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OUZUKO-MATEMATUYECKHUE HAYKHA

TEOPUSA CBETA
Crenenko B.1O.

Cmeyenxo Braoumup FOzegosuy — 0okmop mexnuueckux Hayx,
2. Moeunes, Pecnybnuka benapyco

Annomanusn: ¢ cmamve npPedCmMagienbl OCHOBHbLE NOJOJICEHUsT HOBO meopuu ceema. Oma
Meopust OCHOBAHA HA OBUICEHUU OMOHO8 HO MPAEKMOPUSIM GUHMOGLIX cnupanei. TIpu smom
omon umeem maccy, cmpyxmypy u manumuwiti momenm. Macca gpomona pasna 9107 xe.
Paoduyc ¢pomona cocmaensiem 3-107%7 m. @omon cocmoum us noaoNCUMensho 3apsaiceHto20
9/leMeHma  NPOCMPAHCIBd, 60KpYye KOMOPO2O 6PAWAEMCs OMPUUAMETbHO  3aAPINCEHHbIL
anemenm npocmpancmea. Ilosmomy ghomon umeem maznummwii momenm. IIpu dgudicenuu no
MpaeKmopuu 6UHMOBOU CRUPAm (OMOH co30aem nepeMeHHoe MASHUMHOe NOoe, KOMOopoe
Modenupyemcsi mazhumuou  eonHou. ITlosmomy ceem signsiemcsi He SIEKMPUYECKUMU, d
MASHUMHBIMU 80THAMU. B amome 6o0opoda mexanuueckuii umnynsc gromona cocmaensem
0,03% om umnynvca snexmpona. Ilosmomy gomon He modicem OKA3bI6AMb OUHAMUYECKOE
UMNYIbCHOE 8030elicmaue Ha dnekmpon. Ho macnumnoe none oomona oxasvieaem GuusHue Ha
MaznumHoe none snekmpona. Tlpu osuscenuu pomona no mpaexmopuu GUHMOBOU CRUPATU C
BbICOKUMU  YACMOMOU U CKOpOCmbvlo Gomon cozdaem Ooavuwoe maznumuoe noie. Ono
OMPUYAMENLHO NPU MOPMONCEHUU POMOHA U NONONCUMETBHO Npu ycKopenuu gomona. B
aAmomMax u MOJEKYIAx dNEeKMPOHbl OBULAIOMCS. NO MPACKMOPUSIM BUHIOBBIX CRUpAaell, 0Opazysi
MazHumHble OpouUmaU, KOmopble MO2ym OCAAONSANbCS UL YCUTUBAMbCS. MACHUMHBIMU HOSLMU
homonos npu ux no2noujeHur w uzLydeHuu dnekmponamu. Ipu smom uzMeHsomest ypogHu
INEKMPOHOE 6 AMOMAX U MOJIEK)IIAX.

Knwuesvie cnosa: meopus ceema, (Gomowuvl, INEKMPOHbL,  CAUPATLHO-BOIHOGbIE
Mpaexmopuul, MazHummuwle noJis.

THEORY OF LIGHT
Stetsenko V.Yu.

Stetsenko Viadimir Yuzefovich — Doctor of Technical Sciences,
MOGILEV, REPUBLIC OF BELARUS

Abstract: the article presents the main provisions of the new theory of light. This theory is
based on the motion of photons along the trajectories of helical spirals. The photon has
mass, structure and magnetic moment. The mass of the photon is 9107 kg. The radius of
the photon is 3-10°°” m. The photon consists of a positively charged element of space, around
which a negatively charged element of space rotates. Therefore, the photon has a magnetic
moment. When moving along the trajectory of a helical spiral, the photon creates an
alternating magnetic field, which is modeled by a magnetic wave. Therefore, light is not
electric, but magnetic waves. In a hydrogen atom, the mechanical momentum of a photon is
0.03% of that of an electron. Therefore, the photon cannot have a dynamic pulsed effect on
the electron. But the magnetic field of a photon affects the magnetic field of an electron.
When a photon moves along the trajectory of a helical spiral with high frequency and speed,
the photon creates a large magnetic field. It is negative when the photon is inhibited and
positive when the photon is accelerated. In atoms and molecules, electrons move along
helical spiral trajectories, forming magnetic orbitals that can be weakened or amplified by
the magnetic fields of photons as they are absorbed or emitted by electrons. At the same
time, the levels of electrons in atoms and molecules change.

Keywords: theory of light, photons, electrons, spiral-wave trajectories, magnetic fields.
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B mayuHO-y4eOHOW mmTeparype MIsI OOBSCHEHHS pPACIpOCTPAaHEHHS CBeTa B
MPOCTPAHCTBE OH MOJEIUPYETCS OPTOrOHANbHBIMU JJIEKTPUYECKUMU M MarHUTHBIMH
BOJIHAMH TEPEMEHHBIX DJEKTPUUECKUMX W MArHUTHBIX TIOJIeH, KOTOphIE B3aUMHO
oOycnaBmuBatoT npyr apyra [1, 2]. Ho nans oOBsACHEHHS ONTHUYCCKUX SIBICHHNA CBET
MOJIETTUPYETCSI DIEKTPUUECKOM BOJTHON COTIIACHO CIIEAYIONIEMY YPaBHEHHIO [2]:

2
E = E, cos(w,t — %
3

)s (1)

rae E — HanpsyKeHHOCThb 3JIEKTPUYECKOTO IOJI Ha PACCTOSIHUU 7' OT UCTOYHMKA CBETA;
E, — aMmuTy#a HanpsKEHHOCTH SJEKTPHYECKOrO TONS; W, — LUKIMYEecKass YacToTa
SIEKTPHYECKON BOIHBI; A, — [UTHHA SJIEKTPHIECKON BOITHBI.

B nay4HO-y4eOHOI nuTeparype Uit OOBSICHEHHS KOPIMYCKYJISIPHBIX CBOHCTB CBETa OH
MOJICIUPYETCs KBaHTaMu cBeTa [1, 2]. DTH KBaHTHI, COTJIAaCHO ypaBHCHHIO (1), SBIISIOTCS
MOPLUSAMH 3JIEKTPUYECKON BOJHBI — poToHamMu. DOTOHaAMH MOYKHO Ha3bIBaTh KBAaHTHI CBETA.
Cornacuo bopy, aToMbl MOrioIawT u u3rydaroT cBeT GoTonamu. CornacHo CTaHIapTHON
Mopenu, GOTOH SBIISIETCS SJIEMEHTAPHON YacTHUIICH, HE HMEIOIEH MacChl U DIIEKTPHYECKOTO
3apsina, HO 00JaaoIell SHepTrue, UMIYJIbCOM U MOMEHTOM HMIyJbca (ciuHom) [1].

CymiectBytolue (KJIacCUYeCKue) TPEACTaBICHUS O CBET€ KMEIOT CIeAYIoNue
TIPOTHBOPEUHSI.

1. CBeT OAHOBPEMEHHO SIBISIETCS] BOJTHOW U YaCTULEH.

2. DnekrpuyecKkas BONHA, NPW IBWKCHHH B TIPOCTPAHCTBE, MOIDKHA CO3JaBaThCs
IBIDKYIIUMUCS B TIPOCTPAHCTBE 3apsHKCHHBIMHA YacTHUIIAMH, HalpuMep 3ICKTPOHAMHU.
@DOTOHEI HE WMEIOT JJIEKTPHUUYECKOTO 3apsAia, II03TOMY, IpPH CBOEM JBIKCHHU B
MPOCTPAHCTBE, HE MOTYT CO3/1aBaTh SJICKTPHUUCCKUE BOTHEL.

3. CrannmaptHas Mogens He O0OBsCHAET HpUpPoAYy (OTOHA, KOTOpas SBISETCS
NPOTUBOpEYHBON. Bo-mepBbiX, GOTOH — 3JeMeHTapHas yacThua 0e3 Macchl, HO HMeEeT
SHEPTHI0 U UMITYJIbC. BO-BTOPBIX, y (hOTOHA €CTh MOMEHT MMITYJIbCa, HO (JOTOH HE MOXKET
o0J1a1aTh BpallaTeabHbIM JIBUKEHHEM 0e3 Macchl.

Bce »TM mpoTtuBOpeuMs SBISIOTCA OCHOBHOM mpoOsiemod ans Teopuu cBera. Jis
pelIeHns 3TOW MPOOJIEMBI W CO3IaHUS HOBOH TEOPHH CBETa HEOOXOIWMO TPHUHSTH, UTO
(otoH 00NamaeT mMaccoi, IMeeT CTPYKTYPY H JBIDKETCS B MPOCTPAHCTBE IO TPACKTOPUHU
BUHTOBOM crirpany. OOIuKil BUI BUHTOBOW CIIMPAIH MPEICTaBIICH Ha puc. 1.

Puc. 1. Obwuii 610 sunmogoti cnupanu.

IIpu nBwkeHnn (OTOHA TO TPACKTOPWH BUHTOBOW CHHMpalX OH OJHOBPEMEHHO
y4acTBYeT B JIByX BHIaX JBIKEHHS — MO0 OKPYKHOCTH C YacCTOTOW V, TaHTEHIIUATbHON
CKOPOCTBIO € W MPSAMOJIMHEHHO IO HANpPaBJIEHHIO HMITYJIbCa P CO CKOPOCTBIO C, TNE C —
ckopocTh cBeTa B Bakyyme [3]. TlepBblii Buj ABMKEHUs oOecreunBaeT (JOTOHY BOJHOBBIC
CBOWCTBa, a BTOPOHM BWJ JIBHXKCHUSA — KOPITYCKYJISApHBIC cBoicTBa. [loaTtomy (oToH — 31O



YacTHla, obsasaronas BOJHOBBIMH M KOPITYCKYJIIPHBIMU cBoWcTBamMH. VX oOecriednBaer
JBIDKeHNE (POTOHA MACCOM M O TPaeKTOPUU BUHTOBOM CITUPAIIH.

[IpoekumsiMu TpaekTOpuM [IBIDKEHUS (OTOHA Ha IUIOCKOCTE Z —Y  sBisiercs
OKpYXXHOCTb pajuyca R, a Ha miockocTb Z — X — KocuHycouaa (puc. 2).

Puc. 2. IIpoexyuu dgudicenus pomona no mpaexmopuu GUHMOBOU CRUPAIU.

YacToTa BOJIHOBOTO JBHXXCHUSA (1)OTOH8. OIIPEALCIIACTCS CIACAYOIINM YPABHCHUCM:

c
V=— 2
2mR ( )
JlmuHa BOJIHBI ABUKEHUS (I)OTOHa (I[J'II/IHa BOJIHBI CBETA — /1) ONPENCIACTCS CICTYIOIIUM
YpaBHCHHCM:

1== (3)

W3 ypaBHeHns (2) mMeeM CIIeIyIoNIyio pacueTHyo Gopmyy s R:

c

Mexannueckas (KuHeTHueckas) sHeprust ¢orona (W) onpenensercs ciemyroreit
hopmynoii:

W = mc2. Q)

Dopmyna (5) sBasercs ¢dopmynol DitHmreitna ans ¢dorona. Ecmu sty dopmyny
NPUMEHUTh JUIS APYTMX 4YacTHIl, HalpHMeEp OJJIEKTPOHOB M MO3UTPOHOB, TO (opmyrna
OitHTeliHa OyAeT omnpenessTh, B OCHOBHOM, MEXaHMYECKYH0 DHEpPTHI0 pachajga 3THX
yacTul Ha (oToHBI. [IpW aHHHMTWIALMU 3JEKTPOHA W IIO3UTPOHA BBIACISAIOTCSA TOJBKO
(hOTOHBIL. DIEKTPOH U TO3UTPOH COCTOST U3 MIIIIHOHA (POTOHOB KaxkbIH [4, 5]. Ho ¢hoToHEI
B CBOOOJIHOM COCTOSIHMM HE MMEIOT JJICKTPUUECKHUX 3apsI0B, a DIEKTPOHBI U HO3UTPOHBI
3apsOKEHBI COOTBETCTBEHHO OTPHIATENBHO M MOJOKHUTEIbHO. DTO 03HAYaeT, YTO (POTOHBI B
JNIEKTPOHAX W MO3UTPOHAX CYIICCTBYIOT B TPEX COCTOSHHAX: OTPULATEIBHO 3apsIKCHHOM
(y ™), monosxurensHo 3apsxensoM (y 1) u neitrpansaom (y°).

B asiekTpoHax 1 103uTpoHax (HOTOHBI CBSI3aHbI IIOCPEICTBOM YaCTHII IIPOCTPaHCTBa (SP)
[4, 5]. Tlo ananoruu ¢ (oTOHAMU SP pa3lENSIIOTCS Ha TPU BUIA: OTPHUIIATEIHHO 3apsHKEHHbBIE
(sp)~, nonoxwurensHo 3apsokeHHble (sp)T wu Heiitpanbmele (sp)°. B snextpone y~
coenunsroTes ¢ ¥~ gepes y° nocpeacrtsom (sp)~:



Yy =Gp)” =y’ +(sp)” =y (6)
B nosutpone ¥+ mMoxer coenunaThes ¢ ¥ uepes y° mocpencrsom obmena (sp)
yr+Gp) =y’ =Gp) =yt ()

[Ipy aHHUTWIIAMK IPOUCXOIUT pa3pylIEHHE CTPYKTYpP 3JIEKTPOHOB M MO3UTPOHOB. [Ipn
3TOM 06pasyrores y° cormacHo peakuuu:

Yty 22y’ ®

IIpOTOHBI U HEUTPOHBI B OCHOBHOM COCTOST M3 3JIEKTPOHOB U MO3UTPOHOB [4, 5].

Crnenyer nonarath, 4to hoToHs! coctost u3 (sp)™ u (sp)~. [Ipuuem y ¥y~ Bokpyr (sp)*
spamatorca a8a (sp)~, ¥+ cocrour u3 (sp)*, a 'y ¥° Bokpyr (sp)* Bpamaerca (sp)~.
IMo3TOMYy 9JIEKTPUYECKH HEUTpPalbHBIA (OTOH, KOTOPBIA JBWKETCS CBOOOJHO B
[POCTPAHCTBE, KIMEET MATHUTHBIA MOMEHT.

JIBHrasch 10 TPAeKTOPUHM BUHTOBOM CHHpaiy, (OTOH CO3JAeT MEPEMEHHOE MAarHUTHOE
T0JIe, KOTOPOE MOJIENMPYETCS MATHUTHOM BOJIHOM, COTIACHO CIEAYIOMIEMY YPABHEHHIO:

2ml

B = B,,cos(w,t — /1—), )

rae B — MHAyKIMsS MarHUTHOTO MOJS HA PACCTOSIHMM | OT MCTOYHMKA CcBeTa; B, —
aMIUTUTYAAa MHAYKIUHM MarHUTHOTO TOJS;, W, — IMKJINYecKas 4acTOTa MarHUTHOM BOJIHBHI,
paBHas 2mv; A, — JUIMHA MarHWTHOM BOJIHBL, paBHas A.

Omeiter I'. I'epria mo 00Iy4eHHIO KaTyIIKH ¢ MPOBOAHUKOM (POTOHAMH OIPEAEICHHBIX
gactor (10> T'm ... 103 Tm) CBUJETENIBCTBYIOT O TOM, YTO CBET SBIAETCA HE
3NIEKTPUYECKIMH, a MarHUTHBIMH BOJHaMH, KOTOpPble NPHBOIAT K oOpazosanmio OJIC
(pa3HOCTH MOTEHITHAIIOB HA KOHIaX KaTymIKu) [2].

Macca ¢otona pasna 9-107 kr [3]. M 3T0 He NPOTMBOPEYMT CHENUATLHON TEOpUH
otHocutenbHOCTH (CTO). VYpaBHenms CTO npuMeHHMBI K 4YacTHIAM, IBIDKYIIAMCS
MOPSIMOIIMHEWHO C TIOCTOSHHBIMH CKOPOCTSMH (MHEpHHATBHBIM dYactumam) [2]. dotow,
JIBUKYIIUICS 10 TPAEKTOPUU BUHTOBOM CIIMpaH, SIBISAETCS HEMHEPLUAIBHOM 4acTULEH, K
KOTOpoii He npuMeHuMs! ypasHeHus CTO.

Macca snextpona cocrasiseT 9-107! xr [2]. Paguyc snekTpona cocrasmseT 3-102° M [6].
TTOCKOJBKY BIIEKTPOH COCTOUT M3 MUJUTMOHA (POTOHOB, TO pamuyc (orona pasen 310727 m.
Oto 03Hauaet, uTo HoToH B 100 pa3 Menpue 37IeKTPOHa.

CKOpOCTh 3IIEKTpoHa B aToMe Bomgopoma pasHa 1-10° m-c!' [7]. Torma mMmyisc
5JIEKTPOHA B HANPABIECHWU €T0 JIBUKEHUS BOKPYT TpPOTOHA cocraiser 9-10% wr-m-c’l.
MexaHudecknii UMIyIbC (OTOHA B HANPABJICHHU IBIYKEHHs DIEKTpoHa paeH 27-10%°
kr-m-c!. DT0 O3HauaeT, 4TO MexaHW4ecKuii mMmmnyisc Qorona cocrasuser 0,03% ot
UMIIylbca DJIEKTpOHa B aToMe Bojopoja. [loaTroMy (OTOH HE MOXET OKa3bIBaTh
JUHAMUYECKOe MMITYJIbCHOE BO3JEHCTBHE HEMOCPEICTBEHHO Ha 3JeKTpoH. Ho MarHuTHOE
noje (oToOHa OKa3bIBAaeT BIMSIHWE HA MATHUTHOE TIOJIE DJIEKTPOHA, W, CIEIOBATENbHO, Ha
caM 3JIEKTPOH, aTOMbI U MOJEKYJHI [7]. B pe3ymbTaTe MpPOUCXOIAT: TEMIOBbIe d3PQPEKTHI,
(o103 PEeKTHI, HOHU3AIIS ATOMOB M MOJIEKYIL.

HecmoTrps Ha odeHb Manble pa3Mepbl, (OTOH, IBHUTasiCh IO TPACKTOPUHU BHHTOBOI
CIHMPAIM C BBICOKMMH YacTOTOH M CKOPOCTBIO, cO3/1aeT Oosblnoe MarHutHoe mose. Ero
JISWCTBHE OIIpeAeNseTcs 3HaYeHHeM R, KBaHTOBOW »Heprueldl MarHMTHOM BOJIHBI (OTOHA
(KBaHTOBOI SHEpTHEH cBeTa) hv, Te h — mocrosmuas [lnanka, pasnas 6,626-107 Ix-c [2].

Cpennuii aToMHBIN paguyc 37aeMeHToB cocTapiser 1,5-1071% M [8]. Cpennuii moTeHman
nonmsauu atoMoB pasen 1-107'% JIx [8], 9To COOTBETCTBYET cpemmell YacToTe CBETa



1,5-10" T'u. Cornacro ¢opmyne (4), npu yacrore csera 1,5-10'° T'm R = 3-10® m. Dra
BeIMYMHA IPEBBILAET pa3Mepbl aTOMOB M MOJEKYJI. ATOM BOZOpPOAa HOHHU3UPYETCS
yIbTPahHOIETOBBIM U3IYUYCHHEM CBETA, HO HE €r0 KBAHTOBBIM MMITyJIbcoM hv/c [7].

Cpennss 4acTOTa BHIWMOTO H3IydEHHS CBeTa cocrapmsger 6-10'* TI'm [1]. Dto
COOTBETCTBYET KBaHTOBOU dHepruu ceeta 4-107° Ik m R = 8-10° m. [TosTomMy BHImMMOE
M3IIy4eHHe CBETa OyIeT OKa3bIBaTh TEIUIOBOE BO3ICHCTBHE HA aTOMBI M MOJICKYJIBI, 8 TaKKe
CIOCOOCTBOBATh XUMHYECKUM PEAKLIHSIM.

Cpennss 4acToTa MH(PPAKPACHOTO H3IydeHHs cBeTa cocTapiasger 5-10° I'm [1]. Dto
COOTBETCTBYET KBaHTOBOH osHeprum ceeta 3-102° Jxk m R = 1.10° M. Ilostomy
UH(ppaKpacHOE U3TyYeHHEe cBeTa OyAeT OKa3bIBaTh TEILIOBOE BO3CHCTBIE HA BEIECTRO.

Cpennss 9acTOTa PEHTITECHOBCKOTO M3JIydeHWs cBeTa cocrapmsger 1-10' I'm [1]. Dto
COOTBETCTBYET KBAaHTOBOM »dHepruum cBera 7-101% ok m R = 510" m. Ilostomy
PEHTT€HOBCKOE H3ITydeHHe cBeTa OyneT Ooiblie OKa3bIBaTh BO3ACHCTBHE Ha aTOMBI, YeM Ha
MOJICKYJIBL.

Cpennss 9acToTa y-m3nydeHus cera coctaBmsger 1-10%? I'm [1]. DTo cOOTBETCTBYyET
KBaHTOBOM dHepruu cgeta 7-10712 Ik u R = 5:10°'° m. TTostoMy y-u3iyueHus ceeta Oy/eT B
OCHOBHOM BO3/ICIICTBOBATh Ha AIpa aTOMOB M MOJICKYJ (OyIeT MOrjomaThCs UX sApaMu).
Bonbnioii mornomaronieil CriocoOHOCTBIO Y-M3Iy4eHUsT CBeTa 00JagaloT MacCUBHBIC sapa
CBHHIIA.

JBurascp B aTOMax M MOJIEKYJaX IO TPAEKTOPUAM BHUHTOBBIX CIUPAJIEH, JEKTPOHBI
CO31al0T MAr"HuTHBLIC Op6I/ITaJ'H/I — MAarduTHbIC 10JIA, KOTOPbIC MOTYT 0CIa0IAThCS
MAarHUuTHbIMHU IIOJIIMHU q)OTOHOB npu TOPMOKCHUUN q)OTOHOB n UX [DoCJICAyrUUuM
MOTJIOIIEHHUH 3JIEKTpOHaMU. B pe3ysbraTe 3JeKTPOHBI IEPEeX0IsIT Ha BHILIECTOSIINE OPOUTHI
C MEHBIIMMHM MAarHUTHBIMHU SHEeprusMu. [Ipu 3ToM 53IeKTpoHBI OyAyT HaXOIUThCA B
HEPaBHOBECHBIX COCTOSHMAX. [Ipy mepexone 3JIEKTPOHOB B PABHOBECHBIC COCTOSHHS OHHU
M3Iy4aroT (OTOHBL. OTH (OTOHBI, YCKOPSSACH IO TPACKTOPUSAM BHHTOBBIX CIHpAJICH,
CO3aI0T MAarHUTHBIC OJIS, KOTOPbIE YCHUIIMBAIOT MarHUTHBIC MOJIS MATHUTHBIX OpOUTAICH.
B pesyinbTraTe 3JIEKTPOHBI IEPEXOIST HA HU3IIHE OPOHTHI ¢ OoJjiee BBHICOKMM YpPOBHEM
MarHuTHO sHeprun. Ecian GoTOHBI He B3aMMOACHCTBYIOT C 3JIEKTPOHAMH, TO MPOHCXOIUT
OTPaXCHHWE MAarHUTHBIX BOJNH (OTOHOB (CBeTa) OT aTOMOB W MoJeKyJd. Ilpu 3ToM
JIMHAMUYECKOe JeHCTBUE cBeTa (JaBieHue) OyaeT OmpelNensThcsi €ro KBaHTOBBIM
HUMITYJIbCOM. HOJ’IHpI/I?)aI_II/Iﬂ cBeTa O0BLICHIETCS TEM, 4YTO (bOTOHI)I MOT'YT IABUTAThCAd KakK I10
4acOBOU CTpEJIKE BUHTOBBIX CIIUPAJCii, TaK U IIPOTUB 3TOT0 HAIPaBICHUSL.

Takum 00pa3oM, CBET SBIAETCS MAarHUTHBIMHM BOJIHAMH, KOTOpBIe 00pa3yroTcs HpH
JABUXXCHHUU (I)OTOHOB, UMCIOOIUX MacCcy H MarHUTHBIN MOMCHT, IO TPACKTOPHUAM BHUHTOBBIX
crivpanieil.
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ABTOPCKASA METOJANUYECKAS PASPABOTKA
JABOPATOPHOM PABOTHI IO ®U3UKE «M3YYEHUE 3AKOHA
COXPAHEHUSA DHEPT'HHA
bayruna A./l.

Baymuna Anacmacus /[mumpuesna - yuumenv puzuxu
Mynuyunanvhoe 6100scemnoe 00weobpazosamenvroe yupescoenue « Obpazosamenvhulii yenmp NeS»
2. eanmeeska

Annomayua: na npakmuxe nposepumv BbLINOIHEHUE 3AKOHA COXPAHEHUs dHepeuu npu
npespaujeHuu C8emogoll (Ul IHEPSUU USTYUEHUs) FHepeUuu 8 MeniosyIo MONCHO 8 X0oe
BbINOAHEHUSL TAOOPAMOPHOU PabOmMbl, NPUMEHS HOB0e BbICOKOMOUHOe 000py0o8aHue
(Oamuuxu). [na smoeo obyuarowemycs 0OyOem He0OXO0UMO He MOAbKO NPUMEHUMDb
npaxmuiecKue HasvlKu, HO U CHOMHUTNG POPMYIbL NO Pu3UKe.

Kniouegvie cnoea: nabopamopuas paboma «H3yuenue 3aKOHA cOXpanenusi HepauuLy,
9Hepaus, C8emogoli NOMOK, 0CEeUjeHHOCHIb.

AUTHOR'S METHODOLOGICAL DEVELOPMENT OF A PHYSICS
LABORATORY WORK "STUDYING THE LAW OF
CONSERVATION OF ENERGY"

Bautina A.D.

Bautina Anastasia Dmitrievna - Physics Teacher
MUNICIPAL BUDGETARY GENERAL EDUCATION INSTITUTION
"EDUCATIONAL CENTER Ne5"

IVANTEYEVKA

Abstract: The law of conservation of energy can be verified in practice during this lab,
using new high-precision equipment (sensors). This will require students to not only apply
practical skills but also recall physics formulas.

Keywords: lab work "Studying the Law of Conservation of Energy,” energy, luminous flux,
illuminance.

JIrobast mabopaTtopHast paborta B Kypce GU3UKH — 3TO TOXKE MCCIEIOBaHUE, HO TIO IIaHY,
MpeNIO)KEHHOMY He ydeHHMKoM. OH WrpaeT pojib acCHUCTEeHTa, JabopaHTa, OBJIAICBas
HaBBIKAMHU TPOBEACHUs HccienoBanusi. Hampumep, B 8 kiacce «COOpka 3IEKTPUYECKOH
Hend W M3MEpPEeHHE CHJbBl TOKa B €€ pa3IMYHBIX Y4YacTKax» - JIETH CaMOCTOSITEIbHO
OIIPEZIEIISAIOT, YTO B ITOCIIEJOBATEIbHO COCIMHEHHON LM CHJIa TOKA OJJMHAKOBA HA JII000M
ygacTke. B 9 kmacce pebsiTa MCCIEYIOT 3aBHCHMOCTH IIEPHOJA W YaCTOTHI CBOOOIHBIX
Kosie0aHUH HUTSHOTO MasTHUKA OT €ro JJUHBL B 11 Ki1acce mpoBOAAT MCCIEA0BATEIBCKYIO
paboTy 1Mo onpeAesIeHHI0 ONTHIECKOHN CHITBI M (POKYCHOTO PACCTOSHUS COOMPAIOIIeH JTHH3HI,
B 10 KJ1acce ONMBITHBIM ITyTEM MOATBEPIKAAIOT CIIPaBeTMBOCTH 3akoHa [ eii-Jlroccaka.

Ha o©6aze xadempsr o¢usuxkun OPI'BOY Bo «AITIY» w™Hoi Opuma pa3paboTaHa
naboparopuas paboTsl «/3yueHue 3akoHa COXpaHEHUS SHEPTHUY JJIS IKOJHLHUKOB.
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Jabopamopnasn paboma «H3zyuenue 3aKkona coxpanenus Inepzuuy

Lenp paGoThL: POBEPUTH BBINMOJHEHHE 3aKOHA COXPAHEHHsI SHEPTUH TIPH MIPEBPaICHUN
CBETOBOI1 (MJIM DHEPTMH U3JIy4EHHsI) SHEPTUH B TEIUIOBYIO.

ObopyznoBaHue: IpsSIMOYroybHasi KIOBeTa ¢ Bojoi, jdammna 220B 250Bt 1 4 — 13 (1.6.
JIOCTaTO4YHO MOIIHasH), AaT4yuk Temmepatypsl (-40 mo +135) (xox marumka: TMP-BTA,
ctpana npoucxoxnaerns CIHIA), natumk ocBemieHHOCTH (MokcMeTp) (konm matumka: LS-
BTA, 1a6.AFS CIIA), ycrpoiictBo m3Mepenus u oOpabotku maHebix (YHO) (xox:
LABQ, ma6.AFS CIIIA (VERNIER LABQUEST)), mraTus, yianka (s IITaTHBA), BECHI.

OO61mast XxapaKTepUCTHKA

PaccunTaTh KOIMYECTBO TEIUTOTHI, TOIYIEHHOE CHCTEMOH KIOBETa— BOJA.

JJis BBIYHCTICHUS KOJTMIECTBA TEIUIOTH HE0OXO0AUMO 3HATh!

1. Maccy KroBeThl ¥ Maccy BOJBI;

2. Pa3zHocCTh TemMIepatyp BOJbl: HAYAIEHON M KOHEYHOH;

3. Pa3HOCTh TeMmepaTyp KIOBEThI: HAYaJIbHOW U KOHEYHOMH;

4. Y nenpHyto TemioéMkocTh ctekia (¢l = 700 Tx/(xr-C0));

5. Vneneayro TemnoéMkocTh BobI (¢2 = 4180 Jx/(kr+C0)).

®opmyrna, MO0 KOTOpOW BBIYHCISAETCS KOJWYECTBO TEIUIOTHI, BBHIISAUT CIIETYIOLINM
obpazom:

Q=cm(Tk — TH).

B sToit popmye GUTrypupyrOT CIeIYIOIIIE BETHIHHEL:

Q — KOITMYECTBO TEIIIOTHL, m3MepsieTcs B Jxoymax (1x);

C — yIeTbHasl TEINTOEMKOCTD BEIIecTBa (CTEKIIA F BOJBI).

Taroke moHagOOMUTCS 3HATH IUIOTHOCTH BoAb: p = 1000 kr / M3, 4yTOOBI HAaWTH Maccy
BOJIBI.

PaccunTaTh KOJMUYECTBO 3HEPTUH, H3ITY4YEHHOE JIAMIOH, T.e. KOJIMWYECTBO TEIJIOTHI,
OTJaHHOE JTAMIION B OKPY>KAIOIIYIO Cpeny.

CBeToBOH MOTOK — (husnyeckast BeIMYMHA, XapaKTEPU3YIOLIasi KOJIMYECTBO «CBETOBOM
MOIITHOCTH B COOTBETCTBYIOIIEM IIOTOKE H3JIyueHHs, TA€ IO0J CBETOBOH MOIIHOCTHIO
MMOHNMAETCSI CBETOBAsI HEPTHS, TICPSHOCHMAs M3IIyUYeHHEM Yepe3 HEKOTOPYIO IOBEPXHOCTD
32 eIWHWIy BpEeMeHH. VHBIMH CJIOBaMH, «CBETOBOW IIOTOK SIBIISICTCS BEITUYHUHOM,
MPOTIOPIMOHATBHON TTOTOKY HW3JIYYEHUs, OICHEHHOMY B COOTBETCTBHH C OTHOCUTEIBHOM
CIEKTPAIEHOW YYBCTBUTEIBHOCTHIO CpPEIHEr0 YeJIOBEYEeCKOTOo Tia3a». B cBoro ouepenp
BEIMYMHA «IIOTOK H3IYYCHUS» OMpEAeIeTCs KaK MOIIHOCTB, MIEPEHOCHMAsT U3ITydICHUEM
Yyepes KaKyro - JIN00 TIOBEPXHOCTb.

Jlromen (pycckoe 0003HAuUEHHE: JIM; MEKIyHapoaHOe: lm) — eAuHUIA H3MEPEHHUS
CBETOBOTO MOTOKa B MexayHapoaHoi cucteme equnaui (CH).

IlosHBI CBETOBOM IIOTOK, CO3/1aBAEMBbII U30TPOIHBIM UCTOYHUKOM, C CUJION CBETA OJHA
KaHJIeNna, paBeH 41 M.

CseroBomy moToKy B 1M cooTtBeTctByeT 0,0016 BT.

N3mepbTe momaas TOBEPXHOCTH, HAa KOTOPYIO MaJaeT CBeT (CM2).

3areM, BO Bpemsi paOOTHI JIaMIBI C TIOMOIIBIO JATYHKA OCBEIICHHOCTH H3MEphTE
OCBEIICHHOCTH OKOJIO KIOBETHI.

OcCBeImEHHOCTh — CBETOBAs BEJIMYMHA, paBHAas OTHOIICHUIO CBETOBOIO MOTOKA,
MaJJafolero Ha MAJIbIA y4acTOK MOBEPXHOCTH, K ero momanan. Vzmepsercs B mokcax (JIK)
w (Bt/m2).

JIfokc - 3TO OTHOWICHHWE KOJIMYECTBa JIIOMEH Ha ocBemiaemyro miomans (1 moxc - 1
JIFOMEH Ha KBaJpaTHBIA METP)

OcBenieHHOCTH onpenensior o Gopmyne: Ee = Q' / St,

rre S — IUIOIA/Ab OCBEIIEHHOOHW MOBEPXHOCTH, t — BpeMs, B TEUEHHE KOTOPOTO
MOBEPXHOCTh OcBemenach, Q' — KOJMYECTBO OHEPrHM, MOIYYCHHOE OCBEIIECHHOM
noBepxHocThio. CrieoBatensHo, Q' = Ee - St.
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HTorosoe KOJIMYECTBO TEIUIOTHI, MOJYYEHHOW OT Harpemareiis, OyJeT COCTOSTH W3:
KOJIMYECTBA TEIUIOTHI, HEOOXOIUMOTrO JUISi HAarpeBaHUsl KIOBETBI, M KOJIMYECTBA TEIJIOTHI,
HE0OX0MMOTO0 JUIsl HAarpeBaHMs BOJbI B HEM:

Q=Q1+Q2. (1)

XOJ] PABOTBI

Cobepure ycTaHOBKY: HabepuTe BOAY B KIOBETY, HOAKIIOYNTE K YCTPOWCTBY H3MEPECHUS
U 00pa0OTKM MaHHBIX IATYMK OCBEIIEHHOCTH M JaTYMK TeMmmeparypsl. Ha mraTtmse
YCTaHOBHTE JaMITy (M3Tydareins). JlaMimy mydie yCTaHOBUTh HAa TaKOW BHICOTE, YTOOBI OHA
HaXOAMJIACh TOYHO 10 IEHTPY 00beMa BOABI B KIOBETE. Tak CBET, MaJafoNIuii OT JAMITBI Ha
KIOBETY, OyZeT OcBemaTh TOJIIY BOABI Oojiee paBHOMEPHO, H, CIEJOBATEIbHO, MOTEPH
SHepruu OyAyT MeHbIIe (CMOTPHTE IpHITokeHHe Ne2).

W3meppTe NHMHEWKOHW [UIMHY, WIHMPUHY W BBICOTY KIOBETHI (0 YpPOBHS BOJBI).
[lepemHOXMB naHHBIEC, moay4ynuTe o0beM Boxabl B KioBere. [lo dopmyne mx = Vi px
HaliiuTe Maccy BOJbL. (MK = m2).

C noMOIIIbIO BECOB U3MEPhTE Maccy KroBeThl ml.

BxittounTe ycTpoicTBO M3MepeHust 1 00pabOTKU JaHHBIX B CETh M C IOMOIIBIO JTaTYHKA
TeMIlepaTypbl W3MepbTE€ Ha4yajbHYIO TEMIIEpaTypy KIOBETHl M HAYaIbHYIO TeMIeparypy
BoAbl. BKimtouute namny B ceTh Ha 10 MUHYT.

M3mepbTe KOHEUHYIO TEMIIEPATYPY KIOBETH M KOHEUHYIO TEMIIEPaTypy BOBI.

3anuninre JaHHbIC B TAONHUITY.

T TH Tk Tk
Cl C2 ml m2 N KIOBET | BOJ Kroose | Q1 Q2 Q |t Q'
BOJIBI
bl Bl THI
600c

PaccunTaiiTe cHa4aIa KOJIMYIECTBO TEIUIOTHI, MOIYYEHHOE KIOBETOM:

Ql =cl ml (Tk — TH).

Teneps paccunTaiiTe KOJINYECTBO TEIUIOTHI, HOTYYEHHOE BOJIOM:

Q2 =c2m2 (Tx — TH).

Tenepp paccunTaiiTe KOIMYECTBO TEIJIOTHI, MOIYYEHHOE CHCTEMOI BOJA — KIOBETa IO
tdopmyme (1). Takxe 3aHecHTe B TaOIHUILY.

PaccuuraiiTe KOJIMYECTBO HHEPIHHU, HM3IIyUYCHHOE JIAMIIOH, T.€. KOJMYECTBO TEILIOTHI,
OTJAHHOE JTAMIIOH B OKPYXKAIOIIYIO CPENLY.

YToOBbI BEIYUCIUTH KOJIMYECTBO SHEPTUH, KOTOPOE JIaMIa M3JITyYHHA, HY>KHO MOIIHOCTb
CBETOBOTO MOTOKA P aMIbl yMHOKHTE Ha t BpeMsi pabOThI JIaMITBL.

Q=P t(2)

1 v = 0,0016 BT (MOLTHOCTB);

3HaynT, nonyuyeHHsle Bamu nanusle pu n3Mepenuun = X Br.

PaccuuTaiite MOIHOCTD.

ITo dhopmyste (2) paccuuTaiiTe KOMMISCTBO SHEPTHU.

ITonmy4yeHHbIEe JaHHBIE 3aHECUTE B TAOJHILY.

Cpasuure 3HaueHus 1 Q'. Yurure TOoT (hakT, 4TO cUCTEMa HE M30JIMPOBAHHAS, TOATOMY
OyzeT MMeTh MECTO U MOrpelHoCcTh. CenaiTe BHIBOIBI.

