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IHEPEJIMOBA

Jlana kypcoBa po0OTa € 3aBepIIAIbHUM €TariOM BHBYEHHS IUCIUILTIHUA
«MopentoBanHs ~ (QI3MYHMX  TPOIECIB»  CTYyIEHTAMH, SIKI HABYAIOTbCS 32
criemianpHicTIO 105 «IIpuknanna ¢dizuka Ta HaHoMmaTepiaiw». BiamoBigHO [0
HABYAJIBHOIO IUIAHY JUCLIMIUIIHM KypcoBa poOOTa BHUKOHYEThCA Ha 4-My Kypci,
T0OTO, (PAaKTUYHO, CYHPOBOKYE MPOIEC MiJATOTOBKUA OaKaJaBpPChbKUX TUIIOMHUX
po6iT. HamucanHsi KypcoBoi poOOTHM € BaXJIMBHUM €TaloM Yy MIATOTOBI [0
BUKOHAHHS 0akalaBpChKOi Ta MAariCTepchbkoi AMIUIOMHHMX pPOOIT MailOyTHHOrO
(baxiBI NPUKIAIHOTO CIPSIMYBAaHHSA B rairy3i (P13UKU €HEPreTUYHUX CUCTEM.

Mertoro KypcoBoi poOoTH € (GOpMyBaHHS y CTYACHTIB MPodeCciiiHuX HaBUYOK 3
OCHOB 3aCTOCYBaHHSI CYYaCHUX KOMII IOTEPHUX OOYMCIIOBAJIBHUX TEXHOJOTINA Y
chepl NpUKIATHOT JISTIBHOCTI, 110 MOB’sA3aHa 3 (PI3UKOI0 CYLUIBHOTO CEpeIOBHUINA 1
€HEpPreTHYHUX CHUCTEM B HIMPOKOMY KJAacl PEKHUMIB MPOIECIB Ta T€OMETPUUYHHUX
KOHCTPYKL1H 00’ €KTIB, 1110 BUBYAIOTHCSI.

VY mporeci BUKOHaHHSI KypcOBOi pOOOTH CTYAEHT MOBUHEH MPOJEMOHCTPYBATH
BMIHHS CaMOCTIMHO TIpaIffoBaTH 1 3aCTOCOBYBATH Ha TMPAKTUIl TEOPETHYHI Ta
MPaKTUYHI 3HaHHS, 3/100YTI M1 4Yac BUBYCHHSI TUCITUTLIIHU.



3ABJAHHSI 10 KYPCOBOi POBOTH

Tematuka kypcoBoi poGotu mnmoOymoBaHa Yy BIAMOBIAHOCTI A0 MpOrpaMu

HaBYAJIbHOI JUCIUIUIIHU «MopentoBaHHsl (PI3MUHMX MpoIeciB» Ta oOyMOBIIeHA i

HaWOLIBII aKTyaIbHUMU TEOPETUYHHUMM PO3AUIaMH Ui cremtiaibHocTi 105

«IIpuknanna ¢i3uka Ta HaHOMaTepianm». 30KpeMa, KOMII'IOTEPHE MOACIIIOBAHHSA

CTaI[lOHAPHHUX Ta HECTAI[IOHAPHMX 3a]1a4 MPOMHUCIIOBOI I1pOra3oJuHaMiKy, MPOLECIB
TEIUIO- Ta MACOOOMIHY IIPH JJaMiHAPHOMY 1 TYpOYJICHTHOMY PEXXHUMAX.

CTyneHT MOXe CaMOCTIHHO o0paTh TeMy KypcoBOi poOOTH 3 HHUXKYE

MPEICTABJIICHOTO CIUCKY ab0 3ampoONOHYBAaTH CBOK. TaKOX BITAE€ThCS BUKOHAHHS

KypcoBoOi poOOTH 3a TEMOIO, IO OB’ s13aHa 3 0aKaIaBpPChbKOIO JUIIOMHOKO POOOTOIO.

Opil€HTOBHMI TIEPENTIK TEM:
MopentoBaHHs MOBEPXHEBOI Te€Uii B3I0BX IUIOITUHHU.
MoientoBaHHsI HECTALIOHAPHOTO OOTIKAHHS KPYTJIOro HUIIHIPY.
MoientoBaHHs IJIOCKOT Teuli B AKUTIOBOMY KBapTali MPH PI3HUX pexUMaXx.
MopenoBaHHS HECTAlllOHAPHOI Tedil HECTHCIMBOTO CEpPEIIOBHINA dYepe3
CHUCTEMY MEPEIIKO/I.
MopnentoBaHHS Tedil B IUIOCKOMY KaHaJll CKJIaJHOT (POPMHU MPHU PI3HUX PEKUMAX.
MopentoBaHHsI 00TIKaHHSI TPUBUMIPHOT JIOTIATI BITpOT€HEpaTopa.
MonentoBaHHSI HECTALIOHAPHOI MJIOCKOT Teuli HABKOJIO MPSIMOKYTHOTO TiJIa.
MopentoBaHHS Te€4il HABKOJIO KJIMHY NP PI3HUX PEeKUMAX.
MopentoBaHHs MJIOCKOT TeUii B KABEPH1 MIPH PI3HUX PEKUMAX.
MopentoBaHHsl 3aTOIJIEHOTO CTPYMEHIO B IUIOCKOMY KaHail TpU PI3HUX
CITIBBITHOIIEHHSIX MBUAKOCTEN a00 TemMmeparTyp.
MopnentoBaHHS Tedii B INIOCKOMY KaHaJll CKJIAJIHOT (POPMHU 3 pO3TaTyKEHHSIM.
MopnentoBaHHS Tedii B INIOCKOMY KaHalll 3 IOBOPOTOM IPU PI3HUX PeKUMaX.
MopnentoBaHHs TPUBUMIPHOTO BUIBHOTO CTPYMEHIO, IO BHUTIKA€ 31 CKJIAIHOI
CUCTEMH Y BUIBHMI MPOCTIP.
MogentoBaHHSI KOHBEKTUBHOTO TEIUIONEPEHOCY Y BUXPOBIHM Tedii HECTHUCINUBOI
plIuHMU.
MopentoBanHs TypOyJICHTHOI TeUii B HE130T€PMIYHOMY TMOTOII].
MopentoBaHHs MIPOLIECIB TOPIHHS CKIIAHUX CUCTEM.
MopemtoBanHs 1B0o¢a3HOI Teuli B KaHa 0e3 ypaxyBaHHs (a30BUX MEPEXO/IIB.
MopentoBaHHs MPOLIECY KUMTIHHS B 3aMKHEHOMY MTPOCTOPI.
MojientoBaHHSI KOHBEKTUBHOI'O TETUIONEPEHOCY B CTUCIMBOMY CEPEIOBUIIII.



