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CHEMISTRY
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AHHOTAIHSA

Hpouecc OJIMTOMEpU3aAlNN OJ'Ie(I)I/IHOB HUIpacT KIOYCBYIO POJIb B OJTYYCHHHU BBICOKOKAYCCTBCHHBIX XUMHUYC-
CKHX BCIICCTB, UCIIOJIb3YyCMbIX B PA3JIMYHBIX OTPACIIAX, TAKUX KAK NPOU3BOACTBO IJIACTMACC, CMAa30YHbIX MAaTeC-
pHajIoB U MPUCAAOK AJII TOPHOYCTO. Bimsane JKUPHBIX KHUCJIOT Ha ZlaHHLIP‘I nponecc npeaACTaBIIsICT c000i BayKHBIH
ACIICKT, ITOCKOJIbKY 9TH COCAMHCHUS MOT'YT CYIIICCTBEHHO U3MCHUTDH CBOMCTBa MOJy4aceMbIX OJIMTOMEPOB U AKTHUB-
HOCTb KATAJIN3aTOPOB, IPUMCHACMBIX B pCAKIIUH. >KI/IpHI>Ie KHCJIOThI, BKJIFOYas HACBIIICHHBIC (HaanMep, CcTcapu-
HOBYIO KHCJIOTY) U HEHACHIIIEHHBIE (HAITPUMED, OJIEMHOBYIO KUCIIOTY), OKa3bIBAIOT BO3JICHCTBHE HA MOJIEKYJISP-
HYIO MaccCy, TePMHYCCKYIO CTAOMIBHOCTh, MEXaHUYECKUE U PEOJIOIMICCKHIE CBOMCTBAa KOHEYHBIX MPOAYKTOB. OHU
MOTYT PeryJIMpoBaTh JUIMHY YTICPOTHBIX LEeNeH, CTaOMIN3UPOBATh OJIMTOMEPHI U YIydIIaTh UX dKCIITyaTallloOH-
HBIC ITapaMcCTpPhI. I[OHOJ'IHI/ITGJ'H)HO JKUPHBIC KUCJIOTBI CHOC06HI)I MCHATH aKTUBHOCTD KaTaJIn3aTOPOB, YCKOPSA WIN
3aMEJIAA TTPOUECC OJIMTOMEPU3AIINU, a TAKXKE BJIIMACT HA PCAKIUOHHYIO CKOPOCTD. I[aHHOG HCCJICIOBAHUEC pac-
CMaTpUBACT BJIIMAHUC PA3JIMYHBIX TUIIOB XUPHBIX KHUCJIOT HA MMPOUECC OJIUTOMEPHU3ALINN OJ'Ie(bI/IHOB U UX B3aHUMO-
J.'[Cf/iCTBPIC C KaTaJIM3aTOPHBIMU CUCTCMAMMU. PeSynLTaTH MOKa3bIBAIOT, YTO UCHOJIb30BAHUEC JKUPHBIX KUCJOT B Ka-
YCCTBEC ,I[O6aBOK TMO3BOJIACT 3aMETHO YJIYYHIUTh Ka4€CTBO OJIMTOMEPOB U IMOBBLICUTH 9(1)(1)GKTI/IBHOCTB TEXHOJOT'U-
YCCKOT 0 mpouecca.

Abstract

The olefin oligomerization process plays a key role in the production of high-quality chemicals used in vari-
ous industries such as plastics, lubricants, and fuel additives. The influence of fatty acids on this process is an
important aspect, since these compounds can significantly change the properties of the resulting oligomers and the
activity of the catalysts used in the reaction. Fatty acids, including saturated (e.g., stearic acid) and unsaturated
(e.g., oleic acid), affect the molecular weight, thermal stability, mechanical and rheological properties of the final
products. They can regulate the length of carbon chains, stabilize oligomers, and improve their performance pa-
rameters. In addition, fatty acids can change the activity of catalysts, accelerating or decelerating the oligomeriza-
tion process, and affect the reaction rate. This study examines the effect of different types of fatty acids on the
olefin oligomerization process and their interaction with catalyst systems. The results show that the use of fatty
acids as additives can significantly improve the quality of oligomers and increase the efficiency of the technolog-
ical process.

KaioueBble ci1oBa: onmroMepusanys, ojieuHsbl, )XMpHbIe Kucinotsl, AlCl3,

Keywords: oligomerization, olefins, fatty acids, AlCl3,

1. BgeaeHue
IIpomecc onuromepusanuu oneGUHOB MPEACTAB-
JISIeT COOO0M BaXKHBIH 3TAll B XUMUYECKOU MepepaboTke
YTIIEBOJIOPOIHBIX COSTUHEHH, PE3YIFTATOM KOTOPOTO
SIBIISTFOTCSI OJTATOMEPHI — MOJIEKYJIBI ¢ 00JIe€ BHICOKOM
MOJIEKYJISIPHOIT Maccoil, YeM HUCXOAHbIE MOHOMEPBHIL.
JKvpHble KUCIOTHI UTPAIOT 3HAYUTENIbHYIO POJIb B JJaH-

HOM IIPOICCCE, OKa3bIBasA BIMAHUEC HA aKTUBHOCTH Ka-
Taan3aTOPOB, CBOKWCTBA KOHEYHBIX MPOMYKTOB U 3(-
(heKTUBHOCTH CaMOT0 TIpoIIecca.

[lenpto OaHHOTO HCCIENOBAHUS SBISIETCS pac-
CMOTPECHHUE BOS}ICﬁCTBHH JKUPHBIX KHUCJIOT Ha MPOIECC
OJIMTOMEPH3aLUH OJICPHHOB U UCCIIEJOBAaHHUE UX POJIU
B MOJYYEHUU PA3IMYHBIX OJUTOMEPHBIX IPOIYKTOB.
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2. IIpomuecc osmromepu3anus aenexHa-1

Omuromepusanus jAerieHa-1 — 3To mporecc, B
X0J1e KOTOPOT'0 MOJIEKYJIHI ietieHa- 1 (oneduna) coenu-
HSFOTCS JUIA 00pa30BaHMs OJIMTOMEPOB, MOJIEKYJIBI KO-
TOPBIX MMEIOT MOJEKYJSIPHYIO Maccy, MPOMEXyTod-
HYI0 MEXIy MOHOMEpPaMH | nosuMepamu. OnuromMepsl
oneUHOB MOTYT OBITh WCIHOJB30BaHBI B PA3ITHIHBIX
OTpacIsiX, TAaKMX KaK HeTeXUMHs, IPOU3BOJICTBO CMa-
30YHBIX MaTepUaoB M 100aBOK s Tomiuea [1-4].
BnusHue karamusaropos, takux kak AlCls (xmopun
IIOMHHUS), @ TAKXKe J00aBOK KUPHBIX KUCIIOT B TIPO-
Hecce OJIMrOMEpU3aluy JielieHa-1 sBISeTcs BaXHBIM
aCTeKTOM ISl KOHTPOJIS MOJIEKYJSIPHOM Maccel U
CTPYKTYpPBI KOHEUHBIX onuromepoB. Hamu Oblna mpo-
BE/ICHA OJINTOMEPH3AIIH IeICHa -1 B IPUCYTCTBHUH Ka-
tanuzaropa AlCls [5-7]. JIns ymydimeHus IporeccoB U
MoJy4deHns1 Ooiee CTaOMIBHBIX M (PYHKIIMOHAIBHBIX
MPOIYKTOB CPAaBHUTEIBHBIN aHAN3 ObLIA IPOBEICHA B
MPUCYTCTBUH )KUPHBIX KUCIIOT.

Jnst mpoBeAeHUsI peaklMu HCIOJIb3YeTCs TpeX-
ropiasi Koyiba, KOTopas oOecreunBacT yao0CTBO IS
KOHTPOJISI peakiuu U 100aBIEHUS peakTHBOB. Tpéx-
ropJast Koj0a 1mo3BoJisieT NOAKIIOUUTh TEPMOMETP IS
MOHHUTOPHHI'a TEMIIEPATYPhI, CUCTEMY TI0/1a4H ra3a JJist
obecrieueHns] MHEPTHOW arMoc(epsl W MEIIANIKY IS
MIOCTOSIHHOTO TI€PEMENINBAHNS PEaKIHOHHOH CMECH.
Jnst co3nannst HHEPTHOH aTMOc(ephl PEaKIHIO IIPOBO-
JSIT TI0J] TOKOM a30Ta, YTO MPEAOTBPAIaeT OKUCICHHE
KaTaJau3aTopa U MPOAYKTOB PEAKIINH, a TAKXKE UCKITIO-
YJaeT HeXKeJaTeNIbHbIE PEaKINH C KUCIOPOIOM, IPUCYT-
CTBYIOILIM B BO3yXe. A30T CIy)XUT TaKxke JJisi obec-

NeYeHMs1 CTabMIIbHON paboThl KaTanuzaropa. s pas-
HOMEPHOTO paclpezielieHUs] KaTalu3aropa, oneduHa
(memeHa-1) u )KUPHOW KUCIOTHI B pEaKIIMOHHON CMECH
HEOO0X0UMO OOECIIEYHTh TOCTOSHHOE IIepEeMEIInBa-
HHE. DTO ylydIaeT KOHTaKT MEXLy peareHTaMH U Ka-
TaIM3aTOPOM, CIIOCOOCTBYSI Oosee 3PPeKTHBHOMY
MIPOTEKaHMIO PEAKIUH oJIuromMepusanun. OnuromMmepu-
3anus nposoaund npu Temmeparype 100°C. B kaue-
CTBE JJOOABOK B PEAKLUIO BBOJSTCS KUPHBIE KHCIOTHI
(HanpuMep, OJICMHOBAasi WM CTEApUHOBAs KHCIIOTa) B
konmdectBe 1-5% ot maccel oneduna. Onauromepusa-
LU0 TIPOBOJIWIIH B TeueHus 3 waca. [Tocie 3aBepueHuns
PEaKINH MPOAYKT OUUINAETCS, CYIINTCS U (PPAKIIUOHH-
pyeTcst ISl TIOJTyYeHUs! OJIMTOMEPOB ¢ HEOOXOJUMBIMHU
XapaKTEePUCTHKAMH.
3. Pe3yabTaThl M 00CyxKAeHUS

Biausinne 0J1eMHOBOII U CT€apHMHOBOI KHMCJIOT
HAa MOJIEKYJIsIpDHbIE TMOKA3aTe/lH OJHMIOMEpOB jie-
neHa-1. Meron renb - NPOHUKAIOUIMKA XpoMaTorpa-
¢un, ucnons3yromuii xpomarorpad “Kovo”, mosso-
JIMJI TOYHO OXapaKTepU30BaTh PaCIpeIelICHUEe MOJIEKY-
JIPHBIX MAacC OJIMTOMEPOB, MOJYYCHHBIX B PE3YJIbTATC
oJMroMepu3anuu aeneHa- 1. Mcrnonb3oBaHue AuMeTHI-
(dopMamua B Ka4eCTBE JIIOCHTA U pepaKkToMeTpuye-
cKoe 0OHapy»KeHHe 00ecTIeuniIN TOYHbBIH aHaIN3 MOJIe-
KyJISIPHBIX MacC OJIMTOMEPOB, YTO MMEET BAXXHOE 3HA-
YeHHE JUIA TIOHMMAaHUS HX CBOWCTB M BO3MOXHBIX
NIPUMEHEHUH B Ppa3lWYHBIX OTpacisax. Pe3ymbraTsl
9TOTO aHanM3a IMpPEACTaBlIeHBl B Tabmuie 1, KoTopas
COZIEP’KHUT NMOPOOHbIE TaHHBIE O MOJIEKYJISIPHOI Macce
UCCIIEyeMbIX OJIMTOMEPOB.

Tabmuna 1.
MornekyasipHO# mokaszatenu ¢pakiuii oaurogenenos (O1D)
Ne Onedun Kupnast kuciora Karanuzarop My M, Mw/Mn
1 Henen-1 - AlCls 4800 4150 1.15
2 Jenen-1 Oneunnosas (3%) AlCls 5200 4600 1.13
3 Heuen-1 Osneunosas (1%) AlCls 5000 4350 1.15
4 Heuen-1 CreapunoBsas (3%) AlCls 4950 4300 1.15
5 Heuen-1 CreapunoBsas (1%) AlCls 4850 4200 1.15

Kax BugHO M3 TaOnUIBI TpU UCTIONB30BaHUH 3%
OJIEMHOBBIH KHCIOTHI My yBennuuBaercs Ha ~8% (c
4800 mo 5200), 4TO CBSA3aHO C BO3MOXKHOM CTaOMIIN3a-
[UEH aKTHBHBIX IIEHTPOB ATFOMUHUNXJIOPHIA U YBEIIH-
YeHHEM JITHHEI 1erneil. OJenHOBast KHCIOTa MOXKET 3a-
METTh TEPMUYECKYIO IECTPYKIIHIO aKTHBHBIX HHTEP-
MEIWaTOB W TEM  CaMbIM  CIOCOOCTBOBAaTh
(dhopmupoBannio Ooyiee UIMHHBIX Ierneld. Takxke BO3-
pactaet M (¢ 4150 1o 4600), oTpaxkast ob1iee cMerie-
HHE pachpeieneHus K Ooree JUIMHHBIM MOJIEKYJaM.
CHkeHue 3HadeHus mnonauaucnepcHoctu ¢ 1.15 g0
1.13 oTpakaeT yMeHBIIIEHHE pa30poca MOJIEKYIISIPHBIX
Macc B CHCTEME U CBUIETENLCTBYET O 00Jiee KOHTPOIIH-
PYEMOM IIpoIecce OJIMTOMEPH3ALMH. DTO COTIIACYeTCs
¢ TUnoTe30i o "perynupyromem" neHCTBUU KUPHOUI
KHCJIOTHI KaK MSATKOTO MoJu(HKaToOpa Katajin3aropa.

JloGaBieHne cTeapiHOBOM KUCIOTHI (BMECTO OJIe-
MHOBOH) TakXe IOBJIMSET Ha IIPOLECC OJUrOMepH3a-
MM JielieHa-1, HO B HECKOJIbKO MHOM HallpaBJICHHH,
TakK Kak oHa: 00Jajaet 6osiee HACHIIIEHHOH (HACHIIICH-
HOM aJIKUIIBHOM) LIETIBI0, B OTJIMYHE OT OJIEHHOBOM (He-
HaCBHIIIIEHHas, C ABOHHOH CcBA3bI0). OHAa MEHEe peaKiu-
OHHOCTIIOCOOHA (B YCIOBUSIX OTCYTCTBHSI JBOWHOMN

CBsI3M OHa cilabee B3aMMOJCHCTBYET C KaTalu3aTo-
pom). OHa Takke oOnagaeT GoJbIIeil MOJEKYISIPHON
Maccoi W 0Oojee BBIpaAXCHHBIMA THUIPOGHOOHBIMU
cBoicTB. CTeaprHOBasi KHCIIOTA M3-3a HACBHIIIEHHOCTH
MeHee akTHBHO B3anMopaeicTByeT ¢ AICl: u ¢ MoHOME-
POM, ITO3TOMY €€ BIMSHHE Ha POCT LieTIeH OrpaHIYEHO.
HomunucnepcHOCTh ocTaéress Ha ypoBHe 1.15 (kak B
KOHTpOJIE), TO €CTh paclpezeeH e nemei rno JUImHe He
Cy’KaeTcs, B OTIIMYHE OT CIIydas C OJIEMHOBOM KHCIO-
TOW. DTO MOXET yKa3bIBaTh Ha OTCYTCTBHE PETYIHPY-
IOIIEro ASHCTBHS CTEAPUHOBOM KUCJIOTHI HA MEXaHU3M
pocTa 1emneii.

Ecnmu cpaBHUTH )KMPHBIX KHCIOT MOYKHO CKa3aTh,
OJIEMHOBas (HEHACHIICHHAs) OKa3bIBAET PEryJIHPYIO-
miee ¥ yJUIMHSIOIEee JeHCTBUE, a CTeapUHOBasl (HAChI-
ImeHHas) — ciaboe BIMSHHE, CKOpee paboTaeT Kak
MTaCCUBHBIN MOAN(pHUKATOp WM cialblii cTabuiIm3arop.

ITpu 1% onenHOBON KMCIOTH HaOIIIOAAETCS yMe-
peHHbIi pocT (mpuMmepHO Ha 200 eMHUIT]), HOCKOIbKY
KHCIOTa CTaOWNIHM3MpyeT aKTHUBHBIE IIGHTPHI, HO B
MeHbIIeH creneny, yeM npu 3%. Taxke HemMHOTO M)
yBenmanBaeTcs (Ha ~200), 9To yKa3pIBaeT Ha MOSBIE-
HHUE 9yTh O0Jiee JIMHHBIX IeTeil B cocTaBe cMecH. Ilpn
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HU3KOH KoHIeHTpalmu (1%) oHa moyTn He B3auMoiei-
creyet ¢ katanmuzatopom (AICls). Mw/M, yBennunBa-
IOTCSl OYeHb He3HAUHTENbHO (~1-2%), Tak Kak creapu-
HOBAsI KUCIJIOTA MOJKET JIUIIh HE3HAYUTEIFHO ITOBJIHAATH
Ha BS3KOCTH CPEIbl WM CTa0IMIN3UPOBATH OTACIHHEIC
panukainst. Uaneke momiauctepcocts (Mw/My) octa-
&TCs MpaKTHYEeCKN Hen3MeHHBIM — 1.15. 3To monTBep-
JKJIAeT, YTO NMPH HU3KUX KOHIIEHTPALUAX CTeapuHOBas
KHCJIOTa HE OKa3bIBAaeT BHIPAKEHHOTO PEryJIMPYIOIIEro
JIEUCTBUSL.

Bausinue 0JIeMHOBOI M CTeapMHOBOWH KHCJIOT
HA TEPMHYECKYI0 CTA0MJIBHOCTH OJIMIOMEPOB Jie-
mena-1

JobaBneHne >KUPHBIX KUCIOT, TAKAX KaK OJICHHO-
Bas (HEHACHIICHHAS) W CTEapHHOBAas (HACKHIIICHHAsN),
OKa3bIBACT MOJIOKUTEIHHOE BIMSHAE Ha TEPMUUECKYTO
CTaOMIIBHOCTE TONYYaeMbIX ONUroMepoB. OnenHOBas

KHCJIOTa, OJlaroapsi HAIMYHUIO JIBOWHOMN CBSI3M M 00JIb-
el peakIMoOHHON CITOCOOHOCTH, MOYKET YIacTBOBATh
B CTaOMJIM3aINM aKTUBHBIX IIPOMEKYTOYHBIX YaCTHII B
xoze onuromepusanun. E€ MoseKya TakKe MOKET I10-
TJIOIIATh YacTh TEIUIOBOM 3HEPTHH, CHIDKAas BEPOST-
HOCTB IETTHOH NEeCTPYKIMA. JTO IPUBOANT K OoJIee BHI-
PaXKEHHOMY YBEJIMUEHHUIO TEPMUUECKON yCTOMIMBOCTU
OJIMITOMEPOB, 0COOEHHO MPU TEPMOOKHCIIUTEIBHBIX HC-
neITaHusIX. CTeapuHOBas KMCJIO0Ta, SIBIISSICH HACHIILCH-
HBIM COCAMHEHUEM, MEHee aKTHBHA, HO 00JagaeT BbI-
PaKEHHBIM TUAPOGOOHBIM U CTAOMIM3UPYIOIIUM NS -
crBueM. OHa o0pa3yeT 3alUTHYI0 000JOYKY BOKPYT
aKTHBHBIX IICHTPOB MM MOJIEKYJI OJIMTOMEPOB, YMEHb-
11ast JOCTYTI KMCJIOPOa U BIIark. DTO MOKET yMEPEHHO
TIOBBIIIATh YCTOHYMUBOCTD K TEPMHIECKOMY W OKHCIIH-
TENbHOMY pa3pyLICHUI0, OCOOEHHO B YCIOBHAX IJIH-
TENBPHOTO XPAaHEHMS MIIH SKCIITyaTaIHu.

Tab6muma 2.
Tepmudeckue nokasatenu ¢ppakiuid onurozeneHos (OP)
bes o o

[Tapamertp oGaBK Oneunnosas kuciota (3%) | CreapunoBas kuciota (3%)
Haqalno TEPMHUYECKOTO Pa3IOKEHHS 220 °C 245 °C 235 °C
(Ty, °0O)
Temnepatypa MaKcham,H(o)H CKO- 285 °C 310 °C 295 °C
poctu paznoxenus (Tmax, °C)
Ocrarounas macca npu 400 °C (%) 5% 12% 9%

. AKTHBHAs CTaOWIM3AIHSA, ITaccuBHas 3amura,
Xapakrep JeiCTBUs —

HOIVIOIIEHHE PaIuKaJIoB SKpaHUPOBaHUE

Kak BumHO u3Tabmnmie 2, HaYaI0 TEPMHUYCCKOTO
pasnoxenus (T1) m Tmax cmemnrarorest Ha OoJiee BBICO-
KHe TeMITepaTypsl P AO0AaBICHUN KHUPHBIX KHCIIOT,
YTO CBUJCTEIBCTBYET O IOBBIIMICHHH TEPMHUYECKON
ctabmipHOCTH onmromMepoB. OcTaTodHas Macca TIpH
400°C Taxxe yBeIHIHBACTCS, OCOOCHHO TIpH J00aBIIe-
HHUH OJICHHOBOM KHCJIOTBI, YTO MOATBEPIKAACT yIIyUllie-
HHE CTaOMIIbHOCTH M CHH)KEHHE TEPMHUYECKOTO pasiio-
skeHust. OnenHOBasi KUCIOTa (HEHACHINEHHAas) olna-
Jaer  Oojee  BBIPOKEHHBIM  CTAOWIIM3HPYIOLINM
3¢ GeKTOM 3a CUeT CBOCH CTPYKTYpBHI, YTO CIOCOO-
CTBYET aKTUBHOMW CTAOMIIM3AIMHU U TIOTJIONICHUIO PaIH-
kajoB. CreapwHOBas KHCJIOTa (HACBHINICHHAS) ICi-
CTBYET IACCHBHO, CO3[aBas 3allUTHYIO O0OJIOUKy U
SKpaHUPYS MOJEKYJIBl OJIMTOMEPOB OT BO3JCHCTBUS
TepMaJbHEIX (pakTopoB. JJoOaBIeHUE YKUPHBIX KHCIOT
3HAYHUTENHHO YIYYIIAaeT TEPMHUYECKYIO CTaOMIBHOCTD
0JIMTOMEPOB. {151 OJIEMHOBOM KHCIOTHI, coAep Kallen
JIBOWHYIO CBA3b, HAOMIOaeTcsa 6omee BBIPaKEHHOE I10-
BBIIIICHUE TEPMOCTONKOCTH OJIUTOMEPOB, YTO HPOSIBIIS-
€TCsI B CMEIICHUH TEMIIEPATyPhl HaYasla TEPMUIECKOTO
paznoxenus ¢ 220°C no 245°C u yBenMUeHHH OCTa-
touHoi Maccsl mpu 400°C 1o 12%. B To xe Bpemst cTe-
ApUHOBAs KUCJIOTA (HACHIINICHHAS) TAKXKE ITOBBIIIACT
CTaOWILHOCTh, HO MeHee 3((EKTUBHO, YEM OJICHHO-
Bas. [Ipu 3TOM TeMIiepaTypa MaKCUMaIIbHOW CKOPOCTH
paznoxenus (Tmax) Ui 0€eMHOBOM KHCIOTHI YBEIHU-
yuBaercs 10 310°C, 4To CBHIETENBCTBYET O ¢€ Ooee
BBICOKOW CHOCOOHOCTH K aKTHBHOW CTaOWIM3alliul B
MPOIIECCE TEPMHUUYECKON 00pabOTKU. DTH JaHHBIE XO-
POIIO WILTFOCTPUPYIOT, KaK TO0ABKU KUPHBIX KHCIOT
MOTYT HOBJIHSTh HA CTAOMJIBHOCTH OJIMTOMEPOB, yIIyd-
nIast MX dKCIUTyaTaIl[MOHHBIC XapaKTEPUCTUKHU MIPU BbI-
COKHX TEeMIIepaTypax.

4. 3akiai0ueHne

JKupHBIE KUCIOTHI HTParOT KIIOYEBYIO pONH B
TpoIiecce OJIUTOMEPH3alnH 01e(UHOB, OKa3bIBas BIIH-
SIHAE Ha MOJICKYJIIPHYIO CTPYKTYpPY, CBOMCTBa KOHEY-
HBIX TIPOJTYKTOB, a Takxke Ha 3(h(HEeKTUBHOCTD U aKTHB-
HOCTBH KaTanu3aTopoB. Vcmonp30BaHUE KUPHBIX KHC-
JIOT TIO3BOJIIET KOHTPOJHUPOBATH MOJIEKYJSPHYIO
MacCy OJIUTOMEPOB, YIIYYIIATh UX TEPMUYECKUE U Me-
XaHMYECKHE CBOMCTBA, a TAK)KE ITOBBIIIATH CTAOMIIb-
HOCTh KOHEYHBIX NPOAYKTOB. OJHAKO HEOOXOAUMO
YUHUTHIBaTh, YTO BIUSHUE KUPHBIX KUCIOT 3aBUCHUT OT
WX MOJIEKYJISIPHOU CTPYKTYpbI (HACHIIIICHHBIE, HEHACHI-
[ICHHBIC, TOJIMHCHACHIIIICHHBIC), 8 TAKXKE OT HCIIOJB3Y-
€MBIX KaTaIn3aTOPOB U YCIOBUH peakuuu. OJIeHHOBAS
KHCJIOTa, Oaroaps CBoel HeHACHIIIEHHOH CTPYKTYpe,
obecrieunBaeT 0oJiee BBICOKYIO TEPMOCTOHKOCTD U CTa-
OMIILHOCTB OJIUTOMEPOB, YTO MOKET OBITH ITOJIE3HO MPH
HX HCIIOJF30BAHUU B YCIOBHSAX BBICOKHX TEMIIEPATYP.
CreapuHOBas KHCIIOTa, HECMOTPS Ha 0oJiee TaCCUBHOE
JEHCTBUE, TAK)KE MOXET OBITh IOJIC3HA IS YIIydlle-
HUSl TEPMHUUECKON CTAOMILHOCTH OJIUTOMEPOB B CIy-
yasxX, KOrja BakKeH OajaHC MEXIY CTaOMIBHOCTBIO U
NIPOCTOTOM CUHTE3a.

Takum 00pa3oM, 10OaBICHHE KUPHBIX KACIOT HE
TOJIBKO YJIy4llIaeT MOJEKYJISIpHOE pacipeesieHUue OIu-
TOMEpOB, HO M 3HAUYUTEIBHHO MOBBIIIAET UX TepMUYE-
CKYI0 CTa0HIBHOCTb, YTO PaCIIUpPSET UX 0071aCTh IpH-
MEHEHHUSI B BBICOKOTEMIIEPATYPHBIX M arpecCUBHBIX
cpelax, HalpuMep, B CMa309YHBIX MaTepraiax u 100aB-
Kax A TorumBa. B OymynieM HEOOXOAMMO MPOBECTH
JIOMOJIHUTENbHBIE MCCIEAOBAHUS IS ONTHMHU3AINKI
MPOIIECCOB OJIMTOMEPHU3AINN C YIETOM BIUSHUS KUP-
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HBIX KUCIIOT U pa3pabOTKH HOBBIX KaTAIM3aTOPHBIX CHU-
CTeM IS TIOTy4deHUs Ooiee Ka9YeCTBEHHBIX U (DyHKIIU-
OHAJBHBIX OJUTOMEPOB.
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Abstract

Industry(Xu et al. 2015) giants like Microsoft and Netflix have extensively documented traditional Controlled
Experiment methodologies such as CUPED. However, the lack of shared datasets and code has left a gap between
theoretical promise and practical application. This paper endeavors to bridge this chasm by introducing a novel
integration of CUPED with gradient boosting techniques, accompanied by a fully disclosed simulated dataset and
an open-source library for implementation. Recognizing the limitation of self-generated data, we demonstrate the
enhanced sensitivity and specificity of A/B testing outcomes using this approach. The publication of the entire
framework, including data generation code and the combined CUPED-gradient boosting library, provides a tangi-
ble, manipulable suite for researchers and engineers alike. This invites scrutiny and validation and encourages
adaptation and application in diverse real-world scenarios.

Keywords: Controlled Experiments, CUPED, Gradient Boosting, A/B Testing Sensitivity, Open-Source Li-
brary, Simulated Dataset, Data-Driven Decision Making, Experimentation Framework, Statistical Power Enhance-

ment, Variance Reduction Techniques.

INTRODUCTION

In the evolving landscape of data-driven decision-
making, A/B testing stands as a cornerstone for evalu-
ating the impact of changes in digital products and ser-
vices. Despite its widespread adoption, traditional A/B
testing methodologies (Kohavi et al. 2009) often grap-
ple with the challenges of variance and sensitivity,
which can obscure true effects and lead to suboptimal
decisions. Recent advancements in statistical tech-
niques, such as the Covariance Adjustment for Ran-
domized Experiments (CUPED), have shown promise
in addressing these issues by reducing variance and en-
hancing the precision of test outcomes. However, the
integration of CUPED with machine learning ap-
proaches remains underexplored in the literature, par-
ticularly within the domain of gradient boosting—a
powerful technigue for predictive modeling.

This paper seeks to fill this gap by proposing a
novel framework that unites the variance reduction ca-
pabilities of CUPED with the predictive strength of gra-
dient boosting. We posit that the combined approach
can significantly improve the sensitivity and specificity
of A/B testing results, leading to more informed and ac-
curate decisions. By leveraging a simulated dataset and
an open-source library, this research not only demon-
strates the efficacy of the integrated methodology but
also ensures reproducibility and accessibility for further
experimentation.

The significance of this work lies in its potential
to transform the practice of A/B testing. By providing
a detailed account of our methods and sharing the com-
plete suite of tools and data, we invite scrutiny, collab-
oration, and innovation from the research community.
This paper is structured to first present a comprehensive
background of A/B testing and related work, followed
by an in-depth discussion of our methodology. Subse-
quent sections detail the data generation process, exper-
imental design, and results, culminating in a robust
software framework that encapsulates our contribu-
tions.

In essence, this research aspires to bridge the di-
vide between theoretical advancements and practical
application, offering a new paradigm for A/B testing
that harnesses the strengths of both statistical and ma-
chine learning techniques. Through this integration, we
aim to chart a course for future explorations in the field
and establish a foundation for data-driven decision-
making that is both rigorous and adaptable to real-
world complexities.

BACKGROUND AND RELATED WORK

The precision of online controlled experiments is
paramount for making data-driven decisions in technol-
ogy companies. The sensitivity of such experiments is
measured by their ability to detect true effects, which
can be significantly influenced by the variance of the
business metrics being observed. Variance reduction
techniques are thus employed to increase the sensitivity
of experiments, allowing for the detection of even sub-
tle changes that can have considerable business impli-
cations.

In the realm of online experimentation, small ef-
fects can translate into substantial revenue differences,
especially for platforms with a large user base such as
Booking.com and Netflix. As changes to these plat-
forms tend to produce increasingly smaller effects, the
challenge of detecting these effects becomes more pro-
nounced. The statistical power of an experiment, or its
capability to identify significant effects, is inversely re-
lated to the metric’s variance for a given sample size.
This relationship emphasizes the need for robust vari-
ance reduction methods to achieve conclusive experi-
mental results.

One such technique is CUPED (Controlled-exper-
iment Using Pre-Experiment Data), developed by the
Experiment Platform team at Microsoft (Deng et al.
2013). CUPED seeks to mitigate extraneous variance in
a metric that can be accounted for by data collected be-
fore the experiment. By doing so, it enhances the ex-
periment’s power to detect small effects. This method-
ology has been validated and utilized by companies like
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Netflix, as reported in their case studies (Xie and Au-
risset 2016), demonstrating the effectiveness of
CUPED in improving the sensitivity of their online ex-
periments.

Moreover, variance reduction can be achieved
through different methods, including stratification and
covariate control. Stratification uses categorical data
such as country or browser type to divide the popula-
tion into subpopulations or strata before sampling. The
covariate method leverages continuous metrics calcu-
lated for each experimental unit before exposure to the
treatment. Both approaches aim to reduce the overlap
between treatment and control distributions, thereby
enhancing the detectability of the treatment effect.

These methodologies underscore the importance
of considering pre-experiment information to control
for variability that is not attributable to the experi-
mental intervention. The covariate method, in particu-
lar, uses predictions based on pre-experiment data to
adjust the observed metrics, further reducing variance
and increasing experimental power. Such techniques
have become instrumental in the iterative process of
product optimization, where even fractional improve-
ments can lead to significant gains. (Deng et al. 2023)

Gradient Boosting

Gradient boosting is a sophisticated machine

learning technique that constructs an ensemble of weak
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predictive models, typically decision trees, to form a
strong predictor. The models are added sequentially to
correct the errors made by prior models, optimizing a
specified loss function over iterations. (Natekin and
Knoll 2013)
Model Structure
The model structure in gradient boosting is built
through a series of steps that involve iteratively improv-
ing the predictions by focusing on the errors from pre-
vious iterations. Let F,, (x) denote the ensemble predic-
tion after m iterations. Initially, Fy(x) is usually set to
minimize the initial loss (e.g., the mean of the target
variable for regression). The algorithm proceeds by
adding new predictors that are fitted on the residual er-
rors of the preceding model:
Tm =Y = Fn_1(%),
The update rule for each iteration using a newly
fitted model h,,, (x) is then given by:
Fn(x) = Fpn1(x) + vhp (%),
where v is a learning rate parameter that helps to
control the speed and stability of the learning process.
This step is repeated until the loss improvement be-
comes negligible or a predetermined number of trees
have been added. (Chen and Guestrin 2016)

Tree K

i fi®)
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Gradient boosting explanation. (Aladsani et al. 2021)

Handling Categorical Variables

Categorical variables are those that represent dis-
crete groups or categories, such as gender or color.
These variables require special handling in data model-
ing, especially in algorithms like gradient boosting that
inherently deal with numerical data. Transforming
these categorical variables into a numerical format is
essential for the successful application of such algo-
rithms. (Dorogush, Ershov, and Gulin 2018)

A commonly used technique for this transfor-
mation is target encoding, where categories are en-
coded based on the average outcome of the target vari-
able for each category. This method is particularly use-
ful when the categorical feature and the target are
highly correlated. The formula for target encoding is as
follows:

Zi:ci:j(Yi -Y)

Encoding for category j = 5 1
i:Ci=j

where C; is the category of the i*" instance, y; is
the target value associated with the i** instance, and y
serves as a regularization parameter to prevent overfit-
ting by smoothing the estimated values. This regulari-
zation is crucial, especially when data points in certain
categories are sparse.

Beyond target encoding, there are several other
methods for handling categorical data:

e One-hot Encoding: This method creates a
new binary column for each category level. One-hot en-
coding is effective for nominal categories without in-
trinsic ordering but increases the data dimensionality,
which might require dimensionality reduction tech-
niques in larger datasets.

e Label Encoding: This technique assigns a
unique integer to each category. Unlike one-hot encod-
ing, label encoding keeps the data dimensionality un-
changed but implies an ordinal relationship between
categories, which may not always be appropriate.
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e Binary Encoding: This method converts each
category into binary digits. Each binary digit gets a sep-
arate column. This is useful for reducing dimensional-
ity compared to one-hot encoding while still handling a
large number of categories.

e Frequency Encoding: Here, categories are
replaced with the frequency or count of their occur-
rence in the dataset. This method can help models un-
derstand the prevalence of certain categories and is of-
ten combined with other encoding strategies to improve
model performance.

Each encoding strategy has its own advantages
and limitations. The choice of strategy should depend
on the specific characteristics of the categorical varia-
bles in question and the nature of the model being de-
veloped. A careful balance must be struck between pre-
serving the informational value of the categorical vari-
able and enhancing the model’s ability to generalize
from the training data.

XGBoost Implementation

XGBoost (eXtreme Gradient Boosting) is a popu-
lar implementation of gradient boosting due to its effi-
ciency and performance. It extends the basic gradient
boosting framework by introducing regularization
terms in the objective function, which helps to control
overfitting:

Obj = Z L FG) + Z Q(fo)
i=1 k=1

where [ is a differentiable loss function and Q(fr)
is the regularization term for the k-th tree, defined as:

1
Q) =yT+5210w %

with T being the number of leaves in the tree, w
the vector of scores on the leaves, y a parameter penal-
izing the number of leaves, and A a parameter penaliz-
ing the magnitude of the leaf weights.

We select XGBoost for our modeling tasks due to
its widespread popularity and proven track record
across a variety of applications. Its ability to handle var-
ious types of data, robustness to overfitting, and scala-
bility make it a powerful tool for predictive modeling.

Licensing and Compatibility

XGBoost is open-source software, licensed under
the Apache License 2.0, which makes it free for both
commercial and non-commercial use. It is compatible
with multiple programming languages including Py-
thon, R, Java, Scala, and Julia, ensuring its accessibility
to a wide range of data scientists and developers.

Popularity and Community Support

XGBoost’s popularity is evidenced by its wide-
spread use in winning solutions in machine learning
competitions and in industry applications. The library
has a robust community of developers and users who
contribute to its continuous improvement and docu-
mentation, making it one of the most supported ma-
chine learning libraries available.

Special Features

XGBoost offers several unique features that set it

apart from other gradient boosting implementations:

e System Optimization: It includes system op-
timizations for both hardware utilization and compu-
ting efficiency in multi-core and distributed environ-
ments.

e Algorithm Enhancements: XGBoost in-
cludes advanced regularization (L1, L2), sparsity-
aware algorithms, and weighted quantile sketch for
handling imbalanced datasets.

e Customizable: Users can define custom opti-
mization objectives and evaluation criteria, adding a
layer of flexibility not easily achievable in many other
machine learning frameworks.

e Built-in Cross-validation: XGBoost imple-
ments built-in cross-validation methods at each itera-
tion of the boosting process, which allows for robust
tuning and performance enhancement.

These features make XGBoost an extremely ver-
satile tool that can be tailored to a wide variety of data
science tasks and complexities.

Advantages Over Linear Regression

Gradient boosting, particularly through XGBoost,
offers substantial advantages over linear regression:

e Complex Non-Linear Relationships: The
ability to model non-linearities and interactions be-
tween features through successive trees.

e Robustness to Outliers: Trees in the boosting
process isolate outliers, minimizing their impact on the
overall model.

e Adaptability: The algorithm can seamlessly
integrate different types of features and deal with miss-
ing data.

e Enhanced Predictive Accuracy: The combi-
nation of multiple weak models and regularization sig-
nificantly boosts performance.

In conclusion, gradient boosting, especially imple-
mented via XGBoost, stands out as a superior choice
for many complex data-driven challenges where tradi-
tional linear regression falls short.

DATA GENERATION
Rationale Behind the Simulated Data

The genesis of our simulated dataset is rooted in a
critical need for a standardized and manipulable testing
ground to advance A/B testing methodologies. Unlike
many companies that, for legitimate reasons, withhold
their datasets due to the proprietary nature or privacy
concerns, we opt for a path of openness. Recognizing
the gap in accessible data for research, we deliberately
generate and publish our datasets, complete with the
underlying code. This unprecedented move not only
fosters transparency but also empowers the community
at large to engage with, adapt, and enhance the tools
and techniques we present, free from the constraints of
confidentiality that often shroud corporate data.

Our approach serves a dual purpose. On one hand,
it provides a sandbox for validating and refining the in-
tegration of statistical techniques such as CUPED and
gradient boosting, unencumbered by the unpredictabil-
ity of proprietary data. On the other hand, it presents a
unique opportunity for researchers to actively manipu-
late the generative parameters of the dataset. This mal-
leability allows for a dynamic exploration of how vari-
ations in data characteristics can impact the perfor-
mance and efficacy of the analytical methods applied.
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By changing parameters such as noise levels, base in-
crease percentages, or user distributions, we can ob-
serve the resilience and adaptability of our methodolo-
gies under an array of simulated conditions, drawing
closer to an understanding of their behavior in real-
world scenarios.

In constructing this simulated environment, we
aim to strike a balance between realism and control. We
simulate a diverse user base with rich behavioral attrib-
utes to mirror real-world complexity while ensuring
that each variable is finely tuned to yield a robust and
representative dataset. The noise parameters and indi-
vidual user components are carefully calibrated to in-
troduce the right amount of randomness, emulating the
unpredictability inherent in user interactions.

In essence, our rationale for creating and sharing
the simulated dataset is to catalyze progress in the field
of A/B testing. By offering a fully disclosed and adjust-
able dataset, we set the stage for collaborative innova-
tion, rigorous testing, and the development of method-
ologies that can withstand the nuanced dynamics of ac-
tual user behavior. It is a dataset designed not only as a
foundation for our own research but as a communal as-
set that invites scrutiny, validation, and advancement
from the global research community.

Methodology of Data Simulation

The generation of the synthetic dataset was metic-
ulously crafted to closely parallel the intricacy and sto-
chastic nature of real-world data. A key enhancement
in our simulation process is the introduction of con-
trolled noise levels, which allows us to replicate the in-
herent randomness present in behavioral datasets. Each
dataset iteration is stored in a uniquely timestamped di-
rectory, fostering traceability and systematic organiza-
tion.

Central to our simulation is the principle of repro-
ducibility; a fixed seed within the numpy random num-
ber generator is set to ensure consistent replication of
results by other researchers. The simulation assigns a
rich tapestry of attributes to each user, such as geo-
graphical location, platform usage, user segment clas-
sification, and age range, reflecting a heterogeneous
user population. A uniformly distributed engagement
score symbolizes the broad spectrum of user engage-
ment.

To capture the subtle influences of various catego-
ries, indices for country, platform, and user segments
were computed and combined with randomly generated
effect modifiers. This process imbues our simulation
with a degree of realism that mirrors the complex inter-
actions affecting user behavior in the real world.

The A/B group assignment, centered on equitable
distribution, introduces the anticipated effects of the ex-
perimental intervention into the outcome variable. This
outcome variable, reflective of the non-linear dynamics
and inherent variability of user responses, is derived by
integrating the base value with category effects and a
deliberately controlled noise element, newly introduced
in our updated methodology.

The innovation in our approach lies in the addition
of a ’per user component’ to the base value for each
user, drawn from a uniform distribution with bounda-
ries adjusted by the noise level. This addition simulates

individual-level random effects, adding depth to the da-
taset by capturing the variability unique to each user
profile.

Furthermore, a pre-test value is formulated
through a slightly altered equation, infusing additional
non-linearity and noise to depict the pre-experimental
variation.

Upon generating the data, we conduct an explora-
tory analysis, which includes inspecting the initial data
points, providing a statistical summary, and evaluating
correlations. These steps serve as a preliminary exami-
nation of the emergent dataset properties. The dataset is
then diligently recorded in CSV format within the spec-
ified directory, ensuring it is primed for further analysis
and reproducibility.

This rigorous simulation methodology establishes
a foundational dataset that not only underpins our re-
search but also offers a comprehensive model for un-
derstanding user behavior within the context of A/B
testing scenarios.

Parameters and Variables Considered

The architecture of our synthetic dataset is care-
fully devised to mirror a realistic user base and to ena-
ble a thorough evaluation of the influences of different
characteristics on the outcomes of A/B tests. The fol-
lowing parameters and variables were judiciously cho-
sen:

e User Identifier (userid): A unique identifier
is assigned to each simulated user to ensure distinct
recognition within the dataset.

e Geographical Location (country): Users
from eight countries are included to represent geo-
graphical diversity.

e Platform Usage (platform): Users are dis-
tributed across four platforms to emulate the multi-plat-
form reality of digital services.

e User Segmentation (user_segment): Market
segmentation is simulated by categorizing users into
four distinct segments.

e A/B Group Assignment (abgroup): Alloca-
tion into three groups (Al, A2, and B) facilitates the
A/B testing structure, with each group receiving a dif-
ferent experimental condition.

e Age: A variable representing user age, which
ranges from 18 to 65, to include the typical target de-
mographic for marketing.

e Engagement Score: A quantification of user
engagement, randomly assigned, reflecting the level of
interaction with the service or product.

e Base Increase Percentage (base_in-
crease_percentage): A measure of the expected im-
pact from the A/B testing treatment on the outcome var-
iable.

¢ Noise Level (noise_level): A vital addition to
our updated methodology, this parameter controls the
statistical variance of the introduced noise, thereby add-
ing a controlled level of randomness to the data to better
reflect real-world variability.

e Per-user Component: A factor introduced
for each user to simulate individual variance, which is
drawn from a uniform distribution centered around a
calculated midpoint based on the noise level, thus indi-
vidualizing the dataset further.
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e Seed: To guarantee reproducibility, a seed
value is used, enabling the generation of an identical
dataset for validation and comparative analysis by other
researchers.

These selected parameters and variables are piv-
otal in our synthetic data generation, facilitating the in-
vestigation into the multifaceted effects of user attrib-
utes on behavior and experimental outcomes. This in-
tricate design aims to replicate the complexities found
in authentic datasets while exerting control over the ex-
perimental variables, thus providing a reliable platform
for A/B testing analysis.

Assumptions Made

The creation of our synthetic dataset rests upon a
set of assumptions essential for simulating the com-
plexity of real-world data within a structured experi-
mental environment. A primary assumption is the inde-
pendence and uniform distribution of user attributes
such as geographical location, platform usage, and user
segmentation. While this simplifies the analysis, it may
not fully capture the interdependencies that exist within
actual user bases.

We have also assumed that the effect modifiers re-
lated to country, platform, and user segments are uni-
formly influential without interaction, allowing for
straightforward analysis of category effects but poten-
tially sidelining compound interactions that might
emerge in real-world contexts.

The random and unbiased distribution of users into
AJ/B groups is another presumption that omits possible
selection biases found in practical A/B test assign-
ments. Similarly, the engagement score is treated as
uniformly distributed, which might not align with ob-
served engagement patterns where certain levels of en-
gagement are more prevalent.

The introduction of a ’per_user_component’ and a
controlled ’noise level’ parameter in our updated
methodology serves to refine these assumptions. The
per_user_component’ assumes that individual varia-
bility can be encapsulated through a uniformly distrib-
uted random effect, which adds a layer of authenticity
by acknowledging user-specific differences. The con-
trolled "noise_level” implies a consistent degree of ran-
dom fluctuation across the dataset, which, while en-
hancing the realism of variability, might not account for
the heterogeneous nature of noise in actual user behav-
ior.

By setting the base increase percentage and noise
level to constant values, we assume uniformity in the
treatment effect and variability, which may not hold in
diverse user demographics or behavior patterns.

These assumptions, while necessary for the integ-
rity and analytical clarity of the synthetic dataset,
should be recognized when considering the results from
experiments utilizing this data. Designed to be repre-
sentative and robust, the dataset’s simulated nature and
the assumptions therein may influence A/B testing out-
comes and the extrapolation of findings to genuine sce-
narios.

Ensuring Representative and Robust Data

In the pursuit of empirical rigor, our synthetic data
generation protocol has been meticulously engineered
to ensure both representativeness of real-world phe-
nomena and robustness for experimental validation. To
achieve a dataset that serves as a credible proxy for re-
ality, we first identified and incorporated a diverse ar-
ray of user attributes that influence behavior in digital
environments. This includes geographic diversity, plat-
form choices, and demographically segmented user
groups. By embedding these dimensions into our simu-
lation, we constructed a rich, multidimensional space in
which the interactions of various factors can be ob-
served.

The representativeness of the data is further bol-
stered by the introduction of stochasticity at multiple
levels. A noise parameter is thoughtfully integrated to
simulate the unpredictable nature of user interactions,
while the per-user component is meticulously designed
to encapsulate the idiosyncratic variability inherent to
individual behavior. This granular approach, coupled
with the strategic use of a fixed seed to ensure repro-
ducibility, allows for the creation of a dataset that is not
only complex but also consistently mirroring the ran-
domness observed in the wild.

Our commitment to robustness is manifested in the
rigorous validation steps woven into the data genera-
tion process. We subjected the resultant datasets to an
array of stress tests that mimic the conditions of real-
world A/B testing scenarios. This includes sensitivity
analysis to fluctuations in user engagement, resistance
to various noise levels, and adaptability to shifting base
increase percentages. Such comprehensive testing is in-
strumental in ensuring that our synthetic data with-
stands the rigors of experimental scrutiny, thereby serv-
ing as a steadfast foundation for the exploration of A/B
testing methodologies.

In concert, these deliberate and thoughtful
measures coalesce to create a synthetic dataset of un-
paralleled fidelity and durability. It is a dataset con-
ceived not just to withstand the vicissitudes of analyti-
cal challenges but to also yield insights that stand in
proxy to the nuanced dynamics of genuine user behav-
ior. Through this endeavor, we lay the groundwork for
a more nuanced and accurate understanding of the im-
pacts and implications of A/B testing in a digital eco-
system.

Limitations and Biases in the Simulated Data

The verisimilitude of our synthetic dataset to real-
world data is a testament to the meticulous design
choices and methodological rigor employed in its crea-
tion. However, it is paramount to acknowledge that any
simulation, irrespective of its sophistication, inherently
carries limitations and potential biases that may im-
pinge upon the results and their interpretation.

A primary limitation lies in the assumption of uni-
form influence across user attributes such as geograph-
ical location and platform usage. While this fosters an
analytical simplicity, it may not encapsulate the com-
plex and often non-linear interactions that typify actual
user behavior. Real-world data is rife with intricate cor-
relations and interactions, which our model simplifies
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to render the simulation tractable. Thus, the extrapola-
tion of our findings to real-world contexts must be ap-
proached with a degree of caution, with the understand-
ing that some nuanced dynamics may not be fully rep-
resented in the dataset.

Furthermore, the random allocation of users into
AJ/B groups, though designed to mimic the randomness
of controlled experiments, does not account for the se-
lection biases that can occur in practice. These biases
arise from non-random assignment due to practical
constraints or user self-selection, which our model does
not simulate. Consequently, the effect estimates de-
rived from our data may differ from those observed in
real-world experiments where such biases are present.

The synthetic nature of our dataset also means that
itis devoid of the external shocks, such as market trends
or global events, that can significantly influence user
behavior. Our controlled simulation environment,
while advantageous for isolating specific effects, does
not capture these externalities. Therefore, the predictive
power and generalizability of our findings to scenarios
outside the controlled conditions of the simulation may
be limited.

Lastly, the introduction of noise and individual
variability, though critical for adding realism to the da-
taset, is based on specific distributions and may not re-
flect the true heterogeneity of real-world data. The
choices of distributions for noise and individual effects
are, to some extent, arbitrary and may introduce biases
that affect the sensitivity and specificity of A/B testing
outcomes.

In summary, while our synthetic dataset serves as
a robust tool for the exploration of A/B testing frame-
works, it is essential to recognize its limitations and in-
herent biases. Researchers and practitioners should be
mindful of these constraints when applying our find-
ings, ensuring that conclusions are drawn with a clear
understanding of the dataset’s synthetic nature and the
assumptions underpinning its generation.

DATA PROCESSING

The efficacy of A/B testing is significantly predi-
cated on the robustness of data processing methodolo-
gies. This section delineates the comprehensive ap-
proach employed in aggregating user metrics, enhanc-
ing the CUPED technique, and detailing the handling
of individual user data throughout the pre-test and in-
test periods.

