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Abstract

Introduction. Implementation of the import substitution system requires an increase in agricul-
tural land. Farming on rainfed land has not proven to be feasible and efficient. Guaranteed stable
yield is possible with obligatory irrigation according to the technological map. It is necessary to
create automated systems of water distribution and irrigation and rational use of water resources
during implementation of irrigation itself. Object. The object of research is a complex system
"water conduit — ground base — vehicle load" and stress-strain state of the ground massif around
the water conduit. Materials and methods. The investigations were carried out using the finite
element method. Numerical modelling was carried out using Midas GTS NX software. The prov-
en wxMaxima software was used for the numerical mathematical analysis of the large volume of
figures. These software programs allow verification of how accurately the computer model rep-
resents the underlying mathematical model when reproducing theoretical solutions. In the next
step, the model is subjected to validation, when it is determined how faithfully the computer
model represents the real object. Results and conclusions. At research of work of the complex
system "water conduit — ground base — load from a car" and definition of a stress-strain state of a
ground massif it is established that value of a response function is determined to a considerable
degree by force on a water conduit from a car, the function weakly reacts on height of clay soil
above a water conduit; with increase of load the degree of influence on a response function re-
mains constant; with increasing load, the degree of influence on the response function remains
constant; at a force of 40 tonnes, the vertical stress reaches its minimum extremum, which is
350.38 kN/m’ at a ground height above the conduit of 0.82 m; at a force of 20.25 tonnes, the
stress function also tends to the minimum extremum; as the forces from the vehicle above the
conduit decrease, the stress increments increase; at 40 tonnes the function increment is 1.39
kN/m2, at 20.5 tonnes it is 6.43 kN/m’, and at 5 tonnes it is 10.06 kN/m?; the relationship be-
tween the change in vertical stresses TOTAL S-YY in the soil mass of the waterway and the
forces on the ground from the vehicle is linear; at the lowest force of 5.0 tonnes from the car on
the water line, the vertical stress reaches the lowest value at the lowest ground height above the
structure of 0.5 m, which is 288.14 kN/m”. With a force of 40 tonnes on the conduit, the vertical
stress reaches its highest value at the highest ground height above the structure of 1.2 m, which
is 352.55 kN/m”. The proposed algorithm can be used in the development of design documenta-
tion for the construction of culvert systems.
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YIK 626.3
YUCJIEHHOE MOJEJUPOBAHUE Y IIU®POBOM MATEMATHYECKAM
AHAJIN3 TPU UCCJIEJOBAHUMU CJIOKHBIX CUCTEM

B. I'. JlertsapeB, kanouoam mexHuyeckux HayK, OOyeHm
I'. B. JlerrsipeB, 0okmop mexuuueckux Hayx, npogheccop
O. T. [derrsipeBa, 00Kkmop mexHuueckux HayK, OOYeHm

@I'EOY BO Kybanckuii cocyoapcmeennbiii azpaprulil yuusepcumem umenu U. T. Tpyoununa
2. Kpacnooap, Poccuiickas ®edepayus

AKTyaJIbHOCTB. BHeZpeHe cucTeMbl IMIIOPTO3aMEICHUsI TPEOYET YBEITMUCHUS! CETbCKOX 0351~
CTBEHHBIX yroguii. OcyIecTBICHHE CETbCKOXO03SCTBEHHOMN ISSITENbHOCTH Ha Oorape He 3apeKOMeH/I0Ba-
JI0 ce0s Kak 1ienecoodpasHoe U 3ddexTrBHOE. ["apaHTUPOBAHHOE MOJyYEHHE CTAOMIIBHOIO YpoXKas BO3-
MOXKHO TIpH 00513aTEIFHOM OPOILIEHHH COTJIACHO TEXHOJIOrM4ecKoi kapre. HeoOxomiMo co3nanue aBTo-
MAaTU3UPOBAHHBIX CHCTEM BOJIOpACIIPE/IETICHUsI U MOJMBA U PAllMOHAIHLHOTO UCTIONB30BaHMS BOMHBIX pe-
CYPCOB TIPU peaM3aluu caMoro oporieHus. OobekT. OObEKTOM HCCACIOBAHUN SBIISCTCS CIOKHAS CH-
cTeMa «BOJOBOJI — TPYHTOBOE OCHOBaHHUE — HATrPy3Ka OT aBTOMOOHJISH» U HAIIPsHKEHHO-Ie(OPMUPOBAHHOE
COCTOSTHHE TPYHTOBOT'O MacCHBa BOKPYT BO/IOBoJIa. MaTepuanbl U MeToabl. VccienoBanvis POBOIMIIHCH
C WCIIOIB30BaHHEM METO/Ia KOHEUHBIX 3JIEMEHTOB. UHCIIEHHOE MOJIEIMPOBAHUE OCYIIECTBISUIOCH C TIPH-
MeHeHueM nporpammHoro obecrieuenust Midas GTS NX. [Jlns nudpoBoro mMareMaTddeckoro aHalinza
Oonpioro 00béMa 1HUAP KCIONB30BATOCH 3aPEKOMEHOBaBIIee CceOs MpOrpaMMHOE OOECIICUCHHE
wxMaxima. JlaHHBIE POrpaMMHOro 0OecTiedeH s TO3BOJLSIFOT BEPUPUIIMPOBATH, HACKOIBLKO TOYHO KOM-
MBIOTEPHAS. MOJIENb TPEJICTABILIET JIGKAIIYIO B €6 OCHOBE MaTeMAaTHUECKyIO MOJIEINb MPU BOCIIPOU3BOJI-
CTBE TEOPETUYECKHX pelleHuid. Ha cremyromemM sTane MoJenb MoJBepraercsl BATUIAINH, KOTia Onpeie-
JSIETCS, HACKOJIBKO JIOCTOBEPHO KOMITBIOTEPHAsI MOJIENb MPE/ICTABISCT PeallbHbI 00BEKT. Pe3ynbTaTsl n
BBIBO/BL [IpH nccienoBanuy paboThl CIIOKHON CHCTEMBI «BOJOBOJI — TPYHTOBOE OCHOBAHWE — HAarpy3Ka
OT aBTOMOOWIIS» ¥ ONIpeNeicHUH HaIpsHKeHHO-e()OPMUPOBAHHOTO COCTOSIHHSI TPYHTOBOTO MAacCHBa
YCTaHOBJICHO, YTO 3Ha4YeHHE (PYHKIIUKM OTKIIMKA OMpPENENseTcs B 3HAYMTENHLHON CTEIEHN YCHUIIEM Ha BO-
JIOBOJI OT aBTOMOOWJISI, (DYHKIIMS cl1abo pearrpyeTr Ha BBICOTY TJIMHUCTOTO TPYHTA HAJl BOIOBOJIOM; C YBE-
JIMYEHUEM Harpy3KH CTeleHb BO3/ICHCTBHS Ha (PYHKIMIO OTKJIMKA OCTAa€TCsl IIOCTOSIHHOWM; TIpH ycrinu B 40
T BEpPTHKAIBHOE HAIPSDKCHHE IOCTHIAeT SKCTPEMyMa [0 MHHHMYMy KOTopoe cocTasisier 350,38 xH/m*
NP BBICOTE TpyHTa Ha1 BomoBooM 0,82 m; ipu yeruu B 20,25 T QyHKIMS HApsDKEHUH TaKkKe CTPEMHUT-
sl K 9KCTPEMYMY 110 MUHUMYMY; C YMEHBIICHHUEM YCUITHI OT aBTOMOOMIISI HAXOJISIIErOCs HaJl BOZIOBOIIOM
MPUpAIICHHS 110 HAMPSHKEHUSM BO3PACTAIOT; NpH yeriuy B 40 T mpupalienre mo GyHKIUN COCTaBIISET
1,39 kH/M2, ipu yenmuu B 20,5 T — 6,43 kH/M?, a ipu yeumuu B 5 T — 10,06 kH/M?; B3aHMOCBSI3b H3MEHE-
Hus BepTUKaibHbIX HanpsbkeHuit TOTAL S-YY B rpyHTOBOM MaccrBe BOAOBOJA OT YCUJIMH Ha TPYHT OT
ABTOMOOWIISL JIMHEWHA, MPU HAMMEHBIEM YCHIMU OT aBTOMOOWISI Ha BOAOBOA B 5,0 T BepTHUKAIBHOE
HaINpsHKEHUE JIOCTHTaeT HauMEHBIIEro 3Ha4eHHs IPU HaUMEHBIICH BBICOTE TPYHTA HAJI COOPYKEHHEM B
0,5 M, uro cocraBiseT 288,14 KH/M?. [Tpu ycmmmu Ha BomoBoa B 40 T BEPTUKAIEHOE HATIPSHKEHUE JTOCTH-
raer HauOOJIBIIIETO 3HAUYCHUS TIPU HAUOOJBIICH BBICOTE TPYHTA HAJl COOPY>KEHUEM B 1,2 M, UTO COCTABIISICT
352,55 kH/M". TIpeUIOXKeHHBIi aIropuT™ MOKET ObITh HCIIONB30BaH MPH Pa3paboTKe MPOEKTHOMH JT0KY-
MEHTAIIIH [IPU YCTPOHCTBE BOMOIPOITYCKHBIX CHCTEM.

