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YAK 537.871
NbeoB Oner Cepreesuy
HMNO «PybuH», neHcnoHep
r. MeHsa, PO

3AMEYAHUA K CTATbLE “TEH30P SHEPTUU-UMNY/IbCA N YPABHEHUA
3NEKTPOMATHUTHOrO NONA B O4HOPOAHOW CPELE”

AHHOTauuA

B nioHbckom Homepe 2025 r. HayyHoro XypHana "COGNITIO RERUM" 6bina onybavMkoBaHa cTaTbA
NbeoBa O.C. “TeH30p 3HEPrMU-UMMYbCA U YPABHEHUA 3/1EKTPOMArHUTHOIO MOAA B OAHOPOAHOW cpepe”.
ABTOp CTaTbWu npepaaraetT BapuwaHT pelleHnA HabonesBwero Bonpoca O TEH30pe 3HEPruuM-umnysabca B
OZHOPOAHOW Cpefie, a TaKKe HOBOE YpaBHEHME 3/eKTpomarHuTHoro nonaa (3MIM) B8 noasuxkHon cpege. K
COXaNleHMIO, B CTaTbe OBHAPYKNAOCh HECKOIbKO Cepbe3HbIX OLWMBOK M HeEA0CTAaTOUYHO CTPOrMx 060CHOBAHMA
HEKOTOPbIX NOJIOKEHUN. YUMUTbIBAsA BaXKHOCTb 3aTPOHYTOM Npobaembl, aBTOP Npennaraer KOPPeKTUPOBKY
oTAeNbHbIX GParMeHTOB CTATbM C LENbIO YCTPAHEHWA BbIBJEHHbIX HE40CTAaTKOB.

KnioueBble cnosa:
TEH30p 3HEPTUU-UMMNYNbCA, SNEKTPOMArHUTHOE NoJjie, OA4HOPOAHAA cpeaa.

Lvov Oleg Sergeevich
SPO “Rubin”, retiree

COMMENTS ON THE ARTICLE “ENERGY-MOMENTUM TENSOR AND ELECTROMAGNETIC FIELD
EQUATIONS IN A HOMOGENEOUS MEDIUM”

Annotation
In the June 2025 issue of the journal "COGNITIO RERUM", an article by O.S. Lvov was published. «The
energy-impulse tensor and the electromagnetic field equation in a homogeneous medium». The author of
the article proposes a solution to the pressing question of the energy-impulse tensor in a homogeneous
medium, as well as a new equation of the electromagnetic field in a moving medium. Unfortunately, the
article revealed several serious errors and insufficiently strong justifications for some of the provisions. Given
the importance of the problem, the author proposes to correct the separate fragments of the article in order
to eliminate the identified shortcomings.
Keywords:
energy-momentum tensor, electromagnetic field, homogeneous medium.

BsepeHue

B ntoHbCcKOM Homepe 2025 r. KypHana "COGNITIO RERUM" 6blna onybankoBaHa ctatba JlbBosa O.C.
“TeH30p 3HEPrUN-MMNYIbCa U YPaBHEHUA 3NEKTPOMArHUTHOrO NoAA B 0A4HOpPoAHOM cpeae” [1]. ABTop cTaTbu
npeanaraeT BapuaHT pelweHna HabosieBLIero BoNpoca o TeH30pe SHEPrUn-MMNyabca B 04HOPOAHON cpeae,
a TaK)Ke HOBOE YpaBHEHWe 3/1eKTpoMarHuTHoro nons (3MIM) B noasuKHoOM cpege. K coxKaneHuto, B CTaTbe
6bI10 0BHAPYKEHO HECKOJIbKO Cepbe3HbiX OWWMOOK M HeaoCTaTOYHO CTPOrMx 06OCHOBAHWMA HEKOTOPbIX
NONOXEHUI. YUMTbIBAA BAXKHOCTb 3aTPOHYTOWM Npobaembl, aBTOp NpeanaraeT KOPPEKTUPOBKY OTAENbHbIX
bparmeHTOB CTaTbW C LLENbIO YCTPAHEHUS BbIIB/IEHHbIX HEAOCTAaTKOB.
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O6Hapy»KeHHble oWwKnbKN aBTOpPA CTaTby

1. Huke popmynbl (2) HanucaHo:

“Penatusnctckune ypasHeHus (1) npu fob6aBAEHUN TOKOBbIX Y1IEHOB CUMTALOTCA CNpaBed/IMBbIMU KaK
ONA HEeMOABUMKHOW, TaK U Ana ABuKyLelnca cpeabl. OgHAKO TakaA CMTyauma MMeeT MecTo NMLb B Clyvae
OETAaNIbHOTO MUKPOCKONUYEeCKo20 ONMUcaHuA cpeabl. Npu MOKpOCKonu4eckoM OMUCAHUW cpeabl, Koraa
paccmaTpuBaemas cpefia XapaKTepusyeTca /vWb MOKasaTeNaAMU  ANINEKTPUYECKOM U MarHUTHOM
NPOHNLLAEMOCTW... UCMONb30BaHNE PENATUBUCTCKUX YpaBHEHUN (1) He npaBomepHO”.

3710 yTBEpPXKAEHUE HeBepHO. PakTMyeckM ypasHeHus (1) (ypaBHeHua MaKcBenna) npeacrasastoT
MaKpocKonuveckoe onncalme MM B ananektpuyeckon cpege. C uenbio 060CHOBaHMA HEMNPAaBOMOYHOCTHU
ypaBHeHui (1) npeacTaBaseTca pasymMHbIM YKa3aTb B KOHLE pa3gena cneayoulee:

“YpaBHeHuns DM (1) cunTaloTca cnpaBeA/IMBbIMU Kak ANA HEMOABUMNKHOM, TaK U ANA ABUXKYLLENCA
cpeabl [2, c. 363]. OAHaKO TakadA CUTyaums BbI3blBAe€T COMHEHMA BBMAY 3anNUCU HepPenAaTUBUCTCKUX
ypaBHeHu MM B cpese B ABHOW PenaTUBUCTCKOM Gopme, a TakKe BBMAY NPo6aeMbl NOSYYEHUA B 3TOM
cny4dae KoppektHoro TOU. Huxke npeanaratotcs gpyrne ¢opmbl ypaBHeHnn MM n TIU, He obnagatowmx
OTMEeYEHHbIMWN HeJocTaTKamn”.

2. B popmynax (20g) 3HaueHUe NAOTHOCTU MMNYAbCa DM BOJIHbI NOIYYAETCA YMHOMKEHUEM KOMMNOHEHT

TOU M Ha dpaKkTnYecKyr ckopocTb IM BOJH
2

S —£T01——C E,H =Y
17n T 4mn %3 T Amen?’
2,2 3
2] yw* (1 —pn)
S, =v|T'"%' = —FE,H} = :
1=" 423 T 4men n—B

3To HEeBEpPHO. B NpuHATOMN BapuaLMOHHOMW METOAMKE MMMY/IbCHbIE KOMMOHEHTbl TOU yMmHOKatoTcA Ha
CKOpOCTb CBeTa c. Ha 3To 06cTOoATEeNbCTBO CAeAyeT yKas3aTb B HayasbHOM yacTv MpunoxkeHusa A Takoi
¢dpasoit:

“CornacHo T3 MuHKoBcKoro (3g) npu noKoswenca cpene BEKTOP NJIOTHOCTU MOTOKa 3HEpruu

2
[ n v
S = a(]5: X H) u BeKTop NAOTHOCTM WMMMynbca g= E(E X H) [3]. B KOMMOHEHTHOW 3anucu
Sa’ — CTOa I/Iga — l TaO ”
" .

[lBe KoHeuHble dopmynbl (20g) cnepyeT 3anuncath B caeaylolein popme:
2

c c 0w w
Sl = CTOl = _E2H3 - = 1]
41 amcefic  4men
Sll — CT/01 — LE’H, — w? (1-pn)?
4 273 4men 1-2

3. B KoHUe pa3genia “YpaBHEHMA U TEH30p 3Heprum-umnyabca csobogHoro MM B ogHOPOAHOM
MarHUTHO-AM3NeKTpuYeckon cpeae” dppasy “3ameTum, YTO COXPaHEHME IHEPTUU U MMMY/IbCa B HEKOTOPOM
NCO nmeeT mecTo Takxke B ntobon apyroit MCO, B yacTHocTn B noasukHon UCO, B cuny paBeHCTBA HY/tO
MCTOKOB YKa3aHHbIX BENIMYMH” npeanaraeTca 3aMmeHUTb 6osiee CTPOrMM yTBEPKAEHNEM:

“3aMeTnm, YTO COXpPaHEHUE IHEPTUN N MMMYAbca B HeKoTopoint MCO nmeeT mecTto TakKe B N1toboi
apyron NCO, B yacTHOCTM B noasuxkHoi MCO, B cM/ly paBEHCTBA HYJIH0 BCEX KOMMOHEHT 4-BEKTOpPa UCTOKOB
YKa3aHHbIX BeJIMYNH".

3aknioyeHue

O6Hapy»KeHHble OWWOKM BbI3bIBAOT COMHEHMA B MPABUIbHOCTU OCBELLEHHbIX B CTaTbe HOBbIX
nonoxexHui. OgHaKo, CNpaBeANBOCTU PagM, caeayet OTMETUTb, YTO BbIABIEHHbIE ABE CEPbe3Hble OLNOKK
KacalTCA NULWb KPUTUYECKUX 3aMEYaAHUI B afipec HEKOTOPbIX M3BECTHbLIX B HACTOALLEE BPEMA NONOXKEHWNN
Teopun IMI B cpese.

3TV OWKNOBKM He BAMAIOT HA MPABUAbHOCTb MNONYYEHHbIX Pe3Y/IbTAaTOB, YTO NOATBEPKAAETCA NOBTOPHOW
NPOBEPKOM aBTOPOM BCEX MMEIOLLMXCA PacYeTOB.
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MNoHomapes Amutpuii Banepbesuy
He3zasncmmblil uccnegosatenb
r. CaHkT-leTepbypr, P

B3AMMOCBA3b rPABUTALIMOHHOM NOCTOAHHOM U CKOPOCTU CBETA

AHHOTauuA
B cTtatbe paccmaTpmBaeTca B3aMMOCBA3b 3HAYEHUA TPaBUTALMOHHOM NOCTOAHHOM U CKOPOCTM CBETa
yepes CBA3b NOJHOM BHYTPEHHEW IHEPTUM MOKOA MATEPUANIbHOTO Tesa U SHEPrUU ero rpaBUTALUOHHOIO
nona. Uenbto paboTtbl ABnAeTcA MaTemaTUYecKui BblBog GOPMyabl ONpeseneHus rpaBUTaLMOHHOM
NOCTOAHHOW Yepe3 CKOPOCTb CBeTa.
Kniouesble cnosa:
rpaBMTaLMOHHAA NOCTOSHHAA, CKOPOCTb CBETA, TEH30P SHEPTUU-UMMYNbCA, TEH30P HANPAKEHWN.

Dmitry Ponomarev V.
Independent researcher
Saint-Petersburg, Russia

THE RELATIONSHIP BETWEEN THE GRAVITATIONAL CONSTANT AND THE SPEED OF LIGHT

Abstract
The article examines the relationship between the value of the gravitational constant and the speed
of light through the relationship between the total internal energy of rest of a material body and the energy
of its gravitational field. The purpose of the work is to mathematically derive a formula for determining the
gravitational constant through the speed of light.
Keywords:
gravitational constant, speed of light, energy-momentum tensor, stress tensor.

lpaBMTaLMOHHAA NOCTOAHHAA — 3TO 04HA U3 OCHOBHbIX PYyHAAMEHTANbHbIX PUINUYECKMX KOHCTAHT 1 ee,
noxasnyi, 3HaT WUAWU CAblWann o Hel ByKBasbHO Bce. [PaBMTALMOHHAA MNOCTOAHHAsA NPUCYTCTBYET B
3HaMEeHWUTOM ypaBHeEHMM onpeaeneHnsa CUbl rPaBUTaLMOHHOIO NPUTANKEHUS, KOTopoe umeeT Bua [1]:
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m;m;

rz -’ (1)
roe: F— rpaBUTaLMOHHas CUa Mexay ABYyMA MmaTepuasibHbIMM TeNammu ¢ Maccamu m1 n m2, HaxoAALMMUcA
Ha PACcCTOAHUMU I MeXAY APYr APYroM; G — rpaBUTALMOHHAA NOCTOAHHAsA.

[o cux nop rpaBUTaLMOHHaA MOCTOAHHAA ABAAeTCA GU3MYECKON BENIMUMHOM, 3HAYeHMe KOTOopoW
onpegensoT 3KCNepuMmeHTasbHO. B Hactoswen paboTe nNOKasaHO, YTO TPaABMTALLMOHHYKO MOCTOSHHYHO
MOXHO OnpeaeMTb MaTeMATUYECKM M3 3aKOHA COXPaHEHWA 3HeprMM U OHa npeacTaBndeTr mM3 ceba
onpeaeneHHyo 4acTb Apyroi ¢yHAAMEHTaNIbHOM KOHCTaHTbl — CKOPOCTU cBeTa. ITO AaeT BO3MOXKHOCTb
TOYHO OMnpeaennTb 3Ha4YeHME TPaBUTALMOHHON NOCTOAHHOM, KOTopoe ByaeT 3aBMCETb TO/IbKO OT TOFO Ha
CKOJIbKO TOYHO onpegesieHo 3HaYeHNe CKOPOCTU CBETA B BaKyyMe.

HacToswana ctatba ABAAETCA KpaTKUM codepykaHuem paboTbl MoHomapesa [.B. «paBuMTauMOHHan
NOCTOAHHaA — 3TO0 ¢u3MYeckasa Be/MUYMHA, MMelLWan 4ucioBoe BbipaxkeHue B 0,02 yactu obpaTHOM
BE/IMUYMNHbBI cKopocTn ceeTa (G = 0,02/c)» [2] U coaep»MT TonbKo 6a3oBble Teaucbl 6e3 AeTannsauum
MaTeMaTMUYECKUX BbIKNaA0K M 060CHOBaHMA.

PekomeHaoBaHHOe KOMUTETOM AaHHbIX A4 HayKu U TexHukn (CODATA) Ha 2024 ron 3HaueHue
rpaBUTALMOHHOM NOCTOAHHOM, €C/IM OKPYINUTbL 40 5 3HaKOB nocne 3ansaTon, pasHo [1]:

G=667430-10 " M- c?-kr!, unuH- M - kr 2 (2)

M3 onpepeneHns rpaBUTaLMOHHON MOCTOAHHOW CAeAyeT, YTO YMCNEHHO OHa paBHa MOAY/IO CUAbI
TArOTEHUA, OEWUCTBYIOWEN Ha TOYEYHOE TesNo eAMHUYHOM MacCChbl CO CTOPOHbI APYroro TaKOro Ke Tena,
HaxofsllerocA OT Hero Ha eAuHUMYHOM pacctoaHuMu [1]. U3 3Toro onpeaeneHns MOHATHO, 4TO
rpaBUTALMOHHAsA NOCTOAHHAA cama U3 cebs npeacTaBseT eguHUYHYIO (31EMEHTapHYLo) cuay Fe, T.e.:

F,=G (3)

Nloboe maTepuanbHoe Teno co3gaeT rPaBUTALMOHHOE TMOJe U OCHOBHOW 3HepreTMyeckowm
XapaKTEePUCTUKOM 3TOro NoAs SBAAETCA ero rpaBUTaLMOHHbIN NoTeHumMan. NponsBogHan rpaBUTaLMOHHOIO
noTeHuUMana Mo PacCTOAHUIO, KaK pa3 U ABAAETCA rPaBUTALMOHHOW cunoi. MoaTomy, ecnn eguHUUYHOE
(snemeHTapHOE) 3HauyeHWe NOTeHLUMaNa rpaBUTALMOHHOrO NonA 0603HaAUMTb vepe3 @e, TO ero MOMKHO
NpeacTaBUTb CeayoWmMM ypaBHEHMEM:

Q. =—G (4)

Noboe maTepuanbHoe Teno ob6sagaeT TaK Has3blBAaeMOM MOJIHOW BHYTPEHHEN 3Hepruen nokos,
3HameHuTaa Gopmysia KOTOpPOI B COBCTBEHHOM CUCTEME OTCYETA CaeaytoLas:

E = mc?, (5)
roe: E — NnonHaA BHYTPEHHAS 3HEPrus Nnokos maTepuanbHOro Tena Maccoi NoKos m; ¢ — CKOPOCTb CBeTa B
BaKyyme.

B ypaBHeHUM (5) macca Nokos m ABNAETCA HEKMM KOIOOULMEHTOM, KOTOPBIN BbiparkaeT peasibHyto
Maccy MaTepuanbHOro Tesa M, eciv ee B3ATb 33 eAMHUYHYIO (3/1eMeHTapHy0), T.e. m = 1, TO nony4yaem
YpaBHEHWe eANHUYHOM (31eMeHTapHOM) NoHOM sHepruu Ee:

— a2
EL’ = (6)

Ona  panbHeliwero yaobctBa 3anuMwem ABa  ypaBHeHua (4) u (6) pagom  (3HaK
«-» nepeg TPaBUTALMOHHOW MNOCTOSAHHOW G ybupaem, T.K. BEKTOP [PaBUTALUMOHHON CWUAbl He
paccmaTpuBaeTca):

2.
E,L =c";
(PL’ - G (7)

M3 ypaBHeHus (7) cneayeT, UTO C OAHON CTOPOHbI Mbl UMEEM MOJIHYI0 eAUHUYHYIO (31eMeHTapHYIo)
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SHEepruo NOKOA MaTepuasbHOro Tena eaAMHUYHON (31emMeHTapHOM) Maccbl, @ C APYroi CTOPOHbI SHEPrUto
rPaBMTaLMOHHOrO NOJA, CO343BAaEMOro STUM MaTepUasibHbIM TEIOM, KOTOPOE XapaKTepusyeTca e AMHUYHbIM
(anemeHTapHbIM) NOTEHLMANIOM rPaBUTALMOHHOIO nosa. HarnaaHoe (cxematuyHoe) u3obparkeHne maccbl
TeNa M ero rpaBUTALMOHHONO NOAA (MCKPUBAEHUA NPOCTPAHCTBA-BPEMEHU) NPeACTaBNeHO Ha pucyHke 1
(ocHOBOI pUcyHKa aBnAeTcs nsobparkeHme U3 UCTOYHMKa [3], Ha KoTopbI A06aBAEHbl OTMETKU 3Heprnin E u

®).

PucyHok 1 — CxemaTuyHOE M306paxkeHMe Mmacchbl Tea U ero rpaBUTaALMOHHOIO NoJiA
(MCKpuBNEHMA NPOCTPaAHCTBA-BPEMEHMN)

B ypaBHeHuu (7) aHeprum Ee u @e cnepyet cuntaTtb pyHKUMAMM (Ee(c) n pe(G)), a cam nokasaTenb ¢
ABNAETCA HE MOCTOAHHOM, a ToXKe ¢GyHKUMen. MMeHHO Npu TakoOM noaxoAe MOXHO byaeT cBA3aTb ¢ U G
mexay coboin. Toraa ypaBHeHue (7) nepenuiiem B cneayowmii BUa;:

E.(c) = c?;
P(G) =G (8)

OTMeTuM, 4YTOo 3Heprus Ee(c) — 3To aHeprus, cocpeaoTo4eHHas B 06beMHOM MaTepUanbHOM Tene, T.e.
B JaHHOM C/y4Yyae B eAMHUYHOM (3/n1emeHTapHOM) obbeme, a 3Heprua @e(G) — 3TO 3HepreTUYecKas
XapaKTepUCTMKa 6e3pasmepHON TOYKWM rpaBUTALMOHHOrO nons. [lanee paccMoTpum, 4Yto U3 ceba
npeacTaBnseT eguHMYHan (31eMeHTapHas) SHepPrusa, BbIPaXKeHHAn «CKOPOCTbIO CBETA», U PA3/IOKUM ee [0
6e3pasmepHO TOUYKMN.

O4eBWUAHO, UTO NOJIHAA SHEPTUA NOKOA MaTepUanbHOro Tena E, KoTopas 3aBMUCUT OT CKOPOCTM CBETA C
nopoxaaeT rpaBUTALMOHHOE NOoJIe C IHEPreTUHECKON XapaKTEPUCTUKON ¢, 3aBUCALLEN OT rpaBUTaLMOHHOM
NOCTOAHHON G. N0 3aKOHY COXPaHEHMUA SHEPIUMN ANA 3aMKHYTON GU3MYECKON CUCTEMbBI MOXHO CKa3aTb, YTO
M Yyepes rpaBUTALMOHHOE MONE C SHEPreTUYECKOW XapaKTEPUCTUKOM @, 3aBUCALLEN OT rPaBUTaLMOHHOM
NOCTOAHHON G MOKHO BbIATU Ha 3HAYeHME NOJIHOW SHEepPruM NOKoA MmaTepuasnbHoro Tena E, 3asucawen ot
CKOPOCTU CBeTa C. MHbIMM cnoBamM, NOIHAA 3HEPrus Tesfa NoPoXKAAET NOTEHLUMaN rPaBUTALMOHHOIO NoJsA
n/mnn HaobopoT. Takum 06pasom, pyHKUUK Ee(c) n pe(G) MOKHO cuMTaTb 06PaTHLIMM MO OTHOLLIEHMIO APy
K ApYry, ecan mexay BenmdnHamu ¢ U G BBeCTM onpeaesieHHbIn KoaddUUMeHT NponopLnMoHanbHOCTK Kk, a
6epA BO BHMMAHWeE ypaBHeHUE (8) MOXKHO CKaszaTb, YTO AO/IXKHO BbINOJHATLCA CeAytolLee PaBEHCTBO:

9e(6) =k, - (E1 () =
G =k, ()1, )
roe: (Ee-1(c))’ — npowusBoaHas o06paTHOW GYHKUMN eaAUHUYHOW (3/1eMeHTapHOK) MNOMIHOW 3Hepruu
(npousBoagHan ¢yHKUMU ABNAETCA NPEeAEe/OM OTHOLIEHMS NpUpaLLeHus ¢YHKLMM K NpupaleHuo ee
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aprymeHTa M B Hallem c/iydyae NpmBOAMUT 3HaYeHMe GYHKUUM K be3pasmepHOoi Touke); kp — KoapduumeHT
NPONOPLMOHANBHOCTU MeXay dyHKumMAMK @e(G) v (Ee-1(c))’; ((c2)-1)’ — nponssogHan obpaTHOM GYyHKUUM OT
dyHKUMK c2 (oHa Xe paBHa dyHKumK (Ee-1(c))’).

