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PHYSICAL SCIENCE: UNRAVELING THE FUNDAMENTAL LAWS OF THE NATURAL WORLD

Abstract

Physical science is an overarching scientific discipline dedicated to the study of non-living systems and
phenomena, encompassing fundamental areas such as physics, chemistry, astronomy, and Earth sciences. It
seeks to understand the basic laws governing energy, matter, space, and time, from the subatomic realm to
the vast expanse of the cosmos. This article outlines the core branches within physical science, details their
empirical and theoretical methodologies, and highlights their profound impact on human knowledge,
technological innovation, and our evolving understanding of the universe and its underlying order. It
emphasizes the collaborative nature of these fields in deciphering the mechanics of the physical world.

Keywords:
physical science, physics, chemistry, astronomy, earth sciences, matter, energy, universe, fundamental
laws, scientific method, natural sciences, scientific inquiry.

Introduction

The world around us, from the smallest atom to the grandest galaxy, operates according to a set of
fundamental rules and principles. Physical science is the broad scientific discipline dedicated to uncovering,
describing, and understanding these intrinsic laws of the non-living natural world. Unlike biological sciences,
which focus on living organisms, physical science investigates matter, energy, space, and time, exploring how
they interact and behave. It is a foundational pillar of all scientific inquiry, providing the basic understanding
that underpins fields from engineering and medicine to environmental studies. By combining rigorous
observation, meticulous experimentation, and abstract theoretical modeling, physical science continually
expands humanity's knowledge of the cosmos and its underlying elegant order.

Physical science is not a single, monolithic field but rather a comprehensive umbrella term for several
distinct yet deeply interconnected disciplines. At its very core lies Physics, arguably the most fundamental of
the natural sciences, which seeks to describe the ultimate nature of reality. It investigates matter, energy,
and their interactions, delving into phenomena ranging from the movement of macroscopic objects (classical
mechanics) to the behavior of particles at the quantum level (quantum mechanics), and the very fabric of
space and time (relativity). Physics provides the foundational theories that explain forces, light, electricity,
magnetism, and energy, essentially describing how the universe works at its most basic level. Complementing
physics is Chemistry, the study of matter's composition, structure, properties, and the reactions it undergoes.
Chemistry examines atoms and molecules, how they combine to form compounds, and how these
compounds transform, revealing the principles behind everything from the rust on metal to the complex
processes within living cells. It is the bridge between physics and biology, explaining phenomena at the
molecular scale.
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Expanding beyond terrestrial phenomena, Astronomy is the scientific study of celestial objects and
phenomena that originate outside Earth's atmosphere. This includes stars, planets, galaxies, black holes,
nebulae, and the universe as a whole. Astronomers use telescopes, satellites, and complex mathematical
models to observe and interpret cosmic events, exploring the origins, evolution, and fate of the universe in
the field of cosmology. Closely related to astronomy, but focused on our own planet, are the Earth Sciences.
This broad category encompasses geology (the study of Earth's solid features, rocks, and processes),
oceanography (the study of oceans and marine life), meteorology (the study of Earth's atmosphere, weather,
and climate), and environmental science (the study of interactions between humans and the environment).
Earth sciences utilize principles from physics, chemistry, and biology to understand the Earth's complex
systems, from plate tectonics and volcanic activity to climate patterns and the dynamics of ecosystems. Other
specialized branches within physical science include Materials Science (the study of the properties and
applications of materials), Nuclear Physics (the study of atomic nuclei), and various interdisciplinary fields
like Geophysics or Physical Chemistry.

In conclusion, physical science stands as an indispensable cornerstone of human knowledge,
systematically exploring the non-living universe from its most elementary constituents to its grandest cosmic
structures. Through the rigorous application of scientific principles across its diverse branches—physics,
chemistry, astronomy, and Earth sciences—it constantly unveils the fundamental laws governing our physical
reality. This pursuit of understanding not only satisfies humanity's innate curiosity about the cosmos but also
fuels endless technological innovation, offering solutions to complex global challenges and enriching our
appreciation for the intricate and elegant order of the natural world.

References:

1. American Chemical Society (ACS). (n.d.). Chemistry FAQs. Retrieved from
https://www.acs.org/about/fags/chemistry-fags.html
2. Britannica. (n.d.). Physical science. Retrieved from https://www.britannica.com/science/physical-science
3. National Academies of Sciences, Engineering, and Medicine. (2012). New Worlds, New Horizons in
Astronomy and Astrophysics.
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YAK 537.871
NbBoe Oner Cepreesuy
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TEH3OP SHEPTUN-UMNYJIbCA U YPABHEHUA
3/IEKTPOMATHUTHOrO NONA B O4HOPOAHOW CPELE

AHHOTaumA
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nona (T3 dMIM) B MarHUTHO-AM3EKTPUYECKON cpede npeanaraetca HoBbid TIU IMI ans yKasaHHOM
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3/IEKTPOMArHMTHOrO MO/t B BaKyyMe U B ogHopoAHoW cpede. B otanume ot mssecTHbix TOU SMI HoBbIN
TeH30p obecrneyMmBaeT OAHO3HAYyHOE onNpegeseHWe WU COXpPaHeHWe umnyabca cBoboaHOro
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3/IEKTPOMArHUTHOTO MOJIA B HEMOABUKHOM U ABUNKYLLENCS cpeae.
YTOUHAITCA MaKpocKonuyeckue ypasHeHnsa IMI B geukyLeiica cpeae.
KntoueBble cnosa:
TEH30p IHEPrum-mMMnynbca, SNEKTPoOMarHUMTHoe Nose, oAHOPOAHAA cpeaa.

Lvov Oleg Sergeevich
SPO “Rubin”, currently retired

THE ENERGY-MOMENTUM TENSOR AND THE EQUATIONS OF
ELECTROMAGNETIC FIELD IN A HOMOGENEOUS MEDIUM

Abstract

Due to the unsatisfactory representation of the electromagnetic field energy-momentum tensor (EMT
EMF) in a magnetically dielectric medium, a new EMT EMF tensor is proposed for this medium. Obtaining a
new EMT EMF is based on a certain similarity of the electromagnetic field equations in a vacuum and a
homogeneous medium. Unlike the known EMT EMF, the new tensor provides an unambiguous definition and
conservation of momentum of a free electromagnetic field in a stationary and moving medium.

The macroscopic equations of EMF in a moving medium are refined.

Keywords:
energy-momentum tensor, electromagnetic field, homogeneous medium.

HekoTopbie 0603Ha4yeHUA

MCO — nHepumanbHaa cMCTema oTcyeTa KoopamHar,

CTO — cneumanbHaa TeOpUA OTHOCUTENBHOCTMH,

TOU — TeH30p IHEPTUN-MMMYbCA INEKTPOMArHUTHOrO NOAA,

OMB — aneKkTpomarHMTHaA BoaHa, DMI1 — anekTpomarHMTHHoe none.

n = /el — KO3ODULMEHT NPENOMNEHUA Cpeabl.

BeKTopbl 3-NpOCTPaHCTBa 0603HAYAOTCA KUPHbIM WPUPTOM, BEKTOPbI 4-NPOCTPAHCTBA, KOMMNOHEHTHI
BEKTOPOB U NpoYMe BeNNYMHbI — 0ObIYHBIM LPUDTOM.

NHAaekcbl, o603HavYaemMble NaTUHCKUMM ByKBamM, uameHsaoTca B npegenax 0, 1, 2, 3, rpedyeckumu
6ykBamu — B npegenax 1, 2, 3.

BpemeHHas nepemeHHas 4-mMpoCTpPaHCTBa HapAZdy C NPUBbLIYHLIM BUAOM X° = ct MOXeT UMeTb BUA
x*0 = B,ct, rne By = V,/C —KOMMNOHEHTbI OTHOCMTENbHOM ckopocTi IMB B ncnonbsyemoit UCO. B cayyae
HenoABUKHON cpeapl U, = c/n.

OcHoBHaa UCO x¥: x® =ct, x1 =x, x2 =y, x3 =z

W=y, x1=x, x2=y, x3 ==z

CneumanbHaa MCO x*k: x
B 4aCTHOCTY, BOJIHOBOE ypaBHEHME AA HANPAXKEHHOCTU cBo6oaHOTo IMI B AUaNEKTPUYECKON cpeae
n? 9%E  9%E
¢z 0t?2  ox?
Fpynnosble $popmynbl 0603HaYalOTCA HOMEPOM C AobaBneHMeM cvmBona g (group) cnpasa oT

= (0 3anucbiBaeTca B cneuyunansHok UCO.

nocnegHei popmynbl rpynnel. Mpumep, (3g).

BeepeHue

B HacTosilee BpeMa HabnodaeTcsa yamBuTenbHasa cutyaumsa: cnycta 6onee 100 net nocne nyb6ankaumnm
nepBbiX BblparkeHnit ana TOU MM B ogHOPOAHbIX AMI/IEK-TPUUYECKUX cpedax 6e3 aucnepcMm B AaHHOM
BOMpoce HeT NosHOM ficHocTh [1-5].

B yKasaHHOW nuTepaType B OCHOBHOM pPacCMaTPMBAIOTCA ABa BapwWaHTa Has3-BaHHOro TeH3o0pa:
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ACUMMETPUYHbLIN  PEeNATUBUCTCKM  MHBAPWMAHTHbLIM  TeH30p  MMHKOB-CKOrO U CMMMETPUYHbIN
HepenATUBUCTCKUIN TeH3op ABparama. OfHAKo, NepBblil U3 HUX, He ByAyYM CUMMETPUYHBIM, He onpeaenseT
OZHO3HAYHO NAOTHOCTb MMNyAbca IMI n He obecnevymnBaeT COXPaHEHNA MOMEHTa MMMY/ibCa, @ BTOPOW — He
obecneunBaeT coxpaHeHus mmnynabca csobogHoro IMI. Mpu 3TOM OCYTCTBME COXPAHEHWSA MMMY/bCa
CBA3bIBAETCA C HEKOTOPOI GUKTUBHOM pacnpeneneHHon cnaoii, HasbiBaemon cunoi Abparama [ 7, c. 361].

Tem He meHee cnepyeT OTMETUTb ONpeaeeHHbI NPOrpecc B paccmaTpu-BaeMom Bornpoce. B ctaTtbe
[6] npuBeaeH BepHbIt TIU IMI ans HENOABUMKHOM ANINEKTPUYECKON Cpeabl, XOTSA B LLe/IOM 3aa4a OCTaeTcs
HepeLLleHHOM.

ABTOpPOM npepsaraetca HOBbl BapuaHT peweHna npobaemol T3U SMI B oaHOpoAHOM
ANIIEeKTPUYECKOM cpefe, KOTOpPbI 3aTparMBaeT ApYryto cepbesHyto npobnemy — ypasHeHuit IMI B
OBUXKYyLLENca cpeae.

MU3BecTHble ypaBHeHua u TOU DM B ogHOpoaHOI4 cpeae

B HacToAwel cTaTbe NPOU3BOAUTCA paccmoTpeHue cBoboaHoro IMIM. Mpu aTtom ypasHeHuAa M
(ypaBHeHMs MakKkcBenna) B ogHOpOAHON cpede cornacHo 6a3oBbiM MCTOYHMKam [1, 7, c. 362] B
PENATUBUCTCKOM TEH30PHOM 3aNUCK UMEIOT BUZ,

L. OF aHik
gkl —K = ¢ = 0. 1
dxJ dxk (1)
3peco Fj, u H™ — n3BecTHble TeH30pbl HANPAXEHHOCTEN U MHAYKLMI IMI,

ekl — e AMHNYHBIN NOSTHOCTLIO AHTUCUMMETPUYHBIN 4-TeH30p JleBU-HeBUTbI.

[ns nokosiwencs cpeapl yaobHa 3anucb ypaBHeHU IMIT B BeKTopHOM dopme
rotE = —2 2 divB=0, rotH = %% divD = 0,rae D = ¢E, B = uH. 2)
PenstneBucTckMe ypaBHeHus (1) npu go6aBfeHUM TOKOBbLIX YIEHOB CYMUTAOTCA CMPABEA/IMBbIMU KaK
ONA HENOABUMKHOW, TaK U ANA ABUXKYyLLenca cpeabl. OQHAKO TaKaA CMTyauMa MMEEeT MeCTO INLWb B Cay4ae
OEeTaNbHOI0 MUKPOCKOMUYECKo20 onucaHua cpegbl. [pn MaKpocKonu4yeckom ONMWCaHWKW cpenbl, Koraa
paccmaT-pMBaemMas cpefa XapaKTepusyeTca /Wb MOKasaTeNsMU  AUSEKTPUYECKON WM MarHUT-HOWM
NPOHULAEMOCTN, Kak OyaeT NoKasaHO [fasiee, WUCNO/Nb30BaHME PEeNaTUBUCTCKUX YpaBHeHUN (1) He
npaBoMepHO.
CornacHo UCToOYHUKaM [1-5] KomnoHeHTbl T MUHKOBKOIO B rayCCOBOM CUCTEME eAUHUL, MOTYT ObITb

3anucaHbl B caeayiollem suae
oo _ 1 _ 1 2 2
T = 87T(ED+HB) = SE(EE + uH?),

oa _ 1 a 7a0 _ L a_n_2 a
70 = L(ExH) T% == (D x B)* = = (E x H)%,
ap
7% = L (~E%DF — H*BA) +2_(ED + HB) =
41T 81

= i —_ app _ ayp ﬂ 2 2

- (—eE“EF — yH*HP) + ~— (¢E? + uH?). (3g)
KoHeuHble BblpaxKeHWA OTBEYAIOT NOKOALLENCA cpese.

B T9U A6parama KomnoHeHTa TOO coxpaHAETCs, KOMMOHEHTHI T“°=T°“=ﬁ(EXH)“, a

KOMMOHEHTbI TaB cMummeTpumsytoTca.

HecoxpaHeHue wumnynbca MM B TOU Abparama u HeonpeneneHHocTb ero MAoTHoctu B TIU
MMHKOBCKOro 06bACHAETCA TeM 06CTOATENCTBOM, UTO, BbiBMpas 3HaueHne koopanHaTtel x0 = ct, nx asTopsl
He OCO3HaHO MPWHAMWN, YTO CKOPOCTb 3/NEKTPOMArHUTHbIX (M) BOMH B cpefe paBHa CKOPOCTU CBeETa B
BaKyyme — C, B TO BpeMsA Kak CKopocTb M BO/MH B cpeae paBHa ¢/n. bonee noapobHo 3TOT Bompoc
paccmaTtpuaeTca B [TpunoxkeHnun A.

KomnoHeHTbl T°% u T%° T3 M oTpakaloT NAOTHOCTM NOTOKa IHEpPrum 1 umnyabca IMI. B cayyae
npaBuabHoro T3M HasBaHHbIe KOMMOHEHTbI PaBHbl MeXay coboit. Mpu 3Tom KOMMAOHeHTbl TOU [0AKHbI
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NOAYMHATBLCA U3BECTHBbIM COOTHOLIEHUAM, NMPEeACTaBAAOWMM 3aKOHbI COXPAaHEHMA SHEPTUN N MMMNYbCA.
MpaBunbHOe 3HayeHMe KomnoHeHT TOU DMI BnepBblie yKa3zaHO B MasioM3BECTHOW cTaTbe [6]. B
oTnymne ot MMHKOBCKOTO, KOTOPbIM Npu noaydeHun TIU 3MI ncnonb3oBan BapuUaLMOHHbIM MeToA, aBTOPbI
cTaTby [6] Mcnonb3oBaan Nouck TIU, ncxoan U3 3aKOHOB COXPAaHEHUA SHEPTUM-MMNYAbCa. OHU NMOHANN, YTO
Npu nNpoBepPKEe 3aKOHOB COXPAaHEHWA B AMINEKTPUYECKOW cpese AnddepeHumpoBaHue cneayet
npoussoauTb no nepemeHHoit x*0 = ct/n. OgHako oMM He 3aTpoHynM npobnemy nosnyyeHna TIU u
ypaBHeHun IMI ana nogBuKHOM cpeasbl.
B yKasaHHoM cTaTtbe [6] npuBeaeH TIU IMI ana AManeKTpUYECKO HEMArHUTHOM cpeapbl (n = \/E)
Ero KomnoHeHTbl B cucteme eguHul, CU umetot Bug,
T% =~ (n2E? + B2), T = T = n(E x B)%,
5ab
T% = (—n?E%EF — B*BF) + —- (n*E? + B?). (4g)
YpaBHEHUA U TEH30P IHEpPrum-umnyabca ceobogHoro
3MI B 0gHOPOAHO MarHMTHO-AU3NEKTPUYECKON cpeae
Ona nonyyeHua npasubHbIX ypasHeHnit n T3U 3MI B oaHOPOAHOM cpede npeanaraerca
NCNo/sb30BaTb onpeaeneHHoe noaobue ypasHeHnn IMI B cpede U BakyyMHbIX ypaBHeHu IMI, KoTopbie
B OCHOBHOM pas/n4aloTCA CKOPOCTblO pacnpocTpaHeHna 3MB. o aHanorm ¢ BaKyymHbim SMI,
onpeAenfeMbIM aHTUCUMMETPUYHBLIM TeH30pom F¥, BBoauTCA HOBbIV NOA06HbIN TeH3op IMI B cpeae G X,
NMOCTPOEHHbIN Ha OCHOBE ABYX NPOCTPAHCTBEHHbIX BeKTOpos L n M.

0 —L, —L, —Ls 0 L, L, L
oL, 0 -M, M L, 0 -M; M
ik — |11 3 2 - 1 3 2

U=, M, o -m| CxT|o, M, o0 —m,| (3)
L, -M, M, 0 L, M, M, 0

YKaxKeM TaKe, Tpebyemblit 419 AanbHelero usnoxenus, TeHsop G .
0 _Ml _MZ _M3
giktm G, | My 0 L3 =L,

Fik —
" =— M, Ly 0 L | (6)
M3 L2 _Ll 0
B cucteme nokosa cpeabl BekTopbl L 1 M oTBeyvatoT BbipaxeHuam L = VeE, M = #B = /uH. B

noABusKHOM MCO KomnoHeHTbl TeH30poB G* 1 G™* npeobpasytoTca cornacHo 3akoHomepHocTam CTO.
CornacHo [8, c. 99, c. 153] penaTMBUCTCKME ypaBHEHUsA cBOBOAHOro BakyymHoro BonHosoro MM
ik
iklm 0Fim _ JF! _
nmelot Bug e —= = — =
A axk 7 9xk
Mo aHanoruu c BakyymHoim DMI nonaraem, 4To BO/NHOBbIE ypaBHeHMA DMI B ogHOpoAHOM cpese B
npoussosbHon NCO nmetoT BUA,
Gk a6k K — (40 %1 52 43
P ,m=0,r,u.ex* = (x*0, x*, x*2, x*3). (7)
3anuwem ypaBHeHua (7) B BUAEe COOTHOWeEHMI ana BekToposB L u M. Mpu HenopBu»KHON cpeae

(x*0 = ct/n) nna nepsoro ypasHeHus (7) umeem
6M1 6M2 6M3

npun Lt = —ﬁ—ﬁ—ﬁ—o, divM = 0,
_ 6M1 6L3 6L2 _ n6M1 _
npu i =1 ——5+-———-—==0, —==—(rotL);, okoHuaTenbHo
n oM .
rotL=———, divM=0. (8)
cot
[nsa BTOporo ypaBHeHuWsA (7) aHanorMyHO Nosly4aem COOTHOLIEHUS
ndL .
rotM =—, divL = 0. (9)
cot

O6beauHan (8) 1 (9), nonyyaem UCKOMYIO CUCTEMY BEKTOPHbIX YpaBHEHUI
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roth—%, divM=0,rotM=7Z—Z:, divL = 0. (10)

Noactasnas B (10) sbipaenua L = veE, M = B/+/li, cnpaBea/MBble ANA HEMOABUMXKHOW Cpeabl,
nony4mMm ypaBHeHus Makceenna (2).

MPUHUMan BO BHUMaHME BEKTOPHblE NpeacTasneHus TeHsopos GK (6) n G (5) n popmynsl (7),
MOHO NOHATb, YTO BTOPas napa ypasHeHWn IMI B BEKTOPHOW 3anucKM NOAY4YaeTcs M3 NepBOi 3amMeHOW
KomnoHeHT M - LuL —» —M.

OTCyTCTBME ABHOM PENATUBUCTCKON MHBAPWAHTHOCTU ypaBHeHWin IMI (7) cBA3aHO C OTAMYMEM OT
BE/IMYMHBI € CKopocTn DMB B AnaneKkTpmuyeckon cpese.

B cnyyae noasuKHOM cpeapl ypaBHeHUs (10) He BepHbI, MOCKOAbKY 34eCb MNONAraeTcs, YTO CKOPOCTb
3M BO/IH paBHa ¢/n HE3aBMCMMO OT HaMpaBAEHUA UX PACNPOCTPaHEHWA.

Hosble ypaBHeHusa IMI B BeKTOpHOW Popme A5 cayvas NOABUNKHOW cpeabl MOTYT ObiTb MONYyYEHbI
ncxopana U3 ypasHeHui (7, 10) gns HENOABWKHOW cpeabl NyTEM SIOPEHLEBbLIX NPeobpa3zoBaHUt KOOPANHAT U
nokasartenen IMIM (cm. MpunoxkeHune B). OHM UMEIOT CeayOLNA BUA:

(1= Brot L = ~(n—F) 2 1 (n— 1) [B- vM) - &) 4 (8. v(g x M),

dct’ dact’

(1-B3)divM’' + (n—1) [B(B'M’) ~(B- V(B M’))] = 0.

dct’
(1 - BHrotM’' = (n—p) 22— (n - D [(B- V1) + LEM 4 (8. v (g x 1)),
(1 - divL + -1 [2)  (g-vp-1))| =o. (11g)

3pecb B = v/c — BEKTOP OTHOCUTENbHOM CKOpoCTM aBuskeHus cpeapl, V = grad. 3vak ' cnpasa ot
noKasaTesiein yKa3blBAeT HA UX 3HAaYeHUA B NOABUXKHON cpege.

OueBunaHo, yto npu B = 0 ypaBHeHua (11g) oTBeyatoT ypaBHeHUam IMI B HenoaBuxkHoOW cpeae (10),
anpun = 1 —BaKyymMHbIM ypaBHeHNAM Makcsenna.

YpaBHeHus (11g) B oTnumMe oT ypaBHeHu (1) NnpuBOAAT K yA0BAETBOPUTENbHLIM pe3yabTaTam npu
BbluncaeHnm T3 MM B noaBuMKHOM cpeae.

NarpaHKnaH ypasHeHnit DMI B cpeae, nonydaemMblii Ha OCHOBE FNMaBHOrO MHBapMaHTa TeH30pos (5,
6), UmeeT BUA,

L= __lele ﬂ

161 sm (12)

E?- B?

nogo6HbIM BUAY NarpaH:KnaHa BakyymHoro MM L = —%FMF’” -

CootBeTcTBeHHO, TOU IMI1 B cpene MOKeT b6biTb NpeAcTaBAeH B KBAa3n-BaKYYMHOW pPensiTUBUCTCKOM
dopme [8, c. 118] npu 3ameHe Fjj, Ha G

1 gij
Tij = — -GG + 7L G G, (13)
KomnoHeHTbl HoBoro TIOU (13) B noaBuXHOW M HenoasuxHol UCO (Npea-OKOHEUYHbIE U KOHEYHble
BbIpaXKEHUSA) UMEIT cne,u,yrom,mﬁ Bm,u,-
_ 1 1 Kl _ M2-12 _ L24+M?
TOO -_ Goﬁa + leG 47_[ 8 oy
n
TOa = lao = —_GoﬁGﬁ = —;(L XM), = —;(E X H)g,

1
= —(eE? + uH?),

_ 1 aB Kkl _ Sap _
Tap = EGakGﬁ GG —n(—LaLB — Mo Mp) + - (P +M?) =
8a
= E (—eEaEﬁ — uHyHp) + 8—:(5152 + uH?). (14g)
AHanuM3Mpys KOHEeYHble BbIpaXKeHus Ans KomnoHeHT TOUM OMM (14g), moxKHO ybeauTbcs B

CrNpaBegIMBOCTM 3aKOHOB COXPAHEHWUS SHEPTUU U UMMY/IbCa ANA HEMOABUNKHOW cpeabl Npu BbINOJAHEHUN
ypaBHeHui IMI (2).
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TOk
Huxke npuBeeHbl GOpMybl NPOBEPKN 3aKOHA COXPAHEHMA IHEPTUU pper 0.
aT%®  noTyy _ i( nadLg naMg)
9x*  cat  4n\''% cat S cat )
T _ _2Tos _ L diy(L x M) = -~ (M rot L — L rot M) =
ox% ax® am am
1 noLg naMg) aTo%%  naro0  9TYS
=—(- - TK = = 0. 1
411'( S ot S cat )’ 0TKyAa dx*k cat + ox® 0 (15g)

ﬂ'aﬂee npuseaeHbl d)OpMyﬂbl NPOBEPKN 3aKOHA COXPaHeHUA nmMmnybCa
aTak 9T0 aTaS
=9 LT,

dx*k ax*0 xS
,ﬂ,ﬂﬂ ynpouweHuAa I'Ipe06paaoBaHMl71 bes nortepun 06|.|J,HOCTM npon3soanm BblHNCNEHUA ON1A KOMMOHEHTbI

nnoTHocT umnynbca ST (a = 1):

aTo 1 a(LxM)1 1 (n oL n oM
=L 2oL M+ L X —) =
dx*0 4w 9x*0 at + at

=ﬁ(rothL+rotM x M) =

1 (0L aL aL aL
:a (_1L3 3L3 2L2 le)

0x3 ox1 0x2
1 (OM oM oM oM
+om (5 Ms —ﬁ% St Mo+ 55 M, ), (16)
aTts 1 L' .5 ,q 0L
S = (Caal - 55) +
1 M . s 1 oM8 aL 6M) _
+41T( 6x5M -M 6x5+L6x1+M6x1 -
1 oL oL aL2 )
= (33 le — g la+5a Lo + 55 1) +
1 oM 6M aM oM.
+E(_521M2 ax; M3 + 2M2 3M3). (17)
aLs
34ecb YY4TEHO, UTO — 338 = =divL=0u —=divM=0.

MpuHMMana BO BHMMaHWe (16) u (17), yberxkpgaemca B CrnpaBea/IMBOCTM 3aKOHA COXpaHEeHus
KOMMOHEHTbI MMNybca S 1, cnegoBaTenbHoO, M0G0V €ro KOMMOHEHTI.

3amMeTuM, YTO COXPaHEeHME SHEPINK U MMMyabca B HekoTopon MCO MmeeT mMecTo TaKKe B sitobol
apyroit UCO, B yacTHocTK B noasukHoi MCO, B culy paBEHCTBA HY/1H0 UCTOKOB YKa3aHHbIX BEINYMH.

AHanus HoBbIX ypaBHeHuit 1 TN IMI Ha npumepe MOHOXPOMATUUECKON 31eKTPOMarHUTHOM
BOJIHbI.

[OnAa npoBepKkM NpPaBUABHOCTU HaAWAEHHbIX GOPMYN PAcCMOTPUM Haubonee BaKHbIA Cayvait
MOHOXpOMaTU4eCKOM BoaHbI B ICO, ABMIKYLLENCA CO CKOPOCTbIO ¥ B HAaNpaB/ieHNW PacipOCTPaHEHUA BOJHbI
BAO/1b KOOPAMHATDI x1. icxoamm 13 KOMNOHEHTbI A, BekTOpa-noteHumana IMI B HeNoABUKHON cpese:

A, = —%sin(cp), rae ¢ = wt — kyx?t, ki =nw/c, n= \/a
B noagmkHoi MCO npu yueTe cooTHowenuin CTOt = y(t' + Bx' /) nxl = y(x't + Bct’) nmeem
Ay = —%sin(go’), rae @' = w't’ — kixt
"=y~ Beky) = yo(1 - Bn), ki = y(ky — Bw/c) == (n— B).
3pecby = 1/@, B =§, c=v=—c.

o do' 1-Bn
CKOpOCTb BO/IHbI B HOBOM MCO V' = — = ¢ b
dky n-p

1 .
Npu B = - v’ = 0. MNpun AanbHellem BO3pacTaHum

1 o
ckopoctn UCO (,3 > z) CKOPOCTb BOJIHblI CTaHOBUTCA OTPULLATE/IbHOMW, I'IpVI6ﬂVI)KaFICb K CKOpPOCTH CBE€Ta CO

3HaKOM MUHyC v’ — —c. Mpu asuskeHn MCO npoTus BoaHbl, Korga f — —1, v’ - c.
HanpaxeHHocTM © wHAyKumm SMIM B HenogBuKHOMW M noaswukHou cpepax E,,D,, B3, H; wn
E3, D3, B3, H; vumeloT 3HaueHus
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94 \/-
E, = _F: = C\/— cos(p), D, = eE, = —— cos(y),
04,
B3 = ax,i — \/—0) COS((p) H3 = —B3 = m COS((p),
;o 04y _ 04y _yw /
E; = cat’ c\/_ (1 ﬁn) cos(¢’), By = T X't o (n — B)cos(e’),

Dj = y(D, — BHz) = L2 (Ve — &) cos(e") = L2 (n = B) cos(e"),

H} = y(Hs = BD,) = 2 (& = BVe) cos(e”) = L2 (1 - Bn) cos(e"). (18¢)
Mpu cosnageHun ckopoctn UCO co ckopocTbio BoAHbI (f = 1/n) anekTpuyeckas HanpaKEeHHOCTb
craHoBuTcA Hynesoi (E; = 0), a MarHUTHaA COCTaB/IAIOLWLANA BO/HbI OKa3biBaeTca HenoaswkHow (Bg # 0,
w't' =0).
3HayeHus nokasaTtesnen BosHbl (18g) B itobom cayyae yaoBNeTBOPAIOT ypaBHeHUAM (1), B 4eM MOXKHO
ybeanTbca HenocpeacTBEHHOM NPOBEPKOIA.
Hanps»keHHoCTM M Bo/HbI B L, M 0603HauyeHUsAX MMeoT BUA,

L, =VeE, = % cos(p), M3 = B _ %cos(q)),

N
2 = y(Ly — BM3) == (1 — B) cos("),
M3 =y(Ms — BLy) == (1 ~ B) cos(¢"). (19)

HoBble ypaBHeHua IMI B nogsukHoit UCO (11g) NpUHUMNMANLHO OTAMYAIOTCA OT YpPaBHEHWM
Makcsenna (1). HenocpeacteeHHas nNpoBepKa MOKA3bIBAET, YTO YKa3aHHble 3HAYEHUA HanpsKeHHoCTel
BO/IHbI B L, M 0603HaueHunax (19g) yaoBneTBopAtoT HOBbIM ypaBHeHMAM IMI (11g).

dopmynbl MaKCMManbHOM NAOTHOCTU SHEPTUMN N MMNYAbCA NPW ydeTe nokasatenen IMMN (18g) n TIU
(3g) Ans HenoABWMKHOM N NOABUMKHOW Cped UMEIOT BUA,

W=T%=— (DzEz + 33H3) yy c2’
W =T"%°=— (DZEZ + BLHL) = W (1 - Z) (1 - Bn).
c 0w w _ w?

c c
S =—T°1=—EH == = _— _
17y 4mn 23 T amncVeVic  4men?’

2,2 (4 3
S =v{T0 =2y =L R (20g)

4mten n-f
OTpuuaTenbHoe 3HaYeHne 3HepPrun B c/iyyae NoABWMKHOM cpeabl npu B >% BbI3bIBAET COMHEHUA B
cnpaBegAnBOCTU ypaBHeHuit IMIM (1) u TIUN SMM (3g).

BbIiparkeHUss ANA MaKCMMalAbHOM MAOTHOCTU 3HEPrMM U UMMYAbCA, OMNpeaeneHHble MO HOBbIM
dopmynam (14g, 19g), metoT NnpUemMIeMbIn BUA,

_ 700 _ _
Wy=T 8m 4mc?’
2
ro_ 100 L’ +M yz(L) _ 2 w ﬂ
Wy=T 87 4mc? ( ) 4mc? 148’
1 _ Cmot _L _ @’
Sy = T = L2M3 =
2 4_ _
R (21g)

amc n—f 144
Pe3ynbTaTbl pacyeToB NAOTHOCTU IHEPTUM W (20g) n (21g) B pBMKYWwenca NCO He coBnagatoT BBUAY
owmnboyHoct TIU MuHKOBCKOro 1 Abparama.
B cnyyae npuHATbIX ypasHeHMn IMI (1) amnanTyabl HANPAXKEHHOCTEN 31eKTPUYECKOTro U MarHUTHOIo
nonei B NOABWUXKHOM cpege pas3nuyHbl. HoBble Ke ypaBHeHMA (11g) xapaKTepusyloTcs pPaBEHCTBOM
cooTBeTCTBYOWMX amnantya, (19g).

MpuBeAEHHbIN aHa/IN3 CBUAETENbCTBYET O KOPPEKTHOCTU HOBbIX BbipaxeHun ana TIU (14g) wu
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ypaBHeHun MM (11g) ana noaBUKHOM cpeapl.

BbiBoAbI

T9U MuHKOBCKOro U Abparama HeBepHbl 418 HEMOABUXKHON U ABUXKYLLENCA cpebl. B nocneaHem
cny4vae HeBepHbl TakxKe TIU (4g) n ypaBHeHna IMIM (1).

Ona nonyvyeHUs npasubHbIX ypaBHeHM DMI B aBuKywencs cpege u dopmyn TIU 3MIM 8
oAHOpOAHOW cpede npeasaraeTca BBeAeHWe HOBOro nokasatesa MM — aHTUCUMMETPUUYHOrO 4-TeH30pa

i o 1
G'™, NocTpoeHHOro Ha OCHOBE BEKTOPOB pOPMasbHbIX HanpaKeHHocTel IMM L = /eE, M = ﬁB = /uH.

BBeseHMe yKasaHHbIX Mokasatenen npusoaut TIU mn ypaBHeHusa IMI K BUMAY KBA3MBAKYYMHbIX
0b6beKkToB. HoBble ypaBHeHus IMIM (11g) KoppeKTHo onwuckiBatoT IMIM B aBuKywenca cpege. Hosble
dopmynbl cummetpuyHoro TOM SMIM (14g) obecneuymBaloT KOppPEKTHOE OnucaHue AUHAMUYECKUX
rokasaTtesiei U BbINONHEHWEe 3aKOHOB COXPAHEHMs 3HePrun n nmnyabca MM B npomnssonbHon UCO.

MpunoxkeHue A

v Cc
CornacHo T MuHKoBcKoro (3g) npu noKosLeca cpeae NAOTHOCTb MOTOKA SHeprum S = o (E xH)

2
n
M NNOTHOCTb UMNY/IbCa 8=, — (E X H). OgHaKko npv aHann3e 3aKOHOB COXpaHeHWs yaA06HO paccmaTpmuBaTh

BEKTOPbI S; U S, OIMHAKOBOW Pa3MEPHOCTU, paBHble KoMnoHeHTam TIU TO% n T%0, kotopble Mbl Byaem
Ha3bIBaTb BEKTOPAMM MJIOTHOCTU T-MMNYNbCOB.
PaccmoTpum popmyny coxpaHeHus aHeprmn gns TOU MUHKOBCKOro
aTok 9T  9Tok
axk — 9x0 oxhP
MepBblil YneH cymmbl NpeacTaBAAET CKOPOCTb M3MEHEHUA MNOTHOCTM 3HeprMmM w no obobuieHHoOMy

=0, rae x° = ct. (A1)

ow o 1 . .
BpemeHn —. Bropolt uneH cymmbl nocsie npeobpasoBaHMA MMeeT BUA, Ele(E x H) = divsq. 310 -

ow .
MIOTHOCTb UCTOKOB BEKTOpa T-umnynbca S1. Mpeobpasys BbipaxkeHusa (Al), nonyumm = cdivsy.To

€CTb CKOpPOCTb Yy6blBaHMA MNIOTHOCTM 3HEPrMM BO BPEMEHM PaABHAETCA MJIOTHOCTM WUCTOKOB BeKTopa T-
MMNYbCa S1, ABUMKYLLErocA CO CKOPOCTbIO C.
OfZHaKo B cpesie CKOPOCTb MMMYJ/IbCOB MeHbLUE M paBHa ¢/n. Mo3Tomy BesiM4YMHa 3HaYeHMs BEKTOPA Sq

o n
A0/MKHa 6bITb 6oblwen 8" = ns; = ;(E X H), uTob6bl nepeHocUTb HEObXoAMMOEe KONMYeCTBO SHeprum B

eINHULY BpeMEHMN.
CornacHo T9M MuHKoBCcKoro (3g) usmeHeHune NAOTHOCTU T-MMMYAbCa S, CBA3AHHOE C U3MEHEHUEM
HanpAXeHWA B cpee, OTBeYaeT BblparkeHUo

aTk  gra0  grab
axk — 9x0 axB 0, (A2)

roe T*° npeactaBnfeT a-KOMMNOHEHTY NIOTHOCTM BeKTopa T-MMMynbca

nZ

B yacTHOM cnyyae gBuKeHUA 3ﬂeKTpOMaFHMTHOVI BOJIHbI BAOJIb HaNpPaBaAEHNA rpagneHTa HanpAa>xXeHna

B cpefe (Hanpumep, BAO/b KOOPAMHATbI X 1) cooTHOwWeHMe (A2) NpUHUMaeT BUA,
aT'® 9Tl 3si oMt dsi o1t
=—=— =0,mwmn —==c¢ .

ax0 ox1 cot dax1 at ox1

To ecTb CKOPOCTb U3MEHEHNA BO BpeEMEHUN KOMMNOHEHTblI MZIOTHOCTU BEKTOPA T-I/IM-FIYI'Ibca S%

(A3)

PaBHAETCA CKOPOCTM M3MEHeHUA NNOTHOCTU CUAbl HanpaxeHua o1l Baonb KoopanHatel x! npu ckopocTu
ABUXKeHnAa 3M BOJIHbI - C.

OfHaKko ¢aKTMyecKana CKOpOCTb ABMMKeHWsa IM BOJIHbI MeHble M paBHa ¢/n. Mo3ToMy CKOPOCTb
N3MeHeHMA NNOTHOCTU T-umnynbca S, B TN MUHKOBCKOro 3aBbllieHa B n pas. [paBuibHOe COOTHOLLEHNE
noay4yaeTca NpuU N-KPaTHOM YMEHb-LWeHUW MNAOTHOCTU T-umnynbca S, . TO ecTb AOMKHO MMETb MecTo
COOTHOLWeHne
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"=s,/n= ﬁ(E x H). (A4)
Mosy4yaem npeHee CKOPPEKTMPOBAHHOE 3HAYEHNEe NNOTHOCTM T- MMNyAbca
N _ o — e —
S —s—s—4n(ExH). (A5)

Mocne yKasaHHoOM KoppeKumm TN (3g) cTaHOBUTCA CUMMETPUYHBIM.
MOXHO NOHATb, 4TO Noc/e KoppeKumn KomnoHeHT T°%u T popmybl 3aKOHOB COXPaHEHMA 3HEPrUK
M umnynbca 6yayT MMmeTb NpPaBWAbHbLIN BWA, ecan npu anddepeHunposaHMmM BmMecTo 0606LeHHOM

BpemeHHoM KoopauHaThl x° = ct ucnonb3oBaTh ee CKOppeKTMpoBaHHoe 3HaueHne x*0 = ct/n. Hanpumep,
aT%  3(nTF)

atct/m)  axP 0.

3aKOH coXpaHeHun aHeprmm (Al) nocne Koppekuum NpUMeT B1A,

MpwunoxxkeHue B

Ona nonyyeHua ypasHeHnin SMIM B cpepe, ABMNKYLENcA B NPOW3BOSIbHOM HaMpasieHUU C
OTHOCUTENbHOM cKopocTbto B = v/c, ucnonbaytotca Gopmyabl npamoro M obpaTHoro npeobpasosaHusA
JlopeHua, Nosly4eHHble Ha OCHOBaHMW BEKTOPHbIX GOPMYA U3 UCTOYHUKA [9]

ct' = yct — Bsyx®, x'® = x* 42228 ﬂ“ﬂs (y — Dx® —yB, ct, (B1)
1
ct = yct’ x'8, x% =x'® ﬁ“ﬁ5 1)x'S ct, y=—. B2
Y + ﬁSV ’ +— (V ) + yﬁa 4 \/1_—/?2 ( )
G‘I' 6Glik
MpeobpasoBaHHble ypaBHeHMA IMI coxpaHAOT NpexHui Bug, (7) —— s =0, Py 0 c To4YHOCTbIO
[0 3HaKa ' - yKasaTena noABUKHOM cpeapl. Bennunnbl G’ v G'** npeacrasnaioT nokasatenn SMI B HoBOWA
NCO, opHako AnddepeHLMPOBaHME NO crneumanbHbIM nepemeHHbIM x'*K npepctaBnseT HekoTopyto
npobnemy.
G’Ok
dakTMyeckn guddepeHUMpoBaHME 34€Cb CBOAMTCA K ONpeaeneHuIo BblpaxKeHUi Tuna P

Gk gct’ G’k 9x'C
act’ ax'*k ' ax'c 9x'*k’

f1(x,*k) U x'® = fz(x,*k)-

[Ona onpeaeneHns yKasaHHbIX BblparkeHU KoopamHaTbl cneuyanbHon MCO HenoaBuXKHOM cpeabl X

AN 4Yero HeobXxoAMMO MNpeBapuTe/IbHO ONpPeaenuTb BUA, BblpaskeHuin ct’' =

xk
nepecymTbIBatoTCA € nomoubto dopmyn SlopeHua (B1) n (B2) B HoByto MCO ¢ nogBukHoM cpegoi. Mpu sTom
 _ . C S _ y? 2 1 y*(n-1) 15
ct —y—t—yﬁ5x ——(1—nﬁ )ct —Tﬂ(gx , (B3)
X" = x4 PO (y — 1)xd —yp, Tt =

n— 1

a !
+:8a:86n(1_ﬁ) + :Ban(l ﬁZ) ct .

MocneaHtoto dopmMyny MoOXKHO NpeobpasoBaTb K BUAY

1«8 _ N 5 17 ﬁz(n—l) I
Bsx = BZ),B,;x 4+ ——== L) ct'. (B4)
Pewas cucremy ypasHeHuii (B3, B4) OTHOCUTENbHO NoKasaTeneii ct’ u Bsx’®, nonyunm
_ - 2
ct! =Tt + 12 fox™0, pox'® = TEE o0 - O e (85)
BTopyto popmyny (B5) u,enecooGpasHo npeo6pasoBaTb K Bm,u,y

B fanbHerWwnx pacyeTax GUrypupyroT oTAeNbHbIE YNeHbl BbipaykeHus (B6).

Onpeaensem nepsyto napy ypasHeHuit IMI B noaBUKHOM cpeae
aG'ek  9G'®® gct’ | G’ 9x'® | 9G'*S act’ | G’ 9x'®  9G'* 9x'®

ax"*k T act! act™ = 9x'S dct* act’ ax'*8 " ax'S ax'*8  ax'0 9x'*d
_ 9G'%n-p%  9G'% B,y (n-1) L 36'% Bs(n-1) , 3G'¥  3G'* BsBy(n-1) _ 0
T act! 1-B2  ax'c  1-pB2 dct'  1-p2 ax's  ax'c 1-g2
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9G'°%  9G'°% act’ | 9G'°% ax'S  9G'°% o9x'®
ax'*8 — act’ ax'*8 ' 9x'S 9x'*8  9x'c ax'*
9G'%% Bs(n-1) | 9G'°% 9G"%% Bs By (n-1) _
act’  1-p2 0x® " owe 1-pr O (B7¢)
Mpeobpasya (B7g), nonyyaem ypasHeHua DMI B cneaytoulein popme
2 9o _ _ ( 9o _ aG’I(ZS)
(n ﬁ ) 6Ct’ (n 1) ﬁa‘ axla' ﬁ(g act’ +
aé/aa 6é'“5
+(1 - .82) ax'® - (n - 1) .86.30W =0,
aG'0% aG'0%
(m=Dfs 7+ A =B S5 = Bsbs (n—1)
Mepexoan K BEKTOPHbIM KOMNoHeHTam IMI, nonydyaem npu a = 1
_paNOML ( oMy, 9Ly 6L'2)
(n ﬁ )act’ (n 1) ﬁa‘ ax'o BZ act' + :83 ct' +
aL: aL, oL, oL,
+ =) (5o~ 58) — B (0= D (B = Ba 5 ) =0
OM; am M
m—Dps5 5+ Q=B "5~ =1 Bsfs 52 =0.

0606wan nonydeHHble pesynbtathl (@ = 1,2,3) Npu MCNONb30BaHUKM BEKTOPHbIX OMNepaTopos,

aG’lOé'
e = 0.

NoJly4aem UTOrOBYHO NepByto Napy ypasHeHuit IMI

B2 - 1)@ vM) - 2B 1 (1 - g2y rot L -
—(n—1)(B-V(BxL))=0, raeV = grad,
(-2 4 (1 g2 divM — (n - (B V(B-M)) = 0. (B3g)

BTopana napa ypaBHeHuit DMI gna NoABUMMKHOM cpedbl Mosy4yaeTca 3aMeHol nepemeHHbix M —
Lu L - —M, B ypaBHeHusax (B8g).
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NATIONAL EQUESTRIAN GAMES: SHOWCASING DOMESTIC EXCELLENCE AND DEVELOPING FUTURE STARS

Abstract

National equestrian games and championships serve as the pinnacle of competitive equestrian sport
within a specific country, fostering the development of top-tier athletes and horses, and providing a crucial
pathway to international representation. These events mirror the structure of global competitions, featuring
disciplines such as Dressage, Show Jumping, and Eventing, alongside country-specific traditions and
categories. This article delves into the significance of national equestrian games, their role in identifying and
nurturing talent, setting national standards for horsemanship and horse welfare, and contributing to the
vibrant equestrian culture and industry within a nation.

Keywords:
national equestrian games, national championships, equestrian federations, talent development,
horsemanship standards, domestic competition, equestrian disciplines, horse welfare,
riding culture, sport pathways.

Introduction

While the Olympic Games and FEI World Championships represent the global zenith of equestrian
sport, the foundation of competitive riding lies firmly within each nation's domestic circuit: its national
equestrian games and championships. These events are far more than just competitions; they are the crucible
in which aspiring riders and horses hone their skills, where national champions are crowned, and where the
next generation of international contenders is identified and nurtured. National games embody the unique
equestrian culture of a country, setting benchmarks for excellence in horsemanship, promoting ethical
training practices, and providing a vibrant platform for a wide array of disciplines, from the internationally
recognized to those deeply rooted in local traditions.

National equestrian games typically encompass the same core disciplines that are featured on the
international stage, primarily Dressage, Show Jumping, and Eventing. National Dressage championships will
see riders and horses performing a series of progressively difficult tests, judged on their harmony, precision,
and the horse's suppleness and obedience. These tests are often designed to prepare combinations for the
levels required for FEI (Fédération Equestre Internationale) competition. Similarly, national Show Jumping
championships challenge horse and rider pairs to navigate intricate courses of obstacles cleanly and
efficiently, with classes escalating in height and complexity to mirror international Grand Prix levels. National
Eventing championships provide a comprehensive test of versatility, featuring a Dressage phase, a
demanding Cross-Country course over natural obstacles, and a Show Jumping round, all designed to test the
horse's fitness, bravery, and the partnership's adaptability. These national competitions are crucial stepping
stones, allowing riders to gain experience at higher levels before attempting international tours.

Beyond the Olympic disciplines, many national equestrian games also feature a diverse range of other
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competitive formats, reflecting the particular strengths and traditions of a country's equestrian community.
For example, in the United States, national championships might include extensive competitions in Western
Pleasure, Reining, Hunter Under Saddle, Saddle Seat disciplines, and various breed-specific shows (e.g.,
Arabian National Championships, Morgan Grand National). European nations might have strong national
series for Combined Driving, Vaulting, or Endurance Riding, culminating in their own national championships.
Countries with historical mounted traditions may also incorporate unique national equestrian games, such
as Charreria in Mexico or specific traditional riding styles and competitions that are deeply embedded in their
cultural heritage. These diverse offerings not only cater to a broader base of riders and horses but also help
preserve and promote unique aspects of a nation's horsemanship.

In conclusion, national equestrian games and championships are indispensable to the global
equestrian ecosystem. They are where national pride in horsemanship is displayed, where the disciplined art
and athleticism of horse and rider are celebrated, and where the foundational work for international success
is laid. By providing rigorous competition, upholding high standards of welfare, and fostering a vibrant
community, these domestic events play a vital role in ensuring the continuous development and
sustainability of equestrian sport, contributing to the athletic prowess of both horse and rider for generations
to come.

References
1.Equestrian Australia. (n.d.). About Equestrian at the Olympic and Paralympic Games.2010
2. FEI (Fédération Equestre Internationale). (n.d.). National Federations
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CHEMICAL COMPOSITIONS AND THE ECONOMY: FOUNDATIONS
OF INDUSTRIAL VALUE AND INNOVATION

Abstract

Chemical compositions—ranging from natural substances to synthetic compounds—form the basis of
countless products and processes essential to modern economies. From raw materials in manufacturing and
agriculture to components in pharmaceuticals, energy, and construction, the economic value of chemical
compositions is vast and growing. This article explores the critical role that chemical compositions play in
economic systems, focusing on how chemistry supports industry, drives innovation, and influences trade,
sustainability, and national development. Special attention is given to the relationship between chemical
research, resource management, and the global supply chain, as well as the importance of education and
regulation in maximizing economic benefits while minimizing environmental and safety risks.

Keywords:
chemical compositions, industrial chemistry, economic development, chemical industry,
raw materials, trade, innovation, sustainable chemistry.

Chemical compositions—defined as specific arrangements and ratios of elements in substances—are
the foundation of industrial productivity and economic activity across the globe. The formulation and
manipulation of these compositions drive the production of goods in sectors ranging from agriculture and
healthcare to energy and transportation. The understanding and application of chemical compositions
determine not only the quality and function of materials but also their economic value, market demand, and
trade potential.

One of the most direct connections between chemical compositions and economic performance lies
in the global chemical industry. This multi-trillion-dollar sector encompasses the manufacture of
petrochemicals, polymers, fertilizers, industrial solvents, pharmaceuticals, coatings, and specialty chemicals.
In all cases, the unique molecular composition of a substance dictates its function and commercial utility. For
instance, polymers like polyethylene and polyvinyl chloride (PVC) are composed of long chains of carbon-
based units that determine flexibility, strength, and thermal resistance—qualities that make them valuable
in packaging, piping, and construction. The ability to engineer precise chemical compositions leads to
products that serve both mass markets and high-value niches.

In agriculture, chemical compositions play a vital economic role through the development of fertilizers
and pesticides. Compounds containing nitrogen (N), phosphorus (P), and potassium (K)—often referred to as
NPK fertilizers—are essential for crop productivity and global food security. The precise ratios of these
nutrients affect soil fertility, plant growth, and yield. The global trade in fertilizers depends heavily on both
the quality and availability of these chemical compositions. Similarly, the chemical structure of pesticides
determines their effectiveness against pests, as well as their environmental persistence and toxicity—factors
that influence regulation, market access, and consumer confidence.

In pharmaceuticals and healthcare, the economic value of chemical compositions is perhaps most
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visible. Every medicine on the market is the result of a carefully engineered molecule or mixture. The
composition of a drug determines its biological activity, absorption rate, dosage, and side effects. Chemical
synthesis and formulation are central to drug manufacturing, which in turn supports a global pharmaceutical
industry valued at over $1.5 trillion. Patents on unique chemical compositions form the backbone of
intellectual property in this sector, with massive implications for pricing, availability, and healthcare policy.

Chemical compositions also support the energy economy. Fuels such as gasoline, diesel, ethanol, and
hydrogen are defined by their molecular makeup, which determines their combustion efficiency, emissions
profile, and storage requirements. Innovations in battery chemistry—such as lithium-ion and solid-state
compositions—are transforming the transportation and renewable energy sectors. These chemical advances
reduce dependency on fossil fuels, lower environmental impact, and drive the shift toward sustainable
economic models.

Chemical compositions form the structural and functional basis of products and processes that drive
the global economy. From the development of pharmaceuticals and fertilizers to the engineering of materials
and fuels, the control and application of molecular structures are essential for industrial productivity, trade,
and innovation. As the world transitions toward more sustainable and knowledge-based economies, the role
of chemical compositions will grow in importance. Harnessing their economic potential requires not only
scientific expertise and technological investment but also thoughtful regulation, education, and global
cooperation.
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CHEMICAL PRODUCTION AND MANAGEMENT: STRATEGIES FOR SUSTAINABLE
INDUSTRIAL GROWTH AND SAFETY

Abstract
Chemical production is an essential component of modern industry, contributing to the advancement
of agriculture, medicine, manufacturing, and energy. However, the complexity and potential hazards
associated with chemical processes require robust management systems to ensure safety, environmental
protection, and economic efficiency. This article explores the interrelated aspects of chemical production and
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its management, focusing on process design, risk assessment, waste control, regulatory compliance, and
sustainable development. It also addresses the role of digital technologies, quality assurance systems, and
workforce training in optimizing chemical operations and minimizing environmental impact.
Keywords:
chemical production, chemical management, industrial safety, sustainability, waste management, risk
assessment, regulatory compliance, process engineering.

Chemical production refers to the industrial-scale synthesis, transformation, and formulation of
chemical substances used in a wide range of applications—from plastics and pharmaceuticals to fertilizers,
fuels, and cleaning agents. As a driver of innovation and economic growth, the chemical industry generates
trillions of dollars annually and supports millions of jobs worldwide. Yet the complexity, volatility, and
potential toxicity of chemicals require sophisticated systems of management to ensure that production
processes are safe, efficient, and environmentally responsible.

The core of effective chemical production lies in process engineering. Engineers and chemists
collaborate to design production systems that maximize yield, minimize waste, and control variables such as
temperature, pressure, and concentration. These systems involve reactors, separators, heat exchangers, and
pipelines—all interconnected to maintain a stable and reproducible operation. Precise control over reaction
conditions not only improves product quality but also reduces the formation of unwanted byproducts,
contributing to both environmental and economic performance.

Alongside technical optimization, chemical management involves risk assessment and hazard control.
Chemical plants often work with flammable, corrosive, or toxic materials, and the consequences of leaks,
explosions, or spills can be catastrophic. Therefore, comprehensive hazard identification (HAZID), hazard and
operability studies (HAZOP), and quantitative risk assessments (QRA) are integrated into every stage of plant
design and operation. These tools help prevent accidents by identifying potential failures and implementing
safety systems such as containment structures, pressure relief valves, fire suppression systems, and
automatic shutdown mechanisms.

Waste management is another critical component of chemical production and management.
Byproducts, solvents, sludges, and off-spec materials must be treated, reused, or disposed of in compliance
with environmental regulations. Many companies adopt a “waste hierarchy” approach—prioritizing
reduction, reuse, recycling, and safe disposal. Advanced technologies such as catalytic converters, membrane
separation, and chemical neutralization help minimize hazardous emissions and enable the recovery of
valuable resources. In recent years, the concept of green chemistry has gained traction, emphasizing the
design of processes that reduce or eliminate the use of harmful substances altogether.

Regulatory compliance is essential in chemical production management. Laws such as REACH
(Registration, Evaluation, Authorisation and Restriction of Chemicals) in the EU, TSCA (Toxic Substances
Control Act) in the US, and similar frameworks worldwide require manufacturers to register chemicals, assess
their risks, and implement measures to protect workers, consumers, and ecosystems. Compliance with
international standards such as ISO 14001 (environmental management) and I1SO 45001 (occupational health
and safety) ensures that companies adopt best practices and demonstrate accountability to stakeholders.

Conclusion

Chemical production and management are inseparable facets of a responsible and resilient industrial
sector. While chemical products underpin countless aspects of modern life, their production entails risks that
must be carefully managed through engineering, regulation, and strategic planning. By integrating safety
systems, environmental controls, digital tools, and sustainability principles, the chemical industry can
continue to innovate and grow while minimizing its ecological and social footprint. As global demand for
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chemicals rises, the importance of intelligent, ethical, and forward-thinking management will only increase.
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Abstract

The relationship between chemical production and the agricultural economy is central to global food
security, crop productivity, and rural development. Chemical industries produce essential agricultural inputs
such as fertilizers, pesticides, herbicides, and soil conditioners, which enhance crop yields and prevent losses
from pests and diseases. This article explores how chemical production supports agricultural output,
influences trade and market prices, and contributes to national and global economies. It also examines the
environmental, regulatory, and economic challenges associated with agrochemicals, highlighting the
importance of sustainable chemical innovation, integrated farming practices, and public policy in shaping a
resilient and productive agricultural sector.
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Modern agriculture is deeply intertwined with the chemical industry. Since the Green Revolution of
the mid-20th century, the use of chemically produced fertilizers, pesticides, herbicides, and growth
regulators has transformed agricultural productivity, enabling farmers to grow more food on less land. These
advances in chemical production have not only increased food supply but also stimulated rural economies,
supported agri-business industries, and shaped the structure of international trade.

Fertilizer production is one of the most important links between chemistry and the agricultural
economy. Nitrogen (N), phosphorus (P), and potassium (K)—collectively known as NPK—are the
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macronutrients essential for plant growth. Industrial processes such as the Haber-Bosch method produce
ammonia from atmospheric nitrogen, which is then used to manufacture ammonium nitrate, urea, and other
nitrogen-based fertilizers. Similarly, phosphate rock and potash are chemically treated to yield phosphorus-
and potassium-containing fertilizers. The availability and affordability of these products directly affect
agricultural productivity, especially in regions with poor soil fertility. Countries that manufacture and export
fertilizers, such as China, Russia, and the United States, play a significant role in shaping global food prices
and supply chains.