BinnmoBigHO 10 0OpaHOi TeMH KypcOBOi poOOTHM HEOOXITHO BUPIIIMTU TakKl

OCHOBHI 3aBJaHHA:

l.

dopMyIIIOBaHHS MAaTeMAaTHUYHOI MOJEN SIBUILA, 110 AOCHIDKYEThCA: CHUCTEMA
BU3HAUYAJbHUX PIBHSIHb, TPAaHUYHI YMOBHM Ta MOJieJIb TypOYJEHTHOCTI 3a
HEOOX1/IHICTIO.

OOrpyHTOBaHuil BUOIp MakeTy MNPUKIAJAHUX HOporpaM JUisi  PO3B’S3KY
ITOCTAaBJIEHOI 3a/1a4i, a TAKOK BIJMOBITHOI YHCEIBLHOI MOJIETI.

[TobynoBa reoMeTpii Ta pO3paxyHKOBOI CITKH.

UucenpHI po3paxyHKHU 3a PI3HUX T€OMETPUYHUX Ta JUHAMIYHUX TTapaMeTpiB.
O6poOka Ta aHajIi3 OTPUMaHHUX PE3YJIbTATIB.

3axuctT KypcoBoi poOOTH € OO0OB’SI3KOBUM, MPOBOJIUTHCS 3 BUKOPHCTAHHIM

MYJIBTUMEAINHOIO MPOEKTOpa, BKIOYAE AOMOBIAL 5-7 XBWIMH Ta OOTOBOpPEHHS.

OLIHIOETHCS:

CTYIIIHb BOJIOAIHHS MaTepiaioM;

CTYMiHb OOIPYHTYBaHHSI BUOOPY MaTeMaTHYHOI MO/IEJIl TOCTaBJIEHOI 3a/1aui;
MPaBUJIBHICTh METO/IIB UHCEILHOTO MOJICJIFOBAHHS Ta OpraHizallii po3paxyHKiB;
SKICHUHM Ta KUJTbKICHUI aHai3 pe3yJbTaTiB;

MOBHOTA aHaJli3y OTPUMAaHUX Pe3yJbTaTiB pO3paxyHKYy;

BMIHHS 3aXHUIIATH CBOIO TYMKY.



PEKOMEH/OBAHE ITPOI'PAMHE 3ABE3IIEYEHHA

[Iporpamue 3abe3nedeHHs s MOOYIOBU YMCETHHOT MOJENI Ta MPOBEACHHS
PO3paxyHKiB CTyJACHT 0OUpa€e CaMOCTIMHO.

PekoMeH/10BaHO BUKOPHUCTaHHS BUIBHO PO3MOBCIO)KYBAHOTO IMPOTPAMHOI0O
MPOAYKTY, HAMPUKJIAJ, BIIKPUTHUX MakeTiB MpukiagHux mnporpam OpenFOAM [1],
Code Aster [2], Code Saturne [3], FreeFEM [4].

OgauM 3 HAWOULIBII TEPCHEKTUBHUX BIJKPUTHUX TMAKETIB, IO IIBUIKO
po3BuBatoThca, € OpenFOAM. Bin po3pobiserscs cBitoBoio OpenFOAM
CHUIBHOTOIO TMiJ 3arajbHol0 KoopauHaiiero OpenCFD Ltd 1 3naxonutees y
BIIKPUTOMY JIETaIbHOMY JOCTYII1, SIKUM HE mepeadayae jiten3yBanns [1].

KpiM ToOro, nnsi BUKOHaHHA 3aBAaHb KYypCOBOi pPOOOTH MPOMOHYETHCS
KOPHUCTYBAaTUCS OJIHUM 3 BIJIOMMX KOMEPIIMHUX IaKeTIB MPHUKIAJHUX Iporpam
aeporigpoauHamiunoro cupsimyBanHsi: PHOENICS, STAR-CD, ANSYS, FLUENT,
CFX, FlowVision, COSMOS FloWorks Ta inx1mmi.

Jlinen3oBana Bepcis ANSYS gnocrynmHa cryaentam kadeapu Dizuku
EHEepreTUYHUX CUCTEM [5].

HemoncTtpaniitna Bepciss Flowvision poctynHa y BIAKpUTOMY AOCTYHl ISt
CKauyBaHHS 3 cailiTa KoMmmaHii-po3podHuka “Tecic” 1 1i (yHKIIOHATBHICTh JOCTATHS
JUTsl BUKOHAHHS JTAaHOT KYpCOBOi po6oTH [6];

SimScale - mnoTyXHHMII mMakeT 3 pPEKUMOM MOBHOPYHKIIOHATIBHOTO Ta
O€3KOIITOBHOTO JI CTYACHTIB M MPEICTaBHUKIB aKaJeMIYHOI HayKH ‘“XMapHOro”
noctynmy d4epe3 web-iHTepdelic Ta 3 MOXIHBICTIO BUKOHAHHS PO3paxyHKIB Ha
OararosiiepHuxX OOYMCIIOBAIILHUX CEpBEpax HIMEIBKOI KOMIAHIi-po3poOHUKa
“SimScale”) [7]

BpaxoBytoun po3mMaitrts iHTepdeiciB Ta PyHKIIIOHAIBHOCTI 3a3HAYEHUX BHUILE
MPOTpaMHUX 3aC00iB Ta 0OCOOJIMBOCTI POOOTH 3 HUMHU, Y TTOAAIBIINX PEKOMEHAAIIAX
UTUMETbCS HE Mpo Oe3nocepenHiil MopsAaoK M1 B SIKOMYCh 3 LHMX IAKETIB, a Mpo
KOHIICTITYaJIbHI CKJIQJOB1 €TamliB BHUKOHAHHS POOOTH Ta OYIKyBaHI pe3yJbTaTH, SKi
CYNPOBO)KYBAaTUMYThCS BIITMIOBIIHUMH PO3PaXyHKOBHUMH MPUKIIAIAMHU.



