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Beeoenue. OcBoeHE MOSIPHBIX paifoHOB MUPOBOTO OKeaHa, HEOOXOAUMOCTh PEIICHHS PA3TMYHBIX 3a/1a4, CBSI3aHHBIX
C HAJIMYKMEM OOJBIIOrO YKCIa 3aMEep3alolINX BHYTPEHHUX BOJOEMOB, CTAaBST Mepe]l HAyKOH HOBbIe mpoOiiembl. K mx
YHUCIy OTHOCHTCS MpoOJieMa U3yuUeHHs TOBEACHUS JICITHOTO MOKPOBA MOJ BO3JACHCTBHEM Ha HErO Pa3IMYHOTO BHUA
Harpy3ok. bosnb1ioi nHTEepec npeacTaBiseT paCCMOTPEHHE 3a/1a4 O ISUCTBUU Ha JISASTHON MOKPOB MOABHXKHOM HArpy3KH.
IToaBwkHas Harpy3ka MOACTUPYET JACUCTBUE HA Jied ABMKYIIUXCS TPAHCIOPTHBIX cpencTB. OqHako B paboTax, MOCBs-
ICHHBIX BBII_HeyKa3aHHBIM 3aga4daM, paCCManI/IBaIOTCSI cnyqan JOBHWXKCHUA HanySKI/I 1o HpﬂMOHHHeﬁHOﬁ TpaeKTOpI/II/I.
Henpro manHON pabOTHI ABILETCS pa3paboTKa METOAA MCCIEIOBAHUS MOBEICHHS JICASHOTO TOKPOBA IOJ JICHCTBHEM
HaTpY3KH, MePEeMEIIaloIecs: MPOU3BOIBHBIM 00pa3oM.

Mamepuanwvt u memoowt. B ctarbe NpeyIokKeEH METO PELIEHUS 3a1a4l O JEHCTBUM Ha JIEASHON MOKPOB BOJOEMA KO-
HEYHOH TITyOMHBI IBUKYIICHCS 110 TIPOU3BOJIEHON TPASKTOPHH CHIIBL. 3a7ada CBOAUTCS K PEIICHUIO CUCTEMBI ABYX IH(]-
(epeHIMaTBHBIX ypaBHeHUH. [lepBoe U3 HUX MOAETHPYET MOBEACHHUE JICITHOTO TIOKPOBA U SBISCTCS YPaBHEHHUEM KOJIe-
0aHUi BS3KOYIPYTOH MIACTUHBI. BTOpoe — MojaenupyeT MoBeIcHUE KUAKOCTH, HAXOISIICHCS B COCTOSTHAU TTOTCHITH-
ANBHOTO TCUCHHUS, U SIBIIsACTCS ypaBHeHUeM Jlarumaca. J{ns pemienus cucteMbl quddepeHInaIbHBIX YpaBHCHUN TpUMe-
HSUIHCh MHTETPAJIbHBIC TIPeoOpa30BaHIsI [T0 BPEMEHHOW U MPOCTPAHCTBEHHBIM NepeMEHHBIM. [loTydeHHOe B pe3ypTaTe
peL[ICHI/IC Bblpa)l(aJ'IOCb qepe3 HOBTOpHLIﬁ I/IHTeI'paJ'I, JJIs1 BBIYUCIICHUA KOTOpOFO HpI/IMeHHHI/ICb YUCJIICHHbBIC MCTObI.
Pezynvmamut uccnedosanusa. B pesynbprare peaquzaiuy IpeiioxKeHHOT0 METO/Ia MOJTYUYeHO PellieHUe 3a/1a9u O JBHXKE-
HHUH COCPEIOTOYCHHOI CHIIBI TI0 JISASHOMY ITOKPOBY IO MPOU3BOJIEHOMY 3aKOHY. [Ipr 3TOM Iipon3Be1eHBI HCCIIE0OBAHMUS
XapakTepa IMoBeIeHHs IepeMeNIeHIH 1 HATIPSDKEHUH B JIEASTHOM TIOKPOBE B 3aBUCUMOCTH OT CKOPOCTH B YCKOPEHUS JIBH-
JKSHUSI BEPTUKAIIBHOM HArpy3KH, TITyOWHBI BOJIOEMA U BI3KOYIIPYTUX CBOMCTB Jibaa. KpoMe Toro, paccunTano pacrpee-
JICHHE BEKTOPa CKOPOCTH YACTHIL )KUIKOCTH TI0 TIIyOWHE BOJOEMA.