Pesticides, another product of chemical synthesis, protect crops from insects, fungi, and weeds,
reducing pre-harvest losses and improving food quality. These substances include organophosphates,
carbamates, pyrethroids, and neonicotinoids, each tailored for specific pests and crops. Herbicides such as
glyphosate are used to control unwanted vegetation that competes with crops for nutrients and water. The
global pesticide market generates billions of dollars annually and forms a major component of the agricultural
economy in many developing and developed nations. Chemical companies not only supply these products
but also provide training, diagnostics, and technical support, forming an ecosystem of agronomic services.

Beyond yield enhancement, chemical products also influence post-harvest preservation and food
processing. Fumigants prevent storage pests, chemical ripeners regulate crop maturity, and additives
preserve freshness and appearance during transportation. These chemical interventions are critical for
reducing food loss, extending shelf life, and increasing the value of agricultural exports. In developing
economies, the introduction of chemical post-harvest technologies has helped stabilize food supplies and
open new markets.

The economic ripple effect of chemical production in agriculture extends to multiple sectors. Higher
crop vyields support agribusiness industries such as food processing, transportation, and distribution.
Increased agricultural income boosts demand for farm machinery, seeds, and rural infrastructure. At the
national level, agricultural exports—often supported by chemical inputs—contribute to GDP, employment,
and foreign exchange earnings. For example, the cocoa industry in West Africa, the soybean sector in Brazil,
and the wheat industry in Ukraine all rely on agrochemical inputs to maintain competitiveness and output.

However, the widespread use of synthetic agricultural chemicals also presents economic,
environmental, and health-related challenges. Over-application or misuse of fertilizers can lead to soil
degradation, eutrophication of water bodies, and loss of biodiversity. Pesticide residues may contaminate
food and groundwater, affecting public health and export acceptability. These externalities impose hidden
costs on healthcare systems, environmental remediation, and long-term soil productivity, which must be
considered in economic evaluations.

Conclusion

Chemical production is a cornerstone of the agricultural economy, enabling the growth of crops, the
protection of harvests, and the expansion of food systems worldwide. Its contributions to vyield
enhancement, rural income, and trade are substantial, making it a vital component of modern agriculture.
Yet, the future of this relationship must be guided by principles of sustainability, safety, and innovation. As
global populations rise and environmental pressures increase, the challenge lies in leveraging chemical
technologies not only for productivity but for the resilience and long-term prosperity of agricultural
economies.
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Abstract

Biochemistry—the study of the chemical processes within living organisms—has far-reaching
implications for global and national economies. From pharmaceuticals to agriculture, nutrition,
environmental protection, and biotechnology, biochemistry drives innovation, increases productivity, and
generates significant economic value. This article explores the intersection of biochemistry and economic
development, examining how biochemical research and technologies contribute to industrial growth,
healthcare advancement, and sustainability. It also addresses the role of education, research investment,
and commercialization in translating biochemical discoveries into economic benefits, and the challenges that
arise in balancing scientific progress with ethical, ecological, and financial considerations.
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Biochemistry plays a critical role in the development and sustainability of modern economies. As the
branch of science that investigates the molecular mechanisms of life, biochemistry underpins some of the
most economically significant sectors, including healthcare, agriculture, food production, and environmental
protection. Through the discovery of new drugs, the creation of high-yield crops, the development of
industrial enzymes, and the design of sustainable bio-based materials, biochemistry has emerged as both a
scientific and economic driver in the 21st century.

One of the most prominent areas where biochemistry impacts the economy is the pharmaceutical and
biomedical sector. Drug discovery and development depend heavily on biochemical knowledge—

29



AKALEMMWYECKOE U3OATE/IbCTBO «HAYYHAA APTE/1b»

understanding enzymes, receptors, metabolic pathways, and molecular interactions allows researchers to
identify and develop effective therapies. The pharmaceutical industry is a multi-trillion-dollar global market,
and its success is deeply tied to advances in biochemistry. For instance, the development of insulin for
diabetes, monoclonal antibodies for cancer treatment, and mRNA-based vaccines for COVID-19 are all
outcomes of biochemical innovation. These products not only improve public health but also generate jobs,
stimulate investment, and strengthen national economies.

In agriculture, biochemistry contributes significantly to food security and agricultural productivity. By
studying plant metabolism, hormone regulation, and nutrient assimilation, biochemists have developed
biofertilizers, pest-resistant crops, and genetically modified organisms (GMOs) that can thrive in adverse
environmental conditions. These advances increase crop yields, reduce dependency on chemical pesticides,
and support rural economies. Biochemistry also plays a vital role in animal health, where it informs the
development of veterinary medicines, diagnostic tools, and nutritional supplements that maintain livestock
productivity and food safety.

Another major area of economic influence is the bio-based industry, which includes bioplastics,
biofuels, and industrial enzymes. Biochemistry enables the transformation of biological materials into
renewable products that reduce reliance on fossil fuels and lower environmental impact. The shift toward a
bioeconomy—where biomass replaces petroleum as the foundation of industrial production—has the
potential to create new markets, stimulate green innovation, and address global sustainability challenges.
Countries investing in biochemistry-related industries are better positioned to transition toward circular
economies and meet climate goals.

Biochemistry also has an economic role in diagnostics and personalized medicine. Advanced
biochemical tools such as biosensors, PCR techniques, and DNA sequencing support early disease detection,
targeted therapy, and precision treatment. These technologies not only enhance patient outcomes but also
reduce healthcare costs by preventing disease progression and optimizing treatment plans. The diagnostic
market, driven by biochemistry, is expanding rapidly and represents a significant source of revenue for
biotech companies and laboratories.

Conclusion

Biochemistry is not only a foundation of life sciences but also a cornerstone of modern economic
development. Its applications in healthcare, agriculture, industry, and environmental protection generate
substantial economic value and societal benefit. By investing in biochemical research, supporting innovation,
and aligning scientific progress with ethical and economic priorities, societies can harness the full potential
of biochemistry to promote sustainable growth, public health, and global resilience. As science and the
economy become increasingly interdependent, the role of biochemistry will continue to expand in shaping a
prosperous and sustainable future.
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NON-ORGANIC CHEMISTRY: INDUSTRIAL FOUNDATIONS AND ECONOMIC
IMPACT OF INORGANIC COMPOUNDS

Abstract

Non-organic chemistry—more accurately termed inorganic chemistry—deals with the structure,
properties, and applications of inorganic compounds such as metals, salts, minerals, and ceramics. This
branch of chemistry plays a vital role in supporting modern economic systems by enabling production in key
sectors including energy, metallurgy, electronics, construction, and manufacturing. This article explores the
economic relevance of non-organic chemistry, focusing on the extraction, refinement, and application of
inorganic materials. It also analyzes the contribution of non-organic chemical processes to industrial growth,
trade, and innovation while addressing sustainability challenges and the importance of regulatory and
educational frameworks.
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Non-organic chemistry, commonly known as inorganic chemistry, is a foundational branch of chemical
science that studies compounds not primarily based on carbon-hydrogen bonds. Unlike organic chemistry,
which focuses on hydrocarbons and biological molecules, non-organic chemistry investigates elements such
as metals, nonmetals, minerals, salts, oxides, and ceramics. These substances are central to numerous
industries and are critical to the infrastructure of global economies.

One of the most prominent economic contributions of non-organic chemistry lies in the field of
metallurgy. The extraction and processing of metals such as iron, aluminum, copper, zinc, and rare earth
elements are grounded in inorganic chemical principles. These metals form the backbone of construction,
transportation, energy production, and electronics. The conversion of ores into pure metals through
processes like reduction, electrolysis, and smelting involves detailed knowledge of chemical reactions,
oxidation states, and thermodynamic properties. The global trade of these refined materials constitutes a
substantial share of national export revenues for countries rich in mineral resources.

Non-organic chemistry also plays a central role in energy systems. Compounds such as uranium dioxide
are used as nuclear fuel, while various inorganic catalysts are essential in refining crude oil and producing
hydrogen gas. Electrochemical materials like lithium cobalt oxide or nickel-metal hydrides are key
components of batteries and energy storage devices. These materials depend on controlled synthesis and
analysis of their structural and electronic properties. The rapid expansion of renewable energy and electric
mobility sectors increases demand for advanced inorganic materials, making this area crucial for economic
growth and sustainability.

Another significant application is in the development of industrial chemicals such as acids (e.g., sulfuric
acid, nitric acid), bases (e.g., sodium hydroxide), and salts. These substances serve as raw materials in
fertilizers, dyes, explosives, and detergents. For example, phosphate salts are used in agriculture and food
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processing, while ammonium nitrate serves as both a fertilizer and an explosive in mining operations. The
global market for inorganic industrial chemicals is vast and diverse, contributing to the productivity of
multiple downstream industries.

Non-organic chemistry also supports environmental and health-related economic activities. Water
treatment relies on inorganic coagulants like aluminum sulfate and disinfectants like chlorine. In air pollution
control, inorganic absorbents and catalysts help reduce harmful emissions. In medicine, compounds such as
silver nitrate, bismuth salts, and radioisotopes are used in diagnostics and therapy. The development and
regulation of these substances reflect a balance between economic utility and environmental responsibility.

Despite its contributions, the economic use of non-organic chemicals presents challenges related to
resource depletion, toxicity, and environmental contamination. Heavy metals, for instance, are valuable in
industry but pose significant health and ecological risks when improperly managed.

The glass and ceramic industries are further examples of economic sectors powered by non-organic
chemistry. From household goods to industrial insulators and biomedical implants, glass and ceramic
materials are formulated from silicates, alumina, and other oxide compositions. Inorganic chemists engineer
these materials for properties such as thermal resistance, hardness, and optical clarity. Innovations in
specialty glass (e.g., fiber optics, touchscreens) have fueled growth in telecommunications and electronics,
directly linking non-organic chemical research with high-tech economic development.
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CHEMISTRY AND SANITARY EXPERTISE: SCIENTIFIC FOUNDATIONS FOR HEALTH,
SAFETY, AND ENVIRONMENTAL CONTROL

Abstract

Sanitary expertise plays a critical role in protecting public health and ensuring environmental safety
through the control of hygiene, food quality, water purity, and industrial sanitation. At the core of this
interdisciplinary field lies chemistry, which provides the analytical tools, scientific understanding, and
technological basis for detecting hazards, assessing risks, and maintaining sanitary standards. This article
explores the fundamental relationship between chemistry and sanitary expertise, highlighting how chemical
principles underpin routine inspection, laboratory diagnostics, food safety evaluation, and pollution control.
It also addresses the role of chemical education in training sanitary experts and the importance of chemistry
in the development of international sanitary regulations.
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Sanitary expertise is a key element of public health systems and regulatory frameworks that aim to
prevent the spread of disease, ensure food and water safety, and protect environmental quality. Whether in
the field of veterinary hygiene, food inspection, environmental monitoring, or industrial sanitation, the
scientific foundation of sanitary expertise is grounded in chemistry. Chemical knowledge is not only necessary
for identifying contamination and evaluating hygienic conditions, but it also guides the interpretation of
laboratory results, formulation of safety recommendations, and implementation of health regulations.

One of the primary roles of chemistry in sanitary expertise is in the field of analytical chemistry.
Sanitary experts rely on chemical analysis to detect harmful substances in food, water, air, and consumer
products. Analytical techniques such as titration, spectrophotometry, chromatography, and mass
spectrometry are essential for measuring concentrations of microbial toxins, heavy metals (e.g., lead,
mercury, arsenic), pesticides, nitrates, and other contaminants. These methods help establish whether levels
are within permissible limits defined by health authorities and international standards such as those of the
WHO, FAO, or Codex Alimentarius.

In food safety, chemistry is indispensable for assessing nutritional value, authenticity, and
contamination of food products. Sanitary experts use chemical methods to detect food additives,
preservatives, colorants, antibiotics, and residues from processing. For example, chromatographic
techniques are applied to detect illegal additives or allergens, while titration and pH analysis determine
acidity levels in dairy or meat products. The chemical structure and behavior of spoilage indicators, such as
peroxide values in fats or ammonia in decomposing fish, also fall under chemical examination.

Water quality monitoring, another pillar of sanitary expertise, relies heavily on inorganic and organic
chemistry. Experts evaluate physical and chemical parameters such as pH, turbidity, dissolved oxygen,
hardness, and the presence of ions like chlorides, sulfates, and phosphates. Toxicological assessments often
involve detection of pollutants such as phenols, oil residues, detergents, and microbial byproducts using
colorimetric and spectroscopic methods. Chlorine levels and disinfectant byproducts must be carefully
controlled and analyzed to ensure both safety and effectiveness in drinking water systems.

In environmental sanitation, chemistry supports the detection and remediation of pollution in soil, air,
and industrial waste. Sanitary experts use chemical indicators to assess the impact of factory emissions,
agricultural runoff, or urban sewage. Air quality is assessed by analyzing concentrations of carbon monoxide,
sulfur dioxide, nitrogen oxides, and volatile organic compounds (VOCs). Soil contamination is monitored
through chemical testing of heavy metals, pesticides, and persistent organic pollutants (POPs). These
assessments are critical for regulatory compliance and public health protection.

Toxicology, a subfield of chemistry, plays a central role in evaluating the risks of chemical exposure.
Sanitary specialists must understand the dose-response relationships, mechanisms of toxicity, metabolism
of xenobiotics, and threshold limit values (TLVs) for chemicals encountered in the environment or workplace.
Knowledge of chemical interactions within the human or animal body allows sanitary experts to assess the
danger posed by contaminants and advise on prevention or treatment strategies.

Chemical principles also guide the use of disinfectants and sterilizing agents in medical, food
processing, and industrial environments. Understanding the mode of action of chlorine, ozone, alcohols,
aldehydes, and quaternary ammonium compounds helps experts apply these agents effectively without
causing harm to users or damaging equipment. Proper chemical selection, concentration adjustment, and
contact time determination are all based on sound chemical knowledge.
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The training of sanitary experts must therefore include a strong foundation in general, inorganic,
organic, analytical, and environmental chemistry. Practical laboratory skills, chemical safety, and
interpretation of test results are crucial components of this education. In many countries, curricula in
sanitary-veterinary or public health programs include specialized chemistry courses tailored to hygienic
control and inspection. These prepare students to apply chemical tools in real-world sanitary investigations
and decision-making.

International sanitary regulations and control systems also depend on standardized chemical methods.
Agencies like the World Organisation for Animal Health (WOAH), the European Food Safety Authority (EFSA),
and national bodies establish protocols for chemical testing in inspection procedures. Sanitary experts must
be familiar with Good Laboratory Practices (GLP), Hazard Analysis and Critical Control Points (HACCP), and
ISO laboratory standards that ensure the reliability and reproducibility of chemical analyses used in sanitary
assessments.

Conclusion

Chemistry is an indispensable component of sanitary expertise, providing the scientific backbone for
detecting hazards, controlling quality, and safeguarding public health. Whether in food safety, water
monitoring, air quality, or environmental hygiene, chemical knowledge allows sanitary experts to make
evidence-based decisions and enforce health regulations. As the challenges of modern hygiene grow in
complexity—due to industrialization, climate change, and global trade—the integration of advanced
chemical methods and education becomes even more critical. Strengthening the link between chemistry and
sanitary practice ensures a safer, healthier future for communities worldwide.
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MACC-CMEKTPOMETPUYECKMIA AHAIN3 OPTAHUYECKUX BELLLECTB

AHHOTauuA
Macc-cnekTpomeTpua ABAAETCA OAHMM U3 Hanbosee MOLLHbIX aHANUTUYECKUX METOA0B ANs
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nccnefoBaHUSA OpraHUYecKMx BewecTB, obecneymBas BbICOKYHD YyBCTBUMTE/IbHOCTb WM TOYHOCTb B
onpeaeneHnn MONEKYIAPHOMN CTPYKTYPbI M COCTaBa. B cTaTbe paccMoTpeHbl COBPEMEHHbIE MOAXOAbI K Macc-
CNEKTPOMETPUUYECKOMY aHanu3y, BKAOYAA MOHM3aUMOHHble TexHuKM (ESI, MALDI, APCIl), BbICOKOTOYHbIE
macc-cnektpomeTpbl (Q-TOF, Orbitrap) n ux npMmeHeHne B pas/IMUHbIX 061aCTAX, TAKUX KaK Buoxumus,
dapmaueBTMKa M 3KONOTMYECKMIA MOHUTOPUHT. Ocoboe BHMMaHME yaeneHo HOBbIM mMeTogam 0bpaboTKku
OaHHbIX, BK/AOYas MaWKWHHOe obyyeHne n MeTaboNIOMUKY, a TaKKe Bbl30BaM, CBA3AHHbIM C aHA/IM30M
CNOXHbIX cMmecelt. CTaTbA NOAYEPKMBAET aKTyaNbHOCTb Pa3pabOTKM HOBbIX TEXHONOTMA ANA MOBbIWEHUA
pa3peLleHns U CeNIeKTUBHOCTM aHaau3a.
Kniouesble cnosa:
Macc-CMeKTPOMETPUSA, OpraHMYecKue BeLwecTsa, MOHU3aLMA, BbICOKOTOYHOE MaCcC-CNeKTPOMETPUYECKoe
obopynoBaHuMe, MeTabon0OMMKa, MaLLMHHOE 0byYeHuUe.
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MASS SPECTROMETRIC ANALYSIS OF ORGANIC COMPOUNDS

Abstract
Mass spectrometry is one of the most powerful analytical techniques for studying organic compounds,

offering high sensitivity and accuracy in determining molecular structure and composition. This article
reviews modern approaches to mass spectrometric analysis, including ionization techniques (ESI, MALDI,
APCI), high-resolution mass spectrometers (Q-TOF, Orbitrap), and their applications in fields such as
biochemistry, pharmaceuticals, and environmental monitoring. Special attention is given to novel data
processing methods, including machine learning and metabolomics, as well as challenges associated with
analyzing complex mixtures. The article highlights the relevance of developing new technologies to enhance
resolution and selectivity in analysis.

Keywords:
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Macc-cnektpomeTtpusa (MC) 3aHMMaET LLeHTPasibHOEe MEeCTO B aHa/IMTUYECKON XMMMK Brarofapsa cBoel
CNOCOBHOCTM MAEHTUOUUMPOBATL M KONMYECTBEHHO OMNPEeAenaTb OpPraHMYeckue Bel,ecTBa C BbICOKOWM
TOYHOCTblO. C pPasBUTMEM TEXHOJIOTUIA MOHM3AUMWM WM  MacC-aHaNM3aToOpPoOB, TaKUX KaK KBagpynosb-
BpemanponeTHble (Q-TOF) n opbuTtanbHblie nosywku (Orbitrap), MC ctana HesaMeHMMbIM UHCTPYMEHTOM B
6noxmmmnn, GapmaLeBTUKE, IKONOTMUYECKMX UCCNeA0BaHUAX U cyaebHol aKkcnepTuse. CoBpemeHHble macc-
CMEeKTpoMeTpbl obecneunBaloT paspeLlleHmne Ha YpoBHe cyb-ppm, 4To NO3BOJIAET aHA/IM3MPOBATb CNOMKHbIE
CMecU ¢ MMHMMAIbHOM NPo6oNoAroTOBKOM.

B nocnepHue roabl 3HaYUTENbHbIN NPOFPECC ZOCTUTHYT B 061aCTM MATKON MOHM3aL MK, MeTabooMUKe
1 06paboTKe AaHHbIX C UCMOb30BAHUEM UCKYCCTBEHHOTO UHTENNEKTA. DTN AOCTUNKEHUSA OTKPbIBAIOT HOBbIE
nepcneKkTUBbl AN aHa/M3a OpraHMYecKMX BELLLECTB, BK/OYas BUomapKepbl, MeTaboiunTbl U 3arpA3HUTENU
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OKpy:Katowen cpepbl. OQHAKO OCTAlOTCA BbI30Bbl, CBSA3AHHbIE C MHTEPNPETaLMen CAOMKHbIX CMEKTPOB U
HeobX04MMOCTbIO MOBbILEHUS CENIEKTUBHOCTM B YC/I0BMUAX BbICOKOTO XMMMUYECKOTO LYMa.

Lenb paHHOM cTaTb — 0630p COBPEMEHHbIX METOA0B MacC-CMeKTPOMETPUYECKOro aHasm3a
OpPraHUYeCcKMX BELLECTB, UX MPUIOKEHUI U NEPCNEKTUB PA3BUTUS.

CoBpeMeHHble  MeToAbl  MOHM3auun. WMoHM3aumMs  ABAAETCA  KAOYEeBbIM  3TAaNoOM  macc-
CNEKTPOMETPUYECKOTO aHanusa, onpegenarowmnm >3PPeKTMBHOCTE U NPUMEHUMOCTb MeToga. Cpeawm
Hambosiee PacnpoOCTPAHEHHbIX TEXHUK MATKOW MOHM3ALMU BblAENAOTCA: dneKkTpocnpei-noHmsauma (ESI):
NCNoNb3yeTcA ANA aHanM3a NOAAPHbLIX MU MOHHbIX COEANHEHUN, TaKUX Kak Benku, nentmabl U meTabonnTsbl.
ESI obecneuvMBaeT MWHMMasNbHYO ¢parMeHTaUuMo, 4YTOo Aenaet eé uaeasbHON Ana onpeaeneHun
MONEKYNSPHON Mmaccbl; MaTpuuyHas nasepHaa gecopbumoHHas uoHusaumsa (MALDI): npumeHsetca ans
aHanmn3a BMOMONEKYN C BbICOKOM MOMIEKYNAPHOM MAcCoM, TakKnx Kak nonmmepsl n 6enkn. MALDI wupoko
NCNO/b3yeTcA B MPOTEOMUKE U BU3yanmsauumu TKaHel; MoHu3auusa npu atmochepHom aasneHuun (APCI):
3¢ deKTUBHA AN aHANM3a HUBKOMOJIAPHbBIX COeAMHEHUN, TAKUX KaK CTeponabl U AMNnabl.

Ka)kgas TexHWMKa MMeeT CBOM NpeuMmyllecTBa M OrpaHuMyeHua, 4To TpebyeT Bblbopa meToga B
3aBMCUMOCTU OT MPUPOAbI aHanusMpyemoro sewectsa. Hanpumep, ESI n MALDI yacto KombuHMpytoTca ¢
XMAKOCTHOM xpomaTtorpadmeir (LC-MS) unm rasosoi xpomatorpadueirt (GC-MS) ana nosbiweHUA
CeNneKTUBHOCTW.

BbiCOKOTOUYHbIE Macc-cnekTpomeTpbl. CoBpeMeHHble MacC-CNeKTpomeTpbl, Takne Kak Q-TOF un
Orbitrap, obecneunBatoTt paspewerne go 100,000-200,000 FWHM u To4HOCTb Macchl Ha ypoBHe 1-5 ppm.
ITM XapPaKTEPUCTUKM NO3BONAIOT UAEHTUDUUNPOBATb MOSIEKYNSAPHbBIE GOPMYbl AAXKE B CNOMKHbIX CMECSX.

Q-TOF: coyeTaeT KBagpynosibHbiA Macc-pUNLTP C BPEeMANpPOJIETHbIM aHaAM3aTopoM, obecneymBsasn
BbICOKYIO YyBCTBUTE/NIbHOCTb M BO3MOMKHOCTb TaHAEMHOMN Macc-cnekTpometpun (MS/MS) ans cTpyKTypHOro
aHanusa.

Orbitrap: ncnonb3yeT 3NeKTPOCTaTUYECKYIO NOBYLLKY A8 AOCTUKEHUA YIbTPABbICOKOrO paspeLleHus,
4yTo 0cO6EHHO BaXKHO B METAbO/IOMMKE U NPOTEOMMUKE.

3TM  MHCTPYMEHTbl  LUMPOKO MNPUMEHAITCS Aas  aHaaus3a  meTabonuTtoB, NecTMunaos,
dbapmaLeBTUYECKMX NpenapaTtoB M 6HGuomapkepoB. Hanpumep, B meTabosomuke Orbitrap nossonser
BbISIBNATb COTHWU MEeTaboNMTOB B 6MON0OrMYECKNX 06pasLax ¢ MMHMMaAbHOW NPobonoAroToBKOA.

MpumeHeHWe Macc-CNeKTPOMETPUM

Macc-cnekTpomMeTpma HaxoguT MNPUMEHEHME B PasauyHbix obnactax: buoxumua n meguumHa:
naeHTUPUKauma 6uomapkepoB 3aboseBaHMN, TaKMX KaK paK uan anaber, c Nnomolblo mMmeTabonomuke u
npoteommke; PapmaLeBTMKA: KOHTPO/Ib KayecTBa J1€KapcCTB, M3ydyeHue meTabosMama npenapaToB WU
BbiSIBlEHWE MNPUMECei; DKONOTUA: MOHUTOPUHI  3arpasHUTENeM, TaKuxX KaK MNoJNLMKANYEcKue
apomaTtuyeckune yrnesogopoabl (MAY) u nectuumgbl, B Boge n nouse; CyaebHas aKcnepTusa: aHanus
HaPKOTUYECKUX BELLECTB M TOKCMHOB B BMOIOrMYEeCcKnX obpasLax.

OcobeHHO aKTyasnbHO nNpumeHeHne MC B meTabosiomuKke, rae Tpebyerca ogHOBPEMEHHbIN aHanm3
TbicaAY coegmuHeHnn. Hanpumep, LC-MS c Orbitrap ncnonb3syerca gnsa usydeHuns metabonmnyeckux nyTen npu
HenpogereHepaTUBHbIX 3aboseBaHMAX.

O6paboTKa [aHHbIX M MaWMHHOe obyyeHme. CNOXKHOCTb MacC-CNEKTPOB TpebyeT MCMO/Ib30BaHMS
COBPEMEHHbIX MeTOA0B 06paboTKM AaHHbIX. TpagMUMOHHbIE NOAXOAbl, TAKME KaK pydYHas MHTepnpeTaums
CMEeKTPOB, YCTYNaloT MECTO aBTOMATU3MPOBAHHbIM a/IrOPUTMaM.

MalwmnHHoe obyyeHne (ML) n UcKyccTBEHHbIM MHTenNeKT (Al) HaxoaaT Bcé bonbliee NPUMEHEHME B:
NaeHTUGUMKaunmM NMKOB: anropntmbl ML, TakMe Kak HEMPOHHbIe CETU, MOMOTAtOT BblAENATb CUTHA/bl HA GOHe
wyma; Knaccudumraumm coeanHennii: ML-mogenmn, obyyeHHble Ha 6a3ax AaHHbIX (Hanpumep, METLIN mnaum
PubChem), ycKopsalT ngeHTUdUKaumo monekyn; MporHo3sMpoBaHUM CTPYKTYpPbl: anropuTMbl, TakKMe KakK
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SIRIUS, npeacKasbiBaloT MONEKYAPHble GopMysibl Ha ocHoBe MS/MS-aaHHbIX.

3T meToabl 0COBEHHO BaKHbl A5 aHANM3a CNOXKHbIX BUONOTMYECKUX CMeCel, rae TpaguLMOHHbIe
noAxoAbl OKa3blBAKOTCA TPYAOEMKUMMU.

Bbi30Bbl M nepcrnekTuBbl. HeCcMOTpA Ha AOCTUMKEHMA, MACC-CMEKTPOMETPUSA CTasIKMBAETCA C PALOM
BbI30BOB: C/OXKHOCTb NPo6ONOAroTOBKU: aHanM3 peasnbHbiX 06pa3LoB TpebyeT yCTpaHEeHMA MATPUYHbIX
3¢ deKToB; XMMUYECKUI LWYM: B C/IOXKHbIX CMECAX CMUTHa/bl OT aHA/JIMTOB MOFYT MEPEKPbIBATLCA C LYMOM;
O6paboTKa 60nbWNX AaHHbIX: MeTabosloMUKe M NPOTEOMUKE TPebyTCA BblYMCAUTE/IbHbIE pPecypcbl Aaa
aHanu3a TepabaliToB AaHHbIX;

MepcneKkTuBbl Pa3BUTUA BKAOYAOT: Pa3paboTKy HOBbIX MOHMU3ALMOHHbLIX TEXHWUK, Takux Kak DESI
(aecopbunoHHan anekTpocnpei-noHM3aums) 4na NPsmoro aHanmsa; MHTerpaumto MC c apyrumm metogamm,
Takmmu Kak AMP wn WUK-cnekTpockonua, Ana nosbiweHUA TodyHOCTH; Co3gaHue nopTaTUBHbLIX Macc-
CNEKTPOMETPOB AN1A MOJEBbIX UCCAeLOBAaHWUI; Macc-CnekTpomMeTpua NpPoAO/KAEeT 3BOJIIOLUMOHMPOBATD,
obecneunBas becnpeLefeHTHble BO3SMOXKHOCTU A4/17 aHA/IM3a OpraHUYEeCKUX BELLECTB.

CoBpemeHHble MeToAbl MOHU3ALMN, BbICOKOTOYHbIE MACC-CMEKTPOMETPbI U anropuTmbl 06paboTKu
OAHHbIX OTKPbIBAIOT HOBblE TOPU3OHTbI B Broxmmnn, dapmauesTuKe M 3konormn. OgHaKo danbHeuwui
nporpecc TpebyeT pelleHmnn BbI30OBOB, CBA3AHHbIX C NPOH60ONOArOTOBKOM, XMMMUUYECKUM LLYMOM U 06paboTKoi
60/1blWKX AaHHbIX. Pa3paboTka HOBbIX TEXHONOMMIN U UHTErpaums ¢ APYrMMU aHAIUTUYECKUMW METOAAMMU
caenatot MC ewé 6onee yHMBEPCANbHbIM MHCTPYMEHTOM B ByayLuiem.
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aHTUMUKPOOHOE M NpPOTUBOOMYXO/ieBoe AelicTBue. JIeKapcTBeHHbIe pPacTeHMA, coAeprKalime Takue
coeguHeHun, TPEBYIOT TOYHbIX U BbICOKOYYBCTBUTENbHbIX METOAOB aHan3a ANA onpeneneHns ux coctaBa u
KayecTBa. B cTaTbe paccMOTpEeHbl COBPEMEHHbIE aHa/IUTUYECKME NOAX0Abl, BKAOUYAsa XpomMmaTorpadumyeckme
(B3XX, I'X-MC), cnektpockonuyeckme (AMP, UK-cneKTpockonua) m macc-CneKTPpOMEeTpUYEeCcKMe MeToapbl.
Ocoboe BHMMAHME yAeNeHO NPENUMYLLECTBAM M OFPaHNYEHUAM KaXKA0ro MeToAa, a TakXKe UX NPMMEHEHUIO
B CTaHAAPTU3aUUM PacTUTENIbHOrO cbipbA. ObCyXKaaloTcA NepcnekTUBbl UCMO/Ib30BaHNA METaboIOMUKN 1
MYNbTUNNAATPOPMEHHOTO aHANIM3A 411 U3YUEHUS CNOMKHbIX CMecei M30XMHUAMHOBbIX a/IKa10MA0B.
Kntouesble cnosa:
N30XMHUIMHOBBIE a/IKa/Ionabl, 1IEKAPCTBEHHbIE PacTeHUSA, XpomaTorpadus, CNeKTpocKonus,
meTabosioMMKa, CTaHAapPTU3aUmMS.
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METHODS OF ANALYSIS OF MEDICINAL PLANTS CONTAINING ISOQUINOLINE COMPOUNDS

Abstract

Isoquinoline compounds are a significant class of natural alkaloids exhibiting a wide range of
pharmacological activities, including anti-inflammatory, antimicrobial, and antitumor effects. Medicinal
plants containing these compounds require precise and highly sensitive analytical methods to determine
their composition and quality. The article reviews modern analytical approaches, including chromatographic
(HPLC, GC-MS), spectroscopic (NMR, IR spectroscopy), and mass spectrometric methods. Special attention is
given to the advantages and limitations of each method, as well as their application in the standardization of
plant material. The prospects of using metabolomics and multi-platform analysis for studying complex
mixtures of isoquinoline alkaloids are discussed.

Keywords:
isoquinoline alkaloids, medicinal plants, chromatography, spectroscopy, metabolomics, standardization.

N30XMHWAMHOBbIE anKafouabl, TakKMe KaK MOPAOBWU, XeAUOOHWH, OepbepuH M nanaBepwH,
npeacTaBnAloT cobon CTPYKTYPHO pasHOObpasHyw rpynny BTOPUYHLIX MeTabonuToB, OOHApPYKEHHbIX B
pacTeHuax cemeicTs Papaveraceae, Ranunculaceae, Berberidaceae u apyrux. 3tm coegmHeHus obnagatot
BbIPaYKeHHOM (ApPMaAKOIOrMYECKON aKTUBHOCTbIO, YTO AENaeT MX KAHOYEBbIMM KOMMNOHEHTAMW MHOFMX
TPAAMULMOHHbBIX M COBPEMEHHbIX JIEKAapCTBEHHbIX NpenapaTtoB. O4HAKO CAOKHOCTb COCTABa PACTUTENbHOTO
CbipbA, BapnabenbHOCTb COAEPHKAHNA AaKTUBHbIX BELLECTB U NPUCYTCTBUE NpUmecei TpebyoT NpumeHeHuA
BbICOKOTOYHbIX METOA0B aHanu3a Ans obecnevyeHus KavectBa M HesonacHocTM ¢uTonpenapaTos. B
nocnegHue rogbl 3HAYUTENbHbIA MPOrPecc B aHANUTUYECKUX TEXHOIOMUAX, BKAOYas XpomaTorpadutio,
CMEKTPOCKOMMUIO N MeTaboIOMUKY, NO3BOINA CYLLECTBEHHO YAYYLWNTb NAEHTUDUKALMIO U KONUYECTBEHHOE
onpeaeneHne W30XMHUIMHOBBIX COeAMHEHWMA. HacToAwaa cTaTbA nocesAwWeHa 0630py COBPEMEHHbIX
MeTO0B aHa/IN3a JIEKAPCTBEHHbIX PACTEHUIA, COAEPKALLUX U3OXUHUNHOBBIE a/IKasonapl, C aKLEHTOM Ha UX
NPaKTUYecKoe NPUMEHEHNE N NePCrEeKTUBDI.
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Xpomatorpaduueckme metogbl. XpomaTtorpadpumyeckne meToabl ABASIOTCA OCHOBOW A5 pasgeneHus
N KOZIMYECTBEHHOIO aHaN3a U3OXMHUNMHOBBIX COEAMHEHWUI B PAaCTUTENbHOM Cbipbe. BbicOKOapdeKTMBHAA
XUAKocTHasa xpomatorpadusa (BIXKX) c ynbTpadumonetosbim (YO) nam AMOAHO-MaTPUUHBIM AETEKTOPOM
WMPOKO Mcnonb3yeTca 6aarogaps BbICOKOW YyBCTBMTENbHOCTM WU BOCMNPOM3BOAMMOCTM. 1A MNOBbIWEHUS
CENEKTUBHOCTM MNPUMEHSAIOTCA KOJIOHKM c obpaTHoi dason (C18) M rpagneHTHOe 31H0MpPOBaHUE C
NCNO/Ib30BaHMEM CMECen aLeTOHUTPUAA M BOAHbLIX PAacTBOPOB KUCAOT. BIKX B coyeTaHuMM € macc-
cnektpometpuei (BIHKX-MC) nossonneT naeHTMOUUMpPOBaTb U3OXMHUANHOBBIE A/IKEPbI AaXKe B CeA0BbIX
KOJINYECTBaAXx, a TaKXe onpeaenatb UX MOJIEKYNSPHYIO Maccy U pparmeHTaumto.

la3oBaa xpomatorpadus ¢ macc-cnektpometpuen (FX-MC) npumeHseTca pexe Us-3a TepMUYECKOM
HecTabu/bHOCTM HEKOTOPbIX M3OXMHWAWHOBBLIX COEAMHEHWUM, HO 3PdeKTUBHA ANA aHa/Au3a eTyvymx
NMPOM3BOAHDLIX, TaKMUX KaK TeTparnapou3oXmMHUANHBI. OrpaHuYyeHns xpomatorpadmyeckmx MeToaoB
BK/1I04AOT HE0b6X0A4MMOCTb NpeBapuUTeIbHON NOArOTOBKM 06pa3LL0B, KOTOPaa MOXKET bbITb TPYA0EMKON, a
TaKKe BbICOKYI0 CTOMMOCTb 060pYyA0BaHUA U peareHToB.

CnekTpockonuyeckne metogbl. CNeKTpOoCKoNMYeckme MeToabl UrPatoT BaXKHYIO PO/ib B CTPYKTYpPHOM
NAEHTUGUKALMU U3OXMHUANHOBBLIX COeAMHEHWUN. AAepHbI MarHUTHbIA pe3oHaHc (AMP) obecneuunsaet
OEeTaNbHY0 MHOOPMALIMIO O XMMUYECKON CTPYKTYPE MOJIEKY, BK/OYAsA TUMbl CBA3EN U NPOCTPAHCTBEHHYIO
KoHourypauuo. OaHomepHble (1H, 13C) u asymepHble (COSY, HSQC, HMBC) AMP-3KcnepumeHThbI
NMO3BONAOT TOYHO OXaPaKTEPU30BATb C/I0XKHbIE U3OXUHUIMHOBbIE a/IKaNonabl.

MHbpakpacHaa cnekTpockonua (MK)  wucnonbsyetca gna  nNpeaBapuTENbHOrO  CKPUHMHrA
YHKUMOHANbHbBIX TPYMM, TAaKMX Kak KapboHUbHble A amuHoBble. YP-Bua cnektpockonus apdeKTuBHa
Ana onpegeneHns Xxpomodopos, XxapaKTePHbIX A1 U3OXMHUANHOBOTO sapa. O4HAKO CNeKTpoCcKonuyeckme
METO/bl YacTo TPebyrT BbICOKOM UYMCTOTbI 06pasLoB, YTO OrpaHMYMBAET UX NMPUMEHEeHWe ANA aHanusa
CNOXHbIX PACTUTENbHbIX 3KCTPaKTOB 6e3 NpeaBapUTeIbHOro pasaeneHus.

Macc-cnektpomeTtpua. Macc-cnektpomeTtpusa (MC) B coveTaHum ¢ xpomatorpadpuein (BIXKX-MC, IX-
MC) nnn B aBTOHOMHOM pexume (3nekTpocnpeit-moHnsauma, MAJION) aenseTca MOLLHbIM MHCTPYMEHTOM
ONA aHaNn3a W30XMHWUAMHOBBLIX asikasionaos. BbicOKoe paspelleHMe M TOYHOCTb COBPEMEHHbIX Macc-
CNEeKTPOMETPOB, TaKUX KaK KBAAPYNOAbHbIE UM BPEMANPOJIETHbIE, NO3BOAAIOT ONPEAENATb MOJIEKYNSAPHYHO
Maccy COeAMHEHUIA C TOYHOCTbIO A0 HECKObKMX ppm. TaHaemHasa macc-cnektpomeTtpua (MC/MC)
NUCNonb3yeTca AN8 M3ydeHUA nyten ¢parmeHTauMm, 4Tto BaXHO A/1A MAEHTUOUKALMU HOBbIX WK
HEeW3BEeCTHbIX a/Ika/Iona0B.

MeTtabonomunka n myabtunnatrpopmeHHblii aHanuMs. MeTabon0MUKa, OCHOBaHHAA Ha MHTErpauuun
OaHHbIX BOXKX-MC, AMP 1 gpyrux meto4os, OTKpbIBaeT HOBble BO3MOXHOCTM ANA KOMMNJIEKCHOro aHaan3a
N30XMHUAMHOBLIX COeAMHEHWH. ITOT Mnoaxoh MO3BO/SEeT OAHOBPEMEHHO WAEHTUPULMPOBATL U
KONMYECTBEHHO OnpeaensiTb COTHUM MeTabo/IMTOB B PacTUTE/NbHbIX 3KCTPaKTaX, BblABAAA BGMOMapKepbl
KauyecTBa cbipba. [porpammHoe obecrnedyeHune aas 06paboTkM MeTabo/IoOMUYECKUX AaHHbIX, TaKoe Kak XCMS
n MetaboAnalyst, ynpoliaeT MHTepnpeTaLmio CNOXKHbIX npoduen.

MynbTnnnaTdoOpMEHHbIN aHann3, 06 beANHAIOWMA AaHHbIE XpoMaTorpadmm, CNEKTPOCKOMNUM U Macc-
CNEKTPOMETPUN, NOBbIWAET A0CTOBEPHOCTb pe3ysbTaToB. Hanpumep, KombuHauma BIKX-MC n AMP
NO3BONAET HE TONbKO WAEHTUPUUMPOBATbL COEAMHEHMUA, HO U NOATBEPAUTb WUX CTPYKTypy. OAHaKo
meTabonomuKe TPebyoTCA 3HAYUTE/IbHbIE BbIMUCAUTE/IbHbBIE PECYPCHI U CTaHAAPTbI ANA KaIMBPOBKMU.

CTaHpapTU3aumMa pacTuTesIbHOro cbipba. MeToabl aHan3a U3OXMHUINHOBBLIX COeAMHEHUIN UrpatoT
KNOYEBYIO pPOJIb B CTaHAAPTU3aALMM JIEKAPCTBEHHOIO pPacTUTENIbHOrO cbipbA. BIXKX ¢ YO-pgetekumen
nucnonb3yetca pnA pa3paboTKM  PapMaKoNemHbIX METOAMK OnpeaeneHuna CoAepKaHuA KAYeBbiX
aNKanouaos, TakUX Kak b6epbepuH nam mopgosue. Macc-CnekTpomeTpua MOATBEPKAAET MOAJAMHHOCTb
Cbipbsi, MCKAoYana danbcudmKkaumo. MeTabonomnKa nNOMOraeT BblIBUTb BapuabesnbHOCTb COCTaBa,
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CBA3aHHYIO C reorpaduMyeckum MpPOUCXOXKAEHUEM, YCAOBUAMM KynbTUBALMM WAM BpemeHem cbopa
pacTeHUN.

MepcneKkTuBbl U BbI30Bbl. PazBuTHE aHANIUTUYECKMX TEXHOJIOTUIA OTKPbIBAET HOBbIE TOPU3OHTbI ANA
aHa/NM3a U30XMHUIMHOBbIX COeANHEHNI. [lepcneKTMBbI BKIOYAOT pa3paboTKy NOPTaTUBHbIX aHANIUTUYECKUX
YCTPOWCTB, TaKMX KaK MMHMATIOPHbIE MACC-CNEKTPOMETPbI, @ TAKXKe BHeAPEHNE UCKYCCTBEHHOIO MHTE/N/IEKTa
AnA 06paboTKM MeTabonoMmMUYecKmxX gaHHbIX. OfHAKO OCTAOTCA Bbi30BbI, CBA3aHHbIE C BbICOKOM CTOMMOCTbIO
obopynoBaHMA, HEOBXOAMMOCTbIO CTAaHAAPTM3AUMM METOAMK U 0BYYEHNEM CNELLManmnCTOB.

CoBpeMeHHble MmeToabl aHanM3a, BKAOYaAA XpomaTorpaduto, CNEKTPOCKOMNUID, MACcC-CMEKTPOMETPULD
n metabosIoOMMKy, 06eCcneumnBatoT BbICOKYH TOYHOCTb M YYBCTBUTEIBHOCTb MNPU U3YYEHUU U3OXUHUAMHOBDIX
CcoeaMHEHUN B IEKAPCTBEHHbIX pacTeHusaX. UX uHTerpauuns B mynbTunaaTopMeHHbI noaxos no3BoaseT
peLlaTb 334341 naeHTUMPUKaLmMmn, KoAMYeCcTBEHHOIO ONpeaeeHnsa U CTaHAAPTM3aLNN PACTUTENbHOTO CbiPbSA.
JanbHemnwee pasBMTUE TEXHONOMMN M METOA010MNIM aHan3a 6yaeT cnocobcTBOBaThb NMOBbILEHUIO Ka4yecTBa
¢duTONpenapaTos U 6€30NacHOCTUN UX NPUMEHEHUS.
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FA30OBAA XPOMATOIPA®UA: COBPEMEHHbIE AOCTUXEHUA U NEPCNEKTUBbI NPUMEHEHUA

AHHOTaumA

la3oBas xpomaTorpadusa (MX) ocTaeTcs oAHUM U3 KNHOUYEBbIX aHaIMTUYECKMX METO/I0B B COBPEMEHHOM
XUMUK, BUoNOrMn u matepmnanoBeseHnn. B ctaTbe paccmMoTpeHbl NocaeaHne JOCTUKEHMA B 061aCTM ra3oBol
XpomaTtorpadumm, BKAOYAA pa3BUTUE BbICOKOYYBCTBUTENbHbIX AETEKTOPOB, aBTOMATU3UPOBAHHbBIX CUCTEM
nNpo60onoaroToBKM U HOBbIX HENoABUXKHbIX da3. Ocoboe BHMMaAHWE yaeneHo npumeHeHuto MX B aHanuse
NEeTy4Ynx OpPraHMYECcKUX COeANHEHUN, IKOJIOTMYECKOM MOHUTOPUHre, GapMaLeBTUKE U KPUMMUHAIUCTUKE.
O6cyxaatoTca NnepcneKkTMBbl MHTerpauum X ¢ macc-CnekTpomeTpuein u Apyrumm rubpuaHbiMmmM MeTogamu, a
TaK¥Ke MCNONb30BaHME WCKYCCTBEHHOIO MWHTEANEeKTa gna o06paboTkM AaHHbiXx. CTaTbA noayepKkuBaet
BA*KHOCTb Aa/ibHeNLNX UccnenoBaHUii A1 NOBbIWEHUS CeIeKTUBHOCTU U 3P PeKTUBHOCTM meToa.
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GAS CHROMATOGRAPHY: MODERN ADVANCES AND APPLICATION PROSPECTS

Abstract
Gas chromatography (GC) remains a cornerstone analytical technique in modern chemistry, biology,
and materials science. This article reviews recent advancements in gas chromatography, including the
development of high-sensitivity detectors, automated sample preparation systems, and novel stationary
phases. Special attention is given to the applications of GC in the analysis of volatile organic compounds,
environmental monitoring, pharmaceuticals, and forensics. The prospects of integrating GC with mass
spectrometry and other hybrid methods, as well as the use of artificial intelligence for data processing, are
discussed. The article highlights the importance of further research to enhance the selectivity and efficiency
of the method.
Keywords:
gas chromatography, volatile organic compounds, mass spectrometry, stationary phases, environmental
monitoring, automation, artificial intelligence.

lasoBas xpomaTorpadua (MX) — 370 BbICOKO3DPEKTUBHLIN METOA, pasaesieHMa U aHanMsa cMecei
NeTYy4Ynx M MNOJYBONATUNbHBIX COEAUHEHWWA, OCHOBAHHbLIM Ha pacnpefeneHUn KOMMOHEHTOB MeXay
NoABUXKHOM (ra3oBoi) n HenoaBu:kHOW ¢aszamun. C MomeHTa cBoero nosasaeHua B 1950-x rogax X ctana
HEe3aMEeHMMbIM WMHCTPYMEHTOM B aHa/IMTUYECKON XMMUM Bnarogapa CBOeN YHMBEPCasibHOCTM, BbICOKOWM
YyBCTBUTENBHOCTU U CNOCOBHOCTM pa3fenaTb CNoXHble cmecu. CoBpemMeHHble AOCTUNKeHMA B obnactun MNX
BKIOYAOT Pa3paboTKy HOBbIX MAaTEPMAIOB A1 KOJIOHOK, YCOBEPLLUEHCTBOBAHWE A,ETEKTOPOB U BHeApEHUe
aBTOMATM3MPOBAHHbIX CUCTEM, YTO 3HAYUTE/IBHO PACLLUMPSAET BO3MOMKHOCTU METOAa.

MpuHuMnbl rasoBoi xpomartorpadpuu. NX oCHoBaHa Ha B3aMMOLENCTBUM aHANU3UPYEMbIX BELLECTB C
HenoABMKHOM Ppa3on, HAHECEHHOW HA BHYTPEHHIOIO NOBEPXHOCTb KAaNUANAPHOM KONOHKM UK Ha TBepAbIi
HOCUTeNb B HabMBHbIX KONOHKax. MoasuxHasa $asa, 0bblMHO MHEPTHbIW ras (reauin, asoT MaM BoAoOpOA),
nepeHocuT obpaseL, Yepes KOOHKY, rae NPoOUCXOAUT pasfesieHue KOMMOHEHTOB HAa OCHOBe MX $U3MKO-
XMMMWYECKUX CBOMCTB, TAaKMX KaK NETy4yecTb U CPOACTBO K HenoaBu:KHOU dase. [eTeKTopbl, TakMe Kak
naameHHO-MoHM3aumoHHbIM (MWL), anekTpoHHOo-3axBaTHbIN (33[) nan macc-cnektpomertpudecknin (MC),
PErncTPUpPYHOT BbIXOAALLME KOMMOHEHTbI, 06ecneynBas KaueCTBEHHbIN U KOJIMYECTBEHHDbIM aHau3.

CoBpeMeHHble KanuansipHble KOJMIOHKM C MNOJIMMEPHbIMW HEMOABWMKHbIMKU dasamu (Hanpumep,
NONMANMETUNACUIOKCAH UAN NONANSTUNEHTINKONL) 06ecneynBatoT BbiCOKYO 3GdEKTUBHOCTL pasgefieHus.
HoBble maTepuanbl, TakMe Kak MOHHbIE XUAKOCTU U MeTanN-opraHnyeckne Kapkacbl (MOFs), oTKpbiBatoT
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nepcneKkTMBbl /15 NOBbILWEHWA CeNIEKTUBHOCTU, OCOOEHHO NPU aHaM3e NOMAPHbLIX COeAUHEHUN.

CoBpemeHHble AO0CTUXKEHUA

1. HoBble HenopgBuKHble ¢asbl. Pa3paboTKka HOBbIX HEMOABWMMKHbLIX $a3 3HAUUTENIbHO yay4ylKnaa
BO3MOXKHOCTU X. MOHHbIE KNAKOCTM 06/1a43t0T YHUKAbHBIMM CBOMCTBAMM, TAKMMM KaK HU3KaA fIeTy4ecTb
N BbICOKAA TepMuyeckaa CcTabuabHOCTb, YTO AenaeT WX MAeanbHbIMU OAA AHANM3A CNOXKHbIX CMEecew.
MeTann-opraHuyeckme KapKacol, 61arogapa cBoei NOPUCTON CTPYKTYpPE, N03BONAIOT 3PPEKTUBHO pasaenaTb
nsomepbl M 61M3KME MO CBOMCTBAM COEAMHEHMA. ITU MaTepuanbl TaKKe YCTOMUYMBBI K BbICOKUM
Temneparypam, YTo paclnpsaeT AManas3oH aHaIM3NPyeMbIX BELLLeCcTB.

2. YcoBepLlueHCTBOBaHHbIe AeTeKTopbl. COBpeMeHHble AETEKTOPbI, TaKMe KaK MacC-CNeKTPOMETpPbI
BblCOKOro paspeweHua (HRMS), obecneunsatoT becnpeuefeHTHYIO YyBCTBUTE/IbHOCTb U CENEKTUBHOCTD.
TexHoNOTMM TaHAEMHOM Mmacc-cnektpometpum (MS/MS) no3BoNAOT NPOBOAUTL UAEHTUOUKALMIO
coegMHEHUN faxke B CAefoBbIX Konyectsax. Kpome Toro, paspabotka MUHMATIOPHbLIX AETEKTOPOB, TaKUX
Kak muKkpo-MNL, aenaet X 6onee 4ocTynHoM Ana Nonesblx UCCnes0BaHUM.

3. ABTOomMaTM3auma u npobonoarotoBka. ABTOMaTM3auMs MpoLLeccoB NpobonoaroToBKM, BKAKOYAs
TBEpAO0da3Hy0 MUKPOIKCTpakumio (SPME) u Tepmuyeckyto aecopbumio, 3HaUMTEIbHO COKpaLlaeT Bpems
aHa/n3a 1 NoBbIWaeT BOCNPOU3BOAMMOCTb pe3ynbTaToB. MHTerpaumsa MNX ¢ po6oTM3MpoBaHHbIMKU cCUCTEMAMM
No3BONAET NPOBOAUTL BbICOKONPOU3BOAUTENbHbIM aHaIN3 B peasibHOM BPeMEHMU, YTO 0COBEHHO BaXKHO A
3KOJIOFMYECKOro MOHUTOPUHIA N GapMaLLeBTUYECKOWN MPOMbILLAEHHOCTMU.

4. WHTerpauua c gpyrumm metogamu. KombBMHMpoOBaHHble MeToabl, Takme Kak X-MC, X-UK
(MHdpakpacHaa cnekTpockonua) U AByxmMepHas rasosas xpomatorpadpusa (MXxIX), obecneumnsatoT Honee
rnyboKMi aHann3 CAOXKHbIX cmecel. [lByxmepHas X, B YaCTHOCTM, NO3BOAAET Pa3feaTb KOMMOHEHTbI C
6/IM3KMMU CBOMCTBAMM, YTO KPUTUYECKM BAXKHO A1 aHANM3a HedTenpoayKToB U bMoMapKepos.

5. UcKyccTBeHHbIW uHTennekt B MX. MNpumeHeHne UCKycCTBEHHOro MHTennekta (MA) n mawmHHoro
o0byuyeHus (ML) B 06paboTke xpomaTorpadmyeckmx AaHHbIX OTKPbIBAEeT HOBble TOPU30OHTLI. Anroputmbl U
CNocobHbl aBTOMATMYECKM WAEHTMOMUMPOBATD MUKW, ONTUMM3IMPOBATL YC/IOBUS pasgeneHua W
npeAcKkasblBaTb NoBeAeHNE COeANHEHWUI Ha OCHOBE HONbLIMX MAacCUBOB AaHHbIX. 3TO 0COBEHHO NOIE3HO B
MeTabo/IoMUKe N NPOTEOMUKE, Fae TpebyeTca aHaNN3 TbiCAY COEANHEHUN.

MpumeHeHme rasoBoii xpomartorpadpum

1. KoNOrM4yeckMin MOHUTOPUHr: X uCnonb3yeTcA ANA OnpeaefieHuA NeTydnx OpraHUYecKux
coeanHeHuit (JIOC) B BO3ayxe, BoAe M No4yBe. ITO MO3BONAET OTCAEKMBATb 3arpA3HEHUE OKpyKatowewn
cpefbl M OLLEHUBATb PUCKU ANA 340POBbA YesI0BeKa.

2. dapmaueBTUKaA: [X NnpumeHAETCA ANA KOHTPOAA KavyecTBa SIeKapCTBEHHbIX NpenapaTos, aHanM3a
OCTaTOYHbIX PAaCTBOPUTENEN U U3yYeHUA meTabonnToB.

3. KpumuHanuctuka: MeTog umcnonb3yetcAa oA MaeHTMGUKaAUUKM CnefoB B3PbIBYATHIX BELLECTB,
HAaPKOTUKOB M TOKCMYHbIX coeagMHEeHWNI B Bronornyeckmx obpasuax.

4. MuweBaa npombilWNeHHOCTb: [X nomoraeT aHanM3MpoBaTb apoMaTU3aTopbl, NecTuunabl K
3arpAsHUTENU B NPOAYKTaX NUTaHUA.

5. Hedtexumua: AHanus yrnesogopodoB W npumecert B HedTenpoaykrax ocCTaeTca oAHON u3
KNtoueBbix obnacteit npumeHeHus INX.

MepcnekTusbl pa3Butua. byayuiee MNX cBA3aHO ¢ JasbHeWWwen MUHMaTIOpM3aLmelt 06opyLoBaHus,
pa3paboTKoM NOPTATUBHbIX XPOMaTOrpadoB U MHTErpaLmel ¢ uMdpoBbIMM TeXHOAOrMAMMK. MopTaTuBHbIE X-
CMCTEMBbI HaNAYT NPUMEHEHME B MOJIEBbIX YCNOBUAX, Hanpumep, 419 MOHUTOPUHIA KayecTBa Bo34yxa B
peanbHOM BpeMeHW. Pa3BUTUE TMOPUAHbBIX MEeTOoAO0B, TakMX Kak IXxMX-MC, no3sBoauT aHanM3npoBaTb
CBEPXCNOXKHbIE CMECU C BbICOKOW TOYHOCTblO. MU 1 ML 6yayT urpaTb KAOYEBYHO POJib B aBTOMATU3aLMUK
aHa/M3a U HTepNpPeTaLnmn AaHHbIX, YTo caenaeT X bonee AOCTYNHOM ANA HECMELMANUCTOB.
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la3oBaa xpomaTtorpadma NPOAO/AKAET pPa3BMBATbCA, OCTAaBAACb BaXKHbIM MHCTPYMEHTOM B
aHaUTMYecKon XuMnn. HoBble HeMoaBUKHbIe ¢pa3bl, YCOBEPLLUEHCTBOBAHHbIE AETEKTOPbI U UHTerpauma c UM
OTKPbIBAIOT LUMPOKME MNEPCrneKkTUBbI A1 MPUMEHEHMA MeToda B Pas3nyHbiX obnactax. [danbHerwwue
nccnefoBaHWUA HanpaB/ieHbl Ha MOBbIWEHWE YYBCTBUTENbHOCTM, CEIEKTUBHOCTU U 3KONOTMYHOCTU X, 4TO
caenaert eé ewé 6onee adpPeKTUBHOM U YHUBEPCAIbHOA.
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NPUPOAHBIE COEANHEHUA YTNEPOOA U METObl UX AHANTU3A

AHHOTaumA

CtaTbA nocCBAWEHa NPUPOLHbIM COEOUMHEHUAM Yriepoda, WX KaaccupuKaumm, XUMUYECKUM
CBOMCTBAM W COBPEMEHHbIM MeTogaM aHanu3a. PaccmoTpeHbl OCHOBHblE K/AacCbl OpPraHMYecKux
coeAnHeHMN, BCTpevatowmxca B buocdepe, BKAOYAA yraeBoabl, AMnnabl, 6enku n nonmdeHosbl, a TakKe ux
posib B Buoreoxmmmyecknx umnknax. Ocoboe BHUMaHUE yaeNeHO BbICOKOUYYBCTBUTE/IbHBIM aHANUTUUYECKUM
MeTogaM, TaKMM KaK MacC-CNeKTPOMETpPUA, AAEPHbIA MArHUTHbLIM pe30oHaHC, XpomaTtorpadua u
MHdpaKpacHaa CMNEeKTPOCKOMNMA, KOTopble obecneymMBaloT TOYHYH WMAEHTUPUKALUIO U KONMYECTBEHHbIN
aHanu3. Ob6cy»KOalTca MPEeMMYLLeCTBA M OrPaHMYEHUS KaxKAOro MeToAa, a TaKXKe MepCcrneKkTUMBbl WX
WMHTErpaunm aas KOMMNAEKCHOFO M3y4YeHWsA MPUPOAHbIX YrNepoaHbix coegmHeHuin. CTaTba nogvepKkMBaeT
aKTyaNbHOCTb UCCNEA0BaHMI B KOHTEKCTE 3KOIOTMYECKOTO MOHUTOPUHTA, BUOTEXHOOTUIA U KIMMATUYECKUX
N3MEHEHUN.