Metrics Aggregation

To facilitate a granular understanding of user be-
havior, we aggregate key user metrics that capture their
interactions with the service. The primary metric of in-
terest in this study is the user’s click response, serving
as a proxy for engagement and interest. User metrics
are systematically collected and aggregated over a
specified observation window, ensuring a uniform ba-
sis for comparison across all participants. The exact
length of this window is marked for subsequent speci-
fication.

Observation windows for the proposed A/B test-
ing solution. The two-week duration provides a repre-
sentative sample of user behavior while minimizing the
effect of external long-term trends.

Phase Duration Explanation
Pre-test 14 days (2 weeks) Capturgs bgsellne user behaV|or_pr|or to the experimental intervention,
while filtering out short-term noise.
In-test 14 days (2 weeks) Measures the user response after the intervention, ensuring direct com-
Y parability with the baseline established in the pre-test phase.

A two-week observation period was selected
based on the following considerations:

e Stability of User Behavior: It is long enough
to smooth out daily fluctuations, ensuring that any ob-
served changes are not due to short-term variability.

e Minimization of External Trends: A shorter
window helps to reduce the influence of long-term ex-
ternal factors that may confound the experimental re-
sults.

e Comparability: Using the same 2-week win-
dow for both pre-test and in-test phases ensures con-
sistent data collection, making it easier to compare user
behavior before and after the intervention.

Pre-test and In-test Data

The data processing pipeline is bifurcated into two
distinct phases: pre-test and in-test. The pre-test phase
data, representing user behavior prior to the experi-
mental intervention, is crucial for establishing a base-
line against which the in-test phase data can be juxta-
posed. The pre-test data encapsulates the user’s inter-
action within the same predetermined window as the in-
test phase

CUPED Enhancements

Our methodology harnesses the Covariance Ad-
justment for Randomized Experiments (CUPED) to
mitigate variance and enhance the sensitivity of the A/B
test results. To this end, we implement a standard ver-
sion of CUPED, while supplementing it with gradient
boosting techniques to predict potential shifts in the
metric of interest. This amalgamation of CUPED and
predictive modeling via gradient boosting is poised to
refine the accuracy of our variance adjustment, tailor-
ing it to the nuances of our dataset (Cruz-Benito et al.
2018).

Per-user Analysis

A pivotal aspect of our data processing strategy is
the per-user analysis, which dissects the individual-
level data to discern the nuances of user behavior. For
each user, the difference in their click activity between
the pre-test and in-test periods is meticulously com-
puted. This delta serves as an instrumental indicator of
the change in behavior attributable to the experimental
condition

Per-user metrics and their corresponding formulas
computed for both pre-test and in-test periods.
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Metric Formula Description
Ret; - For user i, the retention rate is defined as the fraction of days within the ob-
Retention _ lz I{a, servation period in which the user performed at least one action. Here, I{P}
T Le is the indicator function that equals 1 if the condition P is true, and 0 other-
S 0}1’:1 wise.
ARPU; H -
T e average revenue per user (ARPU) for user i is the total revenue accu-
ARPU _ Z R. mulated over the observation window. When aggregated over all users, this
- ut metric provides insight into the revenue efficiency of the experiment.
t=1
T
Average y lz _ This metric represents the average number of actions (such as clicks or
Actions i =7/, % | other interactions) performed by user i per day.
t=1
. - The click delta is computed as the difference between the number of clicks
c=Chh— P . . : .
Click Delta | AC; = C" = G | i the in-test period (C;") and the pre-test period (C™) for user i.

These formulas enable a structured comparison of
user behavior across different phases of the A/B test.
Each metric is calculated on a per-user basis and can be
further aggregated to assess overall trends and differ-
ences attributable to the experimental interventions.
(Moraga-Diaz and Bravo 2024)

Statistical Analysis

The core objective of the A/B test is to ascertain
whether the implementation of a service change within
group B leads to a statistically significant variation in
user behavior compared to groups Al and A2. To this
effect, a comparative analysis is conducted to evaluate
the mean difference in the click metric before and after
the service change, across the different user groups.

To ensure robustness, the following hypothesis
testing framework and statistical methods are em-
ployed:

Hypotheses

For each user group, we define the hypotheses as
follows:

HO: Hin-test = “pre—test
le Hin-test * .upre—testl

WhHere pin.iese AN Upre.iest FEPresent the mean click
metrics during the in-test and pre-test phases respec-
tively. In particular, for the treatment group (group B)
relative to the control groups (Al and A2), the null hy-
pothesis assumes that the intervention has no effect on
user behavior.

Testing Procedure

e Distribution Assessment: Initially, the distri-
bution of the click metric is examined using visual
methods (e.g., Q-Q plots) and formal tests such as the
Shapiro-Wilk test to ensure that the normality assump-
tion holds. Variance homogeneity is assessed using
Levene’s test.

e Parametric Tests: If the data distribution
meets the normality and homoscedasticity assump-
tions:

o Independent two-sample t-test: Used to com-
pare the means between different groups (e.g., group B
vs. groups A1/A2).

o Paired t-test: If dealing with paired observa-
tions (i.e., the same user’s pre-test and in-test metrics),
then a paired t-test is appropriate.

e Non-Parametric Tests: If the normality as-
sumption is violated, non-parametric alternatives such
as the Mann-Whitney U test (for independent groups)

or the Wilcoxon signed-rank test (for paired samples)
are adopted.

Confidence Intervals and Significance Level

All statistical tests are conducted at a significance
level of & = 0.05. Alongside the p-values, 95% confi-
dence intervals for the estimated differences in means
are computed to quantify the precision of the treatment
effect.

Bootstrap Methods

To further validate the inference and assess the
stability of the estimates, bootstrap resampling tech-
niques are employed. This non-parametric approach
generates empirical distributions for the test statistics,
which is especially useful in cases with non-standard
data distributions or limited sample sizes.

Multiple Comparisons Correction

When testing multiple metrics or conducting sub-
group analyses, corrections for multiple comparisons
(such as Bonferroni or Benjamini-Hochberg adjust-
ments) are applied to control the family-wise error rate
and minimize the risk of type I errors.

Regression Analysis and Difference-in-Differences
(DID)

As an additional layer of analysis, regression-
based methods help adjust for baseline differences and
potential confounders. A difference-in-differences
(DID) model is employed to isolate the impact of the
intervention:

Yy = Bo + P Treatment;, + B, PreMetric; + €,
where:

e Y, isthe click metric for user i at time ¢,

e Treatment; is a binary indicator (1 for the in-
test period, O for pre-test),

e PreMetric; captures the baseline metric for
user i, and

e ¢ isthe error term.

Collectively, these hypothesis testing procedures
and supplementary statistical methods ensure that our
evaluation rigorously assesses the treatment effect. The
combination of parametric or non-parametric tests,
confidence interval estimation, bootstrap resampling,
and regression analysis provides a robust framework
for determining the statistical significance of the ob-
served differences in user behavior.

The data processing methods outlined above are
specifically tailored to capture and analyze the intricate
patterns of user behavior, thereby laying a solid
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groundwork for the subsequent phases of the A/B test-
ing framework. By meticulously structuring the data
processing phase, we ensure that our experimental de-
sign is underpinned by reliable and insightful data, fos-
tering robust and actionable outcomes.
EXPERIMENTAL DESIGN

In this study, our primary objective is to demon-
strate that our proposed advanced method increases
metric sensitivity in A/B tests when compared to the
Standard A/B approach and the CUPED adjustment. To
achieve this, we design a series of experiments using
synthetic data that simulate both null (A/A test) and
treatment (A/B test) scenarios.

Synthetic Data Generation

Synthetic data is generated to mimic real-world
experimental settings. The simulated dataset includes
critical variables such as pre-test values, in-test values,
and covariates like age, engagement score, country,
platform, and user segment. For each user:

e A pre-test value is produced using a combi-
nation of user attributes and a defined noise level.

e An in-test value is derived as a linear combi-
nation of the pre-test value and an intermediate meas-
urement, then perturbed by a random noise term.

e For users in the treatment group (identified by
a label starting with ’5°), a fixed true effect is intro-
duced by scaling the in-test value by a base increase
percentage before the addition of noise.

The complete synthetic data generation process is
encapsulated in the generate_synthetic_data function,
which accepts parameters such as number of users,
noise level, true effect size, and random seed for repro-
ducibility.

Mathematical Formulation of Synthetic Data

The data generation is explicitly governed by the
following formulas:

e Pre-test Value:

X pre-test

= f(age, engagement score, country, platform, user_segrf{@ﬁﬁ

+1n, n~N(0, noise level)
where f represents a function modeling the com-
bined effects of user attributes.

e Intermediate Value:

Ximermediate

= g(age, engagement_score, country, platform, user_segnégll'lg

+¢& &~ N(0, noise level)

Here, g captures an intermediate measurement
contribution.

e In-test Value for the Control Group:

XiElc.(t):st:()D = aXpre—test + (1 - a) Xintermediate + €, €
~ N (0, noise_level)

where a € [0,1] determines the weight assigned to
the pre-test value.

e In-test VValue for the Treatment Group: For
users in the treatment group (denoted by ’5°), the true
effect is introduced as follows:

$EXM (\text{treatment})} {\text{in-test}} =
\Bigl(1 + \delta\Bigr) \Bigl[\alpha\, X_{\text{pre-
test}} + (1 - \alpha)\, X_{\text{intermediate}}\Bigr] +
\epsilon,\quad \epsilon \sim \mathcal{NHbigl(0,\
\text{noise\_levelFbigr)$$

with & representing the base increase percentage
(6 > 0) that quantifies the true effect.

An example call to the data generation function is:

generated_data = generate_synthetic_data(

num_users=100000,

countries=['US', 'UK', 'DE', 'FR’, 'CA', 'AU', P,
INT,

platforms=['iOS', 'Android’, 'Web', 'Desktop1],

user_segments=['Segment_1', 'Segment_2', 'Seg-
ment_3', 'Segment_41,

ab_groups=['al’, 'a2', 'b7,

noise_level=1.0,

base_increase_percentage=0.1,

)

Experimental Procedures

Our experimental design comprises two main
parts; A/A tests and A/B tests.

AJ/A Test

The A/A test is conducted on data where all users
are sampled from the same underlying distribution (i.e.,
no true treatment effect is introduced). Under the null
hypothesis, any observed differences between groups
are purely due to random chance. Therefore, the p-val-
ues computed using any of the three methods (Standard
A/B, CUPED, and Advanced) should be uniformly dis-
tributed. This uniformity confirms that the methods do
not produce spurious significance when no systematic
difference exists.

A/B Test

The A/B test is structured to simulate a scenario
where there is an actual treatment effect:

1. Group Emulation: Users are split into two
groups: a control group and a treatment group.

2. Introducing True Difference: For users in
the treatment group, the in-test value is scaled by (1 +
&) to incorporate a true effect.

3. Noise Incorporation: Random noise € ~
N (0, noise_level) is added to both groups to mimic
bility in real data.

4. Pre-Test and In-Test Relationship: The in-
test measurements are assumed to be a linear function
of the pre-test measurements (weighted by «), supple-
mented with noise. This assumption is critical for
applying variance reduction techniques.

5. Method Comparison: Three distinct statisti-
ssessments are performed:

o Standard A/B Test: The conventional ap-
proach without any modifications.

o CUPED: Using pre-test data to reduce vari-
ance and improve metric sensitivity.

o Advanced Method: Our proposed approach,
which is expected to yield lower p-values if a true dif-
ference exists.

Summary

In summary, our experimental design leverages
synthetic data to rigorously assess and compare the per-
formance of Standard A/B testing, CUPED, and our
Advanced Method under both null (A/A) and treatment
(A/B) conditions. By varying the noise level and intro-
ducing a controlled true effect, we are able to directly
evaluate the statistical power and robustness of each
method. The A/A tests serve as a crucial baseline, en-
suring that any deviations observed in the A/B tests are
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attributable to the true treatment effect rather than in-
herent methodological biases. While our approach is
manual, future work could explore automated experi-
mentation frameworks similar to those proposed by
Tamburrelli and Margara (Tamburrelli and Margara
2014).

variables: group size, pvalue, noise level, detected
effect

fix 2 values; variate 2 variables, get charts

RESULTS

The new method introduces a significant advance
in the sensitivity of our tests. By leveraging advanced
signal detection techniques, even subtle changes that
are normally obscured by noise can be detected. This
improvement is particularly valuable in experimental
conditions where traditional methods may not reliably
discern faint signals.

The enhanced sensitivity is demonstrated in the
example chart in Figure 2. In this figure, the perfor-
mance improvement is evident under specific experi-
mental conditions. However, it is important to note that
while the chart provides a clear illustration of the trend,
the actual performance depends on the noise level pre-
sent in the data and the degree of correlation between
current and previous datasets. In scenarios with lower
noise and a higher correlation between measurements,
the sensitivity gain is more pronounced.

Furthermore, the dependency on noise levels and
data correlation highlights the need for careful experi-
mental design. When noise is minimized and correla-
tion is high, the new method performs exceptionally
well; conversely, higher noise or weaker correlations
may reduce the sensitivity improvement. This under-
standing is crucial for optimizing our approach across
diverse experimental applications.

Mean P-values vs num_users
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Example chart illustrating the enhanced sensitivity achieved using the new method. Although this chart serves as
an example, the actual performance improvements depend on the noise level and the correlation between current
and previous data.

In addition to assessing sensitivity, it is essential
to validate the baseline behavior of our testing frame-
work. A critical requirement in A/B testing is that under
the null hypothesis (as in an A/A test), the p-values
must be uniformly distributed rather than converging to

zero. This uniform distribution confirms that the meth-
odology does not produce false positives when no true
treatment effect is present. Figure 3 provides a visual
illustration of the A/A test results, showing that the p-
values are indeed uniformly distributed. This result is
fundamental, as it indicates that the proposed method is
correctly calibrated and reliable under null conditions.
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Example chart showing that the p-values from an A/A test are uniformly distributed. This indicates that in the
absence of a true effect, the metric does not converge to zero, validating the proper calibration of the testing
framework.

Software Framework

The A/B Test Advanced Toolkit is an experi-
mental yet powerful software framework designed to
streamline A/B testing analysis by integrating robust
statistical methods with modern machine learning ap-
proaches. Its architecture leverages traditional signifi-
cance testing, automated metric computation, and inno-
vative variance reduction techniques such as CUPED
enhanced with Gradient Boosting (via XGBoost).

For more details on this library, please visit the re-
pository on GitHub: A/B Test Advanced Toolkit
(https://github.com/dmitry-brazhenko/ab-test-ad-
vanced-toolkit/).

Core Components

¢ Data Ingestion and Preparation:

o The framework processes three main types of
input data: event data capturing user interactions, allo-
cation data detailing experiment group assignments,
and, optionally, user properties that provide demo-
graphic or behavioral context.

o Standardized data parsing and validation rou-
tines ensure the integrity and consistency of these in-
puts.

e Metric Computation:

o Automated computation of key performance
indicators, including event counts, attribute sums (e.g.,
revenue), and conversion rates.

o A modular design supports the effortless ex-
tension for custom metrics, making the tool adaptable
to various experimental scenarios.

e Statistical Analysis and Variance Reduc-
tion:

o Classical statistical tests enable reliable com-
parisons between control and test groups.

o A novel CUPED (Controlled-experiment Us-
ing Pre-Experiment Data) method, augmented by Gra-
dient Boosting techniques, is employed to adjust exper-
imental outcomes, thereby reducing variance and en-
hancing test sensitivity.

¢ Reporting and Visualization:

o Results from the analysis are compiled into
visually appealing reports, typically generated in
HTML format, which detail both the computed metrics
and the results of the statistical analysis.

o These reports are designed to simplify the
communication of insights to stakeholders.

e Extensibility and Modularity:

o The clear separation of stages—from data in-
gestion and processing to metric computation and re-
porting—ensures that the framework remains scalable
and maintainable.

o This design allows for seamless integration of
additional analytical methods and alternate testing al-
gorithms as needs evolve.

Data Input Formats

To ensure the framework processes the experi-
mental data correctly, the input datasets should con-
form to the following specifications.
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Event Data
Event Data Format:

Event Data Format

II\ZI:”Inde Data Type Description Example
EventID String/Number Unique identifier of the event E12345
UserlD String/Number Unique user identifier U67890

Timestamp | Date/Timestamp Time of event occurrence 2023-10-05
14:23:00
EventType String Type of event (e.g., click, view) click
Value Numeric Numeric value associaézgl\évith the event, if appli- 1.00
Allocation Data
Allocation Data Format:
Allocation Data Format
Field Name Data Type Description Example
UserID String/Number Unique user identifier U67890
Group String Experimental group assignment (control/test) control
AllocationDate Date Date when the assignment was made 2023-10-01
User Properties Data (Optional)
User Properties Data Format:
User Properties Data Format (Optional)
Field Name Data Type Description Example
UserlD String/Number Unique user identifier U67890
Age Integer Age of the user 35
Gender String Gender of the user Male
Location String Geographic location New York

Workflow Overview

The typical workflow of the framework follows
these stages:

1. Data Loading: Import and structure the event,
allocation, and user property data into standardized for-
mats.

2. Preprocessing: Conduct data cleaning and
validation to prepare the datasets for analysis.

3. Metric Calculation: Compute various behav-
ioral and performance metrics automatically.

4. Variance Adjustment: Apply the CUPED
strategy, enhanced with Gradient Boosting, to reduce
noise and adjust for pre-experiment bias.

5. Reporting: Consolidate and format the en-
hanced metrics and statistical outcomes into reports for
analysis and decision-making.

Design Considerations

The framework has been developed with several
key principles in mind:

e Accuracy: High precision in metric computa-
tion and statistical testing through stringent data valida-
tion and robust analytical procedures.

e Flexibility: A modular architecture that
adapts easily to varied experimental requirements, ac-
commodating diverse data structures and custom anal-
ySes.

o Efficiency: Optimized data processing and
analysis routines ensure timely feedback, which is cru-
cial for operational A/B testing in dynamic environ-
ments.

e Transparency: Each step in the analytic pipe-
line is designed to be reproducible and transparent,
providing clear insights into the derivation of experi-
mental conclusions.

In summary, the software framework behind the
A/B Test Advanced Toolkit represents an innovative
fusion of statistical rigor with machine learning flexi-
bility, making it a comprehensive solution for modern
experimentation challenges.

LIMITATIONS OF THE STUDY

This study acknowledges a series of assumptions
and methodological decisions that introduce certain
limitations to the generalizability and interpretation of
the results. Key aspects to consider when analyzing the
conclusions of this work are presented below.

Methodological Limitations

The use of CUPED in conjunction with gradient
boosting was chosen based on the structure of the avail-
able data to analyze the results of the A/B testing. While
this method can reduce variability and increase the ac-
curacy of testing outcomes, its effectiveness may vary
depending on the characteristics of the specific dataset.
Thus, the results may not be fully applicable to other
scenarios or data not considered in this study.

Example if we do not have pre-test data or no data
about users at all. Or it is not correlated at all with data
in test, so we cannot reduce variance

Data Sampling

The study utilizes data generated through simula-
tion. Although this allows for control over many pa-
rameters and the isolation of key effects, real user data
may contain noises and anomalies not accounted for in
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simulated data. Therefore, results obtained from simu-
lated data may differ from those obtained using real
user data.

External Factors Influence

The research was conducted under a set of condi-
tions that may not fully reflect the external factors af-
fecting real-life user behavior. External events, such as
economic changes or technological shifts, which can
influence the outcomes of A/B testing, were not con-
sidered.

For example if let’s say some weather application
and there is a hurricane, so it will break all patterns and
will not work at all

Assumptions

Certain assumptions were made to analyze the re-
sults of the A/B testing, such as that user behavior re-
mains stable throughout the testing period. Changes in
user behavior that are not related to the tested changes
could introduce distortions in the results.

main assumption is that there are a set of predeter-
mined pre test factors that can correlate with in-test val-
ues. In study it was assumed that such factors may in-
clude social and other params such as age, device type,
etc. However grouping can be another

Recommendations for Future Research

Based on the identified limitations, future research
can focus on extending the applicability of the proposed
methodology and testing it against real user data. Fur-
thermore, investigating the impact of external factors
that can influence user behavior and, consequently, the
results of A/B testing is an important step.

Fucutre research must test this on real data. current
research is theoretical and it was not possible to get real
data from any company. However, limitations when
this approach would work; is still applicable

CONCLUSION

This study presents a novel approach to enhancing
the sensitivity of A/B testing through advanced signal
detection techniques. The results demonstrate a signif-
icant improvement in detecting subtle changes, partic-
ularly in experimental conditions where traditional
methods may fall short. The enhanced sensitivity, as il-
lustrated in Figure 2, shows promise for more accurate
decision-making in various experimental applications.

Key findings include:

e Improved sensitivity in detecting subtle
changes, especially in low-noise, high-correlation sce-
narios.

e Proper calibration of the testing framework, as
evidenced by the uniform distribution of p-values in
AJA tests (Figure 3).

e The importance of careful experimental de-
sign, considering noise levels and data correlation for
optimal performance.

However, it is crucial to acknowledge the limita-
tions of this study. The use of simulated data, while al-
lowing for controlled parameter manipulation, may not
fully capture the complexities of real-world user behav-
ior. The effectiveness of the CUPED method combined
with gradient boosting may vary depending on dataset
characteristics, and the study’s assumptions about sta-
ble user behavior and predetermined pre-test factors
may not always hold in dynamic real-world scenarios.

Despite these limitations, this research provides a
solid foundation for improving A/B testing methodolo-
gies. Future work should focus on validating these find-
ings with real user data, investigating the impact of ex-
ternal factors on test results, and exploring the applica-
bility of this approach across diverse experimental
contexts. By addressing these areas, we can further re-
fine and expand the utility of this enhanced A/B testing
methodology in practical applications.
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PaCCManI/IBaeTCSI OAHMH U3 OCHOBHBIX 3aJa4, CTO?IH.[@I71 nepen pa6OTHI/IKaMI/I MYKOMOHBHOﬁ MIPOMBIIIJICHHO-
CTH, ABJIICTCS IIOBBIIICHHUC 3(1)(1)CKTI/IBHOCTI/I yrpaBJC€HUuA C LECIIbIO CTaGI/LHI/ISaLlI/II/I BbIXOJa rOTOBOM MIPOAYKIIUU.
Pemenue sTon 3aJ4a4U HEBO3MOXHO 663 MIPUMECHCHUA aBTOMaTHSHpOBaHHOﬁ CUCTEMBI YIIPABJICHUA TCXHOJIOTUYC-
CKHMHU ITpoLeccaMu 1nomMoJia 3€pHa. HpeuﬂaraeTCﬂ aBTOMaTHas MOJECJIb, KOTOpas 6y}16T HUCIIOJIB30BATHCA IJI1 UMU-
TaQUOHHOI'0 MOACJIMPOBAHUA TEXHOJIOTUICCKOTO ITpoLecca 3epHonepepa6aTLIBa10mero npeanpuATU.

Abstract

One of the main tasks facing workers in the flour-milling industry is considered, which is to increase man-
agement efficiency in order to stabilize the output of finished products. The solution to this problem is impossible
without the use of an automated control system for grain milling technological processes. An automatic model is
proposed that will be used for imitation modeling of the technological process of a grain processing enterprise.

KiroueBble cioBa: MareMaTHyecKas MOJCJIb, OIICPATUBHOC YIIPABJIICHUE, MATEMATUYCCKAA (I)OpMaJ'II/ISaL[I/ISI
TCXHOJIOTMYECKOIO MpoI1iecca, ONITUMAJIbHAA 3arpys3Ka 060py;[03aH14$1, O606H.IGHHa$[ onepanus.

Keywords: mathematical model, operational control, mathematical formalization of the technological pro-
cess, optimal equipment loading, generalized operation.

Beegenne

[ToBplmeHHe KauecTBa ONEPATHBHOTO YIIpaBiie-
HUS SBJISIETCs HAMOOJIee CYNIeCTBEHHBIM (PakTopoM 3¢-
(heKTHBHOCTH JIOOBIX TPOM3BOJCTBEHHBIX CHCTEM, B
TOM 4HCIIe 3epHOIepepadaThIBAIOINX NPEANPUATHN
(3IIIT). B pamkax onepaTHBHOTO yIpaBICHUS OTHOM 13
BOXKHEHIINX TPOOJIeM sIBIIsieTCs polIiemMa IIIaHnpoBa-
HUS 3arpy3KH 000py10BaHUS, T.€. OTIPEETICHUs CTPYK-
TypBl KOMIUIEKCA TEXHUYECKHUX CPEACTB (MOIyJeH) u
yHopsiioueHne paboT Ha BBIOPAHHOM CTPYKType Mpo-
M3BOJICTBEHHBIX MOAYJIeH (KaJeHIapHOE IJIaHWPOBa-
Hue). [lnanupoBanne obecrieunBaeT B3aUMOJICHCTBUE
COBOKYITHOCTH 3JIEMEHTOB yIIPABIIIEMOT0 00BEKTa s
JIOCTIDKEHUS 3aIaHHBIX IIeTIeH, TIaBHas U3 KOTOPBIX 3a-
KJIIFOYAeTCsl B OpPraHU3allUM COIVIACOBAHHOIO BO Bpe-
MEHH U MapIIPyTHO-OPUEHTHPOBAHHOM IPOCTPAHCTBE
JBIDKEHUS. MOAM(UKAIMU nepepadaTbiBaeMOi HapTuu
XJIONKA-ChIPIa B MPOU3BOACTBE. 3HAUUMOCTb U CIOXK-

HOCTH 3a/1a4 yTIpaBJIeHHs 00yCIOBIICHA NX HepapXuye-
CKOM CTPYKTypoH, (yHKIIMOHAJIBHBIMH OCOOCHHO-
CTSIMH, JMHAMHYHOCTHIO, HEOOXOAMMOCTHIO 3(dek-
THBHOTO HCIIOJIb30BAHUS IOPOTOCTOSIIIET0 000pyA0Ba-
HUSL.

3aMeTHOE B MOCIIeHEe BpeMs BO3pAacTaHUE UHTeE-
peca K BOpocam MOCTPOEHHS ONTHMANIBHBIX paciuca-
HUH U PasiIMYHBIX OOCIY)KMBAIOLIIMX CHCTEM 00y-
CIIOBJICHO CYIIIECTBEHHBIM ITOBBIIICHUEM YPOBHS aBTO-
MaTH3all{ BCEX BUJIOB YEIOBEUECKOH JESTEIHHOCTH,
B TOM YHCIJI€ M YIPABJICHUS 3TON NESITEIBHOCTHIO 3ep-
HomepepabaTsBatoIMX  mpeanpustaid.  KauectBo
(YHKIMOHUPOBAHUS COBPEMEHHOTO IPOU3BOJICTBA BO
MHOTOM OTIPENIENAeTCS] PEIICHISIMHA, IPUHIMaEeMBbIMU
HA JTanax KaJeHJapHOro IUIAHUPOBAHUS M OIEpaTUB-
HOro ympasneHus. Hapsany c¢ ymydmieHueM KadecTB
TUIAHOBBIX PELICHUH Bce OoJiee )KECTKUMH CTaHOBSITCS
TpeOOBaHMs K COKPAIIEHHUIO CPOKOB UX BBIPaOOTKH, MO~
BBIIIIEHHUIO ONIEPATUBHOCTH U THOKOCTH yIIPABICHUS.


https://doi.org/10.5281/zenodo.15654668
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O030p JIMTEpPaTYpHI.

B pabGore [1] «momydeHa martemarmdeckas Mo-
JI€TIb, TI0O3BOJISIONIAs OLIEHUTh BO3MOXHOCTh MPOBEJIC-
HUSI MEPOTIPHATHH IO yIyYIICHUIO KaYe€CTBEHHOTO 3a-
BEpIICHU IPOM3BOACTBEHHOIO MHOTO()A3HOTO IIpo-
Iecca ¢ IOCIeJ0BaTEIbHO 3aBUCHMBIMY CTAAHUSIMH Ha
OCHOBE BEPOSITHOCTHOTO IIOAXOAA, OTIMYAOIIAsCS
MHOTOYPOBHEBBIM XapaKTepOM IOCTAHOBKH 3a/1aud U
obecrieynBaromias BO3MOKHOCTE y4yera 3(h(eKTUBHO-
CTH BO3ACHUCTBUS Ha OLIEHKY Ka4ecTBa CTAIHI».

B pabote [2] pa3paboTaH MaremarHyeckas MoO-
JieNlb, TO3BOJIAIONIEN aBTOMATU3UPOBATh IPOLECCOB
ompeneneHUs W OOecmedeHus MONHOH (QyHKIHO-
HaJIbHO-ITApaMETPUYECKOH COBMECTHMOCTH KOMIIO-
HEHTOB IIPON3BOJICTBEHHO TEXHOJIOTHIECKUX MOy JIEH
C BA3KOYIIPYTHMH 3BEHBSIMH B JUHAMHYECKOM yIIPaB-
JICHUH.

B pa6ore [3] npemraraercs croco0 ypaBiaeHHS
TEXHOJIOTHUECKUM MPOLIECCOM XOJOAHOTO KOHAMIIUO-
HUPOBAHUSA 3epHA, OCHOBAaHHBIN HAa TOYHOM U3MEPEHUH
MapaMeTPOB HCXOAHOTO CBIPhSI C IMOMOINBIO CIELH-
aJIbHO pa3pabOTaHHBIX CPEJCTB U KOHTPOJIE AUHAMUKHI
HM3MEHEHHUS BIAKHOCTH 3epHa B OyHKepe OTBOJIaKUBa-
HUS, YTO HO3BOJIAET CTaOMIN3UPOBATh KayecTBO Map-
THH ¥ YBEINYNTH IPONU3BOIUTEIEHOCTD OTACIECHHS XO-
JIOAHOTO KOHANIIMOHUPOBAHHUSL.

Uccnenyemblil HEPEPBIBHBIM TEXHOJIOTUYECKUI
npouecc 3I1II sBaseTcss MHOrOCTyEHYAThIM MpOLIEC-
COM C IIOCIEOBATEIbHO-IIAPAIUICIIEHON CTPYKTYPOH.
W3BecTHO, YTO CIIOKHOCTH MaTEMaTHYECKOW MOJEIH
MIPOM3BOJICTBEHHOTO TpoLiecca ONpeenseTcs Koauye-
CTBOM CTPYKTYPHBIX JJIEMEHTOB W KOH(Urypauueit
cBsizelt Mexay HuUMHU [4].

Jnst MaTeMaTH4eckoro onucanus (GpyHKIHOHUPO-
BaHUs OINEPAaTHUBHOTO YINpaBJIeHHUs 3epHonepepadaTsI-
BAIOIIMM ITPOM3BOACTBEHHBIM IIPOIIECCOM CIIETyEeT pa3-
paboTaTh MaTeMaTH4YECKyl0 MOJEb, KOTOpas I03BO-
munaa Obl yYUTBHIBATh JUHAMHKY (YHKIMOHMPOBAHUS
npousBocTBeHHOTO Tporiecca 3111 u emuHOOOpa3HO
OIMCaTh BCE MHOXECTBO CBOMCTB M COCTOSTHHMH 3iIe-
MEHTOB IIPON3BOJICTBEHHOTO TIpoIecca.

Mopnean o0beKTa.

IIpencraBum mpousBoAcTBeHHBIN mporecc 3I1IT
Kak 00BEKT yIpaBJICHHUS B BUJE KOPTEXKa:

P:<S,T,U,Y,¢,T]>, (1)
rie S —HpOCTPAaHCTBO COCTOSHHIL CHCTEMBI;

T —muox)ecTBO MOMeHTOB spemenn; U — muoxe-
CTBO YIPABISIOIIMX BO3ACHCTBHM (OmepaTHBHOE
yIPaBIEHUE PECYpCAMH, KOHTPOJb U PETYJIMPOBAHUE
X0J1a IIPOU3BOZCTBA B TEUEHNUE BPEMEHHOI'O UHTEPBaIa

7); Y —muoxecTBO BBIXOJHBIX BeMUYHMH (Moauduka-
LMK KOHEYHBIX MPOAYKTOB MyKH); @ T xS — S —

nepexo/Hasi (QYHKIUsI COCTOSIHUS (OmpeeisieT u3Me-
HEHHUE OINEPaTHBHOTO ITOJIOKEHUS! MHTEHCHBHOCTH 3a-
mycka MoauduKanuu nepepadaTeiBaeMOi TOMOJBHOMN
MapTUU 3epHa Ha MPOM3BOJCTBEHHBIN MPOLECC B JIO-
6oif MOMEHT BpeMeHH W3 MHOXectBa  T);
1 :T xS — Y —BbIXoaHOE OTOOpaXKeHUE, OIpese-
JSIOIIee JTUHAMUKY BBIXOJHBIX BENHUYWH (Moamduka-

U KOHCYHBIX MPOAYKTOB MYKHU IO KAaY€CTBY U KOJIU-
YCCTBY B 110001 MOMEHT BPEMCEHH M3 MHOXKECTBa T)

D¢ PeKTHBHOCTh (YHKIIMOHUPOBAHUS ONEpPaTHB-
HOTO YIPAaBJICHHS TIPOU3BOACTBEHHBIM IPOIIECCOM
3I1I1 BoO MHOTOM 3aBHCHT OT COCTOSIHHSI €IMHHUL] 000-
PYZOBaHUS, HATHIHSA 3a/1€JI0B (IIPOMEKYTOUHBIX IPO-
JOYKTOB) ¥ ITHEBMOTPAHCIIOPTHBIX CPEACTB, OCYIIECTB-
JSTFOLIMX TPAHCTIOPTHPOBKY MCXOTHOTO CHIPBS 3€pHA U
MIPOMEKYTOUHBIX TPOIYKTOB (IyHCTOB 3epHa). Ilpex-
CTaBMM MPOCTPAHCTBO COCTOSIHUH S MPOU3BOICTBEH-
Hoii cuctemsl 31111 B Bume kopTexa, COCTOSIIETO U3 Ta-

pameTpoB cocTosHuit exunui obopymosanus (EO) N
, mHeBMoTpancropTHeX cpeacts (IITC) R u mapa-
METPOB COCTOSIHUS 33/IeJI0B, IPOMEXKYTOUYHBIX MPOTYK-
T0B Z :

S=<N,R,Z >, )

Cocrosuue enunui obopynosanus N onpenens-
€TCsl BEKTOPOM:

N = (Slr<1 YL TR T O v ) @)

n
rae Sk - JIMHIBUCTUYCCKAsA NECPEMCHHAsA, Xa-

paktepusyrorias cocrosiuue N —oit EO, co cnenyro-
UIMMHU JIOMyCTUMBbIMU 3HaueHusMu: «I1P» - mpocroi,
«OC» - 00paboTKa ChIpbs (HOMOJILHOM MapTHU 3epHA),

n
«H» - HencmpaBHo; aik - obpaboTka K —oit Mmomudu-

Kalliy IOMOJIBHOMN MapTHH 3epHA AJIS TOIYUCHHUS | —TO
KOHEYHOro mpojykra Ha N —oif EO (xorna oHa Haxo-

n
JaTCs B cocTosTHAH «OC»); qik - KOJIHYECTBO K —oif

MO,Z[I/I(i)I/II(aL[I/II/I IIOMOJIBHOM HnapTur 3¢pHa U1 MOJIyde-
HUSA | —TO KOHEYHOTO NpoAyKTa B OKMIAHUHU K N—HOMY
CTaHKy (KOFZ[a OH HaXOJHUTCA B COCTOSAHHHA «I1P» mmm

n
«H»); tikH - BpeMs Hadano obpabotku K —oit mou-

(bUKaIMY TOMOJILHOM MAapTHU 3epHA ISl HOJNyYeHHs I—

n
ro KOHEYHOTO MpoayKkTa Ha N-oit EO; tikkn - BpeMs

OKOHYaHUs1 00paboTKH K —oif MOoAM(UKAIUKE TOMOJTb-
HOM mapTUM 3epHA Ui TOJYYEHHs i-T0 KOHEYHOro

n
npojaykTa Ha N-oit EO; tqb, non - BpeMs GuKcanuu mo-

JIOMKH, TIEpEeHaNaKH, MPOCTOS U T.]1.

C yd4eToM BBEJICHHBIX BhIIIE 0003HAUECHUH MaTe-
MaTHYECKYI0 MOJECIb (YHKIMOHUPOBAHHS CIUHHIIBI
000pyI0BaHUSI OCHOBHOTO IPOM3BOJACTBEHHOTO MPO-
mecca 3I1I1 MoXHO TpecTaBUTh Ha OCHOBAHUH TECOPHU
ABTOMATOB B CIICAYIOIIEM BHUJIC:

A=§",S" Y P},

n n
rae V = {V } - MHO>XKCCTBO BXOJHBIX CHUTI-

HaJIOB (1101 BXOAHBIMH CHTHAJIAMH aBTOMaTa IoIpasy-
MEBaeM CHUTHAJIBI, OTMEYAIOIINE BHIIOTHEHNE OYepes-
HOTO 3Tarna MuKiIa GyHKIIMOHNPOBAHUS SAUHHUIIBI 000-
PYIOBaHUS: OKOHYaHHE 00paboTkH
nepepabaThIBaeMOii MMOMOJIBHOW TAapTHH 3epHa, IO-
CTyIZICHHE HOBOW TIepepabaThiBaeMOil IOMOJIEHOM

SN —{g"
MapTUU 3€pHA, I0JOMKAa CTaHKa; =S -
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MHOXKECTBO COCTOSIHHH OCHOBHOTO IMMPpOU3BOACTBCH-

n

Y" =
Horo npouecca 311IT; - V05p - MHOX€ECTBO

BBIXOJIOB (KOJIMYECTBO IepepabOTaHHOH MOMOJIBHOM
ﬁ/ n ’ S n
- (yHKIUS IEPEX0JI0B — OTPEIEIIICT HOBOE COCTOSIHUE
MPU TEKYIIeH KOMOWHAIIMY UMECIOIIETOCS COCTOSIHUS U
HOBOI'O BXOJHOI'O CHTHAJIA.

OmnpenenrM HaOOp BXOAHBIX CUTHAJIOB aBTOMATA!

n
0K.00p

n
MapTUH 3epHa N-HbIM CTaHKOM); P’ =

- OKOHYaHHE 00pabOTKM TepepabaThiBaec-

n
MOH IIOMOJIbHOM IAPTHUH 3€PHA, VH.Hl’l - NOCTYIIJICHUC

HOBOIl TIOMOJIBHOM NapTHM 3€pHa Ha MepepaboTKy;
n

VH - BBIXOJ] U3 CTPOsI 000PYI0BaHMS 1O IIPUYHMHE He-

UCTIPaBHOCTH.

ITockonbKy BBIINIE yKa3aHHBIE COOBITHE (3a HC-
KJIFOUEHHEM BBIXOJ]a U3 CTPOS) IPOUCXOIUT IUKIIHUe-
CKH, B KaKAbIH MOMEHT BPEMEHH HCTUHHBIM MOXKET
OBITH TOJBKO OJWH BXOAHOW curHan. CHrHaJl Hewuc-
MPaBHOCTH JOJDKEH MIPaTh POJb 3alPeTa W BBIBOAUT
JaHHBIN 5K3EMIUIIp aBTOMaTa M3 CIHCKa ACHCTBYIO-
MHUX.

Onpenenum
P = f/",s"
HupoBanus EO, kak BEIOOp peoOpa3oBaHHOM, KaXkI0e
N3 KOTOPLIX OIPCACIACT NU3MCHCHUC COCTOAHHA MO-
nenu EO nocie onpeaeneHHoro coObITHSA, IPUYeM OT-
CYTCTBUEC OI[HOﬁ N3 NIEPEMCHHLIX MTPU OMMMCAHUU COCTO-
sHUA 0603HauuM O.

ITocnie npocTos B 02XMIaHUU IIOCTYIUIEHUS HOBOU

anee ¢byHKIASA

aBTOMAaTHOM MoJienu GpyHKITHO-

Mepexoa0B

n
MOMOJIBHOM MapTHH MOIU(UKAIMH 3epHa ( VH. wn 1

), CTAHOK IEPeXoauT K 00padoTke chipbs «OC» U co-
crosiaue Mojieni N M3MeHsIeTCsl Clle/Iy oM 00pa3oM:
N(® =('0C", a5 (1),ya t-D K, .0) ©
ITocne Ttoro, xak craHok o0OpaboTan CchIpbs (
vo_=1
ok.06p ) ¥ IPOCTauBaeT B OXKHUJIAHUM MTOCTYTIJIe-

HUSI HOBOM TOMOJIBHOI TapTHH 3epHa, coctosiaue N u3-
MEHSIETCS CIIEAYIONIUM 00pa3oM:

N® = (717", a5 t-1),y5.,0, (t =D, . 0). ©
ITocne Toro, kak OblIa OOHapyXKeHa HEHCIIPaB-
HOCTb IMHUIIBI 000pypoBanus N N (V: = 1) , €€ COo-

CTOSTHUC U3MCHSACTCA CICAYIOINM O6p2130M

N = ("2 (t-1), 5 (t-1),0,0,1;,,,.). )

CoBoKkymHOCTb BbIpakeHui (5) — (7) onpexnenser
(YHKIHMIO TIepexoJJ0B aBTOMATHOW MOJAENH ISl eIH-
HUIIBI 000PYA0BaHUSL.

AHanorn4Ho onpeaenseTcs QyHKINU Nepexo0B
aBTOMATHOM MOJIENN AT OOBEKTa MPOMENKYTOUYHOTO
MIPOYKTa, a TAKXKE IJIs1 THEBMOTPAHCIOPTHBIX CPEACTB
MIPOU3BOICTBeHHOTO Tporiecca 3I1I1.

3akJ0ueHus.

PazpaboranHast Maremarudeckass MOAENb (yHK-
LMOHUPOBAHMS OCHOBHOTO IPOM3BOJCTBEHHOTO MPO-
necca 31T Ha ocHOBe TeOpUM aBTOMATOB, OTIMYAETCS
OT CYLIECTBYIOIIUX NPUMEHEHHEM aBTOMAaTHOIO OMNU-
CaHMS COCTOSHHM M IpPOIECCOB MPOU3BOJICTBEHHOIO
npornecca 3111 ¢ ydeTom BpeMeHHBIX U TEXHOJIOTHYE-
CKHX IapaMeTpoB. Moiesib MOXKeT ObITh UCIIONIb30BaHa
KaKk OCHOBa M1 HMMHTAI[OHHOTO MOJEIHPOBAHUS
(YHKIIMOHMPOBAHUSI OCHOBHOTO IPOHM3BOJICTBEHHOTO
npouecca 3IIII u cuHTE3a ONEpaTUBHBIX YIPABIISAIO-
WX PpEemCHWH [0 ONEPaTUBHO-AHCIETICPCKOMY
YTIPaBIICHHUIO, PETyIUPOBAHHIO, KOHTPOJIS X012 POU3-
BOJICTBA.
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AHHOTALUSA

B cratne AHAJIM3BUPYIOTCA PE3YyJIbTAThI OTpa6OTKI/I METOJa AHMAarHOCTHKHU HpO}IBHeHI/Iﬁ NEPCYyBJIA)KHCHUS T10-
KPBITBIX TPABOCTOCM paHEC OCYHICHHBIX 3a00JI0YEHHBIX IMOYB, a4 TAKKC 30H HU3KOTEMIICPATYPHOI'O OKHUCIICHUSA U
CaMOHAIrpeBaHusl OPraHNYCCKUX BCHICCTB, MPEAUICCTBYIOMICIO UX CAMOBO3IrOpaHUuIo, IIyTEM KOM6I/IHI/IpOBaHHOﬁ
CYTOYHOHU ¥ CE30HHOM PaIUOIOKAIIMOHHO — paguoTeIuIoBoH (TepManbHoi MK) aBHanmmoHHON CheMKH aBHAI[HOH-
HbIM KomImiekcoM AKJ[3-30. OtpaboTka mIpoBOAMIACE B YCIOBHIX CYXOr0 OCEHHETO CE€30HA U 3UMOH, KOT/Ia Be-
reranusa B paCTUTCIbHOCTH B OCHOBHOM MPEKpaAlICHaA.

Abstract

The paper analyzes the results of diagnosing manifestation techniques of covered with the grass stand dried-
out wetlands over-wetted areas and organic substances low-temperature oxidation and self-heating zones by con-
secutive day-time and night-time and seasonal radar — thermal IR aviation remote sensing complex ACRS-30
surveys. The investigations were held in winter and dry autumn season conditions, whether vegetation processes
in crops mostly stopped.

KiroueBble cioBa: BJIQAXKHOCTD, II0YBA, HU3KOTCMIICPATYPHOC OKHUCJICHHUEC U CAMOHArpeBaHUC TOp(l)a, -
craHnuoHHoe 30HaupoBanue, MK u CBY nannbie, 00paboTKa TaHHBIX.

Keywords: over-wetted soil, low-temperature oxidation and self-heating of organic substances, remote sens-
ing, thermal IR and radar microwave data, data processing.

Beeaenue

3HauynTeNbHAS YaCTh TEPPUTOPUH YKPAWHBI I10-
KpbITa 3a00JI0YEHHBIMH [TOYBaMH. B HACTOAIICC BpEMA
ocymeHo 3273,6 Teic. Ta, wiu 49,8% 6010THO-MeENHo-
paruBHOTO (oHa Ykpauns! (bonora Ykpannsr [caiit].
URL: http://molodan.org.ua/boloto.html). Emé 2500
TBHIC. T MOYKHO YCIIOBHO OTHECTH K 3eMJISIM, TIpUJIETra-
IONIMM K OCYIICHHBIM MacCHBaM M IIOABEP KCHHBIX

BJIMSTHUIO CJIOXKHBIX ITPOHECCOB OCYHIUTEIbHBIX MEJIN-
opauuil. [IpuMepHO Ka)KIbli IIECTOM I'eKTap OCYIIEH-
HBIX 3€MCJIb HAXOAUTCA B HC6J’IaFOHpI/I${THOM MeEJmopa-
TUBHOM COCTOSIHUH H 0K0JI0 70 TBIC. Ta 3eMeIb Iepeo-
cymwensl. Hanpumep, Ha YepHurosckom Ilosecke
3a00JI0YEHHOCTh AocTuraeT 5 % u mpeobiagaroT 60-
JOTa HU3MEHHOTo Tuma. B HX cocraB BXOmaT He-
CKOJIBKO OOJIOTHBIX MAacCHBOB, I'Jie M3/1aBHA pa3pada-
TBIBAIOTCSl OTJIOKEHMSI TOp(a ¢ MOIIHOCTBIO IJIACTOB
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ot 1,5 10 6 M. Cructema MeTMOPaTUBHOTO BOJOOTBOAA,
MIO3BOJISIBINIAS PAHBIIE MOHIKATh YPOBEHB ITOIIOBEPX-
HOCTHBIX BOJ, W, COOTBETCTBEHHO, CYIIECTBEHHO
YMEHBIIATh IUIOMAb IEPEYBIAXHEHHBIX 3EMENb U
IIOIIAAEeH, 3aHATEIX 00J0TaMM, B 3HAYMTEIBHOHN CTe-
NeHN 3amyleHa. YacTh ApEeHaKHBIX KaHAJOB 3arpo-
MOXJICHA, 3apOCiIa KaMbIIIOM, 1 HE BBIIIOJIHACT 3a/ad,
BO3JIaracMbIX Ha MEIHOpaTHBHYIO cucremy. M3-3a
HapylIeHHs pacdyeTHOH cOajJaHCHPOBAaHHOCTH CH-
CTEMBI BOJIOOTBEICHHSI Ha HEKOTOPBIX yYacTKaX pa3BH-
BAIOTCSl TAKWE OMACHBIE IPOLECCH KaK IepeyBlakKHe-
HHE paHee OCYLIEHHBIX 3a00JIOUCHHBIX TTOYB, a Ha He-
KOTOPBIX  (TIEPEOCYIICHHBIX) - CaMOBO3TOPaHHE
TOP(STHUKOB, KOTOPBIE OKA3bIBAIOT CYIIECTBEHHOE BO3-
JICHCTBUE, KaK HA CEJIIbCKOXO3SHCTBEHHYIO IESATENb-
HOCTb, TAK W Ha COCTOSIHUE SKOJOTHH 3HAYHTEIHHOMN
gacTd YKpauHbl. HeoOX0IuMO pa3BUTHE CHCTEM OIe-
PaTUBHOTO OOHAPY>KEHHS TAKHUX MPOLIECCOB.
JKcnepuMeHTAIbLHbIE NCCIIeI0BAHUS M 00pa-
0oTKka pe3yabTaToB. OCO0EHHOCTH MOJAMOBEPXHOCT-
HOTro ropenusi Topga B 3a00/,104€HHBIX MOYBAX

Kak m3BectHo (I'opHas >Humkionenus. Iloasem-
Helif moxap [cait]. URL: http: // www.mining-
enc.ru/s/samovozgoranie-torfa.), B HaXOAAIMXCSA B 3a-
00JI0OUEHHBIX TOYBaX CHOSAX Topda BeckMa BEpOATHO
BO3HHKHOBEHHE ITOJ3€MHBIX TT0XKapoB. TopdsHbIE mo-
JKapbl OOBIYHO BO3HHUKAIOT, KOT/Ia YPOBEHb IT'PYHTOBBIX
BOJl TIOHW)XXAeTCs, M TOPQSHBIE IUIACTHI BBICHIXAIOT.
OmnacHOCTh TOP(SHOTO TMOXKapa 3aKJIIOYacTCs B TOM,
YTO TOPUT TOP(DSHOMU CII0¥ TiryOoKo o 3emuteit. Ogar
TICHUS] MOKET HaXOAWThbCA Ha rayouHe ot 0,3 10 He-
CKOJIBKHX J€CSITKOB METPOB. TOpQsIHbIE IIIaCThI MOTYT
ropeTb 0e3 JOoCTyma BO3yXa C MOBEPXHOCTH, 4TO 3a-
TpyIHSET TylleHue TOpQsHBIX HoxapoB. CaMoBO3ro-
paHuro Topda Bcera npeauecTByer 0ojee Wik MeHee
JUTUTENBbHBIN TpoLlecC HU3KOTEMIIEPATypPHOTO OKHUCIIe-
HUSL 1 CaMOHarpeBaHusl, CKOPOCTh KOTOPOTO ONpeiessi-
eTcsi XUMHYECKOW aKTHBHOCTBIO TOpda, yCIOBHIMH
MPUTOKA BO3/yXa W BO3MOXKHOCTBIO OTHA4M TEIUIA B
OKpyXaronryto cpeay. CKIoHHOCTh TOp(da K CaMOBO3-
TOPAHHIO 3aBHCHUT OT €ro OOTAHUYECKOT0 COCTaBa, CTe-
MIEHU pa3lIoKeHUs] U (PU3NKO-XUMHYECKUX CBOMCTB. 3a
nepBbie 30-40 cyTok TemmnepaTypa B ciioe Topda moBsI-
maetcsa Ha 3-5°C, B mocnenyromue 10-30 mueir poct
Temmeparypsl yckopsiercs ot 0,5 mo 4,5°C/cyTku u 60-
nee. CamoHarpeBaHue CKOIUICHHI Topda npu Temmepa-
Typax 10 60-65°C mpoHCXOOUT NMPEHMYIIECTBEHHO B
pe3ynbTaTe KU3HEAEATeIbHOCTH MUKPOOPTaHU3MOB, a
TaKKe OKHCIICHMS JIETKO OKHCIISIOIIUXCS TPOJYKTOB
UX JKU3HEJIEATEIbHOCTH U BOCCTAHOBJICHHBIX BEILECTB,
KOTOpBIE HAKaIUTMBAIOTCSI B aHA3POOHBIX YCIIOBHSIX.
IIpu Temmnepatype, mpeBsimaromnieit 60°C, Topd B Tede-
HHE HECKOJIbKUX JIHEH MpeBpallaeTcst B OJYKOKC, CHO-
COOHBIN PHEPTHYHO B3aMMOJAEHCTBOBATH C KHCIIOPO-
JoM Bo3ayxa. [loaToMy JasibHeiiiee MoBbIILICHUE TEM-
nepaTypsl Topda MPOUCXOAUT MPEHMYIIECTBEHHO B
pe3yJbTaTe ero OKMUCICHHUs KHCIIOPOAOM U IIPUBOJHT K
caMOBO3TOpaHuto Topda.

