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HOBBIE TEHJEHIIUU B OBJIACTH HEMPOILIACTUYHOCTHU: KAK
MO3I' AJAIITUPYETCA K CTPECCAM U TPABMAM

@ HAYUYHBIA ) KYPHAJI

IHeTpos Ausekceit CepreeBu4
CTYIEHT, (haKyJIbTET IICUXOJIOTUU, MOCKOBCKUI TOCY1apCTBEHHBIN YHUBEPCUTET
r. Mocksa, Poccus.

AHHOTAIIUA

CraTbsi MOCBSIIEHA HOBBIM JOCTHXKEHHSIM B 00JIaCTH HEUPOIUIACTUYHOCTH, KOTOpast
OTIHCHIBAET CIIOCOOHOCTh MO3Ta aIallTUPOBATHCA K Pa3IMYHBIM CTPECCOBBIM (pakTOpam
U TpaBMaMm. PaccMarpuBaroTCsi MOJIEKYJISIDHBIE MEXAaHW3MBI, JICKAIIME B OCHOBE
IUTACTUYHOCTM HEWPOHHBIX CETEH, a TAaKKE BIMSAHHE CTpecca M TPABMATHUYECKUX
BO3JICCTBHI HA U3MEHEHUSI B MO3TOBBIX CTPYKTypax. B ucciaegoBanuu odcyxaaroTcs
HOBEWINIME METOJIWKM BOCCTAHOBJIICHHSI HEMPOIUIACTUYHOCTU IIOCJIE TPAaBM, a TaKKE
NEPCIIEKTUBBl MCIIOJIB30BAHMS JTHX 3HAHUW B HelpopeaOunuranuu. BeiBogbI
[IOAYEPKUBAIOT 3HAYMMOCTb PAHHEIO BMEIIATEIbCTBA U HHIWBUAYAIU3UPOBAHHBIX
MOJIXOJIOB B JICUEHUU HEBPOJOTHYECKUX 3a00JIEBaHUN, CBA3aHHBIX C HapyLICHUEM
HEUPOIIIACTUYHOCTH.

KuroueBbie ci10Ba: HEMPOIUIACTHYHOCTB, CTPECC, TPaBMbl MO3ra, MOJEKYJISPHBIC
MEXaHU3MBbl, HeilpopeabunurTanus, HeHPOHHbBIE CETH.

1. BBenenue

HelipomiacTHyHOCTH — 3TO CIOCOOHOCTH MO3Ta U3MEHSTH CBOIO CTPYKTYPY U (PYHKLIUHU
B OTBET Ha U3MEHEHUs BHEIIHEW Cpe/bl WIIM BHYTPEHHUE MOBpexkaeHus. B nocnennue
JECATUIETHS U3yYEeHUE HEUPOIIACTUYHOCTH 3HAYUTENIBHO PACIIMPUIOCh, OCOOEHHO B
KOHTEKCTE CTpecca M TPaBM. OTHU IPOLECCHl UIPAIOT KIIOYEBYIO POJIb B aJaNTalluu
OpraHu3Ma K HOBBIM YCJIOBUSIM, B BOCCTAHOBJIEHUHU TOCJIE MOBPEXKACHUN U B JIEUCHUN
psiZia HEBPOJOTUYECKUX 3a00JIEBaHUH.

2. MoJiekyasipHble MeXaHU3Mbl HEHPOIUIACTUYHOCTH

HelipomiacTUYHOCTh 3aBHCHUT OT MHOXKECTBAa MOJIEKYJIIPHBIX IMPOILIECCOB, BKJIOYas
CHUHANTUYECKYIO MJIACTUYHOCTh, aKTHUBALMIO HEHPOTPOPHBIX (PAKTOPOB M M3MEHEHUE
skcrpeccud TeHoB. OaHMM U3 HauboJsiee BaXHBIX (PAKTOPOB, BIMUSIONIMX Ha
HEUPOIUIACTUYHOCTh, SIBJISIETCS MO3TOBOM HeWporpodudeckuii ¢akrop (BDNF),
KOTOpPBI WIpaeT KIIYEBYID poOJb B NOAIEPKAHMM M pocTe HelpoHoB. Ilox
BO3JICHCTBHEM CTpecca WM TpaBM Habmonaercs naMenenne yposus BDNF, uro moxer
MIPUBOJIUTH K HAPYIICHUSM B MO3TOBBIX CTPYKTYpax.



3. Bausinue cTpecca 1 TPaBM HA HEHPOIIACTHYHOCTD

XpOHUUYECKUH CTpecC OKa3bIBAET JIECTPYKTUBHOE BO3JECHCTBHE HA MO3I, OCOOCHHO Ha
TUNIOKaMIT W Tpe@pOHTaIbHYIO KOpPY, YTO MOXKET NPUBECTH K HaPYIICHHIO
KOTHUTUBHBIX (QYHKUMHA. B TO e Bpems, MO3r CHOCOOEH aJanTHPOBATHCS K ITUM
YCIIOBUSM, OCYIIECTBJISAS BOCCTAaHOBJICHHE HEHPOILIACTUYHOCTH Yepe3 pa3iIMyHbIC
MeXaHU3Mbl. Ba)KHBIM aCIIEKTOM SIBJISIETCS POJIb TPABMATUYECKUX ITOBPEKACHUM, TAKUX
KaK 4epEeIHO-MO3I0OBbIE TPABMBI U HHCYJIBTBI, KOTOPBIE MOT'YT CYLIECTBEHHO IOBJIUAThH
Ha CIIOCOOHOCTbh MO3Ta K BOCCTaHOBJICHHIO.

4. CoBpeMeHHbIE MOAXO0AbI K HelipopeadmIuTanuu

CoBpeMeHHbIE METOJbI JICUEHUS M HeHpopeaOWIuTalluh, TaKue KaK KOTHUTHBHO-
noBeJIeHUecKasl Tepanus, pu3ndeckass akTUBHOCTh U HEHPOCTUMYIISIINS, HAPABJICHBI
Ha AaKTHBAllUI0 TPOILIECCOB  HEHporulacTHYHOCTH. HenmaBHue  umcciaeaoBaHUs
MOKa3bIBAIOT, YTO KOMILJIEKCHOE BMEIIATENILCTBO, BKIIOYAs MEIMKAMEHTO3HOE JICUCHUE
M TICUXOTEPANEBTUUECKUE METO/bl, MOXKET 3HAYMTEIBHO YCKOPHUTH BOCCTAaHOBJICHUE
MOCJIe TPaBM.

5. IlepcneKTUBBI M BHIBO/AbI

bynymue wuccnenoBaHuss B 00JaCTH  HEHPOIJIACTUYHOCTH OTKPHIBAIOT HOBBIC
BO3MOXKHOCTH JJI JIeYeHHUs 3a00JE€BaHUU, CBS3aHHBIX C TOBPEXKIECHUEM MO3Ta.
Oco00eHHO MEePCIEeKTHBHBIMY SBIIIOTCS TTOAXObI, HAMMPaBJIEHHBIC HA WCITOH30BAHUE
TEXHOJIOTMA HEUPOWMH)KCHEPUH, TaKUX KaK CTHUMYJSIUAS MO3ra C TIOMOIIBIO
HEUPOCTUMYIISITOPOB U KJIETOYHOM Tepanuu. BaxHO NpoI0KUTh UCCIIEIOBAHUS B 3TOU
obnacTu aiist pa3pabotku 0osee 3PPEKTUBHBIX METOI0B HEHPOPEAOMITUTALINH.

Jlureparypa
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NHOCTPAHHBIE SA3bIKH B KOHTEKCTE I'NIOBAJIM3ALIMN: BJIMSHUE
HA PASBUTHUE DKOHOMMKHU U MEXKXAYHAPOIHYIO
KOHKYPEHTOCHOCOBHOCTbD

I'yaasbieBa I'yab6axap

IIpenonaBarenb, Y HUBEPCUTET HHKEHEPHBIX TEXHOJIOTUM TypKMEHHCTaHA UMEHH
Ory3 Xana

r. Amxaban TypkmeHucTaHn

Aarteimbipagosa I'yarau
CryzneHT, YHUBEPCUTET HHKEHEPHBIX TeXHOJOorui Typkmenuctana umenu Ory3 Xana
r. Amxaban TypkMeHucCTaH

AHHOTAIIUA

B ycnoBusx rinobanuzanuMyM M yCWJIEHHOM MEXAYHapOAHOW HMHTETpallUd 3HaHUE
MHOCTPAHHBIX SI3bIKOB CTAHOBHUTCS KJIIOYEBBIM (DAKTOPOM I Pa3BUTHS SKOHOMUKU
ctpad. OTKpbITHE  MEXIYHAapOIHBIX  PBIHKOB, pOCT BHEIIHEW TOPIOBIIH,
MEXIYHAPOJHBIX WHBECTULIMA M PA3BUTUE TEXHOJIOTHA TpPeOYIOT OT COTPYIHUKOB
KOMIIaHUH HE TOJIbKO IPO(ECCHOHATBHBIX HABBIKOB, HO U CIIOCOOHOCTU 3(PPEKTUBHO
oOaTbcsi Ha MUPOBBIX S3bIKax. B cTaThe paccmaTpuBaercsi BIMSIHHE MHOCTPAHHBIX
A3BIKOB HA SKOHOMMKY, BKJIOYash HX poJib B OH3HEcCe, BHEIIHEH TOPIroBIIE,
TEXHOJOTMYECKOM MTPOrpecce U HayuHbIX ncciaenoBanusax. O0CyKIat0TCs ePCIEKTUBBI
U BBI3OBBI, C KOTOPBIMH CTaJKMBAIOTCS 3KOHOMHUKHM pa3HBIX CTpaH B YCIOBMIX
YCUJIEHHOM MEKIyHAPOJIHOW KOHKYPEHIIUU.

KiaroueBble cjioBa: HHOCTPAHHBIC A3BIKH, SOKOHOMHUKA, rno6an1/13au1/151, MCXKIyHapoaHasd
KOHKYpPCHIUA, MCXKAYHAPOIHAA TOPIrOBJIA, TCXHOJOI'MH, HAYYHBIC UCCIICIOBAHMA.

1. BBenenue

['moGanu3anusi SKOHOMUKH TpeOyeT OT CTpaH M MX TPaXkJIaH BBICOKOM CTENEHU
B3aUMOJICUCTBUSL M KOOIEpalMud C MEXKIYHAapOAHBIMHM IapTHEpPaMH. 3HAHUE
WHOCTPAaHHBIX  SI3BIKOB  CTAaHOBHUTCS  HEOTHEMJIEMOM  YacTblO  YCHEUIHOW
npo(hecCuoHANBbHON NeATEIbHOCTH, OCOOEHHO B TaKUX cdepax, KaKk MexITyHapOIHbIN
Ou3Hec, HKOHOMHUKA, HayKa U TEeXHOJoruu. BBeneHue M pa3BUTHE MHOTOS3BIYMS B
oOpa3oBaTeNbHBIX M JENOBBIX C(epax OTKPHIBAET HOBbIE TOPU3OHTHI IS
HKOHOMUYECKOTO POCTa, YIy4llasi KOHKYPEHTOCIIOCOOHOCTh HA MUPOBOM PBIHKE.

Kpome Toro, B mocnegnue necaTUIETUS HTHOCTPAHHBIE SI3bIKM UTPAIOT BAXKHYIO POJIb B
pPaCIIMPEHNH BHEUTHEN TOPTOBIIY U PA3BUTUN MEKTYHAPOIHBIX CBS3EH.
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KoMmnanum, cnocoOHble BeCTH OM3HEC HAa HECKOJBKUX S3bIKAaX, MOTYT 3((PEKTUBHO
paboTaTh ¢ pa3IMYHBIMM CTpPaHAMHM, QJANTUPOBATHCS K HM3MEHEHHSIM Ha
MEKIYHApOJIHOW apeHe W BHEAPATh HOBEWIIHME TEXHOJIOTHMHU, YTO HEIOCPEICTBEHHO
CKa3bIBAa€TCsl HA pOCTE UX MPUOBUIN U PACUIMPEHUHN PHIHKOB.

2. Poab HHOCTPAHHBIX A3LIKOB B OM3Hece H DKOHOMHUKE

2.1. Pa3zBuTHE MEXKIYHAPOIHOM TOPTOBJIN

OgHuM U3 TrIaBHBIX (PAKTOPOB, CIOCOOCTBYIOUIMX POCTY 3KOHOMHKH, SIBIISIETCS
MEXAYHapOJiHas TOPTOBJIIs, KOTOPasi, B CBOIO OUYepe/ib, HEBO3MOXKHA 0€3 2(h(HEeKTUBHOM
KOMMYHUKAIIMM Ha s3bIKax MNapTHEPCKUX cTpaH. KommaHuu, KOTOphIE aKTUBHO
UCIOJIb3YIOT MHOCTPAaHHBIE SI3bIKM B CBOEU JCSATENBHOCTH, MOTYyYalOT KOHKYPEHTHOE
MPEUMYILECTBO B BHUJIE PACUIMPEHHOrO0 Kpyra HapTHEPOB M BO3MOXXHOCTEW MJIs
3aKJIFOYEHUS! BBITOJHBIX KOHTPAKTOB. TOProBisl HA MEXIYHApPOJIHOM ypOBHE TpeOyeT
3HaHUS cnenupuKkn OM3HEeca B JPYrUX CTpaHaX, a TakKe CIHOCOOHOCTH 00IIaThcsa U
NOHUMATh KyJIbTYPHbIE OCOOEHHOCTH MAapPTHEPOB.

2.2. Biuusine MHOCTPAHHBIX SI3bIKOB HA NPUBJICYCHUE HHBECTUIIUI

Hanuuue criennanucToB, 00J1aJal0MX HHOCTPAHHBIMHU SI3IKOBBIMA HABBIKAMM, UTPAET
KJIFOUEBYIO POJIb B IPUBJICUEHUN HHOCTPAHHBIX MHBECTUIIMI. THBECTOPBI, paboTaroue
Ha MEXJYHapOJHBIX PhIHKAX, YaCTO BBIOMPAIOT T€ CTPAaHbl WJIM KOMIIAHWHU, KOTOPBIE
MOTYT MPEJOCTABUTh UM JIOCTYN K BHICOKOKBATM(D)UIIMPOBAHHBIM KaJpaM, CIIOCOOHBIM
BECTH JICJIOBYIO MIEPEMUCKY U MTEPErOBOPHI HA AHIIIMNCKOM, KHTalCKOM, HEMELIKOM WJIH
IPYTUX SA3bIKaX. bpeHbl 1 KOMIIAHUHM, OPUEHTUPOBAHHBIE HA MEXYHAPOIHBIN PHIHOK,
UMEIOT OoJbllle IIAHCOB Ha YCIEX, €CIM UX MPeICTaBUTENH MOTryT 3((EKTUBHO
00ILIATHCS ¢ MHOCTPAHHBIMU APTHEPAMHU.

3. BunsiHue NHOCTPAHHBIX SI3bIKOB HA TEXHOJIOTHYECKUH U HAYYHbII Iporpecc
3.1. Pa3zBuTHE HAYYHBIX MCCJICIOBAHUM

B HayuHoll cepe MHOCTpaHHBIC S3BIKA, OCOOCHHO aHTJIMMUCKUM, UTPAIOT BAXKHEHIITYIO
posib B OOMEHE 3HAHUSMHM W Hay4dyHOU KoMMyHUKaruu. [Iporpecc B pa3inuHbBIX
00J1acTSIX HAYKH U TEXHOJIOTHI 4acTO 3aBUCHUT OT JIOCTYITHOCTH HAYYHBIX MyOJIMKAIIUM,
MEXKIYHAPOAHBIX KOH(MEpeHIM u oOMeHa HACSIMU MEXAy HCCIEIOBATEIsIMHU U3
pa3HbIX CcTpaH. fI3bIkoBasi Oapbepa MOXET CTaTh MPENATCTBUEM ISl y4acTus B
MEXAYHAPOIHBIX IPOEKTAX, YTO OTPAHUYUBAECT BO3MOXKHOCTH ISl HAYYHBIX OTKPBITUN
Y UHHOBALIUM.

3.2. UHHOBaIIMM U HOBBIE TEXHOJIOTHH

B ycrnoBusix OBICTpOrO pa3BUTHS TEXHOJOTHWA 3HAHUE WHOCTPAHHBIX SI3BIKOB
CTAHOBUTCSI HEOOXOIUMBIM JIJIs CBOEBPEMEHHOTO OCBOCHHUSI HOBEHIITUX TOCTHKCHUH.
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Hanpumep, kommanuu, paboTarolmue B 00JIACTH TEXHOJOTHM, YacTO HCHOJIb3YHOT
MEXIyHapOJAHbIE MCTOYHUKUA 3HAHUM M HOBBIX Pa3pabOTOK, KOTOpPbIE H3HAYAIBHO
nyOJIUKYIOTCSI HA MHOCTPAHHBIX SI3bIKaxX. JTO MO3BOJIAET UM OBICTPO aJanTHPOBATh
WHHOBALIMU JIJI1 CBOMX PBIHKOB, COKpallasi BpeMs Ha pa3padOTKy U BHEAPEHHE HOBBIX
IPOLYKTOB U YCIYT.

4. Biusinue HHOCTPAHHBIX A3BIKOB HA MEKAYHAPOAHYIO KOHKypeHTOCHO(:OﬁHOCTL

4.1. IloBbIIeHHE KaYecTBa pado4eil CHIIbI

Hanuune sS13pIKOBBIX HABBIKOB Y PAOOTHUKOB 3HAYMTENBHO MOBBIIIAET UX CIIOCOOHOCTD
paboTaTb B MEXIyHapOJHOW cpeme, UTO JenaeT ux Oojiee I[EHHBIMH IS
paboroaarenell, OpPUEHTUPOBAHHBIX HA pacIIMpEeHUE CBOUX pbIHKOB. Kommanuw,
MHBECTUPYIOIIUE B 00yU€HUE NHOCTPAHHBIX SA3bIKOB, CO3JAI0T YCIOBHS JJIs1 YIIyUIlICHUS
KOMMYHHUKAIIMH U TPO(ECCHOHATHLHOTO POCTa CBOMX COTPYAHHUKOB, YTO HAIMPSMYIO
BIUsieT Ha A (HEKTUBHOCTH U MPOAYKTUBHOCThH paOOTHI.

4.2. CrpaTrerust MHOrosI3bI4Ms B OU3Hece

MHOrOS3bIYHBIE CTPATETUN CTAHOBATCS YACTHhIO KOPIOPATUBHOM KYJIBTYPBI BELYLIUX
KOMIIaHUM, KOTOPBIE CTPEMSATCA MOJIYUYHUTh JOCTYII K HOBBIM PBIHKAM U YJIEPKATh CBOIO
ITO3UIMI0 HA MUPOBOM PBIHKE. 3HAHUE HECKOJIBKHUX SA3BIKOB IO3BOJISIET KOMITAHHSIM HE
TOJIBKO PACIIMPUTH CBOU TOPU30HTHI, HO M YKPEIIUTh CBOIO PEMyTALMIO KaK HAJEKHOTO
IapTHepa JUIsi THOCTPAHHBIX KIMEHTOB U NUHBECTOPOB.

5. IIpo0JieMbl ¥ BBI30BbI 1JISI IKOHOMHUKH B YCJIOBHUSX IJ100aJ1U3aAUU

5.1. Heo0xoaumocTh pa3sBUTHSI MHOTOSI3BIYHOI0 00Pa30BaHU S

OnHuM U3 TJIaBHBIX BBI3OBOB JIJISi COBPEMEHHBIX SKOHOMUK SIBIISIETCS HEOOXOIUMOCTh
BHEJIPEHUSI MHOTOS3BIYHOTO 00pa3zoBaHus. CTpaHbl, KOTOPbIE HE PAa3BUBAIOT CUCTEMY
oOy4yeHUsI HMHOCTPAHHBIM  SI3bIKaM, PHUCKYIOT OTCTaThb B  MEXKIYHapOJHOM
KOHKypeHTOociocoOHOCTHU. [Ipo0aeMbl HeXBaTKM KBATU(PUIITUPOBAHHBIX CIICIIUATUCTOB,
TOBOPSIIIIMX HAa WHOCTPAHHBIX SI3BIKAX, MOTYT MPUBECTU K CHUKEHUIO MHBECTUIIMN U
OTPAaHUYEHHIO BHEIIHEN TOPTOBIIH.

5.2. JxoHOMHMYECKHE U KYJIbTYPHbIEC 0apbepbl

HecmoTtps Ha TO 4TO 3HAHWE MHOCTPAHHBIX SI3BIKOB OTKPBIBAET NEPE] SKOHOMHUKAMH
HOBBIE BO3MOYKHOCTH, TaKXe€ CYIIECTBYET psii MpoOJieM, CBA3aHHBIX C KYJbTYPHBIMU
pazIUYMsAMU, SI3BIKOBBIMU OapbepaMu U HegonoHuMaHveMm. CTpaHbl U KOMIIAHUU
JOJIKHBI OBITh TOTOBBI K IPEOJOJICHUIO 3TUX OapbepoB, BHEAPSAS aJalTHPOBAHHBIC
CTpaTEruv U METOABI IS YIIYYLIEHUS MEKIYHAPOIHON KOMMYHHUKALIUH.
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6. 3aka0ueHue

NHocTpaHHbIE A3BIKA WUTPAIOT BAXKHYIO POJIb B Pa3BUTHUU COBPEMEHHOW SKOHOMMKH.
I'moGanuzarust  TpeOyeT OT CTpaH M HUX TpaxnaaH yMeHHsS 3(GPEKTUBHO
B3aMMOJICHCTBOBaTh HAa MEXAYHAPOJHOW apeHe, W 3HAHHE WHOCTPAHHBIX S3BIKOB
CTAHOBHUTCSI OCHOBOW [IJIi YCHEHNIHOM KOHKYPEHUHH. OKOHOMHUKH, AKTHUBHO
Pa3BUBAIOIIKE S3BIKOBBIE KOMIIETEHIIMU CPEIM CBOMX CIELHUAIMCTOB, UMEIOT OOJIbIIIe
IIAHCOB HA MPUBJICUCHUE UHBECTUIINM, PACIIUPEHUE BHEUIHEW TOPTOBIU U BHEIPECHUE
HOBBIX TexHoJoruil. B Oynyiem, coBepiieHCTBOBaHHE OOpa30BaTENbHBIX U OM3HEC-
CTpateruii B 00JaCTH SI36IKOBOM TIOJITOTOBKU CTAHET HEOTHEMIIEMOM YaCThIO CTPATeTUN
YCTOMYHUBOTO Pa3BUTHA.
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Abstract

This article focuses on the potential of obtaining saponins from local plants of
Turkmenistan, particularly Saponaria orientalis. Saponins are complex natural
compounds with a wide range of biological and pharmacological properties, making
them highly valuable for various industries, including medicine, cosmetics, and
agriculture. The research highlights the benefits of extracting saponins from native
plants and investigates Saponaria orientalis as a significant source of these compounds.
The article further explores the various extraction methods, their efficiency, and the
broader applications of saponins in different sectors.
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1. Introduction

Saponins are a group of bioactive compounds known for their ability to form foams
when mixed with water, as well as for their detergent-like properties. These compounds,
commonly found in various plants, have been extensively studied for their therapeutic
potentials, including anti-inflammatory, anti-cancer, and anti-diabetic properties.
Saponaria orientalis, a plant native to Turkmenistan, is a promising source of saponins
due to its high concentration of these bioactive substances. The study of Saponaria
orientalis and other local plants for saponin extraction offers the opportunity to develop
sustainable, local sources for these valuable compounds, which could benefit both the
pharmaceutical industry and other sectors such as agriculture and cosmetics. The
primary goal of this research is to explore the feasibility of obtaining saponins from
Saponaria orientalis and discuss potential applications for these compounds in various
industries.

2. Importance of Saponins

Saponins are widely recognized for their diverse biological activities. They possess
surfactant properties, which makes them valuable for use in soaps, shampoos, and other
cleaning products. In the pharmaceutical industry, saponins are valued for their ability
to enhance drug absorption, support immune system function, and exhibit anti-
inflammatory, antioxidant, and anticancer activities. Recent studies have shown that
saponins can also act as adjuvants in vaccines, boosting the body’s immune response.
Moreover, saponins are used in agriculture as natural insecticides and pesticides due to
their toxicity to certain pests. This section highlights the increasing demand for saponins
In various sectors and the significance of identifying local sources, particularly from
plants like Saponaria orientalis.

3. Saponaria orientalis and its Potential

Saponaria orientalis, a plant from the Caryophyllaceae family, is widely distributed in
Turkmenistan. Known for its ornamental beauty, this plant has been studied for its high
saponin content. Saponaria orientalis thrives in various climatic conditions found in
Turkmenistan, making it an ideal candidate for sustainable cultivation and saponin
production. The plant’s root, leaves, and stems contain significant concentrations of
saponins, which are primarily responsible for its foaming properties. Research indicates
that the saponins in Saponaria orientalis possess strong bioactive effects, making it an
excellent resource for extracting these compounds. This section explores the chemical
composition of Saponaria orientalis, emphasizing the presence and diversity of
saponins and their potential for commercial use.

4. Methods of Saponin Extraction

The extraction of saponins from plants involves several methods, each with its
advantages and limitations.
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Traditional extraction methods, such as maceration and Soxhlet extraction, are
commonly used but may require long extraction times and large volumes of solvents.
More advanced techniques, such as supercritical fluid extraction (SFE) and ultrasound-
assisted extraction (UAE), are gaining popularity due to their efficiency, reduced solvent
use, and lower environmental impact. SFE, for instance, uses superheated CO2 to extract
saponins without leaving residual solvents, making it a clean and sustainable alternative.
UAE, on the other hand, uses ultrasonic waves to enhance the extraction process, leading
to higher yields in a shorter period. In this section, we provide a detailed comparison of
these methods, highlighting their effectiveness for extracting saponins from Saponaria
orientalis and other local plants. The choice of method depends on factors such as the
plant’s characteristics, the desired purity of the saponins, and the intended application
of the extracted compounds.

5. Applications of Saponins

The applications of saponins are vast and diverse. In the pharmaceutical industry,
saponins are used in the development of new drugs, particularly those that require
natural compounds to enhance bioavailability and improve therapeutic effects. Saponins
have shown potential in the treatment of cancer, diabetes, and cardiovascular diseases,
making them crucial for medical research. In agriculture, saponins extracted from plants
like Saponaria orientalis are used as natural pesticides, offering an eco-friendly
alternative to chemical pesticides. Additionally, saponins are utilized in the production
of cosmetics and personal care products due to their foaming and emulsifying properties.
This section delves deeper into the various applications of saponins, with a special focus
on their potential in the pharmaceutical and agricultural industries, highlighting the
economic benefits of utilizing local plants such as Saponaria orientalis for saponin
production.

6. Conclusion

The extraction of saponins from local plants, particularly Saponaria orientalis, offers a
sustainable and environmentally friendly solution to meet the growing demand for these
bioactive compounds. The research highlights the immense potential of Saponaria
orientalis as a source of saponins, and by optimizing extraction methods, it is possible
to produce high-quality saponins for use in pharmaceuticals, agriculture, and cosmetics.
Further studies are required to fully explore the chemical composition of saponins in
Saponaria orientalis and improve extraction techniques to enhance yield and efficiency.
The development of local resources for saponin production can significantly contribute
to the growth of industries in Turkmenistan and the surrounding region, promoting
economic growth and sustainability. This article concludes by emphasizing the
importance of continued research and innovation in the field of saponin extraction from
native plants, particularly those with a rich heritage like Saponaria orientalis.
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HUPPOBU3ALIUA OBPA3OBAHUA: BOSGMOXHOCTHU U PUCKH
BHEJIPEHUSA UT-TEXHOJIOTUI B YUEBHBIN ITPOLIECC

HNBanos Cepreii BuxTopoBu4

CTapUINii MpernoaBaTelb, kKadeapa SKOJI0THH U MPUPOAHBIX pecypcoB, MOCKOBCKUI
rOCyJ1apCTBEHHBIM YHUBEPCUTET

r. Mocksa, Poccus.

AHHOTAIUA

B nmaHHOW cTaTbe paccMaTpUBaIOTCS COBPEMEHHBIE TEHACHLUMH U(PPOBU3ALNN
oOpa3oBaHMsl, BKJII04Yasi OCHOBHbIE BO3MOKHOCTH M PUCKH, CBSI3AHHBIE C BHEIPECHUEM
MH(OPMALIMOHHBIX ~ TEXHOJIOTMUH B  y4eOHbI mpouecc. I[IpoananuzupoBaHbl
IpeuMyIIecTBa LHU(POBBIX TEXHOJOTUH B OOYyYEHHH, UX BIUSHUE HA YCIEBAEMOCTh
CTYIACHTOB, a Tak)e MpoOJeMbl, BO3HMKAIOIIME NpPHU UX HUCHOIb30BaHUHU. Ocoloe
BHUMaHHUE YZEJIEHO BOIIPOcaM LIM(PPOBOr0 HEPaBEHCTBA, ICUXOJIOTMUYECKUM acCleKTaM
nupoBoro oOydyeHus: U MEPCHEKTUBAM PAa3BUTHUSL 00pa30BaTEIbHBIX TEXHOJOrui. B
3aKJIIOYEHUU TNPUBOJATCA pekoMeHjauuu 1o 3¢pdextuBHOMy BHeapenuro WT-
MHCTPYMEHTOB B 00pa30BaTEIbHbIE YUPEKICHUS.

Kuarouessblie ciioBa: nudposuzanus ooOpazoBanusi, UT-TexHonoruu, onnaitH-o0y4deHue,
nudpoBbie  TIATHOPMBI, AUCTAHIIMOHHOE OOy4YeHue, PHUCKU IUPPOBU3ALINH,
MH(}OpPMAIMOHHBIE TEXHOJOTHH.

1. BBegenue

HudpoBuzamuss  oOpa3oBaHUsl  MpEACTaBIsieT C€OoOOW  rioOanbHBIM  Tpolecce
TpaHcopmauu  yueOHOro  mpouecca ¢ HCIOJb30BAaHHMEM  COBPEMEHHBIX
MH(GOPMALIMOHHBIX TEXHOJOruil. BHenpenne nu@poBbIX MHCTPYMEHTOB, TaKMX Kak
OHJIaWH-TIIATQOPMBI, BUPTYaJIbHBIE KJACChl, HMCKycCTBEHHbIM wuHTewekr (M) u
OoJIbIIINE JTaHHBIC, MEHSET TPAJAUIMOHHBIE MOAXOAbl K 00y4YeHHUIO, Jesiast ero Oosee
rMOKUM, MEPCOHATM3UPOBAHHBIM U AOCTYNHBIM. OJHAKO BMECTE C BO3MOKHOCTSIMU
MOSIBJISIFOTCS M 3HAYUTENbHBIE BBI30BBI, BKIIIOUas HU(PPOBOE HEPABEHCTBO, 3aBUCUMOCTh
OT TEXHOJOTUH, YIrpo3y HH(POPMALMOHHOW OE€30MacHOCTH WM CHUXKEHUE YPOBHS
KPUTHYECKOTIO MBILIUIEHHS Y CTYJI€HTOB.

B manHO# cTaThe paccMaTpUBAIOTCS KIIOUEBBIC aCIIEKTHI ITU(POBHU3AIIMA 00pa30BaHMS,
ee BiausHUE Ha H(P(OEKTUBHOCTH, OOYYECHHS, a TaKXKEe NOTCHIMAIBHBIE PHUCKU U
OTpaHUYCHHUS.
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2. Bo3Mo:kHOCTH HM(POBU3ALUM 00PA30BAHUA

2.1. JIocTymHOCTH M NEePCOHAIU3ANHUA 00yYeHHs

OpHMM W3 TJIaBHBIX MPEUMYIIECTB HU(POBBIX TEXHOJIOTUNA B 00pa30BaHUM SIBISETCS
JOCTYIMHOCTh YY€OHBIX MAaTEPHAJIOB JIJISl IIUPOKOTO Kpyra y4yammxcs. OHJIaiH-KypCHI,
ANIEKTPOHHBIE OHWOIMOTEKHM M JUCTAHUMOHHBIE MPOrpPAMMBI MO3BOJSIOT CTYJEHTaM
[OJTy4yaTh 3HAHUS HE3aBUCUMO OT UX T€0rpauuecKoro MmoyioKeHus.

[lepconanm3upoBaHHOe OO0y4Y€HHE, OCHOBAaHHOE Ha AaHaJIM3€ JaHHBIX, IO3BOJISET
aJanTUpOBaTh O0Opa30BaTENIbHBIA TpOLECC MO WHIWBHAyaldbHbIE MMOTPEOHOCTH
KaXI0ro ywamierocsi. VICKyCCTBEHHBIM HWHTEIEKT M MAalllMHHOE OO0y4YeHue
UCIOJIb3YIOTCS JUIsl aBTOMATHYECKOM MOJACTPOUKHM YyU€OHBIX MPOrpaMM, YTO MOBBIIIAET
3¢ (PEeKTUBHOCTH YCBOCHUS MaTepHala.

2.2. UHTepaKTUBHbIE TEXHOJOTUN M HOBbIE METOAMKH 00y4eHMsI

Hcnonb3oBanue BUPTyaldbHOM W nomosiHeHHOW peanbHOCTH (VR m AR) mosBosser
CO3/1aBaTh HMMMEPCHUBHBIE 0Opa30BaTENbHBIE CpEbl, B KOTOPBIX CTYIAEHTHI MOTYT
IIPOBOAUTH IKCIIEPUMEHTHI, U3Y4YaTh CIIOKHBIE MEXaHU3MbI U MOJEIUPOBATh PEATbHBIC
npoueccel. Hanpumep, B MeauuuHe VR-cUMynsiniuy MCHONB3YIOTCSA IS O00y4YeHUs
OyAyLIMX XUPYpProB, a B UHKEHEPUHU — JUUIsI U3yUEHUS! KOHCTPYKIUI U MEXaHU3MOB.

[eiimudukamnus (UCIOIB30BAHUE HWTPOBBIX 3JIEMEHTOB B OOYyYEHUU) MOTHBUPYET
CTYJICHTOB K aKTHBHOMY y4YacCTHIO B y4eOHOM TIpoliecce, MOBBIIIasi BOBICUEHHOCTh U
HMHTEPEC K MPEAMETY.

2.3. Yayuienue MOHHMTOPHMHIA ycneBaemMocTH | AaBTOMATH3ALUA
o0pa3oBaTeJIbHBIX NPOLECCOB

bnaromaps UT-texHonorusM npenoaaBareayd MOTYT aHaJW3UPOBATH YCIIEBAEMOCTH
CTYJICHTOB B pEXKHME pPEaJbHOTO BPEMEHHU, BBIABIATH MPOOENTHl B 3HAHHUSIX U
CBOEBPEMEHHO KOPPEKTUPOBATH yUEOHBIN Mporiecc. ABTOMAaTU3UPOBAHHBIE CHCTEMBI
TECTUPOBAHUS U AJIEKTPOHHBIE JHEBHUKHU OOJIETYal0T KOHTPOJIb 32 yCIIEBAEMOCTBIO U
JEJNAI0T MPOLECC OLIEHKU 00Jiee 0O bEKTHUBHBIM.

3. Pucku 1 BbI30BbI HU(PPOBU3ALNH 00PA30BAHUA
3.1. [Ipodsiema ungpoBOro HepaBeHCTBA

Hecmotpss Ha mmpokoe pacmpocTpaHeHue HUGPOBLIX TEXHOJOTUH, CYIIECTBYET
mpoOsema mudpoBOro pa3phiBa MEXKLy PErMOHAMH U COIIMAIBHBIMU ciiosiMu. He y Bcex
YYaIIUXCS €CTh JOCTYI K CTA0UILHOMY UHTEPHETY 1 COBPEMEHHBIM YCTPONHCTBAM, YTO
co3faeT Oapbepsl ISl MOJYyYEHUs KAUeCTBEHHOTO 00pa30BaHus.
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3.2. CHH:KeHNe KPUTHY€CKOT0 MBIIIVIEHNS] M KOTHUTUBHOI AKTUBHOCTH

UpesmepHoe UCTOIb30BaHUE HU(POBBIX TEXHOJIOTHI MOKET MPUBECTH K YXYALIECHUIO
AHAJTUTHYECKUX CIOCOOHOCTEH CTyAeHTOB. WM3-3a JOCTYMHOCTHM HH(pOpMaluuu
ydammecss MOTYT peXe aHaJIU3MpPOBaTh M KPUTUYECKHM OCMBICIMBATH MOJIYYEHHbIE
3HAHUSL.

3.3. IlcuxoJioruyeckue U (pU3HOJIOTHYECKUE MOCTAEACTBUS

JUITEeNbHOE UCII0JIB30BAHUE AIIEKTPOHHBIX YCTPONUCTB MOXKET BBI3bIBATH MIPOOJIEMBI CO
3peHUEM, HApYIICHHE OCAHKH, a TakKe MPUBECTH K IudpoBoi 3aBucuMoctu. Kpome
TOTO, OHJIAWH-00YYeHUE CHIXKAET YPOBEHb JKUBOTO OOIICHHS MEXIY CTYJIECHTaMHU U
MIPENO/IaBaTeNIIMHU, YTO HETATUBHO CKa3bIBAECTCS HA PA3BUTHUH COLUAIIbHBIX HAaBBIKOB.

3.4. KuGepyrpo3nl 1 ungpopMannmoHHasi 0€30MacHOCTh

HudpoBuzamnus oOpa3oBaHUsl YBEIMYMBAET PUCKU YTEUKU IMEPCOHAIBHBIX JAaHHBIX
CTYIEHTOB U npenojaBateneidl. Kubeparaku Ha oOpa3oBarenbHble MIaTGOPMBI MOTYT
NPUBECTH K KOMIPOMETAIMU KOH(PUIEHIUAIBHON MHPOPMAMU U CPbIBY y4eOHOTro
mpoiiecca.

4. IlepcnekTuBbI HUPPOBOro 00pa3oBaHUA

bynyimee nudpoBoro o0pazoBaHus CBSI3aHO C JAIbHEHIINM pPa3BUTHEM TEXHOJOTHUH
MCKYCCTBEHHOT'O MHTEJUIEKTA, aIallTUBHOTO 00y4YeHUsl U OJIoKuelHa 11t oOecreueHus
MPO3PAYHOCTH OOpazoBaTeabHOrO mporecca. Oxujgaercs, 4to B OJMKaWIIue TOAbI
OylyT AaKkTHUBHO pa3BUBAThCS THOpUIHBIE MOJEIU OOy4YEHHUs, COYETAIOIIHE
TpaJAUIIMOHHBIE U IIU(PPOBBIE METOIBI.

Cucremsl Ha ocHoBe MM cMoryT agantupoBaTbcs K MHIMBUIYaIbHBIM HOTPEOHOCTSIM
KQKJOTO CTYJEHTa, a TEXHOJIOTMM BUPTYaJIbHOM PEaJTbHOCTH II03BOJIAT IPOBOJIUTH
nabopaTopHbIe pabOThl U IPAKTUYECKUE 3aHITHS B IIUGPOBOU Ccpeie.

5. 3akaouenue

[Hudposuzanuss 00pa3oBaHUs OTKPHIBAET IIMPOKUE BO3MOKHOCTH JUISl TOBBIILICHUS
KayecTBa OOy4YeHUs, €ro JOCTYNHOCTH W NepcoHanmu3anuu. OgHaKo 3TOT Mpolecc
CONMPOBOXKIAETCSI CEpPbE3HBIMU  BBI30BAMHM, BKJIOYas LHU(PPOBOE HEPABEHCTBO,
MICUXOJIOTUYECKHE U (PU3UOJOTUYECKHE PUCKHU, a TaKKe MPoOIeMbl HH(POPMAMOHHON
0€30I1aCHOCTH.

Jlist ycmenrHoro BHEAPEHHs] MUQPPOBBIX TEXHOJIOTHH HEOOXOIMMO pa3pabaThiBaTh
CTpaTeryy, HaNpPaBJICHHBIC HA CHI)KCHHE HETATUBHBIX TMOCIEACTBUI MU(POBHU3AINH,
obecrieueHre paBHOTO JTOCTYIIAa K TEXHOJOTUSIM U TTOBBIIIICHNUE 1TU(DPOBOIT TPaMOTHOCTH
npenojiaBareneid U CTyneHToB. bymymiee oOpa3oBaHusi 3aBUCHUT OT OayaHca MEXIy
WHHOBAIIMSAMH ¥ TPAJIUIMOHHBIMU METOJaMH OOYYEHUSs, a TaKK€ OT OTBETCTBEHHOTO
Moaxo/1a K ucnoJib3oBanuto UT-uHCTpyMeHTOB B yueOHOM mpoliecce.
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Abstract

This article discusses the preparation of an aqueous-alcohol ointment derived from the
medicinal plant Climacoptera turcomanica, which is widely found in Turkmenistan. The
study explores the technology behind the extraction of active ingredients from the plant,
their formulation into a therapeutic ointment, and the assessment of the ointment’s
efficacy for treating a variety of skin conditions. By using both scientific and traditional
knowledge, the research provides insight into the potential applications of Climacoptera
turcomanica in modern medicine. The findings demonstrate that the developed ointment
has significant medicinal properties, offering a natural alternative to pharmaceutical
products.

Keywords

Climacoptera turcomanica, medicinal plant, aqueous-alcohol ointment, extraction
technology, therapeutic properties, natural medicine, skin care.

1. Introduction

The use of medicinal plants has long been an integral part of traditional medicine,
especially in regions with rich biodiversity like Turkmenistan. One such plant,
Climacoptera turcomanica, native to the region, has shown promise in treating various
skin conditions.
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The primary goal of this research is to explore the preparation of an aqueous-alcohol
ointment from Climacoptera turcomanica, focusing on the extraction of bioactive
compounds and their formulation into an effective medicinal product. This study aims
to demonstrate the feasibility of using this plant in modern pharmaceutical practices,
offering an alternative to synthetic ointments.

2. Materials and Methods

The study was conducted using fresh Climacoptera turcomanica leaves, which were
harvested in the summer months to ensure the maximum concentration of active
compounds. The leaves were washed thoroughly and dried at room temperature before
extraction. Two primary solvents were used for the extraction process: ethanol (95%)
for alcohol-based extraction and distilled water for aqueous extraction. The extraction
was performed using a maceration method, where the plant material was soaked in the
solvents for 48 hours, followed by filtration. The resulting extracts were then
concentrated to the desired consistency for use in the ointment formulation.

The preparation of the ointment involved mixing the active plant extracts with a base
made of petroleum jelly and a small amount of emulsifying wax to ensure proper
consistency and stability. The proportions of water, alcohol, and plant extract were
carefully adjusted to ensure a balanced formulation that would be easy to apply while
maintaining the therapeutic properties of the plant.

3. Extraction of Active Components

The extraction process aimed to isolate the key bioactive compounds responsible for the
medicinal properties of Climacoptera turcomanica. Preliminary phytochemical analysis
showed that the plant contains a variety of alkaloids, flavonoids, and glycosides, which
are known for their anti-inflammatory, antimicrobial, and antioxidant properties.
Ethanol was found to be the most effective solvent for extracting these compounds,
although water also contributed to the extraction of water-soluble elements.

The extraction yields were evaluated based on the concentration of bioactive compounds
in the final extract. The ethanol extract had the highest concentration of flavonoids and
alkaloids, while the aqueous extract was richer in polysaccharides and phenolic
compounds. These findings were crucial in determining the final proportions of the
extracts used in the ointment formulation.

4. Formulation of Aqueous-Alcohol Ointment

The next step was the preparation of the aqueous-alcohol ointment. The base of the
ointment was created by combining purified petroleum jelly with emulsifying wax,
which was then heated until the wax melted and the base became homogeneous. Once
the base was prepared, the active extracts from Climacoptera turcomanica were slowly
incorporated into the mixture. The ethanol extract was added first, followed by the
aqueous extract, ensuring a smooth integration of all components.
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The ointment was then allowed to cool at room temperature before being packaged in
sterilized containers.

The final ointment had a thick but spreadable consistency, making it easy to apply to
affected areas. The choice of solvents ensured that the active ingredients were effectively
incorporated into the ointment while maintaining their stability and potency over time.

5. Evaluation of the Ointment’s Therapeutic Properties

The effectiveness of the aqueous-alcohol ointment was evaluated through in vitro and
in vivo studies. In vitro tests were conducted to assess the antimicrobial properties of
the ointment, including its ability to inhibit the growth of common skin pathogens such
as Staphylococcus aureus and Escherichia coli. The results showed significant
antimicrobial activity, especially in the ethanol-based formulation.

In vivo testing was performed on animal models with skin wounds and inflammation.
The ointment was applied topically to the affected areas, and the healing process was
monitored over a period of two weeks. The ointment demonstrated notable anti-
inflammatory effects, significantly accelerating the healing process compared to
untreated controls. Histological analysis of the skin samples revealed enhanced collagen
synthesis and faster tissue regeneration.

