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OCOBEHHOCTW YCTAHOBIIEHUSA KONEBAHUUA
B KPYTUITbHOM BUCKO3UMETPE

A.E. KopeHyeHko, B.I1. Becka4yko

Yuc/IeHHBIMH MeTOIaMHA PACCMATPHBACTCA MOZETBLHAN 321242 0 TEUCHUSIX BAZKOM W/
KOCTH, 3aK/II09€HHOAi BHYTpU Kojeb/riomerocsi Kpyioro UHIHHAPA (BHCKO3MMETpA).
JUTsi pelleHusl HenoJib3yeTess MeTON KOHEYHBLIX pasnocTeil. TlosydeHbl xkaprasbi Tede-
Huil B BUCKO3MMeTpe, N0JIs cKopocTeil U xaBieHus. McciieayloTes yacToTHbIe XapaKre-
pucTHKY KoeGaHuii BUCKO3UMeTpA.

B cBa3u ¢ uHTepnpeTaniell ONBITHBIX TAHHBIX, OOHAPYXUBAIOITNX AHOMATIMH B TIOBEACHUN NOJIMTEPM
BSI3KOCTH METAUIMYECKUX PaciuiaBoB, B padorax [1, 2] Obutd npeanpuHsThI MONBITKA YYecTh BIUSHHE Ha
PE3YNBTATHI MPAMBIX H3MEPEHUH (PAKTOPOB, OTCYTCTBYIOMIMX B CTAHAAPTHOH BHCKOZUMETPHUECKOH TEOPUH
{3, 4], HO O0OBIMHO MPUCYTCTBYIOIHMX B 3KCIIEpUMeEHTaX. B HacTosmel pabore Mbl HaMepeHBI IPOJOIDKHUTD
aHATW3 TEOPETHUYECKHUX OCHOB METOJIa KpYTWIBHBIX Konebanuii, o00paTB BHUMaHHE HA Te Mpe/IHOoJIOKEHH,
Ha KOTOPBIX 0a3HPYIOTCA BCE CYILIECTRYIOIIHE HBIHE pacueTHbIe cxeMbl. IMEHHO, Bceria CUMTaeTcs, 4To:

a) KonebaHus COBEPLIAIOTCS CTOJb JIONTI0, YTO BCE MEPEXO/IHBIE MPOHECCHI, CBA3AHHBIE C BBIOOPOM Ha-
YaJTbHBEX YCA0BUH (BLIGOPOM criocoba Bo3OY)KIeHUS KosieGaHHi) yiKe 3aBepLIIITHCH, U CUCTEMA HAXOIMUTCS
B P&KHME YCTAHOBHBIIUXCS 3aTYXAIOLIMX KOneOaHHH;

0) eMHCTBEHHOM CYIIECTBEHHON KOMITOHEHTOMH CKOPOCTH MKUAKOCTH SBJIsieTCs a3uMyTanbHas. [leproe
IpeTooKeHre N30aBmseT Hac OT PACCMOTPEHHs 3BONIOLMU CUCTEMBI BO BPEMEHH, BTOpoe (BMecTe ¢ coob-
PAOKCHHSIMH CUMMETpPHH) — OT HeJIMHeHHOCTel B ypaBHeHUsAX HaBre—CToKca, a 06a OHM BMECTE MO3BOISIIOT
HalTH pelIeHNe BUCKO3UMETPHMECKOH 3a/lauy B aHATMTMYECKOM BHJIE, KOTOPbIA M MCTIONB3YETCS Ha MpaK-
THKE BO BCEX CXEMaX PacyeTa BA3KOCTH.

BrinonHeHye Nepeoro yCloBHs B SKCIIEPUMEHTaX 00€CNeUUTh TeM Jierye, YeM MEHbIIE AEKPEMEHT
3aTyXaHWs CHCTEMBI, TO €CTh 4Ye€M MeHblie oTHomenue 7'/, rae I' u [ MOMEHTBI HHEPUMH «3aMOPO-
JKEHHOM» KUAKOCTH U MOJABECHOH CHCTEMBbl COOTBETCTBEHHO. CrpaBeyIABOCTH BTOPOI'O YCAOBHS 3aBU-
CHUT OT TOTO, HACKOJIBKO MaJia yrijoBas aMmruiiTyaa @ konebaHui noaeeca. SIcHO, 4TO aMILIMTyIa a3H-
MYTQJIbHOM KOMIOHEHTHI CKOPOCTH JKUAKOCTH B LHJIMHAPE TaKxke UMeeT Nopsanok @, a aMIUTHTYAbI

JBYX OCTAaBIUMXCS KOMNOHEHT MMEIOT nopsgok @, kak mokasaso B [5]. Takum o6pasom, Kaxioe M3
BbICKa3aHHBIX MPEINONIOKEeHHH CIIPaBeUIHBO JIMIbL aCHMITOTHYECKH (TIpH [ —> 00 ) — B MIpeJeie Heve-
3arole MaslbiX KoleOaHHuH.