M3 ypaBHeHUs (9) OAHO3HAYHO MOXKHO cAenaTb BblBOA, YTO BCA SHEPrus rpaBUTaLMOHHOIO MNOAA
MaTepuanbHOro Tena, KOTOPOEe pacnpoCTPaHAEeTCA B 4YeTblpexmepHom (6ecKoHeyHOM) NpoCTpaHCTBe-
BPEMEHW paBHa NOJIHOM BHYTPEHHEN 3HePrMmM 3TOro MaTepuanbHoro Tena. M ato oueHb BarKHOE 3aK/1l04EHME.

CornacHo COBpPeMEHHON TeopWUW TAFOTEHWS rPaBUTALMIO CO34AEeT 3Heprus, a TouyHee noje TakK
Ha3blBAEMOro TeH30pa 3Heprum-umnysbca. B cBolo oyepeab C TOYKM 3peHMA TEOPUU OTHOCUTENbHOCTH,
AEBATb MPOCTPAHCTBEHHbIX KOMMNOHEHTOB TEH30Pa SHEPTUU-UMMY/IbCA ABASIOTCA KOMMOHEHTaMM TeH30pa
Hanpsa»XeHnn. PaccmoTpum noapobHee TEH30p HANPAXKEHWUM, CXemMaTUYyHOe NpeacTaB/leHMe KOTOpPOoro
n306paxKeHo Ha PUCyHKe 2 13 UCTOYHUKA [4].

PMCYHOK 2- TeH30p MEXaHNYECKOro HanpAaXeHnAa aIeMeHTapPHOTIo obbema Tena

TeH30p HanpAMKeHWn — 3TO TEH30P BTOPOrO PaHra, OMMCbIBAIOLWINMKN MeXaHUYEeCKMe HanpaXKeHus B
NPOM3BO/IbHOW TOYKe Tena. B ciyyae 06bemMHOro Tesfa TeH30p HaMnpAXEeHWI YacTo 3anucbiBaeTca B BUAE
maTtpuubl 3x3 [4]:

T(€1) 011 012 013
g =|TE)| =|021 022 033,
T(E'Z-jj 031 037 O34

(10)
v e v o

rae: o —TeH30pP HanPAXKeHW; T(e1) _ BEKTOP MEXaHWYECKOTrO HaNpsAXKeHWs, AeCTBYIOLWMIA Ha NOBEPXHOCTb

en; oij — KOMNOHEHTbI TEH30Pa HaNPAKEHU.

Kak Mbl BUgMM, TEH30P HanpsKeHUl npeacTaBfieH (COCTOMT) CBOMMMK AEBATbIO KOMMOHEHTaMKU Oif.
OTMETMM, YTO OKpYKaloWMi Hac MUP OMUCbIBAETCA YEeTblPbMA M3MEPEHUSMU — 3TO TPU M3MepeHus
npocTpaHcTBa M OAHO BpemeHHoe. Takum 06pa3som, UCTOUHUK eANHUYHON (3/1eMeHTapHON) 3Heprum

(byHKUMA «CKOpOCTb cBeTa» B ypaBHeHUM (8), KoTopas paBHa ‘f?) MaTepuanbHOro Tena eauHUYHOro
(snemeHTapHoOro) obbema pacrnpegeneH no 3TUM AEBATM MPOCTPAHCTBEHHLIM KOMMOHEHTaM TeH30pa
HanpsA»eHWUn U O4HON BPEMEHHOIN KOMMNOHEHTEe (M3MepeHnto), a T.K. BCe U3MEPEHUA PaBHO3HAYHbI, TO 3TO
pacnpefeseHne UCTOYHMKE SHEPTMU MEXAYy BCEMU MPeACTaBNEeHHbIMU AECATbI0 KOMNOHeHTamu (9+1=10)
ABNAETCA PpaBHOMEPHbIM. Takum 06pa3om, U3 ypaBHEHMA (8) MOXKHO NONYYUTL Cheaytollee ypaBHeHMe ans
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onpeaeneHnsa obpaTtHo GYHKLUUM NOSHOM SHEPTUU MaTEPUA/ILHOTO TeJa, NPUXOAALLENCS Ha OA4HY U3 AecATH

KOMMOHEHT:
Ei(c) = ‘fT . (Cl?;
(11)
Nioboe uncno (3HayeHne) a MOXKHO NpPeacTaBuTb (BbIPa3uTb), Kak:
a=e’, (12)

roe: e — (Yncno e) ocHoBaHMe HaTypanbHOro sorapudma, MaTemMaTUUeCcKas KOHCTAHTa, MPPaLMOHaNbHOE U
TPaHCUEHAEHTHOE YMCNO; X — BELLECTBEHHOE YNCO.

HaTtypanbHbin norapuém In(a) ectb obpatHas GyHKUMA AN SKCMOHEHTbl a = ex. Toraa obpaTtHas
bYHKUMA oT PyHKLUMM c2 (OHa Ke PyHKumA (c2)-1 B ypaBHeHun (11)) bByaeT umeTb BUA:

(c®) ! =1Inc? (13)
YpaBHeHue (11) c yyeTom onpegeneHHoW ob6paTHOM GYHKLMU OT PYHKLMM €2 MOXKHO 3anucaTtb B
cnepyoliem suge:
In c?
100 (14)

TaK Kak B ypaBHeHUM (14) Mbl NPULWAMN K SHEPTUN B pacyeTe Ha OAHY KOMMOHEHTY, a OHa (KOMMNOHeHTa

Ei(c) =

TEH30pa HanpsXeHWn U BpeMeHHan KOMMOHEHTa) MMeeT PasMepPHOCTb (MPOCTPAHCTBEHHYIO M BPEMEHHYHO
COOTBETCTBEHHO), TO AJ/1A TOrO, YTOObl NEpPenTn K 3Heprnn 6e3pasmepHO TOUKM HEOBXOAMMO elle B3ATb
Npoun3BoAHYto oT dyHKUUKM E1(c) no ckopocTu ceeTa c. Toraa nosiydyaem:

In c2\ 2

100 ) T 100-c

(E (C)j' =
(15)

Takum obpaszom, u3 ypasHeHus (9) 1 ypasHeHua (15), rae nonHan BHYTPEHHAA SHeprus npmseaeHa K
3Heprum 6e3pasmepHON TOYKMN 3HAYEHMe rPaBUTALMOHHOM NOCTOAHHOM G byaeT paBHO:

—C  —002-¢c!=002
100 - ¢ /e (16)

YpaBHeHue (16) cneayeT TpaKTOBaTb TaK, YTO YMCNAOBOE 3HaYeHUe rpaBUTaLMOHHON MOCTOSHHOWM

o=

paBHO 4McnoBomy 3HaveHuto 0,02 yacTn obpaTHON BeSMUMHBI CKOPOCTM cBeTa. Ecam ckopocTb ceeTa B
Bakyyme paBHa 299 792 458 m/c, To pacyeTHOe 3HayeHne rpaBUTaLMOHHOM NOCTOAHHOM PaBHO:

G = 0,02/299792458 = 6,671281903963041 - 10~ ! (17)

MpeacTaBneHHOE Bbllle 3HaYeHWe rPaBUTALMOHHOW NOCTOAHHOW G sBNsieTca Hanbonee TOYHbIM Ha
MOMEHT NyBAMKALMM HACTOALWMIA CTaTbM U ee KOPPEKTUPOBKa ByaeT OCyLecTBAATLCA, eCIU HayKoin byaeT
yCTaHOBNEHO 6o/1ee TOYHOE 3HaYeHNe CKOPOCTU CBETA B BaKyyMme.

M3 npoBeAeHHOro UCCNeA0BaHUA TaKKe MOXKHO CAeNaTb CAeayloline OCHOBHbIE BbIBOAbI:

1. MonHaA BHYTPEHHAA 3HEPr1a NoOKoa MaTepMaNbHOro TeNa CBA3aHa C SHepruei rpaBUTaLMOHHOMO
nons. Ux dyHKUMOHaIbHAA 3aBUCMMOCTb MeXay coboli obpaTHas;

2. DHepruio 3aMKHYTOW CUCTEMBI, TAe CyLLecTByeT maTepuasibHOe Te/io U ero rpaBUTauMoHHOE noje
HY*KHO onpeaensaTb AM60 Mo NOMHOM BHYTPEHHEN 3HEpPrMM NOKosA maTepuanbHoro Tena, AMbo no aHeprum
€ro rpaBUTaLMOHHOIO MONSA, T.€. SIHEPTUA 3TOM CUCTEMbI PaBHA HE CYMMe ABYX SHEpruii (sHeprua 3amKHyTowM
CUCTEMDbI # MONHAA BHYTPEHHAA SHEPIUA NOKOA MATEPUANIbHOMO TeNa + SHEePrua rpaBUTaLMOHHOrO Nons), a
OHa paBHa OoA4HOW M3 ABYX (Ha Ntobol BbIbOp) 0603HAUYEHHbIX 3HEpPruii (NOAHOM BHYTPEHHEWN 3Hepruu
MaTepuanbHOro Tefa AU SHEPTUKN FPaBUTALMOHHOTO NoNs);

3. YucnoBoe 3HayeHMe BCEM 3HEPry rPaBUTALMOHHOINO MOASA MaTepuasnbHOro Tena, KoTopoe
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pacnpocTpaHsaeTca B YeTbipexmepHOM (6eCKOHeYHOM) NPOCTPAHCTBE-BPEMEHWN PaBHa YNCOBOMY 3HAYEHUIO
MONIHOM BHYTPEHHEW SHEPTMMN NOKOA 3TOr0 MaTepuanbHOro Tena.

BbiBeAeHHas B HacToALen paboTe B3aMMOCBA3b MNOJIHOM BHYTPEHHEN SHEPTrMM NOKOSA MaTepManbHOro
Tena c sHepruen ero rpaBUTaLMOHHOIO NOA A0Ka3bIBAET, YTO FPaBUTALMIO AENCTBUTE/IbHO CO34aET SHEPrus.
OTKNIOHEHME TEeOpeTUYECKM BblBEAEHHOrO B HacToAlel paboTe pacyeTHOro 3Ha4yeHUA rPaBUTALMOHHOWN
NOCTOSIHHOMN OT PEKOMEHZI0BaHHOTrO KOMUTETOM AaHHbIX AN HayKu n TexHuKn (CODATA) Ha 2024 roa u
OPYrUX 3KCNepUMEHTa/IbHO NONYYEHHbIX ee 3Ha4YeHu cocTasnseT ot 0,003 -10-11 [xc po 0,0006 -10-11 [,
YTO FOBOPUT O BbICOKOW TOYHOCTM NONYYEHHbIX Pe3y/IbTaTOB M BbIBOAOB, CAENAHHbIX B CTATbE.

CnUCOK UCNONb30BaHHOW NUTEPaTYpPbI:
1. MpaBUTaLMOHHAA NOCTOAHHAA; opuuManbHbI cainTt; URL: https://ru.wikipedia.org/wiki/ IpaButaumnoHHas
noctosiHHasA (gata obpaueHuma: 02.07.2025).
2. MNoHomapes [.B. MpaBMUTAUMOHHAA MNOCTOAHHAA — 3TO PU3NYECKAna BeIMYMHA, UMEIOLAs YMCI0BOE
Bbipa)keHne B 0,02 yactn obpaTHOM BeNnUMHbI ckopocTn ceeTa (G = 0,02/c); oduumanbHbiid caiT; URL:
https://antigravity-theory.ru/rpasutaunoHHas-noctrosHHan (gata obpauieHus: 02.07.2025).
3. HarnagHaa AeMOHCTPALMA UCKaXKeHUsA MPOCTPaHCTBA-BPEMEHU MAcColi 06beKTa; oPULMaNbHbIN CaliT;
URL:
https://pikabu.ru/story/naglyadnaya_demonstratsiya_iskazheniya_prostranstvavremeni_massoy_obekta 4
183885 (ngaTta obpatleHuma: 02.07.2025).
4. TeH30p HanpaeHui; odpuumanbHbin cant; URL: https://ru.wikipedia.org/wiki/TeH3op_HanpsxeHuit
(naTta obpaweHus: 02.07.2025).
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THE ROLE OF AGRICULTURAL TECHNOLOGY IN EDUCATION

Abstract
Agricultural technology is rapidly transforming the farming landscape, introducing new tools and
methodologies that significantly improve productivity, efficiency, and sustainability. To ensure that future
generations of farmers are prepared to navigate this technological revolution, agricultural education must
evolve and integrate technology into its curricula. This article explores the role of agricultural technology in
education and how it can be used to equip students with the skills needed to thrive in a technology-driven
agricultural sector. The article discusses various technological innovations, such as precision agriculture,
automation, and data analytics, and their potential impact on agricultural education and the future
workforce.
Keywords:
agricultural technology, precision agriculture, automation, agricultural education, data analytics,
innovation, sustainable farming, smart farming.

1. Introduction

The integration of technology in agriculture has reshaped the industry, enabling farmers to produce
more with fewer resources, reduce waste, and minimize environmental impacts. From precision agriculture
that uses GPS and sensors to drones that monitor crop health, technology is transforming farming practices
globally. However, for these innovations to reach their full potential, the next generation of farmers must be
well-versed in these technologies and their applications.

Agricultural education has a critical role to play in preparing future agricultural professionals to utilize
these tools effectively. By incorporating agricultural technology into educational curricula, agricultural
institutions can ensure that students are not only aware of the technological advances available but also
equipped with the skills to apply them in real-world settings. This article examines the importance of
agricultural technology in education and how it can help create a workforce capable of navigating the
challenges and opportunities presented by modern agriculture.

2. The Role of Agricultural Technology in Modernizing Farming

Agricultural technology encompasses a broad range of innovations designed to improve farming
practices. These technologies are central to the future of agriculture, especially in the context of increasing
global food demand, climate change, and the need for more sustainable farming methods. By integrating
technology into education, agricultural institutions can empower students to understand and apply cutting-
edge solutions to these challenges.

Precision Agriculture: Using Data to Optimize Farming Practices

Precision agriculture (PA) involves the use of advanced technologies such as GPS, remote sensing, and
geographic information systems (GIS) to monitor and manage field variability. PA enables farmers to make
more informed decisions regarding planting, irrigation, fertilization, and pest management, all of which
contribute to increased productivity and reduced environmental impact.
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In agricultural education, incorporating PA technologies into the curriculum allows students to
understand how data can be used to optimize farm management. Students can learn how to use GPS-guided
tractors for precise planting, sensors for monitoring soil health, and drones to track crop conditions in real-
time. By incorporating these tools into education, future farmers will be equipped to use data-driven insights
for better decision-making.

* Benefits for Education:

olntroduces students to data-driven decision-making in farming.

oProvides hands-on experience with cutting-edge farming technologies.

oImproves understanding of sustainability in farm management.

Conclusion

Agricultural technology is transforming the farming industry and reshaping the future of food
production. To ensure that future generations of farmers are prepared to thrive in this new technological
landscape, agricultural education must evolve to incorporate these innovations. By integrating technologies
such as precision agriculture, automation, and data analytics into curricula, educational institutions can equip
students with the skills needed to succeed in a technology-driven agricultural world.

The challenge lies in overcoming barriers such as limited infrastructure, resistance to change, and the
rapid pace of technological innovation. However, with the right investments in education, training, and
resources, agricultural institutions can prepare students to navigate and lead the future of farming, ensuring
a sustainable and productive agricultural system for years to come.
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VETERINARY 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
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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.

Keywords:
sanitary expertise, analytical chemistry, hygiene, food safety, water quality, toxicology,
chemical control, environmental sanitation.

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

17



AKALEMMWYECKOE U3OATE/IbCTBO «HAYYHAA APTE/1b»

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.

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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THE ROLE OF AGRICULTURAL EDUCATION IN SUSTAINABLE DEVELOPMENT: GLOBAL PERSPECTIVES

Abstract

Agricultural education plays a critical role in addressing global challenges related to sustainable
development. As the world grapples with issues such as climate change, food security, and resource
depletion, agricultural education has emerged as a key component in preparing future generations to meet
these challenges. This article explores how agricultural education can promote sustainable farming practices
worldwide, highlighting the importance of integrating environmental sustainability into agricultural curricula.
The article examines successful models from different countries, detailing how educational systems can
equip students with the knowledge, skills, and attitudes needed to drive sustainable agricultural practices
that balance productivity with environmental conservation.

Kntouesble cnosa:
agricultural education, sustainable development, food security, climate change,
sustainable farming, pedagogy, global case studies.

1. Introduction

Agricultural education is the cornerstone of global efforts to address sustainability challenges in the
agricultural sector. As the world faces growing pressures from population growth, climate change, land
degradation, and water scarcity, the need for sustainable agricultural practices has never been more urgent.
Agricultural education equips future farmers, researchers, policymakers, and entrepreneurs with the tools
they need to develop innovative and environmentally friendly solutions.

The shift toward sustainable development in agriculture requires a rethinking of traditional farming
practices. Sustainability in agriculture means meeting the food needs of the present generation without
compromising the ability of future generations to meet their own needs. Agricultural education can drive this
transition by preparing individuals to not only understand but also apply principles of sustainability in
practical ways. By integrating environmental, social, and economic factors into agricultural curricula,
educators can shape a new generation of leaders in the agricultural field.

2. The Importance of Agricultural Education in Promoting Sustainability

Agricultural education encompasses a range of topics, including plant science, animal husbandry,
agronomy, economics, and rural development. Integrating sustainability into these disciplines is crucial for
addressing the pressing challenges of our time. In the context of climate change and resource depletion,
agricultural education must foster the knowledge and skills that support more resilient, sustainable farming
practices.

2.1. Knowledge and Skills for Sustainable Farming Practices

Agricultural education must equip students with practical knowledge that fosters sustainable farming.
This includes:

Soil health management: Teaching students how to maintain soil fertility and prevent soil erosion
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through methods like crop rotation, cover cropping, and reduced tillage.

Water conservation: Training in efficient irrigation systems, rainwater harvesting, and technologies like
drip irrigation can significantly improve water use efficiency.

Biodiversity preservation: Promoting agroforestry, integrated pest management (IPM), and organic
farming methods that protect biodiversity and reduce the need for chemical inputs.

Climate adaptation: Educating students on climate-smart agriculture, which includes practices that
mitigate climate change impacts and enhance agricultural productivity, such as drought-tolerant crops and
heat-resistant varieties.

By providing students with this foundational knowledge, agricultural education plays a critical role in
ensuring that farmers can adapt to changing environmental conditions while maintaining productivity.
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BNMAHUE LUDPOBbLIX NNTIAT®OPM HA ONTUMMUSALIUIO MAPLLPYTOB,
NPEAOTBPALLULEHME MPOBOK N CHUHKEHUE BbIBPOCOB

AHHOTauuA

Baunsaxue umodposbix NaaTPopm Ha ONTUMM3ALMIO MaPLLPYTOB, NPeAoTBPaLLEHMNE NPOOOK N CHUMKEHUE
BbIOPOCOB CTAHOBUTCA BCe 6Oonee 3HauMMbIM (GAKTOPOM B Y/YYLIEHUUM TOPOACKON MOBUABHOCTU W
YCTOMYMBOrO PasBUTUA TPAHCNOPTHOM MHPPACTPYKTYpbl. BHeapeHne umdpoBbIX TEXHOAOMMN U NAaTGOPM,
TaKMX KaK CUCTEMbI HaBUTALMK, aHANUTMKA TpadMKa U NpeaANKTUBHOE MOAE/IMPOBaHMNE, NO3BOAET YAYYLWNTD
MapLpyTM3aumio, nsberatb neperpy*KeHHbIX y4acTKOB U TeEM CaMbiM MUHMMM3IMPOBATb 3a4€epPHKKU. Kpome
TOro, NAatGopmbl CNOCOBCTBYIOT CHUMKEHMIO BbIOPOCOB 33 CYET COKpaLLEHMA BPEMEHMU, NMPOBELEHHOIO B
NpobKax, U WMCNoNb30BaHUA a/ibTEPHATUBHbIX, H0/€e 3KONOTMMYHbLIX MapLIPYyTOB. B COBOKYMHOCTU 3TK
peleHnn yayyLwatT obLyo 3KON0rMYEeCcKyto 06CTaHOBKY, YMEHbLLAIOT 3aTpaTbl HA TOMJIMBO WM MOBbLILWAOT
3pPEeKTUBHOCTb NCNO/Ib30BAHMA TPAHCMOPTHbLIX CPEACTB.
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THE IMPACT OF DIGITAL PLATFORMS ON ROUTE OPTIMIZATION, TRAFFIC CONGESTION
PREVENTION AND EMISSION REDUCTION

Abstract
The impact of digital platforms on route optimization, congestion avoidance, and emission reduction
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is becoming an increasingly important factor in improving urban mobility and sustainable transport
infrastructure. The implementation of digital technologies and platforms such as navigation systems, traffic
analytics, and predictive modeling improve routing, avoid congested areas, and thus minimize delays. In
addition, platforms help reduce emissions by reducing the time spent in traffic jams and using alternative,
greener routes. Together, these solutions improve the overall environmental situation, reduce fuel costs, and
increase vehicle efficiency.
Keywords:
digital platforms, public transport, municipal services, route optimization, eco-routes.

BeepgeHue.

