.’ Sciences of Europe

No 153 (2024)

Sciences of Europe
(Praha, Czech Republic)

ISSN 3162-2364
The journal is registered and published in Czech Republic.
Articles in all spheres of sciences are published in the journal.

Journal is published in Czech, English, Polish, Russian, Chinese, German and French, Ukrainian.
Articles are accepted each month.
Frequency: 24 issues per year.
Format - A4
All articles are reviewed
Free access to the electronic version of journal

Edition of journal does not carry responsibility for the materials published in a journal.
Sending the article to the editorial the author confirms it’s uniqueness and takes full responsibility for possible
consequences for breaking copyright laws.

Chief editor: Petr Bohacek
Managing editor: Michal Hudecek

e  Jifi Pospisil (Organic and Medicinal Chemistry) Zentiva

e Jaroslav Fahnrich (Organic Chemistry) Institute of Organic Chemistry and Biochemistry
Academy of Sciences of the Czech Republic

e Rasa Boha¢ek — Ph.D. &len Ceska zemé&délska univerzita v Praze

e Naumov Jaroslav S., MD, Ph.D., assistant professor of history of medicine and the social
sciences and humanities. (Kiev, Ukraine)

e Viktor Pour — Ph.D. ¢len Univerzita Pardubice

e Petrenko Svyatoslav, PhD in geography, lecturer in social and economic geography.
(Kharkov, Ukraine)

e  Karel Schwaninger — Ph.D. ¢len Vysoka $kola batiska — Technickd univerzita Ostrava

e  Viclav Pittner -Ph.D. ¢len Technicka univerzita v Liberci

¢ Dudnik Oleg Arturovich, Doctor of Physical and Mathematical Sciences, Professor, De-
partment of Physical and Mathematical management methods. (Chernivtsi, Ukraine)

e Konovalov Artem Nikolaevich, Doctor of Psychology, Professor, Chair of General Psy-
chology and Pedagogy. (Minsk, Belarus)

«Sciences of Europe» -
Editorial office: Kiizikova 384/101 Karlin, 186 00 Praha

E-mail: info@european-science.org
Web: www.european-science.org



CONTENT

AGRICULTURAL SCIENCES

Zhuravel S., Kravchuk M., Zhuravel S.,
Karbivskyi E., Malakhivskyi A., Tkachenko M.
FEATURES OF DEVELOPMENT OF THE TECHNOLOGY
OF GROWING OIL RADISH AS A SIDERAL CROP UNDER
THE CONDITION OF MODELING THE TECHNOLOGICAL
SCHEME OF SOWING USING AN AGRODRONE ........... 4

Klymenko T., Polishchuk V., Onyzhuk O.,
Savchuk R., Hliuza K., Havryliuk Y.

GROWTH AND DEVELOPMENT OF POTATO PLANTS
UNDER DIFFERENT FERTILIZER SYSTEMS ........ccccc....... 8

ART STUDIES

Yin Hua

POINT OF VIEW, PLOT, AND STRUCTURE: REGIONAL
CULTURAL EXPRESSION STRATEGIES IN INNER
MONGOLIAN NATIONAL FILMS OF THE 21ST CENTURY

ECONOMIC SCIENCES

Aghabekyan E., Melkumyan H., Avagyan G.,
Navasardyan M., Sarafyan L.

ANALYSIS OF FACTORS DESCRIBING AND EXPLAINING
THE STANDARD OF LIVING IN ARMENIA USING A
VECTOR AUTOREGRESSIVE MODEL........cccovveeeeernnnne 16
Ahmedova S.

FINANCIAL LITERACY — THE KEY TO SPARK
ENTREPRENEURIAL SPIRIT IN THE YOUNGER

Jganjgava K.

THE ROLE OF SOCIAL CAPITAL IN MODERN BUSINESS
INNOVATIVE ACTIVITIES ..o 36
Ibrahimova S., Orujov M., Orujov A.

ELEMENTS OF CREDIT POLICY AND STIMULATION OF
CREDIT INVESTMENTS IN THE REAL ECONOMY ........ 39
Tehmezbeyova K.

DEVELOPMENT OF REGIONAL TOURISM IN

GENERATION ..coeevrencnscenensessesscnsscnscnsene 31 NAKCHIVAN AUTONOMOUS REPUBLIC AND FUTURE
PERSPECTIVES......cooieitieiieiitieticiece e 45
MEDICAL SCIENCES

Khrustavka R., Fedorovych M.,,

Homonets S., Mykolenko A., Hladiy O.,
Furdela M.

PRIMARY DIAGNOSIS OF RAYNAUD'S PHENOMENON
IN ADOLESCENT CHILDREN .....uivvvieiiiiieeeeeiieeceeieee, 47
Zlatanova T., Zlatanova-Velikova R., Popov N.
COST-EFFECTIVENESS OF SEASONAL INFLUENZA
VACCINATION PROPHYLAXIS....coi oot eeeeeevieeens 52
Saidova F., Aslanova J., Alakbarova Sh.,
Mayilova A., Muradov N.

COMPARISON OF HEMATOLOGIC AND AUTOIMMUNE
STATUS OF PATIENTS WITH GRAVES DISEASE AND
AUTOIMMUNE THYROIDITIS DURING SURGICAL
TREATMENT oo 54

Yaneva R., Stoyanov H.

RISK MANAGEMENT IN HOSPITAL MEDICAL
INSTITUTIONS ... e 59
Skvortsov A., Andreev P.,

Khabibyanov R., Maleev M.

TREATMENT OF FRACTURES AND DISEASES OF THE
PROXIMAL FEMOR IN CHILDREN USING A
MONOLATERAL EXTERNAL FIXATION DEVICE ........... 62
Khabibyanov R., Skvortsov A.,

Nikitin M., Maleev M.

TREATMENT OF POLYFOCAL UNSTABLE DAMAGES OF
THE PELVIC RING WITH OPEN BILATERAL FRACTURES
WITHIN THE ANTERIOR SEMI-RING OF THE
“BUTTERFLY” TYPE, WITH SYMPHYSIC DISCHARGE ..69

PEDAGOGICAL SCIENCES

Suleymanova K.
THE TECHNOLOGY OF MASTERING THE CONCEPT OF
"LENGTH" IN | CLASSES OF SECONDARY SCHOOLS ...76

Usubakunov E.

THE IMPACT OF DIGITAL EDUCATIONAL PLATFORMS
ON THE DEVELOPMENT OF CREATIVE THINKING IN
HIGH SCHOOL STUDENTS ...cooriiceeeeeeeeeecee e, 80



PHILOSOPHICAL SCIENCES

Rustemov B.

AXIOMATIC THEORY OF EVERYTHIN - THE
FUNDAMENTAL BASIS OF SUSTAINABLE
DEVELOPMENT OF THE WORLD......ccoovvvervvirieeeeees 84

PHYSICS AND MATHEMATICS

Antonov A.

PROOF OF THE EXISTENCE OF OTHER MUTUALLY
INVISIBLE UNIVERSES NEIGHBORING TO OUR VISIBLE
UNIVERSE BY ASTRONOMICAL OBSERVATIONS IN THE

Narmanov A.,, Ergashova Sh.

ON THE GEOMETRY OF HAMILTONIAN SYSTEMS ...107
Mammadli Ch., Mansurova L.

METHODOLOGY OF TEACHING SOLUTION OF

PORTALS OF CONSTELLATIONS INVISIBLE OUTSIDE GRAPHIC PROBLEMS ....vvveevessnaerreeeesssssnesessessennns 113
THE PORTALS ..etieeceteeeteeeeeeee et st 93

PSYCHOLOGICAL SCIENCES
Satubaldina Z., Zhantikeev S.
TESTING TRAUMA PSYCHOTERAPY TECHNIQUES
WITH NEURO-HEADSET APPLICATION .........ccceeu.eee. 118

TECHNICAL SCIENCES

Azizov T., Kochkarev D. Koritarov T.

CALCULATION OF THE FLOOR OF AN UNDERGROUND
BUILDING FOR THE EFFECT OF A BLAST WAVE ....... 122
Koritarov T.

CLASSIFICATION, MANAGEMENT, AND
SUSTAINABILITY OF PORT OPERATIONS: A
COMPREHENSIVE ANALYSIS OF MARITIME-LAND
TRANSPORT SYNERGIES ....covveeeeieeeeiieeee s 128

INTEGRATING UNMANNED AERIAL VEHICLES IN
MARITIME OPERATIONS: A COMPREHENSIVE
ANALYSIS OF HAZARDS AND RISK MITIGATION

STRATEGIES ....oeiiiiiiiiiiin e 134
Vishinsky V.

ONCE AGAIN ABOUT THREE-DIMENSIONAL SPACE
AND THE FLOW OF TIME IN IT..cvviiiiiiiiiineciinneeen, 139



Sciences of Europe # 153, (2024) 4

AGRICULTURAL SCIENCES

OCOBJIMBOCTI BIAIIPALIKOBAHHSA TEXHOJIOT'Ti BUPOIIIYBAHHS PEJILKH O%_IIIZHOi B
AKOCTI CUAEPAJIBHOI KYJIBTYPH 3A YMOB MOJEJTIOBAHHSI TEXHOJIOT'TYHOI CXEMH
MMOCIBY 3A JOIIOMOTI'OIO ATPOAPOHY

Kypagensv C.B.,

Kanouoam c.-2. Hayk, Ionicokuil Hayionansrull yHieepcumem, Yrpaina
Kpaeuyk M.M.,

Kanouoam c.-2. Hayk, Ionicokuul Hayionansrull yHieepcumem, Ykpaina
Kypagens C.C.,

suKIaA0aY Kumomupcokozo azpomexniunozo @paxogozo koaedcy, Yrpaina
Kapoiecokuii E.O.,

Manaxiecokui A.A.,

Tkauenxo M.C.,

mazicmpu Tonicoxkuti nayionanvhuil ynigepcumem, Yxpaina

FEATURES OF DEVELOPMENT OF THE TECHNOLOGY OF GROWING OIL RADISH AS A
SIDERAL CROP UNDER THE CONDITION OF MODELING THE TECHNOLOGICAL SCHEME OF
SOWING USING AN AGRODRONE

Zhuravel S.,

Candidate of Agricultural Sciences, Polissia National University, Ukraine
Kravchuk M.,

Candidate of Agricultural Sciences, Polissia National University, Ukraine
Zhuravel S.,

Lecturer of Zhytomyr Agricultural Technical College, Ukraine

Karbivskyi E.,

Malakhivskyi A.,

Tkachenko M.

Master's degree, Polissia National University, Ukraine

DOI: 10.5281/zen0d0.14227465

AHOTALIS

CyuacHi TeMITH PO3BUTKY CIJIBCHKOTO TOCHOJAPCTBA BCE OLIBIIEC CXHIIAIOTHCS J0 BUKOPUCTAHHS HOBITHIX
TEXHOJIOTiH, MO0 MOoTPeOyIOTh MIHIMAaJIBHOTO BTPYYaHHS JTIOAWHU. [lepeyMOBOIO EOTO CTAaNH P COIiabHIX,
€KOHOMIYHHX Ta €KOJIOTTYHUX np06neM. TaK, 30KpEMa, BCC OlJIbIIIE J'IIO,I[Gﬁ MNOYNHAKOTh NEPECCIIATUCH 3 CIIBCBKOT
MICIICBOCTiI B MICTa, IO CTBOPIOE Ae(imUT poOOUOI CHIIM, MOXKIUBICTh MAaTH KBaJi(piKOBaHUX MpAIliBHHUKIB Ta
BYACHO BHKOHYBATH BCi TEXHOJOTIUHI MPOIECH BUPOIIYBaHHS CLIHCHKOTOCTIOAAPCHKUX KYIBTYpP. 3 eKOHOMIYHOT
TOYKH 30Dy NMOAOPOKYAHHS MMAJTMBO MACTUIIBHUX MaTepianiB Ta TEXHIYHUX 3aCO6iB, 3HAYHO 3J0POKIY€E pAa OIie-
pauiiiHIX TEXHOJIOTH, 110 BLIIJIOMY BIUIMBA€ HA €KOHOMIYHY €()eKTHBHICTh BUPOIYBaHHS TOT UM 1HIIOT CLILCHKO-
rOCIOaPChKOI KYAbTYpU. EKOOTIUHUIT aCTIeKT € BaXJIMBUM HAMPSMKOM B MiHIMIi3allii HEFATUBHOTO BILIMBY Ha
IPYHT Ta Ha HaBKOJIMIIHE CEPEJOBUIIE, IUITXOM BIIPOBA/DKEHHS €KOJIOTIYHO-0€3MeYHIX TEXHOJIOT1H, 110 Aal0Th
3MOT'y 3 OJHOr0 OOKY e(heKTHBHO 3aMIHIOBATH TPAAHUIIIIiHI MIAXOIU Ta CIIOCOOH BHPOIIYBAHHS ClJIbCHKOTIOCIIO-
JAPCHKUX KYJIBTYP, @ 3 HIIOTO - MOKPAIIlyBaTH SKOJOTIUYHUI CTaH JOBKULIA, SIK OKPEMO Ha KOHKPETHIH CiIbChKO-
rocroJapehbKkiii AinsHIi (CiBO3MiHI), Tak 1 riobaqbHO B MEBHOMY perioHi (rpomani). OcTtaHHIM 4yacoM, SIK Y
CBITOBIi arpapHiil IPaKTHIli, TaK i B MPOTPECUBHUX CITHCHKOTOCIIOAAPCHKUX MIANPHEMCTBAX YKpaiHH MOYalin
AKTUBHO BIPOBAKYBATH B TEXHOJIOTIYHHIA IPOIIEC BUPOUTYBaHHS PI3HUX CUTBCHKOTOCIONAPCHKUX KYJIBTYP 3 BU-
KOPHCTAaHHAM arpoapoHiB. ToMy Hamu OyB TIpOBeIECHUA MOIEIEHUH TOCTI MO0 MOXKITUBOCTI PO3MIUPEHHS TI0-
TEHI[iaJly arpopOHiB, HE JIUIIIE B SKOCTI JOCHIPKEHHS Ta MOHITOPUHTY ITOJIiB, BHECEHHS XiMIYHUX 3ac00iB 3aXU-
CTY, MIKPO Ta MaKpOIOOPUB, IiKUBIICHHSI, TUCHKAIIii, ajie i MOMIIMBOCTI BiJICIBY MIIKOHACIHHUX KYJIBTYp, 30-
KpeMa B SIKOCTI CHJIepalibHOI KyIbTypH. MeTolo ekcriepuMeHTy OyJIo BIANIPAIfOBaHHS Pi3HUX HOPM Ta CIIOCO0IB
MOCIBY CHAEPATEHUX KYJIBTYP, 30KpeMa peAbKH OJIIIHOI.

ABSTRACT

The current pace of agricultural development is increasingly inclined to the use of new technologies that
require minimal human intervention. A number of social, economic and environmental problems have become the
prerequisite for this. In particular, more and more people are starting to move from rural areas to cities, which
creates a shortage of labor, the ability to have qualified workers and to perform all technological processes of
growing crops in a timely manner. From an economic point of view, the increase in the price of fuel, lubricants
and technical equipment significantly increases the cost of a number of operational technologies, which in general
affects the economic efficiency of growing a particular crop. The environmental aspect is an important direction
in minimizing the negative impact on the soil and the environment, through the implementation of environmentally
friendly technologies that allow, on the one hand, to effectively replace traditional approaches and methods of
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growing crops, and on the other - to improve the ecological state of the environment, both separately on a specific
agricultural plot (crop rotation) and globally in a certain region (community). Recently, both in world agricultural
practice and in progressive agricultural enterprises of Ukraine, the cultivation of various agricultural crops using
agrodrones has begun to be actively introduced into the technological process. Therefore, we conducted a model
experiment on the possibility of expanding the potential of agrodrones, not only as a research and monitoring of
fields, the application of chemical protection agents, micro and macro fertilizers, top dressing, desiccation, but
also the possibility of screening small-seeded crops, in particular as a sideral crop. The purpose of the experiment
was to work out various norms and methods of sowing sideral crops, in particular oilseed radish.

KaiouoBi cioBa: arpoipoH, cilbChbKe rocroJapcTBo, Npenu3iiiHe 3eMIepoOCTBO, HOPMa BHUCIBY, OJiliHa

penbKa, cuaepaibHa KyJIbTypa.

Keywords: agrodrone, agriculture, precision farming, seeding rate, oilseed radish, sideral crop.

HocTranoBka nmpodaemu. CydacHi TeHIEHIT po-
3BUTKY CLIBCBKOTO TOCIOAapcTBa B YKpaiHi iHTEH-
CHBHO IIOYHHAIOTH TpaHC(OPMyBaTHCS Ta BIPOBAA-
JKyBaTH CBITOBiI TPEHAOBI TEXHOJOTIi, sIKi 0a3yroThCs
Ha BUKOPHCTAHHI Pi3HUX BHUJIIB arpopOHIB, SIKi epe-
0avyaroTh MiJBUIIMTH TOYHICTh 1 €()CKTHUBHICTH MPO-
Hecy MOCIBY CiJIbCHKOTOCIOAApPChKUX KyinbTyp. Tak,
BUKOPHCTAHHSI arpo/IPOHIB JJIsl IOCIBY € HOBUM TEXHO-
JIOTIYHUM TMiAXOJ0M, IO Ma€ 3HAYHHUKA MOTCHINAN Y
MiABUIOICHHI ©(eKTUBHOCTI arpoOTeXHIYHUX 3aXOIiB.
IociBu penpKku OINHHOI B SKOCTI CHIEPaIbHOI KYJb-
TYpH MOXYTb CTaTH €()eKTHBHHM 3aMiHHUKOM Tpa-
TUIIIHAX OpraHigHIX JOOPUB, 30KpeMa THOO Ta ehek-
TUBHO TIOJINIIUTH HE JIUIIE SKICHI IOKa3HUKH IPYHTY,
a W CIpUSTH 3HIKEHHIO 3a0yp  THEHOCTI, IIUIIXOM IIPO-
1ecy OiOJIOTIYHOTO BIUIMBY Ha Oyp’sHOBY POCIIHH-
HicTh. Bee 11e BiiioMy cripusTHMe MOKpAILEHHIO arpo-
€KOJIOTIYHOTO CTaHy KOHKPETHO AUISHKH Ta B TI0/1aJIb-
[IOMY MOXIIUBOCTI MIiABHINCHHS 11 E€KOHOMIYHOTO
MOTEHIIaly TIPH BUPOLIYBaHHI Pi3HUX BUIIB CUIBCHKO-
rocrnoapcbkux KyibTyp. IIpu 11boMy NHUTaHHS ONTH-
MaJbHUX HOPM BHCIBY UIS TaKHX KyJbTYp 3alH-
IA€THCS] HAA3BUYAWHO aKTyaJIbHIM, OCKUIBKH TOYHUH
BHUCIB € KPUTHYHO BAXJIMBUM ISl JOCATHEHHSI OanaHcy
MiXX KOHKYPEHIII€I0 POCITHH Ta BPOXKAHHICTIO.

3acTocyBaHHS arpoOJIPOHIB IS MOCIBY CLIBCBKO-
TOCIO/IAPCHKUX POCIINH J03BOJISIE peaji3yBaTH THy4-
KW Ta TOYHUIT KOHTPOJIb HOPM BUCIBY, 1110 MOKE CIIPH-
aTH onTuMizauii ryctotu cxoais. Lle, y cBoro uepry,
JTO3BOJISIE TOCSTTH CTa01IBHOTO BPOXKAK0 CLIBCHKOTOC-
MOJApChKUX KYJIBTYp (3€JI€HOI MacH AJs 3apOOKH Ha
cuzepart), 3abe3neuyoyr BUCOKHI piBeHb IX KOHKY-
PEHTO3ATHOCTI Ta CHPUSIOYN 3HIDKCHHIO NMOTpedH y
xiMiYHHX 3acobax 3axmcTy. Kpim TOrO, arpompoHun
3[aTHI TPaIfOBaTH Ha BAXKOJOCTYIHHUX IUISTHKAaX Ta
3HaYHO CKOPOYYIOTh 4Yac HPOBEAEHHS IMOCIBHOI KaM-
TIaHii.

AHaJii3 oCTaHHIX AOCJHiIKeHb Ta MyOJiKauii.
BripoBajkeHHsS 1HHOBALIHHUX TEXHOJOTIH y cydvac-
HOMY CUJIbCHKOMY TOCIOJAPCTBi, CIPSIMOBaHHX Ha
MiABUIICHHS €()eKTHBHOCTI BUPOOHUIITBA Ta 3a0e3re-
YEeHHsSI BUCOKMX BpOXKaiB, Iependadyae 3acTOCYBaHHS
MEPEeIOBUX TEXHOJOTIH, TaKUX SK arpoJpoHU. Arpo-
JIpoHH, TOOTO OE3MiIOTHI JIiTaNbHI anapaTH, BUKOHY-
I0Th IIMPOKUH CIIEKTP 3aBAaHb y c(hepi CLILCHKOTo roc-
MOIapCTBA, BKIIOYAI0UX MOHITOPHHT 10JIiB, OOIPUCKY-
BaHHSI, NIOCIB HACIHHSA Ta 3pomeHHs [1].

OrJsi1 TOCHi IKSHB Ta MPAKTUYHOTO JIOCBITY CBiJI-
YUTH NPO 3HAYHI IepPeBaru Ta NeBHI BUKJIMKU y BIPO-
Ba/DKEHHI IIi€i TeXHOJOTil. ATrpOAPOHH 03BOJSIOTH
3HU3UTH BUTPATH Ha NajibHE Ta PoOOUy CUITy 3aBJISKH

X 3MATHOCTI MPAIIOBATH aBTOHOMHO [4]. ®epmepn Bia-
3HAYalOTh 3MCHIICHHS BHTpPaT Ha 3aCTOCYBaHHS
HaciHHs Ta BHECEHHs 00puB 110 30 % MopiBHSHO 3 Tpa-
TUIIAHAME METOaMH. 3aBASKH BUKOPUCTAHHIO arpo-
JPOHIB CUIBCHKOTOCIIOAPCHKI TOBAPOBUPOOHUKH MO-
XKYTh 3/IHICHIOBATH TOYHE PO3MOJIUICHHSI HACIHHSA, LI0
IiIBUIIly€ BPOXKalHICTh Ha IOJIIX 13 HEPIBHOMIPHHUM
penbedom [3]. Lle 0cob6MMBO BAXKIIMBO AJIs MAJTUX Ta Ce-
PEIHIX TOCIOJapCTB, JIe KOXKEH reKTap 3eMili Mae 3Ha-
YEHHS.

ATpOIpOHN BHKOPHCTOBYIOTHCS JUIS IIBHIKOTO
OTJISTy BEJIMKHX TUIONI TIOJIB, IO JO3BOJISIE BYACHO BH-
SIBIIATH TIPOOJIEMHI JISTHKU Ta pearyBaTd Ha HUX [2].
JpoHn 3a0e3meuyioTh MOXKIHMBICTH TOYKOBOTO BHE-
CCHHS NOOpHUB Ta 3ac00iB 3aXHCTy POCIHH, IO 3MEH-
Uly€ HEraTUBHUM BIUIMB HA IPYHTHU Ta BojoiMu. Bu-
COKa BapTicTh MPHUAOAHHSA Ta OOCIYrOBYBaHHS arpo-
JPOHIB € 0ap’epoM Jisi HEBENUKUX (DEepMEPCHKUX
rocrogapcTs. e miaTBep Ky €eThCs aHATI30M (PiHAHCO-
BUX 3BITIB MaJHX arpomiJlPHEMCTB, SKi BKa3ylOTh Ha
BIZICYTHICTh TOCTATHIX KOIIITIB JJIsl iIHBECTYBaHHSI B CY-
YgacHi TexXHoJorii [4].

B Vxpaini cnocrepiraetscst medinut ¢axiBiis,
SIKI MAIOTh JJOCBIJ] YIIPaBIIiHHS Ta TEXHIYHOTO 00CIyTO-
ByBaHHA JpoHiB [2]. Ile yckiamHroe BIpOBaKEHHS
TEXHOJIOTI] Y BiJJaJIeHnX paioHax, A€ AOCTYII 10 HaB-
YaHHS Ta TEXHIYHOI MATPUMKH oOMexeHuid. Bukopu-
CTaHHs JIPOHIB PEryJIIO€ThCSI HOPMAaTUBHUMH aKTaMHU,
IO CTOCYIOTHCSI O€3MEKH MOJBOTIB Ta A03BOJIIB HA BHU-
KOPHMCTaHHS JIPOHIB y CLIBCHKOTOCIIONAPCHKIM JIislib-
HOCTI. BiICyTHICTB YITKHX TPaBHJI 4acTO CTBOPIOE T1e-
pemkoau Juisi MacmtabHOrO BHUKOPHMCTAHHS arpo-
JPOHIB.

BpaxoByioun MDKHapOJHMH JIOCBiZ, MOXXHa
OUiKyBaTH, MO B YKpaiHi 30UTBIIUTHCS MiATPUMKA JIep-
JKaBHM Yy BIPOBAKCHHI TEXHOJOTiH, BKIIOYAIOYH CyO-
cunii Ta mporpamu ¢piHaHCcoBOi nomomord. e miareep-
JoKyeTbest aHarmizoMm 3BitiB Food and Agriculture Or-
ganization, ski BKa3ylOTh Ha IO3UTHBHUIN BIUIMB
JIepIKaBHOT MIATPUMKH Ha PO3BUTOK CyYaCHUX TEXHO-
JIOTi# y KpaiHax, o po3BUBAIOThCS [3]. 3arayiom, JiTe-
paTypHuil Orsi MiATBEPIKYE, IO arpOJAPOHH € Iep-
CHEKTHBHUM IHCTPYMEHTOM Ui HiABHIICHHSA e(ek-
TUBHOCTI CUIBCBKOTOCIIOIAPCHKOTO BHPOOHUIITBA B
VYkpaini. OpHak Ui HOBHOMacmITabOHOTO  BHPO-
Ba/DKCHHS MOTPiOHI 3HAYHI IHBECTULII y HABYAaHHS
KazpiB, (iHAHCOBY MIATPUMKY (epMepiB, aganTaiiio
3aKOHOJMaBUoi 0a3W, a TakoX poO3poOKy Ta
BIJIIIPAIIOBAHHS IFOYUX TEXHOJOTIH BHUPOIIYBaHHS
CUIBCHKOTOCIIOIAPCHKHUX KYIBTYP.

Mera pociaigkenb. BusHaueHHS ONTHMalIbHHX
rmapaMeTpiB BHUKOPHUCTAHHSA arpoApOHiB [UI IIOCIBY
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CIITBCHKOTOCTIONAPCHKUX KYJIBTYP 3 PI3HUMH HOpMaMu
BHCIBY B ymoBax Iloiiccsi, 10 JO3BOJUTH 301TBIIUTH
e(eKTUBHICTh BHPOLIYBaHHS, 3MEHIINUTDh BUTPATH pe-
CYpCIB Ta CIPHUATHME THYYKOCTI MiIXOAY IIOAO CTiH-
KOCTi arpOBHPOOHHUIITBA JIO 3MiH KJIIMATYy.

MeToauka nocixkenb. J{ociiKeHHs TPOBOIH-
JMCS B paMKax peaizalii MiJIOTHOIO MiXKHApPOJHOTO
MPOEKTY B yMOBax JociuigHoro mouist [losicbkoro
HalliOHAJILHOTO YHIBEPCHUTETY, IO PO3TAallOBaHE II0-
6mm3y c. Bemuka ['opbama YepHsxiBcbkoi ceqHIHOL
TepuTopiaibHOi TpoManu JKHTOMHPCHKOTO paioHy
JKutomupcrkoi obmacti  (28°41°33"B50°26°24°C).
[Migibpana Mg 3aKiIagKd eKCIEPUMEHTY IUITHKAa Me-
XaHIYHO He 00poObIsTacs 6inmpmre 3 pokiB, Oyina BKpuTa
3MIIMIAHOI0 JUKOPOCIIOI POCIMHHICTIO, Maia no0pe
chopMoOBaHy ACpHHUHY Ta 32 KIacH(iKaIliero mpsraia
il KaTeropiro — nepeir. [pyHaTu gocmigHoi ainaHku —
SCHO-CIp1 JICOBI, IO XapaKTepU3YIOTbCS HHU3BKUM
BMICTOM T'yMYyCy i OCHOBHHX €JIEMEHTIB )KMBJICHHS Ta
MIIBUILIEHOIO KUCIIOTHICTIO.

Pe3yabTaTn nociaigkenb. Bapro BiaMiTuTH, 1110
Yy MOJETBHOMY JIOCHTiJi BUKOPHCTOBYBanacs MiJSTHKA,

ska Oyna BKpuTa Oyp’sSTHOBOIO POCIWHHICTIO Ta IOTIe-
PEIHBO MEXaHiuHO He 00poliisamacs. MeToro Hammx
JOCITiKeHb OyJI0 BU3HAYEHHS MOYKIIUBOCTI BHUKOPH-
CTaHHSA JPOHY IUIS BiACIBY Pi3HMX HOPM Ta JAWHAMIKH
PO3BUTKY TOCIBIB OJiifHOT peabku. Takox B pamkax
EKCIICPUMCHTY BU3HAYAIACs MOXIIUBICTB ii amanTanii i
KOHKYPEHTOCIIPOMOXKHOCTI B YMOBaX BHCOKOTO IIPH-
poaHoro piBHs 3a0yp’ stHeHOoCTI. [Ipy boMy Hamu OyJ10
BIJIIPalbOBAaHO [[BAa TEXHOJIOTIYHI HaNpsIMKH: 0e3-
repOinuaHa Ta repoOinuaHa TexHoorii. Tak, 3a yMOB
0e3repOIIIIHOI TEXHOJIOTII MOCiB 3MiCHIOBAaBCS Oe3-
TocepeIHb0 y Oyp’THOBY POCIHMHHICTD Ta JEpHUHY, a
3a YMOB TrepOinuaHoro 00pobiTKy - monepenHso Oyna
mpoBeaeHa 00poOka mpemnapatom Payrmam y HOpwmi 2
n/ra (miroda pedoBuHa riidocar).

B pamkax npoBenieHHS JOCIIKEHb BUPOITyBaHHS
peIbKH OJIIHOT B SIKOCTI CHJIEpalIbHOI KYJIBTYPU MU
BUKOPHCTOBYBaIlM Taki HOpMH BuciBy: 80 mrr/m?, 320
wr/™M?, 560 mr/M? Ta 800 mT/mM2. IloBTOpHICTH mO-
CIiDKEHh TPhOX KpaTHa. [lociB  3milicHIOBaBCS
06.06.2024 poky. Binbip Ta anami3 craHy mocisi mpo-
BOAMBCA 3 iHTEepBasioM B 20 IHIB.

Tab6mmms 1
JwHamika po3BUTKY POCIIMH ONIHHOI peIpKH 3a pisHUX HOpM BHCiBY, 06.06.2024 (cepenne, 3 xkpaTHa
MTOBTOPHICTB)
Kynbrypa TexHomoris quMa BHCIB}; rycerorap OZCHHH’ % BWXMBAaOETBHOCTI
HaCiHHA (1T/M°) mT/M

80 68 85,0
be3 3actocyBaHHs 320 284 88,8
repoinuIy 560 477 85,2
Penpka omiiina 800 702 87,8
80 75 93,8
O06pobxka riidoca- 320 296 92,5
TOM 560 498 88,9
800 743 92,9

Sk BUAHO 3 TaOuUIi 1, 328 KOHTPOIBHOT TEXHOIOTTT
(6e3 3acTocyBaHHS Tepbinuay) 3 HOpMOIO BUCIBY 80
I0T/M?, TYCTOTA POCIIMH Ha MOMEHT CXOJIiB CTAHOBMIIA
68 1IIT/M?, 0 CTAHOBIIIO 85 % BIKHBAOEIHHOCTI, a Iie
B CBOIO 4epry OyB HaWHWKYUHA MoKa3HWK. Haiipumia
BIKEBAOCIBHICTP CITOCTepiranacs 3a yMoB 1ociBy 320
mT/M? , e BificOTOK ckiamaB 88,8. 3a YMOB 00pOOKH

r1ihocaToM HAWHWKYHA TMOKA3HUK MO0 CXOXKOCTI
OyB BigMiuenuii 560 /M2 U LLOMY I'yCTOTa POCIIMH
Ha MOMEHT CXOAiB cTaHoBWIa 498 mr/™M%, a 1e
BignoBigHO ckiaagano 88,9 % BmkeBabenbHOCTI. Haii-
BHIIMI MIOKa3HUK 32 JaHOI TEXHOJIOTii OyB HamMu 3aQiK-
coBaHuii 32 HopmM BuCiBYy 80 WIT/M? IpH LBOMY Ty-
CTOTa POCIUH CKi1ana 75 /M2, o Bixnosinae 93,8 %.

Tabmuus 2
JwHamika po3BUTKY POCIIUH ONIHHOI pebKH 3a pi3HUX HOPM BHCIBY, 26.06.2024 (cepenHe, 3 kpaTHa
HOBTOPHICTB)
KyneTrypa TexHouoris quMa BHCIB}; rycrora pOZCHHH’ % BHXKHMBaOEIBHOCTI
HaciHHs (/M) IT/M

80 21 26,3
Be3 3acrocy- 320 83 25,9
BaHHS repOinumIy 560 94 16,8
Penpka odiiina 800 223 21,9
80 63 78,8
O06pobxa 320 187 58,4
riihocaToM 560 192 34,3
800 295 36,9

Uepes 20 nHIB HaMH MTOBTOPHO OyJIO IIPOBEAEHO
0OCTE)XEHHS MOCIIHUX JUISHOK Ta BHUSBICHO SK
BUIHO 3 TaOmuii 2, mo 3a 1ei mepiox 3a ymMoB Oe3-
repOIUIHOT TeXHOJOTii, TOOTO MpSMOro NOCIBY Yy
Oyp’IHOBY POCIIMHHICT, IPU HOPMi BHCiBY 560 1um/m?

, crmocrepiranacst HaWOiNbIIa KiTBKICTh BHIAJaHHSI
pociuH i ix rycrora cknana 94 mT/mM?, MO CTAHOBHIIO
BignoBigHo 16,8 % Bm:keBabenbHOCTI. HaiBuiuii Bij-
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COTOK BIDKEBAOEIBHOCTI POCIMH 3a JaHOK TEXHO-
yoriero cknas 27,9 % 3a MakCMMaJIbHOT HOPMHU BHUCIBY,
1o cranosuina 800 mrr/m?,

Ha minsati 3 rep6innaHoo 06poOKOr0 MOKA3HUKH
BHKMBA0CIBHOCTI OyJIM 3HAYHO BUIIMMH, X0Ya MCBHI
TEHJICHIIIMHI 3aJe)KHOCTI MOBTOprOBaiucsa. Tak, 30-
KpeMa HaiOible BUIIaJaHHsI POCIUH CIOCTEPIrajaocs

3a yMOB HOpMH BHCiBY 560 mrt/m2. Ipu oMY BHKH-
BaOenpHICTH pociumH craHoBmwia 34,3 % abo
Bigmosiguo 192 mr. pocnun Ha 1 M2 HaitBumi nokas-
HUKA HaMH Oynm 3adikcoBaHi 3a yMoB BHCIBY 80
wrt/M?, e ryctota pociuH depes 20 HIB cTaHoBUIa 63
/M2, 10 BifmoBigHO ckaanano 78,8 Y.

Tabmunsa 3
JluHaMika pO3BHTKY POCIIHH OJIHHOT pe/IbKH 3a Pi3HUX HOpM BHCIBY, 12.07.2024 (cepenne, 3 xpaTHa
TIOBTOPHICTB)
Kynberypa TexHomnoris quMa BHC]B}; rycerora pOZCHHH’ % BWXUBaOETBHOCTI
Hacings (mr/m?) IIT/M

80 0 0,0
Be3 3actocyBaHHs 320 0 0,0
repOimay 560 46 8,2
Penpka ouniiina 800 108 135
80 38 47,5
O06poodka rmidoca- 320 121 37,8
TOM 560 150 26,8
800 233 29,1

Tperiit BinOip Ta aHami3 BIKHBAOEITHHOCTI pOC-
JIH Hamu OyB npoBenenuit 12.07.2024 poky, To0TO ye-
pe3 40 aHiB Bix cxoniB abo 20 AHIB BiJ MPOMIKHOTO
BizOOpy. 3a 1MX YMOB TIpH 0e3repOiluIHIi TEXHOJIOTIT
MU OaunMo, 1o Oyp’sHOBa POCIMHHICTH IOBHICTIO
npu3Besia A0 3aru0eii BHCISHUX POCIMH PEIbKH
ONiHHOT Ha IBOX BapiaHTax 3 HOPMOIO BUCiBY 80 /M2
Ta 320 wr/mM2 TIpu 1bOMY 32 YMOB HOPMH BHCIBY 560
MIT/M? BIDKABAOEIBHICTE cKiTana 8,2 %, 1o CTAHOBUTH
46 wr. pocauH Ha 1 M2 a 33 yMOB MaKCHMAIbHOI
HOpMHE TociBy 800 mrt/M? 1iell MOKa3HUK BilMOBiTHO
craB 13,5 % a6o 108 mrr/m?.

BucHoBku. 3a pesyinbTaTaMu JOCIHIKCHb Ha
JIUISHKaX, J€ 3acTOCOByBajiacs TepOiliaHa TEXHO-
JIOTisl, IMHaMiKa PO3BUTKY POCIIHH OyJia JIEN0 1HIIOKO.
[ToBHOI 3aru0eni POCIMH MH HE CIOCTEPIraeMo Ha
JKOJHOMY BapiaHTi 3 JOCHIPKYBaHHX HOPM BHCIBY.
[Tpu 1poMy HaWHIDKYMI MOKa3HUK BHKHMBAOEIBbHOCTI
POCIIH CTaHOBUTH 26,8 %, 3a yMOB HOpMH BHCIBY 560
/M2, a HaiiBuIMi 3adikcoBaHuil Ha BapiaHTi 3 HOp-
Mo BHCIBY 80 /M2 i cknamae 47,5 %. 3arainom
aHAI3yI0YM OTPHMaHI pe3yNbTaTH JOCIHIIKEHHS, MU
MOXEMO TOBOPUTH TIPO MO>KJIUBICTH Ta BHCOKY e(eK-
THUBHICTh BUKOPUCTAHHS arpoJJpOHY TIPH MOCIBI pEIbKU
OJIII{HOT, HaBITh 32 YMOB BHCOKOT'O CTYIIEHs 3a0yp’siHe-
HOCTI AUTSIHKY 200 % TOCIBY B repetir (He MpOBOANBCS

MeXaHIYHAH 00pOOITOK IPYHTY OiibIIe HiX 3 pOKH).
OnHak YiTKO NPOCIIIKOBYETHCSI TEXHOJIOTIYHA Tepe-
Bara 3a yMOB IOIEPEIHBOT XiMIUHOT 00pOOKH AUISTHKHY,
CIIOCTEPIraloThes JOCTATHHO BUCOKI OKA3HUKH BHKE-
Ba0EJILHOCTI Ta PO3BUTKY pociuH. OTpuMaHi pe3yiib-
TaTh MOXYTh OyTH €()EKTUBHO BUKOPHCTAHI B BayKKO-
JOCTYIIHUX pailoHax Ha TIPYHTaxX, SKi HOTPeOyIOTh
BIJIHOBJICHHS Ta €POJOBAaHHUX TEPHTOPIAX, IO 3HAYHO
CKOpOYY€ €KOHOMIiYHI Ta €HEpPreTUYHi BUTPATH Ha X
e(eKTHBHE BiTHOBJICHHS.
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AHOTALISI

B crarTi po3risiHyTO pe3ybTaTy BIUIMBY BapiaHTIB yI0OpeHHS: THOW, 50 T/Ta Ta MiHEpalbHUX JT0OPUB 3 I10-
3aKOPEHEBUM BHECEHHAM Giosioriunux npenaparis Tpuxonepmin, layncun, Azoter F® ma picT i po3BMTOK POCIHH
KapToruti. B Xozi qOCIiIKeHHsT BCTAHOBJICHO, 1110 KapTOIUIS MO3UTHBHO BIIYKYEThCSl HA BHECEHHSI 1I00pUB, TaK
nepion Bererarlii kaprormi 3a Bapianty ymnoopenns NsoPaoK7o 30umbimuBcs Ha 6 1i0. BukopucTtanHsa 610710T19HIX
npenaparis, 30kpemMa Azoter F® crpusano 3pocTaHHIO BereTalil 3a pi3HMX BapiaHTiB ymoOpenHs Ha 9-10 mi6.
[Tnoma mmucTKOBOI MOBEPXHI KapTOILTi, Hallkpame GopMyBanacs 3a BapiaHTy yanoopeHHs NsoPioKzo. Tak y da3y
MIOBHHX CXOJiB BOHA 3pocTaia Ha 1-3% 3aiexHo BiJ| BapiaHTy yA0oOpeHHs Ta 0610JIOT1YHHX Mpemnaparis, a 3a Ga3u
IBITIHHSI IUTOIIA JINCTKOBOI IIOBEpXHi 3pocTana Ha 40-47% mopiBHAHO 10 BapiaHTy 0€3 BUKOPUCTaHHS 100pUB.

HaiiBunmit GOTOCHHTETHYHMI MOTEHIia] KapToIUis (GOpMye 3a BapiaHTy 3 BUKOPHCTaHHSAM THOIO, ¢ BiH
cranoBuB 916 Tuc. M%/ra *11i6. BHeceHHs no3akopeHeBo 6iooriunux npenaparis ayncun i Azoter F® 3a nanoro
BapiaHTy ymo0peHHs 0yJi0 HaiOLIbII e(h)eKTUBHUM, TOKa3HUKH ()OTOCHHTETUIHOTO IMOTCHIIIATY BapilOBAIH B ME-
xax 1009 ta 1032 Tuc. m%/ra *ni6.

ABSTRACT

The article discusses the results of the influence of fertilization options: manure, 50 t/ha and mineral fertilizers
with foliar application of biological preparations Trichodermin, Haupsin, Azoter F® on the growth and development
of potato plants. The study found that potatoes responded positively to fertilization, so the growing season of potatoes
in the fertilizer variant NsoP4K7o increased by 6 days. The use of biological preparations, in particular Azoter F®,
contributed to the growth of vegetation under different fertilization options for 9-10 days. The area of the leaf surface
of potatoes was best formed in the fertilizer variant NsoP49K70. Thus, in the phase of full germination, it increased by
1-3% depending on the fertilizer and biological products, and in the flowering phase, the leaf surface area increased
by 40-47% compared to the variant without fertilizer.

The highest photosynthetic potential of potatoes is formed in the variant with the use of manure, where it was
916 thousand m?/ha *day. The foliar application of biological preparations Haupsin and Azoter F® under this fertili-
zation option was the most effective, the photosynthetic potential indicators varied within 1009 and 1032 thousand
m?/ha *day.

KrouoBi ciioBa: BapianTu ynoOpeHHs, 01070Ti4HI MpenapaTH, M03aKOpeHeBe BHECEHHS, KAPTOIIIA.

Keywords: fertilizer options, biological products, foliar application, potatoes.

IMocranoBka mpodJemu. OnHiel0 3 HAHIPOIYK-
TUBHILIMX CUIbCBKOTOCHOAAPCHKUX KYJIBTYpP MOMipHOT
KJIIMaTH4YHOI 30HH € KapToruisi. Kaproro, Ha choro-
HIIHIA 1eHb, BUPOILYIOTH y Oinbiie Hixk 130 kpaiHax
CBITY, OCOOJINBY TiepeBary KyjibTypa HajJae paiioHaMm
MiBHIYHO{ TiBKYII, SIKi XapaKTepU3yIOThCA MOMipHUM
KJIIIMaTOM Ta JIETKUMH 32 TPAHyJIOMETPUIHAM CKIIAIOM

rpyaramu [9-10]. Maibxe B oMy 300 mutH. T Oynb0
30uparoTh mopiuHo. OCHOBHUMH KpaiHaMHu, sIKi 3aiima-
r0ThCs 11 BupornyBanusaM € Kuraii, CIIIA, HimeuunHa,
[unis 1 Ykpaina [1, 2]. YacTka BUpoOHHITBA KapTOTLIL
JUTSL HAaIoi KpaiHU CTaHOBUTH MpHOIN3HO 6% Bif CBi-
TOBOTO BHPOOHMIITBA KAPTOILTi, II€ 3yMOBJIEHO B IIe-
plIy 4epry CHpPHUSTIMBUM KIIMaroM Ta MOMUTOM Ha
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JaHy MPOAYKILio ceper HaceneHHs. Kapromisa B Ykpa-
HI BUPOLIYETHCA, AK B TPATUIIIHO pafOHOBAaX 30HAX,
3okpema Ilomicees, Tak i B Cremny Ykpaiaw, sikuii xapa-
KTE€PU3Y€EThCA HECIPUATIMBUMU YMOBAaMHU ISl ii BUPO-
uryBaHHs [4].

AHaJi3 ocTaHHIX JOCHiKeHb Ta MyOJikaunii.
Kaptémns (Solanum tuberosum L.) Hanexuts mo po-
JIMHU TIaCIIbOHOBHUX Ta € JIy)Ke MOIMINPEHOI0 CLIbChKO-
TOCIIO/IAPCHKOIO KYJIBTYPOIO, Ky B HapOJi Ie Ha3hBa-
I0Th «IPyruM ximibom». BoHa € onHi€r0 3 HallBaXITUBI-
MIMX NTPOIOBOJIBYNX, KOPMOBHX Ta TEXHIYHUX KyJIbTYP.
Kapromnsa € 01HOPIIHOO KYIbTYPOIO B IPOMHUCIOBOMY
BUPOIIyBaHHI Ta 0araTOpi4HOIO KYJIbTYpOIO, KOJIH 3P0~
CTa€ y ANKOMY CTaHi, TpaB'sTHECTa POCIMHA POIUHH T1a-
CIILOHOBUX [5-7].

Crig 9iTKO po3yMiTHCS Ha OiOJOTIYHUX Ta €KOJIO-
TiYHUX OCHOBaxX MPOJYKTHUBHOCTI Kaproruti. dopmy-
BaHHSI BUCOKOTO BPOXXal0 KapTOILTi 3aJICKUTh Bif (hak-
TOPIB, SIKi MOXKJIMBO YMOBHO IIOJUINTH Ha JBl IPYIH:

100

peryimoBaHHI Ta HeperyiasoBaHi [3, 9]. [lo perympoBa-
HUX (AKTOPIB HAICKUTH: AKICTH 1 (i310JOTIUHMNA cTaH
HACiHHEBOTO MaTepialy, CKOPOCHIJIICTE COpTY, IPYyH-
TOBi 0COOJMBOCTI, yIOOpEHHS, YpayKeHHS IITKiTHUKAMHA
i XBOpoOaMu, rycToTa CaiHHs, BOJIOro3abe3neucHHs,
LITBHICTE TPYHTY TOINO. [0 HeperyahoBaHUX (HakTo-
PIB BITHOCUTBCSI TEMIIEpaTypa MOBITPS Ta IPYHTY, BO-
JIOTICTh MOBITPS, IHTEHCHBHICTh COHSIYHOTO CBITJA,
mIBHAKICTH BiTpY [8, 11].

Merta nociigxKeHnb 1ossraja y BUBYCHHI BIUIUBY
BapiaHTIB yIOOPEHHS Ta TI03aKOPEHEBOTO IMiPKUBIICHHS
010JIOTIYHIMH TIpenapaTamMu Ha (popMyBaHHS IO JIH-
CTKOBOI TIOBEpXHi Ta (POTOCHHTETHYHOTO MOTEHITIAIY.

PesyabraTu nociaimkennsi. Hamm mpoanaizo-
BaHO Pe3yJbTaTH JOCIHIIKeHb, MIOA0 CXOIB KapTOILTi
copty «lloBiab» mpotsirom 2023-2024 pp.. 3rigHO pe-
3yNbTaTiB JIOCHI/KEHb CXOAW KapTOIUI 3 SIBIISUTHCS
BIIPOJIOBK 15-16 1i6 (puc.1).
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B Cajinns — cxoau M Cxonu — Oyrtonizarist ® [[BiTinusa ¥ Binmupanus Hajazemuol macu B Bererartiitauii mepion

Puc. 1. @enonoziuni gpazu pocmy it pozsumxy pociun kapmonii copmy Ioginb 3anexicHo 6i0 6naugy 000pus i
bionociunux npenapamie (cepeone 3a 2023-2024 pp.), 0i6.

Kaproruis y ¢a3y OyToHi3awisi BCTynmia 4epes
23-26 aib, 1110 1 JAHOTO COPTY € TUIIOBUM.

LBitinas KapTomuti TpuBaio Big 8 xo 13 xi6. Haii-
KOPOTIINM HBITIHHS OyII0 3a 010JIOTI9YHOTO KOHTPOIIO
Ta cknano § ni6. Haiinosmie 1BITIHHS TPHUBAIO 32 YMOB
OpraHIYHOI CHCTEMU YAOOPECHHS IPU BUKOPUCTaHHI Oi-
oJoriunoro mpenapary Azoter F® ta ckmano 13 mi6.

BiaMupaHHS HaJg3eMHOT MacH POCIUH KapTOILTi
OyJn0 HaKOPOTIINM 3a BapiaHTy 0e3 1o0puB — 37 mi0,
3a Bapianty THiH, 50 T/ra — 38 ni6 Ta 3a BapiaHTy
N50P40K70 — 40 Jli6.

B Hamux gocimigax mepion BereTamii KapTOILTi
TpUBaB y cepeHboMy 84-94 noowu.

KinmpkicTs cTeben kapToruti y a3y OyToHizamii 3a
POKH IocHiKeHHs ckiana 244 Trc. mT./ra Ta Oyna 3a
BapiaHTy 0e3 BHeceHHs 1oOpuB (puc. 2). Lle € HalimeH-
LK TOKa3HUK, 100 GOpMYyBaHHS CTEOIOCTOO.

HaiiBumi moka3HuUKH, o010 GOopMyBaHHS CTE0II0-
CTOIO BiJIMiUeHi 32 MiHEpaIbHOT CHCTEMH YIO0OpeHHS —
329 tuc. mwr./ra.
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Puc. 2. Bnaus 0obpus ma 6ionpenapamie Ha KinbKicms cmeben 8 azpoyeHosi Kapmonai y ¢asy 6ymonizayii,
muc. wim./ea (cepeone 3a 2023-2024 pp.)

BukopucranHs 10OpUB Ipy BUPOLIYBaHHI KapTo-  JblIyBaiacs Ha 1-3% 3amexHO Bix BapiaHTy ymoO-

Ul MaJo MO3WTHBHUI BIUIMB Ha ()OPMYBaHHS BeNW-  PEHHs Ta OiojioriyHux mpemnapatiB. [1noma nucTkoBoi

YHHU TUIOLII JINCTKOBOI MMOBEPXHI, SIK BUAHO 3 puc. 3. Y  moBepxHi 3a (a3u UBITIHHSA, HAa y1o0peHoMy (oHi 30i-

(ha3y MOBHMX CXOJIB IUIONIA JUCTKOBOI NOBEpXHi 30i-  sbimiach Ha 40-47% y nopiBHsAHHI 3 610JOTTYHUM KO-
HTPOJIEM.
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Puc. 3. Bnnus 006pus ma 6ionociuHux npenapamis Ha opMy8aHHs niouji IUCmMKO80I NOGePXHI KApMOoni 3a
asu noeui cxoou ma ysiminus, muc. m%/2a.

BaxIMBHM MOKAa3HUKOM, SIKHil Oe3mocepeHbO 3rifHoO pe3ynbTaTiB HAIIMX JOCIIDKeHb pHC. 4,
BIUIMBA€E HA MPOJYLIHHUIA MPOLEC POCIMH KApTOIUIl €  BCTAHOBJIEHO, IO (DOTOCHHTETHYHHUI MOTEHIan Kap-
(hOTOCHHTETUYHUIT OTEHIIAJ TTOCIBY. TorT OyB HAaWBHIIMM 3a BapiaHTy 3 BHKOPHUCTAaHHIM
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THOIO Ta cKy1aB 916 Tuc. M%/ra *11i6. 3a 7aHOTO BapiaHTy
M03aKOpEeHEeBE BHECEHHS 010JIOT1YHUX TIpernapariB Oyiio
Hai6inbm edexTHBHUM Ta cTaHoBMIO 1032 THC. M?Y/ra
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DoTOCMHTETHYHMI TTOTEeHIia, THC. M2/Ta * [1i0

*11i6 mpu 3actocysanni Azoter F® ta 1009 Tuc. m%/ra
*mi0 mpu 3acTocyBaHHi [ayricuH.

Azoter F®
Koutpoab

I'ayncun
Azoter F®

Tpuxoaepmin

3. N5S0P40K70

Tpusasicth nepioay, aio

Puc. 4. @opmysanna pomocunmemuurozo nomenyiany kapmonii copmy Ilogine 6 migcghasui nepioou «noseHi
cx00u — y8iminHay, cepeone 3a 2023-2024 pp.
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ABSTRACT

Since the beginning of the 21st century, inner Mongolian films have decisively explored and portrayed the
vibrant cultural life of ethnic regions. These films leverage distinct perspectives, compelling plots, and well-struc-
tured narratives to powerfully convey their histories. This article reveals that viewpoints can be explored for pur-
poses beyond merely reflecting a region's culture, inviting us to expand our understanding and appreciation of
diverse experiences. An appropriate and dramatic plot will evoke national and regional culture into the audience's
mind with the plot, giving a lasting impact. The linear causality structure allows for establishing and expanding
regional culture alongside its framework, which becomes an organic component of the structure and an object for
latent expression. The plot structure emphasizes regional culture as a central theme in the film, contributing to a
"documentary" style. The best structure for showcasing a region's culture depends on the filmmaker's creative
intent, communicative goals, and other relevant factors.

Keywords: inner Mongolian national film, national culture, actions, viewpoint, structure.

In general, "minority regional culture"” refers to a
particular cultural heritage with a lengthy history, dis-
tinct personality, and lasting influence in a minority ter-
ritory. This includes local ecology, folklore, traditions,
practices, and other material and natural culture types.
Ideas like "inner inner Mongolian national cinema”
have been continuously discussed in scholarly forums.
Wang Zhimin proposed three principles, namely "one
fundamental principle" (culture principle) and "two
guarantee principles" (author principle, subject matter
principle), to judge whether a film can be classified as
a "minority film." [1] The inner Mongolian films dis-
cussed in this article were written, directed, and acted
by inner Mongolians, and they reflect their culture in
terms of culture and content.

Since the new century, as globalization and mo-
dernity have permeated present life conditions, the in-
ner Mongolian people’s lifestyle, cultural appearance,
folk practices, and other regional cultures have faced
significant challenges. Since the turn of the century, in-
ner Mongolian national cinema has focused greatly on
expressing divisions between cultures and has done an
excellent job of reminding the general public to be
mindful of the preservation and transmission of the
country's culture. Inner Mongolian films should depict
the local culture when conveying cultural problems in
the twenty-first century. This article examines each re-
gion's performance and role in inner Mongolian cinema
from various angles, plots, and structures to obtain a
more comprehensive and in-depth understanding of re-
gional cultural expression tactics in inner Mongolian
cinema.

1. Point of View: Introducing an Object and
Exploring Its Hidden Function

Point of view denotes the distinct perspective and
angle from which the object in a film is observed. It
manifests throughout the narrative, often remaining un-
articulated. By reading with a keen awareness of this
concept, one can recognize the pervasive influence of
point of view in various story elements. [2] There are
usually two points of view to consider when editing a

film: the narrative and the physical. [3] Reading the
movie from its narrative point of view, examining it
from an inward viewpoint, and comprehending its per-
formance and function are all considered forms of "vi-
sionary observation."

Narrative points of view come in a variety. Ac-
cording to Todorov's classification, narrative point of
view can be broadly divided into three types: omnisci-
ent point of view (narrator > character), internal point
of view (narrator = character), and external point of
view (narrator < character) [4]. The omniscient narrator
always knows more than the characters: the secret de-
sires of the characters, the thoughts of several charac-
ters, and the events that the characters do not under-
stand. This point of view might be thought of as a
method of "from behind™" observation. From the inter-
nal point of view, the narrator is just as knowledgeable
as the characters; therefore, if the characters are unable
to explain the occurrences, the narrator is unable to pro-
vide the reader with an explanation. A method of ob-
serving "together" (narrator and character), sometimes
in the first person and other times in the third, is called
an internal point of view. The narrator's reaction to an
omniscient point of view that is less knowledgeable
than any of the characters in the work is known as the
external point of view. This method of witnessing
"from the outside" (the narrator) allows him to just de-
scribe the characters' speech and actions to the reader
while remaining unaware of their innermost thoughts or
feelings. [4] Drama and suspense are the traits or bene-
fits of the external point of view, which are useful for
engrossing the reader in the reconstruction but unsuita-
ble for accurately capturing the characters. In contrast
to the omniscient point of view, both the outward and
internal points of view are "points of limited
knowledge."

Inner Mongolian films have distinct natural eco-
systems, folk rituals, and historical and cultural inher-
itance, all of which combine to offer a novel experience
for viewers. The way the film is seen has a direct impact
on the communication outcome, allowing the audience
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to see, feel, and experience the distinct culture of that
ethnicity or place. In contrast to literature, film is a
method of presenting information that primarily im-
pacts the viewer's visual, auditory, and other sensory
organs, rather than the cognitive perspective. This
frame of view allows for direct and thorough infor-
mation gathering while remaining subject to sensory
limits. For example, if you are at home, you can not
look outside without opening the doors and windows.
In this scenario, employing an omniscient viewpoint in
the narrative might result in a more accurate and realis-
tic image of national and regional cultures. Since the
turn of the century, the omniscient point of view has
been the most commonly employed narrative premise
in inner Mongolian cinema.

Inner Mongolian regional culture consists primar-
ily of natural scenery, historical and cultural landmarks,
and folk practices. Being omniscient, the film may ex-
press various cultural forms in a comprehensive and
relevant way, resulting in improved communication
outcomes. In the film "Urtiin Duu," for instance, the in-
ner Mongolian countryside was frequently portrayed as
a panorama, sometimes as a long shot with a blank
frame and other times as a background, creating an un-
comfortable visual impression. had a profound effect
on the crowd. Additionally, the audience is shown inner
Mongolian cuisine customs, wedding and burial rites,
and festivals from the perspective of cognition. The
same omniscient but limited point of view is used in
"Grey of Time," which shows the same desert scenery,
shamans begging for rain, horse-herding ceremonies,
fire rituals, and other regional cultural patterns one after
the other. For instance, in "Heavenly Grassland," a Chi-
nese child named Huzi portrays the "other.” The nature,
festivals, fire sacrifices, customs, and straightforward
and giving humanity to the herdsmen of the inner Mon-
golian grasslands are all depicted in great detail by
Huzi, who plays the first-person character in this movie
from his limited point of view. Huzi needed medical at-
tention because he was mentally "ill" when he got to the
steppes of Mongolia. The beautiful grasslands, the
straightforward and devoted folk traditions of the inner
Mongolian people, and the generosity of herdsmen all
helped to heal him. When he eventually won the horse
race, he was unable to speak and yelled "Tenger" in in-
ner Mongolian. In this sense, the movie presents re-
gional culture from the narrow viewpoint of the "other,"
which is not merely a performance and is better able to
examine the hidden function of national regional cul-
ture than a straightforward omniscient point of view. It
is an omniscient effect. As a result, the point of view
that is shown in the movie has to do with both the study
of the object's function and its real portrayal.

1. The cultural expression of national regions
and events

Themes and events that convey regional and na-
tional culture are also necessary for inner Mongolian
national cinema. "All the events that are given to us or
that we can deduce" is what history is. "An arrangement
or construction of multiple events in some form or
structure™ is what is meant by an event.[5] Film is a nar-
rative art form, and its main purpose is to tell a tale from
beginning to end. According to Forster's definition, a

plot is similarly an account of events, and a story is gen-
erally a chronological record of occurrences. For in-
stance, the narrative "The king died, and shortly the
queen also passed away" is an example. Furthermore,
the plot of "The king died, and soon the queen too died
of grief" [5] In contrast to narrative works like novels,
cinema screenplays are more focused on event organi-
zation and have a more condensed period. Strive to
complete the story within the time frame given, ex-
pressing the author's goal completely at the end.

For certain inner Mongolian films, the primary
and fundamental goal is to promote and depict the eth-
nic nation's vibrant culture. But these kinds of perfor-
mances and ads cannot be as simple as documentaries.
Therefore, as the plot develops naturally, the majority
of creators expose national and regional cultures. The
audience will be able to apply the author's subjective
ideas, comprehend the knowledge associated with the
story, and identify the effect of the regional culture of a
few ethnic groups while they enjoy it. Since the creative
planning of events is primarily responsible for achiev-
ing this intentional ethos of the inner Mongolian na-
tional cinema, it is worthwhile to investigate how the
events might be organized to better convey them. There
are two broad categories into which inner Mongolian
national films from the new century can be categorized
in terms of plot and performance impact. One is that
narrative hints are quite obvious, the film's plot goes
forward, and the depiction of regional culture lacks co-
hesion and subjectivity. The other type is characterized
by imprecise plot hints and a sluggish plot, but the
presentation of regional culture is dominant and has ex-
cellent continuity.

In the first scenario, a film with a relatively clear
storyline shows the audience a clear story with clear
characters, ups and downs, plot, development, climax,
and ending that are relatively complete. For example,
in the film "Urtiin Duu" (inner Mongolian Long Song),
Chitsige and her husband Bat visited Beijing to pro-
mote inner Mongolian melodies. He was a veterinarian
in the Bat Plains, so he moved to Beijing and worked at
an equestrian club. In the second situation, for example,
a film with ambiguous narrative hints and an unfinished
story chain lacks a coherent plot capable of holding the
audience's interest. Then, other aspects of the depiction,
such as the expression of national and regional culture,
might capture the audience's attention and highlight its
features. Shilinfu, for instance, is frequently depicted in
"Mother" from a diverse perspective and consistently
feels cut off from the local cattlemen. Only during the
horse-feeding scene does she engage with the local
herdsmen. From a narrative perspective, the plot is in-
complete, lacks a distinct plot chain, and resembles a
"thrust culture" story, which is insufficient to evoke in-
terest in audiences. The character is comparable to a
visitor who has arrived in a distant country in this re-
gard. Through his findings and observations, he as-
sesses Mongolia's natural beauty, human emotions, hu-
manity, and traditional practices. Their fate only has
significance if it is tied to their national culture. They
function as a way to depict regional and national cul-
tures in movies. While the novel is complete, its organ-
ization is no longer apparent, compact, cohesive, and
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dominant since the events that comprise it are not
bound to a certain period.

2. Structure: linear structure, text structure,
and national and regional cultural expression

The structure is a key component of Inner Mongo-
lian national films that reflect the culture of the region.
In general, structure refers to the location, arrangement,
and organization of the different parts of objects; its
qualities and integrity serve as the group's means of
connection. The film's structure is partly isomorphic to
that of real life, making it challenging to categorize into
a single, set pattern because it is as intricate and varied
as life itself. But in the end, living structures and high-
resolution creative structures are not the same. Only a
few number of structural shapes are prevalent among
the many different kinds. The chronological type,
memory type, and time-space intermediate type are ex-
amples of basic types from the perspective of time and
space. It makes sense to say that there are plays, varia-
tions, books, and other genres. Furthermore, even
though one structural form dominates the movie, it is
impossible to ignore how other structural forms con-
tribute to the script's weaving and create a hybrid struc-
ture.

Traditional linear causal, novel, and plot structures
are the most often employed structural techniques in
movies. A dramatic structure is another name for a lin-
ear causal structure that is based on a dramatic conflict
and adheres to the rule of cause and effect. The process
of conflict development is one of the narrative hints that
may be found in structural aspects including beginning,
development, the culmination, and ending. [6] How-
ever, dramatic structure is not restricted by causality
and can take many other shapes. The terms "dramatic™
and "causal™ cannot be used interchangeably, particu-
larly considering the distinctions between stage plays
and movies. Consequently, some scholars think that a
"linear causal structure™ is a clear definition of the mov-
ie's dramatic structure. [7] The novel-style structure is
more adaptable to shifts in time and space, with a con-
centration on gradual structural development rather
than chasing great drama. Essay structure is also known
as documentary structure or topic change structure, and
its defining element is documentary. A single theme
rules the entire tale and events, as opposed to variations
on a musical theme; it avoids dramatic conflict and does
not employ artistic techniques such as metaphors, con-
nections, or flashbacks.

The inner Mongolian film's structure has pre-
sented a complex form since the beginning of the cen-
tury. More linear causal and plot structures are typically
employed. Regional cultural presentation will be im-
pacted differently by various structural forms. A com-
mon movie with a linear cause-and-effect framework is
“Gray of Time." The film tells the narrative of the Uri-
gen family's horse purchase, highlighting the contrast
between living on the prairie and life in the city. Fi-
nally, to send their son to school, the Urigene family
sold their remaining sheep, destroyed their homesteads,
and moved to the city. This is a very common linear
causal pattern. On the one hand, this form emphasizes
the clash between contemporary civilization and live-
stock farming culture. On the other hand, the rich cus-
toms of the national culture and regional characteristics

are perfectly displayed. Also, many inner Mongolian
films with script structure may be related to the direc-
tor's "first" presentation goal. The structural feature of
the novel is that the theme is clear but the narrative is
not strong, which means that the causal relationship be-
tween the plots is unclear or nonexistent. As a structur-
ing force to drive the development of the novel, the plot
is inadequate, lacking compactness and coherent dra-
matic tension, and the prose and poetry. For example,
in The Sky, the narrative is still told chronologically but
seems linear. However, the play as a whole lacks clues
to a specific event that could create a dramatic conflict,
and the causal connection between events and scenes is
very weak. The entire play describes the rural life of
Huzi, the son of Han. Therefore, the film does not have
a clear and strong dramatic conflict, as is characteristic
of the novel. Still, various plots, scenes, and paragraphs
are united under a theme and serve as an explanation of
the theme. However, because the story is no longer the
primary focus in this form, some aspects of the inner
Mongolian culture—such as festivals, marriages, and
fire rituals—will be emphasized, and the characters' ac-
tions will be largely substituted. Structure and size turn
into additional forces.

As shown by the two structuring approaches ana-
lyzed in this article, national and regional cultural rep-
resentations appear as structures that emerge in films
that adopt a linear causal structure. It is not a structural
force that drives the development of the story, but an
important factor in the structure and an object of ex-
pression implicit in the structure. In a film with a plot
structure, the causal connections between the plots are
weak and broken, the drama is not strong, and the over-
all plot is prose and poetry. The area culture is a signif-
icant structural element that gives the film a particular
"documentary" feel, although the novel is not always an
effective structuring force in films. It is challenging to
determine which structural approach is more suitable
and expressive for inner Mongolian films. It mostly de-
pends on elements like the film's artistic purpose and
the reasons behind its release.

3. Conclusion

Inner Mongolian films have always been deeply
impacted by the traits and distinguishing features of the
national culture. Since the start of the century, as glob-
alization and modernization have increased, cultural
conflict and identity anxiety have grown more intense.
This video depicts the current state of national culture
in the context of globalization and modernity, as well
as the uneasy connection with modernism that is central
to inner Mongolian films in the new century. This arti-
cle provides an analysis of the use of perspective, plot,
and structure in inner Mongolian national films, em-
phasizing their relevance to the narrative art of ethnic
regional culture. It posits that these elements play a cru-
cial role in the effective dissemination of both national
and regional culture. This technical analysis is pertinent
to understanding the overall communication impact of
films and therefore warrants the attention of both crea-
tors and scholars in the field.
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ABSTRACT

The purpose of the study is to determine the nature and significance of the influence of the main internal and
external economic factors (including revenues and expenditures of the state budget) on indicators characterizing
the standard of living. In the current study, an attempt was made to assess the role of various macroeconomic
factors, including internal and external economic factors influencing changes in living standards, using a vector
autoregressive model. The study used quarterly data of individual indicators for 2008-2024. The growth patterns
of indicators describing the standard of living were also touched upon, in particular, they were derived, to what
extent the observed changes in the factor are explained by internal and external indicators included in the system.
Within the framework of the factors considered, the share of consumer loans in GDP and a relatively lower unem-
ployment and inflation level has the most tangible impact. Inflation and its expectations can also lead to changes
in the current reduction in consumption or its dynamics, changing the behavior of households, including reactions
to budget revenues and expenditures, GDP per capita, and indicators characterizing the standard of living, in gen-
eral, are relatively not noticeable. As a result of the study, the order of importance of the role of the observed
internal and external factors in changes in indicators characterizing the standard of living was revealed under a
decrease in the overall effect over 4 years.

Keywords: standard of living, GDP per capita, poverty level, Gini coefficient, wages, consumption, internal
and external factors.

Introduction

The standard of living is a pivotal determinant of
population well-being, which includes several socio-
economic indicators, including income, employment,
education, health, and housing. The standard of living
is often characterized by indicators such as gross do-
mestic product (GDP) per capita, unemployment, pov-
erty, income, consumption, and access to basic ser-
vices. These indicators are influenced by many interre-
lated factors: The economic development in Armenia
has not gone smoothly. The country's economic envi-
ronment has been shaped by several challenges, includ-
ing post-Soviet economic restructuring, financial cri-
ses, global epidemics, and regional conflicts. This has
resulted in fluctuations in living standards, which are

characterized by significant differences between urban
and rural areas and various socio-economic groups. In-
come is a principal factor influencing the standard of
living, which directly affects purchasing power and the
quality of household consumption. The development of
the Armenian economy, which depends on transfers,
agriculture, and, more recently, the IT sector, repre-
sents a distinctive system of intricate problems and op-
portunities in this regard. The availability of employ-
ment opportunities and the level of remuneration are of
paramount importance in determining household in-
come. Inequality in income distribution serves to rein-
force socioeconomic inequality, which, in turn, exerts a
considerable influence on the volume, quality, and
structure of consumption. It is therefore evident that the

! The article was prepared as part of a research project on the topic of "Problems of Ensuring the Inclusiveness of Fiscal Policy
in the Republic of Armenia”, funded by the Amberd Research Center of ASUE.
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government's fiscal policy plays an important role in
the reduction of inequality. Consequently, policymak-
ers and stakeholders must gain a comprehensive under-
standing of the factors involved to develop effective
strategies aimed at improving the quality of life of the
population. The objective of this study is to ascertain
the nature and significance of the impact of the princi-
pal internal and external economic factors (including
revenues and expenditures of the state budget) on indi-
cators that characterize the standard of living.

