHUH YPOBHS 3all0HeHUs OaKa.
bau3ocTh COOCTBEHHBIX YACTOT MPOAOJILHBIX U MONEPEUHBIX KOIEOaHUH KUAKOCTH
B YKa3aHHOM JIMana3oHe W3MEHEHHUs! YPOBHS 3allOTHEHUs eMKOCTHU MIPH BO30YXKIe-
HUHM TIOTIEPEYHBIX KOJeOaHWH >KUAKOCTH B OKPECTHOCTH OCHOBHOTO pe30HaHCa
NPUBOJUT K TOSIBJICHUIO SIPKO BBIPAKEHHBIX HENMHEHHBIX 3QQEKTOB, 3aKIHOYaI0-
UXCs B 00pa30BaHUU 30H BpallleHUs Ha CBOOOAHOM MTOBEPXHOCTH KHUIKOCTH.

Pacuer mapamMeTpoB COOCTBEHHBIX K0JIeOaHMH CBOOOIHOI MOBEPXHOCTH
JKUAKOCTH B Oake. PacueTHple mapaMeTpsl COOCTBEHHBIX KOJIEOAHHMI HCClexye-
MO JIMHAMHYECKOH CHCTEMBI “KOHCTPYKIIMS 0aka — HJIKOCTh” OIpeelIeHbl Me-
TOJIOM KOHEUHBIX 3jieMeHTOB ¢ nomolinbio CAD/CAE cpencte [13 — 14]. Ha puc. 3
NpUBE/IeHA CXeMa KOHEYHO-JIEMEHTHOW JMCKpETH3aluu 0aka ¢ HUJIKOCTBIO, KO-
TOPBIN TPEICTABICH B BUJIE YNPYrOl TOHKOCTCHHOW IMWJIMHAPHYECKOH 00O0JOUKH
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(puc. 3), 9aCTUYHO 3aIMTOJTHCHHON HICATBHON HECKUMAEMOM JKUIKOCTHIO, HAXOIsI-
LIEHCS B IIOJIE MACCOBBIX CHJI.

Puc. 3

IIpu 3ToM cBOOOAHAs MOBEPXHOCTH XKUIKOCTHU IPEICTABICHA IIOCKOCTBIO,
NEePIEHIUKYIISIPHON ITPalueHTy I0JII MacCOBBIX CUII. BiMsHUe cuil MOBEPXHOCTHO-
0 HaTsDKEHUS] B pacyerax HE YUYMTHIBaJOCh. B pa3paboTaHHON KOHEYHO-
AJIEMEHTHOW MOJIEN CHCTEMBI “KOHCTPYKIIHS 0aKa — KUAKOCTH 3aJaHbl YCIOBUS
COBMECTHOCTH JAe(opManuii COIPSIKEHHBIX TOBEPXHOCTEH paslena XUIKOH H
TBEPIOH CpeA € YUETOM CKOJIBKEHHS XKHUIKOCTH OTHOCUTEIBHO CTEHOK OaKa.

[TapameTpsl KoIeOaHMiA KUIKOCTH B 0aKe OMPEAEISUINCH Ha OCHOBE TMHEHHOM
cucTeMbl OOBIKHOBEHHBIX AU(QepeHINnaNIbHBIX YPaBHEHUH, OIMCHIBAIOIINX CBO-
00HBIE KOJIeOaHMsI KOHCEPBATUBHOMN CHCTEMBI “KOHCTPYKITHS 0aka — JKUAKOCTD”

d?U
M——+KU=0 1
" 1)

rae U — BexTop nepememiennii; K — marpuma ynpyroctu; M — marpuma macc; t
— TEKyIlee BpeMs.

Ilytem pemenust cuctemsl ypaBHeHuil (1) ompeneneHsl mapameTpsl Koseba-
Huii: coOcTBeHHble 4acToThl f; n o dexTnBHBIE (00OOWUIEHHBIE) MacChl M, j» co-

OTBETCTBYIOILIME J-ii (hopme KonebaHuii B mpoekuun Ha Hampasienue | (B mpo-
JI0JIbHOM Harpasienun | = X, B monepeutom — | = y).

