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Pacxon BoAbl B TUAPOMETPUYECKOM COOPY)KEHHM BBIUUCISIETCS METOJIOM
"CKOpOCTB-ILJIONIA/Ib" HA OCHOBE PACUETHOIrO IMOJISI CKOPOCTEW, HAWJEHHOTO PEIICHHEM
NOJIHOW cucTeMbl ypaBHeHUM HaBpe-CTokca m ypaBHeHMs HepaspbiBHOcTH [1]. s
pacyeTta cBOOOIHOM moBepxHOcTH npuMensieTcs Metol VOF [2]. YpaBHeHus 3anucaHbl
B JICKapTOBOM CHUCTEME KOOpJMHAT U pEIIAloTCs Ha CeTke (UKCHUPOBAHHBIX
IpsIMOYTOJIbHBIX siueek. ['eomeTpus pycia 3a/aeTcs yKazaHUEM s4ueeK (OTHOCHUTENIbHAs
IUIOIIAb TPAHEH U OTHOCUTENBHBINH 00bEeM), OTKPBITHIX ISl MOTOKA XKUAKOCTH. Pacxon
BBEIYUCIISICTCS B TIONEPEYHOM CCUYCHHHM II0TOKAa (B BepxHeM Obede) Kak cymma
POU3BEACHUN IJIOIIAIM TPAHU HA CKOPOCTh B €€ LIEHTpE.

OO6bI4HO TMpoleypa THAPOJMHAMUYECKOTO pacueTa BKII0YAeT CIeyIOIINe ITarbl:

- TEOMETPUYECKOE TIPEICTABIICHUE PACUETHOUN 00JI1acTH;

- CO3JJaHME pPACUYETHOM CETKM, B SAYECHKAX KOTOPOU pEaIU3yeTcsi KOHEYHO-
pa3HocTHast MoJeNb UG depeHInanbHbIX YPaBHEHUH;

- HaJIO’)KEHUE TPAHUYHBIX yCIOBU;

- COOCTBEHHO, THAPABINYECKUN PACUET;

- aHaJIU3 PE3yJIbTATOB.

[IpoGnema JOCTOBEPHOCTH pacyeTa TECHO CBsi3aHa ¢ (OPMOM pacueTHOM CETKH.
Cetku OBIBAIOT peryJisipHbIe (CTPYKTYPHUpPOBAaHHBIE) M HEpETyJspHbIe, OPTOrOHAIbHbBIE
(rekcaspuyuecKue) M TeTpajApUUeCcKue, HHOTJA, C BKIIOUEHHEM MPU3MATHUYECKHUX
371eMEeHTOB. J[OCTOMHCTBOM HEPETYJISPHBIX CETOK SIBJISIETCS CPaBHUTENIbHAsI TMOKOCTb
nepeiadn CI0KHOW TeOMETPUM, a CYIIECTBEHHBIM HEIOCTATKOM — TPYJIHOCTh 3a/laHUS
TPaHUYHBIX YCIOBUN M JOTOJIHUTENIbHbIE TOTPEIIHOCTH, CBA3aHHBIE C PaCUETOM
MOTOKOB 4Yepe3 TpaHW SUEeeK W MepaMu MPEOJ0JCHHUS HEYCTOMYMBOCTH PEIICHHM.
Henocratkom opTOroHansHOM MPSIMOYTONBHONM CETKH SBIISIETCS HECBSI3aHHOCTh CETKH C
¢dbopMoii TBEpIbIX TPaHMIl pacUeTHON 00JIAaCTH, a BaXXHBIMU JIOCTOMHCTBAMH - MPOCTOTA
peanu3auuMu M HU3KUME TpeOOBaHMS K BbIYUCIUTENBHBIM pecypcam. [lpumenenue
MHOT00JIOYHON U JIOKAJIbHO U3MEJIbYEHHOW CETKU YaCTUYHO PEIIAET MpOoOIeMbl TOUHOM
nepeadn reOMEeTpUu, HO TPeOyeT CYIIECTBEHHBIX TOMOJHUTEIBHBIX 3aTPAT MAITUHHOTO
BpPEMEHU.

