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Abstract

The article deals with the improvement of crop rotations by optimizing the structure of sown areas, taking
into account natural and climatic conditions, farm needs and economic feasibility. The proposed changes are aimed
at reducing the area of industrial and fodder crops in favor of highly profitable cereals, in particular winter wheat.
The results of the implementation of improved crop rotations are presented. Improved crop rotation contributes to
the preservation of soil fertility, reduction of erosion processes, increase of ecological sustainability of land, as
well as profitability of agricultural enterprises in modern market conditions.

AHoTanis

VY cTaTTi pO3rIIsTHYTO BAOCKOHAJICHHS CIBO3MIH IIUIIXOM ONTHMI3allii CTPYKTYpH HOCIBHUX IIIOI 3 YpaxyBaH-
HSIM TPUPOJHO-KIIMAaTHYHUX YMOB, IIOTPEO IOCIIOaPCTBA Ta €KOHOMIYHOI TOUUIBHOCTI. 3alpOIIOHOBAHI 3MiHH
CHpHMOBaHi Ha 3MCHIIICHHS IJIOII] TEXHIYHUX 1 KOPMOBHX KYJBbTYP Ha KOPUCTH BI/ICOKOpeHTa6€HBHI/IX 3€PpHOBUX,
30KpeMa 03UMOT HHIGHI/IIIi. HaBeZ{eHO pe3yJbTaTu BIIPOBAIKCHHA BAOCKOHAJICHUX CiBO3MIH. BI[OCKOHaJ'IGHHH
CIBO3MIH CIIpHSIE€ 30€pEKESHHIO POAIOYOCTI IPYHTIB, 3MEHIIICHHIO €pO3iHHUX MPOIIECiB, MiABUIICHHIO €KOJIOTIYHOT
CTIMKOCTI 3eMeb, a TAKOXK PEHTa0EIBHOCTI arpoIiANPHEMCTB Y Cy9aCHUX PUHKOBHX YMOBAX.

Keywords: enterprise, crop rotation, cereals, sown areas, fodder crops
Kuro4oBi ciioBa: mianprueMcTBo, ciBO3MiHa, 36pHOBI, TOCIBHI IUIOIIi, KOPMOBI KYJIBTYPH

[IpoekTyBaHHS €QEKTUBHOI CUCTEMH CiBO3MIH €
OJTHUM 13 HAWBaXXITUBIIIMX HAMPSIMIB ONTHMi3alii 3eM-
nepoOcTBa. OCHOBHUMH €TallaMd POOOTH €. BU3HA-
YeHHS CIeliani3alii rocrnoapcTBa, BpaXxoBYHOUYH HOro
pecypcH, MPUPOTHO-KIIMATHYHI YMOBHU Ta EKOHOMIYHI
noTpedu; po3podka CTPYKTYpPH MOCIBHHMX IUIOMI, sKa

0azyeTbcs Ha arpOHOMIYHIN JOLIIBHOCTI YepryBaHHS
KYJIBTYp; TIPOEKTYBAaHHS TIOJNBOBOI CiBO3MIHH 3
ypaxyBaHHSM TNPUHIMIIB pAaIliOHAJILHOTO BUKOPH-
CTaHHS IPYHTIB; po3poOKa IUIaHy NEepexoay Ha HOBY
CiBO3MiHYy, 10 3a0e3NeYdTh MiHIMIi3alil0 BUTpAT Ta
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MiIBUIICHHS €(EKTUBHOCTI; arpOHOMIYHA OIliHKA CH-
CTEMHU CIBO3MIiHH, CIIPSIMOBaHA Ha ii IoJaJIbIIe BIIOCKO-
Hanenns [1-3].

CyuacHe 3eMJIepoOCTBO € HE JIUIIe OCHOBOIO ar-
papHOTO BUPOOHUIITBA, a ¥ IHCTpyMEHTOM 3abe3re-
YeHHsI MPOJIOBOJILUOT OE3NeKH, BiHOBJICHHS I'PYHTO-
BUX PECYPCIB Ta €KOJIOT1YHOI CTiMKOCTI. [HTEerparis Ha-
YKOBUX  JIOCATHEHb y Taly3b, BIPOBaKCHHS
NPOrPECUBHUX TEXHOJIOTIH 0GPOBITKY IPYHTY, 8 TAKOXK

Puc. 1.

lonoBHa canuba miANpHEMCTBA pO3TallOBaHa B
ceni 3BuHSY YOpTKiBChKOTO paiioHy TepHOMIIbCEKOT
obuacri, 3a 50 kM Bix TepHOmost Ta 3a 21 KM Bijx micta
Yoprkis. ['ocogapctBo 00pobisie 3emini B YopTKiBCh-
KoMy Ta bopmiiBcbkoMy paiioHax o0nacTi.

VY mapky TeXHIKH MiANPHUEMCTBA € TPAKTOPH BiX
kommadiii John Deere Ta MT3, cianku Horsh, a Takosx
kombOaiinu Vervalt tTa Ropa.

OcHoBHUMH ~ HampsiMmamu  JisutbHocTi  [TATL
«/I3BIH» € pOCIMHHHUITBO, TBAPMHHHITBO, BUPOO-
HHULTBO Oy/iBeIbHUX MarepiaiiB Ta 30epiraHHs arpo-
npoaykiuil. ITixnpueMcTBo 00po0OIIsie 3eMenbHUN OaHK
mwiomiero 10 Trc. ra, OpeHIyI0YH 3eMJTi B cenlaX 3BUHSY,
Ckomopomte, KociB, Punonyow, binmii ITortik, Ce-
MuKiBIi, binoboxuun, bina, Jlocsa, Bypmrun, I'ym-
THH, BypaskiBui Ta iHmmx. OCHOBHI KyJIbTYypH BKIIIO-
YaloTh 3€PHOBI, 3epHOOO0OOBI Ta KOPMOBi, a TaKOX
I[yKpOBHH OypsiK.

VYV 2021 pomi ITAIT «/I3BiH» Bimkpuia BiIacHy
CTAaHIIIO0 TEXHIYHOTo OOCIYyrOBYBaHHS IUISI PEMOHTY
BaHTaXIBOK, SIka 0OCIYTrOBY€ SK BHYTPIIIHI TOTpeOH,
TaK i 30BHIITHIX KIII€HTIB.

[TiAnpUEMCTBO aKTUBHO PO3BHBAE MOJIOYHE CKO-
TapCTBO Ta CBMHAPCTBO. MOJIOYHO-TOBapHa (epma B
celti 3BUHSY 3/T1HCHIOE TOBHUH UK BUPOOHHUIITBA MO-
noka. Ha 2023 pik rocnogapctBo yrpumye 740 romis
BEJIMKOI poraroi Xyno0Hu yKpaiHChKOi 4OpHO-psi0oi Ta
TOJIITHHCHKOI mopin, 3okpema 270 niHMX KOpIB.
[Moauss Ha MoyOKO3aBoAM mocTtadaeThest 7300-7400
JITPIB MOJIOKA 13 CEPEeIHBOIO KHUPHICTIO 3,7%.

' labist
TIAIT «/[36inx

pamioHaJbHa Oprafi3amis CiBO3MiH (OpPMYIOTH 0a3y
JUTS CTAJIOTO PO3BUTKY arpapHoro cextopy [4-6].
JocmimpkenHs 3aiiicHeHo Ha 6a3i [IpuBaTtHOTO ar-
porpomuciioBoro mignpueMctsa ([TAIT) «I3Bin» (puc.
1), sike cnenianizyeTbcsl HA POCIMHHHUITBI, TBAPUHHH-
LTBI, @ TAKOXX BUAOOYTKY Ta 00poO0I1i KamMeHro. 3acHo-
BaHe y 2000 porti, miIIpUEMCTBO € OHI€IO 3 IPOBITHIX
arpodipm TepHoninbIHN. BIacHUKOM i AUPEKTOPOM
ITATI «/I3Bin» € I'panoBuii Bacuie CrenanoBud.

IT

1S

TakoxX MiAMPHUEMCTBO 3aMMAETHCSI BUPOOHUIITBOM
LeTau Ta BUIOOYTKOM i 00poOKOrO TiCKOBHKY. BoHO
Mae BUpOOHMYI TOTY>)HOCTI B ceni KociB i pomoBume
MCKOBUKY B ypounti «[lepeiima.

s mepBUHHOT 00pOOKH Ta 30epiranHs IpOTyKIIii
B KoxkHOMY minpo3zmini ITAIT «/I3Bin» € HeoOXimHe
obmagHaHHs. [liTnpUeMCTBO BOJOIE€ 3€PHOCYIIHIIH-
HUM KOMILUIEKCOM, 1[0 BKIIFOUA€E CYIIAPKH Ha IPOBax Ta
nBi ra3oBi cymapku Sukap 3 1000BOI MPOAYK-
tuBHICTIO 250 ToHH. Y 2017 potii po3po0ieHO MPOEKT
OyIiBHHMIITBA €JIEBATOPHOTO KOMIUIEKCY I0OIH3y
3aJII3HULI TS TPSIMOT IOCTaBKH 3epHa B opTu. Y 2021
pori posmouanocs OyAiBHUITBO «bi1000KHHUIIBKOTO
enieBaTopy» B celli binoOOXHHUI, SKUH BBEJCHO B
ekcryaraniro B 2022 poui. EneBatop mae 3aranbHy
MIOTYXHICTh 48 THC. TOHH OJTHOYACHOTO 30epiraHHs B
IT{/ITIOTOBHX CKJIaJIaX Ta METaJIeBUX CHIIOcax 1 00JaHa-
HUH ITyHKTOM 3aBaHTaXEHHS JUII aBTOMOOIUIBHOTO Ta
3aJI3HUYHOTO TPAHCIOPTY, JABOMA 3aJII3HUYHUMH
KOJISIMH, 3€PHOOYMCHUMH OJIOKAaMH Ta CYIIapKOIO
STRAHL11000.

I[MAIT  «/I3BiH» aKTHBHO  CITIBIIpAIloe 3
MIPOBIIHUMH KOMITaHISIMH T'aTy3i IOCTaYaHHs HACIHHSA,
30kpeMa KWS Ta Syngenta, a Takox i3 mocTayajibHH-
KaMH 3aco0iB 3aXUCTy pOCIHH, TakMMHU sK Bayer,
Syngenta Ta Basf.

Ha npakTuni icHye KiIbka OCHOBHHUX HNPHHLMIIIB
YepryBaHHs KyJbTYp, K BAKOPUCTOBYIOTbCS JUIsl J10-
CSITHEHHSI BHCOKMX BposkaiB. Hampukian, moxiusi
KOMOIHAIIT BKITFOYAIOTh TaKi HOCIIOBHOCTI KYJIBTYD:
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- [TireHunIs — COHALIHUK — Tap;

- Kykypynza — oBec — nmonepHa abo KOHIOIINHA —
nap abo MacoBHIIE;

- MopxkBa — IIeHUIs — MUPIi.

3UMOBHUIT LMK MIIEHUI — MIISHUI — pilaKk —
MIIEHUIS — MIESHHLS — COsI/COHSIIHKK Ha 2 POKH;

JIiTHI# UK KyKypyz3a — COsl — COHSIIIHUK — Oa-
BOBHA — KYKypY/3a — COSi— NIIECHUIIS.

Jnst ykpaiHChKHX (hepMepiB AOLIJIBHUM € I0TpHU-
MaHHs HayKOBHX PEKOMEHJIALIH 3 ypaxyBaHHIM I€O-
rpaiYHUX 30H: ONTHMANbHI CXeMH CiBO3MIHH MOXYTh
cyTTeBo BinpizusaTucs mis Jlicocremy Ta [Momices. 3a-
rajoM, SKIIO TOCIOJApCTBO BHPOLIYE 3HAYHY KiJlb-
KiCTh KYJNBTYp, BapTO 3aCTOCOBYBaTH OaraToIijIbHY
CiBO3MiHy, HampHKIaJ, BOCEMUIUIBHY abo mecs-
TUIJIBHY. SIKIIO K TIUIAHYeThCS BHPOIIYBaHHS Bif
JIBOX JI0 YOTHUPBOX KYJIBTYpP, ONTUMAJIbHUMHU € YOTH-
puIIbHI 200 TATHNUIBHI CIBO3MIHM 3 KOPOTKHM
nepiozom poraii. 3 ypaxyBaHHSIM Cy4acHOTO IOITUTY
Ha 3epHOBI Ta OJIIHI KyJIbTYPH, JOCIIXKSHHS ITOKa3y-
10Th €()EKTHBHICTh YOTHPHIIIBHOI CIBO3MIHH 3 Yepry-
BaHHJIM HACTYITHHX KYJIbTYp:

1. Bararopiuni 6000Bi TpaBu, 3epHOO000BI YU
KOPMOBI KYJIBTYPH.

2. INmeHuns o3uMma.

3. CoHsmHUK, 3epHOO000BI, KyKypya3a abo iHmIi
KYJBTYPH, KPIM 36pHOBUX CTEPHBOBHX.

4. SlumiHp Spuii, NIIEHUL spa, OJHOPIYHI TPaBH
YM OZIHOPIYHI TPaBH 3 IiICIBOM 0araTopiyHuX TpaB.

Y upoMy MpUKIAAI YOTHPHIIIBHOI CiBO3MIiHU
nepiue 1mosie 3 OaraTopivHUMH 0000BMMH 3a0e3nedye
IPYHT a30TOM, OKpAIy€e HOro CKIaj Ta CTPYKTYpY 3a-
BISIKA PO3BHHCHIH KOPEHEBiH CHCTEMi, IO CTBOPIOE
CIIPUATIMBI YMOBH JUIS IOJAJBLIOTO BHPOIIYBaHHS
mreHuri. [ImeHns Ha ApyroMy moi crpusie 30ara-
YEHHIO IPYHTY OPraHiKOK Ta JOIOMAarae 3MEHIIUTH
HIUTBHICTE Oyp'sHIB. Ha TpeThoMy IO AOIIIBEHO BHU-
POIIYBaTH OJiifHI KyIbTYpH a00 KYJIBTYpH 3 BUCOKHM
MOMTUTOM, SIK-OT 36pHO0000BI 4K KyKypya3a. UeTBepTe

IcHyto4a CTPYKTYpa

TexHi4HI KynsTypKr

KopMoBi - Bckoro

3EepHOBI - BCLOrO

50.0%

YucTi napwn

3emna g 0BpobiTKY

KopmMoBi - Bcboro

IOJIe TIPU3HA4YeHe JUI1 3€PHOBUX 3 JOJABAHHAM O1-
HOPIYHUX TPaB, SKi MOKPANTYIOTh POTIOYICTh Ta 3aXH-
IIAIOTh IPYHT. Y pa3i BUPOILYBaHHS 3€PHOBUX KyJIb-
TYp, COJIOMa 4H 3eJIeHa Maca MOKe OyTH BUKOPHCTaHA
SIK KOPM JUIsl TBapuH abo opraHiuHe J00pHBO.

[Ticnst BU3HAUYEHHS CTPYKTYPH IMOCIBHHUX IUIOINI 3
ypaxyBaHHSM EKOHOMIYHHMX Ta arpOTEXHIYHUX YHH-
HUKIB BU3HAYAIOTh KUIBKICHI TIapaMeTpH CiBO3MiH,
OPIEHTYFOUUCH HA TaKi MPHUHIUIIN:

- KO)KHa KyJIbTypa abo rpyna KyJIbTyp, CXOKHX 32
Ol0JIOTIYHMMH Ta arpoOTeXHIYHUMH XapaKTepPHCTHU-
KaMH, TOBMHHA 3aiiMaTH LiJi OIS, MIHIMI3YIOUH KiJlb-
KICTh KOMOIHOBAaHMX IMOCIBHHMX IUIOIL;

- TTOJIST MAFOTh OYTH CIIPOEKTOBaHi y ¢opMi # po3-
Mipax, SKi CHpPHSAIOTP BHKOHAHHIO MEXaHi30BaHHMX
pooiT;

- JIONMYCTHME BIIXWJIEHHS IUIOL] MK IIOJISIMH
cknanae 10 5%, B okpemMux Bumnajakax — a0 10%;

- KUTBKICTB IOJTiB BU3HAYAKOTh IUIIXOM IO 3a-
rajJpHOI IUIONI CIBO3MIHM Ha CEpeAHINd pO3Mip MO,
IIPU [[bOMY 3a0€3MeUyI0UH BiAMOBIJHICTh PEKOMEHI0-
BaHUM CTpPOKaM HOBEPHEHHS KyIbTyp Ha MONEPEaHi
MICI. TIPM BJIOCKOHAJICHHI iCHYFOUOi CiBO3MIHH ce-
pemHi po3MipH MO 1 KUTBKICTh HOMIB 3aTHIIAIOTHCS
HE3MIHHHUMU;

- CXeMa 4YepryBaHHs KyJIbTyp Y CiBO3MiHI pO-
3po0JIA€THCSI HA OCHOBI HAYKOBUX HPHHIIHIIIB;

- IpY BUOOPI MOTEPETHHUKIB ISl O3UMHX KYJIBTYD
Ba)KJIMBO BPaXOBYBATH NPAKTUYHUI TOCBi rOCIoAap-
CTBa, a TAKOX Pe3YJIbTaTH Ta PEKOMEH allii HayKOBHX
YCTaHOB.

OcHOBOI0O 11 pO3pOOJIeHHSI Ta BIOCKOHAJIECHHS
CIBO3MIH € ONTHMallbHA CTPYKTypa IMOCIBHHUX ILIOII,
sIKa BU3HAYAETHCSA 3 yPaxXyBaHHIM IPYHTOBO-KIiMaTHY-
HUX OCOONHMBOCTEH perioHy, cremiamizamii arpo-
MAMPUEMCTBA Ta  HEOOXIOHOCTI  3a0e3ledeHHs
CYMDKHHX rany3eil ciibehbkoro rocmogapcrtsa [7-10].
CTpyKTypHHI CKJIa]] IIOCIBHUX TUION i pO3MOALT KYyJIh-
TYp 3a CUCTEMOIO CiBO3MIH HaBeJleH] Ha puc. 2-4.

MepcnekTUBHa CTPYKTYpa

TexHi4HI KyNnbTYpW

3epHOoBi - BCLOTO

YucTi napn

3emMns e 06pobiTry

Puc. 2. Po3nodin niow no kamezopisim Kyivmyp

JliBa niarpama BimoOpaskae iCHYIOUMIl pO3MOJLNT
ot KyneTyp. OCHOBHA YacTKa MpHIaJia€ Ha 3epHOBI
KynbTypH (0mm3pko 60,7%), pemTa po3moaiieHa Mix
TexHIYHUMHU KynbTypamu (17,1%), KOpMOBHUMHU KyIIb-
typamu (10,9%) Ta mapamu (11,2%). IlpaBa giarpama

MI0Ka3y€e MEepPCIEKTUBHUI PO3MOJLI, JIe YacTKa 3E€pHO-
BUX KYJbTYp IUIaHyeTbCcs 30uUmbmuTH 1o 67,3%, a
YaCTKU TeXHIYHUX Ta KOPMOBHX KYJIBTYpP 3MEHIIHTH.
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Leii rpadik qonomarae 3po3yMiTH, Ha YOMY 3pO-
OWTH aKLEeHT y MalOyTHIN CTPYKTypi CLIbChKOTOCHO-
JIAPCHKUX KYJIBTYp, 30KpeMa Ha 301IbIIeHHI 36PHOBHX
3a PaxXyHOK {HIITMX KaTeropii.

IcHyto4a cTpyKTYpa

Semna e obpobitry
YucTi napu
SepHosi - Beorn
TexHi4Hi KynsTypn
Kopmoni - srearo

6000

5000

4000

3000

2000

1000

Moneoea Nel MNoneoea NeZ

Koproga Ne3

MepcnexkTuBHa CTPYKTYpa

Zemna B obpobitry
YucTi napu
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Puc. 3. Po3nodin kynemyp 3a cigosminamu

JliBuii rpadik BigoOpaxae iCHYIOUYE pO3MOIIICHHS
TUIOW KYJIBTYP IO TPbOX CTPYKTYpax CiBO3MiH — MOJIb-
oBa Nel, mospoBa Ne2 i kopmoBa Ne3. 3epHOBI B OCHOB-
HOMY 3aiiMalOTh IUIOIY B MOJBOBUX CTPYKTYpax Nel i
Ne2. TlpaBuii rpadik Mokasye MepCHeKTUBHY CTPYK-
TYpY CIBO3MIH Ul KOXKHOI KyJbTYpH, IO JIO3BOJISE
BIJICTE)XUTH, SIK 3MIHM Y PO3MOALTI KYJbTYp BimoOpa-
3SIThCSI y KOXKHIH CTPYKTYpI CIBO3MIHH.
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Nnowa, ra
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PucyHnok 3 nae nmetanbHHE OMJIA[ BHYTPIIIHBOL
CTPYKTYpPH PO3MNOAULY KyJIbTyp 1 Jomomarae 3ayBa-
JKUTA KOHKPETHI 3MIiHM B IUIONIAX y KOXHIii CiBO3-
MIHHI# CTPYKTYPI.

PucyHok 4 NOpIBHIOE TUIONII JUISi KOXKHOI OCHOB-
HOi KaTeropii KyJbTyp MIX iICHYIOUOIO 1 TIEpCIICKTHB-
HOIO CTPYKTYpaMH. 3ayBaXyeThCs 3HAUHE 301TbIICHHS
IUTOLII  3€PHOBMX y IEPCIEKTHBHIH  CTPYKTypi
MOPIBHSAHO 3 iICHYIOUOIO, TOJI SK IUIOIII TeXHIYHUX 1
KOPMOBUX KYJbTYp TUIAHYETHCS 3MEHIIIUTH.
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Puc. 4. [lopienannus icuyrouux i hepCneKmueHux niowy no Kyiomypam
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lNicTrorpama m03BOJISE JIETKO OIHWUTH 3arajibHi
TEHCHII1 y 3MiHi IUIOMNI i OKpeMi BUIH KYJIbTYp Ta
ITIOCTPYE CTpaTeriyHi IIIaH! IIOA0 IX MEPEepO3MOIiTy.

Ha ocnogi ogepxanux rpadikis (puc. 2-4) MmoxxHa
3p0oOUTH BHCHOBOK, IO TEPCIEKTUBHA CTPYKTypa
CLTBCHKOTOCIIOIAPCHKUX  KYJBTYp CIpPSMOBaHA Ha
30UIBIICHHS TUION ITiJ] 36PHOBI, 30KpeMa TIICHHMIIIO, 3
OJTHOYACHUM 3MCHIICHHSAM TEXHIYHHX 1 KOPMOBHX
KYJBTYp. 3 ypaxyBaHHIM BUMOT PHHKOBOI EKOHOMIKH,
MEePCIEKTHUBHA CTPYKTYPa MOCIBHUX ILIOL CIIPSIMOBAaHA
Ha BHPOIIYBaHHS BHUCOKOPEHTAOCNbHHUX KYJIBTYP Ta
OTITUMI3AIlif0 CIBO3MIHHM JJIsI TiABUIICHHS MPOXYKTHB-
HOCTI 1 edpekTHBHOCTI 3eMiteKopucTyBanust [11-14].

V tabmuii 1. HaBeeHO PO3MOIiT MOCIBHUX IO
JUTSL ICHYIO4YO1 Ta BIIOCKOHAJICHOI CiBO3MiH, SIKi 3aCTO-
COBYIOTBCSI B TOCIIOIAPCTBI cTaHoM Ha 2024 pik.

IcHyroua ciBo3MiHa CKIIaJaeThCS 3 BOCEMH IOJIB
i3 pI3HUMH KYJIbTYpaMU: YOPHUI Tap, 031UMa MIIICHUIIS,
LYKPOBHI OYpSK, IpUid STUMIHB 3 €CIAPIIETOM, ecrap-
LIET, KYKypy/3a Ha 3ePHO Ta COHSAIIHUK.

3arayibHa II01Ia CiBO3MiHU cTaHOBUTHL 3119,0 ra
i3 cepenHiM po3mipom moist 390,2 ra.

Yopuuit map 3aiimae 383,6 ra (12,3%), o3mma
mmernnst — 393,0 ra (12,6%), mykpoBuil Oypsik Ta
ecrapuer — 1o 389,9 ra (12,5%), KkykypyZ3a Ha 3epHO
—389,9 ra (12,5%), a consmrank — 386,7 ra (12,4%).

Ta6mums 1
Ilnoma KokHOI KyJbTYPH /ISl 000X ciB0O3MiH (I0J1b0Ba ciBo3MiHa Nel)
Ne
ot Kynberypa IInowa, ra Crpyxkrypa, %
1. YOPHUH map 383,6 12,3
2. 03UMa IIIEHULS 393,0 12,6
3. I[YKpOBHii Oypsik (icHytoua) / 03uMa NieHuIst (BI0CKOHAIeHa) 389,9 12,5
4 SApHi TYMIHB 3 ecriapueToM (icHyroua) / KyKypyaA3a Ha 3epHoO (BIO- 393.0 126
CKOHAJICHA)

5. ecrapriiet (icHyroua) / spuil S;IUMiHb (BIOCKOHAJICHA) 389,9 12,5
6. 03MMa MIIEHULIS 393,0 12,6
7. KyKypy/3a Ha 3epHO (icHyto4a) / cos (BIOCKOHAJICHA) 389,9 12,5
8. COHSIIITHUK 386,7 12,4

BrockoHaieHa CiBO3MiHA TaKOXK CKJIAJAETLCS 3
BOCBMH IIOJIiB, ajieé PO3MOJUI KYJIbTYp 3MIHEHUH A
miABUIICHHS e(ekTuBHOCTI. KynbTypamu 3amuiia-
IOTBCS YOPHHH Tap, O3MMa MIICHUI, KyKypya3a Ha
3epPHO Ta COHSIIHUK, OJTHAK JOJAFOTHCS SIPHIL SSIMIHB T
o9, 1[0 3aMIHIOIOTh IIYKPOBHI OYpSK Ta ecrapIer. 3a-
rajbHa IUIONIA 3aJIMIIAcThCA He3MiHHO0I0 — 3119,0 ra, i3
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cepeaHiM po3MipoM ot 389,9 ra. Posmomin miionr 3a
KyJIbTYpaMH 30epirae cXoxy CTPYKTYpy: YOpHHI map
3aiimae 12,3%, osuma mmenuns — 12,6% (tenep Ha
TPBOX MOJAX), KyKypyaza — 12,6%, a COHAIIHUK —
12,4%.

Ha ocHOBi TaOauyHIX JaHUX TOOYIOBaHO Tpadik
MOPiBHSAHHS CiBO3MiH (puc. 5)
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Puc. 5. Ilopieusanus ciso3min ichyouoi 3 600CKOHANEHOT
(nonwvosa cisozmina Nel)

L5 Tabnurst nokasye, sSIK Mepepo3noAia KyJIbTyp y
BJIOCKOHAJICHI CiBO3MiHIi JO3BOJISE IiIBUIIUTH TPO-
JYKTUBHICTB 1 CTIHKICTH IOCIBIB, 30epirarouu OnTH-
MaJlbHi TIOKa3HHUKH IO 1 CTPYKTYPH IIOCIBHUX IOJIIB.

VY tabmuii 2 mpeacTaBieHO MOPIBHIHHS KYJIbTYP,
TUIOMT 1 CTPYKTYPHHUX YaCTOK Y MOJIbOBIK CiBO3MiHI Ne2

JUTSL ICHYIOYO1 Ta BJIOCKOHAIEHOI BEPCii, MO 3aCTOCO-
BYIOTBCS ¥ TOCIIOJJAPCTBI.

3arajgpHa IUIOIIA CIBO3MIHM OJHAKOBa I 000X
BapiaHTiB i craHoBuTh 2831,7 ra. Cepenuiii po3mip
TI0JISL TAKOXK HE 3MIHIOEThCS 1 AopiBHIOE 354,0 ra. 3Mian
Yy BJIOCKOHAJICHI CiBO3MiHI: Ha 4-My TOJNi: SIpwid
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STIMIHb 3aMiHEHO Ha COI0, IO JTO3BOJIAE OUTBIN edek-  IPYHTY; Ha 6-My MOJIi: 03uMa MIISHUIIS 3aMiHeHa Ha KY-
THBHO BHUKOPHCTOBYBAaTH IUIONIY JUIS BUPOIIYBaHHS  Kypyn3y Ha cwioc. L{g 3amiHa 301IbITy€e arpoTeXHITHY
0000BHX KyJbTYp 1 TMOKpallye a30THE JKHUBJICHHS  e(EKTHBHICTB i CIIPHUSE PO3MUPEHHIO KOPMOBOI 0a3u.

Tabmuwus 2
Il1011a KOKHOI KYJBTYPH JIs1 000X ciBO3MiH (110/1b0Ba ciBo3Mina Ne2)
Ne 0
ot Kynberypa IInoma, ra CrpykTtypa, %
1. YopHwuii map 356,4 12,6
2 O3uMa NIIeHns 353,6 12,5
3 Kykypynza Ha 3epHO 356,4 12,6
4, Spuit stamins (icHy09a) / cos (BIOCKOHAJICHA) 350,8 12,4
5. Cos (icHyro4a) / o3uMa muieHUIs (BAOCKOHAJICHA) 353,6 12,5
6 Oznma mmeHnI(icHyo4a) / KyKypya3a Ha ciiioc (BIoc- 3565 12,6
KOHAJICHA)
7 O3uMa NIIeHnIs 350,8 12,4
8 COHSIIHAK 353,6 12,5

Po3mozin KynbTyp: YOpHHI Nap 3aJMIIA€ThCI Ha  BaHHS KYKYPYyI3H Ha CHIIOC; KyKypyZA3a Ha 3epHO i co-
1-my mouti 3 miommeto 356,4 Ta i CTPYKTYpHOIO YaCTKOI0 — HSIIHUK 30€piratoTh CBOI MO3HIIIT B 000X BapiaHTaxX Ha
12,6% B 000X BapiaHTax; 03MMa MIICHHUI 3aiiMae 2-re,  3-My Ta 8-My HOJISIX BIAMOBIAHO, 3 YacTkamu 12,6% Tta
6-Te i 7-Me mouis B icHyrouill ciBO3MiHi, ane y Boocko-  12,5%. Ha ocHOBiI TaOIMYHUX JIaHHUX MOOYZOBaHO
HaJleHiH ii yacTka Ha 6-My T0JIi 3MEHILIeHa yepe3 [oAa-  rpadik NOpiBHSHHS CiBO3MiH (pHc. 6)

IcHyto4a ciBo3MiHa Ne2 BrockoHaneHa ciBo3MiHa Ne2
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Puc. 6. Iopisusnns cieo3min ichyiouoi 3 600CKoOHaneHOT
(nonwvosa cisozmina Nel)

PucyHnox 6 103BOJIsI€ OIIHMTH, SIK BAOCKOHAJEHa  (cOs Ta KyKypy/A3a Ha CHIIOC), IO MOKE CIIPHSATH 3MEH-
ciBo3MiHa Oinbll eEKTUBHO BHKOPHCTOBYE HAsBHI  IIEHHIO €pO3IMHUX IMPOLECIB i MiJABUIIEHHIO POAIOYOCTI
IUIONII 1 BiINOBiAa€ Cy4aCHUM arpoTEXHIYHHUM BHMO-  IDYHTIB.
raM, 30KpeMa, 3a pPaXyHOK BBE/ICHHS HOBHX KYyJbTYp VY tabmuui 3 mpexacTaBieHi AaHI NMpO IUIOMII Ta

CTPYKTYPY KYJNBTYp y IOJbOBiil ciBo3MiHi Ne3 s
ICHYI0YO0i Ta BIOCKOHAJICHOI BepCiil.
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Tabmmrs 3
Il101ma KOKHOI KYJBTYPH JIs1 000X ciB03MiH (01b0Ba ciBo3MiHa Ne3)
Ne o
o Kynberypa IInoma, ra Crpykrypa, %

1. Ecnapruer 107,8 16,6

2 Ecmapuer 109,7 16,9

3. O3uMa nuIeHus 107,8 16,6

4 Kykypynza Ha cunoc (icHyto4a) / kopMoBuii Oypsik (Baoc- 106.5 16,4
KOHaJIeHa)

5 Osuma menuns (icHyroua) / KyKypy/3a Ha cuioc (Bloc- 109,7 16.9
KOHaJICHa)

6. | Slpuii stumisb + ecnapuer 107,8 16,6

3aranbHa IUIOH[A CIBO3MIHM CTaHOBHUTHL 649,3 ra,
cepenHiit po3mip moist — 108,2 ra.

Ecmapuer po3mimenwuii Ha 1-My Ta 2-My IOJSX 3
mromamu 107,8 ra ta 109,7 ra, mo cranoButsh 16,6%
Ta 16,9% Bix 3aranpHOl Iuromy BimmoBigHo. O3uMa
MIICHUI 3afiMae 3-Te Ta 5-Te Mot B 000X BapiaHTax
ciBO3MiHH. Y BIOCKOHAJEHIH Bepcii BOHA 3MillleHa Ha
3-te mosie (16,6%) 1 He MPUCYTHS HA S5-MY, 10 BUBLJIb-
HUJIO TTOJIC JUIS 1HIIOT KYJIBTYpH.

3MiHH y BIOCKOHAJICHIH Bepcii:

- Ha 4-My TIOJIi KYKYypy/3a Ha CHJIOC 3aMiHECHA Ha
KOPMOBHUIT OypSIK;

KopMoea ciBo3Ming Me3 {ichyioda)

Apuil AYMiHb+ecnapueT |

KopMosni Bypak

- Ha 5-My TOJi 3aMIiCTh O3MMOI MIICHUIN 3'AB-
JSIEThCA KyKypyZ3a Ha CHIIOC.

Spuit sAMiHE 3 ecnapieToM 3aiiMae 6-Te Toje 3
mwrometo 107,8 ra (16,6%) 1 He 3MIHIOETBCA B 000X
BapiaHTax.

i 3MiHE MalOTh Ha METi ONTUMI3yBaTH BUKOPH-
CTaHHS IOCIBHUX IUIOII, 30KPEMa, IIUIIXOM BBEACHHS
KOPMOBHUX KYJBTYp, IO CHPUSE TTOKPAIIEHHIO KOPMO-
Boi Oa3u. I'padik mnst obox ciBo3MiH puc. 7, 1mo0
Bi3yalli3yBaTH IUIOLLY KOXKHOI KyJIbTYpH.

KopmMoea cigo3Mida M:3 (srockoHaneHa)

ApHA A4MiHL + ecnapueT

KyneTypa

KyHypyaza Ha cunoc

D3uma NweHnua

Ecnapuet

o 20 40 it B0
Mnowa, ra

100 o 20 an 60 B 100

Mnowa, ra

Puc. 7. Ilopieusanus ciso3min ichyouoi 3 600CKOHANEHOT
(nonwosa cieosmina Ne3)

Ha rpadiky mnpencraBieHO MHOpPIBHSHHS IUIOL]
KyJIbTyp Ul iCHYIOYOI Ta BIOCKOHAJEHOI IT0JIbOBOI
ciBo3Minu Ne3. CHHIM KOJIbOPOM ITO3HAYEHI KYJIBTYPH,
1110 BUKOPUCTOBYIOTBCS B iCHYIOili CIBO3MIiHi, a 4epBO-
HHUM — Yy BJIOCKOHAJIEHiH.

Taxi 3MiHH CIIPSIMOBaHI Ha ONTHMI3AIliI0 TOCIBIB
BIJIMOBIAHO 70 TOTPed TroCmoAapCTBa, IiABHUIIECHHS
e(eKTHBHOCTI CiBO3MiHM Ta 30aTaHCOBAHOTO BUKOPH-
CTaHHS 3eMENbHUX PECypCiB.

BucHoBku. Po3po6ka ciBo3MiH 6a3yeThCs Ha OTI-
TUMi3alil CTPYKTYpH MOCIBHUX IUIOLI 3 ypaxyBaHHSIM
NPUPOJTHMX 1 KIIMaTHYHUX YMOB, NMOTped rocronap-

CTBa Ta EKOHOMIYHOI IOLIIEHOCTI, 1110 JO3BOJISIE€ 3MEH-
LIMTH IO TEXHIYHMX 1 KOPMOBUX KyJbTYp Ha KO-
PHUCTh BUCOKOPEHTAOCIIEHUX 3€PHOBHX.

[lepcriekTiBHA CTPYKTypa NOCIBiB mependadae
30UIBIICHHS TUION MiJ 3€PHOBI, 30KpeMa IIiJ 03UMY
TIIEHHUIIIO, [0 CIPUSE 3POCTAHHIO MPOJAYKTUBHOCTI Ta
PEeHTa0eTBFHOCTI 3eMIICKOPHCTYBAHHS.

EdextuBHicTs BOOCKOHANIEHOI ciBo3MiHl Nel. Y
BJIOCKOHAJICHIH CiBO3MiHI 30€peKeHO 3araibHy IJIOMLY
3119,0 ra i cepenniit po3mip mosst 389,9 ra, ane mpose-
JICHO TIEPEepO3MOAia KyJIbTyp — JOJAHO COIO Ta SIpUil
SIYMiHb, [0 MIABHIIIIO ¢()CKTUBHICTh BUKOPUCTAHHS
UION] 1 3MIILIHUJIO arpOTEXHIYHY CTA0UIBHICTS.
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Bnockonanenns ciBosminum Ne2. VYV ciBo3MmiHi
STIMIHB 3aMiHEHO Ha CO¥O0, IO IMiIBUIIYE €(PEKTUBHICTh
yepe3 TOKpalleHe a30THE JKUBIEHHS IPYHTY. 3aMiHa
03UMOI TIIEHHII Ha KyKypyA3y Ha cuiioc 3abesmedye
PO3LIMPEHHS KOPMOBOI 0a3u.

EdexruBHicTh BrockoHaneHoi ciBo3minu Ne3. YV
CIBO3MiHI BBEJICHO KOPMOBHIA OypsK Ta KYKypya3y Ha
CHJIOC, IIO CHPUsSIE IiJBUIICHHIO MPOJAYKTUBHOCTI Ta
CTIMKOCTI MOCIBIB 1 MOKpAIye KOPMOBY 0a3y rocmo-
JapcTBa.

BrockoHaneHHs ciBO3MiH, 30KpeMa BBeACHHS 00-
00BUX 1 KOPMOBHX KYJIBTYp, J03BOJIsE 30epertu po-
IOYICTh IPYHTIB, 3MEHIOUTH €pO3iiHI MpolecH Ta
T ABUIINTH €KOJIOTIUHY CTIHKICTh 3eMeb.

CTpyKTYpHI 3MiHH CiBO3MIH JO3BOJIAIOTH e(dek-
THUBHO BUKOPHCTOBYBATH IOCIBHI ILIOILI, 301/1bIIYBaTH
PEHTa0ENbHICTh arpoMiINPUEMCTBA Ta ONTHMI3yBaTH
Horo poOOTY BiZIIIOBITHO 10 BUMOT Cy4acHOI pUHKOBOT
€KOHOMIKH.
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Abstract

The article analyzes the creation of forest crops in different forest vegetation conditions. Based on the analy-
sis, it was found that in the current year in Sosnhivske forestry, forest crops were created in the conditions of wet
boreal forest - 1.8 hectares, fresh subboreal forest - 4.6 hectares, wet subboreal forest - 18.4 hectares, wet subboreal
forest - 1.3 hectares, fresh subgrade - 4.4 hectares, wet subgrade - 1.8 hectares.

It has been determined that four schemes of mixing forest crops are used in the specified forestry: 7rSz3rBp,
4rSz1rDz, 4rSz1rYale, 4rSz1rBp. In wet forest conditions, three planting schemes are used for scots pine and
hanging birch, namely 7 rows of pine and 3 rows of birch. In C2 and C3 conditions, 3 planting schemes are used
for planting crops, including 4 rows of pine and 1 row of oak, birch or spruce.

In the course of the research, the amount of planting material required per hectare of forest area was deter-
mined. Depending on the type of forest and vegetation conditions, it ranges from 3.92 to 4.53 thousand pieces for
pine, 0.08-0.60 thousand pieces for spruce, 0.60-0.63 thousand pieces for oak For birch - 0.21-1.67 thousand
pieces. The cost of planting one hectare of forest crops is significant, ranging from 11.0 to 29.5 thousand UAH for
European pine, from 19.0 to 39.5 thousand UAH for oak, from 16.0 to 34.5 thousand UAH for birch and from 22.0
to 54.5 thousand UAH for spruce.

In addition to the creation of forest crops, the farm provides for natural regeneration in pine stands: a fresh
pine forest on an area of 0.7 hectares, a fresh oak-pine subbore on 0.9 hectares, a wet oak-pine subbore on 1.8
hectares, and a wet hornbeam-oak-pine subbore on an area of 0.7 hectares.

AHoTanis

VY crarTi mpoaHaizoBaHO CTBOPEHHS JIICOBHUX KYJIBTYP y Pi3HUX JICOPOCIMHHMX yMOBax. Ha ocHOBI mpoBe-
JICHOTO aHalli3y, BCTaHOBJICHO, 110 y COCHIBCHKOMY JIICHULITBI B MOTOYHOMY POILli CTBOPEHO JIICOBHX KYJIbTYp B
yMoBax BoJiororo 6opy — 1,8 ra, cBixxoro cybopy — 4,6 ra, Bonororo cybopy — 18,4 ra, cuporo cybopy — 1,3 ra,
cBixoro cyrpyny — 4,4 ra, Bonororo cyrpyay — 1,8 ra.

BusnaueHo, 110 y 3a3Ha4€HOMY JIICHHUITBI 3aCTOCOBYIOTH YOTHUPH CXEMH 3MIIIYBAaHHS JIICOBHX KYJBTYD:
7pC33pbn, 4pC3lp/3, 4pC3lpslne, 4pC3lpbn. B ymoBax Bojororo 00py BHKOPHUCTOBYIOTh TPH CXEMHU pPO3-
MIIIIEHHS [TOCAKOBHUX MICIb JUII COCHH 3BUYaliHOT Ta Oepe3u MOBUCIIOI, a caMe 7 PsiIiB 3 COCHH Ta 3 psiau Oepesu.
B ymoBax C2 ta C3 mpu mocajili KyJabTyp BUKOPUCTOBYIOTE 3 CXeMH PO3MIIICHHS, 110 BKJIIOYaE B cede 4 psmu
cocau Ta 1 psa 3 myba, 6epe3n abo sSUTMHY.
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B xomi mpoBeneHuX MOCIHITKEeHb, BU3HAUYEHA KUTBKICTh ITOCAJKOBOTO MaTepially siKke HeoOXiTHa Ha TeKTap
JiCOBOI TUTOMII. 3aJIeKHO BiJl THITY JIICOPOCIUHHUX YMOB BOHA CTAaHOBUTH JUIsl COCHH Bif 3,92 mo 4,53 Tuc. mT.,
st suman — 0,08-0,60 Trc. wrr., mis xyb6a — 0,60-0,63 tuc. wr., mis 6epesu — 0,21-1,67 tuc. mr. BusHauna
BapTICTh MMOCAIKHM OJTHOTO TeKTapa JiCOBUX KYyJIbTYp, AKka cTaHoBUTH Bix 11,0 10 29,5 Tuc. rpH ams cocHy, Big 19,0
1o 39,5 tuc. TpH g ny6a, Big 16,0 mo 34,5 Tuc. rpH ans O6epesu ta Big 22,0 10 54,5 THC. TPH VIS SUTHHU €BPO-

MEUCHKOI.

OKpiM CTBOPCHHS JIICOBUX KYJBTYP y TOCIOIAPCTBI Mepe10aYeHO MPUPOTHE TIOHOBJICHHS B COCHOBUX JIepe-
BOCTaHaX: CBLKMI cocHOBHI Oip Ha rwiomi 0,7 ra, cBikuil 1yboBo-cocHOBHY cy0ip — 0,9 ra, Bojormii 1y00BO-
cocHoBui cy0Oip — 1,8 ra, a Takok BOJIOTHIT Tpab0OBO-1y00BO-COCHOBHIA Cyrpyn Ha rwiomi 0,7 ra.

Keywords: forest type, stand, tree crops, mixing scheme, economic efficiency.
KurouoBi ciioBa: Tum Jicy, [epeBocTaH, KylIbTypH IepeB, CXeMa 3MilTyBaHHs, EKOHOMIYHA ¢(EeKTUBHICTb.

CTBOpEHHS JIICOBHUX KYJIBTYP € HAI3BUIANHO BaXK-
JUBHM AacCIeKTOM CYYacCHOCTi, IIO OXOIUIIOE Pi3HO-
MaHITHI €KOJIOTiYHi, €KOHOMIYHI Ta COI[iaJIbHI IH-
TaHHS. AKTYaJIbHICTb IIOTO MIPOLIECY 3POCTAE Y 3B'I3KY
3 3arPO3JIUBUMH 3MIHAMU KJIiMaTy, Jerpaaalli€ro Jico-
BUX CKOCHUCTEM, 301JbIICHHIM BUKHUJIB MapHHUKOBHUX
rasiB Ta BTpaToto OiopizHOMaHiTTs. CTBOPEHHS Jico-
BUX KYJIBTYpP € BAXIIUBUM KPOKOM y O0OpOTHOI 3 KiliMa-
TUYHUMH 3MiHAMH, BiJTHOBIICHHI NIETPallOBaHUX TEPH-
TOpiH, 30epexeHHI Ta BiIHOBIICHHI OlOPI3HOMAHITTS,
OTpPUMaHHI €KOHOMIYHHX BUTOJ, 3aXHCTi BOIHHUX pe-
CypCiB, a TAKOXX Ma€ COIiaJbHUMN 1 KyIbTYPHUH BILTUB,
JIOTIOMAarae y 3axWCTi Bi TPUPOIHUX KaTacTpod i
ajanTamii 10 KIiMaTuaHuX 3MiH [1-3].

Jlicu BHUKOHYIOTH OIHY 3 KIIOYOBUX pOJed y
MOM'SIKIIIEHH] HACIIAKIB KIIMAaTHYHUX 3MiH, OCKIIBKH
BOHHU IOTJIMHAIOTH BYTJIEKUCIHH Ta3 3 atMocdepu. Bu-
CaJDKyBaHHS HOBHX JIICIB 1 CTBOPEHHS JIICOBHX KYJIbTYP
CIIpHsIE 3HIKECHHIO PIBHS BYIJIEKHCIIOTO ra3y B aTMo-
cdepi, MO, B CBOIO YEPry, 3MEHIIYE €PEeKT TIo0aib-
HOTO TOTEIUTIHHS, & TaKOX MiATPUMYE KIIMAaTHUIHY
CTaOUTBHICTD, PETYIIIOI0YH TEMIIEPATYPY 1 BOJOTICTE Y
perioHi [4].

CinpcbKOTOCTIONAapChbKa  TisUTBHICTB,  BHPYOKa
JCiB, TMPOMUCIIOBE 3a0pyIHEHHS Ta €po3is IPYHTIB
NPU3BOJATE 110 Jerpaianii 3emens. CTBOpPEHHs Jico-
BUX KYJIBTYp Ha TaKMX TEPHUTOPISIX CHpHsIE BiIHOB-
JICHHIO POJIOYOCTI Ta CTPYKTYpH IDYHTIB, 3a-
no0iraHHIo epo3ii, a TAKOXK 3MEHILIEHHIO BIUIMBY BITPIiB
i 3nuB. lle TakoX IOKpallye BOJO3aTPUMYBaJIbHY
3/IaTHICTh IPYHTY, 1[0 3HIXKYE PU3UKHU 3aTOIUICHb 1 M0-
cyx. Kpim Toro, JTicoBi KyJIBTypH € BaKIHBHM 32CO00M
JUIL 30€pe)KEHHS Ta BiIHOBICHHS Oi0pi3HOMAHITTS:

JICH CIyTYIOTh TPHUTYJIKOM U 0araThbOX BHIB pOC-
JIUH, TBApMH 1 MIKpOOPTaHi3MiB, SKi 3aleXaTh BiJ
CTa0UIbHUX JIICOBUX eKOCHCTEM. BiTHOBIICHHS JTICOBHX
MAaCHBIB ITOKpAIIy€e CEPEAOBHIIE iICHYBaHHS ISl TUKHX
TBapyH, II0 3MEHIIYE PU3UK iXHBOIO BHUMHUPAHHS, a
30araueHHs JTiCOBUX TEPUTOPIH PI3SHUMHU BUAAMH JIepEB
MiZBHUIIY€E CKOJIOTIYHY CTIMKICTh JICOBHX E€KOCHCTEM
[8, 10].

AKTyaIbHICTB TOCTIIXKCHHS ITOJIATAE B aHAaNi31 Be-
JCHHS TOCIONAPChKOI JisSUTBHOCTI 31 CTBOPEHHS JICO-
BUX KyJbTyp Ha TepeHaX COCHIBCBKOTO JIICHHLTBA
¢inii AT «CocHIBCBKE JTiCOBE TOCTIOAAPCTBOY.

MeToro MOCHIIKEHb OyIIO OWIHWUTH CTBOPCHHS
JMCOBUX KynbTyp Ha 3pybax y CocHiBCEKOMY
JIICHUIITRBI.

BimnoBigHO 10 mocTaBieHOi MeETH Tependa-
YaeThCsl BUPIIICHHS HACTYNHHUX 3aBJaHb: OLIHUTH,
CTBOPEHHSI JIICOBUX KYJIBTYP 33 THIIOM JIICOPOCIHMHHHUX
yMoB y CoOCHIBCBKOMY JIICHHITBI; IpOaHaNi3yBaTH
CIOCOOM CTBOpPEHHS IIICOBHX KYJbTYp y JIiICHHUIITBI;
MpOaHai3yBaTH CIIOCOOM PO3MIIIEHHS Ta CXEMHU
3MIII[yBaHHS JIICOBUX KYIBTYpP; HAJATH OIIHKY MOTPEO
CaJIMBHOTO MaTepially 3a JICpPeBHUMHU BUJIAMU; HaJaTH
eKOHOMIYHY OLIHKY BUTpPAT IIPH CTBOPEHI KYJIBTYp Ha
oauHMII o [5-7, 9].

CocCHIBCbKE JIICOBE TOCIIOAPCTBO € CKIIAJ0BOIO
®inii «CocHIBChKE JTICOBE TOCTIONAPCTBOY. JIICHHUIITBO
po3tamioBana y PiBHeHChKiN 00sacti, bepe3HiBchkuii
paiion, cenurie micbkoro Tumy CocHose (puc. 1). 3a-
rajpHa KiIbKICTh MaWCTEPChKUI MITBHUIL CTAHOBUTH
— 6 WIT., KUIbKICTh MPALiBHUKIB JICHULTBA — 17 4oJI.
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Puc. 1. Cocniscoke nicose 2ocnooapcmeo

COCHIBCbKE  JIICHUITBO 3arajibHOI  IUIOIICO
5058,0 ra Bxomuth m0 ckiany o¢inii «CocHIBCbKe
JIICOBE TOCIIOIaPCTBOY.

OCHOBHI ITOKa3HUKH JicoBoro ¢oumy: 75,1% —
cocHOBI HacapkeHHs 1,3 Gonitery 3 moBHOTORO 0,63;
13,3% — ny6osgi I-1I 6onitery 3 moBrOTOMO 0,60; 6,7%
— BimbxoBi HacamkeHHs [-11 GoHiTeTy 3 moBHOTORO 0,67;
3,7% 6Gepe3oBi HacamkeHHs [-11 GoHiTET 3 TOBHOTOO —
0,67.

Brponmoexx  mnporo poky B CocHIBCbKOMY
JICHUIITBI OyJI0 BUKOHAHO TaKi BUAU POOIT:

1) mocanka micoBux KynsTyp Ha miorri 28,0 ra;

2) TOHOBICHHS JTICOBHX KyJabTyp — 32,6 Ta;

3) BBe/CHHS HOBHUX JICPEBHHX BHUIIB — 9 Ta;

4) norysn 3a JicoBUMH KynbTypamu — 115,7 ra;

5) migrotroBka IpyHTY WiJ JICOBiI KyJIbTYpH Ha
HacTyImHHH pik — 9,5 ra.

3aroTiBisl AEPEBUHH 3 PyOOK I'OJIOBHOTO KOPHCTY-
BaHHs ckiana 20,2 ra (3481,5 m*), pyOOK OCBITICHHS —
12,4 ra (77 m?), pyook npountenss — 9,1 ra (84 m3),
pyOok npopimkyBanus — 4,2 ra (38 m®), BUOipKOBHX ca-
HiTapHuX pyook — 143,4 ra (1350 M), cyuinsHo caHi-
TapHUX pyOOK — 24,3 ra (4515 m3), J1icOBIAHOBIIOBAJIb-
HUX pyOok — 2,8 ra (553 m3), BupyOok pigun — 2,9 ra
(273 m?), iHmmX Jicorocnonapchkux pyoox — 10,8 ra
(261 m?).

Takox o0yamITOBaHO MiHEpaJIbHI CMYTH TPOTSIK-
HICTIO 6 KM Ta 00CIIyroBaHi cMyru JOBXHHOIO 111 kM.
3aroTiBis MIWIIOK XBOWHUX Topix ckiama 770 kr, a
30ip HaciHHsa — 518,1 kr. 3aranoM pealizoBaHO MPO-
aykuii Ha cymy 4,13 Mo rpH 3 T1/1B.

MeToauka gocjailkenb. JleTaapbHINANA pO3TIIST
METOIiB JTOCITIHKEHHS TEXHOJIOTil CTBOPEHHS JTICOBHX
KYJIBTYp JO3BOJIA€ TIHOIIE 3pO3yMITH MPOIECH, SKi
BIUIMBAIOTh Ha €(QEKTHUBHICTh BiJHOBJICHHS JICiB Ta
miATpUMKy OiopizHomaniTTs [11].

3a 3BeICHUMH BiJJOMOCTSIMU IIPO€EKTIB CTBOPEHHS
micoux Kynbtyp mo CochiBeskomy JIIT il
«CoCHIBCBKE JICOBE TOCIIOAPCTBOY» MPOAHAII30BAHO:

1) cmocoGu cTBOPEHHS JTiCOBUX KYJIBTYP;

2) cXeMH 3MIllyBaHHsS Ta PO3MIIIEHHs JIiICOBUX
KyJIBTYp;

3) motpeba y caTMBHOMY Ta TOCIBHOMY Matepi-
aIi 3a IGpeBHUMH TIOPOIaMU;

4) THUIHU JICOPOCINHHUX YMOB JI€ 3aITAHOBAHO
CTBOPEHHS KYJBTYD;

5) rwroIi CTBOPEHHS KYIBTYP.

Jlns BUBUCHHS BUILE 3a3HaYeHUX 3aBHaHb y Coc-
HIBCBKOMY JIICHHLITBI 3aKJIaJIECHO THMYacoBi IMPOOHI
IUTOINI 3aKJIaJajiucs y PI3HUX THIAX JICOPOCIMHHHUX
YMOB THUIIOBUX JJIsl JIAHOTO JIICHHILITBA BOJIOTIH Oip
(A3), cBixuii cy6ip (B2), Bonoruii cy6ip (B3), cupwmii
cy6ip (B4), cixuii cyrpyn (C2), Bosoriit cyrpyn (C3).
Cxema po3MilleHHs JIepeBHUX Mopix Oyjia B yMOBax
A3, B2, B3, B4 Oyna iteHTHYHOIO — CiM PSIiB COCHU 1
Tpu psiu Oepesu nosucioi. B ymosax C2, C3 —votnpn
PSIM COCHM 3BUYAIHOI Ta OJJMH PSi/L SUTHHU €BPOTICHChH-
koi. Ha Bcix HOUISTHKax NPOBENCHO MeXaHi30BaHUH
00pOOITOK IPYHTY, CTBOPEHHSI JTICOBUX KYJIBTYp BinOy-
BaJIOCh BpyuHY [2, 3].

TumuacoBa npoOHa miora Ne 1. ITpoOHa mora
po3TamioBana y kBaptaii 30, Buaiii 2, miomna JUIssHKA
— 0,5 ra. Tun nicopocnHHUX YMOB — A3 (BoJoriii 6ip).
Cxema 3MilTyBaHHS KYJBTYp — CiM PSJiB COCHH 3BHU-
4yaiiHoi 1 Tpu psaam Oepesm moBucioi. Kareropis mico-
KYJIBTYPHOI 11011 — 3pYyo0.

Tumuacosa npo6Ha mioma Ne 2. [Ipobna moma
po3tamoBaHa y kBapTaii 20, BUaiii 29, miora qUIsTHKH
— 1,4 ra. Tun nicopocnuHHNX yMOB — B2 (cBixwMii cy-
6ip). Cxema 3MilIyBaHHS — KYJIBTYp CIM PSIJIiB COCHH
3BHYAiHOI 1 TpH psiau Gepesu nosucinoi. Kareropis -
COKYJBTYPHOI IUTOMIi — 3py0.

Tumuacosa npo6Ha mioma Ne 3. [IpoOHa mtomma
po3TamioBaHa y KBapTaii 3, BUIiT 26, miona AUISTHKA
— 1,0 ra. Tum micopocnuaHnX yMOB — B3 (Booriii cy-
6ip). Cxema 3MinIyBaHHS KyJIBTYp — CIM PSZIiB COCHHU
3BHYAiHOI 1 TpH psiau Gepesu nosucinoi. Kareropis -
COKYJIBTYPHOT 110111 — 3pYO0.

Tumuacosa npo6Ha mioma Ne 4. [Ipobna mioma
po3TamioBaHa y kBapTaii 27, Buniii 11, miomma qiissHKu
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— 1,3 ra. Tun micopocnmuaanx ymoB — B4 (cupwmii cy-
6ip). Cxema 3MinryBaHHS KyJIBTYp — CIM psiliB COCHH
3BHUaitHOI 1 TpH psaau Oepesn mosucioi. Kateropis mi-
COKYJBTYPHOI TUIOIi — 3pY0.

TumuacoBa npo6Ha mioma Ne 5. [Ipo6na mioma
po3TamoBaHa y kBaptaii 30, Buaini 17, miorma qiissHKu
— 0,9 ra. Tun nicopocnuHHUX yMOB — C2 (CBIKHIA Cy-
rpyn). Cxema 3MilllyBaHHS KyJbTYp — YOTHPH PSIU CO-
CHM 3BUYAIHOT 1 OMH PsII sUIMHY €Bporeiickkoi. Kare-
TOpis MCOKYJIBTYPHOI IUIOMTi — 3py0.

TumdacoBa npodHa mioma Ne 6. [Ipo6na mmomra
po3ramoBaHa y kBapTaii 43, Buaimi 37, moma JiUTTHKA

— 0,2 ra. Tun micopocnuaanx ymMoB — C3 (CBLXHHA Cy-
rpyn). Cxema 3MilTyBaHHS KYJIBTYP — YOTHPH PSIU CO-
CHU 3BHYAITHOI 1 OAMH P SUTMHU €Bporieiicbkoi. Kare-
TOpis JICOKYIBTYPHOI IO — 3pyO.

PesyabTar. Ctanom Ha 01.01.2024 p. 3aranbpHa
wioima JicoBoro Goumy COCHIBCHKOTO JICHHIITBA CTa-
HoBmia 5058,0 ra. BiamoBinHO 10 po3moIiny IO 3a
KaTeropisiMU 3eMeJIb HacaJKEHHsI IPUPOTHOTO MTOXO/1-
sxenHs ckiaanand 1187,0 ra, micosi kyneTypu — 2903,1
ra, IUIOMIa JiCOKYIbTypHOTO po3BexeHHs — 130,2 ra,
HE3IMKHYTI JTicoBi KynpTypu — 325,0 ra (puc. 2).

B HacaT:xeHHs TPHPOIHOTO TIOXO,TAEHHT

B JTicoBi KyIBTYPH TiCOBUTHOBTIOBATEHI

B JTicoBi KyTBTYPH - TCOPO3BeeHHA

B HesiMKHYTI JicOBI KyIbTYPH IiCOBLIHOBIIOBATEHI
B IITkOTH JepeBHi

B 3arH0i HAcaTKEHHS

W 3py6H

B aTgBHHH

W Pi1

B CigozxaTi

B CTpyMKH

B CraBKH

B JTicoBi aBTOMOGLIEHI IOPOTH 3 HOKPHTTAM
'Y 10CcKOHATEHI TiCOBI JOPOTH

B JTicoBi mpoizan

B IIpocikH KBapTATBHL

B BizapH

B JTicoBi MeTiOpaTHBHI KAHATH

B EymiBTi rocnofapehkii aqMiHiCTpaTHBHI
B PexyizH, Gi0MOIIHH, MafiIAHTHKH 18 DiAT0JBIL
B JTinii enexTpoMepexi

B JTicoBi IPOTHIIOKEXH] PO3PHBH

Puc. 2. Po3nooin 3azanvnoi niowi 3a kKame2opisamu 3emens

[Tnoma BKPUTUX JIICOBOO POCIMHHICTIO JICOBHX
JUISTHOK  eKkcrutyaTauiiiuux JiciB 'y CocHIBCbKOMY
JicHUNTBI cTaHOBUTH 4114,9 ra, 3 HUX JIICOBI KyJIbTYpH

13.0 454.4

2.1

89.3

27.9

321.