6. Results and Discussion

The results of this study indicate that the aqueous-alcohol ointment derived from
Climacoptera turcomanica possesses significant therapeutic properties. The ointment
was found to have both antimicrobial and anti-inflammatory effects, which are crucial
for treating skin conditions such as wounds, burns, and dermatitis. The ethanol extract,
in particular, contributed to the ointment’s antimicrobial action, while the aqueous
extract provided additional antioxidant and anti-inflammatory benefits.

These findings are consistent with traditional uses of the plant in folk medicine, where
Climacoptera turcomanica has been used to treat various skin ailments. This research
demonstrates that modern scientific techniques can validate and enhance the therapeutic
potential of medicinal plants, bridging the gap between traditional knowledge and
contemporary pharmaceutical practices.

7. Conclusion

In conclusion, the study successfully developed an aqueous-alcohol ointment from
Climacoptera turcomanica, demonstrating its potential as an effective treatment for skin
conditions. The research highlights the importance of integrating traditional knowledge
with modern scientific techniques to create new, natural medicinal products. Future
studies should explore the long-term stability of the ointment, as well as its potential for
commercial production and wider therapeutic use.
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TYPKMEHCKHUE HAPOJIHBIE CKA3ZAHUSA U UX BJIUAHUE

HypmammenoB Makcar JlypabiMmyxamme10BHY

CryneHnT, TypKMEHCKOro HallMOHaIbHOI'O HHCTUTYTa MUPOBBIX SI3bIKOB UMEHU
JloBnetmammeTa A3zanu
r. Amxaban TypkMeHucTaH

AnHOTanusi: TypKMEHCKHE HApOJIHbIE CKa3aHUs 3aHUMAIOT Ba)KHOE MECTO B KYJIBTYPE
u juteparype TypkMmeHucTaHa. OTH MPOU3BEIECHUS HE TOJIBKO COXPAHSIOT Ooraroe
HacjeIue HapoJa, HO W OKa3blBAIOT OIPOMHOE BIMSHUE HA Pa3BUTHE JETCKOU
JUTEpaTyphl, a TAaKKE Ha CO3/IaHUE aHMMALMOHHBIX (UIBMOB U MYyJIbTCEpHANIOB. B
CTaThE€ PACCMATPUBAETCS POJIb HAPOAHBIX CKa30K B BOCIIMTAHUN MOJIOJOTO MOKOJICHUS,
UX aJanrtauus JJis J€TCKOro BOCIPUATHS, a TAK)KE BIUSHUAE HA CO3/IaHUE COBPEMEHHBIX
MyJIBTQUIBMOB U AHUMAIIMOHHBIX PUIbMOB B TypKMeHHCTaHE.

KarwueBbie ciaoBa: TypkmeHckue HapoAHbIE CKa3aHWs, JETCKas JMTEPATypa,
MYJIbT(UIBMBI, aHUMAIMS, KyJIbTYpa, BOCIUTaHHE.

1. BBenenue

TypkMeHCKHe HapOAHbIE CKAa3aHMS — 3TO HEOThEMJIEMAs YaCTh KYJbTYPHOIO HaCJIeIns
HapoJla, HAMOJHEHHAs! TTyOOKUM CMBICIIOM, MOPAJIbHBIMUA YPOKaMU M YHUKAJIbHBIMU
oOpazamu. Cka3ku U MU(]BI, TepegaBaBIIMEcs U3 MOKOJEHUSI B MOKOJIEHHUE, ChIrpallv
KJIIOYEBYIO pOJIb B (DOPMUPOBAHMM MHUPOBO33PEHHS, HPABCTBEHHBIX LEHHOCTEH U
ACTETUYECKOT0 BKyCa HapoJa. JTU MPOU3BEICHUS OKa3aJy 3HAUUTEIILHOE BIMSIHUE Ha
pPa3BUTHE HE TOJIBKO B3POCIION JIUTEPATYPhl, HO U HAa AETCKYIO JIUTEPATYPY, YTO B CBOIO
ouepellb TOCITY>KUJIO OCHOBOM [UIsl CO3JaHUSl MYJIbT(QUIBMOB W aHUMAllMOHHBIX
¢unbMOB. BaXkHO OTMETUTB, YTO B MOCIEAHUE JECATUIIETUS POJIb MYJIbTUMEIUNHBIX
TEXHOJIOTMA B BOCHHUTAHUM JETEH CYIIECTBEHHO BO3pPOCIHA, YTO JENAacT afanTaluio
HApOJIHbIX CKa3aHUW B MYJIbT(PUIBMbI OCOOCHHO aKTyalbHOM.

2. Pojib HAPOHBIX CKA30K B JI€TCKOM JUTEepaType

Haponnbie ckaskun TypkmeHHCTaHa SBISIOTCA OCHOBOM Ui CO3JaHUs JE€TCKOM
mutepatypbl. OHU 007aaf0T MPOCTOTON MOBECTBOBaHUS, OorarcTBoMm (aHTa3uu, a
TakKe€ TIIyOOKMMH HpPAaBCTBEHHBIMH U O3THYECKUMH ypokamMu. B 3TuX cka3kax
3aKJIaJbIBAIOTCSl TaKW€ LIEHHOCTH, KaK YEeCTHOCTh, J00pOTa, CIPaBeUIMBOCTh U
yBaxkeHue K npupoje. [lepcoHaxu cka3ok — 3T0, KaK MPaBUIIO, T€POH, C KOTOPHIMU
JIETH MOTryT ceOsi MIACHTUPUIMPOBATH: 10Opble M XpaOpble IOHOIIW, BOJIIECOHBIE
CYILECTBA, MyAPbIE CTapPLIbI.
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OTH TEpPCOHAXXKU CTAHOBATCA HCTOYHMKOM BIOXHOBEHHUS g JeTed M ydaT HX
paBUJILHOMY MOBEJEHUIO B O0IIIECTBE U OTHOIIEHUH K OKPYKAIOLIEMY MUPY.

K npumepy, wm3BectHass ckaska o I'epoe-mpeackasareisie y4yuT AETE€d CMEIIOCTH,
Pa3yMHOCTH W YMEHHUIO BHUJIETh CyTh BEIIEH, a CKa3KH O KUBOTHBIX ITOMOTAIOT
pa3BUBATh JItOOOBb K )KUBOTHBIM U MPUPOIHBIM OoraTtcTBaM. B neTckoil nureparype 3tu
TeMbl, OyAy4yu aJanTUPOBAHHBIMHU, NPHUOOpETarOT eme Oosiee spKyo (opmy,
CTaHOBSITCS OJIMKE U TIOHATHEE JIJI1 MAJICHbKOTO YUTATEIS.

3. Ajantanusi TYPKMEHCKHX CKa30K Ui MYJbT(GWIHMOB U aHUMAIIUH

C pa3BUTHEM TEXHOJIOTHI CO3/laHKE MYJIbTQUIHBMOB U AaHUMALIMOHHBIX (PUITEMOB CTAJIO
HE TOJHKO BO3MOXHOCTBHIO TEPEHOCAa HAPOJHBIX CKAa30K Ha 9KpaH, HO U HOBBIM
CIIOCOOOM HX BOCIPUSATUS COBpPEMEHHBIMH JeThbMHU. CKa3Kd, MEpPEeKUBIIME BEKa,
NpUOOPETAIOT HOBYIO U3Hb B MYJIBTUMEIUUHON (hOpME, CTAHOBSACH JOCTYIMHBIMHU U
MHTEPECHBIMHU JIJIS IIUPOKON ayAUTOPUH.

B TypkMeHucTaHe B MOCIEIHUE ACCATUIICTUS aKTUBHO Pa3BUBAIOTCS MYJIbTUMEINITHBIC
MPOEKTHI, HaIpaBJICHHbIE Ha aJanTalldi0 HapOJHBIX CKazaHuii B Qopmare
QHUMAITMOHHBIX (PUIBMOB. TYpKMEHCKHE aHUMAIMOHHBIE CTYIMA HAYMHAIOT CO3/1aBaTh
MyJIbTCEpUalbl U (PUIIbMBI, OCHOBaHHBIE Ha (oJibkiiope, Takue kKak «Komka u Jlncay
i «TypkmeHckas Jierenaa». ITu MyJlIbTHUIBMBI HE TOJIBKO Pa3BIEKAIOT JAETeH, HO
u  GOpPMHUPYIOT UX OCTETUYECKHE TMPEANOUYTEHUS, Pa3BUBAIOT BOOOpaXXKEHHE U
CIIOCOOHOCTH K KPUTHYECKOMY MBINLICHUI0. Ba)kKHO OTMETUTh, YTO MYIbTOUIBMBI U
aHUMAaIlMs TO3BOJISIOT PACKPBITH TIyOWHY HApOAHBIX CKA30K 4epe3 SpKue 00pasbl,
JMHAMHUYHbBIC CIICHBI U YBJIEKATEIbHbIC IPUKITIOUCHHUS.

4. Bausinue MmyJbT(UJIBMOB Ha JeTel

Coznanue MynabT(GUIBMOB 10 MOTHBAM TYPKMEHCKUX HApOJHBIX CKa30K HE TOJIBKO
pacimpsieT Kpyro3op JI€Ted, HO U IIOMOTraeT UM IIOHATh U MEPEKUTHh KYJIbTYPHBIE U
UCTOpUYECKHE COOBITHSI uepe3 BU3yalbHble o00pa3bl. BzaumopeiictBue ¢
MyJIbTQUIBMAMU CTAaHOBUTCS Ba)XHOM YacThlO BOCIHTAHMS, BEIb B IIpoliecce
MPOCMOTpa MYJbTHUIBMOB JETH HE TOJbKO PAa3BJICKAIOTCA, HO M ydaT Ba)KHbIE
YKA3HECHHBIE YPOKHU.

MynbT@uibMbl, CO3JaHHBIE Ha OCHOBE HAPOJHBIX CKa30K, CTAHOBSATCS BaKHBIM
WHCTPYMEHTOM B OOYYEHUU JIETEH OCHOBAM TYPKMEHCKOW KYJIbTYpPbl U HPaBCTBEHHBIX
IIEHHOCTEH. AHMMAIMS TIO3BOJIAET CHAENaTh JTH YPOKH OoJjiee JTOCTYIHBIMH,
BBIPA3UTEIIBHBIMA W 3alIOMUHAIOIIMMUCS I TOJPACTAIOLUIETO IMOKOJEeHUs. Takum
o0pazoM, MyJIbT(OUIBMBI CTAHOBSATCS COBPEMEHHBIM aHAJIOTOM HApOJHBIX CKa30K,
KOTOPBIC MTOMOTAIOT ACTSIM YUUTh MPUHITUIIBI YECTHOCTH, CIIPABETMBOCTH U JPY>KOBI.

5. IIpo0JieMbl ¥ EPCIEKTUBBI

OpHako CyHIeCTBYIOT M IpOOJIEMbI, CBA3aHHBIE C ajanTalleidl HapOJHBIX CKa30K B
MYJIbTQUIbMAX.
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B mepByro ouepenp, 3TO COXpaHEHHE AYTEHTUYHOCTH KYJIBTYPHBIX TpPaJAULUN TpH
CO3/aHUU MYJbTQUIbMOB. BaxHo, 4ToOBl MpH ajganTanud ObBUIM COXPAHEHBI
OpUTHHAJIbHBIE 3JEMEHTHI (OJIBKIOpA, TaKWe KaK S3bIK, KYJIbTYPHbIE TpaJuLUd U
MopajbHble YpoKu. B TO ke BpeMs, MynbTOUIBMBI JOHKHBI OBITh aKTyaJdbHBIMU U
WHTEPECHBIMH JIJII COBPEMEHHBIX JeTed, 4To TpeOyeT moucKa OanaHca MEXIy
TPaTUIHUSIMUA U COBPEMEHHBIMU MOAXO0/IaMH K TIOBECTBOBAHUIO.

OI[HI/IM N3 TICPCIICKTUBHBIX HaHpaBHCHI/Iﬁ ABJICTCA PA3BUTHC HHTCPAKTHUBHBIX
MYHBTHMe,Z[HfIHLIX IMIPOCKTOB, KOTOPLIC IIO3BOJIAIOT JACTAM HC TOJBKO CMOTPCTH
AHUMAIIUIO, HO U YH4aCTBOBATH B CO3AaHUN UCTOPHUH, HAIIPUMCP, UCPC3 NHTCPAKTUBHLIC
HUI'pPBI UJIN MOOHMIILHBIC IMPUIIOKCHUA. 210 OTKPOCT HOBBIC I'OPU3OHTHI AJIs1 BOCIIMTAHHA
" Pa3BUTHUA ,ZIGTeﬁ acpe3 MYHLTHMGHHﬁHOC HCKYCCTBO.

6. 3akiaouenue

TypkMeHckue HapoAHbIE CKa3aHWS WIPAalOT BaXHYIO poiib B (HOPMHUPOBAHUU
HallMOHAJIBHOW MJIEHTUYHOCTH U BOCIIMTAHUM MOJIOJEKU. AJanTanus 3TUX CKa30K I
JIETCKOM JIUTepaTypbl U MYJbT(HUIEMOB IOMOTAET COXPAHATH KYJbTYPHbBIE TPAJAULIMH U
nepeaaBaTh Ba)KHbIE HPABCTBEHHBIE YPOKH HOBBIM MOKOJICHUSAM. MynbTQUIBMBI U
aHUMAaLMOHHBIE (DUIIBMBI, CO3/IaHHBIE MO0 MOTHBAaM HAapOAHBIX CKa30K, HE TOJBKO
pa3BIEKalT AeTed, HO U (POPMUPYIOT X MUPOBO33PEHHUE, CIIOCOOCTBYIOT Pa3BUTHIO
KPUTUYECKOTO MBIIUIEHHSI M TBOPYECKUX CIOCOOHOCTEW. BaxHO mponomkarh
pa3BUBaTh 3Ty 00JIaCTh, CO3/1aBasi HOBbIE MYJIbTUMEAUINHBIE IPOEKTHI, KOTOPbIE OYAYyT
COYEeTaTh TPAJULUU C UHHOBALIMOHHBIMH MTOJIX0JAMH U COBPEMEHHBIMU TEXHOJIOTHSIMHU.

Jlureparypa:
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Tiirkmen Folklor Dergisi, 12(2), 45-58.

2. Bayramov, T. (2017). "Tiirkmen Milli Afilatmalary: Yas nesillere baha beris."
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TEXHOJIOI'M 3AXBATA YIVIEPOJA: IPAKTUYECKOE
INPUMEHEHME U IIEPCIIEKTUBbI PA3BUTUA

IlerpoBa Asimna CepreeBHa

CTapUINii pernoaBaTelib, kKadeapa SKOJIOTHH U TPUPOIHBIX PecypcoB, MOCKOBCKHIA
rOCyJ1apCTBEHHBIM YHUBEPCUTET

r. Mocksa, Poccus.

AHHOTAIUA

B cratbe paccmaTpuBaroTCs COBpeMEHHbIE TeXHOJoruu 3axBara yriaepona (CCS), ux
MPAKTUYECKOE TIPUMEHEHHE B PA3JIMYHBIX OTPACIISAX IPOMBIIIJIEHHOCTH U NEPCHIEKTUBBI
pa3Butus. OILIEHEHbl NPEUMYIIECTBA W OrPAHUYEHUS CYIIECTBYIOIIUX METOJIOB,
BKJIFOYAs TOCTCTOpaTeNIbHbIN, MpeAcroparenbHblil u oxy-fuel 3axBat yriaepoaa. Takxke
yJIeJIEHO BHUMAaHUE KIIIOUEBBIM MPOOJIEMaM BHEAPEHHUS dTUX TEXHOJOTUH, TAKUM Kak
BBICOKass CTOMMOCTb M  HeJOCTaTouHas HHPpacTpykTypa. B  3akimodenun
MOAYEPKUBAETCS  BaXHOCTh  Pa3BUTHS  WHHOBALIMOHHBIX  TEXHOJOTHH  H
MEXKIYHAPOJIHOTO COTPYAHUYECTBA JJIS JTOCTUXKEHHUS 1eJed 10 CHUYKEHHUIO BHIOPOCOB
YTIIEKUCIIOT0 Ta3a U MUHUMHU3AUU KINMaTHYECKUX PUCKOB.

KitroueBble ¢j10Ba: 3aXBat yriiepojia, HOCTCropaTeabHbBIN MPOIECC, IPEICTOpaTEIbHBIN
nporiecc, CCS, yrileKucbIi ra3, KIMMaTHYeCKUEe U3MEHEHU S, COKpaILlEHUE BLIOPOCOB.

1. BBenenue

['moGanbHBIE W3MEHEHUWS KJIMMAaTa, BBI3BAHHBIC TIOBBIICHUEM KOHIICHTPAIUA
yraekucioro raza (CO2) B atmocdepe, cTanu OJHOM U3 CaMbIX aKTyalIbHBIX MPOOIIEM
coBpeMeHHOCTU. OJHUM W3 CaMbIX MEPCHEKTUBHBIX PEIICHUN IS COKpAIICHUS
BBIOPOCOB TIAPHUKOBBIX T'a30B SABJISETCS 3axBaT yriepopaa, wiu Carbon Capture and
Storage (CCS). Drta TexHojorusi TpeArnoJiaraeT yJaBJIMBaHUE YIJIEKUCIIOrO Tasa,
BBIJICIISIFOITIICTOCS B X0J1¢ CTOPAHMS UCKOITAEMOTO TOTUIMBA WJTH APYTHX MPOMBIILICHHBIX
IPOLIECCOB, U €ro Mocienyollee 6e30nacHoe XpaHeHHe WM UCIIOJIb30BAHHUE.

B nocneanue roapl MUpOBOE COOOLIECTBO MPOSIBISET PACTYILIUNA UHTEPEC K PA3BUTHIO
CCS kak KJII0YEBOr0 MHCTPYMEHTA JIS TOCTHUKEHUS YIJIEPOJHON HEWTPaIbHOCTH K
cepennne XXI Beka. OnHako Ha Myt MaccoBoro BHenapeHuss CCS CymecTBYIOT psil
CJIOKHOCTEM, BKIIIOUYasi BBICOKUE 3aTPaThl, OTPAHUYEHHBIE BO3MOKHOCTH JJI XPAaHEHUS
yriepojia 1 He0OX0IUMOCTb Pa3BUTHS COOTBETCTBYIOLIEH HH(PACTPYKTYPHI.
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2. TexHosrorum 3axsarta yrjepoaa
2.1. IocTcropare/ibHBIN 3aXBaT yriaepoaa

[TocTcroparenbrbiii 3axBat yraeposaa (Post-Combustion Capture) sBisieTcsi OqHUM U3
HamboJee paclpoCTpaHEHHBIX METOJOB YJIAaBIMBAaHMUS yriekuciaoro Traza. OH
3akmrodaeTcsi B u3BiaedeHn CO2 U3 IBIMOBBIX Ta30B, 00pa3yIOMIMXCS MPU CTOPAHUN
yriis, HeTH WM TMPUPOJHOTO Tasza. [Iporecc BKIIOYAET MUCMONB30BAHUE PA3THMUHBIX
XUMUYECKUX PACTBOPOB, TAKMX KaK aMHHOBBIC PACTBOPHUTENH, KOTOPHIE d(HPEKTUBHO
a0CcoOpOUPYIOT YIJICKUCIIBIN Ta3.

OpnHako, HECMOTPS. Ha CBOIO MOMYJISIPHOCTh, 3TOT METOJ| CTAJIKUBAETCA C PAIOM
npo0IieM, BKIII0Yasi BHICOKKE DKCILTyaTallMOHHBIE 3aTPaThl, OOJIBIITNE SHEPTro3aTpaThl Ha
pereHepamuio pacTBOPUTENCH U MPOOJIeMbl ¢ MAacCIITAOMPOBAHUEM TEXHOJOTHH IS
IPOMBIIIIEHHBIX 0OBEKTOB.

2.2. llpeacropare/ibHbIM 3aXBaT yrjepoaa

[Ipeacroparenbubiit  3axBaT yriiepoaa (Pre-Combustion Capture) mnpeanonaraer
yaanenne CO2 u3 yriaepoacoAepKamuyx MaTepraioB €€ 10 CrOpaHus TOILUIMBA. JTO
MOXET OBITh JOCTUTHYTO C MTOMOIIBIO Tra3u(UKaIMK YTl UM KOHBEPCUHU MPUPOJTHOTO
rasza ¢ MmoJiydeHueM BOJIOPOJIa, B XOJ€ KOTOPOU YIJIepoJ B TOIUIMBE MpeoOpa3yeTcs B
CO2, KOTOpBIH 3aTEM OTIEIISICTCA.

DTOT METOJ HMMEET CBOM IMPEUMYIECTBA, TaK KaK II03BOJISIET MCIOJIh30BaTh
MOJIYYCHHBIH BOJOPOJA KaK YHUCTOE TOIUIMBO, YTO CIIOCOOCTBYET JOMOJHUTEIBHBIM
AKOJIOTHYECKUM BbIrogaM. OjHako, mporecc rasudpukanuu TpeOyeT 3HAYUTEIbHBIX
DHEPIreTUYCCKHUX 3aTPaT U MOXKET OBITH CJIOKHBIM JIJI1 BHEAPCHHS Ha CYIIESCTBYIOITUX
00BEKTax.

2.3. OkcureHoBblIii pouecc cropanus (oxy-fuel combustion)

[Ipomecc oxy-fuel combustion ocHOBaH Ha CKMTaHUM TOTUIMBA B KUCJIOPOJHOW Cpelie
BMECTO OOBIYHOTO BO37yXa. IJTO MO3BOJSET IMOJIYYUTH OOJee KOHIIEHTPUPOBAHHBIN
noTok CO2, KOTOpPHIi1 Jierue 3aXBaThIBATh U XPaHUTh. METOT MOXKET ObITh UCTIOIH30BaH
JUTS1 pa3JIMYHBIX TUIIOB TOIUIMBA, BKIIFOYAs YToJib U Ias.

[IpeumyiiecTBa 3TOM TEXHOJIOTUU BKJIIOYAIOT 00Jiee BBICOKYIO 3 (PEKTUBHOCTH 3axBaTa
yIiepo/ia, HO TakyKe OHa TPeOyeT TOPOroCTOSIIEro 000pyA0OBaHUS JIJIsi MPOU3BOJICTBA
KHCJIOPOJIa ¥ YIIPABJIEHUS MTPOLIECCOM CrOpPaHUsL.

3. IIpoOseMbI ¥ BBI30BBI BHEAPECHUS TEXHOJIOTHI 3aXBaTa yriaepoaa
3.1. Beicokue 3aTpaThbl

O,I[HI/IM U3 TJIaBHBIX HpCHSITCTBI/II\/'I AJIs1 IIAPOKOIro BHECAPCHUSA TEXHOJIOTUM 3axBaTa
yriaepoaa ABJIICTCS UX BbICOKAs CTOMMOCTD.
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TexHonornn TpeOYIOT 3HAUMUTEIBHBIX KalUTAJIbHBIX 3aTpaT Ha CTPOUTEIBCTBO
CIIEHMAJIN3UPOBAHHBIX YCTAaHOBOK M Ha JNAJBHEWINYIO JKcIuryaranuio. Kpome toro,
HEO0OXOMMOCTh CO3aHusI HHPPACTPYKTYPHI ISl XpAaHEHHsI YIJIepo/ia Ha JOJITHE TOJIbI
N00aBISAET JOMOIHUTEIbHBIE PACXOIBI.

3.2. Orpanu4eHHbIe BO3MO:KHOCTH XpaHenus CO2

Ha cerogusmrauii 1eHh TEXHOJIOTHH XPAaHEHHS yriiepoaa (Hampumep, e€ro 3aKadyka B
IyOOKHE T€OJIOTUYECKHE IIACThI) €Ile HE JIOCTUIIM HEOO0XOJMMOro macuirtada.
HecMoTps Ha Hanmu4me MOTEHITHATBHBIX MECT JIJISl XPaHSHH S, MHOTHE M3 HUX HE TIPOIIUIN
JOJDKHYIO OIIEHKY O€30IMacHOCTH, YTO OTPAaHUYMBACT BO3MOXKHOCTU IS ITUPOKOTO
IPUMCHCHUS.

3.3. UuppacTpyKTypa M JOIMCTHKA

Hiust sdpdextuBHoro BHeapenus CCS HEOOXOIUMO CO3IaHHE Pa3BETBICHHOU
MH(PPACTPYKTYpPHI 1O TpaHCTIOPTUPOBKE U XpaHeHuto CO2. 1o TpeOyeT 3HaUYUTEIbHBIX
WHBECTUIIMA B pa3BUTHE  TPyOONpPOBOJOB,  TPAHCHOPTHBIX  CUCTEM U
CHEIUaIN3UPOBAaHHBIX 00BEKTOB XPaHEHHUS.

4. IlepcieKTUBBI Pa3BUTHS TEXHOJIOTHIA 3aXBaTa yrjepoaa

4.1. UnHOBauM B 00J1aCTH MATEPHUAJIOB M NPOLIECCOB

OnHolt u3 nepcnekTuBHbIX obnacted pa3Butusi CCS sBIsSETCS COBEPIIEHCTBOBAHHUE
MaTepUajIoB, MCIOJB3YEMBIX NJs 3axBaTa yriepoaa. Hampumep, paszpabarbiBatoTcs
HOBBIE COPOEHTBI, KOTOpPbIE MOTYT OBITh Oojee 3(PPEKTUBHBIMU M JACUIEBBIMU, YEM
TPaJAUIIMOHHBIE aMHHOBBIE pacTBOPbl. COBEPIIEHCTBOBAHUE KAaTaJIU3aTOPOB IS
razuuKaluy yrisi U IPUPOJIHOTO Ta3a TaKKe SBJSETCS BaXKHBIM HalpaBJICHUEM.

4.2. Pa3zBuTHEe HHTEITPUPOBAHHBIX TEXHOJIOT Uil

ITepcnektuBbl pa3zButuss CCS CBA3aHbl C HMHTErpalMEel ASTHUX TEXHOJOTUM B
CYIIECTBYIOIIUE SHEPTETUUECKUE CUCTEMBI. MCMOJIb30BaHME YIJIEPOIHBIX 3aXBaTHBIX
TEXHOJOTUA B COYETAaHUM C BO30OHOBIISIEMBIMA HWCTOYHUKAMHU DHEPTUM WIIU
BOJIOPOJHOM DSHEPreTUKOM MOMKET CYIIECTBEHHO CHHM3WUTh YIJIEPOJIHBIN CIEH U
VIIYYIIUTh S9KOHOMUYECKYIO () PEKTUBHOCTb.

4.3. MexayHapoaHOe COTPYAHUYECTBO M 3aKOHOIATEIbHAA MOLICPKKA

Opgnum u3 KIHOYEBBIX (HAKTOpPOB, crocoOcTByromux paszsututo CCS, sBisercs
MEXIYHAPOJAHOE COTPYAHUYECTBO B OOJACTH OOMEHa TEXHOJOTHUSMH M 3HAHUSAMH.
[IporpamMmMbl TOAJEPKKM Ha YPOBHE TOCYJAPCTBEHHBIX CTPYKTYp, a TaKke
MEXIyHApOJHbIE COTJalleHus, Takue Kak [lapmxkckoe coriamienue, OyayT UIpath
BAJKHYIO POJIb B CTUMYJIMPOBAHUH BHEIPEHUS TEXHOJOTHUI 3aXBaTa yriiepoa.
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5. 3akaoueHue

TexHonoruu 3axBata yriiepojia IpeacTaBiIsIIoT COOOW BayKHBIM HHCTPYMEHT B O0pbOeE C
M3MEHEHUEM KJIMMaTa U COKpalIEHHEM BbIOPOCOB MapHUKOBBIX razoB. HecmoTps Ha
CYLIECTBYIOIIME CIIO)KHOCTH, TaKHE KaK BBICOKHE 3aTparbl M OrPAHUYCHHBIE
BO3MOXXHOCTH JUISl XPAaHEHHUs YIVIEPOJA, JAJbHEMIIEE Pa3sBUTHE ITHX TEXHOJOTHH, a
TaK)K€ COBEPIICHCTBOBAHUE HMH(PACTPYKTYphl M 3aKOHOJATEIBHON 0asbl, MO3BOJIUT
3HAYUTEIIbHO TOBBICUTh WX 3(PQGEKTUBHOCTh. [l JOCTHXKEHHUS TII00aTbHBIX
KIMMATHYECKUX Iefiell  HeoOXonMMa aKTHBHAs TMOJAJEpKKa HWHHOBAIMM U
MEXIYHAapOAHOIO COTPYIHHYECTBA, YTO OOECHEUUT YCIEIIHYI0 peaTu3aluio
TEXHOJIOT M 3aXBaTa yrieposia B MUPOBOM MacIlTade.
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I'PABUTAIIMOHHBIE AKKYMYJIATOPBI — TEXHOJIOI'USA XPAHEHUSA
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OpyHnbaeBa AliHYp
Cryaent, TypkMEHCKHI rOCY1TapCTBEHHBIN YHUBEPCUTET UMEHU MaxTyMKyJIn
r. Amxaban TypkMeHUCTaH

AHHOTAIUA

C poctoM oMM BO30OHOBIISIEMBIX MCTOYHUKOB JHEPIHM, TaKUX KaK COJHEYHAS M
BETPOBAsi, BO3HUKAIOT HOBBIC BBI3OBBI ISl SHEPIETHUECKUX CETEH, MOCKOJIBbKY 3TU
MCTOYHMKU  XapaKTepU3YIOTCS ~ HECTAOUIIBHOCTBIO W HEMPENICKa3yeMOCThIO
MPOU3BOJICTBA. B CBSI3M C 3TUM XpaHEHUE YHEPTUM CTAHOBUTCS KPUTUYECKH BAKHBIM
U CTaOMIIBHOCTH ~ DJIGKTPOCHAOKEHHS. [ paBUTAllMOHHBIE  aKKYMYJISATOPBI,
MPEACTABIISIONINE COOOW CHCTEMBI, HWCITOJB3YIOIINE MPUHIUAIT TOIhEMa THKEIBIX
OOBEKTOB JUIsl XpaHEHHS M30BITOUHOW OHHEPruu, NPUOOPETAIOT BCE OOJIBIIYIO
MOMYJISIPHOCTH KaK OJ{HA U3 MEePCIIEKTUBHBIX TEXHOJOTUI XpaHECHH YHEPTUu. B cTaThe
PacCMOTPEHBI IPUHITUIT PaOOTHI TPABUTAIIMOHHBIX aKKYMYJISITOPOB, X TIPEHUMYIIECTBA
U BO3MOJXKHBIC OTPAHWYCHHsS, a TaK)Xe IEPCIICKTUBbI MPUMEHCHHS B DHEPTETHKE.
[TogpoO6HO omuCaHbl TEXHUYECKHE, SKOHOMUYECKHE W OKOJOTUYECKUE aCIIECKTHI
BHEJIPEHUS TaKUX CHCTEM, a TaKKe pPAaCCMOTPEHbl TMPUMEPHl MPAKTUYECKOTO
MIPUMEHEHUS U UCCIICTYEMBIC TIPOSKTHI.

KirudeBble cjioBa: TpaBUTALMOHHBIE  AKKYMYJSITOPBI, XPaHEHHE  DJHEPIUH,
BO300OHOBJISIEMbIE MCTOYHUKH, TEXHOJOTUS OyAYLIEro, SHEPreTHKa, SKOJOTUYECKUE
peLeHus.

1. BBenenue

C rio6anbHBIM TMEPEX0JOM K YCTOMYMBOMY JHEpreTHueckoMmy Oyayriemy ocoboe
BHUMAaHHWE YICISICTCS HE TOJBKO TMPOM3BOACTBY DSHEPTHU W3 BO300HOBIISIEMBIX
HMCTOYHHUKOB, HO U criocobam ee xpaHeHus. OqHOM U3 KITIOYEBBIX MPOOJIeM, C KOTOPOH
CTAJIKUBAIOTCS DHEPTETUUYECKUE CHCTEMBI, SIBJISIETCS TO, YTO COJHEYHBIC U BETPOBBIC
MCTOYHUKU DHEPrHM YacTO HE COOTBETCTBYIOT TIMKOBBIM Harpy3kaM HIIU
MPOTHO3UPYEMOMY MOTpeOIeHnI0 dHeprun. I (PEKTUBHOE pEeIeHUE dTOW MPOOIeMbI
BO3MOYKHO TOJILKO Yepe3 CO3/IaHME U BHEAPEHUE TEXHOJIOTUI IS XpaHCHUS YHEPTHH.
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['paButanmonnsie akkymynsTopsl (I'A) mpenctaBisioT co0oil OTHOCHTENBHO HOBYIO
TEXHOJIOTHIO, KOTOpas Morja Obl pemuTh 3Tu 3afaud. CyTb 3THX aKKyMYJSITOPOB
3aKJIIOYAETCS B HAKOIJICHUH HM30BITOUHON PHEPIMH C MOMOIIBIO MOIBEMA TSHKEIIBIX
o0bekTOB Ha BbIcOKHE Iutatdpopmbl. Korma Ttpebyercs sHeprusi, 3T OOBEKTHI
OIlyCKAaIOTCS, CO37]aBasl MEXaHWYECKYyI SHEpruio, KOTOopas IpeBpalaercs B
AIIEKTPUYECTBO C MOMOIIBIO TEHEPATOPOB. DTa TEXHOJIOTHsI, HA MIEPBBII B3I, IPOCTa
¥ DKOHOMHUYHA, HO B PEAIbHOCTH €€ BHEJIPeHHE TpeOyeT 3HAUUTEIbHBIX UCCIETOBaHUMN
U TEXHOJIOTUYECKUX PEIICHUH.

2. lIpuHUN padoThl TPABUTALIMOHHBIX AKKYMYJISITOPOB
2.1. OcHOBHO# MeXaHU3M XPAHEHUs] IHEPTrUHr

['paBUTAIIMOHHBIE AKKYMYJSITOPHl HCHOJB3YIOT TMPUHIUI COXPAaHEHUS SHEPTHUH,
KOTOpelii  Obul  BrmepBble ommcaHn Mcaakom  HprotoHom. IlpeobpazoBanue
MOTEHIIMAJIBHON SHEPTUM B KHHETUYECKYIO MPOUCXOTUT MPH MOIBEME TSKECTH Ha
OTIpEICNICHHYIO BBICOTY. 71 XpaHEHUs SHEPTUU UCTOIB3YIOTCS Pa3IMYHBIE METOJIBI,
HO OCHOBHOU MPHUHIIHI 3aKII0YAETCS B TIOBEME TSDKEIIBIX OJIOKOB MIJIM KOHTEHHEPOB C
MOMOIIBIO DJIEKTPUYECKHUX JBUTATENCH, UCTIONB3YSI UISl 3TOTO W30BITOYHYIO YHEPTHIO,
MPOM3BOUMYIO, HAITPUMEP, BETPOBBIMU WJIH COTHEYHBIMU YCTAaHOBKAMH.

Korna Bo3HuKaeT noTpeOHOCTh B 3IEKTPUUYECTBE, OJOKHU MM KOHTEHHEPHl HAUMHAIOT
OIyCKaTbCs, YTO IPUBOJAUT B JBM)KCHHE TI'€HEpAToOp. OTOT MNPOLECC aHAJIOTUYEH
TUAPOIIIEKTPUYECKUM CTAHUUSAM, [JI€ SHEPTHs BOABI IPEeoOpa3yeTcs B AJIEKTPUUYECTBO.
OngHako B OTIMYME OT BOJAOEMOB M IUIOTHH, TPaBUTALMOHHBIE aAKKYMYJISTOPBI
WCIIOJIb3YIOT BEPTUKAIbHBIE IUIAT(MOPMBI WIIM IIAXThI, YTO MO3BOJSET CYIIECTBEHHO
CHU3UTH TpeOyemMyro IUIOIIAAb JUIsl YCTAaHOBKM H HE TpeOoBaTh CJIOKHOU

UHDPACTPYKTYPHI.

2.2. Buabl rpaBUTALMOHHBIX AKKYMYJISITOPOB

CymiecTByeT HECKOJIBKO THUIIOB TPABUTALMOHHBIX AKKYMYJSATOPOB, KOTOPBIE MOTYT
pa3IMYaThCs N0 NPUHIUITY YCTPOMCTBA U UCIIOJIb30BAHUIO MATEPUAIIOB:

o IlaardopmeHHble CcUCTEMBI — B JTHX YCTPOWCTBAX TSXKEIbIE OJIOKH
MOTHUMAIOTCS Ha IIIaT(HOPMY C TOMOIILI0 CUCTEMBI KAHATOB M OJIOKOB. DHEPTus
M30BITOYHOTO TPOM3BOJACTBA TMOJACTCS HA DJIEKTPOJBUTATENH, KOTOPHIS
nogHuMarOT Osoku. Korma Bo3HHMKaeT MOTPEOHOCTH B JHEPTUM, OJIOKH
ONyCKAaIOTCSI BHU3 WM TNPUBOJAT B JBWKEHUE TeHeparop. [lpumepom moxker
CIIY)UTh CHUCTEMa, pa3paboTaHHas kommnanued Energy Vault, ucnons3yromnas
OeTOHHBIC OJIOKU JIJIsi XpaHEHHUS SHEPTHUH.

o [MHlaxTHbIE cHCTEMBbI — 3]IECH B IIAXTE NOAHUMAIOTCS TKEIBIE METAIITMYECKUE
KOHTEHHEphl. DTU yCTpOHCTBAa 00JaAat0T OOJIBIIMM MOTEHIMAJIOM IO 3aracam
DHEPIruM, IOCKOJbKY MOTYT paboTaTh ¢ Oojiee BBICOKUMU MOIBEMAMHU U
MCIIOJIH30BaTh OOJIBIIINE MACCHI.
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o MarHuTHble cHCTeMbl — €III€ OJJHa MHTEepecHasl KOHUEMNIHs, T/Ieé MarHUTHbIE
MOJIE HUCHOJB3YIOTCS s MOoAbeMa OOBEKTOB. OTH CHUCTEMBI MO3BOJIIOT
MUHUMHU3UPOBATh MEXaHHUUECKOE TPEHUE U MOBBICUTH 3P(HEKTUBHOCTH PaOOTHI,
HO UX Pa3BUTHE TpeOyeT 3HAYNTEIbHBIX HHBECTHIINN B TEXHOJIOTHH.

Kaxxapiii U3 3TUX TUTIOB 00JIaIae€T CBOMMH MPEUMYIIECTBAMU U HEJIOCTaTKaMU, HO BCE
OHHM HMMEIOT 0010 11eJIb — 3P deKkTUBHOE NMpeodpa3oBaHue U30BITOYHON SHEPTUU B
SHEPTHIO AJIS MOCIEAYIOIIEr0 UCTIOIb30BaHUSI.

3. [IpenMyniecTBa rPABUTALMOHHBIX AKKYMYJISATOPOB

3.1. J10J1IroBe4HOCTh U SKOHOMHUYeCKast 3PPeKTUBHOCTH

OCHOBHBIM NIPEMMYIIECTBOM TI'PaBUTALMOHHBIX AKKyMYJSITOPOB SIBISIETCS  HMX
JOJITOBEYHOCTh. B OTIIMYME OT TUTUN-UOHHBIX aKKYMYJISTOPOB, KOTOPBIE TEPSIIOT CBOIO
3¢ (HEeKTUBHOCTh Yepe3 HECKOIBbKO JIET JKCIUTyaTalliH, TPaBUTALMOHHBIE CHUCTEMBbI
MOTYT ()yHKIITHOHUPOBATh IECATUIICTUSIMU O€3 3HAUNTENIbHBIX 3aTpaT Ha 00CITyKUBaHUE
WJIM 3aMEHY KOMIIOHEHTOB. OTCYTCTBHE XUMUYECKHUX PEAKIMI B IIPOLIECCE HAKOIUICHUS
Y OTAAQ4M SHEPTUH 03HAYAET, YTO JAHHBIE CUCTEMBI MEHEE IOJIBEPKEHBI U3HOCY.

Kpome Toro, marepuasibl, HCHOJb3yEeMbIE ISl CTPOUTEIHLCTBA TPABUTAIMOHHBIX
aKKyMYJISITOPOB (O€TOH, CTallb, U IPYTHE TAKEIbIE MATEPUAIIbI), OTHOCUTEIHHO JEIIEBbI
U IIAPOKO JOCTYIHBI, YTO CHUYKAET 3aTpaThl Ha IMPOU3BOJCTBO U YCTAaHOBKY TaKHX
YCTPOMCTB.

3.2. IKOJOTrHYHOCTH

OnHrM W3 BaXHBIX AaCIEKTOB T'PABUTALIMOHHBIX AaKKyMYJIATOPOB SBIIIETCS HX
AKOJOTUYHOCTb. B OT/IIMUME OT XUMHUYECKHUX aKKyMYJSTOPOB, KOTOpbIE TpPeOyrOT
PEAKO3EeMEIbHBIX MAaTEPUATIOB (HAIIPUMED, JINTUSI WIIH KOOAJIbTA), ISl TPaBUTALIMOHHBIX
AKKyMYJISITOPOB HMCIOJIb3YIOTCA OOBIYHBIE CTPOUTEIBHBIE MaTEpHaIbl. JTO JENaeT UX
3HAUUTEIBHO 00Jiee JKOJIOTMYECKH O€30MaCHbIMHU, IOCKOJIbKY OHU HE COAepKaT
TOKCUYHBIX XHMMHWYECKUX BEIIECTB, KOTOpPbIE MOTYT HEraTMBHO BIJIMSATH Ha
OKPY’KAIOLIYIO Cpey NPH YTUIIU3ALUU.

Kpome TOro, TEXHOJOTHS TIO3BOJIAET CHHU3WUTH 3aBHCHMOCTH OT TPaJIAIMOHHBIX
HMCTOYHUKOB SHEPTHH U YMEHBIINUTh BHIOPOCHI YIIIEKHUCIIOTO Ta3a, YTO TAKXKE SBIISCTCS
BAXXHBIM BKJIaJIOM B 00PBOY ¢ I100aTbHBIMA H3MCHEHUSIMH KJIMMATa.

3.3. Boicokasi JHepreTu4ecKas MJIOTHOCTh U MACIITA0UPYEeMOCTh

['paBUTALIMOHHBIE AKKYMYJIATOPBI 00JaAat0T BBICOKOW 3HEPreTUYECKOMN IMIOTHOCTHIO,
0COOEHHO B KPYITHBIX YCTAHOBKAX, [JI€ UCIIONB3YIOTCS OOJbIINE OJTOKU. ITO MO3BOJISIET
HaKariuBaTh 3HAYUTENIbHbIE OOBEMBI DHEPrUU, YTO JAENAET UX MOAXOIAUIUMHU IJis
MPUMEHEHUS B OOJIBIINX SHEPTETUUECKHUX CETSIX, 0COOEHHO B YJAI€HHBIX WU CETbCKUX
palioHax, rie JOCTYI K TPaJAULIMOHHBIM aKKyMYJISITOPHBIM CUCTEMAaM OTPaHUYEH.
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TexHomorus: Takxke O6J'Ia,Z[aCT XOpOIHCﬁ MaCH_ITa6I/Ipy€MOCTBI-O, YTO IIO3BOJIICT €€
AJaIITUpOBaTh KakK JJIA HEOOJIBIINX YCTAHOBOK, TaK W JIdI KPYIIHBIX 9HCPrOCUCTCM,
BKJIIO4as ropoaCKHe CCTH.

4. IlepcieKTUBBI M IPOOJIEeMbI BHEAPECHUS

4.1. IlepcneKTUBBI IPUMEHEHNSI B JHEPreTHUKE

I'paBUTaniMOHHBIE AKKYMYJIATOPBI MOTYT CTaTb OCHOBOW Il IOCTPOEHUS HOBBIX
MOJXO/IOB K XPaHEHUIO DHHEPruM, OCOOCHHO B YCIOBHMSX pacTylied aoiu
BO300OHOBJISIEMBIX HMCTOYHUKOB JHeprud. OHM MOTYT OBbITh HMHTETPUPOBAHBI B
HHEPreTUYECKUE CHUCTEMbl HJisi OOeCHedeHHs] CTAOMJIBHOCTH IOCTAaBOK DJHEPrUU B
MepUO/bl, KOTJa TPOU3BOJICTBO SHEpruu u3 BID He cOOTBETCTBYET MUKOBOMY CIIPOCY.

OTH CUCTEMBI MOT'YT UCIIOJIb30BATbLCA KaK B POJIM PC3CPBHBIX NCTOYHUKOB SHCPIrUH, TaK
U B Ka4€CTBC OCHOBHOI'O KOMIIOHCHTA pacnpez{eneHHoﬁ 3HCpFCTH‘-I€CKOI>i CHUCTCMBI B
YCIIOBUAX IIEPEX0Ja HA «KYMHBIC) CCTH.