Knrouesvie cnosa: mmnocogpakmopmvie cucmemvl, YucieHHoOe MOOeIUPoO8aHue, Hanps-
JHCeHHO-0epopmMuposannoe  cocmosnue, MamemMamudeckuii — aHamu3, 8000NPONYCKHbIe
ycmpoticmea.

Hutuposanme. Jlertsapes B. I'., Jermsapes I'. B., [errapesa O. I'. Uuciennoe MoaenupoBaHue U
U POBON MaTeMaTUIECKUI aHaIN3 TPH MCCIICAOBAHUN CIOXKHBIX cucteM. Mzgecmus HB AVK. 2023.
3(71). 540-553. DOI: 10.32786/2071-9485-2023-03-53.

ABTOpcKkMii BKJIaJ. Bce aBTOpBI HACTOSIIET0 MCCIEIOBAHUS IMPHHUMAIN HEMOCPEICTBEHHOE y4acTHE B
MJIaHUPOBAaHWH, BBIIIOJIHCHUN WJIM aHAJIU3C JAHHOI'O MCCIICJOBAHUA. Bce ABTOPbI HaCTOfIH_[eI\/’I CTaTbHU O3Ha-
KOMUJIIMCH C ITPEACTABIICHHBIM OKOHYATCIIbHBIM BapHaHTOM H OJIOGDHHH €ro.

KoHdaukT nHTepecoB. ABTOPHI 3asBISIOT 00 OTCYTCTBUH KOH(IJINKTa HHTEPECOB.
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Beenenue. VccnenoBanue 1006010, TeM 00Jie€ CIOKHOTO OOBEKTa, MPEANOaracT B
OOJILIIMHCTBE CBOEM MojenupoBanue [15, 17]. MonenupoBanue MOJIY4UIO BCTUIECK aKTHB-
HOCTH ¥ PE3yJIbTaTUBHOCTU C BCECTOPOHHUM NpPUMEHEHHEM KoMmIbioTepoB [7, 9]. Ilpunsto
pasznuyaTh aHATUTHYECKOE, YNCIECHHOE M UMHUTAIMOHHOE MoaenupoBanue [10]. MaTepecyro-
1iee HaC YMCJIEHHOE MOJIEIUPOBAaHUE IIPEyCMAaTPUBAET MOJYyYEHHE MaTEMAaTUYECKON MOIenH
00BeKTa, Ha KOTOPOM MOHO 3aUKCUPOBATh U HAOpaTh CTATHUCTUKY IO JAHHBIM, XapaKTepH-
3YIOUIMM KOHKPETHYIO CUTYallUIO UK TexHosioruueckuit npouecc [1, 11]. B nocnennue necs-
TUJIETHS Pa3BUTHE YUCICHHOTO MOJICIMPOBAHUS B CIOKHBIX CUCTEMAaX OCHOBBIBAETCS Ha yue-
T€ pealbHbIX CUTYyallUil U BKJIIOYAET B c€0sl MPOCTPAHCTBEHHYIO JAUCKPETU3ALIMIO, HAIIpUMED,
pa3delieHue TpyHTa U MPOECKTUPYEMOIO COOPYNKEHHS PACUETHOW CETKOW Ha SYEMKH, Tak
Ha3bIBaCMbIC KOHEUHBIC 3JIEMEHTHI |5, 13].

MarepuaJjnbl u MeToabl. iMmenno meton koHeunsix 3neMenToB (MKD) B HacTosmee
BpeMs MpEeBAIMPYET B aHAJIU3€ HANPSDKEHHO-IE(OPMUPOBAHHBIX COCTOSHUNW KOHCTPYKTHUB-
HBIX 3JIEMEHTOB B CJIO’KHBIX CHUCTEMAaX IpPU y4eTe HECYIIEeW CIOCOOHOCTH UX I'PYHTOBBIX OC-
HoBaHUH. J[aHHOMY (QaKTy cmocoOCTBYET JOCTYIMHOCTh MPOrPAMMHOI0 OOECIIeueHus U MpaK-
TUYECKH TIOBCEMECTHAsI KOMITHIOTEPHU3ALIHSI IPOEKTHO-KOHCTPYKTOPCKOM AesTeNbHOCTH [ 16].

Bwmecre ¢ Tem mmpokoe pacnpoctpanenue MKD nopoauso B psje ciydaeB cuctema-
TUYECKU HEKOPPEKTHO MOJIy4aeMble Pe3yabTaThl, YTO UMEET 101 COO0N OCHOBY HE y4eTa Oc-
HOBHBIX ()aKTOPOB, XapaKTEPU3YIOIIHUX MIPOLIECCHI, TPU (HOPMUPOBAHUN MATEMATUYECKUX MO-
NieNiel, a TakKe CII0XKHOCTh OOBEKTOB, B TOM 4HCIie 00YCIOBICHHYIO HEJIMHEHHOCTHIO TOBE-
JeHusl psaja GaKkTopoB.