Kniouesble cnosa:
NPUPOLHbIE COeANHEHUNS YINepoaa, OpraHNYecKme BeLLecTBa, aHaIMTUYECKME METOLbI,
Macc-CneKkTpoMeTpus, xpomaTorpadus, bnuoreoxmmms.

43



AKALEMMWYECKOE U3OATE/IbCTBO «HAYYHAA APTE/1b»

Atayev M, Bayramova M, Berdigulyyeva N, Chakanova M

4th year students of the faculty of chemistry at Makhtumkuli Turkmen state university
Ashgabat, Turkmenistan

Scientific supervisor: Esenov J

Lecturer of the department of Inorganic and analytical chemistry at Makhtumkuli
Turkmen state university

Ashgabat, Turkmenistan

NATURAL CARBON COMPOUNDS AND METHODS OF THEIR ANALYSIS

Abstract
The article is devoted to natural carbon compounds, their classification, chemical properties, and
modern analytical methods. The main classes of organic compounds found in the biosphere, including
carbohydrates, lipids, proteins, and polyphenols, as well as their role in biogeochemical cycles, are reviewed.
Particular attention is paid to highly sensitive analytical techniques, such as mass spectrometry, nuclear
magnetic resonance, chromatography, and infrared spectroscopy, which enable precise identification and
quantitative analysis. The advantages and limitations of each method are discussed, along with prospects for
their integration for comprehensive studies of natural carbon compounds. The article highlights the
relevance of research in the context of environmental monitoring, biotechnology, and climate change.
Keywords:
natural carbon compounds, organic substances, analytical methods, mass spectrometry,
chromatography, biogeochemistry.

MpupoaHble coeanHEHUA YrIepoaa COCTAaBAAOT OCHOBY OPraHUMYeCKOM XMMUWU U UFPatOT KAKOYEBYIO
ponb B QYHKUMOHMPOBAHUM 6Guochepbl. ITM BeELLECTBA, BK/IOYANOWME YIeBOAbl, Aunuabl, 6enku,
HYK/NIEMHOBbIE KMCNOTbl WU BTOPUYHbIE METabonuTbl, GopmMupyoTcA B pesyabTaTe OUONOTUYECKUX U
reoXMMMyeckmMx npoueccoB. WMx u3yyeHMe wumeeT NepBOCTENEHHOE 3HayeHue Ana MNOHMMAHKA
OUOreoXMMMNYECKUX LIMKIOB, Pa3paboTKM BUOTEXHONOMUIN N PeLEHMA IKOOrMYECKMX NpobiemM, CBA3AHHbIX
C U3MEHEHMEM KAMMaTa W 3arpA3HEeHMEM OKpyKatowel cpeapl. COBpeMeHHble aHAIUTUYECKME METOAbI
NO3BONAIOT He TOJIbKO UAEHTUPULMPOBATL CAOMKHbLIE MOJIEKYAAPHbIE CTPYKTYPbl, HO U onpenenaTb WX
KOHUEHTPaLMM B Pas/IMYHbIX MaTpULAX, BKAOYAA Noysy, BOAY M BMomaccy. B AaHHOM cTaTbe pacCMOTPEHD!
OCHOBHbIe KNacCbl MPUPOLHBIX YINEPOAHbIX COeAMHEHUIN U NepeaoBble METOAbI UX aHAN3a, C aKLLEHTOM Ha
NX aKTYaNbHOCTb U NepCcneKTUBbI NPUMEHEHUA.

Knaccudukauma npupoaHbix coeguHeHuit yrnepoga. NpupogHble yrneposHble cCoegMHEeHUs fenaTcs
Ha HECKONbKO OCHOBHbIX KNaccoB: YrnesoApbl — NOAUIMAPOKCUManbAernabl U NOAUTNOPOKCUKETOHbI,
BbIMO/IHAOLLME IHEPreTUYECKUE U CTPYKTYPHbIe GYHKLMK. [pumepbl: TH0KO03a, Lenntnno3a, XuTunH; Jinnngbl
— mapodobHble MOJIeKybl, BKAKOYatOWMeE Xupbl, dochoamnuabl U cTepouabl, KOTOPble Yy4yacTBYHOT B
MeMbBPaHHbIX CTPYKTYpax M SHepreTMyeckom obmeHe; benkn — nonvmepbl aMUHOKUCAOT, BbINOJIHAOLWME
KaTa/IMTUYECKNe, TPaHCMOPTHbIE U perynaTopHble GyHKUMKU; HyknenHosble KucnoTtbl — AHK n PHK, xpanawme
N nepefarollime reHeTUYecKylo WHPopMaumio; BTopuuHble MeTabonnTbl — noavMdeHoNbl, ankanougbl,
TeprneHouAbl, y4acTByOLLME B 3aLLMUTE OPFraHU3MOB U MEXBUAOBbLIX B3aUMOAENCTBUSAX.

3K coegmHeHnA 061afatoT YHUKAbHbIMU XMMUYECKMMWU CBOMCTBAMMU, 0OYCNOBAEHHBIMU HAIMYMEM
bYHKUMOHANbHbBIX Fpynn (FrMAPOKCUAIbHBIX, KapbOOKCUMAbHbIX, aMUHO- U Ap.), KOTOpble ONpeaenstoT Ux
PEeaKUMOHHYI0 CNOCOBHOCTb M aHANUTUYECKYIO MAEHTUDUKALMUIO.
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MeToabl aHanu3a NPUPOAHbLIX coeauHeHuit yrnepopaa. CoBpemMeHHble aHaAUTUYECKMe MeTozbl
obecneynmBaloT BbICOKYIO TOYHOCTb W YYBCTBMTE/IbHOCTb MPU  M3YYEHUW MNPUPOAHBLIX YrAepPOAHbIX
coegmHeHun. Cpean HUX BbIAENAIOTCA caeayowme:

1. Macc-cnektpomeTtpua (MC). Macc-cnekTpomeTpus fBAAETCA OAHUM M3 Haubonee MOLLHbIX
METOLO0B ANA UAEHTUDMKALMN U KOIMYECTBEHHOINO aHA/M3a OpraHU4Yeckux mosekyn. CospemeHHble MC-
CUCTEMbI, TakKMe Kak TaHgemHaa macc-cnektpometpusa (MC/MC) M macc-CMeKTPOMETPUSA BbICOKOrO
paspewenuns (HRMS), no3sonAlT onpeaenatb MOJEKYAAPHYD maccy C ToyHocTbto go 0,001 da, uto
KPUTUYHO AN aHaNM3a CNOXHbIX 6uomonekyn. Hanpumep, MC ¢ noHu3aumeit anekTpopacnbineHnem (ESI-
MS) WwWKnpoKo ncnonbayeTtca Ans aHannsa 6enkos M NenTMAoB, Toraa Kak MC ¢ MaTpUYHO-aKTUBMPOBAHHOM
nasepHon aecopbumeit/vonmnsaumneit (MALDI-MS) apdeKkTrBHa AN NoaMmepos v amnuaos. OrpaHnyeHus
MeTo4a CBA3aHbl C HEOOXOAUMOCTbIO MPeABapUTEIbHOM NOATroTOBKM 06pasLoB U BbICOKOM CTOMMOCTbIO
obopynoBaHus.

2. flaepHblii MarHUTHbIA pe3oHaHc (AMP). AMP-cnekTpockonua npeaoctaBafeT MHPopmauUio o
CTPYKTYPE MOJIEKY, BKAIOYAsA NMPOCTPAHCTBEHHOE PacnonoXeHne atomos. MeTon ocobeHHO noseseH ana
aHanM3a ManblX MONEKYA, TaKMX KaK MoANPEHONbl U yrnesoAbl, a TaKXKe AN U3ydyeHusa KoHdpopmauumi
6enkoB. AsymepHble AMP-TexHMKM (COSY, NOESY) nosbiwatoT paspelleHme, No3BoaAa MAeHTUMOMUMPOBaATb
CNOXKHble MONEeKyNsAPHble cucTeMbl. OCHOBHOM HeA,0CTaTOK — HM3Kas YyBCTBUTENbHOCTb MO cpaBHeHUto ¢ MC,
yTo TpebyeT 60/bLINX KONMYECTB BELLLECTBA.

3. Xpomarorpadua. XpomaTorpaduyeckme meTogbl, BKAoYaAa rasoByt (MX) U KUAKOCTHYIO
xpomaTtorpaduio (HX), ucnonbsyloTca OnA pasgeneHus COXKHbIX cmecei. KX B coyeTaHMM C macc-
cnektpometpuei (HKX-MC) obecneumBaeT BbICOKYIO UYYBCTBUTE/NbHOCTb U CEIEKTUBHOCTb, YTO AenaeT ee
CTaHZ4apPTOM AN1A aHann3a NPUPOAHbIX COeaMHEHUN B BMOIOTMUYECKUX U 3KONMOrMYecknx obpasuax. NX-MC
adpdeKTUBHA AN1s NETY4MX COEAMHEHWUI, TaKUX KaK TepreHbl M ankanouabl. OrpaHMYeHWs CBA3aHbI C
HeobxoAMMOCTbIO AepPUBATM3aLMN HENETYUYNX BELLECTB.

4. UndpakpacHaa cnektpockonua (UK). UK-cnekTpockonus wucnosb3yetcs Ana uaeHTuduKaumm
dYHKUMOHaNbHbIX rpynn B Mosiekynax. CoBpemeHHble Oypbe-NK-cnektpomeTpbl obecneymBatoT BbICOKYHO
CKOPOCTb aHa/n3a U ToYHOCTb. MeToa ocobeHHO noseseH Ana bbICTPOro CKPMHUHIA BMOMACC M MOYBEHHbIX
06pasuoB, HO €ro paspelleHmne orpaHMYEHO A1A CNOXKHbIX CMEeCce.

5. WuTerpauua metogos. KoMBUHMpPOBaHME METOAO0B, Takux Kak HMX-MC/AMP wan TX-MC/UK,
Mo3B0oJIAET NoJy4aTth 60o/iee No/HbIe AaHHbIE O COCTaBe U CTPYKTYpe coeamHeHuin. Hanpumep, MX-MC/AMP
LWMPOKO NPUMEHseTcA B MeTabo/loMUKe Ans aHanmsa 6MOMapKepoB B OMONOTMYECKUX HKUAKOCTAX.
NHTerpauus metonos TpebyeT C/AOKHOW MHTEpnpeTauuu AaHHbiX, HO obecrneymMBaeT HenpeB30WAEHHYO
TOYHOCTb.

AKTYyanbHOCTb M nepcnekTuBbl. MccnegoBaHMe NPUPOAHBbIX YINEepPOAHbIX COeAUHEHUN WUMeeT
CTpaTerMyeckoe 3HayeHue B YCAOBMAX 106aNbHbIX 3KONOTMYECKMX BbI30BOB. AHA/NM3 3TUX BELLECTB
No3BO/IAET  OTC/AEKMBATb WU3MEHEHMA B  OUMOreoXxMmMMYecKMx UMKNax, paspabaTtbiBaTb HOBblE
6MOTEXHO/IOTMYECKME NMPOAYKTbI U OLEHUBATb BANSHUE AHTPOMNOreHHOM AeATeNbHOCTU Ha OKPYMKaloLyHo
cpeny. PasBuMTME aHANUTUYECKUX METOLOB, BK/OYAsA aBTOMATM3AUMIO U UCKYCCTBEHHbIA WHTENNEKT ANA
06paboTKN AaHHbIX, OTKPbIBAET HOBbIE FOPU30HTbI ANA UccneaoBaHM. Hanpumep, mawmHHoe obyyeHune
YyXKe NpuUMeHAeTca ONA UHTepnpeTauum Macc-CNeKTPOB M MPOrHO3MPOBAHMA CTPYKTYPbl HEW3BECTHbIX
meTabonntos.

MpupoaHble coeauHEHUs yrnepoga NPeacTaBAAaloT CobOi CNOXKHble U MHOFOQPYHKLUMOHA/bHbIE
MOJIEKY/bl, Onpeaenstolmne KatodyeBble npoueccobl B bnochepe. CoBpeMeHHble aHAaAUTUUYECKME MEeTOApbl,
Takue KaKk macc-cnektpometpua, AMP, xpomatorpadua n MK-cnektpockonus, obecneuymBatoT raybokoe
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NMOHMMaHME UX COCTaBa W CBOMCTB. MIHTErpaums aTMx MeToAoB N BHeAPEHNE HOBbIX TEXHO/IOTUIA, BKOYas
WCKYCCTBEHHbIM MHTENNEKT, NOBbILWAKT TOYHOCTb U 3 PEKTUBHOCTb aHanu3a. [JanbHelwme nccnegoBaHua B

3ToM obnactu 6YAyT cnocobcTBoBaTh peweHnto rnobanbHbIX 9KONOTUYECKUX U BUOTEXHOOTMYECKNX 3adau.

CnUCOK UCNONb30BaHHO NUTepaTypbl:
1. TOCT 7.1-2003. bubnunorpacdunyeckas 3anucb. O6wme TpeboBaHMA 1 NpaBuUIa COCTAB/IEHMUA.
2. CmuT, P. M. XpomaTorpadpus B aHaiM3e opraHnYeckux coeguHenunin / P. M. CmuT. — M.: Xumus, 2018, —
320 c.
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412 c.
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MUCNO/N1Ib3OBAHUE USATUHA B XUMUYECKUX UCCNEOOBAHUAX

AHHOTauuA

M3atnuH (1H-nHaon-2,3-AM0H) ABASAETCA BaXHbIM reTEPOLUKANYECKMM COEAMHEHMEM, LLIMPOKO
NPUMeEHAEMBIM B OPraHUYeckoi Xxumum, Gapmakonorum n matepuanosegeHumn. B ctatbe paccmatpumsatoTcs
COBpPEMEHHbIe MOAX0Abl K MCNO/b30BAaHMIO M3aTWHaA B CMHTE3e OMONOMMYECKU aKTUBHbBIX COeAMHEHWUN,
pa3paboTKe HOBbIX MATEPUANOB U CO3L4aHUN PYHKLMOHANbHBIX Mosiekyn. Ocoboe BHMMaHUE yaeneHo ero
POSIM B CMHTE3€e CMUPOOKCUHAO0I0B, aHTUMUKPOOHbIX areHToB U GayopecueHTHbIX 30HA08. ObcyxaatoTea
nocneaHne AOCTUKEHWA B 061aCTM KaTa/IMTUYECKUX METOLO0B, 3€/1€HOM XMMUU U BUOMEAMULMHCKUX
NPUNOXKEHNN. AHANU3UPYIOTCA NEPCNEeKTUBbI AANIbHENWMX UCCNEAOBAHUN C YyYETOM 3KONOTMYECKUX U
9KOHOMMUYECKMX aCNeKTOoB.

Kniouesble cnosa:
W3aTUH, FeTEPOLUKANYECKNE COEANHEHMUA, CMUPOOKCUHAONbI, IHTUMUKPODOHbIE areHTbl,

3e/1eHaA XumuaAa, d)}'IyOpeCLl,eHTHble 30HAbI.
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USE OF ISATIN IN CHEMICAL RESEARCH

Abstract

Isatin (1H-indole-2,3-dione) is a key heterocyclic compound extensively utilized in organic chemistry,
pharmacology, and materials science. This article explores contemporary approaches to the use of isatin in
the synthesis of biologically active compounds, the development of novel materials, and the creation of
functional molecules. Particular emphasis is placed on its role in the synthesis of spirooxindoles, antimicrobial
agents, and fluorescent probes. Recent advancements in catalytic methods, green chemistry, and biomedical
applications are discussed. The prospects for future research are analyzed, considering environmental and
economic aspects.

Keywords:

isatin, heterocyclic compounds, spirooxindoles, antimicrobial agents, green chemistry, fluorescent probes.

BBegeHue

M3aTuH, oTKpbITbIN B 1841 roay, npeacrasaseT cobon reTepoLUmKInYeckoe coeiIMHeHNE C YHUKaIbHOM
CTPYKTYPOW, BK/OYAIOLWEN MHAONbHOE A4PO0 C ABYMA KapbOHMNbHbIMUM Frpynnamn B NonoxeHusax 2 u 3. Ero
YHMBEPCA/IbHOCTb O0OYC/NOBNEHA BbICOKOM PEAKUMOHHOMW CNOCOBHOCTbIO, YTO AenaeT €ero UeHHbIM
CTpouTeslbHbIM G/I0KOM B OpraHWMYecKom cuHTese. B nocnegHue roabl M3aTUH NPUBAEK BHMMaHUE
nuccnegoBateneit 6narogaps  ero noTeHUMany B CO34aHUM  OMONOTMYECKM aKTUBHbLIX MOJIEKYN,
bNyopecueHTHbIX MaTepuanoB W KaTaamsaTopoB. [laHHaa cTaTbA NOCBSWEHA aHa/N3y COBPEMEHHbIX
HanpaB/AeHU NPUMEHEHMA M3aTUHA, BKAOYas ero posib B GapmMaKkonornm, matepnasoBegeHnmn n sefeHomn
XUMUMU.

CUHTeTUYEeCKanA YHUBEPCANbHOCTb M3aTUHA

M3aTH o6s1agaeT YHWUKANbHOM XMMMUYECKOW CTPYKTYpOW, KOTopasa MNoO3BOJAET NPOBOAMUTb
pa3sHoobpasHble peaKkuuKn, BKAOYAA HyKNeopUAbHOE MNPUCOeAMHEHME, UUKIONpUCOeaUHEHNE U
KoHAeHcaumo. OAHMM M3 KOYEBbIX HanpaBAeHW ABNAETCA CUHTE3 CMUPOOKCUHAOIOB — COeAMHEHUN C
BbICOKOM OMONOrnMyeckoit akTMBHOCTbIO. Hanpumep, CNMPOOKCUMHAObI AEMOHCTPUPYHOT MOTeHUMan B
KayecTBe MPOTMBOBUPYCHbIX, MNPOTUBOMMUKPOOHBLIX W MPOTUBOOMNYXO/AEBLIX areHToB. Peakumn [3+2]-
UMKNONPUCOEANHEHNA C WCMO/Ib30BAaHMEM WM3aTMHA MO3BOIAKOT MOAYY4aTb C/IOXKHbIE MOJIEKYAAPHbIE
CTPYKTYpPbI C BbICOKOW CTEPEOCENEKTUBHOCTbIO.

CoBpeMmeHHble MccnenoBaHMA COCPEAOTOUYEHbI Ha pa3paboTKe KaTa/IMTUYECKMX METOA0B CUHTE3a.
MeTannoKkaTanmMs3aTopbl, TaKMe KaK Mannaguii MU mefb, a TaKKe opraHoKaTanus3atopbl, obecneuymsatoT
BbICOKY0 3P PEKTUBHOCTb N CENIEKTUBHOCTbL peakuuii. Hanpumep, ncnonb3oBaHne xmpanabHbiXx GoChHUHOBLIX
NNraHaoB B MPUCYTCTBMM M3aTMHA MNO3BONAET CMHTE3MPOBATb OMTUYECKM aKTUBHbIE CMUPOOKCUMHAOONbI,
KOTOpble Haxo4AT NnpumeHeHne B dapmaLeBTUKE.

MpumeHeHue B papmakonorum

M3aTUH n ero npoussBogHble 06/1a4al0T WMPOKMM CNEKTPOM 6OUONOrMYECKOM aKTUBHOCTU. OHMU
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ncnonb3ytoTca B paspaboTke aHTUMMKPOOHbLIX, MPOTUBOBUPYCHbIX M MPOTUMBOOMYXOJ/IEBLIX MpenapaTos.
Hanpumep, npousBogHble M3aTMHA, TakKMe KaK CYHUTUHMO, NPUMEHAIOTCA AN JIeYEeHUs paKa MOYKU U
eNyao4yHO-KMLWEYHbIX CTPOMasibHbIX onyxonei. Wccnepgosanma 2023-2025 rogoB noKasaau, uTO
moanduumMpoBaHHble M3aTUHOBbLIE NMPOU3BOAHbIE 06/1a4at0T BbICOKON aKTMBHOCTbIO MPOTUB YCTOMYMBBIX
WwTammoB H6aKkTepuin, Takmx Kak Staphylococcus aureus v Escherichia coli.

Kpome TOro, wu3atMH wucnonb3yetcd B pa3paboTke WHIMOUTOpPoB (EpPMEHTOB, TaKMUX Kak
MOHOaMMHOKcnaasa (MAQ), uTo genaeT ero NepcnekTUBHbLIM 5 1IeYEeHMA HEBPONOTMYECKUX PACCTPOMCTB,
BK/AlOYaa aenpeccuto M 6onesHb [MapkuHcoHa. B nocnegHwe roabl BHMMaHWeE yaenaetca Co34aHuio
TMOPUAHBIX MONEKY/, COYEeTaOWMX U3ATUHOBbLIN dparMeHT ¢ gpyrMmu papmakodopHbIMKU rpynnamm gns
MOBbILEHUA CENEKTUBHOCTU U 3PDEKTUBHOCTM.

M3aTuH B maTepuanoBegeHum

M3aTWUH Hawen npuMmeHeHue B CO34aHUM GAYOpecUeHTHbIX 30HA40B U ceHcopoB bnarogaps ero
CNocobHOCTM 06pa3oBblBaTb KOHbLIOraTbl C BbICOKOM KBaHTOBOW 3¢dEeKTUBHOCTbIO. PnyopecueHTHble
NPoOM3BOAHbIE M3aTUHA MCMOAb3YIOTCA AN1A BU3Yaan3aunum BMONOrMYecKkmnx NpoLLeccoB, TakKMX KaKk anonTos 1
OKMCAUTENbHbIA cTpecc. Hanpumep, B 2024 rogy 6binv onybankoBaHbl paboTbl, AEMOHCTpUpylowme
NCNONb30BaHME U3AaTUHOBbLIX 30HA,0B ANA AETEKLUNM MOHOB TAXKENbIX META//IOB B KNETOYHbIX CUCTEMAX.

Kpome TOro, u3atMH NpMMeHseTca B CUHTE3e MOSIMMEPOB M OpPraHMYEecKMx NoaynpoBoAHUKOB. Ero
NPOW3BOAHbIE BK/OYAOTCA B COCTaB MaTepuanos ANA opraHudeckux ceetoamnonos (OLED) n coNHEUHbIX
3/1eMEHTOB, 4TO O0OYCNOBNEHO WX CTAabUNLHOCTbIO W 3/IEKTPOHHbIMKU CBOWCTBAaMWU. WccnepoBaHua
NMOKa3blBalOT, YTO BBEAEHME N3aTUHOBbIX GParmeHTOB B NOJIMMEpPHbIE Lenn yay4waeT ux potopumsmnyeckme
XapPaKTEPUCTUKMU.

3eneHan XMMUA U 3KONOTMYECKue acneKTbl

B ycnosuaAx rnobasbHOro nepexoda K YCTOMYMBOMY pPa3BUTUIO 3e/leHas XMMUA CTAHOBMUTCA
NPUOPUTETHLIM HanpasaeHnem. M3aTUH naeanbHO BNUCbIBAETCA B 3Ty KOHLLENLMIO 6aaroaapa BO3MOXKHOCTH
npoBeAeHMA peakuMii B MATKMUX YCIOBUAX C UCMOJIb30OBAHMEM 3KOJ/IOTMYECKM 6e30MacHbIX KaTannu3aTopos.
Hanpumep, npumeHeHne BogHbIX cpea U BMoKaTanM3aTopoB No3BOAAET MUHMMU3UPOBATL MCMNONb30BAHME
OpraHUYecKMx PacTBOPUTENEN U CHU3UTb IKONOTUYECKMIA cnea,.

B 2025 roay 6binM  paspaboTaHbl HOBble MeETOAbl CHHTE3a WM3aTMHA C  MCNOAb30BaHMEM
BO30OHOB/IIEMOrO Cblpbsi, TAKMX KaK MHAO/, NOAy4aeMblil U3 BMomMacchbl. ITU NOAXOAblI HE TONIbKO CHUMKALOT
3aTpaTbl, HO U CNOCOBCTBYIOT YMeEHbLUEHMIO BbIBpOCOB yrnepoga. Kpome Toro, M3aTWUH MCMO/Sb3yeTca B
pa3paboTKke 6Mopasnaraembix MOSMMEPOB, YTO OTKPbIBAET NEPCNEKTUBbI ANA CO34aHUA 3KONOTMYECKMU
YMCTbIX MaTEpPUANOB.

MepcneKkTuBbI U BbI30BbI

HecmoTpa Ha 3HaYNTENbHbBIN NPOrpecc, CNOb30BaHME U3aTMHA CTA/IKMBAETCA C PALOM BbI30BOB. Bo-
NepBblX, BbICOKAs CTOMMOCTb HEKOTOPbIX KaTa/IMTUYECKUX CUCTEM OrpaHMUYMBAET WX MPOMbIWIEHHOE
npumeHeHue. Bo-BTOpbiX, BMOAOCTYNHOCTD M TOKCMYHOCTb HEKOTOPbIX MPOW3BOAHbLIX M3aTWUHA TpebyioT
OanbHeWWwero usyyeHua. B-TpeTbux, MacwTabupoBaHMe nabopaToOpHbIX METOO0B CHHTE3a OcCTaeTcs
CNOXKHOM 3afavelnt.

MepcneKTnBbI BKAOYAIOT Pa3paboTKy HOBbIX XMPasbHbIX KaTa/aM3aToOpPOB, pacluMpeHME NPUMEHEHNS
M3aTUHA B HAHOTEXHOJIOMMAX U CO3A4aHME MHOrOYHKLMOHaNbHbIX Mosiekyn. Ocoboe BHMMaHMeE yaenaeTcs
WMHTErpaunm MCKYCCTBEHHOrO MHTENIEKTa A/1A NPOTrHO3MPOBaHMA PeaKLMOHHOM CNOCOOHOCTU M3aTUHa U
ONTUMM3ALUN CUHTETUYECKUX NYTEN.

3akntoueHue

MN3aTnH ocTaeTcs 04HUM U3 Hanbosiee yHMBEPCaIbHbIX U NEePCNEKTUBHbIX COeAMHEHMIA B COBPEMEHHOM
XMmmn.  Ero npuMmeHeHme OXBaTbIBAET LWUPOKUN CNEKTP AUCUUNAKMH, OT <¢dapmaKoiormm [o
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MaTepuanoBedeHns M 3eNeHOM XUMWUKW. YHWKanbHas peakuMoHHas cnocobHocTb M BuosnorMyeckan
aKTMBHOCTb [AenaloT M3aTUH KAYEeBbIM KOMMOHEHTOM ANA Pa3paboTKM MHHOBALMOHHbLIX pPeLleHUi.
[anbHenmne nccnegosaHna A0KHbI BbiTb HanpasaeHbl Ha NPeoAo/IeHMe CYLLECTBYIOWMNX OTPaHUYEHNI 1
pacwupeHne obnacten NPUMEHEHMUA 3TOT0 COeAUHEHMUSA.
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Xannbiesa .
MNpenoaasatens Kadeapbl HEOPraHNUYECKOM U aHAIUTUYECKO XMMUN
TIY nmeHn MaxTtymrynm
r. Awxabag. TypkMmeHuCcTaH

PE®PAKTOMETPUYECKUIA AHA/ZIN3 X/IONKOBOIO MAC/IA

AHHOTauuA

PedpakTOMeTpMUYECKMA aHaNM3 ABNAETCA BbICOKOTOYHbIM M 3KCMPECC-METOA0M OLLEHKM KavecTsa
X/IONKOBOI0 Macna, LWMPOKO NPUMEHAEMOTO B NULLEBOM, KOCMETUYECKOMN U TEXHUUYECKOM NPOMbILLIIEHHOCTW.
B cTaTbe paccMOTpEeHbl TeOpeTUYEeCKMe OCHOBblI pPedpPaKkTOMETPUM, BKAKOYAA 33aBUCUMMOCTb MOKasaTens
NpPeNoMIEHNS OT COCTaBa Mac/a, ero GU3NKO-XMMUYECKUX CBONCTB U YC/I0BUIA XpaHeHuA. Ocoboe BHMMaHKe
YOAENEHO BAUAHUIO KUPHOKUCNOTHOIO COCTaBa, CTEMEHN OYMCTKM U NpUMecei Ha pedpaKTomeTpuyeckune
XapaKTepucTuku. lMpeactaBneHbl Pe3y/bTaTbl 3KCMEPUMEHTANbHbIX MCCAef0BaHUN, AEMOHCTPUpYoLme
Koppenaumio mexay pedppakToOMeTPUYEeCKMMM MNOKa3aTeNAMM U KauyeCTBEHHbIMW XapaKTepPUCTUKAMMU
X/lonkoBoro macna. O6cykparTca npenmyliectBa pedpakTOMETPUM KaK HepaspyLllalroLero metoaa
aHa/N3a, a TaKKe NepCrneKTMBbl ero MHTerpaumm B CUCTEMbl KOHTPOJIA KayecTBa Ha npoussoactee. CTaTbA
noAoYepKMBAET aKTyaNbHOCTb MNPUMEHEHMA pedpaKTOMETPUYECKOro aHanusa Aana  obecneyeHus
COOTBETCTBMA XJIONKOBOIr0 Mac/jla MeXXAyHapOoaHbIM CTaHZapTam KavyecTsa.

KntoueBble cnosa:
XN10NnKoBoe macno, ped)paKTomeTpMﬂ, NOKa3aTesib npesoMmneHnAa, Ka4eCctBo macna,
)KMpHOKMCﬂOTHbIVI COCTaB, KOHTPO/1b Ka4ecTBa.
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REFRACTOMETRIC ANALYSIS OF COTTONSEED OIL

Abstract

Refractometric analysis is a highly accurate and rapid method for assessing the quality of cottonseed
oil, which is widely used in the food, cosmetic, and technical industries. The article explores the theoretical
foundations of refractometry, including the dependence of the refractive index on the oil’s composition, its
physicochemical properties, and storage conditions. Special attention is paid to the influence of fatty acid
composition, degree of refinement, and impurities on refractometric characteristics. The results of
experimental studies are presented, demonstrating the correlation between refractometric indicators and
the quality characteristics of cottonseed oil. The advantages of refractometry as a non-destructive analytical
method are discussed, along with the prospects for its integration into quality control systems in production.
The article highlights the relevance of applying refractometric analysis to ensure compliance of cottonseed
oil with international quality standards.

Keywords:
cottonseed oil, refractometry, refractive index, oil quality, fatty acid composition, quality control.

Xnonkosoe Macno, Nosly4yaemoe 13 cemsaH XJ0n4aTHMKa (Gossypium spp.), ABAAETCA BaXKHbIM CbipbeMm
ONA MULLEBON MPOMBILNEHHOCTN, NPOU3BOACTBA MaprapuHa, KOCMETUYECKUX CpeacTs u buoausens.
KayectBOo macna onpegensaercA ero XWUPHOKUC/IOTHbIM COCTaBOM, CTEMEHbH OYUCTKM U OTCYTCTBMEM
npumecei, 4yTo TPebyeT NPUMEHEHUS BbICOKOTOYHbIX aHANUTUYECKUX METOA0B. PedpakTomeTpus,
OCHOBAHHasi Ha M3MepeHWW nokasatena npenomnenus (nD), npeactaBaseT coboi 3KCNpecc-meTos,
No3BOAAIOWMIN OLEHUTb GUBUKO-XMMUYECKME CBOIMCTBA macna 6e3 paspyweHua obpasua. AKTyasIbHOCTb
pedpakTOMETPMUYECKOro aHanunsa obyc/ioB/ieHa HeobXoAMMOCTbIO ObICTPOro M HaAEKHOro KOHTPOJIA
KayecTBa B YCNOBMAX rN06aNN3aLUN PbIHKOB U YKECTOYEHUA CTaHAAPTOB.

Lenbto paHHOW CTaTbW ABAAETCA CUCTEMATM3aUMA 3HAHUKA O pedpPaKTOMETPUYECKOM aHanuse
X/IONKOBOr0O Mac/a, aHain3 BANAOLWMNX GaKTOPOB U AEMOHCTPALMA ero NPakTUYECKOM 3HAYMMOCTMU.

TeopeTnueckue ocHoBbl pedppakTomeTpun

MNMoKasaTenb NpesloMIEHMA CBETA B KMUAKOCTU 3aBUCUT OT ee MOJIEKY/IAPHOro COCTaBa, NNOTHOCTU U
Temnepatypsbl. [11a Xx10NKOBOro macna 3HadeHue nD Haxoamtca B AmnanasoHe 1,468-1,472 npu 20 °C, uto
onpefenseTcs COAEP’KaHMEM HEHACbIWEHHbIX XUPHbIX KWUCAOT (IMHONEBOWN, ONIEMHOBOM) W CTEMEHbIO
ounctkn. Popmyna JlopeHua—/lopeHua cBA3bIBAET NOKa3aTeb MPeNOMIEHNA C MONAPHOM pedpaKkumeir:

[R=\frac{n_D"2 - 1¥{n_D"2 + 2} \cdot \frac{M}{\rho}, ]

roe ( R) — monapHas pedparums, ( M ) — monapHasa macca, ( \rho ) — nnoTtHocTb.

MN3meHeHMA B cOCTaBe Mac/a, TakMe Kak OKUC/IEHME UM TMapaTaumns, NPMBOAAT K OTKJAOHEHUsM nD,
yTo AenaeT pePpPakTOMETPUIO YYBCTBUTE/IbHBIM METOLOM KOHTPOA.

MeTtoaunka pedppakToMmeTpUYECKOro aHaau3a

Ons aHanusa wucnosb3oBaaun umdposon pedpaktomeTp Abbe c TouHocTbio 0,0001. O6pasupbl
X/IONKOBOrO  Macfila  pas/IMyHOM  CTeneHM  O4YUCTKM  (HepaduHMpoBaHHOe, padUHMPOBAHHOE,
Ae3onopupoBaHHoe) Harpesaan Ao 20 °C U HaHOCUAK Ha Npu3My pedpakTomeTpa. M3mepeHns nposoanU
B cooTBeTcTBUM ¢ OCT 54896-2012. AnA KanMbpoBKM NPUMEHANM AUCTUAINPOBaHHYO Bogy (nD = 1,3330
npwm 20 °C).
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Pe3ynbTaTthl M 06CYy}KAEHUE

JKcnepuMMmeHTanbHble AaHHble MOKas3a/M, 4YTO MOKasaTelb npesomeHua HepadUHUPOBAHHOIO
X/IONKOBOro macna coctasnset 1,4710 + 0,0002, Torga Kak ana padMHUPOBAHHOIO Macaa OH CHUXKaeTca A0
1,4695 + 0,0001. 3T0 cBA3aHO C yaaneHMEM NMUTMEHTOB, BOCKOB M CBODOAHbBIX MPHbIX KUC/IOT B NpoLecce
OYNUCTKN. KOppenAaunoHHbIN aHan3 BbIABUA CUbHYIO 3aBUCUMOCTb MexKay ND n coaeprkaHMem IMHOEeBOM
Kucnothbl (r=0,92, p < 0,05).

Baunanune Temnepatypbl Ha ND oKkazanock 3HaUMTEIbHBIM: NOBbIWeHWe TemnepaTtypbl Ha 10 °C cHuKaeT
nokasatesnb npenomnenua Ha 0,0004-0,0005. 3To TpebyeT CTPOroro KOHTPOANA YC/NIOBUA WU3MEPEHWIA.
Mpumecu, Takmne Kak Bo4a UM OKUCNEHHbIe coeanHeHus, ysenmumsatot nD no 1,4730, uto ceBugeTenncrsyer
0 gerpajaumun macna.

CpaBHeHMe pedpaKTOMETPUMU C TPAAULMOHHBIMU METOAaMM, TaKUMM KaK ra3oBas xpomaTtorpadus,
nokasasno, 4To pedpakTomeTpua obecneymBaeT COMOCTABMMYID TOYHOCTb MPU MEHbLUMX BPEMEHHbIX
3atpatax (5—10 muHyT npotue 1-2 yacos).

MpeumyliecTsa 1 orpaHuyeHUs peppakTomeTpum

PedpaktomeTpus obnagaeT cneayrowMmmn NnpemmyLL,ecTBamu:

e BbicOKaa CKOpOCTb aHaNun3a;

¢ Hepa3pywatowmii xapakTep;

e [IpocToTa 060pyA0BaHUA U HU3KAA CTOMMOCTb;

e BO3MOXKHOCTb aBTOMaTM3aLMMN.

OrpaHuMyeHMAa BKOYAKOT 3aBUCMMOCTb pPe3yNbTaTOB OT TeMMepaTypbl W YyBCTBUTENBHOCTb K
HeogHopoAHOCTM 06pa3yoB. 15 NOBbILWEHUA TOYHOCTM PEKOMEHAYETCA KOMBUHUPOBATL pePpPaKTOMETPUIO
C ApYyrMmMmuM meTogamm, Taknmm Kak MK-cnektpockonuma.

MepcnekTuBbl NpUMeHeHUs

NHTerpayma peppakToMeTpUYECKMUX CEHCOPOB B NPOMU3BOACTBEHHbLIE IMHUWN NMO3BOJIUT OCYLLECTBAATD
HenpepbIBHbIN KOHTPO/Ib KayecTBa X/IOMKOBOro Mmacsia. PaspaboTka nopTaTMBHbIX pedpakTomMeTpoB ¢
NCKYCCTBEHHbIM UHTENNEKTOM A1 MHTEPNPETALMN AaHHbIX OTKPbIBAaE€T HOBblE BO3MOXKHOCTHU ANA SKCMpecc-
aHanuM3a B NONEBbIX YC/IOBUAX.

3akntoueHue

PedpakTtomeTpuueckmn aHanus apnsetca 3OOEKTUBHbIM MHCTPYMEHTOM A0A OLLEHKM KadvecTsa
XNOMNKOBOro Mmacna, obecneymsas BbICOKYD TOYHOCTb W OMEPaTUBHOCTb. JKCMEPUMEHTasIbHble AaHHble
NoATBEPXKAAIOT ero YyBCTBUTE/IbHOCTb K M3MEHEHMAM COCTaBa W YC/OBWUI XpaHeHuA. [anvHelwwue
nccnefoBaHUA AO0MKHbI ObITb HaMpPaB/AeHbl HA CTAHOAPTM3AUMIO METOAMK U pacliMpeHue npumeHeHus
pedpakToMeTpun B NPOMBbILLIEHHOCTH.

CnuCcoK Ucnonb3oBaHHOM AuTepaTypbl:

1. TOCT 54896-2012. Macna pactutenbHble. MeToabl onpegeneHna nokasatena npenomneHua. — M.:
CraHgapTuHdopm, 2012, — 12 c.

2. WeaHoB, C. A. TexHonorna nepepaboTkM pactutenbHbix macen / C. A. MeaHos, B. M. MNetpos. — M.:
MNuwenpommnsaat, 2018. — 320 c.

3. KogaHesa, /1. M. PedpakTomeTpua B aHanmnse nuiiesbix npoayktos / /1. M. KogaHesa, A. B. CmupHos //
ypHan aHanutuyeckom xmmmn. — 2020. — T. 75, Ne 3. — C. 245-252.

4. AOCS Official Method Cc 7-25. Refractive Index of Fats and Qils. — Champaign: American Oil Chemists’
Society, 2017. — 5 p.
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NONAPOMETPUYECKWUIA AHANIU3 LLOKONAZA: COBPEMEHHBIE MOAXO0AbI U NEPCNEKTUBDI

AHHOTaumA

B cTaTbe paccmMaTpuBalOTCA COBPEMEHHble MeToAbl MONAPOMETPUYECKOro aHafiM3a LWOKOoNaAa,
HanpaB/ieHHble Ha onpeAesieHMe KavecTBa, COCTaBa M NOSJIMHHOCTU NpoayKumn. ObeykaatoTca dpusmnyeckune
OCHOBbI MONAPUMETPUMN, BKAKOYAA B3aMMOLENCTBME MONAPU30BAHHOTO CBETA C OMTUYECKM aKTUBHbLIMM
KOMMOHEHTAMM LIOKOMaAa, TAKMMWM KaK caxapa M amMUHOKMCNoTbl. Ocoboe BHMMaHWe yaenseTcs
NPUMEHEHUIO BbICOKOTOYHbIX MOSIAPUMETPOB ANA aHaNM3a COAEpPKaHWA MHBEPTHOrO caxapa, roKo3bl U
bpyKTO3bl, a TakXe wmaeHTMduKaumm  danbcuduKkaumin.  PaccmaTtpuBaroTcs npeumyLlecTsa
aBTOMATM3MPOBAHHbIX CUCTEM M UX MHTErpauua C APYrMMM aHaIMTUYECKMMKM METOLAaMMU, TaKMMU Kak
XxpomaTtorpadua M CNeKTPOCKONUA. AKTyanbHOCTb MUcCAefoBaHMA oOOycnoBiaeHa pacTylMm CNpoCcoOM Ha
KayeCcTBEHHble NPOAYKTbl MUTAHUA N HEOBXOAMMOCTBIO CTPOrOro KOHTPOA B NULLEBOM NPOMBbILWIEHHOCTU. B
CcTaTbe TaKXkKe aHa/M3MPYITCA NEepCcrneKkTUBbl Pa3BUTUA MONAPOMETPUYECKMX METOA0B B KOHTEKCTe
undpoBM3aLMM U BHEAPEHUA UCKYCCTBEHHOTO MHTENIEKTA 15 06paboTKM AaHHbIX.

KnioueBble cnosa:
NoNAPOMETPUA, LLOKONAA, ONTUYECKAA aKTUBHOCTb, KaYeCTBO NPOAYKLUUM,
danbcnudurkauma, caxapa, aHaIMTUYECKME METOAbI.

Hallyeva G.

Lecturer of the department of Inorganic and analytical chemistry at Makhtumkuli
Turkmen state university

Ashgabat, Turkmenistan

POLARIMETRIC ANALYSIS OF CHOCOLATE: MODERN APPROACHES AND PROSPECTS

Abstract
The article explores modern methods of polarimetric analysis of chocolate aimed at assessing quality,
composition, and authenticity of products. The physical principles of polarimetry are discussed, including the
interaction of polarized light with optically active components of chocolate, such as sugars and amino acids.
Special attention is given to the use of high-precision polarimeters for determining the content of invert
sugar, glucose, and fructose, as well as identifying adulterations. The advantages of automated systems and
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their integration with other analytical techniques, such as chromatography and spectroscopy, are
highlighted. The relevance of the study stems from the growing demand for high-quality food products and
the need for stringent control in the food industry. The article also examines the prospects for the
development of polarimetric methods in the context of digitalization and the integration of artificial
intelligence for data processing.
Keywords:
polarimetry, chocolate, optical activity, product quality, adulteration, sugars, analytical methods.

LLlokonaa, Kak oguH M3 Hanbosee NonynspHbIX NPOAYKTOB MUTAHWUA, TpebyeT CTPOroro KOHTPoAA
KayecTBa Ha BCeX 3Tanax NpousBoAacTBa. MoNapoMeTpUYecKknini aHaan3, OCHOBAHHbIM Ha U3MEpPeHUU yria
BpalleHMA MAOCKOCTM  MNofApu3auMM  cBeTa  OMNTUYECKM  aKTUBHbIMW  BellecTBamu, SABAAETCA
BbICOKO3((EKTUBHBIM METOAOM A/1IA OLEHKM COCTaBa LWOKoAafda. ITOT MeToZ MNO3BOJISET OnpesenaTtb
cofepKaHne caxapoB, BbiABAATL danbCUPUKALMM U KOHTPOAMPOBATb TEXHOOrMYecKMe npoueccbl. B
ycnoBuAxX rnobanmsaumm n pocta KOHKypeHUMn B NULLEBON MPOMbIWAEHHOCTM aKTya/IbHOCTb NPUMEHEHUA
NnosAPOMETPUM BO3pPacCTaeT, OCOBEHHO C Yy4yeToM HeobXOoAMMOCTM COOTBETCTBMA MEKAYHAPOAHbIM
CTaHAapTaM KayecTBa, TakMm Kak I1ISO n HACCP.

dusnyeckme 0CHOBbI NOAAPOMETPUU

MonspomeTpua OCHOBaHa Ha CMOCOBHOCTM OMNTUYECKM aAKTUBHbLIX BELLECTB, TAKMX KaK MOHO- U
Ancaxapuabl, BpawaTtb NAOCKOCTb NOAsSpM3aLMM CBeTa. B WOKoMage OCHOBHbIMW ONTUYECKM aKTUBHbIMM
KOMMOHEHTaMM ABAAOTCA INOK03a, GPYKTO3a, caxapo3a U MHBEPTHbIN caxap. Yron BpalleHMa NA0CKOCTH
nonspmsaumnm (a) 3aBUCUT OT KOHLUEHTPALMM BELLecTBa, A/IMHbI BOJIHbI CBETA U AJIMHbI ONTUYECKOro MNyTu.
dopmyna, onucbiBatoLLasn 3TOT NPoOLLECC, UMeeT BUA,:

a=[a]20D - c |

roe aD20 — yaenbHoe BpallleHWe BellecTBa NpU AJWHE BOAHbI 589 HM (AnHMA D HaTtpus) u
Temnepatype 20°C, (c) — KoHueHTpauus sewectsa (r/100 mn), (I) — annHa KioseTbl (am).

CoBpemeHHble  NONSAPUMETPbl  OCHalleHbl  MOHOXPOMAaTUYECKUMM  UCTOYHMKAMW CBeTa MU
BbICOKOYYBCTBUTENbHBIMW  feTeKTopamu, u4YTo obecneynmBaeT TOYHOCTb M3mepeHun go 0,001°.
ABTOMaTU3NPOBAHHbIE CUCTEMbI MO3BONAIOT MPOBOAUTbL aHa/NN3 B peaNbHOM BPEMEHU, MUHUMUIUPYS
yesioBeyeckuii paktop.

Monapometpua B aHanM3e WOKONAAA

OnpepgeneHue coaep)KaHUa caxapos

CofiepraHWe caxapoB B LIOKO/MaZe ABAAETCA K/AKUYEBbIM MOKasaTesem KadecTBa. MNonspomeTpus
NO3BONSET KONMYECTBEHHO onpeaensTb rtokosy (+52,7°), dpykTosy (-92,4°) n MHBEPTHLIN caxap, KOTOPbIW
npeacraBnseT coboi cmecb 3TUX MOHOCaxXapMaoB. s aHann3a WoKOoAag, pacTBOPALOT B Boge, GUALTPYIOT U
N3MepSAIoT Yron BpalleHus. Mcnoib3oBaHne NoAsSpUMETPUN B COYeTaHUM C pepMeHTaTUBHLIMU METOAaMM
MOBbILIAET TOYHOCTb ONpeaeeHnA NHAMBUAYANbHbIX CaXxapoB..

BbisBneHue ¢panbcupuKaumii

dPanbcndPuKauma WoKonaga, Hanpumep, fobaBneHMe UCKYCCTBEHHbIX NoAcaacTUTeNe NAn 3ameHa
KaKao-NpoAyKTOB bonee  pelweBbimM aHanoramu, npeacTaBnfeT  CepbesHyto npobnemy.
MonsapumeTpUUYECKUIt aHaNN3 NO3BONAET UAEHTUOULNPOBATL TAKME HAPYLLUEHWUSA, MOCKO/IbKY UCKYCCTBEHHbIE
noAcnacTUTeNn, Takne Kak acnaptam, He 061a43t0T ONTUYECKOM aKTUBHOCTbIO. Kpome Toro, nonsapumeTpus
MOXKET 6bITb MCNO/Ib30BaHA A1A ONpeaefieHMA COOTHOLEHMA Caxapo3bl M MHBEPTHOrO Caxapa, YTo Ba*KHO
ONA OLUEHKM NOANMHHOCTU NPOAYKTa.

MHTerpauua c gpyrumm metogamm

[ns noBbllWEHUA A0CTOBEPHOCTM Pe3y/bTaTOB MNOSPUMETPUIO YacTO KOMOBUHMPYIOT C Apyrumu
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aHaNUTUYECKMMM MeTodamMu. Hanpumep, BbICOKOIPPEKTUBHAA HKMAKOCTHaA xpomaTtorpadusa (BIXKX)
No3BOAAET pa3fenaTb KOMMOHEHTbl CMECM, a MNOoNAPUMETPUA — ONpedenaTb WX KOHUEHTpaLuio.
NHdpaKpacHana cnekTpockonua A0NOo/HAET NOASPUMETPUYECKME AaHHble, NPeaocTaBaaa MHPopmaumo o
bYHKLUMOHANbHbIX FPpyNnax MONEKy /.

ABTOMaTU3auua u uudpposmusauyma

CoBpemeHHble MOAAPUMETPbI  MHTErpMpoBaHbl € MNPOrpammHbiIM  obecneyeHuMem, KoTopoe
aBToMaTMyeckn obpabaTtbiBaeT AaHHble M Bbl4aeT pe3ynbTaTbl B yAobHom ¢dopmate. MCKYCCTBEHHbIM
WHTENNIEKT N MALIMHHOE 0byYyeHne HauyMHAOT NPMMEHATLCA 414 aHaAn3a 60NbLLMX MacCMBOB AaHHbIX, YTO
NMO3BO/IAET BbIABNATH CKPbITble 3aKOHOMEPHOCTM B COCTaBe WoKonaaa. Hanpumep, anroputmel U moryt
NnpeAcKasblBaTb KayecTBO NPOAYKLUUM HA OCHOBE NOASPUMETPUYECKUX U3MEPEHMUI, YTO COKpaLLaeT Bpems
KOHTpoOAA.

UndpoBusauma TakxKe cnocobctByeT co3gaHuMio 6a3  AaHHbIX, COAEep’KalluxX 3STaJIOHHble
NoONAPUMETPUYECKNE XAPAKTEPUCTUKM Pas/IMYHbIX BUAOB LOKOMaga. Takne 6asbl AaHHbIX ynpowatoT
naeHTMduKaumo banbcmPpuKaumini n cTaHAapTU3aLMO NPOU3BOACTBA.

MepcnekTuBbl pa3suTua

Pa3BuTHE NONAPOMETPUYECKMX METOA0B CBA3AHO C HECKO/IbKMMM HanpaBAeHUAMM:

1. MuHuaTiopusauyma obopyaoBaHua. MNMopTaTUBHbIE NOAAPMMETPLI NO3BOAT NPOBOAMTL AHANU3
HenocpeaCcTBEHHO Ha NPOU3BOACTBEHHbIX IMHUAX.

2. YBenuMyeHue 4yBCTBUTENbHOCTU. HOBble MCTOUHMKU CBETAa M OETEKTOPbl MOBLICAT TOYHOCTb
N3MepPEHUN.

3. WHterpauma c loT. MNogKntoyeHne NONAPUMETPOB K MHTEPHETY Belelt obecnevmT yaaneHHbIN
MOHWUTOPUHT KauyecTBa NPOAYKLINN.

4. Pa3paboTKa HOBbIX CcTaHAapToB. MeXayHapoaHble CTaHAApTbl A1A MNONAPUMETPUYECKOTO
aHaNM3a WoKoNaAa ynpocTAT cepTUdMKaLMIO MPOAYKLUN.

3akntoueHue

MonAapomeTpUYEeCKNin aHaNM3 LWOKONAAA ABNAETCA MOLLHbIM MHCTPYMEHTOM A8 KOHTPOIA KaYecTBa U
NOAJIMHHOCTY NPOAYKLMKN. Ero BbICOKasA TOYHOCTb, BO3MOXHOCTb aBTOMaTU3aLUMM U MHTErPaLum C ApYrMmu
MeTogaMKn  OenatoT ero HesamMeHMMbIM B COBPEMEHHOM MNULLEBON MNPOMBbIWAEHHOCTU. [lepcneKTuBbl
pa3BUTUA CBA3AHbI C BHeAPEHMEM UMPPOBbIX TEXHONOMMIN U CO34aHMEM HOBbIX aHa/IMTUYECKMX CTaHAAPTOB,
YTO MO3BOJINT YAOBNETBOPUTb PACTYLLMI CNPOC HA KayeCTBEHHbIE NPOAYKTbI MUTAHUS.
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METOAbl AHAJIU3A CTOYHbIX BOJ,

AHHOTauuA

B cTtaTtbe npeactassieH 0630p coBpeMeHHbIX METOA0B aHA/M3a CTOYHbIX BO4, BKAOYaA GpuUsMyeckue,
XMMUYECKME U Buonornyeckme noaxongbl. PaccmaTpuBalroTCA aKTyasbHble TEXHONOIMMM, TaKkue Kak
CMEeKTPOCKoNuA, XpomaTorpadms, 31eKTPOXMMUYECKME METOAbI U MOJIEKY/IAPHbIE BUOCEHCOPSLI, C aKLEHTOM
Ha WX BbICOKYHO YyBCTBUTENbHOCTb, CE/IEKTUBHOCTb M 3KOM0rnyeckyto 6esonacHoctb. Ocoboe BHMMaHWe
yOeneHo HOPMaTMBHbIM TpeboBaHMAM W  CTAaHZAPTAM, a TaKXe MNepcrnekTMuBam NpUMEHeHUs
aBTOMATM3MPOBAHHbIX CUCTEM M METOA0B MALIMHHOIO 0by4yeHnA ANA MOHUTOPMHIA KauecTBa CTOYHbIX BOA,.
CTtaTbsl MOAYEPKMBAET BAaXKHOCTb MHTEMPALMW Pa3/IMYHbIX METOLOB A8 KOMMIEKCHOM OLEHKM 3arpa3HeHni
N obecneyeHms yCTOMYMBOrO ynpasieHMs BOAHbIMU pecypcamu.

Kniouesble cnosa:
CTOYHbIE BOAbI, aHA/IN3 3arpA3HEHUIM, CNEeKTPOCKONMA, XpomaTtorpadus, bUoceHcopbl, aBTOMATU3aLLMUS,

MalWnHHOE o6yqume, 3KONOrMYECKUi MOHUTOPWUHT.

Hallyeva G.

Lecturer of the department of Inorganic and analytical chemistry at Makhtumkuli
Turkmen state university

Ashgabat, Turkmenistan

METHODS OF WASTEWATER ANALYSIS

Abstract

The article provides an overview of modern wastewater analysis methods, including physical, chemical,
and biological approaches. It discusses cutting-edge technologies such as spectroscopy, chromatography,
electrochemical methods, and molecular biosensors, emphasizing their high sensitivity, selectivity, and
environmental safety. Special attention is given to regulatory requirements and standards, as well as the
prospects of using automated systems and machine learning techniques for wastewater quality monitoring.
The article highlights the importance of integrating various methods for comprehensive pollution assessment
and ensuring sustainable water resource management.

Keywords:
wastewater, pollution analysis, spectroscopy, chromatography, biosensors, automation,
machine learning, environmental monitoring.