Literature review

Identifying the factors that influence the formation
of living standards has always been a focus of attention
for various researchers and policymakers. Identifying
the causes of inequality and increasing the inclusive-
ness of policies are the main objectives. The choice of
the range and composition of factors considered de-
pends on the characteristics of the country or countries,
existing trends and the methods used in the study: Some
modern researchers consider it important to assess the
impact of economic freedom on living standards. Pe-
layo Moricel and others, in their study on the impact of
economic freedom on living standards and economic
growth, try to analyse how economic decisions taken
by governments in emerging economies, based on eco-
nomic freedom, affect economic growth and human de-
velopment [1]. The analysis is based on panel data for
the period 2013-2022, comprising 53 developing coun-
tries in Latin America and Asia. The results indicate
that there is a statistically insignificant relationship be-
tween economic freedom and human development.
This research contributes to a more nuanced under-
standing of the functioning of free market-based policy
models and enhances the quality of policy implementa-
tion. In economies that rely on external currency flows,
it is crucial to assess the influence of foreign exchange
reserves and flows on the standard of living and the un-
derlying factors that shape it. In their study, V. Kan-
ishka and V. Lakmal examine the impact of foreign ex-
change reserves on the standard of living of Sri Lankan
citizens [2]. In order to elucidate the underlying causes
of the crisis situation in Sri Lanka, a number of eco-
nomic variables have been identified for further analy-
sis. These include exports, external debt, transfers and
foreign exchange reserves. The authors consider gross
national income per capita to be a factor that character-
ises the standard of living. The results demonstrated
that exports, external debt and foreign exchange re-
serves exerted a positive and statistically significant in-
fluence on the standard of living of Sri Lankan citizens.
Conversely, foreign transfers did not exhibit a notable
impact. H. Jingwe and colleagues seek to conceptualise
shifts in living standards in developing countries as
analogous to carbon dioxide emissions in the context of
economic growth [3]. The challenge facing developing
countries, defined as low- and middle-income countries
with rapid population and GDP growth, is to improve
living standards while stabilizing carbon dioxide emis-
sions. The authors quantify the emissions required to
achieve a satisfactory standard of living in emerging
economies. The findings indicate that, in comparison to
other regions, the attainment of a satisfactory quality of
life in emerging market countries will result in incre-
mental emissions that do not pose a threat to the global

climate. However, an alarming trend is emerging, with
more than half (62 out of 121) of emerging market
countries facing significant challenges in achieving the
expected growth in emissions.

This is to certify that: In their analysis of the chal-
lenges facing humanity in recent years, Kucheryava
and A. Karalev highlight the necessity for a more com-
prehensive approach to ensuring a decent standard of
living. They argue that this should encompass not only
material needs but also the spiritual dimensions of hu-
man existence [4]. An evaluation of the principal char-
acteristics and indicators of living standards in the most
developed countries in the world reveals that the coun-
tries in the eurozone lead in most parameters. However,
the impact of the coronavirus pandemic and the Rus-
sian-Ukrainian war has significantly constrained the ca-
pacity of governments to maintain these standards. The
authors posit that the foundation for sustaining a con-
sistently elevated standard of living in leading countries
is the income policy pursued by their governments.
This primarily entails maintaining a high level of labour
and, consequently, high wages. In their article, N.
Gerasimchuk, O. Pashchenko and O. Zharikova exam-
ine the structure of income and expenditure of the rural
population in Ukraine and its impact on living stand-
ards [5]. The authors posit that, despite the favorable
trends in wage growth, the remuneration received by
those employed in the agricultural sector remains at a
markedly low level. Ultimately, it is shaped by a multi-
tude of factors, including inflationary pressures, the
broader economic context within the country, govern-
ment regulations, and other considerations. This is due
to the absence of requisite financial resources for con-
sumption. Consequently, rural households engage in
the production of foodstuffs to satisfy their personal re-
quirements. The deficit in essential food consumption
is offset by an increase in the consumption of oil, other
vegetable fats and flour products. An increase in the
proportion of expenditure on non-food products is in-
dicative of an improvement in the standard of living ex-
perienced by rural households. The low wages of the
working-age population, coupled with cultural and
household needs, and the lack of developed infrastruc-
ture, have a detrimental impact on the standard of living
of the rural population, leading to a significant exodus
to urban areas. The ongoing conflict between Russia
and Ukraine has further exacerbated the situation, re-
sulting in a notable decline in the standard of living of
households. The reduction in income and the rise in
household expenditure were influenced by several fac-
tors, including job loss, a lack of stable income, the ne-
cessity for unplanned expenditure and the migration of
the population, as well as the threat to life and the re-
sulting fear. In a separate study based on the Thai econ-
omy, the authors demonstrate that, despite historically
high GDP growth rates, the country experienced a re-
cession following the global pandemic caused by the
global crisis and trade tensions [6]. The authors exam-
ine the role of sectoral investments, underscoring the
preponderant influence of services and industries in
which agriculture plays a diminished but nevertheless
substantial role. The study analyses a number of key
economic indicators, including the level of investment,
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government spending, net exports and industrial prod-
ucts, and their impact on GDP. The majority of the
analysis is dedicated to an examination of public pol-
icy, infrastructure development, trade and investment,
as well as social considerations that have an impact on
economic performance and living standards. The au-
thors highlight the intricate interrelationship between
economic growth and living standards in Thailand. The
necessity for continued political reform, investment in
infrastructure and the resolution of socio-economic is-
sues is emphasised in order to guarantee sustainable de-
velopment and enhance living standards.

Additionally, the Armenian researchers addressed
the analysis of the factors that determine the standard
of living. In their article on the analysis of incomes and
expenditures of the population of the Republic of Ar-
menia, R. Ghazaryan and S. Levonyan examine the
composition and structure of household incomes and
expenditures, as well as their dynamics over the past
decade. The indicators were also subjected to analysis
at the level of ten decile groups, which serves to indi-
cate the degree of concentration of income among the
population. In conclusion, the authors posit that the
growth rate of the population's income in Armenia ex-
ceeds the growth rate of expenses. In 2018, the lowest
decile group experienced a significant increase in in-
come, largely attributable to wage income. The propor-
tion of expenditure on services across all decile groups
in the country is increasing year on year. In his disser-
tation on the economic and mathematical assessment of
ways to increase the standard of living of the population
of the Republic of Armenia [7], R. Ghazaryan evaluates
the standard of living of the population of the Republic
of Armenia and the ways of its growth. The primary
indicators of living standards identified were GDP per
capita, human development and the level of inequality
within the country. The paper identifies the primary

factors contributing to the wage gap in Armenia and as-
sesses the influence of various economic and social de-
terminants on wage levels. The paper analyses the rela-
tionship between economic growth and human devel-
opment in Armenia, and reveals the nature of this
mutual connection through empirical methods. The em-
ployed methods allow for the investigation of the rela-
tionship between the level of inequality in Armenia and
foreign direct investment, as well as the assessment of
the impact of these and a number of other factors on the
level of inequality through the utilization of empirical
methods [8].

Methodology

During the study, an attempt was made to assess
the role of various macroeconomic factors, including
internal and external factors influencing changes in liv-
ing standards, using a vector autoregressive model. In
the first stage, the following 3 groups of indicators were
selected. Internal factors: Consumer price index com-
pared to the same month last year, Unemployment rate,
The share of consumer loans in GDP, State budget rev-
enues, Expenditures of the state budget, The share of
household consumption in total consumer spending.
External factors: The average monthly exchange rate
of the US dollar, Personal money transfers to Armenia,
the balance of the financial account in accordance with
the balance of payments, million US dollars. Factors
characterizing the standard of living: GDP per capita,
The level of poverty, Gin coefficient, Average monthly
nominal salary.

The study used quarterly data for the selected in-
dicators for the years 2008-2024. For those indicators
for which quarterly data were not available (Gini coef-
ficient and poverty level), their annual series, converted
to quarterly using the linear interpolation method, were
used.

Table 1

Designations used in the model and their meaning.
Designation Meaning
d_cpicomparedtosamemonth CPI compared to the same month last year (differenced)
d_unemployment Unemployment rate (differenced)
d_consumerloanstogdpdollar Share of consumer loans in GDP (differenced)
d_expensesstatebudget State budget revenues (differenced)
d_statebudgetrevenues State budget expenditures (differenced)

fevd_d_householdconsumptionshar
enced)

Share of household consumption in total consumption (differ-

d_exchangerate

Average monthly USD exchange rate (differenced)

d_moneytransfers

Personal money transfers to RA (differenced)

d financialaccountbalance

financial account balance (differenced)

At the subsequent stage of the analysis, the station-
arity of the series was evaluated, specifically through
the application of the Dickie-Fuller and Phillips-Perron
tests, which demonstrated that a subset of the series ex-
hibited non-stationary characteristics. In order to ascer-
tain whether the ranks were stationary, the differences
between the ranks, as well as the discrepancies between
each quarterly cost and its preceding one, were calcu-
lated. The subsequent step was to construct a vector au-
toregression (VAR) model utilising the statistical soft-
ware application Stata. In order to ensure the correct

ordering of the factors within the VAR system, the en-
dogeneity/exogeneity levels of the indicators were
evaluated using the Granger causality test. The indica-
tors included in the system, which are influenced by nu-
merous factors and/or explain a smaller number of in-
dicators, are relatively more endogenous; thus, they are
placed at the end in the order of the VAR indicator ta-
ble. The indicators that exert a greater influence on
other indicators and are to a lesser extent influenced by
them, that is, those that are relatively exogenous, were
included at the outset of the process. As a result of the
tests, the indicators were included in the model in a
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clear order, from those that are relatively exogenous to
those that are endogenous, from those that are less in-
fluenced by other indicators in the system to those that
more strongly determine other indicators in the system:

1. Average monthly nominal salary

2. Gin Coefficient

3. GDP per capita

4. The share of household consumption in total
consumer spending

11. Personal money transfers to Armenia

12. The average monthly exchange rate of the US
dollar

13. Consumer price index compared to the same
month last year

The results of the test indicate that the internal and
external factors selected in the system have a relatively
minor impact on changes in the standard of living. Fur-
thermore, the indicators characterizing the standard of

5. Expenditures of the state budget living are primarily exogenous, exerting a greater influ-
6. State budget revenues ence on the selected internal and external factors than
7. The share of consumer loans in GDP vice versa. The VAR was reconstructed in accordance
8. Unemployment rate with the specified order of indicators, ranging from ex-
9. The level of poverty ogenous to endogenous within the developed system.
10. Financial account balance The resulting outcome is presented below.
Table 2.
VAR summary
Sample: 2009q3 - 2024q1 Number of aobs = 59
Log likelihood = -3149.536 ATC = 128.5266
FPE = 4,52e+35 HQIC = 126.1873
Det(Sigma_ml) = 1.30e+29 SBIC = 134.8229
Equaticn Parms RMSE R-sq chi2 Prchi2
d_montlyaverag~y 29 18356.7 ©0.6437 106.5866 0.0000
d_giniincagg 29 202103 @.6283 99.65353 @.0000
d_gdppercapita 29 30.8174 ©.7636 190.6235 0.0000
d_householdcon~e 29 2.96166 @.6093 92.02978 @.0000
d_expensesstat~t 29 522927 B8.7426 178.2378 0. 0000
d_statebudgetr~s 29 439176 @.7343 163.0607 @.0000
d_consumerloan~r 29 .302626 ©.7312 160.5269  0.0000
d_unemployment 29 1.190686 ©.7421 169.7825 0.0D0D0
d_poverty 29 .299423 B.8386 289.3385 0. 0000
d_studentenroll 29 446888 @.7116 145.5731 0. 0000
d_financialacc~e 29 143.448 ©.7846 214.9532 0.0000
d_meneytransfers 29 87.9469 ©0.8299 287.7685  0.0D00O
d_exchangerate 29 9.1588 ©.7378 166.8211 0.0000
d_cpicomparedt~h 29 1.4801 @.6624 115.7539 9.0000
Having checked whether the selected lag is the op-
timal one, it can be stated that, according to most crite-
ria, the preferred lag for the model is the second.
Table 3.
Information criteria for choosing the optimal lag
Selection-order criteria
Sample: 2009q3 - 2024q1 Number of obs = 59
lag LL LR df p FPE ATC HQIC SBIC
@ | -3701.48 2.8e+37 125.948 126.141 126.441%
1| -3380.68 641.6 196 ©.000 4.7e+35 121.718 124.604* 129.113
2 | -3149.54 462.28* 196 ©.000 4.5e+35% 120.527% 126.107 134.823

When choosing higher lags, the model does not
satisfy the stability condition, which is fulfilled for the
second lag.
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In order to consider the constructed VAR signifi-
cant, it is necessary that the selected delayed model

Results of the stability (stationarity) test of the model

Eigenvalue stability condition

Eigenvalue Modulus
-.@1566573 + .91326981 -913494
-.@1566573 - .91326981 .913404

. 8477589 .847759
.BB866T1 + .18182234 -B28856
.8086671 - .1818223i -828856
-.8213125 -821313
-.B3853367 + .79270211 - 793638
-.B3853367 - .79270211 - 793638
.6407414 + .42024781 . 766262
.6407414 - 42024781 -766262
-.1894916 + .7F4557591i -753573
-.1894916 - .74557591 - 753573
-.5895003 + .33822931 -679639
-.5895003 - .33822931 -679639
-.2910119 + .58530811 .653662
-.2918119 - .58530811i -653662
4621341 + .4055992i -614881
.4621341 - .40559921 -614881
-.5118774 + .3378B1161 -612631
-.5110774 - .33781161 -612631
.2463385 + .49459191i .552543
.2463385 - .4945919i -552543
-.3038884 + .43395591i -529733
-.3038084 - .4339559i -529733
-4448725 -444873
-.1833738 + .090494291 - 204488
-.1833738 - .090494291 . 204488
.1879315 .187932

All the eigenvalues lie inside the unit circle.
VAR satisfies stability condition.

Autocorrelation test results
Lagrange-multiplier test

lag chiz df  Prob > chi2
1 311.9951 196 @.00000
2 178.9149 196 @.90172

H&: no autocorrelation at lag order

Table 4.

does not have autocorrelation, which documents the
test result shown in the figure.

Table 5.

Analysis and results:

Moreover, the responses of five indicators that
characterise the standard of living to the shock from se-
lected internal and external factors were revealed. The
graph illustrates the impact of a positive shock in the
amount of one standard deviation unit in the corre-
sponding indicator line on GDP per capita over the sub-
sequent 16 quarters. The results demonstrate that
among the factors considered, the share of consumer
loans in GDP, as well as relatively lower unemploy-
ment and inflation, have the most pronounced impact.
In particular, an increase in the proportion of consumer
loans relative to a standard deviation has a negative im-
pact on GDP per capita over the following two years.
The initial shock has a detrimental impact on income
distribution, poverty levels, and average monthly
wages. Conversely, it has a favourable impact on these

variables, although the positive effects are gradually di-
minishing. The aforementioned effects of consumer
lending can be attributed to the nature of the cash flows
generated by such lending. While this has a positive ef-
fect on consumption, subsequent negative flows gener-
ated by lending result in a reduction in the volume of
further consumption. Furthermore, the periodic nature
of economic development gives rise to additional risks
for households in the context of this type of lending. A
further decrease in income may create difficulties in re-
paying the loan. The issue may become more pro-
nounced. Furthermore, inflation and its expectations
can also precipitate shifts in the current reduction in
consumption or its dynamics, thereby altering the be-
haviour of households. With regard to other indicators,
including budget revenues and expenditures, GDP per
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capita and indicators characterising the standard of liv-
ing in general, the reactions are relatively insignificant.

With regard to the influence of state budgetary
revenues and expenditures, it is evident that the impact
of these on GDP per capita can be discerned by exam-
ining the reaction of the latter to the former's shocks. In
the initial two quarters, the impact is observed to be
negative; however, following this period, the impact is
seen to become neutralized through the fading of fluc-
tuations.

Taxation ultimately results in a reduction of in-
come for both organizations and households, which in
turn has a detrimental impact on the growth rate of
GDP. This phenomenon can be attributed to two fac-
tors: firstly, the level of taxation exceeds the optimal
tax burden, and secondly, the inefficiency of the state
spending policy and its low level of inclusiveness.

IRF: d_statebudgetrevenues -> d_gdppercapita
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Graph 6. Responses of Per Capita GDP to One
Standard Deviation Changes in Government
Budget Revenues
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Graph 8. Responses of the Share of Household Con-
sumption in Total Consumption to One Standard
Deviation Changes in Government Budget Revenues

The preponderance of current expenditures among
public funds, while conducive to the growth of the pop-
ulation's income, fails to engender further impact on the
increase in productivity, thereby nullifying its subse-
quent effects.

This is the reason why the impact of state budget
expenditures on GDP per capita in the first three quar-
ters was positive, after which the impact was reduced
to zero again due to fading fluctuations. The influence
of the state budget on other factors that contribute to the
overall standard of living is comparatively limited. In
particular, income policy generates a certain growth in
the initial period, which can be explained by the initial
negative impact of income policy on economic growth.
However, in the future, this influence is positive, which
we can further attribute to this shortcoming. It is possi-
ble that this can be attributed to unproductive and low
inclusivity.

IRF: d_expensesstatebudget -> d_gdppercapita
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Graph 7. Responses of Per Capita GDP to One Stand-

ard Deviation Changes in Government Budget Ex-
penditures
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Graph 9. Responses of the Share of Household Con-
sumption in Total Consumption to One Standard De-
viation Changes in Government Budget Expenditures
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IRF: d_statebudgetrevenues -> d_giniincagg
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Graph 10. Responses of the Share of Household Con-
sumption in Total Consumption to One Standard De-
viation Changes in Government Budget Revenues

IRF: d_statebudgetrevenues -> d_poverty
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Graph 12. Responses of the Poverty Rate to One Stand-
ard Deviation Changes in Government Budget Reve-
nues
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Graph 14. Responses of the Average Nominal Monthly
Wage to One Standard Deviation Changes in Govern-
ment Budget Revenues

Furthermore, the growth patterns of indicators de-
scribing the standard of living were addressed, with a
particular focus on elucidating the extent to which
changes in the factor under consideration can be at-
tributed to internal and external indicators included in
the system. The Cholesky decomposition was em-
ployed to yield the following results.

The Tables 6-10 in appliactions illustrates the pro-
portion of the change in GDP per capita that can be at-
tributed to each indicator for the corresponding quarter.

IRF: d_expensesstatebudget -> d_giniincagg ]
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Graph 11. Responses of the Share of Household
Consumption in Total Consumption to One Standard
Deviation Changes in Government Budget Expendi-

tures

IRF: d_expensesstatebudget -> d_poverty
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Graph 13. Responses of the Poverty Rate to One
Standard Deviation Changes in Government
Budget Expenditures
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Graph 15. Responses of the Average Nominal
Monthly Wage to One Standard Deviation
Changes in Government Budget Expenditures

For the sake of brevity, only cases of internal and ex-
ternal factors have been presented. To illustrate, 4.29%
of the change in GDP per capita in the second quarter
can be attributed to the unemployment rate, which is the
highest among the factors considered in this lag. There-
fore, the collective effect of internal and external fac-
tors on the standard of living in the second quarter can
be seen to account for approximately 10% of the ob-
served change in GDP per capita. The changes in the
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volume of household consumption in the second quar-
ter are to a greater extent than individual internal and
external factors, due to changes in the balance of the
financial account, government budget expenditures and
the exchange rate of the US dollar to the dram. The Gin
coefficient is most susceptible to influence from money
transfers. The greatest impact on the poverty level is
exerted by unemployment, consumer loans and govern-
ment budget expenditures. Income is influenced by a
number of factors, including the balance of the finan-
cial account, consumer loans, state budget revenues and
expenditures.

The order of importance of the role of observed
internal and external factors in changes in indicators
characterising the standard of living, in accordance
with the decrease in the overall effect over a four-year
period: The share of consumer loans in GDP, the bal-
ance of the financial account in accordance with the
balance of payments, The average monthly exchange
rate of the US dollar, Expenditures of the state budget,
Unemployment rate, Personal money transfers to Ar-
menia, State budget revenues, Consumer price index
compared to the same month last year.

In consideration of the influence of state budget
revenues and expenditures on fluctuations in indicators
that reflect the standard of living over the projected
four-year period, it is notable that the former exerts a
considerable impact on changes in the average monthly
wage nomenclature, with an average contribution of
5.5%, and the share of household consumption in total
consumption, with an average contribution of 2.2%.
The role of budgets in GDP per capita and wage
changes is relatively higher, with an average contribu-
tion of 1.6% and 1.8%, respectively.

Conclusions:

Summarizing the results of the analysis, we can
note that

e The share of consumer loans in GDP has the
most significant impact within the framework of the
factors considered, while a relatively smaller impact is
observed with respect to unemployment and inflation.

e A significant reduction in income resulting
from unemployment has a significant impact on
consumption volumes.

e Additionally, inflation and its associated
expectations can influence the current reduction in
consumption or its dynamics, thereby modifying
household behaviour.

e The impact of state budget revenues on GDP
per capita in the initial two quarters was negative;
however, this effect was subsequently neutralised by
the attenuation of fluctuations.

e The impact of government budget
expenditures on GDP per capita during the initial three
quarters was positive, after which the effect was
reduced to zero due to the influence of fading
fluctuations.

e The influence of state budget revenues on
changes in indicators that characterise the standard of
living is significant, particularly in the case of average
monthly nominal wages (on average 5.5%) and the
share of household consumption in total consumption
(on average 2.2%).

e State budget expenditures exert a relatively
greater influence on changes in GDP per capita and
wages, with an average impact of 1.6% and 1.8%,
respectively.

e A study of the growth structure of individual
indicators reveals that 4.29% of the change in GDP per
capita in the second quarter will be associated with the
unemployment rate, which is the most significant factor
among those considered in this lag. Furthermore, the
lowest percentage was observed in the case of money
transfers (0%).

e Based on the observations and forecasts, it can
be posited that the collective effect of internal and
external factors on living standards in the second
quarter accounts for approximately 10% of the
observed change in GDP per capita.

e The observed changes in the volume of
consumption of the population in the second quarter are
of a considerable magnitude in comparison with a
number of selected internal and external factors,
including changes in the balance of the financial
account, government budget expenditures and the
exchange rate of the US dollar against the dram. The
most significant impact on the Gin coefficient is
exerted by remittances, while unemployment,
consumer loans and government budget expenditures
have the greatest impact on poverty. Income is
influenced by a number of factors, including the
balance of the financial account, consumer loans, state
budget revenues and budget expenditures.

e The sequence of importance of roles in
changes in indicators characterising the standard of
living, depending on the decrease in the overall effect
over four years, is as follows: the share of consumer
loans in GDP, the balance of the financial account in
accordance with the balance of payments, the average
monthly exchange rate of the US dollar, state budget
expenditures, unemployment rate, personal money
transfers to Armenia, state budget revenues and CPI.

Applications.
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Figure 1 Reaction of GDP per capita to changes in indicators per unit of standard deviation
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Figure 2. The share of household expenditure on final consumption in total consumer spending
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Figure 3. The reation of the Ginii coefficient to changes in indicators per unit of standard deviation
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Figure 4. The reaction of the poverty level to changes in indicators per unit of standard deviation
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Figure 5. The reaction of the average monthly nominal salary to changes in indicators per unit of standard devi-

ation
Table 6.
Shares of factors explaining changes in GDP per capita
. . Aver-
Financi | Personal
State State Share of al Mone- age CPI -
Con- Unemp Monthl | Consu

budget budget Accoun | tary
Lag . sumer loyme y USD | mer Total

expenditu | revenu . t Transfers :

Loansin | nt rate Ex- Price
res es GDP Balanc | to Arme- h d
e nia change | Index
Rate

1 0.00% 0.00% | 0.00% 0.00% | 0.00% | 0.00% 0.00% | 0.00% | 0.00%
2 1.49% 1.59% | 0.04% 4.29% | 0.98% | 0.00% 1.63% | 0.02% | 10.02%
3 1.11% 1.66% | 3.46% 5.48% | 1.73% | 0.03% 1.22% | 0.07% | 14.77%
4 1.47% 1.66% | 3.79% 5.15% | 1.66% | 0.06% 1.32% | 0.45% | 15.56%
5 1.84% 1.64% | 4.40% 4.70% | 2.38% | 0.06% 1.28% | 0.71% | 17.02%
6 1.73% 1.55% | 4.62% 4.44% | 2.25% | 0.22% 1.21% | 0.77% | 16.79%
7 1.67% 1.65% | 5.46% 4.29% | 2.22% | 0.60% 1.15% | 0.82% | 17.86%
8 1.79% 1.68% | 5.94% 4.29% | 2.34% | 0.59% 1.17% | 0.81% | 18.60%
9 1.79% 1.69% | 5.94% 4.24% | 2.69% | 0.58% 1.20% | 0.82% | 18.95%
10 1.77% 1.68% | 6.05% 4.19% | 2.76% | 0.61% 1.18% | 0.82% | 19.07%
11 1.76% 1.69% | 6.17% 4.17% | 2.75% | 0.71% 1.18% | 0.81% | 19.24%
12 1.81% 1.72% | 6.24% 4.22% | 2.77% | 0.71% 1.17% | 0.81% | 19.44%
13 1.80% 1.72% | 6.21% 4.21% | 2.82% | 0.71% 1.24% | 0.80% | 19.52%
14 1.81% 1.72% | 6.19% 4.20% | 2.82% | 0.71% 1.25% | 0.80% | 19.50%
15 1.81% 1.72% | 6.19% 4.20% | 2.83% | 0.72% 1.25% | 0.81% | 19.51%
16 1.81% 1.72% | 6.18% 4.21% | 2.83% | 0.73% 1.25% | 0.81% | 19.54%
':e"era 1.59% 157% | 480% | 4.14% | 2.24% |044% | 1.17% | 0.63% | 16.59%
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Table 7.
Shares of factors explaining the change in the share of household consumption in total consumption
Per-
sonal Aver-
Financi | Mone- | age
Share of al tary Monthl || CPI -

State State Con- Accoun || Trans- ||y USD | Consu

budget budget || sumer Unempl |t fers to || Ex- mer

expenditu || revenu || Loans oyment || Balanc | Arme- | change | Price
Lag res es in GDP | rate e nia Rate Index Total
1 0.00% 0.00% | 0.00% || 0.00% 0.00% | 0.00% | 0.00% || 0.00% || 0.00%
2 1.62% 0.05% | 0.28% || 0.03% 4.00% | 0.84% | 1.45% | 0.34% | 8.60%
3 1.56% 0.10% | 1.69% | 0.76% 5.67% | 2.62% | 2.84% | 0.31% | 15.55%
4 1.56% 0.22% | 1.81% | 2.32% 5.48% | 3.44% | 4.02% | 0.29% | 19.13%
5 1.57% 0.22% | 1.63% | 2.40% 5.31% | 3.15% | 4.84% | 0.36% | 19.48%
6 2.47% 0.23% | 1.49% | 2.40% 5.25% | 2.88% | 4.90% | 0.41% | 20.04%
7 2.58% 0.23% | 1.55% | 2.43% 5.44% | 2.90% | 4.89% | 0.41% | 20.43%
8 2.64% 0.24% | 1.53% | 2.61% 5.44% | 2.98% | 4.85% | 0.42% | 20.72%
9 2.61% 0.24% | 1.53% | 2.87% 541% | 2.96% | 4.91% | 0.42% | 20.96%
10 2.64% 0.23% | 1.50% || 2.82% 547% |[2.91% | 4.99% | 0.44% | 21.01%
11 2.65% 0.24% | 1.51% | 2.84% 557% |[2.91% | 5.00% | 0.44% | 21.14%
12 2.64% 0.24% | 1.50% || 2.85% 5.58% | 2.93% | 4.99% | 0.44% | 21.17%
13 2.64% 0.24% | 1.50% | 2.89% 5.50% | 2.94% | 4.99% | 0.44% | 21.23%
14 2.64% 0.24% | 1.50% | 2.88% 5.60% | 2.93% | 5.009% | 0.44% | 21.23%
15 2.64% 0.24% | 1.50% | 2.89% 5.63% | 2.93% | 5.019% | 0.44% | 21.27%
16 2.63% 0.24% | 1.50% | 2.89% 5.63% | 2.93% | 5.00% | 0.44% | 21.27%
Avera
ge 2.19% 0.20% | 1.38% || 2.24% 5.07% | 2.64% | 4.23% | 0.38% | 18.33%
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Table 8.
Contribution of Factors to Changes in the Gini Coefficient
Per-
Share sonal Aver-
of Mone- | age
Con- tary Monthl
State State sumer Trans- y USD || CPI -
budget budget | Loans | Unemplo | Financial | fers to || Ex- Consum
expendit || revenue | in yment Account | Arme- change || er Price
Lag ures S GDP rate Balance | nia Rate Index Total
1 0.00% 0.00% || 0.00% | 0.00% 0.00% 0.00% || 0.00% | 0.00% 0.00%
2 0.00% 0.00% | 0.24% | 0.00% 0.35% 0.52% | 0.28% | 0.21% 1.60%
3 0.12% 0.04% | 0.80% | 0.54% 1.05% 1.21% | 1.70% | 0.20% 5.65%
4 0.12% 0.04% | 1.22% | 0.67% 1.21% 1.62% | 2.09% | 0.26% 7.23%
5 0.28% 0.04% | 1.84% | 0.65% 1.42% 1.79% | 2.13% | 0.30% 8.46%
6 0.32% 0.05% | 2.11% | 0.65% 1.51% 1.80% | 2.14% | 0.31% 8.90%
7 0.32% 0.06% | 2.28% | 0.66% 1.57% 1.80% | 2.14% | 0.34% 9.18%
8 0.36% 0.09% || 2.38% || 0.66% 1.57% 1.80% | 2.16% | 0.34% 9.36%
9 0.38% 0.12% | 2.40% | 0.66% 1.57% 1.79% | 2.21% | 0.34% 9.46%
10 0.38% 0.13% | 2.39% | 0.67% 1.57% 1.79% | 2.22% | 0.34% 9.50%
11 0.38% 0.14% | 2.39% | 0.67% 1.58% 1.79% | 2.23% | 0.34% 9.51%
12 0.38% 0.14% | 2.39% | 0.67% 1.57% 1.78% | 2.23% | 0.34% 9.51%
13 0.38% 0.14% | 2.39% | 0.67% 1.57% 1.78% | 2.24% | 0.34% 9.52%
14 0.38% 0.14% | 2.39% | 0.67% 1.57% 1.78% | 2.24% | 0.34% 9.52%
15 0.38% 0.14% | 2.39% | 0.67% 1.57% 1.78% | 2.24% | 0.35% 9.53%
16 0.38% 0.14% | 2.40% | 0.67% 1.58% 1.78% | 2.24% | 0.35% 9.53%
Avera
ge 0.29% 0.09% | 1.88% | 0.57% 1.33% 1.55% | 1.90% | 0.29% 7.90%
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Table 9.
Contribution of Factors to Changes in the Poverty Rate
Aver-
age
Financi | Personal | Month
Share of al Mone- ly CPI -

State State Con- Accoun || tary usD Consu

budget budget | sumer Unemplo || t Transfers || Ex- mer

expendit | revenue || Loans in | yment Balanc | to Arme- || chang | Price
Lag ures S GDP rate e nia e Rate | Index | Total
1 3.18% 0.41% || 5.04% 1.87% 0.00% || 0.00% 0.00% | 0.00% | 10.51%
2 1.84% 0.34% | 3.31% 4.17% 0.65% || 0.19% 0.62% | 0.00% || 11.12%
3 1.45% 0.52% || 2.87% 3.15% 0.77% || 0.44% 3.22% | 0.09% || 12.51%
4 1.32% 0.47% || 3.66% 2.71% 1.60% | 1.14% 4.09% | 0.17% || 15.17%
5 1.51% 0.43% || 4.71% 2.47% 2.17% | 1.27% 4.34% | 0.22% || 17.12%
6 1.50% 0.42% || 5.23% 2.37% 2.58% | 1.39% 4.22% | 0.28% || 18.00%
7 1.47% 0.44% || 5.66% 2.32% 2.90% || 1.52% 4.15% | 0.31% || 18.78%
8 1.47% 0.51% | 6.03% 2.29% 2.98% | 1.60% 4.10% | 0.33% | 19.31%
9 1.53% 0.57% || 6.22% 2.30% 3.02% || 1.58% 4.08% | 0.33% || 19.64%
10 1.52% 0.60% || 6.20% 2.30% 3.11% | 1.57% 4.11% | 0.33% || 19.75%
11 1.52% 0.62% | 6.18% 2.29% 3.13% || 1.57% 4.10% | 0.33% || 19.73%
12 1.51% 0.63% | 6.18% 2.29% 3.13% || 1.57% 4.09% | 0.33% || 19.73%
13 1.52% 0.63% | 6.17% 2.30% 3.12% || 1.57% 4.10% | 0.33% || 19.74%
14 1.51% 0.63% | 6.17% 2.30% 3.12% | 1.57% 4.10% | 0.33% || 19.75%
15 1.52% 0.63% | 6.17% 2.29% 3.12% | 1.57% 4.10% | 0.34% || 19.75%
16 1.52% 0.63% | 6.17% 2.29% 3.13% | 1.57% 4.10% | 0.34% || 19.75%
Averag
e 1.62% 0.53% || 5.37% 2.48% 2.41% | 1.26% 3.59% | 0.25% || 17.52%
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Table 10.
Contribution of Factors to Changes in the Average Nominal Monthly Wage
Per-
sonal Aver-
Mone- || age
Share tary Monthl | CPI -
State State of Con- Trans- ||y USD || Consu
budget budget | sumer | Unemplo | Financial | fers to || Ex- mer
expenditur | revenue || Loans | yment Account | Arme- || change || Price
Lag es S in GDP | rate Balance | nia Rate Index || Total
1 0.00% 0.00% | 0.00% | 0.00% 0.00% 0.00% | 0.00% | 0.00% | 0.00%
2 0.99% 1.24% | 2.03% | 0.00% 3.78% 0.47% | 0.35% | 0.01% | 8.88%
3 2.31% 1.80% | 3.31% | 0.02% 3.58% 1.05% || 0.38% || 0.11% | 12.56%
4 2.86% 1.68% | 3.35% | 0.02% 3.89% 1.72% | 0.38% || 0.14% | 14.05%
5 6.18% 1.96% | 3.44% | 0.05% 3.54% 1.99% || 0.76% || 0.16% | 18.09%
6 6.42% 2.08% | 3.92% | 0.21% 3.58% 1.93% || 1.26% || 0.18% | 19.59%
7 6.79% 2.04% | 3.87% | 0.21% 3.58% 1.91% | 1.27% | 0.20% || 19.87%
8 6.77% 2.01% | 4.11% | 0.36% 3.84% 1.90% || 1.27% | 0.20% || 20.47%
9 6.88% 1.99% | 4.09% | 0.48% 3.92% 1.92% || 1.27% || 0.20% | 20.74%
10 6.86% 1.98% | 4.15% | 0.47% 4.29% 1.92% || 1.37% || 0.20% | 21.24%
11 6.98% 2.00% | 4.15% | 0.47% 4.28% 1.92% || 1.39% || 0.20% | 21.40%
12 6.95% 1.99% | 4.20% | 0.51% 4.44% 1.95% || 1.39% || 0.20% | 21.64%
13 7.01% 1.99% [ 4.19% | 0.53% 4.42% 1.99% | 1.39% | 0.20% || 21.72%
14 7.00% 1.98% | 4.25% | 0.53% 4.55% 1.99% | 1.42% | 0.20% || 21.92%
15 7.03% 1.99% | 4.25% | 0.54% 4.55% 1.99% | 1.42% | 0.20% || 21.97%
16 7.02% 1.98% | 4.27% | 0.55% 4.63% 2.01% | 1.42% | 0.20% | 22.08%
Averag
e 5.50% 1.80% | 3.60% | 0.31% 3.80% 1.67% || 1.05% | 0.16% | 17.89%
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1. Financial literacy and entrepreneurship

Entrepreneurial activity is a complex set of pro-
cesses and events undertaken by individuals with po-
tential in a rapidly evolving and competitive business
environment. The current globalized economy, with its
multicultural dimensions, emphasizes the development
of knowledge as a powerful catalyst for success
[1,4,6,7]. Additionally, the integration processes within
Europe are instrumental in shaping modern business
ventures. Today’s youth are confronted with a multi-
tude of challenges related to their financial stability and
prosperity. Balancing increasing personal responsibil-
ity with the diverse and complex array of financial
products and services presents a serious dilemma for
individuals when making financial decisions [2,3,8].

It is imperative to implement appropriate interven-
tions aimed at enhancing the financial knowledge and
skills of the younger generation/undergraduates in or-
der for them to effectively manage limited financial re-
sources, navigate economic uncertainty, and advocate
for their rights [9,10,11]. Therefore, initiatives in the
field of improving financial literacy should be viewed
as an investment in human capital, fostering sustainable
economic and social development. This, in turn, re-
quires a shift in the process of training and a transfor-
mation of the traditional university model into a more
entrepreneurial establishment of higher education. The
primary objective of such a model should be to cultivate
innovative thinking and entrepreneurial mindset among
both students and lectures, while fostering collabora-
tion with the business sector.

Financial literacy equips young individuals/under-
graduates with the understanding of financial products
and concepts, enabling them to develop the necessary
skills to enhance their financial culture, i.e. to recognize
financial risks and favourable opportunities for entre-
preneurial growth, to empower them to make objective
and informed decisions when selecting financial ser-
vices.

More specifically, financial literacy encompasses
a blend of financial knowledge, skills, motivation, and
confidence in utilizing these capabilities when making
sound financial decisions, with the ultimate outcome
being the overall improvement in the well-being of in-
dividuals and society as a whole, ensuring fruitful par-
ticipation of individuals in the economy (as stated in
PISA) [8].

From a wider perspective, financial literacy plays
a crucial role in driving the demand for financial prod-
ucts due to the recognized benefits they offer, produc-
ing, thereby, a powerful impact on the market growth.
Similarly, consumers who are financially literate—
those who are aware of their legal rights, understand
their responsibilities, and being well-informed-
through their informed choices and the exercise of their
rights, contribute to the advancement of market compe-
tition [5,6,11].

The Organisation for Economic Co-operation and
Development (OECD) identifies financial training (ed-
ucation) as a key tool in positively affecting the level of
financial literacy [8]. Financial education can be de-
fined as “a process by which consumers increase their
understanding of financial products and basic financial
concepts, and through information, guidance, and ob-
jective advice, they tend to develop the skills and confi-
dence needed to comprehend financial risks and oppor-
tunities, to make rational and informed decisions, to
know where to seek assistance, and be capable of tak-
ing effective actions to improve their financial well-be-
ing”.

2. Assessment of the youth financial literacy
and its impact on their entrepreneurial activity (a
case study of the students from TU-Varna)

Investing in education and training to develop
skills is essential for promoting growth and competi-
tiveness. In today’s knowledge-based economies, there
is a demand for highly qualified individuals who can
meet specific needs. According to Cedefop forecasts,
the proportion of jobs in the EU requiring higher edu-
cation is expected to increase from 29% in 2023 to 34%
by 2028, while the number of low-skilled jobs during
the same period is projected to decrease from 23% to
18% [8].

Universal skills such as practical thinking, initia-
tive, problem-solving ability, and prompt decision-
making in crisis situations are essential for preparing
individuals for a wide range of professional fields,
which are increasingly diverse and unpredictable today.

It is crucial to prioritize the development of entre-
preneurial skills, as they not only enable individuals to
start their own businesses but also improve their em-
ployability. Furthermore, to effectively navigate future
professional responsibilities in a rapidly changing envi-
ronment, students must also possess certain financial
skills.
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The current paper presents a study into the entre-
preneurial attitudes and financial literacy of students
conducted through a survey. The survey was designed
to measure the following key indicators: what entrepre-
neurial attitudes exist among the students; what range
of financial skills and knowledge they possess; and
what aptitude for decision-making they have. The sur-
vey was conducted among students from various engi-
neering specialties at TU-Varna, spanning from the 1%
to the 4" -year including fully engineering specialties,
such as Computer Systems and Technologies (CST),
Software and Internet Technologies (SIT), Transport
Engineering and Technologies (TET), Navigation (N),
Mechanical Engineering and Technologies (MET), and

others), as well as hybrid specialties, namely Industrial
Management (IM) and Technological Entrepreneurship
and Innovations (TEI) , which incorporate financial
courses. Altogether, a total of 70 randomly selected re-
spondents participated in the study.

When asked: “Have you studied subjects related to
entrepreneurship and finance?”, the students from the
engineering specialties reported that they had not taken
such courses, but they had acquired knowledge in these
areas due to their interest in opportunities for additional
income. Conversely, all students in the IM and TEI spe-
cialties had received training in subjects like entrepre-
neurship and finance (Fig.1).

ENGINEERING SPECIALTIES

Entrepreneurship

INDUSTRIAL MANAGEMENT

TECHNOLOGY
ENTERPRENEURSHIP AND
INNOVATION

Finance

Fig.1 Subjects in the field of entrepreneurship and finance studied by the students at TU-Varna

The results of the study reveal that 65% of the stu-
dents in engineering specialties lack confidence in their
ability to start their own business. Only 35% of them
have plans to launch a business. Notably, entrepreneur-
ial initiative and intent to venture into business are par-
ticularly low among students in CST, SIT and N area
of specialization. In contrast, 60% of the students in the

IM specialty express a desire to start their own busi-
ness, 30% feel uncertain about their capabilities, and
10% declared no intentions of pursuing business under-
taking. Similar trends are observed among students in
the TEI specialty, with 55% aspiring to start their own
business, 30% feeling unsure about their success, and
15% - lacking interest in entrepreneurship (Fig.2).

YES

ENGINEERING SPECIALTIES

UNSURE

INDUSTRIAL MANAGEMENT

TECHNOLOGY ENTERPRENEURSHIP AND INNOVATION

Fig.2 Have you considered the idea of starting your own business?

A significant percentage of the young individuals
aspiring to launch their own business intend to finance
their ventures via a bank loan (70%), while 20% plan
to utilize personal funds, and 10% aim to secure fund-
ing through EU programs.

Interestingly, 60% of the students in the IM and
TEI specialties maintain a personal /family budget with
specified expense categories as opposed to the engi-
neering students with only 20% of them having a per-
sonal budget at hand.
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Fig. 3 Relative share of students allocating funds for emergency expenses and a pension fund

It is evident from Fig. 3 that a mere 25% of the
fully engineering students allocate funds for emergency
expenses, and only 10% contribute to a pension fund.
75% of them do not allocate money for unexpected
costs or a retirement fund, citing the “lack of necessity”
as the primary reason. Meanwhile, 100% of the stu-
dents in IM and TEI specialties set aside financial re-
sources for unexpected costs, with 40% of them con-
tributing to a pension fund.

Approximately 70% of the students surveyed do
not have investments in financial assets such as stocks,
bonds, and others. The highest proportion of invest-
ments in financial assets comes from the students in the
IM specialty at 28%, followed by the fully engineering
specialties at 25%, and the TEI specialty — 15%.

ENGINEERING SPECIALTIES ~ INDUSTRIAL MANAGEMENT TECHNOLOGY
ENTERPRENEURSHIP AND
INNOVATION
HYES mNO

Fig.4 Relative share of investments in financial assets

80% of students utilize online banking as a pay-
ment method, with other financial technologies such as
Revolut, Binance, Kiwi, and Wise also being com-
monly used.

Additionally, the students specializing in IM and
TEI possess the skills needed to determine anticipated
returns and profits from investments in financial assets,
indicating their strong financial background.

3. Opportunities to enhance financial literacy
among students

There exists a perfect opportunity to enhance
financial literacy among students within the higher
education system, considering, on one hand, their
young age, and, on the other hand, the notable absence
of sustainable education in personal finance.
Addressing this gap, therefore, is imperative. In
practice, young adults are increasingly entrusted with
managing their personal finances and making
significant financial decisions that can impact their
future well-being, and it is, thus, vital for them to make
informed decisions in this regard. The autonomy of
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higher education institutions represents a major factor
for increasing students’ financial literacy by
redesigning the curricula of specialties offered at
various academic departments. In adherence to the
regulatory requirements for curriculum structuring,
there arise a possibility for partial or complete
integration of financial literacy courses as elective or
optional subjects within the curriculum, subject to
approval from academic leadership and declared
willingness on their part to prioritize financial literacy
education. It is quite possible, on account of the
expectations for enhanced practical training of the
students and strengthened connections with employer
organisations, for expert practitioners to be invited as
guest lecturers to share valuable insights on specific
topics related to financial literacy, regardless of the
professional field in which the students are being
trained. Another possibility includes coordinating
research endeavours within and across higher education
institutions with a particular emphasis on advancing
financial literacy knowledge. The financial sector plays
a pivotal role in this process, not only as a provider of
financial services but also as a source of potential
employment for students. It is advisable, in this regard,
to organize an adequate process to facilitate knowledge
transfer and exchange of ideas on current issues with
students, which allows for flexibility in format and
methods of manifestation: short internships; open days;
digital educational resources; and podcasts. Adoption
of informal learning methods is also a viable approach.
New training channels can be established, to that effect,
or existing ones can be further developed outside the
formal education system. Within this framework, for
example, in the department of Industrial Management
guest lecturers have made significant contributions to
the educational process by addressing specific topics
related to financial literacy. Outstanding results are also
achieved through the implementation of dual training
methods, which, regrettably, have not yet been
introduced in the Bulgarian higher education system,
despite the existence of such a strategy.

4. Conclusion

Developing an entrepreneurial and financial
mindset among the younger generation should
commence during their university years, fostering a
culture of openness to innovations and maintaining an
entrepreneurial environment within the business sector.
The drive to generate entrepreneurial ideas is closely
linked to the expectation of success, which is rooted in
identifying market needs, adapting to changes in
market dynamics, and seizing opportunities to fill
market niches.

The education of young adults/students must
address the pressing demand of the Bulgarian economy
for a new generation of skilled managers and
entrepreneurs who are well-versed in contemporary
practices and possess the practical skills needed to
achieve sustainable growth and development. In view
of this, universities and the government should
prioritize the following initiatives:

— Implementing training programs based on
real-life business scenarios— produced in collaboration
with industry partners and organisations, and

complemented by a series of interactive business
simulations;

— Embracing a hands-on teaching approach —
utilizing the latest concepts, practices, and business
tools in the field of entrepreneurship, management,
finance, and innovation, drawing inspiration from the
interactive teaching and learning approach adopted in
leading global educational institutions;

— Facilitating knowledge sharing and experience
exchange among students to cultivate lasting
professional relationships;

— Inviting guest lecturers from the business and
financial sectors to provide valuable insights and share
their expertise with students;

— Providing training, guidance and support to

young individuals regarding opportunities for
launching their own ventures;
— Providing consultancy services to the

adolescents on about intellectual property issues;

— Assisting students in securing financial
resources and funding to start their entrepreneurial
endeavours;

— Offering support to startups founded by recent
graduates to help them navigate the challenges of the
business landscape;

— Equipping teams with the necessary skills to
participate in EU programs focused on research and
technology.
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Nowadays the role and importance of social capital is increasing significantly in business activity. Social
capital manifests itself in mutual trust, shared norms, values, and networking. Initially, the theory of social capital
developed in relation to society, but gradually developed and moved to the company level. At the national level,
social capital leads to mutually beneficial interactions between countries and nations and helps solve global prob-
lems (global warming, the threat of nuclear war, famine, etc.); at the state level, it helps strengthen democratic
institutions; at the enterprise level, it helps develop trust between colleagues; at the individual level, it strengthens
a person’s psychological health (removes feelings of loneliness, increases self-esteem and life satisfaction). The
article highlights and substantiates the key role of social capital in the formation of economic entities regarding

the development and implementation of innovations.
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Introduction

Social capital in business is about connections be-
tween people at work. It’s the trust, knowledge, and co-
operation that emerge from these relationships.

The intellectualization of the modern world draws
attention to the problem of social capital as a resource
necessary to improve the quality of life of an individual,
the formation of a knowledge economy and innovative
development of the country. The fact that social con-
nections, interactionand trust, which form the basis of
social capital, influencehe formation, development and
accumulation of intellectual capital, which is of para-
mount importance and is included in the circle of the
main interests of the world scientific community, is in-
creasingly recognized.

Innovation creation is a complex process involv-
ing many different social and economic factors, as well
as a wide range of individuals, institutions and firms
engaged in the creation, development and dissemina-
tion of new knowledge and technologies. The era of
lone inventors has passed. In modern conditions, no in-
novator acts alone. The innovative ability and receptiv-
ity of society are determined by the quality of the inter-
relations between economic agents. To effectively im-
plement innovative activities, economic agents must
have a reserve of social capital in the form of the nec-
essary connections. Since the connections are not based
on market interactions and not on a hierarchical princi-
ple, they form networks. The network organization is
recognized as the most effective organizational struc-
ture for implementing innovative activities. The con-
cept of social capital originated within the sociological
scientific school and is associated with the names of P.
Bourdieu and J. Coleman. J. Coleman defined social
capital as the ability of subjects to benefit from partici-
pation in social networks and other social structures [5].
Currently, economists are showing significant interest
in this subject of research. The influence of social cap-
ital on innovation was studied by H. Westlund, W.
Chow, F. Sabatini, Sh. Gu, B.-A. Lundvall, L. Myas-
nikova, A. Zuev.

Social capital includes not hierarchical or com-
modity-money, but network relations of individuals.
Unlike hierarchical relations, social capital presupposes
voluntary interaction of equal subjects. Unlike market

relations, as a result of this interaction, an exchange of
values of an emotional, material or informational nature
occurs on a non-commercial basis.

Hierarchical structures have limited learning ca-
pacity, and market structures do not facilitate the estab-
lishment of trust relationships. Thus, in a knowledge-
based economy, the role and importance of social cap-
ital increases.

Like any type of capital, social capital has an in-
corporated state (in the form of reproducible disposi-
tions and demonstrated abilities), an objectified (mate-
rial) state, and an institutionalized (formalized)
state.[4]. Social capital in its objectified state represents
network (horizontal) connections. In its institutional-
ized state, it represents the reputation and image of eco-
nomic agents.

The theory of industrial districts, clusters, the the-
ory of national and regional innovation systems and the
concept of the “triple helix” note the importance of so-
cial interactions of economic agents in the creation of
innovations.

By developing and using social networks, the or-
ganization develops the ability to absorb knowledge,
which allows it to quickly obtain new knowledge from
universities and other research institutes. Innovative
companies with high knowledge absorption ability are
able to quickly develop innovative products.

Open Innovation and Social capital

Consideration of innovation processes that occur
within the organization and their dependence on social
capital would not be complete without taking into ac-
count inter-organizational interactions. The literature
studying innovation has long focused on how individ-
ual innovators and teams organize their work to invent
and introduce new ideas and products into the produc-
tion process. However, starting with the pioneering
works of S. Freeman and V. Lundvall, the term “na-
tional innovation system” came into scientific use,
where the innovation is presented as a continuous pro-
cess that encompasses stages starting from the birth of
an innovative idea to the diffusion, absorption and use
of innovative products (Freeman, 1987, Freeman,
1995, Lundvall, 1985, Lundvall, 1992). At the same
time, emphasis should be placed on the importance of
interactive learning for innovation, which takes place
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both in the production process and during the sale of
goods and after-sales service to consumers.

A little later, E. von Hippel demonstrated that in-
novations occur at any stage of economic activity and
in various sectors of the economy. Accordingly, pro-
ducers, suppliers, end users, and even competitors can
serve as sources of innovation (Hippel, 1988). The im-
portance of the interaction of various economic agents
and organizations in the innovation process was em-
phasized in the works, in particular, (Brown and Eisen-
hardt, 1995), (Szulanski, 1996), (Baum, Calabrese, and
Silverman, 2000) and others, which served as the theo-
retical basis for the birth of the concept of open innova-
tion (Chesbrough, 2006), affirming the “interactionist”
view of the innovation process.

The model of open innovation assumes that a cer-
tain organization uses knowledge from various sources
to increase its innovative activity and in this way ob-
tains additional value for customers (Maltsev, Sala, and
Buketov, 2022). In other words, the firm does not seek
to generate innovations completely independently, but
tries to use internal and external ideas in an optimal way
in order to be more effective in managing costs and
risks, to accelerate the development of technologies.

The sources of knowledge, as a rule, are suppliers,
research centers, universities, customers, competitors,
companies with additional knowledge offers, which are
united in a network of dense interaction which takes
various organizational forms, including alliances, clus-
ters, and joint projects. It is quite clear that interaction
within such organizational structures requires integra-
tion and coordination, which, in turn, creates the need
to create units with appropriate functions and, as a re-
sult, attract additional resources which can be signifi-
cantly lower under conditions of relative commonality
of socio-cultural values of the participants of interac-
tions and their willingness to cooperate. This actualizes
the importance of social capital to ensure coordination
effect.

As practice shows, the previous interaction of rep-
resentatives of various organizations, which were built
in the field of close scientific contacts and exchange of
professional experience, formed a circle of people with
similar values and served as a basis for agreeing actions
already within the newly created cooperation struc-
tures. Specialists who received education at the same
universities, but worked in different companies, had
more chances to build more effective cooperation in the
field of innovation than representatives of other educa-
tional systems.

Transaction costs are important for the effective-
ness of the open innovation model, including the costs
of conducting negotiations and concluding agreements
with participants in the innovation process, resolving
interfirm conflicts (Slowinski and Sagal, 2010), moni-
toring information provided by partners (Maskell,
2000).

Social capital reduces these transaction costs by
establishing relationships based on trust. When coun-
terparties trust each other, the creation of alliances,
clusters, etc. does not require lengthy negotiations, and
agreements are mostly concluded in the form of im-
plicit contracts. A high level of social capital makes the
situation for partners more transparent and predictable,

which does not require additional costs for checking the
authenticity of counterparties’ statements. All this sig-
nificantly saves the resources of the group, which can
be directed to innovations.

This process is facilitated by the Internet and other
means of communication, which simplify access to in-
formation, save time for searching for partners, and fa-
cilitate interaction that would be very expensive at a
distance. This idea was developed by J. Baum, T. Cal-
abrese, B. Silverman, demonstrating the effectiveness
of Canadian biotech start-ups depending on the creation
of alliances and their integration into a network that
provided access to a variety of information. S.
Ouechtati, K. K. Masmoudi, C. Slim established the re-
lationship between social capital and open innovation,
on the one hand, and the performance of small and me-
dium-sized enterprises in  Tunisia (Ouechtati,
Masmoudi and Slim, 2022). In turn, S. Scott, M.
Hughes and P Hughes found that informal connections
between participants in the innovation process almost
double the size of the network and provide access to
resources.

Therefore, innovations are not created in a vac-
uum, but are the result of the interaction of many par-
ticipants united in sustainable networks which contrib-
ute to innovation by reducing transaction costs, over-
coming cultural and cognitive distance, and promoting
collective learning (Pilipenko, 2013). Accordingly, co-
operation in modern conditions increasingly take on the
characteristics of a network, changing the market struc-
ture and nature of competition which, in the field of in-
novation, takes place mainly between network associa-
tions, while vertical integration is inferior to horizontal
connections.

Implementing innovative activities in compa-
nies

Self-organization, one of the principles of innova-
tive companies, involves the rejection of total control
inherent in traditional hierarchical organizations. At the
same time, delegation of decision-making to the lowest
possible level of the organization occurs.

Self-organization becomes possible only on the
basis of trust in employees and requires maximum use
of capabilities at all levels of the organization. Compa-
nies 3M, HP, Motorola have decentralized decision-
making processes, delegating these powers to the level
of teams and divisions, and also encourage the creation
of small businesses [9]. Changing organizational struc-
tures when implementing the principle of self-organi-
zation helps to increase the openness of the company
and facilitate interaction with the outside world. Tradi-
tional hierarchical structures with clear boundaries be-
tween the organization and the external environment
are being replaced in Western companies by more flex-
ible structures - networks, virtual organizations and al-
liances with much more permeable boundaries.

Thus, social capital plays the role of the most im-
portant resource in the process of implementing inno-
vative activities. Its formation in the regional innova-
tion system presupposes cooperation of enterprises
with universities and other organizations, and also re-
quires the implementation of an appropriate innovation
policy. The innovation policy of the organization


https://www.sciencedirect.com/science/article/pii/S2199853123002202#bib32
https://www.sciencedirect.com/science/article/pii/S2199853123002202#bib9
https://www.sciencedirect.com/science/article/pii/S2199853123002202#bib9
https://www.sciencedirect.com/science/article/pii/S2199853123002202#bib59
https://www.sciencedirect.com/science/article/pii/S2199853123002202#bib5
https://www.sciencedirect.com/science/article/pii/S2199853123002202#bib5
https://www.sciencedirect.com/science/article/pii/S2199853123002202#bib16
https://www.sciencedirect.com/science/article/pii/S2199853123002202#bib41
https://www.sciencedirect.com/science/article/pii/S2199853123002202#bib41
https://www.sciencedirect.com/topics/economics-econometrics-and-finance/organizational-structure
https://www.sciencedirect.com/science/article/pii/S2199853123002202#bib58
https://www.sciencedirect.com/science/article/pii/S2199853123002202#bib42
https://www.sciencedirect.com/science/article/pii/S2199853123002202#bib42
https://www.sciencedirect.com/science/article/pii/S2199853123002202#bib44
https://www.sciencedirect.com/science/article/pii/S2199853123002202#bib44
https://www.sciencedirect.com/science/article/pii/S2199853123002202#bib45

Sciences of Europe # 153, (2024)

38

should be aimed at finding and encouraging social con-
tacts within the framework of intellectual partnership
with representatives of domestic and foreign enter-
prises, with universities and state research institutions.
At the same time, it is necessary to change organiza-
tional structures, increase the degree of their openness
for interaction with the external environment, decen-
tralize decision-making processes, delegate powers to
the team level, manage the ideology and corporate cul-
ture of the organization.

Conclusion

The main advantage of Social Capital for innova-
tion is to be its comprehensiveness, as it addresses
many elements that play an important role in innova-
tions. It not only refers to investment in social networks
or relationships, but also emphasizes the necessary cog-
nitive quality of connections and collective actions to
produce new knowledge and knowledge products. It fo-
cuses on the powerful creativity of the connections and
their collaboration.
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The purpose of the study is the study of credit policy in the Republic of Azerbaijan for the possibility of
increasing the effectiveness of credit investments in the real economy and the direction of its improvement. Meth-
odology of research - such general theoretical methods as analysis and synthesis, deduction and induction, gener-
alization of reference and scientific literature, theoretical modeling, grouping methods and comparisons were used
during the research. Practical significance of research - analysis of export - import operations and the state of trade
turnover in the country. The results of the research - the analysis carried out in the article showed that the market
of goods and services for priority development requires the improvement of non-cash money circulation in the
country. The originality and scientific novelty of the research consists in the development of recommendations for

improving export positions in the Republic of Azerbaijan.
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Introduction

Over one and a half thousand units of agricultural
machinery and equipment were imported through
"Agroleasing” and leased to farmers on preferential
terms. According to the decision taken by the relevant
state commission, in 2022, over one and a half thousand
agricultural producers were allocated subsidies in the
amount of 45 million manat.

During 2023, up to 165,000 meters of collector
and drainage networks, more than 209,000 meters of ir-
rigation canals were built and reconstructed on agricul-
tural lands. Along with this, the construction of the
Shamkir reservoir, the Upper Mil Canal, and the
Takhtakorpyun reservoir was completed. Today, most
of them are already successfully functioning. The
Samur-Absheron Canal was reconstructed.

Cotton growing, sericulture, tobacco growing, and
hazelnut growing also have great potential for export.
The development of this sector will also have a positive
impact on the urbanization process. It will provide em-
ployment to the population in the regions, rural areas,
and improve the standard of living of people.

Over the past 5-6 years, the government has been
implementing a number of measures aimed at develop-
ing tourism. The government is quite clearly aware that
this requires the adoption of a set of measures to im-
prove the activities of companies operating in this sec-
tor, which, in turn, requires a high level of services pro-
vided and professionalism of the workforce.

In order to develop tourism, it is necessary to stim-
ulate tourism activities in the regions in this area,
strengthen information and propaganda work corre-
sponding to the priority development of tourist routes,
which will contribute to successful development in the
post-pandemic period. It is also necessary to take into
account that in the post-pandemic period in 2020, the
protection of socially sensitive groups of the population
was strengthened (increase in pensions and social ben-
efits, targeted social assistance, monthly food benefits
for internally displaced persons, etc.), and the salaries

of workers in healthcare, culture, sports, science and the
agricultural sector increased by 10%. All this required
diversification of the national economy, which was also
shown in 2017, when significant reforms were carried
out, the goals of which were the modernization and di-
versification of the national economy through the pre-
vailing development of the non-oil sector, improve-
ment of the market mechanism, state support for entre-
preneurship and private business.

The strategic roadmap has ensured and will ensure
the growth of competitiveness of domestic production.
Responding to global challenges and as a result of at-
tracting investments, developing a free business envi-
ronment, entering markets and human capital, Azerbai-
jan has shown itself on the world pedestal as a country
that has entered the group of high-income countries.
For this purpose, four strategic goals were selected
within the framework of the national economic pro-
spects. As a result of the implementation of these goals
and strategic roadmaps for 11 sectors, sustainable de-
velopment has become a priority by ensuring a balance
between the real and financial sectors. In this regard, it
should be noted that the goal of ensuring fiscal sustain-
ability has been achieved in Azerbaijan, and the mone-
tary policy is based on the floating exchange rate re-
gime. Putting fiscal and monetary policies in order en-
sured macroeconomic stability. The second goal in the
national economic prospects was to increase the ration-
ality of the activities of legal entities, controlling stakes
and ensuring the dynamism of the economy through
privatization. The third goal is related to the develop-
ment of human capital. Finally, the fourth goal implied
an even greater improvement of the business environ-
ment in the future.

The most clearly visible data can be found in the
data of the State Committee of Azerbaijan for 2023 on
exports and imports, which is an economic model suit-
able for Azerbaijan, i.e. an export-oriented model (Ta-
ble 1).
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Table 1.
Major export countries
Name of countries Thousand US Dollars Compared to t;)lfzzl/oexport volume,
Total 33,898,554.9 100.0
Including:

Italy 1,520,8067.6 449
Turkey 5,359,328.1 15.8
Russia 1,196,411.3 3.5
Greece 1,363,448.3 4.0
Croatia 590,440.5 1.7
Georgia 759,444.5 2.2
China 78,739.1 0.2
India 1,234,731.0 3.6
Israel 1,401,607.3 4.1
Spain 785,367.8 2.3
Ukraine 118,645.8 0.4
Portugal 299,628.3 0.9
Germany 907,923.0 2.7
Czech Republic 6,84,215.5 2.0
Great Britain 447.910.5 1.3
Bulgaria 481,926.3 1.4
France 1,33,219.5 0.4
Romania 604,469.4 1.8
Vietnam 345,757.1 1.0
Other countries 1,897,274.0 5.6

Source: Statistical Indicators of the Republic of Azerbaijan-2023

Main import countries

Table 2.

Name of countries Thousand US Dollars Compared to to.tal)export vol-
ume, in %
Total 17285344.7 100.0
Including
Russia 3162328.9 18.3
Turkey 2291271.4 13.3
China 3022810.5 17.5
USA 888168.9 5.1
Germany 916421.2 53
France 403052.0 2.3
Ukraine 235128.8 1.4
Italy 477904.0 2.8
Great Britain 342873.7 2.0
Iran 473087.3 2.7
Japan 435287.7 2.5
Korea 428091.1 2.5
India 200771.5 1.2
Spain 103138.4 0.6
Kazakhstan 215638.8 1.2
Other countries 3689370.5 21.3

Source: Statistical indicators of the Republic of Azerbaijan-2023

Additionally, Azerbaijan offers great opportuni-
ties for foreign investors, having made significant in-

vestments in the development and enhancement of in-
frastructure, increasing transit capabilities, and improv-

ing the business environment.
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Diagram 1. Structure of credit investments by credit institutions, in % (01.01.2024)

Increasing the investment attractiveness of Azer-
baijan for foreign investors involves simplifying busi-
ness visas. It is necessary to continue reforming the cus-
toms system and encouraging the practice of foreign
companies to attract labor resources. In addition, the
transition to electronic document flow is currently be-
ing actively implemented. Thus, entrepreneurs will
need only two documents to carry out export-import
operations. As a result of reforms aimed at liberalizing
export-import operations, since January 1, 2009, the
"single window" principle has been applied when
checking goods and vehicles passing through the bor-
der, and with the application of the new Customs Code,
administrative procedures related to a number of ex-
port-import operations have been simplified once
again. It should also be taken into account that along
with improving conditions for foreign entities, it is nec-
essary to protect the domestic market as much as pos-
sible, that is, by increasing customs duties, reduce im-
ports of products and increase sales of local products
with low cost.

Thus, a set of measures, ranging from supporting
the production of products oriented towards export to
directly simplifying the procedures for their sale, will
become the foundation for the implementation of plans
to diversify the economy of the republic.

We believe it is necessary to study the issues re-
lated to the theory of supply and demand when studying
the causes of economic crises. The main ones, in our
opinion, are the problems of correctly determining the
level of taxation. Tax rates are directly related to the
level of production and its absolute volume. Unreason-
ably high tax rates practically do not stimulate produc-
tion growth due to the lack of the ability to pay them.
In some cases, production is suspended, in others, the
profile of work is changed to such an activity where tax
rates are relatively low, and in the third, an opportunity
is found to switch to illegal working conditions.

Tax rates can be increased until the achieved level
becomes an obstacle to production and tax revenues to
the treasury. The optimal level of tax rates should be
determined by the government of each country depend-
ing on the current economic situation. As a rule, an un-
justified increase in tax rates gives the opposite effect.
Studying this dependence, the American economist Ar-
thur B. Laffer was the first to construct a graphical

model, where he theoretically substantiated the optimal
point of tax rates. This curve has since gained sufficient
popularity among economists involved in both taxation
and economic development issues.

However, J. Keynes also pointed out that in order
to get the economy out of such a situation, mandatory
government intervention is necessary, mainly with the
help of fiscal and monetary levers.

In his opinion, the government should actively in-
terfere in the processes with the help of specially devel-
oped programs that provide not only for the aggregate
volume of money supply and money demand, but also
include such parameters as the minimum wage, price,
and interest rate. International financial institutions
have been guided by these provisions for a long period
of time to stabilize the economies of developing coun-
tries. However, as already noted, in the early seventies,
when other processes were taking place in the world
economy that did not fall under Keynesian definitions,
economists began to study in more detail the causes of
sharp fluctuations in the economy. Thus, after many
decades of dominance of Keynes's theories, alternative
ideas have emerged that make it possible to more accu-
rately determine the causes of fluctuations in the world
economy. Unlike Keynes, the supporters of the new
idea believed that the market itself is self-regulating,
that is, they returned to the definitions of Adam Smith.
In their opinion, strong government intervention in the
economy ultimately does not provide an opportunity
for its normal development.

There are two main ways to solve such issues. The
first is the Keynesian method, and the second is the
monetaristic approach.

The option proposed by Keynesians to prevent
high inflation or hyperinflation mainly involves cutting
government spending and revising tax policy. At the
same time, it is also considered acceptable to control
wages, prices, and the interest rate on bank loans. In
addition, Keynesians note the special role of the vol-
ume of money supply. Unlike Keynesians, monetarists
are more specific. To resolve this problem, they pro-
pose only to limit the volume of money supply. If we
approach the analysis of the high inflation caused by
the high level in more detail, we can see that both op-
tions propose to reduce the volume of money supply.
The only difference is that in some sentences this is
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done in a more its expanded form, and in others - more
specifically.

Mpopaxku

y

1151; 27%

3178; 73%

Cash in circulation3178

M Bank reserves H

EKs. 4

Diagram 2. Amount of cash and non-cash money turnover for 2023.

As we can see from diagram 2, the amount of cash
in circulation exceeds bank reserves. That is, the release
of cash into circulation in national currency should be
reduced to a minimum, so the share of the money sup-
ply in relation to GDP will sharply decrease and the
economy will be demonetized, which will necessarily
affect the level of production and effective demand.

Thus, by maximally reducing or eliminating indi-
vidual budget expenditures, as well as practically sus-
pending bank lending and tightening control over the

release of cash into circulation, the intended goals will
be achieved. All these measures will ultimately make it
possible to sharply reduce the amount of cash in circu-
lation, which will reduce the need for hard currency at
all levels - thereby creating the possibility of regulating
the level of inflation as a whole with a significant, as a
rule, decline in production.

Table 3.
Major countries of trade turnover
Name of countries Thousand US Dollars Relative to trade turnover in %
Total 51183899.6 100.0
Including

Italy 15685971.6 3.1
Turkey 7650599.5 1.5
Russia 4358740.2 8.5
Greece 1395789.9 2.7
Croatia 595225.6 1.2
Georgia 885826.1 1.7
China 3101549.6 6.1
India 333991.0 0.6
Israel 1443519.7 2.8
Iran 487394.7 0.9
Spain 888506.2 1.7
France 536271.5 1.0
Ukraine 353774.6 0.7
Portugal 313361.8 0.6
Germany 1824344.2 3.6
Czech Republic 767269.6 1.5
Great Britain 790784.2 1.5
Bulgaria 510930.7 1.0
Romania 670128.3 1.3
Vietnam 482093.3 0.9
USA 904180.3 1.8
Belarus 356589.4 0.7
Turkmenistan 773908.1 1.5
Other countries 6073149.5 11.9

Source: Statistical indicators of the Republic of Azerbaijan
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It should be noted that an equally important object
of macroeconomic research is the country's foreign
economic activity. For example, the country's trade bal-
ance, which in turn indicates the state of the economy
of each country. As we can see from the table, a positive
balance indicates an excess of exports over imports,
which creates a positive dynamic for the country's de-
velopment. The reform of the financial sector began in
1992, when a two-tier banking system was introduced.

