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KonTpons pacxoma KuIKOCTH B TPpyOOIIPOBOAAX SIBJISETCS AKTYAJIbHON W MPAKTUIECKU 3HAYUMOU 33 adeil.
OCHOBOI KOHTPOJISI CJIy?KaT XapaKTEPUCTUKU IMOMEPEYHBIX KOJeOaHUN MPsIMON TPYOBbI C TIOTOKOM XKHUJKOCTH. B
IaHHOW paboTe pacCMOTPEHa MaTeMaTHYecKas MOJIEIb U YUCJIEHHBI METOJ| OlpejlesieHnsl KOJaebaHuil MpsiMoro
ydacTKa TPyOBlI C MOTOKOM HECXKMMAEMOH KUAKOCTA. 1 pyba MOABEPraeTcsi TOY€YHOMY BHENTHEMY HMITYJILCHOMY
BozjelicTButo. J[yisT pelreHus MOCTABIEHHON 3a/Ja9l B CTAThe IPENJIOKEH YHCJIEHHBI MeTOJl, OCHOBAHHBIN
Ha WCIOJIb30BaHUM KOHEYHO-PA3HOCTHBIX ypaBHeHuil u upumenHennn QR-pasioxkenusi maTpudHOil (HOPMBL
nosmygaemoit cucrembl. C IEJIbI0 MPOBEPKY MPUHIUIUAILHON BO3MOYKHOCTU TOCTPOEHUSI YHUCJIEHHOTO DPEIIeHUsT
3a]a91 OIIPeIe/IeH ST BJIUSIHUST UMITYJIbCHOTO BO3IEMCTBYS Ha, XaPAKTEPUCTUKHU ITOMIEPEIHBIX KOJIEOAHUI 7IEMEHTOB
IPsIMOit TPYOBI OBLII IPOBEJIEH BBIYUC/IMUTEIbHBIM 9KCIIepUMEHT. B 9KcIiepuMeHTe MCCIIe[0BAIOCh BJIUSIHUE CKOPOCTH
M MACChl MOTOKA XKHUJKOCTH, UMILYJIbCHOI'O BO3JEHCTBUS, OCEBOIO JABJIEHHUs, & TAKXKe [apaMeTpoB TPyObl Ha
XapaKTEePUCTKN Tporecca Kojebanuit. BusHue mepednc/ieHHBIX (DAKTOPOB OBLIO YUTEHO B KO3 UIMEeHTax
ypaBHeHHUsI. B Xo/1e 9KCIIeprMeHTa OCyIIECTBIIEH CPABHUTE/ILHBIM aAHAJIM3 [T0JIyIa€MbIX YNCJIEHHBIX PEIIEHH B TPEX
KOHTPOJIbHBIX TOYKaX. Pe3yJsibTaThl BBIYUCIMTEIHLHOIO SKCIIEPUMEHTA [IPEJICTABJIEHBI B pA0OTe U CBUIETEILCTBYIOT
0 TOM, UTO TPEJJIOKEHHBIN METOJI MO3BOJISIET BBIABUTH BJIMSHUE UMITYJILCHOTO BO3JEHCTBUS HA XapaKTEPUCTUKA
MONEPEYHBIX KOJIEOAHUIA.

Karoueswie caosa: monepeuwnvie Kkoaebanus mpybo,, MNOMOK MHECHCUMAEMOT HCUOKOCTU, UMNYALCHOE

