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Pa6oTa mocBsIeHa UCCIENOBAHUIO JHHAMHYECKOTO HAINpPsDKEHHO-Ie(OPMUPOBAHHOTO COCTOSHHMS JIMHEH-
HO-YIIPYroro M30TPOIHOTO OJHOPOIHOIO IIOIYIPOCTPAHCTBA, COJAEPIKALIEI0 LMIMHAPUYECKYIO HOJOCTh, MOJ-
KPEIUICHHYI0 TOHKOH YIPYroil 000JIO0YKOH, MOA AEHCTBUEM OCECHMMETPUYHBIX JUHAMHYECKHX MOBEPXHOCTHBIX
Harpy3ok. PaccMoTpeH citydaii, Korja och 00OJIOYKH IEPICHANKYISPHA IIIOCKOCTH, KOTOpasi OrpaHH4YMBAET MO-
IynpocTpaHcTBO. Llenb paboThl — M3YYUTh B3aUMHOE BIIMSIHHE OOOTOYKH M CBOOOIHOM NMOBEPXHOCTH IIOIYIPO-
CTPaHCTBA MOJ AEHCTBHEM HECTAIIMOHAPHBIX OBEPXHOCTHBIX HAarpy30K. I3ydeHo pelcTBHE ABYX BHJOB IIOBEPX-
HOCTHBIX OCECCHMETPUYHBIX HArpy30K: OJHM AEHCTBYIOT IO YYacTKy BHYTPEHHEH MOBEPXHOCTH OOOJIOYKH, a
BTOpbIE — II0 y4acTKy MOBEPXHOCTH IOJNYNPOCTPAHCTBA. B oboux ciydasx Harpy3kd 3aBHCAT OT BPEMEHM Kak
enuHI4HAs (yHKIOUS XeBucaiina. J[o HacTOSIIEro BpeMEHH NWHAMHYECKHE 3aJadd A1 00O0JNOYEK B YIPYToM
MPOCTPAHCTBE PACCMAaTPUBAIIMCH JIUIIb IS CIy4asi HCOrPAHUUEHHOTO MPOCTPAHCTBA. TaKKe IPU PacCMOTPEHUH
JMHAMHYECKHX 3a]ad JUISl yIPYToro MONYIPOCTPAHCTBA HE YUHTHIBAIOCH BIMSHHE BEPTHKAIGHON MOJIOCTH, MOJ-
KpeIIeHHO# 00010uKoi. HayuHO# HOBU3HOM paboThI ABJISETCS Y4€T B3aUMHOTO BIMSHUS 000JIOYKH U CBOOOJHOM
TIOBEPXHOCTH YIPYIOro IOIYIPOCTPAHCTBA MOX JEHCTBHEM ITOBEPXHOCTHBIX JHHAMHYECKHX HarpyxeHud. J{ms
HCCIICI0BaHHs ANHAMUYECKOTrO HAMpPSHKCHHO-Ae(OPMUPOBAHHOIO COCTOSHMS ONMHCAHHON MEXaHHYECKOH chcTe-
MBI OBLT IPUMEHEH METOJ KOHEUHBIX JIeMEHTOB. I1oydeHHbIe pe3ybTaThl IPOMILTIOCTPUPOBAHBI ITpaMIecKy U
[POaHaIN3UPOBAHbI.

