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Anotauis. Ilocmanosxka npoonemu. PosrisimaeTscs 3agada OIIHIOBAHHS BIUTMBY KOTENBHOI Ha 3a0pyIHEHHS
aTMocgepHoro NoBiTpst. Take OIiHIOBaHHS IyKe BaXJIMBE y pa3i po3TallyBaHHS KOTEIEHb IMOOIH3Y CEMUTEOHMX 30H.
OCKUTBKH METEOYMOBH JUISI KOYKHOTO PETIOHY XapaKTEePH3YIOTHCS 3MIHOIO HAIIPSIMY BiTPY, IHTEHCHBHICTIO aTMOc(hepHO1
nuy3ii, HOSBOIO INTHIIIO, BAKIMBO MaTH iH(pOpMaIiio mpo GopMyBaHHS 30H 3a0pyJHEHHS B CeNUTEOHHMX 30HaX. J[ms
PO3B’si3aHHS JaHO1 3a/1a4i Iy)Ke BaKJIMBE BUKOPUCTAHHS MaTeMaTHYHOTO MOJEIIOBAHHs, TOMY IO Hapa3i HEMOXKIJIMBO
CTBOPUTH JIOCTaTHIO KUIBKICTH IIOCTIB CIIOCTEPEKEHHsI Ol 00’€KTIB NaJMBHO-€HEPreTUYHOrO KoMmIuiekcy. Mema
Ppob6omu — 4YWCENbHUI aHaNi3 BIUIMBY KOTENBHOI Ha IHTEHCHBHICTH 3a0pyIHEHHS aTMOC(EpHOro MmoBiTps 3a pi3HHX
MeTeoyMoB. Memoouka. JInsi OliHIOBaHHS 30H 3a0pymHEHHS, MO (OPMYIOTECS B arMocepHOMY MHOBITpI mija yac
BUKHUY 3 TpyOHM KOTENbHI, BHKOPHUCTOBY€EThCs 3D-piBHIHHSA KOHBEKTUBHO-AH(]y3iifHOrO niepenocy. Mojenb BpaxoBye
atMoc(epHy cTpaTH(ikalio, IHTCHCHBHICTh €MICii AOMINIKHM, mpodias BITPY, IIBUAKICTH BITPY. YucenabHe
IHTErpyBaHHSI PIBHSHHS KOHBEKTHBHO-IU(]Y3ii{HOrO INEpeHoCcy AOMINIKHM 3IiHCHIOETHCS 3a JOTOMOIOI0 CKiHYEHHO
pI3HMLEBUX CXeM. MoJeoBaIbHE DIBHSAHHS — PO3LICIUIIOETHCS HAa  PIBHAHHSA  KOHBEKTHBHOTO — IIEpPEHOCY
3a0pyAHIOBAJIFHOI PEUOBHHU Ta PIBHSAHHS PO3CiIOBaHHS 3a0pYyIHIOBAIFHOI PEUOBHHU MUITXOM aTMOC(EpHOi Tudy3ii.
OxpeMo PO3B’S3YETHCSA PIBHAHHA, IO OIMUCYE 3MiHY KOHIIGHTpAIlil JOMIMIKK B aTMOC(EpHOMY IIOBITpI BHACIIIOK
BUKHUIy 3a0pyIHIOBaIbHOI pe4OBMHHU 3 TpyOu. Ha HacTymHoMy erami OyaylOThCsSI CKIHYEHHO PI3HHMIIEBI CXEMH, IO
JO3BOJISIFOTh PO3B’sI3aTH PiBHSHHSA posuieruicHas. Haykoea nosusna. Ha 06a3i moOymoBaHOi 4uceabHOT Mojeni
BU3HAYCHI 30HU 3a0pyIHEeHHs aTMocdepHoro noBiTps mif yac Bukuay CO 3 TpyOu KOTeJbHI. 3anponoHOBaHa YncesbHa
MO/IENTb JIO3BOJISIE MPOTHO3YBaTH 3a0pYAHEHHS aTMOC(HEPHOTO MOBITPS IS PI3HUX METEOYMOB Y paMKax OJJHOTO MaKeTa
nporpam. Ilpakmuuna 3uauywicme. Po3po0ieHO KOMIT IOTESPHUI MaKeT MporpaM Ha 0a3i 3amporoHOBAaHOT YUCEIBHOT
MOJIeNli, MI0 Ja€ MOXKJIMBICTh 3[IMCHIOBATHM aHalli3 30H XiMIYHOTO 3a0pynHEHHS aTMoc(epHOro MOBITPS, SKi
(OpPMYIOTBECS TTi/T Yac BUKHUY JIOMIIIKH 3 TpyOM KOTENbHI 3a PI3HUX MeTeoyMoB. Bucnoeku. Ha 6a3i 3anponoHoBaHO1
YHCEJIFHOT MOJIETI 3/[IIICHEHO TIPOTHO3YBAHHS 30H XIMIYHOTO 3a0pyJHEHHS aTMOC(EPHOTO TOBITPs B CEMUTEOHIH 30Hi,
B SIKif pO3TalIOBY€ThCs KOTENbHS. HaBeseHo pe3yapTaTi 00UNCIIOBAIBHOTO EKCIIEPUMEHTY.