[Mpn anamuze KoneOaHWH KHUIKOCTH JOMHUHHPYIOHMIMMHU KOJIeOATEIbHBIMU
JBIDKEHUSIMU OY/IeM CUHUTATh T€, KOTOPbIE MMEIOT CYIIECTBEHHBIE (TIPEBBIIIAIOIIIE
COTYIO JIOJIF0 OT MAacCChl JKUAKOCTH) 3HaueHHus 3(PQeKTuBHBIX Macc cucrteMbl. Ha
pHc. 2 MoKa3aHbI OTyYEHHbBIC pACUETHBIE 3aBUCUMOCTH COOCTBEHHBIX YacTOT Tep-
BBIX YEThIpEX MPOJOIBHBIX (JIOMHHUPYIOIIUX) TOHOB KOJIeOaHUI CBOOOIHOM TO-

X X X X
BEPXHOCTH KUAKOCTU (JIMHUU Flp, F3p, F5p , F4p ), @ TaKXe 3aBHCHMOCTH CO0-
CTBEHHOW YaCTOThI KoJeOaHWH TMEepBOro MOMEPEUHOro (IOMUHHPYIOIIET0) TOHA

CBOOO/THO IMMOBEPXHOCTH KUIKOCTH (JIMHUS Fl)F')) OT BeNYMHEI hned/R.

Pacuetnple mapamerpbl KoJieOaHWH CUCTEMBI “KOHCTPYKIMSI 0Oaka — KHJ-
KOCTh”, 00YCJIOBJICHHBIC IBHKECHHEM CBOOOIHOHN MOBEPXHOCTH JKHIKOCTH B Oake,
st hneo/R = 0,91 mpuBenensr B Tabnuax 1 u 2. B 1abn. 1 u 2 ucnoas3yeTcs Hy-
Mepaius TOHOB KojicOaHWH B MOPSIKE BO3pacTaHUs COOCTBEHHBIX YaCTOT HCCIIe-
JyeMOU CHUCTEMBI “KOHCTPYKITHS 0aka — KHUIKOCTh B pacCMaTpHBAacMOM JHara-
30HE YacToT. JlaHHas HyMmepanus OTIMYaeTcs OT TPaTWUIMOHHOW Hymeparuu [8],
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NPUHSATOH P MCIOIH30BAHUM JIBYMEPHBIX MOJICIICH [T aHAu3a KoJeOaTeNbHbIX
JBMKCHUI CUCTEMBI B IPOJIOIEHOM WJIH MTOTIEPEYHOM HAIIPABJICHUSX.

Tabxa. 1 — YacroTs! u 3¢ hexTHBHBIE Mac- Tabn. 2 — Yacrots! u 3¢ pexkTuBHBIE Mac-
CBI KOJIeOaHM CBOOOTHOM MTOBEPXHOCTH CBI KOJIeOaHMi CBOOOTHOM MMOBEPXHOCTH
KHUAKOCTH B IPOZOJIHHOM HAIIPaBJICHUH X JKHUAKOCTH B MIOIIEPEYHOM HallpaBJICHHUH Y
Howmep [TapameTpsr konebaHmit Howmep [TapameTpsr komebaHmit
TOHa KOJIe- | CBOOOIHOI MOBEPXHOCTH TOHa KOJIe- | CBOOOIHOM IOBEPXHOCTH
OaHuii JKUIKOCTH OaHuit SKHUIKOCTH