so3deticmeue.
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BBenenue

B macrosiiee BpeMs OfHON U3 aKTyaJbHBIX 3a/a9 B 00JIACTH PecypcocOeperKeHusl SIBJIAETCS
pobsieMa 5PHEKTUBHOCTH KOHTPOJIsI PACX0a YKUJIKOCTel U ra30B B TpyborpoBogax. KoHTpoJib
OCYIIIECTBJIETCS MTOCPEICTBOM KOPHOJIMCOBBIX PacxogoMepoB. IIpuHIun paboThl gaTduka ydaera
OCHOBaH Ha pasHocTh a3 KoyiebaHmil yJacTKOB TPyO TpPyOOIPOBOIA, IO KOTOPBIM JIBUZKETCSI
cpema. Pasmocth a3 ompesesnsiercss u3 XapaKTEPUCTHUK IIOMEPEYHBIX KojebaHuit TpyObI,
110 KOTOPOH MBUXKETCA ITOTOK KUIKOCTH. llocTpoeHme MareMaTHIecKoil MOJIEIN IIPOIECcca
nonepedHbIX Kosiebanuil Gasupyercss Ha pesyJbTaTax, [peJCTaBIeHHbIX B paborax |1, 2.
PazBuTuio u mccieo0BaHMIO METOIOB OIIPEIETIEHNS XapAKTEPUCTUK KO1e0aHmnit TPYObI IIOCBSIIIEHB
paborsl [3-5]. IIpuunnoil BOSHUKHOBEHUsI KOJIeOaHU SBJISIOTCS IBUZKEHHIE CPe/Ibl BHYTPU TPYObI
U BHeIIHWe BO3ieiicTBus. Buemnue BO3IefiCTBUsI TOPOKIAIOT JOMOJHUTEILHYIO BUOPAIIUIO
B Tpybax, KOTOpasi MOXKeT IMPUBECTH K WMCKAXKEHUIO IOKA3aHUI pacxojioMepa, HapyIIeHUO

TepMEeTUIHOCTU, pacClIIaTbIBaAaHHUIO OIIOPp M JAPYTUM HEraTUuBHBIM IIOCJICIACTBUSA. MCC.HG,ZLOB&HI/HO
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BJIMSIHVSI BHEITHUX BO3JEHCTBUIT HA Pe3ysIbTaThl H3MEPEHHIl TIOCBsIIeHbl paboTsl |6, 7|. B mannbix
paboTax HCCAEAyIOTCA 3aBUCAMOCTH KOJeOaHUN ydacTKOB Tpyd TpyOOmpoBOma OT CKOPOCTH
MMOTOKA YKUJIKOCTH, MECTa MPUJIO2KEHUS CHJIBI, & TAKXKE apaMeTpPOB TPYObI U KUJIKOCTH.

B cymecTByomux MeToJlaXx WMCKJIIOYAETCS U3 PACCMOTPEHUs] BIUSHUE JeMIUPOBaHUS
U TPOJIOJBHBIX CHJI C TIEJIBI0 yHPOIIEHUS MOJIEJI U IPEJCTABICHUS PUOJINKEHHOTO
AHAJIMTUIECKOTO pernenns B Buae Pypbe-06pa3oB ¢ HeonpeaeaeHHbIME Kodd dunnentamu. Hasee
HCIOJIB3YIOT Pa3/IMYHbBIE ITOAXOIbI JIJIfd TMOJIyYE€HU A Tpe6yeMbIX XapaKTEepPUCTHUK. Cy]_[[eCTBeHHaH
0CODEHHOCTH TAKOI'O IOJIXOJa 3aKJI0UaeTCs B TOM, UTO (PYHKIMS KOJeOaHUI He OIpeIesisieTcst
U3 pacCMaTpUBAaEeMbIX ypaBHEHWIl, a HCIOJB3YeTCsI TOJBKO IIpejroaraeMasl ¢GopMa ee
Oypre-06pazoB. BceieacTBue 3TOro wucciaegoBaHne PA3IUIHBIX  (PAKTOPOB, BJIUSIONINX HA
KO3 PUITUEHTH MATEMATUIECKON MOJIE/N KaK/ bl pa3 TpedyeT pa3paboTKU HOBBIX YHCJIEHHBIX
METOJIOB.

B namHo#t pabore mpejyiaraeTcss — YHCJIEHHBIE  METOJ  OlpeJejieHus  KoJebaHuit
HPSMOJIMHEHHOTO yYacTKa TpPYObl, IIOJBEPraeMOr0 BHEIHEMY HUMITYJIBCHOMY BO3JEHCTBHIO,
YUIUTBIBAIONIUN TeUYeHNe KUJKOCTU, [0 pe3ysabTaTaM JUHAMAYECKUX usMepeHuii. Takoit
[OJIXOJ MOXKET CJIY?KUTH OCHOBO# JIJIs MOJIYYEHUsI HEOIPEIEJIEHHBIX KO3(DDUIMEHTOB B
Dypbe-1peicTaBieHnn TPeOYEMbIX XapaKTEePUCTHUK.