B nmanHOI paboTe paccMOTpeH aaropuT™M OOpaOOTKH JTaHHBIX, 00CCIICUMBAIOIIHMA
CHM)KEHHME TOTPEIIHOCTH pacueTa FUAPOMETPUUECKUX COOPYKEHHM 3a CUET aJanTaluu
IPSIMOYT'OJIbHOM PAacyeTHOM CETKM K TI'€OMETPUU COOPYKEHHUS IIyTEM COBMEILIECHHUS
ornepauuii reOMETPUYECKOTO MPEACTABICHUSI TBEPIbIX CTEHOK M CO3/IaHMSI pacyeTHOU
CETKHU C YYETOM 3aJaHHOW MOTPEUIHOCTH pacuera.

Jlnst  OleHKM BIUSHUSA AUCKPETH3allMKM pPAacueTHOM 005acTh Ha TOYHOCTH
BBIUMCIICHUSI PacXo0/ia TPOBEJICHBI pacdeThl JIOTKA C JUIMHHOW TOPJIOBMHOM B KaHAJE C
npoaosibHeIM yKJIOHOM i= (0.001 Ha perynsipHoii cetke B nuanazoHe 50-150 maros
JTUCKPETU3aluu BIoJb oToka mo ocu X (n,=50-150) npu GuKCHpPOBaHHBIX 3HAYEHHSIX
ny v n;. Y316l XZ ceTKU NPUBA3aHbI K BXOJy B PaCYETHYIO 00J1aCTh, HAYaJI0 OTCYETA I10



Y - na ocu coopyxenusi. ['panunel YZ cetku coBMenieHbl ¢ OOKOBBIMU CTEHKAMHU
kanajna. OLeHKa BIUAHUSA JUCKPETU3ALUY 110 ¥ BBINIOIHEHA PACYE€TOM pacxoja mpu ny,=1
-10. Benmnunnaa nuckpetusanuu 1o Z n,=15 mpuHATa U3 YCIOBHUS HEOOXOIUMOCTH
KOHTPOJISl AUHAMMKNA WU3MEHEHHS] CKOPOCTHOM CTPYKTYpbI MOTOKA BIOJIb COOPY>KECHHSL.
JUis OLIEHKM BIIMSHMSI BEJIUYMHBI JUCKPETHU3AllMM M, IPOBEAEH pacyeT npu n,=50,
n,=1, n;/~40. Bo Bcex ciydasx HCIIOJIb30BAJIOCh Pa3pabOTAaHHOE BXOJIHOE IPAaHMYHOE
yClIOBHUE TTPO(HIIb OTHOCUTEIBHBIX CKOpOCTel- mapadona (1/7), Ha BeIxoae- cBOOOHOE
ncreuenue. [lorpemHocTh pacyera pacxoja B MPSMOYTOJbHOM JIOTKE W3MEHSJIACh B
npenenax 2 + 4%. AHanu3 pe3yabTaToB pacyeTOB MOKa3al, YTO CUCTEMATUYECKUN TPEH/T
B 3aBUCHMOCTSX IOrPEIIHOCTH ONPEAEIEHUs pacxoJa OT BEIWYUHBI IIara
JUCKPETU3allud M MpsAMas 3aBUCUMOCTb TOYHOCTH OIPEAENEHUs pacxoja oOT
JUCKpETU3aluyd 00JacTH MOJAEIIMPOBAHUS B pacdeTax Ha peryssipHoi cetke 0Q=f(n,),
00=f(n,) 1 060=f(n;) OTCYyTCTBYET.