B cBs13u ¢ TeM, 4TO npoliecch HU3KOTEMIIeparyp-
HOTO OKHCIICHHSI M CaMOHarpeBaHusi, MPOUCXOMAT, B
OCHOBHOM, B IPHIIOBEPXHOCTHBIX CJIOSIX B YCJIOBHSAX
M30bITKa KUCIIOPO/Ia, TTOJIOKHUTEIILHBIE aHOMAJIMH TeM-
HepaTypHOTO IOJIsl B IPUIIOBEPXHOCTHBIX CJIOSIX M Ha

3eMHOI TIOBEpXHOCTH MOTYT JOCTUTaTh 3HAYCHUH OT
€IMHHI] 10 HECKOJIBKUX AECITKOB rpamycos. Ilo man-
HbM (InmwH u ap., 1971) ogaru moi3eMHBIX MTOKapOB
Ha 36MHOW IMOBEPXHOCTHU OTCJIC)KNBAIOTCS Ha TITyOnHAX
1o 15m.

JUI AMCTaHIIMOHHOTO BBISBJICHHS IOJIIOBEPX-
HOCTHBIX TEIUIOBBIX aHOMAJHH HCIOJIB3YEeTCs TEIUIOo-
Bass MK cepemka, Tak, Hampumep, HO pe3yjbTaram
CHEMKH TMOJHIOHOB 10 3aXOPOHEHHIO OBITOBBIX OTXO-
noB B (KoHTponb cocTosiHMS TOPQSHUKOB, JIECHBIX
MaCCHBOB U ITOJIMTOHOB I10 3aXOPOHEHUIO OBITOBBIX OT-
xomoB [caiit]. URL: http:// www.aerogeo.ru/in-
dex.php?option=com...view...) nenaercs BoiBOA: «Ter-
snoBast UK cpeMKka - €IMHCTBEHHBIN JUCTAHIIMOHHBIN
METOJI, BBIBIAIOMINI O9aru MOJ3€MHOTO CaMOBO3IO-
paHUsI Ha paHHEH CTaJuH UX 3aPOKACHUD).

DHepreTHdeckuil OajaHCc OTKPHITOH (HE MOKpHI-
TOW PAaCTUTEIHHOCTHIO) TOBEPXHOCTH 3eMII MOXKET
ObITh npencranieH B Bune (Uynnosckuid, 1976):

(1'U~shw) Lzshw=LeffiwtLconvtLevtLsoil ,

rae Lsshw- TOTOK CyMMapHOW KOPOTKOBOJIHOBOM
panuanuy y 3eMHOU MOBEPXHOCTH; Oshw — KOPOTKOBOJI-
HOBOE ab0eno; Letw - 3 dexTrBHOE (C yueTom mpo-
THUBOU3IIyYEHHUSI aTMOC(Epbl) JUIMHHOBOJIHOBOE H3JIy-
YeHUE 3eMIH; Lconv - KOHBEKTHMBHBIM MOTOK TeIuia B
BO371yX; Lev - MOTOK Temiia, pacxoayeMbli Ha HcHape-
HHeE; Lsoil - TOTOK TeTIa B TPyHTE.

XOopoIo BHAHO, YTO IUII OTKPBITOH MOYBHI
BapHalMd KOPOTKOBOJIHOBOTO ¥ JJIHMHHOBOJIHOBOTO
anpbeno ee MTOBEPXHOCTH, KOX(PPHUIIECHTOB
TEIUIONOTJIOIIEHUS, TEIUIOEMKOCTH,
TEIJIONPOBOMHOCTH W TEIUIOM3NIy4eHUs (BBI3BaHHBIC
U3MEHEHUSIMH ee BJI2YKHOCTH, a TaKxke
HOAMOBEPXHOCTHBIMH ~ SHIOTEHHBIMH  IIPOLIECCAMU)
HETIOCPEJCTBEHHO OTOOPa)XaloTCsi B MHTCHCHBHOCTH
peructpupyemoro UK uznyuenus.

st olleHKH TeMmnepaTypHbIX aHOMAaJIMK 3eMHOU
TTOBEPXHOCTH, BO3HUKAIOIINX BCIEICTBUE IPOIECCOB
HU3KOTEMIIEpaTypHOT'O OKHCIICHHUS W CAMOHArpeBaHUs
B IPUTIOBEPXHOCTHBIX CIIOSIX TPYHTA OPraHMYECKUX Be-
miecTB Ha TiyouHax 0-15 M, yUuTBIBas, YTO TOPH30OH-
TallbHbIE pa3Mepbl 30H OKHUCIICHHS Ha J[BA-TPHU MOPSIIKa
MPEBBIIAIOT UX MOITHOCTH, B (Bynsdcon, 2000) pac-
CMOTpEHa OJHOMEpHas 3ajaya TEeIUIONPOBOJHOCTH.
IIpu 3TOM chenaHsl cieayromuye IomyIeHus: HTeH-
CHBHOCTH TETJIOBBIIENeHUsI Bo, 00ycioBiIeHHas Xu3-
HEJIeITEIbHOCTEI0 MHKPOOPTaHM3MOB, OKHCIISFOLIMX
OpTaHWYecKHEe BEIIeCTBa B IICHTPAILHOM YacTH MECTO-
POXIICHHS, TIOCTOSIHHA B MHTEpBaJie ITyOHH Z1 - Z2 U OT-
CYTCTBYET BHE 3TOH oOylacTu. BimsiHneMm BepTHKab-
HOTO KOHBEKTMBHOTO IIEPEHOCA TeIlla MOXKHO IpeHe-
Opeus. Temnodusnyeckre XapakTepUCTUKN TPyHTa HeE
3aBUCAT OT IIyOHHBI M OCTOSIHHBI BO BpeMeHu. Hixk-
HSIS TpaHUIIa pacCMaTpUBaeMOi 00IaCTH pacloiI0KeHa
riry0xKe 30HBI PaCIPOCTPAHEHHUS CE30HHBIX KOIeOaHui
TEMIIEpPATypbl I'pyHTa. TemnoBold MOTOK HaJ 30HOH
HHU3KOTEMIIEPATYPHOTO OKHCIICHHS U CAMOHArpeBaHMUs

oT
A, —
0z
CJIOBJIEHHAsI TEHEpaLMell U NepepaciupeieIeHHEM Tell-

JIOBOT'O IMMOTOKA B 30HC HU3KOTEMIIEPATYPHOI'O OKHUCJIC-
HUS U CaMOHArpeBaHusl; qr - pel“I/IOHaJ'IBHHﬁ TEIUIOBOK

|Z:1=qr +qg, » TAe Qga - COCTaBIAIOMIAs, 00Y-
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MOTOK, HE HAapYyIIEHHBIN IpoleccaMu HU3KOTeMIepa-
TypHOTO OKHCJIEHHUS W caMoHarpeBaHms. Hax donom

oT

Ay E' ,-1=4, - IIp 3TOM pa3HOCTH MTHOBCHHBIX pa-

JVAIOHHBIX TEMIIEpAaTyp MOBEPXHOCTH HaJl EHTPOM
30HBI HU3KOTEMIIEPATypHOT'O OKHCIICHHS M CAMOHArpe-
BaHU U HA (OHE (C YIETOM TOTO, UTO IPH MTPOBEACHUHU
nuctanioHHOW MK - cheMKU pagroMeTp MO3BOJSIET
(uKCHpOBaTh pajMALMOHHYIO TEMIIEpaTypy IHOBEpX-
HOCTH, CBSI3aHHYIO C €€ TEPMOIMHAMHYIECKO TemMIepa-

o 4
TYpOM, COOTHOIIEHUEM Trag =/ € Ty, 111 € - KO3 Pu-
[IMEHT U3JTyYaroliei CrtocOGHOCTH MMOICTUIAIOIIEH MO~

BEPXHOCTH) PaBHA:
Toad — Tbrad =

, a b
Uga *0r *d +

4 a (124 -2 ; m . 4.b (Teb S gm ).
N N

rae qm=N(€2(t) - (1)), q'ga = QgatBo(z2-21), N- x0-
3(h(UIIEHT TeII000OMeHa.

ITpn 3KBHBaNEHTHBIX YCIOBHUSX TEIUIOOOMEHA U
PaBEHCTBE M3ITyHYAIOIUX CIHOCOOHOCTEH MOACTHIAO-
el MOBepXHOCTH Ha (pOHE M Hall aHOMAaJIBHON 30HOH
PasHOCTb T%ag — TPrg OYAET IPEACTABIATE AHOMAIIHIO
paaualoHHOW TeMIepaTypbl, OOYCIIOBJIEHHYIO CO-
CTaBJISAIONIEH TEMIOBOTO MOTOKA ( ga, FEHETHYECKH CBSI-
3aHHOM C aHOMAaJbHOW 30HOM HU3KOTEMIIEPATyPHOIO
OKMCTIEHHS U caMoHarpeBaHus: ATrg= Toad — TPrd =

N

Oco0eHHOCTH NPOSIBJICHMH NOANIOBEPXHOCTHBIX
TeIUIOBBIX AHOMAJIUI, BLI3BAHHBIX NMpPoIeccaMu
MOATOIUIEHHS] 1 HU3KOTeMIIePATYPHOT0 OKHCIeHHUS
U CAMOHATrpeBaHMs B 3200/104eHHBIX 0YBAX MO-
KPBITBIX PACTHTEJIbHOCTHIO

B cnyuae ke 04BBI IOKPBITOW PACTUTENBHOCTBIO
BCE€ HAMHOTO CJI0)kKHee. B Takoi ciioskHOM cucteMe, Kak
NPY UHCOJISILIMU B THEBHOE BpPEMsl, TaK U IPHU HOYHOI
reHepalun AIuHHOBONHOBoro WK -  wu3mydeHns,
MPOMCXOIAT MPOIECCHl MHOTOKPAaTHOTO PAcCEsHUS U
abcopO1mu. ITO JaeT BO3MOXKHOCTh JUCTAHI[HOHHOIO
oOHapyXeHHsT W  WICHTH(UKAIMU  IPOSIBICHUI
MOATIOBEPXHOCTHBIX TETIJIOBBIX aHOMAJMH B TOYBE B
3aBUCUMOCTH oT COOTHOUICHUS peanbHBIX
KO3((OUINEHTOB  M3Iy4YeHHssT W TOTJIOLICHUS
KOMITOHEHTOB CHCTEMBI [10YBA - PACTUTENBHBIN TOKPOB
- atmocdepa.

Bo3szeiicTBue komiiekca BIUSIOMMX (akTOPOB,
BKJTI0Yas Majaroliee KOPOTKO- U JUITMHHOBOJIHOBOE U3-
JIy4eHHe, BO3AYIIHYIO TEMIIEPaTypy, BIaXKHOCTh, U Be-
TEp Ha COOTBETCTBYIOIIEH BBICOTE, 00BEANHIIOTCS Pa3-
JUYHBIMH MOJETISIMH, HalpuUMep, YIPOIIEHHON Moje-
Jbko mpocToii 6uochepsr SSiB (Xue Y, 1991). Oxkomno
20 mapaMeTpoB PACTHTENBLHOCTH M IIOYBBI HEOOXO-
JIIMBI B 3TOM MOJIENN JJIsl ONPE/ICNICHHS TETIIIOBIAr000-
MEHa B [T0YBE IOKPHITOH pacTUTEIBHOCTHI0. B Mosienn
SSiB yuuTeIBaroTCS TpH CJIOS MOYBBI, OJUH CJIOH pac-
TUTEJIBEHOTO NTOKPOBA M BOCEMB IPOTHOCTHYECKUX IIe-
PEMEHHBIX, BKJIIOYAs BJIAXKHOCTh JUII TpPEX CJIOEB
nmoussl (0.02, 0.48, u 1.1 M), BogHOE conepkaHue, Co-
XpaHEHHOE pPACTUTEIBHBIM IIOKPOBOM, CHErOM Ha
3eMiie, U TeMIepaTypa MOKpoBa. VICTOmb3yroTcs aBe

TeMIepaTypbl TOUYBBL: TEMIEpaTypa MOBEPXHOCTU
MOYBBI M TeMIlEpaTypa Ha IiyOWHEe mouBbl. Mojenb
YUUTBIBAET YCTBUYHOE CONPOTHBICHUE PACTUTEIBHO-
cta (Ic), COMPOTUBIIEHUE MTOUYBHI ([s0il), M1 COTIPOTHBIIE-
HHUE TPAaHUYHOTO CIIOSI PACTUTEIHHOTO MOKpoBa (Ih), U
JIBa a3POJMHAMHYECKUX COINPOTUBIICHHS, YTPABIIO-
X 0OMEHOM MMITYJIbCaMH, TETIIA, U BIATd MEXKIY aT-
Mocdepoi 1 MOBEPXHOCTHIO 3eMiid. O4eBUIHO, UTO Ta-
KO Habop HEOOXOAMMBIX NapaMeTpoB MOXKET OBITh
OTpeJieNIeH TOJIBKO MPHU KOHTAKTHBIX M3MEPEHUsIX Ha
OTpaHUYEHHBIX MIomaakax. [Ipy qUCTaHIIMOHHOM BEI-
SIBICHUM MPOSIBJICHUI TEIUIOBBIX MOJNOBEPXHOCTHBIX
AHOMAJIMH TIPUXOAWTCSA HCIIONb30BaTh HKCIICPUMEH-
TalbHbIC PE3yJIBTATHI.

B (Crern Poccun. [caiiT]. URL:
http://www.tdruv.ru/ecoteplo42.html)  paccmorpenst
PE3yNIBTaThl SKCIIEPHIMEHTOB 10 ONIPEIEICHHUIO pactpe-
JETICHUST TEMIIEpaTyp «THIIA HHCOIALMS» (IHEM) U
«TUINA WM3Iy4eHUs’» (HOYBIO) VIS MOYBBI, MOKPBITOM
PACTUTENIBHOCTBIO C MPEUMYIIECTBEHHO TOPU30HTAIIb-
HOM OpHEHTalUel JUCThEB U NIPEUMYILECTBEHHO BEp-
TUKAJIBbHOM, B 3aBUCUMOCTH OT BBICOTHI PACTUTEIIEHO-
ctu. [ToxazaHo, 4TO B pexXMME UHCOJIALUY CIIOU PacTU-
TEJIBHOCTH C TPEUMYLIECTBEHHO TI'OPH30HTAIBHON
OpHEHTAINeH JINCTheB BEICOTON Oonee 30 — 40 cM yxe
MIPOTPEBAETCS 3HAUYUTEINBHO CHIIbHEE TIOUBBI, TOMYCKast
K Hell BCe MEHBIIIE COJTHEYHOTO M3ryueHus. [is pactu-
TENBHOCTH C IPEUMYIIIECTBEHHO BEPTUKAILHOM OpUEH-
Talyen JIMCThEeB MOMO0HBIH d(h(HEeKT HAYMHACT MPOSB-
JATBCS TIPU BBICOTE pacTuTensHocTH Oonee 100 - 120
cM. Ho MakcumyMBl TemmepaTypsl 37ech HE Tak Be-
JIMKH, BUAUMO, BIUSET U TO, YTO B TaKHE MOCEBBI MO-
JKeT TIPOHMKATh BeTep, MepeMellnBas HWXKHHE CIIOU
BO3/yXa.

B pexume ke M3Myd4eHUS KapTHHA COBEPIIEHHO
Jpyras - JuIsl pACTUTEIILHOCTH C IMIPEUMYIIECTBEHHO I'0-
PHU30HTAIEHONH OpPHEHTAlMEH JHMCTHEB COXPAHSIIOTCS
OoJsiee WM MEHee XapaKTepHbIE KPHUBBIE paclpeserne-
HUSI TEMIIEPATYPBI 110 BBICOTE «THUIA U3ITYyUCHUSD, IPH
9TOM MOYBA BBIXOJIAKUBAETCA (T.€. OTHAET TEIUIO) Cy-
IIECTBEHHO MEHbIIIE YeM OTKpbITast moysa. J{ist pactu-
TEJIEHOCTH C IPEUMYIIIECTBEHHO BEPTUKAIHHOI OPHEH-
TaIfel TUCTHEB U3NyYCHHE MPOUCXOIUT U C MOBEPX-
HOCTH TIOYBBI, ¥ C TIOBEPXHOCTH TPABOCTOS, U U3 €ro
TITyOUHBI.

OTH pe3ynbTaThl, IPUHIUIHAIBHO HE HCKITIOYAIOT
BO3MOXKHOCTh JMCTaHIMOHHOTO HAaOJIONEHMS TeIlIo-
BBIX AHOMAJIMH MOKPBITOH PAaCTHTENHHOCTHIO ITOYBHI.
Heobxoanmo Takke IMPUHATH BO BHUMAaHHE, YTO 3TH
M3MEpEeHNs MPOBOAWINCH JUIsl Pa3BUBAIOIICHCS pacTH-
TENLHOCTH B PE)XXMUME BETETAINH, IPX KOTOPOM Ha pac-
TIpeieIeHNe TeMIepaTyp B CHCTEME MOYBa — PacTH-
TEJIEHOCTH aKTHBHO BIUSIOT MIOTOKU KaK SIBHOTO, TaK U
CKPBITOTO TEIlIa.

Jns onipenienieHus OMACHBIX MPOIIECCOB B MOYBE C
YYeTOM BIUSHHS PACTUTEIBHOTO OKPOBA, HAIIpUMeEp,
nerecoodpazHo KOMOMHUPOBATH METOIBI PAIUOTETLIIO-
Boro (T.e. TepmanbHOro MK) maccuBHOTO U aKTUBHOTO
CBY panuonokaliuOHHOrO AUCTAaHIIMOHHOIO 30HAUPO-
BaHus (MBaHoB, 2012).

Jlnist onpeniesieHnst HHTEHCUBHOCTH PACCESTHUS pa-
JUOJIOKAIIHOHHBIX CUIHAJIOB MOBEPXHOCTBIO CYILHU MO-
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KPBITOM PacTHTENILHOCTHIO HanboJiee pacpoCTpaHeH-
HOM SBISIETCA MOJENH TOKpoBHOTO oOmaka (Attema,
Ulaby, 1978; Hoekman et al, 1982), pa3paborauHast
KaK JUIsl OHOCTIOWHOTO TOKPBITHS, TaK M JUISI MHOTO-
CIIOMHBIX THIIOB MOKPBHITHH PAa3IHUYHBIX CEIBXO03KYIIb-
Typ. Monenps oTpabaTbiBajach Uil IUaa3oHa paguo-
nokaruonHoro 30HxupoBanns §-18 I'Tm u 35 I'T.

B pamkax maHHOW MOJAENW CHUTHAN, OTPaKEHHBIN
OT TIOYBBI, HCIBITHIBACT IBYKPATHOE OCITA0JICHIE U3-32
MPOXOXKJCHUS CKBO3b CJION pacTUTelIbHOCTH. Kpome
TOT0, CJION PACTUTEILHOCTH BHOCUT CBOXO KOMITOHECHTY
B pacCesHHBIN CHTHAN U3-3a 00BEMHOTO pPacCesHUs B
HeM. KOMIIOHEHTBI paccestHHOTO MOYBOX U PACTUTEIb-
HOCTBIO CHTHAJIa MOXXHO CUHTATh HEKOTCPEHTHBIMU H,
€CJIH TIpeHeOpeyp BKIIAZOM 33 CHET MHOTOKPATHOTO ITe-
PEOTpaXEeHUS B CIIO€ PACTUTEIHLHOCTH, TO CyMMapHas
VOIIP (6%0xp ) TOKpOBa:

6noxp(0)=6%pacr(0)+6%04(0)/L(6),

e 6%acr (0) - YOIIP pacTutensHOCTH, 6ooq(0) -
VOIIP rpaHuIsl pacTUTEBHOCTE-TI0UBa, L(0)- kK03¢-
(hUIMeHT ocmabIIeHNsI OIS B CJIO€ PaCTHTEIBHOCTH:

L(0)=1/y(6)=1/exp(-k;shSech),

rae: y(0) - KoahGHUIHEHT Tepenayn SHEPTUH B
cioe, ks - MOrOHHOE 3aTyXaHue B clioe, h- BEICOTa pac-
TUTETHFHOTO TIOKPOBa, 0- Yyro majeHus.

Ha wacrtorax cBeimie 8 ['ri mpu 6> 30° YOETHHBIH
BKJIAJl PACTUTEIBFHOCTH OKa3bIBaeTCsA Ipeodianaro-
MM, B TO BpeMs Kak Ha 0oJiee HU3KHX 9acTOTaX M MpH

c.Yepsonuiit Ocrep

0 = 10...30° Gonee 3aMeTHBIM ABJIAETCA BKJIAJ pacces-
uus nmousoii (Kulemin et al, 1989), nuHTeHCHBHOCTB KO-
TOPOTO SBISETCA (YHKLIHUEH MIEepoXOBaTOCTH M KOM-
MJIEKCHOM IUAIEKTPUIECKON MPOHULIAEMOCTH IIOYBHI €,
KOTOpasi CBsi3aHa C OOBEMHBIM BIIATOCOJEPKAHIEM
MOYBBl SMIIMPUYECKON MOAENbpl0 XaUIMKaliHEeHa
(Hallikainen et al, 1985).

JKcnepHMeHTAIbHbIEe Pe3yJbTaThl MOHUTO-
PUHIa NPOsIBJIeHUI MOATONJICHUI U MPeJBeCTHH-
KOB CaMOBO3rOPaHMii HA OCYIIEHHBIX MOYBAX

Ha puc. la npencrasieHo paguoreruioBoe (Tep-
mansHoe MK) n3o0paxeHue ydacTka paHee OCYyILEeH-
HOW 3a00JIOUYEHHOW TO4YBHI (PacIOJ0XEHHOTO B
Hexxunckom paiione YepHuroBckoit oOiactu Ykpa-
WHBI, YYaCTOK OTpaHH4eH C ceBepa ceaMu UepBOHBII
Octep u UepBoHast YKpauHa, IByMs JICCHBIMH MaCCH-
BaMU H ¢ fora pexorr Ocrep), momydennoe UK ckane-
pom Mamaxut-1 xommiekca AKJ[3-30 B cyxoit oceH-
Hull cezoH (MBanoB m np., 2012) B HOYHOE BpeMms
(okomo 23 gacoB). ['ycToTa cetn OpeHa)KHBIX KaHAJIOB
Ha 3TOM Y4YacTKE CBHAETEIbCTBYET, YTO paHee 37eCh
pacrioiarajgocb 0OOJOTO HM3MEHHOTO THUIIA, KOTOpPOE
OBUIO TO/IBEPTHYTO MPOILEAYPaM OCYIIMTEIbHON Me-
JIOpaluu. ITo 60JI0TO OBLIIO OTMEUYEHO ellle Ha KapTax
1843 roma ("KapTbl ryOepHHil NOABEIOMCTBEHHBIX
VYnpasnenuto llepsoro [lenapramenta ['ocynapcrsen-
HBIX MIMyIIECTB ¢ IPHIIOKEHHEM KPaTKUX CTaTHCTHYE-
ckux Bemomocter". 1843. [caiir]. URL: http://wi-
ki.laser.ru/index.php/YepHurosckas rybepHus).

3

c.Yepronan Yipanua

' 'tcoua:::upauna'
e R

r—=

G

Puc. 1. Paouomennosoe uzobpasicenue yuacmra 3a60104enHol nougsl, nonyyennoe UK - ckanepom Manaxum-1
xomnnexca AK/{3-30 6 cyxou ocennuii ce3on 6 Hounoe pems (okono 23uacos)- (a); paduomennogoe uzobpaice-
HUe 31020 Jce YYacmKa, NoyueHHoe 8 OHegHoe epems (okono 11uacos) — (0); ysenuuennvie paduomeniosvie
u306padcenuss 304 menaosvloeneHus u nosviuennoco UK-usnyuenus 6 Oneenoe epems (66epxy ciesa), 8 HOuUHOe
8pemsi (66epxy Cnpasa) u Kapma ucciedyemozo yiacmka (6nuzy) — (8)

WntencusHocTh MK-M31myUueHns B 3THX 30HaX Cy-
IIECTBEHHO NPEBBIAET U3TyYEHHE BCEX OCTAIBHBIX
00pa3zoBaHNii Ha M300paKEHUH, YTO CBU/ICTEIHCTBYET
0 TOM, YTO 3/I€Ch Pa3BUBAIOTCS TPOLECCHI C BBIIEIE-
HHUEM TeIlIa.

Ha puc. 16 npencrasieHo paguoTerioBoe n3oopa-
JKEHHUE ITOTO )K€ yJacTKa 3a00JI04E€HHOH OYBEI, TIOJTY-
uenHoe MK - ckanepom Manaxur-1 kommnekca AKJI3-
30 B mHeBHOE BpeMms (0koJio 1149acoB) BO BpeMst MpoBe-
JIEHUS] CyTOYHOTO (IIOCIIEOBATENHHO THEM U HOYBIO)
MOHHUTOPHHIA, HA KOTOPOM TaKK€ OTYETIMBO HaOJIfO-
JIAFOTCSI 30HBI TEIUIOBBIIENICHNS (OTMEUCHBI CTPEIKAMU

6emoro mBera). Kpome Toro, Ha HeM HaOIIOJAIOTCS
30HBI TOBBIIIEHHOTO OTHOCUTEIBHO OKPYXKAIOLIEro
(oHa (KOTOpBIE OTCYTCTBYIOT Ha HOYHOM H300pake-
nun) UK-n3nydenus. Ha puc. 1B npuBeneHs! yBenu-
YEeHHBIE PaJMOTEIUIOBbIE N300paKEHUs 30H TEIUIOBBI-
JeneHust U noseimenHoro MK-usmydeHus B aHeBHOE
BpeMsi (BBEpXy clieBa), B HOYHOE BpeMs (BBEpXY
CrpaBa) W KapTa UCCIeqyeMoro ydacrka (BHU3Y). du-
CTaHIIMOHHO OIpeJelsieMble MaKCUMAaIbHbIE TEMIIEpa-
TypHbIE KOHTPACTBl OTHOCHTENIBHO OKPYIXKAIOLIEro
(oHa cocTaBNIAIOT: I 30H Temnoseenenns ~9° C B
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HouHoe BpeMst U <7° C B IHEBHOE, /ISl 30HBI OBBIIIEH-
Horo MK-u3nydenus B nHeBHOe Bpems ~1-20C.

30Ha TEIIOBBIACNICHNUS HE TIPOSIBIISIETCS B BUJC Ba-
pHaLMil pacTHTEIBHOTO IIOKpOBAa HU Ha a’podoTo-
CHHMKE (pHC.2a). K-m300pakeHny, moaydeH-

p.Octep

o

HOM B 3UMHHX yCIIOBHSX Oe3 cHera (puc.20), Hu Ha pa-
JIMOJIOKAIIMOHHOM H300pakeHnH, moiaydenaom PBO §-
MM auamna3ona komuiekca AKJ(3-30 (puc.2B) B cyxoi
OCEHHHIA CEe30H OTHOBPEMEHHO C puc.106.

p-Ocrtep

8

Puc.2. Aspogpomocrumox yuacmra 3a60104eHHOU NOUBHL, NOYUEHHbIU 8 3UMHUX ycaosuax — (a); UK uzobpaoice-
HUe 9Mozo dice Y4daCcmKa, nowy4eHHoe 3UMOU NPU OMCYMCMBUU CHEINCHO20 NOKpo8a — (0),; paouoiokayuoHHoe
uzobpasicerue PHO 0,8-nonyuennoe oonogpemento ¢ puc.10 — (8)

TunuuHbI pacTUTEIBHBINA MOKPOB IS 3TOW 001aCTH MpeAcTaBiieH Ha (OTO pHC. 3 — 3TO BEICOKHHN TPABOCTOM
C PeAKUMHU KyCTapHUKAaMH U OTAEIbHBIMU HU3KOPOCIIBIMU AE€PEBBSIMHU.

Puc.3. Domocrhumok pacmumenbHo20 NOKpOGd, MURUYHO20 O/ YHACIMKOG 3A00104eHHOU NOYEbl 8 UCCIe0YEMOM
patione

B nmaHHOW 00NacTH He CYIIECTBYET MOA3EMHBIX
MECTOPOXICHUI YIS WM IPYrUX TIyOOKO 3aieraro-
[IMX HCKOMAEMBbIX, CIIOCOOHBIX CaAMOBOCIIAMEHSTBCS.
Kpome Toro, BU3yanbHO Haj 30HOH TEIJIOBBIICICHUS,
He Ha0JIF01AII0Ch 3a[BIMICHHOCTH, TO3TOMY MPHYHHO
TCIIOBBIACJICHUS, BEPOATHO, SABJIAIOTCA MPOIECCHI HU3-
KOTEMIIEPAaTyPHOTO OKHCIICHHSI M CAMOHATPEBAHUS B
IPUIIOBEPXHOCTHBIX CJIOAX OPraHWYECKHUX BEIIECTB
(cxopeii Bcero Top(a), KOTOpbIE BO3HUKAIOT B CIOSIX
(s aTOTO paiioHa) riuyOouHOW He Oosiee 15 M, u aus
KOTOPBIX XapaKTEePHbI KOHTPACThl HAOIIOIaeMBIX T10-
BEPXHOCTHBIX TEMIEPATYp OT CAWHHUI] IPagyCcoB 10
MepBBIX ACCATKOB rpagycoB. HaGmomaemble jxe KOH-
TPACThl MOBEPXHOCTHOW TEMIIEPATyphl Ui TOPSLINX
moj 3emiieit TOPSIHUKOB, KaK MPABHJIO, JOCTUTAIOT
150°C (Fire resque. URL:
http://firerescue.ru/magazine/pojar_po_priboram/) a,
TOPSIIHX YTOJIbHBIX IUIACTOB, - (B 3aBUCUMOCTH OT TJIy-
OMHBI 3aJleTaHus, CTPYKTYPBhI IOKPBIBAIOIINX MOPOJ U

UX TEMIONPOBOAHOCTH) u3MenstoTest ot 20 - 30° C no
200-250° C (Janzhong ZHANG, 2004). Conocrasie-
HUE NOJYYEHHBIX C HHTEPBAJIOM OKO0JIO 12 yacoB AHEB-
Horo 1 HoyHOTO MK m300pakeHuit MOKa3hIBacT HEKO-
TOpOE yBEIMUYEHHUE TUIONIAJN OCHOBHOW 30HBI TEILIO-
BBIZICTIEHUSI, 4YTO CBUJETENLCTBYET O pPa3BUTUH
npoiiecca camoHarpeBanus. [locienoBatenbHas (IeHb
3a gHem) MK-cheMka 30H TEIIOBBIACIEHUS MOXKET
MTO3BOJINTH YTOYHHUTH CTAIHI0O W XapaKTep pPa3BUTHUS
Mpoliecca caMOHarpeBaHus 1Mo JUHAMUKE U3MEHEHUS
MMOBEPXHOCTHOW TEMIIEPAaTyphl U IUIOMAJNA aHOMAIlb-
HbIx 30H ([opHas sHUMKIONEAMA. [Tog3eMHBIH TTOXKAp
[caiiT]. URL: http://www.mining-
enc.ru/s/samovozgoranie-torfa.).

IIpuurHON BO3HUKHOBEHUS 30H IOBBIIIEHHOTO
OTHOCHTEJIHO OKpysKaromuiero ¢ona gHeBHoro WK-
H3ITy9YEeHHUs, OYEBUIHO, SBIAIOTCS AaHOMAJINH B aIb0e10
MTOBEPXHOCTHOTO CJIOSI CYXOTO TPAaBOCTOS B OCCHHUH
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Hepuoj, KOTOPOe, KaK U3BECTHO, B 3aBUCUMOCTH OT CO-
CTOSIHMS U TIOJIETaHUsI MOXKET U3MEHSTHCS B MpeAeax
11-24% (Atmocdepa. 1991 [caiit]. URL: http:/librar-
um.org/book/1386/159). Hu na HounoMm cyTounom UK-
n300paKeHUH HA HA 3UMHHX a’podoTtocHmMke u MK-
n3o00paxkernsax Hu Ha PBO m300pakeHun He oTMeda-
I0TCS Kakue JIM0O TeMIepaTypHble aHOMAJIUH WIIH W3-
MEHEHHUSI PACTUTEIBHOIO IOKPOBA COBMAJAIOIIME C
STHUMH 30HaMU. T.K. Bce 30HBI TETIJIOBBIEIEHUS PACIO-
JlararoTcs BHYTPH 30H nobimienHoro (Ha 1-2°C otHo-
CHTEJIFHO OKpyatomero ¢ona) paHeBHoro MWK-
U3Iy4EHUs, TO, BEPOATHO, MOXKHO MPEANOJIOKUTH, YTO
OTPHIATENFHBIE AHOMAINH KOPOTKOBOJIHOBOTO aJlb-
6€e710 MOBEPXHOCTHOTO CJIOSl CYyXOT'O TPaBOCTOSI B OCCH-
HUH TIEpUOJ| SIBIAIOTCS MPEIBECTHHUKAMHU IPOLECCOB
(opMHpOBaHUS B IPUIOBEPXHOCTHOM CJIOE MOYBBI
YCIIOBHH, 6JIaronpuATCTBYIOMINX Pa3BUTHIO HU3KOTEM-
MepaTypHOTO OKUCICHHS W CaMOHArpeBaHUsSI OpPTaHH-
YeCKUX BeulecTs (Topda, ceHa, COJIOMBI U T.11.), a B HO-
CIEIYIOIIEM UX BO3TOpaHus. JTO NPeaIoI0OKEeHUE Tpe-
OyeT ImpoBeAECHUS TOTIOJIHUTEIBHBIX UCCIIeIOBaHUH.
3akinoueHne

Pe3ynbraThl KOMOMHHpPOBaHHOH CyTOYHOH (B
YCIIOBHUAX CYXOI'O OCEHHEro Ce30Ha, KOTja BereTauus
PacTUTEIFHOCTH B OCHOBHOM IIPEKpAIIEHa) M CE30H-
HOM pafiMoNOKallMOHHO — PaJHoTEIUIOBOH (TepMaib-
Hoit MK) aBMAIIMOHHOW ChEMKH aBHAIIMOHHBIM KOM-
mwiekcoM AKJI3-30 HOKpBITBIX TPaBOCTOEM OCYILIH-
TENIBHO MEIMOPHPOBAHHBIX II0YB MOKAa3ald, YTO
PaIHOJIOKAMOHHO - PaJHOTEIUIOBas ChEMKa I03BO-
JISIeT BBIBIIATH U MPEAYNpPEexXIaTh PsAA OMACHBIX IPO-
L[ECCOB: MIPOSIBICHUS NIepEyBIaXKHEHHBIX (B pe3yJIbTaTe
Hepabodero COCTOSHUS APCHAXKHBIX KaHAJIOB) ydacT-
KOB, a TaKXe 30H HU3KOTEMIEePaTypHOTO OKUCIEHUS U
CaMOHarpeBaHus OPraHNYeCKUX BEIIECTB (B TOM YHUCIIE
Topda) MpemecTBYIOMEro X CaMOBO3TOPAHMIO HA
MePEOCYIICHHBIX yJacTKax.
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Xiilaso

Diinya igtisadiyyatinda xidmatin rolu davamli olaraq artmaqdadir. Xidmat sektoruna va eloca ds igtisadiyyata
horokat veron qiitvvalordon biri do rogabstdir. Hor daim artan xidmatin, rogabet ilo birlikds igtisadiyyata tosirini
mioyyan etmok Xidmat, rogabst vo {imum daxili mohsul tigbucagi arasinda olagolorin miioyyonlogdirilmasi
oldugca vacibdir. Ragabatin tasirlorinin konkretlosdirilmasi bu magalonin asas mogsadini togkil etmisdir. Todgigat
isindo miixtolif statistik hesablamalar aparilmig vo reqressiv tohlillor yerina yetirilmisdir. Problemin
dyranilmasindo diinya praktikasina baxilmis, beynoslxalq hesabatlar tohlil edilmis vo miixtolif todqiqat islori
aragdirilmisdir. Todgigatin naticalarindon Xidmaot sektorunda tonzimlayici va nazarst edici foaliyyati olan qurumlar
istifado edo bilarlor. Eyni zamanda, xidmat sahasinin inkisaf etdirilmosi yoniindo miixtolif dovlot programlarinda
Vo strategiyalarda tadqiqatin tocriibi shamiyyotindan faydalanmaq olar. Roagabotqabiliyystinin xidmat sferasina
birbasa tasirlorinin giymatlondirilmasi vo timumi iqtisadiyyatda xidmatin potensialinin yiiksaldilmasi tadgigat
isinin elmi yeniliyini miioyyon edir.

Abstract

The role of services in the global economy is continuously increasing. One of the driving forces behind the
service sector-and the economy as a whole-is competition. Identifying the impact of the ever-expanding service
sector on the economy in conjunction with competition is of great importance, particularly in establishing the
interrelations among services, competition, and gross domestic product. Clarifying the effects of competition con-
stitutes the main objective of this research. Various statistical calculations and regression analyses have been con-
ducted in this study. The research draws on global practices, analyzes international reports, and examines a range
of academic studies. The findings of the study can be utilized by regulatory and supervisory institutions operating
within the service sector. At the same time, the practical significance of the research can inform various state
programs and strategies aimed at developing the service sector. The scientific novelty of the research lies in the
evaluation of the direct impact of competitiveness on the service sphere and in the enhancement of the service
sector’s potential within the broader economy.

Acar sozlar: Azorbaycanda rogabatlilik, Qlobal rogabstgabiliyystlilik indeksi, xidmoat sektorunda
rogabatqgabiliyyatlilik, xidmot sektoru, ragabstgabiliyyatlilik, rogabotqabiliyyastlilik osasinda strateji inkisaf.

Keywords: Competitiveness in Azerbaijan, global competitiveness index, competitiveness in the service
sector, service sector, competitiveness, strategic development based on competitiveness.

Giris xidmoat, 16%-nin kond tosorriifati, 34%-nin isa

Rogabot bir sira iqtisadi sahonin inkisafinda va
tokminlogmosinds on miitohorrik vasitodir. Xidmat
sektorunda rogabst onsnavi istehsal sektorundan 6z
strukturuna goérs forglonir [6, s.21]. Xidmat sektoru iso
rogabat ilo bir basa alagoli olub onun tasiri ilo formasini
vo istigamotini doyiso bilor. Umumdiinya ticarot
toskilatinin hesabatinda qeyd olunur ki, miiasir dovrdo
inkisaf etmis diinya olkolorinin  imumdaxili
mohsulunun 75%-i xidmat iqtisadiyyatinin intensiv
foaliyyati naticesindo  formalagmisdir [1, s.16].
Umumdiinya ticarot toskilati diinya iqtisadiyyatinin
“servizlogmosi” prosesini qlobal ticaratin  50%-nin

Senayenin payina diigmasi ilo izah edir [1, s.2]. Hotta
“Covid-19” pandemiyasiin xidmot sferasina sarsidici
zarbasi belo onun xiisusiyyatlarins asasli tasir etmomis
vo Xxidmot sadoco innovativlosorok daha da
raogomsallagmisdir.

Tadqgigatin asas mazmunu

Umumdiinya ticarat toskilatinin hesabatina asasan
pandemiya dovrindo do iqtisadi dayamighq sirf
xidmotin rogomsallasmasi osasinda tomin edilmisdir.
Holo do biznes miihitinin yaxsilagdiriimasinda,
beynalxalg komersiya doévriyyasinds, o ciimladan,
investisiyalarin tokmillagdirilmasinds vo proseslarin
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asanlagmasinda, bir swra bu goebildon Kkonsalting
xidmatarinds va s. xidmat sferasi aktualligini qoruyur.
Onu da geyd etmok vacibdir ki, Umumdiinya ticarot
togkilatinin Diinya Bankina osason hesablamalarinda
xidmot sferas1 1970-ci ildon bori yuxari orta galirli
oOlkalor tigiin 40%-dan 2021-ci ildo 56%, yiiksak goalirli
Olkalor tiglin iso 59%-don 75% yiiksolmisdir [1, s.14].
Nazars almaq lazimdir ki, 2021-ci il Diinya Bankinin
gostaricilorino asasen Azorbaycan yuxari orta galirli

6lka hesab edilir [2, s.1].

Diinya iqtisadi formunun “Qlobal Rogabot
Indeksi” hesabatinda 141 dlkenin rogabat indeksi iizro
yeri vo topladigi bal 6z oksini tapmigdir. Bu rogabat
indeksi ragabatliliyin 6l¢iilmasi ilo mithiim shomiyyat
kosh edir. Rogabot miihiti 6lgiilorkon dlkalorin biznes

Qlobal Rogabot indeksi iizra dlkalor, 2019

Ranking Olkalor Bal

1 Singapur 84.8
2 ABS 83.7
3 Hong Kong 83.1
4 Niderland 82.4
5 Isvecra 82.3
6 Yaponiya 82.3
7 Almaniya 81.8
8 Isvec 81.2
9 B. Kralliq 81.2
10 Danimarka 81.2
11 Finlandiya 80.2
12 Tayvan 80.2
13 Koreya 79.6
14 Kanada 79.6
15 Fransa 78.8

dinamikasina, bacariqli insan kapitalina, maliyys
bazarlarina va s. xiisusi yer verilmisdir.
Codval 1.

Ranking Olkalor Bal

16 Avstraliya 78.7
17 Norveg 78.1
18 Liiksemburq 77
19 Y.Zellandiya 76.7
20 Israil 76.7
28 Cin 73.9
31 Estonia 70.9
37 Polsa 68.9
39 Litva 68.4
41 Latvia 67
42 Slovakiya 66.8
72 Serbiya 60.9
55 Qazaxistan 62.9
96 Qirgizistan 54
104 Tacikistan 52.4

Manba: Diinya igtisadi formunun hesabat gostoricilori asasinda miiallif torafindan tortib edilmigdir [3, s.15].

Qlobal Rogabat indeksi iizro ilk 20 yerds inkisaf
etmis vo inkisaf iiclin stimullagdirilmis regionlar
Qorarlagmigdir (Cadval 1). Xiisusi ilo geyd etmok
lazimdir ki, kegmis sovet 6lkalori do bu ardicillig
izlomokdadir, Azorbaycan vo ona yaxin modoni baglari,

80

ortaq kegmisi olan morkozi Asiyada yerloson tiirk
Olkolori ligiin iso oksi miisahido edilir. Belo ki,
Qugizistan 54 bal ilo 140 6lko arasindan 96 olmus,
Ozbokistan, Tiirkmonistan {imumiyystlo indeksdo
gostorilmomisdir.

70 66,7
62,9 62,7 62,1 61,3 60,6
60
53
50
40
30
20
10
0
Rusiya Qazaxistan Azarbaycan Tiirkiys Ermonistan Gilirciistan Iran
43 55 58 61 69 74 99

Qrafik 1. Qlobal Raqabat Indeksi iizra Azarbaycanin qonsu lkalar ila miigayisasi, 2019. Manba: Diinya igtisadi
formunun hesabat gostaricilori asasinda miiallif tarafindan tortib edilmisdir [3, s.15].
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Azarbaycan reyting cadvalinds 63 bal ilo 58-
ci yerdo gorarlasmigdir vo yalniz Rusiya (43) vo
Qazaxistandan  (55) geri qalmigdir.  Roagabat
gostaricilorino gora Azorbaycanin bir sira regional va
gonsu 6lkalori, o cimladon kegmis sovet 6lkalarini do
gabaqlamast onun iqtisadi rifahinin artmasi ilo son
illordo aparilan islahatlarin montigli noticasi hesab
etmok olar. Ermenistan (69), Giirciistan (74) vo Iranin
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(99) rogabot miihitino goro geri qalmasi regionda
Azorbaycani iroli ¢okorok golocokds beynslxalq
investisiyalarin asas macrasinin yoniinii miioyyan edir.
Azorbaycan sadoco neft Olkosi olaraq deyil, eyni
zamanda insan kapitalina, biznes dinamikasina, mohsul
bazar1 vo s. gora do golacokds sirf xidmat 6lkasi olmag
potensialina malikdir.
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Qrafik 2. Qlobal Raqabat Indeksi iizra Azarbaycanin mévgeyi, 2019. Manba: Diinya igtisadi formunun hesabat
gastaricilari asasinda miidllif torafindan tortib edilmisdir [3, s.90].

Azorbaycan Qlobal Rogabst indeksindo “©mok
bazar1” gostaricisine asason 140 6lko arasindan 69 bal
ilo 21-ci yerds gorarlasmigdir (Qrafik 2). Omok bazari
gostaricilori iso gotiirmo Vo isdon azadetmos prosessi,
is¢i vo igogltiron minasibatlori, amok haqqinin
mioyyan edilmosinds ¢eviklik, omok bazarinda
islahatlar, is¢ilorin hiiquglari, xarici is¢ilorin iso
gotiiriilmasinds prosessin asanlifi vo S. osasinda
milayyon edilmisdir [3, 5.92].

Azarbaycan “Biznes dinamikasi”na gore 72 bal ilo
23 yeri tutmusdur. Tobii ki, xidmot sektoru {igiin
ragabatlilik indeksinds biznes dinamikasi tizrs ilk 25
Olka arasinda olmaq mihiim naticadir. Biznes
dinamikast gostoricisi Ozlilylinde 2 yers ayrilmr,
administrativ toloblor vo sahibkarliq modoniyyati [3,
5.93]. Administrativ toloblors gora 6lkemiz 36-ci,
sahibkarliq modaniyystina goro isa 22-ci yerdodir.

Qlobal Rogabot Indeksi osasinda miioyyon edilmisdir
ki, Azorbaycanda bizness baglamagin xoarci adambasina
diison imum milli galirin 1.3%-ni togkil edir. Biznesa
baglamaq {iglin tolob olunan zaman kasiyi 6lkemizds
3.5 glindiir vo bu gostoriciys goéro Azorbaycan 8-ci
yerdadir.

Azorbaycan “Infrastruktur” gdstoricisna gora 38-
ci yerdo gorarlagmigdir. Infrastruktur —gdstoricisi
nagliyyat vo kommunal infrastruktur olaraq iki yera
ayrilir. Qatar xidmatlorinin samarali teskiline gors
6lkamiz 11-ci yerdadir. Hava naqliyyat: xidmatlarinin
samarali togkiline gore Azarbaycan 12-ci yerdadir.

Qlobal Rogabot Indeksi {izro Azarbaycanin
movgeyi vo onun gostaricilorinin tohlili 6lkemizin
geyri-neft iqgtisadi foaliyyat sahslorinds, xiisusi ilo do
xidmot sahasindon miistosna potensiala sahib olmasini
gostarir.
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Qrafik 3. Xidmatin UDM-da xiisusi ¢akisi, Azarbaycan 2019. Manba: Diinya Bankinin va BOT-in géstaricilari
asasida miid\lif torafindan tortib edilmisdir [4 va 5].

Xidmat igtisadiyyati Azorbaycanda geniglonon vo
inkisaf etmokdo olan sahadir. Belo ki, son bes ilds
pandemiyanin  koskin dovriini nozoro almasaq
xidmotin UDM-do xiisusi ¢okisi ardicil olaraq artmisdir
(Qrafik 3). Azorbaycanda 2022-ci ilde xidmotin UDM-
da pay1 32% olmusdursa, artiq bu gdstarici 2023-cii ilds

39% yiiksolmisdir. Xidmot sahssinds ¢alisanlarin
adambasma bu sahoys tOovhosi do paralel olarag
pandemiyanin tasirlari zoifladikca artmigdir. Belo ki,
2022-ci ilds xidmat sahosinds adambagina golir 11 780
USD olmusdursa, 2023-ciiii ildo bu regam 12 166 USD
yiksalmisdir.

Codval 2.
Xidmoat sektorunun miiqayissli tohlili, 2019
-- Ragabat UDM  Xidmotin UDM- . Ragabat UDM . - WL
Ollabor giis(:ericisi (AQP, %) do xiisusi ¢okisi Ollkabor giis(:aricisi (AQP, %) Xidmotin UDM-d xtisusi ¢akisi
Singapur 848 6019684 709 Cin 739 24300742 54,3
ABS 83,7 21539982 76,6 Estoniya 709 5385398 62,3
Hong Kong 831 4596443 0 Polsa 689 1362291 56,8
Hollandiya 824 1081371 70,3 Litva 684 1140285 61,2
Isvegra 823 6322746 719 Latviya 67 6162334 63,1
Yaponiya 823 5404462 69,6 Slovakiya 66,8 1853629 58,7
Almaniya 818 4924980 62,9 Serbiya 609 1429786 53,2
Isveg 812 586374 65,1 Qazaxistan 629 5511081 555
B.Krallig 812 3335878 71 Qirgizistan 54 3495598 50,3
Danimarka 812 3523247 65,2 Rusiya 66,7 4579554 54,2
Finlandiya 802 288648,1 60 Azorbaycan 62,7 1671581 36,5
Tayvan 802 1259651 62,42 Tiirkiys 62,1 2350308 56,3
Koreya 796 2270666 572 Ermonistan 61,3  44365,67 54
Kanada 796 1899695 67,7 Giirciistan 606 623876 60,1
Fransa 788 3445277 70,1 Iran 53 1162001 50,1
Auvstraliya 78,7 1334463 66 Italiya 715 2787073 66,1
Norveg 781 3793776 57,3 Ispaniya 753 2075229 68,3
Liiksemburq 7 7527049 79,1 Hindistan 614 9932851 50,1
Y.Zelandiya 76,7 2248791 65,6 Ukrayna 57  604396,1 545
Israil 76,7  373229,7 704 Moldova 56,7 3573583 54,7

Manba: Diinya Bankinin va Diinya igtisadi formunun hesabat gostoricilori gostaricilari asasinda miiallif
tarafindan tortib edilmigdir [3 va 4].