CraTbsi UMeeT CJIEYIONYIO CTPYKTYPY. B 1epBoM pazjese npuBejieHa TOCTAHOBKA 3aJIa9H.
Bo Bropom pa3sjesie mpejjioykeHa BBIYUCIUTEIbHAS CXEMa METOJa OIIPeJiesieHns] KoseOanmii
IPAMOJIMHERHOTO y4acTKa TpyObl. B TpeTbeM pasjielie IPUBE/IEHBI PE3YJIHTATHI BBIUYUCINTEIHHOTO
9KCIIEPUMEHTa, OCHOBHOM IEJIBI0 KOTOPOTO SIBJISIIACH IIPOBEPKA MPUHITUITHAJIBHON BO3ZMOYKHOCTH
IIOCTPOEHUA HYUCJACHHOT'O pelIeHud 3aJla'dn. B 3aKJ/JIIOYEH N CCbOpMy.HI/IpOBaHbI OCHOBHBIE
BBIBO/IbI, IIOJIYYE€HHBIE B PE3YyJIbTaTE IIPOBEJICHHBIX HCCﬂeﬂOB&HHﬁ, a TaK2Ke€ yKa3aHbl OCHOBHBIE

HallpaBJIEHUS NAJIbHEHIIINX UCCJIEeTOBAHUIA.

1. IlocranoBka 3aJa4Yn

PaccMoTpuM  KeCTKO 3aKpEIUIEHHYI0 C ODOMX KOHIIOB MPSMYI0 H3MEPHUTEIbHYIO TpyOy
gmuaoit L. Tpyba nmeer m3rubuyoo kecrkoctb FI. Ilo Tpybe mepemaercst yCcTOHYIUBBIA MOTOK
HEC2KIMAEMOH 2KHMJIKOCTH, UMEIONUNl 0CceBYIO0 cKopocTh V u oceByio cuity P. Tpyba obisajaer
Maccoit Ha eluHuIy IauHbl M7, a KuAKocTh — Maccoif Ha emunuity aauHbl My, Ilycrs 2 —
[IPOCTPAHCTBEHHAsI NepeMeHHast 1o JymHe Tpyoel, © € [0;L], t — Bpems, t > 0, w(x,t) —
OTKJIOHEHUE OCU TPYObI OT UCXOIHOI'O COCTOSHIS B HAIIPABJICHUH, IIEPIEHIUKYISPHOM UCXOTHOMY

oJI02KeHnI0. BBegem B paccMmorpenne 6e3pa3MepHbIe TEPEMEHHBIE U [TapAMETPhL:

T w t |EI My My PL? CL?
== = — = —4/— =VIy/ =L = =" S —
¢ L " T2 My’ v EI’ p My’ Bl N vVMrEI

Cuie/1yst OJXO/Ly, IPEJJIOYKEHHOMY B [4], 1 MeTo/Ke 11epexoia K 6e3pasMepHbIM BeJMINHAM,
MaTeMaTUIecKas MOIE/b TOIEPEUHbIX KOoebanuii TpyObl IPUMET BU:
on

82
+(1+B)87727+XE:0’ £e(0,1), 7>0 (1)

' 5 9% 9%

VenoBusg  KECTKOH — 3aKPEIJIEHHOCTH  KOHIIOB  TPYOBI  IIPEJICTABJICHBI  CJIEYIONAMEI

IPaHUYIHBIMU YCJIOBUAMU:

77(0’7_) = 77(1»7') =0, 720

ne(0,7) =ne(1,7) =0, 7>0 (2)
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CI/ITyaHI/IIO, Korziaa pr6a IIOJIyda€T BHeENIHEeE HMITYJIbLCHOE BOSﬂeﬁCTBHe, OpejacTaBuM B

CJIETYTOIEM BUJIE:

77(570) = H§(1 _§)7 §€ [07 1}7

(3)
77{(57 0) =0, €€ [0’ 1}

rje (4 — IapaMeTp, XapaKTePU3yIOnil aMIINTYLy OTKJOHEHUS TPYObl B PE3YJIbTATE BHEIIHETO
BO3JIENCTBUS.
[Monaraem, uro a1 = pv2 + oy = 26v,a3 = 1 + B,y = x. Umeem

CJIe/TyTOIIee TIPEJICTABIEHNE MaTEMATUIECKON MOJIE N KosiebaHuii TpyOoIIpoBoa IIPU UMITYJIECHOM

BO3JIEICTBUN:
' % 0%*n %7 on
; >
8§4+a16§2+a28§(’97 32+a46 =0, £€(0;1), 720
7](077—):77( 77—):07 72>0
ne(0,7) =ne(1,7) =0, 7>0 (4)

77(570) = ,uf(l - 5)7 5 € [07 1]
1-(§,0) =0, ¢€[0,1]

B paborax [4, 8, 9] obocHOBaHO CyleCTBOBaAHUE PEIEHNUs] PACCMATPUBAEMOIO KJIACCA 3a/1a4.

2. BpruaumciamrenbHadg cxemMa MeTOJIa

Unest BBIYUCIUTEIHHOIO MeTOJa OIlpejesieHnsl KojiebaHuil OCHOBaHA Ha WCIOJIb30BAHUM
KOHEYHO-DA3HOCTHBIX ~AHAJONOB YACTHBIX IPOU3BOJHBIX UM MATPUYHOIO  IIPEJICTABJIECHUS
MaTeMaTHIeCKO Mojesn Kojebanuil. OCHOBHBIE STAIlbl IIOCTPOCHUSI BBIYUCIUTEIHHON CXEMBI
3aKJIIOUAIOTCS B CJle/lytomeM. PaccmoTpny koHeuHO-pasHocTHYIO ceTKy G B obnactu Q = {(§,7) :
0<¢<1,0<7<T}:

G={(&,m): &=1iA, 75 =jAT1,i=0,N—-1,j=0,M -1, A =1/N, Ar=T/M}

1 KOHEIHO-PA3HOCTHOE IIpeACTaB/IEeHNE YaCTHBIX IIPOU3BOJAHBIX B y3JI€ (Z, _]), KOTOphbIE, COTJIaCHO

[10], mveror Bu:

1 ] 2 1 j
A " — o ]
L
\ o | | | |
pe = MLm= 2
T TTATAS ATAE ¢ A2
@) _ Ma =403+ 60 — 4y +1n
e ™ = A§4 .

Tora KOHEIHO-PA3HOCTHBIN aHaIor ypasHenus (1) nmeer Bu:

j 4 o o j 6 2« o 2a !
gl 1 j+ ~ 2m 2 203 o4
Tits ( Al T A ATA§> MRGE (A§4 Ae T ATAE T Ar? AT>+

; 4 a ; 1 ; Qa9 ; Qo as Qy
+n§++11<—+1>+n§“ +nlls +77;~’I§<— tomst |+ 0

ALt Ag2 A T AEAT AEAT  ATZ AT
: a3 1 1 .
+ng+gp+ng++4&4 0, i=0...N-5 j=0...M-3,
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a JIJId T'PaHUYIHbIX YCJIOBI/Ifl (2) nMeeT MeCTO CJIeIyromee 1IpeJiCTaB/JIeHue:

j_ i MM .

=0, ny_;=0, Tf_o’ j=0...M -1

L ©)
Mot “N=2 g i M —1

A
,ZLOHO.HHI/ITG.HBHBIG ycjioBud UMEIOT BUI:

n = pinE(l —iAE), i=0...N—1
= "

= = 1 =0...N -1
Ar 0, 2=0

BBe,ZLeM B paccMOTpeHue CcjeAyolme IapaMeTpbl, 3aBHUCAIIIME OT BeJIMYUHbI NIIaroB

rZ[I/ICerTI/ISELHI/II/IZ
a—i a——4 +0¢17 a9 e 6 72a1+ a9 720437%
P Al T A T A T ATAE BT AT A2 T ATAE AT AT
TUAG T A T Ay T AeAr T T AEAT T AT2 T AT
Qs 1 1 . .
a8 = xpz @=L @mo=7g e =g bi = piA{(1 —iAg)