Po6oTy HPHCBSYEHO AOCHIKEHHIO NHUHAMIYHOTO HANpYKEeHO-Ae(hOPMOBAHOTO CTaHy JiHIHHO-IPYKHOIO
i30TPOITHOTO OJHOPIJHOTO MiBIPOCTOPY, SIKHIl MICTUTh IMIIHIPUYHY ITOPOXKHHHY, IO MiAKPIIUIeHa TOHKOIO Hpy-
JKHOIO OOOJIOHKOIO, T[] I€I0 IHHAMIYHUX MOBEPXHEBHUX BiCECHMETPHYHUX HaBaHTaxeHb. Llinb poboTH — BUBUH-
TH B3a€MHHI1 BIUTB OOOJIOHKH Ta BIJIBHOI IIOBEPXHI MiBIPOCTOPY Iij Ai€I0 HECTAIIOHAPHUX ITOBEPXHEBHUX HaBaH-
TaXXeHb. PO3IVISIHYTO BHUIIAJOK, KOJIM BiCh OOOJOHKM MEPICHAMKYISIPHA A0 IUIOLIMHHM, IO 00OMEXYe MiBIPOCTIp.
BuBueHO nifo ABOX THIIIB IIOBEPXHEBUX BiCECHMETPHYHUX HaBaHTa)KeHb: OJHE Ji€ Ha IUISHII BHYTPIMIHBOI IIO-
BepXHi 00OJOHKH, a Ipyre — Ha UISHIN MOBEPXHi MBIPOCTOpYy. B 000X BUMaakax HaBAaHTAKEHHS 3aJI€XaTh Bil
4acy sIK ofvHWYHA (yHKIis XeBicaiina. [lo TenmepilHBOro Yacy AWHAMIYHI 3aadi U 0OO0JIOHOK B HPYKHOMY
MPOCTOPi PO3ITISAAIICS JIUIIE Yy BUMAAKY HEOOMEKEHOro MpocTopy. Takoxk Mpu AOCHiIKEHH] THHAMIYHHUX 337124
IUISE IPYXKHOTO IBIIPOCTOPY HE BPAaXOBYBABCS BIUIMB BEPTHKAIBHOI MOPOXXHUHH, MiAKpiIUIeHoi o6onoHKow. Hay-
KOBOIO HOBH3HOIO POOOTH € BpaxXyBaHHs B3a€EMHOTIO BIUIUBY OOOJIOHKH Ta BiJIbHOI MOBEPXHI HPY’KHOTO MiBIPOC-
TOpY MiJ MI€I0 TOBEPXHEBHX AWHAMIYHMX HaBaHTaXeHb. JUIsi JOCHIKEHHS IHHAMIYHOTO HaIpyXeHO-
nehOpMOBAHOTO CTaHy OIMMCAHOI MEXaHIYHOI CHCTeMH OyJi0 3aCTOCOBAHO METOJ CKiHYEHHUX eneMeHTiB. OTpu-
MaHi pe3yibTaTH NPOITIOCTPOBAHO TpadiuHO Ta MpoOaHaTi30BaHO.

Attention focuses on the study of a dynamic stressed-strained state of the linear-elastic isotropic homogene-
ous half-space, which contains the cylindrical cavity reinforced by a thin elastic shell, under the action of dynamic
axisymmetric surface loads. The case, when the shell axis is perpendicular to the plane, which limits the half-
space, is considered. The work goal is to study cross coupling the shell and a free surface of the half-space affect-
ed by non-stationary surface loads. The action of two types of axisymmetric surface loads is studied: the first load
acts along the inner surface portion of the shell and the second load acts along the half-space surface portion. In
both cases, loads depend on time as the unit Heaviside function. Up to now, the dynamic problems for shells in an
elastic space have been considered only for an unlimited space, and in the dynamic problems for half-space the
effects of a vertical cavity reinforced by the shell have been omitted. Novelty in science is the consideration of
cross coupling the shell and the free surface of the elastic half-space affected by dynamic surface loads. The finite
element method has been applied to the study of the stressed-strained state of the mechanical system under con-
sideration. The results obtained are graphically illustrated and analyzed.

Knroueewie cnosa: ynpyzoe nonynpocmpancmeo, MoHKAsk YuIuHOpuieckas 000-
JIOUKA, 0CeCUMMEMPUYHASL OUHAMULECKAs 3a0aYa, MEMOO KOHEUHbIX NEeMEHMO8.

BBenenue. B Hacrosiee BpeMsi BaXHOW MPaKTUUECKOW 3amaudeit siBisieTcs
MOJCIIUPOBAHUE JUHAMUYIECKUX IIPOIIECCOB B CHCTEME 000JI0UKA — YIIpyTasi cpea.
B wacTHOCTH, K TAKMM PacUYETHBIM CXEMaM IPHUBOJAT 3aa9l MOJCITHPOBAHIS -
HaMUKH TPyOOIIPOBOJIOB, TYHHENEH, maxT u T. 1. [lodToMy 3amaga mcciieoBaHus
JUHAMHYECKOTO HANPSHKEHHO-AE(POPMUPOBAHHOIO COCTOSIHUSA YIIPYroro MmoJymnpo-

© B. U. IToxyes, A. B. ®acomsix, 2017
TexH. mexanuka. — 2017. — Ne 1.