Roagabat indeksi tizro yiiksok naticalor oldo etmis
olkalarin do xidmat igtisadiyyat: giiclii inkisaf etmisdir
(Cadval 2). Rogabat saviyyasinin yiiksok olmasi biznes
miihitini yaxsilagdirir va biitiin hacimdo olan (iri, orta,
xirda) bizneslor, sahibkarlar tgiin olverigli sorait
yaranir. Xidmat iqtisadiyyatinin inkisaf etmasi Vo
prosesin davamliligi rogabatin saviyyesi ilo birbasa
olagalidir. Bu ndqteyi-nazordon do igtisadiyyatda

xidmoatin hacmi ilo ragabat gostaricisi arasinda alagonin
aragdirilmasi ticiin model qurulmusdur. Bels ki,

Xidmatin UDM-da ¢akisii=fo+p1( Ragabat indeksi
gostaricisi)+¢

Burada, Xidmatin UDM-do ¢okisi i sayda har bir
6lka liglin gotiiriilmiis asih dayisoni ifads edir. Rogabot
indeksi gostaricisi B1 omsali ils, kasiganlor Bo Vo €;ila
tonlikdo bas vero bilocok miimkiin xotalar ifado



34 Slovak international scientific journal # 96, (2025)
edilmisdir.
) Cadval 3.
Xidmotin UDM-db xiisusi ¢okisi Vo rogabat indeksi arasinda reqressiv tohlil, 2019
Dependent Variable: LN SERVICE
Method: Least Squares
Date: 01/15/25 Time: 10:56
Sample: 140
Included observations: 40
Variable Coefficient Std. Error t-Statistic Prob.
LN C SCORE 0.831895 0.126672 6.567325 0.0000
C 0.565628 0.541377 1.044795 0.3027
R-squared 0.531614 Mean dependent var 4.119224
Adjusted R-squared 0.519289 S.D. dependentvar 0.157370
S.E. of regression 0.109110 Akaike info criterion -1.544219
Sum squared resid 0.452387 Schwarz criterion -1.459775
Log likelihood 32.88438 Hannan-Quinn criter. -1.513687
F-statistic 43.12975 Durbin-Watson stat 1.819373
Prob(F-statistic) 0.000000

Manba: Diinya Bankinin va Diinya igtisadi formunun hesabat gostaricilori gostaricilori asasinda miiallif
torafindan tortib edilmigdir [3 va 4].

Modelo asason almman natico osasinda miioyyan
edilmisdir ki, rogabatin artmasi igtisadiyyatda xidmatin
hocminin artmasina paralel olaraq miisbat tosir gostorir
(Cadval 3). Modelds “Prob(F-statistic)” yani p
gostorici  ugurludur vo alman notico modelin
diizglinlitytinii ifado edir.

Modeldo heteroskedastiklik testi edilmisdir vo

noticodo  heteroskedastiklik hali, yoni  sshvlorin
dispersiyasi agkarlanmamigdir (Cadval 4). Dayisonlor
arasinda misahido edilon homoskedastiklik sorbost
dayisan - ragabat indeksi gostaricisi ilo asili doyison -
xidmotin UDM-do ¢okisi arasinda xota 6lgiisiiniin
giymatlari tizra eyni variasiyani ifads edir.
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Cadval 4.
Xidmoatin xiisusi ¢okisi Vo rogabat indeksi arasinda heteroskedastiklik testi, 2019
Heteroskedasticity Test: Breusch-Pagan-Godfrey
Null hypothesis: Homoskedasticity
F-statistic 0.060350 Prob. F(1,38) 0.8073
Obs*R-squared 0.063426 Prob. Chi-Square(1) 0.8012
Scaled explained SS 0.176459 Prob. Chi-Square(1) 0.6744
Test Equation:
Dependent Variable: RESID"2
Method: Least Squares
Date: 01/15/25 Time: 11:20
Sample: 140
Included observations: 40
Variable Coefficient Std. Error t-Statistic Prob.
C 0.046383 0.142844 0.324713 0.7472

LN C SCORE_ -0.008211 0.033423 -0.245663 0.8073
R-squared 0.001586 Mean dependentvar 0.011310
Adjusted R-squared -0.024688 S.D.dependentvar 0.028440
S.E. of regression 0.028789 Akaike info criterion -4.208952
Sum squared resid 0.031494 Schwarz criterion -4.124508
Log likelihood 86.17904 Hannan-Quinn criter. -4.178420
F-statistic 0.060350 Durbin-Watson stat 2.144085

Prob(F-statistic) 0.807265

Manba: Diinya Bankinin va Diinya iqtisadi formunun hesabat géstoricilari asasinda miiallif torafindan tortib
edilmisdir [3 va 4].

Modelo miivafiq tesadiifilik igiin macmu com testi (CUSUM) edilmisdir va natico ugurlu alinmigdir, yani
model stabildir vo heg bir halda aminlik daracasi 5% hiidudlarini agmur.
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Qrafik 4. CUSUM test. Manba: Diinya Bankinin va Diinya igtisadi formunun hesabat gostoricilori gostaricilori
asasinda miidlif tarafindan tortib edilmisdir [3 va 4].
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Model naticasinda slds edilmisdir ki, index iizra
rogabot soviyyssinin 1% artmasi iqtisadiyyatda
xidmatin hacminin 0.83% artmasi ilo naticalonacokdir.
Model asnasinda oks oalagoys baxilmisdir vo miioyyon
edilmigdir ki, xidmstin do 1% artimi, rogabat
soviyyasinin 0.6% artmasi ila naticalonacokdir.

Natica

Azorbaycan diinyanmn iqtisadiyyati dinamik
inkisaf edon Olkolorindon  biridir.  Apardigimiz
arasdirma noticasinda olde edilmisdir ki, Titisadiyyatda
xidmot sahosi biitiin inkisaf etmis Glkolordo vo 0
ciimlodon, yiiksok golirli, yuxar1 orta golirli 6lkalor
liclin osas seqment hesab edilir. Xidmot sahasi vo
rogabstin ona tosirini miioyyan etmok i¢iin model
qurulmus vo noticods iki doyison arasinda miisbat
asililiq miioyyon edilmisdir. Umumiyyatls, rogabetin
artmas1 reflektiv olaraq birbasa UDM-in hacminin
artmasina ciddi (6.2%) tasir edir.

Mogalods Azorbaycanin  xidmat sektorunun
hocmi, bu sahods ¢alisanlarin adambasina diison
xidmat goliri, Qlobal Ragabat Indeksinds onun yeri vo
gostoricilori atrafli sokildo todqiq edilmisdir. Olkamizin
golocokda davamli vo dayaniqli inkisaf etdirilmasi ligiin
Qlobal Rogabat indeksi iizro diger géstaricilords do
iroli ¢okilmosi mogsado uygun hesab edilmisdir.

Roagabat Saviyyasinin artirtlmasi, miihitin
soffaflagdirilmast  vo  Xxidmat sahosinin  inkisaf
etdirilmasi, geyri-neft galirlorinin

formalasdirilmasinda asas masalo hesab edilmoalidir.

Olds etdiyimiz naticalora asason ragabet siyaseti giiclii
olan 6lks igtisadiyyati da inkisaf etmis 6lkadir.
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Abstract

The article explores the functioning of logistics systems under the conditions of international armed conflicts
and outlines the key directions for the development of crisis management in this domain. The relevance of the
topic is driven by the urgent need to ensure the resilience and continuity of supply chains during crises, particularly
in the context of military operations, blockades, and the destruction of infrastructure. The aim of the study is to
systematize theoretical approaches to crisis logistics management and to formulate practical recommendations for
adapting logistics systems to emergency conditions. The article employs methods of systems analysis, scenario
forecasting, SWOT analysis, and synthesis of empirical case studies. A basic model of crisis management for
logistics systems is proposed, which accounts for the specific features of armed conflicts, the multilevel coordina-
tion of logistics stakeholders, and the role of digital technologies. The obtained results are of practical value for
military, humanitarian, and commercial logistics, and can also be utilized in national security programs. The sci-
entific novelty of the research lies in the comprehensive analysis of war-related logistics challenges through the

lens of crisis management and in the development of an adaptive anti-crisis response model.
Keywords: crisis management, logistics, armed conflicts, supply chains, adaptability, resilience, humanitar-

ian logistics, digital technologies.

Introduction. In the context of escalating global
security tensions, the issue of ensuring the effective op-
eration of logistics systems within conflict zones has
become increasingly urgent. The wars in Ukraine,
Syria, Yemen, Sudan, and localized conflicts in various
border regions across continents have highlighted the
vulnerability of supply chains to disruptive factors such
as infrastructure destruction, blockades, power outages,
and shortages of transportation resources. The loss of
logistical capacity under such conditions can lead to hu-
manitarian catastrophes, weakened national defense ca-
pabilities, and economic destabilization.

Crisis management in logistics requires the devel-
opment of comprehensive solutions aimed at enhancing
the adaptability and resilience of logistics systems in
emergency situations. This involves not only strategic
resource management but also rapid response mecha-
nisms, the integration of digital tools, and multilevel
coordination among governmental agencies, military
units, the private sector, and humanitarian organiza-
tions. While academic literature offers a growing body
of research on logistics under conditions of risk, it re-
mains insufficiently focused on the specific features of
logistics operations during armed conflicts—particu-
larly in cases of prolonged hybrid wars.

The object of the study is logistics systems oper-
ating in environments characterized by heightened dan-
ger and unpredictability.

The subject is the mechanisms and tools of crisis
management in logistics under conditions of interna-
tional armed conflicts.

The aim of this article is to systematize theoreti-
cal and applied approaches to crisis management in lo-
gistics systems and to substantiate models that enhance
their resilience and operational flexibility in emergency
situations.

To achieve this aim, the following objectives are
set:

e to analyze the destructive factors affecting
supply chains in combat zones;

e to investigate effective crisis management
strategies tested during armed conflicts;

e to summarize current practices in humanitar-
ian and military logistics;

e to develop an adaptive crisis management
model for logistics systems in conflict-affected regions.

The scientific novelty of the study lies in the de-
velopment of a conceptual model for logistics manage-
ment in wartime conditions, which is based on the inte-
gration of systemic risk analysis, digital transformation
of logistics processes, and multilevel coordination
among stakeholders.

The practical significance of the research is re-
flected in the applicability of the proposed approaches
for shaping effective logistics strategies at the state,
military, and humanitarian levels under crisis condi-
tions.

Literature Review. Crisis management in logis-
tics systems during armed conflicts is studied at the in-
tersection of economic security, risk management, mil-
itary logistics, and international relations. Modern ap-
proaches to logistics management in high-turbulence
environments are grounded in the concept of supply
chain resilience, developed by Yossi Sheffi. In his
monograph The Resilient Enterprise [1], Sheffi argues
that the key to resilience lies not only in infrastructure
but also in flexibility, proactive planning, and the speed
of decision-making.

Significant attention to the adaptability of logistics
strategies in crisis situations has been given by Christo-
pher M., Waters D., and Pettit T., who in their respec-
tive works [2-3] examine supply chain management
under extreme events, including armed conflicts. They
emphasize the importance of digital solutions—such as
10T and Al—for enhancing transparency and real-time
operational efficiency.

Humanitarian logistics has also gained promi-
nence as a field, involving the planning, execution, and
control of logistics flows in disaster zones. Van Was-
senhove L., one of the leading theorists in this area,
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highlights in his study [4] that conflicts present unique
logistical challenges, including limited regional access,
resource shortages, and dependence on international
coordination mechanisms.

In Ukrainian academic discourse, the topic of war-
time logistics has seen dynamic development since
2022. In his publication Polyparadigmatic uncertainty
of international economic relations in the global secu-
rity system [5], O.Yu. Sokhatskyi explores how war in-
duces multidimensional transformations in the econ-
omy, directly influencing the structural reconfiguration
of logistics systems. The author emphasizes the poly-
paradigmatic nature of modern logistics, which neces-
sitates the integration of managerial, security, and in-
formational solutions.

Furthermore, in the study Economic consequences
of the Russian-Ukrainian war for European security
[6], Sokhatskyi analyzes how the destruction of
Ukraine’s logistics infrastructure affects regional sup-
ply networks, leading to food shortages, shifts in trade
flows, and increased strategic vulnerability of the Eu-
ropean Union.

In the works of Ben-Daya M. and Bahroun Z. [7],
the effectiveness of digital technologies in logistics
planning under constraints is substantiated. They argue
that modern crisis management systems must support
automated rerouting and the use of alternative delivery
formats, including drones and mobile storage units.

In summary, although global academic literature
has accumulated a substantial body of theoretical and
applied knowledge on logistics crisis management, cur-
rent armed conflicts—particularly the war in Ukraine—
necessitate the revision of existing models to reflect the
realities of warfare, information threats, and transna-
tional risks.

Research Results. This study conducted a com-
prehensive assessment of the status and transformations

of logistics systems under conditions of armed conflict.
Particular attention was paid to Ukraine as a case study
of a full-scale war ongoing since 2022. The findings re-
veal that traditional logistics models designed for stable
environments proved ineffective during a large-scale
crisis. As a result, there emerged a critical need for new
approaches based on flexibility, digitalization, and
cross-sectoral coordination [8].

Logistics chains operating under combat condi-
tions are subject to destructive impacts not only from
the physical environment but also from informational,
economic, and cyber threats. The most severe threat
identified was the physical destruction of infrastruc-
ture, including warehouses, bridges, overpasses, and
railway junctions. A significant number of logistics fa-
cilities in Ukraine were found to be vulnerable to mis-
sile and drone strikes, causing delays in the delivery of
critical supplies.

Equally concerning is the shortage of material re-
sources—primarily fuel. During the initial months of
the full-scale invasion, there were widespread disrup-
tions in fuel supply, which became a major limitation
on the mobility of both civilian and military logistics
operations. The scarcity of diesel and gasoline con-
strained the operational range of humanitarian mis-
sions, slowed evacuation processes, and created strate-
gic vulnerabilities across the entire infrastructure net-
work.

The analysis also identified additional factors that
disrupt wartime logistics, including the blockade of
supply routes, cyberattacks on logistics monitoring sys-
tems, and communication breakdowns between gov-
ernmental, private, and volunteer sectors. These inter-
connected risks are summarized in Table 1, which pre-
sents the main destructive factors based on the analysis
of open-source data, practical case studies, and reports
from NATO, WFP, and UNHCR.

Table 1.

Key Risks to Logistics Systems During Armed Conflicts

Type of Risk Probability of Occurrence Impact Level
Physical destruction of infrastructure High Critical
Blockade of supply routes Medium Significant
Cyber threats to logistics networks Medium Significant
Shortage of fuel and critical resources High Critical
Loss of intersectoral coordination High High

Source: Summarized based on the analysis of reports by NATO, UNHCR, and WFP (2022-2024).

The analysis of the table indicates that physical
threats and resource shortages create critical bottle-
necks in supply chains. At the same time, organiza-
tional disruptions—such as the loss of coordination
among logistics actors—further amplify the cascading

breakdown effect. To gain a deeper understanding of
the risk structure, an expert assessment was conducted
to evaluate the impact level of individual threats on
overall logistics stability. The results are presented in
Figure 1.
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Figure 1. Key Factors Destabilizing Supply Chains During Wartime

The chart demonstrates a comparative shift in six
logistics strategies due to wartime adaptation. The
highest score—85 points—was recorded for routing
flexibility, confirming the central role of dynamic re-
routing in crisis logistics. Digitalization followed with
78 points, reflecting the growing importance of GPS-
based tracking, mobile coordination apps, and data-
sharing platforms.

On the contrary, intersectoral coordination re-
ceived the lowest score—62 points, indicating persis-
tent fragmentation between governmental, volunteer,
and private logistics actors. Other components, such as
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mobile warehousing and drone deployment, demon-
strated moderate but essential improvements in resili-
ence and response time.

To assess the resilience of logistics systems during
armed conflict, a comparative analysis was conducted
based on six key adaptation domains: alternative supply
routes, drone utilization, digital coordination, rail logis-
tics, mobile warehousing, and humanitarian logistics.
These strategies were compared in terms of their rela-
tive application before and after the onset of full-scale
war in Ukraine.

mmm Before Conflict
Bm Post-Adaptation

Logistics Adaptation Spheres

Figure 2. Adaptability of Logistics Solutions in Armed Conflict Conditions
(developed by the authors based on wartime logistics transformation cases in Ukraine, 2022—-2024) Source
[10,15,16]
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To assess the resilience of logistics systems during
armed conflict, a comparative analysis was carried out
based on six adaptation strategies: route flexibility, use
of unmanned aerial vehicles (UAVs), digital coordina-
tion, rail-based logistics, mobile warehouses, and hu-
manitarian modules. The results indicate significant
growth in the effectiveness of digital and mobile solu-
tions.

As shown in Figure 2, the highest post-conflict
performance was recorded in routing adaptability and
digital logistics. Notably, drones were deployed for the
delivery of critical supplies to combat zones, while sit-
uational analytical platforms facilitated real-time mon-
itoring of logistics flows. By contrast, coordination be-
tween governmental, volunteer, and private sectors re-
mains a weak link due to systemic fragmentation.

An analysis of the geography of logistics incidents
in Ukraine revealed that the highest number of critical
disruptions occurred in the southern regions, which
were subject to intense attacks. At the same time, the
western oblasts served as the primary rear support zone,
where logistics systems reached the highest level of
structural organization. This area became a hub for in-
ternational convoys, transit centers, humanitarian ware-
houses, and evacuation points, providing a relatively
stable environment.

The study also collected numerous examples of
field innovations in logistics. These included the use of
drones to deliver medicine to frontline hospitals, mo-
bile apps for convoy coordination across blocked
routes, and improvised logistics centers based in school
buses or churches. These cases illustrate that logistics
in wartime is not solely about technology but also about
ingenuity and adaptive thinking [11].

In the context of humanitarian missions, modular
logistics models proved the most effective—those not
dependent on a single center but capable of splitting
into autonomous segments. Such models ensured the
viability of the system even when one or more compo-
nents were lost. In Ukraine, this modular approach be-
came the foundation for many logistical solutions.

Special attention was paid to contingency supply
planning. Logistics systems with pre-planned alterna-
tive routes demonstrated higher resilience to external
disruptions. For instance, in cases of destroyed bridges
or key hubs, the existence of bypass routes or backup
warehouses helped avoid a complete halt in logistics
operations. This finding underscores the importance of
multi-level scenario planning in wartime conditions.

The study further examined the organizational as-
pects of national-level crisis logistics management, in-
cluding the establishment of coordination centers
within regional military administrations. The most suc-
cessful cases were those in which state governance was
complemented by volunteer and international initia-
tives. These intersections often produced the most
adaptive and rapid-response solutions.

Another critical insight was the role of “single-
window” systems for managing logistics flows, which
significantly improved cross-sectoral coordination.
This was especially vital under resource shortages,
where competition among civilian, humanitarian, and
military logistics could lead to inefficiencies or losses.

In regions where digital coordination platforms were
deployed, distribution was faster, more transparent, and
safer.

One of the key findings was the recognition of lo-
gistics as a social stabilizer. Timely delivery of food,
medicine, generators, and fuel to frontline zones had a
direct impact on civilian morale. In areas where logis-
tics collapsed, panic, social tension, and migration
waves were observed. Thus, logistics in war serves not
only as a provisioning tool but also as a pillar of internal
security.

The study also showed that the effectiveness of lo-
gistics responses often relied on informal networks. In
many cases, official structures were slow to react, while
volunteer groups—through social media, personal con-
tacts, and mobile chats—coordinated rapid deliveries
of essential goods. Telegram networks were particu-
larly noteworthy for their real-time updates on road
conditions, cargo availability, and local needs [12].

It was established that logistics in conflict zones is
highly dependent on energy access. Power outages,
damaged grids, and fuel shortages became critical con-
straints—even for digital systems. As such, the use of
generators, power banks, and energy-independent com-
munication devices became essential. Without them,
logistics operations in hybrid warfare scenarios would
have been impossible.

The overall analysis confirmed that emerging
technologies play a vital role in maintaining logistics
capability. GPS navigation, QR-code-based inventory
systems, geospatial analytics platforms, and blockchain
tracking proved most effective. When combined with
human expertise—experienced logisticians, coordina-
tors, and drivers—these tools ensured flexibility and
speed of decision-making.

International cooperation also had a significant
impact. With the support of the EU, NATO, the UN,
and other organizations, Ukraine was able to launch
rapid delivery projects, build border-area warehouses,
and implement “green corridors” for humanitarian
cargo. Several models tested in 2022-2023 are now
seen as unique milestones in modern European human-
itarian logistics [13].

The study highlighted positive examples of private
sector integration into crisis logistics. Retail chains, ag-
ricultural logistics operators, and transport companies
redirected their resources to support the Armed Forces
of Ukraine and civilian needs. In such cases, businesses
acted not as competitors but as state partners—an ap-
proach particularly relevant for countries reliant on pri-
vate infrastructure where state resources are limited.

Finally, it is important to emphasize that effective
logistics in conflict zones depends on the existence of a
clear logistics doctrine. In most countries that have ex-
perienced conflict (e.g., Israel, the U.S., South Korea),
such doctrines were developed in advance, considering
all potential risks. Ukraine is gradually moving toward
the formation of a similar national concept, and the ex-
perience gained since 2022 provides a unique empirical
foundation for its institutionalization [14].

In conclusion, the research results support the
need for a paradigm shift in logistics management un-
der global security conditions. The key features of an
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effective wartime logistics system include flexibility,
digital integration, cross-sectoral coordination, modu-
lar architecture, rapid responsiveness, and resilience to
multilayered risks.

Discussion of Results

The findings confirm the hypothesis that tradi-
tional logistics models designed for peacetime condi-
tions are not capable of functioning effectively in the
context of armed conflict. The primary reasons for this
include the high volatility of the environment, systemic
resource shortages, the multi-actor nature of logistics
processes, and the constant threat of destruction to crit-
ical infrastructure elements. Ukraine’s experience has
demonstrated that the most viable logistics systems are
those that combine decentralization, digitalization, and
modular adaptation to crisis conditions.

Comparing the results with prior studies—partic-
ularly the works of Sheffi and Van Wassenhove—sup-
ports the conclusion that the concept of resilience lo-
gistics can only be fully realized when systems possess
the capacity for rapid reconfiguration and autonomous
local action. In Ukraine, this capacity was manifested
through the deployment of mobile warehouses, contin-
gency routes, and digital coordination platforms. How-
ever, the persistent weak link remains the strategic in-
tegration across sectors, which limits the long-term po-
tential of system-wide logistics.

The technological innovations highlighted in the
study—GPS navigation, blockchain tracking, and Tel-
egram-based coordination—demonstrated high opera-
tional effectiveness. Yet they cannot compensate for or-
ganizational shortcomings, particularly in the areas of
legal and administrative governance. Hence, technolo-
gies should be viewed as tools rather than substitutes
for systemic management. The best outcomes are
achieved only when technological potential is com-
bined with organizational coherence and political will.

Therefore, the research findings have both theoret-
ical and practical implications—not only for the devel-
opment of national security strategies and emergency
logistics management protocols, but also for improving
state policy in the domain of critical infrastructure re-
silience. The Ukrainian experience, enriched by inter-
national approaches, has the potential to serve as a
foundation for shaping a new European paradigm for
security logistics.

Conclusions

This article has presented a comprehensive study
of crisis management in logistics systems under the
conditions of international armed conflicts. Real-world
cases were analyzed, particularly Ukraine’s experience
during 2022-2024, and the main disruptive factors af-
fecting logistics operations in combat environments
were systematized. The most critical threats identified
include physical destruction of infrastructure, resource
shortages, cyber threats, and lack of cross-sectoral co-
ordination. At the same time, it was found that the adap-
tive capacity of systems strongly depends on their dig-
ital maturity, modular architecture, and scenario-based
planning.

The research results confirmed that effective war-
time logistics is not possible without the implementa-
tion of flexible solutions, such as mobile warehouses,

multi-actor coordination, and digital information-shar-
ing platforms. The most successful systems were those
capable of rapidly reconfiguring routes, integrating vol-
unteer, governmental, and international resources, and
applying dynamic risk management. The key success
factor is not merely technological capability, but the
ability to coordinate under high uncertainty.

The scientific novelty of this study lies in the de-
velopment of a comprehensive resilience assessment
model for logistics systems in conflict environments,
built on five functional parameters: digitalization, mo-
bility, coordination, forecasting, and routing adaptabil-
ity. This model enables not only the assessment of cur-
rent logistics performance, but also the formulation of
strategies for enhancing crisis resilience under condi-
tions of hybrid warfare. Moreover, it can be used for
strategic planning within national security systems.

The practical significance of the findings lies in
their applicability to the improvement of government
logistics management protocols, humanitarian mission
planning, and the creation of information-analytical
platforms for crisis response. In particular, the study
recommends integrating dynamic routing models, em-
bedding risk management systems into logistics plat-
forms, and establishing a legal-regulatory framework
for intersectoral logistics cooperation.

Future research should focus on developing auto-
mated logistics planning algorithms for combat scenar-
ios using artificial intelligence, exploring the impact of
climate factors on crisis logistics, and expanding the
empirical base through the analysis of other countries.
The summarized experience of Ukraine can serve as a
foundation for building the next-generation security lo-
gistics framework, both in Europe and globally.
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AHoTanisa

VY crarTi npoaHani3oBaHi MUTAHHSAMH CYTHOCTI, IIOXO/PKEHHS Ta Kiacudikanil iHHoBanii. CucremMaTru3oBaHi
TPaKTyBaHHS TOHSTTS iHHOBauUii. BuaineHi cepr moXoaKeHHs Ta 3aCTOCYBaHHS 1HHOBAIIH. 3aporOHOBAHO aB-
TOpPCHKE TPaKTyBaHHA NOHATTS iHHOBAI1. BuineHo 1Ba 3aranpHi MeTOAN KiIacUQiKallii iHHOBAIIiH: IPOCTi, CKiIa-
IHI — OararopiBHeBi. KOHKpeTH30BaHO iHHOBAIIIHII IpoIIeC 3a HOT0 MacIITaOHICTIO, pe3yJIbTaTaMH Ta BILTHBO-
BicTio. OKpeciieHi MUTaHHS 1010 OCOOIMBOCTEH IHHOBATHKHY B YIIPABIIiHHI €HEpro30epeKeHHAM 3 MMO3uIlii Oara-
TOpIBHEBOTO HamiapyBaHHSA 3a cdepamMu (yHKIIOHYBaHHS: JUIi KpaiHW, U1 TAOPHEMCTB Taly3eH
TOCIoapIOBaHHA, AU iHAUBIAA. BuaineHi 3aranpHi mpoOIeMu y MUTaHHSIX CHepro30epekeHHsI Ha piBHI YKpaiHu
ICHYIOYi €HepTeTHYHI iHHOBAIIil, BUMOTH J0 HUX, IEPEIIKOAN Y 3aCTOCYBaHHi, HAsBHI MOKJIIMBOCTI Ta PE3yIbTaTH
YIPaBIiHCHKUX PIllIeHb Y MOJI0JIaHHI TPo0JjeM y eHeproe()eKTHBHOCTI. 3a3HaueHi MOMEHTH JIOTIOMOXKYTh Ha IpaK-
TUYHOMY DiBHI 0OMpaTH Ta 3aCTOCYBAaTH METOH OL[IHKM €(EKTUBHOCTI Bijl BIPOBAJPKEHHS PI3HUX BHJIIB IHHOBa-
1iif Ha KOHKPETHOMY Cy0’€KTi €KOHOMIUHOT JiSUTbHOCTI.

Abstract

The article analyzes the issues of the essence, origin and classification of innovations. The interpretation of
the concept of innovation is systematized. The areas of origin and application of innovations are highlighted. The
author's interpretation of the concept of innovation is proposed. Two general methods of classification of innova-
tions are highlighted: simple, complex - multi-level. The innovation process is specified by its scale, results and
influence. The issues related to the features of innovation in management for energy saving from the position of
multi-level layering by functional areas are identified: for the country, for enterprises of economic sectors, for an
individual. The following are highlighted: general problems in energy saving issues at the level of Ukraine; exist-
ing energy innovations with requirements for them; obstacles in their application; opportunities and results of
management decisions in overcoming problems in energy efficiency. The specified points will help at the practical
level to select and apply assessment methods for the effectiveness of implementing innovations in various forms
on a specific entity in economic activity.

KoarouoBi ciioBa: ynpasiiHHS eHepro30epexeHHsIM, IHHOBaTHKa, IHHOBALlisl, eHepreTHYHa Oe3reKa, eHepro-
e(EKTHBHICTb.

Keywords: energy conservation management, innovation, energy security, energy efficiency.

HocTranoBka mpodaemu. CyvacHi TeHISHIIIT Tpa-
HC(OopMalIlii BCIX CHCTEMHHX €IIEMEHTIB YKpaiHu 3yMo-
BIFOIOTHh BU3HAYAJBHY POJIb 1 MicIle iHHOBAIIH y 3a0e3-
MeYeHH] AKICHUX 3MiH y HalpsAMKYy ChOTOJICHHOTO BU-
KWBAaHHSA KpaiHW, 11 TOAAIBIIOTO PO3BHUTKY i
CTAaHOBJICHHSI SIK JIiiepa BIPOBA/PKEHHS TAKUX 3MiH Ha
CBITOBIH apeHi.

CporojfieHHa TOBiCTKa I YKpaiHu, Ha Tii Apa-
MaTHUYHHX TOJiH, COpPMOBaHA HABKOJIO €HEPTreTUIHO1
6esnexu. lllnsaxom 3a0e3nedeHHs] eHepreTHYHOI Oe3-
NeKH KpaiHu Mae OyTH BIPOBaKCHHS 1HHOBAIIH y ra-
Ty3i.

OTKe, BIIPOBAPKCHHS SAKICHUX 3MIH, y JAHOMY
KOHTEKCTi, (popMy€ HaNpsIMKH Ta MPIOPUTETH y EKOHO-
MIYHOMY 3pocTaHHi. Takuil TOPSIOK pedeld, B CBOIO
4epry, MOXe Ha3WBaTHUCS PO3BUTKOM, SIKIIIO Hece Y co0i
IHHOBAIlifiHy CKJIa/JIOBY, a iIHHOBAIIl € IBUTYHOM Yyciel
CHCTEMH 10 TIepeOyIOoBH 1 Tepexis y HOBHHA CTaH iCHY-
BanHa. Omxke, mepexing YKpaiHW Ha iHHOBaIiMHUNA
[UIAX PO3BUTKY 3YMOBIIIOE TOCHIJICHHS yBaru 3 OOKY
JIepKaBH 0 MiIPUEMCTB SIKi 3aiiMaloThCs pO3pOOKOI0
i BIPOBa/DKEHHSIM iHHOBalil, 30KpeMa i eHepreTud-
HUX.
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Anani3 myOaikaniii. 3Hani HaykoBui: Kpacho-
kyrcbka H.B., Kpomemprumpka C.O., Kpucanbuuit
0.B., Moz3ins O.1., ITaBnenko I.A., TuroBuyk C.O., Tu-
HoBuyk C.B., Tkauyk L.T., lurumk L1, Ilymnerep U.
Ta 6araTo iHIIHMX MPOTATOM TPUBAJIOTO Yacy MigiiMann
MUTaHHS [I0J0 PO3YMIHHS CYTHOCTI iHHOBAIliil Ta ix
MICIIEM Y pO3BHUTKY Ha MiKpo- i MakpopiBHsAX. OnHaK,
Ha Cy4acHOMY €Talli pO3BHTKY HayKH H BHPOOHHIITBA
BUSIBIISIIOTBCSL HOBI BJIACTHBOCTI, ChepH MOXOKESHHS 1
3aCTOCYBaHHsI IHHOBalil, MPOOJIEMOIO 3aJUINAIOTHCS
TEOPETHKO-METOI0JIOT1YHI TIUTaHHS 100 iX CYyTHOCTI
1 BIIPOBA/UKEHHS Y €HEpro30epexeHHi, iX (yHKIioHa-
JIbHA a/IalTallisl y COIiaJbHO-CKOHOMIYHOMY XKHTTI.

HocTranoBka 3aBaanus. [lormuOneHHs TeopeTu-
YHUX OCHOB CYTHOCTi, CpepH IMOXOHKEHHS, 3aCTOCY-
BaHH, KIacu(ikallii iHHOBaIii SK yIpaBIiHCHKOI Ka-
TEropii; BUCBITICHHSA Cy9acHUX TEHACHIIi 1 mepcrek-
THB 3alpOBajKEHHs iHHOBAIl y eHepro30epexeHHi,
X (QyHKIiOHANbHA ajanTamnisi y Cy4acCHUX yMOBaxX YK-
paiuu 3a chepamu AisTIBHOCTI — 3yMOBHJIM METY JTOCIi-
JKEHHS.

Buknag ocHOBHOro Mmartepianay HOCTiXKeHb.
Crimparodrch Ha 3araIbHONPUHHATE TIOHATTS «IHHOBA-
THUKI 11 MOYKHA BU3HAYUTH, K Cepy pPO3yMiHHS iHHO-
BaIlifl SIK SBHIIA, a TAKOXK: MPOIECIB MO0 iX (hopMy-
BaHHS, aJanTallil y COIliyMi Ta COIiyMy i JIOJUHH IO
HUX; IX PO3BHUTKY 4epe3 OCBOEHHS, BUKOPHUCTAHHS Ta
TIONTMPEHHS;, YIIPABIIiHHA HUMH B YCiX cepax PyHKIIi-
OHYBaHHS 4Yepe3 METOJOJIOTII0, OpraHi3allilo, MEeXaHi-
3MH KOHTPOJIbOBAHHUX 3MiH.

[Mocunarourck Ha HaBeJeHy AediHILi0 «iHHOBa-
THKH» TpeOa 3a3HaYNTH, 110 eHeProe(eKTUBHICTD, ChO-
TO/IHI Ta y MallOyTHBOMY, € O€3NpPEeMIHHUM aCIEKTOM
KHUTTS KOKHOT monuHu. Crimpatucs 3a3Ha4eHni (akT
Mae caMe Ha iHHOBAIlil y €eHeproCIOXUBaHHI Ta eHep-
ro30epeKeHHi.

JlocmiKeHHS JTITepaTypHUX JDKEpell MOoKa3ai,
10 iHHOBALii TPAKTYIOTHCS PI3SHUMHU BUCHHMH B 3aje-
JKHOCT1 BiZi 0COOMCTHX ymomo0aHb, 00’€KTy HOCIi-
JUKCHHS Ta cdepu AisUTbHOCTI. Binrak, MOXXKHA BUJi-
JIMTH 1T SITH OCHOBHHX HaHpHMKiB TIIYMauCHHA 3a3Ha-
YEHOTO MOHATTS: MPOIIEC, HACIIIOK, BTUICHHS, YHHHUK,
pe3ynbrar (puc. 1).
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Puc. 1. Cucmemama mpaxmyeanv noussmms iHHO8AYis

[aBTOpCHKA po3poOKa]

Kepyrounch TpakTyBaHHSIMH iHHOBAIIii Pi3HUX aBTOPIB Ta BHUIIIE 3a3HAYCHOIO CXEMOIO MOXKHA BHJIUIATH Ha-
CTYITHI cpepr MOXOPKEHHS IHHOBAIIIH: colliabHa, BUPOOHNYA, 00CITyTOBYBaHHS, OCBITHS, HaAyKOBa, (DiHAHCOBA,
PHMHKOBA, eKOJIOTi4Ha Ta iHIi. Ha nanomy erari gociiUKeHHS HAC IIKaBIATH caMme I cepr MoXOKEeHHs i1HHO-
Ballii OCKUTLKM BOHH TICHO IOB’SI3aHi 13 TiSUTPHICTIO BUPOOHWUYOTO IMiIMIPUEMCTBA 1, SIK BiIOMO, KOXHA 3 HHUX

OB’ s3aHa 31 BciMa iHmmMH (puc 2).
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——
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—

Puc. 2. Cghepu noxodoicenns ma 3acmocy8anms inHo8ayitl

[aBTOpCHKA po3poOKa]

[IpencraBneHnii pUCYHOK Ja€ MOXKIIMBICTB 3’5CY-
BaTH B3a€MOJIII0 Pi3HUX chep MOXOMKEHHS IHHOBAIIIH
Ta opMyBaHHs IHHOBALIT BIIMOBIAHO IO €TAIB IHHO-
BaI[iIHOTO MpPOIIECy.

TakuM 4YMHOM, MOHSTTS «IHHOBALIS», Y TaKOMY
KOHTEKCTI, Ma€ BUTJIS KIHIIEBOI'O PE3yJIbTaTy IHHOBA-
IIHOT AiSITBHOCTI B OCHOBI SIKOTO JIEXKaTh CTapi 4H
HOBI 3HAHHS, HOBITHI TEXHOJIOTIi YM TEXHOJIOTII 5K pa-
Hillle He BUKOPUCTOBYBAIUCH Y NaHii cepi OisTbHO-
CTi, He3BHYaiHA KooTepallisi (aKTopiB BUPOOHUIITBA 3
METOI0 OTPHMAHHS JOBIOTPHBAJIOTO IHTETPAIBLHOTO
e(eKTy, HOBIX OpTraHi3amiiHUX Ta YIPaBIiHCHKHUX pi-
IIeHb, HOBHUX IPOJIYKTIB, IOCIYT 3 HOBUMH SIKOCTSMH
Ta BUCOKUM PHUHKOBHM IIOITHTOM.

3a Ay MOJaNbIIOT0 PO3KPUTTS CYTHOCTI iHHOBa-
11, pi3HOMaHITTS Ta 6araTorpaHHOCTI 06JIacTelt BUKO-
PHUCTaHHS, METOJIIB 1 CIOCO0IB yIpaBIiHHSA HUMH HEO0-
XiJTHAM € BUBYEHHS 1X CrIoc0o0iB Kiacudikariii.

BuBuennst miteparypuux jkepen [2-4; 6; 9; 11]
JIaJIo 3MOT'Y PO3IUINTH METONIW Kiacudikarii iHHOBa-
it Ha IPOCTI 1 CKIIaiHI — OaraTopiBHEBI.

Krnacudikanis 3a mpocTUMH MeTOJaMu 3JiHCHIO-
€TBCS B 3aJIEKHOCTI BJI: 3MICTY (IIPOYKTOBI, TEXHOJIO-

TiYHI, pHHKOBI); CTYIICHS HOBU3HU 1 3HaYymoCTi (0a3u-
CHI 1HHOBaIi{, MOJINIITYr0Ui iIHHOBAIIi1, ICEBA0 iHHOBA-
1if); B 3aJIE)KHOCTI BiJl BAKOPUCTAHHS HAYKOBHX 3HaHb
Ta obnacTeil X 3acTocyBaHHs. A CKIJajHI —0araTopis-
HeBi Kiacudikalii pi3HATHCS HAlIAPyBaHHIMHU PI3HUX
METO/IB 1 IPUHAOMIB NO€THAHHS IHHOBAIIIH.

Bci po3riistHyTi TIiyMaueHHsI Ta METOH Kiacudi-
Kal[iii 1HHOBAIli JajJy 3MOI'Yy BU3HAYUTH IHHOBAIIIIO 1
KOHKPETH3yBaTH IHHOBAIIHUH IIpoIiec 3a oT0o MacIi-
TaOHICTIO, pe3yJIbTaTaMH Ta BIUIMBOBICTIO, SIK II€ TTOKa-
3aHO Ha pUCYHKY 3. CKOHIIEHTpOBaHA iH(pOpMaIis 10-
TIOMOYe 00paTH Ta 3aCTOCYBATH METO/N OLIIHKU eek-
TUBHOCTI BiJl BIIPOBAJDKEHHS Pi3HUX BHIIB IHHOBAIiH
Ha KOHKPETHOMY CY0’€KTi eKOHOMIYHOI AisSUTHOCTI.

Bynp sika iHHOBAIIS — € IPOAYKTOM CIPSMOBAaHUX
BOJIbOBHX 3YCHJIb Y TIOJIOJIaHHI MpoOJeM, 1Mo HEMH-
Hy4€ BUHHKAIOTh Ha IIUISIXY pO3BUTKY. CripsMOBaHi BO-
JBOB1 3yCHJUIA, IO CYyTi, € YNPaBIiHCBKUMH DillleH-
HSIMH, SIK1 BIANOBIJAOTh MEBHUM BHUMOTaM, a TaKOX
CIPSIMOBaHI Ha MOJOJAHHS MTEPEIKO/, 10 CPOPMOBaHi
BUXOJISTYH i3 Cy4acHOTO CTaHy CUCTEMH 1 MOXKIIUBOCTEH
MIPOyKOBAaHWX BHYTPIIIHIM 1 30BHIIIHIM CEPEIOBH-
iem.
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Otxe, cIMparovuch Ha BHIIE HaBeAEHY iHpopMa-
Iif0, PO3TIAIATH OCOOJMBOCTI iHHOBATHKH B yTIpaB-
JiHHI eHepro30epekeHHsIM Tpeba 3 mo3uilii 6araropis-
HEBOTO HamapyBaHHA 3a cepamu (yHKIIOHYBaHHS:
UL KpaiHW, Ui TMIOPUEMCTB Tady3ed rocromapio-
BaHHs, I 1HAUBIIA.

Kepytounch nemyKmiiHIM MOZYCOM PO3KPHUTTS
CYTHOCTI SBHINA IHHOBAIill B eHEpPro3oepexeHHi (1n0-
CSATHCHHS B HayIIi, TEXHIIll, TEXHOJIOTIAX BUPOOHHIITBA
Ta aKyMYJIFOBaHHs €JISKTPOEHEprii) — Ha OCHOBI jaeTa-
Jiel, pO3IJISIHEMO JIaHLIOI 1HHOBAaTHKK B YIPAaBJIiHHI
€Hepro30epeKeHHIM MMOYMHAIOYN 3 MOTPed CIIOXKHBa-
4iB eHepril.

Jopeunnm Oyze modaTH i3 3aBAaHb eHepro3oepe-
JKeHHS, sKi Tpeba BUPIMIUTH y comianbHii cdepi (puc.
2), a came: TIiABUIICHHS 3aIliKaBJICHS CIIOKUBAYiB Jiep-
JKaBOIO y €Hepro30epeKeHHi 3a TOTIOMOT0I0: PO3BUTKY
IHCTUTYHIHHUX Ta (IHAHCOBHX MPOTpaM IiITPHMKH;
mudpogizanii couiansHOI chepr B eHepro30epexeHHi;
(dhopMyBaHHS KaJpOBOT0 MOTEHITIATY 3 KOMIICTCHI[ISIMH
Y BiIHOBIIOBAJIbHIN CHEPTETHIII.

[HCcTpyMeHTaMu Uil peanizanii 3a3HayeHUX 3a-
BIaHb € psiJi pillleHb Ta TexHouorii [1, 7]:

- Iu3aiiHepChKi pillleHHs MOB’s13aHi i3 OaraTopi-
BHEBOIO CHCTEMOIO OCBITJICHHS, SIKa 3aCHOBaHA HA Me-
TOAaX CTBOPEHHS aBapiifHOIO OCBITIICHHS 3 BUKOPHUC-
TaHHSM AaBTOHOMHOI Ta MEPEXKEBOi CHCTEMH JKUB-
neHHs. Taka «moMamiHi cucTeMa» 0a3yeTbes Ha
BUKOPHUCTAHHI: CBITJIOMIOJHIX CTPIYOK Ta CBITIO-Bij-
OmBaroyoro marepiaiy (I3epKaibHI MOBEPXHi, CBITIIO
norauHaroui Gapou, MeTaai30BaHi MOBEPXHi) B SIKOCTI
JIOZIATKOBOTO JKepesia XKUBJICHHS sl CTBOPEHHSI CBIT-
JIOBUX MapKepiB.

- Smart-mepexi, siKi, 32 IOTIOMOTOI0 HU(PPOBUX
TEXHOJIOT1H, 3MIHIOIOTh JIOCTYIHICTH €JIEKTPOEHEpPTii
BiJIIIOBITHO 10 TOTPeO 1 BHKOPHUCTAHHS;

- BOJHCEBI Ta KUCHEBI MAJMBHI KOMipKH IS Tpa-
HCIIOPTHUX 3ac00iB, BIAMPALIOBAaHHIMH SKUX € TEIUIO
Ta BOJA;

- JTiH-KUCHEBI aKyMYJSATOPH IJISI €IEKTPOMO-
OiniB, sIKi HA CHOTOJHI TOTPEOYIOTH HAYKOBOTO IO-
OIPAIfOBAHHS Y YaCTHHI KOPOTKUX 3aMHKaHb Ta IIBHU-
JIKOT BTpaTH eHeprii;

- COHSYHI MaHeJl Ha KOCMIYHIN COHSYHIN eHep-
Tii, AKi MIKITI0Yal0ThCs Oe3mocepeiHbO He 0 EHEpro-
Mepeki OyMHKY, a 3a JOTIOMOTOI0 TEXHOJIOT1H 0e3/1po-
TOBOI Tlepenadi eHeprii y >KUTIO, M0 BXKE YCINITHO
BIIPOBAUKYIOTHCS.

- KpEMHi€Bi COHSYHI MAHE, IJIs1 BHKOPUCTAHHS
SIKIX OCHOBHOIO TPOOJIEMOIO € TEOTONITHYHE BHPOO-
HUIITBO KPUCTAJIIYHOTO Ta aMOP(HOT0 KpeMHiro (OCHO-
BHI BoOyBaui: Kuraii, PO, Hopseris, bpaswunis, CILA,
VYkpaina — 12 MicT0);

- €JeKTPOCTaHLil OCHAIIEeH] NPUINBHUMH TYp-
6iHamMHM - 0cOoOJIMBOTO 3Ha4EeHHs HaOyBalOTh Y MOPCh-
KHX perioHax, ajie moTpeOyIoTh ypaxyBaHHS iHTEpECiB
MIPOMHCIIOBOTO Oi3HECY;

- TEXHOJIOT11 «4€TBEPTOr0 MOKOJIHHI» Y MUPHOMY
aTOMi pO3BUBAIOTHCS CHOTO/IHI HA PiBHI aKTHBHUX JOC-
JJKEHDb 1 pO3pO0OK MO0 BHECEHHSI ICTOTHHUX 3MiH B
ICHYIOUi SIIepHi peakTOpH.

{ono npakTHKy iHHOBATUKYU B YIPaBIIiHHI €Hep-
ro30epeKEeHHIM K MOXITUBOCTEH JUIsSl PO3BUTKY ITiJII-
PHEMCTB Ta Tajy3eil rocrojaploBaHHs, Tpeba BiqMi-
TUTH MaclITabHy nporpamy “IHHOBaTopH eHeproedek-
tuBHOCTI YKpainu” [8].

JlaHa KOMILUICKCHA aKcesepalliiiHa mporpama Jyist
YKpaiHCBKUX MIATIPHEMCTB, SKi pO3pOOISIOTH IHHOBa-
HiffHI pileHHs eHeproeeKTHBHOCTI Oyia 3ampoBa-
JokeHa y ciuni 2024 poxy. Bixe Ha BecHi 2025 poky iHi-
iaToOpu MPOrpaMH 3ampolOHYBall OHOBJICHHS KaTa-
JIOTY iHHOBATOPiB eHeproeeKTUBHOCTI YKpaiHu depe3
MIPOMO3HIIII0 JOMYYUTHCS Oi3HECH Ta opraHi3alii, sKi
JOTHYHI IO PO3pOOKH if BIIpOBaKEHHS eHeproeeKTH-
BHUX iHHOBaIIiH, Ha moptaii Jist [5]. Okpecreni iHimi-
aTHBU CIPSIMOBaHI Ha: PO3BUTOK CTaNOi E€HEPreTHKH;
HIITPUMKY YKPaiHCBKHX MiNPHEMCTB-IHHOBATOPIB Ha
PUHKY eHeproe(eKkTHBHUX TEXHOJIOTIH; MpOCyBaHHS
VYkpaiHH K HaJiiHOro MapTHepa Ta KOHKYPEHTOCIIPO-
MOJKHOTO TpaBII Ha TII0OaIbHOMY piBHI; 3abe3re-
YEHHs1 €HePreTUYHOro Maifloy THEOTO KpaiHH.

3arampHI TpoONeMH Yy TUTAaHHAX CEHepro3oepe-
JKCHHS Ha piBHI YKpalHH iCHYIOYi eHepreTHYHI iIHHOBa-
ii, BAMOTH JJO HUX, IEPEIIKOAN Y 3aCTOCYBaHHI, Hasl-
BHI MOXKJIMBOCTI Ta pe3yJIbTaTH YIPaBIiHCHKHUX PillIeHb
y TOZOJIaHHI MPo0JIeM Ha PiBHI Jiep)KaBU OKpECIIeHi y
Tabmuui 2.
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BucHoBkH. Po3riisiHyTi BHIllE TEOPETUYHI KOHIIE-
MIIii oMo TAyMadeHb iHHOBAIlN Jal0Th 3MOTY CTBEp-
JDKYBAaTH, II0 Y MPAaKTHYHOMY CEHCi, BHXKMBAHHS 1 MO-
JAIBIIAN PO3BUTOK I AIPHUEMCTBA CHOTOJIHI 3aJIC)KUTh
BiJl TOTO: YW 3aliMa€ThCS IiIIPHUEMCTBO 1HHOBAIiH-
HUMH po3poOKaMu; Ha CKITBKH MiATPHEMCTBO 3ally-
YeHe 10 iHHOBAIIMHOTO TpOoIecy 1 SKi craiii TaHoro
npouecy (dpyHAaMEHTaIbHI AOCIIKEHHs, TPHUKIIaIHI
JIOCJIIKEHHS, TEXHIYHI PO3pOOKH, JOCIiTHE BUPOOHH-
ITBO, MiJJrOTOBKA JI0 BUPOOHUIITBA, IIPOMHCIIOBE BUPO-
OHUIITBO, MAPKETUHTOBI JIOCHI/PKEHHS, 30yT) BiANOBI-
JIAl0Th HOTO OCHOBHIHM AiSUIBHOCTI. A IO CTOCYETHCS
TEOPETHIHHX ACIEKTiB iIHHOBALIHHOI AisIIHHOCTI, BOHA
JAIOTh 3MOTY Yy3arajJbHUTH Kiacu(ikamiiHi O3HAKH
iHHOBAIIi}l i KOHKPETH3YBaTH IIpOIicC BUHUKHEHHS i 3a-
CTOCYBaHHS iX 3a MacIITaOHICTIO, pe3yJIbTaTUBHICTIO
Ta BIUTUBOBICTIO Ha €KOHOMIKY 1 MiIIPHEMCTBO H I10-
MOMararmTh OOpaTH Ta 3aCTOCYBaTH METOAH OIiHKH
e(eKTUBHOCTI BijJl BIPOBAPKEHHS PI3HUX BHIIB iHHO-
Balliif HA KOHKPETHOMY Cy0’€KTi rOCIoiapioBaHHs, 30-
KpeMa, y eHepreTH4HOMY CeKTOpi Y KpaiHH.
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Abstract

The article analyzes the practice of final fellings in the State Enterprise "Korosten Forestry AIC" in the context
of close-to-nature silviculture. It assesses the ecological effectiveness of selective logging, the potential for natural
regeneration, and the adaptation of forest ecosystems to climate change. The study justifies the transition to eco-
system-based forest management.
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Beryn. CyuacHe sicoBe rocrnogapcTBo YKpaiHu
nepeOyBac Ha erami TpaHcopMallii, 3yMOBJICHOI
BHYTPIITHIMU €KOJIOTIYHUMHU BHKIIMKAMH Ta TII00AITb-
HUMH KIIMAaTHIHAMH 3MiHaMu. OIHHM i3 KITIOYOBHX
3aBJaHb € JIOCSTHEHHS 0aJlaHCy Mi>K €eKOHOMIYHOIO JI0-
IUTBHICTIO 3aTOTIBIII JCPEBUHU Ta 30€pPEKEHHIM €KO-
CHUCTeMHHX (YHKIIiH JiciB. Y 4yTnMBUX perioHax, Ta-
kux sk Ilomicest, TpaguuiitHi cyuiabpHI pyOKH CripU4u-
HSIOTh Jierpaaanito IDYHTIB, 3HWKEHHS
010pi3HOMAHITTS Ta OCIA0JIEHHS 3[aTHOCTI EKOCHCTEM
no camoBimHoBneHHs (Schiitz, 1998; Spathelf et al.,
2015) [4, 5].

