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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

EARTH SCIENCE



MeneHgec Xvpanbno [.C. BectHuk PY/H. Cepusi: ViHxeHepHbie nccnegoanus. 2019. T. 20. Ne 4. C. 302-307

HORIZONTAL FLOW HTDRAULIC
FLOCCULATOR ﬁ

/' o '8
RAPID :H: - R |

T FILTERS
7 |
/ 1l HIGH RATE ZETTLER
-

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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AunarHocTtuka, pekoMmeHaauum m ontuMmm3sauus
CTaHUUM O4YUCTKU NuTbeBon Boabl B Kayke (Konymounsa)

J.C. Menenaec Xupajbao
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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-

Jycmun Cmeghan Menendec Xupans0o, WmxkeHep-CTPOUTENb, MATHCTPAHT JieNapTaMeHT crpoutenberBa Mikeneproii akanemun PYIH; 1032175857@rudn.ru; ORCID iD:

https://orcid.org/0000-0003-3592-3457.
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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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nedekToB B 6a30BbIX AeTaNgX Ky3HE4YHO-NPEeCCOBbIX MaLUUH
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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
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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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depgepanbHoe rocygapcTBeHHoe yHUTapHoe npeanpuaTue "MNoyta Poccun” o Cn-1
BnaHk 3aka3a nepvogn4eckux nsaaHun

rasert
ABOHEMEHT Ha 18230
BecTtHuk PYOH. Cepus: (nHpexc usnanns)
NHxxeHepHble uccnegoBaHus
(HaMMEeHOBaHMeE U3aHus!) KonuyectBo
KOMMIEKTOB

Ha 2020 rog no mecsiuam
1 2 3 4 5 6 7 8 9 10 11 12

Kyoa
(NOYTOBbLIN MHAEKC) (appec)
Komy
(bamunusi, nHnumansl)
__________________________________ I JInHnA oTpesa e
OOCTABO4YHAA 18230
B MecTo nuTep KAPTO4KA (nHpeke uananns)
raseTy BectHuk PYH.
ha KypHan Cepl/lﬂi |/|H>KeHeprIe mnccnegoBaHusa
(HaMmeHoBaHVe n3aaHns)
MoAnNncKn py6.
CTtoun- | atanoxnas py6. KonuyecTtso
MOCTb KOMMNJ1IEKTOB
nepe-
afpecoBKun py6.
Ha 2020 rog no mecsiyam
1 2 3 4 5 6 7 8 9 10 11 12
ropog
ceno
NOYTOBbLIN UHOEKC obnactb
pawioH
KOA ynuubl ynuua
oM Kopnyc KBapTupa damunus, nimumansl