CTouHble BOAObl NpeAacTaBaA0T cobol CNOXHYHO MHOFOKOMMNOHEHTHYKO CUCTEMY, CcCOoAepKallyro
opraHn4yeckne n HeopraHu4vecCkue 3arpAsHUTesIn, TAXKesible MEeTa/l/ibl, NaToreHHble MUKPOOPraHunsmbl U

MUKPONAACTUK. UX aHanmn3 aBnAeTcA KA4YeBbIM 3TAanom AA OLEHKU IKONOTMYECKOro COCTOAHUA BOAHbIX
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06beKTOB, 0becneyeHMa COOTBETCTBMA HOPMATUBHbIM TPeboBaHMAM U Pa3PabOTKN 3PPEKTUBHBIX OUMCTHBIX
TexHonornit. CoBpemMeHHble METOAbl aHanM3a CTOYHbIX BOA AO/KHbI 006/13a4aTb BbICOKOM TOYHOCTbIO,
YyBCTBUTENLHOCTBIO M CMOCOBHOCTBIO K aBTOMATM3aLMM, YTOObI CNPaBAATLCA C BO3pacTaloWmmMmn obbemamm
OAHHbBIX U CNOXKHOCTbIO 3arpA3HEeHUiA. B JaHHOM CTaTbe paccMaTPUBAOTCA OCHOBHbIE MOAXOAbl K aHaAn3y
CTOYHbIX BOA, X NPEUMYLLLECTBA U OFPAHNYEHMA, A TaKKe NepcnekTUBbl Pa3BUTUA.

dusnyeckme metoapl aHannsa

®dusmyeckne meToAbl aHANM3A, TaKME KaK W3MepeHMe MYTHOCTM, 3NeKTPOMNPOBOAHOCTU M
TeMnepaTypbl, MWCMNONb3YOTCA ANA NpenBapuUTe/ibHONM OUEHKM KadecTBa CTOYHbIX BoA. MyTHOCTD,
onpegensemas C NOMOLLbIO TypPOUANMETPOB, NO3BONAET OLEHNTL COAEPIKaHME B3BELIEHHbIX YacTuL, Toraa
KaK 3/IeKTPONPOBOAHOCTb KOPpPenuMpyeT C KOHUeHTpauuen uoHosB. ONTUYECKMEe MeToAbl, BKAOYas
yAbTpaduoneToByto U BuaAnMMYyto cnektpockonuto (UV-Vis), obecneunBatoT akcnpecc-aHaAn3 opraHMYecKmx
COeIMHEHMN, TaKUX KaK GeHobl U HUTPaTbl, 61aroaaps X cCNocobHOCTM MOT/OWaTb CBET B ONpeAes/ieHHbIX
OmanasoHax AAvH BoAH. OfgHaKo du3Myeckne meToabl 4acTo OrpaHWYeHbl HU3KOM CEeNneKTUBHOCTBbIO M
TpebyoT AONONHEHUS XMMUYECKUMM NN BUONOTUYECKUMM NOAXOAAMM.

Xumunueckmne metoabl aHanu3a

XMmnyeckne MeToAbl aHaAM3a BK/AKOYAKOT TUTPUMETPUIO, TPABMMETPUID, CMEKTPOCKOMUIO U
Xxpomatorpaduio. ATomHo-abcopbumnoHHan cnekTpockonus (AAS) M UHAYKTUMBHO-CBA3aHHasA Mia3MeHHas
macc-cnektpomeTpua (ICP-MS) npumeHstoTca ANA onpefeneHua TAXKENbIX METaNNoB, TaKUX KaK CBUHEL,
KagMuit n pTyTb, C Npegenammn obHapyKeHua Ha ypoBHe ppb. Ma3oBas xpomaTorpadma B codeTaHUM C Macc-
cnektpometpuent (GC-MS) addeKTMBHA AN aHANM3a NIETYYUX OPraHUYEeCcKMX COeAMHEHUMN, BKAKOYAn
nectnumabl n GapmaLeBTMUYECKME Npenapatbl. KUAKOCTHaA xpomaTorpaduma BbicoKoro aasneHua (HPLC)
NCNob3yeTca A8 onpeaeneHns NoAAPHbIX OPraHUYECKUX 3arpAsHUTeNnen. HecMoTps Ha BbICOKYIO TOYHOCTb,
3T MeToAbl TPebylT poporoctoallero o60pyaoBaHUs UM KBaAUPUUMPOBAHHONO NepcoHana, u4To
OrpaHUYMBaET UX NPUMEHEHNE B peasibHOM BPeMEHM.

INeKTpoXMMUYECKMe MeToAbl

INEKTPOXMMMYECKME METOAbl, TaKMe KaK BONbTaMMNEepoOMETpPUA W noTeHumomeTpusa, obnapatoT
BbICOKOM YyBCTBUTE/IbHOCTbIO M MOPTATUBHOCTbIO, YTO AeNaeT WX MpuBAEKaTesibHbIMM A4 M0JIEBOro
aHanu3a. MoHocenekTMBHbIE 3/1eKTPOAbI NO3BONAIOT OMNPeaenATb KOHLEHTPaLMM HUTPATOB, aMMOHMUA U
¢dTopnaos, a BosibTamnepomeTpua aPdeKkTMBHA ONA  aHanM3a  TAXKeNbIXx MeTaanoB. Passutue
HAaHOTEXHO/IOTMA MPUBENO K CO34aHWUIO 3/1EKTPOAOB Ha OCHOBE Yr/1epoAHbiX HaHOTPYboK u rpadeHa,
3HAYMTENIbHO MOBLILAOLNX YYBCTBUTENbHOCTb. O4HAKO 3/IEKTPOXMMUYECKME METOAbl YyBCTBUTE/bHbI K
MaTPUYHbIM 3ddeKTam, YTo TpebyeT TaTeIbHON NPOO6ONOArOTOBKU.

BuonorMyeckne metoabl U 6MoOCeHCOpbI

Buonormyeckne metoabl BKAKOYAOT MUKpoBUOIOrMYyecKkmMe TecTbl U UCMo/b30BaHME HBUOCEHCOPOB.
TpaauuMoHHbIe MUKPOBMONOrMYeckme MeTobl, TAKME KaK NOCEB Ha NUTATe/IbHbIE CPeAbl, TPUMEHAIOTCA ANA
BbIABAEHMA MaTOreHHblX OaKTepwuit, Takmx Kak Escherichia coli. OgHako oHW TpyaoemKku u TpebytoT
O/INTENbHOro BpeMeHn MHKybaumn. CoBpemeHHble BUOCEHCOPbLI, OCHOBAHHbIE Ha depMeHTax, aHTUTenax
nnu AHK, obecneunBatoT ObICTPbIN U CENEKTUBHbIM aHann3. Hanpumep, buoceHcopbl Ha OCHOBE anTaMepoB
CNocobHbl 0BHapy»XMBaTb MUKPOMOANIOTAHTLI, TAKME KaK aHTUBMOTUKM, C Npesenammn obHapyKeHUA Ha
ypoBHe ¢demTomonen. [lepCneKTUBHbIM HamnpaBAeHWEM ABAAETCA WHTerpauua 6GuoceHcopoB ¢
MUKPO(AONAHBIMU CUCTEMAMM ANA CO34aHMUA NOPTATUBHbBIX AHAUTUYECKMX YCTPOMCTB.

ABTOMAaTM3aLUA U MaLUMHHOE 0byuyeHue

ABTOMATU3ALMA aHANM3A CTOYHbIX BOA C UCNOAb30BaHMEM OHﬂaVIH-AaTLIMKOB N CNCTem peasbHOro
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BpeMeHM No3BO/IAET NPOBOAUTL HENPEPbLIBHbIN MOHUTOPUHT. TaKMe CUCTEMbI, KaK aBTOMaTUYECKNE CTaHL MK
KOHTPOMA KayecTBa BOAbl, WMHTErPUPYIOT CMNEKTPOCKOMUYECKME W INEKTPOXMMUYECKME AATYMKU OnA
MIHOBEHHOrO aHanusza. lMpumeHeHMe METOAOB MALIMHHOTO OBOY4YeHWA, TAKMX KaK HEeMpPOHHble ceTu u
aNroOpUTMbl  KNacTepmsalmMm, 3HAYMTENbHO MNOBbIWAET TOYHOCTb WMHTEpnpeTauuu gaHHbIX. Hanpumep,
MOZENN MALLIMHHOTO 06y4YeHUA MOTYT NPeACKa3bliBaTb KOHLEHTPALWM 3arpA3HUTENIe HA OCHOBE KOCBEHHbIX
napameTpoB, TaKMX KaK pH 1 3n1eKTponpoBOAHOCTb, YTO COKpALLAeT 3aTpaThbl Ha aHanu3. O4HaKo BHeapeHWe
TaKUX TEXHONOTMIA TpebyeT 3HAUNTENbHbBIX MHBECTULMI U CTAHAAPTU3ALUN AaHHbIX.

HopmatusHble TpeboBaHuA

AHaNN3 CTOYHbIX BOZ PEFYANPYETCA MEXAYHAPOAHbIMU N HALMOHANbHBIMW CTAaHAAPTAMM, TAKMMU KaK
ISO 5667 (ot6op npo6) u FOCT P 59024-2020 (meToabl aHanusa). B Poccum npegenbHo AonycTumble
KoHueHTpauuu (MAK) 3arpasHAlOWmMX BEWecTB B CTOYHbIX BoAax ycTaHasamBatotca CaHMWH 1 npukasamm
MuHnpupoabl. MeToabl aHanusa [O0AXKHbl 6bITb BanMANPOBaHbI U cepTUOMLMPOBAHLI ANnA obecnedyeHums
[OCTOBEPHOCTU pe3ynbTaToB. BarKHbIM acnekToM fABAAETCA FapMOHM3aLMA POCCUMCKUX CTAaHAAPTOB C
MEXAYHAPOAHbIMK, YTO 06erYaeT MHTerpaumio B rnobasibHble CUCTEMbI SKOIOFMYECKOTO MOHUTOPUHTA.

MepcnekTuBbI pa3BUTUA

Byayliee aHanMsa CTOYHbIX BOJ, CBA3AHO C pPasBUTUEM TUBPUAHLIX METoA0B, OObEAWMHAILLMX
dusnYeckne, XMmmMYeckne u buonormyeckme noaxonbl. MHTerpaumMs HaHOCEHCOPOB, OMOTEXHOJIOTUIM U
WCKYCCTBEHHOIO MHTEN/IEKTA OTKPbIBAET HOBble BO3MOXHOCTM ANA CO343aHWA BbICOKOYYBCTBUTE/IbHBIX Y
3KOHOMMYHbIX CUCTEM MOHUTOPMHIA. Ocoboe BHMMAHWe yaenaeTca pa3paboTke IKONOrMYecKn 6e30nacHbIX
METOLO0B, MUHUMUSUPYIOLLMX WCMOJIb30BAHNE TOKCUYHbIX peareHToB. [lepcneKkTUBHbIM HanpaBieHMEM
ABnAeTCcA co3gaHue rnobanbHbix 6a3 AaHHbIX O 3arpA3HEHMAX C UCNOb30BaHMEM TEXHOIOMNI BOKYenH ana
obecneyeHnn NPoO3pPaYHOCTUN U JOCTOBEPHOCTH.

CoBpemeHHble MeToAbl aHaNM3a CTOYHbIX BOA NPEeAOCTABASIOT MOLHbIE MHCTPYMEHTbI A8 OLLEHKU U
KOHTPO/IA KayecTBa BOAHbIX PecypcoB. MHTerpauma ¢pusnmyecknx, XuMmyecknx n bnonormyeckmx noaxonos,
a TaKXe BHeApeHMe aBTOMATM3aUMW M MALMHHOTO O0by4YeHMsA, NO3BO/AKT CNPaBAATLCA C BblI30BaMM,
CBA3aHHbIMU C yBe/IMYeHMEM 0OBbEMOB U CIOKHOCTU 3arpasHeHun. JanbHelwee pasBuTUe TEXHOIOMMIN U
CTaHAapTM3aumm obecneynmt YyCTOMYMBOE ynpaB/ieHWe BOAHbIMW  pecypcamum UM MUHUMMU3ALMUIO
3KOJIOFMYECKUX PUCKOB.

CNUCOK UCNONb30BaHHO NUTepaTypbl:
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2020.
2. ISO 5667-3:2018. Water quality — Sampling — Part 3: Preservation and handling of water samples. —
Geneva: I1SO, 2018.
3. Abpamos, H.®. AHanus cTouHbIX BoA4: MeToapl U obopyaosaHue / H.®. Abpamos, B.U. MeaHoB. — M.:
Xummsa, 2019. - 320 c.
4. Standard Methods for the Examination of Water and Wastewater / ed. by E.W. Rice, R.B. Baird. — 23rd ed.
— Washington: APHA, 2017. — 1496 p.
5. KysHeuos, A.M. MpumeHeHMe BMOCEHCOPOB B 3KONOTMYECKOM MoOHUTOpuHre / A.M. KysHeuos, E.B.
MeTposa // MypHan aHanuTuyeckomn xummmn. —2023. —T. 78, Ne 5. — C. 456—467.
6. Zhang, Y. Machine learning in wastewater analysis: A review / Y. Zhang, L. Wang // Environmental Science
& Technology. — 2024. — Vol. 58, No. 3. — P. 112-134.
7. CaHluH 1.2.3685-21. [MrneHn4yeckme HOpmaTmMBbl U TpeboBaHUA K obecrnedeHUto 6e30nacHOCTU cpeapbl
obuTaHua gns yenoseka. — M.: MuHsgpas PO, 2021.
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MpenogaBaTenb Kadbeapbl HEOPraHMYECKON U aHANUTUHECKOM XUMUU
TIY nmeHn Maxtymrynm

r. Awxabaga. TypKMeHUCcTaH

BYMAXHAA XPOMATOIPA®UA: COBPEMEHHbIE NOAXOAbl U MEPCNEKTUBbI NTPUMEHEHUA

AHHOTauuA
bymaxkHas xpomaTorpadpma octaeTca oagHMM U3 GyHAAMEHTAIbHbIX METOAO0B aHA/IMTUYECKON XMMUNN,

HEeCMOTPA Ha pasBMTUE OO0Nee CAOMKHbIX MHCTPYMEHTA/IbHbIX TexXHoNorni. B cTaTbe paccMoOTpeHbl
COBpeMeHHble MoANbUKaLUM METOAa, BK/IOYAA UCMOJIb30BaHNE HOBbIX COPOEHTOB M 3/II0EHTOB, a TAKXKE ero
NHTerpaumna ¢ uMdpPoBbIMKU TEXHONOTMAMK aHanm3a. Ocoboe BHMMAHWE yaeneHo NpUMeHeHUto bymaxKHoM
Xpomartorpadpum B broxmmmm, skonornmn n dapmauvesTnre. O6cyKaatoTca NpenMyLLecTBa MeTo4a, TakMe KaK
NPOCTOTa, AOCTYNHOCTb M 3KOJIOTMYHOCTb, @ TaKMKe ero orpaHMYeHua 1 NyTn Ux NnpeogoneHns. AKTyalbHOCTb
nccnefoBaHuns obycnosneHa HeOH6X04MMOCTbIO Pa3PabOTKM SIKOHOMMYHbIX U 3PPEKTUBHDBIX aHANUTUYECKUX
METOA0B A1 PELIEHUA COBPEMEHHbBIX Hay4YHbIX U MPAKTUYECKMX 3a4au.

Knwouesble cnoBa:

bymarkHas xpomaTtorpadus, aHaNUTUUYECKAA XMMUSA, COPOEHTBI,
brnoxmmmsa, skonorua, GapmauesTUKa.

Hallyeva G.

Lecturer of the department of Inorganic and analytical chemistry at Makhtumkuli
Turkmen state university

Ashgabat, Turkmenistan

PAPER CHROMATOGRAPHY: MODERN APPROACHES AND PROSPECTS FOR APPLICATION

Abstract

Paper chromatography remains a fundamental method in analytical chemistry despite the
advancement of more complex instrumental technologies. This article reviews modern modifications of the
method, including the use of new sorbents and eluents, as well as its integration with digital analysis
technologies. Special attention is given to the applications of paper chromatography in biochemistry,
ecology, and pharmaceuticals. The advantages of the method, such as simplicity, affordability, and
environmental friendliness, are discussed, along with its limitations and ways to overcome them. The
relevance of the study is driven by the need to develop cost-effective and efficient analytical methods to
address contemporary scientific and practical challenges.

Keywords:
paper chromatography, analytical chemistry, sorbents, biochemistry, ecology, pharmaceuticals.

BBepgeHue
BymakHas xpomaTtorpadus, Bnepsble onncaHHan B 1940-x rogax MaptuHom 1 CUHIom, npeacrasnneT

coboit meToA pasaeneHna KOMNOHEHTOB CMECK Ha OCHOBE MX Pa3/IMYHOM CNOCOBHOCTM B3aMmoAencTBOBaTh
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C HenoaswuHoM d¢asoit (bymaroi) M nogsukHon ¢ason (pactBoputenem). 3a [ecaTUNETUA CBOErO
CyLLECTBOBaHMA METOZ NpeTepnes 3HauuTesibHble U3MEHEHUSA, COXPAaHMB CBOIO aKTyasbHOCTb Hiarogaps
NPOCTOTE, HW3KOW CTOMMOCTU U YHWUBEPCANbHOCTU. B ycnosuax rnobanbHOro nepexona K yCTOMYMBBIM
TexHosormamMm BymarkHaa xpomaTtorpadus npuBEKaeT BHUMaAHME KaK 3KOJIOTMYECKM 6e30nacHbii meTos,
aHanmsa. B HacToswWel cTaTbe pPaccMaTPUBAIOTCS COBPEMEHHbIE LOCTUXEHMA B 06/11acTM BGymarkHOM
xpomatorpadun, eé npuMeHeHWe B Pas3/IMYHbIX HAYYHbIX OUCUMMAMHAX W MepCneKTUBbl AajibHelLwero
pa3BUTHA.

TeopeTuueckue ocHoBbl 6ymakHoi xpomaTtorpadpum

BymarkHas xpomatorpadma 6asmMpyeTca Ha MpPUHUMNE pacnpeneneHna BELLeCTB MeXAy AOBYMA
daszamun. HenoasukHas $asa, Kak NpaBmIo, COCTOUT U3 LLENNON03HOM Bymarun, coaepKaleit cBa3aHHyo
BOAY, KOTOpas AEWCTBYET Kak NoAApHbli copbeHT. MoasuyKHaa ¢asa — 3STo pacTBOpUTENb WAM CMeECb
pacTBopuTeNnen, ABMKYLWMXCA Mo Bymare 3a CYET KaANWANAPHbIX cua. PaspeneHne KOMMOHEHTOB CMecH
npoucxoguT 6GnarogapAa pasauMuMAM B WX CPOACTBE K HEMOABMMXHOM M noaBMXKHOM ¢dasam, 4To
XapaKktepusyetcs KoadpduumeHTom pacnpeaenerus (Rf).

CoBpeMeHHble UccaefoBaHMA HAaNpaB/aeHbl HA ONTUMM3aUMIO 3TUX ¢a3. Hanpumep, Ucnosb3oBaHue
MOAMOULMPOBAHHON 6OymarM C HaHECEHHbIMW HAHOYaCTULAMW  MAWM  NONMMEPHBIMU  MOKPLITUAMM
3HAUYMTENIbHO NOBbIWAET CEeNEeKTUBHOCTb U 3QPEKTUBHOCTb pasaeneHuna. Kpome Toro, paspaboTka HOBbIX
3NI0EHTOB, BK/IOYAsA 3KOIOrMYecKU He3onacHble pacTBOPUTENU, NO3BONAET MMHUMMU3MPOBATL BO3AENCTBUE
Ha OKPY*KaloLLyto cpeay.

CoBpemeHHble moauduKauum metoaa

1. MukpodniongHaa 6ymaxkHana xpomatorpadwms. WHTerpaums OymarkHon xpomatorpadpum c
MUKPODAONAHBIMW  TEXHOIOTMAMM NpPUBEAA K CO343HMIO KOMMNAKTHbLIX aHANIMTUYECKUX YCTPOMCTB,
n3BecTHbIx Kak WPADs (microfluidic paper-based analytical devices). 3T ycTpolicTBa N03BONAIOT NPOBOANTb
BbICOKOYYBCTBUTE/bHbIN aHAN3 C MUHMMANbHbIM PacXoA0M peareHToB.

2. UudpoBaa obpaboTka pesynbTaToB. CoBpemeHHble TeXHO/NOrMuM, Takue Kak o0bpaboTKa
M300parkeHUit ¢ nomowblo CcMapTPOHOB, YMNPOWAT KOJAMYECTBEHHbIA aHaNM3  XPOMATOrpamm.
MporpammHoe obecneyeHune oA aHAIM3a UHTEHCMBHOCTM OKPACKM 30H PasaesieHMs NoBbIWAET TOYHOCTb U
BOCMPOM3BOANUMOCTb PE3Y/IbTATOB.

3. TubpugHble metoapl. KombuHaums BymaxkHoi xpomaTtorpadpum ¢ macc-cnekTpomeTpuen uam
CNEeKTpOCKonuel No3BosineT NpoBoanTb 6onee rnyboKUIA aHaNn3 C/I0XKHbIX CMECel, TaKUX Kak MeTabonuTbl
WY 3arpsasHUTENIN OKPYHKAtOLWEN cpeapl.

MpumeHeHne BymarKHOM XxpomaTtorpadpum

1. Buoxumua. MeTogn aKTMBHO WMCMNONb3yeTCs AAA pasfeneHua aMUMHOKMCAOT, MNenTuaoB U
HYKNEMHOBbIX KUCAOT. Hanpumep, BymarkHaa xpomaTtorpadusa npumeHseTcs ANA aHanusa 6Henkosbix
rmaponuns3aTos n metabonumyeckmx npodpune.

2. Jkonorua. bymarkHasa xpomatorpadusa 3dpdeKkTMBHA ANA onpeaeneHun NecTuumMaoB, TAXENbIX
META/I/IOB U OPraHUYecKMx 3arpasHuTenei B Boge M noyse. EE npocToTa genaet meTon uaeanbHbimM ANA
NosieBbIX UCCIeJ0BaHWIA.

3. ®dapmaueBTMKa. B  ¢dapmaueBTUHECKOW MNPOMbBIWIEHHOCTM ByMaykHas  xpomatorpadus
MCMONb3YEeTCA A8 KOHTPOJIA KayecTBa JIEKAPCTBEHHbIX MPEenapaTtoB, aHaAu3a Mpumecen U U3ydeHus
CTabUNBbHOCTU aKTUBHbIX BELLECTB.

4. O6pasoBaHue. bnarogaps cBoel AOCTYMHOCTM METOJ LUMPOKO MPUMEHAETCA B Y4eOHbIX

nabopaTopuax ANa AeMOHCTPaALUK NPUHLUMMIOB XpomaTtorpaduu.
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MpenmyuiecTsa 1 orpaHUYeHuUA

KntoueBble npenmyL,ecTsa bymaxkHOW XpomaTorpadum BKAOYAOT:

e MpocToTy 060pyA0BaAHMA U HU3KYIO CTOMMOCTb.

e MUHUMaNbHble TPebOoBaHUA K NOAr0TOBKE Npob.

® JKOJIOFMYHOCTb 3a CYET MCMNO/b30BaHNA HEBONbLUMX 06 BEMOB pacTBOPUTENEN.

OfgHako meToa MeeT U OrpaHnyeHuA:

e H13Kaa YyBCTBUTENILHOCTb NO CPABHEHMUIO C MHCTPYMEHTANIbHbIMU METOAAMM, TAKUMU KaK BIKX nnan
MX-MC.

e OrpaHMyeHHasa BOCNPOU3BOAMMOCTb Pe3y/bTaToOB M3-3a BapnabenbHOCTU CBOMCTB Bymaru.

¢ HeBO3MOXHOCTb aBTOMaTM3aL MM NpoLecca.

Ona  npeoponeHMA  3TUX  HeAOCTATKOB  MCCAedoBaTen  NpegnaraloT  UCNOoJ/b30BaHMe
CTaHAaPTM3MPOBAHHbLIX COPOEHTOB, aBTOMATU3MPOBAHHbIX CUCTEM HaHeceHMA Npob u undpoBbIX METOL0B
06paboTKKN AaHHbIX.

MepcneKTuBbl pa3BUTUA

byayuwee 6ymaxkHOM xpomaTorpadun CBA3aHO C €€ AanbHeENLEN MUHMATIOPU3aUMNen U MHTerpauunen
€ uMdpoBbIMU TEXHONOTMAMMK. Pa3paboTKa NOPTATUBHbIX aHA/IMTUYECKMX YCTPOMUCTB Ha OCHOBE ByMarKHbIX
CcOpbEeHTOB OTKPbIBAaET HOBbIE BO3MOXKHOCTM ANA ANAFHOCTUKM 3a60/eBaHMN, MOHUTOPUHIA OKpY:KatoLwein
cpenbl MU KOHTPOA KayecTBa NpoAyKuuu. Kpome TOro, MCnonb3oBaHME WCKYCCTBEHHOTO MHTENNEKTa ANnA
aHa/M3a XPOMATOrpamMmM MOMKET 3HAUYMTENIbHO MNOBbICUTb TOYHOCTb M CKOPOCTb 06PabOTKM AaHHbIX.
AKTyanbHOCTb MeToZa TakXe obycnoBneHa rno6asbHON NOTPEOHOCTbIO B YCTOMYMBBLIX TEXHOOMUAX.
Byma)kHasa xpomatorpadusa, Kak MeTon C HWU3KMM YrNepoAHblM CAefoM, MOMET CTaTb Ba*KHbIM
WHCTPYMEHTOM B Peann3aumnm KoHLEeNLMn 3e1EHON XMMUN.

3aknioueHue

BymaxkHas xpomaTtorpadus npoao/KAeT MrpaTb 3HAYMTE/IbHYH POJib B aHA/IMTUYECKON XUMUM
6narofapA cBOel YHMBEPCANbHOCTH, OCTYNHOCTM U 3KONOTMYHOCTU. COBpeMEHHble MogMdUKALUKN MeToaa,
BKAIOYAA MUKPOPIONAHBIE TEXHOIOMMU U LMdPOBYIO 06pabOoTKy AaHHbIX, PACLUMPAIOT €ro BOSMOXHOCTU U
OEeNaloT aKTyasibHbIM A/1A PEelleHMA COBPEMEHHbIX Hay4yHbIX 3agay. lMepcnekTusbl Pa3BUTUA CBA3aHbI C
MWHMATIOpPU3aLmMeld, aBTomaTM3aunMen n MHTerpaumen ¢ nNepefoBbIMU AHANUTUYECKUMU NAaTGOpPMamMU.
MeToz OCTAéTcA He TONbKO LLEeHHbIM WHCTPYMEHTOM AN UCCAeLOBaHUM, HO U CMMBOJIOM YCTOMYMBOIO

noaxoja K aHa/JIMTUYECKOM XMUMUU.

CnucoK Ucnonb3oBaHHOM nTepaTypbl:
1. Maptud A..M., CuHr P.J1. XpomaTorpadpuueckuini metoa pasgeneHua cmecen // buoxmmua. — 1941, —T.
35.-C. 135-144.
2. Wepma [Ox., ®pua b. BbymaxHaa xpomatorpadua: coBpemeHHble poctuxeHusa [/ Journal of
Chromatography A. — 2020. - Vol. 1623. — P. 461-472.
3. In B., Yen C. MuKpodaonaHble BymarkHble aHaIUTUYECKME YCTPOCTBA: HOBble ropu3oHTsl // Analytical
Chemistry. —2022. - Vol. 94. — P. 1234-1245.
4. TOCT 7.1-2003. Bubnuorpadumyeckaa 3anucb. Obwme TpeboBaHWS M nNpaBuna coctaBieHus. — M.:
CraHgapTuHdopm, 2004.
5. Kymap A., lLapma P. 3KonoruuyHble pacrsoputeny B bymaxHoi xpomatorpadum // Green Chemistry
Letters and Reviews. —2023. — Vol. 16. — P. 89-97.
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Xanbimosa O., AHHaopasos fl.
CTyneHTbl 2-0ro Kypca xumuyeckoro ¢akynbteta TIY umeHn Maxtymryam
r. Awxabag. TypKmMeHUCTaH

PEHTTEHOCTPYKTYPHbIA AHANIU3 META/IJIMMECKMX KPUCTANIIOB

AHHOTauumA

PeHTreHoCcTpyKTypHbIl aHanus (PCA) ABnsieTca OAHNUM U3 KOUYEBbIX METO0B UCCAeA0BaHMA aTOMHOM
N MONEKYNAPHOMN CTPYKTYPbl METAN/IUYECKUX KPUCTANNOB. B cTaTbe paccMoTpeHbl COBpeMEHHbIe NOAX0Abl K
PCA, BK/tOYaA MCMNONb30BAHME CUHXPOTPOHHOIO N3y4YeHUs, MeToAbl 06paboTKM AaHHbIX U UHTepNpeTaumm
AndpPaKUMOHHbIX NaTTepHOB. Ocoboe BHMMAHME yaeNeHO aKTya/lbHbIM Npobaemam, CBA3aHHbIM C aHaIN30M
0edEeKTOB  KpUCTanMyeckon peweTkr, ¢asoBbiIX MEepexogoB UM HaHOCTPYKTYPHbIX 0OCOBeHHoCTel
MeTannmyeckmx matepmanos. Obcy»KaaroTcs NepCcneKkTUBbl Pa3BUTUS METOAA B KOHTEKCTE CO34aHMUA HOBbIX
dYHKUMOHANbHBIX MaTepuanos C 3agaHHbiMM cBoMcTBamu. CTaTbA agpecoBaHa cneunanncram B obsiactm
maTepuanosegeHna, GU3NKM TBEPAOro Tena n Kpuctannorpaduu.

KnioueBble cnosa:
PEHTrEHOCTPYKTYPHbI aHaNN3, METa/I/IMYECKME KPUCTAIbl, KPUCTANI/IMYECKas CTPYKTYPa, CUHXPOTPOHHOE
n3nydyeHue, gedeKTbl peweTkn, HAHOCTPYKTYPbI, Pa3oBble Nepexosbl.
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X-RAY STRUCTURAL ANALYSIS OF METALLIC CRYSTALS

Abstract

X-ray structural analysis (XSA) is one of the key methods for studying the atomic and molecular
structure of metallic crystals. The article reviews modern approaches to XSA, including the use of synchrotron
radiation, data processing techniques, and interpretation of diffraction patterns. Special attention is paid to
current challenges related to the analysis of crystal lattice defects, phase transitions, and nanostructural
features of metallic materials. The prospects for the method’s development in the context of creating new
functional materials with tailored properties are discussed. The article is intended for specialists in materials
science, solid-state physics, and crystallography.

Keywords:
X-ray structural analysis, metallic crystals, crystal structure, synchrotron radiation,
lattice defects, nanostructures, phase transitions.
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PeHTreHoCTpyKTYpHbI aHanus (PCA) ocTaeTcs He3aMeHWMbIM MHCTPYMEHTOM AR WUCC/efoBaHUA
KPUCTAaN/IMYECKOW CTPYKTYPbl METANINYECKMX MaTepuanoB. C MOMEHTa OTKPbITUA pPEHTFeHOBCKOM
andpakumMm B Havane XX BeKka MeTof npeTeprnen 3HA4YUTeNbHble U3MEHEHMA, CTAaB BbICOKOTOYHLIM M
yHUBepcanbHbIM. CoBpeMeHHbIe 40CTUXEHUA B 061aCTU UCTOYHUKOB PEHTTEHOBCKOIO U3/TyYeHUS, TaKMX KaK
CUHXPOTPOHbI, W BbIMUCAUTENbHbBIX TEXHOMOIMMI MNO3BONAKT pelwaTb 33434, paHee cyuTaBlIMecA
HEeAOCTUKMMbIMW, BKOYAA aHa/INM3 C/AOXKHbIX AedEeKTOB pelleTKM U HAHOCTPYKTYP. AKTYasibHOCTb TeMbl
obycnosneHa HeobXoAMMOCTbIO Pa3paboOTKM HOBbIX MATEPMANIOB C Y/YYLLIEHHbIMU MeXaHUYEeCKUMU,
3NEeKTPUYECKMMU N TEPMUYECKMMW CBOMCTBAMMU ANA MPUMEHEHUA B a3POKOCMUYECKOM, SIHEPTETUYECKOM U
3NEeKTPOHHOM NPOMbILLIEHHOCTW.

OCHOBbI PEHTFeHOCTPYKTYPHOro aHanmsa. PCA ocHOBaH Ha fABAeHUN AWPPaKLUM PEHTreHOBCKUX
Nly4en Ha ynopsaaoYeHHOM aTOMHOW CTPYKTYpe Kpuctanaa. MHTEHCUMBHOCTb U NONOXKeHMe ANDPAKLMOHHbIX
MAKCMMYMOB 3aBMCAT OT MNAPaMETPOB KPUCTANIMYECKOW peLlleTKM, YTO NO3BONAET OnpenenunTb
MPOCTPAHCTBEHHYIO TPYyMny, pa3mepbl 3/1EeMEHTapHOM AYEelMKM M KoopAMHaTbl aTomoB. COBpeMeHHble
andpakTomeTpbl 0becneynBatoT BbICOKYIO pa3pellatolyto cnocobHocTb, a nporpammHoe obecnedveHue,
Takoe Kak SHELX u TOPAS, ynpouwaeT o6paboTky AaHHbiX. OAHAKO ANA MeTa/IMYECKUX KPUCTas/ioB
XapaKTepHbl cneumduyecKkme COKHOCTU, CBA3AHHbIE C BbICOKOW NJIOTHOCTHH aTOMOB M Haaudmem aedeKTos.

CuHXpOTPOHHOE usnydyeHue B PCA. OgHMM M3 TNaBHbIX AOCTUKEHMUIA NOCAEAHUX AECATUAETUI CTaNo
NCMNO/NIb30BAaHNE CUHXPOTPOHHOIO M3ay4yeHUA. CUMHXPOTPOHbI 06ecneynBatoT BbICOKYIO MHTEHCUMBHOCTb M
MOHOXPOMATUYHOCTb U3/TyYEHUSA, YTO NO3BONAET U3yYaTb 06Pa3Lbl C HU3KOM KOHUEHTpaLmen AedeKToB Uan
HaHOCTPYKTYpPHblE MaTepuanbl. Hanpumep, metoabl Manoyrnosoro paccesHms (SAXS) n BbICOKOCKOPOCTHOM
AndpakLMm NPUMEHAIOTCA ANA aHanM3a $a30BbIX NEPEXOLOB B peasibHOM BpemeHU. Takne nccnefoBaHms
0COBEHHO BaXKHbI 418 MEeTalIMYECKMX CMNABOB, UCMNO/Ib3yEMbIX B aAANTUBHOM NPOM3BOLACTBE.

AHanus gedeKToB KPUCTANNNUECKOM peLleTKU. JedeKTbl pelleTkn, TakMe KaK ANCAO0KaLLMKN, BaKAHCUN
N MeKy3e ibHble aTOMbI, CYLLEeCTBEHHO BAMAIOT Ha CBOMCTBA METaNI/IMYECKUX KpucTannos. PCA no3BosseT He
TONbKO BbIABUTb Hanuume aedeKkToB, HO U KOJIMYECTBEHHO OLEHUTb UX KOHUeHTpauuto. Hanpumep, metos,
aHa/M3a ywupeHua AnPPaKUMOHHBIX MUKOB (N0 moaenn YunbamcoHa-Xonna) paetr uMHbopmauuio o
MWKPOHANpPAKeHMAX U pasmepe KpuctanamtoB. CoBpemeHHble NOoAXOAbl, TaKMe Kak MnapHo-
pacnpepenutenbHas ¢yHkuma (PDF), pacwupstoT Bo3MoxKHOCTM PCA, no3BOASAA WM3y4aTb JOKaJbHble
HapyLeHUA B CTPYKTYpe.

®asoBble nepexoabl B META/UVIMYECKUX KpucTannax. Pas3osble nepexosbl, BKAOYAA MapPTEHCUTHBIE U
nonnmop@Hble NpeBpaLLEHUA, UTPAIOT KAOYEBYIO PO/b B GOPMUPOBAHNKN CBOMCTB METa/II0B M cniasoB. PCA
NCNONb3YeTCA ANA U3YHEHUA KUHETUKM U TEPMOAMHAMUKM TaKMX npoueccos. Hanpumep, andpakunoHHble
ncciefoBaHNA TUTAHOBLIX CNAAaBOB MPW HarpeBe MO3BOAAIOT BbIABUTb MOCAef0BaTeNbHOCTb ($a30BbIX
npeBpaLeHnin U UX BAUAHME Ha MeXaHMYeckne cBOoMCTBA. CMHXPOHHbIE 3KCMEPMMEHTbI C BPEMEHHbIM
pa3spelleHnem OTKPbIBAOT HOBbIE FOPU30HTbI B U3YYEHUU AMHAMMKM $A30BbIX NEPEXOA0B.

HaHOCTpyKTypHble ocobeHHOCTM meTannoB. C pas3BuTMEM HaHoTexHonoruii PCA cTan Ba*KHbIM
MHCTPYMEHTOM ANA aHa/iM3a MEeTaN/IMYEeCKMX HAHOCTPYKTYp. HaHopasmepHble KpucTannbl obnapatot
YHUKANbHbIMWU CBOMCTBAMM, 0BycioBAeHHbIMU 3PPeKTamn NOBEPXHOCTU U KBAHTOBbIMWU OrPaHUYEHUAMM.
MeTogbl PCA, Takve Kak Andpakumsa NOpoLiKa U Masioyr/ioBoe paccesHue, No3BOAAIOT U3y4YaTb pasmep,
dbopmy un pacnpepeneHve HaHouvacTuu. Hanpumep, uccnefoBaHWA HaHOYacTWUU, 30/10Ta  MOKa3aau
KOppenaumo mexay ux pasmepom U KaTaIMTUYECKOM aKTUBHOCTbIO.

Mpo6bnembl U orpaHunuyeHnsa PCA. HecmoTps Ha cBou npeumylliectea, PCA mmeeT orpaHuyeHus.
BblcOKadA NIOTHOCTb METANIIMYECKUX KPUCTANIOB NPUBOAUT K CUIbHOMY MOT/IOLEHUI0 PEHTTEHOBCKUX SIyYeN,
YTO YCNOXKHAET aHa/IM3 MACCMBHbIX 06pasLoB. Kpome Toro, C/10XKHble AedeKTbl, TaKMe KaK CTeKMHI-GONThI,
TPebytloT AONONHUTENBHbBIX METOAO0B, HAaNpUMep, 3NEeKTPOHHOM MUKPOCKOMMU. PaspaboTka rmbpuaHbIx
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nogxonos., codetatowmx PCA ¢ gpyrumum metogamm, ABASETCA aKTyaNbHOM 33434eN.

Mepcnektusbl passutua PCA. byayuiee PCA cBA3aHO C MHTErpaumneint UCKYCCTBEHHOTO UHTeNNeKTa U
MaLLUMHHOrO 0by4yeHua ans obpaboTkM 6osblMX 06bemoB AUPPAKLMOHHBLIX AaHHbIX. ABTOMaTu3auuma
aHanM3a MO3BOJIMT COKPATUTb BPemA UCCAefOBaHUM WM MNOBbICUTb TOYHOCTb. Kpome TOro, passutue
WUCTOYHUKOB KOFEepPEHTHOrO W3/yY4eHWUA, TAaKMX KaK Jla3epbl Ha CBOOOAHbIX 3/1€KTPOHaxX, OTKPOET HOBble
BO3MOXHOCTU A1 U3YYEHUA AMHAMUYECKMX MPOLLECCOB B PEASIbHOM BPEMEHW. ITU AOCTUNKEHUA HalayT
npumeHeHue B pa3paboTke MaTepuanos s 3eeHbIX TEXHONOTMIA U MUKPOSNEKTPOHUKMU.

3akntoueHne. PeHTreHOCTPYKTYPHbIA aHa/iM3 OCTAeTCA KpPaeyrofibHbIM KAaMHEM B U3y4yeHuu
METANIMYECKMX KpucTannoB. CoBpeMeHHble TEXHONOMMU, TaKMe KaK CUHXPOTPOHHOE WU3NlyYeHne MU
BbIYMCNTE/IbHBIE METOAbl, 3HAYMTENbHO PaCWIMPUIM €ro BO3MOMKHOCTM, MO3BO/AA pPelaTb CAOXKHble
3a4a4m, cBAsaHHble ¢ AedekTamu, Ga3oBbIMU Nepexosamm U HAHOCTPYKTYpamu. MNepcnekTuBbl pa3BuTMA
MEeTO/a CBA3aHbl C MHTErpaLmen HoBbIX UCTOYHMKOB U3/Iy4EHUA U UCKYCCTBEHHOIO MHTENNEKTA, YTO caenaeT
ero ewe 6onee apPeKTUBHLIM MHCTPYMEHTOM A/1A MaTepUaNoBeaeHUs.
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MHHOBAUWOHHBLIE METO/1bl OBYYEHNA LLUKO/IbHUKOB NEPUOAUHECKOMY 3AKOHY
W NEPUOLUNYECKON CUCTEME

AHHOTaumA
CTaTbsi MocCBfiLLEeHa aHanu3y W pa3paboTke MHHOBAUMOHHbLIX METOAOB OOy4YeHMA LKONbHWUKOB
nepuoanveckomy 3akoHY W MNepuoANYECKON CUCTEME XMMMUYECKUX 3/1eMeHToB. PaccmaTtpuBatoTca
COBpPEeMEHHble NegarorMyeckme nNoaxoapl, BKAoYaA UMPpoBble TEXHONOTMWN, UHTEPAKTUBHbIE NAATPOpPMbI,
reimmduKaLmnIo U NPOEKTHO-UCCNen0BaTeIbCKYH0 AeaTenbHOCTb. Ocoboe BHUMMaHWE yaenseTca MHTerpaumm
MENKONUCUMNNMHAPHBIX CBA3EN, PasBUTUIO KPUTUYECKOTo MbIWAEeHUs M GOPMUPOBAHUIO YCTOMUYMBOIO
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MHTepeca K XMuMun. Ha ocHoBe aHa/nM3a NepesoBOro onbiTa U SKCNEPUMEHTA/IbHbLIX SAHHbIX NPeaNoXKeHbl
peKoOMeHAaLNM NO BHEAPEHMIO aHHbIX METOA0B B LUKO/NbHYIO NPAKTUKY.
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nepuoauyeckuii 3aKoH, Nnepmoamyeckas cMcTema, MHHOBALMOHHbIE METOAbl 06yYeHUA, XMMUYEeCcKoe
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Abstract
The article focuses on the analysis and development of innovative methods for teaching school
students the periodic law and the periodic table of chemical elements. It examines modern pedagogical
approaches, including digital technologies, interactive platforms, gamification, and project-based research
activities. Special attention is given to the integration of interdisciplinary connections, the development of
critical thinking, and the fostering of sustained interest in chemistry. Based on the analysis of best practices
and experimental data, recommendations are proposed for implementing these methods in school practice.
Keywords:
periodic law, periodic table, innovative teaching methods, chemical education,
digital technologies, gamification, interdisciplinary approach.

MepuoanyecknMii 3aKOH M Nepuoamyeckas cucTeMa XMMMUYECKUX 3/71eMeHTOB, OTKpbiTble [.U.
MeHgeneeBblm, ABAAOTCA GYHAAMEHTANIbHBIMU KOHUEMUMAMU XMMUKU, KOTOpble GOPMUPYIOT OCHOBY ANS
MOHMMAHWUA CTPYKTYpbl BELLeCTBAa W XMMWUYECKUX npoueccoB. OpHaKo TpaguLUMOHHblE MeToabl
npenoaaBaHMA 3TUX TEM B LUKOJIE YacTO OrPaHMYMBAOTCA MEXAaHUYECKMM 3aMOMUHAHMEM 3/IEMEHTOB U UX
CBOMCTB, YTO CHUAET MHTEpEecC y4YalMxcs W 3aTpyaHAeT rnybokoe ycBoeHMe maTtepuana. B ycnosusax
umdposBmsaunum obpasoBaHMs M pocta TpeboBaHMM K pasBUTUIO KomneTeHUuMin XX|I BeKa BO3HWMKaeT
HeobxoaMMOCTb B pPa3paboTKe WHHOBALMOHHbLIX NOAXOA4O0B K 0Oy4YeHWto, KoTopble CnocobCTByOT
$GOPMMPOBAHUIO Y LUKOJIbHUKOB CUCTEMHOIO MbILIEHMUA, KPUTUYECKOTO aHaIM3a M YCTOMYMBOrO MHTepeca K
npeamery.

Lenb AaHHOM cTaTbM — NpOaHaNM3MPOBaTb COBPEMEHHble MHHOBALMOHHble MeToabl 06yyeHus
LWKO/IbHUKOB MEPUOANYECKOMY 3aKOHY M MEPUOLMYECKON CUCTEME, a TaKXKe MPeasioXUTb NpaKTUYecKkne
peKoMeHAaLun No MX BHeApeHWto B obpasoBaTesibHbIM Mpouecc. 3afayv MUCCeaoBaHUs BKAOYAOT: 1)
M3y4yeHWe aKTyaNibHbIX Mefarornyeckux TeXHONOrMW; 2) aHanuMs ux 3¢GPEKTUBHOCTM Ha OCHOBe
3KCNEPUMEHTANIbHBIX AaHHbIX; 3) Pa3paboTKy METOAMYECKMX PEKOMEHAALMI S8 YyUUTENEN XUMUMN.

Ludposble TexHONorm B obyyeHun xumuu. OgHnUM u3 Hanbosiee NepcrneKkTUBHbIX HanpaBaeHWU
ABNAETCA UCNOb30BaHUE UNPPOBLIX TEXHONOTMIA. MHTEPaKTMBHbIE NPUIOXKEHMUA, Takne KaK "Periodic Table
2025" unn "ChemCrafter", no3BonsAOT yyawmmeca BU3yaiM3npoBaTb CTPYKTYPY aTOMOB, M3y4aTb CBOMCTBA
3N1eMEHTOB Y MOAENNPOBATb XMMUYECKME peakuun. Takue nnatdopmbl NOAAEPKUBAOT UHANBUAYAbHbIN
Temn obyyeHuA M NpenocTaBnAOT obpaTHyt0 CBA3b B PeasibHOM BPEMEHMU, YTO OCOBEHHO BaKHO ANs
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NOAPOCTKOB, MPUBBIKLWNX K ANHAMUYHOMY LIMPPOBOMY KOHTEHTY.

BupTyanbHas W pgononHeHHas peanbHocTb (VR/AR) OTKpbIBalOT HOBble TOPU3OHTbI B U3yYeHUU
nepunoanyeckoir cucrembl. Hanpumep, VR-npunoxkenne "Mel Chemistry" nossonseT LWKOAbHMKAM
"norpy»katbca" B aToMHble opbutanu n HabnoaaTh 3a NOBeAEHUEM 3/1EKTPOHOB, YTO Ae/laeT abCTpaKTHble
KoHuenuun bonee AOCTyNHbIMU. MccneaoBaHMA NOKasbIBalOT, YTO UCNOIb30oBaHMe VR NoBbIWAET YPOBEHb
BOBJ/IEYEHHOCTU yyaLmxca Ha 30% no CpaBHEHMUIO C TPALULMOHHBIMU NEKLUAMM.

FreimuduKauma Kak MHCTPYMEHT MOTUBauUuKU. lelimmduKaums, UAM UCNONb30BAHME WIPOBbIX
3NeMeHTOB B 0bpa3oBaTe/ibHOM npolecce, AoKasana CBO 3GdEKTUBHOCTb B MOBbIWEHUM MOTMBALUK
LUKO/IbHUKOB. [TprMepomM MOXKET CYKUTb pa3paboTka KBeCToB, rae yyawmeca "uccneayot" nepnoanyecKkyro
CMCTEMY, peLlasn 3a4a4ym Ha onpeaesieHMe CBOMCTB 3/IEMEHTOB UK NpeaCcKa3aHMe UX MOBEAEHUA B peaKUmsX.
Takue nnatdopmbl, Kak Kahoot! unu Quizizz, no3sonstoT yuntenam co3naBaTb MHTEPAKTUBHbIE BUKTOPUHBI,
KOTOpble NpeBpaLLatoT nsyyeHune tabavubl MeHaeneesa B yBneKaTeIbHbIN NpoLLecc.

JKcnepuMmeHT, npoBedeHHbIn B 2024 rogy B wWKonax MOCKBbI, MOKasan, 4To MCNONAb30BaHMeE
reimmduuMpoBaHHbIX 33JaHUI yBEANUNAO cpeaHuii 6ann no Teme "Mepunogmyeckas cuctema” Ha 15% no
CPaBHEHUIO C KOHTPO/IbHOW rpynnoi, obyyaslienica TPagMUNMOHHbIMU MeTogamn. Kpome Toro, yyalimecs
OTMEeYann pocT MHTepeca K NpeaMeTY U XKeflaHMe CaMOCTOATE/IbHO M3yYaTb AOMO/IHUTENbHbIE MaTepuanbl.

MpoeKTHO-UcCnegoBaTeNbCKaA  AeATeNbHOCTb.  [1pOeKTHO-uUccnenoBaTenlbCKas  AeATeNbHOCTb
CNOCOBCTBYET PA3BUTULO Y LLUKObHMKOB HABbIKOB aHa/IN3a, CUHTE3a M KPUTUYECKOTO MblwaeHuA. Mpumepom
TaKoro NoaxoAa ABASETCA 3aZaHMe, B paMKax KOTOPOTro yyallumeca co3aatoT CO6CTBEHHbIE "anbTepHaTUBHbIE"
nepuoguyeckne Tabauupl, KnaccudUUUPys 3NEMEHTbl MO HeCcTaHAAPTHbIM Kputepuam (Hanpumep, UX
NPUMEHEHMUIO B NPOMbILJIEHHOCTU UaK Buonoruun). Takne NpPoeKTbl NO3BOAIOT MHTErPUPOBATbL XUMMUIO C
APYTMMU OUCUUNIMHAMK, TAKUMK KaK dU3KKa, BLUonorua u skoaorusa.

Opyroit apdeKTUBHbIM MeToa — OpraHM3aLms UCCNenoBaTeNbCKUX MUHU-NPOEKTOB, FAe LWKOJ/IbHUKK
N3Y4YaloT BIMAHME ONPELENIEHHbIX 3/IEMEHTOB HA OKPYKaloLyo cpeay Uan 340poBbe YenoBeKa. Hanpumep,
aHaNM3 coAepKaHuA TAaXeNbiX META/IZIOB B BOAE MU U3YYEHME POJIM MUKPO3/IEMEHTOB B OpraHusme. Takue
334aHMNA He TONbKO YrAybnAlT 3HaHWA O NepuoaMyYeckon cucTeme, HO U GOPMUPYIOT 3KONOTUYECKYIO
OTBETCTBEHHOCTb.

MexxaucumMnanHapHbii noaxoa,. VIHTerpaumns Xmmmm ¢ 4pyrumm npeameTamu no3BosifeT yyalmmen
YBUAETb NEepUoaMUecKylo cuctemy B 6osiee LIMPOKOM KOHTeKcTe. Hanpumep, nsydeHue pagmMoakTUBHbIX
3/1eMEHTOB MOXKeT bbITb CBA3aHO € $M3MKOM (pacnag aToMoB), a UccaefoBaHNE BUONOTMYECKM aKTUBHbIX
anemeHToB — C 6uonornen. B wKonax OUHAAHOMMU, TAE MEXAMCUMMNAMHAPHBLIM Noaxon BHeAPEH Ha
CUCTEMHOM YpPOBHE, yyalumeca AeMOHCTPUPYIOT 6oJiee BbICOKMIA YPOBEHb MOHUMAHMUA C/OMKHbIX Hay4YHbIX
KOHUEeNuMmn.

MpUMepom MeXOUCLUUMINHAPHOIO YPOKa MOMXKET CAYyXUTb NpoekT "Xumua B Kocmoce", rae
LKO/MIbHWUKM M3y4aloT COCTaB 3Be3A, W NAaHeT, UCMNOJ/b3ya AaHHble CNeKTPOCKOMWU, M COOTHOCAT MUX C
MOJIO}KEHMEM 31EMEHTOB B Nepuoguyeckon Tabaunue. Tako Nogxon He TONbKO yraybnsieT 3HaHMA, HO U
CTUMYJIUPYET UHTEPEC K aCTPOHOMMUMU N aCTPOXUMUN.

Mpobnembl M nepcnekTUBbl BHeAPEHUA MHHOBALMOHHbLIX MeToAoB. HecmoTpa Ha oyeBMAHble
NpeMmyLLecTBa, BHeAPeHWe MHHOBALMOHHbIX METOA0B CTa/IKMBAETCA C pAgoM npobnem. Bo-nepsbix, 3TO
HeA0CTaToOYHasA TeXHMYECKas OCHALLEHHOCTb LWKOJ, 0COBEHHO B CE/IbCKUX perMoHax. Bo-BTopbIx, yunTens
yacto He 06/7134al0T  [OCTAaTOYHbIMKM - HaBblkamu  pPaboTbl € UMPPOBbBIMM  NaaTGoOpmamnm UK
reiMmPuuMpoBaHHbIMU MHCTPYMEHTAMU. PelleHMem MOXKeT cTaTb OpraHu3aums KypcoB MOBbIWEHUS
KBannbMKaLumMm 1N co3gaHne OTKpbITbix 06pa3oBaTesibHbIX PECYPCOB, TaKMX Kak MeToauyeckme nocobusa u
rotosble UndpoBbLIE MaTepMansbl.

MepcneKTnBbl PasBMTUA CBSI3aHbl C AanbHeWwen umdposBM3aumeinnt obpasoBaHUA U BHEAPEHUEM
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WCKYCCTBEHHOIO WHTENNEeKTa. Hanpumep, aganTMBHble cucTembl 0bydYeHWs, OCHOBAHHble Ha MU, moryTt
aHA/N3MPOBATb YPOBEHb 3HAHWUM YYaLLMXCA U Npeasiaratb MHAMBMAYANU3MPOBAHHbIE 3a4aHNA NO U3YUYEHULD
nepnoanYeckoit cucTemsl.

3aKkntoueHue

MHHOBaLUMOHHbIe MeToAbl 0by4yeHUs, TaKne Kak umdpoBble TEXHONOTNKU, reMMmruduKauma, NPOEeKTHO-
nccneoBaTeNbCKan AeATENbHOCTb U MEXANCUUNIMHAPHBIA NOAX04, OTKPbIBAOT HOBblE BO3MOXHOCTU A8
M3y4yeHMA NepuoamyYecKkoro 3akoHa M nepuoguyeckon cuctembl. OHM cnocobcTBYIOT GOPMUPOBAHUIO Y
LWKO/IbHUKOB [YyOOKOro MOHMMaHUS XMMUYECKMX KOHLEMUWUIA, PasBUTUIO KPUTMUYECKOTO MbIWAEHMA U
YCTOMNYMBOrO MHTEPECA K HayKe. 1A ycnewHoro BHeAPeHMA AaHHbIX METOAO0B HeobXoaMMa NoaaepKKa Ha
ypoBHe 006pasoBaTesibHOM MOJUTUKKM, BKAOYAA obecrnevyeHMe LWKOA TexXHUYEeCKUMM CcpencTBamum U
nosbllWeHWe KBanMPpuKaummn negaroros. anbHenwme nccneaoBaHma A0NKHbI ObITb HanpaB/ieHbl HA OLEHKY
[oArocpoyHoro addeKktTa 3TMX NOAXOL0B M pPa3paboTKy HOBbIX MHCTPYMEHTOB, OTBEYalOLWMX Bbl30Bam
COBpeMeHHoro obpasoBaHus.

CNUCOK UCNOb30BaHHOM NUTepaTypbl:
1. MBaHoBa, E.B. LndpoBbie TeXHOMOrMM B 0BYYEHUU XMMUU: BO3MOXKHOCTU U nepcnektussl // Xumua 8
wkone. — 2024. — Ne 3. — C. 15-22.
2. Cugopos, K.MN. MeXancuMnanHapHbiil NoAxoA B LUKOJbHOM XMmuYeckom obpaszoBaHun // BecTHUK
obpasoBaHua. — 2024. — Ne 2. — C. 33-39.
3. Smith, J. Virtual Reality in Science Education // Journal of Educational Technology. — 2024. — Vol. 12, No.
4., — pp. 56-63.
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BIOLOGICAL SCIENCE: UNVEILING THE INTRICACIES OF LIFE

Abstract
Biological science, commonly known as biology or bioscience, is the scientific study of life and living
organisms in all their forms. It explores the fundamental principles governing life, from the molecular
mechanisms within cells to the complex interactions within ecosystems. This vast natural science investigates
structure, function, growth, origin, evolution, distribution, and the vital processes of living entities. This
article outlines the diverse branches within biological science, elucidates its core methodologies, and
highlights its profound impact on human health, agriculture, environmental conservation, and our
understanding of the interconnectedness of all life on Earth.
Keywords:
biological science, biology, life science, living organisms, cell biology, genetics, ecology, evolution,
biochemistry, physiology, microbiology, biotechnology, medicine, biodiversity.

Introduction

The world teems with life in an astonishing array of forms, from microscopic bacteria to colossal blue
whales, each intricate and uniquely adapted to its environment. Biological science is the dedicated pursuit of
understanding this phenomenon of life in all its complexity. It is the scientific discipline that seeks to unravel
the mysteries of living organisms — how they are built, how they function, how they reproduce, how they
evolve, and how they interact with each other and their surroundings. Far from being a single field, biological
science is a vast and ever-expanding umbrella that encompasses numerous specialized branches, each
contributing to a holistic picture of life. Its insights are not merely academic; they are fundamental to
addressing humanity's most pressing challenges, from curing diseases and feeding the world to combating
climate change and preserving our planet's rich biodiversity.

Biological science is inherently interdisciplinary, drawing on principles from chemistry, physics,
mathematics, and even computer science to understand living systems at multiple levels of organization. At
the most fundamental level, Molecular Biology investigates the molecular basis of biological activity within
and between cells, focusing on DNA, RNA, proteins, and other biomolecules, and how they orchestrate life
processes. Closely related, Cell Biology delves into the structure, function, and behavior of cells, the basic
units of life, exploring cellular organelles, cell division (mitosis and meiosis), and cell communication. Genetics
is the study of genes, heredity, and variation in living organisms, examining how traits are inherited from one
generation to the next and how genetic information is expressed. Building upon these, Physiology explores
the functioning of living organisms and their parts, examining how different organs and systems work
together to maintain life, covering areas like neurophysiology, immunology, and endocrinology. On a broader
scale, Ecology investigates how living things interact with each other and their environment, studying
ecosystems, biodiversity, and nutrient cycles, and analyzing the impact of human activities on natural
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systems. Evolutionary Biology focuses on the origin and descent of species over time, providing the
overarching framework for understanding the diversity and adaptation of life on Earth through mechanisms
like natural selection.