KarouoBi ciioBa: komenwvhs, 3a0pyonenns ammocgepu, mamemamuune MOOEIOBARHS, NPOMUCLOB] BUKUOU
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Abstract. Problem statement. The task of assessing the influence of the boiler house on atmospheric air pollution
is under consideration. Carrying out such an assessment is very important when locating boiler houses near residential
areas. Since the weather conditions for each region are characterized by a change in the direction of the wind, the
intensity of atmospheric diffusion, the appearance of a calm, it is important to have information about the formation of
pollution zones in sedimentary zones. To solve this important problem, it is very important to use mathematical
modeling, since it is currently impossible to create a sufficient number of observation posts near the objects of the fuel
and energy complex. The purpose of the article. Numerical analysis of the influence of the boiler house on the intensity
of atmospheric air pollution under different weather conditions. Methodology. The 3D equation of convective-diffusion
transport is used to estimate the pollution zones formed in the atmospheric air when it is emitted from the boiler house
pipe. The model takes into account atmospheric stratification, impurity emission intensity, wind profile, wind speed.
Numerical integration of the equation of convective-diffusion transport of impurities is carried out using finite-
difference schemes. The modeling equation is split into an equation for the convective transport of the pollutant and an
equation for the dispersion of the pollutant due to atmospheric diffusion. The equation describing the change in the
concentration of the impurity in the atmospheric air as a result of the emission of the pollutant from the pipe is solved
separately. At the next stage, finite-difference schemes are built that allow solving the splitting equation. Scientific
novelty. On the basis of the constructed numerical model, the zones of atmospheric air pollution during the emission of
CO from the pipe of the boiler house are determined. A numerical model is proposed that allows forecasting
atmospheric air pollution for different weather conditions within the framework of one program package. Practical
significance. On the basis of the proposed numerical model, the forecasting of the zones of chemical pollution of the
atmospheric air in the settlement zone in which the boiler house is located was carried out. The results of the
computational experiment are presented.

Keywords: boiler house; atmospheric pollution; mathematical modeling; industrial emissions

IocranoBka npodjemu. DyHKIIOHY-  Hei TOBOPUTH Hemae ceHcy. Emizonuune
BaHHSI  O0’€KTIB  TAJMBHO-CHEPreTUYHOTO  BUMIPIOBAHHS PiBHS 3a0pyIHEHHS MOBITPS OIS
KOMIUIEKCY TOB’si3aHe i3 3a0pyaHEHHAM 00 €KTIB HE MOXKE JIaTH HaAliHY iH(pOpMaIliio i
noBkULIsA.  [loTpamnsHHa — 3a0pyaHIOBAJILHUX Taki JaHi BUMIPIOBaHb JyXE€  CKJIAJHO

PEYOBUH Yy TIOBITPS MOKE MaTH MICIe SIK TpU CHUCTEMAaTH3yBaTH, OCKIJIBKHU 3HAYCHHS
OpraHi30BaHUX BUKHIAX (BUKHJ CKpI3b JHUMOBI KOHIICHTpAIlii TOMIIIIKK B MOBITPI 3aJICKUThH BiJT
TpyOM), Tak 1 3a EKCTpeMaJbHHX CHTyaliid  OaraTbox ¢baxTopis. Towmy, BaXJIUBO

(aBapiliHi PO3JIMBH, MOXEXKI TOIIO). BakiMBUM ~ BHUKOPHUCTOBYBAaTH MaTeMaTH4HI MOJE IS
3aBJIaHHSM CTaJM OI[IHIOBAaHHS BIUIMBY JiIOYMX  aHaNli3y BIUIMBY BUKHUIIB Ha 00’ €KTaX MaJWBHO-
00’€KTIB Ha IHTCHCHBHICTb 3a0pyJHEHHS  C€HEPreTHYHOTO KOMIUIEKCY Ha JOBKiJUIA.

