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MapaMeTPUUYCSCKON ONTUMU3ALUU O0Jiee TIPOIOIIKH-
TEJIbHA TI0 CPABHEHUIO C Pa3pabOTKONH METOIOM TO-
TOJOTMYECKOM OIITUMU3AIIUH, OJHAKO TOIIOJIOTHYC-
CKasl ONTUMH3AIU TpeOyeT 3HAYUTEIHHO OOJIBIITNX
PECYpCOB BBIYHMCIHUTENILHOW TEXHUKH (00bema ma-
MSTH 1 MOIITHOCTH TIPOIECCOpa).

3aknoueHne

Jn1st JoCTIKeHNsT KOHCTPYKTUBHO-MAacCOBOTO CO-
BEpPIICHCTBA CXEMbI IOAKPETIICHHUs OOIITUBKH pediek-
TOpa 3epKaIbHOW KOCMMYECKON aHTEHHBI MpOBEJe-
Ha €€ ONTUMU3AIUA C yYeTOM AEHCTBUS HAarpy3o0K
Ha CTaJU¥ BBIBEJCHHUSI, TEMIICPATYPHBIX IIEPETIaoB
B YCJIOBHSX, OJIM3KHUX K IKCIUTyaTaIllHOHHBIM, a TaK-
ke aHanm3a coOCTBEHHBIX QopM KoJIeOaHnH.

PazpaboTranHas ¢ MOMOIIBIO MMapaMeTPUIECKON
ONITHIMU3AIAN CXeMa TIOAKPETIICHHSI OOIINBKH pedIieK-
TOpa 3epKajlbHONH KOCMHYECKOI aHTEHHBI MO3BOJIH-
Ja obecneyuTh B ycnoBusx skcminyatanun CKO
OTpaXKaroIIe MOBEPXHOCTH OTHOCHTEIIBHO Teope-
THYECKOTO Tlapabononaa ¢ (POKYCHBIM pacCTOSTHUEM
F =450 mm okono 3,1 mxkm u CKO oTHOCHUTEIBEHO
ITHIT ¢ ¢oxycHbIM pacctosiHueM F = 449,99 MM B
1,5 MKM.

Pa3zpaboraHHasi ¢ MOMOIIBIO TOIOJOTUIECKOH
ONTUMH3ALMH CXeMa MOAKPEIIICHUs OOIMBKU pedliek-
TOpa 3epKATbHON KOCMHUYECKOW aHTEHHBI 00ecreuu-
na CKO otpaxaromieil moBepXHOCTH OTHOCUTEIHHO
TeopeTrueckoro mapabdonouna 3,3 mxm u CKO ot-
HocutenbHO ITHIT — 1,7 MEM.

[lokazano, 4To A5 BEIOOpa CXeMbI MOAKpETnIe-
HUsL OOIIMBKH pedieKTopa 3epKalbHOi KOCMIYECKON
AHTEHHBI MOYKHO TPHMEHSTh KaK MapaMeTPHYECKyO,
TaK ¥ TOMOJIOTHYECKYIO0 ONTHMHU3ALNIO, OJJHAKO TO-
MOJIOTHYECKass ONTUMH3ALHUS MOTPeOyeT CYIIEeCTBEH-
HO OONBIIMX PECYPCHBIX 3aTpaT MpH MOAEIUPOBa-
HUU C TOMOIIBIO MPOTPaMM HWHXEHEPHOTO aHalln3a
Y M3-3a MOCJIEJIOBATEIHFHOTO BBHITIOJHEHHS PAcUETOB
JUI TOCTHKEHUS JIyYIIMX IMOoKa3aTeleld ¢ ydeToM
YMEHBIIIEHNsT 001acTH (DYHKIIUH pacIipeIeieHus Ma-
TepHuaa.
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Hay4yHas ctatbsa

9KcnepuMeHTasibHoe uccnieaoBaHue HanpsHkeHHO-4edOopPMUPOBAHHOIO COCTOSHUS
I0OKM NOPLUHSA ABUraTesia BHyTPEHHEero cropaHns Ha 6e3aMoTOpHOM cTeHae

C.B. CmupHoB, B.B. Konbuio, A.P. Makapos, A.A. Bopooses, K.B. Illkapun
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Kniouesvie cnosa:

J13€eib, COCTABHOM MOpPILEHb, TPOQUIn-
poBaHKe FOOKH MOPLIHS, HAPSDKEHHO-
Jae(opMHUPOBAaHHOE COCTOSIHUE, TUAPO-
JUHAMUYECKUE XapaKTepUCTUKU TPEHHUS,
TpeHue

BBepeHune

COBpCMCHHLIMI/I TCHACHIMUAMU pPa3BUTHA JBUTA-

B cratpe mpezacTaBieHsl 0COOCHHOCTH pa3pabOTaHHOH aBTOPaMH Me-
TOJMKHU MPO(GUINPOBAHUS I00KU MOPUIHS, IPUBEJICHBI OCHOBHBIE IIapaMeT-
Pbl, BIMSIOIINE HA yCIOBHS CMa3bIBaHUs FOOKHU IOPIIHS U BEIUYUHY MeXa-
HHYECKHX MOTeph. B pacueTHBIX MCCIEeIOBaHMAX JaHBI OCHOBHBIE (OpMy-
JBl A7 ONpEJeeHus] TOJIIMHBI MAcsSHOIO CJIOS B COIPSDKEHMH «I0OKa
MOPIIHA — UWIMHIAP» A7 OLEHKHM XapakTrepa TpeHus. it ompenencHus
nedopManuii HCIOIB3YeTCsT METO/ KOHEUHBIX JIEMEHTOB HA MPOCTPAHCTBEH-
HOM Mozeny nopiuHs. J{jis Bepudukanuy KOHEYHO-3IEMEHTHOH MOzienH ObLI
pa3paboTaH CTeH] AJsl SKCIEPUMEHTAIbHBIX UccllenoBaHui. B crarbe onu-
caHBI pa3pabOTaHHBIN CTEH], METOJIHNKA IIPOBEACHHUS M Pe3yNIbTAThl SKCIIe-
PUMEHTAJIBHBIX HCCIEAOBAHUN HANpPsDKEHHO-AE(OPMUPOBAHHOTO COCTOSTHUS
100KM COCTaBHOI'O MOPIIHS, MOTyYEHHbIE Ha JAHHOM CTEHJIE, BBIIOIHEH CPaBHU-
TENBHBIA aHANIN3 PE3YJIBTATOB PACYETHBIX U IKCIIEPUMEHTAIBHBIX MCCIIEN0-
BaHUI HaNpsHKeHHO-1e(OPMHUPOBAHHOIO COCTOSIHUS I00KH COCTAaBHOTO TIOPII-
Hi ausens. MccnenoBaHue IoKa3ao, YTo pa3pabOTaHHbIA CTEHI MOXET IpU-
MEHATBCS [T BEPH(UKAIME MaTeMaTHIECKNX MOZEIeH pacyera HalpsyKeHHO-
J1eOpMHUPOBAHHOTO COCTOSHUS IOOKH IOPIIHS B OHNBITHOM IIPOM3BOJICTBE
TIOPUIHEW JBUraTess BHYTPEHHETO CTOPaHUs IJIs yCKOPEHHS M yJELICBICHHA
mporecca pa3paboTKH UX KOHCTPYKIUH. Pe3ynbTaTel 3KCIIepUMEHTATbHBIX
UCCIIE0BAHUM, IOIyYCHHBIE HA CTEH/E, TAKXKE MOTYT OBITh MCIIOJIB30BAHbI
B KayeCTBE MCXOJHBIX JAaHHBIX AJs pa3paO0TaHHOW MaTeMaTHYECKOH Mo-
JeNU JUHAMHKHA JBHKEHNS MOPIIHS ¥ TPOGHUINPOBAHHUS I0OKH MOPIIHS.

BBIINICHAE MOIIIHOCTHBIX U 3KOHOMHYECKUX TOKa3a-
Tesiel, yMEHBIIICHHE KOIUYECTBA BPEIHBIX BBIOPO-
coB u yBenuueHne pecypca JIBC, uaro Tpebyer Tia-

Tenst BHyTpeHHero cropanus (JIBC) sBastoTcs mo-
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MALUMHOCTPOEHME N MALLMHOBEOEHUE

TEJILHOU MPOPabOTKH KOHCTPYKIIUU BCEX €r0 CH-
creM 1 MexaHu3MOB [1]. OCHOBHAs YacTh MEXaHU-
YEeCKHX TIOTeph MPUXOMUTCS Ha IUITUHIPOTIOPIITHE-
BYIO TPYIITy, KOTOpasi SIBJISECTCS OCHOBHBIM Y3JIOM
TpeHUsl B JBUTaTese, U ee pabdoTa JIOJHKHA paccMmar-
pUBAThCS C TOYKH 3PEHUS TPUOOJOTHH TIpU 00s13a-
TEJILHOM OOECTICUCHUH MPOYHOCTH W HAJIC)KHOCTH
¢dbyHKIHOHUpOBaHMS [2—5].

IopiieHs B mporiecce paboThI MOABEPraeTCs Terl-
JIOBBIM, MEXaHUYECKUM Harpy3Kam, COBEPIIIACT CII0XK-
HOE TIPOJIOJILHO-TIOTNIEPEYHOE JABKCHHUE B IIWIUHJPE.
Ha BenuunHy MeXaHHMYECKUX MOTEPh OMPEACISIONICe
BIIMSIHUE OKA3bIBACT XapaKTep TPCHUS B COTPSIKEHUSIX
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JeTaneil HMIMHAPONOPIIHEBOH rpynnsl [6]. OgHuM
3 3()(HEKTUBHBIX CPEICTB BIMSHUS Ha YCIOBHS CMa-
3bIBaHMS FOOKH TOPIIHS U BEIMYMHY MEXaHUYECKUX
MOTEPb SBJSIETCS MPO(QUINPOBAHUE IOOKH TOPIIHS.
OTol TeMe TOCBAIICHB HAYYHO-HCCIICAOBATEIbCKIE
paboTBl MHOTHX HCCIIEZlOBaTeNeld BO MHOTHUX CTpa-
Hax mupa [7-10].

Mertoika MpoQUIPOBaHuUS TOJDKHA YIUTHIBATH
nedopmupoBanme MPOQHIIS F0OKH TTOPITHSI OT BO3ICH-
CTBYIOIIMX HArPy30K IpH pa3paboTKe KOHCTPYKLIUH
nmopIuHs, obecrneunBaroneld HeoOX0AUMYI0 HaJexK-
HOCTh B YCIIOBHSIX BO3JICHCTBHS BBICOKUX TUHAMHU-
YECKUX, MEXaHWYECKUX M TEIJIOBBIX HAarpy30K IpH
MHHUMAaJIBHOM Macce, BBICOKOH H3HOCOCTOMKOCTH KOH-
TaKTHBIX TIOBEPXHOCTEH, HU3KUX MOTEPSX HA TPEHUE.
JL1s1 BEITIOJTHEHHSI DTUX YCIIOBUSAX B pa3pabOTaHHOMH
HaMH MaTeMarudeckoi mosenu [11-13] yanteiBaeTcs
JUHAMHKA JIBHXKCHHsSI MOPIIHS (KaK MOHOJHMTHOTO,
TaK M COCTaBHOTO), BBIMTOIHAETCS PEIICHHE yIpyTo-
TUAPOVHAMHUYECKOH 3a/1a4u1 JUIS HAMPaBJIAIONIEH YacTH
TIOPIIHA C YYETOM 0COOEHHOCTEH KOHCTPYKLIMHU TIOPII-
Hi. Pa3zpaboTanHass MaremaTmyeckass MOJENb T03BO-
JISIeT HA CTaJINU MIPOEKTHPOBAHUS MCCIIEIOBAThH BIHU-
SIHUE HA TUAPOJAMHAMUYECKIE XapaKTEPUCTUKU TPEHHS
Y TMHAMUKY JIBFDKEHVIS TIOPIIHS: IapaMeTphl, Xapak-
TepH3YIONHe KOHCTPYKIUIO JeTajieil KPUBOIIUITHO-
maryHHoro Mexannsma (KILIM), MoHTaXHBIH 3a30p
B CONPSDKEHUN «t00Ka MOPIIHS — HUITHHIPY», PEKUM
paboTHI ABUTATEIIS, CBOWCTBA MOTOPHOTO Maca.

1. PacuyeTHble uccnepnoBaHus

Ynpyro-ruapouHaMuyecKas 3afada sBiseTcs
LIEHTpalIbHOH B pa3zpaboranHoi Hamu [11] maTema-
THUYECKOH MOJETIH JUHAMHUKH JBYDKECHHSI OPILHSL.

Jig olleHKH XapakTepa TpEHHUs TOJIIHMHA Mac-
JSTHOTO CJIOSl B COMPSDKEHHH «I0OKa MOPIIHS — LH-
JMHAPY OTIPEIeIseTCs U3 CIEeIYIOMEr0 BEIPaKCHHS:

h(x,y,t) = hH(x, y)+m[z—(x—x,)y]cosO +

+ 81 (x, ¥,0) + 81, (x, y,1). (1)

H
Pacripe/iernieHye TOMIIMH MacIsIHOTO ciiost /1 (X, V)
onpeenseTcs: mpopUIEM MOPIIHS B XOJIOIHOM COCTO-

sann U(X, Y) ¥ MOHTaXHBIM 3a30poM A, TO €CTh

M3

R (x,y)=u(x, y)+A,,. 2)

Bropoe crnaraemoe npencTaBiseT U3MEHEHHE TOJ-
IMHBI MACIITHOT'O CJI0sI, 00YCJIOBICHHOE IOIIEPEYHBIM
JIBIDKEHHUEM TIOPIIHS, TIe 1 — KO QUIEHT (1 Ha-
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TpY>KEHHOU CTOPOHBI 7 = +1 , /ISl HeHArpyKEHHOW —
m =—1); z — nepeMeleHle MOPLIHS; ) — YIJIOBas
KOOpJIMHATA B IUIOCKOCTH XYV; X — KOOpJMHATA IO
ocH X; X — PacCTOsIHUE OT OCH Majblia 10 BEpXHEH
KPOMKH FOOKH TOPIIHS; O — yroj, OTCUUThIBAESMBbIii
OT IUIOCKOCTH Ka4yaHWs MIaTyHa; Y — yroJI HAaKJIOHA
HOPIIHS OTHOCUTEIHEHO OCH HaJbla.