91



CTPAHCTBA C IMWIMHIPUICCKOHN TOJIOCTHIO, TOJAKPEIUIEHHON TOHKOW YyIpyroi 00o0-
JIOYKOH, IPH THHAMHYECKHX MMOBEPXHOCTHBIX HATrPy3Kax SBISIETCA aKTyaJlbHOM.

Ha ceronmnsi 7OCTaTO4HO XOpOIIO HCCIIENOBAHBI AUHAMUYECKHE MPOIECCH B
HWIMHIPAYECKUX 000JI0YKaX B HEOTPaHWYCHHOU yrpyroi cpenme. [laHHBIM 3ama-
gaM B CTaIlMOHApHOH IMOCTAaHOBKE MOCBsAIIeHa MoHorpadwus [1]. B Hecranmonap-
HOM MMOCTAaHOBKE TAKUM 3aJayaM IOCBSINEHBI padoThl [2 — 5], mpuueM B paboTax
[2, 3] ms onMcaHus peaKIuy MPOCTPAHCTBA MPUMEHSIIACh MPUOIMKESHHAS MOICITh
BmacoBa—IlacTeprHaka, a B padorax [4, 5] TMHaMHKa TIPOCTPAHCTBA OMKCHIBATIACH
TOYHBIMH ypaBHEHHUSIMH TEOPHH YIpyrocTH. llpuMeneHHspIe B 3THX paboTax MeTo-
Il MOKHO TIPUMEHSITH JUISI TUHAMHYECKUX 3a/1ad 000J04YeK B YIPYroM MOIYIpO-
CTpaHCTBE MPH yCIOBHH, YTO HArpy3Ka JEHCTBYeT Ha BHYTPEHHIOI TOBEPXHOCTH
000I109KH Ha OOJBIIOM yAAJICHUH OT MMOBEPXHOCTH MOIYIPOCTPAHCTBA.

B paborax [6, 7] paccMoTpeHa ocecHMMETpUIHAS 3a/1a4a ISl YIPYTroro Moiry-
MPOCTPAHCTBA C MWIMHAPUYECKUM BKIIOYCHWEM TIPH JIMHEHHO-CKOHIICH-
TPUPOBAHHON TOBEPXHOCTHON HArpy3Ke.

Hannast pa®oTa TOCBSIIEHA WCCIENIOBAHUIO TUHAMHYECKOTO HAIPSHKEHHO-
ne(OPMUPOBAHHOTO COCTOSIHUSI YIIPYTOTO MONYIPOCTPAHCTBA C IMUIMHIPHUIECKOM
MIOJIOCTHIO, TIOJKPEIUICHHOW TOHKOW YIpPYTrodl 0O0OJOYKOW, MOj JeicTBHEM oce-
CUMMETPUYHBIX TTOBEPXHOCTHBIX Harpy3ok. [Ipemmomaraercsi, 4To ock 000IOYKH
MIEPIICHNKYIISIpHA TpaHUIE MOJIYMPOCTpaHCTBA. PaccmarpuBaroTcs 1Ba THMA
Harpy30K: TIepBbIe JEHCTBYIOT HA BHYTPEHHIOIO MMOBEPXHOCTH 000IIOUKH, a BTOPHIE
— Ha TIOBEPXHOCTH MosynpocTtpaHcTea. [logoOHas 3amada paccMoTpeHa B paboTe
[8], HO TIpH YCIIOBHH, YTO IMOBEPXHOCTh MOIYIPOCTPAHCTBA JKECTKO CIIETICHA C
a0COFOTHO JKECTKUM TMONYNPOCTPaHCTBOM. B naHHO#N pabote paccmarpuBaeTcs
CIIyqaii, KOTJa IIOBEPXHOCTh TOIYIIPOCTPAHCTBA SABISIETCS CBOOOIHOM.