Omeemvme Ha 60NPOCHI:

OOBsICHUTE CMBICII 3aKOHA COXPAHEHUsI SHEPTUH;

3anmmure GopMyIiry 3aKOHa COXpaHEHUS SHEPTUH;

DHeprus U3IydeHus — 3T0...;

KonmgecTBo TEIIOTEI MOKHO paccYHTaTh Mo hopMmyIe. . . ;

UYto Takoe OCBEUICHHOCTh, KAKUMH MPUOOPaMU MOXKXHO H3MEPHUTH OCBEIIEHHOCTH?

Takum o0pazom, BHEOpEHHE HCCIEIOBATEIBCKON AEATENBHOCTH Ha ypPOKax (HU3HUKH
pa3BUBaET HCCIEIOBATENBCKAE HABBIKM y OOYYArOIIUXCS, C IOMOIIBIO KOTOPBIX YUEHHUK
YYUTCSL COBEpIIATh MaJieHbKHE OTKPBITHA I caMmoro cebs. [lamee mpomcxomuT
MIOCTENICHHBI TIepexo] K MHIMBUAYAJIbHOM HCCIEeNOBaTeNbCKOM pabore. VYmauHoe
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UCIIOJIb30BAaHHE 3aHMMATEIBHOIO M MCCIIENOBATENBLCKOI0 (PM3MYECKOr0 IKCIIEPUMEHTa He
TOJIBKO OJKHUBIISIET YPOK, HO W BBI3BIBAET MHTEPEC YUEHUKOB K (DU3MYECKOMY SIBICHHIO.
[To3HaBaTenbHBIH MHTEPEC MPH MPABWILHON HEJarorn4eckoi opraHu3aluy JesTEIbHOCTH
IIKOJILHUKOB M CHUCTEMAaTHYECKOH IeJICHANIPaBICHHON BOCIUTATENBLHON JeSTeIbHOCTH
MOXET M JJOJDKEH CTaTh YCTOMYHMBOM 4YEpPTOH JMYHOCTH IIKOJBHUKA M OKa3bIBAET CHIBHOE
BIMSIHUE HA €ro pasBHTHE. lcclenoBaTeNbCKUH XapakTep NPOBENCHUsS J1abopaTOpPHBIX
paboT 1 OIBITOB SABJAETCS CIIOCOOOM pa3BUTHS 00IIEYIeOHBIX YMEHUI 1 HABBIKOB.
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XUMHNYECKHUE HAYKHA

XUMUSA KAK YACTb ECTECTBO3HAHUS
Opasreabaues C.B.!, Taumypanos M.K.2, DcenoBa A.X.>, Uypues A.Y.*

1Opaseenvoues Coenu Bauummplpadosuy - npenooasameis,
2Taumypados Mypam Kaxaoacanosuu - npenodasameis,
3Dcenosa Atizyny Xannvieena - npenodaéamen,
“Yypuee Axmyxammem YapoimyxammeOoosuy - cmyoenm
TyprmeHcKuil 20€y0apcmeentblil apXumeKmypHO-CMpoUmebHulll UHCIMUmym
2. Awxabao, Typxmenucman

AnHOmayua: xumus — MO QYHOAMEHMANbHAA YACMb eCMecmBO3HAHUsA, HAYKA O
sewjecmee, e20 cocmase, CMpOEHUU, CE0UCMEAX U NPespaujenusx, Komopas usyiaem Kax
HeXCUBYI0 NpUpoOdy, MAK U JHCUble OPSAHUIMbL, MECHO NEPENIemanch ¢ QU3UKOU (usyuaem
Mamepuio u dHepeuio) u ouonozueti (uzyyaem oacusns). Ona 0OvACHAEM Mup HA YposHe
amomo8 U MOAEKYNl, UCCIeOys XUMUYecKue peaxyuu, KOmopvle 1exlcam 6 OCHOBe 6CeX
NPUPOOHBIX NPOYECCO8, OM ObIXAHUSL 00 00PA308AHUSL 20D

Kntouesvie cnosa: cocmas, buonozus, Monexys, npoyecc.

CHEMISTRY AS A PART OF NATURAL SCIENCE
Orazgeldiev S.B.!, Tachmuradov M.K.2, Esenova A.H.3, Churiev A.Ch.*

'Orazgeldiev Soench Byashimmyradovich - Lecturer,
2Tachmuradov Murat Kakadzhanovich - Lecturer,
3Esenova Aygul Hallyyevna - Lecturer,
*Churiev Akmuhammet Charymuhammedovich - student
TURKMEN STATE ARCHITECTURE AND CONSTRUCTION INSTITUTE
ASHGABAT, TURKMENISTAN

Abstract: Chemistry is a fundamental part of natural science, the science of matter, its
composition, structure, properties, and transformations. It studies both inanimate nature
and living organisms, closely intertwined with physics (the study of matter and energy) and
biology (the study of life). It explains the world at the level of atoms and molecules,
exploring the chemical reactions that underlie all natural processes, from respiration to
mountain formation.

Keywords: Composition, biology, molecules, processes.

XuMHUs — 3TO OJIHA U3 €CTECTBEHHBIX HAyK, HATPABJICHHBIX HA UCCIIEIOBAHUE TIPUPOIBI.
XuMUsI TECHO CBSI3aHA C APYTUMH HAayKaMH, B MEPBYIO ouyepenb ¢ (GU3MKON U OMOJIOTHEH.

dusnka H3y4aceT Tejla W MHOpoucxoJsdmue ¢ HHUMH IPOLECCHI, OHOJIOTHSI — JKHBBIE
OpraHnu3Mbl, a XUMHA — BCHICCTBA, U3 KOTOPBIX COCTOAT TEJIa HEXXKUBOU IpUupoAbl U KUBBIC
OpraHMU3MBblI. Xumusas — OJIHa u3 BaXKHEHIINX U O6H.II/IpHBIX obnacrei €CTCCTBO3HAaHUs,

HayKa, H3ydalollas BELIECTBAa, TaKXe HMX COCTaB U CTPOCHHE, HUX CBOICTBA, HX
MpeBpalleHNs, BEAYIUE K U3MEHEHUIO COCTaBa — XUMHUECKUE PEAKIINHY, a TAKXKE 3aKOHBI U
3aKOHOMEPHOCTH, KOTOPBIM ATH MpPEBpAIleHUs MOTUMHSAIOTCS. [IOCKONIBKY BCE BEIIecTBa
COCTOST M3 aTOMOB, KOTOpbIe Ojaromaps XWMHYECKHM CBS35IM CHOCOOHBI (pOPMHPOBATH
MOJICKYJIBI, TO XUMHUS 3aHUMAETCS, TIPEKIE BCEr0, PACCMOTPEHUEM INEPEUYHCICHHBIX BBIIIE
3a/1a4 Ha aTOMHO-MOJIEKYJISIPHOM YPOBHE, TO €CTh Ha YPOBHE XUMHUYECKUX JIEMEHTOB U MX
CoeqMHeHNH. XUMHI UMeeT HeMalo CBs3ed ¢ (GU3MKOW M OHONOTHEH, Mo CyTH, TpaHHIa
MEXIy HHMH YCJIOBHA, a IIOTPaHWYHBIE OOJIACTH W3YYaloTCsA KBAHTOBOH XHMMHEH,
XUMUYECKOH (hn3nKkoi, Gu3nueckoit XMMuel, reoxuMuen, OHoXuMueil 1 IpyruMu HayKaMu.
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KBanroBass xuMus — 3TO HampaBlICHHE XHMMUHU, PACCMaTpUBAIOIIEEe CTPOEHUE WU
CBOMCTBA XMMHYECKUX COCIUHEHHH, PEaKIMOHHYIO CHOCOOHOCTb, KHHETUKY M MEXaHHU3M
XUMHMYECKHX pEeakluil Ha OCHOBE KBAHTOBOM MeXaHMKH. Paszfgenamu KBaHTOBOM XHMMU
SIBIIIIOTCSI: KBAHTOBAs! TEOPUS CTPOCHUS MOJICKYJI, KBAHTOBAs TEOPUS XUMUYECKUX CBsI3eH U
MEXMOJICKYJISIPHBIX ~ B3aUMOJACHCTBUM, KBAHTOBas TEOPUS XUMMUYECKHX peakiui U
peaknuoHHOW crmocoOHOCTH M Ap. KBaHTOBas XnMmus HAaxOAWTCA HA CTBIKE XUMHU H
KBaHTOBOH (M3MKN (KBaHTOBOI MexaHUKHM). OHa 3aHUMAETCS PACCMOTPEHUEM XHUMHUYECKUX
¥ (PU3MYECKUX CBOMCTB BEIIECTB HA aTOMAapHOM YPOBHE (MOJENSX 3JIEKTPOHHO-AIECPHOTO
CTPOSHMSI M B3aMMOJCHCTBHH, NMPEICTABICHHBIX C TOYKH 3PEHHS KBAaHTOBOW MEXAHUKH).
Bcenencreue Toro, 4To CI0XKHOCTh H3Y4aeMbIX 00BEKTOB BO MHOTHX CIIy4asX HE MO3BOJISET
HaXOAWThH SIBHBIC PEIICHHS YPaBHEHHH, OMICHIBAIOIINX MPOLECCHl B XMMUYECKUX CHCTEMAX,
NPUMEHSIOT NpUOImKEHHBIE MeToIbl pacuéra. C KBaHTOBOW XMUMHEH Hepa3phIBHO CBs3aHa
BBIUUCIUTENbHAS XUMHUS — JUCIMIUIIMHA, MCHOJB3YIOMAs MaTeMaTU4eCKHe METOMIbI
KBAaHTOBOI XMMUH, aJaNTHPOBAaHHBIC U1 COCTABIECHUS CIHEIHAJIbHBIX KOMIIBIOTEPHBIX
MpOTrpaMM, UCIOIb3YEMBIX AJIS pacdéTa MOJIEKYISPHBIX CBOMCTB, aMIUIUTYAB! BEPOATHOCTH
HaXOJKIECHUS 3JEKTPOHOB B aTOMax, CUMYIIALIUU MOJIEKYJIIPHOTO NoBeaeHusa. Haumensmas
YacTHLAa XMMHUYECKOTO 3JIeMEHTa, 00Jaaomias BCEMU €ro CBOWCTBaMH. ATOM COCTOHT U3
A1pa u ,,00/1aka* 3IEKTPOHOB BOKPYT HETO. SIIpO COCTOMT M3 MOJOKUTEIBHO 3apsKEHHBIX
IPOTOHOB W HEHTpaJbHBIX HEWTPOHOB. B3amMoJeHCTBYs, aToMbl MOTYT 0OpPa30BBIBATH
MOJIEKYJIBI.

ATOM — Tmpesen XMMHYECKOTO pa3jIoKeHHs Jo0oro BemiecTBa. [IpocToe BemiecTBO
(ecnm OHO He ABISIETCS OJHOATOMHBIM, KaK, Hampumep, reauil He) pasmaraercs Ha aToMbl
OJTHOTO BHJIa, CJIOKHOE BELIECTBO — HA aTOMBI Pa3HBIX BUJOB.

AToOMBI (TOYHEE, aTOMHBIE S][pa) HEISIUMBl XUMUYEeCKUM IyTéM. YacTuia, cocTosImas
U3 AByX wid Oojiee aTOMOB, KOTOpas MOXET CaMOCTOSTENBHO CYyIIecTBOBaTh. lMmeeT
MOCTOSIHHBIA KA4€CTBEHHBI M KOJUYECTBEHHBIM cocTaB. CBOMCTBA MOJIEKYNBI 3aBUCIT OT
aTOMOB, BXOJAINUX B €€ COCTaB, U OT XapakTepa CBs3eH MEXKIY HUMH, OT MOJIEKYJISIPHOMI
CTPYKTYPBI U OT IPOCTPAHCTBEHHOTO PACIOJIOKEHHs (M30Mepbl). MOKEeT MMETh HECKOJIBKO
Pa3HBIX COCTOSHMH W TEPeXOJUTh OT OJHOTO COCTOSIHHSI K JAPYroMy IOA JeicTBHEM
BHEITHNX (hakTOpoB. CBONCTBA BELIECTBA, COCTOSIIECTO U3 ONPEACTIEHHBIX MOJIEKYJI, 3aBUCST
OT COCTOSIHUSI MOJIEKYJI M OT CBOICTB MOJIEKYJIBI.

B cooTrBercTBMM C KIACCHUECKMMH HAy4YHBIMH BO33PEHMSMH pa3JIMyaroTCsl JBE
¢usmueckre (HOpPMBI CYIIECTBOBAHUS MaTepUH — BELIECTBO W moje. BemectBo — 310
(dhopma marepuu, obnamaromas Maccoi (Macca He paBHa HYII0). XUMHUS HU3ydaeT OOJBIICH
YacThIO BEIIECTBAa, OPTaHU30BAHHBIE B aTOMBI, MOJEKYJbI, HOHBI U paguKaibl. Te, B CBOIO
ouepelib, COCTOAT U3 3JIEMEHTAPHBIX YACTHUIL: HIEKTPOHOB, IPOTOHOB, HEUTPOHOB U T.A.

Cpenu 9HMCTBHIX BEIIECTB MPUHATO Pa3indaTh MPOCTHIE (COCTOSIINE M3 aTOMOB OJHOTO
XUMHMYECKOTO 3JIEMEHTa) U CJIO0XHBIe (00pa30BaHBl M3 aTOMOB HECKONBKHX XHMHYECKHX
3JIEMEHTOB) BEIIECTBA.

[IpocTeie BemecTBa cneAyeT OTINYATh OT OHATUH ,,aTOM™ U ,,XUMUYECKUI dJIEMEeHT .

XUMHAYECKUH BJIEMEHT — BHJl aTOMOB C ONPEACIEHHBIM MOJIOKHUTEIBHBIM 3apsiioM
siipa. Bce xumuueckue snemMeHThl yka3aHbl B Ilepuoanueckoit cucreme snemeHtoB 1.
MeHzeneeBa; KaXIOMy OJJIEMEHTY OTBEYAaeT CBOW IOPSAKOBBIN (aTOMHBIN) HOMEp B
Ilepuonnueckoil cucreMe. 3HaueHHe MOPSAKOBOTO HOMEpA JIEMEHTA U 3HAUEHUE 3apsja
aapa aroMa TOTO e DJIEMEHTa COBMAJAl0T, TO €CTb XUMHUYECKUH 3JIEMEHT — 3TO
COBOKYITHOCTH 2TOMOB C OJMHAKOBBIM ITOPSIKOBEIM HOMEPOM.

IIpocThie BemecTBa IpeACTaBIAIOT c000W (GOPMBI CYIIECTBOBAHMSA XHUMHYECKHX
JJIEMEHTOB B CBOOOJHOM BHJAE; KaKJOMY DJJIEMEHTY COOTBETCTBYET, KakK IPaBHIIO,
HECKOJBKO TPOCTBIX BEIIECTB (AIIOTPOMHBIX (POPM), KOTOPHIE MOTYT pPa3IN4aThCS IO
coctaBy, Hampumep aToMmHblii kuciaopon O, kuciaoponr O u o30oH Oz, WM 10
KPUCTAIMYECKOW peméTke, HampuMep anMa3 u rpadur mns siemeHta yriaepony C.
OueBHIHO, YTO MPOCTHIE BEIIECTBA MOTYT OBITh O/THO- © MHOTOATOMHBIMHU.
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CroxHbIe BelecTBa MHAYE HA3bIBAIOTCS XMMHUYECKHMHU COCIUHEHUSMH. DTOT TEPMHH
O3HA4aeT, 4TO BEIIECTBA MOTYT OBITH IOJYYEHBI C IIOMOIIBI0 XUMHUYECKUX pPEaKIHui
COE/IMHEHUSI U3 MPOCTHIX BEIIECTB (XUMHYECKOTO CHHTE3a) WIIM Pa3JiesieHbl Ha 3JIEMEHTHI B
cBOOOZHOM BHJIE (TIPOCTHIE BEIIECTBA) C MOMOLIBI0O XUMHYECKHX PEAKIMH pa3IoKeHUS
(XUMHUYECKOT0 aHaIu3a).

[Ipoueccrl, NpoTeKaromKe B XHUMHYECKOM BEILECTBE, WIM B CMECSIX Pa3IHYHBIX
BEIIECTB, MPEACTABIIAIOT cOOOH XMMHYECKHME peakuuy. [Ipu NpoTeKaHHHM XHMHYECKHX
peakuuii Bcerna oOpa3yroTcsi HOBBIE BELIECTBA.

B cymHOCTH, 3TO TIpolecc M3MEHEHUSI CTPYKTYpHI MOJIEKYIbl. B pesynbrate peakuuu
KOJIMYECTBO aTOMOB B MOJICKyJIe MOXET YBEIHYMBAThCA (CHHTE3), YMEHBIIATHCS
(pasnoXeHne ) WM 0CTaBaThCS MOCTOSHHBIM (M30MEpH3aIlis, IEPEerpymIupoOBKa).
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HAHOCTPYKTYPUPOBAHUE INPU KPUCTAJIJIM3ALINA
MAPI'AHIHOBUCTbBIX CTAJIEN
Crenenko B.1O.

Cmeyenxo Braoumup FO3egosuy — 0okmop mexnuueckux Hayx,
2. Moeunes, Pecnybnuka benapyco

Annomayun: Kpucmaiiuzayus Mapeanyo8UCmvlx cmanell A6I8emcs HAHOCMPYKIMYPHbIM
npoYeccom, 8 KOMopoM OCHOBHYIO POJlb USPAIOM eMEHMAPHbIE HAHOKPUCMAILIbBL U AMOMbL
acenesa, epaguma u mapeanya. Cuavana u3z 21eMeHMAaApHblX HAHOKPUCMALIO8 U AMOMOG
0bpasyiomes cmpykmypooopaszyiowue HAHOKPUCMALLbL. 3amemM U3 HUX QopmMupyomcs
YeHmpul  KPUCMALIU3AYUU  MUKpoKpucmaiiog O-¢ghazer unu y-gazel. H3 yenmpos
KPUCIATIU3AYULY, CMPYKIMYPooOpasyiowux HAHOKPUCMANLO8 U amoMOo8 00pa3yiomcs
Mukpokpucmannol  6-pazel  uau - y-gpazvl.  Booopod u  KuUciopoo  sensiomcs
0eMOOUPUYUPYIOUUMY INEMEHMAMU NEPEUYHBIX CIMPYKIYD MAP2AHYOSUCMbIX cmanel. /s
MoOupuyuposanust smux cmaieti HeobX00UMO YMEHbUWUMb 8 PACNIA8AX KOHYEHMPAyuu
amomos KUciopooda, 6000pooa U noodepIHCUBamy UX ONMUMATbHBIE 3HAYEHUS UTU
HOBLICUMDb CKOPOCTb 3aMEepOe8aHlst PACNIAB08 MAP2AHYOBUCTHBIX CINAEN.

Knrouegvle cnosa: mapeanyosucmole cmanuy, pacniag, KPUCMALIU3AYUs, HAHOKPUCMAILTbL,
amomul, CMpyKmypa, KUciopoo, 6000poo.

NANOSTRUCTURING DURING CRYSTALLIZATION OF
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Abstract: crystallization of manganese steels is a nanostructured process in which
elementary nanocrystals and atoms of iron, graphite and manganese play the main role.
First, structure-forming nanocrystals are formed from elementary nanocrystals and atoms.
Then centers of crystallization of microcrystals of ¢ -phase or y -phase are formed from
them. 0 -phase or y -phase microcrystals are formed from crystallization centers, structure-
forming nanocrystals and atoms. Hydrogen and oxygen are demodifying elements of
primary structures of manganese steels. To modify these steels, it is necessary to reduce the
concentrations of oxygen and hydrogen atoms in the melts and maintain their optimal values
or increase the solidification rate of melts of manganese steels.

Keywords: manganese steels, melt, crystallization, nanocrystals, atoms, structure, oxygen,
hydrogen.

VIK 621.745.35
DOI 10.24411/2304-2338-2025-11202

MapraHioBHCTbIE CTaId MOXHO IPEACTaBUTh, KaK YIIIEPOAUCTBIE CTANH, COACPIKALIME
g0 0,5% yraepona, B koTopbix Haxogurcs 1-2% wmapranna [1]. Ilpu xpucramnuzanuu
MapraHiOBHCTBIX CTalleil CHavYana o0pa3yloTcss MUKPOKpUCTALIBL §-(as3bl (8,,q), a 3aTeM,
[0 IEPUTCKTHIECKOW peakuud, (GOPMHUPYIOTCS MHKPOKpUCTALIBL Y-(passl (Vyq). U3
JUTEPATYPHBIX UCTOYHHUKOB M3BECTHO, YTO O, SBISIOTCS TBEPABIMU PAaCTBOPAMU aTOMOB
yrieposia 1 Maprasiia B KpUCTaJUIMYECKOil peuietke -Fe a Y,,q — TBEPAbIMH pacTBOPaMHU
3THX aTOMOB B KPUCTAJUTMUECKOH perieTke y-Fe [2—4].
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MapraHuoBHCTBIE CTAIW MOXHO IOJIyYHTh, PACTBOPHB B XKHIKOM Xeje3e rpadur u
Mapranen. Temmora mmiaBneHust jxene3a cocraviusser 13,8 k/k/Monb, a TemioTra ero
atomuszanuu — 418,3 k/[x/moinb [5]. Tlpu maBieHun xene3a aTOMH3HPYETCsl TOIBKO 3,3%
€ro MOHOB, a MUKPOKPHUCTAJLIBI JKeJle3a pachalaloTcs Ha ero HaHoKpucTamisl [6]. JXKugkoe
kKene30 Ha 96,7% cOCTOUT U3 HAHOKPUCTAJUIOB kene3a U Ha 3,3% — U3 aTOMOB Kene3a.

Temora pacTBopeHus rpadura B xuakoM xenese paBHa 71,3 xJ[x/mons [7]. Temmora
atomm3anuu rpadura cocraBmier 716,1 xJbx/mMoms [5]. DTO o03Hadaer, UYTO MpH
pacTBopeHHH rpaduTa B KHUAKOM JKelIe3e aTOMU3upyercs Toiabko 10% cCBA3aHHBIX aTOMOB
yTiaepoaa, a MUKpOKPUCTAJUTB TpaduTa pacmaialoTcst Ha ero HaHOKpUCTautsl [6]. [TosTomy
TakKoi pacTBOpeHHBIN rpadut Ha 90% cocTouT N3 HaHOKpHUCTaNIoB rpadura u Ha 10% - u3
aTOMOB yTJIEpOa.

Temnora miaBiaenust Mapranua cocrasisier 14,7 kJ/Moib, a TEMJIOTa €ro aTOMU3aIUU
— 279,5 xllx/monb [5]. Ilpu tuiaBneHuu (PacTBOPCHHH B JKUAKOM JKelie3e) MapraHia
aToMu3upyercs Bcero 5,3% ero MoHOB, a MUKPOKPHUCTAJIBI MapraHiia pacnajaloTcs Ha ero
Ha”HOKpucTamiasl [6]. IlosTromy pacTtBopeHHbI! Mapraneny Ha 94,7% cocrout u3
HaHOKPHCTAJIOB Maprasua u Ha 5,3% — u3 aToMOB Maprasua.

ITockoabKy KpHCTaNIU3aIMs METAIIHMUECKUX PAcIlIaBOB SIBISIETCS HAHOCTPYKTYPHBIM
MPOIIECCOM, TO HAaHOCTPYKTYPHPOBAaHHE NPH KPHUCTALIH3AIMHA MapraHIIOBUCTHIX CTaleit
HEOOXOIMMO HCCICAOBAaTh C TIO3WIUM TEOPUH HAHOCTPYKTYPHOW KPHCTAJUIA3AIIUHI
METaJUIMIeCKUX paciiaBoB [6]. Iloatomy menms Hacrosmed pabOTHI — OmpeneiIeHue
MEXaHU3MOB HAaHOCTPYKTYPHOH KPHCTAILTH3AIMA MapTaHIIOBHCTHIX CTaCH.

Kpucrammuzamus 8,,,; TPOUCXOAUT TI0 CIeXyromeii peakmuu [8]:

FeBHl + C3H1 + MnSHl + Feal + Cal + Mnal = 6MK19 (1)

rne Fe,uq, Cou1, MN,, 1 — DIEMEHTapHBIE HAHOKPUCTAJUIBI XKelle3a, rpaura U Maprasia
KPHUCTAJUTM3YIOIIEToCs pacilaBa MapTaHIOBHCTBIX craneil; Fe,,, C,;, Mn,; — aTtoMsl
JKeJle3a, Yriaepoaa ¥ MapraHia 3TOro paciiiaBa.

W3 peaxknmu (1) caemyer, 4To 8, HE MOTYT OBITH TBEPIABIMH pPAacTBOpaMH aTOMOB
rpadura ¥ Mapradna B O-Fe. Kpucrammmzanmust Yy, HTPOUCXOJUT II0 CIEAYIOIIEH
NEPUTEKTUUECKOHN pPEeaKIUU:

6MK2 + L1 = Ywmx1» (2)

rae Oy — MHKPOKPUCTAIBI §-(ha3bl MapraHIOBHCTOM CTallM IPH MEPUTEKTHIECKON
peakuuu; L, — paciuiaB CTajd [pH 3TOM PeaKIyH.

MUKpPOKPUCTAIITBL 8y COCTOSAT U3 DIIEMEHTAPHBIX HAaHOKPHCTALIOB Xkene3a (Fe,y,),
rpadura (C,,,), Mapranma (Mn,,,) u atomoB xkene3a (Fe,,), yruepona (C,,), Maprania
(Mn,,) [6]. Tlpu mepUTEKTHUECKON PEAKIUH Oy, PACTIANAOTCS HA CBOM CTPYKTYPHBIC
HAaHOKPHCTA/UIBI ¥ aTOMBI. PacruiaB L; COCTOUT U3 3JIEMEHTAPHBIX HAHOKPUCTAIUIOB XKele3a
(Feyys), rpadura (C,y3), mapranma (Mn,,;) u atomoB xenesa (Fe,s), yramepona (C,3),
maprania (Mn,s) [6].

MHUKpPOKPHUCTAIUTBL ¥py; COCTOST W3 DIEMEHTAPHBIX HAHOKpHUCTALIOB kene3a (Fe,y,),
rpadura (C,,,), Mapranma (Mn,,,) u atomoB xkenesa (Fe,,), yruepona (C,,), Maprania
(Mn,,) [6]. CipaBenIMBBI CIIEAYIOLIME PABEHCTBA:

FeSH4 = FeSHZ + F63H3’
C3H4— = C3H2 + C3H3'
Mn3H4 = MnaHZ + Mn3H3’ (3)
Fe,, = Fe,, + Fe,s,
Ca4 = CaZ + Ca3'
Mn,, = Mn,, + Mn,3.
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Ilo anamormu C HAHOCTPYKTYPHOM KpHCTalIM3alMedl METaUIOB  MEXaHU3M
KPUCTAJUTM3ALUN Y,y MOXHO TIPEJICTaBUTH cienyomuMm obpasom [8]. Chauana
(bOopMUPYIOTCS CTPYKTYPOOOPa3yroIie HAHOKPUCTAILIBL (Vi)

Fe3H4- + C3H4 + Mn3H4 + Fea4 + Ca4 + Mna4 = Ycu1- (4)
3arem 00pa3yroTcs EHTPHI KPUCTATUTH3AIIH (ym(l):
Yen1 + Fea4 + Ca4 + Mna4 = yuxl- (5)

3akaHYMBAeTCS IpOIecC KPHUCTAUIM3AWH MAapTaHIOBHCTHIX CTaJie  COTJIACHO
CIENyIOIIEeH peaKuu:

yuxl + Yeu1 + Fea4 + Ca4 + Mna4 = Ymx1- (6)

U3 peakuuii (4) — (6) cinenyer, 4TO Yy,1 HE MOTYT OBITh TBEPIBIMU PaCTBOPAMHU aTOMOB
yriaepoga w Mapranna B y-Fe. J[eHAPUTHBIC ¥, (QOPMHPYIOTCS IIyTeM COCTUHCHUS
HaHOKPHCTAIIOB TIOCPEICTBOM aTOMOB.

Ha xpucramim3annio MapraHIOBHCTHIX cTayeil OobIIoe BIUSHHE OYAyT OKa3bIBaTh
aTOMBI BOJIOPOJZIa M KHCIOPOAa. ATOMAapHBIH BOJOPO 00pa3yeTcs MPHU PEakIisX MOJICKYI
BOJIbI aTMOC(EPHOTr0 BO3/yXa C HAHOKPHCTAJUIAMHM U aTOMaMH jKejle3a pacIulaBOB CTajiel
[9]. Atombl BOJOpOAa, MUGGYHAMPYS B pacCIUlaBbl, HE 00pa3ylOT THUAPHIOB, HO
afcopOMpyIOTCS B OCHOBHOM Ha HaHOKpHCTalIax kene3a. CraHmapTHas TemoTa
ajicopOIMU aTOMapHOTO BOJOpOJa Ha kenede coctaBimsieT 143 kJlx/mons [10]. ATombl
BOJIOPOJIa HAXOIATCA B pAacIUlaBaX MAapraHLOBHCTBIX cTajed B aJcOpOMPOBaHHOM U
CcBOOOTHOM (PacTBOPEHHOM) COCTOSIHUSX. [IpH 3TOM aToOMapHBIH BOIOPOI HE 00pasyer ¢
HaHOKPHCTAUIAMH JKelie3a TBEpABIH pacTBOp BHenpeHus [9]. Mexmy amcopOnpoBaHHBIM
BOZOPOJIOM — {H} ¥ pacTBOPEHHBIM BOAOPOIOM YCTAHABJIUBAETCHA PABHOBECHE IO 3aKOHY
T'enpu, cornacHo cneayromemy ypaBHeHuto [11]:

{H} = k,[H], (7

rne k, — koHcranra ['enpwu.

B pacmimaBax MapraHIIOBUCTBIX CTajieil KOHIIGHTpauus aJcopOMpOBAaHHOTO BOIOPOAA
MPOTIOPLIHOHATbHA KOHIIEHTPAIIMHA PACTBOPEHHOT'O BOIOPO/IA.

[Ipr B3aMMOAEHCTBHMHM HAHOKPHCTAJUIOB jKeje3a pACIUIaBOB CTaleld ¢ MOJEKyJIaMH
aTMOC(EpHOTO KHCIOpOJa IOCIeAHNEe OyIyT AWCCOMUMPOBATH Ha aTOMBL. CTaHmapTHas
TEIUTIOTa JMCCOIMAIMH MOJIEKYN kKuciopoaa paBHa 500 x/[x/monb, wmu 250 x/x/Monp Ha
aToMapHBIA kuciopox [5]. CtarmapTHas TEIUIOTa afcOpOII aTOMOB KHCIIOPO/Ia Ha JKele3e
cocraBmsier 570 x/[x/moms [10]. B pe3ynpraTte AMCCOMMHPOBAHHBIE ATOMBI KHCIOPOIA
azcopONpyIOTCs HAHOKpUCTAUIaMu >kene3a. Ilpm 3Tom oHM He OynyT pearupoBath C
a7IcOpOMPOBAHHBIM KUCIIOPOJIOM C oOOpa3oBaHueM oOkcuzaa kene3a (Fe(), TOCKOIBKY
CTaH/apTHas Teruiota ero odpazoBanus (265 k/[k/MOJb) HAMHOTO MEHBILE CTaHAAPTHOU
TEIJIOTHI acOPOIMK aTOMOB KHCIIOpoia Ha xkenese [12].

B pesynerate necopOIuM aTOMapHBIM KHCIOPOJ HEpeXOAWT B PACIUIaBBI CTajed U
pacTBopsieTcss B HUX. Mexay ancopOMpOBaHHbIM KUCIOpoaoM — {0} U pacTBOpEHHBIM
KHCJIOPOIOM YCTaHABIIMBAE€TCA PAaBHOBECHUE IO 3aKOHY ['€HpH, COIIacHO CleAyIoIeMy
ypaBHeHuo [11]:

{0} = k[0], ®)
rne k, — koHncranra ['enpu.
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B pacrmiaBax MapraHIOBHCTBIX CTajledl KOHLEHTpAlus aJcOpOMpOBaHHOIO KHCIIOpOJa
HpPONOPIMOHANBHA KOHIEHTPAIlMU PAacTBOPEHHOIO KHCIOpoJa. B MapraHIOBUCTBIX CTasIX
COJIEPIKUTCS JIOCTATOYHOE KOJIMUECTBO aTOMOB MAapraHiia, KOTOPbIE SIBJISIOTCS XOPOLIMMU
PacKUCIUTETAMU. DTH aTOMBI CHIXKAIOT B paclljiaBax cTajleil KOHLEHTPAIUI0 PAaCTBOPEHHOTO
kuciopona. Torma, cornacHo ypaBHeHMIO (8), OyneT yMeHbINAThCS KOHICHTPALUs
a7icopOMpPOBAaHHOTO KHCJIOPOZAA. ODTO CHIDKAET IMOBEPXHOCTHYIO AKTHBHOCTH aTOMapHOTO
KHCIIOpOZIa Ha HAaHOKpUCTAJUIaX »JKeJie3a W JENaeT €€ CPaBHUMOW C MOBEPXHOCTHOM
AKTUBHOCTHIO aTOMapHOTO BOJIOPO/Ia B pacIIaBaX MapraHIIOBHUCTBIX CTalleH.

AncopOupysick Ha HAHOKpPHCTaJUIaX »JKEJIe3a, aTOMbBl BOJAOPOAA M KHCIOPOAA
IPENATCTBYIOT 00BEIMHEHUIO HAHOKPUCTAILIOB B LEHTPBI KPUCTALIM3AIME ¥-0a3bl (V1)
YTO NPUBOIUT K CHIDKCHHIO X KOHLEHTPAIUHM U YKPYITHEHHUIO 36pEH B CTAIbHBIX OTJIMBKAX
U CIMTKaX. AICOpOMpOBaHHBIE BOAOPOJ M KHCIOPOJ OKasbIBAIOT JieMOAU(HIUpYIOLIee
JieficTBUE Ha MEePBUYHBIE CTPYKTYPHI MapraHIOBUCTHIX cTasell. CornacHo ypaBHeHUsIM (7) U
(8), st n3MenbUCHHUS 3epeH B OTIIMBKAX U CIIMTKAaX 3TUX CTasleil HEOOXOAMMO CYIIECTBEHHO
YMEHBIINTH B PACIUIaBaX KOHIIEHTPAIUN PACTBOPEHHBIX AaTOMOB KHCIIOPOAA B BOJOPO/A.

Ha xpucramnmmsanuio MapraHIOBHCTBIX CTanedl OOJbIIOC BIHMSHHE OYyAET OKa3bIBaTh
MOJIEKYJISIpHBIN Bomopon. OH BBLAENAETCS Ha BETBSIX ICHAPUTHBIX MHUKPOKPHCTAJUIOB Y-
¢a3sl, 3aMenrsis mpouecc uX (OPMHUPOBAHUS, YTO CHHXKAET CKOPOCTh 3aTBEpACBaHMS
paciuiaBoB. JTO TakXke INPHUBOJUT K OOpa30BaHHWIO KPYNHBIX JACHAPUTHBIX BETBEH B
MEePBUYHBIX CTPYKTYpaxX CTAIbHBIX OTIMBOK U CIUTKOB IIPU UX 3aTBEPACBAHUH.

Mopudukaropsl cTajgeli akTHBHO M 0OoJiee JJIMTENBHO OOpPIOTCS C PacTBOPEHHBIMHU
aTOMaMH BOJIOPOJIa U KHCJIOpOJa B pacIuiaBax, MO3TOMY MOAW(HUIMPOBAaHHBIE CTaJbHbIC
OTJIMBKU W CIIMTKH 3aTBEpICBaiOT ObicTpee Hemomubuimpoanusix [13]. IIpu oOpaboTke
KUJKUX CcTajied MoanuKaTropaMy Jera3anus pacIiulaBOB OT BOJOPOJA IMPOMCXOAUT B
OCHOBHOM 3a cueT d((deKkTUBHOW ajcopOUUKM aTOMOB BOAOPOJA COCIMHEHHUSIMH
Momudumupyromux smementos (Mg, Ca, Al, Ce, Ba, Ti, V, B), koTopble SBISIOTCS HE
TOJIBKO CHIIBHBIMH PACKUCIHTEISIMH, HO ¥ aKTUBHBIMH THAPHI000pa3oBaTesiMu [14].

Moau¢ukaTopsl MapraHIOBHCTBIX CTajJeH IOBBIIAIOT WHTEHCHBHOCTh OOBEIUHEHUS
HAaHOKPHCTAJUIOB B IEHTPHl KPHCTAJUIM3alMM  MHKpPOKpHcTauioB  (a3. ['maBHBIM
HEJIOCTATKOM MOAN(HUKATOPOB SBISAETCS CYIIECTBOBAHHE KPHTHUYECKHX KOHIICHTpAIMH
MOJIU(UIMPYIOIIUX 3JIEMEHTOB, ITPH TPEBBIMICHUN KOTOPBIX YMEHBIIAIOTCS KOHIICHTPAIIUU
LEHTPOB KPUCTALTM3ALMA MUKPOKPUCTAIIOB (ha3. DTO MPOBOAUT K JAeMOIU(UIHPYIOIIEMY
apdexry. IlodToMy KOHIEHTpAlMM MOJUPUIUPYIONIMX JJIEMEHTOB B  pacIjaBax
MapraHIOBUCTHIX CTaJIed TOJKHBI OBITH ONTHMAaTbHBIMH.

[Tpu 3aTBepAeBaHUM CTAJIEH COSMHEHHS] MOAU(DUIMPYIONIHX 3IEMEHTOB (HEMETaJUTMYECKUE
BKJIIOUEHHSI) HE MOTYT OBITh IIEHTPaMH KPUCTAIM3ALNHA MUKPOKPUCTAILIOB (a3, IIOCKOJIBKY HX
KPUCTAUIMYECKUE PEIICTKA HE COOTBETCTBYIOT MPHHIMIYY CTPYKTYPHOTO M Pa3MEpHOIO
cootBerctBus [lankoBa — Konobeesckoro [9]. IloaToMy yMeHbIeHWE KOHIICHTPAIHH
PacTBOPEHHBIX aTOMOB KHCIIOPOJa ¥ BOJIOPOJA M MOAJEPKaHNE MX ONTHMAJBHBIX 3HAYCHUH B
paciuiaBax crajel sBisercss 3(PGEKTUBHBIM CIIOCOOOM MOIU(MHUIMPOBAHUS TIEPBUYHBIX
CTPYKTYP OTJIMBOK M CJIMTKOB MapraHIIOBUCTHIX CTAJIEH.