C y4eToM MOITy4YEHHBIX JAHHBIX ObLI CIIETaH BBIBOJ O HEOOXOAUMOCTH pa3pabOTKU
croco0a pacuera Ha TPEXMEPHOU CETKE, COTJIaCOBAHHOW C T€OMETPHEl COOpYKEHUS U
oOecreunBaroIel 3aJJaHHy0 TOYHOCTh pacdeTa IUIONIaAH KUBBIX cedeHuil. B kadectBe
OCHOBHBIX IPUHSATHI CIEIYIOIINE TPEOOBaHUS K aITOPUTMY pacuera:

- MMHMMAaJIbHOE BPEMS THJIPABIMYECKOT0 pacyeTa MoJisi CKOPOCTEN, OTKY/1a CIeAyeT
TpeOOBaHNEe MUHUMAIILHOTO YHCIIa STYEeK JUCKPETU3ALMN PACUeTHON 001acTH;

- MUHUMAJIBHOE 4YHCJIO MIaroB AMCKPETH3alMu MO BepTUKaIbHOU (Z) ocu B
UHTEpBaje OT BEpXHEW TOUKH JHAa O YPOBHA BepxHero Obeda. /s obGecneuenus
aHanM3a AMHAMHUKY TpaHCcPopMaIliy S0Pkl cKopocTeit He Menee 10 +15;

- YHCJIO [IAroB AUCKPETHU3aLUUU KaXJOW CEKIHH COOPYKEHUS B IPOJIOIBHOM
HarpaBiieHuH (1o X) JOJKHO OBITh JIOCTATOYHBIM JUIsi OOECIIEUEHHUs aHajiu3a pexuMa
TEYCHHUS B COOPYKCHHH (JOKPUTHUYECKHH, CBEPXKPUTUYECKUN WU TEPEXOAHBIN) MO
3aBucumoctu Fr= f(x). C yderoM mpeaplaymmx HCCISAOBAHUNA MHUHUMAIBHOE YHCIIO
NOMEPEYHBIX CEYEHMM KaXK/I0M CEKUMU COOpYKeHHd nX min=5+10 ¢ MakcUMajIbHbIM
3HAUYEHUEM B BBIXOJIHOM CEKIMM, I/le¢ B OOJIBIIMHCTBE CIIy4aeB IPOUCXOJUT CMEHA
pex’rMa TEUCHHUS;

- TUCKpeTu3alus pacdeTHoi obsactv Mo X U Y JIOJDKHA BBIMIOJTHATHCS C YU4ETOM
TE€OMETPUU COOPYKEHHS, TaK YTOOBI MOTPEIIHOCTh pacyera oO0beMa OTKPBITHIX IS
IIOTOKA YacCTeW Sf4YEEK M IUIOIAAU HUX TPaHEH, HOPMAJBHBIX NPOJOJIBHOU OCcU X, HE
IPEBBIIANA 33JaHHON OTPELIHOCTH pacyeTa.

Jlnst 3TOrO0 B paccMaTpuBaeMOM METOJAE pacyeTa, B OTJIWYUE OT paHee
pa3paboTaHHOTO, pacueTHas CeTKa NpUBsi3aHa K YPOBHIO BOJABI B BEpXHEM Obede u
CTEHKaM BCEX CEKIUi coopyxkeHus. Touku nepeceueHus: miockocten YOZ u XOZ
(Y3JIbI CETKH) COBIAJIAI0T C TOBEPXHOCTHIO COOPYKEHHUS.