Y 1poMy KOHTEKCTI HaONMIDKEHE IO TPHUPOIH
micisaunrBo (HITJT) mocrae sk eeKTHBHA aabTepHA-
THBa TpaaullitHuM MoneisiM. bazosi npuammmm HITJI,
chopmymnsoBani J.-P. Schiitz, mependavarots BuKOpU-
CTaHHSA BHOIPKOBHX Ta TPYIOBO-TIOCTYMOBHX PYOOK,
MiHiMi3aIlif0 BTpy4YaHHS B IPYHTOBHI OKPHB 1 CTHMY-
JIFOBaHHSI NPUPOIHOTO NoHOBJIeHHs (Schiitz, 1998) [4].
IMomanein gocmimkends Spathelf, Bolte Ta van der
Maaten (2015) moBOASITH, IO TaKi MiAXOTU IIiJBHU-
HIYIOTh CTIHKICTH JIICOBUX €KOCHCTEM JI0 KIIIMATHIHHUX
3MiH, CHPHSIOTH MIATPUMAHHIO OIOPI3HOMAHITTS Ta
3MEHIIYIOTh aHTPOIIOT€HHHUM THCK [5].

Pa3zoMm 3 THM, yKpaiHCBKHI KOHTEKCT XapaKTepu-
3YETHCSI HAasIBHICTIO HOPMAaTHBHO-METOJUIHOTO BaKy-
yMy, OOMEKEHIM 3aCTOCYBaHHSIM BHOIPKOBHX PYOOK i
HHM3BKOIO YacTKOO NpupoaHoro noHosneHHs ([Tactep-
Hak B. II. Ta in., 2023) [3]. 3a marumu YxpHAUITA,
yacTKa BHOIPKOBUX pyOOK y 0araTeox Jicrocmax He Ie-
peuirye 10 %, 10 YCKIAIHIOE TOCITHEHHS €KOJIOTIY-
HOI piBHOBard B yMoBax 3MiH Kiimarty [6].

Meroto wiei crarti € oninka notenuiany HIT sx
IHCTPYMEHTY €KOCHCTEMHOI ajmamTaliii 10 KJIiMaTH4-
HUX BUKJIMKIB Ha npukiani gisiasHocti 1T «Kopocten-
cekuit  microcm  AITK» JKutomupcrekoro [lomiccs
VYkpainun. AHamiz 0a3yeTrsCsi Ha IPOCTOPOBO-EKO-
JOTIUHIN OIiHII pPYyOOK TOJOBHOTO KOPHCTYBAaHHS,
MOHITOPHHTY CTaHy IPYHTIB 1 JHHAMIKHA MPHPOIHOTO
MIOHOBJICHHS, @ TAKOX BPAaXxOBY€E aKTyaJlbHI HAYKOBI pe-
komenpaiii (Bettinger et al., 2017; Krynytskyi et al.,
2017) [1, 2].

MeToauka gocaiaxKenb. MeTo100rYHa OCHOBA
JIOCIIIJDKEHHST TPYHTYEThCSI Ha NPHUHLUIAX CTaJIOro
JIICOKOPUCTYBAHHsI, afanToOBaHUX 10 YMOB [oJticbkoro
PErioHy, a TaKOXX Ha MDKIHCHUIUTIHAPHOMY MiAXO/I,
SIKWH MO€AHY€ TPABOBHH, €KOJIOTIUHHHN, JIICIBHUYMHI Ta
craTUCTHYHUNA aHami3. OCHOBHHM 00’€KTOM JIO-
CJIIJPKEHHSI BUCTYIIA€ CHCTEMa Oprasisalii Ta Ipose-
JIeHHSI pyOOK TOJIOBHOTO KOpPHCTYBaHHS B Mexax JII1
«Kopocrencekuit nmicrocn AIIK», a mpeamerom — ix
€KOJIOTIYHA Ta HOPMATHBHA €(PEKTUBHICTh Y KOHTEKCTI
ajmanranii JIICOBUX EKOCHCTEM 0 KIIIMAaTHYHUX 3MiH.

Ha nepmiomy erari qocmimkeHHs 3MiHCHEHO HOP-
MaTHBHO-TIPABOBHUI aHaJIi3, KU MOJIATAaB y CIIIBCTaB-
JeHH1 (aKTUYHOI MiSITBHOCTI MiMPUEMCTBA 3 BUMO-
raMu 4YMHHOTO 3aKOHOJaBCTBa, 30KpeMa JIicoBoro Ko-
nekcy Ykpaimm Ta IlpaBmin  pyOGOK TOJIOBHOTO
KOopHcTyBaHHsA B Jicax Ykpainm (Haka3 Jlepkkom-
microcmry Ne364 Bix 23.12.2009 p.). OcobnuBy yBary
NPUIIEHO crocobaM pyOoK, BIKYy CTHIJIOCTI JIepeBO-
CTaHIB Ta 00CsATaM 3aroTiBJli JCPEBUHH Y BiJIOBITHUX
KaTeropisx Jicis.

JIy1st OLIIHKK MPOCTOPOBUX XapaKTEPUCTHK PYOOK
Ta e€(eKTUBHOCTI IUIAHYBAaHHSI JIICOCIK OyJIO BUKOpPH-
CTaHO KOHTEHT-aHaT3 OQIlmiiHOI  JOKYMEHTAIlil
MATPHEMCTBA, BKITIOYAIOYH IMOpIiYHUE 3BiT 32 2024
pik, MaTepiany oniHkW BIDIMBY Ha noBkiuta (OBJI) ta
IUTaHOBI KaprorpamMu. Ha oOcHOBI mmx mKepemn
3IIHCHEHO PO3paxXyHKH IUIONI PyOOoK, iX po3mozimy 3a
JMICHUIITBAMH, a TAKOXX 3MIiHM OOCSTIB y JMHAMIII
2024-2025 pokis. 1le 103BONMIO BCTAaHOBUTH DPiBEHb
BIJIMIOBITHOCTI T'OCIIO/IaPCHKOi MPAKTHKH KPHUTEPisiM
CTaJIOro JIiCOYNPAaBIIiHHS.

Jlist ouiHKKM (i3MKO-MEXaHIYHOTO CTaHy IDYHTIB
Ha JUIAHKaX, JI¢ TMPOBOTWINCS PYOKH, TPOBEICHO
MOHITOPHHT MIUTFHOCTI BEPXHBOTO MIApy IPYHTY 10 Ta
TCNA 3aroTiBii. BuMipioBaHHS 3miiCHIOBANHCS B 9O-
TUPHOX OCHOBHHX JIICHHITBAX migmpueMcTBa. OTpu-
MaHi J1aHi MOPIBHIOBAIKCS 3 €KOJOTIYHUMH HOPMAaTH-
BaMH, IO JO3BOJIMJIO OLIHUTH CTYIiHb aHTPOIOTCH-
HOTO BIUIMBY Ha TIPYHTOBMH NOKpHB. Mertonuka
OasyBajacs Ha IiIX0/jax, 3alporoHoBaHuX Bettinger et
al. (2017), sxi mepenbavarOTh BH3HAYCHHS JOIMYCTH-
MHUX MEX YIIUIBHEHHS Uil 30€pe)KeHHS BOIHO-TIO-
BITpsiHOTO pexumy [1].

KpiMm Toro, y JOCHiIKEHHI BHKOPHCTaHO
MOPIBHANBHUI aHami3: mapameTpu AisutsHOCTI JIT «Ko-
pocreHchkmii microcn AITK» cmiBBigHOCHITHCS i3 Ce-
penHiMu mokazHuKamu JKutomupebkoro Ilomices. Le
JIO3BOJIHJIO iIEHTU(]IKYBAaTH perioHabHI 0COOIUBOCTI
BEACHHS JIICOBOTO TOCIOJApCTBA Ta BiIXWICHHSA Bif
THITOBHX MPAKTHK. Takox Oyi0 BpaxoBaHO MPUPOIHO-
reorpadiuHi YMHHUKYA — THIl IPYHTIB, BOJIOTICTb, IO-
poaHUl ckian, SIKi MalOTh CYTTEBHH BIUIMB Ha BHOIp
JIICIBHUYMX 3aXOiB.

Ha 3aBepmansHoMy eranmi mnposeneno SWOT-
aHai3 AiSTIBHOCTI MIANPUEMCTBA 3 METOIO BUSIBICHHS
CHIIBHUX 1 cTTaOKHX CTOPiH, MOKJIMBOCTEH Ta 3arpo3 y
BIIPOBA/KCHHI HAOJIDKEHOTO JIO MPHUPOIH JIiCiB-
HUNTBAa. Takuil MmioXin HO3BOJNIMB IHTETPYBaTH SIK
BHYTPIIIIHI, TaK 1 30BHINTHI YNHHHUKH, IO BIUIUBAIOTH
Ha aJaNTHBHICTH JICOTOCIIONAPCHKOI CHUCTEMH 10
KIIMAaTHIHAX 3MiH. METOIONOTIuHe MiIIPyHTS It
bOro aHanizy Oyjo 3amo3udeHo 3 poOit Spathelf,
Bolte Ta van der Maaten (2015), sixi TpoNoOHYIOTH CH-
CTEeMHHUH MiIXiJ A0 OLIHKUA CTIHKOCTI JIICIB B yMOBax
I00aTBFHOTO MOTETUTIHASA [5].

TakuM 4MHOM, JTOCHI/DKEHHSI CIIMPAETHCS Ha Tie-
peBipeHy HayKoOBY 0a3y, MOEMHYE SKICHI Ta KUIbKiCHI
METOIM aHali3y, a TaKoX 3abe3ledye KOMIUICKCHY
OLIIHKY BIUIMBY PYOOK T'OJIOBHOTO KOPHMCTYBaHHSI Ha
eKOJIOTIYHUI cTaH JicoBuX ekocucteM [lomices B ymo-
Bax KIIIMaTHYHUX BUKJIHKIB.

PesyabTaTn pocaigxkenn. Pesynabratu mpocro-
POBO-4acOBOTO aHAJ3y CBiMYaTh MPO TEHACHINIO 0
3MEHIIEHHS IUIOIII PyOOK TOJOBHOTO KOPHCTYBAaHHS
(PTK) y AIT «Kopoctencrskuit microcn AITK» mports-
TOM OCTaHHIX JBOX pokiB. Y 2024 porii miora BijBe-
nenux mig PI'K micocik ctanosmna 155,9 ra, y Tol yac
gk y 2025 pori et moxa3HUK 3HU3UBCS 70 67,9 ra. Le
CKOpO4YeHHs Oinbin HiX Ha 56 % (Puc. 1), mo moxe
OyTH IHTEPIPETOBaHO K CIpoda MiAMPHEMCTBA aJlall-
TYBaTH CBOIO TOCIIOJApPChbKY [iSUIBHICTB JIO €KO-
JIOTIYHUX BUMOT 1 MPUHIHUIIB CTaJOTr0 PO3BUTKY.
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Puc. 1. Juuamira nnowi pybok 2on06no2o kopucmyeantnsa y 2024—2025 poxax

CKOpOYeHHS IO pyOOK KOPEIIOE 3 TMOCHIICH-
HSIM €KOJIOT1YHUX BUMOT Y KOHTEKCTI peaiszaii mojo-
J)KeHb €BPOIMENHCHKOTO 3€JeHOr0 Kypcy, a TaKoX 3
BHYTPIIIHIMH aJMiHICTPATUBHUMH 3aXOJaMH IIO0
onTUMi3anii BUKOPUCTAHHS PO3PaXxyHKOBOI JIICOCIKH.
[inTBepKEeHHST 1IbOMY MOXKHAa 3HAWTH B poOOTAax
Krynytskyi et al. (2017), sxi akueHTYIOTh Ha HE0O-
X1THOCTI perioHajbHOTO IJIaHyBaHHs 00CATIB pyOoK i3
BpaxyBaHHAM (DiTOEKOJIOTIYHUX 0OOMEXeHb [2].

Pozmonin HaBaHTaXXCHHA HA OKpEMi JICHHUIITBA
CBIIYUTH NP0 HepiBHOMIipHicTH TuaHyBaHHA PIK y
MeXax mianpueMctBa. HaiiOinmbiie HaBaHTaKCHHS Y
2024 poui npumnano Ha MeneHiBcbke JicHUITBO (72,0
ra), o MOSCHIOETHCS BUCOKOO YaCTKOK CTHIIIHX 1 T1e-
pecriitHux HacamkeHb. BogHouac y KopocteHcbkomy
JIICHUIITBI TUI0IIa pyOoK craHoBmia e 11,1 ra, 1o
3YMOBJICHO HAsSIBHICTIO 3aIOBIJHHUX IUISHOK 1 peKpea-
niftHoto MiHHICTIO TepuTopii (Puc. 2).

B MeneHiBCbKe
H Ywomupcbre
M [OpUIMKIBCBKE

B KopoCTeHCbKe

Puc. 2. Po3nodin niow pyb6ok 201061020 KOPUCMYSAHHS 30 TICHUYMEAMU
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Orinka (i3UKO-MEXaHIYHOTO CTaHy I'PYHTY JI0 Ta
MiCNT TIPOBEACHHA pPyOOK y HYOTHPHOX OCHOBHHX
micaunTBax (Kopoctencbke, VYmomupcbke, I'op-
MIMKiBChKe, MeseHiBChKe) MmoKa3alia BiICyTHICTh 3HaU-
HOTO YIIUTBHEHHS IPYHTOBOTO Ipodimo. Sk BHIHO 3

Tabmuni 1, cepeqHe BIAXWIICHHS IMUIBHOCTI IPYHTY
micng pybok He nepesunrysano 0,03 r/cM?, mo 3Hax0-
TUTHCS B MEKax MPUPOIHOI Bapiarlii.

Taommms 1
[Toka3HMKY YIIITbHEHHS IPYHTY (OIMHUII BUMIPY)

JlicHUIITBO Jo py6ok Micas pydox
KopocreHchke 1,00 1,03
ToprmmkiBchke 1,02 1,04
MerneHiBCbKE 0,98 1,01
Ymomupcbke 1,00 1,02

BincyTHICTE CyTTEBOrO YIIIJIBHEHHS MiATBEp-
JUKY€ JOTPUMAHHS HiANPUEMCTBOM TEXHOJIOTTYHHX
HOPM IIOI0 CE30HHOCTI MPOBEAEHHS PYOOK, 30KpeMa
YHUKHEHHSI pOOIT y mepiogu HaaMIpHOi BOJIOTOCTI.
AHanorivyHi pe3ynbTaT 3a(h)ikCOBaHO Y JOCIIHKEHHIX
Bettinger et al. (2017), ne HATOJOMIYETHCS HA BaXKIIH-
BOCTI MiHIMi3allii MEXaHIYHOTO BIUIUBY Ha IPYHT NPHU
3iiCHeHHI BUOIPKOBHX a00 MOCTYIOBHX pyOoK [1].

90

AHaJi3 MOPOJHOTO CKIAAy MUISHOK, OXOILICHUX
pyOKamu, IeMOHCTpY€E TUIOBY s [lomiccst MOMiHAHT-
HicTh cocuu 3Buuaitnoi (Pinus sylvestris), sika crano-
BUTh 51,3 % 3aranbHOrO 00CATY JIEPEBUHHU, IO ITiIs-
raja 3aroTiBii. [HII TpeacTaBieHi MOPOAU BKIIOYA-
10Th Oepesy (Betula spp., 30,1 %), simsxy (Alnus spp.,
12,8 %) ta ocuky (Populus tremula, 5,7 %) (Puc. 3).

80 -

i
o
1

Mnowa, ra
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L

20 -

10 -

CocHa
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Mopoga

Puc. 3. [lopoonuii cknao depesocmanis, wjo nioinearoms pyoKam 20108HO20 KOPUCHLYBAHHSL

[oniOHa cTpyKTYypa miATBEPKY€E HASIBHICTB IPH-
POJHOT MO3aIYHOCTI JIICOBUX €KOCHCTEM, OJIHAK BHCO-
KUl piBeHb MOHOJOMIHYBaHHS COCHU CBIAYHMTBH IIPO
BPa3JMBICTh J0 KIIMaTHYHHUX Ta (QiTOCAHITApHUX 3a-
rpo3. Schiitz (1998) 3a3Hauae, MO y pPIBHUHHUX
perioHax i3 OiTHUMH CYMIOIAHUMHU IPYHTaMH, SK Y
Bunaaky Iomices, cymiipHi pyOKH MOXKYTh 3HHKYBAaTH
3amac BOJIOTM Ta CIIPUYMHSTH NPHUTHIYEHHS MPUPOJI-
HOTO TIOHOBJICHHSI TiHBOBUTPHBAIMX ABTOXTOHHHX
BUiB [4].

BonHouac criocrepiraeTbest MO3UTHUBHA TUHAMIKA
I110/10 ITPUPOJTHOTO TTOHOBJIEHHS — YacTKa ITPUPOHOTO
migpocty 3pocna 3 15 % y 2020 pomi 1o 23 % y 2024

poui. Lle cTBOpIOE MiAIPYHTS ISt TOCTYIIOBOTO TEepe-
XOJIy IO MO/JIeJiei, OpIEHTOBAHUX Ha MPUPOJIHE BiTHOB-
JIeHHsI Ta (POpPMyBaHHsI 3MILIIAHKMX, PI3HOBIKOBUX Jepe-
BOCTaHiB.

[MopiBHsNBbHUM aHaMI3 TpaguIiifHOT MOAemi Be-
JIEHHS JTICOBOT'O TOCIIOIapCTBA 13 MiX0AaMH HaOIHKe-
Horo mo mpupoau micisauurBa (HITJI) cBigunTh mpo
CYTT€BI BiIMIHHOCTI 32 KPHUTEPIisIMH JIOBIOCTPOKOBOI
e(eKTUBHOCTI, CTIHKOCTI ZI0 3MiH KJIIMaTy Ta €KOJIOTi4-
HOTO BIUIMBY. 30KpeMa, y TpaJuIiiiHii MoJeli nepeBa-
KAIOTh CYIUIBHI pyOKHM Ta IITy4YHE 3aJIiCEHHS, Y TOH
yac sk HIIJI Gasyerbcsi Ha BHOIpKOBHX pyOKax,
MATPUMI CTPYKTYPHOI Pi3HOMaHITHOCTI Ta HpiopH-
TETi MPUPOHOTO MOHOBJICHHS (Tabu. 2).
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Tabmuws 2

[TopiBHsutbHA TpaguiiitHoi Ta HITJI-Momeni ricoymnpaBiiHHsI
(amarrroBano 3a Schiitz, 1998; Spathelf et al., 2015) [4, 5]

IMapameTtp Tpaauuiiina Moaeab HITJI-migxin
Tum pyObok CymiibHi BubipkoBi, mocTymoBi
Crioci06 OHOBJICHHS IITy4He 3amiceHHs [TpuponHe TOHOBJICHHS
Exomoriuauii BInB Bucokuii Husbkuit
Pi3HOBIKOBiCTh HaCaPKEHb OIHOBIKOBI MOHOKYIBTYPH Pi3HOBiIKOBI MO3aiuHi CTPYKTYpH
AJTAaNTHBHICTH JI0 3MiH KJIIMaTy OoOmexeHa Bucoxka
BiopizHOMaHITTS SHIKYETHCS ITinTpUMy€THCS 1 TIOCHUITIOETHCS

HesBaxxaroun Ha sIBHI IepeBaru, 4actka pyOoK,
mo BignoBigarote npuHnunam HIUI, y ctpykTypi
MiAMPUEMCTBA 3aTUIIAETHCS Ha PiBHI 8—10 %, 110 cBix-
YUTh TPO OOMEXKEHy IHTerpamiro 0i0Opi€HTOBaHHX
crpareriid. Lle#t ¢akr oOyMOBIeHHH SIK IHCTHUTYLIH-
HUMU 0ap’€epamH, Tak i HECTauelo BiIIOBIIHOT TEXHO-
JIOTIYHOT TOKYMEHTAIli1, o miareepaKyersess SWOT-
aHaJI130M, IPOBEJCHUM y HACTYITHOMY PO3.ILIi.

BucHoBku. Pe3ynbraTv NOCIHIIKSHHS CHCTEMH
py6ok ronoBHoro kKopuctyBanHsa B JI1 «KopocteHch-
kuit microct AITK» cBigyaTh 1po HasBHICTH SIK ITO3H-
TUBHHX 3PYIICHb Y HANpsMKy CTaJoOro JICOyNpaB-
JIHHA, TaK 1 YACICHHUX OOMEXEHb y BIPOBAKCHHI
MPUHIITB HAOMIDKEHOTO O TMPHUPOIH JiCiBHHIITBA.
Cxkopouenns twromi PT'K y 2025 poui mopiBHSHO 3
2024 poxoM, a TaKoX 3pOCTaHHS YaCTKH IPHUPOTHOTO
TIOHOBJICHHS JICPEBHUX MOPiJ] € CBITYEHHSIM YaCTKOBOT
ajanrtanii MiANPUEMCTBA 10 CYYaCHHX EKOJIOT'TYHHX
BUKJIMKIB Ta KJIIMATHYHUX 3arpo3.

Hes3Ha4Hi 3MiHM IIIIBHOCTI IPYHTY TicCis HpOBe-
JICHHS pyOOK MiATBEPIKYIOTh €(PEKTHBHICTH BUOPAHIX
TEXHOJIOT1H 3aroTiBIIi, 30KpeMa JOTPUMaHHS CE30HHUX
PEXUMIB 1 yHUKHEHHS pOOIT y TIepio i BUCOKOI BOJIO-
rocrti. [IpoTte cTpykTypa pyOOK 1 Hamai 3aJHIIAeTHCS
MEpEeBAXXHO OPIEHTOBAHOIO Ha CYIJIbHE TOCHOAa-
PIOBaHHS 3 JOMIHYBaHHSIM COCHOBHX MOHOKYJIBTYD,
[0 € BPA3JUBUMH 10 OIOTUYHUX Ta a0IOTHYHUX YHH-
HHUKIB, BKJIFOUAIOYH IIKiTHHUKIB, MTOXKEKI Ta KITIMaTHYHI
aHOMaJIiI.

[IpoBeneHuit MopiBHIIbHUI aHaNi3 MMOKa3aB, IO
BrpoBajpkeHHst npuHnunis HITJI — BubipkoBux i mo-
CTYMOBMX  pyOOK,  IPHUPOJHOTO  IIOHOBIICHHS,
MIATPAMKH Pi3HOBIKOBOCTI Ta CTPYKTYpPHOI Mo3aid-
HOCTI — 3a0e3ledye BUIY JOBIOCTPOKOBY CTiHKICTh
JCOBUX EKOCHUCTEM, IOKpamrye OiOopi3HOMAHITTSA Ta
exocucTeMHi QyHKii. [{i miaxomu noBean cBor edek-
TUBHICTh y KpaiHax Llenrpamproi €Bporu (Schiitz,
1998; Spathelf et al., 2015) [4, 5], i matoTh OyTH axan-
TOBaHI JI0 YKpaiHCBKMX YMOB 3 ypaxyBaHHSIM perio-
HaJbHUX ocobmuBocTel [Tomices.

SWOT-anai3 BUSBHUB HasIBHICTh KaIAPOBHX 1 TEX-
HIYHUX PeCcypcCiB y MiIIPUEMCTBA IS IIEPEXO.TY 0 HO-
BOI MOJeNi JICOYNpaBIiHHSA, MPOTE BIPOBAHKECHHS

HITJI cTpumyeThcs BiACYTHICTIO THIIOBHX TEXHO-
JOTIYHUX KapT, HU3BKUM PiBHEM IiATOTOBKH IIEPCO-
HaITy Ta (OpPMai30BaHICTIO MPOIEIYpP TPOMaICEKOTO
obroBopeHHsl. BogHouac ekonoriuHa cHTyallist, 3poc-
TaHHS MOXKEXKHOT HeOEe3MEeKN Ta 3alUTH CYCIILCTBA Ha
€KOJIOTIYHO  BiJNOBiaJIbHE TOCHOAApIOBAaHHA —aK-
TyanizyloTh NoTpeOy TpaHchopMallii rasysi.

Takum YuHOM, TIepexin 10 HaOIMKEHOTO JI0 MPH-
POJIM JICIBHUIITBA € HE JINIIIE HAYKOBO OOIPYHTOBAHHM,
aye ¥ MpaKTHIHO HEOOXiMHUM IHCTPYMEHTOM ajarira-
mii mciB M0 KIMaTHYHEX 3MiH. Moro BIIPOBAKCHHS
JIO3BOJIUTH 30€pErTH MPOYKTHBHICTD i pe3MITI€HTHICTH
JICOBUX  EKOCHCTEM,  3a0e3leYdTH  BHUKOHAHHS
MDKHAPOJIHHUX EKOJOTiYHHX 3000B’s3aHb YKpaiHU Ta
3MIIHATH JOBipY TPOMAACEKOCTI IO JTiICOBOI IO THKH
JICpPIKaBH.
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Xiilasa

Magalods Sadarsk inzibati rayonunda mévzunun aktualligi, tadqigatin moagsadi, material metodikasi va tohlili
haqqinda molumatlar verilir. Eyni zamanda mévzunun asas magzinds srazids iglim kontinentalligi ilo slaqidar
torpag saholarinin okin dovriiyyasindon ¢ixma sabablori, tebii vo antropogen faktorlar (relyef, siixurlarin
miixtalifliyi, quraqlq, isti hava, cay dasqinlari, sellor, qrunt sularinin saviyyasi, suvarma, suvarma sistemlarinin
keyfiyyatsizliyi vo manfi antropogen tosir) arasdirilmisdir.

Naticado Sodorok inzibati rayonunda srazids iqlim kontinentalliginin qarsisini almaq va ilotorpaglarin
modoni-tabii bitkilor altinda samarali istifado etmok {igiin vacib olan todbirlorihayata kegirilmasi magsadilo bir
nega doyarli toklif va tovsiyya verilmisdir.

Abstract

The article provides information on the relevance of the topic in the Sadarak administrative district, the pur-
pose of the study, the material methodology and analysis. At the same time, the main content of the topic is the
reasons for the withdrawal of land plots from the cultivation cycle, natural and anthropogenic factors (relief, di-
versity of rocks, drought, hot weather, river floods, floods, groundwater level, poor quality of irrigation, irrigation
systems and negative anthropogenic impact) associated with the continental climate in the area.

As a result, several valuable proposals and recommendations were given in order to prevent continental cli-
mate in the area in the Sadarak administrative district and implement measures necessary for the effective use of
soils under cultural and natural plants.

Acarsozlor: Cografi amillor, eko-cografiya, torpaq, iqlim, sorakot, kontinentalliq, torpagin ekoloji
giymatlondirilma si.

Keywords: Geographical factors, eco-geography, soil, climate, salinity, continentality, ecological assessment
of soil.

Relevance of the work being done /Aparilan
isin aktualhg.

Sadoarok inzibati rayonu miirokkab relyef soraitino
malik olan dagliq orazi olduguna gora burada okins
yararli torpaq sahslori azliq toskil edir. Digor torafdan
orazinin  kontinental iqlim soraiti  torpaqlarin

deqradasiyasina, eroziya vo sorlasma prosesloring
Mmoruz qalmasma sabob olur. Mshz, bu baximdan
muxtar respublikanin torpaq fondunun 4 faizini toskil
edon Sadorak inzibati rayonunda yayilan torpaqlarin
modoni va tobii bitkilor altinda maksimum daracada
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somorali istifado  olunmasi
aparilmasi aktualdir [1, 4, 5].

Todgiqat obyekti kimi 22082 ha {imumi torpaq
fondu olan Sadorok inzibati rayonunda yayilan torpaq
saholori gotirilmisdiir. Bu inzibati rayon muxtar
respublikada cografi mévqeyine gora simal-gorbdan
Ermanistan Respublikasi, conub-garbdan va conubdan
Tiirkiyo Respublikast vo Iran Islam Respublikasi,
simal-gorqdan iss muxtar respublikanin Sorur inzibat
rayonu ila sarhodlonir.

Son dovrlords diinya miqyasinda har il mlyon
hektarlarla torpag sahslori iqlim kontinentallig1 ilo
olaqidar okin dévriiyyasindan ¢ixir. Gostarilon arazids
qugaqligin - mévcud olmasi osasinda  todgigat
obyektimiz olan Soadarok inzibati rayonunun otraf
miihitins tosir edarok kond tosorriifatina yarali 9371 ha
torpaq sahosinin 1341 hektarim1  yararsiz hala
diismiisdiir.

Miistoqillik illorinds 6lkemizds, o ciimlodan
muxtar respublikada ekoloji tarazligi qorumaq va kond
tosorriifatini miiasir saviyyads inkisaf etdirmok ti¢iin
6lkamizds torpaq hagqinda qoabul olunan Yeni igtisadi
islahatlar vo Dovlot Programina uygun olaraq tortib
olunmus uzun miiddatli perspektiv planlar orazido
torpaq miinbitliyinin qorunmasi, barpasi, artirilmasi vo
agrarsonaye inteqrasiyasi asasinda kond tosorriifatinin
inkisaf etdirilmosi tizro miiayyanlosdirilmis todbirlori
hoyata kegirmokdir.

Bu mogsadlo olkomizds, xiisusilo todgigat
obyektimizdo kond tosorriifati toyinathi torpaglarin
miinbitliyinin artirllmasi moagqsadilo orazido iglim
kontinentalliginin  qargisim1  almaq  {igiin  verilmis
Saroncam Vo tapsiriqlara istinad edarok mogalods geyd
olunan mosalalor aktualligi ilo 6z oksini tapacaqdr.

Purpose of the study / Tadqiqatin magsadi.

Sadarok inzibati rayonunda iqlim kontinentalligini
yaradan faktorlar1 arasdirmaq vo torpaq miinbitliyinin
qorunmast, barpasi, artirilmasi istiqgamatinds todbirlori
hoyata kegirmokdon ibaratdir.

Material methodology / Material metodika

Todgigat obyektinds iqlim kontinentallig1 ilo bagh
geyd olunan mosalalorin holli iisiin torpagstinasliq vo
iglimsiinas vo hidrologiya elminin inkisafinda mithiim
rol oynayan taninmus xarici vo azorbaycan alimlorindon

iiclin  tadqgiqatlarin

V.V.Dokugayevin, P.A Kostigyevin Vo
N.M.Sibirtsevin, V.A.Kovda, azorbaycanda iso
torpaqgsiinaslardan H.B.Zoardabi, H.o.Oliyev,
V.R.Volobuyev, ©.Q.Behbudov, Q.S.Mammodov,
K.N.Teymurov, R.H.Mommadov, Q.Z.9zimov, M.Q.
Mustafayev, 9.G.Quliyev, S.9.Haciyev,
iglimgiinaslardan ~ 9.C.9yyubov,  P.S.Mirzayevi,
hidrologlardan ~ S.A.Riistomov, R.O.Tarverdiyev,

M.Y .Isgondarov vo basqalarinin xorito, adebiyyat vo
metodik vasaitlorindan istifado olunacaqdir [2, 3, 6, 7,
8,9, 10].

Analysis and discussion / Tahlil vo miizakira.

Apardigimiz tadqgiqatlardan miisyysn olmusdur
ki, torpaq minbitliyinin azalmasina Sobab olan
amillardan biri ds orazids quraq isti havanin, iglimin
kontinentaligidir. Todgigat obyektimiz ~ muxtar
respublikanin isti vo quraq orazilorinden biridir. Iqlim
parametrlorino diqgoat yetirdikds goriiniir ki, buranin

yayda gecolori sorin, giindiizlori iso gox isti olur. Iglim
temperatur rejimino gora Sadorok vo Qarbi Sorur maili
diizonliklorinds maksimum orta ayliq temperatur
miisbat 28° C-ya, miitloq maksimum iyul aynda 40° C-
yo (Qodor miigsahido olunur. Havanin orta illik
temperatur 13-15°C, nisbi nomliyi 55 %, nomloma
soraitino gbro yarim sohradir. Buxarlanma gabiliyyati
(800-1200) mm/il vo daha yiiksokdir. Oraziys diigon
yagintinin iimumi miqdarindan (200-220) 4-5,5 dofo
coxdur. Diizanliklorin torpaq tiplori asason boz-¢omon,
aciq boz va boz torpaqlardir.

Todgigat obyektinds torpagomologoalmoa
prosesinds ovvalds gostorilon iglim quragqhgr ilo
borabor digor tobii deqradasiya faktorlar1 vo insan
amilini do xiisusi qeyd etmok lazimdir. Antropogen
relyef insan foaliyyoti ilo doyisdirilmis vo yaradilmis
relyefdir. Qadim zamanlardan insan yaranandan sonra
uzun osrlor boyu otraf miihita ¢ox yonlii foaliyyati
noticasindo torpaq vo bitki Ortitylinds dorin izlor
buraxmusdir. flk morholodo tobii landsaftlar bir ¢ox
hallarda modoni bitki landsaftina, yoni agrolandsaftlara
¢evirilmigdir.

Apardigimiz  todqiqatlarm  vo  odobiyyat
materiallarindan aydmn olur ki, tabii proseslorinin vo
insanlarin tobioto Soristosiz, VosiceSine miidaxilasi
noinki muxtar respublika orazisinds bas vermis, hotda
tadgigat obyektimizdo do belo negativ hallara tez-tez
rast golinir. Bu ciir neqativ hallar hal-hazirda da srazido
davam etmokdadir.

Qeyd olunan tobii vo antropogen deqgradasiya
proseslori torpaqlarin miinbitliyinin azalmasina vo akin
dovriyyasindon ¢ixmasima noinki tok-tok, hotda bozi
arazilords kompleks sokildo tasir gostorirlar.

Todgigat materiallarinin naticalorindon aydin olur
ki, torpaqlarin formalagsmasina tosir  gostoron
amillordan tobii deqradasiya proseslarini vo antropogen
tosiri asagidaki kimi qruplagdirmagq olar.

I. Tobii degradasiya proseslorina: Eroziya
proseslorindon, su va kiilak, iglimin dayismesine
istilosmo Vo quraqliq, soranlasma vo sorakotlogsmo,
dasliglar va kol-kos basmisg saholari aid etmok olar.

Il. Antropogen tosira: Orazido ohalinin sixlig,
otarma, agac vo kollarin qirilmasi, torpaglardan
hoddindon artiq istifado olunmas1 (dehumifikasiya
prosesi), suvarma, irriqasiya eroziyasi va irrigasiya
yarganlarinin yaranmasi, torpaglarin mexaniki islorlo
pozulmasi va dagilmasi, nogliyyat, tikinti vo faydali
qazintilarin  geoloji  kosfiyyati, hasilati vo noql
olunmasi, pestisidlorin, radioaktiv. maddalarin,
giibralorin va s. gostormok olar.

I. Tobii degradasiya proseslori. Diizonliklorda
geyd olunan tobii deqradasiya prosesloridon miixtalif
doracalorde kiilok Vo su eroziya bas verir, Iglimin
doyigmasi tobii soraitin biitin komplekslarino tasir
gostorir. Iglim elemenlorindon istilosmo noticosindo
temperaturun yiiksalmasi ekosistemds quraqgliglarm
bas vermasing, hidrorejimin dayigmasing,
buxarlanmanin  yiiksalmasina  va  yagintilarin
azalmasma sobab olur. Quraqliq iso istilosmo
noticesinds orazide quragliq baslayir. Quraqliq
yagintisi ¢ox olan bolgalora nishaton inzibati rayonun
ekosistemins daha ¢ox tasir gostormaklo sshralasma va
torpaq deqradasiyasi prosesini giiclondirir. Ciinki, bu
yagintist az diigon ve quraq asrazilardan biridir (Sokil 1,
2.).
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Sakil 1, 2. Sadarak va Qarbi Sorur maili diizanliklorinda quraq olan sahalor
Orazids tobii deqgradasiya proseslorindan biri do  Miixtslif formalarda insanlarin torpaglara kortabii
soranlagma, sorakotlosmo Vvo  batagliglagsmadir. minasiboti bir ¢ox hallarda orazido eroziya
Obraqunus ¢okakliyinds az-¢ox ¢aylarin konarlarinda  proseslorinin  inkisafin1  stirstlondirir  vo  bataqliq
Vo ¢oOkok saholords soranlasma vo batagliqglasma  saholori yaradir. Masalon, sahslords heyvanlarin

proseslori ham tabii vo homdo insanlarin saristasiz
tosirlori naticosindo bas verir vo bunlarin osasinda
torpaglar 6z miinbitliyini itirorok okin dovriiyyasindon
GIXIr.

Todgigat obyektindo  torpaq  miinbitliyinin
azalmasina monfi tosir gostoron geyd etdiyimiz monfi
tobii amillorlo barabor, srazids bas vermis giiclii sellor
noticasindo miixtalif Slgiilorde dasliq ve quragligla
olagadar kol-kos basmig strukturu pozulmus torpaglara
da rast golinir Daslarla ortiilmiis vo Kol-kos basmis
strukturu pozulmus belo torpaglar Vslidaé vo digor
didor daglarin atoklorinds vo selovlarda miisahida
olunur

Il.  Antropogen tosir. Sohralagma torpaq
deqradasiyasim1  yaradan soboblor arasinda tobii
amillorlo yanasi, antropogen tosirlor do asas digqot
¢okan masalalardon biridir (M.Babayev). Antropogen
tosir otraf miihits, o climlodon torpaga tosir gostoron
insan faaliyystinin miixtolif formalarini birlagdirir.

Sail 3, 4. Qs va yay otlaglarinda heyvanarm sistemsiz otarilmas, aac, olluqlarln qurilmast va tikinti

sistemsiz otarilmasi, agac vo kollarin qirilmasi eroziya
proseslorini siiratlondiron asas amillordondir. Todgigat
obyektindo sohralasma vo torpaq deqradasiyasim
yaradan antropogen amillorin miixtalif formalarindan
biri olan ohalinin orazido moskunlagsmasma diggst
yetiroak.

Ohalinin orazido moskunlagmasinin torpaglara
tosirina nozar saldiqda, burada ohalinin sixlig1 torpaq
miinbitliyine tosir gostoron osas faktorlardan biridir.
Sadarak inzibati rayonunda shalinin six maskunlagdigi
Sadarak va Qaraagac vo Damirgi va s. kandlaridir.

Ona goro bu orazilorin torpaqlart 6z miinbitliyini
get-gedo itirorok deqradasiya proseslorino ugrayaraq
okin  dovriyyesindon  ¢ixir.  Orazido  torpaq
miinbitliyinin azalmasina tasir gostaran shali sixligi ilo
borabar, qis otlaglarinda heyvanlarin sistemsiz

otartlmasi, agac vo kolluglarin qirilmasi veo tikinti
materiallarinin daginmasi hallarina rast galinir (Sokil 3,
4).

S

materiallarinin dasinmasi

Eyni zamanda orazido torpaglardan madoni vo
tobii bitkilor altinda istifado olunarkon agrotexniki
qaydalara diizgiin riayat etmamok naticasinda
miinbitliyi azalaraq moshsuldarliq ilbs-il asag1 disiir.
Toraglardan uzun miiddat istifads olunmasi ve suvarma
sularinin nazaratsiz buraxilmasi naticasindo asagida
geyd olunan manfi hallara gatirib ¢ixarir.

Torpaglardan fasilosiz olaraq bozi tosorriifatlarda
torpaglardan eyni bitki altinda uzun illor fasilosiz
olaraq istifads olunur. Bu da torpaqlarin fiziki, kimyavi
xususiyyatlorini pislosdirir Vo bitkilorin
mohsuldarligimin asag: diigmasine sabab olur.

Orazido monfi antropogen amillorindan biri do
nozaratsiz suvarma naticesinds torpaglarda bag veran
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irrigasiya eroziyasidir. Dagatoyi Vo aran rayonlarinda
suvarilan sahalords su eroziyasinin bagqa bir novii olan
irriqasiya  eroziyast yayilmigdir. Bu  proseslor
naticasindo torpaqlarin iist miinbit hissasi yuyularag,
dorin sirim va yarganlar yaranaraq torpaqlar yararsiz
hala diistir.

Suvarma normadan artiq oldugda suyun bir hissasi
torpaga hopur, qalan hissasi iso yamac uzunu axaraq
torpagin narin miinbit gatini yuyub aparir.Yuyulub
aparilmig torpaq sahonin asagi hissasinds ¢okiir,
miixtolif qalinligda gaysaq amola galir. Bu yerlords
torpagin su-hava rejimi pislogir.

Okin saholorinds irrigasiya eroziyasimin amolo
golmasina suvarma vaxti arxin daima bir yerden
acilmasi1 da boylik tesir gostorir. Bununla yanasi
saholarin ¢ox girintili-gixintili olmasi gobularin amola
goalmasins sorait yaradir. Suvarmani ikinci bir torafdon
nozaratsiz buraxilan bu sular axmaz yerlors toplanaraq
bataqliglar yaradir. Irrigasiya eroziya vo batagliglasma
proseslorino inzibati rayonun tosorriifat sahslorindo
miisahido olunur.

Monfi antropogen tosirlordon biri do orazido
plansiz nagliyyat yollari, tikinti materiallari, madon
Sonayesinin hasilatidir. Bu neqativ hallara plansiz
nogliyyat yollari, ¢ay yataqlarindan vo bazi daglhq,
dagatoyi vo diizonlik sahalardon qum va digor tikinti
materiallarinin daginmasi, homin orazilorin yargan
sokilinds buraxilmasi naticasinds deqradasiya ugramis
torpaglara da rast golinir.

Todgigat obyektinde duzlasmanin sabsblorindan
biri iglim kontinentalligi ilo borabor orazi miixtolif
geoloji dovrlardo muxtar respublikanin orazisi Kimi bir
nego dofo sular altinda galmis vo azad olmasidir. Orazi
hor dofo doniz sularindan azad olarkon orada olar sular

buxarlanmus, tarkibindaki duzlar ise torpagda galaraq
genis saholor sorlagmigdir.

Sorlasmani yaradan soboblordon biri do daglara
yagan atmosfer ¢okiintiiloridir. Daglara yagan atmosfer
cokiinttlorinin bir hissasi soth axini1 amoalo gatirarok,
dag yamaclarini yuyur, tarkibinds olan duzlar1 yuyaraq
gatirib torkibinds olan duzlari diizonliklora ¢okdiirtir.
Yagmtilarin digor hissosi iso torpaga vo dag
stixurlarmin daxilino sizaraq, rastina golon duzlar
yuyaraq yavs-yavas holl edorok torpagin agsagi gatlarina
apartr.

Diizanlikds iqlim soraiti ilo formalagan, torkibinds
duzlar olan yeralti sular qrunt sularin1 amola gatirir.
Uzun illor boyu davam edan bu proses qrunt sularinin
saviyyasinin galxmasma vo onun tarkibindoki duzlarin
miqdarinin ¢oxalmasina sabab olur.

Diizanliyin oksar hissalorinds grunt sulariim
yatim darinliyi yer sothine yaxin olub, 1-5 metr, markoz
hissado 5-10 metr, simal issods is 10-15 metro ¢atir.
Nohayst yeraltt sularin soviyyssi yer sothino ¢ox
yaxinlagir, bazi yerlords iso yerin {ist hissasins ¢ixaraq
soran va batagliglar amalo gotirir. Todgigat obyektindo
bu proseslor Sodororok maili diizonliyinin conub
hissasinds 6ziinii kaskin suratda gostorir (Sakil 5,6).

Sokillordon aydin olur ki, yeralts sularinin
Saviyyasinin qalxmasinin sababi Araza yaxin saholorda
diizanlikdo meyilliyin az olmasi va bunun naticasinda
Araz cayma torof axmasinin ¢otinlogmosidir. Yeralti
sularin  soviyyosi belo soraitdo buxarlanma ilo
nizamlanir, yoni sular torpaq kapilyarlari ilo yer sothina
qaldirilaraq buxarlanir, 6zii ilo qaldirdigi duzlart ise
torpagin sothinds toplayir. Bu proses daimi olaraq
tokrar olundugundan torpagin {ist hissosi sorlasir.

Sakil 5, 6. Sadararak maili diizanliyinin conub hissasinda soran va bataqhq sahalar

Diizonliyin - morkoz vo gimal hissalorinds
soranlagsma bo bataqliq sahslori miisahide olunmur.
Lakin, bu hissalords, xiisusilo diizenlyin gimal
hissalorinde quraq iqlim soraiti vo su catigmamasi
sobablarindan bitkilar quruyarag mehv olur.

Qrunt sularinin  mineralasma daraCosi dag
otoyindon diizonliys dogru 2-5 gr/l-don 10-15 qr/l-s,
bozi ¢okok saholords 100 gr/l-o vo daha ¢ox yiiksok
hoddo ¢atir. Burada qrunt sularinin osas 3 osas tipi
(hidrokarbonatli, sulfath vo xlorlu) miisahids olunur.

Inzibati rayonda torpaqlarin soranlasmasina
kiiloklorin do miiayyan godor rolu vardir. Soran vo
duzlu siixurlar yayilmis osrazilords elo yerlor olur ki,

orada torpaqlarm sathindo vo duzlu dag siixurlarin
asindign  duzlu ¢okintilori  kiiloklor  vasitasilo
sovurularaq basqa yerlors apartb ¢okdiiriir ve
avvalcadon miinbit olan torpaqlar tadricon sorlagsmaya
baglayir. Bu proseslora tadqiqat obyektinin dagatoyi
zonalarda olan das karxanalarmin otraf saholorinda
miisahido olunur.

Lakin, saholoro suvarma kanallar1 ¢okildikdan
sonra suvarma okingiliyinde torpaqlar sorlasmaga
baglamigdir.

Sorlagsmanin  basqa  Soboblorindon  biri  do
keyfiyystsiz tikilmis kanallardan ¢oxlu miqdarda
sularm sizmasti, akin sahslarina haddindan artiq sularin
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verilmasi vo su axan kanallarm uzun middst
tomizlonmomosidir (Sakil 7,8).

Bu ciir neqativ hallara Arpagay su anbarinda
Sodarak inzibati rayonuna ¢okilon Sag kanal hesabina

Domirgi balodiyyasine aid torpaq saholarinin tagriban
30 faizi bu sizmalar hesabina sorlasaraq okin
dovriiyyesindon ¢ixmisdir.

Naxgivan-iqdir magistral yolunun alt vo iist
hissalorinds axin istiqgamoti olmayan sularin yigilmasi
sayasinds bataqliq sahslor yaranir vo yaxud torpaglar
quruyaraq 6z miinbitliyini itirir. Bundan slavea rayon

orazisindo otraf saholors lazim olmayan tikinti
materiallar1 vo moigot tullantilar1 hesabimna g¢irklanon
torpaglara da rast galinir

Conclusion and suggestions / Natica va tokliflar

Apardigimiz todgiqatlardan aydimn olur ki, Sodarok
inzibati rayonunda iglim kontinentallig1 ilo olaqidar
agagidaki naticalors galmok olar.

- [k novbado miisahidolor osasinda Sadorak
inzibati rayonun simal hissasindon baglayaraq Araz
cayinin sahilina godor quraqligla olagadar iglim
parametrlori, torpaq novmiixtalifliklori vo orazide
yayilan soran, sorakat Vo bataqliq torpaqlarin yaranma
sobablari 6yrenilmisdir.

- Todgigat obyektinds yayilan soran, sorakat vo
bataqliq torpaqlarin yaranmasi orazids quraq iglim
soraiti, sel sularmi, ¢ay dasqmlarinin otraf saholori
basmast vo qrunt sularmmn qalxaraq yer sothing
yaxinlagsmasi naticasinds bas vermisdir.

- Sodorok diiziniin gimal hissasinds iglimin
quraqligi vo inzibati rayonda su echtiyatlarindan
somoroli istifado olunmamasi osasinda torpaglarin
struktarisi pozulmus vo 1000 hektardan ¢ox tobii vo
madani bitkiler quruyarag mehv olmusdur.

- Orazida quraq sahalari su ehtiyatlari ila tomin
etmak magsadi ilo Sir arxindan basqa sahalari kimi
nasoslar vasitasila ve tolabata uygun diizenliyin simal
hissasinds (Bagirsaqdaro selovunda) su anbarlarini
tikmoklo vahid su sobokasi yaradilmalidir.

- Soran, sorakot Vo bataqliq torpaglarin
miinbitlosdirmok  {i¢lin  orazido qrunt sularinin
Soviyyesini asagi salmaq moqgsadilo moarkozdon

baglayaraq Araz ¢ayina dogru miitloq yiiksokliys uygun
olarag meyiliyi (813, 802, 798 metr) 6yranilmis vo Sir

arx1 vasitosilo zororli duzlarin Araz g¢ayma axidilmasi
moslohot goriilmisdiir.

Soran, sorakst vo bataqliq torpaqlarin yaranma
ocaqglarmi sel sularmi, ¢ay dasqinlarini nizamlamaq
mogsadilo eyni orziden Araz ¢ayindan monboyini
gbtirmiis vo Araza tokilon Cir arxmnin yatagi
genislonmoali va har il ¢okiintiilardan tomizlonmoalidir.

- Sadorok vo Qarbi Sorur maili diizonliklorinds 6z
istismar miiddotini bagsa vurmus keyfiyystsiz tikilmis
kanallar yenidon barpa olunmali vo su axan kanallara
nozarst olunaraq miitamadi tomizlonilmoalidir.

- Sodorak vo Qorbi Sorur maili diizonliklorinda
siddatli soran va sorakat torpaglarin miinbitlosdirilmasi
ti¢iin drenaj sobokalari qurulmalidir.
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Definition of the Romanian state space

Although Romanian statehood has roots dating
back to the Middle Ages, its independence is the result
of changes in the 19" century — a feature that puts it in
line with most states in the Balkan and Eastern Europe.
However, its state space has perhaps undergone more
changes in the last 500 years than that of its neighbours,
Romanian statehood has had a specific historical devel-
opment, which has often brought with it specific terri-
torial changes over time.

The Romanian state space has been shaped by tan-
gible historical and geographic factors which have had
a fundamental impact on the process of change. One of
the most important of these is the fact that the territory
inhabited by the Romanian ethnic group has histori-
cally been a grey zone, an intermediate or collision
zone between great powers. Byzantium, then the Otto-
man Empire to the south, the Golden Horde, then the
Russian Empire to the east, and to, initially the King-
dom of Hungary, then the Habsburg Empire and later
the Austro-Hungarian Empire the west. In the case of
Moldavia, Poland and the Polish-Lithuanian Common-
wealth were the local middle powers with a strong in-
fluence in the Middle and Early Modern period.

But an equally important factor was the geography
of the Romanian state space — the fact that it was geo-
graphically divided into three different regions of Eu-
rope, with Moldavia in the Eastern European plain,
Transylvania in Central Europe and the semi-Balkan
region of Wallachia — which in practice predestined the
political division that was central to the first six hun-
dred years of Romanian statehood.

From the formation of the Romanian principal-
ities to Ottoman vassalage

The beginnings of the Romanian state space be-
come more obscure the further back we look into the
past. On the one hand, because the state itself only came
into being in its modern form in the 19" century, the
two principalities can only be considered as 'legal pre-
decessors', and on the other hand, the general uncertain-
ties of early Romanian history do not allow us to speak
of a Romanian state in relation to the Dacian state,
which can be considered as its real predecessor.[1]

Until the middle of the 19™ century, the Romanian
territorial organisation consisted of two principalities

with similar structures, but separate, namely the Princi-
pality of Wallachia and the Principality of Moldavia.
These two entities were not only geographically contig-
uous, but also similar in structure, so that it is possible
to present the changes in the Romanian state space in
the early period through their history in parallel.