BUMOI'M 1O O®OPMJIEHHA

Bumorun no odopmieHHs KypcoBoi poOoTu 3 aucuuruiiHu «MojearoBaHHsS
(b13UYHUX TIPOIECIBY BIAMOBIIAIOTH BUMOTaM JI0 JTUIUIOMHHMX POOIT OakajaaBpiB IS
ctyaeHTiB crnerianbHocTi 105 «Ilpuknanna ¢i3uka Ta HaHOMaTEpiaau» [8].

KypcoBy poboTy mojaroTh y ApyKOBaHOMY BUIJISiAI Ha apkymiax (gopmaty A4
(210 x 297 mm) Ge3 meperuIeTeHHs 3 KHIKHUM PO3TallyBaHHSIM CTOPIHOK MIpudTOoM
Times New Roman 14 myHnkTiB, MiKpsakoBuil iHTepBan 1,5 obcarom Big 10 go 25
cTopiHok. Bincranp Mix ab3auamu 1,5 iHTepBanu.

Crpykrypai enementu <«3MICT», «BCTVYID», «BUCHOBKW», «ITEPEJIIK
BUKOPUCTAHUX JIKEPEJI», 1 3aroioBku poO3AUTIB CJiJl PO3TaIIOBYBAaTH
nmocepeqnHl psaKa 1 JAPYKyBaTH BEIUKUMHU JIiTepamMud O€3 Kpankd B KiHII,
HaMBXUPHUM IMIPUGTOM. 3arojoBKH MIAPO3JUIIB, IMYHKTIB 1 IIJMYHKTIB CJIiJ
MOYMHATH 3 a03alHOTO BIACTYMY 1 APYKYBAaTH MaJCHbKMMH JIITEPaMH, KpIM MepIIOi
BEJIMKOI, HE MIAKpECTooun, 0e3 Kpamku BKIHLI. BiicTaHp MK 3aroJioBKOM 1
NOJIaJIbIIUM Ta MONEPETHIM TEKCTOM — OJuH psiok. KoxkeH po3ain KypcoBoi podoTu
MMOYMHAETHCS 3 HOBOT CTOPIHKU. [IiAp03/1imum HyMepyroTh Y MeKaxX KOXKHOTO PO3ILIY.
HoMmep mimpo3ainy CKIaJaeTbcsi 3 HOMEpa pO3AUTY 1 TOPSAKOBOIO HOMEpa
HIIPO3AUTY, MIXK SKAMHU CTaBUThbCA Kpanka (2.3). IIyHKTHM HymepyroTh y Mexax
KOXXHOTO MIAPO3JUTY, MHIANYHKTH — y MeEXax KOXKHOIO NYHKTY 3a TaKUMHU XK
npasuiamu (1.3.2, 1.3.2.1).

[lepmioro CTOPIHKOI KypcOBOi POOOTH € THUTYyJbHA (IOAATOK A), APYroro
CTOPIHKOIO — 3MICT, TPEThOIO — IOCTAHOBKA 3ajadi. BCl CTOPIHKHM BKIIFOYAIOTHCS 10
3arajJlbHO1 HyMepalii, aje Ha TUTYJIbHOMY JIUCTI HOMEpP HE MPOCTaBISETHCS.
CTopiHKK HYMEPYIOTHCS Y TPAaBOMY BEPXHbOMY KyTi 0€3 Kpanku B KiHII.

Hywmepaiiito cTOpiHOK, pO31iIiB, MiIPO3ALTIB, MYHKTIB, MIJMNYHKTIB, PUCYHKIB,
Tabauib, GopMyll NoAarTh apadckkumu 1udpamu. Inroctparii, Tabnui, Gpopmyau
CJI1JI HyMEpYBaTH MOPSIAKOBOIO HyMEpAII€I0 B MEXax pPo3/lly, HalpuKiIaj, puc. 3.2 ,
tabmuis 1.1, popmyna (2.4).

Lmroctpamii (dororpadii, kpecneHHsi, cxemu, Tpadiku, aiarpamu) i TaOIMII
HEOOXITHO TOJaBaTh y POOOTI Oe3MocepeHbO TMICIs TEKCTy, J€ BOHM 3rajiaHi
BIIepIie, a00 Ha HaAcTymHid cropiHmi. Jlo UmrocTparii 1 TabauIll B TEKCTI poOOTH,
TaKOX, K 1 IICJs HEel, MOBUHEH OyTH MpomylleHnit oauH psiaok. Ha Bei imoctpanii 1
Ta0IMIl MatOTh OYTH MOCHJIAaHHA Y TeKCTi poooTu. KoHa 1mrocTpalis moBUHHA MaTH
MOSICHIOBAJIBHUM (TIAPUCYHKOBHIA) TEKCT, KM PO3MILLYIOTh MICIs TUJIa UIFOCTpaLii
1o 1eHTpy, Hanpukian, «Puc. 3.1 Cxema quckperusaii». Tabmuil ohopMITIOIOTHCS



HAacTynmHUM yuHOM. Ha mepiiomy psmouky 3iiBa BkasyeTbcsi Homep (Tabmus 1.1),
Ha JPyromy Mo HeHTPy — Ha3Ba (He 000B’SI3KOBO), HIXKYE — T1J10 TaOJIHIII.

dopmynu 1 piBHSHHS HabuparThcs B peaaktopi ¢opmyn Equation abo
MathType. IlosicHeHHSI 3HaY€Hb CUMBOJIIB 1 YUCIOBUX KOE(QILIEHTIB CJIiJI HABOAUTH
oe3mocepeHb0 Mg (GOpMyNIO0 Yy TiM MOCTIAOBHOCTI, B SKid BOHU HaBEACHI Y
dbopmyi uu piBHsHHI. DopMynHn, MO WAYTH OJHA 32 OJTHOIO W HE PO3JAUICHI TEKCTOM,
BIJTOKPEMJTIOIOTH KOMOIO.

[Mpuxnanu opopmieHHs po3ALIiB, POPMYI, a TAKOXK LIIOCTPATUBHUX MaTepiaiiB
HaJIaHO B HACTYITHOMY PO3ILII.

[lepenik miTepaTypHUX JKepea 0hOPMITIOETHCS B MOPSAJKY MOCHIaHb Y TEKCTI.
KosxHe mxeperno, 1o BKJIOYEHO JI0 CIHCKY, Ma€ OyTH BIIOUTO Yy TEKCTI pOOOTH.
bibmiorpadiunuii ommc Kepea CKIAaJaloTh BIAMOBIAHO A0 YMHHHUX CTaHJAPTIB.
[Mpuxnanu odpopmiieHHs: HagaHo B po3au «llepenik BUKOPUCTaHUX JKEpeD.