4.2. Texuuuyeckue npoodJieMbl 1 0apbepbl

HecMoTpsi Ha MepCHEeKTUBHOCTb, TEXHOJIOTHUS MMEET HECKOJBKO MPOOJIEM, KOTOPBIE
MEIAaKwT ee OblcTpoMy BHeApeHuto. Bo-mepBbix, pa3paboTka 3((HEKTUBHBIX
MEXaHU3MOB IIOJIbEMa U OITyCKaHUsI TSKeEIbIX OJIOKOB TpeOYyeT 3HAaUUTEIbHBIX HAyUYHBIX
Y TeXHUYECKUX ycuinil. Kpome Toro, 17151 ycTaHOBKH TaKUX CUCTEM TpeOyeTcs 00JbIIoe
KOJIMYECTBO 3E€MJIM, YTO MOXKET CTaTh OrPaHUYEHHEM i1 YpOAHU3UPOBAHHBIX
TEPPUTOPUIL.

Tax:xe BaxHO OTMCTUTBb, YTO Ha TCKYLICM OTaII€ I'PABUTAIMOHHBIC AKKYMYJIATOPLI
Tp€6yIOT SHAYUTCIBbHBIX TIICPBOHAYAJIbHBIX BHO)I(CHHf/'I, 0COOEHHO A1 KPYIHBIX
IMPOCKTOB, YTO MOIKCT OBITh PKOHOMHYECKH HCHCJ’I@COO6paSHO Ha pPaHHUX CTaAuiAX
Pa3BUTHUA TCXHOJIOTHUH.

5. 3akaouenue

['paBUTAIMOHHBIE aKKYMYJSTOPHI MOTYT CTaTh BaXHBIM 3JIEMEHTOM Oyaymien
DHEPreTUYECKON HH(PPACTPYKTYpPHI, OCOOEHHO C y4e€TOM TIJIO0AJIBHOTO TMepexoaa K
BO300OHOBIISIEMBIM HMCTOYHUKAM OJHEPruu. TexHoJorus o01afaeT 3HaYUuTEIbHBIMU
AKOJOTUYECKUMHU M IKOHOMHYECKUMHU TMPEUMYIIECTBAMU W MOXET CTaTh OoJiee
(G (PEKTUBHBIM pEHICHHEM IO CPABHEHUIO C TPATUIMOHHBIMH aKKyMYJISTOPAMHU.
OpHako JuIst TOTO YTOOBI AT CUCTEMBI CTAJIM MAcCOBO MPUMEHUMBIMH, HEOOXOIUMO
MIPEOJIONIETh Pl TEXHUYECKUX U DKOHOMHYECKUX 0aphepoB.
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[IpenomaBarens, TypKMEHCKHN TOCY1aPCTBEHHBIA MEAUIIMHCKUN YHUBEPCUTET UM.
Meipara ['appeieBa

r. Amxaban TypkMeHucCTaH

AHHOTAIIUSA

C pa3ButHeM 1UGPOBBIX TEXHOJOTHNA M MEPEX0JI0M OOIIECTBAa Ha TI00ATBHYIO CETh
MHTEPHET BCTaeT Bce 0oJiee aKTyalbHBIM BOIpOC oOecrneueHus: MHGOPMaluOHHON
Oe3omacHOCTH. B ycrmoBUSIX NOCTOSIHHOIO pocTa Yrpo3 B KHUOEpPIpPOCTPaHCTBE U
yBEJIMYEHUs 4Kciia KuOepaTak, 3alliTa JaHHbIX U JIMYHOM MH(OpMAalMU CTAHOBUTCS
OPUOPUTETOM JJII OpraHu3aluid U OTAENBHBIX I[oJIb30Bareneil. B craThbe
paccMaTpuBalOTCA COBPEMEHHBIE TOAXOABl K HMH(POPMAIMOHHON O€30MacHOCTH,
BKJIOUasi OCHOBHBIE METOJbI 3AIMTHI JTaHHBIX, CHOCOOBI MPEIOTBPAIICHHUS YTEUYEK
uHpopManmu U kubepyrpos. Taxke BHMMaHUE YIEISIETCS POJIU HMCKYCCTBEHHOTO
WHTEIJICKTa B YIYYIIEHUH YpPOBHS O€30MacHOCTH, a TaKXKe pPa3jIuuHbIM METOJIaM
Kpunrorpaduueckoi 3alIUThl U YIpaBlIeHUs puckamu. B 3aBepuieHue oOcyx aarorcs
MEePCIEKTUBBI PA3BUTHS K HOBBIE BBI30BBI B 0071aCTH HH(POPMAIIMOHHOM 0€30MacHOCTH.

KuroueBble ciioBa: napopMalinonHas 6€30mMacHOCTb, KUOEPYTpO3bl, 3alTUTa TaHHBIX,
Kpunrorpadusi, KICKyCCTBEHHBIN MHTEIUIEKT, 0€30MacHOCTh MH(pOopMaluu, nudponas
TpaHcpopmarusi.

1. BBegenue

B ycloBHSIX CTPEMUTENBHOTO Pa3BUTHUS TEXHOJIOTUIA U TOBCEMECTHOIO UCITOJIb30BAHUS
M (dpoBbIX MIaTGOPM BONPOC HHPOPMALIMOHHON 0€30MaCHOCTH CTAHOBUTCS Bee Ooliee
aktyanbHbIM. L{ludpoBuzanus npoueccoB, A0CTynHOCTh, HTEpHETa U UCTIOIB30BAHUE
OOJIaYHBIX TEXHOJOTUU JIeNaloT HMHQPOpPMALMIO YSI3BUMOW Mepell BHEIIHUMH U
BHYTpEHHUMU yrpo3amu. C KaxJbIM T'OJOM YBEIMYMBAETCA KOJIMYECTBO KHOepaTak,
KOTOPbIE MOT'YT 3aTPOHYTh KaK YaCTHBIX MOJIb30BATENIEH, TAK U KPYIHbIE KOPIIOPALIUH,
MPaBUTEIBCTBEHHBIE CTPYKTYPbI U (PMHAHCOBBIE YUPEIKICHUS.
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OCOOEHHOCTh CETOMNHSIIHEH KUOEpYyrpo3bl 3aKIOYaeTcsi B TOM, YTO XaKepbl U
3JIOYMBIIUICHHUKH UCIOJB3YIOT BCE 0o0Jiee CIOXHBIE W HM3OUIPEHHBIE METO/IbI
MIPOHUKHOBEHUS B CUCTEMBI. TO CTAaBUT IMEpe]] CIEIUaIUCTaMu 10 WHHOPMAITMOHHON
0€30MacHOCTH HOBBIE BBI30BBI U 3a7a4, TPEOYIOIME HHHOBAIIMOHHBIX PEIICHUN.

[lenp maHHOM cTaThM — pPAacCMOTPETh COBPEMEHHBIE MOJAXOJbl K OOECIEUEHUIO
MH(POPMAIIMOHHON 0€30MaCHOCTH, a TaKXKe MNPEUIOKHUTh HOBBIE HAIPABICHUS JUIS
3aIUTHI JAHHBIX B YCIOBUSAX TEXHOJIOTMYECKON TpaHChopMauu.

2. CoBpeMeHHbBbI€e YTPO3bl HH()OPMAITUOHHOM 0€30MACHOCTH

2.1. Kubepyrpo3sbi: kiaccugukanus 1 BUAbI

HNudpopmanmonHast 6€30MacCHOCTh OXBATHIBAET IIUPOKHM CIIEKTP YTPO3, KOTOPHIE MOTYT
MOBJIMATH KaK Ha OTAENIbHBIE yCTPOMCTBA, TaK U HA 11eTIbie UHPOPMAIIMOHHBIE CUCTEMBI.
K uncny Haubonee pacipocTpaHEHHBIX YTPO3 OTHOCSATCS:

o Bupycsi u BpegoHocHble mnporpammbl  (malware): IIporpamwmsl,
NpeAHa3HAYCHHBIE MJI1 HECAaHKIIMOHUPOBAHHOTO BO3JCHCTBUS Ha JaHHBIE U
CUCTEMBI. ITO MOTYT ObITh BUPYCHI, TPOSIHBI, IIMMUOHCKUE TPOTPAMMBbI, a TaKkKe
MPOTPaMMbI-BBIMOTATENM, TAKUE KaK ransomware, KOTOphle OJIOKUPYIOT AOCTYII
K JIAaHHBIM JI0 YIUIaThl BBIKYTIA.

o @umuur: Meroq oOMaHa, MPU KOTOPOM 3JIOYMBIIUICHHUKH TI0J] BHUIOM
JIOBEPEHHBIX OpTraHU3alMil THITAIOTCA 3aCTaBUTH IOJIB30BATENICH TepenaTh
KOH(UIECHIUAIIBHYIO HMH(OpMalMIO, TaKyl0 KakK MapoJii, HOMEpa KPEIUTHBIX
KapT U JIpyrue JIaHHbIC.

o DDoS-araku (Distributed Denial of Service): Artaku, HamnpaBlIcHHbIE Ha
NEPErpy3Ky CEPBEPOB C 1EIBIO BHIBOJIA UX U3 CTPOS MTyTEM OTIPABKU OTPOMHOTO
o0beMa 3ampocoB, UTO MPUBOIUT K OTKa3y B 00CITYKMBaHUU.

e Arakum Ha o0jaunble cepBuUcbl: COBpEeMEHHBIC Yrpo3bl JJsi OOJAYHBIX
TEXHOJIOTUNA BKJIIOYAIOT KaK Yrpo3bl C BHEIIHEH CTOPOHBI (XaKephl,
HEZ00POCOBECTHBIE MMAPTHEPHI), TAK U YTPO3bI C BHYTPEHHEH CTOPOHBI, TAKHE KaK
OMMOKKA COTPYAHUKOB, KOTOPhIE MOTYT CIy4ailHO pPacKpbIThb BaXKHYIO
uH(bOpMaITHIO.

Kaxnas w3 stux yrpo3 TpeOyeT HMHAMBUAYAIbHBIX METOJOB 3alllUThl, HAYMHAS OT
TEXHUYECKUX CPEJCTB (AHTUBUPYCHBIX IIPOTPAMM, CUCTEM OOHAPYKEHHsI BTOPKEHH )
M 3aKaHYWBas OPraHU3allMOHHBIMU MepamMu (00ydeHHEe COTPYAHUKOB, BHEIPEHUE
MOJUTUK 0€30TaCHOCTH ).

2.2. Pucku 11 OM3Heca U o01IecTsa

B nacrosmiee Bpemst nHGOpMaIoHHas 6€30MacHOCTb SBIISIETCS HEOThEMIIEMOM YaCThIO
CTPATETUYECKOTO YIpPaBICHUS mpeanpusaTusimMu. Hapymienue 0€30macHOCTH JaHHBIX
MOKET MPUBECTH HE TOJIHKO K (PMHAHCOBBIM MOTEPSIM, HO M K Pa3pyIICHUIO PEIyTaIlluu
KOMITAHUM, YTpare JOBEpHS KIMEHTOB, a TaKX€ BO3MOXKHBIM IOPUINYECCKUM
MOCJIC/ICTBUSIM.
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[Tpumepsl KPYITHBIX yTEUeK JaHHBIX U aTaK, TAKUX KaK B3JIOMBI KPYITHBIX OAaHKOBCKHUX
U MEIWIIMHCKUX CHUCTEM, IIOKAa3bIBAIOT, HACKOJBKO BBICOKM PHUCKH, C KOTOPHIMHU
CTAJIKUBAIOTCS OPTaHM3allid, HE YACISIONINE JTOJDKHOTO BHUMAHHS O€30MaCHOCTH
uHpopMarmm.

Kpome Toro, B ycnoBusix mudpoBoi TpaHchopmaimy oOLIeCTBa BOSHUKAIOT HOBBIC
dbopmbl  yrpo3 Uil JIMYHOM O€30MacHOCTH TMOJb30BaTeNiel, Takhe Kak yTeuka
NEPCOHANBHBIX TAHHBIX, KPAXKU UJCHTU(UKAITMOHHONW HH(POPMAIIUK U BMEIIATEIbCTBO
B JIMYHYIO )KU3Hb YEPE3 MOHUTOPUHT OHJIAWH-aKTUBHOCTH.

3. CoBpeMeHHbIE MOAX0AbI U METO/AbI 3alIIUTHI HHGOPMALINH

3.1. Kpunrorpadguueckne MeTOAbI 3aIIIUTHI

OmauM u3 camblXx S(QQPEKTUBHBIX CIOCOOOB 3alIMTHl HH(POPMAIUU  SBISETCS
kpuntorpadus. CoBpeMEHHbIE KpUNTOrpapuuecKHe alrOpuTMbl  00eCTIeUHBAIOT
MHU(PpPOBaHUE AAHHBIX, YTO JEJIaeT HEBO3MOXKHBIM MX paciudpoBKy Oe3 Kirouda
nocryna. Cpean HauboJiee paclpoCTpaHEHHBIX METO/I0B KpUNITOrpapuuecKoi 3alUThl
MO>KHO BBIJICIUTD:

o CummerpuyHoe mmppoBanue: OIMH U TOT XK€ KIIOY HCHOJB3YETCA IS
mrpoBaHus U paclIM(pPOBKU TaHHBIX. ITO OBICTPOE U 3P(PHEKTUBHOE PEIICHUE
JUTSL 3al0UTHl JAHHBIX, HO OHO MMEET OJIMH HEJOCTATOK — HEO0OXOJMMOCTh B
HAJIC)KHOM TIepe1ade Kirova.

o AcummerpuuyHoe mmppoBanue: Vcnomp3yercs napa Kiro4ed — OTKPBITBIA U
3aKphITEIM. JTO OoJsiee Oe3omacHas (opma mHppPOBaHUS, KOTOpas IIHMPOKO
OpUMEHSETCA JUIs 3alluThl JaHHBIX B VIHTEpHeTe, Hampumep, B CHCTEMax
AJICKTPOHHOM MOYTHI M OHJIAH-OaHKHUHTA.

o Iudposbie noanucu u ceprudukarsl: Mcnonps3oBanue nu@poBbIX MOAMKUCEH
NO3BOJIIET  OOECHEeUnuTh IEJIOCTHOCTh M MOAJUMHHOCTh  IepefaBacMoi
nH(pOpMaIMK, a TAKXKE 3aIUIIAET OT €€ MOIACIIKH.

3.2. UcKycCTBEeHHBIH MHTE/IEKT B HH(POPMAIMOHHO 0€30MaCHOCTH

UckyccrBennsiii untemwiekt (MW) w MamumbHHOe 0Oy4eHHE OTKPHIBAIOT HOBBIC
TOPU30HTHI JI1 TOBBIIICHUS YPOBHS 3allUThl JaHHBIX. COBPEMEHHBIE CHCTEMBI
6e3zonacHocT Ha ocHoBe WU Moryt omepaTMBHO OOHAapy>XMBaTh aHOMAaJIUU U
[IOJIO3PUTENBHBIEC JIEUCTBUS B PEAJbHOM BPEMEHM, YTO MO3BOJISIET IMPENOTBPALIATH
Kubeparaku emie 10 ux Hayana. Hanpumep, aaropuTMbl MallIMHHOTO O0yYEHHUS MOTYT
o0yyaTbCsl Ha JAHHBIX O TMPOLUIbIX WHIMACHTAX, AaHAJIU3UPOBATh IOBEJICHUE
MOJIb30BaTENIC U BBIABIIATH MOTCHIMAIBHBIE YTPO3bl, KOTOPhIE MOTJIU OBl OCTaThCS
HE3aMEYEHHBIMU TPAAULIUOHHBIMU METOIAMMU.

[Tpumenenne MU no3BomnsieT 3 heKTHBHO OOPOTHCS C TAKUMHU yTPO3aMU, KaK (QUIITHHT,
OOTHETHI, a TAKXKE € yke ynomMsiHyTbiMu DDoS-arakamu.
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3.3. YnpaBjeHne puCKaMH U NPeI0TBPallleHue HHINAECHTOB

OgHuM W3 BaXHEWIIWX aCMEeKTOB WHOOPMAIIMOHHONW O€30MacHOCTH  SIBIISIETCS
s pekTUBHOE ypaBiIeHUE PUCKaMU. DTO BKJIIOYAET B ceOsl:

o Ouenky yrpo3: IIoCTOSSHHBII MOHUTOPUHT BHEUIHUX W BHYTPEHHUX YIPO3 HJIA
UH(OPMAITMOHHBIX CUCTEM.

o OOyuenue corpyanukoB: [IpoBeneHre TPEHUHIOB MO OE30MACHOCTH, YTOOBI
COTPYJHUKH MOTJIM PACIO3HABATh (DUIIMHTOBBIE aTakKh U JAPYTHE METOJbI
COIMAJILHOTO UHKUHUPUHTA.

o Pe3epBHOe KonuMpoOBaHMe JAHHBIX: PeryispHoe co3gaHue KOMHWM JaHHBIX IS
BOCCTaHOBJICHUS B CIIy4yae YTE€UEK WJIU aTak.

o MonutopuHr u ayaur: [IoCTOSHHBIN KOHTPOJIb 3a IEMCTBUSMH NOJIb30BATEIIEH,
IIpOBEpKa JOCTyNa M AayJIUTOPCKUE pPACCIECIOBAaHUSA, €CIH IO0J03pEBACTCA
HapyleHue 0e300aCHOCTH.

4. IlepcnieKTUBBI M BbI30BHI HH(POPMAILIUOHHOM 0€301IACHOCTH
4.1. byaymee uH(pOpMALMOHHOM 0€30IIACHOCTH

C pa3BUTHEM TEXHOJOTHMH W TOCTOSHHBIM YBEIMUYECHHUEM YHCIA TOIKIIOYECHHBIX
ycrporictB (IoT), Bompoc wHH(pOPMaNMOHHON OE€30MacCHOCTH CTAaHET euie Oosee
akTyanbHbIM. OHUM U3 KIIIOUEBBIX aCTIEKTOB OyIeT 3aiuTa HHGOPMaIIUU B 00IaYHBIX
CEpBHCAX, TJIe XPAHATCSA OTPOMHBIE 00BbEMBI JaHHBIX. TaKke BaXKHO OyJIeT YUUTHIBAThH
oe3zonacHocth HMuTepHera Bemed (IoT), rme kaxmoe yCTpOMCTBO MOXKET CTaTh
NOTEHUUAJIbHON YSI3BUMOCTBIO.

Kpome Toro, ¢ pasBuTHEM KBAaHTOBBIX BBIYMCICHUN HA TOPU3OHTE MOXKET IMOSABUTHCA
HOBasl 3pa Kpunrorpapuu, rae TpaJullMOHHbIE METObI 3allUThl HHPOpMAIUK OyayT
Hea(hdextuBHbl. HMccnmenoBanuss B 00JacTM  KBAaHTOBOM  KpuUNTOrpaguu MOTYT
MPEAJIOKUTh HOBBIE METOJIbI 3alIUThI TaHHBIX, KOTOPbIE OYyAYT 3allUILEHbI OT YIpo3,
CO3/1aBACMbIX KBAHTOBBIMU BBIYMCIICHUSAMH.

4.2. DTHYECKHE ACNEeKThI M 3alUTA JUYHBIX JAHHBIX

Bompoc 3amuThl JIMYHBIX [JAHHBIX TaKXE CTAHOBUTCS Bce O0Jee aKTyalbHBIM.
CoBpeMeEHHBIE 3aKOHBI O 3alIUTE NEPCOHAIBHBIX AaHHbIX, Takue kak GDPR B EBpore,
CO3/al0T HOBBIE CTAHIAPThI O€30MACHOCTH JIJIsl OpraHu3anuii. Ba)kHO MOMHUTB, UTO MPU
coope, XpaHeHUd 1 00paboTKe JIMYHOW MH(POPMALIMK CIEIYET YYUTHIBATH HE TOJBKO
TEXHOJIOTMYECKHE, HO W JTUYECKHE AacleKTbl, BKJIOYas TMpaBa TpakKJaH Ha
KOH(UICHIIMATBHOCTD U 3alIUTY JaHHBIX.
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5. 3akaoueHue

B ycrnoBusix ObICTpOro pa3BUTHS TEXHOJOTMA WH(GOpMaLMOHHAS 0€30IMacHOCTh
CTAaHOBUTCA BaXHEWIINM TNPHOPUTETOM Uil OpPTraHM3alUd M TOCYAapCTBEHHBIX
CTPYKTYyp MO BceMy Mupy. HecMoTps Ha TO 4YTO Ha JaHHBII MOMEHT CYLIECTBYET
MHOX€eCTBO d(PPEKTUBHBIX HHCTPYMEHTOB 3aIUTHI JAHHBIX, C PAa3BUTHEM TEXHOJIOTHUIl
HOSIBIISIIOTCS] HOBBIE YTPO3BbI M BBI30BHI. /1151 TOTO 4TOOBI 00ECTIEYNTh BEICOKUI YPOBEHb
Oe3omacHocTM B OyayilieMm, HEOOXOIMMO  HPOJOJKATh  COBEPIIEHCTBOBAThH
Kpuntorpauueckue  METOJbl, pa3BUBATh HUCKYCCTBEHHBIH  WHTENIEKT  JJIs
OOHapy>KEHHs yTPO3 U YCUIIMBATH MEPHI IO 3aIUTE NEPCOHATBHBIX JaHHBIX.
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MOJIEKYJIAPHBIE MEXAHUW3MbI CTAPEHUA: YTO MbI 3HAEM O
BHOJIOTUH JOJT'OJIETHUA?

NBanoBa Mapusi AjleKCaHIPOBHA

HAy4YHBIA COTPYAHUK, JJabopartopus 6nonoruu craperns, Cankt-IletepOyprekmii
rOCyapCTBEHHBIA YHUBEPCUTET

r. Cankr-IlerepOypr, Poccus.

AHHOTAIUA

Crapenne opraHu3ma SBISE€TCS CJIOXHBIM W MHOTO(AKTOPHBIM  MPOLIECCOM,
BKJIFOYAIOIIUM PA3JIMYHbIE MOJEKYJISIPHBIE MEXaHU3MbI, TaKHe KaK OKHUCIUTEIbHBIN
CTpecc, HapylIeHHs KieToyHoro wmertabonu3ma u u3meHeHuss B JIHK. B crartbe
paccMaTpUBAIOTCS KIIIOYEBBIE OMOJIOTUYECKHE MPOIECChI, KOTOPBIE JIEKAT B OCHOBE
CTapeHMs, a TakXe IOCJICAHUE OCTIKCHHS B OOJACTH M3YYECHHS MEXaHU3MOB
nonronetusi. Ocoboe BHUMAHUE YNENEHO MOJICKYJISPHBIM IYTSAM, CBSI3aHHBIM C
penapauueit JIHK, perynupyromumu reHaMH M MEXaHW3Max KIETOYHOM CMEpTH.
PaccmatpuBaroTcs Takyke NEepCHeKTUBBI pa3pabOTKU METOAO0B 3aME/JICHUS CTapeHUs U
YBEJIUYEHUS MPOJOJDKATEIIBHOCTH KU3HHU.

KawudeBble caoBa: crapeHHe, MOJIEKYJIDHbBIE  MEXAHU3MbI,  JIOJITOJIETHUE,
okucnurenbHbld cTpecc, [IHK, knerounas cmepts, penapanus JHK, reneruka
CTapEHUS.

1. BBegenue

[Tponiecc crapeHusi, HECMOTPSI Ha €ro YHUBEPCAIHHOCTh U HEU30EKHOCTh, SIBISETCS
OJTHOM M3 caMbIX CIOKHBIX W MAaJOU3Y4YEHHbIX TeM B Ouosoruud. B mnocnenHue
NECATUIIETHS] HAy4dHbIE MCCIIEIOBAaHUS 3HAYMTENIBHO NPOJIBUHYJIUCH B ITOHWMAaHUU
MOJIEKYJISIPHBIX MEXAHU3MOB CTAPEHMS, U TENEPh MBI 3HAEM, YTO CTAPEHUE — ITO HE
IIPOCTO HAKOIUICHWE IMOBPEXKIAEHUW, HO W PE3YyJbTaT CIOKHBIX B3aWMOJCHCTBUN Ha
YPOBHE KJIETOK, TKAaHEN 1 OPTraHoOB.

HoBble wuccnenoBaHusl TMOKa3bIBAIOT, YTO CTapeHHUE MOXKHO paccMaTpHUBaTh Kak
MaTOJIOTHYECKUH MPOIIECC, TPU KOTOPOM HApPYIIAIOTCS HOPMAaJbHBIE MOJICKYJISIPHBIE U
KJIETOYHBIE MEXaHW3MBbI, Beaylue K yrpare GyHKui opranu3ma. Oxumaercs, 4To
MOHUMaHuEe OUOJIOTUU CTAPEHUsI OTKPOET HOBBIC MYyTH JJIsi pa3paboTKU P (HEKTUBHBIX
METOJIOB MIPOIJICHUS )KU3HU U OOPHOBI C BO3PACTHBIMU 3a00JIEBAaHUSIMH.
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2. MoJseKkyJsipHbIe MEXaHU3MbI CTAPEHUSs

2.1. OKHCIUTEIBHBIN CTPECC U ero PoJib B CTAPEHUH

Opgaum u3 HamboJsiee W3BECTHBIX MOJICKYJISIPHBIX MEXAaHU3MOB CTapEHUS SIBISICTCS
OKHUCIIUTENIbHBIA CTPECC, KOTOPhIA BO3ZHUKAET B PE3yJIbTaTE HAKOILJICHHUS CBOOOJIHBIX
paaukaioB B kiieTkax. CBOOOHbIE pauKalibl MOBPEXKAAtOT Junubl, 0enku u JJTHK, uro
BEJIET K KJIIETOYHOMY CTapEHUIO ¥ HAPYIICHUIO QYHKIUU TKAHEH.

MexaHu3M  OKHUCIUTENBHOIO  CTpecca aKTUBUPYeTCS Kak B HOPMAaJbHBIX
(U3MOIOTUYECKHUX YCIOBUAX, TAK U MPHU PA3MUYHBIX MATOJOTUSAX, TAKUX KaK OO0JE3HU
cepllla, pak W HeWpojaereHepaTUBHbIE 3a00JieBaHUS. AHTHUOKCHJIAHTHAs 3alluTa
OpraHu3Ma, BKIIIOYAIOIIAsl TAKKE MOJIEKYJIbI, KaK CYNEepPOKCUINCMYTa3a, TIIyTaTHOH U
KaTajia3a, UTpaeT KIIOYEBYIO POJIb B HEUTpATU3aIMK CBOOOHBIX PAINKAIOB U 3aIUTE
KJIETOK OT MOBPEXKACHUM.

2.2. Penapauus JHK u ee 3Ha4YeHHe /151 CTAPEHUA

JIHK' sBisieTcsi OCHOBHBIM HOCHTENIEM T'€HETHYEeCKONW MH(pOpMAIUH, U MOBPEXKICHUSI
JIHK, npoucxoasmme B X0ae CTapeHus, UTPAIOT BaXKHYIO POJIb B CHUKEHUHN KIIETOYHON
¢ynkuuu. B mpoimecce crapeHuss BO3HUKAET YXYIUIEHHME CIHOCOOHOCTH KIIETOK
BOCCTAaHaBIMBATh NoBpexkacHHYI0 JIHK, 4TO mpmBOOWT K HAKOIUIEHWIO MyTalUud H
CHI)KEHHUIO CTaOMIIBHOCTH F€HOMA.

Penapanus [JHK BKItOUaeT HECKOIBKO KIFOYEBBIX MEXAHU3MOB, TAKUX KAK perapanus
OJHOLCIIOYEYHBIX pPa3pblBOB U  BOCCTAHOBJICHHE IOBPEXKICHHUM, BBI3BAHHBIX
yIbTPadUOIETOBBIM U3TyUYCHUEM WM XUMUYECKUMU areHTamu. [Ipoliembl ¢ sTuMu
MEXaHU3MaMH BEAYT K YCKOPEHHUIO CTapeHus, a yiyuuenue penapanuu JJHK moxer
OBITH CBSI3aHO C 3aMEJIEHHEM 3TOT0 ITpoliecca.

2.3. IIporpamMupyemMasi KJI€TOYHAsi CMePTh (aNoNTo3)

AMONTO3 WK MporpaMMHUpyeMasi KJIIETOYHasi CMEPTh — 3TO MPOLECC, MPU KOTOPOM
KJIETKM YHUYTOXKAIOT ce0si, €cClidi OHHM TOBPEXKACHBl WIH (DYHKIIMOHUPYIOT
HEHaJyIeKaIuM 00pa3oM. B HOpMaNbHBIX YCIOBUSX aroNTO3 3allMINAeT OPTaHU3M OT
HAKOIUJICHUS aHOMAaJbHBIX KIJIETOK, KOTOpPbIE€ MOTYT MPHUBECTH K OHKOJOTHYECKUM
3a0oneBanusiM. OAHAKO B TMpPOILIECCE CTAPEHUS PEryJMPOBAHUE aroNTO3a MOXKET
HapyLIaThCs, YTO BEAET K HAKOIUJICHHIO KJIETOK ¢ nmoBpexacHHou JJHK u Hapymennto
TKaHEM.

2.4. CeHecleHIIMA KJIETOK

KnerouHnas ceHeclieHIMsI — 3TO COCTOSIHUE, IPU KOTOPOM KJIETKHU TEPSIIOT CIOCOOHOCTh
K JIEJICHUIO, HO OCTAIOTCS KUBBIMU. DTH KJIETKM HAKAIUIMBAIOTCS C BO3PACTOM U MOTYT
OKa3blBaTh HETaTUBHOE BIMSHHUE Ha OKpYXKAIOIIME TKaHU, BBICBOOOXKIAs
BOCIAJIUTEIbHBIE MOJIEKYJIBI.
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CeHeclIeHTHbIE KJIETKH YYacTBYIOT B pPa3BUTUU MHOKECTBA BO3PACTHBIX 3a00JI€BAHUM,
BKJIIOYAsl paK, TMa0eT 1 HeMpoaereHepaTUBHbIE pacCTPOMCTBA.

3. 'eHeTHKA cTapeHMsl U 10JIT0JIE€THSA

3.1. PoJsib reHOB B CTApeHUM

['enetnueckue (akTopsl UIpalOT 3HAYUTENBHYIO pOJb B MPOILECCE CTapeHHUs.
HccnenoBanus Mokas3bIBalOT, YTO U3MEHEHUSI B OIIPEACIICHHBIX T€HaX MOTYT YCKOPHUTH
WK 3aMelIuTh crapeHue. K mpumepy, reHsl, oTBevatoue 3a penapanuio JIHK,
AHTUOKCUJAHTHYI0 aKTHMBHOCTb M  KJETOYHBIM ULHMKJI, MOTYT BIHUITh Ha
MPOJOJIKUTEIBHOCTD KU3HHU.

HexoTopble renernueckne mMyTaluu, TAKME KaK B T€HAX, KOAUPYIOIIMX KOMIIOHEHTBI
cucrembl penapanuu JHK, npuBomaATr K yYCKOPEHHOMY CTApEHMIO M Pa3BUTHUIO
BO3pACTHBIX 3a00J€eBaHui. B TO e BpeMsi, aKTUBHOCTb JIPYTUX T'€HOB, HAIPUMEP, TEX,
KOTOpBIE YYacTBYIOT B KOHTpPOJIE KJIETOYHOM MNpoiaudepannu, MOXKET 3aMeIIUTh
CTapEHUE U MOBBICUTH NPOJOJIKATEIBHOCTD JKU3HHU.

3.2. CeHOIMTHKH U reHETHYeCKoe BMeNIaTeJILCTBO B CTAPEHHUE

CeHOJIMTUKU — 3TO MOJICKYJIbI, KOTOPLIC CITOCOOHBI YAAJIATh CCHCCHCHTHBIC KIICTKH.
Ot MOJICKYJIbI CTAHOBATCA 00BEKTOM aKTUBHBIX I/ICCJ'IGI[OB&HHﬁ, ITOCKOJIBKY OHHU MOT'YT
INOTCHOUAJIBHO 3aMCIJINTL CTApCHHUC W IIPCAOTBPATHUTH PA3BUTHC BO3PACTHBIX
3a00J1eBaHH. HCCJIG,Z[OB&HI/IH IIOKAa3bIBAKOT, YTO MHCIIOJIbB30BaHHUC CCHOJIMTHKOB B
MOJCJIBbHBIX OpraHu3Max MOXKCET 3HAYUTCIIbHO IIPOAJIUTD UX JKHU3Hb.

I'eneTnueckoe BMCHIATCIIbCTBO, TAKOC KaK H3MCHCHHC OJKCIPCCCHUU OIIPCACICHHBIX
I'CHOB, TAKIKC ABJISICTCS MCPCIICKTUBHBIM HAIIPABJICHUCM B obacTu MNPpOJJICHUA KU3HU.
HaHpHMep, HCCICOAOBAaHUAI HA MOACIIN qepBefI IMOKa3aJik, 4YTO aKTUBA WA OIIPCACICHHBIX
I'CHOB MOJKCT 3HAYHUTCIIbHO IIPOJJINTD UX IIPOAOJIDKUTCIIBHOCTD JKU3HHU.

4. IlepcieKTUBBI 3aMe/IVICHUS CTAPCHUA

CoBpeMEHHBIE HWCCIICIOBAHUS CTapeHHUS OTKPHIBAIOT HOBBIC TICPCIICKTUBBI IS
pa3paboTku PGEKTUBHBIX METOJIOB 3aMEJICHUSI CTAPEHUS U TIPOJJICHUS KU3HU. DTO
BKJIFOYAET B ce0s Kak pa3pabOTKy MpenaparoB, BO3JACUCTBYIOIIMX HA MOJICKYJISIPHBIC
MEXaHU3Mbl CTapeHHsi, TaK W TEHHBbIE Tepalluy, HaIlpaBJICHHBIE HA KOPPEKIIHIO
BO3PAaCTHBIX U3MEHEHHUI.

Kpome Toro, ¢ pasBuTHEM TEXHOJOTHUN peaakTUpOBaHus reHoma, Takux kak CRISPR,
MOSABJISACTCS BO3MOXKHOCTH IPSIMOIO BMEIIATENLCTBA B MOJIEKYJISIPHBIE MEXaHU3MBbI
crapeusi Ha ypoBHe JIHK, uTo OTKpbhIBaeT HOBBIE TOPU3OHTHI 1Jisi OOPHOBI C
BO3PACTHBIMU 3200JI€BaHUSMH U YBEIUYEHUS MPOJIOKUTEIBHOCTH KU3HU.
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5. 3akaoueHue

[Tponiecc crapeHuss npeACTaBIseT COOOH CIIOKHOE B3aHMMOAEHCTBUE MHOXKECTBA
MOJIEKYJIIPHBIX MEXaHHU3MOB, KOTOpbIE HAapyLIAIOTCA C BO3pacTOM. OKHCIUTENIbHBIHN
ctpecc, nopexaenus JJHK, anmonTos u kieTouHas ceHeCeHIMsI — BCE 3T MPOLIECCH
UTpaloT KIIOYEBYKD pOJb B CTapeHuu opraHuzMa. OpjHako, HECMOTps Ha
MHOTOYHCJICHHbIE BBI30BBI, HAYYHOE COOOIIECTBO 3HAYUTENHHO TMPOJBUHYJIOCH B
MOHMMAaHUU OWONOrMM cTapeHus. bynymme uccnegoBanus U pa3pabOTKU B 00JIacTH
TCHETUKH U MOJIEKYJISIPHOW OMOJIOTHMU O00€IIaloT OTKPHITh HOBBIE BO3MOXHOCTH JIJISI
3aMeJICHUsI CTapEHUs U MOBBILICHUS Ka4eCTBa )KU3HU B CTAPOCTH.
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HAYYHBIN )KYPHAJI
HAYKA U MUPOBO33PEHUE
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HHEJATI'OT'HKA KAK HAYKA: IIPEJMET, OBBEKT U ITPOBJIEMBbI
UCCJEJIOBAHUSA, CTPYKTYPA IEJATOT'MYECKOM HAYKHA U CBSI3b
C APYI'UMHN HAYKAMU

BeriueB Aisianyp AniabepaueBuy

[Ipenonasarens, TypKMEHCKOTO HAIMOHAIBHOTO MHCTUTYTAa MUPOBBIX SI3bIKOB UIMEHU
JloBnetMammeTa A3agu

r. Amxaban TypkMeHUCTaH

Ka3zakoBa Xaurmaxkan
[IpenonaBarens, TypKMEHCKHM CETbCKOXO3SIMCTBEHHBIA HHCTUTYTA
r. JJamory3 TypkMeHucTan

AHHOTAIIUA

Ilenaroruka Kak Hayka 3aHMMAeT Ba)KHENILIEE MECTO B CHCTEME 3HAHMI O YEJIOBEKE, €ro
oOyuyeHMH M BOCIUTaHUU. B crarbe paccMaTpUBAIOTCS OCHOBHBIE —ACIEKTHI
MEJAaroru4eckoil HayKu, BKJIOYas NOpeIMET M OOBEKT HCCIEAOBAHMS, KIIIOUEBBIC
npo0JieMbl U 3aauM, KOTOpble OHa pemaeT. Ocoboe BHUMaHHE YAEIEHO CTPYKType
MEJarOru4ecKoil HayKH, B YaCTHOCTH PA3JIMYHBIM €€ HAIPABJICHUSM U UX B3aUMOCBSI3H.
Kpome TOro, aHanu3upyrOTCS KIIOUEBBIE NEAArOrMYECKUE KaTEropuHu, KOTOpPbIE
HEOOXOUMBI JJI1 TOHMMAaHHUs U ONTUMU3ALUU 00pa30BaTeIbHOro Mpouecca. Baxnoe
MECTO OTBEIECHO CBS3U IEJArOrukKd C IPYrUMU HayKaMH, TAKUMHU KaK IICUXOJIOTH,
couuosiorus, ¢guiocodusi, 5JKOHOMUKAa U MEAMIMHA, YTO MO3BOJSET paccMaTpUBaTh
MEJAaroruky Kak MEeXIUCIUIUIMHAPHYI0 o0JacTh 3HaHuWM. CTaThsl HaleleHa Ha
yIiyOJIeHHOE MOHUMaHNE COBPEMEHHOI'O COCTOSIHUS MEIarOTUKHU U €€ POJIU B O0yUEHHUH
Y BOCIIUTaHUMU.

KiaroueBble cjioBa: Iniefaroruka, npeaMeT W OOBEKT IEeJarOTMKH, CTPYKTypa
Mearornyeckoi HayKH, MeAarornyeckue KaTerophH, CBS3b MEJarorukd ¢ JPYyTraMHU
HayKaMH, MpoOJIeMbI MeJarorukyi, METOANKa 00pa30BaHMs, BOCITUTAHKE, ITCUXOIOTHS
o0Opa3oBaHUs.

1. BBenenue

[legarorvka kak HayKa OXBAaTBIBAE€T OTPOMHYIO cpepy YEIOBEUECKOU AESITETHHOCTH,
CBSI3aHHYIO C 00Y4Y€HHMEM M BOCIUTAaHUEM. B OTiIMYHMe OT JpYyrux COLMAIBHBIX HayK,
NeJaroruka HermoCpeCTBEHHO CBsI3aHa C MOBCETHEBHOM MPAKTUKON 00pa30BaTebHBIX
YUPEXKJIEHUN M aHATU3UPYeT KaK TEOPETUYECKUE, TaK M MPAKTUYECKHE AaCTEKThI
o0pa3oBaTenbHOTo Mpolecca.
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DTOT Mpoliecc OXBATHIBAET HE TOJIBKO TPAJAUIIMOHHOE 00yUYeHue, HO U 0oJiee MUPOKUE
o0nacTu, TakWe KaK pa3BUTHE JIMYHOCTH, COIMAJIbHAS aanTaius, MOpPaJIbHOE
BOCIIUTAHWE, BJIMSHUE PA3JIUYHBIX COIMAIBHBIX M KYyJbTYPHBIX (DAKTOPOB Ha
o0pa3oBaTeNbHYIO Cpely.

Ha mpoTskeHuu MCTOpHM TeAdaroruka MEHSIach W pa3BUBAJach, MPUOOpETas HOBBIC
(hOpMBI U TCOPUH B 3aBUCUMOCTH OT HayYHBIX, COIIMAIBHBIX M KYJIbTYPHBIX H3MCHEHUH
B oOmectBe. B mociaennme nmecatwieTds Bce OoONbIIe BHHMAaHHUS — yJEIsSCTCS
WHHOBAIMOHHBIM TOJIX0JaM K OOYYCHHIO W BOCIHMTAHMIO, BKIIFOYAsl MCIIOJIb30BAaHUE
WH(OPMAITMOHHBIX TEXHOJIOTHH W JPYrux IEpeloBBIX MeToAuK. Bce 3T0 memaer
NearoruKy OJHOM M3 HanOoJiee aKTyaJdbHBIX W JUHAMUYHO Pa3BUBAIOIINUXCS HAYK, C
MTOMOIIIBIO KOTOPOW MOYKHO PENIaTh MHOXKECTBO 3a71a4, CTOSAIINX MEePe] COBPEMEHHBIM
0O0IIIECTBOM.

2. IIpeamer ¥ 00BbEKT MeIarOruKu

2.1. IlpeameT neaaroruku

[IpenMer menarorukyu — 3T0 COBOKYITHOCTD SIBJIICHHH, MPOLECCOB U 3aKOHOMEPHOCTEH,
KOTOpbIE U3YYalOTCsA B KOHTEKCTE 00pa3oBanus U BocnuTanus. [lenaroruka uccnenyer
HE TOJBKO TMPOLIECCHl OOy4YeHHs W BOCHHUTAHUS, HO M YCJIOBHS, B KOTOPBIX OHU
MPOUCXOMST. DTO BKIIOYAET B ceOsl KaKk BHYTPEHHHUE, TaK U BHEIIHUE (DAKTOPHI, TAKUE
KaK BO3PACTHBIE OCOOEHHOCTH O0YYAIOIINXCS, UX MCUXO0(PU3HOJIOTUIECKOE COCTOSHHE,
a TakXe KyJbTYpHbIE M COIMAJIbHBIC YCJIOBUS, B KOTOPBIX MPOUCXOJUT
oOpa3oBaTenbHBIN MpoIeCC.

[lemaroruka xKak Hayka HamlpaBjieHa Ha BBIACHEHHE TOTO, KAKME METOIbI M TMOJXOJbI
ABJISIFOTCSL HambOoisiee ((PEeKTUBHBIMU B MpoIlecCe OOyUYECHHs] M BOCIIHTAHMS, KAKHUE
(akTOphI BIUAIOT Ha TUYHOCTHOE PA3BUTHE U KAK MOKHO ONTUMH3UPOBATh YUCOHBIN
npoiiecc. CoBpeMeHHasi TMeJaroruka TakKe OXBaThIBAET BOIPOCHI OpraHU3alluu
o0pa3oBaTeNbHBIX  YUYPEKICHUN, JIUarHOCTUKA M OICHKH  00pa3oBaTEIbHBIX
pEe3yNbTaTOB, a TaK)Xe BOCIUTAHUSA B YCJIOBHUSX pPa3HOOOPA3HBIX COIMANBHBIX U
KYJIbTYPHBIX KOHTEKCTOB.

2.2. O0LEeKT nmeaaroruku

OOBEKTOM TIEJAarOTUKH SBISCTCS JIMYHOCTh OOYydYalomerocs, a TakKkKe BECh
o0Opa3oBaTelbHbIN MPOIECC, B KOTOPOM 3Ta JIMYHOCTh NMPUHUMAECT ydacThe. JTO HE
OTrPaHUYUBACTCS TOJHKO OOYYCHHEM B YUCOHBIX 3aBEACHHSX, HO M BKJIIOYACT B CeOs
BOCIIMTaHHE, Pa3BUTHUE, COIMAIM3AIIMIO, MIOATOTOBKY YeJIOBEKA K JKM3HH B OOIIECTBE.
[legarorvka aHaqIuM3MpyeT, KaK pa3jiMuHbIC acIEeKThl KU3HU JIMYHOCTH BJIUSIOT Ha €€
pa3BHUTHE, KakWe BHYTPCHHHE W BHEIIHHE (HaKTOPhl CKa3bIBAIOTCS HA Yyclexax B
y4eOHOM JIeATeIbHOCTH W KaKhe METOJbl HEOOXOIUMO NMPUMEHSThH JIS 00eCreYeHHUs
6onee 3¢HeKTUBHOTO OOYICHHUS.
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Kpome TOro, 00beKTOM NENaroruku SBJISIOTCA 00pa30BATEIbHBIE CUCTEMBI B LIEJTIOM,
HAYMHAsg OT JIOIIKOJBHOIO OO0pa30oBaHMUS JO BBICHIETO U MPOo(dheccrOHAIBHOTO
oOpazoBanusi. Ilemarormka uW3y4aeT B3aUMOJCHCTBUE  PA3NUYHBIX  ypOBHEH
oOpa3oBaHMs U UX BIMSHHUE APYT Ha JIpyra, a TAaKXKe UCCIEAYeT ONTHMAalIbHbIE (hOPMBI
OpraHu3aiyy U (GyHKIMOHUPOBAHMS 00pa30BaTEIbHbBIX YUPEKICHUN.