Ha xpucraimzanuio MapraHIOBHCTBIX cTanedl OoJbplIoe BIHMSHHE OYyAET OKa3bIBaTh
MOBBIIIEHHAs CKOPOCThH 3aTBEPJEBaHMA paciuiaBoB. OHAa yMEHbBIIAET JeMOAUDUIHPYIOIIHE
JIEHCTBUS MOJIEKYJSIPHOTO BOJIOPOJia M aTOMapHBIX KHCJIOPOJA M BOAOPOJAA Ha TEPBUYHBIC
CTPYKTYpPBI OTIHBOK M CIUTKOB [9]. IloBBIIIEHHass CKOPOCTH 3aTBEPACBAHUS PACIIaBOB
SBIISICTCS YHUBEPCAIBHBIM CIIOCOOOM MOTU(PHUINPOBAHUS MAapTraHIIOBUCTHIX CTAJIEH MPU MX
KPHUCTAJUTH3aIHH.

3akaiouyeHue

Kpucrannuzanusi MapraHOBUCTBIX CTaled sBISETCS HaHOCTPYKTYPHBIM IPOLIECCOM, B
KOTOPOM HAaHOKPHCTAJUIBl JKeje3a, rpadura M MapraHia COCIAMHSIOTCS aTOMaMH XKeJe3a,
yIiIeposia 1 Maprasia, oopa3ys ASHAPUTHbIE MUKPOKPUCTAIUIE §-(a3bl WK Y-(a3bl.
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Ha kpucrammmzauuio MapraHioBUCTBIX CTaneil OoJibllIoe BIIMSIHAE OKAa3bIBAIOT
pacTBOpEHHbIE B MX pacIUlaBax aTroOMbl KHciopona M Bogopoxa. OHHM  SBISIOTCS
JeMOIU(PUIUPYIOINMHE DJIEMEHTaMH EPBUYHBIX CTPYKTYP CTAIBHBIX OTJIMBOK U CIIUTKOB.

Ha kpucrajummzanyio MapraHIOBHUCTBIX CTaliell Oonblioe BiIMsSHHE OyIeT OKa3bIBaTh
BBIJICTSIFOLMICS Ha BETBSIX JCHAPUTHBIX MHUKPOKPUCTAIOB Y-(a3bl MOJICKYJISIPHBIH
BoZopoA. OH NPEemsITCTBYET Pa3BETBICHUIO ACHIPUTOB, CIOCOOCTBYS NeMOIN(DUIINPOBAHUIO
HEePBUYHBIX CTPYKTYP CTalbHBIX OTIMBOK U CIIUTKOB.

CHIWKeHHE KOHIIGHTPAllMd pPAcTBOPEHHBIX AaTOMOB KHCIOpOZa W BOJOpOJa H
HOJepKaHUE UX ONTHMAIBHBIX 3HAYCHHH B PAcIIaBaX MapraHOBHCTBIX CTaJIel SBISCTCS
3¢ ¢eKTUBHBIM crIoco00M MOAM(UIINPOBAHHS MEPBUYHBIX CTPYKTYP CTAIBHBIX OTIHUBOK U
CJIUTKOB.

Monaudukarops MapraHIOBUCTBIX craneit YMEHBIIAIOT KOHLICHTPAIHH
JeMOTU(UITHPYIOIINX JJIEMEHTOB, TOBBIIIAs UHTEHCUBHOCTh 00beMHEHNS
HAHOKPHUCTAJUIOB B IIEHTPBI KPUCTAIIIM3ALUH MUKPOKPHCTAILIOB (a3.

YHuBepCaNbHBIM CHOCO0OM MOANWGHUIMPOBAHUS MAapraHLOBUCTBIX CTaled SBISETCS
NOBBIIIEHHAs:  CKOPOCTh  3aTBEPJCBAHUS HX  PACIUIaBOB, KOTOpas  yMEHbILNAET
JeMOAU(GHUIMPYIONIHE NEHCTBUS MOJICKYJSIPHOTO BOJOpPOJa M aTOMAapHBIX KHCIOpoxa H
BOJIOPOJA.
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Annomayus: 6 cmamve paccmMampuearomcs npoodreMvl NOGbIUEHUS. HAOEICHOCMU U
00J1208€4HOCIU INOKCUOHBIX MEKCTNOIUNOE NYMEM UCHONIb308ANUSL MECHHbIX MUHEPATIbHBIX
Hanornumeneti. Ilokazano, umo oOucnepchvle MuHepanibHble 000AGKU, NONLYUEHHblE U3
MEXHO2EHHBIX  OMX0008, CHOCOOCMBYIOM  NOGBIUEHUIO CMPYKMYPHOU  CMAOUILHOCU
IMOKCUOHOU MAMPUYbL, CHUICEHUIO GHYMPEHHUX HANPSANCEHUL U YIYUUIEHUIO Meno8ol U
INEKMPUYECKOU  CMOUKOCMU KOMHO3UMOS. YCMAaHo61eHo, 4mo NpuMeHeHue MeCmHbLX
CHIPbEGLIX  KOMNOHEHMOS  SGNAemCs:  IPOEeKMmusHvlM  N0OX000M Ol NOBLIUECHUS.
001206€UHOCMU U CHUNCEHUSI CeOeCTOUMOCTU CLOUCTbIX INOKCUOHBIX MAMEPUANO8, HINO
oenaem ux nepcenekmuHbIMU 05 IAEKMPOMEXHUYECKOL NPOMbIUILEHHOCMIU.

Knroueevle cnoea: snoxcuouas cmona, meKCmoaum, 00J208eYHOCMb, HAOENCHOCb,
MunepanvHvle HAnOAHUMeNU; Mecmuoe CHIPLE; MexHo2enHble 0mxo0bi;
QNeKMpOMexHuyeckue  Mamepuanbl,  OUIJIEKMPU4eCKas NPOYHOCHb,  MEXAHUYECKds
APOUHOCHIL, CIMPYKIMYPA NOAUMEPA, A02e3Usl; UHOCOCMOUKOCb.
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DURABILITY OF EPOXY TEXTOLITES USING LOCAL MINERAL
FILLERS
Djabarov B.T.!, Khodjayeva D.N.2, Shamsiyeva S.S.’, Mirkamolov J.S.*

!Djabarov Bekzod Tairovich — senior researcher,
’Khodjayeva Dilfuza Nazirovna — PhD in Technical Sciences,
3Shamsiyeva Sabohat Sattarxanovna — Basic doctoral student,

SU “FAN VA TARAQQIYOT” TSTU, TASHKENT, UZBEKISTAN
*Mirkamolov Javohir Sirojiddin ogli — student,
TURIN POLYTECHNIC UNIVERSITY
TASHKENT, REPUBLIC OF UZBEKISTAN

Abstract: The article examines the problems of improving the reliability and durability of
epoxy-based textolites through the use of local organo-mineral fillers. It is shown that finely
dispersed mineral additives derived from technogenic waste contribute to enhancing the
structural stability of the epoxy matrix, reducing internal stresses, and improving the
thermal and electrical resistance of composite materials. It has been established that the
incorporation of locally sourced raw materials is an effective approach to increasing the
long-term performance and lowering the production cost of laminated epoxy composites,
making them highly promising for use in electrical engineering applications.

Keywords: epoxy, textolite; durability; reliability; mineral fillers; local raw materials;
technogenic waste; electrical engineering materials; dielectric strength;, mechanical
strength; polymer structure; adhesion; wear resistance.
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VIIK 678

B nocnennue necstuinerus HaOMIOAAaeTCs CTPEMUTENBHOE Pa3BUTHE KOMIIO3UIIMOHHBIX
nonuMepHbix marepuanoB (KIIM) ¢ yHMKagbHBIMH CBOMCTBAMH, YTO OTKPBIBAeT HOBBHIE
BO3MOKHOCTH JUIsl MX NMPUMEHEHUs B Pa3IMYHBIX OTPAC/IAX HNPOMBIIMIIEHHOCTH. OnHON U3
KJIFOYEBBIX 00JIacTell X MCIIOJIb30BAHMUS SIBISICTCS IEKTPOTEXHUYECKasi MPOMBIIIICHHOCTb.
OTH Marepuaibl WIpaloT BaKHYIO pOJib B O0OECIICUCHHH HAJIEKHOCTH M JOJITOBEYHOCTH
JNEKTPOTEXHMYECKOT0 00OpYyZOBaHUS, OCOOCHHO B YCJOBUSX OKCIUTyaTallud IpH
BO3ACUCTBUH BBICOKHX TEMIIEPATyp, MEKTPUIECKUX Tojied u npyrux ¢axrtopos [1]. Ha
(ore 3TOTO 0COOOE BHUMAHHE YIENIACTCS pa3paboTKe TEKCTOIMTOB HOBOTO MOKOJICHUS Ha
OCHOBE  JIOKCHIHBIX  CBA3YIOIIMX, KOTOPBIE CIIOCOOHBI  OOECIIEYHTH  BBICOKYIO
JIEKTPUUYECKYI0 CTaOMIBHOCTh, HPOYHOCTh, CTOHKOCTh K CTapeHHI0 W MHUHUMAaJbHBIC
TURJICKTPUIECKUE MOTEPH, YTO JIENAeT CO3AaHHe HOBBIX KOMIIO3WTOB KpaifHe aKTyalbHOU
3agadei [2].

OfHUM K3 KITIOUEBBIX HANpaBICHUH YIydIICHHs A0JTOBEYHOCTU TEKCTOIUTOB SBISETCS
MOBBIIIEHHE  CTPYKTYPHOM  CTaOMJIBHOCTM  MaTpuIbl M YCHIEHHEe  MeX(pasHbIX
B3aUMOJICHCTBUII MEXAy IOJMMEPHOH OCHOBOM M HalOJHUTENEM. OTo Tpedyer
TIIATEJIBHOTO TOJA00pa METOAWK MCCIEeNOBaHMS M COCTaBa MaTEPHANIOB, BKIIIOYAIOIINX
oIpeieNeHue POYHOCTH CIETICHH, CTOMKOCTH K TePMHUYECKUM LIUKIAM U COIPOTUBICHUS
npo6oto [3]. Kpome TOr0, KOppEeKTHBIE METOJUKH OIECHKH aIre3Ud M CTPYKTYPHI MO3BOJISIOT
W3YYUTHh TPOIECCHl CTAPEHHS W OMPEICITUTh IapaMeTphl, BIUSIOMIHAEC Ha IOJITOBEYHOCTH
SMOKCUAHBIX KOMIIO3ULIMOHHBIX MaTEPHUAJIOB [4].

Oco0yt0 poilb B TOBBIIICHHHA HAAEKHOCTH KOMIIO3UTOB HWIPAIOT MUHEpAIbHBIC
HAIIOJIHUTENH, KOTOpPHIE CIIOCOOHBI YIYyYIIaTh TEIDIOMPOBOJHOCTh, CHMKATH JIOKaJbHBIC
HaNpsDKEHUS U MPETSITCTBOBATh pOCTy MUKpoTpeuH [5]. [ToBrimeHne anekTpopu3ndeckoit
CTa0MJIBHOCTH OCOOEGHHO 3aMETHO MU HCIIOJb30BAaHHHM MHUHEPAIbHBIX HANOJHUTENEH U3
MECTHBIX MPOMBIIIJICHHBIX OTXOJIOB, IOCKOJBKY HX COCTaB  OJaronpHsATCTBYET
(hopMupoBaHHIO O0JIee OHOPOIHOM CTPYKTYphI MaTepuaa [6].

Vicnionb30BaHNE MECTHOTO CBHIpbS — OJHA W3 BaXHEHIIMX 3a1ad I CHHXKCHHUSA
ce0eCTOMMOCTH MAaTepHalioB U TOBBIIICHHS HX YCTOWYMBOCTH K O3KCIUIyaTallMOHHBIM
Harpy3kam [7]. TexHoreHHble OTXOJbl, Takue Kak 3oma TOC u Apyrue MUHEpaJbHbIE
MOOOYHBIE TIPOIYKTHI, 00IaTaf0T BEICOKOH TUCIIEPCHOCTHIO M aKTHBHOCTBIO, UTO JIETAET UX
MEPCICKTHBHBIMA ~ MOAW(GUKATOpaMu  JMoKcuaHo  Matpumnel  [8].  UccrmemoBaHus
MOKA3bIBAIOT, YTO TAaKUE HAIMONHHUTEIH MOTYT VCIIEIIHO HWHTETPHPOBATHCS B CTPYKTYPY
KOMIIO3UTOB M 00ECICUYNBATh IOBBIIICHHE MEXaHWYECKOH MPOYHOCTH M JOJITOBEYHOCTH
n3aenui [9].

ITpobnema KONTOBEYHOCTH HAIPSIMYIO CBA3aHA CO CTPYKTYPOH SMOKCHAHON MaTpHUIIBI U
npoueccamu €€ CIIMBKM TpH Moaudukauuu. HayuHble aaHHbIE NOITBEPKAAIOT, YTO
BBe/ieHHE (YHKLIMOHAJIBHO AaKTHBHBIX HAMOJIHUTENEH CrnocoOCTByeT (HOPMHPOBAHHUIO
BBICOKOCTAOMIIBHOM CETOYHOM CTPYKTYpHI, YBEIMYHMBAIOIIEH YCTOMYMBOCTH MaTepHasia K
UKINYECKUM Harpy3kam M TemioBoMmy crapeHuro [10]. IloBwimeHne nM3HOCOCTOMKOCTH,
HaOMoZaeMoe IpU BBEJCHUH MHUHEPAIBHBIX W YIVIEPOJACOJEPIKAIIMX YaCTHI, HIrpaeT
KIIFOYEBYIO POIb JUIS JIeTalel, MCIBITHIBAIONINX JTUTEIbHbIC KOHTAKTHBIC HATPY3KH, YTO
ABISIETCS  OAHUM M3 (DAaKTOPOB  TIOBBIICHWS  OKCIUIYyaTalHOHHOW  HAAEKHOCTH
KOMITO3UIIMOHHBIX MaTepuasos [11].

KomnnekcHble uccienoBaHusl 3MOKCHIHBIX CHCTEM IOKa3bIBAKOT, UYTO INPHUMEHEHHE
MECTHBIX HAINOJHMUTENEH MO3BOJSET CYIIECTBEHHO  yIydlllaTh  JUIIEKTPUUECKYIO
MPOYHOCTb, CHMXATh TAHTNEHC JUAJIEKTPUYECKHX IOTEPh U YBEIMYUBATh YAEIbHOE
COTIPOTHBIIEHHE, CIIOCOOCTBYSI POCTY JIOJTOBEYHOCTH B  YCIOBHSX II€PEMEHHBIX
anexktpudeckux moinei [12]. Ilpm 3ToM BIMSHHE CTPYKTYpPHI TONHMEPHOW MATPHIBI U
pacripesieleHus] HAOJTHATENEH OCTAaéTCsl KPUTHYECKH BaXKHBIM (haKTOpoM (HOPMHUPOBAHUS
CBOWCTB 3aIIUTHBIX TIOKPBITHH U JIEKTPOU3OJISIIMOHHBIX MaTepuaios [13].
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IlonmyueHHBICE JaHHBIC COOTBETCTBYIOT (DYHAaMEHTAJIbHBIM TMOJOXKCHUSAM (DU3HUKO-
XUMHYECKOH MOJM(HUKANKMK TOJIMMEPHBIX CHCTEM, TJC I[0Ka3aHO, YTO MPaBHIbHOE
B3aUMOJICHICTBAC MEXKIY MOJUMEPHBIMU IICTISIMA M aKTUBHBIMU YaCTUI[AMU HATIOJTHUATEIICH
MPUBOJUT K MOBBINICHUIO TPUOOTEXHUUCCKON CTAOMIBHOCTH M TEPMOCTONKOCTH MaTepuaa
[14]. Dto o0O0BsAcHIeT HaOIIOAaEMOE TIOBBINICHHE JONTOBEYHOCTH Pa3paOOTaHHBIX
SIIOKCUAHBIX  TEKCTOJIHUTOB, ApPMHUPOBAHHBIX XJI0MYaTOOYMaXKHOMN TKaHBIO u
MOU(UIIMPOBAHHBIX MECTHBIMH MHHEPAIbHBIMU JI00aBKaMHU.

[IpuMeHeHHe TaKMX MATEPUANIOB MO3BOJISAET HE TOJBKO MOBBICHTH DKCILIYATAI[MOHHYIO
HaIEKHOCTh U3/CIUN, HO U 00ECHEYUTh 3HAYMTEIHHYI0 SKOHOMHYECKYIO 3((PEKTUBHOCTS.
3amMeHa JJOpPOrOCTOSIINX UMIIOPTHBIX HAMOIHUTENCH MECTHBIMU TEXHOTCHHBIMHU PECypCaMu
CHMXAaeT Cce0eCTOMMOCTh MPOM3BOACTBA. JIOTIONHUTENBHBIM PEUMYIIECTBOM SIBIISETCS
YMCHBIICHUE YKOJIOTMYCCKONH HArpy3Kd 3a CUET BOBJICUYCHHS IMPOMBIILUICHHBIX OTXOJOB B
nepepadoTKy.

B nenom, mpoBenéHHas paboTa MOKA3bIBAET, YTO HMCIOJIH30BAHUE MECTHBIX CHIPHEBBIX
HATOJIHUTENICH B JMOKCHUAHBIX KOMITO3HIMAX SIBISCTCS I(PPEKTHBHBIM HHCTPYMCHTOM
MOBBIIICHNUST HAJAEKHOCTH U JTOJTOBCYHOCTH TEKCTOJIUTOB. Takue MaTepualibl 001agaroT
VIIYYIICHHBIMU 3IEKTPOOU3NICCKUMH XapaKTCPUCTHKAMHU, IOBBIINICHHONW CTPYKTYPHOMN
CTaOMIIBHOCTHIO, YIYUIICHHONW CTOHKOCTBIO K TEPMHUYECKOMY M MEXaHHYECKOMY CTAPEHHUIO,
YTO JeNaeT WX MEePCICKTHBHBIMH JUJIS I[IHPOKOTO TMPHMEHEHHS B COBPEMEHHBIX
INEKTPOTEXHUUYECKUX CHCTEMAX.
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Deoepanvroe cocyoapcmeennoe agmoHomMHoe 06paz0eamenbHoe yupedcoetue 8bicule2o 00pazoeaHis

«Mocxkosckuil eocyoapcmeennvitl mexuuieckuil ynugepcumem umenu H.D. Baymanay
2. Metmuwyu

Annomayun: 6 cmamve UCCIeOYemcs GIUSIHUE HEU3BECMHO20 OZPAHUYEHHO20 GHEULHe20
A0OUMUBHO20 6O3MYWEHUsL HA CUCMEMY NPIMO20 AOANMUSHO20 YAPAGIEHUs C dIMATOHHOU
MOOenblo 0151 00bEeKMA € CO2NACOBAHHOU HEONPeOelEHHOCMbIO, NPeOCMABUMOU 8 TUHElHO-
napamempuieckom Guoe Yepe3 U3BeCmHblll 6eKmop 6a3ucHvix dyuxyuii. Popmyaupyromecs
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VCA0BUsL CO2NACOBAHUL 00bEKMA U IMATOHHOU MOOEIU U CMPOUMCS AOANMUGHbIL 3AKOH
VNPAGNeHUsi ¢ OYEHKAMU Heu38eCmHuIX napamempos. Memodom Jlanynosa 6v1600amcs
3aKOHbL A0AnNMAayuu U NOKA3bIBACMCS, YMO 6 NPUCYMCMEUU GO3MYWEHU NPOU3600HAS
evibpanHou Qyukyuu Jlanynosa umeem 6u0 «OMPUYAMETbHBIL KEAOPAMUYHBIL UleH +
0obaska om GOIMYWEHUsLY, BCACOCMEUE Ye20 ACUMAIMOMUYECKAsi CXOOUMOCHb OWUOKU
ClLedICeHUsl K HYI0, 8000uje 2080psi, Mepsemcs, eCiu 603MYWeHUe He CIPEeMUMCs K HYII0.
Honyuena oyenka pasHomepHoil NPedebHOU 0ZPAHUYEHHOCU OWUOKU CENHCeHUsL: OWUDKA
exooum u ocmaémcs 8 wiape, paouyc KOmMopo20 HPONOPYUOHALEH GepXHel 2panuye
sosmywgenusi. Ommeueno, umo u3 HeompuyamenbHo OnpedeléHHOU NOIHOU NPOU3EOOHOU
@ynryuu Jlanynosa ne ciedyem 02paHUYEHHOCMb NAPAMEMpPO8 a0anmayuu (803MONCEH
Opeli¢p napamempos), u npeoNoNHceHd pOOACMHAA — CUSMA-MOOUPUKAYUSL — 3AKOHOB
aoanmayuu, 0Oecneuusarwas O0SPAHUYEHHOCMb NAPAMempo8 U CUSHAlo8 u 6Ooee
POOACMHYIO OYEHKY paouyca npedeibHol 0o1acmu.

Knroueswie cnosa: adanmusnas, cucmema, memoo, JIsinynos.

ON THE INFLUENCE OF EXTERNAL DISTURBANCES ON
SYSTEMS WITH DIRECT ADAPTATION
Shlopak A.A.

Shlopak Alexander Anfirovich — PhD in Engineering Sciences, Associate Professor
DEPARTMENT « AUTOMATIC CONTROL SYSTEMS»
MYTISHCHI BRANCH OF BAUMAN MOSCOW STATE TECHNICAL UNIVERSITY,
MYTISHCHI

Abstract: the article examines the effect of an unknown limited external additive disturbance
on a direct adaptive control system with a reference model for an object with consistent
uncertainty, represented in a linear-parametric form through a known vector of basis
functions. The conditions for matching the object and the reference model are formulated
and an adaptive control law with estimates of unknown parameters is constructed. The
Lyapunov method deduces the laws of adaptation and shows that in the presence of a
perturbation, the derivative of the selected Lyapunov function has the form "negative
quadratic term + addition from perturbation”, as a result of which the asymptotic
convergence of the tracking error to zero, generally speaking, is lost if the perturbation does
not tend to zero. An estimate of the uniform marginal limitation of the tracking error is
obtained: the error enters and remains in a ball, the radius of which is proportional to the
upper boundary of the disturbance. It is noted that the non-negatively determined total
derivative of the Lyapunov function does not imply limited adaptation parameters
(parameter drift is possible), and a robust sigma modification of the adaptation laws is
proposed, providing limited parameters and signals and a more robust estimate of the
radius of the limiting region.

Keywords: adaptive, system, method, Lyapunov.
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O BJIMSIHMY BHEIIIHEr0 BO3MYIIEeHUS HA CUCTEMbI ¢ MPSAMOI aganTanuei.

[Tapamerpudeckas aganTanus A TUHEWHBIX W HEIMHEHHBIX CHCTEM paccMaTpHUBAaeTCs
B [1-3]. B manHO# cTaThe MccheqyeTcsl BIMSHHE HEM3BECTHOTO OIPAaHMYCHHOTO BHEUIHETO
AJTITHBHOTO BO3MYIICHHS HAa CHUCTEMY IpPSIMOTO aJalTUBHOTO YIPABICHHS C 3TAJIOHHOM
MOJIETIBIO AJIsI 0OBEKTa C COIJIACOBAaHHOW HEOTPEIEIEHHOCTBIO, IPEACTABUMON B JTMHEHHO-
apaMeTPHUUECKOM BUE Yepe3 U3BECTHBIN BEKTOP Oa3UCHBIX (yHKIUH.
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PaccmoTtpum MIMO CHUCTEMY C TNpSAMOW ajanTaiuel, KOorja Ha Hee BO3JEHCTBYET
HEM3BECTHOE OTPAaHUYEHHOE BHEITHEE BO3MYIICHNE.

&= A+ Blu+ f (x)]+w(t), m
x(t)el”

rac - BEKTOP COCTOSAHMNA,

m
u (t) el
- BEKTOD YIIPaBJICHNU,
A D nxn
€ - IIOCTOsSTHHAas ManI/IHa, CcoCToOoAlasd U3 HCU3BCCTHHIX KOB(I)(I)I/IHI/IGHTOB,
B |:| nxm
€ - IIOCTOsSTHHAas ManI/IHa, CcoCTOoALasad U3 U3BCCTHBIX KO3(1)(1)I/IHI/I€HTOB,

f(x) ed™
f(x) = ®*T®(x),

(byHKHI/ISI, KOTOpast MOXKET OBITH  JIMHEWHO napaMeTpu3oBaHa

@* D Ixm
rue = - MOCTOSTHHASI HCM3BECTHAS MATPHIIA,
i
) (x) el .
- U3BECTHASI BEKTOP (QYHKIHS, COCTOSIIAs 3 0a3UCHBIX (QYHKIIH.
" _
w(t) ell ||w(t)|| <w 3
, BHEIIIHEE OrPAHUYCHHOE BO3MYIICHHE HEU3BECTHOU
BCJIMYHNHBLI.
DTajlloHHas MOJIENb

y=A,y+B
y(t) el]”
rre - BEKTOP COCTOSTHHS MOJIEIH,
nxn
4, €ll
- 3aJlaHHAas [IOCTOSHHAs T'ypBUIIEBAa MaTPHIIA,
nx
B,el]™
- 3aJlaHHas MaTpUIla,
g (t) ell?
- BEKTOP BXOJHBIX 3aJAIOIUX KYyCOYHO-HEIPEPBIBHBIX OrpaHMYEHHBIX
CHTHAJIOB.
* *
K K
. N x g
WneanbHblii KOAGOUIUEHT ycHieHHs: 00paTHON CBS3U 1 K03 UIHEHT MO>HO
OTIPEJIETNTh U3 COOTBETCTBHS 00BEKTa U MOJICIIH:
*
A+BK =4,
*
BK =B,

AJlanTUBHOE yTpaBleHUE OCYIIECTBISIETCS CIEIYIONINM 00pa3oM:
u=K, (t)x+K(t)g g —@(I)T (D(x).
3)
mxn mx Ixm * *
e Kx(t)eD ,Kg(t)eD ",@(t)eD K. K,

OLIEHKHU u ©
COOTBETCTBEHHO.
O0603HaYNM OIINOKH OLIEHKH
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~u
—_

~
N—"

Il

K (t)-K.,
R, (=K, (1)-K.,
0(t)=0(1)-0".

[oncrasnss (3), (4) B ypaBHeHHe o0bekTa (1), moaydum
OLIMOKY CUTHAJIEHOTO paccorjiacoBaHusi 00beKTa U MOJIENU B BUJIE!

é=y—i=Ae—BK x-BK g+BO'®(x)-w().
Juist onipenesieHust 3aKOHOB aJanTauy BeioepeM QyHKimro JIsmyHoBa:

V(e R 8) =5 et Sur (R UKD )42 ar(R,TRT )42 (67T 6).

4)

)

Ilomunass mnpowsBogHas (QyHKIuM JlsmyHOBa 1O BpPEMEHH TMOCIE OYEBUIHBIX
npeoOpa3oBaHuil paBHa B CHITYy JU(PQPEPEHIIMATEHOTO YPABHEHUS MO OMIMOKE CHTHATHHOTO
paccornacoBanus (5)

V(e,[%x,lgg,(:)) = —%eTQe+tr(1€X |:—xeTPB+F;lléfJ)+tr(1€g [—geTPB+F;1é£J)
+tr((:)T |:CD (x)eTPB +Fg(§})—eTPw(t.)

r,el™, T,el™, Iyel™.
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T
Bribepem Q Q 0 ITockonbky 0. TypBUIIEBA MAaTpPULA, CYIIECTBYET

P=P" >0 Ay P+ P4, =—0Q.

CANHCTBCHHOC ’ YAOBJICTBOPAIOLICE
3aKoHBI aganTalyu npru 3TOM UMCIOT BU!

K" =T xe'PB,
ST T
K,=TI,ge PB,

g

©=-T,®(x)e'PB.

CHeHOBaTeHBHO, ToJIHas NMponu3BOAHAA

V= —%erQe—eTPwS

1
<= A (Ol + 2 (P e w0

1, = max ],
o0

rae

OL[CHKEI KBaHpaTH‘IHOﬁ (1)OpMI)I 4Yepe3 HAUMCHbIICE CO6CTB€HHO€ 3HAYCHUC MAaTpUIIbI

Ain(Q) e’ Qe

MO3BOJIACT IMOJYYUTHh HWXXHIOIO TpaHULly JIA KBa,Z[paTH‘IHOﬁ (bOpMI)I 10

HOpME BEKTOpa

2o (Ol <" Qe < Ay (Q)e]
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A

min
Munyc nepen CBSI3aH C TEM, YTO ATOT YICH CIOCOOCTBYET YOBIBAaHUIO (PYHKIIMH

) A (P)
JlsmyHOBA, YTO Ba)KHO YIS YCTOMYMBOCTH cHcTeMsl. [lmroc mepen OTpaxkaeT To,

YTO BOSMYIICHUE YBEJINIUBACT IPOU3BOAHYIO, 1 MBI OLICHUBAEM €T'0 BJIUSIHUE CBEPXY:

P Po| < el [P < A (Pl

P||=sup||P
LT E T
24 . (P) w,
R
CrnenoBareibHO, V< 0’ ecin ﬂmi“ (Q)
: 1
V< _Eﬁ’min (Q)”e”2 + ;Lmax (P)”e”WO
U3 HE  CIeoyeT  OrpaHM4E€HHOCTh
K (t),6. K.(1),K,,0
CrneioBaTensbHo, g NOTEHIMAIGHO  MOTYT  CTaTh

HEOTPAHMYCHHBIMH IIPU HEOTPHUIATENILHO ONPECIICHHON ITOJHON MPOM3BOAHON (QYHKIHU
JIsanyHoBa.
e(t) -0 w(t)
Takum 00pa3oM, aCHMITOTHYECKAsT CXOJUMOCTh TEepsIeTCsl, €CIn HE
CTPEMUTCS K HYJII0, HO IMEET MECTO PaBHOMEPHas MpeeIbHas OTPAaHNYCHHOCTh OIIHOKH:

2P|
5
/’i‘min (Q)
T.€. OIIMOKa BXOOUT W OCTA€TCA B IIAp€, paauyC KOTOPOTO IIPOIMOPIHUOHAJIIEH YPOBHIO
BO3MYIICHUA.

w(t)#0

HpI/I MOXXHO HCIIOJIB30BAaTh pO6aCTHyIO MOI[I/I(PI/IKa]_II/IIO 3aKOHa ajanTaluu,

limsup”e(t)” <

t—>0

O
HanpuUMep  -MOAM(HKAIHIIO:
ST T T
K. =1 xe PB-o K_,

T _ T T
K,=I,ge PB-0o,K,,

O=-T',0 (x)eTPB - 0,0,

0,,0,,04 >0.
rac
TOTAa MOYHO ITOKa3aTbhb, YTO BCC MapaMETpPhbl U CUT'HAJIBI OCTAIOTCA OrpaHUYCHHBIMU, a

omuoKa OoCTaeTCcsl PaBHOMEPHO IPENEbHO OTPaHHYCHHOH ¢ Oojee «poOacTHOI
- oW 0.

OLIEHKOH pajinyca, 3aBUCSIIEH OT u

Cnucok aumepamypul / References
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3. Kapabymos H.H. AnantuHas uneHtudukamus cucrem: MHopMaMoHHbI cuHTE3. —
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MNPAMOE AJAIITUBHOE YIIPABJIEHUE C ITAJOHHOU
MOJIEJBbIO
Hlnomak A.A.

LUlInonax Anexcanop Anguposuy - KaHOUOAM MEXHUYECKUX HAYK, OOYeHM,
Kagpeopa « Cucmemvl agmomamuyecko20 ynpasieHus»
Dedepanvroe 20cyOapcmeeHHoe agmoHOMHOe 00pA306amenbHOe YUpexcoeHUe 8bicuteco 00pa308aHsL
«Mocxkosckuii cocyoapcmeennbiil mexuuueckuti ynusepcumem umenu H.D. baymanay
2. Motmuwu

Annomayusn: 6 cmamoe paccmampusaemcsi NpsAMoe aoanmugHoe ynpasieHue ¢ IMaioHHOU
MOOenbIo 0I5l HETUHEUHbIX CUCMEM C CO2NACOBAHHOU HEONPEeOeeHHOCIbIO, NPeOCNAGUMOT
6 JUHEUHO-NAPAMEMPUYECKOM GUOe Yepe3 U3BECMHbIL 6eKmop 0a3uchvlx Qyukyul. s
06vekma U SMAIOHHOU MOOenU CHOPMYIUPOBANbL YCIOBUS COLNACYEMOCU 6 MEPMUHAX
81100iCeHUsT COOYo8bIX npocmpancms. Tlocmpoen adanmuenvlil 3aKOH YApAGIeHus; OJs
OUWUDOK NAPAMEMPO8 BbLEEOEHbL 3AKOHbL adanmayuu memooom Jlanynoea. Ioxazano, umo
npou3eooHas  evlopanHoi  yukyuu  JlanyHosa — ompuyameibHO — NOLYONPeOeieHd;
O00KA3bI6AEMC S ACUMPMOMUYECKAsl  CXOOUMOCTb  OWUOKU — CAeNHCeHUsl K HYIO npu
O2PAHUYEHHBIX CUSHATIAX, NPU DMOM HAPAMEMPbL A0ANMAYUYU OCMAIOMCSL 02PAHUYEHHLIMU U
6 NOTHOM (PA3060M NPOCMPAHCMEE ACUMIMOMUYECKASL YCMOUMUBOCHTb HE 2aAPAHMUPYEMCSL.
Knioueewie cnosa: aoanmusnas, cucmema, memod, Jlanynos.

DIRECT ADAPTIVE CONTROL WITH A REFERENCE MODEL
Shlopak A.A.

Shlopak Alexander Anfirovich — PhD in Engineering Sciences, Associate Professor
DEPARTMENT «AUTOMATIC CONTROL SYSTEMS»
MYTISHCHI BRANCH OF BAUMAN MOSCOW STATE TECHNICAL UNIVERSITY,
MYTISHCHI

Abstract: The paper considers direct model reference adaptive control for nonlinear
systems with matched uncertainty represented in a linearly parameterized form via a known
vector of basis functions. For the plant and the reference model, matching conditions are
formulated in terms of inclusion of column spaces. An adaptive control law is developed;
Lyapunov-based adaptation laws are derived for the parameter estimation errors. It is
shown that the derivative of the chosen Lyapunov function is negative semidefinite.
Asymptotic convergence of the tracking error to zero is proven for bounded signals, while
the adaptive parameters remain bounded; however, asymptotic stability in the full state
space is not guaranteed.

Keywords: adaptive, system, method, Lyapunov.

VIK 681.513.66

Cy1ecTByeT Lenbli ps METOA0B CHHTE3a aIrOPUTMOB aJlanTalluy napamerpos [3-4]. B
[1] paccMOTpeH CHHTE3 aJlallTUBHBIX CUCTEM METOA0M (YHKIMH JIsimyHOBa /I JIMHEHHBIX

00bekTOB. B nannoit crathe uccnenyercs nenuneitnas cucrema MIMO ¢ cornacopanmoit
HEOTPEIENEHHOCTBIO.
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i=Ax+Blu+f(x)], (1)
roe X (t ) ell”. BEKTOP COCTOSIHUS,

m
u (I ) €l ™. Bexrop ynpasinenus,
nxn
Aell™" - nocrosHHAas MATPUIIA, COCTOSIIAS U3 HEU3BECTHBIX KOO (HUINEHTOB,
B e]™" - nocrosHHas MaTpuIa, COCTOAMAs U3 HEM3BECTHBIX KOA((QHUIMEHTOB,
m [V}
f (X ) ell - (QyHKUMA, KOTOpPas MOXKET OBITh JIMHENHO MApaMeTPU30BaAHA
o
f(x)=0"d(x),
* Ixm
e ®@ e[ - IOCTOSHHAS HEU3BECTHAS MATPHIIA,

/ .
() (x) €ll’ - usBecTHas BexTOp PYHKIMS, COCTOSIAS U3 GA3HCHBIX ()YHKIIHIA.
[Ipennonaraercs, 4ro mapa (A,B) ynpasisieMa. YIpaBIseMOCTh HEOOXOAUMa, YTOOBI

OBITH YBEPEHHBIMH, YTO YIpaBJICHHE u(t ) HUMEET JIOCTYH K IPOCTPAHCTBY COCTOSHHS AJIS

CTaOMIM3AllME HEYCTOMUMBBIX PEKUMOB OOBEKTA. YTIPABIIEMOCTh MOKHO MPOBEPHTH 110
2 -1
paury wmarpunpsl ynpasmsemoctu C: C =|:B AB A°B ... A" B:I. Iapa

(A,B ) ynpasisiema, eciu 7 ank (C) =n.

DTajloHHas MOJIENb UMEET BHJ
y=4,y+Byg, Q)

rIe y(t ) eld” - BEKTOP COCTOSHUS MOJICIH,
nxn
AO el] - 3amaHHas ['ypBuIieBa MaTpuIa,

B an
0 € U - 3a/laHHas MaTpHULA.

* *
[IpenmonoxuM, 4TO CYIIECTBYIOT HIeaNbHBIE MATpHUIBl K03 duimenTon Kx u Kg,
KOTOpBIE O00ECIEeYHBAIOT COOTBETCTBHE IHMHAMUKH O0BeKTa W Moaenn. Omnpenerum

OIITUMAJIbHOE yIpaBIeHUE, KOTOPOE peanusyer X (t ) —>Yy (t ) .

u' =K;x+K;g—®*T(D(x). (3)
IToncrasnss (3) BeIpaskeHHe B ypaBHeHHE 00bekTa (1), moryuum:
i=(A4+BK)x+BK,g @)

CpaBHuBas (4) ¢ STaJIOHHOW MOZETHIO (2), MoydaeM ONTHMalIbHEIE KO3()(OUIIUCHTH U3
BBIPAYKEHUIL:

A+BK' = 4,

: ®)
BK; =B,

® *
Y1o0ObI MaTpHUlbl Kx’ Kg CyHI€CTBOBAJIH, H€O6XO,Z[I/IMO BBITIOJIHEHUE  YCJIOBUA

COTJIAaCYEMOCTH MOJIEJIN C 00BEKTOM:
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Im(4, - 4) < Im(B),

Im(B,) < Im(B).

3necy Im(B)={Bv: vell”} (" - cronbuosoe mpoctpanctso marpmmsi B:
Im(B):Span{bl,bz,...,bm}, e bl,b2,---,bm—CT0ﬂ6uLI B.