Other significant branches include Zoology, the study of animals, encompassing their behavior,
classification, anatomy, and distribution; Botany, the scientific study of plants, including their morphology,
physiology, ecology, and classification; and Microbiology, which deals with microorganisms such as bacteria,
viruses, fungi, and protists, and their roles in health, disease, and environmental processes. Emerging and
interdisciplinary fields like Bioinformatics utilize computational tools to analyze large biological datasets (e.g.,
genomic sequences), while Biotechnology harnesses biological processes and organisms to develop products
and technologies for various applications, ranging from medicine and agriculture to industrial processes.
Biophysics applies the methods and theories of physics to understand biological phenomena, such as how
proteins fold or how sensory organs work. Conservation Biology focuses on the preservation, protection, and
restoration of biodiversity and natural ecosystems. The historical development of biological science can be
traced from ancient Greek natural philosophers like Aristotle, through the Renaissance anatomical studies,
the invention of the microscope, Linnaeus's classification system, Darwin's theory of evolution by natural
selection in the 19th century, Mendel's work on genetics, to the groundbreaking discovery of the structure
of DNA in the mid-20th century. The 21st century is characterized by genomics, proteomics, personalized
medicine, and a deep understanding of complex biological systems.

In conclusion, biological science is a vibrant and essential discipline that explores the wonder of life at
every scale, from the molecular machinery within cells to the dynamics of entire biomes. By continuously
unraveling the complexities of living organisms and their interactions, it provides the fundamental knowledge
necessary for addressing critical global challenges related to health, food, and the environment. As our
understanding of life deepens and technological capabilities advance, biological science will remain at the
forefront of innovation, shaping a healthier, more sustainable, and biologically informed future for humanity
and all life on our planet.

References:

1. Britannica. (n.d.). Biology. Retrieved from https://www.britannica.com/science/biology
2. Khan Academy. (n.d.). What is biology? Retrieved from https://www.khanacademy.org/ science/biology/
intro-to-biology/a/what-is-biology
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AGRICULTURAL TECHNOLOGY SCIENCE: INNOVATING FOR GLOBAL FOOD SECURITY AND SUSTAINABILITY

Abstract

Agricultural technology science (AgriTech or AgTech) is a dynamic interdisciplinary field that applies
scientific principles, engineering solutions, and cutting-edge innovations to enhance the efficiency,
productivity, and sustainability of agricultural systems. It addresses critical global challenges such as feeding
a growing population, mitigating climate change impacts, optimizing resource utilization, and ensuring food
security. This article explores the core components of agricultural technology science, including precision
agriculture, biotechnology, robotics, and artificial intelligence, highlighting their applications in modern
farming practices worldwide and their transformative potential to revolutionize how food is produced,
processed, and distributed.

Keywords:
agricultural technology, agritech, agtech, precision agriculture, biotechnology, smart farming, agricultural
robotics, artificial intelligence, sustainable agriculture, food security, digital agriculture,
controlled environment agriculture.

Introduction

The challenge of feeding a rapidly expanding global population, expected to reach nearly 10 billion by
2050, while simultaneously navigating the escalating pressures of climate change, resource scarcity, and
environmental degradation, has propelled agricultural innovation to the forefront of scientific and
technological endeavor. Agricultural technology science, often referred to as AgriTech or AgTech, is the vital
intersection where scientific discovery meets practical application in the agricultural sector. It encompasses
a vast array of technologies and scientific advancements designed to optimize every stage of the food
production value chain, from planting and growing to harvesting, processing, and distribution. Far from being
a niche area, AgriTech is revolutionizing traditional farming practices, transforming agriculture into a high-
tech, data-driven industry critical for global food security and environmental sustainability.

Agricultural technology science integrates insights from various scientific disciplines, including
agronomy, genetics, computer science, engineering, and environmental science, to develop intelligent
solutions. A cornerstone of modern AgriTech is Precision Agriculture, a data-driven approach that utilizes
advanced technologies to optimize crop production and resource efficiency at a highly localized level within
fields. Key components include Global Positioning Systems (GPS) for guiding machinery and mapping fields,
allowing for precise planting, fertilizing, and harvesting. Variable Rate Technology (VRT) enables the
customized application of inputs (seeds, fertilizers, pesticides) based on real-time data from soil sensors,
aerial imagery (drones and satellites), and historical yield maps, minimizing waste and environmental impact
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while maximizing yields. Remote Sensing and Drones provide invaluable aerial views, allowing farmers to
monitor crop health, detect pest infestations, identify nutrient deficiencies, and assess water stress early,
enabling timely interventions. These systems often feed into Farm Management Software that integrates
diverse data streams to provide farmers with comprehensive insights and decision support.

Beyond precision farming, Agricultural Biotechnology plays a transformative role, leveraging molecular
biology to improve plants, animals, and microorganisms for agricultural purposes. This includes the
development of genetically modified (GM) crops with enhanced traits such as increased yield, resistance to
pests and diseases, and improved tolerance to environmental stressors like drought or salinity. More recent
advancements in gene editing technologies, such as CRISPR-Cas9, offer even more precise modifications to
crop genomes, enabling the development of new varieties with desired characteristics faster and more
efficiently. In animal agriculture, biotechnology aids in disease diagnostics, vaccine development, and genetic
improvements for livestock. Another rapidly expanding area is Agricultural Robotics and Automation. Robots
are being developed for tasks ranging from autonomous tractors for planting and harvesting to robotic
weeders that precisely target individual weeds with lasers or micro-sprays, reducing herbicide use. Robotic
milking systems are becoming common in dairy farms, and drone technology is used for tasks like crop
spraying, monitoring, and even pollination. These innovations address labor shortages, improve efficiency,
and enhance worker safety. Moreover, these technologies empower farmers, providing them with data-
driven insights to make informed decisions, mitigate risks from climate change and disease outbreaks, and
improve economic viability. As of mid-2025, there is a strong global emphasis on climate-smart agriculture,
and AgriTech innovations are key to developing climate-resilient crops and farming systems that can adapt
to changing weather patterns and extreme events. The ongoing research and development in agricultural
technology science hold the key to unlocking a more productive, sustainable, and resilient global food system
for generations to come.

References:

1. AgriThority. (2025, April 28). Top Innovations in Sustainable Agriculture.
2. FJDynamics. (n.d.). Why Agriculture is Important for Global Food Security.2010
3.SDA. (n.d.). Biotechnology FAQs. Retrieved from https://www.usda.gov/farming-and-ranching/plants-and-
crops/biotechnology/biotechnology-fags
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AHANN3 LLYMOBOTIO BO3AENCTBUA HA PABOTAIOLLIUX U CPEACTB 3ALLUTDBI OT LUYMA

AHHOTauumA
PaccmaTpuBaloTcA  HeraTUBHble MOCNEACTBMA  BO3AEWCTBMA  MPOM3BOACTBEHHOrO LWyMa Ha
paboTatowmx U MmeponpuaTna no b6opbbe c LWKYMOBOM Harpyskon Ha npoussoactse. ObocHOBbIBaeTCA

3HAYMMOCTb KOMM/IEKCHOTO NoAxoAa K 3alimTe paboTHUKOB OT BPeiHbIX BO3AeNCTBUIA NPOM3BOACTBEHHOTO
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wyma, BK/1lO4YatkoLWwero OpraHM3aunoOHHO-TEXHNYECKNE MepbI n npunmeHeHune Ka4eCTBEHHbIX
WHAVBUAYANbHbIX CPEACTB 3aMThbI.
Kntouesble cnosa:
LWyM, NPON3BOACTBO, CPEACTBA 3aLMTbl, 340POBbLE.
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ANALYSIS OF NOISE IMPACT ON EMPLOYEES AND NOISE PROTECTION EQUIPMENT

Abstract
Negative consequences of industrial noise impact on workers and measures to combat the scale load
at production are considered. The importance of an integrated approach to the protection of employees
from harmful effects of industrial noise, including organizational and technical measures and the use of high-
quality personal protective equipment, is substantiated
Keywords:
noise, production, protective equipment, health.

LLlym Ha nNpou3BOACTBE MOXKET HeraTMBHO BAMATb Ha PabOTHMKOB, BbI3bIBAA CTPECC, CHUXKEHWEe
KOHLEHTpaLMWN, YTOMIEHME U JaXKe MOTepr CAyxa B AOJIFOCPOYHON nepcrnekTuse. PaboTHUMKKM moryT
MCMbITbIBATb 3aTPYAHEHMNA C KOMMYHUKALMEN, YTO MOMKET CHU3UTb 3G HEKTUBHOCTb PaboTbl M MOBbLICUTbL PUCK
NPOM3BOACTBEHHbIX HECHACTHbIX Cy4YaEeB.

OnutenbHoe BO3AENCTBME LIYMa HA NPOU3BOACTBE MOXKET NPUBECTU K CEPbE3HbIM NOCNEACTBUAM AN
340p0BbA PAabOTHMKOB. ITO MOXKET BK/OYATL NOTEP0 C/yxa, 6onesHu cepala, HapyweHUa CHa, a TaKXke
YXyAWeHWe KOHLEHTPAUUKN M NPOAYKTUBHOCTM Tpyaa. Mo3ToMy Ba*KHO MPUMHMMATb MepPbl AN CHUMKEHUA
YPOBHA Wyma Ha paboyem mecte m obecnedyeHuss 6e3onacHocTn u KomdopTta paboTHuKoB. UHorga
CBOEBPEMEHHON peakuMu paboTalowmx Ha npegynpeamuTesibHble CUrHaAbl BHYTPULLEXOBOIO TpaHcMopTa
MeLUaeT WyM, a 3TO CNOCOBCTBYET BO3HMKHOBEHMIO HECYACTHbIX CyYyaeB Ha NnpousBogcTsee [1].

LLlym Ha npousBOACTBE MOMKET OKa3blBaTb pPas3/IMMHOE BpeaHOe BO3AelcTBME Ha PabOTHMKOB,
BKAtOYAA:

- notepto cnyxa (gAnTenbHoe BO3LENCTBME BbICOKOTO YPOBHA LIYMA MOXET MPUBECTU K YXYALWEHUIO
C/lyXa WK [axKe K ero notepe);

- CTPeCC U yToMaeHMe (NOCTOSHHbBIN LWYM MOXKET BbI3blBaTb CTpecc U(uan) ytomaeHue y paboTHUKOB,
YTO B CBOIO OYEPEAb MOMKET NPUBECTU K CHUMNKEHUIO NPOU3BOANTENBHOCTU U KayecTBa paboTbl);

- YXYALEHNEe KOHUEHTPAUMM (LUYM MOXKET 3aTPYAHUTb KOHLEHTPALMIO U BHUMaHWE PabOTHMKOB, YTO
yBEe/IMYNBAET PUCK MPOU3BOACTBEHHbBIX OLIMBOK U HECYACTHbIX Cy4Yaes);

- 3a60/1eBaHMA (BbICOKUIA YPOBEHb LLIYMa MOKET BbITb CBA3aH C pa3/IMYHbIMKU 3ab601eBaHUAMM, TAKUMU
KaK 60n1e3HU cepaLa, HapyLeHUs CHa U Aayke Npobaembl C ICUXMYECKUM 30,0POBbEM).

B uenom, WwWym Ha NpouM3BOACTBE NPEACTaBAAET Cepbe3Hylo yrposy A8 340p0BbsA M Bnarononyyms
PabOTHMKOB N ero cneayet KOHTPOAMPOBATbL U MUHMMU3NPOBATL MPU NMOMOLLM COOTBETCTBYIOWMX Mep U
NpPeAoCTOPOXKHOCTU TEXHOOTUN.

3aluTa paboTHUKOB OT LLIYMa MOXKET OCYLLLECTBAATLCA KaK KONNIEKTUBHbIMM CPeACTBaMU U METOAAMU,
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TaK U MHAMBUAYaNbHbIMW cpeacTBamu. [lepBoodepeaHOe BHUMMaHUE cineayeT YAEeAUTb KOANEKTUBHbIM
cpencTBam, KoOTopble MOTYT CHM3UTb LYM KakK Ha WUCTOYHMKE ero BO3HMKHOBEHMA, TaK W Ha MNyTu ero
pacnpocTpaHeHua K pabounm mectam. Hanbonee spdeKTUBHBIMKU ABNAIOTCA MEPONPUATUA, HAaNPaABAEHHbIE
Ha YMEHbLUEHME LWYMa Y CaMOro UCTOYHMKA. K KONNEKTUBHbIM CpeacTBaM 3allMTbl OT LUYMA OTHOCATCA
3BYKOU30AAUMA U FyLLIUTENN.

3awmTa paboTHUKOB OT WyMa Ha NPOU3BOACTBE BK/AOYAET Ceaytolme MeponpuaTma:

1) ncnonbsoBaHMe MHANBUAYANbHbIX CPEACTB 3aLMTbl OT LWYMA, TaKUX KaK HayLWHUKN Unun bepyim,
ONA CHUXKEHUA YPOBHA LWWYMA, A0CTUratowWwero paboTHUKOB;

2) n3onauma n akyctnudeckas obpaboTka pabounx 30H M 060PYA0BAHMA C LLENBIO CHUXKEHUA YPOBHSA
LIYMa Y ero MCTOYHMKA;

3) perynapHas nposepKa U 06cayXuBaHMe 060pyaoBaHNA, YTOObl MUHUMU3IUPOBATL U3ObLITOUHbIN
WYM M NPeaoTBPaTUTL NOBbILEHME ero B pe3y/ibTaTe U3HOCA UK AedEeKTOB;

4) opraHunsaums paboumnx rpadmMKoB U NNaHMPOBaHUE 33434 TaKUM 06pa3om, YTOObI MUHUMU3NPOBATL
BpemMs, NPOBOAMMOE B LUYMHbIX 30HaX, TaKKe npefocTaBieHne paboTHUKAM MepepbiBOB ANA OTAbiXa OT
Lyma;

5) obyyeHne pabOTHWKOB O MPABMABHOM WCMNO/Mb30BAHUW CPeACTB  3aWmTbl OT WymMa W
npeaynpexaeHne o NoTeHLMabHbIX PUCKaX, CBA3AHHbIX C A/IMTENbHbIM BO34EMCTBUEM LYMa Ha 340POBbE.

Hopmbl wyma B geumbenax B 3aBUCUMOCTM OT CTENEHU HANPAXKEHHOCTU TpyAa 06bIYHO peryaunpytoTca
3aKOHOAATe/NIbCTBOM O 0€30MacHOCTM WU TUrMeHe TpyAa B KaxKaoh cTpaHe. O6bIYHO cywecTBytoT
onpepeneHHble CTaHAAPTbl M Mpeaenbl, 3aBUCAWLME OT CTENEHU HaMpAXEeHHOCTU AeATeNbHOCTU ANA
pa3NYHbIX OTpac/ieid MNPOMbIWAEHHOCTU. TaKXKe [AOMOJSHUTENbHO HYXHO Y4YuTbIBaTb BWA, pPaboTbl B
OKPYXEeHWUU Wwyma.

CpeacTBa MHAMBMAYANbHOM 3aLUMUTbI OT LYMa: HAYLWHMKK, 3aKPbIBAOLLME YLLIHYIO PAaKOBUHY CHapY KK,
BK/A4bIM, MEepPeKpbiBAlOWME HAPYXKHbIA CAYXOBOW MNpPOX0OA, MNPOTUBOLIYMHbIE LWAEMbl U KacKu,
NPOTMBOLLYMHbIE KOCTIOMbI.

CoBpemeHHble NPOTMBOLLIYMHbIE CPEACTBA, MPUMEHEHME KOTOPbIX TPebyeT He TONbKO 3aLuUTbl, HO U
B3aMMOAENCTBUA C OMEPATOPOM, MOTYT MOAKAOYATLCA K BHEWHMM pagMonepesatolwmm ycTporucTBam
nocpeactsom agantepa FL. Takue ycTpoincTBa OT/NIMYAOTCA BbICOKOM NMPOTMBOLYMHOM 3GdEKTUBHOCTLIO, a
6narofapA BCTPOEHHOMY paguMonepesaloLLemy yCTPONCTBY 06ecneuymnBatoT HageXHY0 ABYCTOPOHHIOW CBA3b
(2].

TakKe B HacTosAwee Bpema CU3 coyeTatloT HECKO/IbKO HAaMNpaB/eHUI 3alWMTbl, Hanpumep, obaagatoT
ewe AMINEKTPUYECKMMM CBOMCTBAMM U APKUM LIBETOM, MO3BOAAKOWMM BUAETb PabOTHMKA B YCNOBUAX
NAOXOM OCBEeLEeHHOCTH.

OfHMM U3 3/1eMEHTOB YMpPaB/ieHUA pPUCKaMM Ha MPOM3BOACTBE ABNAETCA WCMNOJ/b30BaHUE
KayecTBeHHbIX CU3. OHKM obecneymnBatoT CHUKEHNE KOIMYECTBA HECYACTHbIX C/lydaeB U NpodeccnoHabHbIX
3abonesaHmii. Bcneactene MNOAYYEHHbIX MNPOW3BOACTBEHHbLIX TPABM COKPALWAETCA KO/MYECTBO AHEeM
HeTPYA0CNOCOOHOCTM PabOTHMKOB — 3TO NPSAMOI 3KOHOMMYECKUI 3ddeKT, AocTUraemblii NPU FPamMOTHO
BbICTPOEHHOM CUCTEMe yNpaBaeHWA OXpaHOM Tpyaa.

CnUCOK UCNOAb30BaHHOM NUTepaTypbl:
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UCCNEAOBAHUE BIMAHUA PASTUYMHBIX MATEPUAIOB HA 3ALLIATY
OT YIbTPA®UOJIETOBOIO U3NYYEHUA

AHHOTaumA

MccnepoBaHua CBOWCTB MATEPUMAnoB, MUCMOJIb3yeMbIX B MPOM3BOACTBE 3aLMTHbIX CPeACcTB Npu
npoBeAeHMM CBApPOYHbIX PaboT, WMrpaloT peLlatowyto pPosb B MUHMMM3ALMM PUCKOB ANA 340POBbS.
Onpepenas cnekTpanbHbiii KO3dPUUMEHT NponyckaHMA MaTepuanos C yYeTOM AnanasoHa CBeTopuabTpa,
BbIBEAEHO, YTO NyYlleit 3alnTol oT YP-Us3nydeHus ABAAeTca cneumanbHoe CTEKNO0 ANA CBAPOUHbIX LMTKOB
mapku C5.

KnioueBble cnosa:
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STUDY OF THE EFFECT OF VARIOUS MATERIALS ON PROTECTION AGAINST ULTRAVIOLET RADIATION

Abstract
Studies of the properties of materials used in the manufacture of protective equipment during welding
work play a decisive role in minimizing health risks. Determining the spectral transmittance of materials
taking into account the range of the filter, it was found that the best protection against UV radiation is a
special glass for welding shields of the S5 brand.
Keywords:
UV radiation, welding shield, light filter, safety.

OnacHbIM GaKTOPOM, BO3AENCTBYIOWMM Ha OPraHM3M YenoBeKa NpU NPOBEAEHUM CBAPOYHbIX PaboT,
ABNAETCA YIbTPAaPUONETOBOE U3NYyYEHME. DTO HEBUANMOE rN1a3y U3/y4YEeHUE, FeHEPUPYEMOE SNEKTPUYECKOM
AYro BO BpPeMA CBAPKW, NPeACTaBAsfeT CepbesHyl Yyrposy AnA 340pOBbA CBAPLLMKOB, MHTEHCUBHOCTb
KOTOPOro HanpAMylo 3aBUCUT OT MHOecTBa (aKTOpoB. BaXKHO MOHMMaTb, YTO AaxKe KpaTKoBpeMeHHoe
BO3/ENCTBME MOMKET NPUBECTU K CEPbE3HbIM NOCAEACTBUAM.

Camoe pacnpocTpaHeHHOe nocneacTeue — GOTOKepPaTUT, UAN «CBAPLLMLKOE OKO», — BOCMajeHue
porosuupl rnasa [1]. 3To cocToaHUE xapaKTepusyeTca peskoi 60/1bto B r1asax, YyBCTBOM MHOPOAHOTO Tena
(necka), NOKpacHeHMeMm, cne30TeYeHMeM W Ype3BblYaliHOM YYBCTBUTE/IBHOCTBIO K CBETY. Jaxe
KpaTKOBpPEMEHHOE BO34eNCTBME APKOro Y®P-u3nyyeHUs MOXKET NPUBECTM K 3TOMy 60Se3HEHHOMY U
BpPeMeHHOMY, HO BECbMa HEMPUATHOMY COCTOAHMUIO.

OpaHako, Kyaa 6onee onacHbl AOATOCPOYHbIE NOCNEACTBUA BO3AeNCTBUA YD-n3nyueHus. PerynapHasn
N AnuTenbHaa pabota 6e3 Haanexallel 3aWmnTbl MOXKET NPUBECTU K CEPbE3HbIM KOXHbIM 3aboieBaHMNAM.
PUCK pa3BuTUA pasinyHbiX GOpM AepmMaTvTa 3HAUMTENIbHO BO3PACTaeT, a B Hambosiee TAXKENbIX CAyYasnx
BO3MOXHO Pa3BMUTUE KOXKHOTMO paKa.

YuntbiBas, 4to BcemmpHas opraHunsauma sgpasooxpaHeHuma (BO3) c 2017 roga knaccuoumumpyet Y-
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N3ly4eHne KaK KaHLeporeH 410 YeN0BeKa, CEPbe3HOCTb 3TOM Yrpo3bl CTAHOBUTCA 04eBUAHON [2].

Ncnonb3oBaHMe CpeacT8 MHAMBUAYANbHOM 3almMTbl — abcontoTHaa HeobxogumocTb. OCHOBHbIM
CPeACTBOM 3aLLUTbI ABAAETCA CBAPOYHbIN LNMTOK, KOTOPbLIN A0XKEH ObITb NOA0OPaH B COOTBETCTBMUM C TUMIOM
CBapKM N ypoBHEM U3ny4yeHua. CyliecTByeT ABa OCHOBHbIX TUMA WMTKOB: C Py4YHbIM 3aTeMHeHnem (06bIYHbIN
CBETOPUNLTP) U C aBTOMATMUYECKUM 3aTEMHEHMEM (TaK Ha3blBaeMble «XaMeeoHbI»).

WLMTKM Cc 0Obl4HbIM CcBETOPUNLTPOM TPEOYIOT OT CBapllMKa BPYYHYI PEryinpoBaTb YPOBEHb
3aTeMHEHMA CTeKNa nepes HayasloM CBapKM U B MpoOLLecce, B 3aBUCUMOCTU OT APKOCTU Ayru. K HegocTaTkam
TaKOro WMTKAa OTHOCUTCA HeyaobCTBO WMCMO/b30BaHUA M BbICOKAn BEPOATHOCTb MOBPEXAeHMA OpraHoB
3peHus.

MacKM «xameNeoH» OCHaLL,EeHbl aBTOMaTUYECKMM CBETOPUIbTPOM, KOTOPbIM MIHOBEHHO pearnpyer Ha
BO3HMKHOBEHME CBAPOYHOM Ayrv, 3aTEMHAA CTEK/IO A0 6e3onacHoro ypoBHa. CBapLiUK He [A0/IKeH HMYero
peryanpoBaTb — Macka CaMOCTOATEIbHO afanTUPYeTcsa K MHTEHCUMBHOCTU cBeTa, obecneymnBan NOCTOAHHYO
3aLWMTy rnas.

B OCHOBE KOHCTPYKLUUM LWNUTKA IEXKUT Nornotutens YO-nsnyyeHums.

Bblaiv NpoBeaeHbl pacyeTbl Hanbosiee 6€30MacHOro NOrAOTUTENA AAA LWMTKA CBApPLLMKA, MOOYepEAHO
yCTaHaB/iMBaa nornowatowme oGuUAbTpbl B TPEX CNEKTPanbHbIX AuanasoHax. [oslyd4eHHble 3HayYeHus
CcneKTpanbHoro KoadpdpuumnmeHTa NPonNycKkaHUA Kaxkaoro ¢mnabTpa oTobpaxkeHbl B Tabaumue 1.

Tabnamua 1
CneKkTpanbHbI KO3QPULMEHT NPONYCKAHMA GUNBTPOB
CnekTpanbHbl KO3GPULMEHT NPONYCKaHUSA, OTH. ej,.
HaumeHoBaHue nornotutens

Yo-A Yo-B Yo-C

CunukaTHoe CcTeKkNo 0,8582 0,3165 0,0138
OprcTekno 0,0008 0,0063 0,0165
Crekno C5 0,0002 0,0013 0,0003
JNnH3a cepasn, rpagueHT 0,0017 0,0190 0,0018
JInH3a 3enéHas, 3epKasibHan 0,0023 0,0101 0,0007
JlnH3a po3oBas, rpagueHT 0,0011 0,0253 0,0019

PacyeT nokasbiBaeT, YTO 3awWmTa OT yAbTPadMONETOBOr0 M3NAy4eHUA PasINYHbIMK MaTepuanamu
CUNbHO pasanyaetca. Jlyywyio 3awmuTy obecneymBaeT cneLmasbHOE CTEKNO ANA CBAPOUHbIX LUMTKOB MApPKK
C5, Takoe CTeKN0 UmeeT cTeneHb 3aTeMHeHuA 10 din npaKTUYecKkn NoIHOCTbIO 6/10KUpytoLLee BpeaHblie YP-
Nyyn. ITO HeobXoAMMO ANA 3alMTbl FNa3 M KOXKM CBaplUMKa. KpaliHe HU3KYL 3aWwmTy npenoctasaset
CU/INKATHOE CTeKN0, KoTopoe BoobLle He 3awmuwaer oT YP-usnydeHna tmna A n obecneumsaet cnabyto
3awmTy ot YP-nsnyyeHuns tmna B. MoxHO caenaTb BbIBOZA, YTO BbIOOp maTepunasa Urpaet KatoueByto posib B
obecneyeHnn Heobxoanmon 3awmTbl oT YP-n3nyueHuns. OcsegomneHHocTb 06 onacHocTax YP-usnyyeHus un
NpaBuW/IbHbIN BbIOOP CpeacTB MHANBUAYAIbHOM 3aLUNTbI ABAAOTCA KAtoYeBbIMU GaKTopaMmu B obecneveHmm
6€e30MacHOCTM CBapOYHbIX paboT.

CnuCcoK Ucnonb30BaHHOM AnTepaTypbl:

1. Bacunbes B.N. BeeaeHne B 0CHOBbI cBapKu: yuyebHoe nocobue / B.W. Bacunbes, A.M1. UnbauieHko, H.B.
MaBnos // KOPrMHCKNIM TEXHONOTMUYECKUIA MHCTUTYT — Tomck: M3a-so TNY, 2011. - 317 c.
2. OukcoH A.L. YnbtpadmonetoBoe u3nyyeHWe NpPW CBAPKE M BO3MOXKHbIA PUCK 3/10KaYeCTBEHHbIX
HoBOOBpa3zoBaHWUt KoXu v rnas / A.[l. AnkcoH. — Meaunk . Aycrt. 2004;181(3):155 — 2022. — C.7-10.
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Mukanos AnekcaHap EBreHbeBuY
OpeHbYPrcknin rocysapcTBeHHbIN YHUBEPCUTET
CononoBa BaneHTHa AneKkcaHApPOBHA
OpeHbYpPrckMin rocyaapCcTBEHHbIA YHUBEPCUTET
r. OpeHbypr, PO

OBECMEYEHWUE NOXAPHOM BE3ONACHOCTU OBbEKTOB C MACCOBbIM NPEEbIBAHUEM NHOOEN

AHHOTauuA
B cTaTbe npoBegeH aHaAM3 KOJIMYEeCcTBa MOXKapoB Ha OObEKTax TOProBaAW 3a nocnegHue rogbl,
BbIAB/NEHbl MPUYMHbI, MeLlaoWmMe UX CTabuabHOMY CHUXKeHU. IPPeKTUBHOCTb MNpPUBEAEHHbIX
NPOTUBOMOXAPHbIX MEPOMNPUATUIN, OCOBEHHO B 34aHMAX C MAcCOBbIM MpPebbiBaHMEM NIOAEN, HAMPAMYO
B/MAET Ha COXPaHEHWNE KMU3HEN U MUHUMM3ALMIO MAaTepPUasbHOro yuwepba.
Kniouesble cnosa:
noxap, 6e3onacHoCTb, TOProBO-pPa3B/EKaTE/IbHbIN KOMMJIEKC, MEPONPUATUA.

Pikalov Alexander E.
Orenburg State University
Solopova Valentina A.
Orenburg State University
Orenburg, Russian Federation

ENSURING FIRE SAFETY OF FACILITIES WITH MASS PRESENCE OF PEOPLE

Abstract
The article analyzed the number of fires at trade facilities in recent years, identified the reasons that
hinder their stable reduction. The effectiveness of these fire prevention measures, especially in buildings
with a massive presence of people, directly affects the preservation of lives and the minimization of material
damage.
Keywords:
fire, safety, shopping and entertainment complex, events.

Ha Tepputopun Poccuiickonn deaepaumm HacuutbiBaeTca 6onee 87 TbicAY 06BEKTOB C MACCOBbIM
npebbiBaHMem nogen. M3 HUX npumepHo 11 TbiCcAY COOTBETCTBYIOT O6LWENPUHATOMY onpeaeneHuto
TOProBOro-passaeKkaTe/IbHOro LeHTpa (Komniekca).

CoBpemeHHbI ToproBo-passaekaTenbHbln UeHTp (TPL,) npeactasnser coboi 6osblioe c/loXKHOe
MHOrO3TaXkHOe 34aHuMe, B KOTOPOM KpOMe OpraHusauuMuM TOPTroBAM UM MNOMELeHUA KUHOoTeaTpa
PacnoNoXKeHbl: KOHUEPTHbIe 3a/bl, BbICTaBKM, anTeKkW, MOMELLEHMA ANA NOCeTUTeNeid opraHusauuii
6bITOBOr0 M KOMMYHa/IbHOTO 06CNY}KMBAHUA C HEPACYETHBIM YMCNOM NMOCAA0YHbIX MECT A/1a NnoceTuTenew,
GU3KYNbTYPHO-0340P0OBUTENbHBIE KOMMNEKCHI U CMOPTUBHO-TPEHUPOBOYHbIE YUPEKAEHUA C MOMELLEHUAMM
6e3 TpubyH ans 3puTenel, opraHMsaLmm obLWEeCTBEHHOrO NMUTaHUA (B TOM YMC/Ie C UCMOb30BaHUEM A/iA
NPUIoTOBNEHUSA MUY TEXHONOTMYECKoro obopyaoBaHMA (TMNa MaHrana) Ha TBEPLAOM TOMAMBE B KYXOHHbIX
nomelLeHunax), 6aHKW, KOHTOPbl, OPUCbl, CTOAHKM aBTOMOBWAEN, FOCTUHULDbI, anapTameHTbl, CTaHUMA
METPOMOAUTEHA.

MorKapbl OTHOCATCA K CaMblM PacnpoCTPaHeHHbIM BUAAM Ype3BblYaliHbIX CUTYaLMIA, KOTOpble HAHOCAT
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HeobpaTUMbI YPOH 340POBbLIO, MaTepMasbHOMY obecrneyeHMo HaceNeHUs U HepeaKo BAEKYT 3a cobol
rmbenb yenoBeKa. AKTyanbHOCTb JAHHOIO BOMPOCa BO3pacTaeT B MecTax MaccoBoro npebbiBaHuA noaen, K
KOTOPbIM OTHOCATCA KPYrMHble TOprosble LeHTpbI [1].

Oo 2008 roga noxkapHana 6e30nacHOCTb Pery/npoBasiaCb MHOXECTBOM pa3po3HeHHbix TOCToB u
CHuMoB, pa3spaboTKa TexHWMYECKOro pernameHta B obnacTu nokapHoi 6e3onacHocTM obbeauHMna U
aKTyanusmposana 3Tm TpeboBaHUs.

CobntoaeHne TEXHUYECKOTo pernameHTa obecneymT COBPeEMEHHbIN YPOBEHb NOXKapHOM 6e3onacHocTH
3[1aHU1IA C MaccoBbIM NpebbiBaHKEM NlloAen U NpaBo BbiI6opa MeTOA0B 3alUTbl A/19 COBCTBEHHUKOB 06BEKTOB
[2].

Ha PUCyHKe 1 npeacrtasaeH aHann3 Konn4vyecrtea NoXapos Ha obbeKTax TOPros/sin 3a nocsiegHue rogbl.
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PucyHok 1 — Konunyectso norkapos ¢ 2013 no 2023 rog, Ha o6beKkTax TOProsim

CornacHo CTaTUCTUKe, NpeACcTaBNeHHOW Ha PUCYHKe 1, MOXKHO cAenatb caeayoline BbiBoAbl:

- HabnogaeTca obuiee CHUMKEHNE KOIMYECTBa NOXKapoB Ha 24,66 % 3a nepuog ¢ 2013 r. no 2018 r., uto
MOXKeT OblTb CBA3aHO C YCWU/IEHMEM KOHTPONSA CO CTOPOHbI rOCYAapCTBEHHbIX HaA30pPHbIX OPraHoB MU
NnoBbILLIEHMEM OCBEIOM/IEHHOCTUN O NoXapHoW 6e3onacHoCcTy;

- nocne 2018 roga Temnbl CHUMXKeHUA 3ameanunuch. Mocne Tpareammn B TPL, «3MMHAA BULWHAY,
nocsieayoLWmx NPoBeAeHHbIX MAacCOBbIX BHEM/IAHOBbIX NPOBEPOK M 3aKpbiTUA 6onee coTHM TPLL oxkmnaanock
pPe3Koe CHUMKEHME KO/IMYECTBa NOMKapoB, O4HAKO CPeHEr040BOE KO/IMYECTBO NOXKapOoB OCTAaeTCA BbICOKUM
— 2797 noapoBs, YTO Noa4YepKMBAET HEOOXOAMMOCTb MOCTOAHHOIO MOHWUTOPUHIA U YXKECTOYEeHMA Mmep
be3onacHoOCTH;

- CUCTeMaTU3aLMA M YMKECTOUeHMEe HOPM MoXKapHOW 6e30MacHOCTM MOKa3asio MOJIOKUTENbHYIO
TeHAEHLMI0, 04HAKO HeaocTaTouHyo [3]. YTobbl nogpobHee pasobpaTtbea B Nnpobneme Heobxoanmo bonee
TWATENbHO MPOAHa/NM3MPOBaTh KarKAablh 3Tan obecrneyeHMA MOXKapHoOM 6e30nmacHOCTM Ha o0b6beKTax ¢
MaccoBbIM NpebbiBaHMEM NHOAEN.

Moxkap npeacraBnseT coboi HEKOHTPOMPYEMOE ropeHne, NPU KOTOPOM 3BaKyaLMOHHbIE MYyTU MOryT
OKa3aTbCA MEePEeKpbITbIMA WAN ONacHbIMW M3-3a Yes/I0OBEYECKOM MaHWKWU. B Takux ycnoBuax npuoputet
cnaceHua oTaaeTcs Hanbonee ya3BUMbIM NOAAM — TEM, KTO HE MOXKET CaMOCTOATENIbHO NMOKMHYTb OMNacHY
30HY M3-3a BO3pacTa, COCTOAHMA 340PO0BbA UAU ApYyrux GaKTopoB. Bpems urpaeT KPpUTUYECKM 3HAUYMMYIO
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posib: Yem BbicTpee ByaeT NpoBeaeHa 3BaKyaLma U3 3a4bIMIEHHONO 34aHMA, TEM Bblle LWAHCbI Ha cnaceHue
XU3HHU [4].

K uncny s¢pdpeKkTMBHbIX NPOTMBOMOMKAPHbBIX MEPONPUATUIA, HAMpPaBAEHHbIX Ha obecneyeHue
6e30nacHOM 3alLMTbI NI0AEN U MaTepmabHbIX LLEHHOCTEN MPU NOXKape B 34aHMAX C MacCOBbIM NpebbiBaHMEM
noaen, oTHocATCA:

- YCTPOWCTBO cCUCTEM OOHapy)KeHMAa no¥Kapa (YCTaHOBOK M CUCTEM MOXKapHOW CUrHanAn3aumm),
OnoBeLLEeHUA U YNpaBAeHUA 3BaKyaLMel Nloaei Npu noxape;

- MPUMEHEHME CUCTEM KOJIEKTUBHOM 3awuTbl (B TOM 4Mc/ie MPOTUBOALbLIMHOM), CPeacTB
WHAMBMAYANbHON 3alWMTbl  AOAed OT BO3AEWCTBMA OMacHbiX (aKTOPOB MoOXapa, COBPEMEHHbIX
OrHeTywuTenen n cMcTem aBTOMATUYECKOrO NOXKapPOTYLIEHUA;

- OpraHn3auma rpaMoTHbIX TAKTUKO-TEXHUYECKUX AENCTBUI NoApa3aeieHn NoXKapHOM OXpPaHbl.

Takum obpasom, Ha 3Tane NPOEKTUPOBAHWUS TOProBO-Pa3B/ieKaTe/IbHbIX KOMMIEKCOB Heobxoanumo
Y4YMTbIBaTb Pa3/IMYHbIE CLEHAPUN Pa3BUTUA YPe3BbIYaMHbIX CUTYaUNi, aHaAM3UPYA BOSMOKHbIE MPUYMHBI U
nocieacTBuA NoXKapa AN MUHUMU3ALMM PUCKOB.

CnUCoK UCNoNb30BaHHOM nTepaTypbl:

1. Omypbaesa T.0. MNorkapHaa 6e30nacHOCTb O0OBEKTOB 3alUUTbl C MacCOBbIM MpebbiBaHMeEM Atodein Ha
OCHOBe pacyeTa nokapHoro pucka / T.0. Omypb6aesa, L. C. CagbixaHos, b. E. Yokaes, E. C. AbamKkapnmos, b.
t0. YaHues // Npobnembl Haykn, 2021. — Ne 9 (68). — C. 19 - 22.
2. Noxapbl 1 noxapHana 6esonacHoctb B 2013 roay: ctat. c6opHUK / B.U. KnumkuH [1 ap.]. — Mocksa: U3a-
Bo BHMMNO, 2014 — 137 c.
3. MoxKapbl U noxapHana 6esonacHocTb B 2018 roay: ctat. c6opHuk / .M. lopaneHKko [u ap.]. — Mocksa: U3a-
8o BHUMMNO, 2019 — 125 c.
4. NMoxapbl M NoxapHan 6esonacHocTb B 2023 roay: UHGOPM. — aHanUTUY. cbopHuk / C.B. Cokonos [u ap.]. —
banawwnxa: U3g-8o ®IreY BHUUMO MYC Poccun, 2024 — 110 c.
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CononoBa BaneHTHa AneKcaHAPOBHA
OpeHbYpPrcknin rocysapcTBeHHbIN yHUBEPCUTET
BuwHeBcKuii Bnagnmmnp AnekcaHgposuy
OpeHbYpPrckMit rocyaapCTBEHHbIN YHUBEPCUTET
KyHeHoBa Papga TynereHoBHa

OpeHbyprckuii rocyaapcTBeHHbIM yHUBEpPCUTET
r. OpeHbypr, PO

9KCNEPTU3A OXPAHbI TPYAA HA OBbEKTE CTPOUTE/IbCTBA

AHHOTauuA
Mpu npoBeneHUN 3KkcnepTM3 B 06/1aCTU OXpaHbl TPyAA FNaBHas 3ajaya - He NPOCTO KOHCTaTauusA
¢dakTOB, a rNyboKoe NPOHMKHOBEHME B CYTb NPOUCLLEALIETO, BbIABIEHWE NPUYMHHO-CNEeACTBEHHbIX CBA3EN U
onpegeneHune cTeneHn OTBETCTBEHHOCTU. Ha KOHKpeTHOM npumepe BbifiBAeH GaKT HecobatogeHMA HOPM U
3aKOHOAATe/IbCTBA Ha OObEKTE CTPOUTENLCTBA, KOTOPbIM NOB/EK 33 COOOMN CMEpTb YeI0BeKa.
Kniouesble cnosa
3KCnepTm3a, CTPOUTENBbCTBO, OXpaHa Tpyda, HECHACTHbIN Cnydal, NpUYmMHa
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OCCUPATIONAL HEALTH AND SAFETY EXPERT REVIEW AT THE CONSTRUCTION SITE

Abstract
When conducting examinations in the field of labor protection, the main task is not just to state the
facts, but to deeply penetrate the essence of what happened, to identify causal relationships and determine
the degree of responsibility. A specific example revealed the fact of non-compliance with norms and
legislation at the construction site, which entailed the death of a person.
Keywords:
examination, construction, occupational safety, accident, cause.

3afiaya 3KCnepTMsbl NO AeflaM O HapyLeHWU MpPaBu/l OXpPaHbl TPyAa U TEXHUKU HGe3omacHoCTU —
onpeaennTb NPUYMHY MPOUCLLECTBUSA, YKa3aTb HapyluTenel M ycTaHoBUTb GaKT HapylleHUs, NPoBecTu
NPUYNHHO-CNEACTBEHHbIM aHAIM3 MeXKAY HapyLeHWEM M HaCTyNMMBLUMM Noc/ie Hero npoucwecrtenem [1].

CTpouTenbHas oTpac/ib ogHa M3 Beaylux OTpacier B OTpMUATE/NIbHOM CMMCKEe Mo TpaBmaTu3my,
HapylweHWam npaBua, Hecob/loAeHUIO CTaHAapPTOB. 3ayacTyilo Ha ob6beKkTax cTpouTenbcTBa paboTaet
HEenoAroToB/IEHHbIN NepcoHas, He obecneyeHHbI CpeacTBamu UHANBUAYANbHOM 3aWMTbl, @ B HEKOTOPbIX
CNy4Yasx NPUHATbIN KaK «aelweBasn paboyan cnna» Ha KOPOTKUIA CPOK.

Tak, Hanpumep, Ha Yy4yaCTKe MECTHOCTM BO3/e MOJAJexallero cCHocy Aoma, ObHapyxeH Tpyn
HEeYCTaHOBNEHHOrO /M@ MYKCKOro Mosa, C TesleCHbIMW MOBPEXKAEHUSMM TO/I0Bbl U NPABOMN YacTu Tena,
XapaKTepHbIMKU ANA NafeHus C BbICOTbl, MpPeBbIWaloWeln BbicOTy cobcTBeHHOro pocta. O6cToATeNbCTBa
NoONyYEeHUsI MY}KUMHOW TeNIeCHbIX MOBPEKAEHWNI, NOBAEKLINX ero cMepTb (06CcTaHOBKa MecTa NpoucLecTBus,
XapaKTep Nosly4YeHHbIX TENECHbIX MOBPEKAEHWNIN, oaekKaa TPyna U ero BHELWHWI BUA, CBEAEHUS, MOJlyYEHHble
N3 o06bACHEHUI oYeBUALEB), AaBaNN AOCTAaTOYHbIE OCHOBAHWA MonaraTb MNOJlyYeHUEe MOBPEXAEeHUN Npu
NCNONIHEHUN TPYA0BbIX 06A3aHHOCTEN NO NPOU3BOACTBY PaboT No AMKBMAAUUM (CHOCY) AoMa.

B Takom cnyyae TpebyeTca npoBegeHMe 3KCNepTU3bl OXpaHbl TPyAa, YTOObl BbIACHUTL ObinM an
HapyLeHbl NPaBUNa, B pe3ybTaTe KOTOPbIX NOCTPAAaN YeNoBekK.

B xoge 3KcnepTusbl 6bINO BbIABAEHO, YTO K BeAeHU0 paboT no Ankeuaaumm (cHocy) aoma 6binu
OONyLLEHbl HEMNOCTOAHHble PabOTHUKM (MOAEHLWMKKU) U3 YMCNa MECTHbIX KuTenen, 6e3 NpoxXorKaeHus
BBOAHOIO MHCTPYKTaXKa.

o Havyana paboT no cHocy (AemMOoHTaxy) 34aHUK M COOpYKeHUn paboume A0MKHbI BbiTb
NPOUHCTPYKTUPOBAHbI MO TEXHWKe 6e30MacHOCTU, O03HAKOMJIEHbI C Hambonee ONacHbIMM MOMEHTAMMU
pa3bopKn: TaKMMM KaK pacnonoxeHue paboyero mecta B6aM3M nepenaga no Bbicote 1,8 m n 6onee.
PaboTHMKM A0/1XKHbI BbITb 06ecneyeHbl KaCkamu, CNeLoAeXKa0n, MHBEHTAPEM U UHCTPYMEHTOM, UYTO TaKKe
He BbIMO/HANOCh.

Takke npu pa3bopKe (paspylieHnn) CTPOEHUI AOCTYN K HUM MOCTOPOHHMX /UL, HE Y4aCTBYIOLINX B
npousBoacTBe paboT, 3anpeLLaeTca, 04HAKO AOCTYN Ha Ntobble y4acTKM NPOU3BOACTBA PaboT HEMOCTOAHHbIX
pabOTHUKOB (NOAEHLLNKOB) M3 YMCA MECTHbIX XKUTENeN HUKAK He Bbla orpaHuYeH.
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Takum 0b6pasom, B Xo4e 3KCNEepPTM3bl YCTAHOB/IEHO, YTO NPU BbINOAHEHUM PAabOT, BO BpeMsa KOTOPbIX
NPOM30LLEN HECHACTHbIW CayYal Oblnn JONYyLWEeHbl cleaytolme HapyLeHusa TpeboBaHW oxpaHbl Tpyaa:

- TpyA0BOro 3aKoHoAaTenbctea no TK PO (cT. 76);

- MoctaHoBneHus MNpasutenbctea PP ot 24 gekabps 2021 r. N 2464 «O nopsake oby4yeHUs No oxpaHe
TpyAa 1 NpoBepKM 3HaHWUA TpeboBaHMIM oxpaHbl Tpyaa» (NyHKToI 11.10, 11.11);

- FpagocTpouTenbHoro Kogekca Poccuiickoint deaepauum” ot 29.12.2004 N 190-d3 (cTtatba 55.31);

- MpaBwnn no oxpaHe TpyZa NP CTPOUTENBCTBE, PEKOHCTPYKLUN U PEMOHTE, YTBEPKAEHHbIX [prKazom
MuHTpyaa Poccum No 883H ot 11.12.2020 r. (nyHKT 108. YacTb VI).

A NpUYNHOI AaHHOFO HECYACTHOIO CAYyYas CTaM HapyLLUEHMA NPaBUA TEXHUKU BE30MAaCHOCTM U OXPaHbl
TpyAa cybnoapaaunKkom CTpouTeIbHOro 06beKTa.

3ayacTylo NPUYMHAMM HECYACTHbIX C/ly4aeB, TPaBMaTU3Ma M UHLMAEHTOB B CTPOUTE/IbHON OTPAC/U
CNyXKaT npeHebpexuTesibHOe OTHOLLUEeHME K CBOMM 06a3aHHOCTAM, HecobntogeHne TpeboBaHM npasBun
TEXHUKM 6e30MacHOCTM U yesnoBeyvyeckuin daktop [2]. BbifsiBneHMe HenocpeacTBEHHOM MNPUYUHDI
npoucwecTena — 3To GMHaANbHbIMA 3Tan aKcnepTU3bl. HeobxoaMmo onpenennTb, KaKo KOHKPETHO ¢daKTop
CTa/l MYCKOBbIM MEXaHM3MOM TParmyeckmx cobbITUn. ITO MOXKET ObiTb HEMCMNPaBHOCTb 0O6OpPYAOBaAHUA,
OlWMbKa paboTHMKa, HecobtofeHMe TEXHONOMMYECKOTO NpoLLecca UM KOMBUHALMA HECKObKMX PaKTOpPOB.
YcTaHOBNAEHWE HEMOCPEeACTBEHHON MPUYMHBI NO3BOAAET pa3paboTaTb Mepbl MO NPeaoTBPALLEHUIO
nogo6HbIX NpoucwecTsnin B ByayLiem v NpusaeYb K OTBETCTBEHHOCTM BUHOBHbIX /INL,.
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HORSE TRAINING PRACTICES: ART, SCIENCE, AND HORSEMANSHIP

Abstract

Horse training practices encompass a diverse range of methods and philosophies aimed at teaching
horses specific behaviors, improving their athletic performance, and fostering a cooperative partnership with
humans. Rooted in both traditional horsemanship and modern scientific understanding of equine behavior,
effective training prioritizes clear communication, consistency, and the horse's welfare. This article explores
the foundational principles of horse training, including classical and modern approaches, the role of learning
theory, and the importance of ethical considerations. It highlights how varied practices prepare horses for
disciplines ranging from competitive sports to recreational riding, emphasizing the blend of art and science
required to build a harmonious relationship between horse and rider.

Keywords:
horse training, horsemanship, equine behavior, classical dressage, natural horsemanship, positive
reinforcement, negative reinforcement, learning theory, equitation, horse welfare, riding disciplines.

Introduction

The relationship between humans and horses spans thousands of years, evolving from utility and
warfare to partnership in sport, recreation, and therapy. Central to this enduring bond is horse training — the
systematic process of teaching horses to respond to human cues, develop their physical capabilities, and
become willing partners. Far from being a singular method, horse training encompasses a rich tapestry of
practices, philosophies, and techniques, each with its own history and merits. At its heart, effective training
is a delicate blend of art and science, demanding a deep understanding of equine psychology, consistent
application of learning principles, and an unwavering commitment to the horse's physical and mental well-
being. It is a journey of communication, patience, and mutual respect, leading to a harmonious partnership
that transcends mere instruction.

Horse training practices draw heavily from established learning theory, particularly principles derived
from behavioral psychology. Operant conditioning is a fundamental concept, where a horse learns to
associate a voluntary behavior with a consequence. This includes positive reinforcement, where a desirable
stimulus (like a treat, scratch, or praise) is added after a desired behavior, increasing the likelihood of that
behavior recurring. Conversely, negative reinforcement involves the removal of an aversive stimulus (such as
pressure from a rein or leg) once the horse performs the desired action, motivating the horse to find the
'release' by executing the correct response. It's crucial to distinguish negative reinforcement from
punishment, which aims to decrease an undesirable behavior by adding an aversive stimulus or removing a
desirable one. While punishment can be used, modern ethical training largely favors positive and negative
reinforcement, focusing on teaching and shaping desired behaviors rather than punishing errors. Classical
conditioning, or Pavlovian conditioning, also plays a role, where a horse learns to associate a neutral stimulus
(like a verbal cue) with a naturally occurring response (like movement towards food), turning the cue into a
signal for the desired behavior. The effectiveness of any training method hinges on clarity, consistency, and
precise timing of cues and reinforcements. Understanding ethology, the study of animal behavior in their
natural environment, is also vital, as it helps trainers interpret horse body language, understand their natural

83



AKALEMMWYECKOE U3OATE/IbCTBO «HAYYHAA APTE/1b»

instincts (like flight responses or herd dynamics), and design training environments that minimize stress and
maximize learning. This foundational knowledge allows trainers to work with the horse's innate tendencies
rather than against them.

Historically, horse training evolved with the varied roles horses played in human society, giving rise to
diverse traditional practices. Classical Dressage, originating from military horsemanship, emphasizes the
development of a horse's natural athletic ability and willingness through progressive exercises. It focuses on
suppleness, balance, impulsion, and obedience, aiming for a harmonious partnership where the horse
performs complex movements with lightness and ease. This approach, while often associated with
competitive sport, provides a foundational framework for developing any riding horse. In contrast to more
formal, historically military-based approaches, Natural Horsemanship gained prominence in the late 20th
century, drawing inspiration from observing horses in their natural social structures. Proponents like Tom
Dorrance, Ray Hunt, and later Pat Parelli and Monty Roberts, emphasize understanding the horse's
perspective, communicating through subtle body language, and building trust and respect through non-
confrontational methods. This approach often involves groundwork (training from the ground) to establish
leadership and responsiveness before mounting, focusing on creating a willing and confident partner. Beyond
these overarching philosophies, specific training practices are tailored to the desired discipline. For instance,
eventing requires training in three distinct phases: dressage, cross-country jumping, and show jumping,
demanding versatility and bravery. Reining focuses on highly athletic maneuvers derived from working cattle,
requiring precise control over speed, direction, and stopping. For simple recreational riding, the emphasis
might be on basic obedience, trail manners, and a comfortable ride for both horse and rider. Regardless of
the discipline, all effective training systems progress gradually, building on successes, introducing new
concepts in manageable steps, and ensuring that the horse understands each request before moving on.
Patience is paramount, as horses learn through repetition and consistency, and forcing them can lead to fear,
resistance, and long-term behavioral issues.
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EQUESTRIAN SPORT GAMES: THE PINNACLE OF HORSEMANSHIP AND ATHLETICISM

Abstract
Equestrian sport games represent a unique and ancient partnership between human athletes and their
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equine counterparts, showcasing skill, precision, athleticism, and profound mutual understanding. These
competitions span a wide array of disciplines, from the artistic demands of Dressage to the thrilling challenges
of Show Jumping and the comprehensive test of Eventing. This article explores the primary competitive
disciplines within equestrian sports, their historical evolution, and the fundamental principles that govern
them, emphasizing the indispensable role of the horse as an athlete and the dedication required from both
rider and horse to excel on the international stage.
Keywords:
equestrian sports, horse sports, dressage, show jumping, eventing, olympic equestrian, fei, horsemanship,
equine athletes, para-equestrian, driving, endurance, vaulting.

Introduction

Few sports capture the essence of partnership and athleticism quite like equestrian sport games.
Unlike most athletic endeavors where a single human athlete strives for victory, equestrian competitions
celebrate the unique bond and coordinated effort between a rider and a horse. These disciplines are not
merely about riding; they are about training, communication, trust, and the harmonious execution of
complex movements and formidable challenges. From the ancient roots of cavalry training to the modern
Olympic arenas, equestrian sports have evolved into a sophisticated blend of art, precision, and raw power,
demanding peak physical and mental conditioning from both human and equine participants.

The world of equestrian sport is governed internationally by the Fédération Equestre Internationale
(FEI), which oversees a multitude of disciplines, with three core disciplines holding particular prominence at
the Olympic Games: Dressage, Show Jumping, and Eventing. Dressage, often referred to as "horse ballet," is
a discipline focused on the harmonious development of the horse's natural athletic abilities and willingness
to perform. Horse and rider execute a series of predetermined movements and patterns in an arena, judged
on precision, grace, suppleness, impulsion, and obedience. The goal is for the horse to appear to be
performing effortlessly, responding to almost invisible cues from the rider, embodying the "highest
expression of horse training." It has its historical roots in military horsemanship and was first included in the
Olympics in 1912. Show Jumping is a thrilling competition that tests the horse and rider's ability to clear a
course of obstacles (fences) cleanly and efficiently within a set time. Penalties are incurred for knocking down
rails, refusals, or exceeding the time limit. If multiple pairs achieve a clear round, a jump-off (a shorter, faster
course) determines the winner. This discipline demands power, agility, scope, and precise riding, with its
origins tracing back to the 19th century when fences were introduced in English countryside fox hunting.
Eventing, often called the "equestrian triathlon," is the most comprehensive test of horse and rider,
combining three distinct phases: Dressage, Cross-Country, and Show Jumping. The Dressage phase
demonstrates the horse's obedience and gymnastic development. The Cross-Country phase is an exhilarating
test of endurance, bravery, and athleticism over a long course featuring solid, natural-looking obstacles like
logs, ditches, and water complexes, against the clock. Finally, the Show Jumping phase, held typically the day
after cross-country, tests the horse's soundness and agility over a course of knock-down fences, with
penalties added to the overall score. Eventing also has military roots, designed to test cavalry horses and
riders, and became an Olympic sport in 1912.

In conclusion, equestrian sport games stand as a testament to the powerful and intricate partnership
between humans and horses. From the refined artistry of Dressage to the daring leaps of Show Jumping and
the ultimate test of Eventing, these disciplines push the boundaries of athletic achievement and
horsemanship. Guided by international federations and driven by a deep respect for the equine athlete,
equestrian sports continue to captivate audiences and inspire participants worldwide, embodying a timeless
tradition of skill, harmony, and mutual trust that is truly unparalleled in the world of sport.
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AGRICULTURAL SCIENCES IN WORLD PRACTICES: CULTIVATING A SUSTAINABLE FUTURE

Abstract

Agricultural sciences encompass a vast interdisciplinary field dedicated to advancing the efficiency,
productivity, and sustainability of food, fiber, and fuel production worldwide. This discipline integrates
knowledge from biology, chemistry, physics, economics, and engineering to address the complex challenges
facing global agriculture, including food security, climate change, resource scarcity, and environmental
protection. This article explores the diverse range of practices informed by agricultural science globally, from
traditional farming methods and the Green Revolution's legacy to cutting-edge innovations in precision
agriculture, biotechnology, and agroecology, highlighting their contributions to feeding a growing population
while striving for environmental stewardship and rural prosperity.
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agricultural sciences, global agriculture, sustainable farming, food security, precision agriculture,
biotechnology, agroecology, climate change adaptation, resource management,
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Introduction

The monumental task of feeding a global population projected to reach nearly 10 billion by 2050, while
simultaneously grappling with the accelerating impacts of climate change and dwindling natural resources,
places agricultural sciences at the forefront of human endeavor. Agricultural sciences is the comprehensive
body of knowledge and practices that enables us to cultivate the land, raise livestock, and process agricultural
products efficiently and sustainably. It is a constantly evolving field, driven by scientific research and
technological innovation, that bridges ancient farming traditions with modern advancements. From the
fundamental understanding of soil health and plant genetics to the sophisticated application of satellite
imagery and artificial intelligence, agricultural sciences inform a spectrum of world practices aimed at
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ensuring food security, promoting environmental resilience, and supporting the livelihoods of billions.