Obcyscoenue u 3axnrouenue. IIpeanoxXeHHBI METO SIBISIETCS BecbMa dPQEKTHBHBIM IS PEIICHUS 3aad O TOJBIK-
HBIX Harpy3Kax, JeUCTBYIONINX Ha JEATHON ITOKPOB BOIOEMa KOHEUHOH rryOnHBL. OH MO3BOJISIET PEIIaTh 3a4a4H O JeH-
CTBHUH Harpy3KH, IBIKYIICHCS 110 JICATHOMY MTOKPOBY IO CIIOKHOM Tpaektopuu. [orydeHHBIE pe3yIbTaThl MOTYT OBITh
MCIOJIb30BaHBI JUIsl pacueTa HallpsHKEHUS U MEPEMEIEHUH JIEJ0BOr0 OKPOBA MPH MPOKIAJKE JETOBBIX TOPOT WA CTPO-
UTENbCTBE a9POJPOMOB Ha JIbITY.

KimioueBble cJ10Ba: OECKOHEUHBIH JISISTHON MTOKPOB, ABIKYILASICS HArPY3Ka, IIPOM3BOJIBHAS TPACKTOPHS, TIEPEMEHHAs! CKOPOCTh

BuaronapHoctu. ABTOp BBEIpakaeT OJaroflapHOCTh PELEH3CHTaM 3a YKa3aHHbIe 3aMe4aHus, KOTOpbIE IO3BOJIMIN

HOBBICUTH KQUYCCTBO CTATHH.
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On the Method for Solving the Problem of Ice Cover Deformation
under an Arbitrary Moving Load

Alexander V. Galaburdin
Don State Technical University, Rostov-on-Don, Russian Federation

B4 5339850@mail.ru

Abstract

Introduction. The development of the polar areas of the World Ocean and the need to solve various problems associated
with a large number of freezing inland water bodies issue new challenges for science. These challenges include the
problem of studying the behavior of ice cover when exposed to various types of loads. Of great interest is the consideration
of problems about the action of a moving load on the ice cover. A moving load simulates the effect of moving vehicles
on ice. However, in papers devoted to the above problems, cases of load movement along a straight-line trajectory are
considered. The objective of this research is to develop a method for studying the behavior of ice cover under the action
of a load moving arbitrarily.

Materials and Methods. The article proposes a method for solving the problem of the action of a force moving along an
arbitrary trajectory on the ice cover of a reservoir of finite depth. The problem amounts to solving a system of two
differential equations. The first of them models the behavior of the ice cover, and it is the equation of vibrations of a
viscoelastic plate. The second equation simulates the behavior of fluid in a state of potential flow, and it is Laplace's
equation. To solve the system of differential equations, integral transformations in time, space and variables were used.
The resulting solution was expressed through an iterated integral, which was calculated using numerical methods.
Results. The development and implementation of the method resulted in solving the problem of the movement of a
concentrated force along an ice cover according to an arbitrary law. At the same time, studies were carried out on the
behavior of displacements and stresses in the ice cover depending on the speed and acceleration of the movement of the
vertical load, on the depth of the reservoir, and on the viscoelastic properties of ice. In addition, the distribution of the
velocity vector of fluid particles along the depth of the reservoir was calculated.