3. CTpyKTypa negaroru4eckoii HayKku

[Tenarornueckass Hayka NpeAcTaBiIsieT COOOM CHCTEMY, COCTOSIIYI0 M3 MHOXKECTBA
B3aMMOCBSI3aHHBIX ¥ B3aMMOJIOTIOHAIOIMNX HampaBieHuil. Kaxapiil u3 3TUX acleKToB
pemiaeT OIpeaesieHHble 3aJaud M BHOCUT CBOW BKJIAg B 0O0muUil mporecc
00pa3oBaTeNbHON TEOPUU U MPAKTHKU.

3.1. TeopeTnyeckasi megarornka

TeopeTndeckasi megaroruka U3y4aeT OCHOBHBIE TEOPUU W KOHIIEMIMU OOpa30BaHUS,
HaIpaBJICHHbIE Ha 00OOCHOBaHHWE METOJIOB M TOJXOJOB K OOYYEHHIO M BOCIHTAHUIO.
DTOT pasjeN MeNarorukd BKIOYAeT B ce0s padoTy IO CO3JaHHI0 TEOPETUUECKHUX
MoJieleli  00pa30oBaTENIbHBIX MPOIIECCOB, ITOHMMAaHHE MEXaHU3MOB OOYy4YeHHs,
HcCIIeIOBaHUE 1IeJIel U 3a71a4 00pa30BaTEIbHON AEATEIbHOCTH.

TGOpCTquCKaﬂ [neaaroruka OXBaTbIBaCT TaAKHUC O6HaCTI/I, KakK:

o Teopus oOyueHus U BOCIIUTAHUS,

o Ilcuxonorust meAaroruueckoro Mporecca;

o Teopus o6pazoBaHusi;

o Meroauka npenogaBaHus pa3IMIHbBIX TACITUATIINH.

Pabota TeopeTuyeckoil NEAarorukd HampapieHa Ha (OPMHUpPOBAHUE E€IUHOU
TEOPETUIECKON 0a3bl I BCEX MEAArornYecKuX MpPaKkTUK, KOTOpas 3aTeM MOXKET OBITh
MCIIOJIb30BaHa i pa3padoTKu 3(HEKTUBHBIX METOJOB U CTPATETUil 00yUEHUSI.

3.2. IlIpakTnyeckas neaaroruka

[IpakTyeckass mnemaroruka — 93TO 00JacTb, OPHEHTUPOBAHHAs Ha pealbHBIN
oOpa3oBarenbHbIil porecc. OHa 3aHUMaeTcs pa3pabOTKON U BHEIPEHUEM KOHKPETHBIX
METOJIOB M TOAXOJ0B K OOYYEHHI0O U BOCHUTAHHUIO, KOTOPBIE HCIOJB3YIOTCS Ha
npaktuke. OCHOBHOM 3aJa4€ll NMPAKTUYECKOM NENArOTHKH SABJSETCS ONTUMM3ALUS
00pa3oBaTeIBLHOIO TpoIlecca Ha BCEX YPOBHAX — OT JOIIKOJIBHOTO JI0 BBICIIETO
o0pa3oBaHus.

K ocHOBHBIM HaIIPaBJICHUAM HpaKTquCKOfI neaarorukm OTHOCATCA:

o Opranuzanus yueOHOT0 mpolecca;

« Pa3paboTka MeTOAMK MpenogaBaHus;

« PaszButHe 00pa3oBaTENBHBIX TEXHOJIOTUH;

o ®opmupoBaHue 00pa3oBaTEILHBIX MPOrPAMM U KYPCOB.
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[IpakTrueckas negaroruka MoMoraeT TpaHCc(hOPMHUPOBATH TEOPETUUYECKHE 3HAHUSA B
KOHKPETHBIE MEJarornyeckue MPaKTUKU, KOTOPbIE MOKHO BHEIPUTH B PA3JIUYHBIC
00pa3oBaTeNbHbIE YUPEIKICHUS.

3.3. CounajibHas nmeaaroruka

COHHEUII)H&SI negaroruka wu3ydacTt poJib 06p330BaHI/I}I B COIII/IaHLHOﬁ aJallTalinu
JIMYHOCTU. ITO HalpaBJICHUC HUCCIICAYCT, KakK 06p330BaTeHBHBIﬁ IMpouecCC BIMUACT Ha
CI)OpMHpOBaHI/Ie COOMAJIbHOI'O IIOBCIACHHA, pPa3sBUBACT HABBIKU BBaHMOI[efICTBHﬂ C
APYIruMu JIIOAbMH, a TAKXKC CHOCO6CTByeT HHTCTPpAa B Pa3IMYHBIC COLMUAJIBHBIC U
KYJbTYPHBIC KOHTCKCTHI. COHI/IaJ'IBHaH [neJaroruka u3y4acT BJIWAHHUC IIKOJIbI U IPYTI'UX
O6pa3OBaTeJ'IBHBIX HHCTUTYTOB Ha COLUAJIBHYIO MO6I/IJ'IBHOCTB, B3aMMOOTHOIIICHUA B
KOJUICKTHUBC, PA3BUTHUC CONUAJIBHBIX HOPM U HGHHOCTGI\/JI.

3.4. Ilegaroruka BpICIIEeH IIKOJIbI

[lenaroruka BbICHIEW IIKOJABI (OKycHpyeTcss Ha creurduke oO0pa3oBaHHs B
YHUBEPCUTETAX U APYTUX BBICIIMX yUY€OHBIX 3aBEACHUSAX. DTO HAIIPABJICHUE HUCCIETYET
0COOEHHOCTH IIPENO/IaBAHMS B By3aX, METOAUKHU MOJTOTOBKH IIPENOIaBaTeIe, a TAKKe
OpraHu3allii0 HaydyHOW paboThl U MNPOPECCHOHATBLHYIO TOJTOTOBKY CTYJIEHTOB.
[legarorvka BbICIIEH MIKOJIBI pa3padaThIBA€T HOBBIE IOJXOAbI K OOYUEHUIO B YCIOBHSIX
rJ00anu3anuy ¥ I3MEHEHHUI Ha PhIHKE TpyAa.

3.5. UcTopus negaroruku

Uctopusa mnemarorukd — 93TO pas3fied, MOCBSIIEHHBIA HUCCICIOBAHUIO PA3BUTHS
MeJarOrH4eCKuX e U MPaKTUK Ha MPOTHKEHUU BpeMeHU. OHa moMoraeT MOHSTh, Kak
oOpa3oBaTeNbHbIE CHCTEMBI JBOJIOIMOHUPOBAIM M KaK IEeIaroruueckre TEeOpUu
BIIMSITM HAa OOIIECTBEHHBIE MPOIECCHl. 3HAHUS O MPOIIOM TEAArOrMKyA BaXKHBI TS
OCO3HaHMS TEKYIIMX TEHIACHUWA W JI1 MPEeACKa3aHUs BO3MOXKHBIX HAINpaBJICHUM B
pPa3BUTHH 00pa30BaHUs B OyIyILIEM.

4. CBsi3b eJATOTMKHM € IPYTHMH HAYKaAMHU

Ilemaroruka TeCHO CBs3aHa C PAAOM JAPYTUX JOUCUUIUIMH, 4YTO MO3BOJIIET €U
pa3BuUBaThCd U O0OTaTUTHCA HOBBIMM 3HaHUsIMH. HaumOosbliee BIUSHUE Ha
MeJJarOrMYECKYI0 HAyKy OKa3bIBAIOT CIEAYIOIINE 00JIaCTH:

4.1. Ilcuxosiorus

[Icuxomnorus ¥ nmegaroruka MMET MHOTO OOIIMX 00JacTei MCCleI0BaHus, TAKUX KaK
BOCIIPUATHE, TaMATh, MOTHBAIUS, KOTHUTUBHOE pa3BuTHE. IlcMxoyorms momoraer
megaroraM  JIydilie  IOHSATh — IICUXOJIOTMYECKHE OCOOCHHOCTH — yYalluXxcs, WX
CIIOCOOHOCTH, TPYJHOCTH B OOYYCHHH, a TaK)KE ONTHMAIbHBIE CIIOCOOBI BO3JICHCTBUS
Ha CTyJeHTOB. [IcMXoNMOorn4eckrne UCCIeI0OBaHNs UTPAIOT BAXKHYIO POJIb B pa3paboTKe
3¢ ()EKTUBHBIX METOJOB OOYUEHUSI U BOCTIUTAHUS.
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4.2. CoumnoJiorust

Comonorusi aHaldM3UpPYEeT COLMAJIbHBIE acCMeKThl o0pa3oBaHHs. OTO CBS3aHO C
HCCIICIOBAHUEM BO3JICHCTBHS COIMAILHOM Cpelbl Ha 00pa3oBaTebHBIN MpoIleCC,
U3YYEHHEM TOT0, KaK COIIMAIbHbBIC YCIOBHS U CTPYKTYPHI (HaIpuMep, CEMbs, 00IIECTBO,
HPKOHOMHUYECKUN CTaTyC) BIUSIOT HAa JMYHOCTHOE DPAa3BUTHE W YCIEXHU YYalllUXCA.
Conunonorus Takke MoMoraer rnejaroraM MoHsTh, KaK COLIMAJIbHBIE B3aUMOJICUCTBUS B
o0pa30BaTeNbHOM cpesie BIUSIOT Ha 3PPEKTUBHOCTh OOYUCHHUS.

4.3. ®uaocopus

cDI/IJIOCO(l)I/ISI Incaarorukm O6CY)KI[3€T MHUPOBO33PCHYCCKUC ACIICKTBI 06p3.30BaHI/Iﬂl qTo
TaKoC 06p330BaHI/Ie N BOCIIMTAHUC, KAKHC ILCHHOCTH OHH HOOJDKHBI Pa3BHUBATL Y
YCJIOBCKA, KAKOBA POJIb o6pa3013aHI/151 B KHU3HHU 06HICCTB3. (I’I/IJ'IOCO(i)I/ISI 06pa30BaHI/IH
nmomMoract OounpcAaAcinTb LCIH 06p3.30BaHI/IH, moaxodabl K pPa3sBUTUIO JIMYHOCTH H
PACKPBITHUIO IIOTCHIOHAJIA KaK10T'0 YCJIIOBCKA.

4.4. JKOHOMHKA

DKOHOMUKA HCCICAYCT BJIHMAHUC (1)I/IHaHCOBI>IX n  MaTCpHUAIIbHBIX (baKTOpOB Ha
O6pa3OBaTCJIBHI>I€ IIPOLCCCHI. BaxxHbIMHu acnieKkTaMu SIBJISIOTCS BOIIPOCHI 6IO,ZI)K€Ta
O6pa3OBaHI/IH, MAaTCPpUAIIBHO-TCXHUYICCKOC obecrnieueHUe 06p330BaT€JII>HI>IX
yqpexczerHﬁ, d TAaKXKC COIHAJIIBHO-3KOHOMHYCCKOC IIOJIOKCHHUC, KOTOPOC BJIMACT Ha
JOCTYIIHOCTB O6paBOBaHI/IH I pa3JIMIHBIX CJIOCB HACCIICHUA.

5. OcHOBHBIE MEAATOTHYECKUE KATerOpHH

B [ICaJaroruke BBIACIIIIOTCA KIIFOYCBBIC KaTCropuu, KOTOPLBIC IIOMOI'arOT
CUCTCMATU3UPOBATh U ITPOAHAIIN3

UpOBaTh pas3MuYHbIE TMpOIEecChl B oOpa3oBarenbHO cdepe. K  oCHOBHBIM
MeJIarOTMY€CKUM KaTErOpUsiM MOKHO OTHECTH:

1. Obpa3zoBanue — mpoIiecC IeJICHANPABICHHOTO0 BOCITUTAHUS U O0YUYCHUSI.

2. Bocnutanue — mporecc (GopMUpOBaHUS JIMYHOCTH, HAMPABICHHBIN Ha

pa3BUTHE HPABCTBEHHBIX, ICTETUUECKUX, COIUATIBHBIX U APYTUX KAYECTB.

O0y4eHnmne — nporecc nepeadn 3HaHUM U HaBBIKOB yYAIIUMCSL.

Pa3BuTHe JIMYHOCTH — TpPOLECC pOCTa U  COBEPIICHCTBOBAHUS

WHINBUYaTbHBIX OCOOCHHOCTEN y4alerocs.

5. Commanam3aumss — TIPOIIECC MHTETPAIlMM JIMYHOCTH B  OOIIECTBEHHBIC
OTHOIILICHHS.

6. ear oOpa3oBaHMsi — WUACAIBHBIA pE3yJbTaT, KOTOPOTO JOKHO JTOCTHYb
o0pa3oBaTebHOE YUPEKICHHUE B IIPOIIECCE CBOEH PadOTHI.

B~ w
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6. 3aka0ueHue

Ilemaroruka sBisA€TCS MHOTOIPAHHOW HAyKOW, KOTOpas OXBAaTbIBAECT pPa3JINYHBIE
acrleKkThl 00pa30BaTENIbHOM JEATENIBHOCTH U B3aUMOAEHCTBYET C PSAOM JApPYTUX
JUCLUUIUIMH. Ba)kHO, YTO IeJaroruka He TOJBKO M3ydaeT TEOPETUYECKUE OCHOBBI
oOy4eHHUs1 U BOCIUTAHUS, HO U AKTUBHO NPUMEHSET ATH 3HAHUS HA IMPAKTUKE JUIs
ylyduieHus: oOpas3oBarenbHOro rmnpouecca. CTpykTypa NeAarorndeckol Hayku
IIOMOTraeT OPraHu30BaTh U CUCTEMATU3UPOBATh UCCIEAOBATEIBCKYIO ACSITEIBHOCTD, a
CBsI3b C APYTMMHU HayKaMHU JieaeT ee 0osee ryOOKOH 1 MHOTOIUIAHOBO.

Pa3sButne memarorndeckoi Haykd TpeOyeT MOCTOSHHOTO IMOMCKAa HOBBIX METOIOB U
MIOJIXOJIOB, YTO B CBOIO OUYEPE/Ib BEJET K YIIYUIIICHUIO 00pPa30BaTEIIbHBIX PE3yJIbTaTOB U
dbopmupoBaHHIO O0JIEE TAPMOHUYHON JTHYHOCTH.
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3. Wmeun, E. II. (2019). Ilcuxonoeus u nedacocuxa: 83auMoceéssb meopuu u
npaxmuxu. M.: U3parensctBo "FOpaut".
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METO/IUKA KAK TEOPUSA OBYYEHUSA NTHOCTPAHHBIM A3bIKAM:
OCHOBHBIE METO/JMYECKHME ITOHATHUA U METO/bI
NCCIEAOBAHUA MPOUECCA OBYUYEHUA

bepaueBa TaByc MyxammenoBHa

[Ipenonasarens, TypKMEHCKOTO HAIMOHAIBHOTO MHCTUTYTAa MUPOBBIX SI3bIKOB UIMEHU
JloBnetMammeTa A3agu

r. Amxaban TypkMeHuCTaH

KappnbieBa Po3a
[IpenonaBarens, TypKMEHCKHM CETbCKOXO3IMCTBEHHBIA NHCTUTYTA
r. JJamory3 TypkMeHucTan

AHHOTAIIUA

Metoauka oOyueHUsT MHOCTPAHHBIM SI3bIKaM SIBJSIETCSI Ba)KHEMIIEW COCTaBIIAIOILEH
MEJaroru4eckoil HayKd W MPEJCTaBIsET COOOM CHUCTEMY TEOPETHUYECKUX 3HAHWM U
MPaKTUYECKUX PEKOMEH/IALNM, HAalpaBiIeHHbIX Ha 3(PPEeKTUBHOE OOYUEHHUE yHaIIUXCS
MHOCTPAHHBIM sI3bIKaM. B cTaThe paccMaTpuBarOTCsi OCHOBHBIE METOMYECKUE TOHATHS,
KOTOpBIE SIBJISIFOTCSL OCHOBOM I IOCTPOEHUsT 00pa30BaTENILHOTO IIpoliecca B 001acTu
M3Y4YEHUS MHOCTPAHHBIX A3BIKOB. AHAIM3UPYIOTCS METOJbl UCCIEIOBaHUS MIpolecca
oOyueHus1, BKIOYasi KaK TPaAUIMOHHBIE, TAK 1 COBPEMEHHBIE MOAXO0/1bl, OCHOBAHHBIE
Ha HHHOBALIMOHHBIX TexXHoJOrusax. CraTesd Takke aKIEHTUPYET BHHMaHHUE Ha
B3aUMOJICVCTBUN TEOPETUUECKUX OCHOB METOJUKH U €€ NMPAKTHYECKOTO MPUMEHEHNUS,
YTO SBJSIETCS KIIOYOM K YCHEIIHOMY OOYYEHHIO M BOCIHUTAHUIO MHOTOSI3BIYHBIX
YUYEHHUKOB.

KiroueBble c10Ba: MeTOIMKa 00yUCHHUS, HHOCTPAHHBIC SI3bIKH, METOIbI HCCIICIOBAHUS,
Nearornyeckasl METOAMKA, WHHOBAIIMOHHBIC TEXHOJIOTHH, TEOPETHYSCKHUE OCHOBBI
o0yueHus.

1. BBenenue

Meronuka 0Oy4YeHUS WHOCTPAHHBIM S3BIKAM SIBIIICTCS OJHOM W3 IICHTPATBHBIX
JTUCITUIUIMH B 00JIACTH TENAaroTUKU W MPEACTaBIseT coO0M HayKy, H3YyYarolryro
CIIOCOOBI ¥ METO/TBI MIPEMOIaBaHUsI HHOCTPAHHBIX S36IKOB. OCHOBHOM 11E€TTBI0 METOIUKHU
ABJISIETCST pa3paboTka dPGEKTUBHBIX METOJIOB M CPEACTB OOyUEHHS, KOTOPhIE MOTYT
MOMOYb yUaIllTUMCS OBJIQJIETh S3BIKOM B PA3HBIX ACTIEKTaX: YTEHUHU, TOBOPECHUH, TTUCHME
1 ayTHPOBAHUMU.
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COBpCMCHHaﬂ MCTOAMKA BKJIFOYACT B cebs PA3JIMYHBIC ITOAXO0AbI, HAIIPABJICHHBIC KaK Ha
COBCPHICHCTBOBAHUC TPAJUIMUOHHBIX MCTO/J0B 06yquHH, TdaK W Ha BHCIAPCHUC
HWHHOBAIIMOHHBIX TGXHOHOFHﬁ, TaKHUX KakK I/IH(I)OpMaI_[I/IOHHO-KOMMYHI/IKaI_II/IOHHBIe
CpCacCTBA, JUCTAHIITMOHHOC 06y‘-ICHI/IC, HHTCPAKTUBHBIC ITOAXOIBI.

[Ipouiecc 00yuyeHUsT WHOCTPAHHBIM S3bIKAM TPEOYEeT HWHTErPallMh TEOPETHUUECKHUX
3HAHUM C NMPAKTUYECKUMU HaBbIKaMH. Ba)XHO OTMETHUTBH, YTO METOJMKA BKJIIOYACT B
ce0s1 HEe TOJIbKO MEeJaroru4eckue TEOpUHU, HO M AKCIEPUMEHTAIbHBIE HCCIIEOBaHUS,
HanpaBJCHHbIE HA BBISICHEHHUE ONTHUMAIbHBIX CHOCOOOB O0Oy4YeHUs, KOTOpbIE
CIOCOOCTBYIOT JOCTHKEHHUIO JIyUIIUX PE3YyJIbTaTOB.

2. OcHOBHBIE MEeTOANYECKHE MMOHATHSA

2.1. Meroauka 00y4yeHHsI HHOCTPAHHBIM SI3bIKAM

Meronnka 0Oy4deHHS] WHOCTPAHHBIM SI3BIKAM — 3TO O0JAaCTh TEIArOTHKH, KOTOpas
M3ydaeT CIIOCOOBbI, METOJbI M CpEICTBA, MWCIOJb3yeMble I A(PGEeKTUBHOTO
MpernoaBaHusl MHOCTPAHHBIX 3bIKOB. OHA OXBaTHIBACT KaK TCOPETHYCCKHUE ACTICKTHI,
TaKue KaK CO3JaHHEe METOJMYECKHUX TEOPUH M KOHIICHIIMHA, TaK W MPaKTHYECKHE,
BKJIIOUAIOIIME Pa3pabOTKy KOHKPETHBIX Y4YEOHBIX IIporpaMM, MaTepuajioB H
METOANYECKUX TOCOOUIA.

Meroanka oOydeHHs HHOCTPAHHBIM SI3bIKaM (hOPMHUPYET TEOPETUICCKYIO OCHOBY IS
paboThl mpernofaBaTenel u momoraeT UM 3(G(EKTUBHO HCIOIL30BATh Pa3IUIHBIC
MOIXO/bI, YTOOBI JOCTUYB JYUIIUX PE3yJbTaTOB B 00ydeHUH. Ba)KHO OTMETHTH, UTO
METOHMKA PA3BUTHS SI3BIKOBOW TUYHOCTH YUCHHUKA BKIIFOUACT KaK OOIIME ITOIXOIbI, TaK
U WHAUBUAYyaJIbHBIE METOJNbI, KOTOPHIE COOTBETCTBYIOT OCOOEHHOCTSIM Ka)JI0T0
o0y4yaeMoro.

2.2. MeTtoanbl 00y4eHust

Metob1 00yUeHHUS — 3TO OCHOBHBIE CITIOCOOBI U TPUEMBI, C TIOMOILbIO KOTOPBIX YUUTENb
OpraHu3yeT Y4eOHBIN Mpoliecc, HapaBICHHbBI HA OCBOCHHUE WHOCTPAHHOTO s3bIKa. B
METOJMKE BBIJICISIOT HECKOJIBKO THUIIOB METOJOB, KKIBIM M3 KOTOPHIX MOXET OBITh
3¢ (PEKTUBHBIM B Pa3IMYHbIX CUTYaLUAX:

1. 'paMMaTuKoO-IePeBOIHOII MeTOJ — TPAJUUUMOHHBIA METOHA, KOTOPBIU
MPEIOJIAaraeT akKeHT Ha U3YYEHHE TPAMMATHYECKUX MPABUII U IEPEBO]T TEKCTOB
C MHOCTPAHHOTO SI3bIKA.

2. KoMmMyHHMKaTHMBHBII MeTOl — METO/]I, HAIIPaBJICHHBIN HAa pa3BUTHE Y YUAIIINXCS
HAaBBIKOB OOINEHHUS HA MHOCTpAaHHOM si3bike. OH OpPUEHTUPOBAH Ha
UCIIOJIb30BaHUE SI3bIKA B PEATIbHBIX CUTYAIUIX OOIICHMUS.

3. MeToa mnorpyskeHusi — METOJl, IPU KOTOPOM Y4aIllMECs TOTPYXKalTCI B
SI3BIKOBYIO CPEAY, MAKCUMAJIBHO UCIIOJIb3YS A3bIK B PEATbHBIX KOHTEKCTAX.

4. Toraabubiii pusnyeckuii orBet (TPR) — MeTon, OCHOBaHHBIM Ha JBHXKEHUU
Y JEUCTBUSIX YYalUXCsl, KOTOPBhIM aKTUBHO MCIIOJIB3YETCS B HAYAJIbHOW CTaauu
oOy4eHHUs JIJIsl pa3BUTHS ACCOIIMATUBHBIX CBS3EH MEXY CIIOBAMH U JICUCTBUSMU.

-53-



5. NHTepakTHBHBII MeTOJ — UCIOJIb30BAHUE COBPEMEHHBIX TEXHOJOIMH U
METOJ0B B3aUMOJCHCTBHS YYalIUXCSA APYT C APYIOM Ui CO3LAHUS S3BIKOBOM
cpensl.

Kaxnprit 13 3TUX METOJOB MUMEET CBOM OCOOEHHOCTH, U MX MPABWIBHOE COUYETAHUE
MO3BOJISIET JOCTHYb Haubosee 3ppekTuBHOr0 00yueHusi. Metonka u3y4aer He TOJIbKO
ATH METO/IbI, HO U CIIOCOOBI X MHTETPALIMU JUISI IOTYUYEHUS HAWITYUYIINX PE3YIbTaTOB B
pPa3TUYHBIX 00pPa30BaTEIbHBIX KOHTEKCTAX.

2.3. TexHos10oruy 1 MHHOBAIIMHU B METOIHKE

CoBpeMeHHass METOJIMKAa aKTUBHO HCIIOJIb3yeT HOBBIE 00pa30BaTelIbHBIC TEXHOJIOTHH,
TaKUe KakK MYJIbTHMCIAUNHBIC CPEICTBA, KOMIBIOTEPHBIE W WHTEPHET-TEXHOJIOTHH,
KOTOpBIC JCIA0T IIpolecc oO0ydeHHs Oojiee JIMHAMHUYHBIM M YBJICKATCIBHBIM.
BHenpenne TeXHOIOTHI ITO3BOJIIET Co31aBaTh 3(PPEKTHBHBIC U IEPCOHATM3UPOBAHHBIC
MOAXOABI JJIS CTYJACHTOB. TEXHOJIOTMHM CIIOCOOCTBYIOT CO3JaHHI0 Oojiee THOKHX
YCIOBUM  JII1  OOYYCHHS, IIO3BOJISIOT  MCIOJB30BaTh  pa3IMUHbIC  (HOPMBI
B3aMMOJICHCTBHS ¢ MaTepUAIOM, YTO CYIIICCTBEHHO BJIMSICT HA MOTHBAILIMIO U MHTEPEC
CTYJCHTOB.

3. MeTtoabl Uccjaea0BaHus mpoiecca Oﬁy‘leHI/lH HHOCTPAHHBIM fI3bIKAM

3.1. DKkcnepuMeHTAJIbHbIE METOAbI

OKCHepUMEHTAIbHBIE METOJbl HCCIEIOBaHUSl Ipoiiecca OOy4YeHUS WHOCTPAHHBIM
A3bIKaM BKJIIOYAIOT B ce0sl MPaKTUYECKOE NPUMEHEHUE PA3IMYHBIX METOJIUK U
MO/IXO0/I0OB, KOTOPBIE 3aTEM aHAJIU3UPYIOTCS ISl BBIABICHUS HX 3(PPEKTUBHOCTH.
OKCHepUMEHThl MOTYT MPOBOJUTHCS KaK B Kjacce, TaK MU B YYEOHBIX 3aBEIICHUSAX
pazIMYHOr0 YpoBHS. BakHO, 4TOOBI HCCIIEOBATEIBCKHAE SKCIEPUMEHTHI MO3BOJISIIH
BBISIBUTh, KaKM€ METOJbl W CpelIcTBa OOYy4YeHMs CIOCOOCTBYIOT HaumOosee
3¢ (PEeKTHBHOMY YCBOCHHIO MaTepHraa, yIydIlICHUIO HABBIKOB YYAIIUXCS U TIOBBIIICHUIO
X MOTHBAIMHU K 00yUCHHIO.

Kpowme Toro, 3xcriepumMeHTaIbHbIe METO/IbI YaCTO BKIIIOUAIOT B CE€0S1 M3yUCHUE BIUSHUSA
paznuyHbBIX (HaKTOPOB HaA Tpoliecc OOy4YeHHUs, TaKMX KaK BO3pacT, MOTHBAaIIUA,
MCUXO(PU3UOTOTHIECKOE COCTOSIHAE CTYACHTOB U T.JI. DTH IKCIIEPUMEHTHI MOTYT OBITh
KaK KpaTKOCPOYHBIMH, TaK M JOJITOCPOYHBIMU, C TOCIEAYIOIIAM aHAIU30M
pPEe3yJIbTaTOB.

3.2. AHAJIUTHYECKHE METOAbI

AHaIUTUYECKHE METOJIbl UCCIEA0BAHUS 3aKIIOUYAIOTCA B CUCTEMAaTUYECKOM U3yUYCHUU
Y aHAJIM3€ CYIMIECTBYIONIUX TEOPH, METOJIOB M Pe3yJIbTaTOB 00yueHus. OHU BKITIOYAIOT
B ce0s 0030p Hay4YHOW JUTEPATYpPHl, U3YYCHUE METOJIOB IPETOJIaBaHMs B APYTHX
CTpaHaX W Ha JPYTUX YPOBHSAX OOpa30BaHUA, a TaKXKe MPOBEJICHUE CPABHUTEIHHBIX
HUCCIIETOBAHUH.
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AHaIuTHYECKHE MCTOAbI IMOMOTAIOT Hegarora™M M y4CHbIM IIOJIYUYUTHb 0osee moiHOE
MpCACTABJICHUC O CYHICCTBYIOIIMUX TCHACHIUAX B MCTOAUKC W BbLISIBUTH HauoOoee
3(1)(1)€KTI/IBHLIC H IICPCICKTUBHBIC IMMOAXO0AbI K 06y‘ICHI/IIO HNHOCTPAHHBIM S3bIKaAM.

3.3. CounoJiornyeckue MeTo/abI

ConMonoru4eckiue METOABl  WCCIICOBAHMS  BKJIIOYAIOT  OMPOCHI, HMHTEPBBIO,
HAOJIIOJICHUSI M aHKETBI, KOTOPHIC IO3BOJISIOT HCCIICIOBATh BIUSHUC COIMAIBHBIX
dakTopoB Ha mporecc oOydeHus. Commonorus OOydYeHHUsS MOMOTaeT BBHIIBUTH, Kak
pa3IMYHbIC COIMATBHBIC U KYJIbTYPHBIE (DAKTOPHI BIUSIOT HA BOCIIPHIATHE YYAITUAMHUCS
MaTepuaga, a TaKKe KaKue M3 METOJOB SBJSIOTCA HawOoyiee NOMYJISPHBIMA U
3G (EKTHBHBIMU CPEIM PA3IMYHBIX CONUAIBHBIX TPYIIL. ODTOT IOAXOJ ITOMOTaeT
aJanTHUPOBAaTh METOAWKY OOyYEHHS B 3aBUCHUMOCTH OT OCOOCHHOCTEW COIMAThHOU
CpeIbl yUaIuXxcs.

3.4. [IcuxoJsioro-negarorn4ecKue MeToabl

[Tcuxosoro-negarorndyeckue MeTOJIbl MCCIEIOBAaHUS OPUEHTUPOBAHbI HA W3YyUYECHUE
KOTHUTUBHBIX U SMOIMOHAIBHBIX aCMEKTOB Yy4eOHOro mpolecca. OTU METObI
MO3BOJISIIOT TOHSITh, KAaK IICUXOJIOTUYECKUE OCOOEHHOCTU CTYACHTOB BIIUSIOT Ha
MPOIIECC YCBOEHUS MHOCTPAHHBIX SI3BIKOB, KaKWE TCHUXOJIOTHUYECKHE Oaphepbl MOTYT
BO3HHMKHYTh, @ TaKK€ KaK MOXHO aJalTHPOBAaTh METOJbI OOy4eHHs JJIsi paboOThI C
Pa3UYHBIMU TUTIAMHU CTYJEHTOB. MeTO/Abl TMCUXOJOTHU MOMOTAIOT TIy0Xe IMOHSAThH
mpoiiecc OOy4eHHs] Ha JMYHOCTHOM YpPOBHE M BBISBUTH 3(PPEKTUBHBIE CHOCOOBI
MPEOIOIEHUS TPYIHOCTEM.

4. 3akiaoyenue

Metoauka oOydeHUss HWHOCTPaHHBIM SI3bIKaM MPEACTaBiIsIeT Cco00M  BaKHYIO
JUCLUIUIMHY, KOTOPast aKTUBHO PAa3BUBAETCS C YYETOM M3MEHEHUN B 00pa30BaTEeIbHON
CUCTEME U HOBBIX TEXHOJIOIMUYECKUX BO3MOXKHOCTEN. [TocTOSIHHOE COBEpIIIEHCTBOBAHKE
METOJIOB U MTOAXO0I0B K 00YyUEHUIO NO3BOJISIET JOOUTHCS 00JIee BBICOKHUX PE3yJIbTaTOB B
YCBOEGHUM HMHOCTPAHHOTO SI3bIKa y4yaluuMuca. BakHo, 4YTO MeTOoAuKa SBIsETCA
JUHAMUYHOW HayKoH, W ee 3(P(EeKTUBHOCTh 3aBUCUT OT CIOCOOHOCTH TEAAroroB
MCIIOJIb30BaTh HMHHOBAIIMM U TIOJXOJIbI, KOTOpPHIE COOTBETCTBYIOT COBPEMEHHBIM
TpeboBaHUsM 00pa30BaHHUs.

MeTtonpl  HCCIEAOBaHMS, TaKWe€ KakK OJKCIEPUMEHTAJIbHbIC, aHAJIUTUYECKHUE,
COITMOJIOTUYECKUE U TICUXOJIOrOo-NIeJarornuyeckue, WrparT KIYEBYIO pOJib B
YIYUYIIEHUH Tpolecca OOyUYeHHsT W TOHUMAaHUs, KaKHUe METOAUYECKHUE TIOIXOJIbI
SABJISIIOTCSL Hanbosee 3PHEKTUBHBIMU JIJIs1 CTYJEHTOB. Pa3BuTHe METOIUKU OO0yUEeHUS
WHOCTPAHHBIM SI3bIKAM SIBJISIETCS HE TOJIbKO Ba)KHBIM acCHEKTOM IS HayKd, HO U
MPAKTUYECKUM WHCTPYMEHTOM JIJIsl MOBBIIICHUS] KauecTBa OOpa30BaHUS U Pa3BUTHS
MHOT'0SI3LIYHOI0 O0IIECCTBA.
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TEHETUYECKAS MOJJU®UKAIIUA CEJbCKOXO3MCTBEHHBIX
KYJbTYP: JOCTUXEHUA U OTUYECKHUE BOITPOCHI

ITerpoBa Exarepuna BsiuecsiaBoBHa

HAy4YHBIA COTPYAHUK, JJabopartopus 6nonoruu craperns, Cankt-IletepOyprekmii
rOCyapCTBEHHBIA YHUBEPCUTET

r. Cankr-IlerepOypr, Poccus.

AHHOTALIUA

I'enetnueckass MoaudUKaIUs CEIbCKOXO3SUCTBEHHBIX KYJIbTYp SIBISETCS OJHUM U3
CaMbIX aKTyaJIbHBIX HaNpaBJCHHN B arpoHoMuud u OuorexHosoruu. C pa3BUTHEM
T€HHOM WHXEHEPUHU MOSBUIIACh BO3MOXHOCTH CO3[aBaTh PACTCHUS C YIYYLICHHBIMH
XapaKTEPUCTUKAMU, TAKUMH KaK YCTOMYMBOCTh K OOJIE3HSIM, 3aCyXaM U BPEIUTEISIM, a
TAaKe TMOBBIIICHHAS TNUTATENIbHAs LEHHOCTb. OIHAKO C BHEIPEHHEM T'€HETUYECKHU
MoauduimpoBaHHbix (I'M) KyabTyp BO3HUKAIOT 3THUYECKHE BOIPOCHI, KacaroIIUuecs
0e30macHOCTH JIJIsi  OKPY’Kalollled cpeabl W 370pOBbs ueloBeka. B craThe
paccMaTpUBAIOTCS IOCTHXKEHUS B 00JIaCTU TEHHON MOU(DUKAIINY, & TAKKE ITUUECKUE
MpOOJIEMBI, CBSI3aHHBIE C UX TPUMEHEHUEM B CEITLCKOM XO35HCTBE.

KirueBble cj10Ba: reHeTHUECCKAS MOI[I/I(I)I/IKaHI/IH, CEIBbCKOXO03S1CTBCHHbBIC KYJbTYPBHI,
6HOT€XHOHOFHH,FeHeTquCKHJMOHHqHHIHpOBaHHLKEOpFaHHBNHJ,6C3OHaCHOCTB,3THKa.

1. BBenenue

I'enernueckas moaudukainus (I'M) cenbCKkoX035UCTBEHHBIX KYJIbTYp Oblja BBE/ICHA B
npaktuky B 1990-x romax, M C TeX MNOp OHA 3HAYUTEIBHO TMOBJIMsIA Ha
arpoONpPOMBIIIEHHOCTh.  ['€HeTHYecku  MOAU(PUIIMPOBAHHBIC  KYJIbTYpbl  CTallu
WCIIOJIBb30BaThCA MJI TOBBILICHUS YPOXKAWHOCTH, YIYUYLIEHUS] MUTATEIbHBIX KaueCTB
pacTeHu U CO3JaHUsl COPTOB, KOTOpbIE 00Jiee YCTOMYMBBI K CTPECCOBBIM YCIOBUSIM
okpyxatomerd cpeapl. Moaudukauus JIHK pacTteHuidl mo3Bonmia 3HAYUTENHHO
VIY4IIUTh UX XapaKTEPUCTUKH, OJHAKO, C POCTOM HcHoJib3oBaHUs ['M KynbTyp,
MOSIBUJIMCh M OMACEHUs MO MOBOJY UX JIOJITOCPOYHOTO BO3JIECUCTBUS HA DKOCUCTEMY U
3JI0POBbE YEIIOBEKA.
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2. locTukeHusi B 00JIaCTH reHeTHYECKON MOIM(pUKAUM CeJIbCKOX0351iCTBEHHBIX
KYJbTYP

2.1. Pa3BuTHE reHeTHYeCKON HHKeHepuu U co3aanue I'M KyJabTyp

C moMoIbI0 TEHETHYECKOW WHYKEHEPUU YUYEHBIE MOTYT BCTaBIATh, YIAIATh WU
U3MEHATh YYacTKM T€HOMa PACTEHUM, YTO TMO3BOJSET CO3[1aBaTh HOBBIE COpPTA C
I[EJIeBBIMU XapakTepucTukamu. O1Ha U3 CaMbIX 3HAYMMBIX obsiacTelt npumenenus ['M
CEJIbCKOXO3SIUCTBEHHBIX KYJIbTYp — 3TO YCTOMYMBOCTb K BPEAUTENSAM U OOJIE3HSIM.
[IpumepoM cnykaT T€HETHYECKH MOAUMPUIIMPOBAHHBIE COpPTa KYKYpYy3bl U XJIOIKA,
KOTOpbIE MOTYT CHHTE3MPOBaTh TOKCUYECKHE BEIECTBA, YOMBAIOIINE HACEKOMBIX-
BpEUTENEH, CHUXKasl NOTPEOHOCTh B ECTUIUAAX.

Eme omHOW BaxHOW OOJACTHIO TPUMEHEHHS SBISIETCS YCTOMYMBOCTH K 3acyXxe.
PacTenus, monyunBIINE T€HbI, OTBEYAIOIINE 3a BOAHBIM CTPECC, MOTYT MPOJOJKAThH
PacTU M pa3BUBATHCA JaXKE B YCIOBHUSAX OTPAaHUYCHHOTO BOAOCHAOKEHUS, UYTO OCOOEHHO
BA)XXHO B PETHOHAX, CTPAJAIOIINX OT 3aCyXu. MoauduKaius KyJIbTyp TaKKe MO3BOJISICT
MOBBICUTh HMX IUTATEIIBHYIO ILEHHOCTh, HAIPUMEP, CO3JIAHUE «30JIOTOTO PHUCA» C
BBICOKHM COJIEP>KaHUEM BUTaMHHA A.

2.2. lIpenmymecTtBa ucnojb3oBanus I'M kyJabTyp

Cpenu npenMylecTB UCHoib30BaHUSI ['M KylIbTyp MOKHO BBIJIEIUTH YBEIWYEHHE
ypOKalHOCTH, YTO CIIOCOOCTBYET PEIICHUIO MPOOJIEMbl HEXBATKU MPOJOBOJILCTBUS B
mupe. Kpome toro, I'M KynbTypbl MOTYT OBITH 00JIe€ YCTOMYMBBIMU K IKCTPEMATbHBIM
KJIIMMaTUYECKUM YCIIOBHUSIM, UYTO CHHUXAET 3aBUCHUMOCTh OT MOTOAHBIX YCIOBUH H
yIIydIlIaeT 0€30MacHOCTh TPOJOBOJILCTBEHHBIX TOCTABOK.

Jpyrum Ba)KHBIM TPEUMYILIECTBOM SIBJISIETCS] COKPAIIEHUE UCTIOJIb30BAHUSI XUMHYECKHUX
MEeCTUIIMAOB U yAOOpPEHUM, YTO MPUBOJUT K MEHBIIEMY 3arpsi3HEHUIO OKPYKaIOIIEH
Cpelbl U CHHXKEHUIO 3aTpaT Ha CEJIbCKOXO35IMCTBEHHOE IIPOU3BOJICTBO.

3. THYecKHe BONPOCHI U ONACEHHUS

3.1. DkoJIorHYecKre pUCKHU

OnuH U3 TIaBHBIX 3TUYECKUX BOMPOCOB, CBSI3aHHBIN C MCIOJb30BAHUEM I'€HETUYECKU
MOAU(PUIMPOBAHHBIX KYJIbTYp, KACA€TCA BO3MOXKHOIO Bo3aeucTBus I'M pacTeHuil Ha
OKpY’KaroIyto cpeny. OmaceHus CBsi3aHbl ¢ BO3MOKHOCTBIO «IepeKkpecTta» reHoB I'M
KyJbTyp C JAUKUMHU PACTEHHUSIMH, YTO MOXKET NPUBECTH K CO3JaHUI0 HOBBIX,
HEeXenaTelbHbIX CcOpTOB. Hampumep, eciu TeHeTHYeCKM MOAU(PUIMPOBAHHBIC
pacTeHusi, yCTOMYMBBIE K TepOMIMAaM, paclpoCTPaHSAT CBOM TE€HbI CPEeAM JTUKHX
pacTeHul, H5TO MOXET CO3/1aThb «CYNEPCOPHSKW», YCTOWYUBBIE K 0O0paboTke
repOouIuaaMu.
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Kpome Toro, cyiiecTByer onaceHue, 4To JOJITOCPOYHOE Ucoiab3oBaHue ['M KynbTyp
MO’KET HapYIIUTh SKOCUCTEMY, B TOM YHUCIIE MMPUBECTH K CHIKEHUIO OMOpa3Hoo0pa3us
Y MCUE3HOBEHHUIO HEKOTOPHIX BUIOB PACTEHUH.

3.2. BausiHue Ha 310pOBbeE YeI0BeKa

Jlpyroit BaXHOM ATHYECKOM MpoOJIeMOM sBisieTcs Oe3omacHOCTh '™ KynbTyp auis
3I0POBbSl YeJIOBEKAa. XOTS Ha JaHHBIM MOMEHT OOJBIIMHCTBO HCCJIEAOBAaHUN HE
BBISIBIJIM OTTACHOCTEH JJIs 3I0POBBS OT MOTpeOaeHus: ' M npoayKkToB, MHOTHE CUUTAIOT,
YTO JOJATOCPOYHBIC MOCIEACTBUS MCIIOJIb30BAHUS TAKUX MPOAYKTOB HEIOCTATOYHO
uccnenoBanbl. OnaceHus: KacaroTcsl HE TOJIbKO BO3MOXKHBIX AJNIEPTUUYECKUX PEaKIIUH,
HO W W3MEHEHWH B METa0oJIM3ME YeloOBeKa MPU MOTPEOJICHHH HOBBIX IMPOTYKTOB,
CO3IaHHBIX C TTOMOUILIO0 FTEHHOW MO U DUKAIUY.

3.3. DTnyecKue acneKThbl COIIMAJIbLHOM OTBETCTBEHHOCTH

Kpome Toro, cyiecTByeT BOpoc O COLUAIbHON OTBETCTBEHHOCTH 32 BHEPEHHUE TAKUX
TEXHOJIOTM B CEJIbCKOE XO3siCTBO. MHOrme pa3BUBAIOIIMECS CTpaHbl, KOTOPbIE
CTPaJal0T OT HEXBATKH MUY, MOTYT HE MMETh BO3MOXHOCTH KOHTPOJMPOBATh WJIU
pEeryiaupoBarh Ucnoiab30BaHue I'M KynbTyp. TO MOKET IPUBECTH K 3aBUCUMOCTSIM OT
KPYIIHBIX arpolpOMBIIUIEHHBIX KOPIIOPALM, NPOU3BOASAIINX CEMEHA, U CHUKECHUIO
arpapHoil He3aBUCUMOCTH 3THX CTPaH.