Undposble nnatpopmbl UrpatoT KAKOYEBYH POAb B TpaHchOpMaLUM TPAHCMNOPTHOM OTpaC/H,
NO3BOAAA yAydLWaTb yNpaBAeHUEe ABUKEHNEM U MUHUMU3UPOBATb BO3LENCTBME Ha OKPYKAIOLLYIO Cpeay.
Bnharogapa MCNonb30BaHWUIO AaHHbIX B PEa/lbHOM BPEMEHU, a/ITOPUTMOB MCKYCCTBEHHOTO MHTEN/IEKTA U
nepenoBblX aHANUTUYECKUX MHCTPYMEHTOB, Takue nnatdopmbl MOMOratoT BOAUTENAM, onepaTopam
0o6LecTBEHHOIO TpaHCNOpPTa M MYHMUMNANbHbIM CAyXb6am genaTb nepeasuxkeHne 6onee apPeKTUBHbIM
W 3KoJIOTUYHbIM. [1].

MeTtoabl uccneposaHus.

CoBpemeHHble uudpoBble nnathopmbl 06pabaTbiBalOT AaHHbIE OT MW/IJIMOHOB MONb30OBaTe/NEN,
BK/ItoYan MHPOPMaLMIO O AOPOKHOW CUTYaLMW, NMOTOLHbIX YCNOBUAX U NAOTHOCTU TpaduKa. TN AaHHbIe
nomoratoT nnaTpopmam paccumTbiBaTb Haubosnee oONTUMaibHble MapLUpPyTbl, M3beras 3arpyXeHHbIX
YYACTKOB M YYUTbIBAs U3MEHAIOLLYIOCA 0OCTAaHOBKY Ha 4Oporax.

Mnatdopmbl, TakMe Kak Google Maps n fAHaekc. HaBuraTtop, akKTUBHO WMCMO/Ib3YIOT a/IrOPUTMbI,
KOTOpble Ha OCHOBE AaHHbIX 0 NpobKax 1 3aTopax NpeasaratoT albTepHaTUBHbIE MapLPYTbl. 9TO NO3BONSET
nosb3oBaTensam usberatb NJAOTHOroO TpaduKa M AOO6MpPATLCA A0 NYHKTa Ha3HayeHusa BbiCTpee, C MEHbLUMM
pacxoaom TONAuBa.

Bnarofaps aHanM3y UCTOPUUYECKUX AAHHbIX O TpaduKe U MCNONb30BAHMIO MALUMHHOIO 0byyeHus,
nnatdopmbl MOTYT NpencKasbiBaTb, B KaKOe BPEMS Ha OMNPeAesieHHbIX [0pOorax BO3HUKHYT 3aTopbl.
Monb3oBaTenn MoryT NaaHUPOBaTb NOE3AKU C YYETOM TaKMX MPOrHO30B, M3beras Neperpy*KeHHbIX 40por B
yacbl NUK.

Mnatpopmbl AnA 0b6LLECTBEHHOrO TPAHCNOPTA, TakMe Kak Moovit, UHTerpupyoT AaHHble O ABUMNKEHUM
aBTobycoB, TpamBaeB W MNoe3A0B, MNOMOras Mo/b30BaTeNsAM BblOUpPaTb YAO0OHbleE MapLpPyTbl WU
MWHMMMU3UPOBATL BPEMSA OXKUAAHUSA. ITO yay4dwaeT 3GPeKTMBHOCTb 06LLECTBEHHOIO TPAHCNOPTA U MOMOraeT
NOASM PerKe UCNo/b30BaTb MYHbIE aBTOMOBUAK. [2].

MyHULMMNanbHble CAYXObl M ONepaTopbl TPAHCMOPTHLIX CeTeN MCMNOoAb3ylT naatdopmbl  AaA
KOOPAMHALMN TPaAHCMNOPTHbLIX NOTOKOB, MepeHanpasnfa ABUXEHWe, Korga Ha onpefeneHHbIX aoporax
BO3HMKaeT neperpyska. 3TO NMOMOraeT CHU3UTb BEPOATHOCTb 0b6pa3oBaHMA NMPOBOK M ONTUMU3UPOBATL
3arpysKy 4OpOor B 3aBUCUMOCTUN OT BPEMEHMW CYTOK U AOPOXKHOM 06CTaHOBKM.

Mnatdopmsl, ncnonbsytoume Vehicle-to-Vehicle (V2V) u Vehicle-to-Infrastructure (V2X) TexHonoruu,
NMOMOratoT TPaAHCNOPTHbIM CpeacTBamM OOMEHMBATLCA AaHHbIMWM  APYr C APYrOM W C 3/eMeHTamu
NMHOPACTPYKTYpPbl, TAKMMU KaK cBeTopOpbl U AOPOKHbIE 3HAKU. DTO MO3BOMAET 3apaHee NpeaynpexaaTtb
BOAUTENEN O NPEACTOALLMX 3aTOPaX U yay4yllaeT KOOPANHALUMNIO ABUKEHUS.

CucTtembl ynpasieHma cBeTodopamMmn Ha OCHOBE UCKYCCTBEHHOIO MHTEN/IEKTA MOTYT aZanTUPOBaTb MX

paboTy B 3aBMCUMMOCTM OT TpaduKa, yMeHbLLAnA Bpems NpoCcTos aBTomobuieln 1 npeaoTspallas 3aTopbl Ha
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nepeKkpecTkax. Takue cuUCTeMbl MOMOTaloT pacnpenensTb MOTOKM 6osee pPaBHOMEPHO, YTO OCOBGEHHO
3$dEKTMBHO HA OXMUBAEHHbIX yauLax. [3].

LUunoposble nnatdopmsbl, Takme Kak Uber Freight n Convoy, no3BosAtoT KOMAAHUAM NAaHMPOBATb
MapLLpPYTbl FPY30BbIX aBTOMODOUAEN C YYETOM 3arpy*KEHHOCTU A0pPOr, BblbMpas onTUMasbHble BPEMEHHbIE
WHTepBaNbl A/1A Noe3foK. ITO COKpaALaeT KOAMYECTBO FPy30BMKOB Ha A0POrax B 4Yacbl MUK M CHUMKAET
BEPOATHOCTb NPOOOK.

OnTMMM3aumMa MapLUpyTOB M MNpenoTBpalleHne npoboK MNo3BOAAOT TPAHCMOPTHbIM CpPeacTBam
COKPaATUTb BPEMSA NPOCTOA HA XONOCTOM XOZY, YTO CHUXKAET pacxo, TONnea n BbIOPOCHI YrIEKMCOro rasa.
Mnatdopmbl MOMOratoT BoAUTENSIM M3beraTb 4OATMX NMPOCTOEB, KOTOPblE ABASAIOTCA OA4HOW U3 OCHOBHbIX
NPUYNH NOBbIWEHMA YPOBHA BbIOpOCOB B ropoaax. [4].

Mnatpopmbl 4NA ynpaBaeHUAa 37eKTpomobunamu, Takme Kak ChargePoint u Electrify America,
NMOMOTatoT BOAUTENSAM NJIAaHMPOBATb MAPLIPYThI C YYETOM CTaHLUMIM 3apAAKM M YPOBHA 3apsaaa akKyMynaTopa,
npeaoTBpalLas PUCKM OCTAHOBOK M ONTUMU3UPYA NOTPeBNEHNE SHEPTUM.

HeKkoTopble nnatdopmbl NpennaratoT NOAb30BaTENAM BblOPaTb IKONOrMYHbIE MAPLUPYTbI, KOTOPble
MUHUMM3MPYIOT KONNYECTBO BbIOPOCOB 3a CYET NAABHOMO ABUMEHUA U U3BEeraHWUa Neperpy’KeHHbIX gOpPor.
Hanpumep, Google Maps Beena ¢yHKUMIO BbiGOpa mMapLipyTa ¢ MUHUMAAbHbIM PAacXo4oM TOMAUBA, YTO
NMoMOraeT No/ib30BaTeIAM CHUMKATb YIepoaHbIN cnea.

Mnatdopmbl ANA COBMECTHbIX NOE3A0K, TakMe Kak BlaBlaCar, 1 KaplwepuHrosble CEPBUCHI, TAaKME KaK
Zipcar, CHU}KaloT KOMYecTBO aBToMobuaelt Ha foporax, NpeaocTaBaas BO3MOXHOCTb MCMNO/b30BaTb OAHO
TPAHCMOPTHOE CPEeACTBO HECKO/IbKUM Nt0AsAM. ITO COKpaLLaeT NOTPebHOCTb B IMYHOM TPAHCMOPTE, CHUXKAET
HarpysKky Ha LOPOrM U YMeHbLUAeT KoanyecTso BbiIbpocos. [5].

3aknioueHume.

Undposble nnatpopmbl OKA3bIBAOT 3HAUYUTENIBHOE BAWAHME HA ONTUMM3ALMIO MapLIPYTOB,
npeaoTepalleHme NPoboK U CHUXKeHMe BbIBPOCOB, UTO CNOCOBCTBYET Pa3BUTUIO HOJlIee IKONOTMUYECKM YNCTbIX
N 3GGEKTUBHBIX TPAHCMOPTHBLIX CUCTEM. MPUMEHEHME TaKMX TEXHONOTMI, KaK aHaIN3 AaHHbIX B PeasibHOM
BPEMEHMW, MpeacKasaHWe 3arpyKeHHOCTM A0pOr W ynpasBieHWe MapLIpyTamu, MO3BOAET He TOJbKO
YAYy4WnTb MOBUIBHOCTb, HO M COKPaTWUTb 3aTpaTbl Ha TOMJIMBO U YMEHbLUWUTb BpeaHble BblbpOCbl B
atmocoepy. BHeapeHue uUMPOBLIX PELIEHN B TPAHCMOPTHOW WHPPACTPYKTYpe, AenaeT TPaHCMOpTHble

MOTOKM 6oiee yNpaBASeMbIMU U CHUXKAET SKOJIOTMYECKYIO0 Harpy3Ky Ha OKpY»KaloLLyto cpeay.
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CALCULATING LINEAR VIBRATIONAL DIFFERENTIAL EQUATION
OF CAR WITH FRACTIONAL DAMPING

Abstract

Based on the theory of fractional derivative, Newton's second law of motion and some transformation,
the present study aims to establish linear vibrational differential equation of car with fractional damping. Using
the Liouville-Rieman’s definition of fractional derivatives, a numerical algorithm is developed on base of the
well-known Newmark integration method to calculate dynamic response of fractional order systems. Then, we
apply this method to calculate linear vibrations of car containing fractional derivatives.

Keywords:
vibration, nonlinear, car, fractional order, damping

1. Introduction

In recent years Fractional Calculus has been a fruitful field of research in science and engineering [1-
5]. In fact, many scientific areas are currently paying attention to the Fractional Calculus concepts and we
can refer its adoption in viscoelasticity and damping, diffusion and wave propagation, electromagnetism,
chaos and fractals, heat transfer, biology, electronics, signal processing, robotics, system identification, traffic
systems, genetic algorithms, percolation, modeling and identification, telecommunications, chemistry,
irreversibility, physics, control systems as well as economy, and finance...

Cars are a means of transport that play a very important role in the national economy and are currently
widely used in all fields of economy and life. Car vibrations not only affect people (drivers and passengers),
transported goods, durability, and safety of movement of cars, but also affect the life of the road. One of the
important tasks of car’s vibration research is to establish and solve differential equations to determine
vibration parameters.

2. Establishing linear vibrational differential equation of car with fractional damping

Let x and u be the displacements of the object and the wheel. It is assumed that the stiffness of the
shaft lining can be represented by a spring equivalent to stiffness k with the displacement denoted by z.

We have Newton's second law of motion

mX =—R(t), (1)

Where m is the mass of the object, X(t) is the displacement, and R(t) is the internal force

Ix
m

j[x
m lRM

generated inside the viscoelastic object.

5 R(r)
/L Z R] ¢ k ;l R:.;k] z
I C1.p fT‘ o l:‘]T R
u u
Figure 1 — Fractional derivative model Figure — Force analysis
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The force value R(t) is equal to the total value of the force R1 acting on the damping C; and the

force R2 acting on spring k2 or damping c2

form

R(t)=R1+R2, (2)
R, = Rz(k) - Rz(c)’ (3)
Where

R =cD’(x-u),  Ry=k(x-2), R, =c,(2-u), (4)
= R(t)=¢,Df (x—u)+k(x-2), (5)
From equations (3) and (4) we have Kk (X — Z) =C, (Z — U) (6)

We have the differential equation of vibration from equation (1), (5) and (6)
)‘(‘+£X+&Dtp+1x+kx+&Dp ClD"’+1u+ku+ﬁDtpu. (7)

c, m m  mc, m m  mc,

3. Using the Newmark method to calculate linear vibration of car involving fractional operators
We have the vibration differential equation of car

o K k. k C k . ke
X+~ %+ 2 DPX+ X+ L DPx = 2 DP M+ U+~ DPy, (0< p<1). (8)
c, m m  mc, m m  mc,
k C, k ke,
Wedenote — =3, L =ph, — =c —> —=~ = ab, the differential equation of vibration (8) has following
c, m m mc,
X +aX +bDP"™x + cx +abDPx = bD*'u + cu + abDu 9)

Using the Newmark method to solve the above differential equation.

We apply the composition rule to D Px (t) [3, 4, 5], that is

) tox( X(0),vs  ve
DPx(t)=D[ D™'(t ]— ! - ” r(V)tv +D7(t), (10)
v=1-p, O<v<l.
The numerical algorithm to calculate the fractional derivative at t =1, of Eq. (10)is
tnfl \/ tn \/
SRR S P NP N
F(l_ p) t, F(l_ p) 0 (tn _T) thg (tn _T)
We denote
t,
|0: , _j Al, = jL)pdr (12)
t —z' . (tn —r)
By substituting relationships (12) into (11) we become the following equation
1
DpX(tn):m(lo+ln_l+Aln) (13)
We approximate the ordinary definite integral |, ; by trapezoid numerical integration as
: . -2 x(ih
N ﬁ+£+2ZL) | h=t —t ,n>2. (14)

| .~
n-1 2 tnp hp — (tn—ih)p

26



HAYYHbIN }XYPHA/ «COGNITIO RERUM» ISSN (p) 2412-9489 / ISSN (e) 2542-1026 Ne7/ 2025

Now we note the integrals Al of equation (12). We must define X(r) under integral sign to calculate
thatintegral. With t,_; <7 <t,, we use the Taylor expansion and omit high order terms because the interval
7 —1,_; could be taken very small.

R BX,—X, 7-t
Al = f = dr+ I n_-nit. = dr
oy (tn o T) tha h (tn a T) (15)

i ()
= Xn_q + Xy =X 1)
1-p " (1-p)(2-p) '

We have the Newmark approximation of X ,X , X  as follows

%o = 2 (X, =Xy 4 )+ (1—7J>‘<n1+(1—]hxn 1+[1—Jh2‘>'<'nl, (16)

Ah B 23 2 6p
X'n:;;]z(xn—xnl) ,Bh nl+(1 Zﬂjxnl+£1 ;;J X 4, (17)

1 1 . 1 1
Xa :ﬁ(xn _Xn—l)_ﬂhzXn—l_zﬂhxn—l_(GlB_len—l’ (18)
From equation (15) and (16), we yield
h-P y ( 7).

Al =— | (X, =X, 4 )+ 2= P— = | X,

T U L .

{1 ZﬁJhX‘l @_Gﬂjhz }

We also apply for Dp+1X(t) at t=t,

") = gyl T+ AT (20)
DPx(t,) . IO)[IO+ AT
Where
= x(0) x(0
|o:_ptng+l)+t(r?)’ (21)
ro_TxE) W% ., .oz
I = ———dr~— (22)
n-1 .([ (tn _T)p v 2|:tn ; t _Ih) :l
rof X ht? [ a a
Al = dr = . a,
n t, (tn _T)p T (1_ p)(z_ p) ’th( n n—1) ﬂh n-1 3

+[2— p _20;3j % +(1—£th'>'<}11}

Suppose the road surface excitation u is represented by a harmonic functionu =U sin (a)t + go) (24)
With U, ®, @ are constants. We have
L]:Ua)cos(a)t+go), (25)

Dpu=Ua)pSin(a)t+(p+ p%j, (26)
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Dp*lu:D[D"u]:Uwp”cos[a}tﬂm p%) (27)
Substituting equation (13), (17), (18) and (20) into (9) at t =t we obtain
X +ax, + AT 4ok +— 2 AL
r(1-p) r(1-p) (28)

b — ab
— |+ |-+ 4,
1—‘(1_ p)[ 0 + n—l] F(l— p)[ 0 + n—l]
Substituting equations (16 - 18) and (25 — 27) into (28) we have

{ 1 a h™? « h=P ;/J
;+a 2+b —+c—+ab7— X,
ph® ~ph* T(3-p)B ph T(3-p)B

=bDP"u, +cu, +abDPu, —

=bU co"*lcos(a)tn +o+ p;)-l—CUa)COS(a)tn +¢)+abUa)pSin(a)tn +o+ ij

b - ab
_F(l_ p)[|0+|n—1]_m[|0+ln—l]
+ L X .+ 1 X .+ 1 X .+ i—1 X 29
ﬂhS n-1 ﬂhz n-1 Zﬁh n-1 6ﬁ n-1 ( )
+a{ Xy X (“—1jxnl+(“—1jh'x;]l}
Bh ﬂh 2 64
th——— hlﬁp |: az I nl (p 2+ ]nl [ ]hX j|
F(3 p) £h ﬂh 205 60
+c{7xnl+(7— j)’(nl (—1]hx ( r jhz }
Bh B 2 68 2

+abhlp|:7Xn1+(p—2+yJXn1+[7_1jhxn1+(7/_ljh2x}11:|
r(3-p)| gh B 23 65 2

We finally obtain numerical solution X, of the differential equation of motion (8) through the values

of X1, Xp_q, X141, X1 where X,;,X,; and X _; are calculated as follows
g =L (X, — X )——1 s - Lk

n ,Bh3 n n-1 ﬁhz n-1 Zﬂh n-1 6/3 n-11

X, =% 4 +(1-a)hX , +ah¥%, (30)

Xy =X q + MK+ (% - ;/j h®% _, +yh*X,

We suppose that initial conditions to above formulas x(0), X(0)and X(0) are given.

3. Conclusions

The linear vibrational differential equation takes the form of a third-order differential equation in the
case of integer damping. The linear vibrational differential equation contains the third-order and fractional
order derivatives in the case of fractional damping.

In this paper, the approximation formulas for the third order dynamic systems are developed which
based on idea of the Newmark integration method. Then, using the Liouville-Rieman’s definition of fractional
derivatives and the Newmark integration scheme, we find solutions of established differential equations in
subsequent studies. It is possible to survey the vibrations of car, contributing to setting directions and
measures to improve the quality of produced cars.
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CALCULATION OF CRANE ROBOT KINEMATICS

Annotation
The paper introduces the general of crane robot and the application of parallel control mechanics.
Some main subjects are studied: Position Analysis, Kinematics Analysis, Dynamics Analysis.
Keywords:
robot, mechatronic.

1. Introduction
Cranes are widely used in large-scale manufacturing but are not widely used in areas requiring high
precision. To overcome this, a new type of crane has been created, which is controlled by a computer to
control all six degrees of freedom. That crane is called a crane robot.
Crane robot is designed based on the idea of parallel linkage manipulators of Stewart Platform using
cables as parallel connections and a winch as the operating part. The working platform is suspended and held
taut by six cables, the load is the forcing force.

Figure 1 — Crane robot transports goods

29



AKALEMMWYECKOE U3OATE/IbCTBO «HAYYHAA APTE/1b»

2. Location Analysis

2.1 Determine the degrees of freedom of the structure

One end of each of the six cables of the crane robot is connected to the moving plate, which is
considered a ball joint. The other end of the cable is connected to the rack via pulleys, which are also
considered ball joints. The length of each cable is changed by the motors. With different lengths of each
cable, we can create any position and direction of the moving plate in space. There are a total of 14 links (6
cables, 6 pulleys, the rack and the moving plate), 18 joints, 6 redundant degrees of freedom.

Number of degrees of freedom of the structure:

F=A(n-j-1)+> f—f

A is the degree of freedom of any link in space ( A =6)
N :is the total number of links in the mechanism

(1)

J :is the total number of joints in the mechanism
fi . is the total number of degrees of freedom of the joints in the mechanism

fp : is the total number of excess degrees of freedom of the mechanism

So F =6(14-18-1)+(12x3 +6x1)-6=6

Thus, the degree of freedom of crane robot is 6, which means that it can perform translational
movements in the x, y, z directions, rotation, folding, and shaking (rotation around the x, y, z axes). However,
within the scope of this article, crane robot is built according to the requirement that the moving plate below

always moves in a plane parallel to the Oxy plane. From that requirement, we determine the mathematical
model of crane robot (Figure 2).

v BB
z

Figure 2 — Crane robot schematic diagram

2.2 Crane robot's rotation matrix

With the model and working requirements of crane robot, we get the rotation matrix to convert the
coordinates between the moving plate and the rack. The rotation matrix is obtained from rotating around

the Oz axis by an angle 0 .
Then

cosd —sin@ O
"Ry =|sin@  cos® O
0 0 1

3. Inverse kinematics problem

A
For the inverse kinematics problem, the displacement A , RB matrix and initial position po are
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known. We have to find the length of the cable segments at the analysis point. From the crane robot model,
we determine the coordinates of the legs at the working position as follows:

p, cosB-p_and+ boose- a P, cos8— p, sinB- Ecos:El+ ﬂsin6+ a
: T Z b b3
d, = |p.sind+ p, cos8+ bsing - a“‘g d,=| p.sinB+p, cosB- Esine— Tcose
h+p h+p,
I . b B3, a | p, cos8—p, sinf- Ec:c::usEHﬂsinE]— a
p.cost-p, sinB- —cosf—- ——sinf- — 2 2 2
2 2 2 . b, b3 a-f3
) b, b3 a5 d, =| p, sinf+ p, cosB- —sinf- ——cost+ —
d, =|p.snB+p cosB- —sind+ ——cozd- 2 2 2
2 i 2 h+p,
h+p,
L i _ o
r T p,cos - p, snt+boos 8- —
p.cos8-p, sinf- 20@56— ?sineua 3-!37
b bl d, = p151n6+prcos'5+bsin'5—a
d,= p,sin8+proose—asin8+ —2—0058 2

h+p,

h+p,

4. Forward kinematics problem
For the forward kinematics problem, the length of the moving cables is known, we must determine
the position of the moving plate corresponding to the length of the moving cables (which is the displacement

A and the ARB rotation matrix).