Jnst peanu3anuy yKa3aHHBIX TPEOOBAHUH BBIMOIHSIIOTCS CIASAYIOMINE ONIEPALINHN:

- pacuer peryJisipHOM X-CETKU C MPUBS3KOM K I'PAaHULAM CEKUUH W YUCIOM IIaroB
JIMCKPETU3AlIMH, TOCTATOUYHBIM JIJISl aHAJIN3a PeKUMa TeUSHHsI IPH MOCTOOpaboTKe;

- pacyeT peryisipHOM Z-CETKM C IPUBA3KOU y3JI0B K BXOJHOMY YPOBHIO BOJBI U
MaKCHUMaJIbHOMY YpOBHIO JHa (Ha TOpore WM Ha BXoje pacueTHou obOmactu). Illar
CEeTKM 3a/1aeTCid HCXOJs W3 BbIIIE MPUBEACHHBIX TpeOoBaHuid. CeTka JOIOJIHSETCS
3HAYEHUSIMH YPOBHS JTHA HA KOHIIAX CEKLUN COOPYKEHUS;



- BBIUMCIICHHWE TOTPEIIHOCTH pacueTa o0beMa SYEeK M IUIOIIAJU MOMEePEeYHBIX
CEUYEeHMU Ha 3a/1aHHON Z-ceTKe B X-CEUEHUSIX pacueTHON 00J1acTH;

- IpH OTCYTCTBUM WJIM Majoil B CPaBHEHUHU C IIAromM Z-IUCKPETHU3alUU BBICOTE
nopora Z-ceTka KOPPEKTUPYETCS B CTOPOHY H3MEJIbUYCHHMS, HMCXOId W3 3aJaHHOU
TOYHOCTH pacyera, U pacyeT MOBTOPSETCS J0 MOIYYEHHUS 3aJaHHON TOYHOCTH;

- [pU HAIWYUU 1opora (BOJOCIMB C LIMPOKUM IOPOTOM HWJIM JIOTOK C
BEPTUKAJIbHBIM C)KATHEM) BBIYUCIISIIOTCS TOYKM IMEepecedyeHusi Z-CeTKH C JTHOM
COOpPYKEHUS, CIHy)Kallhe Il  KOPpeKUMH X-CETKH Ha Yy4acTKax CONPSLKEHUS
KOHTPOJIBHOM CEKIMU C KaHAJIaMH. Z-CE€TKa KOPPEKTUPYETCs B HMHTEPBAJIE YPOBEHb
NOpOra- MUHUMAJIBHBIA YPOBEHb JTHA JI0 MOJYYEHUS 3aIaHHOM TOYHOCTH PaCUeTa;

- €CJIM YUCJIO X-CEeUeHU! B COMpPATalOUIUX CEKLUSAX OKa3blBaeTcs OoJibllle, YEM Ha
UCXOIHOU peryyiipHOM X-CeTKe, TO KOPPEKTUPYETCS BBICOTA SYEEK, HCXOAS U3
BBIYMCJIEHHOTO PAaCHpEEIeHUs] MOTPEIIHOCTEN HAa PETyJIspHOM CETKE WJIM MO 3aKOHY
FEOMETPUYECKOM IPOTrPECCUU € IMEPEMEHHBIM YHCIOM WICHOB. [lamee mpousBoautcs
KOPpEeKIMs X-CEeTKU U BBIYUCIISIIOTCS MOIPEIIHOCTH pacuera o0beMa U IJIOMa Iy FpaHen
syeek B X-ceueHusx. llpoueaypa moBTOpsieTCss OO0 TOJYYEHHUS 3aJaHHOW TOYHOCTH
pacuera.

['eomeTpusi coopyxeHHst 00pa3yeTcsi COBOKYIHOCTBIO IJIOCKOCTEH MEXIy y3Iamu
TPEXMEPHOM CETKU Ha IMOBEPXHOCTU TBEPIBIX CTEHOK. DJIEMEHTHI IIOBEPXHOCTEN Aajiee
3aMEHAIOTCA TPEYTOJbHBIMU IUIOCKOCTSIMH, JUISl KaKJIOM W3 KOTOPBIX BBIYUCISETCS
BHEIIHSST HOpMajib Il OpUEHTAalMu B mpocTtpaHcTBe. KoopauHatsl (X,p,Z) y3710B
CBsI3aHBI COOTHOIIEHUAMU (puc. 1):

