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MATEMATHYECKOE MOJEJIUPOBAHUE ITPOIECCOB IIEPEHOCA B OI'PAXKJIEHUAX
3JIAHUM 1 THXXEHEPHBIX CETAX

P.A. Caasbixos, J.10. A6ayanassanos, JI.C. CadutoB, A.K. MyxameTr3siHOBa
Kaszanckuii 2ocyoapcmeennviil snepemuveckuil ynuseepcumem, Kazanw (Poccutickas @edepayus)

AnHoTanusi. PaccMaTpuBaloTCst BOIIPOCHI TIEPEHOCA TEIUIOTHI, BO3AYXOINPOHHUIAHNS M BJIATU B OJHO- M MHOT'OCIIOWHBIX
orpaxnaomux KoHCTpyKuusax (OK) 3mammii, coopyxeHHWH, HWHXXEHEPHBIX, TEIUIOBBIX M JJIEKTPHUYECKHX CETHX,
00YCIIOBJICHHBIC JIEHCTBHEM BHEIIHHX KIMMAaTHYECKHX (JaKTOpOB W pabOTOH CHCTEM OTOIUICHHS, BEHTWIALNH |
KOHJIMIIMOHUPOBAHUS BO3Ayxa. PaccMoTpeHa oOmias MOCTaHOBKa 3a/1a4d IIPOIECCOB MEPEHOCAa C YUETOM BHYTPEHHHUX
00BEMHBIX HIIH JIOKAJIBFHBIX UCTOYHUKOB IepeHoca cyocranimm. Pazpaborana o0o0mmenHas MaTemMaTnaeckas Moaens (MM)
HECTaLIMOHAPHOTO IepeHoca IS TNl Pa3NuIHON KaHOHUYIECKOH (OpMBI U UX aHAJOroB. B "acTHRIX ciaydasx MM ydTeHHI
3aBUCHMOCTH TEIUIO()U3NYECKUX XapaKTEPUCTHUK CpEAbl, MapaMeTpOB TPaHWYHBIX YCIOBHH, MOIIHOCTEH OOBEMHBIX
HUCTOYHMKOB IMEepeHOca CYOCTaHIMi OT IOTCHIMAJIOB IEPEHOCAa WJIM OT YCTHIPEXMEPHOI'0 IPOCTPAHCTBA COOBITHIA.
PaccMOTpeHBl aHAIWTHUECKUE PEIISHUS MOCTaBIeHHONH 0000ImeHHoN kpaeBoi 3amaun (K3) 1y HeycTaHOBUBIIMXCS U
CTaI[OHAPHBIX MPOILIECCOB MepeHoca CyOCTaHIMiI P 000ONIEHHBIX TPAaHUYHBIX Ha BHEIIHEH MMOBEPXHOCTH WIJIM KOHTYpeE
ncciuexyemMoit oonactu. [Ipy HOCTOSIHHBIX ITapamMeTpax CHCTEMBI HECTAIMOHAPHBIX TIPOIECCOB MEPEHOCA TIOKa3aH arOpPUTM
pemennst auddepeHINaIbHEIX YpaBHEHUH IepeHoca MeTogoM @Dypbe NpH TEpeMEHHBIX IapaMmeTpax YCIOBHH
OJTHO3HAYHOCTH.
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MATHEMATICAL MODELING OF THE TRANSFER PROCESSES IN THE ENCLOSING
STRUCTURES OF BUILDINGS AND ENGINEERING NETWORKS

R.A. Sadykov, E.Y. Abdullazyanov, L.S. Sabitov, A.K. Mukhametzianova
Kazan State Power Engineering University, Kazan (Russian Federation)