The procedure for allocating loans was determined
in accordance with the annual credit plan, which was
approved by parliament. The Central Bank did not con-
trol foreign exchange reserves, which were mainly al-
located through the foreign exchange budget for state
needs, including national security and defense. Differ-
entiated requirements for the mandatory sale of foreign
currency at rates below the market rate led to the for-
mation of multiple exchange rates. Only in January
1994, the manat, the national currency of Azerbaijan,
became the only legal tender in the country, which pro-
vided a certain autonomy to the monetary and credit

regulation authorities. In the current economic situa-
tion, characterized by systemic changes and external
shocks, the pursued financial policy did not meet the
objectives of stabilizing the economy. Due to the de-
crease in the level of state revenues, the budget situa-
tion deteriorated sharply. This occurred, first of all, as
a result of the reduction in production volume and the
increase in the role of the informal sector in the econ-
omy.
However, the highest productivity growth in 2023
was observed in the information and communications
sector - by 6.6%, to 1.724 billion manats. The share of
the non-oil sector in the country's GDP was 62.6%.
Non-oil exports grew by a record 10.5%, while total ex-
ports decreased by 33.7% compared to 2022. Official
inflation in the country was observed at the level of
5.4%. During the year, the manat remained stable
against the dollar, but devalued by twelve percent
against the euro. As a result, according to the results of
the year, GDP per capita amounted to 12114.5 manats.
According to forecasts, GDP growth in 2024 will be
4.7%. In 2023 - 1.1%, in 2022 - 4.6%, in 2021 - 5.6%.

Table 4.
Main indicators of the state budget of the Republic of Azerbaijan

Budget rev- Budget ex- Budget defi-

Years enues. mil- Share of penditures, Share of cit(-) Sur- Share of
. > GDP, in % million GDP, in % plus(+) mil- GDP, in %
lion manat .
manat lion manat

2012 17281,6 32,0 17105,6 31,7 176,0 0,3
2015 17153,2 31,6 17786,8 32,7 -633,6 -1,2
2017 16446.,9 23,5 17588,4 25,1 -1141,5 -1,6
2018 22411,2 28,1 22718,9 28,5 -307,7 -0.4
2019 24199.,6 29,6 24404,8 59,9 -205,2 -0,3
2020 24681,7 34,1 26416,3 36,5 -1734,6 -2,4
2021 26396,3 28,3 27422 4 294 -1026,1 -1,1
2022 30679,6 22,9 32064,6 23,9 -1385,0 -1,0
2023 352364 28,6 364580 29,6 -1221,6 -1,0

Source: Statistical indicators of the Republic of Azerbaijan-2023

As shown in Table 4, it is evident that expendi-
tures grow in line with budget revenues, but despite the
state budget deficit, it still does not exceed 3% of GDP.
The budget system of Azerbaijan is the most important
link in the republic’s financial system. It includes the
republican budget and local budgets. Local budgets are
divided into city, village and town budgets. City budg-
ets, in turn, consist of city budgets, city district budgets,
village and town subordination budgets. The tasks per-
formed with the help of the budget provide grounds for
defining the essence of the budget. Without going into
detail about the polemics about the essence, functions
and principles of budget construction, we nevertheless
believe it is necessary to define the initial theoretical
positions on these concepts, which have been contro-
versial to date. For the most effective management of
the budget process, it is of fundamental importance
how the term “budget” itself is defined. In most cases,
this concept is limited to estimates related to annual al-
locations of funds by the relevant legislative body.
Such a concept, however, can cover only a small share
of all budget and tax operations. As has already been
said above, the volume of long-term loans to the econ-

omy, which are the basis for its development, contrib-
uted to the smooth operation of financial and economic
structures. For example, deliberate stimulation of issu-
ing short-term trade loans led to the fact that most pri-
vate enterprises began to closely engage in the export
of various consumer (mainly food) goods. Naturally,
here certain interests of enterprises engaged in the ex-
port of goods to the country were stimulated by max-
imizing profits compared to production.
CONCLUSION

The very emergence of a deficit is evidence of a
shortage of budget revenues to cover existing govern-
ment expenditures. It should be noted that the main
thing is that the definition of all sources of income re-
mains unbalanced, and what is no less important, what
part of the expenses can be considered quite justified.
The availability of alternative sources for covering the
resulting deficit is also of no small importance. After
all, in principle, the budget deficit can be covered by
not one, but several sources, including such an infla-
tionary source as a loan from the Central Bank. Deter-
mining the most acceptable option for covering the
budget deficit can only take place if the government has
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a financial and budgetary policy that is justified for the
given stage of economic development.
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In the article, the explanation of regional tourism is clearly explained, and it is justified that the aspect of
safety is the main indicator in regional tourism. It is emphasized that tourism is a multifaceted and complex phe-
nomenon, in which many fields of science, such as economics, business, politics, sociology, etc., are closely in-
terested. In recent years, it is a rapidly developing and profitable field not only in our country, in the region, but
even in the whole world. Tourism, as a strong factor of the economy, an effective social institution, and as an
indicator of public welfare and culture in society, helps to raise the standard of living and spiritual enrichment of
a person. It is the priority direction of the economy in the autonomous republic with high tourism potential. Also,
the main directions of the mechanisms driving the development of tourism in the region were shown and the
conditions of development were analyzed in detail. The problems of creating a regional brand have been investi-

gated.

Keywords: tourism, regional tourism, development and stimulation of tourism, security, tourist activity.

Introduction. In recent years, one of the most dy-
namic, rapidly growing, and profitable sectors of the
economy has been tourism. This industry is advancing
at a high pace and, unlike other sectors, is less affected
by economic crises. Tourism, which serves as the eco-
nomic foundation for many countries, including devel-
oped nations, significantly contributes to the state
budget. Nature endows some regions with underground
and surface resources, and others with rich flora and
fauna. However, in certain areas, a wealth of historical
traditions, numerous cultural artifacts, diverse climate
types, and natural settings have led to the formation of
a vast tourism potential in these ancient lands. Beautiful
nature, clean air, favorable geography, and boundless
mountains and valleys have prompted Azerbaijan to
designate the development of national tourism as a pri-
ority in the non-oil sector of its economy.

Initiatives undertaken to promote tourism, along-
side state programs and improvements in the regulatory
and legal framework, affirm this priority. At the na-
tional and regional levels, tourism plays a strategically
significant role in social policy [1, p. 27-34].

Overall, the tourism sector connects with over 30
other industries, accounting for 8% of global exports
and 31% of the world’s service market, and employs
more than 100 million people, representing one in
every ten jobs worldwide. Today, tourism is one of the
most profitable and dynamic sectors globally. Approx-
imately 10% of global GDP, investments, job creation,
and consumer expenditures are attributed to tourism.
According to the latest edition of the International
Tourism Barometer by UNWTO (World Tourism Or-
ganization), global tourist arrivals in 2023 reached
1.286 hillion, almost matching pre-COVID-19 levels
from 2019 [7].

Theoretical Aspects of Regional Tourism. Re-
gional tourism fulfills the need for rest and revitaliza-
tion, allowing individuals in continuous and monoto-
nous work to return refreshed to their jobs,
while also generating income and creating employ-
ment. To address the worsening income disparity be-
tween countries and regions due to globalization, tour-
ism’s income-generating and employment-creating

characteristics can be leveraged. Through its geo-eco-
nomic assets, socio-cultural values, and unique services
rooted in non-exportable values, tourism brings foreign
currency to regions. A key feature of tourism is its
heavy reliance on natural, climatic, historical, folkloric,
and cultural values, as these form the fundamental com-
ponents of the industry. When natural beauty and cul-
tural assets are marketed effectively and responsibly,
they provide invaluable revenue streams that positively
impact economic stability in countries and regions[2, p
15-19]. Tourism has gained increasing significance in
the global economy as a major sector that directly or
indirectly influences people’s physical, social, and psy-
chological needs. Although the primary reason for
countries' interest in tourism is economic, another key
reason is its contribution to improved social welfare.
Tourism represents a general social quality and, due to
this characteristic, is a multifaceted phenomenon in-
volving economics, business, politics, sociology, and
more. While various definitions of tourism exist, a
common understanding is that tourism includes travel
and temporary accommodation outside one’s perma-
nent residence to meet needs for vacation, rest, enter-
tainment, culture, and similar activities[3, p. 15-19].
Regional tourism is not merely an economic event but
also a sector that impacts society, thus possessing so-
cial, political, and ecological dimensions. Accordingly,
when assessing tourism's effects, not only its material
and economic outcomes, such as revenue generation
and currency inflow, but also its social and cultural re-
flections should be considered.

Methodology. The economic effects of regional
tourism on local development are explained as follows:

1. Employment generated by regional tourism re-
duces unemployment in rural areas.

2. Tourism increases the inadequate and unstable
income of rural populations engaged in agriculture, im-
proving their welfare levels.

3. The development of tourism in rural areas pro-
vides employment opportunities for women in various
tourism establishments, promoting active participation
in the workforce and reducing unemployment.
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4. The advancement of regional tourism markets
cultural assets, generating additional income for local
people and contributing to reduced income inequality.

5. Efficient use of local resources in rural areas
promotes economic diversification and strengthens lo-
cal cooperation and development demands.

6. The growth of regional tourism brings addi-
tional income through family entrepreneurship for local
communities.

7. Tourism investments in rural areas boost the in-
come of sub-sectors and the construction sector.

8. The gap in development levels between urban
and rural areas diminishes.

9. Infrastructure problems in the region are allevi-
ated with the development of regional tourism [4, p.
349].

A distinctive feature of the regional tourism sector
is that it belongs to the service sector, relying heavily
on labor. No other sector of the economy is as directly
connected to people as tourism. While personal activi-
ties generate tourism demand, human elements consti-
tute the most crucial factors in responding to this de-
mand. Tourism’s labor-intensive nature suggests that
the sector can significantly contribute to job creation in
the region, facilitating employment for the nation’s
population and playing an essential role in alleviating
unemployment [5, p. 87-96].

Development of Tourism in the Nakhchivan
Autonomous Republic. Nakhchivan’s favorable geo-
graphical position, diverse climatic zones, rich cultural
heritage, natural therapeutic centers, over 200 mineral
springs, unique cuisine, hospitality traditions, and mod-
ern advancements are the primary factors supporting
tourism development in the autonomous republic. Spe-
cially protected natural areas, including Zangezur Na-
tional Park, the Araz River, Ordubad, and Arpachay
Nature Reserves, cover 28% of Nakhchivan’s territory
[6, p. 626-640]. During the autonomy years, comforta-
ble asphalt roads, water lines, modern infrastructure,
uninterrupted gas, electricity, communication services,
and high-speed internet were established even in the
most remote mountain villages.

Rural tourism has been developed in many settle-
ments such as Bichanak, Kuku, Aghbulag, Nursu,
Kechili, Khanagah, and Dirnis. Tourists visiting these
areas can also enjoy a wide range of pure ecological
products. Winter tourism has also grown in the autono-
mous republic, with the ghbulag Ski Center now oper-
ational. As one of the oldest settlements and a region
rich in history, Nakhchivan attracts tourists with its cul-
tural and historical heritage. Nakhchivan has great po-
tential for religious tourism, with the Ashabi-Kahf pil-
grimage site attracting Muslim visitors from both Azer-
baijan and worldwide since independence. The tomb of
Prophet Noah is also a notable religious tourism site
[71.

Tourism Development Indicators in Na-
khchivan. From 2006 to 2023, the number of hotels
and hotel-type establishments in the country increased

1.5 times, reaching 657, and revenues from these facil-
ities rose 2.37 times. During this period, the number of
employees in Nakhchivan’s hotels and similar estab-
lishments grew to 332, a 1.6-fold increase[9].

Tax Incentives for Tourism Development. Tax
legislation has been amended, and various incentives
have been introduced to support entrepreneurship, in-
cluding those in the tourism sector. With changes to the
Tax Code aimed at promoting regional tourism and re-
ducing fixed tax costs, tax incentives for tourism enter-
prises, such as hotels and sanatoriums, have been estab-
lished[8]. Effective January 1, 2024, property tax on
real estate used in hotel, hotel, and sanatorium activities
will be reduced by 75% for three years, excluding the
cities of Baku, Sumgait, Khirdalan, and the Absheron
district [10].

Conclusion. The study and expansion of tourism
resources, providing essential services for tourist lei-
sure, meeting visitor demands, expanding the range of
excursions and other cultural activities, aligning with
modern standards, studying and sustainably utilizing
sanatorium-resort resources, expanding the construc-
tion of hotels and other tourism facilities, increasing
tourism routes, and developing cultural, ecological, ru-
ral green, and recreational tourism underscore the high
potential for regional tourism development in the Na-
khchivan Autonomous Republic.
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AHOTALIA

denomen Peitno — (DP) 1ie BU3HaueHHUH KITIHIYHUI CHHIPOM, MOUIMPEHICTh SKOTO CTaHOBUTH 3—5% 3ara-
JIbHOT NOMYJIALLT, 13 BUIIOI0 YaCTOTO Y XOJOJAHUX KIIIMAaTHUHUX 30HaX. BiH XxapakTepu3yeThcsi HOBTOPIOBAHUMHU
erni301aMH Ba30Cna3My NajibliiB, BUKIIMKAHOTO XOJIOJIOM, XIMIYHMMH 200 emoliiHiuMu Tpurepamu. OP kinacudi-
KYyIOTh SIK TIEPBUHHHH, SIKIIO BiH MPOSIBIISETHCS 1301b0BaHO, 200 BTOPUHHMH, SKIIO BiH 1OB’3aHUH i3 OCHOBHUM
3aXBOPIOBaHHSM, FOJIOBHUM YMHOM 13 3aXBOPIOBAHHSM CIIOJTYYHOI TKaHWHH. B 000X BUMaKax BOHA ITPOSIBISETHCS
CBOEPITHUMHE «HOTPiHHUMID (OMiTICTIO, MIaHO30M i epUTEMOI0) a00 «IOABIHHIMIY 3MiHaMHU Koikopy. [lepBuH-
Huii OP 3a3BMuail € JOOPOSKICHUM CTAaHOM, TOJI SIK BTOPHHHHUM MOXKE PO3BHBATHCS Ta YCKIIAJIHIOBATHCS Hajblie-
BUMH BHpa3KaMH Ta TAaHTPEHOIO, 110 MOKE BUMAraTH XipypriqHOro JIiKyBaHHS.

Xoua narorene3 ®P 3anuimaeTbest N0 KiHIS HE 3’sicOBaHMM, (peHOMEH PeifHO 3ycTpidaeTbest i B JUTIIOMY
Billi, 0COOJIMBO y MiATITKIB, /1 10r0 HAsIBHICTH MOXE CBITYUTH IIPO PH3HK PO3BUTKY ayTOIMYHHHX 3aXBOPIOBAHb
CIIOJIyYHOI TKaHUHH.

Hiarsoctuka ®@P Biirouae perenbHuUil 30ip aHaMHE3Y, (i3SUKAIBHUN OIS, a TAKOX KaiJIsPOCKOIIIO HIrTiB,
II0 JO3BOJISIE OI[IHUTH MiKPOLMPKYJIITOPHI 3MiHH 1 Toriomarae BiapizHutu @P Bix iHITNX Ba30MOTOPHUX PO3JIa/IiB
(HampukIaj, akpoIiaHo3, epHionaTisi, HelponaTis IpiOHUX BOJOKOH i3 Ba30OMOTOPHUMH CHUMIITOMaMH Ta KOM-
TUIEKCHUH perioHanbHui 0071p0BUil CHHIPOM). Y AiTel HEOOXiqHICTh IIarHOCTUKY BH3HAYAETHCS PETEIHHOIO OIli-
HKOI0, 30KpeMa y pa3i BUPRKEHUX YM TPUBAINX CUMITOMIB, OCKUIBKHU ITEPBUHHA JIIarHOCTHKA PeliHo B quTsiaoMy
Billl MOXe€ JOIIOMOTTH BUSIBUTH MOTEHIII{HI pU3UKH PO3BUTKY 3aXBOPIOBAaHb CIOJyYHOT TKaHUHU. He3anexHo Big
eTioJIorii, JIIKyBaHHs BKIIIOYAE 3irpiBaHHS 3 YHUKHEHHSIM TPUTEPIB 1 pO3IIIsiA NPU3HAYCHHS Ba30IMIIATaTOPIB (Ha-
NPUKJIAJ, KalblIi€BUX KaHAIIB, anbga-1 6mokatopiB). Bropunauit ®P 3 Bupas3koio nansiiB Moxe HOTpeOyBaTH
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PDEDSi, GiiokatopiB penenTopis eHaoTeaiHy-1 Ta npocranoigis. IIpu pedpakTepHUX BUIAIKaX MOKYTh POBOJIU-
THCh IHTEPBEHIIii, TaKi K MHEBMATUYHI apTepialbHi HACOCH, BBEACHHS OOTYJIHIYHOTO TOKCHHY a00 XipypridyHa
CHUMTIATEKTOMIsl.

ABSTRACT

Raynaud's phenomenon is a well- defined clinical syndrome with a prevalence of 3-5% of the total population,
with a higher frequency in cold climatic zones. It is characterized by recurrent episodes of cold-induced finger
vasospasm, chemical or emotional triggers. FR is classified as primary if it manifests itself in isolation, or second-
ary if it is associated with an underlying disease, mainly connective tissue disease. In both cases, it manifests itself
as a kind of "triple” (pallor, cyanosis and erythema) or "double™ color changes. Primary RF is usually a benign
condition, while secondary can develop and be complicated by finger ulcers and gangrene, which may require
surgical treatment. Although the pathogenesis of FR remains not fully understood, Raynaud's phenomenon occurs
in childhood, especially in adolescents, where its presence may indicate the risk of developing autoimmune con-
nective tissue diseases.

Diagnosis of FR includes careful history collection, physical examination, as well as nail capillaroscopy,
which allows to evaluate microcirculatory changes and helps to distinguish FR from other vasomotor disorders
(for example, acrocyanosis, perniopathy, neuropathy of small fibers with vasomotor symptoms and complex re-
gional pain syndrome). In children, the need for diagnosis is determined by a thorough assessment, in particular
in the case of severe or prolonged symptoms, since the primary diagnosis of Raynaud's in childhood can help
identify potential risks of developing connective tissue diseases. Regardless of etiology, treatment includes warm-
ing with avoidance of triggers and consideration of vasodilator prescribing (e.g., calcium channels, alpha-1 block-
ers). Secondary FR with finger ulcers may require PDES5i, endothelin-1 receptor blockers, and prostanoids. In
refractory cases, interventions such as pneumatic arterial pumps, botulinum toxin administration, or surgical sym-

pathectomy may be performed.

Kurouosi ciioBa: ®enomen PeiiHo, miamiTKOBHH BiK, NIaTHOCTHKA, ONTUTYBAHHS, CTATUCTHKA, Ty TIUBICTh Ta

cnenn(igHICTS.

Keywords: Raynaud's phenomenon, adolescence, diagnostics, survey, statistics, sensitivity and specificity.

IHocTanoBKka mpoOJemMu.

BereratuBna nepBoBa cuctema (BHC) xonTtpo-
o€ Qizionoriuni GpyHKUii B OpraHi3Mi, ki He nepely-
BAIOTh MiJ] PSIMUM JOBUILHHM KOHTPOJIEM 1 3a3BHYaii
KOHTPOJIFOETHCS HE CBiZIOMO. MillICHSIMH BEreTaTHBHOT
HEpPBOBOI CUCTEMH € TeMIIepaTypa Tijia, 4acToTa ceplie-
BUX CKOPOYEHb, AWXAHHS, BUIIOPOXKHEHHS Ta TPaB-
JICHHSI, CeKCyalbHe 30y DKEHHS, CHAOKPUHHA (QyHKIIIs,
PETyJIALis apTepialIbHOTO THCKY Ta TOHYC CY/WH.

3axBOPIOBaHHS Ta NPOOJIEMH 3 PETYIIALIEI0 Bere-
TaTHBHOI HEPBOBOI CHCTEMH HAa3MBAIOThCS BETETATHB-
HOIO JICTOHIE0, 1 BOHM MOXYTh BIUIMBAaTH HAa Oarato
pisaux ¢ynkuiii BHC, Brimodaroun TOHyC CyAuH Ta
kpoB'ssHuil THcK [1]. BereraruBHo-cynuHHO-TpOGIUHI
MOPYILIEHHS 13 CYJMHOPYXOBHMH PO3JaJaMH B JUCTA-
JBHUX BIIIIAX PYyK 1 HIr, pianie — Ha o0ianuyi 00’ ex-
HYIOTh y 3arajibHy IaToJIOTil0 — aHTi0TPO(GOHEBPO3H.
Hatitqacrime B rpymi aHTioTpO(OHEBPO3iB TPAILIAETHCS
(henomeH (curapom) Peitro.

Mopic PeitHo Biepire oxapakTepru3yBas IIe 3aXBO-
pIOBaHHS y cBOiil amceprarii 1862 poky, BBaKaro4H,
1110 CHMIITOMH HOT'O MALIIEHTIB € HACIIAKOM AEPEryJbo-
BAHOTO 3BYXXEHHSI IIPEKAIUIIPHUX apTepio, BUKIHUKa-
HOTO TilepaKTHBHUM HEBPOJIOTIYHUM pedurekcom [2].
[Miznime T.JIroic (T. Lewis) BU3HA4YMB JBa BapiaHTH
JUISl BCTAaHOBJICHHST JOPMU 3aXBOPIOBAHHS: IEPBUHHUI
curzpom Peitro (xBopoba PeitHo) Ta BTOpHHHMNA CHH-
npoM Peiino [3]. Ha kondepenii (2011), sixka 6yna op-
TaHi30BaHa BiUIIIOM CyIuHHOI MenuiiuHu KopomiBch-
KOT0 MEIWYHOTO TOBAapHCTBa, OyJO PEKOMEHIOBAHO
BUKOPHCTOBYBaTH TepMiH «peHoMeH PeitHo» 3amicTh
«cunapoM PeitHo» 1 «xBopoOa PeitHo» uepes BincyT-
HICTh KOHCEHCYCY cepejl CrewialicTiB [4].

®enomen Peiino (OP)— nie narosoris 3 mopymieH-
HAMH TepuQepruaHoi IUPKYIIALii KPOBI BHACIIIOK JO-
KaJbHOI apTepianbHOi Ba30KOHCTPHKINI, PO3BUTKOM

TPOQIYHKUX MOPYIIEHb y PE3yJIbTaTi MOPYLIEHHs Kpo-
BOIIOCTa4YaHHs BIJNOBIHUX OpraHiB Ta cucreM. Haii-
YacTile Ipy HbOMY ypaKaroThCs CyAMHH NajbLiB PYK,
HIT, mia00piazs, ry0, si3uKa, BYIIIHUX PAKOBUH, COCKIB,
KiHYMKa HOCA.

®OP € emi3oMYHOI0 PEAKIN€I0 HA X001 a00 eMo-
LifHWI cTpec, M0 BUKIMKAE 3MiHH KOJBOPY Ta CYITyTHI
CHMIITOMH, TakKl K OHIMIHHS, OUIb 1 ITOKOJIOBAHHS B
kinniBkax. @eHomeH PeifHO € mommpeHNM 3aXBOpIO-
BaHHSAM, 1 XO4a BOHO 3a3BHYail HE 3arpoXKye€ >KUTTIO,
HOT0 CHMIITOMH MOXYTh OYTH iHBaNiAH3YIOYNMH [5,7].
[epunnuii cuanpom OP BuHIKae BHACTIAOK (QYHKITI-
OHAJILHUX 3MIH Y KPOBOHOCHHX CY/AMHAaX 1 HE MPHU3BO-
JUThH 10 HE3BOPOTHOTO YINKO/KCHHS TKaHUH, 1 Marfie-
HTH € cepoHeraTuBHUMH 11010 ANA [6]. BropunHamii
cuHApoM PeitHO (HampuKial, BHACTIOK CHCTEMHOTO
CKJIEpO3Yy Ta 3aXBOPIOBaHb CHCTEMHOI CKJIEpOJepMii)
MOJK€ ITPU3BECTH /10 BTPATH TKAHWH, TPOPIYHUX BHPaA-
30K i CyXOi TaHTPEHH KiHITIBOK.

HesanexxHo BiJ MiATHITY, XapaKTEPHOIO 03HAKOIO
OP € imeMis maneIiB y BiIMOBIIs HAa XOJOM, IO BU-
KITUKA€ XapaKTepHUH «Tpu(a3HUiD KOTIPHUH Malko-
HOK, (OnimicTh, miaHo3, pyOop), a TakoXK OHIMIHHS Ta
HaOpsik. CrHoYaTtky AMUCTAIbHI MOAYIICYKH MajbIliB
CTalOTh OiuMu ab0 OUTIIOTH Yepe3 3BYKEHHSI KPOBO-
TOKY; TIOTIM CTAalOTh CHHIMH, IIO € O3HAKOI TilMOKCii
TKaHWH; 1, HAPEIITi, YePBOHUH, TaK K TKAHUHA perep-
¢dy3yetses [8]. UiTko BigMeKOBaHI 3MiHH KOIBOPY Je-
SIKI BBAXKAalOTh Ba)KIMBOIO MIarHOCTHYHOKIO O3HAKOIO
@P, ane Ge3 Oe3mocepeHHOTO CIIOCTEPEIKEHHS 3a Ha-
MaIoM MOKe OYTH Ba)XKO OLIHUTH IO 03HaKy [9,10].

OP niarHOCTYETHCS 32 €IMHAM KOJIOM Yy M>KHapO-
nHii knacudikanii xeopo6 (MKX-10 173.0) y IX Kunaci
«XBOpOOHM cHCTEMHU KPOBOOOIry», 0510k «XBOpoOH ap-
Tepi, apTepion Ta kamiyspis» [11].
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[TaTodizionoris He WITKOM 3po3yMifa, i, MaOyTh,
®deHoMeH PeitHo ¢ po3risgaT ik MyJIbTHQAKTOpPi-
aJbHWHA CTaH. BBakaeThCs, MO0 MPUUYUHOIO HAJIMIpPHO
BHPaXCHOTO Ba30CHa3My € AUCOaTaHC MiXK Ba3oIuiia-
TaToOpaMH Ta Ba30KOHCTPUKTOPAMHU BHACIIIOK IMOPY-
IICHHS IIEHTPAJIbHUX Ta JIOKAJIbHUX MEXaHI3MIB pery-
JsI0ii CyJUHHOTO TOHYCY. JlesiKy poJb BiirparoTh ¢e-
HOTHUIIYHI 3MIiHM CYJUHHUX CHAOTEIIalbHUX KIITHH,
3MIHM PEOJIOTIYHUX MapaMeTpiB y CyIMHAX, a TaKOK
LUPKYJTIOI0YMX YMHHHKIB, SIKI MOTIPIIYIOTH KPOBOTIK
[12,13]. HemozmaBHi KOCTiKEHAS CBiAYATh, PO HAsIB-
HICTh WIMOBIpHHUX TeHiB, IO 30UIBIIYIOTH PU3UK (heHO-
MeHy PeiiHo [14]. Bimomo, mo npu 0X0N0oMKeHHI M-
BUIIYETHCS MPOTYKIIisI KHCHEBUX PaIUKaliB, SKi aKTH-
ByIoTh Rho-kiHa3y, 0 BUKJIMKA€E TPAaHCIOKAIIO Ha
KIITHHHY MeMOpaHy 02c-alpeHOPEIenTOopPiB, BiAIOBI-
JIATIbHUX 32 BA30KOHCTPUKTOPHI peakIii.

Kniniko-Menuko-colianbHa mpodjeMa 3yMOB-
JIeHa 3HAYHMM IIOLIMPEHHSIM 3aXBOpIOBaHHS. 3a Ja-
uumu BOO3, denomen Peiino 3ycrpivaethes Bim 2,5
10 4% nacenenus. [lommpenicts nepsunHoro OP (0e3
OCHOBHOTO 3aXBOPIOBAHHS) BHIIA B XOJIOJHOMY KIIi-
MarTi i 3yCTpid4aeThCs TOCUTHh YacTO B 3arajbHil IOIMY-
ymii — 25-30%. YV niTei mKiMBHOTO BiKy HOTO TOIIH-
PEHICTh OIHIOETHCS B 15%.

VY mite#t Baxko OmiHUTH momupeHicte P, ocki-
JBKH OaraTo ciMeil MOXYTh CIPUAMATH 3MIHH KOJIBOPY
K HOPMaJIbHY pEaKLilo Ha BILIMB X0JoAy. B ogHOoMy
nexiaTpudHOMy nociipkeHHi (Benuka bputanis) Bu-
KOpPHCTOBYBAJIacsi METOOJIOTIsI OMUTYBaHHS i3 300pa-
JKEHHIMHY, 1 cepen 720 mxonspis 18% miByarok i 12%
XJIONYUKIB MOBIJOMHIM HPO 3MiHY KOJILOPY MabIB
[IOHAMMEHIIIE Pa3 Ha MICSIb a00 PO BITUYTTS «HEI0-
CTaTHHO YYTIMBOCTI Y1 TIOKOJIFOBAHHS PH BIUIMBI X0-
nony Ha HuX [15]. e omur GaraTtompodinbHAN 3BiT
BusiBuB OP y 2,2% niteit Bikom Bix 0 mo 10 pokiB iy
20% niteit y Bimi Big 10 no 18 pokis [16], mo Bkazye
Ha HEOOX1THICTh paHHBOT JIarHOCTHUKH Y iH rpyi. [To-
IIMPEHICTh 3pOCTa€ 3 BIKOM, OCOONMBO cepeln HiBdarT.
binpuricts apitei (6au3pko 70 %) MarTh MEpBUHHUN
PeiiHo, a BropunHuii PeiiHo acoriiioBaHuii 3 1OBEHIIb-
HUM CHCTEMHHM YEPBOHHUM BOBYAKOM, OBEHIJIbBHUM
CHCTEMHHUM CKJIEPO30M, 3MIIIAaHUM 3aXBOPIOBaHHSIM
CIIOJIyYHOT TKaHHHH, a Pi/illIe 3 CHCTEMHHM CKJIEPO30M
ta cuanpomom Illerpena [17]. Lli 3axBoproBaHHS MOT-
piOHO BHKITIOUHTH Y KOXHOI autuHu 3 OP. Heszpaxa-
I04YM Ha IIUpOKy nommpenicts P, cranmaprusoBani
JIarHOCTUYHI KPUTEPii JOCKOHAIHHO HE BCTAHOBJICHI.

MeTo10 11bOTO JIOCIIKEHHS € aHaJli3 Ta CHCTeMa-
TH3aIlis ICHYIOUHX JIITepaTypHUX NAHHX, a TAaKOXK pe-
3yJIBTATIB BJIACHOTO ONMTYBAHHS ILIOJO MOIIMPEHOCTI
(dhenomeny PeitHo cepen miTe# miliTKOBOTrO BiKY, 30K-
pema cepen cTyneHTiB Monoamux kypcis THMY. Jlo-
CJIIJDKEHHSI CIIPSIMOBAHE Ha BUSIBIICHHSI OCHOBHHX (paK-
TOpIB, 110 BIUIMBAIOTh HA PO3BUTOK IL[LOTO 3aXBOPIO-
BaHHs, & TAKOXK HA BU3HAYEHHS MPUHIIMUIIB IEPBUHHOT
JiarHocTUKH (eHoMeHy PeiiHo, 1o Mae BaxinBe 3Ha-
YeHHs B KIIHILI 11 CBOEYACHOI'O BHUSBIIEHHS Ta I01a-
JIBIIOT TAKTUKH.

Buxiiag ocHOBHOT0 MaTepiany:

V Mexax mociipkeHHsT OyJio MpoBeNeHO aHKETY-
BaHHS Cepell CTYIEHTIB IEepIIoro Ta APYroro KypciB
TepHOMIBCEKOTO HAIIOHAIEHOTO MEAWYHOTO YHiBep-
curery (THMY), pesynprary sKoro miggaiucs moja-
JBLIOMY aHalizy. AHKeTy ckiaganu 12 3amuraHb, Oi-
JBLIICTh SAKUX 0a3yBajlCs Ha TPUKPOKOBOMY ajrOpH-
TMI iarHOCTHKY (peHoMeHa PeiiHo, 3aTBepkeHOMY Ha
JleB’siToMy MiKHapOJHOMY KOHTpeci 3 ayTOIMyHHHX
3axBoproBanb y 2014 porui. Y pamkax A0CIiKEHHS Ta-
KOX OyJ10 31ilicHeHO (OpMYBaHHS MIEPBUHHOI BUOIPKH
HAYKOBHX pOOIT, IO BiINOBiJAIOTh METIi JOCIIKSHHS
(enomeny PeiiHo, 31ilicHEHO TOIIYK y TPOBIIHUX Ha-
yKkoBHX 0a3ax maHmx, Takux sk PubMed, Google
Scholar, Medscape Ta Scopus. ITomyk mpoBoauBcs 3
BHKOPHCTAHHSIM BIIIOBITHUAX JECKPUTITOPIB:
«Raynaud phenomenon», «diagnostic criteria for
Raynaud’s phenomenon», «treatment of Raynaud’s
phenomenon» Ta «prognostic factors of Raynaud’s
phenomenony. Byino 3azgisHo po3mupeni (yHKIIT mo-
IIYKOBUX CHCTEM JUISi MAaKCUMaJILHOTO OXOIUICHHS pe-
neBaHTHOI iH(popMmarii. [lo mepBuHHOT BUOIPKH BKITIO-
4eHo poOoTH 3a ocTaHHi 10 pOKiB, IO BUCBITIIIOIOTH
nmaTo(i3ioNoTivHI MeXaHi3MHU, MIarHOCTHYHI ITiIXOAN
Ta TepareBTUYHI cTpaterii g eHoMeHy PeitHo.

Jns miarHoctuku (eHOMeHY PeiiHO mepmmouep-
TOBO BPaXOBYIOTHCS CKapTH Malli€HTa Ta KIHIYHI CHM-
nToMu. JliarHO3 BBaXKAETHCS JOCTOBIPHUM, SIKIIIO OIH-
TYBaHHM{ BI/NOBIB CTBEPIHO HAa MUTAHHS MEPIIOTrO i
JPYTOro KpoKy Ta JIaB [IO3UTUBHY BiANOBiAb Ha TPH 200
OiJIblIIe TUTaHb 3 TPETHOTO KPOKY TPHKPOKOBOTO aJIro-
putMy niarHocTuku (eHomeHy Peiino. Bapro 3a3Ha-
YHTH, 1110 B ONUTYBAJBHUK OYJI0 0AaHO OJIHE IIMTAHHS
10710 HAsIBHOCTI Y BiICYTHOCTI y CTYIEHTIB IiITBEP-
JDKEHOTO 3aXBOPIOBAHHS CIIONYYHOI TKAHWHH.

[icns aramizy 109 ankeT CTyACHTIB, 5 aHKET 0yI10
BIJICISTHO, OCKIJIBKH Y IIMX PECIOHACHTIB B aHaMHe3l
BXKe OyIIM IiarHOCTOBaHI 3aXBOPIOBAHHS CIIONYYHOT
TKaHUHH. [licTs onpaifoBaHHs aHKeT Kpoky 1 (puc. 1.)
Oyu1o BuKIrOUeHO 67 ankeT (61,5%) Bij ycix onuTaHuXx,
OCKIJIbKM TaKa KiJIbKICTh YUYAaCHHUKIB BIAMIOBIIM «HI» Ha
NHUTaHHS «4YM MaroTh naybli OidazHy 3MiHY KOJIBpY
(bine 1 cuHe 3a0apBieHHs) IPU BIUIMBI Ha HUX XO-
J01y?». AHaJI3yl0YH HACTYTIHHUIA KPOK, CIIi/I BPaxOBy-
BaTH, 10 YYTIMBICTH MANBIIB PYK IO XOJIOJY MOXE
MIPOSIBIISITUCS 1 y 3T0POBUX Jroei. X0JI0aHA MKipa a6o
He3HayvHe OJtiie 3a0apBIeHHS MaJbIliB BBAXKAIOTHCS HO-
PMAaITbHOIO BIATIOBIAJIIO HA JiF0 XOJIOAY. 3TiTHO 3 OTPH-
MaHUMH JaHUMH, Maibke 59% pecroHIeHTIB BiauyBa-
FOTh i IBUIIEHY Yy TIMBICTh MANBIIB IO X0J0AY, a 51%
— MOMIYa0Th 3MIHY KOJILOPY MAJIBIIB PYK.

Kuiniuno s penomeny PeliHo xapakTtepHe mo-
YaTKOBE 3011 THEHHS IIKIPH Yepe3 CIa3M CyIuH, SKe 3a-
3BUYAN CYMPOBOKYETHCS I[iaHO30M BHACIIZIOK J€30-
KCHUTeHAIlil CTAaTHYHOI BEHO3HOI KPOBIi, a 3r0JI0OM TOYe-
PBOHIHHAM dYepe3 pPEeakTHBHY TilepeMmilo  Ticis
BiJTHOBJICHHSI KPOBOTOKY. Lle ¢opmye knmacuuny «Tpu-
(a3Hy 3MiHY KOJIBOPY».
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Kpok 1

Yu nigBULLIEHA YYTAMBICTD
BalLVX NanbLUIB 40 Xonoay ?

Hi
41.3%
48.6%
Tak
58.7%

Y1 3MIHIOIOTL NanbLyl pyK
KONIp Ha xonog?

Kpok 2

Yu maroTb nansLl 61ne | CMHe
3abapeneHHs nNpw Ali xonoay?

TaK
38.5%
TaK
51.4%
Hi

61.5%

Puc. 1. Pesynomamu onumysanns Kpoxy 1 ma Kpoky 2.

Opnak TpuasHa 3MiHa KoIbopy (IIiano3 i pyoop)
He 3aBXKIH IPUCYTHS: BOHa BUHHUKAE IIPUOIIM3HO y Tpe-
TUHH TIALI€HTIB 3 IEPBUHHIM (eHOMEHOM PeitHo Ta y
JIBOX TPETHUH NAI€HTIB i3 BTOPHHHUM (HeHOMEHOM
PeifiHo, TOB’s3aHUM i3 CHCTEMHOIO CKIICPOIEPMIEIO.
ToMy Ba)JIMBO nam’sITaTH, IO JIMIIE 30JIiIHEHHS € BU-
COKOUYTJIMBOIO 1 BUCOKOCHELM(IUYHOIO O03HAKOIO, SIKa
MOJKe OyTH OCTAaTHBOIO JISl JIarHOCTHKH (PCHOMEHY
Petino [18].

Ha erani 00po6xu kpoky 3 (puc. 2.) OIiHIOBAIUCH
37 aHKeT, 110 3aTHIIIIIICS TiCIIS TPOXOKEHHS PECIIo-
HJCHTaMH IONIEPEHIX JBOX KPOKIB AIITOPUTMY, BUSB-
JICHO 9 aHKeT, Y SKUX OyJIO MEHIIE TPhOX MO3UTUBHUX
BimmoBigeit. OTxe, 3a pe3yJabTaTaMH TPHKPOKOBOTO all-
roputMy, eHomeH PeiiHo crioctepiraerses y 28 3 109
OIUTaHMX 0Ci0.

Kpok 3

3MIHa 3a6apBneHHs NanbLys
NPOBOKYETLCSA, KPIM X004y, IHWINMIA
YUHHUKaMW (€MOLIAHWIA CTpec Ta IH.)?

62.2%

AII]RHKVI LWKIPW 13 3MIHEHUM
3a6apBNeHHAM YITKO BIAMEXOBaHI BIf
AIAHOK WKIPY 3BUYANHOTO KONbOPY?

TaK
28.9%

Hi

55.8%

Hi
71.1%

3MIHU BUHUKAKOTb Ha 060X
PpyKax (He BaX/NVBO, Y/ BOH
CUHXPOHHI | CUMETPUYHI)?

ni
24.3%
TaK
37.8%

Yn € emzoan IHLWIOT Nokanizayi
(HIC, Byxa, CTONW, COCKM)?

3MIHU CynpOBOAXKYIOTLCS
OHIMIHHAM NanbLys, BIAYYTTAM
MOKO/KBAHHSA, NeYIHHA?

Hi
29.7%

TaK

TaK 70.3%
75.7%

Yu cnocrepiranacs TpudasHa smiHa
3abapBneHHs (611uiA, CUHIA,
4epBOHWIA) ?

35.1%

TaK
44.2%

TaK

64.9%

Puc. 2. Pezynomamu onumysanns Kpoxy 3.

[MpoananizyBaBiy pe3yibTaTH BHOIPKH CTYICH-
TiB, OyJIO BU3HAUYEHO Yy TJIMBICT i cIennpivHICTh CUM-
MTOMIB JJIs1 OLIHKHU 1XHBOI 3HaUymocTi. Haitoinpm ay-
TIMBUMH CHMIITOMaMH BUSIBHIIMCS OHIMIHHS Ta Iapec-
te3ii (70%) Ta HasBHICTH MapOKCHU3MIB Ha 000X pyKax
(76%). Haiibinpi cienudivHUME CUMIITOMaMHU OyIJIx
YiTKe BiIMEXyBaHH: 3MiH Ha wkipi (93%), mosBa emi-
30/liB MiJl BIUIMBOM (DaKTOpPiB, BIAMIHHUX BiJl XOIOIY
(96%), Ta Ttpudasna 3MiHa 3abapBIEHHS NAaIbIB
(91%).

[pote, 1i KaHi € HE TOYHUMH, 1 AiarHO3 BUMAarae
OCTaTOYHOTO MiATBEPPKEHHS 3a JOIOMOTo0 Jlabopa-
TOPHO-IHCTPYMEHTAJIBHUX METOMIB JIarHOCTHKH Y
2016 poui Oynu omy6IikoBaHi peKOMEHaMii o0 mo-
nanemioro oobcrexenus nired 3 PII. The Pediatric
Rheumatology Society Group (PRES) Juvenile
Scleroderma Group 3ampomnoHyBajia MPOBOJUTH CKPH-
HIHT BCiX AiTel 3 henomeHoM PeifHo 3a Jomomororo Te-
cryBanHs ANA Ta KamiIspOCKOMIYHOIO OOCTE)KEHHS

[19]. Iurepmperawiss KamiJSIPOCKOMIYHUX 300pakeHb
MTOBWHHA ITPOBOIUTHCS BIATIOBITHO IO BH3HAYCHD MiXK-
HapogHoro koHceHcycy Big EULAR SG MC RD. Ka-
MUTSIPOCKOTIIYHE 0OCTE)KEHHS Ma€ TiarHOCTHYHE 3Ha-
yernHs npu ominmi ©P [20]. Cepen cydacHUX ManoiH-
Ba3WBHUX [IarHOCTHYHUX METOMAIB iH(pauepBoHA
TepMorpadist € HallOLIbII JOCTYIHUM 1 JOCUTH iH(OP-
MAaTHBHUM J1arHOCTUYHUM METOJOM paialliiHoi giar-
HOCTHKH, IKMI T03BOJISIE BUBYATH MMaTOTEHETHYHI Me-
XaHI3MH PO3BHUTKY HEPUPEPUIHUX CYyIAWHHHX DPO3JIa-
B, 30Kkpema pu (heHomeHi PeiiHo.

BucnoBku

®enomen Peiino (PP) — ne nopymenns nepude-
PpUYHOI IUPKYJIALIi, 10 BUHUKAE Yepe3 JOKaJIbHY ap-
TepiadbHy Ba30KOHCTPHUKINIO 1 YaCTO MPOSBISIETHCS K
peaxiis Ha xoJojJ abo eMOIHuI cTpec. Xapakrep-
HUMH CHMIITOMaMH € 3MiH{ 3a0apBJICHHS IIKipH, OHi-
MiHHs, OUTh 1 TOKOJIIOBaHHS B KiHIIBKax. [Ipu BruBi
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XOJIONTy CTIOCTepiraeTbes «Tprugazaa» abo «aBodazHay
3MiHa KoJKopy (OiTiCTh, MiaHo3, pyOop) Ha MabIsX.

3a maHUMHU PO3MIIIHYTHX AOCHiIKEHb, PeHOMEH
Petino BusBisieTees y 20% mimmiTkiB BikoM Bix 10 mo
18 poKiB, 1110 iIKPECIIIOE BAXKIIUBICTh PaHHBOT JliarHO-
CTHMKHU Y Wil BIKOBill rpymi. Y HamoMmy JOCIIIKECHHI,
nposeneHomy cepen 109 crynentis THMY, ©P 6yno
miaTBepkeHo y 25,7% onuranux. CroernudiaHumu
CUMIITOMaMHU JJIs IEpBUHHOT AiarHOCTUKH DP € giTke
BiIMEC)KYBaHHS 3MiH Ha MIKipi, MOsSBa CHi30iB Iif
BIUIMBOM YHMHHHKIB, BIIMIHHHX Bifl XOJOAYy, a TaKOX
TpudaszHa 3MiHa Kompopy manbiiB. OmHAK, HE3BaXa-
I0YM Ha BHPaKeHI KIIIHIYHI O3HAKH, 1iarHO3 (CHOMEHY
Peiitno motpebye 10maTKOBOTO OOCTEXEHHS LIS IMiIT-
BEPUKEHHS, 30KpeMa 3a JOIIOMOT 00 JTa0OPaTOPHUX Ta
IHCTPYMEHTAIFHUX METO[iB, TAKHX AK TECTyBaHHI Ha
antutina (ANA) Ta kaninspockornis. ToMy BaxIHBiCTh
PaHHBOI JIarHOCTHKH Ta MOJAIBIIOT0 MOHITOPHHTY
crany nauieHTiB 3 ®P, ocobnuBo cepex MiUTITKIB, HE
MOJKHA HEOOIIHIOBATH.
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Influenza remains one of the world's greatest public health challenges. Each year, there are about 1 billion
cases worldwide, of which 3 to 5 million are severe, resulting in 290,000 to 650,000 flu-related deaths. All of this
results in great costs for those affected as well as for the health system and society as a whole. This article presents
an analysis of influenza morbidity and costs associated with treatment. The article also contains data on the cov-
erage for seasonal influenza immunization. Based on an analysis of the data presented, we concluded that seasonal
influenza vaccination is the only effective and inexpensive means of preventing new influenza epidemics and
reducing treatment costs for the health systems and the population.

Keywords: vaccine prophylaxis, influenza, morbidity, cost, effectiveness, epidemic.

INTRODUCTION

Influenza persists as one of the world's greatest
challenges to public health. Each year, there are about
1 billion cases worldwide, of which 3 to 5 million are
severe, resulting in 290,000 to 650,000 flu-related
deaths. The most effective way to prevent the disease,
recommended by the WHO, is annual influenza vac-
cination. Vaccination is particularly important for peo-
ple at higher risk of severe complications from influ-
enza and for health professionals (WHO launches new
global influenza strategy, https://www.zdrave.net/
/n8930 accessed 06.11.2024).

The goal of this paper is to present the cost-effec-
tiveness of vaccination prophylaxis in influenza season.

To achieve this goal, we have set ourselves the fol-
lowing tasks:

1. An analysis of the morbidity and hospitaliza-
tion rates of non-immunized and immunized persons
based on the available literature.

2. Ananalysis of seasonal influenza vaccine cov-
erage in Europe and Bulgaria.

To achieve this goal, we have used a documentary
method, analyzing regulatory documents, WHO reports
and available literature sources related to vaccination
and seasonal influenza spread.

ANALYSIS

Influenza epidemics cause economic losses, both
direct (hospitalisation, outpatient care, doctor visits)
and indirect (temporary disability, strain on health and
insurance services), and suffering for patients (A.
Galev, 2020).

A WHO report states that the global influenza
strategy for the 2019-2030 period provides for the pre-
vention of seasonal influenza, as well as the control of

the virus' spread from animals to humans and the prep-
aration for the next influenza pandemic. The world has
experienced several deadly influenza pandemics, the
worst being the Spanish Flu, which killed tens of mil-
lions in 1918. Other pandemics have followed since -
in 1957, 1968 and 2009, when the HIN1 virus caused
18 500 deaths in 241 countries
(https://novini.bg/zdrave/bolesti/528393).

According to the Centers for Disease Control and
Prevention, in the USA during the 2019/2020 season,
seasonal influenza vaccination prevented 7.5 million
influenza cases, 3.7 million influenza-related physician
consultations, 105,000 influenza-related hospitaliza-
tions, and 6,300 deaths resulting from influenza.

In another study conducted in 2018, again among
adults hospitalized due to influenza, the results showed
that vaccinated patients were 59% less likely to be ad-
mitted to an intensive care unit compared to unvac-
cinated patients. Vaccinated patients treated in an in-
tensive care unit stay 4 days less than unvaccinated pa-
tients
(https://www.sciencedirect.com/science/arti-
cle/pii/S0264410X18309976?via%3Dihub).

The long-standing influenza tracking system in
Bulgaria shows that annual influenza epidemics are a
serious health problem faced by our country. On aver-
age, around 1 400 000 to 1 600 000 cases of acute res-
piratory illness (ARIs) and influenza occur in regional
cities alone each year, and they account for 10 to 30%
of all temporary disability cases. These data demon-
strate that annual influenza epidemics are the cause of
serious economic loss stemming from both home and
hospital treatment costs and unrealised social product
due to the massive impact on individuals of working
age.


https://doi.org/10.5281/zenodo.14227530

53

Sciences of Europe # 153, (2024)

Influenza cases are mainly clustered within 3 - 4
weeks. During these weeks, the national average mor-
bidity rate reaches over 300 per 10 000 people, which
means that at least 250 000 - 300 000 people were ill
during the epidemic upsurge.

In the majority of cases, costs arising from a dis-
ease are calculated by adding together all direct, indi-
rect and non-material costs. Direct costs arise from the
use of medical and non-medical resources. Indirect
costs are caused by productivity loss and absenteeism,
while non-material costs are associated with reduced
job performance and reduced quality of life. Direct
costs are influenced by chronic comorbidities and other
risk factors (e.g. age), which can lead to an increase in
hospitalizations and longer treatment periods.

Seasonal influenza immunization coverage of pa-
tients at risk of serious complications, healthcare work-
ers and healthy individuals in Europe is extremely var-
ied (A. Galev, 2020). The UK and the Netherlands have
well-established guidelines that are updated on a regu-
lar basis. They are also the countries with the best vac-
cination coverage (only these two European countries
are close to the target of 75% coverage among the el-
derly). A European Commission report identified the
need to improve seasonal influenza vaccination cover-
age and prevention policies in other European coun-
tries. According to this report, all Member States
should take further action to maximise the benefits of
seasonal influenza vaccination across Europe. The data
from Bulgaria show that influenza vaccination cover-
age has been exceptionally low - below or slightly
above 3% of the population over the past few years.

In accordance with Ordinance No. 15 of 2005 on
immunization in the Republic of Bulgaria, immuniza-
tion against influenza in the country is recommended
and is carried out at the expense of the patients. Immun-
ization against seasonal influenza is recommended an-
nually for all persons 65 years of age and older, and for
adults and children over 6 months of age who have
chronic conditions.

As stated in the National Programme for Improv-
ing the Vaccination of Seasonal Influenza and Pheumo-
coccal Infections in Persons Aged 65 Years and Older
2023-2026 in our country, influenza vaccines have the
potential to prevent severe courses and mortality from
influenza. Vaccinated patients are 26% less likely to be
admitted to an intensive care unit and 31% less likely
to die from influenza compared to those who are not
vaccinated, according to a 2021 study of adults hospi-
talized for influenza  (https://www.sciencedi-
rect.com/science/arti-
cle/pii/S0264410X21005624?dgcid=author).

In Bulgaria, immunization coverage with seasonal
influenza vaccines is low, with an average coverage of
only 2.4 per 100 people (2.17-2.61%) for the 2013-
2017 period (based on vaccine sales).

With the introduction of the National Seasonal In-
fluenza Vaccine Improvement Program, 2019-2022,
the following influenza immunization coverage in per-
sons aged 65 years and above, who are the target group

of the program, has been achieved: 2019 - 7.8%, 2020
- 11.4% and 2021 - 13.24%.

As of 14.10.2024, 86 460 persons aged 65 and
over have been vaccinated against influenza free of
charge, under the National Programme for Improving
the Vaccination of Seasonal Influenza and Pneumococ-
cal Infections. 348 000 vaccine doses have been distrib-
uted under the National Programme for Improving the
Vaccination of Seasonal Influenza and Pneumococcal
Infections in Persons Aged 65 Years (https://plus-
men.bg/bg/facts/news/50).

CONCLUSION

Influenza constitutes a significant socio-economic
burden on society in terms of medical treatment (in-
creased number of consultations, hospitalizations, clin-
ical complications, use of medicines) and work absen-
teeism. There are different estimates of the overall eco-
nomic impact of an influenza epidemic. So, or example,
the total impact of an influenza epidemic (total esti-
mated direct and indirect costs) in industrialised coun-
tries could be as high as €56.7 million per one million
people. Seasonal influenza vaccines are the only effec-
tive and inexpensive measure for preventing new influ-
enza epidemics and reducing the treatment costs to both
the health systems and the population.
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AHHOTALUSA

Oo6cnemoBano 28 (65,1%) manuentoB ¢ bBI' ¢ anemueit (cpennuii Bo3pact 43,6+2,5 net) u 36 nuig ¢ AUT ¢
aHemueit (cpenuuii Bo3pact 44,1+1,7 1er). BeinoiaHeHue ToTadbHOM THPEOHIPKTOMUN y TanueHToB ¢ bI' u AUT
C aHEeMUEH IPUBOJUT K IIPEKPAILEHUIO Ay TOUMMYHHOIO IIPOLIECCa U YTy YIIEHUIO FeMaTOJOTHYECKUX MT0Ka3aTenei
Ha (oHe dyTHpeo3a, JOCTUTHYTOIO B TEUCHHE I0/1a TIOCie OMepaIiy 3a CUeT 3aMECTUTEIbHON Teparyu JICBOTH-
poxcuHoM. Coxpanernne Tkaau 1K npu BemonHeHNH CyOTOTANIEHON THPEOUAIKTOMHHN Y 00EHX TPYTIII JIUI] CTIO-
COOCTBYET, IO - BUIUMOMY, JaJbHEHUIIEMY YCYTYOJICHHIO ayTOMMMYHHBIX HAPYIICHUH M YXYALICHUIO TeMaToJIo-
THYCCKUX noxa:;aTeneﬁ, HECMOTpPA Ha BYTI/IPCOI/II[HHﬁ FOpMOHaIH;HI;IfI (I)OH NMalrEeHTOB CITYCTA o/ IMocCje onepa-
ouu.

ABSTRACT

A total of 28 (65.1%) patients with Graves’ disease (GD) and anemia (average age 43.6 + 2.5 years) and 36
individuals with autoimmune thyroiditis (AIT) and anemia (average age 44.1 + 1.7 years) were examined. Per-
forming total thyroidectomy in patients with GD and AIT with anemia leads to the cessation of the autoimmune
process and improvement in hematologic parameters against the background of euthyroidism, achieved within a
year after the surgery through replacement therapy with levothyroxine. Preservation of thyroid tissue in both
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groups of patients during subtotal thyroidectomy seems to contribute to further exacerbation of autoimmune dis-
orders and deterioration of hematologic parameters, despite the euthyroid hormonal profile of patients a year after

surgery.

KiroueBble cjioBa: MUTOBHIHAS JKelle3a, 0oye3Hp [ peiiBca, ayTONMMYHHBIN THPEOUANT, IMMYHHBIE Hapy-
IICHUS], TEMATOJIOTUYECKHEe U3MCHEHUS, XUPYPIUUECKOE JICUCHHE.
Keywords: thyroid gland, Graves’ disease, autoimmune thyroiditis, immune disorders, hematologic changes,

surgical treatment.

W3BecTHO, 4TO HEKOTOphIE 3a00JEBaHMS LIMTO-
BuaHOM xenessl (LLDK) moryT BausTh Ha remMonoss [7].
DTO KacaeTcs MpeXAe BCEro ayTOMMMYHHBIX 3abo0ire-
BaHUH, conpoBoxaaromuxcs aucynkmueit LK, — 60-
ne3Hb I'peiiBca U ayTOMMMYHHBIN Tupeouaut [13, 14,
17,19]. Xors anemus u auchyuxmms DK nabmrona-
FOTCSI OJHOBPEMEHHO, TIPUYUHHO-CIICICTBEHHAS CBSI3b
MEX/y HapyIICHUsIMU OCTaeTCsl HeoJHO3HAYHOU. Ecim
ropmoHs! IIDK cTuMynupyroT 3puTponoss, To B CBOIO
ouepenb, xene3oAeUIUTHAS aHEeMUsl OTPUIATEIIHHO
BIMSET Ha CTaTyC THPEOUAHBIX ropMoHOB[20, 16, 21].
MexaHu3mMbl Pa3BUTUS aHEMUM TPU THUIIOTHPEO3E
(AWT) u runeprupeose (bI') 1o ceroanAmHuero 1Hs 10
KOHIIa HE M3YYCHBI, IPHYEM B JHTEpaType B OONbIIEH
CTETICHHU OCBEIICHBI PUYNHBI PA3BUTHS U (OPMBI aHE-
MHH [IPU THUIIOTUPEO3e, YeM Mpu runeprupeose [6, 8,
11, 16, 17, 21]. HeMHOTOUYHCICHHBIE HCCIICOBAHMUSI,
TIOCBAIICHHBIC BRISBICHHUIO CBSI3M aHEMHH U 3a00JIeBa-
HuH [1JK cooOmaroT o MpOTHBOPEYHMBHIX pe3yIbTaTax
OTHOCUTENIBHO YacTOThl aHEMHM IIPU THIIOTHPEO3e U
runeptupeose[8, 14, 15, 18, 21, 22]. Kenezonedurmr-
Hasi aHEMHUsI MOXKeET OBITh TIEPBBIM CUMIITOMOM, TTPUBO-
JIIIeM K AUarHOCTHKE FMIIOTHPE03a U ayTOUMMYHHON
tupeomnarosyoruu [1, 10, 11,13]. ITauueHTsI ¢ THPEOUA-
HBIMH aHTHUTEJIAMU TOJBEP)KEHBI 0ojiee BBICOKOMY
PHCKY pa3BUTHSA NehUIINTA Kelle3a U aHEMHUH, CIUTAIOT
S. Kog et al, onupasice Ha HONy4YeHHBIE PE3YJIBTATHI
[13]. TIpoBeas Goibliiie KOTOPTHBIE HCCIIEIOBAHUS,
HEKOTOpBIC aBTOPHI YCTaHOBHIIH, YTO Jake Ha (OHE
JyTHpEe03a HMEeTCs JOCTOBEpHAs MOJIOXKHUTEIbHAS
CBSI3b MEXIy YPOBHEM CBOOOIHBIX THPEOUIHBIX TOP-
MOHOB, TEMOTJIOOMHOM U YPOBHEM 3PUTPOIUTOB [1, 5,
22]. BzaumoOTSIromarIiee TeIeHHe aHEMUH U ayTo-
uMMyHHBIX 3a6oneBanuii IIDK oTpunaTensHO ckasbl-
BaeTCs Ha KaueCTBE KU3HU NAIIUEHTOB U SIBIAETCS KIIH-
HUYeCKoi mpobiemoii [8, 9, 12].

ILlenvro uccnenoBanus OBLTO COMOCTABICHUE Te-
MaTOJIOTHIECKHX U UMMYHOJOTHUYECKHX IMapaMeTpOB
nanueHToB ¢ bI' 1 AUT npu BBIIIOJIHEHUH Pa3IUYHBIX
00BEMOB OIIEPaTHBHOTO BMEIIATEIIHCTBA.

Mamepuan u memoowst

O6cnenoBano 28 (65,1%) manuenToB ¢ BI' ¢ aHe-
Muei (cpennuit Bospact 43,6+2,5 net) u 36 murc AUT
¢ anemuei (cpenuuii Bozpact 44,1+1,7 net). Cpenu na-
urMeHToB ¢ bl aneMus jerkoil creneHu orMevanach y
25 (89,3%), cpeaneii creneHu TsokecTH - y 3 (10,7%)
st [Tpu ouenke remorpamm jur ¢ AUT anemust ner-
Kol crenenn Oputa BeIsiBIIeHa Yy 34 (94,4%), cpenneit
CTereHu TshkecTd - y 2 (5,6%) 6ompHBIX. [lo 00BeMy
BBIIMOJIHEHHOH THPCOUAIKTOMHH TAIUCHTBI 00CHX
rpynn ObLIM pa3fefieHbl Ha JIBE MMOATPYIIIbI TPYIIIIEL:
MepeHEeCIINe TOTAIbHYI0 TUPEOUIIKTOMHIO U cyOTO-
TATBHYK) THPEOUIPKTOMUIO (B 3Ty TPYNIy BOILIA
601BbHBIE, KOTOPBIM OBUTH BBHIIIOJIHEHBI ONIEPAIlUH 00b-
€MOM MEHbIIIE, YeM TOTAJIbHAs THPEOUAIKTOMHUS — ITpe-

JIETIbHO TOTabHAsi THPEOUAIKTOMHUS, TeMUTHPEOUIIK-
TOMUSI C CyOTOTaJIbHO pe3eKInel MPOTUBOIOI0KHON
nonu, cyoroTanpHas pesexmus [LDK).

B xnamnHMYECKOM aHamM3e KPOBHU ONMPENEISUIN Te-
MOTJI00HH, spuTponuTapusie uaaekcst MCV/(cpemnnmii
o0wem spurporura), MCH(cpennee conepxanne HGB
B aputpormte), MCHC(cpenusis kounentpanus HGB
B 3pHTpoIHTapHOil Macce). Kpome Toro, onpenemnsiin
YpOBEHb CHIBOpOTOYHOTO >Kene3a (FecwiB) u deppu-
tiuHa (Pp) (Habop dupmer Roche). Jluarnos anemun
yCTaHaBJIMBAJIU P YpOBHE remoryioouHa 120r/n u me-
Hee y keHIMH U 130r/n1 u MeHee y myxkuun (BO3,
2001). ®enotumupoBanue TUMPOIMTOB KPOBH MPOBO-
JVJIH C TTIOMOIIBIO JIFOMUHECLIEHTHOTO MHKPOCKOTIA TI0
Mapkepam CD3+(o6mas nomyssimus T- muMdonuros),
CD4+(T- xemmepsr), CD8+( T- muroTOKCHYECKHE CY-
mpeccopsl), CD19+(B-mam¢ponutsr)(manems OOO-
«Copbent», Mocksa). Pesynbrarel yuntsiBanu B %.
Copnepxanne LIUK B cbIBOpOTKE KpOBU NPOBOJIMIH 110
merony 1O.A.I'puneBnya, A.H.Andeposa, 1981, B mo-
nudukaimu[2]. [ias onpeaeneHus S3puTpodaronnrosa
B ITa3Me KPOBH NMPHUMEHSIIN U3BECTHBIN METOJ HUCCIIe-
noBanus nepudepudeckoit kposu Meto [{uHkxama —
Konnu B mogudukarmu E.H.HoBocenosoii[3]. Ompe-
Jensi ypoBeHb ropMonoB :TSH u T4 cBoOOmHBIN
(nabop ¢dupmer Roche) u anturen k perenropy TTT
(TSHRADb) wu Ttupeonanoiinepokcumasze (TPOAD)
(nabop ¢dupmer Roche).MaTtemaruveckuii aHAIU3 MO-
JyYEHHBIX PE3yJNbTaTOB IMPOBOAMIN C HCIOJIB30BaA-
HueM nakera nporpamm Excel, 2017. Bbuti ucmnons3o-
BaHBI CTPYKTYPHBIE XapaKTEPUCTUKU BapHallMOHHOTO
psana (cpenHsis, ommbKa cpenHei), a s OLEHKH pas-
JMYUHA MEXKJy BBIOOPKAMH MPUMEHSUIN HelapaMeTpH-
yeckuil kputepuil Bunkokcona-ManHa-Yutau [4].

Pe3ynomamul u ux oocyrncoenue

B ta6uune Nel nmpuBeneHa cpaBHUTENBHAS TEMO-
rpamma nauueHToB ¢ BI' u AUT no u nocne BbInosHe-
HUsI CyOTOTalNbHOW THpEOMIdKTOMHU. B 0obeux rpym-
max OOJBHBIX OTMEYAIOTCS OJTHOHAINpPABIICHHBIE U3Me-
HEHHMS Kak /0, Tak M TIocie omnepanuu. B
JIOOTICPAIIMOHHOM TIepHoJie 0oJiee BEIpaKeHHBIE U3Me-
HEHHUs OTMedaroTcss B Tpymme OombHeIX AUT: mo
yposHio MCV, MCH, Fe cbiB., ®p 0TMEYarOTCs CTATH-
CTUYECKH 3HAUYMMBbIE U3MEHEHUs, a 110 ypoBHIo LII u
HCT HemocTOBepHBIE B CPaBHEHHH C COOTBETCTBYIO-
IIMMH TIoKa3aTessiMu rpymms! aun ¢ BI'. Crycrs 6 me-
CSIIIEB TIOCIIE OTepaIK B 00EUX TPYIIax HaOIt01aeTCs
ycyrybnenne anemun, o nokasaremsim: HGB, RBC,
HIT, MCH u Fe cpIB. OHH CTATHCTUYECKH JOCTOBEPHO
oTIM4aloTcs Mexay coboil. Eme Gosee BbIpaxkeHHOE
HapylIeHHe BCEX I'eMaToJIOTMYEeCKHX IIoKa3arelieil B
00enx rpynmax HalueHTOB B CPABHEHUH C KOHTPOJIEM
HaOmofaeTcst 4yepe3 TroJ Mocie CyOTOTalnbHOW TH-
PEOMIPKTOMUMU, TIPH 3TOM 110 rokazarensm: HGB, RBC
1 HCT oHM ZOCTOBEPHO OTIMYAIOTCS MEXKTy COOOT.
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Tabmuma Ne 1

CpasuutenbHas remorpamma Jjuil ¢ BI' u AUT, noaseprmmxcst cyOToTampHOM TUpeOnIIKTOMUU(M+m)

BI" cyOToTanbHas THPEOUAIKTOMUS AWT cyOToTabHAS TUPEOUIIKTOMHUS Tpax.

IToxa3arens (n=10) (n=12) 310pOBBIE
(n=15)

Jlo onep 6 Mec 1 rox Jlo onep 6 Mec 1 rox
HGB, r/n | 102,543,6% | 98,143,6* | 94,141,6* | 107,342,3* | 106,142,0%* | 104,742,4* | 133,2+1,8
ligzc/nx 43+0,1 3.950.2% | 3,6£0,1% | 4,501 4,240,1° 3,940,08*" | 4,3+0,07
HCT, % 33,6=+1,1%* 32,3+1,9% 28,1+1,1* 32,1+0,7* 31,940,7* 31,040,7%A 39,8+0,5
LT 079+0,02* | 0,83+0,01* | 0,78+0,02* | 0,75+0,02* | 0,7740,02* | 0,8 +0,02* | 0,92+0,006
MCV, on | 782+2.4* | 805:24* | 76,12.7% | 724+23*0 | 763+2,1* | 787+1,9% [ 91,9406
MCH, nr [ 26,5+0,8% | 27,1+0.8* [ 258+08* [243:08% |257+0,7* [267%0,7* | 308402
Ir\;[;HC’ 33,7£0,09% | 33,4+0,09 | 33,1£0,3* | 33,4+0,09 33,7:0,1 337 £0,08 33,440,04
FecwiB., 14,7+0,7* 13,6+0,6* 11,3£0.4% | 12,540,6%" 11,8 £0,6*" 10,9+ 0.4% 18.4 =13
MMOJI/JT
®pur/vn | 23,0¢2.8% | 193+4,2% [ 15,1423% [ 18,6£22% [ 154£40% | 133£34* 359420

* - cTaTUCTUYECKasl JOCTOBEPHOCTH PA3IIMYMI OTHOCUTENIHHO JAHHBIX Y IPAKTHYECKH 3I0POBBIX
- cTaTUCTUYECKas IOCTOBEPHOCTh pa3iymid JaHHbIX rpynn ¢ bI' u AUT mexay coboi

VIMMyHHBIE HapyLIeHUs, BBIpaXKAIOMINECS B HM-
MyHOZe(HUIINTE KIETOYHOTO 3B€Ha MIMMYHHUTETAa U aK-
THBALMM T'YMOPAIBGHOTO 3BEHA OTMEYAIOTCS B 00CHX
rpymnmax OONBHBIX, TIPH ATOM JHIIb ypoBeHb CD4+
XENMepoB JOCTOBEPHO HIke y OompHBIX AUWUT
(p<0,05)(tabmuma Ne2). Cryctst 6 MecsIeB TOocIe orre-
panuu IMokasaTreiad KJIETOYHOIO0 MMMYHHUTETa U ypo-
BeHb LIK y i ¢ AT craTicTrdecku 3HaYMMO HIDKE
COOTBETCTBYIOUINX IOKa3aTeiaed rpymmbl OOJBHBIX C
BI'. Criycts roa Ta TeHAEHIUS COXpaHIeTCs: U3MEHe-

Hus ypoBHer CD3+, CD4+, cyOmomynsaiuoHHOTO HH-
nexca u LIUK Oomee BwIpakeHbl y OompHBIX AUT
(p<0,05). Yposens TRAb npu BI" cHu3mIics, Ho HenO-
croBepHo; ypoBeHb TPOAD npu AUT npaktudecku He
n3menmwics. [Ipu 3Tom GosibHBIE, HAXOMICH Ha 3aMe-
CTUTEIBHON Tepanuu ObUIM B 3YTHPEOHIHOM COCTOS-
HuU. Takum 00pa3oM, P BHIIOJIHEHUHU CYyOTOTaILHOMN
TUPEOUPKTOMHH B 00€UX IpyInax HabIAa0TCs O/
HOTHUITHbIC U3MEHEHUS, 10 U IT0CIIe OTIepaLliH, JIUIIb 110
HEKOTOPBIM TI0Ka3aressiM 0oJiee BhIpaKEHHbIC y Mallu-

entoB ¢ AUT (tabauma Ne2).