The direction of leg i can be represented by two Euler angles, which are rotation around the Zi axis
by angle i, then rotation around the Y; axis by angle ‘9i as shown in the figure below. Therefore, the
rotation matrix of leg i can be written as A Ri = Rz¢, -Rygi
[cosp, —sing, O] [ cosH, O sino,
=|sing, cosp, Of- 0] 1 0]

0] 0] 1| |-sinG, O cos,
[cosp, cosB, —sing, cosp, singd,

=| sing, cosh, cosp, sing, sino,

—sing, 0

31



AKALEMMWYECKOE U3OATE/IbCTBO «HAYYHAA APTE/1b»

i i T
The unit vector Si in the coordinate system of foot i is given by S; = [0, O, 1]

. . . . . _A R i
The coordinate S; in the fixed coordinate system is calculated S; = i S
cos), sinb,
S =| sing, sin,

CcOosH.

Solving the above equation gives us the following results for angles ¢i and Qi :

cosh, =s,
sinb, = /s, +s, (0<6<n)
S
sing, =—>
b sing,
S
co = X
s sing,

From this the Euler angles of the i-th leg were determined.
5. Dynamic analysis

Attach coordinate system A( X, Y, Z) to the basket and coordinate system B (U 'V, W) to the moving
plate, xy plane contains ball joint A\ , UV plane contains ball joint Bi . The origin of the moving coordinate
system B islocated atthe center P of the moving plate, the origin of the fixed coordinate system A islocated
atthe center O of the basket. The legs (fibers) are represented by vector di . In addition, attach the coordinate
system of leg | with the origin at A, , the Z; axis is directed from A, to Bi ,the Y; axis is the vector product

of the two vectors Zj and Z andthe X; axis is determined by the right-hand rule.

The velocity and angular acceleration of leg | in the coordinate system of leg | are given as follows:

-V

biy
'® —i(iniV )—i 'v
i di i bi di bix
0
[ 2'v, v, |
|\-/biy+ t(lljz biy
, L .oo2d 1|, 2.V,
('Ol_i' Slvai_i' 0‘)|:7 bix
| d. d d,
0
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6. Conclusion
We have analyzed position, kinematics, and dynamics to come up with a solution to control the
actuators in parallel.
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WORLD EXPERIENCE IN FEEDING RACEHORSES: A MODERN PERSPECTIVE
ON OPTIMIZING PERFORMANCE AND HEALTH

Abstract

The field of racehorse nutrition is undergoing a significant transformation, moving beyond traditional
high-starch diets to embrace a more scientific, holistic, and customized approach. This article provides an
updated overview of global feeding practices, incorporating recent advances in research. While the
fundamental need for high energy remains, modern strategies prioritize the intricate balance of the equine
digestive system, particularly the gut microbiome. Emerging research highlights the critical link between gut
health and athletic performance, advocating for diets that support a diverse and stable microbial population.
Furthermore, there is a growing trend towards precision feeding, utilizing a broader range of energy sources—
from "super fibers" to strategic fat inclusion—to meet individual metabolic needs and mitigate the risks of
metabolic and gastrointestinal disorders. This evolution in feeding philosophy aims to enhance not only the
short-term performance of these equine athletes but also their long-term health, soundness, and career

longevity.
Keywords:
racehorse, nutrition, feeding, performance, health, gut microbiome, precision feeding,
super fibers, forage, energy sources, supplements.
Introduction

In the high-stakes world of thoroughbred racing, a horse’s diet is the cornerstone of its performance,
dictating its energy, recovery, and overall well-being. For decades, the global standard for fueling these elite
athletes has been the energy-dense, high-starch grain ration, designed to provide the explosive power needed
for a race. However, recent scientific breakthroughs have exposed the limitations and potential health risks
of this traditional approach, sparking a profound shift in feeding philosophies across major racing jurisdictions
worldwide.

The most significant paradigm change centers on a deeper understanding of the equine gut
microbiome—the complex ecosystem of bacteria, fungi, and protozoa residing in the hindgut.
Groundbreaking studies have established a direct link between a horse's gut microbial diversity and its athletic
potential and long-term health. For instance, research from the University of Surrey has shown that the gut
bacterial community of a one-month-old foal can predict its future performance and susceptibility to disease.
Specific microbial byproducts, such as butyrate, are now understood to be key players in the "gut-muscle
axis," acting as a direct energy source and influencing muscle function. This has led to a re-evaluation of feed
ingredients, with a greater emphasis on components that nourish and stabilize this delicate ecosystem, such
as fermentable fibers and prebiotics.

The racehorse stands as the epitome of an equine athlete, demanding a precise and highly specialized
nutritional program to meet the extraordinary energy demands of training and competition. Across the globe,
trainers, veterinarians, and nutritionists continually strive to refine feeding strategies to optimize speed,
stamina, and recovery, all while safeguarding the horse's overall well-being. Historically, racehorse diets have
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heavily relied on high-starch grains to provide the explosive energy required for intense bursts of speed.
However, a deeper understanding of equine digestive physiology and the potential health consequences of
imbalanced rations has led to a paradigm shift in feeding philosophies.

The equine digestive system, designed for continuous grazing of fibrous plant material, is a delicate
balance. Unlike ruminants, horses are hindgut fermenters, meaning that a significant portion of fiber
digestion occurs in the cecum and large colon. While high-intensity exercise necessitates concentrated energy
sources, an over-reliance on non-structural carbohydrates (starches and sugars found in grains) can
overwhelm the foregut's digestive capacity. This can lead to undigested starch reaching the hindgut, causing
microbial imbalances, acidosis, and a cascade of problems including colic, laminitis, and equine gastric ulcer
syndrome (EGUS).

Beyond the microbiome, the modern approach to racehorse nutrition is increasingly defined by
precision and customization. Trainers and nutritionists are moving away from "one-size-fits-all" rations, opting
instead for data-driven feeding programs tailored to a horse's individual metabolic profile, training intensity,
and genetic predispositions. This has popularized the use of alternative, "cool" energy sources, such as fats
and "super fibers" like sugar beet pulp and soybean hulls. These ingredients provide highly digestible energy
without the high glycemic response of starches, helping to prevent behavioral issues and reduce the risk of
conditions like tying-up (exertional rhabdomyolysis) and gastric ulcers. The processing of grains has also been
refined, with techniques like steam flaking and micronization now standard practice to improve pre-cecal
starch digestion, thereby reducing the burden on the hindgut.

Ultimately, the world of racehorse feeding has evolved from a simple practice of providing fuel to a
sophisticated science aimed at optimizing physiological function from the cellular level up. The focus is now
on a synergy of high-quality forage, balanced energy from multiple sources, and targeted supplementation,
all guided by the latest research to build a robust, resilient, and high-performing equine athlete.

References:

1. Geor, R. J., Harris, P., & Coenen, M. (Eds.). (2013). Equine Applied and Clinical Nutrition. Saunders.
2. Lewis, L. D. (1995). Equine Clinical Nutrition: Feeding and Care. Williams & Wilkins.
3. Kentucky Equine Research (KER). (2025). Alternative Energy Sources for Performance Horses. EquiNews.
Retrieved from https://ker.com/equinews/alternative-energy-sources-performance-horses/
4. University of Surrey. (2024). Bacterial gut diversity improves the athletic performance of racehorses. News
and Press Releases. Retrieved from https://www.surrey.ac.uk/news/bacterial-gut-diversity-improves-
athletic-performance-racehorses
5. Martin, J. (2021). Racehorse nutrition. Johnston Racing. Retrieved from https://www.johnston.racing/wp-
content/uploads/2021_04_Vet-John-Martin-discusses-racehorse-nutrition.pdf

© Seydiyeva J. Garyagdyyev M., 2025

36


https://ker.com/equinews/alternative-energy-sources-performance-horses/
https://www.surrey.ac.uk/news/bacterial-gut-diversity-improves-athletic-performance-racehorses
https://www.surrey.ac.uk/news/bacterial-gut-diversity-improves-athletic-performance-racehorses
https://www.johnston.racing/wp-content/uploads/2021_04_Vet-John-Martin-discusses-racehorse-nutrition.pdf
https://www.johnston.racing/wp-content/uploads/2021_04_Vet-John-Martin-discusses-racehorse-nutrition.pdf

HAYYHbIN }YPHAN «COGNITIO RERUM» ISSN (p) 2412-9489 / ISSN (e) 2542-1026 Ne7/ 2025

GHAOAOIHA

37




AKALEMMWYECKOE U3OATE/IbCTBO «HAYYHAA APTE/1b»

Mammedov Mekan, student.

Turkmen National Institute of World Languages named after Dovletmammet Azadi.
Atjykova Ogulhan, student.

Turkmen Agricultural University

Ashgabat, Turkmenistan

SUCCESSFULLY FOREIGN LANGUAGES LEARNING

Abstract

In an increasingly interconnected world, mastering foreign languages has become a vital skill that
opens up numerous personal, academic, and professional opportunities. This article explores the significance
of learning foreign languages, effective strategies for acquiring new languages, common challenges faced by
learners, and the benefits of multilingualism. Emphasizing the role of technology, cultural exposure, and
motivation, the discussion highlights how language learning fosters cross-cultural understanding, cognitive
development, and career advancement. While recognizing the hurdles, the article advocates for adopting
innovative approaches and a proactive mindset to succeed in mastering multiple languages.

Introduction

The globalization of economies, expansion of international travel, and the rise of digital
communication have made proficiency in foreign languages more important than ever. Learning additional
languages beyond one's native tongue not only enriches cultural awareness but also enhances cognitive
abilities, improves employability, and facilitates meaningful connections across borders. However, acquiring
new languages presents challenges such as grammatical complexity, pronunciation difficulties, and
maintaining motivation over time. The modern learner benefits from a wide array of tools and strategies—
ranging from traditional classroom instruction to digital platforms—that can make language acquisition more
effective, engaging, and accessible. Embracing multilingualism is no longer just a cultural asset but a crucial
competency in today’s globalized society.

Successful language learning hinges on a combination of immersive exposure, active practice, and
consistent effort. Immersion techniques—such as engaging with films, music, books, and conversations in
the target language—help develop listening and comprehension skills while fostering cultural understanding.
Digital tools like language learning apps (e.g., Duolingo, Babbel), online courses, and virtual exchanges offer
personalized, flexible learning pathways suitable for various proficiency levels. Incorporating speaking
practice through language tandems, group discussions, and pronunciation exercises boosts fluency and
confidence. Setting clear, achievable goals, maintaining regular practice routines, and seeking feedback are
critical to progress. Moreover, learning a language in context—by understanding its cultural nuances and
real-life usage—makes the process more meaningful and memorable.

Learning a new language often involves overcoming numerous obstacles. Pronunciation nuances,
especially in tonal or phonologically different languages, can be difficult. Grammar rules and syntax may seem
complex and inconsistent, leading to frustration. Maintaining motivation over long periods is challenging,
especially when progress appears slow or when learners lack opportunities for authentic practice.
Psychological barriers such as fear of making mistakes and lack of confidence can also impede speaking and
active participation. Additionally, limited access to qualified teachers, resources, or immersive environments
can hinder progress, particularly in regions where the target language is less prevalent. Overcoming these
hurdles requires perseverance, adaptive learning strategies, and a supportive environment that encourages
experimentation and resilience.

The advantages of multilingualism extend well beyond basic communication. Learning foreign
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languages enhances cognitive skills such as problem-solving, multitasking, and memory. It broadens cultural
horizons, fostering empathy and intercultural competence, which are essential in today’s diverse societies.
Professionally, multilingual individuals have a competitive edge in global job markets, with increased
opportunities for international careers, diplomacy, and business negotiations. Educationally, knowing
multiple languages facilitates access to diverse academic resources and research. Personally, acquiring new
languages builds confidence, enriches travel experiences, and nurtures a lifelong curiosity about the world.
Overall, mastering foreign languages empowers individuals to participate more fully in global conversations
and communities.

The future of language learning is increasingly intertwined with technological innovation. Artificial
intelligence, virtual reality, and machine learning are creating immersive, adaptive, and interactive learning
environments that cater to individual needs. Online communities and social media enable learners to practice
with native speakers worldwide, breaking down geographical barriers. To maximize success, learners should
adopt a proactive attitude, embrace cultural diversity, and seek out authentic language experiences.
Educational institutions and policymakers must prioritize multilingual education, invest in teacher training,
and develop accessible resources, especially in underserved regions. Encouraging early language exposure
and fostering a positive attitude toward mistakes as part of the learning process are also crucial. Ultimately,
embracing a lifelong learning mindset and leveraging technological advancements will be key to mastering
multiple foreign languages.

Conclusion

Learning foreign languages is a powerful tool for personal growth, cultural exchange, and professional
development. While challenges exist, modern methodologies, technological tools, and a motivated mindset
make language acquisition more attainable than ever. Multilingualism not only enriches individual lives but
also promotes understanding and cooperation across nations, fostering a more connected and inclusive
world. By adopting effective strategies and staying committed, learners can unlock the myriad opportunities
that mastering foreign languages offers, paving the way for a brighter, more interculturally fluent future.
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LEARNING ENGLISH - A TRANSFORMATIVE JOURNEY THAT BROADENS HORIZONS, BUILDS CONFIDENCE

Abstract
English has become the global lingua franca, opening doors to international communication,
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education, and business. As more learners around the world seek to acquire proficiency in English,
understanding effective learning strategies, common challenges, and the vast opportunities that come with
mastery of the language becomes essential. This article explores the key aspects of learning English, including
innovative approaches, obstacles faced by learners, and the benefits gained from achieving fluency.
Emphasizing the importance of motivation, immersive experiences, and technological tools, the discussion
highlights how individuals can overcome difficulties and harness the potential of English as a gateway to
global engagement.

Learning English has gained unprecedented importance in the 21st century due to globalization,
technological advancement, and economic integration. For many non-native speakers, acquiring fluency is
not only a personal goal but also a professional necessity, enabling access to world-class education,
international careers, and cross-cultural understanding. However, mastering English presents unique
challenges, particularly for learners with different native languages, educational backgrounds, and access to
resources. Innovative teaching methods, digital platforms, and immersive experiences have transformed
traditional language learning, making it more accessible and engaging than ever before. Recognizing these
developments, learners must adopt strategic approaches, stay motivated, and leverage available
technologies to succeed.

Effective Strategies for Learning English

Successful English acquisition relies on a combination of structured learning and real-world practice.
Immersive methods, such as engaging with English media—movies, podcasts, books, and social media—
enhance listening and comprehension skills while familiarizing learners with various accents, idioms, and
cultural contexts. Interactive language apps and online courses offer personalized, flexible learning options,
enabling learners to practice vocabulary, grammar, and pronunciation at their own pace. Participating in
conversation clubs, language exchanges, and immersion programs further develops speaking and listening
skills, fostering confidence and fluency. Additionally, setting clear goals, maintaining consistent practice
routines, and actively seeking feedback are critical for steady progress. Emphasizing communicative
competence over rote memorization encourages learners to use English in authentic situations, making their
learning experience more meaningful and effective.

Despite the availability of numerous resources, learners encounter multiple obstacles in mastering
English. Pronunciation and intonation often prove difficult, especially for those whose native languages have
different phonetic systems. Grammar complexities, such as tense usage and sentence structure, can cause
confusion and errors. Limited exposure to native speakers and authentic language environments hampers
fluency development. Furthermore, psychological barriers, including fear of making mistakes and lack of
confidence, hinder active participation in conversations. Socioeconomic factors also play a role, as access to
quality education, technology, and language learning opportunities varies widely across regions. Overcoming
these challenges requires patience, perseverance, and the adoption of adaptive learning techniques tailored
to individual needs.

Proficiency in English offers numerous advantages in today’s interconnected world. It facilitates access
to higher education in prestigious universities, many of which use English as the medium of instruction. In
the job market, English fluency enhances employability and opens doors to international companies and
collaborations. On a cultural level, understanding English allows learners to engage with diverse perspectives,
literature, and entertainment, fostering global awareness and empathy. Additionally, bilingual or multilingual
individuals often experience cognitive benefits, such as improved problem-solving skills and better
multitasking abilities. For many, learning English is a transformative journey that broadens horizons, builds
confidence, and creates pathways for personal and professional growth.
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The future of learning English lies in leveraging technology and fostering immersive experiences.
Virtual reality (VR) and artificial intelligence (Al) enable realistic language practice environments and
personalized feedback, accelerating learning outcomes. Mobile learning platforms and social media provide
opportunities for informal practice and cultural exchange. To maximize success, learners should combine
formal education with informal exposure, maintain a positive attitude, and cultivate a growth mindset.
Governments and educational institutions must invest in accessible language programs, especially in
underserved regions, to bridge existing gaps. Encouraging intercultural communication and promoting
language diversity within multilingual environments can also enhance motivation and contextual
understanding. Ultimately, embracing innovation and fostering a supportive learning community are key to
unlocking the full potential of English learners worldwide.

Conclusion

Learning English remains a vital pursuit for millions seeking to participate fully in our interconnected
world. While challenges exist, advances in technology, innovative teaching methods, and a global emphasis
on immersive learning provide unprecedented opportunities for success. By adopting strategic approaches,
maintaining motivation, and utilizing diverse resources, learners can overcome obstacles and achieve
fluency. English proficiency not only broadens individual horizons but also fosters cross-cultural
understanding and collaboration, contributing to a more open and interconnected global society.
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LEARNING WORLD LANGUAGES IN THE CONTEXT OF BIOLOGICAL SCIENCES

Abstract

In an increasingly globalized scientific community, the ability to communicate across languages has
become essential—particularly in interdisciplinary fields like biological sciences. This article explores the
value and impact of learning world languages for students and professionals in biology-related fields. It
analyzes the importance of multilingualism in international collaboration, scientific publishing, field research,
and academic mobility. The article also examines pedagogical strategies to integrate language learning with
scientific education and discusses how language competence enriches both knowledge production and
cultural understanding in the global life sciences.
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In today’s interconnected world, the biological sciences no longer operate within national or linguistic
borders. Collaboration among scientists from diverse linguistic and cultural backgrounds is the norm rather
than the exception. Whether studying climate change, conducting epidemiological research, or participating
in global conservation efforts, biologists are required to communicate, publish, and cooperate across
languages and regions. In this context, the integration of world language learning into biology education is
not just an asset—it is a necessity.

Learning world languages also enhances access to non-English scientific literature. While English-
language journals dominate global indexing systems, a wealth of valuable research continues to be published
in regional languages. Studies on biodiversity, traditional medicine, endemic species, and agricultural
practices often appear in local academic or government publications. Language competence allows
researchers to broaden their knowledge base, validate local expertise, and avoid duplication of existing work.

To address these needs, interdisciplinary educational models are emerging that integrate language
learning into science curricula. For example, English for Specific Purposes (ESP) programs tailored for biology
students teach scientific terminology, writing research papers, giving presentations, and reading journal
articles. Similar initiatives exist for French, German, and Spanish in regions where these languages are
dominant. Language modules can be embedded in biology degrees, offering students both linguistic
competence and scientific communication skills.

Classroom strategies may include reading scientific texts in multiple languages, comparing
international case studies, conducting bilingual lab reports, or simulating multilingual conferences.
Technology also facilitates this integration—students can use translation software, online glossaries, and
collaborative platforms to practice science communication in real-world contexts.

Importantly, the benefits of learning world languages in the biological sciences go beyond academic or
professional advancement. They contribute to ethical and inclusive science, where researchers engage with
diverse perspectives, respect local knowledge systems, and practice responsible communication. Multilingual
scientists are more likely to collaborate equitably, navigate cross-cultural challenges, and represent the
global nature of biological research.

Conclusion

Learning world languages in the context of biological sciences is a strategic and humanistic investment.
It prepares future scientists to operate effectively in a globalized, multilingual world, enriches the quality of
research through broader access to knowledge and collaboration, and fosters respect for cultural and
linguistic diversity. As the biological sciences continue to address global challenges—from pandemics to
biodiversity loss—language competence will remain an indispensable tool for global scientific progress and
ethical engagement.
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ATTITUDES TOWARDS THE USE OF ENGLISH - VIETNAMESE CODE-SWITCHING
IN CONVERSATIONS OF VIETNAMESE ENGINEERS

Abstract

Code-switching is a common phenomenon in bilingual communication that has attracted the attention
of many scholars, including Gumperz (1972), Poplack (1980), Grosjean (1982), Malik (1994), Auer (1995),
Appel & Muysken (2006), Ho-Dac-Tuc (2003), and Kim (2006). This study investigates attitudes toward
English-Vietnamese code-switching in workplace conversations among a group of engineers. A mixed-
methods approach was used, combining questionnaires and analysis of recorded conversations, based on
the theoretical frameworks of Eagley & Chaiken (1993), Myers-Scotton (1993), and Hidalgo (1998).

The findings reveal generally open and positive attitudes: most participants understood, felt
comfortable with, and preferred code-switched conversations. Factors such as age, occupation, English
proficiency, and frequency of use had limited influence overall, though specific aspects like work experience,
field of expertise, and English ability did play a role. While code-switching may slightly affect the purity of
Vietnamese, its positive impact on English acquisition—especially vocabulary and technical terms—is
undeniable. Therefore, code-switching should be encouraged in English teaching and learning, particularly in
specialized contexts.

Key word:
code-switching, attitudes to code-switching of engineers in a company, Vietnam.

l.introduction

Code-switching, a sociolinguistic phenomenon common in bilingual communities, occurs when
speakers alternate between their native language (L1) and a second language (L2) across different domains
(Kim, 2006). With English becoming a global language (Crystal, 2003), English expressions have become
widespread in online platforms and daily speech, particularly among youth—for example: “ok nhé,” “hello
ban,” “lwot web,” “search mang,” “check lai,” etc. This practice is generally accepted in society.

