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MATEMATUYHE MOJIEJIOBAHHS TA ITPOI'HO3YBAHHA ITOIIUPEHHSA
3ABPYIHEHD B PTYKAX ITPU ABAPIMHUX CUTYAIISX

Po3pobneno metos Ta MaTeMaTHYHY MOJIENIb OTIEPaTHBHOTO MPOTHO3YBaHHS SIKOCTI BOJM B paiioHax BO-
7103a00PiB MPY BUKUII 320pYTHEHb B YMOBaX BUHHKHEHHSI aBapiiHUX CHUTYAaIIiM.
KarouoBi ciioBa: maremarinuHa Mozielb, GpPOHT 3a0pyIHEHb, BOJIA, SKICTh, OUUILICHHS.

Pa3paboTano MeTos M MaTeMaTHYecKyl0 MOJIENb ONIEPAaTHBHOTO MPOTHO3UPOBAHUS KayecTBa BOJIBI B pa-
HoHaxX BOZ03a00POB MpH BEIOpOCax 3arpsi3HCHUH B YCIIOBUSX BO3HUKHOBEHHUS aBAPUIHBIX CUTYaINH.
KaiwueBbie ciioBa: MmaremaTnyeckast MOZeIb, GPOHT 3arpsi3HEHNH, BOJa, KAUYECTBO, OUHIIICHHE.

It is developed the method and mathematical model of operative forecasting of water quality in the water
intakes points pollution in a case of emergency.

Keywords: mathematical model, pollution contact zone, water, quality, treatment.

IMocTranoBka 3aaauvi. 3a0e3neueHHs BOJAOCIIOKUBAYIB BOJIOKO MOTPIOHOT SIKOCTI B HEOOXIIHIM KIIBKOCTI
HaOyBae Bce OUTBIIOT aKTYalIbHOCTI, OCKITBKH Y BOJOWMH Ta PiKH TOCTyNAa€ Bce O1IbIIe CTIYHUX BOJ 1 THIITNX
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EKOJIOI'TYHA BE3ITEKA TA 3FAJTJAHCOBAHE PECYPCOKOPUCTYBAHHA

3a0pyIHEHb IPU TEXHOTCHHUX aBapisix. CBO€YaCHO 3’sICyBaTH, HACKIJIBKM BMICT TOKCHYHUX PEUYOBHH HAOIH-
3UTBCS UM TIEPEBULIUTH IXHI TPAaHUYHO JOMYCTHUMI KOHIIEHTpaLii Ha JUISHLI BOJ03a00py 0e3 J0CKOHAIOro
MpOrHo3y HeMOXUINBO [5]. Tomy HEOOXiTHO PO3POOUTH METOAMKY MPOTHO3YBAaHHS MOIMIMPEHHS 3a0pyIHEHb
3 METOIO 3a0€3TEeUCHHS BOJIOCIIOKMBAaUiB BOJIOK0 BiJMOBIIHOT sSIKOCTI. Biomi Kinbka miaxoiB 10 po3poOKu
MaTeMaTH4HOI MOZIETIi: KaMepHa MOJIENIb MacolepeHeceH sl [5]; po3B’si3yBaHHs AU(Y31HHUX 3a1a4 METOIOM
MonTe-Kapio [3]; maremarnyHi Mozieni JuQepeHIialbHOTO OJHOMIPHOTO PiBHSHHS TypOyaeHTHOT qudys3ii 3
MIEPEXOJIOM JI0 CUCTEMHU CKiIHYCHHO-PI3HUIIEBUX PiBHSHB [2].

BaxnuBolo 3a/1aueio onepaTuBHOTO MIPOTHO3YBaHHS € PO3poOKa MOMMUpPEHHs (GPOHTY 3a0pyAHEHHS Ha
MPUKJIaIl PiuKy 3 ypaXyBaHHAM TiAPOJIOTTYHUX XapaKTEPUCTHK BOAOTOKY Ta TUITY 3a0pyIHIOI0Y01 PEIOBUHH,
PO3paxyHOK KOHIICHTpaLii BHU3 N0 Teuii piuku. [HCTpyMeHTapieM NpOrHO3yBaHHS € METOAN MaTeMaTUYHOTO
MOJICTIIOBaHHS MOIINPEHHS 3a0pyIHEHb Y BOJOTOKAX.