Tabmuma Ne2
HNmmynorpamMa sur ¢ bI' u AUT, monseprmmxcst CyOTOTanbHOH THpeonmpKToMun (M+m)
BI" cyOTOTanmpHast THPEOUIIKTOMHUS AUT cyOToTabHAs THPEOUIIKTOMUS Tpak.
TToxkasarens (n=10) (n=12) 310pOBRIC
(n=15)
Jo onep 6 mMec 1 rox Mo onep 6 Mec 1 rog
CD3+, % 50,8+1,6* 56,0+ 1,5% | 56,9+ 1,5% | 48,9 +1,7* 48,3+ 1,7~ | 49,0+1,7*" 66,5 £1,4
CD4+, % 30,3+0,8* 31,3+1,1%* 31,2+0,7* 27,8+0,4*" 27,240,6*" | 26,9+0,6%" 37,9£0,9
CD8+,% 19,3+0,7* 18,7+0,5* 17,7+0,7* 18,0+0,4* 17,5£0,3*" 17,0+0,4* 28,3+0,8
CD4+/CD8+ | 1,58+0,05* | 1,67+0,05* | 1,7840,06* | 1,54+0,02* 1,55+0,02*~ | 1,58+0,03*" | 1,4+0,04
CD19+,% 18,7+0,8* 19,6+0,8* 20,8+0,6* 19,7+1,0* 20,4+0,8* 20,8+0,7* 11,3+0,6
]}:[0212;[ 97,0£3,3* 105,0£3,2*% | 113,0£2,8* | 85,8+3,3* 88,8+2,4*~ | 90,8+1,7* 64,3+1,5
20, % 2,1+0,4* 2,6+0,3* 2,9+0,5%* 2,5+0,2%* 2,7+0,2%* 2,8+0,2* 0,8+0,08
<1,75 —neg-
TRAD ative
’ 9,5+1,5* 7,7£1,6%7
§184))] 7 T >1,75 -
pozitiv
TPOAb, 163,6 +41,5* 164,1+40,3* | <30
1U/ml
TSH 0,1£0,03* | - 2,1840,4 3,7+0,7" - 3,7+0,3/ 0,32-5,2
T4 free 13,3435 | - 1,4+0,09 1,440,1" - 1,1£0,08 0,7-1,8

* - cTaTHCTHUYECKas TOCTOBEPHOCTh PA3IMYNi OTHOCUTENIFHO JAHHBIX Y MPAKTHYECKH 3I0POBBIX
A - cTaTHCTHUYECKas TOCTOBEPHOCTH paznnyuil JaHHbIX rpynm ¢ BI' u AUT mexay coboit

IIpoBeneHue CpaBHUTENIBHOW OLIEHKU IeMaTolIo-
THYECKUX U UMMYHOJOTMYECKUX MapaMeTPOB MalleH-
ToB ¢ BI' 1 AUT c aHemuel, nepeHecInxX TOTalbHYIO
TUPEOUIPKTOMUIO BBISIBUIIA cleayomee. B goonepa-
IIMOHHOM TIepHOo/ie B 00eHX Tpynmnax OOJbHBIX HabII0-
JTAIOTCA TeMATOJIOTHYECKHE HapyIIeHHs, XapaKTepHbIe

aHEMHUU, MPHUYEM OJHOHAINPABICHHBIE U CTATUCTHYE-
CKM HEJOCTOBEPHO OTIMYAIOIIMECS MEXIy COOOH,
kpome RBC, 1o koTopoMy rpymniibl OTINYAIOTCS MEKIY
co6oit 3Haunmo (p<0,05). Crrycts 6 MecsiieB nocie To-
TaJIHOW TUPEOUIPKTOMHUY HAOMIOIaeTCsl TEHACHIUS K
YIIydIIEHHUIO TeMaTOJIOTHIECKUX MapaMeTpoB OOewmx
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rpymm, npudeM aumb 1mo yposHto 1[I, MCHC u ®p
OHH OTJIMYAIOTCSI MEXKAY COOOH CTATUCTUUECKH HEO-
croBepHo. CrycTsi roJ| mocje Onepanud reMarosori-
YEeCKUE MapaMeTphl 3HAYUTEIHHO YIYULIHINCH Y TTAIH-
CHTOB 00CHX TPYII U MPAKTUICCKH HE OTIUYAIOTCS OT

KOHTPOJIBHBIX. JIMITh IOKa3aTeNb YpOBHS TeMaTOKPHTA
y it ¢ AUT enie 10CcTOBEPHO OTIMYAETCS OT COOTBET-
CTBYIOILIETO TIOKAa3aTeliss KOHTPOJIS U mauueHtoB ¢ bI'
(p<0,05) (Tabmmma Ne3).

Tabmuma Ne 3

CpasHurenbHast reMorpamma nanuenToB ¢ bI' u AWT, noaseprimxcst TotanbHO# THpeonapkToMun (M+m)

ITokaza BI' ToTanbHas TUPEOUAIKTOMUS AWT ToranbHas TUPEOUAIKTOMUS IIpaxr.
Tens (n=18) (n=24) 3JI0pOBBIE
o onep 6 mec 1 rog Mo onep 6 Mec 1 rox (n=15)
HGB, r/n 109,8+8,3* | 117,4+1,4* | 132,323 | 105,7+2,7* 124,742 4%~ | 128,1£1,5 133,2+1,8
RBC x 4,5+0,1 4,0+0,05 4,8+ 0,09*% | 4,2+0,1" 4,6+0,1*" 4,7+ 0,06* 4,3+ 0,07
10"%/n
HCT, % 32,7+0,4* 34,9+0,5% 39,7+0,7 31,8+0,7* 37,1£0,7*~ | 37,9+ 0,4*" 39,8+0,5
I 0,7740,02* | 0,87+0,01* | 0,82+0,01 0,79+0,01* 0,8+0,01* 0,81 +0,01 0,92+0,006
MCYV, ¢bn 74,6+£2,3%* 87,1+1,3* 82,7+1,5%* 76,2+1,4% 80,5+1,7*~ | 80,9+ 1,2* 91,9 0,6
MCH, or 25,1+0,8%* 29,3+0,4 27,6+ 0,6% | 25,440,5* 27,1+0,5*%~ | 27,2+0,4* 30,8+0,2
MCHC, 33,5+0,06 | 33,6+0,07 | 33,3+0,3 33,1£0,2 33,540,04 33,7 +£0,09 33,440,04
r/on
FechiB., 14,7403* | 16,1+0,4 17,4+ 1,1 12,240,5* 14,3 £0,6*~ | 15,2+ 0,7 18,4 £1,3
MMOJI/TT
Op,Hr/MI 26,4+2 4% 33,9+1,0 34,3+0,6 233+ 2,1%* 30,4+ 2,1 35,7+ 0,3 35,9420

* - cTaTUCTUYECKAs JOCTOBEPHOCTH PA3IMYMNA OTHOCHTEIIFHO JaHHBIX y MPAKTHIECKHU 310POBBIX
A - cTaTHCTUYECKas JTOCTOBEPHOCTH pasziumyuil JaHHEIX rpymm ¢ BI' u AUT mexmy coboit

CormocTaBneHne IMMYHOJIOTHIECKIX TapaMeTPOB
JI0 BBITIOJTHEHHUS TOTAIBHON THPEONAIKTOMHH BBIBHIIO,
4T0 B O0EHX TpYyINax OTMEYArOTCsl BBIPAKCHHBIC B
CPaBHEHHM C KOHTPOJIEM M3MEHEHHs U TOJBKO IO I0-
kazareno D@ HapymeHus 6osee BEIpakeHHBI y 00JIb-
HbeIX AUT (p<0,05) (Tadbmuua Ned). Crycrst 6 MecsieB
[ocje OMNepalud HMMYHOJIOTHYECKHE TOKa3aTeln
00eux rpymil yIy4IIHINCh, HO B OOJIbINIEH CTETIeHH JIUI]
¢ BI'. Ilo 3HaueHmsaM maTH mokazarenci: CD8,
CD4+/CD8+, CD19+, UK, D® »sta Tpymma gocTo-
BEPHO OTIIMYACTCS OT 3HAYCHWH IOKaszaTenei Ml C
AUT. T'ox nocne onepauuu — BpeMsi CTAHOBJIEHUSI TOP-
MOHOB I'no(u3a 1 IMHUTOBUIHOH JKEJIe3bl, Pa3peIeHuUs

ayTOMMMYHHBIX MPOLECCOB B COXPAHEHHOW TKaHU
LK. Yepes roa mocie onepaTuBHOTO BMEIIATEILCTBA
UMMYHOJIOTHYECKHUE MapaMeTpbl 00eHX rpyI NpruoIu-
3WJIHCh K KOHTPOJIbHBIM, JIMIIb B TPYIINE OONBHBIX
AMUT emie coxpaHsroTcs 3HAUUMbIe U3MEHEHHUS B CPaB-
HEHUHU C COOTBETCTBYIOIIMMHU MOKa3aTeasiMu Jul ¢ bI'
IO TpeM ayTOMMMYHHBIM mapamerpam: CD8+, LUK,
D0 (tabnuia Ne4). OmHako, 3HAYUTEIBHOE YJIydIlie-
HUE BCEX UMMYHOJIOTMYECKUX MapaMeTpOB IMOCIE TO-
TalbHOU THUPEOUIPKTOMHUM [JENacT 3Ty pa3HULy HE
CTOJIb CYLIECTBEHHOH.

TabmumaNe 4

HMmmyHorpamma jiun ¢ BI' 1 AUT, noaseprumxcs TOTaIbHOW THpeouadIKkToMun (M+m)

ITokaza BI' ToTtampHast TupeommdkToMus | AUT totaybHas | [Ipakrt.
Tens (n=18) THpeouIIKTOMISI(N=24) 310pOBBIE
(n=15)
o onep 6 mMec 1 rox o onep 6 mMec 1 rox
CD3+, % 487 £1,4* | 533+£1,2% | 62,7£0,7 | 47,0 £0,9* 53,0+ 0,7* 61,3+0,7* | 66,5+1,4
CD4+, % 30,240,8% | 32,4+0,7% | 35,4+0,5 29,5+0,6* 31,6+0,5% 33,8+04% | 37,9£0,9
CD8+,% 17,9405 | 25,3+0,5 27,10,5 17,6+0,4% 20,5+0,4%" | 24,8+0,3%" | 28,3+0,8
CD4+/ 1,68+0,03* | 1,3+0,02* 1,3+0,02* 1,68+0,02* 1,53+0,01*" | 1,36+0,01 1,4+0,04
CD8+
CD19+,% 19,4+0,5%* 13,9+0,5* 12,9+0,4 20,4+0,4* 17,3+0,4*" 13,1+0,3 11,3+£0,6
UK, 98,8+2,0* | 69,1+1,3 63,6+0,9 98,9+2,6* 77,9+1,3%A 67,3+1,2" 64,3+1,5
yCIL.eA.
2D, % 2,1+0,3* 1,240,1* 0,78+0,06 3,1+0,3*~ 1,8+0,2* 1,1+0,03 0,8+0,08
TRAD, 11,7£1,4 2,1£0,17 <1,75 — neg-
(IU/N) ative
TPOAD, 281,7 +42.8% 192+2.7%~ | >1,75 -
1U/ml pozitiv
TSH 0,11+0,02* - 2,4+0,3 4,0+0,5 - 3,3+0,2" 0,32-5,2
T4 free 14,3£3,4%* - 1,5+0,06 1,2+0,08 - 1,3+0,07 0,7-1,8

* - cTaTHCTUYECKas TOCTOBEPHOCTh PA3IMINi OTHOCUTENIFHO JAHHBIX Y MPAKTHYECKH 3I0POBBIX
- cTaTUcTHYECKAs JIOCTOBEPHOCTH pa3iiuuid gaHHbIX rpynn ¢ bI' u AUT mexnay coboit




Sciences of Europe # 153, (2024)

58

Buoieoow

1. B nmoomnepannoHHOM niepuoje Kak y jmil ¢ bI,
Tak u y nanuenToB ¢ AUT ¢ anemuelr HaOIOqal0TCS
BBIPAKCHHBIE M OJHOHAIIPABJICHHBIE T'€MAaTOJIOTHYC-
ckue Hapymenus (camwxenne HGB, HCT, LTI, MCV,
MCH, Fe cbiB 1 ®p ), XapakTepHble aHEMUH H TIIy0O-
KM€ U OJHOHAIPABJICHHbIE ayTOMMMYHHBIE Hapyllle-
HHSI, BBIP@XKAIOIINECS B KIIETOUHOM UMMYHOJEUIINTE
(camxenne yposuss CD3+, CD4+, CD8+) u moBeimie-
HUM  aKTUBHOCTM  TyMOpPaJbHOTO  HUMMYHHTETa
(moBsItiierne yposust CD19+, CD4+/CD8+, [TUK, DD,
TRAb u TPOAD).

2. BeImomHeHHE TOTAIBHON THPEOUIIKTOMHU Y
nanueHToB ¢ bI' u AUT ¢ anemuell npuBOIUT K NpeEK-
pAaIICHUI0 ayTOMMMYHHOTO TIpOIiecca M YIIyUIICHUIO
TeMaTOJIOTHYECKHX TTOKa3aTesiel Ha (oHe 3yTHupeosa,
JIOCTUTHYTOT'O B TEUEHHE '0/ia IOCyIe ONepaluy 3a CYeT
3aMEeCTHTEIBHO Tepanuu JIEBOTUPOKCHHOM.

3. Coxpanenue Tkanu LK npu BeimomHeHun
CyOTOTaJIbHOM TUPEOUAIKTOMHUH y 00eUX Ipyni 00Jb-
HBIX CIIOCOOCTBYET, IO - BUAMMOMY, NajJbHEHIIEMY
yCyTyOJICHHIO ayTONMMYHHBIX HApYIICHUH U yXyALIe-
HHUIO TE€MAaTOJOTMYECKUX IOKa3aTelied, HeCMOTpsl Ha
SYTHUPEOUTHBI TOPMOHATIBHBIA (POH MAIMEHTOB CITy-
CTS TOJL TTOCJIE OTICPAIIHH.
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Risk management is an extremely important point in the strategic analysis and planning of the hospital's

activities.

Hospital organizations are exposed to a much wider range of adverse impacts than all other economic entities
- companies, organizations, etc., because the content of the concept of risk in hospitals includes not only financial

components, but also certain parameters of health.

Once the decision has been made that a certain risk needs to be managed, it can be done in several possible

ways: elimination, minimization, transfer and acceptance.

Keywords: risk management, hospitals, strategic analysis, adverse impacts.

Introduction:

Risk management is an ancient idea. Ever since
the time of the Old Testament, of ancient Rome, and of
ancient China, there has been a desire among people
both to predict future dangers and natural catastrophes,
and to adapt to them.

It is accepted that the professor of insurance from
Temple University (USA) Wayne Snider in 1955 first
proposed the concept of "risk management". A year
later, Russell Gallagher in VVolume 34 of the Harvard
Business Review first described the profession of risk
manager.

In 1996, the Global Association of Risk Profes-
sionals (GARP) was also established, which is a non-
governmental independent association of risk manage-
ment practitioners and professionals. A risk manager is
a specialist who has the knowledge and skills with the
capabilities of a diverse set of tools to make or propose
decisions on risk management in a particular organiza-
tion.

Leading risk management organizations are the
Risk and Insurance Management Society, Inc. (RIMS),
founded in 1950, and the International Federation of
Risk and Insurance Management (IFRIMA), formed in
1984. Apart from them, there are currently dozens of
organizations that form a strong infrastructure of risk
management. [2,3]

Risk management is an extremely important point
of the strategic analysis and planning of the hospital's
activity, including under conditions other than the un-
derstanding of "comfortable". [1]

The purpose of the article is to present significant
aspects related to risk management in hospital medical
institutions.

Exposure:

Risk management is a part of the activity of the
management of an organization, which in a general
sense is aimed at its effective protection (most often
economic) from unwanted deliberate or accidental
events, bringing certain primarily material damage to
this organization. As a management activity, risk man-
agement requires the integrated efforts of the entire or-

ganization and includes decision-making and the reali-
zation (implementation) of the decisions made as a se-
quence of management impacts. This also defines the
task of risk management as the process of selecting and
implementing solutions that minimize a wide range of
accidental or malicious events.

Each company, after adopting the general manage-
ment strategy, also adopts a strategy for risks in general
and for each specific risk in particular. In order to en-
sure the risk strategy, it is necessary to form a program
for integrated risk management of the company. [2]

Risk management is a mechanism for managing
risk exposure that allows us to recognize the events that
may lead to adverse or harmful consequences in the fu-
ture, the extent of their negative effect and how they
can be controlled.

G. Komitov (2018) states the following working
definition of risk management in hospital medical insti-
tutions:

"The identification, analysis, and control of risks
that may threaten patient service, assets, or the image
of the hospital organization."

Risk factors inevitably accompany the operation
of the hospital in the modern conditions of a market
economy and a strong competitive environment. "The
risk for the medical institution is a system of certain
(risk) factors that simultaneously or successively in dif-
ferent periods of time exert their direct or indirect neg-
ative impact on the hospital's activity." [1]

Hospital organizations are exposed to a much
wider range of adverse impacts than all other economic
entities - companies, organizations, etc., because within
the content of the concept of risk in hospitals, not only
financial components are included, but also certain pa-
rameters of health. While, for example, a commercial
organization is exposed to the risk of low revenue, in
the hospital treatment facility, the risk management
problems are also related to the outcome of the hospital
treatment - recovered, improved, unchanged or died.
Ensuring better health also depends on the means that
are provided for it, but the other more important condi-
tion is the implementation of an adequate and expedient
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diagnostic-treatment process related to the profession-
alism of the hospital team, ensuring better health.

The most essential part of the control functions of
managers at all management levels of the medical fa-
cility is their efforts to minimize substandard health ser-
vices. According to the medical standards operating in
our country, the hospital has extremely complex risk
management and a complex toolkit for ensuring and
managing the quality of the services it provides. The
main reasons for this are; [4]

e the variety and serious nature of the diseases
treated in the hospital;

o the complexity of the medical assistance pro-
vided;

¢ the intensity of the health services provided;

e absence, from a pragmatic point of view, of a
difference in the significance of control over the quality
of conditions (means), activities (processes) and re-
sults.

Structure of the management program for risk
in the medical institution:

S. Spiridonov notes that support at all levels of the
hospital's management structure is critical to the suc-
cess of the risk management program. The importance
of such support is also dictated by the fact that it is an
integral part of the hospital’s business plan and its stra-
tegic plans for development and activity. Providing the
risk program with the necessary resources is evidence
of support from the hospital's senior management. At
the same time, it would be proper to plan and direct the
control of the implementation of this program by a
group appointed by the director of the hospital, which
includes representatives of the Medical Council, the
Council of Health Care, the Treatment Control Com-

mission and the Commission for the fight against nos-
ocomial infections. This means that said program will
have greater clinical effectiveness if risk management
and quality assurance activities are integrated.

Hospital management should appoint a person to
be responsible for risk management. It is necessary for
this person to carry out the orders of the above-listed
persons of the task force and report to them. Their du-
ties should include activities on:

e detection and analysis of risks;

e creation and implementation of a resource-
provided program approved by the hospital's manage-
ment;

e reviewing all available and upcoming con-
tracts with organizations for service of equipment, tech-
nical devices and installation facilities and controlling
their implementation;

e supervision of all procedures related to the
technical, fire, radiation and epidemiological safety of
patients and staff;

e conducting staff training to improve their
skills on the organizational aspects of risk manage-
ment;

e personal participation in the elimination of
losses personally incurred in unforeseen risk situations.

Table 1 shows the relationship between risk man-
agement and quality assurance activities:

Itis important to note that complete overlap of risk
management with quality assurance is not desirable due
to the fact that the administrative orientation of the risk
program and the clinical orientation of the quality as-
surance program require a number of activities and
functions to address separately with different in nature
control tools and management decisions.

Table 1.

Relationships between risk management and quality assurance activities

No Risk management

Quality assurance

1 assets of the hospital

Protection of the material, technical and financial

Related to the philosophy of the hospital

2 resources

Protection of human and intangible values and

Improving the qualifications of all professionals

3 property

Preventing harm to patients, visitors, staff and

Improving the quality of diagnostic, treatment and
rehabilitation activities and care for the sick

4 crepancies and individuals

Reducing total losses by targeting individual dis-

Comparing the quality of the provided health ser-
vices with medical standards and measurable accred-
itation criteria

Loss prevention through:
- accident prevention;

5 good general and specific nursing care);

tients' Rights

- continuous ongoing observations on the quality
of patient care (protocols and technical sheets for

- control over compliance with the Charter of Pa-

Prevention of future losses or
- impairments of patients through continuous obser-
vations in problem areas (e.g. accreditation indica-
tors marked as "mandatory")

the risk management steps:
- risk identification;

- risk analysis;

- risk assessment;

6 - processing of risk

Addressing any incident that occurs by applying

Search for facts in the provision of health services
that do not correspond to medical standards. Apply
the following quality assurance steps:

- identification of the problem;

- determining the size of the problem;

- implementation of corrective action;

- continuation of relevant care and activities;

- analysis of the obtained results

Source: Adapted from S. Spiridonov, 2012
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Principles of hospital risk management:

The main steps of risk management consist of de-
fining, evaluating, reducing, eliminating or transform-
ing the risk.

Risk identification (recognition) can be done in
many ways, but the most common of them is the col-
lection and combination of data about different prob-
lems - a procedure that makes it possible to identify the
risk area and make it the focus of action. There is a re-
quirement that risk management efforts are not only
rapid but at the same time focused on eliminating, re-
ducing or restructuring risk.

The risk assessment should be carried out by re-
viewing and categorizing the information on the prob-
lems that are burdened with signs of risk (electrical net-
work and outlets that include high pressure devices,
septic operating rooms, etc.).

The elimination or reduction of risk can be
achieved in the following ways:

e bringing the construction of the hospital build-
ing into compliance with safety standards;

e greater frequency in conducting internal audits
on the implementation of medical standards for the
quality of conditions (means), processes (activities) and
results;

e improving relationships between patients and
hospital staff;

¢ hiring external specialists to carry out special-
ized control of material areas and points, the exploita-
tion of which may lead to the emergence of a risky sit-
uation.

The periodic evaluation of the efforts made by the
staff to eliminate, reduce or transform the risk is also a
prerequisite for a better implementation of the
measures within the scope of risk management. [4]

CONCLUSION:

Risk management is carried out within the man-
agement of the hospital, as well as any other organiza-
tion, and is an integral part of it.

The responsibility for implementing risk manage-
ment within the organization rests with senior execu-
tive management.

Once the decision has been made that a certain risk
must be managed, it can be done in several possible
ways: elimination (liquidation), minimization (through
certain steps to reduce its adverse effects to an accepta-
ble level), transfer, i.e. exporting the identified risk to
an external organization and acceptance — when there
is nothing to be done in response to the impact of the
risk factors.
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AHHOTALIUA

ABTOpamu pa3paboTaHa U yCIIEIIHO IPUMEHEHA KOMIIOHOBKAa MOHOJIATEPAJILHOTO armapara BHEITHeH (uK-
caiuu pazpaboTaHHasl JIJIsl ISYSHUS TIEPETOMOB 1 3a00JIeBaHUI MPOKCUMAJILHOTO OT/eNa OeIPeHHON KOCTH Y Jie-
Teil. OCOOEHHOCTHIO JICUSHHSI TAHHOTO BHJIA TIEPEJIOMOB, C IPIMEHEHHUEM alllapaToB BHEIIHEH (pHUKcaIum, sBs-
€TCA TO, UTO IIPU HAJIMYUU KOPOTKOTO NPOKCUMAJIBHOT'O (l)pal“MeHTa KOCTH BO3HUKAIOT TPYAHOCTHU CO3JaHUA CTa-
OMIIBHOTO OCTEOCHHTE3a, KOTOPBIH TOCTUTAETCS IPOCTPAHCTBEHHBIM PACIIONIOKECHHEM (PUKCHPYIONINX SIIEMEHTOB
(BHYTpUKOCTHBIE CTepXHH). PazpaboTaHHas KOHCTPYKINS BEIHOCHBIX KPOHIIITEHHOB ITO3BOJISET TOCTHYb KECTKOM
(I)PIKcaIII/II/I IMPOKCHUMAJIbHOT'O (bparMeHTa KOCTH Ha Oo1lope alirapara, TeM CaMbIM CO3/1aTh CTaOMIILHBINA OCTEOCUHTES
IIPpY BBIIIOJIHECHUU KaK OPTONCANYCCKUX, TAK U TPABMATOJOTUYCCKUX BMEHIATCIILCTB Ha 66HpeHHOM CCIMCHTC y
JIETEH.

ABSTRACT

The authors have developed and successfully applied a monolateral external fixation device designed for the
treatment of fractures and diseases of the proximal femur in children. A feature of the treatment of this type of
fractures, using external fixation devices, is that in the presence of a short proximal bone fragment, it is difficult
to create stable osteosynthesis, which is achieved by the spatial arrangement of fixing elements (intraosseous rods).
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The developed design of the outrigger brackets makes it possible to achieve rigid fixation of the proximal bone
fragment on the support of the device, thereby creating stable osteosynthesis when performing both orthopedic
and traumatological interventions on the femoral segment in children.

KiroueBble c10Ba: VOHOJATEpaIbHBIN anmapar, IPOKCHMAaIbHBIH auadu3 Oeapa, KOMIOHOBKA, IPECKOCT-

HBIM OCTEOCHHTES.

Keywords: monolateral apparatus, proximal diaphysis of the hip, layout, transosseous osteosynthesis.

[Tpu nevyennu nuadu3apHBIX MEperoOMOB OepeH-
HOM KOCTH y JIeTeH U MOJPOCTKOB B HACTOSIIEE BPEeMs
HIMPOKO HCIIONB3YIOTCSI MOHOJIATEPAIbHBIE alapaThl
BHeIIHeH ¢ukcanuu. K ux J0cTOMHCTBaM CliemyeT OT-
HECTH MaJbIil BeC M Ta0apuThl, OBICTPOTY HAIO0XKEHUS,
C BO3MOJKHOCTBIO IOCJICONEPAINOHHON JTOKOPPEKINHT
TIOJIO’KEHHS OTIIOMKOB, yIOOCTBO AJIsI OOIBHOTO B I10-
cieoniepanroHHoM niepuoze [ 1, c. 58]. Ognako mpwu Jre-
YEHHUH TIEPEIOMOB MPOKCHMANIFHOTO quadm3a Genpen-
HOM KocTH (4pe3-, NOABEPTENLHBIE IIEPEIOMBI), WU
IpU KOppeKuuy meevyHo auadusapHoro yria (ILIAY)
IIPY BapyCHOM, WJIM BaJbI'yCHOH AedopMaliy MeHKu
OeIpeHHON KOCTH MPUXOIUTCSI CTAIKUBATHCS C OIpe-
JIETICHHBIMM TPYIHOCTAMH TNpH (UKCALUH MPOKCH-

G0y fr'oms f1'o s

2

e,

ManbHOTO oTAena Oenpernoit koctu ([IOBK). 1o 005-
sicusietcs kak apxutektroHukoi IIOBK, tak u Tem, uto
MBI IMEEM JIeJI0 C KOPOTKHM HPOKCUMAaJBbHBIM (par-
MEHTOM, a JUIS er0 CTaOWIBHON (hUKCAIi HE00X0AUM
«TIPOCTPAHCTBEHHBIN Pa30poC AIIEMEHTOB (DUKCAIHN
(mmt. o I'.A. Mmm3apoBy). OpTonenamu 3To JOCTHTa-
€TCsl yCTAaHOBKOM Ha MPOKCUMAJIBHOH OIope amnmapara
JIBYX BHYTPHKOCTHBIX cTepxHEH. [Ipr 3TOM BO3ZMOKHBI
nBa BapuanTta ¢ukcanuu [IOBK. IlepBrrit — mposene-
HHE OJIHOTO CTEP>KHS CTPOTO BO (PPOHTAIBHOM TIIOCKO-
CTH BOJIM3M JIMHUHM TepesioMa (IOJBEPTENbHBIN mepe-
JIOM), IPYTOro BHYTPUKOCTHOTO CTEPXKHS - BJIOJIb OCH
meiiku 6eapernoi koctu (puc.l).

13

Puc. 1. Cnocob nposedenusi cmepoicheli ¢ NPOKCUMANbHOM omoelie beOpeHHOU KOCmuU (pazmenmom

Bropoii BapuanT pukcanmu [IOBK - aTo nposene-
HHE BHYTPUKOCTHBIX CTEPXHEH BIOJIb OCH IEeHKH Oe-
PEHHOM KOCTH, MOA yrioM 25-30°0THOCUTENIBHO ApYT
Jpyra Bo ()pOHTANIBHOM TIIOCKOCTH (puc. 2).
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Puc. 2. Bmopoii sapuanm npogederusi cmepoicHell 8 NPOKCUMATbHOM omoesie OeOpeHHOU KOCmu

Hcnonp3oBaHne BHYyTPUKOCTHBIX CTEPIKHEN, TIPO-
BEJCHHBIX TaKUM 00pa3oM, IToKa3aio cBoio d(hdeKkTus-
HOCTD B IIJIaHE CO3/[aHUS )KECTKOCTH (DMKCAIMH, U TO-
CJIEOTIEPAllMOHHON YIIPABISEMOCTH HPOKCHUMAIbHBIM
¢dparmentom koctu [1, c. 58]. JIast 3TOro mpUMEHSIOT
JIBa IITAaTHBIX BEIHOCHBIX KPOHINITEHHA annapaTa Miu-
3apoBa, COEIMHEHHBIX MEXIY co60ii oz yriom 90° [2,
c. 216; 3, c. 72]. OgHako ycTaHOBKAa BHYTPHUKOCTHOTO
CTEp>KHsI Ha TpeJylaraéMoil KOHCTPYKIMK U3 coOpaH-
HBIX BBIHOCHBIX KPOHIITEHHOB HECTaOMIIbHA, TaK Kak
HUMEETCSl BEPOSITHOCTH IOBOPOTA BBIHOCHOTO KPOH-
HITeiHA OTHOCHUTENBHO OMNOPBI, a TaKXKe UX MMOBOPOTA
OTHOCHTEJIFHO JPYyT K JIpyry. DTO HaOII0oNaeTcs: Ipu
koppekrmu aedopmarun [IOBK (ranpumep, mpu xop-
pekiuu IIJIY), uTo 00BACHIETCS TOCTOSIHHBIMH, pac-
TYIIUMH KOMIIPECCUPYIOIUMHU YCHIIUSIMH MBIIII] BEp-
TEJIbHOU IPYIIIBLI IPU IPOU3BOAUMON Koppekuuu. Ta-
KO CaMOIIPOU3BOJIBHBII IIOBOPOT IPUBOJAUT K IOTEPE
JUCTPAKIIMOHHOTO peXHMa M TPEKICBPEMEHHOMY

CpalleHnIo (parMeHTOB B 30HE OCTEOTOMHH. Takxke
MIOBOPOT KPOHIUTEHHOB, YCTAHOBJICHHBIX Ha IPOKCH-
MaJIbHOM OTIope, HAOII0AAETCS U IIPH JICUSHUH NIepesio-
MOB IIPOKCHMAJILHOTO OTJeNla OCAPEHHON KOCTH, YTO
HPOUCXOUT OOBIYHO IIPH peno3unuy pparmenToB. Ta-
KM 06pa30M, MNPpUMCHCHUE UW3BECTHBIX MITATHBIX
YCTPOHMCTB HE TO3BOJSET (a€KBATHO BO3HUKAIOIIUM
IpU PENO3MLUH, WM TPH TUCTPAKIMH, HArpy3KaM)
MIPOBOANTD (PUKCAIMIO BHYTPUKOCTHOTO CTEPXHS K
oropaM anmapaTta BHEIMIHeH (HKcalui, COOTBET-
CTBEHHO NPOCTPAHCTBEHHOMY PACIIOJIOXEHHIO HISHKH
OepeHHON KOCTH (C y4eTOM yTJla aHTETOPCHH M IIle-
€4YHO-IMa(U3apHOTO YTIIa).

Kannuveckuii npumep.

b-nas O-Ba, 11 net, n.6. Ne 1767, moctynuia B 0T-
nenenue nerckoit opronenuu 14.05.2010 ¢ aguarHo3om:
3aKphITBIA MOABEPTEILHBIN IEepesioM JIeBOH OelpeH-
HOM KOCTH CO cMeleHueM (puc. 3).
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Puc. 3. b-nas O-sa, 11 nem, u.6. Ne 1767, penmeeHo6CKUll CHUMOK NPOKCUMAIbHO20 0moeia 6e0peHHol Kocmu
0o onepayuu

IMon xoMOMHHMpOBaHHOW aHecTe3ned OOJILHOM
npousBeaeH YKOC neBoro Oenpa B omnepannoHHOMN
MPUEMHOTO OTAEJICHHS B JISHb MOCTYIUICHUs. bonbHast
YI0KEHA Ha OPTOIIEIMYESCKUN CTOJI, IPOU3BEICHA JHC-
TPaKUHXS Ha CTOJIC ¢ HOCIEAYIOIMM PEHTIC€HOKOHTPO-
JeM. B npokcuManbHBIi (parMeHT BBEACHBI ABA BHYT-
PHKOCTHBIX CTEp)KHS: OAWH CTPOro BO (HPOHTAIBHOM
IUIOCKOCTH BOJIM3H JIMHUH TIEpesioMa, IPYroi - BAOJb

ocu 1eiiku OenpenHoit koctu. [lociennue cMOHTHPO-
BaHBI 32 CYET JIBYX BBIHOCHBIX BBIHOCHBIX CTEpIKHE-
(uKcaTopax pacIoJIOKEHHBIX Ha MPOKCHMAIBLHOMN
orope.

Ha nucranpHON onope BHYTPUKOCTHBIE CTEPKHU
BBOJISITCS B KOCTHBIN (PParMeHT MEPIEHIUKYIIPHO OCH
OTJIOMKA C POTAIMOHHBIM 3aKOCOM OTHOCHTEIIFHO JPYT

npyra (puc. 4, 5).

Puc. 4. PenmeenoCkuti CHUMOK NPOKCUMATILHOZ0 OMOeNa 6e0peHHOU KOCMU NOC/ie HATOJICEHUs. annapama, npsi-
Mas npoexkyus
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Puc. 5. Penmeenogckuti CHUMOK NPOKCUMATbHO20 OmOena 6eOpeHHOU KOCHU NOCie HA0NICeHUs: annapamd, 60-
K08as npoexyus

IIpn 3TOM mMONOXXEHHE OMOPHI TAKXKE PacIoo-
JKEHO MEPIICHIUKYJIIPHO OCH JUCTAIBHOTO (pparMeHTa.
OTHOCHUTENBHO OTPENIOHMPOBAHHBIX Ha OPTOIEANYe-
CKOM CTOJIE KOCTHBIX ()parMEeHTOB OTIOPHI JOJIKHBI pac-
MoJIaraThcs Ha OIMHAKOBOM OTIAJICHUH OT MOCJIEHUX,
3TO JIOCTHTraeTcss BPEMEHHON YCTaHOBKOHW pe3bOOBOM
IITAHTH ¥ KOPPEKILIMH TTOJIOKEHHUS OIOp 32 CUeT Iepe-
JABMIXKCHHUA HUX 3a CUCT CIICHHAJIBHBIX TaCK, UMCHOIIHUX
chepuueckyro ronoBky. [locie Toro, kak BH3yajbHO
MOJIOKEHHE PEe3bOOBOW IITAHTM CTAHOBUTCS Mappa-
JICJIBHBIM OCH TOBPEKJACHHOIO CEIMCHTA IPOU3BO-
JIUTCA yCTaHOBKAa BTOPOH pe3pOoBoi mranrH. [lema-
eTCsl PEHTTeHKOHTPOJIb. 3a CUET MepEeMENICHUs CIIeTH-
IBHBIX T'a€K 10 BHYTPHUKOCTHBIM CTEPXKHSM, a TpH
HEOOXOAMMOCTH ¥ TOBOPOTa KPOHIUTEHHAa BOKPYT
CBOEI1 OCH 10 paanabHBIM 3y0I1aM, KOTOpbIE KOHTAK-
THPYIOT C 3yOLaMH OTBETHOH ()OPMBI, PacIONOKEeH-
HBIMH Ha HIDKHEN TIOBEPXHOCTHU NbEACCTAIa IIPOU3BO-
JUTCA OKOHYATCJIIbHAA PEIIO3UITUA q)paFMeHTOB.

C npuMeHeHHeM JaHHOTO yCTPOHCTBA IPOOTIEPH-
poBaHO 32 mammeHTa ¢ MepeIoMaMH BEpPXHEH TpeTu
OenpeHHON KOCTH U 7 OONBHBIX C BapyCHOU nedopma-
nuel meikn OepeHHON KOCTH.

be3ycnoBHBIM TMPEeNMyIIECTBOM TPHMEHSEMOM
KOHCTPYKLMH SIBJISIETCSI YIOOCTBO MOHTa)X<a BHYTpPH-
KOCTHBIX PE3bOOBBIX CTEpXHEH Ha MPOKCHMMaJIbHOMN
Orope arapara, 9To He TOJIBKO CYIECTBEHHO COKpa-
IaeT BpeMs ONEpalyid, HO U 3a CYET JIOCTHIaeMOro

«TIPOCTPAHCTBEHHOTO Paz0dpoca YPECKOCTHBIX JIEMEH-
TOB», JOCTUTAeTcsi crabwibHas (UKcAUsl MPOKCH-
MaJIBHOTO OT/ea OePEeHHON KOCTH.

OCHOBHBIM OMOMEXaHHMYECKHM HapyIIeHHEM IpH
BapycHOH aedopMaruu MIelku OeIpeHHOW KOCTH SB-
JISIeTCsl yMEHbILIEHHUE IeeYHO-11adu3apHOTro yTiia, 4To
CITy’)KUT NMPUYIHHON OTHOCHUTEJIEHOTO YKOPOYEHHS KO-
HEYHOCTH, HEIOCTATOYHOCTH SITOJUYHBIX MBIIII U HE-
MIPaBUJILHOI YCTAaHOBKH TOJIOBKM BO Brianuue. Jledop-
Malusi [ee4yHo-auagpu3apHoil 00JacTH MPOKCUMATb-
HOTO OTJiea Oe/ipa U CBSI3aHHAsl C 3TUM JICIIEHTPALUs
rOJIOBKH OCAPEHHOM KOCTH B BEPTIIYKHO BIIaJUHE SB-
JSIFOTCS.  TIPUYMHOW  Pa3BUTHA  Ae()OPMHPYIOIIETO.
Kpome ymenpmenuns LAY npu BapycHO# nedopma-
LMY TOCNE MEPEHECEHHOTO OCTEOMUENINTa BO3HHKAET
TOPCHOHHAs MaTOJIOTHsI B BUJE OTKIOHEHHS TOJIOBKU
K3au OT (hpoHTaNBHOH TutockocTH. [locne ncnpasie-
HUS BapycHOI nedopmanmu 6epa HadHIue H30bITOY-
HOTO yTJa PETPOBEPCHU HIIH PETPOQIEKCUH TPHUBOIANUT
K HEIOCTaTOYHOCTH OTBOIAIMINX MBI 6enpa. Kpome
9TOTO, NPH ONEPATHBHOW KOPPEKIMH YTJIOB IPOKCH-
MaJIBHOTO OTJeNIa IpH CoXavarae HeoOXOaUMO YIHUTHI-
BaTh CHUTy KOMIIPECCHH, BOSHUKAIONIEH B Ta300e/IpeH-
HOM cycTaBe. ITO 00BSICHIETCS TeM, UTO IpU (HopMHU-
pOBaHUU COXavarae HacTyHmaeT peTpakiysl O4YTH BCeX
TPy Ta300€IPEHHBIX MBIIII BCIEACTBUE COMMKEHUS
HX TOYeK npukpennenus. [103ToMy BMeIIaTeNnbCTBO 110
koppekuuu yrioB IIOBK nonosHseTcs moaKoXHOM Te-
HOTOMHEH MPHUBOJSIIUX MBI Oepa U pacceueHreM
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MaccuaroBa TpakTta. Ecnu pasauna sesmunn LY, co-
OTBETCTBYIOLLET0 Bo3pacTHOW Hopme, u Y npu
coxavarae 6ombme 30°, To AeKoMIpeccHBHAs Omepa-
U Ha MATKAX TKAHAX JOTOJHSACTCS pasrpy3Koi cy-
CTaBa anmapaToM BHEIIHEH (QUKCAluU ¢ HAJOXKCHUEM
Ta30BOH OMOPBL. ITO 0COOEHHO HEOOXOIMMO, €CIIU B
OCTCOMUEIIUTHYCCKUI TPOIECC BOBJIEKaIach (Kpome
ITOBK) BepTiyXHas BaJnHA, C OCIOKHCHUEM B BHJIC
e€ CKOLIEHHOCTH IpU aleTadyIsIpHOM HHAEKce Ooiee
25° BBU/Ty BO3HHKHOBEHHS BEIBUXA O€/ipa IIpU KOppeK-
om Y.

a

o

[IpuMensiemblii B HacTosIee BpeMs HAKOCTHBIN
OCTEOCHHTE3 IIPH JICUCHUH COXavaraessisercs B 00Ib-
IIMHCTBE CBOEM TPABMAaTUUYHBIM M IOCTATOYHO CJIOXK-
HBIM, TpeOYIOUIMM  3HAYUTENHFHOTO  OTCIIOCHHUS
HAaJIKOCTHHMIIBI, ITUPOKOTO pa3pe3a MATKUX TKaHEH, Mo-
BTOPHBIX ONEPALUi Ui YAaJICHHUS MeTauo(ukcaTo-
POB, JUTUTEIBHOI THIICOBON MMMOOMIH3AIINH.

B HUIT «BTO» nuis neueHus yKka3aHHBIX 00JIb-
HBIX MPUMEHSETCS] YPECKOCTHBIA OCTEOCHHTE3 KaK arl-
naparamu Mnu3apoBa, Tak U anmnapaTamy CTep>KHEBON
¢ukcarmmu (puc. 6 a, 0, B).

8

Puc. 6. Penmeenocpamma 6onvrou A-ea (u/6. Ne5687), 5 nem, ¢ OuasHo30m. NOCMOCMeoMUeTUMUu4ecKas 6apyc-
Has Oeghopmayus weliku npagou bedpeHHol Kocmu. a — 00 Jiederus, 6 — 8 npoyecce ieyeHus, 8 - uepes 2 2004d.

Knnangeckwii mpumep: b-Hast A-Ba, n/6 Ne5687, 5
JIeT, TIOCTYIIIIIA Ha JICUCHUE B OT/AEJICHHE AETCKOM Op-
tonenun HUL[T «BTO» ¢ auarnHo3om: mocTocreomMue-
JIUTHYeCKas BapycHas nedopmanus ek 0eapeHHo
koctu. Onepanys MpOM3BOIWIACEH CIEAYIOINM 00pa-
30M: B HOJIO)KEHUH OOJIbHOM Ha OOKY B 001aCTh 00JIb-
IIOr0 BepTesia BBUHYMBAINMCH JIBa BHYTPUKOCTHBIX
crepykHs mox yriom 45° apyr k apyry m ukcuposa-
JMCh Ha BBIHOCHOH 11acTuHe. [11ockocTh pacmoioxe-
HUS (PUKCATOPOB JI0JDKHA 00pa3oBaTh yroil ¢ TOpU30H-
TaJIbHOH INIOCKOCTBIO, PAaBHBIM YTy KOPPEKLHH C He-
Oonpmoit runepkoppeknueii. Ha HIKHIO0 U CpeIHIO0
TpeTh Oe/ipa Ha BHYTPUKOCTHBIX CTEPXKHSIX WM Mapax
MEePEeKPEIUBAIOLIMXCS CITHI] MOHTHPOBAJIU OTIOPHI, BbI-
MOJIHEHHBIE B BHJIE CEKTOPOB (V4 KOJIbIIA) MM KOJIBIIE-
BBIX onop anmnapata Miuzaposa. Mexay coboii ux co-
eIMHWIM Pe3bOOBBIMHU IITaHramMu. [InaHKy W Onopsl

(cexTopa mnu Koinbla anmapara Mnmsaposa) dukcupo-
BaJH ABYMs CTEP>KHAMH C IIAPHUPHBIM YCTPOUCTBOM.
Ilocne HanoxxeHUs Ta30BOM AYrW AJis pasrpy3kH Cy-
CTaBa MOCJEHSSI COSIMHSIETCS C anmnaparoM Ha Oepe.
ITocne 3TOrO0 mO Hapy»HOM IOBEPXHOCTH BEPXHEH
TpeTH Oeipa NMPOU3BENHN pa3pe3 KOXKH, MATKHX TKaHEH,
no Koxepy, BBIIOJIHWIM MOJHOE KOCOE paccedeHne
MaccuaTroBa TpakTa U OOHa)keHHe OeJPEeHHON KOCTH.
3aTeM NpOU3BENU MEKBEPTENBHYIO OCTEOTOMUIO C HC-
CEYEHHEM KOCTHOIO KJIMHA, PABHOTO YTy KOPPEKIUH
HIAY. Yron perporopcun u LY koppuruposanu oi-
HOMOMEHTHO, HCHOJb3ys BHYTPHKOCTHBIE CTEP>KHHU,
YCTaHOBIICHHBIE B MIelike OelpeHHOW KocTH. Pany
YIIWIN HAarJIyXo, 0 ApeHaxen. Onepainio 3aKOHIHIH
MOJIKOKHOW TEHOTOMHUEN TPHUBOJSMIIMX MBI Oeapa

(puc. 7).
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Puc. 7. Hanoorcennas masoeas onopa npu neyenuu coxavarae

[pu HeoOxomumocTu aokoppekmuto Y B mo-
CJICONIEPAIMOHHOM TIEPHOJE 1O HOPMAIBHBIX BO3PACT-
HBIX BEJIMIHH MPOU3BOIAT IIOCTEIIEHHO, yTeM (hopMH-
POBaHMS KJIMHOBUIHOTO KOCTHOTO pETCHEpaTa 3a CUeT
y3J1a KOPPEKINH anmapara.

IMocne koppekimyn nedopManiy MPOKCUMAILHOTO
oTzaena Oepa IpH COMYyTCTBYIOIIEM YKOPOUCHUH Oen-
PEHHOM KOCTHU NPOU3BOJIAT YUIMHEHHE OEAPESHHON KO-
CTH IyTE€M IIEpPEMEIICHHUs raeK Pe3bOOBBIX LITAHT arl-
napara. CkopocTh yJuiMHeHus coctasiser 0,25 mm 4
pa3a B nesb. [locne koppekuuu sneMeHTOB aedopma-
MM IPOKCUMAIILHOTO OT/eNla OEAPEHHON KOCTH U He-
00XOIMMOT0 Y/UTMHEHHs KOHEYHOCTH armnapar cradu-
JM3HUPYIOT JI0 CO3PEBaHUs KOCTHOTO PETeHEpaTa, a Ta-
30BYIO YTy AEMOHTUPYIOT.

[locne co3peBanust pereHepara ammapar Ha 9-i
Heziene OblT AeMOHTHPOBaH. bobHOMY IIpOBEIEH Kypc
peadMIUTannOHHOHN Tepamuy.

UYepes 2 roxa nocne onepauuu yrisl AT u LY
cocrasnsim 20° u 125° cooTBETCTBEHHO, KOHTYPBI 3ITH-
(u3a rojoBku OeAPEHHON KOCTH ObUIN POBHBIE, OIpe-
JIENIATIOCh €r0  BOCCTAaHOBJIEHHE, IPOCIIEKUBANACH
poctkoBas 30Ha. Ilo manHOMY cnocoOy mpoomnepupo-
BaHO 6 neTeil. Y Bcex OOJIbHBIX TMOJMYYEHBI MOJIOXKHU-
TEJIbHbIE aHATOMO-(YHKIIMOHAIBHBIE PE3yJIbTATHI.

Pesome

OnepatuBHOE JiedyeHHE OOJBHBIX C YKa3aHHBIM

BUIOM 3a00JIEBaHUS [TPOKCHMAIIBHOTO OTAea OeapeH-
HOM KOCTH HaIlpaBJIeHO Ha Koppekuuio yrioB AT u
LY, npu onepaTuBHON KOPPEKLHUH YIJIOB MPOKCH-
MaJIHOTO OT/IeJIa IpH COXavarae HeoOXOJUMO yUHUTHI-
BaTh CHJIy KOMIPECCHH, BO3HUKAIOMIEH B Ta300€apeH-
HOM CyCTaBe.

[Ipu xoppexuuun LY no 30° mokazaHa JeKOM-
IIpecCUBHasl ONepalIsl Ha MATKUX TKaHSX € pa3srpy3Koi
CyCTaBa almaparoM BHEIIHeH (uKcaluu H OIHOMO-
MeHTHOI koppekuueit yrioB IIOBK, npu pasnune Be-
syl Y, cooTBeTCTBYIOIIETO BO3paCTHOM HOpME,
u LY npu coxavarae 6onbure 30° nmokasana jekom-
MIpecCUBHAsl ONEpaIis Ha MATKUX TKaHIX C pasrpy3Koi
CyCTaBa anmapaToM BHEIIHEH (ukcanny, HaJoKeHHEM
Ta30BOH OMOPHI M TIOCTEIIEHHBIM (DOPMHUPOBAHUEM yT-
noB ITOBK.

Jlutepatypa
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AHHOTALIUA

K cepbe3HbIM OBPEKIEHUSIM ONIOPHO-IBUTATEIBLHOTO arapara OTHOCSATCS TPAaBMbI Ta3a ¢ HApYLIEHUEM 1ie-
JIOCTHOCTH €r0 KOJbla. JJaHHBIC MOBPEXKICHUS COCTABIAIOT 3-7 % OT 00mero KOJIMYeCcTBa BCEX ITOBPEKICHIHA
ckenera. [l medeHns HeCTaOMITBFHBIX MTOBPEXKICHHII Ta30BOTO KOJIBIIA HCIOIB3YIOTCS PA3IUYHBIC BAPUAHTHI €T0
PETIO3UIINH U CTAaOWIIH3aIINH.

ens pa3paboTKu 3aKII0YAETCS B CO3IaHUU BO3MOXKHOCTH MAJIOTPABMAaTUYHON TOJHOIIEHHON BHEOYAroBOH
peno3nuu u CTa6I/IJ'II/ISaHI/II/I HOJ’H/I(bOKaJ'II)HI)IX HECTAOMIBLHBIX HOBpe)KI[eHI/Iﬁ Ta30BOTI'0 KOJIbIIA C OTKPBITHIMU ABY-
CTOPOHHHMMH TIEPEIOMaMH B MpeieNax MepeHero NoIyKobia THIa «0abodka» U pacXoXICHHEM cuMOu3a.

Texnonorus obecrieynBaeT aHATOMHYECKH MPABUIIHHYIO BHEOYAroBYIO PEMO3HINIO M CTAOMIIM3AINIO CMe-
HICHHBIX HOJ'[I/I(l)OKaIlBHBIX HECTAOMIBHBIX HOBpC)K}IeHI/Iﬁ Ta30BOI'0 KOJIbIla C OTKPBITBIMH JIBYCTOPOHHUMM TI€PEC-
JIOMaMH B TIpeJieNax MepeIHero MoyKoIbla THIa «0aboukay U pacXokIeHHeM cuM(H3a 1 3aKIII09aeTCs] B MOH-
Ta)ke amlrmapara Ha YPECKOCTHBIX CTEPIKHAX, YCTAHOBIICHHBIX B KPBUIbS ITOJIB3IONTHBIX KOCTEH, TaKKe B 00¢ JIOH-
HBIC KOCTH Y OCHOBaHUH JIOOKOBBIX OYrOpKOB BCTPEYHO BBOJAT CIHIBI 4Yepe3 cHM(U3 B JIOHHYH WIH
CeJAJIMIIHYIO KOCTh KOHTpPJIATEPAIbHOM CTOPOHBI Yepe3 HEMOBPEXKACHHbIE MIATKUe TKaHU. boijiee Toro, TeXHOI0-
THsI TO3BOJISIET OCYIIECTBUTH TPEXIUIOCKOCTHYIO PEMO3HITNI0 CHOPMUPOBAHHOTO €IMHOTO KOCTHOTO OJIOKA TIepe/i-
HEro MOJIyKOJIbLIA TPaKUUel U Pa3BOPOTOM CIMLAMHU M KOCTHBIMU UIMMIIAMH. DTUM JTOCTHTAETCsl COKpalleHUE
CPOKOB JICYCHU A OOJILHBIX U YMCHBIICHUE KOJIMYCCTBA I/IH(beKI_H/IOHHBIX OCJIOKHEHUH.

CDopanOBaI-me OIIOPHI HA MOAB3IOUIHBIX KOCTAX obecrieunBaeT CTa6I/IJ'[I/13aI_H/IIO HECTAOMIIBHBIX TIOBpEXKAEC-
HUH Ta30BOTO KOJIbIIa. BCTpeuHO BBEICHHBIE CITUITHI B 00€ TOHHBIE KOCTH Y OCHOBaHHI JIOOKOBBIX OYTOPKOB uepe3
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cuM(bU3 B JJOHHYIO WJIM CENaTUINHYI0 KOCTh KOHTPJIATEPATbHOM CTOPOHBI TIO3BOJISTIOT HAJIEHKHO YACPKUBATH J0-
CTUTHYTOC aHATOMHUYCCKHU IMTPABUIIBHOC B3AMMOOTHOMICHUEC JIOHHBIX KOCTEH B BOCCTAHOBJICHHOM CI/IMCI)I/ISC.

Pa3paboTaHHass TEXHOJOTHSI OOECIIEYMBAET BO3MOYKHOCTH MPOHM3BECTH MAJOTPABMATHYHO IMOJHOIICHHYIO
BHEOYArOBYIO PENO3UIINIO M CTAOMIN3AINIO MOTU(POKAIBHBIX HECTAOMIBHBIX TOBPEKACHUI Ta30BOTO KOJBIIA C
OTKPBITBIMH JABYCTOPOHHUMM NEPEIOMAaMU B IMPECACIIax NEpEaAHCI0 MOJYKOJIbla TUIla «babouka» u pacxoxJaACHUECM
CI/IM(l)I/Ba C paHHeﬁ aKTPIBPBaIIPIeﬁ u pea6I/IJ'II/ITaHI/IeI71 nangyueHTa, 4TO MO3BOJIACT COKPATUTH CPOKH U YIIYUIIHUTH
PE3yJIbTAThl JICUCHUS.

ABSTRACT

Serious injuries to the musculoskeletal system include pelvic injuries with a violation of the integrity of its
ring. These injuries account for 3-7% of the total number of all skeletal injuries. Various repositioning and stabi-
lization options are used to treat unstable pelvic ring injuries. The purpose of the development is to create the
possibility of a low-traumatic full-fledged out-of-focal reposition and stabilization of polypocal unstable pelvic
ring injuries with open bilateral fractures within the anterior semicircle of the "butterfly" type and a divergence of
the symphysis. The technology provides anatomically correct out-of-focal reposition and stabilization of displaced
polypocal unstable pelvic ring injuries with open bilateral fractures within the anterior semicircle of the "butterfly"
type and the divergence of the symphysis and consists in mounting the device on transosseous rods installed in the
wings of the iliac bones, also spokes are counter-inserted into both pubic bones at the bases of the pubic tubercles
through the symphysis into the pubic or the sciatic bone of the contralateral side through intact soft tissues. More-
over, the technology allows for a three-plane reposition of the formed single bone block of the anterior semicircle
by traction and reversal with spokes and bone forceps. This reduces the duration of treatment of patients and
reduces the number of infectious complications. The formation of support on the iliac bones ensures the stabiliza-
tion of unstable pelvic ring injuries. Counter-inserted spokes into both pubic bones at the bases of the pubic tuber-
cles through the symphysis into the pubic or sciatic bone of the contralateral side make it possible to reliably
maintain the achieved anatomically correct relationship of the pubic bones in the restored symphysis. The devel-
oped technology makes it possible to perform a low-traumatic full-fledged out-of-focal reposition and stabilization
of polypocal unstable pelvic ring injuries with open bilateral fractures within the anterior semicircle of the "but-
terfly” type and the divergence of the symphysis with early activation and rehabilitation of the patient, which

reduces the time and improves treatment results.

KaioueBble ciioBa: Ta30Boe KOJIbIO, cMM(]HU3, allnapaToB BHEUIHEH (UKcALUK, HECTAOUIIbHBIE TOBPEXK/Ie-

HU, penio3nusa, CMCIICHHUC.

Keywords: pelvic ring, symphysis, external fixation devices, unstable injuries, reposition, displacement.

Beegenne

[lepenoMsl 1 HOBpEXICHUS Ta3a C HapyIICHHEM
[IETIOCTHOCTH €T0 KOJBUASBIISIOTCS PE3yIbTaTOM BBHI-
COKOZHEPIreTHYECKNX TPAaBM M 3a4acTYIO MPUBOIAT K
MHBAJIMIHOCTH M CMEPTHOCTH HACEJICHHS TpPYJIOCHO-
cobHoro Bo3pacrta [1, c. 442; 2, c. 2405]. K naunbonee
CEphE3HBIM IOBPEXKICHUSM OIOPHO-/IBUTaTEIEHOTO
anmapaTa OTHOCST HepelioMbl KOCTEH Ta3za ¢ Hapylie-
HHEM LIEJIOCTHOCTH Ta30BOro Kouibla. /laHHble OBpe-
JKACHUS cOCTaBiIAT 3-7 % OT 0OIIero KoJmyecTBa
BCeX MOBPEXIEHUH ckenera [3, c. 253; 4, c. 260].

[Iupokoe pacrpocTpaHeHHE B MUPOBOW XUPYPIHU-
YECKOW MpaKTHKEe 3a pyOeXoM IOMy4yHiIa TaKTHKa
«damage control orthopedics» («KOHTPOJISI TTOBpEXkIe-
HUi»). OHa Tmonapa3yMeBaeT OKa3aHUE JKCTPCHHOM
ONEpaTHBHON MOMOIIM AJISl OCTAaHOBKM BHYTPEHHEH
KpOBOIIOTEPH, TIPOTHBOIIOKOBYIO TEPAITHIO M, MO CTa-
OMIM3aIM COCTOSIHMS MAllMeHTa, OKAa3aHUs IOKa3aH-
HOTO XHPYPTrUUeCKOro BMeIIaTeNbCTRa [3, c. 145].

Xupypruueckoe JieUeHUE MEPEIOMOB Ta3a Ipel-
CTaBJSIET COOOM MIMPOKO OOCYX)ITaeMylo IMpoOIeMy.
YBenuueHne U3 rojia B roji MOCTPaAaBIInX C TPAaBMOK
Taza C YTSHKEICHHEM BO3HHKAIOUIMX IOBPEXKICHUMN
TpeOyeT KOMIUIEKCHOW OLIEHKH MOBPEXKIEHHH Ta3a U
UX COOTBETCTBYIONIEro jieueHus. Ctabmim3anus ta3o-
BOTO KOJIbI[A M3Yy4aeTCs! OCTOSHHO MHOTHMH KOJUICK-
THUBaMU aBTOPOB. HecMOTps Ha 3T0, CIIOXKHBIIAsK CUTY-
anus TpedyeT pa3paboTKH HOBBIX TEXHOJIOTHI peno3u-
MM W CTaOWIIM3AIMH MOBPEXICHUIH Ta30BOT0 KOJIbLIA,
YTO TO3BOJUT YIYYIIUTHh Pe3yIbTaTHl JieueHus [6, c.

12; 7, c. 39].

B Beaymmx TpaBMaTONOTMYECKHUX IIEHTpax HC-
MONB3YIOTCS PA3NIMYHBIC TEXHOJOTHH PETO3UINH U
CTaOMIIN3aIiy TOBPEKACHUN TAa30BOTO KoOJbIa [8, .
38;9,c. 17].

Xupypruueckue JOCTYIBI sl OTIEPaTUBHOTO Jie-
YEeHHUS B HACTOSAIICE BPEMs SBIISIOTCSA YaCTO PACIIHPEH-
HBIMHU ¥ TpaBMaTHYHBIMU. CII0)KHOCTH JICUCHUS HECTa-
OWJIbHBIX TOBPEXKJCHU Ta3a OOyCIOBIIEHA TPYIHO-

CTAMH  PENO3MLUH  HUMEIOUIUXCS  CMEIeHHUH,
obecrieueHUeM JUTUTENLHON M HaJeKHO# (ukcanuu
[10, c. 266].

AnmapaTHbI METOJI JiedeHUs] oOecTrieunBaeT mia-
JSIIMH XapaKkTep onepaTuBHOIO BMEILIATENbCTBA U CTa-
OWJIPHOCTh AHATOMHYHO BOCCTAHOBJICHHOTO Tas3a.
OTUM HocTUTaeTCsI OJIaroNpUATHOE TSUSHUE TPAaBMATH-
gyeckoi bonesnu [11, ¢. 46; 12, ¢. 32].

[IpumenstoTcs pa3inuyHble METOIUKH C UCIIOIb30-
BaHUEM allapaToB YpeCKOCTHOH (GUKCAITNH TIPH PEerto-
UMM M CTA0WIM3alMKd TIOBPEXICHHBIX 3JIEMEHTOB
Ta3a U JONOJHUTEIbHON (HUKcaIMel JIOHHBIX KOCTeH
ammorpaHcruiantaToM [ 13, c. 56]. Cnocob nmeeT orpa-
HUYEHHOE MPUMEHEHHE, MIOCKOJIbKY OH MOKa3aH JIMIIb
TIPY U30JTUPOBAHHBIX TIOBPEXKICHUAX cuMpm3a.

Hpyras texuonorus [14, c. 48] cuaTe3a cuMmduza
COCTOUT B HCIOJb30BaHUM alIapaToB C yCTAaHOBKOH
YPECKOCTHBIX CTEPXKHEH B KpbUIbs MOJAB3IAOUIHBIX KO-
CTeHl, Ha KOTOpPBIX MOHTHpYeTcs omopa. B ammapare
MPOU3BOJUTCS PENO3HINS KOCTHBIX (pparMeHToB, CO-
yJeHeHUH Ta3a C HaaexHo# crabmnumsanuei. ITocie
MTOJTHOILIEHHOH PeNo3WINU JIOHHOE COWICHEHHE CTabu-
JTU3UPYETCs HAKOCTHOM rmuiacTuHOM. IIpuBeneHHbIN
CH0c0o0 CBS3aH CO CKEJIETHPOBAHUEM JIOHHBIX KOCTEH B
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30HE WK BOJIH3H C OTKPBITHIM MOBPEIKACHUEM C TTOCIIE-
JYIOILIMM TOTPYXKHBIM METAJIOOCTEOCHHTE30M, UTO
3a4aCTyI0 COMPOBOMKAACTCS HHPHUIIUPOBAHUEM.

OTKpBITBIC MEPEIOMbI KOCTEH Ta3a BCTPEUAIOTCS
JIOBOJILHO PEIKO B MHpHOE Bpems. M3BecteH cmocob
JICUCHUSI MOTU(POKATIBHBIX HECTAOMIBHBIX TOBPEKIC-
HU Ta30BOT0 KOJIbI[A C OKPBITHIMU MIEPEIIOMAMH B TIpe-
JieNiaX MEePEHEro MOIYKOIbIAa ¢ PACXOKICHHEM CHM-
¢duza[l5, c. 64]. OH Tarxke Moapa3yMeBacT MOHTAX all-
mapaTta Ha YpeCKOCTHBIX CTCPXKHSX, YCTAHOBJICHHBIX B
KPBUIbSl TOJAB3JOUIHBIX KOCTEW C JOMOJHUTENHHON
BHEOYAroBoi (puKcanueil JOHHBIX KOCTeH. DTOT Ho-
MOJIHUTENBHON y3eJl BHEOYaroBoil (PUKCALUK JIOHHBIX
KOCTEH ¢ IIOMOIIBIO Pe3b0OBEIX CTEPKHEH TPOMO3IKIH
U HE BCErJa Mo3BOJSIET B MOJHOW Mepe MPOU3BOIAMUTH
TPEXIUIOCKOCTHYIO PEIO3HUIIHIO.

Lens WccaenoBaHUs COCTOUT B CO3JAHHH BO3-
MOKHOCTH TOJHOIICHHOW BHEOYAaroBON PEMO3UIMH U
cTabmiu3anuu moNM(pOKATBHBIX HECTAOWIBHBIX TI0-
BPEOKIACHUI Ta30BOr0 KOJIbI[A C OTKPBITHIMU JBYCTO-
POHHUMHM TIEPEIOMaMH B TpeJeiax MEPEAHEro Mmoiy-
KOIbIIa THMA «0ab0uKa» U pacxoxaeHHeM cumdusa,
paHHEl aKTUBH3ALUK U PEeabWINTALUH, COKpAICHUU
CPOKOB JICUCHHSI MAI[UECHTOB.

Marepuajbl # METO/ABI HCCIETOBAHUS

CIIO)KHOCTH OKa3aHUsl HEOTIOXKHON XUpypruue-
CKOU MOMOIIH MOCTPAAABIINM C MONMU(POKATEHBIME He-
CTaOWIIbHBIMU MOBPEXKICHUSIMH Ta30BOTO KOJIBIA C OT-
KPBITBIMHU TIEPEIOMaMH B Tpejeiiax MepeHero moiy-
KOJIBIIACBSI3aHbl C OJM30CTHIO PAaHBI MPOMEKHOCTH C
MOBPEXK/ICHHBIM MEPEIHUM TIOTYKOJIBIIOM Ta3a.

Texnomorus, pa3paboTaHHas C y4eTOM OIHU30CTH
MPOMEKHOCTH U TIEPESIHEr0 MOJYKOJIbIla Ta3a, MO3BO-
JSIET TPOM3BECTH MAlOTPABMATHYHO AHATOMHYECKU
MPaBIJIbHYI0 BHEOYATOBYIO PEMO3UIIUI0 U CTAOMIHN3a-
M0 CMEIICHHBIX MOJU(POKATBHBIX HECTAOMIBHBIX MO~
BPEX/ICHUN Ta30BOrO KOJbIA C OTKPBITHIMU JIBYCTO-
POHHUMH TIE€PEIOMaMH B MpeJeNaxX MEPeJHEero Moiy-
KOJIbIIa THIA «0ab04Ka» U pacxokieHHeM cumdusa.
DT0 CHUXKAET BO3MOXKHOCTh BO3HUKHOBEHISI HH(EKIIH-
OHHBIX OCJIOKHEHHH, 00ECIIeYHBACT YCAOBUS IJIs PaH-
HEel aKTHBH3AIUU U PEAOWIUTAIIUH, COKPAIICHUS CPO-
KOB JICUCHUS MMAI[HCHTOB.

[pemnaraemasi TEXHOJOTHS JiCUCHHsT MOIUDO-
KAIbHBIX HECTAOWIbHBIX TOBPEKACHHH Ta30BOT0
KOJITbIIa C OTKPBITHIMHU JIBYCTOPOHHUMH TEPEIOMaMHU B
npejienax MepeHero MoyKojblaTuia «06abouka» ¢
pacxoxjeHrneM cuM(pu3a OCHOBBIBACTCSI HA TPEHMY-
[IECTBaX YPECKOCTHOTO BHEOUArOBOIO OCTEOCHHTE3a U
3aKJTI0YAETCS] B MOHTAXE aIlllapara Ha YPECKOCTHBIX
CTEPIKHSX, YCTAHOBJICHHBIX B KPBUIbS MOIB3IOIIHBIX
Kocteil. DOpMHUPOBAHUE OMOPHI HAa MOJB3/IOIHBIX KO-
CTSIX, COCTOSIIEH M3 IBYX IOJIyKOJIEI[ 00eCIeunBaeT
BO3MOKHOCTh AHATOMUYHOM PENO3HIINU U CTa0MIN3a-
I[UFO HECTAOMIIbHBIX TIEPEIOMOB Ta30BOTO KOJIbIIA.

JIo coemMHEHUS MOJYKOJBIEBBIX OMOpP, CMOHTH-
POBaHHBIX Ha CTEP)KHSAX, YCTAHOBJICHHBIX B KPBUIbS
MOJIB3/IONIHBIX KOCTEH, paclIOpKaMH IO/ BU3yaJIbHBIM
Y MaHyaJIbHBIM KOHTPOJIEM IPOU3BOIAT AaHATOMHYCCKH

MPAaBUIIBHYIO PETO3UINI0 CUM(U3a depe3 MHHHU I0-
CTyn 10 4 CaHTUMETPOB BHE PaHBI IMPOMEXHOCTH. B
00¢ JIOHHBIE KOCTH Y OCHOBaHHUI JJOOKOBBIX OYTOPKOB
BCTPEYHO BBOJAT CITUIIBI Yepe3 CUM(U3 B JJOHHYIO HIIN
CeJTANTMIIHYI0O KOCTh KOHTpJIaTepabHOW CTOPOHBI 4e-
pe3 HEMOBPEXK/ICHHbIE MATKHE TKAaHH, YTO IO3BOJISIET
HaJIe)KHO YAEP)KMBATh JOCTUTHYTOE€ aHATOMHYECKH
MIPaBUJILHOE B3aMMOOTHOIIIEHHUE JIOHHBIX KOCTEH B BOC-
CTaHOBJICHHOM cuM(u3e.

[Tocne pEeHTreHOBCKOTO KOHTPOJISIIPOU3BOJIST
TPEXIUIOCKOCTHYIO PETIO3UINI0 OCTATOYHOTO CMeETIe-
HUS 00pa30BaBIIETOCS €AUHOTO KOCTHOTO OJIOKA TpaK-
oUei ¥ Pa3BOPOTOM CITUIIAMHU U KOCTHBIMH IITUMIIaMH.
[lepenHee MOTyKOIBIIO Ta3a CBOAUTCS, PACXOKICHUE
KOTOPOTO HEM30€KHO MPH JIATEPATLHOW HECTAOMITLHO-
CTH. AmmapaT CTaOWIH3UPYIOT Pe3bOOBBIMH PACIIOp-
KaMHU, 3aKPEeIUISst UX KOHIIBI B YIIOMSHYTHIX TOJTYKOJIb-
LIEBBIX OMOpax, YCTAHABIMBAs JUCTAILHYIO PACIOPKY
HaJ CUM(H30M, a MPOKCUMAITLHYI0 — KPAaHHAIBHO OT-
HOCHTEJILHO TIOJyKOJIbIEBbIX orop. Co3maBas Hanpsi-
JKEHHUE B CIHIAX UX CBOOOIHBIE KOHIBIOE3 MpeaBapH-
TEJIFHOTO W3TH0a KpersT K ONbkaiied pacropke.
YcTaHaBIMBAIOT IpeHaXKH, paHy ymmBatoT. [locie cBe-
JCHHUS TICPEIHETO IIONYKOJbIIa HATSHKCHHWE TKaHEH
MIPOMEKHOCTH CHHMAETCS, YTO CO3IaeT ONarompHsT-
HBIE yCIOBHSA Uil 00paboTKU paHbl. HakimamgsiBatoTcs
HABOISIINE IIBHIL.