Records from the 12™ century already show that a
Neo-Latin-speaking people was at least in a relative
majority in the lowlands between the Danube and the
Carpathians, where a large Tatar, Cuman and Slavic
population also lived at that time.[2] The common lan-
guage and the increasingly prominent territorial iden-
tity of the Orthodox Church organised the New Latin-
speaking ethnic groups into several loosely connected
voivodeships, but the strength of Hungarian influence
meant that for a long time they were not able to form a
serious state. The region of Oltenia, which belonged to
the Kingdom of Hungary under the name of Banate of
Severin (Szorényi Bansag in Hungarian), was for a long
time excluded from the region of Wallachia, while the
Golden Horde extended its influence to Muntenia in
these centuries.[3]

The change came at the beginning of the 14™ cen-
tury, when Voivode Basarab — in opposition to the Hun-
garian King Charles | — united Oltenia and Muntenia,
thus creating the Principality of Wallachia. In the case
of Moldavia, although Hungarian influence was con-
siderable throughout the Middle Ages, Polish depend-
ence was the dominant factor; the foundations of state-
hood were laid by Prince Dragos in 1346. Moldavia co-
vers the area from the eastern foothills of the
Carpathians to the Dniester River and the Black Sea. It
reached its greatest extent during the reign of Stephen
the Great (Stefan cel Mare), when it even included the
territory of Pocutia — the region north of Bucovina.
Thus, at its peak, the Principality covered well over
100,000 km? — geographically slightly larger than the
94,000 km? of Wallachia.

However, with the gradual loosening of Hungar-
ian and Polish dependencies, a new power emerged in
the region in the 14" and 15" centuries in the form of
the Ottoman Empire. Following the conquest of neigh-
bouring states such as Bulgaria and Serbia, the two Ro-
manian principalities also became Ottoman dependent,
although not in the same way as their neighbours, as
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they were not fully integrated into the imperial struc-
ture: the territorial unity of Wallachia was preserved,
but the princes became vassals of the sultan in the fol-
lowing centuries. Moldavia lost its maritime exit to the
Ottomans, its princes also became vassals, but retained
their relative independence, also due to their relatively
great geographical distance from the Sublime Porte — a
structure that persisted until the end of the 17" century,
at the beginning of the Phanariot period.[4]

The case of Transylvania deserves special men-
tion, since it probably became a Romanian-ethnic ma-
jority territory for most of the Middle Ages, but cer-
tainly by the early modern period, and the Grand Duchy
of Transylvania, which became a separate entity from
the Kingdom of Hungary as a result of the Ottoman
conquests, functioned as an Ottoman vassal and func-
tioned in Romanian memory and memory politics as an
element of Romanian statehood similar to medieval
Moldavia and Wallachia.[5]

From the Phanariot era to the proclamation of
the kingdom

The 18" century also marked a turning point in the
development of the balance of power, when the main
change being that Russia became a serious rival of the
Ottoman Empire, and the area where the two empires
met became the territory of the Danube Principalities as
the natural geographical border between the two great
powers.

One of the basic mechanisms of Russian foreign
policy in the 18™ century was to accelerate and extend
the expansion of its interests towards the Balkans. As a
result, the Russo-Turkish wars resumed in the mid- to
late-century. The main theatre of the war between 1768
and 1774 was the territory of the principalities, and af-
ter the signing of the Constantinople Convention one
year after the concluding Peace of Kii¢iik Kaynardzi on
the 21% July 1774, the Habsburg Empire annexed Bu-
covina —and the region remained in Austrian hands un-
til 1918.

The Peace of Bucharest, which ended the Russo-
Turkish War of 1806-1812, also had a lasting impact.
This is the reason for the political fragmentation of
Moldova as a geographical and historical area for more
than 200 years. The Russian Empire annexed the east-
ern part of the territory between the Prut and Dnieper
rivers —and from then on the name Bessarabia began to
be used, although according to Romanian historian
Neagu Djuvara it originally meant only the southern-
most corner of the territory, today's Budjak.[6]

By the first third of the 19" century, two main
goals had been articulated by the political elites in Bu-
charest and lasi, three main goals for the short, medium
and long term. The first of these was the unification of
the two principalities, the second was the achievement
of full independence, and the third was the unification
of all Romanian-inhabited territories within a single
state.[7]

The weakening of the Ottoman Empire at the be-
ginning of the century, both in domestic and foreign
policy terms, was favourable. Well aware of the oppor-
tunity presented by the situation — and having seen
other events in the Balkans, such as the Greek and Ser-

bian struggles for independence or the case of Monte-
negro — the Romanian political elite began to gravitate
increasingly towards Russia.[8]

In fact, the Crimean War (1853-1856) provided
the opportunity for the manifestation of Romanian am-
bitions. Amidst the focus of the great powers in Eastern
Europe, the rallies organised by the Romanians were
effective, with several expressions of unification.
France also played an important role, acting as a patron
of the principalities and securing the return of the south-
ern part of Bessarabia to Moldavia with a narrow Black
Sea exit.

In line with the aforementioned Western interests,
in 1858 Alexandru loan Cuza[9] was elected prince,
first in Moldavia and then in favouWallachia, which
was the precursor to the unification that took place on
the 5™ February 1859 — or the 24" January according to
the old calendar.[10] In 1861, the personal union of
Moldavia and Wallachia was recognised by the Otto-
man Porte, and the state, initially known as the United
Principalities, became one of the medium-sized states
of the region, with an area of approximately 123,000
km?.

But diplomacy was not enough to achieve the next
goal, the independence. The new Ottoman constitution
of 1878 did not change the Romanian Principality's de-
pendence on the Porte, and it became clear to the elite
of Bucharest that war was the only way forward. Rec-
ognising this, Romanian troops became actively in-
volved in the ongoing war of 1877-1878 on the Russian
side, and at Plevna in Bulgaria, the barrel of a captured
cannon was used to pour out the future royal crown, the
Coroana de Otel (Steel Crown).

The peace of San Stefano, which ended the war,
guaranteed Romania's independence, and the Congress
of Berlin confirmed it. Under this agreement, Romania
ceded 3 counties of South Bessarabia — Bolgrad, Cahul
and Ismail — to Russia, but in return received the central
and northern part of Dobruja.[11] The country's terri-
tory thus increased to almost 138,000 km? and the form
of government changed soon after. In March 1881, a
kingdom was proclaimed; after the resignation of
Prince Cuza in 1866, Charles of Hohenzollern-Sigma-
ringen, invited from the German Empire, became the
first king of Romania under the name of Carol I.

The Second Balkan War and the Great Unifi-
cation

The first territorial change in Romania in the 20™
century was linked to the Second Balkan War, which
the country ended up as one of the victors with territo-
rial gains. The renewed war, which lasted from the 29t
June to the 10™ August 1913, was triggered by Bulgar-
ia's territorial gains, which were considered unrealistic
by its former Balkan allies. Romania joined in the 'sec-
ond act' and on the 10™ July declared war on Bulgaria,
which was besieged on all sides and was forced to lay
down its arms.

At the peace talks held in Bucharest in August,
Romania took possession of the southern part of Do-
bruja — named Cadrilater[12] — an area of nearly 7,500
km?, and thus the entire region. Although the Bulgari-
ans and Turks were in absolute majority here, the new
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acquisition with the town of Balchik gave a huge boost
to Romanian national consciousness.[13]

The next territorial changes and the greatest in
scale and imapct is linked to the First World War. In
August 1916, Romania, although a member of the
Quadruple Alliance[14] and an ally of the Central Pow-
ers, entered the war on the side of the Entente Powers
and launched an attack on Transylvania at the end of
the summer. The result was a total failure; the Austro-
Hungarian Monarchy, with effective German help, re-
pulsed the Romanian attack and then pushed on as far
as Bucharest, occupying the city. From the Romanian
side, by the beginning of 1918, virtually the whole of
the Wallachian Lowlands had fallen, the Bucharest
Peace Treaty was signed on the 8" May, and the Roma-
nian king and government fled with the rest of the army
to the former Moldavian capital, lasi. The border of
Austria-Hungary was moved to the foreground of the
Carpathians and a buffer zone was created while the
coastal strip was jointly controlled by the central pow-
ers — Romanian statehood was limited to a part of Mol-
davia for more than half a year.

However, as the military defeat of the central pow-
ers became increasingly certain, Romanian decision-
makers decided to go to war again at the end of Novem-
ber 1918 — this time with complete success. The first
’manoeuvre’ concerned Bessarabia. On the 3@ March
1918, the new Bolshevik government of Russia con-
cluded a special peace agreement with the Central Pow-
ers in Brest-Litovsk.[15] In this situation, the Roma-
nian government saw the time as ripe to seize Bessara-
bia; in March 1918, Romanian troops attacked a Russia
in a state of disintegration — on the 13™, the Romanian
forces reached the Dniester River line. A puppet gov-
ernment was set up in Chisinau, which on the 9" April
declared Bessarabia's accession to Romania 'for ever', a
decision tacitly accepted by both the Entente and the
Central Powers. By May 1918 Romania had thus lost
its war against the Central Powers and concluded the
harsh Bucharest Peace Treaty that sanctioned it. At the
same time, however, with Bessarabia it had ceded a sig-
nificant area of territory, roughly around 45,000 km?,
from Russia, which was descending into civil war.[16]

The seizure of Bucovina was similarly rounda-
bout, and was made possible thanks to a favourable co-
incidence of the given situation, the main element of
which was the inertia of the Ukrainian side. During the
civil war in Russia, attempts were made in several re-
gions of present-day Ukraine to organise an independ-
ent nation-state on the ruins of the tsarist regime, but
none of these attempts was truly successful.

The Romanians living in the southern part of Bu-
covina convened a Romanian National Assembly in
Czernowitz (Cerniuti) on the 27" October 1918, at
which they declared the unification of Bucovina with
Romania. The Romanian-Ukrainian territorial dispute
after the withdrawal of the Austrian administration was
finally settled by the entry of the Romanian army; the
former border line was crossed in early November,
Czernowitz was taken on the 11" November, and alt-
hough the northern part of the region was controlled for
a time by the Lviv-centred Western Ukrainian State, the

1919 Peace of Saint-Germain finally ceded the entire
former Habsburg province to Romania.[17]

The acquisition of Transylvania was the greatest
challenge in the great campaign to unify the new terri-
tories. On 3 November 1918, the Monarchy signed the
armistice treaty at Villa Giusti near Padua, ending the
war for the dual state.

However, it did not contain any concrete provi-
sions for the Kingdom of Hungary, apart from the se-
cession of Croatia-Slavonia, so one of the first tasks of
the government of Mihaly Karolyi, who came to power
on the 31% October in the heat of the Autumn Revolu-
tion, was to conclude an independent treaty.[18] For
Hungary, which would become independent a few days
later, this took the form of a second 'round’, the Bel-
grade Military Convention, signed on the 13" Novem-
ber.[19] This marked (on paper) the end of the Great
War. However, there was another factor; the time,
which also did not favour the Hungarian side, as French
General Franchet d'Espérey, the leader of the Entente
forces in the Balkans, reached the Sava — the historic
border between Hungary and Croatia — by early No-
vember, and the Czechoslovak Army invaded Upper
Hungary on the very day the document was signed.

The Romanians also broke the terms of the Bel-
grade Convention and invaded Transylvania, declaring
war on Hungary. The Romanian National Council was
established in Budapest on the 31% October and moved
from there to Arad, where it worked with the effective
help of the local Romanian national councils to gradu-
ally take political power over Transylvania. At this
point the ’ethnic question’ could not even be resolved
by a more democratic, federal reorganisation. The lead-
ers of the Transylvanian Romanians, already aware of
the Entente's position on historical Hungary, were in
full agreement in demanding union with Romania. The
first manifestation of this will came on the 1% December
1918 when the Transylvanian Romanian delegates of
Romanian assemblies voted for the unification of Tran-
sylvania with Romania in Alba lulia.

The renewed Romanian entry into the war resulted
in the almost total crushing of Hungary. The Romanian
Royal Army first advanced as far as the demarcation
lines marked by the Entente, then took Budapest in Au-
gust 1919 and by the end of the summer it was close to
the Austrian border.

After the First World War, the final Romanian
borders in Transylvania were fixed by the Treaty of Tri-
anon, signed on the 4" June 1920, under which the
Kingdom of Romania acquired Transylvania, Par-
tium,[20] the southern part of Maramureg[21] and, after
a ’duel’ with Serbia, the eastern one-third of Banat[22]
from Hungary. Romania's territory increased from
137,903 km? at the beginning of the war to 295,049
km?, making it a regional centre power and the largest
territorial extension of its history.

The changes of World War Il and the borders
of the modern Romanian state

In the interwar period, there were no border
changes that affected Romania in any way — it was the
second year of World War 1l that brought the first
change.



64

Slovak international scientific journal # 96, (2025)

In the summer of 1940, there was palpable tension
between Hungarian and Romanian diplomacy, with
both countries deploying hundreds of thousands of
troops along their common border in July and the out-
break of another war was on the brink. The tense situa-
tion was finally ’resolved’ by the Axis powers' settle-
ment with the Second Vienna Award on the 30™ August
1940. Negotiations, under German and Italian arbitra-
tion, settled the territorial dispute by awarding 43,104
km? of Northern Transylvania to Hungary.

That year, Romania suffered further territorial
losses under German pressure. On the one hand, it had
to cede Bessarabia to the Soviet Union, and on the
other, in the south, South Dobruja — the region acquired
during the Second Balkan War — to Bulgaria. These de-
cisions were recognised by the victorious powers as
valid after the end of the world war.

The following year, after the German invasion of
the Soviet Union, Romania received compensation for
the occupied Ukrainian territories; it took over the for-
mer Ottoman territory of Yedistan, east of the Dniester,
which included the city of Odessa.[23] This was a
short-lived acquisition, however, and in 1944, Soviet
troops advancing westwards retook the area.

Under the Paris Peace Treaty, signed on the 101"
February 1947, which formally ended the war, Roma-
nia lost the Bessarabian territories and did not regain
the Cadrilater, North Bucovina nor Bessarabia, but the
territorial integrity of Transylvania was restored by the
annulment of the Second Vienna Award.

Since then, apart from the exchange of a few is-
lands in the Danube Delta,[24] there has been no terri-
torial change in the Romanian state space, therefore Ro-
mania has now been covering an area of 238,397 km?
for more than 78 years, and most probably there are no
signs of change in the near future — unless pro-unifica-
tion opinions and movements start to gain strength in
the Republic of Moldova.[25]

Conclusion

To sum up, today's Romania is several times larger
in area than the first medieval principalities, and
roughly twice as large as the Kingdom of Romania at
its foundation in 1861.

The twentieth century was a period in which the
country owed almost all of its territorial acquisitions,
but also their retention, mainly to its successful partici-
pation in the wars of the age — the Second Balkan War,
the First World War — and to its prudent political re-
sponses in those situations, such as the evasion during
the last phase of the Second World War.
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VY 3ampomoHOBaHi# cTaTTi PO3TIAAAETHCS Ta30TypOIHHUN HAaIAyB CYJHOBHUX IBUTYHIB BHYTPIIIHBOTO 3T0O-
PSHHS SK OIMH i3 BapiaHTiB 3a0e3MeUeHHS HAIIMHOTO MiABUIICHHS MOTYXHOCTI CYTHOBOI €HEPTeTUYHOI YCTaHO-
BKH, TAKOXK HaBEJIeHI TEOPETUYHI BUCHOBKH L1010 NOSICHEHHS (PI3MYHUX MPUHLUIIIB IIPOLIECIB ra3000MiHY, YMOBH

3HW)KEHHS 1HIUKaTOPHOT MOTYKHOCTI.
Abstract

The proposed article considers gas turbine supercharging of ship internal combustion engines as one of the
options for ensuring a reliable increase in the power of the ship's power plant, and also presents theoretical con-
clusions regarding the explanation of the physical principles of gas exchange processes, conditions for reducing

indicator power.

KurouoBi ciioBa: ra3oBa TypOiHa, MOTY>KHICTh, €KOHOMIYHICTh, MaCOBIH 3apsiI MOBITPs, HAIIYB, COILIOBIH
amapart, paJiaibHi Ta OChOBI TypOOHArHITaYl, TOMITaX, TIYITHUK, POTOP, PaIiabHI i IIiTHIKI.
Keywords: gas turbine, power, efficiency, mass air charge, supercharging, nozzle apparatus, radial and axial

turbochargers, surge, muffler, rotor, radial bearings.

@Di3uuHU 3MICT Npollecy HaATyBY y ABUTYHAX
BHyTpimHboro 3ropsiast (/[IB3). Ilonepenune 30inb-
IICHHS IIUIHOCTI TOBITPs, 32 PaxyHOK 3pOCTaHHS
HOro TUCKY, IIPU3BOJUTH 10 3pOCTaHHS 3arajlbHOI Macu
3apsay B HATHIPI, A0 TOTO X 3abe3medye MOBHile
3TOPSIHHS MMAJKBA, M0 Haxidmuio. B pe3ymprati BinOy-
Ba€ThCS pi3Ke 30UTBIICHHS pOOOTH BiX 3rOpsHHS Ia-
JMBa, TaKOX 3pOCTAE CEepelHIM IHIMKATOPHUH THCK
NpoLeCy, @ 3HAYUTh 3HAYHO 301IBIIUTHCS IHANKATOPHA
notyxkHicTh [IB3.

OTxe, mporec HAIMYBY, (QI3UYHUI 3MICT SKOTO
MOJIATAE B HACTYITHOMY : -301JIbIICHHS MACOBOT'O 3apsiLy
MOBITPS, HIJISIXOM IIONIEPEAHBOTO CTUCHEHHS TIOBITPS y
KOMITPECOPi JI0 THCKY OnblI HiX aTMocepHe, Ta 1o-
JIaTKOBE 301IbIICHHS 3apsiy 32 paXyHOK OXOJIOJPKEHHS
MOBITPSl B IPOMIXXHOMY OXOJIOJKYBadi, TOMY IO CTH-
CHCHHS MOBITPS MPU3BOIUTH 10 30UIbIICHHS HOTO Te-
MIIEpaTypH i 3MEHIIEHHS MacoBOTO 3apsly MOBITPS,
TOOTO 0XOJIOZKYBad Iie 000B SI3KOBHH €JIEMEHT y CHC-
TEMH HaJJTyBY.

Cy4acHi CyaHOBI JIBUTYHH BHYTPIIIHBOTO 3rO-
psaHs (C/IB3) BUTOTOBIISIOTH BUKITIOYHO 3 HATYBOM,
SIKHI MOe OyTH:

MexaHi9HUM - CTHCK MOBITPS BiJl aTMOC(HEPHOTO
THCKY JI0 THCKY B Ha/I{yBHOMY arperari, sIKiii pUBO-
JIUTBHCSL B M0 4Yepe3 JIAHIIOTOBY abo 3ybuacTy mepe-
Jlady BiJl IBUTYHA. Y aHOMY BUMAJKy MOTYXHICTb, SiKa

BiOMpaeThCS ISl IPUBOLY KOMIIPECOpa 3MEHIIy€e KO-
ediuient kopuchoi aii (KKJI) nBuryHa ta HeraTHBHO
Crpusie Ha HOro €KOHOMIYHICTh. [TO3UTHBHUM XKe €
KOHCTPYKTHBHA TPOCTOTA O0JIa[IHAHHS Ta HOro HEBHU-
COKa BapTICTh TOMY MEXaHIUYHHMH HaJJlyB 3aCTOCOBY-
FOTh Y KOMOiHAIIi1 3 Ta30TypOiHHIM HAIyBOM Yy BEJIH-
korabaputaux C/IB3

l'a3oTypOiHHIM HAIIYBOM - I CTHCHEHHS ITOBi-
TP BiZl aTMOC(EPHOTO TUCKY [0 THCKY HAaIJyBY, KOT-
pift 3IIACHIOETECS Y TYpOOHAIyBOYHOMY arperati y
BUTJISIJI JIOTATEBOTO THITy KOMIIPECOp, KOTPHH 3HAaX0-
JUTBCSI Ha OJHOMY Basly i3 Ta30BOI0 TypOiHOMO. 3a-
BASKHA TOMY LIO TypOiHa BCTAQHOBJIEHA Y BUITyCKHOMY
KOJIEKTOpI JIBUI'YHa 3HaYHA YacTHHA €Heprii BHITYCK-
HHX Ta3iB MpUIajgae Ha PO3KPYTKY KOMIpecopa Hal-
JyBY, a y IBUI'YHax 0e3 HaJyBy LSl CHEpris BUXOHUTh
y TpyOy. OTxe, OCKITBKY IPUBIM JOMATEBOTO KOMITpE-
COpY 3IIHCHIOETHCS TYpOIHO0, MOTPIOHICTE Y AOTOMI-
JKHOT TIOTYKHOCTI BiJ] CaMOTO JBHUTYHA BiANAJa€e, TUM
camuM He BIuinBae Ha MexaHiunuit KK/, a ingukarop-
nuii KK/ 3pocrae, 3pocrae i iHAMKaTOpHA MOTYXKHICTb,
3BICHO 3HaYHO 3HIKYETHCS TATOMA BUTpaTa rnajnusa. B
LBOMY 1 MOJISITa€ OCHOBHA ICTOTHA IepeBara ra3oTyp-
OIHHOTO Ha/ITYBY Bil MEXaHIYHOTO.

KoM6iHOBaHMM — 11€ CTUCHEHHS TOBITPs y TypOo-
HAQITyBOYHOMY arperari Ta me i y JOMOMiXKHOMY Ha-
THiTa4i, KOTpiii MOke OyTH aBTOHOMHHM aBTOMATHIHO
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CJICKTPUYHO TMPHUBIIHUM 3 BHUKOPUCTAHHSM MiANOPII-
HEBUX MOPOXHUH. OCKUIBKHU TIpi KOMOIHOBaHOMY Me-
TOIy HaJAyBY JIMIIEC YaCTHHA E€HEpPril A CTHCHEHHS
TOBITps BimOMpaeTses Bin JIB3 a wacTmHa Bim aBTOHO-
MHOTO HarHitada, TO y JaHOMY BHIAOKy MEXaHIYHUH
KKJI nBurysa 3 KOMOiHOBaHIM HaJTyBOM Oyze MEHII
Hik KK/] nBuryHa 3 ra30TypOiHHUM HaTyBOM.

TakuM YMHOM MOJKHa CTBEP/XKYBATH 110 I'a30Typ-
OiHHIN HAaJIYB € Hail OUTBIIT EKOHOMIYHHAM, THM CaMUM
TMOSICHIOETHCS ITUPOKE 3aCTOCYBAHHS Y CyIHOBUX JIBU-
TyHax BHYTPIIIHBOTO 3TOPSIHHS, a KOJIM €HEpris BUITY-
CKHHX I'a3iB HE JI0CTaTHBO JUIsl BAKOHAHHS Ia30TypOiH-
HOTO HAJIyBy BHKOPHCTOBYIOTh KOMOIHOBaHWU Haj-
IyB.

Ockinbku cydacHi C/IB3 BHTOTOBISIOTH BHKIIIO-
YHO 3 HaJTyBOM — iX Ha3WBalOTh KOMOIHOBAaHIMH JBH-
TYHaMH, KOTPi MarOTh ¥ CBOEMY CKJIaJi BJIacHE MOPIII-
HeBuit /B3, momateBy ra3zoBy TypOiHy, JIOTIaTeBHA
KOMITPECOp, 0XOJIOXKYBay Ta KOJIEKTOPU PECUBEPH Ha-
JYBHOTO TOBITpsl. Y KOXXHOMY 3 LIMX BiJIOYBaroThCs
MPOLIECH TEPMOAMHAMIYHOTO LHUKIY KOMOIHOBAaHOTO
JAB3, xoTpuit Moxe OyTH po3IiieHHH Ha Bl YaCTHUHH,
e:

- IIMKJI, KOTPU BiIOYBA€ThCS y IIITIHAPI caMoro
MOPIIHEBOTO IBUTYHA;

- YaCTHHA TPOIIECiB SAKi BiIOYBaIOTHCS y JOATE-
BHX arperaTax (TypOiHH i KoMIpecopi).

BinnmoBigHO mMX NBOX CXeM LUKIY KOMOiHOBa-
Horo C/IB3 Bifpi3HAIOTH IBa CLIOCOOM TypOOHAAIYBY:

- HAAIyB 3 TypOiHOFO MOCTIHHOTO THCKY, KOJIH Ta-
30Ba TypOiHa MMpaIoe Ha BUXJIOMHKX ra3ax BiJ BUITyC-
KHOTO KOJIEKTOPY 3 IOCTIHHHMM THCKOM ras3iB, Ta Ma€
OJIMH CYIIIbHUH BUXJIOMTHUI KOJIEKTOP 1 BiH JTy’Ke MPO-
CTHI;

- HaaayB 3 TypOiHOIO 3MIHHOTO THCKY, KOJIHU Ta-
30Ba TypOiHa BUKOPHCTOBYE €HEPTiI0 IMITyJIBCIB Billb-
HOTO BHUITYCKY 1 MA€ BHITYCKHY CHCTEMY OKPEMHX TpY-
OOIPOBOIIB MEHIIIOTO J1iaMeTpy, KOTPi MiJBOAATH ra3u
0 TypOiHH Ta HO3BOJITIOTH OULTBIN MOBHE BHKOPHC-
TaHHS €HEeprii ra3iB Ha peKUMAaX YaCTKOBUX MOTYKHO-
CTSX 1 KOHCTPYKTHBHO JIEII0 CKJIaTHIIIE.

EdexruBnicts HamayBy cymHoBux JIB3 orrinto-
€TBCSI CTYNICHEM HAJUIYBY 1 SIK Pe3yJbTaT 3011bLICHHS
MOTYKHOCTI JBUTYHA 3 HAaJlyBOM MOPIBHSHO 3 HOTYX-
HICTIO ZBUT'YHA Oe3 HajayBy. CTyneHb Ha/lyBy MOXKe
JIOCSITATH TAKUX 3HAY€Hb: ISl YOTHPUTAKTHUX J(BUTY-
uiB Bix 1,1 10 4,9 a nnst aBorakTHEX Bix 1,2 10 3,8 1mio
JI03BOJISIE T IBUIIATH THCK OlIbi Hix 2,0 MITa.

Takox epeKTHBHICTH HAIAYyBY 30UIBIIVETHCS 3i
3HIDKEHHSM TEMIIEpaTypH HaJUTyBHOTO MOBITPS B 0XO-
JIOJKyBadi i HOTO CTaHy, TOOTO BiJ BEIMYMHU BiJKiIa-
JIeHb Ha TIOBEPXHI 0XOJIOIKyBaya.

IIpi BuOOpi cucTeMu HAJITYBY BiITAETHCS TEpe-
Bara OJHOCTYTIEHEBil cHCTeMi HAAIyBYy HOCTIHHOTO
TUCKY 3 BUKOPHCTAHHSM TUIBKH OJIHOTO KOMIIpecopa 1
CIIPOIICHOI0 CHCTEMOIO BHITyCKHUX Ta3iB, 1m0 Aae Oi-
JBITY HAIIHHICTH Ta MPOCTOTY KOHCTPYKIIii, IO 3yMO-
BIIOE 3MEHIIEHHS 00’'eMy poOiT moa0 0OCIyroBy-
BaHH IBUTYHIB.

3amopyKor yCHilIHOTO PillIeHHsI TPOOJIeM ITiIBH-
meHHs notyxHocti C/IB3 € cTBOpeHHs cydacHUX, 10-
CKOHAJIMX 1 HaAIHHUX TypOOKOMIIpecopiB, sKi Ou 3a-

6e3neuyBanu Bucoki KK/l Typ6inu Ta komnpecopa, Bu-
COKi piBHI HaIilfHOCTI Ta pecypcy, BHaje PpillleHHS
0,10 KOMIIOHOBIII IO IBUTYHA, TEXHOJOTIYHICTh CaMOi
KOHCTPYKIIi i Maii TpaTh Ha OOCIYTrOBYBaHHS Ta pe-
MOHT.

I'azoBa TypOiHa — omaTeBa MamIMHa B SKOT TOTe-
HIiffHa eHepris THCKy Ta3iB IOCTYIIOBO IIEPETBOPIO-
€TBCS CIIOYATKY Y KIHETHYHY SHEprilo MOTOKY Ta3iB a
Jaji y MexaHiqHy poOoTy Basia poTopy ( Baly KOMIIpe-
copa). B 3anexHocTi BiJl HANPSIMKY pyXy rasiB ra3osi
TypOiHu OyBalOTh OCLOBUMH Ta PaiabHUMU (aKciajb-
HUMH).

Ha manomy erarti po3BUTKY HpOBinHI CBiTOBI (i-
pmu Brown Bovery, Napier, Takox qu3eneOymiBHI KO-
proopanii MAN Ta Wartsila Corporation 3aiimaroTbcs
CTBOPCHHSM, MOOYJOBOIO arperariB HaJmayBy — ra3o-
typbonaraerareneit (I'TH) 3nagennst KK/ xotpux mo-
csrae 0,85 a piBeHBb THCKY HaXyBHOTO IOBITPA OlIbIIe
Hixk 3.8 MIla i Bce ue H03BOJISE€ 30UIBIIUTH LMAJIIH/I-
POBY, 1 B LiJIOMY, arperaTHy HOTY)XHICTb CyIHOBOT'O
IBUTYHa B 3-5 pa3iB 0e3 3MiHM BCiX HOro po3MipHB.
OctaHHIM YacoM po3po0biieHo HoBui akcianbuuii ' TH
cepii TCJI, sikuii CIpOMOXKHHI 301JIBIIUTH 11014y Ta
CTYIICHb TUCKY 1 Mae Bucokuii KKJI.

Aue, Ipy BCbOMY IBOMY CIiJI TTaM SITATH IO IPH
3MEHIICHI HABAHTAXXCHHS YOTHPUTAKTHOTO JIBUTYHA i
3MEHIIEHI YacTOTH OOEepTiB [JBOTAKTHOTO [BUTYHA
Maca Ta mapaMeTpi Tra3iB mepen TypOiHOIO TeX 3MEH-
LIYIOTHCS, O BUKJIMKAE 3BICHO 3MEHIICHHS KPYTHOTO
MOMEHTY TypOiHH 1 3MEHIICHHS MacOBOTO 3apsIy MO-
BITpsl BUJI JIONIATEBOTO KOMIIPECOPA, e € 3aJEeHKHICTIO
MacH i TUCKY MOBITPSIHOTO 3apsily Bijl 4acTOTH 00epTiB
camoro JIB3 i mMae JiHIAHUI XapakTep, a PeKUM po-
00TH JBUTYHA y JaHOMY BHIAJKy Ha3WBAE€ThCS PEXHU-
MOM L0 He BCTaHOBUBCS abo yactkoBuM. Ha 1mx pe-
KMMax 3MiHa MacH 3apsy MOBITPS MO BiJHOIIEHHIO 710
3MUHH 110]1a4i MTaJIMBa TPUBOANTD JI0 HOTIPIIEHHS IPO-
1iecy 3TOPSIHHS 1 BTPaTH IOTYKHOCTI ABHTYHA.

Ha neit Bumanok, ans momimmeHHs pobotu CIB3
Ha TaKMX PEeKUMax, 3aCTOCOBYIOThH CIIiIyIOYH METOIH
peryJIOBaHHS HaJTyBY MOBITpPSL:

- 3 OOKY MOBITPSIHOI YaCTHUHU — 1I€ PETYJIIOBaHHS
KOMITPECOpa METOJIOM ITOBOPOTY JIONATOK AU(Y30pY ;

- 3 OOKy ra30BOi YaCTHHHU — i€ PEryJIFOBaHHs 110-
TOKY Ta3iB Kpi3b TypOiHHM 200 3MiHa TeoMeTpil CoruIo-
BOTO amapary, cucrema ska HaOyma Ha3By VTA
(Variable Turbine Area).

CeHc nuX peryioBaHb 3BOJUTHCS 10 TOTO L0 IPH
3MEHIICHI HABAaHTAXXEHHs ABHI'YHA BCE X TakH 3a0e3-
TIeYy€ETHCS ONTUMANIBHI TOKa3HUKH POJYKTHBHOCTI Ta
TUCKY HaJUIyBY IO B IJIOMY 3a0e3medye cTabiIbHi Mo-
Ka3HHKH poO0YOro mporecy IBUryHa. Takox KoMmOiHa-
i METOZIB PETYJIIOBaHHSA IPOILIECOM ra3000MiHy, a
TOYHIIIE yIPaBIIiHHS (a3aMH BIAKPUTTI-3aKPUTTS BH-
MMycKHOTO KiamaHy (y ABoTakTHOMY asuryHi) VEK
(Variable Exhaust Closing), perymoBaHHs TypOiHHOTO
HagayBy VTA 0olHOYacCHO 3 IIOYATKOM YIOPCKYBaHHS
metogoM VIT (Variable Injection Timing) mo3Bonmia
ICTOTHO TMOJIMIIATH MOKAa3HUKH POOOYOTO MpoIecy
C/ZIB3, 0co6a1BO Ha 4aCTKOBHX peXHMax Horo poooTu
B TOMY YHUCJI 3MEHIIUTH TUTOMY BUTpPATy MaJINBa.
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Kpim Toro Ha epeKTHBHICTb HaIyBY BILIUBAE Te-
XHIYHHHA CTaH CUCTEMH Ta3000MiHy OKpEeMO ISl Ta30-
BOi TypOiHH, MOBITPSHOTO KOMITpECOpa, MOBITPSHOTO
(iTPTPY Ta MOBITPSHOTO OXOJOKyBada. THCK i TeM-
mepaTypa TasiB 70 Ta micist TypOiHU a TaKoXX JacToTa
00epTiB TypOOKOMIIpecopa XapakTepU3yIOTh CTaH Ta-
30B01 TypOiHu. THCK 1 TemIepatypa MOBITPs 0 i micIs
KOMITpECOpa OLIIHIOE CTaH MOBITPSHOTO KOMIIpEecopa, a
CTaH IMOBITPSHOTO (LTBTPa OLIHIOIOTH MEPENnaaoM TH-
CKY MOBITPs 10 1 micnst GinbTpy. O3HaKaMM CTaHy IUX
€JIEMEHTIB CHCTEMHU TIa3000MiHy € OJHOYAacHE 3HH-
seHHsT yactotu o0eptiB ['TH, pi3ke mamiHHs THCKY
HAJITYBY Ta 3piCT TEMIIEPaTypi BUXJIOMHUX ra3iB MO HU-
JHIpaM.

OpHak aHaNi3W NPUYMH 3HIDKEHHS IMOTY>KHOCTI,
SK HACINIZOK 3a0pyIHEHHS IPOIyBaIbHO-BHUITYCKHOTO
Tpakty camoro nasurysa i ' TH moka3yioTs, 1o mpoBo-

JS19M KBaJTipiKOBaHy €KCIUTyaTalilo i CBOEYacHe BHSIB-
JICHHSI EPIIONPUYNH 3HIDKEHHS 1HIUKaTOPHOI MOTYX-
HOCTI a TaKOX CBOEYACHE iX YCYHEHHS CyIHOBHUH TeX-
HIYHHAH TIepCOHANl MOXe 3a0e3MeUYnTH HOMiHANbHI Xa-
PaKTEPUCTUKH CyTHOBOTO JIBUTYHA.
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Abstract

In the context of deepening education reform, Unit Whole Teaching Design, as an innovative paradigm to
practice the concept of the new curriculum standard, has become an important path to improve teaching quality.
This study focuses on primary school mathematics and systematically explores the theoretical value and practical
path of Unit Whole Teaching Design. Through multi-dimensional analysis of its core meaning and application
value, combined with classroom observation, teacher and student research, we pinpointed the real problems of
insufficient theoretical knowledge, disjointed practice and imperfect evaluation system. Based on this, we con-
structed a scientific design framework that includes analysis of learning situation, establishment of objectives,
refinement of core concepts, content reconstruction, resource development, teaching and learning implementation,
and diversified evaluation, and verified its effectiveness in practice. The results show that the Unit Whole Teaching
Design can effectively help students build a systematic knowledge network, enhance teaching efficiency,
strengthen the ability of combining number and shape and knowledge transfer, and stimulate learning interest,
which provides a practical sample for the reform of primary school mathematics teaching, and has far-reaching
significance for the promotion of the development of students' core qualities and the implementation of the goal
of mathematics education.

Keywords: Primary Mathematics; Unit Whole Teaching Design; Core Literacy; Instructional Design.

1. Research background

The 2022 edition of China's Compulsory Educa-
tion Mathematics Curriculum Standard takes core liter-
acy as the overarching goal, emphasises the curricu-
lum's nurturing orientation, and explicitly proposes to
‘pay attention to Unit Whole Teaching Design’, which
points out the direction of teaching practice[1], and
Unit Whole Teaching Design is precisely an important
way to achieve the cultivation of core literacy through
the integration of curriculum content, which fits the
structured demands of curriculum content. On the con-
trary, the current teaching design of primary school
mathematics is commonly used in the classroom, there
is a lack of overall grasp, knowledge fragmentation,
fuzzy points and other problems, leading to passive
learning, knowledge transfer difficulties, is not condu-
cive to the cultivation of disciplinary literacy, in con-
trast to the Unit Whole Teaching Design, which guides
the teacher to sort out the intrinsic connection of
knowledge, systematise and structure fragmented
knowledge, and promote the internalisation of class-
room knowledge, effectively enhancing learning effec-
tiveness and classroom efficiency.

2. Research Value and Significance of Unit
Whole Teaching Design

2.1. Strengthening the transfer of subject
knowledge to enhance teachers' teaching

In primary school mathematics teaching, large-
unit teaching can not only effectively solve the prob-
lems of fragmented knowledge points and difficulties
in connecting new and old knowledge in traditional
teaching, but also systematise the learning content in
stages, guide students to explore new knowledge with
the help of old knowledge, reduce the difficulty of
learning, promote the migration of subject knowledge,

and consolidate the knowledge system. It can also help
frontline teachers break through the predicament of
poor knowledge articulation and teaching fragmenta-
tion, deepen their understanding of Unit Teaching De-
sign, update their teaching concepts, establish a holistic
view of teaching, enhance their teaching design skills,
and promote the dual advancement of teaching quality
and professionalism in the practice and reflection on the
improvement of diversified teaching methods.

2.2. Promoting innovation in subject teaching

In the teaching process of primary school mathe-
matics, teachers can also better promote the innovation
and expansion of subject teaching through the large unit
teaching mode. Large-unit teaching is one of the im-
portant contents of the new standard, which brings
more new concepts and methods to subject teaching. In
the application of large-unit teaching mode, teachers
can flexibly use multimedia teaching method, contex-
tual teaching method, group division of labour and co-
operation teaching method and other methods, making
classroom teaching more flexible. At the same time, the
comprehensive application of a variety of teaching
methods can also be better to improve the classroom
communication and interaction environment, highlight-
ing the subjective status of students, enriching the ele-
ments of classroom teaching, and helping to achieve the
desired innovative effect.

2.3. Promoting the implementation of core lit-
eracy

In the context of the new curriculum, core literacy
has become an important educational goal, requiring
teachers to fully clarify the specific content of the core
literacy of the discipline, and based on this to complete
the teaching design, to ensure the effectiveness of sub-
ject teaching. Large-unit teaching can put the teaching
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content of multiple chapters together, based on the
macro level of teaching planning, which significantly
improves the students' cognitive level of the connota-
tion of the subject knowledge, and helps students to
complete the internalisation of subject knowledge. At
the same time, in the process of the implementation of
the large unit teaching mode, teachers can also carry out
some practical teaching, guiding students to apply their
own mastery of subject knowledge to the actual scene,
and to refine their subject practical ability. In this way,
the core qualities of students' disciplines can be signif-
icantly improved, and better teaching results can be
achieved.

3. Optimisation Strategies and Steps for the De-
sign of Unit Whole Teaching Design in Primary
Mathematics

Current educational practice research shows that
Unit Whole Teaching Design faces many challenges in
the process of frontline teaching. Although many teach-
ers have recognised its value in improving the quality
of teaching and learning, there is still a great deal of
confusion in its implementation, especially in how to
combine the content of subjects to carry out detailed
design. Four typical problems have been revealed in
practice: firstly, the analysis of unit teaching elements
is just a formality, failing to dig deep into the intrinsic
correlation between the learning situation, teaching ma-
terials and the standard; secondly, the setting of teach-
ing objectives is out of touch with the cultivation of
core literacy, and it is difficult to accurately connect
with the cognitive development needs of the students;
thirdly, there is a lack of systematic integration in the
arrangement of the teaching content, which results in
the prominent phenomenon of fragmentation of
knowledge; and fourthly, the evaluation of teaching has
a single dimension and fails to build a diversified eval-
uation system covering the learning process and ability
development.

To address the above dilemmas, this paper will
take the subject of Primary Mathematics as an entry
point to systematically sort out the whole process of im-
plementing strategies for Unit Whole Teaching Design.
By dismantling the key steps in each process, from the
in-depth analysis of teaching elements, literacy-ori-
ented goal setting, structured content reconstruction to
the construction of a multiple evaluation system, this
paper will provide teachers with a clear and operable
practical guide to help them break through the bottle-
neck of the design and enhance the effectiveness of the
implementation of the Unit Whole Teaching Design.

3.1. Optimisation Strategies for Unit Whole
Teaching Design in Primary Mathematics

3.1.1. Focusing on students' core literacy and
developing Unit Whole Teaching Design objectives

There is a significant difference between Unit
Whole Teaching Design and Lesson Time Teaching
Design in terms of goal-setting, with the most essential
difference being that the former places more emphasis
on the cultivation of core literacy as the core goal ori-
entation, and the in-depth deconstruction of the subject
knowledge system. In Unit Whole Teaching Design,
teachers need to anchor the teaching objectives pre-

cisely, break them down into hierarchical and progres-
sive sub-objectives, ensure complete coverage of all
levels of the knowledge structure, and at the same time
articulate them in a clear and logical manner and with
clear criteria. These objectives do not focus on the iso-
lated mastery of a single knowledge point, but are for-
mulated in a comprehensive manner around the learn-
ers' knowledge reserves, learning habits, motivation
levels and developmental expectations, in an effort to
realise the organic unity of the acquisition of
knowledge, the enhancement of competence and the
shaping of affective values.

As the core of education and teaching, core liter-
acy is endogenous and developmental in nature, and its
formation and development are deeply rooted in the
learning process of individual students, and cannot be
detached from the main body of students. Therefore, in
the target design of Unit Whole Teaching Design, the
cultivation of core literacy must be carried out through-
out the whole process, and through systematic target
planning, it can provide solid support for the compre-
hensive development of students, and help students to
internalise and improve their core literacy in the pro-
cess of knowledge learning and ability cultivation.

3.1.2. Creating a Unit Whole Teaching Design
Context to Promote a Close Connection to the The-
matic Content of the Unit

In Unit Whole Teaching Design, the creation of
problem situations is the key path to achieving the
teaching objectives. In the process of exploring prob-
lems, students need to actively activate their existing
knowledge reserves, reorganise and deepen their cog-
nitive structure, so as to promote the development of
thinking to a higher level. High-quality problem situa-
tions should be closely related to the core theme of the
unit, and the core concepts of mathematics should be
cleverly integrated into realistic task scenarios. Teach-
ers should be good at tapping the vivid materials in stu-
dents' daily lives to build immersive teaching contexts,
break down the barriers between maths and life, and let
abstract mathematical knowledge “take root” in real-
life situations.

The cultivation of contextualisation and
knowledge transfer is a distinctive feature of Unit
Whole Teaching Design. Cultivating core literacy not
only requires that knowledge be given contextual carri-
ers, but also that these contexts be authentic and di-
verse. Under the traditional teaching mode, there are
often limitations in the creation of contexts: some of the
contexts are outdated and difficult to meet the needs of
the times; there is a lack of intrinsic logical connection
between different contexts, which forms an ‘infor-
mation island’ and makes it difficult for students to re-
alise cross-scenario application of knowledge. The Unit
Whole Teaching Design emphasises the building of
bridges for knowledge transfer through the creation of
serialised and progressive multiple contexts. This re-
quires teachers to carefully design core themes
throughout the unit, which can systematically integrate
fragmented knowledge, promote the integration of
knowledge within subjects and the cross-fertilisation of
knowledge between subjects, so as to truly realise the
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living application of knowledge and the progressive en-
hancement of literacy.

3.1.3. Integrate the teaching content of each
module of the unit and lead students to establish a
systematic knowledge system

The integration and reconstruction of unit content
is the core of Unit Whole Teaching Design, which re-
quires teachers to base on students' learning conditions
and the logic of textbook arrangement to systematically
optimise the teaching content. Mathematics textbooks
follow the law of spiral arrangement, and the same
knowledge module shows a cyclical progression in dif-
ferent school segments. Therefore, to carry out the in-
tegration of unit content, teachers first need to conduct
a vertical analysis of the curriculum system, sort out the
specific content of similar knowledge modules in dif-
ferent school segments, accurately locate the students'
existing knowledge reserves, and prejudge the impact
of the current teaching content on the subsequent learn-
ing, so as to link the dispersed knowledge points into a
complete knowledge chain, and to build up a systematic
vertical knowledge structure.

In terms of content integration strategies, two
paths can be adopted: logical integration and project in-
tegration. Logical integration emphasises the planning
of the teaching sequence based on the intrinsic connec-
tion and cognitive logic of knowledge, for example, fol-
lowing the logic of ‘conceptual knowledge - relation-
ship comparison - practical application’, the teaching of
number concepts, comparison of number sizes and
arithmetic operations can be carried out in sequence.
Project integration, on the other hand, takes specific
learning projects as the carrier, and designs a series of
tasks around the core knowledge points of primary
school mathematics, guiding students to establish hori-
zontal links between knowledge and realise compre-
hensive application of knowledge in the process of
solving practical problems. Teachers can flexibly ad-
just the teaching sequence or reorganise the units for
knowledge content that is repeated or highly related in
the textbooks. Take the teaching of triangles as an ex-
ample, in view of the drawing of the height of the trian-
gle and the classification of angles are closely related,
the teaching arrangements can first guide students to
understand the basic features of the triangle as a whole,
and then gradually explore its sides, angles and classi-
fication, this adjustment is more in line with the law of
cognitive development of students, help to enhance
learning efficiency.

Unit Whole Teaching Design is always oriented to
the cultivation of core literacy, and this concept runs
through the whole process of goal setting, context cre-
ation and content integration. At the level of objective
design, teachers need to take into account students*
learning status, motivational needs and other factors,
and formulate teaching objectives that cover both the
knowledge system and the development of literacy; at
the level of context creation, it is emphasised that real
life is the source, and problem scenarios with contex-
tual and migratory aspects are created, so as to integrate
core mathematical concepts into the thematic tasks of
the unit, and to drive the deepening of students’ cogni-
tion in the process of problem solving; and at the level

of content integration, the systematic reconstruction of
teaching content is achieved through building vertical
knowledge networks and optimising teaching se-
quences, so as to build a solid knowledge foundation
for the development of students' core literacy.

3.2. A Framework for Unit Whole Teaching De-
sign in Primary Maths

3.2.1. Analysing the teaching elements of the
unit

The teaching elements of the unit cover the learn-
ing situation, the curriculum standard, the teaching ma-
terials, the teaching points and difficulties, and the anal-
ysis of the teaching methods. Teachers need to under-
stand the learning situation with the help of pre-class
assessments, homework analyses, classroom observa-
tions and teacher interviews, focusing on both individ-
ual and group characteristics of primary school stu-
dents, clarifying their cognitive structure and
knowledge development characteristics, and anticipat-
ing learning difficulties. When studying the curriculum
standards, it is important to clarify the abilities and
qualities that students should have at different stages
based on the new standards, summarise the guidance in
the light of the current situation, judge the learning ex-
pectations of students accordingly, and formulate
teaching objectives and activities. Comparing different
versions of textbooks, summarising the characteristics,
grasping the structure, establishing the link between the
contents of the unit, providing a basis for teaching de-
sign, and integrating the textbooks based on the ar-
rangement of the textbooks, the students and the
knowledge structure of the unit, and making good prep-
arations for the lesson. Teachers analyse the teaching
key points from the perspective of the unit as a whole
and sort them out based on the learning situation, which
is extremely crucial for breaking through the key points
and cultivating students' thinking. Before and after es-
tablishing the course theme and objectives, teachers
should research the necessary information and materi-
als, clarify the objectives and themes, and enhance their
understanding of the two by studying the curriculum
standards, teaching materials, and learners. Only by
mastering the content and knowledge structure of the
textbooks and understanding the characteristics of
learners before class, teachers can make correct deci-
sions in subsequent teaching activities.

3.2.2. Design Integration Unit

(1) Form the Unit Whole Teaching Design

Goals

A scientifically sound teaching design cannot be
achieved without a thorough analysis of students' learn-
ing situations, textbooks, and curriculum standards.
These three elements together form the core basis for
setting teaching objectives. Before conducting teaching
design, teachers need to systematically review students'
existing knowledge reserves, learning abilities, and
cognitive characteristics, accurately interpret the ar-
rangement logic and knowledge framework of the text-
books, and deeply study the specific requirements of
the curriculum standards. This serves as the foundation
for designing teaching activities.

The setting of teaching objectives should not be
limited to the transmission of knowledge, but should
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also comprehensively cover the multidimensional de-
velopment needs of students at specific stages of learn-
ing, including the skills and methods they should mas-
ter, mathematical thinking, and emotional attitudes. By
carefully breaking down teaching objectives, teachers
can anticipate potential difficulties and obstacles that
may arise during the teaching process in advance, leav-
ing room for flexible adjustments to teaching strategies,
thereby enhancing the relevance and effectiveness of
teaching activities.

In Unit Whole Teaching Design, teachers need to
closely integrate textbook analysis, student assessment,
and the cultivation of core mathematical literacy. On
the one hand, by sorting out the knowledge structure of
the textbook, they can clarify the logical connections
between each knowledge point. On the other hand,
based on an accurate grasp of students' cognitive levels,
they can incorporate core literacy such as mathematical
abstraction and logical reasoning into the teaching ob-
jectives, forming a clear and focused Unit Whole
Teaching Design objective system that provides clear
guidance for the orderly implementation of subsequent
teaching activities.

(2) Clarify the core concepts of the unit

The new curriculum standards advocate for the
structuring of course content, which essentially in-
volves understanding the curriculum from a structured
perspective. This requires teachers to utilise ‘big ideas’
(core concepts) to guide content integration and the cul-
tivation of core competencies, thereby highlighting
their pivotal role in curriculum design. The develop-
ment of subject-specific core competencies is grounded
in subject-specific big ideas, a concept whose theoreti-
cal roots can be traced back to Bruner's cognitive struc-
ture theory — which posits that new knowledge is un-
derstood through meaningful experiences and encoded
into structures that facilitate its retrieval. Scholars Liu
Hui and Liu Aidong [2] point out that big ideas are
‘higher-order’ concepts. Li Gang and Lyu Yujie [3] em-
phasise that the implementation of subject core compe-
tencies must be centred around big ideas, as they can
prevent superficial and fragmented learning, promote
transfer, and improve classroom efficiency and quality.
Big ideas, like ‘framework,” support smaller ideas,
principles, and methods to form a complete disciplinary
system. Without them, knowledge becomes scattered.
Take learning about numbers as an example: distin-
guishing between integers and natural numbers can
deepen understanding, and learning about fractions and
decimals later on is a two-step expansion of the concept
of numbers. Comparing natural numbers, fractions, and
integers side by side can strengthen cognition. Teachers
need to sort out the similarities and differences between
pieces of knowledge to help students make connec-
tions.