MeTon BupinIeHHs 3a/1a4i 0NepaTHBHOIO NMPOTHO3YBAHHSA NMOIIUPEHHS 3a0pyIHeHb B piukax NMpH
aBapiiiHux curyanisx. [IporHo3 HacnmiakiB cCkuxy 3a0pyQHIOIOUMX PEUOBHMH y BOJIHI 00’€KTH € OIHIEI0 3
OCHOBHHMX 3aJ1a4 TIPH OL[HII SKOCTi BOJAM B paiioHax Boxo3a0bopiB. s psiy THIIOBUX cUTyaliil po3pobneHi
Ta PEeKOMEH10BaH1 MeToan [4] 00UMCIIeHHs OUiKyBaHUX KOHLEHTPALill B KOHTPOJIBHUX TOUYKAX a00 CTBOPAX.
OnHak 1X BUKOPUCTAHHS JalleKoO HE 3aBKA1M MOJKHA aJalTyBaTH 10 KOHKPETHUX MPUPOAHUX YMOB MOLIUPEH-
Hs1 3a0pynHeHb B piukax. OTike, HEOOX1IHO pO3pOOIIATH MOJIENI, aACKBaTHI /10 Pi3UKO-XIMIYHHX, O10JI0TTUHIX
MPOLIECiB MOIUPEHHS, 3MILIYBaHHs, OCIJaHHS B MYJI, CAMOOYHILECHHS 3a0pyIHIOIOUNX pedoBuH. ToOTO, He-
00Xi/IHE BUBUEHHS KOMIUICKCY IIMX SIBUIL B KOHKPETHIN piylli, BUXOASYH 3 MOJEJIi, 110 ONMCYE MPOLEC B IJIO-
My — Mozeni TypOyneHTHoI nndy3ii HeKOHCEPBAaTUBHUX PEYOBUH B piukax. Takuii miaxig 03BoJsE HAXOIBII
e(eKTHBHO MiAINTH 10 BAOCKOHAJICHHS 1H)KEHEPHUX METOAIB MPOrHO3YBaHHS HACTIIKIB CKUAY 3a0pyIHIOI0-
YHUX PEYOBUH Y MICIISIX BOZ03a00DYy.

L1inb po3poOku Mozl MONATae B OfepKaHH]1 MPOrHO3HUX OLIHOK AMHAMIKH PO3MOBCIOIKEHHS 3a0py/I-
HIOIOUMX PEUOBHH MO JOBKUHI PIUKH BiJl 30CEPEIKEHOTO Kepesa (TOYKH BUKUY), HAPUKJIAA IPU TPOPH-
Bi rpe0ii Ta nonaaanHi 3a0pyaHeHs B piuky Jnictep. [Ipu moOynoBi Moaesni BpaxoByBaauCh TaKi MOMEHTH:
3aKOH 30€peKeHHs 1 IEPEeHOCY PEUOBMHU; YMOBA HEPO3PUBHOCTI MOTOKIB; 3aKOHOMIPHOCTI OCiJJaHHS YaCTH-
HOK 3a0pyIHIOI0Y0T PEYOBHHHU B My Ta AU(Dy3ist i€l pe4oBUHM 3 MYy y BOIHHUH MOTIK; JaHi PO CEPEAHI0
LIBUIKICTD PIUKK Ha PO3PAaxXyHKOBiH JUISHII; MOYaTKOBI YMOBH y BUIVIAI KOHLIEHTpALiH 3a0pyIHEHb B MYyIIi
1 BOMTHOMY IOTOLli Ta FPaHMYHA KOHIIEHTPALis B TOULl BUKUIY 3a0pyaHenb; 3HaueHHs [ JIK 3a0pynHiorouo-
ro iHrpeIieHTyY; MPUITYLICHHS [P0 KOHCEPBAaTUBHICTH 3a0pyaHIOI0401 pedoBuHH. [Ipy boMy nmpuiiMaeThbes,
10 YacTHHA 3a0pyIHEHb IEPEHOCUTHCS BOJIOI0, @ YACTHHA MOXKE 3aTPUMYBATHUCS B TOHHUX BiAKIaaax (My:i)
1 IOCTYIIOBO 3HOBY HAJAXOIUTh Y BOAHUH MOTIK. Posib JOHHUX BiZKJIaiB CYyTTE€BA, BOHH YacTO € DKEPETaMu
BTOPUHHOTO 3a0pynHeHHs [1]. s BupimeHHs i€l 3a1aui BUOpaHa MOJIEIb, [0 Pealli3ye OMHOMIPHY CXeMy
PO3MOBCIOMKEHHS B3AOBXK PIKK 3a0pYIHIOIOUMX PEUOBHH.