Benyuue ydenble B MEXAYHApOIHBIX aCCOLMALUAX, ONPEACISIOUIUE TEXHUYECKYIO
MOJIMTUKY B obOsactu ucnosib3oBanus MKD mpu pacuerax M HMCCIEI0BAHUAX CIOKHBIX CH-
CTEM, BBIHY)KJEHbl KOHCTATHPOBATh, YTO OJHON W3 HauboJiee CIOXKHBIX CUTYAIMil MOKHO
CUMTATh CUTYyalMIO NIpH ucnoib3oBaHuu MKD B reoTexnuke, rie rpyHT MOJEIUPYETCS € MO-
MOIIIbIO KOMITJIEKCHOM I€OMEXaHUYECKON MOJENU JUIsl BBISBICHUS B3aMMOCBSI3U «HAIPsDKE-
Hue-nedopmanuss» [2]. B cBoto odepenn, paccMarpuBaemasi Mojielb (GOpMUPYETCS B paMKax
CJIO’KHOM cpefibl, TAKMM 00pa3oM, CTAaHOBUTCSI OUYEBHUIHBIM, CKOJIb BaKEH MPABWIbHBINA BHIOOD
KOMILJIEKCHOM T'€OMEXaHUYEeCKON MOJENH, I/Ie Ha CeroJHs HauOoJIblllee paclpoCTpaHEHHE
MOJTYYIJIM HUYKECIISAYIONINE: I TIIMHUCTHIX U mecuanbix TpyHTOB Soft Soil, Soft Soil Crup,
Hardening Soil u Hardening Soil Small.

BwMmecre ¢ Tem mro0as yncienHas Mozenb GopMHupyeTcs Ha 0a3e HECKOJIBKUX KOMITOHEH-
TOB, KOTOPBIE CaMU 110 ce0€ ¥ B COUETAHUU JPYT C APYrOM SIBJISIOTCSI HCTOUHUKOM JIOMYILEHUS, a
BO3MO>KHO, ¥ OIIMOOK. VIMEHHO ¢ TaKkuX MO3UIIMK pacCMaTpUBAIOT paOOTy YMCIICHHBIX MOJIENIEH
ux pazpabotuuku. UTo xe Kacaercs Mojib30BaTeseld, TO Ha CErOHs, UCXO/s U3 PEKOMEH Al
pa3pabOTYMKOB, JIF00AsE MOJIENb JIOJDKHA ITOABEPTaThCs MpoIeype Bepru(uKaimu, rae onpeaess-
ercsl, KaK TOYHO KOMITBIOTEpPHAsi MOJIENb IIPE/ICTABIISET JIEXKAILYIO B €€ OCHOBE MATEMATUYECKYIO
MO/IeJTb TIPU BOCIIPOM3BOJICTBE TEOPETHUECKUX PELIEHUH, U 3TO BO-NIEpBBIX. BO-BTOPBIX, MO
JIOJKHA OBbITh TOJBEPrHYTa BAIMJALUK, KOTAA ONPEAEISIETCs, HACKOJIBKO JOCTOBEPHO KOMIIBIO-
TEpHasi MOJIEITb TIPE/ICTABIISIET peATbHBIN 00BEeKT. Takum 00pa3om, B aclieKTe yKa3aHHOW ToCTa-
HOBKH BOIIPOCOB IPOLIECC BEPUPUKALIMN KOMITBIOTEPHBIX MOJIEIEN — 3TO Mpeporarusa pa3padbor-
YHUKOB IPOrpamMM, TOI'/Ia KaK BaJMIalMsl OCTAETCs 3a MOJIb30BATENIIMU U HA CErO/IHS OHA pellacT-
csl ImyTeM 0030pa, OLIEHKU M aHaJli3a alpuopHON MH(OpMAINK, a TAKKE MPOLETypaMu OLEHKH
3HAYUMOCTH KOA(P(PUIIMEHTOB B MAaTEMAaTUUECKUX MOJIENISAX U aJIEKBATHOCTU MOJIENIEH B LIEJIOM.

PesyabTaTel U 06cy:xkaenus. PaccMoTpyM Ha KOHKPETHOM MpUMEpPE MPOaHATU3UPO-
BAHHOE C TEOPETHUYECKON TOYKU 3PEHUsl PELIEHUE CI0KHON CHUCTEMBI, IOCPEACTBOM IpPHUME-
HEHUSl YHCJIEHHOIO MOJEIMPOBAHMUSI UM LMU(PPOBOrO MaTeMaTHUYECKOIO aHajlu3a, Halpumep,
BOJIONIPOITYCKHOTO COOPYXEHHUSI KPYIJIOTO MONEPEYHOro CEYEHMs PaclojIOKEHHOro Ha IIv-
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HUCTOM OCHOBaHUU [6, 12]. [lenpio nccnenoBanus B 3TOM Cilydae JOJDKHO OBITh HAMPSDKEH-
HO-7Ie(pOpPMHUPOBAHHOE COCTOSIHUE TPYHTOBOTO MAaCCHBAa BOKPYT M IO/ BOJIOBOJOM, TaK Kak K
aHaNM3y BbIOMpaeM BeprHKanbHbie Hampspkernss TOTAL S-YY (xkH/m?). CocrosiHue rpyHTa
paccMaTpuBaeM IpH MEPEeMEHHON BBICOTE TPYHTA HAJl BOJOBOJIOM, IIPUHATOW B TpEIEIax OT
0,5 mo 1,2 m, a Takke Harpy3Ku OT TEPEE3KAIOMIETO BOJIOBO aBTOMOOMIIS, KOTOpask MOXKET
N3MEHATHCSI OT 5 110 40 T.

Ha pucynke 1 nmpuBeneHa peaiabHas pacuyeTHas CUTYAIHsI CIIOKHOW CHCTEMBI, 38 KOTO-
PYIO TIPHHST BOJIOBOJ KPYTJIOTO TOTIEPEYHOTO CEUCHHS, HAXOSIIUICS B TPYHTOBOM MAaCCHBE
C YY4ETOM €r0 PeOJIOTUIECKUX CBOMCTB.

Pucynok 1 — Pacuernas peangpHasi CUTyanusi BOJOBOJA KPYIJIOTO MOIEPEIHOTO CEUCHUS KaK CII0KHOM
MHOTO()aKTOPHOH CHCTEMBI

Figure 1 — The calculated real situation of a circular cross-section conduit as a complex of multifactor
system

B cooTBeTcTBUM C IpenCTaBICHHBIM AJTOPUTMOM HCCIIEIOBAHUS CIOKHOW CHCTEMBbI
BHayaJle OCYLIECTBIISIIOT MOCPEACTBOM YHMCIEHHOI'O MOJEJIMPOBAHUS C MPUMEHEHHUEM Ipo-
rpammuOTO oOecrieueHus (I10) Midas GTS NX, rae y4eT peoJIoTHYECKUX CBOMCTB I'PYHTA
peayin30BaH B BUJIE COBMELIEHHOTO CTaJAUMHOTIO MOJEIMPOBAHUS B paMKax pacueTHOTO CIy-
Yasi, yIUTHIBAIOIIETO H3MEHUMBOCTh HAIPSDKEHHO-EPOPMHUPOBAHHOTO COCTOSIHHE TPYHTOBO-
ro MaccuBa u Qriibtpanuu [4, 14].