Discussion and Conclusion. The proposed method is very effective for solving problems of moving loads acting on the
ice cover of a reservoir of finite depth. It provides solving problems about the action of a load moving along an ice cover
along a complex trajectory. The results obtained can be used to calculate the stress and displacement of the ice cover
during the laying of ice roads or the construction of airfields on the ice.

Keywords: infinite ice cover, moving load, arbitrary trajectory, variable speed
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BBenenue. OcBoeHUE NOSIPHBIX palioHOB MUPOBOTO OKeaHa M HAJTMYUE OOJBIIOr0 KOJHMYSCTBA 3aMEP3aI0IINX BHYT-
PEHHHX BOJIOEMOB ITPUBOAAT K HEOOXOANMOCTH N3YUEHUS MOJICH epeMeneHIH 1 HapsHKEHUH JIeTHOTO IIOKPOBa, 00y-
CJIOBJICHHBIX JICHCTBUEM PA3IMIHOTO BHJA HATPY30K. PEIICHHUIO STHX MPOOIIEM TOCBSIICHO OOIBIIOE KOTUIECTBO padoOT
OTEUYECTBEHHBIX U 3apyOEeKHBIX YUeHBIX. PaHee ObUIO yCTaHOBIICHO, YTO MEXaHWYECKIE CBOMCTBA JIh/Ia 3aBHUCAT OT COJIe-
HOCTH BOJBI M €TO TeMIepaTyphl. boibiroe BHUMaHNE YIETSUIOCh pa3paboTKe YUCICHHBIX MOJEIeH JIb/1a, KOTOPhIE [10-
CTAaTOYHO TOYHO OTpakaji B3aHMMOJEHCTBHE JIb/ia U UCAIbHON HeC)KMMaeMoH kuakoctu. B paborax [1, 2] mist aToro
TIPUMEHSUICS METOJ THAPOJMHAMUKH CTIKEHHBIX 9acTHIl, B [3, 4] — MeTO[ IUCKPETHHIX JIeMeHTOB. B cratse [5] men
MOJICIUPYETCsI YIPYTOW TUIACTHHOM, JIeXkKAaIIeH Ha TOBEPXHOCTH CTPATU(PHUIIMPOBAHHOMN XUAKOCTH. MOJIeu, oMy CcKaro-
e HANWYHE TPEIINH, pPacCCMaTPHUBAIHCh B paborax [6, 7]. Moaenn npaa, YCHICHHOTO apMHUPYIOIIAMH JIeMEHTaMH,
MpeJICTaBIeHBI B padoTax [8, 9].

IIpu 5TOM B HEKOTOPBIX paboTax JIEATHON MOKPOB paccMaTpUBAETCS KaK yIpyTas IIacTHHA, JeKallas Ha TIOBEPXHO-
ctu Bomoema [10, 11]. B To >xe Bpems B [12] Ha OCHOBE MPUBEJIEHHBIX MCCIIEJOBAHUI JI€Ia€TCs BBIBOA O TOM, YTO B
HEKOTOPBIX CITydasX CBOWCTBA JIb/Ia JIyUIIIe BCETO OMHICHIBACT peosiorudeckast Moaens KensBuHa-DolrTa ¢ OHUM mapa-
MeTpoM (BpeMeHeM 3aTyxaHus). [[03ToMy MHOTHE HCCIIeIOBATEINN IIPU MOICITHPOBAHUH JICIOBOTO TIOKPOBA IIPUMCHSIIOT
BsI3KOynNpyryto miactufy [13]. B [14] nms omucanus CBOKUCTB JbAa IPUMEHSITUCH HEIWHEHHBIE MOIEIH.
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B HexoTopbIx paboTax paccMaTpUBaNIOCh JSHCTBHE HA JISJTHOW MMOKPOB MOJIBUXKHOM Harpy3ku. B [15] uccienoBanoch
JeficTBHE TOBIKHOM Harpy3KH Ha JISASHOW MOKPOB B 3aMOPOXKEHHOM KaHale, B [16] paccmarpuBaiocs JeiicTBre Ha
JIEJSTHOM MOKPOB HAarpy3KHU C UMITYJIbCUBHBIM XapaKTepoM ABrxkeHus. PaboTa [17] mocssileHa H3yueHUI0 Harpy3Ky, JBU-
Kylielcs mo 3amep3memy pyciy. [Ipu 3ToM mccienoBanocs npsiMonrHeitHoe ABkeHne Harpy3ku [18]. OgHako B pe-
IBHBIX YCJIOBHAX YaCTO MPUXOANTCA UMETh JETI0 C Harpy3KoH, epeMernatoeiics 0osee cioxabM oopasoM. [Tostomy
LIENBIO TAHHOM PabOTHI SIBUIACH pa3paboTKa METO/Ia PEIICHNS 3a/1ad O ACHCTBUHU HATPY3KH, IBIDKYIIEHCS 110 JIEITHOMY
TIOKPOBY T10 CIIOKHOM TPaeKTOPHHU. DTO MO3BOJIUT O0JIEe TOYHO HCCIIEIOBATh JEHCTBHE Ha JIe]] TPAHCIIOPTHBIX CPEJICTB,
JBIDKYIINXCS CII0XKHBIM 00pa3oM.