13 cucremsr (5)—(7) TpeGyeTcst HafiTu 3HAYEHNs BEJUYUH 7)) B Kaxk1oM yaie (i, j). Cucrema

(5)—(7) umeer ciieyoniee MATPUIHOE [IPEJICTAB/ICHUE:

AX = B, (8)
rie
0 0 ag 0 ... O 0 a5 a4 azaza; 0 ... O 0 00arag O .
0 0 Oag . 0 0 0 as a4 a3z az ajy ... 0 0 000(17@5
a 0 00 0O 0 0O 0 0O0GOO 0 00000 O
0 a 0O 0 0 0O 0 0O0GOO 0 00000 O
0 0 a0 0 0 0O 0 0O0OO 0 00000 O
a 0 00 0 0 0 0 0O0O0O 0 00000 O
0 0 00 0 0 a O 000 O 0 00000 O
0 0 00 0 ao O 0 00 0 O 0 00000 O
A= 0 0 00 0 0 0O 0 0O0O0O 0 a 000 0 O
—a1 ao 00.. 0 0 O 0 0O0O0O 0 00000 O
00.. 0 0 —aaio 0000 0 00000 O
0 0 00..-apawo 0 0 0O0O0O0.. 0O 0000TCO0 O ..
0 0 00.. 0 0 O O O0O0OO..-aoao000 0 O ..
—a1; 0 00.. 0 O ais 0 00O0O0.. 0O 0000CO0 O
0 -a;;00.. 0 0 O a;0000.. O 0O000OO
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Yucnao obyciaoBreHHOCTH MATpHUIbl A >> 1, W s TOJydYeHUsT YCTOWIHBOTO PEICHUsT
cruCTeMbl 8 HEODXOIMMO COTJIACOBBIBATH IMArM JAUCKPETU3AIMHU IO IIPOCTPAHCTBY M BpeMeHH. B
JaJIbHERIIIEM 9TO IIO3BOJISIET UCIIOIb30BATD [IJIsl PEIIeHNs] NCXOIHOMN 3aJa1 CTaHIaPTHBIE IAKEThI
MPUKJIAIHBIX TporpaMM. B manmoit pabore cucrema 6Obuta perena merogoMm QR-pasioxkemnns,

peanuzoBaHHoro ¢ nomMonipio makera MATLAB.

3. BprumcianurtenbHbI 3KCII€ePUMEHT

OcHoBHasi ~ TeJlb  BBIYUCJIUTEJIBHOTO — SKCICPHUMEHTA  3aKJIOYajach B [IPOBEPKE
IPUHIUINATIBHON BO3MOXKHOCTH IIOCTPOEHHSI YHCJICHHOTO PEIEeHHsI PACCMATPUBAEMON 3a/1atn
(1)-(3). B xozme skcnepumenta Obuta Hafinena ¢yHknus kosebannii u3 ypasaenuii (1)—(3) c
[IOMOIIIBIO [IPEJIOXKEHHON BBIMUCIUTEIBHON CXeMbl. DKcIepuMeHT nposoauics st 7 € [0; 0, 2].
Tpyba mosrydaeT MIHOBEHHOE HMITYJIbCHOE BO3JEHCTBHE B cpejHeil Touke. UHCIOBbIC 3HAYMEHHS
mapaMeTpoB MOJIE/N MpeicTaBienbl B Tabsue. Obosnadenust B tadbsmie «Tect 1», «Tect 2»,
«Tect 3» m «Tect 4» COOTBETCTBYIOT pa3iIMIHLIM HAOOpaM HAPaMETPOB JUIst OT/EJILHOM

peanamn3anum IKCIIEepuMeHTa.

