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? 1leHTp MATEMATHYHOrO MOJC/IOBAHHS
IIIIIMM im. A.C.Ilincrpurava HAH Ykpainu,
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HamionansHuii yHiBepeuter “ JIbBIBCbKa MOJITEXHIKA

MATEMATHUYHA MO/JEJIb
BIJIBYE-BOJIMIBKOI'O IIIBEMHOI'O CXOBUIIA T'A3Y

© [lpumyna H., boposuii P., [Ipumyna M., Xumxo O., 2010

IloOynoBana MareMaTH4Ha MOJAeJ]b MPOLECY PyXy rayy B CHCTeMi IJIACT MiJ3eMHOro
CXOBHIIA Ta3y—MaricTpajbHUii ra3onpoBia, B sIKYy BXOAATH MOJeJdi BCiX TEeXHOJOTIYHHX
00’ €KTIiB, riApaBIiuHO MOB A3aHUX MiK c00010. BcTaHOBJIEHO 00MeKeHHs, SIKi HAKJIAJAI0THCSA
Ha mapaMeTpu Mojesieil Ta razoaunaMiyi npouecu. HaBegeHo mocTaHOBKH OCHOBHHUX 3a/]ad4,
sIKi BAHMKAIOTh MiJ Yac MOJeJI0BAHHS POOOTH CUCTEMHU IUIACT MiI3eMHOr0 CXOBMIIA raszy —
MaricTpajabHuil ra30nposin.

Karouogi ciioBa: giabTpanisi razy, TeXHOJ0TiYHA cXeMa, KOMIIPECOPHA CTAHIiA, IOpHUCTe
cepenoBuile, M1ei(OBO-KOJEKTOPHA CUCTEMA, CBEPAJIOBUHA, BUOiiiHA 30HA.

The gas transport process mathematical modd of underground gas storage layer — main
pipeline system that includes the models of all hydraulically related to each other technological
objects was constructed. The restrictions that are applied to model parameters and gas
dynamic processes were set. The statements of all primary tasks that arise during
underground gas stor age layer —main pipeline system work modeling ar e presented.

Keywords: filtering gas scheme, compressor station, a porous medium shleyfovo-sewer
system, well, Mounted Zone.

Beryn

[Tinzemni cxosuina ra3y ([ICT) e BaxiBoro yactuHO razorpancnoptHoi cucremu (I'TC) Ykpainu.
Bonu cnyryrots s JtikBiganii aucbanancy rasy B ' TC B oCiHHbO-3UMOBHI Tiepioa. HepiBHOMIpHICTD sk
BiOOpy, Tak 1 3aKadyBaHHS iCTOTHO BIUIMBAa€ Ha OCHOBHI PE&KHMHI TapameTpu. MaKCHUMAJbHUH dHac
6e3koMIpecopHoro (3a paxyHOK IUTACTOBOI €HEPrii, IS €KOHOMIl MalMBHO-EHEPIeTHYHUX PECYPCIB)
BiZIOOpY 1 3aKauyBaHHS; MaKCUMaJbHI BiIOOpU ra3y 3a BH3HA4YeHHH 4ac (MIKOBICTh); TPUBAIICTH MEPiOLY
BinOopy Ttomo. OcHoBHi mponecu B [ICIT — mponecn ¢inprpanii razy B Horo ruracrax, siki € iCTOTHO
HecTaI[lOHApHUMH, Ta Ta30JMHAMIYHI, SKi MPOXOIATH Y BHOOSX CBEpIJIOBHH, INUICH(OBO-KOIEKTOPHIH
cuctemi, KC oo [1-4]. [Tapamerpu, 110 XapakTepu3yoTh IacT (IIOPUCTICTh, MPOHUKHICTh, ra30HACHYe-
HIiCTh, (QiIbTpalliiiHi KOS(DIIiEHTH TOIIO) € CKIATHUMH HETIHIHHUMH (YHKIIIMH OaraTbox MapamMerpiB i
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BiIOMi NPHOIM3HO. 3 MOy MOJACIIOBAHHS BHUOIMHI 30HM CBEPAJIOBHH MOXKHA PO3MIISJIATH SK OKPEMHUM
00’ exT 31 cBOIMHU mapamerpamu. L{i mapamerpu 3anexarp K BiJl CTPYKTYpPHUX BIACTUBOCTEH IJIACTy, TaK i
BiJI CIIOCOOIB PO3KPHUTTS CBEPUIOBUH (mapamerpiB mepdopailii, TUIIB BUOIHOT 30HU TOI0). 3a3HAYNMO,
[0 HE iICHY€E IBOX OJHAKOBUX a00 MOJIOHMX ra30CXOBHMIL, SAK 1 HE ICHYE YHIBEpPCAJIbHUX MaTEMaTHYHUX
MOJIeNIeH, aIeKBaTHUX 3 HEOOXI1AHOK TOYHICTIO TAPOIMHAMIYHUM IIPOIEcaM Y IIacTax-KoJIeKTOpax.