j ij,Fu ij,Kr i fyj,Fu Myj,KF

1 0,55 2,10-10%2 1 0,55 7,56-10°13

2 1,02 1,20-104 2 1,24 1,22-10°%3

3 1,41 1,57-103 3 1,41 1,63-10'4

4 1,72 4,60-104 4 1,55 1,38-10*

5 1,99 3,24-10* 5 1,58 9,04-1012

6 2,23 4,60-10°1 6 1,67 1,33-10*

7 2,46 8,50-1072 7 1,72 4,02:10'15

8 2,68 1,30-103 8 1,81 5,84-10°%

9 2,99 2,00-102 9 1,97 6,38-10°

10 1,99 6,38-10%4

Kak BUAHO W3 3aBUCUMOCTEN, MPUBEACHHBIX HA pUC. 2, pe3yibTaThl MaTeMa-
TUYECKOTO MOJETUPOBAHUSA CBOOOIHBIX KOJEOAHUI CHCTEMBI “KOHCTPYKIUS Oa-
Ka — JKUJKOCTH” B YAOBJIETBOPUTEIBHON CTENEHU COBNANAIOT C JAHHBIMHU ONMCaH-
HBIX BBIIIE 3KCIIEPUMEHTOB.

Hccnenopanue npocTpaHCTBEHHBIX KOJ1e0aHUH cBOOOAHON MOBEPXHOCTH
JKUAKOCTH NPH rapMOHUHYecKOM Bo3aeiictBuu. Ilpaktuuecku Bce Gopmbl coO-
CTBEHHBIX KOJIeOaHMI cBOOOIHOW MOBEPXHOCTH >KUAKOCTH, MOJTY4YEHHBIC NP pe-
IIEHUN CHCTEMBI ypaBHeHHH (1), HaOM01aIvCh B SKCIIEPUMEHTE TIPH TTOTIEPEUHBIX
KoJIeOaHuAX Mozenu 0aka C MOCel0BaTENbHBIM BO3PACTAHUEM YaCTOTHI BBIHYX-
neHHbIX kojebOanuit or 1,4 'm mo 2,0 ['m. Ha puc. 4 npencraBiieHbl pacyeTHBIE
(puc. 4, a, B, 1) 1 SKCIIepUMEHTaNbHEIE (puc. 4, 0, T, €) POpMBI TPOCTPAHCTBEHHBIX
KoyieOaHuil CBOOOIHON MOBEPXHOCTH XHIKOCTH C YacTOTaMH COOTBETCTBEHHO
1,55 I'r (monepeunsie (puc. 4, a, 6)), 1,67 ' (cmemrannsie (puc. 4, B,1)) u 1,72 I'n
(npomosnbabie (puc. 4, 1, €)) npu hned/R = 0,91.

Crnenyer OTMETUTbH, YTO KOJEOAHUAM CBOOOJHOM MOBEPXHOCTH >KUAKOCTH CO
CIIOXHBIMU (hopMamu (puc. 4 B, T) COOTBETCTBYIOT BeChbMa Majble 3HAYeHHS (-
(hekTHBHBIX Macc (CM., HaIpuMep, TOHBI Kojebanuit 6 — 10 B Tabm. 2). IlosTomy
3TH KoJeOaTeNbHbIe ABMKEHHS B NONEPEYHOM HAIIPABICHUU HE PAcCMaTPUBAJIMChH
Kak gomuHMpytomue. [losBnenne Hemanblx (BU3yajbHO HAOIIOAaEeMBIX) KojeOa-
HUH cBOOOIHON MOBEPXHOCTH >KUIAKOCTH MOXKET NMPOU30UTH JIUIIE MPH OBOJIBEHO
3HAYUTEJILHOW aMIUTUTYZE BHEIIHEero Bo3aercTBHs. OnHAKO B MIPOBEACHHBIX JKC-
NEPUMEHTaX aMIUIUTYbl TaPMOHHYECKOTO BO30YXAECHUS HCCIIEAYeMOl CHUCTEMBI
“KOHCTPYKLHS 06aKa — )KUIKOCTh” OBUIM OrpaHUYEHBI BO3MOXXHOCTSAMHU KHMHEMAaTH-
YECKOH CXeMbI CTEH/IA.