PEKOMEH/IALII IO BAKOHAHHS PO3JLJIB KYPCOBOI POBOTH

B miboMy po3aim mpencTaBieHO peKOMEHMallli 10 3MIiCTy KypcoBOi poOoTH 3
nucuuIuniag «MojaemoBanHs pi3MuHUX mpolieciB». Hamano matepian 3 npukiagamMu,
SKAM TOTPIOHO 3alOBHIOBATU CTPYKTYpHI einemMeHTH pobotu. [lonmin Ha posniiu,
MIPO3/LIH, MMYHKTH, TIAMYHKTH MOE BIIPI3HATHUCS BiJ 3alPONOHOBAHOTO B JAaHUX
METOJMYHUX PEKOMEH/IAIISNX, a HOTO JeTali3allis 3aJIeKUTh BiJl HATOBHEHOCTI.

1. IOCTAHOBKA 3AJIAYI

DOpMYITIOETHCS  SBUIIE, 110 BUBYAETHCSA, O0’€KT JOCIIHKCHHS, BIACTHBOCTI
CepeOBUINA, PEKUM Tedii, TOIIIO.

Ilpuxnao:
B nmaniif KypcoBiii poOOTI AOCHIIKYIOTHCS HECTalllOHapHI Teuli
HECTHCIMBOI PIIMHU HABKOJO LWIIHAPY B IIMPOKOMY Jiara3oHI YHUCEI
Pelinonbaca.

CniioM 3amucyeThcsi MeTa KypcoBoi pobotu. Ilim MeTor AOoCHiKeHHS
OPUIHATO PO3YMITH MOMIIMBHUI POTHO3 pe3yJIbTaTy AOCTKeHHs. MeTa Moxe OyTH
TIIBKH ofHa. DopmyItOBaHHS METH MOKE MOYMHATHUCS 31 HACTYITHUX BCTYIHUX CJIIB:

* BHUSBHUTH 3aKOHOMIPHOCTI. ..

*  PO3pOOUTH HOBHUH CI1OCIO. ..

* IpoaHaNi3yBaTH 3aJIEXKHICTb...
* 3HAWTH B3a€EMO3B S30K. ..

* 3'4CyBarTH...

* BHU3HAYUTH...

* TIO3HAYUTH...

Ipuxnao:
[ime manoi poOOTH — PO3POOUTH YUCEITBHY METOAHMKY PO3PaXyHKY
JamiHapHoi Ta TypOyJEeHTHOI Tedii B’A3KOi HECTHCIMBOI PIIUHU B
MJIOCKOMY KaHaIi.
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2. MATEMATHUYHE MOJAEJKOBAHHS
2.1 Cucrema BU3HA4YAJbHHUX PiBHAHb
B upomy miapo3aiiai poOOTH HaBOASTHCS PIBHSIHHS MAaTEMAaTUYHOT MOJIENI.
Ilpuxnao:
B sxocti maremMaTtwyHOi MOl TOCTaBIICHOI 3amadl BHOpaHO

piBHsHHA Hap’e-CTokca [jIsi HECTHCIMBOTO CEpENOBHUINA Ta PIBHSHHS
Hepo3puBHOCTi [9-11]:

ov 1

—+(V:v)v=—-Vp+VvAv=0, 1

= (V-v) NG (1)
Vv=0, (2)

1€ V ={Vy, Vy, V.} — BEKTOp WIBUAKOCTI, p — TUCK, p — ['YCTUHA PIIUHHU.

SIKI10 BUKOPHCTOBYETHCS MOJAENb TypOyneHTHocTi, BkasaTu Tun (RAS abo
LES) ta a3y [12, 13]. baxxano HaBecTH piBHSHHS MOJIEJ1 Ta BIAMOBIIHI KOHCTaHTH.

2.2 TI'paHu4Hi yMOBH

HaBoasiThess mouaTkoBl yMOBHM cuUCTeMH PiBHsSHBL (1, 2) Ta yMOBM Ha BCIX
rpanuipix. HeoOXimHO BkazaTu, 10 SAKUX (PI3UYHUX BEIUYMH OyJe 3aCTOCOBAHO
MPUCTIHKOBI (PYHKIII].

2.3 MaciuradoHui aHaJjis

BxkasyroTbcs XapakTepHi MaciuTabu 3ajadi Ta Kpurepii moai0HOCTI.

MopentoBaHHs pi3HUX (DI3UYHUX MPOLECIB BUXOJUTH 3 MOJIOHOCTI SIBUIL, 1110
BUBUAIOTHCA. JIBa sBUINA HA3WMBAIOTHCS TOMIOHWMH, SKIIO 32 XapaKTEPUCTUKAMU
OJTHOTO MOKHA OTPUMATH XapaKTEPUCTUKHU 1HILIOTO HUIIXOM MPOCTOrO MEepEepaxyHKy,
aHAJIOTIYHO TIEPEXOAY BiJl OJIHIET CHCTEMHU OJIMHUIIB JI0 1HIOI. ¥YMOBaMH MOAIOHOCTI
JIBOX SIBUIl € PIBHOCTI O€3pO3MIpPHHUX TMapaMmeTpiB, SKI HA3UBAIOTHCA YHCIAMH
MoA10HOCTI.

MacmTabHuil aHani3 MOCTABJICHOI 3a/adl OOTpyHTOBY€E BHOIp Ti€l, Y 1HIIOI
MaTeMaTUYHOI MOJIEJIi: CTUC/IMBA a00 HECTHCIIMBA, CTalllOHapHa a00 HecTalllOHapHa,
JaMiHapHa abo TypOyJIeHTHa, TOIIIO.
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3. YUCEJIBHE MOAEJIIOBAHHS
3.1 IlinroroBka BUXiTHHMX JaHUX

JIuckpeTHe MpeacTaBlICHHST OOYMCIIOBAIIBHOI 00J1acTi (CiTKa) € CKJIaJI0BOIO
YAaCTUHOK YHMCEIBHOTO MOJICIIOBAHHS 1 3HAYHOK MIPOK BH3HAYae ycmix abo
HEBJIauy YHCEIHHOTO PO3B’SI3KY 3a/1aui.