Abstract. The problems of heat and moisture transfer, air permeability in single and enclosure constructions (EC) of
buildings, facilities and heat, engineering and electrical networks under the influence of environmental factors and the work
of heating, ventilation and air conditioning has been analyzed. A general definition of the problem taking into account the
transfer processes of internal voluminous or local heat source has been considered. A generalized mathematical model (MM)
of unsteady heat and mass transfer process for bodies of different canonical form and their analogues has been developed. In
particular cases of the mathematical model, the dependence of the physical characteristics of the medium, the boundary
conditions parameters, the capacity of the mass substance transfer sources from the transfer potentials or the space-time
continuum has been taken into consideration. The analytical solution of the generalized non-stationary and stationary heat
and mass transfer problem under the general boundary conditions of different kind on the outline of the researched area has
been scrutinized. For constant system parameters of non-stationary transfer processes an algorithm for solving differential
transfer equations using Fourier transformation with variable parameters of different kind of boundary conditions has been
shown.
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BBEJIEHUE

B Hacrosimee BpeMmsi 3HaueHHE TEIUIOPU3MKM 3MaHUI W Pa3NUYHBIX COOPY)KCHHH YCHIIMBACTCS B CBS3U C
MUPOKUM TPUMEHEHUEM HHIYCTPHAIbHBIX KOHCTPYKIMM W3 COBPEMEHHBIX MAaTe€pHallOB, MOBBIIICHHEM
TpeOoBaHM K KOM(QOPTHOCTH BHYTPEHHETO KIIMMATa IIOMEUICHUH, a Tak)Ke pa3BUTHEM CTPOHUTENBCTBA B palioHaX
C Pe3KO BBIPAXCHHBIMH KIMMaTHYeCKMMHU Bo3neiicTBusimu. [losTomy ontumanbHOe (GopMupoBaHHE MHOJIEH
[IOTEHIIMAJIOB NIEPEHOCca TEIUIa U BEIECTBa B MHOT'OCJIOMHBIX orpaxkaaromux KoHcTpyKumsax (OK) ¢ momorbio
ABTOMAaTU3MPOBAHHBIX CHCTEM YIIPaBIIEHUS TEIIIOra30CHA0KEH!US, BeHTWISINH W KOHIUITHNOHNPOBAHUS BO3/IyXa
B 3HAUMUTENBbHON CTENEeHH OmIpeneNseT BHIOOP MPOEKTHOTO pEeIIeHUs, SKOHOMUYHOCTh TEXHHYECKHX U
TEXHOJOTMYECKHUX MPOLIECCOB, MACCOEMKOCTh, Ta0APUTHI U HKCIUTyaTallMOHHBIE XapaKTEPUCTUKA HHXECHEPHOTO
000pyIOBaHMUS, 3TaHUS W BCETO COOPYKEHHS B LIEIOM.

HopMaTuBHBIC JaHHBIE ¥ JIMTEPAaTYpHBIA aHanu3 wucciaenoBanuii [1-4] nokaseiBaeT, 4TO pacuér
TEIUIOBIAKHOCTHBIX XapaKTEPUCTHK, HAPYKHBIX OrpakKJalOIIMX KOHCTPYKLIHMH B OCHOBHOM IPOBOAMTCS IpHU
YCTAHOBUBIINXCS YCIOBUSX ITAPaMETPOB COCTOSIHUS CTPOUTENFHOIO O0OBEKTA U MOCTOSHHBIX TEIIO()U3NIECKUX
cBoiictBax oraenbHbIX cioeB OK. Kpome Toro B momoOHbIX pacuérax W MaTemarudeckoil moxaenu (MM) He
YUUTBHIBAE€TCS HalW4KMe BHYTPEHHMX HCTOYHMKOB (MM CTOKOB) TEIJIa M BELIECTBA BO BPEMEHHBIX INEpHOAax
KoH/ieHcanuu U ucnapenus saaru B OK [3-6] B mepropl ¢ oTpunaTensHbIME (TPagyco-CyTKH OTOIUIUTEIEHOTO
[EPHOA) U TOJOKHUTEIbHBIMU TEMIIEpAaTypaMu HapyxkHoro Bozayxa ( t > 8°C). [Ipu cTanroHapHBIX YCIOBHUIX
mddy3un BoasSHOTO napa pacuér BiIaKHOCTHOro pexkuma OK B OCHOBHOM MPOBOJST TOJBKO MPUOIIKEHHO —
rpaduueckum MetonoM [2-4]. TToatomy mpobiema 0600IIeHHON MOCTaHOBKK KpaeBoii 3amaun (K3) mporeccos
repeHoca cyocranmuii B OK u aHammM3 BO3MOXHOCTEH €€ aHaTUTHYECKOTrO W TMPHOIMKCHHOTO PEIICHUS B
3aBHCHMOCTH OT 33JJaHHBIX YCIOBHM OJTHO3HAYHOCTH SABJISAETCS aKTyaJIbHOM.