CocraBmsronas 5; ONpeJieNsieT BIUSHHAE Ha TOJ-

HIMHY MACJISTHOTO CJIosl iehopMalivi, BHI3BAHHOW TeI-
JIOBBIM pacHIMpPeHHEM HOPIIHS M LUWIMHApa. Panu-
aIbHOE PACIIUPEHUE MOPIIHS CUUTACTCS IOJI0XKHU-
TEJTbHBIM.

[Nocnennee cnaraemoe mpencraBisieT aedopma-
1M, 00YyCJIOBJICHHBIE TMAPOANHAMUYECKUM JaBIie-
HHUEM MAacJsIHOI'O CJIOs.

[pu onpenenennn nedopMaryii HOPIIHS OT TeTl-

o T
JIOBOI Harpy3ku Sn U TUAPOJMHAMUYECKOTO N1aB-

r
JICHUS 81-[ OPpUMCHAJICA METOJ KOHCYHBIX 3JICMCH-

toB (MKD) ¢ ncrnions3oBanneM Mojesnel, CoOCTaBJIeH-
HBIX U3 OOBEMHBIX 3JIeMEHTOB. [IpuHMUManock, 4To
Ha yCTaHOBUBLIEMCS PEeXKUME PaOOTHI ABUraTess Tel-
70BbIe eOpMaLlK HOPIIHS M LUIMHIPA TOCTOSH-
HBI B T€4YE€HHE pabovero HuKa.

T
JUtst HaxoxaeHus aedopmanuy O, MPH TeIuIo-

BOM PACIIMPEHUU TOPIIHA, COIVIACHO OCHOBHBIM IIO-
noxenmsiM MKD, HE00X0AUMO PEIIUTh CIICIYIONIYIO
CHCTEMY YPaBHEHUI:

[K: 1485} ={R,}, (3)

rac [KT] — MaTpula XCCTKOCTU CUCTCMbI 3JICMCHTOB

IIPOCTPAHCTBEHHOM MOJeNH HopiHst; {R.} — BekTop

Y3JIOBBIX YCHJIMH CHCTEMBI DJIEMEHTOB, BBI3BAHHBIX
T

TeMIIepaTypHbIM moneM; {0} — BeKTop-cTonder

neGopManuii OT TETUIOBOH HATPY3KH.
Ananoruyno neopMalyy MOPIIHS, BbI3BAHHBIC
JEACTBHEM THAPOANHAMHYECKOTO [aBICHHS Macis-

r
Horo ciost O (X, V,t), HAXOMWIKCH NPU PEIICHUH
CHUCTEMBI JINHEUHBIX ypaBHEHUM:

[K1{3y,} = {P}, @)

rae [ K] — marpuna xecTkocTy 100Ku nopimss, {P} —
BEKTOP-CTOJIOCII CHJI IaBJICHHUS, BO3/ICHCTBYIOIINX B
y3nax, {0 ,§ } — BekTOp-cTONOCI AehopMaItiii OT THIPO-
JIMHAMHUYECKOTO JTABJICHUS] MACIISTHOTO CJIOS.
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[pu pemennu 3agaun MKD Bo3HMKaOT morpert-
HOCTH, CBS3aHHBIE C TEOMETPUYECKUMHU PA3INIUSIMU
paccUMThIBAEMOM NI€TAIM U €€ KOHEUHO-3JIEMEHTHOU
MOJIENU. Y CIOBUEM JTOCTHKEHUSI ONTUMAIBHOTO Pa3-
peLICHUs] MOAEN KOHEYHBIMU 3JIEMEHTAMHU SIBIISICT-
Csl TOCTMIKEHHE TAKOTO U3MEHEHMs] UICKOMOTO napa-
MeTpa, Harmpumep AedopMaliiii, IPU KOTOPOM JIaJib-
Hellllee YMEHBIIEHUE 3JIEMEHTOB HE OKa3bIBaET Cy-
LIECTBEHHOT'O BIIMSHMS HA 3HAYCHHWE PACUETHBIX Ia-
pamMeTpoB. JlaHHBIA METOJI UCTIOJIB30BaJCs B HACTO-
stiedt pabore. Ha puc. 1 mpencraBieHbl parMeHThI
KOHEYHO-3JIEMEHTHOW MOJIENH F0OKH TOPIIIHS.

6

Puc. 1. Mogenu 106ku NopLuHs:
a-— OﬁbeMHaﬂ, C BblOeNIeHHbIMW 30HaMM YCTaHOBKU TEH30PE3UCTOPOB;
0 — KOHEYHO-3N1eMeHTHas
[Figure 1. Models of the piston skirt:
a - volumetric, with dedicated zones for installing resistance strain gages;
6 — finite element]

IIpu pemennn 3amau ¢ nomompro MKD xopo-
IIAM CIIOCOOOM TPOBEPKH aAEKBATHOCTH IOJTYy4EH-
HOW MOJIEIT! MOJKET CITYKUTh €€ BepU(pHKaIUs C T10-
MOIIBIO SKCIIEPUMEHTANBHOTO MOBTOPEHHUS yCIOBUI
IUIs1 KOTOPBIX IIPOBOJUIICS pacyer.

Jnst SKCIIepUMEHTAIBHBIX UCCIICA0BAHUI Hampsi-
KEHHO-J1e(pOPMUPOBAHHOTO COCTOSHHS FOOKH IMOpLI-
H M Bepu(UKAUU MOJYJIs pacyera aedopMamuii
MOPIIHS OT BO3JACHCTBYIOIINX HArPy30K OBLT pa3pa-
0O0TaH creuraIbHbIA CTEHI.

MALUMHOCTPOEHME N MALLMHOBEOEHUE

2. MeToauka npoBeaeHus
SKCNepuMeHTalNbHbIX UCCNEeA0BaHNN

OOBEKTOM HCCIIeNOBaHMs Obla FOOKa COCTaB-
HOTO ITOPIITHS TU3EIISL.

CocraBHBbIE TIOPIIIHU COBMEIIAIOT B ceOe Mpenumy-
IIeCTBa TOPIIHEH, U3TOTOBJICHHBIX U3 CTallU (4yTy-
Ha), ¥ aTIOMHUHUEBBIX TIOPITHEH, 8 UMEHHO:

1) rooBKa COCTaBHOTO MOPIIIHS, BBHITIOJHCHHAS
W3 CTaJIM WU 9yTryHa o0NaiaeT HU3KUM KO3 hUIm-
€HTOM JIMHEHHOTO PaCIINPEHHs, YTO TI03BOJISAET YMEHb-
LIMTh 3a30p MEXJY TOJOBKOH INOPIIHSA U TUIIb30H
MWIMHIPA. DTO Ka4eCTBO TMOJOKUTEIHLHO CKa3biBa-
€TCs Ha YIUIOTHEeHWH LUIHUHPA U YMEHBIIIEHUH TOK-
CHUYHOCTH OTPa0OTaBIIMX Ta30B;

2) ro0Ka TMOPIIHS, BHIMOJHEHHAS U3 aJTFOMHHUC-
BBIX CIUIABOB, TIO3BOJISIET CHI3UTH OOIIYI0 MAcCy TOpIII-
Hi, obecreunTh Ooiee OJIaronpusITHBIE YCIOBHS Tpe-
HUS, TEM CaMbIM CHU3UTh IIOTEPH HA TPEHUE, TOBBI-
CUTHh 0€30TKa3HOCTh PabOTHI 3a CUET MPeAoTBpalIe-
HUSl CKJIOHHOCTH TPYIIHMXCS TOBEPXHOCTEH K 3aIH-
paMm H HaTHpaMm;

3) OTCYyTCTBHE MPSIMOM TEIIONEPEauy OT T'OJIOB-
KU TIOPIITHA K I00KE IMOPIIHS MO3BOJSET YMEHBIIUTh
YPOBEHb TEMIIEPATYP FOOKHU MOPIIHS YU MOHTaKHBIMH
3a30p Hapbl TPCHUS «IOOKa MOPIIHS — THIb3a IU-
JTUHIIPAY.

M3obparkeHune paccMaTpUBAEMOTO TTOPIITHS TIPe-
CTaBJIEHO Ha pHC. 2.

Q

o

Puc. 2. KoHCTpyKuusi paccMaTpuBaemMoro nopLuHs
[Figure 2. Piston design]

[pu NpOEKTUPOBAHUK CTEH/A YIUTHIBAIMCH BO3-
MOXKHbIE rabapUThl HCCIELYyEMBIX MOPIIHEN AUamer-
poMm ot 60 1o 150 MM, a Takke BO3MOKHBIE MaTepU-
aIpl, U3 KOTOPBIX OHH M3roTOBJIEeHBI. CTEH | BKITFOYAET
HArpy304HOe M U3MEPUTEIBHOE YCTPOMCTBA, KOTO-
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pBIe MpenyCcMaTpHBAIOT OBICTPYIO HACTPOMKY Ha He-
00XOIUMBIH pa3Mep TMOPIITHS.

Puc.3. MNpoekT ncneltatensHoro creHaa
[Figure 3. Testing bench design]

TeH30cmaHuUA
- [(Strain gouge
scaner recorder]

Konctpyxkims crerna (pric. 3) mpencTaBiser sKecT-
KyI0 IIPOCTPAHCTBEHHYIO paMy, B KOTOPOH pacmoia-
TaroTCsl YCTPOHCTBA Al JOSMPOBAHHOTO TPHIIONKE-
HUSl HAarpy3KH Ha WCTIBITBIBAEMYIO AETalb W YCTPOWi-
CTBO IJIsl U3MepeHus 3ToW Harpysku. Ha camy xe
JIeTallb yCTaHABIMBAIOTCS TEH30PE3UCTOPHI TS H3-
MEpEeHHs HalpsDKEHUH B TeJe TOPIIHS WM HCIIONb-
3YIOTCS MHIUKATOPHI, M3MEPAIOIINE epeMeIeHus
Y9aCTKOB FOOKH MOPITHS MIPH MPHIIOKEHUH HATPy3-
KH. J[71s IOBBIIEHUST YHUBEPCATBHOCTH pa3padaThi-
BaeMOTr0 CTEH/a MPEAyCMOTPEHa CHCTeMa YHUBEp-
CAJIBHBIX KPEIUICHUH HCIBITHIBAEMBIX 00PAa3IIOB, YTO
MO3BOJISIET PACIITUPUTH BO3MOXKHOCTH MCCIIEIOBAHMIMA.

M3MmepeHust MpUKIIaabIBAEMOW HArpy3Ku IpPOH3-
BOJIMITHCH C TIOMOIIBIO PHIYaYKHOTO TMHAMOMETpa CHC-
TeMmbl Tokaps. [lepes HayanoM 3KCIIEpUMEHTAIBHBIX
WCCIIEIOBAaHNH TIPOBOIMIIACH TAPUPOBKA CTEH/IA.

TenzoMeTpuuecKrue N3MEPEHHSI TIPOBOIUIINCH C
momoiesto TeHzoctaniuu ZET017-T8 u Ten3zopesu-
cropoB TKB01-5-100-23. Cxema TpHIOKCHUS HC-
MBITATEIEHON HAarpy3KH K FOOKE TIOPIITHS U CXeMa yc-
TAHOBKH TEH30PE3MCTOPOB Ha FOOKE MOPIIHS Tpe-
CTaBJICHBI Ha puC. 4.

b b-b

B
ey
fluHaMomMemp
(Dynamometer)
1F
Yempoucmbe NK (PC)
NPUACXEHUSA CUABI

[Force application
device)

_ Tex3ope3ucmapsl
Strain gages

Puc. 4. bnok-cxema cteHga 1 cxema NpuIoXKeHUs NCNblTaTeNbHOM HArpy3kn U PpacrnosioXXeHNss TEH30PE3NCTOPOB,
roe F — cuna, To4e4yHO BO34enCTBYoLLLAs Ha 106Ky MO OCY NMOPLUHEBOro nanbLa
[Figure 4. Block schematic diagram of testing bench and scheme of application of the test load and the location of
the resistance strain gages, where F — force acting pointwise on the skirt along the axis of the piston pin]
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Ha cxeme Ri, R3 — CONPOTUBJIEHUE PE3UCTOPOB,
HA3MEPSIOIIUX HAIIPSDKEHUS Ha BHYTPEHHEH NOBEpX-
HOCTH 100KH; R>, R4 — CONPOTHUBIIEHUE PE3UCTOPOB,
HU3MEPSIOIINX HAINPSKEHUS HA HApPY’KHOU CTOPOHE;
4o — BBIXOJTHOE MTUTaHKuEe MocTa; U — MUTaHue MOCTa.

CormacHo [15], pacder BEIXOAHOTO MATAHHUS MOCTa
IIPY U3BECTHBIX Je(OopMaIUsIX TEH30pe3UCTOPOB pac-
CUUTHIBaeTCA 10 (hopMyIIe

u,=U-K; ¢, (5)

rrae Ky — K-akrop (ko3 dHIHEHT TeH309yCTBUTENb-
HOCTH TCH30PE3UCTOPOB); €, — CyMMapHas aedop-
Marysi TCH30JaTYUKOB.

CrnenosarensHo, npu U = 1B, K= 1,99 nomy-

u u
yaeM gy = O/U'KS = 0/1’99.
Hampspxenus onpenensarcs mo gpopmyie

c=¢,-F, (6)
rne £ —Moayins ynpyroctu uccaenyemon neramu, MIla.