Ha pucynke 2 mpencraBiieHa 4HMCII€HHAs pacdyeTHas Mojelb npu peanusanun MKD
JUTSL BOJOBO/Ia KPYTJIOTO TOTIEPEUHOTO ceueHus, pazpaborannas B [10 Midas GTS NX.
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Pucynok 2 — Pacuernas moaens npu peanusanuu MK3J 11 BojioBo1a Kpyriioro monepeyHoro
cedenus, paspadborannas B [10 Midas GTS NX
Figure 2 — The calculation model for the implementation of the finite element method for a circular
cross-section conduit, developed in the Midas GTS NX software
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Pe3ynbTaThl YMCICHHOTO MOACIMPOBAHUS PA3IMYHBIX CUTYallUH MTPH U3MEHEHUH (ak-
TOPOB BJIMSIHUS Ha (DYHKIIMIO OTKIIMKA CBeACHBI B Tabnuiy 1. [Ipu aTOM pe3ynbraTsl pacueTra
BepTUKaTbHBIX HanpspkeHuid TOTAL S-YY npuBeneHsl B Ta0nuie 1 B COKpaleHHOM BapH-
aHTe, TOJBKO JUIS BBICOTHI TPyHTA Haa BoaoBoaoM 0,8 M. Tornma kak B gajmbHEHIICH 00paboT-
K€ U aHaJIM3€ pe3yJIbTaTOB IIPUHUMAJl yYacTHE BECh MACCUB LU(P, MOTYUYEHHBIN yTeM mepe-
0opa BCeX BO3MOXKHBIX COUYCTAHUHN M CUTYyaIlUi IO apryMEHTaM.

Tabnuna 1 — Pacuer BepTukanpabix HanpsbkeHHit TOTAL S-YY B BomoBoie Kak CIOXKHOM cucTeMe,
BeInoHeHHbIH B [10 Midas GTS NX
Table 1 — Calculation of TOTAL S-YY vertical stresses in a conduit as a complex system, performed

in Midas GTS NX software

Homep HarpysKa oT OCH aBTOMOGHIA, T Beprukanbubie HanpaxcezHI/m
OmEITa ’ TOTAL S-YY, kH/m

1 5 -290,92

2 10 -299,27

3 15 -307,68

4 20 -316,15

5 25 -324,64

6 30 -333,16

7 35 -341,72

8 40 -350,31

Busyanmzamnus pacuera BeptukanbHbix HanpsokeHuin TOTAL S-YY B rpyHTOBOM
MacCHBE BOJIOBOJIAa TTOCPEACTBOM IIBETOBOTO KOJMPOBAHHS PE3YJIbTATOB IMPHUBEICHA HA PH-
CyHKe 3 MpH BBICOTE TPyHTA HaJl BooBoAOM 0,8 M 1 ycunuu ot aBromoomsis B 20 T.

| ELANE STRAIN STRESS
S-PY TATAL , HIjm=E

4.33055e+001
I 0.3% 5
-6 G4ESE-+01
0.5% %
e

1. J4Z50e4+002

= -257. 7650 4

| [17.9%
: | SESPEE+002
7%

19.7%
-1.79739e+002

13.9%

-2 0247 1e+002

-3.16155+002

Pucynok 3 — Busyanuzamust pacdyera BepTukanbHbix Hanpsokenniit TOTAL S-YY B rpyHTOBOM
MaccHBe BOJOBO/IA TIOCPENICTBOM IIBETOBOTO KOJAWPOBAHHS
Figure 3 — Visualization of the calculation of TOTAL S-YY vertical stresses in the ground mass of the
conduit by means of color coding

Bonbiroi 00béM ITUGPOBEIX JaHHBIX, MOJTYICHHBIN MPU peaTr3alliid YUCICHHOTO Me-
TOJIa UCCJICOBAHUIN U JTaXKe BU3yalln3allisl pacueToB BepTUKAIBbHBIX HanpsikeHudt TOTAL S-
YY B rpyHTOBOM MaccuBe BOJOBOJA MOCPEACTBOM LIBETOBOTO KOJAMPOBAHHS HE IMO3BOJISIOT
OJTHO3HAYHO BBISIBUTH CTENEHb BIUSHHUS apryMEHTOB Ha U3ydaeMmylo QyHKIUIO. B aTom ciy-
yae B COOTBETCTBMM C NPEJCTABICHHBIM AJTOPUTMOM JAEUCTBUM HEOOXOJUMO pealin30BaTh
M(POBOM MATEeMAaTUYECKHI aHAJIM3 TOJTYYCHHOTo 00bmoro oowéma mudp. s storo Oy-
JIEM HCII0JIb30BaTh XOPOIIIO 3apekoMeHioBaBiiee ceds [10 wxMaxima [3, 8]. UmenHo omnmpa-
SCh Ha LIIMPOKOE MPUMEHEHHE JTaHHOW IpOorpaMMbl IpU PELIeHUU MOJO0OHBIX 3ajad CUMTaeM,
YTO IPU €€ UCTIOIB30BAHNH HEOOXOIMMOCTH B ITPOIIecCe BEpU(DUKAIINN OTCYTCTBYET.
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B cBoto ouepenp, pabota ¢ maccuBoM udp B mporpamme wxMaxima Juist TOJTydeHUS
MaTeMaTUYeCKOW MOJENHU Ipoliecca, IPOUCXOISIEro B CIOKHON CUCTEME, JIOJDKHA Hauu-
HAThCSl C MPEICTABIICHUS BCEeX LUPpP B MAaTPUYHOM BUJE. B cokpaiieHHOM BHJie MaTpulia
rpolecca NpeCTaBIIeT HIKeCIeaYIolIee:

M:matrix ([0.5, 5, -288.03], [0.5, 10, -296.52], [0.5, 15, -305.94], [0.5, 20, -314.95],
[0.5, 25, -324.01], [0.5, 30, -333.12], [0.5, 35, -342.24], [0.5, 40, -351.42], [0.6, 5, -288.54],
[0.6, 10, -297.27], [0.6, 15, -306.04], [0.6, 20, -314.87], [0.6, 25, -324.01], [0.6, 30, -332.60],
[0.6, 35, -341.53], [0.6, 40, -350.51], [0.7, 5, -289.55], [0.7, 10, -298.07], [0.7, 15, -306.68],
[0.7, 20, -315.3], [0.7, 25, -323.94], [0.7, 30, -332.65], [0.7, 35, -341.38], [0.7, 40, -350.15],
[0.8, 5, -290.92], [0.8, 10, -299.27], [0.8, 15, -307.68], [0.8, 20, -316.15], [0.8, 25, -324.64],
[0.8, 30, -333.16].