x - X1
=Y1 Y2-Y1)—
Y +( )XZ—XI
x - X1

2= 21+ (22-21) 50

rA€ X, Y, Z- KOOPAUHATHI y3J1a Ha IOBEPXHOCTH;
X1, X2- xoopAHATHI KOHIIOB CEKIINH;
Y1, ¥2- npoduib ceueHrs Ha KOHIIAX CEKIUN
Yl:fl(Zl_Zlmin)9 Y2= fZ(ZZ_ szin);
Z in, Zmax — IAANIA30H JOIYCTUMBIX 3HAYECHUH 110 BEPTUKAJIH
x—X1
Zonin = 2 i + (22401 = Z1, )m
x—-X1

Z,.,.=Z1 +(szax—zmax)ﬂ.

max max



\ -

Zlmin

PI/ICYHOK 1 - Cxema pacucTa MMOBCPXHOCTHU CTCHOK COOPYIKCHUA

Pesynbratel pacuera XZ u YZ cetok paboueld 00JacTM U COOTBETCTBYIOIIWE
rpa@uKkyd  TOTPEIIHOCTH  JUCKpETHU3aluu  JUI  JIOTKA KPUTHUYECKON  IIyOuHBI
napaboymueckoil popMbl B TpaneneugaibHOM KaHaie (0Spax—= 0.5%) mpuBeneHsl Ha
pUCYHKE 2.
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Pucynoxk 2 - Pacuernsie XZ u YZ cetku paboueit 00J1aCTH U MOTPEIIHOCTh AUCKPETU3ALUN

TreOMETPHH JIOTKA KPUTUYECKOM ITyOHHBI Mapaboandeckoi (hOopMbI B Tpanelen1aJibHOM KaHale

1]

[IpoBepka pa3pabOTaHHOrO METOJa pacyeTa BBHINOJHEHA 1O  JaHHBIM
AKCIIEPUMEHTAIBHBIX HCCJIEIOBAHUN MPSMOYTOJIBHOTO U MapabOIUYECKOTO JIOTKOB B
pexuMe cBoOoaHoro mcreueHus [3,4]. Jms oOecredyeHWs MaKCHUMAJIBHOW TOYHOCTH
U3MEpPEHN ObLIIM MOAEPHU3UPOBAHBI CPEJICTBA U3MEPEHUS YPOBHS BOJbI B THIPOKAHAJIE
1a060paTOPHOU TUAPABINYECKON YCTAHOBKHU. DIEKTPOKOHTAKTHBINA ypoBHEeMep AITY-250
C TOYHOCTBIO M3MepeHuid 0,3 MM, CIyKUBLIMK JUISI U3MEPEHUS YPOBHS BEPXHETO WU
HUKHETo 0be()OB HEMOCPEICTBEHHO B BOJJHOM MOTOKE, ObLII 3aMEHEH Ha YCTaHOBJICHHbBIE
B JIByX YCIIOKOUTEIBHBIX KOJOIAX HIMUTIEH-MAcCIITa0bl ¢ TOYHOCTHIO M3Mepenuit 0,1
MM. TouHoCTh 3amanus pacxoaa Boasl (0,5%) obecrnieunBaeTCss MEPHBIM BOJIOCIHUBOM C
TOHKOM cTeHkoW 60°, TpOoTapupOBaHHBIM OOBEMHBIM CIIOCOOOM, a CTaOWUIIBLHOCTH
BOJIOIIOIAYN- CUCTEMOM MEPENUBHBIX CTEHOK.

[TapameTpbl NPSAMOYTOJIBHOTO JIOTKA: IIMPUHA KOHTPOJIbHOW cekuuu- 0,143 M,
JIUIMHA KOHTpoabHOU cexkuuu- 0,4 M, miuHa noasonsumed cekuuu- 0,35 M, OnuHa
orBoasmeit cekuuu- 0,472 M. Benumuumna mnopora p=0. JloTok ycTaHOBIEH B
MpsIMOYToJibHOM KaHajne mupuHoil B=0,3 M. [lapaGonuueckuii JTOTOK YCTaHOBJIEH B
TpanenenaanbHbli KaHal ¢ mupuHoi mo auy 0,1 M u kosdpdunmentom orkoca m= 1.