CrpemiieHne K nmocjiaeaHeMy Mpefeny Ha paKkTuke ObICTPO OrpaHHYHMBAETCS MAJEHUEM OTHOLIEHHUS
«CHTHa/luyM» TpH U3MEPEHHH HeOOXOUMBIX /I pacdeTa BA3KOCTH NapamMeTpoB KoneOaHui — nepro-
7la ¥ AeKpeMeHTa 3aryxXaHus. [103ToMy Ui KOPPEKTHON MHTEPNpPETalMy OMBITHBIX JAHHBIX HEOOXOIU-
Mbl KOJIMYECTBEHHBIE OIICHKHU [UTHTEIBHOCTH MEPEXOIHOTO MPOMEcca M POJIM «BTOPUYHBIX» TEUEHH,
00YCITOB:IEHHBIX PaAUabHOW U OCEBOH KOMITOHEHTAMH CKOPOCTH »KUAKOCTH. Takue OlLIeHKH NO3BOIHIIN
OBl OTBETHTD Ha CIIEAYIOIHE BOTIPOCH, KAacaIOLUECs METOIMKH BBITIOJTHEHUS 3KCIIEPHMEHTORB.

1. Crycrst Kakoe BpeMsi 7; HOCJ€ CTapTa MOABECHON CHUCTEMBI, OCYLIECTBIIAEMOro TeEM WIH UHBIM

cnocoboM, YCTaHaB/IMBAETCS PEKUM 3aTyXarouX KojieOaHHH, a JaHHble MMPIMbIX H3MEPEHHI yike He
CONEPHAT METOAHUSCKHX MOrPENIHOCTEH, CBA3aHHBIX ¢ HaOMIOAEHHEM TIepEXOAHOTO Mpoliecca?

2. HauuHast ¢ KAKOTO MOMEHTA BPEMEHU T, aMIUIUTYAA KoneGaHuil CTAaHOBUTCS JOCTATOYHO MaJIoit
IJ1sL TOro, YTOOB! BIMAHAEM BTOPHUHBIX TEYCHHI Ha HalJuojaeMble napamerpbl MOKHO OBINO mpeHed-
peyb, U Kak BHIONpaTh HAYaIBHYIO aMIUIUTY Ay koneOaHui, yToOs! 7, ObLIO MO BO3MOKHOCTH MEHbIIE?

3. Kakum crnocoboM MOHO 0OHAPYKHTH TTPUCYTCTBHE YKA3aHHBIX JABYX IOTPEUIHOCTEN 1O OMbIT-
HBIM JIaHHBIM, HOJIY4EHHBIM C TOMOLIBIO TOW HMJIM HHOW CXEMBbI PETMCTPALMH KoJleOanwii?

Hackonbko HaM H3BECTHO, NOMBITOK CUCTEMATHYECKOIO UCCICHOBaHHS 3THX BONPOCOB €Ie He
TpenpUHAMaochk. B OTCYTCTBHE OTBETOB HA HHX OCTAeTCA TOJBKO HANEATHCA, YTO «KOHKPETHO B Ha-
HWINX IKCIIEPUMEHTAX» YCJIOBHS, TpeOyeMble A1l NPHMEHEHHS CTaHJAPTHBIX BHCKO3WMETPHUCCKUX Me-
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TOOMK, BRIIONHSFOTCA. Llensro HacTosmen paboThl SBseTCs CO3AaHMe MAaTEMATUYECKOM MOJENM, ONu-
CBIBAOIIIECH COBMECTHOE JIBHOKEHHUE ITOJIBECHOH CHCTEMBI BUCKOZUMETPA U COJCPIKAIIECS B HEM JKHJIKO-
CTH, HA OCHOBE TOYHBIX YPaBHCHMMH JBIDKEHHA, U HE UCMOB3YIOLIEH MPUOAYIKeHHS, YKA3aHHbIE BBIIIIE.
B cuny nocaenaero o6¢TosTENBECTBA TaKad MOJEN ABAAETCSA YUCIEHHOM, ITOCKOIbKY HaleK/ HAa aHAIA-
THYECKOE pPEelICHHE HET.