XapakTepucTuka 00’ €KTa 10CTiIKeHHSI

binbue-Bomuipko-Yrepebke (XVI rop.) IICT npusnadene s 3a0e3neueHHs] HAAIHHOCTI TPaH3UT-
HUX Tepenad pociiicbKOro Ta IeHTpalibHOa31aTChKOro ra3y B 3aXiTHOeBporeichki kpainu. Bkazane [1CT
3 €[IHAHE 3 CHCTEMOIO ra3ompoBoiB IBanesmui — Jlomuna |11, Kuis — 3axig Vipaiuu-11, Bitsue-Bomuist —
JlonuHa, sSIKMA 4Yepe3 CBOE NMPOIoBKeHHs (rasomposin JomiHa — Boropomadanu) CronydaeTses 3 MaricTpasib-
HUMHU TazonpoBogamu “ Coro3” Ta Ypenroil — [lomapu — Yxropon.

VY 1983 p. mouanocs 3akauyBaHHs ra3y y BucHaxkeauid XV| rop. binpue-Bonumbkoro pogosuina. Le
CTaJo TOYaTKOM CTBOpEHHsI HaiOuIbmoro B €pomi butkuye-Bomumpko-Yrepeskoro [ICIT. Binmbue-
Bommupko-Yrepebke [ICTT Mae HalicpusATIUBINI YMOBH 30epiraHHs ra3y — MOpiBHSIHO HEBeIHKa TIHONHA
3aJsraHHs TUIAcTa-KOJeKTopa, HOro BHUCOKI reoioro-Gi3muHi mapaMerpu, JOCTaTHS T'epPMETHYHICTB,
3B’ 130K 3 Ta30TPAHCIOPTHOIO CUCTEMOIO Ta BUTiHE reorpadivne posranryBanHs. CriopyKeHHs HalOUThb-
IIOT0 TiraHTa MiJI3eMHOro 30epiraHHs ra3y pa3oM 3 OypiHHSIM cBepu1oBUH TpuBaio 10 pokiB.

3rifiHO 3 MPOEKTHUM PIlIEHHSM, PO30ypIOBaHHS, OONAIITYBAHHS Ta MigiMKHEHHs cBepaioBuH [ICT
1o 1994 p. Oyso 3akinyeHe. 30ynoBani ra3o30ipui nyukru (I'31) — 1, 2, 3, 4, no sxux mix eqHano 291
cBepuioBMHA Ha binbue-Bomuipkuii mokman i 50 cBepanoBuH Ha Yrepchkuil moknan. binpue-Bomuiibka
norrckHa KommpecopHa craniis (JIKC) obnamroBana 28 rasonepexadyBanbaumu arperatamu (I'TIA) 11-16 i
I'TIA 1I-6,3. HapormieHi OTY»XKHOCTI 3 OCYIIEHHS 1 MiZITOTOBKH razy.