2956.1

3aiimMaroTh 1ionty 2956,1 ra. He3iMKHyTI J1iCOBi KyJib-
TypH 3aiiMaroTh miomty — 321,2 ra, a 3pyou — 27,9 ra

(puc. 3).

M 1icoBi K-pH

B He3IMKHYTI TCOBI KyILTYPH

N 3pyGH

N ransgBHH, OyCTHPI

B GioraqgBHHH

M 7icOBi MIIAXH, MPOCIKH, IPOTHIOKEKHI

PO3pHEH, TiCOBi OCYNTyBATLHI KAHABH

® pazoM He BKPHTHX TiCOBOK0
POCIHHHICTIO OITAHOK

Puc. 3. Po3nodin nrowi 6Kpumux aico8010 poCIuHHICMIO 1ico8UX OLIAHOK eKCHyamayiuHux 1icis, a
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[Tnoma 3emenb  JIiCOrOCIONAPCHKOrO  MPHU3HA-
YeHHS 3aXHCHHUX JICIB y JIICHUITBI ckiamae 122,5 ra.
Cepen HHX IUTONIAa BKPHUTHX JICOBOIO POCIHHHICTIO
JIICOBUX IIISHOK cTaHOBHUTH — 105,4 ra, 3 HUX JiCOBI

12,2

77.2

KyJbTypH 3aiMaroTh Tronry 77,2 ra, He3IMKHYTI JTicOB1
KynbTypu — 3,8 ra, JICOBi pO3CamHUKH IDIaHTAIi —
1,9 ra (puc. 4).

M TiCOBiI K-pPH

¥ He3iMKHYTI J1iCOBi KyIBTYPH

® TicOoBi po3ca HHKH IUIAHTALI1

N 3rapHma, 2arH0i HacaKeHHA

B TaIABHH, MyCTHPI

¥ ioraTaBHHH

N TiCOBi IUISAXH, IPOCIKH, IPOTHIIOMKEKHI

PO3PHBH, TiCOBi OCYIIyBaIbHI KAHABH

B pa30M He BKPHTHX JTiCOBOI0
POCIHHHICTIO JiTTHOK

Puc. 4. Po3nooin naowi 6Kpumux aico800 pOCIUHHICIIO ICO8UX OLISIHOK 3aXUCHUX JICI8, 2a

Cepen He JICOBHX 3eMellb, CLIBCHKOTOCIIOIapChKI
yriaas 3aiimaroth rionty 2,4 ra, BoaHi pecypeu — 2,0
ra, 6onota — 65,4 ra (puc. 5).

1.6 1.8

0.6

20.0

¥ pints

¥ ciHOKAaTi
BOIOHMH
GomoTa

B tpacH

Puc. 5. Po3nooin nenicosux 3emens 3a kKamezopisimu, eda

Cranom Ha 2024 pik y COCHIBCBKOMY JIiICHHLITBI
3ariaHoBaHi pyOKH OCBiTIIeHHs Ha Twiomm — 92,8 ra,
pyOku mpoummenas — 152,0 ra, mpopiKyBaHHI —
471,3 ra, npoxigni pyoku Ha turomni — 1580,0 ra. Big
3arayibHOI IO pyOOK, 3aIIaHOBaHI PYOKH JOTIISIY
Y XBOMHMX HacapKeHHsX Ha Turomti — 2258,9 ra, y TBep-

JOJIUCTSIHUX JIEPEBHUX HAaca KeHHX — 6,0 ra, y M’siKo-
JIMCTSHUX Ha tutonli — 31,5 ra. JIns BiAHOBJICHHS JIiCO-
BHX HACaKCHb y JIICHUITBI mepeadadeHo CIpUSHHS
TIPUPOTHOMY TIOHOBJICHHIO Y COCHOBHX JTicax Ha TUTOMII
4,1 ra (puc. 6).
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1.8

1.6
1.4

12

0.8
0.6
0.4
0.2

B2/IC

B3JIC C3rJIC

Puc. 6. [Ipupoone nonoenenus 6 COCHOBUX 0epesocmanax, 2a

CrpusiHHSL TIPHPOJHOMY TIOHOBIICHHIO Tependa-
YEHO B COCHOBHX JIEPEBOCTaHAX Yy THUMAX JICY CBIKAN
cocHoBuid 0ip (A2C) nHa momi — 0,7 ra, cBOKHMIL Iy-
60Bo-cocHoBmii cyoip (B2JIC) — 0,9 ra, Bosoriit ay-
60Bo-cocHoBwmii cybip (B3JIC) — 1,8 ra, Bojoriit rpa-
60B0-1y60BO-cocHoBHit cyrpya (C3T'AC) — 0,7 ra.

20
18

16

Ilmomra, ra
et —
=N [=23 [+] (=] 3]

(]

YV CocHiBcbKOMY JTiICHHUITBI ctaHoM Ha 2024 p.
CTBOPEHO JicOBUX KyIbTyp Ha muromti 31,0 ra (puc. 7).

A3 B2 B3 B4 Cc2 C3

THIT TiCOPOCITHHHHX YMOB

Puc. 7. Cmeopenni nicosi kyremypu 6 cochogux depesocmarnax y COCHIBCbKOMY NiCHUYMBE

OcHOBHa KyJIbTypa IIe COCHA 3BHUaiiHa, ii Bucaa-
JKyBaJIM B JICOPOCIMHHHUX yMOBax: Bosoruit Oip (A3)
Ha mtomti — 1,8 ra, cBixwuit cy6ip (B2) — 4,6 ra, BoJsoriii
cy6ip (B3) — 18,4 ra, cupwnii cy6ip (B4) — 1,3 ra, cBiXHi
cyrpyx (C2) — 4,4 ra, Bosoriii cyrpyn (C3) — 1,8 ra. [k
BHUJIHO 3 PUCYHKA HaiOuIbIIe OyJI0 BUCAKEHO COCHO-
BUX KYJIBTYP B YMOBaX BOJIOI'Oro CyOopy.

Y CoCHIBCBKOMY JTICHHITBI IT€pEBAKHO BUKOPH-
CTOBYIOTh 4 CXEMH 3MIIIyBaHHS JIICOBHX KYJBTYp —
7pC33pbn, 4pC3lpz, 4pC3lpslne, 4pC3lpbn (aus.
Honatox).

B ymoBax Bomororo 06opy cmocTepirammuce 3
CXEMH PO3MIIIEHHS TOCaKOBUX MICIb 3 COCHHU 3BHU-
4yaitHoi 1 Oepe3n MOBUCIIOT, PAIIB 3 COCHU — 7, 3 Oepe3n
— 3. Takox Tpu cXeMHU PO3MIIIICHHS TOCAIKOBUX MiCIIb
BHKOPHCTOBYBAJIM B yMOBax cBixoro cyrpyay (C2),
Bosiororo cyrpyay (C3) mpu mocaami KyJieTyp, sKi
CKJIaJlallucsl 3 COCHU 3BUYAlHOI, Oepe3n MOBHUCIOI,
nyba depemryaroro Ta sUIMHH €Bporeiichkoi. Cxema
po3mitneHHs 4 psiau cocHu Ta 1 psia 3 1yba, Oepesu un
smiHY (T2 1).
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Tabmmms 1

Cxemu po3millieHHsI MOcaaKOBUX Miciib B COCHIBCbKOMY JIICHMUTBI 32 THIIAMU JIICOPOCJIHHHUX YMOB

Tun JiCOPOCTHHANX YMOB CxeMHu po3MIIIeHHs IOCaIKOBHUX MiCIlb Cxema 3MilTyBaHHS

C32,7x0,6, bri2,7x1,0

A3 C32,5%0,5, Br2,5%1,0 7pC33pbn
C32,7x0,6, bri2,7x1,0

B2 C32,8%0,6 bu2,8%1,0 7pCs3pbn
C32,7%x0,6, bn2,7x1,0

B3 C32,8%0,6 bn2,8x1,0 7pC33pbn
C33,0x0,5 bri3,0x1,0

B4 C32,7%0,6, bri2,7x1,0 7pC33pbn
C33,0x0,5 133,0x1,0 4pC3lp/3

C2 C32,7x0,6 Sne2,7x1,0 4pCloSine
C32,8x0,6 S1ne2,8%1,0 PR3P
C32,8%0,6 bri2,8%1,2

3 C32,8%0,6 S11e2,8% 1,0 fpgllp;;e
(C32,7%0,6 Sne2,7x1,0 PR3P

IIpy Takux cxemax IOcaaku, HoTpeba ¢ caauB-
HOMY Matepiaysi Ha 1 ra JiCOpPOCTMHHUX IUTOMI, 3a-
JIe)KHO BiI TUITY JICOPOCIMHHUX YMOB, CTAHOBHIIA JUIS

cocHH Bix 3,92-4,53 tuc. mr., s sumau 0,08-0,60 THC.
mr., mi xyba 0,60-0,63 tuc. mr., ams 6epesu 0,21-
1,67 tuc. mrt. (Tabm. 2).

Tabmuus 2
IloTpeda B caimBHOMY MaTepiaJi 3a iepeBHUMHU OPOJAAMH, HA 1ot 1 ra
. JlepeBHa mmopoaa, THC. T
T 1icopocIMHHNX YMOB
COCHa SUTHHA nyo Oepesa
A3 5,13 — — 1,67
B2 4,20 — — 1,50
B3 3,92 — — 1,51
B4 543 — — 1,43
C2 4,70 0,60 0,60 0,21
C3 4,19 0,08 0,63 0,56

OTxe, 3arajbHa KiJbKICTh CAIMBHOTO MaTepiaiy
Ha o 1 ra ctaHOBMIIA U1 COCHU 3BUYalHOI — 27,57
THC. T., IJIs ATUHHU €BpoTeichkoi — 0,67 TUC. TIT., IS
ny6a 3BuvaiitHoro — 1,23 Ttuc. wr., Juisi 6epe3u mo-
BHCJIOl — 6,88 THC. TIT.

BpaxoBytoui HEoOXinHy IUIOLLy INIpH CTBOpEHI
JICOBUX KYJBTYP Ta CXEM PO3MIIICHHS 1MOTpeda B ca-
JVBHOMY Marepialli 3a JIepeBHUMH IOpPOJIaMU CTaHO-
BUJIA JJI1 COCHOBHX KynbTyp — 128,9 THC. WIT., SUTMHO-
BuX — 1,71 tuc. mr., my6osux — 3,76 THC. mWT., Oepe3o-
BUX 39,6 THC. IIT.

JleranbHUN pO3paxyHOK €KOHOMIYHHMX BHTPAT Ha
mocanky 1 ra micy 3 MexaHi30BaHUM 0O0poOITKOM
IPYHTY Ta PYYHOIO MOCAIKOI0 CAIUBHOTO Marepiany
CKJIQIA€ThCSA 3 KibKOX eTariB. KoxkeH 13 Hux motpedye
OKPEMHX PecypciB, TEXHIKH Ta poO0YO0T CHIIH.

1. [ligrotroBka  TpyHTY  (MexaHi30BaHUI
00po06iTok). Leit eTam BKIIIOYA€E KUTBKA BHIIIB POOIT st
00pOOKH IPYHTY: OpaHKa abo IiIMOOKe PO3IMyIIyBaHHS
— TPOBOJUTHCS JUIA IOKpALIeHHsS aepauil IPyHTy Ta
MiATOTOBKU HOTO 1O BHCAAKH Ca/PKaHIIB, BapTICTh
pobit 6mm3eko 2000-3500 rpH/ra 3aeXHO BiJ periony
Ta TEXHIKH (TPAKTOPH, IUIyTH ToIo). JJuckyBaHHs abo
KYJIBTUBAISL — BUKOPUCTOBYETHCS I PO3APiOHEHHS
BEJIMKHX IIMATKIB IPYHTY Ta BUPIBHIOBaHHS TIOBEPXHI,
Bapricte pobiT — 1000-2000 rpu/ra. 3aranpHa Me-
XaHi30BaHa MiATOTOBKA IPYHTY MOX€E CTAaHOBHUTHU IIPH-
6sm3r0 3000-5000 TpH/TA.

2. CaguBHMM Matepian. BapTicTh camkaHIliB ae-
PEB 3aJICKUTH Bijl KUIBKOX ()aKTOPIB, TAKUX SIK BiK, PO3-
Mip, Micue npuaOaHHS, YMOBM BHUPOLIYBaHHS Ta

period. OpieHTOBHI I[iHM Ha caJpKaHIl ayba 3BHYAii-
HOT'0, COCHU 3BUYaiTHO1, Oepe3u MOBUCIIOT Ta SITMHH €B-
pOIENCHKOL:

- ny6 s3Buuaitnuii (Quercus robur). Camkanii
BiKOM 1-2 poku: 3-5 IpH 3a OJIUH Ca/PKaHEIb, Ca/PKAHIT
BikoM 3-5 pokiB a00 OuIbIIi EK3eMIUISIPH MOXYTb
komryBatd 10—25 rpH abo OinbIre 3aeXHO Bif TXHB-
OT0 PO3MIpY Ta SKOCTI;

- cocHa 3Buuaiina (Pinus sylvestris). Camxanii
BikoM 1-2 poxku — 1-3 IpH 32 OJMH ca/pKaHEelb, CTapIIi
camkaHIi (3-5 pokiB) MOXKyTh KOIITyBaTH 5-10 TpH 3a
OIHHMITIO 200 OLITBIIE 3aJIeKHO BiJ] IXHBOTO pO3MIpy;

- 6epesa mosucia (Betula pendula). Bapricts can-
JKaHIIIB BIKOM 1-2 poku — 3-5 rpH 3a OJIUH CaKaHellb,
cTapii capkaHii (3-5 pokiB) MOXyTh KomTyBaTH 10-
25 rpH abo OiNbIIe 3aJIeKHO BiJl pO3MIpY;

- sumHa eBporneiickka (Picea abies). Camxani
BikoM 1-2 poku — 5-10 rpH 3a 0JIUH caKaHEIb, CTAPIIIi
ca/pkaHui (3-5 pokiB) MOXyTh KomTyBatu 15-40 rpH 3a
OJIMHUIIIO, 3aJIEKHO BiJl IXHBOTO PO3MIipYy.

L1i uiHK € OpiEHTOBHUMH 1 MOXKYTh 3MiHIOBaTUCS
3aJIeXKHO BiJl PETiOHY, SIKOCTI Ca/pKaHIIB 1 MOCTavyaib-
HUKa. SIKIO0 TOTPiOHO TOYHIIN JaHI JUIS TIEBHOTO
perioHy abo Jicopo3caaHuKa, MOXKHA 3BEPHYTHCS O
MICIIEBHX PO3CaHUKIB a00 JTICOBUX TOCTIOAAPCTB.

KinpkicTp camkanmiB Ha 1 rextap (ra) 3aleXuTh
BiJl UIITBHOCTI MOCAJKH, sSIKa MOXE BapiroBaTHUCS 3a-
JISKHO BiJl THITY JIICY Ta BUAY JepeB. 3a3BUYAN IS
CTaHIAPTHOTO JIICOHACAKEHHS BUKOPHUCTOBYIOTH TYy-
croty Big 3000 no 5000 cajxaHIiB Ha reKTap, ajie ajs
PI3HMX MOPIJ i HOPMHU MOXYTb TPOXH BiAPI3HATHCS.
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OpieHTOBHI TIOKa3HWUKU IIUIBHOCTI ISl PI3HHX
TTOPiI;

1) cocna 3uuaiina (Pinus sylvestris): 4000-5000
ca/pKaHIiB Ha 1 ra;

2) ny6 3Buuaiinmii (Quercus robur): 4000-5000
caJpKaHILIB Ha | ra;

3) Gepesa nosuciaa (Betula pendula): 3000-4000
caJpKaHIIB Ha | ra;

4) smuHa eBporeiiceka (Picea abies): 3000-4000
capkaHIiB Ha 1 ra.

3. TpancnoptHi BuTpaTh. TpaHCIOPTYBaHHS TeX-
HIKH, CaJKaHIIB i pOOITHHUKIB 10 MICIIS BUCAJKH MOXKE
BKITIOYATH: TPAHCIIOPT TEXHIKM (TPaKTOPH, IUTyTH) —
Bix 500 mo 2000 rpH 3a 1eHb poOOTH, JOCTABIICHHS Ca-
IDKAHINB — 3aJIEKHO BiJ BiJCTaHI Ta KIJIBKOCTI calpKa-
HIIiB, opieHTOBHO 500-1500 TpH/Ta.

4. Pydna nocajka caypkaHuis. [lyist Bucajgku can-
JKaHIIB HeoOXiqHa poboya cuia. OuH poOITHUK MOXKeE
Bucaauty npudausno 200-300 camkaHuis 3a aeHb. Ha
1 ra norpibHO Omu3bKO 5-10 pobitHuKiB. CepemHs
JICHHA OIuTaTa rpaii ogHoro pooditarka — 300-500 rpH.
3arayipHa BapTICTh PYyYHOI BUCAAKU CaKAHIIB MOXE
cranoButu 3000-6000 rpu/ra.

5. HomatkoBi BuTpaTu. JlOAaTKOBI BHUTpPATH MO-
JKYTh BKITIOYATH: 3aXHCT CAIDKAHIIIB BiJl MIKIIHUKIB —
e MOKe OyTH BHKOPHUCTAHHS XIMIYHHX MpenapaTiB

a00 OropoKeHb BiJl IMKUX TBapHH, BapTicTh Big 500
1o 2000 rpa/ra. MiHepanbHi 100prBa — iHOI BUKOPH-
CTOBYIOTH JUISl IiJBHINEHHS NPYDKUBAHHS CaKaHIIB,
Bapticts 500-1000 rpu/ra.

6. Jlornsia 3a HacaPKEHHSIMHU ITICIIs Ocaaku (on-
LioHaNBHO). Jlormsn 3a mocayKeHUMH JIICOBUMH KYJTb-
TypaMH MPOTATOM MEPIINX KUIBKOX POKIB € BaXKJIHBUM
Juisi 3a0e3nedyeHHs] 1X BIDKMBAaHHS Ta POCTY: IIOJIUB
(SIKI0 MOTPIOHO): 3aJICKUTH BiJ PErioHy 1 KJIiMaTH4-
HUX YMOB; TIPOTIOJIIOBAHHS Ta OYHIICHHS Bif Oyp'sHIB.
Bapticte pobit moxe cranosutu Big 1000 mo 3000
TpH/Ta 3a CEe30H.

Po3paxynok BuTpar Ha | ra Jicy s CTBOPEHHS
KYJBTYp i3 COCHH 3BHYAIHOI, Ty0a 3BH4IaifHOTO, Oepesn
MOBHCJIOI Ta SUTMHH €BPOIEHCHKOI BpaxoBye KiJbKa
KJIIOYOBHX  €TalliB, BKJIIOYAIOYM  MEXaHi30BaHUI
00pOOITOK TPYHTY, 3aKYIIBII0 CaJIUBHOI'O MaTepiany,
TPAHCIOPTYBaHHS, PyYHY MOCAJKY Ta JOJATKOBI BHUT-
paru.

[TinroToBKa rpyHTYy (MexaHi30BaHUH 0OpOOITOK):
MeXaHi30BaHa IiJIrOTOBKA IPYHTY BKJIIOYAE OpPAHKY,
JMCKYBaHHsS a00 KynbTHBalio. OpaHka, AUCKyBaHHS
Ta BUpiBHIOBaHH:: opieHTOBHO 3000-5000 rpH/Ta (3a-
JISKUTH Bl CKITATHOCTI IPYHTY Ta THITY TEXHIKH).

3araybHi BUTPaTH Ha CTBOPEHHS JICOBUX KYJbTY
Ha OIWHUITIO TUIOMII 3a3Ha4YeHi y Ta0i. 3.

Tabmuus 3
3aranbHi BUTPAaTH HA CTBOPEHHS JIICOBHX KYJIBTYP
Burparu Ha 1 ra, rpH
Kynstypa MexaH13qBaHHH Camoxanmi | Tpancropr Pyuna mo- | JlomatkoBi | 3araibHi BH-
00po0iTok cazka BUTPATH TpaTH
CocHa 3Bu- 4000- 3000-
aiina 3000-5000 15000 500-1500 6000 500-2000 | 11000-29500
Hy6 3Buuaii- 12000— 3000—
it 3000-5000 25000 500-1500 6000 500-2000 | 19,000-39500
Bepesa nosu- 9000~ 3000-
ona 3000-5000 20000 500-1500 6000 500-2000 | 16000-34500
SlnuHa eBpo- 15000- 3000-
bk 3000-5000 40000 500-1500 6000 500-2000 | 22000-54500

Bumie 3a3HaveHi po3paxyHKH € OpPiEHTOBHUMH i
MOXYTb BapilOBaTHCS 3aJIEXKHO BiJl KOHKPETHHX YMOB,
TUIY IPYHTY, pelbedy MiCIEBOCTI, SIKOCTI caKaHIIB
Ta MICIIEBUX I[iH Ha po00Yy CHITY 1 TEXHIKY.

BucnoBkn. IlpoanamizoBano, mo y CoCHIBCh-
KOMY JIICHUIITBI IIPUPOJHE NMOHOBIICHHS IependadeHo
B COCHOBHX HACAJ[)KCHHSIX THIIIB JIICY: CBIXKHI COCHO-
Buit 6ip (A2C) Ha momi 0,7 ra, cBixui 1yO0oBO-cOC-
HoBuii cy6ip (B2/IC) — 0,9 ra, Bonoruii 1y00BO-COCHO-
Buii cy0ip (B3/1C) — 1,8 ra, a Takox Bosoruii rpaboBo-
ny6oBo-cocHoBuit cyrpyn (C3I'/IC) — 0,7 ra.

V¥ CocHiBCcbKOMY JTiCHUITBI ctaHoM Ha 2024 pik
OyJ10 cTBOpEHO JicoBUX Ky IbTyp Ha miomti 31,0 ra. Oc-
HOBHOIO KYJIBTYPOIO € COCHa 3BHYaiiHa, sSIKa BHCal-
JKyBaJlacs B PI3HHMX JICOPOCIMHHHMX yYMOBax Ha IUIO-
max: Bosoruit 6ip (A3) — 1,8 ra, cBixwuii cybip (B2) —
4,6 ra, Bonoruii cy0ip (B3) — 18,4 ra, cupmii cy6ip (B4)
— 1,3 ra, cBixwuit cyrpyn (C2) — 4,4 ra, Bonoruii cyrpya
(C3) — 1,8 ra. HaiiGinpIre COCHOBHX KynbTyp Oyio BU-
CaJLKEHO B YMOBAX BOJIOTOTO CyOOpYy.

YV JNiCHUIITBI 3aCTOCOBYIOTH YOTHPH CXEMH 3MIIITy-
BaHHSA JcOBUX KynbTyp: 7pC33pbm, 4pC3lp/ls,

4pC3lpne, 4pC31pbn. B ymoBax Bonororo 60opy cro-
cTepiraimcs TPU CXEMH PO3MIIIEHHS MOCAIKOBHX
MICITb JUTSI COCHH 3BHYAiHOI Ta Oepe3u MOoBUCIOL, 3 7
psAaaMu cocHU Ta 3 psigaMu Oepes3u. Takox Tpu cxeMu
pO3MillleHHS BUKOPUCTOBYBaimcs B ymoBax C2 ta C3
TIPH TIOCAMIT KYJBTYP, IO CKIAAAIUCS 3 COCHU 3BUYAM-
HO1, Oepe3n OBHUCIIOT, 1yOa YepenryaToro Ta SUIMHU €B-
pormeiicpkoi. Cxema BkII09ana 4 psiiu cocHU Ta 1 psig 3
ny6a, 6epe3u abo SUTMHU.

ITorpeba B canmBHOMY Matepiaii Ha 1 ra Jicopoc-
JIUHHOT TUIONI, 3aJIe)KHO BiJ THITY JIiCOPOCIHMHHUX
YMOB, CTAaHOBWJIA AJist cocHH Bifn 3,92 no 4,53 tuc. mr.,
st sumrad — 0,08-0,60 tuc. mr., mist my6a — 0,60-0,63
THC. WT., ;U1 6epe3u — 0,21-1,67 Tuc. wrT.

Po3paxyHOK eKOHOMIYHHMX BUTpAaT Ha mocaiuky |
ra II0Ka3aB, IO JUISI CTBOPEHHS KYJIBTYP COCHHU 3BHYali-
Ho1 moTpi6uo Bix 11,0 10 29,5 Tuc. rpx, s gyda 38u-
gaitHoro — Bix 19,0 mo 39,5 tuc. rpH, Ay Gepesu mo-
Bucioi — Bif 16,0 mo 34,5 Tuc. TpH, a A7 SUTMHA €BPO-
nieficskoi — Bix 22,0 mo 54,5 tuc. TpH.
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Abstract

Anmamot
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This paper explores the foundational principles of modular housing, the evolution of its design and applica-
tion, key strengths and limitations, and the latest advancements in this construction field. It also includes an eval-

uation and review of existing implementations.

The primary outcomes of modular construction include a substantial decrease in construction time and ex-
penses, enhanced durability, eco-friendliness, and the ability to meet diverse needs and conditions, such as seismic

resilience, climate adaptability, and soil characteristics.

AHHOTaLUA

B JIaHHOﬁ CTaTb€ UCCICAYIOTCSA OCHOBHBIC MPUHIUIIBI MOAYJIBHOI'O CTPOUTECIILCTBA, 3TAIIbI €0 CTAHOBJICHUS
1 IPUMCHCHH, KITFOUCBLIC IIPECUMYIICCTBA U HCIOCTATKU, a TAKKEC COBPEMCHHBIC JOCTHXKCHUS B [[aHHOﬁ O6J'IaCTI/I.
B paborte npezacraBieH 0030p U aHAIN3 YKe PEATU30BaHHBIX MTPOEKTOB.

OCHOBHBIMH pe3yJIbTaTaMU MOAYJILHOTO CTPOHUTENILCTBA SIBJISIIOTCS CYIIECTBEHHOE COKPAIEHHE CPOKOB H 3a-
TpaT Ha CTPOUTEIIBCTBO, MMOBLIMNICHUEC MMPOYHOCTHU, DKOJIOTMYCCKaAA yCTOﬁ‘IHBOCTL, a TaKXXE BO3MOXHOCTH aaari-
Taluy 1MoJ pa3jIn4IHbIC Tpe6OBaHI/IH 1 YCJIOBUs, BKIIIOYas CeﬁCMH‘IeCKyIO AKTUBHOCTB, KIIMMAaTHYCCKHUEC OCOGeHHO-

CTH ¥ CBOMCTBA IPYHTOB.

Keywords: modular housing, sustainability, regulations, rapid construction, BIM technologies, climate resil-

ience, production, cost efficiency.

KiroueBbie cioBa: MOAYJIBbHOEC CTPOUTECIILCTBO, YCTOI\/‘I‘II/IBOCTL, HOpMAaTuBbl, CKOPOCTb BO3BCACHU, BIM Te-
XHOJIOTHH, afanTalud K KJInMarty, Ipon3BOACTBO, 9KOHOMMUS 3aTpar.

Beenenne. MonysIbHOE XKWINIIHOE CTPOUTENBC-
TBO (MiC) cTasno peBOIIOIMOHHBIM PEIIeHHEM B COBPE-
MEHHOW apXHUTEKType W IpaJloCTPOUTEIBCTBE, MO3BO-
nstonuM 3G (HEKTHBHO CIIPABISITECS € TIIOOATHLHBIMU
BBI30BaMH, TAKMMH KaK YpOaHHU3aIUsl, HEXBATKA YKHIIbsI
M HEOOXOJMMOCTh YCTOMYUBOTO pa3BUTH. OTINYAsACH
MPOLIECCOM  NPE/IBAPUTEIBHOTO HM3TOTOBJIEHUS Ha
MPOM3BOJICTBEHHBIX IIOMAAKAX U TOCIeyomei coo-
PKH Ha CTPOUTEIBHOMN TUIONIAJIKE, MOJIYJIbHOE CTPOUTE-
JNBCTBO TIPEAJIaracT 3HAYUTEIBHBIC IPEHMYIICCTBA,
BKJIFOYasi COKPAIIEHHE CPOKOB BO3BEICHNUS, YKOHOMHIO
3aTpaTr M HKOJIOTHYECKYI0 YCTOHYHNBOCTE. DTH OCOOCH-
HOCTH JIEJIAI0T €ro 0COOEHHO BOCTPEOOBAHHBIM B TAKHX
cTpaHax, kak HopBerwus, rje cTporue CTPOUTENbHbIE
HOPMBI, CypOBbIE KIIMMAaTHUECKHE YCIOBHS M CTPEMIIe-
HHE K 9KOJIOTMYHOCTH 33Jal0T CTaHIaPThl OTPACIIH.

Buenpenne MiC 00yCIIOBIICHO PSIOM TJI00aib-
HBIX U PETHOHANBHBIX TCHACHIMA. POCT yncieHHOCTH
TOPOJICKOTO HaceleHHs TpedyeT MacIlITaOupyeMbIX U
OBICTPBIX PCIICHUI B CTPOUTEILCTBE, & YBCINYCHUC
9KOJIOT'MYECKON OCBEIOMIIEHHOCTH TPEeOYET NUCII0IIB30-
BaHUs METOJIOB C MUHHMAJIBHBIM BO3ICHCTBHEM Ha

OKpy’Karomyro cpeny. Kpome Toro, TeXHOJIOTHUECKHE
JOCTIDKEHHSI, TAKUe KaK MH(OPMAIIMOHHOE MOAEIHPO-
BaHue 31aHuil (BIM), mOBBIIIaOT TOUHOCTH U HHTETpa-
LU0 MOIYJIBHBIX POEKTOB, MUHUMI3HPYS OTXOIBI U
yiydmiast oouryto 3¢ (peKTUBHOCTD.

B naHHOW cTaThe MNpeNCTaBIEH BCECTOPOHHMI
aHaIU3 ATAMOB CTPOUTEIBCTBA MOAYIBLHOIO XKHIIbSI: OT
MIPOEKTUPOBAHUS U U3TOTOBIEHUS JO TPAHCHOPTHU-
poBKH U cOopku. Takxke OleHMBAETCS POJIb MOJYJIb-
HOT'O CTPOUTENLCTBA B PELLICHUN TaKUX 3374, KaK KJIH-
MaTHYEeCKasi yCTOMYMBOCTH, aJaNTanus K OCOOEHHO-
CTSIM TPYHTa M COONIOIEHHE MECTHBIX HOPMATHBOB.
PaccmarpuBast mpuMeps! U3 IPAaKTHKH M CYIIECTBYIO-
e peaan3anuy, paboTa AeMOHCTPHUPYET MOTEHIIHAT
MOJYJIBHOTO JKHJIBbSI B TPaHC(HOPMAIMH COBPEMEHHBIX
CTPOMTENIBHBIX NPAKTHK M YAOBIECTBOPEHUN PA3HOOO-
pa3HbIX OOIIECTBEHHBIX M KOJOTMYECKUX MOTPEOHO-
CTEH.

IIpoexTrpoBaHue U MIAHUPOBAHUE — KIHOUEBOU
9Tar, ONPEAEISIOIHNN YCIeX MOAYJIbHOTO KUIHIITHOTO
CTPOUTENBCTBA, NMOCKOJIBKY MMEHHO 37iech (opmupy-
€TCsd OCHOBa BCEX MOCIEAYIOLUUX MPOLECCOB. DTOT
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3Tal HAYMHACTCS C aHAJM3a Y4acTKa CTPOHTEIIbCTBA,
BKJTIOYAIOLIETO OLEHKY TPYHTOB, KINMAaTHYECKUX
YCJIOBHUH M JIOCTYMHOCTH KOMMYHHUKauuu. [IpaBunsno
BBITIOJTHEHHOE TNTAHWPOBAHUE [TOMOTa€T MUHUMH3HPO-
BaTh PUCKH U ONTUMM3UPOBATH PECYPCHI Ha JTAIle pea-
JU3aluu.

OmHMM W3 TJIaBHBIX MHCTPYMEHTOB, IPUMEHsIE-
MBIX Ha 3Tare MPOeKTUPOBAHUS, SIBISETCS MOJCIHPO-
BaHue uHpopmanmu o 3xanuu (BIM). Dta TexHonmorus
MI03BOJISIET MHTETPUPOBAThH BCE JAHHBIE O POEKTE, Ha-
YMHasE OT KOHIENTYalbHOW pPa3pabOTKH MOIYIBHBIX
6JI0KOB 10 TUNTAHUPOBAHUS JIOTHCTHKH UX TPAHCIIOPTH-
poBku. Mcnons3zoBanue BIM nomoraer ycrpaHuTh BO-
3MOKHBIE OIIMOKHU TIPH COOPKE, YIYUIIUTh KOO IITHA-
M0 MEXIY YIaCTHUKAMH IIPOEKTA U TIOBBICUTH SHEP-
roagdexkTUBHOCTh  37aHuil, Oyarojmapsi aHaIU3y
9HEPronoTpedeHus el Ha CTaANU IPOCKTUPOBAHUSL.

VYcTolunBOE CTPOUTENBCTBO TpeOyeT IpHUMeHe-
HUSI MaTe€pHUajoB C HU3KUM YTIEPOIHBIM CIIEIOM, Ta-
KUX Kak IepepadoTaHHas JIPEBECHHA, KOJOTMYECKH
YHUCTBIA OCTOH WJIM MAHENIH C yTEIUTUTENIEeM U3 BO300-
HOBJIIEMBIX HCTOYHHKOB. BHIMaHNE K TEIION30ISIIINT
M TepMETHYHOCTH KOHCTPYKIMH Ha 3TOM JTame 3a-
KJIaIbIBaCT OCHOBY JUISl TTOBBIIICHUS SHEPTO3(HEKTUB-
HOCTH TOTOBOTO 3JJaHUSI.

WHTerpanust BO300HOBISIEMBIX HICTOYHUKOB 3HEP-
THH, TAKKX KaK COJHEYHBIC MAHEIH WM CHCTEMBI pe-
Kynepanuu TeIjia, 10JKHa 6I)ITb Y4TC€Ha Ha 3TaIle npo-
CKTHUPOBAHU. ODT0 1O3BOJIIET MOAYJbHBIM 3OaHUAM
COOTBETCTBOBATH CTPOTrUM CTaHAapTaMm yCTOfI‘IPIBOCTH,
o0ecrieunBasi CHUKEHHE HKCIUTyaTaIl[IOHHBIX PAaCX0/I0B
Y MHUHUMH3AIHIO YTIEPOIHOTO CIesa.

TakuM 00pa3oM, 3Tar MPOEKTUPOBAHUS U IUIAHHU-
POBaHMS HE TOJHKO 00OECIEYNBACT COOTBETCTBHE TpeE-
OOBaHUSIM CTPOUTENBHBIX HOPM, HO M 331aT HaIlpas-
JICHUE IJIsl CO3/IaHns] MHHOBAIIMOHHBIX, SKOJIOTHYECKH
YHUCTHIX ¥ 3P PEKTUBHBIX JKMIIBIX PEIICHHH.

OTar TpaHCIIOPTUPOBKH M COOPKH SIBISIETCS OJI-
HOM U3 KITIOYEBBIX COCTaBJIAONIUX MOAYJIBHOI'O Y KUJIU-
IITHOTO CTPOUTEIHCTBA, OT KOTOPOTO 3aBUCUT CBOEBpE-
MEHHOCTb U Ka4eCTBO peayiu3aluu npoekra. [Ipensa-
pUTEIBHO COOpaHHBIE MOMYNbHBIE KOMIIOHEHTHI
H3roTaBJIMBAIOTCA Ha IMPOU3BOACTBCHHBIX NPEAIIPUI-
THAX U JOCTABJIAOTCA HA CTpOI/ITeHLHLIﬁ Y4acCTOK B I'o-
TOBOM BHJ€. DTOT IIpoIecc TPeOyeT TIIATeIbHOMN opra-
HHU3alUK JIOTUCTHKHA W y4eTa MHOXecTBa (pakTopos,
BKJIFOYast pa3Mepbl MOJIYJIEH, IOCTYITHOCTh MapIIpyTOB
Y KIIMMaTHYECKUE YCIIOBUSL.

Opranuzanys TPaHCTIOPTHPOBKU KPYIHBIX MOAY-
JIBHBIX KOMIIOHCHTOB COIIPSAXKCHA C PAAOM CIIOKHOC-
Teil. HeoOxoaum ydeT penbeda MECTHOCTH, TAKUX KaK
TOpHBIE YYaCTKU WUJIM yAaJCHHbIE PAlOHBI, I'le Tpaau-
IIMOHHBIE TPAHCIIOPTHBIE CPEICTBA MOTYT OBITH OTpa-
HUYCHBI. HHaHI/IpOBaHI/Ie MapmpyToB TAKXKE BKIHOYACT
aHAIIN3 TOPOKHON HH(PPACTPYKTYPHI, YTOOBI H30EKaATh
MOBPEXJICHNI MOTyJIel BO BpeMsI TPAaHCIIOPTHUPOBKH.

[Tpouecc cOOpKy MOIYIIEHOTO 3/1aHHS HA yYaCTKe
HaYMHAETCS C MOATOTOBKU (DyHIaMeHTa, KOTOPBIN J0-
JDKEH TOYHO COOTBETCTBOBAThH CHEHN(HUKALUAM MOJY-
nel. 3aTeM MOIYNU COEIUHSAIOTCS B €AUHYIO KOHCTPY-
KIUIO C MCIIOJIb30BaHNEM KPAHOB U JIPYTHX CTPOUTEIIb-
HBIX MEXaHU3MOB.

MoayibHOE CTPOUTENLCTBO OONamaeT OONBITAM
MOTEHIMAJIOM JUIS WCIIOJIb30BAHMS B YAAICHHBIX WU

TPYZHOAOCTYNHBIX paloHax, TAEe TPaaUIMOHHOE
CTPOUTENBCTBO 3aTpyAHEHO. braromaps mpensapure-
JIBHOMY IPOU3BOJCTBY MOIYJIEH, IPOLIECC CTPOUTEIb-
CTBa CTAHOBUTCS MEHEE 3aBUCHMBIM OT MECTHBIX KJIH-
MaTHYECKUX YCIOBUH, a ObICTpast cOOpKa Ha MECTE MO~
3BOJISIET 3HAYUTEIBHO COKPATUTh BpeMs MPOEKTa. DTO
JieTIaeT MOJYJILHOE CTPOUTEIHCTBO 3D (HEKTHBHBIM pe-
LIEHUEM JAJIS PETHOHOB C OTPaHUYEHHOM CTPOUTETBHOMN
nH}pacTpyKTypoOu.

MopnynbHbIE T0Ma 0071aJar0T 3HAYUTENBHBIM TO-
TEHIIMAJIOM B o0xacTH 5Heprodp(eKTHBHOCTH U
YCTOWYMBOTO CTPOUTENBCTBA. KIIOYEBBIM acIeKTOM
9HEProdGPEeKTUBHOCTH MOIYJBHBIX JOMOB SIBISICTCS
BHEJPEHHUE IMPOJABUHYTHIX MPOEKTHBIX pemeHui. Mc-
TIOJIb30BaHNE TPOMHBIX CTEKIOMAKETOB M MaTEpPHAIOB
C BBICOKMMH TEIUIOM30JISIIMOHHBIMU CBOMCTBAMHU IIO-
MOTaeT CBECTH K MUHUMYMY TEIJIONOTEPU Jlaxke B Cy-
POBBIX KIMMAaTHYECKHX YCIOBHAX. Tarke IIMPOKO
MIPUMEHSIOTCS CTAHIAPTHI MACCUBHOTO JIOMA, MPEJIo-
JIararoIye MakCUMaJIbHYIO0 T€pMETHIHOCTh KOHCTPYK-
LUH, ONTHUMH3ALUIO BEHTIIAUN 1 MUHUMHU3AIHIO 3a-
TpaT Ha OTOIICHHE. JTH MEpHI TO3BOJSIIOT CO37aTh
KOM(OPTHBIE YCIOBHA NPOXHWBAHHUA IPU CHIDKCHUH
SHEpro3aTpar.

MonynbHOE CTPOHUTENBCTBO MPEIATacT ITUPOKUE
BO3MOXKHOCTH UISi HHTETPALA BO30OHOBIISIEMBIX HC-
TOYHHKOB SHEPTHH. YCTaHOBKA COJHEYHBIX NaHeIeH
Ha KpBIIIe MOIYJIBHBIX TOMOB, HCIIOJIB30BAHUE TEILIO-
BBIX HAaCOCOB M CHCTEMbI cOOpa J0KAEBOW BOIBI HE
TOJIBKO CHI)XKAIOT YTIJIEPOAHBIM clel 34aHui, HO M
00€eCeyrBaloOT JI0JITOCPOUHYI0 IKOHOMHIO JUIsl BIla-
JICITBIIEB.

ITepexon k cTaHAapTaM IOYTH HYJICBOTO SHEPro-
motpebienuss (nZEB) sBnsieTcs mpuopUTETHON 3aj1a-
Yyell uId CTpPOUTENBHOM OoTpaciu Bo BceM mupe. Mo-
JYJIEHOE CTPOUTENIBCTBO IEMOHCTPHUPYET BBICOKYIO 3(h-
(EeKTHBHOCTh B JIOCTW)KEHHH 3THX Ienel Omaromaps
COKpAIIEHHIO SKCIUTyaTAllMOHHBIX PACX00B U CHIKE-
HUIO YTJIEPOAHBIX BBIOpPOCOB. Vcmonb30BaHHE TEXHO-
JIOTHH, TaKUX Kak WH(OPMAIMOHHOE MOJICITHPOBAHNE
3nanuii (BIM), B coueranun ¢ paHHeH HHTeTpanuei
YCTOMYMBBIX PELICHUH Ha JTale NPOSKTUPOBAHUS 1103-
BOJIIET MOAYJIbHBIM JIOMaM JOCTUYb CTaHIapToB nZEB
ObICTpee M IKOHOMHUYHEE, YeM 3TO BO3MOXKHO IPHU HC-
I0JIb30BaHNH TPAIUINOHHBIX CTPOUTEIBHBIX METO/IOB.

ITo Bcemy Mupy y»e peann3oBaHbl MHOTOUUCIIEH-
HBIE MIPUMEPBI SHEPTO3(P(PEKTUBHBIX MOAYIBHBIX J10-
MOB, KOTOpBIE COOTBETCTBYIOT CTPOTMM 3KOJIOTHYE-
CKUM cTaHAapTaM. Hanpumep, IpoeKTsl, CIPOEKTUPO-
BaHHBIE B COOTBETCTBHUHU C NPHHIMIIAMH MTACCHBHOTO
JIOMa, TPOJEMOHCTPHUPOBAIN CHIDKCHHE SHEpPromno-
Tpebnenus Ha 30-40% Mo CpaBHEHHWIO C TPAJHUIIUOH-
HBIMH 3IaHUSMU. DTH JOMA BKJIIOYAIOT BEICOKOA (DD eK-
TUBHYIO H30JILUIO, TEPMETUIHOCT U COBPEMEHHBIE
CHCTEMBI BEHTWISAIUH, YTO 3HAYUTEIHHO CHIDKAET I10-
TpPeOHOCTH B OTOIUICHWH U OXJaxiaeHuu. [Ipumepom
seisercst Lindner Passive House B I'epmanum, xoto-
pBIi IEMOHCTPUPYET MOJIYIBHBIN MOAXOA K yCTOWYH-
BOMY CTPOUTENBCTBY, a Takke The Hive B Benuko6pu-
TaHUM — MOAYJIBHOE 3/1aHUE, CIIPOESKTUPOBAHHOE 10
CTaH/JapTaM MAacCUBHOI'O JOMa M OCHAIICHHOE B0O300-
HOBJISIEMBIMH 9HEPIEeTUYECKUMH CHCTEMaMH, TAKHMHU
KaK COJTHEYHBIC TAHENIN U BEHTHIIALNSA C PeKyIlepanuei
TerIa.
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OTH TpUMEpHl TOJYEPKUBAIOT IMOTEHIMAT MO-
JYJIBHOTO CTPOMTENLCTBA B JIOCTIKEHUH LIEJISH 110 je-
KapOOHM3aIMU ¥ YCTOWYMBOMY pa3BUTHIO. MoOIyib-
HBIE 3/1aHus, O6naromaps 3Hepro’(dexkTHBHBIM perie-
HUSM W QUanTUPYeMOCTH K  pa3lIMuHbIM
KJIMMaTH4YECKUM YCJIOBUSIM, CTAHOBSTCS HEOThEeMJIe-
MO YaCTh0 COBPEMECHHOM apXUTEKTYPhI, 0COOCHHO B
pEeruoHax ¢ BBICOKMMH TPEOOBAHUSIMH K IKOJOTMYHO-
CTH ¥ 9HEProdpPEeKTUBHOCTH.

MoaynbHOEe CTPOUTEIBCTBO CTAIKUBACTCS C Psi-
JIOM BBI30BOB, KOTOPBIE OTPaHUYUBAIOT €T0 OoJiee mu-
pOKOe TpUMEHEHHE U TPeOYIOT KOMILIEKCHOTO MO-
xoma sl ux npeoponeHusi. OQHONM M3 INIaBHBIX IPO-
6nem SIBIISIETCS COOTBETCTBHE MOJTYJIbHBIX
KOHCTPYKIIMHA CTPOUTEIHHBEIM HOpMaMm W 30HHPOBa-
HUI0. B cTpaHax ¢ BRICOKMMHU CTaHAApTaMU B 3TOH 00-
JIACTH IIPOLIECC COTJIACOBAHMSI MPOEKTOB MOXET OBITh
3arpynHeH. Ctporue TpeboBaHus K dHeprodhheKTrs-
HOCTH ¥ 0€30MacHOCTH 4acTo TPEeOYIOT 3HAYNTEIbHBIX
YCWIINH JUTS aanTalui MOYJIbHBIX PELICHUH K MECT-
HBIM HOpPMaTHBaM, 4TO MOXXET 3aMEUIUTh UX BHeJIpe-
HUE.

XoTs MOJYJIBHOE CTPOMTENLCTBO 00JalaeT KO-
HOMHYECKHMH TPEUMYIIECTBAMH B IOJITOCPOUHOH I1e-
PCUCKTHBE, BBICOKHE  HAYalbHBIC  WHBECTHUIMH
OCTAIOTCS 3HAYUTENBHBIM npensarcTBueM. [Ipoussoac-
TBO MOZYJILHBIX €JMHUI] C MCHOJIB30BAaHUEM KauecT-
BEHHBIX MAaTEpHaoB, COONIOJCHUE OKOJOTHUECKHX

Puc. 2. The Hive, Anenus, Bycmep.
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CTaHIApTOB W BHEIPEHHEC WHHOBAIMOHHBIX TEXHOJO-
THI Ha dTare MPOCKTUPOBAHUS U CTPOUTEIBCTBA yBe-
JIUYUBAIOT 3aTPATHI, YTO MOXKET CTaTh OapbepoM IS
MaJIbIX ¥ CPEeTHUX 3aCTPOUIIIHKOB.

Eite oHO# mpo0OieMoii ABISIETCST HEIOCTATOYHAS
OCBEIOMJICHHOCTh M OMBIT B OOJIACTH MOIYJIHHOIO
CTPOMTENBCTBA CPEIU APXUTEKTOPOB, HHIKEHEPOB U 3a-
cTpoiliiukoB. TpaauuuoHHas CTpOUTENbHAs OTPacib
HaCTO OTHOCUTCA K HOBBIM METOJaM C COMHCHHUEM, UTO
3aMCJISICT BHeJIpeHI/Ie NHHOBAIIMOHHBIX pemeHHﬁ.
Kpome Toro, neumuT crenuamucToB, 3HAKOMBIX C
MIPOIIECCOM MPOCKTUPOBAHMUS, TIPOU3BOACTBA U COOPKH
MOJIyJIbHBIX 3JJAHUN, MOKET MOBIUATH Ha KAYECTBO pe-
QIM3aIUH TPOCKTOB.

HecMmoTpst Ha akTHBHOE HCIOJB30BAHUE COBpE-
MEHHBIX TEXHOJIOTHH, TAKUX KaK MOJCIMPOBAHUE HH-
¢dopmanuu o 3aanun (BIM), MoiyabHOE CTPOUTENBC-
TBO BCE €Ille CTAJIKUBAETCS C ONpeAeIEHHBIMU TEXHO-
JIOTHYECKUMU OrpaHndeHusiMU. Hampumep, toructuka
TPAHCIIOPTHPOBKH KPYITHBIX MOJIYJEi Ha yAaJcHHBIC
YYaCTKH MOXET CTaTh MpobJIeMoii, 0COOEHHO B Peruo-
HaX C TPYIHOJOCTYIMHOW MecTHOCTBIO. [locTosHHOE
BHEIpCHHE MHHOBALMH JJIsl MOBBIMICHUS dHEeproddde-
KTHBHOCTH U aJIalITAllIN K HOBBIM TPEOOBAHISM TaKKe
0CTaeTCs BaXKHOH 3aadeii.

Jnist perenust 3TuX mpodiieM HeoOX0aUM KOMILIe-
KCHBIH MOJXOJI, BKJIFOYAIOIINH OOHOBJIICHUE HOPMATH-
BHO-TIPAaBOBOM 0a3bl, CyOCHIMPOBaHHE HAYAIBHBIX 3a-
Tpart, MpOBEICHNE 00pa30BATEIBHBIX MPOTPaMM IS
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CHETIHATHNCTOB ¥ HHBECTHIIMH B UCCIICIOBAHMS 1 pa3pa-
00TKH. DTH MEpHl IOMOTYT YCKOPUTH BHEAPEHUE MO-
JyJTBHOTO CTPOUTENBCTBA U PACKPHITH €0 MOTEHIHAT B
pemIeHnH 3a71ad COBPEMEHHOTO JKUIHIITHOTO CTPOUTE-
JIbCTBA.

3akJiouenue. MoybHOE CTPOHUTENIBCTBO SIBIISI-
ercss 9(Q(GEeKTUBHBIM pPELICHHEM JUIsl YCTOWYMBOIO |
9HEeProd(HEeKTUBHOTO JKUIIbS, UTPasi KIIOYEBYIO POJIb B
peuieHu: npoodsieM ypOaHM3alMu U M3MEHEHHS KJIH-
Mata. OHO TOMOTaeT CHU3UTH YIJIEPOIHBIN cIer,
YMEHBIIUTE KCIUTyaTaI[HOHHBIE PACXO/IBI U TIOBBICUTH
SHeprodpGeKTHBHOCTD 31aHNi. COBpeMEHHBIE TEXHO-
noruu, Takue kak BIM, 3D-nedats U UCKyCCTBEHHBIN
MHTEJUIEKT, YK€ BHOCAT 3HAUHTEIbHBIC YIyUIICHHS B
MIPOEKTUPOBAHUE M CTPOUTEIBCTBO, YCKOPSS TIPOIIECCHI
U TIOBBIIIAS TOYHOCT. B Onmkaiiiue necsatuiieTns Mo-
JYJIBHOE XKHJIbE CTaHeT OoJiee alalTHPOBAHHBIM K Tpe-
OoBaHUsM 3HEProdpEeKTHBHOCTH, B TOM YHCIIE CTaH-
naptam nZEB, u uHTErpanun Bo300HOBISEMBIX HCTO-
YHHUKOB OHCPI'Uu. MO[[yJ'II)HI)IC 3JaHUs TaK¥XE
3¢ GEKTUBHO peiat mpodJieMbl KIMMATUIECKON ajiar-
TUBHOCTH, 00eCIIeunBast )KIIHEM JIIOACH B SKCTPEeMalb-
HBIX KITMMAaTHIECKUX ycIoBUsAX. st mampHenero pa-
3BUTHS 3TOW TEXHOJIOTHH HEOOXOIUMBI MHBECTUIIUH B
WCCIICIOBaHMS, HHHOBALIMHU U PEPOPMBI CTPOUTEIBHBIX
HOPM.
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The article explores current approaches to design in graphic design, which combine aesthetic aspects, func-

tionality and the use of innovative technologies. The main trends in the development of the industry, the role of an
interdisciplinary approach and the importance of interactivity in graphic solutions are analyzed. The conclusion is
made about the need for a comprehensive approach to design, taking into account changes in the perception of
visual information in the digital age.

AHoTanis

VY cTaTTi TOCTiKEHO aKTyalbHI MIAXO0IU 10 TU3aH-TIPOSKTYBAaHHS B rpadiqHOMY JH3aiiHi, SKi MOETHYIOTH
€CTEeTUYHI aCTIeKTH, (PYHKIIIOHATBHICTh Ta BUKOPUCTAHHS IHHOBALIHHIX TEXHOJOTIH. AHATI3yIOThCS OCHOBHI TCH-
JICHIIIi PO3BUTKY Tairy3i, pojb MKIUCIUILIIHAPHOTO MiIX0AY Ta 3HAYCHHS IHTEPAKTHBHOCTI y TpadivHUX pilllcH-
HX. 3po0JIEHO BHCHOBOK PO HEOOXiAHICTh KOMIUIEKCHOTO ITiIXO/MY O IPOEKTYBAHHS 3 ypaxyBaHHSIM 3MiH Y

CIPUIHATTI Bi3yallbHOI iHpOpMaIii B IH(POBY eImoxy.
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I'padivnauit nuzailH € OmHUM i3 KIIOYOBHX
HarpsMiB Bi3yaJbHOTO MUCTEITBA, SIKUH TIOEJHYE Kpe-
ATHUBHICTH 13 (YHKIIOHANBHICTIO. Y Cy4acHOMY CBITi,
Jie M POBI TEXHOJIOTIT BIAIrparoTh LEHTPAIbHY POJIb,
JIM3aliH-TIPOEKTyBaHHsS HaOyBae HOBMX BUMIpiB, iHTe-
TpyIOYM pPI3HOMaHITHI iHHOBalii AJsI CTBOPEHHS HE
JMIIE€ €CTeTHYHO NpUBaONMBHUX, a i (QyHKUIOHAIHHO
e(peKTHBHUX pimeHs. € HEBIIAIIFHOIO YaCTHHOIO
HAIIOT'0 MOBCSIKASHHOTO JKUTTS, BIUTMBAIOYH HA Te, SIK
MU cHpuiiMaeMo iHGOpMAIifo i B3a€EMOJIIEMO 3 HABKO-
JUIIHIM cepenoBumieM. JloBOM CKJIATHO CHOTOJIHI
3HANTH chepy KUTTH, Je O BiH He OyB 3aydeHUH — Bif
BYJIMYHUX 3HAKiB /0 iHTep(eiiciB MOOITBHUX A0AaT-
KiB, TpaiqHMil TM3aifH poOUTH CBIT 3p0O3yMUTILINM, sIC-
KpaBiluM i Oi1b1I opraHizoBanuM [3].

CyvacHuil rpadiyHuii nu3aiiH nparHe OanaHcy
MDK €CTETHYHOIO TPHUBAOJIMBICTIO Ta MPAKTHYHICTIO.
BaxxnuBuM acnekToM € CTBOpEHHs Ou3aiiHy, SKUi
BiAMOBigae morpedaM KOpPHCTYBadiB, 3a0e3MeUyrouu

3py4HICTh cipuiHATTA iHOopMartii. Hanpuxiaz, y Be6-
IU3aliHl  BeNMKa yBara TpPHIUIIETBCS MPOCTOTI
HaBirauii, rapMOHii KoJIbOpiB Ta THIOrpadii.

MiHiMami3M 3aJUIIAETECS OJHIEI0 3 TPOBIITHUX
teHneHuii. Ilpoctora ¢opm, JNAaKOHIYHICTE KOMIIO-
3ulid Ta (DYHKIIOHAJIFHA CHPSIMOBAHICTH JOMOMAra-
I0Th CTBOpIOBaTH e(eKTHBHI Bi3yaJbHi KOMYHiKaii.
OpHi€r0 3 HAMBAXIMBIMINX CKIAJI0BUX Bi3yalbHOI KO-
MyHIKamii, SKa aKTHBHO PO3BHUBAETHCS MiJ BIUTMBOM
HOBITHIX TeXHOJOTIH € rpadiunmii qu3aitn. OCHOBHUM
IHCTPYMEHTOM AM3aiHepa MPOTIrOM OCTaHHIX JAecs-
THIITh cTanu TpadivHi pemakTopH, SKi JO3BOJSIOTH
CTBOPIOBATH, pellaryBaTH Ta BIOCKOHAIOBATH 300pa-
KeHHsl. X eBoolis Bi06pakae 3MiHU B TOTpe6ax 1u-
3aiiHy, TEXHOJIOTI4YHI IPOPHUBHU Ta TpaHc(hopMallito Me-
TOJIB poOOTH.

Po3BuTok rpagiuHuX peaaKkTopiB CYTTEBO BILIU-
HYB Ha METOJu PoOOTH u3alHEpiB, 3HAYHO PO3LIH-
puBmHM ixHii iHCTpyMeHTapiil. CyudacHa unudposa
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eroxa BUMarae BiJI TU3aifHepiB aJanTHBHOCTI, OaraTo-
(YHKITIOHATLHOCTI Ta 3JaTHOCTI J0 TMOCTIHHOTO HaB-
gauHs. CydacHi rpadivni 1u3aitHepu BUKOPHUCTOBYIOTh
pizHOMaHITHI iHCTpyMeHTH Taki ik Adobe Photoshop,
Adobe Illustrator, Blender, Autodesk 3ds Max Tta inmii,
SKi CTaJIM CTaHAapToM Yy raiysi. L{i mporpamu 3HauHO
PO3LIMPHIN MOKJIMBOCTI U3aiHEPIB, MPOIOHYIOYH:

- pO3UIMpEHi IHCTPYMEHTH peAaryBaHHS pacT-
POBHUX Ta BEKTOPHHUX 300paXKEHb.

- i”Terparmito TpuBUMipHOI rpadiku Ta aHIMAIii.

- TATPUMKY BelMWKHUX (ailniB 1 BUCOKOI po3-
IUTBHOT 3MATHOCTI IJIS IPYKY.

- XMapHi QyHKII, I0 T03BOJSIOTH MMPALIOBATH
HaJl POEKTaMH KOJICKTUBHO BiIKPHBAIOYU HOBI TOpPH-
30HTH U1 TpadigHOTO AM3alHY.

BoHH [103BOJISIIOTH CTBOPIOBATH IHTEPAKTHUBHI Bi-
3yaJibHI €JIeMEHTH, SKi 3aly4aloTh KOPHCTYBAuiB 0
B3aemoii. lle ocoGnuBo akTyansHo y cdepi pekiamu,
OpeHIMHTY Ta OCBITHIX HPOEKTIB, 30CEpEINKYIOUH
yBary Ha ix 6araTorpaHHOCTI Ta aaTHBHOCTI JI0 MOT-
ped Cy4acHOTO CYCIiIBCTBA.

Po3BuTOK rpadivHEX peqaKTopiB i BIPOBAIKCHHS
IHHOBAI[IfHUX TEXHOJIOTiH CYTTE€BO BIUIMHYJIW Ha iH-
CTpyMEHTapiii nu3aifHepiB Ta TpaHCHOPMAINIO TXHIX
npodeciiftHux poineil. Y mudpoBy emoxy nu3aiHEpH
MaloTh OyTH HE JIMIIE TBOPLSIMH €CTETUYHOTO KOH-
TeHTy, anme H (axiBIAMH, sKi BOJOMIFOTH Oararto-
npo¢iIEHUMY 3HAHHSIMH Ta TEXHOJIOTTYHOO SKCIICPTH-
3010. [lomanbiie BROCKOHaJIEHHsS rpadiuHUX peaak-
TOpIB 1 MOUIMPEHHs IHHOBALIM 3MIHIOBaTUME Traiy3b,
pobustum ii 1mie GLIBII THYYKOIO Ta IHTEPaKTHBHOIO.