[Ipu quHAMUYEeCKOM HarpyKeHHH BHYTPEHHEH IMOBEPXHOCTH OOOIOYKH HE0O0-
XOJUMO HM3YYHTbH BIMSHUE CBOOOIHON MOBEPXHOCTU IMONYIPOCTPAHCTBA, & TAKKE
OTIPEIETNTh, MPH KaKOH TIIyOWHE MPIIOKEHUS HArpy3Kd MOXHO HE YYHTHIBATH
BIIUSTHHE ITOBEPXHOCTH MOIYIIPOCTPAHCTBA U PACCMATPUBATh 3aaqy sl 000II09eK
B HEOTPAHUYEHHOH cpejie.

st Harpy3kd BTOpOTO THIIA HEOOXOAMMO OIPEACIUTh BIUSHHUE ITOJIOCTH,
MTOJIKPETUICHHON TOHKOW YNIpPyro 00OJIOYKOH, Ha JMHAMHUKY YIPYTroro MOIYIIPO-
CTpaHCTBa.

IlocranoBka 3agaumn. PaccmaTpuBaeTcss ocecMMMeETpHYHAas AWHAMUAYECKAs
3amaya Uil OECKOHEYHO JUTMHHOW TOHKOW yNpyrod o0OOJNIOYKH B IJIMHEHHO-
YIPYTOM, OJTHOPOJHOM W M30TPOITHOM IOJYIIPOCTPAHCTBE, IIPHUYEM OCh 00O0IOUYKH
MIEPIICHIUKYIISIPHA TIOCKOCTH, KOTOpas OrpaHUYMBAET MOJXYIPOCTpaHCcTBO. IlycTh
000JI0UKa U HOJ‘IyH{)OCTpaHCTBO OTHECEHBI K HETIOJIBIKHOW IWIMHIPUYECKOW CH-

cTeMe KoopauHAT |, 6, X[, HO JUIS JaHHOW 0CECHMMETPUYECHON 3a/jauH BCE Be-

JIUYWHBI HE 3aBHUCAT OT nepeMenHoi O . [lycTs BHyTpeHHUI paguyc 000I04KH pa-
BeH D, a BHemHuit — a . IITOCKOCTH, KOTOpask OTPaHMYMBAET TIOIYIIPOCTPAHCTRO,
3amaercs ypaBaeHueM X =0 (puc 1). s 3Hayenuii Bpemenu t <0 obonouka u
MOJIYPOCTPAHCTBO HAXOMASTCS B COCTOSIHUU MOKOS M CBOOOJHBI OT HANPSHKCHUU.
[Torom B MoMeHT BpemeHu t =0 B oGiactu |X - || <d, r=Db (ua BHyTpeHHE}i MO-

BEPXHOCTH 000JIOUKH) Wi B obnactu I <r<r,, X=0 (Ha MOBEPXHOCTH TOIY-
MPOCTPAHCTBA) TPHKIIAABIBACTCS HMITYJbCHBHOE, HOPMalbHOE K MOBEPXHOCTH
HPUIIOKCHHS HATPY)KCHHE HHTEHCHBHOCTBIO F,, KOTOpOE 3aBHCHT OT BpeMeHH Kak
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eavHUYHas GyHkuus XeBucaiaa. s CpaBHEHUsS Pe3y/IbTaToOB OBLIM PaccMOTpe-
HBI COOTBETCTBYIOIIME CTaTHUecKue 3anadn. Cunraem, 4To 000JI09Ka U TOIYIIPO-
CTPAHCTBO KECTKO CIETUICHBI.

HagansHbie ycnoBus cunTaeM HYJIEBBIMH, TO €CTh BCE NCKOMBIE BETHIUHBI 1
WX TIEpBBIE IPON3BOIHBIE IO BpeMeHH npH t = 0 paBHBI HyITIO.