Peanuzanus BbllIeyKa3aHHBIX KOJI€OATENBbHBIX JBMKEHUH (C 4acTOTaMH He-
JOMUHHPYIOIIMX TOHOB KOJICOaHWH) B HCCIEAyeMOM AMHAMHYECKOH CHCTEME
“KOHCTPYKLHS 0aKka — )HIKOCTh” Obljla OCYIIECTBIICHA ITyTEM PE30HAHCHOTO BO3-
OyXIeHHs JOMUHHMPYIOIIMX KojeOaHWH, pa3BUBAaeMbIX IPU MONEPEUYHOM IapMo-
HUYECKOM BO3IEHCTBHH, C TOCIEAYIOIIUM “NEpexooM” TMpH 3HAYUTEIBHOM
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YPOBHE aMIUTUTY]] K KOJICOAHHUSAM C YaCTOTaMM HEIOMHUHUPYIOLIIUX TOHOB. M3 mpo-
BEJICHHBIX PacueTOB M SKCIEPUMEHTOB (cM. Tabi. 2 u puc. 4 (T, €)) cieayer, 4ro
Ta-

Puc. 4

KO€ PE30HAHCHOE BO30Y)KJICHUE CUCTEMbI (C HEMAJIBIMH aMIUTUTYIaM1) BO3MOYKHO
npu OJIM3KHUX YaCTOTaxX JOMHHHUPYIOIINX TOHOB KoJieOaHMii (CM. TOH 4 B Ta0II. 2) u
HEJOMHHHUPYIOIIUX TOHOB (cM. TOHBI 6 — 10 B Tab:. 2 u ToHbI 4 — 6 B TabmI. 1).

[Ipu momepevHOM TapMOHHYECKOM BO30YKICHHUHM MOJEIH Oaka Ha 4acToTe
1,55 'y B 9KkcriepuMeHTe OTYETIMBO HAONIONANKCh HeMasble KojeObaHus cBOOO/I-
HOM TOBEPXHOCTHU JKUAKOCTH (pHC. 4, 6) C 4acTOTON MEPBOro IMOIMEPEUYHOr0 TOHA,
KOTOPBI COOTBETCTBYET MOJYYCHHOMY B pacdeTe TOHY Kosiebanui 4 ¢ 3¢ dexTus-
Hoi Maccoi 13,8 kr (tabi. 2). [lpu yBenTu4eHNH 4acTOTHI MONEPEYHOr0 TapMOHH-
4ecKkoro Bo30ykaeHus: cuctembl 10 1,67 ' B akcniepuMeHnTax HaOIIOAaInch He-
MaJible KosieOaHusi CBOOOHOM MOBEPXHOCTH KUIKOCTH C TOHAMH KoJjiebaHuit 6 u 7
(Tabmn. 2). Benencteue OAM30CTH YacTOT ATHX TOHOB K YacTOTE TOHA 4 MPOJIOJIb-
HbIX KojicOaHui (Tabj. 1) ObUIM BU3yaqHU3WPOBaHbI MEPUOJUYCCKHE JIBHIKCHHS
cmerianaoi gopmbl (puc. 4, r). Tlocne cHaTHs BO30YXICHUS TOIEPEYHbIE KOJie-
OaHMs CBOOOHOW MOBEPXHOCTH MKHUAKOCTH OBICTpO 3aryxand. [Ipu 3ToM HaOIr0-
JAllICh yCTOWYMBEHIE TPOAONBHEIE Koynebanus (puc. 4,€) ¢ yactoToil ToHa 4
(tabm. 1).
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Kpome Toro, npu 4yacToTax HOMEPEYHOr0 TapMOHHYECKOTO BO3OYK/ICHUS CHCTE-
MBI BeIme 1,67 11 B 9KkCTIeprMeHTe HaOMIOIATNCH CIIOXKHBIE (TTPOI0IEHO-TIOTICPEUHBIC)
(hopMbI KoNeOaHuit CBOOOIHOM TOBEPXHOCTH JKUIIKOCTH, XapaKTEePHBIE JUII TOHOB § U
9 (tabm. 2) ¢ yactotamu KojeOannii cootBercTBeHHO 1,81 I'mu 1,97 I'm.