Code-switching has drawn significant scholarly attention (Poplack, 1980; Grosjean, 1982; Malik, 1994;

Vs
C

Appel & Muysken, 2006; Ho, 2003; Kim, 2006). In Vietnam, many professionals, especially engineers,
frequently use English-Vietnamese code-switching at work despite living in a predominantly Vietnamese-
speaking environment.

This study examines the attitudes toward code-switching among engineers at an oil and gas company
in southern Vietnam. Although they are not linguists or English teachers, most of them are proficient in
English. The main research question is:

1. What are the attitudes toward English-Vietnamese code-switching in workplace conversations
among Vietnamese engineers?
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The study aims to explore how highly qualified professionals perceive the integration of code-switching
into their daily work life, contributing insights into the behavior of bilingual speech communities in Vietnam.

2. Theoretical basis and methodology

2.1. Theories

Sociolinguistics examines the relationship between language and society, including how language use
reflects and shapes social structures. Within this field, bilingualism refers to the ability to communicate in
two or more languages (Spolsky, 1998). A key phenomenon in bilingual speech is code-switching, defined as
the alternating use of two or more languages within a conversation (Grosjean, 1982; Poplack, 1980). It often
occurs without changes in topic or interlocutor and serves important social functions (Myers-Scotton, 1993).

The concept of attitude is complex and multifaceted. Gardner (1980) sees it as a general disposition,
while Ajzen (1988) focuses on its evaluative nature. Eagley & Chaiken (1993) define attitude as a psychological
tendency expressed by degrees of favor or disfavor toward an entity, reflected in responses such as
approval/disapproval, liking/disliking, or attraction/aversion.

Studies on attitudes toward code-switching explore various influencing factors. Myers-Scotton (1993)
highlights age and language proficiency as key variables, while Hidalgo (1998) found that some bilinguals
view code-switching negatively in terms of understandability, attractiveness, and correctness.

This study investigates participants’ attitudes toward code-switching through a questionnaire
addressing elements such as comprehension, emotional response (favor/disfavor), linguistic preferences,
and perceived impact on English learning. It also examines how factors like age, occupation, English
proficiency, and frequency of use influence these attitudes.

2.2. Methods

To address the research question, a survey was conducted with fifteen engineers at PVC-PT Company,
who were involved in preparing international bidding documents and contracts. With the company's
permission, their natural workplace conversations were recorded and transcribed. The code-switched
excerpts were then distributed to employees in other companies to gather broader feedback. A structured
guestionnaire titled “Attitudes of the Community towards Code-Switching” was designed and distributed to
120 respondents. The questionnaire included close-ended items, aiming to assess participants’ frequency of
code-switching, comprehension, comfort level, preference, perceived attractiveness, and views on whether
factors such as age, profession, work field, or English proficiency influence code-switching. It also examined
perceptions of code-switching’s effect on the purity of Vietnamese and its impact—positive or negative—on
English language acquisition, particularly in teaching and learning contexts such as ESL and ESP. The collected
data were then analyzed to draw conclusions for the study.

3. Findings and discussion

The questionnaire, consisting of various item types, was distributed to 120 respondents. Their answers
were collected and systematically grouped according to the thematic focus of each section for quantitative
analysis and interpretation.

3.1. Part 1: Frequency of code-switching in everyday conversations

Figure 1 shows that 120 people participated in the survey and answered this questionnaire in
which two people (1.66%) “always” code-switch, forty six (38.33%) people “usually” do it, sixty one
(50.83%) choose “sometimes” whereas only seven (5.83%) choose “rarely” and four (3.33%) say “never”.
Clearly that most of the respondents in the questionnaire are used to code-switching in their everyday
conversations. This acquaintance may make them easier to understand code-switching and give the correct
reply to the survey.
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Figure 1 — Frequency of codes-switching in everyday conversations

3.2. Part 2: Attitudes of respondents towards code-switching in conversations at workplace

A total of 120 participants responded to nine survey items related to attitudes toward code-switching.

The results, summarized in Table 1, show that a large majority (90%) reported understanding conversations

involving code-switching, while only 10% did not. Approximately 67.5% felt comfortable with such

conversations, and 63.33% expressed a preference for them. Additionally, 64.16% found code-switching to

be attention-catching. Regarding comprehension difficulty, 74.16% stated that code-switching did not cause

confusion, while 25.83% thought it did.

As for influencing factors, only 30% believed English proficiency affects understanding and use of code-

switching, while 70% disagreed. Similarly, 25.83% acknowledged age as a factor, whereas 74.16% did not.
When asked about occupation or field of work, 39.16% saw it as influential, compared to 60.83% who did
not. Lastly, opinions were nearly split on whether code-switching harms the purity of Vietnamese: 52.5%

agreed, while 47.5% disagreed.

Table 1
Attitudes to code-switching in conversations at workplace
Yes No
Number of % Number of %
choice choice
Ql': Dg you understand the conversations with code- 108 90% 12 10%
switching ?
Q2: Do . you . feel cor"nfortable when facing 81 67.5% 39 32.5%
conversations with code-switching ?
_Cl)ls: Do you prefer conversations with code-switching 76 63.33% a4 36.66%
Q4: Do the' conversations with code-switching draw 77 64.16% 43 35.83%
your attention?
Q5: Do you find words in conversations with code- o o
switching make you difficult to understand them? 31 25.83% 89 74.16%
Q6: Do you think your proficiency of English affects the
understanding and  using  codes-witching in 36 30% 84 70%
conversations?
Q7: Dq you think Your. agc.a affects th(? understanding 31 25.83% 89 70.16%
and using codes-witching in conversations?
Q8: Do you think your occupation or work field affects
the understanding and using codes-witching in 47 39.16% 73 60.83%
conversations?
ICrl;)lej)rclJt;/;)u think code-switching destroys Vietnamese 63 52.50% 57 47.50%

In summary, although the respondents vary in age, occupation, and English proficiency, nearly all
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understand workplace conversations involving code-switching. About two-thirds feel comfortable with and
prefer such conversations, finding them engaging and generally easy to follow. Most do not believe that
English proficiency, age, or occupation significantly affects their ability to understand or use code-switching.
However, opinions are divided on its impact on the purity of Vietnamese: slightly more than half view it as
potentially harmful, while the rest disagree. Overall, attitudes toward code-switching are open and mostly
positive, though respondents suggest it should be used selectively to avoid possible negative effects on
Vietnamese language proficiency.

3.3. Part 3: Further findings about the impacts of age, occupation, proficiency of English and
frequency of English using on code-switching.

Part 3 of the questionnaire with four small items is providing more details referred to age, occupation,
proficiency and frequency of using English at work. With the support from Part 2, there are some findings on
the impacts of those mentioned factors described later on.

3.3.1. Impact of age on understanding and using of code-switching

There are only eight (8 of 120) respondents working for 2-5 years and four of them (50%) agree that
age affects the understanding and using of code-switching, four disagree. Most of the respondents have been
working for 5-10 years (73 of 120) in which only fourteen people (19.17%) choose “Yes”, fifty nine people
(80.82%) choose “No”. Thirty nine (39 of 120) respondents have over ten years working at company, fifteen
of them say “Yes” and twenty four say “No”.

100% 70
i &
704, a - 50
e8¢ . 40
50% - ——
30% - ——— 30
%8:5 - B — 20 B Yes Percentage
10% - B B v
0% - — 0
-5 5- Ove No Percentage
10 r10
year
s year year
S S
Yes Percentage 50% | 19,17% | 38,46%
No Percentage 50% | 80,82% | 61,53%
Yes Number of choice 4 14 15
No Number of choice 4 59 24

Figure 2 — Impact of age on understanding and using of code-switching
(Breakdown of Q7 in Part 2 and Q1 in Part 3)

The largest group of respondents had 5-10 years of work experience, and most of them reported no
difficulty in understanding or using code-switching. The second-largest group, those with over 10 years of
experience, also largely believed that age does not affect code-switching. The smallest group consisted of
those with only 2-5 years of experience. These results suggest that in the workplace, experience may
contribute to greater familiarity and ease with code-switching, particularly among young but experienced
professionals.

There may also be differences in attitudes toward code-switching depending on context. In
professional settings, such as meetings, the use of code-switching often involves specific, technical terms
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relevant to the job, making it more meaningful and acceptable among experienced employees. Outside of
work—at home, in cafés, or on social media—code-switching tends to reflect casual habits, modernity, or
social style, and is more prevalent among younger generations. This implies that working age may influence
code-switching differently than biological age, particularly in how it shapes exposure to and purpose of code-
switching across different contexts.

3.3.2. Impact of occupation on understanding and using of code-switching

To further clarify the impact of occupation on the understanding and use of code-switching, the 120
respondents were divided into four groups: Engineers (66), Workers (22), Marketing and Sales (17), and
Administrative and Personnel staff (15). Based on responses to Question 8 (Part 2) and Questions 2 and 3
(Part 3), the results are shown in Table 1 and Figure 2. A majority of engineers (71.21%) believed that
occupation does not affect code-switching comprehension or usage, and over half of the workers (54.54%)
shared this view. In contrast, more than half of the Marketing and Sales group (58.82%) and Administrative
and Personnel staff (53.33%) believed that occupation does have an influence.

Overall, engineers and workers—those engaged in technical and high-tech services—tend to have a
more open view toward code-switching, likely due to their frequent exposure to specialized English
terminology. Meanwhile, staff in marketing, sales, and administrative roles may find such code-switching
more challenging, possibly due to unfamiliarity with technical vocabulary commonly used in code-switched
conversations.

80% —— Adrinist - 80
. ministr
Engineer Worker Marketing ative &
and sales
Personnel
Yes Percentage 28,78% 45,45% 58,82% 53,33%
No Percentage 71,21% 54,54% 41,17% 46,66%
Yes Number of choice 19 10 10 8
No Number of choice 47 12 7 7

Figure 3 — Impact of occupation on understanding and using of code-switching
(Breakdown of Q8 in Part 2 and Q2, 3 in Part 3)

3.3.3. Impact of proficiency of English on understanding and using of code-switching

Respondents were divided into four groups based on English proficiency: Excellent (5), Very Good (62),
Good (45), and Poor (7). According to responses to Question 6 (Part 2) and Question 4 (Part 3), the results
shown in Figure 4 indicate that none of the respondents with excellent English believed proficiency affects
code-switching comprehension. Similarly, 85% of those at the very good level, 48% at the good level, and
43% at the poor level shared this view. The proportion of agreement declines as proficiency decreases.

These findings suggest that higher English proficiency correlates with greater confidence and
competence in understanding and using code-switching, particularly in professional contexts where accuracy
and specialized vocabulary are required. Those with lower proficiency may struggle with unfamiliar terms or
pronunciation, leading to hesitation or reduced comprehension. Thus, while the majority believe that
proficiency has little impact, the data indicate that it does play a moderate role—those more fluent in English
tend to understand and use code-switching more effectively.
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Figure 4 — Impact of proficiency of English on understanding and using of code-switching
(Breakdown of Q6 in Part 2 and Q4 in Part 3)

3.3.4. Impact of frequency of using English at work on favor and disfavor of code- switching

Respondents were categorized into three groups based on their frequency of using English at work:
frequent use (57 people), occasional use (60), and no use (3). As shown in Figure 5, 75.43% of those who
frequently use English reported liking code-switching, while just over half of the occasional users expressed
the same preference. None of the respondents who never use English reported a liking for code-switching.

These findings suggest that attitudes toward code-switching are closely tied to the frequency of English
use in daily work. The more frequently respondents use English, the more favorable their view of code-
switching. Conversely, those with little or no exposure to English at work tend to be less supportive or
indifferent to the phenomenon.

100% — 50
80% — 40
60% - — —+ 30
40% - ~—1 — 20
20% - —<— 10
0% - 0
° Not No I Yes Percentage
Much
much use No Percentage
Yes Percentage 75,43% 55% 0% Yes Number of choice
No P t 9 9 9
o Percentage 24,56% 45% 100% No Number of choice
Yes Number of choice 43 33 0
No Number of choice 14 27 3

Figure 5 — Impact of frequency of using English at work on favor and disfavor of code-switching
(Breakdown of Q3 in Part 2 and Q5 in Part 3)
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3.4. Part 4: Positive or negative impacts of code-switching on English acquisition

When asked about the impact of code-switching on English acquisition, 79 respondents (63.83%)
viewed it positively, while 41 (34.16%) expressed a negative opinion. As shown in Figure 6, positive
perceptions were nearly twice as common as negative ones, indicating a shift in attitudes. Historically, code-
switching was seen as a sign of communicative incompetence (Hamer & Blanc, 2000), but contemporary
perspectives, such as Grosjean’s (2010), emphasize that it reflects a high level of bilingual competence rather
than linguistic deficiency.

Although around half of the respondents believe code-switching may harm the purity of Vietnamese,
a majority still recognize its positive role in English learning and do not reject its educational value. In practice,
when teachers lack appropriate equivalents in Vietnamese, code-switching can be an effective tool for
explanation or clarification. As Weinreich (1953) and later Kim (2006) noted, earlier negative views on code-
switching may have contributed to bilingual speakers feeling excluded from both linguistic and cultural
groups. Therefore, while the benefits are acknowledged, educators should apply code-switching purposefully
and with clear pedagogical intent.

100%
0% . [ | M Total

Positive Negative

Figure 6: Impacts of code-switching on English acquisition

4. Conclusion

When encountering code-switching in workplace conversations, most respondents express open and
positive attitudes. They generally understand these conversations, feel comfortable with them, and prefer
this form of communication. The majority also believe that code-switched words are not difficult to
comprehend. While most do not perceive age, occupation, English proficiency, or frequency of English use as
major influences, detailed analysis reveals more nuanced insights. Those with 5-10 years of work experience
tend to be more familiar and confident with code-switching than less experienced colleagues. Individuals in
technical fields, such as engineers and workers, who regularly deal with specialized vocabulary, are also more
comfortable using code-switching. Higher English proficiency and more frequent use of English at work
correlate with greater acceptance and understanding of this phenomenon.

Today, code-switching is more widely accepted, with increasing recognition of its benefits in bilingual
communication and education. However, when applied in language teaching, educators should use code-
switching deliberately and with clear objectives to support effective English acquisition and avoid potential
confusion or overdependence.
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THE INDISPENSABLE ROLE OF INNOVATIVE TECHNOLOGIES IN MODERN EDUCATION

Abstract

Innovative technologies are fundamentally reshaping the landscape of modern education, moving
beyond traditional pedagogical models to create dynamic, personalized, and globally connected learning
experiences. This article explores the critical importance of these advancements, highlighting their capacity
to enhance student engagement, foster critical 21st-century skills, promote accessibility, and facilitate data-
driven instructional strategies. From Artificial Intelligence and Virtual Reality to adaptive learning platforms
and robust Learning Management Systems, these technologies are pivotal in preparing students for a rapidly
evolving world and empowering educators with unprecedented tools for effective teaching. The integration
of innovative tech is no longer an option but a necessity for providing a truly modern, relevant, and impactful
education.

Keywords:
educational technology, edtech, personalized learning, artificial intelligence, virtual reality, augmented
reality, blended learning, student engagement, digital literacy, future skills.

Introduction

The classroom of today is vastly different from that of even a decade ago, and the pace of
transformation is only accelerating. We are living in an era defined by rapid technological advancement,
where digital fluency is becoming as crucial as traditional literacy. In this context, the integration of innovative
technologies into education is not merely an enhancement but an imperative for equipping students with the
competencies needed to thrive in the 21st century. The COVID-19 pandemic, while challenging, served as a
global accelerator, thrusting digital learning solutions into the mainstream and undeniably demonstrating
technology's vital role in ensuring educational continuity and accessibility.

However, the importance of innovative technologies extends far beyond remote learning capabilities.
The current educational paradigm is shifting towards a more student-centered, personalized, and experiential
approach. Learners today expect dynamic, interactive content that mirrors their daily digital interactions, and
they require skills that prepare them for jobs that may not even exist yet. Technologies like Artificial
Intelligence (Al) are moving beyond theoretical discussions to practical classroom applications, offering real-
time feedback, automating administrative tasks, and even generating customized learning paths. Similarly,
Virtual Reality (VR) and Augmented Reality (AR) are transforming abstract concepts into tangible, immersive
experiences, breaking down geographical barriers and making learning truly global. This article will delve into
the multifaceted importance of these technological innovations in delivering a modern education that is
relevant, engaging, and prepares students not just for examinations, but for life.

The Importance of Innovative Technologies

The impact of innovative technologies on modern education can be categorized into several critical
areas:

1. Personalized Learning Experiences: One of the most transformative benefits of educational
technology (EdTech) is its ability to cater to individual learning styles and paces. Adaptive learning platforms,
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powered by Al, analyze student performance in real-time, identifying strengths, weaknesses, and preferred
learning modalities. They then adjust content difficulty, provide targeted resources, and recommend
personalized learning paths. This ensures that every student receives instruction tailored to their unique
needs, maximizing comprehension and engagement, and preventing students from being left behind or held
back by a uniform curriculum.

2. Enhanced Engagement and Motivation: Traditional lecture-based learning can often lead to passive
student participation. Innovative technologies introduce interactive, multimedia-rich content that captures
and sustains student attention. Gamification, for instance, incorporates game-like elements (points, badges,
leaderboards, challenges) into learning activities, fostering healthy competition and intrinsic motivation.
Virtual and Augmented Reality transport students to historical sites, inside the human body, or even to distant
galaxies, making abstract concepts tangible and fostering a deeper, more memorable understanding.

3. Accessibility and Inclusivity: Technology significantly breaks down barriers to education. Online
learning platforms and digital resources provide access to high-quality education for students in remote areas,
those with disabilities (e.g., text-to-speech, speech-to-text, visual aids), or those who cannot attend
traditional schools. This democratization of knowledge ensures that geographical location, physical
limitations, or socio-economic status do not hinder a student's ability to learn and thrive.

4. Development of 21st-Century Skills: Beyond academic content, modern education must cultivate
skills essential for future success:

o Digital Literacy: Students learn to navigate, evaluate, and create digital content responsibly and
ethically.

o Critical Thinking and Problem-Solving: Interactive simulations, coding platforms, and data analysis
tools challenge students to think critically and solve complex problem:s.

o Collaboration and Communication: Online collaboration tools (e.g., shared documents, video
conferencing, discussion forums) enable seamless group work and foster effective communication skills,
preparing students for collaborative professional environments.

o Creativity and Innovation: Multimedia creation tools, coding, and design software empower
students to express their creativity and innovate.

5. Data-Driven Instruction and Feedback: Learning Management Systems (LMS) and other EdTech tools
collect vast amounts of data on student performance, engagement, and progress. This data provides
educators with invaluable insights, allowing them to identify learning gaps, track individual student
development, and adjust their teaching strategies in real-time. Automated grading and instant feedback
mechanisms (e.g., from Al tutors or quiz apps) allow students to quickly understand their mistakes and learn
from them, while freeing up valuable teacher time for more personalized interaction.

6. Preparation for a Digital Future: The job market is increasingly digital. By integrating technology into
daily learning, students become adept at using various digital tools and platforms, gaining a competitive edge
in their future careers. From coding and data science to digital marketing and virtual collaboration, skills
honed through technology in education are directly transferable to the modern workforce.

Conclusion

The integration of innovative technologies is no longer an optional add-on but a foundational pillar of
modern education. These technologies empower educators to move beyond the limitations of traditional
classrooms, fostering environments that are more engaging, personalized, and accessible. They are
instrumental in cultivating the critical thinking, creativity, collaboration, and digital literacy skills that students
need to navigate a rapidly evolving global landscape. As we look to the future, continuous investment in and
thoughtful implementation of cutting-edge educational technologies will be paramount to ensuring that
every student receives a high-quality, relevant education that prepares them not just for the challenges of
tomorrow, but for the opportunities of a lifetime.
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USING ENGLISH STORIES ON YOUTUBE IN LANGUAGE TEACHING AND LEARNING

Abstract

To take advantage of the benefits of audiobooks in English teaching and learning, the author used
document analysis to explore English short stories on YouTube, selected suitable stories based on students’
proficiency, and integrated them into tasks that support language skills. This study employs a descriptive
research approach, using a survey questionnaire to evaluate the impact of audiobook use during the English
learning process of non-English major students at Hanoi University of Mining and Geology. The results
showed a great number of students agreed that reading and listening to stories on YouTube had a positive
impact on their English learning. Specifically, students became more interested, revised and expanded their
vocabulary and grammar, and improved listening, reading, and pronunciation skills and most of them wished
to continue this learning method.

Keywords:
Youtube, impact, stories, technology.

1. Introduction

Nowadays, with the explosive development of information technology, the teaching and learning of
English has become more convenient than ever. Learners are no longer limited to knowledge delivered by
the teacher or textbooks—they now have access to a vast open resource of learning materials online.
Teachers can also take advantage of rich educational materials to help learners gradually master the target
language. Along that journey, books have always been both a teacher and a friend, nurturing knowledge and
enriching the soul. Learning English through reading books and stories has been proven effective for learners
(Pardede, 2011), and the exploitation of English stories on YouTube has been applied by the author in
teaching English to first-year university students at Hanoi University of Mining and Geology. In this article,
the author wishes to share practical experiences as well as learner feedback regarding their experience
learning a foreign language by reading and listening to English stories on YouTube.

By surveying the students’ ideas on the effects of using stories on Youtube in learning English, this
article offers recommendations for English study outside the classroom at a technical university with a strong
belief that with patience, motion, and a suitable method, any student would be able to use English in their
work and life, creating a community of fluent English users.
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2. Content

2.1. Theoretical background and methodology

According to Serafini (2004), audiobooks should be used in all reading comprehension programs.
Educators who overlook this resource are missing out on an effective strategy for learners with both strong
and weak reading comprehension skills. Chang (2011) states that reading comprehension is most effective
when learners read and listen to audiobooks simultaneously.

In Rufino’s opinion (2024), there are five methods for using Youtube in teaching and learning the
English language. They are horizontal method, intersecting method, vertical method, parallel method and
spiral method.

