OKYHWBbIJIAPABIH IIbIFAPMAIIBIJIBIK KABIJIETIH JAMBITYJIAT'BI
BUOJIOI' USIHBIH MAHBI3bI

Amnyaposa JI.E., 3aykpimOexoBa I".C., [1laiixeimOexoBa I'.b.
Kazak MemiekeTTik KpI31ap MneaarorukaiblK YHUBEPCUTET]

AHHoTanusi: byJ1 Makanaj a MEKTEINTeT1 OKyIIbUIAP/IbIH OKY MaTePHAIIBIHBIH YJTiCI apKBLIBI
JKOFaphl TaHBIMJIBIK OpPEKETTEePAiH HOTHXKECIHIAe Oip HeMece OipHele MOCeleHl MIenryre
MYMKIHIK OepeTiH OHMOJIOTHSHBIH OKYIIBUIAP/BIH MIBIFAPMAIIBUIBIK KAaOIIETIH JaMBITYIaFbl
MaHBI3BI KAPaCTHIPBLIAIBI.

Pe3tome: B oT0ii cTatbe o0OCyk1aeTcst poib OMOJIIOTUN B Pa3BUTUH TBOPYECKUX CIIOCOOHOCTEH
yYalIuxcs, MO3BOJISAIONIAs PEIIUTh OJHY WM HECKOIbKO MNpoOjeM B pe3ylbTaTe BBICOKHX
MI03HABATENbHBIX JIEMCTBUI C MOMOIBIO0 MOJEIH YUeOHOTr0 MaTepHasa yqamierocs.

Summary: This article discusses the role of biology in the development of students creative
abilities, which allows one or more problems to be solved as a result of high cognitive actions
using the model of the students educational material.

Mexkren-enimMi3aiH  Xalblkka OimiM  Oepy kyHeciHiH — Kypaeni TapMarbl. COHIBIKTAH
MEKTeOIMI3IIH MaKcaThl: JKEKe TYJIFaHbl JXKaH — JKaKThl JaMBITYIBIH aJFbl IIapThl pETiHIe

OKYIIbLJIApABI CapaliTall OKbITY apKbUIbI HIbIFapMalllblUIBIK Ka6iHCTiH JaMBbITY KaXXCT.

Enimi3miH  >kapKelH OoJamiarel, ©3iMi3MiH KBI3MET ICTEN J>KYpPreH MeKTen Ooamarbl Oi3/iH
yCTa3ap/ablH 13/IeHICiHe, Oamanapra JIereH CYWICICHIIUTIriHe, KOCINTIK JeHreline OalaaHbICThI
€KeHiH kakchl TyciHeMi3. LIIbIHABIFbIHAA MYFATIMHIH aJbIHIA OKyIIbLIapFa OiTiM MeH TopOue
Oepyze YJIKeH jkayankepiitik Typ [1].

1. OKymIbLIAPABIH JAPbIHABLILIFBI MEH HIBIFAPMAIIBLUIBIK KaOlJIeTTepiH apTTbIpy

JKOJIIApbI
OpOip OKYIIBIHBI OKBITHIN, TopOuWeneyre OalaaHBICTBI MOceNeNepAl  ©3IIriMEeH  KoHe

HIBIFAPMAIIBUIBIK BIHTAMEH HIeNTyTe KaOlIeTTi )KaHaIIbIT MYFalliM KepeK.
OKymIbIHBIH OUTIM camachlH KOTEpPYy HEri3ri Makcar. bi3 COHFBI HOTHIXKE CHIIAThIH, MEKTEIl

TYJIETiHIH OUTIMILTIr YATICI apKbUIBI KYPIBIK.
bi3nin oxymblIapra KOATHIH TajdaObIMBI3: - KOpIIAaFaH OpTaHbI ce3e OuTy, KyObUIbIC cebenTepin

137eHe OUTy; - aKplI MapacarThl Urepin, onjay, ce3iM KablIeTTepiH apTThIpy; - ©31H-031 Taiaay,
e3iH-031 Oaramaii OuTymi MeHrepy, - 0Oacka amamaapMeH KapbIM-KaTblHAC jkacail Oury; -

KOpIIIIaFaH OpTajia 03 OpbIHIAAPBIH, )KEKE POJIJIEPIH aHBIKTal OLTY;

ByriHri *kac yprakka »KaH-)XaKTbl 011iM Oepy, TopOueney apoip ycras3nsiH 0acTbl MiHAeTi. binim
HET131 MEKTEeNTe KaJlaHaTbIH OOJATBIHIBIKTAaH, OKYIIBIHBIH KEKe TYJIFaJbIK KYILIiH 1aMBITY, OHBIH
IIBIFAPMAIIBUTBIK MYMKIHAITIHIH JaMybl 0acTbl pes aTtkapein oThlp. Omait Oojca, Kaszipri
ycTa3lap KaybIMbIHBIH aJABIHIBIFBl YJIKEH MaKcaT: eMipiH OapiblK callachlHAAFbl OesiceH.l,
HIBIFAPMAIIBUIBIK 1C-OpeKeTiHe KaOUIeTTi, epKiH KOHE *KaH-KaKThl JKETUITEH TYJIFa TopOueney.
byn makcatka keTyne ycrazmap TepeH OUTIMIII, 9IICTeMENTiK JKaFbIHAH TOJIBIK KapyJiaHFaH JKOHE
KOFapbl MOJICHH JeHreui 0omybl Thic. Cebebi, OMONOTHS MoHI MyFalliMi OKYIIBIIAPIBIH OKyFa

JIETEH BIHTACHIH OATHIIN, OJIAPJBIH KaOUIETTepiHIH JaMyblHA XOJ amajabl. MyFaixiM alFamikel



cabakraH Oactamn opOip OKYIIBIHBIH KEKe epeKIIeNiKTepiH, bIHTaChl MEH OeHiM/IUIIriH, OKy MEH

eHOEKKE YKBINTBUIBIFBIH €CKEpPE OTBIPBIN OKY YPAICIH XKYPri3yi Kepek.

Eptenine maifbIk ypriak TopOMENIeMETeH eliH KeJelleri )KOK JeCeK, COJ YPIIAaKThl TOpOueeyieri
ycra3 eHOeri — yibl eHOeK. «¥CTa3blH ChlilllaMaraH €JJIiH YPIarbl a3ajb», - JICHII XaJbIK
naHanblFbl. OChbIFaH OaJIaHBICTHI IIBIFAPMAIIBLIBIK, 137ICHIC JIETCH 9P YCTa3/bIH aJJIbIH/Ia TYpFaH

YJIKEH MIHJET JIeT OMITaiiMBbIH.

[IerrapMammbUIbIK — OYJT aJaMHBIH ©Mip IIBIHBIFBIH/IA ©31H-031 TAHYFa YMTHLTY, 137IeHy. OMipe
TYpBIC KOJ Taly YIIiH agaM JIyphIC O TYHII, ©3/IrHEeH camaibl, el MenrMaep Kaobuiaai
Oimyre yipeHyi KaxeT. AnaM OOWBIHJaFbl KaOIJIETTEPIH TaMBITHII, OJApAbIH ©Mip/IeH 63 OPHBIH

TabyFa KOMEKTECEe/Ii.

«IIprFapManIbIBIKY) VFBIMBIHBIH JKalmbl TeopusicklH 3epTrrereH C.JI.PyOMHIITEHH «OKYIIIbI
IIBIFAPMAIIBUTBIFBIHBIH ~ €PEKIIeNIrT OHBIH camalbl TYpJAe MAaKCaTThl OpeKeT jKacaybIMEeH
AHBIKTAJIAAbD» - IEH KeJle, «IIBIFapMaIlbUIBIK, MIEMTIMIHIH HOTH)KEC1 OalaHbIH 031 YIIIH KaHAIBIK
0oJica JKEeTKUTIKTI» eKCHIITH aWTajbl, SFHU OajaHbIH MIBIFApMAIIbUIBIK OHIMIII €HOET1 OHBIH

KEKe TOKIPHUOECIMEH CANBICTHIPBLIABI [2].

2. buojorus caﬁarbm)la OKYWIbIAPABIH TAaHBIMABLIK KbI3BIFYHILLJIBIFBIH aAPTTBLIPY

JKOJI/IapPhbI.

buonoruss moHIH OKBITY YIEPICIH JKETIAIPYy OKYIIBLIAPIBIH TAHBIMABIK OCJICEHIUTIrT MeH
13ICHIMIA3ABIFBIH apTThIpyFa HerizaenreH. OKy — TaHBIMJIBIK KbI3MET OaphIChIHJA OKYIIbLIAP
KKETT1 KeleMeri OUTiMI1 Urepirn KaHa KoWMacTaH, TAaHBIMIBIK KaO1JIeTi MEH HIBIFapMAaIllbLIIbIK

oiliaysl 1a TaMbIThLIA bI.

OKymIbUI1apAbIH TAaHBIMJIBIK KBI3BIFYIIBUIBIKTAPBI: - TaHBIM YpIICiHIETi OelceHauir, - ourimre
KBI3BIFYIIBUTBIFBI; -03/IIT1THEH 13CHYIIUTIK OPEKET *KacayFa bIHTACKL, - OKY TaHBIM/IBIK KBI3METTET1
HETI3ri TYHIHII MOCeNeHi aHbIKTay Oumiri; -urepinreH OumiMai Tanmail Oumyi; - 3 ic-opeKeTiH

Oakpuiay, Oaranay KepceTKimTepinae oepineni;

OKymIbUTapABIH TaHBIMIBIK KbI3BIFYIIBUIBIFEIHBIH €H KOFAPFbl JEHTeil TaHBIMIIBIK MIHIACTTEP/l
O3IrHEH IIeNIyAe VTHIMABI JKOJNIApAbl KojjaHa OiUTyMeH, J>KaHaHbl OuTyre JereH
KBI3BIFYIIBUIBIFBIHBIH JKOFApbl OONMYBIMEH XOHE ©3 iC-opeKeTiH Oakbuiam, Oaranail OimyiMeH
cunattananbl. Opra AeHTele OKYIIbl TaHBIMJIBIK 1C-OpPEKeT JCHIeHiH O3IrHEH OpPBIHIAY/IbI
OKBITYIIBIHBIH KOMET1H KaKET €TylMEH CHMNATTaJIaJlbl, TOMEHT1 JIEHIeiIe OKYIIbl TarChIpMaHbI

KalTallayMeH HIEKTENII, OKBITYIIIBIHBIH KOMETriMEeH OpBhIHAaN b [3].