JanHas paboTa SBIsIETCSI TPOIOIDKEHUEM HCCIIeIOBAHH, CBSI3aHHBIX C PACCMOTPEHHEM 3a/1ad O JEWCTBHUH TTOABHK-
HOUW Harpy3KM Ha pa3iIn4Hble OOBEKTHI, PE3yIbTaThl KOTOPHIX MIPeACTaBiieHkl B padorax [19, 20].

Marepuansl n metoasbl. [loctanoBka 3agaun. PaccmarpuBaeTrcst BogoeM KOHEUHOH ITyOHHBI ¢ OECKOHEYHBIM JIes-
HBIM MOKPOBOM (OE€CKOHEYHasl IUIACTHHA), KOTOPBIN MOJBEPIKEH NEHCTBUIO BEPTUKAIBHON CHIIBI, IBMKYLIECHUCS MPOU3-
BOJILHBIM 00pa30M — UMIyJIbCUBHO. [Ipeamnonaraercs, 4To »HUIKOCTh BOJOEMA HEC)KUMaeMa 1 COBEPIIIAeT MOTEHIHAb-
HOE JBIDKCHHE.

3amada cBoOHTCSA K crcTeMe auddepeHnnaibHbIX ypaBHeHuii [ 15]:

(1400, ) AW +c 2020 + kW +b3,F| = w
AF =0,
rne W(x, y, t) — mporud JIeISHOTO TIOKPOBa; £ M |1 — COOTBETCTBEHHO Moayib FOHra m xoaddument Ilyaccona ibna;
D = E W/12(1 — p?) — numspryecKas )KecTKOCTh Ha M3rM0; /1 — TOJIIIMHA JIEAAHOTO NIOKPOBA; T, — BPEMs PEJIAKCALIUH Jie-
popmarmit; Al = (07 + 0,7)% A=07 + 0,7 + 025 py ¥ Ps— COOTBETCTBEHHO IWIOTHOCT JIbJd M BOBL; ¢ 2 = py W/D; k = p, g/D;
b= ps/D; Q(x, y ,t) — neicTBYIOIIAs HA TIOBEPXHOCTH Jibjia Harpy3ka; F(X, y, z, #) — MOTEHIHAa CKOPOCTH.
[Ipu kpaeBbIxX ycnoBusax mpu z=0 (rpaHuLa Jieg-Bojaa):
oW =0.F.

Ha nne Bogoema nipu z = —H:
0.F=0.