Ju3aiiHepr MarOTh IIBHIKO OCBOIOBATH HOBI 1H-
CTPYMEHTH W TEXHOJIOTii, ajke IHHOBAIlil IOCTIHHO
3MIHIOIOTh TIpodeciitHe cepenoBumme. bamanc Mix
TBOPYUM MHCIJICHHSIM 1 TEXHIYHUMH 3HAHHSMH € KIIO-
YOBHM JUTS YCHIITHOI Kap'epu B mu3aitHi. CydacHU au-
3aifHep TOBHHEH PO3YMITH OCHOBH HpOrpaMyBaHHS,
MapKeTHHTY Ta TCHXOJIOTil, m00 CTBOPIOBATH cQeK-
THUBHI Bi3yaJibHI pillIEHHS.

I'pacdiynnii nu3ailH y cy4acHHUX yYMOBax € M-
HAMIYHOI0 Ta 0araTorpaHHOI CGeporo, sKa IHTErPye
eCTEeTUKY, (DYHKI[IOHAJIBHICTh T4 HOBITHI TEXHOJIOTII.
VYecninHe An3aiH-NPOEKTYBaHHS BUMAara€ KOMILIEKC-
HOTO MiZXO0/Y, OPIEHTOBAHOTO Ha MOTPEOU KOPHCTY-
BaviB Ta aJIallTHBHICTh IO TEXHOJOTIYHHX 3MiH. [ep-
CIIEKTUBH PO3BUTKY Tajy3i JIe)KaTh Y HOAANbIIIN iHTe-
rpamii nupoBUX IHHOBAIK 1 MDKIUCIUILTIHAPHIX
pillIeHb.

CyuacHe CyCIiIBCTBO XUBE B Yac iHHOBAI[IHHUX
TEXHOJIOTiH, sIKe BUXOAUTH Ha OUIBII BUCOKHI piBEHBb
PO3BHUTKY 1 SKOCTi, MOCTYIIOBO BiIXOASYH Bix Tpa-
TUIIHHAEX (opM Ta mporeciB. Tak 6u MOBUTH, BiOy-
BAa€ThCS TiAMIHA, BHTICHEHHS TpPAIUIIHHUX Me-
XaHI3MIB 1 KaHaJIB TPAHCIIII COIIOKYIBTYPHOTO JI0-

CBiIy 1 CHCTEeMHM MiHHOCTEH, 3aBASKH YOMY
CTBOPIOETHCS AKICHO iHIIE iH(opManiiiHe cepeoBHIIe
[ 1].

CyvacHi CBITOBI Jn3aiiHEpCHKI MpPOLECH MalOTh
JIBI OCHOBHI Ta IPOTHJICXKHI 33 CBOEIO CYTTIO TCHICHIII
PO3BUTKY: IHTEIPAaTMBHMH pyX [0 Inobaii3amiiHo-
OpIEHTOBAHOTrO AM3alHy Ta, HABNAKH, AUPEPEHLIITHNI
PyX JIO perioHaJbHO-HAI[iOHALHOTO OpPiEHTOBAHOTO
nmu3aiiny. [moGamizaliiHi TPOIECH CIPHSUTA  CTBO-
PEHHIO €IUHUX CTaHIAPTiB rpadidHOro mu3aiHy, sKi

rependavany OAHAKOBI MIXOMU 10 BUPIMICHHS IPO-
0JleM KOMYHIKaIlii, TOTOXHI 3aco0m Ta (opManbHi
MIPUHOMHU TIPOEKTYBaHHS, alle 32 OCTaHHI JIECATHIIITTS
MIPOCTEKYEThCA AKTUBHUM PO3BHTOK rpadivHOrOo Am-
3aliHy 3 ypaxyBaHHSM OCOOJMBOCTEH HalliOHAJIBHOT
KyJIbTypu. TakuM YMHOM, B OCTAHHE JECSTWIITTS 3a-
rocrpuiacsi nmpodjemMa HaliOHAIBHOTO W iHTepHaIio-
HaAJILHOTO y TpadivHOMY H3aiiHi, 0 BUSBISETHCS Y
CYNEpPEYHOCTI MiX «3BHYKOIO» TpadiyHOro au3aiiHy
MAPOOIATHCS TiA 3aralbHONPUIHATY cepen Jiaepis
MOIy 1 JOTpUMYBAaThCs Ii, Ta TSDKIHHAM IO HAIlio-
HallbHO 30pIEHTOBAHOTO [HU3alHy, CIPSIMOBAHOTO Ha
BpaxyBaHHS HAI[lOHAIBHOI CIEeNMU(IKNA CHOXHBAHHA,
MOpaJb i HaJ0aHHS HAIllOHAIBHOI KYJIBTYypH. 3a TaKHX
YMOB 3’SICyBaHHS CYTHOCTI TOHSTTS «Cy4acHHH
rpadiuyHui TU3aiiH» € Jay’Ke BaXKIHMBHUM JUIs pO3YMiHHS
TEHJICHIIH 1 MEePCHEeKTUB HOro MOAAIBIIOT0 PO3BUTKY
[2].

TBOpyYa 0COOUCTICTH — 1 JIFOJIUHA, KA TITHOOKO
MIPOHKKAE B CYTh i/1eH 1 31aTHA JJOBECTH 1X 10 PAKTHY-
HUX PE3yJbTaTiB, HE3BAKAIOUM Ha BCI MOXKJIMBI JKUT-
TeBi TpyaHOMIi. [Ipy BHBUCHHI KPEaTUBHOCTI BIKOPH-
CTOBYIOTHCS Pi3HI METOIH, TaKi SIK CIIOCTEPEXKEHHS, ca-
MoaHaii3, Oiorpadiunuii aHami3 (BUBUEeHHS Oiorpadiit
BUIATHUX OCOOMCTOCTEH y TNEBHHMX Tally3iX HayKH,
KYJIbTYypH, TEXHIKH TOIIO), aHaNi3 MPOAYKTIB IisIb-
HOCcTi (0CcOONHMBO TBOPUYOCTI yYHIB), TECTH, AHKETY-
BaHHS Ta CKCIepUMEHTaNIbHI MeToau. Clifl 3a3HAYUTH,
[0 BUKOPHCTAHHS OCTAaHHIX METOJIB IMOB’s3aHe 31
3HAQUHUMHU TPYIHOIIAMH, OCKUIBKM KOKEH TBOPYMH
MIPOLIEC € YHIKAJIbHUM 1 HETIOBTOPHHUM 1 HE MOXKe OyTH
BIZITBOPEHUH 1MEHTUYHO IIIIXOM MOBTOPHUX CIIOCTE-
pexens [4].

JuzaifHepu [nemani dacTime 3iMITOBXYIOThCS 3
BUKJIMKAaMH, TOB’SI3aHUMH 3 E€THUKOI0 BHKOPHCTaHHS
IITyYHOTO 1HTEJIEKTY, MEPCOHAIbHUX JAHUX 1 CTBO-
PEHHS MaHINyJISTUBHOTO KOHTEHTY.

BincTexxeHHs Ta po3yMiHHS TCHIACHINA IU3aiHY
JIONIOMAararTh CTBOPIOBATH MPOEKTH, SKi CHUIKYIOTHCS
3 ayJUTOPIEI0 CYYaCHOK Bi3yaJlbHOIO MOBOIO. Kpim
TOTO, TPEHIU YacTO PO3BHBAIOTHCS MapajiesibHO 3 PO-
3BUTKOM TeXHOJOTiH. Jlu3aiiHepu ananTyioTh CBOI
CTWI, 100 BHKOPUCTOBYBAaTH HOBI IHCTPYMEHTH Ta
TEXHIKH, a MOCTiliHe rnepe0yBaHHs B Kypcl Hopii ra-
paHTye, o Au3aiH Oy[e ONTHMI30BaHO [UIS HOBITHIX
IATGOPM 1 TEXHOJIOTIH.

ITo cyri, cmigyBaHHS TpeHAaM rpadigyHOro au-
3aiiHy — 11€ cTpaTeriyHui Croci0 3aIuIIaTucs aKkTyab-
HUM, [IKaBUM 1 TEXHOJIOTIYHO BIIPAaBHUM y cdepi Iu-
3aiiHy, 10 MOCTIHHO PO3BUBAETHCS [5].

MiniManizaM, T03a4acOBUH 1 CTIHKHHA TpeHI
rpa¢ignoro au3aitny 2024 poky, AIMOBipHO, HIKOJH HE
Buiine 3 momu. dinocodis «menme — me OiLTbIIE»
OCTaHHIM YacoM HaOyBae€ Bce OUNBIIOI HOMYJISPHOCTI.
3a Takoro MiAXOAy KOXKEH €JIEMEHT y AM3aiHI CIyTrye
TIeBHIN MeTi, BIAKUal04YH 3aiBe, 100 PO3KPUTH CYTh.
Jnst MiHIMaiCTUYHOTO AW3aiiHy XapakTepHI YHCTI
JIiHii, 6araTo GIOr0 MPOCTOPY Ta JTAKOHIYHA ECTETHKA.

Tpennu rpadiyHoro auzaiiHy MOCTYHOBO HEPEXO0-
JSITh y TaMMY CBDKHMX HaJITP, IHHOBAL[IMHUX MIPU(TIB
Ta HOCTAIBIiI 3 rPaiIMBUME aKLEHTaMH. M 1eThest mpo
TTOBEPHEHHS ITIKCEeITiB, BIPOBAHKEHHS IITYYHOTO iHTE-
JIEKTy, 1HKJIFO3WBHICTh. Bee e cTae momynsipHOIo 4a-
CTHHOIO CYYacHOTO JU3aliHy Ta Bi3yaJIbHHX €(EKTiB.
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Sanummatrcs Ha Kpok nomnepeny y 2025 portii qormomoske
iH(opMmalris, sSKka pO3KpUBAE OCHOBHI TPEHIH, TCHICH-
1ii Ta HAPSIMKX MaiOyTHIX POKIB IJIs TpadiqHOTO JH-
3aiiHy.

VY cyyacHOMY JHM3alH-TIPOCKTYBaHHI BaXKJIMBY
poJb Bifirpae criBmparist GpaxiBiuiB pi3HUX TaTy3en: qu-
3aliHepiB, MapKeTOJIOTIB, MPOrpaMicTiB, NCHXOJIOTIB.
Lle no3Bossie ctBoproBatH TpadivHi pillleHHs, SKI HE
JIMIIE BUTTISIAIOTH TPUBA0IINBO, aje i BpaxoBYIOTb I10-
BEIIHKOBI 0c00IHMBOCTI aymuTopii. MaiOyTHE Bi3yaub-
HOI KOMYHIKaIii MOke MMPU3BECTH 10 IIe O1IBIIOTO TO-
CHJICHHSI CIIBOpaIl MK IU3aifHEpaMH, TEXHOJIOTaMH
Ta JOCTITHUKAMH 3 pi3HUX ramy3eid. et mixmucum-
TUTIHAPHUH MAXig MOXKe TMPU3BECTH IO iHHOBAIiHIX
pillIeHs Ta HOBHX METOJOJIOTIH, SIKi PO3CYBAaIOTh MEXi
TpaaAnLIHHOT Bi3yanbHOI KOMYHIKAIIii.

OCHOBHUMH BUKJIMKaMH € NIBUAKICTB 3MiH y TeX-
HOJIOTIsIX, 3pPOCTaHHs KOHKYpeHIii Ta morpeba y
MOCTIHHOMY HaB4aHHI. [IpoTe BHMKOpPHCTaHHS iHHO-
BaI[ifHKX MiJXO/IiB, TAKHX SK IHTCPAKTUBHICTb, TIEPCO-
HAaJTi3allis Ta OpIEHTAIliS HA CKOJOTIUHICTh, BiJKPHUBAE
HOBI MOKJIMBOCTI IJIs TpapigHOTO AM3aiHYy.

[HHOBAMIIHI TEXHOIOTIi HE JIUIIe ONTHMIi3yBalH
poOoui mporecH, a i 3MIHIIH MAXOJN IO CTBOPESHHS
IU3aiiHy. ABTOMaTH30BaHi IHCTPYMEHTH AOIIOMAaraiTh
CIPOIIYBATH PYTHHHI 3aBAAHHA, a IUTYYHHH 1HTEIEKT
BiIKpHBa€ HOBI MOXIIUBOCTI JJIsI TBOPYOCTi, aHAII3Y
JaHUX Ta ajanTauii 1o morped kopucrysadiB. TyT
PO3IIISIAIOTECS. OCHOBHI aCHeKTH iHTerpalii aBToma-
TH3alii Ta WITyYHUH IHTENEKT Yy AM3alH-TIPOEKTY-
BaHHs, IXHIH BIUIMB Ha Tpodecito au3aiiHepa Ta mnep-
CICKTHBH PO3BUTKY raiy3i.

[Tnpoxke BIIpoBaPKEHHS BCECBITHHOT HABYTHHH Ta
MYJIBTHMEMIHHUX cucTeM y 21 cromiTri me Ouibiie
MPUCKOPHIIO €BOIIOLII0 TpadivyHoro amsainy. Juzaii-
HEpH TOYaln BHKOPHCTOBYBATH OHJIAWH-TUIATPOPMHU
JUTS CIIBIIPAIli Ta HATXHEHHS, IO TPU3BEJIO 1O OiIbII
PI3HOMAaHITHOTO Ta IHKJIFO3UBHOTO TU3aiHEPCHKOTO Ce-
penoBuILa.

ABTOMaTH3allis MpoleciB y rpadiyHoMy Au3aiiHi
CTaJia MOYJIMBOIO 3aBJISIKU PO3BHUTKY MPOTPaMHOTO 3a-
Oe3reueHHs, sike BUKOHYE PYTHHHI 3aB/IaHHS LIBHJILIE
Ta TOuYHile, HiK JronuHa. LITyuHuil iHTeNneKkT y 1u-
3aliH-NIPOEKTYBaHHI PO3LIMPIOE MeXi TpadidHOro Ju-
3alfHy, MPOIOHYIOYM IHCTPYMEHTH, SAKi aHaIi3yIOTh
JlaHi, TCHePYIOTh HOBI ifei Ta 3a0e3medyroTh ajamnTa-
1i0 710 MOTped KOpUCTyBaviB.

[HCTpyMeHTH Ha OCHOBI IITYYHOTO iHTENEKTY
MPOTIOHYIOTh KPEAaTUBHI PILIEHHSI Ta aBTOMAaTH3YIOTh
penaryBaHHA. Jl03BOJIAIOTH CTBOPIOBATH Bi3yalbHHI
KOHTEHT 3a JIOTIOMOTOI0 TI'eHEPAaTHBHUX MOJEIEH.
Itygsanit  iHTENeKT  JomloMarae  Jau3aiiHepam
aHAJ3yBaTH MOBEAIHKY ayauTopii, ii ymomobaHHS Ta
e(heKTUBHICTD Bi3yalbHHX pillieHb. e 1a€ MOXKITUBICTH
CTBOPIOBATH TapreTOBaHi, MEPCOHATI30BAHI TU3alHU.
IITYYHUH 1HTENEKT MOXE CTBOPIOBAaTH rpadiuHi
00’ekT 200 KOMMO3MUI{, BUKOPHCTOBYIOUHM aJIro-
PUTMH r'eHepaTHBHOTO MuUcTenTBa. Hanpukian, Heiipo-
Mepexi, Taki sk DALL-E gu MidJourney, resepyrots
YHIKaJIBbHI UTIOCTpaLlil Ha OCHOBI TEKCTOBHX OIUCIB.

IIBuKiCTh BUKOHAHHS PYTHHHHX 3aB/IaHb J103BO-
Js1e An3aifHepaM 30CepENUTHCS HAa TBOPYOCTI Ta KOH-
HEenTyanbHil poOoTi. ABTOMATH3AIIS BUKIIIOYAE JIFOII-
ChKI NMOMWJIKH B IPOLECAX, TAKUX SK BUPIBHIOBAHHSI

€JIEMEHTIB a00 HajalmTyBaHHS KOJbopiB. HoBi iHCTpY-
MEHTH CIpPOIIYIOTh CTBOPEHHs Tpadikk HABITH IS
He(axiBIliB, IO PO3MIMPIOE MOXKIUBOCTI JUISI Majoro
0i3Hecy Ta cTapTamis.

PyTuHHa 3aJI€)KHICTh BiJ] aITOPUTMIB MOXKE MPU3-
BECTH JI0 CTaHAapTU3allil qu3aiiniB. J[u3aiiHepu MaroTh
OCBOIOBATH HOBI IHCTPYMEHTH Ta TEXHOJIOT1, 1110 BUMa-
rae yacy Ta 3ycuib. LlITy4Huil iHTENeKT B MallOyTHb-
OMY MOK€ CTBOPIOBAaTH KOHTEHT, SIKHH KOIIIOE CTHIIb
IHIIMX MUTHIB, IO BHUKJIMKATHME NHTAHHS PO aB-
TOPCBKE TIPaBo.

[HTerparis aBToMaTH3amii Ta MITYIHAH iHTETEKT y
rpadidHAil TU3aiH IPOJOBKYBaTUME 3pOcTaTH. Maii-
OyTHe Tamy3i mnepexbadae Ime TIMOIIE 3aTydeHHS
OITYYHOTO iHTEJEKTY Ui CTBOPEHHS MEepCOHATi30Ba-
HUX JM3aliHIB, YIOCKOHAJICHHS IHCTPYMEHTIB BipTYy-
JILHOT Ta JIOTIOBHEHOT PeabHOCTI, a TAKOK aBTOMATH-
30BaHE TECTyBaHHs €()EKTUBHOCTI Bi3yalbHHUX PILLICHb.

ABTOMaru3alisg Ta WITyYHUH IHTENEKT CYTTEBO
BIUIMHYJIM Ha rpadiuHuil au3aitH, 3poOHBLIM HOTO
OinblI e()eKTHBHUM, JTOCTYIHHM Ta OPI€HTOBAaHUM Ha
KopuctyBada. [Ipote 11i 3MiHH BUMAaraioTh BiJ AW3aii-
HEpiB HOBUX HABHYOK, ajamnTamii J0 IiHHOBamif Ta
yBard 70 €TUYHHMX AaCMEKTiB. [HTerpamis mux TexHO-
JIOTi# HE 3aMIHIOE TBOPYICTH, ajie 3MIHIOE i MIPHPOLY,
BIIKPMBAOYH HOBI TOPH30HTH [UIA Bi3yalbHOI KO-
MYHIiKaIii.

Lle cBimuuTh Npo Te, 1o HUpPOBI TEXHOIIOTIT Po3-
LIMPATh TBOPYE MHCICHHS XYIOXKHIX JU3aifHepiB.
OcCKinbKY An3aiiHepU CTaHyTh OUIBII BIIPABHUMH Y BU-
KOPHCTaHHI TEXHOJIOTI!, BOHH 3MOXXYTh TOCIIIKYBaTH
HOBI 1/1e1 Ta KOHLEMLii, BUXOASYH 32 TPaIULIHHI Mexi
B XyIO’)KHBOMY Am3aifHi. CTBOPIOIOYHN OLTBIT 3aXOILTIO-
04l Ta IHTEPaKTUBHI (POPMH MHCTEUTBA, AU3alHEPH
MOXYTh 3aIy4UTH TISAa4iB criocobamu, siki Oyimu He-
MOJUIHBI TpaauUidiHIMH MeTonaMu. CydacHe Am3aii-
HEpCbKE MHCTEITBO BCE OiuIbIle aJanTyeTbes 10
coliaNbHUX MOTPed Ta yrnoao0aHb rPOMaICHKOCTI, IO
po3BuBarOTECA. OCKIJIBKH I[IKaBICTh JIOJCH 10 MH-
CTETBa MPOJIOBXKYE 3pOCTaTH, JU3aiiHepaM NOTPiOHO
Oylle BIANOBIaTH HA 1li BUMOTH, CTBOPIOIOYH POOOTH,
SIKi € HE TIIbKY €CTETHYHO IIPUEMHUMH, aJie i IpaKThuy-
HHMHU Ta aKTyaJbHUMH JUIS CY4aCHOTO KUTTS.

I{i mporHo30BaHi TEHACHINI MiAKPECIIOOTEL K-
HaMIYHHH 3B'SI30K MK TEXHOJIOTISIMU Ta MUCTEI[TBOM,
NIPOTIOHYIOYN MalOyTHE, Jne IM(pPOBI TEXHOJOTIT
BIZIIrpaloTh LEHTPAJIBbHY POJib y (OpPMYyBaHHI cydac-
HOT'O MHCTEITBA JN3aliHy.

EBomonit  rpadiyHMX  penakTopiB  3HAYHO
3MiHMIa mpodeciro rpadivyHoro aAn3aifHepa. 3 OIHOTO
00Ky, BOHA pO3NIMPWIA MOXJIMBOCTI TBOPYOCTI,
3po0mIa qU3aiH JOCTYMHIIINM 1 3pYYHIIIAM I BUKO-
puctadHs. 3 iHIOro 60Ky, BOHA TIOCTaBUIa TIepe Au-
3aiiHepaMU HOBI BUKIWKH, Taki SK HEOOXiIHICTh
MIBUKO aJIalITYBATHCS IO iIHHOBAIlild, OCBOIOBATH HOBI
IHCTpyMEHTH Ta TpalioBaTH B 0araTo3ajayHoMy pe-
HKHMI.

MaiibyTHe rpadiyHOrO qU3aifHy TICHO IOB’s3aHE
3 IOJJAJIBITUM PO3BUTKOM TpadidHnX penakropis. IHTe-
rpauis ITy4YHOTO 1HTEJEKTY, aBTOMaTH3allis [IPOLECiB
1 pPO3IIMPEHHS MOXJIMBOCTEH NpOrpaM BiIKPHUBAIOTH
HOBI TOPU30HTH JIJIsI TBOPYOCTI, BOJAHOYAC 30epiraroun
BOKJIMBICTh YHIKAIBHOTO JIFOJICHKOTO I IXOAY IO CTBO-
PEHHSI BI3yaJIbHOTO KOHTEHTY.
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Mammadova S.

Ministry of Science and Education of the Republic of Azerbaijan, Baku State University
Ministry of Science and Education of the Republic of Azerbaijan, Institute of Physiology named after A.1.

Abstract
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Herbicides were developed to affect the physiological processes of plants, and they are responsible for causing
harmful effects on animals. The aquatic environment is a natural reservoir for herbicides, which, after being applied
to crops, run off through the soil, reaching rivers, lakes, seas, and oceans. Fish are among the many organisms
affected by aquatic pollution caused by herbicides. These animals play an important ecological role and are a major
food source for humans. However, few studies have examined the effects of herbicides on fish. In this article, the
effects of herbicides on the behavioral responses of fish are studied, using Cyprinus carpio as an example. The
lethal concentration of Tarkor Super herbicides was determined for fish for the first time. As a result of the research
conducted, it was found that they influence the behavioral reactions of fish.

Keywords: herbicides, Tarkor Super, behavior, Cyprinus carpio.

Introduction

Herbicides can disperse into the atmosphere and
soil, but the aquatic environment is the ultimate reser-
voir for these compounds, as once applied to fields they
can reach rivers, lakes, seas, oceans, and groundwater
via leaching, precipitation, or infiltration. Fish are
among the many organisms harmed by aquatic herbi-
cide pollution. In developed countries, fish is a valuable
source of protein and micronutrients such as omega-3,
vitamins A, B, D, iron and zinc. However, due to the
increasing discharge of pollutants into water, the
maintenance of fish stocks in the wild and the availa-
bility of this food source are under threat. Therefore,
our research aimed to determine the lethal concentra-
tion herbicide Tarkor Super acceptable for fish and how
it affects the behavioral reactions of fish.

Material and research methods

The biological object of our research was six-
month-old Cyprinus carpio, a freshwater fish. We pur-
chased carp from the Khylli fish factory for sturgeon
production. To avoid stress, the fish under study were
placed in aerated containers and delivered to the aquar-
ium of the A. I. Garayev Institute of Physiology for fur-
ther research. First of all, lethal concentrations of the
studied herbicides were determined using the Dj. Fin-
ney method (2). Behavioral reactions such as coughing,
yawning, surface swimming, and restless chaotic
movement (1) were determined in the norm and after
exposure to the herbicide at a lethal concentration. It
should be noted that the data obtained were determined
after 96 hours of herbicide exposure.

Discussion of the obtained results

Pesticides can affect the behavior of aquatic or-
ganisms, leading to species extinction. In addition to
target organisms, pesticide exposure also affects non-
target organisms, leading to disruption of the food
chain and ecological imbalance. Bioaccumulation of
pesticide residues in plankton (the food source con-
sumed by many marine organisms) can be transferred
to fish and other invertebrates, thereby negatively af-
fecting them directly or indirectly. Some herbicides

with generalized modes of action may also be relevant
to fish and other animals. These include substances that
interact with metabolic pathways, leading to the for-
mation of reactive oxygen species and other free radi-
cals that damage cells. However, this mode of action is
not exclusive to herbicides and will mostly be observed
in high-impact scenarios.

Pesticides sold and used in the environment are
usually mixed with other substances to facilitate appli-
cation to target organisms. These substances are known
as formulation agents and serve the same purpose as the
excipients added to some pharmaceuticals; that is, they
help disperse the pesticide in the spray solution or fa-
cilitate penetration of the pesticide into the target or-
ganism. Since most herbicides must be transported
through the xylem and phloem in these cases, surfac-
tants are added to the formula to enhance penetration
through the cuticle and into plant tissues (3).

Among the pesticides used in agriculture, herbi-
cides are used in the largest quantities. These sub-
stances enter the aquatic environment in various ways,
and monitoring studies show their constant presence in
natural waters. Herbicides cause changes in many phys-
iological parameters in fish, such as a decrease in the
activity of acetylcholinesterase in internal organs, an
increase in the activity of liver transaminoses, or a vio-
lation of the oxidoreductive balance. Changes in hema-
tological parameters are also observed, usually indicat-
ing anemia and an inflammatory process. The most fre-
quently observed histological changes include
hyperplasia and hypertrophy of the gill epithelium and
changes in the microstructure of the liver, such as vac-
uolization of hepatocytes. Markers of herbicide expo-
sure in fish are usually very sensitive but nonspecific.
Analysis of metabolic, hematological, and histological
tissue parameters can be useful in determining fish poi-
soning with herbicides, but they should always be con-
firmed by monitoring studies (4). In our studies, we
looked at behavioral reactions. As a result of the stud-
ies, we found that Tarkor Super lethal concentration
(17.32 mg/l) has a strong effect on the behavior of fish.
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If coughing is normally 3.6+0.67 dw/min, then after the
influence of Tarkor Super it was 51.00+£3.48 dw/min,
yawning is normally 2.6+0.31 dw/min after exposure
21.00 £2.77 dw/min , surface swimming 4.8 +0.53
dw/min, under the influence of this indicator was
11.70£1.15 dw/min, restless chaotic movement is nor-
mally 2.9 £0.38 dw/min , under the influence of Tarkor
Super lethal concentration (17.32 mg/l) it became
9.1040.38 dw/min.

Conclusions

1. Lethal concentration of Tarkor Super herbi-
cide for fish determined

2. Behavioural disturbances in fish were detected
after exposure to herbicide

3. The studies conducted have proven that Tar-
kor Super causes disturbances in the nervous system of
fish
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Abstract

Associative microorganisms residing in soil play a crucial role in maintaining soil fertility and the stability of
agroecosystems. These microorganisms, including nitrogen-fixing bacteria, phosphate-solubilizing bacteria, my-
corrhizal fungi, and other beneficial microbes, form symbiotic or associative relationships with plants. Their ac-
tivity enhances nutrient availability, promotes plant growth, increases stress tolerance, and reduces dependence on
chemical fertilizers. The biotechnological potential of these microorganisms is widely utilized in agriculture and
environmental management. They are employed in the development of biofertilizers, biopesticides, and for the
bioremediation of contaminated soils.

AHHOTaLUA

ACCOI_II/IaTI/IBHHe MUKPOOPraHnu3Mbl, O6I/ITa}OH.[I/I€ B ITOYBEC, UI'PAIOT BAXKHYIO POJIb B IOAACPIKAHNUU ILJIIOA0PO-
AW IIOYBBI U YCTOﬁQHBOCTH arpo-3KOCHUCTCM. Gyt MHUKPOOPraHrU3Mbl, BKIIIOYas aBOTCI)I/IKCI/Ip}IIOHII/Ie 6aKT€pI/II/I,
tdhocharodukcupyrorre 6aKTepur, MUKOPU3HbIC IPUOBI U APYTUE MOJIC3HbIE MUKPOOBI, 00pa3yroT CHMOUOTHYE-
CKHEC WJIM aCCONMAaTUBHBIC CBA3U C PACTCHUSAMMU. Nx JACATCIIBHOCTD CHOCO6CTBy€T YIAy4HICHUIO JOCTYITHOCTH MU~
TaTCJIbHBIX BCIIECCTB, CTUMYJIALIUU POCTa paCTeHHﬁ, IIOBBIIIICHUIO yCTOfI‘IHBOCTH K CTpecCaM U CHUIKCHHIO 3aBU-
CHUMOCTH OT XMMHUYECCKHUX y}lO6pCHHﬁ. buoTtexHonornueckui MOTCHIMAJ 3TUX MUKPOOPraHU3MOB aKTHBHO HUC-
MOJIB3YETCS B CEITbCKOM XO35HCTBE M 3KOJIOTUH. OHU MPUMEHSIOTCS AJIsl CO3/1aHnsi OMO(epTHIIBHBIX [TPENaparos,
6I/IOHCCTI/II_II/IZ[0B u 6I/IOp€M€I[I/IaLII/II/I BaIpHBHéHHLIX II04YB.

Keywords: nitrogen fixation, associative microorganisms, biotechnological potential, biopesticides, plant

growth promotion.

KiroueBbie cioBa: aSOTO(I)I/IKcal_II/IH, aCCOMaTUBHBIC MUKPOOPIraHU3MblI, OHMOTEXHOJIO-THUECKUI IIOTCHI A,

6I/IOHCCTI/II_II/II[BI, CTUMYJIAIA POCTa paCTeHPIﬁ.

BBEJIEHUE

AzepbaiimkaH, ¢ ero pa3HooOpazueM KiumMaTH4e-
CKHUX M IIOYBCHHBIX yCHOBI/Iﬁ, SIBIIACTCA yHI/IKaHLHOﬁ
TEpPUTOPHUEH ISl UCCIIEIOBAHUS aCCOLIUATUBHBIX MU-
KPOOPTaHU3MOB, OOUTAIONINX B TIOYBaX. DTH MUKPOO-
pPraHU3MBI UTPAIOT BAXKHYIO POJIH B MOICPIKAHIH KO-
CHUCTEMHOT0 0ajlaHca U MOTYT 3HAYHTEIEHO ITOBBICUTH
YCTOHYUBOCT arpOdIKOCHCTEM, YIydIIas UX OHOJIOTH-
YECKOe COCTOsTHKE. B wacTHOCTH, pa3HOOOpa3ue THIIOB
MOYBBI, BKIIOYAs CEPO-KOPHYHEBBIC, KOPHUYHEBBIE U
CBETJIO-KOPUYHEBBIE MOYBHI, CIIOCOOCTBYET 00pa3oBa-
HUIO pas3IMYHbIX aCCOIMMAaTHUBHBIX CBSI3EH MEXIY pac-
TCHUAMU U MUKPOOpPraHU3MaMH.

OCHOBHBIE IPYIIIBI ACCOHUATHBHBIX MUKPOOP-
raHM3MOB B NOYBax A3epOaiil:kaHa:

1. A3zorodukcupyionme 0aKTepuu: OTH MUK-
POOpPraHU3MBl HTPAIOT KIIFOYEBYIO POJb B (PUKCAIHU
aTMOc(epHOTO a30Ta, JIeiasl ero JOCTYITHBIM IS pac-
TeHuid. B A3zepOaiimkaHe OHH OCOOCHHO BaXKHBI JIIS
CEJILCKOTO XO3SHCTBA, TJIe¢ MHOTHE ITOYBBI HYXKIAIOTCS
B yAYYILICHUH a30THOTO OanaHca.

2. ®ocharcomoduIN3NpyoOLHe MHKPOOpra-
HU3MbI. B AzepOaiipkaHCKUX TTOYBaX MHOTHE (DOPMBI

¢docdopa mi0xo pacTBOpHUMbL. MUKPOOPraHU3MBI, KO-
TOpBIE MOTYT pacTBOpsTh (ochaT, 3HAYUTEIHHO
yIy4IIaloT JOCTYMHOCTh 3TOTO BaXXHOTO IHTATENb-
HOTO BEILECTBA JIJIsl paCTEeHUH.

3. Mukopu3sHble rpudbI: ITH IprbBI 00pa3yIOT
CcUMOHMO03 ¢ KOPHIAMH PAcTEHH, YIIydlas X Bogoode-
CII€UYEHHUE U MOTJIOUIEHHE MUHEPAJIBHBIX BellecTB. Mu-
KOpH3a SIBJISIETCS. BAXKHBIM 3JIEMEHTOM B arpoO3KOCUCTe-
MaX, OCOOCHHO B YCJIOBHUSX 3aCyILIMBOTO KIIMMaTa
AszepOaiimxana.

4, AHTAaroOHUCTUYECKHEe MHUKPOOPTraHU3MBI:
OTH MHUKPOOPTaHU3MBI CIIOCOOHBI TOAABIATH MATO-
TeHBl ¥ BpeAuTeNel, CHUKAsl MOTPEOHOCTh B XUMUYE-
CKHX TECTULIUIAX U YIydlIas 3JJ0POBbE MOUBHI.

BuoTexHo/lornyeckuii MOTEHIHAJ accolUa-
THBHBIX MUKPOOPIraHU3MOB B A3eplaiii:kaHe:

1. BuodepruabHocTh: lcnons3oBaHue acco-
UATHBHBIX MUKPOOPTAaHU3MOB TS CO3JIaHMsI Orodep-
TUJIN3aTOPOB MOXKET YIYYIIATh Ka4eCTBO IOYBBI U
MTOBBICUTB YPOXKalHOCTh 0€3 BPEIHBIX 3KOIOTHYCCKIX
TIOCJIEACTBUH. DTO 0COOEHHO BaXKHO JUISl CEITLCKOTO XO-
3stiicTBa AsepOaiikaHa, TIe 4acTO MCIIONb3yeTCs HH-
TEHCHBHOE 3eMJICCIINE C MPUMEHEHUEM XUMHUECKUX
yI0OpeHuH.
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2. buomecTHIHUABI: ACCOIMATHBHBIC MHKPOOP-
TaHU3MBI MOT'YT OBITh HCIIOJIB30BAHBI IS Pa3pabOTKH
OMOTECTUITNIOB, KOTOphle 3(()EKTHBHO 3allHIIAIOT
pacTeHus oT 3a00JI€BaHN, yMEHbIIas 3aBUCUMOCTb OT
XMUMHUYECKHX IECTULHJIOB W MHHUMH3HUPYS HMX BO3-
JIECTBUE HA DKOCUCTEMY.

3. buopemenmammsi: B ycioBusx 3arps3HeH-
HBIX 3eMeJIb U BOJIOEMOB A3zepOaiikaHa HUCII0Ib30Ba-
HHE acCOLUAaTUBHBIX MUKPOOPraHU3MOB /I Oropeme-
JVAIH MOXKET CHITPATh BXKHYIO POJIb B BOCCTAHOBJIE-
HHUH 3KOCHCTEM. DTH MUKPOOPTaHU3MBI MOTYT IOMOYb
B OYHCTKE ITOYB OT TOKCHYHBIX BEIECTB, TAKHX KaK TA-
JKEJIbIe METAJUIBI, @ TAKXKE PA3JIOKEHUH OPTraHUIECKUX
3arpsi3HATENEH.

4. CTrumynasinusi pocTa pacTeHuii: Accomua-
THUBHBIE MUKPOOPTaHU3MBI, YIIy4Iliast JOCTYITHOCTh IH-
TaTENbHBIX BELIECTB W AaKTUBHPYS 3alUTHBIE MeXa-
HU3MBI PACTEHUM, MOT'YT CTUMYJIUPOBATh UX POCT U pa-
3BHTHE. JTO OCOOCHHO Ba)KHO B YCJOBUSIX CTPECCOB,
TaKUX Kak 3acyxa Win OOJIe3HU, KOTOPBIE MOTYT CHH-
J)KaTh YPO)KaHOCTh B CEIbCKOM XO3sHcTBe A3zepbaii-
JDKaHa.

[lepcnexTuBel ganpHEHIINX HcchaeaoBaHui: M3y-
YEeHHE aCCOIMATHBHBIX MUKPOOPTaHU3MOB B A3epOaii-
JDKaHe M X OMOTEXHOJIOTHYECKNH MOTEHINAT OTKPBI-
BAaeT IIMPOKHE BO3MOKHOCTH JUI YCTOHYMBOTO CENb-
CKOTO XO3SCTBAa. YUWTHIBas pa3sHoOOpasue MOoYB U
KIINMAaTHU4YCCKUX yCHOBHﬁ, MPOBCACHUC KOMIIJICKCHBIX
HCCIICIOBAaHUN M HKCIOIb30BaHHE MHUKPOOHBIX COO00-
mMECTB MJIA YJIYUYHICHUA TJIOA0POJAUA MOYBBI, 3alIATHI
PacTEHUI ¥ OUUCTKU OKPY’KAIOLIEH Cpellbl MOT'YT CTAaTh
BaXXHBIMU aCHIEKTaAMU JIA Pa3BUTHA CEJIBLCKOTO XO035H-
CTBa B CTpaHe.

[ToyBa — 3T0 He puU3HUECKass WM XUMHUYECKas, a
IPEeXe BCero Ononornueckas 1 OMOXUMHUIECKasi CHC-
TeMa, OJTHUM M3 TJIaBHBIX KOMIIOHEHTOB KOTOPOH SBJIS-
ercs IoYBeHHas Mukpodiopa. MHKpoopraHu3Mam
MPUHAIJICKUT BEIyIIasi poib B PAa3JIOKEHHH PacTUTE-
JIBHBIX OCTaTKOB, CHHTE3€ U JIECTPYKIINHU rymyca, Gpop-
MHUPOBaHHU (PUTOCAHUTAPHOTO COCTOSIHUSI MOYBBI, Ha-
KOIJIEHHIO B HEHl OMOJIOTMYECKH aKTHBHBIX BCHICCTB,
(ukcauu armocdepHoro azora u T.1. Kpome Toro, mo-
YBCHHBIC MUKPOOPraHU3Mbl HUI'PAIOT Ba’XHYIO POJIb B
(hopMupOBaHUH TJIOJOPOIUS TIOYBBI U MTUTAHUH PacTe-
HUH. Belcime pactenust, sIBISSCh OCHOBHBIM HCTOYHH-
KOM IHTATENbHBIX BEIIECTB /I MPeo0Ialatomero Yu-
clla  MHUKPOOPraHM3MOB,  HAacelsIOIMX  IOYBY,
OKa3bIBAIOT CYIIECTBEHHOE BIIMSIHAE HAa MHUKPOOHBIE
LIEHO3bI. BOKpYT KOpHE# BereTHPYIOLIUX pacTeHUH 00-
pasyeTcst ocobasi 30Ha, B KOTOPOM co3maroTcsi boee
OIarompHUATHBIE YCIOBHS CYIIECTBOBAHUS KaK I pa-
CTEHUH, TaK U IUIs1 MUKPOOPraHU3MOB. YHCIEHHOCTh
MHKPOOOB B IPHUKOPHEBOW 30HE OoJjiee 3HAUMTENBHA,
4YeM B OCTaJFHON Macce MOYBBL. DTO CBSA3AaHO IpEexkIe
BCETO C BBIICICHUSIMH U3 KOpHEH (3K30-0CMOCOM) Op-
TaHUYECKHX BEIECTB, CHHTE3UPOBAHHBIX PACTCHUSIMU.
Kpome Toro, B 30He 0OMIBHOTO CKOIUICHHS M Pa3BUTHUS
KOpHEH yJydmiarorcst (pu3M4eckne CBOMCTBA IMOYBBI:
MOYBEHHBIE YaCTHUIIBI OKA3bIBAIOTCS OOJIee CTPYKTYpPH-
POBaHHBIMH, OJarofapsi 4emy YJIydIlaeTcs IpoLecc
JBIXaHUS KOPHEH M MUKPOOPIaHU3MOB, NOAICP)KUBAe-
TCsI CTaOWJIbHAsl TeMIleparypa, JIydIle COXPaHACTCS
BJIara GJyiarozapsi CriocOOHOCTH KOPHEBBIX CHCTEM pac-
TEHHH aKTHBHO U3MEHATH BIaXKHOCTh OKPY KaIOIIEH NxX

cpensl. Taxke KOPHM yBEIMYMBAIOT KHCIOTHOCTB
MIPUMBIKAIONMX K HUM MHKPO-CIOEB MOYBHI (B Mpefe-
JIaX HECKOJBbKHX MHJUTIMETPOB) 3a CUET BBIICICHUSA
yriekucaotel 1 H+ noHos.

BnusiHMe XMMHKO-TEXHOTEHHBIX AaCIEKTOB Ha
CEJIbCKOE XO3SAHCTBO B MUpPE MPUBENO K MOJIOKUTEIb-
HBIM pe3ylbTaTaM B Pa3BUTHU IPOU3BOACTBEHHOIO
npouecca. 1Ipou3BoAcTBO MPOLYKUUHM PaCLIMPUIOCH
KaK KOJIMUECTBEHHO, TaK U B IUIaHEe acCOpPTUMEHTa. Tem
HE MEHEee, HHTEHCHUBHOCTD CEbCKOTO XO35AHCTBA U €r0
pa3BHUTHE Ha OCHOBE O0JIee TOYHBIX MHTEHCUBHBIX TEX-
HOJIOTHI TPUBENH K BO3ZHUKHOBEHHUIO IpPOOJIEM, KO-
TOpBIE CIENyeT OLCHWBAaTh C HETATMBHON TOYKH 3pe-
HUsL. OTH IPOOJIEMBI IPOSBIIAIOTCS B YXYAIICHUH Kade-
CTBa MPOAYKLUUH, YCHICHHH J€rpajaludl 3eMelb,
COKpalleHNH OMOreoIeH030B U IpyTuX acrekrax. [Ipo-
THBOJICHCTBUE 3TUM IPOOJIEMaM, Pa3BUTHE CEJILCKOTO
XO35CTBa B COOTBETCTBHUHU C IIPUHLIUIIOM YCTOHYHUBOIO
pa3BUTHsL, a TaKXKe MOUCK Ooiiee 3PHEeKTHBHBIX METO-
JIOB UCIIOJIb30BAHUS 3EMEIIb SIBJISIIOTCS BaXKHBIMU 33712~
YaMH JJIS peIIeHusl.

Kak n3BecTHO, mOYBa UrpaeT BaKHYIO POJb KaK B
obecrieyeHN IOTPEOHOCTEHN YeTI0OBeKa B ITHIIE, TAK U B
oOuTaHNM OOJBLIMHCTBA JKMBBIX CYIIECTB Ha 3eMule.
IToaToMy 3arps3HeHHE U yCHIIEHHE JeTpajaliy I04B
SIBIIIETCS HEXKENIATENIbHBIM ABICHUEM, U IIPEJOTBPALIe-
HHUE 3TOTO SIBJISETCS ONHOM M3 aKTyaJbHBIX IpoOIeM
COBPEMEHHBIX HayK, B IEPBYIO Ouepe/lb OWOJIOTHH.
Crnexyer OTMETHTh, YTO XMMU3AIUs arpapHOro Cek-
TOpa, MHTEHCU(HUKALUS TEXHOJIOTHH CEPbe3HO BIIMSET
Ha XM3HEAESATEIbHOCTh CYLIECTB, OOMTAIOIIUX B IO-
YBe, BKJIIOYAs] MHKPOOPTAHU3MBI, YTO OTPAXKAETCS Ha
XapakTepe WX SKOJOTMYecKHX (pyHKIHM, BBITOIHsE-
MBIX B nouse. [103ToMy A MOHMMaHMSA CYIIHOCTH
MIPOLIECCOB, NMPOUCXOIAMIMX B IOYBE, KpailHE Ba)KHO
HM3y4€HHE MUKPOOPIaHU3MOB, KOTOPBIE Y4acTBYIOT B
mporeccax I0YBO0OPa3OBaHUs, OOOTAIICHMS ITOYBHI
Pa3IMYHBIMH, B TOM YHCIIEe OMOJIOTHYECKH aKTUBHBIMHU
BEIIIECTBAMM, PETYJIMPOBAaHUH OHOIOTHUECKOTO Pa3HO-
o0pa3usd. be3 nx momHOro u3yueHust HeBO3MOXKHO yCT-
PaHWUTH YIIOMSHYTbHIE OTPHIATEIIEHBIC SIBICHUSL.

IlouBbl HE SIBIAIOTCS CTEPUIIBHOM CPELON C MHUK-
PpOOHOIOTMYECKON TOUKHU 3pEHHS, IO3TOMY B HUX O0H-
TaIOT Pa3InYHbIE MUKPOOPTaHU3MBI, KOTOPBIE CYIIECT-
BYIOT KaK OTJIEJIbHBIE IPYIIIBI H BBIIOIHIIOT CBOH 3KO-
mormueckue QyHKimu. OmHOM ©W3 TakuX TPyHI
SIBJISIFOTCSL  aCCOLMATHBHBIE MHKPOOPTaHU3MBI, OO0H-
TaloIIKe B II0YBE. DBOJIOINS MPHUBEA K TOMY, YTO Cy-
LIECTBYIOIIUIH MUKPOOHBIH MUpP (POPMUPOBAJICS HE KaKk
OTJENbHBIC OPTaHU3MBI, & KaK CHMOMOTHYECKUE €U~
HUIIBI, CBS3aHHBIE B MUKpO-OnOMy. OTKpbITHE HOBBIX
TpyIIl CHMOMO30B PaCTEHUH U TO, UTO PACTEHHS HE SB-
JISIFOTCSL YY4acTHUKaMu (DOPMHUPOBAHMSI paHee H3BECT-
HBIX aCCOIMAINH, a Ha000POT, acCOIMANK Ha OCHOBE
CUMOMOTHYECKMX OTHOIICHHWH SIBJISIOTCS €CTECTBEH-
HBIMH 3aKOHOMEPHOCTSIMH ¥ OJJHO 3 OCHOBHBIX (hOpM
CYIIECTBOBAHHUS JKU3HHU, CIYKUT OCHOBAaHHEM JUII Ta-
KHX BBIBOJIOB. MccinenoBaHue OTHOLIEHUN MEXAy Op-
TaHW3MaMH CTaJIO ITHUPOKO Pa3BUBAOIIEHCS 007IaCThIO,
OKa3bIBaIOIIEH 3HAUUTENIBHOE BIUSHUE HA pa3BUTHE
pasnuUHBIX oTpaciieil omonorun. [lonTBepkIeHO, YTO
CHMMOMO3, BBI3BIBAIOIINI KPYIHbIE U3MEHEHHUs, 00yc-
JIOBWJI BO3HUKHOBEHNE HOBBIX XHU3HEHHBIX (hOpM, KO-
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TOPBIE HEBO3MOKHO OBIIIO ObI CYOPMUPOBATE B PE3YITh-
TaTe 3BOJIIOIMU CBOOOJHOXKMBYIIMX OpPraHU3MoOB. B
KITACCUYECKOH JINTEPATYpE TEPMHH «CHMON03» Han0o0-
Jiee 4acTo SBISETCS CHHOHMMOM B3aHMHOM BBITOJBI,
KOTOpast pOPMHPYETCS MEKIY IBYMS pPa3IIHBIMHU Op-
TaHU3MaMU.

B mocnenHme roap! OTHOMIEHHE K 3TOMY TEPMUHY
U3MEHUJIOCh, U €70 HayaJll pacCMaTpHUBaTh KAK MHOTO-
KOMIIOHCHTHYIO CHCTEMY, BKIIFOYAIOIIYI0 HECKOIBKO
aCCOIMATUBHBIX OpraHu3mMoB. TouHee, 3TO cucTeMa, B
KOTOpOH Hapsily ¢ JOMHHHUPYIOLUIMM MHKpPO-CUMOHOH-
TOM TPUCYTCTBYIOT HECKOJIBKO ACCONMATHBHBIX MH-
KpO-cUMOMOHTOB. [T03TOMY B3IJIs1]1 HA OPraHU3MBI, KO-
TOpBIC paHee CUYHUTANNCH KIACCHICCKUMH CHUMOWOH-
TaMH, Takxe W3MeHmiIca. Bce »3To mnpuBeno k
MIOBEHIINICHHOMY MHTEPECY HE TOJIBKO K H3yUCHHIO MUK-
POOPraHU3MOB C YHCTBIMU KYJIBTYPaMH, HO U K HCCIIE-
JIOBAaHUIO aCCOITMATHBHBIX MUKPOOPTaHI3MOB (MHKPO-
OHBIX COOOIIIECTB), YTO MPOJOIKAET PA3BUBATHCS U 110
ceil IeHb. ACCOIMATHBHBIE MHKPOOPTAaHH3MEBI IIpe.-
CTaBJIAIOT MHTEpeC ¢ OMOTEXHOJIIOTMYECKOW TOUKHU 3pe-
HUS, TOCKOJIBKY OHU HTPAIOT BaKHYIO POJIb B yIIydIle-
HUH 10100 1us TI04B. B A3epbaiimkane B MUKPOOHO-
JOTHYECKUX ¥ MHKOJOTHYCCKUX HCCIEIOBAHUIX
OCHOBHOH aKILIEHT C/IeTaH Ha YUCThIe KYJIbTYpHI OT/e-
JBHBIX MHUKPOOPTaHW3MOB, OJHAKO PaOOTHI, HAIPaB-
JICHHBIE Ha U3yYEHHE acCOIMATHUBHBIX MUKPOOPTaHU3-
MOB, B TICPBYIO OUYepeb IPUOOB, MPAKTHICCKH HE MIPO-
BOJMINCE. VIHTEpecHO, UTO UCCIIEA0BaHUS, CBI3aHHBIC
¢ rpubaMu, B STOM KOHTEKCTE TaKKe CIUTAIOTCS cllabo
M3y4CHHBIMM Ha MHPOBOM YPOBHE. YUHUTHIBas 3TO,
OBLITO pemIeHO MCCIIEeI0BATh ACCOIMATHBHBIC MUKPOOP-
TaHU3MBI, 0OUTAIOIIKE B TIOYBAX C PA3IMIHBIMH 3KOJIO-
THYECKUMH YCIOBHAMHU A3zepOaimkaHa (cepo-KopHud-
HeBasi, KOPUYHEBAs U CBETIO-KOPUYHEBas), Kak MO BHU-
JIOBOMY COCTaBY, TaK M 10 OHOTEXHOJOTHICCKOMY
MoTeHIMay. s JoCTHKEeHNs yKa3aHHOH 1eni ObLI0
pEIIeHO BBIMOTHATH CICAYIOIINE 3a/Ia9H.

BBIBO/IbI

AccoIMaTuBHBIE MHKPOOPTaHU3MEI, OOHUTAIOIIHE
B IIOYBE, UTPAIOT BAXKHYIO POJIb B 00ECTICYCHUH yCTOM-
YUBOCTH arpo-3KOCHUCTEM W TOBBIIICHHH TPOTYKTHB-
HOCTH CEJBCKOTO XO3siiicTBa. DTH MHKPOOPTaHU3MEI,
BKJIIOYast a30Thukcupyromue dakrepuu, pocdaro-du-
KCHUpYIOIUe OaKTepuH, MEKOPH3HEIC TPUOBI U APYTHE
MOJIe3HBIE MUKPOOBI, POPMHUPYIOT aCCOIHATUBHBIC HITH
CUMOMOTHYECKHE CBSI3U C PACTCHHUSAMH, YTO CIIOCOOCT-
BYeT  YIYYIICHHIO  JOCTYITHOCTH  HHUTaTEIbHBIX
BEIIECTB, CTUMYJISLIMU POCTa U MOBBIIIEHUIO YCTONUN-
BOCTH K CTPECCOBBIM YCJIOBHSIM. BHOTEXHOIOrHYECKHt
MOTEHLIMAT 3TUX MUKPOOPTaHU3MOB UMEET 3HAYUTEIIb-
HOE 3HaYCHHE TSI Pa3pabOTKH IKOJIOTHUECKH YHCTHIX
TEXHOJIOTHH B CeNbCKOM Xo3siiicTBe. Mcmonbp3oBaHue
O6modepTIIILHBIX TPenapaToB, OMOTIECTHIIUIOB U METO-
JOB OHO-peMesMalii TO3BOJISIET CHU3HTH 3aBUCH-
MOCTh OT XHMHYECKHX YyIOOpPEHHIl M MECTHUIUIOB,
NOBBICUTE  3((QEKTUBHOCTb  ITIPOM3BOJACTBA U
YMEHBIINTh BO3/ICHCTBHE Ha OKPYKAIOIIYIO CPEemy.

[lepcniekTHBBI 1aTbHENILINX UCCIIEOBAHUM B ATON
001acTH BKITIOYAIOT ONTHMH3ALNIO IPUMEHEHUS acco-
UMATUBHBIX MUKPOOPTaHU3MOB JUIsl YIYUILEHUS! arpo-
HOMUYECKHX CBOWCTB IIOYBBI, a TaKkKe pa3paboTKy
HOBBIX OMOTEXHOJIOTMH JUIS yCTOWYMBOIO M HKOJIOTHU-
YeCcKH 0e30I1aCHOTO BEJICHHS CEIBCKOTO XO3IHUCTRA.

AcconmaTiBHbIE MUKPOOPTaHU3MBI, OOUTAIOIINE
B II0YBaX, UTPAIOT BKHEHIIYIO POJIb B HOAJECPIKAaHUI
9KOCHCTEMHOTO OanaHca M YJIYYIICHHH COCTOSHUS
arpo-sKocucTeM. BaKHOCTB 3THX MHKPOOPTaHH3MOB
JUTSL CETIBCKOTO XO3HCTBA 1 HKOJIOTUH HEBO3MOKHO TIe-
PEOLICHUTH, TaK KaK OHU 3HAYHMTEIILHO CIIOCOOCTBYIOT
YIIy4YIICHAIO TUIOJOPOAUS TIOYBBI, CTUMYJIIIIUH POCTa
pacTeHui, 3aIUTe OT NaTOTCHOB U CHIKEHUIO 3aBUCH-
MOCTH OT XHMHYECKHX ymoOpeHnii. OCHOBHBIMHU
TpyNIaMH acCOLMATHBHBIX MHKPOOPTaHW3MOB, OOH-
TAIOIIMX B TI0YBaX, ABJISIOTCS a30TouKcupyomue 6a-
KkTepud, ¢ochaToPUKCHPYIOIHEe MHUKPOOPTaHU3MBL,
MHUKOPH3HBIE TPUOBI M aHTarOHUCTUYECKUE MUKPOOP-
TaHU3MBI. DTH MHKPOOPTaHU3MBI B3aUMO/IEIHCTBYIOT C
pacTeHUsIMH Yepe3 CUMOMOTHYECKHE HITH aCCOLIMATHB-
HBIE OTHOILICHHUS, YTO CIIOCOOCTBYET yIyYIIEHUIO 10C-
TYITHOCTHU IUTATEIbHBIX BELIECTB, YCUICHHIO YCTOHYH-
BOCTH PacT€HHH K Pa3IMYHBIM CTPECCaM W IOBBIIIE-
HHUIO OOIIETo 3/I0pPOBBS MOYBBI. BHOTEXHOIOTHUECKHIA
MIOTEHIIMAT ACCOLUATUBHBIX MHKPOOPTAaHH3MOB 3a-
KIJIIOYAeTCs B MX MPUMEHECHUH [UIS CO3MaHus onodep-
THJIN3aTOPOB, OMOTIECTUIIN/IOB U B OMOpeMeNaliu 3a-
IpSA3HEHHBIX MOYB. VX MCHONIB30BaHUE COCOOCTBYET
CHI)KEHHIO JKOJOTHYECKOTO BO3ACHCTBUS XHMHYeE-
CKUX BEHICCTB, YJIYYHICHHUIO 3J0POBbA 3KOCUCTEM U
obecrieyeHnIo 6oee yCTOHYMBOTO CETBCKOTO XO3sTHC-
TBa. [IprMeHeHHe TaKMX MHKPOOPTaHM3MOB B CEJbC-
KOM XO03stiicTBe AzepOaiimkaHa, ¢ ero pasHooOpazueM
II0YB U KIIMMAaTHYCCKHUX yCHOBHfI, MOXCET ChII'paTh Ba-
XKHYIO POJIb B YCTOHYMBOM Pa3BUTHU arpOIKOCUCTEM U
MOBBIIICHUH ypoxkaitHocTu. [y nanpueiiero 3¢ dex-
THBHOTO HCIIOJIB30BaHHUS aCCONMATUBHBIX MUKPOOpra-
HHU3MOB B OMOTEXHOJIOTUH U CEJIbCKOM XO3SIHCTBE HEO-
6X0MMO TPOJOJIKATH MCCIIEIOBAHMS X POJH B 3KO-
CHUCTEMAX U ONITUMU3UPOBATH METO/IbI X IPUMEHCHUA
JUISL YITy4II€HHs] COCTOSIHUS TIOUBBI U CEIbCKOXO03AHCT-
BEHHOTO IIPOU3BO/ICTBA.
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Abstract

The current state of the problem of wastewater pollution by dyes has been analyzed. Due to the wide variety
of dyes, their extraction from wastewater does not have a universal technology, and for some types of dyes such
technologies have not been developed at all. Existing methods of extraction and destruction of dyes have been
considered. Flotation extraction technology has been proposed, which allows for simultaneous removal and con-
centration of the pollutant.


https://doi.org/10.5281/zenodo.14235997

Norwegian Journal of development of the International Science No 145/2024 35

The extraction of aniline dyes methyl violet and malachite green has been studied using the example of model
aqueous solutions with concentrations of 5-100 mg/dm?, which corresponds to the content of dyes in wastewater.

Rational technological recommendations have been determined, which are advisable to use in the flotation
extraction process: collector - sodium dodecyl sulfate (DSN); molar ratio (DSN:D) = (1:1); correction of the pH
of the medium is not required (pH 4-5); process duration - 15 minutes.

AHoTanis

[TpoBeneHo aHami3 Cy4acHOTO cTaHy MpooOIeMu 3a0pyIHEHHS CTIYHUX BOJ OapBHUKaMHU. Yepes Benrke pi3Ho-
MaHITTs OapBHHKIB, BHJIYYEHHS iX 31 CTIYHMX BOJ HE Ma€ YHIBEpCalIbHOI TEXHOJIOTIl, a A JESKHX THIIIB
0apBHUKIB Taki TEXHOJIOTII B3arami He po3polisuincs. Po3misiHyTO iCHYrOYl METOAM BHIIYYEHHS 1 JecTpyKuii
OapBHUKIB. 3alIPONIOHOBAHO TEXHOJIOTIIO (IIOTOSKCTPAKIIii, IO A€ 3MOTY 3a0e3MeUnTH OJHOYACHE BUAAJICHHS i

KOHLICHTPYBaHHS 3a0pyJHHKA.

JocmimkeHo BIITyYeHHs aHUTIHOBHX OapBHUKIB METHIJIOBOTO (DiOJETOBOTO Ta MajaXiTOBOTO 3€JICHOTO Ha
MIPUKIIali MOJIEIFHUX BOJHUX PO3UYMHIB 3 KOHIEHTpamismu 5-100 MI/aMe, o BimoBimae BMICTy OapBHHKIB y

CTIYHHMX BOJAX.

BusnadeHo pamioHaqbHI TEXHOJIOTIYHI PEKOMEHIAIIT, SIKi JOIIIEHO BUKOPHUCTOBYBATH B IIpoOIeci ProToexc-
Tpakuii: 30upau — Harpito ponenmwicyiabdar (JACH); monspue cmiBpignomenns (JACH:b) = (1:1); xopekuis pH
cepenosuina He notpioHa (pH 4-5); TpuBanicTs npouecy — 15 XBUIUH.

Keywords: solvent sublation, dyes, surfactant, extractant, degree of removal.
Kurouosi ciioBa: duiotoekctpaxiiisi, 6apuuku, [IAP, ekcTpareHt, CTymiHb BUAAICHHS.