3. Pe3y.l1bTaTbl 3KCNepuMeHTalJibHbIX
M pacyeTHbIX uccnenoBaHnin

Pe3ynbTaTel SKCIIepUMEHTANBHBIX U PACUETHBIX
HCCIIeI0BAaHUI MpeNICTaBIeHbI Ha puc. 5—8. Ha puc. 5
IIPUBEACHBI IpaUKU U3MEHEHUs HANpPSDKCHUH, U3-
MEpEHHbIE C IOMOIIbI0 TEH30PE3UCTOPOB U pPacyer-
Hble. MakcuMalibHOE PacX0KI€HHUE 3KCIIEPUMEHTaAb-
HBIX U PaCYETHBIX PE3yIbTATOB COCTABHIIO 6 %o.

130 230 280 330 330 430 480 530 580 630 680 730 780 830 880 930 980 1030 108
Cuna, H (Force, N)

~—e— Pacuer (Calculation =-=#-- Oxcniepmvent (Experiment

Puc. 5. 'padurkn nameHeHns pacHeTHbIX
1 3KCNEePUMEHTaSIbHbIX HANPSXEHWI B 0OKEe NOPLLHSA
[Figure 5. Graphs of changes in the calculated
and experimental stresses in the piston skirt]

Wsmepernne nedopmariiy 100KM TIOPITHS OT BO3-
JeHCTBHA HArpy3KH MPOBOAMIOCH KaK TEH30pPE3HCTO-
paMu, Tak ¥ ¢ MOMOILBIO HHIUKATOPOB YACOBOTO THIIA.

Tenzopesncropamu PUKCHUPYIOTCS NehopMaItuu
n3ruba Ha BHENIHEH M BHYTPEHHEH MOBEPXHOCTAX

MALUMHOCTPOEHME N MALLMHOBEOEHUE

100ku. [Ipu 3TOM 100Ka MOXKET PacCMaTpUBATHCS Kak
[IJIMHDP, K KOTOPOMY TIPFIIOXKEHBI CYKIMAFOIIHE YCH-
Tmsi. DTO TO3BOIBSIET ONPEEIUTh ICHCTBYOIINE HaIpsi-
JKCHUS ¥ OLICHUTH MTPOYHOCTH KOHCTPYKIIUH TTOPIITHSL.
OpnHaKo B MaTeMaTHIECKYIO MOJIEh JMHAMUKA
JIBKCHHUS TIOPIIHS C YYETOM ero AegopManuil u
TUAPOIMHAMUYECKOro xapakrepa Tpenus [11] qomkxa
OBITH 3aJI0’KEHAa MaTpHIla MMONATIUBOCTH, TTOKA3bIBa-
fomas nepeMenienne npoduis I00KH OT JEHCTBUSL
MIPWIOKEHHBIX CHWJI B KOHKPETHBIX TOUKAaX KOHCTPYK-
un 100ku. [lodToMy IUIsi CpaBHEHUS 3KCIIEPUMEH-
TaJbHBIX TIEPEMEIIECHNN C pacUyeTHBIMH B KOHCTPYK-
MU CTeHJa MPEAYCMOTPEHO HX OTpeesieHHe ¢ T0-
MOIIBI0 WHAMKATOPOB. CXeMa yCTaHOBKM WHIWKA-
TOpa YacOBOTO THIIA JJISi H3MEPEHUS IepeMeIeHHH
F00KH TOPIIHS TpEACTaBlieHa Ha puc. 6, a pe3yib-
TaTbl SKCINCPUMCHTAJIbHBIX I/ISMepeHI/Iﬁ U pacucT-
HBIX HCCIeOBaHUN — Ha puc. 7, 8. YIOoBIETBOpU-
TEIHHOE COTJIACOBAHUHM PACUETHBIX M IKCIEPHUMEH-
TaJIbHBIX JAaHHBIX MO3BOJIACT C IIOMOLIBIO ITpOrpamM-
MBI pacueTa HanpsHKeHHO-Ae()OpPMHPOBAHHOTO CO-
CTOSIHUSL W TIOJYYUTh 3HAYEHUs HAINPSHKSHUH, Jei-
CTBYIOIINX B FOOKE, ¥ OIEHUTH €€ MPOYHOCTb.

MHdukomop
Dicl gauge
/4

Puc. 6. Cxema nsmepeHus gedopmavmi
VMHOMKATOPOM 4aCOBOIro Tmna
[Figure 6. The scheme of measuring deformations by the dial gauge]

Cuna, H (Force, N)

--0--Oxcriepmvent (Experiment)  —e— Pacuer (Calculation)

Puc. 7. 'padunkm n3aMeHeHNs pacHETHbIX N 9KCNEPUMEHTASTbHBIX
nepeMeLLeHnin B 30He YCTaHOBKM BEPXHUX TEH30PE3NCTOPOB
[Figure 7. Graphs of changes in the calculated and experimental

displacements in the installation zone of
the upper resistance strain gages]
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Puc. 8. N'padurkm nsMeHeHNs1 paCHETHbBIX 1 3KCMEPUMEHTASIbHBIX
NepeMELLEHINI B 30HE YCTAHOBKM HUXXHUX TEH30PE3UCTOPOB
[Figure 8. Graphs of changes in the calculated and experimental

displacements in the installation zone of
the lower resistance strain gages]

Pe3ynbTaTel SKCIIepUMEHTANBHBIX U PACUETHBIX
HCCIEIOBAaHMH MOKa3alld, YTO pa3pabOTaHHBIA CTEHI
MOYET HCTIONb30BATBCS I UCCIIENO0BAaHNS HAPSKECH-
HOTO-/1e(QOPMUPOBAHHOTO COCTOSTHUS TUISI PA3ITUYHBIX
KOHCTPYKIIMH, a JaHHAasi KOHEYHO-3JIEMEHTHAas MOJIETb
F00KHM TOPILIHA MOET OBITh NMPHUMEHEHa B MaTeMa-
TUYECKON MOJIENH HCCIIENOBAHMS THIPOANHAMUYECKIX
XapaKTEepUCTUK TPEHHS M MOCIEAYIOUIEro MPOpHIH-
pOBaHHUs FOOKH HOPIIHSL.

3aksnouyeHne

PaspaboTaHHbIi CTEH IS TPOBEACHUS JKCIIE-
PUMEHTAIBHBIX HCCIICOBAHUN HaNpsHKEHHO-Ae(Oop-
MHPOBAHHOTO COCTOSIHHUS FOOKH TIOPIIHS TUAMETPOM
ot 60 mo 150 MM IpUMEHHUM I BEpUGPUKAITNHA Ma-
TEMaTHYECKUX MOJICIIeH pacueTa HanpshKeHHO-1eop-
MHPOBAHHOTO COCTOSTHUS FOOKH MOPITHS B OITBITHOM
npomusBoacTBe mopmHeld JBC mius yckopeHUs u
yICIIeBICHUS TIpollecca pa3padOTKH KOHCTPYKIIUU
TIOPIIHA.

[losy4ens! pe3yabTaThl CPABHUTENBHOIO aHAN3a
pacYeTHBIX W 3KCIICPUMEHTAIBHBIX MCCIICIOBAHUMA IS
FOOKH COCTAaBHOTO MOPIIHS au3eis. MakcumaibHoe
PAacXOKIACHUE PACUETHBIX U 3KCIIEPUMEHTANbHBIX pe-
3yJIBTaTOB COCTABHJIO TI0 HAIMPSDKEHUSIM — 6 %, a 1o
nedopmarusiM — 10 12 %.

Pe3ynbTaThl S3KCIEpUMEHTANIBHBIX UCCIIEIOBAHUN
MOTYT OBITH HCIIONB30BaHBI B Ka4eCTBE MCXOIHBIX
JaHHBIX U pa3pabOTaHHON MaTeMaTHYecKOH Mo-
JIeNIA TUHAMUKH JBMXKCHUS TIOPIIHS U MPOoQHIUpo-
BaHUs I00KHW TOPIIHS.

Yuactue aBropoB: C.B. CMHpPHOB — KOHILIEN-
LU UCcclIeloBaHMs, HanucaHnue Tekcta; B.B. Kombl-
JIOB — aHAIN3 MOJYYCHHBIX JaHHBIX, HAIMMCAHUE TEK-
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cta; A.P. MakapoB — aHajau3 NOJYyYECHHBIX JaHHBIX,
Hanmucanue Tekcra, A.A. BopoOneB — MpoeKTHPO-
BaHUEC CTCHAA, TOATOTOBKA U MPOBCACHUC SKCIICPU-
MeHTa, Hanucanue Tekcra; K.B. Illkapun — u3rotos-
JICHUE CTEH/a, HAIICAaHNE TeKCTa.
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The article describes the features developed by the authors of the profiling
method of the piston skirt, provides the main parameters that affect the lubrication
conditions of the piston skirt and the magnitude of mechanical losses. In computa-
tional studies, the basic formulas are given for determining the thickness of the oil
layer in a piston skirt — cylinder sleeve conjunction to assess the nature of friction.
To determine the deformations, the finite element method is used on the spatial
model of the piston. To verify the finite element model, a stand for experimental
studies was developed. The article describes the developed stand, the methodolo-
gy and results of experimental studies of the stress-strain state of the two-piece
piston skirt obtained at this stand and a comparative analysis of the results of
the calculated and experimental studies of the stress-strain state of the two-piece
piston skirt of a diesel engine. The research results showed that the developed
stand can be used to verify mathematical models for calculating the stress-strain
state of the piston skirt in the pilot production of internal combustion engine pis-
tons to accelerate and reduce the cost of the piston design development process,
as well as the results of experimental studies obtained at the stand, can be used as
initial data for the developed mathematical model of the dynamics of the move-

ment of the piston and the profiling of the piston skirt.
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BBeneHue

B crathe paccMaTpuUBacTCsl CPaBHUTENBHBIN aHATH3 POrPaMMHOTO 00ec-
neyenust (MS Excel, Mathcad u Matlab) st u3y4eHust CTATHCTUYECKHX METOZIOB
KOHTPOJSI KA4ECTBa TPOLYKLMH, HEOOXOAMMBIX JUTSI [IOJTOTOBKU Oy/IyIIHX CIie-
LMAJIMCTOB B O0OJIACTH Ka4ecTBa MPOMYKLMK. BBIOOp OnpesiesieH HalM4ieM JaH-
HOTO [IPOrPaMMHOTO O0ECIIeYeHHs B y4eOHOM 3aBeeHii. CTaTHCTHYECKHE Me-
TOJBI KOHTPOJISI KA4ECTBA IPOLYKIH SIBISIFOTCS O0S3aTeIbHBIME ICMEHTAMU
COBPEMEHHBIX CHCTEM MCHE/DKMEHTA KadecTBa, BHEAPSEMBIX HA POCCHICKHX
TPEMIPHSITASIX, KOHKYPEHTOCIIOCOOHOCTh KOTOPBIX BO MHOTOM 3aBHCHT OT yMe-
HUSI TIEPCOHAITA PEANPHATHS HA IPAKTUKE IPUMEHSTH 3TH METO/IbI Ha BCEX ITa-
ax XM3HEHHOTO [UKJIA NPOAYKIUH. AHAIU3 KauecTBa MPOAYKIMH HAYMHA-
OT C IOCTPOCHHS THCTOIPAMMBI [UIs BBISIBJICHHUSI YCTPAHIMOTO U HEYCTPAHIMOTO
Opaka 1 CpaBHEHISI ee C KPHUBOil HOpMaibHOTro pacrpezenerus. IIporecc dop-
MHPOBaHHUSI (POPMBI KPHBOM HOPMAIBHOTO PACIIPEIEICHHS MOYKHO MPOCISIUTh
TIPU TIOCTPOCHHUH KOHTPOJIBHBIX KAPT HA OCHOBE TOYEYHOM AHArPaMMBI BHIOOPKH.
CrieyroImM 3TaroM SIBISICTCS [IOCTPOCHIE TOYCUHBIX AHArpaMM, Ha OCHOBAHUH
KOTOPBIX CTPOSITCS KOHTPOJIbHBIE KapThl (B HAILIEM CTy4ae — KOHTPOJIbHAS KapTa
Ilyxapra). 3aKIFOYHTENBHBIM 3TAllOM B OOYUYEHHH SIBJIETCS MOCTPOCHHUE [Ha-
rpamm [lapero 1uist BeisiBIeHUs: NpuunH Opaka ¢ ABC-ananuzom. ABTopamu
MIPOBEJICH CPABHUTEIBHBIN aHAU3 MPOrpaMMHBIX MpoaykToB MS Excel,
Mathcad 1 Matlab mis peanmusaimy OCHOBHBIX CTATUCTHYECKHX METOMIOB KOH-
TpoJis KadecTBa nmpoaykimu. s o0yueHuns npemaraercs Beiopars MS Excel mo
MPUYMHE HATMYKS MaKeTa «AHAIN3 JAaHHBIX», OCCIUIATHBIX aHAJIOrOB, IIMPOKO
MPUMEHSIEMBIX Ha IPEIPUSTHSIX, BOSMOKHOCTH XPaHCHHUSI HCXOIHBIX JIAHHBIX U
HCTIOJIb30BaHUSI X B IPYTHX MPOrpamMMax (MMIIOPT JaHHbIX ).

SIBJISIFOTCST 00513aTETFHBIME DJICMEHTAMH COBPEMECH-
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MBIX HAa POCCUICKHX HpPEANPUSATUAX, KOHKYPEHTO-
CITOCOOHOCTHh KOTOPEIX BO MHOTOM 3aBHUCHUT OT yMe-
HUS [IEPCOHAJAa IPEAIPUATHSA Ha IPAKTHKE MpHUMe-
HATH OTU METOAbI HAa BCEX 3TallaX KU3HCHHOI'O ITUK-
Jla TPONYKIMH. YMEHHE IMepcoHala CKJIaJbIBaeTcs
W3 3HaHUI M HaBBIKOB MCIOJIB30BaHMUS HH(pOpMaIIH-
OHHBIX TeXHOHOFHfI, IIO3BOJIIOIINUX ITOBBICUTH Ka-
YECTBO BBITYCKAEMOM MPOAYKIUH.