Maremarnuecxkasi GopMyIHPOBKa 3agaun. Jycts npsaMol Kpyropoil LMIMHIAP C BHYTpPEHHHUM
paguycoM R ¥ MOMEHTOM MHepUuH | TOJBeNIeH BAOJNb CBOESH reoMeTpHiIecKOH OCM Ha YIPYroi HUTH,
UMEIOILEH KPYTHIBHYIO 5KeCTKOCTh k' (puc. 1). IlunmuaAp YacTHYHO WITH 10 KOHIIA 3aMOJIHEH HCcenye-
MOH JKHIKOCTBIO, KOTOpas I10oJIaraeTcsd HbIOTOHOBCKOHM M 06/1afaeT IIOTHOCTBIO p M KHHEMAaTHYEeCKOi

BA3KOCTBIO Vv . BricoTa cronba xunxoctd H < H, , rne H, — BbicOTa BHYTpEHHEN dYacTu GOKOBOH MMO-
BEPXHOCTH IBUIMHApPA, TaK 4YTO MOMEHT HHEpPUHH  «3aMOPOMKEHHOM»  IKHIOKOCTH  €CTh
I'=MR*/2 = prR*H /2 . PaccMaTpHBarOTCH IBa CIOco6a BO3GY>KACHHS KPYTHIBHBIX KOTeGanuil:

1) npu ¢ <0 WIHHAP BMECTE C JKAAKOCTBHIO IMOKOMUTCH B IOJIOKEHHY PABHOBECHS, 8 B MOMEHT
t =0 eMy coobmaeTrcsi yrioBas CKOpOCTh @) ;

2) npu ¢ <0 UMAMHAP C XXUAKOCTLIO YAEPKUBAETCA B COCTOSHUH IOKOA B MOJIOMKEHHM, TOBEPHY-
TOM Ha yroll ¢, OTHOCHUTEJILHO IIOJIOKEHHUS PABHOBECHS.

Ilpu ¢ >0 uunuHAp nMpesocTaBIgeTcs camoMy cebe, coBeplias KpPyTHibHbIE koneGaHus noj aei-
CTBHEM MOMEHTOB ynpyrux (M, = —k¢ ) H Bi3kux (M ) CHIL, IPHIIOKEHHBIX K HEMY CO CTOPOHbBI HUTH

u SEIHOJ'IHSHOIHeﬁ €ro XHUIKOCTH. ypaBHCHIfIC €ro IBHXCHW UMECT BH

do
I—=-xp +M,. )
dr
B cooTBeTCTBHM ¢O CKa3aHHBIM BBILIE HAYAILHBIMH YCIOBHAMH IJ11 ypaBHeHH (1) apngrorcs:
@(0) = w,, $(0)=0, 2)
win 00)=0,  $0)=4. 3)
MOMEHT BS3KHX CHJI OTHOCUTENIbHO OCH BpPALieHHs ONpenesiseTcs \:Q'
II0JIEM CKOPOCTH >KHIKOCTU Ha €€ FPaHHLIE C TBEPAbIM TEIOM: &\ N
M, =M +M,, @ 3
TA€ MOMEHTEl M; 1 M, 00ycnoBieHsI TPEHHEM KHAKOCTH 0 60~
KOBYIO [OBEPXHOCTh LIMJIMHAPA H €ro TOPLibl COOTBETCTBEHHO: ala
s H o V¢ V(p ~ L
M =2mR [| —%--2| &, )
4] r r r=R ;ﬂmﬁl
o
R ov, KoV 2 ZA
M, = 27:77_[ £ rdr - 27rr]j e ridr, (6) %8
4] a z =0 0 5 z -=H ’g -:
3necy n=vp — [OMHaMHYecKas  BA3KOCTh  JKHAKOCTH; H g A P
V, =V,(r,p,z,t) — a3uMyTabHas KOMIIOHEHTA MO/ €€ CKOPOCTH é ::-?;f p .
V=(,,V,,V,) (Mbl BBeIM LMIAHAPUYECKYIO CHCTEMY KOOPAH- A
- A
HAaT, OCb KOTOPO# COBIAAAET ¢ OCBIO LIJIMHApPA, a4 HAYAJIO OTCYeTa [ R
pacrnojlaraercs Ha ero axe). B ciydae, €C/IH XXHIKOCTh HE CMadM- —p——i—
BACT BEPXHIOKO KPLIIIKY UWWIMHApa, nocneaHee ciaraemoe B (6) Puc. 1. Cxema KPYTUNLHOO
OTCYTCTByeT. J{prokeHMe UWIHHAPAa BO30YXIaeT TeyeHHe 3amon- 8MCKO3MMETPa
HSIOLIEH ero JKUAKOCTH, NOAYUHSAOLIEECs YPaBHEHMSIM;
ov i
——+(VV)V=-=VP+vaV + pg, (7N
ot 0
(V,v)=0. (®)