Global agricultural practices are incredibly diverse, reflecting varied climates, cultures, economic
systems, and technological capabilities. In many parts of the world, particularly in developing regions,
subsistence farming remains prevalent, where farmers produce just enough food for themselves and their
families, often relying on traditional knowledge, manual labor, and minimal external inputs. These practices,
while sometimes yielding lower outputs, are often inherently sustainable, characterized by crop rotation,
intercropping (growing multiple crops together), and reliance on local biodiversity and natural pest control
methods. However, they can be highly vulnerable to environmental shocks and economic pressures. In
contrast, commercial agriculture, dominant in developed nations and increasingly in emerging economies,
focuses on large-scale production for market sale, often employing specialized machinery, synthetic
fertilizers, pesticides, and monoculture (growing a single crop over a large area). The mid-20th century saw
the Green Revolution, a monumental period driven by agricultural science, which introduced high-yielding
crop varieties (especially wheat and rice), improved irrigation, and synthetic fertilizers and pesticides. This
dramatically boosted food production, saving millions from starvation and transforming agriculture in many
parts of Asia and Latin America. However, it also led to concerns about environmental degradation, water
depletion, and loss of biodiversity, as well as socio-economic impacts on smallholder farmers.

Responding to these challenges, contemporary agricultural sciences are heavily focused on developing
and implementing sustainable agricultural practices worldwide. Conservation tillage, including no-till or
reduced-till farming, minimizes soil disturbance, reducing erosion, improving soil structure, and enhancing
water retention. Crop rotation remains a cornerstone, preventing pest and disease buildup, improving soil
fertility, and diversifying farm income. Cover cropping, planting non-cash crops to protect and enrich the soil
between main harvests, is increasingly adopted globally. Integrated Pest Management (IPM) uses a
combination of biological, cultural, physical, and chemical methods to control pests with minimal
environmental impact, reducing reliance on broad-spectrum pesticides. Efficient water management
techniques, such as drip irrigation, precision watering, and rainwater harvesting, are critical in water-stressed
regions, ensuring crops receive water precisely when and where needed. Agroecology integrates ecological
principles into agricultural systems, promoting biodiversity, nutrient cycling, and healthy ecosystems, often
combining traditional knowledge with modern science to create resilient and sustainable farms. This includes
practices like agroforestry, integrating trees and shrubs into agricultural landscapes to enhance soil fertility,
reduce erosion, and provide additional products.
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INNOVATIVE MANAGEMENT: STRATEGIES FOR COMPETITIVE ADVANTAGE
IN A RAPIDLY CHANGING WORLD

Abstract

Innovative management refers to the development and implementation of novel strategies, processes,
and organizational models that foster creativity, efficiency, and long-term growth in business operations. As
global markets become increasingly dynamic and competitive, companies must adopt innovative approaches
to remain relevant and successful. This article explores the principles and practices of innovative
management, focusing on leadership, organizational culture, digital transformation, and employee
engagement. It also examines how innovation can be systematically integrated into corporate strategy to
drive sustainable performance, adaptability, and value creation in the 21st-century economy.

Keywords:
Innovative management, organizational innovation, leadership, digital transformation, strategic planning,
change management, creativity, competitive advantage.

Main Body

Innovative management is more than simply introducing new products or services; it is a holistic
approach to transforming the way organizations operate, adapt, and create value. In a world characterized
by constant technological advancement, shifting consumer expectations, and economic uncertainty,
traditional management models often fail to provide the agility and responsiveness required for long-term
success. Innovative management bridges this gap by embedding innovation into the very fabric of an
organization’s operations and culture.

One of the foundational pillars of innovative management is visionary leadership. Leaders who
embrace innovation act as catalysts for change, encouraging experimentation, risk-taking, and collaboration.
They inspire teams to challenge conventional thinking and explore alternative solutions to business
challenges. Such leadership fosters a climate where innovation is not only accepted but expected.
Transformational leaders, in particular, play a vital role in shaping organizational purpose and mobilizing
people around a shared vision of continuous improvement and breakthrough thinking.

Equally importantis the cultivation of an innovative organizational culture. Culture defines how people
interact, make decisions, and respond to change. Companies that support open communication, autonomy,
learning from failure, and diversity of thought are more likely to generate novel ideas and implement
effective solutions. Google, 3M, and Tesla are often cited as examples of firms that successfully leverage
cultural innovation to maintain competitive edges. They invest in innovation labs, cross-functional teams,
and creative workspaces to stimulate employee engagement and ideation.

Technology is a key driver of innovative management, particularly in the age of digital transformation.
Tools such as cloud computing, data analytics, artificial intelligence, and automation enable businesses to
streamline processes, personalize customer experiences, and improve decision-making. Digital platforms also
facilitate real-time collaboration, remote work, and access to global talent pools. Companies that integrate

89



AKALEMMWYECKOE U3OATE/IbCTBO «HAYYHAA APTE/1b»

these technologies into their core strategies often gain a first-mover advantage in emerging markets. For
example, Amazon’s use of Al and logistics automation has revolutionized e-commerce, while Apple’s
ecosystem design reflects innovation in both product development and user experience.

Innovative management also emphasizes agility and flexibility in strategic planning. Unlike rigid, long-
term plans, agile management focuses on iterative development, continuous feedback, and rapid adaptation
to market changes. This model borrows heavily from software development methodologies like Scrum and
Kanban, butitisincreasingly applied in sectors such as finance, education, and healthcare. Agile organizations
use real-time data to adjust priorities, experiment with new business models, and respond quickly to
customer feedback. This approach not only improves responsiveness but also reduces risk and enhances
learning.

Conclusion

Innovative management is a critical success factor in the modern economy. It empowers organizations
to navigate uncertainty, embrace change, and continuously evolve. By fostering visionary leadership,
nurturing an innovation-oriented culture, leveraging technology, and engaging employees, companies can
achieve sustainable competitive advantages. In an era defined by disruption and rapid transformation,
innovation must become not an occasional initiative but a permanent, integrated element of management
practice.
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TRANSITION TO THE GREEN ECONOMY ON A GLOBAL SCALE

Abstract
The article analyzes the global transition to a green economy as a process aimed at achieving
sustainable development. It explores the conceptual foundations of the green economy, its differences from
the traditional growth model, and the role of international organizations and intergovernmental cooperation.
Particular attention is paid to practical mechanisms such as decarbonization, the development of renewable
energy sources, green finance, and the circular economy.
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TpagMLUMOHHAA SKOHOMMYECKas MOAE/ b, OPUEHTUPOBAHHAA HA HEOFPAHUYEHHbIM POCT U UHTEHCUBHOE
notpebseHne NPUPOAHbIX PecypcoB, npueena K 0OOCTPeHUI0 MMObasbHbIX 3KOAOrMYECKUX npobnem:
M3MEHEHUIO KNIMMaTa, 3arpA3HEHUIO OKPYKatowwen cpeapbl, COKpalleHUo buopasHoobpasma. B ycnosusax
pocTa HaceneHua u ypbaHM3auum NoTpebHOCTb B YCTOMYMBOW MOAENM Pa3BUTUS CTAaHOBMUTCA BCE Bosee
aKTyanbHoW. KoHuenuus 3en1EHOI 3KOHOMMKM, NpeanoxeHHas Mporpammont OOH no oKpyxKatolel cpeae
(UNEP), npeacTaBnsieT coboi OTBET Ha 3TW BbI30Bbl M NpeanonaraeT coyeTaHne 3KOHOMUYECKOTo pocTa C
3K0JI0rMYyeckom 6e30nacHOCTbIO U COLMAIbHOM CPaBea/IMBOCTbIO.

3en1EéHan 3KOHOMMKA — 3TO MOZAENb, NPU KOTOPOI SKOHOMMUYECKUIA POCT AOCTUFAETCA O4HOBPEMEHHO
C COKpalleHnem BO3AENCTBUA HA OKPYKatoLLyto cpeay U 6onee apdeKTUBHbIM MCMO/Ib30BAaHUEM PECYPCOB.
EE KkntoueBble NPUHLUMMbI BKIOYAIOT:

e DKoJIOrMYecKas YCTOMYMBOCTb — MPUOPUTET MCMNO/b30BaHMA BO30OHOBASEMbIX MCTOYHMKOB

3Heprum, MMHMMKU3aLMa BbIBPOCOB M OTXOA0B;
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* PecypcoadpdeKTUBHOCTb — LUMPKYNAPHAA SKOHOMMKA U MOBTOPHOE UCMO/Ib30BAHUE;

e CounanbHaa MHKAO3UBHOCTb — CMpaBea/IMBOE pacrnpeneneHune Bbirof OT «3eN1EHOro» pocTa;

* /IHHOBAUMOHHOCTb — BHEAPEHME IKONOTMYECKM YNUCTbIX TEXHONOTUN.

OCHOBHOM MeXAYHapPOAHbIN AOKYMEHT, perynmpytowmn 6opbby ¢ nameHeHMem Kammata. Uenb —
OrpaHW4YyeHue MoBblWeHMA [nobanbHOM TemnepaTypbl Ha ypoBHe 1,5-2°C no cpaBHeEHUIO C
OONHAYCTPUanbHbIM nepuogom. NMpuHaTta leHepanbHol Accambneeit OOH, Brkatoyaet 17 Lleneit yctoiiunsoro
pa3sutua (LYP), rae nepexoa K 3eN1€HON 3KOHOMMKE 3aHUMAET Katodesyto nosuumio (LYP 7,9, 12 1 13).

Mporpamma EC no AOCTUXKEHUIO KAMMaTUYECKon HelTpanbHOCTK K 2050 rogy, BKatovatowaa pedopmy
3HepreTMKn, TPaHCNOPTa, MPOMbILNEHHOCTM U CENbCKOFO XO3AMCTBA.

Pa3ButMe conHeyHON, BETPOBOM, rMAPO- N Fe0TEPMAsIbHON IHEPTreTUKU CHUMKAEeT 3aBUCMMOCTb OT
nckonaemsbix pecypcos. Mo gaHHbiMm IRENA, B 2023 roay 6onee 80% HOBbIX SHEPreTUYECKUX MOLLHOCTEN B
mupe 6binn BO306HOBASEMbBIMMU.

NHBECTULMM B 3KOMIOrMYECKM 6e3onacHble MPOEeKTbl, BbINYCK «3eNéHbiX obaurauminy, passuue
MexaHM3moB ESG-uHBecTMpoBaHNA. MUPOBOI PbIHOK 3e1EHbIX 06Mraumin npesbicun $2,5 TPAH.

Mepexon OT AWHEWHON moaenn noTpebneHus (NpousBecTM — WUCMNO/b30BaTb — BbIGPOCUTL) K
UMKnmMyeckon (nepepaboTtaTb, NOBTOPHO UCMO/b30BaTb, MPOAJNTb CPOK CAYKObl).

Pa3BuTME 3MEKTPOTpaHCNoOpTa, OOLWLECTBEHHOIO W BENOCMMEAHOrO TPAHCMNOpPTa, COKpalleHue
Bbl6pocos CO, B NOMUCTUKE U aBUALMM.

FnobanbHble Anaepbl 3eNEHOTO Nepexoaa

* EBpONENCKMIA COO3: MHBECTMLMN B BO3OOHOBNAEMYIO SHEPreTUKY, HANOT Ha yIepos, yctonumeoe
CeNbCKoe XO3ANCTBO;

e Kutali: aingep no o6vEMy MHBECTULMI B 3€1EHYIO0 SHEPTETUKY U NPOM3BOACTBY COMIHEYHbIX NAHeNewn;

¢ CLLIA: BHeapeHue nporpamm no aekapboHusauuu (Inflation Reduction Act, 2022);

* NHaMA: amBULMO3HbIE LLesIN NO CONHEYHOW reHepaLmm U 3NeKTpoOMobnAAm;

¢ CKaHOWHABCKME CTpaHbl: INAepbl MO UCNOb30BaHNIO BMO3HEPTreTUKM U pecypcHOM 3PPEeKTUBHOCTH.

Pa3BuBatowmeca CTpaHbl 4aCTO HE WMMEIT AOCTyna K NepefosBbiM «3eNEHbIM» TEXHONOTUAM U
¢duHaHCcOBbIM pecypcam. TpebyeTca mMexaHM3M KAMMATMYECKOro GUMHAHCMPOBAHWMA OT Pa3BMTbIX CTPaH.
Mepexoa, K 3KONOrMYHbIM TEXHOMOTMAM MOMKET BbI3blBAaTb POCT 3aTPaT, 0COOEHHO B TPAAMLIMOHHbIX OTPAC/AX
(HedTb, yronb, meTtannyprua). Bo MHOrMx CTpaHax OTCYTCTBYeT YETKOe 3aKoHOAaTes/lbHOe onpeneneHue
3eMéHbIX CTaHAAPTOB, YTO OFPaHMYMBAET MPUTOK WHBECTUUMIA. HeKoTopble KOMMAaHWU WUCMONb3YIOT
3KOMIOrMYECKYO PUTOPUKY He3 peasibHOro BKAaAa (greenwashing), 4to CHUMKaeT fAoBepue K npoueccy.

Mepexon, K 3eNEHON 3KOHOMWKE — 3TO He NPOCTO KONOMMYECKan UHULMATMBA, @ HOBAA Mapaaurma
rno6anbHOro 3KOHOMMYECKOro passuTua. OHa OObeAMHSET LeAn 3KOHOMMYECKOrO POCTa, COLMaNbHOM
CnpaBenIMBOCTM M OXPaHbl OKpYyKatoLLei cpeapl. [Ina ycnewHom peannsauum sToro nepexoaa Heobxoanmel
MEXKAYHAPOAHOE COTPYAHWYECTBO, MHBECTULMWU, NOAUTUYECKAA BOMA M y4acTUe BCEX 3aMHTEPECOBaHHbIX
CTOPOH. Mup cTouT Ha nopore 3en€HOM TpaHcPOpPMaLMK, KOTOPAaA MOMKET CTaTb OCHOBOM YCTOMYMBOTO
byayLLero gns BCex CTpaH.

CnNMCOK UCNOb30BaHHOW IUTEpPaTypbl:
1. UNEP (2011). Towards a Green Economy: Pathways to Sustainable Development and Poverty Eradication.
2. IRENA (2023). Renewable Capacity Statistics.
3. OECD (2022). Green Growth and Sustainable Development.
©Mypagosa M., Caxetmypagos ., 2025
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PO/Ib YCTOMYNBOIO PA3BUTUA B IKOHOMUYECKOM NONUTUKE CTPAH G20

AHHOTauuA

B cTaTbe paccmaTpmMBaETCA POJb YCTOMYUBOrO Pa3BUTUA B GOPMUPOBAHNN SKOHOMUYECKOM NOSNTUKM
ctpaH G20. AHaNM3NPYOTCA CTpaTernvyeckme NPUoOpPUTETbl M UHULMATUBLI, HaNPaB/IEHHbIE HAa AOCTUXKEHUE
Lesiei yCTOMUYMBOTO Pa3BUTUSA, BKIOUYAA COKPaLLLEHNE BbIOPOCOB NapHUKOBbLIX FAa30B, MOAAEPMKKY «3e/IEHbIX»
WHBECTUUMI, PA3BUTUE MHKIO3MBHbBIX PUHAHCOBbLIX CUCTEM U BHeapeHue npuHumunos ESG. Moka3aHo, Kak
BeAyLLME SKOHOMUKU MUPa aanTUPYIOT CBOM HAaLMOHa/IbHble CTPATernu K r106aibHbIM BbI30BaM, TaKMM KaK
M3MEHEHME KAMMaTa, HEPABEHCTBO WU TexHosoruyeckaa TpaHchopmauma. CaenaH BbIBOA, O BaAXKHOCTU
KoopaMHauMM YCUNUIA U ycuneHus rnobanbHOro NnapTHEPCTBA AN1A AOCTUXKEHUA YCTOMYMBOrO POCTa.

Kntouesble cnosa:
ycTouymBoe passuTtune, G20, 3KOHOMMYECKas NOIUTUKA, KIMMATUUYECKME LEeu,
3enéHble nHBecTUuMn, ESG, MHKAO3UBHbIN POCT.
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THE ROLE OF SUSTAINABLE DEVELOPMENT IN THE ECONOMIC POLICY OF THE G20 COUNTRIES

Abstract

This article explores the role of sustainable development in shaping the economic policies of the G20
countries. It analyzes strategic priorities and initiatives aimed at achieving sustainability goals, including
greenhouse gas reduction, support for green investment, development of inclusive financial systems, and
implementation of ESG principles. The article highlights how the world’s leading economies are adapting their
national strategies to global challenges such as climate change, inequality, and technological transformation.
The study concludes with the importance of coordinated efforts and strengthened global partnerships to
ensure sustainable growth.

Keywords:
sustainable development, G20, economic policy, climate targets,
green investment, ESG, inclusive growth.
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CtpaHbl G20, Ha A0/0 KOTOpPbIX NpuxoauTcs okono 85% muposoro BBIM n 6onee 75% rnobanbHom
TOProB/IM, UFPAIOT KNHOYEBYIO PO/b B ONpeaeeHNN BEKTopa MobanbHOro passuTus. YcToumneoe passutme
CTaN0 LLEHTPANbHOW TEMOM X SIKOHOMUYECKOW NONUTUKM, 0cOBEHHO nocse npuHATUA MosecTkm gHAa OOH go
2030 roga wn MapuKCKoro cornaweHuns. B ycnoBusax yraybnstowmxcs 3KONAOMMYECKUX, COLUMANbHbIX M
3KOHOMMYECKUX BbI30BOB CTPaHbl G20 MLyT NyTU MHTErPaLMM NPUHLMMNOB YCTOMYMBOCTU B HALUMOHANbHbIE U
KO/I/IEKTUBHbIE CTpPaTernm pocTa.

YcToliunsoe pa3BUTME OXBATLIBAET TPU B3aMMOCBA3aHHbIX U3MEpeHUA:

*  JKOHOMMYECKOe — AOArOCPOYHbIN POCT 6e3 noapbiBa pecypcHon 6asbl;

e  JKoJjlorMyeckoe — 3aluuTa OKpyXKalolen cpeabl, 6opbba c U3MeHeHneM KIMmMaTa;

e  CoumanbHoe — 6opbba c befHOCTbIO, reHAEPHOE PABEHCTBO, MHKIO3USA.

G20, KaK MeXrocyaapcTBeHHbIn ¢opym, He obnagaeT opuanYeckn 0653biBalOLUMKU MEXaHU3MaAMM,
HO UTpaeT BaXHYo posib B GOPMUPOBAHUM KOHCEHCYCa MO r106abHbIM BONPOCamM YCTOMYUBOCTU.

C 2016 roga yctoumsoe pa3BuUTHE 3aKpPeNIEHO B UTOFOBbIX KOMMIOHMKe camMuToB G20 KaK NpUopuTeT.
OCHOBHble HanpaBaeHUA:

®  CTUMY/JIMPOBAHWE MHBECTULUI B «3€NEHYIO» SKOHOMMUKY;

*  uubpoBas TpaHCOOPMALUA C YYETOM COLMANBHOM UHKNIO3UNK;

e ycToiuymsoe GUHAHCUPOBAHMUE;

e 6Hopbba c UBMEHEHMEM KNMMaTA.

MpuHATbl B pamKax G20 Sustainable Finance Working Group, oHW HanpasneHbl Ha pas3BUTME
HopmaTMBHOM 6a3bl U TpaHchopMaLUnto GUHAHCOBBLIX NOTOKOB B CTOPOHY ESG.

OfHa u3 nuaupylowmx cTpaH B obnactm sHepreTuyeckoro nepexopa (Energiewende). AKTMBHO
CHMXaeT Bbibpocbl CO,, noaaep»MBaeT 3enéHble MHHOBaLUUM U pa3sutMe BUI (BO306HOBAAEMbIX
NCTOYHMKOB 3Heprum). Ha 2024 rog gons BUD B aHeprobanaHce npesbicuna 50%.

KHP o6bsBUANa Lefb AOCTUKEHUS YINepPOoAHON HelTpanbHOCTM K 2060 roay. BHeapaeT KpynHenwyto B
MUpe CUCTEMY TOPFOBAW YINEPOAHbIMU KBOTaMM, aKTMBHO MHBECTUPYET B 3KONOTMYECKME TEXHONOTUU U
«3e/1IEHYI0» UHPPACTPYKTYPY.

Mporpamma UJALA (maccoBoe BHeapeHWe CBETOAMOAOB), HaLMOHaNbHasA COMAHEYHas MUccUa U
nepexos, Ha 3NEKTPOTPAHCMNOPT ABAAKOTCA YacCTblO YCTOMYMBOM cTpaTerym. MHOMA Takke aKueHTupyet
BHMMaHMWE Ha COLMNANbHOM UHKIO3UN.

AoMuHucTpauma balgeHa akTMBM3MpPOBANa KAMMATUYECKYHO MOBECTKY: MNPUHATME 3aKoHa IRA
(Inflation Reduction Act) ¢ o6bémom wuHBecTUUMA Bonee S$370 Mnpa Ha 3eNEHble TEXHONOTMUMN.
MoaaepKMBalOTCA MHULUMATUBbLI B chepe YCTOMUYMBOro TpaHcnopTa M 3enéHoro sogopoaa. ESG-daktopsbi
(3Konorunyeckume, coumanbHble U yNnpaBaeHYECKUE) CTAIM UHCTPYMEHTOM OLEHKM U 0TOOPA MHBECTULMOHHbIX
npoekToB. G20 cnocobCTBYET Pa3BUTUIO CTAHAAPTOB PACKPbITUA MHOOPMALMK.

Undposble TexHonormn (loT, big data, WCKycCTBEHHbIA WHTENNEKT) MO3BOAAIOT MOBbIWATh
3HeproadpPeKTUBHOCTb, OTCNEKMBATL BbIOPOCHI U YAY4LLATh YCTOMYMBOCTD TOTUCTUYECKUX LLEMOYEK.

Co3paHue Kaumatuyeckoro ¢oHAa A8  NOALEPKKM  Pa3BMBAOWMXCA CTpPaH, YBeAUYeHUe
dUHaHCMpPOBaAHMA YCTOMYMBOW UHOPACTPYKTYPbl Yepes UHCTUTYTbl passutusa (World Bank, Green Climate
Fund). Pa3BuTble 3KOHOMWKM G20 6bicTpee nepexofAT K YCTOMYMBBIM MOAENAM, B TO Bpemsa KaK
pa3BMBAIOLLMMCA CTPAaHAM He XBaTaeT PECYPCOB U TEXHONOTUN.

CmeHa NpaBuTeNbCTB, PAa3/IMUYNA B KIMMATUYECKUX MPUOPUTETAX U FTEONONUTUYECKAA HAMPAXKEHHOCTb
(Hanpumep, aHepreTUYEcKUii KpU3Mc Ha poHe BOMH) 3aTPYAHSAIOT BbIPabOTKY €4ANHOM NOBECTKM.

HecornacosaHHOCTb cTaHAapToB ESG, «3en1éHoe» NyKaBCcTBO (greenwashing), orpaHnYeHHbIN AOCTYN K
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06bEKTUBHOM MHPOPMALMM O pe3y/bTaTax YCTOMYMBOW MOJIUTUKM.

YcTonumBoe pasBUTUE CTaNI0 HEOTHEMIEMOM YaCTblo SKOHOMMUYECKOM NoanTukM G20. HecmoTps Ha
Hasnume cepbEsHbIX BbI30BOB, CTPaHbl «bonblwoOW ABaALATKMY AEMOHCTPUPYIOT NPOrpecc B WUHTerpauuun
NPUHLUMMNOB YCTOMYMBOCTM B 3SKOHOMMYECKOoe nnaHupoBaHue. [danbHenwuit ycnex byaet 3aBUcCeTb OT
CMOCOBHOCTM K KOOPAMHAUMU, NNAEPCTBA U MEXKAYHAPOAHOW conmaapHocTn. G20 MOXKET M A0/XKHA CTaTb
nnatdopmoi 41 BblpabOTKM rM06aNbHbIX PELLEHUI B MHTEpPECaX HACTOALLEro W ByayLLMX NOKONEHWA.

CnMCcoK UCNoNb30BaHHOI UTepaTypbl:
United Nations (2015). Transforming our world: the 2030 Agenda for Sustainable Development.
G20 Sustainable Finance Working Group (2021). Sustainable Finance Roadmap.
OECD (2022). ESG Investing and Sustainable Finance.
European Commission (2020). Green Deal Communication.
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PA3BUTUE SKOHOMMUKU PA3BUBAIOLLIUXCA CTPAH B YC/10BUAX TMMOBA/TUSALIUN

AHHOTauumA

B cTaTbe paccmaTpuBaeTcs BAMAHME NpOLeccoB rMobanu3aumm Ha 3SKOHOMMYECKOe passBuTUe
pa3BMBatoOLLMXCA CTpaH. [poaHaNM3MpPOBaHbl NOMOKUTENbHbIE M OTPULLATE/IbHbIE aCMeKTbl UHTErpauuun B
MWPOBYIO 3KOHOMMKY, PACKPbITbl OCHOBHbIE BbI30BbI, C KOTOPbIMW CTAJIKMBAKOTCA rOCYAaPCTBA C NEePexXoaHOM
3KOHOMMKON. Ocoboe BHMMAHWE YyAeNeHO BOMPOCaM MEXAYHAPOAHOM TOProBAW, NpUBAEYEHUA
WHOCTPAHHbIX MHBECTULLNI, @ TaKXKe POSIM TEXHOI0TUNI U undposmsaumn. [lenaetca BbiIBog 0 HEOH6X0AMMOCTH
c6anaHCMpPOBAHHON 3SKOHOMWYECKOM MOAUTWUKM, HaMNpPaBAEHHOW HA YCTOMYMBOE pas3BUTUE B YC/NOBUAX
rnobanusnpytoeroca mmpa.
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rnobanunsauma, passMBatoLLMECs CTPaAHbl, SKOHOMMUYECKUI POCT, UHBECTUL MM,
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DEVELOPMENT OF THE ECONOMY OF DEVELOPING COUNTRIES IN THE CONTEXT OF GLOBALIZATION

Abstract
This article examines the impact of globalization processes on the economic development of
developing countries. It analyzes both positive and negative aspects of integration into the global economy
and highlights the main challenges faced by transition economies. Particular attention is given to issues of
international trade, foreign investment attraction, and the role of technology and digitalization. The study
concludes that a balanced economic policy is crucial for sustainable development in a globalized world.
Keywords:
globalization, developing countries, economic growth, investment, international trade, digitalization.

CoBpemMeHHasa MWPOBas 3KOHOMWKA pPa3BMBAETCA MOA B/JAMAHMEM MOLLHbIX N06aNN3aLMOHHbBIX
MPOLLeCCOB, KOTOPblE OKa3blBAlOT CyLLECTBEHHOE BO3AENCTBME Ha BCE CTPaHbl, BK/OYAA pa3BMBatoOLLMECs.
Pa3BuTME TEXHONOIMUI, POCT MEXKAYHAPOAHOM TOPrOBAM U TPAHCTPAHMYHOIO ABUXKEHMA KanuTana co3gatoT
KaK HOBble BO3MOXHOCTU, TaK U CepbE3Hble BbI30BbI A/1 FOCYAAPCTB C NePeXoaHON SKOHOMMKOW.

PasBuBatolmeca CTpaHbl CTPEMATCA MHTErpUPOBATLCA B MUPOBOE SKOHOMWMYECKOE NPOCTPAHCTBO,
4yTobbl 06ecneynTb YCTOMUMUBLIN POCT, CHU3UTL 6e4HOCTb U MOBLICUTb YPOBEHb KM3HU HaceneHua. OgHaKo
rnobanusaums HecéT B cebe M PUCKU: YCUIEHNE IKOHOMMUYECKOM 3aBUCMMOCTM, KOHKypeHuus c bonee
Pa3BUTbIMW CTPAHAMM, YA3BUMOCTb Nepes, MUPOBbIMU KpU3UCaMU.

Llenb AaHHOM CTaTbM — NPOaHANM3NPOBATL BAUAHWE 106aAN3aUMKN HA SIKOHOMMUKY Pa3BMBALOLLMXCA
CTPaH, BbIABUTb OCHOBHbIE TEHAEHUNKN, NPODHAEMbI M NEPCNEKTUBbI PA3BUTUA.

lnobanmsauma — 310 Npouecc yrnybaeHUA MexXayHapOaHbIX CBA3EN, SIKOHOMUYECKOW UHTErpauumn u
paclmnpeHna TPaHCHALMOHA/MbHbIX MOTOKOB TOBapoB, YCAyr, KanuTana W uHopmaumu. [naBHbIMU
Apansepamu rnobanusaumm ctann nnbepanmsayma TOProsan, pasBuTne MHGOPMaLMOHHbIX TEXHONOTUIA U
aKTMBM3ALUA AeATENBHOCTU MEXAYHAPOAHbIX KOPNopaLuuii.

C 3KOHOMMYECKOW TOUKM 3peHuns, rmobannsaumns cnocobeTaeyer:

® pacCWMpPEHULO PbIHKOB CObITA;

* noBblWeHU0 3GHEKTUBHOCTU NPON3BOACTBA;

* MPUTOKY UHBECTULMIA;

e 0bOMeHy 3HaHMAMMW N TEXHONOTUAMMU.

O HaKO OHa TaKKe YCUMBAET HEPABEHCTBO MeXAY CTPAHAMM U BHYTPU HUX, AENAET SKOHOMUKM Bonee
noABepPXKEHHbIMU BHELLUHUM LLIOKAM.

WHTerpaumsa B MMPOBYO SKOHOMUKY cnocobcTeyeT pocTy BBl 6narogapa skcnopTy, pOcTy 3aHATOCTU U
NPUTOKY MHBECTULUIA.
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1. TpUTOK NPAMBbIX MHOCTPAHHbIX MHBEcTMLMI (MTUN)

MNHOCTpaHHble MHBECTULMW CMOCOBCTBYIOT MOLEPHM3ALMKU MPOU3BOACTBA, NMEPEHOCY TEXHOIOTUN,
NoBbIWEHUIO KBanUdUKaLMM paboyen cunbl.

2. PassuTune MHOPACTPYKTYPbl U TEXHONOTUI

Yuyactme B 106afbHOM 3KOHOMMKE CTUMYAUPYET pasBuTME UMPPOBOIM U  TPaAHCMNOPTHOM
MHOPACTPYKTYPbI.

3. ®opmupoBaHMe HOBOIoO NPeanpPUHMMATENILCKOTO Kacca

lnobanusauma cnocobcTByeT pa3BUTUIO MANOro U cpeaHero 6usHeca M nNpepnpUHMMATENBCKON
AKTMBHOCTU. IKOHOMMYECKAA 3aBUCMMOCTb:

MHorve passmBatomeca CTpaHbl CTAHOBATCA 3aBUCMMbIMM OT BHELUHEro Kanwutana, TEXHONOTUIN u
PbIHKOB cbbITa.

YrnybneHue coumnasibHOro HEPaABEHCTBA

beHeduumMapamm rnobanmsaLmm CTaHOBATCA NPEUMYLLECTBEHHO rOpPoAa U KpynHble KOMMAAHWK, B TO
BpeMA KaK cefibCkue n begHble permoHbl OTCTAtoT.

Yrpo3a N0oKabHOM NPOMBbILLIIEHHOCTH

MecTHble Npon3BOAMUTENN HE BblAEPKMBAIOT KOHKYPEHLMW C TPAHCHALMOHAIbHbIMM KOPNOpPaUnAaMM.

YA3BMMOCTb Nepes MUPOBLIMU KpU3nMcamm

MupoBble 3KOHOMMYECKME noTpsceHus (Hanpumep, naHgemusa COVID-19) ocobeHHO TaxKeno
CKa3bIBAOTCA Ha Pa3BMBAIOLLMXCA SIKOHOMMKAX.

OcCHOBHble BbI30BbI

¢ HU3KKUIN ypOBEHb MHCTUTYLMOHAIbHOTO Pa3BUTMA (Koppynumsa, cnabble NpaBoBble CUCTEMBI).

e HepocTaTouHan ansepcmdmKaLma SKOHOMUKK (CbipbeBan 3aBUCMMOCTb).

* HexBaTKa KBa/IMPULMPOBAHHbLIX KafpOB.

® 3aBUCUMOCTb OT KoSiebaHUI MMPOBBIX LLEEH Ha CbiIPbEBbIE PECYPChI.

Mepexon OT CblpbeBON MOAEAN K MHHOBALMOHHON M NPOM3BOACTBEHHOW 3KOHOMWKE — OAWH U3
KNKOYeBbIX NyTei yctonumsoro pocta. MHBecTMUmMmM B 06pasoBaHue, 340aBOOXPAHEHME N HAYKy NOBbILIAOT
KOHKYPEeHTOCNOCOBHOCTb Ha I06asibHOM ypOBHeE.

CnUCOK UCNoNb30BaHHOW NUTepaTypbl:

1. Cakc, 4. (2020). KoHel, 6eaHocTH. Kak 406UTbCA NpoLBeTaHMA B yc10BUAX Mobanusaumn. M.: dKcmo.
2. Crurnunuy, K. (2018). Tnobanunsauma n eé anchyHKunmn. M.: IKcmo.
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LMPPOBAA SKOHOMMUKA KAK APAVMBEP MUPOBOIO 3KOHOMMUYECKOIO POCTA

AHHOTauuA
B craTbe paccmaTpuBaeTcs ponb LMPPOBOM IKOHOMWMKM KaK OOHOro M3 KAoYeBblX (GaKTOPOB,
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CNOCOBCTBYHOLLNX YCKOPEHHOMY SKOHOMMUYECKOMY POCTY Ha rnobasbHOM ypoBHe. MccnenytoTca MexaHU3mbl
BANAHUA UMOPOBbIX TEXHONOTUIN — UCKYCCTBEHHOIO MHTENNEKTa, 6oAbWNX AaHHbIX, GUHTEXA, 06/1aUHbIX
BbIYMCEHUI N SINEKTPOHHON KOMMEPLIMM — Ha NPON3BOANTENBHOCTb, 3aHATOCTb M TpaHCchOopmaLmio busHec-
mogeneit. OTaenbHoe BHUMaHWe yaenseTca Bbi3oBam LMPPOBM3aLMM, TAKUM KaK LMbpPOBOE HEPABEHCTBO,

yrpo3a knbepbe3onacHOCTU U HEOBXOANMMOCTb rOCYAAPCTBEHHOTO PEryIMPOBaHMA

Kniouesble cnosa:
undpoBan SKOHOMMKA, SIKOHOMUYECKUI POCT, LMPOBU3ALMSA, TEXHONOTUN,
MCKYCCTBEHHbIN MHTENIEKT, e-commerce.
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DIGITAL ECONOMY AS A DRIVER OF GLOBAL ECONOMIC GROWTH

Abstract
The article examines the role of the digital economy as a key factor driving accelerated global economic
growth. It explores the mechanisms through which digital technologies—such as artificial intelligence, big
data, fintech, cloud computing, and e-commerce—impact productivity, employment, and business model
transformation. The paper also highlights the main challenges of digitalization, including digital inequality,
cybersecurity risks, and the need for regulatory frameworks.
Keywords:
digital economy, economic growth, digitalization, technology, artificial intelligence, e-commerce.

LUndpoBana 3KOHOMMKA CTasa OAHMM M3 Haumbosnee 3HAYMMBbIX GAKTOPOB pPa3BUTUA MUPOBOM
3KOHOMMKM B XXI Beke. OHa OXBaTbiBaeT LWMPOKMIA CNEKTP MNPOLLECCOB, CBA3AHHbIX C CO34aHMEM W
MCnonb3oBaHMEM LUOPOBbLIX TEXHONOMMIA, TpaHCHOPMUPYA TPAAULMOHHbIE OTpacanM U Gopmupys HoBble
HanpasneHusa passuTua. Ludposmsaumna 3atparmsBaeT BCe acMeKTbl SKOHOMWUYECKON OeATeNbHOCTM — OT
NPOWN3BOACTBEHHbIX NPOLLECCOB A0 MEXAYHAPOAHOM TOProB/U, OT 3aHATOCTU [0 rOCyAapPCTBEHHbIX YCAYT.

B ycnosuAx HapacTatouiel rnobannsaumm U TEXHONOFMYECKOTo nporpecca undposas 3KOHOMMKA
nepectana 6biTb YAENOM TO/IbKO PA3BUTbIX CTPAaH — OHA CTPEMMUTE/IbHO Pa3BMBAETCA M B CTpPaHax C
dbopmuUpyOWMMUCA pPbIHKAMK, CnocobCcTBYA COKpaleHuto 6HapbepoB, POCTYy NPOM3BOAUTENBHOCTU WU
WHTErpauun B rnobasbHy0 SKOHOMMUKY.

UudpoBan 3KOHOMMKA npeacTaBaseT coboit  COBOKYNMHOCTb  IKOHOMMUMYECKMX  OTHOLUEHWN,
6a3unpytowmxcs Ha undpoBsbix TexHosormnsax. Mo aaHHbim OECD, oHa OxBaTblBaeT:

* LMPPOBYIO NHPPACTPYKTYPY (MHTEPHET, MOBWIbHbIE CETU, 06NaYHbIE TEXHONOTUN);

* undpoBsble ycayru (OHNaNH-TOProBAsA, PUHTEX, TENEMEINLMHA);

e undposble nnatdopmbl (Amazon, Alibaba, Google);

* NPOM3BOACTBO LMGPOBOrO KOHTEHTA U NPOrPaMMHOro obecneyeHus;

¢ ycnonb3oBaHue MW, 6onblumnx aaHHbIX, 0T 1 6/10KYeHa.

LUmndpoBan sKOHOMMKa MHTErpUpYyeTca B TPAAULMOHHbIE CEKTOpA: npombiwaeHHocTb (Industry 4.0),
obpasoBaHue (EdTech), 3gpaBooxpaHeHune (HealthTech), duHaHcosble ycnyru (FinTech) n gpyrue.

UndpoBble TEXHONOTMU ABTOMATU3UPYIOT MPOLECCHI, COKPALLAOT TPaH3aKUMOHHbIE U34EPKKM U
NOBbLIWAKT TOYHOCTb MNPOrHO3MpOBaHMA. Anroputmbl MW no3BoAAIOT ONTUMMU3UPOBATL JIOTUCTUKY,
ynpas/ieHue 3anacaMum, MapKeTUHT U 06CNyKUBAHUE KANEHTOB.
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Undposble nnatdopmbl CHUMKAOT Hapbepbl BXoAa Ha PbIHOK, OCOBEHHO Aas Mmanoro busHeca.
ONeKTPOHHaA KOMMEpPUMA OTKPbIBAaeT AOCTYN K MEeXAyHapOAHbIM PbIHKaM Jarke Mpu OrpaHUYeHHbIX
pecypcax.

UndpoBan skOHOMMKa CO3LaET HOBble GOPMbl 3aHATOCTU — pPUIAHC, yaanéHHyto paboTty, rmbkue
KOHTPaKTbl. OCO6EHHO 3TO aKTyaNbHO B CTPaHaX C BbICOKMM ypOBHeM He3paboTuLbl cpeay MONOLEKN.

UndpoBble TEXHONOIMWU CNOCOBCTBYIOT YCKOPEHHOMY MOSBAEHWMIO HOBbLIX MPOAYKTOB W YCAVYT,
dopmupytoT  HoBble  OusHec-mogenn  (NoAMNWCKM,  MmapkeTnaencbl, SaaS), 4To  nosblwaer
KOHKYPEHTOCNOCOOHOCTb HALMOHANBbHbIX SKOHOMMUK.

B ctpaHax G7 un EC ymdposaa skoHOMUMKa coctaBaseT Ao 15-20% ot BBI. 3Tu cTpaHbl aKTUBHO
BHeapAoT 5G, passmBatoT MU, 610KYEMH U KBaHTOBbIE TEXHOIOTUM.

[na ctpaH ¢ opmupyroLLeiica SKOHOMUKOW LUMbPOBU3aLNA — LWAHC AOTHATb PAa3BUTbIE SKOHOMMUKM,
MUWHYA TPagULIMOHHbBIE 3Tanbl MHAYCTpUanmnsauunun. NMpumepsbi:

e Muans — Digital India, pocT cTapTanos B ¢puHTEXE N arpoTexe.

* KeHna — cuctema mobunbHbIX NaaTexein M-Pesa.

e BbeTHam — akcnopT UT-ycayr u pa3sutmne naatGopmMeHHOM TOPros/u.

HepaBHOMEpPHbI [OCTYN K MHTEPHETY W TEXHOJIOTMAM CO3LQET PUCKU YCUJIEHUA COLMANBHOMO M
perMoHanbHOro HepaseHCTBa. o AaHHbIM ITU, 0KONO 2,6 MApa 4enoBeK B MUpPe BCE eLLE He NOAKAIOUYEHbI K
WUHTEPHEeTY.

PocT uncna oHnalH-caenok u undpPOBbIX CEPBUCOB MOBLIWAET YA3BMMOCTb KMBepnpocTpaHcTea.
TpebyeTca ycuneHne nNpaBoBbIX U TEXHONOMMYECKUX mep Be3onacHoCTy.

ABToMaTmsauma u UM moryT NpmMBECTM K COKpALLEHMIO Pabouymx MecT B HEKOTOopbix oTpacaax. Mo
nporHosam McKinsey, kK 2030 rogy go 800 mnH pabOTHWKOB MO BCEMY MUPY MOTYT ObiTb BbITECHEHbI
aBTOMaTM3aLunen.

lnobanbHble TEXHONOTMYECKUE TUIaHTbl KOHLLEHTPUPYHIOT 3HAYUTE/IbHbIE PEecypPCbl U AAHHbIE, CHUMKanA
KOHKYPEHLMIO M OFPaHNYMBas BO3MOXKHOCTM MECTHOro busHeca.

[na ycTounBoro pas3sutna ULMdpPoBo SKOHOMMKK HEObXoANMO:

® MHBECTULMU B LNPPOBYIO MHPPACTPYKTYPY (LOCTYNHBIN MHTEPHET, AaTa-LEeHTPbI);

* pa3BuTME LNPPOBLIX HABbIKOB Yepe3 0bpasoBaHMe U NepekBannduKaumio;

e obecrneyeHne KubepbesonacHocTM U npaBoBoro  peryanposBaHua  (GDPR, uudposoe
Ha/loroobnoxeHue);

® NoaepKa CTapTanos U NHHOBALMOHHOW cpeabl;

* MeXAyHapoaHOoe COTPYAHNYECTBO B chepe perymMpoBaHna LMdposbix NAaTopm 1 3amUTbl AaHHbIX.

LindpoBana sKOHOMMKA — 3TO He NPOCTO HOBbI 3TAN B Pa3BUTUM TEXHONOMMIA, @ GyHAAMEHTaNbHAA
TpaHchopmaums MobasbHON 3SKOHOMMKU. OHa OTKPbIBAET HOBble WCTOYHUKM POCTA, MNOBbIWAET
3pPeKTUBHOCTb M TMBKOCTb BM3Heca, yaydlaeT AOCTYN K pbIHKam U ycayram. Bmecte ¢ Tem oHa Tpebyet
OTBETCTBEHHOW roCyAapCTBEHHOM NOINTUKM, 06aNbHOIO COTPYAHMUYECTBA U YYETa COLMAJIbHbIX aCNEKTOB. B
YCNOBUAX yCKopAawuenca umdpoBU3aLMM OHA CTAHOBUTCA HEOTbEMIEMBIM 3/IEMEHTOM YCTOMYMBOIO M
WHK/IIO3MBHOTIO Pa3BUTUA Ha M06aIbHOM YPOBHeE.

CnMUCOK UCNONb30BaHHOW NUTepaTypbl:
Schwab, K. (2016). The Fourth Industrial Revolution. World Economic Forum.
OECD (2022). Digital Economy Outlook. OECD Publishing.
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World Bank (2023). World Development Report: Digital Dividends.
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COMPARATIVE ANALYSIS OF MORPHOLOGICAL FEATURES OF THE TAJIK PREPOSITION “BAR/BAP”
AND ITS ENGLISH EQUIVALENTS

The given article dwells on the morphological features of the Tajik preposition “bar/6ap” and its English
equivalents. The main aim of the article is to uncover the structural and contextual differences and
similarities between the use of “bar/6ap” in Tajik and various English prepositions. Drawing on examples
from S. Aini’s work “Ghulomon” (2019), this comparative analysis reveals how cultural nuances and syntactic
roles shape language use in both Tajik and English.

Keywords:
morphological features, Tajik preposition “bar/6ap”, English equivalents, comparative analysis.

AmuHAKaHoBa PyxwoHa XakMMOBHa,

K.$.H., CTapwuii npenogasatenb Kadpegpbl MHOCTPAHHbIX A3bIKOB

XyAMKaHACKOro NONUTEXHUYECKOTOo MHCTUTYTA TagKMKCKOro TeXHNUYEeCKOro yHmBepcuTeTa
nmeHun akagemmka M.C. Ocumu

TagKMKUCTaHA, . XyAKaHAa

CPABHUTE/IbHbIA AHAIN3 MOP®O/IOM'MYECKMX OCOBEHHOCTEN TALUKCKOrO NPEA/IOTA
«BAR/BAP» WU EFO AHITMACKUX SKBUBAJIEHTOB

B paHHOM cTaTbe paccmaTtpusatoTcs Mopdonormyeckme 0OCOOBEHHOCTM TaZXKMKCKOro npeasiora
«bar/6ap» n ero aHrANMMCKUX 3KBMBaNeHToB. OCHOBHasA UEAb CTaTbM — BbIABUTb CTPYKTYPHblE W
KOHTEKCTYa/ibHble Pa3/NNYMA U CXOACTBA MeXAY ucnosb3oBaHvMem «bar/6ap» B TaAKMKCKOM f3blKe U
PasINYHbIMU AHTIMNCKUMU Npegnoramu. Onupasnack Ha npumepsbl U3 pabotbl C. AHK «'ynomoH» (2019),
3TOT CPaBHUTE/IbHbIMA aHA/M3 NOKA3bIBaET, KaK Ky/IbTYPHbIE HIOAHCbl U CUHTAKCUYECKME poaun GopMUPYLOT
NCMNO/Ib30BaHWE A3bIKa KaK B TAAKMUKCKOM, TaK U B aHI/IMMCKOM A3bIKax.

Kniouesble cnosa:
Mmopdosiornyeckme ocobeHHOCTH, TagKUKCKMI npeasor «bar/6ap»,
QHTNIMIACKME SKBUBANEHTbI, CPAaBHUTEbHbIM aHaNu3.

1. Introduction

Prepositions are essential components of grammar that establish relationships within sentences. The
Tajik language features the preposition “bar/6ap” which serves multiple semantic functions [4].
Understanding its morphology is crucial for linguists and language learners, as prepositions can vary
significantly across languages. The objective of this paper is to analyze “bar/6ap” compare it to its English
equivalents, and illustrate its contextual usage through literary examples from “Ghulomon” by S. Aini.
Prepositions are often characterized by their functional load and polysemy, where a single preposition can
express a variety of meanings depending on the context. While prepositions in both Tajik and English are
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generally morphologically simple, lacking inflectional paradigms comparable to verbs or nouns, their
peculiarities can be observed in their combinatorial properties, syntactic behaviour, and the semantic range
they cover, particularly when compared across languages [2; 7].

This study focuses on the comparative analysis of the Tajik preposition “bar/6ap” and its English
equivalents as found in Sadriddin Aini’s classic novel “Ghulomon”. This novel, depicting life in Bukhara in the
late 19th/early 20th century, provides a rich and culturally specific context for examining the naturalistic use
of language, including prepositions that encode various relationships between entities and actions within the
narrative [3; 5].

2. Methods

This qualitative study employs a comparative linguistic approach. It analyzes passages from
“Ghulomon” alongside an examination of relevant secondary literature on the use of prepositions in both
Tajik and English. The methodology involves:

Textual Analysis: to identify the passages from “Ghulomon” where “bar/6ap” appears and noting its
syntactic and semantic roles;

Translation and Comparison: to translate these passages into English and assessing the prepositional
equivalents used;

Contextual Exploration: to discuss the broader cultural implications of the prepositional usage in both
languages.

3. Main results

3.1 Morphological Features of “Bar/bap”

The preposition “bar/6ap” is remarkably versatile in Tajik serving various functions such as indicating
direction, location, and relationships. As a head of a prepositional phrase, it can modify nouns, adjectives,
and even entire clauses. Here are some key morphological features:

Directionality: “bar” often implies movement toward a destination.

Example: “Bar khona” (to the house) indicates direction.

Relationship: is used to express ownership or association.

Example: “Bar farzand” (for the child) connects the preposition to the object of affection or
responsibility.

Locative Usage: it can indicate presence or location.

Example: “Bar zamin” (on the ground) illustrates a spatial relationship.

3.2 English Equivalents

In English, “bar/6ap” translates to multiple prepositions based on context, primarily “to”, “on”, “by”
and “for”. Each equivalent has specific syntactic roles:

“To” is used for destinations.

Comparison: She went to the market vs. U bar bazor raft.

“On” signifies location.

Comparison: The book is on the table vs. Kitob bar boloi miz ast.

“By” often indicates proximity or means.

Comparison: He walked by the river vs. U bar vositai darya sayrugasht kard.

“For” expresses purpose or benefit.

Comparison: This gift is for you vs. In tuhfa bar shumo ast.

3.3 Comparative Analysis with Examples from "Ghulomon"

In "Ghulomon," S. Aini uses "bar/6ap" in rich contexts that showcase its intricacies:
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Example: “Bar vatan” [1, p.67] translates to “to [one's] homeland”. In this instance, “bar” embodies
not just direction but also an emotional connection to one's roots, something that may not be as pronounced
in the English “to”.\

Example: “Bar dard” [1, p.120] (by pain) reflects a personal struggle. The English equivalent “through
pain” conveys the same meaning, but the implications can vary culturally, showing how “bar” encompasses
both physical and emotional aspects.

Example: Bar khushholiy” [1, p.183] (for happiness) is an interesting construct where “bar” indicates
purpose. The English translation “for happiness” maintains the meaning, but the connotations surrounding
“bar” in Tajik context imply a deeper cultural significance of striving for joy, perhaps linked to societal values.

4. Discussion

The analysis demonstrated that while “bar/6ap” functions similarly to its English counterparts, its
morphological flexibility allows for richer expressions in certain contexts. For instance, in Tajik, “bar” can
encapsulate both spatial and emotional nuances.

Culturally, “bar/6ap” often expresses a sense of belonging or duty that may not be explicitly conveyed
in the English translations. The subtle emotional weight attached to “bar” exemplifies how language reflects
societal values; Tajik speakers might perceive “bar” within contexts of familial duty, community belonging,
or geographic identity.

Moreover, English language usage tends to adopt a more straightforward approach with its
prepositions. For example, the multifaceted meanings in the expression “bar khud” (by oneself) carry
existential implications in Tajik that may not completely translate to English.

5. Conclusion

This comparative analysis of the Tajik preposition “bar/6ap” and its English equivalents has illuminated
both linguistic similarities and cultural differences. The nuanced roles of “bar” in Tajik render the preposition
a key element in understanding not only syntactical structure but also the cultural richness of the language.
Future research should continue to examine these prepositional forms in varied contexts, including modern
speech and digital communication, to further explore their evolution and relevance.

References:

1. Ainin C. fynomoH. PomaH. AywaHbe: Agpabuétm bayaroHa, 2019. 488 c.
2. l'pamaTtmKkam 3a60HM agabum xo3mpan Touymk. ywanbe: JoHumw, 1985. 356 c.
3. Edpumos B.A. Mepcnackuin, Tagemnkckuin, aapuv // OCHoBbl MPaHCKOTO A3bIKO3HaHMA. HOBOMPaHCKME A3bIKN.
—M.: Hayka, 1982.- 230 c.
4. JleKcMKO — cemaHTM4YecKkas acMMMETPUs B repesBode XyAoecTBeHHoro Tekcra / Y.A.Makcynos,
H.W.Xamungosa, P.X.AmuaxkoHoBa, M.A.lLlapunosa / BecTHMK Poccuinckoro yHusepcuTeTa Apy»6bl Hapoa0s.
Cepua: Teopua asbika. CemmnoTunka. CemaHTtmka. — 2023 —T.14, Ne 2. — C. 539 — 555.
5. Pactopryesa B.C. OuepKu No TaaKMKCKoMN gmnanektonormu. Bein.1 — M.: Hayka, 1952. - C. 117-1109.
6. MHOCTpaHHble A3bIKK B cTpaHax Asun u Adpukn / M. B. BopoHuoBa, T. /1. KoHoHoBa, O. A. lMaBnoscKan [u
ap.]. — Mocksa: 000 "Mspatenbckuit gom KAY", 2024. — 332 c. — ISBN 978-5-00247-029-7. — DOI
10.31453/kdu.ru.978-5-00247-029-7-2024-332.
7. Mirmukhamedov O.T., Ashrapov B.P. Semantical peculiarities and level of usage of nominal compound
verbs with non-active auxiliary verbs in “Ta’rikhi Bayhagi” (The History of Bayhagqi) (based on the example of
nominal archaic component) // Philological Sciences. Scientific Essays of Higher Education. — 2023. — No. 6. —
P. 68-72. — DOI 10.20339/PhS.6-23.068. — EDN NZQPKV.

©Aminjonova R.H., 2025

103



AKALEMMWYECKOE U3OATE/IbCTBO «HAYYHAA APTE/1b»

Gummanova Lachyn, student.

Turkmen National Institute of World Languages named after Dovletmammet Azadi.
Ashgabat, Turkmenistan

Chommulova Mayagozel,

Myratdurdyyev Novruz,

International Horse Breeding Academy named after Aba Annaev

Arkadag, Turkmenistan

THE ROLE OF ENGLISH IN TEACHING SANITARY SCIENCES: A TOOL FOR GLOBAL
LEARNING AND PROFESSIONAL DEVELOPMENT

Abstract

English plays a crucial role in the teaching and learning of sanitary sciences in an increasingly globalized
and interconnected world. As the dominant language of scientific communication, English enables students
and professionals in public health, hygiene, veterinary sanitation, and environmental health to access
international knowledge, participate in global dialogue, and apply evidence-based practices. This article
explores how English functions as a medium of instruction and communication in sanitary science education.
It discusses its importance in accessing literature, understanding technical terminology, participating in
international collaboration, and ensuring professional competency in health-related fields. It also addresses
the challenges of English-language instruction in non-native contexts and suggests strategies for effective
integration into sanitary education.

Keywords:
english language, sanitary science, hygiene education, public health, language in science, global
communication, professional English, ESP (English for Specific Purposes).

In the field of sanitary sciences, which encompasses public health, hygiene, veterinary sanitation, food
safety, and environmental health, the English language holds a significant and strategic position. As the lingua
franca of science and medicine, English is not only the dominant language of academic publications but also
the primary medium of international conferences, research collaboration, and technical documentation. In
educational settings, especially in higher education and professional training programs, English serves as a
bridge connecting learners to the vast body of global knowledge, enabling them to participate in best
practices, innovations, and research developments across borders.

One of the most important roles of English in teaching sanitary sciences is its function as a gateway to
scientific literature. Most peer-reviewed journals in public health, epidemiology, sanitation engineering, and
veterinary hygiene are published in English. This includes globally recognized publications such as The Lancet,
International Journal of Hygiene and Environmental Health, and Public Health Reports. Access to these
resources allows students to study real-world case studies, review evidence-based interventions, and stay
informed about current research. Teaching sanitary science in English thus equips students with the linguistic
tools to engage with contemporary scientific thought and data.

In addition, English is the foundation for understanding and using technical terminology that is

” o«

common across sanitary disciplines. Terms such as “vector-borne diseases,” “wastewater treatment,”
“microbial contamination,” “biosecurity,” and “hazard analysis and critical control points (HACCP)” are part
of a shared international lexicon. Without knowledge of English, learners may struggle to interpret manuals,
safety guidelines, inspection reports, and international standards that are vital in sanitary and public health

work. Teaching these terms in context improves comprehension, accuracy, and professional readiness.
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Moreover, English proficiency enables students of sanitary science to participate in international
programs, internships, and collaborative research initiatives. Global organizations such as the World Health
Organization (WHO), Food and Agriculture Organization (FAO), and Centers for Disease Control and
Prevention (CDC) operate predominantly in English. These institutions offer valuable training resources,
policy frameworks, and digital platforms for data collection and analysis. Educational programs that integrate
English into the curriculum prepare students to engage with these materials and to work in cross-cultural
teams addressing global health challenges.

Conclusion

English serves as a vital tool in the teaching of sanitary sciences, opening doors to global knowledge,
collaboration, and professional practice. As sanitation and health issues transcend borders, the ability to
access, interpret, and communicate scientific information in English becomes essential. While the integration
of English into sanitary education requires careful planning and support, it ultimately equips learners with
the skills they need to contribute to global health initiatives, understand international standards, and
promote public well-being in diverse contexts. Embracing English in sanitary science teaching is thus an
investment in both academic excellence and global engagement.
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THE ROLE OF ENGLISH IN TEACHING SANITARY EXPERTISE: A LANGUAGE OF SCIENCE,
PRACTICE, AND GLOBAL COMPETENCE

Abstract
In the modern era of globalization and transnational health collaboration, English plays a vital role in
the teaching and practice of sanitary expertise. Sanitary expertise—encompassing hygiene, epidemiology,
veterinary control, food safety, and environmental inspection—relies heavily on the ability to interpret and
apply international standards, scientific literature, and regulatory frameworks. This article explores how
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English functions as a critical medium for learning, professional communication, and the development of
global competencies in the training of future sanitary experts. It also examines the challenges of teaching
specialized sanitary content in English and outlines pedagogical strategies for effective language integration
in professional and academic contexts.
Keywords:
english for specific purposes (ESP), sanitary expertise, public health education, food safety, international
standards, professional English, language and science, multilingual instruction.