4. 3akiaoyenue

['enetnueckass MogudUKalus CEIbLCKOXO3IMCTBEHHBIX KYJIBTYP MPEACTABISET COOOM
3HAUUTEIBHBIN IIar BHEpe] B arpOHOMHUU U OMOTEXHOJOTHUU, C TMOTECHIMAJIOM s
pelieHus TI00ATbHBIX MPO0OJIeM MPOAOBOILCTBEHHON O€30MAaCHOCTH M YCTONYMBOCTU
CEJIbCKOI0 XO03sMCTBa. Te€M HE MEHee, BHEIPEHHE TAaKHUX TEXHOJIOTUW COIPSIKEHO C
PAIOM STHYECKUX U DKOJOTUYECKUX BOIPOCOB, KOTOphIE TPEOYIOT TIATEIBHOTO
aHalnM3a M HAJUISKAILIEro PpEeryiupoBaHus. BaxHo, 4TOObl HaydyHOE COOOILECTBO
MPOIOJIKAIO UCCIIEI0OBATh PUCKH, CBSI3AHHBIE C UCIOIb30BaHUEM ['M KyJbTyp, a TakKe
pa3pabdoTaino 3 PpeKTUBHBIE MEPHI TTO 0OECIIEUEHUIO UX O€30MaCHOCTHU JJ1s1 SKOCUCTEM U
3I0POBbS YETIOBEKA.
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METOIUKA U3YYEHUS UHO®OPMAIIMOHHBIX TEXHOJIOT' UM B
OBPA30OBATEJBHOM ITPOLHECCE

I'ypoanoBa I'yabaxeman MyxaMMeTMbIPaA0BHA

IIpenonaBarens, TypKMEHCKOTO HAITMOHAJIBHOTO MHCTUTYTa MUPOBBIX SI3bIKOB UMEHHU
JloBnetMammeTta A3aau

r. Amxaban TypkMeHucCTaH

Kabruesa lllupun
IIpenonaBarens, TypKMEHCKUN TOCYAAPCTBEHHBIM YHUBEPCUTET UMEHH MaxTyMKyJIH
r. Amxaban TypkMmeHucTaH

AHHOTAIIUA

CraTpsi MOCBsILLIEHA METOAUKE H3ydeHHs] UHpopManuoHHbIX TexHojoruii (UT) B
oOpa3oBaTeqbHOM Ipolecce. PaccMaTpuBarOTCsl OCHOBHBIE IOAXOIbI, METOIBI U
CTpaTeruu MpenojiaBaHusl MH(HOPMAIIMOHHBIX TEXHOJIOTUH, a TAKXKE UX MHTErpalus B
y4eOHBI Tpouecc il JOCTHXKEHHS MaKCUMalbHOM 3¢ dekTuBHOCTH. OCHOBHOE
BHUMAaHHUE YJAENAETCI COBPEMEHHBIM METOAAM OOYYEHUs, TaKUM KakK IPOEKTHOE
oOyueHue, MCIOJb30BaHHE O00pa30BATENbHBIX IIATPOPM M TEXHOJOTUH, a TaKKe
BaXXHOCTU (POPMHUPOBAHUS KPUTHUUECKOTO MBIIUICHUS U AHAJUTUYECKUX HABBIKOB Y
CTyIEHTOB. B crarbe Takxke 0oOCyxkaaercs pojib MHPOPMAIMOHHBIX TEXHOJIOTHH B
pa3BUTUM OOpPa30BATENBbHOM Cpelbl M MOATOTOBKE CIEUUAIMCTOB, CIIOCOOHBIX
3¢ pexTuBHO padOTaTh B yCIOBUAX HU(POBOI SIKOHOMHUKH.

KiroueBble  cjioBa: METOAMKA  M3Y4YEHUS, MH(POPMALMOHHBIE  TEXHOJOTHH,
MEJaroru4eckue MOJAX0/bl, MPOEKTHOEe oOydeHue, oOpa3oBaTesibHbIE IUIAT(HOPMBI,
u(poBasi (PaMOTHOCTh, METOAMKY MPEIOIaBaAHUS.

1. BBenenue

Metonuka wu3ydeHus HUHGPOPMAIMOHHBIX  TEXHOJOTHMM B 00pa3oBaTENIbHBIX
VUPESKICHUAX MMEET Ba)KHOE 3HAUYCHHE B COBPEMEHHOM MHUpE, Tle In(poBH3aIms
oxBatbiBaeT Bce cdepbl xm3nu. O0yuenue UT sBnsiercs ocHOBOM (opmMupoBaHUs
upoBOl TPaAaMOTHOCTH Y CTYIEHTOB, KOTOpas HeoOXoauma Jii YCHEITHOU
MpoPECCHOHAILHON  NESITEIbHOCTH B YCIOBUSX  TOCTOSHHO  MEHSIOIIETOCs
TEXHOJIOTrn4YecKoro nanamadTa. BakHeHIIMMH aclieKTaMu METOJMKH IPEIogaBaHMs
UT sBnsitorcst BbIOOP MOAXOASIIUX METOJOB, TEXHOJOTUH W CPEACTB, KOTOpPHIC
obecrieyaT CTYJEHTOB HEOOXOJMMBIMH 3HAHMSIMA W HaBbIKAaMU ISl pabOThI C
COBPEMEHHBIMH MH()OPMAITHOHHBIMHA CHCTEMaMH.
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Mertoauka uzyuenust U'T oxBaThIBaeT IMIMPOKUN CIIEKTP TeM: OT 0A30BBIX MOHATUN U
MHCTPYMEHTOB JI0 CJIOXHBIX IIPOLECCOB, CBA3aHHBIX C MPOTrPAMMHUPOBAHUEM,
anropuTMamu, 0a3amMH JTaHHBIX, CETEBBIMU TEXHOJOTHUSIMH U KOepOe30macHOCThio. B
CTaTb€ PAcCMATPUBAIOTCS KakK TPAJULMOHHBIE METOAbl OOYUYEHMS, TaK U HOBBIC
MOJAXOAbl, OPHUECHTUPOBAHHBIE HA HWCIOJB30BAHHE MYJIBTUMEIUUHBIX CPEACTB,
w1aTGopM Uil OHJIAH-00yUYeHNsI U UHTEPAKTUBHBIX TEXHOJIOTHUH.

2. OcHOBHBIE TOAX0AbI U METOAbI IPENOJABAHUA HH(POPMALHMOHHBIX TEXHOJIOI M
2.1. TpagunuoHHBbIE METOAbI 00yYEeHUS

Tpanunuonnsie Metoas! npenogaBanus WUT BkiatodaroT B ceOs JIEKIIMU, TPAKTUYECKUE
3aHATUA, Ja0opaTopHble paboThl M ceMmuHaphl. HecMoTps Ha pa3BUTHE HOBBIX
TE€XHOJIOTHI, TPAJULIMOHHBIE METOJbl OCTAIOTCS Ba)KHOM YacTbiO 0OpPa30BATEIBHOIO
mpolecca, Tak Kak OHM IPENOCTaBISAIOT OCHOBY JUII CHUCTEMATHYECKOIO OCBOEHUS
TEOPETUYECKUX 3HAHUM M TPAKTUYECKHX HaBbIKOB. [IpemomaBanme WT B
TPaJAUIIMOHHOM (popMaTe aKLIEHTUPYET BHUMAHUE Ha 0a30BbIX KOHIIEMIIUAX, TAKUX KaK
paboTa c ONnepallMOHHBIMH CUCTEMAaMH, HUCIIOJIb30BAHUE TEKCTOBBIX M TpadHUUECKHX
PEIAKTOPOB, OCHOBBI IPOTPaMMHUPOBAHUS U PAOOTHI C CETSIMH.

HpCHMYIHCCTBa TpaAUOUOHHBIX MCTOAOB 3aKIIIOYAIOTCA B YETKOM CTPYKTYpC
O6pa3OBaTCJIBHOFO ImpounccCa M BO3MOXHOCTAX JJIA I/IHI[I/IBH,Z[yaJ'II)HOﬁ pa6OTBI C
KaXXIAbIM CTYACHTOM. OI[H&KO 9T MCTOAbI YaCTO OI'PaHUYHUBAIOTCA IIACCHUBHBIM
BOCIIPUATHUEM I/IH(I)OpMaI_[I/II/I CTyACHTAMHU U HCAOCTATOYHO PAa3BUBAIOT UX IIPAKTUUICCKUC
HaBBIKH.

2.2. IIpoexkTHOE O0yUeHUE

[IpoekTHOe oOOyueHue SABISETCS OJHUM M3 CaMbIX MEPCIEKTUBHBIX METOJOB B
MpEenoIaBaHu UHPOPMALMOHHBIX TEXHOJOTMH. DTOT METOJ IMO3BOJSET CTYJECHTaM
pemaTh peajbHbIe 33J1a4l, KOTOpble TPeOYIOT MPUMEHEHUSI TEOPETUUECKUX 3HAHUHU B
npakTuke. [IpoekTHas nesTeIpHOCTh CTUMYIMPYET KPEATUBHOCTD, COTPYIHHYECTBO U
pa3BUTHE KPUTHUUYECKOTO MBILUIEHUS, 4YTO 0COOEHHO BaxkHO B obsactu UT.

[IpoekTHOE 0OyUYEHHUE TOMOTAET CTYIEHTaM Ha MPAKTHUKE OCBOUTH IMTPOTPaMMHUPOBAHHE,
pa3paboTKy BeO-cailToB, CO3/JaHUE MOOWIIBHBIX MTPUJIOKEHUHN, aHATTU3 JAHHBIX U IPyTHE
KJIFOUEBBIC AaCTIEKThl HMH(GOPMAIIMOHHBIX TEeXHOJOTHH. Paboras Ham mnpoekTamu,
CTYJICHTHI y4aT HE TOJbKO TEXHUYECKHE HABBIKHU, HO M Pa3BUBAIOT KOMMYHHUKATHUBHBIE
CIIOCOOHOCTH, y4aT padoTaTh B KOMaH/IE€ U MPE3EHTOBATh PE3YJIbTaThl CBOEH paOOTHI.

2.3. Ucnosb30BaHue 00pa3oBaTe/bHbIX IVIATGOPM U TEXHOJIOTHH

CoBpemeHHble 00pa3oBaTeIbHbIE TUIAT(HOPMBI U TEXHOJIOTHH UTPAIOT BaXHYIO POJIb B
00y4eHUH UHPOPMALIMOHHBIM TEXHOJIOTUSIM.
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[Inatdopmbl, Takue kak Coursera, edX, Udemy, a Taxxke crneruain3upoBaHHbIC
CUCTEMBI JUIsl OHJIAH-00y4€eHHUs, TO3BOJISIOT CTYIE€HTaM OCBAauBaTh HOBBIE TEXHOJOTUU
U SI3BIKU IPOTPAMMHUPOBAHUS, YUaCTBOBATh B BUPTYAIbHBIX JTAOOPATOPHSIX U MPOEKTAX,
a TAaK)Ke B3aMMOJIEVCTBOBATH C MPENOIaBATENSIMU U JPYTUMHU CTYICHTaMU.

WHTerpanus Takux TEXHOJIOTHH B Y4E€OHBIH MPOIECC CIOCOOCTBYET Oosiee THOKOMY
OOy4YCHHIO, a TaKXe IMO3BOJISICT CTYJACHTAM YYHUTHCS B yIOOHOE JJIi HUX BPEMs U B
KOM(OPTHBIX YCIOBUSX. Mcronb30BaHue MIATPOPM TAKKE TO3BOJISIET 00YYAFOIIUMCS
CJICZIMTD 32 CBOUM IIPOIPECCOM, 3a/1aBaTh BOIIPOCHI M y4aCTBOBAThH B 00CYKCHHSX, UTO
crocoOCTByeT 60Jiee riTy00KOMYy ITOHUMAHHUIO MaTepHaia.

2.4. UnTepakTUBHOE O0y4eHHne U reiiMupurkanus

WHTepakTHBHBIE METOABI OOYUYCHHS, TaKME KaK HMCIIOIh30BAHUE UTPOBBIX SJIEMEHTOB
(reiimudukanms), TakXKe  NPUOOPETAIOT  MOMNYJSIPHOCTH B IPENojaBaHUM
uHpopmManmoHHbIX  TexHosoruil.  Co3gaHWe  BHUPTYaIbHBIX  JIAOOpATOPHIA,
UCIIOJIb30BAaHUE WTPOBBIX IIATGOPM MJisi pelieHus 3aJad B IPOrpaMMHUPOBAHUH,
pa3paboTKa MPUIOKEHUH W aJITOPUTMOB Yepe3 UTPhI MO3BOJISIIOT CAeNaTh 00ydeHHe
OoJiee yBIEKaTEIIbHBIM U MOTUBUPYIOIIUM JIJIsi CTYI€HTOB.

['elimuduxanuss cnocoOCTBYET CO3/1aHUI0 TMHAMUYHOM 00pa3oBaTeNIbHOM cpefbl, Te
CTYIAEHTBl MOTYT INPOSIBUTH CBOU CIIOCOOHOCTH, MOJy4yaTh HEMEIJICHHYIO OOpaTHYIO
CBSA3b U COPEBHOBATBHCS B PELICHUHU 337ad. DTOT MOAXOJ aKTHUBHO MCHOJB3YETCS IS
Pa3BUTHS HABBIKOB IMPOTPAMMHUPOBAHUS, TECTUPOBAHUS POTPAMMHOI'0 OOECIICUEHUsI, a
TaKKe JJIs1 CO3AaHUs AITOPUTMUYECKUX PEILICHHIA.

3. MeToasbl ncciief0BaHus npouecca 00yueHnss HHGOPMANMOHHBIM TEXHOJIOTHAM

3.1. DKkcnepuMeHTAJIbHbIE METOAbI

OKCNEepUMEHTAIbHBIE METObl SIBISIOTCA HEOTHEMJIEMOM YacTblO HCCIIEIOBAHUS
npoiiecca 00yyeHuss MHOOPMAIMOHHBIM TEXHOJIOTHSIM. Takue 3KCIEepUMEHThI MOTYT
BKJIIOUaTh B €e0s TECTHMPOBaHHE HOBBIX METOJOB M TEXHOJIOTMH IpenojaBaHus,
UCIOJIb30BaHWE  HOBBIX  00pa3oBaTeNbHBIX  IUIATGOPM WM HCCIEIOBaHUE
3¢ (PEKTUBHOCTU PA3AUYHBIX TUIIOB MPOEKTHON pabOTHI.

OKCHEepUMEHThl MOTYT OBITh HaIpaBJ€Hbl HAa CPABHEHHE DPE3YJIbTATOB CTYJEHTOB,
oOy4Jaronuxcst o TPaJuLUMOHHBIM METOJIaM, U T€X, KTO 00y4aeTcs ¢ UCIOJIb30BAaHUEM
COBPEMEHHBIX TEXHOJIOTHM, TAKMX KaK OHJAHH-KYpPCHI, BUJEOYPOKH U UHTEPAKTUBHBIC
3a1aHUS.

3.2. CouunoJiornyecKkue MeToabl

Couunonornueckue MeToJlbl BKJIIOYAIOT B C€0sl OMPOCHI CTYJIEHTOB, aHKETUPOBAHUE
MpernojiaBaresieid ¥ aHajlu3 COUANbHBIX (PAaKTOPOB, BIUSAIOIIMX Ha MPOIEecCC 00yUYeHus
UT.
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OTH METOoABl TIOMOTAIOT HCCIIENOBaTh, KaK CTYACHTHl BOCIPUHUMAIOT pa3IUYHbIC
dbopmbl 00yueHHs, KaKWMe€ METOIWKH CUYUTAIOT HanbOosiee 3(PGEKTUBHBIMU U KaKue
pecypchl UM HEOOXOAMMBI JIJIsl JIYYIIIETO OCBOSHUS MaTepuraa.

3.3. [IcuxoJioro-negarorn4ecKme MeToabl

[Icuxonoro-negarorndyeckue  METOJbl  HCCIENOBaHUS  Ipouecca  OOydeHus
WH(POPMALIMOHHBIM TEXHOJIOTHSM HAIMpPaBJICHbl HAa M3yUYEHHE MCUXOAMOLMOHAIbHBIX,
KOTHUTUBHBIX U MOTHBAIIMOHHBIX (DaKTOPOB, KOTOpbIE BIHUSIOT HAa YCIEHIHOCTh
YCBOCHHUS MaTEpUAIOB U HABBIKOB. DTH METOJIbI MMO3BOJISIOT OoJiee TiTy00KO MOHATh, KaK
CTYZCHTBI BOCIIPUHUMAIOT y4eOHBIN MpoIlecC, KAKOBBI UX MPEANOYTEHHS B O0yUCHUH,
KaKHe MPEensSTCTBUS MOTYT BO3HUKATh B X0JIe¢ OCBOCHHUS MH(OPMAIIUU U KaK OHH MOTYT
OBITh MPEOJI0JIEHBI.

OnHUM U3 KITFOUEBBIX aCIIEKTOB IICUXO0JIOT0-TIEAArOTHYECKUX METOIOB SIBJISIETCS OLIEHKA
KOTHUTUBHBIX MPOIIECCOB, MPOUCXOAIINX B X0/1€ 00yueHus. [yt 3Toro npuMeHsroTcst
pa3IMYHbIE IICUXOMETPUYECKUE TECThI, HAIPABJICHHBIE HA MCCJIEIOBAHUE YPOBHSA
VWHTEJUIEKTA, BHUMAaHUS, MIAMSTH, IOTUYECKOTO U KPUTUYECKOTO MBIIIJICHHS CTYyICHTOB.
OcobenHo BaxkHbIM B KOHTekcTe WT-00pa3oBaHus SIBISETCS aHalW3 CIIOCOOHOCTH
CTYAEHTOB BOCIIPUHUMATH CJIOKHBIE TEOPETUYECKUE KOHIIEMIHMH, TaKhEe Kak
JITOPUTMBI, CTPYKTYpPbl JAHHBIX, IPUHIUIIBI POrPAaMMHUPOBAHUS, a TaKXKe HUX
CIIOCOOHOCTH MPUMEHSITH 3T 3HAHUS B PEIICHUU NMPAKTUYECKUX 3a]1a4.

[IprMeHeHne KOTHUTUBHBIX TECTOB MO3BOJISIET NIEAATOTY BBIIEIUTh TPYIINbI CTYICHTOB,
JUIsl KOTOPbIX OOy4YeHHEe B CTaHAApTHON (opmMe MOXKET OBbITh 3aTPyIHUTEIBHBIM, U
MPEUIOKUATh aJallTUPOBAHHBIE MOAXObl. Hampumep, cTyneHTaM ¢ HU3KUM YPOBHEM
KOTHUTHUBHOM Harpy3KH MOKET OBITh MPEITI0KEHO OO0JIbIIE MPAKTUIECKUX YIPAKHEHUN
C BU3yaJIbHBIMHU JJIEMEHTAMH WJIM BHUJEOMAaTepuajaMH, YTO TMOMOXET UM OBICTpee
YCBOUTH MaTepHal.

JIpyrum Ba)KHBIM aCIIEKTOM IICUXOJIOTO-TIEAArOTUYECKUX METOJOB SIBJIIETCS MOTUBALIUS
CTYIEHTOB. V3ydueHne MOTHBAIMOHHBIX (PAKTOPOB BaXHO JUIsi  pa3pabOTKu
3¢ (PEKTUBHBIX METOMK 00YUYEHUS, TAK KaK MOTHBAIIHS HAMPSIMYIO BIIUSET HA YCTIEXU B
M3y4eHUH HHQPOPMAIMOHHBIX TeXHOJorui. B oOpaszoBarensHOM Tpoliecce MOTyT
MPUMEHSTHCS TE€CThI, aHKETHI U WHTEPBBIO, YTOOBI BHIIBUTH MOTHBBI CTYJIEHTOB: OT
BHEIIIHUX CTUMYJOB (HampuMmep, MOJyYeHHUE AWIUIOMA WM XOPOIIUX OIIEHOK) JI0
BHYTPEHHEW MOTHBAIMU (MHTEPEC K TEXHOJIOTHH, JKEJIaHHE CTaTh MPOTPaMMHCTOM,
Pa3pabOTUYNKOM WU CUCTEMHBIM aJIMUHHCTPATOPOM).

JIns CTyI€HTOB, HE UMEOIINX BBICOKOM BHYTPEHHEN MOTHBALIMU, MOKHO IIPENI0KUTh
METO/bl OOYYEHHMsI, KOTOPhIE CHENAl0T Mpollecc OoJjiee YBIIEKATEIbHBIM, HAIPUMED,
gyepe3 reiimudukanmio. Vcnoap30BaHNEe UTPOBBIX JJIEMEHTOB, a TaKXKE BKIIOUCHUE
MIPOCKTOB C pEaJbHBIMH 33JladaMU U CIICHAPUSIMH U3 KU3HU (Hampumep, pa3paboTka
MOOWJIBHOTO TIPUJIOXKEHUS JUIsl COLMATBLHOM CETH) MOMOTaeT MOBBICHTh HHTEPEC U
BOBJICUCHHOCTh CTYJICHTOB B Y4€OHBIH TTpo1iecc.
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4. 3akiaodyenue

Metonuka wuzydeHus: HMHGOPMAIMOHHBIX TEXHOJOTHI SBISETCS BaXHOM YacTbiO
o0pa30BaTeNbHOrO IpoLEcca, KOTOPbIA TpeOyeT TIOCTOSHHOIO OOHOBJIEHHS W
ajanTalMl K COBPEMEHHBIM YCIOBHMSIM. BHeIpeHue HOBBIX METOJOB, TaKHX Kak
IPOEKTHOE 00Yy4YEeHME, UCIIOJIb30BaHUE 00Pa30BATEIbHBIX IIAT(HOPM U TEXHOJIOTUH, a
TaK)K€ IPUMEHEHUE UHTEPAKTUBHBIX U FeMMU(PUIIMPOBAHHBIX [TOJIXOI0B, 3HAUUTEIHHO
yIIydIIaeT Mpoliecc 0Oy4YeHHs] M MO3BOJSET CTYACHTaM pa3BUBATh HEOOXOAUMBIC IS
ycneniHoi kapbepsl B cpepe T HaBbIKH.

CoBpeMenHble MeTonuku mnpenogaBanus WT  HampaBieHbl Ha  MOATOTOBKY
CIEIUAINCTOB, CIOCOOHBIX PabOTaTh B YCIOBUSX IUMPOBOM 3KOHOMHKHU M OBICTPO
aJanTUPOBATHCS K HOBBIM TEXHOJIOTMUECKUM BbI30BaM. D(G(EKTUBHBIE METOIbl U
MOJIXO/Ibl, IPUMEHSAEMbIE B 00pa30BaTEIbHBIX YUPEKICHUIX, 00ECIIEUYNBAIOT BHICOKOE
KauyecTBO  00pa3oBaHUsi M CIOCOOCTBYIOT  CO3JaHUI0O HMHHOBAI[MOHHOTO U
TEXHOJIOTHYECKH MPOJABUHYTOI'O OOILIECTBA.
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HAYYHBIN )KYPHAJI
HAYKA U MUPOBO33PEHUE

VIIK-612.1

HOPMAJIBHAS ®U3HNOJIOTUA: OCHOBHBIE MEXAHU3MbI U UX
BJAUAHUE HA IIOAAEP KAHUE TOMEOCTA3A

Mypanosa Mas CaxaToBHa

KaHAUAAT MEJULIMHCKNX HAayK, TypKMEHCKUM TOCYAapPCTBEHHBIA MEIUIIMHCKUI
YHUBEpCUTET UM. MbIpata ["appbieBa

r. Amxaban TypkMeHucTaH

Armyposa I'ynibHapa PexkenoBHa

JIOKTOp MEAUIIMHCKUX HAyK, TypKMEHCKHN rOCy1apCTBEHHBIA MEIUIIMHCKHAN
yHUBepcUTeT M. MbIpara ["appeieBa

r. Amxa6an TypkMmeHucTaH

AHHOTAIIUSA

HopmanbHast  ¢u3uosoruss mpeinctaBiasieT coOOW  OCHOBY  JUIsl  IIOHUMAaHUS
(GYHKIIMOHUPOBAaHMS OpraHu3Ma uesjoBeka. M3ywas Qu3nosornyeckue mpoLECCHI,
MOXKHO TJIy0)XK€ OCO3HaThb MEXaHW3Mbl MOJJEPKaHUS BHYTPEHHETO pPaBHOBECHUS
(romeocrasa), 4TO SIBJIIETCS 3aJI0TOM HOPMAJIbHOM JKM3HENEATEIbHOCTH Oopranusma. B
CTaTb€ PAacCMATPUBAIOTCS KJIIOUEBBIE ACHEKThl HOPMAIbHOM (PU3MOJIOTHUH, BKIOYAsS
MEXaHU3Mbl  JIBIXaHHUS, CEPACYHO-COCYIUCTYI0  CHCTEMY,  TEPMOPETYISALUIO,
HEWPOIHIOKPUHHOE B3aMMOJICHCTBHE, A TAKKE MOJIEKYJIIPHBIE U KJIETOYHBIE OCHOBBI
(GyHKUHOHMpOBaHUS opranu3Ma. OkujaaeMble pe3yibTaThl UCCIENOBAHUI B 00JIacTH
(U3MONOTUHA TOMOTYT HE TOJBKO YIYYIIMTh JAHArHOCTUKY 3a00J€BaHUM, HO U
ONTHUMHU3UPOBATh METO/IbI JICUEHMUS], @ TAK)KE PA3BUTh HOBBIE TEPANEBTUUECKUE MOIXO0/IbI
JUTSL IOJIEPKAHUS 310POBbS YEJIOBEKA.

KiroueBbie cjioBAa:

dbusuonorus, rOMEOCTa3s, JbIXaHUE, CEPACUYHO-COCYAUCTAS CUCTEMA,
HEUPOIHIOKPUHHOE B3aUMOJICVICTBUE, TEPMOPETYIISILNSL, MOJIEKYJISIPHBIE MEXAHU3MBbI

1. BBenenue

®uU3NONOTHS SBISIETCS OJHON M3 IMEHTPAIBHBIX HAYK METUITMHBI, KOTOpask UCCICAYyeT
MEXaHU3Mbl (PYHKITMOHHUPOBAHMUS OpraHW3Ma, OCHOBBIBASCH Ha HJIEE O IMOJICPKAHUU
romMeocraza. I'oMeocTas, WM yCTOWYMBOC BHYTPEHHEE PAaBHOBECHE, IPEICTaBIISICT
co00Oif  CMOCOOHOCTH, OpraHu3Ma TMOJJEPKUBATH IOCTOSIHHBIE — YCIIOBHUS  JUIS
ONTHMAJIBHON JKH3HEACATEIPHOCTH. Bce (GM3HOOrHYecKne MpoIecchl OpraHu3Ma
HalpaBJICHbl Ha TMOJJCPKAHUE OSTOr0 PABHOBECHS, YTO I03BOJIET 3((EKTUBHO
aJanTHUPOBATHCS K U3MCHSIOIMMCS BHCIITHUM U BHYTPCHHHM YCJIOBHSIM.
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N3yyenne HOpManbHOW (U3UOJIOTUU SIBISICTCS OCHOBOM Ui JMAarHOCTUKU
3a0oyieBaHU, Pa3pabOTKM METOJOB JIeYeHHs U TPOPUIAKTHUKK 3a00JIeBaHUM.
[Tonnmanue (U3NOIOTHUECKUX MPOIECCOB MMEET 3HAUCHHE KaK ISl TEOPETHYECKOU
MEIUIIMHBI, TaK U IS TPAKTHYECKOTO 3/IPABOOXPAHCHUSI.

2. OCHOBHBIE€ ME€XaHU3MbI nmoaaepkaHusi romeocrasa

['omeocTa3 npezcraBisieT coO0M AMHAMHUUYECKOE COCTOSHUE, KOTOpOoe o0ecrnednBaeT
CTaOMJIBHOCTh BHYTPEHHEW cpeabl opraHuszma. Jlig moaznepkaHusi TromMeocTasa
OpraHM3M AaKTHMBHO PETYJMPYET TEeMIEpaTypy Teja, YPOBEHb KHCIOPOJa B KPOBH,
KHCJIOTHO-ILEJIOYHON OalaHc, BOJHO-IJIEKTPOJINTHBIM COCTaB M JPYrue MapameTphl.
OTH IPOLECCH] YIPABISIOTCS C MTOMOIIBIO0 BHICOKOOPTAaHU30BAaHHBIX (PU3NOIOTUYECKUX
MEXaHU3MOB, BKIIFOUAIOIINX HEPBHYIO, SHAOKPUHHYIO, UIMMYHHYIO U JPYTH€ CHCTEMBbI
opraHusma.

OauH U3 BaOXHEWIIMX MEXAHU3MOB IOJJEPKAHHUS TOMEOCTa3a — 3TO KOOpPJIWMHALS
paboThl HEPBHOM M HHIOKPUHHON cucteM. HepBHas cuctema uepe3 penenTopbl
noJiy4aeT UHQOpPMaILMIO 0 U3MEHEHUAX BHEUIHEH M BHYTPEHHEH Cpelbl U OTIPABISET
CUTHAJIbI B IEHTPAIbHYIO HEPBHYIO CUCTEMY. DHAOKPUHHAS CUCTEMA, B CBOIO OYEPEb,
peryaupyeT (yHKIMM OpraHM3Ma C IOMOLIBIO TOPMOHOB, KOTOPBIE€ BBIAEISIOTCS
OHJOKPUHHBIMH K€JIE3aMU U OKA3bIBAIOT BIUSHUE HA OPraHbl U TKAHU.

prrI/IM BXHBIM AaCIIEKTOM SBJISETCSI CIOCOOHOCTH opranm3dmMa K aJdallTallruu.
AIIaHTaHI/IH — 9TO IIpoHeCC, IIprU KOTOPOM OPTraHHU3M U3MCHIACT CBOU (bYHKIII/II/I B OTBCT
Ha BHCIIHHC HJIM BHYTPCHHHUC BOBI[CﬁCTBPI?I, moAACpKUBasig IIPHU 5TOM CTaOMIBLHOCTH
romMeocTasa.

3. MexaHU3Mbl AbIXaHHUA

JlpixaHne — 93TO BAXHEUIIMK IMpOLECC I TMOMJICPKAHUSA IKU3ZHU, KOTOPBIU
obecrieunBaeT MOCTYIICHHE KUCIOPOJa B OPTaHU3M M BBIBEJCHHUE YIJICKHCIIOTO rasa.
DTO CIOXKHBIN (HU3UOJIOTHUSCKHM TPOIIeCC, BKIFOYAIOMNK B ¢e0s1 HECKOJIBKO JTarloB,
TaKuX KaK BeHTWISIUS, AU Py3us ra30B U TPAaHCTIOPT KUCIOPOAa B KPOBH.

Bo Bpemst Bqoxa BO3yX MOCTYNAET B JIETKHE, T/I€ MPOUCXOAUT OOMEH ra3zaMHu MEXIY
aJbBEOJAMU U Kanwuripamu. Kucimopo, KOTOpbIi MOCTYNAET B JIETKUE, TPOHUKAET B
KpPOBb, CBSI3bIBAsCh C Te€MOTJIOOMHOM, a YIJEKUCIBIA ra3, oOpasyromuiics B Xoje
KJIETOYHOTO JbIXaHUS, BBIBOJUTCS U3 OpPraHU3Ma.

Ba)xHO OTMETHUTB, UTO AbIXaHUE PETYIUPYETCS HE TOIBKO MEXaHUYECKH, Yepe3 padoTy
IBIXAaTENbHBIX MBI, HO W HEWporymopainbHO. HepBHBIE LEHTPHI B MO3TY,
PaCIIOJIOKEHHBIE B MPOJOJITOBATOM MO3r€, KOHTPOJIUPYIOT PUTM JIBIXaHUS B OTBET HA
M3MEHEHHS YPOBHA KHCJIOpOAAa M YIJIEKUCIOro rasa B KpoBu. Kpome Toro,
nepudepruuecKkrue XeMOpelenTOpbl, paCloNOKEHHBIE B A0PTE U KAPOTHUIHBIX apTEPUsIX,
MOMOTalOT PEryJIpOBaTh JbIXaHHWE B 3aBUCUMOCTH OT MOTPEOHOCTEN OpraHu3Ma.
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4. Cepae4Ho-coCyIMCTasA CUCTEMA

CepaneuHo-cocyaucTas cUCTeMa BKIIIOYaeT B ce0s cepile, COCyAbl U KPOBb, U €&
OCHOBHAsI POJIb 3aKJIFOYAETCS B TPAHCIIOPTUPOBKE KUCIOPOAa M TTUTATEIIBHBIX BEIIECTB
KO BCEM TKaHSIM OpraHW3Ma, a TakkKe B yIaJeHHH MPOAYKTOB oOMeHa. PaboTy sToii
CUCTEMBI MOXXHO pacCMaTpHUBaTh KaK HETPEPBIBHBINA MPOIECC, BKIIOYAIONTUN CUCTOITY
(cokpamienue cepama) M AuacToiay (pacciabiieHue cepiia), 4To oOecIleurnBacT
KpOBOOOpAIIEHHUE [0 OPTaHU3MY.

MexaHu3Mbl CepJIEYHO-COCYIUCTON PETYISIMKU BKIIOYAIOT KaK MEXaHU3Mbl MECTHOM
peryianuu, Tak W 0oJjiee CIOXKHBIE HEWporyMopaibHble mpouecchl. Hampumep,
apTepUaIbHOE JIaBJICHUE PETYJHPYETCS C TMOMOUIBIO CYXEHHS WIM PaCIIUPEHUs
COCYJIOB, a TAKXK€ IMMyTEM U3MEHEHUS YaCTOThI U CUJIbI CEPACUHBIX COKpallleHnil. BaxHo
OTMETHUTh, YTO ABTOHOMHAsI HEPBHAs CUCTEMa OKA3bIBAET BIMSIHUE HA pabOTy cep/lia, a
TaK)Ke pa3jIMYHble TOPMOHBI, TAaKU€ KaK aJpeHAIMH W HOPAIPEHAINH, PETryIUPYIOT
CEpACYHBIA PUTM U CHJTy COKPAILICHUN CEepIia.

5. Tepmoperyasiuus

Tepmoperynsuus — 3TO Npouecc NoAAepKaHus CTaAOMIBHOW TeMIEpATyphl Tena, YTO
UMEEeT peularoliee 3HAauyeHUe s HOPMAIbHOTO  (YHKIIMOHHPOBAHMUS  BCEX
OMOXMMMUYECKUX peakIuil B opranuzMe. OCHOBHas LIEJIb TEPMOPETYIISILIMY 3aKITF0YAETCS
B IMOJJIEP>KaHUM TEMIIEPATYPHI Tesa B npenenax 36,5-37,5°C.

['mnoranamyc Wrpaer KIIOYEBYH) POJIb B TEPMOPETYISLHM, PETYIUPYS MEXAHU3MBI
OXJIQXKJEHUS M HATPEBA OpraHM3Ma B OTBET HAa U3MEHEHHMS TEMIIEPATYPbI OKPYKaIOIIEH
cpensl. B jkapy opraHn3sMy Hy»KHO OXJIAIATHCS, JUISl 3TOTO BKIIFOYAIOTCS MEXAHU3MBbI
MOTOOTACNICHUSI U PACIIUPEHUS COCYIJOB KOXH, YTO CHOCOOCTBYET YBEIUYEHUIO
TEIUIOOTAAuYHd. B X0JMoaHOE BpeMs rofa OpraHu3M pEarupyeTr CyKEHUEM COCYAOB, a
TaK)Ke aKTUBAIlMEH JPOXKAHUS, YTO CIOCOOCTBYET BBIICTICHUIO TEILIA.

6. HeilipodHIOKpUHHOE B3auMO1eiiCTBHE

HeliposH10KpuHHasi cUCTEMa — 3TO CJIOKHAsl CUCTEMa B3aMMOJEHCTBUSL HEPBHOU U
SHAOKPUHHOW CUCTEM, KOTOpas peryIupyeT (PU3U0JIOTrHUECKHUE MTPOLIECCH B OpTaHU3ME.
HepBHas cucrtema nepenaer CUrHajibl 4epe3 HEMpPOHBI, a SHIOKPUHHAS CHUCTEMAa — C
IIOMOIBI0 TOPMOHOB. OTH CHUCTEMBI B3aUMOJEWUCTBYIOT Ha YpPOBHE LEHTPaJIbHON
HEPBHOM CUCTEMBI, TUIIOTaJIaMyca, Tunopu3a U pa3IuyHbIX YHIOKPUHHBIX KEJe3.

["'opMOHBI, TaKK€ KaK aJpeHaINH, MHCYJIUH, TAPOKCUH U IPYTUE, UTPAIOT BAXKHYIO POJIb
B peryisuuu oOMEHa BEUIECTB, BOJHO-JIEKTPOJMTHOIO OajaHCa U MHOTUX JPYTUX
npoiieccoB. Hanpumep, HHCYJIMH peryiupyeT YpoBeHb caxapa B KpPOBH, a aJpeHAIIMH
AKTUBHUPYET PEAKLMIO0 OpraHu3Ma Ha CTpecC.
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7. PoJIb KJI€TOYHBIX MEXAaHU3MOB B (PM3HOJIOTUU

KiteTouHble MEXaHN3MBI UTPAIOT KIFOUYEBYIO POJIb B IIOAAEPKAHUU )KU3HEIEATENBHOCTH
Bcero opranmsma. Kaxmas kietka siBisieTcs (yHKIIMOHAJIBHOW €IWHUIEH, KOTopas
BBINOJIHIET OIPOMHOE KOJIMYECTBO 3a/1a4, HAUMHAsI OT CUHTE3a OEJIKOB U SHEPTHH 10
B3aUMOJECUCTBUS C JPYTMMH KIETKAMU U PETYJISUUU (PU3NOJIOTHUYECKUX IPOLIECCOB.
[ToHMaHKEe KJIETOUYHBIX MEXaHU3MOB T03BOJISIET TTy0XKe NOHATh OCHOBBI (PU3NOJIOTUN
Y aJJallTallMOHHBIE BO3MOXKHOCTH OPTraHU3Ma.

Kierounbie MeMOpaHbl M UX QYHKIIMH

Kierounbie MeMOpaHbl IIPECTaBIISIOT cOO0M Oapbep, KOTOPHINA OT/AEISICT BHYTPEHHEE
COJICP)KUMOE KJIETKHM OT BHEIIHEH cpeapl. MeMOpaHa COCTOMT M3 JBOWHOIO CJIOS
dbochomunumoB, B KOTOPBI BCTPOSHBI O€IKH, OOECIeUUBAIOIINE TPAHCIOPT
Pa3JIMYHBIX BEIIECTB, TAKUX KaK HOHBI, MOJICKYJIbI BOJIbI, Ta3bl M OpPraHUYECKHE
COCMHEHUs. ITH MEMOpaHHbIC OCIKH MOTYT OBITh KaK pelernTopaMu JiJis CHUTHAJIOB,
TaK ¥ TPAHCIOPTHBIMM KaHAJIaMH, MO3BOJISISL KJIETKE B3aUMOJICHCTBOBATH C BHEIIHEH
Cpelou.

MemOpanbl KJIETOK 00J1ajal0T CBOMCTBOM HM30UpaTENbHOW MPOHUIIAEMOCTH, TO €CTh
OHM MOTYT IPOMYCKaTh TOJBKO ONPEACIICHHBIE MOJIEKYJIbI U HOHBI, PETYIUPYS TAKUM
o0pa3oM BHYTPEHHHUE YCIIOBUS KJIETKHU. DTOT MPOIECC HA3BIBACTCA M30UPATEIbHBIM
TpaHcropToM. JlJisi HOpMalbHOM padOThl KIETKHM BaXKHO IMOJJIEpKAHUE TpaJuCHTa
KOHIIGHTpAIlMU Pa3IMYHBIX MOHOB, TakuxX Kak Harpui (Na'), xammit (K*), xampuuit
(Ca*"), uro oOecrieunBaeT CTAOMJIBHOCTHh KIIETOYHOM cpeabl W (DYHKIIMOHUPOBAHUE
OpraHeJul.

JHepreTnyeckrii 00MeH: MUTOXOHAPHH KaK '"JHepreTnyecKkre CTAHIUMN'" KIeTKH

MuToxoHapuK SIBISIOTCS OpraHeiylaMH, OTBETCTBEHHBIMHU 32 BBIPAOOTKY DHEPTUU B
KJIETKE. OTH CTPYKTYphl, 3a4acTyi0 Ha3bIBa€MbI€ ''HHEPreTUUYECKMMHU CTAHLMUSAMU"
KJIETKH, CHUHTE3UPYIOT MOJeKynbl aaeHosuHTpudochara (ATD), koTopbIe
MCIIOJIB3YIOTCSl KJIETKOW I BBITIOJIHEHMSI Pa3NWYHBIX (yHKUIUNA. B MUTOXOHIpUSIX
MPOUCXOJIUT MPOIIECC KIETOUYHOrO JbIXaHMS, B XOAE€ KOTOPOTO TJIFOKO3a U KHUCIOPOJ]
peo0pa3yoTcs B SHEPTHIO, YIJICKUCIIBINA I'a3 U BOAY.

Knetkn ¢ BBICOKUMH 3HEPreTUYECKUMHU MOTPEOHOCTSIMH, TaKU€ KaK MBIIICUYHBIE U
HEPBHbIE KJIETKH, COAEPKAT OOJBIIOE KOJUYECTBO MUTOXOHIpUNA. B MUTOXOHIpUAX
MPOUCXOAAT TakkKe BaXKHbIE IMPOLIECCHI, TaKMe Kak aronTo3 (MporpaMMUpOBaHHas
KJIETOYHAs CMEpTh), YTO TMIO3BOJISIET OpPraHU3My H30aBIATBCA OT CTapblX WU
MOBPEXKJICHHBIX KJIETOK, MIPEA0TBpalias pa3BuTre 3a001eBaHU.

Kpome Toro, MUTOXOHAPHUM HUIParOT BaXXKHYIO POJIb B PETYJSLHMU BHYTPHUKIETOYHOTO
KaJIbIUS W YNPABJICHUU KIECTOYHBIMU CUTHAJIAMH, YTO UMEET BAKHOE 3HAUYEHUE IS
310POBbS KIETKH.
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Cunre3 0e1K0B U puOOCOMBI

OnuH U3 BaXXHEUIIMX KIETOYHBIX MEXaHM3MOB — 3TO CHHTE3 OE€JIKOB, KOTOPBIii
MPOUCXOAUT Ha pubocomax. PHOOCOMBI MOTYT pacnofiaratbCs Kak B IUTOILIa3Me, Tak U
Ha MOBEPXHOCTH dHAOIIa3MaTnueckoro perukyinyma (OP). [Ipouecc cuntesa 6enkoB
HaunHaeTcs ¢ TpaHckpunimu reda JIHK 8 MPHK, kotopast 3aTem BeIXoauT U3 siapa u
HampaBisieTcss K pubocomaMm, TIJ€¢ OHAa HCHOJb3yeTcs Kak WIabioH 1jsi cOOpKU
AMUHOKHCJIOT B MOJIUTICNTUAHBIC LICTIH.

OTU TONUIENTUAHBIE IENU 3aTeM MOTYT OBITb MOIUGUIMPOBAHBI M CBEPHYTHI B
aKTUBHbIE O€JKH, KOTOpble OyayT BHIOIHATH CBoU (YHKIMHU B KieTke. Hampumep,
O0enku MoOryT ObITh (epMeHTaMH, KOTOpBIE YCKOPSIOT XWMHUYECKHE PpEeaKIvy,
CTPYKTYPHBIMM KOMIIOHEHTAMH KJIETOK WJIA TKaHSIMH, TOPMOHAMH, KOTODPBIE
PEryJIMpyroT pa3JIMuHbIC IIPOLECCHI, WM AHTUTEJIAMU B UMMYHHOU CUCTEME.

Tak:xe BaKHBIM DJIEMEHTOM SIBJISCTCS BHI[OHJIaBMaTI/I‘-IGCKI/If;I PCTHUKYIIYM, KOTOpBIﬁ
CIYKUT KaK CCThb IJII CHMHTC3a U TPAHCIIOPTHUPOBKHU OCJIKOB U JIUIINJOB, a4 TAKXKC OJIA
ACTOKCHUKAIWK  PA3JIMYHBIX XHMHYCCKHUX  BCHICCTB. On moapasaAc/sICTCd  Ha
HlepOXOBaTBIﬁ )51 FJIaIIKPIﬁ OP B 3aBUCHUMOCTH OT HaJIMYHUS pI/I6OCOM.