moBkinIt. OcoOIMBO 1€  BaXXIHMBO, SIKIIO AHaJji3 OCTaHHIX JOCJIi/I7KEeHb.
00’€KTH TaJIMBHO-CHEPTETUYHOTO KOMIUIEKCY  MaTtemMaTu4Hi MOJCNI Jal0Th  MOXKJIUBICTD
po3TamioBaHi OIS CEUTEOHUX 30H. BU3HAYaTH BIUIMB BHUKWIIB B  PI3HHUX

Crnig 3a3HauMTH, 1O OpraHi3allis CHCTeMHU MPOMUCIIOBUX OO’€KTIB Ha MOBKULIA, aje, sK
MIOCTIB CIIOCTEPEKEHHS O11s1 00’ €KTIB MAJIMBHO-  MPABWJIO, AJS MEBHUX METEOPOJOTIYHUX YMOB

CHEPreTHYHOr0 KOMIUIeKey noTpedye 3HauHoro  [1-3; 8]. [Toryskui CFD-mozeni [5—7; 9] narothb
9acy Ta KOIITiB, TOMY B HAaHOMIKYMIA 9ac PO MOMJIMBICTh ~ OTPHMATH  CHCTEMAaTH30BaHY
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iHpopMalif0o MO0 BIUIMBY BHUKHAIB Ha
JOBKiIA, ane OaraTto dYacy MOTpPIOHO Ha
MIATOTOBKY BXIAHMX JIaHUX, PO3pPaxyHOK Ha
I[NEOM TtpuBae gexinpka ni6. Tomy CFD-
MoOJIeni HE MOXYTh OyTH 3apa3 IOJCHHUM
IHCTPYMEHTOM  TPOTHO3HHUX  PO3PaxXyHKIB.
OTOX aKTyaJdbHHM 3JIUIIAE€THCS CTBOPEHHS
THYYKMX MaTeMaTHUYHMX MOJEJel, 10 Aal0Th
MO>KJIMBICTh Y paMKax OJHOTO MakKeTa MporpaM
3MIMCHIOBATM ~ PO3PaxyHOK  3a0pyIHEHHs
MOBITPS 32 PI3HUX METEOYMOB.

MeTta crarTi — YHMCEIBbHUNA aHaIi3 BIUIUBY
KOTENIbHOI Ha 1HTEHCHBHICTh 3a0pyJHEHHS
aTMOC(EpHOTro MOBITPS 3a PI3HUX METECOYMOB.

Mertoauka. Posrisanaersca Bukng CO Bix
TpyOM KOTEIbHOI, [0 pO3TalloBaHa Ha
np. Ilepemorn, m. duinpo (puc. 1). CraBurbes
3aJja4ya BU3HAUEHHS 30H BIUIMBY IiJ] 4ac poOOTH
KOTEJbHI Y BUIAKy KOHBEKIIT Ta IITUIIO.

Jnst  popmanizarii  MeTeoyMoB  Oyaemo
BUKOpUCTOBYBaTH minxin npod. M. bepnsnaa.
3rigHo 3 HWOro migxoA0M, BHOIISIOTHCS IBa
OCHOBHI MOMEHTH TIpH pO3B’S3aHHI 3a]ad
JAHOTO  KJacy: pO3paxyHOK  Ipolecy
MOIIMPEHHS IOMIIIIKK B aTMOC(EpHOMY TOBITPI
Ta MOJIEJIIOBaHHS KOHKPETHMX METEOYMOB 3a
JIOTIOMOTOI0 ~ CTeUiadbHUX  (YHKIIOHATBHUX
3JIEKHOCTEHN 1T BEPTHKAIBHOTO KoedillieHTa
audy3ii Ta MBUAKOCTI BITPY.