B HacTosiiee BpeMst J1sl MPakTUYECKOU peaiu-
3alMn CTaTUCTUYCCKUX METOJ0B KaucCTBa IMPOAYK-
MU UCTIONB3YIOT HE TOJBKO CIeNHalIbHbBIE, HAIIPH-
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Mmep Statistica, SPSS [2-5], Ho u apyrue mporpam-
MBI — OT 3JeKTpOoHHBIX Tabmuir MS Excel [6] mo
MmaremMaThdeckux makeroB Mathcad, Matlab Scilab
u 1p. [7-9], Brirouas ux OecruiatHeie ananord. Ko-
JITYECTBO JIOCTYIHBIX CTATUCTUYECKUX (DYyHKIU TO-
CIIETHMX CETOMHS MOYTH HE YCTYyTaeT CHeHaIbHbIM
mporpaMMam, Mo3TOMY 3a/ia4a MOJITOTOBKU CIEIH-
AIHCTOB JIISl IPEIIPUATHI C YMEHUSIMHU TPUMEHSTh
pasnugHbIe HHPOPMALIMOHHBIE TEXHOJIOTHH TIPH pe-
LICHUH 3a]lad KOHTPOJII U MOHHTOPHHIA KadyecTBa
MPOJYKIIMH, UCTIONB3YSI B TOM YHCIIE U CTATUCTUYC-
CKH€ METO/IbI, SBIISETCS aKTyaIbHOM.

1. NMNocTaHoOBKa 3apaun

Paccmotpum npuMeHenne MHGOPMAIMOHHBIX
TEXHOJIOTUH JUIsl CTATUCTHYECKHUX METOJIOB aHalu3a
1 OLEHKH KadecTBa MPOAYKIUH Ha NpUMEpe U3-
MepeHUi mapTuu o0paboTaHHBIX AeTanei «Brynka
?8,5H14» (puc. 1) [10].

[Ipu npoBeneHNM M3MEPEHUH MOIYYarOTCS CIIy-
YyaiiHbIe BEJIMUIMHBI, IIOSIBJICHHE KOTOPBIX IPECKa3aTh
HEBO3MOXHO, HO OHHU Yallle BCEro MOJUYMHSAIOTCS HOp-

MaJIbHOMY 3aKOHY pachpezesneHus (3akony [aycca).
JlaHHBIN 3aKOH TMPHUMEHSIETCSI BO MHOTHX O00JIacTIX
HayKH{, B TOM YHUCIIE ¥ TIPU aHaJlk3e M OLCHKE Kade-
CTBa HM3ENHIA, U SBJISETCS MOJAENBIO I MHOTUX pe-
ABHBIX TPOIIECCOB. DTO OOBSACHSIETCS TEM, YTO OH
SIBIIICTCSL NpedesibHbiM 3aKOHOM, K KOTOPOMY TIpH-
OyIMKaroTCs Ipyrue 3aKOHBI pacrpeesieHnss U o0Jia-
JAET Npasuiom mpex cuem, KOTopoe MMeeT OOIb-
o€ MpakTUIecKkoe npuMenenne [2; 11].

KpuByto HOpMalbHOTO 3aKOHA pacrpelielIeHUs
HA3BIBAIOT HOPMAIbHOU (2ayccosoti) kpueol (puc. 2)
Y XapaKTepU3yIT TAaKUMU MapaMeTpaMu, KaK Cpej-
Hee apu(QMeTHYEeCKOe X¢p U CPETHEKBAAPATUIECKOE
otkionenue (CKO) o, KoTopsie ONMpenemnsioT mo-
JIOKEHUE KPUBOH OTHOCHUTENHFHO Havajd KOOPIUHAT
u ee ¢popmy. B kauectBe 00pa3ua NpuHUMAIOT KpH-
BYIO paclpeneneHus c x,, = 0n o = 1.

Ha mpaktike HOpMaiibHOE pacrpeelieHrue OITH-
CBIBaeTCS YETHIPHMS OCHOBHBIMH MOMEHTAMH: Mare-
MatmueckuM oxuganuneM (MO), nucmepcueit, Ko-
3G PULUEHTOM acUMMETpHH As B KO3 PUIUEHTOM
akcrecca Ex (tabm. 1) [11].

B A [ B
1] 861 873
2| 887 856
3 862 868
4] 860 866
5 848 876
6 855 866
7839 847
8 870 874
9 865 869
10 867 863

C
8,82
8,34
8,72
8,76
8,65
8,68
8,83
8,64
8,70
8,82

D E | F | G H [ | ]
858 869 882 845 854 880 863
867 870 874 840 855 864 898
837 844 867 851 887 859 861
885 842 828 878 862 857 865
849 853 877 881 85 88 871
872 887 846 853 842 875 867
871 865 857 862 886 869 858
868 860 858 854 850 871 879
852 861 875 851 862 878 861
853 866 859 862 861 866 855

Puc. 1. Brynka ¢#8,5H14 n Bbibopka no BHyTPeEHHEMY AnameTpy BTynku [10]
[Figure 1. Sleeve #8,5H14 and a sample of the internal diameter of the sleeve [10]]

| CKO (Standart deviati

1
|

) KKO (Standart deviation)

=1

CKO (Standart deriation) = 5

" —

Puc. 2. KpuBas HopManbHOro pacnpepenenuns ¢ pas3nuyHbiMm 3HadeHnsamm CKO (a) n cpegHero apudpmMeTnyHeckoro X, (6) [11]
[Figure 2.The curve of the normal distribution with different values of the standard deviation (a) and arithmetic mean (6) [11]]
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Tabnnua 1

FeomeTpuyeckuii CMbIC/1 OCHOBHbIX MOMEHTOB HOPMaJibHOrO pacnpepeneHns
[Table 1. Geometric meaning of the basic points of the normal distribution]

0OGo3HaueHue
[Designation]

HaseaHue momeHTa
[The name of the moment]

FeomeTpunyeckunii cMbicn
[Geometrical meaning]

Martematnieckoe oxuagaHve (cpegHee apudMeTniIeckoe X,)  oKasbiBaeT pacrosnoXeHre OTHOCUTESNBHO Havau1a KOOPAMHAT

Hi [Mathematical expectation (average x,)]
[Ivcnepcusi 6°

He [Variance ¢°]
KoaddpuumeHT acummeTpumn As

Ha [Skewness As]
KoaddpuumeHT akcuecca Ex

Ha [Kurtosis Ex]

[Shows the location relative to the origin]

MokasbiBaeT pa3bpoc BOKPYr CPEAHENO X,
[Shows the spread around the average x.,]

XapakTepuayeTt acMMEeTpUIO pacrnpeneneHuns
[Characterizes the asymmetry of the distribution]

Moka3biBaeT aCUMMETPUIO pacnpeaeneHns
[Characterizes the asymmetry of the distribution]

Puc. 3. KprBas HopmanbHOro pacnpeneneHust ¢ pasanyHbiMmn
3Ha4YeHnsaMn KoapdurumeHTa acummeTpum As (a)
1 KoadbdbuumeHTa akcuecca Ex (6)
[Figure 3. Normal distribution curve with different values
symmetry coefficient As (a) and kurtosis Ex (6)]

2. PacuyeT cTaTUCTU4YE€CKUX METOA0B
KOHTpPOJISA Ka4YecTBa npoaoykumm

Bouluucnenue cmamucmuueckux noxasamesei.
[IporpaMma BBIMHCIICHUS! CTATUCTHUYECKUX IOKa3aTe-
neil B MareMaTuueckoM nakere Matlab 3amuceiBaercs
B M-(aiin 1 cOCTOUT U3 CIEeUUATBHBIX CTaTHCTHYC-
ckux pyHxuuii (puc. 4). McxoaHple 1aHHBIE MOXKHO
3arpykath u3 ¢aiima MS Excel — statistica.xls wmu
TEKCTOBOTO (paiina (txt), a Takxke M3 paboyero okHa
nporpaMmsl [11].

Command Window

New to MATLAB? See resources for Getting Started.

Cpennee apupMeTrmueckoe (Average) = 8,639300

CKO (SKO) = 0,1311199

Iucnepcua (Variance) = 0,0171924

Acvrmerpusa (Asymmetry) = -0,1515558

Sxcuecc (Kurtosis) = 0,0478902

Pasmax (Span) = 0,700000

MusvmyM (Minimum) = 8,2800000

Maxcumym (Maximum) = 8,9800000

Koadpdpmumenr Bapuamwmm (Coefficient of variation) = 1,5177147

Jx >>

Puc. 4. Pe3ynbTaT pacyeta CTaTUCTUYECKUX MoKa3aTenen
B Matlab [11]
[Figure 4. Result of calculation of statistical indicators
in Matlab [11]]

B nporpamme Mathcad rcxonHble JaHHBIE MOYKHO
TMIPENICTABUTh B BUJIE TEKCTOBOTO (haiina (txt) umu daii-

MALUMHOCTPOEHME N MALLMHOBEOEHUE

na MS Excel (xls). YacTh cTaTHCTHYECKUX MOKa3a-
TeJleH MOXHO BBIUHUCIUTH C TIOMOIIBIO CIEIHANb-
HBIX (YHKIWI TPOrpaMMBbI (HaIpUMeEp, CpeIHee, [IHC-
mepcusi), a OCTaJdbHBbIC MPHUACTCS BBIYUCISITH CaMO-
crosTenbHo [11].

HaunGonee ynqoOHBIM TSI IOMYyUYEHUsS CTATUCTH-
YeCKHX ITOKa3aTelIel SBIIETCS MakeT «AHAN3 JTaH-
Hbix — OmnucarenbHas cratuctuka» B MS Excel

(puc. 5).

L4 A | B | © D E
4| 8,6 CranpapTHan owubka / Standard error 0,013111992
5| 8,48 Meauana / Median 8,645
6| 8,55 Moaa / Mode 8,61
| ] 8,39 C p / standard deviati 0,131119924
8] 8,7 [vcnepeun ebibopku / The sample variance 0,017192434
98 8,65 keuecc / Kurtosis 0,047890187
10| 8,67 AcummeTtpuuHoctb / Asymmetry -0,151555752
n| 8,73 Wutepean / Interval 0,7
12| 8,56 Mutnumym / Minimum 8,28
13| 8,68 Maxkcumym / Maximum 8,98
14| 8,66 Cymma / Sum 863,93
15| 8,76 Cuet / Count 100
16| 8,66 Hau6onbuwwmii(1) / Most (1) 8,98
17| 8,47 HaumeHbluuii(1) / Least (1) 8,28
18| 8,74 YposeHb 0%) / Level of 0,026017037
19 869

Puc. 5. Peaynbtat paboThl naketa «AHann3 gaHHbIX —
OnucatenbHasi ctatuctuka» B MS Excel [11]
[Figure 5. The result of the package «Data Analysis —
Descriptive Statistics» in MS Excel [11]]

B makere «AHanu3 JaHHBIX» IS HHTEpIIpeTa-
LM PE3yJIbTATOB CTATUCTUYECKOTO aHAJIM3a €CTh APY-
THe MHCTPYMEHTHI, HalpuMep HOCTPOEHUE I'HCTO-
rpaMm u quarpamum Ilapero.

Ilocmpoenue moueunvix ouazpamm. Ilpouecc
(opmupoBanus (HOpMBI KPHBOH HOPMAJILHOTO pacpe-
JICTICHUsI MOYKHO TIPOCIIEIUTh MPU MOCTPOSHUN KOH-
TPOJIBHBIX KapT HA OCHOBE TOUCYHOW JUArpaMMbl BbI-
Oopku (puc. 6), KOTOpbIE HUCIOIB3YIOTCS IS KOH-
TpOJIA KauecTBa M3ICJIUI U aHalM3a TEXHOJIOTHYe-
CKOT0 TIpo1iecca.

Pesynbrarel n3MepeHuii o KaKIOMy 00pasiyy OT-
MEYaloT B KOHTPOJIbHOW KapTe OTIENbHOM TOYKOM,
oTOupas, Hampumep, Mo 5 00pasIoB Yepe3 KaxkKIbIi
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yac mwin 4yepe3 100 mTyk oOpabOTaHHBIX M3ACIHH,
3aMepssi UX, a pe3yNbTaThl 3aHOCATCA B KapTy. B pe-
3yJAbTaTe€ MOXHO IOJyYUTH CIEAYIOIIME BapHaHTHI
pacnpenenenus [10; 11]:

— 1 sapuanm — u3MepsieMbIe JeTaIN He BBIXOISIT
3a MpeeIsl Mo AoIrycka (puc. 7, a);

— 2 sapuanm — HEOOXOUMa MePeHaCTPOiiKa 000-
PYIOBaHUS, TaK KaK paclpeielieHre BBIIUIO 3a Tpe-
JIeJBI TIOJIA motrycka (puc. 7, 6).

— 3 sapuanm — HaCTPOUKOU CTAaHKA WUCIIPABUTH
MOJIO’KEHUE HEBO3MOKHO, HEOOXOOUMO HCKaTh JIpy-
T'vie IPUYUHBI TAKOTO OOJBIIOTO pazdpoca pa3MepoB
(puc. 7, 6).

N Bri6opxH
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g e o0 o oo o |o ']
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Tloanananka

\ / TTonHanaaka
\ /npeaynpeantenpisit

CHIHaln

6*10%,12* pacoyepennas npoba

Hocmpoenue kapm Lllyxapma. Vicnionb3oBaHue
Pa3TMYHBIX BUAOB KOHTPOJBHBIX KapT M MX TIIATENb-
HBI aHaIM3 BEAYT K JIydlIeMy NOHUMAaHUIO U CO-
BEpIICHCTBOBAHUIO MpoiieccoB [12—13].

Hanbonee pacnpocTpaHeHHOU SBIAETCS KOH-
mponvras kapma Lllyxapma [12—14], npencrais-
om1ast co00¥ BU3yaJbHBII HHCTPYMEHT — Ipaduk
W3MEHEHUs IMapaMeTpoB Ipolecca BO BpeMEHH, OT-
HOCHTEIIEHO CpeIHET0 apu(PMEeTHIeCKOro BEIOOPKH,
JTUHUHA BepxHel u HuwkHed rpanun (puc. §). Kon-
TpoabHble KapThl LllyxapTa mo3BOJSIOT MpoaHaH-
3UpOBaTh TEXHOJOTMUYECKUH TPOIECC, HO BBHISIBUTH
MPUYHHBI Opaka HE MOTYT.