Boma craHOBHTH OinmbIly 4YacTHHY 3eMIli, Xoda
muie 0,3% npunatHe A BUKOPUCTAHHS JIOAbMH Ta
TBapMHaMH. BenwmdesHi okeaHM, KprDKaHI IMAallKd Ta
IHIII HENWTHI BOAHI pecypcH CTaHOBIATH 99,7%.
SIKicTh BOIM MOTipIIIIIACS 32 OCTaHHI ACCATIIIITTS Ue-
pe3 3a0pyIHEHHS BHACHIZOK 3pPOCTAHHS HACEJICHHS,
MPOMUCIIOBOCTI, He3aIUIaHOBaHO1 ypOaHizalii Ta Hes0-
CKOHAJIOTO YIPaBJIiHHSI BOIHUMHE pecypcamu. 3a0py/i-
HEHHS BOJM 0arato B YOMY BH3HAYAETHCS JIBOMA OC-
HOBHHMH MpoOJIeMaMu: BiZICYTHICTIO Oe3MeYHOl MHT-
HOT BOAM Ta HEOE3MEYHNUM BIUIMBOM PI3HUX XIMIYHHX
PCYOBHH Ta ATOTEHIB, BUABJICHUX y 3a0pyIHEHIH BOII
Ta Xap4oBOMY JaHIIOTY [ 1]. 3a0pyTHEHHS BOAM Xapak-
TEPU3YETHCS HA/UIMIIKOM MIKI[UIMBUX PEYOBHH y BO-
JOMMax, IO BUHHUKA€E SK y Ppe3ynbTaTi NMPUPOIHHUX
SIBHIII, TAK i B pe3yNbTaTi AismbHOCTI Moauau [2]. Tek-
CTHJIbHA TPOMHCIIOBICTh BiJOMa THM, IO BHPOOISE
CTiIYHI BOJM, SIKI MICTSITh 3HAUHY KUIBKICTh OapBHHKIB
Ta XIMIKaTIB, sIKi Jy>Ke LIKIUIUBI 115 BOJHOTO Cepeio-
BUIlla Ta XUTTA B HhoMy [3]. TToBimomurstocs, 1o 3
00poOku 1 Kr TEKCTWIBHOTO BHUpPOOY HEOOXiIHO
onuspko 100200 am® Bozmu, 3amexkHO Bix TUIy IIpo-
niecy [4]. HeagexBaTHe OUYMINEHHS Ta MOJAIBIINNA BU-
KU Li€T BEIUKOI KIIBKOCTI BOIH, HACHUEHOI HeOe3Ieu-
HUMH XIMIYHUMH PEYOBHHAMM, MOXYThH MPU3BECTH JI0
cepiiozHOro 3a0pyIHEHHs BOJHOTO CEpEelOBHIIa, 10
BIUIMBAa€ Ha BOJHI €KOCHCTEMH 1, OTKE, Ha 3JI0pPOB'S
mrouHA [5]. ToMy eeKTUBHE OUMILEHHS CTIYHUX BOJ
TEKCTUIILHOI TIPOMUCIIOBOCTI € IPIOPUTETHUM 3aBaH-
HSIM IS CIIETHaITiCTiB 3 BOAHUX PECYPCiB Ta €KOJIOTIB,
06 3a0e3neunTH CTiiiKy poOOTy TeKCTUIHHOI IPOMU-
CJIOBOCTI Ta YHHUKHYTH 3arpO3H IJIsl IPUPOJIH.

B ocranHi poxu 3a0pyHEHHS IPHPOTHIX BOJ Op-
TaHIYHAMH Ta HEOPTaHIYHIMH MOJIOTAHTAMHU CTaJo
npobneMoro s Oaratbox kpaiH. CTi4HI BOTU TEK-
CTHJIBHOI IIPOMHUCIIOBOCTI MICTATHh O€3JiY IIKiITHBUX
KCEHOOIOTHKIB, SIKi € y BEJMKHX KUIBKOCTSIX 1 HeOe3-
TIeYHi JUIsl TOBKULIA Ta 3/10pOB'st HaceneHHs. OCKUIbKI
TeKCTWIBHI (pabpHKHN 10 BCbOMY CBITY PEryJIsipHO BH-
KU/Ial0Th MUIBHOHM TOH 3a0pyIHEHUX CTIYHHX BOJ,
CTi4HI BOAM, IO MIiCTATh TOKCUYHI OApBHHUKH, € CEpHO-
3HOIO TIPOoOsIEMOT0. 3a0apBIICHH CTOKH, ITOETHYIOYHCH 3
NPUPOJHUMHE JKEpPelaMi BOJH, IOKPHBAIOTh BEPXHIH

MTOBEPXHEBUH IIap BOAOIM, IO 3HIKYE IHTCHCHBHICTh
MIPOHUKHEHHS CBITJIa Y BOIY, 110 Oe3mocepeIHhO BILIH-
Bae Ha OioMexaHi3M TrigpoOioHTIB [6].

IcHye KkinmbKa BH3HAHMX Ta HOBHX METOIIB OYH-
TICHHS CTIYHUX BOJI, 1[0 MicTATH OapBHUKH. DizndHi Ta
XIMIYHI MeTOmH, SIK TpaBWIO, ¢()EeKTHUBHI NPH OYH-
LICHHI CTIYHUX BOJ, II0 MicTaTh O0apBHUKH. [llupoko
BUKOPHCTOBYIOTH (Di3M4HI METO/IM, TakKi SK MeMOpaHHa
¢utpTpanis, ONpoOMiHEHHs, IOHHMA OOMIH Ta aji-
copOuiiiHi MeToan. OCHOBHUM HEIOJIIKOM MeMOpaH-
HHUX MPOIIECIB € Te, 1[0 BOHH MAOTh KOPOTKUI TePMiH
CIIy’)KOM 10 ToYaTKy 3a0pyaHeHHS MeMOpaHH, TOMY
mpu Oyab-IKOMY IOCIIIKeHHI €KOHOMIYHOI IOI[iIb-
HOCTI HEO0OXiTHO BpaXOBYBaTH BUTPATH HA ITEPiOAUIHY
3amiHy. [Iporie1ypu XiMigHOTO OKUCIICHHS BKJIFOUAIOTh
OKHCITIOBadi (030H), POTOXIMIYHI METOIH, KOAT YIS0
a0o (QIOKYJIAIiI0 Ta BUKOPHCTAaHHS XIMIYHHX pea-
rentiB. L{i xiMiuHI mpoIeIypH IHOMI € JOPOrMMH, 1
x04a OapBHUKH BHUIAISIOTHCS, HAKOIMUYCHHS KOHIICH-
TPOBAHOT'O 0Ca/y BUKIHUKAE MTPOOIEMH 3 yTHITI3ALI€I0.
Icaye Takox HeOe3nmeka BTOPHHHOTO 3a0pyIHEHHS
BHACJIIZIOK HAJMIPHOTO BHKOPHCTaHHs XimikaTiB. Ox-
HaK IIi METOJM CIIPUYUHSIOTH JOPOTi eKCIuTyaTaliiHi
BHUTpATH Ta HeOa)kaHi HACTIAKY. Y MOPIBHAHHI 3 Qi3ud-
HUMH Ta XIMIYHUMH MIIXOJAaMH OYHILEHHS CTIYHHX
BOJ, II0 MICTSATh OapBHHKH, OIOJOTIUYHHHA MiIXiJ €
OLIBII €KOHOMIYHUM, €KOJIOTIYHO OC3MeYHMM Ta 3a-
TaJbHONIPUHHATUM. 30Kpema, (iTopeMeniariss MeHII
3aTpaTHa, MPOCTa y peaji3allii Ta Mae JOBIOCTPOKOBE
pimenss [7].

HanotexHororii B nanuii 4ac € HalOIbII edek-
TUBHOIO 1 TEPCHEKTUBHOIO CTpAaTericro jaerpajartii
OapBHUKiB. [ToenHanHs Qi3nyHUX Ta Oi0NOTTYHUX Me-
TOJIB 3 HAHOTEXHOJIOTIIMU Ha CHOTOIHINIHINA JE€Hb €
HaWOUIBII eEeKTUBHUM MigxoaoM. DoToKaTamiTHIHA
Jerpajamisi Ta afacopOIlisi 3 BUKOPUCTAHHSIM 3EJICHHX
CHHTE30BaHUX HAHOYACTHHOK € €KOJIOTIYHO YHCTUMH
Ta BHCOKoeeKkTuBHUMH [7].

HeoOxiHi noaaibii JOCTiHKEHHS I pO3POOKH
0€3BI1IX0THOr0 METO/IY Ta 3HM)KCHHSI PU3HKIB JUIS JIOB-
KIJITIS Ta 370POB'St HACEJICHHS TTi]] 9ac IMepexoay Bij jia-
6opatopii g0 mimotHOTO MacmrTady. Ha momarok mo
IbOTO, Ty’Ke HebaraTo JOCIHIKEHh BUBYAIN BapTICTh
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OYHIIICHHSI, 1 BU3HAYCHHS HAWKpAmoi JOCTYITHOT TeX-
HoJoTii 6€3 HaJAMIpHUX BUTpaT. ¥ MalOyTHHOMY JI0-
CJIITHMKH TTOBWHHI 30CEpEUTHCHh HA aHai3i BapTOCTi
HPOLEIYp OYULICHHS.

HenockoHanicTh iCHYIOUMX TEXHOJIOTIH O4H-
IIEHHS CTIYHUX BOJI, 3a0pyJHEHHX OapBHHUKAMH, 3yMO-
BJIIO€ HEOOXI1THICTh MOIIYKY QJIbTEPHATHBHUX METOJIIB.
[lepcrieKTUBHUM BapiaHTOM € TEXHOJIOTIS (DIOTOEKC-
Tpakiii [8], ska BOJIO/i€ HACTYITHUMH TIepeBaramMmu:

- MOXJIUBICTh POOOTH 3 BEIMKHMHU 00’€eMaMu
BOJHHUX 00‘€KTiB, KOHIICHTPYBAHHS SIKMX MOXE JIETKO
TepeBUIIUTH criBBigHOmEeHHS 100:1;

- aKTHBHAa pEYOBMHA BHHOCHUTHCSA OyipOari-
KaMU Ta3y 1 HaIXOAWTh y BEpXHii map riapododHoi
piauau Oe3 3MminryBaHHS (a3.

- mporec (UIOTOEKCTpakKIii He € PIBHOBAKHUM
MPOLIECOM 1 HE JIMITYETHCSI KOHCTAHTOO po3noaity. B
HACJIJIOK I[bOTO, BHJIYYEHHS HE3HaYHHUX KiJIbKOCTEH
€JIEMEHTIB MOKe TeopeTryHo aocsirat 100 %;

- uepe3 BIJACYTHICTh 3MillyBaHHs (a3, MOX-
JIMBICTH YTBOPEHHS eMYJbCid B mpoueci (oToekc-
TpaKIii 3BOAUTHCS HaHIBEIB;

- CTYMiHb BUIYYEHHS B MpoIieci PIoToeKkcTpak-
1ii He 3aJIe)KUTH BiJl BiTHOMIEHHS 00’ €MiB BOAHOI Ta Op-
ra”ivyHo1 ¢a3.

Merta cTarTi — AOCHIOUTH (IOTOEKCTPAKIIHHITHA
TIpo1ec Ta 00paTH YMOBH /It €()eKTHBHOTO BUITyYEHHS
AHUTIHOBUX OapBHMKIB (Ha NPHKIaIi METHJICHOBOTO
(i10J7€TOBOTO Ta MaJaXiTOBOTO 3€JIEHOr0).

MetunoBuii  ¢ionetoBuii ab0  OCHOBHHU
¢ioneroBuit (C24H2sN3Cl) BimHOCHTBCS 110 Kiacy
aHiMTiHOBHX OapBHMKIB. BiH € KHCIOTHO-OCHOBHUM
IHAUKAaTOPOM, i came TOMy  Haigacrime
BHKOPHCTOBYETHCS B aHANMITH4HIN Ximii. Kpim Toro
HOro BHUKOPHUCTOBYIOTH 1 B MikpoOiomorii — s
3a0apBJICHHS MATOTEHHUX OPTaHi3MiB i iX BUSBJICHHS.
B HPOMHCIIOBOCTI BUKOPUCTOBYETHCS ISt
3a0apBieHHS] CTPIYOK INHIIYYUX MAIIMHOK, 5K
CKJIQJIOBA YOPHWJI, Ta OOMEXKEHO — JJIsI OKpalleHHS
TKaHMH Ta mepcti. MeTuindioner € MyTareHHOIO i
MITOTHYHOIO OTPYTOIO, a TAKOX KIACTOICHOM, TOMY
BiH IPEJCTaBIISIE BEINKY HeOE3MeKy ISl eKOJIOTII.

HgC\N,CH3
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Pucynox 1. Cmpyxmypna ¢popmyna 6apenura memuiogo2o Qionemosoo

CnonykH, 10 MICTSTh Y OJHOTO aTOMy BYTJICIO
Tpu (GEHONBHUX KUIBLS, MPEACTaBISIIOTE CO00I0
UIMPOKY Tpymy TpUpEHIIMeTaHOBUX GapBHMKIB. Ix
OTPUMYIOTh KOHJICHCAIII€I0 apOMaTHYHUX alIbJCTiIB 3
apoMaTHIHUMHU aMmiHamu. Jlo mi€l rpynu BiTHOCATHCS
Taki OapBHHKHM SK MAaJlaXiTOBHWH 3eJleHUH, (yKCHH,
KpHUcTamigyHuid ¢ioneToBuil. B iX cTpykTypax MokHA
BUAUTATH XIHOITHUN (ParMeHT i € MOMIUBICTD IUIS
JleToKaizarii 3apsmy.

ManaxitoBuii 3eneHuil (rerpaetni-4,4-1uamino-
tpudpenunmerad, [CsHsC(CeHaN(CH3)2)2]Cl) — me
CHHTETHYHUH OapBHUK. Ile TeMHO-3eeHi KpuCTaiu 3
METaJIIYHUM OJICKOM, II0 J0O0pe PO3YMHSAIOTHCS Y BOII
Ta eTaHoii. ManaxiToBuii 3eeHNH € KUCIOTHO-OCHOB-
HHUM IHIMKaTOpOM: Yy BOJHHUX PO3YMHAX Y CHIIBHO KHC-
JIOTHOMY CEpeJIOBUIL BiH Ma€ KOBTHH Kouip, a mpu pH
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Bumie 11,6 3He0apBIIOETHCS depe3 MpHUETHAHHS
TIPOKCHITY 3 YTBOPEHHSIM TPUQEHIIKaOHHOITY.

MaraxiToBuii 3eJ€HUIl Ma€ pi3HOMaHITHE BHKO-
pHUCTaHHS, X04Ya TPAIULIHHO BHUKOPHCTOBYETHCS SIK
OapBHUK. 3 €0 METOK MIOPIYHO BHUPOOISIOTHCS
MIJTBHOHH KIUJIOTpaMiB MaJIaXiTOBOTO 3€JIEHOTO Ta
OB ’sSI3aHUX TPUAPUIMETAHOBHUX OapBHUKIB. Y MIKPO-
CKOIii HOro BHWKOPUCTOBYIOTH [UIsi 3a0apBIEHHS
KIITHHHUX SIIEP, EPUTPOLMTIB, S€lb ackapua. Takox
BiH BUKOPHCTOBYETBCSI SIK JIIKAPCHKUI 3aci0 y BeTepu-
Hapil — HanpuKiIaa NpH JIIKyBaHHI aKBapiyMHHX puO
Bix iH(ekmiiHuX 3axBoproBaHb. KpiM TOTO Mamaxito-
BUI 3€JI€HUI MOKHA BUKOPUCTOBYBATH SIK PEAreHT IS
¢oromerpruHoro Bu3HaueHHs Tutany(IV), Bu3Ha-
yenust @ocdopy, Bonbdpamy, cynbdiris.

CH

Pucynox 2. Cmpyxmypua ¢popmyna manraximosoeo 3eienoco

MeTonnka MpoBeNCHHS OCIIHKEHHS (PIIOTOEKC-
TPAKIIHHOTO OYHIICHHS HEOJHOPAa30BO OIMCAaHAB

Hamwmx monepenHix pobdorax [9-11]. Tomy TyT MU
HABEJEM TUTBKM PE3YJIbTATH BWIYYCHHS aHUTIHOBHX
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OapBHUKIB (Ha MPHUKIAZi METHICHOBOTO (DiOJIETOBOTO
Ta MaJIaxiTOBOTO 3€JICHOTO).

Ockinpku aHimiHOBI 6apBHUKH (B) € xaTioHHIMH
cnoxykamu, To [IAP 6ymo mixibpano anionHi. Sk [TAP
BUKOPHCTOBYBAJIN JOACLII (Jlaypuit) Cynb(ar HaTpilo,
KalpuiaT HaTpiro Ta Jiaypar HaTpilo 3 KOHIIEHTPALi€o
0,05 Mounp/mm°.

ITAP pa3om 3 GapBHHUKOM YTBOPIOE TiapodoOHUIT
KOMILIEKC, 1[0 B CBOIO Yepry BCTYIAE B MOBEPXHEBY

Brinke 36Kpada Ha CTyMiHL BMAYYEHHA
MeTunoeoro dioneToBoro
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B3aeMOJi0 3 OynpbOamkamu Ta3zy (MOBITPA) 1 Mmimid-
MA€THCS 10 MEXi po3noairy a3 «Boga-opraHiqHa CIo-
JTyKa» /e BinOyBaeThCs MOTIMHAHHSA OPTaHIYHOIO (a-
3010. Ha pucyHky 3 HaBeeHO pe3yapTaTé BHOOPY 301-
paua must ¢uioToekcTpakuiiiHoro BupaneHHs. [Ipouec
IIPOBO/MIIM 32 HAaCTYNHUX yMoB: pH 5, BuxinHa KoH-
ueHTpauis 6apeHuka 10 Mr/am®, TpUBAIiCTH mMpouecy
20 xB. Haiikpaiia e()eKTHBHICTh IPY BUKOPHUCTAHHI J10-
nerwn (maypun) cynbdat Harpiro (JICH)

Brinve 36kpada Ha CTYNiHb BMAYYEHHA
ManaxiToBoro 3eneHoro
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Pucynok 3. Bubip 36upaua ons euoanenns OapeHuKis

JocnimkyBanu eQeKTuBHICTh (IIOTOSKCTpaKLil B
3aJIeKHOCTI BiJI PUPOJM €KCTPAreHTiB, SIKi BiIpi3Hs-
JIUCh MK CO0OI0 32 IOBKUHOI KapOOHOBOTO JIAHITFOTA
Ta HOro CTPYKTYPOI — HOPMAJIBHOIO UM pO3ralilyxe-
Hoto, B ipucyTHOcTi ITAP abo 6e3 Hux. B sxocrti exc-
TPareHTiB BHKOPUCTOBYBAJIKMCh HACTYITHI CIUPTH: H-
aMLUIOBHH CIIUPT, 130aMIJIOBHI CITHPT, OKTAHOJM, 1300K-
TaHoJI, OyTaHOIN, 1300yTaHON, OyTHIALETaT, TEeKCAHOII,
renTaHoj, yHaekaHos. Yac ekciepuMeHTy ckiajas 20
xB., [TAP - Hatpiii nogenmn (aypwi) cyiasdar 3 KOH-
nenTpauieto 0,05 Moms/mM° 110 HOAAETHCA Y PO3UHH 3a
MOJISIPHUM CITiBBiHOIICHHM 1:1.

OTpuMaHi eKCTIEpUMEHTAIbHI Pe3yabTaTH MPEJ-
CTaBJICHO Ha PHUCYHKY 4 Ta BOHH CBiJ4aTh, 11O OINTH-
MaJbHUM €KCTPareHTOM € H-aMijoBuii cimpT (1-mieHra-
Hou). [le MOXXHa TOSICHUTH THM, IO J]aHA CIIOJIYKa €

HaKOUIBII CIIOPIAHEHOIO 10 YTBOpeHoro cybuaty. Kpim
TOTO PO3YMHHICTh H-aMIJIOBOTO CIIHPTY HEBHCOKA (Sy-
avin. = 31/100 em® H20). MoskHa IIpUIycTuTy, mo 6yTa-
HOJI Ta 1300yTaHOJ He € 33J0BUILHUMU JUIsi €KCTpary-
BaHHA CyOJaTy 3a paXyHOK KOPOTKOi CTPYKTYpH Kap-
OOHOBOTO JIAHIIIOTA, III0 3YMOBIIIOE Ba)XKYE YTPUMAHHS
HUMH TIOPIBHAHO BENHMKOI MOJIEKYJIM HOHHOTO
acoriary. Jlo Toro x, IaHi CIUPTHA JOCUTH A0Ope po3-
uuHsoThC Y BOAL (Seyr. =7,9 /100 cm® H20; Sisosyr.
=8,5 1/100 cm® H;0) 3a paxyHOK JOCTaTHLO CHIILHOI
noJisipu3aiii iXHIX MOJIEKYJ, 3yMOBJIEHOI HasBHICTIO
OH-rpynu. Lle poOuTh 1X HE MPUAATHUMH J1JIsl BAKOPH-
CTaHHS B SIKOCTiI €KCTPAreHTIB MPU OYUIICHHI CTIYHUX
BO/I.
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m MeTtundgionet

B ManaxiToBMi 3eneHui

120,00

100,00

0,00
|2caminoemi
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cnWpT

ByTanon lzo0@yTaon

COkranon |zzoETaHOA lekcanon FentaHon  YHOSWMNOEHH

CRMpT

Pucynok 4. Bubip soupaua excmpacenmy 0711 8u0aieHHs 6ap8HUKIG

[pu 3pocranHHi TOBXKHHU KapOOHOBOTO JIAHIIIOTA
BIUTUB TiJPOKCUIIBHOI TPYITH NOCIA0IIOETHCS 1 PO3UUH-
HICTh BHUIIUX CIHPTIB Y BOJI PI3KO 3HUKYETHCS (Srexc.
=5,9 r/am% Soa. =0,46 r/mm3;), npudOMy HACTINBKH,
1110, HANpUKJIaj, YHAEKAHOJ MO)KHA BBa)KaTH Mpak-
THUYHO HEPO3YMHHUMHU Yy BoJi. IIpoTe BogHOUAC, SIK 1MO-
Ka3yIOTh OTPUMaHI pe3yIbTaTH, TaKi CIIUPTH K YHIEC-
KaHOJI, TeKCAHOJI, TeNTAHOJ TipIle PO3YHHSIIOTH KOM-
mwiekc JICH:B. Ile MoxHa MOSICHUTH TUM, IO CyOJaT €
HOHHOIO CIIOJYKOIO, @ BOHA € NPAaKTUYHO HE PO3UMH-
HOIO y cJIabOoTOSIpHUX eKcTpareHTax. JJo Toro  mpu
BUKOPHCTAaHHI YHJEIWIOBOTO CHHMPTY CHOCTEPIrajoch
IHTEHCHBHE ITIHOYTBOPEHHS, OCKUIbKH BiH BOJIOJIE
BJIACTHBOCTSIMH TTIOBEPXHEBO-aKTUBHUX pedoBHH. [1pu
(oToekcTpakiii yTBOPEHHS IiHU He € Oa)KaHUM IIpO-
[[ECOM, OCKIJIbKH Yepe3 CBO HECTIMKICTh IiHA MOCTY-
MOBO PYHHYETBCS, MPU 1IbOMY BOAA CTIHOK ITyXUPILIB

® o . -
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YTBOPIOE OPiOHI Kparuti, siKi KOAJeCI{IOTh 1 MiJ Ai€l0
CHJIY TSDKIHHS CITyCKA€EThCS Uepe3 OpraHiyHui map 10
BonHOT (a3u, MoBepTarouM Ha3aJ EKCTpParoBaHUi
pasimre cyomar [8].

TakuM YHMHOM, HAMOLIBII JOIITBHAM €KCTparcH-
ToM Honnoro acouiaty JICH:b e H-aminoBuii criuprt.

JlocimKeHoO 3aleKHICTh CTYIEHS BIITYYCHHS
OapBHUKIB Bix pH cepemoBuma. YMoBH TpoBeIeHHS
eKCIICpPUMCEHTY: BHUXiJHa KOHICHTpamis OapBHUKIB 10
Mmr/am3, TpHUBAJICTH Tporiecy 20 XB., CITiBBIIHOIICHHS
B:ZICH 1:1, opranivyna ¢a3a H-aMiJIOBUI clIMpT.

Sk BuaHO 3 Tpadiky 3amexHocTi (pUCyHOK 5) B
CHWJIbHOKHCJIOMY CEpPEIOBHINI CTYICHI BUIAJICHHS
MOMITHO MEHIIWI y MOPIBHSHI 13 CTAaHIAPTHUMH YMO-
Bamu (pH=6). B nianasoni pH 6-9 npouec nepeodirae
3HAYHO Kpallle, OJIHaK 0COOIMBOrO BIUIMBY Ha MPOIIEC
3MiHa pH He mae.

B
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Pucynox 5. Bnnue pH cepedosuwa na cmynins 6uoaiens 6apsHuKie

Ha pucynky 6 HagaHo 3al€XHICTh CTYIICHS BUITY-
4yeHHs OapBHUKIB BiJ MOJISIPHOTO CITiBBiTHOIICHHS
B:/ICH. Meroro wmi€i cepii gocmigiB 0yno BU3HAUYCHHS
onTuManabHOro criBBigHomeHHsT B:IIAP. JInsg obox

OapBHUKIB CTYyNEHI BIIYYCHHS 3MEHIITYIOTHCS IiCIA
CIIBBIAHOIIEHHS 1:1.25. HaitepexruBHimmm
CHiBBiTHOIIEHHIM 00pano 1:1.
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3rigHO pHCyHKa 6 B Jiama3oHi MOJSIPHUX
cruiBBigaomeHs (b:ITAP) Big 0,25:1 mo 0,75:1 cTyminb
BIUTydeHHS (PAKTHYHO OIHAKOBO BHCOKHNA. 3HAUCHHS
BUJIBHOI ITOBEPXHEBOI CHEPTii i MOBEPXHEBOTO HATATY
OpY  JaHWX CHIBBIAHOIICHHSX MIHIMANbHI, IO
BIZINOBiJa€ MAaKCUMAJIbHOMY HAaCHYEHHIO MOJICKYJIaMH1

MeTunoBuit bioneToBmit

100,00
90,00
80,00
70,00
60,00
50,00
40,00
30,00
20,00
10,00

0,00 T T T T |
0,5 1 1,5 2,5
CnieeiaHowWweHHA M®: NAP

~

x,%

x,%

ITAP rpanunmi po3miny $a3 Boga — opraHiuHui map i
MaKCHMAIIbHOMY CTYIICHIO BUITyYEHHSI.

Pi3ke 3MEHIICHHS CTYHCHS BHIYYCHHS [pPHU
criBBigHomeHHi bapBauk:[IAP Oimpme wHiEK 1,75:1
MOJKHA TIOSICHUTH THM, II0 B OpraHiuHy (a3y noduHae
nepexoautu Haanumok [TAP, a ne kommiexce JJCH:b.

ManaxiToBuit 3eneHm1i
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Pucynox 6. 3anesxcuicmo cmynens sunyuenns 6aperukie 6io mosipro2o cniggionowenns b:JJCH

JlocnimKeHo 3ae)KHICTh CTYNEHs BUIY4YEHHS BiJl
BUXIJTHOI KOHIICHTpAIlii pO34rHy OapBHHKA (PHUCYHOK
7). Tlpu 3MeHIIeHH]I BUXiJHOT KOHLEHTpaLii CTyNiHb
BUJIYYCHHS, 3a3BHYail, 3MEHINYEThCS, OCKUIBKH YUM

MEHIIIa KUTBKICTb 3a0pyIHIOBa4a, TUM BaKue BiH BUa-
nsieTbes. OTpUMaHi pe3ysIbTaTH 3HAXOSITHCS B MEXax
MMOXUOKH JOCITI Y.

= MeTunosui gionetosum
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= ManaxiToBmit 3eneHui
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Pucynox 6 — Bniug uxionoi konyenmpayii po3uuny Ha cmyninb GULyYeHHs OapeHUKI6

PesynpraTn nmociiny BKasyloThb Ha Te, IO HPH
3MCHIIICHHI KOHICHTpPAIii BHUXIJHOTO PO3YUHY CIIO-
CTepiraeTbcs 3MEHIICHHS CTYIEHS BIJIY4YeHHs OapB-
Huka. Tak, mpu KOHIIEHTpaii 5 Mmr/am3 JIOCSITHYTO Hal-
MEHUIMH CTYIIHb BWIYYEHHs, a/pKe 4YHM MEHIIa
BUXIJHA KOHIICHTpAIlisl 3a0pyqHHUKA, TUM CKJIAIHIIIEC
fioro BumaneHus. IIpu OLTBIIMX KOHIICHTPALISIX TOMIT-
HUI BIUIMB Ha CTYIiHb BIWIYYEHHS HE CIIOCTEPIraeThCsl.

BucnoBku. [IpoBeneHo aHaii3 cy4acHOTO CTaHy
nipobiiemu 3a0pyTHEHHs CTIYHUX BoJ| OapBHUKaMu. Ye-
pe3 BeluKe pi3HOMAaHITTS OapBHUKIB, BUWIyYEHHS iX 31
CTIYHHMX BOJ| HE Ma€ yHIBepCaJbHOI TEXHOJIOTII, a JJIs
JIESIKUX THITIB OapBHUKIB TaKi TEXHOJOTII B3arami He
po3pobisumics. Po3risHyTO iCHYIOYWI METOIM BHITY-
YeHHS 1 AECTPYKIii OapBHUKIB. 3aPOIIOHOBAHO TEXHO-
JOTiI0 (QIOTOEKCTPaKIIii, [0 Jae 3MOry 3a0e3nednTH
OJTHOYACHE BU/IAJICHHS 1 KOHIIGHTPYBaHHS 3a0py/IHHKA.

JlociipkeHo BWITyYeHHS! aHUIIHOBHMX OapBHUKIB
METHJIOBOTO (hiOJIETOBOTO Ta MAJIaXiTOBOT'O 3€JIEHOTIO
Ha MIPUKJIaAl MOJEIBHUX BOJAHUX PO3YMHIB 3 KOHIEH-
tpauismu  5-100 mr/nm®, mo Bianosimae BmicTy
OapBHUKIB Y CTIYHHX BOJAX.

BusHaueHO palfioHaIbHI TEXHOJIOTIYHI PEKOMEH-
Jarii, ki TOIIbHO BUKOPUCTOBYBATH B Tporieci (hio-
TOCKCTPAKI[l: 30upay — HATPIO IOACIMICY/Ib(pAT
(ACH); mounsipue cnisBinnomenus (JICH:B) = (1:1);
kopekis pH cepenosuia He notpibHa (pH 4-5); Tpu-
BaJIICTh NpoLecy — 15 XBUINH.
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The article examines the development of the circular economy (CE) in the USA and its impact on sustainable
development (SD) strategies. It explores the transition from a linear to a circular model aimed at reducing waste,
minimizing resource use, and lowering emissions. The paper analyzes examples of successful initiatives in waste
recycling, renewable energy, and sustainable construction, supported at both governmental and corporate levels.
It discusses obstacles and challenges to the full implementation of circular practices, including economic, regula-
tory, and cultural aspects. The author makes a conclusion of the necessity for a comprehensive approach and

coordinated efforts to achieve SD.

Keywords: circular economy (CE), sustainable development (SD), waste recycling, renewable energy, sus-
tainable construction, economic strategies, environmental initiatives.

Introduction

The circular economy (CE) is an innovative model
of economic development focused on minimizing
waste and maximizing the efficient use of resources.
Unlike the traditional linear model, based on the prin-
ciples of «production — consumption — disposal», the
CE is built on closed production-consumption cycles,
where materials and products retain their value for as
long as possible. The transition to a CE is becoming in-
creasingly relevant in the context of global environ-
mental and economic challenges, including the deple-
tion of natural resources, environmental pollution, and
climate change.

Developed countries, particularly the USA, play a
significant role in promoting CE principles. As one of
the world’s largest economies, the USA has substantial
resources and technological potential. In recent dec-
ades, the country has actively implemented initiatives
aimed at developing the CE, including measures for
waste recycling, carbon dioxide emission reduction,
and the creation of sustainable production chains.
These efforts are aimed at integrating circular princi-
ples into sustainable development (SD) strategies,
which seek to balance economic growth, social well-
being, and environmental protection.

The aim of this article is to analyze the processes
of implementing the CE in the USA and their impact on
SD strategies. The paper will discuss the main princi-
ples of CE, examine successful practices of USA com-
panies, and identify the barriers and challenges the
country faces on its path to SD.

Main part. Theoretical aspects of the CE

The concept of the CE began to take shape in the
1970s when ecologist John Bennington and economist
Walter R. Stahel proposed ideas aimed at closing pro-
duction cycles and reusing resources. During this pe-
riod, theories such as «closed ecosystems» and the
«materials loop» also emerged, advocating for a shift
away from the linear economic model towards a system
where the waste of one process becomes a resource for

another. These ideas formed the foundation of the mod-
ern CE where the primary goal is the sustainable use of
resources.

In the following decades, with the strengthening
of the environmental agenda, the CE came to be seen
as one of the key tools for SD. According to the OECD,
by 2022, more than 30 countries, including the USA
and the European Union, had adopted strategies for
transitioning to a CE. Projections indicate that the tran-
sition to the CE by 2030 could generate economic
growth of $4,5 trillion and save up to $700 billion
worldwide [1].

In the USA, the origin of the CE idea can be traced
back to environmental activism and laws during the
1970s in response to the growing awareness of environ-
mental issues like pollution and resource depletion.
Waste management programs were implemented and
the Environmental Protection Agency (EPA) was
founded in this era to promote principles of sustainable
development and resource conservation.

In the modern era, government support is crucial
for the development of the CE. This support includes
tax incentives, subsidies, grants for the implementation
of environmentally friendly technologies, and waste re-
cycling programs, all of which contribute to a faster
transition of enterprises to sustainable production and
consumption models. For example, the «Solid Waste
Infrastructure for Recycling» grant program allocates
$55 million annually from 2022 to 2026 [2].

The CE principles focus on developing a sustain-
able and efficient production and consumption system
that reduces waste and maximizes resource utilization.
For example, waste minimization principle aims to de-
crease waste amounts by practicing recycling, reusing,
and recovering materials. The waste recycling rate in
the USA was 44 in 2024, higher than Canada's rate of
24,4 [3].

Another rule of CE involves prolonging the lon-
gevity of products and materials by repairing, upgrad-
ing, and reusing them. In 2022, Fortune calculated that
the worldwide automotive repair and refurbishment in-
dustry was worth $60,78 billion. It is forecasted that the
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amount will rise from $65,49 billion in 2023 to $126,42
billion by 2030, showing an annual growth rate of
9,9% [4].

The «product cycle» concept is a key component
of the CE, covering all stages of a product's life, from
creation and manufacturing to usage and disposal. In
contrast to the linear model, the CE strives to maximize
the lifespan of products and materials in circulation.
This is achieved by designing products with recycling
and repair in mind. For example, according to Prece-
dence, the green electronics manufacturing market size
was $16,93 billion in 2023. The growth rate is projected
to be 26,13%, with the market size reaching $155,89
billion by 2032 [5].

Thus, the CE is an essential tool for transitioning
to SD models, especially in developed countries like
the USA [6]. Integrating circular principles and tech-
nologies into various economic sectors requires not
only government initiatives but also the active involve-
ment of businesses and society as a whole.

Circular economy in the USA

As per a 2021 Executive Order by the USA Presi-
dent, the federal government pledged to generate and

Illinais 130,473

Florida

New York

California

261,934

sustain employment by advancing clean energy and
sustainable infrastructure. By the year 2030, federal
agencies must purchase electricity that is completely
free of carbon, and by 2035, all light-duty vehicles must
not produce any emissions.

These initiatives strive to decrease greenhouse gas
emissions by 65% from 2008 levels while also boosting
employment opportunities in clean technology and sus-
tainable energy industries. In 2023, the number of clean
energy jobs increased significantly, surpassing the
growth rate in other sectors by more than double (4,9%
compared to 2%), resulting in the creation of 149,000
new positions. This growth is due to increased federal
and private investments in constructing solar and wind
power plants and expanding recycling infrastruc-
ture [7]. Latino and Hispanic workers made up nearly
one-third of new energy positions, increasing by 79,000
from 2022. This supports Sustainable Development
Goal (SDG) 8 «Decent work and economic growthy
and SDG 10 «Reduced inequalities». According to the
USA Department of Energy report, the highest number
of clean energy positions is in California (fig. 1).
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Figure 1. Number of clean energy positions across states in 2023

The new jobs created within the framework of the
CE require employees to have high qualifications in
technical and engineering fields related to the operation
and maintenance of recycling equipment, management
of renewable energy facilities, and skills in implement-
ing environmentally sustainable technologies. These
positions often demand specialized education or addi-
tional professional training covering competencies
such as operating recycling and waste management sys-
tems, maintaining solar and wind energy installations,
and using data management for resource optimization.
At the same time, a significant portion of these posi-
tions is available at an entry level, enabling the inclu-
sion of vulnerable populations by providing them with

access to economic opportunities and prospects for pro-
fessional growth in the field of sustainable develop-
ment.

An example of the CE's growth in the USA is the
development of electric vehicle (EV) infrastructure,
supported by the 2021 Infrastructure Investment and
Jobs Act and the 2022 Inflation Reduction Act. As of
February 2024, there were over 61,000 public EV
charging stations in the USA, with 31% located in Cal-
ifornia [8]. Studies show that 64% of Americans live
within 2 miles (3,2 km) of a public charging station (fig.
2).
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Figure 2. Distance to nearest EV charging station, miles

Federal sustainable building programs, like the
«Assisting Federal Facilities with Energy Conservation
Technologies» (AFFECT), plan to construct and up-
grade over 200 million square meters of zero-emission
buildings by 2030, fostering sustainable communities
and reducing energy consumption. In 2024, $104 mil-
lion was allocated to energy-saving and clean energy
projects across 31 federal sites.

The USA circular economy demonstrates a com-
prehensive approach to SD, integrating economic, so-
cial, and environmental initiatives. Through govern-
ment support and private investment, the country ac-
tively develops clean energy, EV transport, and
sustainable building infrastructure [9]. Implementing
such programs strengthens the economy, reduces social
and environmental risks, and highlights how the CE can
be a key driver of change towards a more sustainable
and equitable society.

Impact of the USA circular economy on SD
strategies

The USA' SD strategies aim to achieve environ-
mental, social, and economic sustainability by reducing
pollution, enhancing energy efficiency, and developing
green technologies. The USA is particularly vulnerable
to significant climate risks and is situated in a zone of
«climate hazards», which includes frequent extreme
weather events such as hurricanes, wildfires, floods,
droughts, and extreme temperatures. The application of
circular principles not only helps manage the conse-
quences of such climate disasters but also prevents
them by reducing carbon footprints and slowing global
warming. For example, using recycled materials in
manufacturing instead of extracting new resources re-
duces emissions and minimizes the destructive impact
on ecosystems [10].

As part of the strategy to achieve net-zero carbon
emissions by 2050, the EPA aims to increase the recy-
cling rate of household and industrial waste to 50% by
2030, focusing on plastics, paper, and electronics recy-
cling. The Department of Energy (DOE) manages the
Circular Economy Initiative, which funds innovative
technologies for the reuse of critical materials such as

rare earth elements and batteries. This helps reduce de-
pendence on imports and supports the creation of sus-
tainable supply chains.

At the state and city levels, circular strategies are
actively implemented. In California, Senate Bill SB
1383 was enacted to reduce methane emissions from
organic waste by 40% by 2030, involving the develop-
ment of composting and food waste recycling infra-
structure. New York City’s «Zero Waste» program
aims to achieve zero waste levels by 2030. This initia-
tive involves investments in recycling construction ma-
terials and textiles, as well as educational programs to
raise public awareness.

Corporations in the USA are also actively promot-
ing the CE. Apple, for instance, adopts circular princi-
ples in its business strategies, utilizing recycled materi-
als in production and establishing closed loops for bat-
tery recycling, in turn diminishing its environmental
impact and decreasing the use of fresh resources. Ap-
proximately 20% of the materials used in Apple prod-
ucts in 2022 were sourced from recycled or renewable
sources, with features like 1200% recycled aluminum in
device enclosures and 73% recycled rare earth elements
in magnets for products such as iPhones and Mac-
Books [11]. In the retail industry, companies such as
Patagonia have created initiatives for reusing and re-
pairing products to prolong their lifespan and decrease
waste. In 2023, Patagonia fixed more than 60,000
clothes through its Worn Wear initiative at the repair
center located in Reno, Nevada.

As we can see, the CE inthe USA is a crucial com-
ponent of the country's SD plan, involving collabora-
tion among the federal government, states, and private
industry to establish a CE that reduces waste, generates
employment opportunities, and boosts economic pro-
gress.

Challenges in implementing CE principles in
the USA

The implementation of the CE in the USA faces
several challenges and difficulties associated with the
diversity of economic, regulatory, and natural condi-
tions. Despite active efforts from the government and
businesses, there are numerous barriers that limit the



Norwegian Journal of development of the International Science No 145/2024 44
development of circular models and hinder the full tran-
sition to sustainable practices (table 1).

Table 1.

Features of Implementing the CE in the USA

Challenge

Description

Examples

Diversity and Frag-
mentation of Legisla-
tion

In the USA, CE initiatives are often regulated
at the state and city levels, leading to incon-
sistencies in rules and standards. This compli-
cates coordination and the application of uni-
fied approaches across the country, as differ-
ent regions may have their own priorities and
limitations.

In California, SB 1383 aims to reduce
methane emissions from organic
waste, while central states like Okla-
homa and Texas have fewer CE
measures, creating a national imbal-
ance in efforts.

High Initial Invest-
ments and Lack of In-
frastructure

The implementation of recycling technolo-
gies and sustainable production processes re-
quires significant investment. In some re-
gions, particularly in rural and less developed
areas, recycling and reuse infrastructure is
weak.

In Midwestern states like Nebraska
and lowa, there is insufficient capac-
ity for recycling plastic and organic
waste. This leads to a dependence on
transporting materials to other re-
gions, increasing costs and carbon
footprint.

Lack of Cultural and
Consumer Awareness

Some Americans do not recognize the im-
portance of recycling and sustainable con-
sumption, which complicates the transition to
a CE. Cultural and educational barriers pre-
vent the implementation of new sustainable

In rural areas and small towns, such
as those in Mississippi or Alabama,
the lack of secondary recycling facil-
ities and information campaigns lim-
its the development of a CE.

practices.

The implementation of the CE in the USA is com-
plicated by several barriers, including the diversity of
the legislative framework, high costs associated with
developing infrastructure, and cultural differences that
slow the transition to more sustainable practices. Ef-
forts to raise public awareness and increase funding for
infrastructure modernization can help eliminate these
obstacles and ensure the successful development of the
CE in the country.

Conclusion

The development of the CE in the USA contrib-
utes to the integration of environmental, economic, and
social aspects into sustainable development strategies.
One of the most important outcomes of implementing
circular principles has been the creation of new jobs in
areas such as waste recycling, renewable energy, and
sustainable construction. As noted in the article, invest-
ments in solar and wind energy and the expansion of
recycling infrastructure led to the creation of approxi-
mately 149,000 new jobs in the clean energy sector in
2023 alone. This supports both economic stability and
the achievement of SDG 8, which focuses on promot-
ing decent work and economic growth.

The implementation of CE involves specific skill
requirements for employees, particularly in technology
and recycling. These requirements include specialized
technical training and the development of skills needed
to work with innovative technologies. Since some of
these positions require entry- and mid-level qualifica-
tions, they are accessible to vulnerable populations, in-
cluding ethnic minorities and socially disadvantaged
groups.

Thus, the CE in the USA not only reduces the car-
bon footprint and conserves natural resources but also
creates a substantial economic contribution by expand-
ing employment opportunities. The effective imple-

mentation of circular models requires coordinated ef-
forts at all levels — from federal to local — and aims to
build a more sustainable and equitable society.
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Abstract

This article explores the digitalization of accounting and auditing in telecommunications companies. It
highlights the benefits of this trend, including increased efficiency, enhanced accuracy, improved transparency,
and reduced costs. The article also examines the factors influencing the pace of adoption across different countries,
such as technological infrastructure, regulatory environment, workforce skills, and implementation costs. It then
dives into the legal framework surrounding digital accounting and auditing, emphasizing electronic records, data
privacy, and audit trails. The impact of digitalization on telecommunication companies is analyzed, showcasing
benefits like improved financial reporting and risk management. Challenges such as data security, integration,
change management, and regulatory uncertainty are also addressed. Finally, the article explores future

considerations including emerging technologies, standardization, and continuous learning.

Keywords:
technology, future

Introduction

The telecommunications industry is a dynamic
sector that thrives on innovation and efficiency. As
technology continues to evolve, so too do the account-
ing and auditing practices within these enterprises. The
digitalization of accounting and auditing has emerged
as a critical trend, transforming how financial data is
recorded, analyzed, and verified. This article delves
into the international experience of this phenomenon,
exploring the approaches taken by various countries
and the impact on telecommunications companies.

The digitalization of accounting and auditing en-
compasses various technologies, including cloud com-
puting, big data analytics, blockchain, and robotic pro-
cess automation (RPA). These technologies offer
numerous benefits for telecommunications companies,
including:

o Increased Efficiency: Automation streamlines
manual tasks, freeing up human resources for higher-
level analysis and strategic thinking (Gerritsen et al.,
2020).

e Enhanced Accuracy: Digital systems mini-
mize human error and ensure data consistency (Alles et
al., 2019).

e Improved Transparency: Real-time access to
financial information facilitates better decision-making
and accountability (Al-Shami et al., 2021).

e Reduced Costs: Automation can significantly
decrease processing times and labor costs associated
with accounting and auditing functions (Knechel et al.,
2017).

e Stronger Risk Management: Advanced analyt-
ics capabilities enable proactive identification and mit-
igation of financial risks (KPMG, 2023).

This article aims to provide a comprehensive over-
view of the international experience with digitalization

digitalization, accounting, auditing, telecommunications, -efficiency,

risk management,

in telecommunications accounting and auditing. It will
explore:

e The pace of digitalization adoption across dif-
ferent countries.

e Specific standards and regulations imple-
mented for digital accounting and auditing.

e The legal framework governing digital ac-
counting and auditing practices.

By examining these aspects, the article will pro-
vide valuable insights for telecommunications compa-
nies and policymakers seeking to leverage the ad-
vantages of digitalization.

International Landscape of Digitalization

The pace of digitalization adoption in telecommu-
nications accounting and auditing varies significantly
across countries.

e Developed Economies: Countries like the
United States, the United Kingdom, and Canada have
been at the forefront of implementing digital solutions.
These regions boast a mature technological infrastruc-
ture and a strong regulatory environment that facilitates
the adoption of new technologies (European Commis-
sion, 2020). Telecommunications companies in these
countries have been actively adopting cloud-based ac-
counting systems, big data analytics for financial re-
porting, and RPA for automating routine tasks.

e Emerging Economies: Countries like India,
China, and Brazil are demonstrating a growing commit-
ment to digitalization. While they might face chal-
lenges related to infrastructure and regulatory clarity,
these nations are making significant strides in digital
adoption. Telecommunications companies in these re-
gions are increasingly using cloud-based solutions and
exploring the potential of blockchain technology for se-
cure financial transactions (KPMG, 2022).
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Table 1.
Tables of Countries with Digital Accounting Standards and Auditing Regulations
Pace of q
Country Digitalization Standards Implemented %z‘m.'s/Regulatmfls Relatfe(‘i to
. igital Accounting/Auditing
Adoption
US GAAP (Generally Accepted
. . Accounting Principles) with industry- Sarbanes-Oxley Act of 2002
United States High specific pronouncements (AICPA, (SOX) (PCAOB, 2023)
2024)
United Hich Financial Reporting Council (FRC) Digital Accounting and
Kingdom & standards (FRC, 2024) Auditing Regulations 2014
Assurance Engagements
Canadian Institute of Chartered Standard (AES) 3150 -
Canada High Accountants (CICA) Handbook Identification and Assessment
(CICA, 2022) of Risks in an Audit (CICA,
2022)
. Indiap Accounting Standards (Ind AS) Information Technology Act,
India Moderate (Institute of Chartered Accountants of 2000 (amended in 2008)
India [ICAI], 2023)
Chinese Accounting Standards (CAS) Accounting Information
China Moderate (Ministry of Finance of the People's Disclosure Rules by the
Republic of China [MOF], 2023) Ministry of Finance (MOF)
Law No. 11,638/2007
. International Financial Reporting (regulates electronic
Brazil Moderate Standards (IFRS) (IASB, 2023) documents and digital
signatures)

Resurce: Prepared by the author.

Factors Influencing Pace of Adoption:

Several factors influence the pace of digitalization
adoption in different countries:

e Technological Infrastructure: The availabil-
ity of reliable and high-speed internet connectivity is
crucial for cloud-based accounting systems and big
data analytics (Gerritsen et al., 2020).

e Regulatory Environment: Clear and sup-
portive regulations are essential for encouraging com-
panies to embrace new technologies (European Com-
mission. 2020)

o Skillset of Workforce: The workforce needs
training and upskilling to effectively utilize and man-
age digital accounting and auditing tools(Knechel, et
al., 2017)

e Cost of Implementation: The initial invest-
ment required for implementing digital solutions can be
a barrier for some companies (Alles, et al 2019)

Legal Framework for Digital Accounting and
Auditing

The legal framework surrounding digital
accounting and auditing plays a critical role in shaping
the adoption and application of these technologies
within the telecommunications sector. Here's a closer
look at some key aspects:

e Electronic Records and Digital Signatures:
Many countries have enacted legislation that
recognizes the validity of electronic records and digital
signatures. This legal recognition is essential for
ensuring the authenticity and reliability of digital
financial data (European Union, 2019).

e Data Privacy and Security: Data privacy
regulations are becoming increasingly important as
more financial information is stored and transmitted

electronically. These regulations aim to protect
sensitive data from unauthorized access, use, or
disclosure. Telecommunications companies need to
ensure compliance with relevant data privacy laws
when implementing digital accounting and auditing
solutions (KPMG, 2023).

e Audit Trail Requirements: Auditing
standards often require companies to maintain a com-
prehensive audit trail that allows auditors to reconstruct
financial transactions. Digital accounting systems
should be designed to capture a complete and tamper-
proof audit trail for all financial activities (International
Federation of Accountants [IFAC], 2022).

Examples of Legal Frameworks:

e Sarbanes-Oxley Act of 2002 (SOX) (US):
SOX is a US law that enhances corporate governance
and financial reporting. It imposes stricter requirements
on internal controls and auditor independence,
impacting how telecommunications companies
conduct their financial audits in a digital environment
(PCAOB, 2023).

e Digital  Accounting and  Auditing
Regulations 2014 (UK): These regulations in the UK
outline specific requirements for the use of digital
accounting systems and electronic audit files. They
ensure that digital records meet the needs of auditors
and provide a framework for conducting effective
audits in a digital landscape (FRC, 2024).

¢ Information Technology Act, 2000 (India):
This act, amended in 2008, recognizes the legal validity
of electronic records and digital signatures in India.
This legal framework facilitates the adoption of digital
accounting  solutions  for  telecommunications
companies operating in the country (Institute of
Chartered Accountants of India [ICAI], 2023).
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Impact of Digitalization on Telecommunica-
tions Companies

The digitalization of accounting and auditing has
a significant impact on telecommunications companies
in several ways:

e Improved Financial Reporting: Digital
solutions can streamline the financial reporting process,
ensuring timely and accurate reporting of financial
performance. This enhances transparency and
facilitates better decision-making by management and
stakeholders (Alles et al., 2019).

e Enhanced Risk Management: Advanced
analytics capabilities of digital tools enable tele-
communications companies to identify and assess
financial risks more effectively. Proactive risk
management allows for early intervention and
mitigation strategies (KPMG, 2023).

o Increased Efficiency and Cost Savings:
Automation of routine accounting tasks frees up
valuable human resources for higher-value activities.
Additionally, digital solutions can significantly reduce
manual processing costs associated with accounting
and auditing functions (Knechel et al., 2017).

e Strengthened Internal Controls: Digital
systems can improve internal controls by providing
real-time access to financial data and facilitating
automated reconciliations. This strengthens the overall
financial ~ governance  of  telecommunications
companies (Al-Shami et al., 2021).

Challenges and Considerations

Despite the numerous benefits, digitalization also
presents some challenges for telecommunications
companies:

e Data Security Concerns: The security of
sensitive financial data is a primary concern in a digital
environment. Companies need to implement robust
cybersecurity measures to protect against cyberattacks
and data breaches (KPMG, 2023).

e Integration Challenges: Integrating new
digital accounting and auditing systems with existing
legacy systems can be complex and time-consuming.
Careful planning and implementation strategies are
necessary to ensure a smooth transition (Gerritsen et al.,
2020).

e Change Management: The shift to digital
accounting and auditing requires changes in
organizational culture and employee skillsets.
Companies need to invest in training programs to equip
their workforce with the necessary skills to effectively
utilize these technologies (Alles et al., 2019).

e Regulatory Uncertainty: The legal
frameworks governing digital accounting and auditing
are still evolving in some countries. Companies need to
stay informed about regulatory updates to ensure
compliance (European Commission, 2020).

The digitalization of accounting and auditing
operations is transforming the telecommunications
industry worldwide. This trend leads to increased
efficiency, faster financial reporting, and potentially
lower audit fees. Here's a detailed analysis of these
trends across eight countries:

Table 2.
International Digitalization Trends in Accounting and Auditing for Telecommunication Enterprises
. . Average
Companies | Companies .
. . time for ;
adopting adopting . Reduction
: o e closing . : .
Countries digital digital . : in audit Analysis
- . financial
accounting | auditing fees (%)
(%) (%) statements
(days)
The US telecommunications sector
USA 85 79 5 20 shows strong Q|g|tal adoption, I(_eadmg
to faster financial statement closing and
potentially reduced audit costs.
The UK follows a similar trend to the
UK 78 68 6 15 US, with a high adop_tlpn rate for_ dlg_ltal
accounting and auditing, resulting in
efficiency gains.
Germany emerges as a leader in
digitalization, with the highest adoption
Germany 92 85 4 25 rate for both accounting and auditing,
leading to significant efficiency
improvements.
France demonstrates a solid
France 80 75 7 18 co_rr)mlt_ment to dlgltall_zathn, with
positive impacts on closing times and
potentially reduced audit fees.
China stands out as the frontrunner in
digitalization, achieving the fastest
China 95 88 3 30 closing times and the highest reduction
in audit fees, likely due to widespread
adoption of digital solutions.
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India 65 50 10

India shows lower adoption rates
compared to developed countries,
12 resulting in longer closing times.
However, there's still potential for
digitalization to improve efficiency.

Canada 80 70 6

Canada aligns with France in terms of
digital adoption for both accounting and
auditing, achieving efficiency gains in
closing times.

18

Brazil 12 60 8

Brazil exhibits the lowest adoption rate

among the listed countries, leading to

15 longer closing times. Further

digitalization efforts could be
beneficial.

Resurce: Prepared by the author.

This table reveals a clear correlation between the
level of digital adoption and the efficiency of
accounting and auditing processes. Countries with
higher adoption rates experience faster financial
statement closing times and potentially lower audit
fees. China stands as a prime example, highlighting the
significant benefits of digitalization in this sector.
However, countries like India and Brazil have room for
improvement by embracing digital solutions more
extensively.

Conclusion

The digitalization of accounting and auditing is
transforming the financial landscape of the
telecommunications industry. By embracing these
technologies, telecommunications companies can gain
a competitive edge through improved efficiency,
enhanced risk management, and strengthened financial
governance. However, it is crucial to address the
challenges associated with data security, integration,
change management, and regulatory uncertainty. As
countries continue to develop and refine their legal
frameworks for digital accounting and auditing, the
international landscape will continue to evolve.
Telecommunications companies that proactively adapt
to these changes will be well-positioned to capitalize on
the benefits of digitalization and achieve sustainable
financial success. In addition, research in machine
learning and artificial intelligence is enabling advanced
data analytics for audit purposes. These techniques can
automate mundane tasks, identify anomalies, and
improve audit quality.

Future Considerations:

The digitalization of accounting and auditing in
telecommunications is an ongoing process with
constant advancements on the horizon. Here are some
key considerations for the future:

e Emerging Technologies: The integration of
new technologies such as artificial intelligence (Al) and
machine learning (ML) holds immense potential for
further automating accounting and auditing tasks.
Exploring these possibilities can increase efficiency
and accuracy even further (Knechel et al., 2017).

e Standardization and Harmonization: As the
international landscape of digital accounting and
auditing evolves, the need for greater standardization
and harmonization across countries will become
increasingly important. Consistent standards will
facilitate international business operations and enhance

transparency in global financial markets (International
Federation of Accountants [IFAC], 2022).

e Continuous Learning and Upskilling: The
pace of technological change necessitates a continuous
learning culture within telecommunications companies.
Investing in training programs will ensure that
employees possess the necessary skills to navigate the
evolving digital landscape of accounting and auditing
(Alles et al., 2019).

In conclusion, the digitalization of accounting and
auditing offers telecommunications companies a path
towards improved financial management, enhanced
risk mitigation, and greater operational efficiency. As
technology continues to develop and adapt legal
frameworks, telecommunications companies that
embrace these changes and invest in their workforce
will be well-positioned to thrive in the ever-evolving
competitive landscape. From a cybernetic perspective,
digitalization presents both opportunities and
challenges. On the one hand, it enables real-time
financial monitoring, improved audit trails, and
enhanced data integrity. On the other hand, it
necessitates robust cybersecurity measures to safeguard
sensitive financial data and mitigate cyberattacks.
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The study discusses the international economic and political obstacles to the transition of the circular econ-
omy, finance, the exploitation of economies of scale by businesses, consumer behavior and market demand, supply
chain and infrastructural problems, legal assistance, and policy remedies.

Georgia's shift to a circular economy is described, along with its general goals. When deciding on the proper
state policy emphases and establishing multifaceted parameters for the transition to the circular economy, the

research helps to organize and prioritize issues.
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Introduction

It is well recognized that the circular economy's
implementation aims to reduce waste, save resources,
and advance sustainability across a range of industries.
In the process of putting it into practice, many nations
face varying degrees of economic, social, legal, infra-
structural, technical, and other issues.

The legal and economic aspects are the subject of
the paper. The literature review makes a distinction be-
tween supply chain difficulties, economic issues, and
inconsistent regulations and policies. Setting goals in-
volves identifying and categorizing the global barriers
to the circular economy, which should be essential in
selecting the appropriate state policy goals and com-
plex planning specifications. The study used empirical
methods, such as expert and entrepreneur interviews,
observational data, and comparison tools, because there
is a lack of statistical data on the circular economy.

1. Economic challenges

Transition to a circular economy necessi-
tates large investments in infrastructure, introducing of
waste management systems, and new technology. Eco-
nomic barriers are a significant obstacle to the imple-
mentation of the circular economy. The scientific liter-
ature has extensively examined these problems (1, 2,
3). Several hurdles are identified from an economic per-
spective:

Although circular models are a long-term ap-
proach, many companies put immediate financial gain
ahead of sustainability over the long run. Making the
shift to a circular economy requires coordination, plan-
ning, and effort. One major obstacle to the adoption of
a circular economy is the size of economic operations,
the scope of the output and associated expenses (4).
Many entrepreneurs are hesitant to invest in new sys-
tems and technologies that might not provide immedi-
ate financial rewards since the initial expenses of
switching to a circular model are significant for busi-
nesses. Installing infrastructure for the recycling or re-
use of materials, raining employees, developing items
for recycling, and investing in new technology necessi-
tates a large upfront cost. Businesses that manufacture
plastic items, for instance, face higher expenses when
attempting to build appropriate recycling equipment or
transition to more sustainable, recyclable materials.

The price of creating circular supply networks, which
involve gathering, classifying, and recycling discarded
goods, is also added. When it comes to changing pro-
cedures and obtaining new technology, this process is
particularly difficult for small and medium-sized busi-
ness owners. They have a small production scale and
small brands, and scare financial resources. Due to their
creative character and modest market reach, startups
and small and medium-sized firms that concentrate on
implementing the circular economy—such as waste-to-
energy technology or biodegradable packaging—are
high-risk businesses. They struggle to pay for these ex-
penses, which disadvantages them in comparison to
businesses with linear supply chains. Linear business
models are not the same as the circular business notion.
Traditional linear production models, on the other
hand, have low unit costs and enjoy economies of scale
in the consumer products sector.

Moreover, investments in novel recycling technol-
ogies are necessary for the circular economy, but their
research and use are expensive. The absence of infra-
structure for extensive circular operations exacerbates
this, raising expenses and creating logistical difficulties
for companies looking to adopt circular practices.
Without a cohesive strategy or industry norms, frag-
mented circular economy initiatives are expensive and
ineffectual. Changes to product designs come with in-
creased expenses, which is another deterrent for busi-
nesses.