Y  nmamiii  pobOOTI Tpolec MOIMHUPEHHS
JOMIIIKK MOJIMIOEThCST Ha 0asi 3D-piBHAHHSA
Mmacormepenocy [3—5]:

oC ouC ovC owC
—+ + + =
ot ox oy oz

:E( @}i @+2( %} )
x\ "o Ty By T\ e

+2 Q8 (x=%)8(y-¥)5(z2-2).

ne C KOHIIGHTpAIisi 3a0pyaHIOBada B
arMocepHoMy TOBiTpi; () — I1HTECHUBHICTh
BUKHUAY JIOMIIIKKA Big TpyoOw; s oy M,

Koe(imieHTH
nudysii; ¢ — Jac.
[TonoxxeHHs Kepesa eMicil MOJICITIOEThCS
3a  gomomoror  aenbra-pynkmii  Jlipaka:
5(X_Xi)15(y_ yi)’5(z_ Zi) > ne X, Y4 -

JIEKapTOB1 KOOPJMHATHU JKEpesia BUKUTY.

arMocdepHoi  TypOyJICHTHOI
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[TocranoBKa KpailOBUX yMOB [UIS PiBHSHHS
(1) posrsinyTa B [4; 5].
SKmo po3mIANaloThCS YMOBU KOHBEKIII,

BUKOPUCTOBYIOTBCS Taki  3aJ€KHOCTI, IO
BIJINOB1/1al0Th 32 METEOYMOBH [3; 4]:
Hx = Hy>

7 m
:k — ’
Mz 1[le

ne kg=01+1m; kj=01+02m%c, m~1 —
napamerp.

3MiHa IIBHMAKOCTI BITPY, 3 BHCOTOKW Z,
PO3paxXOBYETHCA AK:

u=u,-(z/z,)", 3)

Ie U; — WBUIKICTh BITPY Ha BUCOTI z; = 1 m/c,

n=0.16.
SIKIO  pO3IIISIAIOThCS  YMOBH  IITHIIIO,
BUKOPUCTOBYIOThCS Taki ¢popmyi [3] :

1y = ey (2), U, =, (2),

,uy:ku,,uxzku, (4)
ne @, @ — cnemiambHi Qynxuii [3]; U —
mBHAKicTs Bitpy Ha Bucoti 10M; K =0,1; g4
— 3Ha4eHHs koedimieHTa audy3ii Ha BUcOTI 1
M.

TakuMm 4YWHOM, JUISI aHaNi3y BIUIUBY
BukugiB CO 3 TpyOM KOTEeNbHI TOTPIOHO
po3B’s3atu  piBHAHHA (1) 3 ypaxyBaHHSIM
3anexHocTel (2)—(4) 3aIeKHO BiJ] KOHKPETHOI
METE€OyMOBH (KOHBEKIIisl, IITHIIB).

Jnist grcenbHOTO O3B’ si3aHHs piBHSIHHSA (1)
3IIHCHIOETHCS HACTYIHE MHOTO pO3IICTUICHHS

[4; 5]:
oC ouC ovC owC
ot OX oy oz

©_2(,%).2(,, L}, 2(,, L)
a ox\Max )T\ ey )T e\ M

X 3 Q8(x - %)3(y - Yoz 2)-

oF

ot
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Jami  ans  9HCENBbHOTO  IHTErpyBaHHS
MIePILIOTO PIBHSIHHSA i€t CUCTEMHU
BUKOPHCTOBYBAJacsi TaKa pI3HUIEBA CXeMa
po3uierieHHs [4]:

—Ha nepmomy kpoui (k =1/2) pizHunese
PIBHSHHS MA€ BUIJIAL;

k n

G =Cue L', C* +L",Ck+L",C* =0;
At
—Ha  JpyroMy  Kpoui  pO3LIETJICHHS
PI3HULIEBE PIBHSAHHS Ma€ BUIJISI:

n+l Ck

i,j.k i,j.k - n+l - n+1 - n+l _
T+LXC +L,C+L,CT=0.

. : + -
3HaueHHs Pi3HUIECBUX oneparopi L, L,
L, HaBeZieHl B [4]. 3HaueHHs KOHIIEHTpAIii

JOMIIIKK B KOXXHOMY PIBHSIHHI BH3HAYa€ThCS
3a (popMyII0I0 «PaXYyHKY, 1110 O1KUTH.