Ectu B umeer mnomHsii cTONGHOBBIIL paHr, T.e. rank (B):m A YCIOBUA

COTIJIaCYeMOCTH BBIIIOJHEHBI, TO pelleHue (5) eIMHCTBEHHOE U 3alMCBHIBACTCS CICAYIOLINM
obpazom:

(6)

-1
TJIe TIpH TIOJTHOM CTOIOIOBOM paHre uMmeeM B = ( BTB) B".

Ecnu B KBaJipaTHasd MaTpulla U HEBBIPOXKJACHA, TO YCJIOBUC COOTBETCTBUA MOACIN

BBIITOJTHUMEI IS JTFOOBIX A()’ BO) u (6) ©MeeT BU/I;

K. =B (4,-4).
K. =B"'B,.
usz(t)x+Kg(t)g—®T¢)(x), (7)
rae Kx (l‘) ell " x[] n,Kg (t)ED " x[] q,@(t) el'xn0" OLICHKH K;,K; o
COOTBETCTBEHHO.
O0603HaYNM OIMOKH OIIEHKH

K ()=K.(1)-K.,
K (1)=K,(1)-K,, ®)
0(t)=0(t)-0".

IMoncrasnss (7), (8) B ypaBHeHue oObekTa (1), momy4anm:

oq

i=| A+BK +BK, |x+| BK,+BK, |g—BO' ®(x.)

A B
OmmnoKa CUrHAJILHOTO paccoriiacoBaHus o0beKTa U MOOCIHN
.. . ol d T
eé=y—-x=A4e-BK x—BK,g+BO (I)(x). ©)

Jliis1 oripeniesieHust 3aKOHOB afanTauy BeioepeM GyHKIuio JismyHoBa B Buze
2 1, 1 o), | oty 1 ATT-14)
V(eK,.K,.0)= ¢ Pe-l—Etr(le"x Kx)+5tr(KgFg Kg)+5tr(® r,6).

[lonnass npomsBonHas ¢yHkuuu JlsmyHoBa 1O BpeMeHM paBHA B CHILY
muddepeHnInaNsHOT0 YpaBHEHHS 110 OMIMOKE CUIHAIBHOTO paccoryiacoBanus (9)

V(e,lzx,lgg,(:))=—%eTQe+eTP[—BI€Xx—BIZgg+B@T(D(x)]+tr(1€xl";lléf)
& LT A1
+r(R,D)K )+r(67136).
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3nech AOTP+PA0=—Q, QZQT>0,P=PT>O,
T el™, T,el®™, Tyel™.

W

V(e,lgx,lgg,(:)) = —%erQe+tr(1€x [—xeTPB+F;IIé§J)+tr (kg |:—geTPB+F;IIé§])

+tr(@T [ @(x)e"PB+ rgé})

Taxum 06pa3oM, 3aKOHBI aaAlTallMH HMEIOT BU

K" =T xe'PB,
ST T
K,=TI,ge PB,

©=-T',®(x)e'PB.
B xoHI1e amanranun uMeemM

V(KR .8) =2 0e <0,

(I)yHKI_II/ISI .HSI]'[yHOBa — MOJIOKUTCIIBHO OHNPCACIICHHAs KBaJApaTHUYHAA (I)opMa 10 BCEM
MEPEMCHHBIM:

Vim0, 7V(0)=0, V(§)>0 VE£0, me £=(e.K,.K,.0).

Takkak V>0 u V' < 0, 10 V' HeBo3pacraromas u orpaHuYeHa CHH3Y, MO3TOMY

limV =V, cywecrtsyer u koHeueH.

—0
CIenoBaTenbsHo, I—V(z’)dl’ = V(O)—Vw <0 u je(z‘)r Qe(’r)dr < o0,
0 0

Ioxaxewm, uro J~ paBHOMepHO HempepbiBHA. B aToM ciywae o inemme bapOanara [2]

V' — 0 mmnostomy e —> (). JInst 3T0oro J0CTaTOYHO HOKA3aTh, 4TO vV OrpaHuyecHa.
. .
Nmeem: V=-e Qe.

- u3 VSV(O) u monoxutensHoit onpenenenroctu Ve, K, Kg, 0 .-

OrPaHUYECHBIL.

-g (t ) - OTPAaHUYEHHBIN 3a1al0NINHA CUTHAIL

- )/(l) - OrpaHUYEH B CWIy JSTJIOHHOW MOJEIM C TypBMIIEBOM MaTpuuei AO U
OrpaHnYeHHOCTH & (f )

- X(t) - OrpaHuyeH B cwiy X =) —é.

() (x ) - OrpaHUY€Ha B CUIIY OTPAaHUYEHHOCTH X (t ) .
ITosToMy B auddepeHnuaI-HOM YpaBHEHHHM TO OIIMOKE MpaBasi 4acTh COCTOHWT W3

OTPaHUUYEHHBIX BEIUYUH U IOTOMY €(l ) OTrpaHUYCHa.

CrenoBarensHo, V7 orpanuueHa v mosToMy J~ paBHOMEpPHO HEIpEpBIBHA.
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Taxum 06pa30M, o omuoKe CUHTC3UpPOBAaHHAA aJallTUBHAd CHUCTECMa YHPaBJICHUA
ACUMIITOTUYCCKHU yCTOI\/'I'-II/IBa, a B TIIOJJHOM (ba?;OBOM MOPOCTPAHCTBE HE ABJIACTCA

ACUMIITOTUYCCKHU yCTOIZ‘IPIBOfI, T.K. kxa kg n @ TOJIbKO OI'paHUYCHBI.
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IKOHOMMNYECKHUE HAYKH

NPUMEHEHHUE PUCK - OPUEHTUPOBAHHOI'O IIOJAXOJIA B
COBPEMEHHOM BHYTPEHHEM AYJIUTE
Kaouena JI.K.

Kabuesa Jlaypa Kanamxkwizvl — mazucmp,
Kagedpa gunancol u kpeoum,
Mocxkosckuil hunancoso-npomviuinennoiii ynusepcumem « Curnepeusny,
2. Anmamul, Pecnybnuxa Kazaxcman

Annomayua: 6  COBPEMEHHbIX  YCIOBUAX — DKOHOMUYECKOU  HecmabuibHOCmu
appexmusrnocms BHympenne2o ayouma HanpsamMyro 3a6uUcum om cnocoOHOCmuy Op2anu3ayuu
BLIAGIAMb U YIPAGIAM PUCKAMU. Puck-opuenmuposannulii n00X00 no3eonsaem oyeHusams
Ousnec-npoyeccel ¢ MOYKU  3peHUs  6EPOAMHOCIU  603HUKHOGEHUS  HE2AMUEHbIX
nocneocmeuli U ux GIUAHUA HA OesimelbHOCmb Komnanuu. B cmamve paccmompennvl
NPUHYUNLL  BHEOPEHUs  PUCK-OPUEHMUPOBAHHO20 NOOX00d, KIlouegble dManvl — e2o
peanuzayuu, nNpeuMywecmea U  NpaKkmuieckue peKOMeHOayuu 1o  OpeaHu3aAyulU
BHYmMpeHHe20 ayOuma ¢ y4emom 6biAGIeHHbIX puckos. Mccredoeanue onupaemcs Ha anamus
OmeyecmeenHoll U 3apyOedCHOU AUMEepamypbl, COBPEMEHHLIX CMAaHOApmos ayouma u
NPAKMUYECKUX NPUMepo8 GHeOPEHUs CUCTEM YRPABIEHUSL PUCKAMU.

Knrwouegvle cnoea: smympennuii ayoum, puck-opueHmupo8aHHwlli NOO0X00, YNpasieHue
PUCKAMU, KOHMPOTIb, IPPHEKMUBHOCHb, OYEHKA PUCKOS.

APPLICATION OF RISK - ORIENTED APPROACH IN MODERN
INTERNAL AUDITING
Kabieva L.K.

Kabieva Laura Kanatkyzy — Master’s student,
DEPARTMENT OF FINANCE AND CREDIT,
MOSCOW FINANCIAL-INDUSTRIAL UNIVERSITY “SYNERGY”,
ALMATY, REPUBLIC OF KAZAKHSTAN

Abstract: In the current conditions of economic instability, the effectiveness of internal
auditing directly depends on an organization's ability to identify and manage risks. The risk-
oriented approach allows evaluating business processes in terms of the probability of negative
consequences and their impact on the company’s activities. This article examines the
principles of implementing a risk-oriented approach, the key stages of its application, its
advantages, and practical recommendations for organizing internal auditing based on
identified risks. The study is based on an analysis of domestic and international literature,
current auditing standards, and practical examples of risk management system
implementation.

Keywords: internal auditing, risk-oriented approach, risk management, control, efficiency,
risk assessment.

VIIK 331.225.3

CoBpeMeHHbIE OpraHM3aIi (QYHKIIMOHHPYIOT B YCJIOBHUSAX BBICOKOW AWHAMHUKHA H
HEOTIPEACICHHOCTH BHEUIHEH Ccpenbl, Te pocT TpeOoBaHMU K Mpo3padHocTH On3Heca,
Y)KECTOUEHHE PETYIMPOBAHHA M yBEIWYCHHE 0o0beMa HH(pOpPMAIMH CO3IAIOT HOBHIC
BBI3OBBI ISl CHUCTEM BHYTPEHHETO KOHTPONA. TpaauIlMOHHBIM BHYTPEHHHWHA ayIuT,
OpHEHTUPOBAHHBIM HCKIIOYUTEIBHO Ha IPOBEPKY COOJIOAEHHUS TIPOLEAYp, YyXKe He
obecrieynBaeT OJDKHOTO YpPOBHsS O€30IIaCHOCTH M YNpaBJICHUYECKOH 3(PPEKTHBHOCTH.
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[TocnencTBUsE HENOCTATOYHOTO KOHTPOJST MOTYT OBITH 3HAYMTEIBHBIMH W BKIIOYaTh
(hmHaHCOBBIE OTEPH, IOPUIUMYECKIE PUCKHA U CHU)KEHHUE JJIOBEPHS HHBECTOPOB.

Puck-opueHTUPOBAaHHBIM MOAXOA MNPEANONaraéT CHUCTEMHYIO OLEHKY BEpOSTHOCTU
BO3HUKHOBEHHSI COOBITHI, CITOCOOHBIX HAaHECTH YIIEepO OpraHM3alMH, U UX MOCIEACTBHUI.
Takoil moaxoJ MO3BOJAET IUIAHUPOBATh ayAMTOPCKHE MPOLEAYPHl C NPUOPUTETOM Ha
IPOIECChl C HamOONBIIEH BEPOSTHOCTBIO PHUCKOB, CHIDKAaTh BEPOSITHOCTh OIMHMOOK H
HapyIICHWH, a TaKXKe MOBBIIIATH KaYECTBO YNPABICHUECKUX peIIeHHH. B coBpeMeHHBIX
UCCIICIOBAHMAX OTMEYAeTCsl, YTO HHTErpalys pPHUCK-OPUEHTHPOBAHHOTO IIOJIX0/Aa BO
BHYTPEHHHI  ayguT CHOCOOCTBYeT  TIOBHIIICHWIO  (PHMHAHCOBOW  YCTOWYMBOCTH,
3(hpexTHBHOCTH OM3HEC-TIPOIIECCOB U YKPEIUICHUIO JOBEPHUS CO CTOPOHBI COOCTBEHHHKOB,
WHBECTOPOB U PETYJIATOPOB.

B 3apyOexnoit mnpaktuke mupoko npumensercsi COSO ERM (Enterprise Risk
Management Framework), KoTopblii WHTErpuUpyeT YIpaBiICHHE PHUCKaMH B IPOIECCHI
BHYTPEHHET0 ayJuTa M KOPIOPaTUBHOTO YympaBieHUs. JlaHHBI NOAXOA MO3BOJIAET
OpraHu3alysM CHCTEMHO BBISBIISITH, OLICHUBATh M KOHTPOJIMPOBATH PUCKHU, BIMSIOLINE HA
JoctiokeHue crparernyeckux nenei. Cranmaptel IIA (Institute of Internal Auditors)
MOJYEPKHUBAIOT, YTO BHYTPEHHHH ayAUT JOJKEH CTPOMUTHCS Ha OLIEHKE 3HAUYUMOCTHU
PHCKOB U NpelyCMaTpUBaTh METOAbl MUHUMH3ALUH UX ITOCIIEICTBHH.

Poccuiickue nccnemoBaTeny OTMEYAIOT, YTO NMPUMEHEHHE PHCK-OPHEHTHPOBAHHOTO
MOJX0/a YIy4IIaeT TOYHOCTh AYAUTOPCKUX TMPOLERyp, CIHOCOOCTBYET ONTHMHU3ALUH
pacrpesieNieHlst pecypcoB M CHI)KEHHIO BeposTHOCTH omuOok. CoBpeMeHHbIE
nyOJMKamuu  TakXKe  IOAYEPKHUBAIOT  HEOOXOAMMOCTb  HMHTETpalMd  OHU(PPOBBIX
HHCTPYMEHTOB aHalIM3a JaHHBIX, YTO MOBBIMIAET TOYHOCTh OICHKH PHCKOB M MO3BOJISET
MPOBOAUTH ayOUT B peanbHOM BpeMeHH. Kpome Toro, mpakTuka IMOKa3bIBaeT, YTO
OpraHHu3aIiy, BHEAPUBIINE PHUCK-OPUCHTHPOBAHHBIN ayauT, ObIcTpee aganTHPYIOTCS K
M3MEHEHHUSIM BHEIIHEH Ccpelbl M HOPMAaTHBHBIX TpeOOBaHMH, a TakKe MOBBIMIAIOT
(hMHAHCOBYIO YCTOWYMBOCTD U MPO3PAYHOCTH OM3HEC-TIPOLIECCOB.

B nmaHHO#l paboTe HCHONB30BaHBI TEOPETHUECKMH  aHAIN3  HOPMATHUBHOI
JOKYMEHTAIlMH, METOJMYECKHX MAaTepHajoB M HAy4HBIX MyONWKanuii, CpaBHUTEIbHBIN
aHaJIN3 TPAJAUIMOHHOTO M PHCK-OPHEHTHPOBAHHOTO MOIXOJOB K BHYTPCHHEMY ayIuTy,
CHUCTEMHBIN ITOJXO/A AJSl BBIABICHUS B3aUMOCBSI3EH MEXIy PHCKaMH, ayJUTOPCKHMH
NpoIeypaMHd M YNPaBICHYECKHMMH pEIIEeHHsIMH, a Takke Kelc-aHalu3 IpHMepoB
POCCUICKHMX M MEX/YHapOJHBIX KOMIIAHUH, BHEJPUBIINX PUCK-OPUEHTUPOBAHHBINA Ay TUT.
JlaHHBIE METOABI MO3BOJSIOT KOMIUIEKCHO M3YYHTh 3()(PEeKTHBHOCTh NMPUMEHEHUS PHUCK-
OPHEHTHPOBAHHOTO MOJXOJa, BBISIBUTH MPEHMYILECTBA M OIPEICIUTh MEPCHEKTUBEI €T0
BHEJIPEHHUS B COBPEMEHHBIX OPTaHU3ALUAX.

Puck-opHeHTUPOBaHHBIN BHYTPEHHUM ayIUT BKIIIOUYAET HECKOJIBKO KJIFOUEBBIX JTAIlOB.
[TepBbIM siBIISIETCSl MACHTU(UKAIMS PUCKOB, NIPU KOTOPOW OINpPENesIsIFoTCs (hHMHAHCOBBIE,
OTIEpAIlMOHHBIC, CTPATETHUYECKHe W pPEeNyTallMOHHBIE PUCKH. JlJI BBISBICHHS CKPBITHIX
yrpo3 BaXHO IIPUBJIEKaTh KaK ayAMTOPOB, TaK M PYKOBOAUTENECH TOIpa3ielIeHUM.
BropeiM 3Tanmom sBIsSETCS OLEHKAa BEPOSTHOCTH M IOTEHIMAJIBHOTO BO3ICHCTBUS
BBISIBJICHHBIX PHCKOB C HCIIOJIb30BAHHEM KOJMYECTBEHHBIX METOJI0OB, TaKHX Kak
(MHAHCOBBIE MOJEIHM W BEPOSTHOCTHBIE CIIEHApWH, a TaKKe KAaYEeCTBEHHBIX METOJIOB,
BKJIIOUAIOIINX SKCIEPTHBIE OLICHKH.

CrenyroniuM 3TanoM sBISIETCS TPHOPUTH3ANNS ayTUTOPCKUX IPOBEPOK, Koraa (okyc
CMEIAeTCs Ha MPOLECCHl C HAuOOJbIIEH 3HAYMMOCTBIO, UYTO MO3BOJSIET HKOHOMHUTH
pecypcsl W TOBHIIIATh 3(P(EKTHBHOCTH KOHTpois. Ilocme »storo QopmupyroTes
pPEKOMEH/IAIMH 1 KOPPEKTUPYIOIIUe ACUCTBHS ISl MUHMMHU3ALUKA BBISBJICHHBIX PHCKOB,
BKJIIOYAIOMIME M3MEHEHHA B TpoIeccax M HOPEUIOKEHHS I  PYKOBOJCTBA.
3aBepmIaloIMM 3TAlloOM SBJSETCSI MOHHTOPHUHT M KOHTPOJIb pealn3alii PeKOMEHIAINH,
KOTOPBIA TO3BOJIIET OLEHUTh 3()(PEKTHBHOCTH BHEIPEHHBIX MEpP W CKOPPEKTHPOBATH
ayJUTOPCKHUE MPOLEAYPHl HA OCHOBE MOJIYYEHHBIX PE3YJIbTaTOB.
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[IpeumyniecTBa pPUCK-OPHUEHTUPOBAHHOTO MOIXOJa 3aKIFOYAIOTCA B ONTHMH3AIMH
pacipe/elieHus] PeCypCcOB BHYTPEHHETO ayJUuTa, CHIKCHUHM BEPOSATHOCTH (DMHAHCOBBIX H
OTICPAIMOHHBIX ONMIUOOK, MOBBIICHHH MPO3PAYHOCTH MPOIECCOB U YKPCIUICHUU JTOBEPHS
CO CTOPOHBI COOCTBEHHHKOB M pPEryisaTopoB. [IpakThueckas 3HAYUMOCTh BHEAPCHUS
JAHHOTO TIOJXOJa TPOSIBISACTCS B MHTETPALMU YIPABICHUS PUCKAMU B IMOBCEIHCBHEIC
MpOIeCChl, MOBBIMIEHHN 3(G(GEKTUBHOCTA YIPABICHYESCKUX PEIICHHUH, HCIONIb30BaHUH
UU(POBBIX HMHCTPYMEHTOB aHanu3a OOJbIIUX JaHHBIX W (POPMUPOBAHHU CHUCTEMBI
00y4YeHHs: COTPYAHUKOB JUIS MOBBIIICHHUS X KOMIIETESHIINI B 00JIaCTH ayAnTa.

CoBpeMeHHbIC  HCCIIEOBAaHHs  MPOTHO3UPYIOT, YTO  PHUCK-OPUCHTUPOBAHHBIN
BHYTPEHHHUI ayJIMT CTaHET CTAaHAapTOM KOPIIOPATUBHOIO YIPABJICHUS B Omkaiiimne
TOIBI, 0OCOOEHHO B YCIOBHAX HH(POBU3AIMU U TioOamm3anuu Om3Heca. OpraHu3aliim,
BHCJIPUBIIUE JaHHBIA IOAXOJ, OTMEYAIOT YIydIlIeHHE (UHAHCOBOM yCTOHYMBOCTH,
noBbIlicHHEe 3((HEKTHBHOCTH TIPOIECCOB W CHIDKCHUE OIECPAIMOHHBIX PHCKOB, YTO
MOJTBEPIKIACT €T0 CTPATETHUECKYIO 3HAYUMOCTD JJIsi COBPEMEHHOr0 OM3Heca.

Tabauya 1. Tabauya munoswvix puckos.

Biausinue Ha
Tun pucka IIpumep nposiBiaeHust MeTtoabl CHH:KEHHUS
OpPraHHu3aNMIo
. Omudkn B yeTe Brytpennuit
DUHAHCOBBIN y > | Iotepu, mtpadst YTP
MOUIIEHHHYECTBO KOHTPOJIb, ayJIUT
OnepannoHH Cooit obopynoBanusi, | Hapymienue CraHgapTsl,
BIH omnOKH IepcoHana NIPOLIECCOB o0yueHue
Crparerudeck AHanu3  CIeHapHeB,
o OwmuoKy B IIIAHUPOBAHUH [Morepst momu peIHKa
ui KPI
Penyranunonn | Hapymenue 3aKk0oHOB, | CHmkeHue  noBepus | PR, colOumoieHne
bl Heratus B CMU KJIMEHTOB HOpM

Puck-OpHEeHTHPOBaHHBIH HOAXOX  SIBISIETCS COBPEMEHHBIM U 3(deKkTuBHBIM
MHCTPYMEHTOM BHYTPEHHEro ayauTa. Ero BHeIpeHHe o0eclednBaeT CHCTEMHYIO
HICHTU(HUKALNIO W OLEHKY KIIFOUEBBIX PHUCKOB, ONTHMHU3ALUIO ayIUTOPCKHUX MPOLENYp H
pecypcoB, TOBBIIIEHHE KauyecTBa YIPABICHYECKHX pEIICHUH, YKpereHne (pMHAHCOBOMH
YCTOMUYUBOCTH U IIPO3PavyHOCTH IpoleccoB. Mcrnonp3oBaHUE JAHHOTO MoOAXola TpebyeT
npodeccHoHaNbHOM MOArOTOBKY ayAUTOPOB, BHEAPEHHS aHAIUTHYECKHX HHCTPYMEHTOB U
MOCTOSSHHOTO MOHHTOPHHTA, OIHAKO BBITOJBI IOJHOCTBIO OIPABABIBAIOT 3aTPaTHI.
PexoMeHgammu g MPAaKTUKU BKIIOYAIOT MHTETPAIMIO OIICHKM PHUCKOB HAa BCEX 3Tamax
TUIAHUPOBAHUSl ayAHuTa, OOy4YeHHE COTPYAHHMKOB METOJaM HIEHTU(UKAIMK U aHalIu3a
PHCKOB, HCIIOJIb30BAaHNE COBPEMEHHBIX IM(PPOBBIX WHCTPYMEHTOB U PEryIsIpHOE
HNEPECMOTPEHUE CUCTEMBI BHYTPEHHETO ayJuTa C yYETOM HM3MEHEHHH BHEUIHEHW cpersl U
CTpaTeruy OpraHu3anuy.
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OUJIOJTOI'MYECKHUE HAYKH

JIUHI'BUCTHUKA PYCCKOI'O A3BbIKA
A3zanosa JI.!, Aunacaxenos b.H.2, Hypoie K.C.3, Baiipamosa Y.T.*

! 43a006a Jletinu — npenooasamens,
?Aunacaxedos beean Hypmvipadosuy — npenooasamens,
3Hypwies Kepum Canapmamedosuy — npenodasamen,
‘Baiipamosa Yenep Taumvipadoena - cmyoenm,
TyprmeHcKuil 20€y0apcmeentblil apXumeKmypHO-CImpoUmebHulll UHCIMUMYm
2. Awxabao, Typxmenucman

AuHOmMayuA: TUHSBUCMUKA PYCCKO20 A3bIKA, UMW PYCUCIUKA, — MO KOMNIEKC HAYK,
UBYHAIOWUX PYCCKULL A3bIK B0 6CEX €20 ACNEeKmAx: Om 38VK08 ((oHemuxa) u cioeaphozo
cocmaga (MeKCUKonoeust) 00 CIMpYyKmypbl NpeoaoNCeHUtl (CUHMAKCUC) U NPABUIL HANUCAHUS
(opgozcpagus). Ona exmouaem usyuenue coBPEMEHHO20 A3bIKA, €20 UCMOPUU, MemOOUKU
npenoodasanus U peuesoll Kyaibmypul, 0X6amvleéds QOHEmuKy, Mopporocuro, CUHmaxcuc,
JIEKCUKOIIO2UIO, CI08000pPA308aHIe, CIMUTUCIUKY U OpYyue pa3oenb.

Knroueevie cnoea: memoouxa, 1eKkCuKoao2us, CUHMAKCUc, (PoHemuKa.

LINGUISTICS OF THE RUSSIAN LANGUAGE
Azadova L.!, Annasahedov B.N.2, Nuryyev K.S.?, Bayramova Ch.T.*

!Azadova Leyli — teacher,
’Annasahedov Beghan Nurmyradovich — teacher,
3Nuryyev Kerim Saparmamedovich — teacher,
“Bayramova Cheper Tachmyradovna — student,
TURKMEN STATE ARCHITECTURE AND CONSTRUCTION INSTITUTE
ASHGABAT, TURKMENISTAN

Abstract: Linguistics of the Russian language, or Russian studies, is a complex of sciences
that studies the Russian language in all its aspects: from sounds (phonetics) and vocabulary
(lexicology) to sentence structure (syntax) and spelling rules (orthography). It includes the
study of modern language, its history, teaching methods, and speech culture, encompassing
phonetics, morphology, syntax, lexicology, word formation, stylistics, and other areas.
Keywords: Methodology, lexicology, syntax, phonetics.

JIMHrBUCTHKA - 3TO HayKa O S3BIKE, €r0 OOIIECTBCHHOW NpHUpOAE W (PYHKIHUAX, €TO
BHYTPEHHEH CTPYKTYpe, O 3aKOHOMEPHOCTAX ero (pyHKIIMOHHPOBAHUS W HCTOPHUYECKOTO
pa3BUTHSL, ¥ KJIacCU(PUKAIIMM KOHKPETHBIX SI3BIKOB.

JluarBucTHYecKass HayKa IPEACTaBICHA B INKOJIBHOM H3YYCHHH CIETYIOUIMHU
paszienaMy, U3y4arolUMU COBPEMEHHBIA PYCCKUM JTUTEPATYPHBIN S3bIK:

— (OHETHKOH,

— JIEKCUKOJIOTHEH (B IIKOJBHOM Kypce TPAIUIIMOHHO HA3bIBAEMOW JIGKCHKOW U
BKJIIOYAIOIIEH MaTepHal 10 JIEKCUKOJIOTHH U (hpa3eosiorun),

— MopdeMuKko M CcloBOOOpa3oBaHMEM (HA3bIBa€MOM B pasHBIX KOMIUIEKCaX B
3aBUCHMOCTH OT MX CHEIN(PHUKH WM MOPPEMHUKOH, WIIN CII0BOOOpa3OBaHUEM),

— MOp(oIIoTHEH,

— CHHTaKCHCOM.

Taxwue pazzaensl, kak rpaduka u oporpadusi, 0OBIYHO U3yUAIOTCSI HE CAMOCTOSTEINBHO,
a COBMEUICHBI C JPYTUMH pa3zienaMu. Tak, rpaduka TpagWIHOHHO H3ydaeTcs BMECTE C
¢dboHetukol, opdorpadus — Ha TPOTHKEHWH  BCErO  HM3ydeHUS  (QOHETHKH,
CJII0B00Opa30BaHUSA U MOP(OJIOTHH.
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Jlekcukorpadus Kak caMOCTOSTENbHBIH pa3/iell He N3y4aeTcs; CBEJCHHUS O CIOBapsX
IIPECTaBIECHbI B OCHOBHBIX pa3fenax.

CrunucTuka u3ydaeTcs B X0/€ YPOKOB 110 Pa3BUTHIO PEUU.

ITyHxTyanus uzy4yaeTcs COBMECTHO C Pa3/ielioM CHUHTAKCHCA.

Paznenpl TMHTBUCTHUKY OMMCBHIBAIOT SI3BIK C PAa3HBIX CTOPOH, T. €. UIMEIOT CBOH OOBEKT
H3y4YEeHHUS:

(oHEeTHKA — 3ByUAIYIO pEUb,

Mop(eMIKa — COCTaB CJIOBa,

CII0BOOOpa30BaHNE — IPOU3BOJHOCTH CIIOBA,

JIEKCUKOJIOTHsI — CJIOBAPHBIM COCTaB SI3BIKA,

MOPQOIOTHS — CII0BA KaK YacTH PEUH,

CHUHTAKCHC — CJIOBOCOUYETAHUS U MPEJIOKEHHS.

Mopdosorus 1 CHHTaKCHUC COCTaBIISIOT IPAMMATHUKY.

OOBbeKTOM HU3y4eHHs BCEX pa3leioB HAYKH O PYCCKOM SI3bIKE B INKOJIE SBIISIETCS
COBPEMEHHBII PYCCKUH JIMTEPATYPHBIN A3BIK.

CoBpeMeHHBIM SBIISIETCS SI3bIK, KOTOPBIH MBI HMOHMMaeM Oe3 cloBapss M KOTOPBIM
MOJIb3yeMcsl B OOIIEHHH. DTH JIBa aCIIEKTa UCIIOJIb30BAHUS S3bIKa HE COBIAAIOT.

[MpunsaTo cumraTh, YTO O€3 «IEPEBOTUMKA» (CIOBApPSA, CIPABOYHHKA, KOMMEHTATOPA)
MBI TOHMMAaeM s3blk HayuHasg ¢ mnpowsBedeHnid A.C. IlymkuHa, ogHaKO MHOTHe
BBIPaKECHUS, YIOTpeOIsIeMble BEJIMKUM TIO3TOM M JIPYTUMH IHCATENSIMH, ¥ MBICIHTCIIIMH
XIX m nmagama XX Beka, COBPEMCHHBIH YeJOBEK HE YIOTPEOWT, a HEKOTOpPHIE W HE
MMOWMET; KpoMe TOTo, TeKCTHl XIX Beka MBI YUTaeM B COBPEMECHHOW opdorpadum, a HEe B
TOM, KOTopas IelcTBOBajla BO BpeMs MX HamucaHus. TeM He MeHee, OOJBIIMHCTBO
MIPEUIOKEHUH M3 TPOU3BEIEHHsSI PYCCKOM KIacCHUeCKOM JuTepaTypbl 3TOTO BpPEMEHH
COOTBETCTBYIOT HOPMaM COBPEMEHHOI'O PYCCKOTO SI3bIKa U MOTYT OBITh HCIOJIb30BaHbI KaK
WJUIIOCTPATUBHBIA MaTEpUall.

Ecnu noHumaTth TEPMUH «COBPEMEHHBIN SI3bIK» KaK S3BIK, KOTOPBIM Mbl IOHUMAEM U
yIoTpedsieM, TO COBPEMEHHBIM HAJI0 MPU3HATH S3bIK HAUYMHASI CO BTOPOI MOJIOBUHBI XX
Beka. Ho 1 B 3TOT McTOpHYECKNi EPHOA B SI3BIKE, OCOOCHHO B €TO JICKCHKE, MPOU30ILIN
3HAYUTENbHbIE H3MEHEHHS: MOSIBUIIOCH MHOXKECTBO HEOJIOTH3MOB, MHOTHE CJI0BA MEPELUIH
B IIACCHBHBIN CIIOBapHBIi1 3armac (CM. pa3/iel JISKCUKOJIOTHH).

Takum 006pa3oMm, TEPMHUH «COBPEMEHHBIH S3bIK» IIOHUMAETCS B IByX 3HAUCHUSX:

1) s13bIK, TOHUMAaEMBbIi HaMu Oe3 croBapsi, — 3TO SA3bIK OT [lyniKuHa;

2) sI3BIK, YIOTPEOIIIeMBIil HAMU, — 3TO S3BIK HAYMHAS C cepeauHbl 20 Beka.

Pycckmii A3bIK — 3TO A3BIK PYCCKON HApOJHOCTH M pycckoi Hanuu. OH NpHHAJICKUT
K IpyIIe BOCTOYHOCJABSHCKUX SI3bIKOB M Bblaenuics B XIV — XV Bekax BmecTe c
YKPAauHCKUM M OIOPYCCKMM SI3BIKOM M3 OOIIero s3bIKa-Ipeika — JIPEeBHEPYCCKOTO
(BOCTOYHOCIIABSHCKOT'0) SI3BIKA.

JluTepaTypHBbIii SI36IK — SI3bIK KYJBTYpPHl M SI3bIK OOIIEHMS KYJIBTYPHBIX JIHOJICH.
[Tpu3HakaMu JTUTEPATYypPHOTO SI3BIKA SBIISETCS €T0 HOPMHUPOBAHHOCTH (HATMYHE SI3BIKOBOM
HOPMBI) B KOAUDHUITIPOBAHHOCTE.

JlureparypHass HOpMa — COBOKYITHOCTH HpaBHJI BbIOOpa M YHOTpeOIEHHS S3BIKOBBIX
CPeACTB B JaHHOM oOOIecTBE B JaHHYyI0 3noxy. OHa ciyxuT uid eauHooOpasust B
yIOTPEOJNCHNU SI3BIKOBBIX CPEACTB (OAMHAKOBOE M B CHJIY O3TOrO HOHITHOE BCEM
IIPOM3HOLIEHUE, HANMCAHUE M CIIOBOYIOTpeOseHHe), QUIbTPYET IOTOK 3aMMCTBOBAHUM,
KaprOHU3MOB, THAIEKTU3MOB; CIEPKHUBAET UPE3MEPHO OBICTPOE PA3BUTHE IUTEPATYPHOTO
A3BIKa IS 00eCTIeueHHsI IPEEMCTBEHHOCTH PEYEBOIl KyIbTYPHI.

Komndukarus — ¢uxcanns S36IKOBOH HOPMBI B MUCBMEHHBIX M YCTHBIX MCTOYHHMKAX
(cmoBapwu, CIpaBOYHHKH, YIEOHUKH, PeUb KYIbTYPHBIX JIIOACH).

JIuTepaTypHBIii SI3BIK SBISAETCS YaCTHIO OOIIEHAPOJHOTO S3BIKA, BKIIOYAIOMIETO TaKKe
JMAJIEKTHI, IPO(ECCHOHANBHYIO JIEKCHKY, KaproH, TOPOJICKOE IPOCTOPEUHE.
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B atoii cTaThe onmckiBaeTcsl POHETHKA U POHOJOTHS AHTIHICKOTO SI3bIKa. 3BYKOBOH Psilt
COBPEMEHHOI'0 AHTJIIMHCKOTO s3bIka. POHETHKa — 3TO MpaBwiIa 3ByYaHHs s3bika. JIr00oi
A3bIK MMEET YHHKaIbHYIO 3BYKOBYIO CHCTeMy. ECIM 4YelnoBEeK TOBOPHT Ha PYCCKOM C
aKI[eHTOM, TO BaM cpa3y IIOHATHO, YTO YEJIOBEK WHOCTPAaHEI U HCIOJB3YET (OHETHKY
CBOETO POJHOIO SA3bIKA.

Ecinu BBl mpenogaere aHITMHCKUM S3bIK, YYUTECh B IKOJIAX AHIJIMICKOIO SI3bIKa WIH
MPOCTO MHTEpPECYeTeCh TeM, KaK 00pa3yroTCs 3BYKH B aHIIMIICKOM SI3BIKE, 3TO PYKOBOJCTBO
JUIS HAUMHAIONX - [T Bac. POHETHKA WTPaeT BaXKHEHIITYIO pOJb B M3YYEHHH aHTIIHHCKOTO
S3bIKa, SABISSICE OCHOBOM mist  a¢ddextuBHOro o6menus. OHa MOMOTaeT HAYYHUTHCS
NPAaBWJIBHOMY TIPOM3HOIICHHUIO, OOECIeYMBAET SICHOCTH pEeYd W TOMOTaeT TOHATh
Mernbpuaiiime pa3naus B 3ByKax. [y mozel, He SBISFONIIXCSI HOCUTEISAMH S3bIKa, (POHETHKA
SBJISICTCSl ITyTEBOJHOW 3BE3/I0H, MOMOTrasi MM pa3o0paTbCsi B CIOXKHOCTSX AHIIIMHCKOTO
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MPOU3HOLIEHUs], KOTOPOE 3a4acTyl0 3HAUUTEIbHO OTJIMYAETCS OT POAHOro si3blka. OcCBOUB
(oHETHKY, ydamuecss CMOTYT M30eXaTb THIMYHBIX OINMOOK B IPOM3HOIICHHWH, KOTOpBIE
MOT'yT NPHBECTH K HeponoHMMaHuto. Kpome Toro, nmpouHoe 3HaHWE (DOHETHKH YJIydIlIaeT
HaBBIKM ayJUpPOBaHMs, IO3BOJISIS ydyallUMCs JIydllle IIOHMMaTb aHIVIMICKYI0 pedb C
Pa3IMYHBIMM aKLIEHTAMH W B pPa3HbIX KOHTEKCTaX, TEM CaMbIM IPEoJoJieBas MpoOesl B
OOIICHNH Ha 3TOM pAacHpOCTPaHEHHOM BO BCEM MHpE s3bIke. JlaBaliTe OKyHeMCS B
BOCXUTHUTEJILHBIA MUP 3BYKOB M IPABMIIBHOTO aHIJIMICKOTO MPON3HOMICHUS.

Honumanue poneTuxu

@oHeTnKka - 3T0 U3ydeHHWe 3BYKOB peud. OHa (oKycHpyercss Ha TOM, KaK 3BYKH
MPOM3BOAATCS (apTHKYIAMOHHAS (DOHETHKA), KaK OHHM BOCIPHHHMAIOTCS WM CIIBIIIATCS
noy4aresieM (ciayxoBas (OHETHKa), a TaKKe Ha WX (PU3MUECKMX aclieKTaX WM Ha TOM, Kak
MpOTEKaloT KojebaHus (akycrmueckas (oHerrka). IIpomie roBopsi, peub uueT 00 OCHOBHBIX
3JIEeMEHTaX PasroBOPHOrO si3bIKa. Jlymaiite o oHeTHKe Kak 0 HabOpe MHCTPYMEHTOB, KOTOPBIi
MOMO>KET BaM NPaBHJIBHO MPOM3HOCUTH aHIIMHCKHE CII0BA U JIydllle TIOHUMATh PYTHX.