Kpowme Toro, mpenrmosmaranock, 4To JIEASHON MOKPOB U KUAKOCTH B BOJOEME B HA4aIbHBI MOMEHT BPEMEHHU HaXOIH-
JIUCHh B COCTOSIHMM TOKOs. Harpyska mpencrasisuia co0oif COCpPEIOTOYCHHYIO €ANHUYHYIO CHITY (BETMYMHON B OJHH
Hstoton) Q(x, y, t), koTOpas mepeMeniaiach MPOM3BOJIBHO 10 HE3aMKHYTOM KpUBOW y Ipou3BosbHOM (opmsbl. [Tonara-
JIOCh, UTO TIepeMeNIeHne CHIIbI 3a1aBajock B Bune O = O(s(?)), Tae s — OyroBas KOOpIMHATA, OTCUATHIBaeMasi OT HEKO-

. . X =xylt
TOpO (PUKCHPOBAHHOMN TOYKH TPacKTOpHH Y. TpacKTOpHs IBHKEHUS 3a7aBajach MapaMeTPUICCKU B BHIC O( ),
y=y(t)
rae t — BpeMsl.

[ToxBMXHASA HATPY3KA AMNPOKCHMUPOBATIACH BEIPAKEHHEM
O(x,y.t)=¢ exp(—s2 ((x—xo (t))2 +(y - Yo (t))z ))/n,

TJ€ € — YUCJIOBOM mapameTp.
ITocne mpuMeHeHHsI HHTETrpaIbHOTO Ipeodpa3oBanus Dypbe MO MEPEMEHHBIM X U , HHTETPaJIbHOTO PeoOpa3oBa-
Hust Jlamnaca 1o ¢, ObUTH MOJTy4eHb! GOpMYITbI JJ1sl BRIYUCICHUS HEM3BECTHBIX QyHKIMH W u F:

t o
1 2/4.2 1
W (x,p,t)=—— | | p2e 214 Iy (pR(t=1))=| e — e e+ | gpgq
(x,y.7) - ‘([‘([p e O(p (¢ t))y[e e } Ipdt,

1 (f 2 /482 ch p z+ H
Flovzi) =5 | [ore "°<PR("T))M’
00

t

W(x,y,t) :LJ‘

pze*[)z/“ngO (pR(f _T))l[e’(a-d)r —ei(“d)r:ldpdr ’

21D Y

ct—3

[(a +d) e lard)e _ (a- af)e’("’d)T J dpdr,

R (1) =52 +B2.5 = (<)~ . B = (1) .
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5

) 12
y:[r(z)plo ~4(c2p? +bpeth(pH ) )(p* +kﬂ 4= z(c‘zpj-olith(pl‘])),

d= Y .
2(c"zp +bcth(pH))

Ucnonb3ys M3BECTHBIE COOTHONICHUS U3 TEOPUM TOHKHX IUIACTUH M TEOPHUH MOTEHIUAIHLHOTO TEUCHUS UJCATbHOMN
JKUJKOCTH, MOYKHO MOJIYYUTh COOTHOIIICHUS JIJIsl BEIUMCIICHHS TIepEeMEIICHUI 1 HAMPSKEHUH B JIEIOBOM TIOKPOBE, a TAKKE
KOMITOHEHT BEKTOpa CKOPOCTH YaCTHII KHUIKOCTH.

IIpu BBIYKCIIEHUH HECOOCTBEHHOTO MHTErpaja ¢ IMOMOIILI0 YHCICHHBIX METOIOB HCIOIb30BAIOCH MPUOIMKCHHOS

0 A
COOTHOIIICHHUE j f ( p)dp zj f ( p)dp, B KOTOPOM BEJIMYMHA A BBIOMpANACh HACTOJBKO OOJIBIION, YTOOBI OLICHKA
0 0

o0
OINHNOKHU J f ( p)dp HE MPEBbINIaa yCTAHOBICHHOTO 3HAYCHUS.
4

Tak, U1 BETHYMHEI IPOTHOa JIba
{4

t © t o
1 1 ¥ 1
W(x,y,t) _%_D,!,([UO (‘C,p)dpdT —%2‘)‘.0 UO (T’p)dpd‘r+27-c_D,([,[U0 (T,p)dpdT,