Vpagnenus (7) ectb ypaBHeHMs OadaHca umnyiibca (ypasHenust Hapre—~Crokca), a (8) — ycnosue
HECHKMMAEMOCTH JKUAKOCTH. B 3THX ypaBHeHMsx P — moje JaBieHus; g — YCKOpeHHe CBOOOAHOrO Ma-

nenus. I'pannunsivu yenosusvu g (7)~(8) cmyxar:
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V(Rz.)=w R, €
V,(r,0,8) = ar, V,(r.H. t)=ar, (10)

V,(r,0,0)=V,(r,0,t)= V,(r,H ,t)= V,(r,H ,t)= V,(R,z,t)= V(R,z,t)=0.  (11)
Onu 03HayaroT yCNOBHS MIPWIMIIAHHS YKHIKOCTH KO BCeM TBep/AbIM rpanuilaM. Ilociennee paBeHCTBO B
(10) uMeeT MecTO, €CnM KHUAKOCTH LEUKOM 3anosnHser mwnuHap ( H = H, ). B npoTuBHOM ciiyuae ee

BEPXHSA IpaHdna cBoOoAHA. B KaxJ0M u3 paccMarpuBaeMsix citydaeB (2), (3) Bo3Oyxaenus xoneda-
HUI KMIKOCTH B HAYATLHEIH MOMEHT BpEMEHH MOKOUTCS
V(r,0)=0. (12)
CootnomrenuaMu (1)-3), (7)+12) nonHOCTEIO onpeJeNieHa CONpsbKeHHass Kpaesas 3a/4a4a O JABHU-
JKEHHH TBEPIOrO LIWIMHIPA C COJAESPHAIIEHCA B HEM *KHUAKOCTRIO. B npuBegeHHON MOCTaHOBKE OHA AB-
ASIeTC BEChbMA IPOMO3IKOM ke W Ul YHCIEHHOTo peureHus. [loaromy Ha JaHHOM JTarie UcclenoBa-
HHUIf PACCMOTPHM Clle IO BO3MOXKHOCTH €€ YIpoiieHHs. Bo-nepBhIX, Mbl OTPaHUUNMCS H3YUEHHEM
TOJLKO OCECHMMETPHUHEIX PSIKUMOB TeueHMs, KOTJa HE OfHA M3 WHTEPEeCcYIOIMX HAc MONEeRBIX nepe-
MEHHBIX HE 3aBHCHUT OT a3UMYTAIBHOIrO Yria @ . Bo-BTOpHIX, MOCKONMBKY HAC MHTEpECYeT ClIydai MalblX

Konmebanui, Mbl Oy1eM CYATATh HX MalblMH HAaCTOJIBKO, YTO MOXKHO NpeHeOpedb Aedopmanueit cBo-
O0NHO# MOBEPXHOCTH KUAKOCTH U CUUTATE €€ MIOCKOH B M060i MOMEHT BPEMEHH. 3a0AHO Mbl CUHTA-
€M, YTO pajuyc MMIMHAPA JOCTATONHO BEJIMK IS TOTo, YT0OBl MOXHO ObITO MpeHeOpeys aedopmanneid
CPaHULB] TAKKE W BCHENCTBUE KANMUTAPHBIX 3ddektor. [lepoe mpeanonoskeHne Mo3BoseT OMYCTUTh
B ypasHeHusx. (7)—(8) Bce ciaraemMsle, cogepiKalliye NPOU3BOHBIE MO ¢ , TIOJIYYMB B PE3YJILTATE

v, oV, oV, Vi 10P {an, 1oV, v, an,}
+V. -—— = +v + - -+ ,

ot "or "8z r - por ér: ror ¥ 977
2 2

v, s v, o ar, +V,V¢, _, o, +15V¢, _Kngo” v,

ét " Idr TPz r or* rdr ¥ 8z?