Haii0inpI agexBaTHOIO ISl ONMCY HOMIKMPEHHS 3a0pyJHEHHS Y BUNIAJIKy aBapiiHUX CKUJiB, BapTO BBa-
KaTH 3alpoNOHOBaHY HAMH MOJIEJIb, 1110 0a3yeThcs HA CHCTeMI TudepeHniadbHuX PiBHIHD B3a€EMOJI] BOIO-
TOKY 3 IOHHUMH BiJKJIQJIaMH:

=520 =V 5= AU +u()S + flx 0);
= = AU — u(x)S | 0

ne: V(x] — IIBUIKICTH Tewil piuku, M/c; U(x’ t] — KOHIEHTpAL[is 3a0PyIHIOK0Y0T PEYOBUHH Y BO-
JOTOIl (B YacTKaxX BiJI U}-'_.-:,rg, 00’€MHOT TPaHWYHO JIOIYCTHMOI KOHIICHTpAIlil 3a0pyHIOIOYNX PEYOBHH);
S (I, E) — KOHIIGHTpaIlisi 3a0py/THIOIYO0i PEYOBUHH B MYJi (B 4acTKax Bif UJ—,JK)5 a(x] —xKoedimieHT
MorekypHoi a6o TypGynentroi mudysii; A(x), i(x) — napamerpu o6MiHy MK JOHHMMH BiZKiTazamMu
1 BOTHUM TTOTOKOM; f (x, f] — ¢yHKLUIsA HKepena HaIXOMKEeHHs 3a0pyIHEeHb B piuKy. DyHKIIS JKeperna €
TOYKOBUM JKEPETIOM BUKUIY 3a0pyTHIOIOUYUX PEYOBUH TAKOTO BUIIISY:
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f(t), npux=0;

FOOt) =1 0 mpux = 0. @

Jlnst po3B’si3yBaHHS 1i€l 3a1a4i B TOCTIHKyBaHa aKBaTOPis Piku po30MBAETHCS HA MHOKHUHY IUISTHOK
(KOMipoOK), KUTBKICTh SIKMX TIOBMHHA B TOCTaTHIN Mipi BimoOpakaTu KOHGIryparliro pyciia, 0COOJIHBOCTI Ta
MIBHJIKOCTI PyXy BOJIM Ha OKpEeMUX JUIsSHKAx. [Ipu po3paxyHKy XapaKTepUCTHKH MOUIMPEHHsS 3a0py/HEHb
OyJI0 BUKOPUCTAHO METOJT CKIHUCHHO-PI3HUIICBOI allPOKCUMAIIil CHCTEMH PiBHIHE (4).

Pe3ynbTarn po3paxynkiB. Po3po0ieHa maremMariyHa MOJENb Ta MPOTPAMHUI KOMIUIEKC JIO3BOJISIE
pO3paxoByBaTH CIIeHApii momupeHHs PpoHTY 3a0pyaHEHHS, 3MiHYy ii KOHIIEHTpAIlii B 4aci B pi3HUX TOYKAX
00’exTy MozaemoBaHHs (piuka JHicTep).

[Ipu MomenbHUX po3paxyHKaX IMITYEThCS JUHAMIKa 3a0pyIHIOI0U0l pedoBUHN (Cylbh(aTiB) y dacTKax

U I K B pe3ynbTari 3aJII0BOr0 BUKUAY 3a0pyaHeHb B ['anndi (Touka BUKHY). MozaenboBaHa akBaTopis piku
ckianae 170 kM i csirae Bomo3abopy B MicTi 3alTiliKH.