VYuuteiBasi pab0oTHI, BHITOJTHEHHBIC B JAHHOM HaIlpaBJICHUHU IPYrUMU aBTOopamu |3, 8],
BbIOMpaeM IpeACTaBIeHUE MaTeMaTHYEeCKOW MOJENU Ipoliecca B BHUJAE MOJMHOMAa BTOPOM
crenend. B mporpamme wxMaxima JgaHHas ~omepauus — BbIIOJHSETCS — (ailiom
s:Isquares_estimates (M, [x,y,z],Z=a+b-x+c-y+d-x-y+e-x>+f-y?) , rme q,
b, ¢, d, e, [ aBusAOTCS KOAPDUIIUEHTAMH B MAaTEMAaTHYECKOW MO pacdyeTa BEPTUKAIHHBIX
HanpspkeHuid TOTAL S-YY B rpyHTOBOM MaccuBe BOAOBOJA.

Peanuszanus ¢aiina no3Boauia MoydyuTh Cleayone Ko3(pQUIHEeHThI A1 ypaBHEHUs
MOJENH:

6225517 , _ 2971 218133 , 97 3847 , _ 1201
T T 22400 0 T 8200 ¢ T T 1120000 Y T 280 € T T 3360 f=- 1680000

B maremaruyeckoilt Moaenu Ko3(pQUIUEHTH NPEACTABIAIOT B JIECATUYHBIX JPOOsX,
4yTO B mporpamme npeodpasyercsa Qaitiom float (%). [Ipu 3TOM He3zaBHCHMO OT BUAA Mpen-
CTaBJeHUs KO3(PPUIIMEHTOB BCE OHM MPOIUIH MPOIEAYPY MPOBEPKH HA 3HAYUMOCTH, a cama
Mo/ieNb ObllIa TPOBEpeHa Ha a/IeKBaTHOCTh, YTO MO3BOJIMIIO CUUTATH BBHITIOJTHEHHOW MPOLIEIY-
Py BIMJAIAN C YIETOM PEaJbHO TOIY9aeMBbIX 110 MOJICITU PE3YIbTATOB.

B xoHeuHOM HTOre MareMaTHdecKas MOJACJIIb UMECT CJ'I@IIYIOHII/Iﬁ BU/:

Z(x,y) =—277,92487 + 3,53690 - x — 1,94762 -y + 0,34643 - x -y —
—11,44940 - x% — 7,14881-107* - y~2.

AJleKkBaTHas MaTeMaTH4ecKasi MOJIEITh ITPEATIOIaraeT BO3MOKHOCTD €€ BU3YaIn3alliH, YTO

B wxMaxima peanusyercs mocpeactBoM daiina plot 3d, a pe3ynbTar npeacTaBieH Ha pUcyHKe 4.

-280
-290
-300
-310
S-¥Y, -320
-330
-340
-350

0.9 YCUNMe Ha FPyHT, T
BLICOTA FPYHTa Ha{ BOAOBOAOM, M |

1.1

Pucynok 4 — BusyanusupoBanHas MaTeMaTHIecKask MOJIETh BEPTUKAIBHBIX HATIPSDKEHUN
TOTAL S-YY B rpyHTOBOM MaccHBe BOJOBOJA

Figure 4 — Visualized mathematical model of vertical stresses TOTAL S-YY in the ground mass of the
water conduit
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Bun BusyanusupoBaHHOM (QyHKIMM OTKJIMKA BepTUKaIbHBIX HanpspkeHuit TOTAL S-
YY B rpyHTOBOM MaccuBE BOJOBOJA IMO3BOJISIET OTMETUTh, YTO NPU HU3MEHEHHH BBICOTHI
rpyHTa HaJ BOJ0BOAOM OT 0,5 mo 1,2 M, a TakKe yCUITUs Ha TPYHT OT aBTOMOOwMIS oT 5 110 40
T 3HAYCHHS BEPTHKANBHBIX HAIPKEHHMIT MOTYT H3MeHsThes 0T 280 10 360 KH/M .

JlanbHeliee ucciieJOBaHNE M3MEHEHUS! BEPTUKAIbHBIX HANpPsXKEHUH IO Ipe/CTaB-
JICHHOMY QJITOPUTMY MPEANoaraeT MOCTPOCHUE JUHUN PaBHBIX YPOBHEW IO IOJyYEHHOU
MOBEPXHOCTU OTKJIMKA. /laHHas 3a7aya B mporpamMmMme wxMaxima pean3yercsi HOCpeACTBOM
(aiina contour plot, a pe3ynbTaT MpeICcTaBICH Ha PUCYHKE 5.
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35 L - T Fumttior— _|
—— 200
-85 ——
30 2 |
L = 300 ——
I e
= = — - T —
a»xr- - —— _3ip.
z e R e
(= R
= :
g5 | 330 ——=
e ———— -335 -
10 | S -340
T el A e——
: | | | R S | 7
0.5 0.6 0.7 0.8 0.9 1 14 18

BBICOTE FPYHTO Had BOAOBOOOM, M

Pucynok 5 — JIuHuM paBHBIX YPOBHEN MO BU3YaAJIM3UPOBAHHON MaTeMaTH4YECKON MOJEIN BEPTUKAIIb-
HbIx Hanpsoxennit TOTAL S-YY B rpyHTOBOM MaccHuBe BOAOBO/IA

Figure 5 — Lines of equal levels according to the visualized mathematical model of vertical stresses
TOTAL S-YY in the ground mass of the conduit

Ananu3 rpaMKoB JIMHUN PaBHBIX YPOBHEH 10 U3MEHEHUIO BEPTUKAJIbHBIX HampsKe-
Huii TOTAL S-YY B rpyHTOBOM MacCHMBE BOJIOBOJA IMO3BOJISIET OTMETHUTH, YTO 3HAUYCHUE
(GYHKIMH OTKJIMKA OJHO3HAYHO ONPEJENISIETCS B 3HAUUTEIbHON CTENEHH YCUJIMEM Ha BOJIOBOJL
OT aBTOMOOWJI M IMpakTH4ecKU (YHKIHMS BecbMa ci1abo pearupyeTr Ha BBICOTY TIMHHCTOIO
IpyHTa HaJl BOJOBOJIOM. [Ipu 3TOM € yBenMueHUEM Harpy3Ku CTENEHb BO3AEHCTBUS Ha (PYHK-
LU0 OTKJIMKA MPAKTUYECKU OCTAETCS OCTOSTHHOM.

JlanpHelme uccieo0BaHusl MaTEMaTUYECKOM MOJIENIU 110 MIPUHATOMY aJITOPUTMY BbI-
MOJIHAIOTCS TIOCTPOCHUEM CEYEHHH 10 JIMHUAM PAaBHBIX YPOBHEH IpPU MOCIIEI0BATENBHOM IMO-
CTaHOBKE Ka)XJIOTO M3 apryMEHTOB Ha MOCTOSIHHbIE YPOBHU. OTMEUYEHHOE BBHIIIOJHEHO B MPO-
rpaMMe wxMaxima [pH Hcroiab30BaHuu ¢aiiia plot 2d.