Jlis  4ucenbHOTO I1HTETPYBAaHHS JIPYTOTro
PIBHSIHHS CHUCTEMH BUKOPHCTOBYETHCS
JIBOETAllHA pI3HUIIEBA CXEeMa PO3MICTUICHHS
(cxema cymapHoi anpokcumariii) [6]:

n+% n n#% n+%
Ci,j,k _Ci,j,k = _Ci,j,k +Ci—1,j,k 4
At X AX?
1 1 1 1
n+§ n+§ n+§ n+5
_Ci,j,k + Ci,j—l,k _Ci,j,k + Ci,j,k—l
+ Wy——— Sl T e e
Ay Az
n+1 n+§ n+l n+1
Ci,j,k _Ci,j,k . Ci+1,j,k _Ci,j,k
At g AX?
n+l n+1 n+1 n+l
Ci,j+1,k _Ci,j,k Ci,j,k+1_ci,j,k
HW— M, 2
Ay AZ
Hesigome 3HAYEHHS KOHIICHTpaITii

JIOMIIIIKY BA3HAYAECTHCS 13 [IUX 3aJIEKHOCTEN 3a
SIBHOIO (hOPMYJIOFO.

J1Jis 9UCeNBHOTO IHTETPyBaHHS OCTAHHLOTO
PIBHSIHHSI CHUCTEMH BUKOPUCTOBYETHCS METO]
Eitnepa. [lana 3anexHicTs Mae BUDIISI [6]:

Ci?k+1 = Ci?k +VtZQi6(X = %)3(y - ¥;)3(z- z;) -

Taxum YUHOM, IS PO3paxyHKy
KOHIIEHTPAIIWHUX TIOJIB JTOMIIIKH TOCIiOBHO
PO3B’SI3YIOTHCSl HABEACHI PI3HUIIEB] PIBHSHHS.

Ha 6a3i po3ristHyTOi YuCenbHOi MOAemi
po3po0bieno koMmn roTepHuid ko «CALM-3M».
o cxiiamy Koy BXOASTh:
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— CaM.DAT - ¢aiin mo4aTkoBHX JaHUX
(popmyBaHHS ~ TaHUX PO  METEOYMOBH,
pO3TanryBaHHs JUKEpelia eMicii Tomo);

- CA2M nianporpama TUITY
«SUBROUTINE» JUIst PO3paxXyHKY
KOHIIEHTPAIHHOTO TOJS JOMIIIKA B 00JacCTi

JOCHI/DKEHHS IpU  KOHBEKTHBHOMY  pycl
HOBITPSIHUX Mac;

- CAAM — niamnporpama TUILY
«SUBROUTINE» JUIst pO3paxyHKy

KOHIIGHTPALIAHOTO MOl JOMIIIKK BHACIIIOK
nii mporecy arMochepHoi nudy3ii;

- CA6M niamnporpama TUILY
«SUBROUTINE» m1st BU3Ha4YE€HHS TTapamMeTpiB
MOJIETI TPH IITHII;

- CAT™™ Tirporpama TUITY
«SUBROUTINE» nns Bu3HaueHHS apameTpiB
MOJIeJTi MPH KOHBEKIIIi;

- CASM — nianporpama TUILY
«SUBROUTINE» mnga Bu3HadYeHHS 3MIiHHA
3HAUEHHS KOHIICHTpAIil JOMIIIKH 3a mii

JoKepena 3a0pyJHeHHS.

PesyabTraT. Jlami HaBeneHi pe3yibTaTH
po3B’s3aHHS 3aJadi Ha 0a3l  po3poOJIeHOI
YUCEJIbHOT MOJENIl Ta CTBOPEHOTO IMaKeTa
NPUKIAJHUX Tporpam. Po3risgaeTscsi BHKHI
CO 3 TpyOM KOTeNbHi, IO pPO3TANIOBaHA B
M. JTainpo (puc. 1).

Puc. 1. Cxema pospaxynkogoi obracmi
(Google Image, 2023)

[lepmmii BapiaHT — BHU3HAYEHHS 30HU
3a0pyaHeHHs] aTMOC(epHOTro MOBITPSI B YMOBax
KOHBeKIIii. J[aHi I MOJIeTIOBaHHS: BHIKICTh
BiTpY V,=2,2 M/c, HanpsMm BITpy — B 0Oik
cenuTeOHOI  30HWM  (ueTBepTU  Macwus).
IarencuBHicTh Bukuay CO npuiimaeTbes 2 1/c.
30Ha 3a0pyIHEHHS aTMOC(EPHOTO TOBITPS MPHU
KOHBEKI[il IMOKa3aHa Ha pPHUCYHKY 2 (piBEeHb
Z = 15 ™). [30m1HIT Ha PUCYHKY 2 MOKa3yIOTh, Y
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CKUTbKH pa3iB KoHIeHTpalis CO TMepeBullye
I'’IK ns cenuteOHOT 30HMU.