PospaxynkoBa (oOumCIIIOBaIbHA) CITKA — 1€ CYKYHHICTh TOYOK (CITKOBHX
BY3JiB), IO 3aJaHi B obOyacTi Bu3HadeHHs Aeskoi ¢yHkmii. [Iponenypy moOymaoBu
PO3paxyHKOBOi CITKM MOXHa pO3MJISIIATH SK IMOOYIOBY B3a€EMHO-OJTHO3HAYHOTO
BiIoOpakeHHs o00JsiacTi Bu3HaueHHs GyHKIIT (di3uyHOl 007acTi) HaA JESIKY
PO3paxyHKOBY 00JIaCTh, 1110 Ma€ OUIbII IPOCTY Popmy.

B mpomy miaposnuti poOOTH HEOOXiAHO BKazaTH 3aco0u, 10 OyIio
BUKOPHUCTAHO JIJISI MOOYA0BU PO3PaXyHKOBOI CITKH, Ta OOIPYHTYBaTH CBii BUOI.

3.1.1 I'eomeTpist po3paxyHKOBOI 00J1aCTi

Onucyrorses:
- TCOMETPHUYHI mapamMeTpu 00’ €KTa, 0 JOCHKYeThes (puc. 3.1);
- MeTroj noOy0BU reoMeTpii, Ha Ky OyJie HaKJIaJaaTUCs PO3PaXyHKOBA CITKA;
- cxeMa oIy Ha OJIOKH, SKIO HeoOX1HO (puc. 3.2).

Puc. 3.1 Po3mipu ayioBoi Jidku

12



Z, CM

X, cM

Puc. 3.2 Cxema noainy po3paxyHKOBO1 001acTi Ha OJIOKH
3.1.2 Po3paxyHkoBa ciTka

OnucyroThCa aITOPUTMU Ta TIMOTE3W JUCKPETH3allli CITKH Ta MiJCITOK, METOT
3rymieHHs, Touo. [lokazaTu cxemy nuckperusanii noaioHo a0 puc. 3.3.

W
AR
sl

Afeat

s
AN

Puc. 3.3 CxeMa HeCTpyKTypoBaHOi (a) Ta 6JI0YHO-CTPYKTYPOBaHOT CiTKH (0)

3.2 YmuceanHa moaeib

B nanomy miapo3aini HeoOXiaHO:
—  BKa3aTH MaKeT MPUKIAJHUX MPOTpaM, B SIKOMY OyJIO pPO3B’S3aHO TOCTABIICHY
3amauy;
—  oOrpyntyBaTd BuOip TakeTy 13 TOPIBHMAJIBHOIO  aHa3y CYy4YacHHX
0OYHCITIOBAJIBHUX TEXHOJOTIH;
—  ONHUCATH METOJ YHMCEIbHOr0 MojeatoBaHHs [14-17]:
*  METOJ CKIHYEHHHUX PI3HMIIb — 3aMiHa MOXIIHUX Ha iXHI PI3HUIIEB] aHAJIOTH,
* MeTOA  CKIHYeHHUX  00'eMiB, 10  BHKOPUCTOBYE  IHTETpajbHI
CIIBBIHOIIICHHS JIJIsl TIPUMITHBHUX 00'€MIB,
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* METOJ CKIHYCHHHX EJIEMEHTIB — TPEJCTaBICHHS IIYKAaHOTO PO3B'S3Ky B
BUTJISI/II cynepno3uilii GpyHKIH Gopmu,
*  1HIII METOJU: TUCKpeTHUM MeTo 1 ["anpopkiHa abo KOMOIHAIliT ToNepeaHIX;
—  BKa3aTH MOBY IIPOTpaMyBaHHS;
—  00patu umcenbHy MOJENb (solver), mo peani3ye onmucaHy BHUIIE MATEeMAaTHYHY
MO/JIENb.

3.2.1 Cxemu AuCKpeTH3alil CHCTEMH BU3HAYAJIbHUX PiBHAHb

Heo0xigH0 HaBeCTH BUKOPUCTAHI CXEMH JUCKPETH3allil MOXITHUX 33 4acOM Ta
MPOCTOPOM (JMBEpreHIlisl, TpajiieHT, oneparop Jlammaca), moOpsiIoOK TOYHOCTI, CXEMHU
IHTEPIIOJSLIT HA TpaHi Ta 1H.

VY Bizkputomy makeTi npukiaaHux nporpam OpenFOAM indopmariito mpo
JTUCKPETU3AIlI0 KOXKHOT 3MIHHOI (I3MYHOT BETUYMHM MOKHA 3HAWTH y daiim

system/fvSchemes [18].

Ilpuxnao:
o 3a yacom Oyno BHOpaHO CTaHIAPTHY SIBHY CXEMY IUCKpETH3allil
Efinepa nepiioro nopsjiKy TOYHOCTI.
o  Jluckpertusarlisi rpajii€HTIB:
default Gauss linear — crammapTHa AUCKpeTHU3allisi CKIHUEHHOTO
00'eMy TayCCIBCKOTO IHTETPYBaHHS, IO BHMAarae
IHTEpHOJIALi 3HAYSHB BiJl IEHTPIB KOMIPOK JI0 IIEHTPIB
rpanei [15];
grad(U k,epsilon) Gauss limitedLinearV 1 — cxema miHiMi3alii
noBHoi Bapiaiii (TVD — Total Variation Diminishing)
M1JIBUIIICHOTO TOPSAKY TOUHOCTI [19].
» Cxema auckpeTru3anii TuBEpreHIii:
div(phi,U) bounded Gauss linearUpwind grad(U);
div(phi,k) bounded Gauss upwind,
div(phi,epsilon) bounded Gauss upwind;
o Cxemm mns nancaciana — Gauss linear corrected

3.2.2 Ilpoueaypa cyMiCHOI KOpeKUil MOJIiB IIBUAKOCTI Ta THCKY
OnucyroThecs Mpoleaypa CYMICHOI KOPEKIIii MOJIiB MIBUAKOCTI Ta THUCKY, SKY
MOJKHa 3HaiiTH y Qaitni system/fvSolutions, BUKOPUCTOBYIOUH AJIsi KOMIT FOTEPHOTO

MojetoBaHHs BigkpuTHii maker OpenFOAM [18].
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Haii6inpm nommpeHnMy iTepaliiiHuMi IpOLeAypaMH 7Sl PO3B'SI3KY PIBHSHD
JIUISL IIBUJIKOCTI 1 TUCKY € HACTyIHI [9]:

SIMPLE (Semi-Implicit Method for Pressure Linked Equations) -—
HaIiBHESBHUN METOJ, SIKUH BUKOPHUCTOBYETHCS JIJIsl HECTAI[IOHAPHUX 3a/1a4, BUKOHYE
TITBKH | KOPEKIIifo.