B cBs3u ¢ HEOOXOUMOCTBIO BBIJABMKEHHUSI OJIHOTO M3 apryMEHTOB Ha IOCTOSHHbIE
YPOBHHU PaCCMOTPHUM MOCTAHOBKY B MaT€MaTU4YE€CKOW MOJIENIN BIUSHUS YCUIIUS OT aBTOMOOHU-
JIsI, HaXOJAIIErocs Haj BOJOBOJIOM, Ha cienyromiue ypoBau F; (5,0; y); Fo (20,25; y); F3
(40,0; y), 94To pemraet BOIPOC MpeoOpa3oBaHus MOICTH K BUIAM:

F;(x) = —11,4494 - x* + 5,2689 - x — 287,680772;

Fy(x) = —11,4494 - x? + 10,5515 - x — 317,65694548;

F3(x) = —11,4494 - x* + 17,3929 - x — 356,972708.

I'padmyeckne M aHANTUTUYECKHE HMHTEPIPETALUU JAHHBIX YPaBHEHUN HMEIOT BHJ,
MIpe/ICTaBJICHHBINA HA PUCYHKE 0.
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BLICOTa MPyHTa Had BOOOCAHBOM, M

Pucynok 6 — I'paduku cedeHwnii Mo MOBEPXHOCTH OTKIIMKA MPU TOCTOSTHHBIX YCHITHSX OT aBTOMOOHIIS
HaxOJALIErocsi HaJl BOIOBOJIOM

Figure 6 — Graphs of cross sections on the response surface with constant efforts from a car located
above the water pipe

AHanmuTHYECKas] 3aBUCUMOCTh B3aUMOCBSI3M M3MEHEHUS! BEPTHKAIBHBIX HAIPSHKCHUN
TOTAL S-YY B rpyHTOBOM MacCHUBE BOJIOBOJIa OT BBICOTHI T'PyHTa HaJ HUM OJIM3Ka K JTUHEH-
HOH C SIBHBIM JIOMUHUPOBAHUEM YCHJIUS OT aBTOMOOWJIS Ha pyHKUMIO OTKIMKA. [Ipu ycumuun
B 40 T BepTUKaIbHOE HANPSHKEHHE JOCTUTAET dKCTPEMyMa 110 MUHUMYMY KOTOPOE COCTaBJIsI-
er 350,38 kH/m” nipu BeICOTE rpyHTa Hax BogoBoxoM 0,82 m. [pu yeummn B 20,25 T GyHKIHS
HaANpPSDKEHUN TaKKe CTPEMUTCS K AKCTPEMYMY IO MUHUMYMY, HO HE JIOCTUTaeT €ro B Mpeze-
J1aX U3BMEHEHUN apryMeHTa (BbICOTHI IPyHTa Haj Bo10Bo0M) oT 0,5 1o 1,2 m.

Opnako aHaynu3 rpadukoB 1o (YHKIUSAM HaINpsSHKEHUM, NMPUBEICHHBIA B Tabnuue 2,
MO3BOJISIET BUJIETh, YTO C YMEHBUIEHUEM YCHJIMM OT aBTOMOOWIISI, HAXOJALIErocss HajJ BOJO-
BOJIOM, IIPUPAIIEHUS 110 HANPSXKEHUsIM Bo3pacTaoT. Tak, npu ycuiuu B 40 T npupamieHue 1mno
dyskmmn cocrasuno 1,39 kH/M?, npu yermnn B 20,5 T npupamenue cocrasuio 6,43 kH/M’, a
YCWIHH B 5 T mpupaienue o ¢pyHkuy cocrasmio 10,06 kH/M’.

Tabnuna 2 — M3MeHeHre 3Ha4eHHiH BEPTHKAILHBIX HANPSHKEHUH B KOHTEKCTE U3MEHEHHSI BBICOTHI
TpyHTa HaJ| BOJIOBOIOM
Table 2 — Changes in the values of vertical stresses in the context of changes in the height of the soil
above the conduit

Veunust or aBTOMOOHIIS Ha BOJOBOM, T
Beicora rpyHTa 5.0 20,5 40,0
HaJl BOAOBOJOM, M
Beprukanbabie HanpsHKEHU, xkH/Mm?
0,5 287,76 315,15 351,22
0,85 291,66 317,26 350,56
1,2 297,82 321,58 352,61

PaCCMOTpI/IM IIOCTAaHOBKY B MaTeMaTH4YEeCKOU MOJICJIKM BBICOTBI I'PYHTA HaJa BOJOBOAOM
Ha cienyronme noctostaasie ypoBuu: F(0,5; y); F2(0,85; y); F3(1,2; y), 94T0 pemiaet BOmpoc
npeoOpa3oBaHMs MOJEIU K BUJAM:
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Fi(x) =—7,1488-107*-x%2 — 1,7744 - x — 279,0188;
F,(x) =—-7,1488-10"*-x2 — 1,65316 - x — 283,1907;
F3(x) =—-7,1488-10"*-x2 — 1,53192 - x — 290,16776.
I'padmyeckne u aHaNIUTUYECKHE HHTEPIPETALUU AAHHBIX YPAaBHEHUH HMEIOT BUJ,
IIPEACTABJICHHBIN HA PUCYHKE 7.
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Pucynok 7 — I'padmku cedeHwuii Mo MOBEPXHOCTH OTKIIMKA MPH TIOCTOSIHHBIX BBICOTAaX TPYHTA

HaJl BOAOBOIOM

Figure 7 — Graphs of cross sections over the response surface at constant ground heights above

the ground

Ananu3 rpa@uKoB M ypaBHEHUH B3aMMOCBS3M HW3MEHEHUs BEPTUKAJIbHBIX HampsKe-
Huii TOTAL S-YY B rpyHTOBOM MaccuBe BOJOBOJA OT YCWINN HA TPYHT OT aBTOMOOMJIS T0-
Ka3bIBaeT, YTO CBSI3b MPAKTUYECKU JIMHEHHA. [Ipyu 3TOM npu HauMeHbIIEM YCHJIUMU OT aBTO-
MoOuJIs Ha BOJIOBOJ B 5,0 T BEpTUKAIBLHOE HAIIPSDKEHUE JOCTUTA€T HAaMMEHBIIEro 3HauYeHUs
IIpX HaMMEHBIIEH BHICOTE TPYHTA HAJ coopyxkenneM B 0,5 m, uto coctapmsier 288,14 kH/m™.
IIpu ycunuu Ha BojoBoJ B 40 T BEpTUKaAJIbHOE HANPSDKEHUE TIOCTUTaeT HauOOJIbIIEro 3Have-
HUS OpU HaumOoJbIIEH BBICOTE IPyHTa HaJ coopyxeHueMm B 1,2 M, yto cocrtaBuser 352,55
kH/M”. Bostee mopoOHEIi aHAIN3 3HAYCHHIT B3aMMOCBS3H N3MEHEHHS BEPTHKAIBHBIX HATIPS-
xenuii TOTAL S-YY B rpyHTOBOM MaccuBe BOJIOBOJA OT YCWJINNA HA TPYHT OT aBTOMOOWIIS U
BBICOTHI TPYHTA HAJl COOPY)KEHUEM CBEJIeH B TaOIMILy 3.