OKyIIBIHBIH Oiiylay KaOUIeTiHIH JaMy KOJIIAPBIHBIH aJIFbl MAPTTAPBIHBIH Oipi-OKYIIBIHBI MTOHTE
JIeTeH KbI3bIFYIIBIIBIFBIH aHBIKTAY, TOpOUETeY, KETIAipy, OHbIH OONBIHAAFBl €peKIle KacHeTiH
KepceTyre, aMbITyFa MYMKIHIIK KepceTy. OChl KaFuIaHbIH HETi3iHAEe epekiue Kalineri Oap
Oananap 13A€HIC XXYMbICTapblHa O€JCEHEe KaThIChIN TapTbulaibl. OKyIIbUIApAbIH MOHIE JETeH
TEpeH KbI3bIFYIIBUIBIFBIH ~ OSATY  YIIIH, OJIApJABbIH TaHBIMIBIK OEJICEHIUNriH TaHBITYAA
OKYIIBUTAP/IBIH OJIAPIBIH KAC JKOHE KeKe 0ac epeKIeNiKTEepiH €CEeNKe aja OTBIPHIM, KaJIIbI
OeJICeHITITIH, NepOecTIiriH, »eKe BIHTAChl MEH IIBIFAPMAIIBUIBIFBIH JaMBITYFa JKaFmaau

KACaWTBIH JKOHE KOCHIMINIA Kypajaaplsl 13lecTipy KaxkeT. TaHbIMIBIK KbI3BIFYIIBUIBIK -



TYJIFaHBIH KOpIIaFraH OPTaHBIH 3aTTapbl MEH KYOBUIBICTApbIHA IPIKTENTeH OaFbITTHUIBIFBI. By
OarbITTBUIBIK TaHYyFa, >KaHAIbIKKA TEPEHIPEK JKOHE TONBIK OuTyre JereH YMTBUIBICIICH
cunarranaapl. TaHBIMIBIK YAepic KyHeni TypAe HbIFas KOHE JaMH OThIpbIN, Oajara JereH
KaFbIMJIbl KapbIM-KaTbIHacKa Heri3 Oomazapl. OKyIIbUIapJa TaHBIMIBIK KbI3bIFYIIBIIBIFBIHBIH
Oonybl-onap/blH cabakra OenceHal, OUTIMIHIH camanbl OOMybIHA, OKyFa >KaFbIMJIbI TYPTKICIH
KQJIBINITACTBIPYFa, OKBITY YACPICIHIH THIMIUITIH apTThIpyaa, OEJICEHIl OMipIeH MO3UIUSHBI
ycrayra MYMKiHIIK Oepemi. OKymsiiapAblH OHMOJIOTHUSHBI OKY OapbIChIHIA TaHBIMABIK ic-
OpEKETTEPiH apTTHIPY VIIIH OWBIH JIEMEHTTEPiH KeHiHEH Mainananyra 6omaapl. CabakTa OWBIH
ANIEMEHTTEPIH Maiiajgany cabaKThIH MAaKCaThIH TYCIHIIpyre MKEeMJIUTIK JaFAbUIapblH JaMBITyFa
KeMekTecel. FhulbIMU TeXHHUKANIBIK MPOrPECTiH OTe IIAMIlaH KapKbIHMEH JaMybl Od eHOeriH
YKOHE OKBITY YPJICIH camajbl TYpJe >KeTUIAIpin, KypAesdi mpoOieMaHbl ISyl Y3MIiKCi3 Olmim
OepyaiH >KaHa TypJiepl MEH THIMAL SIC - TOCULAEpIH Taybll, ONapAbl ic-ToXKipubere eHriy,
OKYIIBUIAP/IBI ©3/IITTHEH JKOHE IIbIFApMAIBLUIBIK OKyFa YHPETyTe Tayam eTill oThIp. OKYIIbIHBIH
OUTIMIe KYIITApJIBIFBIH OSITBIN, OEICEH/I1 OM-OPEKETIH YKATTHIKTBIPHIM, ajlFaH OUTIMII TEpEeHIETY
MaKcaTbIHJIa 63 OCTIHIIE 13/IeHYIH KaJaFrajail OTBIPHIN, ©3/IiK )KYMBIC jKacayFa KoHe CTaHIapTThI
eMec ecenTepiAl ImbiFapa Oimyre Oayimy kepek. Byrinri TaHma emiMi3miH Kaid JeHrediHme
00JIMachIH OKYIIbUIAp OUTIMIH TeKCepyAiH HEeTi3ri TypiepiHiH Oipi TecTiney oiici OOJBII OTHIp.
Byn onictiH OipiHmiaeH, OKyIIbl OUTiMIH Oarajayra MyFaliMHIH CYObEKTHBTIK KO3KapachIHBIH
ocepi OoMMaybIH KaMTaMachl3 €TCe, KIiHIINJICH a3 YaKbIT 1IIHIE KeJeMJl MaTepuaigap KaMTH
OTBIPBIN, OUTIM JACHIeHiH XKbUIAaM TEKCEpil WIbIFyFa MYMKIHAIK Oepeni. JYKaiambl OKYyIIbI
cabakTaH TbHIC >KYMBICTAp apKbUIbl IIBIFAPMAIIBUIBIK KAaOLIETIH NaMBITy YIIIH TE€K MEKTel
npoOsemMachiHa CyileHOel, KOCBhIMINA 137CHY JKYMBICTAPhIMEH aifHaibicy Kepek. OKyIIBIHBIH
IIBIFAPMAIIBUIBIK  13/IeHICKe Oayiy, TaHBIMABIK KaOiJeTTepiH JaMBITy MakcaTblHIa cabax
OapbICBIHAA TYpPJAl TAHBIMIBIK OWBIH TYpJepiH TMaiiianaHy KOHE JIOTHKAIBIK KbI3BIKTHI
CYpaKTapAbl MIeNyAiH THIMALUTT 30p. OKynbUIapFa skaHa cabaKThl TYCIHIIpreHae *oHe OeKiTy
Ke31H/Ie, KBI3BIKTBI €CEnTepii Taiaay, OMOJOTHUSIIBIK IUKTAHTTApbIH KayaOblH Taly Ke3iHme
ClTai1 apKbUIBI TYCIHAIpiJICE, OKYIIBIIAP OIpIHIIIACH, THIHAAY apPKbUIbI, €KIHIIIICH, KOPY apKbLIbI
ocep anbll, ecTe *kakchl cakraiapl. OKylIbUIapbl OKY KbI3METIHIH MYJJeci MEH MaKCaTbIH,
oJlapJbl ICKE achIpy 9MICTEPIH KaJbINTACTHIPY YIIIH, €H ajJAbIMEH OJapAbl KbI3BIKTBIPY KEpEK.

KpBI3BIKTBI )KYMBICTAp — OWIBI, 3CHIHI1 VIITANTIBI.

OKyIIBIHBIH JKEKE TYJIFACBIH PYXaHU QJIEMiH, BIHTAChl MEH KaOileTiH MambITy - OutiM OepymiH
Oactel MakcaThl. Cebe0i, Kor KarJaia OKyIIbUIap ©3/ITiHEH 13/ICHII XKYMBIC icTeyre, OuTiMai
ToXipubene, eMipae o3 OeTiHIIe mainanana Ouryre marnpiianOaiabl. Ockl TYHiHII MoceneHi
IICHTy JKOJBIHAA OKY MaTepUalblH TYCIHIIPY Ke31HJe OKYIIbUIAPABIH CEe3IMiHE BIKIAN €Ty
apKBLIBI OJIAPbI BIHTA-BIKBUTACHIH, KBI3BIFYIIBIIBIFBIH apTTRIPYFa KOHLT 06y KaxeT [4].

OKpITy yAepiCiHIE OKYyIIbUIApJAbIH ajJfaH OUIIM MEH Jar[blUIapblH TEKCepy JKoHe Oarasay
HOTHIKECIHJIE TEK OKYIIBIHBIH OUTIM JCHTeWiH FaHa aHbIKTaMai, COHBIMEH KaTap OKYIIBIHBIH
XKIOepreH KaTelepiH TaljaraHna, KOJJIAHBUIFAH OJIC-TOCUIACpiHe, OepuireH TarchlpManiapra
Ty3eTynep eHrizemid. CoHJa OKYIIBIHBIH €3 OeTiHime OuTiM amyfa, KiOepreH KaTeciH e3i
X)eHJeyre OenceHaitiri apransl. JKibepreH Kareiepai €CKepTill, OKYIIbUIAp TCOPHUSUTBIK Tallaay

JKacarl, OKYJIBIKIICH KYMBIC JKacCall, OKYy MaTCPpHUaJIbIHbIH KaHgau TYleepiH €CTC CaKTay KCpCKTiI‘ 1H



Oiyre, OKYIIBIHBIH ©3 MYMKIHAITIH Oaikarm, OHBI opi Kapail TYCiHyiHe KeMeKTeceMiH. Yiire
OpbIH/ayFa OepiireH TarchlpMalap apKbUIbl OKYIIBLUIApIBIH 63 OETIMEH >KYMBIC iCTEyiHE op-
TYpJIi ICHrelie YHBIMIACTHIPHII, JKaTTBIKTHIPY, OCKITY, KalTajay MakcaTblHa ©TKi3lieal. benrimi
nemaror JI.C.BeIroTCKMii OKYUIBIHBIH ©3 O€TIHIIE TalcChlpMaHbl OpBIHIAAYbIHA O31PIITiHIH
JopexeciH atanm KepceTkeH OonatbhiH. Ochbutaiiina Oyi1 931piiKTi €Ki Ke3eHre Oesiesii: OKYIIbI
TarchIpMaHbl MYFaJTIMHIH KOMETIHCI3 OPBIHAANIBI, 9pi Kapail MyFaJliMHIH KOMETIH KaXeT €TeTiH
KUBIHBIPAK TarchipMa Oepy Kepek, SFHU jKaHa TaHBIMJIBIK Mocelie KOMbUIaabl, Oy OKYIIBIHBIH
aKplJI OWBIHBIH JaMybIHA KoT keMek Oepeni. Kasip Oinmim Oepy yaepiciHe jkeKe TYJIFaHbIH pyXaHd
KaFbIHAH KAJBINTACYbl, OKYIIBUIAPABIH HMHTEJUICKTIH, MIBIFAPMAIIBUIBIK OWIAybIH IaMBITy —
OapnbIK OKBITY MEH TapOue ynepiciHiH e3eri 6oibin oTelp. Kenec memarorsr I1.I1.broHCKMiA:
«Erep exi MyfrajgiMHIH TOHACPIHIH OuTiMaepi, dmicTeMenepi, TocUAepai KOAaHybl Oipaei
Ooica, OHAA JKaKChl MyFaliM MEH Hallap MYFaliMHIH aWbIpMallbUIBIKTAphl Hene? » JIeTeH
Cypakka ObLTail: «OKaKChl MYFaJliM YIIiH OapibIK OKYIIBIIAP Op-TYpJii, OipAeii KoK, aj Hamap
MYFaJliM YIIiH O0apiblK OKyIIbLIap Oipaei» aen xkayan Oepeni. Myramimai Topoueneit keme T1.I1.
BroHCKUil: «OKYIIBIHBIH OPKAHCHICHIHBIH JKEKE EpEKIICTIKTepiH YHpeTy Kepek», - IeHi.
buonorust cabakTapelHIAFbl TAHBIMIBIK  KBI3BIFYIIBUIBIKTEL  JaMBITyFa  BIKMAl — ETCTIH

KaFaainapapl yi Tonka oeiryre 0onabl.