N samples
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Puc. 6. ToyeyHas guarpaMmma BbiOOpPKM
[Figure 6. Scatter sampling]
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Puc. 7. BapnaHTbl KOHTPOJbHbIX KapT [11]
[Figure 7. Variants of control cards [11]]
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Puc. 8. KoHTponbHbie kapTbl LLyxapTa: MS Excel (a), Mathcad (6) u Matlab (8) [14]
[Figure 8. Shewhart control charts: MS Excel (a), Mathcad (6) u Matlab (8) [14]]

Ilocmpoenue pacnpedenenus IKcnepumeHmaio-
HoIx Oannbix. [locTpoeHue pacrpeeseHus 3KcIe-
PUMEHTAIBHBIX TAHHBIX (Yallle BCETO CTPOUTCS B BUJIE
TUCTOTPAMMBI) U KpUBOU pacnpedeneniss CIy4ainou
senuyunel (B BUJE JVHUN) BBINTOJIHSAETCS Ha OJHOM
rpaduke. /s aHanw3a JaHHBIX MPUMEHSETCS npa-
8UNO Mpex cueM, TO €CTh 3HAUeHHE HeTpephIBHON
CIIy4aiiHOM BeTMYMHBI MONAAaeT B HHTEPBAJ OT —36
1o +3c6 ¢ BeposiTHOCTEIO 0,9973.

Ha puc. 9 BunHO, 9TO BCe AeTaNy, JIexKaIlye JieBee
HIDKHEW TPaHHIBI TIOJISE IOIYCKa, TIPEJICTABIISIIOT COO0M
HCTIpaBUMBIN Opak, Mocjie MOBTOPHOW 0OpabOTKH MX
pa3Mep MOXKET TIOIACTh B IPEIEITBI OIS JIOMYCKa.

Jlnst mocTpoeHus pacrpeneneHusi ¢ KpUBOil pac-
MpeeNieHNs] Cly4ailHOM BEIUYMHBI B IPOrpaMMax
Mathcad u Matlab TpeGyroTcsi HaBBIKH ITPOTpaMMHU-
POBaHMA IS CO3/IaHUS TIPOTPAMMEI pacyeTa.

B MS Excel moctpoeHne OCyIIECTBIISETCS MIPH
MOMOIIM TMaKeTa «AHanu3 OanHvixy U QYHKIUH.
HamnpuMmep, npu ucnonb30BaHUN CTATUCTUYECKON
dbyuxkamn MS Excel MOXHO pacCUMTAaTh KOJMYECTBO
ycrpanumoro (14,14 %) u neycrpanumoro (9,54 %)
Opaka [3]. CnemoBaTenbHO, KOIMYECTBO TOMHBIX Jie-
Tanei cocrasisier 76,32 % [10].

Ilocmpoenue ouazpammur Ilapemo. J1nsi BbISIB-
JIeHHs1 PUYKH Opaka UCTIONB3YIOTCA 2paghux W oua-
epammul (cucmozpammet) Ilapemo. 1lpu ucmonszo-

MALUMHOCTPOEHME N MALLMHOBEOEHUE

BaHWHU auarpaMmsl [lapeTto g KOHTpoOJs ompene-
TSA0IUX (QakTopoB Hambojee paclpoCTpaHEHHBIM
METOJIOM aHallu3a SIBJIsETCA TaK Ha3biBaeMblil ABC-
ananus [15]. Auarpamma I[lapeto ucmonb3yercs nmpu
BBISIBJICHUH HauOoJee 3HAYMMBIX M CYIIECTBEHHBIX
(hakTOpOB, BIUSAIONINX HAa BO3HUKHOBEHHE HECOOT-
BETCTBUI WM Opaka, 9TO JaeT BO3MOXKHOCTH pa3-
paboTaTh CTpaTeruio NeHCTBUI, HANpaBICHHYIO Ha
MOBBIIIEHN KauecTBa Mpoaykiuu [15-16].

Tloctpoenne auarpammel lapero HauMHarOT ¢ KJ1ac-
cu(UKaKM BO3HUKAIOIIUX MPOOJIEM MO OTACIbHBIM
¢akTopam (Hampumep, MPOOIEMbI, OTHOCAIIHECS K
Opaky; mpoOieMbl, OTHOCAIHECS K pabore obopy-
JIOBAHUS WUIH WUCIIOJIHUTENCH, U T. 1.) 3aTeM CIIey-
10T cOOp W aHaJ M3 CTATUCTHYECKOTO MaTepHhala Io
KaXJIoMy (haKTopy, YTOOBI BBISICHHUTH, KAKUE U3 ATHUX
(haKkTOpPOB ABISAIOTCS MPEBATHPYIOIIUMH TIPH peIIIe-
Huu npobiem (puc. 10) [16].

3arem npoBomsT ABC-ananu3 (puc. 11) mo rpym-
nam nedexro. K rpynme A mMoxxHO oTHecTH nedop-
MAIMIO U OTKJIOHEHUS B pasmepax (78 % oT cyMMBI
MOTEPh); NAPANMHBI U PAaKOBHHBI — K rpynne B u
k rpynne C — Bce ocTainbHbIe Te(DeKTHI.

Cremyer oTMETHTH, YTO B TIaKeTe «AHAIN3 JIaH-
HBIX» MS Excel nMeercss HHCTpYMEHT JUISI TIOCTPO-
eHus auarpamm Ilapero, a B nporpammax Mathcad
u Matlab a5 3TOr0 HEOOXOAUMO CO3/IATH TIPOTPAMMY.
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Puc. 9. CpaBHeHne aKCnepMeHTabHbIX 1 PAcyeTHbIX AaHHbIX [10]
[Figure 9. Comparison of experimental and calculated data [10]]
4] a B 3 D E F .
HakonnexHan 100
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Puc. 10. Undopmaumsa no pedpekram B MS Excel [6] Puc. 11. MNocTtpoeHune amnarpammel MNapeto B MS Excel [16]
[Figure 10. Defect information in MS Excel [6]] [Figure 11. Pareto Charting in MS Excel [16]]
3aknoueHne — TUCTOrpaMMa pacnpeiacicHuss C BbIYUCICHU-

[IpennoxxeHo nocienoBaTENbHOE U3YUYEHHUE OC-
HOBHBIX CTaTUCTUYECKUX METOJOB aHallu3a U OLICH-
KM KauecTBa MPOAYKITUH ISl TOATOTOBKH Oy IyIIHX
CHCIMATTUCTOB B 00JIACTU YIIPABJICHUSI KAYSCTBOM B

MalmurHOCTPOCHUHN, 4 UMCHHO!
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€M CTaTUCTHYECKHX MOKa3aTeseH;

— TOYEYHAsl arpamMma, Ha OCHOBaHHH KOTOPOH
CTPOSITCSI KOHTPOJILHBIE KapThl;

— muarpamma [lapero ¢ ABC-aHanmu30M 1714 BBISBIIE-
HUSI IPUYMH HApyIICHHS] TEXHOJIOTHYECKOTO MPOLecca.
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Tabnnya 2
CpaBHUTENbHbI aHaNN3 NPOrpaMMHbIX MPOAYKTOB
ANS peanu3auum 0CHOBHbIX CTaTUCTUYECKUX METOA0B aHaNM3a U OLLeHKU KayecTBa NPoAyKuun
[Table 2. Comparative analysis of software products
for the implementation of basic statistical methods of analysis and evaluation of product quality]
Ne Kputepwmii [Measure] MS Excel Mathcad Matlab

! MMHOPT dannos txt txt n xIs txt n xIs
[Files import]

2  BbluMCneHME CTaTUCTUHECKNX + + n
riokasarenem . MakeT «AHaNn3 AaHHbIX» EcTtb dyHKUMM EcTb dyHKUMN
[Calculation of statistical . ) ;

b [Data Analysis package] [There are functions] [There are functions]
indicators]

3 TocTpoeHune pacnpeneneHus + + +

[Building a distribution]

MakeT «AHann3 AaHHbIX»
[Data Analysis package]

HeobxoavMbl HaBbIk PaboThbI
[Work skills needed]

HeobxoavMbl HaBbIKM PaboThI
[Work skills needed]

4 ToveyHbln rpaduk

+ + +
[Scatter plot]
5 KoHTponbHas kapTta LyxapTa + + n
[Shewhart control map]
6 Hduarpamma MNapeTo + + +

[Pareto chart]

MakeT «AHann3 gaHHbIX»
[Data Analysis package]

Heobxoavmbl HaBblku PaboThbI
[Work skills needed]

HeobxoayMbl HaBbIKK PaboThbI
[Work skills needed]

7  Hannume 6ecrinatHbIX aHAIOroB + +
[Availability of free analogues] Calc OpenOffice, - Scilab
LibreOffice
8  XpaHeHve NCXOOHbIX AaHHbIX
Kak 6a3a AaHHbIX + _ _

[Storing source data
as a database]

B 1aln. 2 mpoBeneH cpaBHUTENBHBIN aHATN3 TPO-
rpaMMHbIX TpoaykToB MS Excel, Mathcad u Matlab
JUTSL peATN3aIi OCHOBHBIX CTATHCTHYECKUX METOJIOB
aHaJu3a M OIICHKH KayecTBa MPOIYKIIHU, Ha OCHOBE
KOTOPOTO IpeAajiaracTcsi UCIoiIb30BaTh i 00yde-
aHus MS Excel BciencTBue Hanuuus makera «AHa-
T3 TAHHBIX», OECIIATHBIX aHAJIOTOB, IUPOKO IpHUMe-
HSEMBIX Ha MPEANPHUITUIX, BO3SMOXKHOCTH XPaHCHHS
WCXOIHBIX JIaHHBIX W WCIOJB30BaHUS MX B APYTUX
nporpamMmax (MMITOPT JaHHBIX ).
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The article discusses the comparative analysis of software (MS Excel,
Mathcad and Matlab) for the study of statistical methods of product quality con-
trol necessary for the training of future specialists in the field of product quality.
The choice is determined by the presence of this software in the educational
institution. Statistical methods of product quality control are mandatory elements
of modern quality management systems implemented at Russian enterprises,
the competitiveness of which largely depends on the ability of the company's
personnel to apply these methods in practice at all stages of the product life cycle.
The analysis of product quality begins with the construction of a histogram to
identify avoidable and irremediable defects and compare it with the normal distri-
bution curve. The process of forming the shape of the normal distribution curve
can be traced in the construction of control maps based on a scatter plot of
the sample. The next step is the construction of dot diagrams, on the basis of
which control maps are built (in our case — the control map of Shewhart).
The final step in training is the construction of Pareto diagrams to identify
the causes of defects with ABC analysis. The authors conducted a comparative
analysis of software products MS Excel, Mathcad and Matlab for the imple-
mentation of basic statistical methods of product quality control. For training it
is proposed to choose MS Excel because of the availability of the Data Ana-
lysis package, free analogues that are widely used in enterprises, the ability to
store the original data and use them in other programs (data import).
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Introduction

In the municipality of Corinto (Cauca) in Colom-

Currently the water supply system in the municipality of Corinto (Cauca)
in Colombia provides drinking water to the entire urban and rural population of
the municipality. In order to provide drinking water to the entire popula-
tion, it became necessary to optimize and/or expand the existing water treat-
ment plant. The article presents an assessment of the consideration of two
optimization options: the need for reconstruction of existing water treatment
facilities or the construction of additional water treatment units. A reasona-
ble proposal was made to expand the station by building additional water
treatment units, including advanced modern water treatment technologies,
such as coagulation, flocculation, sedimentation, filtration, sorption, settling
using thin-layer modules and disinfection, based on the survey (diagnos-
tics), technical and economic analysis, analysis of the efficiency of the existing
water treatment plant, taking into account the quality of drinking water
preparation, confirmed by the analysis of samples, the results of physical,
chemical and microbiological tests, indicating the optimal quality of drin-
king water for human consumption. The use of modern water treatment
technologies will allow to achieve the required quality of purified sufficient
water for drinking purpose.

The focus of this document is to design several
optimizations for Corinto municipality potable water
treatment plant in Cauca, Colombia through the dia-

bia, it became necessary to implement alternatives to
improve water for human consumption, to develop
different operations and processes that allow the pu-
rification of raw water, ensuring priority welfare of
the population, all this in order to reduce the spread
of diseases transmitted by untreated water.
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gnosis of the processes and operations carried out in
the plant and optimization alternatives [1; 2]. Using
either the current hydraulic configuration of units or
designing new units as a basis for the improvement
of the old one, to increase the coverage of treated
water for the future generations [3].

The PWTP current units design will be com-
pleting in 2020, therefore, it is necessary to conduct
a study of current state and to generate an optimal
alternative to increase the facilities of hydraulic ca-
pacity.
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1. Methodology

Diagnosis. To execute the proposal, it is neces-
sary to make a diagnosis of the PWTP current state,
characterizing the catchment points, and identifying
the treatment operations, by verify that the design
parameters of each process are between the ranges
established by the RAS2000 — Title C (Colombia’s
regulation) and determine the physical-chemical and
microbiological characteristics of the treated water [4].

This would allow to recommend the best alter-
native for the Corinto’s PWTP optimization. Below
are the activities that were developed in the diagnosis:

e Activity 1: PWTP exploration.

e Activity 2: Technical information analysis.

o Activity 3: Check design parameters of the treat-
ment processes.

e Activity 4: Samples collection.

e Activity 5: Physical-chemical and microbio-
logical water parameters tests.

The purpose of each activity:

Activity 1, to identify the treatment units, and re-
port about operation and construction materials.

Activity 2, a detailed analysis of each treatment
process that was carried out in the PWTP, with the di-
mensions of the units, which were the product of mea-
surements made in the first activity and a plan pro-
vided by EMCORINTO E.S.P.

Activity 3, to verify the design parameters of each
existing treatment process (rapid mix, slow mix, sedi-
mentation and filtration) among the ranges established
by the RAS 2000 — Title C.

Activity 4, to explain the method used to col-
lect water samples.

Activity 5, to show the physical-chemical and
microbiological parameters of raw, sedimented and
treated water.