PISO (Pressure Implicit with Splitting of Operator) — HessBHUII METO[ 3B’ SI3KY
MOJIIB TUCKY 1 IMIBUJIKOCTI, IO TMPU3HAYCHUN ISl pO3B’SI3KY HECTAIIOHAPHUX 3aj1ad,
BUMarae Ouibie 1 KopekTopa, aje 3a3Buuai He OibIie 4.

PIMPLE siBnisie co6oro kom6iHaitito PISO ta SIMPLE, BuUKopucTOBYIOTHCS JIs
HECTaIllOHApPHUX BUTIAJIKIB. AJle TOJIOBHA lepeBara 1boro MeToay — (iKkCOBaHE YHCIIO
Kypanrta, mio 3a0e3nedye Kpaily CTIMKICTb PO3B’SI3Ky, OCOOJMBO MpH poOOTI 3
BEJTUKHUMH YaCOBUMH KPOKAMH.

3.2.3 MeToau po3B’I3Ky CMCTEMHU JIiHIiHUX ajre0paiyHuxX piBHSAHb

OnucyroTbCs METOJIA PO3B’SI3KY CUCTEMH JIIHIMHUX anreOpaidyHuX piBHSHbB, K1
3a7ar0Thes y (paiini po3paxyHkoBoi 3amadi system/fvSolutions makety OpenFOAM
[15, 18].

JIJist CHMETpUYHUX MATPUIIb:

- ICCG — meron cnosmyyeHUX Tpadi€HTIB 3 NEpPeT0OYMOBHUKOM THIYy HEMOBHOI
daktopu3aiii XoJaensKoro;

- DCG — meTon criosrydeHUX TPpaii€HTIB 3 AlarOHAIBHUM NIEPE100YMOBHUKOM;

- AMG — anre6GpaiyHuii 6araToCiTKOBUI METO/I.

J17i1 HeCUMETPUIHHUX MaTPHUIIb:

- ICCG — wmeron Oi0-COMyYEHUX TPAMIEHTIB 3 TEepeoOYMOBHUKOM (METOA
HEMOBHO1 (hakTopu3aliii X0JenbKoro);
- Merop [Naycca-3eiinens.

Ipuxnao:

st po3B'SI3Ky OTPUMAHOI CUCTEMHM JIIHIMHUX anreOpaiyHuX piBHSHb
y BigkputoMmy mnaketri OpenFOAM 3actocoByBasiMCsl iTepalliiiHi METOAU
cupsokeHuX rpamieHTtiB PCG  mas  CUMETpUYHHMX MaTpHilb, a I
ACUMETPUYHHUX MaTpullb — MetoA Oi-cnpspkeHux rpaaueHtoB PBiCG. B
AKOCT1 TepeqoOyMOBHUKA JII CHMETPUYHUX MAaTpullb Oyna oOpaHa
nporieaypa DIC, mo 3acHOBaHa Ha CHPOIICHIA cXeMmi HEMOBHOL
dakropuzanii Xonemnpkoro. I[IpemodymoBuuk DILU, B OCHOBiI $IKOTO
cnpomeHa HenoBHa LU  ¢daxropusamis, BUKOPUCTOBYBAaBCS ISt

ACUMETPUYHHUX MAaTPULb.
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3.3 Po3paxyHKOBHUIl eKCIIEPUMEHT

B manomy miapo3naii KypcoBoi poOOTH BKa3yHOThCS:

—  YacoBl YMOBH PO3PaxyHKY: KPOK 3a 4acoM, KIHIIEBUH Yac PO3PAXYyHKY, 3 SKUM
KPOKOM BHBOJMIAcA 1H(opmaris;

—  peXHM 3aIyCKy 3aj]a4i: IHTEpaKTUBHHUIA a00 MaKeTHUH,

—  TapaMeTpu JIEKOMIIO3WIIi PO3paxyHKOBOI 00iacTi, AKIO OOYMCICHHS
OPOBOAWIKMCS B  TapajeibHOMY  PEXHMI, a TaKoX  e(QEeKTUBHICTb
po3mnapancioBaHHS;

— Y4 MPOBOJUBCS KOHTPOJIb 3015KHOCTI pO3B’sI3Ky (puc. 3.4);

—  3HAYCHHS MOXUOKU YHCEIBHOTO EKCIIEPUMEHTY;

—  AKUM YMHOM 3JiiCHIOBasacsa ymoBa 301kHOCTI KypaHnra:

StM
Co=—-<1
Ox

ne Ax — po3mip KOMipkH, At — KpOK 3a 4acOM, V — IIIBUJIKICTb.

Takox HEOOXITHO HABECTH METOJIM OOpOOKM Ta Bi3yaui3alii pe3ysbTaTiB

PO3paxyHKIB.

Residuals
continuity
x-velocity 1e+01
y-velocity
energy
k
epsilon

1e+00

1e-01

1e-02

1e-02

1e-04

0 250 500 750 1000 1250 1500 1750 2000 2250 2500
[terations

Puc. 3.4 Kontpoib 301kHOCTI 00YUCIICHB
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4. PE3YJIBTATHU PO3PAXYHKY

B nanomy posninmi KypcoBoi poOOTH HABOAATHCS PE3YIBTATH PO3PAXYHKY:
nonst (puc. 4.1-4.6), miuii Teuii (puc. 4.7), 13onoepxHi (puc. 4.8), rpadiku
3anexxHocTi (puc. 4.9-4.11), Tomo. PucyHku NmOBHMHHI MaTHh MOCHJIAHHS B TEKCTI 1
CYIpPOBOJIKYBATHCSl SIKICHUM Ta KUIBKICHUM aHaJIi30M OTPUMAaHHMX pe3yJbTaTiB,
HANPUKIIAJ, SIK 3MIHIOETBCA TOJIE TUCKY 3 4acoM, abo SIK CTPYKTypa Teduii 3aJeXHUTh
BiJ uncia PeitHonbca.