METO/IbI U PE3YJIBTATHI UCCJIEJIOBAHUIA
Ha ocHoBannm oOmIENPUHATHIX JOMyIIEeHUH, ydaera ¢uibTpannu Bo3ayxa depe3 OK n Hanmngws oObEMHBIX
MOJIOKUTENIBHBIX WU OTPUIATEIBHBIX HMCTOYHHKOB IMEpeHoca cyOcTaHimui copMmysarpoBaHa 00O0OIICHHAS
CHCTEMa HETMHEWHBIX TU(QepeHIINATBHEIX YPAaBHEHUH HECTAIHOHAPHOTO KOHBEKTHBHOTO mepenoca B OK [1]:

DS[II(¥,z)]+sgn [J] < V,J[I1(F,z)] > 1)
+sgn[I]I[I1(7,7)]=0,

—

rae S - BekTop-cronber cyOcTaHiuil (CKaaspHbIE BEIMYMHBI), J — BEKTOP-CTONOEI[ MOTOKOB (BEKTOPHBIE
BennunHbl), [1— BeKkTOp-CTpOKa MOTEHIIMATIOB MEPEHOCA WM MapaMeTPOB COCTOSHHS CHCTEMBI (CKaJSpHBIC

Beanunnbl), | — BEKTOP-CTONOEN MONOKHUTENBHBIX WM OTPULATENBHBIX OOBEMHBIX MCTOYHMKOB MEPEHOCA
cybcranmmii (ckamapusie Bemuaunsl), D - npomssonmas Jlarpamxa, V(0,,0,,0,) - onepatop amuibToHa,

T(X,Y,Z) — BEeKTOp IPOCTPAHCTBEHHBIX KOOPAUHAT, T - BPEMS, sgn[-] — (QyHKIUA 3HaKa, <> - CKaJSPHOE
MIPOU3BEJICHUE BEKTOPOB.

Cucrema (1) coBmectHO ¢ ypaBHeHussMu HaBbe-CTokca, HEpa3pbhIBHOCTH, TEPMOJINHAMHUYCCKHUX MApaMETPOB
COCTOSIHUAS CHCTEMBl W YCJIOBHSMH OJHO3HAYHOCTH OOpPa3yiOT 3aMKHYTYI0 cucTeMy auddepeHnaIbHbIX
ypaBHeHuit (CJlY) HenmnHEHHOTO KOHBEKTHBHOI'O IepeHoca CyOcTaHIUH. AHaTUTAYECKOE peIIeHUE
npeacrasieHHo CJIY ocylecTBUMO TONBKO TMPH OMNPEACICHHBIX YIPOLIEHUsAX. llpuMeHuTensHo K
meroaemwxkHeIM OK CHAY (1) mocne psaa AOMyIICHWH W TMpeoOpa3oBaHUNl OTHOCHTEIBHO ITOTCHITHAIOB
HECTAIlMOHAPHOTO MEPEHOCAa MOKHO 3aIHCaTh B BUJIE:

I1_(F,7) +sgn [I]1<V,I[II(F, 7)]>

AR 2
+sgn[I][IT1(F,7)]=0.