The connection between core concepts promotes
close links within the subject, enabling students to learn
specific knowledge efficiently once they have mastered
them. Teachers need to grasp the essence of mathemat-
ics, analyse core competencies, analyse unit knowledge
structures, extract basic principles and definitions,
compare and categorise the similarities and differences
between horizontal knowledge points, and clarify the

distinctions and connections between them in order to
form unit core concepts based on curriculum standards
and multiple versions of textbooks. At the same time,
appropriate teaching materials are selected, and
knowledge structure analysis is used to deepen under-
standing of similar principles and definitions, distin-
guish between similar concepts, summarise cognitive
methods and reasoning processes, form mathematical
thinking, and improve teaching effectiveness.

(3) Reconstructing the course content frame-
work

The intrinsic interconnectivity of mathematical
knowledge between units requires teachers to
strengthen the continuity of content in their teaching.
By using unit core concepts and core competencies as
a link, they should reconstruct the curriculum system to
help students achieve a deep understanding and holistic
construction of knowledge. Teachers must first clarify
the logical framework of subject knowledge. Based on
this, they should break through the limitations of class
hours, organise the intrinsic connections between
knowledge points, and creatively integrate the curricu-
lum content. This will facilitate students' transition
from fragmented knowledge acquisition to systematic
cognitive construction.

To achieve the integration of teaching content,
three key issues must be addressed: First, the current
unit division of mathematics courses tends to result in
fragmented knowledge. Teachers must emphasise the
integrity of the curriculum in their teaching, using
cross-unit knowledge connections to demonstrate the
logical structure of the mathematics discipline. Second,
the spiral progression of textbook content requires
teachers to enhance their ability to integrate teaching
materials, using a systematic perspective to grasp the
progressive relationship of the same knowledge module
across different periods, avoiding repetitive teaching
while reinforcing cognitive progression; third, unit con-
tent organisation must align with students' psychologi-
cal cognitive patterns. If knowledge points are pre-
sented in isolation, it will hinder the formation of a
complete cognitive structure. Therefore, teachers need
to accurately grasp the logic of course design, take stu-
dents' actual learning starting points as the basis, follow
the principles of comprehensiveness, gradual progres-
sion, and interrelatedness, and construct a teaching se-
quence that progresses from simple to complex and is
interconnected, ensuring that knowledge transmission
conforms to both disciplinary logic and cognitive de-
velopment patterns.

3.2.3. Develop unit teaching resources

Based on the analysis of the unit content and un-
derstanding of the students' learning situation, teachers
develop resources suitable for the Unit Whole Teaching
Design, which mainly include the development of the
unit teaching context and the design of core tasks. De-
sign authentic contexts that align with students' lives
based on teaching content and their life experiences.
Guide students to explore core concepts through these
authentic contexts. Design core tasks that align with
students’ core competencies based on the selected
teaching contexts, unit content, and student circum-
stances, helping students develop an awareness of the
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unit. Develop mathematical cultural resources, inte-
grate culture into classroom teaching, and use teaching
contexts as a guide to promote the development of unit
activities, cultivating students’ ability to apply
knowledge in new contexts.

3.2.4. Implement teaching

In the teaching practice phase, it is necessary to
further refine the preliminary design activities and im-
plement them precisely in the classroom. Only through
actual teaching implementation can problems be effec-
tively identified and solutions optimised. Specifically,
it is necessary to systematically integrate the results of
the preliminary analysis, design, and development
phases, scientifically divide lesson types and lesson
hours, extract core tasks and driving questions for each
unit, and organise learning activities with the unit as the
core of teaching. In practice, we continuously monitor
issues that arise during unit integration, dynamically
evaluate students' learning processes, and adaptively
adjust the planning and content of the Unit Whole
Teaching Design based on actual teaching feedback.
This ensures that teaching practices align with pre-set
objectives while remaining flexible enough to optimise
based on changes in student circumstances, thereby
achieving a closed-loop improvement in teaching de-
sign and implementation.

3.2.5. Conduct unit evaluation

Once basic teaching activities are being carried out
in an orderly manner, the establishment of a teaching
evaluation system becomes a key factor in ensuring
teaching quality. In Unit Whole Teaching Design, it is
necessary to adopt a diversified and comprehensive
evaluation model to ensure that teaching effectiveness
is comprehensively measured. The evaluation design
must adhere to two core principles: first, emphasise the
deep integration of process-based evaluation, incorpo-
rating evaluation into every stage of classroom teach-
ing, and using real-time monitoring and feedback to ac-
curately assess the achievement of teaching objectives;
second, focus on the practicality and efficiency of the
evaluation plan, avoiding cumbersome processes or
complex standards that could affect the pace of class-
room teaching, and ensuring that evaluation activities
accurately reflect teaching effectiveness while provid-
ing clear guidance for teaching improvement.

When designing assessment projects, teachers
should establish a two-way feedback mechanism: on
the one hand, they should provide timely feedback to
students on their learning outcomes, helping them to
clearly understand their own learning status, identify
their strengths and weaknesses in knowledge mastery,
thereby stimulating their initiative in learning and opti-
mising their review strategies; on the other hand,
through systematic reflection on the teaching process,
they should summarise the experiences and shortcom-
ings of the Unit Whole Teaching Design, extract excel-
lent teaching strategies, improve weak areas, and pro-
mote the iterative upgrading of the Unit Whole Teach-
ing Design. achieving a virtuous cycle of ‘assessment-
driven teaching and assessment-driven learning.’

4. Conclusion

As educational reforms continue to deepen, Unit
Whole Teaching Design, an innovative model aligned

with the new curriculum standards, is increasingly be-
coming a key pathway to enhancing teaching quality.
Compared to traditional lesson-based teaching design,
Unit Whole Teaching Design breaks through the limi-
tations of fragmented knowledge, integrating teaching
content from a more macro perspective. This not only
helps teachers systematically grasp the structure of sub-
ject knowledge but also fosters students' core compe-
tencies through continuous knowledge connections and
practical applications. Although this model is still in the
developmental stage of theoretical exploration and
practical validation, with challenges remaining in areas
such as theoretical framework construction and the im-
plementation of teaching strategies, it has already
demonstrated profound implications for future educa-
tional reforms.

This paper takes primary school mathematics ed-
ucation as its research object, systematically exploring
the theoretical value and practical pathways of Unit
Whole Teaching Design. The study first delves into the
core significance and application value of Unit Whole
Teaching Design from dimensions such as educational
goal transformation and subject knowledge integration,
clearly identifying its pivotal role in promoting stu-
dents' cognitive development and fostering core com-
petencies. Secondly, through multiple research meth-
ods including classroom observations, teacher inter-
views, and student questionnaires, the study
comprehensively reviews the current application status
of Unit Whole Teaching Design in primary school
mathematics education, precisely identifying practical
issues such as unclear theoretical understanding, dis-
connect between theory and practice, and an incom-
plete evaluation system. Based on research analysis, the
study proposes a scientific Unit Whole Teaching De-
sign framework: starting from a precise analysis of stu-
dent learning situations, textbooks, and curriculum
standards, establish Unit Whole Teaching Design ob-
jectives that combine knowledge transfer and compe-
tency cultivation; through exploring the essence of
mathematics, extract core concepts that run through the
unit; based on knowledge logic and student cognitive
patterns, reconstruct a structured curriculum content
system; simultaneously develop supporting teaching
resources, including multimedia courseware, practical
task sheets, expanded reading materials, etc. ; in the
teaching implementation phase, the design plan is
transformed into specific classroom activities, and a
multi-dimensional evaluation mechanism is established
to conduct dynamic assessments from multiple dimen-
sions such as the learning process, knowledge mastery,
and ability development.

Through practical teaching practice, the Unit
Whole Teaching Design has demonstrated significant
effectiveness: students are able to systematically con-
struct a unit knowledge network, achieving a transition
from scattered knowledge points to overall cognition;
teaching efficiency has been greatly improved, avoid-
ing the drawbacks of repetitive explanations and iso-
lated learning in traditional teaching; in terms of ability
cultivation, students' ability to combine numbers and
shapes and apply knowledge has been significantly en-
hanced, enabling them to flexibly apply what they have
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learned when faced with complex problems. At the
same time, a wealth of learning activities and continu-
ous feedback stimulated students interest in learning,
significantly improving classroom participation and
motivation. These practical results fully demonstrate
that the Unit Whole Teaching Design has a positive and
far-reaching impact on promoting the development of
students’ core competencies and achieving the educa-
tional goals of mathematics teaching, providing an ex-
tremely valuable practical example for primary school
mathematics teaching reform.
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For differential equations in private derivatives of the second order with two independent variables, the task
of Koshi is considered. This task comes down to an integral equation using several designations. Bringing the task
to the integral equation, thus, is one of the urgent tasks. In the work, the unity of the solution has been proved and

regulating operators according to M.M. Lavrentiev in space L2 (G) .
Keywords: theorem, consequence, function, substitution, airship formula, equations, space.

Introduction. The result regulating operators ac-
cording to M.M. Lavrentiev, to solve the integrated
equations of Voltairer I, with one and two independent
alternating variables, were obtained in [1.2]. The deci-
sions of the integrated equations of VVoltaurra of the first
kind are widely studied in the works of A.N. Tikhonov,
M. M. Lavrentiev, V.K. Ivanov, A.L. Babyam, V.G.
Romanov, M.I. Imanaliev, A. Asanov and others.

This article is devoted to the study of the issues of
degenerating differential equations in private deriva-
tives of the second order with two independent varia-
bles.

Since the case of heterogeneous regional tasks is
quickly reduced to the case of homogeneous tasks, then
without limiting the community, we will consider the
task.

a(t,x)u, +b(t, x)u, +c(t,x)u, + g(t,x)u = f(t,x), 1)

u(0,x)=0, xel0; X],
u(t,0)=0, te[0;T] (2)
where a(t, X), b(t, X), C(t, X), g(t, X) uf (t, X) — are given functions, and a(t, X)

the non-negative continuous in the domain under consideration, is an unknown function

G={(t,x):0<t<T,0<x< X}, au(t, X) —an unknown in the function in the domain G .
We denote Z»(G) — the space function U(t, X) such that

u(t, x),u, (t, x),u, (t,x),u, (t, X, y) € L,(G) 3.

Let’s make the following substitution
t x
u(t, x) = [ [ 9(s, z)dzds, (tx)<G. 3)
00
Substituting (3) into (1) we have

a(t, )] [ 9(s, 2)dzds + b(t, x){ I(t, 2)dz + c(t, X) | (s, 2)ds +

£ gt X[ [9(s,2)dzds = £ (t,%). (£,X) G @

Problem (1) — (2) is equivalent to the system of integral equations (3) — (4). Multiplying both parts of equation
(4) by and integrating H(t, X) over the domain G, ={(5,2):0<s<t,0< 2 < X}, we obtain

[[a(s, 2)9%(s, 2)dzds + [ [ [b(s, 2)9(s, &) (s, 2)dédzds + || [ (s, 2)9(r, 2) (s, 2)d wdzds +
+j-ﬁj- 9(s, 2)9(z, £)9(s, z)ddd dzds = j-]‘ f (s, 2)9(s, z)dzds. (5)
Using the relations (El(i:o i 00

va;:%(sz);—%Kg/?
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KWV =2 (KV )L, = (KN, =2 (KIV ), + KOV — KV,

Let's rewrite equality (5) in the following form:

ﬁa(s,z)&z(s,z)dzds+%jb(s,x)ﬁ&(s,ﬁ)dfj ds—%ﬁb;(s,z)(fg(s,g)dgj dzds +

S

+ %fc(t, Z)U 9(z,2)d r) dz - %ﬁc;(s, z)(j 9(r,2)d rj dzds +

0

+1g(t,x)ml9(r,§)dzd§) —lj.gg(s,x)(j.j-g(r,f)dfer ds -

X

_%jg;(t z)(HS(T f)dfdfj dz+> Ug (s, Z)@jz&'(r,é)dfdrj dzds -

0

— H g(s, z)(jS(r, z)d rj([ 9(s, cf)d(f)dzdsds = ﬁ f (s,2)9(s, z)dzds

Integrating the latter over the domain and applying the Dirichlet formula, we have

%}f{za(s,z)sz(s,m(t—s)b(s,z)(fg(s,g)dgj 2t —8)(x—12)g(s,2) %
X U&(r, z)d Tj(j 9(s, §)d§j + (x —z2)c(s, 2)019(2', z)d rj Hdzds +
+ 1}}{0 s)(x—z)[b (s, Z)US(S f)dgj +CL(s, z)(j&l(r z)drj 13dzds +

ot ot oz | - 962 ffote. oner ] -

|
|

g i
(x—z)g;(s,z)@is(f,g)dgdf) F(t-s)(X=2)g"(s, z)( i&(r,f)dfdr) Ydzds =

X Sz

t
=[[{]] T (z,$)8(z,&)d&d r}dzds. (6)
00 00
We assume that the following conditions are met:

a) a(t, X), b(t, X) — non-negative, continuous functions and have continuous partial derivatives of the

first order in the domain G, while a(t,x) is non-increasing in t, and b(t,x)is non-increasing in x, and g(t,x) is con-
tinuous in the aggregate (t,x) in the domain G [4].

b) forany (t,X,S,2) € G, ={(1,X):0<s<t<T,0<z<x< X}
b(s,z)c(s,z) — (t—s)(x—2z)g?(t,x) >0

o) forany (t, X, S, 2) € Gj it is valid
a(s,z)—(t—s)a(s,z)—(x—2z)a,(s,z)—(t—s)(x—z)al, (s,z) > K >0,

where 0<K is a certain constant.

In this case, the quadratic forms in expression (6) are non-negative, so there is

txsz

([ f(z,&)(z,&)d&d wlzds). @)

0000

Sz

Eﬁ(”% 5)d§dr) dzds <

00\00
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putting T (t,X) =0, (1x)<G, it follows from (7) that is , ﬁg(r,f)dfdf =0re 9(t,X)=0,
00

(t,x)eG. Thus, the following is proved, the following:
Theorem 1. Let conditions a)-b) be fulfilled. Then, the solution of equation (4) is unique in the space L2(G).

Therefore, the problem (1) —(2) has a unique solution U(t, X) from the class L2(G).

Consequence. Let the conditions a), b), and c) be fulfilled. Then the solution of the problem (1)-(2) is unique
in the space Z,.
Next, along with the problem (1)-(2), we consider the problem

(e +a(t,x))u,, +b(t,x)u, +c(t,x)u, +g(t,x)u, = f(t,Xx), ®)
u(0,x)=0, xel[0;X],
u (t,0)=0, tel0;T] ©)

whereO<z¢ - is small parameter.
tx

Using the substitution, U_(t, X) = ”198 (s,2)dzds, (tx)eG, we reduce the problem (8) — (9) to the in-
00

tegral equition:

(e +af(t,x))3.(t,x) +bft, X)]('Qg (t,z)dz +c(t, x)jgg(s, x)ds +

+ g(t,x)ﬁgg (s,z)dzds= f (t,x). (t,X) eG (10)

We introduce the following definition.
Definition 1. A function U('[,X)E LZ(G) is called a generalized solution of problem (1)-(2)

f (t,X) € L,(G) ,if it satisfies the equality

} )j({a(s, 2)94(s,2) + (a.(s,2) = b(s, 2))u, (s, 2) + (a. (s, 2) — (s, 2))u, (s, 2) + (A%, (s, 2) +

+9(s,z) —bi(s,2) —c.(s,2))u(s, z)}u(s, z)u(s, z)dzds :ﬁ f (s,z)u(s, z)dzds, (11)

for anya('[, X) € Z,(G), such thata(T ,X) = G(t, X)=0[3.2].

Theorem 2. If conditions a)-b) u f (t, X) € Z2 (G) are satisfied, and then there is a generalized solution
to problem (1)-(2).
Proof: Multiplying both parts of equation (10) by and integrating over the ‘9.9 (t, X) domain Gy twice and

taking into account (5), we obtain
txsz

e[ 1][9 (v, &) d&dndzds + [ [ [ae, £)F (v, &)ded wlzds +

0 0

_|_

ii{(t —s)b(s, Z)@% (s, é)dcfj —2(t—s)(x—2)g(s, z) x

N~

X U& (z,2)d rjﬁsg(s, §)d§j + (x —2)c(s, Z)USS (z,2)d 2') Hdzds +

+

[t - $)(x— D)L, z)(igg(s,é)dé) oGS, z)(jgg (z, Z)dfj T}dzds +

N |-~

5Tt [T orazoe | - a-9gics| [fa oz | -
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(X—Z)gi(s,Z)@ ! 9€(r,§)d§drj +(t = 8)(x = 2)g5, (s, z)(j [&.(z, g)dgdfj }dzds =
=i 4] ¢.£)9.r. )d0 rYoads. )
he

piecemeal mtegratlon formulas and the Dirichlet formula, we have:
txsz

0000 a aé:
T{[f(s,z)—(t—s)fs’(s,z)—(x—z)fz'(s,z)+(t s)(x—2z)f,(s,2)]x

Let's transform the right part. Using t

4] 1.8z, 0t Jeds -

[I [EX( 77)d77d¢>jd§dzdzds _

[ I——
ol—.r—r

x(f (4 (r,é)dfdrjdzds
00
By the condition of the theorem, f (t X) e’l (G)therefore

SUPH[f(s 2)—(t—s)f/(s,2) —(x—2) f/(s,2) + (t—s)(x—2) f/(s,2)]dzds < N* < o0

(t,x)e G

< N(h(”g (r, cf)dédrj dzdle, (w9

00\O00

txsz
[ f(z,&)8.(z,&)d&d zdzds
0000

N is a constant independent of &. By virtue of conditions a)-b) and (13), it follows from (12)

32?'\', £>0, (t,X) G,

where 0 <

Then, due to the reflexivity of the evaluation space U(t, X) € LQ(G) (14), it follows that a subsequence

{Us (t, X)} can be distinguished from the family that weakly converges to an element U(t, X) fromat L, (G)
e 0[4].

We show that this U(t, X) is a generalized solution of problems (1)-(2). Putting & = &; in equation (8), we
multiply by some function such G(t, X) € Z,(G) that G(l' ,X) = U(t, X) =0 and we integrate over the
domain G

J
0

+})j(c(s, 2)9, (s, 2)u(s, z)dzds +})j(g(s, 2)9, (s,z)u(s, z)dzds :ﬁ( f (s,z)u(s, z)dzds

(¢ +a(s,z)9

&jSz

O — X

(s, 2)u(s, z)dzds+ﬁb(s, 2)39, (s, 2)u(s, z)dzds +

Hence mtegratlng in parts, we have

g”g (s, 2)u(s, z)dzds+”[a(s 2)ug, (s,2) + (a.(s,z) —b(s, 2))u. (s, z) +

@ (S Z) (s, 2))us (s, Z)+(a (S z) —g(s,z) —bl(s,z) —c.(s,2))us(s, z)}dzds =
= ” f (s,z)u(s,z)dzds.

In the latter case, we proceed to the limit at e— 0 to obtain an identity of the form (11). The theorem is proved
We will look for the solution of the problem (8)-(9) in the form

u (t,x)=u(t,x)+¢.(t,x), t,x)eG, (15)
where U(t, X) is the solution of the problem (1)-(2). Substituting (15) into (8)
eg, (t,X) +a(t, X))o, (t,X) +b(t, X)g, (t, X) + c(t, X) @, (t, X) + g(t, X), (t, X) = —au,, (t, X)
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tx
by substituting ¢, (t, X) = [ [, (s, z)dzds, (tx)<G,
00

we reduce the latter to the integral equation

sy, (t,X)+a(t, x)y, (t,x) +b(t, x)fz//g (t,z)dz +c(t, x)jz//g(s, x)ds +

+9g(t, x)ﬁy/g(s, z)dzds =—eu_(t, X).

(16)

Equation (16) is multiplied by i/, (t, X) and integrated twice over the domain G using the piecemeal inte-

gration formulas and the Dirichlet formula. We get

e[ [t —s)(x— 2)w2(s,2)dzds + [ ¢ — s)(x - 2)a(s, 2)w (s, 2)dzds +

+%ii{(t—s)b(s,z)@z//g(s,é)dgj ~2(t-5)(x— 2)g(5.2) x

2
I

(z,2)d r)(ng (s, cf)df} + (x—2z)c(s, z)(j% (z,2)d r] Mdzds +

2

g t—s)(x—z)[b;(s,z)ﬁ l//g(s,f)dij +c;<s,z)(i v.(z, z)dr) Tydzds +

0

w51l v o0ee | ~ =962 ffu . raze | -

(x—z)g;(s,zmwg(r,g)dgdrj + (t-8)(x=2)0",(5.2) iiwg(r,é)de‘drj Ydzds =

—sI I{Iu (8,2) — (t— )L (5.2) — (X~ D)L (5,2) + (t — $)(X — 2)ult, (5, 2)]dzalt

Letu(t,X) eZ,(G)

SZS

ug (5,2) = (t = S)ug(s,2) = (X = 2)ug, (5, 2) + (= S)(X = DU, (5, 2)], <C

0 <C is a certain constant. Then, by virtue of conditions a)-¢) and (18), from(17) we have

Eﬁ(ﬁ%(r .f)dgdrjdzds<eCNUX

where 0 < C — is a constant independent of e.
Thus, the following is proved.

Theorem 3. Let conditions a)-b) and u(t,x) be ful-
filled and the solution of problem (1)-(2) from the class

Z,(G) be such thatU,, (t,X) e Z, (G) . Then the so-
lutionU (t, X) of problem (8)-(9) can be represented
as (15) and, for e—0, converges normally L(G) to the

solution of problem U(t, X) (1)-(2). At the same time,
the assessment is fair (19).

SZ
[Jw.(z,8)dédr
00

Hence, by virtue of the Holder inequality, we have

C
lu(t, x) —u, (t, x)HL2 < PR

dzdsjz, £>0, (1L,X) G . (19)

(19)

Conclusion
Regularizing operators are constructed and theo-
rems are proved.
the uniqueness of the solution of degenerate partial
differential equations of the second order, and also a

regularizing operator in the class ZZ(G) is con-

structed. The results of the work can be applied in ap-
plied problems where nonlinear incorrect integral equa-
tions of the first kind degenerate.
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BILIUB IHTEPIPETAILIIl TA OCOBUCTICHOI'O OCMUCJIEHHS TEKCTY ITICHI HA SAAKICT
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AHoTanisa

VY cTatTTi aBTOPOM PO3IIIAAAETHCS BIUTUB IHTEPIPETALlii Ta 0COOUCTICHOTO OCMHUCIICHHS TEKCTY MICHI Ha SIKICTh
BOKaJIbHOTO BHKOHaHHS. 30CEPEPKEHO yBary Ha KJIOUOBOMY MOMEHTI, a caMe: SKMM YMHOM iHTepIIpeTalis Ta
0coOHCTICHE OCMUCIICHHS TEKCTY MICHI BIUIMBA€E Ha 3arajbHYy SIKICTh BOKAJbHOI'O BUKOHAHHS. Y Cy4yacHOMY My-
3MYHOMY MHCTEUTBI 3HaYHA yBara MpUIUISEThCS TEXHIUHIN MalCTEpPHOCTI, IPOTE HEOCTATHHO BUBUCHUM 3aJId-
IAETHCS B3a€EMO3B'SI30K MK IIIMOOKMM PO3YMIHHSIM CIIOBECHOTO Matepiainy TBOPY Ta HOro (GiHaJIbHUM XyZ0KHIM
BTIJICHHSIM.

3 BUKOpUCTAaHHSIM KOMOIHOBAHOTO MiIXOAY, IO BKIIFOYA€E aHANTI3 iICHYIOUMX BUKOHABCHKHX MPAKTHK Ta IKIiCHI
METOOU I[OCJ'IiI[)KeHHiI, AaBTOPOM BHUBYAETHCS, 5K CBiZ[OMe OCMHUCIICHHA J'IipI/I‘IHOFO 3MiCTy, pOBYMiHHﬂ KOHTCKCTY
Ta 0COOMCTICHUH BINT'YK BUKOHABIA Ha TEKCT TPaHC(OPMYIOTHCS Y BOKAJbHI HIOAHCH, IHTOHAII Ta IWHAMIKY.
JocmimkeHHs MoKa3ye, M0 MPOCTe BIATBOPEHHS HOT 1 CiiB 0€3 iX BHYTPIIIHBOTO MEPEOCMHUCICHHS IPU3BOIUTH
JI0 TIOBEPXOBOTO Ta MEHII MEPEKOHIMBOTO BHKOHAHHS. Ha mpoTuBary 1ipomy, riinOoka iHTEpIpeTallis Ta 0Co-
OHCTICHE OCMHUCIICHHSI TEKCTY € (PyHIaMEHTAIBHUMHU JJIs CTBOPEHHS I[ITICHOTO, €MOIIIHHO HACHYECHOTO Ta XYI0K-
HbO JIOBEPIIECHOTO BOKAIBLHOTO 00pa3y, L0 TapMOHIHHO 3JIMBA€ThCs 31 ciyxaueM. OTpUMaHi pe3yibTaTH Mif-
KPECIIOIOTh BOXIIMBICTD 1HTErpanii poOOTH HaJl TEKCTOM MICHI y BOKaJIbHY MiJrOTOBKY Ta MENAroriky, CIpsmo-
BaHy Ha (hOpPMYBaHHS apTUCTUYHO PO3BHHEHHUX BUKOHABIIIB. MeTOO poOOTH € aHasli3 MeXaHi3MiB, 3a JOTIOMOT 00
SKMX 1HIMBIyaJIbHE 3aHYPEHHS B 3MICT IMOETHYHOTO TEKCTY BIUIMBAE Ha EMOLiiHY TJIMOMHY, aBTCHTHYHICTh Ta
BI/IpaSHiCTL BOKaJIbHOT'O BUCTYITY.

Abstract

In the article, the author examines the influence of interpretation and personal understanding of the lyrics of
a song on the quality of vocal performance. The focus is on a key point, namely: how the interpretation and per-
sonal understanding of the lyrics of a song affect the overall quality of vocal performance. In modern musical art,
considerable attention is paid to technical skill, but the relationship between a deep understanding of the verbal
material of a work and its final artistic embodiment remains insufficiently studied.

Using a combined approach that includes the analysis of existing performance practices and qualitative re-
search methods, the author studies how the conscious understanding of lyrical content, understanding of the con-
text and the personal response of the performer to the text are transformed into vocal nuances, intonations and
dynamics. The study shows that simply reproducing notes and words without their internal rethinking leads to a
superficial and less convincing performance. In contrast, deep interpretation and personal understanding of the
text are fundamental for creating a holistic, emotionally rich and artistically complete vocal image that harmoni-
ously merges with the listener. The results obtained emphasize the importance of integrating work on the text of
the song into vocal training and pedagogy aimed at the formation of artistically developed performers. The aim of
the work is to analyze the mechanisms by which individual immersion in the content of the poetic text affects the
emotional depth, authenticity and expressiveness of the vocal performance.

KurouoBi ciioBa: iHTepnperailisi, BOKaJIbHE BUKOHAHHS, aKTOPChKa MaliCTEPHICTb.

Keywords: interpretation, vocal performance, acting.

Bokamict, 1m0 BOJNOAIE AaKTOPCBKOK Maii-  HaBiTh NPUPOIHI OOMEXKEHHS ToJI0Cy, IEPETBOPIOIOYH

CTEPHICTIO, € YHIKQJILHOIO TMOCTaTTIO, OCKUIBKH HOTO
3IaTHICTP OPTaHiYHO TOEIHYBATH MY3W4YHY Ta aK-
TOPCBbKY BHPA3HICTh 3/aT€H 3axOIHUTH ayIHUTOPIIO.
I'muboke akTOpcbKe BTIJIGHHS MY3MYHOTO 00pasy
MOJKEe KOMIICHCYBAaTH He3HaYHI BOKAJIbHI HEJOMIKH 200

BHCTYIT Ha BHIATHE MHCTEIbKE SBUINE, II0 CIPABIISIE
He3a0yTHe BpakeHHs. ChOTONHI iCHYy€ 3HAYHA Kijlb-
KicTh copMoBaHMX "cucrteM" Ta "MeTOAIB" PO3BUTKY
AKTOPCHKOi 0COOUCTOCTI, SIKi BiAIIOBI T €CTETUIHUM
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Ta COLIATBEHUM BUMOTaM cBOro 4yacy. Ha T 6e3mivi cy-
YaCcHHUX TEOPiil 1 METOIB, MiKaBO 3BEPHYTHUCS JO KOH-
HEMIIii aKTOpa, BUKJIaIEHO1 BUAATHUM YKPATHCHKUM Te-
atpansHuM gistaeMm Jlecem KypbGacom y "Teatpais-
Homy mmcti" 1918 poky. Moro inei crocysamucs
"po3yMHOTO apiekina" — akTopa MaitOyTHBOTO, KUK €
IHTEJIEKTYaIbHO PO3BHHEHNM 1 BUTBHO MTOYYBAETHCS Y
cdepi IMOOKUX NEepeKUBAHb Ta PO3AYMIB, LIO € JDKe-
pemom muctentBa XX cromitra. Lleit akTop, 3maTHUi
MepeKOHAaTH HaMBHOArNHUBIMIOrO IisAavya, HA ITYMKY
Kypbaca, He Oyne mparHyTH  30BHILIHBOT'O
KOTIIFOBaHHS, a 30CEPEIUThCA HA CaMOMi3HaHHI. [2, C.
104]

3 ormsy Ha Te, IO IHTEPIIPETAIlis € EHTPATLHIM
MOHATTSAM JAHOTO JAOCTI/DKEHHSA, BBAXAEMO 3a J0-
[IbHE JETaNbHIMIe pPO3IIAHYTH HOTOo 3MICT Ta
¢yskmii. MysudHe iHTepnpeTyBaHHs, 3rigHo 3 B. Moc-
KaJCHKOM — OJJHAM i3 3aCHOBHHUKIB BITYM3HIHOI HAYKHN
PO IHTEPIPETAIII0 — € TBOPUOIO JiISUTbHICTIO MYy3HY-
HOTO MMCJICHHs, OPTaHi30BaHOI0 iHTeNeKToM. li ro-
JIOBHA META IOJIATA€ Y BUSIBJICHHI Ta PO3KPUTTI BUpa-
30BOT'0 Ta CMHUCJIOBOTO MOTEHIIAy My3HYHOTO TBOPY.
[3,c. 8]

[Tpomorxyroun po3riisn HOHSTTS "iHTeprHpeTa-
ist" y KOHTEKCTI MY3WYHOTO MHCTELTBA, JOPEYHO
3BEpHYTHUCS /O Tpaib HPOBITHWUX TOCTIIHUKIB, IO
PO3IIUPIOIOTE YABICHHA Tpo 1i cyTHicTh. fAkmo B.
MockaJleHKO BH3HA4a€ My3WYHE iHTEPHPETYBaHHS SIK
IHTENIEKTYaIbHO OpPTraHi30BaHy TBOPYY [iSUTBHICTB,
CIPsIMOBaHy Ha PO3KPHUTTS BUPA30BO-CMHCIOBHX MOX-
JMBOCTEH TBOpY, TO YyKpaiHcbka nmocmigauns O.
3aB'su10Ba MOTIMOIIIOE 11€ PO3YMIHHS, aKIEHTYIOUH Ha
KOMIUIEKCHOCTI TPOLIECY YCBIJIOMJIEHHS aBTOPCHKOTO
3aJyMy Ta WOro iHIWBIIyaJbHOI'O NEPEOCMHUCIECHHS
BUKOHaBIIeM. Y cBoro uepry, . O. Onekciok y cBoix
mpargx 3 ¢irocodii MUCTENTBA HAroOJOUIy€e Ha PO
cyO'ekTa iHTeprperarii Ta i BIUIMBI Ha €CTECTHYHE
CIpUHAHATTS TBOpY. JlonoBHIorouM mi ifei 3 mupoi
TEepMEHEBTUYHOI TEPCIEKTUBH, AMEPUKAHCHKUI Teo-
peruk E. 'ipm po3ameskoBye He3MiHHE aBTOPCHKE 3HaA-
4YeHHs (meaning) TBOPY Ta HOTro MiHJIWBY 3HAYYIIiCTh
(significance) mns pernumienta. Lleid miaxig mia-
KPECJIIOE JIBOMIPHICTb IHTepHpeTalii: HeoOXiJHICTh
OCSITHEHHS [OYaTKOBOT'O 3aMHUCIY Ta BOJHOYAC MOX-
JIMBICTh OTO OCOOMCTICHOTO, 1HMBIIyaIbHOTO OCMH-
CJICHHs BUKOHAaBIEM. TakMM 4YMHOM, HAayKOBUM IHC-
KypC BHUCBITJIIOE IHTEpIpETalifo sK OaraTorpaHHUA
npolec, Mo NOoeIHy€e TTMOOKHIH aHalli3, TBOpUe Iepe-
OCMHUCJIEHHSI Ta OCOOHCTICHE BTUICHHS, IO € KPUTHIHO
B)KJIMBUM JJIS IKOCTI BOKAJIBHOT'O BUKOHAHHSL.

Cepen KIIIOUOBHX €JIEMEHTIB aKTOPCBHKOI iHTEp-
mperamii BOKaJFHOTO TBOPY MOXHA BHUIIUIMTH Taki
rpymnu:

e EMoriiiHa BUpa3HICTh: CIiBaK TNparHe TJIH-
OOKO OCMHUCIUTH Ta aJeKBATHO MepeNaTd ayIauTopii
eMollii, 3aKaieHi K y My3W4HId TKaHHHI 9epe3 KoM-
MO3UTOPCHKE MPOYUTAHHS TEKCTY, TaK 1 B OpPHUTiHAIB-
HOMY MOETHYHOMY YH MPO30BOMY Iepiuopkepeni. Lle
nependavyae 3acTOCYBaHHsS BIiANOBIIHUX BOKaJIBHHUX
TEXHIK JUIsl TIOCUJIEHHS EMOLIIHOTO BILIHBY.

e BupaszHe ci0BO: OfHI€I0 3 HaWBaKJIMBIIINX
CKJIQJIOBHX aKTOPCHKOI iHTEpIpeTalii € BUpa3He BO-

KaJIbHE CJI0BO. BOHO OXOIUTIOE HE JIHMIIE YiTKy apTHUKY-
JISIITO 3BYKIB 1 OpraHi3allito 3ByKOBOTO 1MOYaTKy (pas,
a W CBIZOME pO3CTaBICHHS CMHCJIOBHX aKICHTIB
BiIMIOBiTHO 10 0OpaHOi iHTepIIpeTaIiitHoi cTpaTerii.

e My3nyHa iHTEpIIpeTalis: CIiBak, MYCHTh
YXBaJHUTH PIlICHHS IIOAO TAyMadeHHS Ta peajrizaril
TEMITy, HOTO HIOAHCIB, IWHAMIKU Ta ¢pazyBaHHA. Lle
HEOOXIHO ISl TiJIKPECNIeHHs KyJIbMIHALIHHUX MO-
MEHTIB Y BOKaJBHOMY TBODI, 1110 € BXKIUBUM JUIs Gop-
MYBaHHS IIUTICHOTO XyJI0)KHBOTO 00pasy.

[TepioyeproBum erarnoM y CTBOPEHHI XYI0KHb-
oro o0Opa3y mij yac BOKaJbHOI iHTepnpeTalii € repMe-
HEBTHYHHUI aHaji3 BHYTPIIIHBOTO CBITY IIEPCOHAXA.
HeoOxigHO imeHTH(IKYBaTH Ta iHTEpPHpETYBaTH HOTO
MOTHBAIliliHI YCTaHOBKH, aeKTHBHI CTAaHH Ta KO-
THITHBHI TIPOSIBH, IO IMIUTIIUTHO MPUCYTHI Y TOETHY-
HOMY TEKCTi Ta eKCIUTIKOBaHi y My3HYHOMY MaTepiaJti.
Taxwif miaxig rapanTye MCUXOJOTIYHY JTOCTOBIPHICTD
iHTepIpeTaniiHoro oopasy. BokansHa BUpa3HICTb CyT-
TEBO JIOTIOBHIOETHCS HEBEPOAIBHUMH 3aco0aMu KO-
MyHiKallii, [0 CIIPHsIE TOBHOTI XyI0HBOT'O BTUJICHHSL.
30KkpeMa, MiMi4Ha ekcrpecist 00uu4s eheKTHBHO Te-
pelae CeKkTp eMOLIMHUX CTaHIB, CHHXPOHI3YIOUYHCH 31
CIIBOYMMH €JIEMEHTaMH BUPA3HOCTI, IOMOBHIOIOYN Ta
PO3IINPIOIOYH CIIEKTP CHIBOYMX 3aCO0iB.

Y KOHTEKCTI aKTOPCHKOi iHTEpIIpeTallii BOKab-
HOTO TBOPY €MOIIiifHa BUPA3HICTh HA0YBa€ MPiIOPUTET-
HOTO 3HAaYeHHs. [1 (yHKIiA monmsrae y 3abesmedeHHi
EMOIIITHOT B3aEMOII 3 ayTUTOpi€to Ta e(heKTUBHIH Iie-
penadi aBTOPCHKOTO €MOLIHHOTO 3aJyMy, IO M-
IUTIIUTHO NPUCYTHIN Y TOETHYHOMY Ta My3UYHOMY Ma-
Tepiaini. 3 OISy Ha I, aKTOp MOTpedy€e PO3BHHEHOT
EMIaTIHHOI 31aTHOCTI Ta BUCOKOTO PIBHS EMOIIIHOTO
inrenekty. LI KOrHiTHBHI Ta adeKTHBHI KOMIIETEHIT
JIO3BOJISIFOTH 3[IIHCHIOBATH ieHTU]IKaIi0 Ta aude-
peHIIaMi0 eMOLIHHNX CTaHiB, PO3IIUPIOIOYH BIACHHH
eMouiitHmid Te3aypyc. Lle, cBo€r ueproro, crpuse
3HAXOJ/UKEHHIO ONTHMAJIBHUX BUPA3HHUX 3ac00iB s
CIICHIYHOI peaiizamii, o0 BKIOYae BepOalbHI, BO-
KaJbHI Ta KIHETHYHI eJIeMeHTH a0 iXHii KOMIUIEKC.

EdexTrBHa mepenada emoliii Ta BUPa3HOCTI BO-
KaJILHOTO TBOPY 3HAYHOIO MIpOIO 3aJISKHUTh Bill PiBHS
BOJIOJIIHHSI BOKAJILHOIO T€XHIKOK. KOHTpoIbOBaHe 1u-
XaHHSA, PO3yMIHHS aKyCTHYHHX BJIACTHBOCTEH TOJI0CO-
BOTO arapary Ta iHII TeXHi4Hi KomreTeHlii Gopmy-
I0Th IHCTPYMEHTApi, M0 J03BOJIE BHUKOHABI[IO IIij-
KpECJIIOBaTH TEBHI CMHUCIIOBI aKIEHTH Ta TOYHO
BiTOOpakaT eMOIIHHMIA 1 ICUXOJIOTIYHUH CTaH Tep-
coHaka. OTKe, BIPTYO3HICTb BOKalbHOI TEXHIKH HE
JMIIE PO3LIMPIOE BUKOHABCHKI MOXKJIMBOCTI, a H CTBO-
PpIO€ TepeayMOBH AN TIIMOOKOI iHTepIpeTarii, 30ara-
Y041 TOJIOCOBY HAJITPY PI3HOMAHITTSM BUPa3HUX 3a-
co0iB.

Jna edextuBHOI mepenadi imeHHO-XYJOXKHBOTO
3MICTYy TBOPY CIyXadeBi, BAKOHABEIlb Ma€ MaWCTEPHO
iHTerpyBaTH pi3Hi 3acobu BupasHOCTi. Jlo HUX Haie-
JKUTh HE JIMIIEe TOYHE IHTOHYBaHHS, BOJIOJIHHS 3BYKO-
BEJACHHIM, a M Takl €JEMEHTH, SK JIWHAMIYHI Ta
aroriuHi HIOAHCH, TOYHA apTUKYJIILIsA, PO3MaiTTs
LITPHXiB Ta IpOJyMaHe (ppa3yBaHHs, SKi BiIJI3EpKaI0-
I0Th KOMITO3UTOPCHKUH 3aJyM Ta ITPOYUTAHHS IIOETHY-
Horo mnepurojpkepena. Came BOJIOJIHHS MM apceHa-
JIOM MY3MYHOI BHPa3HOCTI JIO3BOJISIE CIIiBaKy/aKToOpy
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BTUIMTH BJIacHy IHTEPIIPETalLil0 BOKaJbHOTO TBOPY,
HaJarf0u HOMy YHIKaJIbHOTO CMHCIOBOTO HATOBHEHHSI.

KitouoBy ponb y hopMyBaHHI YHIKaJIbHOI 1HTEP-
mperTarii Ta rmepenadi Beiel MaliTpu eMOUIHHUX CTaHiB
MIepCOHAXKa BiAIrpalOTh JHHAMIYHI W aroridHi HIOAHCH
B MIOEIHAHHI 3 0COOMMBOCTAME (Pppa3yBaHHA. 30KpeMa,
MAaHIIyJALi TEMIIOM MOXYTh €(QEeKTHBHO CIYTyBaTH
JUISl HAPOCTaHHS HAIIPyTH, aKLEHTYBaHHsI Jii abo Kap-
JMHAIBHOT 3MiHM HacTporo. Moaundikanii rygyHocTi ro-
JIOCY JTO3BOJISIIOTH PO3CTABIJISITH aKIEHTH, MOTJIMOIIO-
BaTH 3MICT Ta Iepe/iaBaTh eMOlii: HalpukiIaj, GopTu-
CHMO MOJKe ITiIKPECITIOBATH O0YPEHHS YK TpiyM, TOIi
SK TMaHICHMO CTBOPIOE BIAUYTTS iHTUMHOCTI abo 3a-
rankoBocTi Kpim Toro, 3MiHH pericTpy Tojocy, a TAKOX
CBIZIOMi BiIXWJIEHHS BiJ KOMITO3HUTOPCHKOI MEJIOIHKHI
Ta IHTOHYBaHHS, € IHCTPYMEHTOM JJIsl BUILICHHS KITIO-
YOBHX CIIiB, ()pa3 UM ife, a TaKoXK AJIS mepenadi cre-
UQITHOTO eMOLIHHOTO 3a0apBIICHHS.

YcBiiomMIleHE PO3yMiHHS TEKCTY € MepPeIyMOBOIO
JUISL CIliBaKka OCMUCJICHHS Ta INTMOMHHOTO pPO3YMIHHS
TEKCTy, 3a0e3Mmedyye BUKOHABIS METOAOJIOTIYHOIO OC-
HOBOIO Ui BUOOpPY ONTHUMAILHOTO TOHAJIBHOCTI, -
HaMiK{ Ta iHTOHAMi. BaKIMBUM YMHHHKOM SIKICHOTO
JIOHECCHHS TEKCTY € MPaBUJIBHO BiANPAIbOBAHA TUKITIS
Ta apTUKYJALIS, PaBHJIbHA BUIMOBA TOJIOCHHX, CEpel
SIKAX «1», «€» € HAaHCKJIa HIIIII.

BucHoBkn. VY pe3ynbpTaTi MPOBENEHOTO  J10-
cmimkeHHs "BmmuB iHTEepmpeTamnii Ta 0COOHUCTICHOTO
OCMHUCJICHHS TEKCTY MiCHI Ha SIKICTh BOKaJIbHOTO BUKO-
HaHHA" OyJI0 BCTAaHOBJICHO, IO TNIMOWHA iHTEpIIpeTarlil
Ta 0COOMCTICHE OCMUCIICHHSI TEKCTY € BU3HAYAIbHUMHU
YMHHHUKaMH, 1[0 BILUIMBAIOTh HA SKICTh BOKAJIBLHOTO BU-
KOHaHHs. {ell BIUIMB MPOSIBISIETHCS HA IEKUIBKOX PiB-
HsX, (POPMYIOUH LUTICHUI Ta eMOLIIHO HACHYEHHH XY~
JTOXKHIi# 00pa3.

[To-nepmie, akTOpchKka iHTEpIIPETAllis BOKAJILHOTO
TBOPY BUXOJUTH 32 MEXI ITPOCTOTO BIATBOPEHHS KOM-
MO3UTOPCHKOTO MPOYUTAHHS MOETHYHOTO IEPIIOJIKe-
pena. BoHa € ckimagHuM mporecoM, mo mnependavae
rIMOOKE OCMHUCIICHHS Ta BiTOOpakKeHHS EMOIIii,
3MICTY Ta MIATEKCTY Yepe3 TapMOHiITHE OeTHAHHS MY~
3UYHMX 3aCO0IB BHPAa3HOCTI 3 aKTOPCHKOIO Maii-
crepHicTio. Ile 3abe3medyye CTBOpPEHHS KUBOTO, Oara-
TOTPaHHOT'O 00pasy, KU 31aT€H BUKIUKATH CUIbHUIA
eMOIIHHUI BIATYK y cllyXaya.

ITo-gpyre, KIOYOBUMHU €JIEMEHTAMHU aKTOPCHKOT
iHTeprpeTallii BOKaJILHOIO TBOPY € eMOIliiiHa BHpas3-
HICTh, BHpa3HE CIIOBO Ta MYy3WYHa IHTEpIIpeTaris.
Emoniiinnii KOMIIOHEHT BUMArae BiJl BUKOHABIII 31aT-
HOCTI PO3yMITH Ta TEpeAaBaTH MOYyTTs, 3aKJIajIeH] B
TEKCTI Ta MY3HWIli, BUKOPUCTOBYIOUH BiIITOBiIHI BO-
KaJbHI TeXHIKH. Bupa3He cJI0BO HE 00MEKY€EThCS JIHIIE
YiTKOIO apTHKYJIAII€I0, a BKIIOYAE CBIZOME PO3CTaBIIA-
HHS CMHCIIOBHX AaKIEHTiB. My3W4Ha IHTEpIpeTaris
OXOIUTIOE BMiJIe BUKOPHUCTAHHS TEMITy, AMHAMIKH Ta

(dpaszyBaHHs AL MIIKPECICHHS KyJIbMIiHALIHHUX MO-
MEHTIB Ta (OpMyBaHHS IJIICHOTO 00pa3sy.

ITo-Tpere, dyHIaMeHTaNbHE 3HAYEHHS MAa€ eM-
maTist Ta pO3BUHECHUH eMOIiHMIA iHTeneKT aktopa. L1i
SIKOCTI JI03BOJISIIOTH BUKOHABITIO HE JIMIIE "3UUTYBaTH"
eMoIii IHMHX, PO3MHUPIOIOYN BIACHUN eMOLiHHMHA
CIIOBHUK, aJie ¥ 3HAXOTUTH aJIeKBaTHI BUPa3Hi 3aCO0H
JUIsL iX CLIEHIYHOTO BTUICHHS Yepe3 MOBY, CIIiB, pyX a0o
IHTErpoOBaHMH KOMIIJIEKC aKTOPCHKOi BUPA3HOCTI.

Hapemri, 1ockoHase BOJIOJIHHS BOKaJIBGHOIO TEX-
HIKOIO (KOHTPOJIb AMXAHHS, PO3YMIHHS PE30HATOPHHUX
(byHKLIH, BipTyo3Ha poOoTa 3 JUHAMIKOIO, arorikolo Ta
(pa3yBaHHIM) € HE IIPOCTO TEXHITHOIO MACTEPHICTIO,
a 1 HeoOXiTHOIO YMOBOIO JUIS peaizallii rInookoi iH-
teprperarii. CaMe TexXHiYHa JOCKOHAJIICTH BiIKPHUBAE
BHKOHABITIO IIHPOKI MOMJIIMBOCTI JJISI TOHKOTO HIO-
AHCYBaHHS, ITIIKPECICHHS CMHCIIOBUX aKICHTIB Ta IIe-
penadi BCi€i mamiTpu eMOIIITHUX CTaHiB, 10, 3PEIITOIO,
BH3HAYa€ BUCOKY SIKICTh BOKAQJIFHOI'O BUKOHAHHSI.

Takum YHUHOM, HKiCTI) BOKaJIbBHOI'O BUKOHAHHA €
pe3yIbTaTOM CHUHEPrii MiXK TJIHMOOKMM OCOOHMCTICHHM
OCMHCJIEHHSIM TEKCTY, PO3BUHEHOI aKTOPCHKOKO Maki-
CTEPHICTIO Ta BIPTYO3HHM BOJIOJIHHSIM BOKaJIbHOIO
TEXHIKOI0, JIe KOXKEH €JIEMEHT B3a€MOOIIOBHIOE Ta M0~
CIUIIOE IHINWH, CTBOPIOKOYHM HEHOBTOPHE MHUCTELBKE
SIBULIIE.
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Systemic connective tissue diseases are a large group of autoimmune pathologies that affect not only the
connective tissue itself, but also internal organs, blood vessels, skin, and joints. They are characterized by a chronic
course, multisystem involvement, and difficulty in diagnosis and treatment.
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Connective tissue performs supporting, protective,
and trophic functions. It consists of cells and intercel-
lular substance and is present in the skin, bones, carti-
lage, tendons, blood vessels, heart, kidneys, and other
organs [6].

Major systemic diseases [8]

1. Systemic lupus erythematosus (SLE). An auto-
immune disease in which the immune system attacks its
own tissues. Affects the skin, joints, kidneys, brain, and
heart.

2. Rheumatoid arthritis (RA). An inflammatory
disease that primarily affects the joints, with gradual
deformity and loss of function.

3. Systemic scleroderma. Caused by excessive
collagen accumulation, leading to fibrosis of the skin
and internal organs.

4. Polymyositis and dermatomyositis. Inflamma-
tion of muscle tissue with possible involvement of the
skin and internal organs.

5. Sjogren's syndrome. Exocrine gland disease,
causing dryness of the mucous membranes (eyes,
mouth) and systemic manifestations.

The exact etiology of connective tissue diseases is
unknown, but the following play a key role [1]:

* Genetic predisposition

* Immune dysregulation

* Viral infections (e.g. EBV)

« Stress factors and hormonal changes

The main clinical manifestations of these diseases
[18]

* Fever, fatigue, weight loss

* Joint and muscle pain

o Skin rashes, skin discoloration (Raynaud's
syndrome)

* Damage to the heart, kidneys, lungs, and nervous
system.

Raynaud's phenomenon or syndrome is a fairly
common manifestation in patients with systemic con-
nective tissue diseases. Although this syndrome was
described more than 100 years ago, the problems of its
pathogenesis, clinical significance, and therapy still
need to be resolved. The modern clinician is faced with
an ever-growing list of questions about the etiological

and pathogenetic nature of Raynaud's phenomenon,
given the obvious heterogeneity of its pathophysiolog-
ical mechanisms, as well as clinical relevance and, as a
consequence, therapeutic approaches. The frequency of
Raynaud's syndrome, according to most studies,
reaches 5-10%, but no special epidemiological studies
have been conducted. Patients with severe Raynaud's
syndrome are treated by doctors of various specialties -
surgeons, vascular surgeons, internists, neurologists,
pediatricians, rheumatologists, and patients with mild
forms very often remain outside the medical attention.
This suggests that the true prevalence of Raynaud's syn-
drome is higher [7].

Raynaud's syndrome can be primary or secondary.
The diagnostic criteria for primary Raynaud's syn-
drome include [10]:

- Episodes of vasospasm under the influence of
cold or emotional stress.

- Symmetry of attacks.

- Absence of necrosis, ulcers or gangrene.

- Absence of anamnestic data and objective signs
of secondary Raynaud's syndrome.

- Normal nail bed capillaries.