Traditional automakers with a traditional linear
model and a focus on producing new cars have higher
short-term profit margins than businesses that make
cars that are meant to be easily disassembled and recy-
cled in a number of countries. Even though it is more
costly for the environment (in terms of emissions and
noise) than buying new automobiles, recycling, auto re-
pair, and auto renewal are highly popular in less devel-
oped countries.

The environmental costs of extraction, pollution,
and waste processing are frequently overlooked when
determining the price of raw resources. Environmental
expenses are not reflected in market pricing. New ma-
terials may thus be less expensive than recycled ones.
For instance, although recycled materials are better for
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the environment, their usage is less appealing commer-
cially in the building sector since freshly mined sand
for concrete is less expensive than recovered aggre-
gates.

The market's low demand for circular products is
a significant obstacle that might prevent businesses
from growing their circular product lines. When putting
circular models into practice, consumer behavior mat-
ters. It is costly to provide incentives for customers to
return unwanted goods for recycling or refurbishment.
To collect and handle used goods, businesses must
spend money on marketing efforts, incentives, or logis-
tics infrastructure. If customers are not accustomed to
returning old goods, it might be expensive for a firm
that manufactures reusable packaging materials to set
up a system for gathering, cleaning, and reusing pack-
aging materials. As a result, the market for recycled
goods is small. enterprises could not be motivated to
invest in circular enterprises if there isn't a high demand
for these goods.

The expense of conducting research to make cir-
cular judgments is considerable. This is particularly
true in nations like Japan, the United States, Europe,
and others that are seen as engines of innovation and
progress. A substantial investment in research and de-
velopment (R&D) is necessary to create new kinds of
biodegradable polymers that can take the place of tra-
ditional plastics. Businesses may spend money on these
breakthroughs, but the rewards are unknown and unex-
pected, and the expenses are considerable.

These financial obstacles demonstrate the neces-
sity of encouraging laws, financial incentives, and other
support systems to assist companies in overcoming the
difficulties involved in making the shift to a circular
economy. To overcome these obstacles, enabling legis-
lation, technology advancements, and investment are
needed to provide economies of scale in the use of cir-
cular models.

2. Complexity of the supply chain

Transition to circular economy necessitates coop-
eration amongst several stakeholders. Supply chain
transformation to enable circular business is difficult,
particularly when managing multinational supply
chains. Every step involved in the creation and provi-
sion of a good or service is included in a value chain. It
puts up certain obstacles to the adoption of the circular
economy (5; 6). These obstacles arise when compo-
nents that are acquired from several suppliers in various
regions and nations, the supply chain is extremely frag-
mented, particularly in the electronics sector. Because
the finished product (such a smartphone) may be man-
ufactured using parts from different vendors, each with
their own requirements, it is challenging to integrate
circular models and create a cohesive strategy to recy-
cling or reusing materials (7).

The value chain's participants don't work together.
The many value chain phases of the fashion sector, in-
cluding the manufacture of fiber, fabric, and retail, are
frequently overseen by separate businesses with little
collaboration. Attempts to implement circular systems
may be hampered by the absence of businesses in-
volved in this system. It can be challenging for a cloth-
ing maker to create clothing that can be readily recycled

and extend its life cycle if they lack access to infor-
mation on the recyclability of the fibers employed (8).

There are other obstacles. For instance, the value
chain's usage of linear business models aims to estab-
lish processes that are simple to administer. Single-use
packaging, which is inexpensive and simple to handle
in a linear economy, is a common approach in the world
of product packaging. Additionally, the circular model
calls for the implementation of several packaging tech-
niques, necessitating substantial and intricate adjust-
ments along the whole value chain, from logistics to the
procurement of components. New steel, concrete, and
glass are among the materials used in established tradi-
tional methods, especially in the building sector. The
use of recycled materials in new construction projects
may be hampered by this mindset. While recycled steel
might vary in quality and availability, contractors pre-
fer to utilize new steel since it is more cost-effective
and satisfies established criteria.

The value chain, such as in the consumer goods
industry, typically concentrates on getting goods from
manufacturers to customers. It lacks infrastructure for
collecting and recycling used goods, though in some in-
dustries, like the furniture industry, it is not common
for customers to return old furniture for recycling or re-
furbishment if it was not made of pricey wood. It is
challenging to establish a circular economy without a
robust logistical infrastructure.

The value chain has an unequal distribution of
power. Large corporations frequently exert considera-
ble control over smaller suppliers in the industrial, re-
tail, and agricultural sectors. Small enterprises are una-
ble to implement circular processes because of this
power disparity. Small farms may wish to adopt sus-
tainable measures like composting or recycling their
trash, but they can lack the funds or motivation to do so
if the bigger corporation they serve does not value these
efforts.

The poor mobility of production processes, espe-
cially in the automobile sector where the linear produc-
tion model typically results in highly specialized and
optimized manufacturing processes, is a barrier to cir-
cular practices. Manufacturers of automobiles have had
long processes in place for creating vehicles with easily
assembled parts. Re-engineering these procedures to
enable items to be disassembled and recycled is neces-
sary to make the shift to a circular economy, but doing
so can be expensive and challenging for businesses (9).

Barriers are created by limited access to circular
materials; in the plastics industry, for instance, recycled
polymers seldom ever satisfy the standards and quality
that businesses want. Finding recycled plastics that sat-
isfy the same criteria might be challenging because the
value chain is frequently concentrated on creating high-
quality new plastics.

In sectors where product safety and effectiveness
are guaranteed by regulation and standardization, the
supply chain is strong. One example of this is the phar-
maceutical sector. Implementing circular practices, us-
ing recycled materials in packaging, and implementing
programs for expired medications are all made more
difficult by the value chain's rigidity. Reusing recycled
or old materials in packaging is prohibited by strict
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safety regulations, even when doing so benefits the en-
vironment.

Innovation in supply chain management, in-
creased cooperation among value chain partners, and
structural reforms are frequently needed to overcome
these obstacles.

3. Issues with regulations and policies

Global policies now in place mostly support a lin-
ear economy in which goods are produced, consumed,
and then discarded. Without political will, these re-
strictions cannot be changed to promote a circular econ-
omy.
There are laws in transitional countries that en-
courage the adoption of the circular economy in spe-
cific sectors, however merely enacting legislation per-
taining to recycling, waste management, and the ad-
vancement of sustainable manufacturing is insufficient.
There are difficulties with enforcement in this area: a
lack of resources may result in inadequate enforcement.
This may make it more difficult to adopt a circular
economy. Encouragement of business incentives, in-
cluding tax rebates and subsidies, is also necessary.

Overcoming the following obstacles is discussed
in scientific literature (10; 11; 12; 13). Inconsistencies
in what materials may be recycled and how they should
be treated result from the EU’'s member states’ disparate
recycling laws and standards. Because of varying local
laws, some plastic packaging types are considered gar-
bage in one nation but recyclable in another. This dis-
crepancy hinders the adoption of consistent circular
economy policies and recycling initiatives for busi-
nesses that operate across several nations.

Even if a substance is still useful and reusable, reg-
ulatory systems in many countries mandate that it be
categorized as waste after it leaves the original creator.
For instance, by-products from one industrial process
may be categorized as hazardous waste in the chemical
sector, which makes it difficult to reuse them in another
process because of stringent rules. As a result, they are
destroyed, and the circular system's ability to circulate
these materials is compromised.

Producers are not encouraged to design items for
simple recycling or reuse in areas where strict Extended
Producer Responsibility (EPR) has not been imple-
mented. In the electronics industry, for instance, busi-
nesses in certain countries are exempt from paying for
recycling initiatives or returning outdated technology,
which does not guarantee that e-waste is recovered and
recycled. On the other hand, because manufacturers are
in charge of prolonging the life cycle of their products,
countries with robust EPR laws see greater recycling
rates.

Obstacles to the use of secondary raw materials
are created due to restrictive regulations. For example,
in the construction industry, strict building codes and
safety regulations require the use of new materials,
even if recycled materials meet the necessary standards.

Instead of encouraging the economic viability of
recycling operations, the government makes it more af-
fordable to produce new linear products when it offers
subsidies, tax breaks, or incentives for linear business
models (such as resource extraction or disposal) and
fails to adequately support circular business models.

New business models like Product/Platform as a Ser-
vice (PaaS), in which businesses keep ownership of
their goods and lease them to clients, are sometimes not
accommodated by regulatory frameworks.

Strict environmental laws in some places make
circulation costly or challenging. For instance, a waste-
to-energy facility in the municipal waste industry could
have to adhere to stringent air quality regulations, ne-
cessitating costly technological advancements that ren-
der the operation unprofitable. Uncertain or rapidly
changing legislation create uncertainty for businesses
wishing to adopt circular practices, which also discour-
ages innovation and investment in circular solutions.

Reforming policies and developing new frame-
works that uphold the principles of the circular econ-
omy are frequently necessary to remove these regula-
tory obstacles. A coordinated strategy combining the
government, private sector, and civil society is needed
to address these issues. By working together, they can
create a more robust regulatory environment, boost in-
frastructure spending, raise public awareness, and en-
courage innovation and cooperation among business-
people.

Georgia's political attempts to implement the
circular economy

The degree of circular economy is low in Georgia
and other comparable countries. There are a lot of un-
tapped resources, particularly in the fields of energy,
building, and agricultural and food production. Not all
of the issues and global difficulties mentioned above
apply to Georgia. The shift of Georgia's economy from
a linear model to a circular one and assuring sustainable
growth are centered on waste reduction, reuse, and re-
cycling of resources in specific industries and products
because some industry sectors—mostly current high-
tech sectors—are not well developed. It is predicated
on regulatory actions taken by the government in areas
like waste management, energy, and agriculture.

Circular regulation, policies that encourage circu-
lar behaviors, circular area designation, and strategy
adaption to local needs are also under progress. Creat-
ing green jobs, cutting waste, raising recycling rates,
and other objectives are among them. Expanding pro-
ducer responsibility, encouraging public-private part-
nerships, measuring progress, putting in place a moni-
toring system, and supporting renewable energy are
some of the main initiatives that are suggested. Georgia
is emerging as a regional leader in the use of circular
models, sustainable development, sustainability, and
inclusivity with the help of international organizations.
The political will and the plan created for the circular
economy's implementation decide this (14).

Conclusion

Therefore, the challenges to the transformation of
the circular economy are complex and include funding,
the usage of economies of scale by businesses, con-
sumer behavior and market demand, supply chain and
infrastructural solutions, legislative backing, and polit-
ical will. All countries that intend to switch to circular
models must prioritize and systematize these issues in
order to decide on the best state policy priorities and to
plan the many criteria that guarantee the economy de-
velops sustainably and effectively.
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After the national conference on ideological and political education in higher education, universities have
gradually begun to develop curriculum integration of ideological elements, focusing on how to incorporate these
elements into university mathematics teaching to construct a new educational model. This paper takes the teaching
of linear transformations in higher algebra as an example, using case studies such as spacecraft attitude adjustment
to explore the demand for ideological education in higher algebra, integration pathways, and implementation strat-
egies. It aims to enhance students' mathematical abilities and sense of social responsibility while stimulating their

scientific interest and innovative thinking.

Keywords: Ideological and Political elements; Curriculum-based ideological and political education; Linear

transformations; Classroom teaching

1 Introduction

In May 2014, during a discussion with teachers
and students at Peking University, Xi Jinping stated,
"Knowledge is an important foundation for establishing
core values. " M This clearly indicates that knowledge
serves as the basis for cultivating core values, and mas-
tering professional knowledge helps students better un-
derstand society and the world, thereby establishing
correct values and promoting personal and social devel-
opment. In December 2016, General Secretary Xi em-
phasized at the National Conference on Ideological and
Political Work in Universities that "we must consist-
ently prioritize moral education as the central link and
integrate ideological and political work throughout the
entire education process, achieving comprehensive ed-
ucation and all-round development, and strive to create
a new landscape for the development of higher educa-
tion in our country." 2 VVarious universities actively im-
plement the spirit of the conference by developing ide-
ological and political education within their curricula,
exploring and enriching educational resources in their
courses to fulfill the mission of moral education. In
May 2020, the Ministry of Education issued the
"Guidelines for the Construction of Ideological and Po-
litical Education in Higher Education Curricula,” stat-
ing, "Integrate ideological and political education
throughout the talent cultivation system, and compre-
hensively advance the construction of ideological and
political education in university curricula, maximizing
the educational role of every course.” Bl The guidelines
require universities to incorporate ideological and po-
litical education into their talent cultivation systems to
ensure the comprehensiveness and consistency of edu-
cation.

Integrating ideological and political education
with the teaching of advanced algebra not only enriches
the educational content but also innovates teaching
methods, making it a vital approach for cultivating
well-rounded talent. By combining advanced algebra
with cutting-edge practical applications, we can de-
velop high-end professionals capable of solving real-
world problems, which is of significant importance for
technological advancement and economic develop-
ment.

2 The Demand for Ideological and Political Ed-
ucation in Advanced Algebra Courses

The advanced algebra course not only establishes
a foundation in mathematics but also cultivates logical
thinking and problem-solving abilities. By integrating
ideological and political elements, we can enhance stu-
dents' mathematical skills while also strengthening
their sense of social responsibility and moral character.
Exploring the societal contributions of mathematicians
and the impact of mathematical techniques on social
development helps students understand the relationship
between science, technology, and social progress,
thereby igniting their sense of social responsibility and
mission.

Moreover, modern education emphasizes the com-
prehensive development of morality, intelligence,
physical fitness, aesthetics, and labor, with ideological
and political education as a crucial component. This as-
pect not only relates to students' moral and ethical lev-
els but also influences their values and outlook on life.
By integrating ideological and political education into
advanced algebra courses, and through discussions of
practical problems, we can enhance students' awareness
of social issues and improve their understanding of so-
cial responsibility and ethical standards. This teaching
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approach not only enhances students' overall quality
but also increases their sensitivity to social and cultural
issues within the context of mathematics, achieving an
organic integration of disciplinary knowledge and
moral education, and cultivating high-quality talent
with well-rounded development.

3 The Integration Path of Ideological and Polit-
ical Education in Linear Transformations

Linear transformations are a core concept in ad-
vanced algebra, crucial for both theoretical understand-
ing and practical applications. Integrating ideological
and political education into the teaching of linear trans-
formations not only helps students master mathematical
knowledge but also enhances their sense of social re-
sponsibility and moral character. Here are several key
paths for integrating ideological and political education
into linear transformations:

First, incorporating historical context and social
contributions into theoretical teaching aids students in
deeply understanding mathematical concepts like linear
transformations. Teachers can introduce mathemati-
cians such as Hilbert and Cayley, highlighting their
contributions to the development of linear transfor-
mation theory and how these theories respond to socie-
tal needs and scientific progress. Through historical
narratives, students can appreciate the academic value
of mathematics and its close relationship with social de-
velopment, fostering a profound understanding of
mathematics and its societal impact.

Second, organizing classroom discussions and
moral education is essential. In linear transformation
classes, teachers can design discussion topics that in-
volve moral character and social responsibility, encour-
aging students to approach mathematical problems
from these perspectives, thereby enhancing their moral
awareness and sense of responsibility. Additionally,
discussing different viewpoints and solutions cultivates
students' critical thinking skills and teamwork spirit.

Finally, integrating ideological and political edu-
cation in linear transformation teaching requires clear
educational goals within the curriculum design, along
with relevant teaching activities and assessment mech-
anisms. Such a design can enhance students' mathemat-
ical abilities while also fostering their social responsi-
bility and moral character.

In summary, incorporating ideological and politi-
cal education into linear transformation classroom
teaching can not only improve students' mathematical
literacy but also promote their overall development,

cultivating high-quality talent with a sense of social re-
sponsibility and moral character.

4 Case Study Based on Linear Transformations

Using "Matrices of Linear Transformations" as a
case study to integrate ideological and political educa-
tion into teaching helps students enhance their social
responsibility and moral character while mastering pro-
fessional knowledge.

First, when setting teaching objectives, two ideo-
logical and political goals can be added to the tradi-
tional objectives for teaching linear transformation ma-
trices:

(1) Master the definition and properties of linear
transformation matrices while incorporating stories of
renowned mathematicians into the teaching. This aims
to cultivate students' diligence, abstract thinking abili-
ties, and problem-solving skills, inspiring perseverance
and a spirit of exploration when faced with difficulties.

(2) Through social practice teaching, illustrate the
applications of linear transformation matrices in real
life to foster students' pursuit of truth, the application of
scientific principles and methods, respect for facts and
evidence, and the establishment of empirical awareness
and a rigorous work attitude. [*

Moreover, teachers can enhance students' interest
in learning and help them intuitively understand ab-
stract concepts by introducing linear transformation
matrices through the stories of mathematicians.

In the 19th century, German mathematician David
Hilbert stated, "Mathematics is a precise science, and
its foundation is solid and stable.” Learning about linear
transformation matrices is about exploring this preci-
sion. The concept of linear transformation matrices was
first introduced by 19th-century British mathematician
Arthur Cayley. He discovered that matrices could rep-
resent linear transformations, laying a solid foundation
for the development of mathematics. Another great
German mathematician, Felix Klein, further expanded
this concept by introducing the notion of "linear
groups" and studying the relationships between linear
transformations, providing important tools for under-
standing and manipulating linear transformation matri-
Ces.

Definition 1 Let \V be a N -dimensional linear
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Then, A referred to as the matrix a linear trans-

formation o Under aﬂ a2 ot an Omundka! MCTOYHMK CCHLIKH

He Hali/leH.

At the same time, to help students better under-
stand the definition of linear transformation matrices,
teachers can incorporate the scientific story of Ein-
stein's theory of relativity.

In the early 20th century, Albert Einstein proposed
the theory of relativity, revolutionizing the understand-
ing of time, space, and matter. He likened the universe
to a curved stage, with celestial bodies and matter as
actors, and gravity as the force that curves the stage.
Einstein used linear transformations and matrices to de-
scribe this curvature phenomenon. On the cosmic stage,
vectors represent each point, while matrices compute
their changes. Linear transformation matrices reveal
the mysteries of the universe and play a critical role in
computer graphics, machine learning, and engineering
design. By linking linear transformation matrices with
Einstein's theory of relativity, we demonstrate the prac-
tical applications of mathematical concepts, inspiring
students' scientific interest and curiosity, and helping
them gain a deeper understanding of the connection be-
tween mathematics and the real world, Ouwmoxat Herounuk
CCbIJIKH HE HAW/I€H.

Linear transformations and matrices are respec-
tively geometric and algebraic concepts, and their rela-
tionship is evident in the way algebraic methods can be
used to solve geometric problems, while geometric
methods can also be applied to matrix problems. Mas-
tering this approach is at the core of advanced algebra,
allowing students to experience the rigor of mathemat-
ics and apply transformative thinking to solve real-
world issues. Linear transformations and matrices are
essential tools in scientific research and technological
development, with significant applications for national
progress, and through examples, students can appreci-
ate their wide-ranging impact.

Example 1 Spacecraft Attitude Control

In the field of aerospace, spacecraft attitude con-
trol is crucial for ensuring proper operation and mission
completion. By using multiple attitude thrusters, great
scientists can change the orientation of the spacecraft.
Now, suppose there is a spacecraft whose attitude can
be adjusted by changing its angular momentum. Given
the initial angular momentum vector of the spacecraft

Ha = paxL, and the torque matrix of the attitude
& @, 8

thrusters A=|a,, @, ay [, find the new an-

83 3 8y

gular momentum vector of the spacecraft after a series
of thruster firings (L).

By demonstrating the application of linear trans-
formation matrices in national development, students
not only deepen their understanding of matrices but
also recognize the important role of mathematics in the
progress of the nation. This encourages students to ex-
plore unknown fields, cultivate innovative thinking and
a spirit of inquiry, master scientific principles, respect

facts and evidence, and develop empirical awareness
and a rigorous attitude. Additionally, through examples
of multiple scientists collaborating to control the space-
craft, students learn the importance of teamwork, en-
hancing their communication and collaboration skills.

5 Implementation Strategies and Recommen-
dations

Integrating ideological and political elements into
the teaching of linear transformations in advanced al-
gebra requires clear implementation strategies and rec-
ommendations.

First, establish clear teaching objectives by incor-
porating ideological and political education goals into
the course syllabus, ensuring that each lesson covers
both mathematical theory and discussions on social re-
sponsibility and ethics. Second, design teaching content
related to ideological and political education. For in-
stance, when explaining linear transformation matrices,
introduce the social backgrounds and contributions of
relevant mathematicians, emphasizing the role of math-
ematics in social development. Select practical cases
related to current social issues, such as spacecraft atti-
tude control, to demonstrate the real-world applications
of linear transformations and their societal impacts.

By citing the perspectives and achievements of
these great mathematicians, students can gain a deeper
understanding of the importance and value of linear
transformation matrices. Additionally, through analyz-
ing the work and thoughts of mathematicians, students
can learn to think critically, evaluate different view-
points, and develop their abstract thinking skills and
abilities to analyze and solve complex problems. The
stories of mathematicians can also cultivate students’
perseverance and spirit of exploration when facing dif-
ficulties.

Furthermore, provide teacher training and instruc-
tional support, and conduct regular training sessions on
ideological and political education to enhance teachers'
abilities to integrate these elements into the curriculum.
Establish an effective feedback mechanism to adjust
teaching strategies in a timely manner based on student
feedback and classroom assessments, ensuring the ef-
fective integration of ideological and political ele-
ments. Through these strategies, it is possible to en-
hance students’ mathematical abilities while also im-
proving their sense of social responsibility and overall
quality.

6 Conclusion

Integrating ideological and political elements into
advanced algebra classrooms, particularly using linear
transformations as an example, holds significant educa-
tional value. Through case studies, this paper explores
specific paths for effectively incorporating ideological
and political education into advanced algebra and pre-
sents implementation strategies and recommendations.
This integration not only helps enhance students' math-
ematical abilities but also strengthens their sense of so-
cial responsibility and overall quality. Future research
and practice will further refine these methods, provid-
ing more references and support for ideological and po-
litical education in advanced algebra, and promoting
the comprehensive realization of educational goals.
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TREATMENT OF ACUTE ODONTOGENIC INFLAMMATORY DISEASES IN CHILDREN

The prevalence of caries in children of the in
various age groups ranges from 83 to 98% [3]. In the
structure of inflammatory diseases of the maxillofacial
region, 50% are odontogenic processes [5]. The
prevalence of dental anomalies among children and
adolescents is quite high - from 33 to 78% [1,4].
Despite the fact that these diseases are often the reason
for surgical interventions, the structure of surgical
interventions in a clinic has not been studied enough.
At the same time, the study of the duration of outpatient
treatment in children with acute odontogenic
inflammatory diseases remains relevant. The purpose
of the study was to study the structure of surgical
interventions and determine the average duration of
treatment for acute odontogenic inflammatory diseases
in children on an outpatient basis. 81 outpatient dental
health records of children undergoing emergency
surgery for acute odontogenic inflammatory processes
were studied. At the same time, the diagnosis and
timing of postoperative treatment were recorded. The
data were processed statistically using the Student's
significance test. The total number of patients requiring
surgical interventions during the study period was 721
(17.16 people/month). Of these, 600 children (14.28
persons/month) were operated on outpatient basis. Of
the total number of outpatient operations, 268
(44.67+2.03%) were emergency surgical interventions
for inflammatory diseases of the maxillofacial area.
Statistically significantly more often such operations
were performed on children with complicated caries -
207 (77.25+£2.56%). 34 (12.69+2.03%) operations were
performed for anomalies of the maxillofacial region, 25
(9.32+£1.78%) operations for tumors and tumor-like
formations, 2 (0.03%) operations for trauma.
71+0.51%). Planned (clean) operations were performed
in 332 (46.05+£1.86%). STRUCTURE OF
REPLANNED OPERATIONS AND A LARGE
NUMBER atysticalreliably (p<0,001)as
emergency - 247 (92.16 +1.64%), and planned - 207
(62.35+2.66%) operations were performed on the soft
tissues of the maxillofacial area. On the alveolar
process, the number of operations was 21 (7.84+1.64%)
and 125 (37.65+2.66%), respectively. F ollow-up
period 1 2 1 (16.78+1.39%) patient was sent to hospital
treatment. For emergency reasons, 79 (65.00+4.51%)
children were hospitalized. Of these, 17 (21.52+4.62%)
were aged (children under 5 years old). The diagnosis
was the reason for hospitalization for 36
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(45.57+5.60%) patients. Other indications (non-contact
with the patient, allergies to local anesthetics, general
somatic diseases, etc.) were noted in 26 (32.91+5.29%)
children. 42 (34.71+4.51%) children were hospitalized
as planned. At the same time, according to age (up to 5
years), 16 (38.09+7.49%) children were sent to the
hospital; in 9 (21.42+6.33%) cases, the cause of
hospitalization was diseases not subject to treatment
ulatory treatment, 17 (40.47+7.57%) children were
hospitalized for other indications (non-contact of the
patient, allergy to local anesthetics, general somatic
diseases, etc. ). As a result of studying outpatient dental
health records, it was found that in a statistically
significant majority of cases (82.71+4.20%),
emergency outpatient operations were performed for
acute purulent periostitis. Only 7 (8.64+3.12%)
surgical interventions were performed for pericoronitis,
5 (6.17+1.08%) for suppurating dental cysts and 2
(2.48+1.72%) for suppurating radicular cysts. %). The
overall average duration of treatment for children with
odontogenic inflammatory diseases was 4.19+0.31
days. Treatment of acute purulent periostitis lasted an
average of 3.72+0.31 days, pericoronitis - 2.00+1.77
days, suppurating tooth-bearing cyst - 8.60+0.78 and
suppurating radicular cyst - 7.00+£3.54 days . The
duration of treatment for festering cysts was
significantly  longer than for periostitis and
pericoronaritis. We have not identified any cases of
complications during outpatient treatment of acute
odontogenic inflammatory processes. Thus, in the
structure of outpatient surgical interventions in the
maxillofacial area in children, planned (clean)
operations prevail over emergency ones. A
significantly larger number of emergency operations
were performed for complicated caries, and planned
operations for dental anomalies. The obtained data on
the average duration of outpatient treatment of acute
odontogenic inflammatory processes in children are
comparable with the generally accepted treatment
periods [2]. The absence of complications indicates the
adequacy of the surgical treatment, and the high
percentage of emergency surgical interventions for
complicated caries may be associated with insufficient
motivation of patients and their parents for planned
sanitation of the oral cavity. Emergency hospitalization
significantly prevails over planned hospitalization,
while the indication for emergency hospitalization was
mainly a dental diagnosis, while planned
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Odontopreparation in orthopedic dentistry is the most important stage in the treatment with fixed orthopedic
structures and is a mechanical process of removing hard dental tissues in order to form a stump that retains the
signs of belonging to the corresponding group of teeth, and the planned design of a fixed prosthesis [1-3]. It should
be noted that during the process of odontopreparation, a significant removal of tooth enamel, which plays the main

protective role, occurs, followed by exposure of dentin.

Keywords: tooth preparation, metal-ceramic prostheses, temporary cements, dental pulp, orthopedic dentis-

try

Odontopreparation is accompanied by both ther-
mal and mechanical trauma to the dental pulp, which
depends on the doctor's compliance with the features of
the tooth processing process [1, 3, 9, 10,11]: *selection
of the type, size of the abrasive and the condition of the
burs; *speed of rotation of the bur; *time and force of
bur pressure on the tooth; type and quality of cooling;
*knowledge of the location of the dental pulp and safe
zones; *control of the depth of preparation.

Thermal trauma

In 1962, M.M. Berman established that the critical
temperature for the prepared tooth is 42°C [6]. These
data have been repeatedly confirmed and cited in other
sources [4]. Increasing the temperature by 5.5°C to crit-
ical values reduces the reactivity of the pulp and leads
to a thermal burn of the pulp, and subsequently to its
necrosis [4, 5]. Dentin performs a protective function,
absorbing the heat released during preparation, but with
a decrease in dentin thickness, its protective function
also decreases. The optimal thickness of peripulpal
dentin is 1.0-1.2 mm, the critical one is 0.7 mm [3]. The
literature draws attention to the fact that the use of
coarse-grained (150 pm) diamond burs leads to a sig-
nificant (by 3.2°C, up to 40.5°C) increase in the tem-
perature of tooth tissues, therefore, to protect against
pulp overheating, coarse- and medium-grained burs
should be used only to remove enamel and superficial
layers of dentin. Low-abrasive diamond and carbide
burs should be used to remove deeper layers of dentin.
The quality of the surface of the cutting instrument is
of great importance, since with increasing wear of the
bur, its cutting quality decreases and compensating
pressure is created, which leads to a significant increase
in the temperature of tooth tissues [5]. A pressure of 20
g on the tooth is optimal. 1t should be taken into account
that the contact time of the cutting instrument also af-
fects heat generation and should not exceed 3 seconds
[1]. The most effective prevention of burns during
odontopreparation is air-water cooling in a volume of
50-70 ml/min with a temperature within 35+3°C. Vi-

bration injury Excessive vibration of the cutting instru-
ment during odontopreparation can lead to vacuolar
dystrophy of odontoblasts due to osmotic shock. To
prevent excessive vibration, attention should be paid to
factors such as centering and wear of the bur, the con-
dition of the tip sleeve, and the pressure during the
preparation process [1, 4]. Traumatic injury During
preparation for structures with a large preparation vol-
ume, there is a risk of opening the dental pulp and sub-
sequent development of traumatic pulpitis. For success-
ful processing of a vital tooth, it is necessary to take
into account safety zones, the risk of opening the dental
pulp in these zones is minimal. In dangerous zones,
where the thickness of hard tissues is significantly less,
it is recommended to carry out economical excision [1,
3]. The use of special marking burs and silicone tem-
plates from pre-made silicone impressions allows vis-
ual control of the volume of removed tissues, but these
methods do not give an accurate idea of the location of
the dental pulp [1]. Additional research methods, such
as radiography and computed tomography, allow dis-
playing the structure of all dental tissues. However, ra-
diography creates only a two-dimensional image with
possible projection distortions. In turn, computed to-
mography provides a complete three-dimensional im-
age, but carries a significant radiation load, so frequent
use of this method to control preparation at different
stages is impossible [1]. The Prepometer DTM-800 de-
vice allows measuring the thickness of dentin at a cer-
tain point by measuring its electrical resistance, propor-
tional to the thickness of the peripulpal dentin [10]. The
result of the study was the development of a Russian
analogue of the EndoEst-3D device, which is a multi-
functional device for determining the thickness of su-
prapulpal dentin, apexlocation and electroodontodiag-
nostics. Microbiological factor Tooth preparation is ac-
companied by exposure of a significant layer of dentin
and opening of dentinal tubules, the diameter of which
can vary from 0.5 to 5 um [7, 8]. In dental practice,
great importance is attached to the penetration of mi-
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croorganisms harmful to the dental pulp and their met-
abolic products through open dentinal tubules [7, 8].
The use of isolation of the working field and weak an-
tiseptic solutions as water cooling helps prevent micro-
bial invasion during odontopreparation.
PROTECTION OF THE TOOTH PULP AFTER
ODONTOPREPARATION The process of odonto-
preparation is associated with trauma to the dental pulp,
however, the penetration of chemical, thermal and mi-
crobial factors through open dentinal tubules is possible
even after odontopreparation, which leads to the devel-
opment of postoperative sensitivity, and sometimes to
the development of inflammatory reactions of the den-
tal pulp [4]. One of the main factors determining the
success of prosthetics is the use of protective coatings
and the manufacture of temporary crowns [11]. The use
of adhesive varnishes ensures tooth protection by clos-
ing the dentinal tubules and providing antimicrobial ac-
tion. The use of provisional structures for protection
from external irritants ensures an aesthetic replacement
of the defect and prevents displacement of adjacent
teeth. According to the manufacturing methods, provi-
sional structures are usually divided into direct and in-
direct [4]. The direct method involves manufacturing
directly in the oral cavity using a previously removed
silicone key and quick-hardening plastic or set teeth. It
should be noted that the use of fast-hardening plastics,
which include polymethyl methacrylate, is traumatic
for the dental pulp, since the curing process is accom-
panied by the release of a significant amount of heat
with an increase in temperature by 4-11 ° C [4]. The use
of such plastics in clinical practice is possible only with
the manufacture of an additional model from fast-hard-
ening plaster and a silicone key. The disadvantage of
fast-hardening plastics is shrinkage during the curing
process, and as a result - a violation of the marginal fit.
The laboratory method of production is more accurate
and aesthetic, but it entails taking additional impres-
sions, and production requires at least 24 hours, which
is unacceptable for prosthetics on vital teeth [21, 24, 25,
45]. Recently, a significant number of studies have
been aimed at creating and studying various methods of
protecting dental pulp by adding various substances to
the composition of temporary cements for fixing
crowns [11, 12]. In the course of his study, E.V. Teplov
proposed a drug consisting of sodium diclofenac, cal-
cium and zinc - "Diccalcin” in the composition of tem-
porary cement for pharmacological protection of dental
pulp after odontopreparation, which excluded all symp-
toms of acute pulpitis in the study group, and the pain
reaction to temperature and physical stimuli disap-
peared by the 7th-10th day [39]. At the same time, with
mechanical protection with repin and dentin paste, re-
moval of dental pulp was required in 23% of cases. In
recent studies, great importance is attached to the use
of fluorapatite and hydroxyapatite in temporary ce-
ments, as well as laser radiation. It has been established
that fluorapatite crystals in temporary eugenol-free ce-
ment block dentinal tubules up to 1 um in diameter,
which helps to normalize vascular tone after odonto-
preparation [10]. According to the same data, fluorap-
atite is most effective in combination with Temp Bond.
In the study by P.A. Kashnikov, the use of ultrafine hy-
droxyapatite as a component for fixing crowns after 8

weeks reduced dentin permeability by 41%, while the
use of temporary cement with ultrafine hydroxyapatite
in combination with laser radiation reduced dentin per-
meability by 52% compared to the control. In a com-
parative study of the use of deep fluoridation, laser ra-
diation and a desensitizer, the most desensitizing effect
was found in the group using laser radiation. When us-
ing laser radiation, moisture evaporates from the den-
tinal tubules, resulting in a hermetic closure of the den-
tinal tubules, while no relapses were observed over the
course of a year, and after two years, compared with the
control group, the pain intensity was 10 times lower
[12].

CONCLUSIONS

When performing prosthetics on vital teeth, ortho-
pedic dentists should take into account all factors af-
fecting the dental pulp at all stages of prosthetics, as
well as use the entire modern arsenal of possibilities for
the prevention of inflammatory reactions of the dental
pulp. It should be noted that the development and crea-
tion of new methods for protecting and restoring the
dental pulp after odontopreparation are relevant. The
proposed method should have both a reparative, anti-
inflammatory and odontotropic effect on the dental
pulp, and activity against pulpitis pathogens.
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Numerous clinical observations indicate the significant role of "focal sepsis” in the development of inflam-
matory processes in the anterior segment of the eye, as well as the pathways through which infections spread from

localized oral infection foci to the eye.

Keywords: infection foci, odontogenic infection, infection spread pathways.

Since ancient times, it has been believed that den-
tal and oral diseases can have a detrimental impact on
various human body systems.

For example, during excavations in Nineveh, the
capital of ancient Assyria, a tablet was found in which
a physician at the court of King Ashurbanipal wrote:
"The cause of the pain in his head, arms, and legs lies
in his teeth, which must be removed."

One of the Babylonian Talmuds contains a record
describing the connection between oral and eye dis-
eases, warning against the removal of the "eye tooth,"
as it could harm the eye. In the Jewish book "Sefer ha-
Olamot o Ma’aseh Toviya" ("The Book of Worlds"), the
human body is represented as a house, with the oral
cavity as the front door that must be kept clean to pre-
vent infection from entering the body.

In the 16th century, W. Ryff authored a medical
treatise on dental diseases, "Useful Instructions on How
to Maintain the Health, Strength, and Clarity of the
Eyes," which stated that the eyes and teeth are "extraor-
dinarily closely interconnected, enabling them to easily
transmit various diseases and disorders to each other,
so that unless one of these organs is entirely healthy,
the other will also be affected.”

T. Berdmore, in 1768, described the impact of dis-
eased teeth on the body as "a dangerous inflammatory
process that spreads to neighboring structures and af-
fects the body through sympathetic pathways or by in-
troducing infection into the bloodstream."

At different times and in various nations, physi-
cians have emphasized the importance of oral hygiene,
considering dental diseases to be the source of many
pathologies [1].

L. Cahn reported on the records of F. Hildanus
(16th century), documenting a case of vision loss
caused by a dental abscess, and Richter (18th cen-
tury), who described a female patient suffering from
recurrent keratitis for several years, whose vision
was restored after the extraction of an affected
tooth.

C. Jones detailed a clinical case involving a 16-
year-old patient who developed parenchymatous in-
flammation of the corneas in both eyes. Despite six
months of intensive anti-syphilitic and other anti-in-
flammatory treatments, the keratitis progressed to the
point where both corneas became completely opaque,
with no vascularization observed.

It was not until nine months after the onset of the
disease that nine teeth with apical abscesses were iden-
tified and extracted, and a tonsillectomy of infected ton-
sils was performed. Cultures of the purulent material
from the tonsils and the apical abscesses revealed the
growth of the same microorganism: hemolytic strepto-
coccus.

For the first time during the illness, within 48
hours after the sanitation of these focal infection
sources, the patient’s eye condition improved. There
was a marked reduction in severe photophobia, hyper-
emia, and corneal infiltration. Visual acuity steadily in-
creased, ultimately improving from correct light pro-
jection to 1.0 over the following eight months. Corneal
transparency in both eyes was fully restored, except for
some opacity in the upper outer quadrant of the right
cornea [2].

Focal Sepsis The theory that the oral cavity is one
of the primary sources of infection spread was widely
accepted in 1826. However, the most significant contri-
bution to its development was made by the English phy-
sician W. Hunter (1861-1937), who identified "focal
sepsis" as the most common and predominant cause of
various diseases.

In 1900, W. Hunter wrote in an article pub-
lished in the British Medical Journal:

"Gold fillings, crowns, bridges, and fixed dental
prostheses built on infected tooth roots or in their place
bury an inflamed mass beneath a secure mausoleum,
unparalleled in the entire realm of medicine and sur-
gery. Itis a perfect golden trap of sepsis that the patient
proudly owns, and no persuasion will convince them to
part with it, as it conceals their blackened, decayed
teeth and came at a great cost."
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The central idea of his theory was that focal sepsis
serves as a trigger for the spread of infection to various
systems and organs. According to Hunter, conditions
such as gingivitis, periodontitis, granulomas, and puru-
lent cysts at the tips of tooth roots were the most fre-
quent precursors to oral focal sepsis.

The susceptibility of teeth to septic infections, he
argued, is due to their structural and functional charac-
teristics, as well as their connection to the bone tissues
of the maxillofacial region.

T. Berdmore’s studies demonstrated that the se-
verity and manifestations of focal sepsis depend on
both the nature and virulence of the causative microor-
ganism and the general health of the individual.

F. Billings' theory [3] suggested that a focus of
infection can remain inactive for an extended period, as
the body’s defense mechanisms inhibit the progression
of infection. However, under adverse conditions such
as trauma, hypothermia, stress, acute viral infection, fe-
ver, and other factors, a latent infection focus can acti-
vate, leading to septic complications.

R. Haden’s research involved bacterial cultures
from periapical tissues of 1,500 extracted teeth. Among
400 non-pulp-treated extracted teeth, streptococci were
identified in only 15% of cases. However, in 500 pre-
viously pulp-treated extracted teeth with radiologically
confirmed granulomas and cysts, streptococci were
found in 72.4% of cases. Additionally, in 600 previ-
ously pulp-treated extracted teeth without radiologi-
cally visible infection foci, streptococci were identified
in 55.7% of cases. The most common culture isolated
was non-hemolytic streptococci.

Pulp removal of teeth can potentially create a
risk of developing chronic infectious-inflammatory
processes in the oral cavity due to improper or incom-
plete cleaning of root canals, incomplete removal of af-
fected nerves, or insufficient sealing of open canals.
These factors promote the spread of microbes and the
formation of focal odontogenic infection sites [4].

In the study by A.S. Rabinovich [9], it was found
that in the examination of root canals in 800 teeth, 70%
contained numerous lateral canals and tubules end-
ing blindly. These tubules represent potential zones for
the emergence of focal infection foci and are challeng-
ing to diagnose.

Particularly noteworthy are hidden infection foci
in "'treated" pulp-removed teeth that have been filled
or covered with metal crowns. In cases where infection
arises in the root tubules of such teeth, access to the in-
fected area is blocked by the filling material, necessi-
tating the extraction of the entire tooth.

P. Chojnocki conducted experiments in which
infectious material obtained from the pulp-removed
teeth of 10 patients with iridocyclitis and 4 patients with
retrobulbar neuritis was intravenously introduced into
test rabbits. In most cases, the rabbits developed the
same eye pathologies as the patients. The researcher
also observed that the extraction of the affected tooth in
patients had a favorable impact on their eye condition.

C. Henry [5] described 50 cases of cyclitis, iri-
docyclitis, and conjunctivitis that developed as a re-
sult of infection from unerupted third molars (wisdom
teeth) and were rapidly resolved after their extraction.

The author emphasized that any search for dental sepsis
should always include targeted X-rays of wisdom teeth.

While wisdom teeth, like any other teeth, can har-
bor infections, Henry provided several examples where
perfectly healthy but unerupted, displaced, or impacted
wisdom teeth caused eye inflammation due to pressure
on the upper or lower dental nerve plexuses or reflex
irritation of the trigeminal nerve.

J. Doggart regarded dental sources of infection as
triggering factors for various eye conditions, including
conjunctivitis, scleritis, episcleritis, various forms of
keratitis (with or without ulcers), cataracts, chorioreti-
nitis, retinal vein thrombosis, retrobulbar neuritis, or-
bital cellulitis, blepharitis, and dacryocystitis.

A. MacCallan [6] also linked keratitis to focal
sepsis. In oral examinations of most patients with cor-
neal ulcers, he identified active forms of "dental sep-
sis." According to MacCallan, these foci were a con-
stant source of pus-producing bacteria migrating to the
eye. He attributed significant importance to the absorp-
tion of toxic substances through the lymphatic system
of the oral cavity and their subsequent systemic spread.

This, he argued, led to suppressed local immunity
and the active proliferation of microorganisms on the
conjunctival surface, which exerted erosive effects on
the cornea. MacCallan advocated for dental examina-
tions within the first 24 hours after diagnosing corneal
ulcers, believing this to be critical for effective treat-
ment. Drawing on extensive clinical experience in man-
aging corneal ulcers associated with dental sepsis, he
was confident in the link between these conditions.

P. Klieve and J. Reh documented more than 50
cases of iridocyclitis and keratitis successfully treated
only after the removal of affected teeth. F. Krusin re-
ported several cases of corneal ulcers that were com-
pletely healed following the elimination of dental infec-
tion foci.

S. Mujevic [7] conducted a thorough examina-
tion of 127 patients with iridocyclitis and found that
odontogenic infections were the direct cause of the con-
dition in 49 (38.5%) cases. The author noted that treat-
ing the infection foci often led to a brief exacerbation
of symptoms, followed by immediate recovery when
accompanied by appropriate conservative therapy.

W. Lang [16] reported that approximately one-
third of his patients with iridocyclitis had odonto-
genic infection foci. In some cases, he also identified
ENT pathologies, particularly tonsillitis. However,
odontogenic infections were 40 times more likely to
cause iridocyclitis than infections in the tonsils.

According to E. Brown and E. Irons, the number
of cases where eye inflammation was linked to dental
pathology was nearly the same as those associated with
tonsillitis. Conversely, S. Gifford [8] found that irido-
cyclitis related to tonsillitis occurred twice as often as
those stemming from dental issues.

K. Langmann highlighted the role of odonto-
genic infections in triggering recurrences of herpetic
keratitis. He documented a case where a patient with
severe recurrent herpetic keratitis and secondary glau-
coma was found to have a dental granuloma in the up-
per jaw on the affected side. After the granuloma-bear-
ing tooth was extracted, the patient rapidly recovered,
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intraocular pressure normalized, and keratitis recur-
rences ceased.

Observations by A.A. Kasparov, detailed in the
monograph "Ophthalmic Herpes" (1994) [9], aligned
with this concept. In a study of 15 patients with herpetic
keratouveitis, dental granulomas, typically in the upper
jaw, were identified as the likely cause of recurrences.
Among these, one-third exhibited mixed viral-bacterial
corneal infections attributed to focal sepsis and chronic
irritation of trigeminal nerve branches. Extraction of
the affected tooth led to swift recovery, with no further
keratitis relapses.

Streiff reported odontogenic infection as a
cause of keratitis in 35% of cases. Eye damage was
more often localized to the side of the affected tooth,
rarely bilateral, and even less frequently on the opposite
side.

Later, researchers proposed two pathways for the
dissemination of bacteria and their metabolic products
from infected teeth:

e Open pathway: through the digestive tract,
respiratory tract, and adjacent ducts.

e Closed pathway: via blood and lymphatic
vessels from the primary infection focus.

L. King et al. [10] documented a case of septic
thrombosis of the central retinal vein resulting from
transient bacteremia caused by deep caries in the upper
molars. Systemic antibiotic therapy led to complete res-
toration of the patient's vision.

S. Blum and colleagues hypothesized that kera-
titis could develop due to irritation of the trigeminal
ganglion caused by an inflamed tooth affecting the tri-
geminal nerve. Blum described seven cases of kerati-
tis, where eliminating the odontogenic infection focus
led to symptom reduction or full recovery.

S. Theobald (as cited in the literature) supported
the idea of a reflex response in trigeminal nerve
branches to stimuli from dental infection foci, causing
corneal inflammation. He noted that the eye on the side
of the affected tooth was more frequently involved, par-
ticularly when the focus was in the upper jaw. Theobald
strongly advocated for the immediate removal of af-
fected teeth to prevent ocular complications.

In 1954, D.A. Entin [11], building on I.P. Pav-
lov’s theories, demonstrated that odontogenic foci
serve as sources of infection and intoxication for the
central nervous system. Entin’s research, rooted in the
neurotrophic concept of "oral sepsis” pathogenesis, re-
vealed that physical and chemical irritants (e.g., toxins
and infections) disrupt physiological connections be-
tween the central nervous system and other bodily sys-
tems and organs. This disruption triggers neuro-dys-
trophic processes, leading to systemic diseases.

1.G. Lukomski developed the neurotoxic con-
cept regarding the impact of oral infection foci on the
body. He proposed that inflammatory processes in per-
iodontal tissues produce intermediate protein degrada-
tion products, such as biogenic or proteinogenic
amines, as well as cellular and tissue toxins. These sub-
stances, upon entering the bloodstream, irritate the neu-
rotrophic apparatus, disrupt metabolism, and affect au-
tonomic nervous system functions in specific organs.

Simultaneously, these substances act as antigens, sen-
sitizing the body and causing general intoxication.

Lukomski identified chronic granulating apical
periodontitis as the most active form of neurotoxic in-
teraction between chronic periodontal foci and sys-
temic health. He attributed this to the condition’s ability
to produce potent irritants affecting the nervous and im-
mune systems.

Dental procedures inherently carry a high risk of
transient bacteremia due to associated bleeding. Stud-
ies showed that in 88% of cases, odontogenic patho-
gens entered the bloodstream, circulating for up to 15
minutes [12]. This underscores the potential for dental
foci to act as systemic infection sources, influencing
various organs and systems.

A. Heimdahl and colleagues reported bacteremia
in 100% of patients following tooth extraction, in 70%
after deep dental cleaning, in 55% after surgical inter-
vention on third molars, in 20% after endodontic treat-
ment, and in 55% after tonsillectomy. Similarly, D.
Kaye (1985) found that tooth extractions resulted in
bacteremia in 90% of cases. In 74% of extracted teeth,
Streptococcus viridans was isolated from the root ca-
nals, while Bacteroides melanogenicus was found in
61%. Other organisms, such as staphylococci and en-
terococci, were also identified.

While most cases of bacteremia are asymptomatic,
immunocompromised patients face a high risk of se-
vere complications, including Kkeratitis, endophthalmi-
tis, orbital abscesses, superior orbital fissure syndrome,
and even brain abscesses. These situations often neces-
sitate the involvement of multiple specialists, including
ophthalmologists, otolaryngologists, and neurosur-
geons [13].

D. May and colleagues described a case of hem-
atogenous infection dissemination one week after den-
tal treatment. The patient developed progressive uvei-
tis, which evolved into endophthalmitis (purulent in-
flammation of the eye’s internal layers), requiring
evisceration (surgical removal of the eye's contents
while preserving the outer shell). Numerous studies
have documented endophthalmitis following tooth ex-
traction [14, 15].

In a study by G. Debelian and colleagues, ad-
vanced phenotypic and genetic methods were used to
trace the spread of microorganisms from the oral cavity
during endodontic treatment. Samples were collected
from the root canals of 26 patients with asymptomatic
apical periodontitis of single-rooted teeth. The findings
identified anaerobic bacteria such as Propionibacte-
rium acnes, Peptostreptococcus prevaotii, Fusobacte-
rium nucleatum, Prevotella intermedia, Saccharomy-
ces cerevisiae, Actinomyces israelii, Streptococcus in-
termedius, and Streptococcus sanguis. Remarkably,
these same strains were detected in the bloodstream of
patients within 10 minutes after canal sealing, under-
scoring the systemic impact of dental infections and
their potential to spread through hematogenous path-
ways.

To support the above, M. Kilian et al. [11] provide
data indicating that the spread of microorganisms from
the oral cavity into the bloodstream occurs in most
cases in less than 1 minute after dental procedures, and
microorganisms from infection foci can penetrate the
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brain, heart, and lungs. Analysis of statistical data over
the past 40 years shows a steady increase in the number
of patients with acute odontogenic infections. Accord-
ing to dental clinics, in 1978, this rate was 51.1-56%,
in 1992 it was 56-59%, in 2000 it was 63—70%, and in
2017 it was 85.5-95.6%. Periodontal diseases rank
among the most significant problems in modern dentis-
try [18]. A survey conducted among dentists by the De-
partment of Oral Pathology (India) in 2017 showed that
45.7% of respondents were unaware of the existing
connection between focal infection sites in the oral cav-
ity and eye diseases. Only 26.8% agreed with this the-
ory, while 16.2% denied the existence of such a con-
nection [17]. Chronic granulomatous and granuloma-
tous periodontitis is accompanied by inflammatory and
destructive changes in the bone of the alveolar process,
and the breakdown products of tissue proteins (bio-
genic amines) pose a significant danger to the body,
causing chronic intoxication and sensitization. In 85-
98% of cases, dental periodontitis serves as an etiolog-
ical factor for acute inflammatory processes in the max-
illofacial area (periostitis, abscess, phlegmon, lym-
phadenitis, osteomyelitis of the jaw). As a rule, chronic
apical periodontitis proceeds in an asymptomatic form.
Granulomas and root cysts are often found in the area
of a destroyed tooth, as well as in teeth after trauma or
against the backdrop of insufficient or incorrect endo-
dontic treatment of caries and pulpitis. Cysts can form
in any damaged tooth, but purulent cysts are 2.5 to 3
times more likely to localize in the upper jaw. The cyst
forms from a periapical granuloma, into which epithe-
lial remnants of the periodontal ligament, activated by
inflammation, proliferate, leading to the formation of a
cyst-granuloma, which then transforms into a cyst. In
its inactive state, granulomas and cysts contain a small
amount of pus and do not cause complaints from pa-
tients, making clinical diagnosis difficult. During exac-
erbation, the amount of pus increases due to the death
of macrophages. Purulent inflammation damages bone
structures, nerve endings, and blood vessels in the alve-
olus and bone. The root cyst is always infected—the
contents may range from transparent serous to purulent;
microorganisms found in the oral cavity and carious
teeth are present in it. The rupture of pus from the cyst
into the perimandibular soft tissues leads to complica-
tions such as the development of an abscess or phleg-
mon, as well as the formation of a fistula, which may
be located in the vestibule of the oral cavity, the palate,
or the skin of the face [19]. Routes of Infection
Spread. The complex pathways by which infection
spreads throughout the body are not yet fully under-
stood. However, experimental data suggest that there
are three possible routes of infection dissemination in
the body: neural, hematogenous, and lymphogenous.
Neural Route. Experimental studies conducted by
I.F. Barinsky and co-authors in 1964 and 1986, using
light microscopy, confirmed the assumptions of S.
Blum, S. Theobald, A. Nesburn, and P. Absell regard-
ing the spread of herpesvirus infection to various or-
gans through two routes: the neural route (along sen-
sory, motor, and sympathetic nerve fibers) and the hem-
atogenous route (due to the strong erythrotropism of the
herpes simplex virus — HSV), resulting in the infection
of new cells. In experiments on rabbits, A. Nesburn and

co-authors, and P. Absell and co-authors proved that
the trigeminal ganglion is the primary reservoir for the
latent existence of herpes simplex virus (HSV) for
many years. A.A. Kasparov suggests that infectious
foci in the head (such as cysts, granulomas of the teeth,
tonsillitis, sinusitis, dacryocystitis) irritate the second
maxillary and/or third mandibular branches of the tri-
geminal nerve. This causes reflex irritation of the tri-
geminal ganglion, triggering the release of "legions of
herpes viruses on the warpath,"” which, spreading
through the first orbital branch of the trigeminal nerve,
then along the nasociliary branch, ciliary branches,
through the suprachoroidal space and ciliary body,
reach the nerve plexus in the layers of the cornea, lead-
ing to the onset or exacerbation of herpetic keratitis (ir-
idocyclitis).

In studying the mechanism of herpesvirus spread,
K. Hayashi and Y. Uchida concluded that irritation of
the trigeminal ganglion leads to reactivation of HSV
and retrograde viral transport from the ganglion along
the first branch of the trigeminal nerve to the target or-
gan — the eye. This results in acute herpetic keratitis
or its recurrences. The migration of the virus along neu-
ral pathways occurs through axoplasmic transport in
both anterograde and retrograde directions, spreading
intra-axonally, perineurally, and endoneurally, via lem-
ocytes. J. Szanto and J. Rajcani demonstrated that her-
pesvirus virions, after attaching to nerve endings, are
absorbed by axons and transported within them at a
speed of 1.5 mm/hour. The authors consider the neural
route of HSV spread to be predominant.

Hematogenous Route. According to J. Bullock
and J. Fleishman, the presumed route of hematogenous
spread of infection is retrograde entry through the ocu-
lar veins. The superior and inferior ophthalmic veins
anastomose with the angular and facial veins at the me-
dial corner of the eye. The inferior ophthalmic vein
passes through the inferior orbital fissure and connects
with the pterygoid venous plexus. These veins lack
valves and offer no resistance to the spread of infection.
The absence of valves, combined with anastomoses be-
tween the orbital and facial veins, the nasal sinuses, and
the pterygopalatine fossa, creates conditions for blood
drainage in three directions: to the cavernous sinus, the
pterygopalatine fossa, and to the facial veins.

This creates the possibility for the spread of infec-
tion from the skin of the face, the nasal sinuses to the
orbit and the cavernous sinus. Through the bloodstream
via the mentioned veins, the infection spreads from the
oral cavity and paranasal sinuses to the orbit, then
through the ocular, vortex, and episcleral veins, which
drain venous blood from the anterior segment of the eye

[21] . R. Brooks and D. Parke, along with their co-
authors, described 38 and 32 cases, respectively, of
hematogenous spread of Candida albicans, leading to
the development of endophthalmitis.

Lymphogenous Pathway. The lymphatic system
is closely connected with the circulatory system, ac-
tively participating in metabolic processes and provid-
ing the body’s defense against infectious and toxic
agents. Bacteria, viruses, and fungi from focal infection
sites are able to reach lymph nodes (LNs) via afferent
lymphatic vessels. From there, the infection spreads



Norwegian Journal of development of the International Science No 145/2024 68

from the affected LN to the next LN through efferent
lymphatic vessels, reaching deep LNs and eventually
entering the bloodstream [54] . According to Y. Shi-
nomura and S. Higaki, HSV not only has tropism for
nervous tissue and erythrocytes, but also has the ability
to persist and replicate in leukocytes and lymphocytes,
leading to further reactivation of the virus under certain
conditions [22] .

Infected HSV leukocytes and lymphocytes facili-
tate its further spread along the lymphatic vessels, af-
fecting nearby structures. From the pericorneal lym-
phatic ring, lymph flows toward the equator into a
dense network of highly anastomosing, winding lym-
phatic vessels. The first lymph nodes (LNs) for the con-
junctival lymphatic vessels are the parotid nodes. Ad-
ditionally, drainage connections have been identified
between the conjunctival lymphatic drainage and the
submandibular and cervical LNs. Lymphatic drainage
from all teeth, except for the lower incisors and upper
third molars, flows into the submandibular LNs (for
these teeth, drainage flows into the deep cervical LNS).
Therefore, the submandibular and cervical LNs can act
as linking points for the lymphatic drainage from the
teeth and eyes.

Conclusion

Numerous observations by doctors of various spe-
cialties (ophthalmologists, dentists), outlined in this re-
view, confirm the undeniable connection between foci
of odontogenic infections and inflammatory eye dis-
eases. Untimely diagnosed or untreated "focal sepsis"
(such as cysts and granulomas of the teeth) pose a risk
for the spread of infection and the development of eye
inflammation (herpesvirus, bacterial, and fungal etiol-
ogy). Based on the literature data and personal experi-
ence, it can be concluded that infection foci can worsen
the course of Kkeratitis, keratoiridocyclitis, iridocyclitis,
and others, as well as provoke their recurrences. Ac-
cording to the literature, focal infection foci exert an ir-
ritating or toxic effect on the second and third branches
of the trigeminal nerve, causing reflex irritation of the
trigeminal ganglion, which serves as a reservoir for the
herpes virus. The herpes simplex virus, with its tropism
for nerve tissue and erythrocytes, spreads from the tri-
geminal ganglion along the ophthalmic branch of the
trigeminal nerve through both neurogenic and hema-
togenous pathways.

Thus, the infection reaches the anterior segment of
the eye through the vessels and nerves in the supracho-
roidal space. The hematogenous pathway for microbial
infection is possible due to the anastomosis between the
upper and lower ophthalmic veins and the angular and
facial veins. The lymphatic pathway of infection spread
is presumed to occur via the submandibular and cervi-
cal lymph nodes, which serve as a common link in the
lymphatic drainage system from the teeth and eyes.
Knowing that odontogenic infection foci are potential
triggers for the onset and development of severe in-
flammatory eye diseases will help both dentists and
ophthalmologists improve the quality of timely differ-
ential diagnostics with the identification of the disease's
etiology, enhance treatment efficacy, and prevent re-
currences of these serious conditions.
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Abstract

Chronic occupational stress can lead to a condition called burnout or burnout syndrome. Symptoms include
a feeling of emotional exhaustion, decreased sensitivity to people in the workplace, and disappointment with one's
own achievements at work.

Burnout has been studied since the 1970s. Initially, the concept was used in connection with the negative
consequences of professional overload, forming three large groups of symptoms: emotional exhaustion, internal
distancing, and reduced achievements. The professions that are most vulnerable include doctors, police officers,
teachers, prison staff, pilots, air traffic controllers, and miners. At a later stage, people began to talk about stress
syndrome in sociological professions that somehow support people in the service sector.

The syndrome is described as "a set of psychological, psychiatric, and somatic symptoms reflected in signif-
icant social interactions with a negative effect and developing overall functioning stress. Professionally burned-
out individuals spent more and more time at work, managing to get less and less quality work done. Their time
passed by, simply “hanging around,” without doing anything useful. Their social lives also suffered because the
daily overtime work negatively affected their relationships with other people outside of work.

AHOTAIMA

XpOHUYHUAT NPOECHOHANIEH CTPEC MOXKE J1a J0BeJe O ChCTOSIHUE, HAPEUEHO ObpHAYT WIIM CUHIPOM Ha
HpO(i)eCI/IOHaJIHOTO n3nenensipane. CUMIITOMHUTE BKJIFOYBAT yceuane 3a EMOIMOHAIIHO M3YCPIIBAHEC, HaMajiCHa
YYBCTBUTCIIHOCT KbM XOpaTa Ha pa6OTHOTO MCTO M pa3zovapoBaHUEC OT COOCTBEHHTE MOCTIKEHUS HA pa6OTHOTO
MAACTO.