Jns  BblmeneHWss €IWHCTBEHHOTO PEIICHUs YpaBHEHHH IepeHoca HeoO0XOIMMO K YypaBHEHHIO (2)
NPUCOEIMHNTL HadaibHble W rpanuusbie yciosus (I'Y). Pemenuwem K3 Oyayr ¢ynxumu [1(7,7), ecnm
cobromaroTes cleayromnme cpoiicrra [7,8,13, 17,18].

1. TI(T, 7) onpeneneHsl u HEMPHUPBIBHBI B 3aMKHYTOM 061aCTH Q:a<r<b, T, <7<7,,7,20;
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2. TI(F,7) yZIOBIETBOPSIOT ypaBHEHHAM IepEHOCA B OTKPHITOi obnactn Q: A <F <b,z >7,;

3. I(F,7) ynoenersopsior Hawamemem u T'Y, te. ITI(F,7,)=I1,(F), FeQ, I; [T1] = @;(1,7),
(r,o)eFR (i =1n,j :l,_mi), T27,, e 1:[0 (1), @; (¥, 7) - nenpepriBHbIe DyHKIHAN.

4. Jlns uenpepbisroct L1(F,7) B £ HEOGXOIMMO y/I0BIETBOPEHUE YCIOBHSM CONPSIKEHHS («CKIECHBAHHS)
I, (F,8) = @y (F.70) =11 (@ 76) m [o(F,0) = @4 (Foz) =11 (b,7).

Ecin  mapameTpsl cucTembl  (TerioM3MYeCKHe, TEPMOJIMHAMUYECKHE, (PUMKO-XMMUYECKHE M JIP.

XapaKTEPHUCTUKHN) TIOCTOSHHBI, TO ypaBHEeHHE (2) ¢ 000OIMEHHABIMI YCIOBHSIMH OJHO3HAYHOCTH (0OOOIICHHBIC
HavdaibHBIC U ['Y TIepBOT0, BTOPOTO, TPETHETO M CMEIIAHHOTO poja) OyIeT UMETh BH/I:

L[] =sgn[I11[Ti(7,7) | .TeQ,r>1, ©)
L[IT] =TT (F, 7) —[K]JAIT,
(f,z,) =T,(F), FeQ , (4)

1, [T1] = ¢, (. ), 5)
(f.r)eF (i=1n,j=1m), r>7,
l; [11]= Vin(F,7)+7; < VII(F,7),€ >,
F=FUF,..UF:Q=QUF,
|7 [ +1 7.0 20

3mece II— BekTOp-cTONOEN MOTEHIMATIOB IEpEHOCa, [K]-KBaILpaTHaH MaTpHIila ITOCTOSHHBIX

KO3 PUIIMEHTOB AJIsi COMPSDKEHHHBIX WM BEKTOP — CTOJIOCI JJIsl HEB3aMMOCBSI3aHHBIX IPOIECCOB MepeHoca

[5-7], T1.(F,7) — wacrhas mpowsBojHAs MOTEHLHMANOB nepenoca no 7, A — Jlammacuan, I1,(F) — BexTop-
(yHKIMS Ha4YanbHOTO pacmpesiesIeHus MOTEHIMAJIOB NepeHoca, T, — HadaibHoe Bpems npouecca, F (u F) —
KYCOYHO-IMIaIKasi [IOBEPXHOCTB (K €ro i- 4acTh) , orpannunBatomas obmacts O € R", R" -n-mepHoe eBKINI0BO
npoctpanctio, (T,7)=(X,Y,2,7) = (X, Xy, X, X,) € R*, (X, = 7) -ueThIpexmMepHOe MPOCTPaHCTBO COOBITHIA, & —
/IMHIYHBIA BEKTOD, ¥jj, /i,y =CONSt, L- numeiinpnii auddepeHimanbupii  onepatop M0 HE3aBUCHMBIM
TepPEMEHHBIM BTOPOTO nopszka, | - muddepenmanbrbie onepatops o T i 7 MOPsIKA HE BBIIIE IEPBOTO (W/TH