CueHapHi po3paxyHKH J03BOJISIOTH iMITYBaTH aBapiiiHi CUTyaIlii (3a1IMoBl BUKUAW Ta BUKUIN HA TPO-
Ts31 TIEBHOTO Yacy) MPH Pi3HUX KOHIIEHTPAIISX B MIOYATKOBIH TOYII Ta OIIHIOBATH 3 JOTIOMOTOIO po3polire-
HOT MOJIeNTi iIHTeHCUBHICTh, AMHAMIKY Ta CTPYKTYPY 3a0pyAHEHHS PidK{ B Pi3HHUX TiIPOJIOTIYHUX CUTYAaIlisIX.

Mogeni ¢opmyBaHHS TIOJS 3a0pyIHEHHS, K IPUKIATN PE3yIbTaTiB IMITAIHHAX €KCIIEPHUMEHTIB, TIOKa-
3aHi Ha pUCYHKax 1 Ta 2.

JluHaMika nommpeHHs IWsSMA 3a6pyIHeHHS BHI3 110 JIHICTpY

L
o

——MoOMEHT BHKHITY

=2 FOHHH IHCIA BHKHIY
=5 rO/IHH ITCJIA BHKHIY
=10 roJHH micns BHKHIY

BN —— 16 rommm

a
0 10 20 30 40 50 60 70 80 90 100 110 120 )
Bigcrans Bi ToNKH BHEKHTY, KM

s
)

nonsx I'JIK

e
=]

Cepegua konnenTtpanin 3abpy anensy sofi B

2 TOIMHH TiCIA BHKHITY
Il xosuestpanis 1.0<
[ xomucnTpama 0.75<1.0
- xonnentpams 0.50<0.75
[] xoruentpaniz 0.25<0.50
. xoruentpams 0.0<0.25

p- fmicrep
B - M. Tamir
safpyamenns- cymgam

L 3 8 4 3 & 1 & p B u @momnm W m w o B w F n o mon N an uw ¥ 8 -3
Bincrans B KM
16 rogiH# MCIA BHKHIY
p. Huicrep
B) semag - M. [ame
3abpyaHetHs- cynsdami

M 1:500

3 3 W 15 ®™ n m N ®m W B L K M W W U g 1W 1§ B

* BincTank B kn
Puc. 1. /lunamika nommpeHHs misgsMu 3adpyrHenHs no JAuicTpy: a) rpadik 3ainexHOCTeH KOHIIEHTpaIin
B Yaci 3aJIe)KHO BiJI MOMUPEHHs; 0), B) MPOCTOPOBI MO BiAMOBIAHO uepe3 2 Ta 16 ronuH micis BUKULY.
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JIMHAMIKA MOIIHPEHHS I'ATHA 3a0py/IHeHHA BHH3 1o JIHICTpY
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Puc. 2. /Innamika nommpeHHs IVIAMH 3a0pyAHeHHs o JHicTpy:
a) rpadik 3a1eKHOCTEH KOHIIEHTPAIlIH B Y4aci 3aJIe)KHO BiJl TIONIHPEHHS;
0), B) IpOCTOPOBI MOAIEI BiANOBIAHO Yepe3 2 Ta 16 ToanH micisi BUKUY.

Cyenapin 1. J1nst MofemoBaHHS MOMUPEHHS 3a0pyIHEHb PO3IVITHYTO CIICHAPIH 3 3aJIMOBUM BUKHUIIOM 3a-
OpyaHIo0UMX pedoBrH, piBHUM 40 onuHNLb Urgy 1P pO3paxyHKOBIN WBUAKOCTI Teii 3 M/c. ¥ pesyinbrari
IMITAI[ITHOTO MOJICTIOBAHHS IJIsiMa 3a0pyIHEHHsI B 4aci Mae BUDIsA (puc. 1).