Texnoaoriuna rpag-cxema ICT
Cucrema 30epiraHHs rasy 00 €qHye HaOIp TEXHOJOTIYHHUX 00’ €KTIB, TEXHIYHHUX 3aC00IB, CHUCTEM
ABTOMATHKH B €IIMHE 1Iiie. Taka cucreMa XapaKTepu3yeThCsl BETMKOIO THEPIIHHICTIO 1 HETIHIHHICTIO TPOIIECiB,
MOXIIMBICTIO 30€piraHHs 3HaYHHX 00  €MIB Ta3y B TIOPHCTOMY CEPEIOBHIII Ha 3HAYHUX TTTMOHHAX.

o
File Edit ‘iew
EinweBon - s 7| [amir] [K =] Butparwiacns [5 072008 < |
Déposka saripis | Ln cerema | Pospany )] © | = ExeMal
T amimigan
Fitar [0.000
6es Gnan [2451
T
Pexa[d0E51 | GnanfoiD Peveda [50.000
. Texia [Z65000 Mowri[1.380 | Tevwia [266.000
Rotecs Granl r3n-1 -
B 6.43 \ P |
Tran[2451 \
Kectecs Qran2 [EN2 | Pron[#0643
| 0 000 \.\\\ N
r H e H w1
Kecrecs Orand sns 7/ —
\
103 928 / /
/ \ /
) / I | P |
Neran [1 - Kecrece Orand rar4
Meee, [129 ~ 102 690 Nmesr{ st
‘ Peul Nob
Qes. Qes. IU_US_ Qes. |_ Nmaslfl Nstup [=
Pee Pee.[10EB1 | FPee. Paul Mo
g fnfoe Nmasr{w i
Pou(50000 Nob [5178
alosz #[osz #[osz a5 Nmesr{ Nstup ™
2 pou Nob
- T nnnaaz - -
X . - Nmaslfl Nstip I
— T Paul Mo
Yrepceke MCT )
3 ’/ I
Binsue-Bosuuske NCT

Puc. 1. Cnpowena mexnonoziuna cxema IICI
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Bci 00’ ekt MOXXKHA YMOBHO PO3JUIMTH Ha Kiibka KiaciB. OO0’ €KTH, SKi HE BOJIOAIIOTh MOJICILIIO,
HasuBaTHMeMO iH(opMmamiiiHuMK, ab0 po3paxyHKoBUMH (ra3oBuii MOTik). J0 OCHOBHHMX 00 €KTiB, sKi
BOJIOJIIIOTh MOJICIUTIO TEXHOJOTIYHOTO TpPOIecy, HaleKaTh: TPYOONpPOBiJ, CBEPIUIOBHHA, ra3onepeKady-
BanpHui arperat (I'TIA), rpyma I'TIA, craHiiis anapaTiB MOBITPSHOTO OXOJOMKCHHS Ta3y, 00’ €KTH OYH-
IIEHHS 1 OCYIIKK Ta3y (IMIOBJIOBIIOBAYi, CermapaTopH, abcopbepu), peryioBaibia apMaTypa 3a THCKOM i
BUTpaTOI0. Bei mepepaxoBaHi 06’ €KTH MarOTh MOYATOK i KiHerb (abo Bxix i Buxim). Moaens 00’ €kTa qae
3MOTy 3B’ 13aTH IapaMeTpH ra3oBOro NMOTOKY Ha iX BXOAax 1 BUXO/aX.

I3 00’ €KTiB, sIKi BOJIOIIOTH MOJIEIUTIO, (POPMYIOTHCS TEXHONOTYHI CXeMH. BCi TEXHOJIOTIUHI CXeMH MaloTh
MareMaridHy monenb. Maremariuna monens TICTT GopMyeThcst Ha OCHOBI MaTteMaTHYHOI MOZICIN CTPYKTYpH
IICT", Mmozeneli ra30BUX MOTOKIB B TEXHOJIONTYHUX 00’ €KTax, ymMoBax Kipxroda Ta Moeri miacTy-KoineKropa.