Tabnuua 3 — MI3meHeHne 3HaueHUi BEpPTUKAJIbHBIX HAIPSDKEHUH B KOHTEKCTE U3MEHEHUS

YCHJIHSI OT aBTOMOOMJISI HA BOJIOBOJT

Table 3 — Changing the values of vertical stresses in the context of changing the forces from

the car to the conduit

v 6 BeIcoTa rpyHTa HaJ BOTOBOAOM, M
CUJIMS OT aBTOMOOU- 0.5 | 0.85 | 12
JI1 Ha BOAOBOI, T )
BeprukanbHble HanpspkeHust, KH/m
5,0 288,14 291,42 298,13
20,5 315,75 317,26 322,23
40,0 351,30 350,30 352,55
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Kak BugHO U3 mpencTaBieHHbIX B Tabnuuax 2 U 3 pacueToB 3HAYEHUN BEPTUKAIbHBIX
HaMpsHKEHUH, MOCIEeIHUE HECKOIBKO OTJIMYAIOTCS APYyr oT apyra. B tabmuune 4 nan pacuer
OTKJIOHEHUI B BEPTUKAJIbHBIX HAIPSHKEHUSX, BHIPAKEHHBIN B MPOLIEHTaX, MpU BbIOOPE IO-
CTOSIHHBIMH OJTHOTO U3 apIyMEHTOB.

Tabnuna 4 — OTKIIOHEHHS B 3HAUEHUAX BEPTUKAJIBHBIX HANPSYKEHUH MpU BEIOOPE MOCTOSHHBIM
OJIHOTO M3 apryMEHTOB
Table 4 — Deviations in the values of vertical stresses when choosing one of the arguments as a

constant

VYeunus oT aBTOMOOMIIST HA BOJOBO, T

Bricora rpyHTa 5,0 | 20,5 | 40,0
HaJl BOIOBOAOM, M OTKJIOHCHUS B BEPTUKAJIBHBIX HAMPSDKEHUAX, IIPU BHIOOPE MOCTOSH-
HBIMH OJTHOTO U3 apryMeHToB, %

0,5 0,13 0,19 0,022
0,85 0,08 0,0 0,074
1,2 0,10 0,20 0,017

Ananu3 Tabauibl 4 O3BOJISIET BUNIETh, YTO HE3aBHCUMO OT BBRIOPAHHOTO MYTH OIICHKU
BEPTUKAIBHBIX HAIPSHKEHUNW TOCPEJCTBOM BBIOOpA MOCTOSHHBIMU OJTHOTO M3 apryMEHTOB,
OTKJIOHCHUS 3HaUYE€HUN BEPTUKAIbHBIX HAMPSHKCHUN OJM3KH HIIM PAaBHBI HYJTIO.

3axnrouenue. [lpencraBieHHBIH aNTOPUTM HCCIEAOBAHMN, BKIIIOYAIOMIMKA paccMOTpEHHE
KOHKPETHOTO (PH3MUYECKOTro Mpoliecca, riae HeoOX0JUMO YTOYHHUTH ITapaMeTPhl H PEKUMBI €ro pa0oTEHI,
B KOHKPETHOM cJy4ae HalpsKeHHO-1e() OpPMHUPOBAHHOTO COCTOSIHUSI TPYHTOBOT'O MaccuBa BOKPYT BO-
JIOBOJIa B 00SI3aTEIBHOM IMOPSIKE JIOJDKEH MpelycMaTpUBaTh YHCICHHOE MOJIETHpPOBaHHE OOBEKTa B
OJTHOM U3 MPOTPaMMHBIX MPOIYKTOB C HcIob3oBaHueM MKDO.

[pu »TOM BBIOpaHHas IporpamMMa WITH JOJDKHA OBITh MHOTOKPATHO MCITONB30BaHA IPYTHMU HC-
CIIETIOBATENSIME TIPH PEIICHUH TOJ00HBIX 3ajia4 WM Bepu(HIMpOBaHa caMuM HccienoBatTeneM. OaHaKo
TIOCIIETHUH MyTh CJIOKHBIN, TPY/103aTPATHBIN M 3a4acTyIO HE COBIIAIAIOMINI C LIESIMH UCCIIEA0BATENS.

B T0 3xe camoe BpeMst yxKe JOCTYITHO OOIbIIOe KOJMYECTBO POTrPaMM, HCIOTIb3YIOMIUX METO/
KOHCYHBIX 3JIEMEHTOB INPH PAaCCMOTPEHUH Pa3HBIX (PU3HUYECKUX TPOILIECCOB, HA KOTOPBIX BO3MOXKHO
nojy4eHue OONbIINX MaCCUBOB MU M IBETOBBIX WHTEPIIPETAINI MX OMUCHIBAIONINX, KaK 3TO Mpe/l-
CTaBIICHO U B PacCMOTPEHHOM Matepuaiie. OfHaKo aHaau3 Kak nudposoro (B Tabnu4HON hopme), Tak
Y B [IBETOBOW MHTEPIIpPETALMU MaTepraia BechMa 3aTPYJAHUTENCH: BO-TIEPBBIX, U3-3a OOJIBIIOr0 00bE-
Ma, a BO-BTOPBIX, U3-32 OTCYTCTBHS alllIPOKCHMAIINHA, HAIICTICHHBIX Ha BBISBICHUE BIUSHUS (PaKTOPOB
Ha Ipouecc.

[Ipu uccnenoBanuu pabOTHI CIIOKHON CHCTEMBI «BOJIOBO]] — TPYHTOBOE OCHOBaHUE — HATPy3Ka
OT aBTOMOOHJISI» U OINPEeTICHUN HANPSHKEHHO-Ie() OpMUPOBAHHOTO COCTOSIHUE TPYHTOBOTO MacCHBa C
WCTIOJIb30BAaHMEM YHUCICHHOTO MOJICTUPOBAHHUS M HU(PPOBOr0 MaTEMaTHYECKOrO aHaln3a ObLIO ycTa-
HOBJIEHO, YTO:

— 3HaveHue (PYHKIMU OTKIMKA OIHO3HAYHO OIpE/eNsieTcs B 3HAYUTEINBHONW CTENEHN YCHITUEM
Ha BOJIOBOJI OT aBTOMOOWJISI, BMECTE ¢ TeM (YHKIHUs C1a00 pearupyer Ha BBICOTY INIMHHCTOIO IPYHTA
HaJ| BOZOBOJIOM;

— C YBEIIMUCHUEM HATPy3KH CTENEeHb BO3JCHCTBUS Ha (DYHKIMIO OTKJIMKA MPAKTUYESCKU OCTa-
€TCs MOCTOSTHHOM;

— npu ycunu B 40 T BepTUKAJIbHOE HANPsDKEHHE JOCTUTAET IKCTpEMyMa IO MUHUMYMY KO-
Topoe cocrapisieT 350,38 kH/M” pu BIcOTE rpyHTa Ha BogoBooM 0,82 M;

— npu ycunuu B 20,25 T QyHKINS HAPSDKEHUH TaKXKe CTPEMHTCS K OKCTPEMYMY 110 MUHUMY-
My, HO HE JIOCTUTAET €ro B mpeaenax u3MeHeHuit aprymenTta ot 0,5 1o 1,2 m;