Optimization alternative. At the end of the PWTP
diagnosis, an alternative to be developed for the plant
optimization, however before, it should be verified
which units could work, with the designed flow rate.

The activities that developed in this stage are as
following:

e Activity 6: Identify the critical points in the exis-
ting treatment units.

e Activity 7: Verify the hydraulic capacity of
the current PWTP designs.

o Activity 8: Elaboration of the design alternative.

In summary, what has done in each activity:

Activity 6, the different problems in the diag-
nosis should be identified, emphasizing each one of
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them and what consequences they could cause to
the water treatment.

Activity 7, with the required flow designed for
the rural and urban population, should be proceeded
to verify that the operation of the units is optimal
for the treatment.

Activity 8, the design alternative should be pre-
sented for the units that cannot treat the designed flow.

Designing of alternative budget and general
recommendations. Once the design alternative was
chosen, an approximate budget of the changes and
additions proposed in the design alternative should
be done, and recommendations for the optimization
of the PWTP also should be developed.

2. Procedure and results analysis

Diagnosis. The Corinto’s aqueduct system has
two bottom water intakes, one intake on La Paila river
and another one on EI Chicharronal stream, as well as
four grit chamber tanks, three on La Paila catch-
ment and one on El Chicharronal catchment. After
the water is captured by this system, it is conducted
to the PWTP, which is of a conventional type. It is also
composed of an arrival chamber, gauging station, rapid
mixing (rectangular spillway), horizontal hydraulic
flocculator, conventional sedimentation tank with pa-
rallel plates, rapid sand filter, chlorine dosing. Finally,
the water is stored in three tanks, the first one with
a storage capacity of 600 m’, the second one with the
capacity of 800 m? (both tanks half-buried) and the
last one is an elevated tank with the capacity of 10 m’.

The PWTP treatment process is shown in Figure 1.

— Water Storage

Sedimentation: Hydraulic
Conventional flocculation:
settling and lamellar 4| Flocculators with
settler horizontal flow

|

Filtration: Disinfection:

Mixed sand and Contact chamber .
anthracite beds # with chlorine gas Drinking water

Desander tank

l

Quick mix:
Rectangular weir

Figure 1. Plant processes treatment
After the current dimensions registion by

EMCORINTO E.S.P., the PWTP hydraulic beha-
vior was calculated.
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The results on the design parameters of each
process were the following.

Rapid mixing: analysis shows that the turbulence
generated by the hydraulic shoulder is sufficient to
produce an intermix between aluminum sulphate so-
lution and water mass, since its hydraulic gradient is
between the range of 1000 and 3000 s' [5; 6].

Slow mixing: the flocculation tanks are com-
posed of horizontal screens, in these three different
speeds for each unit were obtained, which is very
common in flocculators divided by different gradi-
ents — the objective is to start the canal path with
a high speed, but not higher than 0.60 m/s and finish
with a low speed, but not lower than 0.10 m/s.

Sedimentation: the surface charge conventional
settler is too high (294 m/day), this is due to the lack
of surface area, for this reason the speed v resulting
between the sedimentation theoretical decomposition
velocity v, and the horizontal drag velocity produced
by the fluid vy will be very high and some particles
will not reach sedimentation [7-9].

Filtration: in relation to the filtration process,
it was obtained that the entire battery works with a sur-
face load of 333 m/day, besides, its filtration capaci-
ty is high, and its filtering medium is mixed its works
with anthracite and sand.

Regarding the physical-chemical and microbio-
logical tests, the plant demonstrated to deliver the mu-
nicipality with water of excellent quality, since it meets
all the parameters required by Resolution 2115 of
2007 (Colombian regulation).

It is clearly seen that the water at the exit of
the filters is already suitable for human consumption.

Then the design flow rate is determined with
the calculated population, as well as the hydraulic pa-
rameters of the units, to verify that these can treat
the required flow rate for the future population.
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Table 1
Water analysis

Sample Turbidity pH Color Tempe- Hour
(NTU) (UPC) rature
(°C)
488 7,62 190 21,9 00:00h
PWTP Entry 373 7,65 177 21 06:00 h
274 7,6 127 23,7 12:00h
Outlet of 44,7 - - - 00:00 h
the conven- 37,7 - - - 06:00 h
tional settler 33,9 _ _ B 12:00 h
12 4 2 :00h
Outlet of 8, 6,89 0,6 00:00
the lamellar 8,69 6,91 4 20,3 06:00h
settler 103 68 5 227 12:00h
0,96 6,8 0 20,9 00:00h
Output of .
the filters 1,07 6,83 0 20,4 06:00h
1,15 6,79 0 22,6 12:00h
Table 2

Population projection, design flow rate

Year Popu- Net Gross Ave- Maximum Design
lation endow- endow- rage dailyflow flow
ment ment daily rate(L/s) rate

(L/Hab/ (L/Hab/ flow (L/s)

day) day) rate

(L/s)
2019 27170 125 167 52 63 64
2024 28 956 125 167 56 67 69
2029 30905 125 167 60 72 73
2034 33052 125 167 64 77 78
2039 35451 125 167 68 82 84
2044 38179 125 167 74 88 91

Table 3

Hydraulic capacity for design flow rate (91 L/s)

Rapid mixing: Thin-walled rectangular weir

Parameters Rank Result Fulfill Fail
Froude 4,0-9,0 4,055 X
number
Mix time <1s 0,675s X
Velocity 1000s'-2000s"  1482s' X
gradient
Slow mixing: Flocculator

Mix time 10-15 min 8,46 X

Sedimentation: Lamellar settler

Surface 3, 2 240

charge 120-300 m’/m°/day m/day X
Filtration: High rate filters

Surface 3, 2 550

charge 235-350 m’/m°/day m/day X
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Figure 3. Projected treatment plant

In accordance with the previous points, it is ne-
cessary to design new units for the flow that cannot
treat existing units, in addition the PWTP in general
is working well and it would not be appropriate to
alter its operation by modifying the existing units,
so the following alternative was proposed (Figure 3).

Flocculation: The option of mechanical floccu-
lators was not considered enough due to the low usual
source turbidity and the high cost owing to the elec-
trical energy they need for their operation. On the other
hand, there are no topographical restrictions that do
not allow a new flocculator structure next to the other
two existing units. The previous one chooses by a floc-
culator hydraulics of horizontal flow, divided in two
sections [10-12].

The designed flocculator is rectangular type with
15.22 m length x 4.30 m width and 1.30 m depth,
guaranteeing a detention period of 21 minutes for
a flow of 36 I/s. The total flocculation time is 21 mi-
nutes — therefore, each section will retain the flow
for 10.5 minutes.

Sedimentation: A high rate settler with laminar
flow rate was adopted, with a decanter composed of
two compartments, each with 2.40 m width x 5.40 m
length and 4.26 m depth.

The compartments are separated by a rectangu-
lar canal of 0.30 m width x 0.25 m height.

The zone of plates of the settler has a length of
5.40 m, formed by fibrocement plates of 2.40 m x
1.20 m and 8 mm thickness, inclined at 60° with respect
to the horizontal, in addition to free spacing of 5 cm.

Filtration: 1t is a high rate system filtration,
with sand and anthracite double filtering media.
The cleaning of the filters is done by self-cleaning.

The filter battery is composed of 3 filters with
compartment of 1.75 m width, 1.70 m length and
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3.65 m total depth. A net filtration area of 3.0 m?
per unit is available in this form.

The direct costs are approximate according to
the catalogs, so once all the designs have been made:
hydraulic, structural and foundation, it is recommen-
ded to redo the project budget.

Table 4
Approximate direct cost of the design
1. Preliminary works 918 USD
2. Earth works 13 300 USD
3. Structural works 35424 USD
4. Installation of pipes and accessories 2105USD
5. Sedimentation system 918 USD
6. Filtration system 1506 USD
7. Equipmentand accessories for flow control 9 358 USD

It was determined that the approximate direct
cost of the design is 66 935.33 USD [13].

3. Recommendations

The following alternative is presented since
author’s point of view like the most optimum one,
given the topographical, structural and operational
conditions of the project. In this paper a hydraulic
and operative optimization of the plant is assumed,
it is recommended to adjust the budget, in case of
carrying out the proposed improvement alternative,
considering structural and foundation designs [14—16].

Conclusion

The results obtained in the physical-chemical
and microbiological tests show that the water quali-
ty is optimal for human consumption, at the same
time, it justifies that the existing water treatment
units can continue to operate under the current con-
ditions.

The alternative, that was developed throughout
the project, promises to be the most viable, since its
operation will not affect the operation of existing
units.

All the processes of drinking water treatment,
such as rapid mix, slow mix, sedimentation and fil-
tration, require more research in terms of design
and operation, that’s why it is necessary to have all
the required designs for its optimization.

The budget for the design alternative, does not
take into account the costs of structural designs or
foundation, so the result is an approximate value.
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B Hacrosmee BpeMs cucTeMa BOJOCHA0XEHHUS B MyHUIHIIAIUTETE
Kopunro (Kayka) B Konmym6un obecrnednBaeT NUTHEBOM BOJION MOJIHOCTBIO
TOPOICKOE M YacTh CENbCKOr0 HaceNeHns MyHHuImnanuTera. C mmensio odecre-
YeHHs! TUThEBOW BOAOH BCEro HacesneHus (rOpOJCKOrO U CEIbCKOT0) BO3-

HHKIIa HCOGXOHI/IMOCTL B OIITHMHU3AIINHU H/Wiu paclIMpeHUun CYIIECTBYIO-

Knrouesvie cnosa:

OYHCTKA BOJbI, HU3UKO-XHUMHUECKUE
XapaKTePUCTHKU, MHKPOOHOJIOTHYCCKHE
XapaKTEePUCTUKH, KOATYJIISIIUS, (IIOKY-
TsMs, GUIbTPALMS, COPOLHS, CeIH-
MEHTAIINs, aKBEITYK, ONTUMHU3ALHS

e CTaHIMM BOAOIOJATOTOBKU. B cTaThe mpencTaBieHa OLIEHKa pacCMOT-
pEHUs IBYX BapUAHTOB ONTHMU3AIMH: PEKOHCTPYKLHUH CYIIECTBYIOIIETO
COOPY>KEHHSI BOJOTIOATOTOBKH WJIM CTPOUTEILCTBA JOMOIHUTENBHBIX 0JI0-
KOB BOAOMOAroToBKH. Ha OCHOBaHHMM MpOBEAECHHOro oOcienoBaHus (Iua-
THOCTHKH), TEXHHKO-KOHOMHYECKOTO aHalln3a, aHanu3a 3()()EeKTUBHOCTH
pabOTHI NSHCTBYIOIIEH CTAHIIMU BOAOIOATOTOBKH, C YYETOM Ka4eCTBa MOA-
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TOTOBKH BOJbI MIUTHEBOTO KaueCTBa, NOATBEPKAAEMOT0 aHAIN30M Npoo,
pe3ynbTaTaMi (PU3NKO-XUMHUUECKUX M MHKPOOHOIIOTHYECKHX HCCIEeNOBa-
HUH, CBUAETEIbCTBYIOIUX 00 ONTUMAIbHOM KaueCTBE IUTHEBOM BOJIBI AL
MOTPeOICHHs YeTI0BEKOM, IPETIOKEHO 000CHOBAHHOE PEIICHNE O PACIIH-
PEHUM CTAaHLUU IyTE€M CTPOUTENILCTBA AOMOIHUTEILHBIX OJOKOB BOAOIOM-
TOTOBKH, BKITIOUAIOMINX TIEPEIOBBIE COBPEMEHHBIE TEXHOIOTHH BOJIOIOTO-
TOBKHU, TaKMe KaK Koarymauus, Guokymsuus, GuibTpanus, copouus, oT-
CTaNBaHUE C MPIMEHEHHEM TOHKOCIOHHBIX MOIyIel M 00e33apakuBaHHE.
IMprMeHeHne COBPEMEHHBIX TEXHOJIOTHH BOAOMOATOTOBKH ITTO3BOIHT JO-
O6uThcs HEOOXOAMMOIO KaueCTBa OYMIIEHHOM BOJBI UL MOTPeOIEeHUs ee
9eJI0BEKOM B MMUTHEBBIX IIENIAX U B JOCTATOYHBIX 0OBeMax.