Tabauma
ITapamMerpnl Moe/n
3HadeHne
[Tapamerp

Tecr 1 | Tect 2 | Tect 3 | Tect 4
B 0,1 0,5 0,5 0,1
v 1 1 1 1
II 0 0 0,5 0
X 0,01 0,01 0,01 0

PesynbraThl YucjaeHHOro perieHus Jjis Pa3jndHblX 3HadeHuit Koahdurnuentos S, v, II u x
MIpeJICTaBJIeHbl Ha HUYKEPUBEIEHHBIX pUCYHKax. Ha puc. 1-4 nmpencTaBiieHbl OTKJIOHEHUS] TOUEK

TpyOBI B KOHTPOJIbHBIX TouKax & = 0,25, £ = 0,5 u £ = 0, 75 1o BpemeHn.
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n
0,0008 4
0,0006 /“\ —e=025
0,0004 —e=05
\ —=0,75
0,0002 S~

N
~

0 /:
\ // T
-0,0002 \ ///
-0,0004
\ /
-0,0006
-0,0008
0 0,02 0,04 0,06 0,08 0,1 0,12 0,14 0,16 0,18 0,2

Puc. 1. AMmmTy bl oTkJIOHeHUH Todek TpyOb £ = 0,25, £ = 0,5 u & = 0,75, MOIy9IeHHBIX JIJIsT

6=0,1, v=1, I =0, x = 0,01. BanazasiBanue cocrasser 0,005 ¢

Puc. 1 u puc. 4 COOTBETCTBYIOT CUTYaIH, KOT1a B TPyOe MIPOTEKAET YKUIKOCTD C YCPETHEHHOM
ckopocThio v = 1. 'padukn ammintyasr koiebanuit B Toukax & = 0,25 u £ = 0,75 coBuaaior.

Ha puc. 4 npencraBieHbl pe3yabTaThl SKCIIEPUMEHTA IIPOBEJICHHOr0 0e3 yueTa JeMI(pUpOBaHUs.

n
0,0008 4
0,0006
h\ —e=0,25
0,0004 \ \ —e=0,5
0,0002 S~ ~ —_—=0,75
0 >
T
-0,0002 < _‘é
e
-0,0004 \ P
-0,0006
-0,0008
-0,001
0 0,02 0,04 0,06 0,08 0,1 0,12 0,14 0,16 0,18 0,2

Puc. 2. AMminTyabl oTkIoHeHUH Touek Tpyost £ = 0,25, £ = 0,5 u £ = 0,75, MOJyYeHHBIX JIJTsT

8=0,5, v=1, I =0, x =0,01. BanazasiBanue cocrassser 0,009 c
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n
0,0008 &
0,0006
/—\ —e=0,25
0,0004
A —e=0,5
\ \ !
0,0002 e~ —e=0,75
0 T~ >

-0,0002 §\ _‘g_é T

-0,0004 <
-0,0006 \
-0,0008
-0,001
0 0,02 0,04 0,06 0,08 0,1 0,12 0,14 0,16 0,18 0,2

Puc. 3. AMmmTy/ibl oTKJIOHeHHUH Todek TpyOb £ = 0,25, £ = 0,5 u & = 0,75, MOIy9IeHHBIX JIJIsT

8=0,5,v=1, 11 =0,5, x =0,01. 3anazasiBanue cocrapyser 0,009 c

n
0,0008 4
0,0006 — o025
0,0004 \\ —e=0,5
T~ —e=0,75
0,0002 S~

O\
~
-0,0002 g e

—

\\sr\

-0,0004
\ /
-0,0006
-0,0008
0 0,02 0,04 0,06 0,08 0,1 0,12 0,14 0,16 0,18 0,2

Puc. 4. AMminTyabt oTkaoneHuit Touek Tpyont £ = 0,25, € = 0,5 u £ = 0, 75, MOJTyIeHHDBIX TSt

6=0,1, v=1, [I =0, x = 0. 3anazapiBanne cocrasaser 0,005 ¢

PezysnbraThl  sKCIIEpUMEHTa CBUAETEJLCTBYIOT O TOM, 9TO IIPEIJIOXKEHHBI MeTOo.
MIO3BOJISIET OIPEIC/ISATh HEU3BECTHYIO (PYHKIUIO KOJIEOAHUI MPAMOJMHEHHOTO yJIacTKa TPYOBI

HEIIOCPEACTBEHHO U3 yPaBHEHU.