PekoMeHayeThCsl MPUAUTUTH yBary oOpoOLi Ta Bi3yami3alii pe3ysbTaTiB
po3paxyHKy (postprocessing) [1, 18, 20-22], o BKiOUaE:

—  pO3paxyHKH MOJIB JOJATKOBUX (PI3UYHUX BEJIMYMH, IO HE BXOASATH B CUCTEMY
PIBHSIHB: 3aBUXOPEHICTh, IpadleHTH (HI3UYHUX BEJIWYUH, KOMIIOHEHTH TEH30pa
HarnpyxeHb PeitHonbica Ta iH. (puc. 4.4; 4.6; 4.9, 6);

—  aHaji3 Mmpolecy eBoJiolii (I3MYHUX BEJIMYMH B KOHTPOJIBHUX TOUYKAaX 3 METOIO
BU3HAYCHHS CTAI[IOHAPHOCTI mportiecy (puc. 4.9);

—  pO3paxyHKH IHTErpajbHUX (PI3UYHUX BEIMYMH: KOE(DILI€HTIB OMOpy TepTH,
MIIHOMHOI CHJIH, TeIIOBiAaYl, Tomo (Tadmuis 4.1; 4.2);

—  TOPIBHSIHHA PE3yJbTATiB PO3PAXYHKIB 3 BIIOMUMH B JITEPATYPl TEOPETUUHUMHU
Ta EKCIEPUMEHTAILHUMU JaHUMHU (puc. 4.12).

lx

— $9e+00

Puc 4.1 Po3noain TUCKy Ha MOBEPXHI KUTa B MOMEHT 4acy f = 16 ¢
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Puc. 4.2 Tlose Moyst IBUIKOCTI Puc. 4.3 ITone Temneparypu pu Re = 8-10°

0)
Puc 4.4 MuTTeBi 10JIs MOMEPEYHOT KOMIIOHEHTH 3aBUXPEHOCTI M,

Film Cooling Effictiveness
Plane 9

1.000e+00
7.500e-01
5.000e-01

2.500e-01

0.000e+00
[mA2 s7-2]

Puc. 4.5 Po3nosain nosst KiHeTu4HOi eHeprii  Puc. 4.6 JlokanpHa e(heKTUBHICTH
TypOyJIE€HTHOCTI k TIJIIBKOBOT'O OXOJIOIKEHHS
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VelocitP(
Streamline 1

. 4.010e+01

3.008e+01
l2.006e+01
|
|
AL \\
1.003e+01 || ; \ \
7.594e-03

[m s*-1]

Puc. 4.7 JIinii Teuii

a) 0) B)
Puc. 4.8 I3onoBepxHi @ = 0.3, 110 po3aAUIAIOTH (pa3u BOIU Ta MOBITPS
B MOMEHT "acy ¢ = 2.6 ¢ (a); 5c(0); 10c (B)
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t’ C T T T T T T
=75 T T T T 1 0 2 4 6 8 10

Puc. 4.9 3anexHicts TUCKY (@) 1 MIITLHOCTI TETIOBOTO MOTOKY (0) Bix yacy
B KOHTPOJIbHIN TOUIIi 3 KoopauHatamu (8;0;0) mm

:Z: Chart arc 1.7 :zps‘bn 164 TR

N Vel — 1] Ty

) o T U0z

400 ol

300 4l

o) .

WEO-N 04

50 -5

A 0z U4 U6 08 I 12 14 1) * u udus uli udis uliz

Puc. 4.10 I'padik 3mian piznaHuX Puc. 4.11 Po3noain mo3moBKHBOT
BEITMYMH B3JIOBXK Bipi3Ka KOMITOHEHTH mBUIKOoCTl U, B
(-0.5;0.0;0.3)-(1.0;0.0;0.3) HEHTPaJIbHOMY Mepepisi
Taomung 4.1

KoeditienTr iHTErpaIbHUX CHUJI 110 TTIOBEPXHI JomacTei

# Time |Cm |Cd IC1 ICl(f) Cl(r)
3irHyTa 10NacThb
1.7l 5.73E+04] 2.05E+02| -1.91E+01] 5.73E+04| -5.73E+04
[Tpsva nonacte
1.7 9.67E+03| 3.46E+01] -1.36E-02| 9.67E+03| -9.67E+03
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KoHBEKTHUBHUI TETIIOOOMIHY TIPH PI3HUX PEKUMAX TeUii

Taomurs 4.2

Bt
Re Numodel Nutheory q, )
M
7,69-102 13,12 12,24 3200
3,84-10° 33,6 31,21 8200
7,69-10° 55,3 47,34 13500
—a— theory
60 —e— model
50
40
Z 30
20
10
0 ' 10I00 I 20|00 I 30|00 ' 40'00 ' 50|00 ' eoloo I 70|00 I 80|00 '
Re

Puc 4.12 IopiBHSIHHS TEOPETUYHOI 3aieXHOCTI uncaa Nu Bij uncia Re ta

pCBYJIBTaTiB KOMH,IOTCpHOI‘O MOACIIIOBAHHA
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BUCHOBKHA

3aranbHi BHCHOBKHM € 3aBEPIIAIBHOI0 Ta BAXKJIMBOK YACTHHOIO KYpPCOBOI
pobotn. Ha migcTaBi OTpUMaHUX peE3yibTaTiB HEOOXITHO 3pPOOMTH OCTATOYHI
BHCHOBKH IIOJI0 ONITUMAIBHOTO BUOOPY TaKUX CTPYKTYPHHX €JIEMEHTIB 00y 10BaHOT
KOMIT' FOTEPHOT MOJIEl JOCHIIHKEHOTO (PI3MYHOr0 SIBHINA SIK: CTPYKTypa Ta PO3MIp
CITKH, MOJENbh TYpOYJIEHTHOCTI, ampoKCHUMAIlIiHa cXeMa Ta 3aiSHAA YUCIOBHMA
METOJ PO3B’S3KY 3a KPUTEPISIMA TOYHOCTI PO3PAXyHKY 3 TOUYKH 30py WOTO
CITPOMOYKHOCT1 BIJTBOPIOBATH BH3HAYabHI BigoMmi (Di3UYHI OCOOJMBOCTI Tedii Ta
Horo TpUBAJOCTI, a TaKOX CTYMHIHb peajizalii MOCTaBICHOI METH. Y BHCHOBKax
HEOOX1JITHO HaroJIOCHTH Ha SKICHUX Ta KUIBKICHUX TIIOKa3HHUKax 3J00yTUX
pe3yJbTaTiB, OOTPYHTYBATU JOCTOBIPHICTh PE3yJIbTATIB.