To take advantage of the benefits of audiobooks in English teaching and learning, the author used
document analysis to explore English short stories on YouTube, selected suitable stories based on students’
proficiency and content, and integrated them into exercises that support language skills. The way that the
author used is somewhat like the parallel method classified by Rufino (2024).

This report employs a descriptive research approach, using a survey questionnaire to evaluate the
impact of audiobook use during the English learning process of non-English major students at the University
of Mining and Geology. The survey includes 9 questions, utilizing a 5-point Likert scale ranging from
"completely untrue for me" to "completely true for me." A total of 37 full-time students enrolled in English 1
course during the second semester of the 2024-2025 academic year participated in the survey from April 11,
2025, to April 30, 2025. To ensure objective information, students were not required to provide personal
information such as names or email addresses on the survey. They were also informed that there were no
right or wrong answers, encouraging them to answer the survey confidently. The authors used descriptive
statistics through SPSS version 20, including mean (M) and standard deviation (SD), to analyze the
guantitative data collected from the questionnaire.

In conducting this study, the authors posed two research questions:

1. What are the benefits of learning English through stories on Youtube?

2. How did the students feel about this way of learning?

2.2. Research results and discussion

2.2.1. Selecting a suitable Youtube channel

The first step in the research process was to explore and analyze YouTube channels that offer English
stories. The channel Learn English Through Story was chosen because it is specifically designed for English
learners. Stories are read clearly and slowly, suitable for listening comprehension. They are categorized by
level, genre, and length, ranging from short fairy tales like "The Three Little Pigs" to novels such as "Pride and
Prejudice”. For those interested in nonfiction, the channel also offers stories about places, customs,
traditions, or real historical figures. While listening, learners can also follow the text on the screen,
synchronized with the audio.

2.2.2. Designing tasks for learners

During the teaching of Group 9 in English 1 (second semester, 2024-2025), the author selected several
stories from Learn English Through Story with a duration of 5—-7 minutes or longer stories divided into
chapters. Stories were chosen at Level 1 to suit the students’ proficiency. After each English lesson, the
teacher would share a story link in the class’s Zalo group. Students were required to listen multiple times,
then read aloud and record a video of themselves reading the story. The videos were uploaded to a Google
Drive link set up by the teacher. The teacher then reviewed the videos and provided feedback on reading,
pronunciation, etc. At the end of the course, students were asked to retell a story or a part of one and answer
some questions from the teacher and classmates about its content.

2.2.3.  Surveying student’s feedback
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Below is the summary of the survey results:

N Min Max Mean Standard Dev

Questions
1.1 f_eel more interested in learning English through YouTube 37 1 5 3.0270 1.04047
stories
2.1 rewsgd and @proved my vocabulary through listening 37 1 5 32703 0.96173
and reading stories
3.l remembered and reinforced grammar more easily 37 1 5 3.1351 0.94757
4. My listening and reading comprehension improved 37 1 5 3.0811 1.03758
5. My pronunciation improved through reading aloud 37 1 5 3.1081 0.99398
6. | felt more confident recording myself reading stories 37 1 4 2.8378 1.06754
7.1 could retell a story without subtitles by the end of the 4 > 8378 1.06754
course 37 1
8. | would like to continue learning English this way 37 1 4 3.1081 0.90627
9. Learning English through YouTube stories is truly effective 37 1 5 3.3243 0.88362

The first five questions show average scores above 3 and standard deviations around 1, indicating that
a great number of students agreed that reading and listening to stories on YouTube had a positive impact on
their English learning. Specifically, students became more interested, revised and expanded their vocabulary
and grammar, and improved listening, reading, and pronunciation skills.

Questions 6 and 7 show average scores slightly above 2.8, with standard deviations greater than 1,
indicating that while more students felt confident recording and retelling stories, a significant portion still
lacked confidence.

Question 8 had a mean score above 3 and a standard deviation below 1, indicating that most students
wished to continue this learning method.

Question 9 had the highest average (above 3.3) and the lowest standard deviation (0.88), suggesting
strong agreement that learning English through YouTube stories is truly effective.

The results are compatible with Rufino’s research (2024) in which he stated that “using Youtube is said
to polish English skills. These are speaking, pronunciation, listening, self-learning, comprehension, grammar,
reading and writing.”

2.3. Recommendations for teachers and students

Based on the findings of the study, both teachers and students can benefit significantly from
incorporating English stories on YouTube into their teaching and learning practices. However, to maximize
the effectiveness of this method, certain strategies and best practices should be followed.

2.3.1. For teachers

It is highly recommended that the teachers should:

- Carefully select appropriate content: Teachers should choose YouTube channels that are specifically
designed for English learners, such as Learn English Through Story. Stories should be categorized by language
level (e.g., beginner, intermediate) and genre. Choosing content that aligns with students’ proficiency levels
ensures that they are challenged but not overwhelmed.

- Design structured assignments: Simply recommending a video is not enough. Teachers should
accompany each story with clear tasks, such as vocabulary pre-teaching, comprehension questions, or
pronunciation-focused exercises. Weekly tasks could include listening, reading aloud, and retelling the story
to develop a range of language skills.

- Incorporate speaking and pronunciation practice: Encouraging students to record themselves
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reading stories can be a powerful tool to improve fluency and confidence. Teachers should provide
constructive feedback on pronunciation, intonation, and pacing.

- Foster a reflective learning environment: In addition to quizzes or comprehension checks, teachers
can ask students to reflect on what they learned, how they felt during the listening and reading process, and
how it helped their language development.

- Create a supportive online community: Platforms like Zalo, Google Classroom, or Facebook groups
can be used to share videos, offer feedback, and build a sense of learning community. Teachers should be
active in these groups to guide and motivate students consistently.

- Encourage voluntary participation and autonomy: To promote long-term learning habits, teachers
should gradually allow students to choose their own stories based on personal interests, helping them
develop independent learning strategies.

2.3.2. For students

On the part of the students, they should:

- Be consistent and active: Regular practice is key to improvement. Students should make it a habit to
listen to at least one English story each week, ideally more than once, to enhance both comprehension and
pronunciation.

- Use both listening and reading modes: Listening alone may not be enough. Students should follow
along with subtitles or transcripts while listening, then try reading the story aloud to reinforce vocabulary
and structure.

- Record and reflect: Recording oneself reading a story helps identify pronunciation issues and build
speaking confidence. Reviewing these recordings and comparing them over time can also track progress.

- Engage with a variety of genres: Students should explore different types of stories—fiction,
nonfiction, fairy tales, and biographies—to expand their vocabulary and cultural understanding.

- Participate actively in class activities: Engaging in story retelling, discussions, and group reflections
improves not only language skills but also builds confidence in using English for communication.

- Stay curious and self-motivated: Finally, students should view story-based learning not as
homework, but as a fun and enriching way to immerse themselves in the language. Choosing stories that
spark curiosity can turn learning into a habit rather than a task.

3. Conclusion

Based on these practical experiences of using English stories from YouTube in teaching, the author
finds this method helps learners actively practice and improve their language skills outside of the classroom.
A major advantage of using YouTube audiobooks is that learners become more engaged and develop a habit
of reading/listening to books. However, to ensure effectiveness, instructors should encourage participation
and design interesting, level-appropriate exercises to attract the greatest number of students voluntarily and
enthusiastically.
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DEVELOPING STUDENTS' SELF-LEARNING ABILITY IN ENGINEERING THROUGH
THE USE OF TECHNOLOGY IN TECHNICAL DRAWING

Abstract
Self-learning plays a vital role in renewing university teaching methods and enhancing educational
quality. It fosters independent thinking, creativity, and problem-solving. This article outlines key concepts of
self-learning and proposes measures to develop this ability among students.
Keywords:
development; self-learning; self-learning ability; students.

1. Introduction

Self-learning is a vital trend in modern education, shifting learners into active agents of their own
development. It improves academic outcomes and teaching quality, fostering independence, creativity, and
lifelong learning. Therefore, enhancing students’ self-learning ability is an urgent and essential task in today’s
university education.

2. Some Basic Concepts

2.1. Self-learning

Self-learning has attracted much scholarly attention. According to Nguyen Hien Le (1992), it is a
voluntary process of acquiring knowledge without necessarily relying on a teacher. Luu Xuan Moi (2003)
emphasizes both in-class and out-of-class learning, regardless of a fixed curriculum. Nguyen Canh Toan et al.
(2009) view it as a cognitive and sometimes physical process using intellectual abilities and personal
motivation.

In summary, self-learning is a self-directed, purposeful activity requiring awareness, planning,
discipline, and skills to acquire and expand knowledge creatively.

2.2. Self-learning Ability

Self-learning ability refers to one’s capacity to independently acquire and apply knowledge effectively
in new contexts. It encompasses knowledge, skills, experience, and attitudes, serving as a core component
of lifelong learning. This ability comprises four main elements: professional, methodological, social, and
individual competence.

Key self-learning capacities include problem recognition, information processing, knowledge
application, collaboration, self-development, and self-assessment. Evaluation is based on academic
outcomes, presentations, self/peer reviews, learning products, and classroom observations.

This article explores how virtual models in technical drawing instruction can nurture these abilities.

3. Practical Research

3.1. Current Situation

The author asserts that Asian students, including Vietnamese, are not inherently lacking in self-learning
ability; rather, traditional educational systems have not adequately supported its development. In Vietnam,
this ability can be enhanced through the use of technology, which is essential for success in a knowledge-
based and globally integrated society. The 2019 Education Law highlights the importance of active, creative,
and self-directed learning.

Comparative insights from Dutch higher education show strong emphasis on student initiative, time
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management, and independent study. In contrast, Vietnam’s higher education remains overly reliant on
passive, rote learning, limiting students' confidence and teamwork skills. Though recent reforms promote a
student-centered approach, much remains to be done to fully foster self-learning among university students.

3.2. The Development of Technology

The rapid advancement of technology, especially Al and virtual reality, is transforming teaching and
learning. These tools offer great potential for enhancing self-learning, but effective use requires clear
educational strategies. VR and simulation technologies enrich learning environments, though they may
increase complexity.
Al applications—such as automated assessments and personalized learning tools—can support student
autonomy, self-regulation, and reflective thinking. When thoughtfully designed, Al can serve as a personal
learning assistant without compromising independence. However, to ensure ethical and effective
implementation, issues of data privacy, transparency, and pedagogical relevance must be addressed.

4. Example

A student in the engineering field receives a technical drawing of an object, including two views: the
front view and the top view. This drawing is illustrated below. The student's task is to self-learn how to draw
the third view (side view) and the orthogonal projection of the given object.

35

60
40

Figure 1

The student's self-learning process to complete the drawing will unfold as follows, utilizing self-
learning abilities and the support of technology:

1. Applying Self-learning Abilities (SLA):

In technical drawing, self-learning ability (SLA) manifests through several key competencies. Students
first recognize problems by analyzing given views and identifying the need to construct the third view. They
gather and process information on orthogonal projection principles using textbooks and digital resources.
Next, they remember and apply knowledge by accurately drawing based on learned rules of projection.
Through personal development, students apply critical thinking and perseverance to manage challenges
during the drawing process. Finally, they evaluate and self-evaluate by checking their work, identifying and
correcting errors to improve drawing quality. This cycle reinforces autonomy and readiness for technology-
integrated learning environments.

58



HAYYHbIN }XYPHAJ «COGNITIO RERUM» ISSN (p) 2412-9489 / ISSN (e) 2542-1026 Ne7/ 2025

The final result achieved by the student is illustrated below:

s &

Figure 2
2. Support from Technology
In today’s era of rapid technological advancement, integrating technology into teaching—especially in
technical fields—offers significant benefits. In technical drawing, technology actively supports students’ self-
learning by enhancing visualization, access to resources, and feedback mechanisms.
Virtual models and CAD software: Students can utilize CAD software to create 3D virtual models from
two given views, aiding in visualizing the object and reasoning the third view accurately. This enhances spatial
understanding and supports more effective learning in Technical Drawing.
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Artificial Intelligence (Al):

Al supports self-learning in technical drawing through intelligent search tools, personalized feedback
systems, and learning assistants. These technologies help students access visual resources, identify errors,
and track progress while maintaining autonomy.

By combining theoretical knowledge with self-learning skills—analysis, information gathering,
application, and self-evaluation—students can effectively use Al and virtual tools to visualize, draw, and
refine technical drawings. This enhances learning outcomes and nurtures lifelong self-learning capacity.

4. Conclusion

Self-learning remains a challenge for many university students. Therefore, integrating self-learning
methods into training objectives is essential—not only for academic success but also for lifelong societal
integration. With strong self-learning skills, students can independently explore and master complex topics,
while developing persistence, creativity, and autonomy. Teaching students how to learn should be prioritized
to improve the overall quality and effectiveness of university education.
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NCUXONNOMMYECKUE NPOB/IEMbl UHOOPMALIMOHHOW TPAHCOOPMAL, MU OEPA3OBAHUA

AHHOTaumA
AKTyanuM3npoBaHbl OCHOBHbIE MCUXON0OrMYeckne npobaembl MHPOPMALMOHHOW TpaHchopmaLmm
obpasoBaHUA, NOCNeAcTBUA U M3MeHeHuA. OnpepeneHbl NOCNEACTBUS TaKas PeCcTPyKTypusauum ans
APXUTEKTYPbl  MHOOPMALMOHHOIO U coaeprkaTtenbHoro obecnedyeHua obpasosaHusa. O603HaYeHbI
NMO3UTUBHbIE N HEraTUBHbIE MCUXON0TMYECKME MOC/AeAcTBUA TpaHcdopMaunm obpasoBaHua B LUPPOBON
dopmar.
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Abstract

The main psychological problems of the information transformation of education, consequences and
changes are actualized. The consequences of such restructuring for the architecture of information and
substantive support of education are determined. The positive and negative psychological consequences of
the transformation of education into a digital format are outlined.

Keywords:
transformation of education, digital format of training, architecture of digital education, psychological
consequences, pedagogical effects of digital transformation of training.

NHbOpMaUMOHHOE 06LWECcTBO CTPEMUTENIbHO Pa3BMBAETCA HA NyTM MOCTPOEHMA ero uubpoBoi
MOAEeNU Yepe3 BHegpeHWe UMPPOBbLIX TEXHONOIMN BO BCE aCMEKTbl €ro KU3HeLeATeNbHOCTM, BK/tOYas
obpasoBaHue. 1A ynpaBAeHNA U HOPMUPOBAHMA 3TOTO NPOLLECCA B PaMKax rocyAapCcTBEHHON Napaaurmbl
aKTya/IM3MpPOBaHbI.

1. 3akoH "O6 obpasoBaHuM B PO" patlowmii ocHoBaHWE yuypexaeHMAM obpa3oBaHMA NPUMEHATb
obpa3soBaTtenbHble TexHoM0rMK undposoro dopmaTa COBEPLLIEHCTBOBAHMA 06pa3oBaTe/IbHOro npouecca.

2. HauumoHanbHbl npoekT "LUudpoBas skoHOMMKa PP" nos3soaAwWMn NAaHWMpPOBaTb F1ybOKywo
TpaHCHOPMAUMIO Pas/MYHbBIX 06nacTeit KM3HM coumyma, a obpasoBaTenbHasa cucTema obecneymBaet
NoAroToBKy byaylmx cneunanncrtos ana uneposoro obuectsa [1].

3. depepanbHaa nporpamma "Uudposas  obpasoBaTenbHada cpega"  obecneumBatowan
MoAepHM3aUMio 0b6pa3oBaHMa yepes ero TpaHchopmaumio ero B undposoit Gopmat, a UMEHHO 4yepes
OCHalleHMe y4yebHbIX opraHusaumin unMdpoBbiIM 060PYAOBAHMEM U aKTUBHOE MCMOJ/b30BaHUE UMPOBbIX
pecypcoB B npouecce obyyeHus [4].

B pamKkax umdpoBoit pecTpyKTypusaumm coumyma B uenom K 2030 rogy By3bl PO gonkHbl ObiTb
nepesedeHbl B undposoit dopmaTt, a 2024 roay Bce By3bl TpaHCHOPMUPYOTCA B cuctemy LMPpPOBOro
YHUBEPCUTETA, a KarKabli 0byyaemblit OKEH UMETb 4OCTYN K 06pasoBaTesibHOMY cogepkaHuto [5].

BKkntoveHWe LMPPOBbIX TEXHONOTMIN B 0bpasoBaTeNbHble OpraHM3auUMM — 3TO OCHOBA LMPOBOW
TpaHchopmaunm obpa3oBaHmMA, TaK Kak MMEHHO B OHM obecneymBaloT 3¢pPEKTUBHOCTb 06pa3oBaTeNbHbIX
pe3ynbTaTtoB. PecTpykTypu3auma obpasoBaTenbHOM cpeau B undposoirt dopmaT npenoctaBaseT BCem
y4yaCTHMKam 06pa3oBaTesibHOrO MpoLecca LWWMPOKME BO3MOXHOCTM ans  3¢ddeKkTMBHOro obmeHa
MHbOpMaLMEN U COBMECTHOWM cpeae obyyeHus [3].

Lundposble nnatopmbl NO3BONAET aBTOMATU3NPOBATb K/OUEBblE MPOLLECCHI AeN10NPON3BOACTBA U
[OKYMEHTO060pOTa, @3 MMEHHO: NOBBIWAET CKOPOCTb NPUHATUA pelleHuin; obecneymBaeT onepaTUBHOE
MHPOPMMPOBAHME YYACTHUKOB Mpouecca ynpaBaeHWa; ONTUMU3UPYET MAaHUMPOBAHWE U ynpaBaeHUe
06pa3oBaHUA B TOM YMC/E U CO3LaHME NPOrpamm, NAAaHOB U PACAMUCAHUIA U T.M.

MepeBos npouecca obpasoBaHWa B UUPpoBOM GOpPMaT  PECTPYKTYPUPYET:  apXUTEKTYpy
KOMMYHUKaLMOHHON MOAENN CUCTEMbI «YYEHUK» M «nejaror»; MofeNb MeTOoAMYECKON M y4yebHoI
noanepKkM obpasoBaTeNbHON [EeATENbHOCTM YYAaCTHUKOB OOYyYeHWs; M paclumpaeT AuAaKTUYecKue
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BO3MOXHOCTM U NeaarorMyecknini noteHumMan obpasosaTenbHoOM cpenbl NpeameTHbIX obaacTel.

LUndposble MHCTPYMEHTblI 0bOy4yeHMA CO34al0T HOBYHO cpeny KaK gaa npenogasatens, Tak U Ans
y4YeHMKa, Npu 3TOM: NpenoaaBaTtesib NoJiy4aeT BO3MOMKHOCTb BbIATU 32 PaMKM NPOCTOrO TPAHCAATOPA 3HAHWUI
M COCPeLOoTOYNTLCA Ha Pa3BUTUM TBOPYECKONO NOTEHLMaNa YYEHUKOB M YNPaBAEHUM NPOLLECCOM 0byYeHUs;
YYEHMK ¥Ke MoJsly4yaeT BO3MOXKHOCTb aKTMBHO y4acCTBOBaTb B Npouecce 0b6y4yeHUs, CaMOCTOATE/IbHO UCKaTb,
aHaNM3MpPOBaTb U NPUMEHATb MHPOPMaLMIO.

HoBaa apxutekTypa o6pasoBaTeNbHOro npouecca pacwmnpaeT AUAAKTUYECKME BO3MOMKHOCTU
UMPPOBbLIX TEXHONOTMIN: 06ecneyYnBaoT MrHOBEHHYIO 0BPATHYIO CBA3b; YCUIMBAIOT BU3YanM3aLMIO AaHHbIX,
MO/MIy4EHHbIX B X04e 0by4yeHMA; aBTOMATU3UPYET pelleHne PYTUHHbIX 3334, CBA3AHHbIX C BbIYUCNEHUAMM,
nouckom, 0bpaboTKoM 1 pacnpocTpaHeHnem yyebHol nHdopmaumm 1 gp.

KntoyeBble npeumywiectsa undposoro o06pasoBaHMA B MCUMXOJOTMYECKOM aCMeKTbl  MOMKHO
0603HayaTb TaK: TEXHONOIMM, Aenatowme obpa3oBaHMe AOCTYNHbIM B 1t060€e Bpems 1 13 1060 TOUKM MUpa;
co3faHue yCnoBuiA, MPU KOTOPbIX KaXKAbIM N0Nb30BaTE/b, HE3aBUCMMO OT CBOErO COLMAIbHOTO MOIOXKEHMSA,
MaTepUanbHOro AoCTaTka WAM reorpaduUyeckoro PacnosioXKEeHUs, MOMKET MOJHOCTbIO PACKPbITb CBOWM
obpa3zoBaTenbHbIN NOTEHUMaN; TMbKas cuctema obydyeHua, rae Kaxkablt obydyaembii MOXKET BbICTPanBaTb
CBOIO COBCTBEHHYIO TPAEKTOPUIO U rpaduK y4ebHOro npouecca; 6bicTpas 1 ceoeBpemeHHas obpaTHan cBA3b,
BK/IIOYAIOLLAA ANATHOCTMKY, OLEHKY M PEKOMEHAALNN MO yAydLeHN0; 0bpa3oBaHMe, OPUEHTUPOBAHHOE Ha
PacKpbITUE MHAMBUAYAIbHBIX CMOCOOHOCTEN 0byYatowmxca u ap.

HeobxoamMmo 06paTTb BHMMAHWE Ha cepbesHble MWHYCbl undposoro ¢dopmaTa obpasoBaHuUA:
MOJIOZl0€ MOKOJIEHME, CTAJIKUBASACb C OrPOMHbIM MOTOKOM MPOTUBOPEYMBOMA MHOOPMALMM M3 PasHbIX
WCTOYHWKOB, PAa3BMBAET MNOBbLIWEHHYH KPUTUYHOCTb U CKENTULM3M; HEAOCTAaTOK aBTOPUTETHbIX OPUEHTUPOB;
HeAOCTaTOK JIMYHOIO OMbITa B3aMMOAEWUCTBUS C APYIMMMU KyAbTypamu 4To GOPMUPYET MUCKaXKEHHoe
BOCMPUATUA MWUPA; CO34aHNE YNPOLLEHHbIX NPeACTaBAeHUNA O PA3/INYHbIX ABJEHUAX U BOSHUKHOBEHME U
3aKkpensieHMe ¢opmasibHbIX CTEPEOTUNOB O MNPEACTABUTENAX APYIUX KyabTyp; npobnembl umdpoBoin
coumanusaumm [6]; coumanbHan n3onaLMA U Senpeccun 1 YyBCTBO O4MHOYECTBA U T.A4.