AHAJM3 HeJUHEHHBIX CBOICTB CHCTEMBbI “KOHCTPYKIHUSI 0aka — SKHI-
KoCcTh”. [IpMEeHHTENPHO K TOPH30HTAIILHOMY IFTMHAPUYECKOMY 0aKy OmHCaH-
HOH BBIIIIE€ KOHCTPYKIMU ObUIN UCCIICAOBAaHbI SIBIICHUS], CBA3aHHbBIC C IPOSBICHUEM
HEJIMHEHHBIX CBOWCTB CHCTEMBI “KOHCTPYKIHUS 0aka — *KuAKocTh . IIpm HeMaipx
aMIUTUTyAaxX KojeOaHui CBOOOJHOM MOBEPXHOCTH KMIKOCTH B LUIMHAPHYECKOM
Oaxe HaOIIOAATKMCH PA3PBIBBI CIUIOIIHOCTH XKUAKOM Cpenbl, HaXOAsIIecs BO B3a-
UMOJEWCTBHIH CO CTEHKAaMH ITOI0CTH (puc. 5).

Puc. 5

Ha puc. 6 npeacraBieHs! MoTy4eHHbBIE SKCIIEPUMEHTAIBHO 3aBUCHUMOCTH aM-
TUTATY T KOJIeOaHui CBOOOTHOW TTOBEPXHOCTH KHIKOCTH B 0aKe OT YaCTOTHI TIOIIEe-
PEYHOT0 rapMOHHYECKOro Bo30YkaeHus mpH hned/R = 0,53 u amruinTynax Bo30yx-
nenus 2,7 mm 1 1,1 mm. Ha puc. 6 nunuu 1 1 3 cCOOTBETCTBYIOT OKA3aHUSIM JaT-
yuka D1, muanu 2 u 4 — noka3zanusM aatavka D2, muanm 1 u 2 — ammuarye Bo3-
OyxnieHus 2,7 MM, a THHUH 3 U 4 — aMIuIATy e BO30yxaeHus 1,1 MM. AMIDIHTY B
OTKJIOHEHHS JKHUAKOCTH Ha pHUC. 6 MoKazaHbl B 00€ CTOPOHBI OT €€ HEBO3MYILIEHHO-
'O TIOJIOXKEHUSL.

AHaNM3 TONYyYeHHBIX Pe3yJbTaToB (PHC. 6) MOKa3all, YTO B3aUMOJCHCTBHE IPO-
JIOJNBHBIX | TIOTIEPEYHBIX KOJIeOaHUH CBOOOIHON TTOBEPXHOCTH KHUIAKOCTH MPUBOINT K
TIOSIBIICHHIO CJIOKHOM KapTWHBI TPOCTPAHCTBEHHBIX HENWHEWHBIX KoneOanwil. IIpo-
JIOJbHBIE KOJIeOaHMsI CIIOCOOCTBYIOT TIOSIBIICHHIO Ha ITOBEPXHOCTH JKUJIKOCTH B Oake
YeTBIPEX U ISTH OJIMHAKOBBIX 30H, B KAXKIOW M3 KOTOPHIX Pa3BUBACTCS KPYroBasi BOJIHA
[7]. Y™MenbIleHre aMIUTUTY B! BO3OYKICHUS TIPHBOIUT K TOMY, YTO KPYTOBBIE BOJHBI
BO30YKJAFOTCS TOJIBKO TIPH JIOCTATOYHO OJIM3KOM COBMAJICHUH COOCTBEHHBIX YacTOT
MIPOJIOJIEHBIX W TIOTIEPEYHBIX KoJieOaHWA. DTO BUIHO M3 MPUBEICHHBIX Ha PHC. 6 aM-
TUTMTYTHO-9aCTOTHBIX XapaKTePHCTHK, TOJYYCHHBIX JJIS aMIDIUTYA BO30YKICHUS,
paBHbIX 2,7 MM (cIiomHble JuHNK) U 1,1 MM (TOdeuHble JuHNK). B miepBoMm cirydae
KpPYTOBBIE BOJIHBI O0Pa3yIOTCs B TMana3oHax 4actoT Bo3OyxaeHus 1,75 — 1,9 ' u
2—2,1T1, a Bo BTOpoM — TOJIbKO B quamazone 1,8 — 1,9 ['m.
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Puc. 6