BucHOBKM Kpallle TPEACTaBIATA y BUTISAAI TMOCTIJOBHO MPOHYMEPOBAHUX
aozamiB. Ilpu 1boMy ko)keH a03al] Ma€e MICTUTH OKPEMHH JIOT1YHO 3aBEpPIICHUI
BHUCHOBOK UM PEKOMEH/IAIIIIO.
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10.
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12.

PEKOMEH/IOBAHA JITEPATYPA

Enexrponnnii pecypc — https:// www.openfoam.com/

Enextponnuii pecypc — https:// www.code-aster.org

Enextponnuii pecypc — https:// www.code-saturne.org/

Enextponnuii pecypc — https://freefem.org/

Enexrponnuii pecypc — https:// www.ansys.com/
Enexrponnuii pecypc — https://flowvision.ru/
Enexrponnuii pecypc — https://www.simscale.com/

MetoauyHi BKa3iBKM [0 BHUKOHAHHS JUIUIOMHOI poOOTH OakamaBpiB IJst
ctyaeHTiB cnemianbHocTi  6.040204 «IIpuknagna ¢izuka» [EnexrpoHHwmit
pecypc] / KIII im. Irops Cikopcekoro ; ykmaa.: T.B. lonuk, A. B. I'ipuyk,
B. C. Tkau — Enextponni TekctoBi aani (105,86 Ko6aiit). — Kuis, 2019. — 40 c.
https://ela.kpi.ua/handle/123456789/30047

Mathematical Methods in Engineering and Applied Sciences. — Ed. by H. Dutta.
— CRC Press, 2020. — 308 p. — ISBN-10: 0367359774, ISBN-13: 978-
0367359775

Mexanika cyuuibHuX cepenoBuil [Texcr] : migpyunuk / II. Tpoxumuyk ;
CxinHoeBporn. Hail. yH-T iM. Jleci Ykpainku. — Jlynek : Bexa-/lpyk, 2018. —
166 c. — ISBN 978-966-940-114-4

MexaHika CyIIIBHHUX cepenoBuill — 1. MexaHika CyHUJIbHMX CEpPEOBUINl B

IHKEHEePHUX po3paxyHKax [EnexTponnuii pecypc] : TEKCT JIEKITIN ISl CTY/ICHTIB
cnemianbHOCTI «[ amy3eBe MalmIMHOOYAYBaHHSA», croerjamzanii «HXuHIpUHT,
oOnanHaHHS Ta TEXHOJOrll BHUPOOHUITB TMOJIMEPHUX Ta OyAiBEIbHUX
matepiaiiB 1 BupoOiB» / KIII im. Iropst Cikopebkoro ; ykian.: O. C. Caxapos, A.
4. Kapsanpkuii ; pen. [. O. MikynboHok. — Enextponni TekctoBi aani (1 daiin:
1,38 Mb). — Kui : KIII im. Irops Cikopcbkoro, 2017. — 233 c.
https://ela.kpi.ua/handle/123456789/19011

KapBanpkuii, A. 5. Mexanika cyunuibHuX cepenoBuil — 2. Hemiuiitni 3amaui

MEXaHIKH CYNUIbHUX cepeaoBuil. KOHCIEKT NeKIii 3 HaBYaIbHOI AUCIUILTIHH
[EnexTponHMit pecypc] : HaBUaldbHHUM MOCIOHMK JUIA CTYJEHTIB CIIELIaJbHOCTI
133 «["amy3eBe MamMHOOYyBaHHs», crerianizaii «HKUHIPUHT, KOMIT I0TepHEe
MOJICTIOBaHHSI Ta TMPOEKTYBaHHS OOJIaJIHAHHS BHUPOOHUIITB TMOJIMEPHUX 1
OyniBenpbHUX MatepiamiB 1 BupoOiB» / A. S. KapBaupkmii ; KIII iM. Irops
Cikopcrkoro. — EnextponHi TekctoBi fgaHi (1 daiin: 2,42 Moaiit). — Kuis : KIII
M. Irops CikopchKoro, 2018. — 94 C. —
https://ela.kpi.ua/handle/123456789/23918
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13.

14.

15.

16.

17.

18.
19.

20.

21.
22.

XamatoB, A. A. OcHoBu Teopii npumexxkoBoro mmapy [Enexrponnuit pecypce] :
HaBYAJIbHUIN MOCIOHUMK ISl CTYJeHTIB crerianbHocTi 105 «Ilpuknagna dizuka
Ta HaHoMarepiam» / A. A. Xanaros, €. B. Mouanin, H. ®. lumutpiea ; KIII
iM. Iropst Cikopcekoro. — EnexrponHi TekctoBi gani (1 ¢aiin: 2,86 Moaiit). —
Kuie : KIII im. Irops Cikopcekoro, 2019. — 191 c¢c. -
https://ela.kpi.ua/handle/123456789/26035

3agaunH B. M. UncenbHi MeToau : HaBYAIbHUM nocioHuK / B. M. 3agaunn, 1. I
Konromenko. — X. : Bua. XHEY im. C. Ky3nens, 2014. — 180 c.

Meroau oOuucnenb: Yactuna 1. UucenbHi metonu anreOpu [EnexTtponHMit
pecypc] : HaB4. moci6. mis crya. cremiansHocTi 113 «I[Ipuknaana MmaremMaTukay,
criemiam3aiii «Hayka mpo gani (Data Science) Ta MaTeMaTHYHE MOJICITFOBAHHS
/ KIII im. Iropst Cikopcebkoro ; yknaz.: B. B. Tperunuk, H. J1. Jlrobamenko. —
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Homatox A

MiHicTepcTBO OCBITH 1 HAYKH Y KpaiHU

HamionaneHuii TEXHIYHUM YHIBEPCUTET Y KpaiHH
«KuiBChKUM MOTITEXHIYHUN IHCTUTYT iMeH1 [ropss CiKopchbKOTO»

Di3UKO-TEXHIYHUN IHCTUTYT

Kypcosa po6ota

3 TUCHUILTIHU «MoaentoBaHHs (PI3UUHUX MPOIIECIBY

Ha TeMy «Moae/l0BaHHA HEeCTAalliOHAPHOI Tevil HABKO0JI0 HWIIHAPY»

BukoHnas:

Crynent IV kypcy OTI
rpynu

(ITpizBuiue 1.B.)

[Ipniinss:

ac. ka¢g. ®EC Jumutpiera H.O.
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