Pe3yabTaThl Hcciie10BaHus U UX 00CY:KAeHHE

Jlo 2022 rona manueHTaM ¢ JIaHHBIM BUJOM IIO-
Bpe)K)leHI/Iﬁ OKa3bIBajIaCh TpaJUuIIMOHHASA IOMOINb B
Clle/TyolIel OCIeI0BATEILHOCTH: TIEPBUYHASL XUPYP-
rudyeckasi o0paboTka paHbl, MOCIE Yero MOHTHUPOBA-
JIOCh CKEJETHOE BBITSDKCHHE 3a MBIIIENIKH Oeapa co
CTOPOHBI Ta3a, TJIe UMENIaCh TSHACHIUA K CMEIICHUIO.

[Mocne 3axuBICHUS PaHBI OKA3BIBAJIACH XUPYPTH-
YecKast TOMOITh Ha (JOHE HECBEXKHUX ITEPETOMOB KOCTEH
Ta3a B BUJI¢ KOMOMHHUPOBAaHHOTO OCTEOCHHTE3a: HAJO-
JKCHHE aIapata CTepXKHEBOH ocreodukcamun u
HAKOCTHBIA OCTEOCHHTE3 JIOHHOW WIJIH JIOHHBIX KOCTEH
u cuMmpuza Ha cpeaHux cpokax | mecsn. CooTBer-
CTBEHHO CPOKH aKTHUBU3AIWU OTKJIAABIBAJIMCH. CpOKI/I
npeObIBaHMS B CTALIMOHAPE COCTABIISIIN 4-5 HeIelb.

B Buay Oosbliux J0OTNEpPAIMOHHBIX CPOKOB U
(hopMHpOBaHUs PEreHEPATOB HE BCEr/ia yIaBalloch J10-
CTHYb IOJTHYIO PETIO3UIIHIO, CPOKH alapaTHOH cTabu-
JM3aliY Ta3a BO3PACTANH, YTO MPUBOAMIO K yBEIHUe-
HUIO CPOKOB peaOWINTAIIH W OTPAaHHICHUIO CTATOIH-
HAMHYECKOW (DYHKIIMU Ta30BOTO MOsICA.

[IpemiaraeMyro TEXHOIOTHIO TOSCHSIOT IIPHBE-
JICHHBIC WLTFOCTPALUU: Ha pHcC.l, Tae 1- moxykombIie-
BBI€ OTIOPHI, K KOTOPEIM (PUKCHPOBAaHBI BHYTPUKOCTHBIE
crepkHH, 2. IlomykonbieBbie Omopel 1 COEAMHEHBI
PEe3b00BBIMU PACTIOPKAMHM: JUCTAITLHOM - 3 M MPOKCH-
MaJIBHOM - 4, K KOTOPBIM KPEMATCS CIUIBI 5; Ha puc.2-
PEeHTreHo - KoMIsloTepHas Tomorpadus, 3 D pexon-
CTPpYKIOHA KOCTel Taza J0 OIICPATUBHOIO JICUCHUA,; HA
puc.3- o630pHast peHTreHorpadust Kocreil Tasa mnocie
oTeparuu.
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Puc. 1. Cxema npeoraeaemozo cnocoba.

Ocy1ecTBIEHHE TEXHOJIOTHUU: MAlUEHT YKJIAIbl-
BaeTCsl Ha ONEpPAalMOHHOM cTosie Ha cnuHy. Iloxro-
TOBKa ONEPAaLIMOHHOrO 1noJist. Ha 4pecKoCTHBIX CTepxk-
HSIX, YCTAHOBJIEHHBIX B KPbUIbsI IOJB3IOIIHBIX KOCTEH
MOHTHPYIOTCS onopsl 2. [lo BU3yallbHBIM U MaHyallb-
HBIM KOHTPOJIEM MPOU3BOAAT aHATOMUYECKHU MPaBUIIb-
HYIO PETO3UINI0 cuM(HU3a U CMEIICHHBIX MEPEIOMOB
JIOHHBIX M CENAJIMIIHBIX KOCcTel. B 00e JTOHHBIE KOCTH
Yy OCHOBaHWH JIOOKOBBIX OYyrOpKOB BCTPEYHO BBOAST
COHIbl Yepe3 cuMGHU3 B JIOHHYIO WIH CEIATUIIHYIO
KOCTb KOHTpJIaTepajbHOW CTOPOHBI 4YEpeE3 HEMOBpE-
JKIEHHbIE MATKUE TKaHU. [IpOU3BOAAT pEHTI€HOBCKUM
KOHTPOJIb U TPEXIIOCKOCTHYIO PEMO3ULUI0 OCTATOY-
HOTO CMEIICHUST 00pa30BaBIIETOCS SIUHOTO KOCTHOTO
OJIOKa TpakIMel u pa3BOPOTOM CIHIIAMH B KOCTHBIMH
mmnamMa.  [Ipou3BoAAT cTaOWiIM3aluIo — ammapaTa
Pe3b00BBIMU paCTIOPKAMHU, 3aKPETLISS X KOHIIBI B YIIO-
MSHYTBIX MOJYKOJIBIIEBBIX OMOpaxX, yCTaHABIMBAS JIU-
CTAIBHYIO PACTIOPKYy Haja cuM(H30M, a MPOKCHUMAIIb-
HYI0 — KpPaHUAJIbHO OTHOCHUTEIHHO TMOIYKOJBIEBHIX
oniop. Co3aBasi HAMPSHKEHHUE B CIIMIIAX UX CBOOOIHBIE
KOHIIBI 0e3 MPeIBapUTEILHOTO M3TH0a CIHII KPeIsiT K
Ommkaiiielt pacmopke. 3T0 CIOCOOCTBYET JAOCTATOY-
HOW cTaOWiaM3amuy 00pa30BABIIETOCS €AMHOTO KOCT-
HOTO OJIOKA TOCTIE er0 PEIO3UITUH.

VYcTaHaBnMBalOT IPEHAXKHU, paHy YUIMBAIOT.

[IpousBomaT 00pabOTKy paHBI MPOMEKHOCTH H,
Win, J00KOBOM 30HBI. HakianpIBaroTcss HaBOASMIIUE
IBEI.

B tpaBmatonorndeckom otaenenuu I'AY3 JIPKb
M3 PT uT'AY3 PKb M3 PT ¢ 2022 o 2024 rr. Hamu
OKa3aHa MIOMOIIb C MPUMEHEHHEM pa3pabOTaHHOM TeX-
HOJIOTUY 4 TIOCTPaJaBIINM C MOJU(OKATLHBIMHA HECTA-
OWJIBHBIMH TIOBPESKICHUSIMH Ta30BOTO KOJBLA C OT-
KPBITBIMHU TIEpEJIOMaMU B MpejieNiax MepeHero moiy-
KOJbLIAa C TOJOXHUTEJIbHBIM  PE3yJbTaToOM, 4YTO
coctaBmiio 8% OT 4YHcia TOCTPAJABIIMX C IMOTU(O-
KaJbHBIMH HECTAOMIIEHBIMU MTOBPEXKICHASIMH Ta30BOTO
KOJIbIIa, KOTOPBIM OKa3aHa XUPypruvecKasi oMoIlh B
BHUJE KOMOWHHUPOBAHHOTO OCTEOCHHTE3a, BKIIIOYAIO-
IeT0 HAKOCTHBIH OCTEOCHHTE3 TMEPEIHETr0 TOIy-
KOJIBIIA.

AKTHBH3AIMS MAMEHTOB 00EUX TPy MPOH3Be-
JIeHa Ha 2 CYTKH II0CJIC OTIEPAaTHBHOTO BMEIIATEIBCTBA.
CpenHsis IUTETBHOCTh NPEOBIBAHMS B CTannoHape 1
Henesst. JleMoHTax anmapata mpousBoawics Ha § - 10
Henene. CraroquHamudeckasi QyHKUIUS Ta30BOTO IO-
Aca y BCeX MOCTPaJaBIINX BOCCTAHOBIICHA.

Takum 00pa3oM, CPOKH CTAIMOHAPHOTO JICYEHUSI
MAlMeHTOB TPAJAUIMOHHBIM CIIOcOOOM cocTaBmin 4-5
HeJlesib, TOT/Ia Kak pa3paboTaHHasi TEXHOJIOTHS Jede-
HUSI JaHHOM KaTeropuu MalMeHTOB MO3BOJISIET COKpa-
IaTh CPOKH NpeOBIBaHMS B cTalMoHape B 4 pasza. Ka-
YECTBO JKU3HU NPH JICICHUH TPAAUIIMOHHBIM METOJIOM
CTpajacT B OTIIMYHE OT COBPEMEHHBIX METOJIOB JIeUe-
HUSL.

Kuannuveckuii npumep.

[octpagasmas A., 15 net. ATII. I'ocnuranuzupo-
BaHa B oTAenenue tpapmaronoruu 'AY3 JIPKb M3 PT
24.06.23. B mpueMHOM OT/EJIEHMM HadaTa MPOTHBO-
mokoBas tepanusi, PKT — obcnenoBanue (puc.2). [1-3:
«TpaBmarnueckuii ok Il cT. 3akpwIThIil epenom 60-
KOBOH MacChl KpecTIa cIpaBa. 3aKpBITOE MOBpEXKIe-
HHE JIEBOTO KPECTIIOBO-TIO/AB3/IOIIHOTO COWICHEHHS C
JaTepaybHbIM CMEIICHHEeM 3aKpBIThIH HepesioM 00enx
JIOHHBIX WM CEeJIAJIMIIHBIX KOCTeH, pa3peiB cuMdusa co
cMmenieHreM. PBaHas paHa BHYTPEHHEH HMOBEPXHOCTH
neBoro Oeapa M MaxoBoii 00nacTu ciaeBay.

Ha pentreno-kommnbrotepHoii Tomorpaduu (PKT)
Tasa (puc.2): mepeaoM 00euX JIOHHBIX M CEIAUIIHBIX
KOCTEH, mepesioM 0OKOBOM MacChl KpecTIiia CIipaBa, mo-
BPEXKACHUE JICBOI'O KPECTI[OBO-TIOAB3AOIIHOTO COUIe-
HEHUSl C JIaTepaJbHBIM CMELICHHEM, IOBPEXICHUE
JIOHHOTO COWJICHEHHUS C PACXOKACHUEM 3CM.

Ha BTopoii nenp okazaHa Xupypruveckas HoMolilb
(26.06.23). [MamueHT ynoxeH Ha ONEPALUOHHBIN CTOM
Ha cnuHy. [loxroroBka omepamuonHoro mois. Ha
YPECKOCTHBIX CTEPI)KHSX, YCTAHOBJICHHBIX B KPBUIbS
TIO/IB3/IOMIHBIX KOCTEH CMOHTHPOBaHbI onopsl 2. I1po-
W3Be/IeHa NepBUYHAsI XUpypruieckas 00paboTka paHbl
BHYTPEHHEI TOBEpXHOCTH JIeBOro Oelpa U MaxoBOH
oOmacTu cieBa. Pana ymmra, yCTaHOBIICHBI IPEHAXKH.
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Puc.2. Penmeeno-xomnviomeproi momozpaguu om 24.06.23 — obcredosanue npu 20cnumaniu3ayuil.

CdhopMupoBaH JTHHEHHBIM HAIIOOKOBBIM pa3pe-
30M JOCTYH K JIOHHOMY COWIEHEHHIO MNPOTSKEHHO-
CTBIO 710 4 caHTUMETpOB. [los1 BU3yallbHBIM U MaHyallb-
HbIM KOHTPOJIEM OCYILIECTBJIEHAa AHATOMHYECKH Ipa-
BWIBHAS PEHO3HIUSA CcHMHU3a W  CMCIICHHBIX
MepesiOMOB JIOHHBIX M CEIalHMIIHBIX KocTeil. B o0e
JIOHHbIE KOCTH Y OCHOBAaHMH JIOOKOBBIX OYTrOpKOB
BCTPEYHO BBEJICHBI CIUIIBI Yepe3 CUM(U3 B JIOHHYIO
WIH CEJAIUIIHYI0 KOCTh KOHTPJIATepaIbHOW CTOPOHBI
yepe3 HEMOBPEeKJICHHbIe MATrkue TKaHW. lIpousBeneH
PEHTI€HOBCKUM KOHTPOJIb U TPEXITIOCKOCTHAS PENO3H-
U OCTATOYHOTO CMEIICHUS 00pa30BaBIIETOCS CIH-
HOTO KOCTHOTO OJIOKa TpaKIWeH W pa3BOPOTOM CITH-
aMH ¥ KOCTHBIMHU munmamu. [IpomsBenena crabumm-
3auus arnmapara Ppe300BEIMU pacnopkamu,

.
Puc.3. Penmeeno6ckutl CHUMOK nocie onepamugnoco aedenus om 26.06.23

3aKpEIUICHHE UX KOHIIOB B YITOMSHYTBHIX IOJIyKOJIbIIE-
BBIX OTIOpax.

JluctanpHas pacropKayCTaHOBJICHA HaJ CUMQH-
30M, a MPOKCHMaJIbHAs — KPaHWAJIBLHO OTHOCHTEIIEHO
MOTyKOJbLEBBIX onop. Co3aBasi HANPSDKEHNE B CIH-
ax, ¥X CBOOOHbIC KOHI[BI 0€3 MPeIBapUTEIHLHOTO U3-
ruda 3aKperuieHbl Ha OJvbKaiiiiel pacropke. Y CTaHOB-
JICH TpyOUaThIil APEHAXK, paHa yiiuTa. PeHTTeHOBCKHIA
cHUMOK (puc. 3). CTosIHHE KOCTHBIX OTJIOMKOB y/1OBJIE-
TBOpHTENbHOE. [IpousBenena oOpaboTka paHbl BHYT-
pCHHEH TOBEPXHOCTH JIeBOTO Oezpa M IMaxoBoH 00ia-
cTu cieBa. PaHa ymuTa, ycTaHOBICHBI ApeHaxu. Ha
BTOpBIE CYTKH ITAINCHTKA AKTUBU3MPOBAHA.
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Xoxap0a ¢ moMomsio KocTeuieH. JlemonTax ammapara depe3 10 Hemens (10.09.23). IIponsBeneHo peHTIEHO-

KOMITbIOTEpHAs ToMorpadus Taza (puc. 4).

Puc.4. Penmeeno-xomnvromeprou momozpaguu (PKT) maza nocre oemonmaosica annapama om 10.09.23.

Ha PKT Ta3a: cpocimecs nepenoMsl JJIOHHBIX, Ce-
JTAITHIIHBIX KOCTEH U OOKOBOI MacChl KPecTIia CIpana.

B teuenue 10 nHel mpoBoauIIics Kypc peabunura-
uoHHBIX Meponpustuit: JIOK, maccax. CratoauHa-
MHUYecKasi (PYHKIHUS Ta30BOTO KOJbIIA MOTHOCTHIO BOC-
CTaHOBJICHA.

3akJi0uenue

PaspabotanHast TexHOIOTHS 0OecTIeUrIa BO3MOXK-
HOCTB TIPOM3BECTH MAIOTPABMAaTHYHO Ha PaHHUX CPO-
KaX ITOJHOICHHYIO BHEOUATrOBYIO PETIO3UIIHIO U CTaOH-
JIM3AIMIO MOJU(POKATBHBIX HECTAOUIBHBIX TOBPEIKIC-
HUI Ta30BOr'0 KOJIbLA C OTKPBITBIMU JBYCTOPOHHUMH
IepenoMaMH B IIpefiesax MepeIHero MoayKoblia THIa
«6aboyKka» U pacxoKaeHHeM cuMQu3a, Mo3BOJIMUIA U3-
Oexarh MHPEKIMOHHBIX MM THOMHBIX MOCIIeonepalu-
OHHBIX OCJIOXHEHHUH, COKPaTUTh CPOKU NMPEOBIBAaHUS B
CTallMOHape, OO0ECleYmIo IMOBBIICHHE KadecTBa
JKU3HH TIAIIMCHTOB 33 CYET MCKIFOUYCHHUS METO/a CKe-
JICTHOTO BBITSDKCHHS, PAHHIOI aKTUBHU3AIHIO U peadu-
JUTALUI0, YTO MO3BOJMIIO B CXKAaTble CPOKH BOCCTAHO-
BUTbH CTaTOAMHAMUYECKYIO (DYHKIIMIO Ta30BOTO MOsICA.
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ABSTRACT

Among the problems of didactics, the need to "achieve the perfection of the methodical system of teaching
this or that subject, to make it adequate to the convocations of the industrial revolutions™ has always been relevant,
and even today, the formation of an educational space that transforms the characteristics of the IV industrial rev-
olution is an important and urgent problem. It also makes researches about the model of "methodical system"
aimed at solving the mentioned problem relevant. Which in these research processes are necessary elements to
determine the nomenclature and classification of teaching tools, the scientific-theoretical and technological fea-
tures of their application according to the logic of the modern teaching process of various subjects. The elementary
course of mathematics is also an integrative course in its content, which follows from the objectives of teaching
mathematics in elementary grades. Thus, in addition to arithmetic material (basic material), elements of algebra,
geometry, physics, astronomy and natural science are also included in the mathematics course of grades I-1V, and
concepts, definitions, rules and properties related to these elements are mainly taught to students at an intuitive
level. It is obvious that the fields of science that we mentioned are directly related to quantities. The subject of
mathematics is closely related to quantities and their measurement. Despite what has been said, we claim the
relevance of conducting research on the topic "Technology of application of the "problem task type™ to the man-

agement of the process of teaching Mathematics in secondary schools™.
Keywords: methodical system, measurement, measurement skills, quantities, length, method of teaching
length, conventional measurement units, method of teaching centimeter.

The actuality of the subject. Measuring skills and
measuring tools are widely used in everyday life. Meas-
urement provides a link between different areas of
mathematics. For example, when measuring, there is a
very close connection between number concepts and
spatial concepts. From this point of view, the "Meas-
urement” section in the 1st grade includes a wide appli-
cation of numbers and addition-subtraction operations
on numbers. In the first class, the measurement of quan-
tities such as length, mass, capacity and time and vari-
ous related problems are given.

Solving these problems serves to reinforce the
skills taught throughout the year, as well as to improve
skills related to elementary algebra (finding the un-
known, how long, how short, heavy-light, scale model,
etc.). The formation of students' measurement skills is
mainly carried out in 5 stages:

1. Determination of the quantity to be measured.

2. Comparison and ranking (comparison of ob-
jects to be measured with others).

3. Measurement with non-standard (conventional)
units.

4. Measurement with standard units.

5. Application.

The importance of teaching quantities in primary
grades is as follows:

» the knowledge and habits gained by students
are directly related to life;

» Dby learning the basic quantities, they prepare
for the next stages of education;

» familiarity with quantities develops students'
spatial imagination;

» by learning to measure quantities, they gain
practical knowledge and skills necessary for life;

» by measuring the quantities, students' ideas
about numbers and arithmetic operations are broadened
and deepened.

Every teacher should pay attention to some points
when teaching quantities in the first grade: before
measuring different quantities, it is important to get ac-
quainted with certain characteristics of these quantities;
for example, a child should know that the length of a
pencil does not change when it is taken out of the bag
and placed on the table, or when you take apples from
the basket, the mass of the basket decreases. How much
liquid a container holds is measured by its capacity, and
different containers can have the same capacity. Also,
in the city where you live, the clock shows the same
time everywhere - at home and at school: if the clock at
home shows 1 o'clock, then itis 1 o'clock at school. For
this purpose, in order to better understand the charac-
teristics of quantities, students should be given tasks of
different nature.

Literacy competence, which is one of the compe-
tencies defined for a person of the 21st century, requires
the formation of the ability to understand and interpret
information, facts, emotions, and ideas presented in
written and oral form, as well as to express them orally
and in writing. : "Length", "long-short", "same length",
"weight", "heavy-light", The correct expression of con-
cepts such as "capacity”, "wide-narrow", "time", "be-
fore-after", as well as their standard measurement units
taught in the 1st grade (centimeter, kilogram, liter and
hour) should be in focus.
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Before starting the teaching of this subject, stu-
dents should have mastered the skills of number repre-
sentation and addition-subtraction up to 20 in the num-
ber axis.

It should not be overlooked that the connection be-
tween different subjects is ensured under the "Measure-
ments" content line, since integration in the lesson
helps students to gain a wider and deeper understanding
by combining the knowledge of different subjects, and
makes the learning process of students more interesting
and effective. Thus, measurement and evaluation are
used in various subjects, including physical education,
visual arts, technology, music, and life sciences.

Children's first intuitive ideas about length (dis-
tance) begin to form in the preschool period. Ideas
about the geometric dimensions of an object, i.e. its
length, width, height, wide, narrow, thick, thin, tall,
short, etc., are formed and developed starting from the
preschool period. In the first grade, this process is fur-
ther deepened. It should be noted that the color, shape,
and material from which the objects are made gradually
fade into the background and are isolated from the ob-
servation and comparison. Items are compared by
length.

Now let's get acquainted with the method of teach-
ing length. In the first grade, students should acquire
the following learning outcomes:

* Estimates which of two or more given objects is
longer or shorter without using measurements (4.1.2).

» Given objects are "tall", "short", "tall", "short",
"about the same length", etc. according to their length.
compares with words (4.1.2).

* Selects a convenient conventional unit of meas-
urement (clamp, cuboid, inch, foot, step, etc.) to meas-
ure the length of an object (4.2.1).

» Compares the length of objects using conven-
tional units of measurement (4.1.2).

* Estimates which of the given objects are long-
short, heavy-light, wide-narrow (1.3.5).

* Explains that a ruler is used to measure length
and draw lines (4.2.2).

* Measure the length of a given piece with a ruler
(4.2.2).

* Draws a line of given length using a ruler (4.2.3).

* Describes addition and subtraction problems in
mathematical expressions (2.1.3).

* Apply addition and subtraction skills in a circle
of 20 to find length in simple problems (4.2.1).

Research shows that the principle of visuality is
assessed by new dimensions of pedagogical thinking.
The principle of objectivity does not simply deny the
function and role of visuality in the learning process,
but interprets them in the course of the formation of
new theoretical thinking. Violation of the principle of
visuality in training can negatively affect the effective-
ness of the teaching process. The principle of visuality
requires that the learned information be presented in a
concrete, clear and visualized way. That is why various
aids should be used in the learning process: a ruler, col-
ored tape and strips, colored pencils, various objects for
measuring.

4 hours have been allocated for teaching the sub-
ject. In the lesson, students get acquainted with the con-
cept of "length", they get the ability to compare the

lengths of objects. During the comparison, the expres-
sions "longer", "shorter"”, "same" are used. When teach-
ing the subject, the teacher should pay attention to some
elements: In order to master the measurement skills,
first of all, the skills of comparing quantities should be
formed. For this purpose, "What is the length?",
"Which is longer?", "Which is shorter?", "Which ob-
jects are the same length?" questions are clarified. It is
very important to expect such consistency when exam-
ining questions. Clamps, cubes and other various meas-
uring tools should be prepared before the lesson in or-
der to use different conventional measurement units.

The teacher can start the lesson by comparing the
lengths of different objects in the classroom. For exam-
ple, pen and book, desk and board, etc. Comparisons
can also be made between students, for example: girls
with long and short hair, tall and short boys can be com-
pared. In the lesson, pairs are assigned to distribute col-
ored strips of different lengths prepared in advance and
compare their lengths.

As we know, the student's cognitive activity is
closely related to his asking a question and searching
for the correct answer to that question. Conscious ac-
tivity, regulation of one's own activity, evaluation and
reference to the obtained results are related to this issue.
One of the main conditions for the development of the
student's logical thinking is that he formulates ques-
tions and answers them logically. So, at the research-
discussion stage, it is necessary to direct the task in such
a way that the student is involved in cognitive activity.

- Grandmother Aynur and Elkhana knitted a scarf.
Whose scarf is longer? How to determine this?

A relevant image is displayed. In the research task,
scarves can be compared according to the number of
stripes. I would also like to mention that this task can
be done with the whole class with the help of various
objects (small ribbons, strips cut from colored paper,
pencils, etc.).

In the further continuation of the educational pro-
cess, students' performance of the following practical
task has a positive effect on their preparation, which the
generalization of the obtained materials leads us to this
conclusion: 2-3 pencils of different lengths are placed
on the table. A student is brought in front of the board
and his eyes are covered with a handkerchief. The stu-
dent arranges several pencils by hand on the table ac-
cording to their length. The pupil's eyes are opened and
the correctness of the sequence is checked.

The procedure for comparing objects by their
length and measuring their length is explained. It is
noted that the unit of measurement is used to measure.

A teacher must plan a lesson that correctly identi-
fies the content, activities used to learn, or appropriate
expectations for students at different levels to be suc-
cessful so that differentiation can occur. Research
shows that differentiated instruction is effective for
gifted students as well as students with disabilities.

When students are given more choices about how
they can learn the material, they feel more responsible
for their own learning. Since the teachers organize the
learning process according to the learning needs of the
students, it is observed that there are less order-disci-
pline problems in the classrooms, instead, it seems that
the students are more engaged in learning. Thus, in
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teaching the subject, the teacher should take into ac-
count the above, both in the guide stage and in the tasks
for independent work.

At the next stage of the lesson, the students can be
given the following task. The task can be performed
with the whole class. The teacher should act as a facil-
itator and guide the students.

]

a
) (’;:T,C“* — e

h

b) N

—

e
=D -*;'J?fis\@, =5)

The task can be performed visually (approximate)
first. As confirmation of the comparison, the numbers
showing their lengths are compared. The main goal in
these tasks is to form estimation skills. It is necessary
to pay attention to the sequence of tasks. 1. The lengths
are first determined roughly, and then sorted from long-
est to shortest. 2. In this task, students first estimate the
length and then check it.

Conventional units of measurement should be ex-
plained as learning material. However, there are points
that the teacher should pay attention to when teaching
these concepts. So what are they? Let's take a look: As
we know, using conventional measurement units in
measurement is one of the important skills needed in
everyday life. For example, we often measure the width
of the door in inches to determine whether any item will
pass, or determine the location of the refrigerator based
on our height. Using conventional units of measure-
ment is a preliminary step to using standard units of
measurement. In this regard, attention should be paid to
the expectation of consistency.

An important task of the training process is to sup-
port the student during training and improve his train-
ing results.

The training model of subjects is based on the
model "Learn — reinforce — apply".

Learn - mastery of knowledge and skills with vis-
ual aids enriched with illustrative materials.

Consolidate — improving new acquired knowledge
and skills through exercises, studies, writing and other
ways.

Apply — applying learned knowledge and skills to
increasingly complex problem solving and modeling.
Each subject is taught on the basis of a five-step learn-
ing cycle. Problem solving is of exceptional importance
in the teaching of mathematics, as we and other theo-
rists and practitioners have repeatedly emphasized. In
general, the term "mathematical problem" refers to
those issues that arise both within mathematics and out-
side it, which are expressed in "mathematical language"
and are solved by mathematical methods and tools.
These issues have different contents and may be related
to other fields of science, life, and daily practical activ-
ities.

It is a pity that in textbooks containing problems
and examples, we rarely find issues that have content
related to life events and other fields of science that are
outside the content. However, such problems not only
reveal the connection of mathematics with life and
other sciences, but also require converting it into math-
ematical language, which itself helps to develop a cer-
tain creative ability. The topic begins with problem
solving and ends with problem solving.

In general, it is important to distinguish between
the concepts of "problem solving™ and "teaching prob-
lem solving." In this regard, it is recommended to ap-
proach the 4-phase cognitive process (understanding -
planning - solving - checking) as a three-stage student
activity in the educational process. teaching problem
solving is realized in three stages: involvement, brain-
storming and discussion.

During the teaching of length, it is planned to give
such a problem at the application stage (the problem is
intended to form students' estimation skills using con-
ventional measurement units):

Problem: The picture shows a tape and a clamp.
Students have to find approximately how many clamps
the tape has.

It is very important to follow the sequence to solve
the problem. First, the students themselves estimate the
length of the tape. Then they review the answer options
and mark the option closest to their own (for example,
Pomegranate). At the last stage, they check their an-
swers with a tool equal to the length of the clamp (for
example, the width of a finger or the tip of a pencil,
etc.).

Mathematical games are one of the most effective
methods in teaching mathematics, which help to de-
velop the student's interest in learning and to master the
subject. It's fun for kids and a way to make learning
more efficient for the teacher. Especially in mathemat-
ics classes, the role of mathematical games is very im-
portant in preventing the mental fatigue of students, so
that the lesson is not boring.

Guided by what we have said, during the teaching
of the topic, "Who will find it right?" the game can be
played:

Rules of the game:

1. An object that can be measured in the room and
a suitable measurement unit (clamp, cube, square, foot)
are selected.

2. Players estimate and record the length of the ob-
ject.

3. The length of the item is measured with the se-
lected measurement unit.

4. The player who guesses the closest to the cor-
rect answer gets 1 point.

The game can be played in class or after school.

Such a task can be given to work at home, which
students can be given such a task: choose 4-5 objects at
home. Then the sheet is filled in the order indicated.
Students bring it to the next class.
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To ensure interdisciplinary integration, it is neces-
sary to focus on the fact that measurement skills are
widely used in physical education, technology, fine
arts. "Long-short", "tall-short" etc. words should be
used.

In the 3rd hour of teaching the subject, students get
acquainted with centimeters as a standard unit of
length. Takes measurements using a ruler, draws a
piece of a given length, compares the length of pieces
with measurements, solves various length problems to
improve addition-subtraction skills.

When introducing the first standard unit of meas-
urement, the centimeter, in first grade, the teacher
should consider some issues: Correct use of measuring
tools is one of the important measurement skills. The
simplest measuring tool students encounter is a ruler. In
this regard, students are first introduced to centimeters.
Standard units of measurement are units used in a cer-
tain system of units (centimeter, kilogram, liter, hour).
Conventional units are any units that are convenient for
the user depending on certain conditions (for example:
inches, steps for measuring length; cubes for measuring
weight; cups, cups for measuring volume).

As the first stage of the lesson, the teacher can
measure the edge of the table and write the result on the
board in order to direct the students' attention to the les-
son and to make them more active. Then one of the stu-
dents measures the length of the table with his inch and
the result of the measurement is again written on the
board. The teacher asks why the two numbers are dif-
ferent. Students' answers are listened to.

It is appropriate to ask such an issue at the research
discussion stage:

- Lala measured the edge in inches to decorate the
photo album. He asked his younger brother to cut a rib-
bon 3 inches long. Lala saw that the tape was short.
What do you think is the reason for the tape being
short?

A discussion is organized around the question in
the task. Different questions explain the meaning of
standard units of measurement. It is explained that a
ruler is a tool for measuring the length of objects. Stu-
dents are taught the basic skills of using a ruler.

Drawing a piece of fabric to a given length in first
grade is one of the skills that students struggle with the

most. It is more appropriate to form it in several stages:
1) first, the ability to draw a straight line should be
formed. For this, fun tasks can be given, such as draw-
ing colored lines using different pencils; 2) and then
they are instructed to mark two points at a certain dis-
tance. This can also be given in a fun way; for example:
“First, make a dot with a blue pencil. Measure 3 centi-
meters and make a point with a red pencil”; 3) at the
last stage, these two points are connected. Each stage is
repeated several times.

Each of the action steps can be repeated several
times separately to draw a given length of fabric to pro-
vide differential training. You may be asked to draw a
piece that consists of several parts; for example, "Take
a red cloth 2 cm long and a blue cloth 4 cm long from
its end. What is the total length of these pieces?”

Students are instructed to cut different lengths of
colored strips at home. The cut strips are glued to a
sheet of checkered notebook. The length in centimeters
is written below.
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ABSTRACT

This article examines the impact of digital educational platforms (DEP) on the development of creative think-
ing (CrT) in high school students. It analyzes the role of digital technologies in the educational process and their
potential to stimulate students' creative engagement. Theoretical approaches to CrT development, such as con-
structivism, problem-based learning, and gamified learning, are explored, demonstrating their integration within
the digital environment. Special attention is given to modern models of digital technology implementation, includ-
ing SAMR (Substitution, Augmentation, Modification, Redefinition) and TPACK (Technology, Pedagogy, and
Content Knowledge), which enable more effective integration of platforms into the learning process. The article
provides examples of DEP usage in the USA and Kyrgyzstan, showcasing a positive influence on student engage-

ment and creativity.

Keywords: digital educational platforms (DEP), creative thinking (CrT), high school students, interactive
learning, problem-based learning, gamification, flexible learning.

Introduction

The education system is greatly influenced by the
digitalization of society, changing traditional teaching
approaches and opening up new possibilities for stu-
dent growth. An important part of these changes is the
use of digital education platforms (DEP), which are in-
creasingly being introduced into the learning process in
high schools. They provide a variety of resources for
engaging and personalized learning, which is essential
in today's rapidly changing world focused on digital
technology and information. Creative thinking (CrT) is
essential in high school education as it allows students
to adapt to a constantly evolving world and develop in-
novative ideas that foster social and technological ad-
vancement.

This study is important because educational sys-
tems need to be updated to the digital age, as older
teaching methods are no longer effective in preparing
students for modern challenges. The objective of this
research to analyze how DEP affect the growth of CrT
in high school students.

Main part. CrT, its role in the educational pro-
cess

The ability to generate new and original ideas,
non-standard solutions and apply knowledge in new
contexts is called CrT. It includes essential components
such as divergent thinking (the ability to identify di-
verse solutions), convergent thinking (the ability to
choose optimal solutions), flexibility, and openness to
new ideas. This skill is considered crucial in education,
especially in high school, where students prepare for
professional activities and higher education. Develop-
ing this skill supports not only academic success but
also personal growth, adaptability, and effective inter-
action with the world around them.

Modern approaches to developing CrT in an edu-
cational setting include various methods aimed at ac-
tively engaging students and creating opportunities for
self-directed learning. Constructivism, for instance,
assumes that knowledge is created by students through
active engagement with their surroundings. Construc-
tivist methods, such as project-based activities, group
work, and research assignments, promote CrT by en-
couraging student autonomy and engagement. Prob-
lem-based learning focuses on solving real-world is-
sues that require analysis, research, and the generation
of original solutions. This approach fosters critical and
CrT, as students encounter problems requiring new
ideas and flexible thinking. Gamified learning, in turn,
incorporates game elements into the learning process,
stimulating creativity and enhancing student motiva-
tion. Game-based approaches provide a safe space for
experimentation and unconventional thinking, which is
essential for developing creative skills.

Thus, CrT is a crucial component of the educa-
tional process, helping high school students prepare for
future professional and academic pursuits. Modern
pedagogical approaches create optimal conditions for
the development of this skill, allowing students to ac-
tively explore and interact with their environment.

Digital educational platforms in the context of
modern education

An integral part of today’s educational system is
DEP. They not only enhance education accessibility but
also enable the use of innovative teaching methods
aimed at developing critical and CrT skills. These tech-
nologies serve as tools and systems utilized to organize
the learning process, provide educational resources,
and facilitate interaction between students and teachers
(table 1).
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Table 1.

Types and features of DEP [1, 2]

Type of DEP

Examples of platforms

Features

Online courses and mas-
sive open online courses
(MOOC)

emy

Coursera, edX, Khan Acad-

They provide a wide range of courses with the
opportunity to study at your own pace, support
the personalization of learning and self-organiza-
tion.

Learning management sys-
tems

Moodle, Google Classroom

It helps to organize educational process manage-
ment, interaction, knowledge assessment, as well
as create a flexible learning environment using
digital resources.

Zoom, Microsoft
Labster

Virtual classrooms and in-
teractive learning programs

Teams,

They allow you to conduct real-time classes, sim-
ulations and experiments; promote active learn-
ing and CT.

Gamified and project- | Scratch, the educational edi-
based educational plat- | tion of Minecraft
forms

They develop creativity and project thinking
through programming, modeling and project de-
velopment.

Specialized platforms for
specific disciplines

Khan Academy (mathemat-
ics), Duolingo (languages)

They provide specialized resources and courses
for in-depth study of specific disciplines.

According to the author, DEP encompass a wide
range of opportunities and areas. They allow the learn-
ing process to be tailored to individual student needs,
making education more flexible and accessible.
Through such platforms, students can study both gen-
eral and specialized subjects, utilizing interactive and
gamified approaches that stimulate creativity and de-
velop project-thinking skills. Overall, these platforms

Contexts

Technological
Pedagogical

Knowledge

(TPK)

Technological
Knowledge
(TK)

Technological
Content
Knowledge
(TCK)

Pedagogical

Content
Knowledge Kn

Pedagogical Content
Knowledge
(PCK)

transform traditional teaching methods, making them
more dynamic and focused on personal development.

The integration of DEP into the educational pro-
cess requires applying pedagogical models and ap-
proaches to maximize their potential. Figure 1 shows
the most well-known and widely used models — SAMR
(Substitution, Augmentation, Modification, Redefini-
tion) and TPACK (Technology, Pedagogy, and Content
Knowledge).

R REDEFINITION

Technology allows for the creation of new
tasks, previously inconceivable,

MODIFICATION
Technology allows for significant task redesign.

A AUGMENTATION

Technology acts as a direct substitute, with functional
improvement.

s SUBSTITUTION

Technology acts as a direct substitute, with no functional change,

Figure 1. Models of technology integration in education

The SAMR model, developed by Ruben
Puentedura, describes different levels of technology in-
tegration in education, starting from the basic replace-
ment of traditional tools and progressing to a full trans-
formation of the educational process. This model sug-
gests a phased approach to technology implementation,
where its use gradually becomes more complex and in-
depth. At the first stage, technology is used for simple
substitution of traditional methods, such as transition-
ing from paper textbooks to electronic ones. The next
level, augmentation, improves the functionality of edu-
cational materials, for instance, by adding interactive
elements [3]. At the levels of modification and redefini-
tion, technology begins to radically change the educa-
tional process, creating new forms of learning activi-
ties, such as virtual labs or cross-cultural projects, that
would be impossible without digital tools. Thus,

SAMR emphasizes that technology should not simply
reproduce traditional approaches but also offer new
forms of interaction and learning that promote CrT de-
velopment.

The TPACK model emphasizes a comprehensive
approach to technology use by integrating it with peda-
gogical expertise and subject content. This model as-
sumes that effective technology integration requires a
combination of three core knowledge areas: pedagogi-
cal, content, and technological knowledge. Pedagogical
knowledge includes understanding effective teaching
methods and strategies, while content knowledge in-
volves a deep mastery of the subject. Technological
knowledge pertains to the use of digital tools to achieve
learning objectives. TPACK helps to understand how
best to combine these elements so that DEP not only
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complement but also enhance the learning process, en-
abling students to better comprehend material and de-
velop creative skills.

Thus, both models highlight the importance of a
thoughtful approach to integrating digital technologies
into education. They help structure and systematize
technology use in a way that promotes active learning,
stimulating students’ creativity and critical thinking.

The impact of DEP on CrT development

Using DEP stimulates CrT as they create an inter-
active and flexible learning environment in which stu-
dents can learn at their own pace, adapting the process
to their individual needs. Platforms provide access to a
wide range of multimedia resources, such as videos,
simulations, interactive tasks, and gamified elements,
allowing students to engage more actively and deeply
with learning material. For example, interactive simu-
lations and labs enable students to conduct experiments
independently and explore different scenarios, foster-
ing critical thinking and problem-solving skills. Virtual
environments generally have fewer resource con-
straints than traditional classrooms, giving students
more opportunities for creative experiments and project
development. Simulators and interactive labs allow stu-
dents to conduct virtual experiments in conditions that
may be inaccessible in a real classroom, thereby en-
hancing their research skills and ability to find uncon-
ventional solutions.

One example of DEP use is Minecraft Education
Edition, employed in educational institutions in the
USA to develop creative abilities and project-thinking
skills. Within educational projects, students can create
virtual architectural structures, simulate historical
events, or design eco-friendly cities. Such tasks require
students to adopt a creative approach, analyze infor-
mation, and apply knowledge in practice, which fosters
the development of their creative abilities and critical
thinking [4].

Another example is the Duolingo platform, used
for learning foreign languages in high school. It sup-
ports students through gamified tasks, interactive quiz-
zes, and assignments that require using the language in
practical situations. This approach helps students de-
velop creativity and communication skills, utilizing the
language to solve problems and perform practical
tasks [5].

In Kyrgyzstan, the Online Mektep platform has
been widely used to ensure access to school education
during the pandemic. This platform provides students
with remote learning opportunities through interactive
lessons, videos, assignments, and quizzes. Incorporat-
ing this platform into the educational process enables
students to study at a convenient pace, promoting self-
organization and independent problem-solving skills,
essential components of CrT [6].

These practical examples of DEP usage vividly
demonstrate their potential to develop CrT through in-
teractive methodologies and project-based learning. It
is also worth noting that studies conducted in the USA
and Kyrgyzstan confirm this effect, showing how digi-
tal tools are successfully integrated into the educational
process.

For instance, in the USA, a study was conducted
using the Scratch platform to teach programming and
digital creativity. More than 200 high school students
participated in this study over an academic year, creat-
ing their own projects: interactive games, animations,
and multimedia stories. The results indicated that stu-
dents actively using Scratch showed significant im-
provement in divergent thinking skills and the ability to
find unconventional solutions [7]. The platform en-
couraged students to develop unique projects, requiring
them to generate new ideas, design algorithms, and take
a creative approach to programming. Researchers noted
that students working with Scratch became more confi-
dent in their abilities and eagerly shared ideas with
classmates, which further enhanced their engagement
and developed CrT.

In Kyrgyzstan, the Taalim-Forum Foundation
conducted a study under the KIX project to implement
DEP to improve education quality and develop CrT in
high school students. The research, conducted in
schools in Bishkek, involved using online platforms
and interactive tools to engage students in the educa-
tional process. During the experiment, students worked
with virtual labs and simulators, allowing them to solve
scientific problems and develop project-thinking skills.
The results showed that students actively using digital
tools demonstrated improved CrT skills and increased
motivation to learn [8].

These examples demonstrate that DEP have the
potential to develop CrT in high school students. Proper
integration of DEP into the educational process helps
improve academic performance, increase student en-
gagement, and enhance their ability to solve problems
in non-standard ways.

Recommendations for DEP implementation

To successfully select and implement DEP aimed
at developing CrT in high school students, teachers
need to integrate project-based and problem-oriented
activities into the educational process. Examples of real
tasks and projects requiring solution development help
stimulate CrT, allowing students to explore and present
ideas using digital tools. The inclusion of gamified ele-
ments, such as points, rewards, and achievement levels,
also helps boost student motivation and engagement.
Platforms that have successfully applied such methods
demonstrate that gamification can actively support
learning interest and enhance interaction.

Regular feedback and teacher support play a sig-
nificant role in creating an environment where students
can develop and refine their ideas. Continuous interac-
tion helps students feel more confident while experi-
menting and expressing themselves. It is also essential
to create opportunities for collaborative learning by or-
ganizing group projects and virtual classes where stu-
dents can exchange ideas and work together on tasks.
Digital platforms that support real-time collaboration
encourage experience sharing and stimulate innovative
thinking.

Teaching students’ skills in using digital tools,
such as programming and working with interactive
simulations, helps them better harness platform capa-
bilities and develop CrT. These skills enable them to
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effectively use resources for creating digital content,
making the learning process richer and more creative.

All these aspects underscore the importance of
digital technologies and their integration into the edu-
cational process. Platforms that support project-based,
interactive, and collaborative learning create an envi-
ronment that fosters high school students’ creativity
and innovative thinking.

Conclusion

The introduction of DEP significantly affects the
development of computer literacy among high school
students, providing new opportunities for interactive,
flexible and personalized learning. Through these plat-
forms, students can actively participate in the educa-
tional process, design projects, experiment, and find
unconventional solutions, which stimulates their crea-
tivity and develops critical thinking skills. Effective im-
plementation and use of digital platforms should in-
clude teacher support, course adaptation to individual
student needs, and the creation of opportunities for col-
laboration and teamwork.

The use of DEP offers ample opportunities for the
development of creative abilities and independence of
students. Integrating these technologies is an essential
part of the modern educational environment and re-
quires efforts from schools, teachers, and students to
achieve high results in developing creative and critical
thinking.
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AHHOTAILIMSI

B crarbe coo0maercst 0 co3laHUU aKCHOMAaTHYECKOW TeopuH, MpeTeHytomeil Ha cratyc « Teopust Beeroy.
OCHOBHBIM OTJIMYHEM JAHHOW TCOPHH OT CBOMX MPEIIICCTBCHHHUIL SIBIIACTCS 0000IICHNE U TepeopopMIICHHE 3a-
KOHOB (1)I/ISI/IKI/I KaK OPpUIUHHO — CJICACTBCHHBIX 3aKOHOB. Taxon Ioaxoda II03BOJIMII BBIIBUTH MeTa(bI/BI/ILIeCKy}O
CYIIHOCTH IiecToi nmpobaemsl [ miapbepTa u pemuTh ee. Ha ocHOBe MPUHSTHIX aKCHOM YCTAaHOBJIEH OCHOBHOM Me-
TaU3NICCKUN 3aKOH, KOTOPBIH MO3BOIHI O(GOPMHUTH IEOCTHYIO KapTHHY MHpa B BUIC IUarpaMMbl Diinepa-
Benna. /lanHas Hay4Has KapTHHA MHpPa MTO3BOJIIIA YCTAHOBUTH alreOpandecKyr CTPYKTYPY BCEOOIINX 3aKOHOB
MPUPOABI ¥ TIOCTPOUTH HOOCHEPHYIO KapTHHY MHUpa. TeopeMsbl, XapakTepH3yIOLIie TaHHYI0 MaTeMaTHIECKYIO
CTPYKTYPY, 00pa3yIoT siIpo TEOPHH, KOTOpOoe BKIFoUaeT 16 BceoOmmx 3akoHOB mpupoabl. Mepapxudeckas cTpyk-
Typa 3THX 3aKOHOB IMO3BOJIHJIA O6’be,£[I/IHI/ITL HUX B CAMHYIO CUCTCMY. OCHOBHBIM BBIBOJJOM TCOpHH SABJIACTCA TO,
YTO €CJIH 4YCJIIOBCUYECTBO HeﬁCTBHTeHLHO XO04YCT MHpa U BCTATh HA IIYTh YCTOﬁQHBOFO pa3BUTHA, TO EMY HEOOX0-
JAUMO COTJIACOBBIBATH CBOM JKU3HCHHBIC IIPOTPAMMBI C BC€O6H.[I/IMI/I 3aKOHaMHU MpHUPOABbI.

ABSTRACT

The article reports on the creation of an axiomatic theory claiming the status of "Theory of Everything". The
scientific novelty and the main difference between this theory and its predecessors is the design of the laws of
physics as causal laws. This approach made it possible to identify the metaphysical essence of Hilbert's sixth
problem and solve it. Based on the accepted axioms, the basic metaphysical law was established, which made it
possible to formalize a complete picture of the world in the form of an Euler-Venn diagram.

This scientific picture of the world allowed us to establish the mathematical structure of the universal laws of
nature and build a noospheric picture of the world. The theorems characterizing this algebraical structure form the
core of the theory, which includes16 universal laws of nature. The hierarchical structure of these laws made it
possible to combine them into a single system. The main conclusion of the theory is that if humanity really wants
peace and to embark on the path of sustainable development, then it needs to coordinate its life programs with the
universal laws of nature.

KutioueBble ¢JI0Ba: TeOpUsl BCETO, BCEOOIINE 3aKOHBI MPUPOJIBI, mecTas nmpodiema ['uiapbepTa, 1enocTHas
KapTHHA MHpa, HoochepHas KapTHHa MUpa, MaTeMaTH4ecKasi CTpyKTypa, 1oJie pallMoOHaIbHBIX YUCE, AP0 TEO-
pHUH, cucTeMa BCEOOIINX 3aKOHOB MPUPOJIBL.

Keywords: theory of everything, universal laws of nature, Hilbert's sixth problem, holistic picture of the
world, noospheric picture of the world, mathematical structure, field of rational numbers, core of the theory, system
of universal laws of nature.

XapakTepHOW 0COOEHHOCTBIO HAayKH U 00pa3oBa-
HUsS XXIBeka sABiseTcs OXUAaHUE cozmaHus Teopuun
Bcero 1 Ha ee OCHOBE YCTaHOBJIEHHS CHCTEMBI BCEOO-
HIUX 3aKOHOB MIPUPOJBL.

IMocranoBka npodyaemsl. Ha ceroaasmauii 1eHn
BBIXOJl U3 KPU3HCHOTO COCTOSHUS M CTAaHOBJICHHE Ha
MyTh YCTOWYMBOTO PA3BUTHS SIBIISETCS OJHOW W3 TJIaB-
HBIX TIpo0seM yenoBedecTBa. B cBs3M ¢ 31O cuTya-
et ['enepanpaas Accambnes OOH npussia B xkaue-
CTBe UTOTOBOTO ToKyMeHTa «[Ipeobpa3oBanue Hamero
mupa: [ToBecTka 1HS B 00J1aCTH YCTOHYMBOTO Pa3BUTHS
Ha nepuoa 110 2030 roga».B coeit kuure "TypkmeHH-
CTaH Ha IyTH K JOCTHKEHUIO LieJIel YCTOMYHUBOrO pas-
BuTHs" Hanponanensiil JIugep TypkMeHCKoro Hapona
I'yp6anrynsl bepasimyxamenos mumer: "YcnenrHas

peammzarus [ToBectku aus [IporpaMmsl ycToddunBoro
pa3BUTHS HEBO3MOXKHA 0€3 YCTaHOBJICHHS OTHOLICHUH,
HalpaBJICHHBIX Ul yJIOBJIETBOPEHUS NOTpeOHOCTEH
YeJoBeUeCTBa M 3E€MIIM MEXIy IPaBUTEIbCTBAMH,
YaCTHBIM CEKTOPOM M TPaXKTAaHCKUM OOIIECTBOM Ha
rJ100aTbHOM, PETHOHATHPHOM M MECTHOM YPOBHSX, OC-
HOBAHHBIX Ha OOIMIMX B3TJaX, OOMIMX LENAX, MPHH-
LUTax U HEHHOCTAX. .. C 9KOJIOTHYECKOI TOUKH 3pEHUS
yCTOIUMBOE pa3BUTHE IAOJDKHO oOecrednBaTh OHOJIO-
THYECKYI0 W (H3UYECKYI0 IEIOCTHOCTh HPUPOIHBIX
cucrem» [1, ctp.428, ctp. 36].. U3 aTux cTpok aBTOpa
CJIe/TyeT BBIBOJ O TOM, YTO €CJIM YEJIOBEYECTBO XOUET
MHpa U BCTAaTh Ha IIyTh YCTOHYMUBOTO Pa3BUTHS, TO EMY
HEOOXOANMO KOPPEKTHPOBATh CBOU JKU3HEHHBIE IPO-
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TpaMMBI HE TOJIBKO MEX Iy cOO0M, HO M Ha OCHOBE YHU- [Tecras mpobiema I'unpbepTa - ogHa U3 23 3amaq,
BEpCAlIbHBIX 3aKOHOB MNPHUPOJBI, ONpPEICSIONMX  KoTopas Obuia mpemioxkena aBugom ['unbbeprom 8

cyap0y uenmoBedecTBa. HecMOTps Ha OTpoOMHBIE yCH-
JMS YY€HBIX, 10 CHX IOp HE YAAJIOCh OTKPBITH 3TH 3a-
KOHBI.

Iennb crarbu. HoBU3HOU NaHHOTO HCCIEI0BAHUS
SBJIAETCA co3llaHue akcuoMmarudecko Teopuu Bceero,
B pe3yJbTaTe KOTOPOro OTKpPbITA CHCTEMa BCEOOLIMX
3aKOHOB NpUpOJIBI. B paMkax paHHOW Teopuu pemia-
eTcs 1mectasi npodnema ['mnbbepra, nenoctHas U Ho-
ocepHas KapTUHBI MUpPa OQOPMIIIIOTCS B HATIISATHO-
0003prMOM BHJE, BCKpHITa anredpandeckas CTpyKTypa
BCEOOIINX 3aKOHOB MIPHUPOIBI.

AHaJIM3 NOCJIeAHUX UCCIeJOBAHMI U Iy0IMKa-
nmii. AHaTU3 COBPEMEHHBIX (QU3MUECKUX TEOPHii, Ipe-
TEHIYIOINX Ha craTyc «Teopus Bcero» MOKa3bIBacT,
4TO JaHHas Hayka He TOJIbKO He CMOIJIa CO3JaTh eu-
HYIO YHUBEPCAJbHYIO TEOPHIO, HO U HE 0 OpMUIIa CBOU
3aKOHBI KaK 3aKOHBI IPUPOH [2, cTp. 203].

BoiesieHne HepellleHHBIX paHee YacTell o01mei
npo0dseMsbl. Bce MonbITKH 00BSACHUTH, KaKUe 3aKOHBI
MPUPOJBI, TPUBOJAT K HEOOXOAUMOCTH SICHOTO TIpen-
CTaBJICHUsS O NMPUYNHHO-CIIEACTBEHHBIX CBA3AX M HX
MaTeMaTHIeCKOH (opMalTU3alii HE yBEHIAIHUCH YCIIe-
xoM. [Ipobnema oka3amach HENMpPOCTOH, pEIICHHE ee
TpeboBaJo rnepexosa 0T SMIMPHIECKON MapajnTrMbl K
AKCHOMAaTHYECKOH, CyTh KOTOpOW CBOAWTCSA K pellle-
HHIO 1IecToi npobuiems! ['mibbepTa.

Pemienne mectoii npodJemsl I'nmiabsdepra

asrycra 1900 roxa B ITapmxe na Il koHTpecce mateMa-
THKOB, KOTOpasi Ha3bIBaeTCs «MaTeMaTHIeCKOe OIuca-
HHUE aKcHOM (HU3UKW». HecMOTpst Ha MHOTOYNCIICHHBIE
TIOTIBITKH YY€HBIX, IPoOJIeMy peliaTh 10 KOHIIA He yJa-
JIOCh, OHA JI0 CUX IIOp OcTaeTcst OTKpbITOW. Hepemien-
HOCTb JIaHHOM NPOOJIEMBI YYECHBIE CBSI3BIBAIOT C HEKOP-
PEKTHO MOCTAaHOBKOW MPOOIIEMEL.

Jns pemenust mectoil npoOnemsl ['mnpbepra
TIPEACTABISIET OCOOBIH MHTEPEC OHTOJIOTHYECKAasi MO-
nens, npeanoxeHnsnit C. JI. Dckobeno, corracHo KOTo-
pOMY, «ECIIM COBOKYNHOCTb IpeNoKeHuil P paszne-
JUTh HAa JBAa HETNEPECEKAIOUUXCS MHOXKECTBA, NpPHU
sTOoM AUB, KOTOpBIE 002 Ha3bIBAIOTCS aKCHOMaMHu. To-
I7la MBI TOBOPUM, 4TO MOJieNIb M Ha3bIBaeTCs aKCHOMa-
THYeckoit» [3, ctp.3].

[pennoxeHHas MOJEIb YKa3bIBaeT Ha HEOOX 01U~
MOCTb pasfeleHHss KaXIOW TpPeX3BEHHOH (opMyJIbI
(U3MYECKOTO MOHATHS WM 3aKOHA Ha JIBE HE3aBUCHU-
Mble 4yacTu. Takoe pasmeneHue TpeOyeT mpeacTaBiie-
HHe 3TUX (OopMyI Kak Tpuansl B Buge A = B — C, xo-
TOPYIO MOYKHO Pa3/ICNNTh HA JBE HE3aBUCHMBIE IUAJbI:
A - BuB — C. [lna aToro cucremaru3anus Gpusznde-
CKUX BEIWYHH, BXOAAIINX B TPEX3BEHHBIC (POPMYIIBI
HOHATHH U 3aKOHOB HAa OCHOBE MPHUHIMIIA NPUYUHHO-
CTH, SIBJISIETCSI HEOOXOAMMBIM M JIOCTATOYHBIM YCJIO-
BueM (tabi.1).

Tab6nuna 1.

CI/ICTeMaTI/ISaHI/ISI TPCX3BCHHBIX MAaTCMAaTUYCCKUX Bpra)KeHI/Iﬁ (1)I/I3I/I‘-ICCKI/IX MOHSATHI U 3aKOHOB Ha OCHOBE
IIpUHIMIIA TPUIUHHOCTHU

®dusnueckas Be-
duznueckas
JIMYUHA, Ddusnveckas BeNu4nHa,
Du3nvecKue NOHITUSL XApAKTEPU3YIOMS | XapaKTepu3yiomas Clen- BEJINYNHA,
1 3aKOHBI P PH3Y P pH3y XapaKTepu3yomas
MPUYHUHY, cTBue,b
p ycIoBue, C
S 1
1. Cxopocts, U = — v S =
t t
Yckopenue,
2. a= Av Av a At
t
Bropoii 3aKOH m a
3. . F
HeioTona, F =ma
3aKkoH I'yka
“ | F=kax F AX x
5. JHasnenue , P = g F P S
KonmgecTBo TemIoTsI,
6. | Q=cmaT Q AT cm
3aKkoH Oma TS
7. y4yacTka LIeTIH, U | R
U=IR
8. OCBEIIEHHOCTH, E = ? (1)) E S
OHeprust KBaHTa,
9. E = ho v E
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Cucremaruzanusi ¥ yrnopsiioueHHE TPEX3BEHHBIX
dhopmyn pu3HUECKUX TIOHATHH ¥ 3aKOHOB Ha OCHOBE
MPUHIUIA TPUYUHHOCTH TO3BOJISAET MPEACTaBUTh pPe-
IIeHue mecToi mpobiemsl ['mipbepra B ciemyromemM
BUJIE!

Axcroma 1. 3aBHCUMOCTb MeXIy (PU3NUECKHUMHU
BEJINUMHAMH, XapaKTEPU3YIOIUMH NPUYUHY U CIIeA-
CTBHE, BXOAAIIMX B JaHHYIO (GOpPMyIy, SBISIETCS
TPSIMO TIPOTIOPIIMOHATIBHOM, T.€. a~b.

Axkcuoma 2. 3aBHCHMOCTb MEXAY (QU3HUSCKUMH
BEJINYMHAMH, XaAPAKTEPU3YIOIINE CIEICTBHE M YCIO-
BUS (COCTOSIHHE 00BEKTa), SABISCTCS MPIMO, OO0 00-

o 1
paTHO TPOMOPIMOHATBHOM, T.€. b ~ C mu b~ —.
[
BEeIIen3nokeHHbIe aKCHOMBI SBIISIFOTCS  peliie-
HHUEM mecTor mpobiemsr [ misbepra.

IesocTHasA KAPTHHA MHPAa M MaTeMaTHYecKast
CTPYKTYpa BCEOOIINX 3aKOHOB MPHPO/bI.

Kak cBunmeTensCcTByeT HCTOPHUS Pa3BUTHS (PH3HUKH,
CO3JaHHI0 KaXI0H (yHIAMEHTAILHOW TEOpHUU TpeI-
IIECTBYET MOCTPOCHUE HOBOW HAYUYHOM KapTHUHBI MUPA.
A. DWHIITEHH CUXTAI, YTO BBICIIIAS 3a/1a4a (PU3HUKH CO-
CTOUT B OTKPBITUM Hawbojee OOLIMX 3JICMEHTapHBIX
3aKOHOB, U3 KOTOPBIX MOKHO OBLIO JIOTUYECKH BBIBE-
cTH KapTUHY Mupa. OObeIMHEHHE BBITIE MPUHSATHIX aK-
CHOM, KOTOPBIC MPEICTABICHBI KaK PEIICHUC IIECTOM
npobnembl ['ums0epTa, MO3BONMIO YCTAHOBHTH 3TH
3JIeMEHTAapHBIC 3aKOHBI B CllenytoieM Buje: a = be (1)

b
u a =-(1la). B TeOpruH MHOKECTB 3TH OTHOIIECHHS CUH-
C

TArOTCSl PaBHBIMH, CJIEIOBATENIBLHO, B TabHEHIIEM Oy-
JIeM TI0JIb30BaThCs TONIBKO (opmysoii (1), koTopas, mo
CYTH, SIBIISIETCSI OCHOBHBIM BCEOOILIMM 3aKOHOM IIPH-
pozbl. JlaHHBINM 3aKOH NO3BOJISIET IPEACTABUTD LIEJIOCT-
HyI0 KapTHHY MHUpa B BUE AUarpaMMbl Difniepa-Benna

(puc. 1).

0)

Pucynox 1. l{enocmuas xapmuna mupa.

IIpencraBneHne HENOCTHOW KapTHHBI MHpPa B
JJAHHOM BUJE SIBIIIETCS JIOTUYECKOM OCHOBOHM maist
YCTaHOBJICHHUS MATEMATUIECKOH CTPYKTYPbI BCEOOIINX
3aKOHOB IIPUPOJIBI.

LemocTHast KapTHHA MHpa KaK JIOTHYECKOE
YCTpOMCTBO MMeeT 3 BXoJa U 8 BBIXOJOB, IPUBEIEM
€ro TadJIMIla KICTHHHOCTH.

Tabmuna 2.
Tabnuia HCTHHHOCTH [ENTOCTHON KAPTHHBI MUPa
A B C Howep 0f.1a- Iepeceyenne MHOKECTB
cTH
0 0 0 0) ANnBNC
0 0 . 1) AnBncC
0 1 0 2) ANBNC
0 1 1 3) ANnBNC
1 0 0 4) AnBNnC
1 0 1 5) ANnBnC
1 1 0 6) ANBNC
1 1 L 7) AnBNC
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B Tabmuue nctuHHOCTHM MHOXectBa A, B u C Teopema 3. bBunapHoe OTHOIIEHUE < B IPUYUHHO
ABIISIIOTCS  BXOOHBIMHM, a COOTBETCTBYIOIIME HMX  — CIEACTBEHHBIX CBA3SIX 00JIaaeT CIEAYIOMINMHU CBOII-

nepeceuerns ANBNC,ANBNC,AN BnC,

ANBnNnCANBNC,AnBNC, ANnBn
C,A N B N C - BBIXOAHBIMA cuUTHATaMu. U3 0603HaTe-
HHH BBIXOIHBIX CHTHAIOB MOXHO CIIEJIATh CIEYIOIIHE
JIOTUYECKHUE BBIBOJIBI:

1. Jlns xaxmoro siemMeHTa MHOXeCTB A, B u C
CYIIECTBYIOT OOpaTHBIE 3JIEMEHTHI OTHOCHTEIIBHO OTIe-
paIyn YMHOKEHHUS:

(2)

a-a'=1 b-b'=1 c.ct=1

2. Jlna mi00bIX @ U ba<b, 3HaK «<» O3HAYaeT
CJIOBO «IIPE/IILIECTBYETY.

MaremaTrueckoe BbIpakeHHUe 3akoHa (1) u moru-
YECKHUE BBIBOIbBI, IPUBEICHHBIC BBILIIE, TO3BOJISIOT UH-
TYWUTHBHO MpPEJII0JiaraTh, 4YT0 anredpandeckon CTpyk-
TypO¥ BCEOOIUX 3aKOHOB MPUPOJIBI SIBISCTCS 001aCTh
I[EIOCTHOCTH B TI0JIC PAIMOHAIBHBIX uncell. TeopeMsl,
XapaKTCPU3YONIYI0 JTaHHYIO alrcOpandyecKyro CTPyK-
Typy 00pa3yIoT SIIPO TCOPHUH.

Slapo Treopuu

Kak mpaBuiio, korna (pusnveckas TCOPHUs CO3/a-
eTCsl Ha OCHOBE Habopa J0Ka3aHHBIX TOTOBBIX TEOPEM
MaTEeMaTUYECKON CTPYKTYphI, (GU3UUECKHE MPEAIoKe-
HUSI IPUCOSANHSIIOTCS K TeopeMam. Criemys 3ToMy mpa-
BUIIy, [P0 TEOPUM MPEACTABISETCS B CICIYIOLIEM
Buze [4, ctp. 145-147].

Teopema 1. IIycts, # = (F,+,—,-, 1)-mone. Torga
JUTs JTEI00BIX AJIEMEHTOB nons a, b, ¢, rae a, b, ¢ — ¢u-
3MYECKUE BEJIHYUHBI, XapaKTCPHU3YIOIIHE COOTBET-
CTBCHHO MpPUYHMHY, CJICACTBUC M YCJIOBHC BBIMOJIHS-
FOTCS CIICTYFOIUE OTHOIICHHS:

Ec @b =1, 10a#0u bzail;(3)
eciiac =bcuc#0, 10 a=b; (4)

ecii ab =0 ,10 a= 0w b = 0; (5)
ecmua#0ub#0, 10 ab #0; (6)

a C

B:EToraa /1
ad:bC,bJﬁOWea-‘ﬁO,r;[ed - puzmye-

CKas BCIIMYMHA, XapaKTEpU3YIolasi BHCIIHEES YCIIOBUC

;

TOJIBKO Toraa, Koraa

§+£:adirbc -

b d bd '

a (-a)_4 _3__a |
b+ . =0u (b)— o );
ecnn&iOnb;ﬁO,Torna(E)_lZE;(lo)

b a
ac a
— (11)

bc b
Teopema 2. Jlns mo00l 00JACTH TEIOCTHOCTH
cyuiecTByeT mnoJie yactHbix. Eciiu & u P — nons yact-
HBIX B KoJiblie K, TO CyIIecTByeT N30MOP(H3M MOst F
Ha ToJie P, MepeBOISAIINI KK IbIH dJIeMEeHT KoJbIa K
B cebs. (12)

CTBAMHU:

1) ms mo6wIX a, b, ¢ € Q ecmu a<b u b<c, T0
a<c (TpaH3uTUBHOCTH); (13)

2) mns moObIX a, b € @ WMeeT MeCcTo OIHO U
TOJILKO OJTHO M3 TPEX COOTHOUICHUH; a<b, a = b, b<a,
(14)

3) st mr00BIX @, b, ¢ € Q, ecu a<b, To a + c<b
+ ¢c; (15)

4) mis moOwIX a, b, ¢ € Q, eciim a<b u 0 <c, TO
ac<bc. (16)

Marematnueckue mpemiokenus (1) — (16) mo
CYTH, SBISIOTCS METa(pU3MUCCKUMHU 3aKOHAMHU.

WuTepnpeTanus 3aKOHOB TCOPUH

WnTepnpeTanns 3aKOHOB TEOPHH IO3BOJIIET CO-
OTHECTH €€ C PEeANbHOCTBIO U MPOU3BECTH e¢ Bepu(u-
Kanuio. MeTonoM HWHTEepHpeTanud W3 HEeOONBIIOro
YHCIIa UCXOIHBIX OTHOIICHHUH — 3aKOHOB TEOPHH IOy~
4aeTcsl HeOTpaHWIEHHOE YUCIIO CieAcTBHi. B maHHOM
CTaThbe MBI OTPAHUYUMCS U3JI0KEHHUEM HEKOTOPBIX M3
HUX.

CaencrBue 1. Meradusuueckuii 3akoH (1) mo
CyTH, SBIIETCS 3aKOHOM KOMIIO3UIIMU U MPOMOPIIHO-
HAJILHOCTH, M3BECTHOTO CIl¢ C TIIyOOKOH JPEBHOCTH
3aKOHA TOJI Ha3BaHUWEM «TPHEIUHCTBA CYLIHOCTEH,
COTJIACHO KOTOPOMY Bce (pyHIaMEHTaNbHBIC IPHPOI-
HBIC TIPOSIBIICHUS 3aBHCAT IPYT OT Jpyra TaKuM oOpa-
30M, 9TO 00s3aTENFHO OOBEIMHSIOTCS B OTHCIHHBIC
TPYTIIEL — IO TP B KaXI0# u3 HUX (Tpuana). Gusuku
BEIpA)XAIOT Takue (pyHIaMEHTaJIbHBIC 3aBUCUMOCTH B
BHJIC IIHPOKO M3BECTHBIX TPEX3BEHHBIX (POPMYI THIIA
F=ma, S=& 1 urn [5, p. 22].

CaencrBue 2. B Matemaruke Mmetadu3mdeckuii
3aKoH (2) 03Ha4YaeT 4To, KOMMYTaTHBHOE M acCOIlha-
TUBHOE KOJIBIIO C €OUHHIECH, B KOTOPOM ISl JIFOOOTO
OTIIMYHOTO OT HYJS dJIEMEHTa a, HalaeTcss OOpaTHBII
SIEMEHT a~ !, KOTopoe Ha3blBaeTcs moyeM. JlaHHbI
MeTaQHU3MIeCKUH 3aKOH BBIpaXkaeT TITyOOKYIO CYTh ITO-
HATHUS « TIoJiey. XOTs B (PU3MKe JaHHBII 3aKOH T10Ka He
UMEET CTaTyca HayYHOTO 3aKOHa, OJTHAKO OCTPO OIIly-
jaeTcss He0OX0IUMOCTh TAaHHOTO 3aKOHA JISl BBISICHE-
HUS TIOHATHUS «PUINIECKOE TOJIE.

CaeacrBue 3. B marematuke npemioxerue (3)
TeopeMbl | 03HauaeT CyIlecTBOBaHUE I JII0OOTO OT-
JMYHOTO OT HYJS PalMOHAILHOTO YHCIa @ oOpaTHOe
€My OTHOCHTEIBHO YMHOXEHHs 4ducio D, T.e. Takoe,
yro ab= 1. B ¢u3uke qaHHBIN 3aKOH MOXET ObITh UH-
TEPIPETUPOBAH KaK 3aKOH, YTBEP)KIAIOIIUH CyIe-
CTBOBaHHE OOpATHOI BENMYMHBI [UIS 3aJJaHHOM BeEI-
YUHBI OTHOCHTEIBHO ONepalii yMHOXeHHs. Duio-
CcOCKOW TOYKHU 3pEHUs JaHHBIM 3aKOH MOXET OBITh
HMHTEPIPETHPOBAH KaK 3aKOH €AMHCTBA U OOPHOBI IIpo-
THUBOTIOJIOKHOCTEH.