X

Puc. 1 — Ynpyroe nosynpocTpaHCTBO C HIIHMHAPUYECKON MOJIIOCThIO, TTOA-
KpEIJICHHOH 000JI0YKOH, B IMIMHAPHYECKON CUCTEME KOOpANHAT

3amauy Oyzem pelath B 0e3pa3MEpHBIX BeTUUMHAX:
() ol Ly k)
ot Lt
S |
2

—l rr— St _h. _i. *_ 1. (1)
{r*,X*}—a{r,x},r_at,zc_a,y_ o =PL

dl =1_K’CS =

rae usk),u)((k) — paauanIbHBIE U OCEBbIE MEPEMEIICHHs TOYeK 00O0JIOUKH (k =1) u
MOJTyTIPOCTPAHCTBA (k=2); O'pr(),a)((lf(),os)lf),agkg) — paauanbHBIE, OCEBBle, Kaca-

TCJIBHBIC W YIJIOBBIC HAIIPSAXKCHUS, Gk y Pk — MOAYJIH CABUTA U INIOTHOCTD, F -

MMHAMAYECKast IOBEPXHOCTHAS HOpMaJIbHASI Harpy3Ka.
3amauy OyaeM pelaTh METOAOM KOHEUHbIX 3eMenToB (MKD). s sToro me-
peijieM K BapuallMOHHOW OCTaHOBKE 3a/1ayHu.
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Bapuanuonnasi mocranoBka 3agayu. [lycTth su® =(5U2<),5U )((k)) — Jo-

MOJTHUTEJIHBIE ~ BO3MOXKHBIE — HepemenieHusi Todek Tema . Torma
sel) = (5 gg‘rl ,0 g)((li))(* 0 53;) ,0 52()()* ) — BO3MOKHBIE Oe3pazMepHbie nedopManu,
KOTOpBIE COOTBETCTBYIOT mepemernieHusM oU k= (5 Ug*k),& U )((k)) W 3a7al0Tcs Co-
OTHOUICHUSIMH:
k k
5.0 _5(5U£*)) (k) _5(5U>(<*))
‘. = ’5gx*x* - !
Ol 0 X«
k k k
g o0 aul) aleutd)
060 — g e :
I 0 X« Ol

[lycte Temo HaxomWTCS B PaBHOBECHH MOJI NEHCTBHEM TOBEPXHOCTHBIX CHII
F u BHyTpeHHHX cui R, mpudeM MOBEpXHOCTHBIE CHIIBI IEUCTBYIOT Ha MOBEPX-

HOCTH @ (B IaHHOM Cllydae @ = {(r*,é?, X*)e R3| Xe =0V I = dl}), KOTOpast orpa-

HuuuBaet Teno (). PaccMoTpuM Terneps BapHallmoHHoe ypaBHenue Jlarpanxa [9]:

—(k

sV o, )
Zk) 7k (k)

rne V' =U""+1 — moJHas Oe3pa3MepHas MOTEHIMAIbHAS SHEPrus 000J104-

KM ¥ OKPYXAIOIIero ee MmoiyrnpocTpancTBa. [Ipeodpasyem BeipaxkeHue (2) crmemxy-

FOIIUM 00pazoM:

sy :é‘(L—J(k)_”. (k)j=5U(k)+é‘T (k).

rac
5U(k) - J.J.(gl’*r*58r*r* +OxxOyy, + 0000899 +TuxO 0y, )d 02, (3)
Q
5% = [[5UW] Fdw- [[(5u®] rRdc. . (4)
ps O

Bripaxkenue (3) siBisieTcs Bapualyei 0e3pa3MepHoit sHepruu aedopmaruu, a
(4) — Bapmarust 6e3pa3mMepHOil pabOThl BHEIIHUX Cuil. Torja, COrjiacHO BapHald-
oHHOMY npuHImNy Jlarpamxka [9], Hy)KHO HalWTH TakMe 3HAYEHHUS NepeMelleHUi
ou (k), JUT KOTOPBIX TIOJTHASI SHEPTUsl CUCTEMBI MHHHUMAJIbHA, TO €CTh TaKue Iepe-
MEIIeHHS, KOTOPBIE YAOBIETBOPSIIOT BapHAIlHOHHOMY ypaBHeHUIo Jlarpamxka (2).