3BYKH AHTJIMIICKOTIO SI3bIKA

B anrnmiickom si3pIke OYEHb MHOTO 3BYKOB, U OBJIAJICHUE UMH - KJIIOY K 3((PEKTUBHOMY
OOLIECHHIO.

doHeTHYECKUE AT(PABUTHI

MexnayHaponssiid Gonetndeckmii angaBut (IPA) - 310 QaHTacTHIECKHT HHCTPYMEHT.
OTo HabOp CHMBOJOB, TIe KaXABI CHMBOJN 0003HadyaeT 3BYK. lcmomp3oBanue IPA
MOMOXET BaM Yy3HaTh, KaK WMMEHHO NpOM3HOCHUTCS roboe cioBo. Hampumep, cmoBo
"mymaTp" B IPA mumeTtcst xak /01pk/, 4To yKa3pIBaeT Ha KOHKPETHBIC 3BYKH, HCITOJIB3YEMbIE
B 9TOM cioBe. PoHeTHYeCKas TPAHCKPHIILUS - 3TO 3alUCh 3BYKOB peud ¢ nomoinbsio [PA.
Oro kak Kapra mnpowsHomneHus. OObuHas aHriWiickas opdorpadus He Bceraa
MOJICKa3bIBaeT, KaK MPOMU3HOCHTH CJIOBO, 8 OHETHUECKAsE TPAHCKPHUIIIIHS - Ja.

Ynapenue 1 UHTOHALUSA

OTO KIIIOYEBBIE AJIEMEHTHI aHIIIMICKOM (OHETUKH, KOTOPbIE CYIIECTBEHHO BIIUSIOT HA
CMBICII M TOH Pa3rOBOPHOTO s3blka. [loHMMaHMe M 0TpabOTKa yAapeHHs M MHTOHAIUH He
TOJBKO YITy4INaeT HABBIKY ayJUPOBAHMS W PA3TOBOPHOTO AHIIMIICKOTO, HO W J00aBIsET
BBIPA3UTEIBHOCTH BallleMy OOLICHHUIO, Aeas ero Ooyiee eCTECTBEHHBIM M 3((EKTUBHBIM.
[ToMHHTE, YTO 3TH MOJIET MOTYT BapbHPOBATHCS B 3aBUCUMOCTH OT aKIIEHTa, HO OCHOBHBIC
MPUHIHUITE] OCTAI0TCS! HEM3MEHHBIMH.

Crpecc

INon ynapenreM noHUMaeTcs BBIACIEHHE ONPEEICHHBIX CIOTOB B CIIOBAX M HEKOTOPBIX
CIIOB B NPEAJIOKCHHUAX. B aHINIMHCKOM s3BIKE yIapHBIE CIOTM OOBIYHO 3BYyYaT I'poOMUE,
JUIMHHEEe M UMEIOT 0osiee BBICOKYIO TOHAJBHOCTh, YeM HEyIapHble ciord. HempaBmibHas
paccTaHOBKA yJapeHUs] MOXKET M3MEHUTh CMBICT CJIOBAa WM 3aTPyJHHUTH €r0 IOHMMaHHUE
ciymarensmu. Hanpumep, B cioBe "momapok" yaapeHHe MOXET OBITh Pa3HbIM, YTOOBI
o0o3Haunth cymectBuTreabHoe (PRE-sent - momapox) wmmm rmaronm  (pre-SENT -
MPEICTaBIATD).

WHTOHAIMSA - 3TO NMOBHIILICHHE U TIOHWKEHHE BBICOTHI TOHA BO (hpas3ax M MpeAIOKEHHAX,
nepearomniee OTHOICHNE, YMOLIMU M CUT'HAJIBI O THIIE TIPEUIOkKEHUs (YTBEPKISCHHE, BOTIPOC,
KOMaH/1a).

- YrBepxaenus: OOBIMHO MMEIOT MOHIDKAIONIYIOCS MHTOHAIMIO B KoHIe. Hampuwmep,
"JT10 mpekpacHblil neHp". MHTOHauMs mnajgaeT Ha cioBe "JeHb'", yka3blBas Ha KOHeEIl
BBICKA3bIBAHMS.

- Bonpocsr "nma/ner": B HEX 9acTO MPHCYTCTBYET MOBBHIIIAIOMIASCS HHTOHALINSA B KOHIIE,
KOTOpas CHUTHAJIM3WpPyeT O TOM, UYTO OXumaercs otBeT. Hampmmep, "Twl mmems?".
MHToHaMsI MOBBIIIAETCS HA cloBe ""coming', 4TO yKa3bIBaeT Ha BOTPOC.

- Undopmannonnsie Bompockl: OHM HAYMHAIOTCSA C BONPOCHUTENBHBIX CIOB (KTO, HTO,
r7e, Korja, modemMy, Kak) W OOBIYHO MMEIOT MOHIKAIOUIYIOCs HHTOHanuio. Hampuwmep,
"Kyna te1 unems?". HTOHANMs magaeT Ha "going', HECMOTPSI Ha TO, YTO 3TO BOIPOC.
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- Komangpr: Moryt uMeTh nmajaroiiyto Wid poBHYIO MHTOHAIMIO, yKa3biBas Ha BIACTh
unu aupektussl. Hanpumep, "3akpoiite nseps".

- Bockinnanus: YacTo MMEIOT MOBBIIIAIONIYIOCS MHTOHAIMIO JUISl BRIPAYKEHUS CHIIBHBIX
smouuil. Hanpumep, "Kakas 3ameuatensHas unes!".

Bapuanuu akuenTon

AHTTMACKHNA - TIOOAJNBbHBIA S3BIK, M €ro (OHETHKA MEHSIETCS B 3aBUCHMOCTH OT
aknenra. Hanpumep, amepukanckas Oyksa "t B cioBe "car' IpOHM3HOCHTCS, HO 9acTO HE
MPOU3HOCUTCS B OPUTAHCKOM aHIVIMHCKOM. AKIEHTHl MNPUAAIOT aHIVIMICKOMY S3BIKY
pasHooOpasue u borarcTBo, Aenas GoHETHKY emie 6oIee HHTPUTYIOMIEH.

W3yuenne (HOHETHKN aHTIIMHCKOTO S3bIKA - 3TO OJHOBPEMEHHO U CIIOKHAA, W MOJIE3HAs
3agada. OHa yJydInaeT Balli KOMMYHUKaTHBHBIC HABBIKH M ITOMOTAET MOHSThH MPaBUIbHbIC
MaHepbI 3TOTO TJI00ATBHOTO SI3BbIKA.
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VK 338.2

Beenenne

Hudposas Ttpanchopmanusi craja HEOTHEMJIEMOW YacTbIO CTpPAaTeTHH Pa3BUTHUS
COBPEMEHHOI'O YHHMBEPCHUTETa, M OONAuHBIC TEXHOJOTHH BBICTYIAIOT €€ KIIIOYEBbIM
¢ynmameHTOM. DTO YK€ AaBHO HE NPOCTO MOJHBIM TPEHJ, a HacyIIHas HeOOXOIMMOCTB,
MO3BOJISIONIAsT By3aM OCTaBaThCs KOHKYPEHTOCIIOCOOHBIMH, THOKMMH W OTKPBITHIMH B
ObicTpo MeHstomeMcs: Mupe. Ilepexol OT KilacCMYecKOi Mojenu ¢ COOCTBEHHBIMH
CepBEpHBIMM KOMHATaMH K HCIIOJIb30BaHMIO OOJIaYHBIX CEPBHUCOB KapAMHAJILHO MEHSET
MapagurMy ynpaBieHHsS HH()OPMAIMOHHBIMHE pecypcaM, y4eOHBIM MPOIECCOM M HAyIHOI
JIeSITETTbHOCTBIO.

IIpenmymecTBa 00/1a4HbIX TexHoJorui Ans BY3a

PaccmoTpum npenmymiecTBa 0OIAYHBIX TEXHOJIOTHI JUIS BBICIINX YYEOHBIX 3aBEIICHHMH.
B mepByto ouepens, 3TO 3HaUMTeNbHAs 3KOHOMHYecKas 3¢ddexrnBHOCTE. TpaaurmonHas
MoJzenb TpeOyeT KOJOCCANBHBIX KAalMUTaJbHBIX 3aTpaT Ha 3aKylKy JJOPOTOCTOSIIETO
000py/IOBaHUsI, KOTOPOE HMEET CBOWCTBO CTPEMHTENILHO YCTapeBaTb, M TaKHX Ke
CYLIECTBEHHBIX PACXOJ0B HAa €0 COAEPIKaHME: NIEKTPOIHEPTUIO, OXJIAKICHHE U 3apILIaTy
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BBICOKOOIUIAUYNBAEMBIX CHCTEMHBIX aJAMUHHUCTparopoB. OOsmayHas MOAENb NEPEBOIUT ITH
M3IEPXKKH B paspsili ONEPALMOHHBIX, 3aMEHsIsI €AMHOBPEMEHHBIC KPYITHbIE MHBECTHIIMU Ha
NPOTHO3UPYEMYI0 aOOHEHTCKYIO IUIaTy. YHHUBEPCHTET HAayMHAET IUIATUTh TOJBKO 3a Te
pecypchbl, KOTOpble OH (PaKTHUECKH HCHOJIB3YEeT, YTO OCOOEHHO BBITOJHO C Y4YETOM
CE30HHBIX NUKOB HArpy3KH, TaKWX KaK BCTYMUTENbHAas KaMIIaHHUsS WM Hayallo CeMecTpa,
KOT/1a MO>KHO MTHOBEHHO HAapacTUTh MOIHOCTH, a 3aTEM TaK K€ JIET'KO X COKpaTuTh [1-2].

I[ToMrMO >KOHOMHH, BY3Hl MOJYYalOT OECIPEIENCHTHYI0 THOKOCTh M MOOMIBHOCTB.
CTyneHTH W TpenojaBaTeld OOpeTaroT IOCTYN K eAWHOW 00pa3oBaTeNbHOW cpene W3
mo00il TOYKM MHpa W C J000OTO YCTpoiicTBa — OyAb TO MOIIHOE MPOTPaMMHOE
obecrieueHne AT WH)XXEHEPHOTO IPOCKTUPOBAHUS, BUPTyaJlbHBIE 1a00OpaTOpUM WK
OMONMMOTEYHBIE PeCypCHl. DTO CTHpaeT Treorpaduiyeckue TPaHUIBI M CO3AAE€T OCHOBY LIS
MOJIHOLICHHOTO CMEIIAHHOTO M JUCTAaHIMOHHOro oOyweHus [3]. Henbss He oTMeTHTh M
MOBBILICHHYIO HaJeXHOCTh. KpymHble mpoBaiinepsl, Takue kak Microsoft Azure wnm
Amazon AWS, obecrieunBaroT ypoBeHb OTKa30yCTOWYMBOCTH M 3allUTHI OT KHOepaTak,
HEJIOCTHXUMBIH JIJIs1 OOJIBIIMHCTBA JIOKAJIBHBIX JIaTa-IIEHTPOB, Oaroiapsi reopasHeCeHHOMY
PE3CPBUPOBAHUIO JIaHHBIX W KpYyIJIOCyTOYHOMY MoHuTOpHHTY [4]. Hakonen, oOmako
OTKpPBIBAET JABEPH JUIl MHHOBALMH, MPEJIOCTABISIS UCCIEAOBATENSAM JOCTYN K MOIIHOCTAM
IUIL BBICOKOTIpou3BoaAnTeNbHBIX BhraucieHmii (High Performance Computing — HPC) u
paboTel C OONBIIMMH JAaHHBIMH, a MPENoAaBaTeNsIM — BO3MOXKHOCTB OBICTpPO
pa3BOpavYMBaTh ¥ TECTUPOBATH HOBBIE IIEAArOTHIECKHE METOTUKH.

Pucku u npod.eMbl BHeApeHUS

OnHako mepexoll K OOJIauHBIM TEXHOJIOTHSM HE JIMIIEH PHCKOB M BBI3OBOB. | JIaBHBIN
CTpax aKageMHYecKOro coo0IIecTBa — 3T0 0€30MacHOCTh U KOHPUICHIIMAIBHOCTh JTaHHBIX.
Pazmemenue mnepcoHansHOHW —MH(OpMAaUMM  CTYJIEHTOB, HAYYHBIX Hapa0OTOK U
MHTEJUIEKTYyalbHOH COOCTBEHHOCTH Ha CTOPOHE TPEThEro MpoBaiiepa BBI3bIBAET
00OCHOBaHHBIE  OIACEHHs. 31eCb  KPHUTHUECKH BAXXHO YETKOE  pa3rpaHUueHHE
OTBETCTBEHHOCTH, KOTJ]a By3 OTBEYaeT 3a 0€30IacHOCTh B 00Jake (yIpaBieHHE TOCTYIIOM,
JTaHHBIC), a MpoBaiiep — 3a Oe3omacHOCTh camoro obnaka (uHdpacTpykrypa) [5]. dpyroit
CYIIECTBEHHBIN PUCK — 3TO 3aBUCHMOCTH OT mpoBaiiaepa (Vendor Lock-in). UnTerpanus ¢
YHUKQJIBHBIMH CEPBHUCAMH KOHKPETHOM IUIaTQOPMBI MOXET CHENaTh IOCICAYIOIINH
Mepexo/l Ha IPyTyI0 HACTOJBKO CIIOKHBIM U JIOPOTOCTOSIINM, YTO YHUBEPCUTET OKAKETCS B
CBOEOOpa3HOIl TEXHOJOTMYECKOH JIOBYMIKE. DTy YIrpo3y MOXHO CMSTYHTh, HCIIOIb3Ys
OTKpBITBIE CTaHIAPTHI M MPOSKTHPYS THOPHIHYIO apXHUTEKTypy. CyIEecTBYIOT U CKpPBIThIE
3aTpaTbl, KOTOpbIE HE BCETAa OYEBHIHBI Ha CTapTe: IUIATa 3a HCXOAAIINH Tpaduk,
MUTpALMIO IJaHHBIX U 00y4eHue coTpyaHuKoB [6]. Kpome Toro, pabora B o0Jiake HETHKOM
3aBUCUT OT CKOpPOCTU H CTa6I/IJ'H)HOCTI/I HUHTEPHCT-COCAUHECHUA, YTO Tpe6yeT CO31aHUsA
PE3EPBHBIX KaHAJIOB CBA3U. ITomumo 9TOTr0, CTOUT OTMCTUTH €HIC OJWH BBI3OB — 3TO
genoBedeckuil (axrop. [IpenonaBaTeny 1 aAMMHUCTPATUBHBIA ITEPCOHAN MOTYT OKa3bIBaTh
COIIPOTUBJICHUEC HU3MEHCHHUAM, 4YTO JO€JIaCT HeO6XOI[I/IMBIM MMPOBEACHUE TIJIAHOMEPHOTO
nepeoOydYeHus U pa3bsiICHUTENbHOM paOOTHI.

Mopenu BHepeHHs 001a4HbIX TE€XHOJIOT Uil

Jns  MuHMMH3aIMM  PacCMOTPEHHBIX PHCKOB M MAaKCHMAJIBHOM  peain3aiuu
MPEUMYIIECTB YHUBEPCUTETHI MOTYT BBIOPATh OJTHY M3 HECKOJIBKMX MOJIENICH BHEIPEHHUS.

1. Iy6mmunoe o6nako (Public Cloud), roe pecypcbl nensitcs MeXAy MHOTHMH
KIMEHTaMH, UJIeaIbHO MOJIXOAUT JUISi pa3MELICHHUs CAaliTOB, MOYTOBBIX CEPBHCOB M CHUCTEM
COBMECTHOH paboThl Bpoae Microsoft Teams — 3TO maeT MakCUMyM OKOHOMHU U
MacITabupyeMOCTH.

2. JIJ'ISI XpaHEHUA CTPOTO KOHq)I/I}ICHHI/IaHBHBIX JaHHBIX, TaKHMX KaK ICPCOHAJIBbHBIC
3almMCu CTYACHTOB WM PE3YJIbTATBI 3aKPBITBIX HAYYHBIX HCCJ’Ie)IOBaHHfI, OIITUMAJIbHBIM
pemenneM sBisieTcs yactHoe obnako (Private Cloud), ¢m3ndeckn BbIAEICHHOE U HYX[
OJTHOTO By3a M 00ecreunBaroIee OJHbIH KOHTPOIIb.

3. Opnako HamboJiee NPAKTUYHOW W TOIMYJSIPHOM HAa CErojiHs MOJEJbIO SIBISETCS
ruopunHoe obnako (Hybrid Cloud), koropoe pasymHO komMOMHHpyeT 00a moaxona. B ero
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paMKax KpUTHYECKH Ba)KHbIE CHCTEMBI OCTAIOTCSl B 3all[MILEHHOM YacTHOM CErMEHTE, a
pecypcoeMKne W ITyOJIMYHBIC CEpBHUCHL, TpeOyIOIIMe HIacTHYHOCTH, paboTalT B
MyOJIMYHOM, YTO MO3BOJISIET TMOKO YIPABIISATH OIOKETOM M pUCKamH [7].

JIJI KOHCOPIIMYMOB BY30B WJIM BEJIOMCTBEHHBIX CTPYKTYp Tak)Ke CYILIECTBYEeT MOJAENb
obmectBenHoro obiaka (Community Cloud), rne uHOPACTPYKTypoil COBMECTHO
MOJB3YIOTCS] HECKOIBKO OPTaHU3alHil, 9TO CHI)KACT 3aTPaThl AT KaXKJOT0 U3 yYaCTHHUKOB.

3akJoueHue

MoOXHO cpaenaTh BBIBOJA, YTO OOJIAYHBIE TEXHOJOTMH — 3TO HE IIPOCTO IEPEHOC
CepBEpPOB B YEH-TO MaTa-ICHTP, a CTPATETHUECKHH BBHIOOp, ompeaessIomuil Oymymiee
YHHUBEPCUTETa. JTO MHCTPYMEHT, KOTOPBIA TIO3BOISIET MEPEHTH OT PEaKTUBHOTO
ynpaBieHus IT-urdpacTpykTypoil K TPOAKTHBHOMY CO3JaHHIO OOpazoBaTeIbHOM
9KOCUCTEMBI, OPUCHTUPOBAHHOM Ha MOTPEOHOCTH CTyJeHTa IIU(PPOBOI IMTOXH. YCIeX ITOTo
nepexoia 3aBUCHUT OT B3BEHICHHOTO MOAXOJA, TIIATEIBHOTO IUIAHWPOBAHUS, BHIOOpA
MpPaBUJIBHOM MOJENN U, YTO HE MEHee Ba)KHO, OT FOTOBHOCTU CaMOT0 YHUBEPCUTETCKOTO
coo0111ecTBa MPUHATH HOBBIE BBI30BBI M OTKPBITH JJIsl ce0s1 HOBBIE BO3MOXHOCTH.
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Abstract: This paper analyzes the status quo of Philosophy instruction for Engineering and
Technology students in the context of digital transformation, specifically elucidating the
cognitive dissonance between abstract theoretical reasoning and empirical technical
thinking. Based on the identification of practical challenges and opportunities, the author
proposes a comprehensive framework to enhance lecturer competence, encompassing:
updating modern scientific and technological knowledge, integrating theory with
professional practice, and innovating pedagogical methods to augment the persuasiveness
and efficacy of the course.

Keywords: Philosophy instruction, Engineering and Technology students, lecturer
competence, methodological innovation, digital context.
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Introduction

Political theory education, with Marxist-Leninist Philosophy constituting its core,
assumes a foundational role in the curricular structure of higher education in Vietnam. It
fulfills the mission of equipping learners with a scientific worldview and a humanistic
outlook on life. In the context of the digital era and the rapid transformation of modern
social life, the imperative to innovate the methodological approach to teaching these
disciplines is more urgent than ever. Particularly within Engineering and Technology
training institutions, the transmission of philosophical knowledge necessitates a specialized
approach to reconcile the abstract nature of theory with the specific empirical thinking
characteristic of engineering and technology students. Predicated on the identification of
practical challenges and opportunities, this article proposes pedagogical orientations from
the instructor's perspective aimed at enhancing teaching quality and ensuring an organic
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integration between philosophical knowledge and the praxis of engineering training in the
new period.

1. Teaching Philosophy to Engineering and Technology Students in the New
Context: Challenges and Opportunities

Teaching Philosophy in engineering and technical universities always presents complex
conundrums for instructors. Amidst the current information explosion and rapid shifts in
social psychology, this subject is subject to multidimensional impacts from various
objective and subjective factors. At training institutions for engineering and technology
students—characterized by recruitment from the Natural Sciences stream and a curriculum
heavily weighted toward logical-technical thinking—the cognitive style of students exhibits
distinct traits compared to that of social science students. From the instructor's perspective,
we identify specific challenges and opportunities as follows:

1.1. Challenges Posed to Instructors

First, the cognitive dissonance between the abstract nature of philosophy and the
empirical mindset of engineering and technology students. The specificity of philosophical
knowledge lies in its high degree of generalization and abstraction, reflecting objective
reality through a system of categories, principles, and laws. Conversely, engineering and
technology students are cultivated in thinking patterns grounded in empirical models,
quantification, and specific precision [2, p. 56]. The conflict between dialectical thinking
(flexible, abstract) and technical thinking (rigid, concrete) creates a significant cognitive
barrier. In the current context, where the digital world provides visual, vivid, and "instant"
information, requiring students to focus deeply on dry theoretical issues becomes
increasingly difficult, easily inducing boredom if the instructor lacks an appropriate
transmission method.

Second, barriers stemming from social prejudice and the pragmatic psychology of
learners. It is undeniable that the prejudice regarding Philosophy as an "auxiliary subject" or
a "conditional requirement" persists. The majority of engineering and technology students
approach the subject with a mindset of coping and credit accumulation rather than seeking
foundational knowledge regarding worldviews and methodologies. This psychology leads to
passive habits, rote learning, and a lack of critical thinking in the classroom. The lack of
learner enthusiasm creates reverse psychological pressure on instructors, diminishing their
fervor and sublimation in lecturing.

Third, a deficit in foundational knowledge regarding social sciences. Due to specialized
orientation toward natural sciences from high school, engineering and technology students
often harbor apprehension toward "text-heavy" subjects [3, p. 284-290]. Limitations in
theoretical vocabulary and linguistic argumentation skills make it difficult for them to
analyze philosophical issues. Many students fail to perceive the dialectical relationship
between Philosophy and specialized sciences, viewing it as dogmatic knowledge divorced
from the future professional praxis of an engineer.

Fourth, inadequacies in the lecturer’s supplementary knowledge regarding modern
science and technology. This is a challenge of the times. Philosophy lecturers are largely
trained in the humanities and social sciences; consequently, they often lack updates on
advanced achievements in natural sciences and technology (Al, Big Data, Biotechnology,
etc.). When teaching Dialectical Materialism or Historical Materialism to engineering
students, if the instructor relies solely on classical examples from the 19th and 20th
centuries without relating them to the reality of Industry 4.0, the lecture risks becoming
dogmatic, unpersuasive, and failing to achieve "resonance" with the thinking of technical
learners.

1.2. Fundamental Advantages

Alongside these challenges, teaching Philosophy to this demographic also possesses
significant advantages:

One, the high quality of logical thinking among incoming students. Students at top-tier
engineering and technology universities typically possess sharp mathematical logic and

49



strong capabilities in problem sequencing. This serves as an excellent foundation for
approaching the logic of Marxist-Leninist Philosophy. In practice, once the initial linguistic
barrier is surmounted, many engineering and technology students demonstrate the capacity
for very rigorous and profound dialectical argumentation.

Two, superior adaptability to technology. In the context of digital transformation in
education, engineering and technology students hold an absolute advantage in technological
skills. This creates favorable conditions for instructors to deploy modern teaching methods
(Blended learning, E-learning), encouraging students to self-research, exploit digital
resources, and execute project-based exercises related to technology.

2. Solutions to Enhance the Efficacy of Teaching Philosophy to Engineering and
Technology Students: An Approach from Instructor Competence

To resolve the contradiction between the high demands of the subject and the practical
cognition of students, the role of the instructor is the decisive factor. We propose the
following directions for innovation from the teacher's perspective:

First, thoroughly grasping the Party character (partisanship) intrinsically linked with
scientific character and persuasiveness. The Philosophy instructor is a soldier on the
ideological front [4, p. 73]. However, in a technical university environment, the Party
character should not be transmitted imposingly but must be demonstrated through scientific
validity. Instructors need to master the scientific nature of principles, using logical
argumentation to defend the ideological foundation, thereby helping students perceive the
core value of the dialectical materialist worldview.

Second, mastering profound specialized knowledge of the subject. Only when truly
possessing a deep understanding of the theoretical system can an instructor "simplify"
abstract issues without losing their academic integrity. Professional confidence allows the
instructor to detach from lesson plans, proactively guide learner thinking, and flexibly
handle arising pedagogical situations.

Third, "Technicalizing" illustrative examples: Updating modern scientific and
technological knowledge. This is a key solution to bridge the gap with engineering and
technology students. Instructors must proactively research and update new achievements in
Natural Sciences and Technology. Friedrich Engels once affirmed the close relationship
between the development of Natural Sciences and the change in the form of materialism [1,
p. 113]. Example: When teaching the "Quantity - Quality" law, the instructor can analyze
the state transition of semiconductor materials; when teaching "Universal Connection," one
can relate it to the Internet of Things (IoT) or Artificial Neural Networks. Using language
and knowledge close to the students' major will increase the persuasiveness and vividness of
the lecture.

Fourth, creatively applying the principle of unity between theory and practice. Practice
here refers not only to socio-political practice but also to the students' professional practice.
Instructors need to orient students to apply philosophical methodology to solve technical
problems and professional ethics issues (e.g., Al ethics, the social responsibility of
engineers). This helps students see the instrumental value of Philosophy for their careers.

Fifth, diversifying and modernizing teaching methods. There is a need to shift from
"monological lecturing" to "heuristic dialogue." For engineering and technology students,
Problem-based Learning (PBL) and Case Study methods yield high efficiency. Instructors
need to flexibly coordinate forms of discussion and debate to stimulate critical thinking—a
quality that technical students highly value.

Sixth, enhancing digital competence in teaching. In the digital era, Philosophy
instructors cannot stand outside the flow of technology. Proficient use of online teaching
tools (LMS, Zoom, Teams), interactive presentation software (Prezi, Canva), or real-time
survey tools (Mentimeter, Kahoot) is a mandatory requirement. Technology is not merely a
transmission tool but an environment for instructors to connect, interact, and understand the
generation of "Digital Natives."
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Conclusion

Teaching Philosophy to Engineering and Technology students in the new context is a
process requiring a vigorous transformation on the part of the instructor. From being merely
a transmitter of pure theoretical knowledge, the instructor needs to become a
methodsological guide, capable of conversing with students in the language of science and
technology. The instructor's self-effort in updating interdisciplinary knowledge and
innovating pedagogical methods is the key for Philosophy to truly become a sharp spiritual
weapon for the future generation of engineers.
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Introduction. Understanding cultural monuments of the past is now becoming an
indicator of society's intellectual development. Therefore, concern for the continued
preservation and use of cultural monuments has become a national and public concern in the
Constitution of the Republic of Uzbekistan, the Law "On the Protection and Use of
Historical and Cultural Monuments," and a number of other government documents.

The government's enormous attention to the legacy of the past is determined precisely by
the fact that people and their needs are the center and meaning of our societal development.
Therefore, a comprehensive scientific study of cultural monuments of the past, including
this legacy of the oral poetry of the Uzbek people, is particularly relevant, as "modernity is
not only the present, but also the great past we have perceived."

Music plays an increasingly important role in the aesthetic education of young people,
and therefore serious attention is being paid to the aesthetic education of young people.

Aesthetic education, above all, has a significant influence on the formation of people's
aesthetic tastes. Personal unity is manifested through aesthetic taste. Aesthetic taste
expresses an awareness of a person's spiritual and emotional world, their dreams,
expectations, demands, needs, goals, and interests.

During the process of establishing Uzbekistan as an independent state, renewing and
nurturing the citizens' thinking became a pressing task. This task represents a relative and
conditional boundary between the socio-political and spiritual-educational spheres of
citizens, their factors and means.

Main Part. The relevance of this work is devoted to the study of material culture
monuments and surviving images of musical instruments found in our country, testifying to
the ancient origins of the musical heritage of the Uzbek people.

Interest in the study of musical instruments has grown significantly in our time,
especially in places where the culture of folk instrumentalism has a long tradition. It is
known that the largest number of images of musical instruments on material culture
monuments found during archaeological excavations were found in Central Asia. It is no
coincidence that among the works recently published by musicologists of the Soviet East,
research has appeared devoted to the study of musical instruments. This problem is
multifaceted. Musical instruments can be considered both in terms of cultural heritage and
in terms of their significance and application in contemporary life. They can serve as the
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subject of detailed research, the goal of which is to identify the technological features and
potential for improving existing instruments in line with new requirements. While musical
instruments are a product of material culture, they are also directly related to spiritual
culture. Their design and performance capabilities reflect the patterns of musical thinking
and, to a certain extent, the aesthetic tastes that developed at a particular stage of societal
development. It should also be remembered that, when applied to the distant past, musical
instruments or their depictions in material cultural monuments are the most reliable, and
sometimes the only, source of information about the musical life of a society.

Central Asia is an important link in the long chain of highly developed countries of the
"Middle" (as N.I. Konrad called it) zone of the Old World, which included, in addition to
Central Asia, the territories of many states (modern-day Afghanistan, Northern India, Iran,
Transcaucasia, and several Mediterranean countries).

Living witnesses confirming the existence of musical instruments long before the
Common Era are of great interest. Such is the bone flute, recently discovered in a woman's
burial (among gold and bronze jewelry) in a village in the Samarkand region. It is dated to
the Bronze Age [1]. It is reasonable to assume that the drum, in its distinctive form, was also
known to the ancient inhabitants of Central Asia. Among the forty thousand rock carvings at
the Saimaly-tash site in the Fergana Range—a kind of gigantic art gallery of antiquity—is a
depiction of a ritual dance, centered on a man with a tambourine. Dating the most ancient
drawings to the 2nd millennium BC, A.N. Berishtam dated this scene to the turn of the
Common Era [2, p. 271].

Archaeological evidence allows us to identify the main centers of musical culture. These
are the centers of large regions of ancient states: Marakanda (ancient Samarkand) in
Sogdiana, Nisa in Parthia. This also includes right-bank Khorezm, where a whole complex
of cultural and palace structures existed, and the cities of Bactria. Thanks to the masters of
the past, national instruments have survived to this day almost exactly as they were 100 and
200 years ago. The peoples of Uzbekistan, Tajikistan, and Kyrgyzstan can still hear, play, or
simply handle unique musical instruments characteristic of Central Asia. The architectural
monuments of the Surkhandarya oasis from the Early Iron Age were actively studied in the
last quarter of the 20th century in the Sherabad, Muzrabad, Baysun, and Termez irrigation
oases. The Sherabad archaeological expedition, led by Academician of the Academy of
Sciences of the Republic of Uzbekistan A.A. Askarov, yielded important discoveries.
Reflecting the most ancient period in the history of the architectural monuments of the
Kholchayon-Surkhan oasis, Kholchayon was discovered by archaeologists in 1960,
providing rich historical sources for historical scholarship. The architectural monuments of
Karabakh Hill, Maslakhvat, Tugnak, Sichkan, Shay-it, Koikirkilgan, Koy-Turabek, and
Khonak, considered ancient historical landmarks, were studied by archaeologists, and ideas
passed down through the centuries in the form of legends and oral traditions were
scientifically analyzed. The Ayritom-Surkhan oasis is a striking example of architectural
monuments, the ruins of an ancient city, testifying to the ancient history and culture of the
Uzbek people. It is located 18 km east of Termez, on the banks of the Amu Darya. Initially,
fragments of a frieze (pyramids) with human figures were discovered and extracted near
Ayritom on the bottom of the Amu Darya (1932). In 1933, the Termez Archaeological
Complex Expedition, led by Masson, conducted excavations at Ayritom and discovered
seven more frieze fragments and the ruins of a Buddhist temple. The friezes date back to the
Ist-2nd centuries and depict musicians playing the lute, oud, and drums. [3, pp. 19, 20, 35].

Archaeological excavations in Uzbekistan have yielded images of a large number of string,
wind, and percussion instruments, testifying to a highly developed musical culture of the
peoples inhabiting the basin of the two great rivers Oxus (Amu Darya) and Yaxartes (Sir
Darya). The Toprak-Kalt harp (Ancient Khorezm) and the Airitam frieze (Ancient Bactria)
depict string, wind, and percussion instruments, the original names of which have not been
preserved, are rudiments of a high civilization in which music was an integral part. F.
Karomatov writes in his monograph "Uzbek Instrumental Music": "On these monuments we
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see images of fairly sophisticated musical instruments such as the lute, harp, flute, and others,
which in turn serve as evidence of a great stage passed, the result of centuries of development
not only of instrumentation, but also of the instrumental music itself of the ancestors of the
Uzbeks and other peoples of Central Asia" [4]. As is well known, the Greeks had two systems
of musical notation, which likely originated in the 5th century BC. Fragments of these musical
notations have survived. There is a whole series of images of musicians, particularly aulos
players, playing while looking at the sheet music [5, pp. 1-11, 83-84].

It should be noted that the capabilities of ancient notation were too limited; "ancient
musicians were both composers and performers. During the performance itself,
improvisation played a decisive role" [6, p. 303].

The flute (German: Fliite, Man: flauto, French: flute, originating in Provence) is a "labial
wind instrument. It is a tube with a cylindrical or slightly conical bore. Sound is produced
by blowing a stream of air tangentially to the cut edge of the tube directly into the bore."
Flutes can be simple, open at both ends, or closed. The history of the flute dates back to the
Paleolithic [7, pp. 157-198]. In China, well-preserved bone flutes with multiple playing
holes have been found in a Neolithic complex dating back to the 7th millennium BC [8].
Judging by written sources and iconographic materials, flutes were widespread in Ancient
Egypt. Thus, a fresco in the tomb of the scribe Nakht depicts three musicians playing the
harp, lute, and aulos [ibid.]. Authentic flutes have also survived. They sometimes reached a
length of over 1 m. They were made of reed, wood, and bronze. Flutes appeared in the East
very early. During excavations in Ur, a broken silver pipe 40.8 cm long was found in tomb
PG-333. Its body had playing holes spaced at equal distances. K. L. Woolley believed that
these were the remains of a double flute, similar to those depicted in Sumerian art. This flute
dates back to the mid-3rd millennium BC [9, pp. 34-37, 132-14]. This find has also been the
subject of special studies [10, pp. 122-132].

However, this musical instrument was known in the Middle East in the 8th-7th centuries
BC in the regions of the Eastern Mediterranean. Therefore, the idea arose that the aulos
reached Greece (or was rediscovered) from Asia Minor or Syria [11, pp. 81-82]. The
production of bronze figurines depicting a figure playing the aulos continued later, right up
until the Hellenistic period; one such figurine—Marsyas playing the aulos—was discovered
in the Oxus Temple [12]. All parts of the aulos except the first—the mouthpiece—were
found in the Oxus Temple. Auloses made of wood, bone, ivory, and bronze have survived.

Aulos instruments survived the fall of the Greco-Bactrian Kingdom and continued to
exist and be used in Bactria during the Kushan period. This is evidenced by the following
finds: a statuette with an aulos in Termez [13, p.70, Abb.66], a statuette with a Pan flute,
longitudinal and transverse flutes from Zar-tepe and Kampyr-tepe [14, pp.156-157; pp.220-
221; p.118; p.149], the Ayrtam frieze, a terracotta figure of a woman playing the aulos in
Shakhri-Banu (Afghanistan) [15, fig.218].

Thus, the collection of auloses from the Oxus temple not only highlighted a previously
unknown layer of Eastern Hellenistic culture, namely its musical component, but also
contributed new data to the study of Hellenistic musical instruments and musical culture.

At the same time, this discovery opens new horizons in understanding the Hellenistic
substratum of Central Asian culture.

The history of the flute in Central Asia in the post-Kushan period and the Middle Ages
remains virtually unstudied. It should be noted that various types and variations of flute-like
wind instruments have been preserved among the Tajiks, Uzbeks, and other peoples of
Central Asia right up to the present day [16, pp. 22-34; pp. 152, 157, 167].

Furthermore, it can be assumed that Hellenistic auloses also influenced Chinese musical
instruments, as Chinese sources contain information indicating that Zhang Qian, who visited
the Western Territory in the last third of the 2nd century BC, introduced the Chinese to a
type of flute native to that region and the art of playing it [17, p. 120]. The Greek aulos
traveled a long route to the East, from the Mediterranean to the Pacific coast, conquering
more countries and peoples than Alexander the Great himself.
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The spread of the Greek aulos to Central Asia, particularly Bactria, is just one episode in
the spread of Greek musical instruments and, likely, Greek musical culture. Greek lyres are
also documented among Bactrian musical instruments, thanks to finds in the Oxus Temple.
A poorly preserved fingerboard with tuning pegs for a lyre or kithara, made of gosti, was
found in bothros No. 2 in the central hall of the Oxus Temple [18, p. 70].

Conclusions: It can be concluded that a powerful layer of Greek, particularly
Hellenistic, musical culture existed in Central Asia and likely profoundly influenced the
musical culture of the ancient peoples of Central Asia. This was an important component in
the origins and evolution of Central Asian spiritual culture.
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PA3BBUTHUE MATEMATHUYECKOI'O MBILIJIEHUSA YEPE3
METANIPEJMETHBIE 3AJIAHUSL
Cy60oTkuna 3.H.

Cybbomkuna 3unauoa Huxonaesna — yuumens pusuxu-mamemamuxu,
Mynuyunanshoe 6100xcemnoe obweobpasosamenvroe yupesxtcoenue cpedtss 0ouweobpasoeamenbtas
wkona Ne 23,

2. Acmpaxanb

Annomauyus: 6 cmamve paccmMampusarOmcs: meopemudeckue U Memooudeckue acneknvl
PA36UMuUs.  MAMeMAMU4ecko20  MbIULIEHUs. — 00YHaIowuxcs  4epe3  UCNOTb306AHUE
Memanpeomemuvlx 3a0anuti. Tlokazana poab MedcnpeOMemubix cészell 8 Gopmuposanuu
VHUBEPCANbHBIX ~ YHEeOHbIX — OeUCmeUtll, J102UHecKo20 U  AHATUMUYECKO20 MblULIeHUS.
Onpeodensiiomcs nedazocuyeckue yCiosus IQ@eKmusHoco GKIOUeHUs MemanpeoMemubix
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3a0ay 6 cmpykmypy ypoka mamemamuxu. Ilpueedenvi 0000wéHHbIE MemoOuuecKue
npUMeEpbL PA3IUYHBIX MUNOE MemanpeoMemubIX 3a0aHuUll, HANpPAeleHHbIX HA pasgumiue
2UOKOCTU MBIULTICHUS], YMEHUS. NPUMEHAMb MAMEMAMUYecKue 3HAHUs 8 HOGbIX CUMYAYUsX U
UHMEPNPemupo8ams UHGOPMAYUIO U3 PASHBIX UCHOYHUKOG.