Caencreue 4. [Ipemioxenue 4 Teopemsl 1BbIpa-
JKaeT COKPAaTUMOCTh alnreOpandecKoit onepanuu yMHO-
xkeHus B MHOxecTBe A. CormacHo Teopeme Hérep, B
(u3nKe TaHHOE OTHOMICHUE MOXKET OBITh HHTEPIIPETH-
POBaHO KakK 3aKOH COXpaHeHus 3Hepruu B (usuke [6,
ctp.2]. C ¢punocodckoit TOUKM 3peHHUS 3aKOH COXpaHe-
HUS SHEPTHH, KaK U JPYTUE 3aKOHBI COXPAHCHUS, SBIIS-
€TCS CeCTECTBCHHO-HAYyYHBIM OOOCHOBaHHMEM 3aKOHA
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€AWHCTBA MPHUPOIBI, MOCKOIBKY MOKa3hIBaeT 3aKOHO-
MEpHBIN XapakTep MpeBpalleHUs SHEPTUU W3 OJHOU
dhopwmsl B 1pyryio [6].

C TOYKH 3peHHUs COMUAIHHON (IIOCOPHH 3aKOH
COXPAHCHHS SHEPTHH MOXKET OBITh MHTEPIPETHPOBAH
KaK 3aKOoH crpaBeuBocTd. ConuansHas ClpaBe in-
BOCTh U3MEPSICTCS TAKUMH KPUTCPUSIMHU, KaK CIIpaBel-
JIMBOE paclpeeiICHAC MaTePHAIbHBIX OJIar MEKIY 3T-
HUYCCKUMH TPYIMIAaMH, PABEHCTBO BO3MOXHOCTCH U
npeumymiects. Hecnyuaitno Opranuzamus OObenu-
HeHHbIX Hanmii, BiusTensHas opranusamnusi, oojee ce-
PBE3HO OTHOCSINASCS K BOIIPOCAM YCTOHYHUBOTO Pa3BH-
THSI, CYHWTACT NPUHIMII CIPABEIIMBOCTA BaKHBIM
YCIIOBHEM BCTYIUICHHS MHPOBOTO COOOIIIECTBA HA MYTh
ycroitunBoro pa3sutis. OOH npusHaet, 9To HE OTHO
00II1eCTBO, HH OJTHO TOCYIapCTBO HE MOXKET TapaHTH-
POBaTh CBOIO CTAOMJIBHOCTh U 0€30IaCHOCTh, HE Clie-
Jlysl TIO IMyTH YCTOHYMUBOTO pPa3BUTHs, a OOIIECTBO HE
MOJKET JJOCTHYb YCTOWYHUBOTO Pa3BUTHS, HE CIICIYS 3a-
KOHY CIIpaBeATUBOCTH [7, cTp.449].

CaencrBue 5. B marematuke npesioxenue (5)
TEOpEMBI | TTIACHUT O TOM, YTO BCSIKOE YHCIIOBOE KOIBIIO

SIBJISICTCSL 00JIaCThIO TOEJIIOCTHOCTH: €CIIN ab = O , TO

a=0 wm b =0 [8, c. 246]. JanHsbrii MeTadu3nye-
CKHH 3aKOH MO>KHO HHTEPIPETUPOBATh KaK IIEPBBIil 3a-
koH Hrprotona. CoriacHo 3TOMy 3aKOHY, €CIIH TeJIO He
B3aUMOJICHCTBYET ¢ APYTUMHU TelaMH (HET NMPUYUHBI)
WA B3aNMOACUCTBHS KOMIICHCHPYIOTCS, TO TEIO CO-
xpaHseT ucxoxnoe cocrosaue. C punocodckoit Toukn
3pEHHS ATOT YKa3bIBaeT Ha TO, YTO MHP, B KOTOPOM MBI
JKUBEM, SBIISIETCS 00JIACTHIO IEJIOCTHOCTH. B conmans-
HOU (PH3HKE 3TOT 3aKOH TPAKTYETCS CIEIyFOIIM 00pa-
30M: «Bce kuBBIE CymiecTBa ABIKYTCSA K CMEPTH JIH-
HEMHO U CUMMETPUYHO, €CJIM Ha HUX HE ICHCTBYET
yckopsirommas cuia» [9, cTp. 74].

CaeacrBue 6. B marematuke npemioxenue (6)
TeopeMsl | IJIacuT, ecIM HU OJUH U3 MHOXXUTeNeil He
paBeH HyJI0, TO UX MPOM3BEACHHE TaK K€ HE PaBHO
HyJ10. B ¢u3uke 3TOT 3aKOH MOXHO HMHTEPIPETHPO-
BaTh KaK 3aKOH, YTBEPKIAIOIIUI YTO, €CIIH TEJIO B3au-
MOJICHCTBYET C APYTUMH TelIaMu (€CTh IPHYNHA) H 3TO
B3aUMOJICHiCTBAE HE KOMIICHCHPYETCS (eCTh CIel-
CTBHE), TO OHO HaxomuTcs B ABIkeHHH. C drmocod-
CKOM TOYKH 3pEHHSI, COTIIACHO 3TOMY 3aKOHY, B3aHMO-
JIEHCTBHE M COTPYTHUUYECTBO MEXIY JIOIBMH, TOCY-
JapCcTBaMM  SIBIISETCA 3QJIOTOM HMX yCTOWYHBOIO
pa3BUTHSL.

CaeacrBue 7. B marematuke npemioxenue (7)
TeopeMsbl | ecTh ycioBue paBeHcTBa apobeit. C duo-
co()CKOM TOUKH 3pEHHUS ITOT 3aKOH MOXKHO MHTEpIIpe-
THUPOBATh KaK 3aKOH MepeXoa KOJINICCTBCHHBIX H3Me-
HEHMH B KauyeCTBEHHbIE. 3aKOH Iepexoja KoJuue-
CTBEHHBIX M3MEHEHHH B KAaueCTBEHHBIE WIPaeT
B)XHYIO POJIb B Pa3BUTHH NPUPOJIBI, OOIIECTBA U MBIIII-
JeHus. AHaau3 3TOro 3aKOHA MOJATBEPHKAAET, UYTO KO-
JIMYECTBEHHBIE U3MEHEHMUS SIBIIIOTCS SBOJIIOLUOHHBIM
THUIIOM Pa3BHUTHS, a Ka4eCTBEHHbIE — HA000pOT, peBo-
JIFOIIMOHHBIM. B3anMOCBSI3b KOJTMYECTBEHHBIX U Kade-
CTBEHHBIX M3MEHEHHH NPHUBOIUT K BaXXHOMY BBIBOY O
€MHCTBE 3BOJIIOIMOHHONW M PEBOIIOIMOHHON (GopM
pa3BuTHi. B dusuke 3akoH coobmaromumxcs cocyaos,
3aKOH THAPABINIECKOTO Ipecca, 3aKOH MPETOMIICHHS

CBETAa MOXKHO TPAaKTOBAaTh KaK YACTHBIC MPOSBICHUS
3TOT0 METahU3MUECKOTO 3aKOHA.

Caeacrue 8. B MmatemaTuke ¢popmyina (8) B Teo-
peme 1 ects popMyma cioskeHUs (BBIYUTAHUS) IPOOCH.
B ¢usuke He cymecTtByer Takoro poja 3akona. Og-
HaKo, (POPMYJTy JIMH3bI MO>KHO BBIBECTH M3 3TOTO METa-
(bU3MYECKOT0 3aKOHA M CYUTATh €r0 YaCTHBIM IPOsIBIIE-
HueM. JlaHHbBIH MeTapU3MYECKUH 3aKOH XKIET CBOETrO
SKCHEPUMEHTANBHOTO MOTBEPKACHUSL.

Cneocmeue 9. Coznacro npeonoxcenuro (9) meo-
pemul 1, 1060My Hucty OMHOCUMENbHO ONepayuu clo-
JICEHUSL CYUeCMBYem YUCILO C RPOMUBONONIONCHBIM 3HA-
koM. Jlannoe ymeepoicoenue, no cymu, A6AAemcsa mMa-
memMamu4yeckum GulpadceHuem 3aKOHA OUANeKMUKU
ompuyanue ompuyanus. JlauHelti memagusuieckuii
3aKOH yKasvleaem HanpagieHue paseumus U packpul-
gaem 00bLEKMUBHYIO MEHOSHYUIO PA3BUMUS NPUPOOb,
obwecmsea u mviuinenus. Yepez ompuyanue yoans-
omcs cumyayuy, mopmo3aujue pazeumue, COXpaHsi-
I0MCA cumyayuu, cnocoocmayoujue pazsumuio Ha Ho-
60M YpOGHE, a uepe3 Ux UCNOIb306aHue pasgumue ne-
pexooum om npocmoz20 K croxcHomy. B gusuxe
Oannbili Memaguzuueckuti 3akon (9) modwcHo unmep-
npemuposamy Kax mpemuii 3akon Hviomona. Co-
2NACHO COYUANbHOU (Pu3uKe YCKOPeHUs 08YX 63auUMO-
Oeticmeylowux 6 cpede mesl pagHbvl, GEKMOPbL UX YCKO-
DEeHUli U UCNONb3YEeMbIX CUT NPOMUBONONO0NCHBLY [9,
cmp.74]. B ceawennoii knuce Kopanu - Kepum ume-
tomes caedyrowue cmpoxu. «Kmo oice npecmynaem
npomuse 6ac, - Mo u 6bl npecmynaeme RPOMUG He2o no-
00610 momy, kak oH npecmynun npomug eéacy [10,
cmp. 35]. Dmu cmpoku ewje pas ykasviearom Ha Heoo-
X00uMOCmb  npeoooNeHUs — npOMUEONOCMAGIEHUs
HAyKu u penucuil, a npeocmagienus ux Kax OONnoaHu-
menvnvix [11, cmp. 56/

CaencrBue 10. CormacHo mpemmoxxeruro (10)
TeopeMsbl 1 1poOb B MUHYC NIEPBOM CTENIEHH paBHA 00-
patHO# npobm B mepBoil cremeHn. C Qu3mUecKon
TOYKH 3pEHHs] JaHHOE MaTeMaTHUECKOe NPEUIOKECHHNE
MOXET OBITh WHTEPIPETHPOBAHO KaK I[OBOPOT CH-
CTEMBI KaK IIeJIOr0o B IpocTpaHcTBe. CHUMMETpHS 3aKO-
HOB OTHOCHTEJIFHO Takoro ImpeoOpa3oBaHUs 03HAdaeT
SKBHMBAJIEHTHOCTh BCEX HAIpPaBICHHUII B IPOCTPAHCTBE
(M30TponMI0 TPOCTpaHCTBa). M30Tpomum mpocTpaH-
CTBa COOTBETCTBYET 3aKOH COXPaHEHHsS MOMEHTa HM-
TyJIbCa.

CaencrBue 11. ®opmyma (11) Teopemsr 1 ¢ mare-
MaTH4eCKON TOYKH 3PEHHS TJIACHT, €CIH YUCIUTENh U
3HAMEHaTeNb JpoOu OJHOBPEMEHHO pa3feiuTh Ha
OJTHO ¥ TO K€ YMCJIO, TO MOJYYUTCS paBHAst € JpoOb.
YacTHBIMU MPOSIBICHUSIMU ITAHHOTO MeTa(u3n4ecKoro
3aKOHa SBIISIOTCS Ia30BbIe 3aKOHBI H30TIPOLIECCOB.

Caeacrue 12. CormacHo Teopeme 2, cylie-
CTBYIOT OOBEIMHEHHbIE 3aKOHBI IPUPOJIbI, IS KOTO-
PBIX XapakTepHO pa3fefieHHe MX Ha JIBe M30MOp(HBIE
npobusre yactu. COrjaacHo 3TOMYy MeTahU3NIECKOMY
3aKOHY OIIpeJeJICHHbIE NTPUYNHBI 00yCIaBIMBAIOT M0~
SIBICHUE COOTBETCTBYIOLIUX CIIEJICTBUH, IIPUYEM 3Jie-
MEHTBl CHMMETPHU HPUYUH JOJDKHBI MTOBTOPSTHCS B
COOTBETCTBYIOIINX CIEACTBUAX. JlaHHbIi MeTaduznye-
CKHI 3aKOH MOXXET OBITh Ha3BaH 3aKOHOM CHMMETpPHUH.
Kak ormeuaer F0.A. YpmaHIieB, n3ydeHne CAMMETPHA
MIPUPOJIBI C TOYKHU 3PEHHsS] CAMMETPHH TIPUBOJUT K J10-
CTaTOYHO TIyOOKMM OOIIMM BBIBOJIAM, CBS3aHHBIM C
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TITyOOKMMHM YeJIOBeUeCKMMH UCKaHusmu [12, cTp. 23].
3aKOH BCEMHPHOTO TSTOTCHHUs, 3aKoH Kymnona sBis-
I0TCS YaCTHBIMH IIPOSIBICHUSIMH 3TOTO 3aKOHA, M HX
00BACHEHUE C TOUKH 3PEHNUS 3aKOHA CHMMETPHH H3JI0-
JKeHo B pabote aBTopa [13, ctp. 10].

Caencreue 13. IIperosxenue (1) Teopemst 3 BbI-
pakaeT HEeM3MEHHOCTh BPEMEHHOMW I0CIIeJ0BAaTEIbHO-
CTH TPUYUHHO-CIICJICTBEHHBIX COOBITUI W HE MOXKET
OBITh HapyIIEHO WM, TOBOPS OOBIICHHBIM S3BIKOM,
BpeMsI T€UEeT B OJJTHOM HaIlpaBJIEHUH OT MPOILIEAIIEro K
HacTosmeMy. JlaHHbI MeTadu3udecKii 3aKOH BEIpa-
JKaeT TPAH3UTHBHBIN XapakTep NMPUINHHO-CIEICTBCH-
HOU cBs3u. C ¢u3nmueckoil Touku 3peHus 3akoH (13)
O3Ha4aeT, YTO B3aMMOJCHWCTBHS HE MTHOBCHHBIC, a
MPOUCXOJAT B TeUeHNE (PUKCHPOBAHHOTO IIEPHO/IA Bpe-
MEHHU H YHOPSIOYECHBI BO BPEMEHH.

CuaencrBue 14. Tlepsas yacts npeanoxenus (14)
TeopeMsl 3 mpencTaBisieT coboil Metadu3ndeckuii 3a-
KOH, YKa3bIBalOIIMH HEBO3MOXXKHOCTH COCYILECTBOBA-
HUS B 33J]aHHOM cHCcTeMe He0OpaTUMOTr0, IPSIMOT0 WITH
00paTUMOTro MPOIECCOB.

CaenctBue 15. [Ipemmoxxenne (15) Teopemsr 3 Ha
S3bIKE MATEMaTHKH BBIPa)KaeT MOHOTOHHOCTH OTHOIIIE-
HHS TTOPSI/IKa OTHOCUTENBHO clIoXeHHs. B ¢pusnke nas-
HOE CBOWCTBO MOJKET OBITh MHTEPIPETHPOBAHO KaK
MEPBBII MOCTYJAT CIEHATbHOW TEOPUH OTHOCHTEINb-
HOCTH DUHINTEHA, COTJIACHO KOTOPOMY (DHU3NIECKUe
MPOLIECChl OAMHAKOBBI BO BCEX MHEPIMANBHBIX CHUCTE-
Mmax orcuera. C TOUKM 3peHHs COLMAIbHOH (u3nkn
JTAaHHBIA MeTaQU3NUECKUI 3aKOH TPEOYET TOr0, 4TOOBI
3aKOHBI CYIECTBOBAHHS OBUTM OJMHAKOBBIMH IS JIIO-
60i1 coluanbHON CHCTEMBI, HE3aBHCUMO OT CKOPOCTH
pa3BUTHSL.

CaenacrBue 16. CormacHo mpemioxeHuio (16)
TEOpeMbI 3 03HAYaeT, 9TO OTHOIICHHE MOPSAKA COXpa-
HSETCSI IPH YMHOKEHUH 00eMX YacTel Ha OJTHO U TO JKe
MTOJIOKUTEIHHOE YHUCIIO, YTO BEIPAXKaeT CTATHCTHYC-
CKYFO B3aUMOCBSI3b MEXK/Y IPUUUHON U cleCTBHEM. B
(usnKke NaHHBIH MeTaQU3NMICCKHIA 3aKOH HHTEPIIPETH-
pyeTcs Kak BTOpPOM 3aKOH TepMOAMHAMUKH [14,
cTp.26]. JlaHHBI MeTadU3UYECKUI 3aKOH MOITBEp-
JKIaeT MAacCIITaOHYH WHBAapUAHTHOCTh MPUYUHHO-
CJICZICTBEHHOM CBSI3M M ONPEACISICT HAMIPABICHHUE pa3-
BHUTHS CIIOKHON cucTeMBl. COTJIacCHO 3TOMY 3aKOHY,
6opIIoe Yncio GU3NIECKUX, OMOIOTHIECKUX U COITH-
AIBHBIX 00BEKTOB MMEIOT OOIIHEe 3aKOHBI U HAaIIpaBIIe-
HUS pa3BUTHA. CTAaHOBHUTCS OYEBHIHBIM, YTO CIIOJKHO-
OpPTraHNU30BAHHBIM COIMANBHBIM H TIPHPOTHBIM CHCTE-
MaM HeNb3sS HaBs3BIBaTh IIyTH Pa3BUTHA —
HEOOXOIUMO TOHATh, KaK CIIOCOOCTBOBATh HX COO-
CTBCHHBIM TCHJICHIMSIM PA3BUTHs, KaK BHIBOIWTH CH-
CTEMBI Ha 3TH MyTU Pa3BUTHS. BakHO TOHATH 3aKOHEI
COBMECTHOH >KHU3HU Ipupoabl U YC€JIOBECUYCCTBA, T. €. UX
KosBotonuto [12, cTp. 7].

Hoocdepnas kapTuna mupa

BricmiM CHHTE30M TEOPETHYECKOTO 3HAHUS SB-
JseTCs HaydHasl KapTHHA Mupa. B coBpeMeHHOI Hayke
Ha poJIb 0OIICHAyYHO! KapTUHBI MHpa Bce OoJee mpe-
TEHIyeT HoocepHas KapTHHA MUpa. XOTs Takas Kap-
THHA eIle TOJBKO CKIIAABIBACTCSA, HO €€ SIIPO YXKe OT-
YCTIUBO MPOABUIIOCH U SABJIACTCA pa6OTaIOH_[I/IM HH-
CTPYMEHTOM COBPEMEHHOT'O BY30BCKOI'O U IIKOJIBHOTO
obpazoBanus [ 15, cTp.64].

3akonsl (11) u (16) Teopuu ciry)at OCHOBOM AJIst
odopmieHHsT HOOC(HEPHOH KapTHHBI MHpa B BHJC ue-
TBIPEXMEPHOI Tuarpammsl Ditnepa - Benna (puc. 2).

(%

B

>

-

Puc.2 Hoocgpepras kapmuna mupa

Hayunasg xapTuHa Mupa, NpeACTaBlIEHHass Ha
puc.2, TIO3BONIAET YTBEP)KIATh, 9TO MHUP UYETBIPEXMe-

PEH, YIpaBISETCS TOYHBIMH 3aKOHAMH, YEThIpEXMep-
HBI KOHTHHYYM HPUYHHHOCTH SBiISeTCs Oomnee (yH-
JaMEHTaJIbHBIM, YeM MHpPOCTPAHCTBEHHO-BPEMEHHOMN
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KoHTHHYyM. Kak jormdeckast cTpykrypa, ee Tabnuia
WUCTHHHOCTH JTOKa3bIBACT MTOJTHOTY 3aKOHOB TEOPHUH.
Odopmiieare HoochepHOH KapTUHBI MHpa UMEET
Ba)XKHOE HaydyHOE M 0oOpa3oBaTenbHOE 3HadeHHe. Mc-
MOJIb30BAHUE JAHHOW KaPTHHBI MUPA MO3BOJISET YTBEP-
JIUTh CUHTETHYECKOE COEIMHEHHE €CTECTBEHHO-Hay4-
HOT0, TYMaHHUTApHOTO, PEIUTHO3HOTO, SKOJOrHue-
CKOT'0 ¥ TEXHHYECKOTO 3HaHus. B 1ienTpe HoochepHoit
KapTUHBI MUPA HaXOAUTCs 4eloBeK. OT ero 3BOJIONU-
OHHBIX MAaTCPUABHBIX W JYXOBHBIX TO3UIUIA 3aBUCIT

mmapaMeTpsl HOOC(EPHOTO Pa3BUTHS, €T0 BEKTOPHOCTS,
TEMIIbI, B KOHEYHOM UTOT'€ — BO3MOYKHOCTB BBIXOJIOB U3
CJIO)KHEWILIUX KPHU3UCHBIX CUTYyallud, C KOTOPBIMHU
CTaJIKMBaeTcs IuBIIH3aIms [ 15, ctp. 63].
CucreMa BceoOINX 3aKOHOB MPUPOIbI

AHanu3 Tpymmnsl aBTOMOP(PU3MOB, BRIPAKAFOIIUI
CBOWCTBO OJJUHAKOBOCTH M CTPOCHHUS MaTEMAaTUYCCKUX
BBIP)KCHUI 3aKOHOB TCOPHHU TMO3BOJIAI HAM MPEJCTa-
BHUTh HX HEPAPXUUYCCKYIO CTPYKTYPY B CICAYIOIIEM
Buje (puc.3).

OcHOBHOI

OyHIaMEHTAIbHBIE

OO0BeIMHEHHBIE 3aKOHBI

HpOI/ISBOHHLIe 3aKOHBI

Puc.3. Hepapxuueckas cmpyxmypa 6ceoduux 3aK0H08 npupoobl

Kax BunHO 13 puc.3, B uepapXxudeckou CTpyKType
MEPBYIO TPYIITy aBTOMOP(GU3MOB MPEICTABISIET €IUH-
CTBEHHBIN 3aKOH, KOTOPBIN SBJISETCA OCHOBHBIM 3aKO-
HOM MeTadu3uku. BTopyto rpynimy 3akOHOB MpeIcTaB-
JISIIOT 3aKOHBI, XapaKTepU3YIOLIUe NPOCThIe CBOMCTBA
TOJIsI, KOTOPHIE SABILTIOTCS (pyHIAMeHTaNbHBIMA. Tpe-
TBIO TPYIIY aBTOMOP(HU3MOB HPEACTABIICT 00BEIH-
HEHHbIE 3aKOHBI, 8 YETBEPTYIO TPYIITY — IPOU3BOJHBIE

3aKOHBI, KOTOPBIE BBIBOAATCS W3 IEPBOM U BTOPOU
TPYIIIBL.

Hepapxudeckasi CTpyKTypa, Ipe/CTaBICHHAs Ha
puc.3, MO3BOJIET CHCTEMAaTH3UPOBATh BCEOOIIHE 3a-
KOHBI IPHPOIBI, TOAOOHO EPUOIIMIECKON CUCTEME XH-
MHYECKUX IJIEMEHTOB (CM. Ta0I1.4)
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Tabmuma 4.

Cucrema BCceoOMX 3aKOHOB TPUPOIBI

CreTena EceoOMHEX 3aK0HOE TPHPOIED

ECEOBIITHE 3AKOHBI MFHPOIR

OCHOBHOH JAROH

a=bc

SEVHIAMEFHTAJIBHBIE 3AROHE]

¥ L L

ab =1, ac=bhcH

gzl
a=z0 10

a==b

ab =
a = 0 A
=10

0.0 az=0m

o]
f.l ™

=070
ab =0

somH g =0 H |
Ir = 0, Torga be b

x- () == & =- e = 0

OEBETHHEHHGBIE 3AKOHKI

L

JEVATpHEEERLR 1250HE

MFOHIBOIHLBIE 3ARDHBI

BrOonszsToE TOIEED
OZED 0THOEHHS B3
TR A = bha=h,
I =a

Ecmpg = bmb =

fTO G > €.

Ecmma = b
ml = c.roac >
Ire

Ecmmg > b, 1o 4+ ¢ =
Ir + &

[Ipencrapnennas Ha Tabi. 4 cucreMa BCEOOIINX
3aKOHOB IPHUPOJBI, MO0 CYTH, SBISETCS MeTa(u3uye-
CKMM YHHUBEPCYMOM H TO3BOJISIET Ka3yajbHO OOBsC-
HUTH 3aKOHBI TPUPOJIbI, OOIIECTBA M MBIIILJICHUSI.

Oobcyxnenue

Axcuomatuueckass Teopus Bcero yTepkaaert,
YTO MHUp YIPaBISAETCA U pa3BUBAETCS M0 YHUBEPCAIb-
HBIM 3aKOHaM NPpUPOJIbl. OTKPBITUS ITUX 3aKOHOB, KO-
TOpBIC SABIsICTCS (PyHIAMEHTAIBHON OCHOBOM yCTOWYH-
BOTO PpAa3BUTHs, CHOCOOCTBYET PEHICHUI0 MHOTHX
HACYIIHBIX TPo0JIeM YelIoBeYecTBa, KOTOPOE TpeOdyeT
oopMIICHHST 3aKOHOB €CTCCTBO3HAHHS, OOIIECTBA U
MBIIJIEHHUSI B COOTBETCTBUU C ATUMH 3aKOHaMH. 3Ha-
HU€ YHMBEPCAJIBbHBIX 3aKOHOB IPUPOJIBI U CIIEIOBaHHE
3TUM 3aKOHaM SIBJISIETCS. OCHOBOM JUIsl B3aUMOIIOHMMA-
HUS, COTPYAHHUYECTBA, CIIPABEIIUBON TII0OATN3AIINY.
IIpencraBieHHble B TEOPUM HAay4YHbIE KapTHUHBI MUpa
SIBJISIIOTCSI MEHTAJIbHOM MOJIENIBbI0 — MPOIECCOM MBIIII-
JIEHUS] HEOOXOIUMBIM TSI TIPUIAHUS CMBICIA )KU3HECH-

HOMY OIIBITY, OOBSICHEHHS IPUYMH U ciieAcTBUH. [Ipu-
YHHHO-CJIEJICTBEHHOE MOJIEIIMPOBAHNE, HE CONPSIKEH-
HOE C HEOOXOAMMOCTBIO OCBOGHHSI I'POMO3JKOrO CO-
BPEMEHHOI'O MaTEMaTH4ECKOr0 allapara, BIOJIHE J0-
CTYIIHO HIMPOKOMY Kpyry CIELIHAINCTOB,
paboTaoNMX B CaMbIX Pa3lWYHBIX O0JACTSIX, B TOM
YHCle JANEKUX OT TEOPETUUECKOH (HU3MKH M MaTema-
TuKU. [IpUaMHHO-CIENCTBEHHOE MOJETHPOBAHUE pe-
[IaeT OYCHb BAXHYIO MPOOJeMy MHTErpanuy 3HaHUMH,
KOTOpPO€ MMEET HEMAaJIOBAKHOE 3HA4YEHUs Ui Iepe-
X0/1a Ha HoocepHyIo Mozieb oOpa3zoBanus. [Toctpoe-
HUE NPUYMHHO-CIECTBEHHBIX JUarpaMM JaeT B PyKU
uccieoBaTelss CBOeOOPasHBI METas3bIK, MO3BOJISIO-
mMUH «OOBEIUHATH» 3HAHUS, OTHOCAIIME K OO0IeMy
n3ydaeMoMy sBlieHHI0. [locTpoeHne aiekBaTHBIX MIPH-
YHUHHO-CJIEJICTBEHHBIX MOJENEH JOJDKHO pPaccMaTpH-
BaThCS B KQUeCTBE MOJHOIICHHOTO Pe3yibTaTa Hapsmy
C TaKUMHU TPAJUIMOHHBIMH Pe3yJIbTaTaMH KaK JKCIIe-
pUMeHTalpHOe OOHapyXeHHe (YTOYHEHHE) HOBBIX
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HAYYHBIX (DaKTOB, TOCTPOSHIE YHUCICHHOI MOIEIIH FITN
pa3paboTKa aHATUTHIECCKOH TEOPHUH.
3aki0yeHue
AKkcrnoMaTHdeckasi TEOpHsS BCETO — OTKPBITHE
XXI Beka, coeinaHHOe IENON Tuiesanoil ydeHsix. Kak
03BYYHBAIOIIEMY 3TO OTKPHITHE aBTOPY HPUXOJUTCS
Telepb pemarb Maccy npoOJieM, CBsS3aHHbBIE NpHIa-
HHEM CTaTyca COLMaJIbHO-3HAYMMOIr0 (EeHOMEHa,
BKJIFOUEHUE €r0 B CUCTEMY KYJIBTYp, aKTUBHYIO HO3H-
IIUIO JINYHOCTH, PaclpoCTpaHEeHUE, PELIEHUEe KOTOPHIX
HETIOCIJIFHO OJTHOMY 4eJIoBeKy. B pemennn >tux mpo-
O11eM OJKHBI Y9acTBOBAThH HE TOJBKO T€, KoMy Hebe3-
pa3nuaHo OymyIee 4eIoBeYecTBa H yCTOMIMBOE pas-
BUTHE MHpPa, HO U TOCYAapCTBEHHBIE OPTaHbl, OTBEYA-
IOIMe 3a pa3BUTHE Haykd M oOpasoBaHus. B sTom
BeAyIIas  poib MPUHAMICKAT  YUPEKIACHUIO
IOHECKO, koropoe paccMaTpUBaeT €CTECTBEHHBIE
HAyKH B KOHTEKCTC MEXIUCIUILTHHAPHOTO B3aUMO-
JIeUCTBHS ¢ 00pa30BaHUEM H KYyJIbTYpOH.
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ABSTRACT

The article explains that the special theory of relativity (SRT), created in the early twentieth century, which
is an outstanding scientific achievement, was ahead of its time, because in physics at that time lacked some
knowledge necessary for its creation — physical reality of imaginary numbers was not proved and the its physical
meaning was not explained, dark matter and dark energy were not discovered, discrete mathematics and hyper-
complex numbers were not used, and WMAP and Planck space-crafts were not launched into space yet. Therefore
absence of the mentioned knowledge was justifiably replaced by postulates. But not everything was guessed. And
present now in the version of SRT studied in all physics textbooks, the postulate called the principle of non-
exceeding the speed of light turned out to be incorrect. Therefore the corrected version of SRT in which this
postulate is replaced by the experimentally proved principle of physical reality of imaginary numbers is offered.
In this corrected version of SRT also offered a experimental proof of the existence of mutually invisible parallel
universes astronomical observations in portals invisible outside the portals of constellations. And it is explained,
why the principle of non-exceeding of speed of light not disproved so far by physical experiments is incorrect.

And why the incorrect version of SRT, studied in all physics textbooks, is still in demand.
Keywords: special theory of relativity, principle of non-exceeding the speed of light, principle of physical
reality of imaginary numbers, relativistic formulas, dark matter, dark energy, universes, anti-universes, Multiverse,

portals, anomalous zones.

1. Introduction

In the 20th century, physics, having changed the
thousand-year-old tradition of creating theories on the
basis of reliable experiments, began to call hypotheses
that were interesting but not experimentally confirmed
theories, including the special theory of relativity
(SRT).

But what's even worse is that as a result of the
struggle for survival, SRT was canonized - in the com-
munity of relativistic physicists and in public opinion,
a conviction was formed about its infallibility, about
the inadmissibility of its criticism and any subsequent
corrections. Therefore, for example, in the USSR it was
forbidden to criticize the SRT even three times - in
1934 by the decree of the Central Committee of the All-
Union Communist Party (Bolsheviks) on the discussion
of relativism, in 1942 by the decree of the Presidium of
the Academy of Sciences of the Soviet Union on the
theory of relativity and in 1964 by a secret decree of the
Presidium of the Academy of Sciences of the Soviet
Union, which prohibited any criticism of Albert Ein-
stein's theory. And reviewers of some good journals
have now started writing in their reviews "I will not al-
low criticism of Einstein".

Unfortunately, the ban on criticism of scientific
theories is not a new phenomenon. For example, Niko-
lai Copernicus, who spent 40 years in the 16th century
creating the heliocentric system of the world, wisely
published his theory "On the Revolutions of the Celes-
tial Spheres”, which refuted the geocentric system of

the world of Claudius Ptolemy after his own death, not
wanting to end up in the Inquisition. And Giordano
Bruno and Galileo Galilei, who carelessly supported
Copernicus' theory, had to deal with the Inquisition.
Giordano Bruno was even burned alive at the stake.
Therefore, the corresponding to common sense process
of creating scientific theories by identifying in them as
a result of experimental studies of certain shortcomings
and their subsequent correction was not always smooth.

And although created in the early XX century by
Joseph Larmor [1], Nobel Prize winner Hendrik An-
toon Lorenz [2], Jules Henri Poincaré [3], Nobel Prize
winner Albert Einstein [4] and other outstanding scien-
tists STR [5]-[7], rightly recognized as a great scientific
achievement, due to the lack of the necessary experi-
mental knowledge at that time, which was forced to be
replaced by postulates, as it turned out in the 21st cen-
tury, nevertheless turned out to be incorrect [8]-[48],
because:

e its relativistic formulas were incorrect;

o the relativistic formulas obtained in it were in-
correctly explained using the incorrect principle of non-
exceeding the speed of light;

o from these incorrect relativistic formulas were
made incorrect conclusions about physical unreality of
imaginary numbers discovered 400 years before the
creation of SRT and about the existence in nature of our
only visible universe, in which everything is measured
only by real numbers.

2 This is reprint of the article “Antonov A. A. Experimental Evidence for the Existence of Other Mutually Invisible Universes
Neighboring Our Visible Universe. European Journal of Applied Sciences. Services for Science and Education. United King-
dom. Vol. 12 No 5. DOI: 10.14738 /aivp.125.17785”


https://doi.org/10.5281/zenodo.14227583

Sciences of Europe # 153, (2024)

94

However, it continues to be studied all over the
world today uncorrected in all educational institutions,
even the most prestigious ones.

2. Unsuccessful refutations of the version of the
special theory of relativity presented in all physics
textbooks

Why? Let's figure out why it happened this way.
The relativistic formulas obtained by the creators of
STR:

m=my,/ [1- )] (1)
At = At, /1—(%) 2 )
=1, 1—(%)]2 3

in which M), — rest mass of a moving body;
IM - relativistic mass of a moving body;
At,— rest time of a moving body;

At — relativistic time of a moving body;

|0 — rest length of a moving body;

|- relativistic length of a moving body;

v —speed of motion of a body;
¢ — speed of light;

were explainable only in the range of subluminal
speeds v < c, in which the quantities m, At and I took
on values measured by real numbers. But in the range
of superluminal speeds v > ¢ these quantities m, At and
| already took on values measured by imaginary num-
bers discovered by Scipione Del Ferro, Niccold Fon-
tana Tartaglia, Gerolamo Cardano, Lodovico Ferrari
and Rafael Bombelli [49] 400 years before the creation
of the STR, the physical meaning of which, however,
was not explained by them. But, perhaps, even earlier
than them, imaginary numbers were discovered by
Paolo Valmes [50], who for this was burned alive at the
stake by the sentence of the mercilessly cruel inquisitor
Thomas de Torquemada. Even Isaac Newton?, in order
to avoid trouble, preferred not to use imaginary num-
bers at that time. The creators of the STR also did not
know how to explain them. And the physical meaning
of imaginary numbers in physics textbooks has not
been explained to this day. Moreover, the graph of the
function m(v) in the range of velocities v > ¢ (see Fig.
1a) corresponds to a physically unstable process that
cannot exist in nature at all.

0
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Fig. 1. Graphs of functions m(Vv), At(v) and I(v) corresponding to the existing and the corrected versions of
the STR in the subluminal V < C and superluminal VV > C ranges

But such a theory, which even its creators could
not explain, was naturally of no use to anyone. And
therefore, at that time, a postulate called the principle
of not exceeding the speed of light was justifiably in-
troduced into the STR, the essence of which is clear
from its name. And according to this postulate, formu-
las (1)-(3) in the range of speeds v > ¢ no longer needed
to be explained, since the functions m(v), At(v), I(v) al-
legedly do not correspond to any existing processes in

8 And his friend William Whitson, in an atmosphere of the
omnipotence of the Inquisition, was stripped of his professor-
ship and expelled from Oxford University for some of his
careless statements.

nature in this range. And this was very close to the truth.
In any case, at the time this postulate appeared in the
STR, such processes were unknown on earth.

Therefore, from formulas (1)-(3) it was quite log-
ical to conclude that imaginary numbers are physically
unreal and that in nature there is only one visible uni-
verse. And in this form STR is still presented in all
physics textbooks.
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But in 1934, Pavel Alekseevich Cherenkov dis-
covered a process called Cherenkov radiation [51],
which refuted the version of STR presented in physics
textbooks, since it was explained by the movement of
electrically charged particles in a transparent medium
with a refractive index n > 1 at a speed exceeding the
phase velocity of light in this medium. For this discov-
ery P. A. Cherenkov, I. E. Tamm and I. M. Frank even
received the Nobel Prize in 1958. Nevertheless, STR
withstood, specifying that the principle of not exceed-
ing the speed of light refers to the speed of light only in
a vacuum, i.e. in an optical medium with a refractive
index n = 1.

The next attempt to refute the textbook version of
STR was undertaken by the widely publicized OPERA
experiment [52] at the Large Hadron Collider in 2011,
in which approximately 200 physicists from 36 insti-
tutes in 13 countries took part. The goal of the experi-
ment was to detect superluminal neutrinos, and thereby
refute the principle of not exceeding the speed of light
and the generally accepted version of STR. For which
the performers of this experiment expected to receive

the Nobel Prize. And on September 23, 2011, an article
by the OPERA collaboration appeared in the archive of
electronic preprints, in which it was reported that such
superluminal neutrinos had been detected by them.
However, on March 15, 2012, a message was published
about the ICARUS experiment [53] conducted at the
same Large Hadron Collider, which refuted the
OPERA experiment.

And that's it. No one other than the author* of this
article has offered any other physical refutations of the
corrected principle of not exceeding the speed of light.

3. Successful refutation of the version of special
theory of relativity presented in physics textbooks

So why then is it stated above that the version of
the special theory of relativity presented in physics text-
books is incorrect?

Because there are other sciences besides physics.
Including electrical engineering and radio engineering,
which appeared before the STR, and whose very exist-
ence proves the physical reality of imaginary numbers
and thereby refutes the version of the STR presented in
physics textbooks.

&=

Fig. 2. In any radio-technical laboratory there are devices called frequency response meters, which prove the
physical reality of imaginary and complex numbers by their mere existence

Indeed, in electrical engineering and radio engi-
neering, the Ohm's law, as interpreted by Steinmetz
[54], discovered in 1893, is fundamental. It is now used
daily in practical work by millions of electrical and ra-
dio engineers all over the world. Thus, naturally, con-
firming that it is true. And according to this law, in lin-
ear electrical circuits of alternating current, the electri-
cal resistances of capacitors and inductors (also called
inductors) are measured by imaginary numbers of dif-
ferent polarities, and only the resistances of resistors are
measured by real numbers. Note that the previous
phrase states that the imaginary resistances of capaci-
tors and inductors are measured. And indeed, in all
electrical and radio engineering laboratories there are
many devices (for example, see Fig. 1) that measure the
imaginary parameters of electrical circuits. Even every
radio amateur has such a simple device, called a tester.

And everything that is measured really physically
exists. Physicists know this very well. And this is a fun-
damental position of any science. If people did not use
devices in their activities, but relied on knowledge ob-
tained only from their senses, then science would not
exist. And since in electrical and radio engineering the
resistances of capacitors and inductors, once called im-
aginary, are in fact measured by existing devices, then

4 See below for more information on them.

they are not imaginary at all, but the most real physi-
cally existing. And the author of this article wrote about
this back in 2008-2010 [55]-[59], i.e. before the publi-
cation of the results of the OPERA experiment, making
it unnecessary. But the OPERA collaboration ignored
these publications and carried out its own very expen-
sive, but unsuccessful experiment. Relativistic physi-
cists still ignore subsequent, including other, proofs of
the principle of physical reality of imaginary numbers
[60]-[66]. According to which the SRT is refuted by the
existence of bell ringing, tsunamis and even suspended
swings on playgrounds. Since it follows from the gen-
erally accepted version of the SRT that they should not
be there. That is, the swing should not swing after a
push from parents. But you know that they swing.
Nevertheless, these publications prove in the most
indisputable way that the named imaginary numbers,
contrary to the postulate of the STR about not exceed-
ing the speed of light, are physically real not only in
electrical and radio engineering, but always and every-
where in all sciences. And therefore it is time to realize
that mathematics cannot be one for Einstein, another for
Steinmetz, and a third for someone else. Therefore, im-
aginary numbers are physically real in all sciences. In-
cluding physics. And textbooks on different sciences
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(primarily physics textbooks and radio engineering
textbooks) should not contradict each other.

And since the statement following from the postu-
late of not exceeding the speed of light of the STR about
the physical unreality of imaginary numbers turned out
to be incorrect, it is obvious that this postulate itself is
also incorrect. And therefore the generally accepted
version of the STR itself is also incorrect [8]-[48].

And no experiments are ever refuted by postulates.

But how then can we explain the existence in
physics of the physically unrefuted principle of not ex-
ceeding the speed of light?

4. Correction of relativistic formulas of STR
taking into account the experimentally proven prin-
ciple of physical reality of imaginary numbers

So, we need to think some more.

Since, as has just been proven, imaginary numbers
are physically real, the relativistic formulas of STR,
taking this circumstance into account, must be ex-
plained. And for this, first of all, they must be corrected

so that they correspond to physically realizable pro-
cesses. For this, the relativistic formulas (1)-(3) in the
ranges -0 <v < 0 and ¢ < v < +oo must be such that the
graphs of the functions m(v), At(v), I(v) (Fig. 1d,e,f) are
similar to the graphs of the same functions m(v), At(v),
I(v) (Fig. 1a,b,c) in the range 0 <v < <c, i.e. have the

form
m(q) = myi] / /1 -C-q*? (4)
At(g) = Aol [1- C-a? (5)
W) = Loij /1— C-a)? (6)

where q(v) = |v/c]| is the “floor” function of dis-
crete mathematics of the argument v/c (its graph is
shown in Fig. 3a), which is the fourth spatial dimen-
sion;

w(v) =V - gc is the local velocity for each universe
(its graph is shown in Fig. 3b).

q

a

b

Fig. 3. Graphs of the functions q(v) and w(V), illustrating the meaning of the “floor” function of discrete mathe-
matics

Moreover, this function i9in formulas (4)-(6), de-
fining the essence of each universe, for successive val-
ues of gq(v) equal t0 0,1,2,3,4,5,... , takes values +1,+i,-
1,-i,+1,+i, ... And the value q(v)=0 in formulas (1)-(3)
for the range of speeds V << C corresponds to our
visible universe, which for definiteness we will call the
tardion universe. To the value g(v)=1 in the superlumi-
nal velocity range corresponds some other invisible

universe, since it is beyond the event horizon. For def-
initeness, therefore, we will call it the tachyon universe.
The value q(v)=2 will then correspond to the invisible
tardion antiuniverse, the value q(v)=3 will correspond
to the invisible tachyon antiuniverse, the value q(v)=4
will correspond to another (and therefore already invis-
ible) tardion universe, the value q(v)=5 will correspond
to another tachyon universe. And so on.
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Fig. 4. Structure of the hidden Multiverse corresponding to the principle of physical reality of complex numbers

I.e. according to formulas (4)-(6) there is not one
universe in Nature, as it is stated in the generally recog-
nized version of SRT, but a set of mutually invisible
universes forming the Multiverse, which therefore we
will call hidden. Such a hidden Multiverse, the structure
of which is helical, is given in Fig. 4. And in this struc-
ture of the hidden Multiverse the distribution of mate-
rial contents in each three-dimensional parallel uni-
verse will be determined by its function fq(x,y,z), and
the value q is the coordinates of these universes. |.e. the
hidden Multiverse will be described by the formula
fa(x,y,2) +iq.

And this structure of the hidden Multiverse al-
ready allows us to explain the problem - where antimat-
ter is located [67]-[71], which is inexplicable within the
framework of SRT studied in all physics textbooks. It
is clear that it cannot be in our visible universe, because
due to its annihilation with matter our universe would

cease to exist. But the fact that antimatter still exists has
been proven experimentally. In 1995 at CERN a sensa-
tional result was obtained - scientists managed to get
nine atoms of antihydrogen, which existed for about
forty billionths of a second. And just one gram of such
antihydrogen would cost 662.5 trillion (i.e., a thousand
billion) dollars.

In the structure of the hidden Multiverse shown in
Fig. 4, antimatter (in relation to our earthly matter) is in
the nearest tardion antiuniverse [72], which is the cos-
mic antipode of our visible tardion universe. Moreover,
in this tardion antiuniverse there also exists anti-time
and anti-space [73]-[82]. But if an inhabitant of the
Earth got into the tardionic antiverse, he would not no-
tice anything unusual, as antipodeans do not notice it
on the Earth.
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Such structure of the hidden Multiverse also al-
lows, at last, to explain the problem that has been tor-
menting us for a long time - how to reconcile the exper-
imentally proven principle of physical reality of imagi-
nary numbers and the supposedly experimentally
irrefutable principle of non-exceeding of the speed of
light (because of which the wrong version of SRT, pre-
sented in all physics textbooks, is still in demand)? And
it turns out that everything is explained very simply and
clearly. The statement about existence in the nature
only our visible universe follows from the refined prin-
ciple of non-excess of speed of light And the refined
principle of non-excess of speed of light of SRT follows
from the statement about existence in the nature only
our visible universe. But that's self-deception that
proves nothing! In fact, the refined principle of the un-
exceeded speed of light, irrefutable in the generally rec-
ognized version of SRT, is refuted by the existence of
other mutually invisible tardion and tachyon universes
and antiverse within the hidden Multiverse, since for all
of them v >c.

And in order to learn something else about the hid-
den Multiverse, additional experimental knowledge is
already needed.

5. Correction of relativistic formulas using ex-
perimental data obtained by WMAP and Planck
spacecrafts

And as such additional experimental data we will
use the data obtained by the WMAP and Planck space-
crafts, although they were launched into space with a
different purpose - to study dark matter and dark en-
ergy.

The WMAP spacecraft [83] was launched by the
National Aeronautics and Space Ad-ministration
(NASA) in 2001, and it operated until 2010. And
Planck spacecraft [84], launched by European Space
Agency (ESA) in 2009, operated until 2013. And ac-
cording to the data obtained by the WMAP spacecraft,
the entire Universe (in fact, of course, the entire hidden
Multiverse) consists of 4.6% baryonic matter, 22.4%
dark matter and 73.0% dark energy. And according to
more recent data obtained by the Planck spacecraft, the
entire universe (again, in fact, the entire hidden Multi-
verse) is 4.9% baryonic matter, 26.8% dark matter and
68.3% dark energy. But what dark matter and dark en-
ergy are themselves, was not explained.

And since it was proved above in the most indis-
putable way that there is not a mono-universe but a hid-
den Multiverse in Nature, dark matter and dark energy
should now be explained in the hidden Multiverse [85]-
[89]. In this case it is quite logical to assume that these
phenomena are somehow generated by the very struc-
ture of the hidden Multiverse and are caused by mutual
influence of invisible parallel universes on each other.
And then the main features of these phenomena - their
invisibility and undetectability of their corpuscular con-
tents - which have been unexplained so far, can be ex-
plained clearly and convincingly:

o dark matter and dark energy are in fact not any
material physical entities, but only phenomena (pre-

5 Just as our shadow on a sunny day has no material content

sumably gravitational shadow) generated by the exist-
ence, besides our visible tardion universe, by other in-
visible parallel universes and antiverse of the hidden
Multiverse;

o dark matter is a phenomenon generated by the
existence of invisible parallel universes of the hidden
Multiverse neighboring our visible universe;

e dark energy is a phenomenon generated by the
existence of other invisible parallel universes of the
hidden Multiverse besides our visible universe and its
neighboring invisible universes;

e and precisely because dark matter and dark en-
ergy are merely phenomena, they have no material con-
tent®.

Therefore, attempts to detect some subatomic par-
ticles of dark matter and dark energy by the current re-
search at the Large Hadron Collider are probably of lit-
tle promise.

Such an explanation of these phenomena also al-
lows us to clarify the structure of the hidden Multiverse.
Indeed, assuming, in accordance with the law of com-
municating vessels, that the mass of different invisible
parallel universes in the hidden Multiverse is almost
identical with a high degree of accuracy due to the pres-
ence of a large number of portals between them that
have existed for billions of years, it is possible to deter-
mine:

e how many parallel universes form the hidden
Multiverse. And according to the above data obtained
by the WMAP spacecraft, their number is 100% / 4.6%
= 21.74. And according to the data obtained by the
Planck spacecraft, their number is 100% / 4.9% = =
20.41. Therefore, their real number is presumably 20 ...
22 parallel universes.

e how many parallel universes are neighboring
our universe and give rise to the phenomenon of dark
matter. According to the data obtained by the WMAP
spacecraft, their number is 22.4% / 4.6% = 4.87. And
according to the data obtained by the Planck spacecraft,
their number is 26.8% / 4.9% = 5.47. Therefore, their
real number is most likely 5 ... 6 parallel universes.

e how many parallel universes generate the phe-
nomenon of dark energy. And according to the data ob-
tained by the WMAP spacecraft, their number is 73.0%
/ 4.6% = 15.87. And according to the data obtained by
the Planck spacecraft, their number is 68.3% / 4.9% =
=13.94. Therefore, their real number is presumably
14...16 parallel universes.

And as can be seen, the experimental data obtained
by the WMAP and Planck spacecrafts did not confirm
the above conclusions about the structure of the hidden
Multiverse, since our visible universe in this structure
has not two neighboring invisible parallel universes -
one tachyon universe and one tachyon antiuniverse -
but five or six.

Therefore, it is obvious that there was some error
in the previous reasoning. And it turns out that we were
wrong in assuming that in the hidden Multiverse® there
is only one additional dimension g and, consequently,
its correspondence to physically real complex numbers

6 Just like in the only visible universe in the generally ac-
cepted version of STR
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containing only one imaginary unit. And in order for
six” other parallel universes to be neighbors with our
visible universe in the really existing hidden Multiverse
— three tachyon universes and three tachyon antiuni-
verses — it is necessary to have three additional dimen-
sionsq, r, s,

where q(v) = |v,/c] - is the "floor" function of
discrete math from the argument v,/c , which is the
coordinate q of the fourth spatial dimension v;

r(v) = |v,./c] —is the "floor" function of discrete
math from the argument v,./c, which is the r coordinate
of the fourth spatial dimension;

s(v) = |vg/c| —is the "floor" function of discrete
math from the argument v /c, which is the s coordinate
of the fourth spatial dimension;

vy, Uy, Uy — projections of the velocity vector v 8

on orthogonal coordinates g, r, s.

Consequently, the space of such a hidden Multi-
verse will be six-dimensional (see Fig. 5). And its struc-
ture will correspond to quaternions

o+l +i,0, +l,0,, ie. hypercomplex numbers

[90], containing three imaginary units i;, I,, I,, which
are related to each other by the relations

.2 2 2
'1 —Iz —ls =-1 (7
Ll =L, =54, = -1 (8)
Ll = L5 =L =1 9)

Fig. 5. Six-dimensional space of the hidden Multiverse, where g, r, s are the coordinates of invisible parallel uni-
verses, and X, y, z are the coordinates of the matter content in each parallel universe

In such a quaternion structure of the hidden Multiverse
[91], [92], unlike the structure considered earlier (in
Fig. 4), the distribution of the material content in each
three-dimensional parallel universe will be determined

by some function f, .. <(x, ¥, z), and the quantities ilq

, I, and 13S are the coordinates of these universes.

That is, the hidden Multiverse will be described by the
formula fg,s(x,¥,2) + i1q + i;r + i3s. This is ex-
actly what Lisa Randall predicted: “We live in a three-
dimensional pocket of higher dimensional space”. And
therefore, the relativistic formulas (7)-(9) should be
corrected once again as follows

197
m(q’r’s): mgl I2I3

Y- @+ r+9)F

(10)

7 Or less. Then some parallel universes of our hidden Multi-
verse may be missing and replaced by universes of neighbor-
ing Multiverses.

At(q,r,9) A'[Iqlzls\/l [/ (@+r+s) @y
I(q,r,s) —|I1I23\/1 [/ q+r+s] (12)

And from formulas (10)-(12) it follows that such a
hidden Multiverse still has a helical structure. In this
case, it is possible to move to the tardion antiuniverse
from the tardion universe and to the tardion universe
from the tardion antiuniverse in different ways, but not
in an arbitrary way, but only in such a way (see Fig. 6)

. . Losgr s . ]
in which the quantity |1q I, 13 will successively take

the values +1, + |1 o+ I2 o+ |3 -1, - I1 ®- I2 ®- I3 ,+1,
.. and so on, where @ is the symbol of the

8 Which in the space |1q izr , i3S it is obviously reasona-

ble to orient it in such a way as to ensure equality of magni-
tude of its projections vg, vy, vs.
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Fig. 6. Possible quaternion structure of the hidden Multiverse containing twenty-two parallel universes, includ-
ing six invisible universes adjacent to our visible universe

logical operation of discrete mathematics ‘exclu-
sive OR’. In this case, different trajectories of move-
ment from some universes (or antiuniverses) to others
can differ only due to the replacement of some tachyon

universes from |1 , |2 , |3 with others and some tachyon
antiuniverses from |1,|2,|3 with others. Therefore,

the tachyon universes |1 : |2 , |3 in the hidden Multi-
verse are placed parallel to each other. The tachyon an-

tiuniverses |1,|2,|3 for the same reasons are also

placed parallel to each other. And therefore, in the hid-
den Multiverse, when moving from any tardyon uni-
verse to a tardyon antiuniverse and then to another tar-
dyon universe, parallel universes and antiuniverses
must alternate in the following sequence — ‘tardyon uni-

9 Why in such portals movement is possible only in one di-
rection - from the entrance to the exit - is difficult for us, liv-
ing in a space in which movement in nature is possible in any
direction, to imagine. The processes that determine the possi-
bility of such movement in nature are yet to be understood.

verse’, ‘one of the tachyon universes’, ‘tardyon antiuni-
verse’, ‘one of the tachyon antiuniverses’, ‘tardyon uni-
verse’, ‘one of the tachyon universes’, etc.

One of the simplest to explain such quaternion
structures of the hidden Multiverse is shown in Fig. 6.
It differs from the structure shown in Fig. 4 in that it
contains several different tachyon universes and anti-
universes arranged in parallel, corresponding to three

imaginary units il,iz ,i3. Another difference is that

such a structure of the Multiverse contains not only bi-
directional portals corresponding to formula (7) and
designated by double-sided arrows, but also unidirec-
tional portals® corresponding to formulas (8), (9) and
designated by single-sided arrows.

Moreover, naturally, movement from our tardyon
universe to a tardyon antiuniverse through some tach-

yon universe — for example 1; — does not necessarily

have to proceed through a tachyon antiuniverse 1, . It

But for visitors who find themselves in such one-way portals,
they are more dangerous than two-way portals, since it is im-
possible to return from them to your universe. Although in the
metro with one-way movement on escalators we still encoun-
ter. But the metro is not nature.
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can proceed through tachyon antiuniverses and. The
same reservation applies to the situation if the move-
ment from the tardion universe to the tardion antiuni-

verse begins through tachyon universes i2 or i3.

All these transitions are shown in Fig. 6. Moreo-
ver, since the data obtained by the WMAP and Planck
spacecraft correspond to open helical structures of our
hidden Multiverse, united through corresponding por-
tals with other Multiverses, then all together they form
the Hyperuniverse.

6. How can we be sure that there are other mu-
tually invisible universes neighboring our visible
universe?

Thus, we have finally fully proven and explained
that the version of STR studied in all physics textbooks
is incorrect and have proposed a corrected version of
this theory. But for this corrected version to have every
right to be called a theory, it must be fully confirmed
experimentally. We have already proven the physical
reality of imaginary numbers. Therefore, it remains to

1 ) o3
i

prove the real physical existence of other mutually in-
visible universes and anti-universes in addition to our
visible universe.

And again, it turns out that this is possible and not
even very difficult. It would seem that for this it is nec-
essary to visit other universes. But this is not necessary.
It is enough to at least look into them. As in order to be
convinced that in addition to the room visible to us, in
which we are now, there is a neighboring invisible
room, it is enough to look into the neighboring room
from the corridor connecting these rooms. The corridor
connecting neighboring universes is the portals [93]-
[95]. And the entrances to the portals are at least some
of the so-called anomalous zones, of which there are
many on Earth — more than one hundred thousand [96]-
[99]. And in order to be sure, while in the portals, that
you are no longer in our universe, but on the way to a
neighboring universe, you need to look at the starry sky
through a telescope and see other constellations in it
[100]-[105]. This is a very reliable experiment, since
you cannot draw constellations in the sky.

Fig. 7. Main Astronomical O

But people avoid visiting these anomalous zones,
because people who get there usually do not return.
And they are right to avoid them, because portals are
labyrinths, and invisible ones at that. Therefore, getting
out of them is really very difficult. But if you know this,
then portals can still be used for scientific research, tak-
ing appropriate precautions. Well, at least in the form
of Ariadne's thread, which helps to find the way back.
And even better with the use of unmanned robotic ve-
hicles, which are now very successfully used in military
operations. Itis also possible to create portal orientation
tools (similar to a compass for sailors), using the phe-
nomenon of weakening the level of terrestrial radio ra-
diation when immersed in portals.

Itis even possible to take advantage of the fact that
since there are a great many anomalous zones, observa-
tories are already located in some of them. For exam-
ple, the Main Astronomical Observatory of the Na-
tional Academy of Sciences of Ukraine, which is lo-
cated in the Goloseevsky Forest just 12 km from the
center of the capital of Ukraine, Kiev (Fig. 7). Of
course, in the anomalous zone at the very entrance to
the portal, the change in the configuration of the ob-
served constellations is very small and is imperceptible

bservatory of the

National Academy of Sciences of Ukraine

to the human eye, but with the help of a computer, into
which information from several observatories located
close to each other in the anomalous zones and outside
the anomalous zones will be entered, these changes can
be detected (see Fig. 8). Otherwise, astronomers with a
telescope will have to go deeper into the portal. After
all, the English astrophysicist Sir Arthur Stanley Ed-
dington [106] managed to confirm the deflection of
light rays in the gravitational field of the Sun predicted
by the general theory of relativity back in 1919 with his
famous experiment, similar to the one we are propos-
ing.

The proposal to conduct such a simple and low-
cost experiment was published several years ago. And
it is even strange that it has not been done yet, since in
the case of a successful discovery of neighboring par-
allel universes, one could receive a Nobel Prize for their
discovery, and in the case of their failure to discover
them, one could very authoritatively prove the validity
of the generally accepted version of STR studied in all
physics textbooks. So in any case, a very valuable sci-
entific result would have been obtained.



Sciences of Europe # 153, (2024)

102

anomalous zone

Observatory outside |

Observatory outside
anomalous zone

Observatory outside
anomalous zone

anomalous zone

| Observatory in

—> Computer

Observatory outside
anomalous zone

Observatory outside
anomalous zone

Observatory outside
anomalous zone

anomalous zone

Observatory in |

Fig. 8. Scheme of an astronomical experiment to detect invisible universes

But when such an experiment is done, then if the
existence of neighboring invisible universes is proven,
sooner or later there will be a desire to study them. And
first of all, to find out how many there are. But it will
be difficult to answer this question with the help of as-
tronomical observations, since all the observatories are
located in different places and their observations will
therefore be difficult to compare. And in this situation
it will therefore be useful to additionally use geophysi-
cal research of portals [107]-[116].

7. Conclusion.

Thus, the article has proven experimentally and
explained theoretically that the version of STR pre-
sented in all physics textbooks is indeed incorrect,
since:

o the relativistic formulas obtained in it are in-
correct;

o the relativistic formulas obtained in it are in-
correctly explained using the incorrect principle of not
exceeding the speed of light;

o from these incorrect relativistic formulas, in-
correct conclusions are made about the physical unre-
ality of imaginary numbers and the existence in nature
of our only visible universe, in which everything is
measured only by real numbers.

But in the generally accepted version of STR, from
the relativistic formulas obtained in it, it follows that
speed is the fourth spatial dimension, in which, there-
fore, other parallel universes exist. And these parallel
universes, in order to exist without plunging into each
other, are mathematically described by alternating real
and imaginary numbers, as a result of which they are all
mutually invisible.

However, without understanding this, the creators
of STR, without completing their derivation, left their
relativistic formulas such that the incorrect mathemati-
cal description of the invisible universes adjacent to our
visible universe made them physically unrealizable.
And, unable to explain all this, they postulated the prin-
ciple of not exceeding the speed of light, by which from
the fourth spatial dimension realizing the principle of
relativism they left only our visible universe, because
only in this way could they explain anything. But in this
article the author offers a description of an astronomical
experiment in portals, by which the existence of mutu-
ally invisible parallel universes can be proven and
thereby also the existence of the fourth spatial change
in full.

Therefore, the article once again presents the cor-
rected version of the STR proposed by the author [117]-
[125], from which incorrect principle of not exceeding
the speed of light is excluded and replaced by an exper-
imentally proven general scientific principle of the
physical reality of imaginary numbers discovered 500
years ago, which finally explains their physical mean-
ing.
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ABSTRACT

The paper studies the geometry of integrable Hamiltonian system. The basic concept of a Hamiltonian system
of differential equations forms the basis of much of the more advanced work in classical mechanics, including
motions of rigid bodies, celestial mechanics, quantization theory and so on. More recently, Hamiltonian methods
have become increasingly important in the study of the equations of continuum mechanics, including fluids, plas-
mas and elastic media. It is shown that the level surfaces are three-dimensional surfaces with the positive or neg-
ative Gauss curvature at the point, where it is depend on which canonical form it has. All surfaces can be charac-
terized by their Gaussian curvature, which describes the geometry of the surface: Euclidean, elliptic, or hyperbolic.
Furthermore, curvature dictates how a vector may be transported across the surface or within the space.

Keywords: Poisson bracket, Hamiltonian function, completely integrable Hamiltonian system in the sense
of Liouville, hyper space, 3-dimensional surfaces on 4-dimensional space, Gauss curvature.

1. INTRODUCTION AND PRELIMINARIES
Let M be a smooth manifold of dimension m.
Definition 1 [3-5]. A Poisson bracket on a smooth manifold M is an operation that assigns a smooth real-
valued function {F,H} on M to each pair F, H of smooth, real-valued functions, with the basic properties:
(@) Bilineality:
{cF +c'P,H}=c{F,H}+c'{P,H},
{F,cH +c'P}=c{F,H}+c{F,P}. c,c'ell

{F.H}=~H,F}
{{F.H}, P}+{{P.F},H}+{{H,P},F}=0
{F,H-P}={F,H}-P+H {F,P}

(b) Skew-Symmetry:
(c) Jacobi Identity:

(d) Leibniz' Rule:

A manifold M with a Poisson bracket is called Poisson manifold, the bracket defining Poisson structure on

M.
Example 1.[3-4]. Let M be the Euclidean space [] ™, m = 2n-+1 with coordinates
(p,9,2)=(p,..., p".q"....9", 2%,...,2') . 1f F(p,9,2) and H(p,q,z) are smooth functions, we

define their Poisson bracket to be the function:

", 0H oF oH oF

E=2 G o

We note the particular bracket idenftitie;: o o .
{r'.p'}=0{0q".q'}=0{q’, p'}=4;.
{p'.2}={d', 2}={z'. 7} =0.

inwhich i and j runfrom1to N, when t and K runfrom1to |. &'

i is the Kronecker symbol, which is

1if i= ] and O otherwise.

Definition 2 [4-5]. Let M be a Poisson manifold and H : M —[] a smooth function. The Hamiltonian
vector field associated with H is the unique smooth vector field sgradH on M satisfying
sgradH (F) ={F,H}=—{H,F} D)
for every smooth function F: M —[] .

The equations governing the flow of sgradH are referred to as Hamilton's equations for the Hamiltonian
function H.
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In the case of the Poisson bracket on [1™ m=2n+1, the Hamiltonian vector field corresponding to
H(p,q,2) isclearly

sgradH = Z(a_HI_I_a_Hlﬂl)
T op' o9 oq' op
The corresponding flow is obtained by integrating the system of ordinary differential equations
[ i j
da” _oH dp” oM g n 92 g o1
dt  op' dt oq' dt

Which are Hamiltonian systems in this case. [1-3].
Proposition 1 [1,4,6]. Let M be a Poisson manifold and F,H : M — [I be smooth functions with cor-

responding Hamiltonian vector fields sgradF, sgradH. The Hamiltonian vector field associated with the Poisson
bracket of F and H is, up to sign, the Lie bracket of the two Hamiltonian vector fields:

sgrad{F,H}=[sgradF,sgradH ]

Let M 2" be a Poisson manifold and sgradH Hamiltonian vector field with a smooth Hamiltonian function
H.
Definition 3 [2,4]. Hamiltonian system sgradH is called completely integrable in the sense of Liouville, if

exists set of smooth functions f,..., f, as:
1) f,,..., T, arefirstintegrals of sgradH Hamiltonian vector field,

2) they are functionally independent on M , that is, almost everywhere on M their gradients are linearly
independent,

3) {f;, f;}=0 forany i and j,

4) the vector fields sgradf; are complete, that is natural parameter on their integral trajectories is defined on
the whole number line [1].

Denote by Q the Riemannian ambient manifold. Let dimQ = N . For its metric is g° . Denote by M the

n -dimensional manifold (N < N), the embedding f :M —Q .
There are three vector bundles:

) TM=(P,X),PeM, XeT M,
2) Normal bundle: NM, (P,&), Pe M, £e N M,
m=dimN,M =N —n
3) Q -bundle: (P,&), PeM, £eNQ.
TQ=T-M®&N.M
Definition 4 [2]. An n -dimensional surface M in an N —dimensional Euclidean space is called a hyper
surface if N =n+1.
1fQ =0" and dimM =n, N =n-+1, then T,M is a hyper surface.

Definition 5 [2]. The normal section of the submanifold M at the point P, corresponding to
existing pair X € T,M and & € N;M is the intersection of M with the 2-plane passing through X and

The normal section in a neighborhood of the point P is smooth regular curve on M .
Theorem 1 [2]. For any point P € M in the space T,M there is a basis X,,..., X, in which the matrix

n
of the first quadratic form is identity and matrix of the second quadratic form is diagonal:

A .. 0
L 2
0 ... 4

n
Definition 6 [2]. The numbers /'tj are called the principal curvatures of the manifold M at the point P,
and the lines passing through the vectors Xj are the principal directions.

The Gaussian curvature of the manifold M at the point P is:
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K =H/1j. 3)

LetQ =0* and M €[] * and dimM =3.

Definition 7. At each point p of a 3-dimensional differentiable surface on 4-dimensional Euclidean space one
may choose a unit normal vector. A normal plane at p is one that contains the normal vector, and will therefore
also contain a unique direction tangent to the surface and cut the surface in a plane curve, called normal section.
This curve will in general have different curvatures for different normal planes at p. The principal curvatures at p,

denoted K, K, and K, are the extreme values of this curvature and that the corresponding directions called

principal directions X, X,, X, at p which are orthogonal.
Definition 8. The Gauss curvature of the 3-dimensional differentiable surface on 4-dimensional Euclidean
space at a point is defined at the product of the principal curvatures where denoted by K = k1 . k2 . k3 .

2. RESULTS AND DISCUSSION
Let given 3-dimensional differentiable surface with the parametric equation as:

p, = f1(u,v,w)
p, = f%(u,v,w)
g, = F3(u,v,w)
q, = f*(u,v,w)
At each point of this surface has tangent plane whith the basic vectors and a normal vectors as:
rl ={fu1| fu21 .I:u3’ fu4 ,
I :{fvl’ fv2’ fvs' fv4}7

n={fL 12 12 1%

w! TwTw?

§:{§1’§2'§3'§4}-

=5 12, 12 123

uu’ “uu’ ‘uu’ “uu

r,={f} f2, 3 f},

G ={ o far Towr T
I :{fv%/’ fvxzu fvf’/, fvé},

I3 :{fv%/v' fvi/’ fmsw fmi/}H

I35 :{fvtw’ fvfw’ fvfw’ fvfw}-

where f ji is partial derivative of f with respect to u,v,w, and f jik is the mixed derivative of the second

(4)

And vectors

order and i =1,_4.
These vectors are enough to write matrix of first quadratic form A and matrix of second quadratic form B

() (nn)y (6 O 91 O
A=I(nn) (Ln) (LG |=[0y 9, Uz
(hr) () (G Oz U Uz
(h,8) (&) (h56)) (by by by
B=|(r,,&) (&) (rgé)|=|b, b, by
(15, 8) (5, 6) (M5:6) b by by

where bracket is inner product.
According to Theorem 1 we have following determinant:

b11 - kgn b12 - kng b13 - k913
b,—kg, b,—Kkg, b,;—Kgy,l=0 (5)
b13 - kgl3 b23 - kg 23 b33 - kgsa
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By calculating the determinant of the matrix we obtain for us a third-order equation required function K ,
where we can find formula for Gauss curvature of 3-dimensional surface on 4-dimensional space:

_ by (byyby; - b3) + by, (013055 —Bybsy) +10; (Byby, —bisbsy)
911(953 —02033) + 015912053 — 913955) + G13(913920 — 915923)

Let us consider the Hamiltonian functions H : M* —[] on the Poisson manifold M * which are given by
the formulas
i i k I : s
H(p, ;.0 0,) = (D' p + (1)’ p; + (=D +(-D'a;. i)k 1=12
There generates 3-dimensional surfaces on 4-dimensional space in each value of Hamiltonian function with
the equations as

(6)

D'+ (D' p; + (D) o +(-D'a; =c.i, j.k,I=1,2.
Theorem 2. Let surface can be written in canonical form as
D'p + (D)’ p; +(-D*qf +(-D'q; =1.
If the value of all or one of i,j,k,l is equal to 2, then 3-dimensional surface has the positive Gauss curvature.
In other cases, if the value of two or three of i,j,k,| is equal to 2, then 3-dimensional surface is the surface with the

negative Gauss curvature.
Proof. First case: If all values of i,j,k,l are equal to 2, then

2 2 2 2
py+p,+0 +0; =1
the surface is the standart 3-dimensional sphere, so it is obvious that it's Gauss curvature is always positive.
Second case: If the one of values of i,j,k,lI is equal to 2, then the equation of the surface can be as:

2 2 2 2
py—p,—0 —0; =1
Now we find A and B matrix for this surface.
Gauss curvature is not depend on choosing parameterization method, so we will parameterize it as:

p, =chu
p, = shusinv
g, = shucosvcosw

0, = shucosvsinw

We have coefficients
g, =ch2u, g, =0, 0,5 =0,

0, =sh’u, g, =0, g, =sh’ucos’y,
b11 =-1 b12 =0, b13 =0,
b, =-sh’u, b, =0, b, =-sh’ucos’v.

where vectors are
r, ={shu, chusinv, chucosvcosw, chucosvsinw},

r, ={0, shucosv, —shusinvcosw, —shusinvsinw},
r, ={0, 0, —shucosvsinw, shucosvcosw},
& ={-chu, shusinv, shucosvcosw, shucosvsinw},
r,, ={chu, shusinv, shucosvcosw, shucosvsinw},
r,, ={0, chucosv, —chusinvcosw, —chusinvsinw},
I, ={0, 0, —chucosvsinw, chucosvcosw},
r,, ={0,—shusinv, —shucosvcosw, —shucosvsinw},
r,, ={0,0, shusinvsinw, —shusinvcosw},
r,; ={0, 0, —shucosvcosw, —shucosvsinw}.
Now we ready to write the formula for the Gauss curvature
K = ubsbsy shu‘cos’™ 1
009,05 Ch2ushu‘cos’v  ch2u

So, we proved that the surface has positive Gauss curvature.
If the surface is given with the equation as:
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p;—p -0 —0; =1 or
o — P —p;—0; =1 or
d; =P —p; -0 =1

We can choose a parameterization since the coefficients will be the same as the coefficients of the given
surface.