Sanitary expertise is a multidisciplinary field that requires a high level of technical knowledge, scientific
literacy, and professional precision. Specialists in this area conduct inspections, analyze risks, interpret
regulations, and ensure the safety of food, water, animals, and public environments. As the field becomes
increasingly influenced by global health policies and international cooperation, English emerges as an
indispensable tool—not only for academic learning but also for real-world application.

The role of English in teaching sanitary expertise begins with access to global scientific knowledge.
Leading journals in hygiene, epidemiology, food safety, and veterinary control are predominantly published
in English. For students training in sanitary disciplines, the ability to read and comprehend technical research
in English is crucial for staying informed about new pathogens, analytical methods, and risk assessment tools.
Reports from the World Health Organization (WHO), Food and Agriculture Organization (FAO), and Codex
Alimentarius Commission are written in English and set the foundation for international sanitary standards
and best practices.

In addition, English functions as the language of instruction for many advanced courses and training
modules in sanitary expertise, particularly within international programs or collaborations. Universities and
institutions around the world offer degrees or professional certificates in public health and food safety that
are delivered entirely or partially in English. For students in non-English-speaking countries, this presents
both a challenge and an opportunity. On the one hand, English instruction may initially hinder comprehension
of complex sanitary topics. On the other hand, it prepares learners for the global stage, equipping them with
the skills to participate in international audits, conferences, and health missions.

Another critical area where English plays a central role is the understanding and application of
international sanitary regulations. Sanitary experts must interpret texts such as the Hazard Analysis and
Critical Control Points (HACCP) guidelines, ISO 22000, and veterinary sanitary protocols issued by the World
Organisation for Animal Health (WOAH). These documents, often written in legal or scientific English, require
precise interpretation and correct usage in official documentation. Teaching these competencies requires
not only language instruction but also professional contextualization—using authentic materials and
simulated field tasks to build confidence and competence.

English is also a powerful medium for developing soft skills in sanitary expertise. Effective
communication with international partners, writing inspection reports, preparing risk communication
materials, and participating in global networks all require strong professional English proficiency. English for
Specific Purposes (ESP) courses tailored to sanitary disciplines focus on the vocabulary, genres, and
interaction patterns typical of professional sanitary work. Through role-plays, report writing, and terminology
training, students practice language skills within authentic sanitary contexts.

Conclusion

English is more than a language in the teaching of sanitary expertise—it is a gateway to scientific
knowledge, international standards, and global professional participation. Integrating English into sanitary
education equips students with the tools they need to interpret technical documentation, engage in
international cooperation, and ensure compliance with global hygiene and safety regulations. Though
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challenges exist, carefully designed pedagogical approaches can support learners in mastering both content
and language. In an interconnected world, the role of English in teaching sanitary expertise is essential for
producing competent, confident, and globally aware professionals.
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THE ESTABLISHMENT OF A VOLUNTARY SPORTS CLUB: A PHYSICAL EDUCATION MODEL TAILORED
TO UNIVERSITY STUDENTS’ PSYCHOLOGICAL NEEDS

I. Introduction

Physical Education (PE) is an important component of the overall education process, contributing to
the development of both physical and mental health for students. However, up to now, physical education
has not truly been innovated. The PE curriculum still consists of compulsory content, while students
nowadays have a growing desire to engage in physical activities based on their personal abilities and
interests.

Currently, as schools are increasingly being equipped with more modern facilities, students have more
opportunities to participate in sports and physical activities that align with their individual capacities and
preferences. Therefore, reforming the PE approach by establishing sports clubs within schools to meet
student needs is a necessary and timely initiative.

Il. Research Content

1. The Basis for Proposing the Establishment of Sports Clubs in Schools

1.1. The Emergence of Various Types of Physical Activities Attracting Students Outside of Class and
Curriculum Hours

At present, besides several sports being organized and taught within the official school curriculum—
such as volleyball, basketball, badminton, aerobics, athletics, and chess—many other physical activities are
increasingly attracting student participation. These include dancesport, aerobics, gym, yoga, swimming, and
martial arts. Students engage in these activities based on their personal interests, talents, or career needs.
As a result, their practice is often more effective, stimulating enthusiasm and motivation, reducing stress,
and promoting the development of both physical strength and mental well-being.

1.2. Student Attitudes Toward PE Classes

To understand student attitudes toward PE courses, we conducted a survey involving 105 students,
examining their behaviors and evaluations. The results are presented in Tables 1 and 2 below:

Table 1
Student Behaviors in PE Classes
No. Behavior Often Sometimes Rarely
(%) (%) (%)
1 Enjoy and are interested in PE 124 18.1 69.5
2 Take the class just to meet compulsory requirements 78.1 21.9 7.6
3 Feel bored or dislike the class 18.1 81.9 0
4 Are afraid of the subject 61.9 38.1 0
5 Are afraid of teacher punishment 16.2 83.8 0
6 Enjoy practicing sports but not during official class hours 84.8 15.2 0
7 Comply during supervised sessions but disengaged during optional periods 72.4 27.6 0
8 Pretend to be unwell to skip practice 26.7 73.3 0
9 Always try to practice hard 52.4 47.6 0
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Table 2
Student Evaluation of Current PE Curriculum and Teaching
Topic Basic PE | Athletics Elective PE

Yes No Yes
Highly relevant to student needs 24.8 75.2 24.8
Students are interested and practice actively 0 105 12.4
Content is boring and repetitive 105 0 78.1
Compulsory program, no freedom to choose preferred subjects 105 0 105
Fun classes, but content lacks variety 85.7 14.3 85.7
Enthusiastic teachers, but students are unmotivated 78.1 21.9 78.1
Enthusiastic teachers, students are engaged 0 105 12.4
Dislike practicing due to content mismatch with interest/talent 75.2 24.8 75.2

According to the results in Tables 1 and 2, we can observe the following:

¢ Aside from a small number of students who enjoy PE, the majority do not prioritize this subject. Many
students view PE classes as mere formalities, leading to boredom and passive participation. A large number
of students are indifferent or dismissive of the subject, some even dislike or fear PE, which translates into
anxiety about the instructors as well.

e Some students who are physically active and have a natural talent or interest in sports tend to engage
in physical activity during their free time. However, these same students often show little enthusiasm for PE
during official class hours and generally do not exert much effort during lessons.

e Many students try to comply with the teacher’s instructions during the compulsory class hours, but
when it comes to the elective practice time, they often gather in small groups to chat or do personal activities
instead of engaging in physical training.

¢ Some students—especially female students—frequently attempt to avoid physical training by citing
health-related excuses to be excused from class activities.

For these reasons, students increasingly express the desire to choose sports that suit their abilities and
interests. For example, students interested in music or those majoring in early childhood education or
performing arts are well-suited for activities such as aerobics, zumba, dancesport, or yoga. Similarly, shorter
students would not be forced to participate in volleyball or high jump, and those with leg conditions would
not be required to take part in intense, fast-moving activities.

By understanding the reasons behind students' reluctance to engage in PE, schools can develop better
strategies to address the challenges of teaching and learning this vital subject—which not only enhances
physical fitness but also contributes significantly to mental strength and overall academic performance.

1.3. Some Limitations of Traditional PE Instruction

e Students are not given the freedom to choose the sports they enjoy, are talented in, or have a
genuine need for. In most schools across the country, even when the PE program allows for student choice,
the options are limited to a few sports like volleyball, running, badminton, or basketball.

e The teaching process must follow a standardized curriculum and fixed teacher schedules, with
traditional and repetitive content and formats. This results in boredom and fatigue for students.

e Applying a one-size-fits-all PE curriculum to all students, regardless of their physical condition,
talents, or interests, decreases the effectiveness of training and often turns the class into a checkbox exercise.

e Many schools still lack sufficient equipment, gear, infrastructure, and proper facilities—essential
conditions for effective PE instruction.

e Some students have poor physical fitness, lack a spirit of athleticism, and are unable or unwilling to
endure strenuous training. They often only focus on academic subjects and fail to recognize the benefits of
sports and physical exercise.
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e Incoming students are often discouraged by hearing upperclassmen describe PE as a difficult and
unpleasant experience, leading to anxiety and reluctance even before starting the course.

e A small number of PE teachers still exhibit punitive attitudes and harsh disciplinary practices when
students fail to meet training requirements, further alienating learners.

2. Establishing School Sports Clubs — A Model of Elective Physical Education That Meets Learner
Needs

2.1. The Significance of the Elective PE Model

e Learners can freely choose and practice the sports they are passionate about, which helps boost
excitement and motivation to engage in physical training.

This demand-based, elective model overcomes the rigidity of the current teaching approach, where all
students in a class or school participate in the same program despite differing levels of fitness, height, talent,
or interest. This mismatch leads to suboptimal outcomes. When given the choice, students not only have the
opportunity to showcase their strengths, but also to prepare for future careers and be identified as potential
athletes for competitive tournaments.

2.2. Establishing Sports Clubs in Universities — An Elective Physical Education (PE) Model to Replace
Mandatory PE Programs

Participating in sports clubs serves as an elective PE model that replaces the traditional mandatory PE
curriculum. Students are required to join at least one club but are free to participate in more based on their
interests.

Depending on the school's resources and facilities, various clubs can be established, such as
badminton, basketball, volleyball, gym, football, athletics, aerobic, yoga, and dancesport.

Operation model:

o After forming the clubs, PE instructors with relevant expertise are assigned to lead them.

¢ These instructors publicly announce enrollment opportunities for all students.

e Initially, the school provides training in management and professional skills for teachers, club leaders,
and team captains.

e Once the clubs are fully operational, they will organize training sessions, competitions, and
showcases annually—especially during new student intakes—to attract talented and interested first-year
students.

Instruction structure:

e During regular class hours: Weekly practice sessions are scheduled separately from academic lessons,
with direct guidance from instructors. Athletics can be integrated into warm-up and cool-down routines.

e Qutside class hours: Clubs follow their own schedules, conducting regular practices and hosting
competitions or performances.

Requirements for implementing the elective PE club model:

1. The school must issue an official decision to establish sports clubs and recognize training results
as valid PE grades.

2. Investment in facilities, equipment, and dedicated spaces for each club is essential.

3. Students must voluntarily enroll in at least one sports club of their choice.

4. Each club must have a management board (with a PE instructor as head), team captains, and
internal regulations.

5. In the first year, training in both management and technical skills must be provided to staff and
leaders. In later years, the existing leadership will train new members.

6. The board schedules training, offers technical guidance, and plans regular activities, competitions,
or showcases.
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7. Members are expected to train voluntarily, collaboratively, and responsibly under the supervision
of instructors and the club board.

8. Maintaining and expanding membership is key to sustaining the club’s effectiveness.

9. Leadership development and succession planning are essential to ensure stable operations during
personnel transitions.

10. Voluntary participation and the promotion of socialization in club activities are highly encouraged
to enhance effectiveness.

11. Regular evaluations of members' performance will be based on observation, training
participation, and reports from team leaders.

12. The school will use club training outcomes as the official PE grade for students.

lIl. Conclusion

Physical education plays a vital role in building a strong and healthy young generation. It remains a
compulsory subject throughout all levels of education, from primary to higher education. However, the
traditional model of PE instruction has been rigid and imposed, failing to meet the diverse needs and
preferences of students.

Therefore, shifting towards an elective PE model through the establishment of sports clubs is a timely
and appropriate solution. It aligns better with students’ interests and abilities, boosts motivation, and
ultimately enhances the overall quality of physical education and the educational experience as a whole.
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Summary
Using conventional scientific research methods, the author has assessed the current status of teaching
and learning Soccer. transfer in the Academy of Finance.
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I. Problem statement

Volleyball is a sport that many people love and practice. When practicing volleyball techniques, it has
the effect of strengthening and improving health, educating people about qualities. Collectiveness, solidarity,
courage, and strong will give them enough capacity in life and career. Contributing to the cause of building
and defending the Fatherland. Volleyball is a highly attractive and easy-to-practice sport, suitable for all ages
and genders. In addition, volleyball is also considered a means of recovering health after tiring working days.
Practicing volleyball helps people develop the qualities: Fast, strong, durable and skillful, combined with
skillful techniques. The need to practice and compete in volleyball increasingly requires the construction of
a teaching and training system for quality training. Volleyball activities are a combination of basic techniques
such as: Passing, cushioning, spiking, serving and blocking, creating a tactical system. In which the serving
technique is one of the basic and important techniques in volleyball, the serving is not only the opening of a
match or a set but also has a clear attacking nature. A powerful serve will make it difficult for the opponent
to pass the ball and can win a direct point. In competition, the serving not only creates confidence for
teammates but also makes the opponent tense, inhibiting and leading to confusion in attack organization
tactics. In competition, when winning the right to serve, the server has the right to perform technical
movements according to his strengths and personal technical level. In attack techniques, the serving plays an
equally important role in contributing to winning a match. According to the trend of modern volleyball today,
attack gradually dominates due to height, strength and increasingly perfect level, better will to compete.
Therefore, to compete with high results, volleyball players must have all the elements such as technique,
tactics, good physical strength, stable mental state, and cannot ignore the serve. The serve is also a technique,
a tactic that modern volleyball is interested in and uses it as an effective attack tactic.

Volleyball is also a compulsory subject in the Physical Education curriculum of the Academy of Finance.
In order to have a basis to improve the quality of teaching volleyball in schools , contributing to improving
the overall training quality of the school, the " Assessment of the current status of teaching and learning
Volleyball" pass inside The Academy of Finance is also very interested, thereby contributing to improving the
overall training quality of the school.

Il. Content

2.1. Current status of Volleyball program for students of the Academy of Finance

Volleyball is one of the subjects in the school's physical education program. The content of the
Volleyball subject is shown specifically in table 2.1 below.

Content Theory Practice Total hours
Volleyball 0 30 30

Through table 2.1 above, it can be seen that: The content of Volleyball subject at the Academy of
Finance includes 30 periods of practice, mid-term test and final exam, with such a number of hours being
very little for a student's study program and not meeting the learning needs as well as having a correct
assessment of the student's results.

2. 2. The current status of facilities and equipment for Volleyball training at the Academy of
Finance is shown specifically in Table 2.2.

Quality
Name of the yard, equipment uantit -
¥ quip Q v Rather Medium Least
2 school
Volleyball Court 3 courts (2 schoo X
areas)

Volleyball 50
Volleyball Net 3
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Through table 2.2 and actual observations, it can be seen that although the school currently has 3
volleyball courts and 2 learning areas that are rated as average quality, they are not convenient for studying,
so all the focus is on the 2 main learning courts, so the playground is still lacking due to the large number of
students, plus the unbalanced distribution of study hours of the training room.

2.1.3. The current status of the teaching staff participating in teaching Volleyball at the Academy of
Finance is shown specifically in Table 2.3.

Total number Level Training major
School year - -
of lecturers University Master Dr. Volleyball (volleyball)
2023-2024 11 0 10 1 3

Table 2.3 shows that: In recent years, although the number of lecturers in the department has
decreased significantly compared to 2018 and before, however, due to the school's annual enroliment being
less and less compared to previous school years, the qualifications of teachers have also been significantly
improved in terms of expertise. There are no longer any bachelors, there are up to 10 masters, 1 doctor and
especially more than 70% of the lecturers in the department are now GVCs. Among the teachers participating
in teaching the subject, only 3 teachers are specialized in Volleyball training, the rest are teachers with other
training majors. This has a significant impact on the quality of teaching the subject.

2.1.4. The current status of methods and forms of organizing teaching Volleyball at the Academy of
Finance is shown specifically in Table 2.4.

STT Teaching methods Organizational form
1 Student-centered approach. Organize by individual, group and whole class.
2 Visual method. Organized by lesson, by session.
3 Complete method and resolution. Organize formal and extracurricular learning
Methods of preventing and correcting movement
4 errors. Organize sports competitions.
5 Teaching method Organize direct and indirect learning.

Table 2.4 shows:

- Regarding teaching methods: In the process of teaching Volleyball, teachers have used many different
teaching methods, from traditional methods to modern methods such as student-centered methods.
However, due to the nature of the subject (all theoretical and practical learning content is learned outdoors),
some teaching methods have not yet fully demonstrated their effectiveness.

- Regarding teaching organization: With a variety of teaching organization, students can completely
find effective practice methods, find interest in the subject, helping students assert themselves and complete
the subject's tasks well.

lll. Conclusion

From the results of the current situation and proposed options, the following conclusions can be drawn:

The current situation of teaching and learning Volleyball of teachers and students of the Academy of
Finance shows that:

- Subject program: not yet reasonable, rich and diverse, so it cannot meet the learning needs of
students, so there needs to be adjustments to the program and number of study hours to be reasonable.

- Facilities:

+ Training ground: average, quality and quantity are not guaranteed

+ Exercise balls: insufficient in quantity because of uneven distribution of study hours for the subject.

+ Teaching aids for teachers have not been completed.

- Learning materials: There is a detailed outline of the subject, however the subject curriculum is
specifically for students of the Academy of Finance. When changing the subject program according to
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credits, there is no such curriculum.

- The teaching staff participating in teaching Volleyball all have good professional qualifications,
however most of the teachers have other training majors, only 3 teachers are trained in Volleyball, this also
significantly affects the training quality.

- Teaching methods and forms of organization: Teachers have used many different teaching methods
and forms of organization; however, due to the nature of the subject (all theoretical and practical learning
content is learned outdoors), some teaching methods have not yet fully demonstrated their effectiveness.

- Learning outcomes: Although students are taught sports according to their interests, their learning
outcomes are not good. The number of students who achieve average and below average scores in both mid-
term and final exams is high, the number of students who achieve excellent scores is low.
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PEDAGOGICAL SCIENCES: THE ART AND SCIENCE OF TEACHING AND LEARNING

Abstract
Pedagogical sciences, often simply referred to as pedagogy, is a multidisciplinary field dedicated to the
theory and practice of education and learning. It systematically investigates how knowledge and skills are
transmitted and acquired, exploring effective teaching methods, curriculum design, learning environments,
and the psychological, social, and cultural factors that influence educational outcomes. This article outlines
the core tenets of pedagogical sciences, its historical development, and its crucial role in shaping educational
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policy, improving teaching practices, fostering lifelong learning, and ultimately, contributing to individual and
societal development.
Keywords:
pedagogical sciences, pedagogy, education, teaching, learning, curriculum,
educational psychology, didactics, learning theory, teacher training.

Introduction

Education is a cornerstone of human civilization, enabling the transfer of knowledge, skills, and values
across generations. But how do we learn effectively? What are the best ways to teach? How can we design
learning experiences that are engaging, equitable, and impactful? These are the fundamental questions
addressed by pedagogical sciences. Far beyond mere 'teaching tricks,' pedagogy is a robust scientific
discipline that combines insights from psychology, sociology, philosophy, neuroscience, and other fields to
systematically understand the processes of teaching and learning. It is both an art, requiring creativity and
empathy, and a science, demanding rigorous research and evidence-based practice.

Pedagogical sciences delve into several interconnected domains to build a comprehensive
understanding of education, starting with the bedrock of Learning Theories, which investigates how
individuals acquire knowledge, skills, and attitudes, encompassing diverse perspectives like Behaviorism
(focusing on observable behaviors and reinforcement), Cognitivism (emphasizing mental processes like
memory and problem-solving, as seen in the work of Piaget and Vygotsky), Constructivism (positing that
learners actively construct their own understanding through experience and reflection, championed by
Dewey and Bruner), and more recently, Connectivism, relevant to learning in digital networks. Building on
these theories, the domain of Teaching Methods and Strategies (Didactics) explores various instructional
approaches, including direct instruction, inquiry-based learning where students discover knowledge through
investigation, cooperative learning where students work together, and personalized learning that tailors
instruction to individual needs, alongside developing effective assessment strategies for evaluating student
progress. Curriculum Development is another crucial area, involving the systematic planning of what is taught
and learned, from setting clear learning goals and selecting relevant content to organizing it logically and
designing engaging learning resources. Insights from Educational Psychology are applied to understand
learners and learning environments, examining cognitive development, motivation, individual differences,
and learning disabilities. The Sociology of Education explores the broader social context of education,
including the profound influence of culture, class, gender, and equity on educational opportunities and
outcomes, while the Philosophy of Education investigates the fundamental aims, values, and justifications of
education, pondering the purpose of schooling and the nature of knowledge itself. Furthermore, Technology
in Education (EdTech) studies how digital tools and platforms, including e-learning, blended learning, and
artificial intelligence, can be harnessed to enhance teaching and learning experiences. The historical roots of
pedagogy can be traced back to ancient civilizations, with philosophers like Plato and Aristotle discussing
ideal educational systems, evolving through Enlightenment thinkers like Rousseau and Locke who advocated
for child-centered approaches, and formalized in the 19th century by figures like Pestalozzi and Froebel. The
20th century saw the rise of progressive education movements championed by John Dewey, emphasizing
active learning and real-life connections, alongside the significant growth of educational psychology, leading
into the current era's focus on cognitive science, technological integration, inclusive education, and lifelong
learning.

In conclusion, pedagogical sciences stand as a critical and vibrant discipline at the intersection of
human development and societal progress. By rigorously studying the complex processes of teaching and
learning, it provides the essential knowledge base for educators, policymakers, and learners themselves. As
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societies continue to evolve, facing new challenges and opportunities, the insights from pedagogical sciences
will remain indispensable in shaping effective, equitable, and inspiring educational experiences for all,
empowering individuals and strengthening communities worldwide.
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SELECT SOME SUPPLEMENTARY EXERCISES TO IMPROVE THE EFFECTIVENESS OF PERFORMING THE
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Summary
Using conventional scientific research methods, the author has presented the following articles:
Practice to increase the effectiveness of performing the front hand low serve technique for students of the
University of Mining and Geology.
Keywords:
supplementary exercises for students with front hand serve.

I. Problem statement

Volleyball is a sport that many people love and practice. When practicing volleyball techniques, it has
the effect of strengthening and improving health, educating people about qualities. Collectiveness, solidarity,
courage, and strong will give them enough capacity in life and career. Contribute to the construction and
protection of the Fatherland. In volleyball, serving is not only the opening of a match or a set, but also has a
clear attacking nature. A powerful serve will make it difficult for the opponent to pass the ball and can win a
direct point.

To serve accurately requires the practitioner not only to have good physical strength but also to have
good feeling, correct direction of force, comfortable posture, mastery of technical principles, and smooth
performance of movements. However, at first, if the practitioner does not create for himself the concept of
correct movement techniques, gradually in the process of practice it will become a habit, mistakes and
difficult to correct, limiting the practice process. To meet the requirements of innovation in teaching
methods. In reality, the teaching method of volleyball, with learners when performing the basic front-hand
low serve technique, still has many limitations. Most practitioners have not achieved perfect technique, and
practitioners still make mistakes while performing movement techniques, which is quite common. Because
of that reality, in the process of research to find the causes leading to the acquisition of the basic front-hand
low serve, the results have not been high. From there, we selected some supplementary exercises, applying
them to overcome some common mistakes in performing the front-hand low serve technique, hoping to
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apply them to teaching for students of the University of Mining and Geology. Based on the above reason, |
chose to report: " Selecting some supplementary exercises to improve the effectiveness of performing the
front-hand low serve technique for students of the University of Mining and Geology"

Il. Content

1 Identify factors affecting the effectiveness of serving techniques

+ Psychological basis

Scientists have long been interested in studying the field of sports activities. In team sports as well as
individual sports there are good conditions to consider human attitudes and actions in different stressful
situations.

Human psychology is as diverse as its manifestations. It does not depend on subjective conditions (age,
gender, level ...) but also on objective conditions (different competition situations, locations, weather,
referees, spectators ...). Therefore, in the teaching process, teachers are required to understand the role of
sports psychology in practice, must master the basic knowledge of psychology ... to have appropriate
teaching and training methods.

In volleyball, training the psychological qualities of courage, confidence, decisiveness, discipline and
especially the psychological state of readiness to achieve high results for the trainees is very necessary. To
achieve that, during the training process, the trainees must be exposed to many different subjects,
participate in many matches with different characteristics... to give them the conditions to train their
psychological qualities.

+ Physiological basis

Science has proven that the necessary motor skills in the life of working people: running, jumping,
hunting, gathering... have been formed by the process of repeating these activities many times. In sports, the
technical skills of performing movements are formed by the process of accumulating conditioned reflexes,
meaning that conditioned reflexes are repeated many times to form a shape on the cerebral cortex. It is on
that basis that the teaching and training process must be carried out from easy to difficult, from simple to
complex... That is, the previous exercises must be the premise for the following exercises and the exercises
must be based on the previous exercises.

+ Theoretical basis in teaching and training serving techniques.

- Theoretical basis for training serving for volleyball players.

Modern volleyball has high requirements for technical tactics, physical and mental strength, and
endurance in hitting the ball, in which serving is a very basic and important technique.

The serve is a technique with the first ball to put the ball into play, the serve is the opening of a match,
a half or an attack. The serve and the effectiveness of the serve are very important to the team's
performance. A powerful and effective serve can win direct points for your team.

The effectiveness of the serve is also shown in making it difficult for the opponent in activities such as:
passing one, breaking tactics, reducing attack power... Moreover, a highly effective and powerful serve also
creates an enthusiastic competitive spirit with high determination.

Good serving also creates conditions and the ability to coordinate movements and execute tactics
more confidently and effectively.

different serving techniques such as:

+ Front high serve.

+ High serve with tilted body.

+ Front low serve.

+ Low serve with tilted arm.

+Jump serve.
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In addition, the flight characteristics of the ball are also different, it can be spin, fly, strong or soft. With

the scope of the report, | present the technique of high-handed front serve:
1.2. Stages of teaching the front hand low serve technique.

- Initial teaching stage.

This stage is very important in the scope of creating the foundation for achieving the skillful
performance of volleyball players, this is the stage of forming initial skills, completing the main features of
the movement. The characteristics of the physiological mechanism of skill formation are the spread of motor
reflexes, unnecessary muscle tension due to the diffusion of excitement in the cerebral cortex. The
methodological task at this stage is to master the technical principles and general rhythm of the movement,
eliminate redundant movements and unnecessary muscle tension. In the initial teaching stage, the basic
steps of movement techniques must be mastered. Initially learn single movements, then alternately combine
with other movements according to the principle from main movements to secondary movements.

- Further consolidation phase:

Study and perfect the serving technique in depth based on mastering the details of the movements.
Rationalize the structure of the movements when performing the technique, increase the accuracy of the
amplitude, rhythm of the movements, and coordination of body parts, correct the following movements and
eliminate redundant activities.

- Continued completion phase:

Strengthen skills, perfect learned technical movements and perform those techniques in accordance
with personal characteristics, increase the number of repetitions of correct serving techniques, perform
techniques confidently and consistently. Performing good serving techniques ensures high efficiency in
different competition conditions.

2. Common mistakes when performing the front hand low serve technique

When serving low, many new players make the following mistakes that cause the ball to fly incorrectly,
including:

- Throw the ball too far away from the body, too low, too high or tilted, completely off to one side.

- Incorrect ball contact.

- Bend your arm when polishing.

- Body parts when serving the ball such as legs, arms (wrist, elbow), torso, neck do not coordinate
smoothly.

- Unstable preparation posture, too hasty in serving.

These mistakes are not only common mistakes when performing the high serve technique.

3. Some additional exercises to increase the effectiveness of the front hand low serve technique.

- Exercise: hold and toss the ball up with your non-dominant hand, the ball falls to your dominant hand.
Your dominant hand swings and catches the ball diagonally above your head.

- Practice ballless technique, coordinate smoothly. Put the left hand in front, swing the right hand back,
lower the center of gravity to a medium position then stand up and hit the left hand up high.

- The hand holding the ball throws the ball over the net.

- One person holds the ball, the other coordinates hitting the ball.

- Practice low hand serves against the wall with increasing distance.

- 2 people practice serving the ball back and forth.

- Stand close to the net, serve the ball over the net, then gradually move back to the end of the court.

Through the process of applying exercises for students to practice, it has helped students perform
technigues more naturally and proficiently, without being constrained and no longer feeling afraid of the
serving content.
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lll. Conclusion, recommendations.

1. Conclusion: For students of the University of Mining and Geology, when first learning the technique
of low front hand serve, correctly identifying the basic weaknesses and causes affecting the ability to perform
that technique is an important basis for finding solutions to improve training efficiency.

Performing supplementary exercises and technical exercises plays a particularly important role in
helping players quickly improve their high-handed serving skills in volleyball.

2. Recommendations.

Through the results of the report, it is recommended that volleyball teachers can continue to apply the
above exercises to new volleyball students to increase learning efficiency, gain experience and further
confirm the effectiveness of the selected exercises.
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OVERCOMING COMMON MISTAKES OF STUDENTS OF THE UNIVERSITY OF MINING
AND GEOLOGY WHEN PERFORMING SHORT RUNNING TECHNIQUES

Summary
Based on the common mistakes of students of the University of Mining and Geology when performing
short running techniques, the author has proposed methods to overcome those mistakes for students of the
University of Mining and Geology.
Keywords:
correct mistakes when performing short running techniques.

I. Problem statement

Short-distance running is a basic content in the Physical Education curriculum of many levels and
schools as prescribed by the Ministry of Education and Training. Through the practice of teaching short-
distance running techniques to students at my school, | have noticed that when performing the techniques,
some students often make basic mistakes that affect their short-distance running performance. Within the
scope of this report, | have provided students with additional short-distance running techniques and
measures to improve their short-distance running performance through the Report:

(Overcoming common mistakes of students of the University of Mining and Geology when

120



HAYYHbIN }XYPHA/ «COGNITIO RERUM» ISSN (p) 2412-9489 / ISSN (e) 2542-1026 Ne6/ 2025

performing short running techniques)

Il. Report content.

Il.1. 2. Short distance running technique (4 stages).

2.1. Departure:

2.1.1. How to close the pedal (3 basic ways)

a. Normal way: The front pedal is 1 - 1.5 feet away from the starting line. The back pedal is 1 shin
(almost 2 feet) away from the front pedal.

b. “Stretching” method: The practitioner moves the front pedal back so that the distance between the
2 pedals is only 1 foot or less. The distance from the front pedal to the starting line is almost 2 feet (this
distance is stretched).

c. “Closer” method: The practitioner moves the back pedal forward, keeping the front pedal the same
so that the distance between the two pedals is only 1 foot or less. The distance from the back pedal to the
starting line has been made closer.

Placing the 2 pedals close together ensures simultaneous effort from both legs when starting to run,
creating greater acceleration in the first steps. The angle of inclination of the front pedal rest is 45 - 50°, the
rear pedal rest is 60 - 80°.

2.1.2. Starting technique:

a. Command “on the spot”: The practitioner moves forward 2 pedals, sits down, and puts both hands
on the starting line. Next, place the feet on the front pedals and then the back pedals, put the back knee on
the running track, then bring both hands back and place them close to the starting line, with the thumb and
the remaining fingers together to form an arch. Stretch both arms straight, resting on the running track
shoulder-width apart. Upper body, head straight. Body weight is evenly distributed between the two hands,
the front supporting leg, and the back knee.

b. The command “ready”: The practitioner stretches his legs, the back knee separates from the road
surface, causing the center of gravity to move up and forward. At this time, the projection of the center of
gravity on the ground must be 15 - 20cm from the starting line. The body weight is placed on the 2 hands and
the front support leg, the two shoe soles are close to the pedal support surface, the hips are raised 10 - 20cm
higher than the shoulders, the two calves are almost parallel to each other. The optimal angle between the
thigh and the calves of the front leg is about 92 - 105 °, the back leg is about 115 - 138 °, the upper body and
the thigh of the front leg is 19 - 23 °.

¢. The command “run” (or other starting signal): The practitioner pushes both feet hard against the
pedals to create great pressure to push the body forward quickly, the arms swing quickly, and the pedaling
time is very short.

2.2. Running after starting:

To achieve high performance in sprinting, it is important to quickly reach near maximum speed in the
dash at the start. The correct and fast execution of the running steps from the start depends on the body's
pitch at an acute angle to the road surface. The first step is completed by straightening the back leg away
from the front pedal and simultaneously raising the thigh of the other leg, then actively lowering the leg
down - back and turning into a strong back kick. The faster this movement is performed, the faster and
stronger the next back kick will be. Along with increasing speed, the upper body tilt gradually decreases to
switch to mid-distance running starting from the 25th - 30th meter, when reaching 90 - 95% of the maximum
speed. At any level and age, in the first second, the athlete needs to reach 55% of the maximum speed, in
the second second - 76%, in the third second - 91%, in the fourth second - 95% and in the fifth second - 99%.

2.3. Interval running:

When reaching the highest speed, the athlete's upper body leans slightly forward (72 - 78 ° ). When
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kicking back, the upper body tilt increases, but during the flight phase it decreases. During this phase, running
steps are often uneven because the strong leg's step is often longer, so it is necessary to develop the strength
of the weak leg muscles. When running, the toes need to be pointed straight forward, otherwise it will
negatively affect the efficiency of kicking back. The arms are bent at the elbow joint, swinging strongly
forward - backward in accordance with the running rhythm. The arms swing forward are slightly inward, and
when swinging back, they are outward. The angle of the elbow joint when swinging the arms forward is much
bent, when swinging down - backward, it is slightly extended.

2.4. Finish:

The race is over when the athlete touches the vertical plane passing the finish line with his upper body.
In the last step, the athlete needs to bend his upper body suddenly forward to touch his chest to the finish
line. This is called “chest swing”. If he bends his body and turns at the same time so that one shoulder touches
the finish line, it is called “shoulder swing”. For beginners, the technique is not good, so they should run
across the finish line at full speed, without needing to perform the movement of hitting the finish line.

11.2. Common mistakes, causes and solutions

Common mistakes | The reason people make mistakes I how to fix
Starting Phase
- Incorrect starting position, incorrect Incorrect preparation posture is due to | - The teacher divided the students into
distance between front and back feet lack of concentration during the | groups that did not perform the
and starting line. Body posture, hips, learning process, poor ability to imitate | preparatory posture correctly.
shoulders, front and back foot angles are | movements and form movement | - Demonstrate and correct
not appropriate. symbols in the student's mind. movements in groups (4

students/group) 3-5 times

Post-start sprint phase
The front and back pedals have | Not yet proficient in performing | Have students perform arm swings on
inconsistent coordination of force, the | additional exercises. Poor coordination | the spot (body angle forward 45 - 60
body angle with the ground is a bit high in | of movements. degrees).

the first few meters (>75 degrees), Divide into groups of 3-5 students to
practice the back kick technique (run
20m back kick 4-6 times)

Running between intervals

Interval running speed is not high (not | Student's physical strength is still | Increase the running distance for
achieving overall results), weak. students at the end of each class (800m
for men, 500m for women), combined
with relaxation.

Arm swing is not in the correct front-back | Poor coordination of hand, foot and | Perform in groups of 5-10 students

direction, shoulder swing is often stiff, | body movements. (run with high thighs in place, hands

body angle is high (when running, body touching the wall, body 45-60 degrees)

leans back), low step frequency. Have students perform arm swings on
the spot (body angle forward 45 - 60
degrees).

Finishing phase
Running closer to the finish line usually | Wrong view about speed (only think | The teacher emphasizes the speed at
slows down. about running the distance) the finish line (requires students to run
longer than the specified distance)

lll. Conclusion, recommendations

Opposite to In the process of teaching basic short-distance running techniques, it is absolutely
necessary to detect the mistakes of the trainees and choose exercises and methods to correct those mistakes.
Only then can we improve the quality of teaching as well as learning of students with this technique.

Through the practice of teaching students at the University of Mining and Geology combined with
reading and analyzing documents, | have found the basic mistakes that students at the University of Mining
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and Geology often make when performing short-distance running techniques during the short-distance
running course. From those causes, | have proposed specific measures and exercises to overcome those
mistakes.
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MEDICAL SCIENCE: THE PURSUIT OF HEALTH AND THE CONQUEST OF DISEASE

Abstract

Medical science is a comprehensive and dynamic field dedicated to understanding the human body,
identifying the causes and mechanisms of disease, and developing effective strategies for prevention,
diagnosis, treatment, and cure. It integrates knowledge from a vast array of scientific disciplines, including
biology, chemistry, physics, genetics, and engineering, to continuously advance human health and well-
being. This article explores the core branches of medical science, its methodologies of research and clinical
application, and its profound impact on extending lifespans, improving quality of life, and addressing global
health challenges. It underscores medical science as a critical driver of societal progress and a beacon of hope
for a healthier future.

Keywords:
medical science, medicine, healthcare, disease prevention, diagnosis, treatment, public health, biomedical
research, clinical trials, pharmacology, surgery, immunology, genetics, pathology.

Introduction

The quest to understand and alleviate human suffering from iliness and injury has been a driving force
throughout history. Medical science represents humanity's systematic, evidence-based approach to this
fundamental challenge. It is the vast and ever-evolving scientific discipline focused on the maintenance of
health and the prevention and treatment of diseases. More than just the practice of medicine, medical
science is the rigorous scientific inquiry that underpins every diagnostic test, every therapeutic drug, every
surgical procedure, and every public health initiative. It is a field of immense complexity and profound impact,
constantly pushing the boundaries of what is possible to improve and extend human lives around the globe.

Medical science encompasses a vast array of specialized branches, reflecting the intricate complexity
of the human body and the multitude of health conditions that can affect it. Anatomy is the study of the
physical structure of the body, while Physiology investigates how the body and its various parts function.
Biochemistry delves into the chemical processes occurring within living organisms, crucial for understanding
metabolic pathways and drug interactions. Microbiology focuses on microorganisms (bacteria, viruses, fungi,
parasites) and their roles in causing infectious diseases, as well as their beneficial interactions with the human
body. Immunology studies the immune system, its response to pathogens, and its role in autoimmune
diseases and allergies. Genetics and Genomics explore the role of genes and heredity in health and disease,
paving the way for personalized medicine and gene therapies. Pathology is the study of the causes and effects
of diseases, often involving the examination of tissues and fluids for diagnostic purposes. These fundamental
sciences form the bedrock upon which clinical medical specialties are built.

Clinical specialties apply this scientific knowledge directly to patient care. Internal Medicine deals with
the diagnosis and non-surgical treatment of diseases of the internal organs. Surgery focuses on manual and
instrumental interventions for treating injuries, diseases, and deformities. Pharmacology is the study of
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drugs, their effects on living systems, and their use in therapy. Epidemiology investigates the patterns,
causes, and effects of health and disease conditions in defined populations, crucial for public health
interventions and understanding disease outbreaks. Other major branches include Cardiology (heart
diseases), Oncology (cancer), Neurology (nervous system disorders), Pediatrics (children's health), Geriatrics
(elderly health), Radiology (medical imaging), Dermatology (skin conditions), Psychiatry (mental health), and
many more, each representing a deep dive into specific aspects of human health and disease. Public Health
is a crucial, broader application of medical science, focusing on protecting and improving the health of
communities through education, policy-making, and research for disease prevention.

The impact of medical science on society has been nothing short of revolutionary. Historical
breakthroughs like the development of vaccines (starting with smallpox in 1796) dramatically reduced the
incidence of infectious diseases. The discovery of antibiotics (penicillin in 1928) transformed the treatment
of bacterial infections, saving countless lives. The advent of anesthesia in the mid-19th century revolutionized
surgery, making complex procedures humane and widely accessible. In the 20th and 21st centuries,
advancements such as organ transplantation, sophisticated medical imaging (X-rays, MRI, CT scans),
chemotherapy and immunotherapy for cancer, gene therapy, and the understanding gained from the Human
Genome Project have reshaped our ability to diagnose, treat, and prevent a vast array of conditions. These
advancements have led to a significant increase in global life expectancy and improved the quality of life for
millions, enabling individuals to live healthier, longer, and more productive lives. Ongoing innovations in
areas like artificial intelligence for diagnosis, regenerative medicine, and precision pharmacology promise
even more transformative changes in the years to come, addressing diseases that currently lack effective
cures.

In conclusion, medical science is a continuous and collaborative human endeavor to combat disease
and promote health. By integrating insights from across the sciences and applying rigorous research
methodologies, it consistently delivers groundbreaking discoveries and develops practical interventions that
directly improve human well-being. As global health challenges persist and new ones emerge, the relentless
pursuit of knowledge within medical science remains humanity's most powerful tool for ensuring a healthier
and more resilient future for all.
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VETERINARY SCIENCE: GUARDIANS OF ANIMAL HEALTH AND PUBLIC WELL-BEING

Abstract

Veterinary science is a comprehensive medical discipline dedicated to the health and well-being of all
non-human animals, encompassing the prevention, diagnosis, treatment, and control of disease, disorder,
and injury. It integrates a vast array of scientific knowledge, including anatomy, physiology, pharmacology,
pathology, and epidemiology, to address the diverse healthcare needs of companion animals, livestock,
wildlife, and laboratory animals. This article outlines the core branches of veterinary science, elucidates its
diverse methodologies, and highlights its profound impact on animal welfare, food safety, biomedical
research, and global public health through the indispensable "One Health" approach. It underscores
veterinary science's crucial role in fostering a healthier coexistence between humans and animals.

Keywords:
veterinary science, veterinary medicine, animal health, animal welfare, public health, one health, zoonotic
diseases, food safety, animal surgery, pharmacology, epidemiology, livestock, companion animals.

Introduction

The health of animals, whether pets, farm animals, or wildlife, is intrinsically linked to the health of
humans and the environment. Veterinary science, often referred to as veterinary medicine, is the vital
scientific and clinical discipline that embodies this interconnectedness. It is the branch of medicine that
applies scientific principles to understand, prevent, diagnose, and treat diseases in all non-human animal
species. Far from being a singular practice, veterinary science is a broad and dynamic field that merges
biological, chemical, and medical knowledge with practical clinical skills to ensure the well-being of individual
animals, manage animal populations, safeguard public health, and contribute to global food security. It
represents a commitment to the health of the entire biological world, recognizing that the health of one
species often impacts many others.

Veterinary science comprises numerous specialized branches, reflecting the immense diversity of
animal species and their unique health challenges. At its foundation are basic sciences such as Veterinary
Anatomy (the study of animal body structures), Veterinary Physiology (the study of how animal bodies
function), and Veterinary Biochemistry (the chemical processes within animal systems). Veterinary
Pharmacology focuses on the study of drugs and their effects on animals, including dosages, efficacy, and
safety across different species. Veterinary Pathology investigates the causes and mechanisms of animal
diseases, often through post-mortem examinations and tissue analysis. Veterinary Microbiology specifically
deals with bacteria, viruses, fungi, and parasites that affect animals, understanding their role in infectious
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diseases and developing strategies for control and prevention, while Veterinary Immunology studies the
animal immune system and its responses to pathogens and vaccinations.

Beyond these foundational areas, veterinary science branches out into numerous clinical and public
health specialties. Companion Animal Practice focuses on the health of pets like dogs, cats, birds, and exotic
animals, offering services from routine vaccinations and dental care to complex surgeries and specialized
internal medicine. Livestock (Production Animal) Medicine deals with the health, welfare, and productivity
of farm animals such as cattle, swine, poultry, and sheep, playing a crucial role in food safety and agricultural
economics. Equine Medicine is dedicated to horses, involving specialized care for their unique
musculoskeletal, respiratory, and digestive systems. Wildlife and Zoological Medicine addresses the health
of wild animals, often in conservation efforts, and captive animals in zoos and aquariums, managing diseases
that can impact ecosystems and human populations. Veterinary Public Health is a critical field that examines
the connection between animal health and human health, focusing on Zoonotic Diseases (diseases
transmissible from animals to humans, like rabies, avian influenza, or Lyme disease), Food Safety (ensuring
animal products like meat, milk, and eggs are safe for human consumption), and the impact of environmental
factors on both animal and human health. Other significant specializations include veterinary surgery,
diagnostic imaging (radiology, ultrasound, MRI), ophthalmology, dermatology, cardiology, oncology, animal
nutrition, and animal behavior.

The methodologies employed in veterinary science are rigorously scientific, mirroring those in human
medicine and often leveraging a comparative approach. Clinical examination involves thorough physical
assessments, observation, and diagnostic testing (blood work, urinalysis, biopsies, imaging). Laboratory
diagnostics play a crucial role, with samples analyzed for pathogens, chemical imbalances, and genetic
markers. Surgical procedures, often highly specialized, are performed using advanced techniques, including
minimally invasive approaches. Epidemiological studies are vital for understanding disease patterns,
outbreaks, and risk factors within animal populations, crucial for disease surveillance and control programs,
especially for zoonoses. Research in veterinary science utilizes experimental models, clinical trials, and
genomic analysis to discover new treatments, vaccines, and diagnostic tools, as well as to enhance our
understanding of animal biology and disease pathogenesis. Ethical considerations are paramount in all
aspects of veterinary practice and research, prioritizing animal welfare and responsible use of animals in
studies. In conclusion, veterinary science is an indispensable and multifaceted discipline that acts as a
guardian of animal health and a silent protector of human well-being. By applying scientific rigor to the study
and care of all animal species, it not only improves the lives of individual animals but also plays a pivotal role
in preventing pandemics, securing our food supply, advancing medical knowledge, and preserving ecological
balance. As global challenges like climate change and emerging diseases intensify, the collaborative and
comprehensive approach of veterinary science, exemplified by the "One Health" philosophy, will remain
absolutely critical for fostering a healthier, more sustainable, and interconnected world for all living beings.
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PALIMOHANBHOE NPUMEHEHUE 3KCTPYAUPOBAHHOIO HECOPTOBOIO KAPTO®ENA

AHHOTauuA

B ycnoBusax aeduumta TPagULMOHHbLIX KOPMOBBIX PECYPCOB M POCTa MULLEBLIX OTXOA0B 0OCO6YyHO
aKTyaNbHOCTb npuobpertaet paunoHanbHoe MCnonb3oBaHMe HEecopToBOro KapTodena B
KopMonpousBoacTBe. B cTaTbe paccmaTpuBaloTCsi BO3MOMKHOCTM  ero  nepepaboTkm  MeToaom
3KCTPYAMPOBAHMA C LENbI0 MOJYyY4EeHUSA BbICOKONWUTATENbHOM M 6e3onacHoOM KopmMoBOW A06aBKM AnA
MBOTHbIX. MpnBOAATCA pe3ynbTaTbl OTEUYECTBEHHbIX W 3apybeXkHbIX MCCNedoBaHWM, noaTeeprKaatowme
3pPEKTUBHOCTb 3KCTPYAMPOBAHHOIO KapTodena B pauMOHAX KPYMHOro poratoro CKOTa, KO3 UM CBUHEMN.
Ocoboe BHMMaHME yOeNeHO BOMPOCAM YCBOAEMOCTU, CHUMEHWIO aHTUHYTPUEHTOB M MNOBbILWEHUIO
3KOHOMMYecKoM apdeKTMBHOCTU. Mcnonb3oBaHMe IKCTPYAMPOBAHHOIO HECOPTOBOrO KapTodensa no3sonseT
HEe TO/IbKO CHU3UTb CebecToMMOCTb KOPMOB, HO M CMOCOBCTBYET pPELIEHUIO 3SKONOTUYECKUX U
NpPoAOBONLCTBEHHbIX Npobaem.

Kniouesble cnosa:
HecopToBOM KapTodesb, SKCTPYAMPOBaAHME, KOPMOMNPOM3BOACTBO,
nuiiesas 6esonacHoOCTb, KOpMoBan AobaBKa.

Tolendiyev Zhasulan Yerlanuly

Kazakh Agrotechnical Research University named after Saken Seifullin
Master's student

Ismagulova Gulzhikhan Talgatovna

Kazakh Agrotechnical Research University named after Saken Seifullin
PhD

Balji Yuriy Alexandrovich

Kazakh Agrotechnical Research University named after Saken Seifullin
Candidate of Veterinary Sciences, acting Professor

Astana, Kazakhstan

RATIONAL USE OF EXTRUDED OFF-GRADE POTATOES

Abstract
In the context of a shortage of traditional feed resources and an increase in food waste, the rational
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use of off-grade potatoes in feed production is particularly relevant. The article discusses the possibilities of
processing them by extrusion in order to obtain a highly nutritious and safe feed additive for animals. The
article presents the results of domestic and foreign studies confirming the effectiveness of extruded potatoes
in the diets of cattle, goats and pigs. Particular attention is paid to the issues of digestibility, reducing
antinutrients and increasing economic efficiency. The use of extruded off-grade potatoes not only reduces
the cost of feed, but also helps to solve environmental and food problems.
Keywords:
off-grade potatoes, extrusion, feed production, food safety, feed additive.

BeegeHue. B ycnoBuAx CTpemMUTENbHOMO pOCTa HaceNeHuaA naaHeTbl, KoTopoe, No nporHo3dam OOH, K
2050 rogy pocturHetr 9,7 mMApA 4YenoBeK, MMPOBAA Ce/IbCKOXO3ANCTBEHHAA OTPaC/ib CTa/JKMBAeTca C
b6ecnpeLeneHTHbIM BbI30BOM — 06ecneynTb NpoA0BO/bCTBEHHYO 6€30MacHOCTb, HE pa3pyLUas 3KOCUCTEMDI
[1]. CornacHo gaHHbIM MPOAOBOABLCTBEHHOM U CE/ILCKOXO3ANCTBEHHOM opraHusaummn OOH, K 2030 roay cnpoc
Ha KOpMa A/A KMBOTHOBOACTBA yBenAnumntca Ha 60% [2], yTo noTpebyeT gononHUTeNbHbIX 250 MAH TOHH
CbipbsA exxerogHo [3]. OgHaKo TPaANLMOHHbIE MCTOYHMKN KOPMOB, TaKME KaK COsl, KYKypy3a W NWeHnLa, yxe
CerogHA CTaNKUBAKOTCA C KPUTUHYECKMMU OTPAHUYEHUAMMU: POCT LLEH, KOHKYPEHLMA C NMULLEBLIM CEKTOPOM,
Aerpagauma noys M KAMMaTUYECKME PUCKN. B 3TOM cMTyauMm NOMCK aNbTePHATUBHbIX PECYPCOB CTAHOBUTCA
He NPOCTO aKTya/ibHbIM, HO U KM3HEHHO HEOBXOAMMBIM ANA YCTOMYMBOIO PA3BUTUA arponpOMbILIEHHOTO
KOMNAEKca.

MapannenoHo ¢ AedpUUMTOM KOPMOB HapacTaeT rnobanbHaa npobnema yTMAM3AUMM MULLEBLIX
OTX0L0B, KOTOpaa npuobpeTaeT macwTabbl SKONOrMYECKOro Kpu3mnca. ExxerogHo B mupe TepaeTtcs okono 1,3
M/1pA, TOHH NPOAOBO/IbCTBUA, YUTO COCTABASAET NPUMEPHO TPETb BCErO NPOMN3BEAEHHOro ANA noTpebneHus [4].
3™M umdpbl NOAYEPKUBAIOT HEPaUMOHa/IbHOCTb COBPEMEHHON MNPOAOBO/ILCTBEHHOM CUCTEMbI W
HeobxoAMMOCTb Mepexofa K LIMKANYECKOM 3KOHOMMKE, e OTXOoAbl CTaHOBATCA pecypcamu. OgHuMm w3
KNOYEBbIX PELIEHUIA MOMKET CTaTb MHTErpaums MULLEBLIX OTXOAOB, TaKMX KAaK HECOPTOBOM KapTodesnb, B
KOpPMOMpPon3BoACcTBO. TaKOM NOAXOA HE TONIbKO COKPATUT 06beMbl YTUANIMPYEMON KHEKOHAULMUY, HO U
CHU3UT 3aBMCUMOCTb OT TPAANLMOHHBIX KOPMOBbIX Ky/IbTYP, COXPaHASA NPUPOLHbIE Pecypcbl.

KapTodenb, 3aHMMalOLWNI YeTBEPTOE MECTO B MUpe Mo 0bbemam MpPOM3BOACTBA MOC/E KyKypys3bl,
nweHnubl n puca [5], ABnaetca Hambonee UCNO/Ib3yeMbIM HE 3€PHOBbLIM MULLEBbIM NPoAyKTOM. o gaHHbIM
FAO, mmpoBoe nponsBoacTBo KapTodens B 2022 rogy cocTaBuI0 0Kono 376 MUAJIMOHOB TOHH [6], ogHaKo Ao
35% yporKan TepaAeTCcs Ha aTanax XpaHeHUA, TPAaHCNOPTUPOBKN U NepepaboTKn. ITU NOTEPU, SKBMBANEHTHbIE
130 M/IH TOHH KAyBGHEN eXXerogHo, He TO/IbKO NOAPbLIBAOT IKOHOMMUYECKYO 3PPEKTUBHOCTb OTPAC/IN, HO U
ycyrybnatoT skonornyeckme npobaemol. Hanpumep, B KasaxcraHe, rae KaptopeneBoACTBO UrPaeT KtoYeByHo
pO/ib B arponpoMbILL/IEHHOM KOMMIEKCE, NOTEPU HECOPTOBOro KapTodena gocturatoT go 15-25%. bonblias
yacTb 3TUX KnybHel, 6oraTbix Kpaxmanom (4o 20%), BUTamMuHamu rpynnbl B M aHTUMOKCMAAHTamu,
OTNPaBAAETCA HA CBAJIKU, I4e B MPOLLECCE PA3/IOKEHMA BbIAENAETCA MeTaH — MapHMKOBbIN ras, Yeit noTeHumnan
rnobanbHOro notensieHuma B 28 pas Bbiwe, yem y CO,.

Mpn 3ToM NoTeHuMan KapTodesbHbIX OTXOA40B B KauyecTBe KOPMOBOFO CbipbA A/1A ¥MBOTHOBOACTBA
OCTaeTcs HefooUeHEeHHbIM. ANbTepHaTMBHbIE MNOAXOAbl K UX YTUAM3AUMKW, TaKMe Kak nepepaboTka B
yAOBpEHMA UM UCMONb30BAaHWE B PALLMOHE KBAUHbIX KUBOTHbIX [7], XOTA U NPUMEHSAIOTCS /IOKaNbHO, He
pewatoT npobnemy cuctemHo. Hanpumep, npsmoe CKapm/MBaHWE Cbiporo Kaptodesns CKOTy CBA3aHO C
PUCKaMKM M3-332 HANNYMA AHTUNUTATENIbHBIX BELLECTB, TAaKMX KaK CONAHWH, KOHUEHTPaALMA KOTOPOro B
no3efieHeBLINX KAYBHAX MOXeT npesbllaTh 6e3onacHbin yposeHb (0,2 mr/r). Kpome Toro, pesncTeHTHbIN
Kpaxman W WMHIMOMTOPbI MpOoTeas CHUMKAIOT YCBOAEMOCTb NMTATE/IbHbIX BELWLECTB, YTO OrpaHW4YMBaEeT
3P PEeKTUBHOCTb TAKOr0 KOpMa.
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BKkntoueHue KapTodens nnm ero noboYHbIX NPOAYKTOB B PALMOH ¥BayHbIX KMBOTHbIX MCCNEA0BaN0Ch
Ha MNPOTAKEHUU AECATUNETUIN C Pa3IMYHbIMN YPOBHAMMU BKAIOYEHUA M PeaKkLMel Ha NPOU3BOACTBEHHble
napameTpbl.

Franco, M.; Stefanski n ap. [8] AoKa3anun, 4To BKAOYEHME NOBOYHbIX NPOAYKTOB U3 KapTodena CHUMKaeT
a3p0bHYyl0 CcTabUNbHOCTb CMELIAHHbIX PAUMOHOB. 3Ty CTabUABbHOCTbD MOXKHO YAydWKUTb AobaBaeHWEM
XMMUYECKMX KOHCEPBAHTOB. JKCMEPUMEHT NPOAEMOHCTPMPOBA, YTO NOBOYHbLIA NPOAYKT U3 KapTodena
MOXHO YCMELHO BK/IOYATb B PALMOH BbICOKOMPOAYKTUBHbBIX MOIOYHbIX KOPOB, YTO Y/yYLLAET YCTOMYMBOCTb
CMUCTEMbI KOPM-NUTAHUE, XOTA NPON3BOACTBO MOJIOKA MOXET HEMHOIO CHU3UTbLCA.

Ha ocHoBaHuM pesynbratoB muccaeposaHus Sahraei M. n gp. [9], MOXHO caenaTb BbIBOA, YTO
ncnosb3oBaHne 16% KaptodenbHol 6OTBbI B KayecTBe 3aMeHbl YacTU 0B6bIYHOFO KopmMa B BUAE MOJIHOMO
KOPMOBOTIo 6/10Ka MOKET NPMUBE3TU K PeHTabenbHOCTU B CUCTEME KOYEBOTO OBLLEBOACTBA.

Kilama J. v gp. [10] B MccneaoBaHMAX OLLEHNBAIM NMOTEHLMAN HU3KOI/TIMKOAIKAIONAHOM KapTodenbHOM
60T1Bbl (HIKE), Kak Kopma g5 KBayHbIX XMBOTHbIX. YeTbipe ArHeHKa noayyanu paymoHsl ¢ 10%, 15% n 20%
HIKB no cyxomy Beutectsy (CB) B TeueHne 21 aHA. Pe3ynbTaTbl Nokasanu, uyto gobasneHme HIKB nosbicuio
ycBosiemocTb cyxoro BeluectBa (CB), opraHmyeckoro Beuwecta (OB), cbiporo npotemHa (CM) u Banosoit
sHeprum (P <0,01). YcBoseMocTb HelTpanbHO-AeTepreHTHoM Knetyatkm (HAI) gocturna nuka (54,8%) npwu
12,3% HIKB. YpeprkaHue a3oTa y ArHAT Ha paumoHe ¢ 20% HIKB 6bino noytvM BABOe Bbilwe, 4em B
KoHTposibHOW rpynne (19,1 r/a npotus 10,2 r/a; P = 0,032). Takum obpaszom, HFKE mosxeT ctaTb 6e30nacHbIiM
N BbICOKOKA4Y€CTBEHHbIM KOPMOM, CONOCTaBUMbIM C CEHOM NtOLLEPHbI.