KOHeuHbie CcooTHOmeHHs), a @ (F,7)- 3amaumpie QyHKIHH, (aKTHYECKH 3TO MOTEHUMATBI NEPEHOCA
(Temneparypa, BIarocojiep>xanve, KOHIICHTPAIHS, I1aBICHUE U T.J.) OOTEKAIOIINX UCCIEAYEMbl i 00BEKT
[TOTOKOB U3MEHSIOIINXCS C TCYEHUEM BPEMEHHU.

IIpn paccmoTpeHHH (GU3NYECKHX MPOIECCOB (YHKIHU gBij OTIPENIEIISIOTCS TMPUOIIKEHHO W3 OMBITHBIX
JIAHHBIX, TIOPTOMY PEIIeHHEe Takoi cMmemanHoit K3 mMeeT mpakTHYECKyI0 IIEHHOCTD JIMIIb B TOM CIIydae, eclin
HeOonpIMe OmMMOKM HavanbHBIX U ['Y He MOTYT NMpPUBECTH K OOJIBIIMM OTKJIOHEHHSIM COOTBETCTBYIOIIETO
pemenus K3. B aToMm ciiyuae cmemannas K3 noctaBiieHa KOppeKTHO MM HEMIPEPHIBHO 3aBUCUT OT HAYAJIbHBIX U
Iy.

Pemrenust cmemannoit K3 (3)-(5) moxxHo noctpouth MeTogoM ®Dypre [8-12]. [list 3TOrO mpenBapuTebHON
3aMEHOM:

[1(F,7) = O, 2) + 0[F, 7,0, 7 (F.2)] (6)

nepeseném K3 (3)-(5) otnocurensho [1(X,7) ¢ neonnopoausimu I'Y x K3 ¢ ognopoaubiMu 'Y 0THOCHTEBHO

U(X,7):



Wmkenepusie uccnenoanus. 2024. Ne 2 (17)
http://eng-res.ru

[ UGo) | =[K]AUG2) + L7, 7), (7)

U(f,z,) =U,("), 8
7; <VU,E>+7,U =0,FeF 9)

rae L.(7,7) - BekTop-cTONGE MOAMMHUINPOBAHHBIX HCTOYHUKOB TIEPEHOCA.

Janee mmem dactHble pemeHus ogHopomuoit K3 (7)-(9) (mpu 1. (f,7)=0) B dopme ¢ pasaensomEMUCT
NEPEMCHHBIMMU:

U(F,7) =T ()X (F). (10)

ITonctasssis (10) B oqHOPOAHYIO KpaeBYIO 3aa9y, MOTydaeM H3BECTHEIN YaCTHBIN ciryidaii 3amaun [lItypma-

JIuyBunns ans HaxoxaeHus cooctBeHnbix Gpynkiuit X () 1 coGcTBEHHBIX Uncen U

AX (F) +0*X () =0, (11)
Y1 <VX(F,7),8 > =, X(F) =0, 12)

Haiinenusie koopaunarubie pynkiuu X, (T) oproronansubl B obnactu 2 ortHocutensHo Beca p(T) (B

4acTHOCTH, paBHoe: 1, T, I - COOTBETCTBEHHO A7 IIACTUHBI MIMHAPA, cdephl), a vV, = 0 , Torma
U(F,7) =D T, (0)X,(T). (13)
n=1

Pasnaras nanee |.(F,7) B pax ®ypoe no )Zn (7) momyuum:

L(X,7) =D Kk, (D)X, (F) , (14)

rae

ky === [ L(F. D)X (Dp(P)dV (15)

ITocne Bcex mpeoOpazoBanmii u moactaHoBku (13) B (7) u ¢ yuerom (11) u (14) ypaBHEHHE TPOIECCOB
nepeHoca nmpumMeT BUI:

ST (@K, () = KD 02T, ()X, (B)+ Sk, (0) X, (F) (16)

OTKyJa moiy4aeM oObIkHOBeHHOe auddepennuanbaoe ypasaenue (OY) mepBoro mopsaka OTHOCHTEIBHO

T, (7):
Ty (7) + ko T, (7) -k, () =0. (17)

Hauvansnsie 3Hauenus T, (7,) cnenyror u3 (8) mocne moacraHoBku B Hero (13) u pasnoxerns U, (F) B psin

dypse 10 )Zn (), Torma:



Wmkenepusie uccnenoanus. 2024. Ne 2 (17)
http://eng-res.ru

T,(70) = == [U, (X, (F) p(T)V. (18)

1
H n
W3 pemenus OJY (17) ¢ navansueiM ycnosueM (18) Haxoanm QyHKITHH!

T ()= | T (z,) + j k (t)e*dt | | (19)

To

1 oKoH4aTebHOe 3aMkHyToe pemienue K3 (3)-(5):
1:[(?,2') :ZTn (T))_(.n(F)+5[F’7ij+1’§z}j (r,7)]. (20)
n=1

st Ten kaHOHWYECKOH (OpMBI (TIOMYTPOCTPAHCTBO, TUIACTHHA, TIOJBIC MIJIMHIAP W IIAp) W IOCTOSTHHBIX
KO3 QUITMEHTOB TIepeHoca ypaBHeHHE (3) 3aITUCHIBACTCS B BUIE!

I_(r,7) = krf[rfﬁr(r,r)] r+sgn[ﬂf[ﬁ(r,r)] , (21)
r>7, , G<r<r , =02,
WIH B KpUTEPHAIBHON hopMe
P.(R,Fo)=R" [RfﬁR(R, Fo)] A +sgn[|f9] I, [5(R, Fo)] , (22)

Fo>Fo, O<R<1, I'=0.2 ,

rae B (21) I' — TeKyIuas pocTpaHCTBEHHAs KoopauHara, I — reomerpuueckuii pakrop Gpopmbl Tena (I'=0 ms
nonynpoctpanctsa 1 twiactuusl, 1'=1 s monoro wammmapa u I'=2 s monoro mapa), I1,(r,z) —
NpoM3BOAHAs MO Tekymieil koopmuHate I, a B (22) - P,P.. — COOTBETCTBEHHO Ge3pasMepHBIH BEKTOp
TIOTEHIMAIIOB TIEPEHOCA M €r0 MPOU3BOJIHAs Mo nepemennoi Oypee, FO, FO, - cootseTcTBEHHO TETUIO- MM
MaccooOMeHHbIi Kputepuii dypbe u kpurepuit Pypoe mpu 7 =7,, R=(r—r,)/(r,—r,) — Ge3pasmepuas
Tekymias KoopmuHata, |, — Ge3pasMEPHbI BEKTOD IOIOKHTEIbHBIX HIM OTPHLATEIBHBIX OOBEMHBIX

HMCTOYHHUKOB MEPEHOCA CYyOCTaHIUA.

Psin ananuTuyeckux pemieHuit ypaBuenus (21) mnst ompeneneHHbix [T M MX aHANIOrOB MPH MEPEMEHHBIX
BHEIIHMX (KIMMAaTHYECKHX) MapaMeTpax TPaHWYHBIX YCIOBHH pa3iMYHOTO poja MOXKHO HAlTH B JUTEpaType
[7-10, 14-16, 19].