Ans uMTUPOBaHUA

Melendez Giraldo D.S. Diagnosis, recommendations and optimization for potable water treatment plant in Cauca (Colombia)
(marsocTrka, peKOMEHIAINH ¥ OTITUMI3AIS CTAaHITHH OYUCTKH TheBo BombI B Kayke (Komym6ms)) // Bectauk Poccmii-
CKOTO YHHUBepcuTeTa Apyx0bl HapomoB. Cepus: Umxerneprsie uccienoanus. 2019. T. 20. Ne 4. C. 302-307. http://
dx.doi.org/10.22363/2312-8143-2019-20-4-302-307
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Kniouesvie cnosa:

Ky3HEUHO-TIPECCOBOE 000pyI0BaHNE,
KPUBOLIMITHBIN Tpece, SJUTMNTHYECKast
TPELINHA, TOIyCTUMBII apameTp Jie-
(hexra, moporosoe 3HaueHne K03hduu-
€HTa UHTCHCHBHOCTHU HAIPSHKCHUN

BBeneHue

Oo6nexToM mccnenoBanus sBisiercst mpece K/[2130
(OZTHOKPHBOIIUIHEIN MPOCTOTO JCHCTBUS OTKPBITHIN

B Coserckom Coro3e OblIa co3/laHa YHUKaIbHAs B MUPOBOM MacllTa-
0€ oTpacib 10 CePUITHOMY MPOU3BOICTBY KY3HEUHO-IPECCOBOTO 000OPYIOBAHHSL
B nactosee BpeMst Jaxke OTCITY>KMBILIHE CBOW MPOEKTHBIN PECYpC MAIIHHBI
HaxoJsiTcs B paboueM WM B PEMOHTOIPUTOIHOM COCTOSIHMU. DTO IPUBENO K
TOMY, YTO ceidyac CyHIeCTBYeT OOJBIION PHIHOK BTOPUYHOW MPOJAKH TaKUX
MaIIMH, B TOM urcie B crpadbl FOro-Bocrounoit Azun u B Uaauro. Onmako npu
BTOPUYHOM Mpojiaxe MoJ00HOro 000py10BaHMs B 0a30BbIX JAETAIAX HAKAILINBA-
eTcsl HeKasi Hen30e)KHas II0BpexkIaeMocTb. Kpome Toro, epBble 9K3eMIUTSIPBI
MOJeJIei, BBICTABICHHbIE Ha BTOPHYHYIO NPOJIAXKy, BBITYCKAJIHNCh B MEPHO,
KOIJIa METO/Ibl HEpa3pyLLIAIOLIEro KOHTPOI ObLIM He pa3BUThl. YacTb aeheKToB
MOTJIa OKa3aThcsl HeOOHApYKeHHOH. [IpH MOKyTIKe MAIMHBI IPOU3BOIAT IEMOH-
TaX, TPAHCIIOPTUPOBKY, MOHTAK M UCHBITAaHUA. 3a(UKCHPOBAHBI CIy4yaH, KOraa
IIPU MOHTA)XE M MCIBITAHUSX B 0a30BBIX JETAISX CTParHBaICh JE(EKTHI, U9TO
3aTPYIHSUIO WX JENIaio HeBO3MOKHBIM HCIIONB30BaHKe 000pynoBanust. MHorna
Ha 00OpYIOBaHMH TaKOro THra (TMPU MOJEPHU3AIIMH) IBITAKOTCS TPOU3BECTH
TEXHOJIOTUYECKHE ONepaluy, TpeOyromue OoMbllel CUIbL, YeM paHee AeKIapu-
pyemsre. 1o 3To0i IpUUKHE TP TOKYTIKe/Mpoaaxe (MM MOIEPHU3AIIN) Heo0-
XOJIMMO COCTABJIATH KapThl JOITYCTUMBIX Ae(heKTOB, KOTOpBIE IPU HAJIOXKEHUH Ha
KapThl OOHAPYKEHHBIX JIe(EKTOB MO3BOIAT OTOPAKOBATH/ONPEEIUTL OCTATOY-
HBI PeCypc/OrpaHIUUTh TEXHOJOTHYESCKYIO CHITy KPHBOLIMITHONW MAIIWHBI Ta-
KiM 00pa3oM, 4ToObI 1eeKThI TIPU AaTbHEHIIeH IKCILTyaTallii He CTPOHYJIHCh
U He TPUBEM K aBapHifHON cHTyarmu. MeTonuka OHnpeeNeH s JOMyCTHMBIX
1apaMeTpOB MOITOBEPXHOCTHBIX UIANITHYECKUX TPELIMH MOKa3aHa Ha pUMepe
cranunsl pecca K/12130 baphaynsckoro 3aBosia MEXaHUIECKUX IIPECCOB.

HeHakJToHseMbIi) crmoit 100 T (1 MH), npennasna-
YCHHBIN JUIsS BBIPYOKH, THOKU, HETJIYOOKO#M BBITSK-
KH U JIPYTHUX XOJIOJHO-INTAMIIOBOYHBIX pa0oT. Takue
npeccol mpou3BoasT [IAO «KyBaHabIKCKUN 3aBOL
Ky3HEUHO-TIpeccoBoro obopynoBanus “JloxmHa’»,
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Opckuil cTaHKOCTPOUTENBHBIN 3aB0I, BopoHexckuii
3aBog KIIO umenu M.U. Kanununa. IlepBeiM Hauan
BBITTYCKAaTh ATH Tpecchl (0a3zoBas mozaenb KJ12130)
Bapnaynbckuii 3aBojJi MEXaHUYECKUX MPECCOB, CEHl-
YJac OH Tepenien Ha ABe MOAU(DHUKAINYA KPUBOIIIHII-
HBIX JIMCTOIITAMIIOBOYHBIX mpeccoB cuioit 1 MH —
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cepust K (mpecc K2130B) u cepust KE (mpecc KE1430)
C TTOJBIKHBIM cTONTIoM. bazoast Mogudmkarmwst KJ12130
ObLIa BEIOpaHa JJIsl UCCICAOBAHMS, TIOTOMY YTO OHA
BBIIycKaeTcs yxe oosee 35 ner (puc. 1). IIpousso-
mutensiMu nponano 6onee 1000 sxzemrsapo. Ona
aKTUBHO TIpojaercs (B TOM YHCIIE Ha PHIHKE BTO-
pUYHON mpojaku oOopynoBaHMs) B cTpaHsl FOro-
Bocrouno#t Aznn (Brirouas Mesamy) u B Maanro.
Bomnpocamu 10AT0BEYHOCTH METAJUTyPrUYECKOTo 000-
pynoBaHus (cpeau KOToporo obopyaoBaHue ajist 00-
pabOTKK METAIIJIOB JTaBJIEHUEM) 3aHUMAJCS OTICIN
npounoctu BHUMmerma [1; 2].

Puc. 1. BHewHuin Bua npecca KA2130 (c6opka)
[Figure 1. Appearance of the press KD2130 (assembly)]

1. Pe3ynbTaTbl MOAEIUPOBaAHUS
Hanps>XeHHO-AedOPMUPOBAHHOIO
COCTOSIHUS CTaHuHbI npecca KA2130

PaznmmuapIM hakTOpaM, BIMSIONIAM HA JIOITOBEY-
HOCTb KY3HEYHO-IIPECCOBOT0 000pyI0BaHMUsI, IOCBSI-
IIeHbI paboThI [3—5], aHAM3 KOTOPBIX TTO3BOIMI BbI-
SIBUTh, YTO MPEBATUPYIOMMM (AKTOPOM SIBISETCS
YPOBEHb HANPSHKEHHUH, BOSHUKAIOIIUX B JIETATIAX Ma-
IIVHBI TPH TPUIOKEHUH TEXHOJOTHUECKON Harpy3-
ku. [ToaToMy mepBeIM 3TanoM aHanmu3a OyJeT orpe-
JieJIeHue HaIpsHKEHHO-/1e(pOpMHUPOBAHHOTO COCTOSIHUS
CTaHUHBI HccleayeMoro npecca. [IpuHsTHIE B pacye-
TE MEXaHWUYECKUE XapaKTEPUCTHKUA — MOJYJIb YIIPYTO-
cTH TepBoro poxa uyryHa CU25 1,4:10° MIla,
koddunuent Ilyaccona 0,23, ynmenpHBIH Bec
7,85-10° H/mm®. TexHOmorndeckas cuia MpUKIabl-
BaJIaCh Ha TE€ BJIEMEHTHI TOJIITAMIIOBON TUIUTHI, KO-
TOpBIE HAXOATCA IO/ HWKHEU TUTMTOM IITaMIIOBO-
ro OJI0Ka IS THITOBOM TEXHOJIOTHICCKOM OIepariuu
(BBIpyOKa C MaKCUMAaJIbHOM CHUIJION, paBHON HOMHHAIIb-
HO# cuie npecca). CHMMETPUYHOCTh KOHCTPYKLIUU

HAYKW O 3EMJIE

MO3BOJIsJIa MPOBOJUTH PACYUET JIMIIb €€ TOJOBHHEI.
B kauectBe 07HOM M3 MOAKOHCTPYKITUA MOMEIH OBLT
B3ST BaJl, HA KOTOPBIM MPHUKIIAbIBAIACh CUIIA, TIPO-
TUBOHAIPABJICHHAS CHJIC TEXHOJOTHYECKOW orepa-
ruu. Taxoke ObUTH MPHIOKEHBI OTPaHMYECHUS Ha Y3-
JI6I, HAXOJSIINECS B MECTe MPOXOXKACHUS aHKEPHBIX
O6onToB. Pe3ynprarhl pacuera cBeACHBI B Ta0. 1.

Tabnvua 1

Pe3ynbTaTtbl pacyeTa HanpsXXeHHo-AedOopPMMUPOBaHHOIO
COCTOSIHMA cTaHbl Npecca cunoii 1 MH (6a3zoBas mogens)
B NporpaMmMHomM komnnekce BASYS
[Table 1. Results of calculating the stress-strain state of
a press mill with a force of 1MN (basic model)
in the BASYS software package]

Makcu- MuHu-
ManbHOe MasbHOoe
3HayYeHue 3HauyeHue
[Maximum [Minimum

Onpepensemas Be/iM4MHa
[Determined value]

value] value]

HepgmemeHme no ocu X, Mm 0.2 0.01
[X axis movement, mm)]
Hepgmeu.l.eHme noocun Y, Mm 0.4 0,02
[Y axis movement, mm)]
MepemeleHne no ocn Z, Mm

. 0,3 0,1
[Z axis movement, mm)]
Hanps>eHue no ocn X, MlNa
[X axis stress, MPa] 28,2 10,3
HanpsixeHne no ocu Y, MlMa
[Y axis stress, MPa] 44,4 24,8
HanpsixeHne no ocu Z, MMa
[Z axis stress, MPa] 33.7 254
MepBoe rnasHoe HanpsixeHne, MlMa
[First major stress, MPa] 57,4 7.3
BTopoe rnaBHoe HanpsbkeHve, MIMa 26.5 45
[Second main stress, MPa] ’ ’
TpeTbe rnaBHoe HanpsxxeHue, MlMa 16.9 31
[Third main stress, MPa] ’ ’
OkBMBaJNIeHTHbIE HanpsbkeHus, MIMNa 51,0 0,03

[Equivalent stress, MPa]

2. NMpoBepKa ageKBaTHOCTU PacCHYeTHbIX 3HA4YEeHUN
peanbHOMY HanpshkeHHO-aedopMUpoBaHHOMY
COCTOSIHMIO CTaHUHbI Nnpecca KA2130

AJIeKBaTHOCTh PACUETHBIX Pe3yJbTaTOB peajb-
HOMY HAIpsHKCHHO-IeQOPMUPOBAHHOMY COCTOSIHUIO
CTaHWHBI ObLIa IPOBEPEHa IyTeM CPaBHEHHSI COOCTBEH-
HBIX PAaCUETHBIX JAHHBIX, SKCIIEpUMEHTa U3 paboThI [2]
U pacyera u3 [6], MPOBEJEHHOTO B APYTOM pacyeT-
HoM komiutekce (SolidWorks). B paGote [2] onucan
SKCIIEPUMEHT T10 OTIPEJICTICHUIO HANPsKEHHH (T10 Bep-
TUKaIBHOW ocH) B craHmHe Tpecca KJ[2130 (6a3o-
Basi MoJieNlb bapHayJIbcKOTO 3aBOJIa MEXaHHMYECKHX
npeccoB, Bhimycka 1985 roma) ¢ MOMOILIBIO TEH30-
maTaukoB. CxeMa HaKIeWKH TeH30aTYMKOB IMOKa-
3aHa Ha puc. 2.
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Puc. 2. Cxema Haknenkn TeH304aTYNKOB [2]
[Figure 2. Load cell sticker diagram [2]

B Tabn. 2 cBemeHb SKCIIEpUMEHTAIbHBIC BEJTH-
YUHBI U3 [2], moJyueHHbIe pacyeToM B [3] U BHOBb
MOy YCHHBIE JaHHBIC.

Tabnnuya 2

CpaBHeHMe pacyeTHbIX 1 AKCNEepPUMEHTaNbHbIX AaHHbIX
[Table 2. Comparison of calculated and experimental data]

Homepa dkcnepu- Pacuer [6] HoBbie
AaTYMKOB MeHT [2] [Calculation AaHHble
(pabouuint — [Experiment [6]1] [New data]
KOMMeHca- [2]]
LIUOHHbIN)
[Numbers of
sensors
(working-
compen-
sation)]
1-2 4,0 29 3,9
3-4 0,0 3,0 1,0
5-6 4,0 4,2 3,2
7-8 4,0 4,3 4.1
9-10 50,0 33,0 45,0
11-12 44,0 40,4 40,4
13-14 0,0 0,7 0,2
15-16 4,0 3,9 3,2
17-18 0,0 1,1 0,6
19-20 4,0 3,6 3,8
21-22 8,0 9,5 9,9
23-24 12,0 11,0 10,6

310

Cpensist abCOMIOTHAS TOTPEITHOCTD C SKCIICPUMEH-
toM 1,31 MIla, ¢ pacuerom [6] B iporpamme SolidWorks
1,57 Mlla, yto 1o3BoIIsIeT MPHU3HATH MOJTy4YEHHbIE B JTaH-
HBIC aJICKBATHBIMU PEAIbHOMY HaIpshKEHHO-Aedop-
MHUPOBAaHHOMY COCTOSIHHIO CTaHUHBI U UCIIONB30BaTh
METOJBI MEXaHUKHU pazpymeHus. [IpuMenenuro me-
XaHUKHM pa3pylIeHHUs K Pa3IHUYHbIM BHJIaM 000py-
JTIOBaHUS MTOCBSIIEHBI paboTHI [7-9].

3. OnpepeneHne ponNycTUMbIX NapamMeTpoB
noAnNoOBEepPXHOCTHbLIX JUIUNTUYECKUX TPELLUH

Cxema MOANOBEPXHOCTHOM AIUIMIITUYECKOU Tpe-
IUHBI TTOKazana Ha puc. 3. Koaddumment nuTeH-
CHUBHOCTH HampsbkeHuid, cornacHo [10]:

1,79-0,66"
K = NG (1)

I 181054
1_F[1)
b

B Touke A:

2
F:1—0,4£—(0,5—éj ;
c t

.1 11
c ZE(GA+GB)+£;(4GA—3GB—GD).