BipiHmi Tom - OKy MaTepHalbIHBIH Ma3MyHBIMEH THIFbI3 OaiyaHbIcTbl. OFaH Ma3MYHBIHBIH
YKaHAJIBIFBI, MEHTePIITeH OUTIMAEPl KaHAPTY, XabapiaaHaThlH MaTepHalFa JeTeH TapUXH TOCLI

JKaraabl.

ExiHmn Tom — OKbITY yAepiciH yibIMAacTeipy. MyHIa ©31HAIK *KYMBICTBIH TYPil HbICAaHJapbIH,
poOJIeMaIbIK OKBITY/bI, 3€pACICHETIH MaTepHayllapFa 13[EHYIIUNK TOCUI, IMIbIFAPMAIIbLIBIK

KYMBICTap/Ibl XKaTKbI3yFa O0Ia IbI.

Y= TOI - OKYIIBUIAPEI MEH MYFATIMACP apachlHa KAIBIITHICATHIH KaphIM-KaThIHACTApMEH
aHBIKTANabl, MYH/IAa OKYIIBLIAP/IBIH KaOl1eTTepi, MyFalliMHIH ©3 TIOHIHE JIET€H KbI3bIFYIIbUIBIFHI,
OHBIH OKYIIBLJIApFa YHEMi KOMEKKe NailblH TYpybl OJIapJbIH KYIIi MEH MYMKIHJIKTEpiHE JeTeH
CEeHIMIH >KaTKpi3aabl. OKyIIBUIAPJBIH CcabaKTarbl TAHBIMIBIK OCJICEHIUTITIH ©31HIIK JKOHE
HIBIFAPMAIIBUTBIK KYMBICTAp/IbIH alyaH TYpJIEpiH MaiianaHy >KOJbIMEH A€ apTThIpyFa Oonaibl.
M.M.MyKaHOB ©3iHIH <0Kac >KOHE TMEJarormKaiblK TIICUXOJOTHS» €HOETIHIE MEKTEeNTe
TarChIpMaHbIH Oanajapra €Ki TYpJi KOJIMEeH OepisieTiHi KepceTiieni: OipiHmmiaeH, OepinreH
TaTnCBIPMaHbl OPBIHAAY YIIIH KayanThl O0ana e3/iriHeH i3aectipeni. ExinmmineH, Tarncsipma xayamn
i3necTipy periage Oepinmeiini. OHBI OpBIHIAY YIIIH COHBIH MOTiHI Oepiremi. OCbl MOTIHTE
e3repic eHrizyre pykcar etinMmeiai. Com MOTiHTe cylieHe OTBHIphIN Oaja OHBI KATTal aiajbl.
[IprFapMaibUIbIK, aybI3IIa KOHE KhI3BIKTHI TariChlpManap, IpoOIeMaNbIK CUTYaIUsIIap, O31HIIK
KYMBIC, TAPUXH DJIEMEHTTEp MEH OKy MaTepHaygapbl JOCTYpJli eMec HbICAaHAApAaH TYpPaThIH
cabakTap bl YUBIMAACTHIPHIN, O6TKI3Y KOPHITHIHABICBIMEH MBIHAIAN TYXKBIPHIM Kacayra OOJajbl:
BipinuriieH, okyapl OKYyIIbl YIIIH T€K KbI3bIKThl FaHa €MeC, COHAAal —aK HOTHXKeNl €Ty YIIH
MYFIIMHIH TIBIFAPMAIIbUIBIK OWBIH OKBITYABIH THIMAI OMICTEPIH, OKYIIBUIAPIBIH TaHBIMIIBIK
KBI3BIFYIIBUIBIFBIH apTTHIPY TACUIIEPI MEH QICTEPIH i37ecTipyre OarbITTaIFaH KOH; eKiHIIIiIeH,

erep OMOJNIOTHsAFa JEreH KbI3BIFYIIBUIBIKTHI apTTHIPY TOCULAEPl MEH SICTEpiHIH KaJbINTACKaH



KYyWeciH YFBIMABI KonnmaHap Ooinicak, oHma Oanamapaa cabakka JETeH YMTBUIBIC apThlidl,

OMOJIOTUSIHBIH €H KBI3BIKTHI IIOHIEPIHIH Oipi €KeHIIT1 IeTeH TYCIHIT1 HbIFask TYCETiHI aHBIK [5].

buosnorns HeriSiHI[e 3CPTXAaHAJIBIK )KYMBICTBIH OTY 6apBICBI MBICaJIBIHA.

CadaKTbIH aJFALIKBI 7KIHE COHFbI AHATOMUSJIBIK KYPbLIbIchl. CTeJlj1a TeOpHUACHI

bimimai skaHFBIPTY:
- OcIMIIK yImanapbl

- OTKI3rim MoK TYepi

- JlapakapHaKThI )KoHE KOC)KapHAKThl ©CIMAIKTEP/AIH albIpMAIIbUIBIFbI

CaldaKTbIH AHATOMUSJIBIK KYPbLIbICHI

V4

Ca0aKThIH aJIFalIKel
AQHATOMHSUTBIK KYPBLIBICHL:
1. Dnuaepma

2. Cxnepenxuma (XJI0poQuI 1oHaEP1
0omaer)

3. ITapenxuma
4. OTKI3TIII IIOKTap

5. O3ek

N\

CabaKThIH COHFBI AHATOMHUSIIIBIK
KYPBUIBICHI:
1. Dnunepma

2. Cxnepenxuma (XJIopodut JoHeapi
0omae1)

3. ITapenxuma
4.OTKI3TiNI IIOKTap
5. Kam6wuit

6. Konmnenxuma

7. O3ex

8. Cypek

9. Tosz



Kapa 0mnnaii cabarbIHBIH KeJ/IeHeH KeciHici (A) skoHe KoJiieHeH KeciHaiciHiH cxemacsl (B)

l-smuaepma; 2- ckIepeHXHMMa; 3-XJopeHXuMa; 4-KaOblK KoJUlaTepualAbl IIOK; S-Herisri
napeHxuma; 6-Kybic
7Kexe aramibIHBIH JPTYPJi caldaFbIHBIH cXeMachl (COJT KAKTAa) JKOHE KAaJbINTACKAH

ca0arbIHBIH KOJIJIeHeH KeciHaici (OH xkaKTa):




A - mpokamOwmiiniH maiga Oomyel; b — kamOuiimin maiima Oomysl; B - Kambimrackan
CTpYKTypachl: 1 -mpokamMOMii; 2 — ©HHIH KaJAblFbl; 3 — TO3; 4 - KOJJICHXUMa; 5 - KaObIK
napeHxuMmachol; 6 — sHjonepMa (4-6 - anFamKkel KaObIK); 7 - HNEpULMKI aiiMarbl; 8 -OipiHIII
brosma; 9 - xartel TiH; 10 - xymcak TiH (ekiHmn ¢iosma); 11 — e3ex coyneci_(7-11 - exinmri
KaObIK); 12 - kamOwmii; 13 - Ky3ri cypek; 14 - kekTeMri cypek (CYPeKTiH >KbUIIBIK CaKUHACHKI); 15 -
eKiHmi cypek; 16 - Oipinmm cypek (15-16 cypek); 17 - nepumenymnsipisl aitmak; 18 - Herisri
napenxuma (17-18 - e3ek, 7-18 opTanbIK UIHHID).

Konmimri Oexip (Aegopodium podagraria L.) ecimairiniH ca0arbIHbIH aAHATOMUSJIBIK
KYPBLIBICHI

1 — snmunepma,2 — KOJUIEHXMMa, 3 — NIyOTHIK Kanmakma, 4 — ¢iaosma, 5 — kcuiiema, 6 — IMIOK

apaibIK KaMOui, 7 — mapeHxuma, 8 — e3eK
I. 3epTXxaHaJbIK )KymbIC:

A) Kapa 6upnail caGarbIHBIH KYPBUIBICBIH TYPaKThl MpenapaTTaH MUKPOCKOMIEH Kepy, CYpeTiH

caiy, OenriepiH Kepcery;

b) XKyrepiniH cabarblHBIH KYPBUIBICHIH TYPaKThl MpenaparraH MUKPOCKOIIEH KOpy, CYpeTiH
cairy, Oenriiepin Kepcery;

B) Kexke arambiHbIH 6pKeHiHIH (OyTarbIHBIH) KOJIJICHEH KUMAChIHBIH KECIHIICIHEH MaiibIHIaIFaH

npenapaTTal MUKPOCKOIIIIEH KOpy, CYpeTiH cally, OelriiepiH Kepcery;

I') Komimri Oexip eciMairiHiy cabarbIHBIH KYPBUIBICHIH TYPAKTHIIPENapaTTaH MUKPOKOIIIECH

Kepy, CYypeTiH cally, Oenriiepid Kepcery;
I1. 3epTxaHaabIK KyYMBIC:
A) OcIMIIKTEepIiH aHATOMUSIJIBIK KYPBUIBICHIHA CHTIaTTaMa Oepy;

b) CabakThIH anFaIikbl )KOHE COHFBI aHATOMUSIJTBIK KYPBUIBICTaphIHA TaJ/Iay JKacay,



I11. 3epTxananbIK cabakTapabl 0arajiay KpuTepuiliepi:

Ne | Tancbipma Jdeckpunrtop 0ayn

1 | Jlapa apHakKThl OCIMIIKTIH Ca0aFbIHBIH aHATOMUSIIBIK 1

KYPBUIBICBIH Oiei

2 KocxkapHakTel ~ ©CIMAIKTEpAIH, aFalliThl  ©CIMIIKTEPIIH 1

AHATOMUSIJTBIK KYPBUIBIC €PEKIIETIKTepiH Olae/i

3 11 Cal0akTeIH  ajFalllKbl  KOHE  COHFBI  AHATOMHSUIBIK 1

KYpBUIBICTapbIHA TaJAay Kacai ajaibl

4 3epTXxaHalbIK *KYMBICKa Oara Oepe amaabl 1

Kaanel oamn: 4

Ocpl Tocimaepi MeH oicTepai KojjaHy ca0akka e3repicTep CHridyiMeH Karap, Oamanmap.isl
KYHeni JKYMBIC icTeyre yHpeTedl >KOHE e3[epiHiH TapamnblHaH OeJNCeHMl iC-opeKeTKe IereH
Y3IIKCI3 TajanThl KYTY axyallblH KajblTACThIpaAbl. EH MaHBI3IBICHI, OKYIIbI TYJIFACHIHBIH
TOJIBIM/IBUIBIFBIH OHBI QJICYMETTEHIPY YAepici OapbIChIHIA aJaMHBIH IMIKI KaFnaiyiapbl MeH
Keke 0ac TaOuFaThIMEH KOCa JIaMbITyFa JKaFaai »kacay Oosbln Tabbutanbl. OFaH TeK MyFaJliMHIH
7€, OKYIIBIHBIH Ja IIBIFapMAIIbLIBIK 13/ICHICIHIH OTHXKECIHIE KOJI KeTKizyre Oosanel. byman
IIBIFATBIH  KOPBITBIHABL: OWOJOTHUA TIoH1 OO0JCHIH, Oacka TMOHIEpP OOJICHIH OKYIIbUIAPABI

HIbIFApMAaIIbUIBIKKA 0ayIly KoOHE OKBITY KEpeK.
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AZORBAYCANDA MUQODDOS MOKANLARIN MUZEYO CEVRILMOSI
HAQQINDA

O ITIPEJOCTABJIEHUU B ABEPBAWI)KAHE CBSIINIEHHBIM MECTAM CTATYCA
MY3EsA

Dos.Dr. Habibs OLIYEVA
AMEA Milli Azarbaycan Tarixi Muzeyinin direktor miiavini, tarix {izro folsofo doktoru, dosent

Aumea I'abu6a Mupnama Kpi3bl

PE3IOME

A3epbaiimkaH, 00J1a1a0IUNA MHOTOYUCICHHBIMU BaKHBIMU M HEOOXOAUMBIMH HCTOUYHUKAMU JIJIS
KHU3HEACATETLHOCTH YeIIOBEKa, SIBISISICh HanboJee cTpaTernuecky 3HaUMMbIM PETHOHOM
Kagkasza, uepe3 KOTOpbIii MPOXOIUIT OJIMH U3 OCHOBHBIX MapuipyToB lllenkoBoro myTtu, Bceraa
HaxOJWICS B IICHTPE BHUMaHUs. BO3BeIEHHBIE B ’TOM PETHOHE TAMATHUKHU apXUTEKTYPhI
JIOUCIaMCKOTrO BPEMEHHU U MCIIaMCKOT0 IIEpHUo/ia JOKa3bIBAIOT, YTO HA TEPPUTOPUHI
Azep0baiiykaHa BOZHUKIIO 3HAUUTEIBHOE HACIIENEe MaTepHaIbHOM KyJIbTyphl YeIOBEYECTBA,

HYXIAromiecCAa B MOMYyJIpUu3anum.

AzepOaiiykaH UICTOPUYECKH OBLIT TOJIEPAHTHON cTpaHOi. VIMEHHO 3TO MpUBIIEKAJO CIOfa JIOJIEeH,
NPUHAAISKABIIMX K PAa3HBIM HApoJaM U PENUTHSM, KOTOpBIE CBS3ald CBOM YasHUS C 3TUM
KpaeM, 4YTO CJeNlajo TOJIEPAHTHOCTh XapaKTepHOH OCOOEHHOCThIO MX KyJbTyphl. B
AzepOaiipkaHe HCTOPUYECKH COCYIIECTBOBAJIO S3bIYECTBO B JIMIE 30poacTpusMa U

MOHOTCUCTUUCCKUEC PCIIUTHU — XPUCTHUAHCTBO, NCJIaM U UYyJanU3M.

KuroueBble ciioBa: AzepOaiiikaH, CBATbIE MECTa, APXUTEKTYpHbIE MAMATHUKU, TOJIEPAHTHOCTb,

My3en

OZET

Strateji cohatdon Qafgazin on 6nomli morkazi olan, Ipok yolunun ana xatlorindon birinin kegdiyi
Azorbaycan insanin yasamasi iigiin lazim1 vo vacib olan gaynaqlarin bol oldugu vo bu bélgoni
hor zaman diqqot morkozi halina gotiron mokanlardandir. Bolgodo miixtalif dovrlords insa
olunan Islama godar vo Islam memarliq abidalori Azorbaycan cografiyasinin insanliq tarixinin

onomli maddi-modoni irsinin ortaya ¢ixmasina va tobligino sahib oldugunu tosdiqlomokdadir.

Azorbaycanin tarixon tolerant bir dovlot olmasi vo bu orazido yasayan miixtolif xalglara vo
dinlors monsub insanlarin momlokatimizo ponah gotirmosinin asas sobabi bu 6lkodo yasayan
insanlarin madaniyyati vo onlarin xarakterik keyfiyyetino ¢evrilmis tolerantliq xiisusiyyatidir.
Azorbaycanda tarixon zordiistliik kimi ¢oxallahli dinlorlo yanasi, islam, xristianliq vo yohudilik

kimi tokallahl1 dinlor do olmusdur.

Acar sozlor: Azorbaycan, miiqoddos mokanlar, memarliq abidolari, tolerantliq, muzey



Giris: Islama godor Iran, Orta Asiya vo Hindistanda Zordiist dini  bir vaxtlar Atropaten
(Azarbaycan) orazisindo do genis yayilmigdir. Zardiist dinini dyronmok iiclin on yax¢i qaynaq
miigoddos “ Avesta” kitabr sayilir. Zordiist 6ziino qodor moveud olan ilahlarin hamisini rodd
edorok yegano Allah — Hormiizdii kainatin vo biitiin canli varliglarin yaradicis1 kimi irali siiriib .
Bu baximdan, biitporastlikdon forqlonon Zordiistilik biitporast dinlorlo somavi dinlor arasinda
ayrica bir morholo toskil edir. Somavi dinlora qodor Azorbaycan orazilorindo biitparastlik hokm
stirmiis vo bu donomdos bozi inanclara, xiisusilo, oda, suya, agaca vo soma cismlorino inam daha
giiclii olmugdur (1. 1996, 90 s.). Min illorin kegmosino
baxmayaraq, bu inamin slamatlori insanlarin yaddasinda qalmis vo bu giin do onlarin hoyat
torzinda Oziinii biiruze verir. Coxallahliligla baglh inanclarin macmusu kimi biitporastlik ibtidai
dinlorin zominindo yaranmisdir. Azorbaycan ohalisinin biitparastlik tosavviirlorinin kdklori ¢cox
gadimlors gedib ¢ixir vo animizm (ruh monasini dasiyan latin s6zii "anima"dan omolo golmisdir.
Arxeoloji gazintilar Xinisl, Dagkolani, Ciraglida qadim tarixo malik iri das biitlor, Ismayillida
antropomorf fiqurlar, Mingogevirdo gil heykollor askar edilmis vo hazirda Milli Azorbaycan
Tarixi Muzeyinda nlimayis olunur (2. 1958, s. 25-33). Qadim Azarbaycan orazisinds Olmiis
ocdadlarin ruhlarina, gayalara vo agaclara, miixtolif tobiot hadisalorino vo soma cisimloring

porastis giiclii olmusdur.

Erkon orta asrlordo Azarbaycan ohalisinin oksoriyyati atogporastlik, yoni Zardiist dinina
sitayis edir vo hotta qodim Azorbaycan dovlati olan Atropatenanin dovlot dini bu din olub. Bu
baximdan atogporastlorin qodim abidslorindon biri Azorbaycanda yerlosir. Bakida atogporstlorin
miiqoddos mobadi sayilan Atosgah adlanan bu tarixi abido 6z odu-alovu ilo atogporastlorin on
miiqoddas ziaratgahi hesab edilirdi ( 3. 2007, 32 s .). Zovvarlar diinyanin on miixtalif 6lkolorin-
don ocaga ziyarato golir vo mobadin kahinlori miigoddos alovu giin orzinds tez-tez yoxlayib onu
sonmoyo qoymurdular. Bu adot- anona Azorbaycan orazisindo Orob Xilafotinin istilasina qodor
davam etdi. Artiq yerli Azarbaycan xalqinin islami gobul etmasindon sonra Zardiistlorin ibadat-
gah1 unuduldu. VII osrdon Islam dininin togokkiil tapmasi vo yayilmast ilo
olagodar baslanan orob ekspansiyast dovriindo Islam cografiyasin aid olam mokanlarda
Zordiistiliya sarsidic zorbo vurulur. Atosparastlor taqib olunur vo naticode miiqaddes saydiglari
atosgah mobadlori dagidilir (6. 1989,26 s.). Belo ki, indiki
Atosgahin yerindo movcud olmus godim “Od Mabadi” do mohz orab istilas1 dovriinds dagidilib.
Lakin, Hindistanla halo godimlordon slagolor méveud oldugundan XV osrdon sonra oda tapinan
bu 6lks ilo yaranan iqtisadi vo madoni olagolorin inkisafi naticosinds hindli atogparastlor yenidon
Azorbaycana golorok Atosgahini borpa etmaya bagladilar. XV ordo Azaorbaycanin gohorlorinds -
Tobriz, Baki, Samax1 ves. hind tacilorinin 6z karvansaralar1 var idi. Bakimnin Igori sohordoki XV
osro aid Multan1 hind karvansarasi buna siibutdur. 9sason, Sirvanda, Samaxida, Orosds vo digor
yerlords istehsal olunan xam ipok alan hind tacirlori Azarbaycanda XV osrds vo sonralar ticarat
etmislor (4. 2007, 38 s.). Moxazlorde XVIII asrds Hindistandan Baki yaxinligindaki
Suraxaniya obadi oda sitayis tigiin hind zovvarlarinin goldiyi geyd edilir. XVIII osrds varli hind
tacirlori Suraxanida nadir abido-od mobadi vo hindli zovvarlar {i¢iin hiicralor tikdirdilor. Hiicralor
XVIII osrin sonlarinda iimumi hasara alinmisdir. Mabad bu giinadok homin sokildo galmisdir (5,
1974: 47-52 c.). Bazi aragdirmacilarin qonastine goro, Od Mabadinin tikintisi eradan ovvalo
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aiddir. Hazirda diinyada yalniz iki yerds - Simali Hindistanda vo Azorbaycanda bels bir atoggah
movcuddur. Atogporastlorin  on ali sitayis vo ibadot mabadi - ziyarotgahi iso mohz
Azorbaycandaki Suraxani Atosgahidir. Atosgah 26 hiicradon vo morkazi ibadotxanadan ibarstdir.
Morkazi ibadotxana burada on miiqaddos yer sayilirdi. Ora ancaq bas kahinlor kego bilor vo
sitayis edordilor. Adi atogporastlorin igori kegmoyo ixtiyarlar1 yox idi. Mabaddo 20 qiymotli das
kitabo movcuddur. Onlar hiicronin iisto yerlosdirilmisdir. Birini zordiist, 19-nu iso atosporastlor
qoymuslar. Onlardan 19-u hind, biri fars iso dilindo yazilmisdir. Hor kitabado otaqglarin il vo
hansi tacir torofindon tikilmasi, homginin hind tanrilarinin adlari hokk olunmusdur. Hiicralordon
yasayis yeri, ibadotgah vo karvansara kimi istifado olunmusdur. Bu miiqqades mokandaki gadim
tarixo malik maddi-madeniyyat abidslari Azarbaycana golon har bir acnabi qonaqda xalqimizin
zongin ke¢cmisi vo tokrarsiz madoniyyati barads giiclil toassiirat yaradir.