®oxanpHbli mapamerp Jotka 0,01406 M, nopor p= 0, 1IuHAa KOHTPOIBHOM cekuuu- 0,35
M, JUIMHA OABOAMAIEeH cekiuu- 0,29 M, mimHa otBoasmieH cexuuu - 0,94 m. OtBogAmmi
KaHaJl IpsIMOYTOJIbHOU GopMmbl mmupuHoit B= 0,3 M [4].

B pacuerax npsMoyroJibHOro JIOTKa pa3jiuyue SKCIEPUMEHTAJIbHBIX U PacyeTHBIX
3HauUeHUU pacxoja He mpesbimana 1% (tabn. 1), mapabomuyeckoro- 2,7% (tabm. 2).
I'paduxu  skcriepuMEHTaIbHOM  pPacXOJHOM  3aBUCUMOCTH  MPSMOYTOJBHOTO U
napaboIMYecKoro JIOTKOB U BBIUMCICHHBIE 3HAUEHUS pAacX0/la MIPUBEACHBI HA PUCYHKE 3.

Tabmuma 1 - DKcnepuMEHTANBHBIM MW pacyeTHBIA PaCcXOJbl MPSIMOYTOJILHOTO
THAPOMETPUUYECKOTO JIOTKA

N OKCHepUMEHTAJIbHbIN PacuerHslii pacxon, j1/cex OTtHOcuTeNnbHAS
pacxoJ, Ji/cex MOTPENTHOCTh, %
1 3,704 3,734192 0,802
2 5,733 5,762148 0,505
3 7,908 7,829857 0,990

Tabmuua 2 - DKCHEpUMEHTANbHBI M PacyeTHBIM pacxoabl MapabOJIUYECKOTO

TUAPOMCTPUYICCKOT'O JIOTKA

Hanop, m 8,20 10,51 12,78 14,21 15,38 17,23
0,, eM/c 2150 3500 5150 6400 7520 9580
0, cm/c 212437 3538,89 5273,97 6555,75 7726,53 9793,68
00, % 1,20 1,10 2,38 2,40 2,71 2,20
3akJroueHmne
Pa3paGotanHplii MeTON pacueTa Ha OCHOBE THUIPOMEXAaHHYECKOTO TOIX0/a
obecrieurBaeT TOBBIINIEHUE TOYHOCTH  OMNPEJEICHUS PACXOJHOW  3aBUCHUMOCTHU

TUAPOMETPUYECKUX JIOTKOB 33 CYET YMEHBIICHHUS IIOrPEIIHOCTH JUCKPETU3ALUH
pacyeTHON 00JacTH MyTEM aBTOMATHUYECKOW afamnTalli PacYeTHOW CETKU K T€OMETPUU
COOPYIKEHHUS.

Pa3paboTanHass Ha OCHOBE THAPOMEXaHMYECKOTO TMOAXO0/Aa KOMIBIOTEpHAs
TEXHOJIOTUsI O00ECIEeUnBAET pacyeT TUAPOMETPUUECKUX JIOTKOB C TOYHOCTHIO,
IPEBBIIAKONIEH  CYLIECTBYIOIIME  PEKOMEHJAMU K  TEXHOJOTMYECKOMY WU
KOMMEPUYECKOMY BOJIOYYETY HA KaHaJaX BOJAOXO3AMCTBEHHBIX CUCTEM [J].
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Pucynok 3 - DkcniepyMeHTaabHas U pacueTHasi pacXoJHasi 3aBUCUMOCTb IPSMOYTOJIBHOTO (a)
1 napabonudeckoro (6) THIPOMETPHUECKOTO JIOTKA
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