Pemenue 3apaun MKD. [[ns pemenus 3agaun MKD npoBesem BHavyane auc-
Kpetuzauio tena. /st aroro pa3odpem Teno Ha puc. | Ha TPEyroJbHUKH, TPHYEM
JUTE 0OOJIOYKHM W TIOJYMPOCTPAHCTBA MCIOIB3YEeM pa3NdHbIE dieMeHTH. Jlamee
JUTS PEIIEHUs] OCECUMMETPHYHON 3a7laui TEOPUH YIPYTOCTH OyZeM MCIOIb30BaTh
AJIEMEHTHI, TOJyYCHHbIC BPAIIEHHEM BBIMIECYNOMSHYTBHIX TPEYTOJLHHUKOB BOKPYT
ocu Ox [10]. [Torom cTpouM MaTpuIBbl QYHKIMA (GOPMBI IS TPEYTOJILHUKOB TI0

cxeMe, onucaHHod B [11]. Ilocne HaxoxaeHHS MaTPULBI [a] ¢byHkuuit popmer
3JIEMEHTA, MaTpUIla KECTKOCTH dJIeMeHTa HaxoauTcs o ¢opmyse [10]:
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ke |- \{[ﬂ]T [D][ﬂ]dV=2ﬂ£r*[ﬂ]T [Dlisks. (5)

rae V — teno, oOpa3oBaHHOE BpalleHHEM TpeyroibHuka S Bokpyr ocu O X; mart-

PHIIBI [,B] u [D] nMeroT crenyromuii Bux [10]:

6[0:]

Ol
0[a]

O X

18]= o] , (6)

5

| 0% 0K |
2-v,) 20 20, 0_
1-2v  1-2yp 1-2u
2v,  20-v)  2v 0
[Dl=g\| 1-20, 1-20, 1-2u, | )
20, 20, 2(-v)
1-2v  1-2yp 1-2u
0 0 0 1]

7, k=1, y
rae g, = { TO €CTh, {J, =¥, €CIM COOTBETCTBYIOIINH 3JICMCHT IIPUHA-

1, k=2;
TeKHUT obomouke, ¢, =1, ecnu dIEMEHT NPUHAICKHUT MOTYHPOCTPAHCTBY.

BJ10K MaTpuIIbl Macc dIIeMenTa onpeeisercs 1o ¢popmyie [10]:
['V'e]=Jp*[aF 2:0% :Zﬂp*.[r*[a]r [alds, (8)
v s

*
ronc p =4, €CJIK COOTBCTCTBYIOLIUUN J3JICMCHT MPUHAAJICIKUT 06OJ'IO‘1KC, nu

«
£ =1, ecinu a5eMeHT IPUHAUICKHUT MOIYIIPOCTPAHCTBY.

Brrancrienre nBoiHBIX mHTETpajioB B (opmynax (5) u (8) mpoBOIUIOCh YHC-
JICHHO NPH NOMOIIM KBajpaTyp laycca Ha deThlpex ys3nax Ajisl TpeyrojbHUKa. Bei-
YHCIICHNUE SKBHUBAJICHTHBIX Y3JIOBBIX CHJI IIPOBOIMTCS TI0 CXeMe, oKazaHHoii B [11].

Hnst perenus auddepeHranbHOr0 MaTPHYHOTO YpaBHEHHS IpUMeHsUIcs O -
meto Buiibcona [11]. 3toT MeTos no3BonseT cBecTr nuddepeHuaisHoe MaTpuy-
HOE ypaBHEHHE K UTEPAIIOHHON MTOCIIEI0BATEIbHOCTH KBa3UCTATHIECKUX 3a/1au.

JIist peltieHnst CUCTEM JIMHEWHBIX anrebpandeckux ypasuenunii (CJIAY), korto-
pble BO3HUKAIOT Mpu npuMeHeHnn MKD k cratndeckum 3ajiadam, a Takke B KBa-
3HCTATUYECKHX 33J[auaX MPUMEHSIICS METOJI COMPSIKEHHBIX TPAINEHTOB.