JaHHAas OLIEHKA MMEET B

El

t o
1 2A82 2 /402
— | | Uy (7, p)dpdt] £ ——— 44z
275D.!’./[ O(T p) par nDy(A)e

1/2
v(4)=[ x84 —4(c242 + bdcih(at))(4* +) | .
[TomoOHBIEC OIIEHKH MOKHO TTOJTYYUTh U IS OCTAIBHBIX BBIYUCISCMBIX BEJIHYUH. DTH OIICHKH HCIIOJIB30BAIUCH TPU
OTIpeJIeNICHUH BEIUYUHBI A.
2
2Ae A2/482

B IMMPOBCACHHBIX pacueTax BCINMYUHA A BBI6I/IpaJ'IaCI) TaKOﬁ, 4TOOBI OILICHKa D—w
Ly

HE MNOpeBbIIIAJIa

1 t @
— U,(t,p)dpdt| 0,001.
2nDIoL 0( p) P

[Tpu BRIYKCICHUN IOBTOPHOTO MHTETPaa UCII0JIb30BAIMCH KBaApaTypHas ¢popmysa CumicoHa (1Mo nmepeMeHHOH T) 1
KBajpaTypHas ¢popmyia YeObilieBa ¢ paBHBIMH BeCaMHM VISl IBYX y3JIOB (110 MEPEMEHHOM p). AHAIOTHYHBIM 00pa3oM
BBIYUCIISUTNCH U OCTAIbHBIEC BETMUUHBI.

Pe3yabTaThl HeceqoBanus. PazpaboTan MeToq pemeHus 3a4a49 0 CHCTBUHN HATPY3KH, IBIDKYIIEHCS 0 JIeITHOMY
MOKPOBY BOJIOEMA, HATIOJTHEHHOT'O UI€aIbHOM KUIKOCTBIO, [0 CII0KHOW TPAEKTOPUHU C IEPEMEHHOM cKOpocThio. [Ipume-
HSIS1 JaHHBIA METOJI, POBEAEHBI PACUEThI, KOTOPBIE OKA3AJIH CTETICHb BINSHHS PA3IMYHBIX TApaMETPOB Ha 1e(OpMAaIIHIO
JIEJSTHOTO TIOKPOBaA.

W3no>xeHHbIH METO/] He HaKJIa(bIBacT OrpPaHNYECHUN Ha POPMY TPACKTOPHH JIBIXKECHHS cCOCpeOTOYEeHHO crtbl. [Tpn
pacuerax paccMaTpHBAaJICS YaCTHBIN CiTydail TPaeKTOPHUH, COCTOSLIEH M3 AyT OKpykHocTed (puc. 1). KpacHol Toukoii
yKa3aHo MOJI0KEHHE COCPEIOTOYESHHOM CHIIBI B pacCMaTpUBaeMblii MOMEHT BPEMEHH U HalPaBJICHUE JIBHXKSHUS CUIIBL.

Y, Mo

|

10|

6
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Puc. 1. Tpaekropus OBIKECHHUS COCPEIOTOUYCHHON CHIIBI
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[Ipu pacyerax NpUHUMAIKCH CIIEAYIOLUIME 3HAYEHHs HCIOJIb3YEMbIX IMapaMeTpOB: TOJIIMHA JIEASHOI'O MOKPOBa
h = 0,25 m, Mmoays IOura E = 500 000 000 H/m?, kosddunuent [lyaccona neaa u = 1/3, mmotHocTs 1baa p = 900 kr/m>,
WIOTHOCTE Boxsl p = 1 000 kr/M>, € = 5. Huoke MpeCTaBIIeHBI PE3YIbTATHI IPOBEICHHBIX PACIETOB.