Kntouesvle cnosa: mamemamuueckoe MoluLieHue, MemManpeomMemHuocnb, MeNCNPeoMemusle
C6A3U, YHUGEPCANbHbIe YueOHble OeliCmeus, JN02UHeCKOe MbluaAeHUe, AHATUMUYECKOe
Mbluinenue.

DEVELOPMENT OF MATHEMATICAL THINKING THROUGH
INTERDISCIPLINARY TASKS
Subbotkina Z.N.

Subbotkina Zinaida Nikolaevna — Teacher of Physics and Mathematics,
MUNICIPAL BUDGETARY EDUCATIONAL INSTITUTION SECONDARY SCHOOL Ne 23,
ASTRAKHAN

Abstract: The article explores theoretical and methodological foundations for developing
students’ mathematical thinking through interdisciplinary (metasubject) tasks. The author
analyzes the role of cross-subject integration in forming universal learning actions, logical
reasoning, and analytical thinking. Methodological conditions for incorporating
interdisciplinary tasks into mathematics lessons are defined. Several types of tasks aimed at
developing flexible thinking and the ability to apply mathematical knowledge in new
contexts are provided.

Keywords: mathematical thinking, interdisciplinary tasks, universal learning actions,
logical reasoning, cognitive development.

VIK 372.851

PazBuTHe MaTeMaTH4ecKOro MBIIUICHUS SABISIETCS OJHOM M3 KIIOYECBBIX 3a/ad
coBpeMeHHOW mmKoNbl. B ycmomax peammanmu OI'OC Bo3pacTaeT HEOOXOIUMOCTH
nepexozia 0T PENpOIyKTUBHOTO CTHIISI OOyUeHHS K AEATEIbHOCTHOMY, HAIPaBICHHOMY Ha
dhopMupoBaHue y 00YyJaroIIUXCs CIIOCOOHOCTH MPUMEHSTHh 3HAHWUS B HOBBIX CHUTYAIIHSIX,
aHAJIM3MPOBaTh WH(OPMAIIMIO, YCTAHABIMBATH CBSI3U MEXAY SBICHHSIMH U OOOCHOBBIBATH
COOCTBEHHBIE BBIBOBI.

OmauM u3 Hambosnee 3GGEKTUBHBIX HMHCTPYMEHTOB PAa3BUTHS MaTeMaTHYECKOTrO
MBILIICHHS SBISIOTCS MeTamnpeAMeTHbIe 3aJaHusl — 33/1aHKs, TPeOYyIOIue UHTEerpaliu
3HAaHUH M3 Pa3IMYHBIX y4eOHBIX TUCHUIUIMH M (OPMHUPYIOLINE YHHUBEpCAJbHbIE Y4eOHbIC
nevictBusa. OHH MO3BOJIIOT ydalleMycs YBHAETh MPAKTHUECKYI0 3HAYMMOCTh MaTeMaTHKH,
paclMpuTh KpPYro3op, IOBBICHTh II03HABATENILHYI0 AaKTHBHOCTb M BKIIOUHTHCS B
MCCIIEIOBATEIbCKYIO AEATEILHOCTb.

1. TeoperuueckHe OCHOBBI PAa3BHUTHS MaTeMATHYeCKOro MbIIJIEHUSI 4epe3
MeTanpeaMeTHOCTh

MertanpeMeTHbIH MOX0/] OIIUPAETCS Ha CIIETYIOINE TTOJI0KEHHS:

1. JleATeJLHOCTHBIIi XapakTep O00y4YeHHs] — YyUYaIIMWACH JOJDKEH OBITH HE
MOTpeOUTENIEeM TOTOBBIX 3HAHHUHN, a AKTUBHBIM HX CO3aTEIIEM.

2. Pa3BuTHe YHUBEPCAJBHBIX Y4YeOHBIX AelicTBHI — pa3BUTHE CIIOCOOHOCTH
aHATM3UPOBATh, CPABHUBATH, KIACCU(PHUINPOBATH, MOJICINPOBATH, APTYMEHTHPOBATD.

3. MHHrerpammsa 3HAHUH M3 PpPa3HBIX NpeIMeTHBIX o0jacTeil — mOCTpoeHHE
LIEJIOCTHOW KapTUHBI MUPA.

4. TlpuMeHUMOCTH 3HAHMHi B PpeaJbHBIX CHTyamusaXx — (OPMHUpPOBAHHE

(yHKIIMOHATIBHON TPAMOTHOCTH.
Maremarnueckoe MBIIUIEHHE BKIOYAET JIOTMYECKOE, aHAJIMTHYECKOEe, TBOPUYECKOE MU
pedekcuBHOE KOMIOHEHTHI. MeTanpeaMeTHbIE 3aJaHusl II03BOJISIIOT  OJHOBPEMEHHO
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pa3BUBaTh HECKOJBKO CTOPOH MBIILICHHS: OT YMEHHUS IMOHMMATh TEKCT U JAHHBIC — [0
CHOCOOHOCTH CTPOUTh MAaTEMATHUYCCKYHO MOJICIb.

2. Poib MeTanpeaMeTHBIX 3aJaHUI B PAa3BUTHH MATEMATUHY€CKOT0 MbILILIEHHUS

MertanpeMeTHbIC 3aaHUS:

e  (GopMHPYIOT AaHAJIUTHYECKOE MBbINLIeHAE, TpeOys BBIABIATH 3aBUCUMOCTH,
3aKOHOMEPHOCTH, KJIIOYEBBIC IIPU3HAKH;

e  pa3BHBAIOT JIOTHYeCKOE MBbINIJIeHUe, TPEIIoNaras IOCTPOCHUE paCCyXKICHHMH,
JI0Ka3aTeNbCTB, OOBSICHEHMI;

¢  CTUMYJHPYIOT TBOPYECKOe MBbINLJIEHHe, TO3BOJIA HAXOTUTHh HECTaHIAPTHBIC
CIIOCOOBI PeIICHNUS;

¢  TOBBIIIAIOT MOTHBALHMIO, TAK KaK OMUPAIOTCS HA 3HAKOMBIC KU3HEHHBIC CHUTYaIlNH;

e  oOecreunBaroT (OPMUPOBAHKUEC MEKMPEIMETHBIX CBsI3ell, 0ObeAUHAS 3HAHUS U3
(u3uku, reorpaduu, OHOIOTUH, SKOHOMHUKH, HHPOPMATUKH.

Takue 3a1anust 0COOCHHO BaXKHBI JIJIs TIOATOTOBKHU K PEabHBIM )KU3HCHHBIM CHTYAIHsIM
U JUIsl pa3BUTHS (yHKIIMOHATHHON IPAMOTHOCTH YYAIIHXCS.

3. Meroauueckue YycaoBdasi 3(PPeKTUBHOT0O NPUMEHEHHS MeTaNpeaMeTHBIX
3aJJaHUH

Juis yenemmrHOTO (DOPMHUPOBAHUS MaTEMAaTHISCKOTO MBIIIICHAS HEOOXOIMMO:

3.1. CHcTEeMHOCTDb HCIIOJIL30BAHNA 3aJaHNI

MerTanpeaMeTHOCTh JOJDKHA BKITFOUAThCS HE BpeMsl OT BpEMEHH, a TIOCTOSHHO: B Hadaje
ypoka (MOTHBAI¥sI), IPH H3YYCHUH TEeMBI (OCMBICICHHUE), TPU 3aKPEIUICHUH (IIPOBEpKa
MPUMEHEHH ), IPA KOHTPOJIE (3a1a4u BEICOKOTO YPOBHSA).

3.2. IlocTenenHoe ycja0KHeHH e

OT IIPOCTBIX chyauHﬁ — K CJIOKHBIM 3aga4aM C 60J'II)H_II/IM KOJIMYECTBOM JaHHBIX.

3.3. BapuaTuBHOCTH (pOpM: TPyIIoOBas padOTa, MUHH-IIPOCKTHI, MCCIICAOBATEIHLCKUE
3alaHusl, MOJICTUPOBAHUE CUTYaIUH.

3.4. Pedurexcus yyammxcs

OO0s3aTeNbHBIM DJIEMEHTOM SIBJISETCA OOCY)KIeHHe: Kak pertanack 3amada? Uro ObuIo
caMbIM cl0KHBIM? ['71e B peanbHOM KU3HU TaKUE YMEHHUS HYKHBI?

4. MIPUMEPBI METAIIPEJIMETHBIX 3AJAHUM (PACIIUPEHHBIN BJIOK)

Hwmxe npencraBieHbl TOTOBBIE MPAMEPHI, KOTOPBIE MOYKHO BKITIOYATh B YPOKU:

Ipumep 1. MeknpeaMeTHOCTh: MaTeMaTHKa + reorpagus

3ananmue:

Ha ocHOBe HaHHBIX O CPEIHECYTOYHOM TeMIepaType 3a MECSIl: MOCTPOHTh Tpaduk
N3MECHCHUA TEMIIEPATYPHI; HaWTH JHHU C MaKCHUMaJIbBHbBIM W MHHUMAJIbBHBIM 3HA4YCHUCM,
OIICHUTH, KaK Nepernaabl TEMIICPATYPhI MOTJIU MOBJIUATH Ha MMOTOJAHBIC YCIIOBUSA PETHUOHA.

@opMHpyeMble YMEHHUsl: aHAIU3 [aHHBIX, HHTEpIpeTanus rpaduka, OPUIHHHO-
CJICJICTBEHHBIC CBSI3H.

IIpumep 2. MaTtemaTuka + 0uos0rus

3ananue:

[lo Tabmume pocTa KOMHATHOTO PACTEHHS OIPEACIHTH: CPEIHIOI CKOPOCTH POCTa;
MOCTPOUTH TpauK 3aBUCHMOCTH POCTa OT BPEMEHH, OOBSCHUTH BO3MOXKHBIC MPHIMHEI
W3MEHECHHUU TEMITOB POCTA.

@opMupyeMble YMEHHA: aHAIW3 WHPOPMANUHU, MOJCIHPOBAHUE, IPHUMCHEHHE
MaTEMAaTHKH K PEalbHBIM MPOIECCaM.

IIpumep 3. MaTtematuka + ¢puszuka

3aganue:

I/ICHOJ'[BE]yS[ JJAHHBIE O CUJIE TOKAa W HANPAKCHUH, ONPCACITIUTHL CONPOTHUBJIICHUE IICIIH,
IOCTPOUTH rpa(bm( 3aBUCHUMOCTHU CHJIBI TOKA OT HAIIPSXKCHUA, CACIATh BBIBOJ O XapaKTEPE
COIPOTUBJICHUA.

@opMupyeMble YMeHMsI: pUMeHeHHE (Gopmyn, aHamu3 3akoHa Owma, rpadudeckas
HUHTEPIPETALHS.
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IIpumep S. Matematnka + ucropusi / 001ecTBO3HAHHE

3aganne:

[o Tabnuile YUCIEHHOCTH HAceleHus peruoHa 3a 100 net:

1) ompeaenuTh OCHOBHBIC TEHACHIIUU;

2) mocTtpouTh rpaduk;

3) OOBSCHUTH BO3MOXHBIC HCTOPHUYECKIE IPUIHHBI CKAYKOB U CIIafa.

®opmMupyeMble YMeHHUSl: aHAJIN3 CTATHCTHKH, paboTa C OONBIIMMH MAaCCHBAMU
JTAaHHBIX, YCTAHOBIICHHE NCTOPUKO-MATEMATHIECKUX CBSI3CH.

Hcnonp3oBaHne MeETaNpeIMETHBIX 3aaHAN SBIAETCS A(PQPEKTHBHBIM CPEICTBOM
pa3BUTHA MaTEeMaTHYECKOTO MBIIUICHUS. biaromaps TakuM 3aJaHUSM ydaIldecs ydaTcs
KOMIUIEKCHO BOCIIPHHUMATh WH(QOPMALHIO, INPUMEHATh MaTeMaTHYeCKHe 3HAHHUS B
peaNbHbIX CHUTyalusX, aHAJIU3UPOBaTh JaHHbIE W apPryMEHTUPOBAHHO BBICKA3bIBaTh
coOcTBeHHOe MHeHHe. CucTeMaruueckas paboTa C METampeaMETHBIMU — 3aJadyaMu
crocoOCTByeT (POPMUPOBAHUIO YHUBEPCAIBHBIX YUCOHBIX JCHCTBHIA M MOBHIIIACT KAYECTBO
MaTEeMaTUYECKOM MOATOTOBKHU IIKOJIHHUKOB.
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INPUMEHEHHUE KPYITHO-MOAYJIBHBIX OITIOP 110 TEME
«CIIOCOBBI U METO/IbI PEHIEHUA CUCTEM JIMHEWUHBIX
YPABHEHMI» HA TIPAKTHYECKHWX 3AHSATHSX 11O BBICIIEMR
MATEMATHUKE B TEXHUYECKOM BY3E
Tpyxanosa H.II.

Tpyxanosea Hamanvs Ilempogra — KaHOUOAM nedazo2uteckux HaykK, acCucmenn,
Kagedpa svicuieli Mamemamuxu,
DBI'OY BO «Psazanckuii 20cy0apcmeenuvlil paouomexuudeckuil yuueepcumem umenu B.@. Ymxunay,
2. Pazanv

Annomayun: 6 yersx nosvlueHUss IPDEKMUGHOCMU NPeno0asanuss MAameMamuxy
npeodnazaemcsi npogoOUMb nedazoeuyecKkue IKCNepUMeHnvl HenoCPEOCMEEHHO 8 Y4eOHOM
npoyecce: npogepamv  0eliCMEEHHOCMb  HOBLIX MEMOOUK,  6bIAGIAMb  COHCHOCTNU,
C6A3aHMbIe ¢ UX NPUMEHEHUeM, OYeHUBamv OM3bi6bl CMYOEHMO8, d MaKxice Y4umvleams
BIUAHUE HOBULECINE HA UX YCNeBAeMOCHb.

Knrouesvie cnosa: nosviuenue spghexmusnocmu npenooasanus mMamemamuxi, KpynHo-
MOOYIbHbIE ONOPYbI, ONbIM NPUMEHEHUS KDYIHO-MOOYIbHBIX OROP.
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APPLICATION OF LARGE-SCALE FRAMEWORK ON THE TOPIC
"WAYS AND METHODS FOR SOLVING SYSTEMS OF LINEAR
EQUATIONS" IN PRACTICAL CLASSES IN HIGHER
MATHEMATICS AT A TECHNICAL UNIVERSITY
Trukhanova N.P.

Trukhanova Natalya Petrovna — Candidate of Pedagogical Sciences, Assistant Professor,
DEPARTMENT OF HIGHER MATHEMATICS,
V.F. UTKIN RYAZAN STATE RADIO ENGINEERING UNIVERSITY,
RYAZAN

Abstract: To improve the effectiveness of mathematics teaching, it is proposed to conduct
pedagogical experiments directly in the educational process: test the effectiveness of new
methods, identify difficulties associated with their application; evaluate student feedback,
and consider the impact of innovations on their academic performance.

Keywords: improving the effectiveness of teaching mathematics, large-modular supports,
experience of using large-modular supports.

[oBrimenne 3(Q(QeKTHBHOCTH TIpEeNOgaBaHUS MaTEMaTHKH B By3e — aKTyalbHas M
BakHass TIpoOiieMa COBpPEeMEHHOTO oOpa3oBaHus. Ha ceromusmHuii neHb B cdepe
0o0pa3oBaHKs HaKOIUIEHa OIPOMHAasi MeToaudeckas 0a3a, KOTOPYIO MOXKHO NPHMEHSATh Ha
MPAaKTUYECKUX 3aHATHSAX M JIEKIHAX IO BBICHIEH MaTeMaTHKe C LIElbI0 MOBBIMICHHUS WX
NpoAyKTUBHOCTU. Ilpn 3TOM nn4HBIe HapaOOTKM M TBOPUECTBO JOJDKHBI OCTAaBAaThCS B
npuoputere. Kaxaelif mpernongaBaTelh MOXET BbIOpaTh METOJUKH, TapMOHHYHO
BIIMCBHIBAIOIIMECS B 3aHSTHE C YYE€TOM OCOOCHHOCTEHl KOHKPETHOH TpyMIbl CTYIEHTOB,
po¢eCCHOHANPHBIX HHTEPECOB CaMOTO MPENoJaBaTels M TEXHHYECKUX BO3MOXKHOCTEH
By3a. CTONT OTMETHTh, YTO HOBBIE TEXHOJOTHH TPEOYIOT MPOBEPKH HEMOCPEICTBCHHO B
y49e0HOM mporiecce. DTO TPYA03aTPaTHO [UIA IIPETOAaBaTeINs, 3aHAMACT €T0 JINYHOE BpeMs,
MIOATOMY B3aHMOIIOMOIIb B BUE alpoOaIiii HOBOTO IOJIC3HA B aKTyalbHa.

B maHHOU cTaThe MpencTaBlICH OIMBIT MPUMEHEHHS KPYIMTHO-MOIYIBHBIX OMOpP IO TeMe
«Croco0Bl W METOABl pEIICHHS CHCTeM JMHEWHBIX YpaBHEHWI» TIPH MPOBEACHUU
MPAaKTUYECKHUX 3aHATUH IO BBICIIEH MaTeMaTHKe B TEXHHYECKOM By3e. MOTHBHpPOBANIM Ha
MpoBeJIeHUE dKCIiepuMeHTa yueOHoe mocobue baduuesoii 1.B. «Anrebpa u aHanmuTudeckast
reoMerpusi. KoHTponupyoomue MaTepuaibl K TecTHpoBaHHIO» [1], mocoOue-cripaBOYHHUK
bauaypku B.A. «Briciias matemaruka B Tabmumnax (Hactes 1)» [2] u yueOHO-MeTOANIECKOE
nocobue Mpanosoit O.B. «Bricimias MmaTemaruka B Tabnuiax u cxemax» [3].

OcHOBHasi ujaesd TPHUMEHEHHS KPYMHO-MOAYJIBHBIX OINOp B IIpolecce OOy4eHHs
MaTeMaTHKEe — CHCTEMAaTH3aIlis M BU3yaJH3alHs TCOPUH M allTOPUTMOB PEIICHUS 3aJad C
MOMOIIBI0 PHCYHKOB, OJIOK-CXeM M TaOJHUIl. 32 OCHOBY MOXXHO OpaTh T'OTOBEIE KPYITHO-
MOJyJIbHBIE OMOPHI, TOTONHATEH WU YIOAlATh M3 HUX 3JIEMEHTH IO Mepe HEOOXOIUMOCTH,
COCTaBIITH CBOHM CXEMBI B 3aBHCHUMOCTH OT IIeliei ypoka. [IpuHIHIT MoCTpOeHHsS KPYITHO-
MOJIyJHHBIX OITOp aHAJOTHYCH MEHTAJIbHBIM KapTaM MIIM MHTEIUICKT-KapTaM.

PaccmoTpuM B KadecTBe mpuUMepa TPH ONOPHBIE CXeMbI Ha TeMy «CIiocoObl M METOIBI
pemieHns CHUCTEM JIMHEHHBIX ypaBHEHHWI», KOTOpPBIE OBUIM COCTAaBICHBI COBMECTHO CO
CTYACHTaMH Ha NPaKTHYECKUX 3aHATHAX.

Ha pucymke 1 mpencraBieHa cxema pemIeHHS CHCTEMBl JIMHEHHBIX YpaBHEHHH C
noMomeio Merona I'aycca. DTy cxemy JIeTKO HapHcoBaTh Ha JIOCKEe, OHa KOMITAKTHA,
HarJsIIHa, COJEPIKUT ONTHMAJIbHOE KOJIMYECTBO DJIEMEHTOB, YTO AENAET €€ JITKOW It
BOCIIPHUSITUS M 3allOMHHAHHS. 371eCh BHJ MATPUIBI IPH OTCYTCTBHU PEIICHUS CHUCTEMEI
YpaBHEHHI acCOLMUPYETCs C (PIIaroMm, BUJI MATPHIBI, HMEIONICH €IUHCTBEHHOE pEIlCHHE,
acCOLIMMPYETCS C TPEYroJbHUKOM U, HAKOHEll, BUJ MAaTpULbl, MMEIOLIUH MHOXECTBO
penieHui, accoumupyercs ¢ Tpamenued. ['paduueckne anHamormm B3ATHL U3 [3].
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IIpuBneueHue CTYIAEHTOB K COCTaBJICHUIO CXEMbl TO3BOJSIET CKOHLUEHTPUPOBATh UX
BHUMaHHUE, OXUBISET YpPOK, NPUBOAUT K OCO3HAHHOMY YCBOGHHMIO MaTepuaja.
OpranuzoBaTh pabOTy TNpeAiaracTcs CICAYIOIUM 00pa3oM: IO XOAYy IOBTOPCHUS
OCHOBHBIX IIArOB pEIICHHUS CHCTEM JMHEHHBIX ypaBHEHUH MeTonoMm [aycca BhI3BaTh
MOOYEPETHO TPEX UETIOBEK K JOCKE JUIS U300paskeHUs TPEX «BETBEI» OMOPHOM CXEMEI.

CryneHTaM MOJOOHBIE CXEMBI HPABSATCS, OHU 3aIMCHIBAIOT UX B TETPAAH U MPUMEHSIOT
JUTS peIIeHNUs 3a1a4.

HeT pelweHHA

r(A)=r(A|B) 0

n=r 0

r(A)=r(A|B)

n#r (r<n) 0 tl
0

Puc. 1. Memoo I'aycca 6 6ude onopHoii cxemul.

Ha pucyHke 2 npecTaBieHa OIOpHAas CXeMa, I03BOJIIONast 0TpaboTaTh CO CTYJCHTAMU
MOHATHE paHra MAaTpHUIBl, TPHUBEICHHONM K cTymeHyaroMy Buay. OpHa CTyleHb
COOTBETCTBYET I'=1, JBE CTyNEHHU — =2, TpH CTyNneH! — r=3. CTOUT OTMETHUTH, YTO MOHATHE
paHra MaTpHObl, KaKk NpPaBWIO, BBI3BIBAET y CTYJICHTOB OOJBIIE BCETO BOIPOCOB H
3aTpyaHeHui. [IpeuioskeHHas cxeMa IIpocTa, ee Mo CHJIaM 0CO3HaTh M HapHCOBATh JI000MY
CTYZICHTY.

PaHr MaTpULbI T

L T

¥ o F ¥ Ii*** $ £ $ £

00O0O0 Q|* * * ol* = =

0 00O 0000 0 0ol* *
=1 r=2 r=3

Puc. 2. Pane mampuybl, npuge0eHHoll K CMYReHuamomy Uuoy.

Ha PUCYHKE 3 1/1306pa>I<eHa OIopHas cxeMa, € IMOMOIIbIO KOTOpOﬁ O'I‘pa6aTBIBaCTCH
AJITOPUTM BBI60pa TJIaBHBIX W CBO6OHHI)IX HCU3BCCTHBIX Ha OJOTall€ PEHICHUSA CUCTECMbL
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JMHEWHBIX anreOpandecKuX YpaBHEHWH, KOTJA pPaHr pPACHIMPEHHOW MAaTpHUIbl I MEHbIIE
KOJIMUECTBA HEU3BECTHBIX CHUCTEMBI N. B cXeMy BKIIOUCHO MHEMOHHUYECKOE MPaBUIO IS
3allOMHMHAHUS — TJIaBHbIE HEM3BECTHHIC HAa3BaHbI «HECBOOOIHBIMU», 3 COOTBETCTBYIOIINE UM
KO3 PUIMEHTHI, U300paKEHHBIE Ha CXeMe KPACHBIMU 3B€3/1aMH, «HAaKa3aHbI U CTOSIT B YIIIy».

r<n

HKONMHUYECTED NMaEBHblX KONMWYECTBO CBGﬁO,ﬂ,HbIK
HEWM3BECTHbBIX I HEW3IBECTHBIX N-r

J J

Ii*** L
QL* *|=* 0 0 *| *
0O 0 0|0 0O 0 0|0

ko3addrumeHTel "HeceoboaHbIx
(rnaeHbIX) HEM3BECTHLIX
"HakazaHbl U cToAT B yray"

Puc. 3. Bvibop enagnuvix 1 c60O00HBIX HEU3BECIMHBIX CUCEMbL TUHEUHBIX A2eOpauiecKux ypasHeHuUl.

[Ipu npoBeaeHNH NPAKTUYECKUX 3aHATUN N0 MaTEMATHUKE YJal0Ch BBISIBUTh CIEAYIOIINE
MOJIOKUTEIbHbIE MOMEHTBI IPUMEHEHUSI KPYITHO-MO/YJIbHBIX OIOP:

- MHTEpPEC W TOJOKUTEIHHBIE OT3BIBBI CTYICHTOB K TaKOH (OopMe MOoJadd MaTephalia
(ompoc mokazan, 4To OOJBIIMHCTBO M3 HUX IOJBH30BAJOCH OMa KPYITHO-MOIYIBEHBIMHU
OTIOpaMHU TIPH BHITIOJIHEHIH JOMAIITHETO 3aIaH¥A);

- MaTepual, NMpeACTaBICHHBIA B BUAE KPYINHO-MOJAYJBHBIX OINOP, XOPOLIO U HAJOJr0
3aloMHHAeTCs, OJIaroqaps YeMy 3aJadil peIaroTcs OBICTpee U JIerde;

- TIpyHmmbl CTYJEHTOB, KOTOpblE NPHUMEHSJIM KPYMHO-MOJYJIbHBIE OIOpPHl Ha
MPAKTUYECKUX 3aHATUAX MO TeMe «CrHocoObl M METOABl PEIIEHUS CUCTeM JUHEHHBIX
YpaBHEHHUII», HATUCAJIM IPOBEPOYHbIE PAOOTHI JYUIIle OCTATbHBIX.

OnHako, OBLT BBISBIEH M OTPUILIATENBHBIH MOMEHT B TNPUMEHEHUU — €CJHM OMNOpHAas
cXeMa CJI0XHas, TO € HEBO3MOXKHO OBICTPO HapHCOBaTh Ha AOCKE (»KeIaTeleH MPOEKTOp B
ayIUTOpUM), a CTyJCHTaM B TaKOM cCiy4ae TpeOyeTcs pa3laTOuHbIii MaTepuana B BUIE
pacneyaTok cXeM, KOTOPbI MOKET OTCYTCTBOBATb.

Ha ocHoBe mnNpoBEeAEHHOrO OJKCIEPUMEHTa MOXHO CJeNaTh BBIBOA O TOM, UTO
[IPUMEHEHHUE KPYNHO-MOAYJIBHBIX ONOp SBJIAETCS NEPCHEKTHUBHBIM  METOJAMYECKUM
MIOJTXOJIOM, TTO3BOJISIONINM ITOBBICUTH 3 (QEKTHBHOCTH MPEMOAaBaHUs BBICIICH MaTeMaTHKH
B By3e. OHH BHOCSAT pa3HOOOpa3ue B IPOILECC OOYYCHUs, MO3BOJSIIOT OBICTPO MOBTOPSTH H
3allOMHUHATh OOJIBIION 00BbeM HH(GOpPMAIMH, CUCTEMATH3UPYIOT MAaTepuanl M IOMOTArOT
CTyJIEHTaM TPH PEIIeHWH MpaKTUYecKuX 3amaHuil. [Ipm 3TOM mpopaboTka TEXHUYECKOM
CTOPOHBI IPUMEHEHUS KPYITHO-MOYJIbHBIX ONIOP HA MPAKTUKE OCTAETCS OTKPHITOM.
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Abstract: This article provides a comprehensive analysis of the changes in the education
system in accordance with the development of society and technology, and justifies the need to
update teaching technologies. The author reveals the essence of teaching technology, its
structure and the interrelationship of models used in didactics, especially emphasizing that the
integration model is the most effective in today's conditions. The main idea of the Kyrgyz
education system is to combine teaching with national values, the Kyrgyz language, culture
and the spiritual potential of the «Manas» epic.

The article analyzes the artistic and linguistic meaning of figurative verbs in the «Manasy epic
and shows that their integration with other subjects in the Kyrgyz language lesson develops
students' language culture, creative thinking and worldview. The role of modern pedagogical
technologies, such as problem-based learning, research methods, health care, cooperative and
game technologies, and the use of information and communication tools, is also noted.

In conclusion, the article suggests that the main way to improve the quality of education is
to combine national content with modern technologies, increase the methodological training
of teachers, and actively use interdisciplinary integration.

Keywords: integration, pedagogy, imaginative verbs, patriotism, model, student, lesson,
combination, «Manasy epic, unity.
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Annomayusn: ¢ cmamve npedCmMasien KOMIAEKCHbIL AHANU3 USMEHEeHUll 6 cucmeme
00pa308aHUsL 68 COOMEEMCMEUU C pPAa3eumueM odujecmea U MeXHONO2Ull, a MaKice
000CHOBAHA HEOOXOOUMOCMb O0OHOBNIeHUsT MeXHONIo2Ull 0byuenus. Aemop packpuvigaem
CYWHOCMb MEXHOA02UU 0OYHeHUs, ee CIMPYKIYPY U 63AUMOCEA3b MOOELeH, UCROb3YeMbIX 6
oudakmuke, 0c000 NOOHEPKUBAs, YMO UHMESPAYUOHHAS MOOelb s6IAemcs Haubonee
oppexmusnoil 6 cosepemennvix  ycaogusx. OCHOBHASL U0  KbIPSbI3CKOU — CUCEMbL
00pA306aHUsL 3aKTIOYACMC 6 COYCMAHUU OOVYeHUs C HAYUOHANLHLIMU YEHHOCIAMU,
KbIPSbI3CKUM S36IKOM, KYJIbMYPOU U OYX08HbIM HOMEHYUaiom snoca «Manacy.

B cmamve ananusupyemcs xyooicecmeenHo-A3bIK080e 3HAUCHUC O0OPASHbIX 21420108 8
onoce «Manacy u NOKa3bIBACMCA, YMO UX UHMESPAYUS C OPYeUMU NPEOMemamu Ha YPOKax
KbIPSbI3CKO20  A3bIKA  PA3GUSAEM  S3bIKOGYIO  KYIbMYpy, MEOPUecKoe MbluieHue u
Muposossperue yuawuxcs. Ommeuaemcs poib COBPEMEHHBIX Neda202UtecKUX MexHoI02Ul,
MaKkux Kax npobiemnoe odyuenue, uUccied08amenbckue mMemoovl, 300posbecoepezarouue,
Koonepamugnvle U USPOBbE  MEXHONO2UU,  UCHONb3068AHUe  UHPOPMAYUOHHO-
KOMMYHUKAYUOHHbIX cpedcms. B sakmouenue cmamvu ommeuaemcs, 4mo OCHOGHbIM
CnOCObBOM NOBbLIUEHUS KAYecmed 06pA306aHUs SGISAEMCs COYemaHue HAYUOHATbHOZO
KOHMEHMA C COBPEMEHHbIMU MEXHOAOSUSIMY, NOBbIUUCHUE MEMOOUUECKOl NOO20MOSKU
yuumenei u akmusHoe UCHOAb308AHUC MENHCOUCYUNTUHAPHOU UHME2PAYUU.

Knrouesvle cnosa: unmezpayus, nedazo2uxka, o0pasHvie 21a20.bl, NAMPUOMUIM, MOOETb,
Yuenuk, ypox, cowemanue, snoc «Manacy, eduncmeo.

UDC 371.321. 4

Times are changing rapidly, and the socio-economic structure of society, technology,
and information flows are being updated every day, and the education sector is not exempt
from these processes, but is being updated very quickly. The development of technology and
society requires updating both the content, form, and methods of teaching. Therefore, today,
teaching technologies are becoming a multifaceted, integrated, and updated advanced
system based on the achievements of modern science and pedagogy. The essence of
teaching technology and its place in pedagogy in the development of such a society is very
large. The etymology of the concept of «technology» consists of the words «technique»
(skill) and «logy» (learning). Therefore, teaching technology is an advanced way of
skillfully managing the process of imparting, receiving, organizing, and evaluating
knowledge. It is formed on the basis of the purpose, content, and principles of teaching, and
includes methods, means, forms, teaching conditions, evaluation, and results.

In didactics, these technologies are systematized and divided into a number of models:

. the model of information transmission and repetition;
. developmental learning model;

. activating model;

. optimizing model;

. integration model;

. free enrichment model,;

. person-centered model.

These models are closely interconnected, complement each other, and work as a single
mechanism.

In today's globalized world, in the conditions of rapid cultural and social changes, the
integration model is of particular importance. This model means not only unifying lessons
or subjects, but also combining education with cultural, national, and spiritual values.

Why is an integration model needed now?

* There is a lot of information in society, but there is a lack of the ability to deeply
understand its content and correctly use it;

* The younger generation is rapidly integrating into global culture, while national
characteristics are being forgotten;

~N NN bW =
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* In order to educate a generation that deeply understands its language and culture,
educational content must have a national basis;

Therefore, integrating the Kyrgyz language, literature, history, and the epic «Manas»
with other subjects in schools is one of the balanced ways of preserving national identity and
providing modern education.

In the Kyrgyz education system, philologists are often accustomed to considering theory
separately, and methodologists - practice and methodology. However, the idea of «unity»
that has been given since the philosophy of the epic «Manas» is also very important for
today's pedagogy, because the unity of philologists and methodologists is the main core of
integration, creating conditions for an interesting, important, and digestible lesson.

Philologists + methodologists = high-quality, deep content + correct methodology +
effective lesson

Philologists may not be able to fully convey their knowledge without methodology. If
the methodologist does not know the philological content, he cannot provide depth of
teaching. Therefore, the integration model is based on the cooperation of not only subjects,
but also specialists.

The goals of teaching the Kyrgyz language are expanded and supplemented through
integration.

The main goals of teaching the Kyrgyz language are:

1. In-depth language training - systematic explanation of grammar, vocabulary,
stylistics;

2. Teaching how to use the language in life - teaching the culture of oral speech, writing,
thinking;

3. Assimilating national culture - accustoming students to traditions, customs, and folk
values;

4. Educating the spirit of citizenship - imparting the spirit of the nation through
language, teaching students to fight hard for their homeland with their blood and soul.

The above goals can be effectively achieved through the integration model, especially
using the artistic material of the «Manasy epic.

The role of the «Manas» epic in teaching the artistic language is great. If we look at it,
figurative verbs are used very often in the «Manas» epic. They describe movement and
situation figuratively, not in a literal sense, but through metaphor, comparison, and
hyperbole.

For example:

* heart pounding — metaphor for fear

* soul pounding — hyperbole

* heart pounding — poetic image of emotion

* roaring — amplification of movement through sound

* dust rising — figurative image of active movement

These scenes increase the student's vocabulary, artistic thinking, and poetic perception.

For example:

Wearing blue iron armor

Their heroes are different,

Covered by blue armor,

If you could see them,

They are like blue tigers,

They have come to destroy the Kyrgyz

They have come to gather,

They have gathered an army,

They have made a noise of rebellion,

They have come to make a white wedding,

They have come to be angry,

They have died,
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How many people have died.

This passage is one of the powerful poetic descriptions in the epic «Manas». In it, the
description of the enemy army as a dangerous, fierce, and great force is given in figurative
language. Each line uses metaphors, similes, epithets, hyperboles, and figurative verbs,
which enhance the poignancy of the story.

1. Imaginative descriptions and metaphors:

«Their heroes are different wearing blue iron armor»

* This is not meant literally.

* The image is given that the enemy army is covered with «blue iron», very strong,
dangerous, and fully armed.

» Metaphor — a strong, strong army like iron.

«Covered by a blue sky»

* Blue sky — the sky, space.

* The enemy’s dust is described as being scattered to the sky.

* Covering space — indicates the infinity of power.

«Covered like a blue tiger»

* There is a comparison in this line.

* The enemy is angry like a tiger, ready to pounce.

* The tiger’s ferocity and movement are depicted here.

2. Use of figurative verbs

The artistic force that forms the core of the passage consists of figurative verbs:

* bathing — describes preparation for an attack, not in the literal sense;

« covered — indicates preliminary preparation for an attack, inner anger;

« gather together — indicates the accumulation of strength;

* make noise — an image of movement, panic;

* out of breath — an exaggerated hyperbole, describing intense anger;

» dead — in the context, this is also a hyperbole, showing the magnitude of the disaster.

3. Hyperbole (overstatement)

* «The soul was filled with rage» — describes extreme anger, not «the soul was filled
with rage», but figuratively expresses the power of anger.

* «<How many people died» — shows the magnitude of the loss.

* It is used to intensify the story, to imagine how the story is happening, as is typical of
the epic.

4. Atmosphere and idea

This part has a strong epic tone:

* The appearance of a formidable enemy

* The gathering of a large military force

* The impending invasion of the enemy

* The threat to the Kyrgyz people

Poetic descriptions help the student to vividly imagine:

« the tension of the situation,

* the enormity of the enemy,

« the danger facing the Kyrgyz people.

This passage is an epic description with very high artistic power, rich in figurative verbs,
metaphors, and comparisons. It vividly reflects the power of the language of the Manas epic,
its nature and the peculiarities of the national poetic tradition.

This method creates interdisciplinary connections and expands the student's worldview.
The role of modern educational technologies in integration is of particular importance. In
order to improve the quality of education, a number of innovative technologies are used,
including:

1. Problem-based learning

The student becomes an active researcher, not a passive listener. A problematic question
arouses interest and enhances thinking.
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2. Research method

The child learns the world through his own experience, observes, and draws conclusions.

3. Health-preserving technologies

Refreshing minutes, dynamic breaks, sports activities - support the student's mental and
physical health.

4. Cooperative (group) learning

Working in groups - develops leadership, cooperation, and communication.

5. Game technologies

A natural form of learning for children. Word games, logic games, role-playing games -
increase interest.

6. Information and communication technologies

Computers, presentations, digital resources make the lesson visual, dynamic and interactive.

All these technologies enhance the integration model and raise teaching to a modern level.

In conclusion, the modernization of the learning process, the correct use of teaching
technologies - all serve to improve the quality of education, the personal development of the
student and the actualization of national values in new conditions. The integration model is
one of the most effective ways to achieve these goals.

The integration model is not just a combination of two subjects, but a lively connection
of the culture, language, and history of the nation with the education system. To achieve
this, the following are necessary:

» methodological training of the teacher;

* joint work of philologists and methodologists;

« integration of new pedagogical technologies;

« active use of national heritage such as «Manas» is of particular importance.