SaKJ/II0oueHue

B pa60Te OpeJjcTaB/JI€eHa MaTeMaThu4deCKad MOJAEJIb W METOM OlIpele/JIeHnsd ITOIEePEIHbIX

KoJiebaHuil [psiMOil  TPYObI C JKECTKUM 3akKpelvieHneMm 1o TopruaM. llpu mocrpoenunn
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MaTEeMATHIECKON MOje/ M U pa3paboTKe YUCAEHHOTO MEeTO/a YUTEHBl (DAKTOPBI JIBUYKEHUS
[OTOKA HEC)KUMAEMON JKMJKOCTH BHyTpu TpPyObl U BHeIIHEro BozjeficTBus. B pamkax
[IPEJ/ICTABJIEHHON MaTeMaTHIeCKOW MOJIe/ M KoJebaHnil mpsaMOil TPyObl OCYIIECTBJIEH IE€PEXO.T
K KOHEYHO-PA3HOCTHOU cucreme ypapHenwuit. [IpoBejieHbI BBIYUCIUTEIBHBIE IKCIEPUMEHTHI 10
KOJIEDAHUAM 3JIEMEHTOB TPYObl B 3aBUCUMOCTHU OT ITapaMeTPOB IOTOKA KHUJIKOCTH, [1apaMeTpPOB
caMOil TpyObl ¥ BHENIHEIO WMIIYJILCHOIO BO3JeficTBUsA. Pe3ysibrarsl  BBIYUCIUTEIHHBIX
9KCIIEPUMEHTOB IIOKA3aJM, 9YTO [PEJJIOXKEHHBIN IIOIXO0JI II03BOJISIET BLISIBUTH BJIUSHUE
UMIIYJILCHOTO BO3JIEHCTBHUSI HAa CHCTEMY, ¥ IOATBEPIAUINA IIPUHIUINAILHYIO BO3MOYXKHOCTD
omnpeaeuTb PYHKIUIO KOJiebaHnit n3 mpeaoKeHHoN cucTeMbl qudepeHnuaibHbIX yPaBHEHM.

[Tnanupyercss nanbHeiilliee U3ydueHUe BJIUSHUS JIPYTUX BHEMHUX (DAKTOPOB Ha XapakTep
u3MeHeHuii kojiebanuit TpyoOnl. I[losydenHble pe3yabTaTBI  UCCHIENOBAHUNI MOUYT OBITH
UCIIOJIb30BaHbl B WH2KEHEPHOW WPAKTUKE U TIPU COBEPIIEHCTBOBAHUU CPEJCTB U3MEPEHUS

pacxoa KUIKOCTA B TPYOOIIPOBOJIAX.

Paboma svinoananracy npu  Punancosols noddepoicke Munucmepemsa 06pa3zosarus U
nayku Poccutickoti Dedepauuu npuraaonoir  HayuHor uccaedosaruli 68 pamraxr 6a30601
yacmu Tocydapemeennozo 3adanusa «Paspabomxa, uccredosarue U pPeaau3ayus as20pUMMOS
06pabomxy, daHHLT QUHAMUMECKUT USMEPEHUTE TPOCTPAHCMEEHHO-PACTPEJEAEHHIT 00BEKMOE,
mexnuueckoe 3adarue 8.9692.2017/8.9 om 17.02.2017.
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Monitoring of fluid flow in pipelines is an actual and practically significant task. The control is carried out
by means of Coriolis flowmeters, the principle of which is based on the phase difference fluctuations of the pipe
sections. Of particular interest is the process of transverse vibrations of a straight pipe through which the flow of
an incompressible fluid moves. This paper presents a mathematical model of the vibration of a straight section of a
pipe with an incompressible fluid flow subjected to external impulse action. Numerical simulation is based on the
finite difference analogue. Computational experiments were carried out to determine the transverse vibrations of
the elements of a straight pipe on the results of dynamic measurements. According to the results of computational
experiments, graphical dependencies for deviations of straight pipe elements with rigid fastening at the ends are
presented. The influence on the fluctuations of the fluid flow pipe (velocity, mass), the pulse action, as well as the
parameters of the pipe are studied.

Keywords: transverse vibrations of a pipe, the flow of an incompressible fluid, impulse impact.
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