Puc. 2. Obracmo 3a6pyoHenus ammocgepHozo nosimps
npu koneexyii: 1 —61 I'JIK; 2—-35T/]K; 3 — 11 T JIK
(Google Image, 2023)

[30miHIi Ha pUCYHKY 3 TakoXX MOKa3ylOTb

MIEPEBULLIEHHS KOHIIEHTpaIlii CcoO B
atmMochepHomy moBiTpi  Ham [AK  mis
cenuteOHOi 30HU (piBeHb z = 15 wm). ILle

pe3yNbTaTH MOJCIIOBAHHS I TOUIUPEHHS
JOMIIIKKA BiJ TpPyOM KOTENBbHI [II YMOB
IITUIIIO, ApYrui BapianT 3amadi (u; =0,5 m/c,

14=05 MZ/C).

Puc. 3. Obaacmo 3a6pyonenns npu wimuii,
cyenapiu Ne 2: 1 — 214 TJIK; 2 — 123 I'JIK; 3 —87 I'JIK
(Google Image, 2023)

Sk MoxHA OaYUTH 3 PUCYHKA 2, IPU IITUII
obmacte 3a0pyaHeHHs Onu3bka 10 (GopmMu

«KOJa» Ta  TOKPUBAE
MIPOMUCIIOBOTO MaiiIaHYHKa.

3a3HauMMo, L0 Yac PO3PAXYHKY KOXKHOIO
BapiaHTa 3ajmadi ckiagae 5 c¢. Takum YUHOM,
no0y/I0BaHa MaTeMaTUYHA MOJIEIb JI03BOJISIE B
paMKax OJHOIO KOMII' IOTEPHOTO KOJy LIBUAKO
po3paxoByBaTu (popMy Ta IHTEHCHBHICTH 30H
XiMiuHOrO 3a0pynHEHHs, 110 (opMyrOThCS B
aTMOC(EpHOMY TOBITPI JJIs1 PI3HUX METEOYMOB.

HaykoBa HOBM3HA Ta NpPaKTH4YHA
niHHicTh. [ToOyn0BaHO MaTeMaTWyHy MOJETh
IS OLIIHIOBAHHS piBHS 3a0pyTHEHHS
aTMocdepHoro  TOBITpE B pa3i  eMmicil
3a0pyIHIOBAJILHUX PEUYOBHH 13 TPYOH KOTEIbHI.
CTBOpEHO KOMIT' FOTEPHHUM KOJ, IO JI03BOJIsIE

SHAYHY YaCTUHY

3IIHCHIOBATH MIPOTHO3YBaHHS piBHS
3a0pyaHeHHS aTMOC(EepHOro TMOBITPS IS
pi3HMX MeTeoymMoB. lle mae MOXIHMBICTH

OTPUMYBATH KOMIUIEKCY OLIHKY 3a0pyJHEHHS

MOBITPS  JUIS  THIIOBUX  METEOYMOB, IO
peari3yroThes B PI3HUX pETiOHAX.

BucHoBKH

1. [TobynoBaHO MaTEeMaTHYHY MOJEIb, IO
JO3BOJISIE  BHM3HA4YaTH  PIBEHb  XIMIYHOTO
3a0pyJqHEeHHs] aTMOC(HEpPHOro TMOBITPS  JUIS
pI3HUX  METEOyMOB Yy  BHIAAKy  emicii

3a0pyIHIOBAJILHUX PEUOBUH 13 TPYOH KOTENbHI.

2. IToGynoBana MOJIEJIb BpPaxoBYe€
HaWO1IBII BAXKIIMBI MTapaMeTPH, 110 BINTUBAIOTH
Ha  (GopMyBaHHS 30H 3a0pyJHCHHS B
atMocepHoMy MOBiITpi. OCcOOIUBICTH MOJEN] —
MaJti 3aTpaTd 4acy Ha OTPUMAaHHS MPOTHO3HUX
JTAHHX.

3. Po3pobiena maTremMaTndHa MOJIETh MOXKE
OyTM KOpHCHA s pO3B’sI3aHHA  3ajad
omiHeHHs BIUMBY Ha JoBkunist (OBHC -
OIIIHKM BIUIMBY Ha HaBKOJIMIIHE CEPEIOBHUIIIEC)
MiJ] 9ac BUKUIY JOMIIIOK HAa EHEPreTUIHHUX
00’€eKTax.
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