Mcuxonornyeckne nocneactsns umnedposoro dopmata obpasoBaHUA TpPebywT BHUMATENbHOTO
N3y4YeHua, MOCKO/IbKY €ro NpMMeEHEHNE MMEET CBOW OFpaHnYeHmnsn, a ero 3¢pHeKTUBHOCTb He 6e3rpaHnyHa U
TpebyeT OCTOPOXKHOIO NOAX0AA HE TO/IbKO C NO3ULLUKM NCUXO0ra.

1. MNpoBeaeHHbIN aHaNU3 BbIABWA, TPAaHCPOPMALMA MEMKIMYHOCTHLIX KOMMYHUKaLMN B UMdpoBOM
cpefie — 3TO BaXHbl dakTop, 0bycnaBaMBaloLWLMe NCUMXONOFMYECKME NOCAeACTBUA, 3aPUKCMPOBAHHbIE B
Hay4HOW AnTepaTtype.

2. MHorve obyyaemble CErogHs UCNbITbIBAOT TPYLAHOCTM NPU 3NEKTPOHHOM 0BYYEHUU, YTO CBA3AHO
C He,0CTaTOYHOM MHPOPMALMOHHOW FPAaMOTHOCTbIO, @ TaKKe C MCUXON0TNYECKUMM GaKTOpPamMM, TAKMMU KaK
HU3Kas MOTMBALMA, HeAOCTaTOYHas CaMOCTOATE/IbHOCTb W OTCYTCTBME OTBETCTBEHHOCTM 3a Npouecc
obyuyeHus.

3. d¢odekTuBHOCTL UMbpoBOro 06pa3oBaHUA onpefenser HeobXOAUMMOCTb He  TOJIbKO
TEXHONIOTMYECKUX PELUEHNI, HO U yYeTa NCUXOIOTMYECKMX PUCKOB U CO3AaHME YCNAOBUS AN NO3UTUBHOIO
MEKIMYHOCTHOTO B3aMMOAENCTBUSA, Pa3BMBAsA COOTBETCTBYIOLLLME NIMYHOCTHbIE KayecTBa.

CnuCcoK Ucnonb30BaHHOM nTepaTypbl:

1. MuHUcTepcTBO NpocBelleHnsa Poccun: oduumanbHbli CaUT [INEKTPOHHbLIV pecypc]. — Pexkmum goctyna:
https://edu.gov.ru/national-project/projects/cos/ (aaTta ob6paweHua: 27.02.2022).
2. MyxuamHos M.T. Uudposas rpamoTHocTb yuutens // Hayka n obpasoBaHue: CoctosiHue, npobaembl u
nepcnektTmebl passutna /MaTepmanbl HayyHOM ceccum NpPOdeccopcKo-nNpenoaaBaTeNbCkoro CcocTaBa
JarecTaHCKOro rocygapCcTBEHHOrO neAarorMyeckoro yHueepcuTeTa, nocesAweHHol 100-netuio lepos
CoseTtckoro Coto3a, npodeccopa CyneimaHoBa P. b. Maxauykana, 2021, C 165-167.
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THE INTEGRATED IMPERATIVE: MEDICAL ECOLOGY AND HYGIENE SCIENCE FOR GLOBAL HEALTH

Abstract

Medical ecology and hygiene science, though distinct in their immediate focus, are two increasingly
intertwined disciplines indispensable for understanding, preventing, and mitigating global health challenges.
This article explores their individual characteristics and, more critically, their profound synergy. Medical
ecology provides a holistic, systems-based understanding of how environmental factors, ecological shifts, and
human interactions within ecosystems influence health and disease patterns. Hygiene science, conversely,
translates this ecological understanding into practical, actionable measures for maintaining cleanliness,
preventing pathogen transmission, and safeguarding public health at individual and community levels. In an
era defined by pandemics, climate change, and persistent environmental degradation, their integrated
application is paramount for fostering resilient populations and ensuring sustainable well-being.

Keywords:
medical ecology, hygiene science, environmental health, public health, disease prevention, sanitation,
infection control, one health, planetary health, holistic health.

Introduction

The health challenges of the 21st century—from the rapid emergence and spread of novel pathogens
to theinsidious long-term impacts of climate change and pervasive environmental pollution—demand a more
sophisticated, interconnected approach than ever before. It is no longer sufficient to view disease solely
through a clinical lens or to address public health in isolation from the broader ecological context. This
realization underscores the escalating importance of Medical Ecology Science and Hygiene Science, two fields
that, when integrated, offer a powerful framework for navigating the complexities of human health in a
rapidly changing world.

Medical ecology probes the fundamental why behind health outcomes, exploring how the intricate
web of interactions within physical, biological, and social environments shapes disease dynamics and human
well-being. It asks, for instance, how deforestation influences zoonotic disease spillover, or how urban green
spaces impact mental health. Simultaneously, hygiene science provides the practical how, developing and
implementing the essential measures that directly protect human populations from health threats. This
ranges from fundamental practices like handwashing and safe water provision to advanced hospital infection
control and resilient waste management systems. The COVID-19 pandemic vividly demonstrated this
interdependence: while medical ecology elucidated the viral origins and transmission pathways in an
ecological context, hygiene science provided the immediate, actionable interventions (masking, social
distancing, sanitization) crucial for containment. As we confront a future of more frequent extreme weather
events, increasing antimicrobial resistance, and growing pressures on natural resources, the integrated
wisdom of medical ecology and hygiene science becomes not just beneficial, but an absolute imperative for
proactive global health.

Medical Ecology Science: Understanding Health in Context

Medical ecology is an interdisciplinary field that examines the complex, reciprocal relationships
between human health and the broader natural and built environments. Its core characteristics include:
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e Holistic and Systems-Based Approach: It views health and disease as emergent properties of complex
adaptive systems, recognizing that human health is inextricably linked to the health of ecosystems. It
considers the interplay of biological agents (pathogens, vectors, flora, fauna), physical factors (climate,
geography, air, water, soil), and socio-cultural elements (population density, land use, cultural practices,
economic systems).

e Environmental Determinants of Health: It systematically investigates how environmental changes—
such as biodiversity loss, deforestation, urbanization, climate shifts, and chemical pollution—directly and
indirectly influence human health outcomes, including the emergence of infectious diseases, chronic
illnesses, and mental health conditions.

e Disease Ecology: A significant focus lies on understanding the ecological dynamics of infectious
diseases. This involves studying pathogen reservoirs in animal populations, vector biology, environmental
factors influencing transmission, and the impact of human activities on these cycles (e.g., how habitat
fragmentation can bring wildlife closer to human settlements, increasing spillover risk).

¢ Evolutionary Perspective: It often considers the co-evolution of humans and their pathogens, as well
as the adaptive capacities of human populations to environmental stressors over time.

e Interdisciplinary Integration: It synthesizes knowledge from public health, epidemiology, ecology,
environmental science, anthropology, veterinary medicine, and geography to build a comprehensive
understanding of health within its ecological context.

Hygiene Science: The Foundation of Disease Prevention

Hygiene science encompasses the principles and practices aimed at preserving health and preventing
disease through cleanliness and sanitation. Its characteristics include:

e Focus on Prevention: The primary goal of hygiene is to break chains of infection, reduce exposure to
harmful agents, and maintain a healthy environment through preventative measures rather than curative
treatments.

e Scope from Personal to Global: Hygiene operates at multiple scales:

o Personal Hygiene: Practices like handwashing, bathing, oral care, and food hygiene to prevent
individual illness and reduce pathogen spread.

o Environmental Hygiene (Sanitation): Management of waste (solid and liquid), water purification,
air quality control, and vector control to ensure a healthy living environment for communities.

o Institutional Hygiene: Strict protocols in healthcare settings (infection control), food
establishments, and public spaces to minimize disease transmission.

e Evidence-Based Practices: Modern hygiene is rooted in scientific understanding of microbiology,
epidemiology, and public health principles (e.g., germ theory, modes of transmission).

e Behavioral and Educational Components: Effective hygiene often relies on public awareness,
education, and the adoption of healthy behaviors by individuals and communities.

e Adaptability: Hygiene practices continuously evolve in response to new scientific knowledge,
emerging pathogens, and technological advancements (e.g., advanced air filtration, smart sanitation
systems).

The Synergy: Integrating Ecology and Hygiene for Proactive Health

The true power in addressing contemporary health challenges lies in the synergistic integration of
medical ecology and hygiene science.

1. Ecological Insight Informs Hygienic Practice:

o Understanding Pathogen Reservoirs: Medical ecology helps identify where pathogens exist in the
environment (e.g., bats as reservoirs for coronaviruses, rodents for hantavirus, contaminated water sources).
This ecological knowledge directly informs hygienic interventions, such as improved biosecurity measures,
safe water purification protocols, and targeted pest control.
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o Climate Change and Vector-Borne Diseases: As climate change alters habitats and extends the
geographical range of disease vectors (e.g., mosquitoes carrying dengue or Zika), medical ecology predicts
these shifts. Hygiene science then develops adaptive strategies, such as enhanced vector control programs in
newly affected areas, improved warning systems, and personal protective measures.

o Antimicrobial Resistance (AMR): Medical ecology reveals the environmental spread of
antimicrobial resistance genes from human, animal, and agricultural waste into soil and water. This
understanding highlights the ecological necessity for improved wastewater treatment (environmental
hygiene), responsible antibiotic use in all sectors (public health policy), and farm biosecurity to contain the
spread of resistant bacteria, complementing clinical hygiene in hospitals.

2. Hygienic Practices Support Ecological Health:

o Sustainable Waste Management: Effective hygiene practices, such as proper solid waste disposal
and wastewater treatment, prevent the pollution of natural ecosystems (rivers, oceans, soil). This not only
protects human health by preventing disease spread but also safeguards biodiversity and ecosystem services.

o Reduced Environmental Contamination: Strict hygiene in industrial and agricultural settings
prevents the release of harmful chemicals and pathogens into the environment, thereby protecting ecological
health and reducing human exposure to toxins.

o  Preserving Natural Resources: Water conservation, a key element of hygiene in water-scarce
regions, contributes to the ecological balance of water systems.

In essence, medical ecology identifies the vulnerabilities and risks arising from human-environment
interactions, while hygiene science provides the practical toolkit to mitigate those risks and build resilience.
Their combined power enables a proactive, rather than reactive, approach to public health, moving beyond
treating symptoms to addressing the root ecological causes of disease and fostering environments conducive
to well-being.
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NMPABOBAA N HOPMATUBHO-TEXHMYECKAA BA3A OBECMNEYEHUA BESOMNMACHOCTU CYBINPOAYKTOB

AHHOTauuA
KoHTponb KavectBa u 6e3onacHocTM cybnpoayKTOB BaxKeH AAA MNpeaoTBpalleHUMA 300HO30B U
cobnogeHna BeTepuHapHbiX Hopm. Uenb. [MpoaHannsmpoBaTb HOPMATMBHO-NpaBoBytd 6asy PO u
MeXayHapoaHble cTaHaapTobl B coepe besonacHocTn cybnpogyktoB. Metos. CpaBHUTENbHO-NPaBOBOWM
aHaNN3  MEeXAYHapOoAHbIX, pPernoHasbHbiX W HaUWMOHANbHbIX HOPMaTUBOB. Pe3ynbtar. BbiABneHa
MHOIOYpPOBHEBAA CTPYKTypa pPeryinpoBaHuA; YCTAaHOBMIEHbl Pas3inyMa U Npobaembl FapMOHM3aLUK
POCCUMNCKUX U MeXAYHapOoaHbIX TpeboBaHUN. BbiBoabl. Heobxoanma akTyanmsauma HaLMoHaNAbHbIX HOPM C
y4eToM MeXAYHapoaHbIX cTaHgapTos n npuHumnos HACCP.
Kniouesble cnosa:
cybnpoayktol, 6esonacHoctb, HACCP, BeTepMHapHO-CaHUTapHbIA KOHTPO/Ib, HOPMATUBHOE pPeryanpoBaHue.
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LEGAL AND REGULATORY FRAMEWORK FOR ENSURING THE SAFETY OF BY-PRODUCTS

Annotation
Quality and safety control of by-products is important to prevent zoonoses and comply with veterinary
regulations. Purpose. To analyze the regulatory framework of the Russian Federation and international
standards in the field of safety of by-products. Method. Comparative legal analysis of international, regional
and national regulations. Result. A multi-level structure of regulation is revealed; the differences and
problems of harmonization of Russian and international requirements are established. Findings. It is
necessary to update national norms taking into account international standards and HACCP principles.
Keywords:
by-products, safety, HACCP, veterinary and sanitary control, regulatory regulation.

BeeneHue. CoBpeMeHHasa cUCTEMA BETEPUMHAPHO-CAHMTAPHOrO KOHTPOA KavecTBa M 6e3omacHocTu
CybnpoAyKTOB, WCMO/Ib3YyEMbIX B  KOPMJIEHUM  KMBOTHbIX, NpeacTaBaseT coboli  KOMMAEKCHYIO
MHOTOYPOBHEBYIO CTPYKTYPY, OCHOBAHHYIO Ha B3aMMOAOMOHAKLWMX HOPMATUBHO-MPABOBbIX aKTax
Pa3/IMYHOro CTaTyca 1 IPUCANKUMKN. ITa cucTema popmUpPoBafach AeCATUNETUAMM, BOMpPan B ceba nydwmne
MeXAYyHapoAHble MPAKTUKMU U afanTupys UX K HaLMOHaIbHbIM 0COBEHHOCTAM NPOU3BOACTBA U NepepaboTKu
KMBOTHOFO Cbipbsi. B ee OCHOBe NeXWUT TPexypoBHEBas WMepapxusa PeryinpoBaHuA: MeXAyHapoaHble
CTaHAAPThI, paspabaTbiBaemble ABTOPUTETHbIMM MeXNPaBUTENbCTBEHHbIMM opraHu3aumamm;
PEerMoHanbHble OUPEKTUBbI, XapaKTepHble AN OTAe/IbHbIX SKOHOMWYECKUX COK30B; WU HaUMOHabHble
PernameHTbl, y4uUTbIBatoLLME cneundury KOHKPETHbIX cTpaH [1].

CybnpoayKTbl MOryT OblTb WMCTOYHMKOM TOKCUMYHBIX, MUKPOOMONOTUYECKMX W  XUMUYECKUX
3arpsAsHUTeNel, CNoCOBHbIX HAHECTU yliepb 340pPOBbI0 MKMBOTHLIX M Ye/IOBEKA Yepes3 MULLEBYIO Lenb.
YuuTbiBas pocT o6bemMoOB MNPOM3BOACTBA W MepepaboTKM HKMBOTHOMO CbipbfA, BO3pacTaeT 3HAYMMOCTb
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dopmMpoOBaHNA U COBEPLUEHCTBOBAHWA HOPMATMBHO-NPABOBOM 6asbl, peryanpyrowen KayectBo MU
6e30nacHOCTb.

O630p nuTepatypbl. Ha meXAyHapoAHOM YPOBHE OCHOBOMOMAralOWMM AOKYMEHTOM BbICTynaeTt
Kopekc AnumenTtapuyc (CAC/RCP), cO34aHHbIA COBMECTHbIMM YCMAMAMM [1pOAOBONLCTBEHHON U
CeNbCKoXo3ANCTBEHHON opraHusaumn OOH u BcemupHOM opraHusauMum 34paBOOXPAHEHUA. ITOT CBOZ,
CTaHOApPTOB npeacTaBnsdeTr coboit BceobbemOWMN COOPHUK TUTMEHUMYECKMX HOPM W MNpasBui,
OXBaTbIBAOLLMIA BCIO LLEMOYKY MPOM3BOACTBA — OT MEPBUYHOM NepepaboTKM CbipbA A0 BbIMYCKA rOTOBbIX
MULLEBbIX M KOPMOBbIX NpoaykToB. Ocoboe BHMMaHuMe B Kogekce yaensaetcs cucteme HACCP, Kotopas
aBnAetca obs3artenbHOM ANA BCeX MnpousBoauTeneld, paboTaloWmMx Ha MeKAYHapOAHbIX pPbIHKaX.
MapannenbHo ¢ 3TMM  BcemwupHas opraHu3auma 34paBOOXPaHEHWUs  KUBOTHbIX pa3pabaTtbiBaeT
Ccneunanm3npoBaHHble CTaHAAPTbl MO NPOodUNAKTUKE 300HO30B U obecneyeHUto 6e30MacHOCTM KOPMOBOTO
CblpbA. DTW [AOKYMEHTbl COAEpPKAT AeTajibHble PEeKOMEeHZALMU MO KOHTPOJI0 MOTEHLUMANbHO OMacCHbIX
6MoNOrMYecKMX areHToB, BK/AtoYaA BO3byauTenei Takmx 3aboneBaHW KaK CasfibMOHENnes, AUCTepumos u
60TyNM3M, KOTOPbIE MOTYT NepesaBaTbCA Yepe3 KOPMa KUBOTHOTO NPOUCXOXKAEHMA [3].

B EBponenckom coto3e cUCTEMA PeryampoBaHMa 6e3onacHOCTM cybnpoayKToB Aocturia ocoboit
CTeneHn AeTanu3auuu, YTO HAWIO OTPa*KeHMe B TaKMX K/AH4YeBbIX AOKyMeHTax Kak PernameHT EC No
1069/2009 u PernameHT EC No 142/2011. 3TM HopmaTMBHble aKTbl MpeacTaBnaloT coboi obpasel,
KOMMJIEKCHOIO NOAX0Aa K PErY/IMPOBAHMIO BCEN LLENOYKMN NepepaboTKM XKMBOTHOIO CbipbA.

Ha HauMoHanbHOmM ypoBHe, B 4YacTHocTM B Poccuiickon ®Pepepaumm, cuctema peryampoBaHuA
6e30nacHOCTM cybnNpoAyKTOB CTPOUTCA HA rapMOHM3aUMU MeXAyHapoaHbix TpeboBaHWN C MeCTHbIMU
NPOM3BOACTBEHHbIMU TPAAULMAMU U INUAEMUOIOTUYECKUMU pUCKamKU. OCHOBOMONAraOLWMM AOKYMEHTOM
B 3TOM cdepe aBnserca TexHUYecKuit pernameHT TamoxeHHoro coto3a TP TC 034/2013 «O 6e3onacHocTU
MACa M MACHOM NPOAYKLMNY, KOTOPbIM YyCTaHABAMBAET eAnHble Ana ctpaH EASC TpeboBaHMA K 6e30nacHOCTH
BCEX BUAOB MACHOIO Cblpbs, BK/AOYAA CybnpoayKTbl.

OcHoBHaAa 4YacTb. AHa/NM3 HOPMATUBHbLIX [LOKYMEHTOB MOKa3blBaeT MHOIOYPOBHEBYHD CUCTEMY
perynMpoBaHmMa KadectBa M 6e3onacHoct cybnpoayktos. Ha mexayHapogHom ypoBHe Kogekc
ANlMMEHTapUyC YCTaHaB/AMBaEeT YHUOULMPOBAHHbIE TUTMEHUYECKME HOPMbl U TpebyeT o06fA3aTenbHOro
BHeapeHuAa cuctembl HACCP. B EBponeiicKom coto3e AeWCTBYHOT cTporve pernameHTtbl (1069/2009 wu
142/2011), petanbHO pernaMeHTUPYIOWME KNacCUPUKALMIO CbipbA W TexHosiorMyeckue tpebosaHuA K
nepepaboTtke. HaunoHanbHoe 3akoHogatenbctBo PP n EAIC BKAOYaeT TexHUyYeckuit pernameHt TP TC
034/2013, ycTaHaBAMBAOWMIN NPeaenbHO AOMYCTUMbIE KOHUEHTPALMM TOKCUYHbLIX 3/1EMEHTOB MU
MUKpobuonornyeckme Hopmatmebl, a Takke FOCT 32244-2013, onpegenatowmin opraHonenTuyeckme wu
bU3NKO-XxMMUYECKMe NoKasaTenn Kadectsa. Ocoboe BHUMaHME yAeNAaeTca KOHTPOAK OCTAaTOYHbIX KOIMYECTB
aHTMBMOTMKOB M nectuumaos cornacHo CaHluH 2.3.2.1078-01. ns KOpMOBbIX CybnpoayKTOB AenCTByeT
cneunanbHbii pernameHt TP EASC 047/2018, KoTopbiit npeanvcbiBaeT 06A3aTeNbHY0 TEPMUYECKYIO
06paboTKy npu TemnepaTtype He Huke +85°C M 3anpeLLaeT UCNOb30BaHME TEXHUYECKUX CyBNpOaYKTOB.
MHorocTyneH4yaTas cuctema peryampoBaHma obecneumBaeT KOMMJIEKCHbIA KOHTPO/b 6He3onacHocTU
cybnpoayKToB Ha BCexX 3Tanax NpPOM3BOACTBa M obpalleHus, ogHaKo TpebyeT NMOCTOAHHOrO OOHOBAEHMA
HOPMAaTUBHOM 6a3bl B COOTBETCTBUM C HOBbIMM HAY4YHbIMW AAHHBIMU U TEXHONOTUYECKMMMU BO3MOKHOCTAMM
[2].