B’praYT C€ u3cjicaBa oT 70-Te I'OJUHH Ha MHUHAJIUA BCK. B HaganoTo MoHATHETO ce M3MO0JI3Ba BHB BPB3Ka C
OTPHULATCITHUTE NOCICACTBUA OT HpO(I)eCI/IOHaJ'IHOTO IpEeTOBApPBAHE, KATO CC O(i)OpMSIT TpH T'OJIEMU I'PYIIKX CUMII-
TOMH: EMOIUOHAJIHO U3TOUICHUE, BbTPCIIHO JUCTAHIIMPAHC U HaMaJIIBaHC HA MMOCTUIKCHUATA. HpO(l)CCI/II/ITe, KO-
HUTO Ca Haﬁ-nyBHMH BKJIFOYBAT JICKAPH, MMOJIALAH, YIUTCIH, IEPCOHATI HAa 3aTBOPHU, JICTIH, YIIPpABJISIBALIU ITOJICTH,
MUHBOPHU. Ha no-xbceH eTan 3amouyBa Jla €€ TOBOPHU 3a CUHAPOM Ha CTPEC MPpU COLNOJIOT'MIHA HpO(I)eCI/II/I, IO AIIO-
Maramy 1no HIKaKbB HAYWH XOpaTa B O6CJ‘Iy>KBaH.[aTa C(bepa.

CHH}IpOM’bT C€ OIMcCBa KaTo ,,CbEKYNHOCM OM NCUXOJI02UYHU, NCUXUAMPULUHU U COMAMUYHU CUMNMOMU, pe-
gbﬂekmupamu 6 3HaAYUMu CoyudajiHu uHmepaxkyuu ¢ HecamueeH ed)eKm u paseueauy YyAi0CmHomo d)yHKL;uOHu-
pane cmpec . IlpodecnoHanHo u3NeneJeHUTe TUIa MPEKapBalk BCE MOBeYe BpeMe Ha PabOTHOTO MSCTO,
yCIsIBaliKM J1a CBBPIIAT BCE MO-MaJKo paboTa kayecTBeHO. BpemeTo MM MHHaBao, MpocTo ,,momaeliku ce”’, 6e3
Jla C€ BBPIIU HEIUIO IMOJIE3HO. COHI/IaJ'IHI/ISIT MM XUBOT CbIIO CTpagall, 3all0TO €KCIHEBHUAT USBbHPEACH TPYI CC
OTpa3siBaJl HETATUBHO HAa B3aMMOOTHOIIEHHSITA UM C IPYTUTE XOpa, U3BBH paboTara..

Keywords: medical professionals, burnout, workplace, incineration
KiarouoBu AYMH: MEJUIUHCKHN CICIHUATIUCTH, 6’I>pHaYT, pa6OTHO MsCTO, U3IICIICISIBAHC

BBBEJAEHUE

CaeroBHaTta 31paBHa opranu3zarus (C30) onmcsa
po(eCHOHAITHOTO IIperapsiHe KaTo CHHIPOM, CBbP3aH
C XpOHHYEH CTpec Ha PabOTHOTO MSICTO M XapaKTepH-
3Mpalll Ce C YYBCTBO HA M34YEPIIBAHE HA CHEPIUsITA UK
H3TOHICHUE, YBCINYaBaHEC Ha MCHTAJIHATA JUCTAHIUA
oT pa60TaTa W 9yBCTBO Ha HETAaTUBU3bM HJIN TUHU-
3bM KbM Hesl, KaKTO U KaTo 110 HaMaJleHa pogecro-
HaiHa e(eKTHBHOCT.. CHHAPOMBT Ha NpodecHoHal-
HOTO TIperapsiHe cpeli ChbCIOBUETO ce 0(hopMsI KaTo BCe
MO-HapacTBaIll NpoOJIeM.

AZIMUHHCTPATHBHOTO OpeMe B paboTara Ha MeJH-
LMHCKUTE CIICIHUAINCTH YTEXHSBA IONBIHUTEIHO U
0e3 ToBa HATOBAPEHOTO MM €XKEIHEBHE U CBIO BOAU
1o podecroHanHa ymopa. Makap a cMe CBUKHAIH €

MHCBJITA, Y€ MPEKaJIEHO MHOTOTO OyMalinHa € ,,3ama-
3eHa Mapka“ 3a paboremmure B OBarapckarta 3apaBHA
CHCTeMa, Ha MPAKTHKa TO3M MpPOOJIeM e HalUIEe cpe[
KOJIETUTE UM Ha MHOTO MECTa IO CBETa. ,,

Koraro roBopum 3a npodecHOHaIHO HperapsiHe
Cpe/l MEJMIIMHCKOTO ChCIOBHE, HE MOXEM J1a MOJMH-
HEM MW €JlHa JIpyra ChIIECTBEHa IPUYMHA 32 HEro, a
HMMEHHO — HAaCa)/[aHOTO C TOJIMHU B OOIIECTBOTO HEra-
THBHO OTHOIIICHHE KbM Menunute. Hacrosimara kpusa,
MOpO/IeHa OT HEIO3HAaTUSl BHPYC, 3a IOPEICH ITbT
W3Ba/IM Ha TOKa3 peula S3BU B 3/paBHATa CHCTEMa,
KOSITO BBIIPEKH YBEPEHMsITA Ha 3J[PAaBHHUTE BIACTH, Ye
Oellle MOArOTBEHA ITPE3 JIETHUTE MECELH 32 OYaKBaHUs
MK Ha NaHAEMHUSATA 1Ipe3 3UMaTa, OTHOBO Pa3KpH TPY-
MaHu C TOJWHU TPOOIeMHU.
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Vma 11 MexaHu3MH, Ype3 KOUTO MOXKe Jia ce MOo-
MOTHE Ha MEIUIMHCKHUTE CICHUATUCTH 32 CIIPABSIHE C
npodecroHanHOTO TmperapsHe? CHenUaTuCTUTe II0
MpoOeMHTe HA MCUXUYHOTO 3/IpaBe Ca KATErOpHYHH,
4ye 0COOEHO B HACTOSILATA CUTYyalHsl TpIOBa J1a ce Io-
cTaBu ()OKYC BHPXY IpoOIeMa ¢ XpOHUYHATA yMOPa OT
pabora u nemoTHBanMsATa. ToBa BaXKu ¢ 0coOeHa cuia
Y 32 MEJUIMHCKUTE CIEUATHCTH

[IponbikuTeHUTE YacoBe paboTa U OTTOBOPHO-
CTTa 3a peuia AeHHOCTH eJHOBPEMEHHO UMAT CBOSTA
pOJISL 32 €BEHTYAIHOTO Pa3BUTHE HA ChCTOSHHUE HA OBP-
HayT. Ho Te nmameu He ca Hali-BakHHUTE (akToph 3a
ToBa. CMsTa ce, 4e MHOTO M0-3HaYMMH B TOBA OTHOLIIC-
HHE ca 00CTOSTENICTBA, KaTo:

e Jlumnca Ha mojKperna B paboraTa;

e JIparocpodHa JMIca Ha OYMBKA;

e Curyanuu, Opu KOUTO CIYy>KEOHUTE OTTOBOP-
HOCTH HE ChOTBETCTBAT Ha MPU3BAHUETO HA JINYHOCTTA;

e HeBb3MOXKHOCT 3a OaaHc Mexay npodecuo-
HAJTHUS U JIMIHUS )KUBOT;

e PaGorHa cpena, B KOSTO MPUCHCTBA EMOIIHO-
HAJTHO WITH MICUXUYECKO HACHUITHE OT CTPaHa Ha KOJIETH
WX OT MPEACTABUTENN HA PHKOBOICTBOTO.

Hsxoun npodecun ce cmsTa, Ue ca mo-npeapasmio-
JIO)KEHH KbM CHCTOSHHS Ha OBPHAYT B CPaBHEHHE C
npyru. TakuBa ca npodecuure Ha MEJUIIUHCKUTE CIIe-
LUAJIUCTH.

LMHU3MBT, AenpecHsTa U JIeTaprusTa ca OCHOBHU
XapaKTepUCTUKU Ha ObpHayTa. ChIIEBPEMEHHO TOBa
CBCTOSTHHE OOMKHOBEHO Ce MPHUAPYKaBa OT MEHTAIHU
Y NICUXMYECKU MPOOJIEMH, BKIFOYUTEIHO II1aBo0oIIHe,

0e3ChHHE, yMODPa, Pa3IMYHU CUMIITOMH, CBBP3aHH ChC
CTOMAITHO-YPEBHHS TPAKT, MPEsDKAAHE, PEAPasoo-
KEHHE KbM 3JI0yNoTpeda ¢ aIKoXO0JI WM APYTH BPEIHH
CcyOCTaHITHH.

CrpasamusT oT ObpHAYT W3MUTBA HETATUBHO OT-
HOLIEHHE KbM paboTaTa cH M ca My HEOOXOAUMHU CepH-
O3HHU YCHIIH, 32 Ja C€ ChCPEAOTOUHU U Jla 3all0YHE pa-
OotHuA eH. B nonbnHeHue ce Ha001aBa pa3ipa3HHu-
TEJIHOCT, BPaXJI€OHOCT M OTHY>KAEHHE KbM KOJIETH U
OM3HEC MapTHHOPH.

MATEPHUAJIN U METOIHN

IIpoBeneno Oe mpoyduBaHe upe3 Mpsika aHOHUMHA
ankera ¢ 100 MEAWIIMHCKH CHIeHAIHCTa paboOTenH B
pas3nuyHu JIe4eOHU 3aBEICHUSI.

AHAJIM3 HA PE3YJITATUTE

Ha Bwnpoca cayugano au eu cu e 0a wyecmeame
ymopa om paboma 90% OT aHKETUPAHUTE METUIIMHCKU
CIICIIMATIMCTH OTrOBapsT ¢ 11a, a 10% c ue. Janu pabo-
mam na eono pabommuo msicmo 80% OTroBapsT ,4e pa-
OOTSIT Ha TIOBEYE OT €IHO MACTO, 20% padoTaT camo Ha
enHo. Ha Be1poca ciyusano au eu cu e oa pabomume 7
onu 6e3 nouusern oer 60% 0T MEOUIIMHCKHUTE CIEIHA-
JIUCTH OTTOBAPSIT, Y€ UM CE € CIY4BaIO U TO MHOTO Ye-
cT0, a Ha 40% He uM ce e ciyuBano. Ha Berpoca 3awo
pabomam 0o npezpasane 100% 0T peCIIOHACHTHUTE OT-
roBapsT MOPaay HUCKOTO 3alUlalllaHe Ha Mej. CIelua-
nuct, 80% OT aHKeTHpaHUTE OTTrOBapsT, Y€ UM Ce €
CIIyyBaJIo J1a ObJAT HeaJeKBaTHH OT yMopa Ha padoT-
HOTO CH MACTO0,a 20% OTroBapsT ,4e HE UM Ce € CIIyd-
Bayo. Pesynrarute SICHO rOBOpAT, Ye MPHU MEIHLMH-
CKHUTE CIIEIHAINCTU ObPHAYT € MHOTO YECTO CPEIlaH.

Cny4yBano M BU ce e Aa YyBCcTBaTe ymopa oT paboTa

=13 = He

Due. 1



Norwegian Journal of development of the International Science No 145/2024 72

Ha eaHo paboTHO mAcTo nm paboTtuTe

® rose4ye OTegHO = edHO

Que. 2

CnyuBano v Bu ce e ga pabotute 7 gHn 6€3 No4YnBeH AeH

=3 = He

Que. 3
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3awwo paboTuTe Ao nperpsBaHe

® Nopaan HUCKOTO 3anallaHe

Due. 4

CnyyBano v Bu ce e ga 6baeTe HeaZleKBaTHM OT YyMopa Ha
paboTHOTO MACTO

=3 = He

Que. 5

3AKJIIOYEHHUE

BbepHayT cTaBa Bce Mo-aKTyallHa TeMa B ChBpe-
MEHHUS Ha4MH Ha KUBOT. C TO3M TEPMHH CE O3HAYaBa
CreU(UIHO CHCTOSIHHE, KOETO 3acsra JIMYHOCTTa B
€MOIMOHAJIeH, NICUXUYECKH U (u3ndecku acrekt. Ha
Obarapcku e3WK OyKBaJ HO ce MpeBeXka KaTo Ipera-
psHE. 3a7 TO3W TEPMHH HAMa OOUIOMPUETO OMIpeaee-
HUE, HATO MPEJICTABIIIBA MEAUIIUHCKA THarHO3a. Xapa-
KTepH3Hpa ce ¢ EMOIMOHAIIHO, ICHXUYECKO U (hu3nude-
CKO U3TOILCHHE.

CMmsATa ce, Ye OCHOBHO C€ TIPOBOKHpa OT
MPOIBIDKUTEITHO U3JIaraHe Ha cTpec Ha pabOTHOTO Msi-
CTO, & HE TOJIKOBA OT OOCTOSTEJICTBA, CBBP3aHHU C JINY-
HUSI )KUBOT. BbIipekn ToBa CHbOUTHS B JIMYHHUS KHUBOT,
KaKTO U HSKOU XapaKTePOBHU YEPTH, MOTAT

Hsixoun npodecun ce cmsiTa, Ue ca mo-npeapasmo-
JIO)KEHH KbM CHCTOSIHHS Ha ObpHAyT B CpaBHEHHE C

npyru. TakuBa ca Hampumep npodecHuuTe Ha 3]paB-
HUTE paOOTHHIIM, YIUTEIUTE U JIP.

B pesynraT e cuiiHO HamasieHa IPOM3BOJUTEITHO-
cTTa My B pabotara. Kato nmociencrsus ot ObpHayTa €
BB3MOJKHO J[a C€ Pa3BUAT M (HU3NUECKH 3a00ISIBAHUS,
KaTo auaber, ChbpACYHM MPOOJIEMH, BHUCOKO KPBHBHO
HAJIATaHe, PEIUIUBUPAIIA HHPECKIINA U TPYTH.

Brnpekn ye ObpHAyTHT HE € MEIUIIMHCKA JHa-
THO3a, € BaxHO Ja ce 3Hae, ue C30 ro Bxitoun B Mex-
JyHapOJHATa Kiaacu(uKaIus Ha 00JIECTUTE KAaTo “Ipo-
(decuonanexn dgenomen”. Toll e BIUCAaH B crieruaiHa
rilaBa Kato (akTop, MOpagd KOWTO CTpaJalluTe OT
HETO YE€CTO THPCAT 3APABHH yCIYTH.

Haii-eekTnBHA 3a OBIaAsBaHE HA TOBA ChHCTOS-
HHUE € NICUXO0TepanuiTa. Ts MoaKperns JMIHOCTTa Ja ce
CIIPaBU C BB3HUKHAIUTE TPEAU3BUKATEIICTBA, /1A MIPH-
eMe W TPEXKHMBEEe EMOLMUTE U CTPaxOBETE CH H Ja ce
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CIIpaBH C HECUT'YPHOCTTa U cTpeca. [1o To3u Ha4uH ce
BB3CTAHOBSIBAT U U3TPAXKIAT ITBJIHOLCHHH OTHOILICHUS
C XOpara B JIMYHUSL U TPOPECHOHATTHHS )KUBOT.
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Abstract

Stress in psychology, neurology and psychiatry is a state of strong physical, nervous tension caused by neg-
ative factors or negative physical or emotional impact and feeling.

However, stress is not an inevitable consequence of a given event: it depends a lot on how a person perceives
the situation, how he reacts and how he copes with it. The stress inside us is partly instinct, partly comes from our
way of thinking. Any factor that can disrupt the balance in the human body is called a stressor. The concept of
“stress” covers both its action and the reaction of the body. Stress is the psychophysical reaction to a number of
emotional, cognitive or social tasks perceived by a person as excessive. Excessive stress can easily lead to numer-
ous stress disorders. The term stress was first used in 1936 by Hans Selye. He defined it as “the non-specific
response of the body to any demand made on it”.

AHoOTanuA

CTpec B IICUXOJIOTHATA, HCBPOJIOTHUATA W IICUXUATPHUATA € CbCTOAHHUEC HAa CUJIHO (1)I/ISI/I‘I€CKO, HCPBHO HaIIpe-
JKCHUC, NTPCANU3BUKAHO OT HCTAaTUBHU (baKTOpI/I WK OTPULIATCIIHO (I)I/I3I/I‘I€CKO, niIiM EMOIIMOHAIIHO BL3Z[€I>'ICTBPI6 u
yceuane.

CrpechT 00aue He € Hen30SXKHO MOCIIECTBHE OT JaICHO ChOUTHE: 3aBUCH MHOTO OT TOBa KaK YOBEK BB3MPH-
€Ma CUuTyalusTa, Kak pearmpa u Kak c€ CripaBs € HEs. CTpeCT)T BBTPE B HAC OTYACTHU € UHCTUHKT, OTHAaCTHU UABA OT
HayMHA HU Ha MUCJIeHe. Beekn daxrop, KOWTO MOXe Jja HapyIll paBHOBECHUETO B YOBELIKHS OPraHH3bM, CE Ha-
puya ctpecop. [lonsTueTo ,,cTpec’ o0OXxBala KakTo AeHCTBUETO MY, TaKa U peaklusaTa Ha opranndma. CTpecsT e
HCI/IXO(I)I/I?,I/I'—I@CKaTa pCakua Ha KOJIMYECTBO EMOMOHAIIHN, KOTHUTUBHU WUJIU COLIUAIHU 3aJa4U, BH3IIPUEMAHU OT
YOBCKaA KaTO MMPEKOMEPHHU. HpeKOMepHI/IHT CTPEC MOKE JICCHO J1a 1O0BEAC 10 MHOKECTBO CTPECOBU paSCTpOfICTBa.
TepMUHBT cTpec € U3MoN3BaH 3a MbpBU BT pe3 1936 1. oT Xanc Cenue. Toit ro onpenenu KaTo ,,HecTIenupuIeH
OTrOBOp Ha OpraHu3sMa KbM BCSIKO UCKAHC, OTHPABEHO KbM HETo“.

Keywords: stress, medical professionals
KiarouoBu AYMHU: CTPEC, MEIUIINHCKH CIICHHUAIUCTH

BBBEJIEHUE
H3non3Bame mymara ,,cTpec, KOraro 4yBCTBame,

U3MPAaBEHU Mpe]] MPEIU3BUKATEICTBO WM 3aIljiaxa,
TSAJIOTO aKTUBHpPA CBOUTE ,,peCYpCH’’, 3a Jla ce 3alIUTH

4€ BCUYKO OKOJIO HAC HU HJIBa B MOBEYEC — NPEHATOBA-
PEHU CMe M HE CMe CHT'YpHH, Y€ OMXME MOTJIM Jia ce
CIIPaBHUM C HATUCKa, [10]] KOWTO cMe o ytoxkeHu. Ctpe-
COBH pEakiMy ce HaOIroJaBaT KaKTo y YOBEKa, Taka U
NP [TO-HU3IIM  JXMBOTHH O€3 HEpBHA  CHUCTEMa U
IIPU pacTeHusl. CrpechbT HE e po-
CTO HEpBHO HarpexxeHue. [IpinunHa 3a nosiBaTa My 4e-
CTO ca WHTEH3MBHU €MOLIMOHAITHU U
JIopY (PU3HOJIOTHYHU TPEKUBSBAHUS. Tlonskora
HaINpeXeHUETO HHU Kapa Jia MpoIbJDKaBaMe Hallpes U e
Hemo Xy0aBo. AKO ce 3aMHUCIHM, 0€3 HUKAaKbB CTPEC
XKUBOTHT OM O6mn ckydeH. Koraro obaue Toif 3amoyHe
Jla Bpean KaKTO Ha MICUXUYECKOTO, TaKa U Ha Gu3nde-
CKOTO 3/]paBe, ce Hajarat Mepku. Kakea e pasiukarta
MEXAY ,.cTpec u ,,crpecop”? CTpecopbT € (aKTopsbT,
KOWTO nmpuunHsBa cTpeca. CaMusT CTpec € 4yBCTBOTO,
KOETO MMaMe, KOrarto cMme Ioj HampexeHue. Karo
I5JI0, HO HE BHMHArd, KOJIKOTO IIOBEYE Ca CTPECOBHUTE
(hakTOpM OKOJIO HAC, TOJIKOBA O-CTPECHPAHU CE YyB-
crBame. HaunHbT, 10 KOWTO OPraHU3MBT OTTOBaps Ha
NPEeIU3BUKATEIICTBOTO, CHIII0 MOXKE Ja ObJie BU] CTpecC.
YacT OT Ta3u peakuus € Ha NCHXOJOTHYECKO HHBO M
MOJKe Jia 3acerHe GU3NIecKoTo cherosiHue. Korato cme

— JIa c€ OTJIPBITHEM BB3MOXKHO Hai-0bp30 Wit Aa ce 60-
pyum.

To3u OTTOBOp MPECTABISABA PEAKIUATA HA HEPB-
HATa CHCTEMa Ha TSUIOTO NPHU CTPECHPAIIN CHOUTHS.
Opranu3MbT MPOMU3BEXK/IA FOJIEMH KOJIMUECTBA OT XOp-
MOHUTE KOPTHU30JI, alpeHaJIMH 1 HOpaJIpeHalNH, KO-
UTO BOJIAT IO YCKOPSIBAHE HAa CHPJICYHUS PUTHM, ITOTE-
HETO,0INTEITHOCTTA M MOATOTBIT MYCKYJUTE 32 MPEJ-
CTOSIIa AaKTHBHOCT. Bcwdku Te3um (¢dakTtopm HHU
3amgraBaTr, KOrato IIOIIaAHEM B OIIaCHAa CHUTYyalus.
CumnromuTe npH MpoheCHOHATHO W3YepIBAaHE MOXKE
na ObaaT pa3jeNieHy Ha:

e (msuueckm — rmIaBoOONME, OE3CHHHE, MY-
CKYJIHO HampekeHue, OONKH B T'bpOa, UyBCTBO 3a
yMopa M H3TOIIEHHE Npe3 Leius IEH; 3HauuTesHa
yMopa ciienl paboTa; 4eCcTH HACTHHKH, Pa3BUTHE HA
MICUXOCOMATHYHH 3a00JISIBAHUS U JIP.

® [ICHXOJIOTMYECKH — KOTHUTHUBHU IPOMEHHU-
TpyJIHa KOHLEHTPALMs, PUTHIHO MHUCICHE U CBHIPO-
THBAa KbM IPOMEHH, Pa3APa3sHUTEIHOCT, THAB U (QPYCT-
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pauusi, 3ary0a Ha HHTepec KbM paboTara U HeU3IbJIHe-
HHUE Ha CITY)X€OHUTE 3aIbIDKCHHS, JTUIICA HA CHEPTHS U
eHTyCHa3bM, 3aryba Ha caMOyBa)kKeHHE U YBEPEHOCT B
cebe cu, 9yBCTBO Ha HEAaJEKBATHOCT, OE3MOMOIIHOCT,
YYBCTBO 33 BUHA M HEOJOOpEHHE, ycellane 3a 0e3mo-
KOMCTBO, MOTHCHATOCT U MPETOBAPEHOCT, JIAOMITHOCT U
YyecTa CMsHA Ha HACTPOEHHETO, HEraTUBU3HM, yCelaHe
3a HEyCIeX, TpeBora 3a OBJCIIETO, ICIPecust U Ip.
Jlurica Ha BBTPENIHU CTHMYJIH; MPEXBHPJSIHE BUHATA
Ha apyrute. UyBCTBO 3a HATHCK, Mpeca U HEBB3MOXK-
HOCT J1a Ce oIlIavyere.

® [OBEJCHYCCKH — SMOIMOHAIHN H30yXBaHUSI,
HETBPIICHUE U PA3IPa3HUTEIHOCT B OOLIYBAHETO, OT-
JlaieyaBaHe OT MPHATEIUTE W CEMEHCTBOTO, W30JIH-
paHe, OTApbIIBaHe, U30ArBaHE Ha AUCKYCHH C KOJe-
ruTe, 3ary0a Ha TOYHOCTTA U MPEIU3HOCTTA, PeHedpe-
JKEHHE  KbM  3aJBJDKEHHMATA, HaMajlsgBaHE  Ha
kputuuHocTtTa. OTjaraHe Ha Cpenid, KOHTaKTH HITH
KPaTK{ PasrOBOPH U CPEIIN ¢ KIUEHTUTE, HEBH3MOK-
HOCT 3a KOHIIEHTpAIUs B Pa3sroBopa, 3aryba Ha OTHO-
IIIEHKWE, CTEPEOTUITHO, IIMHUYHO MOBEJACHHUE, KbM KIIH-
enrute. HapacrBaima ymorpe0a Ha ajikoxoll, JieKap-
CTBa, HAPKOTHUIIM, MPOMSIHA B XPAHUTEIHHUS PEKUM.
TpynHo oOlnyBaHe ¢ XOpara, MOHIKaBaHE HA TPYIO-
BaTa aKTUBHOCT, ChIIPOTHUBA [1a CE XOAU Ha paboTa, yce-
I[aHe 33 MPOBa, HEBH3MOXKHOCT 32 IPOMSIHA U JIP.

o Ilomo6GHO HA MHOTO ApYrH 3a00NsBaHMS, Ka-
KTO MEIMI[MHCKH, TaKa U TMICUXOJOTHYECKH, BCEKU YO-
BEK pearupa o pasjinueH Ha9uH B 3aBUCHMOCT OT €MO-
[[MOHAJIHOTO U (PM3MYECKOTO CH CHCTOSIHUE, HE3aBHU-
CHMO Jand CTpaga OT MAENpPEecHs, TPEBOXHOCT WU
APYTro MECIAUIHUHCKO ChCTOAHUEC.

e [loBede OT MOJIOBMHATA CIIEUAINCTH CHOO-
aBaT, 9Y¢ HETaTHBHUTE UM €MOIIMU M MUCIH HE TIOB-
TmUsABatT Ha paboTaTta UM ¢ manueHTH. Jpyra gacT cp00-
[1aBaT €AUHCTBEHO, Y€ UMAT IT0-MAaJIKO ThPIICHHUE U I10-
JISCHO MOTAT JIa ce A70caT Ha paOOTHOTO MSICTO.

e OCHOBHUAT HAYMH, MO KOWTO IOBEUYETO Jie-
KapH Ce CIIPABAT ChC CTPEca M HAIPEKEHUETO OT pabo-
TaTa ¢ 4pe3 (PU3NYECKH TPCHUPOBKH, U30JUPAHE OT
OKOJTHHUTE, Pa3rOBOPH ChC CEMEHCTBO U OJNM3KH MpHUsi-
TEJH, KAaKTO 1 TIOBEUE YacOBE CHH.

MATEPHUAJIM U METOIN

IIpoyuenn ca 100 MeIWIIMHCKH CHEIHANUCTH
Ype3 UHTEPBIO U NPsSKa aHOHUMHA aHKETa.

AHAJIN3 HA PE3YJITATUTE

Ha Bwnpoca cperanu i cTe cTpec Ha pabOTHOTO
cu MACTO 95% OT MEIMIMHCKHUTE CIIENUAIUCTH OTTO-
BapAT,Ye ca cperianu,caMmo 5% OTroBapsr ,4e He ca
cpemanu ctpec. Cnopen 70% oT aHKeTHpaHUTE cTpeca
Ha pabOTHOTO MSCTO Hai-4eCTO Ce MpPEeAN3BUKBA OT
MHOTO TOJIIMO HaToBapBaHe Ha pabota 20%o0Tro-
Baps,de cTpeca € IpeIu3BUKaH OT ppkoBoanTend, 10%
ot koneru,70% oTroBapAt, ye pabOTAT HA MOBEYE OT
eIHO paboOTHO MSCTO W TOBA € NMPUYMHATA 33 MOPaXK-
nmane Ha crpec. Kak ce cmpaBsT xoparta paboremu B
3[paBeona3BaHeTo chC crpeca 50% oTroBapsT ¢ pas-
xojKa B ruianuHata, 30% c yereHe Ha kHuUTH, a 20%
OopsT cTpeca cbe ¢bH.OT NPOyYBaHETO ce pa3dupa,ue
MEJIMIIMHCKUTE CIEIHUAINCTA Ca IOJJIOKEHH exe-
JHEBHO Ha cTpec.OT BCHYKH NpodecHn MeUIIMHCKUTE
CHELHUAIMCTH ca MOJJIOKEHH Haii-MHOTO Ha CTpec.

= MeguUUMHCKM cneunannctm, KOUTo Ca cpeLllanu cTtpec

= MegnuUMHCKM cneumannctm, KOMTo He Ca cpellanu cTtpec

Que. 1 Cpewanu 1u cme cmpec Ha paboOmMHOMO MACmo?
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¥ MHOIO ronAMo HatoBapBaHe Ha pa60Ta

® pbKoBOAUTENU = Konern

Due. 2 Om kaxeo ce npedu3suKea cmpecvm Ha pabomHomo MACmo

Kak ce cnpasAart pa60Teu.|,MTe B 34PpaBe0MNa3BaHETO
CbC CTpeca

B pa3xoaKa B NN1aHMHATa

B YyeTeHe Ha KHUTn

® CbH

Que. 3 Kax ce cnpassam pabomewume 8 30paseonassanemo cbC cmpeca

3AKJIOYEHUE

Koraro cme wu3mpaBeHH mpej Kpusa, TsI 3acsira
HEraTHBHO HA MBPBO MSCTO MCUXUYHOTO HU OJaro-
cberosiaue. To, 0 UPOHHS, € U TOBA, KOETO Ha MBPBO
MSCTO HU moMara Jia usabpKuM U NPEKMUBCEM ChlIaTa
Tasu Kpu3a. MeIUIUHCKHUTE CIEMUATUCTH Ca X0paTa,
KOUTO YCIIOKOABAT C €KCIICPTHUTC CU MHCHUSA, U3BBP-
IIBaT >KUBOTOCIIACSIBALIM OTEPAIH, ChBETBAT B KPHU-
3UCHM MOMEHTH W B3MMaT Ba)KHUTE peleHus. Tesw,
KOHMTO HE ca OWJIM 9aCT OT 3APaBeONa3BaHeTo, TPYIHO
O1xa MOTJIH JIa OLIEHSAT CTPECa, Ha KOUTO Ca MOJI0KEH!
MEJIMIMHCKUTE CIEIUATUCTA U TICUXUYECKOTO HATO-
BapBaHe, KOETO HOCH ChC cebe CH MPHU3BAHHETO Ja
Obaern jgekap. [IpodecHOHATHUST CTpec Bce MOBeYe
OuBa TUCKYTHPAH, aHAJM3UPAH, U3CJIE/IBAH OT CIIEIHa-
JIUCTH B Pa3IUYHU 00JIaCTH — MEIUIIMHCKH Tpodecro-
HamucTH paboTemu B o0JacTTa Ha OOIIECTBEHOTO
3[paBe, TPYAOBaTa U COLMAIHATA MEIUIIMHA, TICUXO-
JI031, UKOHOMHCTH, COLMOJ03u U Jp. IIpodecuonan-
HUSAT CTPEC € He M0 MAJIKO BaXKeH OT TPYAOBHTE 3JI0M0-
ayku. [IpodecnoHamHusAT cTpec ce 0Tpas3siBa KakTo Ha
3[[PABETO HA CIYXHTEJS U KAYeCTBOTO HA )KUBOT, TaKa
¥ Ha OpPraHu3aIusITa.
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Abstract
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The article discusses gamification in education and its theoretical foundations, which increase interest in the
assimilation of educational material. It is shown that gamification of education can increase the level of student
participation in the educational process, improve their specific skills and optimize learning.

AHgaTrna

Makamaga OimiM Oepymeri refiMudukanus >KOHE OHBI OKY MAaTCpHANBIH Wrepyre KbI3BIFYIIBUIBIKTHI
apTTHIPATHIH TCOPUSIIBIK HETi37ep KapacThIpbuiansl. bimiM 6epyai refiMuukanusiay O11iM amymbuiapIsiH OimiM
Oepy mpolieciHe KaThICy ACHICHiH )KOFapbLIATYFa, JaFIblUIapbIH )KaKCApTyFa KOHE OKYBIH OHTaMIaHIbIpYFa CeOiH

TUTi3eml.

Keywords: Education, game, gamication, gamification in education, motivation.
Kinr ce3nep: binim Oepy, olibiH, refimudukanms, 6is1iM oepyzaeri reimMuduKanys, MOTUBALIUSL.

Kasipri yakeiTTa OiniM Oepy caiachIHOAFBI KaHA
TEXHOJIOTHSUIAPABIH ~ JaMyBbl  JKOHE  IUQPIBIK
TpaHC(HOPMAIHSHBI JKeAeNAeTy OuTiM Oepy KyleciHiH
Ma3MYHBI MEH OJICTEpiHIH e3repyiHe okenmmi. by
e3repicrep Ooamrak MyranimMaepIeH Kocion OitiM MeH
JaFblIapAbl WI'epyAl FaHa eMec, COHBIMEH KaTap
OJIap/IbIH IIBIFAPMAIIBLIBIK AaMybl MEH HHHOBALMSUIIBIK
TEXHOJIOTHsUIap/Ibl MTePYiH Tajan eTei. by Typrbiian
anFaH/ia, TeiMUQUKALUS TEXHOJOTHSICHIH KOJIJaHy
Oonamak uHpOpMaTMka MyFaliMAEpiHIH  KociOn
KaOlIeTTepiH JaMbITy YIIiH 6T€ MaHbBI3/bL.

2002 xputel  anFam  per  «[edmMuduKais»
YFBIMBIH ~ aMEpUKaHIBIK  Oarjapyamamibl  >KoHE
eneprankbiml Huk [Memmuar (Nick Pelling) konpanran
Oonareia. [elimudukanms (gamification) TepmuHi
2010 xpurra Kapail TaHbuIa Oactanel. Kasipri Tanma
KBI3METTIH KeNTereH canamapeiaaa (Oimim  Oepy,
Ou3HeC, JEHCAyJbIK Ccakray) KypAeNimK JeHreii
OPTYpNi  Macenenepli IIEeImydiH epeKile 9JicCiH
Oenriney yIiH KOJIJaHbUIaAbL. Byt o1ic KOMIIBIOTEpITiK
olbIH/IAapFa TOH Tocimaepai reimIeinepre
Konmanyabl kesneiai. I'. [lukepMaHHBIH aWTybIHINA,
reiMuduKanus — YIKeH aJieyeTKe re kaHa moH [1].

BiniM amymsiiapsl KbI3BIKTEIPY JKOHE OJap/blH
MOTHBAIMS JICHI'€HiH apTTHIPy YLIIH OKY yJAepiciHue
OKY DJIEMEHTTEpiH TreiMu(UKaIUsIayabl KOJNIaHyFa
6ousazel. ['efimupukanys — olbIH dJIeMEHTTEpiH OacKa
yaepictepne, MoceieH, OuriM Oepyne KoJmaHy.
leliMupuKanvssHBIH =~ MOHI-TIOHACPAlL  KaiiTa eHJILY

Mpe3CHTAlMsIap MEH OCHHEepONUKTEep >KUBIHTHIFBI
(WLTIOCTPaUSUTBIK, MaTepHall YIIiH), (QI3II-POIHKTED
(MHTEIIeK Tyl OUBIHIAP) JKOHE KOPHEKI Kypajmap
[2].

TeXHONOTHANBIK KETICTIKTEp JKOHE OJIapJbIH
KapKBIHIBI TaMyBl OpKallaH OuTiM aXyIIbUIapIsl OKY
IpoIleciHe TapTyJbIH koHe OiiM OepyniH ecim keie
JKATKAH KAXKCTTUTIKTEPIH KaHAFraTTaHABIPYIBIH JKaHa
JKOHE KBI3BIKTHI KOJIapbIH emipre akenesi. CoHbIMEH
KaTap, IOCTYpJIi OKBITY dficTepi HemMece TinTi OyriHri
KYHTe [JeiiH KOJIAaHBUIBII JKYPreH KOCBIMIIIajgap
OpKamlaH  KETKUTKCi3  Oosbim  oTeipamel  [3].
AKIapaTThIK KOFAMHBIH KaJBIITACybl OiTiM Oepymderi
OWBIH KOMITBIOTEPIIIK TEXHOJIOTHUSTAPBIHBIH
THiMATrin - e3ekti eremi. IIsiHBIHDA 13, OKY
TIpoleciHe ONBIH (OpMaNapblH KOJJaHy 3epTTeyIiH
MaHBI3/IbI OAFBITTAPBIHBIH OipiHE aifHAJIBL.

bimim  Gepymeri reliMudukanms —  OWBIH
9JIEMEHTTEpl MEH OHBIH IW3aHHBIHBIH NPUHIUITEPIH
aKaJIeMUSITBIK KOMIIOHEHTTEpe OWBIH

TaKpIPBIITAPBIHA KOJAaHy mporeci. | eiimmudukarus
OKy TIPOIIECIH JKaKcapTyFa OarbITTalFaH J>KOHE OiliM
aITyHIBUIAPAbI bIHTAJIaHIBIPAJIbI.

leliMuUKaIMSIHBIH HETI3T1 MakcaThl — Oenrimi
6ip KabineTTepai )KakcapTy, OKbITYFa Makcar OepeTiH
TarcelpMasap/pl €Hrizy, OUIiM anymbulapbl Tapry,
OHTAWIaH/BIPBIT OKBITY, MIHE3-KYIBIKTBl ©3repTyai
KoJliay JKoHe oneyMmerteHy [4]. bimim amymsiiapra
©3JICpiHIH ~ OKy  CTpaTerwsicCblH  OHBIH  TypiHJEe
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KaJIBINITACTBIPYFa  KOMEKTEeCeTiH OumiM  Oepyxeri
reMUpUKaUIHBIH OipHEIIe TamMala MbIcaIaphl 0ap.
Backa MbIcamgapra kermimnec OYpBIH, alfbIMeH Oillim
ANyIIBIIap ecKepyi KepeKk OHBIH 3JeMEHTTEepiH
KapacTbIpalbIK:

- 3epTreyre apHaJFaH oHTIME;

- Binim anymeuiap tapansiHaH GonaThIH AEpey
Kepi OaitylaHbic;

- Binim Gepy yaepiciHe 1ereH KbI3bIFYIIBIIBIK;

- Kypzeni mirgerTepi 6ap KemeH i OKBITY;

- Ilporpecc xepceTkimTepi (MbICaJB, YIaimap,
Oenrimenep, KomIOaCIIBIIAP TAKTACH);

- Op OLUTIM aTyIIBIMEH QJIEyMETTIK OailaHbIC;

- bimim OGepy camacelHHAaFBl  OWBIHIIBIHBI
Oackapy.

Bimim Oepy ynepiciHie ONBIHAAPABI KOJAAHY
oNappl OKy TPOIIECiHIH Oip OemiriHe alHaIABIPAIbL.
Byt — OiiM anmymibUTapAbIH MUBIH JaMbITATBIH, OSITiTi
0ip narapLIapAbl HeMece OUTIMII HrepeTiH  oic.
[eiiMudukanuss Ma3MyH/IBI TYCIHYII JKaKcapTy »oHe
aKmaparThl THIMJIPEK ecTe cakray YLIH OWBIH
JJIEMEHTTEpiH OWBIH eMecC ClIeHapuiliepre KOCyIbl
KaMTHabl. OKBITYIIBIIAp COHBIMEH KaTap OurimM
ANYIIBUIAPABIH YITePIMIH THIMAIPEK KaJaranai anaibl
JKOHE KaKeT OOJIFaH JKarnaiJa MakcaTThl Liapanap
KOJITaHAIBI.

OitblH y¥BIMBI — OimiM Oepy TeOpHsCH MEH
o/licTeMeciHAeri IocTypii 3epTTey HbicaHbl. OMHbIH
AJIEMEHTTEPIH FachIpyiap OOMbI MyFaiMaep KOJIIaHFaH,

OMBIH  TEXHOJOTHSUIAPhI  JKAKCHl  CHIIATTAJIFaH,
3epITeNreH  JkoHe  okydenmenreH.  Erep 013
KOMITBIOTEPJIIK )KOHE BHICO OWBIHIAP Cajachl TypaJbl
alitaTelH ~ OoJNcak, oOHAa Kazipri omemume  OYI
AyJMTOPHUSHBI  TAPTYIbIH KEPEMET  HOTHXKelepiH

OepeTiH kaHa MeXaHU3MAepP MEH IutaTdopMaiapMeH
KAapKbIH/bI IaMBbIII KEJI€ XKaTKaH KbI3MET [5].

[lenarorukanblk ~ YHHBEPCHUTETTEpIETi  OKY
TpoIieci TeK TEOPHUSIIBIK OLTIMIII FaHa eMec, COHBIMEH
Kartap Oojamak HHPOpPMATHKA MYFaTIMACPIHIH KociOu
KbI3METIH]IE KOJIIaHbUIATHIH NPaKTHKAJIBIK
JaFapiapael  Kaker ereai. [eliMudukanms Herisri
KoCiOM  KY3BIPETTUIIKTepAl JaMbITy YIIIH Karjaaii
JKacayra MYMKIHZIK Oepesi. MbIcab:

- TexHomorusnblK Ky3bIpeTTilmik. bojamrak
HHPOpPMATHKAa MyFamiMaepi opTypii OuriM  Oepy
TEXHOJIOTHSUIAPBIMEH JKYMBIC icTeyre JaibIH O0ybl
kepek. [efimupukanus OimiM  anymbulapabl kaHa
OarapnamabIK OHIMJIEpMEH, OWBIH
wiatrgopmManapsIMEH  TaHBICTBIPYFa, CoH/lali-aK
oJlap/ibl OChI TEXHOJOTHSUIAP/bI OKBITYJa KOJJaHyFa
yiiperyre KemekTeceni. Mpeicansl, Oimim  Oepy
OWBIHIAPBIH KYpy Hemece WHTEPAKTHBTI
TarnceIpManapApl 93ipyey yurin 6ap miatdopmManapsl
nmaiinamany IT  pecypcrapsiMeH  KYMBIC —icTey
JIaF/IbLIAPBIH JIAMBITYFa BIKIAJ €Tel.

- [lemarorukanbIk Ky3bIpeTTilik. ['eliMuduxamnus
OWBIH (OopManapbl MEH OKBITYy SIiCTepiH KOJJaHy
apKbUIBl  TEJAarorMKaiblK JIaFAbUIapAbl  JTaMbITyFa
BIKITAJI erei. Ietimudukanms AJIEMEHTTEPIH
naljagaHa OTBHIPBIN, OoJylallaKk MyFalliMaep OWBbIH
MEXaHU3M/IEpi OKYLIbUIapAbl OKY MpoleciHe OesceHai
KaTbICyFa KaJlail BIHTAJIaHABIPATEIHBIH TYCIHY apKbIIbI

OKBITYIBIH OPTYPJIi TOCUIAEpiMEH Toxkipube xacait
amanel. 3eHiHIl JKaHTAHABIpYFa FaHa e€MeC, COHbIMEH
Karap OUTIM adylmIblIapAblH  CHIHM OWJIaybl MEH
OIBIFAPMAIIBUIGIK ~ KaOUIeTTepiH JaMBITyFa  BIKIAJ
€TETIH OMBIH 3JIEMEHTTEPIH CHI13Y/ll YHPEHY MaHBI3/IbI.

- UIplrapMalubLIbIK JKOHE MHHOBALMSIBIK TOCLI.
lefimu¢ukanus Oonamaxk MyfrajlimMaepre CTaHAapTTHI
eMec JKarJaiiaapnia KyMbIC icTeyre, OKy MiHAETTepi
YUIH e3iHIIK Imemimiaep i3aeyre MyMKIHIIK Oepeni,
OyJ1 onapIblH IIBIFapMaNIbUIBIFEl MCH MHHOBALMSIIBIK
TOCUTIH mambITanmel. Bym ocipece OKBITya COHFBI
TEXHOJIOTUSIApABl KOJIaHyFa JAibIH OONyBl Kepek
nHPOPMATHKA MYFaIliMIEpPi YIIiH 6Te MaHBI3IBL.

- TonTteIk JKYMBIC JKoHE OaitnaHbIC.
letiMudpukanmsanral mporecTepae olTiM
TyHIBUIAPABIH ©3apa SpeKeTTecyi KHi KaOblIIaHaIbl,
Oyl  OUHAMHKAJbIK  OlmiM  Oepy  mpoueciHie
KOMaH/IAJIbIK )KYMBIC, KAPBIM-KaThIHAC AaFIbLIapbl MEH
e3apa opekerTecy JIaF AbLIapbIH JaMBITYyFa
KOMEKTECE/I].

OJIeyMETTIK e3apa opekerTecy KOHE
BIHTBIMAKTACTBIK OWBIH OKY OPTACBHIHBIH HETi3ri
anmeMeHTTepi  Oompmm  TaOpIamel.  KoomepatuBri
refiMIUIeH i, TONTBIK  TaIChIpMalapIsl  HeMece
TiKipTanac dbopyMIoapseH eHrizy  Kypracrap
apachIHIAFbl BIHTBIMAKTACTBIK IIEH 63apa OpeKeTTeCyre
BIKIANl eTeli, OUTIM amMacyFa >KOHE TONTHIK JKYMBIC
JIaFIbIIapbIH AAMBITYFa BIKIAJ €Tel.

Bonarrak mH(pOpMaTHKa MyFaTiMIEpiH Aaspiay

npolecine revimMudukanys TEXHOJIOTUSUIaPhIH
uHTerpauusulay  OimiM  Oepy  NpaKTUKACHIHAAFbI
MEePCIEKTUBAIIBI 0areIT OOJIBIII TaObBIIAIBL.

letiMudukarms OLTIM amyIIBUTAPIBIH MOTHBALIUSICHIH
apTTBIpyFa FaHa €MeC, COHBIMEH Karap TaOBICTHI
MeTarOTMKAIBIK, KBI3MET VINiH KaXETTi HeTi3ri Kocion
KY3BIPETTUTIKTepAl JaMbITyFa BIKOan eremi. OWBIH
QJIEMEHTTEPIH TalJanaHy MaTepHalibl THIMIIPEK
UTepyre JKOHEe OUTIM alymbuIapasl Kocion Taxipudere
JlalpIH/IayFa BIKIAJ €TETiH HEFYPJIbIM CEPINH/I KOHE
KbI3BIKTBI OLTIM Oepy OpTachlH KypyFa MYMKIHZIIK
oepeni.
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Abstract

The article discusses Muhammad Fuzuli's philosophy of love and its main essence. It is shown that an im-
portant part of the artistic heritage of the artist, which is extensive in volume, is the works on the theme of love.
His philosophy of love has its own characteristics. The works written on this subject can be mainly grouped along
two lines: examples dedicated to worldly love, that is, metaphorical love; examples of divine love, that is, true
love.

The poet's philosophy of love finds its artistic expression mostly in his ghazals and the poem "Leyli and
Majnun™. Most of the examples of love-themed poetry in the artist's work derive from the "unity-body" philosophy
of Sufism. In other words, it rests on divine love. According to Fuzuli, true love is love for a divine being. A person
should love the beings in the material world, including his fellow man, as a particle of the divine world, that is, the

world of unity.

Keywords: Muhammad Fuzuli, literature, philosophy of love, divine love, pure love, artistic thinking, spir-
itual world, power of love, love and madness, love and admiration, love and drunkenness, love and shame, etc.

Muhammad Fuzuli, a magician of artistic words,
is recognized as one of the most talented representa-
tives of lyrical poetry worldwide. As he said, "shairi-
Museyi-kalam™ (*Musa kalam poet") created a miracle
from a single word, and as the author of unique lyrical
(and epic) works, he took a leading position among the
artists who became the pride of world poetry. Whether
it is meaning-content, form, language-stylistic beauty,
musical tone and tone, aesthetics, "word game" and
system of metaphors, logical communication and unity
within the text, etc. it rose to its highest, honorable and
incredible level with the pen of this Azerbaijani artist.

According to Fuzuli, all beings in the material
world, including man, are a particle separated from the
divine world and fallen into the material world. Since
the human soul is given the love of the body by God, at
the necessary moment, it leaves the divine world and
descends to the world we live in and unites with the
body, the material body, takes a copy and image. How-
ever, this world turns into a land of suffering and hard-
ship for him, a "night of separation” ("shabi-hijran").
That's why he is throbbing with desire, desire and love
to return to his original self. That is, in the presence of
the spirit that gives life to man and belongs to the divine
world, there is a feeling of infinite love for the original
world from which he left and came. Therefore, he wants
to return to the world of eternal unity, the land of hap-
piness. In a word, Fuzuli understands and preaches the
way of love ("tarigi-esq") as the only means to reach
God. This issue is the main essence of the philosophy
of love of the philosopher artist. In the poet's philosoph-
ical interpretation, it is specially emphasized that this
supreme truth can be understood not by the ignorant,
the ignorant, but only by the wise, the open-minded,
and the perfect. These issues mentioned in the article
and its philosophical essence are interpreted on the ba-
sis of specific examples from the poet's work.

In the theme gallery of the artist's work, the main
colors and shades are related to love. Love is the foun-
dation and yeast of Fuzuli's lyrics. He is known first and
foremost as a love poet. The best genius thinker himself
explains the reason for this. The lyricist addresses his
"1" and declares that it is not worth expecting poems of
praise and blame from him. The words of the perfect
people who are in love should be loving:

Don't ask me, Fuzuli, to praise me.
I am in love, my word is always love (Fuzuli, I c.,
2005).

Fuzuli's divan's first poem in Azerbaijani Turkish
- "Qad Anarel..." ghazal is also about love.

This ghazal is, in a way, the bismillah of Fuzuli
divan. That is, it contains the main idea load and the-
matic direction of the poet's lyrics. And here we are
talking about Sufi love. The poet takes the mystical
shades of love as a basis, that is, true love. It is the main
condition for the people of perfection to be the master
of the path of truth, to know the secret of unity, to ac-
cept the reality of the Truth itself, not the vastness of
existence (all creation except God) and to live with the
pleasure of love with this understanding. Because the
poet does not imagine that there is a path to virtue and
wisdom other than love:

O Fuzuli, I do not want to abandon-taryk-eskh
who,

This virtue makes me inwardly perfect (Fuzuli, |
C., 2005).

The lyrical hero of our genius thinker does not see
love as a worldly passion. This hero of a philosophical
nature approaches the issue in a broader way, with the
expectation of gnosis. He is free from the sorrow of
love ("Giriftari-gami-esq olali azadeyi-dahram™), that
is, he is free from all other concerns of the property
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world. Because he fell into the sea of love, he forgot the
pleasure of the world ("'You fell in love with the sea, oh
tongue, forget the pleasure of the world™). That is why
it is "pleasant with love". According to him, the work
of those who burn in the fire of hell is easier than those
who burn in the fire of love. Because those who burn in
hell, burn once in the fire and save their lives. And the
fire of love is constant torment. But the punishment is
great. This is an eternal destiny, which was given to the
lyrical hero at the beginning of the dawn of love ("sa-
fayi-eshg"), at the time of the creation of his soul. The
pain of love is such a sublime feeling because of this
lover that the one who tries to cure it is like the enemy
of that lover:

Love comes with trouble, a lover's temperament is
independent,

It is my enemy, friends, who is the mediciner in
this trouble (Fuzuli, I c., 2005).

The ghazal "I was tired of the soul..." occupies a
special place among Fuzuli's love-themed lyrical
works. The poem has impressive content, clear idea,
flowing language, beautiful style, perfect artistic form.
The author was able to create a proportional harmony
of content and external effect here.

The ghazal is told in the first person - the language
of the lyrical hero. This lover expresses the hero's inner
feelings and complaints about his soul in a simple and
convincing way. The fact that the poem is based en-
tirely on artistic questions and internal rhyme, i.e. saj',
makes its poetic aura even more beautiful. The declara-
tion of the lover's complaint and inner impression is so
simple, sincere, and figurative that it convinces the
reader. It affects his emotions and aesthetically pleases
him:

He made me tired of the soul, isn't he tired of suf-
fering?

The stars have burned out, won't the candle of my
wish burn?

The soul of Gamu Bimarin is the best medicine for
pain.

Why don't you give me medicine, don't you think
I'm sick? (Fuzuli, I c., 2005).

The lover, who suffers from the long agony of
love, is bored to death. His sigh burns the stars (exag-
geration), but the candle of his wishes does not burn.
However, the lover does not tire of his suffering. The
complaint of the lonely lover is also that the soul pro-
vides a cure for the pain of all those who love him. Only
this lover is indifferent. However, his burden of love is
heavier than others. Of course, God is meant here by
the living being.

A lover who hides his love grief reveals it to his
lover with the advice of others. However, he does not
see loyalty and grace from it. Since he falls on "Shabi-
hijran" ("night of separation”), that is, he leaves his
family, his job is to live the suffering of this hijran.
Here, when the poet says "shabi-hijran", he means the
mood of a particle that is separated from its original es-
sence - the divine world. Because the particle that is

separated from the unity and fell into the material world
cries because of this separation. Yara longs to be reu-
nited with her true self. This explanation is related to
love in Sufism and "Shabi-Hijran" philosophy. Thus,
according to Sufism, the human soul (divine "I"), sepa-
rated from its reality and reunited with the physical
body, falls into “shabi-hijran” in the material world,
suffers torment and cries out for it.

In the ghazal, Fuzuli's imagery, abundance and
fullness of metaphors attract attention. Of course, this
enriches the artistic quality of the ghazal and increases
its poetry.

Bloody running water from my eyes next to Guli-
rukhsarina,

My dear, this is the season, don't the running wa-
ters get cloudy? (Fuzuli, I c., 2005)

several eloquent devices are used in the verse. Ar-
tistic question - is it not blurred?; saj" (internal rhyme)
- neighbor, water, this; artistic address - habibim; epi-
thet - guli-rukhsar (rose face); exaggeration - bloody
running water from my eyes; talil or illat: (This is such
a poetic figure that any event, concept, process causes
the emergence of another event, concept, process, etc.
That is, the existence of one concept and event, the cre-
ation of another concept and event , appears as the
cause and effect of the case). In the first verse of the
verse, against the lover's rose face (because her face is
like a rose and the color of the rose is red), water flows
from the lover's eyes with blood (that is, red in color);
allusion (metonymy) - season-flower. The season of
spring is not mentioned, but it is clear that spring is
meant by that expression; simile — the bloody water
flowing from the lover's eyes is compared to the muddy
water flowing in the spring. The poet is not so inclined
to describe the external beauty of the charmer in the
ghazal. However, he resorts to such a method of per-
suasion that the lover is ashamed of the reproach he
made when he sees the unsuspecting soul who loves
that soul, who is his "rindu shayda".

The poem also touches on the philosophy of love
and shame in the sense of Sufism. The main essence of
this philosophical view is that it is impossible to hide
love in the heart. He inevitably exposes himself to the
world. Therefore, people of love should always be dis-
graced and should be known among the people as the
devil of love:

Fuzuli is always a disgrace to the people.
Who is the question, what is this deal, isn't he tired
of this deal? (Fuzuli, | c., 2005).

M.Fuzuli's lyrical hero is a philosopher in love. At
the level of love, this lyrical hero's relation to body, soul
and spirit is based on religious and Sufi-mystical
sources. Rather, the lover forgets his physical exist-
ence, thinks it does not exist. He is also ready to sacri-
fice it entirely to the soul. Because not only the body,
but also the soul itself belongs to the soul. A lover who
has risen to the level of enlightenment loves his soul
only because of his soul. He does not think that there is
a truth other than the soul in the world of testimony (and
in general, existence), including his body and soul.
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In the lower layer, in the inner sense of the mean-
ing, the soul mentioned is actually the divine substance
- the Truth itself, to which everything belongs. Habib's
love for his soul also stems from his concern for his be-
loved. The wise love their lives for their lives, and the
ignorant love their lives for their lives:

He who loves his soul for his soul's sake loves his
soul,

Whoever loves his life for his life, loves his life
(Fuzuli, I c., 2005).

In relation to love, our philosopher-poet some-
times thinks like a Sufi, but sometimes he approaches
it from a real, worldly position. In other words, Fuzuli
accepts metaphorical love as well as real love. The art-
ist justifies this with such a philosophical-poetic logic
that the metaphor is connected to the truth. More pre-
cisely, the metaphor is the shining, the dawn of the rays
of the sun of truth (physical-absolute) and, therefore, it
is not beyond it. Its existence depends on:

Of the blessings, O counsellor, do not make me
who I am,

Pertovi-Anvari-Khurshidi-truth
(Fuzuli, 1 c., 2005).

is a metaphor

In Fuzuli's world of love and wisdom, love and hi-
jran, love and exile, the desperation of love pain, love
and infatuation, love and admiration, love and drunk-
enness, love and shame, love and reproach, love and
trouble, love and grief, crying, etc. we find related ar-
tistic-philosophical nuances, poetic declarations, intel-
lectual insinuations. In fact, these are specific lines es-
tablished in the system of views of the Sufism sect. In
the gnostic thought, each of them has its own interpre-
tation and meaning about love. Fuzuli's artistic idioms
and savings also get their nourishment from here.

The essence of those philosophical categories in
our thinking artist and in Sufism in general can be very
succinctly interpreted as follows:

Love and hijran: The lover (particle) who is sepa-
rated from the divine world, from his original essence
(unity), descends to the material world and becomes
lonely. This is "shabi-hijran™ ("night of separation™) for
him. The time he lives in the world of martyrdom is in
proportion to the world of hell, "sustenance-doom" be-
cause of the lover:

I knew that the night of the Hijran was the night of
Hell

Who, Ruzi-Qiyamat is tomorrow's Shabi-Hijran
(Fuzuli, I c., 2005).

Love and Vusal: Love is the only way out of Hi-
jran and meeting the Truth. Love is a bridge, a direct
means of communication between a servant and God,
without intermediaries (without the help of someone
else). But the one who is in the wishful thinking should
forget both his physical reality, the world and the bless-
ings of the world, and, in general, the massif. A stead-
fast lover must destroy his physical existence with the

pleasure of Dildar's meeting, in order to reach the eter-
nal state of "seeing-state", the permanent presence of
the physical-absolute:

| destroyed your language with pleasure and sight,
They say that the state is permanent, the state is
visible (Fuzuli, I c., 2005).

Fuzuli's lyrical hero says in his ghazal "Dwelling
O Nightingale..." that, O Muslims, if my place were
"yar kuyi" (tomorrow's abode), if I were inclined to
Rovzei-Rizvan, | would be an infidel. In other words,
on the level of belief of Sufism, for the people of wis-
dom and perfect love, directly reaching tomorrow's des-
tination is even better than achieving the bliss of
heaven.

The helplessness of love pain: If love is true, in
other words, if it is the immortal grace of God instilled
in the soul, "I" of the human body, then there is no cure
or remedy for it. It is impossible to erase it from the
human heart:

Whatever ails you, there is a cure in the world.

Love is such a difficult pain that it cannot be
treated (Fuzuli, I c., 2005).

Love and intoxication: Love for a true lover is a
source of feiz. He must be intoxicated by the pleasure
of this drug. From Majn to the lyrical hero in Fuzuli's
poems, those who bear the title of lover are, as a rule,
drunk on love. Any number of examples can be cited
from the poet's works. He often talks about mey (the
wine of divine wisdom and virtue) and meykhana (the
place where the truths of God are studied, the inn).
These are, of course, philosophical-metaphorical con-
cepts and artistic idioms related to the symbolism of
Sufism.

Love and disgrace: It is impossible to keep the se-
cret of love hidden in the heart. Because the intensity,
degree, scale and nature of true love is such that it
should overflow from the world of the heart, it should
be promiscuous and overwhelming. The fate of a true
lover is disgrace. Fuzzy:

It is impossible to make people happy and love,
Fall in love and you will be a disgrace in the world
(Fuzuli, 1 c., 2005).

This is exactly what he means in his verse. We of-
ten find this conclusion in medieval gnostic poetry. For
a true lover, shame is a standard, a characteristic vital-
moral and spiritual-psychological indicator. In a word,
"Love is not pretentious, Risvay should always be in
love" (Fuzuli, 1l c., 2005).

O Fuzuli, I am the sultan of the domain of rebuke,
the lightning of my anger is a golden crown, and my
silver tears are an ivory throne.

In the 2nd stanza of the poem, the poet skilfully
makes use of the plural, which is a type of metaphor
belonging to Eastern poetics (this is a type of metaphor
in which two or more signs, characteristics, concepts
are attributed to the same subject, combined in the same
subject), simile and exaggeration.

Love and trouble (torment): The greater the joy of
the pleasure of love, the greater the humiliation. If the
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lover does not suffer on the path of his love (and does
not want it), then he cannot be considered a true lover,
nor will he be blessed with vasal joy. The more troubles
and hardships a lover suffers in the field of love, the
more he proves the reality and greatness of his love.
Therefore, a true lover always wishes to be "acquainted
with trouble-love™ in the world of possessions (the
world of Hijran). In short, the hero of the gnosis thinks
that the value of the vassal cannot be known without
suffering the hardships of the Hijran world. The dark-
ness and pain of separation from the Lord (from the
original substance to which the lover belongs) revealed
the most mysterious secrets to the wise lover:

I didn't know Wasl without the hardship of Hijran.
Darkness-Hijr made a very mysterious work clear
(Fuzuli, I c., 2005).