Pe3ysabTaThl 4ncaeHHOro aHaamu3a. PaccMoTpuM [Ba Tuna JUHAMHYECKUX
Harpy3ok. Ilepsas F(X*,r)z F(X*)H(‘r) JEHCTBYET 110 HOPMaIH K BHYTPEHHEH

MIOBEPXHOCTH O0OJIOYKM HA YYACTKE X« € [L - %, L+ %}, I =d;. Bropas narpyska
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F(r*,r)z F(I;)H(r) JEUCTBYET MO HOPMAIM K MOBEPXHOCTU MOTYMPOCTPAHCTBA
Ha ydJacTke I« € [Rl, RZ], X« =0. Ob6e Harpy3Ku 3aBHCAT OT BPEMCHH KaK CAMHIY-

Has (yHKIHS XeBucaliaa. AHaJOTHYHBIE CTATHUECKHE HArPY3KH MPUKIAIbIBAIOTCS
Ha TeX )K€ yJacTKaX IMOBEPXHOCTH.
Pacders 061 MPOBEACHBI IS TAKUX 3HAYCHHUH O0€3pa3MEpHBIX BEIIMUHH:

k=0,02,y =30;p  =4;d, =1-x =0,98;R, =15R, = 2.

Benuuunsl Ix, X«, 7, L H3MCHSIINCE.

Ha puc. 2 nzobpakeHbl paguaibHbIC MEepeMelIeHUs] 000JI0YKH Ha TpaHHLE
KOHTaKTa C TIOJIYNPOCTPAHCTBOM B Pa3IMuHble MOMEHTHI BpEMEHH B CPABHEHUH CO
CTaTUYECKUMHU pe3yibTaTaMu. | myOnuHa npunoxenus Harpy3ku: L =5. YuuTeiBas,
YTO TIepeMENICHUs] Ha CBOOOJHON TMOBEPXHOCTH JOCTATOYHO MAajbl, MBI MOXEM
CPaBHUTH pe3yibTaThl, momyueHHbie MKD, ¢ aHanoruyHbpIME pe3yabTaTaMH, Oy~
YCHHBIMU aHAJUTHYIECCKH (IIPY TIOMOIIM TEXHUKU WHTETPATBHBIX TPEoOpa3oBaHui)
B pabote [5]. Cratndeckoe pemieHue oTimdaeTcst He Oosee yeM Ha 2 %, a JUHAMH-
yeckoe — He Oosnee ueM Ha 12 %. Takum 00pa3oM, MOKHO CleNaTh BBIBOJ O
HAJICKHOCTH TMOJMYYCHHBIX PE3yabTaToB. Tarke HaOIIOAAeTCs CXOAUMOCTh Tepe-
MEIIECHUI K CTATHYECKOMY PEICHHIO C YBEIMUCHUEM 3HAUCHHUS TIEPEMEHHON BpeMe-
HHL.

0,051

o
rod

Puc. 2 — PaHI/IaJ'IBHBIG NEepEeMCIICHUSA HAa I'PAHUIIC KOHTAKTa 000JI0YKHU U
HOJYTIPOCTPAHCTBA JUIsl HArPY3KH, NPUIIOXKEHHOH Ha riryOuHe 5 paanycoB 060-
JIOYKH
Ha puc. 3, a) npuBeneHs! paguaibHbIe IEpeMeIeHHs, a Ha puc. 3, 0) — oceBbIe
MEpEMELIEHHSI IOBEPXHOCTU MOIYIPOCTPAHCTBA B PA3IMYHBIE MOMEHTHI BPEMEHHU
B CPaBHEHHMM CO CTaTHUECKHUM PEIICHUEM. YUUTBIBAs, YTO BEIMYMHBI NEepeEMeEIle-
HUI CpaBHHUTEJILHO MaJbl, IPH Takoi (¥ OoJblIei) rryOuHe MPUIOKESHUS Harpys3-

96



KU BJIMSHHAEM TIOBEPXHOCTH MOYKHO MPEHEOPEYh W MCIIOIb30BATh PACUCTHBIE CXE-
MBI, TIOJTy4eHHbIE B pabote [5].

aoted ",

a0124

a) 0)
Puc. 3 — PagnanbHbIE U OCeBBIE NIEPEMEIIECHNS HAa TIOBEPXHOCTH ITOJYIPOCTPAHCTBA IS
Harpy3KH, IPHIOKEHHOW Ha TIyOHHE 5 pasnycoB 000I0UKH