I'eneTnueckui MaTEpUuaAJ ! PEryjadalmnd IKCIIPECCUU I'€HOB

Bce kierouHble (YHKIMM pErylMpyrOTCsl Ha YPOBHE TI'€HOB, KOTOpBIE COJEpKat
uH(pOpMaLUIO IS CUHTE3a BCEX HEOOXOIUMBIX MOJIEKYJ Opranu3Ma. I'eHeTmyeckuid
marepuait, JIHK, xpanurcs B anpe kierku. B xone penmmmkanuun JIHK knetka moxer
CO3/1aBaTh KOIIMM CBOMX TE€HOB JUIS JIEJICHUS, a TAKXKE y4acTBOBATh B IPOLIECCE
penapanuu (BOCCTaHOBJIEHUS) MOBpExXIeHHBIX yuacTkoB JJHK.

['enetnueckas undopmarus, xpausamasica B JJHK, He Bcerna akTHBHO MCIONIb3yeTCH.
OKcnpeccusi TEHOB, TO €CTh IIpolecc TiepeBoja HWHGOpMAIMK U3 TEHOB B
¢dbyHkunoHansHbie MoJekynbl (6enku, PHK), perynmupyercss mHOkecTBOM (PaKkTOpOB,
KaKk BHEIIHEW cpenpl (Hampumep, CTpecchl, NUTaHUE, WHPEKIUH), TaK U
BHYTPHUKJIETOUHBIMUA ME€XaHU3MaMu. JlJisi 3TOr0 MCHONb3YIOTCS PA3JIMUYHbIE MOJIEKYJIbI
PHK, Takue kak MPHK (Matpuunas PHK), kotopas ciykuT 1mabioHOM Jj1si CUHTE3a
oenkoB, u TPHK (tpancnoptaas PHK), kotopas nomoraer B cOOpKe aMUHOKHUCIIOT B
HY>KHOH TOCJIE1I0BATEILHOCTH.

Perynsanus skcnpeccun TeHOB TaKKe BKIIIOYACT B Ce0S SMTUTCHETHYECKUE U3MEHEHUS,
KOTOpBhIE HE KacarTca camon mnocnenoBaresbHocT JIHK, HO MOryr u3MeHATH
AKTUBHOCTh TE€HOB. DTH U3MEHEHUSI MOTYT OBITh CBSI3aHBI C TAKUMHU TPOIIECCaMU, KaK
metunupoBanre J[HK, Moaudukamnuss THCTOHOB M JPyrue€ MEXaHU3MBI, KOTOPHIC
BIIMSIIOT HA JJOCTYITHOCTh T€HOB JIJI1 TPAHCKPHUIIIUH.
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Knerounasi cHrHajau3anmus u peuenToOpbl

OpauM 13 HanboJee BAXXHBIX MEXaHN3MOB KJIETOYHOW PETYJISINY SBISICTCS KJIECTOUHAS
CUTHAJIM3AIUS. DTO TPOIECC, MPU KOTOPOM KIIETKH OOMEHHMBAIOTCS MHGOpMAaIue u
pearupyroT Ha U3MCHEHHS B OKPY)KAIOIICH Cpe/ie ¢ MOMOIIBI0 MOJEKYJ CUTHATBHBIX
nyteil. KieTouHsie penenTopsl, pacmnoyioKeHHbIE Ha MEMOpaHe WM BHYTPH KJICTKH,
UTPAIOT KIIOYEBYIO poOJib B 3TOM mporecce. OHM MOTYT B3aMMOJIEUCTBOBATh C
Pa3IMYHBIMH MOJICKYJIaMH, TAKUMH KakK TOPMOHBI, HEHPOTPAHCMHUTTEPHI, IMTOKUHBI,
KOTOpBIC, BO3JCHCTBYS Ha PELENTOp, 3alyCKAOT IeMb OHOXUMHUYECKUX PEaKIUid
BHYTPH KJICTKHU.

DT peakluyu MOTYT BKIIIOYATh B €051 aKTUBALIUIO ()EPMEHTOB, U3MEHEHHE aKTUBHOCTH
I€HOB, U3BMEHEHNE CTPYKTYPBI KJIETOYHBIX KOMIIOHEHTOB WJIM JaX€ WHULUHAPOBAHHE
KJIETOYHOTO JIEJICHHs WM aronro3a. Hampumep, mpu Bo3gencTBUM TOPMOHOB CTpecca,
TaKMX KaK aJpeHajuH, Ha KJIETKU OpPraHu3Ma 3aIlyCKaeTCs MEXaHU3M, HallpaBJICHHBIN
Ha MOOWJIM3ALIMIO PECYPCOB OpraHu3Ma JijIsl OTBETA Ha CTPECCOBYIO cUTyalMio. B To xe
BpeMsi, NPU HOPMAJBHBIX YCJIOBUAX KJIETOYHAs CUTHAIU3aLUsl PEryaupyeTr Oosee
CTaOWJIbHBIE TMPOLIECCHI, TAaKHME KaK pOCT, Au(PepeHIupoBKa U MOJJEpKAHUE
CTPYKTYpBI TKaHEMN.

8. 3akaouenue

HopmanbeHast ¢u3nonorus mo3BOJSET HaM IIOHATh, Kak padoTaeT 4YeJ0BEUYCCKHI
OpTraHu3M B YCJIOBHUAX 3710pOBbi. [IoHMMaHME TUX MPOILIECCOB HE TOJIBKO MOMOTAET B
JIMarHOCTUKE 3a00JIeBaHUW, HO M B pa3pabOTKe HOBBIX METOJIOB MPOGUIAKTUKH H
nedenus. CoBpeMEHHBbIE MCCJICAOBaHUA B 00JIaCTH (U3UOJIOTUH  MPOAOJIKAIOT
yIIyOJISITECS B MOJICKYJISIDHBIE M KJIETOYHBIE MEXAHU3MBI, pacKpbiBas Bc€ Oosee
CJIO)KHBIE W MHOTOTpPaHHbIE IPOIIECCHI, JekKalue B OCHOBE (DYHKIIMOHUPOBAHUS
OpraHu3ma.

[ToHnMaHne 3TUX MPOLECCOB MOMOXKET HE TOJBKO B MPAKTUKE MEIULWHBI, HO U B
CO3/JaHUU HOBBIX TEPANEBTUUECKUX CTPATETUN U METO/I0B, KOTOPBIE Oy IyT HATIPaBJICHBI
Ha NOJJIep>KaHKe 370POBbS U JICUCHUE PA3TUYHBIX 3a00JIEBAHUM.
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UHTEPHET BEIIEM B 3IPABOOXPAHEHUU: KAK IIU®POBU3ALIUS
YIYUYIHAET IUATHOCTUKY U JIEYEHHUE

NBanoBa MapuHa AjleKCaHJAPOBHA

HAYYHBIN COTPYIHUK, Kadenpa MeTUIUHCKON HHPOPMATHKH, Y HUBEPCUTET
KemOpumxka

r. KemOpumx, Benukobpuranus.

AHHOTAIUA

Nurepuer Bemeit (IoT) B 3apaBoOXpaHeHMHM — 3TO OBICTPO pa3BUBAIOILIASCS
TEXHOJIOTHs, KOTOpasi aKTUBHO UCIIOJIb3YETCS I YIYUYIIECHUS TUATHOCTUKYU U JICUEHUS
nanreHToB. [0T MO3BOJIIET MHTErPUPOBATH PA3IMYHbIE MEIUIIMHCKHE YCTPONCTBA H
JATYUKH C HUHTEPHETOM JUIsi TOCTOSSHHOTO MOHHUTOPHMHIA COCTOSIHHSI 3J0pPOBbBS,
YIYYIIEHUS TOYHOCTH JUArHOCTUKH W TMPEIOCTABICHUS IEPCOHAIN3UPOBAHHBIX
MEIUIMHCKUX ycayr. B craTee paccMaTpuBarOTCA TEKyIIME JOCTHXKEHUS B
ucrnosnb3oBanun l[oT B MenuiMHE, €ro BIMSHUE HAa JMArHOCTUKY 3a00JIeBaHUN U
BO3MOXXHOCTH JyIsi TOBbIIIEHUS 3((PEeKTUBHOCTH JiedeHus. Takxke oO0cyx aaroTcs
po0JIeMbI U BBI30BbI, CBA3aHHBIE C BHEAPEHUEM ITOM TEXHOJIOTUHU B 3/[PABOOXPAHEHUE,
Takue Kak 0€30MacHOCTh JIaHHBIX U HEOOXOIUMOCTh CO3/IaHUSI CTaHAAPTU3UPOBAHHBIX
PELICHUMN.

KarueBbie ciaoBa: HTepHeT BelieH, 31paBOOXpaHEHUE, IHArHOCTUKA, JICYEHHUE,
MEJIUIIMHCKHUE YCTPONCTBA, 0€30MaCHOCTh JaHHBIX.

1. BBeaenue

Texnonorun NHTepHeTa Bellel aKTUBHO BHEIAPSIOTCA B Pa3jMuHbIe CPEpbl KU3HU,
BKJIFOYAs 3/ipaBooxpaHeHue. IHTepHeT Bellel B MEIMIIMHE BKIIIOUAET B CE0Sl CUCTEMY
YCTPOMCTB U CEHCOPOB, KOTOPHIE MOTYT COOMpaTh JaHHBIE O 3J0pPOBhE MALUCHTA U
MepenaBaTh UX B PEAIbHOM BPEMEHU B MEAUIIMHCKUE YUPEKICHUA. ITU JaHHBIE MOTYT
OBITh HCIOJIB30BAHBI JJII MOHUTOPUHTA COCTOSIHUSI 3JI0POBbS, MPOTHO3WPOBAHUS
3a001eBaHUM, a TAKXKE JIJI1 ONTHUMHU3AIIUU TTPOIIECCOB JICYCHUS U peaOUIUTAIIIH.

C mnomompto [oT MemuIMHCKHE YUYPEKIEHHUS TMOTYy4YaloT BO3MOXKHOCTH OoJiee
OTIepaTHBHO pearupoBaTh HA U3MEHEHUS B COCTOSHUU TaIueHTa, obecreurBas Ooee
BBICOKOE Ka4eCTBO OOCIyXHBaHUsA. BaxkHo, uTo nudpoBU3amus B 37paBOOXPaHCHUN
TAKXK€ IIO3BOJISIET CO3/1aBaTh NEPCOHAIU3UPOBAHHBIE MOAXOJbl K JIEYCHUIO, YTO
MOBBITIAET ero 3PGHEeKTUBHOCTh U CHIXKAET PUCKHU JIJIs TTAlIMCHTA.
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2. Ucnosb3oBanue UHTEpHeTa Belieil B IMATHOCTHKE U JIeYeHUH

2.1. llpumenenue IoT 11t MOHUTOPHHTIA 310POBbS

OpnuM w3 Hambonee 3HaunmMbIX npumeHeHuid loT B 3apaBOOXpaHEeHHU SBISETCS
MOHUTOPUHI >KMU3HEHHO BAXXHBIX IIOKA3aTEJEH IMAIIMEHTAa B PEAIBHOM BPEMEHH.
YceTponcTBa, TAKME KaK HOCUMBIE CEHCOPBL, MOTYT OTCJIEKMBATh TAKUE MApPAMETPBI, KaK
4acTOTa CEpPACYHBIX COKpAIIECHUM, YPOBEHb KHCIOpPOAA B KpPOBH, apTEPHUAIBHOE
JaBJIEHUE, TEMIIEPATYpA TeJla U Ipyrue. DT JaHHbIE MOT'YT MEPEIaBaThCsl HA CEPBEPHI
B MEJIULMHCKHUE YUPEKICHHUS, € CIEUATUCTBI MOT'YT OLEHUTh COCTOSIHUE NAllUEHTA
Y TIpY HEOOXOJMMOCTH CKOPPEKTUPOBATH JICUCHUE.

[IpumMepoM Takoro ycTpoiCTBa SBISETCS YMHBIA OpacieT Il MOHUTOPUHTA COCTOSIHUS
cepaua. OH MOXET NepelaBaTh TaHHbIE B PEAbHOM BPEMEHH Bpaudy, KOTOPBIA, €CIu
noTpeOyeTcsi, MOXKET CKOPPEKTUPOBAaTh JO3UPOBKY JIEKApCTB WA HPOBECTU
JOTIOJIHUTENbHBIE 00CIIEJOBaHMSL.

2.2. Pannee oOHapyxeHue 3a00eBanuid ¢ nomoumbio loT

IoT Ttaxxke momMoraer B paHHEH JUArHOCTUKE 3a00yieBaHU. Y CTpOMCTBA,
MOJIKJIIOUEHHBIE K HMHTEPHETY, MOTYT cOOMpaTh JaHHBIC, MO3BOJISISI Bpady 3apaHee
BBISIBUTH TIPEIPACIIONOKEHHOCTh K 3a00JIeBaHUSM, TaKUM Kak Iua0eT, THIEePTOHHUS,
3a0oneBanusi cepnaua. Hampumep, B ciydyae auabeTra yMHBIE YCTPOWCTBAa MOTYT
OTCJICKUBATh YPOBEHb caxapa B KPOBU M CBOEBPEMEHHO MPEAYINPEXIaTh MAIlMEHTa
Bpayda 0 BO3MOXHBIX OTKJIOHEHHUSAX OT HOPMBI.

Eme onHoM BaskHOM 00J1aCThIO SBIISICTCS MOHUTOPHHT XPOHUYECKUX 3a00s1eBaHmi. [{s
MAIMEHTOB ¢ XPOHUYECKUMU 3a00JIeBaHUSIMH, TaKuMHU Kak actMa, UBC wim quabet, [oT
mo3BoJisieT OoJiee 3((PEKTUBHO KOHTPOJIMPOBAThH JICUCHHE U HM30€XKATh YXYIIIECHUS
COCTOSIHHSI.

2.3. Ilepconanu3upoBaHHOe JieueHHe ¢ ucnojb3oBanuem loT

[lepcoHanmm3npoBaHHOE JICUEHHE — ATO MOJIXO/, IPU KOTOPOM JICUECHUE aaTUPYETCS
K MHIWBUAYaJbHBIM OcoOeHHOCTSM manueHTa. IoT cmocoOcTByeTr 3TOMy mporeccy,
MO3BOJISIT  cOOMpaTh WHGOPMANMIO O pEaKIWh OpraHW3Ma Ha TperapaThl, WX
B3aMMOJICHCTBUE U JAPYTHE BAXXHBIC JaHHBIC. DTH JaHHBIE MOKHO HMCIIOJIb30BATh IS
co3maHusl 0ojiee TOYHBIX IUIAHOB JICUCHHS, YTO IO3BOJISET HE TOJBKO ITOBBICHUTH
3¢ (PEeKTUBHOCTH, HO U MUHUMHU3UPOBATH MOOOYHBIE YD (EKTHI.

3. IIpo6.iembl 1 Bb130BbI BHeApeHus [oT B 3xpaBooxpanenue
3.1. be3onacHoCcTh M KOHPUIECHIIMATIBHOCTD JAHHBIX

C KaXIbIM rOJIOM pacTeT 00beM JaHHBIX, KOTOPBIE MepeaaroTcs yepes ycrporictaa [oT.
DTO BBI3BIBAET OMACEHUS MO MOBOAY 0€30MaCHOCTH ITHX JAHHBIX, TAK KaK OHH MOTYT
OBITb YS3BUMBI JIJIi XaKePCKUX aTak WIM HECAaHKIIMOHWPOBAHHOTO JOCTYIIA.
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Oco0eHHO 3TO KacaeTcsi MEePCOHANBbHBIX MEJAMIIMHCKUX JAHHBIX, KOTOPBIEC SBIISIIOTCS
KpailHe YyBCTBUTEIbHBIMU. BakHO o00ecrneuuTh HAACKHYIO 3allUTy MJaHHBIX |
COOTBETCTBHE CTPOTMM HOpPMAaTUBHBIM TpeOoBaHusM, TakuM kak HIPAA (3akon o
MEPEHOCUMOCTH U MOJI0TYETHOCTU MeIUuIIMHCKOro ctpaxoBanusi) B CIIIA wiu GDPR B
EBporte.

3.2. CTaHuameaunﬂ yCTpOﬁCTB N HHTErpanus B CYIeCTBYrOmue CuCTEMbI

OnHUM U3 OCHOBHBIX BBI30BOB SIBJIIETCSI OTCYTCTBUE CTAHIAPTU3ALMH CPEIH YCTPOICTB
[oT. Ha ceromHsmHui I€Hb CyHIECTBYET MHOKECTBO PA3JWYHBIX TEXHOJOTHU H
IIPOTOKOJIOB, 4YTO 3aTpyAHSET HMX MHTETPALMI0O B CYLIECTBYIOIIME CHUCTEMBI
3IpaBoOXpaHeHusa. BaxHO co31are eIuWHBIE CTaHOApPThl Uil YCTPOWMCTBA H
MPOrpaMMHOT0 OOeCIedeHusi, KOTOphle obecreyar OECHIOBHYIO HWHTETpAIUio U
COBMECTUMOCTb BCEX KOMIIOHEHTOB CHCTEMBI.

3.3. CTouMOCTH M JOCTYIIHOCTH TEXHOJI0T Uil

Xord [oT B 31paBoOXpaHeHN UMEET OTPOMHBIN IMOTEHIMAN, CTOUMOCTh BHEAPEHUS U
MCIIOJIb30BaHUS TAKUX TEXHOJIOTUN MOKET OBITh 3HAUUTENBbHON. B HEKOTOPBIX CTpaHax
U PETHOHAxX 3TO MOXKET CTaTh IPErpagor Mg MaccoBoro BHeApeHus loT B cucremy
3npaBooxpaHeHus. Heo0Xo UMbl TOMOIHUTEIbHBIE HHBECTULIMY B UHPPACTPYKTYPY U
oOyueHue CHeUUaIuCcTOB, YTOObl 3TH TEXHOJIOTUHM MOIVIK OBITh HCIOJB30BaHBI
IIOBCEMECTHO.

4. 3akiaoyenue

HNuTepHeT Bemien MMEET 3HAYUTENbHBIA NMOTEHIMAN I yIYYIICHUS JUArHOCTUKUA U
JeyeHus: 3a00JIeBaHM, a TaKKe JUIsl TOBBIIMICHHUS KayecTBa MEIUIIMHCKUX YCIYT.
Ucnons3zoBanue [0T mo3Bosiser OCylIECTBIATH MOHUTOPHUHT 30POBbs ITALIMEHTOB B
pealbHOM BPEMEHH, MPOTHO3UPOBATH 3a00JieBaHUs 151 MIPUMEHATh
MEPCOHANM3UPOBAHHBIE METOJbI JeueHHs. OIHAKO BHEIPEHUE TAKUX TEXHOJIOTUH
TaKXe COMPSIKEHO C PSAJIOM BBI30BOB, TAKMX KaK oOecreueHre 0e30NmacHOCTH JTaHHBIX,
CTaHJapTU3alusi YCTPOMCTB W BBICOKAas CTOMMOCTh. [IpeoponeHue 3Tux mpodiiem
OTKPOET HOBBIE BO3MOXHOCTH JJIsi HU(PPOBU3AIMU 3APABOOXPAHEHUS] U YIIYUIICHUS
310POBbS JTHOAECH.
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Abstract

This article discusses the technology of polyester production in Turkmenistan, focusing
on the current processes used in the production of polyester fibers and resins.
Turkmenistan, with its strong textile industry, has made significant strides in developing
its domestic polyester production, utilizing both local resources and advanced
technology. The article highlights the raw materials used, production methods, and the
environmental impact of polyester production. Additionally, it explores future
developments in the sector, including sustainability initiatives and the potential for
expanding the industry to meet both domestic and international demand.

Keywords

Polyester, production technology, textile industry, raw materials, environmental impact,
sustainability, Turkmenistan.

1. Introduction

Polyester is one of the most widely used synthetic fibers in the world, valued for its
strength, durability, and versatility in various industries, including textiles, packaging,
and automotive. In Turkmenistan, polyester production is gaining momentum as part of
the country's broader strategy to diversify its industrial base. The development of
domestic polyester manufacturing is crucial for reducing dependency on imports and
creating jobs in the growing textile sector. This article provides an in-depth look at the
technology behind polyester production in Turkmenistan, examining the processes, raw
materials, and future prospects for the industry.
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2. Raw Materials Used in Polyester Production

The primary raw material for polyester production is petroleum-derived paraxylene,
which is used to produce terephthalic acid (TPA), a key precursor in the synthesis of
polyester. In Turkmenistan, efforts are being made to enhance local production of raw
materials, particularly through the utilization of natural gas, a key resource in the
country. Additionally, Turkmenistan is exploring the possibility of integrating
renewable sources of energy in the production process, aligning with global
sustainability goals.

The production process also requires ethylene glycol, another petrochemical, which can
be sourced locally or imported. The quality and availability of these raw materials play
a critical role in the cost-effectiveness and efficiency of polyester production.

3. Polyester Production Technology

Polyester production involves a chemical process known as polycondensation, where
terephthalic acid (TPA) and ethylene glycol (EG) react to form polyethylene
terephthalate (PET), the polymer used in making fibers, films, and resins.

In Turkmenistan, polyester is primarily produced using a melt-phase polymerization
process, which involves the following steps:

1. Synthesis of Terephthalic Acid (TPA): The first step in the production process
Is the synthesis of TPA from paraxylene, which is derived from petroleum or
natural gas.

2. Synthesis of Ethylene Glycol (EG): Ethylene glycol is synthesized from
ethylene, which can be produced from natural gas.

3. Polymerization of PET: TPA and EG are combined and heated in the presence
of a catalyst to form PET through a condensation reaction. The resulting polymer
is then cooled and processed into various forms, such as fibers or granules.

4. Spinning and Drawing: The polymer is spun into fibers using a process called
melt spinning. The fibers are then drawn to increase their strength and elasticity,
making them suitable for use in textiles and other applications.

5. Post-Processing: After the fibers are produced, they undergo further treatment to
enhance their properties, such as heat setting, dyeing, and texturizing.

Polyester resin, used in the production of films, bottles, and other packaging materials,
is produced through a similar process but is often polymerized to a higher molecular
weight.

4. Environmental Impact and Sustainability

Polyester production, like many other petrochemical processes, can have significant
environmental impacts, particularly in terms of energy consumption and greenhouse gas
emissions.
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In Turkmenistan, there is growing recognition of the need to address these challenges
through the adoption of cleaner technologies and the efficient use of resources.

Efforts are being made to reduce the carbon footprint of polyester production by
incorporating renewable energy sources such as solar and wind power. Additionally, the
recycling of polyester fibers is becoming more common, helping to reduce waste and
promote a circular economy. Turkmenistan is also exploring ways to improve water
management and reduce waste products in the production process, in line with global
sustainability trends.

5. Future Prospects and Developments

The polyester production industry in Turkmenistan is poised for significant growth,
driven by increasing domestic demand and the potential for export. The government is
investing in modernizing production facilities and improving the efficiency of the
manufacturing process. This includes the implementation of advanced technologies,
such as automated production lines and digital monitoring systems, to ensure higher
quality and consistency in the final product.

There is also a growing emphasis on producing eco-friendly polyester products, such as
recycled polyester and biodegradable variants, in response to global environmental
concerns. Turkmenistan's strategic location and access to abundant natural gas resources
position the country well to become a leading player in the global polyester market,
provided the industry continues to innovate and adapt to changing market demands.

6. Conclusion

In conclusion, polyester production in Turkmenistan holds significant potential for both
domestic use and international export. The country has a strong foundation in the raw
materials required for polyester production and is making strides in adopting advanced
production technologies. While there are environmental challenges to address, the move
towards more sustainable practices and the potential for increased domestic production
makes polyester a key industry for Turkmenistan's economic future. By continuing to
innovate and invest in sustainability, Turkmenistan can position itself as a competitive
player in the global polyester market.

References

1. Tan, L., & Zhang, H. (2020). Polyester Production: Advances and Challenges.
Journal of Synthetic Fibers, 29(2), 95-107.

2. Kumar, R., & Gupta, P. (2021). Polyester: A Key Industry for Sustainable
Development. International Journal of Environmental Technology, 34(3), 142-
150.

3. Sherzodov, A., & Ismailov, R. (2022). Sustainability in the Petrochemical
Industry of Turkmenistan. Turkmenistan Journal of Industrial Research, 18(1),
51-65.

-76 -



HAYYHBIN )KYPHAJI
HAYKA U MUPOBO33PEHUE

VIIK-781.7

TYPKMEHCKASA HAPOJAHASA IIECEHHASA KYJIBTYPA: TPAIMIIUU N
PA3BBUTHUE

KepBen Araaypasies

Crynent, TypkMeHcKas HallMOHAJIbHAsE KOHCEPBATOPUS UMEHU
Mau KynueBoi

r. Amxaban TypkmeHucTaHn

AHHOTaNMUA:

TypkMeHcKkas HapojHas TeCeHHas KyJbTypa MPEACTaBIsSeT COO0OM BaXKHYIO
COCTaBIISIIONYI0 TYPKMEHCKOTO HApPOJHOTO NEHMS, a TAKXKE €ro pPoJib B COXPAHCHUU
HMCTOPUYECKON MaMSITH U HAIIMOHATBHOW MACHTUYHOCTH. Oc000€ BHUMAHUE YIETAETCS
BIIMSTHAIKO HApOJHOW MY3bIKA HA Pa3BUTHE TYPKMEHCKOIO MCKYCCTBa B LEJIOM M Ha
(dhopMUpOBaHHE COBPEMEHHOTO MY3bIKAJIBHOTO MpocTpaHcTBa. PaccMmatpuBaroTcs
MY3BIKAJIbHBIE WHCTPYMEHTBI, HCHOJIb3YEMbIE B TPAJAUIMOHHOM MCIOJHECHUHU, U
W3MEHEHHMS, IPOU3OIIICIINE B IECCEHHON KYJIbTYpE B IIPoIIecce TII00aIn3aiiu.

KiroueBnie cjioBAa:

TypkMmeHckass HapomgHas TIECHS, MYy3bIKaJIbHas KyJIbTypa, HApOJHOE WCIOJHEHHE,
OarmIbUIBIK, TPAJAWIINK, MY3BIKATbHBIC HHCTPYMEHTHI, HAIIMOHATbHAS HWIECHTUIHOCTD,
riiooann3anusi.

1. BBenenue

TypkmeHckas HapoiHasi TE€CEHHas KyJbTypa SBISETCS HEOTHEMJIEMOM YacThbiO
KyJIbTYpHOTO Hacieausi Hapona TypkMmeHucrana. B 3TOM HCKycCTBE CIMIIKCH
IpEeBHEUIINE TPAIUIUU, KOTOPbIE COXPAHWIIMCHh YE€pe3 CTOJIETHUSl, U COBpPEMEHHas
My3bIKa, 00OraTuBILIAsACS BIMSHUEM APYIMX HApoAOB W KylbTyp. HapomHoe mnenue
TYPKMEH COCTOMT M3 MHOKECTBA MAHPOB, OTPAXKAIOIIUX MHOTOTPAHHOCTH KU3HU
KOYEBOIO0 Hapoja, €ro IMOBCEAHEBHbIE 3a00ThI, PUTYajbl, MPA3AHUKH U JTyXOBHYIO
KU3Hb.

Ocoboe MecTo B MeCeHHOM KyinbType TypKMeHUCTaHa 3aHUMAeT OarmbUIbIK —
TPaaUIIMOHHOE HCIIOJIHEHUE TeceH Oariibl, KOTOpOe COXpaHsSeT B cebe 3IeMEHTH
YCTHOM MO33MM, MY3bIKAJIBHOW HWMIIPOBU3AIMM U TyOokue  (uiiocodckue
pa3MBIIIICHHS O )KU3HH, JTI00BU U cyAbOe.
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2. UcTopus 4 3BOJIIONMS TYPKMEHCKOI HAPOJIHOM NEeCHU

TypkmeHckas HapogHass TeECHI — 3TO HE TpocTo (opmMa My3BIKAILHOTO
CaMOBBIPAXEHUS, HO U CPEJCTBO Mepe/lauyd 3HAHUW U TPAJULMUA OT TMOKOJICHHS K
MOKOJICHHIO. YK€ B paHHUE BeKa IMECHs OblJla OCHOBHBIM CIOCOOOM COXpaHEHHs
HApOJHOM MaMsTH, YTO MO3BOJIWIIO TYPKMEHAM MEePeIaBaTh CBOIO UCTOPUIO U KYJIBTYPY
4yepe3 My3bIKY. BOJBIIMHCTBO MECEH MOCBSIICHBI >KU3HEHHBIM COOBITUSIM: BOITHE, MUDY,
T100BU, IPUPOTHBIM SIBIICHUSIM, PETUTHO3ZHBIM TEMaM.

[Ipouecc riaobanu3anyu U BIMSHUE 3aMaHON MOM-KYJIbTYpPbl, 0€3YCIOBHO, MOBIHSIIN
Ha 3BOJIIOLHIO HAPOJIHON MY3BIKH, OJJHAKO TYPKMEHCKUE HAPOJHBIE IECHU COXPAHSIOT
CBOI0 YHHUKaJIbHOCTH OJarojapsi CBOEH SMOIMOHAIBHOW HACBIIIEHHOCTH W
MY3bIKAIBHOUN BBIPA3UTEIBHOCTH.

3. OcHOBHBIE KAHPBI TYPKMEHCKOH HAPOIHOM NEeCHU

TypkMmeHckas HapojHasi MECEHHas KyJIbTypa OTJIMYAETCS pPazHOOOpa3HeM KaHpPOB,
KQKJIbIIl U3 KOTOPBIX UMEET CBOIO POJIb B KM3HU 001IecTBa. K BakKHEMIIUM >kaHpam
MOYXHO OTHECTHU:

e JMnochbl — BEIUKHUE HAPOJIHBIE MTECHHU, TOBECTBYIOIINE O TEPOMIECKUX COOBITHUSX,
JIpeBHUX MHU(axX U JETeH Iax.

o Jlupnuyeckue mnecHM — OTpaXxarolue BHYTPEHHUH MHUpP YEIOBEKa, €ro
MepeKMUBAHMS, IYYBCTBA M SMOIIHH.

o TpynoBble mecHU — COMPOBOXAAIONTNE PA3TUYHBIE BUJIBI paOOTHI, TaKHE KaK
MACTYIICCKUE TICCHU WJIU TICCHH, UCIIOTHIEMBIC B XOJI¢ CEIbCKOXO3SIMCTBEHHBIX
paoborT.

o PutyanbHble U 00psiI0OBbIE IECHU — CBSI3aHHBIE C OMPECICHHBIMUA 00psIaMH,
TaKHUMH KaK CBaIbObI, MPA3THUKN U TOMUHOBEHHS.

Kaxxnpril sxaHp MMeeT CBOM OCOOCHHOCTH, TaKHE KaK MY3bIKaJIbHBIE (POPMBI, METPHI,
PUTMBI U MEJTOAUKH, KOTOPBIE AETAI0T KAKAYIO MECHIO YHUKAIBHOM.

4. BarmblIbIK KaK Ba)KHAS YACTh MECEHHOI KYJIbTYPbI

BaxxHo# 4acThiO TYPKMEHCKOM HApOIHOM MECEHHON KYJIBTYPHhI SABJISICTCS OariiblIbIK —
TPAJAUIIMOHHOE HCIIOJIHUTENIBCKOE MCKYCCTBO, KOTOPOE TEpenaeTcs M3 MOKOJICHUS B
MOKOJIeHHe. barmelaplk OTIMYaeTcss cBOe 0co0oi atrmocdepoil u duiocodcKoi
rIIyOMHOM, TaK Kak Oarmibl (1eBell) He TOJIbKO UCIIOIHSET MECHI0, HO U CO3JaeT B HEl
rIIyOOKHUE Pa3MBIIIJICHUS O KU3HH, CYJb0E 1 CMBICTIE CYIIIECTBOBAHMUS.

B Oarmbuipike Bak€H HE TOJIBKO TEXHUYECKHH acCHEeKT HCIIOJITHECHHA, HO H
HUMITIPOBU3aAlA, YTO JCIACT KAKJI0C BBICTYIIVICHUC YHHUKAJIbHBIM. BaFI_HBI, C MIOMOIIIBIO
MCJIOJJMU U CJIOB, MOJKCT IICPCAaTb CBOKO SMONHWOHAJIBHYIO W HMHTCIJICKTYaJIbHYIO
Harpys3Ky, BHOCsA CBOM JIMYHBIC IICPCIKUBAHUS U MBICJIM B ITPOU3BEACHUC.
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S. My3bIKajbHble HHCTPYMEHThI TYPKMEHCKOH HAPOAHOM IECHH

B TpanMLIMOHHOM HCIIOJHEHUU TYPKMEHCKUX HAapOJHBIX MECEH BAXKHYIO POJIb UTPAIOT
MY3bIKaJIbHbIE MHCTPYMEHTBI, TaKHe Kak pyad U AyTap. OTH HHCTPYMEHTHI, C HX
YHUKQJIbHBIM 3BYYaHUEM, SIBIIAIOTCS HEOTHEMJIEMOW YACTBIO MCIIOJHEHUS U CO3JAI0T
TOT HEMOBTOPHUMBIN KOJIOPUT, KOTOPBIM OTJIIMYAET TYPKMEHCKYIO MY3bIKY OT MY3BIKH
JOPYTUX HapOJIOB.

Py6ad — 570 cTpyHHBIN HHCTPYMEHT, HAOMUHAIOIINK JTIOTHIO. OH 00J1a/1aeT MSATKUM
W TEIUIBIM 3BYYaHHEM, KOTOpoe co3maeT atMmocdepy, Omm3kyo K duimocodcromy
pasMbinuieHnio. Jlyrap, B CcBOIO ouepenb, MpPEACTaBIseT COOON ABYXCTPYHHBIN
WHCTPYMEHT, UTPAIOLIUI BaKHYIO POJIb B CO3/IaHUH PUTMUYECKON CTPYKTYPHI IIECEH U
AIIOCOB.

OTH MHCTPYMEHTBHI HE TOJBKO COIPOBOXIAIOT HCIIOJHEHUE IIECEH, HO U SIBISIOTCA
BAJKHBIMU KYJIbTYPHBIMU CUMBOJIAMH, KOTOPBIE OTPAYKAIOT CBA3b TYPKMEHCKOI'O Hapoaa
C €ro NpUPOAOU, TPATULIUAMU U UCTOPUEMN.

6. CoBpeMeHHbIC¢ H3MEHEHHSI B TYPKMEHCKOIl HAPOIHOI MeCeHHOH KYyJIbType

C pa3BuTHEeM TEXHOJIOTUA U TyoOanmu3anuedl TYpKMEHCKas HapoJHas IeCeHHas
KYJIbTypa UCIBITHIBAET HOBBIC BBI30BbI. BiMsAHME 3aI1aIHON MY3bIKH, 4 TAKXKE MacCOBas
KYJIbTYypa, BHOCST CBOM KOPPEKTUBBI B TPAJIULUOHHBIE (POPMBI HAPOIHOTO UCKYCCTBA.
OpHako TypKMEHCKas HapoAHas MECHsS MPOJOJIKAET COXPAHITh CBOKO CaMOOBITHOCTh
Oylaroiapsi yCWJIMSIM MY3bIKAaHTOB, YYE€HBIX M KYJIbTYPHBIX OpraHH3alUi, KOTOpPbIE
3aHUMAIOTCA COOPOM M COXPAaHEHHMEM IIECEH, a TaKK€ pa3BUBAIOT HOBBIE (HOPMBI
UCIIOJIHEHUs], coYeTas TPaJULIMOHHbBIEC U COBPEMEHHBIE DJIEMEHTBHI.

OnHuM U3 TaKUX SIBJICHUH SIBISIETCS COBPEMEHHBINA TYPKMEHCKUMA OarmibuIbiK, KOTOPBIT
MPOJIOJDKAET OBITh BAXKHBIM WHCTPYMEHTOM COXpaHEHUsS KyJIbTYPHOTO HAcienus
aJanTanyy TPAJAUIUKA K COBPEMEHHBIM YCIIOBUSM.

7. HanpaBJjieHus pa3BUTUS HAPOJIHOM NECEHHOM KYyJAbTYypbl TypKMEeHHUCTaHA

TypkMeHCKas HapoaHas IECEHHAas KyJIbTypa MPOAO0JKAET PA3BUBATHCS U U3MEHSTHCS B
COBPEMEHHBIX yclIoBMsX. [Ipupoanbie, cCOManbHbIE U KYJIbTYPHbIE U3MEHEHHUS BIUSIOT
Ha Da3BUTUE MY3BIKAIBHBIX TPaAULUN, a TAKXKE HA HAIPABICHHUE HX HBOJIOLHM.
PaccMoTprM OCHOBHBIE HAIIPABIICHUS B PA3BUTHUU TYPKMEHCKON HAPOIHOW MECHMU.

OnHyM 13 BaXKHENIIMX HANIPABJICHUH SBIIAETCS BO3POXKICHUE U COXPAHEHUE TPAIUIIUH,
KOTOpbI€ ObUIM YyTpPaueHbl WIM HAXOAUIUCH MOJ YTPO30il UCUE3HOBEHUS B MOCIIETHUE
necstunetus. [Ipobnemsl rnobdanu3anuu 1 MacCOBOM KyJIbTYpPhI, a TAKKE U3MEHEHUS B
oOpasze XM3HU TYPKMEHCKOTO Hapoaa, OOYCIOBWIM HEOOXOIMMOCTh COXpaHEHUS
YHUKAJIbHBIX (JOPM HAPOJIHOTO UCKYCCTBA.
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BaxkHyto poib B 3TOM IpolLiecce WUIPaeT HE TOJNBKO aKaJeMHYECKOe H3Y4YEHHE U
COXpPAaHEHHE TIECEHHBIX TMPOU3BEACHUI, HO M BHEIPEHHE HOBBIX METOJOB B
MOMYJISIPU3AIMI0 TYPKMEHCKOW HapoaHOM My3biku. COBpeMEHHBbIE MY3BIKAHTHI U
sTHOTpadbl AaKTUBHO 3aHUMAIOTCS COOpoM (OJIBKIOpa, a TakXkKe 3aluchl0 U
pecTaBpanueil neceH. JTO0 MO3BOJSET HE TOJBKO COXPAaHUTh MY3BIKY ISl OYIyIIHMX
MOKOJICHUH, HO U 00ECleyuTh €€ aKTyaJbHOCTb B YCIOBHUSIX COBPEMEHHOMN
MY3BIKAJIbHOM KYJIBTYPBHI.

CrnenyoomuM BaXHbIM HAMpPaBIICHUEM SBIISIETCSI MHTETpallusl TYPKMEHCKOW HapOAHOU
IECHU C COBPEMEHHBIMU MY3bIKaJbHBIMU TeYeHUSIMU. COBpPEMEHHBIE MY3bIKAHTHI
TypkmenucTana Bce yaie oOpamaroTcss K TpaJAUIUsAM U HaXOASIT HOBbIE CIIOCOOBI UX
CHUHTE3a C IPYTUMH MY3BbIKaJIbHBIMH KaHPAMH. ITO TIO3BOJISIET CO3AaTh HOBBIE (hOPMBI
MY3bIKQIbHOTO BBIPAXKEHUSI, KOTOpPbIE MOTYT OBITh HHTEPECHBI MOJIOJACHKHOMN
ayJIUTOPHH.

[Ipouecc MoaepHM3alMM BKJIIOYAaeT B ce0d HCHOJB30BaHUE TPAJUIIMOHHBIX
WHCTPYMEHTOB, TAKUX KaK AyTap U pyad, B COYETAaHUU C DJIEKTPOHUKON U IPYrUMU
COBPEMEHHBIMU MY3bIKAJIbHBIMU TEXHOJOTUSAMU. TakuMm 00pa3oM, HapoJHas INECHS
IIPOJIOJKAET IBOIIOLMOHUPOBATH, COXPaHssl CBOM KOPHH, HO aalTUPYSCh K YCIOBUAM
OBICTPO MEHSIIOUIETOCS MUPA.

TypkMmeHckas HapoiHas MeCEHHas KyJIbTypa Tak:Ke HaXOJUT CBOE MECTO 3a IpeieaMu
Typkmenucrana. B mocinennue pecatuneTuss TYpKMEHCKash My3blKa BCE Yalle
IPEJICTaBISIETCS] HAa MEXKIYHAPOAHBIX MY3BIKAJIBHBIX (ECTUBAISIX M KYJIbTYPHBIX
MEPOIPUATHSIX. DTO MO3BOJSIET PACUIMPUTh AayAUTOPUIO U IOKa3aTb OOratcTBO U
YHUKAJIBHOCTh TYPKMEHCKOTO UCKYCCTBA.

BaxHpIM acnekToM 3TOTO mpoLecca sIBISETCS CO31aHUE HOBBIX KYJIBTYPHBIX CBSI3EH C
OPYTMMHM HapoAaMu. TypKMEHCKHE WCHOJIHHUTENIM YYAaCTBYIOT B MEXIYHAPOIHBIX
MPOEKTAX, TI€ OHM JEJIATCS CBOMMM TPAJMIMUSAMH M y4yaT MHUP MOHHMAaThb U LIEHHUTH
TYPKMEHCKYIO MY3BIKY.

HaponHas mnecHs Takke HUIpaeT BaKHYI pPOJib B (DOPMHUPOBAHMHM U IOAJCPIKKE
HAllMOHAJIBHOTO camMoco3HaHus. OHa CIY)KHT CBS3YIOIIMM  3BEHOM  MEXAY
MOKOJICHUSIMHU, YKPEIUISSl YyBCTBO €IMHCTBA U IPUHAUICKHOCTH K O0OIIeMy
KyJIbTYpHOMY Haclieuto. B ycaoBusx riio0anu3amnyy ¥ MacCOBOM KyJIbTYpPhI HapOIHAas
MECHS TIOMOTaeT COXPAHHWTh YHHUKAJIbHYIO HJICHTHYHOCTh M I€pPelaTh Hacleaue
OyIyIITUM TTOKOJICHUSIM.

[lecHu, MOCBSIICHHBIE BAXKHEUIIUM COOBITHSIM B HMCTOpUHM TypKMEHHCTaHa, CTaJd
CUMBOJIaMH TOPAOCTM W €IMHCTBA. TypKMEHCKas HAapOJHAs MYy3bIKa MPOJOJHKAET
CIYy’)KUTbh OCHOBOW ISl MATPHUOTUYECKOTO BOCIIUTAHUA MOJOACKU WU IOANEPHKAHMS
CBSI3M C UCTOPUEN U KyJIbTYpPOH HApO/a.

BaxupiM HampaBiieHuEM sIBJIsIETCs: oOpa3oBaTeIbHas JeATeIbHOCTh, HAllpaBJICHHAs Ha
pa3BUTHE UHTEPECA K HAPOJAHOU MY3BIKE CPEIU MOJIOJIEHKHU.
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B TypkmeHucTaHe Co31ar0TCsl KO, KOJUIEIKU U YHUBEPCUTEThI, KOTOPbIE 00y4aroT
TPaULIMOHHOMY MY3BIKAJIbHOMY HCKYCCTBY, @ TAK)K€ TOTOBAT CIIELUAIMCTOB B 00J1aCTH
MY3BIKaJIbHOM 3THOTrpaguu v (pOIbKIOPUCTUKH.

CneunaiibHble KypChl W IMPOTpaMMBbI, HaIlpaBiICHHbIE HAa W3YYEHUE U HCIOJHEHUE
TYPKMEHCKHX HApOJHBIX TIECEH, CTAHOBSTCS BAXKHOM YacThlO KYJIbTYpPHOTO
oOpazoBanusi. MoJoie’)kb Bce OOJIbIIE WHTEPECYETCs] ATHUYECKOM MY3BIKOHM, 4YTO
CIIOCOOCTBYET COXPAHEHUIO U NIEpe1aye TPaIuLUi.