5

L+l —=+ = ———

f . = v - +

ot Gr 0z  pé: o' ror 47
196V OV,
r or Jz

BTopoe MPCAITIOJOKCHHE MO3ZBOJIACT 3aIIUCATh YCJIOBHEC OTCYTCTBHA CABHTOBLIX Haﬂpﬂ)KeHl/Iﬁ Ha
FPAaHUIC B BUAC

v, oV, @V, 18P |3W. 14V aZV.}
- |+ g,

0.

ov,
— =0, V, =0.
oz Fle=H
o=H
Ecnu BBECTH Teneph Oe3pa3MepHble NEPEMEHHBIC H [TapaMeTPhl TaK, YTO BCE PacCTOSHUS OTHECEHBI
2
K BHYTpeHHeMY panuycy R LWAMHApA, CKOPOCTh — K v/ R, naBlenue — K pv/ R?, Bpemsi — K R /v,
JBIKEHHE LIWIHHAPA ¥ 3aNOIHAOLIEH ero XKUAKOCTH OMUCHIBACTCA CIeAYIOLIe cCHCTeMON ypaBHEHHI:
Su  Su Su  Op Fu 1 du N %u

R gk ——,
adx Jy° yIOy Ox

u__._
or JFy Ix
é’v+ 0”v+ ov wz__g”_p v 1ov v O

—_—— st S+ .
or Oy ax y dy J8y" yJdy y° Ox
dw w  Sw wvw Pw 1w w Fw
—— Vot = b ——, (13)
ar Jdy Jdx v Jdy yJdy y- Ix
190w ou_
y Jdy Ex

af
~—=-Go+m,.
dv ery
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z r
Beenennrie 31ech 0e3pasMepHBIE BENHYMHB! O3HAYAIOT: (X)), X=-—, y =— — KOMIOHEHTbI pafilyc-

BEeKTOPa; (1, v, W) — KOMIIOHEHTbI BEKTOPa CKOPOCTH; p — BO3MYILECHUE JABIIEHHs OTHOCHTENBHO pgx ; [
4
R'x
— yrJioBasi ckopocTs munapa; G = ——2—1— — ko3 duuueHT ynpyrocts,
v

H /
27sz5(/R ow w ' ow o ow)
my :——I——-— I 5—*———— dx+ a— yzdy— —&—-—J yzaﬁz

LIANZS SRS O/ ANLCE Y AN P

— MOMEHT BS3KHX cHJI. [ paHHYIHbIE YCIOBHS 3AIMITYTCS B BHIE
w(l,x,7)=f,
w(y,O,r):f-y, W(y,HC/R9T):f'y> (14)
Wy, 0, )=u(y, 0, ©)=v(y, H /R, ©)=u(y, H /R, t)=v(, x, t)=u(l, x, 7)=0.
ou O0p .
Kpome Toro, Ha OCH COCYAa BBHIIOIHKIOTCS YCIIOBHSI — = P 0, v=0, oOycioBIEeHHBIC OCEBOM CHM-
J/’

METpHeH TedeHua. 3a/iada 3aKmo4actcs B OTHICKAHHM 3aKOHA JABMKEHHA LMAHHApa f = f(7) | 3amon-
HAIOLIEN ero KUAKOCTH.

Uncnennoe pemenne. YuciieHHoe pemienye cucreMel (13) ¢ rpaHiuuHbIME yenoeuaMu (14) Haxo-
AWIOCH METOAOM ceTok. Mcmosp30BaiMch paBHOMEPHBIE MPOCTPAHCTBEHHBIE CETKH ¢ MAKCHMANbHOH
pasMepHOCTHIO 64 x 64 B 0CeBOM H paaHaIbHOM HamnpariieHUsX. J[HcKpery3atus rHIpOaHHAMHYECKHX