Ha puc. 4 n3o0paxkeHbl pajuaibHbIE MEepeMeIleHHs 000JIOYKM Ha TPaHUIIe
KOHTaKTa € TOJYIIPOCTPAHCTBOM B Pa3IMYHBIE MOMEHTHI BPEMEHHU B CPABHEHUH CO
CTaTUYECKUMH pe3yibTaTaMu. | nyOumHa mnpunoxenust Harpysku: L=15. Ha
puc. 5, a), 6) — rpadukH, aHaTOrHYHbBIE pHC. 3, a), 6), HO A rTyouHsl L =15.

0,3 Y
0,251 N
0,2
U, 0,151

0,11

0,051

’

THY.
2
4
6

Puc. 4 — PagnanpHble mepeMenieHns Ha TPaHnIe KOHTAKTa
000JI0YKH ¥ OJTYIPOCTPAHCTBA VIS HATPY3KH, IIPH-
JIOXXEHHOW Ha riryomae 1,5 panmyca 060109kn
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a)

0)
Puc. 5 — PagnasnpHbie i OCeBbIC MEPEMEILICHHUS Ha MOBEPXHOCTH MOMTYMPOCTPAHCTBA AJIs
Harpy3KH, MPHIOKEHHO! Ha riryOuHe 1,5 panuyca 000I04YKH

Ha puc. 6, a) mpuBeieHbI paiuaibHbBIC MIEPEMEILCHUS, a Ha pUC. 6, 0) — OCeBbIE
NEepEeMCHICHUA T'paHUILIbI KOHTAKTa O6OJ'IOLIKI/I " MOJYHIPOCTPAHCTBA B PA3JIMYHBIC
MOMEHTBI BPEMCHHM B CPaBHCHHMH CO CTaTUYCCKUM pelieHHeM. B maHHOM ciydae
Harpy3ka JCHCTBYeT Ha IIOBEPXHOCTH MOJYIPOCTPAHCTBA.

»
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(=]
Y PP PP .

Y]

I

4

1 .

1 .

o

0)

Puc. 6 — PagnanbHble 1 0ceBbIe NIEpEeMEIIEHHs Ha TPAHHIE KOHTAKTa 000IOYKH 1
MOJYTIPOCTPAHCTBA NPH HArpy3Kax, NEHCTBYIONIUX Ha €ro MOBEPXHOCTH

Ha puc. 7, a), 6) npuBeneHbl rpaduKy epeMeNIeHNI TTOBEPXHOCTH MOTYIIPO-
CTPAHCTBa, aHAJIOTUYHBIC pe3yJbTaraM Ha puc. 0, a), 0), U1 Harpy3KH, KOTopas
JEHCTBYET Ha MOBEPXHOCTH MOJIYIIPOCTPAHCTBA.
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a) 0)
Puc. 7 — PaguanbHble 1 OCEBbIE IEPEMEILEHNS ITIOBEPXHOCTHU MOIYIIPOCTPAHCTBA IPH
Harpyskax, A€HCTBYIOIIUX Ha €0 IOBEPXHOCTU

BoiBoasbl. [lonyueHo penieHMe NUHAMUYECKOW 3aJayd Il yOpyroro mnojy-
MPOCTPAHCTBA C IMJIUHAPHUUCCKON MOJOCTHIO, MOIAKPEILNICHHONW OO0OJIOYKOM, MpHU
JICVCTBUHU TOBEPXHOCTHBIX OCECMMMETPHUYHBIX Harpy3ok. [IpoaHanusupoBaHo au-
HAMHUYECKOe HAINPsHKCHHO-IehOopMUpOBaHHOE cocTostHue mpu romoru MKD. Tlo-
JIyYCHHBIC TIEPEMEIICHHUS W HANPSHKCHUS MPOULTIOCTPUPOBaHbl rpaduyecku. [lo-
JIYYCHHBIC PE3YJIbTaThl MOT'YT OBITh MIPUMEHEHBI JUISl pACUeTa MOJ3EMHBIX COOPY-
’KEHUM, B YACTHOCTH CTBOJIOB IIaXT.
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