MartemaTnunorw moaeao crpykrypu IICIT € HaOip 00 €KTiB KiIbKOX THIIB, SKi IOB'si3aHi
TexHoNoriyHo. Tak, Hablp HaA3eMHHUX 00’ €KTIB, 30KpeMa CBEPUIOBHUHH, MPEACTABICHUH YaCTKOBO OpIi€H-
TOBaHHM, 0e3 merenb, He 000B’ sa3k0BO 3B’ si3HUM Tpadom G = (V, E), sxuii ckinagaeTbes 31 CKiHUEHHOT
KibkocTi BepinH V 1 pedep E . Kokne peOpo Bu3HAUA€ThCS Maporo BepirH. [1Jis Mo3HAYeHHsT BEPIINH

rpad)a BUKOPUCTOBYBATUMEMO CHMBOJHU Uy,U,,...,U,, , @ U1 HO3HAa4eHHs pebep — ixHi mapu (U; vy ) . Pebpa
3 OJHAKOBMMH BEpIIMHAMH HA3MBAIOTh MapajelbHUMU. SIKIIO BepumHU U; 1 uj 3’ €HaHl JUIIE OJHUM

pebpom, To 11e pebpo mozHadaTumeMo (i, j).

MuoxwuHa V € 00’ €fHAHHAM MHOXHH BepIuH V;,V,,V;, sKi Ha3UBaIOThCS BXITHUMH, BUXiTHIMH (y pasi
3aKa4uyBaHHS] Ta3y, a B TPOIIECi BiIOOPY ra3y Ha3BH IMX BEPIIMH 3MIHIOIOTHCS) 1 BHYTPIIIHIMK BiqOBiIHO. SIKITIO
BHyTpinHi Bepumuu rpada G = (V, E) I'TC e micusimu 3'eaHanHs TPYOOIPOBOIB 1 PI3HOTHITHHX 00 EKTIB,
MIOBOPOTIB, BiramykeHb, TO BepIIiHH V; 1V, € BiqmoBiaHO npuTokaMu i Binbopamu rasy. Bei inimi 00’ ey, siKi
XapaKTepHU3yIOThCsl MPOTSDKHICTIO, HA3uBalOTh pebpamu  (TpyOorpoBoau, cBepiioBunn, KC, 3amipHa Ta
perymoBaibHa apMaTypH, arnapaTy MOBITpsHOro oxonomkeHHs (ATTO), cemapaTopy TOIIO).

BBaxkaemo, 110 koxkeH 00’ ekt Tuiy BepmuHa 4n pedbpo B [ICT MaroTh yHIKambHI HOMEpH, SKi MPH
neperBopenHi rpada G IICIT He 3MiHIOIOThCs. BuxinHa Texnonmoriuna rpad-cxema G € eTuHOIO.

OO0’ extH, 1m0 OepyTh y4acTh y 3aKadyBaHHi (BimOopi) i 30epekeHHi ra3y, CKIAAaloThC YMOBHO 3
IBOX TpyI. Jlo mepioi rpynu 3apaxyemMo Ha3eMHi 00’ €KTH, a 10 IpyToi — MiJ3eMHi.

Y HazeMHi 00’ €KTH BXOIATH. [UICH(OBO-KONEKTOPHA YacTHHA 300py Ta3y; ra3o30ipHUH ITYHKT;
TEXHOJIOT1YHI 00’ €KTH (cemapaTopH, MHJIOBJIOBIIOBAYl, YCTAHOBKU CYIIKH i OXOJIO/DKCHHS Ta3y, BY3JH
3aMipiB); JOTHCKHa KOMIIPECOpPHA CTaHIlisl; BiJBiJ BiI MAariCTpajJbHOTO Ta30MpPOBONY; PEryJOBajbHI
HITyLlepH, KITallaH! | 1HIIa apMaTypa.