W3 npuBeneHHBIX Ha pHC. 6 PE3yNIBTaTOB CIELYET, YTO C POCTOM AMIUIUTYAbBI
BO30YXIeHus B 2,45 pa3a aMIUIMTyAa KojeOaHUH CBOOOJHON MOBEPXHOCTU XKHI-
koctu ¢ yactoroi 1,75 I'm Bo3pocna He Gosnee yem B 1,33 paza. D10 cBUAETEND-
CTBYeT O HEJIMHEWHOW 3aBHCUMOCTH NeMI(UPOBaHUS KOJeOaHWH KUAKOCTH OT
aMIUTUTY 1Bl €€ KojeOaHU| BCIIEACTBUE BO3PACTaHUs paOOTHI CHUJl CONPOTUBIICHUS.

B cootBercTBHU € puUC. 6 YCTAHOBIIEHO, YTO IIPU HEMANBIX aMIUINTYAAX KoJie-
0aHuil cBOOOTHON MOBEPXHOCTH KHUIKOCTH MAaKCHMAJIbHOE OTKIOHEHUE aMIUTUTY-
Ibl B TOJIOKUTEIBHOM HalpasieHud B 1,3 pasa Gojblie, yeM B OTPHULATEIHHOM.
OTO CBUAETENBCTBYET O HECUMMETPUYHOCTH (OpMBI KONEOAHUM KUIKOCTH OTHO-
CHUTEJBHO IUIOCKOCTH €€ HEBO3MYILIEHHON TTOBEPXHOCTH.

I'eomerpryeckue HeIMHEHHOCTH 0aka (aCUMMETpPHUS €ro KOHCTPYKIMU B IPO-
JOJBHOM M TIONEPEYHOM HANPABJICHUSX) MIPU 3HAYUTENIBHBIX aMIUIUTyaxX Kojeba-
HUM JKUAKOCTH  SIBISIIOTCSI NPUYMHON  pa3BUTHS  CIOXKHBIX  (IPOJOJIBHO-
MOTIEPEYHBIX, BpallaTeIbHbIX) GOpM KoJeOaHHid ee CBOOOJHOM MOBEPXHOCTH, MO-
NOOHBIX TNIPEACTaBICHHBIM Ha pHc. 4T, e. KpoMe ykasaHHBIX BbIle KojeOaHMi
CBOOOJHOM MOBEPXHOCTH KHUJIKOCTH, IPU TAPMOHUYECKOM BO30YKACHUH HCCIIETY-
€MOH CHUCTEMBI “KOHCTPYKIHMA 0aka — )KUAKOCTh MMEIH MECTO CyleprapMoHHYe-
CKHE KOJeOaHMs XKMIKOCTH C YaCTOTOW, NMPEBBIMIAIONICH YacTOTy BO30YXACHUS.
Ha puc. 7 nokasanbl pacuerHble (puc.7,a) W 3KCIIEpUMEHTalbHBIE (pHC. 7, 0)

Puc. 7
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cMemanabie (hopMbl KoJeOaHU CBOOOTHOW TOBEPXHOCTH >KUIKOCTH, COOTBET-
CTBYIOIITME COOCTBEHHOHN 4yacToTe Kojebanwit 2,89 ', mpu rapMOHUYIECKOM BO3-
Oy>KIEeHHUU CUCTEMBI ¢ 9acToToi 1,45 ['1. DT KonebaHus CBSI3aHbI C pe30HAHCHBIM
OTKJIMKOM TOHOB COOCTBEHHBIX KOJEOAHWH CHCTEMBI C pPacuYeTHON dYacTOTOMH
2,89 T't, mpuOMU3UTENHHO BABOE MPEBHIIIAIONICH YaCTOTY BHEITHETO MOIEPEYHOTrO
TapMOHUYECKOTO BO30YKICHHSI.