Ji1s ycTaHOBUBIIHMXCS HETMHEHHBIX TIporieccoB nepeHoca B OK ¢ yaeTom GuiibTpannu Bo3ayxa, KOHIEHCAUN
i ucnapennn Biaru /Y (21) oTHOCHTETHHO OHOTO W3 TIOTESHITUAIOB IepeHoca OyIeT:

[k, ], +r*rk(I0II,
+sgn[GJG (IT)c, (IN)IT, (23)
+sgn[Ifiany =0 ,

rae [T=TI(r) =t(r) —remneparypa, K(IT) = A(t) — kosdduument rernonposoanoctu, G — ynenbHbIi pacxon

Bo3/yxa, C, — n300apHas TEIIIOEMKOCTh BO3/yXa.
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Bo3MmoHBIE cilyduad aHAIMTHYECKOTO pEIIeHHs HETMHEHHOro HEOTHOPOoAHOro auddepeHInaIbHOro
ypaBHEHUS Terutoneperoca (23) B KpuTepHaabHOil hopMe NMpH pa3IUUHBIX HapaMeTpax CUCTEMBI IPEICTABIICHEI

B [5-7, 19-21].

3AKJIIOUEHUE

ChopmynmupoBana o0000IeHHAsS 3aMKHyTas cHcTeMa AuQQGepeHIIMAIBHBIX YPaBHCHUH HEITHHEHHOTO
HECTalMOHAPHOTO KOHBEKTUBHOTO MepeHoca cyocranimii B OK.

[IpuMeHHTENbHO K HENOJABMKHBIM 00BEKTaM (OrpakIarolliie KOHCTPYKLMH 3AaHUH, COOPYXKEHHH,
WH)KEHEPHBIX, TEIUIOBBIX U JIEKTPHUYECKHUX ceTel) opMann3oBaHa MaTeMaTHUecKasi MOJENb ¢ 0000MIEeHHBIMU
BHEUTHUMH T'PaHUYHBIMH yCIOBHSMH MIEPBOT0, BTOPOTO, TPETHETO U CMEIIAHHOTO POJa.

ITokasaHbl yCIOBUS M aNrOPUTM AHAIUTHYECKOIO PELIEHUS MPSAMOM HECTAalMOHAPHOM KpaeBol 3a1adyu
MeTo oM Pyphe NpH NEPEMEHHBIX TapaMeTpax IPaHUYHBIX YCIOBHH Pa3HOTO poAa.

IIpuBeneHa MOCTAaHOBKA M YKa3aHbl BO3MOXKHBIE PEIICHUS KPAEBBIX HECTAMOHAPHBIX M CTALMOHAPHBIX
HEJMHEWHBIX 3a7ad JUIsl TeJl KaHOHHYECKOH (opMBbI (ITOTYNPOCTPACTBO, TUIACTHHA, MOJIBIA [UIUHIP U MOJIBINA
11ap) ¥ UX aHaJIOIOB.

[TapameTpruecknuil aHaaW3 TOYHBIX AHAUTHYECKUX PEIICHHM MO3BOJIIET pEIlaTh 3aJadydl ONTHUMH3ALHHA U
ABTOMAaTH3aIlMU TPOLIECCOB, YTO SBIISIETCS HECOMHEHHBIM IMPEUMYIIECTBOM II0 CPAaBHEHWIO C YHCICHHBIMH U
MpUOTMKEHHBIMA METOIaMU pelleHnst Togo0HbIx K3.

[Tony4yeHHbIE MaTEMAaTHYECKHE MOJCIH, aHATUTHYECKHUE U IPUONMKEHHBIE PELICHUS TOCTaBICHHBIX KPAeBBIX
3aja4 epeHoca NPUBEIEHBI K KpUTEPHAIbHOMY BHIY, YTO YAOOHO Ul MaclITa0HBIX IEPEXOA0B, IPAKTUIECKUX
MIPWIOKEHUH, MapaMeTpUuecKoro aHajlu3a IIOJyUYEeHHBIX pEeLIeHWH, IMOCTAaHOBKM 3ajlad ONTHUMHU3ALUU U
aBTOMAaTHU3allUU CUCTEM YIIPABIEHHS TEXHOJIOTMUECKUMH MPOLIECCaMH.
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