IMix3eMHi 06’ €KTH CKIIAaIOThCs 31 CBEPATIOBUH (EKCIUTyaTalliiHUX, CIIOCTEPEKHUX, KOHTPOJIbHHUX,
CIIeIiabHUX) 3 BIAMOBIAHUMH O0B’ I3KaMH 1 IJIACTiB-KOJIEKTOPIB (IJIACTOBOT CHCTEMH).

IlneiidoBo-konexTopHa cucrema (puc.l) CKIIaIa€eThCs i3 CUCTEMH TPYOOITPOBO/IIB, SIKi 3B’ I3YIOTh
KOKHY CBEPJIOBHHY 3 ra3030ipauMm myrkroM (I'TI), i 3amaetbest Takumu napamerpamu: 0 — BHyTpimnHi
niamerpu; | — noBxkuHM TpyO BianmoBigHo. Y pasi HEOOXIAHOCTI € MOXKJIMBICTh 3aJaBaTH 1 MEpPena] BUCOT
MIDX ITOYATKOM 1 KIHIIEM KOXHOI TpyOH.

OCKIJIbKH B TipaBIiuHUI pO3paxyHOK Ta3030ipHOrO MYHKTY BXOJHThH BENHKa KUIbKICTh MiCI[EBHX
omopis, 10 3a Mogens I'TT BuGpano rinpasniummii exsisanent y suraaai Py = (P, Q,t), ne suGip

GyHKIT fO 3aJIOKUTh BiJl TOYHOCTI alpOKCUMAIll JaHUX, 110 BUMIPIOIOTHCS, Y Jdiana3oHi 3MiH BXiTHOTO

tcky P, i Butpatn Q Binbopy — 3akauyBaHHs.

Mogeni HHIOBJIOBIIOBAYiB 1 abcopOepiB OyAylOTh TaK, SK 1 MOJAEIb Tra3030ipHOTO IMYyHKTY.
CKITaJIHIIIO € MOJIENb araparta NoBITPsIHOro oxonopKeHHs (AI1O):

Fp = f1(F Tins Q)
T = BT, QT,),

TOp — 3HAYeHHs THCKIB i TeMnepaTyp Ha Bxoai i Buxoxi AITO signosizno; Q — komepuiiina

ne P P.T

in* "op? 'in?
BUTpaTa rasy; 1, — TemIeparypa 30BHIIIHBOro cepenosuina; Bubip ¢pynkuiii f,, f, sanexurs Big Tumy

ATIO i BuOpaHOro BUIy anpoKCHUMAaIlii pealbHUX XapaKTePUCTHUK.
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KomnipecopHa cTaHuisi 3a1a€ThCS: TEXHOJIOTTYHOIO CXEMOI0, Xapakreprctikamu [ TIA (xapakrep-
pHCTHKA BiIIEHTPOBOr'0 HarHITAYa, XapaKTePUCTHUKA MPUBO/Y) i TEXHOJOTIYHUX 00 €KTIB.
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IMapamerpu cBepaaoBuH (eKCIUTyaTaniiHux KojioH) Taki: (X, Y) — BiIHOCHI KOOpIMHATH CBEPIIO-

BuH; 0, — BHyTpimHi giamerpu poGounx (nidroBux) KomoH; |, —BucOTH poGOUNX KOMNOH; I, — 30BHILIHI

paxiycu pobounx komon (HKT); r, — BHyTpimmHi pamiych eKcIulyaTalliifHUX KOIOH, I, — IIUIBHICTH
nepdopauii; h —inrepsan nepdopauii; h, —inrepsan neppopauii 1o HKT.

IMapamerpu niactiB: [ — 30BHILIHS I'PaHMI TUIAHY MaKCHMallbHOTO mommupenHs rasy B IICT;

d

noryxHicts miacty; K(X,Y,t) —nporuknicts, @ — koedili€HT ra30HaCHYEHOCTI.

, — miamerp 3epen nopoxu; W — edexruBHuii moposuii 06’em; M(X,Yy) — nopucricts; (X, y) —
ITapamerpu BuGiiiHoi 3001 macty: R — paniyc xuBnenHs — naneka 30Ha; R — paziyc xuBnenus —
GanokHst 30Ha (BUGiHA); K, — MPOHUKHICTH GIIMXKHBOI 30HH -1 CBEPUIOBUHH.