The present world is also a world of trials and trib-
ulations for the lover, the measure of which is the bur-
den of suffering and sorrow.

Love and grief (crying): A lover who is separated
from his original nature - Yar and fell into "shabi-hi-
jran” (a particle) is condemned to grief and crying in
the world of possessions. Because in the existing world,
there cannot be absolute, constant joy, comfort and joy
(although there is, this is why). The suffering of Hijran
and the longing for vasal makes the lover fall into grief,
toil, misery, and misery. Fuzuli's lover is also a subject
of the explained belief and faith. It is the scale of the
scale of effort in the market of love, "Gafilasalari-cari-
vani-gam'":

Scales-adjustment-market-market-love fill,
My eyes are always full, my head is like a thou-
sand stones every hour (Fuzuli, I c., 2005).

The result. It is known that in the medieval Islamic
world, one of the main problems that engaged fiction as
a means of education and spiritual and moral agitation
was the question of man and his attitude. In the social-
aesthetic, philosophical-ideological practice of artistic
thought, the human race was considered an ideal crea-
ture. Humanism, the art of speech, which treated man
with this higher intention and placed him above all
creatures in creation, consistently followed and pro-
moted philanthropy as an important mission. This merit
is also clearly manifested in Fuzuli's poetry. Also, the
fact that our thinker poet is a more professional and
powerful pen holder stands as high in his work as the
level of his art compared to his predecessors and suc-
Cessors.

In the work of a humanist artist, man is the most
valuable creature in existence. His honor, majesty and
beauty are worthy of all praise. In general, as in Eastern
literature, in Fuzuli, the highest position after God be-
longs to human beings. In the poet's lyrics, the defini-
tion of the glory and beauty of God begins with the def-
inition of human glory and beauty on a micro scale.
However, it is worth noting that, as in Sufi poetry, in
Fuzuli, the human race is divided into two groups in
terms of perfection and ignorance: the perfect person
and the ignorant person. Of course, in the artistic and
philosophical evaluation, the place, position and level
of these people are sharply distinguished from each
other. In exchange for the highness of the first, the
cheapness of the second is brought into consideration.
Man is called to spiritual and moral perfection, to un-
derstand his beauty, dignity and honor. This is one of
the main rocks that Fuzuli poetry follows. According to
the poet, it is impossible to "produce honorable poetry"
with ignorance. For this, it is necessary to reach a mys-
tical rank. The main way of this is related to love and
passes through the field of love. In short, the journey of
love and the mission of falling in love constitute the
main essence and pillar of Fuzuli's philosophy of love.
Also, this journey is a mystical journey based on divine
love.
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Abstract

The article focuses on the renowned works of Henrik Ibsen and Tennessee Williams, specifically uncovering
how Ibsen's influence reverberates through the narrative and character structures of Williams' work. The research,
supported by scholarly literature, acknowledges the existing scholarly dialogue surrounding the relationship be-
tween 20th-century American drama and 19th-century European modernist drama. Through a comparative analy-
sis, the study highlights the thematic parallels of life-lie, identity, and disillusionment that shape both plays, as
well as the innovative techniques that enhance their psychological complexity. Beyond the direct comparison with
'Wild Duck,' the study reveals numerous common elements linking Williams' play to other Ibsenian works such as
‘A Doll's House,' 'Hedda Gabler," and 'Ghosts. By examining Williams' adaptation of Ibsenian motifs within an
American cultural framework, this research provides new insights into the transatlantic legacy of modernist drama
and its evolution in 20th-century American theater. The findings underscore the depth of Williams' indebtedness
to Ibsen, revealing a sophisticated interplay of homage and reinvention that enriches our understanding of both
playwrights' contributions to the genre. The analysis encompasses structural, thematic, and formal elements,
providing a deeper, more nuanced understanding of the claims made by established scholars and supplementing
these claims with concrete examples. Additionally, the research identifies areas and aspects that hold potential for

future study.
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1. Introduction

"A Streetcar Named Desire" was created in the
mid-20th century, during the late modernist period, and
is characterized by its 11 distinct scenes. Given that the
play was written in the mid-20th century, it is not sur-
prising that it contains frequent metatheatrical allusions
to drama classics, particularly the plays of Ibsen. "A
Streetcar Named Desire™ has clear connections to other
works by Ibsen ("A Doll's House," "Hedda Gabler"),
and these connections are evident on the surface. Dis-
cussing the relationship with "The Wild Duck" sepa-
rately without considering these other connections
would be out of context, so we will briefly overview
these allusive relationships in the introduction.

In relation to "The Wild Duck", there are no overt
allusions; here, the connection is, in our opinion, more
profound and structural, and is typically not perceived
by the reader/viewer. That is why we believe that criti-
cal analysis in this direction is more relevant and nec-
essary. The main part of the paper, therefore, and all
subsequent chapters, are devoted to the relationship
with "The Wild Duck". The second chapter analyzes
the structure of the works and highlights particularly in-
teresting structural sections; the third chapter is devoted
to the significance of "truth" and the Ibsenian concept
of "life's lie" (livslagn) in relation to Williams's play;
the similar functions and content of several individual
symbols are analyzed in the fourth chapter. This is fol-
lowed by a concluding analysis summarizing the main
results of the discussion.

While the mid-20th century witnessed a seismic
shift towards experimental and avant-garde theater in
Europe, with playwrights like Eugéne Ionesco, Samuel
Beckett, Bertolt Brecht, and Luigi Pirandello challeng-
ing traditional dramatic conventions, American play-
wrights such as Eugene O’Neill, Arthur Miller, and

Tennessee Williams were producing works that, while
undeniably modernist, remained more closely aligned
with the conventions of realist drama. This divergence
can be attributed to the commercial demands of Broad-
way, which favored plays that were more accessible to
a wider audience. This period in American theater is
often referred to as late American modernism.

In his essay, “The Debt of Williams and Miller to
Ibsen and Strindberg,” Seymour L. Flaxman argues:
Williams and Miller have continued the dramatic tradi-
tion of Ibsen and Strindberg, but have transferred it to
a thoroughly American milieu. Without slavish imita-
tion, they have made use of symbolic and expression-
istic elements, even pantomime and dream sequences,
to get beyond the realistic and naturalistic drama.
Whether they have extended this dramatic tradition,
whether they have gone beyond the point reached by
Ibsen and Strindberg, however, is questionable. They
have made no real innovations in dramatic structure.
[Flaxman, 1963, p. 58]

Both Seymour L. Flaxman in his 1963 essay and
lan McAdam in his more recent 2012 piece, "Remem-
bering Ibsen in Tennessee Williams," have highlighted
the need for further exploration of Ibsen’s influence on
Williams. McAdam, in particular, suggests that "the al-
lusion noted here suggests that some renewed attention
to the influence of Ibsen may be in order” (2012, p. 2).
Given these calls for a more in-depth analysis, it is im-
perative to examine the specific parallels between A
Streetcar Named Desire and Ibsen's other plays. Such a
comparison would not only deepen our understanding
of Williams's engagement with Ibsen but also provide
valuable insights into the broader thematic concerns of
both playwrights

The most overt and readily identifiable allu-
sions in A Streetcar Named Desire are to Ibsen's A


https://doi.org/10.5281/zenodo.14236025

Norwegian Journal of development of the International Science No 145/2024 85

Doll's House. Given the immense popularity of A Doll's
House during Williams's time, it is reasonable to as-
sume that a significant portion of the theater-going au-
dience would have recognized these allusions, suggest-
ing that Williams intentionally employed them for dra-
matic effect. Indeed, the scholarly literature has noted
some of these parallels. lan McAdam, for instance,
highlights Blanche DuBois's iconic line, "Whoever you
are - | have always depended on the kindness of
strangers" (Williams, 1947, scene 11, p. 153), as a clear
allusion to Nora Helmer's similar reliance on others in
A Doll's House. However, McAdam does not address
another, arguably more significant, parallel that occurs
at the end of Scene 3, when Stella leaves the house.
"STANLEY: Stella! [There 'is a pause] My baby doll's
left me!" (Williams, 1947, scene 3, p.59)

"Helmer: Nora! Nora! (ser sig om og rejser sig)
Tomt. Hun er her ikke mere™ Empty. She is gone. (Ib-
sen, 2009, Et dukkehjem, scene 3, 379)

| believe that this instance transcends mere
metatheatre and carries a deeper dramatic function,
therefore we will examine it in the main part too.

The history of world drama features relatively few
female protagonists, among whom Hedda Gabler
stands out as a particularly significant figure. Drama, as
a literary genre, often, if not always, draws upon or re-
visits classical archetypes. It is difficult to imagine the
character of Blanche DuBois without the influence of
Hedda. From the perspective of gender dynamics,
Blanche is often compared to August Strindberg's Miss
Julie; however, Hedda Gabler is curiously overlooked.
In reality, the characters of these two women are so
closely aligned that one could argue not merely for a
literary kinship but for a shared identity.

Both characters share a central trait: an inability to
live without ideals, yet their life experiences are in con-
stant conflict with these ideals. Ultimately, this incom-
patibility shapes their destinies—one takes their own
life, while the other descends into madness. However,
Hedda can be seen as taking a step further; her suicide
is a choice, a choice aligned with her ideals, making her
a less straightforwardly tragic figure. A degree of ide-
alism can be found in all of Ibsen's major plays, a dis-
tinctive characteristic of this Norwegian playwright; we
will see below that Blanche shares this trait with the
male character Gregor Werle. Hedda's idealism, partic-
ularly her shared gender-specific ideals, connects her to
Blanche DuBois. In both cases, universal idealistic no-
tions intertwine with the high-class stereotypes associ-
ated with the behavior and relationships of true ladies
and gentlemen. This discussion could be extended fur-
ther, but that would require a separate research.

Moreover, a brief observation reveals an intri-
guing potential comparison between ‘A Streetcar
Named Desire' and 'Ghosts’. This suggestion is
prompted by the conspicuous symbolism of light and
darkness recurring throughout the play. 'Ghosts' also
features similar symbolism. It would be equally inter-
esting to explore the thematic implications of this for-
mal detail, as the protagonists of both works initially
present themselves as someone other than who they
truly are.

The plays we are examining, centered around the
Ekdal and DuBois-Kowalski families, also reflect the

personal lives of their authors, Ibsen and Williams.
Specifically, they relate to the authors' sisters: Hedvig
is the name of Henrik Ibsen's sister, while Blanche Du-
Bois is partly based on Tennessee Williams' sister
Rose, who suffered from severe mental illness
(FIZZAH ALI, 2016). The greatness and similarities
between these two writers are evident in their frequent
use of their immediate family members as inspiration,
transforming highly personal experiences into univer-
sal stories. A comprehensive psychological study could
potentially reveal why the sisters had such a profound
impact on the writers and whether there are commonal-
ities between these influences. For now, however, we
will simply consider this a coincidence.

2. Structure

While 'The Wild Duck' adheres to a fairly classical
structure, the same cannot be said for 'A Streetcar
Named Desire', which is divided into 11 scenes. Unlike
Ibsen, Williams does not progress towards the finale in
a direct and concise manner, but rather through a con-
voluted and lengthy path. Consequently, it is easier to
identify the core thematic and formal characteristics of
"The Wild Duck’: the problem of truth as its central
theme and symbolism as its primary formal device.
Symbolism also plays a significant role in 'A Streetcar
Named Desire', but the play's primary theme is the bat-
tle of the sexes. The question of truth, as it eventually
becomes clear, is merely a decisive factor in the play's
development, not its central focus (we will elaborate on
this below). It is therefore evident that the similarities
between these two works are partial, primarily mani-
fested in the first half of Williams' play, where the au-
dience is not yet fully aware that the play's central
theme is the conflict between men and women.

As is well-known, 'The Wild Duck' has previously
served as a source of inspiration for works exploring
the dynamics of gender conflict. Notably, August
Strindberg's 'The Father' is a case in point. After read-
ing 'The Wild Duck', Strindberg recognized himself in
Hjalmar Ekdal and his wife Siri von Essen in Gina,
leading him to confront a profound deception in his
own life. This realization significantly influenced
Strindberg's subsequent work, with "'The Father' being a
direct result (Brandell, 1974, 46). Strindberg borrowed
the exposition from 'The Wild Duck', maintaining the
central theme of truth, but shifting the primary focus to
the naturalistic theme of gender conflict. The play ex-
plicitly references Ibsen's '‘Ghosts', creating a potential
for comparative analysis due to the presence of ghostly
characters in both works (M. Bunc, 2002).

We hypothesize that "The Wild Duck' is utilized in
a similar manner in 'A Streetcar Named Desire' as it is
in "The Father' (referring to the intertextual relationship
between the texts rather than the biographical prehis-
tory of their creation). We will attempt to clarify and
substantiate this claim through the following argument.

To initiate our discussion, we need to order and
delineate the numerous and somewhat confusing ac-
tions within 'A Streetcar Named Desire'. Given the spe-
cific focus of 'The Wild Duck', we are particularly in-
terested in the role of truth in 'A Streetcar Named De-
sire’. While truth is not the central theme, it
undoubtedly exists as a significant theme and holds a
pivotal position within the play. Upon a second reading
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or viewing, the reader/viewer discovers that in the first
half of the play, particularly from the fourth to the sixth
scenes, we witness not so much a battle between the
male (Kowalski) and the female (Blanche), but rather
between the male (Kowalski) and the human (Blanche)
over what the male considers his possession, his doll
(Stella). Unlike Blanche, Stanley is a more static, pre-
determined, and unambiguous character, whose exten-
sive characterization is provided by Blanche herself in
the fourth scene:

He acts like an animal, has an animal's habits! Eats
like one, moves like one, talks like one! There's even
something--sub-human--something not quite to the
stage of humanity yet! (Williams, 1947, scene 4, p. 74)

In contrast, Blanche is a completely enigmatic and
multifaceted, mutable character. In the initial scenes,
Blanche is not a direct antithesis to Stanley; she is more
concerned with liberating her sister from her brother-
in-law's domination, than with battling Stanley. Stella
has willingly ensnared herself in his clutches. Blanche
seeks to awaken Stella and lead her to an inner truth, a
characteristic of Ibsen's characters (“For Ibsen, on the
other hand, truth is that of interiorit" (Szondi, 1983,
202)). She attempts to awaken the ideal within Stella,
even though she herself has a far-from-ideal past and is,
in fact, destined to be dependent on her sister and
brother-in-law for the rest of her life. In these scenes,
Blanche acts as if she herself is unaware of the truth
about her past, which is the only plausible explanation
for her behavior. Due to her fragile mental state, she
manages to forget her past; Blanche genuinely believes
she is an innocent and morally upright person: "Never
inside, I didn't lie in my heart..." (Williams, 1947, scene
nine, p. 119). With such an innocent perception,
Blanche cannot reconcile herself to the subjugation of
humanity, to the transformation of desire into love, and
to the acceptance of fate in the name of such love, i.e.,
surrender: "What you are talking about is brutal desire-
-just--Desire!" (Williams, 1947, scene 5, 73). She is
willing to do anything to fight for her ideal, a truly no-
ble and virtuous English teacher who cannot tolerate
any compromise with immorality. Her profession as a
teacher is not accidental; the author has deliberately
chosen a profession that would make the character's
preaching about morality and idealism convincing to
contemporary American society. At the beginning of
the play, Blanche DuBois is a female Brand (from Ib-
sen's play 'Brand') or, if you prefer, a female Gregers
Werle...

It's important to remember that at this point, nei-
ther the reader nor the viewer knows anything about
Blanche's past. Consequently, they accept the on-stage
events at face value and follow the narrative until the
truth about Blanche is revealed. After this revelation,
Blanche's character undergoes a transformation, essen-
tially becoming a different person, and the play takes a
new direction. The audience essentially witnesses two
distinct plays, a play-within-a-play, similar to the mur-
der of Gonzago in Hamlet. The first play unfolds before
the truth about Blanches true life is revealed (the first 6
scenes), and the second after the truth is revealed (the
last 5 scenes). Based on this, we can determine the par-
ticularly interesting analytical segment for us - the first
6 scenes.

If we examine the plot of the first six scenes
closely, we will find that the characters of Blanche Du-
Bois and Gregers Werle serve similar dramatic func-
tions. Both represent high social values (class conflict),
both arrive from distant places, and both introduce their
own ideals into ordinary, undistinguished, impover-
ished families; they attempt to awaken their loved ones
(Hjalmar and Stella), in whose goodness and idealism
they somehow believe, and to open their eyes to their
resigned fate.

"Blanche- Pull yourself together and face the
facts." (Williams, 1947, scene 4, p. 64)

"GREGERS- Jeg har i sinde at dbne Hjalmar
Ekdals gjne. Han skal se sin stilling, som den er; — det
er det hele." (Ibsen,2009, tredje act, p. 141)

However, these ideals, both in the cases of Gregers
and Blanche, are defeated when they collide with real-
ity - Stella returns to Stanley, which is unexpected and
inconceivable for Blanche: "Why! I've been half crazy,
Stella! When | found out you'd been insane enough to
come back in here after what happened--1 started to
rush in after you!" (Williams, 1947, scene 4, p. 63).

The similarity in the functions of Gregers and
Blanche is particularly evident in these two practically
identical phrases uttered by Gina and Stanley:

"GINA- Uf, den vederstyggelige fyren, som
skulde fa sin passasje her i huset!" (Ibsen, 2009, fjerde
act, p.161).

"STANLEY: And wasn't we happy together?
Wasn't it all okay? Till she showed here." (Williams,
1947, Scene 8, p. 112)

The dramatic development of the first six scenes
is particularly interesting. Blanche begins her active at-
tempts to awaken Stella from the fourth act, gradually
increasing her efforts. However, these attempts are
doomed from the outset, as the author has transposed
the typical Ibsenian finale - Stella's departure from
home - from the conclusion to the exposition, thus rul-
ing out its repetition and suggesting that this play will
not have the same ending as those by Henrik Ibsen. We
are referring specifically to the final scene of the third
act, which, as mentioned above, is very similar to the
ending of 'A Doll's House'".

Goethe attributed crucial importance to the expo-
sition in ancient drama, a view echoed by Peter Szondi
in his foundational essay on modern drama: 'Goethe
had written Schiller that the exposition was hard work
for a dramatist "because one expects him to produce an
eternal forward movement, and | would call that dra-
matic material best in which the exposition is already
part of the development" To which Schiller responded
on April 25, that Oedipus Rex approached this ideal to
an amazing degree' (Szondi, 1983, p. 199). The signif-
icance of exposition in A Streetcar Named Desire is
also explicitly indicated in the play's text itself, when
Kowalski utters one of the most memorable lines:
'‘We've had this date with each other from the begin-
ning!" (Williams, 1947, scene 10, p.130).

3. The Dramatic Function of 'Truth' and the
"life lie'

The eventual revelation of the truth about Blanche
(in the seventh scene) leaves everyone, including the
audience, fully aware and paves the way for Kowalski's
unabashedly naturalistic desires. This truth seals the



Norwegian Journal of development of the International Science No 145/2024 87

fate of Blanche and Mitch's relationship and extin-
guishes any remaining hope that Blanche might one day
lead a normal life.

Of course, it is essential to consider how this cru-
cial truth is revealed. Szondi specifically addresses the
problem of introducing the past in modernist drama:
‘for the Ghost Sonata presents the same formal problem
that Ibsen's late work did: how to reveal dramatically a
secret and deeply internalized past, how to prevent it
from escaping dramatic presentation. In Ibsen's work
discovery is made possible by intertwining the past
with a topical dramatic action; in Strindberg's one-act
The Stronger, by the use of monologue. In the Ghost
Sonata both these methods are employed to a certain
degree' (Szondi, 1983, 217).

In both 'Wild Duck' and 'A Streetcar Named De-
sire', the truth is revealed to the characters (Hjalmar
Ekdal and Stanley Kowalski) offstage. Interestingly, in
'A Streetcar Named Desire', the character who reveals
this significant truth to Kowalski does not even appear
on stage. There is also a significant difference between
the ways in which the truth is revealed: in 'A Streetcar
Named Desire', the truth is explicitly stated on stage
when Stanley recounts a passerby's story to Stella, thus
making the audience privy to it as well; in 'Wild Duck’,
the truth is never explicitly voiced.

The reason for this is that Ibsen's play is structured
in such a way that the audience is able to discern the
truth and understand the situation far earlier than
Hjalmar Ekdal. In Williams' play, however, both the
audience and Stella are the last to learn the truth. Stella
is least affected by this truth, despite it concerning her
sister's past. The revealed truth only alters the actions
of Kowalski and Mitch, ultimately leading to Blanche's
destruction. For Stella, little changes as a result of this
revelation, as she has already resigned herself to her
fate in the third scene when she leaves the house and
returns at the beginning of the fourth. After this point,
Stella's destiny is sealed; she has already reconciled
herself to everything that has happened and will hap-
pen. In other words, Stella's character can no longer al-
ter the course of the play. Consequently, we can say that
when Kowalski tells Stella the truth, the real addressee
(or perhaps the author's intended audience) is the
viewer.

Another crucial issue related to the theme of truth,
and in a sense its opposite, that can be discussed in both
works is /ivslogn or 'the lie of life’. This concept was
coined by Dr. Relling, a character in 'Wild Duck', who
defines it as follows:

"RELLING - Det er jo bare noget sludder, som jeg
fandt pa for at berge livet i ham. Havde jeg ikke det
gjort, sa var det stakkers skikkelige svinet bukket under
i selvforagt og fortvilelse for mange herrens ar siden.
Og sa gamle lgjtnanten da! Men han har nu rigtignok
16 fundet pa kuren selv. "(lbsen, 2009, femte act, p.
203)

From Relling's discourse, we learn not only that
ordinary people need an idealistic lie, or a 'life-lie’, to
sustain themselves, but also that the old lieutenant (who
is mentally ill) has found his own personal ‘medicine’,
suggesting that mental illness itself can serve as a sim-
ilar kind of 'life-lie". This is, of course, highly relevant
to Blanche DuBois's life. We can say that Blanche has

not one, but several 'life-lies' that she uses to sustain
herself, but in Tennessee Williams' play, Dr. Relling's
prescription does not work, and ultimately Blanche's
only 'medicine’ is similar to that of the old lieutenant—
mental illness.

The Ibsenian concept of /ivslogn or 'life-lie' has
been widely discussed in academic literature, not only
in the humanities but also in psychology: 'Freud and
Ferenczi transcribe livslogn as transference, "self-
taught attempts on the patient's part to cure himself"
(Durbach, 1984, 326). It is also significant that, like
Relling, Blanche is a frequent user of alcohol. "It seems
quite deliberately to restructure Ibsen's central dialectic
by throwing off balance its delicate equilibrium and en-
dorsing even the most destructive and neurotic of alco-
holic fantasies as the necessary lie. O'Neill's counter-
part to Dr. Relling is, of course, Larry Slade — failed
idealist, self-styled misanthrope and consoler of "the
breed of swine called men in general." (Durbach, 1984,
p. 329). | think it is clear that what Durbach says about
Eugene O'Neill and Relling can, to a significant extent,
also be applied to Blanche DuBois.

Erol Durbach, in his article, places great im-
portance on linguistics and highlights specific words:
"Gregers Werle's destructive clumsiness is diagnosable
in precisely these terms, and the vehemence of his self-
justification underscores the irony: "Jeg er ikke over-
spaendt” (p. 183). In translating this assertion as "I am
not neurotic," James McFarlane may be introducing an
anachronism into his Oxford edition. But he makes my
point: Vildanden anticipates, in a language searching
for a modern semantics of the human psyche, the fun-
damental concepts of twentieth-century psychiatry, cul-
tural anthropology, and existential philosophy. (Dur-
bach, 1984, p. 330) Stella uses the same words in the
early exposition of 'A Streetcar Named Desire' when
addressing Blanche: STELLA - You seem a little bit
nervous or overwrought or something. (Williams,
1947, Scene 1, p. 23).

While | have already drawn extensively from Dur-
bach's analysis, it is worth noting his compelling con-
nection between the popularity of Ibsen's 'Wild Duck'
structure in American drama and the societal construct
of the 'American Dream'. Durbach posits that 'The
American Dream is just such another livslogn, so thor-
oughly located in the creative/discreative duality of Ib-
sen's idea that nearly every major play in the American
repertoire seems a variation on Vildanden' (Durbach,
1984, p. 329). This observation resonates strongly with
our own findings, and our study provides empirical
support for Durbach's broader claim.

4. Symbols

As noted in the introduction, both texts exhibit a
strong symbolic dimension. Among the numerous sym-
bols employed in 'A Streetcar Named Desire', some can
be linked, in various ways, to the symbolism found in
'Wild Duck'. The titles themselves are symbolic. In
'Wild Duck, the title serves as a metaphor for the com-
plex system of lies that has become so entrenched
within the family that it is no longer challenged.

"GREGERS- Min kare Hjalmar, jeg tror nasten,
du har noget af vildanden i dig. HHALMAR- Af
vildanden? Hvorledes det, mener du? GREGERS- Du
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har dukket under og bidt dig fast i bundgraesset" (Ibsen,
20009, tredje act, p. 128)

While the streetcar itself is not explicitly discussed
throughout Williams' play, Blanche's description offers
a significant clue to its symbolic meaning. She associ-
ates the streetcar with the neighborhood where she has
come to visit, a place where women endure domestic
violence, which they perceive as a form of love, but
which Blanche sees as 'brutal desire": "What you are
talking about is brutal desire--just--Desire!--the name
of that rattle-trap streetcar that bangs through the Quar-
ter, up one old narrow street and down another..." (Wil-
liams, 1947, scene 4, p. 73).

The symbolic significance of the titles in both
'Wild Duck' and 'A Streetcar Named Desire' is evident.
Both titles serve as metaphors for the dysfunctional
family dynamics depicted in the respective works.
However, the specific nuances of these symbols differ.
Hedvig's attachment to the wild duck underscores her
deep-rooted connection to her family, despite its flaws.
In contrast, the streetcar symbolizes both arrival and es-
cape for Blanche.

The symbolism extends to the names of the pro-
tagonists. Both Blanche DuBois and Gregers Werle
carry symbolic weight, and the texts deliberately ex-
plore the characters' reactions to and interpretations of
their own names.

" GREGERS Ja, vidste jeg bare det, du — da var
jeg ikke sé ilde faren endda. Men nér en har det kors pa
sig, at hede Gregers — «Gregers» — og sd «Werle»
bagefter; har du hert noget sa felt, du? HJALMAR A,
det synes jeg slet ikke.

GREGERS Huf! Isch! Jeg kunde ha’ lyst til at
spytte pa den fyren, som heder sligt noget. Men nar en
nu engang har det kors pa sig at vaere Gregers — Werle
her i verden, saledes som jeg er det. " (Ibsen, 2009, an-
den akt, p. 92)

"BLANCHE It's a French name. It means woods
and Blanche means white, so the two together mean
white woods. Like an orchard in spring! You can re-
member it by that." (Williams, 1947, scene 6, p. 55)

Despite the contrasting attitudes of Blanche and
Gregers towards their names, there is a shared element
of alienation. Both names are perceived as foreign and
out of place, marking them as outsiders within their so-
cieties. This sense of otherness ultimately hinders their
efforts to connect with and influence the communities
around them.

Another shared symbolic element is the use of mu-
sic. While music is only briefly featured in 'Wild Duck’,
it permeates 'A Streetcar Named Desire', evolving
throughout the play to reflect the changing circum-
stances of the characters. The sound of the blue piano
in 'A Streetcar Named Desire' symbolizes the tradi-
tional, working-class culture of New Orleans, where
people find joy even amidst hardship. Similarly, the
flute playing in 'Wild Duck'’ provides a moment of res-
pite for the Ekdal family, highlighting their ability to
find happiness even in the face of adversity.

As we've discussed, Blanche initially functions
similarly to Gregers, serving as a catalyst for change in
the first six scenes. However, as the play progresses and
Blanche's mental state deteriorates, she begins to re-
semble Old Ekdal. This parallel is reinforced by the

symbolic use of objects. Blanche's trunk, filled with rel-
ics of her past, mirrors Old Ekdal's attic, both serving
as spaces of retreat and nostalgia. Both characters rely
on a 'life-lie' to maintain their fragile sense of self.
However, these 'life-lies' prove insufficient to sustain
them in the face of reality. Ultimately, both characters
become trapped in the past, unable to psychologically
adapt to the demands of the present.

Conclusion

Our analysis of 'A Streetcar Named Desire' and
'Wild Duck' supports Erol Durbach's contention that
'nearly every major play in the American repertoire
seems a variation on Vildanden' (Durbach, 1984, p.
329). Our findings provide concrete examples that il-
lustrate the extent to which these two plays are inter-
connected, thus reinforcing Durbach's claim.Our find-
ings not only corroborate Durbach's assertion but also
reveal unique correspondences between these two
works that may not be found in other American plays.
Thus, our analysis contributes to a deeper understand-
ing of the relationship between 'A Streetcar Named De-
sire’ and 'Wild Duck' and enriches Durbach's broader
claim.

To further characterizethe relationship between
these two works, we can draw an analogy to the world
of jazz, particularly the jazz of New Orleans. Williams
exhibits a willingness to freely deviate from conven-
tional dramatic structures, replacing long acts with
shorter scenes to achieve greater flexibility and variety.
He also engages in bold experimentation, such as plac-
ing the exposition at the end of the play, effectively
transforming the entire play into a prelude to the final
five acts. Moreover, Williams incorporates a significant
amount of music, which serves almost as a narrative
backdrop. Just as jazz musicians often improvise on es-
tablished jazz standards, Williams appears to have im-
provised on Ibsen's dramatic structure in "Wild Duck".
In this sense, "A Streetcar Named Desire" can be
viewed as a "dramaturgical jazz" that builds upon the
foundational "standard" provided by lIbsen's "Wild
Duck".

Our findings indicate that the primary objective of
this study has been achieved. The key connections be-
tween the two works have been thoroughly explored in
Chapters 2 and 3, and these findings have been further
corroborated through an analysis of shared symbols and
themes. While it is challenging to definitively catego-
rize the exact nature of the relationship between two ar-
tistic works 'Wild Duck' can be seen as a text that influ-
enced Tennessee Williams and provided a structural
foundation for 'A Streetcar Named Desire'. However,
Williams has developed this foundation in a highly
original and artistic manner, creating a distinct and mul-
tifaceted work of his own.

Beyond our initial research goals, we have uncov-
ered unexpected similarities between the two works,
particularly in the realm of psychology. Our analysis,
beginning in the chapter on the 'life lie,' revealed strik-
ing parallels in the symbolism employed in both plays.
For instance, the nearly identical symbolic significance
of the attic and the suitcase in both works highlights this
psychological connection. While both plays have indi-
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vidually attracted the attention of psychologists, we be-
lieve that a comparative analysis from a psychological
perspective could yield valuable insights for both psy-
chology and literary studies. Indeed, a professional psy-
chologist could likely uncover even more significant
parallels and nuances in a comparative analysis of these
two works.

Furthermore, we believe that literary scholars
should continue to explore this area of research. Despite
the extensive critical attention 'A Streetcar Named De-
sire' has received, it has yet to undergo a comprehensive
analysis by an Ibsen scholar. We believe that such an
analysis would be invaluable.

This study represents a preliminary exploration of
the specific parallels and connections between the
works of Ibsen and Tennessee Williams. As indicated
in the introduction, beyond 'Wild Duck," Williams ex-
hibits clear affinities with other modernist dramas, both
Ibsenian and non-lbsenian. We are confident that this
topic warrants further investigation, potentially through
an interdisciplinary approach involving psychologists.
We hope that this modest study can serve as a founda-
tion for future researchers who wish to delve deeper
into this fascinating area of comparative literature.
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Abstract

The presented article is devoted to the stylistic analysis of sentences and word combinations formed in the
context of the Second Karabakh War or the 44-days Patriotic War. No word or sentence is enough to describe the
victory won by our brave sons and the valiant army of Azerbaijan which fought heroically in the Second Karabakh
War. We proudly present to you only some of them. We believe that their analysis will form interesting ideas about

the description and analysis of the war in the people reading the article.
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Azerbaijan is a country with an ancient and glori-
ous history, rich culture, literature and customs. In the
history of every country, it is possible to witness not
only honorable victories, but also tragedies and massa-
cres that turned into bleeding wounds of the country.
The Karabakh conflict has been a problem that has left
tracks in the hearts of every Azerbaijani for many years.
The elderly people and our parents who were witnesses
of the First Karabakh war, remember the Karabakh
fights and tragedy with sharp pain in their hearts. Not-
withstanding the bloody history embracing these
events, our nation never gave up and kept believing that
the occupied lands would be regained thanks to the rea-
sonable decisions of our President Ilham Aliyev and the
strong army of Azerbaijan. On top of that, the reality
about this conflict and the disgusting politics of Arme-
nia and its supporters were explained to the growing
young generation. The young born during the First
Karabakh war and the following periods have always
been brought up in the spirit of patriotism. The history
of the occupation and the mass murder of population in
Nagorno-Karabakh war have been depicted in various
books, textbooks and articles. In our opinion, the heroic
fight of the young generation, which constituted the
main part of the Azerbaijani army in the 44-days war
and further periods, is a clear evidence of patriotism.
During the Second Karabakh war, countless young peo-
ple joined the armed forces voluntarily, fighted tooth
and nail and died heroically.

Looking back on the history of Karabakh, we can
clearly see that the dishonest policy of Armenians be-
gan many years ago. After the treaties of Gulistan
(1813) and Turkmenchay (1828) concluded between
Russia and Iran, the Russian state in a short time moved
and settled 40,000 and 90,000 Armenians to the
Karabakh region from Iran and Turkey respectively
(1828-1830). Tsarist Russia started the “armenianiza-
tion” process in Karabakh. Thus, the Karabakh region
of Azerbaijan became a hotbed of conflict. At the be-
ginning of the 20th century, the policy of ethnic cleans-
ing became widespread in Karabakh. This resulted in
the massacre of Turkish-Muslims by armed Armenians
in 1905-1906 [1]. Armenians were able to strengthen
themselves in Karabakh due to the comprehensive sup-
port of tsarism and the favorable conditions created by
it. From the beginning of the 20th century, Armenians

systematically expelled Azerbaijanis from their histor-
ical lands, massacred and committed national genocide
of them.

In 1991, Armenian armed forces started open mil-
itary operations. On September 2, 1991, Armenian sep-
aratists announced the creation of an illegal “puppet”
entity, the Republic of Nagorno-Karabakh, in Upper
Karabakh. In 1992-1993, the territory of Nagorno-
Karabakh and 7 other regions of Azerbaijan - Lachin,
Kalbajar, Aghdam, Fuzuli, Jabrayil, Gubadli, Zangilan
were occupied by the military forces of Armenia. As a
result of military aggression by Armenia, 20 percent of
Azerbaijani lands were occupied, more than 30,000
people were killed, up to 50,000 people were injured
and maimed, up to 1 million Azerbaijanis became refu-
gees and internally displaced persons, more than 4,581
people were captured and disappeared [4]. The first
phase of the war ended with the officially signed armi-
stice.

In response to the next attempt of military aggres-
sion by Armenia, the Azerbaijani Army launched a
counter-offensive operation and as a result of the 44-
days long Patriotic War, it succeeded in destroying the
Armenian army, bringing it to its knees, and liberating
the occupied territories. The "lron Fist" operation car-
ried out by the victorious Azerbaijani Army under the
leadership of the Supreme Commander, President of
the Republic of Azerbaijan llham Aliyev, was written
in golden letters in the history of the Azerbaijani people
and resulted in the surrender of Armenia [3].

The Karabakh conflict has been reflected on liter-
ature, art, social media, newspapers, radio and TV pro-
grammes, almost in all spheres of our life for many
years. Another interesting fact is related with quota-
tions, free and fixed word combinations which had
been created on the process of the patriotic war. Such
units expressing love for the homeland, heroism and
bravery of Azerbaijani sons had been used in the lan-
guages and speeches of both authorities and citizens.

In the presented research project it is possible to
get acquainted with interesting expressions and sen-
tences, their translations into English, and semantic
analysis. Such type of sentences depicting the herosim
and dedication of martyrs, the atmosphere of the patri-
otic war and its consequences are the followings:

1. Qanlari ilo tarix yazan Sahidlar (Martyrs who
wrote history with their blood) - the given epithet is a
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lexical stylistic device in Azerbaijani. The literary
device reflects that the occupied lands were regained at
the cost of the blood and life of Azerbaijan’s brave sons
whom we owe our victory.

2. Azorbaycan xoritasini biitoviagdiran Sahidlar
(Martyrs who unified the map of Azerbaijan) — the
mentioned expression is an epithet in Azerbaijani. The
expression symbolizes the bravery of the martyrs and
their invaluable role in history. It is known that as a
result of Armenia's military aggression, our ancient
historical lands, which constitute 20 percent of
Azerbaijan, remained under occupation for nearly 30
years. These lands were liberated from occupation
through military and political means during the 44-days
Patriotic War, and the territorial integrity of our country
was restored. As it is seen from the given epithet,
Azerbaijan achieved its territorial integrity years later
precisely at the expense of the lives of martyrs.

3. Qayidan torpaqlardan qayitmayan ogullar
(Sons who didn’t return from the returned lands) - An
interesting contrast is created by the means of antithe-
sis. In the presented stylistic opposition, it is noted that
although the lands of Azerbaijan were returned after 30
years, the sons of Azerbaijan, who fought in those lands
to the last drop of their blood in the snow, frost, and the
most difficult conditions, did not return from those
lands.

4. Qarabagin hor qaris torpagina Sahid qani
sapalanib (Martyr's blood was splattered on every inch
of Karabakh's land) - Every inch of Karabakh's land is
sacred, because these lands were watered with the
blood of Azerbaijani sons who died both from enemy
bullets during military operations and from landmines.
In the given example, expressions such as “blood was
splattered” and “lands were watered with blood” both
have emotive meaning.

5. Sahidlor  insanhigin  on  uca  fovgiina
yiiksaliblor. Ey insanlar, Qarabag torpagina ayaq
basanda asta basin, har qaris torpagdan Sahid gani
fisquracaq! ( Martyrs have risen to the highest level of
humanity. O people, tread gently when you set foot on
the land of Karabakh, the blood of martyrs will gush
from every inch of the land!) - Martyrs gave their lives
so that Azerbaijanis could live prosperously and
happily in the lands liberated from occupation today,
schoolchildren could study at school, and students
could study at Karabakh University. We owe the
freedom of these lands to them. We must not forget this
reality in every inch of the land we step on. The
expression “Martyrs’ blood will gush from every inch
of the land” has high emotional colouring.

6. Osro barabor bir ay (A month equal to a
century) — the given combination is an epithet in
Azerbaijani. The expression symbolizes a glorious
victory. Although the Second Karabakh War covered a
short period, a great victory was achieved in this period.
Thanks to this victory, Azerbaijan proved to the whole
world that it is an independent country capable of
ensuring the national interests of the people and the
country. This victory showed the power of the Turkic
world.

7. Bizevimiza gayidirig (We are returning home)
- The given sentence expresses a broad meaning. Here,
a lexical stylistic device, metonymy is used. Thus,

when we say “home”, we mean the ancestral lands of
Azerbaijan, which have been under occupation for 30
years. These lands have belonged to Azerbaijan
throughout history, and after many years we were able
to return to our lands - our home. On the other hand,
after returning to these lands people found their homes,
renovated them, restored historical monuments, and
even found the headstones of their ancestors and
repaired broken ones.

8. Heydor Oliyevdon Ilham Oliyeva (From
Heydar Aliyev to Ilham Aliyev) - Throughout his
meaningful life, the national leader Heydar Aliyev
thought only about Azerbaijan, its modernization,
strengthening, and prosperity. The President of the
Republic of Azerbaijan, Mr. Ilham Aliyev, is a worthy
successor of the national leader Heydar Aliyev. The
return of our ancestral lands was one of Heydar
Aliyev's greatest dreams. He wanted to see Azerbaijan
as a developed and independent country that is known
all around the world. Ilham Aliyev was able to fulfill
his father's dream, and this once again proved that he is
both a wonderful son and a far-sighted and wise leader.
We are proud of our president.

9. Bir millat, iki doviatl Tak millat, iki doviat (
One nation, two states) — In the presented expression
we can come across the contextual antonyms. In fact,
the words “one” and “two” are not antonyms
separately. However, within the context, these two
words are considered antonyms by creating a contrast.
The mentioned expression reflects the great moral and
military support shown by the neighbour country
Turkey throughout history, as well as during the
Second Karabakh War.

10. Vaton savasinda tarixi zafar (A historic victory
in the Patriotic War) — this is another vibrant epithet
which depicts the importance of the victory gained in
the patriotic war. This victory is engraved in the history
of Azerbaijan with both its grandeur and its countless
losses. Azerbaijanis will never forget this history.

11. Isgaldan azad olunmus ovazilors “Boyiik
Qayidis” ("The Great Return" to the liberated
territories) - The presented expression has a very broad
meaning. The phrase "The Great Return" refers to the
"return" of people who were forced to run away from
thier homeland barefoot and bareheaded 30 years ago.
They returned back to their lands and homes that were
unjustly taken from them. In this expression, the word
“return” symbolizes the following ideas: Azerbaijanis
will restore destroyed historical monuments, improve
cities, and build schools, kindergartens, hospitals, and
recreation areas that meet the most modern standards in
these areas.

12. Indi biz gostardik kim-kimdir (Now we have
shown who is who) - The given expression in the
Azerbaijani language uses both assonance, which is a
phonetic stylistic device, and stylistic inversion, which
is a syntactic stylistic device. Both the harmony of
vowels and the violation of word order add special
imagery to the given expression. Thanks to the victory
gained in the second Karabakh war, Azerbaijan made
its power known to the whole world. The whole world
witnessed the restoration of Azerbaijan's territorial
integrity. Now every country is aware of the power of

29
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the Republic of Azerbaijan, which has rich history,
literature, culture, customs and traditions.

The listed word combinations, expressions and
sentences allow us to describe the process and results
of the war in words. On the other hand, phonetic, lexi-
cal and syntactic stylistic devices such as assonance,
epithet, metonymy, antithesis, stylistic inversion found
in the presented examples express emotional colouring
and form artistic quality and aesthetic values.
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Environmental education of a preschool institu-
tion is considered one of the directions of sustainable
development. The main goal of the preschool institu-
tion is the safety of the child's life. And the main goal
of environmental education is the formation of an eco-
logical attitude, consciousness, great common sense,
responsibility, attitude to nature of the younger genera-
tion. Through this upbringing, a person's sense of cul-
ture and environmental consciousness are formed. Pre-
school is the period when the child's worldview is
formed. Environmental education given at this young
age increases children's responsibility for nature,
teaches them to protect the environment, the formation
of environmental behavior. Instilling ecology in the
child's mind, teaching him to follow environmental or-
ders will not only lay the foundation for nature conser-
vation, but will allow in the future to educate a genera-
tion that is more environmentally friendly and empa-
thetic [1].

The main goal of environmental education in kin-
dergarten is to awaken children's interest in living in
harmony with nature, increase their environmental
knowledge and form an ecological culture. There are
several main tasks of these areas of education:

- Education about nature and the environment;

- Development of love for nature, care;

- Formation of environmental skills such as energy
saving, water saving;

- Teach children to take responsibility for environ-
mental issues [2].

In addition, information technologies are also used
in the implementation of environmental education. It is
effective to introduce children to the problem of ecol-
ogy through electronic textbooks, video content, verti-
cal excursions. Strengthen the child's relationship with
nature through environmental games and practices.
Control is the only way to form environmental educa-
tion in kindergarten. Every time children go for a walk,
observing nature, they see many different phenomena.
On the basis of this, the ability not only to observe chil-
dren, but also to show the connections of objects and
phenomena. In the process of control, it is necessary to

guide the activities of preschool children, ask questions
and set them problematic tasks.

The main thing is to awaken an emotional reaction
in children and the desire to continue such actions on
their own. For example, if we control the strong wind
and control the scattering of the surrounding area, we
can give an example of the role of humanity in organ-
izing its collection. At the same time, the presence of
animals and plants in kindergarten, which children
themselves observe and care for, teaches them to take
care of the environment, love for work and get used to
it, and gradually such qualities as responsibility for the
assigned task were formed in the child. "Corner of Na-
ture”, which brings closer to nature in the preschool or-
ganization. In a corner of nature, children not only ob-
serve, but also defend various experimental projects.
From the same projects can show the laws of nature, its
benefits and harms to humanity.

The child's concern for nature from an early age
can be realized through this observation and experi-
mental work. Will the great thinker of the Kazakh peo-
ple A. Kunanbayev be a child who will grow up without
playing games and singing?- as they say, the game oc-
cupies a special place in the life of a child. The game
helps preschoolers develop their personality, develop
their language, learn literacy, and get closer to friends.
After all, the means of educating a child from infancy
to honesty, courage, kindness, and work are games. The
fate of the future society also directly depends on the
upbringing of this child. It is these children who are
both developing and advancing in society. The first ed-
ucational ladder, which establishes simple skills in the
child's mind that solve a wide variety of problems of
upbringing, is kindergarten. [3] For the general purpose
of environmental education, it is written that it is possi-
ble to lay the foundations of environmental culture in
preschool age, based on the peculiarities of the devel-
opment of child psychology, at this stage bright, figura-
tive emotional impressions, the first natural science
concepts, form the basis of the correct attitude to the
environment and value orientations in it.
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Comprehensive work on environmental education
of preschool children is an important aspect of their de-
velopment, which is characterized by the formation of
environmental awareness, a responsible attitude to na-
ture and a healthy lifestyle. The preschool organization
plays a key role in educating children about nature con-
servation and teaching them a responsible attitude to
nature. [4] The problem of the relationship between
man and the environment and the implementation of
specific measures to protect and preserve natural re-
sources today becomes not only an independent task of
each state, each country, but also a national problem
that all states unite, unite and unite.This led to the cre-
ation of an environmental International Society of dif-
ferent countries.

It has become one of the most important issues dis-
cussed by the United Nations. Protecting natural re-
sources is not about not using them at all, but rather
about using them carefully, efficiently and not allowing
waste. Affordable and high-quality preschool education
is included in the list of 17 Sustainable Development
Goals of the United Nations (UN). The state policy in
the system of preschool education and training is aimed
at creating conditions for children from different social
groups and families with different living conditions to
have equal initial opportunities and receive a quality
education.

Over the past 10 years, the issue of covering chil-
dren with preschool education and training has been
largely resolved. Today, the preschool is:

- not only a place to take care of the child and look
after him, but also a developing educational environ-
ment, which primarily and mainly creates comfortable
and safe conditions, aimed at comprehensively meeting
the needs of children;

- make children healthy, intellectual, moral, emo-
tional, partner of the family in matters of Social Devel-
opment;

—every teacher is a territory of joy and well-being,
which is a friend of the child and an assistant in his de-
velopment.

This position should become the foundation of
preschool institutions. Assessment of the quality of pre-
school education and training to determine the quality
of pre-school education, since 2017, the development,
approval and implementation of the system of indica-
tors (monitoring) (methodological principles, 2018) for
the development of skills and abilities of children who
have not reached the school conducted by the preschool
institution itself has begun in Kazakhstan. This moni-
toring is important for regulating the process of raising
and educating children. The internal assessment of the
quality of preschool education includes its own assess-
ment, which provides for the collection and analysis of
materials on the professional activities of teachers and
the effectiveness of the educational environment. It
provides for the stages of monitoring the development
of preschool children, the formation of skills and flexi-
bility of children in accordance with age characteristics,
the introduction of actions that regulate the work pro-
cess of the teacher.

Children's abilities and acquired skills are re-
flected in the child's development card. This tool for in-

ternal evaluation is maintained. Assessment of the qual-
ity of preschool education includes independent assess-
ment and voluntary institutional accreditation through
state certification, which includes a certificate between
parents.[5] External monitoring of kindergartens is car-
ried out only in order to ensure the quality standard of
education and safety of children. For the same purpose,
the requirements for the procedure for opening and
monitoring the activities of a preschool institution on
issues of safety, ensuring the rights of children and their
legal representatives in accordance with the legislation
of the Republic of Kazakhstan will be revised. It is nec-
essary to create a system of quality assurance of pre-
school education, which determines the level of train-
ing of teachers, permission to work with children and
the conditions created for the early development of
children.in case of violation of the rights and legitimate
interests of children based on the results of an external
assessment, information is transferred to the
Committee for the protection of children’s rights.
Issues of restoring children's rights, ensuring comforta-
ble living conditions are considered at interdepart-
mental meetings of the commission on juvenile affairs
under Representative and local executive bodies. Thus,
a comprehensive system of Independent National As-
sessment of the quality of preschool education is
formed using the ECERS early childhood environment
Rating Scale, which is used in the world as a compre-
hensive assessment tool.[6] In conclusion, for our own
children, whether they are in kindergartens, study at
school, college or university, national goals, educa-
tional aspirations in terms of what we want should be
an incentive for a wide discussion of society. The time
has come to establish a public agreement between the
state and society in order to determine the real nation-
wide priorities of Education, which we all dream of for
the future of our children, and equally distribute re-
sponsibility for the development of the industry.
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Introduction

The development of artificial intelligence (Al)
technologies over the past decades has fundamentally
transformed many aspects of business operations, in-
cluding content creation processes. One of the techno-
logical innovations is the emergence of generative arti-
ficial intelligence (GenAl), capable of automatically
generating text, images, music, and code. In business,
particularly in the B2B sector, GenAl has quickly
found applications in marketing, product development,
data analysis, and other areas. Its use opens up hew pos-
sibilities for increasing efficiency, reducing costs, and
accelerating content creation processes. However,
along with these benefits come new challenges, espe-
cially in the field of intellectual property rights (IPR).

As an important element of business competitive-
ness and value, IPR plays a vital role in protecting the
interests of the company. Issues related to authorship
and ownership of Al-generated content require special
attention in the B2B sector, where the transfer of IPR
often forms part of contractual obligations. The purpose
of this article is to explore the legal aspects of GenAl
use in the B2B context, particularly from the perspec-
tive of IPR.

Main part. Defining GenAl and its use in busi-
ness

An Al class that can create new data based on the
analysis and processing of existing information is
called GenAl. Unlike traditional Al models that per-
form predefined tasks, it generates original content us-
ing complex machine learning algorithms and neural
networks. The use of GenAl in business, especially in
the B2B sector, has rapidly grown due to its ability to

automate complex processes and create personalized
content for clients and partners. In the B2B environ-
ment, such technologies are applied to automatically
generate reports, marketing materials, product proto-
types, and to enhance user experience by adapting con-
tent to individual client needs.

The process of Al content creation starts with
data collection. Data may be gathered from open
sources or from specially curated datasets provided by
developers. At this stage, data undergoes cleaning and
preprocessing to remove irrelevant or incorrect ele-
ments and to format it for model training. During the
training stage, GenAl uses this data to build a model
capable of generating content. Machine learning and
deep learning methods, particularly the use of artificial
neural networks, form the basis of this training. The
model learns patterns in the data. Although GenAl can
generate content without human involvement, optimi-
zation and refinement of the results are often re-
quired. Various techniques are used for this, such as
fine-tuning the model on additional data or adjusting
model parameters to improve the quality of generated
content. Approaches like user feedback or quality eval-
uation algorithms may also be employed to enhance the
model’s accuracy.

One of the advantages of modern GenAl models
is their ability to iteratively create content. This means
that based on initially generated data, the algorithm can
continue improving the result. This process allows for
the creation of higher-quality and more complex out-
puts in several steps. The GenAl application allows you
to create a wide range of content that is actively used in
the B2B sector to solve various tasks (fig. 1).
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Figure 1. Types of content created by GenAl /1]

One of the applications of GenAl is text genera-
tion, which includes the creation of marketing materi-
als such as press releases and articles, as well as the au-
tomation of report generation. Another significant use
of GenAl is in the creation of visual and audio con-
tent. Companies can use GenAl to develop graphic ma-
terials, such as logos, banners, and infographics, accel-
erating the process of preparing marketing and adver-
tising campaigns. Using GenAl, you can create
soundtracks, voice messages, and musical composi-
tions for advertisements, presentations, or podcasts.
Another area of application is the automatic genera-
tion of software code. Using GenAl, it becomes possi-
ble to create new software products, optimize existing
code and accelerate the development process by creat-
ing prototypes of applications and functions, which are
then finalized by specialists. This significantly reduces
development costs and accelerates the time-to-market
for new software products.

Thus, GenAl demonstrates significant potential
for transforming business processes in the B2B sector
by automating content creation and improving the user
experience. Its use helps speed up processes, reduce
costs, and enhance the quality of products or services.

Intellectual property in the B2B context

The set of rights protecting the results of human
creative and intellectual activity is called IPR. Its pri-
mary purpose is to provide legal protection for creative
achievements and innovative solutions, granting the
owner exclusive rights to use and commercially exploit
such results. There are various forms of legal protection
for intellectual activity, such as copyrights, patents, and
trademarks. Copyrights protect original works of liter-
ature, music, art, and other creative forms, granting au-
thors exclusive rights to use and distribute their works.
Patents safeguard new technical solutions, including in-
ventions, while trademarks protect brands and commer-
cial names from unauthorized use by third parties.

Companies operating in the B2B space often de-
velop innovative technologies, software, products, or
services that require protection to maintain their com-
petitive edge in the market. By providing legal protec-
tion for developments, IPR allows companies to protect
their assets from unauthorized use or copying by com-
petitors [2]. One of the important aspects of IPR in the
B2B environment is the ability to monetize intellectual

assets through licensing, franchising or the sale of pa-
tents and trademarks. Companies can license their tech-
nologies or products to other enterprises, earning reve-
nue from the use of their intellectual assets. This is es-
pecially important for tech companies that can transfer
their developments to other firms for further applica-
tion and adaptation while maintaining control over their
innovations.

The introduction of GenAl into the business do-
main raises new legal questions concerning authorship
and ownership rights. Traditional IPR norms assume
that a work must have an identifiable author. In the case
of Al-generated content, there is legal uncertainty be-
cause Al, including GenAl, does not have legal person-
hood and cannot be recognized as an author or rights
holder. As a result, questions arise who owns the rights
to the content created by Al, and how are rights distrib-
uted among Al users, software developers, and compa-
nies utilizing this content.

Copyright over content created by GenAl presents
one of the most complex areas of legal practice. The
principle of originality, which is the foundation of cop-
yright protection, requires that content be the result of
a creative process initiated by a human. However, if Al
creates a text or image based on vast datasets and algo-
rithms without direct human intervention, questions
arise as to whether such content meets the originality
criteria.

In addition to authorship issues, the responsibility
for GenAl-generated content is of paramount im-
portance. For instance, if Al generates content that in-
fringes on third-party copyrights (by using protected
data elements or copying existing works), who bears
responsibility for such infringement. Such situations
may lead to complex legal disputes and financial risks,
especially in cases where copyright infringement was
unintentional but resulted in significant losses for the
rights holders. This makes the issue of licensing and
rights to training data a critical aspect of developing and
using GenAl systems. Thus, for companies operating in
the B2B sector, using content generated by GenAl can
have both positive and negative consequences (table 1).
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Table 1.

Advantages and challenges of using GenAl in the business environment [3, 4]

Advantages of using Al

IPR-related challenges

Business implications

Automation of content creation:
Fast creation of texts, images, pro-
gram code and other content.

The uncertainty of copyright: the lack
of a clear interpretation regarding who
holds the rights to content created by
artificial intelligence.

Potential disputes over the
right to created content.

Scalability: Al can generate large
amounts of content with minimal
cost.

Using training data: training Al on cop-
yrighted data can lead to violations.

The risks of lawsuits for unli-
censed use of data.

Personalization and adaptation: Al
allows you to create materials tai-
lored to the needs of each client.

by Al.

Challenges in licensing content created

Possible restrictions on the
commercial use of the content.

Innovation and creativity: Al can
offer unique solutions that are not
available to humans.

Issues in identifying the parties respon-
sible for third-party rights violations.

Possible fines or reputational
losses due to litigation.

Reducing the cost of human re-
sources for routine tasks.

Difficulties in law enforcement: the
limited number of legal precedents
complicates legal protection.

Uncertainty in the protection
of IPR and long-term obliga-
tions.

According to the author, the implementation of
GenAl offers companies the opportunity to scale con-
tent production and introduce innovations in communi-
cation and product creation processes. On the other
hand, legal risks associated with the use of Al-
generated content can significantly complicate compa-
nies' operations.

To minimize legal risks, companies using GenAl
should develop IPR management strategies that in-
clude:

o Clear allocation of rights and responsibilities:
concluding contracts with Al developers and clients
that clearly outline rights to content created by GenAl
and liability for potential IPR violations.

e Licensing of training data: verifying the legal-
ity of the data used to train Al models, considering
third-party rights and ensuring appropriate licenses.

e Monitoring generated content: regularly re-
viewing Al-generated content to ensure compliance
with IPR requirements and the absence of third-party
rights violations.

e Internal control implementation: Creating in-
ternal monitoring mechanisms and fine-tuning the Al
to reduce the risk of IPR violations and enhance legal
transparency.

Content created by GenAl can significantly im-
prove business processes and efficiency in the B2B sec-
tor but requires careful attention to legal aspects such
as authorship, liability, and IPR protection.

Legal framework for IPR and GenAl-gener-
ated content

Currently, most countries lack a clear legal frame-
work regulating IPR for content generated by Al. The
legal framework related to IPR is adapted to traditional
forms of creativity, where the copyright holder must be
a human being.

The Berne Convention, which governs the inter-
national protection of copyright, states that the author
of a work must be a physical person. This excludes the
possibility of assigning copyright to Al-generated con-
tent [5]. National laws, such as the USA Copyright Act,
are based on the principle of «creative contribution»

which implies that only a human who has engaged in
creative activity can claim authorship [6].

In the realm of patent law, there are also limita-
tions regarding inventions created by Al. Most national
patent office’s require that an inventor be a human. In
2019, there was a precedent where a patent application
was filed for an invention created by the Al system
DABUS. Patent offices in the USA rejected the appli-
cation on the grounds that Al cannot be recognized as
an inventor [7].

However, the rapid advancement of Al technolo-
gies calls for a revision of legal norms. Some jurisdic-
tions have already begun discussing possible legislative
changes to regulate the rights to Al-generated content.
In the USA, discussions are underway about adapting
copyright law to technological changes, but no specific
laws have yet been adopted to define how to regulate
Al content [8].

Most commonly, user agreements for GenAl spec-
ify that the platform or its parent company retains cer-
tain rights to the content generated by the Al, especially
when it uses proprietary algorithms or data sets. For ex-
ample, the agreement might state that the user is
granted a limited, non-exclusive license to use the Al-
generated content, but the company retains the right to
use, modify, or distribute the generated material as it
sees fit.

With regard to copyright, these agreements often
include provisions that aim to clarify how intellectual
property rights apply to content generated by Al sys-
tems. However, the question of authorship and owner-
ship of Al-generated content remains legally ambigu-
ous, as existing copyright laws typically recognize a
human author, and Al systems do not currently meet the
legal definition of authorship [9].

Conclusion

The use of GenAl in B2B opens significant oppor-
tunities for automation, innovation, and productivity
enhancement. However, alongside these benefits, seri-
ous legal challenges related to IPR rights arise. Issues
of authorship, licensing, and liability for Al-generated
content remain largely unresolved within current legal
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frameworks. This creates uncertainty for companies us-
ing GenAl and can lead to serious legal and financial
risks, especially in cases of third-party rights violations.

In the absence of a clear legal framework for reg-
ulating Al content, B2B companies must approach IPR
management carefully, developing internal policies and
clear contracts regarding the use and distribution of
rights to GenAl-generated content. Companies should
consider potential conflicts related to the use of training
data and implement licensing mechanisms to protect
against potential lawsuits. The successful use of GenAl
requires a balanced approach that combines technolog-
ical innovation with reliable IPR protection.
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This article explores the use of microservice architecture in frontend development. It examines core principles
and benefits of micro frontends, such as scalability, modularity, and flexibility, as well as the challenges of imple-
mentation, including integration, dependency management, and security. Special focus is given to system support
and monitoring issues to ensure high performance and fault tolerance in high-growth applications. To further sup-
port scalability and reliability in dynamic market environments, the article highlights essential practices in inte-
grating microservice-based frontends for enhanced adaptability to evolving technical and business requirements.
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Introduction

Modern web applications have become critically
important tools for businesses, enabling user interac-
tion across a variety of devices and platforms. As data
volume, functionality, and user base grow, the need for
flexible, scalable, and easily maintainable systems has
emerged. One promising approach that addresses these
needs is microservice architecture, where an applica-
tion is structured as a set of independent services, each
performing a specific task. Although microservice ar-
chitecture was initially applied in backend develop-
ment, its principles are now successfully integrated into
frontend development, creating so-called micro
frontends.