Ha puc. 2 npuBeneHo U3MeHeHHe Poruda JISASTHOro TIOKPOBa PH CKOPOCTH ABMKEHUS CHIIBI v = 2,5 M/C, KacaTenb-

HOM ycKOpeHuH w; = | M/c?, Tirybune Bogoema H = 25 M 1 BpEMEHH PENaKCanK To = 1 C.
3aKOH ABMXEHUSI CHIIBI TI0 TPAEKTOPUH ITPUHUMAJICS B BUJIE!
s = a1t3 +a2t2 +ast.
Koaddunments ai, a,, az nondbupaimucs TakuM 00pa3om, 4TOObI CHIla, HAXOASCh B OZHOM U TOH K€ TOUKE TPACKTOPHH,

nMesia HeoOXOaUMbIe CKOPOCTH U KaCaTCJIbHOC YCKOPCHUC.

Puc. 2. V3ameHenue nporuda JesiHOro MOKpoBa

HpI/I JAPYTIUX 3HAYCHHUAX YKAa3aHHBIX IMapaMeTpOB Ka4yeCTBEHHBIN XapakTep pacnpeacjacHus r[porn6a JICAAHOI'O I10-

KpoOBa OCTaBaJICA IMPAKTUYCCKHU HCU3MCHHBIM.

Z,M

Y, m

>

Puc. 3. ,Z[BI/I)KCHI/IG KHUOKOCTH, 06yCJ’IOBJ’IeHHO€ Z[eﬁCTBHCM HO}Z[BI/I)KHOﬁ Harpys3kKku Ha JICJITHOM IIOKpPOB

JIBIXeHue XKHUIKOCTH, 00YCIIOBICHHOE EHCTBHEM IOJBIKHON HArpy3Kd IPH TEX K€ 3HAYEHHUSIX CKOPOCTH, Kaca-
TEJIFHOTO YCKOPEHUS! ABMKEHHS HAarpy3KH, BPEMEHH pelakcaluy ¥ ITyOuHbBI BOJOeMa, IPeICTaBIeHo Ha puc. 3 (1300-

PAXKCHO pacpeacJICHUC BEKTOPaA CKOpOCTeﬁ HacCTuIg )KI/IZ[KOCTI/I).
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Puc. 4. I3MeHeHHe BeJIMYMHBI MAKCUMAIBHOTO HpOFI/I6a JICASAHOI'O IOKPOBa B 3aBUCUMOCTHU
a — OT BCJIMYUHBI KaCaTCJIbHOTO YCKOPEHUS 6 — or l"JIyGI/IHLI BOOOCMaA
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Binusanue Ha MaKCHMaH]:HI:Iﬁ HpOFl/I6 JICAAHOTO TOKPOBA KACATCJIbHOT'O YCKOPEHWA ABUIKCHHWA CUJIbI ITPEACTABJICHO Ha
puc. 4 a. B aToM ciydae ckopocTh JBIKSHHUS CHITBI Obl1a paBHOW v = 17,5 M/c, a BpeMsi penakcauu T, = 1 c.

Ha puc. 4 6 u3o0paxeH rpaduk 3aBUCHMOCTH BEJIMYMHBI MAKCHMAJIbHOTO IPOruOa JieATHOro NokpoBa W OT IiryOHUHbBI
Bomoema H. CKopocTh IBHKEHHS HAaTPY3KH IIPH 3TOM paBHsnach v = 17,5 M/c, KacaTenbHoe ycKopenue w; = 1 M/c? n
BpeMsI pellakcaluu T, = 1 c.