— C YMCHBIICHUEM YCHIIMI OT aBTOMOOWIIS HaXOJSIIETOCs HaJl BOJOBOJIOM MPHPAIICHHS I10
HaIpspKEHUSIM BO3pacTaloT;

— npu yeunuu B 40 T npupaiesne no ¢pyskiuu coctasuser 1,39 kH/m®, npu yeumuu B 20,5 T
— 6,43 xH/M*, a ipn ycumuu B 5 T — 10,06 kH/M’;
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— B3aMMOCBS3b U3MeHeHUs BepTuKaibHbIX HanpspkeHuit TOTAL S-YY B rpyHTOBOM MaccuBe
BOJIOBO/Ia OT YCHIIMI Ha TPYHT OT aBTOMOOWIIS JIMHEIHA;

— IIpU HAMMEHBUICM YCUJIMU OT aBTOM06I/IH$I Ha BOJOBOJ B 5,0 T BEPTHUKAJIILHOC HAIIPSAKCHUC
JOCTUTAeT HauMEHbBIIIEro 3HaYeHHs IPY HauMeHbIIeH BBICOTE TPyHTa Hal coopykeHueMm B 0,5 M, 4to
cocrasisger 288,14 xkH/M. [Ipu ycunmum Ha BomoBoa B 40 T BEpTHUKAIBHOE HANPSDKEHUE HOCTUTACT
HanOOJbIIEro 3HaUCHUS TPH HANOOJbIIEH BEICOTE TPYHTa HaJl COOPYKEHUEM B 1,2 M, UTO COCTaBIIACT
352,55 kH/M'.

Pemrenrie nccienoBaTeabCKOM 3a1aul C HMCIOIB30BAHHEM TAKOrO ajrOpHTMa ITOCPEICTBOM
MPUMEHEHUS IU(PPOBOT0 MATEMAaTHIECKOT'0 aHAJIN3a, CIIOCOOCTBYIONIET0 00paboTke OONBIINX MacCH-
BOB HU(Dp, MOTYIEHUIO MATEMAaTHIECKOW MOJIEITH MPOIecca OT MPUHATHIX K UCCIENOBaHUIO (DaKTOPOB,
JIaJio BO3MOXKHOCTh OIICHUTH CTENEHBb BIMSHUS Ka)I0ro GakTopa Ha (DYHKIHIO OTKIHMKA MyTeM Tpe-
oOpazoBaHuii oOmIell MaTeMaTH4YecKol Mojenu. Jleranmu3ammsi UCCIENOBAHWN MYTEM ITOCTAHOBKH
KaXXa0ro mus (I)aKTOpOB Ha IMOCTOAHHBLIC YPOBHHU ITO3BOJIACT CPABHUTH IIOJYYCHHBLIC PE3YJIbTAThI IIPU
pcain3annu pa3InYHbIX IMOJAXO0I0B K q)yHKHI/II/I oTkiuka. 11 YK€ Ha OCHOBAHHHU 3TOr0, Korjia OTKJIOHEC-
HUS 1O pe3yibTaTaM CTPeMSTCS K HYJIEBBIM 3HaueHHAM, NpuHATH [1O mpomeammM Baluganuio H
MPUTOAHBIM K TPHMEHEHHWIO, B KOHKPETHOW pACCMOTPEHHOW 3ajade OIEHKH HAIpPSKEHHO-
ne(OPMHPOBAHHOTO COCTOSHHSI TPYHTOBOI'O MacCHBa BOKPYT BOIOBO/IA.

Conclusions. The presented research algorithm, which includes consideration of a specific
physical process where it is necessary to clarify the parameters and modes of its operation, in the spe-
cific case of the stress-strain state of the soil mass around the water conduit, must necessarily include
numerical modeling of the object in one of the software products using the finite element method.

In this case, the selected program must either be reused by other researchers when solving
similar problems or verified by the researcher himself. However, the latter path is complex, labor-
intensive, and often does not coincide with the researcher’s goals.

At the same time, a large number of programs are already available that use the finite element
method when considering various physical processes, in which it is possible to obtain large arrays of
numbers and color interpretations describing them, as is presented in the material considered. Howev-
er, analysis of both digital (in tabular form) and color interpretation of the material is very difficult:
firstly, due to the large volume, and secondly, due to the lack of approximations aimed at identifying
the influence of factors on the process.

When studying the operation of a complex system “water pipeline - soil foundation - vehicle
load” and determining the stress-strain state of the soil mass using numerical modeling and digital
mathematical analysis, it was found that:

— the value of the response function is uniquely determined to a large extent by the force on
the water conduit from the car, however, the function weakly responds to the height of the clay soil
above the water conduit;

— with increasing load, the degree of influence on the response function remains practically
constant;

— with a force of 40 tons, the vertical stress reaches an extreme minimum, which is 350.38
kN/m2 with a soil height above the water conduit of 0.82 m;

— with a force of 20.25 tons, the stress function also tends to an extremum at a minimum, but
does not reach it within the range of argument changes from 0.5 to 1.2 m.

— with a decrease in the forces from the car located above the conduit, the stress increases in-
crease;

— with a force of 40 t, the increment in function is 1.39 kN/m2, with a force of 20.5 t — 6.43
kN/m2, and with a force of 5t —10.06 kN/m2;

— the relationship between the change in vertical stresses TOTAL S-YY in the soil mass of the
water conduit and the forces on the ground from the car is linear;

— with the least force from the car on the water pipeline of 5.0 t, the vertical stress reaches its
lowest value at the lowest height of the soil above the structure of 0.5 m, which is 288.14 kN/m2. With
a force on the conduit of 40 tons, the vertical stress reaches its greatest value at the highest height of
the soil above the structure of 1.2 m, which is 352.55 kN/m2.
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Solving a research problem using such an algorithm through the use of digital mathematical analy-
sis, which facilitates the processing of large arrays of numbers, obtaining a mathematical model of the pro-
cess from the factors accepted for research. It made it possible to assess the degree of influence of each fac-
tor on the response function by transforming the general mathematical model. Detailing the research by
setting each of the factors to constant levels makes it possible to compare the results obtained when imple-
menting different approaches to the response function and, based on this, when deviations in the results
tend to zero values, accept the software as validated and suitable for use, in specific considered problem of
assessing the stress-strain state of the soil mass around the water conduit.
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Summary
The article presents the results of a research of the rate of change in the pH level and the maximum pH
values when soda is added to distilled water and water from fish production. The dependences of the
change in the concentration of dissolved oxygen in water on the change in the volume of supplied air
are obtained.

Abstract
Introduction. The most important chemical parameters of water in recirculating water supply installa-
tions are the level of water acidity and the concentration of oxygen dissolved in water. They have a
significant impact on the growth and development of fish and require special attention. During stable
operation, the system can independently maintain the pH level, but if emergency situations occur, the
water can change the pH in an acidic direction to values dangerous for fish. Baking soda can restore
the optimal PH level during acidification. It not only makes it possible to raise the pH to the alkaline
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