19 dekabr 2007-ci ildo Azerbaycan Respublikasinin prezidenti
conab Ilham Bliyev "Atosgah mobadi"nin éziinomoxsuslugunu, unikalligini vo YUNESKO-nun
Diinya Irsinin Ilkin siyahisina daxil edilmasini nozora alib Atosgah mobadi orazisinin "Atosgah
mobadi" Dovlot Tarix-Memarliq Qorugu elan edilmasi haqda" sorancam imzalamisdir.

Atosgah mobadi hoalo 1972-ci
ildon muzey kimi foaliyyot gostorso do 1975-ci ildo borpa edildikdon sonra Dévlot Tarix-
Arxitektura Muzey-Qorugunun filialina ¢evrilmisdir. ©vvallor oldugu kimi hor il yiizlorlo turist
bu mobadi ziyarot etmoyo golir. Onlarin arasinda miixtolif dinlorin niimayondslori do var. Bu
insanlarin oksoriyyotini Atosgaha gotiron he¢ do turist maragi deyildir. Onlar bu miigoddas
mokana - Od Mabadins 6z ulu acdadlar1 kimi hom do ziyarato golir, oda, atoso, xeyirxah ruhlara
dualar oxuyurlar. Novruz bayramlarinda iso bura golon miisolmanlar qurbanlar kasirlor. Suraxani
Atosgaht unikal sedevr vo milli maddi sorvet kimi bu giin do gqadim din olan zordiistiliyin
ardicillar1 haqqinda on miifossol molumat veron, biitlin yer liziindoki iki nadir atoggahdan
birincisi olaraq qalmaqdadir. Hazirda Atosgah mobodi “Sirvangahlar Saray Kompleksi” Ddvlot
tarixi-memarliq qorug-muzeyinin filiali kimi foaliyyst gostorir (7, 2015: 11s.).

Atasgah mabadi

Xristianliq Azerbaycan orazisino yeni eranmn ilk asrlorinda, halo Isa Masihin hovarilari
dovriindo Qafgaz Albaniyast vasitosilo niifuz etmisdir. 70-ci ildo Yerusolimin (Qiidsiin)

stiqutundan sonra yohudilorin Qafqaza kogiiriilmasi giiclonir vo ilk xristian icmalar1 yaranir.
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Albaniyada xristianligin yayilmasinda bu dovr havari dovrii adlanir (8, 1959: 302s.) Ravayato
goro, Isa peygombeorin din gardasi miiqoddos Yakov xristianlig1 toblig etmok {i¢iin miigoddos
Yeliseyi Albaniyaya gondorir. Miigoddos Yelisey (miladin 74-cii ilinds 6ldiiriilmiisdiir) Aqvan
bolgasing golib ¢ixmis vo Kis adl1 yerds kilss tikmisdir (11, 2003: 23s.) .

7 vy
4

Kis alban mobadi

Azorbaycan orazisindoki godim tarixi abidolordon biri do S$aki bolgosindaki Kis
kondindoki ilk xristian kilsasi olan Kis mabadidir. Bu gadim Alban mabadi “xristian kilsolorinin
anast” sayilir. Moboad Qafqaz Albaniyasinda, eloco do biitiin Qafqazda toqribon iki min il
bundan avval xristianligin yayildigini romzlosdiron moashur tarixi abiden biridir. Azarbaycan
torpaginin qadim vo zongin madaniyyati maddi siibutu olan bu mabad tarixi-memarliq abidaesi
kimi hazirda dovlet torafindon qorunur. Kis mobadi yerli ohali torafindon bu giine godor qorunub
saxlanmasinin asas sobabi onun miiqgaddes mokan sayilmasidir ( 9, 1957: 23s.)

Todqiat¢ilar geyd edirlor ki,
Kis Alban mabadi eramizin birinci osrindo Qafgaz Albaniyasinda genis yayilan Ay mobadinin
0ziilli tizorindo qurulub. ©hong dasindan tikilon bu abido hom do Erkon Orta asrlordo Qafqazda
yaranan ilk gilinbozli, zal tipli mobaddir. Maobad 1981-ci ildo  Azorbaycan Milli Elmlor
Akademiyasmnin Tarix Institutu torofinden arxeoloji qazint1 tiklinin biindvrasinin kasa soklindo
oldugunu siibut edib. Cox maraqlidir ki, Misir ehramlar1 da bu ciir blinévro iizorindo
qurulmusdur (12, 2003: 25 s.). 2000-ci illorda
Azorbaycan vo Norvec todqiqatci-arxeologlart torofindon hoyata kegirilmis “Kis” layihasi
osasinda kilso memarliq, arxeologiya vo tarixi baximdan todqiq edilmis, restavrasiya vo
muzeyifikasiya islori hoyata kecirilmis, osas insaat morhololori miioyyon edilmisdir. Mabadin
Oyronilmosi, barpast vo muzeylosdirilmoasi ilo olagodar olaraq 2001- ci ildon todqiqat-barpa
islorina baslanilib. Arxeoloji qazintilar naticasinds aydin olmusdur ki, Kis mabadi sado tokzalli
bazilikadan gilinbazli memarligadok bes tikinti morholosi kegmis vo memarliq xiisusiyyatlorino
gora Qafqaz Albaniyast memarliginin ilkin xristian morhalasing aiddir (10. 2000: 97s.)
2003-cii ilin sentyabr ayinda iso bu
tarixi abidonin agilis1 bas tutdu. Ohongdasindan tikilmis mabadin on asagi qatlarinin arxeoloji
todqiqi miibahisalors sobab olsa da, abidonin ilkin tikinti tarixini toyin etmoyo imkan aldo edildi.
Belo ki aparilan arxeoloji qazintilar noticosine tosdiq olundu ki, bu abido Qafgazda on godim
12



moboddir vo osast Albaniya maarif¢isi Yelisey torofindon I osrdo qoyulub. Onun miiqaddos
Apostol Yelisey Kilsosi oldugu vo 1244-cii ildo yenidon quruldugunu bildiran kitabs vaxtilo
mobadin lizorindo olub (11, 2003: 42-43s.) 2001-ci  ildon  hoyata  kegirilon
layihonin ikinci marhalosinds mobadin barpa layihasi islonib, XIX osrin ortalarinda ermonilor
torafindon mobodo edilmis saxta olavalor aradan gétiiriiliib. Ugiincii morholodoki berpa islori
mobadin miigaddss dini markaz olmasindan xabor verir. Dordiincti morhalado iso artiq mobad
magqik xiisusiyyatina gora mabad ocaq, pir vo ziyarot kimi miiqaddas yerlordon biri hesab olunur
va Qafgaz Albaniyasinin tarixi muzeyina ¢evrilib (12, 2003:110 s).

Umumiyyoatle, artiq diinya ictimaiyyoti alban mobadlorinin
mohz Azarbaycana moxsus olmasi barado kifayot qodor molumathdir.  Azerbaycan orazisinda
xristinaligdan sonraki islamlagsma prosesi VII osrin ortalarindan VIII osrin ovvallorine godor
davam etmisdir. Homin dovrdo oroblor Ordobil, Tobriz, Naxcivan, Beylogan, Bordos, Sirvan,
Mugan va Arrani foth edir, Xozor sahili boyunca Darbands kimi iralilayirlor. Tarix¢i Balazurinin
molumatina goro, artiq xolifo ©li bin Obu Talibin hakimiyyati dévriinde (656-661) Azarbaycan
ohalisinin oksoriyyoti islami qobul etmisdi (Azorbaycan Ataboylori vo Sirvansahlari islami
xristianligin tozyiqindon qoruya bilmis vo islam madoniyystini vo onun izlorini memarliq
abidalorimizds, maddi madoniyyet niimunslorimizds 6zilinii tocassiim etdirir (13, 1987, 104-110

S.).

Islam dinin yayilmas1 vo mdhkomlonmasi miisolman sivlizasiyasinin miihiim fonemeni olan
soharsalma foaliyystinin genislonmasine miisbot tosirini gostordi. XI-XIII osrlordo Azarbaycanin
soharlorinds islam memarliginin biitiin xtisusiyyatlorini 6ziinds oks etdiron iri camilor, minarsli
moscidlor, saray kompleksilori, xahagahlar vo s. ictimai binalar tikiluirdi. Azorbaycanin Samaxi,
Conco, Qabolo, Naxc¢ivan, Qarabag, Baki vo b. yerlords yerli ohlinin islam dini vo orob dilini
elmi cohotdon dyronmok {igiin o dovriin dovlot vo ictimai xadimlorinin tikdirdiklori mascidlorin,
xanagahlarin ohomiyyati olduqca bdyiik idi (14, 1988, s. 15-22).