Third case: If the two of values of i,j,k,I is equal to 2, then the equation of the surface can be as:
2 2 2 2
pp+p;, -0 —0, =1
Now we find A and B matrix for this surface.
Gauss curvature is not depend on choosing parameterization method, so we will parameterize it as:

p, = chuchvcosw

p, = chuchvsinw
g, = chushv
g, =shu

where vectors are
r, ={shuchvcosw, shuchvsinw, shushv, chu},

r, ={chushvcosw, chushvsinw, chuchv, 0},
r, ={chuchvsinw, chuchvsinw, 0, 0},

& ={—chuchvcosw, —chuchvsinw, chushv, shu},
r,, ={chuchvcosw, chuchvsinw, chushv, shu},
r,, ={shushvcosw, shushvsinw, shuchv, 0},
I, ={—shuchvsinw, shuchvcosw,0, 0},

r,, ={chuchvcosw, chuchvsinw, chushv, 0},
r,, ={—chushvsinw, chushvcosw,0, 0},

I;; ={-chuchvcosw, —chuchvsinw, 0, 0}.
We have coefficients

gy, = sh’uch2v+ch®u, g;, = 2chuchvshushv, 9., =0,
d,, = ch®uch2v, U, =0, 04, = Ch’uch’v,
b, =-1 b, =0, b, =0,
b,, =—chu, b,, =0, b,, =—ch’uch?v.
Now we ready to write the formula for the Gauss curvature
K = by,0,,05, — 1 _ 1

04(05-0,,0,)  4ch?vsh’ush?v —sh’uch?2v —ch’uch2v " sh?u +ch?uch2v

So, we proved that the surface has negative Gauss curvature.
If the surface is given with the equation as:

p:LZ_pZZ_q12+q22:1 or p12—p22+q12_q22:1 or
p2-p?—q?+q2=1 or pl-pi+q’-¢i=1 or
@+qi-pi-pi=1 or qi-qi-p’+pi=1 or
o - P -p; -0 =1

We can choose a parameterization since the coefficients will be the same as the coefficients of the given
surface.

In the last case: If the three of values of i,j,k,| is equal to 2, then the equation of the surface can be as:
2 2 2 2
Py +P;—0 +0; =1
Now we find A and B matrix for this surface.
Gauss curvature is not depend on choosing parameterization method, so we will parameterize it as:
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p, = chucosvcosw

p, = chucosvsinw
g, = shu
d, = chusinv

where vectors are
r, ={shucosvcosw, shucosvsinw, chu, shusinv},

r, ={—chusinvcosw,—chusinvsinw, 0, chucosv},
r, ={-chucosvsinw, chucosvcosw, 0, 0},
& ={chucosvcosw, chucosvsinw, —shu, chusinv},
r,, ={chucosvcosw, chucosvsinw, shu, chusinv},
r,, ={-shusinvcosw,—shusinvsinw, 0, shucosv},
r,, ={-shucosvsinw, shucosvcosw, 0, 0},
r,, ={—chucosvcosw, —chucosvsinw, 0, —chusinv},
r,, ={chusinvsinw, —chusinvcosw, 0, 0},

r,; ={-chucosvcosw,—chucosvsinw, 0, 0}.
We have coefficients

0 = ch2u, 0, = 0, O3 = 0,
0, =ch’u, g,;=0, g, =ch’ucos’y,
b11:1’ b].2 =0, b.lS =0,

2 2 2
b,, =—ch“u, b, =0, b,;; =—-ch“ucosv.
Now we ready to write the formula for the Gauss curvature
K = Dbl _ ch'ucos’™ 1
00,05, ch'uch2ucos®  ch2u

So, we proved that the surface has negative Gauss curvature.
If the surface is given with the equation as:

2 2 2 2
P, =P +G +0G, =1 or
2 2 2 2 _1
Pp—P; +0 +Q; = or
2 2 2 2
PL+p+0 —0 =1
We can choose a parameterization since the coefficients will be the same as the coefficients of the given

surface.
So, proof is finished, we have proved theorem 2.
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The methodology of teaching graphic problems in physics focuses on the importance of graphing as a tool
for visualizing and understanding physical phenomena. Graphs are used to depict the relationship between varia-
bles, such as time and position, velocity, or acceleration, providing insights into the behavior of physical systems.
The primary goal is to teach students how to interpret, construct, and use graphs effectively to solve problems and
analyze the relationship between physical quantities. A graph is a visual representation that shows the relationship
between different variables, often using lines or curves. In physics, graphs help to represent functions, such as the
relationship between displacement and time, or velocity and time. These relationships can describe various types
of motion, including uniform motion (constant velocity) and accelerated motion (uniform or non-uniform acceler-

ation).

Keywords: methodology, graphic, graph showing, physics problems.

There are different ideas about the concept of
graphics. A graphic is a visually visible drawing with
the help of lines and other graphic elements. A graph is
a visual representation of the relationship between
numbers and quantities in mathematics. In mathemat-
ics, the concept of graph and functional dependence is
introduced, but the qualitative analysis of graphs is not
considered.

It is necessary to train the students to show the re-
lationship between the quantities characterizing the
event. A graph showing the change of a quantity is an
additional way to express the relationship between two
dependent quantities in addition to a long description or
formula given in words. When you skillfully use the
graphical method, it becomes more visual, allows you
to grasp the various stages of the studied phenomenon
at a glance and quickly find one or another of its spe-
cific values on the graph of its functions.

Therefore, many problems of the course, including
all laboratory work showing the dependence between
two quantities, should end with graphing. Graphs are
often used in solving problems in physics. By taking
measurements on the graph, you can get an idea about
the progress of the process. This visualization allows
the physical regularities given in the problem condition
to be better understood or the analytical calculation to
be simplified. For example, a graph showing the change
of the route depending on time; a graph showing the
change in temperature of a solid body as a function of
time when it is heated; a graph showing the pressure
dependence of the volume of the same gas mass at a
constant temperature; a graph showing the temperature
dependence of the saturated vapor pressure; graphs
showing the dependence of the current intensity on the
resistance, the dependence of the deformation on the
elastic force, etc.

In the training process, in addition to the graphs
drawn by students individually, it is possible to prepare
many graphs (energy distribution in the solar spectrum)
in the form of wall charts. Students can also draw such
graphs. These charts are hung on the classroom wall or
on the blackboard during the lesson to help the teacher.
Since it is necessary to widely use graphs during the
quantitative experiments carried out in the classroom

and when solving the problem, there should be a second
board in the classroom with an area of not less than 1m2
and divided into square decimeters by a colored line,
and the graphs should be drawn on this board (the func-
tions of the smart board can also be used).

10-20% of physics problems are graphical prob-
lems. Therefore, it is necessary to teach students to
"read" the graph. So what does that mean? The student
should determine: the type of movement described in
the graph, the initial and final values of the variable
quantity, the meeting place, to perform calculations
based on the data to find the physical quantity, etc.

Graphic representation can be used in the consoli-
dation, development and application of knowledge.
Graphical tasks and problems can be divided into sev-
eral groups: graphical tasks, problem solving by graph-
ical method and graphical representation of measure-
ment results. Each of them is used for a specific pur-
pose. It is impossible to say exactly where, in which
part of the course, in the teaching of which events this
or other group of tasks and issues will be used.

The physical content itself determines their place
in the general physics course. In the lesson, depending
on the goal, the teacher can choose an arbitrary type of
problem. Graphical problems can be used in all classes.
However, they do not diminish the role of algebraic
problem solving in teaching physics.

Drawing graphs expands the methodological pos-
sibilities of teaching. With the help of graphs, it is pos-
sible to clearly visualize the functional dependence be-
tween physical quantities. It is possible to determine
whether the quantities are directly or inversely propor-
tional to each other, how quickly one quantity increases
or decreases with the change of another quantity, and
when that quantity takes its largest and smallest val-
ues.Qrafik bu vo ya digar hadisanin necoa getmasini tos-
vir etmoys imkan yaradir, hadisoni maddi taroflorini
gbrmoays imkan verir, sagirdlorin diggstini Syranilon
hadisanin an vacib yerlarina yonaldir.

Reading graphs can be completed by writing a for-
mula for a graph that describes a physical phenomenon.

In class VII, rectilinear constant velocity and rec-
tilinear constant velocity movements are taught. Me-
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chanical movement is graphically described. The de-
pendence between physical quantities is expressed with
the help of the function:

X(t) — change of coordinate over time,

S(t) — change of path over time,

9(t) — speed change over time,

a(t) — change of momentum with time.

In rectilinear constant velocity motion of a mate-
rial point, the path and coordinate is a linear function of
time. The graphs of X(t) and S(t) make a certain angle
with the time axis. Since the acceleration is zero, the
graph of a(t) is a straight line on the time axis. The

_ Egually fast _
hMovemant
~ Egually —
decelerating
| Edquivalent —

The following types of graphical problems can be
shown:

Problem 1. The graphs characterizing the
movement of the pedestrian are given in the picture.
Illustrate this motion using both graphs.

Answer: graph of change of coordinate is given in
figure a). From here it can be seen that the pedestrian
has returned to the place where he started his move-
ment. Figure b) shows the road map. It is possible to

graph of 9(t) is a straight line parallel to the time axis —
velocity is independent of time.

In rectilinear uniform mation, the graphs of x(t)
and S(t) are parabola, quadratic dependence on time; if
the arm of the parabola points up, the motion is uni-
form, if the arm of the parabola points down, the motion
is uniform.Tacil zamana gors doyismir, a(t) — qrafiki
zaman oxuna paralel diiz xattdir.

9(t) is a straight line whose graph passes through
the coordinate origin (or a certain initial value of the
velocity). This line slopes up or down as the speed in-
creases or decreases.

Charts
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1. Reading graphs, gathering information about
the physical phenomena shown by examining the graph
dependence in the problem.

¥
C
A B
0 >
b) t

determine the path of the pedestrian to point C along
the ordinate axis. In the graph, segments OA and BC
correspond to uniform motion. AB is a stop. In both
cases, the speed of movement is the same. This is de-
termined by the inclination of the lines OA and BC to
the time axis.

C

£°Cy (b
15 44
10
5 -
B
0
_5-
_‘10_

Problem 2. "Read" the solidification graph of the
liquid. The temperature-time graph of the water placed
in the refrigerator's freezer is given.

Discuss the result:

- What does AB, BC and CD represent in the
graph?

t, dagq
D

- Why doesn't the temperature change in BC?

2. Construction of graphs. The graphs are built
with the help of the tabular values obtained as a result
of the calculation.
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Problem 1. One end of the rope is attached to a
nail, and the other end is attached to a dynamometer.
The nail is caught on the left edge of the magnet. Then
it is slowly moved along the magnet. At this time, how
will the traction force of the dynamometer change.

vy, M/
30

v

Make a graph of the dependence of that force on the
coordinate of the nail in your notebook. Take the posi-
tion of the left edge where the nail stands as the coordi-
nate origin.

4. Problems expressed by a conditional graph.
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Problem 1. Based on the given picture, find the
displacement and the path traveled on the time-depend-
ent graph of the projection of the velocity of the object.
At t=3 seconds, the velocity of the object has changed

its direction.
s, = alTbl -t=3 per second, s, = azzbz -t=1thearea
of the triangle if equal to the second;
m
a, = At; =3san; b; =9, = 30—
1 1 1 1x san
10m

a2=At2=15an; b2=192x=—

san
According to the movement of the object in the di-

rection of the x axis, the displacement vector Ar; > 0,
(91, > 0). the object moves against the x-axis, Ar, <
0, (A9,, < 0).

Then: Ary,, = s, =45m; Ary,, =5, = —5m

Displacement of the object Ar, = 40m ; distans
traveled S=50m-dir.

1.2.Steps of solving graphic problems.

Graphical issues are mainly solved in the follow-
ing stages:

- to determine the dependence between quantities;

- show quantities using a scale (abscissa, ordinate,
area, area, etc.);

- construct a graph based on the values in the given
table.

One of the problem solving methods is the algo-
rithmic method. By solving many problems, students
feel a rule in the solution system. Series of issues are
resolved by this rule.

Algorithm for solving problems related to the de-
termination of the type of movement of the object.

1. Determine the physical quantity on the vertical
and horizontal axes of the graph.

2. Determine the units of measurement of physi-
cal quantities, if necessary, express the units of meas-
urement in basic units of measurement.

3. Recall the equations of x(t) or S(t) in constant-
velocity and constant-velocity motion (rectilinearly ac-
celerating, rectilinearly decelerating), how is this de-
pendence (linear or parabolic), i.e.

- uniform motion: x = x, + 9t — straight line

- smooth motion: x = x, + Yot + ath — arm of
parabola

Sx=X—Xo

In rectilinear uniform motion, the acceleration
vector is equal to zero: a=0

In rectilinear uniform motion, the acceleration
vector is a constant quantity: a=const Acceleration in
rectilinear uniform motion:

9 — Y,
T t—t,
Speed in rectilinear uniform motion:
S

O = —
Velocity in rectilinear uniform motion:
9 =9, +a(t—ty)

4. Determine the type of motion: uniform speed,
uniform acceleration or uniform deceleration.

Problem. Which graph shown in the figure (figure
1) correctly describes the time dependence of the ve-
locity projection during uniform motion of a material
point (9y, # 0)?

a
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Uy Uy

AU

Velocity projection during uniform motion: 9, =
9o + ayt isin the form of. The graph is a straight line,
the 9, axis starts from a certain point (9,, # 0); the

by, 3C

-3

Problem 2. Define as a graph:
1. Displacement projection in the first 4 sec.
oy, MC

tangent of the angle formed by the graph with the t-axis
gives the instant a,, # 0. The sought graph corresponds
to b.

» by 2C

2. The path taken during that time

i, c

7

N

U,

N 22

Vi

-3 I

a) At=t, —t; = 4sec (during the first 4 sec-
onds) the projection of the displacement vector is cal-
culated as the area of the figure formed by the abscissa

vy, M/c

axis of the graph (dashed area). Projection of the dis-
placement vector as the object moves in the opposite
direction of the x-axis

b) Ar, < 0=-5=-12m

Since the path is S > 0, S =12m.

5

V7

),
)
%

22222

i, C

c) s= az—b the area of the triangle is calculated.
a = At =4sec.;b =9, =15m/sec

Projection of the displacement vector Ar, > 0 so
that the object moves in the direction of the OX axis
(95 > 0). Then Ar,, = 30m, S = 30m.

Algorithm for solving graphical problems.

1. To write the short condition of the problem by
expressing the quantities in the BS system of units.

2. Carefully look at the coordinate axes (ordi-
nate, abscissa). To determine the graph, which function
is given: a=a(t), ¥ = 9(t), S=S(t), vo ya x=x(t).

3. Determine the type of movement according to
the graph.

4. Write equations according to the conditions of
the problem:

ay = a,(t), 9, = 0,(t), Sy = Sy (t)va ya x = x(¢t)

5. To calculate by writing the prices instead.
t, san 1 2 3 4 5
X, m 8 18 | 31 48 | 70

Problem. The equation of motion of a material
point is given as follows: x=4+3t+2t2. You need to fill
in the following table:
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According to the values in the table, the time de-
pendence graph of the coordinate will be as follows:
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AHHOTALIUSA

HpO6J‘IeMaTI/II(a MOCTTPABMATUYCCKUX CTPECCOBLIX paCCTpOﬁCTB 1 IICUXOOMOIIMOHAJIBHBIX HapymeHI/Iﬁ CTa-
HOBHTCS Bce 0olree aKTyaJ'ILHOﬁ Ha (1)0He rI00aIbHBIX KpPU3HUCOB U POCTa ClIy4acB CTPECCaA. HCI/IXOTCpaHI/ISI TPpaBMbI
npeanoaracT UHTCrpalnio rnepeaoBbix METOA0B, TAKMX KaK 39F, JIA 00BEKTUBHOI OLICHKHU U KOPPECKIHU SMO-
IIUOHAIEHOTO COCTOSIHUS KJIMEHTOB. JlaHHBIC, MOTyYeHHBIC C MOMOIIBI0 AMeKTpodHIedarorpadpuueckux (I31)
TeXHOJ‘IOFHfI, MO3BOJIAIOT U3MEPATH MO3TOBYIO AKTUBHOCTD 10, BO BPEMS U ITOCJIC ICUXOTCPANICBTUYCCKUX TECXHUK,
OTCJIC)KHMBAsA UBMCHCHU A aJ'IL(l)a- u 6eTa-BOJIH. 93F—rapHHTprI NpeAOCTABIAOT YHUKAJIBbHYO BO3MOXHOCTb MO-
HUTOPUHI'A MO3T'0BOM aKTHUBHOCTH B pCaIbHOM BPpEMEHU, YTO IMO3BOJIAACT ACTAJIbHO U3YUNUTH 3¢)¢)€KTH ncuxorepa-
Iy, 3aTEM IIpU HCO6XO}II/IMOCTI/I ananTUpoOBATh U YIYUHIUTh TCPANCBTUUCCKUC MHCTPYMEHTHI I JOCTUKCHUA
yCTOﬁ‘IHBLIX PE3yJIbTATOB. I/ICCJ'Ie}IOBaHI/Ie TAKXK€ IIO3BOJIUT pa3pa60TaTL HOBBIC TCXHUKH, YTO JACT MPAKTUYECKOEC
MMPUMEHCHUEC IJIA IICUXOJIOTOB U IICUXOTEPAIICBTOB B TEpANINN KIIMECHTOB, KOTOPBIC NEPEIKUIN TPABMATUYHBIC K3~
HCHHBIC COOBITHS, 0COOCHHO B PAHHUIA IEPUOJT ACTCTBA.

ABSTRACT

The issue of post-traumatic stress disorders and psycho-emotional disturbances is becoming increasingly rel-
evant against the backdrop of global crises and rising stress cases. Trauma psychotherapy involves the integration
of advanced methods, such as EEG, for objective assessment and correction of patients' emotional states. Data
obtained using electroencephalographic (EEG) technologies allow measurement of brain activity before, during,
and after psychotherapeutic techniques, tracking changes in alpha and beta waves. EEG headsets provide a unique
opportunity for real-time brain activity monitoring, enabling a detailed study of psychotherapy effects and, if nec-
essary, adaptation and enhancement of therapeutic tools to achieve sustainable results. The study also aims to
develop new techniques with practical applications for psychologists and psychotherapists in treating clients who
have experienced traumatic life events, especially in early childhood.

KiroueBble cioBa: rcuxoTepamnus TPaBMBI, MOCTTpaBMaTHUecKoe cTpeccoBoe pacctpoiicto (IITCP),
HelipoTexHonorun, DO -rapHuTypa, MO3roBasi akTHBHOCTb, aJib(ha-BOJIHbI, OeTa-BOJIHBI, ICHXO3MOIMOHAIBHOE
COCTOSAHUC, MOHUTOPHUHI' MO3ra, HHTCrpalus HeﬁpOTeXHOJ‘IOFHﬁ, TCXHHUKaA ICUXOTECPpaIinm, 00BEKTHBHAS OILICHKa
Tepanuy, aganragus TepaneBTUICCKUX METOA0B, IEPCOHAIIU3UPOBAHHA IICUXOTECPAIins, IICUXO0TCpanusa nu Heﬁpo—
HayKa, SMOIIMOHAIBHAS PETYILIU, d1eKkTpodHIedarorpadus (I31), ctabumuzanusi SMONUOHATIBHOTO COCTOS-
HUSL, CHUKECHUE TPCBOKHOCTH, METOJ0JIOTHA.

Keywords: trauma psychotherapy, post-traumatic stress disorder (PTSD), neurotechnologies, EEG headset,
brain activity, alpha waves, beta waves, psycho-emotional state, brain monitoring, neurotechnology integration,
psychotherapy technique, objective therapy assessment, therapeutic method adaptation, personalized psychother-
apy, psychotherapy and neuroscience, emotional regulation, electroencephalography (EEG), emotional state sta-
bilization, anxiety reduction, methodology.

B ycnoBHsSX COBpEeMEHHBIX KPH3HCOB M BO3pPOC-
IIEr0 YpOBHS CTpecca MOCTTPAaBMATHUECKHE CTPECCO-
Bele pacctpoiictBa (IITCP), Bo3HUKIINE B pe3yJsibTaTe
JIETCKOM TpaBMBbl, a TaKXKe Pa3IUYHbIE TICUXOIMOLUO-
HaJlbHbIE HAPYIIEHUS, CTAHOBATCS OJHOW U3 aKTyallb-
HBIX IpoOJieM B IcuxoTepanud. TpaauioOHHBIE Me-

TOJIBI JICUEHUS, XOTS M 00JIaal0T TOKa3aHHOU 3 dek-
TUBHOCTBIO M OTPAKaIOT CyOBEKTUBHBIC PE3YIbTATH U
OLIEHKY U3MEHEHUN NICUXUYECKOTO COCTOSIHUS KaK ca-
MHUM TEpPaneBTOM, TaK U KIMEHTOM, HO HEpEeIKO Tpe-
OyIOT 0OBEKTHBHBIX CIIOCOOOB OILIEHKH U MOHUTOPHHTA
SMOLIMOHAIIBHOIO COCTOSIHUSA 10, B IIPOLECCE U MOCIe
Tepanuy. BHeapeHne HEHPOTEXHOJIOTUH, TaKUX Kak
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anektposnnedanorpadus (33I), OTKprIBaeT HOBBIE
BO3MOXKHOCTH I OOBEKTHBHOTO OTCIICKHUBAHUS W3-
MEHEHUI B MO3TOBOW aKTHBHOCTH, YTO CITIOCOOCTBYET
TIOBBIIIICHIIO TOYHOCTH U 3(pPEeKTUBHOCTH IICHXOTEpa-
MEBTUYECKOT'O ITpOoIIecca.

CoBpeMeHHBIE NCCIIeJOBAHMS TOTBEPIKIAIOT BbI-
COKYIO 3HaYMMOCTh MHTerparuu I3 -rapHuTyp 1 apy-
TMX HEHPOTEXHOJIOTMH B TMCHXOTEpaIuio s Oosee
rIyOOKOrOo MOHMMaHHs BIMSHHS IICHXOTepareBTHYe-
CKHX METO/IOB Ha SYMOILIMOHAIBEHOE COCTOSIHUE U OJ1aro-
MOTydde 4eloBeKa. PaboThl ydYeHBIX, TakKHX Kak
Jlunpaysp u JInao, 1eMOHCTPUPYIOT U3MEHEHUSI B MO3-
TOBBIX CTPYKTypax M aKTHBHOCTH BOIIH, CBSI3aHHBIX C
NPUMEHEHNEM KOTHUTHBHO-TIOBEJCHYECKON Tepanuu
(KIIT) mpu I[ITCP u menpeccun. ITO MOATBEPKAALT,
YTO UcToNb30BaHue DI B pealbHOM BPEMEHU MOXKET
HE TOJIbKO KOHTPOJIMPOBATh TEPANIeBTUUECKHUE N3MEHE-
HHS, HO U KOPPEKTHPOBATb MOJIXO/IbI, aIaITUPYS UX K
VHMBHYaJIbHBIM OCOOCHHOCTSIM KIIMEHTA.

HeCMOTpH Ha MOJIOKUTECJIbHBIC PE3YyJIbTaThl, HO-
CTUTHYTBIE B IPUMEHEHUH HEMPOTEXHOJIOTUU B ICUXO-
TepaIny, OCTAIOTCS OTKPBITHIMH BOIIPOCHI KAacaTEILHO
pa3paboOTKN CTaHAAPTU3UPOBAHHBIX METOJOB HCIOIb-
30BaHusA OOI" Ui pasuuHBIX CHX03MOLMOHATBHBIX
coctostHnii. Kpome Toro, HeoOxoanMo yTOYHHTH, Ka-
KH€ KOHKPETHBIC N3MEHEHHS B anb(a- u OeTa-BOIHAX
CBSI3aHBI C YJYYIICHHEM IICHXO3MOLMOHAIBHOIO CO-
CTOSIHMSI U KaKMe METOJMKH Hambosee 3(pPeKTUBHO
CTUMYJIUPYIOT 3TU U3MEHECHHUS.

Hayynasi HOBHM3HAa M NpaKTHYecKasl 3HAYHU-
MOCTB HCCJIeI0BAHUSI.

HccnenoBanue npennonaraer oneHKy 3¢ ¢GeKTus-
HOCTHU ICUXOTEPAIINU TPABMBI, HaHpaBHCHHOﬁ Ha CHHU-
JKEHUE TPEBOXKHOCTH M CTAOMIM3ALHUIO SMOIMOHAIb-
HOro coctosiHud. Mcnonp3oBanue D21 -rapHUTYpHI B
JTAHHOM HCCIIEZIOBAaHUH TIO3BOJIMIIO OTCJIEXKHMBATH aK-

TUBHOCTH MO3Ta, 9YTOOBI 00JIee TOYHO ONPEICIIUTh, Ka-
KM€ W3MCEHECHUS TPOUCXOMIT B HEPBHOW CHCTEME B
XO0JIe Tepanuu. JTH JaHHBIE MMOMOTAIOT pa3padoTaTh
PEKOMEHALMHU JJIsl UHTErpalui HEUPOTEXHOJIOT Uil B
MICUXOTEPAIHUIO, YTO CHOCOOCTBYET CO3MaHHI0 OoJiee
MEPCOHATM3UPOBAHHBIX U TOYHBIX TMOJXOJOB K Jieue-
HUIO TIOCTTPAaBMATHYECKUX COCTOSIHUH.

MeTomoorus u TU3aiiH HCCTeT0OBAHNA.

HccnenoBanue mpoBOIMIOCH HA TPYIINE U3 IBEHA-
JIIATH YEJTOBEK C MCUXO3MOIMOHAILHBIMU TPAaBMaMHU.
[lepen mccnemoBaHMEeM OCYIIECTBILIICS OTOOpP ydYacT-
HUKOB HCCJIENYEMOW M KOHTPOJBHOW TIpyIHIbl, IZe
YYaCTHUKH MIPOXOIMIIH TECT Ha OTIPENICICHNUS TPaBMEI,
KOJIMYECTBA TPABMATHYHBIX COOBITHI W YPOBHS TpPaB-
MaTm3anud. KaxmoMy ydacTHHKY OBLIO MPEINIOKEHO
MIPOUTH CEPUI0 U3 MIECTH IICHXOTEPANICBTUIECKUX Ce-
AHCOB, B XOJIc KOTOPBIX HCIOJB30BAIACH DOI-
TaPHUTYPHI TSI PETUCTPAIIUH DIICKTPUICCKONH aKTHB-
HOCTH MO3Ta B peaibHOM BpeMeHH. [lepen Hauanom u
MO 3aBEPIICHUH KaXKIOTO CEeaHCa YYaCTHUKHU 3aIloji-
HSUTH aHKETY TI0 OI[CHKE AMOIIOHAIBLHOTO COCTOSHHUS C
[IENTBI0 TIOYYCHUS JTaHHBIX 00 M3MEHEHUH MICHX09MO-
OHOHAIBEHOTO COCTOSTHUSI.

STanbl NPOBeIeHUS KAMKIOI0 CeaHca:

1. 3amep 1 (a0 Hauasa ceaHca) — oIpereIe-
HHE WCXOJHOTO COCTOSHHUS Mo3ra s (PUKCAUU
ypoBHS anb(da- i OeTa-BOIH O HaYaIa CeaHca.

2. 3amep 2 (B0 BpeMs ceaHca) — HAOJIIOICHHC
32 U3MEHEHUSIMU MO3TOBOI aKTUBHOCTH 104 BJIMSITHUEM
HCHXOTepaHeBTH‘{eCKOﬁ TCXHHUKHU.

3. 3amep 3 (mocse ceanca) — puKcanus MO3ro-
BOWM aKTHBHOCTH JJIS OIICHKH d(PPEeKTa 3aBEPIICHHOTO
ceaHca.

O03I-rapHuTypa perucTpupoBajia U3MEHEHUS B
gacToTax anbda- u 0eTa-BOIH, KOTOPHIC aHATM3UPOBA-
JIMCH JUISI BBISIBJICHUS TATTEPHOB B U3MEHEHUSX AMOITH-
OHAJBHOT'O COCTOSIHUSI YYACTHUKOB.

Tun
Juana3on yactot (I'n) | OcHOBHBIE XapaKTEePUCTUKHU
BOJIHBI
Tera 4-8 Jlerkuit COH, MEIUTAIHSA, MHTYHIIUS
Aabpa 8-13 Paccnabnenne, criokoifHOe OOAPCTBOBAHHUE, MEIUTALINS
Bera 13-30 AKTHBHOE MBIIIJICHHE, KOHIICHTPAIIHS, TPEBOTa
PesynbTaTtsl 55%, 4To yka3plBaeT HA yMEPEHHOE CIIOKOWCTBHE. Bo

Pe3yJ'H:-TaTbI HCCIICAOBaHUA ABJIAIOTCA MpEaABapH-
TCIBbHBIMU M HC OKOHYATCJIbHBIMHU, B CBA3U C TCM, UTO
HCCIIeIOBaHUE NPOJOIDKACTCS M Pe3yJIbTaThl KOJIHUe-
CTBEHHOM TPYIIBI HAXOATCA B Mpoliecce 00paboTKH.
CrnenoBarenbHO, HIKE MIPEOCTaBICHHBIC JaHHBIE Oa-
3UPYIOTCS Ha aHAJIM3€ U MHTEPIPETALUHA PE3YyIHTATOB
TOJIBKO MCCIIEyeMOH IPyIIHI.

1. lnnaMmuka n3MeHeHUl B MO3rOBbIX BOJIHAX

Aunbga- u 6eTa-BOJHBI IEMOHCTPUPOBAJIM Xapak-
TepHbIE N3MEHEHHS Ha Ka)X/IOM 3Tarle HCCIIeI0BaHMS.

e Auabda-poanbl: Poct anbda-akTHBHOCTH Yy
YYaCTHUKOB HaOJIoJalcs ¢ MEepBOro 10 LIECTOTO ce-
aHca, 0oco0eHHO ¢ 3-To 1o 5-# ceancsl. [lepen Hauanom
TEpanuy ypOBEHb anb(pa-aKTUBHOCTH COCTABISI 45-

BpEMs CEaHCOB U IOCNIE UX 3aBepIIeHUs alib(ha-BOIHBI
y OOJIBIIIMHCTBA YYaCTHHUKOB MOHUMAITUCH 10 65-70%.
JlaHHBIN POCT CBUJIETENILCTBYET O pacciadisromieM d¢-
(dexTe Tepanuu U OCTIKCHUH YCTOWYMBOTO COCTOSI-
HUS CTIOKOWCTBUS U pacciabaeHusl.

e bera-poiHbl: B Hauane uccienoBaHUs ak-
TUBHOCTh O€Ta-BOJIH yKa3blBajla Ha 3HAYUTEIBHYIO
TpeBoXxHOCTH (20-30%), HO 1O Mepe NPOXOXKICHUS Te-
panuu mokaszarenu cHrkanuchk 10 10-15%, ocobenHo
BBIPa)KEHO 3TO OBIJIO BO BpeMst U 1ocie ceancoB. CHHU-
JKCHHE aKTHBHOCTH 0€Ta-BOJH MOKA3bIBACT YMEHBIIIC-
HUE KOTHUTHBHOW HAIPy3KH U TPEBOXKHOCTH, UTO SIBJISI-
€TCsl OJTHUM U3 TePANeBTUIECKUX LIeJIeH ICUX0Tepanuu
TPaBMBI.
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AKTHBHOCTH MO3TOBBIX pUTMOB - Ceanc 1

AKTHBHOCTh MO3TOBBIX pUTMOB - CeaHc 6

2. AHanu3 JaHHBIX aHKeTbl «OLEHKa TeKy-
IEero 3MOIHOHAILHOTO COCTOSTHUS

OMOLMOHANBHOE COCTOSHUE YYAaCTHHKOB TaKKe
JIEMOHCTPHPOBANIO TOJOXHUTEIBHYI0 TUHAMUKY TI0
KITIOYEBBIM MapamMeTpaM aHKEThI:

e Oo0mee nacrpoenne: Ilokazarenu HacTpoe-
HUS YJIyYIIAIUCh C IEPBOTO 10 TPETHEro ceaHca u J0-
CTUTAIIM MAKCUMYMa K MATOMY CEaHCy. JTO COBMaAaeT
¢ poctoM anb(a-aKTUBHOCTU M CHIDKCHHEM OeTa-ak-
TUBHOCTH, YTO CBHUICTEIBCTBYET O TOM, YTO IICHXOTE-
pamusi OKaspIBalla IIOJIOKUTENFHOE BO3JCHCTBHE Ha
CyOBEKTHBHOE BOCHPHUSITHE SMOIMOHAIBHOTO COCTOS-
HUSL.

e YposeHb 3Heprun: OTMEYEHO MOCTEIIEHHOE
VIIydIIeHue YPOBHS SHEPTHH, 0COOCHHO K YeTBEPTOMY
CEaHCy, UYTO CBUJETEIBCTBYET O CHUKEHHH YCTaJIOCTH
¥ 3MOIMOHATHLHOTO HCTOIIEHUS Y YYaCTHUKOB. DJTO
MOTJIO OBITH CBSI3AHO C POCTOM YBEPEHHOCTH B IPO-
1iecce Teparuy 1 HaKOMUTEIbHBIM 3P HEKTOM TEXHUKH.

e VYpoBeHb TPEBOKHOCTH: TPEBOKHOCTH CHU-
3ujlach B cpeHeM Ha 25% c mepBoro 1o LIECTOro ce-
aHca. JTOT MoKa3aTellb KOPPEIHPYET ¢ YMEHBIICHUEM
0eTa-aKTHBHOCTH, YTO TOATBEPKAaeT d3PPEKTUBHOCTD
METOMKH B CTA0IITH3AIMN ICUX03MOIIHOHATIBHOTO CO-
CTOSTHUSL.

Oo0paTHas cBsI3b

ITocne 3aBepuieHHsT BCEX CEAaHCOB HEKOTOPHIE
YYaCTHUKH Jaiu OOpaTHYIO CBSI3b B IIEJIOM O CBOEM
OTIBITE yYacTHsl B JAaHHOM HcclenoBanuu. Uubopma-
U1 IPEIOCTaBIISAIACh UMH B CBOOOTHON (hopMme.

Kpatkoe pestome: OOpaTHas CBA3b OT Y4aCTHUKOB
WCCIIeTIOBAHMS TMOKA3bIBAET, YTO TePANeBTUIECCKUE Ce-
AHCHI OKa3aJH TITyOOKOE MOJIOKUTEIBHOE BIUSHUE HA
MX IMOIMOHAIFHOE COCTOSHHE ¥ CIOCOOHOCTH K CaMO-
perymsnuu. [lepen HayamoM CEaHCOB MHOTHE ydacT-
HUKY ONIYIIaJIH MOBBIIICHHYIO TPEBOXXHOCTh U HATIPSI-

KECHHUE B TeNe, KaK MPUBBIYHOE MM HCXOIHOE COCTOS-
HHUE CTpecca B pabodeM/yde0HOM pexnMe THS. YKe C
NIEPBBIX CEAHCOB YYACTHUKM OTMEUAM IIOSIBICHHE
qyBCTBa 0€30MIaCHOCTH U BO3MOXHOCTh PacciabnuThes.
CnoBa u ¢pa3bl, UCTIOIB30BaHHBIE B TEPATIEBTHUECKOM
MaTepHase, ciocoOCTBOBAIM HAIIOMUHAHUIO O BaXKHO-
CTH NPHUHATHUSA SMOLMH, TAKUX KaK THEB MU I'PyCTh, U
BOCTIPUATUS MX KaK €CTECTBEHHBIX M HOPMAaJIbHBIX.
Bocnpusitue Mupa B €ro mO3UTHBHBIX aCIEKTaX TaKKe
YKPENHIIOCh, YTO TOJAEPKUBAJIO YIIyUIICHHE COCTOS-
HUSI ¥ CIIOCOOCTBOBAJIO TIOSIBIICHHUIO HOBBIX IEPCIIEK-
THBHBIX ITOJIX0JIOB K €KETHEBHBIM CTPECCOBBIM CHUTYa-
usiM. MHOTHE OTMEYalIH, YTO K 3aBEpLICHHIO Kypca y
HUX MOSBIJINCH HaBBIKH «OCTAHOBKM» M camopediek-
CHM B MOMEHTHI TpeBoru. HarmoMuHaHus o mpase uc-
IBITBIBATH CBOM AMOIUH MPUBEIHN K YKPETUICHUIO CaMOo-
OLICHKU W yJIyYIIEHHIO B3aMMOOTHOIIEHUH ¢ OKpyKa-
IOMMMU. B pe3ynbprare y4YaCTHHKM JIydIlle CTajH
MOHUMATH ce0sl M CBOM 3MOIIMH, YTO CIIOCOOCTBOBAJIO
Pa3BUTHIO MOJIOKHUTEIBHBIX N3MEHEHUH U (hOpMHUpPOBa-
HUIO YCTOMUYMBOIO 4yBCTBA BHYTPEHHETO OKOsL. Peko-
MEHJanueH s yIaydlIeHus Ipolecca cTajlo Mpeio-
KEHHE 100aBUTh KOHCYJIBTHPOBAHHE M OOCYXICHHE
BIIEUATIICHUH 1TOCTIE CEaHCOB, YTOOB! yYaCTHUKH MOTIIN
TIIy0’ke OCMBICIIUTD TEPareBTHYECKHH OIIBIT.

OO0cy:kaenne pe3yJbTaTOB

AHanmu3 MOJTyYeHHBIX JaHHBIX MMOKa3al, YTo IICH-
XOTepaneBTHUECKUE CEaHCHhI, moaepkuBaeMbie DI -
MOHHTOPHHIOM, OKa3bIBAJIM MOJIOKUTEIHHOE BIISTHHE
Ha YYacCTHUKOB. YBenW4deHHe anb(a-aKTHBHOCTH W
CHIDKEHHE OeTa-aKTHBHOCTH JIEMOHCTPHUPYIOT, HTO
MICUXOTEpaIus CIrocoOCTBOBANA JOCTIKECHHUIO COCTOS-
HUSI TITyOOKOTO pacciabiaeHus U CHIDKEHUIO TPEBOXKHO-
CTH, T.€. aKTUBAIMM [ApaCUMIIATUYECKON CHUCTEMBI.
Kpome Toro, pe3ynbTaTbl aHKETHl OLEHKH TEKYILEro
SMOLIMOHAIBHOTO COCTOSIHMSI YKa3bIBAIOT HAa 3HAYM-
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TENbHBIE YIYUYIICHHS B OMOLHOHAIBHOM CaMOUYB-
CTBHHM YYaCTHHUKOB, YTO MOJTBEPKAACTCS CHIDKCHHEM
YPOBHS TPEBOXKHOCTH H TIOBBIIICHHEM YBEPEHHOCTH U
SHEPTHUH.

IIpakTHyeckasi 3HAYUMOCTb.

Buenpenue 931 -rapHutyp B IcUXOTepaneBTHYE-
CKYI0 IMPaKTUKy OTKPBIBAET BO3MOXHOCTH JUIsl Ooiee
TOYHOH M 0OBEKTHUBHOM OLIeHKH 3(h(hEeKTUBHOCTH TEepa-
MNEBTUYECKHX METOMOB. Pe3ynpTaThl MOATBEPXKAAIOT,
9TO HEHPOTEXHOJIOTUHU NMO3BOJISIOT KOPPEKTHUPOBATh U
a/IalITUPOBATh TEPANEBTUYECKIE TEXHUKH, YTO B CBOIO
odepep ylydmaeT BOCIPUSITHE KIMEHTaMH Tepanuy 1
MOBEIMIACT €€ pe3yNbTaTUBHOCTh. DDI -IaHHBIE NAOT
MPE/ICTABICHUE O MpoLeccaX, MPOUCXOIIMIINX B MO3Te
B XO0JI€ TEpaINu, YTO IO3BOJIIET CO3/1aBaTh Ooee mep-
COHAIIM3UPOBAHHBIC TIOAXOMABI K JICUCHHIO U YITydIIacT
BO3MOXKHOCTHU OLIEHKH 3(PPEKTUBHOCTH WHTEPBEHIINH.
Taxoke 3TOT METOI MOXKET HMCIIOJIb30BaThCA KakK Hayu-
HOE J0Ka3aTenbCTBO I(P(PEKTUBHOCTH Teparuu, 4TO
MO3BOJISIET HAIVIATHO OOBSCHUTD U MTOKa3aTh KJIMEHTaM
BIIMSIHUE TepalMM Ha MO3TOBYIO aKTHBHOCTBH C TIOMO-
B0 KOHKPETHBIX HAYYHBIX ITOIXO00B U TEXHOIOTHH.

Pexomenpanun

Ha ocHOBe pe3ynbTaToOB HCCIICIOBAHHUS MOXHO
BBIJICTIUTh HEKOTOPBIE PEKOMEHAINH JUTS YTy dIICHUS
OIBITa MPAKTHKYIOIIUX IICHXOJOTOB U IICHXOTEparnes-
TOB:

e MHurerpanusa II3I'-mounTopuHra: Vcmomns-
30BaHue DO -rapHUTYp BO BpeMs ICUXOTEpaneBTHYE-
CKUX CEaHCOB IIOMOTaeT 0ObEKTUBHO OTCIIEKHUBATh U3-
MEHEHHUS NICUX03MOIMOHAIBHOTO COCTOSHHS U MO3BO-
JSIeT MOJYJIMPOBaTh IpOrpaMMy Tepamnuu st Gosee
3¢ GeKTUBHOTO BO37CHCTBUA. OTCIC)KUBAHHUE AKTHB-
HOCTH MO3Ta B PEIbHOM BPEMEHH IO3BOJIIET 3a(uK-
CHPOBATh PEAKLINH Ha ONIPEICIICHHBIC COOBITHS 1 3aTEM
BEPHYThCS K HAM JJIsl TIOAPOOHOTO 00CYKICHUS U HC-
CJIC/IOBAHUSI COCTOSIHUS, @ TAK)KE OTHOIICHMS K ATOMY
coObITHIO. BKiTFOueHIEe HEHPOTEXHOIOTHH B TEpaITHIO
MOJIE3HO Kak JUIsl TOBbIIEHHs 3P EKTHBHOCTH, TaKk U
Jutst popMHUpOBaHHsI OOPATHOMN CBSI3M C KIIMEHTOM.

e AjanTanusi TepaneBTHYeCKMX TeXHHK:
JlaHHbBIE MCCeNOBaHMs TI0Ka3bIBAIOT, 4TO 3(D(DEKT Te-
panuu IposBIIsieTCA Yepe3 HECKOJIBKO CeaHCOB. Pexo-
MEHJIyeTCs, Ha4lHas C IIeCTOr0 CeaHca, BBOAUTH 00-
Jiee MHTCHCHBHBIE TEPANIEBTUUECKHE TPAKTUKH IS TO-
YeyHOH M TIyOOKOM NpopaboTKH TpaBMAaTHUECKHX
COCTOSIHHH, TIOCKOJIbKY K 3TOMY MOMEHTY JOCTHUTaeTCs
MaKCHMaJIbHasl CTA0MIIBHOCTh allb(a-akKTHBHOCTH, YTO
yKa3bIBacT Ha YIIyYIICHHE COCTOSIHUSL.

e Ouenka nporpecca: I3[ -rapHuTtypa no3Bo-
nsieT (PUKCHPOBATh NMPOTPECC YYACTHUKOB HAa KaXKIOM
sTane jJeueHus. PekoMeHIyeTcss MCIOIb30BaTh MOIY-
YeHHBIE JJaHHBIE 1) BU3YalIbHOW OOpaTHOW CBSI3U JIS
KJIMEHTOB, YTO IIO3BOJISICT YIYYIINTH MX BOBIICYEH-
HOCTh B TEPANleBTUIECKHUH IPOIIECC U YBEITUIUTH OCBe-
JIOMJICHHOCTB O COOCTBEHHOM TIpOTrpecce.

e Co3ganne NepcOHANN3HPOBAHHOM IICHXO-
Tepanuu: Vcnonb3oBaHue HEHPOTEXHOJNOTUN Mpeo-
CTaBJISIET BO3MOXKHOCTb HACTPaWBAaTh TEPANHUIO0 O]
KOHKPETHOTO KIIMEHTa, Ha OCHOBE WHAMBUIYAJIbHBIX
peakiuii Mo3ra. T0 MOXKET IOBBICHTH 3 )EeKTHBHOCTH
TEpanuy 3a CUeT aJanTalliyd MHTEPBEHIMH IOJ yHH-

KaJbHBIE OCOOCHHOCTH KOTHHTHBHBIX M 3MOIOHAIb-
HBIX IIPOLECCOB, a TaKXKe CO3JaHHI0 IEPCOHANBHBIX
TEXHUK JJISl CaMOIIOMOIIM BHE TEPANleBTHYECKUX 4a-
COB.

e TIlocTrrepaneBTHYECKOE  CONPOBOKACHHE!
PexomenyeTcst BHEAPUTH MOCTTEPANIEBTUIECKHUE CEC-
cun ¢ DD -MOHUTOPUHIOM, YTOOBI KOHTPOJIMPOBATH
JIOJTOCPOYHbIE U3MEHEHUS B MO3TOBOM aKTHBHOCTH,
0COOCHHO TIpU JICYEHUH KIHUEHTOB C XPOHHYECKUMH
CTPECCOBBIMU U TPEBOXKHBIMHU COCTOSIHUAMU. DTO IO-
MOJKET MOJIECP>KUBATh JTOCTUTHYTHIE PE3YNIBTAThI M OT-
CJIC)KMBATh MOTPEOHOCTH B JOMOJIHHUTEIBHBIX HHTEP-
BEHIMAX.

3akJ0oueHue

Hacrosimee ucciaenoBanue npogeMOHCTPHPOBAIIO
3HAYUTENBHOE BIUSHHUE MCUXOTEPANEBTUYECKON TeX-
HUKU Ha TICUXO3MOIIMOHAJIBHOE COCTOSHHE yYacTHU-
KOB, TOJITBEPKACHHOE 00BeKTUBHBIMU DI - TaHHBIMH.
YBenuuenue anb(a-aKTUBHOCTU M CHIDKCHUE OeTa-aK-
TUBHOCTH Ha NMPOTSDKEHUH IIECTH CEaHCOB yKa3bIBAIOT
Ha CTaOMJIM3aIMIO0 DMOLMOHAILHOT'O COCTOSHUS M CHU-
JKEHUE TpeBOKHOCTU. [IpumeneHne OOl -rapHUTYpPHI
MO3BOJISIET TOYHO U3MEPATh M3MEHEHHS B COCTOSHHH
YYaCTHHUKOB, YTO OTKPBIBAET BO3MOXKHOCTH ISl pa3pa-
60TKH OoJIee IEPCOHANN3NPOBAHHBIX TIOX0/I0B B TICH-
xorepanud. JlanbHEHIINE HCCIENOBAHHA, BKIIOYAIO-
mye OoNbIINe TPYIIbBI yYaCTHUKOB U Pa3HOOOpa3HbIE
TepaneBTUYECKUE METObI, TO3BOJIAT YIIyOUTh MOIY-
YeHHbIe JAaHHBIE M CO34aTh CTAHAAPTHI HHTETpaluu
HEHUPOTEXHOJIOTUH B IICUXOTEPAIIUIO TPABMBI.
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AHOTALIA

3anponoHOBaHO METOJMKY PO3PaXyHKY IEPEKPUTTS, HAa BEPXHIH IpaHi SKOro pO3TAILOBAHUHA IIap IPYHTY.
Le#t mmap MoeMO€eTHCSI 32 JOTTOMOTOIO MPYYKHH 13 IEBHOIO JKOPCTKICTIO 1 BiH 3MEHIITY€ KOSQIi€EHT TUHAMITHOCTI.
BuBeneHo nudepeHmiansHe piBHAHHS A7 BUPILICHHS HaBeAeHOI cuctemu. HaBeneHo Tabnuito, Ae MoKa3aHo, o
Koe(ilieHT AMHAMIYHOCTI 3aJIKUTh BiJ KUTBKOX (DaKTOPIB: BiTHOIIIEHHS KOPCTKOCTEH BEPXHBOTO MIapy Ta OaJKy;
nepioay KONMBaHb OalKu; Yyacy il THCKY BUOYXOBOI XBHIII.

ABSTRACT

A calculation method for a floor covering with a soil layer is proposed. This layer is modeled using springs
with a certain rigidity. The soil layer reduces the dynamic coefficient. A differential equation is derived for solving
such a system. A table is given showing that the dynamic coefficient depends on several factors: the ratio of the
rigidities of the upper layer and the beam; the period of beam oscillations; the time of action of the blast wave
pressure.

KuarouoBi ciioBa: koedimieHT AMHAMIYHOCTI, ITEPiol KOMUBaHb, piBHAHHS Jlarpamka, BHOyXoBa XBIJISA, KiHe-
TUYHA CHEPTis, MIOTEHIliaTbHA CHEPTis.

Keywords: coefficient of dynamism, oscillation period, Lagrange equation, explosive wave, kinetic energy,

potential energy.

AHaJni3 1ocaifzkeHb i mocTaHOBKA 3a1a4i.

Jyis 3HMKEHHS JMHAMIYHUX 3YCHJIb BiJl HaaMIip-
HOT'O THCKY BUOYXOBOT XBHUJII CJIiJ] 3aCTOCOBYBAaTH Pi3HI
HPUCTPOT, 0 30UIBIIYIOTH Ae(opMallito KOHCTPYKIIT.
BiomMo, 1110 YMM MEHIIIa )KOPCTKICTh KOHCTPYKIIiT, THM
OimpIre ii qedopmarrii i MeHIIe THHAMIYHI 3yCHILIA |2,
3,4,9, 12]. B pobori aBTopiB [1] 3ampomoHoBaHO 3a-
CTOCOBYBATH TPYKHO MiIIATIHBI OMOPH I OaoK.
[Ipn boMy mOKa3aHo, 110 3aCTOCYBaHHS MPYXHH CyT-
TEBO 3MEHIIyEe KoedilieHT auHamivHocTi. B [1] mms
3MEHIICHHs AMHAMIYHUX 3YCHJIb 3alPONOHOBAHO BH-
KOPHCTOBYBATH THYYKi HHTKH 3aMiCTh OalloOK TaKoX
JUIsl 3MEHILICHHS IMHAMIYHUX 3YCHJIb, aJie IJIsl iX BUKO-
PHUCTAHHS CIiJ PO3POOIISATH OKpeMi IPOEKTH, a TAaKOXK
MPUCTPOT ISl KPITUIEHHST HACTHITY TIEPEKPUTTS 10 THY-
YKHX HUTOK.

Bimomo, 110 B 3aJIeXKHOCTI Bif 4acy Ail JuHaMid-
HOTO HABaHTAKEHHS 3aJIeKUTh MaKCHMajbHE 3Ha-
yeHHsI KoedinieHty auHaMiyHocTi. [le Moxe OyTu me-
pura ¢a3za, Konu THCK Bif BUOyXoBoi xBii Lie ai€e [4]
abo npyra ¢asa, Konu BUOyX0Ba XBHIIS BXKe HE Ji€, ale
KOHCTPYKIIis IIe IMiIaHa TUHAMIYHIM KOJMBaHHSM. B

[4] mokazaHo, 1m0 TpH MajoMmy 4Yaci T Iil BUOyxXoBOi
XBUJI, KOJIM BiH MeHIe 1/3 Big mepioay KojuBaHb T,
MaKcUMallbHe 3Ha4YeHHs Koe(illieHTy AWHAMI4HOCTI
NPUXOJUTHCS Ha ApYTY (asy. Came B 3B’ 13Ky 3 UM (ha-
KTOM B CTaHAapTi [/] IpHUIAHATO, 110 MPH BiJHOIICHHI
T/T<3 KOHCTPYKI[IO CIiJl pPO3PaXxOBYBaTh 3a METOJIH-
Koro immynscy. B [11] mokaszaHo, mo po3paxyHOK 3a
METOJIMKOI0 MHUTTEBOTO IMITYJIBCY ifie B 3amac MIITHO-
CTi, 00 TIpH IILOMY KOCQIIIEHT AUHAMIYHOCTI € MaKCH-
MaJIbHAM. BioMoO TakoK, 1110 HaiOUIbII OE€31IEYHUMU €
Tmi3eMHi 3axucHi cniopynu. Ilpu npomy maca IpyHTy,
10 3HAXOANTHCS HA MEPEKPUTTI, 3MEHIITy€ KOe(iIlieHT
JUHAMIYHOCTI 32 PaxyHOK 30iJbIIEHHS MacH Mepek-
purts [1, 2]. Ane rpyHT OKpiM TOTO, 110 301IBITyE Macy
MIEPEKPHUTTS, 1€ € 1 CBOEpinHIM AeMIipepom. Asie ioro
B Takil SKOCTI HE BUKOPHUCTOBYIOTh, X0Ya IOTEPEHi
PO3paxyHKH MOKa3yloTh, IO BiH MOXE I'PaTH HEMaiy
POJIb B 3MEHILICHHI INHAMIYHOTO THUCKY.

3 orisiy Ha BHIIECKa3aHe METOIO CTATTi € pO3po-
OJICHHS METOIMKH PO3PaxyHKY 3THHAIBHUX IT1136MHHUX
KOHCTPYKIIH 3 BpaXyBaHHSAM JeMII()yIO4Oi BJIACTHBO-
CTi IPYHTY, 1110 PO3TAIIOBaHUH Ha MIEPEKPUTTI, a TAKOK
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JTOCITI/PKEHHST BETMYMHNA Koe(illieHTa THHAMIYHOCTI B
3JIEXKHOCTI BiJl a3y JMHAMIYHOTO PO3PAXYHKY.

BukJjaeHHsI OCHOBHOI'O MaTepiaiy.

JJ1s TOSICHEHHSI CYTi IPOTIOHOBAHOT METOIHKH PO-
3IVITHEMO OJIHONPOJILOTHY LIAPHIpHO 0o0mepTy Oaiky,
Ha BEpPXHbBOI IrpaHi K01 YKJIa[AeHO 1Iap IPYHTY TOBLIU-
Hoto h. Ha moBepxHIo IPYHTY Ji€ piBHOMiIPHO PO3MO/Ii-
JIeHe 10 TOBXKWHI HaBaHTakeHHs ((t), sSiKe 3MiHIOEThCS
B Yaci 3a TICBHUM 3aKOHOM, HATIPUKJIA] 32 JTIHIHHUM 3a-
KOHOM 3MiHHM HaBaHTa)KEHHs B Yaci:

q(t) = Pob (1-2) (1)

ne Pso — 3amane 3HaYeHHS HAMIpHOTO THCKY, SIKE

HOPMYETHCS B 3aJIEKHOCTI BiJ] KUTHKOCTI BUOYXOBOT pe-

YOBHHY, 11 BUILy Ta BiJICTaHI BiJl CHIIICHTPY JO0 CIIOPY/IH,

o posrisiaaeThes [6, 7]; b — mupuHa mojgocu HaBaH-

Ta)KeHH; T- 4Yac Jii NO3UTUBHOI (a3 BuOyxy. Cxema
Oanku HaBeneHa Ha puc. 1.

y | 2

L/2

Puc. 1. Cxema banxu 3 IpyHmMoM, AKU MOOETHOEMbC NPYICUHAMU

Ha puc. 1 rpyHT MOZETIFOETECS IPY>KHHAMM, SIKi He
OB’ s13aHi OJIHA 3 OJHOK. Take MOJICITIOBAHHS CXOXE 3
MozeIuTo BiHkiepa, Ko po3risiiaroThess KOHCTPYKIIT
Ha nipy’Hiit ocHoBi [10, 11]. Hexaii 3araibpHa KiJIbKicTh
NPYKHH JOPIBHIOE N 1 BOHK PO3TallIOBaHi Ha OJJHAKOBOT
BizicraHi a (nuB. puc. 1). JKopcTkicTh KOKHOT IPYKUHU
3aJIeKHUTh BiJl MOJYJISI NMPYXKHOCTI IPYHTY, HOTO TOB-
wuHA h i wionni momepeunoro mepepizy S, ska gopis-
HIO€ MpHHi D, TOMHOXEHIN Ha BiICTaHb @ MiX Mpy-
KUHAMH.

Bes maca 6anku My 30cepekeHa B 11 eHTpI i 10-
PIBHIOE €KBIBAJICHTHIH Maci, Ika B TAKOMY BHITAIKY J10-

=

N

piBHIOE Mekv=0.493-Mp. Lle Bimommii mpuitom Oynise-
JBHOI MEXaHIKH, KOJIX PO3IOJiIeHa Maca IPHBOUTECS
JI0 €KBIBAJICHTHOI 3 YMOB PIBHOCTI KiHETHYHOI €Hepril
CHCTEMH 3 PO3IOALICHOIO0 Maco0 i KIHETUYHIN eHeprii
CHCTEMH 3 OJTHIEI0 MAcOr0 Mekv [11].

BpaxoByro4r CHMETPII0 HABAHTAXKCHHS 1 CUMET-
Pito PO3NOAIICHHS NPYKHH 10 JOBKHUHI 0AJIKK, MOXKHA
BBa)XKaTH, 110 TEPEMIIIEHHS BCIiX NpPYXUH 0e3 Bpaxy-
BaHHS NMPOTHHY Oanku OyIyTh OAHAKOBUMH (UB. PHUC.
1). Tomy cxemy 3a puc. 1 MOKHA 3aMiHUTH CKBiBaJICH-
THOIO OUIBII CIIPOINEHOIO CXEMOIO, KA ITOKa3aHa Ha
puc. 2.

F (1)

K1

m
K2

=

i 2

Puc. 2. Cnpowena exsisanenmua cxema
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Ha puc. 2 gepes ki mosnauena cymapHa »opct-
KICTh BCIX IPYIKHH, 1[0 MOJEIIOIOTH poGOoTY IpyHTY; K2
— XOpCTKicTh Ganku. Bupasu mms Ki ta k2 marots Bu-

TS
_ 384El

ky =n-kog; kz—ﬁ (2)
ae Kod — XOPCTKICTH OIHIET IPYKUHH, N — Killb-
KiCTB TIPY>KUH

ITo3naunmo gepe3 A1 nepeMilieHHs BEpXHBOI y3a-
rajJbHEHOI NPYXXKHHU (TIepeMIillleHHsI IPYHTY), a depe3
A2 — TIepeMillleHHs] HW)KHBOT NPYKUHH (TIepeMileHHS
Macu M Bix 3runy). L{i mepemilieHHss mo3Ha4yeHi Ha
puc. 1.

Cxemu 3a puc. 1 Ta 2 € cxemMaMu 3 OJJTHUM HEBi10-
MHUM — nepeMitieHHsIM Az Macu M. OHAK KOPCTKICTh
NPY>KUH BIDIMBA€ HA TEPEMIleHHS Macu. Tomy ciif
BUBECTH 3aJICKHICTb MK MepeMilneHHsIMu A1 Ta Ao
JJ1s IpOTO PO3TIISTHEMO PIBHOBArY CHII B Pi3HHX IIepe-
pizax cucremu. B Oynp sike 3HaueHHS dacy t B cucremi
JOTPUMY€ETHCS PIBHOBAra BCiX aKTHBHUX CHUI 1 CHII iHE-
puii. Tomy B nepepisi 1-1 Ha puc. 2 OyaemMo MaTH piB-
HSHHS:

F =kl 3)

B Bupasi (3) mis kopoTkocti 3amicts F(t) mosua-
gyeHo F

B mepepisi 2-2 piBHOBara cui fa€ BUpas3:

F =k,A, + m-A, (4)

Jie 1Bi TOYKH HAJ MepeMilIeHHsIM A2 TO3HAYAI0Th
JIpyTy TOXiAHY TepeMilieHHs B Jaci t, To0To mpucko-
peHHs MacH. J{pyruit wieH Bupasy (4) — e cua iHepii
BiJl IPUCKOPEHHS MacH M.

[MigcraBuBiuu 3uadenus F 3 Bupasy (3) B Bupas
(4), 6ynemo maru:

m

) ’ A2 )

TakuM YMHOM MU TOB’s3aH TEepeMillleHHS A1 3

y

A1=Z—iA2 +

repeMimeHHsaM Az Macu M i i IPUCKOPEHHAM 1 3BeNn
3ajady [0 3a/1a4i BU3HAYCHHS KOJIMBAHb CUCTEMH 3 Of1-
Hieto Macoro. Taka cucrema Oyje MaTH OJHY y3araib-
HeHy KoopauHaty. [IpuilMeMo 3a €quHy y3arajabHEHY
KOOpIMHATY A2 — IepeMileHHs] Macu M.

KineTnuHa eHeprisi cucremMu:

T =74 (6)
[MToTeHnianbpHa eHEPrist CHCTEMHU:
U="202+22 @

3 BpaxyBaHHsIM BHpa3y aist A1 3a (5) micis npoc-
THX [IEPETBOPEHB OYZEMO MaTH BHPa3 AJIsl IOTEHI1aIb-
HOI eHeprii:
U=A-D3+B-A,-A,+C
Jle mpuiAHATI MO3HAYCHHS !
A=2Eylep g m oo (g)
2k, 2 kq 2ky
B nonansimomMy asst KOpOTKOCTI TO3HAYMMO Y=A2.
Topni piBasiHHS Jlarpamka apyroro poay Ajst wi€l cuc-
Temu OyJie BUTIISIIATH:

d (0Ly 6Lk_
x(5)-5=0¢ (10)

ne Lk — KiHeTHYHWI TMOTeHLial, sSIKHH BH3HAYa-
eTbes 3 Bupasy Lk=T-U; Q — y3aranbHeHa cuia 1is cu-
cremMu. Bupas 1uist KiHeTHYHOTrO TIOTeHIiany (BpaxoBy-
rouM Bupasu 6 Ta §):
Ly="y*~Ay*~B-y-j—C (1)
Jnst BU3Ha4YeHHs y3araibHeHoi cwin Q ciin 3a-
JIaTH BIpTyaJbHE NMEPEMILIEHHS dc Macl M B HAIIPSIMKY
nepeMilieHHs Bia 3ruHy Oanku [12], BU3HaYuTH pO-
00Ty BCIX aKTHBHUX CWJI (B JaHOMY BUIAJKY L€ CHIIH
F(t)=q(t)-a) Ha mepemimenni §i. KoediuieHT npu 3ua-
YeHHI eleMeHTapHoi poOoTH 8A Bix mMX cui i Oyne
y3arajipHeHow cuiolo Q. Cxema Takux IepeMillieHb
MoKa3aHa Ha puc. 3.

(8)

L
N Fh)a s F(ty 7
7 \\\il ///

X

"
L/2

L/2

7(

jL

iy L

)?L

Puc. 3. [lo eusnauenns yzazanrvrenoi cunu Q

BinMituMo, 110 miepeMimeHHsT i BU3HAYAIOThCS
JIMIIE Bif mepeMilieHs Big 3ruHy Oanku. ToMy cTHCK
BEPXHIX MPYKUH HE BPaXOBYETHCA. 3aJICKHICTh Tepe-
MIIIECHB Oi BiJl IEPEMIIIICHHS Oc MOKHA BU3HAYUTH 3 BH-
pasy:

6; = a;6, (12)
ai — e KOe]IIieHT 3aJIeKHOCTI MePEeMIllICHHS Ha

BiJicTaHi Xi BiJl JTiBOi OTIOPH BiJI MEpPEMIIIEHHS B IIEHTPI
Oasku, Ha SIKY JIi€ 30CepeKeHa CHIa B CepeIuHI Tpo-
apoty [10]. st 3Hauens Xi<=L/2 BiH BU3HA4Ya€THCS 3
Bupasy [10]:

3

Xi

= (13)
Jnst 3HaveHp Bigcrani Xi>L/2 Bupas must oi — Bu-

3HAYAETHCS A3EPKAIIBHO.

xi
a; =3—l—
L
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BpaxoByroun Bume ckasaHe, a TakoX (axr, IO
cuan F(t)=q(t)-a ognakoBi, Bupa3 mjis eleMEHTapHOT
poboTu A Oyae MaTh BUTIISA (IU1s1 N — HE TapHOTO):

SA=F() [2 yrD2g 4 1] 5. (14)

3BijicK BUpa3 sl y3aranbHeHoi it Q:

Q=F@®)[2x"Y*a; + 1],a60: Q = F(t) - H (15)

HincraBnsroun Bupas ast Q 3 (15) B piBusaas Jla-
rpamka (10) 3 BpaxyBaHHSIM BHpPa3y LA KiIHSTHIHOTO
noreHmiany (11), mpoBoasun audepeHmitoBaHHs CII0-
varky 0Lk/dy' Ta dLi/dy, a notim mo acy t, mics mpo-
CTHX CIIPOIICHb OTPHUMAEMO au(epeHIianbHe piB-
HSIHHS PyXY:

y+wly=P-f(t) (16)

ne f(t) Oynp sika QyHKIis 3MiHH HaBAaHTAXKEHHS B
yaci. B (16) npuitHaATI Mo3HaYeHHS:
D=m+B; G=24; P=Py-H=; w?=G/D (17)

Benuuuna Pso-b-L/n mpencrasnse co6oro 30cepe-
mkeny cuny F(t)=q(t)-a 3a puc. 1. Bupasu mis A, B —
3a (9), Bupa3 gt H —3a (15).

Pimennss nudepenniansHoro piBHsHHS (16) He
MPEJICTABIISIE CKIIATHOILIB 3 OY/b SIKOIO MPAaBOIO YaCTH-
HOI, OyImp TO NHIMHHNA PO3MOALT THUCKY BHOYXOBOT
XBWII, OyAb TO HENMHIMHUN PO3MONLT, HAPUKIIAL, 32
Opignernepom [5].

JU1s BUMaaKy, KO HaBaHTA)KCHHS 3MIHIOETECS B
yaci 3a TiHIHHAM 3akoHOM (1) pimmeHHs audepeHtianb-
HOTO piBHAHHA (16) Mae BUIIIAL;

y(t) = —%Cos(a) “t) + %Sin(w t) +£—$
(18)
Bimomo [4, 7], mo npu ManoMy 3HaueHHI 9acy T
nii BuOyxoBoi xBwii (npu 7/T<1/3, ne T — mepiox xo-
JMBaHb OallKM) MaKcUMajbHE 3HauyeHHS KoedilieHTta
JMHAMIYHOCTI IPUXOIUTHCS Ha Ipyry dasy nedopmy-
BaHHSI, KOJIM 3MiHHA B Yaci Cijia BXe He IpuKiIaacHa. B
bOMY BHIAAKy CJiJ] BU3HAYMATH MIBUAKICTH TEPEMi-
mennst macu V(t)=dy/dt npu gaci t=7, a Takox nepemi-
teHns Y(t)=y(z) i mizctaBuTH 1i 3HAYCHHS B PillICHHS
piBasHHA (16) ©e3 mpaBOi YacTHHH SIK TOYATKOBI

YMOBH 3 BBEJCHHSIM HOBOI mepeMiHHOi dacy ti=t-7. B

PE3YNBTaTI OTPUMYEMO 3AIEKHICTh MEPEMIllIeHh MacH
B IpyTiit pa3i KoJIMBaHb:
Y2(t) = =3(0) - Sin(w - t,) + y(©)Cos(w - 1) (19)

To6To piBHstHHES (19) — 1Ie PiBHAHHS BITBHHAX KO-
TMBaHb OAJKH IpH Yaci t>7 3 MOYaTKOBUMHU YMOBAaMHU
v(H)=v(z); y(O)=y(2).