~ o 2
YPaBHEHH}H IPOM3BOIHIIACH 110 CXEME LEHTPANBHEIX Pa3sHOCTeH ¢ TOYHOCTBIO (Ax) IO POCTPAHCTBEH-

HBIM riepeMeHHbIM. JIMHeapu3alys NMoJyd4aeMbIX B pe3yJIbTaTe HENUHEHHBIX Pa3HOCTHBIX YpPaBHEHWH
nposoamiack MerooM HbroTOoHa, a peluenHe ITMHEApPU30BAHHBIX CHCTEM YpaBHEHHIT — METOJIOM HC-
wnoyeHus ['aycca. KoHcepBaTHBHbBIE CBOMCTBA pELICHMsT KOHTPOIHPOBAINCH HA KAXKIOM BPEMEHHOM
Inare, COOTBETCTBYIOLIME IONPEIIHOCTH OKa3alHuCh HAaXOMALIMMMCS B IIpefeNlax CXeMHOW TOYHOCTH.
PacueTsl poBOAMNMCE IS LWIMHIAPA C BHYTPEHHMM DanuycoM 1-3 cM B BBICOTOH 3aNONHEHHs €ro
KHJIKOCTHIO 1-3 ¢M, Tak YTO JUAaz0oH W3MeHeHMs napamerpa 3anauu H/R 6sin ot 1/3 o 1. Ousuye-
CKHE IIapaMeTPhl JXHAKOCTH OTBEYAIH BOAE.

PesyabTaTht H 06cyxaenne. B nacrosmel paboTe npUBOAATCS PE3YNBTAThl YHCICHHBIX JKCIIE-
PHMEHTOB JUIA CITy4ast, KOTZa *KHUAKOCTh HETUKOM 3anoiHseT uuanaap. Ha puc. 2 nokazaHbl JMHHH TOKa
«BTOPUYHBIX» TeUeHHH, 00YyCIOB/IEHHBIX paJyalbHOH M OCEBOH KOMIIOHEHTAMH [OJII CKOPOCTH, A
paznuuHbIX (a3 koneGanmil mMHApa. Puc. 2a cooTBeTcTBYyeT MakCHMalbHOM, a puc. 26 — HyneBoH
YIJIOBO CKOPOCTH HWIHHIpa. B nepeom ciiydyae obpasyercs BUXphb, B KOTOPOM XKHIKOCTb NTOJIHUMAETCS
BBEPX OKOJI0 GOKOBOH NOBEPXHOCTH LMIHHIPA U OMMycKaeTcs BHU3 BOJIM3M ero ocu. Bo BropoMm ciryuae
OKOJIO JJHA [THHJPA BO3HUKAET BTOPOi BUXPH C ITPOTUBONONIOKHBIM HalIpaBleHHeM HUpKyisuyu. Ilo-
Jo0HbBIE BUXPH CYLIECTBYIOT B jI00OH (haze NBKCHUS WuuHIpa. BOMW3u BepxHero Topia cocyna, rae
CKOPOCTH BEJHMKH, (hopMHpyETCH 30Ha HU3KOTO AaBJE€HHA, KYA3 BHITATKHMBAIOTCA JTHHHM TOKa (Ha pH-
CyHKe BHAHA ODJacTh CryuleHWs JIMHUM Toka). OCHOBHOM BHXPb HE BCEraa 3aHMMaeT BCO oONacTh
BHYTPH LANHHAPA, B HIDKHHX oOnmacTsax (BOIM3M
[Ha LMAHHOpa) B MOMEHTBI, KOT/Aa CKOpPOCTh LH-
mvHApa OnM3ka K HY/MO, BO3HHUKAIOT JIOMOJNHH-
TENbHBIE PELMPKYJIALHOHHEIE 30HH! (puc. 26). Ha
puc. 3a u 36 noxazaHsl 3aKOHbl M3MEHEHHs YIJIO-
BOH CKOpOCTH LIHNTHHApa [ , a TaKkKe 0CeBOH u(7)

U pagyansHoOM v(7) CKOpOCTeH KHUIKOCTH BONM3U

GOKOBOI CTEHKH A8 cjIyvas, Korja HHIHHIAD
CTAPTYET U3 COCTOAHHA ITOKOH, 6y,[ly‘{l/l npeaBapu-

a) 6) TEJIBHO [OBEPHYT HA HEKOTOPBIH HAYATLHEIH Yro,
4 3aTyxaHWe BeJMKO. OCOGEHHOCTBIO BHKEHHS
Puc. 2. Nluinn T0ka BTOPHMHLIX THEHMH: JKHIKOCTH B LMAKHHIPE ABIAETCS TO, YTO HACTOTA
a) yrroBasi CKopocTh HUNMUHAPA MaKCuManbHa, 6 - - - »
6) yTIOBAs CKOPOCTH LMMMHAPA PasMa Hynio KoneGaHuit 0ceBOil U PaIHaIbHOM CKOPOCTeH B ABa

pasa BBIIIE YaCTOThl OCHOBHBIX KoyieOaHHN
Cepusa «MaremaTuka, thyismka, Xumua», Bhinyck 2 65




duzuka

(puc. 3a u 36). 3roT dakr nerko oOBACHUTD 1IpHCYTCTRHEM B ypaBHeHur Hasse—Crokca st panuanb-
W