Pesynbtatel MccnegoBaHua Sharma u gap. [11] NoKasbiBalOT, YTO BK/AKOYEHME PA3/IMYHbBIX KOIMYECTB
0oT6bpaKkoBaHHOTO KapTodena BMEeCTO KYKypy3bl B CMECb KOHLLEHTPATOB KOPMa 4310 OAUMHAKOBbIE pe3ynbTaThl
noeAaemMocTu, yCBOAEMOCTU NUTaTe/IbHbIX BELLECTB U CpeAHecyTOYHOro npuseca. Takum obpasom, 3epHO
KYKYPY3bl MOXHO 3aMeHUTb OTOpPaKOBaHHbIM KapTodenem A0 75% B KOHUEHTPUPOBAHHOM CMecH, He BAUAA
Ha noTpebseHne KOpMa, POCT U MCNOJIb30BAHNE NUTATE/IbHbIX BELECcTB BblYKaMK caxmsana.

dKcnepumeHT EropoBa B. n ap. [12] nokasan, 4yTo npu nepepaboTke KapTodensa OCHOBHaA 4acTb
oTxon08 (15-60%) obpasyetcs npu ouncTke. CBexasa KapTodenbHas Koxypa 6bICTPO NOPTUTCA, MO3ToMy ee
nepepabaTbiBatoT B TeyeHue 48 yacoB. ONTMMaNbHbIM METOAOM MPU3HAHA 3SKCTPY3UA, NO3BOAAIOLLANA
YAYUWUTb GU3MYECKME CBOMCTBA W NPOASNTb CPOK XpaHeHus. PaspaboTtaHa KopmoBaa gobaska u3 10%
KapTodenbHoin Koxypbl U 90% ppobneHoro 3epHa MWeHUUbl C ONTUMANbHOM BAAXKHOCTbO 16,5%.
DKCTPYAUPOBAHUE CHUMKAET COAEPXHAHUE CbIPOrO MPOTEMHA, KNETYATKU U KUpPA, MNOBbIWAET CbiNy4YecTb U
CHUMKaeT aHeprosaTpaTbl. CPOK XpaHEHMUA IKCTPYAMpOBaHHOW A06aBKM cocTaBnneT 4 mecAua.

UccnepgosaHua YannbirmHoit N.A. u gp. [13] noKasanu, 4to coaeprkaHue 6enka B aKCTPYAMPOBaHHOMN
MWEHNLE W 3SKCTPYAMPOBAHHbIX CMECAX, COAEepKalMX KapTodesnb, OTAMYAETCA He3HauuTeNbHOo, a
cofeprKaHMe KUPOB HE MBMEHSAETCA, YTO YKa3blBAaET Ha BbICOKYHO NMUTATE/NIbHOCTb KOpMa.

Mopobait I®. n famko J1.H. [14] yTBEpPKAAOT, YTO NPU CKAPMIMBAHUM MOPOCAT Ha A0PALLMBAHUN C
cogepKaHmem 19,0 1 29,9% cyweHoro Kaptodens, cpeaHecyTOUYHbIN NPUPOCT }KUBOM MacCbl YyBENMYMBAETCA
Ha 7,4 n 15,3% cooTtBeTcTBEHHO. 3aTpaTbl KOPMOB CHMKatoTcAa Ha 12,1-16,2%, a CpPOK BblpalMBaHMA
MONOAHSAKA COKpallaeTca Ha 6-11 aHel No cpaBHEHMIO C 3aBOACKMM KOPMOM.

NccneposaHma Tawila M.A. [15] noKasanu, 4To 3aMeHa KyKypy3bl Ha OTXOZbl KapTodesibHOM KOXKYpbl
B paLMOHax A1A KO3 y/y4yllaeT KavyecTBO KOpMa, 3OPeKTUBHOCTb KOPM/IEHUA N CHUMKAET CYTOYHble 3aTPaThbl
Ha KOpMJIEHWE, NOBbILLIAS SKOHOMMUYECKYIO 3PPEKTUBHOCT.

B cBeTe pesynbTaToB uccnegoBaHui K. Sadri [16], mMOXHO caenatb BbIBOA, YTO KapTodesbHO-
NWEHNYHbIA COJIOMEHHbIN CMIOC MOKHO CKapMAMBaTb OTKOPMOYHbIM ArHATam nopoabl MexpabaH B
Kadectse 3ameHbl (300 r/Kr) NOULEPHOBOrO M KOHLEHTPUPOBAHHOrO pauuoHa 6e3 HebnaronpuATHbIX
nocneacTBui ANa NpoU3BOAUTENbHOCTU }KUBOTHbIX.
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3aknoueHune. Takum o06pasom, MCNoNb3OBaHME HECOPTOBOro Kaptodens B KayecTBe Kopma AnA
CENbCKOXO3AMCTBEHHbIX WBOTHbIX, OCODEHHO B BUAE 3SKCTPYAMPOBAHHOIO NPOAYKTa, ABAAETCA
MHOroob6eLlaoWmMm peleHnem aas NMEeBbIX OTX0A40B M NpeacTaBaseT coboi NOoBbIWEHNE SKOHOMMYECKOMN
3bdEeKTMBHOCTU  KMBOTHOBOACTBA. HecopToBoit KapTodenb, KOTOPbIM 4YacTo He COOTBETCTByeT
peKkoMeHZauMAM no ynoTpebaeHuto B NuLy U3-3a AedeKTOB, HENPaBUIbHOTO PasMepa UIM NOBPEKAEHUS,
MOXKeT 6bITb NepepaboTaH B NMTaTE/IbHbIN KOPM 417 }KMBOTHbIX, COXPaHAA NPW 3STOM €ro NULLEBYHO LLEHHOCTb.

OfHOM M3 KNOYEBbIX TEXHONOIMN 06pPaboTKM ABNAETCA IKCTPYAUPOBAHME, KOTOPOe onpenenset
CTPYKTYPY Kpaxmanos, yBenuMumMBaeT OGMOAOCTYNHOCTb OENKOB M CHUMKAET YpOBEHb aHTMHYTPWMEHTOB. B
npouecce 3KCTPYANPOBAHMA NPOUCXOLUT TEPMUYECKAA U MexaHU4YecKas obpaboTka KapTodpenbHON macchl,
YTO MOBbILAET €e YCBOAEMOCTb KMBOTHbIX M MNO3BOAIAET Jlyylle COXPaHWTb NUTaTeNbHble BeLLecTBa.
DKCTPYAUPOBAHHbIE KOpMa TaKKe 06/1a4aloT BbICOKOM YCTOMUYMBOCTbIO K MWKPOOHOM Mopye, 4TO
YyBE/INMUYMBAET CPOK UX XPaHEHUA 1 genaeT ux bonee cTabunbHbIMU NPU TPAHCMOPTUPOBKE M XpaHeHun [17].

MpumeHeHMe SKCTPYAMPOBAHHbIX KOPMOB C KapTodenem TaKKe MOXKET NOMOKUTENbHO CKa3aTbCA Ha
3KOHOMMYECKOM 3PDEKTMBHOCTU DepMepPCKMX X03ANCTB. bnarogaps ToOMy, YTO IKCTPYAMPOBAHME CHUMKAET
3aTpaTbl HA KOPMA 3a CYET YBEIMYEHUSA €70 NUTATENbHON NIOTHOCTU U YAIyYLLIEHMA CBONCTB, depMepbl MOryT
CHU3WUTb PacxoAbl Ha 3aKyMKy 3epHOBbIX KYAbTYP, TAKMX KaK KYKypy3a UAM NILEeHULA, YaCTUYHO 3aMeHAS UX
KapTodenbHbIMM NMPOAYKTaMU. ITO OCOBEHHO BAXKHO B YCIOBMAX PACTYLMX LEH Ha KOPMA U OTPaHUYEHHbIX
pecypcoB Aas ux Npon3BoACTBa.

JKCTPYAMPOBAHHbIE KOPMa, COAep’Kalime HecopToBoW KapTodenb, Oyayyunm [OCTYNHbIMKM U
HeLOopPOrMMK, MOTYT CTaTb OT/IMYHBIM PELLEHNEM B BOMPOCE pecypcocbeperkeHns U paLMoHaibHOMo Nogxoaa
K YTUAM3aLMM OTXOAOB KapTodeneBoacTBa. YcnewHas MHTErpauma TakMxX KOPMOB B KMBOTHOBOAYECKYHO
MPaKTUKY HE TONbKO MOMOKET CHU3UTb 06BEMbI SKOHOMUYECKUX NOTEPD, HO M CO34ACT HOBblE BO3MOXHOCTH
ana depmepos, cnocobCTBYA YBEUYEHMIO UX AOXOH0B U CHUMKEHMIO 3aTPaT Ha MPOU3BOACTBO.

PaboTta BbiNnOAHeHa B pamkax npoekta WPH AP19174684 «BeTepuHapHO-CaHUTApHaA OLEHKa
NPOAYKTOB YKMBOTHOBOACTBA MPW MPUMEHEHUM IKCTPYAUPOBAHHONO KOPMA, COAepXKallero HecopToBOM
KapTodenb». UCTOUYHMK PuHaHcHpoBaHma — KomuteT Haykn MUHUCTEPCTBA HayKKM M BbiCLLEro 06pa3oBaHUs
Pecnybnaunkn KasaxcraH, 2023-2025 rr.

CnMCcoK UCNONb30BaHHOM UTepaTypbl:

1. OpraHmsauma  ob6beaAMHEHHbIX  Hauuih:  HapopoHacenenue;  oduumanbHbid  cakT;  URL:
https://www.un.org/ru/global-issues/population (aaTa obpaweHna 28.02.2025).

2. OECD/FAO (2023), OECD-FAO Agricultural Outlook 2023-2032, OECD Publishing,
Paris, https://doi.org/10.1787/08801ab7-en.

3. Alltech: Agri-Food Outlook: Global Feed Production Remains Steady in 2022; oduumanbHbii cait; URL:
https://www.alltech.com/sites/default/files/2023-01/2023%20Alltech%20Agri-
Food%200utlook%20v2_1.pdf (gata o6paweHuns 28.02.2025).

4. OpraHusauma ob6beAMHEHHbIX Hauui: HoBocTu: TpeTb NPOAYKTOB MUTaHUA B MUpe BblbpacbiBaeTcs;
odbumumanbHblili caint; URL: https://news.un.org/ru/story/2020/01/1369901 (nata obpatieHmns 28.02.2025).
5. FAO. International Year of the Potato; FAOSTAT: Rome, Italy, 2008; Available online:
http://www.fao.org/potato-2008 (accessed on 16 December 2020)

6. FAO: TexHunyeckan nnaTdopma No U3IMEPEHMUIO U COKPALLEHMUIO NPOLOBO/ILCTBEHHbIX NOTEPL M MULLEBbIX
OTXO[0B; odurumManbHbI caurT; URL: https://www.fao.org/platform-food-loss-waste/food-
loss/introduction/ru (pata o6pauieHuns 28.02.2025).

7. Nelson M. L. Utilization and application of wet potato processing coproducts for finishing cattle // Journal
of animal science. —2010. —T. 88. — Ne. suppl_13. — C. E133-E142.

8. Franco, M.; Stefanski, T.; Jalava, T.; Lehto, M.; Kahala, M.; Jarvenpas, E.; Mantysaari, P.; Rinne, M. Effect of

133


https://www.un.org/ru/global-issues/population
https://doi.org/10.1787/08801ab7-en
https://www.alltech.com/sites/default/files/2023-01/2023%20Alltech%20Agri-Food%20Outlook%20v2_1.pdf
https://www.alltech.com/sites/default/files/2023-01/2023%20Alltech%20Agri-Food%20Outlook%20v2_1.pdf
https://news.un.org/ru/story/2020/01/1369901
http://www.fao.org/potato-2008
https://www.fao.org/platform-food-loss-waste/food-loss/introduction/ru
https://www.fao.org/platform-food-loss-waste/food-loss/introduction/ru

AKALEMMWYECKOE U3OATE/IbCTBO «HAYYHAA APTE/1b»

Potato By-Product on Production Responses of Dairy Cows and Total Mixed Ration Stability // Dairy 2021, 2,
218-230. https://doi.org/10.3390/dairy2020019
9. Sahraei M., Fazaeli H., Asadzadeh N., Khalkhali-Evrigh R. Effect of using potato crop residues in
supplementary feeding on the economic traits of pregnant ewes // Animal Production Research (2024), 13
(3), pp. 75 - 86, Cited 0 times. DOI: 10.22124/ar.2024.27511.1835.
10. Kilama J. et al. Novel quality feed from a wasted resource: measuring the nutritional value of low-
glycoalkaloids potato haulm in sheep // Frontiers in Animal Science. —2024. —T. 4. —C. 1242989.
11. Sharma, Ph Suraj, et al. "Effect of inclusion of different levels of culled potatoes in replacement of maize
grain in the concentrate mixture on feed intake, Nutrient utilization and growth in sahiwal calves // Indian
Journal of Animal Nutrition 33.1 (2016): 17-21.
12. legorov, B. et al. Using Raw Potato Peel in the Production of Extruded Feed Additive // Food Science &
Technology (2073-8684), [s. I.], v. 15, n. 2, p. 85-92, 2021. DOI 10.15673/fst.v15i2.2028. Disponivel em:
https://research.ebsco.com/linkprocessor/plink?id=06bbc113-7164-39f1-a454-1f59b2fd4a8d.
13. YanabirmHa U. A. u ap. AHanu3 sHepreTMYeCKon LEHHOCTU IKCTPYAATOB HA OCHOBE 3epHa MLeHuLbl U
KapTtodens // BecTHMK KpacHOAPCKOro rocyapCcTBEHHOro arpapHoro yHusepcuTera. —2017. — Ne. 5. — C. 90-
95.)
14. NMopobain I. d., Famko J1. H. Ucnonb3oBaHMe NONHOPALMOHHbBIX KOMBUKOPMOB C cyleHbIM KapTodenem B
pauMoHax MONOAHAKA CBUHEN B pasHbix ¢usmnyecknx dopmax // BectHuk ®roy BMNO BpaHckas [CXA. 2014.
Ne4.
15. Tawila M. A., Omer H. A. A,, Gad S. M. Partial replacing of concentrate feed mixture by potato processing
waste in sheep rations // Cellulose. — 2008. — T. 20. — Ne. 2.50. — C. 26-73.
16. K. Sadri, Y. Rouzbehan, H. Fazaeli, J. Rezaei, Influence of dietary feeding different levels of mixed potato-
wheat straw silage on the diet digestibility and the performance of growing lambs // Small Ruminant
Research, Volume 159, 2018, Pages 84-89, ISSN 0921-4488, https://doi.org/10.1016/ j.smallrumres.
2017.11.002.
17. Abakanova G.N., Balji Yu.A., Sultanayeva L.Z., Zamaratskaia G. Assessment of the milk produced by mastitis
affected cows using an extruded feed supplement containing phytogenics // Herald of Science of S. Seifullin
Kazakh Agrotechnical Research University: Veterinary Sciences. — Astana: S. Seifullin Kazakh Agrotechnical
Research University, 2024. — No 1 (009). — P. 85-91. - ISSN 2958-5430, ISSN 2958-5449.
https://doi.org/10.51452/kazatuvc.2025.5(009).1881

© Tonengues XK.E., Ucmarynosa IT., bangxu KO.A., 2025

134


https://doi.org/10.3390/dairy2020019
https://research.ebsco.com/linkprocessor/plink?id=06bbc113-7164-39f1-a454-1f59b2fd4a8d
https://doi.org/10.51452/kazatuvc.2025.5(009).1881

HAYYHbIN }YPHAN «COGNITIO RERUM» ISSN (p) 2412-9489 / ISSN (e) 2542-1026 Ne6/ 2025

® X
¢
C
@

P

J
A*

HCKYCCIBOBEAEHHE

135



AKALEMMWYECKOE U3OATE/IbCTBO «HAYYHAA APTE/1b»

Nguyén Tho Diéu,
Lieutenant Colonel, Master of Arts
Faculty of Ethnic and Mountainous Arts, Military University of Culture and Arts.

H’GO'R DRUM — THE SPIRIT OF THE GRANDMOTHER IN THE MATRILINEAL
SPACE OF THE CENTRAL HIGHLANDS

Abstract

This article presents a long journey in search of the symbol of the "grandmother" within the Ede gong
ensemble—a distinctive matrilineal society in Vietnam’s Central Highlands. Starting from anthropological
questions sparked by the structure of the K'nah gong set and the Ede family worldview, the author conducted
multiple field trips to villages in D3k L3k, particularly to the Ko, Tring, and Sek villages. Throughout this
process, the seemingly absent "grandmother" figure gradually took shape in the image of the H'gor drum—
a musical instrument that always accompanies the gong set but is rarely specifically named.

This discovery not only adds an important link to the chain of Ede family symbols but also illuminates
the sacred role of the grandmother in the spiritual and social life of the Ede people. Thus, the article
contributes to affirming the deep anthropological value of the gong cultural space—where every sound
echoes the memory of ancestors and the traditional socio-cultural structure.

Introduction

Amidst the windswept basalt plateau, the sound of the Ede gongs resonates like a call from ancient
times, carrying with it the memory of ancestors and the spirit of the great forest. In that unique matrilineal
space, each musical instrument is not merely a musical device, but also a living symbol of social and spiritual
identity, tied to each role and position within the extended Ede family structure. The K'nah gong set—with
its father, mother, child, and grandchild gongs—has been recognized by many cultural and anthropological
researchers as a “sound family,” fully reflecting the unique matrilineal order of the Ede people.

However, within that scheme, an ever-present gap remains: Where is the symbol of the
grandmother—the keeper of the hearth and soul, the one who names the maternal grandchildren and passes
down the lineage? That seemingly small question led the author on a long process of fieldwork of fieldwork,
conversations, listening, and quietly tracing the “grandmother’s” footprints within the Ede gong ensemble.

It was on this journey that a seemingly forgotten figure gradually emerged: the H'gor drum—an
instrument rarely named, often standing beside the gongs but not harmonizing with them, yet serving to
connect, guide, and awaken the sacred. Could this be the very image of the grandmother—quiet, rarely
speaking, yet always present in the deepest corners of the Ede’s spiritual space?

This article is an effort to follow that clue—not only to name a symbol, but also to reconstruct the role
of the grandmother in the matrilineal culture of the Central Highlands, through the echoes of the H'gor
drum—a soul hidden yet enduring in the gong culture.

1. The Ede Gong Ensemble — A Matrilineal Family Symbol

In the world of Ede gongs, sound is not only a medium of communication with the deities but also a
vivid symbol reflecting social structure and kinship relations. The K'nah gong set—usually consisting of 6 to
10 pieces—is not only classified by sound or size, but each gong is also assigned a specific kinship role within
the “family”: father gong (kdéng), mother gong (kdié), child gong (hnao), grandchild gong (bluk), etc. Each
gong has its own name, role, and even “personality,” and when played in a ceremony, they are not just
instruments but family members speaking in a sacred space.

This naming practice is not coincidental; it stems from the matrilineal culture—where each person is
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born tied to the mother’s lineage, where family relationships revolve around the central role of women,
especially mothers and maternal aunts. The mother gong—usually placed in the center, keeping rhythm and
regulating sound—holds a central role just as in real life, where the Ede mother organizes the economy, leads
spiritually, and acts as the link to future generations.

The role assignments within the gongs reveal not only a highly systematic and symbolic structure but
also vividly reflect the Ede family structure in a matrilineal space: from the mother’s pivotal position to the
presence of the father, children, and subsequent generations. The sound of the gong ensemble thus becomes
a form of reenactment—or even a “performance” —of the Ede social life and hierarchy.

However, within that rich symbolic scheme, a deeply felt gap emerges: Where is the position of the
grandmother—a key figure in the Ede matrilineal family, the one who names the grandchildren, passes down
inheritance, and embodies continuity across generations? Perhaps this absence is not an accidental omission
but a “deliberate silence,” reflecting how matrilineal culture conceals its silent powers in the deepest layers
of communal memory.

2. The Absence of the Grandmother — A Nameless Silence

In the Ede gong ensemble—where every sound is assigned a kinship role, and each instrument stands
as a family member—what puzzles us is the absence of the grandmother figure. While the mother is clearly
defined with the role of keeping the rhythm, and the child and grandchild gongs are vividly present, the
“grandmother” gong—whether in reality or as a symbol—seems not to be named at all.

This is likely not due to forgetfulness. On the contrary, in the Ede’s matrilineal system, the grandmother
is the central figure in the inheritance system. It is she who gives the family name to her grandchildren, who
holds ownership of the land, the bloodline, and the collective memory of the people. The Ede grandmother
is not only the bridge between generations but also the sacred root of the extended family. In many
traditional Ede households, the longhouse exists and continues to be extended in part thanks to the presence
and authority of the grandmother.

So why does she have no name in the gong ensemble?

Perhaps the answer lies not in sound but in silence. In the Ede consciousness, the grandmother may
not need to be “named” on the gongs because she already embodies the soul that pervades that entire space.
She doesn’t need to stand in the middle to keep rhythm; she doesn’t need to produce her own sound,
because it is precisely her silence that provides the foundation for all other sounds to rise. Like the shadow
of an ancient tree that cannot be seen in the sound of the wind, yet remains the support for every rustling
that passes through.

Alternatively, the Ede people might have hidden the image of the grandmother in another realm—no
longer as an object but as a spiritual presence. And there, the H'gor drum emerges as the most perfect
symbol.

3. The H’gor Drum and Ethnographic Conversations

The H’gor drum is not a static artifact. It is a living being within the cultural space of the Central
Highlands, where every beat can awaken memories, spiritual currents, and layers of communal meaning.
Many times, during field trips to Ede villages, storytellers—often village elders or elderly women—pointed
to the old drum placed by the hearth and said: “It has witnessed more than any person.”

The H’gor drum is present in health ceremonies, new rice festivals, water source rituals, grave-leaving
ceremonies—where human words grow humble before the sound of the drum. In some regions, the Ede
even consider the H'gor drum to be like an “elder” —not to be played carelessly, not to be moved without
proper ritual offerings, and always placed in a position of honor in the longhouse.

Through the simple words of the villagers, each H’gor drum has its own “life record”: who was the first
to play it, in how many ceremonies it has participated, and through how many generations it has been passed
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down. Such ethnographic conversations help researchers approach the H’gor drum not merely as a musical
instrument but as a cultural witness—one that connects the past and the present through deep, slow rhythms
like the contemplative breath of the grandmother in the matrilineal culture.

4. H'gor as a Symbol of the Grandmother

In the matrilineal space of the Edé people, the grandmother is not only the root of the family but also
the guardian of memory and tradition. She is the storyteller of epics (khan), the keeper of the hearth, the
teacher of weaving and ceremonial speech, and the bearer of ancestral and spiritual tales. Wherever her
lullabies echo, the soul of the village resides.

The H'gor drum—with its deep, resonant tones and steady, unhurried rhythm—is likened by the Edé
to the grandmother’s voice in rituals. Its sound is not chaotic or urgent, but rather echoes like a gentle
reminder, a call to return to one’s origins. During major ceremonial offerings, when the H'gor drum is struck,
many say, “The grandmother has returned,” as if the matriarchal spirit manifests through its sound, watching
over her descendants.

Symbolically, the H'gor also embodies stability—the core quality of the grandmother in a matrilineal
household. The drum remains unmoved in the longhouse, just as the grandmother never leaves the hearth—
the space that links ancestors to the present. Like the grandmother, the H'gor does not speak often, but
when it does, it conveys the sacred.

In Edé villages, some H'gor drums are only played during specific occasions: longevity celebrations for
grandmothers, health rituals for them, or at their funerals—as a way to bid farewell with the very sound that
accompanied their lives. Thus, the H'gor is not merely a musical instrument—it is the embodiment of the
grandmother, of maternal love carried through generations, of silent but irreplaceable presence.

Conclusion

The study of the “grandmother” symbol in the Edé gong ensemble reveals a delicate resonance
between tradition, spirituality, and the icon of the matrilineal family. In the cultural space of the Edé, each
sound of the gong ensemble is not just music, but a “voice” of family relationships, reflecting the social
structure and worldview of the community. Discovering the image of the grandmother hidden in the H'gor
drum opens a new perspective for understanding her role—not only as the bearer of the family’s bloodline,
but as the cultural soul and the symbol of enduring intergenerational bonds.

The fieldwork journey not only established the connection between the H'gor drum and the
grandmother figure, but also emphasized the importance of ethnographic work—where each story, each
drumbeat, and each word from the people becomes a precious link in decoding the symbolic world of the
Edé community. It is through persistence, deep listening, and companionship with the Edé that the hidden
layers of meaning have been restored, affirming the profound anthropological value of the gong ensemble
space—where tradition, spirituality, and family converge into a unique cultural identity.
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BOOKS - AN ESSENTIAL CORNERSTONE OF KNOWLEDGE

Abstract
Books are an essential cornerstone of knowledge, culture, and personal development in modern
society. This article examines the enduring importance of books in the digital age, discussing their impact on
education, cognitive development, mental well-being, and culture. With the rise of e-books and audiobooks,
the traditional printed book remains a vital part of human interaction, creativity, and intellectual growth.
Keywords:
books, reading, cognitive development, literacy, culture, education.

Books have been instrumental in shaping human history, intellectual progress, and cultural
development. While technology has brought significant changes to how people access information, the
importance of books—whether in print, digital, or audio form—remains undeniable. Books are gateways to
learning, creativity, and personal growth, and they continue to hold a special place in society, despite the
rapid proliferation of digital media.

In education, books have been a central tool for learning for centuries. They are fundamental in
developing literacy, enhancing vocabulary, and improving comprehension skills. From textbooks to fiction,
books help students engage with complex concepts and deepen their understanding of the world. Studies
have consistently shown that reading for pleasure is linked to higher academic achievement. Students who
regularly read books outside of the classroom develop a greater love for learning and perform better in
subjects such as writing, critical thinking, and analysis.

Books also play a significant role in cognitive development. Reading engages the brain in ways that
other forms of media do not, particularly in terms of enhancing imagination, memory, and concentration. As
readers navigate through stories or academic texts, they build cognitive skills, including the ability to analyze
information, draw inferences, and think critically. Furthermore, books promote empathy by allowing readers
to explore different perspectives and life experiences. Fiction, in particular, helps develop emotional
intelligence by enabling readers to connect with diverse characters and scenarios.

The mental health benefits of reading are also well-documented. Reading can serve as a form of
escapism, allowing individuals to temporarily step away from their daily stresses. It provides a sense of
relaxation and reduces anxiety, making it a valuable tool for maintaining mental well-being. The act of
reading, especially before bed, can also improve sleep patterns, as it reduces exposure to the blue light
emitted by screens and provides a calming activity that helps the body wind down.

Moreover, books have a unique ability to preserve and share culture. Through literature, societies pass
down values, traditions, history, and beliefs to future generations. Books provide a way for cultural narratives
to be recorded and shared, bridging gaps between generations and cultures. They help preserve languages,
traditions, and stories that might otherwise be forgotten. Even in an era dominated by social media and
digital content, books remain a critical form of knowledge transmission.

The rise of e-books and audiobooks has further expanded the accessibility of books. These formats
allow readers to access vast libraries of content in digital form, making reading more convenient and
portable. Audiobooks, in particular, are a popular alternative for people with busy lifestyles or visual
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impairments, enabling them to experience literature while multitasking or on the go. However, while these
formats offer many benefits, the tactile experience of holding a physical book and the sensory pleasure of
flipping through pages continue to be cherished by many readers.

In conclusion, books continue to be vital tools for personal development, education, and cultural
preservation. As society continues to evolve, books—whether digital or physical—remain an essential
medium for connecting individuals with knowledge, creativity, and personal fulfillment.
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GEOGRAPHICAL SCIENCE: UNDERSTANDING OUR DYNAMIC PLANET AND ITS INHABITANTS

Abstract

Geographical science is a highly interdisciplinary field dedicated to understanding the Earth's surface
and the complex spatial relationships between human societies and their natural environments. It
systematically investigates patterns and processes, both physical and human, across various scales, from
local landscapes to global systems. This article explores the core branches of geographical science, including
physical geography, human geography, and Geographic Information Science (GISc), elucidating their distinct
methodologies and illustrating their crucial role in addressing contemporary global challenges such as climate
change, urbanization, resource management, and sustainable development. It underscores geography's
unique spatial perspective as essential for navigating our interconnected world.

Keywords:
geographical science, geography, spatial analysis, physical geography, human geography, gis, remote
sensing, cartography, human-environment interaction, environmental science,
urban planning, climate change.

Introduction

The world we inhabit is a complex tapestry of diverse landscapes, intricate ecosystems, and varied
human societies, all interconnected in myriad ways. Geographical science is the academic discipline that
provides the framework for understanding this extraordinary complexity, offering a unique spatial
perspective on the Earth's surface. More than just memorizing place names, geographical science is a
rigorous scientific inquiry into where things are, why they are there, and how they interact over space and
time. It bridges the natural and social sciences, integrating insights from geology, biology, climatology,
sociology, economics, and political science to offer a holistic understanding of our planet and the challenges
facing its inhabitants. By applying systematic observation, data analysis, and advanced geospatial
technologies, geographical science provides critical knowledge essential for navigating our dynamic and
interconnected world.

Geographical science is broadly divided into two main branches: Physical Geography and Human
Geography, with a crucial third, Geographic Information Science (GISc), providing the technological backbone
for much of the field. Physical geography focuses on the natural environment and its processes. Sub-
disciplines like Geomorphology study the formation and evolution of Earth's landforms, examining processes
such as erosion, weathering, and tectonic activity. Climatology investigates Earth's climate systems, long-
term weather patterns, and the impacts of climate change. Biogeography explores the spatial distribution of
plants and animals, and the factors influencing biodiversity patterns. Hydrology studies the movement,
distribution, and quality of water across the Earth's surface and subsurface. These physical geographers often
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employ quantitative methods, field measurements, and environmental modeling to understand natural
phenomena and their dynamics.

In parallel, Human Geography delves into the spatial organization and distribution of human activities
and phenomena. Population Geography examines demographic patterns, including population distribution,
migration, growth, and density. Cultural Geography explores the spatial aspects of human cultures, beliefs,
and practices, and how they shape landscapes and identities. Economic Geography analyzes the spatial
distribution of economic activities, industries, trade flows, and regional development. Political Geography
investigates the spatial aspects of political processes, power, and territorial organization, including
boundaries, international relations, and geopolitical conflicts. Urban Geography focuses on the development,
structure, and functions of cities and urban systems. Human geographers frequently use qualitative research
methods, surveys, interviews, and statistical analysis to uncover social, economic, and political spatial
patterns.

The methodologies employed in geographical science are diverse and often integrated. Researchers
utilize fieldwork to collect primary data directly from the environment or human communities. Quantitative
analysis involves statistical methods to analyze numerical data and identify spatial patterns and relationships.
Qualitative analysis uses methods like interviews, ethnographic observations, and textual analysis to
understand the nuanced human experiences of place and space. Spatial analysis, facilitated by GIS, applies
analytical techniques to geographical data to extract new insights or discover patterns. The relevance and
impact of geographical science in addressing contemporary global challenges are immense. It provides critical
insights for environmental management and conservation, helping to understand ecosystem health, track
deforestation, monitor glacier retreat, and design protected areas. In urban planning and development,
geographical science informs decisions about infrastructure placement, land use zoning, disaster
preparedness, and equitable access to services. Its tools are essential for resource management, optimizing
the use of water, energy, and agricultural land. Understanding human-environment interactions is crucial for
developing strategies for climate change adaptation and mitigation, as geographers analyze vulnerability to
climate impacts and evaluate potential solutions. Geographical knowledge is also vital for disaster risk
reduction, enabling the mapping of hazard zones, assessing population exposure, and planning emergency
responses. Furthermore, it plays a key role in public health, disease mapping, and humanitarian aid, providing
the spatial intelligence necessary for effective interventions. In essence, geographical science provides the
intellectual framework and practical tools for understanding the interconnectedness of our planet's systems,
enabling informed decision-making for a sustainable and equitable future.
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ECOLOGICAL SCIENCE: UNDERSTANDING THE WEB OF LIFE AND ITS ENVIRONMENT

Abstract

Ecological science, or ecology, is the interdisciplinary scientific study of the relationships between living
organisms and their environment. It investigates the distribution and abundance of organisms, their
interactions with each other and their surroundings, and the flow of energy and matter through ecosystems.
This article outlines the core levels of ecological organization, from individual organisms to the biosphere,
details its diverse methodologies, and highlights its critical role in addressing pressing global issues such as
biodiversity loss, climate change, pollution, and the sustainable management of natural resources. Ecological
science provides the essential framework for understanding the interconnectedness of life and ensuring a
healthy planet.

Keywords:
ecological science, ecology, ecosystem, biodiversity, conservation, environmental science, population
ecology, community ecology, ecosystem ecology, organismal ecology, biosphere, sustainability.

Introduction

The natural world is an intricate, dynamic tapestry woven from countless living threads—plants,
animals, fungi, and microorganisms—all interacting with each other and their non-living surroundings.
Ecological science is the discipline dedicated to unraveling this immense complexity, studying the
relationships between organisms and their environment. It seeks to understand why certain species live
where they do, how their populations fluctuate, how energy flows through food webs, and how ecosystems
maintain their delicate balance. More than just a descriptive field, ecology is a rigorous science that integrates
principles from biology, chemistry, physics, and geology to provide profound insights into the workings of
nature. Its findings are indispensable for addressing the most critical environmental challenges of our time,
from conserving endangered species and restoring degraded habitats to mitigating climate change and
managing our planet's vital resources sustainably.

Ecological science operates across multiple levels of organization, each providing a unique perspective
on the web of life. At the most fundamental level, Organismal Ecology focuses on the individual organism,
examining its morphology, physiology, and behavior in response to environmental challenges. This includes
behavioral ecology (how an organism's behavior is adapted to its environment) and physiological ecology
(how an organism's physiology is adapted to its environment). Moving up in complexity, Population Ecology
studies groups of individuals of the same species living in a particular area, investigating factors that affect
population size, density, distribution, age structure, and growth rates, such as birth rates, death rates, and
migration. Community Ecology then examines how different species interact within a shared area, exploring
relationships like predation, competition, mutualism, and commensalism, and analyzing patterns of species
diversity and community structure.

The next level is Ecosystem Ecology, which broadens the scope to include both the living (biotic)
components and the non-living (abiotic) components of an environment and their interactions. This involves
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studying the flow of energy and the cycling of matter (e.g., carbon, nitrogen, phosphorus) within ecosystems,
looking at processes like photosynthesis, decomposition, and nutrient availability. Landscape Ecology further
examines the spatial patterns of ecosystems across larger areas and the ecological effects of these spatial
arrangements, often influenced by human land use. Finally, Global Ecology or Biosphere Ecology is the largest
scale, encompassing the entire Earth's surface and the sum of all ecosystems. This level investigates global
patterns of energy flow and nutrient cycling, the impacts of large-scale environmental changes like climate
change on the planet's ecosystems, and the interconnectedness of Earth's life support systems. Within these
levels, specialized fields like Conservation Ecology apply ecological principles to protect and manage
biodiversity, while Restoration Ecology focuses on repairing damaged ecosystems, and Urban Ecology
examines ecological processes in cities.

Moreover, ecological insights guide land use planning and urban development, promoting green
infrastructure, maintaining ecosystem services (like water purification and pollination), and creating
healthier, more livable cities. By revealing the intricate dependencies within the natural world, ecology
fosters an informed approach to environmental stewardship, emphasizing that human well-being is
inextricably linked to the health of our planet's ecosystems.

In conclusion, ecological science is an indispensable discipline that explores the fundamental principles
governing life's interactions with its environment. By providing a multi-scale understanding of organisms,
populations, communities, and ecosystems, it equips humanity with the knowledge necessary to manage our
planet's resources sustainably, conserve its invaluable biodiversity, and adapt to the challenges of
environmental change. As the interconnectedness of global ecosystems becomes ever more apparent,
ecological science will remain at the vanguard of research, guiding our efforts to live harmoniously with
nature and secure a thriving future for all forms of life on Earth.

References:
1.Britannica. (n.d.). Ecology. Retrieved from https://www.britannica.com/science/ecology
2.Ecological Society of  America (ESA). (n.d.). About Ecology. Retrieved from
https://www.esa.org/about/about-ecology/

©Ashyrmuhammedov Y., Charyyev S., 2025

147


https://www.britannica.com/science/ecology
https://www.google.com/search?q=https://www.esa.org/about/about-ecology/

. @@
II

D] -

APXHTERIYPA




HAYYHbIN }XYPHA/ «COGNITIO RERUM» ISSN (p) 2412-9489 / ISSN (e) 2542-1026 Ne6/ 2025

Gilliyeva Gyzylgul, lecturer.

Atayeva Jennet, lecturer.

Nazarov Myrat, student.

Turkmen State Institute of Architecture and Construction
Ashgabat, Turkmenistan

ARCHITECTURAL GRAPHICS: VISUAL LANGUAGE OF DESIGN AND COMMUNICATION

Abstract
Architectural graphics serve as a universal language that bridges the gap between imagination and
built form. From conceptual sketches to digital renderings, architectural drawing enables architects,
designers, engineers, and clients to communicate spatial ideas with clarity and precision. This article explores
the significance of architectural graphics in both traditional and digital contexts, emphasizing their role in
design development, technical documentation, and creative expression. It also considers the evolution of
graphic representation techniques, the educational value of hand drawing, and the influence of software
technologies such as BIM and parametric modeling on architectural visualization.
Keywords:
architectural graphics, design communication, architectural drawing, BIM, parametric modeling,
architectural representation, visual language, hand sketching.

Main Body

Architectural graphics represent the foundation of visual communication in architecture. These
drawings, whether by hand or generated digitally, provide the tools by which architects translate conceptual
ideas into spatial representations. Architectural graphics include a broad range of forms: site plans, floor
plans, elevations, sections, axonometric drawings, and perspectives. Each type serves a distinct function in
the design process and reveals specific aspects of a project’s spatial organization and formal characteristics.
The precision and intentionality behind these drawings make them indispensable not only as technical
documents but also as expressions of design thinking.

Historically, the practice of architectural drawing began with manual techniques—charcoal sketches,
ink washes, and pencil drawings on vellum or tracing paper. These methods cultivated an intimate
understanding of scale, proportion, materiality, and light. Even in today’s digital era, architectural education
often begins with hand drawing to instill spatial awareness and visual literacy. Freehand sketching enables
spontaneous exploration and conceptual freedom, allowing architects to experiment with form and detail in
a fluid, intuitive manner. Sketchbooks remain a critical part of the design process, recording ideas as they
evolve and providing an analog counterpoint to digital precision.

In contemporary architectural practice, digital tools have revolutionized graphic production.
Computer-Aided Design (CAD) programs such as AutoCAD, Rhino, and SketchUp allow for efficient drafting
and modeling, while Building Information Modeling (BIM) platforms like Revit and ArchiCAD integrate data-
rich 3D models that combine graphic representation with technical documentation. These technologies have
increased accuracy, accelerated workflows, and facilitated interdisciplinary collaboration across engineering,
construction, and design. Furthermore, advanced rendering software and visualization tools enable
architects to create immersive, photorealistic images and virtual walkthroughs that help clients better
understand spatial qualities before construction begins.

One of the most significant shifts in architectural graphics is the rise of parametric and algorithmic
design. With tools like Grasshopper and Dynamo, architects can generate complex geometries based on
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predefined rules and variables. This approach, which relies heavily on scripting and computational logic,
expands the possibilities of form generation and spatial optimization. Such methods are especially prominent
in avant-garde and experimental architecture, where non-Euclidean geometries and adaptive facades
challenge conventional representation.

Despite these innovations, architectural graphics remain grounded in their communicative function.
Clear, legible drawings are essential for conveying intent to clients, consultants, and contractors. Graphic
conventions such as line weights, hatching, symbols, and color coding ensure that drawings are not only
aesthetically compelling but also readable across disciplines. In this regard, the teaching of architectural
graphics emphasizes not just creativity, but also precision and discipline.

Architectural graphics are also powerful tools for storytelling. Diagrams, exploded axons, and
conceptual collages reveal not only what a building looks like, but how it works—structurally,
programmatically, environmentally. These drawings provide insight into circulation, function, sun exposure,
material systems, and ecological strategies. In academic contexts, such as architectural studios and portfolio
development, visual narratives become key to expressing a designer’s philosophy and process.
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THE ROLE OF 3D TECHNOLOGIES IN CONTEMPORARY ARCHITECTURE: VISUALIZATION,
DESIGN, AND INNOVATION

Abstract

Three-dimensional (3D) technologies have fundamentally transformed architectural practice,
education, and design communication. From conceptual modeling to digital fabrication, 3D tools allow
architects to explore complex geometries, simulate spatial experiences, and bridge the gap between
imagination and reality. This article investigates the impact of 3D in architecture, focusing on the evolution
of 3D modeling software, the integration of Building Information Modeling (BIM), the rise of parametric
design, and the use of virtual and augmented reality. It also examines how 3D visualization has improved
client communication and enabled architects to design with greater precision, creativity, and sustainability
in mind.
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Main Body

The application of 3D technologies in architecture has revolutionized the discipline, redefining how
buildings are imagined, designed, presented, and constructed. From the earliest days of digital modeling to
today’s sophisticated simulations and immersive environments, 3D tools provide architects with
unprecedented control over form, structure, and user experience. They allow ideas to be tested rapidly,
altered fluidly, and shared with a level of visual clarity and technical accuracy that was previously
unimaginable.

One of the core uses of 3D in architecture is through digital modeling software. Programs such as
SketchUp, Rhino, AutoCAD 3D, and 3ds Max enable architects to generate accurate three-dimensional
representations of their designs. These models help designers study form, volume, massing, and proportion
in real time. Beyond static form, 3D models facilitate detailed spatial analysis, lighting simulations, and
context-aware design that enhances the integration of a building within its environment. Designers can
visualize how a space will feel from the inside, how light will behave throughout the day, and how different
materials will influence the visual and tactile experience.

A significant advancement in architectural 3D tools is the emergence of Building Information Modeling
(BIM), with platforms like Revit and ArchiCAD at the forefront. BIM goes beyond simple 3D visualization by
embedding data about materials, structural systems, performance, and maintenance into a dynamic model.
This allows architects to coordinate with engineers, contractors, and consultants within a unified digital
environment, reducing errors and enhancing efficiency throughout the project lifecycle. BIM facilitates clash
detection, cost estimation, scheduling, and energy analysis, making it an essential tool in modern
architectural practice.

3D technologies have also fueled the rise of parametric and algorithmic design. Software extensions
like Grasshopper for Rhino or Dynamo for Revit empower architects to define complex relationships and
design logic using parameters and rules. This approach enables the generation of forms that respond to site
conditions, environmental data, or structural behavior in real time. For example, architects can create a
building facade that adjusts to sun angles or wind pressure, optimizing comfort and performance while
embracing innovative aesthetics. Parametric modeling supports experimentation and iteration, encouraging
the development of architecture that is not only unique but responsive and intelligent.

Beyond design and documentation, 3D has revolutionized architectural visualization. High-resolution
renderings, animation, and real-time walkthroughs allow architects to communicate their ideas with
extraordinary realism. Clients and stakeholders can now experience proposed designs in photorealistic
environments, fostering better understanding and engagement. Tools such as Lumion, Enscape, and
Twinmotion convert models into cinematic presentations with lifelike lighting, reflections, and atmospheric
effects. These visualizations are no longer mere supplements—they are central to design decision-making
and project approval processes.

The incorporation of immersive technologies such as Virtual Reality (VR) and Augmented Reality (AR)
has further expanded the potential of 3D in architecture. VR allows users to navigate digital models at full
scale, experiencing space, proportion, and movement in a highly intuitive way. AR overlays digital elements
onto the physical world, useful in both design reviews and construction settings. These tools enhance
collaboration between clients, designers, and builders, enabling real-time changes and immediate feedback.
As hardware becomes more accessible and software more user-friendly, immersive 3D experiences are
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becoming standard in both educational and professional contexts.

3D also plays a critical role in digital fabrication. CNC milling, 3D printing, and robotic construction all
rely on digital models to guide the physical realization of architectural elements. This connection between
digital and physical enables the creation of intricate geometries, customized components, and efficient
structures that would be difficult or impossible to build using traditional methods. In academia, architecture
schools now incorporate digital fabrication labs as integral parts of design pedagogy, allowing students to
test and materialize their ideas through prototyping and scaled construction.

Despite the clear advantages, the adoption of 3D technologies in architecture presents certain
challenges. These include the steep learning curve for complex software, the cost of licensing and hardware,
and the need for interdisciplinary collaboration and data management. Furthermore, as visual fidelity
increases, there is a risk of over-reliance on appearance at the expense of deeper design thinking. To mitigate
this, architectural education and professional practice must emphasize conceptual clarity, technical literacy,
and critical evaluation of digital tools.

Conclusion

3D technologies have become indispensable to contemporary architecture, enabling new levels of
innovation, efficiency, and expressiveness. They enhance not only how architects design and build, but also
how they communicate and collaborate. As digital tools continue to evolve, the role of 3D in architecture will
expand further, offering even greater potential for sustainable design, interactive learning, and responsive
environments. Ultimately, the integration of 3D in architecture strengthens the connection between vision
and realization, turning ideas into meaningful, buildable, and inspiring spaces.
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VIRTUAL REALITY IN ARCHITECTURE: IMMERSIVE TECHNOLOGIES FOR DESIGN,
VISUALIZATION, AND COLLABORATION

Abstract
Virtual Reality (VR) is transforming the architectural profession by offering immersive, interactive
experiences that redefine how architects design, present, and collaborate. This article explores the
integration of VR in architectural workflows, highlighting its applications in spatial visualization, client
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engagement, design development, education, and construction coordination. With real-time simulation, full-
scale navigation, and intuitive interaction, VR enhances spatial understanding and bridges communication
gaps between architects and stakeholders. The article also discusses the technological challenges,
pedagogical implications, and future potential of VR as a standard tool in both professional and academic
architectural environments.
Keywords
Virtual Reality, architecture, immersive technology, spatial visualization, design communication,
real-time rendering, architectural education, BIM.

Main Body

The architectural field has always depended on visual communication to translate ideas into tangible
spaces. Traditional drawings, models, and renderings offer valuable tools for conveying scale, proportion,
and materiality, but they fall short in delivering a fully embodied spatial experience. Virtual Reality (VR),
however, has begun to revolutionize this dynamic by allowing architects and clients to experience unbuilt
spaces in immersive, real-time environments. VR represents a paradigm shift in architectural practice, one
that enhances not only design exploration but also communication, collaboration, and education.

At its core, VR enables users to enter a simulated three-dimensional environment and interact with it
in a natural, intuitive manner. Using head-mounted displays (HMDs) such as Oculus Rift, HTC Vive, or Meta
Quest, users can navigate architectural spaces at full scale, gaining a direct sense of room dimensions, ceiling
heights, lighting conditions, and circulation paths. This level of immersion fosters a deeper understanding of
spatial relationships, enabling more informed design decisions and fewer miscommunications during project
development.

In the design phase, VR tools integrate seamlessly with Building Information Modeling (BIM) and 3D
modeling software such as Revit, SketchUp, and Rhino. Plug-ins like Enscape, Twinmotion, and Autodesk’s
Revit Live offer one-click conversions of architectural models into VR environments, significantly reducing
the time needed to prepare immersive presentations. Architects can now walk through their designs while
they are still in development, testing sightlines, furniture placement, and material palettes. This interactive
design process encourages iteration and refinement, leading to more user-centered solutions.

Beyond design exploration, VR is an invaluable tool for enhancing client communication. Many clients,
especially those without architectural backgrounds, struggle to interpret 2D drawings or static 3D renderings.
By immersing them in a virtual model, architects can bridge this comprehension gap, allowing clients to
experience their future environment firsthand. This participatory engagement fosters trust, improves
decision-making, and reduces costly changes during construction. VR walkthroughs can be presented in-
person or shared remotely via web platforms, extending accessibility and flexibility.

Conclusion

Virtual Reality represents a transformative tool in contemporary architecture. Its ability to simulate,
communicate, and test designs in real time reshapes how architects envision, develop, and deliver built
environments. From concept to construction, VR empowers architects to engage users, reduce uncertainty,
and design with empathy and precision. As immersive technologies continue to evolve, their role in
architecture will deepen, fostering a future where virtual space becomes an integral part of real-world
creation.
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ARCHITECTURAL MACHINES: MECHANIZATION, AUTOMATION,
AND THE EVOLUTION OF DESIGN PROCESSES

Abstract
The integration of machines into architectural thinking and practice has fundamentally transformed
the way buildings are conceived, designed, and constructed. From early drawing instruments to
contemporary robotic arms and algorithmic design platforms, architectural machines extend the capacity of
human creativity, precision, and productivity. This article explores the historical development, conceptual
significance, and practical applications of architectural machines. It examines both analog and digital tools—
ranging from mechanical drawing aids and tectonic assemblies to computational design systems and CNC
robotics—and considers how they shape architectural form, process, and theory. Special emphasis is placed
on the educational and experimental value of architectural machines in fostering innovation and hybrid
practices.
Keywords:
architectural machines, design automation, robotic fabrication, architectural theory, computational design,
digital fabrication, Cedric Price, machine aesthetics, architecture and technology.

Main Body

The term “architectural machine” encompasses a wide range of instruments, systems, and processes
that assist architects in the creation of spatial forms and structures. While today it often evokes robotic arms
and parametric scripts, the concept predates digital technologies and includes a lineage of devices—from the
drawing board and drafting compass to cranes, printing presses, and structural prototypes. These machines
do more than mechanize tasks; they introduce new ways of thinking about architecture as a dynamic,
responsive, and evolutionary discipline.

One of the most influential theoretical explorations of architectural machines came from Cedric Price
in the 1960s. His proposal for the “Fun Palace,” in collaboration with theater director Joan Littlewood and
cyberneticist Gordon Pask, was a radical vision of architecture as a responsive, programmable environment—
a machine for learning, leisure, and creativity. This unbuilt project challenged traditional notions of fixed
structure and instead imagined architecture as an interactive, adaptable system. In Price’s vision, machines
were not merely construction tools; they were integral to spatial experience and social engagement.

The evolution of machines in architecture can be roughly divided into analog and digital eras. In the
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analog period, architectural machines enhanced manual labor and visualization. Drawing tools such as
pantographs, ellipsographs, and drafting arms allowed precise geometrical constructions, while scale models
and mechanical assemblies enabled testing of structural behavior. Even construction cranes and scaffolding
systems functioned as extensions of the architect’s intent—shaping how and what could be built.

With the digital revolution, architectural machines took on new dimensions. The development of
Computer-Aided Design (CAD) in the 1980s and Building Information Modeling (BIM) in the 2000s allowed
architects to simulate, document, and coordinate design with greater complexity and speed. More recently,
algorithmic design platforms such as Grasshopper and Dynamo, as well as generative design engines
powered by artificial intelligence, have introduced new modes of authorship. These platforms allow
architects to define rules, parameters, and behaviors, shifting the focus from drawing form to programming
behavior.

A central application of architectural machines today lies in digital fabrication. CNC milling, laser
cutting, and 3D printing translate digital models directly into physical components with high precision.
Robotic arms used in architectural research and practice—such as those developed at ETH Zurich or the AA
School’s Hooke Park—enable architects to explore material behavior, non-standard assemblies, and adaptive
construction. These robotic processes are not simply tools for efficiency; they are mediums for innovation.
Through iterative feedback loops, architects can test, analyze, and refine their ideas in real time.

Conclusion

Architectural machines represent more than technological advancements—they embody a shift in how
architecture is conceived, represented, and realized. From drawing tools to robotic constructors, these
machines amplify the possibilities of architectural expression, performance, and interaction. As tools,
collaborators, and conceptual frameworks, architectural machines challenge us to rethink design as an open,
iterative process shaped by both human imagination and mechanical intelligence. Their continuing evolution
invites architects to explore new frontiers in creativity, sustainability, and responsive space-making.

References
1. Price, C. (1970). The Fun Palace. Architectural Design, 40(9), 554-555.

2. Carpo, M. (2011). The Alphabet and the Algorithm. MIT Press.
3. Oxman, R. & Oxman, R. (Eds.). (2014). Theories of the Digital in Architecture. Routledge.
4. Kolarevic, B. (2003). Architecture in the Digital Age: Design and Manufacturing. Taylor & Francis.
5. Gramazio, F., & Kohler, M. (2008). Digital Materiality in Architecture. Lars Miiller Publishers.
© Ishanov M., Charyyeva S., Kakabayeva M., Hakberdiyeva E., 2025

Seydiyeva Jennet

Head of equestrian sports, tourism and national equestrian games department
Charyyev Sohbet

Lecturer of horse breeding and horse training department

International horse breeding academy named after Aba Annayev

Arkadag, Turkmenistan

ARCHITECTURAL SCIENCE: THE SCIENTIFIC FOUNDATION OF BUILDING AND DESIGN

Abstract
Architectural science is an interdisciplinary field that applies scientific principles and research
methodologies to inform, optimize, and innovate architectural design and construction. It systematically
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investigates the performance of buildings and built environments in relation to human comfort, energy
efficiency, structural integrity, material properties, and environmental impact. This article outlines the core
domains within architectural science, from building physics and structural analysis to sustainable design and
human factors, elucidates its research methodologies, and highlights its critical role in creating safer,
healthier, more comfortable, and environmentally responsible structures and spaces, thereby shaping the
future of the built environment.
Keywords:
architectural science, building science, building physics, sustainable architecture, structural engineering,
environmental design, materials science, architectural technology, building performance,
human factors, built environment.

Introduction

Architecture has long been recognized as a blend of art and engineering, balancing aesthetic vision
with functional requirements. However, underlying every successful structure and every comfortable indoor
space is a robust foundation of scientific understanding. Architectural science is the dedicated academic and
research discipline that provides this essential scientific bedrock, systematically investigating the physical,
environmental, and human factors that influence the performance of buildings and their surrounding
environments. It moves beyond mere form and function, delving into the empirical data and theoretical
models that dictate how buildings stand up, how they use energy, how they interact with climate, and how
they impact the well-being of their occupants. By rigorously applying scientific principles, architectural
science ensures that designed spaces are not only beautiful but also efficient, safe, healthy, and sustainable,
critically shaping the built environment for present and future generations.

Architectural science encompasses a diverse range of specialized domains, each contributing a vital
layer of scientific understanding to the design and construction process. Building Physics is a core area,
investigating the fundamental physical processes that govern a building's performance, including heat
transfer (thermodynamics), moisture movement, air flow (fluid dynamics), and light propagation (optics).
This understanding is critical for designing comfortable indoor environments, minimizing energy
consumption for heating and cooling, and preventing issues like condensation and mold growth. Closely
related is Environmental Design and Sustainable Architecture, which applies scientific knowledge to reduce
the environmental impact of buildings throughout their lifecycle. This involves research into passive design
strategies (e.g., natural ventilation, daylighting), renewable energy integration (solar, geothermal), high-
performance building envelopes, and circular economy principles in construction, aiming for net-zero energy
or even regenerative buildings. Structural Engineering, while often considered a separate engineering
discipline, is a fundamental component of architectural science, focusing on the analysis and design of
structures to ensure they can safely support loads and resist forces like gravity, wind, and seismic activity.
This involves applying principles of mechanics, materials science, and civil engineering to ensure the stability
and durability of buildings.

Architectural Materials Science investigates the properties, performance, and selection of building
materials, from traditional concrete and steel to advanced composites, smart materials, and bio-based
alternatives. This field studies how materials behave under stress, age, and environmental exposure, and
how their properties can be optimized for specific architectural applications, considering both performance
and sustainability. Building Systems and Technologies focuses on the scientific and engineering principles
behind mechanical (HVAC), electrical, plumbing, lighting, and communication systems within buildings,
aiming for optimized performance, energy efficiency, and occupant comfort. This includes developing smart
building technologies that use sensors and automation to control environmental parameters. Furthermore,
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Human Factors and Occupant Comfort is a critical area, applying principles from psychology, ergonomics, and
environmental physiology to understand how buildings affect the well-being, productivity, and health of their
inhabitants. This involves studying thermal comfort, visual comfort (lighting), acoustic comfort, indoor air
quality, and the psychological impact of designed spaces. Acoustics within architectural science specifically
deals with sound behavior in built spaces, designing for optimal speech intelligibility in lecture halls, sound
insulation in residential buildings, or specific reverberation times in concert halls. Fire Safety Engineering
applies scientific principles to understand fire phenomena within buildings and design systems and strategies
to prevent fire, contain its spread, and ensure safe evacuation.

The impact of architectural science on the built environment and human society is profound. It directly
contributes to energy efficiency and climate resilience by enabling the design of buildings that consume less
energy, utilize renewable sources, and withstand extreme weather events, playing a vital role in addressing
climate change. By optimizing indoor environmental quality, it enhances human health and well-being,
leading to more comfortable, productive, and less sickly occupants in homes, schools, and workplaces. It
ensures structural integrity and safety, providing the engineering knowledge necessary to construct buildings
that are resilient to natural disasters and everyday stresses. Advances in architectural materials science drive
the development of innovative and sustainable materials that reduce environmental impact and improve
building performance. Moreover, architectural science provides the crucial data and insights for evidence-
based design, moving beyond intuition to measurable performance, which is vital for informing sustainable
building policies and regulations worldwide. As global populations urbanize and environmental pressures
intensify, the role of architectural science in creating a sustainable, safe, and livable built future becomes
ever more critical.
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