IMapamerpu rasy: I' —rycruna rasy; R —rasosa crana; T —Temneparypa rasy.

MarteMaTH4Ha MOJIeJIb CHCTEMH ILUIACT — MaricTpajib
Ha6ip napamerpiB, sKi BXOAATh Y MOJE/I Ta30BUX IMOTOKIB Y TEXHOJIOTTYHHUX 00’ €KTaX, MOALIMMO Ha
PEXHUMHI, CTaHy, KEpOBaHi Ta peryaboBaHi. Hikde mogano Mojeni OCHOBHUX TEXHOJOTTYHMX 00  €KTIB Ta
OOMEKEHHS, sKi IOBMHHI 3aJ0BOJILHATH BiINOBiAHI mapamerpu. CucreMma IuiacT — Marictpanb 300pa-

JKAETHCS Y BUTIISAII OPIEHTOBAHOTO rpada 3 pedpamu (i, ] ) ,ae i ta j (i,j =11)—Bepumuu rpada.
1. Mogens ra30Boro moToky B TpyOi (1wieiidi, konekropi)
P(x) =] (R, T.,q;,Dp,1 ,X), T(X) =] ,(R,P T,,q;,D,,K;,X) - (i, DM, @
1.1. O6mexenns: P(X)EP  (X); T ET, ..
1.2. Tlapamerpu crany: | i K; — koediuieHT rigpasniynoro onopy i koedimieHT Temnonepenadi Bix

TpyOH /10 30BHIIIHBOTIO CEPEIOBUIIIA.
2. Mogenb Ta30BOr0 OTOKY, SIKAH TPOXOANUTH Yepe3 KOMIIPECOPHY CTaHIIIIo

P =, T.P.D,Gn), T =j,T.RP,D,h), Q =j4P.T,,DsK,N),
iLDIL. @
2.1. O6mexenns: Oy £G; £ N ENEN L T ET 0 NEN .

hmax max 1
2.2. Tlapamerpu crany: h, K, — xoedinient nomirponiunoro KKJ{ crucky rasy BH i koedimient
TeXHIYHOTO cTany npusoay ['TIA.
2.3. Tlapamerpu kepyBanns: @;,N, T,, G —rexnonoriuna cxema KC (cxema 3’ ennanns ['TIA).
2.4. Tlapametpu perymosanns: P, .
3. Mogaeib MiCLIEBOTO OIopy

P - P=DP=]4(,nD).T =] ,(T.,DP,D,,D,). (i, )T K. (3)
4. Mopenb pexykropa

o =i s(P.P) =1 DT R,. @

4.1. Iapamerp kepysanns — P,.

5. Mogens peryisaropa BUTpaTH
q; =] o(DP), DP=R- P, (i,))I R,. ®)
5.1. Iapamerp kepyBauus — DP .

196



6. Mozenb He3BOPOTHOTO KpaHa

_ ppy=iWR>F
G; = 10(R, j)_%o'pfp_

al
7. PiBHsIHHS OajlaHCY MacOBOI BUTpaTH

o) o) N
am+am=0JIV.
i k
8. PiBHSIHHS TEIJIOBOTO OajaHCy

TJé. qjk- é.qijTi =0, JT V.
k [

9. PiBHSIHHS CTaHy CyMillli ra3y

"D R

PAV. =& X (PV), +a & XXF(T.,r), PV =R (T,r).
k [ ik

10. Mogenb miacTy mia3eMHOr0 CXOBHIIA 13 30CePEHKCHUMU JDKEpeIaMu

j 11(va1 p,T,r ,h,k,m,a,G,{xi,yi,qi}) =0.