All this contributes to raising a young generation that has a deep understanding of the
Kyrgyz language, respects national values, and is in tune with the modern world.
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Abstract: This article is devoted to the issue of integrated teaching of the Kyrgyz language
with other subjects in general education schools. The author reveals in detail the role of
integration in education and explains how the interconnection of subjects creates conditions
for students to perceive the world as a whole, to think systematically, and to increase their
motivation to study. The work describes the forms, methods, and practical examples of the
integration of the Kyrgyz language with subjects in the literary, humanitarian, natural and
mathematical directions.

The advantages of integrated teaching are the ability of students to establish intersubject
connections, the development of scientific-stylistic and communicative skills, and increased
creative activity. The article also emphasizes the role of cultural heritage, such as the epic
«Manas» and shows that the introduction of national values in language teaching is
important for educating students and expanding their worldview.

In conclusion, the article considers intersubject integration as a philosophy of education
and offers a systematic scientific and practical basis for its goals, criteria, and pedagogical
possibilities.

Keywords: integration, Kyrgyz language, Kyrgyz literature, «Manasy epic, figurative verbs,
subject, language, culture, upbringing, teaching.
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AHnHOmMayua: cmamvsi NOCeAWEHA Npobaeme UHMeZPUPOBAHHO20 0OYYEHUsL KbIPSbI3CKOMY
A3BIKY € Opyeumu npeomemamu 6 00ueodpazoeamenbHulX wKoaax. Aemop noopoodoHo
PAcKpvieaem poib Unmezpayu 8 06pazo8anuy U 0OvACHAEM, KAK 83AUMOCEA3b NPEeOMemos
€030aém yCcao8us 015 YeloCMHO20 80CNPUAMUA MUPA YYAWUMUCS, CUCTNEMHO20 MbILULEHUS
U NoGvlUeHUs UX Momusayuu K obyuenuro. B pabome onucvisaromes gopmsi, memoos: u
NpaKmuveckue — NpuMepbl  UHmMespayuu  Kblpebl3CKO20 — SI3bIKA ¢ NpeoMemamu
JUMEPAMYpPHO20,  2YMAHUMAPHO20,  eCMEeCMB8EeHHOHAYYH020 U MaAmemMamuieckKozo
HanpaeneHul.
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Ipeumywecmeamu uUHMeSpUPOBAHHO20 OOYYEHUS ABNAIOMCA CHOCOOHOCHb  YUAUUXCS
VCMAHaeIUeams — MexcnpeoMemnvle  C6A3Y,  pazsumue  HAYYHO-CIMUIUCIUYECKUX U
KOMMYHUKAMUBHBIX HABbIKOB, NOBbIUUEHUE MEOPYECcKoU akmusHocmu. B cmamve maxoice
nOOYEPKUBAemcs poib  KYIbMYPHO20 HAcKeous, 6 uwacmuocmu snoca «Manacy, u
NOKA3bI8AEMCA BANCHOCHb 6HEOPEHUA HAYUOHANLHBIX YeHHOCmell 6 obyuenue A3bIKam O
BOCRUMANUA YHAWUXCA U PACUUPEHUSL UX MUPOBO3ZPEHU.

B 3axniouenue cmamou medxcnpeomemnas unmezpayus paccmampusaemcs Kax punocodus
006pazosanus u npeoiazaemcs cucmemMHoe HaAy4yHO-npaKkmuieckoe obocHosanue eé yenel,
Kpumepuesg u nedazo2uieckux 603MOACHOCMell.

Knrwouegvie cnoea: unmezpayus, Kulpebl3CKUll A3bIK, KbIPSLI3CKASL aumepamypd, Moc
«Manacy, obpasnvie 2nazonv, npeomem, sA3biK, Kyaibmypa, ocnumatnue, obyueHue.

In general education schools, teaching the Kyrgyz language in integration with other
subjects is to present the world to students as a whole. Teaching that all subjects taught in
schools are closely related to each other. This greatly increases students' perception,
thinking, and interest in lessons, helping them to understand life and learn about the world in
its entirety.

We can integrate subjects in schools as follows:

1. Integrating teaching of the Kyrgyz language and literature. In these subjects,
integrated teaching can be used very often, because these two subjects are taught in close
connection with each other. For example: Text analysis: studying works of art in terms of
vocabulary, grammar, syntax and stylistics. For example, if we take the epic "Manas",
analyzing the linguistic means of creating the image of a hero or landscape. Enriching
vocabulary: mastering lexical and phraseological norms through texts, getting acquainted
with the history (etymology) of words, and their polysemy. Speech development: writing
essays, stories, essays, reviews of literary works with an emphasis on literacy and
expressiveness of speech.

2. Kyrgyz language and humanities (history, social studies) Working with terminology:
explaining and consolidating knowledge of general scientific and interdisciplinary terms and
concepts (for example, aristocrat, reform, evolution, democracy), paying attention to their
correct use and writing. Linguistic and cultural studies: using historical facts, cultural
phenomena, works of art (painting, music) as textual material for exercises, dictations, and
essays. For example, describing a picture related to a historical event. Presentation and
argumentation: discussing problematic issues in history or social sciences in Kyrgyz
language lessons that require competent argumentation, logical construction of an oral or
written statement.

3. Kyrgyz language and natural and mathematical subjects (Mathematics, Physics,
Biology, Geography) Scientific speech style: formation of skills in using the scientific
speech style: creation of definitions and formulations (for example, determining a
mathematical figure or a physical law). writing reports on laboratory work or descriptions of
natural phenomena with accuracy and logic. Lexical work: study of terms with Latin or
Greek roots (for example, biology, geography, sine, cosnius), which helps to understand
their meaning and spelling. Numbers and measures: fixing the rules for using and reducing
numbers (for example, when solving problems or describing geographical data). Using units
of length used by the ancient Kyrgyz people as part of the vocabulary. Forms of
implementation of integration Integrated lessons: holding joint lessons in which materials
from two or more subjects are combined with a common theme. Inter-lesson tasks: entering
tasks into textbooks and workbooks on the Kyrgyz language with materials from other
subjects (texts about scientific discoveries, biographies of scientists, historical references).
Project activities: organizing long-term projects that require the use of knowledge and skills
from different subjects (for example, creating a scientific report, historical newspaper,
multimedia presentation). Strengthening motivation to learn subjects.

68



Formation of systematization and translation skills of knowledge (for example, spelling
skills are used in any lesson).

Development of communication skills in different subject areas. Can I tell you more
about examples of Russian language lessons integrated with a specific subject? Integrated
lessons are an effective tool for forming a holistic perception of the world and developing
systematic thinking in students.

The forms of integrated lessons and teaching determine the organizational structure and
the level of integration of the learning material. Integrated lesson (basic form): a lesson
conducted by two subject teachers (for example, a Kyrgyz language teacher and a history
teacher), who, using the materials of their lessons, reveal a common topic. - a lesson with
inter-subject connections: conducted by a single teacher who systematically introduces
materials, concepts, terms, or facts from related subjects into the lesson:

1. Lesson-conference, lesson-seminar, lesson-trip: organizational forms in which the
integration of content is the main element.

2. Integrated course (currently a rare form): combining several subjects into one course
for a certain period or stage of study (for example, the course "language and culture"). We
cannot transfer other things to the younger generation until we first teach culture. We can
read and learn culture from the epic "Manas". For example, along with finding figurative
verbs in the Kyrgyz language, we can teach and teach students the culture of the Kyrgyz
people from this course.

3. Extracurricular integration: - interdisciplinary projects: long-term activities that
require the use of knowledge from different areas to solve a common problem or create a
product (for example, large projects involving geography, history and the Kyrgyz language).
expeditions, science weeks: unifying activities that demonstrate the connection between
subjects.

The methods and techniques for implementing integrated teaching of subjects determine
the ways in which the teacher and student interact in the lesson to achieve integrative goals.
The description of the problem-based teaching method is to create a cognitive problem in
the integration of the Kyrgyz language with other subjects, to solve it, to combine various
subjects into a single whole. To correctly write, use, and speak the Kyrgyz language, to
conduct a lesson by combining all subjects into one subject. For example, to combine the
two most problematic issues currently into one whole and discuss why the problem arises.
For example: to combine the issue of ecology with the issue of writing the Kyrgyz language
correctly into one subject.

The research method is to organize the search and analysis of information that combines
several areas of knowledge. Where are the most common mistakes made in using the
language? To study the areas where the most common mistakes are made and develop ways
to correct them. How can children be easily perceived and quickly learned when explaining?
To study the issue of "ecology", which is one of the most relevant problems, as a single
problem.

The heuristic method is to perform creative tasks that encourage them to independently
«discover» connections. Creating a syncwine or acrostic for a scientific term (physics,
chemistry) that requires a clear definition of the concept and figurative language.
Comparative analysis of concepts, phenomena, texts, facts in different subjects. Comparison
of the description of a natural phenomenon in a literary text (Kyrgyz language/literature)
and its scientific explanation (physics/geography). Working with text (cross-curricular
material) using texts in a Kyrgyz language lesson that contain facts, terms, concepts from
other sciences. Editing or analyzing the text of a scientific article for stylistic, grammatical
and spelling errors.

The criteria for integrated learning allow us to assess how successfully the goals of
integration have been achieved and to what extent students perceive the world as a whole
subject.
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1. The criterion of the integrity of knowledge (cross-subject result): ) the presence of a
systematic view of the general topic by students. The ability to independently establish
connections between facts obtained in different lessons. The ability to use knowledge of
another subject when studying a problem in one subject.

2. The criterion of cognitive activity and motivation: a high level of interest in the
learning process by students (emotional response). Their own interest and independent
efforts to search for additional information that connects the subjects.

3. The criterion of the development of communicative and speaking skills: - the use of
special (subject) terminology by students in speech (oral and written) in accordance with the
norms of the Kyrgyz language orthography. The ability to express their point of view on an
interdisciplinary issue competently, logically and reasonably. Improving the quality of
written work (oral presentations, reports) using proven materials from other sciences.

4. Criteria for the implementation of didactic goals: .achieving the goals set for each of
the integrated subjects (i.e., the Kyrgyz language and material from another subject must be
mastered). The goal of teaching in integrated lessons is always complex.

The main goal of integrated learning is:

e To increase cognitive motivation by forming the integrity of the world in the minds of
students, developing their integrative thinking and using it to create intersubject
connections.

e The novelty of the integrated lesson lies in its ability to overcome the gap in traditional
knowledge in subjects by forming students' unified, systematic thinking and unique
competencies that cannot be achieved within one subject.

The goals of integrated lessons can be divided into three main categories: educational
(subject), developmental (meta-subject) and developmental (personal).

1. Educational goals (subject outcomes)

Systematization of knowledge: Helping students see the connections between
phenomena, facts, and concepts studied in different subjects (for example, when conducting
text or biological descriptions, chemical, physical, mathematical research, by necessarily
linking them with the Kyrgyz language).

Generalization and deepening: Explaining the integrated subjects in depth in order to
generalize and perceive them as a whole.

Mastering specific vocabulary: Developing skills in the correct use of terminology in
related fields (for example, scientific vocabulary) in oral and written communication.
Connecting and analyzing the terminology of each of the integrated subjects in accordance
with their own convenience.

2. Developmental goals (cross-subject outcomes)

Development of integrative thinking: To teach students to independently create cross-
subject connections and use them in solving practical and theoretical problems. In the epic
«Manasy, about how Alooke Khan, in order to see Jacob's courage, brought forty Kyrgyz
people to a place where no one had ever lived, where the land was uncultivated, where there
were no trees or plants, and abandoned them, and listening to Akbaltai's wisdom, they dug
gold from the ground together, sold it to the manchus and kalmyks, and became rich, and
tied six tulpars in front of each of their doors, bought an ox, bought grain of white wheat,
sowed white wheat, exchanged one of its rams for a sheep, one of its plates for a mule, and
made a living, and became rich. To accustom students to think together and conduct
syntactic analysis of the text.

Development of universal learning activities: Development of skills in analyzing,
synthesizing, comparing and classifying information obtained from various sources and
from different subjects.

Development of communication skills: Development of the ability to build logical and
well-founded, competent monologues and dialogues on complex topics, combining different
styles of speech (for example, scientific and journalistic).
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Improvement of cognitive activity and motivation: Making the learning process
interesting and meaningful through innovative presentation of the material and
demonstrating its practical significance in various fields.

1. In education through integrated teaching, the teacher can set the following goals and
plan the lesson:

2. Development of students' scientific worldview. By integrating the subjects being
taught, children are provided with the opportunity to analyze and perceive the joint
development of nature, society, and culture as a whole. For example: the current 80%
reduction in glaciers in the mountains, climate change due to air pollution, droughts every
year without snow and rain, what scientific research should be conducted and what work
should be done together to revive this, discuss this.

Creative development: to observe what students are good at, help develop their creativity
and increase their interests.

Cultural development: to listen to each other's thoughts with patience, to analyze the
relationships between the characters in the epic «Manasy, to invite students to absorb the
culture of the Kyrgyz people, to respect and use the culture of our people. To reject the
culture that is coming from abroad. To pass on the traditions and customs of our people,
which have been passed down from generation to generation, to the next generations in a
good way.

The purpose of integrated lessons is not only to provide knowledge in two or more
subjects, but also to teach the student to think systematically, to see intersubject connections
and integrity in the diversity of educational material, to understand where it will be used in
his life in the future. When we teach subjects, we must also explain to the student how he
will use them in the future. Because we teach lessons, but we do not tell him how these
lessons will be used in life, the most important thing for the student is that he can use the
lessons he has learned in his life.

Intersubject integration is not just a methodological approach, but a philosophy of
education that prepares students for life in a complex, interconnected world. If we educate
the new generation of young people on the basis of the epic «Manas» by integrating the
Kyrgyz language and literature, the problems that exist among young people today will
decrease, and young people will be directed to good education.

By integrating the Kyrgyz language with other subjects, the student's interest in
education will increase, and they will read and learn about how these subjects will be used
in life tomorrow. For example: when passing or repeating the Kyrgyz word classes, by
integrating the Kyrgyz language with other subjects, we can get extensive information from
mathematics about the Kyrgyz people's measurements: about the kochus, uuch, chymchim,
from geography about where Altai is located and what minerals there are, from chemistry
about gold and how to clean it, from biology about the purity of nature and how nomadic
peoples never polluted the places they settled.

First of all, we must form cultural norms of behavior in students through our own
actions, educate them to communicate correctly, and to treat cultural and historical heritage
with respect.
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Aunnomayusn: 3a nepuod c¢ 2019 no 2024 20061 npogedenvl KiuHuueckue HAOIOOEHUs U
nevenue 81 pebénxka 00 200a ¢ MANCENOU BHEDONLHUUHOU NHEBMOHUel, Kak 0e3
OCNOJICHEHUll, MaK U ¢ UHPEeKYUOHHO-moKcuyeckum uokom. Ilosviuenue IL-10 npu
OCIOJICHEHHOU U HEOCNOJICHEHHOU NHEGMOHUU OMPAdICAem CNOJICHbII UMMYHHbIU Omeen,
HANPABNEHHBI HA KOHMPOTb BOCNANEHUA U O2PAHUYEHUe NOBPEHCOeHUs TMKAHel, Ymo
Mooicem Oblmb KOMNEHCAMOPHLIM MEXAHUSMOM, NOMOAIOWUM OP2AHUIMY CHPABUMbCS C
unghexyueri u 60cCMaHOBUMb HOPMATLHOE COCIOAHUE.
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Abstract: Between 2019 and 2024, clinical observations and treatment were conducted on 81
infants under one year of age with severe community-acquired pneumonia, both
uncomplicated and complicated by infectious-toxic shock. Elevated IL-10 levels in both
complicated and uncomplicated cases reflect a complex immune response aimed at controlling
inflammation and limiting tissue damage, likely representing a compensatory mechanism that
helps the body manage the infection and restore normal physiological function.
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AKTyanbHOCTh. BHeOOJBHUYHAS TTHEBMOHMS MPEJCTaBIsieT cOO0W oqHy M3 Hambolee
3HaYMMBIX MPOOJIEM COBPEMEHHOH MyJIBMOHOJIOTMHM M OCTAETCsl aKTyalbHOH B IJI00AIBHOM
Macmtabe, yauTsIBas €€ BBICOKHI BKJIAJ B 3200JI€Ba€MOCTh M CMEPTHOCTD CPEIH Pa3TMIHBIX
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BO3paCTHBIX Ipyri, ocoberHo nereil. [1o qanapiM BO3 BHEOONEHIYHAS THEBMOHUSI SIBIISICTCS
OCHOBHOM OTJENBHO B3ATOW MH(DEKIIMOHHOW MPUIHHON CMEPTH CPEIU IETEH BO BCEM MUpE, B
2019 r. ot nHeBMoHuU ymepio 740 180 nmereil B Bo3pacTe A0 MATU JET, UTO cocTaBiseT 14%
BCEX CJIy4aeB CMEpTH JeTeil B Bo3pacTe A0 MATH JIET, a CpeAr JeTed B BO3pacTe OT OJHOTO
roja 10 MATH JeT Ha MHEBMOHUIO mpuxoauTcs 22% Bcex ciyuaeB cMeptu» [5, 6, 7, §].B
HekoTopbix crpaHax CHI' B 2016 romy HabOmromamock yBeMWMUYCHHE 3a00JI€BaCMOCTH
nHeBMOHMEH Ha 24,0% mo cpaBHeHuio ¢ 2015 romom. Ilpu 3TOM CMEpPTHOCTH OT JAHHOTO
3a0oneBanus cHu3mwiach Ha 10,8% — ¢ 23,5 mo 21,0 ma 100 000 Hacenenms. ITo
OOyCIIOBICHO  TIOBBIIIICHHMEM  KadyeCcTBa  MEAWIMHCKOW IIOMONIM H  IPOBEICHHEM
NpoIITaKTHYECKUX MEPONPHATHI, HANpPaBICHHBIX HAa IPENOTBpPAICHHE PECHHPAaTOPHBIX
3abomeBannii [1, 2, 5].0xHON W3 BeOyIIMX NMPHYIWH OCIOKHEHHOTO M 3aTSHKHOTO TEUCHHS
MMHEBMOHUM B HACTOSILEE BpeMsl SIBJSIETCS M3MEHEHHE WMMYHOJIOTHUECKOW PEeaKTUBHOCTH
opranusMa. IMMyHHBIN OTBET NP OCIO0KHEHHOW MHEBMOHUU Y JIETEeH J0 TOfa MPelCTaBIseT
CIIOKHYIO  HCCIeIOBaTelIbCcKyr0  mnpoOnemy.llpu  3aboneBaHMsAX  JIETKUX — IIUTOKUHBI
BOBJICKAIOTCS B HH(ECKIIMOHHO-BOCTIAUTEIIBHBIN MPOIIECC HA YPOBHE COOCTBEHHO MMMYHHBIX
MeXaHU3MOB M 3((eKkTHOro 3BeHa, BO MHOTOM OIpEACIISs HANpaBIICHHUE, TSHKECTh U UCXOJ
MaToOJIOTUYECKOro mnpotecca [3, 4].

Heabio ucciegoBaHusi OLCHKH KIMHUKO-Ta0OPATOPHBIX AacIeKTOB W ITUTOKHHOBOTO
cTaTyca ¢ Tmocjenylomeil pa3paboTkol MepcOHN(UIIPOBAHHOTO MOIX0a K KOPPEKIIUH UX
JICUCHUSI.

Marepuajibl U MeToabl. 3a nepuos ¢ 2019 no 2024 roasl NpoBOAMINCH KIMHUYECKHE
HaOMroeHUS 1 JtedeHus y 81 mereit 1o oHOTOo rofa ¢ THKENOH BHEOOIPHUYHON THEBMOHUHT
0e3 W C OCIOKHEHHBIMH (opMamMu HH(PEKIHOHHO-TOKCHYCCKHM IIIOKOM B OT/ICICHUE
peaHUManK KIWMHUKKA AHAMKAHCKOTO TOCYJApCTBEHHOTO MEIUIIMHCKOTO WHCTUTYTa. B
WCCIIEIOBAaHUM BCE MAIMEHTHl OBUTM pa3jelieHbl Ha 2 Tpynmbl. 1-8 rpymma (OCHOBHas)
BKIOUana 41 manMeHToB ¢ BHEOONLHUYHON THEBMOHHEN TSKEIILIM TEUEHHEM, OCIOKHEHHON
MH(EKIIMOHHO-TOKCUYECKUM IIOKOM. 2 rpynma (CpaBHEHMs) BKIOYana 39 mnaipeHra c
BHCOOJIBHUYHOW ITHEBMOHHMEH C TSDKENBIM TEUEHHEM O€3 OCIOKHEHHBIM HHQCKIIMOHHO-
TOKCHYECKUM IIOKOM, TIOJTY9aBIIAX TOJILKO 0azucHyIO TEPaTHIO
(aMOKCHITIIUTMH/KITAaBYJIaHOBas, KUCIIOTa BHYTPHBEHHO 3 pa3a B JIeHb WIH Ie(TpHaKCOH
(medoriepa3zoH) BHYTPUMBIIICYHO 2 pa3a B JICHB).

Pe3yabTtarel um obcyxaeHue. HeoOXoguMo OTMETHTH, YTO IEPBOHAYAILHO BCE ICTH,
YYaCTBYIOIIE B UMMYHOJIOTHYSCKHUX HCCIICIOBAHUSX, OBUIA Pa3elIcHbl HA TPYIIIE OT 3 10 6
MecsreB U oT 6 1o 12 mecseB. OgHAKO B XOZ€ MCCIICAOBAHUI MOTyUYeHHBIC pe3yIbTaThl HE
MOKa3alli 3HAUYMMBIX Pa3IUYUi, MO3TOMY BCE JIETH OCHOBHOW W TPYIIBI CpaBHEHUS ObLIH
O0BEMHEHbI B COOTBETCTBYIOIIEM MOpsaKe. I[loJlydeHHBIE pPE3yJbTaThl MPHUBEICHBI B
Tabsmel.

Tabruya 1. Ypogenv col80pomoyHbIX YUMOKUHOB Y 00CAe008aHHbIX OOIbHBIX Oemell C NHeGMOHUEL.

Me .
Mokasarens Mz=£m, nr/mu [Q1; Q3] Min, nr/ma Max, nr/ma
Kontponbnas rpynna, n=22
5,65
TNF-a 5,36+0,42 3,337, 12] 2,41 8,20
10,60
IL-10 10,56+0,34 9, 45: 11, 77] 7,48 13,20
C oc/10:KHEeHHO MHEeBMOHU e, n=42
49,20
- skeksk ”
TNF-a 49,24+1,61 [40, 15: 54, 77] 31,20 69,51
37,21
- ok k >
IL-10 37,16+1,16 [31,40: 41, 30] 21,95 49,11
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C nHeBMOHHEH 0€3 0CI0:KeHeHus1, =39

31,90
_ k% >
TNF-a 32,63+1,47 [27, 83; 34, 71] 24,90 51,22
15,30
- sokk >
IL-10 16,70+1,03 [12, 40; 21, 34] 10,22 25,31

Ipumeuanue: * - 0ocmosepHo no cpasHeHuro ¢ OAHHLIMU KOHMPObHOU epynnbl (* - P<0,05, ** -
P<0,01,*** - P<0,001). Me — meouana, Q1(npoyenmuns) —25%, Q3 (npoyenmuns) — 75%.

Kax Ham wu3BecTtHO, TNF-0 sBisieTcs MOIIHBIM IUIEHOTPONHBIM IIPOBOCHATUTEIBHBIM
IIUTOKHHOM, TIPOIYIIUPYEMBIM B OCHOBHOM aKTHBHPOBAaHHBIMH Makpogaramu, ITMMQpOINTaMH
U SHIOTENHATIbHBIMU KJeTKaMH. BbIcokuil ypoBeHp nupkynupyromero TNF-o cBszaH ¢
TOKCHUYECKUM IIIOKOM, BBI3BAHHBIM JHJIOTOKCHHAMU. AHalIM3 ChIBOPOTOUHOro ypoBHsS TNF-a
NpUBENEHHBIA Ha pHC. . YCTaHOBUJI JOCTOBEPHO MOBBIIIEHHOE COMAEPXKAHUE KaXEKCHHA BO
Bcex rpymmax aereil ¢ ITH mo cpaBHeHMIO ¢ KOHTPOJIBHBIMU 3HaueHHUSAMH. Tak, CHHTE3 B
rpynme Maibiniei ¢ [TH 6e3 ocnoxxHeHust ObLT TMOBBINIEH B 3 pa3a CO CPeIHUM 3HAYECHHEM
32,64+1,47 nr/mn (P<0,001), B rpynme aereii ¢ ocnoxuénHo# [TH moutu B 4,7 pasa, 4to B
cpemHeM coctaBmi 49,24+1,61 or/mi (P<0,001), Torma kak B rpyIie MPaKTHIECKH 3T0POBBIX
MaJTbIIIeH TaHHBIN moka3atens coctaBmi 10.56+0,43 mr/mi (puc. 1).

[omyueHHBIE pe3yNBTATHI, CBHACTEIHCTBYIOT O (PYHKIHOHANBEHOW nByrpanHoi TNF-o.
B ocrtpoii cuTyauuu, Takoil Kak NHEBMOHUS, JoKajdbHas mnponykuuss TNF-o umeer
MOJNOKUTENBHBI  3((EeKT, KOTOpas 3aKiIo4acTcss B CIIOCOOCTBOBAHMH  YBEIHMUCHHMS
SKCIIPECCHH MOJIEKYJ aAre3ud Ha MOBEPXHOCTH IHIOTEIMAIBHBIX KIETOK COCYIOB. JTO, B
CBOIO OuYepeab, OOJerdyaer MHUIPAalUI0 WMMYHHBIX KJIETOK, TaKMX KakK HEHTpOQHIbI U
Mmakpodaru, k MectaM UH(EKIHH.
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KonTtpoab ITH ¢ ocok ITH 6e3 ociix

Puc. 1. Cooepocanue TNFa y obcredosannvix demetl ¢ ITH u konmponvHoll epynne 6 cpasHeHuu 0o
JieyeHus.

Ipumeuanue: * - docmosepno no cpagHenuto ¢ OAHHbIMU KOHMPObHOU epynnel (* - P<0,05, ** -
P<0,01,*** - P<0,001).

Takum o6pazom, TNF-a coxpeiictByer ©Ooppbe opranusmMa ¢ UWHPEKIHUEH, UYTO
HaOmonaetcs B rpynne aereil ¢ [TH 6e3 ocnoxuenns. OgHako, CHCTEMHOE WIIH JUTUTENBEHOE
noBeiieHne ypoBHs TNF-o Moxer ObiTh BpeanbiM. M30b1Tounast npoxykuust TNF-o Mosxker
NPUBECTH K HETATUBHBIM () (eKTam, TaKMM KaK ITOBBIIICHHAS IIPOHUIIAEMOCTH COCY/IOB, YTO
MOJET BBI3BaTh OTEK JIETKUX U KPOBOM3IUSAHHS. ODTO MOXET IPUBECTH K Pa3BUTHIO
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IIOKOMIOZOOHOTO COCTOSIHMSI, KOTOPOE, B CBOIO O4YEpEAb, MOXET YXYALIHMTh COCTOSHHE
00JILHOTO YTO HAOJII0ATIOCh B HALIIEM HCCIICI0BAHUH y MajIblei ¢ ocnoxuénnoi ITH.

[IpoTnBOBOCIIANUTENbHBIE  LUTOKMHBI ~ WI'PAIOT  BaXHYIO pOJNIb B PEryJsiuu
BOCHAJIUTEIFHOTO OTBETA IIPH ITHEBMOHHMHU, HOMOTAIOT ypPaBHOBECUTH MMMYHHBIH OTBET,
NpefoTBpalias 4Ype3MepHOe BOCHAJICHHE, KOTOpPOE MOXKET NPUBECTH K TKaHEBOMY
HOBPESKACHUIO M OCJIOXKHEHUSM. OHHM JEeHCTBYIOT B KOMIUIEKCE C HPOBOCIIAIHTEIBHBIMH
[UTOKMHAMH, YTOOBI MOJJEpKaTh OalaHC W OTPaHUYUThH MATOJOTHMYECKOe BOCHalieHHe. B
KOHTEKCTEC ITHEBMOHMHM Yy JeTell M B3pOCIbIX, MNpaBHIbHOE (YHKIMOHHPOBAHUE U
OaJaHCHPOBKA IPOTHBOBOCHAIUTENBHBIX W HPOBOCIAIUTEIBHEIX IHTOKHHOB HMEIOT
Ba)KHOE 3HAYEHHE JUIA YCIICITHOTO NPEONOJICHHS MHPEKIMH M MUHHMHU3ALUK Bpena Uit
OpraHu3Ma, MO3TOMY, CIECOYIONIMM 3TaloM HMMYHOJIOTHYECKHX MCCIECIOBaHUH OBLIO
M3y4EeHUE CHIBOPOTOYHOM KOHLEHTPALUM ATOrO IIMTOKWHA B CPaBHUTEIHLHOM acleKkTe y
o0ceI0BaHHBIX JIeTell ¢ IMHEBMOHHUEH ¢ ociiokHeHHeM U Oe3. IloydeHHble pe3ynbTaThl
NpUBEJICHEI B Ta0J. 1. 1 Ha puc. 2.

R

SR 167
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IIH 0e3 ocixk

ITH ¢ ociik 37,17

Kontpoab —5.36

0 10 20 30 40

Puc. 2. Coi6opomounas konyenmpayus IL-10 y obcredosannvix demeii ¢ I1H u koHmponvHoll epynne 6
CpasHeHuy 00 JieHeHUs.

Ipumeuanue: * - docmogepHo no cpasHeHuIo ¢ OAHHLIMU KOHMPOAbHOU epynnsl (* - P<0,05, ** -

P<0,01,*** - P<0,001).

Onenka comepxkanuss IL-10 B cHBOpPOTKe TmepupepUIecKO KPOBH B TPYIIax
oOcnenoBaHHbIX Majbieil ¢ [TH BrIABHIa 3HAYMMBIE TIOKA3aTENH, IO CPABHEHHIO C IETHMHU
KOHTPOJBbHOH rpynmbl. Tak, ypoBeHb M3yYEHHOTO NMPOTHBOBOCHIAIMTENHFHOTO ITUTOKHHA B
rpynne nereii ¢ [TH 6e3 ocnoxxneHus ObL1 moBbilieH B 3,1 pa3a co cpeiHUM 3HaYE€HHEM
16,70+1,03 nr/mn (P<0,001), B rpynme manbimeid ¢ ocioxuénHoit I[TH B 6,9 pasa, co
cpenqauM 3HaueHweMm 37,16+1,16 mr/mi (P<0,001) mpoTHB KOHTPOJIBHBIX TTOKa3aTelei
5,36+0,43 nir/mi.CornacHoO MeXaHU3MY, HOBbIIeHHe ypoBHs IL-10 npu mHEeBMOHNH y Bcex
00cIeI0BaHHBIX JIeTel MOKET ObITh 00YCIOBIEHO HECKOIBKUMH (DAKTOPAMU, CBSI3AHHBIMH C
MMMYHHBIM OTBETOM Ha HMH(EKIHIO M BOCHAJEHHE. DTO - MOXIYJISLHS BOCIAIUTEIHHOTO
OTBETA, MOAABICHUEM BOCIAIUTEIBHOIO OTBETA, YMEHbIIAs NPOAYKIUIO BOCIATUTENBHBIX
LIUTOKUHOB U IpPEJOTBpallas TKAHEBOE MOBPEXKIEHHE; OrpaHMYEHHE UMMYHHOIO OTBETa,
MOJABJICHUE aKTUBAIMM UMMYHHBIX KJIETOK, IPEJOTBpalasl paclpoCTpaHEHUE BOCHAICHHUS
B JErKMX M JPYTUX OpraHax; pPEMOJENHPOBAaHHE TKaHEHW, IOAJNEPKUBAS IPOIECCHI
pereHepanyy, y9acTBysl B BOCCTAHOBJICHNH MOBPEKIAEHHBIX TKAaHEH, a TaKkkKe MoJAep KaHue
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UMMYHHOTO romeocTasa./lenast BIBOA, Mbl NIpEAIOaraeM, 4YTo HoBblmeHue yposHs IL-10
IpU THEBMOHHU C OCJIOKHEHHMEM M 0e3, y 0OC/IeJIOBaHHBIX JAETeH SBIIIETCS YacThIO
CJI0)KHOTO UMMYHHOT'O OTBETA, HAIIEJICHHOTO Ha YIIPaBJICHHE BOCHAJIEHHEM U OTPAHUYEHUE
TKAQHEBOTO MOBpEXJeHUs. BeposiTHO, 3TO MOXeT OBITh OJHUM W3 KOMIICHCAIMOHHBIX
MEXaHN3MOB, MO3BOJSIONIMX OPTraHM3My CHPABUTHCS C MHQEKIHeHl ¥ BOCCTAaHOBHUTH
HOPMaJIFHOE COCTOSIHHE TIOCIIE 3a00JIeBaHNsI.

BoiBoabl. YcCTaHOBIEHBI OCOOCHHOCTH LHTOKHMHOBOTO CTaryca y JeTedl ¢
BHEOOJIEHUYHOW MTHEBMOHHUEH, OCIOXHEHHOW WH(PEKIMOHHO-TOKCHYECKAM IIOKOM. B
YaCTHOCTH, BBISIBIICHA BBIPAKEHHAsI aKTUBalMsA mpoaykuun TNF-a: ero ypoBeHb B rpymie
nerell ¢ HeocnmokHEHHOU (opmoit BII 6p11 mossimeH B 3 pasa (p <0,001), a B rpymme ¢
OCJIO)KHEHHBIM TEYCHHEM — MOYTH B 3,7 pa3a IO CPAaBHEHHIO C TIIOKa3aTeIsIMH Y
MPaKTUYEeCKHA 3I0pOBBIX Jeteir. UM30wiTtounas mnponykims TNF-o accomumpyercs ¢
MOBBIIEHHEM COCYAUCTON IPOHUIIAEMOCTH, PHCKOM KPOBOM3JIUSHUM U pa3BUTHEM
IIOKOMOZOOHOTO COCTOSTHUS, YTO MOJTBEPKICHO KIMHUYECKHMMHU HAOIIONCHUSIMH B paMKax
HACTOSIILETO UCCIIEIOBAHUS.
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Annomayun: myoepxyiés ocmaémes 8edyuieli UHPEKYUOHHOU NPUYUHOU CMePMU HA 3eMIe.
Tybepkynés - npedomepamumoe u uziewumoe 3abonesamue, KOMopoe 0ObIYHO Nopaxicaem
néexue. OHO nepedaémcs 6030YUIHO-KANENbHLIM NYMEM, K020a 60NbHble KAULIAION, YUXAom
unu cnaesvisarom. Escecoono mybeprynézom sabonesarom comuu mooetl.
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Abstract: Tuberculosis remains the leading infectious cause of death worldwide.
Tuberculosis is a preventable and curable disease that typically affects the lungs. It is
transmitted through the air when patients cough, sneeze, or spit. Hundreds of people
become ill with tuberculosis every year.
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Cpeay OCHOBHBIX IPHYUH CMEPTHOCTH OT HMH(EKIMOHHBIX 3a0oyieBaHUil TyOepKylie3
3aHMMAaeT OJIHO U3 TIaBHBIX MecT [1]. M3BecTHO, 4TO HEKOTOpasi YacTb OONBHBIX, BIIEPBHIE
3a00JIeBIINX TYOEPKYJIE30M JIETKUX, YMHUPAIOT B TeUSHHE MepBoro roxa [2].

Ty6epkynés — 3to omna m3 10 Bemymmx mnpuuuH cMeptd B mupe [3]. Jliogm ¢
0CJIabJIeHHBIM MUMMYHHUTETOM IOJ[BEPIKEHBI OOJIbIIEMY PHUCKY 3a0oJeBaHHs TyOepKylI€3omM
[4]. ExxenHeBHO B MUpE COTHHM YE€JIOBEK Y3HAIOT O TOM, YTO OOJIbHBI TyOepKymné3om [5].
EsxenHeBHO OT 3TOH OONE3HH BO BCeM MHpE YMHparOT coTHH Jroaed [7]. KoHrakr c
OGOJIBHBIM TYOEpKyJIE30M YEIOBEKOM HE O3HAYaeT, YTO T€, KTO HAaXOISTCS C HHUM PSJIOM,
3apassaTes [9]. A emé ecTh JIIOH, TCHETHYECKH HE BOCIPUUMYUBEI K MUKpoOakTepusim [10].
YenoBek ¢ 3aKpbITOH W OTKPHITOH (OPMOH TyOepKyn€3a MOXKET 3apa3uTh OKPYKaIOIINX
[11]. Bce oprabl u TKaHM 4YeNOBEKa MOIYT OBITh IOpakeHBI TyOepkymnézom [12].
Ty6epkynézom MoxHO 3a0051€Th NpH 001IeM BBIKypHBaHUH curapetsl [13]. OcobenHo ecnu
€CTh TOBPEXKACHUS CIM3UCTOM pOTOBOW moisioctu, kKapuec [14]. Ilpu mpomomkuTeaIsHOM
KOHTakTe ¢ OompHBIM HHQUIUpYeTcs no 50 % moneii [15]. 3aboneBaroT TyOepKysiIe3oM
tonpKo 10-15 % n3 Hux [16]. OcranbHbIe TPHOOPETAIOT CTOMKHIA MMMYHHTET M OCTAIOTCS
3n0poBbiME [17]. B Erunte Oputa 0OHapyXeHa MyMHUs 4eTIOBEKa, BO3pacT KOTOpoi Ooiee 2
TBIC. JIET, CO CJelaMHu MOpaxXeHHH, XxapakTepHbIMH IS TyOepkynésa [18]. B EBpone B 18
BeKe 3a00JIeBaHNEe JOCTHUIIIO OTPOMHBIX MaciTaboB [19]. Ero Ha3pBamm TaM «4axoTKOW» U
«6enoit wymoit» [20]. B Muaun Obuin 3ampelieHsl Opaku ¢ 00JIbHBIMU TyOepKyinézom [21].
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Ot TyOepKysé3a yMepiu Takue n3BecTHbIe JitoaH, kak B.I'. bexnnckuii, H.A. /lo6ponto6os,
A.IL Yexos, ®. Illonen [22]. TybGepkyné3 uzneunm u npenorsparuMm [23]. Ho mpu stom
MaKCHMaJIbHO 3((QEKTUBHYIO BaKLMHY WJIM JEKapCTBO IIPOTHB HEro He n3zobpenn [24].
TyOepkyné3 3aHuMaeT IeBATOE MECTO CPEJH OCHOBHBIX NMPUYMH CMEPTHOCTH B MHUpPE U
SBJSIETCS BEAYIIEH NPUYMHOW CMEPTH OT KaKoro-nnbo HMHQEKIMOHHOTO 3a00JieBaHus,
omepesxas BUY/CITU]] [25, 26].