8. 3akiouenue

TypKMeHCKaSI HapoJHad IICCCHHAA KYJIbTYpPa — 3TO YHHKAJIbHOC ABJICHUC, B KOTOPOM
COUYCTAIOTCA I‘JIY6OKI/I€ (1)I/IJIOCO(I)CKI/IC NACH, UCTOPHUYCCKAA IMMaMATh U XYIOKCCTBCHHAA
BBIPA3UTCIIBHOCTD. HGCMOTpH Ha BBI3OBBI, CBA3AaHHBIC C FJ'IO6EU'II/133.HI/I€I‘/II U Pa3BUTUCM
TCXHOJIOI’I/IfI, HAapOJHLIC IICCHHU U OarmbLIbIK IMpOoaOJIZKAIOT OBITH Ba)XHOM YaCTBIO
TypKMeHCKOﬁ HACHTUYHOCTU W HUI'PAIOT KIIIOUCBYIO POJIb B COXPAaHCHHUU TpaI[I/II_[I/Iﬁ )51
KYJIbTYPHOI'O HACJICIHA. Baxno npoaoJKarb yYCWIHA II0 COXPAHCHHUIO JOTHUX
YHUKAJIBbHBIX (1)OpM HCKYCCTBA U UX IICPCAAUC 6y,[[y1[II/IM ITOKOJICHUAM.
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AHHOTAIUA

CoBpemeHHass DJICKTPOHUKA CTaJIKMBAaeTCsl € HEOOXOAMMOCTBIO  TOBBIIICHUS
MIPOU3BOJIUTEIIBHOCTH U MUHHATIOPU3AIMU YCTPOUCTB. OJIHUM U3 PELICHUN SIBISETCS
WCIIOJIb30BAaHWE WMHHOBAIIMOHHBIX MAaTEpHaOB, TaKUX Kak rpadeH U Jpyrue
JIBYXMEpPHBIE MaTepHaJIbl, KOTOPhIE 00JIaIal0T YHUKAIbHBIMUA (PU3UKO-XUMUYECKUMHU
cBoiicTBamu. B craThe paccMaTpuBalOTCS TNEPCIEKTUBBI MPUMEHEHUs rpadeHa u
npyrux 2D-marepuanoB B 3JEKTPOHUKE, UX CBOMCTBA, & TAKXKE BBI30BBI, C KOTOPHIMH
CTaJKMBAIOTCSl YUYEHBIEC B MPOLECCE UX MHTErpPalliy B MPOMBIILICHHOE MPOU3BOJICTBO.
Oxunaercs, 4TO0 TakWe€ MaTepuaibl CMOTYT 3HAYUTEIBHO H3MEHUTHb aApXUTEKTYPYy
COBPEMEHHBIX  IOJYNPOBOJHUKOB, TOBBICUB  HUX  MPOU3BOAUTEIBLHOCTh U
(YHKIIMOHATBHOCTb.

KiaroueBbie cioBa: rpaden, 2D-marepuanbl, 3JIEKTPOHUKA, MOJYIPOBOJHUKH,
MaTepualibl JJisl 3JIEKTPOHUKU, HAHOTEXHOJIOTHHU.

1. BBegenue

CoBpemeHHass DJICKTPOHUKA  CTAKMBAaeTCsI € HEOOXOAMMOCTHIO  TOBBIIICHUS
MIPOU3BOJIUTEIIBHOCTH U MUHHATIOPU3AIMU YCTPOUCTB. OJIHUM U3 PELICHUI SIBISETCS
WCIIOJIb30BAaHWE WHHOBAIIMOHHBIX MAaTEpPHaJIOB, TaKuUX Kak rpadeH U Jpyrue
JIBYXMEpHBIE MaTepHualibl, KOTOpbIE 00Jaal0T MUCKIIOYUTEIHHBIMU CBOMCTBAMH.
I'paden, kak 0THOATOMHBIN CJION yriaepoia, 0Ka3ajicsi 0COOEHHO MEPCIEKTUBHBIM IS
CO3/IaHUsI HOBBIX TOKOJICHUH JJEKTPOHUKH Oyarojapsi CBOUM YHUKaJIbHBIM
AIEKTPUUECKUM, MEXAaHUYECKUM U TEIJIOBBIM XapaKTepuCcTHKaM. B mocneaHue rojsl
MCCJIEIOBATEeNM Havyajld aKTUBHO H3y4yaThb HE TOJbKO TpadeH, HO u npyrue 2D-
MaTepualibl, Takue Kak Tucyiabdua monubdaena (MoS2), nuxaabKOreHu1bl METAIOB U

Ap.

OTu Marepuaiabl MOTYT CTaTh OCHOBOW JyIsi co3maHus Oojee 3(PGEeKTHBHBIX
TPAH3UCTOPOB, CEHCOPOB M JPYTMX KOMIIOHEHTOB MHUKPOAJIEKTPOHUKH. OaHAKO s
ITUPOKOMACIITA0OHOTO TPHUMEHEHUS O3TUX MATEPHATIOB B MPOMBIIIICHHOCTH €Il
MPEACTOUT TIPEOI0JIETh HECKOIBKO HAYUHBIX U TEXHOJIOTHYECKHUX MPEMSTCTBUM.
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2. I'paden kak 0CHOBA J1JIfl 3JIEKTPOHUKH
2.1. CpoiicTBa rpagena

['paden, mnpencraBistrommii co0oOi OJHOATOMHBIM CJOW  yriaepoja, oOiagaeT
YHUKAIbHBIMU ~ (PU3UKO-XUMUYECKUMHU CBOMCTBaMU. OH OTJIMYAETCS BBICOKOU
AIIEKTPUYECKOW  MPOBOAMUMOCTBIO, MPOYHOCTHIO, THOKOCTBIO M  TEPMHUECKOMN
CTaOMJIBHOCTHIO. DTH XapaKTEPUCTUKU JIENAIOT rpadeH UaeaabHbIM KaHAUIATOM JIJIs
CO3/IaHUS TPAH3UCTOPOB, CEHCOPOB U JAPYTUX KOMIIOHEHTOB, KOTOpBIE TpPEOYyIOT
BBICOKO MTPOM3BOIUTEIFHOCTH P MUHUMAIILHBIX pa3Mepax.

2.2. [IpumeHenue rpageHa B JJICKTPOHUKE

Hcnonp3oBanue rpadeHa B 3JEKTPOHUKE MMO3BOJISIET 3HAUUTEIBHO MOBBICUTH CKOPOCTh
paboThl YCTPOICTB U YMEHBIIUTH UX pa3Mepbl. Hanpumep, B TpaH3uCcTOpax Ha OCHOBE
rpadeHa CKOpOCTh MEPEKITIOYCHHSI MOXKET OBITh TOPA3I0 BHIIIE, YEM Y TPAAUIIMOHHBIX
KPEMHHUEBBIX TPaH3UCTOPOB, UYTO OTKPBHIBAET BO3MOXKHOCTH JJIsi CO3JaHUsl OoJee
OBICTPBIX U SHEPro3PPEKTUBHBIX IPOLECCOPOB.

Kpome Toro, rpaden MokeT ObITh UCIOJIB30BaH ISl CO3AaHUsl THOKUX U MPO3PaYHBIX
AJIEKTPOHHBIX YCTPOMCTB, TaKUX KakK JUCIUIEM U CEHCOPBI, UTO JEIAeT BO3MOXKHBIM
pa3BUTHE HOBBIX TUIIOB HOCHMOW AJIEKTPOHUKH U YCTPOWCTB, MHTETPUPOBAHHBIX B

OJIEXKAY.
3. 2D-martepuaJibl: pa3Ho0Opa3ue U BO3MOKHOCTH
3.1. Iucyabdua moaudaena (MoS2)

OnuuMm u3 Haubonee uccienyeMbix 2D-marepuanoB, moMumo rpadeHa, sBIsSETCS
macynbbun  Momubaena (MoS2). Oror mMarepwan  o0najgacT  CBOMCTBAMH
MOJIYIPOBOJIHUKA, UTO JIEIAET €ro MOAXOASIINM JJIsl UCTIOIb30BaHUS B TPAH3UCTOPaX U
IPYruX KOMIIOHEHTaX, I/ie TpeOyeTcsi KOHTPOJIb MOTOKa Toka. MoS2 3HaYMTENbHO
yIIydIIaeT dJCKTPUYECKHUE XapaKTEPUCTUKUA YCTPOMCTB, YEM TpaJAUIUOHHBIC
MaTepuabl, TaKue Kak KpEeMHUH.

3.2. [Ipumenenne apyrux 2D-marepuasio

ITomumo MoS2, cymecTByeT MHOXKECTBO Apyrux 2D-marepuanoB, Takux Kak
nucenenusl Tutana (TiSe2), nUxanbKOreHUIbl METAJIOB U UX KOMOHWHAIIMU, KOTOPhIE
00JIaJJaf0T MHTEPECHBIMU WM YHHUKAJbHBIMU CBONCTBAMH, TaKMMHU KaK MAarHUTH3M,
cynepkoHT ductivity, u apyrue. ITH MaTepuaibl MOTYT OBITh HCIIOJIb30BaHBI JJIS
CO3/IaHUsI HOBBIX THUIIOB IaMSITH, CBEPXIPOBOJAHUKOB M JPYTUX JJIEMEHTOB,
HEOOXOAMMBIX TSI Oy TyIINX MTOKOJICHHUH dJIEKTPOHHBIX YCTPOMCTB.
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4. BbI30BbI U EPCNIEKTUBBI

4.1. IIpoGJieMbl IPOM3BOACTBA U MHTETrPALMHU

OnuH U3 IIIaBHBIX BBI30BOB Ha IMMyTH K KOMMEPYECKOMY MTPUMEHEHHUIO TpadeHa u APYyTrux
2D-marepuanoB — 3TO mpoOiieMa MacCOBOIO IPOU3BOACTBA 3TUX MaTEpHANIOB C
HEOOXOJAMMBIMH Ka4ECTBEHHBIMU XapaKTEPUCTHUKaMU. XOTS HCCIEI0BATEIbCKUE
7ab0paTopur JOCTUTIIM 3HAYUTENbHBIX YCIIEXOB B CHHTE3€ M MPOU3BOJICTBE MaJIbIX
KonnuecTB rpadena u 2D-MaTepuanoB, UX MacITAOMPYEeMOCTb I TPOMBIIIIICHHOTO
IPOU3BOJCTBA OCTAETCS MPOOIEMOM.

Takoke BaxxHO pa3pabOTaTh METOAbl MHTErPALIMHM 3TUX MATEPUATIOB B CYIIECTBYIOIINE
MOJIYIIPOBOJHUKOBBIE TEXHOJIOTMH. JTO TpeOyeT CO3/aHus HOBBIX MOJIXOJ0B K
mpoIrieccaM IMPOM3BOACTBA, a TakKe pa3pabOTKy COBMECTHMBIX ¢ TrpadeHom u 2D-
MaTepraiaMi KOMIIOHEHTOB U YCTPOMCTB.

4.2. IIporuo3sl Ha OyaylIee

Hecmotps Ha cymecTByomue npodieMsl, Oyayliee 3TUX MaTepUaioB BBITJISAUT OUYEHb
nepcnekTuBHbIM. [Iporosupyercs, yto B Onrkaiimue necarunetus rpageH u 2D-
Marepuaibl CMOTYT TOJIHOCTBIO U3MEHHUTh APXHUTEKTYPY 3JIEKTPOHHBIX YCTPOMCTB,
MO3BOJISIE  CO3/aBaTh Ooisiee ObICTpbIC, 3HEProd(PQPEeKTUBHBIE W MHUHHATIOPHBIC
KOMITOHEHThI. OXuJaeTcsi, YTO 3TU MaTepuaibl OyIyT MCIOIb30BAThCS HE TOJBKO B
ANEKTPOHUKE, HO W B JAPYIMX OTpacisiX, TaKUX KakK SHEpPreruka, MeIWLMHA U
CTPOUTEIBCTBO.

5. 3akaouenue

['padpen u 2D-maTepuansl IpecTaBIsIOT COO0H PEBOIIOIMOHHBIE MATEPUATIb, KOTOPBIE
MOTYT KapJMHAJIbHO U3MEHUTb COBPEMEHHYIO IEKTPOHUKY. VX yHHKaNIbHbIE CBONCTBA
MO3BOJIAIOT CO3[1aBaTh YCTPOWCTBA C YJNYUYIICHHBIMU XapaKTEPUCTUKAMM, TAKUMHU KaK
BBICOKAsi CKOPOCTh pabOThI, KOMIIAKTHOCTh U 3HEprodddextuBHOCT. HecMoTps Ha
CYLIECTBYIOIIME TPYAHOCTH B MPOU3BOJCTBE M HMHTETPALMU ITHUX MaTEpPHANIOB, UX
MEPCTIEKTUBBI B 00JIACTH MUKPOIIEKTPOHUKHU OCTAIOTCS OYEHb BHICOKUMU. B Oyayiem
MBI MOKEM OXHUJATh IIHPOKOE MpuMeHeHue rpadena m apyrux 2D-martepuanoB B
CaMbIX Pa3JIMYHbBIX 00JACTAX HAYKU U TEXHUKHU.
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Abstract

This article examines the design and development of membranes used in the electrolysis
method for potassium hydroxide (KOH) production. Potassium hydroxide is a highly
sought-after chemical with numerous industrial applications, and its production via
electrolysis offers a sustainable method compared to traditional processes. Membranes
play a critical role in ensuring the efficiency and purity of the produced KOH. This paper
discusses the types of membranes used, the materials and fabrication techniques
involved, and the challenges faced in designing effective membranes for potassium
hydroxide electrolysis. The potential for improving membrane performance and
enhancing the overall efficiency of the process is also explored.

Keywords

Potassium hydroxide, electrolysis, membrane design, ion exchange, industrial
applications, membrane materials, electrochemical process.

1. Introduction

Potassium hydroxide (KOH) is a crucial chemical widely used in industries such as soap
manufacturing, fertilizers, and water treatment. Traditional methods of producing KOH
involve the reaction of potassium salts with hydroxides, but the electrolysis of potassium
chloride (KCI) offers an environmentally friendly and more efficient alternative.
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In this process, a membrane plays a vital role in separating the anode and cathode
compartments, preventing the mixing of the chlorine and potassium ions while enabling
the production of high-purity KOH.

The design of membranes for this electrolysis process requires careful consideration of
factors such as ion selectivity, conductivity, stability, and resistance to fouling. This
article focuses on the different types of membranes used in potassium hydroxide
production through electrolysis, as well as their design, performance, and challenges.

2. Electrolysis Method for Potassium Hydroxide Production

The electrolysis of potassium chloride (KCI) is the most common method for producing
potassium hydroxide. The process involves the decomposition of KCI in an electrolyte
solution using an electric current. At the anode, chlorine gas (Clz) is released, and at the
cathode, potassium hydroxide (KOH) is produced. A key component of this process is
the membrane, which ensures the separation of the products at the anode and cathode,
preventing contamination and improving the overall efficiency of the process.

The electrolysis method can be summarized in the following steps:

1. Electrolyte preparation: A solution of KCI is prepared to facilitate the
electrolysis process.

2. Electrolysis reaction: The electric current causes the potassium chloride to
dissociate, releasing chlorine at the anode and potassium ions at the cathode.

3. Membrane function: The membrane separates the two chambers, allowing only
potassium ions to pass through to the cathode chamber, where they react with
water to form KOH.

4. Collection: The potassium hydroxide solution is collected from the cathode
chamber, while chlorine gas is collected at the anode.

3. Types of Membranes for Potassium Hydroxide Electrolysis

There are several types of membranes used in the electrolysis process for potassium
hydroxide production. The main categories of membranes include:

1. Cation-exchange membranes: These membranes are designed to allow only
positively charged ions (cations) to pass through, typically allowing potassium
ions to migrate toward the cathode. They are essential in preventing the mixing
of the chlorine and potassium ions in the electrolyte solution.

2. Anion-exchange membranes: Although less common in potassium hydroxide
production, anion-exchange membranes may be used in certain configurations to
facilitate the movement of negatively charged ions, such as chloride ions, in the
opposite direction.

3. Mixed-ion exchange membranes: These membranes are designed to allow the
passage of both cations and anions, but they are less commonly used in potassium
hydroxide electrolysis due to the risk of product contamination.
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4.

Nanocomposite membranes: These are advanced membranes that combine
traditional ion-exchange materials with nanomaterials, such as carbon nanotubes
or metal nanoparticles, to improve performance in terms of ion conductivity,
durability, and fouling resistance.

Each type of membrane is designed to optimize specific factors such as ionic
conductivity, chemical resistance, and mechanical strength, which are critical for the
electrolysis process.

4. Materials for Membrane Construction

The choice of material for the membrane is crucial for its performance and longevity.
Several materials have been studied for use in potassium hydroxide electrolysis
membranes, including:

1.

Polysulfone (PSF): Polysulfone is a common material used in cation-exchange
membranes due to its excellent chemical stability and thermal resistance. It is
capable of handling the high ionic currents required in electrolysis processes.
Polyvinylidene fluoride (PVDF): PVDF is another widely used material for
membrane construction. It offers high chemical resistance and is particularly
suitable for harsh electrolytic environments.

Perfluorinated sulfonic acid (PFSA): PFSA-based membranes, such as Nafion,
are known for their high ionic conductivity and excellent stability, making them
ideal for use in electrolysis applications.

Composite materials: Membranes made from a combination of polymeric
materials and inorganic fillers, such as silica or alumina, are being developed to
improve performance in potassium hydroxide electrolysis by enhancing their
mechanical strength and reducing fouling.

5. Challenges in Membrane Design for Potassium Hydroxide Electrolysis

The design of membranes for potassium hydroxide production via electrolysis presents
several challenges, including:

1.

lon selectivity: Membranes must selectively allow the passage of potassium ions
while blocking chlorine ions. Ensuring high selectivity is essential to avoid
contamination of the potassium hydroxide product with chlorine or other
byproducts.
Chemical resistance: The membrane must be resistant to the highly corrosive
environment created during the electrolysis process. The chlorine gas and alkaline
potassium hydroxide solution can degrade many materials over time.
Fouling and scaling: Membranes may become fouled or scaled due to the
presence of impurities in the electrolyte solution or the formation of insoluble
compounds. This can reduce membrane efficiency and increase operational costs.
Mechanical strength: Membranes need to withstand the mechanical stresses
associated with the electrolysis process, including pressure changes, temperature
fluctuations, and physical wear.
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5. Cost-effectiveness: The materials and manufacturing processes used to create
membranes for potassium hydroxide electrolysis should be economically viable
to ensure the scalability and sustainability of the process.

6. Future Developments and Innovations

Future research in membrane technology for potassium hydroxide production is focused
on improving membrane performance in terms of ion selectivity, chemical resistance,
and longevity. Advances in nanotechnology and the development of novel composite
materials hold the potential for significant improvements in membrane efficiency.

Additionally, the development of more sustainable and cost-effective manufacturing
processes for membranes will play a crucial role in reducing the overall cost of
potassium hydroxide production. Researchers are also exploring the possibility of
recycling used membranes and optimizing the electrolysis process to minimize energy
consumption and waste generation.

7. Conclusion

In conclusion, the design and development of membranes for potassium hydroxide
production via electrolysis is a critical aspect of the process that affects both efficiency
and product quality. Advances in membrane materials and manufacturing techniques are
helping to overcome the challenges faced in this field, and future innovations will likely
lead to more sustainable and cost-effective production methods. With continued
research and development, electrolysis could become an increasingly important method
for potassium hydroxide production, benefiting industries that rely on this versatile
chemical.
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AHHOTAIUA:

B cratbe paccMarpuBaeTcs Ba)XHOCTh HH(GOPMAIMOHHBIX TEXHOJOTUUA B cdepe
CIIOPTUBHOI'O MEHE/KMEHTA U OPraHU3allMi CIIOPTUBHBIX COpPEBHOBaHUU. OlLIEHEHBI
BO3MOKHOCTH LIU(POBU3AIMY MPOLIECCOB YIIPABICHUS CIIOPTUBHBIMU MEPOTIPUSTUIMH,
OT IUIAaHUPOBAHUS 10 pean3anuu. [IpuMeHeHre NHHOBAITMOHHBIX TEXHOJIOTHUM, TaKUX
KaK CHCTEMbI yMpPaBJICHUS COPEBHOBAHUSAMH, OHOMETPHYECKOE OTCIIC)KUBAHHE
YYaCTHUKOB M HCIIOJIb30BaHHE aHAJUTHYECKUX IIATOOPM, aHATU3UPYETCS C TOUYKH
3peHHsl TOBBIIEHUS 3(PGEKTUBHOCTH PpabOThl CHOPTHBHBIX opranuzaiui. Ocoboe
BHUMaHHE YJCICHO acleKTaM ONTHUMHU3AIMA OPTaHU3alMH OOJBIINX CIHOPTHBHBIX
COOBITUI C MOMOIIBIO COBPEMEHHBIX HH()OPMAIIMOHHBIX TEXHOJIOTHIA.

KiarwoueBbie ciioBa: WHGOpPMAIMOHHBIE TEXHOJIOTHUH, CIHOPTHUBHBIA MEHEIHKMEHT,
OpraHu3alysl COPEBHOBAHWM, CUCTEMBI YIMpaBIICHUS, TU(POBU3ANHNS, CIOPTUBHBIE
COOBITHS.

BBenenune

CoBpeMEHHbBIE TCHJICHIIMM B OO0JIACTH CIIOPTa HEPa3phIBHO CBS3aHBI C AKTUBHBIM
BHEJIpEHUEM WH(OPMAITMOHHBIX TEXHOJIOTHH, KOTOPBIC 3aHUMAIOT KIIFOUEBOE MECTO B
OpraHU3alMH U yIPABIICHUHA CIIOPTUBHBIMU MeponpusITUIMU. CTIOPTUBHAS UHAYCTPHUS
C KaXIbIM TOJIOM JEMOHCTPUPYET Bce 0oJiee MHTEHCHBHOE MPUMEHEHUE IUPPOBBIX
TEXHOJIOTHIA, YTO CIIOCOOCTBYET YIIYUIICHHIO KaueCTBa OOCITYKUBAaHUS YYaCTHUKOB U
3puTenei, MOBHICHUIO 3P(HEKTUBHOCTH TPEHUPOBOYHOTO MPOIIECcca U OpraHu3aluu
COpEBHOBaHMI. B yClIOBHSIX MOCTOSHHOTO pa3BUTHS IUGPOBOM DKOHOMHUKU U
oO01ecTBa, poib HHPOPMAIIMOHHBIX TEXHOJOTUN B CLIOPTUBHON cdepe CTAaHOBUTCS HE
TOJIBKO BaKHOM, HO M HEOOXOIMMOUN I ONTHUMHU3AIMH BCEX MPOIECCOB — OT
TJIAHUPOBAHMSI ¥ TIOJTOTOBKHM COPEBHOBAHUM JI0 aHATN3a UX PE3yJIbTaTOB.
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1. UadopMmanmoHHbIe TEXHOJOTHH B CIIOPTHBHOM MEHEIKMEHTe

HNupopmaninoHHbIE TEXHOJOTUU B CIIOPTUBHOM MEHEDKMEHTE HIPAIOT PEIIAOIIyI0
poJb, BAMAA HA BCE ACIEKTHl YNPABJIEHUsS CHOPTUBHOM OpPraHU3allMeH, BKIIIOYAS
IUJIAHUPOBAHUE MEPONPUATUN, OpPraHU3alUI0 TPEHUPOBOYHOI'O IIPOLECCA, PA3BUTHE
OpeHZ0OB U B3aUMOJACWUCTBHE C MAapTHEPAMU U CIOHCOPAMHU. OTH TEXHOJOTUH
oOecnieunBaroT 0OoJsiee BBICOKMI ypOBEHb aBTOMATHU3allMM, YJIyYLIEHHUE KOHTPOJS U
YIpaBIEHUs] pPEecypcaMy, dYTO B CBOIO OYEpPEIb CHOCOOCTBYET IOBBILICHUIO
3¢ (HEeKTUBHOCTH U PE3yIbTaTUBHOCTH PaOOTHI CHOPTUBHBIX OPTaHU3ALINN.

1.1. CucteMbl ynpaBJieHUs1 CIIOPTUBHBIMHM OPTraHU3AIUSMH

CerogHsi CHOPTUMBHBIE OpraHU3allMd AaKTUBHO HCHOJIB3YIOT CIEIUATU3UPOBAHHBIC
OpOrpaMMHBIE  PELIEHUs, KOTOpble  MO3BOJSIOT  3(D(PEKTUBHO  yHpaBisaTh
Pa3HOO0Opa3HBIMU acTieKTaMu UX paboTel. K nmpumepy, BHeipeHrne CUCTEM YIIpaBICHUS
CHOPTUBHBIMU KJIyOaMH MOMOTAeT aBTOMAaTU3UPOBATh IJIAHUPOBAHUE TPEHUPOBOYHOTO
npolecca, y4eT HOCenaeMOCTH, IOJrOTOBKY OTYETHOCTH, a TaKXke padoTy ¢ JaHHBIMU
CHOPTCMEHOB. Takue CUCTEMBbl MOTYT BKIIIOYATh MOIYJIH JJIs aHalu3a (PU3HYECKOU
(opMBI CIOPTCMEHOB, YTO MO3BOJSET TPEHEpaM NpHUHUMAaTh Oojiee 0OOCHOBAHHBIE
pELIeHUs] OTHOCUTEIBLHO TPEHUPOBOK U COPEBHOBATENBHON JieATeNbHOCTH. K ToMy ke,
HCIIOJIb30BAHUE TAKUX PEHICHUI CIIOCOOCTBYET YMEHBIICHHIO BEPOSTHOCTH OMIMOOK B
ydeTe JaHHBIX U NOBBILIECHUIO IPO3PAYHOCTH BCEX IPOLIECCOB.

1.2. UcnoJib30BaHue AHAJIUTHUKH TAHHBIX

B nmocnemnue TOABI aHANWTHKA J@HHBIX CTAHOBUTCS HEOTHEMJIEMOW YacThIO
CHOPTUBHOTO MeHeMkMeHTa. COBpEMEHHBIE TMPOTPAMMHBIC PEIICHUS TO3BOJISIIOT
o0pabaTbiBaTh OrPOMHBIE MAcCCHMBBI MH(OpMAlMKU O TPEHUPOBKAX, COPEBHOBAHMSIX,
COCTOSTHUH 37I0POBbsI CIIOPTCMEHOB U ApYyrux acrnekTtax. C MoMoIsio Takux miathopm
CHEIMATUCTBl MOTYT OTCJIEKMBAaThb M3MEHEHUS B (U3HUECKOH TMOATOTOBKE
CIIOPTCMEHOB, a TaKXe€ IPOrHO3UPOBATh MX YCIEXHM B COPEBHOBAHUSAX HAa OCHOBE
COOpaHHBIX JaHHbIX. B CHOPTHMBHOW aHAIUTHKE AKTUBHO HCIOIb3YIOTCS pa3jNyYHbIe
METOJIbI 00PaOOTKHU JAHHBIX, TAKUE KaK CTATUCTUYCCKHUI aHAIN3, MAIIMHHOE O0ydYeHUE
Y UCKYCCTBEHHBIN MHTEIJIEKT, YTO 3HAYUTEIHHO MOBBIIIAET TOYHOCTD MpeICcKa3aHuil 1
yJIy4dIIaeT Ka4eCTBO MOJATOTOBKH CIIOPTCMEHOB.

2. UndopManinoHHBbIE TEXHOJIOTHN B OPTAHU3ALMHA CIOPTHUBHBIX MEPONPUATHIA

Opranu3zanusi CHOPTUBHBIX COPEBHOBAHUM — 3TO MHOT'OTPAHHBIA M MHOT'033JaYHbII
MpoIiecc, KOTOPBINA TpeOyeT KOOPAUHAIIME MHOKECTBA YYaCTHUKOB, OT CHIOPTCMEHOB U
TpEHEpPOB J0 cyned u 3pureneid. MHPOpMAIIMOHHBIE TEXHOJOTHH TO3BOJISIOT
3G ()EKTUBHO yIPaBISITH BCEM OTHUM TMPOIECCOM, a TakKe YIydllaTh KadecTBO
B3aMMOJECHUCTBUA BCEX CTOpPOH Mepornpustusd. CucrtemMbl aBTOMaTU3alUM U
nupoBU3aIMs MPOLECCOB 3HAYMTEIBHO IMOBBIIIAIOT MPOAYKTUBHOCTh U CHHUXKAIOT
BEPOSITHOCTH OITHUOOK.
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2.1. CucreMbl ynpaBJjieHHs] COPeBHOBAHUAMM

OnHUM U3 KIFOYEBBIX 3JIEMEHTOB B OpraHU3aIlMU CIIOPTUBHBIX MEPONPUSITUN SIBISETCS
HCIIOJB30BaHUE CIICHUAIU3UPOBAHHBIX CUCTEM JIJIs YIIPABICHUS COPEBHOBAHUSIMU. DTH
CUCTEMBI TIO3BOJIAIOT OPTraHM3aTOpaM aBTOMATHU3UPOBATH IMPOILIECCHl PETUCTpAIUU
YYaCTHUKOB, COCTAaBJICHHUS PACIUCaHUs, pacyeTa pe3yJbTaToB M IMPEIOCTaBICHUSA
HeoOxonuMon uH@opManuu. BaxkHO OTMETHUTBH, YTO TaKW€ CHUCTEMbl OOECIIEUMBAIOT
0oJiee OBICTPBIN U TOUHBIN pacyeT pe3yabTaTOB, YTO OCOOCHHO BaXKHO MPU OPTaHU3AIUU
KPYMHBIX CIIOPTUBHBIX COOBITUH. KpoMe TOro, OHU 3HAUUTENHHO COKpAIIAlOT BpeMs,
KOTOpOE€ HEOOXOAMMO JJisi MOATOTOBKM M MPOBEICHUS MEPOIPUSATHS, U TO3BOJISIOT
OpraHu3aTopaM COCpPEIOTOYUThCA Ha 0OoJieeé BaXKHBIX AacCleKTaX, TaKuX Kak
0e30MacHOCTh YYaCTHUKOB U 3pUTENCH.

2.2. buoMeTpu4yecKue TEXHOJOTUM U OTCJIEKUBAHNE YHACTHUKOB

bromMerpuyeckre TEXHOJOTHH WIPAIOT BAXHYK POJb B OPraHU3ALMM CIIOPTHUBHBIX
copeBHOBaHMI. OHU MO3BOJIIIOT OTCIEKUBATH COCTOSIHUE 3J0pPOBBbS YYaCTHUKOB,
CJIEIUTh 32 UX (U3NYECKOM NOArOTOBIEHHOCTBIO M O0ecleunBaTh 0€30I1aCHOCTH B
IIpoLIECCe COpEBHOBaHMU. Hampumep, HCHONB30BaHME HOCHMBIX YCTPOMCTB IS
MOHUTOPUHIA CEPACYHOTO pUTMA, VYPOBHS KHUCIOpOAAa B KPOBH M JAPYIHX
(M3MOTOrMYECKHUX MOKa3aTesell MOMOraeT BpauaM U TpeHepaM BOBpPEMsl pearupoBaTh
Ha BO3MOXHBbIE MPOOJEMbl. OTH TEXHOJIOTMM HE TOJIBKO TOBBIIIAIOT YpPOBEHb
0€e30MacCHOCTH, HO M AT LIEHHYI0 HH(QOpMalui0 s JaJbHEWIIEH NOATOTOBKHU
CIOPTCMEHOB, yiy4llas ux (U3N4ecKyro GOpMy U CHUXKAsi BEPOSITHOCTh TPaBM.

3. Bausinne lll/l(l)pOBl/I3alll/IH Ha CITIOPTUBHBIC MEPONPUATHA

[udpoBuzamuss CHOPTUBHBIX MEPONPUATUNA BIUSET HE TOJBKO Ha OPraHU3alUIo
COPEBHOBAaHMI, HO M Ha B3aUMOJECHCTBHE C 3PUTEISMH, CIIOHCOPAMU U IPYTUMH
3aMHTEPECOBAHHBIMU CTOpPOHAMU. BHeapeHne MOOWJIbHBIX MPWIOKEHWH, OHJIalH-
1aTGOpM U COLUANBHBIX CETEH MPEIOCTABIISAET HOBbIE BO3MOXHOCTH IS YIIy4ILIEHUS
KauecTBa 00CITy)KMBaHUs OOJIETBIIMKOB U YBEJIIMYEHUS BOBJIIEYEHHOCTH ayJUTOPHUHU.

3.1. Tpancasiuuu u B3aumMojieiicTBre ¢ 00J1eJIbINNKAMEI

[udpoBuzaius mMo3BoJISIET OpraHU3aTOpaM COPEBHOBAHUN PACHIMPUTH ayJUTOPHIO 3a
CYET OHJIAUH-TPAHCIALUMNA U aKTUBHOTO MCIMOJIb30BaHUS COIMANIbHBIX ceTer. Ceromaus
CIIOPTHBHBIE OpraHU3aIlldd MOTYT HE TOJBKO ITOKa3bIBaTh COOBITHSI B PEATbHOM
BPEMEHU, HO U TIPEJIOCTABIISITh 3PUTEIISIM BO3MOKHOCTh B3aUMOJICHCTBOBATH C IPYTUMU
(aHataMu, y4acTBOBATh B OMPOCAX, TOJIOCOBAHUAX U KOHKYpCaX, a TAKKE CICTUTH 3a
CTaTUCTUKOM U pe3yJibTaTaMU. OJTO YIYYIIA€T OMNBIT 3pUTENIEd M 3HAYUTEIBHO
YBEJIMYHMBACT BOBJIECYCHHOCTh AayJUTOPHUM, YTO, B CBOI OYEpelb, CIIOCOOCTBYET
MOMYJISIPU3ALNU CIIOPTA.
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3.2. llognepxka CIIOHCOPOB M NIAPTHEPOB

JUis CHOPTUBHBIX OpraHu3alvii MHPOPMAIMOHHBIE TEXHOJOTMH OTKPHIBAIOT HOBBIE
TOPU30HTHI B IUIAHE B3aUMOJICHCTBUS C TapTHEpaMu H crnoHcopamu. OHIialH-
1aT(GOPMBI TO3BOJIAIOT MPEAOCTABIISATH CIIOHCOPAM JIOCTYI K aHATUTHYECKUM JTaHHBIM
0 3puTensaX, PPEKTUBHOCTH HX pPEKJIaMbl W JPYIHX AacleKTOB COTPYIHUYECTBA.
bnaronapst 3ToMy CHOPTHBHBIE MEPOIPHITHS CTAHOBATCSA Oojee MPO3pauyHbIMH, U
CTIIOHCOPBl MOTYT OINTHUMH3UPOBATh CBOM PEKJIAMHBIC KaMIIAHUHM IS JOCTHXKEHUS
MaKCUMaJbHOU 3((hEeKTUBHOCTH.

4. IlepcnekTuBBI Pa3BUTHS HHQOPMALMOHHBLIX TEXHOJOTHA B CIOPTHBHOM
HHIYCTPHUH

C pa3BUTHEM TEXHOJIOTM B MHpE CHOpPTa OTKPHIBAIOTCS HOBBIE TOPU3OHTHI JIJIS
yIIYYIlIEHHUs] OpTaHU3AlMK U YIIPABJICHUS CIIOPTUBHBIMU MEpOINpusiTUsIMU. B Oynyiiem
MOXHO OXHJaTh elle OoJblliee BHEAPEHWE WHHOBAIIMOHHBIX PEIICHHWM, TaKUX Kak
MCKYCCTBCHHBIA MHTEIUICKT, OJIOKYEHH-TEXHOJIOTMM U JOMOJHEHHasi PealbHOCTb,
KOTOpbIE OYIyT PEBONIOIMOHU3UPOBATH MOJIX0] K CIIOPTUBHOMY MEHEKMEHTY.

4.1. UcKycCTBEeHHBIN MHTE/VICKT M €r0 HCNO0JIb30BaAHHE B CIIOPTUBHOI HHAYCTPUM

OnHMM M3 KIIIOYEBBIX HAINpaBICHUH, KOTOpble OyAyT pa3BUBAThCS B CIOPTUBHOM
MHAYCTPUH, SBJISETCS UCIIOJIb30BaHUE UCKYCCTBEHHOIO MHTEIIeKTa. Cuctemsbl Ha Oaze
N moryT 3HaYUTENBHO YJIYUIIUTh IPOLECCH] aHAIN3a JAHHBIX U IPUHATHS PEIICHUN.
Hanpumep, anroputmelr U MoryT npeackaspiBaTh pe3ysibTaT MaT4a WM MPEIJIOKNATH
CTPATEruI0 WIPbI, aHAJIU3HUPYS NMPEABIAYLIME COPEBHOBAHMS W IOBENCHUE HUIPOKOB.
Taxxxe WU ™moxeT OBITh HCIOJIB30BAH JJIA CO3JAHUS MEPCOHATU3UPOBAHHBIX
TPEHUPOBOYHBIX MPOrPAMM Uil CIIOPTCMEHOB, YYMTBIBAs WX HWHIAUBHIYaJbHBIE
OCOOEHHOCTH M PE3YJIbTAThl aHAJIU3a. DTO MO3BOJIUT YCKOPUTH MPOLIECC MOATOTOBKH U
MOBBICUTH 9(PHEKTUBHOCTh TPEHUPOBOK.

4.2. B1oK4YeHH-TEeXHOJIOTMH B CIIOPTE

briokueitn Takke oOemaeT cTaTh BaXKHON 4acThIO CHOPTUBHON UHAYCTPUM, OCOOCHHO B
BOIpOCax OE30MaCHOCTH U MPO3PAYHOCTH. BIIOKUEITH MOXKET UCTIONIb30BATHCS ISl yueTa
BCEX TpaH3aKIIMil, CBA3aHHBIX C OWUJIeTaMM, MMpaBaMU Ha TPAHCISLUU WU Jaxe s
3aMKCH PE3YJIbTATOB COPEBHOBAHMM. JTa TEXHOJIOTHUSI 00ECIIeYMBAET HEM3MEHIEMOCTh
JAHHBIX U BBICOKYIO CTEIIEHb 3alUTHl OT MOLICHHUYECTBA, YTO KPAMHE BAXKHO IS
KPYIHBIX CIIOPTUBHBIX cOOBbITUN. KpoMe Toro, OJ10KUeliH MO3BOJISAET CO3/1aBaTh YMHbBIC
KOHTPAKThI, KOTOPHIE MOT'YT aBTOMAaTU3UPOBATH PA3JIMYHBIE ITPOLECCHl B CIIOPTUBHOM
OpraHU3alliy, TAKKE KaK BRITIATHI 3apa00THOM IJIaThl, OOHYCOB U MPOYNX (PHAHCOBBIX
OIepanum.
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4.3. JlonoiHeHHAsl peajJbHOCTh B CHOPTHBHBIX MEPONPUATHAX

JlononHneHHasi peanbHOCTh (AR) — 3TO emie oaHa TEXHOJOTHS, KOTOpPAsk U3MEHUT
BOCHIPUATHE CIOPTUBHBIX COOBITUH. BHenmpenne AR mO3BOIUT 3puTENnsM MOIy4aTh
JOTIOJIHUTENbHYI0 MH(pOpMallMI0O O MaTye B peajlbHOM BpPEMEHHM, a Takxke Oyner
CIOCOOCTBOBAThH YJIYUILIEHUIO B3aUMOJICHCTBUS 3pUTENEH C MPOUCXOAAIIUM Ha IOJIE.
Hanpumep, Bo Bpemst Matyeil pyTOOIBHBIX KOMAH] 3pUTEIN MOTYT BUJIETh CTATUCTUKY
UTPOKOB WJIM IPYTUE JaHHbIE HA CBOUMX CMapT(oHaX, IPOCTO HAIIPABUB UX Ha I10JIE. DTO
CO3JacCT HOBBIM YpPOBEHb BOBJICUCHHOCTH 3pUTEIEH W IPEUIOKUT UM YHUKAJIbHbBIE
BO3MOKHOCTH JIJIs1 B3aUMOJIEUCTBHS C COOBITHSIMHU.

5. O0y4yeHue u pa3BuTHE CTIENUAJINCTOB B c(hepe CIOPTUBHOIO MEHE)KMEHTA

He MeHee BaKHBIM acCHEKTOM, Y€M MCIOJIb30BAHHE MH(POPMAIMOHHBIX TEXHOJOTHIA,
ABJISIETCS] OOyY€HUE U Pa3BUTHE CIIEIUATTUCTOB B 00JIACTH CIIOPTUBHOTO MEHEIKMEHTA.
BaxxHo He TOJBKO BHEIPSATH HOBBIE TEXHOJOTHMH, HO M 00y4aTh paOOTHHKOB
CIIOPTUBHBIX OpTraHM3allMi TOJIb30BAaThCS UMH IS JOCTHDKCHHS] HAMTYyYIAX
pE3yIbTaTOB.

5.1. BHeapeHnue o0pa3oBaTe/IbHBIX NPOrPaMM IO CIIOPTUBHOMY MEHEIKMEHTY H
HH(OPMALMOHHBIM TEXHOJIOTHUAM

C pa3BUTHEM TEXHOJOTUH BO3pacCTaeT MOTPEOHOCTh B OOYYEHUH CIIOPTUBHBIX
MEHE/KEPOB U JIPYTUX CHEIHAINCTOB, KOTOPhIE CMOTYT 3(()EKTHBHO HCIOIH30BAThH
HOBBIE MHCTPYMEHTHI U TUIAT()OPMBI JJIsl yTIPABICHHS CIOPTUBHBIMUA MEPOIPUSITUSIMH.
By3bl u yueOHble 3aBeleHUS YK€ HAYMHAIOT BHEAPATH CHEIHAIM3UPOBAHHBIC
OporpaMMbl W KypChl 1O CIOOPTHBHOMY MEHEIKMEHTY C aKIEHTOM Ha
WH(POPMAIMOHHBIE TEXHOJOTMU. B Takux mporpammax oOydaroT YIpaBICHHIO
CHIOPTHUBHBIMU COOBITUSIMU C TIOMOIIBIO TIPOTPAMMHBIX PEIICHUN, a TaKkKe 3HAKOMSIT
CTYICHTOB C COBPEMEHHBIMH TEHICHIMSIMU B OOJIACTH AaHATUTHKU JaHHBIX H
OMOMeTpHH.

5.2. Kypcel noBblieHUs KBAJTH(PUKALUM /151 ACHCTBYIOIIUX CIICHUAINCTOB

Jlns mpodeccuoHanoB, padoTarolmux B cdepe CIOPTUBHOIO MEHEIKMEHTA, Ba)KHO
PETYISPHO TIOBBIMIATH CBOK KBATH(PHUKAIINIO, YTOOBI OCTaBaThCS B Kypce HOBEUIUX
TEHJEHIIMA u TexHosoruil. Kypchl MOBBIIIEHUS KBaTU(UKAIMK MOTYT OBITH
OPUEHTHUPOBAHBI HA OCBOCHHME HOBBIX TEXHOJOTHUM, TAKUX KAaK CHCTEMBI YIpaBJICHUS
COPEBHOBAHMSIMH, aHAIUTHYECKUE TUIATPOPMBI, a TakKe BHEAPEHHE METOJIOB
MCKYCCTBEHHOTO WHTEIUIEKTa B CIIOPTHUBHOE YMPaBICEHUE. DTH KYPChI TaKKE MOTYT
BKJIFOYATh MPAKTUYECKHE 3aHITHS, KOTOPHIE MOMOTAIOT CIEIHAIMCTaM TIOMyYUTh
PeaTBHBINA ONBIT PA0OTHI C TEXHOJIOTHYECKUMHU HHCTPYMEHTAMH B CIIOPTHUBHOM cpe/ie.
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5.3. Poaib TpeHepOB U CIOPTCMEHOB B 0CBOCHUN MH(OPMAINMOHHBIX TEXHOJIOTHIA

Kpome Toro, BaxxHO 00y4yaTh TPEHEPOB M CHOPTCMEHOB MOJb30BATHCS HOBBIMU
TEXHOJIOTUSMU JJIsI YIYYIICHUS KauecTBa TPEHUPOBOK U TOBBIIMICHUS CIIOPTUBHBIX
pe3ynbTaToB. TeXHOJIOrMHM, TakuMe KaK HOCHUMBIE YCTPOMCTBA JUIsi MOHHTOPHHTA
COCTOSIHUSL 3/I0POBBSI, MOTYT OBITh HCHOJB30BaHbl Mg 0o0Jiee TOYHOTO aHaIMu3a
¢u3MYecKo MOATOTOBKM W CO3JaHUS HHAUBUAYAJIbHBIX TPEHUPOBOYHBIX ILJIAHOB.
BBenenue Takux TEXHOJOTHUW MOMOTAET HE TOJBKO YIYYIIUTH (PU3UUYECKYIO (opMy
CIIOPTCMEHOB, HO U CHHU3UTh PHUCK TpaBM, IMOBBIIIAsi 0O€30MacHOCTh B Mpolecce
MOJATOTOBKHU U COPEBHOBAHMIA.