AHaI0oriyHui Maxig 10 BU3HAYEHHS JUHAMIYHUX
nepeMilieHb NPUAMaEThCs 1 Ui TUIMT. Bupinryerses
mudepenuianbHe piBHAHHA (16). [Ipu nbomMy ekBiBaie-
HTHa Maca, IPUBEJIeHa 10 LEHTPY IUTUTH, B BUIMAJIKY
IAPHIPHOTO OOMHpaHHS IO KOHTYPY JOPIBHIOE
Mekv=0.25Mpi, a 17151 KOPCTKOTO 3aIIEMIICHHS 10 KOH-
TYPY Mekv=9-Mpi/64, me Mp — moBHa Maca peajbHOL
Ty [3]. Y3aransHena cuna Q B oMy BUIIAIKy Oyie
Br3Havatucs 3 (15) 3 Tiero pi3HHIE!O, O O BU3HAYA-
€TBCS B 3aJIGKHOCTI BiJf 000X KOOPIMHAT MO TUTONTHHI
wtuth, a cuia F(t)=gkv-a-b, me a,b — posmip mwiomi Ha-
BaHTaXCHHS, SKa MPUXOAUTHCS Ha ofHy cuiy (a=La/n;
b=L2/m, ne n — kinpKicTh AINSHOK, HA SKY po30HUBa-
€TbCS MPONBOT L1, M - KiJBKICTh IUISHOK, HA SIKY PO3-
OuBaeThCS MPONbOT L), a (kv — AMHAMIYHE HABaHTa-
JKeHHsI Ha oAuHHII0 Twionti. KpiM 11boro, »opcTKiCTh
npykuH Ki, 0 iMITYI0Th pOOOTY IPYHTY, IPHIMAETHCSI
SIK CyMa )KOPCTKOCTEIl OKPEMHX CTOBIIIB 3 PO3MipaMH B
mwiaHi axb. Takum urHOM piBHsHHS (16) BUKOPHCTOBY-
€ThbCs K I 0ajloK, Tak 1 IS IUTKT. PI3HUI JHIIE B
BH3Ha4YeHHI KoHCTaHT A, B, H 1 y3aramsaenoi cumm Q.

PozrisiHeMO po3paxyHOK 3a po3poOIICHO METO-
JUKOI0 Oayku mupruHOo 1 M i ToBImmHOO 0.4 M 3 mMpo-
JH0TOM 6 M (YMOBHO IIe CMyTa NEPEeKPUTTS MHUPUHOIO
1 M). Moayne nedopmariii Ect=25000 MIla. Bemu-
YuHa Ha/UIIKOBOTO TUCKY Pso=270 Klla, yac mo3utu-
BHOT asu Tucky BHOyxoBOi xBmii T=14.8 Mc [1, 6].
Bucora mapy rpyHTy npuiiHsrta pisHoto 1 M. bynemo
BapilOBaTH MPOJILOT OAJKH 1 MOIYJb Aedopmarlii rpy-
HTY (KOPCTKICTh YMOBHHUX TIPYKHH K1).

B Tabnmmi | mpencraBieHi pe3yiabTaTH po3paxy-
HKY 32 PO3pOOJICHOI0 METOIUKOO IJIS JIHIHHOTO PO3-
MTOJIUTY THCKY BHOYXOBOT XBIIII 32 BUpa3oM (1).



Sciences of Europe # 153, (2024)

126

Tabmmms 1.
Pe3ynbTat po3paxyHKY IPH BapitOBaHHI Pi3HUX MapaMeTpiB.
BapianT Ne TIponwor L Monynb ne- | Koedimient quHamigaocTi Ky Binno- Makcu-ma-
(M) (dopma-1Iiit Juts (ha3u KOJIMBaHb IICHHS JBHE TIepeMi-
IPYHTY epuioi Hpyroi ILEHHS IPY-
Eg kai ka2 /T HTY
(MIla) t<=t t>1 (Mm)
1 2 3 4 5 6 7
1 3 0 2 2 2.58 0
2 3 21 0.668 0.668 2.58 4.1
3 3 15 0.527 0.527 2.58 5.8
4 3 10 0.385 0.385 2.58 8.7
5 3 7 0.286 0.286 2.58 12.4
6 3 2 0.091 0.091 2.58 43.5
7 6 0 0.256 0.852 0.46 0
8 6 21 0.241 0.802 0.46 2.07
9 6 15 0.235 0.783 0.46 2.9
10 6 10 0.226 0.753 0.46 43
11 6 7 0.215 0.717 0.46 6.2
12 6 2 0.154 0.514 0.46 21.7
13 9 0 0.051 0.467 0.166 0
14 9 21 0.051 0.463 0.166 1.38
15 9 15 0.051 0.461 0.166 1.93
16 9 10 0.05 0.458 0.166 2.9
17 9 7 0.05 0.455 0.166 4.14
18 9 2 0.047 0.429 0.166 14.5

B Tabnuui po3risiHyTI ABI (ha3u KOJIMBaHb: epIia
(daza (mpu t<=7) KOJU TUCK BUOYXOBOI XBWJI IIC Ji€;
npyra ¢asa (npu t>7) — das3a BiIbHUX KOIHBaHb. 3Ha-
4yeHHs Koe(illieHTiB quHaMidHOCTI B mepiiiid dasi Ka
(rpacda 4) Ta mpyriit dasi ka2 (rpada 5) Bu3HaUAIOTECS
SK BITHOIICHHS MAaKCUMAJIFHOTO THHAMIYHOTO TIepeMi-
IIEHHS MacH M 110 11 MaKCHMaJIbHOTO TIepeMIIIeHHS 3a
Il CTaTUYHOTO HaBaHTakeHHs. KpiM Toro B Tabmumi 1
HaBeJIeHI 3HAYCHHS BiTHOIICHHS Yacy Jii BHOYXOBOT
XBUIIl T 10 TIepiony KonuBaHb Oanku T (Tpada 6), a Ta-
KOK MaKCHMAaJIbHE IepeMillieHHs npyxuH (rpada 7).
3HadyeHHsT MOy IedopMalliid IPYHTY, IO JOPIBHIOE
HECKIHUEHHOCTI, B Ta0uIl 1 03Havae, 1o cucreMa po-
3paxoBY€EThCs 0€3 BpaxyBaHHsI MOCIA0JII00YO0T il IIpy-
»xwuH. Lle 3po0JieHo [u1s opiBHSHHS 3HaYeHb Koedirie-
HTIB AMHAMIYHOCTI 3 BpaXyBaHHIM ITOCIA0IIOI0YOT Iil
NpYyXdUH 1 0e3 Takoro BpaxyBaHHA. 3HaYeHHA Egr=2
MIla npuiHATI yMOBHO, KOJIU 3aMiCTh IPYHTY PO3TIIsi-
JAETHCS IMIAP MHOTONICTUPOIY 3 BIATIOBIAHAM MOIY-
neM nedopmartii.

3 HaBeneHOI Ta0umIi 1 MOKHA OaYUTH, IO Bpaxy-
BaHHsI pOOOTHU I'PYHTY HaJl OAlIKOIO CYTTEBO BILUIUBAE HA
3MEHIICHHS KoedimienTa nuHamivHocTi. [Ipu domy 1e
3aIeKUTh Bij BimHomeHHs T/ T. [Ipu Maaux BiXHOILICH-
HiX T/T BIUIMB TPYHTY MiHIMadbHHN. 301TBIIEHHS
[LOTO BIMHOIIEHHS TPHU3BOAUTH 1O 30iTBIICHHS
BIUIMBY TPYHTY Ha KoedimieHT nuHamigHOCcTi. Kpim
TOTO, 3 TAOJIHIII MOXKHA OAYHTH, IO TIPU MAJTUX 3HAYCH-
HSX [BOTO BIJHOMICHHA KOEQII[iEHT TMHAMIYHOCTI B
npyriit dasi Kaz 3Ha4HO Oisblue, HiXK KoeilieHT TiuHa-
MmiuHocTi B mepwiid ¢asi Kai. Leit pakr ciin BpaxoBy-
BaTH IIPH PeaJbHOMY IPOCKTYBaHHI i MaTH HA yBa3i He
BEJIMUMHY POJIBOTY SIK TOKa3aHo B [1], a came BigHO-
treHHs T/ T, sIke B CBOIO Yepry 3aJIeKUTh, B TOMY YHCII,
1 Bi IPOJTIBOTY.

Ha Bennunny xoedinieHTa JUHAMIYHOCTI BIUTUBAE

i opcTKicTh Gaynku. Ii 3MEHIEHHS NPU3BOAUTH JIO
3MEHIIECHHS KoedillieHTa AMHAMIYHOCTI. A KOPCTKICTh
3MEHIIYETHCS TPH YTBOpPeHHI TpimuH. Kpim Toro, 36i-
JBIICHHS MacH 0aiku (30UTBIICHHS IIapy IPYHTY HaJ
HEI0) TAKOX IPU3BOAUTH IO 3MEHIICHHS KoedilieHTa
JUHAMIYHOCTI (TI00IYHO IIe BIUTMBAE HAa BEJIMYHUHY ITe-
piony xommBanb). Lli daktu Oymm posrmsayTi B [1] i
TOMY TYT HE aHATI3YIOTBCS.

Busenene nudepenmiansae piBHsIHHES (16) 103BO-
JsI€ PO3paxoByBAaTH OAJNKy SIK 3 BpaXyBaHHSAM IPYHTY
HaJ| Heto, Tak 1 6e3 BpaxyBanHs. KpiM Toro, npasa uac-
THHA I[bOT0 PIBHSIHHS MOXE MaTH Oy1b SIKHI 1HIIIH BH-
risin. [pu oMy 3miHroeThest umre (ynkmis f(t) B
npaBiif yacThHI 1 BUpILIyeThCs Au(epeHiialibHe piB-
HSHHS. Bi 11bOr0 3MIHUTBCS HE caMe PIBHSIHHS, a HOTo
pilIeHHs.

[Micns Bu3HaueHHA Koe(ili€HTIB AMHAMIYHOCTI
ka1 Ta Kd2 cimigg B3ATH MakcuMalibHE 3HAYEHHS 3 [HX
JIBOX BEJIMYHH 1 TOTIM BU3HAYHUTH CKBiBaJICHTHE CTaTH-
YHE HaBaHTAXEHHS Cekv, K€ JOPIBHIOE IMHAMIYHOMY
HaBaHTaXeHHs ((t), MTOMHOXXEHOMY Ha BEIUYMHY KOE-
¢imienta guHamivHoCTi. TTicas 1bOTO, SIK MOKa3aHO B
[1], MoxHa migOupaTH apMyBaHHS OalKH, pO3PaXxOBY-
oud 11 Ha yMOBHE CTaTUYHE HABAaHTAXKEHHS, SK LE
MPUIHSITE B HOPMATHBHOMY JTOKYMeEHTi [8].

Hampukinii BiAMITHMO, IO PO3TIIIHYTa METO-
JIMKa MOJKe OyTH 3aCTOCOBaHa JJIsl BpaXyBaHHs HEraTH-
BHOI (pasu Trcky BuOyxoBoi xBmii. HerarusHa dasa nii
BHOYXOBOI XBWIII MOKE HAKJIAAATUCh HA MEPEMIIICHHS
0aJKM TP KOJMBAHHSIX B HETaTHBHY CTOPOHY (BBEPX).
HaxnamaHHs 4u raciHHs IUX KOJIMBAaHb Oy/Ie 3aJIe)KaTh
BiJl TOTO, CITIBIIA/Ia€ HEraTUBHA (ha3a KOJIHMBAaHb OAIIKH 3
HeraTHBHOIO (ha3010 TUCKY BUOYX0BOi XBWI uH Hi. [leit
(daxT MOXHa BpaxyBaTH pimeHHSIM piBHSIHHA (16)
npuiHsIBIIM OBHY QyHKIi0 F(t) npu t>7 1o 3HaveHHs
t=r+7', ne 1' -uac xii meratusHOi azu BuOYxXy. Ane



127

Sciences of Europe # 153, (2024)

TIPH IIbOMY CJTiJT 3aCTOCYBATH BXKE TIOBHY KPHUBOIHIHHY
GdyHKIiO Iii BHOYXOBOI XBIIi, HapuKiIaz 3a [5].

BucHoBku. BpaxyBaHHs mapy rpyHTy, 110 po3Ta-
mIoBaHWi Ha Oammi (TUIHTI), TO3BOJSE CYTTEBO 3MEH-
HIMTH KoedilieHT nuHaMivHoCTi. 1e 3MeHIenHs 3ae-
JKUTPH BiJl BIJIHONICHHS OPCTKOCTI IPYHTY JIO KOPCT-
KOCTI OaJIKH, BITHOIIEHHS Yacy il BUOYXOBOi XBUIII 110
nepioay KoJIMBaHb OaJKH, BiJl MaCH OaJKH i IPYHTY HaJ
HEI0, a TAKOXK BiJl YKOPCTKOCTI OaJIKH, SIKa 3MEHIITYETHCS
IpY YTBOPEHHI TpiuH. B crarTi po3pobiieHa iHxeHe-
PHA METOAMKA PO3PAXYHKY OAJIKH, HAJI IKOKO PO3TALIO-
BaHUH mmap IpyHTy. BuBeneno mudepeHuianbae pis-
HSHHS 3 3aCTOCYBaHHSM piBHSAHB Jlarpamxa Apyroro
pony, SKe HO3BOJISIE BU3HAUUTH KOEQIIlieHT AMHAMIY-
HOCTi B 000X (azax medopmyBaHHs Oanku (TIpH Aii BH-
OyxoBOi XBUIJIi 1 TpH BUTHPHUX KoMnBaHHX). [Tokaszano,
mo Koe(ilieHT AuHaMiYHOCTI B Apyruid dasi moxe
OyTH CyTTEBO OUMBINMM HIXK B mepiiii ¢asi. e 3ae-
JKUTh BiJl BITHOIICHHS Yacy il THCKY Bifl BUOYXOBOI
XBHIII IO TIEPioly KOJIMBaHb OaJIKH.

Ha ocHOBI po3paxyHKy 3a 3aIllpOIIOHOBaHOIO Me-
TOAMKOIO HAaBEJICHI JaHi, e MOKa3aHUH BIUTUB JKOPCT-
KOCTi IPYHTY, BiIHOIICHHS Yacy Jii XBWII 0 Mepioxy
KOJINBaHb Ha BEIMYMHH KOe(illi€HTIB JMHAMIYHOCTI B
nepImiii ga apyriit dazax. [linbopom mapameTpis Bepx-
HBOTO IIapy, TAKKX, K Maca, MOIYJIb IPYXHOCTI, BH-
COTa, MOXHA JOMOITHUCS MaKCHMaJbHOTO 3MCHIIICHHS
koe(ilieHTa TMHaMIYHOCTI. UNM MeHIe MOAyIb Ipy-
JKHOCTI IIapy HaJ| OaIKOr0, THM MCHIIEC KOCQIIieHT A1-
HamivyHOCTi. Lle 03BoIsie 3acTOCOBYBATH TaKi MaTepi-
ay, SIK MHOMOJIICTHPOJ Ta iHIII B MOEIHAHHI 3 IPYH-
ToM. BapiloBaHHAM BKa3aHHMX NapaMeTpiB 3aBXKIU
MOXHA JOMOTI'THCS CYTTEBOTO 3MEHIIICHHS KOe(illieHTy
JMHAMIYHOCTI, 1[0 JO3BOJUTE B CBOIO YePry 3MEHIIHTH
BUTpPATH MaTepiajliB i Yacy Ha BUTOTOBJICHHS 3aXUCHUX
CIIOPYI.
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ABSTRACT

Port cargo handling operations are of critical importance to the global supply chain, facilitating the movement
of goods between maritime and land transportation modes. This research paper examines the aforementioned op-
erations, with a particular focus on their classification, management, and impact on transportation networks. The
examination encompasses a variety of cargo types, the technologies utilized, the processes involved, and the role
of land transportation in supporting port operations. The implementation of effective management strategies and
the integration of advanced technologies, such as automation and Al, have the potential to enhance operational
efficiency and reduce the occurrence of errors. Furthermore, the implementation of sustainable practices serves to
reduce the carbon footprint associated with logistics operations. The study concludes that optimization of port
operations and their connection with land transport is essential for the improvement of efficiency and sustainability

in the global supply chain.

Keywords: port cargo handling operations, global supply chain, maritime transport, land transport, opera-
tional efficiency, environmental sustainability, automated systems.

1. Introduction

The operations conducted at ports for the handling
of cargo play a pivotal role in the field of global logis-
tics, facilitating the transfer of goods between the mar-
itime and land transportation systems. The effective
management of port cargo handling operations is of
paramount importance for the seamless operation of the
global supply chain and the economic development of
nations.

Prior research has focused on specific aspects of
port cargo handling operations, including technologies,
environmental impacts, and risk management. How-
ever, an integrated examination of these elements is
currently lacking. A comprehensive investigation is
necessary to evaluate port cargo handling operations
with regard to their categorization, management, and
impact on the broader transportation system.

The objective of this research is to conduct a com-
prehensive and detailed analysis of the various pro-
cesses involved in the handling of cargo at ports. In par-
ticular, the study will focus on the categorization, man-
agement, and impact of these activities on the broader
transportation system. The paper posits that the effec-
tive categorization, administration, and optimization of
port cargo handling activities can enhance efficiency
and sustainability in the international supply chain,
thereby facilitating economic development and im-
proving environmental outcomes.

2. Classification and management of port cargo
handling operations: a comprehensive analysis

Port cargo handling activities are of critical im-
portance to global logistics and supply chain manage-
ment, as they facilitate the transfer of goods between
maritime and land transportation modes through a
range of actions. These operations can be classified
from a variety of perspectives, including the types of
cargo processed, the technologies employed, and the
operational procedures involved. This synthesis will
provide a comprehensive examination of these classifi-
cations, with references to a variety of scholarly sources
to substantiate each assertion.

The initial categorization of cargo handling activ-
ities is based on the type of goods being processed. In
general, ports engage with a multitude of cargo catego-
ries, including containerized cargo, bulk cargo (liquid
and dry), breakbulk cargo, and roll-on/roll-off (RoRo)
cargo. Among these, containerized cargo[1] is the most
prevalent in contemporary ports, as it enables efficient
handling and transportation due to the standardized di-
mensions of containers. Bulk cargo, which encom-
passes materials such as coal, grain, and oil, requires
the use of specialized handling machinery and storage
facilities in order to address the unique characteristics
of these items[2][3]. Breakbulk cargo is defined as a
collection of discrete items that require individual han-
dling and loading/unloading procedures. These proce-
dures necessitate the use of specialized equipment and
techniques, as the cargo is not suitable for bulk han-
dling[4]. Roll-on roll-off (RoRo) operations are defined
as the loading and unloading of vehicles onto and from
vessels, respectively. This in turn requires the imple-
mentation of specific terminal layouts and operational
procedures[4].

In addition to the classification of cargo, port op-
erations can be further distinguished by the technolog-
ical systems employed in the management of cargo.
The advent of digital technologies[5] has significantly
impacted the operational landscape of ports, enabling
more efficient management of cargo movements. As an
illustration, the integration of automated systems and
artificial intelligence in the domain of cargo handling
has yielded positive outcomes, including enhanced op-
erational efficiency, a reduction in human error, and an
improvement in service quality[6][7]. The implementa-
tion of digital infrastructure facilitates the real-time
monitoring of cargo and vehicles, thereby enhancing
the communication of information among the various
parties engaged in the logistics network[8]. Further-
more, the utilisation of sophisticated data analysis and
machine learning techniques facilitates the forecasting
of cargo handling durations, which has the potential to
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significantly enhance turnaround times and alleviate
congestion at ports[9][10].

The processes involved in cargo handling can be
classified into several essential activities, including
loading and unloading, storage, and transportation. The
operations of loading and unloading are of paramount
importance, as they directly influence the efficiency of
port activities. The operational time of cargo handling
equipment, including cranes and forklifts, is a crucial
factor in evaluating the overall efficacy of these opera-
tions[11][12]. The effective management[13] of these
processes requires meticulous planning and collabora-
tion in order to reduce delays and enhance the utilisa-
tion of resources[14]. The management of storage op-
erations entails the organization of the short-term reten-
tion of goods at the port, with the objective of
facilitating rapid retrieval and minimizing dwell
times[15]. The movement of goods to and from storage
zones within the port is of paramount importance for
maintaining  operational  continuity and  effi-
ciency[15][16].

Furthermore, the environmental impact of cargo
handling operations has emerged as a pivotal consider-
ation in port administration. Ports are a significant
source of emissions due to the heavy equipment and ve-
hicles utilized in cargo handling operations, in addition
to the ships themselves. It has been demonstrated that
improvements to cargo handling procedures can lead to
a reduction in emissions and an enhancement of air
quality in port areas[17][18]. The implementation of
sustainable practices[19][20], including the utilisation
of low-emission handling equipment and the incorpo-
ration of energy-efficient technologies, is imperative
for the reduction of the environmental impact of port
operations[21][22]. Furthermore, the formation of col-
laborative relationships between public and private en-
tities (PPPs) has been identified as a viable strategy for
enhancing cargo handling efficiency while concur-
rently addressing environmental concerns[23].

The classification of cargo handling operations
within port facilities also includes the oversight of po-
tential hazards associated with the transportation of
hazardous materials. Ports engaged in the handling of
chemicals and other hazardous materials are obliged to
implement rigorous safety protocols with the objective
of minimizing risks to public health and the environ-
ment[24]. The implementation of risk assessment
frameworks is of paramount importance in the identifi-
cation of potential hazards and the formulation of ef-
fective strategies for their management[24]. This en-
tails the dissemination of knowledge to port employees
regarding the secure handling of hazardous materials,
as well as the assurance of their compliance with inter-
national standards such as “the International Maritime
Dangerous Goods (IMDG) Code”[25].

As the research paper progresses to the subsequent
section, it is essential to recognize the intricate inter-
connection between port cargo handling operations and
the broader transportation network. The efficacy and
productivity of port operations are inextricably linked
to the functionality and operation of land transportation
systems. This interconnection highlights the necessity
for a comprehensive approach to port logistics that ex-

tends beyond the boundaries of the port itself. The fol-
lowing section will examine the various ways in which
land transport infrastructure and operations enhance the
overall effectiveness of marine ports. It will analyze the
synergies and challenges that occur at this essential
junction of global supply chains.

3. The role of land transport in supporting ma-
rine port operations: a multifaceted analysis

Land transportation is a crucial component of ma-
rine port operations, facilitating activities through a
multitude of interconnected elements. These include in-
frastructure development, intermodal connectivity,
economic efficiency[26], environmental sustainability,
and regional development. Each of these elements is of
vital importance in enhancing the efficacy of port oper-
ations and optimizing the efficiency of the supply
chain.

Infrastructure Development

The development of robust land transportation in-
frastructure is of paramount importance for the optimal
functioning of marine ports. The effective functioning
of ports is contingent upon the availability of well-
maintained roads and railways, which facilitate the un-
interrupted transfer of goods between maritime and in-
land transportation systems. Liu et al. indicate that the
objective of constructing international land-sea
transport corridors is to enhance the efficiency of trans-
portation and reduce the costs associated with logistics,
which, in turn, stimulates international trade and re-
gional economic collaboration[27]. This infrastructure
facilitates the expeditious and secure transportation of
goods from seaports to inland regions via diverse
modes of conveyance, including railways and
roads[27]. Furthermore, as Derpich et al. have high-
lighted, the integration of diverse modes of transporta-
tion is vital for optimizing operational efficiency while
minimizing costs and emissions[28].

The significance of infrastructure is further under-
scored by the findings of Hossain et al., which demon-
strate that the efficacy of inland waterway ports is
closely linked to the efficiency of land transportation
networks[29]. The establishment of inland terminals
has the potential to alleviate congestion at seaports and
enhance connectivity with surrounding regions, thereby
attracting greater cargo volumes and enhancing the
overall competitiveness of ports[30]. Moreover, as un-
derscored by Cao and Shahraki, the configuration of
transportation infrastructure networks is of paramount
importance for sustainable development. This enables
ports to manage the growing volume of cargo in an ef-
fective manner while simultaneously reducing their en-
vironmental impact[31].

Intermodal Connectivity

The intermodal connectivity of land transportation
plays a pivotal role in the enhancement of marine port
activities. The seamless integration of disparate trans-
portation modalities—including road, rail, and inland
waterways—facilitates the expeditious transfer of
cargo from maritime ports to inland destinations. As
noted by Hanaoka and Regmi, the establishment of dry
ports provides a vital support system for intermodal
transportation, acting as central points for multimodal
logistics operations[32]. This enhances operational ef-
ficiency and reduces transportation expenses[32]. This
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is especially relevant in regions where direct access to
seaports is restricted, as inland ports can serve as cru-
cial links in the supply chain, improving accessibility
and connectivity[33].

Furthermore, the interaction model of maritime
and land transportation, as proposed by Baginova et al.,
underscores the paramount importance of synchronized
operations between marine and land transport provid-
ers, particularly in the context of the transportation of
perishable items[34]. This collaboration is of para-
mount importance for the maintenance of the reliability
of the supply chain and the facilitation of prompt deliv-
eries. In addition, Kotowska et al. emphasize the signif-
icance of inland shipping as a sustainable alternative to
road transportation, advocating a transition to alterna-
tive modes of freight transportation to mitigate the en-
vironmental impact of current practices[35]. This alter-
ation serves not only to facilitate the attainment of sus-
tainability objectives but also to enhance the
comprehensive efficacy of the transportation system.

Economic Efficiency

The operational efficiency of ports is significantly
influenced by the functionality of the land transport
systems in place. As posited by Park et al., maritime
transport plays a pivotal role in the handling of high-
volume inter-regional cargo. Its efficacy is inextricably
linked to the efficiency of land transport[36]. The ex-
tant evidence suggests that improvements in transpor-
tation efficiency can engender substantial economic
growth, particularly in regions that are well-connected
to maritime trade routes [36]. The existence of effective
land transportation networks has a significant impact
on total logistics expenses, which is a crucial factor in
maintaining competitiveness in the international mar-
ketplace.

Furthermore, Yang et al. posit that the efficacy of
port operations is inextricably linked to the caliber of
land transportation services[37]. The effective manage-
ment of cargo and the reduction of vessel stay periods
are of critical importance for the optimization of
throughput and the mitigation of delays. As Gonzalez-
Cancelas et al. have demonstrated, the integration of
advanced technologies and digital solutions in land
transportation can significantly enhance operational ef-
ficiency by streamlining procedures and fostering col-
laboration across different transport modes[38]. The in-
tegration of this technology is crucial for addressing the
evolving demands of international trade and sustaining
the competitiveness of ports.

Environmental Sustainability

The impact of transportation systems on the envi-
ronment is becoming an increasingly pivotal consider-
ation in port operations. The transition to greener
transport options, such as rail and inland shipping, is of
paramount importance for the reduction of carbon
emissions associated with logistics activities. Ko-
towska et al. emphasize the necessity of promoting en-
vironmentally friendly transportation alternatives to
mitigate the detrimental effects of road transportation
on the natural environment[35]. The establishment of
dry ports and the adoption of multimodal transportation
methods have the potential to significantly reduce road
traffic and greenhouse gas emissions, thereby fostering
a more sustainable transportation network[39].

Furthermore, the study conducted by Laittila et al.
underscores the advantageous effects of employing dry
ports on transportation costs and CO: emissions[40].
This indicates that enhancing hinterland operations can
facilitate the adoption of more environmentally con-
scious logistics practices[40]. The incorporation of sus-
tainability metrics into the planning and operations of
ports is a crucial step in ensuring that environmental
considerations are given due priority alongside eco-
nomic objectives. This strategy is consistent with the
broader objectives of sustainable development and rep-
resents a growing recognition of the imperative for en-
vironmentally conscious transportation solutions.

Regional Development

Land transportation is of paramount importance to
regional growth, as it facilitates enhanced accessibility
to ports and fosters trade. The establishment of efficient
transport networks has the potential to invigorate local
economies by attracting businesses and generating em-
ployment opportunities. As observed by Seo and Park,
the existence of ports fosters regional employment by
offering a range of job opportunities related to terminal
operations, shipping, logistics, and transportation ser-
vices[41]. The creation of jobs has a cascading effect
on the surrounding economy, facilitating comprehen-
sive economic growth and development.

Furthermore, the importance of inland ports as re-
gional distribution centers, as emphasized by Zhuang et
al., underscores their pivotal function in enhancing ac-
cessibility and strengthening the competitiveness of
ports[33]. The establishment of effective links between
seaports and inland regions has the potential to foster
local economic growth and enhance the expansion of
regional trade networks. As emphasized by llona and
Urbanyi-Popiolek, the strategic enhancement of trans-
portation infrastructure is of paramount importance for
enabling ports to efficiently support their hinterlands
and facilitate regional economic integration[42].

The comprehensive analysis demonstrates that
land transportation plays a multifaceted and indispen-
sable role in supporting marine port operations. The in-
tricate interdependence between infrastructure expan-
sion, intermodal connectivity, economic viability, envi-
ronmental stewardship, and regional growth
underscores the complexity and paramount importance
of this relationship. As the author prepares to conclude
this study, it is essential to integrate these insights and
reflect on their broader implications for the future of
international trade, sustainable practices, and the evolv-
ing dynamics of transportation logistics. The subse-
quent section will present the principal findings derived
from this analysis and investigate potential avenues for
future research and policy recommendations in this cru-
cial field of study.

4. Conclusion

The comprehensive analysis presented in this re-
search paper highlights the pivotal role of port cargo
handling operations within the global supply chain and
their intricate interconnections with land transportation
systems. The investigation has explored the various di-
mensions of port operations, including their classifica-
tion, management, and impact on the broader transpor-
tation network.
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The findings suggest that the effective classifica-
tion and management of port cargo handling activities
are vital for enhancing efficiency and sustainability in
the global supply chain. The study has revealed that
ports manage a variety of cargo types, each of which
requires distinct equipment and operational procedures.
The integration of advanced technologies, including
automated systems and artificial intelligence, has sig-
nificantly impacted the operational landscape of ports,
leading to enhanced efficiency, reduced human error,
and an improved quality of service.

Furthermore, the research highlights the critical
role of land transportation in supporting marine port op-
erations. The establishment of robust infrastructure, in-
termodal linkages, and efficacious transport networks
is indispensable for the optimal functioning of ports.
The study highlights the importance of seamless coor-
dination between diverse transportation modes, includ-
ing road, rail, and inland waterways, in facilitating ef-
ficient cargo movement and reducing overall logistics
costs.

The document underscores the significance of en-
vironmental sustainability in port operations and asso-
ciated land transportation systems. The transition to
more sustainable transport methods and the adoption of
eco-friendly practices are of paramount importance for
the reduction of the carbon footprint of logistics activi-
ties and the alleviation of the negative impacts on the
environment.

In conclusion, the findings of this study demon-
strate that the effective classification, management, and
optimization of port cargo handling activities, in con-
junction with efficient land transportation systems, can
significantly enhance the efficiency and sustainability
of global supply chains. The results substantiate the in-
itial hypothesis and provide valuable insights for poli-
cymakers, port officials, and logistics experts. It is rec-
ommended that future studies pursue the development
of innovative solutions that will further enhance the in-
tegration of port activities with land transport systems,
improve environmental sustainability, and adapt to the
evolving requirements of international trade.
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ABSTRACT

The employment of Unmanned Aerial Vehicles (UAVS) has demonstrated considerable promise for enhanc-
ing surveillance, safety, and communication in the context of maritime operations. However, the integration of
these systems requires a comprehensive understanding of the associated hazards. This paper examines the risks
associated with UAVs, categorizing them into the following domains: operational hazards (e.g., mid-air collisions
and battery limitations), environmental challenges (e.g., weather and wildlife interactions), technical failures (e.g.,
software and hardware issues), security threats (e.g., misuse and cyberattacks), and regulatory compliance. The
principal findings underscore the necessity for the implementation of robust risk management strategies that are
specifically tailored to the context of maritime UAVs operations. In order to ensure the safe integration of UAVs
in maritime environment, it is essential to implement collision avoidance systems, enhance UAV design for mar-
itime conditions, establish rigorous testing procedures, strengthen cybersecurity, and create standardized regula-
tions. Adherence to these measures will facilitate the enhancement of the efficiency and security of UAV opera-

tions within the maritime industry.

Keywords: Unmanned Aerial Vehicles (UAVs), Maritime operations, Hazard classification, Risk assess-
ment, Environmental hazards, Technical failures, Security threats, Regulatory compliance.

1. Introduction

The deployment of Unmanned Aerial Vehicles
(UAVs - also called drones) in maritime and port oper-
ations has emerged as a topic of significant interest in
recent years. The capacity of these devices to enhance
surveillance, optimize operational efficiency, and facil-
itate search and rescue operations has led to a notable
increase in their utilization.

The successful integration of UAVs into maritime
operations is contingent upon a comprehensive under-
standing of the hazards associated with their deploy-
ment in marine environment. Such knowledge enables
us to navigate potential challenges and guarantee the
safety and efficacy of operations.

While previous research has explored the benefits
of drones in maritime and port operations, there is a
paucity of comprehensive analysis on the hazards and
potential risks associated with their deployment in ma-
rine environment. This paper addresses the existing
knowledge gap by providing a comprehensive analysis
of the hazard classification and potential risks associ-
ated with the operation of UAVs in maritime environ-
ment.

The rationale behind this research is to contribute
to the development of robust risk management strate-
gies for the successful integration of drones into mari-
time operations. The research question posed by the pa-
per, "What are the hazards and potential risks associ-
ated with the deployment of UAVs in marine
environments, and how can they be managed to ensure
safe and effective operations?" is of significant interest
to the maritime community and forms the core of this
exploration.

The objective of this paper is to conduct a compre-
hensive analysis of the hazard categorization and po-
tential risks associated with drone activities in maritime
environment. It is proposed that the effective incorpo-
ration of UAVs into maritime operations requires a

comprehensive understanding of the hazards and poten-
tial risks associated with their use in marine environ-
ment, in order to ensure the safety and efficiency of op-
erations.

2. Unmanned Aerial Vehicles in maritime oper-
ations: enhancing surveillance, safety, and commu-
nication

The deployment of UAVs in maritime and port op-
erations has become a crucial aspect of modern mari-
time management[1][2][3][4][5]. The use of UAVs has
the potential to enhance surveillance, optimize opera-
tional efficiency, and facilitate search and rescue oper-
ations. Drones provide a versatile platform for monitor-
ing expansive maritime regions, which is crucial for en-
suring maritime security and safety.

One of the principal advantages of employing
UAVs in maritime operations is their capacity to survey
expansive areas. They are capable of surveying vast re-
gions more effectively than conventional manned air-
craft, thereby facilitating the efficient surveillance of
maritime boundaries and the identification of illicit ac-
tivities such as smuggling and unauthorized fishing[6].
The deployment of sophisticated sensors, including
multispectral and thermal imaging, enhances the ability
to monitor marine life and marine debris, thereby facil-
itating environmental conservation initiatives[7][8].
Furthermore, drones can be employed for the purposes
of live mapping and data collection, which are of para-
mount importance for the maintenance of maritime se-
curity[9].

In search and rescue operations, drones are indis-
pensable because of their capacity to provide rapid aer-
ial surveillance and assistance in locating individuals in
distress at sea. The integration of deep learning algo-
rithms for target identification on drones significantly
improves the efficacy of these operations, facilitating
rapid detection of objects such as individuals in the wa-
ter or navigational hazards in maritime environ-
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ment[10][11]. The capacity to rapidly disseminate in-
formation to command centers enhances the efficacy of
decision-making during crises, which in turn increases
the probability of successful rescue operations[12].

Furthermore, drones are instrumental in enhancing
communication networks within maritime environ-
ment. They can serve as airborne communication hubs,
providing coverage in areas where conventional terres-
trial networks are inadequate. This functionality is of
particular importance for enabling the operation of In-
ternet of Things (IoT) applications in intelligent ports
and self-navigating systems[13][14]. The integration of
UAVs with hybrid satellite-terrestrial networks enables
maritime operations to achieve reliable and low-latency
communication, which is vital for the coordination of
activities among vessels, buoys, and diverse maritime
assets[15].

The versatility and economic efficiency of drones
are significant factors contributing to their increasing
use in maritime and port activities[16]. The rapid and
cost-effective deployment of UAVs in comparison to
piloted aircraft makes them a compelling choice for a
range of applications, including environmental moni-
toring, infrastructure assessment, and border surveil-
lance[17]. Furthermore, the capacity of UAVs to func-
tion independently reduces the risk to human operators,
particularly in high-risk environments[17].

The deployment of UAVs in maritime and port op-
erations is of paramount importance for enhancing sur-
veillance, augmenting search and rescue efficacy, and
facilitating efficient communication. The adaptability
of drones, coupled with cutting-edge sensor technolo-
gies and autonomous functionality, renders them indis-
pensable instruments in contemporary maritime man-
agement.

As the maritime industry increasingly adopts
UAVs due to their various benefits, it is crucial to un-
derstand the potential risks and challenges linked with
their use in marine environment[18][19]. The following
section will examine the classification and assessment
of hazards associated with the operation of drones in
maritime contexts. It will provide a comprehensive re-
view of the safety factors and potential risks that must
be considered to ensure the successful and safe integra-
tion of these unmanned systems into maritime activi-
ties[19][18].

3. Hazard classification and analysis of UAVs
Operations in maritime environment

The deployment of UAVSs in the maritime domain
and at ports entails a multitude of potential risks that
must be identified and understood to guarantee their
safe and effective utilisation. The aforementioned risks
can be classified into several principal categories, in-
cluding operational risks, environmental risks, tech-
nical malfunctions, security issues, and problems with
regulatory compliance. Each of these categories com-
prises a distinct set of potential threats that could impact
the safety and efficiency of UAV operations in mari-
time settings.

Operational Hazards

The operational risks associated with UAVs are
primarily attributable to the complexities inherent in
their operations in congested maritime environments.
The presence of other aircraft, waterborne vessels, and

the dynamic nature of port activities can give rise to
collisions in the air and incidents on the ground and wa-
ter. Zhang et al. highlight the significant concern of
midair collisions, particularly as the number of UAVs
in shared airspace increases[20]. This airspace is often
congested with both piloted and unmanned aircraft,
making midair collisions a major safety concern[20].
Additionally, the potential for UAVs to collide with
maritime vessels or infrastructure in ports poses a sig-
nificant risk of adverse consequences, including prop-
erty damage and, in extreme cases, personal injury[21].

Furthermore, the restricted operational duration of
UAVs introduces a considerable operational hazard. As
posited by Battulwar et al., UAVs are constrained by
limited operational periods, which can be further com-
plicated by the necessity for extended flights across ex-
pansive maritime regions[22]. This constraint necessi-
tates the meticulous planning of flight paths to preclude
scenarios in which a UAV could lose power and crash
into populated regions or critical infrastructure[23].

Environmental Hazards

The functionality of drones in marine environment
is contingent upon the prevailing environmental condi-
tions. The stability and maneuverability of UAVS can
be influenced by a number of factors, including wind
velocity, atmospheric conditions, and the condition of
the sea. As an illustration, Ko and Song have demon-
strated that adverse meteorological circumstances can
impede the efficacy of UAVS, thereby elevating the
probability of mishaps[24]. Furthermore, UAVs are
particularly vulnerable to adverse weather conditions,
including strong winds and turbulent weather patterns.
This vulnerability can potentially result in a loss of con-
trol and subsequent accidents[22].

The marine environment presents a unique set of
challenges, including corrosion from saltwater and the
potential for UAVs to collide with birds or other wild-
life[25]. The integration of drones into marine ecosys-
tem necessitates the formulation of robust design prin-
ciples to mitigate potential risks, as underscored by
Zhang et al. in their assessment of UAV safety within
national airspace systems[20].

Technical Failures

Technical malfunctions represent a significant
hazard in drones operations, particularly in complex
maritime environment. Such malfunctions may have a
variety of causes, including software issues, hardware
faults, and communication failures. For example, the
dependability of the UAV propulsion system is of the
utmost importance for the safe operation of the aircraft,
as any malfunction could result in catastrophic conse-
quences[26].

Furthermore, the integration of UAVs into exist-
ing air traffic management systems gives rise to con-
cerns pertaining to system compatibility and data ex-
change[27]. Due to the fact that UAVs are utilized in
environments that may not be optimized for their oper-
ation, the probability of technical malfunctions in-
creases. Consequently, it is imperative to conduct com-
prehensive testing and validation of UAV systems prior
to deployment[28].
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Security Threats

The potential security risks associated with UAVs
operations in maritime environment represent a signif-
icant challenge. The potential for drones to be em-
ployed in illicit activities, including the transportation
of contraband or the monitoring of illicit activities,
poses a significant challenge to maritime security[25].
In their analysis, Jacobsen and Marandi identify and ex-
amine the various security risks associated with UAVs
systems. They underscore the necessity for robust secu-
rity protocols to prevent unauthorized access and ex-
ploitation[29].

Moreover, the potential for cyberattacks targeting
UAVs systems poses a significant risk to their opera-
tional integrity and safety. Rudo and Zeng also note that
UAVs are vulnerable to hacking, which could result in
a loss of control or the alteration of flight trajectories,
thereby creating potential hazards for both the UAV
and other parties within the maritime environment[30].

Regulatory Compliance Issues

It is of paramount importance that regulations are
adhered to in the context of UAVs operations within
ports and maritime settings. It is of the utmost im-
portance to adhere to the local, national, and interna-
tional regulations that govern the use of UAVs in order
to ensure the safety of operations. Jiang et al. emphasize
that adherence to these regulations is essential for miti-
gating the risks associated with UAV operations[31].

Furthermore, the lack of consistent regulations
across different jurisdictions may lead to confusion and
an increased likelihood of non-compliance, potentially
resulting in legal challenges and operational disrup-
tions[25]. The formulation of clear and comprehensive
guidelines and frameworks for UAVs operations in
maritime settings is of paramount importance for en-
hancing safety and operational efficacy[32].

Following an analysis of the dangers and potential
risks associated with the operation of UAVSs in marine
environment, it is essential to consolidate these insights
and reflect on their broader implications. The following
section will conclude this evaluation by summarizing
the principal aspects, examining the significance of
these dangers for the maritime sector, and proposing
measures to mitigate risks and ensure the safe and effi-
cient integration of UAVSs into maritime activities.

4. Conclusion

The integration of UAVs into maritime activities
presents a significant opportunity to enhance surveil-
lance, safety, and communication within the maritime
industry. Nevertheless, this integration gives rise to a
number of challenges and risks that must be meticu-
lously addressed in order to guarantee safe and efficient
operations.

Key points from the article include:

1. Drones provide benefits for extensive surveil-
lance, rescue missions, and improved communication
in maritime settings.

2. The primary risk categories for UAV activities
in maritime environments include operational risks, en-
vironmental risks, technical malfunctions, security vul-
nerabilities, and issues related to regulatory compli-
ance.

3. Operational risks encompass the potential for
collisions in the air, impacts on the ground, and con-
straints related to battery duration.

4. Environmental risks include difficulties arising
from wind, climatic conditions, ocean conditions, and
interactions with wildlife.

5. Technical issues may arise due to a number of
factors, including software errors, hardware malfunc-
tions, and communication failures.

6. Security risks encompass the possible exploita-
tion of UAVs for illegal purposes and their susceptibil-
ity to cyberattacks.

7. Compliance with regulations arises from the ne-
cessity to follow a range of local, national, and interna-
tional rules.

The significance of these findings lies in their ca-
pacity to inform the formulation of comprehensive risk
management strategies for the integration of UAVS in
maritime operations. It is of the utmost importance to
comprehend these risks in order to ensure the safety of
personnel, vessels, and infrastructure, while simultane-
ously capitalising on the advantages offered by UAV
technology.

In order to mitigate risks and enhance safety
and efficiency, the subsequent suggestions are pre-
sented:

1. Create strong risk evaluation procedures that are
specifically designed for maritime UAVSs activities.

2. Develop sophisticated collision avoidance sys-
tems and enhance UAVs flight longevity to mitigate
operational risks.

3. Improve the design of UAVs to endure chal-
lenging maritime conditions and enhance their perfor-
mance during unfavorable weather situations.

4. Implement strict testing and validation proto-
cols for UAVs systems to reduce the likelihood of tech-
nical malfunctions.

5. Enhance the cybersecurity protocols for UAVs
systems to safeguard against unauthorized access and
cyber threats.

6. Establish uniform international guidelines for
the operation of maritime UAVS to guarantee con-
sistent adherence across different jurisdictions.

7. Allocate resources for training initiatives tai-
lored to UAV operators working in maritime settings.

8. Promote teamwork among maritime agencies,
drone manufacturers, and regulatory organizations to
establish optimal practices and safety protocols.

9. Establish systems for real-time oversight and
management of UAVs fleets functioning in maritime
regions.

10. Perform frequent safety evaluations and revise
risk management approaches according to new technol-
ogies and operational insights.

The implementation of the aforementioned sug-
gestions will enable the maritime sector to pursue a
safer and more effective integration of drone technol-
ogy, thereby enhancing the efficiency and security of
maritime operations.
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AHHOTALUSA

B craTbe, BriepBble, paccMaTpUBAETCSA Pa3HOBUIHOCTh CYLIECTBOBAHMS MATEPUU HA IISITH dTanax pa3BUTHUS
MaTE€pUU B BUEC BEUIECTBA, 4 TAKKE 3aBUCUMOCTD €0 TPEXMEPHOTO 00BbEMa OT TEYEHMS BPEMEHH, KOTOPOE B HEM
UMeeT MecTo. BriepBrle TeueHre BpEMEHHN PACCMAaTPUBAETCS, KaK ABM)KEHUE MATEPUU, a pa3MepPbl TPEXMEPHOTO
IMMpOCTpaHCTBA C MOMOLIbIO I[eflCTBI/IH CHJI TPEX CCTCCTBCHHBIX noneﬁ, KOTOpbIC L[eﬁCTBy}OT B TPEX B3aUMHO IICP-
TNMCHAUKYJISIPDHBIX HAIllpaBJICHUMX. Dra cTaTbs UMeeT OOJIBIIOE 3HAYEHUE Ipu NO3HAHUU €CTCCTBEHHOI'O HMHTECJI-
JICKTA.

ABSTRACT

The article, for the first time, examines the variety of existence of matter at five stages of development of
matter in the form of substance, as well as the dependence of its three-dimensional volume on the flow of time
that passes in it. For the first time, the flow of time is considered as the movement of matter, and the dimensions
of three-dimensional space with the help of the action of the forces of three natural fields that act in three mutually

perpendicular directions. This article is of great importance in the cognition of natural intelligence.
KiroueBble cjioBa: TPEXMCPHOC NPOCTPAHCTBO, TCUCHNUC BPEMCHU, MATCPHs, BCHICCTBO, €CTEeCTBEHHBIH HH-

TCIIJICKT.

Keywords: three-dimensional space, flow of time, matter, substance, natural intelligence.

3aKOH TPHUPOJBI CYLIECTBOBAaHUS MaTepUU Ha
3emiie B BHJIE BellecTa [1] ompenenseT Bce ero CBOM-
crBa. MHbIMU ciioBaMu, J1000€ SIBICHHWE B MPUPOJIE
CJIe/lyeT M3 3TOro 3akoHa. M B 3TOM ciiyyae BakHEw-
IIYI0 POJb «UTPAET» MPOCTPAHCTBO W TEUCHHUE Bpe-
MEHH, B KOTOPOM OHO HaxoAuTcs. B coBpeMeHHOH
HayKe MPUHATO CUYUTATh, YTO JFOO0E COCTOSHHUE MaTe-
pUH B BHUJE BEIISCTBA «JIUKTYETCS» CIUHCTBEHHBIM
MPEJCTAaBJICHAEM IIPOCTPAHCTBA M BPEMCHH, IPHUCY-
M 3eMHBIM yCIoBHsiM. OKa3aiock, 9TO 3TO HE TaK.
Pa3nuuHble BelIECTBEHHbIE PA3HOBUIHOCTH MaTepuu
UMEIOT CBOHM, OTJIMYMTENbHBIE APYr OT Jpyra, Hpo-
CTPaHCTBEHHO-BpEeMEeHHbIe peanu3zanuu. B pabore [1],
JIO TAaKOBBIX B 3€MHBIX YCJIIOBHMSX OTHECEHBI, 10 Kpaii-
HEel Mepe, ISTh MIPEICTaBICHUM, KOTOPbIE TO3HAKTCS
CIeyoMMMA (YHIAMEHTATBHBIMU HayKamu: (DU3H-
KO#, xuMueH, OoTaHMKOW, Onoyornei U KuOepHeTH-
Koii. B aToMm cirydae, eme pas moguepKHEM, 4TO Mate-
pUs B KOKIOM TaKOM BEIIECTBECHHOM IPEICTaBICHUN
«OPHEHTHPYETCs» Ha CBOE, U TPEXMEpHOEe MpPOCTPaH-
CTBO, ¥ TCUCHHE BPEMEHU B HEM.

HeonrHakoBOCTh CyILIECTBOBaHHE MaTepud B
BUJIE BellleCTBa Ha 3eMJie Clie/lyeT pacCMaTpHBAaTh Kak
pe3ynbTar ee pazBuTHsi. K camomy mepBoMy u mpo-
CTeiIleMy 3Taly 3TOr0 Pa3BUTHUsI HEOOXOJMMO OTHE-
CTH TO BEUIECTBO, KOTOPOE JIJIsl CBOET'O [TO3HAHHS Tpe-
OyeT Hay4HbIe yCHIIUs, 0ObeauHsIeMble B (hyHIaMEH-
TaJbHYI0 HayKy ¢u3uky. TedeHne BpeMeHH B
BEILIECTBE Ha 3TOM JTale SIBISETCS CJEICTBHEM IIPO-
CTEHIero BUAA IBIXEHUS MaTepHalbHOW CyOcTaH-
IIMH, KOTOpoe oOecreunBaeT MHTErpaluio (Hakoruie-
HHE) OJIMHAKOBBIX CI'YCTKOB MaTe€pHalIbHOH cyOcTaH-
MM B OJHOM M TOM JK€ MECTe IIPOCTpPaHCTBA U
BpeMmeHu. Elie pa3 HarloMHUM, YTO, IIPU 3TOM, IIPUPOIA

co3zaeT mpocreiiue Gpusnueckue (a He OoJiee CIoXK-
Hble XMMHYECKHE) dJIEMEeHThl TaOnuubl MeHzerneesa,
KaXJ(blif U3 KOTOPBIX COCTOUT U3 OJHOPOAHBIX CTyCT-
KOB MaTepHaJIbHOMN CyOCTaHIIH. VIHBIMU CIIOBaMH, JUIS
TaKHUX 3JIEMEHTOB, B MPOLIECCE MHTETPalluy IPUPOIOH
YKa3aHHBIX CT'YCTKOB, HE TpeOyeTcst IPEONONICHNS Ka-
KHX-JTN0O0 PACCTOSTHUI MEXIy CTYCTKaMH, YTO OTpaxa-
eTcsl Ha MX NTPOCTPAHCTBEHHO-BPEMEHHOE TIpeJICTaBIIe-
HHE, T.€. HA X 00beMe, U TE€UYEHHE BPEMEHH B HEM.
Benp 3TH crycTKH HaXomsATCA B TOM MECTE, B KOTOPOM
(dbopmupyercst Oy ayuii 3JIeMEHT U3BECTHON TaOIHIIBL.
To ects, eme pa3 MOJYEPKHEM, YTO TEUEHHE BPEMEHHU
U TIPOCTPAHCTBEHHBIE pa3Mepsl (U3UUECKOTO IJIe-
MeHTa Tabnuisl MeHeneeBa CO34al0TCS MUHUMAIb-
HBIMH TI0 CPaBHEHHIO C OPMaMHU CYIIIECTBOBAHUS Ma-
TEpHUH B MOCIIEIYIOMINX 3TAlax €€ Pa3BUTHSL.

Wtak, Ha caMOM IIepBOM 3Tare pa3BHTHs Mare-
puH, T.e. GU3MIECKOM, IPOCTPAHCTBO BemiecTBa (op-
MHUpYETCS €ro ABHXEHHEM, KOTOpOe Npupoa odecre-
YHMBaeT, B OCHOBHOM, CWJIAM TPaBUTAIL[MOHHOTO IIOJIS
COBOKYITHOCTH CTYCTKOB MaTepHaIbHOW CyOCTAaHIINU.
ITockobKY B 36MHBIX YCIOBHSX HX BETHYMHBI TaKHe
Oonpiine, 4TO, «OOBETUHSACH», OHM HAIPaBICHBI K
LHeHTpY 3eMii, TeM caMbIM, (GOpMHUPYIOT oO0IIee 3eM-
HOE IPUTSDKEHUE. JTa 0COOCHHOCTH HCKITIOYAET B 3€M-
HBIX YCJIOBHSAX MEXIY BEIICCTBEHHBIMH TeIaMH TPaBH-
TAI[MOHHOE TPUTSDKEHHUE, T.e. Ha 3eMJye, B Kiaccude-
CKOM BH/JI€, 3aKOH BCEMUPHOT'O TATOTEHUS HE padoTaerT.
B Toxe Bpems, MEXIy CTyCTKaMU MaTepHaJIbHOU Cy0-
CTaHLUHU MMEET MECTO MarHUTHOTO B3aUMOJEHCTBUE,
CHJIOBBIC JIMHUM KOTOPOTO PACIOJIOKEHBI B PO~
HOH rutockocty [1] Oyymiero TpexMepHOro NpocTpaH-
ctBa. [IOCKONBKY €ro CHJIOBBIE JIMHUH CYIIECTBEHHO
ciabee TPaBUTAIIHOHHBIX CHJI, TO (OPMUPYSI TPODIITE-
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HOE HalpasiIeHHE B OyAyIeM TPEXMEPHOM IPOCTPaH-
CTBe 00I1Iee MarHUTHOE T10JIE 3eMIIH, B OTJIMYHUE OT Ipa-
BUTAI[IOHHOTO, «HE COCPEN0TAYNBACT)» CBOMM OOIINM
3€MHBIM NPUTSDKCHUEM (TIOJIOKUTENBHBIM M OTPHIIA-
TEeJIbHBIM IOJII0OCAaMH Ha Hallleil IlaHeTe) BCe CIyCTKH B
€ro OKpyxeHuH. TakuMm crnocoOOM MarHWUTHBIC B3au-
MOJICUCTBHUSI CT'YCTKOB MaTe€pHAIbHON CyOCTaHLUH, B
OTIIMYHE OT IPaBUTALIMOHHBIX, UMEIOT MECTO Ha 3eMIIe.
To ecTb, B JTaHHOM clly4ae pedb HJET 00 OTCYTCTBUHU
BCEMHPHOI'O0 MarHUTHOTO IPUTSDKEHUs Ha Hallel Iuia-
HETE, AaHAJIOTMYHOTO TIPAaBUTALMOHHOMY, KOTOPOE
3TOMY SIBJIEHUIO € IpaBUTalMen npenstcTByer. Hamom-
HUM, YTO OTHENIBHOTO HMCTOYHHKA IOJIOKUTEIBHOTO,
100 OTPHUIATENFHOTO MAarHUTHOTO TONSA HE CyIe-
CTBYET, T.€., MATHUTHOE IIOJIE BCET/a MPEACTABIEHO B
BUJE IUMONA IBYX B3aHMHO-IPOTHBOIOJOXKHBIX IO-
I10coB. B3aumoaeincTBue 3TUX JUIOJIEH APYT € APYTOM
B 3JIEMEHTE IPUPOIOH NPeyCMOTPEHO HE BO BCEX CITY-
yasx. VIHbIMK clioBamH, Ha TepBoM dtane (¢pusnye-
CKOM) MOTY OBITh CO3/IaHbl €CTECTBEHHBIE YCIIOBHUSI, KO-
Ir7la MEXy OTHOPOIHBIMH JIEMEHTaMH Ha YPOBHE pac-
CMaTPUBAEMOTO IOJISI IPOUCXOAUT B3aUMOACHCTBHE, U
TOTZ1a, «OOBEANHSSICEY), OHH CO3AAI0OT OOIIMH MarHuT-
HBI JUIONIb B BJIEMEHTE, T.€., MATHUTHBIM JJIEMEHT
Tabnuisl Meneneesa.

OpnHako, Ha caMOM MEPBOM 3Tale pa3BUTHS MaTe-
pHUM B BHJIE BEIIECTBA «CBOOOAHOE» MAarHUTHOE B3aH-
MoJIeiicTBHE CTYCTKOB MAaTEpHaNbHOM CyOCTaHIUH
MMEEeT MECTO, TOJIBKO BIOJIb MPOQUIBHON MIOCKOCTH,
T.€., HEPIEHINKYJISIPHO BCEOOLIEMY 3¢ MHOMY TpaBUTa-
IHOHHOMY IpUTsDKeHuto. Kak OyaeT mokasaHo B 1anb-
HEHIINX MCcCIeI0OBaHUAX Halllel cTaThy AJIs obecrede-
HUS TIPOM3BOJIBHOIO B3aUMOJEHCTBUS (IO BCEM
HaIpaBJICHUSIM TPEXMEPHOTO MPOCTPAaHCTBa) HEOOXO-
JIFIMO TIEpEMENICHUE CIYCTKOB MaTepHaIbHON CyOCcTaH-
UM U3 OJHOTO MECTA B PYyroe, 4TO MPUPOJOH Ipeay-
CMOTPEHO YK€ Ha OMOJIOTHYECKOM 3Tarle Pa3sBUTHS Ma-
Tepun. [loka jxe, pocT MaTepHaIbHON CyOCTaHIMM B
BEIIECTBE HA CAMOM IIEPBOM €€ dTale pa3BUTHS OCY-
IIECTBIIAETCS B ABYX HANIPABICHUIX — BEPTUKAJIHHOM U
npopunsHOM. MHBIMH  croBamHu,  (opMupyercs,
TOJIBKO, IBa HANIPABJICHHS TPEXMEPHOTO MPOCTPAHCTBA
BEPTHKAIBHOE U MPOQPHIILHOE.

Cremyrouyii 3Tan B pa3BUTHH MaTepUH B BUJIE Be-
HIeCTBA NMPUHAIIEKUT XUMUYECKOMY €0 COCTOSHUIO,
Korza B JOPMHUPOBAHHH €TO SJIEMEHTOB ITOIKIIFOYAETCS
3IEKTPUUECKOE MOJIE, KOTOPOE MPOSIBISETCS yXKE B IO-
PHU30HTAILHON IIIOCKOCTH. HamoMHMM, 4TO 3TO 3IIek-
TPUYECKOE TI0JIe CYIIECTBEHHO ciabee, HEXKelu, Mar-
HUTHOE, U coryiacHo [1], OHO HE MOXKET, AaXKe IMOsB-
JIAIThCSL B IIPUPOJE B BUAE JIEKTPUUECKUX qunoieil. B
3TOM CiIydae, B3auMOJCHCTBHE MEXIY JIPYTHMH 3Jie-
MeHTaMH Ta0uIel MeHaeneeBa BO3MOXKHO, TOJIBKO, B
OTIpeNIeNIeHHBIX YCIOBUAX, KOTOPHIE 00eCIeurnBalOTCs
JIOCTAaTOYHBIM PACCTOSTHIEM MEX/Iy MECTaMH PacIoiio-
KEHHUS X B IPOCTPAHCTBE AJIS 00ECTICUCHNUS dIIEKTPHU-
YecKnX (XMMHYECKHX) B3auMoercTBuid. Takum oOpa-
30M, Ha XUMHUYECKOM JTale Pa3BUTUS NPUPONA, VIS
MpPEeJCTaBICHUS BEIIECTBA, «OCBAaUBACT» YXKE BCE TPU
¢usnyeckux mois (rpaBUTallMOHHOE, MAarHUTHOE, U
anekTpuueckoe). To ecTh, TpH INPOCTPAHCTBEHHBIX
HaIpaBJIEHUs — BEPTHKAJIbHOE, MPOGIIFHOE U TOpHU-
30HTAJIFHOE, BIOJIb KOTOPBIX UMEET MECTO M POCT Ma-
TepuanbHOW cyOctanimu. CremyeT, Takke, 3aMeTh,

YTO ATOT POCT B HPUPOAE OTPAHWUIMBAETCS TOJIBKO
€CTEeCTBEHHBIMH BO3MOXHOCTAMH. B cirydae ¢ ¢puznde-
CKMM 3TarioM, OH OTPaHHYUBACTCS TMPUPOJHBIMU BO3-
MOKHOCTSIM (DOPMHUPOBAHUS dIIEMEHTa TaOIuIbl MeH-
JieJieeBa, a B CIydae ¢ XMMHUYECKHMH y)KE OTpaHU4EHH-
SIMH, KOTOpBIE JOIMYCKAIOT XUMHUYECKHUE COEIMHEHUS.
Hanpumep, okuchlo keje3a, MOSBICHHEM B MPUPOJIE
BOJIBI U PA3JIMYHBIX PACTBOPOB XUMHYECKUX IJIEMEH-
TOB B HE, U TOMY 1oJjo0HOe. OOpaTHM BHUMaHHUE €I
1 Ha TO, YTO T€UYEHHE BPEMEHH, HA XUMHYECKOM IJTarle,
(dopmupyercs yxe 0oiee CIOKHBIM IBUKCHUEM MaTe-
puH, TpeOyIOIMUM MTepeMeIIeHHe FIEMEHTOB TaOINIIBI
MemnneneeBa u3 OJHOTO MECTa IIPOCTPAHCTBA B PYTOE,
CO3/1aBasi TEM CaMBIM 0OJIee CI0XKHYIO BEIIECTBEHHYIO
CTPYKTYPY HEKEIN CTPYKTypa (HU3NIECKOTO IIIEMEHTA.
U Torma mBmkeHHe MaTepuu OyAeT Ooliee CIOXKHOE U
OoJsiee JIMTENBHOE, YTO HE3aMEMJIMTENIHLHO CKa3bIBa-
eTCsl Ha TEYCHUH BPEMEHH B TAKOM XMMHYECKOM IpO-
CTPaHCTBE, T.€. OHO CTAHOBUTCS OoJiee MEIJICHHBIM,
HEXeNH Ha (PU3UUECKOM dTarle.

CornacHo 3akoHa nmpuposl [1], creayromum 3Ta-
IIOM B Pa3BUTUH MAaTEPHU SABIACTCS OOTaHMYECKOE Be-
IICCTBEHHOE €€ MPEACTaBJICHUE, T. €. CYIIECTBOBAHHE
MaTepuH B BUIC KUBBIX pacTeHHd. Hamomumm, 9T0, B
9TOM CIIy4ae, COBOKYITHOCTb, MOSBHUBIINXCS CTYCTKOB
MaTepHalbHON CyOCTaHIIMM B dJIEMEHTE, YK€ HOBOTO
JTama, mpeAcTaBisieT coboil pu3mYecKoe W XHMUYe-
CKOE€ COJIEp)KUMOE, COOTBETCTBYIOIEE MPEIbIIYIINM
oTanaM pa3BUTHA MATCpUU B BUAC BCUICCTBA. Ecre-
CTBEHHOI'0, YTO TaKOi OOTaHHUYCCKHUI 3JIEMEHT SIBJIS-
eTcst 6oJiee CIOKHBIM, U ero (popMupoBaHHEe TpeOyeT
COe/IMHEeHHE yKe (parMeHTOB BEIIECTBa, KOTOPHIE pac-
HIOJIOKEHBI B NMPOCTPAHCTBE M BO BPEMEHHU Ha Ooiee
YIaJeHHOM DPACCTOSHHUH APYT OT OpyTa, HEXKEIH 3TO
HMMEII0 MECTO Ha MPEABIIYIINX ATallaX Pa3BUTHI MaTe-
pun. Kak u mpu popMHpOBaHUH XUMHUYECKHIX DIIEMEH-
TOB U3 (PU3NIECKUX, ITOSIBIICTCS IPOCTPAHCTBO U TEYEC-
HHUE BPEMEHH B HEM YK€ HHBIM. TO eCTh, BOSHHKAET CO-
BOKYITHOCTH  JJIEMEHTOB ¢  Ooilee  KpyHHOH
IIPOCTPAHCTBEHHOM U BpEMEHHOU CTPYKTYpou. IHbIMU
CJIOBaMH, Ha YPOBHE Pa3BUTHUA MATECPUN B BUIC Oora-
HAYECKHUX CTPYKTYpP IOSBISETCS YK€, U HOBOE IPO-
CTPaHCTBO, U OOJiee JJIUTENILHOE TeYCHHE BPEMEHH B
HEM.

Crnenmyromuii 3Tan B pacCMaTpHBaeMOM Pa3BUTHU
MaTepuH B BHUJIC BEIIECTBA OTHOCUTCS K (POPMHPOBA-
HUIO B PUPO/JIE OMOIIOTUIESCKHX BEIIECTB. T0 €CTh, TOH
KUBOH (POPMBI CYIIIECTBOBAHUS MaTSPUH, KOTOpast 00-
JamaeT BO3MOXKHOCTBHIO TIEPEeMEmaTbcss B MPOCTPaH-
CTBE U BO BPEMCHH HE TOJBHKO B (PUKCHPOBAHHOM €TO
MecTe, KaK 9TO IMEET MECTO B 00OTaHMYECKOM €€ Mpe/I-
CTaBJICHUH, HO, TAKXXE, U MEHsSI CBOE MECTOPAcCIOo-
skeHue. EctecTBeHHO, opMUpOBaHHE OMOTOTHIECKUX
OJICMCHTOB B IPUPOJEC, KaK 1 OOTaHUYECKUX COCTOHT
U3 DJIEMEHTOB MPEJBbIAYIIEro 3Tarna Pa3BUTHS IPHU-
ponbl. To ecTh, B JAHHOM Cily4ae OHH (OPMUPYIOTCS
13 KUBBIX OOTaHWYECKUX 3J1eMeHTOB. 1 B 3TOM citydae
TIOSIBJIIOTCSI COBOKYITHOCTH BEIIECTBEHHBIX CTPYKTYP
c OoJiee KPYIHBIMU CBOMMH pa3MepaMH, 4To, He3aMe -
JIMTENHHO, BIUSAET HA TO IPOCTPAHCTBO M BPEMS, B KO-
TOPOM OHHM CYIIECTBYIOT, MO CPaBHEHHMIO CO BCEMH
OpEeAbIAYIIIUMHA DdTallaMy PasBUTUA MaTCPUH. Taxkum
00pa3om, B IpUPOJie BO3HUKAET, YKe HOBask popMma Cy-
MECTBOBAHUA MATEpHUU CO CBOUMU 0COOEHHOCTSIMH
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TPEXMEPHOT'O TPOCTPAHCTBA M TECUCHHS BPEMEHH B
HEM.

CoracHO Ba)KHEHIIIEro 3aKOHA MPHUPOJBI CyIIe-
CTBOBaHUS MaTEpUH B BUIE BEMIECTBA OTKPHITOTO B [1]
CJIEIYIOLIMM 3TalloM B €€ Pa3BUTUH Ha 3eMJIe SIBJISETCS
€CTEeCTBEHHbII nHTeUIeKT. Ha nepBslil I1aH B HEM BBI-
cTymaet ocoboe cBoiicTBo MaTepun uHpopmarus. To,
4TO U3 ce0sl MPEACTAaBISIET ITO 3araJJOYHOE MaTepHab-
HOE CBOIICTBO, BIEpBBIE B HCTOPUHM YEIOBEUECTBA
onpenenui reauansHbiil B.M. I'mymkoB B 1963 roxy
[2]. OH ee onpexenni, Kak Mepy HEOTHOPOIHOCTH pac-
npeeNeHnss MaTepUH B IPOCTPAHCTBE M BO BPEMCHH.
IMeHHO, MaHHUITyJIUPYsI 3TUM CBOMCTBOM €CTECTBEH-
HBIH MHTEJUIEKT C TIOMOIIBI0 CBOMX BUPTYaJbHBIX BO3-
MOJKHOCTEH CTaJ MPEICTaBIATH IPOCTPAHCTBO U BPEMS
y’Ke HECKOJIBKO TI0-THOMY, HEXXEJIH 3TO MMEET MECTO B
MaTepHaIbHOM MHUpPE Ha NMPeIbIIyIINX YeThIpeX dTanax
ero pa3ButHs (pU3MIECKOM, XUMUYECKOM, OOTaHHYe-
CKOM M OHOJIOTHYECKOM). DTH BUPTYAJIbHBIE BO3MOX-
HOCTH TIPUBENHU K OTPBHIBY MCCIICAOBAHUM COAEPIKaHUS
MOHATHUS TPEXMEPHOTO MPOCTPAHCTBA M TEUYEHUE Bpe-
MEHH B HEM OT pealbHOH JeHcTBUTENbHOCTH. Oco-
OCHHO, TaKOHM TYIHK HATJBIOHO OTpa)kaeTcs B COBpe-
MEHHBIX YCIIOBHSX CYIIECTBOBaHHUA PYHIaMEHTAIHHOMN
HayKH, KOTJIa Ha TIEPBBIN IUIAH BBICTYIAET MHCTHYC-
CKO€, IOHNMaHHE 3TOT0 (PYHIAMEHTAIEHOTO TTOHATHSI.
OT0 caeayeT M3 TEOPUM OTHOCUTENBHOCTH OWH-
TeiHA, B KOTOPOW BpeMs U MPOCTPAHCTBO IMOABEP-
JKEeHbl MHCTUYECKOMY HMCKPHUBIICHHIO IPOCTPAHCTBA U

BpEMEHH, a, B IPOTUBOPEYAILIEH ITOW TEOPHH, B KBaH-
TOBOM MeXaHWKE TNPOCTPAHCTBO W BpeMs BOOOIIE B
TIPUPOJIE CYIIECTBOBAHUS MaTepHUU OTCYTCTBYIOT [3].

EctecTBeHHOE TOHMMAaHKE COACPIKAHIS TPEXMEp-
HOT'0 IPOCTPAHCTBA U TEUYCHUS BPEMCHH BECbMa BaXKHO
B mo3HaHuM 3akoHa [1]. OcoOeHHO, Ha ATarle MOosBIIC-
HUS B IPUPOJIC MHTEIIICKTA, T.C. B HAYKE KHOCPHETUKH.
HoBu3Ha moHnMaHust 3TuX GopM MaTepuu Ha 3emiic B
HACTOSsIIEH cTaTbe COCTOUT B TOM, UTO 110 MEpe ee pas-
BUTHS TIPOUCXOJNT U3MCHCHHUE, U €¢ 00BhEMHBIC BEIle-
CTBCHHBIC ITOKA3aTeNH, CKOPOCTh TEUCHHS BPEMECHH B
HUX. VIHBIMH CTTOBaMU, IPOCTPAHCTBO U BpeMsI HE 5IB-
JSETCS OTHUM M TEM K€ Ha BCEX dTalax pa3BUTHA Ma-
Tepun. bonee Toro, mMokasaHa cBI3b 0OBEMHOTO TIPE/-
CTaBJICHHA C TCUCHUEM BPEMEHH, U3 KOTOPOH CIIEIyeT,
YTO YeM CJIOXHEE CTPYKTypa CHOPMHPOBABIIETOCS
3JIEMEHTA HOBOTO 3Tara B Pa3BUTHH, TEM TCUCHHE Bpe-
MEHHU B HEM Ooliee 3aMeJIeHO.
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