HOH CKOPOCTH CTaraeéMoro, OIMMUCHIBAIOINETO NeHCTBHE HEHTPOOSKHOH cHITbl — . SICHO, UTO 3TOT uneH
¥y

MMEET CMBICJI UCTOYHMKA IS YPaBHEHHS PaJHaIbHON CKOPOCTH M MMEET JIBOWHYIO, 1O CPABHEHHIO C

OCHOBHO, yacToTy kKoneGanuii. B cBoio oyepenp, xoneOGaHus OCeBOM U paUaIbHON CKOPOCTEH BBI3BI-

BalOT MOSIBJIEHHE BBHICINMX TAPMOHMK B CIIEKTPE a3UMYTaJIbHOH CKOpPOCTH, Ojarojapsi wieHaM BHAA

ou

—w- 5— H —w:- -6-'- . BHSyaJIBHO TPYAHO 3aMETUTH CYLICCTBOBAHUEC KaKOI" 0-A00 MEePEeXOJHOro uponecca
X 29

B KoneGaHuax uuuHIpa (puc. 30). OAHAKO aHAIM3 CMIEKTPa 3TOr0 ZBHKEHUS YKa3blBaeT, uTo HapAly ¢
OCHOBHOH 4acTOTOHN MPHUCYTCTBYIOT M BBICIUME FAPMOHMKH, 00YCIOB/ICHHBIC 3aTyXaHueM kosieOaHui,
BJIMSIHHEM HAYaibHBIX YCIOBHM, 4 TAKKE HEITMHEHHBIM B3aMMOICHCTBHEM MEXKAY paziuyHbIMu KosieOa-
HusaMH. Ha puc. 4 n3o0pakeHpl 3aBUCUMOCTH OTHOIICHHS aMIUIUTY | BTOPOH K NepBO¥ (OCHOBHOM) rap-
MOHHK KoNe0aHul s IBYX ciiyyaes BO3OyaeHUd konebanuii. B mpoiecce yctaHoBneHus konebaHHi
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Puc. 3. a) 3akoH f{f) ABMXKEHUS UMNUHAPA NPU cTapTe U3 cocTorHuA {0) =0, ¢(0) = ¢n;
©) 3akoHbI U(f) U v(t) ANs CKOPOCTEN XMAKOCTU BO BHYTPEHHEW TOUYKEe NPHU HavYanbHbIX
yCRoBUsiX, COOTBETCTBYIOWMX PUC. 3a
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Puc. 4. OTHocHUTerIbLHOE YObIBaHWE aMINUTYAL! TAPMOHNK AUTA ABYX cny4aeB B038yxaeHWA KonebaHuit
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Kopenyerko A.E., Beckauko B.I1. OcobenHocmu ycmaHoaneHuUs Kosieb6aHull
8 KpymusnbHOM 8UCKO3UMempe

OTHOIUCHHME aMIUIUTYJX BTOPOH W MEPBOH, a TaKKe HyJEBOW M NEPBOM rapMOHHMK HW3MEHsAeTCs, NpulIH-
XKasACh K HEKOTOPOMY MOCTOSHHOMY 3Ha4eHHIO (puc. 4). OTMETHM, 4TO YCTaHOBJeHHe KoyieOaHuii B
cilyyae BO30ykAeHUS MX TONUKOM (pHC. 40), HMeeT konebaresibHBIH Xapakrep H NIMTCA OJblUe, T10
CPaBHEHHIO CO cllydaeMm, MoKa3aHHBIM Ha puc. 4a. [IpubnusurensHO ¢ aecaToro kojaebaHus B 000MX
CIydasix MOXHO CUHTATh, YTO KOAcOaHUS yCTAHOBWINCH, M NIPOBOAMTL M3MEPEHUA 3aTYXaHUSL.

Pabora eimonnena npu ropuepxkke POOU, rpant 01-01-96424 Vpan.
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