W, m-10°° T 1
Y'Y S sl IR e
—r
="
-1,0 -
7
14
i
0 10 20 30 V, Mm/c

Puc. 5. I3MeHneHne MakCMMaJIbHOTO nporn6a JICAAHOTO ITOKPOBA B 3aBUCUMOCTH OT CKOPOCTHU ABUKEHUS CUJIBI

3aBUCHMOCTh MAaKCHMAJIbHOTO IIPOTrHOa JIEASHOTO MOKPOBA OT CKOPOCTH JIBMKEHHUS CUIIBI IIPEICTAaBIICHA rpapUIecKu
Ha puc. 5. ['my6uHa BomoeMa py 3TOM MPHHUMAIIACh PABHOM 25 M, a BEIMYMHA KacaTebHOr0 YCKOPEHHs — w; = 1 M/c2.
CrutonrHoil nuHUEN M300pakeHa 3aBUCHUMOCTb, COOTBETCTBYIOIIAs BPEMEHHU peENIaKCalluH T, = | ¢, IyHKTUPHAs JIMHUS
COOTBETCTBYET BPEMEHH pestakcanuu T, = 10 c.

Obcyscoenue u 3axknouenue. VlccnenoBano BIUSAHUE TITyOMHBI BOZOEMa Ha MAaKCUMAITBHBIH mporu0 jipaa. [Tomydena
KapTHHA poruda JIeTOBOr0 MOKPOBa, 00YCIOBICHHAS IEHCTBHEM COCPEIOTOYCHHOW CHUTBI, IBIKYIICHCS IO CIIOKHON
TPaeKTOPUH C IEPEMEHHOM CKOPOCThIO. PacdeTs! mokasaiy, 4To ¢ yBeJIHMYCHHUEM IITyONHbBI BOJJOEMa MaKCUMAaJIbHBIN MPO-
rud JeJTHOTo TOKpoBa yMeHblaeTcs (puc. 2). Ilpu 3Tom 3aMeTHast 3aBHCHMOCTD NPOTruoa JIeATHOT0 OKPOBa OT TITy-
6unbl Bogoema H nmeer mecto numb st H < 25 m. [pu Oonpmmx riryOMHaxX BeIMYMHA MAaKCHMaJBHBIX MPOTHOOB CTa-
OMJIM3MpPYETCsl OKOJIO HEKOTOPOTO ITOCTOSHHOTO 3HAU€HMs M NPAKTUYECKH He u3MeHsiercs. Takum oOpaszoM, eciu
H > 25w, To 1pu pacueTax riyOMHy BOJJOEMOB MOKHO CYMTATh OECKOHEUHOH.

VBenuueHue kacaTeJaIbHOTO YCKOpPCHUA NNPUBOAUT K YBEIIMYCHUIO npom6a JICAAHOTO IMOKpOBA. HpI/I‘-IeM 3aBUCHUMOCTDb
nporuba OT KacaTesIbHOr0 yCKOPEHHsI O4eHb OJIM3Ka K JIMHEHHOW 3aBUCUMOCTH (pHuC. 4).

ITpu MasbIX BpeMeHax peakcalui T, CKOPOCTh ABIKEHHUS HArpy3KH 3aMETHO BIIMSACT Ha BENWYMHY Ipornda ipaa. [Ipu
OONBIIMX BpEMEHAX BIMSHNE CKOPOCTH ABVIKCHUSI HArPy3KH HA IPOTHO JIEASHOTO IIOKPOBA 3aMETHO yMEHbIIaeTcs (puc. 5).

Jlnist M3ydeHust COCTOSIHUS JKHIKOCTH BOZOEMa OIIPEZEIICHO pacIipeAeieHIe BEKTOpa CKOPOCTH JBIKCHUS YaCTHI
KHUJKOCTH, 00YCIIOBIEHHOE JIEHCTBHEM IOJBIKHOM CHIIBI 110 JIbIY (pHC. 3).

PazpaboTaHHBIi METO peIIeHHs 3a1a4 U PE3yJIbTATHI, IIOJyYSHHBIE C €0 TOMOIIBI0, MOTYT OBITH HCIIOJIB30BAHBI IIPH
CTPOUTENBCTBE JICAOBBIX JOPOT, MPOSKTUPOBAHUHN U CTPOUTENILCTBE B3IE€THO-IIOCAI0UHBIX MTOJIOC HA JIBAY.
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