[MommpenHs musiMu 3a0pYTHEHHS B TPOCTOPI HA MOMEHT 4acy t = 2 rOAWHHU Mae BUIIsA (puc. 2), TOOTO
B pe3y/IbTaTi po30aBlIEHHs i YaCTKOBOTO OCiJJaHH: B MyJli MAaKCUMaJlbHi KOHIEHTpallii craHoBATh 1,03 Urpg
1 € HeOe3MEeYHUMH Ha He3HAYHIHN JMUISHII piyky B Toulli Ax = 3 kM 1 B Touni x = 11 kM. B iHImux Toukax piu-
KM KOHIICHTPAIlis 3HAXOIUThCS B Mexax U < U, o

Cyenapiii 2. Ha BinMiHy Biz ciieHapito 1 (3a1moBHit BUKHI) 3a CIIEHapieM 2 MOJICITIOETHCS POLEC BUKH-
Iy 3a0pyIHEeHb POTATOM OfiHi€T ronuHu (puc. 2).
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BucHoBkmu. Y npotieci 10CIIPKEHb 3aIIPOIIOHOBAHO METOJI, MOJISNIb Ta MPOrPaMHUI KOMILIEKC, 1110 JIO-
3BOJIsIE BA3HAYATH KOHIICHTPAIIit0 3a0PY/IHIOIOUHMX PEYOBHH B KOXKHIH TOUIII JIOCII[)KYBAHOTO 00’ €KTY B Oy/Ib-
SIKUl MOMEHT 4acy MpH PI3HUX aBapiliHUX CUTYyallisiX. Po3misiHyTO /iBa CrieHapii nommpeHHs GpoHTyY 3a0pyi-
HEHHSI, HA OCHOBI SIKUX MOXKHA OI[IHIOBaTH IHTEHCUBHICTD, JMHAMIKY Ta CTPYKTYPY 3a0pyIHEHHSI PiUKHU B Pi3-
HUX TIIPOJIOTTYHUX CUTYAIISX.
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BUKOPUCTAHHSA EJIEKTPOHHUX TPEHA’)KEPHUX CUCTEM HA IH) KEHEPHO-
EKOJOI'TYHOMY PAKVIIBTETI I®CHTYHI

Po3rnsHyTi mpobnemu B MpOBaKEHH1 1HPOPMAIIHHUX TEXHOJIOT1H MPHU BUKJIA/IaHHI T€OIe3UYHOTO LU~
kiy aucuuriin y IOHTYHI.
KoarouoBi ciioBa: TpeHakepHi CUCTEMH, MiZICyMKOBHH KOHTPOJIb, TAXEOMETD.

PaccmoTpenbl po0OIeMbl UCIOIB30BaHUS MH(POPMAIIMOHHBIX TEXHOJIOTUHN MTPYU U3YyUYSHUH Te0JIe3UIECKO-
ro nukiaa qgucuuiuine B UOHTYHI.
KuioueBble c10Ba: TpeHaXEPHBIC CUCTEMbI, HUTOTOBBIN KOHTPOJIb, TAXEOMETP.

The article deals with the problems in the introduction of information technology in teaching courses in
surveying cycle IFNTUOG.
Keywords: training systems, final control, total station.

AKTyaJabHicTh npooaemu. CydacHi TeleKOMYyHIKalliiHi, iHpOopMaLiiiHi 1 KOMIT FOTEPHI TEXHOJIOTIi, B
MEPIIy Yepry — eJICKTPOHHI TPEHAKEPU MTUPOKO BUKOPUCTOBYIOTHCS JIJIsl HABUAHHS BUCOKOKBaJi(hiKOBaHUX
CHCIIAJIICTIB IHKEHEPHUX cremianpHocTeld. Oco0NMMBe 3HAUCHHS] BOHU [TOBUHHI BiJ[irpaBaTy B IMiITOTOBII 1H-
JKEHepiB, ki HaByaroThcs Ha IED. Cripaa B ToMy, 1110 KBamiikaliiiHi BUMOTH rnepedadaroTb HaOyTTs Mpak-
TUYHUX HABUYOK POOOTH 3 CYYaCHUMU CJICKTPOHHHMHU TaxeoOMeTpaMH, [IU(PPOBUMH HiBEJIipaMH TOIIO, Bap-
TICTb 1, BIJITIOBIJTHO, aMOPTHU3aLlisl SIKUX € BUCOKOIO Ta CKJIaJIa€ 3HAYHY YaCTHHY BapTOCTI HaBYaHHs. B Toi ke
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