BouiBoasbl. [IpoBeneHHbIE KCIIEPUMEHTAIBHBIE MCCICIOBAHUS IOKA3aIH, YTO
KoJieOaHus1 CBOOOJHOIN MOBEPXHOCTH XHUIKOCTH B TOPU30HTAJIBHO PACIIOIOKEH-
HOM LWIMHIPUYECKOM Oake B 3HAYMTENBbHOW Mepe 3aBHCAT OT MapaMeTpoB U
HaIpaBJIeHNs BHEUTHETO TapMOHHYECKOTO BO30YXaeHUs, (HOpMbI 0aka M ypOBHS
ero 3anonHeHus. [Ipu 3TOM BO3HUKAIOT MHTCHCHUBHBIE HEMasble KOJICOaHMS KUI-
KOCTH, COIIPOBOXKIAIOIIHECS PA3TUIHBIMA HETHHEHHBIMH 3¢ dekTamMu (orpaHude-
HHUE aMIUIMTYJ KoyieOaHui CBOOOJHOM OBEPXHOCTH KUAKOCTH; aCUMMETPHS IIPO-
(g BOJIHBI U Pa3pbIBbl CIUIOIIHOCTH YKUAKOH Cpenbl, HaXOIIIEHCs] BO B3aUMO-
JEHCTBUM CO CTEHKAaMU IOJIOCTH; KPYT'OBBIE CIIOXKHBIE KOJIeOATENbHbIE ABIKCHHUS).
Otu 3P PeKTh 0Ka3bIBAIOT CYIIECTBEHHOE BIUSHHE HAa AMHAMHUKY KOHCTPYKLHUH
0axa C KUAKOCTHIO.

OKCIIEpUMEHTANBHBIM IIyTEM YCTAaHOBJIEHO, YTO pealn3auusl KoyieOaTelIbHbIX
JBIKCHHUN ¢ 9aCTOTAaMHU HEIOMUHHUPYIOIIUX TOHOB KOJIEOAHUI B UCCIIEyEeMOH TH-
HaMHUYECKOH CHCTEME «KOHCTPYKLHMS 0aka — >KUAKOCTH» MOXKET OBITh OCYIIECTB-
JIeHa IyTeM PE30HAHCHOTO BO30YXAEHHUS NOMUHMPYIOIIMX KOJIeOaHUM, KOTOpPbIE
PasBUBAIOTCS NPU MONEPEYHOM TaPMOHHYECKOM BO3ACHCTBHH, C IMOCIELYIOLIUM
“mepexomoM” (P 3HAYUTEIHLHOM YPOBHE aMILIUTY/I) K KOJICOAHHSIM C 4aCTOTaMH
HEIOMHUHHUPYIOLINX TOHOB.

C noMomIp0 MeToia KOHEYHBIX 3JIEMEHTOB MPOBEACHO MAaTEMaTHUECKOE MO-
JeIUPOBaHNE MPOCTPAHCTBEHHBIX KOJIEOAHUII TOPU3OHTAIBHO PaCIOOKEHHOTO
LITMHIPUYECKOT0 0aKa MpH ero rapMOHMYECKOM BO30yxneHuH. B 3aBucumocTn
OT YPOBHS 3alOJHEHHS 0aKa *KHUIKOCTHIO OMPEIETIeHbl YacTOThl U (popMbl Koeba-
HUH CBOOOIHOW MOBEPXHOCTH >KUAKOCTH. Y CTaHOBJIEHO, YTO MOJYYEHHBIE IyTeM
MaTeMaTHYECKOI0 MOJEIUPOBAHUSI COOCTBEHHbIE YacTOTHI U (OPMBI KoJeOaHMI
CBOOOJHOM MOBEPXHOCTH JKUAKOCTH yIOBIETBOPUTEIBLHO COTTIACYIOTCS C JaHHBIMH
NPOBENEHHBIX 3KCcIIepUMEHTOB. [loKa3aHo, YTO BBINOJIHEHHOE B TPEXMEPHOM MO-
CTaHOBKE MaTeMaTHYECKOE MOICIMPOBAHME MPOCTPAHCTBEHHBIX KOJEOaHWH M03-
BOJISIET ONPEACIUTh MapaMeTphl CIOXKHBIX GopM KojeGaHul cBOOOIHON MOBEPX-
HOCTH XKHJIKOCTH.
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