- Normal ESR values.

- Negative ANA test results.

Diagnostic criteria for secondary Raynaud's
syndrome include [13]:

- Age of onset greater than 30 years.

- Episodes of vasospasm are accompanied by pain,
are asymmetric, or are associated with ischemic skin le-
sions.

- Clinical signs characteristic of connective tissue
diseases.

- Detection of specific autoantibodies.

- Signs of microvascular damage during nail bed
capillaroscopy.

Raynaud's phenomenon occurs in approximately
3-4% of the adult population, predominantly women
[15].

The incidence of Raynaud's phenomenon varies
considerably depending on climate, lifestyle (indoor or
outdoor activities), and ethnicity.
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Many people with the primary form never seek
medical attention. They know they tend to have “cold
hands” and do not consider it unusual or serious enough
to seek medical attention [1].

Raynaud’s syndrome should be suspected when
there are complaints of discoloration of the fingers or
discomfort when exposed to cold.

Vasoconstriction of the digital arteries, arterioles,
and arteriovenous shunts causes initial pallor [1].

During this time, deoxygenated blood accumu-
lates, causing cyanosis.

Subsequently, reactive vasodilation of the skin
vessels occurs. This, in turn, causes flushing due to
rapid blood resaturation [19].

Accordingly, the stages are distinguished [2]:

- Angiospastic.

- Angioparalytic.

- Trophic disorders.

Quite often, patients report only one or two color
changes. Do not be particularly concerned that a color
is missing, as any color change in response to cold is an
important indication of Raynaud's phenomenon. Pares-
thesia, numbness of the fingers, or a feeling of discom-
fort are often part of the clinical picture. These symp-
toms, which are caused, just like the color changes, by
tissue ischemia and warming, add to the confidence that
you are dealing with Raynaud's phenomenon [14].

The fingers are more commonly involved than the
toes. In severe cases, the ears, nose, and tongue are also
involved, but this is not typical of primary Raynaud's
phenomenon [7].

The attack lasts a few minutes, and is relieved
more quickly by warming up. More severe attacks can
last for hours, although this is rare, especially in pri-
mary Raynaud's phenomenon [22].

Both the ambient temperature and the rate of heat
loss are important for an attack to occur. It is not nec-
essary to be in the cold to have an episode of Raynaud's
phenomenon. On a summer day, an attack can occur
when a person enters a room with air conditioning or
when there is a breeze. In severe cases, attacks can oc-
cur even at normal temperatures [3].

To recoghize Raynaud's syndrome, a history is
sufficient. You don't need to witness an attack. There is
no need for provocation tests, and besides, they require
time, special equipment, and are not sensitive and spe-
cific enough [4].

If your patient reports only one discoloration of
the fingers or toes or complains of paresthesias or
numbness in response to cold, you can diagnose proba-
ble Raynaud's phenomenon. If repeated episodes of bi-
phasic or triphasic color changes occur, both in re-
sponse to cold and under normal conditions, this is suf-
ficient to arrive at a definitive diagnosis. All of these
manifestations of the disease are typical in severe cases
[16].

Diagnosing Raynaud's syndrome is fairly easy. It
is much more difficult to determine the form of the dis-
ease (primary or secondary). Rheumatologists study the
full history of the disease, conduct an examination, and
prescribe additional tests. Diagnostics may include
[17]:

- Blood test (including both a complete blood
count and the determination of specific antibodies in
case of suspicion of a systemic connective tissue dis-
ease);

- Capillaroscopy (examination of the vessels of the
fingers).

Once the diagnosis is established, it is necessary
to decide whether the phenomenon is primary or sec-
ondary.

Primary Raynaud's phenomenon (Raynaud's dis-
ease) has no specific cause or underlying disease. It
usually occurs in young, healthy women after they have
started menstruating and after the age of 20. Symptoms
may disappear after menopause. Episodes of the dis-
ease are in most cases mild, symmetrical, involving all
fingers, sometimes toes. There are no ulcers on the fin-
gers. Normal microscopic picture of the nail bed capil-
laries [5].

Secondary Raynaud's phenomenon (Raynaud's
syndrome) occurs as a manifestation of another disease.
The secondary nature of Raynaud's phenomenon
should be suspected in all men, in all prepubertal girls,
in women in whom it occurs after the age of 35, in any
patient, regardless of age and gender, if he has other
symptoms of systemic connective tissue disease, as
well as in all patients with such serious manifestations
that they interfere with leading a normal lifestyle [3].

It can be assumed that the attacks are caused by
secondary Raynaud's phenomenon in cases where ul-
cers have appeared on the fingers. If only a few fingers
are involved in the process or if the attacks occur asym-
metrically, then in such cases the Raynaud's phenome-
non is caused by an organic vascular pathology.

What diseases cause secondary Raynaud's phe-
nomenon [12]:

- Autoimmune connective tissue diseases (derma-
tomyositis, theumatoid arthritis, Sjogren's syndrome,
systemic lupus erythematosus, systemic scleroderma,
vasculitis).

- Professional activities related to working with vi-
brating tools.

- Neurological and vascular diseases (atheroscle-
rosis, carpal tunnel syndrome, crutch pressure, diabe-
tes, embolism, chest exit syndrome, thromboangiitis
obliterans, thrombosis).

- Hematological disorders (cold agglutinin dis-
ease, cryoglobulinemia, leukemia, paraproteinemia, er-
ythremia, thrombocytosis).

- Drugs and toxins (beta-blockers, bleomycin, vin-
blastine, cisplatin, ergotamine preparations, narcotics,
polyvinyl chloride).

- Other pathological conditions (anorexia, atypical
angina, fibromyalgia, hypothyroidism, malignant tu-
mors, migraine, primary pulmonary hypertension).

Depending on whether the patient has primary or
secondary Raynaud's phenomenon, the treatment will
depend.

In cases of primary Raynaud's phenomenon, in
which no tissue damage occurs, symptomatic treatment
is the priority. Explanation, preventive measures, and
conservative therapy are sufficient. Advise the patient
to dress warmly, wear a hat and gloves in cold weather.
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Situations and medications that trigger attacks should
be avoided, and smokers should quit [9].

If these measures do not provide sufficient symp-
tomatic improvement, try calcium channel blockers.
Nifedipine is particularly helpful. Other calcium chan-
nel blockers, such as diltiazem, can also be used, but
their effectiveness is less pronounced. Long-acting
forms may be prescribed for convenience. The usual
dose is 30-90 mg/day, but sometimes 120 mg/day is
needed [23].

Calcium channel blockers. These medications re-
lax blood vessels, reducing the frequency and severity
of attacks in most people with Raynaud's. These drugs
may also help with ulcers. Examples of drugs include
nifedipine, amlodipine, and felodipine.

Alpha-blockers. Some people may be prescribed
other medications called alpha-blockers, which coun-
teract norepinephrine, a hormone that constricts blood
vessels. Examples of medications include prazosin and
doxazosin [21].

Vasodilators. Nitroglycerin cream applied to the
base of the fingers may help skin ulcers heal. Some vas-
odilators are widely used to treat other conditions, in-
cluding the following drugs: losartan, sildenafil, antide-
pressants (fluoxetine), and prostaglandins [22].

Patients with Raynaud's phenomenon are advised
to quit smoking, avoid vasoconstrictive medications
(beta-blockers, ergotamines), and avoid cold and sud-
den changes in temperature. Dress warmly in cold
weather and wear a hat. It is better to wear gloves with
one separate finger than with five fingers. Use a hand
warmer. Apply nifedipine and nitroglycerin ointment
[20].

ACE inhibitors, like pentoxifylline, are not partic-
ularly helpful in this disease.

If there are ulcers, they must be clean, protected
from contamination with antimicrobial dressings, and
promptly cleaned of necrotic particles [11].

Conclusion

Raynaud's phenomenon in systemic connective
tissue diseases requires an interdisciplinary approach,
early diagnosis and long-term follow-up. It is important
to raise awareness both among doctors and without
help, because timely treatment allows to preserve the
quality of life.
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Education plays a fundamental role in shaping human behavior by fostering scientific knowledge, moral and
spiritual values, and creative abilities in younger generations. Within the pedagogical process characterized by the
continuous and reciprocal interaction between teachers and students education serves not only as a means of
knowledge transmission but also as a tool for behavioral development. This article examines the role of education
in promoting healthy human behavior across various dimensions. Specifically, it explores how educational prac-
tices contribute to healthier lifestyles, enhanced mental and physical well-being, improved social interaction, and
greater environmental awareness. The study emphasizes the importance of education in cultivating emotional in-
telligence, moral reasoning, social responsibility, and health-conscious attitudes. Ultimately, education emerges
as a critical mechanism for supporting both individual well-being and societal development.

Keywords: health, education, education system, pedagogical healthy activity, approach method, interpreta-

tion, text.

Introduction

Education is one of the most significant factors in-
fluencing human existence. It plays a crucial role in
shaping moral principles, fostering personal develop-
ment, and promoting social responsibility. The ability
to make informed decisions and adopt a healthy life-
style is deeply linked to an individual's educational
background. Education does not only provide academic
knowledge but also enhances an individual’s awareness
regarding health, well-being, and social responsibility.
The aim of this study is to analyze the role of education
in promoting healthy human behavior, emphasizing its
effects on physical, mental, and emotional well-being.

Material and research methods:

The main and important factor in the development
of moral behavior in people is education. In addition to
providing information and skills, it also helps to de-
velop the moral principles of individuals, make them
feel more social responsibility, and lead a healthier life.
The enlightening, educational, and developmental
components of education make people more responsi-
ble, compassionate, and informed members of society.
Therefore, the promotion of healthy habits guarantees
the well-being of both the individual and the society as
awhole. To achieve this, a person must constantly work
and use creative methods in the education system.
Health includes not only physical health but also social,
emotional, and psychological well-being. Education af-
fects all areas, which increases human health in all as-
pects. We must provide children and young generations
with motivations that will broaden their interests on this
topic. Sometimes, when explaining some ideas ver-
bally, it does not give us a heartwarming result. For this,
we can incline them to this idea by starting from their
interests. By identifying what they are passionate
about, we can tailor our approach to resonate more
deeply with their values and motivations, ultimately
fostering a stronger connection to the concept we wish
to promote. In practical terms, we can communicate
with a young person in front of us in a way that will

arouse their interest: For example, imagine that some-
one wants to build a career in a subject for which they
have no education. They will probably have difficulty
finding the right path because they do not know much
about it. However, they will absorb relevant infor-
mation, solve problems more easily, and have a higher
chance of building a solid career when they are edu-
cated in that field. Education increases a person's self-
confidence in both their personal and professional lives.
They acquire the skills necessary to relate to others, un-
derstand their emotions, and overcome obstacles in life.
Therefore, education not only improves a person's
standard of living but also makes them think more suc-
cessfully and healthily.

The purpose of education in promoting healthy hu-
man behavior can be divided into several main ele-
ments, and this is an important area of study related to
the overall development of the individual. To better un-
derstand the function that education plays in this re-
gard, we can consider the following elements:

1. Promoting healthy lifestyle practices:

People learn the information they need to live a
healthy life through education. These include healthy
eating, consistent exercise, sleep schedules, and per-
sonal hygiene. People can prevent health problems by
participating in healthy lifestyle classes and activities
in schools and other educational institutions.

2. Preventing diseases:

Through education, people can learn ways to pre-
vent both communicable and non-communicable dis-
eases. Vaccinations, personal hygiene, regular medical
check-ups, and disease prevention are included in the
education system, most often in schools and the health
sector. Using this knowledge, people can have enough
knowledge to both stay healthy and fight diseases.

3. Improving Mental Well-being:

People can protect their emotional and psycholog-
ical well-being through education. Education includes
sufficient information on combating depression, stress
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management, emotional intelligence, and psychologi-
cal support. This allows people to deal with life in a
healthier way.

4. Learning to Use Health Technologies:

For more than a decade, schools have been dis-
cussing the positive and negative aspects of technology
for human health. These tools not only enhance the ac-
cessibility of health information but also empower us-
ers in their health management. This integration not
only enhances students' understanding of their own
health but also prepares them to navigate an increas-
ingly digital world where health information is readily
available. As they develop these skills, they become
empowered to take charge of their well-being and ad-
vocate for healthier practices within their communities.
By providing personalized insights and recommenda-
tions, they can motivate individuals to make healthier
lifestyle choices.

5. Improving social well-being:

Education, first of all, improves the social well-
being of the people. Education is socialization that
teaches an individual to empathize, cooperate, and have
a positive relationship with society.

Building healthy social relationships and manag-
ing conflicts gracefully keeps people mentally healthy
and improves their quality of life.

Mindset: Adopting healthy habits requires people
to be aware of their negative influences. Education
makes it easier for people to understand how their
health affects their lifespan and quality of life.

Role models and role models: Education includes
role models such as parents and teachers. Teachers are
positive role models for their students. Important peo-
ple in society can also influence people's behavior by
emphasizing a healthy lifestyle.

Decision-making skills: Education improves a
person's decision-making skills. As a result, they be-
come more knowledgeable and thoughtful in making
health-related decisions. Topic: Nutrients and calories
for dietary decisions, saying "no" to negative behaviors.

Social environment: Social education is very im-
portant when it comes to creating social standards for
healthy behavior. Healthy behavior standards are
planned in public awareness campaigns, schools, and
institutions.

The purpose of education is to manage a healthy
lifestyle, regulate the physical, mental, and social well-
being of people, develop a sound system of ethics and
values, and at the same time raise more responsible and
healthy people. This goal is important not only for in-
dividual well-being but also for overall development
and health. Thus, healthy behavior training has a strong
impact on a person and his abilities.

Young people benefit from these explanations be-
cause they help them see how education affects their
lives and how many opportunities it offers. In addition
to broadening their interests, this strategy will inspire
young people to think about education and learn more.

In addition to acquiring information and skills, one
of the most important aspects of human existence is the
development of personality, understanding of moral
principles, and continuous progress. Good behavior
guarantees a person's physical and mental well-being,

as well as correct moral and social choices. Inferring
this from research, we can say that three environments
play a major role here: school, family, and educational
infrastructure.

Education plays a very important and fundamental
role in the formation of healthy human behavior. It
shapes social networks, human aspirations, and a sense
of duty.

The following studies show the role of education
in this regard:

1. Formation of values and ethical principles.

Education gives a person knowledge about what is
right and forms the principles of moral and ethical be-
havior. It encourages ethical standards, a human
worldview, and social responsibility for the develop-
ment of healthy thinking and action habits.

2. Raising awareness about healthy living.

People can educate themselves about healthy food,
exercise, hygiene, and avoiding bad habits. The school
can also provide this opportunity, for example, through
healthy lifestyle lessons and educational initiatives.

3. Improving relationships and empathy. The de-
velopment of relationships is significantly influenced
by education. Empathy is developed for individuals.
The feelings of others are understood and respected.
This contributes to the development of a more peaceful
and healthy society.

4. Developing a sense of responsibility. The habit
of taking responsibility for the consequences of one's
actions is formed during school education. Healthy be-
havior in social relationships and personal life is based
on this.

5. Integrating instructional activities. The educa-
tional institution can strengthen the relationship be-
tween family and society by promoting healthy pro-
grams based on seminars and trainings.

Results

Human actions significantly affect their well-be-
ing, self-development, and interaction with society.
Healthy behavior protects your body and helps you feel
good inside and out, not only physically, but also with
your soul and when you communicate with others. It is
important in society to help people act in ways that are
good for their health. One of the most powerful tools
for such a process is education. Education creates the
basis for an individual to maintain a healthy and con-
scious existence by forming their own principles, men-
tal perspectives, and standards of behavior.

Education is a fundamental and important factor in
the development of moral behavior in people. In addi-
tion to providing information and skills, it also helps
individuals develop their moral principles, feel more
socially responsible, and lead healthier lives. The en-
lightening, nurturing, and developmental components
of education make people more responsible, compas-
sionate, and informed members of society. Conse-
quently, the promotion of healthy habits guarantees the
well-being of both the individual and society as a
whole. To achieve this, the education system must con-
stantly work and use creative methods.

In addition, there is great interest in how the edu-
cation system develops critical thinking and decision-
making skills. It is important to acquire the ability to
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determine the status of individuals, assess risks, and
make appropriate decisions. This strategy begins to
have a significant impact on how behavior is formed.

We conclude that education is a multifaceted pro-
cess and includes not only the management of infor-
mation to promote good behavior but also the social,
emotional, and spiritual development of the individual.
The education system, combining theoretical and prac-
tical methods, supports people in a healthy lifestyle, en-
suring the sustainability of this process to achieve this
goal. It not only improves the well-being of people
themselves, but also significantly improves society as a
whole.

Conclusion

Education plays a vital role in developing and
maintaining healthy human behavior. It enhances
knowledge, cultivates social and emotional intelli-
gence, and encourages responsible decision-making.
By integrating health education into curricula, societies
can promote well-being, reduce health risks, and im-
prove overall quality of life. Investing in education is a
fundamental step towards fostering healthier individu-
als and sustainable communities.
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The article presents the diversity of literary process in Kazakhstan, which is a multinational country. More
than 130 nations and ethnic groups live in peace and harmony on Kazakh soil. Uzbek writers, who live compactly
in the South Kazakhstan region and create their works in the Uzbek language, bring their own unique flavor. A
distinctive feature of the literary process in Kazakhstan is the existence of Uzbek literary associations in Kazakh-
stan: "Chashma", "Chimkent", "Sairam", "Isfijob", "Shuhla", "Kudrat Hikmat", "Kukkiyo ilhomlari", "Kamolot",
"Karvon", "Atoyi", "Shamchirok". Each of them has its own history of formation and development, but they are
united by common goals - promotion of peace, friendship, tolerance and mutual understanding of the nations and

ethnic groups living in the Republic of Kazakhstan.
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The modern literary process in Kazakhstan has its
own characteristic features, due to the diverse national
composition of Kazakhstani writers and poets. The Uz-
bek writers also make a significant contribution to the
development of Kazakhstani literature.

In our country, the Uzbeks live mainly in the
southern region. According to the latest census, the
number of ethnic Uzbeks in the Republic of Kazakhstan
is up to 460 thousand people. There are the Uzbek the-
atre, television and radio broadcasting in the Uzbek lan-
guage [1]. More than ten newspapers in the Uzbek lan-
guage and three magazines are published in the South
Kazakhstan region [2].

There are Uzbek national cultural centers in Ka-
zakhstan, in particular in Shymkent, Kyzylorda, Al-
maty, Taldykorgan, Astana, Karaganda [3]. A distinc-
tive feature is the existence of a number of Uzbek liter-
ary associations in Kazakhstan: "Chashma", "Sairam",
"Isfijob”, "Shuhla", "Kudrat Khikmat", "Kukkiyo
Ilkhomlari* etc. Each of them has its own history of for-
mation and development, but they are all united by
common goals - promotion of peace, friendship, toler-
ance and mutual understanding of the nations and eth-
nic groups living in the Republic of Kazakhstan
through their literary creativity. Uzbek-speaking writ-
ers and poets strive to raise worthy youth, to educate
them in a patriotic spirit.

In 1987, literary association was created in the Sai-
ram district of the South Kazakhstan region on the ini-
tiative of the creative intelligentsia. It was called
"Chashma" ("The Spring") as a symbol of purity and a
source of creativity and inspiration. "Chashma" was
supported by the district newspaper "Mehnat Bairogi"
and its editor Yusufzhon Saidaliyev. At that time, the
works of the members of the literary association were
published in this newspaper for the first time. Now this
newspaper has been renamed "Sairam Sadosi”, and it
continues to publish the works of the writers of
"Chashma".

The first leader of "Chashma" was the poet Irisali
Zhumanov. He successfully led this literary association
until 1992 and was able to gather around himself many

young representatives of creative youth. As I. Zhu-
manov began working in the editorial office of the re-
gional newspaper "Dustlik Bayrogi" (now "Zhanubiy
Kozogiston"), the activities of "Chashma" continued
without the leader. Members of "Chashma" discussed
their works at the meetings and published them in the
local newspapers and magazines. In 1998, the poet Ab-
durakhim Pratov became the Chairman of the literary
association "Chashma". The activities of the literary as-
sociation intensified, many fans of creativity joined its
ranks. In 2003, the district literary association
"Chashma" received regional status. Members of the
South Kazakhstan branch of the Writers' Union of Ka-
zakhstan: Doctor of Philology Kerimbek Syzdykov,
writers Marhabat Baygut, Abilda Aimak, Yersin Kui-
bagarov and Khanbibi Yesenkarayeva after meeting
with the staff of the literary association and familiari-
zation, discussion of their works, they unanimously de-
cided to assign "Chashma" the status of a regional lit-
erary association. Currently, the organization has about
40 members of the literary association.

At the folk art festivals "Sairam Talantlari* held in
2001, 2002 and 2003, members of "Chashma" Soatoy
Kamolova, Umrioy Karimova, Tilobat Pirnazarova,
Guliosiyo Khasanova, Shoakhmad Shopulatov and
Bakhodir Otash took first place. At the same time,
"Chashma" members actively took and take part in cre-
ative competitions "Nazm yulduzlari" ("Poetry Stars"),
"Ofarin!" ("Bravo!"), receive various diplomas, certifi-
cates of appreciation and valuable gifts. The artworks
of “Chashma” members are published in such Uzbek
and Kazakh periodicals as the magazines “Mushtum”
(Tashkent), “Alem Adebieti” (Astana), “Dala” (Al-
maty), “Gulistan” (Almaty), newspapers “Kishlok
Hayoti” (Tashkent), “Ishonch” (Tashkent), “Ontustik”
Kazakhstan" (Shymkent), "Zhanubiy Kozogiston"
(Shymkent) and in a number of publications of the Sai-
ram region of the South Kazakhstan region: the maga-
zine "Boychechak", the newspapers "Zhanub Zharchi-
lari", "Martube”, "Sairam Sadosi", "Zhamiyat va
Marifat", "Sairam Sabosi", "Bolajon”, "Isfijob", "Ada-
biyot va Sanjat".
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In 2001-2012, the poetic and prose creative writ-
ings of this literary association were published in joint
collections "Kanot Kokdi", "Tuyona", "Turon
Chechaklari”, "Chashma Guldasdasi”, "Chashma
Mavzhlari, "Yoshlar Ovozi". At the same time, the
most active members of "Chashma" - Sunnatulla
Akramov, Irisali Zhumanov, Soatoy Kamolova, Um-
rioy Karimova, Guli Osiyo, Bakhodir Otash, Abdura-
khim Pratov, Oituti Rezhametova, Shoakhmad Shopu-
latov and Dilnoza Rustambekova published their own
collections of works. At present, the writers of
"Chashma" have published about twenty books, which
are warmly received by the readers.

The members of the literary association have
translated the works of a number of Kazakh writers and
poets into Uzbek and published them in local newspa-
pers and magazines. Literary evenings and meetings of
the readers with the well-known writers of Kazakhstan
and Uzbekistan are held. The literary association
"Chashma" and its members actively cooperate with
teams of other creative associations of Southern Ka-
zakhstan. They constantly share experiences, hold joint
literary events, poetry competitions. During nine years
the "Argumok™ Literary Prize ("Race Horse"), estab-
lished by them, has been awarded to the best writers.

Members of "Chashma™ are actively involved in
public activities in the regional Uzbek ethno-cultural
center. Writers and poets Sunnatulla Akramov, Soatoy
Kamolova, Umrioy Karimova, Abdurakhim Pratov and
Tilobat Pirnazarova were awarded "Zhamoat
fakhriysi", "Zhamoat fidoyisi" medals of the "Dustlik"
Association of the Uzbeks of the Republic of Kazakh-
stan.

In 2012, the literary association "Chashma" cele-
brated its 25th anniversary. Officials, the Kazakh writ-
ers and guests from the neighboring Republic of Uz-
bekistan attended the ceremonial meeting dedicated to
this significant event at the regional Uzbek drama the-
ater. Israil Saparbayev from the Union of Writers of the
Republic of Kazakhstan from Almaty, Abilda Aimak
and Yersin Kuybagarov from the branch of the South
Kazakhstan region have attended the event. The crea-
tive delegation of Uzbekistan was headed by the prom-
inent writer Nosir Fozilov, twice laureate of the State
Prize of the Republic of Uzbekistan, laureate of the
Peace and Spiritual Accord Prize of the President of the
Republic of Kazakhstan. In his opinion, "the literary
and creative association "Chashma" had a very positive
impact on the development and creative growth of Uz-
bek literature in the Republic of Kazakhstan. The writ-
ers of "Chashma" made a great contribution to strength-
ening the friendship of the fraternal Uzbek and Kazakh
peoples and development of relations between Uzbek
and Kazakh literatures".

Currently the literary association "Chashma" is a
kind of school of literary excellence and a platform for
sharing creative experience for its members and other
people who are interested in creativity.

The literary association "Sairam™ was created in
1979 in the Sairam district of the South Kazakhstan re-
gion. The poet Orifkhon Saidikramov was elected as
Chairman, and Khavazmat Kuchkorov was elected as
Secretary. Mirakhmad Butabekov and Anvar

Pardabekov headed the journalistic and poetry depart-
ments. A year later, this group was named as Yusuf Sa-
remiy "Sairam" creative association, and later the poet
Anvar Pardabekov started his activities as the head of
"Sairam". The active members of "Sairam" were the
writers Kholbuvi Tillakhuzhayeva, Mukhiddin Kodi-
rov, Khotam Yuldosh, Erkinoy Sultonova, Ikhtiyor
Mamadaminov, Abdurakhim Pratov and Sayyora
Ziyobekova. In the early 1990s, ""Sairam" suspended its
activities for various reasons, and resumed its work in
the early 2000s. In 2010, Sulton Yuldosh headed the
literary association "Sairam", and currently it is headed
by Gayrat Rakhmetov.

In 2002 the literary association "Isfijob" was orga-
nized in the Sairam district of the South Kazakhstan re-
gion on the initiative of the poet Urmon Sobir, who still
leads this group. The literary association is named after
the poet Odilkhon Tillakhuzhaev. The leading member
of this group is a member of the Union of Writers and
the Union of Journalists of the Republic of Kazakhstan
Havazmat Kuchkorov - the author of the books
"Kosagulning hotini”, "Ortda kolgan kunlar" and
"Zhavokhirga tatigulik umr”. The books of Sobirjon
Shomurodov "Umr utmokda", "Sirli olam", Khurbuvi
Odilova "Uylarim”, Odilkhon Tillakhuzhaev "Armon
kushi”, Khurshid Kuchkorov "Mukhabbatni izlab"
were also published. In 2013, joint collection of mem-
bers of the literary association "Isfijob™ was published
in Almaty.

The literary associations "Kudrat Hikmat" and
"Kukkiyo llhomlari" have been operating in the city of
Turkestan for many years. "Kudrat Hikmat" is headed
by the poet, member of the Union of Writers of the Re-
public of Kazakhstan Ernazar Ruzimetov. The organ-
izer and head of "Kukkiyo Ilhomlari" is the employee
of the newspaper "Turkiston” Akajon lzzatullaev.
Members of the literary associations - Ernazar Ruzime-
tov, Olimjon Durjonboev, lIbrokhim Pulat, Hamza
Mirkhaydar, Dolimjon Saifullaev, Khusan
Ubaidullaev, Akajon Izzatullaev, Sanzhar Gulomov are
famous people of Turkestan city. Ernazar Ruzimetov
became prominent during the Soviet period, and in
1974, he was accepted to the Union of Writers of the
USSR, he published about twenty books for children
and adults.

In 2012, the creative association "Shuhla" was cre-
ated in the village of Korabulok in the Sairam district.
Its organizers were local writers. "Shuhla™ is headed by
the poetess Gulnora Begaliyeva, and the literary scholar
Rakhimtoy Begaliyev is the scientific adviser of this
creative group. There are about twenty members in the
"Shuhla". There are also creative associations "Ka-
molot" (headed by Mavluda Makhamedova) in the vil-
lage of Kulkent in the Sairam district, "Karvon"
(headed by Mirsobir Mirazizov) in the village of
Ozodlik in the Tyulkubas district, "Atoi" (headed by
Bakhodir Sobitov) in the village of Turbat in the
Kazigurt district, "Shamchirok" (headed by Alisher Us-
monov) in the Tulebi district.

Thus, among the Uzbek creative teams of Kazakh-
stan, the literary associations "Chashma", "Isfijob",
"Sairam", "Kudrat Hikmat" and "Kukkiyo Ilhomlari"
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are distinguished for their active work. Members of lit-
erary associations, being the authors of the works
which are recognized by the readers, made a significant
contribution to the development of Uzbek literature in
the Republic of Kazakhstan.

It should be noted that the rise of the Uzbek liter-
ary associations falls on the period of independence of
our country. During these years, the most active and tal-
ented Uzbek writers and poets Irisali Zhumanov,
Khavazmat Kuchkorov, Bakhodir Sobitov, Abdura-
khim Pratov and Zokirjon Muminjonov were accepted
to the Union of Writers of the Republic of Kazakhstan.
The books by Uzbek literary masters are published in
printing and publishing houses of Almaty, Tashkent,
Shymkent and the Sairam region, some of them have
been translated into the Kazakh language. Thus, in
2009, a poetry collection by Abdurakhim Pratov, “Bir
tal gul” (“Bouquet of flowers”), was published in Al-
maty, which included selected poems of the poet which
are translated into the state language by lIsrail Saparba-
yev. Such direction of creative activity as artistic trans-
lation is actively developing in the Uzbek literary envi-
ronment of Kazakhstan. Abdurakhim Pratov, Zokir-
zhon Muminzhonov, Dolimzhon Saifullaev, Bakhodir
Otash and Urmon Sobir successfully translated into Uz-
bek the works of Kazakh poets and prose writers Mar-
habat Baygut, Yersin Kuybagarov, Tynymbay Karin,
Zhalel Kattabek and Kulbek Ergobek.

The Forum of Uzbek writers of Kazakhstan
"Nazm yulduzlari” ("Poetry Stars™), which is estab-
lished by the "Dustlik" Association of the Uzbeks of the

RK is annually held with the aim to provide spiritual
encouragement and material support to Uzbek poets
and writers. According to the Chairman of the Associ-
ation, Ruzakul Kholmurodov, one of the main goals of
this competition is to popularize the creativity of Uzbek
writers: "We intend to publish a collection of poems by
current Forum participants and distribute them among
schools for use as a training manual” [4]. In 2003, the
ceremony of opening of the Uzbek Regional Drama
Theatre took place. The activities of this art center ac-
company the development of Uzbek literature in our
country, since many dramatic works of Uzbek authors
of Kazakhstan have been staged in this theatre and this
tradition continues.

Uzbek literary associations hold various events
aimed at sharing experience, professional training, and
developing ties with colleagues from the Republic of
Uzbekistan. The Uzbek poets and writers are doing
their best to meet the demands of the current period in
the field of literature.
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Abstract

The topic also carries great relevance from the perspective of ensuring constitutional rights and duties. Con-
stitutional rights and duties form the foundation of every legal system. However, the analysis and improvement of
the mechanisms for implementing these rights and duties are of critical importance for maintaining the balance
between the state and society.

The coordinated operation of state structures—courts, law enforcement agencies, executive authorities, and
local self-governing bodies—is of key importance in the enforcement of constitutional duties. These structures
provide the legal framework for the execution of duties, fulfill supervisory functions, and apply accountability
measures in cases of violations. At the same time, the Constitutional Court acts as the guardian of legal stability

in this process, resolving legal conflicts and ensuring conformity with constitutional norms.

This study examines the mechanisms for ensuring constitutional rights and duties and evaluates their imple-
mentation methods within the context of both national and international experiences.

Keywords: responsibility, legal framework, Constitution, duty, elections, legal education, law, legal aware-

ness, mechanism, public consciousness, citizen.

Introduction

The failure to fulfill constitutional duties does not
merely lead to individual accountability; it also results
in the disruption of public order, the weakening of the
state's financial and defense capabilities, and the ero-
sion of legal consciousness. Therefore, legal mecha-
nisms have been established within the legislative sys-
tem to oversee the implementation of these duties and
to enforce various forms of responsibility in cases of
violation. Legal responsibilities applied in cases of vi-
olations of constitutional duties — including constitu-
tional, administrative, civil, and criminal liabilities —
not only enhance the legal force of these duties but also
incentivize their practical implementation.

Mechanisms for enforcing responsibility should
not be limited to legal sanctions alone, but must also be
accompanied by legal enlightenment and the cultiva-
tion of legal culture. The legal thinking of society, citi-
zens’ understanding of the balance between rights and
duties, and the formation of legal attitudes on ethical
and moral foundations directly influence the process of
fulfilling these duties. The formation of legal culture
relies significantly on legal education in schools and
universities, legal awareness through media, and public
advocacy efforts. Mammadov, S., & Behbudov, K.
(2024).

In this context, a robust legal framework and sanc-
tions are not sufficient on their own — it is essential to
reinforce the notion of responsibility in individuals’ le-
gal consciousness and to perceive constitutional duties
not only as state obligations but also as responsibilities

toward society and moral values. The effective imple-
mentation of certain constitutional duties — such as par-
ticipation in elections, protection of the environment,
and preservation of cultural heritage — depends not only
on legal enforcement but also on public consciousness
and individual initiative.

In the Republic of Azerbaijan, a comprehensive
and continuously evolving legislative framework and
administrative control structures exist for the imple-
mentation of constitutional duties. These mechanisms
operate in close coordination, serving the real execution
of duties in terms of both legal assurance and practical
enforcement. It is important to first note that the Con-
stitution of the Republic of Azerbaijan is the primary
legal source of these duties. Chapter IV of the Consti-
tution explicitly and normatively outlines the main du-
ties of citizens. These include loyalty to the state, com-
pliance with the law, payment of taxes, defense of the
homeland, protection of the environment and cultural-
historical monuments, and respect for state symbols. A
broad legal framework based on constitutional provi-
sions has been established to implement these duties.
For instance, the Law "On Military Duty and Military
Service," the "Tax Code," the Law "On Environmental
Protection," the relevant act "On State Symbols," and
other normative documents provide the legal grounds
for the realization of these constitutional obligations.
Mammadov, S., & Behbudov, K. (2024).

The main institutional structures responsible for
the enforcement and implementation of the aforemen-
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tioned legal framework include the executive authori-
ties, law enforcement agencies, judiciary, and local
self-governing bodies. The executive branch — includ-
ing the Presidential Administration, the Cabinet of
Ministers, and relevant ministries — executes regula-
tory, oversight, and implementation mechanisms.
These bodies adopt individual and general legal acts to
ensure the fulfillment of duties in accordance with nor-
mative legal acts and supervise their enforcement
through administrative measures.

One of the key legal mechanisms is the adoption
and implementation of normative legal acts. In the Re-
public of Azerbaijan, laws and other normative acts are
adopted in accordance with the Constitution, and their
legal force is regulated by a hierarchy defined by the
Law “On Normative Legal Acts.” Following the Con-
stitution, laws are followed in hierarchical order by
presidential decrees and orders, cabinet resolutions, and
normative acts of ministries and other executive bodies.
These acts define the legal grounds and execution pro-
cedures for specific duties. For example, the Tax Code
outlines detailed procedural rules for the fulfillment of
tax obligations, while the execution of military service
duties is regulated through specific age limits, service
types, and options for alternative service. Garibli, I.
(2025).

Another crucial mechanism is the application of
legal liability in cases where duties are not fulfilled. In
instances of legal violations, administrative, civil, or
criminal responsibility may be imposed. Law enforce-
ment agencies — such as the police, prosecutor’s office,
and security services — investigate breaches of duty,
collect evidence, and refer cases to the courts for legal
evaluation. Meanwhile, the judiciary has the authority
to render decisions on the application of legal responsi-
bility, and such decisions are legally binding. Along-
side these mechanisms, public education and awareness
also play a pivotal role in the execution of duties.
Through legal enlightenment, citizens understand their
rights and duties, recognize their importance, and adopt
legally appropriate behavior. The state pursues educa-
tional initiatives through strategic documents such as
the “State Program on Legal Enlightenment,” the “Na-
tional Action Plan on Human Rights,” and others.

Thus, the legal and institutional mechanisms es-
tablished for the implementation of constitutional du-
ties in the Republic of Azerbaijan are constructed in a
comprehensive and functional manner. The legal
framework — the Constitution and the legislative acts
adopted on its basis — forms the legal foundation of
these duties. Executive authorities, courts, and law en-
forcement bodies serve to realize this legal basis, ensure
the execution of duties, and prevent violations. The ef-
fectiveness of this system contributes to the reinforce-
ment of the rule of law and the development of a legal
culture based on the balance between rights and respon-
sibilities of citizens.

The Role of Legal Awareness and Education in
the Effective Implementation of Constitutional Du-
ties The mere existence of legal mechanisms and ad-
ministrative structures is not sufficient for the effective
implementation of constitutional duties. The practical
application of legal norms, citizens' behavior before the

law, and their attitude toward the state largely depend
on their level of legal consciousness and legal culture.
Therefore, education and legal enlightenment serve as
important tools in stimulating the fulfillment of consti-
tutional duties. Legal awareness not only informs indi-
viduals of their rights but also explains the obligations
necessary for the realization of those rights, thereby
supporting the balance between rights and duties.

In the Republic of Azerbaijan, several purposeful
steps have been taken in this direction in recent years.
Awareness-raising efforts to enhance legal conscious-
ness are carried out through both the education system
and other public information channels such as the me-
dia, social networks, legal aid centers, and NGOs. Gen-
eral education institutions introduce high school stu-
dents to constitutional concepts and teach them about
state symbols and civic responsibilities. At the univer-
sity level, law faculties place emphasis not only on le-
gal knowledge but also on legal ethics and civic respon-
sibility. Students are introduced to concepts such as hu-
man rights, constitutional order, and the unity of rights
and responsibilities, thus expanding both their theoret-
ical and practical understanding (1).

The role of mass media in this process is also in-
valuable. Legal professionals participate in television
programs to explain citizens’ rights and duties, while
public service announcements foster a sense of civic re-
sponsibility. On social media platforms, legal aware-
ness pages, livestreams, and expert interviews reach a
wide audience. Legal aid centers and law clinics con-
tribute to improving legal literacy and enhancing public
understanding of the balance between rights and re-
sponsibilities. On a state level, institutional frameworks
are provided through documents such as the “National
Action Plan on Human Rights” and the “State Program
on Legal Enlightenment.” Garibli, 1. (2025).

International experience also shows that many
countries attach special importance to legal education
and awareness in ensuring the fulfillment of constitu-
tional obligations. For example, in Germany, the sub-
ject “Politics and Law” introduces school students to
constitutional principles, civic responsibilities, and le-
gal behavior from an early age. These classes teach not
only legal concepts but also the core values of a demo-
cratic society. In the United States, “Civics” education
systematically covers the Constitution, government
structures, duties, and rights. These courses are integral
to the school curriculum, ensuring that every graduate
understands their responsibilities to the state and the
principle of equality before the law. In France, the in-
clusion of citizenship and secularism in school pro-
grams supports the development of legal and ethical re-
sponsibility. Through the course "Education civique,"
students learn about republican values, the rule of law,
and the significance of civic duties (4, p.256).

These experiences demonstrate that strengthening
legal awareness and education leads to the voluntary
and responsible execution of duties. Legal enlighten-
ment encourages citizens not merely to act out of fear
of punishment, but to develop an intrinsic respect for
the law. Understanding that law entails not only the
protection of rights but also the fulfillment of obliga-
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tions is central to the essence of a legal state. For Azer-
baijan, studying international experience and integrat-
ing suitable elements into the national education and
enlightenment system could contribute to enhancing le-
gal culture and improving the fulfillment of constitu-
tional duties. Particular attention should be paid to the
systematic and practical formation of legal knowledge
starting from school age, incorporating legal and con-
stitutional values into teacher training, strengthening
legal awareness on social platforms, and encouraging
professional involvement from the legal community.
This approach can transform the relationship between
citizens and the state into a socially significant process
that promotes not only the exercise of rights but also
the responsible performance of civic duties. Yunis, K.
(2024).

The realization of constitutional duties and their
application in the legal life of society depend not
merely on the existence of legal norms but on how these
norms are received, implemented, and internalized by
society. The experiences of various countries demon-
strate diverse approaches and methods in this area. Par-
ticularly, countries with notable achievements in build-
ing democratic and legal states—such as Turkey, Ger-
many, France, and the United States—offer valuable
insights into how constitutional duties are realized
within legal, moral, and social responsibility frame-
works. In these countries, the mechanisms supporting
this realization—Ilegal education, civic responsibility,
administrative oversight, judicial protection, and the
cultivation of public consciousness—have developed
to a high level (2).

In the Republic of Turkey, the implementation of
constitutional duties is closely linked to legal education
and state policies on legal awareness. According to Ar-
ticle 73 of the Turkish Constitution, every citizen is ob-
ligated to pay taxes, and under Article 72, to defend the
homeland. These duties are clearly defined by law, and
their enforcement is ensured through law enforcement
and administrative bodies. In addition, law-related sub-
jects are widely taught at both school and university
levels, where students are introduced to constitutional
principles from an early age. The development of legal
education and legal culture is considered a priority of
state policy. Furthermore, extensive legal awareness
campaigns conducted through the media also play a
role in increasing citizens’ understanding of constitu-
tional duties (7, p.235).

Implementation of Constitutional Duties in the
Federal Republic of Germany, France, and the
United States The implementation of constitutional
duties in the Federal Republic of Germany is carried
out within a complex legal system based on the princi-
ples of a legal state and accompanied by a high level of
legal culture. The German Basic Law (Grundgesetz) in-
cludes not only the fundamental rights of citizens but
also the duties they bear towards the state and society.
Although these duties are defined within formal legal
frameworks, their implementation is often closely
linked to the legal awareness, social responsibility, and
ethical values of citizens. Principles such as environ-
mental protection, commitment to the democratic sys-
tem, support for legal stability, and the maintenance of

a balance between freedom and responsibility are not
merely legal obligations in the German legal system but
are also seen as elements of the society's legal culture.
For instance, citizens’ participation in public debates,
their respect for legal institutions, and voluntary com-
pliance with laws are considered results of social re-
sponsibility and legal education. Garibli, I. (2025).

Legal responsibility in Germany is structured as a
multi-level system, manifesting in administrative, civil,
and criminal liabilities. Administrative responsibility
primarily regulates relations between the state and citi-
zens, civil liability applies in cases of violation of indi-
vidual rights, and criminal liability is enforced for of-
fenses against public order and societal safety. All these
types of responsibility are grounded in the rule of law
and serve the establishment of legal justice. The struc-
ture and quality of legal education in Germany play a
significant role in the effectiveness of its legal system.
Legal training is a long-term, multi-phase process.
Graduates of law faculties must pass two stages of state
exams, participate in professional development and in-
ternship programs, and only then can they begin inde-
pendent legal practice. This approach ensures that legal
professionals possess high ethical and knowledge
standards and strengthens the environment of legal se-
curity. Mammadov, S., & Behbudov, K. (2024).

In the French Republic, the execution of constitu-
tional duties is carried out through the synthesis of le-
gal, civic, and ethical components. The French legal
system emphasizes not only citizens' rights but also
their duties toward the state and society. The French
Constitution defines several fundamental obligations
for citizens—such as defending the homeland, comply-
ing with laws, ensuring the security of the state and so-
ciety, and respecting the rights and freedoms of others.
These principles are closely tied to the core ideological
pillars of the French Republic: liberty, equality, and fra-
ternity (5, p.457).

The education system plays a key role in the real-
ization of constitutional duties in France. The subject of
"civic education™ is compulsory in all schools, and
through it, students are taught about the French Consti-
tution, civic rights and duties, principles of democratic
governance, and social responsibility. These lessons
aim to instill legal consciousness, adherence to ethical
values, and a sense of responsibility to society from an
early age. They also promote the development of dis-
cussion and dialogue culture, tolerance toward differ-
ing views, and active participation in democratic deci-
sion-making.

The implementation of constitutional duties in
France is also strictly regulated legally. When citizens
violate their obligations toward the state and society,
the relevant legal responsibility mechanisms come into
play. These may take civil, administrative, or criminal
forms. For example, citizens can be held administra-
tively or criminally liable for disturbing public order,
evading tax duties, or avoiding military or civil service.
Such matters are resolved either administratively by
prefectures and municipalities or legally through the
appropriate judicial authorities. Yunis, K. (2024).

In the United States, the realization of constitu-
tional duties is characterized by a complex process
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shaped by legal pluralism and the development of dem-
ocratic legal consciousness. The U.S. Constitution pri-
marily serves as the foundational document ensuring
individual rights and freedoms. Although it grants ex-
tensive attention to citizens' rights, their duties are
mostly defined through federal laws, state legislation,
and various legal precedents. This structure reflects the
influence of federalism on the legal system, as both the
central government and individual states possess legis-
lative and regulatory authority within their jurisdic-
tions.

From a legal perspective, one of the most essential
and universal obligations in the United States is the
duty to pay taxes. This obligation is strictly monitored
at both federal and state levels, and tax evasion can lead
to criminal liability. Another major duty is the obliga-
tion to obey the law. Given that the U.S. legal system is
grounded in the principle of the rule of law, all citizens
must comply with both federal and state laws. This
principle forms one of the key pillars of legal order and
societal safety. Being summoned to testify in court and
serving on a jury are also critical elements of civic par-
ticipation in the U.S. legal system. The jury system, in
particular, is regarded as one of the main elements of
democratic governance and provides a means for direct
citizen involvement in the administration of justice.
This service is not voluntary but is legally mandated,
and failure to participate may result in legal conse-
quences. Thus, legal obligations are not limited to indi-
vidual compliance with regulations but also involve be-
ing an active part of the public justice system. oglu Is-
mayilkhanli, R. A. (2025).

The areas of legal responsibility in the United
States are broad: civil liability applies in cases of con-
tractual breaches, torts, and other legal disputes; crimi-
nal liability is provided for both felonies and misde-
meanors in federal and state legislation; and adminis-
trative responsibility is mainly applied in areas such as
taxation, customs, environmental protection, and regu-
latory compliance. The effectiveness of this system is
also supported by the strong institutional capacity of
U.S. courts and law enforcement agencies (5, p.467).

In the United States, the high level of legal aware-
ness plays a key role in citizens' understanding of their
rights and responsibilities and in their effective use of
the legal system. Legal education occupies an im-
portant place in school and university curricula, as well
as in awareness campaigns conducted by governmental
and non-governmental organizations, and legal aid ini-
tiatives directed at the general public. The dissemina-
tion of legal knowledge through television, the internet,
and other mass media platforms, along with the trans-
parent presentation of how the legal system operates,
increases citizens’ legal literacy and strengthens public
trust in legal institutions (5, p. 543).

The experience of these countries shows that the
effectiveness of implementing constitutional duties is
not only determined by the strength of legal mecha-
nisms, but also closely tied to the society's legal culture,
the state’s legal education policies, and citizens’ sense
of responsibility before the law. These examples offer
several useful lessons for Azerbaijan. For instance, or-
ganizing legal education systematically at school and
university levels, providing simplified explanations of
the Constitution for the average citizen, increasing

transparency in the application of legal responsibility,
and emphasizing the public significance of duties can
contribute to enhancing the efficiency of this field. At
the same time, presenting the Constitution—which
forms the foundation of the legal state—not just as a
normative document but also as a model of national val-
ues and public responsibility, will play an important
role in shaping legal consciousness. In this context,
studying international experience and integrating it into
the national legal system holds great significance for
the development of Azerbaijan’s legal field and for the
more effective execution of constitutional duties. oglu
Ismayilkhanli, R. A. (2025).

The legal character of constitutional duties, their
mechanisms of enforcement and accountability, are
among the key factors ensuring the effectiveness of the
legal state, the functionality of the legal system, and the
establishment of trust-based citizen—state relations. The
internalization of these duties by society, their imple-
mentation through legal awareness, and the responsible
approach of state institutions are fundamental mecha-
nisms that complement the legal status of the individ-
ual. The realization of constitutional duties not only
guarantees the supremacy of law, but also serves as a
vital foundation for the formation of civil society, the
sustainability of the state, and the establishment of so-
cial justice.

The implementation of constitutional duties is one
of the core principles in the realization of the legal state
concept. It is not sufficient for these duties to be merely
defined in normative terms—purposeful legal and insti-
tutional mechanisms must be developed for their real-
life implementation.

References

1. Constitution of the Republic of Azerbaijan.
(1995).

2. Aliyev, A. Human Rights, Textbook. Baku,
“Nurlar” Publishing House, 2019, 352 p.

3. Asgarov, Z.A. (2011). Constitutional Law,
Textbook. Baku: Baku University Publishing House.
756 p.

4. Huseynov, R. Legal State and Civil Society,
Baku: “Science and Education”, 2017. 71 p.

5. V.Y. Chirkin. Constitutional Law of Foreign
Countries, Digesta. Baku, 2000. 723 p.

6. Turkish Constitution. 1982.

7. Deryabina, T.P., Popov, N.V. Man and Law:
Legal Status of the Citizen, 1989.

8. Yunis, K. (2024). CONCEPTS ABOUT THE
SOURCE OF THE WORD “CONSTITUTION” AND
ITS MODERN MEANING. Scientific Research and
Experimental Development, (6).

9. oglu Ismayilkhanli, R. A. (2025). The For-
mation of Legal Thought and Governance Issues in the
Medieval Islamic World. Porta Universorum, 1(2), 56-
64.

10. Garibli, 1. (2025). Claims in Civil Cases Con-
sidered by the Courts. Global Spectrum of Research
and Humanities, 2(2), 113-122.

11. Mammadov, S., & Behbudov, K. (2024).
CLASSIFICATION OF LEGAL SOURCES IN THE
ISLAMIC EAST DURING THE MIDDLE AGES.
BBC, 23.



Ne96, 2025
Slovak international scientific journal

The journal has a certificate of registration at the International Centre in Paris — ISSN 5782-5319.
The frequency of publication — 12 times per year.

Reception of articles in the journal — on the daily basis.

The output of journal is monthly scheduled.

Languages: all articles are published in the language of writing by the author.

The format of the journal is A4, coated paper, matte laminated cover.

Articles published in the journal have the status of international publication.

The Editorial Board of the journal:
Editor in chief — Boleslav Motko (Bratislava) Slovakia
The secretary of the journal — Milica Kovacova (Bratislava) Slovakia

e LuciaJanicka — (Bratislava) Slovakia

e Stanislav Ceriiak — (Bratislava) Slovakia
e Miroslav Vytisk — (Nitra) Slovakia

e  Dusan Igaz — (Nitra) Slovakia

o Terézia Mészarosova — (Banska Bystrica) Slovakia
e Peter Masaryk — (Rzeszow) Poland

e Filip Kocisov — (Wroctaw) Poland

¢ Andrej Bujalski — (Kosice) Slovakia

e Jaroslav Kovac — (Trnava) Slovakia

e Pawel Miklo — (Bratislava) Slovakia

e Jozef Molnar — (Bratislava) Slovakia

e Tomajko Milaslavski — (Nitra) Slovakia

e Natalia Jurkova — (Bratislava) Slovakia

e Jan Adamczyk — (Prague) Czech Republic
e Boris Belier — (Bratislava) Slovakia

e  Stefan Fisan — (Bratislava) Slovakia

e Terézia Majercakova — (Wien) Austria

e Ekaterina Semko (Kyiv) Ukraine

1000 copies
Slovak international scientific journal
Partizanska, 1248/2
Bratislava, Slovakia 811 03
email: info@sis-journal.com
site: http://sis-journal.com



mailto:info@sis-journal.com
http://sis-journal.com/