BblfiBNEHO, YTO CUCTEMA PErY/IMPOBAHMA BK/AKOYAET MHOTOYPOBHEBYIO CTPYKTYPY: MEXAYHapoaHble
ctaHaapTbl (Kogekec AnnmeHTapuyc), permoHanbHble pernamenTbl (EC) M HauMOHabHbIe HOPMATUBHbIE aKTbI
(TP TC 034/2013, TOCT 32244-2013). Ocoboe BHMMaHME YyaeNeHO HeobXoAMMOCTM rapMOHM3aLUK
POCCUMCKUX CTaHAAPTOB C MEXAYHAPOAHbIMKM TPebOoBaHMAMM, A TaKKe BaXKHOCTU BHEAPEHMUA CUCTEMbI
HACCP ana obecneyeHns KOMNAEKCHOIO KOHTPOAs 6e30NacHOCTM Ha BCeX 3Tanax NpoM3BOACTBA
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YcTaHOBNEHO, YTO HAUMOHa/bHble pernameHTbl PO B 3HaUMTENbHOW CTeneHW OpPMEHTUPOBaHbI Ha
MeXAYHapoAHble CTaHAAPTbI, O4HAKO OCTAOTCA 30HbI, Tpebylolwme fOPaboTKM — B YAaCTHOCTM, B obnactu
BHeapeHua HACCP Ha npeanpuATMAX, 3aHMMaloLLMXCA nepepaboTKon cybnpoayKToB 418 KOPMOBbIX Liesiel.

BbiBOAbI M NepcrnekTuBbl uccaegosaHma. HopmatueHo-npasoBas 6asa PP n EAIC, skatovas TP TC
034/2013, FOCT 32244-2013 u CaHluH 2.3.2.1078-01, yctaHasanBaeT yeTkne TpeboBaHNA K 6esonacHocTH
cybnpoayKToB, ogHaKo TpebyeT fafibHENWEro COBEPLUEHCTBOBAHUA U aKTyaan3aLmMmn ¢ MeXAyHapoaHbIMU
ctaHaapTamu (Kogekc AnmmeHTapuyc, pernameHTbl EC). Ocoboe BHUMaHWe cnefyeTt yaenuTb NpakTU4eckomy
BHeapeHuto cuctembl HACCP, no3sosatoLwer cMCTEMHO YNpaBasTb PUCKaMM Ha BCEX 3Tanax Npou3BoACTBa.

MepcneKkTBbl  MCCNeAOBAaHUA  CBA3aHbl C  pa3paboTKoi  afanTUMPOBAHHbIX  METOAMYECKUX
pekomeHgaumnit no npumeHeHnto HACCP B ycnoBMAX POCCUMCKUX NPeanpuUATUIA, a TaKKe C aHaau3om
30dEKTUBHOCTM TEKYLMX MEXaHU3MOB KOHTPOAA M MOHUTOPWUHIA Ha pasHbiXx 3Tanax nepepaboTku
cybnpoayKTtos.
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CHARACTERISTICS OF TOURISM GEOGRAPHY: A SPATIAL LENS ON A GLOBAL PHENOMENON

Abstract
Tourism geography, an increasingly vital sub-discipline within human geography, systematically
examines the spatial patterns, processes, and impacts of tourism activities across various scales. This article
delineates the key characteristics that define this field, highlighting its interdisciplinary nature, reliance on
spatial analysis, focus on human-environment interactions, and dynamic adaptation to global changes. It
explores how tourism geography contributes to understanding destination development, tourist mobility,
socio-cultural implications, and the imperative for sustainable tourism practices. By applying a geographical
lens, the discipline offers critical insights for effective planning, management, and policy-making in the
complex global tourism industry.
Keywords:
tourism geography, spatial analysis, destination management, human-environment interaction,
sustainable tourism, mobility, interdisciplinary, tourism impacts, planning, place.

Introduction

Tourism has emerged as one of the world's largest and fastest-growing economic sectors, profoundly
shaping economies, societies, and environments across the globe. From the resurgence of international travel
post-pandemic to the increasing awareness of climate change's direct impact on destinations, the spatial
dimensions of tourism have never been more critical. It is within this dynamic context that tourism geography,
as an academic and applied field, offers an indispensable framework for understanding the intricate
relationships between people, places, and the phenomenon of travel.

Beyond simply mapping tourist attractions, modern tourism geography delves into complex questions
such as: How do global events, like health crises or geopolitical shifts, instantaneously alter travel patterns
and destination resilience? What role does digital transformation, including Al-driven personalized itineraries
and virtual reality tours, play in shaping future tourism landscapes? How can destinations balance the
economic benefits of tourism with the urgent need for environmental conservation and the preservation of
local cultural authenticity in an era of "destination dupes" and "overtourism"? This evolving landscape
demands a rigorous, geographically informed analysis that moves beyond traditional tourism studies,
integrating insights from environmental science, urban planning, economics, sociology, and even psychology.
Tourism geography provides this holistic, spatial perspective, illuminating the inherent geographical nature of
tourism itself.

Characteristics of Tourism Geography

Tourism geography is defined by several fundamental characteristics that distinguish its approach and
scope:

1. Spatial Perspective and Analysis: At its core, tourism geography is the study of "where" and "why
there" in relation to tourism. It focuses on the distribution of tourist attractions, the origins of tourists, the
routes they take (flows), and the spatial organization of tourism infrastructure (e.g., airports, hotels, resorts).
It employs geographical techniques such as mapping, Geographic Information Systems (GIS), and remote
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sensing to visualize, analyze, and interpret these spatial patterns and relationships. This allows for identifying
key source markets, understanding destination networks, and assessing the spatial concentration or
dispersion of tourism impacts.

2. Interdisciplinary and Integrated Approach: Tourism is a multifaceted activity, and its geographical
study necessarily draws upon a wide range of disciplines. It integrates concepts from:

o Physical Geography: Understanding the role of landforms, climate, water bodies, and ecosystems as
natural attractions and their vulnerability to tourism pressures.

o Human Geography: Analyzing socio-cultural impacts, economic geographies of tourism (e.g.,
employment, revenue distribution), political geography (e.g., visa policies, border controls), and urban
geography (e.g., tourist districts, urban regeneration).

o Economics: Examining supply and demand, cost-benefit analysis, and the multiplier effect of tourism
spending.

o Sociology and Anthropology: Investigating tourist motivations, local community perceptions,
acculturation, and the commodification of culture.

o Environmental Science: Assessing ecological footprints, biodiversity impacts, and the challenges of
sustainable development.

o Planning and Management: Informing strategic destination planning, infrastructure development,
and policy formulation.

3. Focus on Human-Environment Interaction: Tourism is inherently reliant on both natural and cultural
environments. Tourism geography examines the complex, often symbiotic, sometimes antagonistic,
relationship between human tourism activities and the environments in which they occur. This includes how
natural features (mountains, beaches, wildlife) become resources for tourism, how cultural landscapes are
shaped by and marketed for tourism, and crucially, the environmental and socio-cultural impacts (both
positive and negative) that tourism exerts on host regions. Sustainable tourism and responsible travel are
central concerns, aiming to mitigate negative impacts and enhance positive ones.

4. Emphasis on Place and Destination Development: Tourism geography places significant emphasis
on the concept of "place" —not just as a location, but as a dynamic entity imbued with meaning, identity, and
shared experiences. It investigates how destinations are developed, marketed, and managed. This includes
studying the "destination life cycle" (exploration, involvement, development, consolidation, stagnation,
decline/rejuvenation), the role of "sense of place" in attracting tourists, and the strategies for creating
competitive and appealing tourism environments that reflect local distinctiveness.

5. Dynamic and Evolving Field: The tourism industry is highly susceptible to global trends,
technological advancements, economic shifts, and unforeseen crises (e.g., pandemics, natural disasters,
political instability). Tourism geography is thus a dynamic field that continually adapts its research agenda
and methodologies to understand these new realities. Current research explores themes such as climate
change adaptation in tourism, the implications of digital nomads, the gig economy's impact on tourism
services, resilience building in tourism economies, and the ethical considerations of data collection from
tourists.

6. Multi-Scalar Analysis: Tourism geography operates across multiple spatial scales, from the micro-
level (e.g., the layout of a single resort or tourist attraction), to the meso-level (e.g., regional tourism planning,
inter-city travel patterns), to the macro-level (e.g., global tourist flows, international policy agreements
impacting travel). Understanding these interconnected scales is crucial for comprehending the complex
spatial organization of tourism and for developing effective policies at appropriate levels.

7. Focus on Mobility and Flows: A key characteristic is the study of human mobility. Tourism inherently
involves movement—the journey from the tourist's origin to the destination and within the destination. This
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includes analyzing transportation networks, travel motivations, decision-making processes, and the logistical
challenges of moving large numbers of people across space. It also extends to the flows of capital,
information, and ideas that accompany tourist movements.

In conclusion, tourism geography provides an essential framework for understanding the spatial
complexities of one of the world's most significant industries. By integrating diverse perspectives and utilizing
powerful spatial analytical tools, it not only describes the "where" of tourism but also delves into the "why"
and "what if," offering critical insights for fostering sustainable, equitable, and resilient tourism futures.
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TOURIST DESTINATIONS OF THE WORLD AND THEIR ENDURING CHARMS

Abstract
The allure of global tourist destinations lies in their remarkable diversity and inherent beauty,
encompassing natural wonders, architectural marvels, and profound cultural heritage. This article explores
the multifaceted appeal of the world's most captivating destinations, categorizing their beauties into natural,
historical/architectural, and cultural/experiential dimensions. It highlights how evolving traveler preferences,
influenced by factors like sustainability concerns and a desire for authentic, immersive experiences, are
shaping the tourism landscape. From established icons to emerging "destination dupes" and off-the-beaten-
path gems, the article examines what makes a place truly beautiful and memorable, emphasizing the growing
importance of responsible travel practices in preserving these invaluable global assets for future generations.
Keywords:
tourism, destinations, beauty, natural wonders, cultural heritage, architecture, experiential travel,
sustainable tourism, emerging destinations, travel trends.

Introduction

In an increasingly interconnected yet often fast-paced world, the pursuit of travel remains a
fundamental human desire, offering respite, enrichment, and a deeper understanding of our planet's myriad
facets. Global tourist destinations, each with its unique tapestry of attractions, continue to captivate millions,
drawing them into experiences that range from awe-inspiring natural immersion to profound cultural
encounters. However, the landscape of global tourism is dynamic, constantly reshaped by emerging trends,
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technological advancements, and a heightened collective consciousness regarding environmental and social
impacts.

Beyond the timeless appeal of iconic landmarks and breathtaking landscapes, recent years have seen
a significant shift in traveler motivations. There's a growing emphasis on experiential travel, where visitors
seek authentic engagement with local communities, hands-on learning, and a deeper connection to the
places they visit. This has led to the rise of niche tourism markets like "horti-culture" (botanical and
agritourism), "art-venture" (immersive art and culture), and "gami-vacation" (gamified travel experiences).
Furthermore, the concept of "destination dupes" has gained traction, as travelers increasingly seek out lesser-
known, more affordable, and less crowded alternatives to popular hotspots, driven by a desire for unique
discoveries and a conscious effort to avoid overtourism.

The beauty of a tourist destination, therefore, extends far beyond mere visual appeal. It encompasses
the emotional resonance it evokes, the stories it tells, the sensory experiences it offers, and its capacity to
inspire and transform. As the world continues to navigate the complexities of climate change and the
imperative for responsible travel, understanding the diverse dimensions of destination beauty and adapting
to evolving visitor expectations is crucial for sustainable growth and the preservation of these global
treasures.

The Multifaceted Beauties of Global Destinations

The allure of the world's tourist destinations can be broadly categorized by the primary source of their
captivating beauty:

1. Natural Wonders: These destinations are characterized by their untouched or minimally altered
landscapes, showcasing the raw power and artistry of nature. Their beauty often evokes feelings of awe,
serenity, and adventure. Examples include:

o Spectacular Landscapes: The dramatic fjords of Norway (e.g., Geirangerfjord), the majestic peaks of
the Canadian Rockies (Banff National Park), the vastness of the Grand Canyon (USA), and the ethereal
"hoodoos" of Cappadocia (Turkey). These offer panoramic vistas, opportunities for hiking, and a sense of scale
that humbles the observer.

o Coastal and Marine Paradises: The vibrant coral ecosystems of the Great Barrier Reef (Australia),
the pristine white sands and turquoise waters of the Maldives and Seychelles (e.g., Anse Source d'Argent),
and the rugged, dramatic Na Pali Coast (Hawaii). These invite relaxation, water sports, and unparalleled
biodiversity.

o Unique Geological Formations: Pamukkale's white travertine terraces (Turkey), Bolivia's immense
Salar de Uyuni salt flat, and the "rainbow mountains" of Zhangye National Geopark (China). These showcase
Earth's geological processes in stunning, often surreal, forms.

o Lush Ecosystems: The biodiversity-rich Monteverde Cloud Forest (Costa Rica) and the Okavango
Delta (Botswana), teeming with wildlife. These offer immersive experiences in untouched wilderness, often
with opportunities for eco-tourism and wildlife observation.

2. Historical and Architectural Marvels: These destinations draw their beauty from the ingenuity,
artistry, and history of human civilization. They offer glimpses into past eras and stand as testaments to
cultural achievements.

o Ancient Civilizations: Machu Picchu's Incan citadel (Peru), the rock-cut city of Petra (Jordan), and the
temple-strewn plains of Bagan (Myanmar). These sites whisper tales of bygone empires and offer a profound
sense of history.

o lconic Cityscapes and Landmarks: The romantic boulevards and iconic structures of Paris (France),
the intricate tile work and ornate designs of Moroccan architecture (e.g., in Marrakech or Fes), and the
architectural splendor of Rome (Italy). These urban centers are canvases of human creativity and historical
evolution.
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o Engineering Feats: The Great Wall of China, the Roman Colosseum, or the engineering marvels of
ancient Egyptian pyramids. These structures demonstrate incredible human ambition and skill.

3. Cultural and Experiential Richness: The beauty of these destinations lies not just in what can be
seen, but in what can be felt, learned, and participated in. It's about the living culture, the local way of life,
and the unique traditions.

o Vibrant Festivals and Traditions: The colorful festivals of India, the spiritual practices in Kyoto
(Japan), or the flamenco culture of Andalusia (Spain). These offer immersive cultural exchanges and sensory
delights.

o Culinary Journeys: Destinations renowned for their unique food scenes, from the street food of
Southeast Asia to the gourmet experiences of Italy or France. Culinary tourism connects travelers directly
with the heart of a culture.

o Community Engagement: Places that offer opportunities for visitors to engage with local artisans,
participate in workshops (e.g., pottery in Japan, textile weaving in Morocco), or contribute to local
conservation efforts (contributing travel experiences).

o Off-the-Beaten-Path Authenticity: Increasingly, travelers seek out "under-the-radar" spots like Tartu
(Estonia) or Reggio Calabria (ltaly), which offer genuine local experiences away from mainstream tourist
crowds.

The Evolving Landscape of Tourist Preferences

Modern travelers are increasingly discerning. The rise of conscious tourism means more visitors are
looking for:

e Sustainability: A desire to minimize environmental impact, support local economies, and preserve
cultural integrity. This drives demand for eco-friendly accommodations, responsible tour operators, and a
focus on leaving a positive footprint.

e Authenticity: A move away from curated, superficial experiences towards genuine interactions with
local life, traditions, and environments.

e Wellness and "Calmcations": Destinations that offer opportunities for mental and physical
rejuvenation, often in natural settings, promoting health and wellbeing.

e Adventure and Niche Interests: From "astro-adventurers" seeking the Northern Lights in Tromsg
(Norway) to those interested in specific historical periods, art forms, or outdoor activities.

¢ Off-Season and "Coolcationing": A shift towards traveling during shoulder seasons or to cooler climate
destinations, influenced by rising temperatures in traditional summer hotspots and a desire to avoid crowds.

Ultimately, the enduring beauty of the world's tourist destinations is a complex interplay of their
inherent attributes and the evolving desires of those who visit them. As we look to the future, responsible
tourism and a deep appreciation for the unique identity of each place will be paramount to preserving their
beauty for generations to come.
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THE MODERN SCIENTIFIC FOUNDATIONS OF BUILDING MATERIALS:
ENGINEERING A SUSTAINABLE FUTURE

Abstract
The scientific underpinnings of building materials have undergone a profound transformation, moving

from empirical practices to a sophisticated, multi-scale engineering discipline. This article explores the
modern scientific foundations that drive the innovation in building materials, emphasizing their crucial role
in addressing contemporary challenges such as climate change, resource scarcity, and the demand for
enhanced performance and longevity. Key areas of advancement include nanotech-driven material design,
the development of smart and self-healing materials, the pursuit of low-carbon and circular economy
solutions, and the integration of advanced computational modeling. These scientific breakthroughs are not
only optimizing the structural and functional properties of materials but are also pivotal in constructing a
more resilient, sustainable, and technologically advanced built environment for the future.

Keywords:

building materials science, materials engineering, sustainable construction, smart materials, self-healing
concrete, nanotechnology, low-carbon materials, circular economy, advanced composites,
computational materials science

Introduction

The structures that house us, facilitate our commerce, and connect our communities are fundamentally
defined by the materials from which they are built. For centuries, the development of building materials was
largely an empirical process, driven by trial and error and localized resource availability. While traditional
materials like concrete, steel, wood, and brick have served humanity remarkably well, the demands of the
21st century—ranging from rapid urbanization and extreme climatic events to the urgent need for
decarbonization—have necessitated a radical shift in how building materials are conceived, designed, and
deployed.

Modern building materials science is no longer confined to merely improving strength or durability. It
is a highly interdisciplinary field, drawing heavily from chemistry, physics, materials science, civil engineering,
and increasingly, nanotechnology and artificial intelligence. The focus has broadened to include the entire
lifecycle of a material, from cradle to grave (or more ideally, from cradle to cradle, embodying circular
economy principles). Contemporary research is deeply intertwined with global sustainability goals, aiming to
drastically reduce embodied carbon, enhance energy efficiency in buildings, facilitate material reuse and
recycling, and create materials that are not just passive components but active participants in improving
structural performance and environmental impact. This new era of building materials is characterized by
unprecedented precision in design, the ability to imbue materials with novel functionalities, and a profound
commitment to environmental stewardship, redefining the very essence of construction in the modern world.

Modern Scientific Foundations of Building Materials

The advancements in building materials are underpinned by several interconnected scientific principles
and technological frontiers:
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1. Atomistic and Nanoscale Engineering: The ability to manipulate materials at the atomic and
molecular levels has opened up unprecedented possibilities. Nanotechnology allows for the precise tailoring
of material properties by incorporating nanomaterials (e.g., carbon nanotubes, nanosilica, nano-titanium
dioxide).

o Enhanced Strength and Durability: Nanoparticles can refine the microstructure of cementitious
materials, leading to denser, less permeable, and significantly stronger concrete. Carbon nanotubes can offer
exceptional tensile strength, reinforcing composites.

o Self-Cleaning and Air-Purifying Surfaces: Nanocoatings with titanium dioxide (TiO2) can create
photocatalytic surfaces that break down pollutants and organic dirt upon exposure to sunlight, leading to self-
cleaning facades and improved air quality.

o Improved Thermal Performance: Nanoporous materials like aerogels, despite being incredibly
lightweight (often 99.8% air), offer superior thermal insulation properties due to their minimized solid
conduction and convection.

2. Smart and Multifunctional Materials: Beyond their primary structural roles, modern building
materials are being engineered to possess active, responsive, or multiple functionalities, transforming
buildings into dynamic systems.

o Self-Healing Concrete: Inspired by biological systems, this concrete incorporates healing agents
(e.g., encapsulated polymers, bacteria that produce calcium carbonate) that are released upon crack
formation, autonomously repairing micro-cracks and extending the material's lifespan, significantly reducing
maintenance costs and improving durability.

o Phase-Change Materials (PCMs): Integrated into building envelopes, PCMs can absorb and release
latent heat as they change phase (e.g., solid to liquid), helping to regulate indoor temperatures, reduce energy
consumption for heating and cooling, and improve thermal comfort.

o Thermochromicand Electrochromic Glass: These "smart windows" can dynamically adjust their light
transmission and heat gain properties in response to temperature changes or electrical currents, optimizing
natural lighting and energy efficiency.

o Energy Harvesting Materials: Photovoltaic materials are being integrated into transparent coatings,
roof tiles, and even pavements, allowing buildings to generate their own electricity from solar energy.

3. Low-Carbon and Sustainable Material Development: A critical driver in modern building materials
science is the imperative to reduce the massive carbon footprint of the construction industry.

o Alternative Cements: Research focuses on replacing traditional Ordinary Portland Cement (OPC), a
major CO2 emitter, with alternative binders like geopolymer cements (derived from industrial waste like fly
ash and blast furnace slag) that offer significantly lower embodied carbon.

o Bio-based Materials: Advances in engineered wood products (e.g., Cross-Laminated Timber (CLT),
Glued Laminated Timber (Glulam)), hempcrete, mycelium composites (from fungi), and bamboo-based
products are offering renewable, carbon-sequestering, and often lightweight alternatives.

o Recycled and Waste-Derived Materials: Scientific efforts are maximizing the incorporation of
recycled content (e.g., recycled concrete aggregates, plastic waste, industrial by-products) into new building
materials, aligning with circular economy principles and reducing landfill waste.

4. Advanced Composites and Hybrid Materials: Combining different materials at various scales to
leverage their synergistic properties is a cornerstone of modern materials science.

o Fiber-Reinforced Polymers (FRPs): Lightweight and corrosion-resistant, FRPs (e.g., carbon fiber, glass
fiber) are increasingly used to reinforce concrete structures, strengthening them and extending their lifespan,
particularly in corrosive environments.

o Functionally Graded Materials: Materials designed with continuously varying properties across their
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volume, optimizing performance for specific loading or environmental conditions.

Conclusion

The modern scientific foundations of building materials represent a dynamic and evolving frontier,
essential for addressing the complex challenges facing our planet and society. By harnessing the power of
nanoscale engineering, developing smart and multifunctional capabilities, pioneering low-carbon and circular
economy solutions, and leveraging advanced computational intelligence, materials scientists are not just
creating better bricks and mortar; they are engineering the very fabric of our future built environment. These
scientific advancements are propelling construction towards an era of unprecedented sustainability,
resilience, and intelligent performance, fundamentally redefining what a "building material" can be and do.
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