XI-XIII asrlor Azarbaycan memarlig1 boytlik bir moktab soklini alan vo asasa Sirvan, Naxcivan
ve Qarabag memarliq moktoblori olduqca moshur idi (15, 1949, 259 c). Azorbaycan
memarliginda ornamentlor ilo yanasi orab olifbasinin kufi, suls, nasx, nostoliq, reyhani vo basqa
xott ndvlorindon dévriin sonotkarlar1 vo xottatlari istifads etmisdilor (16, 1991: 248 ¢.)

Bunu da geyd etmok lazimdir ki, XI- XV osrlor Azorbaycanda Sirvansahlar dovlotinin insa
etdirdiyi orab olifbasi ilo zongin hondasi vo nobati ornametlorlo bazodilon cami, mascid, saray
kompleksi, korpii vo tlirbolor Sirvan memarliq moktobinin incilori sayilir. Bu memarliq
abidolorindon biri olan {izorindoki kitabosino goro 1420-ci ildo Sirvangah I Xollilahin dovriindo
(1417-1462) Baki sohorindoki XV osro aid Azorbaycanda tikilmis on ozomaotli Sirvangahlar
sarayidir (1, 19961 356 s; 2, 1958: 59 s.).

Orta osr islam memarliginin sah osori olan bu saray bir sira binalardan ibarot bir kompleks
togkil edir. Bunlardan Sirvansahlar tiirbasi (1435), Sahin moscidi (1441), divanxana (1450),
hamamxana (1450) vo Murad darvazasi (1585) ilo yanas1 Sirvansah I Xolilullahin boyiik yardim
gostordiyi vo hormot etdiyi gorkomli filosof alim Seyid Yohya og-Sirvani ol-Bakuvinin xatirasino
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tikilmig qilibbali tiirbo (1450) Sirvansahlar saray1 i¢orisindo 6z orijinal ornametlori ilo se¢ilon on
maraqli vo gézal tarixi abidelordendir (2. 1958: 60-65 s.)

Seyid Yohya as-Sirvani sl-Bakuvinin tiirbasi

IX-X osrlords baslayan sufi coryanlar1 Azarbaycan tarix vo madeniyyatinde bdyiik tosiro malik
olmus v bir ¢ox sahslorde 6ziiniin 6zal xiisusiyyatlorini biruzs vermisdir (17, 2005: s.5-6). XV
asrin boylik sufisi Seyid Yohya os-Sirvani ol-Bakuvinin Azorbaycan tosovviif tarixinin on bdyiik
moktobi sayilan Xoalvatiliyin falsofi diinyasininin, maddi vo monavi saciyyalarini va sufiliyin
sirrlorini agkarlayan “Sofa ol- Osrar” osori Azorbaycan dilinds nosr edilmisdir (18, 2010: 407s).

Azorbaycanin Samaxi sohorinds anadan olan (dogum tarixi malum deyil) Seyid Yohya Bakuvi
Xalvati torigatinin ikinci qurucusu “Pir-1 Sani” olaraq taninmaqda idi. Madrasado miirsidi Seyx
Sodroddnidon tosovviif  torbiyasi gororok kamil bir seyx olaraq yetismisdir. Miirsidinin
Olimiindon sonra Bakiya kdgorok Sirvansah 1 Xolilullahin dostoyi ilo minlorco yetisdirdiyi
miirid ilo Azarbaycan, Anadolu va Iranin monavi diinyasinin memari olan Seyid Yohya Bakuvi
eni zamanda yazdig1 asorlorlo  Xolvatiyyonin prinsiplorini vo falsofasini do ortaya qoydu ( 17,
20015, 17 s.). Seyyid Yahya Bakuvi osorlorindo “ Sohri Ciilsoni-raz” , “Osrar -ot- talibin”
(Hoqigot axtaranlarin sirlori) adli folsofi risalolorin, astranomiya vo tarixo dair yazilarin
miiollifidir ( 1, 1996:342 ;). Moshur Yunus Omra,
Seyyid Nosimi vo Ohmad Yasevido oldugu kimi tesovvuf onun i¢in osil, sairlik iso sadoco bir
vasitodir, yoni tosovviifii anlatmaq U¢iin ser yazmigdir. Yazdigr ososorlorindo tosovviifiin
incoliklorini izahini yaninda Allah esqino boyiik yer vermis vo Hz. Mohommad (s.a.s.) vo Hz.
Oliys duydugu sevgi vo mahabbati, somimi vo cosqun ifadalorls dils gatirmisdir ( 19, 2000, 305

s.).

Seyyid Yahya Bakuvi Xalvotiyys torigatini xolifolori vasitosi ilo Islam diinyasinda genis sokilde
yayllmasina sabab oldu. O, Bakiya goldikdon sonra burada Sirvansah I Xolilullah xanin da
yardimu ilo xalvatiliyin ilk bdyiik xanagahini agmigdir. Bakidaki xanagahin insasinda Sirvansah I

Xolilulllah xanin yardimg¢i olmasini Seyid Yohya tiirbosi  otrafinda Sirvansah torofindon inga
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edilon moascid va digor binalardan da anlamaq miimkiindiir (20.1997, s. 68 ).

Seyid Yohya os-Sirvani ol-Bakuvinin mozari iizorindo insa edilmis tiirbasi bu giindo
ylizlorlo golon qonaqlarin ziyarstgahina ¢evrilmisdir. Sovetlor donominds 1932-34-cii illoirds
abidonin u¢masinin qarsisin1 almaq moagsadilo Sirvansahlar sarayinin tomiri vo barpasi sahosindo
mioyyon islor goriilmiis vo bu illordo abido Azorbaycan Tarixi Muzeyinin binasi kimi istifado
etmok noszordo tutulmusdur. 1964-cii ildon iso saray Azorbaycan SSR dovloti torofindon
qorunmus vo minlorlo Azorbaycana golon qonaq vo ziyarotgilorin seyr etdiyi on gabaqeil
muzeylordon biridir ( 21, 1975, 5.49 — 57).

Lakin, Sovetlor donomindaki durgunluq illori (1980 - 90) muzeys ¢evrilon Sirvansahlar saray1
kompeksindo 6z tosirini gostordi. Belo ki, qodim tarixi abidoys qarsi olan baximsizliq
Azorbaycan Miistoqilliyini (1991) qazandigdan sonra yenidon giindomo goldi. Bu abido
kompleksi 1997-ci ildo YUNESKO torofindon qorunan abidslorin siyahisina daxil edilmis vo
barpasina xitam verilmisdir. 2004-2005-c1 illordo Beynolxalq Valyuta Fondunun yardimi ilo
Sirvangahlar sarayindaki tiklilor ilo yanasi Seyid Yohya Bakuvi turbosinin barpasi hoyata kegdi.
Bu miigoddes mokanin Seyid Yohya os-Sirvani ol-Bakuvinin mozari tizorindos inga edilmis tlirbasi
bu giinds yiizlorlo galon qonaqlarin ziyaratgahina gevrilmisdir.

Noatica: Bildiyimiz kimi, Azarbaycan torpaqlarinin énomli bir gismi (20 %) isgal altinda vo
doytis bolgalorinde oldugu ii¢iin orada olan tarixi abidalorimizin vaoziyyasti acinacaqli haldadir.
Minloarls Qarabag torpaginda mohv ounan va olunacaq hala gatirilon miigoddas mokanlarimiz -
moscid komplekslori, tiirbolor, xanagahlar, ziyarotgahlar hom tarixi baximindan, hom do sonot
baximindan Azorbaycan xalqmnin das yaddasini mohv etmokdadirlor. Diinya birliyi bu global
problemin hollini bels diistinmok niyyatinds belo deyildir .

Azorbaycanda onomli tarixi abidslorimizin miiqoddes saydigimiz mokanlarda- Baki, Samaxi,
Gonco, Naxgivan, Lonkaran, Quba, Qabalo, Qax, Soki va bagqga bolgalordo qorunmaqdadir. Bu
hom do Azorbaycanin tarixon tolerant bir dovlst olmasimin vo miixtalif dinlors parastisin
gostoricisidir.

Maraqlidir ki, Azarbaycan tranzit bir 6lks oldugu iiclin Qafqazdaki on qodim 6rnoklore daha ¢ox
bu momlokoatdo rast olunur. Azorbaycan orazisindo qeyds alinan tarixi abidolorimiz qodimliyi,
coxlugu va miixtalifliyils secilir. Onlarin da bdyiik bir gismi bu giin iran, Ermonistan, Giirciistan
vo Rusiya (Dagistan) sorhadlori i¢indo qalan tarixi qodim Azorbaycan torpaglarindadir.

Lakin, ad1 geyd olunan 6lkolordon forqli olatraq, Azarbaycan orazisindoki hor hansi bir dino aid
olmasina baxmayaraq, bu tarixi miiqgoddes mokanlarimizin  miihafizosi, yenidon borpasi,
istifadoya verilorok a¢iq soma altinda miizeyloro ¢evrilmosi, maddi vo monavi dostok veran
Azorbaycan dovlet bascisinin diizgiin siyasoti noticesindadir.
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NUMERICAL MODELING OF THE JOINT TRANSFER OF MOISTURE AND HEAT
IN THE SOIL
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AHIATIIA

Foutbimu MakanaoblH TakbIpbIObI: « TOMBIPAKTaFsl KBUTYy MEH BUIFAIIBIH OipiecKeH

TaCbIMaJIBIHBIH, CAHIBIK MO)IC.IIi»

JKympic GapbIChIHAA BUTFAT MEH XKBUTYy TaChIMAJaHYBIHBIH MIEKapAbIK MIAPTTAphl Typa
€CeNTeH allblHFAaH HOTIDKENEp apKbUIbl Kepl ecenm oiiciMeH 3eprrenerdi. blinran skoHe XKbLTy
TachbIMaJIJaHYbIHBIH MaTeMaTHKAJIBIK MOJIENIH KOJJaHBIN, [IeKapa IIapTTapblH aHBIKTAy YIIiH,
UTEPAIUSIIBIK 9/TIICTICH KepP1 €CE IIBIFapbIIIbL.

Op Typii OacTamkbl JEepeKTepre cai ecenTiH OIpMOHII IMICIIMIUIITIH 3epTTeN, OHBIH
CaH/IBIK IIeNIiMiH TabaTelH Java TiTiHAE WIEKTIK €CEeMNTiH alropuTMi MojaenbaeHreH. CaHIbIK

ecenTeyiep KYpri3iireH.

KinaT ce3nep: Typa ecermn, Tylinaec ecen, ntTepausuislk Gpopmyna, 6amaHc ToCLI.