Heabro uccieloBaHus: SBIICTCS W3YyUCHHE OCOOEHHOCTEH CTPYKTYpBHl CMEPTHOCTH
OONBHBIX TyOepKyne3oM B TI. YpreHd. VcciiemoBaHHIO ITOABEPTIIMCH WCTOPUH OOJIC3HU,
ymepmux B iepuon 2025roxy B ropose YpreHd ot TyOepKynesa. DIuIeMIYecKas CUTyalHs
mo Tybepkyine3y B PecrmyOimke Y30eKHCTaH OCIOXHWIACH B Hadajie NIEBSHOCTBHIX TOJOB
npouuioro croietud. Ilocie mepwona OTHOCHTENBHOTO OJIArONMONy4Hsi B OTHOIICHHH
3a00JIEBaGMOCTH M CMEPTHOCTH OT TyOepkynesa, B cepeanHe 90-X TOMOB IPOILIOTO
CTOJICTHSI CUTYyallusl CTajla KpaliHe HeOiaaronpusTHoH. B HacTosimee Bpemst 3a001eBaeMOCTh
TyOepKyse30M B Y30eKHUCTaHEe YMEHbBILACTCS, 3aTO PaclpOCTPaHSIOTCS Bce Ooee OacHsIe,
ycrolunBele K JjekapcTBaM (opmbl Oone3nu. C 2025 rr. HaMeTWnach IOJIOKHUTEIbHAS
JMHAMMKa SIHAAEMHOJIOTHYECKHUX ITOKa3aTeliel Mo TyOepKyse3y: YpOBEeHb 3a00J1eBa€MOCTH
cuuzuics Ha 13,9 %, ¢ 51,1 no 44,0 va 100 Thic. HaceneHus, YpOBeHb CMEPTHOCTH - Ha 32,2
%, ¢ 12,1 mo 8,2 Ha 100 TBIC. HaCEICHUS.

Marepuana u Metoabl. J{uzaiiH UcclieJOBaHUS - PETPOCIIEKTUBHOE, METOAOM CITy4aiiHON
BEIOOpKHU. MccnenoBanuio moaseprauck 150 mcropuii 00e3HH, B TOM Yuciie 61 mpoTOKOa
MaTOJIOTOAHATOMUYECKUX BCKPBITHM, yMmepmux B mnepuon 2025rr. PesymbraTtel U UX
oOcyxneHue. AHann3 IOJOBO3PACTHOW CTPYKTYPhHI IOKa3ad, YTO CpPEAM YMEPIIUX BO
(TH3MATPHUYECKOM CTallMOHApe NPEeBaJUPOBAIN MYX4HHBI - 74,7 % (n = 112), xeHIIMHBI
coctaBmm - 25,3 % (n = 38) u ux coorHomeHnue - 3:1. BONBIIMHCTBO yMepIIUX ObLIM
crapie 40 net - 80,6 % (n = 121). Bmecte ¢ TeM, pacnpeaenaeHre 0 BO3pacTy BBITJIIUT
cnenyronmM obpazom: B rpymmy 20 - 39 net Bouun 19,3 % nabmronenuit (n = 29), 40-59
net - 49,3 % (n = 74), 60 ner u crapuie - 31,3 % (n = 47). Tybepkyie3 ObLT MOATBEPKIACH
0aKTEePHOIOTHYECKUM METOJIOM IPH UCCIEIOBAaHUM MOKPOTHI B 86 % ciydaeB (n = 129), a
MOJIOKUTENBHBIC  PE3YNbTaThl  MUKPOCKOINHMH  MOKPOTHI Ha  KHCIIOTOYCTOWYHBBIC
MHUKOOakTepun nmenn Mecto y 53,3 % manuenton (n =80); y psAaa NalMEHTOB, YMEPIIUX OT
COITYTCTBYIOIIEH MaToJIOTHH, MH(GOPMALMH O OaKTEpUOBBIIEICHUH TIPH KU3HH HE OBLIO
nonydeHo. TyOepkyne3 sBmwics mnpuumHOW cMeptd y 111 mammentoB w3 150 ¢
COITYTCTBYIOIIEH MaToJorneil u 0e3 COMyTCTBYIOMNX 3a00ieBaHui, uTo coctaBmio 74 %.
CrpyKTypa KIMHHYECKHX (OpM TyOepKyiies3a, IporpecCUpoBaHNe U OCIO0KHEHHOE TEUCHHUE
KOTOPBIX MpPHUBEIO K JIETAJHHOMY HCXOXY, BBITJISIIUT CIEAYIOIINM OO0pa3oM: Ka3eo3Has
nHeBMoHUs - 25,2 % (n = 28), hpubpo3HOo-KaBepHO3HbIH TyOepkyné3 - 21,6 % (n = 24),
TeHepaIM30BaHHbIN TyOepkymne3 - 22,5 % (n= 25), ocnoxHeHus TyOepkyne3a (JerodHble
KpOBOTEUEHMsI, TTHEBMOTOpPAKC, TpoMboambonus nerouHor aprepun) - 30,6 % (n = 34).
AHanm3upys JaHHBIE MOXKHO CKa3aTb, YTO OONbIIas YacTh BBIABICHHBIX CIIy4aeB
3a0oneBaeMoCcTH TyOepKysiIe30M JIETKMX C COIYTCTBYIOIIEH TAaTOJOTHEH yMepIIuX
MalMeHTOB MPUHAUICKUT K BO3pacCTHOMY Iieproay crapiue 40 jier. 3To TOBOPUT O TOM, 4TO
y Jroled JaHHOM BO3pAacTHOM KaTeropuy, BBHAY OCHaONeHHS HWMMYHHOH 3allHThI
opranu3Ma Ha (OHE COIYTCTBYIONIEH NATOJOTHH, TyOEpKyie3 MpOTEeKaeT JOCTaTOYHO
TSDKEJO. boJblle MOJTOBHHBI, yMEPIINX UMENH T€ WM HHBIE COIyTCTBYIOIIUE 3a00JICBaHNUS -
86,7 % (n = 130). HemocpencTBeHHOW NPUYMHOM CMEPTH COIYTCTBYIOIIAs ITATOJIOTHS cTala
B 23,3 % ciydae (n = 35). Cpenu MpUUUH CMEPTH OOJIE3HH CEPACUHOCOCYTUCTON CUCTEMBI
cocraBmi 34,3 % (n = 12), u3 Hux 11 coygaeB oTHOCSTCS K BO3pacTHOH rpymme crapmie 60
ner. OHKoJOrHMUYecKue 3aboyieBaHUs cTanu mOpuuuHO cmept B 7,3 % (n = 11),
XpoHUYECKHi amkoronmMm - 14,3 % (n = 5), npouune 3a6oneBanus - 20,0% (n = 7). BUY-
aCCOIMUPOBAHHBIN TyOepKyJ€3 B CTpyKType cMepTHocTH cocTtaBmi 10,0 % (n = 15),
npudeM K Bo3pacTHO# rpymme 20-39 mer otHocmtes 12 w3 15 cimywaeB. AHamm3 Bcex
CilydyaeB MEHHMHTO3HIe(annTa BBIABHI, YTO 2/3 cilyyacB BO3HUKHOBEHHUS ITOH TSKENOH
naroyioruu npuxonutcs Ha BUY - acconmupoBaHHbI TyOepKyIies.
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BuiBoabl.

1. B nemorpaduyeckoil CTpyKType yMepIINX IalieHTOB OTMEdYaeTcsl npeobianaHue
MYXYHMH HaJ xeHmuHamu (3:1).

2. HemnocpeacTBEeHHON MPUYMHON CMEPTH TyOepKyje3 U ero OCIOXHEHUsS CTauu B 74
%cnyudaeB (n=111).

3. BUY - acconmmpoBanHbIil TyOepkynés coctaBister 10,0 % B CTpyKType cMepTHOCTH
MalUeHTOB (TH3MATPUUCCKUX OTICICHHH, ONHAKO OONBIIMHCTBO CIIy4acB OTHOCHTCS K
BO3pacTHOM Kateropmu a0 40 Jer, ¥ UMEHHO y 3TOW KaTeTOPHH Pa3BHUBAIOTCS TaKHe
TsDKeIbIe POpMBI TyOepKye3a Kak MeHHHT 0dHIIe(hanT.

4. ComyTtcTBytomue 3a00€BaHusI KaK IPHYMHA CMEPTH YCTaHOBIEHHI B 23,3 % cimydaeB
(n = 35), muoupyromas MO3WIUSA 31eCh NPUHAUICKHUT OOJE3HAM CEepACTHOCOCYTUCTOM
CHCTEMBI.
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BO3HUKHOBEHHUE NEYATHOM 'PA®UKU B Y3EEKUCTAHE
Kananos A.Jl.
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Hayuonanvuviii uncmumym xyooscecms u ouszaiina umenu Kamonuoouna bexzooa,
2. Tawxenm, Pecnyoauxa Y3oexucman

AHHOmMayua: 6 OaHHOU CMaAmMbe PaccMampusaemcs 603HUKHOBEHUE U pA3GUMLe NeYamHbIX
mexHux — aumoapaguu, ogopma, IUHOSPAsIOpsl U Kcunozpaguu ¢ Ysbexucmane. B 70-x
200ax XIX eexa 6 pso 2opo0og Ysbexucmana Oviiu 3a8e3ensl aumozpaguieckue CIManKku, u
Hauanocv Kuueonewamawnue. Ilocie 3moco  XyOOXUCHUKU MAKdxHCe CMAIu co30a6amb
npouseedeHus 6 mexHuxke nedamuou epaguxu u aumoepaguu. Co epemerem cmanu
Passusamvca u opyaue MmexHuKU neYamuoll epapuxu.

Kntouesvie cnoea: knuca, newamn, cpaguxa, aumoepagua, ogopm, auHoZpASHPA,
Kcunogpagus, macmep, 3cmamn.

THE EMERGENCE OF PRINTING GRAPHICS IN UZBEKISTAN
Kalanov A.D.

Kalanov Asliddin Dzhuraevich - professor,
DEPARTMENT OF MINIATURES AND BOOK GRAPHICS,
KAMOLIDDIN BEHZOD NATIONAL INSTITUTE OF ARTS AND DESIGN,
TASHKENT, REPUBLIC OF UZBEKISTAN

Abstract: This article examines the emergence and development of printing techniques —
lithography, etching, linocut, and woodcut — in Uzbekistan. In the 1870s, lithographic
presses were brought to several cities in Uzbekistan, and book printing began. Following
this, artists also began creating works using printmaking and lithography. Over time, other
printmaking techniques also developed.

Keywords: book, printing, graphics, lithography, etching, linocut, woodcut, artist,
printmaking.

VIIK 75.071

Kuuroneuatanne B TypKkecTaHCKOM Kpae MMEJO CBOM OTJIHMYHUTENFHBIE OCOOEHHOCTH.
3/ech OCHOBHAsi Macca MEeYaTHOM JIMTepaTypbl M3/aBajlach JIMTOTPa(UUECKHM CIIOCOOOM.
Jlutorpadusi, oTiMYaBHIAsCS NPOCTOTOM NPOM3BOJACTBA M HE TpeOOBaBIIas OOJBIINX
MaTepHalbHBIX 3aTpar, NOJyYmia IIHPOKOe pacmpocTpaneHue Ha Boctoke. Tekcr,
HAIMCAHHBIN Ha CHENHATbHOW Oymare, epeHOCHIICS Ha KaMeHb, C KOTOPOTO ONTHYECKUE
TEKCTHl MOTJIH OBITH IMMOJTyYEHBI C IMOMOIIBI0 TUTOrpaduueckoi MammuHbL [ledaTtHoe nerio
OBUTO OpraHW30BaHO B JHTOTpadmueckoil (hopMe, TO eCTh TEKCT He IMedaTalcs, a 3apaHee
nucayics Ha Oymare OT pyKH M OTJIIMBAJICS B KaMEHHYIO (opMy. DTO cHoco0d medaTtH, mpu
KOTOPOM OTIIEYaTKH TEKCTa B OopMe OTpaxkaroTcs Ha Oymare. BpIJIo yCTaHOBIIEHO, YTO 3TO
Oputa mepBas ¢GopMa COBPEMEHHOTO H3JATEIhCKOTO Ieia, WCIOJIB30BaBIIAsCAd B HaIei
crtpane. IlepBas murtorpaduueckas Tunorpadpus B CpemHeil Asmm - XUBHHCKAs
nuTorpaduyeckas TUHOTpadus OTIMYANach OT JPYTHX JHTOTrpaduydeckux TuUnorpadpuit
Cpenneit Azuu Tem, uTo OblTa OTKpHITa B 1874 Tomy mpu aBope Myxamman Paxumxana 11
®epy3a. OHa 3aHUMANaCh BOCTIPOM3BEIACHHEM DPYKONHCEH, SBIAIONINXCS YHHKAJIHHBIM
KyJIBTYpPHBIM HaclleIUEM HapoJia, XpaHUMBIM BEKaMU KaK 3€HHIIA OKa, U B MEPBYIO OUepelb
MEYaTHBIMM  NpPOM3BEJIEHUsIMU HUCKyccTBa. B wactHoctn, B 1879-1882 romax
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aurorpaduyeckas Tunorpadus uzgana npousseaeHus Anumepa Hason «Xamce» u «Hop
JeBony». B 80-x rogax XIX Beka cTany MOSIBISTHCS YacTHBIE KOMMEPYECKHUE JIMTOTpaduH.
B ocHOBHOM OHM NeYaTain Y4eOHUKH U IPYTYIO JUTEPATypy, HEOOXOUMYIO JJIsl MEIpece U
mkoy. Tumorpaduu, co3JaHHBIE LAPCKOW aIMHUHHCTpAlMel, HaXOAWINCh TOJIBKO B
TamkeHTe U UCTIONB30BAIUCH B BOGHHBIX U MOIUTHYECKUX Lemsix. B 1868 rony B TamkeHTe
ObLTa OTKpHITA TIepBast TUHOTpadus, a Oonee MomHas Tunorpadus Obuta oTkpeita B 1870 T.
MamuHsl, WCHONB30BABIIMECS B TO BPEMS, MOITH OBITH MOTOPH30BAaHHBIMH U OBIIH
COBPEMEHHBIMH 711 TOTO BPEMEHH, HAaIpHMep, MepBas MapoBas MamuHa. B 3To Bpems
cTana m3maBathcs razera «Bemomoctn Typkectanckoit obmactny» («TypkecTaHcKas KpaeBast
ra3era») Kak HpuiIokeHHe K «TypKkecTaHCKMM BemoMocTsM», a ¢ 1883 r. Bemmia
CaMOCTOATENbHO. B Hell meuaTtannuch cBefeHWA IO MpodieMaM IIKOIBHOTO 00pa3oBaHMUA,
Hay4dHble COOOINEHMS W MHOroe apyroe. Kak mpuiokeHHe K Ta3zeTe H3JaBajliCh TaKXke
OpoLIIOPBI  HAY4HOTO U OBITOBOTO  COJEpXaHMSA, KOTOPBIE  PACIPOCTPaHSIINCH
cyonucTpubproTOopamu Oecrumatio. Tupax xypHama — 500—600 sx3emmuisipoB. Beixommna
Ha CTapOy30CeKCKOM si3bike. [lepBOil MmevaTHOW KHHIOW Ha Y30CKCKOM S3bIKE, M3IaHHOW B
Tamxente B 1871 rony, 6su1 «KaneHnaps», B KOTOPOM OBUIO MHOTO COBETCKHX H3JaHHH.
Ero coctapurenem 6bu1 111, iGparumos. !

Hawano XX Beka- BpeMs BO3HHKHOBCHHS W CTAaHOBJICHHUS TedaTH B Y30ekucrane. B
1874 romy xwBumHCKHI XaH mpuBE3 m3 CakT-IleTepOypra medaTHBI CTaHOK, W OIUH 3a
apyruM B TamkenT u CaMapkaH[] CTaJId IPUBO3UTH INTOTpad)CKue CTaHKK U TUTOrpad)CKue
KaMHH, Ha KOTOPBIX IT€YaTAJINCh Tra3eThl M KHUTH. B To Bpems mpocBeménnsiid most Uopar
Taroke puBé3 n3 Opendypra B Hamanran nurorpadckuii CTaHOK M KaMHH, ITedaTajl KHUTH 1
ra3eTsl, pacpocTpaHsisa npocseueHue. B Hagane XX Beka B TypkecTan nepeexana rpyina
XynoxHukoB u3 Poccun. Cpeau HuX ObUIM XyNOKHUKH, TBOPHUBIIHME B TEXHHUKAX
nautorpaduu, ohopra M JUHOTpaBlOphl. [Ipodeccust mMactep NeyaTHUK HAauWMHAET UrPaTh
OYEHb BXKHYIO POJIb B CO3JIaHUU OTTUCKH B TEXHUKE JIUTOrpaduu.

B 1927-1928 romax B VY30ekucTaH mpHexaid TaKve XyJAOKHUKH-Tpaduky, Kak B.
®aBopckuit 1 H. KynpesiHoB, BeIyckHHKH BXyTenHa, KOTOpble co31aBaii padoThl B TEXHUKE
rpaduaeckoii medaru. B.E. Katinamos (1907-1985), oquH 13 XyI0KXHHAKOB, BHECIIHX OOJBIION
BKJIaJI B pa3BUTHE IeUaTHOH rpaduku B Y30ekucrane, yauncs B cryaun AXPP B Jlerunrpane u
OBLT MacTepoM, B COBEPIICHCTBE BIAACIOIINM TEXHUKOH odopTa u autorpaduu. 1941 r. B.E.
Katinanos cozmaer moptper Amwmiepa HaBom B TexHuke mmrorpadum. IlopTper BHIIONHEH
OUYEHb UCKYCHO U IO CEl IeHb CIIYKUT 3TajoHoM. Y KaliganoBa B paHHMIA IEPHO 3aMETHA Tsra
K YEKaHHO-SICHOW (hopMe W300pakeHHs, a B IEPBOH MOJIOBHHE MHIECTHIECATHIX TOJOB Ha
BBICOKOM KJTACCHYECKOI-ypaBHOBEIIIEHHOU (hopme.

Takum oOpazom, B VY30ekucTaHe MOCTENEHHO HadyMHAaeT (POPMHUPOBATHCS IeyaTHAsS
rpaduka. Bropas nonosuna XX Beka — IepHoJi HAMOOJIBIIEro Pa3BUTHS Y30E€KCKON IIKOJIBI
acramroB. B TexHukax neuaTHoi rpaduku aktuBHo TBopwin C. Manbt, A. Hurnunues, I
Yuranos, b. XKykos, E. Baagumupos, C. Mapdun, I'. Tkaues, C. Peapkun, I'. MakoBcKHiA,
B. Kempun. B 1960-1970 romax moxkHo Bwigenuth K. BamapoBa, M. Karapoma, D.
Axynosa, }O. CrpenpHukoBa u 1p. B texnuke nurorpadun, ITMHOTpaBIOpkl, Kcuiorpaduu u
odopra — HOBOe mokoieHne TBOoproB WM. Kupmakmmm, M. CansikoBa, H. KamonoBa, A.
MaxkamoBa, JI. HoparumoBa, B. Amyxtmra u nap. B TamkeHTCKOM TeaTpaibHO-
XYHOKECTBEHHOM HWHCTHTYTE OBII OTKPBIT Trpaduyeckuil (akyabTeT, OpraHU30BaHEI
MacTepckue Jurorpaduu, opopra U JIMHOTpaBIophl. Jlutorpadckas macrepckas paboraina
npu KomOuHate [1, c. 21-126]. B ucropuro y30eKCKOEIOro M300pa3uTEIFHOTO MCKYCCTBA
BOIIUTHM BBIJAIOIINECS XyIOKHUKHU-rpaduku. [IponsBenenns HacTosmeil y30eKCKOH IIIKOIBI
SKCIOHUPOBAIIUCH HAa BBHICTABKAX, a JIyUIINE U3 HHUX 3aHAIN CBOE MECTO B My3esiX. B romsl
HezaBucumoctr mewatHas rpaduka MpUIUIa B YHamok. MacTepckne 3aKphIBAINCh |
XYIOXHHUKHA-TpapuKN pa3deranch. PrIHOYHAsS SKOHOMHKA TakKe OKa3ala BIHSHHE Ha
rpaduky. K xormy XX Beka crpoc Ha me4aTHYyIO TpauKy CHU3WICA, U e€ COBCeM He OBLIO

1 [DnexrponHsbIii pecype]. Pexxum noctyna: http:/testhistory.ru/history.php?id=his 1 99
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Ha BbIcTaBKax. ['padukm Havanu mpoOoBarh cebs W B JApYyrux BHIax HckyccrBa. Ha
BBICTaBKAaX INEYaTHYIO rpadyKy 3aMeHWIM paboThl, BBHINOJHEHHBIE NEPOM U TYLIBIO,
KapaH/IallloM ¥ IPyrUMHU MSITKUMHU Matepuaiamu. B konne XX — nauane XXI BekoB cyns06a
neyaTHOH rpaMKH HUKOTO HE MHTEPECOBajla, M IOCTENEHHO OHA CTala OOBIJEHHOCTBHIO.
HecmoTps Ha 3TO, ecTh emé HECKOJIbKO XYJOXKHHKOB, IPEAAaHHBIX CBOEMY Jely, HO
CO3JAMONINX IIeHHBIE Tpou3BeneHusA. CeromHs NpenojaBaHUE TPaJULIMOHHON Tpaduku B
XYHOKECTBEHHOM OOpa30BaHMM HEYMECTHO. YKa3aHHBIC BBIIIE CyOBEKTHBHBIE W
OOBEKTHBHBIC IPHYMHBI TakKe MOBIMAIM Ha XyHZOKECTBEHHOE 00pa3oBaHHE, HO B
MOCJIEIHEE BPEMsI, TIPH TOJAEPIKKE PYKOBOJICTBA HHCTUTYTA, TPpadKy yJaloCh BO3POIUTE.
Koneuno, pasButue rpaduKky 3aBUCHT OT TBOPUYECKHX CIICHHAIHNCTOB, HOCBITUBIINX CEOs
cBoelt mpodeccrn. B Ommkaiimem OymaymieM mpenojaBaHue rpaduKd B XyHZ0KECTBEHHOM
0o0pa3oBaHNM BEpHETCS HA TNPEKHUH YPOBEHb, M OYNET OCYIIECTBISATHCS MOATOTOBKA
npodeccroHaNBHBIX TPa(hUUECKIX KaJpOB.

Cnucok aumepamypul / References
1. A. Kananos. XynoxecTBeHHOe pelieHne B rpaduueckoid kommnosuuuu// Lesson Press,

Tamkent.2021.C. 21-126 c.
2. [DnextpoHHEBIH pecypc]. Pexxum mocryma: http://testhistory.ru/history.php?id=his 1 99 [

THE APPLICATION OF THAI THI LIEN’S PIANO LEARNING
METHOD AT THE PIANISSIMO MUSIC CENTER, HANOI,
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Dang Thanh Lien - Founder,
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Abstract: In the context of globalized arts education, piano pedagogy for preadolescent
learners represents a crucial field that shapes aesthetic development, intellectual growth,
and emotional intelligence. This study examines the application of The Piano Learning
Method by People’s Artist Thai Thi Lien at the Pianissimo Music Center in Hanoi, a private
educational institution. The research explores the pedagogical philosophy underlying Lien’s
method, the current teaching practices at the Center, and proposes instructional strategies
designed to balance technical training and artistic expression for students aged 11—12. Data
were collected through classroom observations, teacher—student interviews, and
pedagogical analysis. The findings indicate that Lien’s approach—integrating national
identity, pentatonic modes, and progressive skill development—offers a culturally
responsive and musically comprehensive framework for Vietnamese learners. However,
inconsistencies in teacher training and assessment limit its full effectiveness. The paper
proposes a set of pedagogical solutions emphasizing systematic lesson design, expressive
interpretation, and experiential learning. A 15-week controlled teaching experiment
confirmed that these strategies improve both technical proficiency and musical expressivity.
This study reaffirms Thai Thi Lien’s enduring contribution to Vietnamese piano pedagogy
and highlights the relevance of her humanistic philosophy— “Music to educate the human
being "—in contemporary music education.

Keywords: Thai Thi Lien, piano pedagogy, Vietnamese music education, expressive
performance, teaching methods, adolescent learners.
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MNPUMEHEHUE METOJIA OBYYEHUS UT'PE HA ®OPTEIIMAHO
TAHM TXU JIBEH B MY3bIKAJTbHOM IIEHTPE
«[TMAHUCCHUMO», XAHOM, BLETHAM
Haunr T.JIL.

Jlane Txaue Jluen — ocnosameins
Mysvikanoneiii yenmp «lluanuccumon,
2. Xanou, Coyuanucmuuecxas Pecnybauxa Bvemnam

Anunomauusn: 6 Kowmexcme — 2100ATUUPOBAHHO2O — XYOOICECMBEHHO20 — 006pPA306aHUS
npenoodasaunue uecpvl Ha Gopmenuano 0 demeli OOWKOILHO2O B03PACMA NPeOCmasisiem
€000t sadicHetiuyio 061acmbs, GOPMUPYIOWYIO ICMemUYecKoe paseumue, UHMeIeKmydIbHblll
pocm U IMOYUOHANbHLIL UHMELNeKm. B OanHoMm ucciedoganuu paccmampueaemcs
npumeHnenue memooa ooyueHus uepe na popmenuano Hapoonot apmucmru Txai Txu Jluen 6
my3vikanbHom  yewmpe  «lluanuccumo» 6 Xamoe, uacmHom yueOHOM 3a8edenuu. B
UCCIeO0BAHUU PACCMAMPUBAEMCS Nedd2o2uiecKds Guiocodus, nexcauas 8 0CHO8e Memood
Jluen, cospemennas npaxmuxa npenodasanusi ¢ Llenmpe u npednazaromesi 06pazosamesnbHole
cmpamezuu, HANPAGIEHHbIE HA Obecneyenue DANAHCA MeNHCOy MEeXHUUECKOU NOO20MOBKOU U
Xy0ooicecmeeHHbiM  camosbipadicenuem yuawuxcsa 11-12 nem. [lannvie 6viiu cobparvl
nocpeOcmeomM HabMOOeHUll 3a 3aHAMUSAMU 6 KIACCe, UHMEPEbIO ¢  YUEHUKAMU U
nedazoeuyeckozo ananusza. Pezynomamul noxaseisarom, umo nooxoo Jluewn, od6wvedunsowuil
HAYUOHATILHYIO  UOCHMUYHOCHb, NEeHMAmMOHUYecKue Jaobl U NpoSpPeccusHoe pazgumue
HABbIKOS, npediazaem KVIbIMyPHO-YYECBUMENbHYIO U MY3bIKALLHO — 8CEOOBLEMIOUYIO
cmpyKmypy ooOyuenusi 0isl 8vemuamckux yuauwguxcia. OOHAKO HENnocie008amenbHOCHb 6
no02omogKe yuumenel u OyeHKe ux pabomol 0panuyusaem e2o nOIHyIo dggdexmusnocmo. B
cmamve  npeonazaemcss HabOOpP  NeOAL0SUYEeCKUX peuleHuli, O0enaruux —axKyeHm Hd
CUCMEMAMUYECKOM — NOCMPOEHUU  YPOKO8,  GbIDAUMENbHOU — UHmepnpemayuy U
IKCNEPUMEHMANbHOM — 0Oyuenuu.  15-HedenvHblll  KOHMPOAUpYeMblli  neda202uyecKull
IKCNEPUMEHM NOOMEEPOU, YMO MU CHPAME2UU YIYUIUAION KaK MEXHUYEeCKoe MACMeEPCmeo,
MaKk U MY3bIKAJLHYIO — GbIPA3UMENbHOCHb.  JlaHHoe — ucciedoganue  noomeepoicoaenm
Henpexodswuti exnad Txau Txu Jluen 6 GvemHaMCKyO ¢hopmenuannyro neoazocuxy u
nOOuépKUBaem aKmyaubHoOCmb e€ eymaHucmuyeckou urocoguu — «Mysvika 0Ons
BOCNUMAHUS HEL0BEKA» — 8 COBPEMEHHOM MY3bIKAILHOM 00PA3068AHULL.

Kniouesvte cnosa: Txaii Txu Jluen, Qopmenuannas nedazocuxa, GbemHAMCKOE
MY3bIKATbHOE 00paA306anue, BbIPA3UMENbHOE UCHOIHEHUe, MemOoOobl 00YUeHUs, Viauuecs-
noOpPOCMKHU.

DOI 10.24411/2304-2338-2025-11205

1. Introduction

In the era of educational globalization, piano instruction for young learners has gained
increasing significance for its impact on aesthetic formation and personal development. Piano
training is not merely an artistic pursuit but also a means of cultivating discipline, creativity,
and cognitive flexibility. Over the past two decades, Vietnam has witnessed a surge in private
music institutions, creating accessible learning environments for children of various ages.
Among them, students aged 11-12 occupy a transitional stage between elementary skill
acquisition and expressive artistic growth. This stage presents distinct pedagogical challenges:
how to balance technical rigor with emotional cultivation, international standards with national
identity, and structured curricula with individual creativity.

Within this educational landscape, The Piano Learning Method by People’s Artist Thai
Thi Lien remains a cornerstone of Vietnamese piano pedagogy. As the first piano textbook
specifically written for Vietnamese students, Lien’s work synthesizes Western musical
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pedagogy with national and humanistic values. Her guiding philosophy—“Music to educate
the human being”—emphasizes student-centered learning, emotional engagement, and the
moral dimension of art education. Investigating the contemporary adaptation of this
pedagogical tradition within a modern private music center thus holds both academic and
practical value.

The Pianissimo Music Center in Hanoi exemplifies a modern yet tradition-conscious
institution. Equipped with professional facilities and staffed by young, formally trained
teachers, it provides individualized and small-group piano instruction. The Center’s student
population includes a large cohort of 11-12-year-olds, a pivotal age for consolidating
technique and developing interpretative awareness. This research focuses on that group to
analyze the interaction between Thai Thi Lien’s pedagogical principles and contemporary
teaching practice in Vietnam’s private music sector.

The objectives of this study are threefold:

(1) to examine the theoretical and philosophical foundations of Lien’s piano pedagogy;

(2) to analyze current teaching practices at the Pianissimo Music Center; and

(3) to propose pedagogical solutions that enhance technical, expressive, and personal
development.

Methodologically, the research integrates field observations, interviews, and pedagogical
experimentation, combining qualitative insight with practical evaluation.

2. Theoretical Foundation and Pedagogical Philosophy

Teaching piano to students aged 11-12 plays a vital role in shaping aesthetic perception,
discipline, and artistic personality. At this developmental stage, learners exhibit strong
memory, quick comprehension, and an emerging capacity for independent practice, yet still
require clear guidance to form healthy habits and emotional sensitivity. The piano, as an
integrative instrument demanding auditory, visual, and motor coordination, provides an
ideal medium for cultivating both cognitive and expressive abilities.

From a pedagogical standpoint, teaching is understood as an organized, goal-oriented
process where teachers guide students toward knowledge and skill acquisition. In piano
instruction, this process combines theoretical learning with motor training, uniting
cognition, perception, and emotion. Teachers must not only teach notation, rhythm,
harmony, and dynamics but also stimulate artistic imagination and interpretative intent.
Piano learning thus becomes a holistic journey—disciplining mind and body while nurturing
creativity and empathy.

Thai Thi Lien (1918-2023), founder of the Piano Department at the Vietnam National
Academy of Music, established a pedagogical system grounded in both European classical
methods and Vietnamese cultural identity. Her two-volume Piano Learning Method
introduces essential theory, technique, and repertoire through a structured, progressive
design. Volume I focuses on note reading, finger exercises, and simple folk-inspired pieces;
Volume II expands to sonatinas, polyphonic textures, and scale studies—including major,
minor, and pentatonic modes. Approximately two-thirds of the repertoire consists of
Vietnamese folk and children’s songs such as Co La, Dan ca Ha Bac, and Em la co gai det,
reflecting her philosophy of “Vietnamizing” piano education.

Lien’s approach embodies several key pedagogical principles:

e  Cultural contextualization: using national materials and pentatonic modes to
enhance cultural resonance.

. Gradual progression: designing tasks that move systematically from simple to
complex.

. Emotional education: emphasizing expressivity and imagination as central to
musical learning.

. Humanistic focus: treating music as a means of personal development, not merely
technical mastery.
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Her legacy extends through successive generations of Vietnamese piano educators,
whose contributions—modernization (Tran Thu Ha) and international recognition (Dang
Thai Son)—demonstrate the adaptability and vitality of her foundational philosophy.

3. Current Teaching Practices at the Pianissimo Music Center

The Pianissimo Music Center operates as a private institution in Hanoi specializing in
piano education for children and adolescents. The Center features soundproof studios
equipped with acoustic and digital pianos, a small performance space for internal recitals,
and a structured academic framework. Instruction is mainly delivered through individual
and paired lessons (45—60 minutes each), supplemented by mini-recitals and ensemble
activities to enhance performance experience.

Faculty and Pedagogical Context.

Most instructors are graduates of leading Vietnamese music institutions such as the
Vietnam National Academy of Music and the Central University of Art Education. While
professionally competent and enthusiastic, a high proportion are early-career teachers with
limited pedagogical experience, resulting in inconsistent instructional quality. Some rely
heavily on personal learning experiences rather than an articulated teaching philosophy. As
a result, applications of The Piano Learning Method vary across classes, disrupting the
continuity of skill development.

Learners and Curriculum.

Students aged 11-12 typically fall between Elementary and Lower-Intermediate levels
(AMEB Grades 2—4). They possess basic literacy and coordination but vary in discipline
and emotional maturity. The Center combines international methods (John Thompson,
Alfred’s Basic Piano Library, Faber & Faber) with Lien’s Piano Learning Method.
Among these, Lien’s text aligns more closely with Vietnamese students’ psychology and
cultural familiarity through folk-based repertoire and gradual task sequencing.

Observational Findings.

A typical lesson includes: (1) warm-up and technical exercises; (2) repertoire study; and
(3) review, listening, or mini-performance. Visual demonstration, guided repetition, and
gamified tasks are frequently used to sustain engagement. Some teachers successfully
connect technical goals to musical imagery—encouraging students to listen to original folk
versions, analyze pentatonic scales, or imagine narrative scenes to inform phrasing and tone.
These integrated lessons yielded noticeable improvements in tone color and musical
breathing.

However, several systemic limitations persist:

1. Lack of methodological coherence: teachers interpret and apply the same
curriculum differently.

2. Limited artistic depth: younger teachers often prioritize note accuracy over
expressive phrasing and pedal control.

3. Insufficient assessment framework: progress is measured qualitatively rather
than by standardized criteria for tone, balance, and expression.

4. Unstructured home practice: absence of weekly goal-setting weakens self-
discipline and long-term retention.

Despite these issues, Pianissimo’s favorable infrastructure, teacher dedication, and
supportive community provide a strong foundation for pedagogical enhancement. The
integration of Thai Thi Lien’s method represents a crucial opportunity to unify technical,
musical, and cultural learning within a coherent educational framework.

4. Pedagogical Solutions

Building upon theoretical foundations and field observations, this study proposes a
system of pedagogical solutions designed to optimize piano instruction for students aged
11-12. The aim is to achieve equilibrium between technique and expression, fostering
comprehensive musical growth.
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1. Structured Lesson Design.

Lessons should integrate technical drills and repertoire in a unified sequence. Scale and
arpeggio exercises must directly support the interpretative goals of current pieces. This
approach reinforces the meaningful connection between mechanical training and expressive
outcome, maintaining student motivation and focus.

2. Technical Foundation and Healthy Habits.

Teachers should emphasize correct posture, hand shape, and finger independence,
embedding dynamic and tonal control within technical work. Scales and finger exercises are
practiced with attention to tone, balance, and articulation rather than rote repetition,
transforming technique into an expressive tool.

3. Development of Musical Expression.

Students are encouraged to explore musical imagery and narrative contexts before
playing. This “musical storytelling” approach—central to Lien’s pedagogy—helps learners
perceive music as communication rather than mechanical reproduction. Through
imaginative engagement, they learn to “speak through sound” and internalize expressive
phrasing naturally.

4. Experiential Learning Environment.

Frequent recitals, peer performances, and project-based activities create an experiential
context where students build stage confidence, self-expression, and motivation. These
experiences foster a sense of artistic community and make learning emotionally rewarding.

5. Teacher Professional Development.

Regular workshops, peer observations, and methodological seminars are necessary to
ensure consistent pedagogical standards. Teachers are encouraged to align their practice
with Lien’s principles—student-centered guidance, expressive intention, and cultural
awareness—while incorporating contemporary educational psychology.

Experimental Verification.

To evaluate the effectiveness of these strategies, a controlled 15-week teaching
experiment was conducted with six students (ages 11-12) instructed by two teachers. The
experimental group demonstrated significant improvement in technical accuracy, dynamic
control, and interpretative confidence compared to the control group following traditional
instruction. Students also exhibited greater enthusiasm and self-regulation, indicating that
the proposed model effectively integrates skill, emotion, and motivation.

5. Conclusion

This study confirms the academic and practical significance of Thai Thi Lien’s Piano
Learning Method in contemporary Vietnamese music education. By combining technical
rigor, expressive training, and performance experience, the model proved effective in
enhancing both musical competence and personal growth among preadolescent learners. The
findings also underscore the evolving role of the piano teacher—not merely as a transmitter
of technique, but as a facilitator of artistic discovery and human development.

The results further suggest that a rich learning environment, frequent performance
opportunities, and age-specific assessment criteria are essential for optimizing piano
instruction at this developmental stage. Although the experimental scope was limited in
duration and sample size, the outcomes demonstrate the high potential for broader
application. Future studies could expand the participant base and integrate international
evaluation frameworks (such as AMEB or ABRSM) to strengthen generalizability and
cross-cultural comparability.

Ultimately, this research reaffirms the enduring relevance of Thai Thi Lien’s
pedagogical philosophy—music as a path to human education. Her method, grounded in
Vietnamese identity yet open to global integration, offers a sustainable model for modern
piano pedagogy: one that harmonizes discipline with creativity, intellect with emotion, and
national culture with international standards.
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