Micro frontends allow the frontend to be divided
into autonomous modules that can be developed and
maintained independently. Unlike traditional mono-
lithic architectures, micro frontends offer a higher level
of modularity, which is especially valuable for large
teams working on extensive applications. This separa-
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Figure 1. Number of internet users worldwide from 2005 to 2023, millions [1]

To create reliable and high-performing web re-
sources, microservice architecture is often used. This
technology represents an approach to application devel-
opment where a system consists of separate, independ-
ent components that interact through well-defined in-
terfaces. Each microservice is responsible for a specific
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tion accelerates the development process, enables up-
dates of individual components without reworking the
entire application, and allows for more flexible system
scaling. The application of micro frontends makes the
system more resilient to potential failures and adaptable
to changing business requirements.

The purpose of this article is to analyze the ad-
vantages and limitations of microservice architecture in
web development, as well as to identify specific con-
straints and features. The article will examine how mi-
cro frontends contribute to maintaining flexibility and
resilience in the system, the challenges they present,
and the scenarios in which they are most effective.

Main part. Fundamentals and benefits of mi-
croservice architecture and micro frontends

The rapid growth of internet users and the need to
ensure the reliable operation of web services require de-
velopers to continuously improve the performance and
fault tolerance of their applications. According to Sta-
tista, the total number of internet users reached 5.4 bil-
lion in 2023 (fig. 1).
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functional area and can be developed, deployed, and
scaled autonomously. In the field of frontend develop-
ment, these principles have led to the concept of micro
frontends, where each user interface component func-
tions as a separate microservice with its own dependen-
cies and infrastructure [2].
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One of the main advantages of the microservice
approach is its scalability. Unlike monolithic applica-
tions, where scaling requires increasing resources for
the entire system, microservice architecture allows only
those parts of the application that need it to be scaled.
Specifically, in conditions of significant user growth
and high load, micro frontends enable scaling of only
critical services (e.g., search systems or shopping carts
in an online store) without increasing the load on other
parts of the interface [3].

The technology provides a high level of modular-
ity, enabling the creation of independent components
that can be reused in other projects. Thanks to this prin-
ciple, developer teams can work in parallel on different
parts of the system without interfering with each other.
This is especially important for distributed teams,
where developers may be in different time zones or re-
gions. It also allows such teams to work on different
components of the system simultaneously, minimizing
interdependence. In the context of remote work and
global team distribution, this becomes an essential fac-
tor for project success. Each team is responsible for its
functional area, reducing the likelihood of conflicts and
code duplication.

The architecture offers developers a high degree
of flexibility in choosing technologies and approaches.
Different micro frontends can use various technologies,
programming languages, and even frameworks. For ex-
ample, one part of the interface may be written in React,

another in Vue or Angular, allowing optimal tools to be
selected for specific tasks.

This flexibility also extends to the deployment
process. Since each microservice is autonomous, teams
can deploy new versions of individual micro frontends
independently of each other, avoiding delays associated
with synchronous updates across the entire system.
This is particularly valuable in a dynamic market where
the speed of product release can become a competitive
advantage.

An example of successful micro frontend imple-
mentation is the American company Netflix, which has
adopted microservice architecture for its user inter-
faces. Here, each micro frontend is responsible for a
specific part of the platform, such as recommendations,
film descriptions, or viewing. These micro frontends
can be independently updated and scaled according to
load, increasing system resilience and enhancing user
experience [4].

Challenges and limitations of microservice ar-
chitecture

Implementing  microservice architecture in
frontend development unlocks many possibilities, but it
also comes with various challenges and limitations, re-
quiring careful planning and strategic approaches. Un-
derstanding these challenges helps developer teams
prepare for potential difficulties and develop strategies
to use micro frontends effectively in projects (table 1).

Table 1.

Advantages and disadvantages of micro frontends [5]

bles easy updating and reusing compo-
nents across projects.

Aspect Advantages Disadvantages
Scalability Ability to scale individual modules as | Increased network requests between micro
needed without affecting other parts of | frontends can negatively impact performance.
the system.
Modularity High level of module independence ena- | Developing a dependency management system

between modules can be complex and requires
extra effort.

Development
speed

Different teams can work on their micro
frontends in parallel, speeding up devel-
opment and deployment.

Due to integration and testing complexities,
overall development speed may decrease during
initial adoption.

Integration

Flexibility in choosing technologies and
tools allows optimal solutions for each
team or functionality.

Integrating components requires additional ef-
fort and often involves special frameworks (e.g.,
Single-SPA, Module Federation).

Security

Centralized access control and data pro-
tection for individual modules using
technologies like OAuth and JWT.

Increased interaction points between micro
frontends raise the risk of data leaks and require
extra measures for authentication and authoriza-
tion.

Dependency
management

Allows independent library and frame-
work updates for each micro frontend,
reducing compatibility risks during up-
dates.

Versioning and compatibility issues among mod-
ules, especially in large applications with many
independent micro frontends.

Dividing an application into independent micro
frontends increases integration and management
complexity, as each component may have its depend-
encies and require coordinated interaction with other
system parts. In a monolithic approach, interaction be-
tween interface parts is relatively straightforward be-
cause all modules reside in a single application. In mi-
cro frontend architecture, each component can have its

dependencies and libraries, necessitating the develop-
ment of an additional layer of integration and synchro-
nization.

One way to address this issue is by using special-
ized frameworks like Single-SPA or Module Federa-
tion in Webpack (a module bundler for JavaScript).
Single-SPA enables each micro frontend to operate in-
dependently, allowing them to be loaded and executed
autonomously. This approach allows adding, updating,
or removing individual micro frontends without the



Norwegian Journal of development of the International Science No 145/2024 101

need to recompile or restart the entire application, ac-
celerating development and deployment. The Module
Federation tool enables component sharing across mi-
cro frontends, allowing multiple teams to work inde-
pendently on different system parts. It also helps man-
age library versions and prevents conflicts, ensuring
compatibility among different parts of the application.

Microservice architecture can also increase over-
head for interactions between modules. Since each
micro frontend operates independently, requests be-
tween them may lead to delays and performance degra-
dation across the system. For instance, for large inter-
faces with multiple interacting micro frontends, devel-
oping additional caching and request optimization
mechanisms may be necessary to minimize latency [6].
Addressing performance issues requires managing net-
work requests between microservices and efficiently
using caching. These measures can significantly reduce
server load and provide acceptable response times for
users, but they also increase development complexity
and require additional resources.

Security becomes more complex when using mi-
cro frontends. Each micro frontend interacts with other
components and may access data that requires protec-
tion. In the case of data leakage or authorization failure,
the entire system can be put at risk.

Ensuring security in a microservice architecture
requires a centralized approach to user authorization
and authentication. One solution could be using tech-
nologies like OAuth and JSON Web Token (JWT),
which allow centralized authorization to prevent unau-
thorized access to microservices. However, security is-
sues remain relevant, especially in distributed teams
and when using third-party services.

Support and maintenance of microservice ar-
chitecture

One of the most critical tasks in maintaining a mi-
croservice architecture is monitoring and diagnosing
performance. Given the multiple microservices that op-
erate independently, it’s essential to monitor each com-
ponent's performance and manage their interactions to
avoid bhottlenecks. Tools like Prometheus and Grafana
are often used for this purpose [7].

Prometheus is an open-source monitoring system
designed for metric collection and processing. In a mi-
croservice architecture, Prometheus tracks each com-
ponent's status by collecting data on resource usage, la-
tency, request count, and errors. This data can be used
for graphing, trend analysis, and identifying bottle-
necks.

Grafana complements Prometheus by providing
powerful visualization capabilities for the collected
metrics. With Grafana, customizable dashboards dis-
play real-time load and component statuses, enabling
rapid detection and response to emerging issues, which
is especially useful for monitoring micro frontends
where each component may have specific metrics. Both
tools support creating alerts based on metrics, allowing
teams to respond quickly to potential failures.

Monitoring and diagnostics are essential for iden-
tifying and resolving performance issues, especially
under heavy loads. Effective use of these tools helps
prevent outages and maintain high-quality user service.

A key element in microservice architecture is fault
tolerance, as the failure of one component should not
cause the entire system to crash. To ensure fault toler-
ance in micro frontends, replication, resilience patterns,
and distributed logging and tracing are often applied.

Service replication across multiple servers or
nodes distributes load and prevents data loss if one node
fails. This is crucial for high-traffic systems where even
brief downtimes can lead to serious consequences.

In microservice architecture, patterns like Circuit
Breaker and Retry are used. The Circuit Breaker pattern
prevents cascading failures by disconnecting from a
component if it frequently returns errors, protecting
other microservices from being overloaded by repeated
requests. The Retry pattern automatically retries ser-
vice requests if it’s temporarily unavailable, helping re-
store connectivity without user intervention.

With micro frontends, where each component may
be managed by different teams and developed in vari-
ous programming languages, centralized log manage-
ment is crucial. Using tools like the ELK Stack (Elas-
ticsearch, Logstash, Kibana) and Jaeger for distributed
tracing enables quick identification of problem sources
and diagnostics. These tools help track request chains
across various microservices and detect failures in any
system component.

Maintaining micro frontends requires managing
versions and dependencies between components. When
changing one microservice, compatibility with others
must be ensured, which can be challenging. In a large
system where each component may update frequently,
this creates additional complexities [8].

To address compatibility among different versions
as each microservice evolves independently, API ver-
sioning is used, enabling individual microservices to
update without requiring all components to update.
This is achieved by creating API versions that can co-
exist, supporting multiple components.

Version management and dependency manage-
ment also involve integrating microservices into a
CI/CD pipeline, automating deployment and testing
processes. Tools like Jenkins, GitLab ClI, or CircleCl
are typically used to automatically test and deploy new
versions of micro frontends. Integration of these tools
minimizes update errors, as each new version under-
goes automated testing before reaching production.

Canary testing and A/B testing should also be
mentioned. These approaches allow deploying a new
microservice version for a limited group of users to test
its stability and performance in real-world conditions.
Canary deployment helps detect errors and production
issues early on, before the update becomes available to
all users. This significantly reduces risks and allows
evaluating the impact of changes on system perfor-
mance.

Conclusion

Microservice architecture in frontend develop-
ment, despite its complexities, is a powerful tool for
creating scalable, flexible, and resilient systems, espe-
cially for applications experiencing rapid growth and
meeting complex modern business demands. Dividing
the user interface into micro frontends allows distrib-
uted teams to develop, test, and deploy independent
modules in parallel, accelerating update rollouts and
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minimizing the risk of dependency-related errors be-
tween application parts.

Ultimately, micro frontends are especially valua-
ble for large projects and distributed teams, allowing
approaches that ensure system adaptability to growing
and changing requirements. A balanced approach to
managing the complexities and benefits of micro
frontends will enable the creation of a productive and
flexible application that can withstand high loads and
changing market conditions.
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The integration of smart home technologies with sustainable practices represents a transformative shift in
how we address environmental challenges. Smart homes, characterized by their devices and advanced automation,
contribute to energy efficiency, resource conservation, and reduced carbon footprints. This paper explores the
nexus of smart homes and environmental sustainability, examining their current capabilities, potential for promot-
ing a green world, challenges in adoption, and future prospects. By analyzing innovations in renewable energy,
waste management, and eco-friendly living, this study underscores the importance of smart homes in driving a

sustainable future.
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Introduction

The rise of climate change as an existential threat
necessitates innovative approaches to environmental
sustainability. Smart home technologies, which employ
interconnected devices to optimize resource use, offer
a promising avenue for reducing energy consumption
and promoting green living. These systems leverage au-
tomation, data analytics, and artificial intelligence (Al)
to enhance efficiency and convenience while minimiz-
ing ecological impact.

This paper investigates the role of smart homes in
creating a green world, focusing on their ability to inte-
grate renewable energy, reduce waste, and foster sus-
tainable behaviors. The discussion also highlights chal-
lenges, such as cost and accessibility, and explores how
emerging technologies and policies can shape the fu-
ture of sustainable living.

The Concept of Smart Homes

Smart homes are residential spaces equipped with
technology to automate and control systems such as
lighting, heating, cooling, and appliances. Key features
of smart homes include:

Connectivity: Devices communicate with each
other and with users through networks, enabling remote
control and data sharing.

Energy Optimization: Systems like smart thermo-
stats and lighting adjust dynamically to minimize en-
ergy waste.

Integration with Renewable Energy: Smart homes
often incorporate solar panels and energy storage sys-
tems to reduce reliance on nonrenewable re-
sources[1,2].

Technological Foundation

Smart homes rely on advancements in sensors, Al,
and machine learning. These technologies enable pre-
dictive maintenance, adaptive energy use, and user-
centered customization. For instance, Al-driven algo-
rithms can learn a household’s habits to optimize en-
ergy use while ensuring comfort.

Environmental Benefits of Smart Homes

Smart homes contribute to sustainability through
several mechanisms:

Energy Efficiency

Smart homes use intelligent systems to reduce en-
ergy consumption:

Smart Thermostats: Devices like Nest and Ecobee
adjust temperatures based on occupancy and weather
conditions, reducing unnecessary heating or cooling.

Smart Lighting: LED lighting systems with mo-
tion sensors and natural light adjustments minimize en-
ergy use.

Energy Monitoring: Real-time data on energy con-
sumption helps users identify inefficiencies and adopt
energy-saving practices.

Renewable Energy Integration

Smart homes support the adoption of renewable
energy sources:

Solar Panels and Batteries: Systems like Tesla’s
Powerwall allow homes to generate and store renewa-
ble energy, reducing reliance on grid electricity.

Smart Grids: Homes with renewable energy sys-
tems can interact with smart grids, feeding excess
power back into the system.

Water Conservation

Smart technologies help manage water use:

Irrigation Systems: Smart sprinklers adjust water-
ing schedules based on weather forecasts and soil mois-
ture levels.

Water Monitors: Devices detect leaks and opti-
mize water usage for appliances and plumbing systems.

Waste Reduction

Advanced technologies in smart homes can mini-
mize waste:

Smart Appliances: Refrigerators with inventory
tracking reduce food waste by alerting users to expiring
items.

Recycling Management: Smart bins sort recycla-
bles and track waste disposal patterns.

Challenges in Implementing Smart Homes for
Sustainability

Despite their potential, several barriers limit the
widespread adoption of smart home technologies:

High Initial Costs

The upfront investment for smart devices and in-
stallation is a significant deterrent. While energy sav-
ings can offset costs over time, affordability remains a
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concern, particularly in low-income households and de-
veloping countries.

Privacy and Security Risks

loT-enabled devices collect and transmit sensitive
data, raising concerns about cybersecurity and user pri-
vacy. Cyberattacks on connected systems can compro-
mise both personal information and the functionality of
essential devices.

Technological Accessibility

Smart home technologies are often limited to ur-
ban areas with reliable internet connectivity. Rural re-
gions and developing nations face infrastructural chal-
lenges that hinder adoption[2,3].

The Future of Smart Homes in a Green World

The evolution of smart home technologies is ex-
pected to amplify their environmental benefits. Key
trends include:

Advancements in Al

Predictive Energy Management: Al will enable
homes to anticipate energy needs based on historical
data and real-time inputs, further reducing waste.

Device Interoperability: Standardized protocols
will allow seamless communication between devices,
enhancing overall efficiency.

Integration with Smart Cities

As urbanization accelerates, smart homes will play
a crucial role in the development of smart cities. These
cities will integrate smart homes into broader networks
for energy distribution, transportation, and waste man-
agement.

Policy Support and Incentives

Governments worldwide are introducing policies
to promote sustainable living:

Tax Incentives: Subsidies for renewable energy
installations and smart devices.

Green Building Standards: Certification programs
encouraging eco-friendly construction practices.

Consumer Awareness

Raising public awareness about the environmental
and economic benefits of smart homes will drive adop-
tion. Educational campaigns and user-friendly technol-
ogies can help bridge the knowledge gap.

Ideas and Suggestions for Future Development

To further the potential of smart homes in foster-
ing a sustainable and greener world, innovation must
focus on improving efficiency, expanding accessibility,
and integrating cutting-edge technologies. Below are
suggestions for future advancements in smart home
technologies.

Enhancing Integration with Renewable Energy
Systems

Community Energy Sharing Platforms: Develop
decentralized systems allowing neighborhoods to share
excess energy generated from solar panels or wind tur-
bines. This approach can create microgrids that en-
hance energy efficiency and reduce dependency on
centralized power plants.

Advanced Energy Storage: Research and imple-
ment next-generation storage solutions such as solid-
state batteries or hydrogen fuel cells to provide reliable
and sustainable energy storage for smart homes.

Al-Driven Energy Optimization: Leverage artifi-
cial intelligence to predict energy consumption pat-

terns, dynamically adjust energy production, and bal-
ance grid demand, further integrating smart homes with
renewable energy sources.

Improving Water Management and Conservation

Real-Time Leak Detection and Repair Systems:
Equip smart homes with advanced water sensors capa-
ble of detecting leaks early and triggering automatic re-
pairs or alerts, preventing water wastage.

Smart Greywater Recycling Systems: Develop
user-friendly greywater systems that recycle water
from sinks, showers, and laundry for purposes like irri-
gation or toilet flushing.

Rainwater Harvesting Integration: Build auto-
mated rainwater collection systems that use weather
forecasts to optimize storage and distribution for house-
hold needs[4].

Expanding Waste Management Capabilities

Intelligent Composting Units: Integrate smart
composting systems into kitchens to help households
process organic waste efficiently. These units could
provide feedback on compost quality and encourage
better waste segregation.

Automated Recycling Assistants: Design loT-en-
abled recycling bins that use sensors and Al to identify,
sort, and compact recyclable materials, reducing con-
tamination and encouraging proper disposal habits.

Digital Waste Footprint Trackers: Provide home-
owners with detailed insights into their waste genera-
tion patterns, paired with actionable recommendations
for reducing non-recyclable waste.

Increasing Accessibility and Affordability

Low-Cost Smart Devices: Develop affordable
smart home solutions for low-income households and
communities in developing countries to democratize
access to green technology. Open-Source Platforms:
Promote open-source software and hardware for smart
home devices, enabling innovation and customization
at reduced costs. Government Subsidies and Incentives:
Advocate for policies that provide financial assistance,
tax benefits, or grants for individuals and businesses in-
vesting in smart home technologies.

Enhancing Interconnectivity and Usability

Unified Smart Home Ecosystem: Create standard-
ized communication protocols to enable seamless inter-
action between devices from different manufacturers,
reducing fragmentation in the market.

Voice and Gesture Controls: Advance user-
friendly interfaces with natural language processing
(NLP) and gesture recognition to make smart homes ac-
cessible to all age groups and abilities.

Personalized Eco-Suggestions: Equip smart
homes with Al-driven systems that provide tailored
recommendations for reducing energy and resource
consumption based on individual usage patterns.

Leveraging Big Data and Al for Sustainability

Predictive Maintenance Systems: Utilize Al to
monitor the health of appliances and systems, alerting
users before malfunctions occur and minimizing down-
time or waste.

Sustainability Dashboards: Desigh comprehensive
dashboards that combine data on energy, water, and
waste usage, empowering users to make informed de-
cisions for greener living.
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Climate-Adaptive Smart Homes: Develop homes
capable of adapting to local climate changes, using Al
to adjust settings for heating, cooling, and ventilation to
reduce environmental impact.

Collaboration with Smart Cities and Governments

Integration with Smart Cities: Align smart homes
with broader smart city infrastructure, such as energy
grids, public transportation, and waste management
systems, to amplify sustainability efforts on a commu-
nity scale. Urban Planning Synergies: Collaborate with
urban planners to design neighborhoods where smart
homes are optimized for solar exposure, natural venti-
lation, and resource-sharing systems.

To achieve these advancements, collaboration be-
tween technology developers, policymakers, and re-
searchers is crucial. By focusing on these areas, smart
homes can evolve from convenient tools into critical
enablers of a sustainable and green world. The future
lies in bridging technological innovation with environ-
mental responsibility, ensuring that smart homes be-
come accessible, secure, and impactful for all[5,6].

Conclusion

Smart homes represent a powerful tool in the
global effort to combat climate change and build a sus-
tainable future. By enhancing energy efficiency, inte-
grating renewable resources, and encouraging eco-

friendly practices, smart homes can significantly re-
duce environmental impact. However, addressing chal-
lenges such as cost, accessibility, and security is essen-
tial to unlocking their full potential.

The transition to a green world requires collective
action from governments, industries, and individuals.
Smart homes, as part of this broader movement, exem-
plify how technology and innovation can align with en-
vironmental stewardship to create a better future for all.
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Abstract

Topicality. It is caused by the growing needs of industrial society for metal supply. To achieve this, it is
necessary to increase the efficiency of subsoil use and use the reserves of the existing mining technology. The
greatest problems are associated with the development of gently dipping thin ore deposits in energy-disturbed
massifs, where it is difficult to use high-performance mining machines and mechanisms with large overall dimen-
sions.

Research object. Technologies and technical means for the development of gently dipping thin ore deposits
with separate extraction of ore and host rock in energy-disturbed rock massifs.

Objective. Justification of the possibility of increasing the efficiency of developing gently dipping thin ore
deposits with separate extraction of ore and rock in energy-disturbed massifs by implementing the reserves of the
organization of work during the separation of ores from the rock massif, as well as improving the quality of ore
raw materials, mining and environmental safety. This will improve the rational use and protection of the subsoil,
reduce the volume of waste rock and off-balance ores in terms of useful component content on the surface and
reduce the negative impact of the mining region on the livelihoods of the population and the environment.

Methods. The methods of complex generalization, analysis and assessment of practical experience and sci-
entific achievements in the field of underground geotechnology, theory and practice of explosive destruction of
solid media, methods of continuum mechanics, mathematical statistics, as well as methods for studying wave
processes according to standard and new methods of leading specialists from developed mining countries of the
world with the participation of the authors were used.

Results. Based on experimental studies of the indicators of a continuous development system with gross ore
extraction, the results of dilution calculations for the compared variants of development systems are substantiated.
The indicators of ore sorting and graphs of ore distribution by metal content in balance reserves and mined ore are
given. The variants of development systems with selective ore extraction, tested experimentally, are proposed. The
technical and economic indicators of the development of deposit reserves by a continuous development system
along the rise with selective extraction of the ore body, as well as gross extraction of ore and rock are presented.
The recommended technology can be in demand at enterprises of the mining industry, in particular, ferrous, non-
ferrous, radioactive and other metal ores.

Keywords: ore deposits, main stresses, low power, gentle dip, ore quality, mining and environmental safety.

1.Introduction

The growing needs of industrial society require
metals. The trend in the development of mining produc-
tion is the intensification of deposit development pro-
cesses with an increase in the size of ore fields due to
geometrization and the use of mobile high-performance
equipment [1, 2]. Increasing the efficiency of subsoil
use is increasingly ensured by using the reserves of the
existing mining technology. The greatest problems are
associated with the underground development of gently
dipping, thin ore deposits, where it is impossible to use
high-performance mining machines and mechanisms

with large dimensions [3, 4]. This work is a continua-
tion of research, the main scientific and practical results
of which are most fully presented in works with the par-
ticipation of the authors [5, 6].

Research object. Technologies and technical
means for the development of gently dipping thin ore
deposits with separate extraction of ore and host rock
in energy-disturbed massifs.

Objective. Substantiation of the possibility of in-
creasing the efficiency of development of gently dip-
ping thin ore deposits with separate extraction of ore
and rock in energy-disturbed massifs by implementing
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reserves in the organization of work during separation
of ores from the rock massif, as well as improving the
quality of ore raw materials, mining and environmental
safety. This will improve the rational use and protection
of the subsoil, reduce the volume of waste rock and off-
balance, in terms of useful component content, ores to
the daylight surface and reduce the negative impact of
the mining region on the life of the population and the
environment.

To achieve this goal, the following tasks were
solved:

1. To establish the deformation in the support,
which is activated after the first 3 months, steadily
maintaining the trend of increase over time.

2. To develop a technology and technical means
for the development of gently dipping thin ore deposits
with separate extraction of ore and host rock in energy-
disturbed rock massifs.

3..Recommend further research aimed at estab-
lishing the patterns of development of the massif’s
stress-strain state in the zone of its weakening (geome-
chanical monitoring).

2. Materials and research methods

The dependence of the quality indicators of ores
mined using different variants of a continuous develop-
ment system is studied within the framework of an in-
dustrial experiment, during which the general quality
indicator, ore dilution, is assessed using direct and in-
direct methods [7, 8]. The curves of ore distribution by
metal content make it possible to clarify the mechanism
of interaction of different grades of process products.
The quality of ores during their extraction is assessed
during the development of experimental blocks using a
generally accepted method based on block develop-
ment maps with geological and mine survey data. The
metal content in the ore was calculated based on the re-
sults of ore testing in blocks at all stages of work. The
data on the technology indicators were interpreted us-
ing graphs. Recommendations for the selection of de-
velopment system options are substantiated by the re-
sults of experimental development of ore bodies. Based
on the results of the experiment using the engineering
forecasting method, development system options opti-
mized by the dilution criterion were proposed [9, 10].

2.1. Discussion of research results. The main di-
rection of solving these problems remains the improve-
ment of the indicators of completeness and quality of
extraction of minerals from the subsoil due to the still
hidden resources of known technologies and technical
means [11, 12]. From thin ore bodies with a dip angle
from 0 to 30° and a thickness of 0.7 to 2.0 m, up to 50%
of non-ferrous and rare metal ores are mined by the un-
derground method. Gently dipping thin deposits exceed
20% of vein deposits [13, 14]. Low thickness and diffi-
cult bedding conditions of ore bodies are accompanied

by high dilution of the mined ore, the damage (eco-
nomic consequences) of which reaches 40% of the cost
of metals and is the reason for the low efficiency of ex-
traction and processing of ores from such deposits. The
direction of improving the quality and environmental
safety of mining such ores is to improve the technology
of breaking, taking into account the location of the use-
ful component in the ore-bearing massif [15, 16].

The ore bodies of the type under consideration are
characterized by variable angles of incidence, uneven
thickness, faults and constrictions. The host rocks are
generally stable and allow significant outcrops of roof
rocks, which makes it possible to use development sys-
tems with an open stope. For their development, op-
tions for a continuous development system are used.
The main disadvantage of a continuous development
system is the high dilution of the ore, reaching 60% and
reducing the content in the commercial ore compared
to the metal content in the subsoil by up to 40%. The
reason for the high dilution is the seizure of 0.3 to 1.0
m of rocks during breaking, due to the need to work in
a stope and the lack of small-sized mining equipment
[17, 18].

There are two prevailing trends in improving the
technology of intersecting ore body extraction: contin-
uous mining with ore breaking from boreholes and min-
ing with separate ore and rock extraction. In the first
trend, it was found that under comparable conditions,
breaking from boreholes compared to bench breaking
from the working space allows increasing the produc-
tivity of a miner in cleaning operations by an average
of 10...12%, increasing the productivity of the produc-
tion block by 15...18% and reducing dilution by
10...12%. With a decrease in the depth of mining oper-
ations, the conditions for ore extraction become more
complicated. A decrease in capacity, variability in the
angle of incidence, dumps and constrictions necessitate
a decrease in the width of the extraction panel and, con-
sequently, an increase in the volume of cutting opera-
tions by up to 50%, which reduces the efficiency of the
system [19, 20].

3. Research results

The Ishim deposit (Republic of Kazakhstan) is
composed of gently dipping ore bodies with an average
thickness of 2 m, located in large geological faults. The
strength coefficient according to M.M. Protodyakonov
of ores is 8...14 and of host rocks 8...10. To assess the
quality indicators of the continuous development sys-
tem with bulk ore extraction, experimental blocks were
developed, the development conditions of which are
typical for most ore bodies of the deposit (Table 1).

Table 1.
Conditions for testing experimental blocks
Parameters of ore bodies Block 1 Block 2
Interval of change of the angle of incidence, degree 33-41 20-31
\Width along the stretch, m 116 136
Area, m? 4030 6170
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Preparation and cutting of blocks consisted of
making inclined raise, ventilation and boring drifts, ore
passes, ore breaking was carried out by blasthole
charges, ore delivery was carried out by scrapers. Char-
acteristics of block 2: dip angle 250, ore thickness 0.78
m, ore body area 5167 m, metal content 75 conven-
tional units. Dilution (R) was calculated by the direct
method and indirect method based on the metal content
in balance and commercial ore, as well as in the diluting

c—a
x100, %
c—b (1)
Where ¢, @ b — respectively, the metal content

in balance and commercial ore and diluting rock mass,
%.

ore mass: R =

Under generally identical conditions of develop-
ment of the experimental blocks, the dilution of the
A

Distribution  *°

by metal con-
tentin ore,
% 24
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Metal content in ore, %

mined ore was 41...43%, and after sorting 3...38%. The
quality indicators of block 1 development: dilution of
ore issued for sorting 46%, sorting tailings yield 7.1%,
marketable ore dilution 42.0%, metal content in mar-
ketable ore 55 conventional units, decrease in metal
content in marketable ore 36 conventional units. The
quality indicators of block 2 development: dilution of
ore issued for sorting 50%, sorting tailings yield 13.2%,
marketable ore dilution 42.5%, metal content in mar-
ketable ore 47 conventional units, decrease in metal
content in marketable ore 38 conventional units [21,
22]. In Fig. 1 shows the curves of ore distribution by
metal content in reserves and ore received for sorting
determined for experimental blocks 1 and 2.

Distribu- ..
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in ore, %
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Fig.1. Ore distribution by metal content in blocks: A -block 1, B - block 2; 1:1 - metal content in the subsoil; %;
2- metal content in the issued ore

The graphs show a shift in the curve of commer-
cial ore distribution with its maximum towards lower
contents, characterizing a decrease in the metal content
in commercial ore compared to the metal content in bal-
ance reserves. This occurs when off-balance ore and
waste rock are mixed with balance ore during bulk ore
breaking and its movement along the block. In blocks 1
and 2, the metal content in commercial ore turned out
to be 37% lower than in balance ore. The output of sort-
ing tailings fluctuates by blocks from 3 to 14%, averag-
ing 8...10%. However, it should be noted that with
metal content in balance ore, When due to dilution the
metal content in balance ore decreases in broken ore to
the level of off-balance ore, the output of tailings at the
ore control station (RCS) rises to 40%, and metal losses
in tailings increase to 40% or more. [23, 24]. The main
task of increasing the efficiency of development of thin
and gently dipping intersecting ore bodies is to reduce
the level of ore dilution, while ensuring the mining and

environmental safety of their development in energy-
disturbed rock massifs.

3.1.Geomechanical audit of the dynamics of the
stress-strain state (SSS) of a rock massif (theory of the
issue). One of the methods for studying the dynamics
of the load on rigid metal arch support of mining devel-
opment workings was measurements using strain
gauges. In addition, the change in the dimensions of the
support section was determined by measuring the dis-
tances between the benchmarks embedded in the sup-
port by mine surveying surveys.

Strain gauges and survey benchmarks were placed
on the supports installed in the workings. In working
No. 1, metal frames were installed on the rigid metal
supports of a 13 m long section at intervals of 0.5 m
from each other. In working No. 2, 9 metal frames were
installed at intervals of 1 m. The measuring strain gauge
station was placed on 5 metal frames in working No. 1.
Each frame was equipped with 9 measuring points,
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each of which contained three sensors glued to three  measured principal stresses, their diagrams were con-

planes of a special profile. Rock deformations were rec-  structed around the working, which served as the basis

orded using strain gauge equipment. Based on the for assessing the weakening of the massif under the in-
fluence of mining operations (Fig. 2).
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Fig. 2. Stress diagrams o z: 4-24-strain gauges; 1-5 — measurements
Based on measured deformations E&o, &n, &r The main deformations were determined:
&, +6
_ b fi
12T, + \/(af2 gfl) +(& — &) . @
and the angle (pbetween the directions &pand &£11:
g, = ) 129,.9)
So — &, — S,
Principal stresses at the point under study based on Hooke's law:
+1E,), Sp) +uE)), 4)

Where E - modulus of elasticity; - Poisson's ra-
tio.
Principal normal stresses: o, and ox — respectively,
vertical and horizontal: 6; = o1 sina. - o2 sinac and and
ox = 61 Sina - &7 Sina. (5)
It was found that the deformations in the lining are
activated after 3 months, steadily maintaining the trend
of increase with time. This can be explained by

relaxation phenomena when pressure is perceived on
the lining. The deformations increase starting from the
4th to 6th month and reach a maximum after 11th to
12th months. The first phase is the beginning of the
development of the operational block. The
deformations of the lining increased from 2 to 16 mm

(Fig. 3).
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Fig. 3. Dependence of the deformation of the support lining on its length in the first phase: 1,2,3,4 - measure-
ments, 1-27 — frames

It follows from Fig. 3 that the development of de-
formations is not monotonous. Thus, the greatest defor-
mation of frame No. 11 was 19 mm, reflecting the in-
fluence of the fault. The second phase is the section of
the ore body from the side of the hanging wall. The
third phase is the development of deformations of the
support during ore extraction, which is characterized by
intensive deformation of the support. If outside the
cleaning zone the deformations were insignificant, then
during ore extraction the average deformations of 27
arches over 1, 2 and 3 months, according to sensor data,
increased to 43, 119, 128 mm, respectively. The width
of the workings at a height of 0.5 m from the ground
decreased by 85 mm in the first month and by 175 mm
in the second month. The maximum deformations of
the metal arch support were noted at the frames located

close to the working face, and at frame No. 4 in the fault
area. After 6 months, the deformations in the upper arch
of frame No. 4 were 233 mm, and the width of the sup-
port at a distance of 0.5 m from the soil increased by 55
mm. At this time, frame No. | 9 came apart at the locks
and failed. The center of the upper arch of the frame
dropped by 432 mm, the width at the locks increased by
312 mm. In the upper arch of frame No. 8, the defor-
mations were 340 mm. The maximum deformations of
the support in working No. 2 were observed at the
frames close to the working face and at frame No. 4 in
the fault area (see Fig. 3). Based on the results of the
analysis of the practice of mining low-power flat and
inclined intersecting ore bodies, variants of mining sys-
tems with selective ore extraction were developed (Fig.
4).
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Fig. 4. Solid mining system with separate extraction of ore and rock: 1 - wooden racks; 2 - face; 3 - beaten ore;
4 _rock; 5 - fire support; 6 -scraper winch; 7 - ore intake; 8 - ventilation door; 9 - scraper winch; 10 - stitching
of the running compartment; 11 - jumper; 12 - ore body; 13 - anchor support

The variant with selective extraction of ore bodies
was tested on the section with the thickness from 0,3 to
1,3 m. The strike of the ore body from north to south,
the dip is to the west at the angle of 23...43°. The ore
is dense, finely fractured. The variant is applied for de-
velopment of ore bodies with the thickness 0f 0,2...1,0
m with the dip angle from 0 to 40°. It provides separate
breaking of host rocks and ore by hiding; when the
compensation gap is formed, the rock is thrown by blast
into the worked-out space, where it is left as a backfill,
and the ore with minimal rock sticking is broken off on
the compensation gap, delivered by scraper to the un-
dercutting drift and along it to the ore pass. When
choosing the height of the working space, the necessity
of providing normal working conditions for the worker
in the face and high technical and economic indicators
of block development is taken into account [25, 26].

When extracting ore bodies with a thickness of
0.2...0.3 m, the height of the working space is taken to
be 1.2..1.4 in, and for extracting ore bodies with a

thickness of 0.4...1.0 m, 1.8...2.0 m. To improve the
quality indicators of mining, the face is given a stepped
shape, which is maintained both at the stage of forming
the compensation gap and at the stage of breaking the
ore body, when the width of the step is minimal, but not
less than the thickness of the ore body. To prevent the
scattering of rock along the compensation gap when it
is formed, a rock breaker is installed at a distance of up
to 5-6 m from the face. The roof of the stope is sup-
ported by wooden spacers with a diameter of 0.2...0.3
m every 2.5...3.0 m or by metal rods 2.0 m long on a
grid of 2.5 x 2.6 m. At the boundary of the stope and
the undercut adit, as the stope works progress, fires
measuring 2.0 x 2.0 m are laid out every 6.0 m. At the
contact with the stope, the mine workings are supported
by additional supports. In the variant of the continuous
face development system, ore was extracted along the
rise with subsequent expansion of the worked-out space
by undermining the soil (Fig. 5).
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Fig. 5. Layered mining system with selective ore extraction: a - block projection on a vertical plane; b - ore
stripping; ¢ - rock blasting in the soil

To prevent ore from scattering into the mined-out
space, spacer posts were installed along the cleaning
belt and boards were used to line it. After breaking and
removing two ore belts to a depth of 2.7 m with an ex-
traction capacity determined by the ore body capacity,
boreholes were drilled through the rock in the soil to
expand the mined-out space. The broken rock, most of
it, was moved into the mined-out space by the force of
the blast and a scraper winch. This development system
variant is used for mining ore bodies up to 1.2 m thick
with a dip angle of 30...600. Ore is mined in ascending
layers with selective breaking of the ore and the host
rocks of the footwall. The block is prepared by driving
the upper and lower horizon drifts, inclined raisers and
a collector. A raiser for lifting loads is installed in the
center of the block as the cleaning work progresses. An
ore pass is made at the intersection of the load raiser
and the ventilation drift of the lower horizon. The
cleaning excavation begins with drilling the ore of the
first layer above the ventilation drift.

The ore of the first layer is broken onto the venti-
lation drift and transferred to the ore pass. After the first
layer ore is released, the rock bench of the first layer is
formed. The mined-out space is fenced with wooden
shields.

The ore of the second layer is broken onto the rock
bench of the first layer and delivered by a scraper to the
cargo raise. After the ore is released, the fence of the
mined-out space is removed and the first bench of the
second layer is formed. The rock is broken onto the
mined-out space and used to fill technological voids.
The ore is broken into boreholes 2.5...3.0 m long with
an inclination towards the cleaning space of 55...60°.

The rock bench is formed by blasting explosives in
boreholes 1.8...2.5 m long drilled by telescopic perfo-
rators, located parallel to the cleaning space.

The bench width is selected equal to 1.5...2.5 m,
the distance from the bench soil to the roof of the work-
ing space does not exceed 3 m. After the bench is
formed, support posts with a diameter of 16...18 m are
installed along the boundary of the bench with the
mined-out space every 1.5...3.0 m, on which shields are
attached, preventing the broken ore of the next layer
from getting into the mined-out space. After unloading
the broken ore in the layer, the shields are removed for
use in the next layer, and the posts remain as a safety
support.

To reduce ore losses on the bench soil, it is
cleaned. As the block is mined, the sides of the ventila-
tion and cargo risers are secured and lined with wood
from the side of the working space. To improve the ven-
tilation parameters, the lining is compacted with film or
fabric. Ore is mined in ascending layers with selective
breaking of the ore and host rocks of the footwall [27,
28].

3.2. Economic efficiency. Economic comparison
of development technologies is carried out on the basis
of an economic and mathematical model by comparing
the values of the optimum points for the target functions
and selecting the values of the parameters correspond-
ing to the optimum point for the final product, taking
into account the metal extraction according to the
Golik-Lyashenko model [21]. The main indicators for
cleaning extraction are adopted according to the data of
reports and projects for deposit development:
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Where L7s,, — value of extracted balance ore, rub.;
Lrs0m — value of lost ore with metal content aT, rub.;
310y 3m, 3y 331 — costs for breaking, releasing and
transporting ore, for cutting, mining preparation and
stowage work, respectively, rub.; Qs, Qu, Q!, Q! —

volumes of ore, rock and off-balance ore within the
boundaries of the ore body, as well as cutting and min-
ing preparatory work on ore and rock, respectively, m3;
p — ore density, t/m3; 375, — costs of extraction of bal-
ance ore, rub.; Rs—ore dilution, i.e.; P —ore losses, etc.;
B — amount of diluting rocks, t; ¢ — metal content in
diluting rocks, fractions of units.
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Where 17 — profit from obtaining final products

from metal-containing ores, monetary units;

1], — total extractable value of the final product

from metal-containing ores, monetary units;
Cyp — total costs of extraction and obtaining final
products, monetary units;
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The technical and economic indicators of mining
with selective extraction of the ore body and the ex-
pected indicators of block mining with gross extraction
of ore and rock at an extraction thickness of 1.2...1.3 m
are presented in Table 2.

The efficiency of mining production can be deter-
mined by comparing the options for developing depos-
its (including man-made ones) taking into account the
costs at all stages. In this case, it is necessary to take
into account the costs of protecting the population (in-
cluding the costs of environmental protection, rehabili-
tation of contaminated and disturbed areas, human
health, etc.) living in the zone of influence of mining
facilities according to the proposed analytical model:

)
+

YV —total damage (economic consequences) caused
(-) to the environment or prevented (+) taking into ac-
count the costs of protecting the population living in the
zone of influence of mining enterprises (3u), monetary
units;

E — cost and profit discount factor over time t of
application of the technology being evaluated, units.

Table 2.
Indicators of solid system development
Recess option
Indicators Gross
Selective
Angle of incidence, degree 31 31
Ore Square, M 1024 1024
Ore body capacity, m 0,04 0,64
Balance sheet stocks, m® 650 650
Area of recaptured ores, m? 1024 1024
Dredging ore capacity, m 0,86 1,20
Height of the cleaning space, m 2,0 1,25
Recaptured ore mass, m* 081 1280
Repulsed rocks for expansion, m® 1167 -
Ore content before sorting,% 60 51
Commercial ore after sorting, m* 677 740
- 3
Output of off-balance sheet ore, m 198 490
Metal content in commercial ore, % 66 55
Dilution in commercial ore, % 40 45
Dilution of the breed from the outside, % 25,6 40,0
Dilution by the breed in the block, % 3,3 45,0
Total metal losses, % 13,2 37,0
Metal losses in off-balance sheet ore, % 9,8 34,0
Metal loss in voids, % 3,4 3,0
Productivity of the downhole worker, m3/person cm 3,2 4,0
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The obtained results correspond with the
conclusions of specialists in this area of mining in
Ukraine, the Republic of Kazakhstan, Canada and other
developed mining countries of the world [29, 30]. The
research results are of interest to related industries of
the mining industry, in particular, ferrous metallurgy
[31, 32].

Further research. As an alternative to the trend of
developing mining production by intensifying
underground mining of deposits with an increase in the
size of ore fields and the use of high-performance
equipment, there remains the direction of increasing the
efficiency of mining by reducing the amount of ore
dilution by implementing reserves in the organization
of work during the extraction and processing of ores.

In our opinion, the following new scientific and
methodological provisions:

Since the middle of the last century, the practice
of mining ores with backfilling of mined-out spaces
with hardening mixtures of various compositions and
strengths has been improved. The correlation of ore di-
lution by backfilling on the parameters of breaking has
been determined, the direction of reducing dilution by
activating and coarsening the components of the mix-
ture has been substantiated, methods for optimizing the
compositions of hardening mixtures in activators have
been developed, increasing the indicators of the com-
pleteness of subsoil use and the quality of the mined ore
[33].

Observations of the state of the rock mass indicate
an insignificant increase in deformations and stresses
during the first three months of mining operations.
Stresses in the rock mass increase more slowly than in
the ore. Upon completion of mining operations, stresses
and deformations in the massif stabilize. The area
where the preparatory and production works junction
occurs is characterized by the formation of a weakened
rock zone with the following dimensions:

- length, depending on the angle of inclination of
the thick ore body and the location of tectonic struc-
tures, approximately 30 m or more in the footwall and
about 10 m in the hanging wall;

- width: when mining across the strike of the ore
body - the width of the stope section, when mining
along the strike - the extracted thickness of the ore
body;

- height: the vertical distance to the boundaries of
the forming arch of natural rock equilibrium.

Rock collapse within the junction zone can be pre-
vented by supporting the workings, the parameters of
which are determined by the interaction of the rocks
within the arch:

- if the thrust force of the jammed rocks in the roof
of the working is sufficient, lightweight support can be
used,;

- if the thrust force is insufficient, the support of
the workings must be calculated based on the condition
of maintaining a column of rocks up to the daylight sur-
face or the formation of a new arch of natural equilib-
rium.The possibility of increasing the quality of min-
eral resources, mining and environmental safety of the
development of gently dipping thin ore deposits by re-
ducing the amount of ore dilution is confirmed by an
industrial experiment using reliable geological and

mine surveying control. Of interest is also the introduc-
tion of engineering forecasting using special programs
such as Edu Net (Phoenix Contact), Power Chute Net-
work Shutdown (PCNS) and Network Management
Card (NMC) (Schneider Electric), SITRAIN (Sie-
mens), GIS K-MINE® ("KAI Scientific and Industrial
Enterprise” LLC, Ukraine), VENTSIM and others for
the training of mining engineers [34].

The prospects for the use of continuous develop-
ment with gross ore extraction are confirmed by the re-
sults of dilution in the variants of continuous develop-
ment by rise with selective and gross extraction of ore
and rock. Variants of two-stage selective development
with breaking from boreholes can be an alternative to
gross extraction and can be in demand at enterprises in
various industries, including mining and metallurgy
[35].

4.Conclusions.

It was found that deformations in the lining are ac-
tivated after 3 months, steadily maintaining the trend of
increase with time. Deformations increase starting from
the 4th - 6th month and reach a maximum after 11 - 12
months. The distribution of the main stresses with all
the spread of values obeys the general pattern and the
curves of the graph are close in shape. It was deter-
mined that the development of deformations is not mo-
notonous. The greatest deformation of frame No. 11
was 19 mm, reflecting the influence of the fault. It is
shown that the increase in load in the stress concentra-
tion zone is 15-20% of the gravitational component, or
39 MPa, which is less than the compressive strength of
rocks - 54-75 MPa.

4.1.Prospective studies. Further studies aimed at
establishing the patterns of development of the massif's
SSS in the zone of its weakening (geomechanical mon-
itoring) are recommended. This will allow adjusting the
development parameters with the receipt of an eco-
nomic effect due to the reduction of ore dilution, while
ensuring the improvement of mining and environmen-
tal safety, as well as the labor of underground workers.
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APPLICATION OF IMPRECISE MODELS IN ANALYSIS OF RISK MANAGEMENT OF
SOFTWARE SYSTEMS
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The analysis of functional completeness for existing detection systems was conducted. It made it possible to
define information systems with a similar feature set, to assess the degree of similarity and the matching degree of
the means from the "standard" model of risk management system, that considers the recommended ICAQ practices
and standards on aviation safety, to justify the advisability of decision-making support system creation, using
imprecise model and imprecise logic for risk analysis at aviation activities.

Keywords: risks, decision making, Bayesian networks, risk factors, cause-and-effect relationships.

1. Introduction

A decision maker usually assesses the situation in
a limited and imprecise information environment, and
implementation processes are characterized by uncer-
tainty, which significantly affects the quality of the de-
cisions that are made. The reliability increasing of such
decisions can be achieved by creating a methodology
that considers this uncertainty. The probabilistic ap-
proach is based on statistical processing, the evaluation
of which is insufficient due to insufficient sample size.
It is known that the minimising approach allows deci-
sions to be made based on the best/worst integral as-
sessments that is inefficient, the expert methods are dif-
ficult to apply at the operational assessment of uncer-
tainty and risks; in addition, it is difficult to combine
quantitative and qualitative factors in one model.

The imprecise math machine usage is an option in
those cases, where classical methods do not give an ap-
propriate result, and allow doing formalization and
transformation of quantitative and qualitative imprecise
concepts. Imprecise models [1] have a number of fea-
tures regarding the possibility of taking into account the
experts’ intuition and experience, the possibility of
more adequate flight safety management processes
modelling and obtaining the accurate decisions that
correlate with the initial data; support for the rapid de-
velopment of a safety management system with its fur-
ther functionality complexity increase; their hardware
and software implementation in control systems and
decision making is less sophisticated in comparison
with classical algorithms.

2. Analysis of recent research and publications.

Various aspects of risk management in socio-eco-
nomic systems are considered in [8-10], on these stud-
ies the nature of risks appearance is investigated, their
classification and various methods of qualitative and
quantitative assessment, proposed recommendations on

the of risk management and decision-making conduc-
tion under conditions of uncertainty. There are ap-
proaches described for economic and mathematical
methods usage at different stages of risk management
in studies [11-12].

Analysis of current scientific studies represented
that assessments of the risks is most commonly used
with statistical techniques today, including Bayesian
networks, which are effective graphical tools for repre-
sentation of cause-and-effect relationships between
multiple variables. At the same time, existing and ap-
plied in practice methods and tools of risk management
does not fully allow to record different types of infor-
mation uncertainties and to analyse quantitative and
qualitative risk specialties and, consequently, to assess
and to manage risk, taking the enterprise state and char-
acteristics of internal and external environment into ac-
count.

3. Formulating of the article purpose.

To develop risk management tools that arise in the
process of aviation activity, for analysis and assessment
of these risks, using a combination of Bayesian impre-
cise models to determine the possibility of occurrence
of undesirable events of various types and imprecise-
logic procedures, to predict the risks damage to enhance
the validity of managerial decisions to ensure a guaran-
teed level of safety.

4. Main body.

Systems that are based on imprecise logic link the
dynamic processes between input and output by a set of
imprecise rules, using linguistic variables, instead of
complicated dynamic models. The figure 1 shows the
overall structure of the imprecise model of decision-
making.
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Imprecize rules

Figure 1 — Imprecise decision-making model graph

The principle of the linguistic approach applying
at decision-making in the process of analysis and man-
agement of flights safety is carried out by the terms
"low risk", "permissible risk™ and "high risk", however,
it is difficult for the person making the decision to give
an objective evaluation and to describe it using a math-
ematical language. The application of methods, impre-
cise logic models for risk assessments obtaining allows
getting the comprehensive accounting of various fac-
tors, and there is a possibility for constructing models
of subject areas that are characterized by uncertainty

using imprecise numbers, plural and linguistic varia-
bles [2].

Automation of identification processes, qualita-
tive and quantitative risks analysis through the support
system for decision-making on safety management,
significantly improves the efficiency of the decision
maker.

Figure 2 shows the functional requirements of the
"standard” model of the RMSS risks management,
which integrates the accounting of qualitative and
quantitative factors in risk assessment [5].

Aviation
expert

Rule-base

Formation of
analysis model

Input of risk
factors

formation

Condition formation: if
A...to B, where A is a risk
factor, B is a risk value

For every A, name of lin-

guistic valuable, term, its

value and grade of confi-
dence are given

Input the
analysis purpose

A 4

Rule-base

Base of factors

Input of the analyzing
risk value

Perform the

Initiate the imprecise

4

risk

conclusion

Fig.2. Functional requirements to «Standard» RMSS model

Development of the high quality RMSS depends
on the structural decisions taken in the design process
[3,4,5,6].

Figure 3 represents the general scheme on the
RMSS structure.

The decision maker, in the process of risk analysis,
takes the option of using “Forming Analysis Model”,
which includes the option of using «Input of risk fac-
tors» and “Formation of the rule-base”. Next sends a
message that activates the use of the Input the analysis
purpose. The chosen purpose of the analysis indicates
which input risk factors and the manager to implement
imprecise modelling must fill in the rule-base. A work

area that consists of rule-bases and fact databases, de-
termines whether it is possible to execute the "Initiate
Imprecise Conclusion" option, which calculates the ap-
propriacy of the function for the output linguistic vari-
able that characterizes the risk parameter. At the final
stage, the decision maker uses "Perform a risk assess-
ment", which, in its turn, causes the use of the "Initiate
Imprecise Conclusion".

The interface management system provides a sim-
ple communication between the user, the subsystem of
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data and the subsystem of models, and provides con-
duction of problem analysis and modelling for assis-
tance in making management decisions [7].

Application of the specified method in the tasks of
choosing a support system for decision-making on risk
management will allow: to highlight the main functions
of information systems; to determine groups of similar
systems; to rank systems according to functional com-
pleteness; to determine systems that outperform others;
to compare systems with the requirements of the
"standard" model of RMSS.

Let us take S = {S;}, (i = 1, m) to implement vari-
ous analysed IS risks assessments —

«Systems-expectantsy.

Let us define the set that makes up the vocabulary
of functions implemented by the IS,

in the following form

F=1F§(i=1m)
The total number of analysed functions (Table 2)
for the IS was - 35, i.e.; j= 35.

Electronic data RMSS on the basis of imprecise logic
processing system
Subsystem of Subsystem of
External data 1> imprecise data imprecise
models aug?\g;ed
< > g
\= < _ systems
Data base Interface
management
system
A
\ 4
Aviation
expert
Fig.3. General scheme on RMSS structure
Table 2
Analysed IS functions
Code Function name
Group of functions «Risk management at aviation activity»
F1 Support of users’ mode
F2 New project design
F3 Set project properties
F4 Export/Results saving
F5 Import/Results downloading
Group of functions «Risk management
F6 Risks adding
F7 Risks editing
F8 Risks deleting
F9 Designing of rule-base for risks model
F10 Identification of risks
F11 Risks volume editing
F12 Choice of risks influence domain
F13 Help with risks form fulfilling
F14 Control parameters of risks identification
F15 Risks description
F16 Choice of risks factors
F17 Choice of analysed groups of risks
F18 Qualitative assessment
F19 Quantitative assessment
F20 Integral qualitative and quantitative assessment
F21 Choice of editing method at database support
F22 Accounting of completed projects
F23 Support of different types distribution
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F24 Reference to additional sources of risks occurrence
F25 Addition of comments to the give type of risk
Group of functions «Accounting)

F26 Printing of report

F27 Saving of report

F28 Publication in HTML form

F29 Displaying of the analysis results for the entire observation time
Group of functions «Additional possibilities»

F30 Risks functions graphical form

F31 Client-server support

F32 Web-access to data

F33 Support OLE

F34 Access to methodologies and databases assignments
F35 Assignment of database right

Then, let us represent information in the form of a
matrix X (Table 3), elements of which were determined

in the following way: Xij =1, if j-function is im-

plemented i-m PC Xij = O, if it is not imple-

mented.

Matrix X elements

Table 1.5
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[
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To determine the absolute estimate of superiority
functions AESF of one system over another, the matrix

. 10 _
has been made |P°° = || p,1k°|| , where elements ~ ference of sets Ziand Zy, it. P = ||:| / Fk|

where i,k= 1,n. Element pilf is the capacity of dif-

210 __ || yn10
P2 correspond to the number of functions, con- Matrix P~ = || Pik || AESF of one system
ducted by system S; but not used in the system Sy,  over another is given in the table 1.6.

Table 1.6
Matric of the absolute functional superiority
S1 S2 S3 S4 S5 S6 S7 S8 S9 S10
Sl 0 9 6 10 9 9 6 10 7 7
S2 5 0 4 4 3 3 3 6 3 6
S3 11 13 0 14 13 11 11 15 14 14
S4 6 4 5 0 4 4 4 5 5 6
S5 7 5 6 6 0 5 5 8 5 7
S6 7 5 4 6 5 0 3 8 6 8
S7 9 10 9 11 10 8 0 14 11 11
S8 2 2 2 1 2 2 3 0 2 3
S9 5 5 7 7 5 6 6 8 0 5
S10 7 10 9 10 9 10 8 11 7 0
Relative estimate of the system Sy absorption 11
range regarding system Si was found by means of the hik = —5 P 5 (O = hik <1
matrix h = ||hik|| , which elements ||hik|| were Pi + Pik
determined in the following way: Matrix H = ||hik || that gives characteris-

tics to the relative correlation of the programming tools
(table 1.7) in the part of duplicated functions there

Table 1.7
Matrix of the relative correlation of programming tools
S1 S2 S3 S4 S5 S6 S7 S8 S9 S10

S1 |1 0,762 0,476 0,714 0,667 0,667 0,571 0,905 0,762 0,667
S2 (0,640 1 0,480 0,840 0,800 0,800 0,600 0,920 0,800 0,600
S3  [0,625 0,750 1 0,688 0,625 0,750 0,438 0,875 0,563 0,438
S4 {0,600 0,840 0,440 1 0,760 0,760 0,560 0,960 0,720 0,600
S5 (0,609 0,870 0,435 0,826 1 0,783 0,565 0,913 0,783 0,609
S6 (0,609 0,870 0,522 0,826 0,783 1 0,652 0,913 0,739 0,565
S7 10,667 0,833 0,389 0,778 0,722 0,833 1 0,833 0,667 0,556
S8  [0,655 0,793 0,483 0,828 0,724 0,724 0,517 1 0,724 0,621
S9 [0,696 0,870 0,391 0,783 0,783 0,739 0,522 0,913 1 0,696
S10 (0,667 0,714 0,333 0,714 0,667 0,619 0,476 0,857 0,762 1

Relative esteem of the similarity degree of systems S; and Sk is described with the matrix G = || Oik ||
elements of which || ik || are determined as:
p11
_ ik
ik = p:go ,(0=0gy =1

ik

Matrix G = || ik || represents relative correlations of the program environment is given in the table
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Relative esteem of the similarity degree of systems S; and S is described with the matrix G = || Oik ||

elements of which || ik || are determined as:

p11
Oik :%’(OS Oik <1
Pik
Matrix G = || ik || represents relative correlations of the program environment is given in the table
1.8.
Table 1.8
S1 S2 S3 S4 S5 S6 S7 S8 S9 S10
S1 (1 0,533 0,370 0,484 0,467 0,467 0,444 0,613 0,571 0,500
S2 (0,533 1 0,414 0,724 0,714 0,714 0,536 0,742 0,714 0,484
S3 (0,370 0,414 1 0,367 0,345 0,444 0,259 0,452 0,300 0,233
S4 (0,484 0,724 0,367 1 0,655 0,655 0,483 0,800 0,600 0,484
S5 (0,467 0,714 0,345 0,655 1 0,643 0,464 0,677 0,643 0,467
S6  [0,467 0,714 0,444 0,655 0,643 1 0,577 0,677 0,586 0,419
S7  |0,444 0,536 0,259 0,483 0,464 0,577 1 0,469 0,414 0,345
S8 (0,613 0,742 0,452 0,800 0,677 0,677 0,469 1 0,677 0,563
S9 (0,571 0,714 0,300 0,600 0,643 0,586 0,414 0,677 1 0,571
S10 (0,500 0,484 0,233 0,484 0,467 0,419 0,345 0,563 0,571 1
Then we build logical matrices of superiority Po = || pi?(| , of similarity Go = ||g,?(|| and of
exception H o = || hi?( || on the basis of matrices P, H and G. Elements of matrices P, are calculated accord-

ing to the following formula:
p-0= 1, if (pikSgp)m(i¢k)
fk 0,if pucep)w  (i=k)
Elements of matrix H,:

oO,if hik(gp)u (i =k)
Elements of matrix G, ::
g-o _ 1, if (9ik Sgp)m(iqtk)
Tk 0,if glep)w (i=k)

Ho _{1, if (g <) =K)
ik —

Where, £, &R, £ Po’l_lo’c;‘o

g liminal values of superiority

. . . 0 - . .
The logical matrix of superiority Po = || Pik || for liminal value &, = 1O is shown in the table
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Logical matrix of superiority

1.9.Table 1.9
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Logical matrix of similarity
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5 is given in the table 1.10.

Tablel.10
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Logical matrix of functionality for information systems exception Ho = ||hik|| for the level

e, =0,8is given in the table 1.11.

g

Logical matrix of functionality for information systems exception

Table 1.11
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On the basis of logic matrix of exception Po = || pi‘,’( || , of similarity Go = ||gi?< || and exception

H o — ||hi(,)< || the graphs of advantage (fig. 4), similarity (fig. 5) and exception (fig. 1.6) of the system.
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Fig. 4 - Graph of system advantage at = 10

=0,6:

Fig. 1.6 - Graph of system exception at = 0,8

5. Conclusions.

All the systems take an advantage over S3, but
systems S8 and S10 have also an advantage over the
system S7. Practically all systems have similar func-
tions with S2, S8 and S9, and the lack of connections
with S10 can be explained by the presence of unique
risk assessment functions; S2 is absorbed by many sys-
tems, but in some cases, there is a mutual absorption
present, and S8 absorbs all of them.

According to everything written above, one can
say that to increase the effectiveness of risk manage-
ment we need of risk management formalization and
automation at different stages. Such a task can be
solved by developing a support system for risk manage-
ment decision. RMSS should be based on modern
methods of information processing at conditions of ma-
terial uncertainty and allow to conduct risk analysis,
production, evaluation and effective decision-making.
To provide this, the system should use models that in-
tegrate qualitative and quantitative factors that deter-
mine aviation risks at any stage of the activity.
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