11. Mogenb BUOOIO CBEPIJIOBUHH

j 12(prm,i'peuﬁ,i'Qi'A'Bi)zo-

(6)

(7)

(8)

9)

(10)

(11)

12. Mopneni cemapaTopiB, NHJIOBJIOBIIOBAYIB Ta IHIIMX aHAJOTIYHUX TEXHOIOIIYHUX 00’ €KTIB
3aJIal0ThCS EMITIPUYHUMHU (HOPMYJIaMH BUTTISTY

j 13(F1Dpinj)=0-

I20rincu Mo Nokpoeni poamMuToi
noeepxHi  XVI ropuaoHTY
TekToniMIi Nopywein

FOYATKOBMA KKOHTYP Fa3oIIoc-
HoOCTi

KOHTYP rasoHOCHOCTI Ha aaTy
crsopernn MNCH

CBEPANOBMHM eKcRNyaTaUiHO-

HarHeTankHi

CREPANORUHN CNOCTEREXEHHS,

KOHTPOnbHI
CBEPANOBNHM NIKBILOBaHN

CBEPANOBNHI AN HATHITaHHA
npomcTokia

iHwi ceepanoauHm

Puc. 4. I[Ihacm-xonexmop binvue -Bonuyvkozo-Yeepcwvrozo IICI
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B ocTraHHIX CIIBBIIHOIIEHHSX [TO3HAYEHO: D| (l :l7) — Ha0opH BIANOBITHMX KOE(DILIEHTIB,
XapakTepucTuk, oomexenb Tomo; | . (I =1,13) — nesixi pyHKuii, mogaHHA SKUX 3aIEKUTH Bi BUOPAHOL
MOJIeJIi Ta30BOTO TIOTOKY JJIS 3aaaHOro 00’ €KTa; Q| — 3aTpaTW MaNMBHOTO rasy, X — MOJIbHI 4acTKH

KOMIIOHEHT Ta3y; Fik — (byHKIIis B3a€MOJIiT KOMITOHEHT Ta3y, sIKi BU3HAYAIOTh eKcrepuMeHTainsHo; A, B, —

¢inpTpaniiini koedimienTr BubiliHOi 30HM |-i cBepmiounu, | =11; | — KkimpkicTe poGoumx
ceepmiosud, F, Dp Ta Q; — MHOXHHA [TApaMeTPiB BIAMOBIIHUX TEXHONOYHHUX 00’ €KTIB, ClIafy TUCKY

Ha HUX Ta 00’ €MHA KiIBKICTh Ta3y, 0 IPOXOAUTH Yepe3 HuX BimnoBinHo, M — muoxkuna pedbep I'TC; L —

muoxkuHa KC; N — moryxnicts KC; Q) 0yec — MIHIMaIBHE Ta MaKCHMallbHE 3HA4YeHHS 00 €MHO{

n — MiHIManbHE Ta MakCUMajbHE 3HAa4YeHHsA 00epTiB Harwitawa, [.., N —

BuTpatu;, N, nax max

MaKCHMAaJIbHI 3HAYEHHsI TEMIIEpaTypH Ta MOTYXHOCTi; K — MHOXHHA MicieBux omopis; V — MHOKHHA

BYy3IiB rpada, (X, y) — JIEKapTOB1 KOOPAMHATH IJIACTY CXOBHIIA,; Rq — MHOXXHHA PEryJsITOpiB BUTPATH

razy; R — muoxwuna nesopornux kpanis; DP — nenpecis Trcky Ha micieBux omopax Ta BiINOBIIHHX

p
TEXHOJIOIIYHUX 00’ €KTaX.

BuchHoku
[ToOynoBaHoO iHTErpOoBaHYy MaTeMaTH4HY Mojnenb podotu cuctemu muact [ICIT — maricTpanbHuit
ra3onpoBil, sika TiApaBIiYHO TOB's3ama Bci Ti TexHonoriuHi 00 ekt IICI, mo OepyTh yd4acTs y
BimOopax/3akadyBanHi rasy. Ha ocHoBi mozeni IICIT moOymoBaHO MpOrpaMHHN MOICTIOBATbHUIMA
KOMITJIEKC.
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