AHHOTANUA

Tema HaquOﬁ cTathu: «YucnenHoe MOACIUPOBAHUEC COBMCECTHOI'O IICPEHOCA BJIalr'M H

TCIIJIa B IIOYBEC)

B pabote m3ydaercs rpaHndHas oOparHas 3ajada JJIsl CUCTEMBl YPaBHEHHMH IEepeHoca
TCIJIa W BJIaru. I/ICHOJH)?;YSI JAaHHBIC, TMOJYYCHHBIC W3 PCHICHUA HpHMOI\/JI 3aaa4ur, pemacTcsd
oOpartHas 3amava. Ha ocCHOBe MaTeMaTH4ecKoN MOJENM TMEepPeHoca BIark U Teria pa3paboTaHbl
UTEPALMOHHBIE METONIBl PELICHUs TpaHMYHON oOparHOM 3anmaun. [IpoBeneHBl 4YHCIEHHBIE

pacueTsl.

ANropuT™M pemieHus KpaeBOW 3alaud CMOJEIMPOBaH Ha HPOrpaMMHOM si3blke Java,
KOTOpBI CHOCOOEH OCYIIECTBIATh MPOBEPKY Ha OJHO3HAUHYIO pa3pelIMMOCTb M HaWTH

YUCJICHHBIC PCIICHUSA ITPU PA3JIMYHBIX UCXOAHBIX TaHHBIX.

KiwueBble cjioBa: mpsMas 3ajada, CONpsDKEHHAs 3ajada, WTEpaloHHas (GopMmylia, METO.
Oairanca.

ABSTRACT

The topic of the scientific article is “Numerical modeling of the joint transfer of moisture
and heat in the soil”.
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In the work boundary reverse problem for the system of equations of heat transfer and
moisture is studied. Using the data, obtained from the solution of the direct problem, the reverse
problem is solved. The iteration method for solving boundary reverse problem is developed on
the basis of the mathematical model of the heat and moisture transfer. Numerical calculations are
carried out. The algorithm for solving the boundary value problem is modeled on the
programming language Java, which is able to implement checking to the unique solubility and
find the numerical solutions for the different source data.

Key words: direct problem, conjugate problem, iterative formula, balance method.

INTRODUCTION

The issues of transfer of heat-moisture in soils are fundamental for solving many
problems of hydrology, agro physics, glaciology, ecology, construction physics and other fields
of science. The complex interaction of heat fluxes in soil and ground causes the flow of
infiltration, migration and frost heaving, evaporation and transpiration, metamorphism and snow
melting.

Water and heat regimes of soils in winter and spring periods largely determine the
characteristics of the spring flood. The development of methods for forecasting this rather
dangerous phenomenon of nature is not conceivable without in-depth studies of the processes of
snow melting and absorption of melt water by river basins. Heat-moisture transfer processes
determine rain runoff and evaporation. These components are the main ones in the structure of
the water balance of large and small territories and are closely related to water management and
the problems of hydrological calculations.

The questions of the thermal and water regime of the root zone of the soil, evaporation
and transpiration processes are of great importance for agriculture. These processes determine
the conditions of overwintering and growth of agricultural crops. The role of migration and
infiltration of moisture in the formation of productive moisture reserves in agricultural fields is

great.

Methods for calculating the winter redistribution of heat and moisture are widely used in
the construction of roads and aerodromes, the construction of foundations and foundations in the
laying of oil and gas pipelines. Nowadays, when the large-scale development of natural
resources is under way, work on improving existing and creating new methods for calculating the
characteristics of frost heave, the interaction of frozen soils with solutions of salts, is becoming
increasingly important. The solution of this problem will allow to cope more successfully with
the negative consequences of cryogenic phenomena in soils.

To solve all these important national economic problems, reliable methods of calculating
the water and thermal regime of soil and ground are taken into account, paying attention to the
dynamics of natural processes during the year and the effect of anthropogenic factors.
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Physical modeling of the processes of migration and infiltration of moisture, as well as
frost heaving in freezing and thawing soils is the most important stage in solving problems
related to the calculation of the thermal and water regime of soils in the winter and spring
periods. Only at this stage of the research, it is possible to obtain detailed information on the
dynamics of the profiles of temperature, humidity and density of soils and soils during freezing,
thawing and infiltration. In the future, the obtained results can be used to clarify a mechanism of
moisture migration, assess the macroscopic patterns of water behavior in soils, depending on
various factors, and also provide a basis for comparing the results of physical and mathematical
modeling.

To solve problems related to the modeling of heat transfer processes, moisture in soils,
we adopted the methods of mathematical physics, namely the description of these processes by
means of differential equations of heat-moisture transfer in capillary-porous media and their
numerical implementation on a computer have been adopted.

The relevance of the study of heat and moisture transfer processes in the soil is basic
problem in hydrology, agro physics, glaciology, ecology, construction physics. Solving this
equation and giving an exact calculation will help many spheres of science, that’s why, the
solving of heat and moisture problem of the soil has not only a fundamental scientific, but also

important practical significance.

The novelty of our research is that we use high quality technologies, high level
programming language and a method that we use to solve heat and moisture problems. Method
that were used for numerical modelling provide high qualitative calculation and high level
programming language will give exact results where approximation error will be minimum.

Choice of soil for research

The specific selection of models is necessary for studying the non-isothermal transfer of
moisture in dispersed ground and solution of the problems presented is necessary. Samples under
investigation must satisfy the requirements of experiment so that it would be possible to most
fully reflect the process being investigated and to reveal the relationship of the geological
engineering special features of ground with the different characteristics of the thermo-transfer of
moisture in them. In connection with this as the subjects of a study two types of dispersed
ground have been selected: 8 models of sands of different granulometric composition and
powdered-clay ground — loess loam (Figure 1.0).

Since one of the tasks of a study there was in detail to examine the influence of
granulometric composition and its special features on the complex of the parameters of heat and
moisture transfer of natural ground, the models of sands were selected in such a way as far as
possible to envelop the most extensive range of dispersity. In this case the analyzed sands were
distinguished by the structural special features, uniformity and sorted nature.
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Figure 1.0 - Appearance of investigated sands: scale with division - 0,5 mm

Thus, the choice of these samples makes it possible to reveal the features of
nonisothermal moisture exchange in dispersed soils of two types that are very widespread in
nature.

Hydraulic and Thermal Properties of Soil. Soil Moisture Retention

The movement of water in soil is determined by the water’s relative potential energy
state. Hillel (1998) defines soil water potential “as the difference in partial specific free energy
between soil water and standard water.” Standard water is water at a free surface, which is
exposed to atmospheric pressure at a specified height. Water in saturated soil under hydrostatic
pressure greater than atmospheric pressure has a positive potential energy. Water in unsaturated
soil is at pressures less than atmospheric and has a negative potential energy. To extract water
from an unsaturated soil, the capillary and adsorptive forces holding on to the water must be
overcome. The attractive force of the capillary and adsorptive actions of the soil matrix is called
the soil matrix potential. The total potential is assumed to be the gravitational and matrix
potentials as presented in Equation 2.1, where z is taken as positive upwards. Osmotic potential
arises from solute concentration gradients and is usually much smaller than the gravitational and
matrix potentials, and is neglected in this work. The potential is often expressed as an equivalent
head of water and, therefore, has the dimension of length.

@ =wtz (1.1)

In the absence of osmotic forces, the matrix potential can be used to determine the soil’s
moisture content. The relationship between the matrix potential and the soil moisture is shown
graphically by the soil-moisture-retention curve (also called the soil water characteristic curve).
Figure 1.1 shows an approximation of the soil-moisture-retention curve for loamy sand reported
by Noborio et al. (1996) and Yolo light clay (Moore 1939). The flatness of the sandy soil curve
shows that the moisture drains quickly and the steeper slope for the clay shows that this soil has
a higher attraction to moisture.
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Figure 1.1 — Approximate soil moisture retention curves for a loamy sand (Noborio et al.
1996) and Yolo light clay (Moore 1939).

The behavior of the soil moisture retention typically exhibits a hysteresis between wetting
and drying. The process of drying a moist soil (desorption) takes more energy than is released
during the wetting (adsorption) process; therefore, the drying curve is usually higher than the
wetting curve (Case 1994). This hysteresis is not modeled in this work, and the soil moisture
retention curves are based on the drying behavior because this was the measurement method

used for the soils in this research.

To simulate the soil moisture transfer in a soil, a continuous or piece-wise continuous
correlation for the matrix potential must be obtained. One of the most widely accepted methods
for doing this is presented by van Genuchten (1980). The form of the correlation are m and n
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The degree of saturation is ®; 6r and 6s are the residual and saturated water contents; a,
m, and n are parameters set to fit the measured data; and m = 1 — 1/n. Van Genuchten presents a

graphical method of determining these parameters to fit the measured data.
Hydraulic Conductivity

The flow of water through unsaturated soil can be approximated by Richards’ version of
Darcy’s law relating the flow to the gradient of the hydraulic head or the total potential (Hillel
1998). The parameter relating the flow to the pressure gradient is the hydraulic conductivity, K
(m/s).

u=—K(y)Vd (1.4)

The hydraulic conductivity in unsaturated soil is a function of soil and fluid properties,
moisture content, and temperature. The soil liquid is assumed to be relatively pure water;
therefore, the effects of the liquid on the hydraulic conductivity are neglected. If measured data

are known for the range of moisture contents under consideration, a good approximation can be
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fitted to the data by a least-squares technique (Haverkamp et al. 1977). If hydraulic conductivity
values are not known over the range of moisture contents, a satisfactory approximation can be
developed using the hydraulic conductivity at saturation and the same parameters as determined

from the soil-moisture-retention curve using van Genuchten’s method (1980).
K(©)=K, 0" [1-(1-0"""]" (1.5
or in terms of the matrix potential
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The hydraulic conductivity curves of a loamy sand (Norborio et al. 1996) and of Yolo

light clay using van Genuchten’s method are shown in Figure 1.2.

If only pore ice exists in partially frozen soil, the movement of the unfrozen water content
can be approximated by a Darcy’s Law approach similar to that used in unfrozen soil (Kay and
Perfect 1988). The hydraulic conductivity of partially frozen soil is a function of the unfrozen
water content, which is a function of the temperature (Hoekstra 1966 and Harlan 1973).
Measurements show that the hydraulic conductivity falls from values in the range of 10-8 m/s to
between 10-12 m/s and 10-14 m/s over the temperature range from 0.0 to —1.0°C (Horiguchi and
Miller 1983).
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Figure 1.2 - Approximations of the hydraulic conductivities of a loamy sand (Noborio et
al. 1996) and Yolo light clay (Moore 1939).