B Touke D:

0,4
F=1—Q4£—O£(Q5—2j ;
c t

c =l(6D +GB)+L£(4GD -30, —GA).
2 30 ¢

Bripaxkenue (1) cripaBenanBO TOJNBKO MPU BHI-
nonaenun ycnosus [ < 0,96 u [ < 0,5¢. Ins BoisiBie-
HUSL IOIYCTHMBIX IIapaMeTPOB UIMITHYECKUX Tpe-
HIMH OBLT MCIOJNb30BaH CHMILIEKC-METO/], PeaIn30-
BaHHBI B ONTHMH3AIMOHHOW HaJCTpolike Solver
Microsoft Exel. [IpuaumManoce, 4To A0MyCTHMBIMU
nmapamMeTpaMu OyaeT obianzaTh ne(exT, y KOTOpOro
NPY TIPUJIOKEHHH HOMHUHAIIBHOW CHJIBI 3HAUEHHE KO-
s QuIeHTa HHTEHCUBHOCTH HANPSDKEHUH BOIU3U
BepIIMHbI qedexta OyaeT MeHblle Wik paBHo Kth
(IOpOroBOro 3HAUEHMSI) — YCIOBHE HE CTPAarMBaHUs
nedexTa, KoTopoe st KodhHUIMEeHTa aCHMMETPUH
nukina 0 (MyJTsCUPYIOMIUE IMKIT) ONpeaessieTcs, Co-
TIIacHo [4], cnemyronmmM o0pa3om:

Kth=12,7-6-10" -0, (2)

TJie G, — YCIIOBHBIi PeieN TeKy4ecTr Marepraa, Ml a.
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2260

2c

a 6

Puc. 3. Cxema noanoBepXHOCTHOW 3MIMNTUYECKON TPELUUHbI:
a - ANIUNTMYEecKas TPeLLMHa; 6 — Cxema pacrosnoXeHust
BUPTYaNbHOro AedekTa B 04HOM N3 PaHXMPOBAHHbIX 30H

MCCNeayeMOl CTaHUHbI (YBENIMYEHO, MPOEKLIMS HA MOBEPXHOCTb)
[Figure 3. Diagram of a subsurface elliptical crack:
a - elliptic crack; 6 - virtual defect location scheme
in one of the ranked areas of the bed under study
(enlarged, projection onto the surface)]

B 3amaue BapbupoOBayoch ABa BXOAHBIX MApaMeT-
pa — rnyOuna 3aneraHus (b) U paHT 30HBI IO OIAC-
HOCTH pa3pyiieHus B 6e3nedeKkTHOM coctostHun. [1pu-
HUMAJIOCh, YTO ¢ = 2/ (IO CTATHCTUYECKUM JaHHBIM
oraena Hepaspymaromero koHTponst 3A0 «lIIpod-
HOCTBY), YCIIOBHBIN Mpe/iel TEKY9IeCTH CEPOro YyryHa
CU35 (I'OCT 1412-85) 262 MIla [11]. CnenoBatemns-
HO, TIOPOTOBOE 3Ha4eHUE KO PUIIMEHTa HHTEHCHBHO-
CTU HarpsikeHuit, mo (2), cocrapmser 11,13 MITVm.
B Tabn. 3 nprBeneHp! MOMyYeHHBIE CUMILIEKC-METOZIOM
3HAYCHUS JOMYCTUMBIX ITapaMeTpoB (/, MM) 3JUIATI-
THUYECKUX TTOJIIOBEPXHOCTHBIX TPEIMH B 3aBHCHUMO-
CTH OT TJIyOHHBI 3aJIETaHHUS U YPOBHS JEHCTBYIOIINX
HarpspkeHHH (paHTa OIacHOCTH paspyiieHust). B tadi. 3
0 — DKBUBAJICHTHBIC HAIPSIKEHUS, TOTYYCHHBIC Me-
TOIOM KOHEYHBIX 3JIeMeHTOB. Kpome Toro, mpuHu-
Majoce, uto B (1) 6, =06, =0, .

B Tabn. 3 nuBeromM oTMEUYEHBI SYEHKH, KOTOPHIE
He 00ecreunBaroT BhINOJHeHHs yciaoBus [ < 0,96 u
[ £0,5¢. Ot neekThl claenyeT paccMaTpUBaTh Kak
noBepxHocTHBIE. Ha puc. 4, 5 n 6 nokasaHbl 3aBU-
CHUMOCTB JIOITyCTHMBIX ITapaMeTpPOB TPEIIUH OT TITy-
OWHBI 3aJieTaHusl, BEJIMYMHBI JIOMYCTHUMBIX MTapameT-
POB nedeKTOB OT ypOBHS HaNpsDKEHHH B Oe3aedeKT-
HOM COCTOSIHMH M TIOBEPXHOCTH JIOITyCTUMBIX Tapa-
METPOB IJUTUNTHYECKUX J€(PEKTOB OT HANPSIKEHHH
U TIyOMHBI 3aJIeTaHusi COOTBETCTBEHHO.

HAYKW O 3EMJIE

Tabnnua 3

3aBucuMMocCTb AOoNyCTUMbIX NapamMeTpoB Ae(beKTOB
oT rﬂyﬁVIHbl 3aneraHumsi U YypoBHs1 Ael‘/'ICTByIOI.Ll,I/IX Hal'lpﬂ)KeHMﬁ
[Table 3. Dependence of permissible defect parameters
on the occurrence depth and the level of acting stresses]

o, Fny6uHa saneraHna gedekra, MM
MMa [Depth of the defect, mm]
[MPa]

30 27 25 22 20 17 15 125 10
51,0 16,10 1541 14,86 1400 1341 1230 11,39 10,23 8,838
45,3 1840 1742 1669 1560 14,82 1348 1235 1097
39,7 20,75 1950 1859 17,25 16,25 14,63 13,28
34,0 2300 21,70 2056 1890 17,69

28,4 2586 23,89 2246 2040

30 T

Permissible parameter [, mm

JomyctiMelii mapametp [, MM

10 15 0 25 30

TCnyGuHa 3aneraHia, MM
Depth of the defect, mm

Jlelictyromee HanpsikeHue, MITa
Effective stress, MPa

—-51 W-453 4397 —¢34 184

Puc. 4. 3aB1MCHMMOCTb JONYCTUMbIX NapaMeTpoB
OT rNy6UHbI 3aN1eraHuns, Noay4YeHHasi CUMIMIEKC-MeTOA0M
[Figure 4. The dependence of permissible parameters
on the level of stresses, obtained by the simplex method]

28
26
= 24 4
22 4
20
18
16 7
14
12 ¢
90 +—1 1 1 1 11

25 30 35 40 45 50

JIOTyCTHMEIH apaMeTp [, MM
Permissible parameter |, mm

JlelictByromee HanpsikeHue, MITa
Effective stress, MPa

T'ny6uHa saneranus, MM

Depth of the defect, mm

—-h=30 —W—b=27 —& p=25 —=— p=22 —+— b=20 —e— b=17

Puc. 5. 3aBMCUMOCTb 40MNYCTUMbIX NapamMeTpoB AedekToB
OT YPOBHS AENCTBYIOLLUNX HANPSXEHWUA,
nojly4eHHasd CMMIMIeKCc-MeTogom
[Figure 5. Dependence of permissible defect parameters
on the level of acting stresses obtained by the simplex method]
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AonycTiMblid napameTo . MM
Permissible parameter |, mm

AeiicTeyoluee HanpskeHe, MMa
Effective stress, MPa

TAYGHHG 3AASTCHIS, MM
Depth of the defect. rmm

Puc. 6. [NoBepXxHOCTb JONYCTUMbIX NapaMeTPOB
ANNNNTUYECKNX ,El,e(beKTOB
[Figure 6. The surface of the permissible parameters of
elliptical defects]

4. NocTpoeHne maTteMaTU4eCKomn moaenu,
OCHOBaHHOI Ha 3aBUCUMOCTU MeXAY
rnyOuHOW 3aneraHus, ypoBHEM ONaCHOCTU
paspywieHns n oonycTuMbiMy NapamMmeTpamm
pedekra

Metonom bpanmona [12] Oblia mocTpoeHa Ma-
TeMaTH4YeCKasi MOJIENb BUAA

1 = (=20,4-In(c) +88,98) - (0,009 In(h) + 0,968), (4)

rae | — jpomycTuMble 1Mo yCIOBUIO HE CTPAardBaHUs
napameTpsl Aedekra (TpeuHbl); G — HOMUHAIBHOE

HampsbkeHue B Mecte GpopmupoBanus Aedexra, Mlla;
b — riryOuHa 3aeranus aedexra, MM.

Mopgens (4) cipaBemmuBa g 28,4 < ¢ < 51,0
(MITa), 10 < b <30 (MM). AJEKBaTHOCTh pacueTHOM
MOJICTIH JAaHHBIM, MOJYYSHHBIM CUMITIEKC-METOIOM,
OLICHMBAJIACH KPUTEPHSIMHE, TIPEACTABJICHHBIMHU B Ta0II. 4.

5. O6cyxaeHue Nosy4eHHbIX pe3ynbTaToB

AHanu3 NoMy4YeHHON MOJENH TI03BOJISIET CAENaTh
CJIS/TYFOIIIE BBIBOJIBI: HA JIOMYCTHMBIEC TI0 KPUTEPHIO
HE CTparWBaHW TapaMeTphl AedekTa Oobiiee BITHS-
HHE OKa3bIBaeT HOMUHAIBHOE HaNpsDKEHHE (paHT orac-
HOCTH pa3pymieHus B 0e31eeKTHOM COCTOSTHHM ), YeM
rryouHa ero 3aneranus. Koaddumment amacTnaHo-
CTH, TIOKa3bIBAIONIMH, Ha CKOJBKO TPOIICHTOB H3Me-
HSTCS IOMYCTUMBIE TIapaMeTphl 1eeKTOB Py U3Me-
HeHnW Hampspkernid Ha 1 %, cocraBmit —1,59. 3Hak
MHHYCa TOBOPHT O TOM, YTO IPH yBEIMYCHUH Hampsi-
JKEHUH NOIyCTUMBIE MapamMeTpbl yMEHbIIAIOTCS. AHa-
JIOTUYHBIA TlapameTtp i riryOuHbl 3aneranns +0,01.
3HaK IUTIOCa TOBOPHUT O TOM, YTO NPH yBEIWICHUU
TTyOUHBI 3aJleraHus JOIMyCTHUMBIE TapaMeTpsl Jedek-
Ta pacTyT. Takue MOJXOAbl aKTyalbHBI HE TOJBHKO
MIPU WCCIENOBAHNH Ky3HEUYHO-TIPECCOBOTO 000py-
JIOBaHUs, HO MOTYT OBITh IPHUMEHHMEBI B JIPYTUX
obnactax [15].

Tabavuya 4

KpuTepumn oueHku agekBaTHOCTU pa3paboTaHHOW Moaenn
[Table 4. Criteria for assessing the adequacy of the developed model]

0OGo3HaveHune [Designation]

dopmyna [Formula] [13; 14]

3HaueHue [Value]

CpenHsa oTHocUTeNbHas ounoka
[Relative error]

CpenHsia kBagpaTuyHas owmnobka

s == |—x 0,22

[Root mean square error] 0,04
~\2 0,5
KoadpdpuumeHT Telina 7= I:Z(lz - li) J 014
[Theil coefficient] - 5705 ~, 7705 ’
(2] [ X0]

3g=2LL 3 1,59
KoaddpurumneHT anactnyHoCTn 060
[Coefficient of elasticity] I

ap=ILL b 0,01
db b

lMpumedaHme: | — [ONYCTUMBbIA NapaMeTp, NMOoJIy4eHHbIn CUMMIEKC-METOAO0M Mo Moaenu (4); n — KONIMYECTBO «HaBIIOAEHWNI»,

Nno KOTOpPbIM CTpounack Moaens (n = 33).

3aksnouyeHne

B macrosimiee BpeMs B CBA3U C paclIidpeHUEM
pBIHKAa BTOPUYHOU MPOJAXKHU Ky3HEUHO-IIPECCOBOTO
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000pyIOBaHUS U KypcOM Ha MOJEpPHHU3AIHIO (C CO-
XpaHeHueM 0a30BBIX KPYMHOTA0ApUTHBIX JeTaleit
TaKoro o0OpyZOBaHMs) B HAIeH CTpaHe BO3SHHKIA
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HEOOXOAUMOCTh TOCTPOCHUS KapT IOMyCTHMOHU Jie-
(hexTHOCTH. DTH KapThl IPH HAJIOKEHHUU HAa KapThI
nedeKTHOCTH, 00HAPYKEHHOH METOZaMU HepaspyIlaro-
LIEr0 KOHTPOJIS, MO3BOJIAT 3apaHee ONpeeNaTh Ha-
TPY30YHYIO CIIOCOOHOCTH 000OpyZOBaHUs, n30erarh
aBapUIHBIX CUTYalUi ¥ FOPUINICCKUAX TPoOIeM Tpr
BTOPUYHOH MOKYIIKE.

MeTtoauka MOCTPOSHHSI KapT JOMYCTUMOW Je-
(hexTHOCTH, IPOAEMOHCTPHUPOBAHHAS B JAHHOU CTa-
Th€ Ha TPUMEPE FIVTUNTHUECKUX TPEIIUH B CTAHHHE
npecca KJ[2130, mpenmnonaraer cieAyOIIUe 3Tambl:
KOHEYHO-3JIEMEHTHBI pacdeT 0a30BBIX JAeTaned ¢
YUETOM OTKJIOHEHHil OT MpeoCTaBIsgeMbIX GUpMOit —
MPO/ABLOM YepTeKel; BepuduKanus pacyera dKC-
MIEPUMEHTOM; OMNpE/eIIEHUE JOMYCTUMBIX HapaMeT-
POB IedeKTOB MO KPHUTEPHSIM MEXaHWKH pa3pyIie-
HUS B 3aBUCHMOCTH OT YpOBHS JEHCTBYIOIIMX Ha-
MPSDKEHUH M UX TIIyOHH 3aJieTaHusl.

J11 pacCMOTpPEHHBIX B CTaTbe AIUTUITHYECKUX
ne(heKTOB BBISBIIEHO, YTO YPOBEHb HANPSHKEHHS OOJIb-
e BIMSICT HAa BEJIMYUHY JOMYCTHMBIX MapaMeTpoB
nedexTa, yeM TIIyOrHa 3alleraHusl, YTO HE0OX0IUMO
YYUTBIBATh TPU OOCIEOBaHNH METOIAaMH Hepaspy-
LIAIOIIEr0 KOHTPOJISL.
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