Temperature Effects on Hydraulic Properties
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The correlations presented for the matrix potential and the hydraulic conductivity are
based on measurements taken in the lab at a constant temperature; however, soil temperatures in
the field are constantly changing, which affects the values of these properties. This temperature
effect is much smaller than that of moisture and is often neglected. For hydraulic conductivity,
the viscous flow model of Miller and Miller (1956) points to a correction by the ratio of the
kinematic viscosities of water at the reference temperature Tr and the actual temperature T. This
method is generally accepted to produce accurate results (Milly 1982 from Eagleson 1970).

vy
v(T)

A temperature correction for the matrix potential relationship can be derived by noting

K(T,0,

K(T,,0, (1.7)

that the equilibrium of the air-water interface in a soil pore requires (Milly 1982)
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The harmonic mean radius is T, , and the surface tension of the liquid is . From this,

a temperature correction can be formed as

ylo,T=ylo, T, |2 g)
"o (T)p,(T)

The density ratio is usually dropped from this equation. Using these temperature
corrections from Egs. (3.7) and (3.9) is often called the surface-tension viscous-flow (STVF)
approach. Milly (1984 from Milly and Eagleson 1980) suggests another formulation for the
matrix potential

wle,T|=y(6,T,]e =" (1.10)
where

_1dy
C=yar), 1D

is taken as a constant, Cy = 0.0068 K-1.

Another approach is the gain factor method from Nimmo and Miller (1986). The gain
factor G for the matrix potential relationship is defined as

G| wlo,Tlly(O,T,|-1

|0)= \G[T)/a(Tr)—l (1.12)

This method requires knowledge of the matrix potential at two temperatures to determine
the gain factor. Giakoumakis and Tsakiris (1991) showed that the gain-factor method works
better than the STVF method for fine-textured soils, but the STVF method works well for
coarsetextured soils.

Finite differenece method
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In mathemtics, finite-difference methods (FDM) are numerical methods for solving
differential equations by approximating them with difference equations, in which finite
differences approximate the derivatives (Figure 1.3). FDMs are thus discretization methods.
Today, FDMs are the dominant approach to numerical solutions of partial differential equations.
The formulated equation with the corresponding boundary conditions (initial and boundary) will
be solved numerically, i.e. Take advantage of the capabilities of the computer. A numerical
solution is a solution obtained as a table of numbers.

When solving a partial differential equation, the most often used method of finite
differences (FDM). The idea of this method for solving boundary value problems is very simple
and can be seen from the very title: instead of derivatives in the differential equation, their finite
difference approximations are used. When constructing discrete approximations of boundary
differential problems, one must strive to reconcile two, possibly contradictory goals: a good
approximation quality and an effective stable solution of the resulting algebraic systems.

When FDM is used for heat conduction problems, the solid is represented as a set of
nodes. Approximating (replacing) the partial derivatives of the differential equation with finite
differences, a system of linear algebraic equations is obtained to determine the temperature as a
local characteristic at each grid node. The resulting system is not closed, to close it, use the
difference representation of the boundary conditions. As a result, a closed system of linear
algebraic equations is obtained, which is solved by numerical methods with the help of a

computer.

k+1

k,

O O

-1 J J+l

Figure 1.3 — Example of method of difference schemes

We have 3 main methods for solving FDM. Explicit method is the most common stencil
for heat equation (Figure 1.4). If we use forward difference at time t;;; and a second order central

difference for the space derivative at position x; we get equation:

J

Yi _ y{+1—2 y{_)’zj—1
t x2

j+1

Yi

This is an explicit method for solving the heat equation.

If we use backward difference at time tj and a second order central difference for the

space derivative at position x; we get reccurrence equation:

j*1 j j*l j+1 j+1
Yi —Yi_Yin—2Yi —Yia

2

t X

This is an implicit method for solving the heat equation (Figure 1.5).
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Finally, if we use the central difference at time t;.1, and a second order central difference

for the space derivative at position X; we get reccurrence equation:

j*1_ ]
yi t y1:0’5(

o it i i i
Yier —2Yi —Yic1, Y~ 2Yi—Yia
+ )
2 2
X X

This formula is known as Crank-Nicolson method (Figure 1.6).

j.n+1

@ @
-1,n j.n j+1,n

]

Figure 1.4 — The explicit method stencil

j-1,n+1 j,n+1 j+1,n+1
@ @

Jj.n
Figure 1.5 — The implicit method stencil

j-1,n+1 j,n+l1  j+1,n+1

@ @
@ 4 -0
j-1,n J.n Jj+1,n

Figure 1.6 — The Crank-Nicolson stencil

For our system equation, difference scheme for heat equation we take as implicit method

and for mass equation as explicit method.

Algorithm for solving the scheme by using a sweep method

Different physical processes (heat conduction or diffusion, oscillations, gas dynamics,
etc.) are characterized by some integral conservation laws (heat, mass, momentum, energy, etc.).
In the derivation of differential equations of mathematical physics, one usually starts from some
integral relation (balance equation) expressing the conservation law for a small volume. The
differential equation is obtained from the balance equation when the volume contracts to zero
under the assumption of the existence of continuous derivatives entering the equation.

The method of finite differences physically means the transition from a

continuous medium to some of its discrete model. With such a transition, it is natural to require
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that the basic properties of the physical process be preserved. Such properties, first of all, are
conservation laws. The difference schemes that express conservation laws on the grid are called
conservative (or divergent). Conservation laws for the entire grid region ("integral conservation
laws") for conservative schemes should be an algebraic consequence of difference equations.

To obtain conservative difference schemes it is natural to start from the balance
equations written for elementary volumes (cells) of the grid region. The integrals and derivatives
entering the balance equations must be replaced by approximate difference expressions. As a
result, we obtain a homogeneous difference scheme. This method of obtaining conservative
homogeneous difference schemes will be called the integro-interpolation method (balance
method). Let the values of the unknown quantities to the j-th sacrificial layer
to be known. For defining the values of the next (j + 1) layer, the sacrificial layer is defined by
the following iterative scheme: based on the i-th iteration the next (i + 1) iteration can be found.
And each iteration of the difference problems is solved by the sweep method, i.e the difference
problem for the temperature and humidity are set in the following form.

Ay =Byl +C, ylT1+F=0,i=1,N—1
Yin=0;y+pb;
1-step. Input.

H — the width of the building material()l;
N — the number of division by the axis z;
M — the number of divisions by the axis t;
Ta(t)— the function of temperature changes of the air at the outside of enclosure;
Wa(t) — the function of moisture changes of the air at the outside of enclosure;
T1 — the temperature at the initial point of the axis z;
W1 the moisture at the initial point of the axis z;
0(z) — the function of temperature changes at the initial point of time;
W(z) — the function of moisture changes at the initial point of time;
H — the width of the building material()l;

r. — internal radius of the cylinder or sphere;
R — external radius of the cylinder or sphere;
tmax — the max time;

r. —the specific heat of phase transition;
€ — phase transition criterion;

D, - temperature diffusion coefficient;

D,, — moisture diffusion coefficient;
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0 — the thermo gradient coefficient;

A —the coefficient of heat conductivity;
o — the coefficients of heat irradiation;
v — the relative mass of the material;

C — the relative heat capacity of the material;

q

q,= Cq — coefficient of potential of conduction of heat transfer (heat diffusivity);
q40
lm . . .
a,= — conduction potential coefficient;
Cm qO

2-step. Assigning initial temperature and moisture.
0<i<N { y'=T, }

0<i<N { u'=U, }

3-step. Sweep method. Loop.
0<j<Nt {

BixAxTa'™

B S FY TRy

4-step. An inner loop.

N>i>0 {
AF+K,a,P,AF
i— 2 (for rectangular area) or
(Ax)
AF+K,a,P,AF o
= Tx > (for cylindrical area) or
e (Ax)

AF+K,a,P,AF)(1—x,)*
:( PO F)(1=x) (for shperical area)

i (AX)Z
C.=2%A+1
Fi:yl
i1)=
HTC Saixali]
o ABlil+F,
ml_ﬂ_c,.—Ai*a[i]
}
6-step. Loop

27



0<i<N {

yiit=alilxy!"+p[i]

7-step. Loop

1<i<N {
A=——7—
Ko(Ax)? (for rectangular area)
A= DF for evlindrical
i eZ*X’KO(AX)Z (for cylindrical area)
AF(1-x,)' (for shperical arca)
S or shperical area
K,(Ax) P
. . J'”_yi . . .
=T ey 2y ey
0
}

j*1 j+1 j+1
jtl_

WaW*AX*Bi+Pn yn _.Yn71+un71
" 1—-AxxB,

8-step. Loop

1<i<N {
Ty=T,
Wa=W)

b
8-step. While statement

while {

Resolving direct problem with incorrect Tz and Wz;

9-step. Solving conjugate problem. Assigning initial temperature and moisture.



0<i<N { Y/'=0 }
0<i<N { U'=0 }
0<i<M { Y}"'=0 }
0<i<M { U)=0 }

10-step. Sweep method. Loop.

; I S
0<j<Nt { a[n-1]= 1+ Bi*Ax
Bn-1] = Z(U{\,—Wgwj\, * A X
1+Bi* Ax
11-step. An inner loop.
K
, (L00%Pxa,+ay,)
N>i>0 { 3
AXx
A=
B=—
=AF (for ragrangular area)
2%X;
B,= (for cylindrical area)
Bi: . .
AF(1—x) (for hemispherical area)

Fl=K*|Y/-2Y"+YI" |- B L UL,

. A
01{1—1}: -
2A—Axali]+B,
o ABli]+F]
Bli H_ZA—AaﬁhBi
§
5-step. Loop
0<i<N {

Uli=ali+Ul"+p[i]



Nowk

12-step. Loop

1<i<N {
a¥P x| U 20 +U"]
i
AF
Y=y ¢
}
i Y= PaaUp= Uy [+ 2(y,— Tgw, ™)
" AxxB+1
}

13-step. Cheking of the functional.

NgE

T -Tg]

J= *(Tf;—Tg,{ *dF

1

I
o

1=

!

|Wi—Wgl|+(W)-wg] |« dF

0

J

If (J<eps and J1<eps) go to 14-step
Else T"'=T"—B;ylx,0/dx

W™ =W"— B, (Kyw(x,0/+n(x,0]|dx
and go to 8-step

14-step. The outputs: T,,W,
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