3akijroueHue

NudopmanimoHHble TEXHOJOTUM OKa3bIBAIOT TIIYOOKOE BIIMAHHE Ha Bce cdepbl
CIIOPTUBHOIO MEHE/DKMEHTAa W OpraHW3alyi0 CIOPTUBHBIX Meponpudathii. OHH
CIIOCOOCTBYIOT YIIYUIIEHUIO KadecTBa TPEHUPOBOYHOTO TPOIECCa, IOBBIIICHUIO
0€30MacHOCTH YYaCTHHUKOB, a TakKKe ONTUMM3AIMM BCEX AacleKTOB OpTraHU3alluu
COpeBHOBaHMM. BHepeHre NHHOBAIIMOHHBIX TEXHOJIOTHUN B CIOPTUBHYIO UHIYCTPUIO
CTAHOBUTCSI HE TOJIbKO HEOOXOJWMOCThIO, HO M BaXKHBIM HHCTPYMEHTOM JJIsi
JOCTHKEHHUS YyclieXxa B KOHKYpPEHTHOH cpeae. B Oymyiiem, ¢ pa3BUTHEM HOBBIX
TEXHOJIOTUM, TaKMX KaK HCKYCCTBEHHBIM HHTEIUIEKT U OOJIbIINE JIaHHBIC, MOXHO
OXXHJIaTh JaJIbHEHIee YIydIllleHHE BCEX MPOIECCOB, CBSI3AHHBIX CO CIOPTHUBHOM
WHYCTPUEMN.
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AHHOTAIUA

CoBpeMeHHbIe TTUGPOBBIC TEXHOJOTHH UTPAIOT KIFOUEBYIO POJIb B JKU3HU MOJIOJCKH,
obecrnieunBasi J0CTynn K HHopManuu, oOydeHHIO U KOMMYHHKauu. OJHako HX
BIIMSIHUE HA IICUXMYECKOE 3/I0POBbE IOJPOCTKOB M MOJIOABIX JIOJEH OCTAECTCSA
MaJIOM3y4YE€HHBIM, YTO CO3/Ia€T MOTPEOHOCTh B HAYYHBIX HCCIIEIOBAHUSIX B ITOU
obOnacTtu. B maHHOI cTaThe paccMaTpPUBAIOTCS KaK MOJOXKUTENbHBIE, TAK U HETaTUBHBIC
aCIEeKThI BO3JCUCTBUS U(PPOBBIX TEXHOJIOTUHN Ha MCUXUKY MoJioaexku. O0CyXIaroTcs
OCHOBHBIE PHUCKH, TAKHE KAaK 3aBUCUMOCTH OT COLHMAIBHBIX CETEH, TPEBOXKHOCTb,
JIenpeccHsi, a TAaK)Ke BO3MOKHBIE CITOCOObI MUHMMHU3AIIMKA HETaTUBHBIX MOCJIENCTBUM. B
KayeCTBE METOJA MCCJIEIOBAHUSA HCIOJIb30BAHbl CTATUCTHUYECKUE TAHHBIE, OMPOCHI
MOJIOAEKHU U IICUXOJIOTUUECKUE TECTHI.

KirwoueBble cjoBa: I_[H(l)pOBI)IC TCXHOJIOTHH, IICUXHUYCCKOC 3I0pPOBLC, MOJIOACIKD,
TPCBOXHOCTb, ACTIPECCHA, 3aBUCMOCTH, CONHUAJIbHBIC CCTH.

1. BBenenue

B nocnennue necatunetrusi nuppoBbie TEXHOJIOTUM MTPUOOPEIM OTPOMHOE 3HAUYCHUE B
KU3HU MOJIOAEKHU. MICTIOIb30BaHNE MHTEPHETA, COLUAIIBHBIX CETEU, BUACOUTP U IPYTUX
dbopM 1M(pOBOK AKTUBHOCTH CTAJI0 HEOTHEMIJIEMOM YacThIO IMOBCEIHEBHON >KU3HH
MOJIONBIX Jrogeii. B TO BpeMs Kak TEXHOJOTHH CIIOCOOCTBYIOT —YIIYUIICHHIO
00pa3oBaHUsI M CO3/IaI0T BO3MOXHOCTH JIJIi CAMOBBIPKEHMS, CYIIECTBYIOT TaKKe
3HAYUTEIbHBIC PUCKH JJIS TICUXUYECKOTO 3/I0pOBhs. Oco00€ BHUMAHUE CTOUT yJICIUTh
BIIMSTHUKO WHTEPHETA W COUMAIBHBIX CETEM Ha HMOLUMUOHAIBHOE COCTOSIHUE,
B3aMMOOTHOUIICHUS U Pa3BUTUE JINYHOCTH.

JlanHO€ uccienoBanne HaPaBJICHO HA OIICHKY BO3/ICUCTBHS ITU(DPOBBIX TEXHOJIOTHI Ha
MICUXUYECKOE 3/I0POBbE MOJIOJIEKHU, BBISIBICHUE BO3MOXXHBIX PHCKOB U OOCYKIEHUE
nyTe npopuIaKTUKH.
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2. ITonoxuTeIBHBIE ACTIEKTHI BO31eCTBUS HM(PPOBBIX TEXHOJIOTMIA HA MOJIOEKD

2.1. O0pa3oBaHue U JIUYHOCTHOE Pa3BUTHE

[udpoBble TEXHONOTUM OTKPHIBAIOT MOJIOACKHA HOBBIE BO3MOXHOCTH ISt
oOpa3oBanus. MIHTepHET npeocTaBiseT JOCTYI K OHJIaliH-Kypcam, 00pa3oBaTeIbHbIM
wiatopmam, BUeOMaTepraiaM U APYTUM pecypcam, KOTOpPbIe TOMOTAalOT PaCIIHPUTh
Kpyro3op u yriyOuWThb 3HaHHMA B pa3IMuHbIX oOnactax. B cBow ouepeab, 3TO
CHOCOOCTBYET JUYHOCTHOMY pOCTY, Pa3BHBAeT KpPEaTUBHOCTb W CHOCOOHOCTH K
CaMOCTOSITEIbHOMY O0YYEHHIO.

CoBpeMEHHbBIC TPWIOKCHHUSI W WTPHI, HANpPaBICHHBIC HA Pa3BUTHE HWHTEIICKTA H
JIOTUYECKOTO  MBIIIUICHUS, TaKXe TIOJOKUTEIBHO BIMSAIOT HAa KOTHUTHBHBIC
criocoOHOCTH MooiexH. [IprMeHeHne TEeXHOJIOTHI B 00pa30BaTEIbHOM IIPOIIECCE
CIIOCOOCTBYET MOBHIIICHUIO HHTEPEca K ydeOe U YIydIIeHUIO KauecTBa 00pa30BaHuUS.

2.2. CoumnajibHble CBSI3H M MOAJAEPKKA

WHTEpHET 1 COUMAIBHBIE CETH MTO3BOJISIIOT MOJIOAEKH MTOJIEP)KUBATH CBA3b C IPY3bIMHU
U CEeMbEHl, HE3aBUCUMO OT reorpaduueckux paccrosHuid. ColuanbHble MIAT(HOPMBI
TaKke 00ecleurBaroT MPOCTPAHCTBO A OOIIEHUSA C €IWHOMBIIUIEHHUKAMH, YTO
CIOCOOCTBYET Pa3BUTHIO COLIMAIBHBIX HABBIKOB, OOMEHY OIBITOM U AMOLIUSMHU.

B HekoTophIxX ciiydasix mu(ppOBbIE TEXHOJOTHUH CTAHOBSITCS KaHAJIOM JIJISl MOJTYYEHUS
ncuxonornyecko nomouy. CyniecTBYIOT OHJIAWH-KOHCYJIBTAIlMM C TMCUXOJIOTaMH,
miaThopMbl  JIJIT  CaMOPa3BUTHS W OMOLMOHAIBHOW  TOIJEPKKH, KOTOpbIE
MPEAOCTABISIOT O€30MAaCHYIO CPEAY I MOJOJEHKH, CTATKMBAIOLIEHCS C TPYAHOCTSIMH.

3. HeraTuBHBIE acneKThI BO3AecTBUA IIU(PPOBBIX TEXHOJIOTHii
3.1. 3aBHCHMOCTH OT COLMAJIBHBIX CeTeH U MHTEPHETA

OHUM U3 CaMbIX CEPhE3HBIX PUCKOB, C KOTOPHIM CTAJIKUBAETCS MOJIOACKD B ITU(DPOBYIO
3IOXY, SIBIIIETCA 3aBUCHMOCTh OT MHTEPHETAa M COUUANIbHBIX ceter. [locTtostHHOE
npeObIBaHNE B BUPTYAJIbHOM peagbHOCTH MPUBOJUT K CHUKEHUIO KauecTBa OOIICHUS B
pEAbHOM )KU3HU, HAPYILLICHUIO COLIMATbHBIX HABBIKOB U YMOLIMOHAIILHOMY BBITOPAHUIO.

MOJ'IOI[C)KB MOXCET TPATUTDb YPE3MCPHOC KOJIMYCCTBO BPEMCHHU HA IMPOKPACTHHALIMIO B
COLIMAJIBHBIX CETAX, UTO CKAa3bIBACTCA HA UX yqe6H0171 AKTUBHOCTH M JIMUHOM KU3HHU. DTO
MOXCT IIPUBECTH K YXYAHICHHIO IICUXOOMOOWOHAJIBHOIO0 COCTOAHUA, PA3BUTUIO
ACTIPCCCUU U TPCBOKHOCTH.

3.2. BiusiHue Ha CAMOOIEHKY U ICUX0J0rM4YeCKoe COCTOSTHHE

CpaBHeHue cedsi ¢ M300paKEHUIMH U U€aTU3UPOBAHHBIMU 00pa3amMu JpyTrux JroAen
B COLIMAJIBHBIX CETSIX HETaTUBHO CKA3bIBAETCSI HA CAMOOLIEHKE MOJIOJICHKHU.
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[TocTossHHBIN AKIOCHT Ha BHCIIHEM BHJAC, HACAJIBHBLIX JXHU3HCHHBIX CHUTyallUAX U
YCIICHIHBIX o6pa3ax JKU3HU MOKCT IIPUBCCTU K PA3SBUTUIO HYBCTBA HCIIOJIHOLICHHOCTH,
3aBUCTH U ACTIPCCCHUMH.

Kpome Toro, akTUBHOE HCIIOJIB30BAHUE COLUANIBHBIX CETEN TAK)KE MOBBIILIAET YPOBEHD
TPEBOKHOCTU Cpelu MoJIoAEKU. HU3kuil ypoBEeHb COLMAIBHOM TOAJNEPKKH B
BUPTYaJIbHOM Cpelleé U IIOCTOSSHHOE HaONIO/IEHWE 3a YYKHMU YyCIEeXaMU MOTYT
yCyryOJIsiTh YyBCTBO OJIMHOYECTBA U OECIIOKOMCTRA.

3.3. Hapyuienune cHa U (pu3nvecKoe 310POBbe

[locTosiHHOE WHCMOIB30BaHUE LMUQPPOBBIX TEXHOJOTHH, OCOOCHHO Tepe] CHOM,
OPUBOJUT K HApPYHICHUIO pEXHMa CHAa, YTO OKAa3bIBA€T HETaTUBHOE BIUSHUE Ha
NCUXHYECKOE U (PHU3UUECKOE 3I0pOBbE MOJIOIe)KU. CUHUM CBET OT SKPAHOB MOJABIISET
BbIPaOOTKY MeJaTOHMHA, TOPMOHA, KOTOPBIA peryaupyer uuki cHa. Hapymenue cHa
MOKET TPHUBECTH K TpobiemMaM ¢ KOHIICHTpPAIUEH, MOBBIIIEHHOW TPEBOKHOCTH U
JIEIPECCHH.

4. MeToabl MUHMMH3AaIIHH HETATUBHBIX NMOCJIEACTBHI

4.1. OcBeIOMJIEHHOCTH U MPOCBeEIIeHHUe

BaxHO MoOBBIIIaTh OCBEAOMIIEHHOCTh MOJIOJIKH O BO3MOYKHBIX PUCKAaX, CBSI3aHHBIX C
M30BITOYHBIM  HCIIOJb30BaHMEM MHUGPOBBIX TEXHOJOTHWH. Pa3BuUTHE HaBBIKOB
CaMOpETYJISILINK, OTPAaHUYECHHE BPEMEHHU, MHPOBOAMMOIO B MHTEPHETE, a TaKKe
MIPUHATHE CO3HATEIBHBIX PEIICHUH 00 MCIOIB30BaHUN TEXHOJIOTHUI MOMOTYT CHU3UTH
UX HETaTUBHOE BO3J1E€HCTBHE.

4.2. Mopaeprkka co CTOPOHBI poauTeei U 00pa30BaTeIbHbIX YUpeKIeHU

Poxurenu u nmpernogaBaTenu JOJKHBI OBITh B KYpCe TOTO, KaK TEXHOJIOTHH BIIUSIOT Ha
TICUXHUKY MOJIOJICH. BaXXHO pa3BUBATh HABBIKU 37J0POBOTO MCIIOIH30BAHUS HHTEPHETA,
a TaKXe TPOBOJUTH TPCHUPOBKY Ha YMOIIMOHAITBFHOE CAMOYITPABJIICHUE U IICUXHUIECKOE
3JI0POBBE.

Taxxe HEOOXOAMMO pa3BUBaTh MPOrPaMMbI B IIKOJAaX W By3aX, HallpaBJICHHBIC Ha
oOydeHHe MOJOJekKU 0e30MacHOMY M MHPOAYKTUBHOMY HCIOJIb30BAHHUIO IU(MPOBBIX
TEXHOJIOTUH.

5. 3akaouenue

[{udposbie TexHONMOTHH, 0E3YCIOBHO, WTPAIOT BAXKHYIO POJb B KU3HHU MOJIOJCKH,
OTKPBIBasi HOBbIE BO3MOKHOCTH JJIs 00pa3oBaHus u 00menus. O qHako uX W30bITOUHOE
MCIIOJIh30BAHUE MOXKET MPUBECTU K PA3BUTHIO PA3IMYHBIX MICUXUYECKUX PACCTPOUCTB,
TaKUX KaK TPEBOXKHOCTh, JACTPEeCcCHs U 3aBUCUMOCTH. [103TOMYy Ba’KHO OCO3HABaTh Kak
MOJIOKUTENbHBIC, TAK M HETaTHUBHBIC IMOCIEACTBHS IU(PpoOBHU3AIMU W paboTaTh Hal
CO3/IaHUEM 37I0pPOBOM IHUGPOBOI CPEbl TSI MOJIOIEHKHU.
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[Ipumenenue o00pa3oBaTeNbHBIX M NPOGUIAKTHUECKUX IMPOTPAMM MOXKET MOMOYb
MUHUMU3UPOBATH PUCKH U MOAAEPKATH ICUXUUECKOE 3I0POBHE MOJIOJIBIX JIFOJICH.
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Abstract

The development of cost-effective and efficient radar systems has gained widespread
attention due to their potential applications in surveillance, security, robotics, and
automation. Traditional radar systems, which are based on radio frequency (RF)
technology, tend to be expensive and complex to implement for short-range
applications. This paper presents a low-cost, Arduino-based radar system designed for
short-range object detection and tracking. The system utilizes an ultrasonic sensor (HC-
SR04) to measure distances, a servo motor to scan the area, and an Arduino
microcontroller to process and visualize data in real time. The proposed design offers a
simple yet effective approach for applications such as obstacle detection, proximity
sensing, and security monitoring. This study details the hardware and software
implementation, working principles, and potential use cases of the system, along with
possible improvements for future developments.

Keywords

Arduino, radar system, ultrasonic sensor, servo motor, real-time detection, object
tracking, short-range applications

1. Introduction

Radar systems play a crucial role in modern technology, enabling the detection and
tracking of objects over various distances. These systems have been widely used in
military applications, air traffic control, weather monitoring, and automotive collision-
avoidance technologies. However, conventional radar systems rely on complex RF
technology, making them expensive and unsuitable for short-range applications where
simpler and cost-effective solutions are required.
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With advancements in embedded systems and microcontroller-based designs, low-cost
radar alternatives have emerged for various applications, such as autonomous robotics,
home security, and industrial automation. This paper introduces a radar system based on
an Arduino microcontroller that uses ultrasonic technology instead of RF signals. The
system operates by emitting ultrasonic pulses, detecting reflected signals, and
visualizing the obtained distance data. By integrating an ultrasonic sensor with a rotating
servo motor, the system is capable of scanning its surroundings and providing real-time
object detection.

This study aims to explore the design, working principles, and implementation of an
Arduino-based radar system. The project demonstrates how microcontrollers can be
leveraged for real-time object detection with minimal hardware complexity and cost.

2. System Components and Architecture

2.1. Hardware Components
The proposed radar system consists of the following key components:

« Arduino Uno — The microcontroller that processes sensor data and controls the
servo motor.

« Ultrasonic Sensor (HC-SR04) — A sensor used to measure distances by emitting
ultrasonic waves and detecting their reflections.

« Servo Motor (SG90 or MG995) — Controls the rotational movement of the
sensor for scanning the surrounding area.

« LCD Display or PC Interface — Displays the detected object positions and
distance values in real time.

« Power Supply — Provides the required voltage to operate the microcontroller and
Sensors.

2.2. Working Principle

The Arduino-based radar system operates by continuously emitting ultrasonic pulses
using the HC-SR04 sensor. When these pulses hit an object, they bounce back to the
sensor, which then calculates the distance based on the time delay between transmission
and reception. The servo motor rotates the sensor within a specified angle range,
enabling the system to scan a wider area. The Arduino microcontroller processes this
data and visualizes the detected objects on a display or computer screen, simulating a
traditional radar interface.

The distance calculation follows the basic formula:

Speed of Sound x Time Delay

Jistance
Distance =

where the speed of sound in air is approximately 343 m/s.
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3. System Implementation
3.1. Circuit Design

The circuit setup for the Arduino-based radar system involves connecting the HC-SR04
ultrasonic sensor to the Arduino board. The Trigger and Echo pins of the sensor are
interfaced with digital I/O pins on the Arduino. The servo motor is connected to a PWM-
enabled pin to control its rotation. A simple LCD module or a computer with serial
communication can be used to display real-time data.

Connections:

« HC-SR04 Sensor:
o VCC — 5V (Arduino)
o GND — GND (Arduino)
o Trigger — Digital Pin 9
o Echo — Digital Pin 10
« Servo Motor:
o VCC — 5V (Arduino)
o GND — GND (Arduino)
o Control Signal — Digital Pin 6

3.2. Software Development

The radar system is programmed using the Arduino IDE. The software is responsible
for:

« Controlling the servo motor to rotate within a predefined angle range.

« Triggering the ultrasonic sensor and recording the time delay of reflected signals.
« Processing distance measurements and mapping them to angular positions.

« Sending the processed data to a computer for visualization.

A graphical user interface (GUI) can be developed using Processing IDE, MATLAB,
or Python to represent the detected objects on a radar-like display.

Arduino Code Snippet:

#include <Servo.h>

Servo myServo;
const int trigPin = 9;
const int echoPin = 10;

void setup() {
Serial.begin(9600);
pinMode(trigPin, OUTPUT);
pinMode(echoPin, INPUT);
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myServo.attach(6);
k

void loop() {
for(int angle = 0; angle <= 180; angle +=5) {
myServo.write(angle);
delay(200);

digitalWrite(trigPin, LOW);
delayMicroseconds(2);
digitalWrite(trigPin, HIGH);
delayMicroseconds(10);
digitalWrite(trigPin, LOW);

long duration = pulseln(echoPin, HIGH);
int distance = duration * 0.034 / 2;

Serial.print(angle);
Serial.print(",");
Serial.printIn(distance);
¥
¥

This script rotates the servo motor and measures distances at each step, sending data to
the serial monitor for further processing.

4. Applications
The Arduino-based radar system has various applications in different fields:

« Obstacle Detection — Used in robotics for navigation and collision avoidance.

« Security Systems — Monitors restricted areas for unauthorized movements.

« Industrial Automation — Tracks object positions in warehouse and factory
environments.

« Smart Vehicles — Can be integrated into parking assistance systems for real-time
proximity detection.

« Military Training Simulations — Used in educational environments to
demonstrate radar concepts.

5. Conclusion

This paper presented an Arduino-based radar system that utilizes an ultrasonic sensor
and servo motor for short-range object detection. The system provides a cost-effective
and efficient method for real-time distance measurement and visualization. The
simplicity and affordability of the proposed design make it suitable for a wide range of
applications, including security, robotics, and industrial automation.
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Future enhancements could involve integrating wireless data transmission, improving
graphical visualization, and incorporating machine learning algorithms for advanced
object classification. Additionally, using LIDAR or infrared sensors may enhance the
accuracy and range of detection.
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NCIIOJIb30BAHUE HHOOPMAIIMOHHBIX TEXHOJIOT'UH B
CIHOPTUBHOU AHAJIMTUKE: COBPEMEHHBIE ITIOAXOAbI U
IHHEPCIIEKTHUBbBI

SArmueBa MeHriun
[IpenomaBarens, TypKMEHCKHN TOCYIaPCTBEHHBIA YHUBEPCUTET UMEHU MaxTyMKyJIH
r. Amxaban TypkmeHucTaH

OpasreagueBa Oryabcypai

[IpenogaBatens, TypkMeHCKHI TOCYIapCTBEHHBI HHCTUTYT (PU3UUECKON KYJIbTYpPHI U
criopra

r. Amxaban TypkMeHUucCTaH

AHHOTAIIUA

C pa3BuTHEM TEXHOJOTUM MH(POPMAIMOHHBIE CUCTEMbl 3HAUYUTEJIBHO MOBIUSIIA Ha
CIIOPTUBHYIO AHAIMTUKY, Npeyaras HOBBIE METOAbl U TOAXOHAbl JJISI OLUCHKH H
ONTUMH3AIMUA CIIOPTUBHBIX JOCTHKEHHI. B JaHHOM cTaThe paccMaTpUBaKOTCS
COBPEMEHHBIC TEHJICHIIMM KCIOJIb30BaHUS HMH(GOPMAIMOHHBIX TEXHOJOTUM B
CIIOPTUBHOW aHAJIMTUKE, BKIIOYas OOpabOTKy OOJIBIINX JaHHBIX, HCIIOJIb30BAHUE
MCKYCCTBEHHOTO MHTEJUICKTa W MAIMHHOTO OOYYeHMs I aHalu3a IOBEICHUS
CIIOPTCMEHOB M MPEACKA3aHUS PE3YJIbTATOB, a TAKXKE IEPCIEKTUBBI JAIbHEUIIETO
MPUMEHEHUS TUX TEXHOJIOTHH B criopTe. Oco00e BHUMAHUE yJIETIEHO HHCTPYMEHTAM,
KOTOpbI€ TO3BOJISIIOT YIYUYLIWTh PE3YyJbTaThl TPEHUPOBOK M IOBBICUTH YPOBEHH
CIIOPTUBHBIX MEPONIPUATHH.

KiaroueBble cj10Ba: CIIOPpTHBHAA aHAJIMTHUKA, I/IH(l)OpMaLII/IOHHBIC TCXHOJIOTHH, OoJbIIIE
JaHHBIC, HCKYCCTBGHHBIﬁ HHTCIIJICKT, MAallTMHHOC 06yquHe, CIIOpPT, TPCHUPOBKH.

1. BBenenue

CoBpeMeHHBIN COPT HE OTPAaHUYMBAETCS TOJIBKO (PU3NYECKUMHU U MCUXOJIOTHUYECKUMU
acnektamu. CoBceM  HEJAaBHO  CIOPTUBHbIE  JUCUUIUIMHBI  OCHOBBIBAJIUCH
MPEUMYILECTBEHHO HAa TPAJULIMOHHBIX METOJIaX TPEHUPOBOK M OLEHKU PE3yJbTaTOB.
Opnnako ¢ pa3zBUTHEM MH(DOPMAITMOHHBIX TEXHOJIOTHI U aHATUTUYECKUX MHCTPYMEHTOB
MOSIBUJIMCH HOBBIE BO3MOXHOCTH JUJISl aHAJIM3a [TOBEJAEHUS CIIOPTCMEHOB M MOBBIILIEHUS
3 (PEeKTUBHOCTU UX TPEHUPOBOK.
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Hcnons3oBanne HHPOPMAIIMOHHBIX TEXHOJIOTHI B CIOPTUBHOW aHAIMTUKE TIO3BOJISET
cobupath 1 00padaTeIBaTh OOJIBIINE 00BEMBI TJAHHBIX, AHATM3UPOBATH UX C MIOMOIIIHIO
QITOPUTMOB U MOJICTUPOBATH BO3MOXKHBIE PE3YJIBTATHI. DTO OTKPHIBAECT MIEPCTIICKTHUBHI
7Tt 00JIee TOYHON HACTPOWKH TPEHUPOBOUYHBIX MPOIIECCOB M YIIYUIIICHUS PE3yJIbTaTOB
CTIOPTHBHBIX COCTSI3aHUH.

2. CoBpeMeHHBIE MOAXOAbI B CIOPTUBHOM aHAJIUTHKE
2.1. boabine JaHHbIE B CIIOPTHBHOM AHAJIUTHKE

OpgHuM U3 caMbIX TOMYJISPHBIX HAMPABICHUW B CIOPTHUBHOM AHAJIMTUKE SIBJISETCS
pabora c¢ Oonpmmmu naHHbiMU (big data). CrnopTuBHBIE OpraHu3aluy, KiIyObl U
TPEHEPHI HCIIONB3YIOT TEXHOJOTHUU IS cOOpa W aHaiW3a JAHHBIX O (DU3HYECKOM
COCTOSTHMH CIIOPTCMEHOB, UX MephopMaHCce B UTPaxX, a TaKKe O BHEMIHUX (aKTOpax,
TaKMX KaK IOorojla M COCTOSHHE CTaJuoHa. biaromapss 3ToMy MOXHO CO34aTh
moApoOHbBIe MPODUITN KaXKIOT0 CIIOPTCMEHA, OLICHUTH €ro (PU3UYECKYI0 TOTOBHOCTh U
BBISIBUTH CJIA0BIC MECTA B €T0 TPEHHPOBOYHOM TIPOIIECCE.

[IpuMmepsl TakMX JAHHBIX BKIIOYAIOT CKOPOCTh ABMKEHUS, TOYHOCTh YJapOB, IYJIbC,
YPOBEHb YCTAJIOCTM M MHOTHE Jpyrue MapaMmeTrpbl. JTU JaHHbIE COOMpArOTCi C
IIOMOIIBIO PA3JIMYHBIX YCTPOMCTB, TAaKMX KaKk HOCHMbIE ceHcopbl, GPS-Tpekepsl u
BHJICOAHAIIN3aTOPHI.

2.2. Ucnosib30BaHMe MAIIMHHOTO 00Y4eHU s ISl AHAJIN3a JAHHBIX

MammHHoe OO0ydyeHHEe W HCKYCCTBEHHBIM MHTEIUIEKT CTAHOBATCA Ba)XKHBIMU
MHCTPYMEHTAMHM ISl aHajlu3a AaHHBIX B criopTe. OHU MOMOTarOT BBISBIATH CKPBITHIC
3aKOHOMEPHOCTH U MPOTHO3UPOBATh Oyylliee MOBEJECHUE CIIOPTCMEHA UM KOMaH/bI.
Hampumep, anroputmpl MaimHHOTO 00y4Y€HUS MOTYT TIPEICKa3bIBaTh UCXObl MaTueh
HAa OCHOBE€ HCTOPUYECKHMX JAHHBIX, a TAKXKE aHAJIU3UPOBATH TAKTUYECKUE PEIICHUS
TPEHEPOB B PEAIbBHOM BPEMEHM.

Kpome Toro, wmammHHoe oOy4eHHME AaKTMBHO HCIOJB3YETCS JJs CO3JaHUs
MEPCOHAIM3UPOBAHHBIX TPEHUPOBOYHBIX IMPOTPaMM, KOTOPBIE aAANTHPYIOTCA O]
(ur3MUEeCcKOe COCTOSIHUE CIIOPTCMEHA. JTO MO3BOJSET 3(PPEKTUBHO KOHTPOJIUPOBATH
IIPOrpecc ¥ MUMHUMHU3UPOBATh PUCKHU TPABM.

2.3. AHa/IM3 M IPOTrHO3MPOBAHUE HA OCHOBE BH/1€0

OnHUM W3 caMbIX AaKTyaJbHBIX HANpPaBICHUN CHOPTUBHOW AHAJIUTUKU SIBISCTCS
UCIIOJIb30BaHUE BHaeoaHanu3a. COBpEeMEHHbIE CHCTEMbl BHUACOHAONIONEHUS U
aHAJIM3aTOpPbl CHOCOOHBI OTCJIEKUBATh IMOBEJACHHE WIPOKOB HA TMOJE, ONPEnessiTh
KJIFOUYEBBIE MOMEHTHI B MIPE M JI€JIATh BBIBOABI O TEXHUKE BBINOJHEHUS ICHUCTBUM.
Hcnonbs30BaHne BUIEOAHATU3ATOPOB MIOMOTAET TPEHEPAM M AHAJIUTUKAM B PEealbHOM
BPEMEHU OIEHUBATH dPHEKTUBHOCTH KOMAHHBIX JEHCTBUNA ¥ IPUHUMATH PEIICHUS JIJIs
KOPPEKTUPOBKH TAKTUKH.
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DTO 0COOEHHO MMOJIE3HO B BUJAAX CIIOpPTA, IJIe MIpa OYeHb JWHAMUYHA, TaKMX Kak
¢byTOo11, 6acker60a Wi xokked. C MOMOINBIO BUACO3AMHUCEH MOXKHO OTCIICKHUBAThH
IBIDKEHUE Ms4a, TOJIOKEHHWE WIPOKOB W B3aUMOJICHCTBHE KOMAaHABI B PEAbHOM
BPEMEHH, a 3aTeM BHOCUTh U3MEHECHUS B TPEHUPOBOYHBIN TIPOIIECC.

3. IlepcnekTuBbl Pa3sBUTHSA HHPOPMAIMOHHBIX TEXHOJOIWil B CIHOPTHBHOM
aHAJIUTHKE

3.1. UcKyCCTBEHHBbII MHTEJJIEKT B CHIOPTUBHOM aHAJIMTHKE

OnHoi U3 caMbIX MHOTOOOECIIAIOIIMX TEXHOJIIOTHIM B CIIOPTUBHOMN aHAJIUTHUKE SIBISIETCS
UCKYCCTBEHHbIM HHTEINIeKT. B Oynymem MM cMoxeT He TOJNBKO aHaIU3UpPOBATH
OOJIBIIME TaHHBIC, HO U JIeJIaTh IPOTHO3bI C BRICOKOW CTENEHbI0 TouHOCTH. Hanpumep,
MU MOXKeT OLIeHUTh, KaKOW UTPOK UMEET HanOOJIbIIIKE MIAHCHI HA yCTIEX B KOHKPETHOU
CUTYaIINH, WM KaK U3MEHEHHS] B TPEHUPOBOYHOM MPOIECCE MOBIUSIOT HAa PE3yIbTaThl
CHOPTCMEHA.

Hcnonb3oBaHre UCKYCCTBEHHOIO MHTEIUIEKTA B CIIOPTUBHOW aHAIUTHKE 3HAYUTEIBHO
VIIYUIIHUT Pe3yJIbTaThl KOMaHa, O3B0 TpeHepaMm 00Jiee TOUHO OLEHUBATH CUJIbHBIE
U ciadble CTOPOHBI UTPOKOB, BBISIBJISATH CKPBITbIE PUCKUA TpaBM U Ooiiee 3(pPeKTUBHO
OpraHU30BbIBATh TPEHUPOBOYHBIN MTPOLIECC.

3.2. Pa3zBuTHE TEXHOJIOIHil BUPTYAJbHOM PEalTbHOCTH VISl TPEHUPOBOK

Bupryanbnas peanbHocTh (VR) MOXKET cTaTh BAXKHBIM HHCTPYMEHTOM 711 TPEHUPOBKHU
crioprcMeHoB. C moMonipto VR TpeHEpsl CMOTyT MMHTHPOBATH PEATBHBIE WTPOBBIC
CUTyallud, a CIIOPTCMEHBI CMOI'YT TPEHUPOBATHCSI B YCIOBUAX, MaKCHUMaJbHO
NpUOMKEHHBIX K HACTOSIIMM COPEBHOBAHMUSAM. DTO OTKPOET HOBBIE TOPU3OHTHI B
00JacTy MOArOTOBKU CIIOPTCMEHOB, J1aBasi BO3MOKHOCTh IPAKTUKOBATHCS B YCIOBUSX,
KOTOPBIE CJIIO)KHO BOCCO3/1aTh HA MOJIE.

Kpome TOro, BHpTyanbHasi peaqbHOCTh MOXKET OBITh HCIOJIb30BaHA MJId aHaju3a
JNEUCTBUN CHOPTCMEHOB B HWIPAaxX M TPEHHPOBKU HUX PEaKUMU Ha HEOXXHUIAHHbBIE
U3MCHEHUS B UTPOBOM IIPOLIECCE.

3.3. UHTerpanusi CIOPTUBHOM AHAJUTHKH ¢ MEAMUUHCKUMU TEXHOJOTUSIMH

OnHOM M3 KIHOYEBBIX TEHACHUMM SIBISIETCS WHTErpalys CIOPTUBHOM aHAUTHKUA C
MEIUIMHCKUMHU TEXHOJOTHSIMHU, YTO TMO3BOJSET HE TOJBKO YJIYYIlaTh PE3YJbTAThI
CIIOPTUBHBIX JOCTUKEHUM, HO U CHUXKATh PUCK TpaBM. COBPEMEHHBIE YCTPOMCTBA JJIs
MOHHUTOPHUHTA COCTOSIHUSI 3J0POBbSI CIIOPTCMEHOB, TaKME€ KAaK HOCHUMBIE JATYMKU W
AOKOCHCTEMBI 37I0pPOBbSi, COOMPAIOT JaHHBIE O COCTOSHHHM CEPACUYHO-COCYIUCTOM
CHUCTEMBI, YPOBHE CTpecca U APYTUX MOKA3aTENAX, YTO HOMOTAET TPEHEPAM IPUHUMATh
000CHOBaHHBIE PEIICHUS TI0 TIOBOIY ITPOIOHKUTEILHOCTH TPEHUPOBOK U HArpy30K.
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CucremMa MOHUTOpPUHTA 3JI0POBbSI B PEATbHOM BPEMEHH MPEIOCTABISET TPEHEPAM U
BpauyaM BO3MOXHOCTh ONEPATUBHO pearupoBaTb Ha HM3MEHEHUS B COCTOSIHUU
CIIOPTCMEHA, TPeI0TBpalias NepeyTOMIICHUE U TPaBMBI.

5. NHHOBanuM B 00/1aCTH aHAJIN32 M 00PA0OTKH JAHHBIX JJIs CIIOPTA
5.1. BHeapeHue TeXHOJI0THil 0JIOKYEIH B CIIOPTUBHOM aHAJIMTHKE

OnHa W3 HOBBIX TEHJCHUMM B CHOPTUBHOM AaHAJIUTUKE — HTO MCIOJIb30BAHUE
TEXHOJOTHH OJIOKYEHH. DTO pelieHre TMO3BOJsET 00ecneynTh O€30MacHOCTh U
NPO3PAaYyHOCTh JAHHBIX, TAKUX KaK CTaTHCTHKAa HIPOKOB, PE3yJlbTaThl MaTdyedl u
(¢uHaHCOBBIE TpaH3aKIUU. brarogaps OJIOKYEHH-TEXHOJIOTHSM JaHHBIE MOTYT OBITh
3aIUIIEHBI OT MOAJEIKA U MAaHUITYJISIHNI, 4TO OCOOCHHO BaXKHO B MUpPE CIOPTA, TJe
uHpopmaius o performance-pe3ynbraTax U CIIOPHBIX CUTYallUsX UMEET KPUTUUYECKOE
3HAYECHHE.

TexHosorns 0J0KYEHH TakKe MO3BOJIAET CO3aBaTh CUCTEMBI JUIsl O€30MIACHOM 3allnucu
U XpaHEHWs CTAaTUCTUYECKUX JaHHBIX, KOTOpPbIE MOTYT HCIIOJIb30BATHCS IS
JOJICOCPOYHBIX HMCCJEIOBAHUM, MCTOPUU CIIOPTCMEHOB M KOMaHJ. DTO OTKpBIBAET
HOBBIE€ BO3MOKHOCTH /ISl aHAJIN3a U YIYUIIEHUs TPEHUPOBKU U KOMAHIHOU UTPHI.

5.2. lIpumenenue TexHoa0ruii SG B CIOPTUBHOM aHAJMTHKE

C pasButneM texHonoru 5G MOSABISIETCS HOBAs 3pa Uil CIIOPTUBHOW AHAJTUTHKH.
BrIcokast cCKOpOCTh nepeiadn JaHHbIX O3BOJIIET TPEHEPAM U aHAJIUTUKAM ITOIy4YaTh B
peabHOM BPEMEHHU TOYHYIO MH(POPMALIUIO O JEUCTBUIX copTcMeHoB. Hanpumep, Bo
BpEeMs MarTda MOKHO HCIIOJIb30BAaTh CEHCOPBI, KOTOPBIE OTCIIECKHUBAIOT CKOPOCTD,
YCKOPEHHE U MECTOIIOJIOKEHUE UTPOKOB Ha I0JIE, IepeaaBas dTU JaHHbIE Yepe3 CETh
5G B pexxnMe pearbHOr0 BpEMEHH.

Kpome Toro, BbicOKasi mpormyckHas crnocoOHOCTh 5G MO3BOJSIET OPraHU30BLIBATH
NPSIMYI0 TPAHCISIMIO C BBICOKMM KauyeCTBOM Uil 3puTeliedd, obecrmeunBas Oosiee
TOYHYIO KAapTHHY MNPOMUCXOMSIIEr0 Ha 3KPAaHE W YJydllas BU3YAJIbHOE BOCIPUSITHEC
CIIOPTUBHBIX cOObITUH. TexHonmorus 5G Takxke OTKPHIBAET BO3MOKHOCTH JIJIsl CO3/IaHUS
MYJIbTUMEIUUHBIX TUIATGOPM MJIE MHTEPAKTUBHOIO B3aUMOJICUCTBUS C (¢aHaTamu,
MO3BOJISII UM CIACAUTh 32  MPOUCXOASINIMMU  COOBITHMSIMA W TOJy4aTh
MepCOHATU3UPOBAHHYIO HH(POPMAILIHIO.

6. Binsinue vHPOPMALMOHHBIX TEXHOJIOTHII HA MOATOTOBKY TPEHEPOB M Pa3BUTHE
CIIOPTHBHOT0 00Pa30BaHUA

6.1. TpennpoBKHM TPeHEPOB ¢ MOMOIIBLIO HU(PPOBBLIX TEXHOJIOT M

TexHonorum oOy4eHus: UTPAIOT BAXKHYIO POJIb B MOJTOTOBKE U PA3BUTHHU TPEHEPOB.
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Hcnonp30BaHue  CEUUMAIM3UPOBAHHBIX  OHJIAWH-IIATGOPM,  CUMYJISTOPOB U
o0pa30BaTeNbHBIX MPOTPaMM IMO3BOJISIET TpeHepaM o0ydaTbCcs HOBBIM METOaM
TPEHUPOBOK, a Takxke Oosee 3H(PEeKTUBHO aHATU3UPOBATH PE3YIbTAThI CBOEH pabOTHI U
JOCTHKEHHSI CIOPTCMEHOB. Uepe3 Hu(poBbIE PEIICHUS TPEHEpPHl MOTYT MOIy4aTh
JOCTYI K 00y4aroluM BHIeOMaTepraliaM, UCCIEA0BAHMAM, UCCIETOBAHUSAM JAHHBIX U
AHAJIMTUYECKUM  MHCTPYMEHTaM, 4TO CIOCOOCTBYET  YJY4YIIEHUIO  MX
po(eCCUOHATIbHBIX HABBIKOB.

HpOFpaMMHOC oOecreyeHue u BHUPTYAJIBHBIC TPCHHUPOBKHN TAKKC ITO3BOJIAIOT TPCHCPAM
YUUTBCA Ha IIPUMCPE JIYUHIIHX IIPAKTHUK, AHAJIN3UPYSA CIIOPTHUBHLIC JOCTHXCHUA
MHPOBBIX JIMJACPOB B CBOUX JUCIHUILJIMHAX.

6.2. Buengpenue nH(OpPMaIMOHHBIX TEXHOJIOTUI B CIIOPTUBHBbIE 00pa30BaTe/IbHbIE
Y4YpeKIeHUs

OO0pa3oBarenbHble YUPEKACHUS, CIEIMATU3UPYIOIINECS Ha TOATOTOBKE CIIEUAINCTOB
B oOjactu (U3NYECKOM KyJIbTYphl M CIOpPTa, TaKKE€ AaKTUBHO BHEIPSIOT
MH(OpMaAIMOHHBIE TEXHOJOTMU B CBOIO padboTy. BHenpeHue 37eKTpOHHBIX KypCOB,
BUPTYaJIbHBIX KJIACCOB U CHEIMAIM3UPOBAHHBIX CIIOPTUBHBIX JJAOOPATOPUIA O3BOJISIET
CTYJCHTaM U IpenoaaBaTesisiM padoTaTh ¢ HOBBIMU METOJJaMHU O0yUYEHHUS.

I/IH(i)OpMaHHOHHLIe TCXHOJIOTHH AA0T BO3MOKHOCTB HC TOJIBKO IIOBBICUTL JOCTYITHOCTD
O6pa3OBaTCJIBHI>IX MaTCpHualIoB, HO U oOecneuuTs 0oJiee Ka4YCCTBCHHYIO JTUAIrHOCTUKY U
MOHHUTOPHUHI COCTOAHUA 300POBbA CTYACHTOB, OLICHKY HX (1)I/ISI/ILI€CKOI‘/II AKTUBHOCTH H
CI)I/I3I/I‘-IGCKOFO pasBUTHUA C UCIIOJIB30BAHUCM IICPCAOBBIX TEXHOJIOTHI.

7. 3aKkJI0ueHue

Hcnonp3oBanne MHPOPMAIIMOHHBIX TEXHOJIOTHI B CIIOPTUBHOMN aHAJTUTUKE OTKPHIBAET
HOBBIC€ TOPU3OHTHI [JIsi TOBBIMICHUS A(PHEKTUBHOCTH TPEHUPOBOK U YyIyUIIECHUS
CIIOPTUBHBIX PE3yJIbTaTOB. BHeApeHne MamuHHOr0 OOyYeHHs, HCKYCCTBEHHOTO
VMHTEJUIEKTA, a TAKXX€ HOBBIX METOJOB BHUICOAHAIN3a U BUPTYAIBHOM PEAIBHOCTHU
CO37Ia€T BO3MOJKHOCTH JIJIsi Oojiee IIyOOKOTO aHalv3a W TMpelICKa3aHus CIIOPTUBHBIX
COOBITH.

C KaxIbIM TOJOM CTaHOBHUTCS Bce Oojiee OYEBUIHBIM, UYTO HH(POPMAIMOHHBIC
TEXHOJIOTUH OYJIyT UTPaTh BAXHYIO POJIb B ONTUMU3AIUHU MPOIIECCOB TPEHUPOBKHU U
MOBBIIICHUS] TPOU3BOJUTEIHLHOCTH CIIOPTCMEHOB. B OyayieM Mbl YBUAWM €Il
oonpiee BnusHue MT Ha cropT, 4TO TO3BOJMUT JOCTUYL HEOBIBAIBIX BHICOT B
JOCTUKEHUSAX U O€30MMaCHOCTH CIIOPTCMEHOB.
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®U3UKA TEMHOMN MATEPUM: HOBBIE SKCIIEPUMEHTHI U
I'MITOTE3bI

HNBanoB Cepreii AHATOILEBUY
JOLEHT, kadeapa ¢puznku, MOCKOBCKUI TOCYJapCTBEHHbBIN YHUBEPCUTET
r. Mocksa, Poccus.

AHHOTAIUA

TemMHass wmarepuss — 3TO OJHA M3 CAMBIX TAaWHCTBEHHBIX M HE3aMEYEHHBIX
COCTAaBIIIOIMX BCeneHHoM, Ybe MPUCYTCTBUE OKA3bIBAECT 3HAYUTENBHOE BIIMSIHUE HA
I'PABUTALIMOHHOE NTOBEICHUE TAIAKTUK U KOCMUYECKUX CTPYKTYp. B mociennue ronapl
IIOSIBWJIMCH HOBBIE DKCIIEPUMEHTAIIBHBIC JJAHHBIC U TUIIOTE3bl, KOTOPBIE MOTYT IIPOJIUTh
CBET Ha MpPUPOAY TEMHOW Marepuu. B craree paccMaTpuBarOTCA IIOCIIEIHUE
JOCTHKEHHsI B 00JacTU (PU3UKM TEMHOM MaTepuu, HOBbIE 3KCIEPHUMEHTHI, a TaKKe
IIEPCIEKTHUBBl Pa3BUTUS HAy4HBIX HccieqoBaHUMi. OCHOBHOE BHHMAHME YIEISAETCS
TUIIOTE3aM O YaCTULIAX TEMHOM MaTE€pUH, UX B3AaUMOACUCTBUAX U BO3MOKHBIX METOLAX
JETEKLNH, KOTOPbIE MOTYT MIPUBECTU K PEBOIIOLIMOHHBIM OTKPBITHSIM B aCTpO(U3UKE U
KOCMOJIOTUH.

KiroueBble cj10Ba: TeMHas MaTcpusi, KOCMOJIOI'UA, aCTPO(I)I/IBI/IKa, OKCIICPUMCHTAJIbHBIC
HCCICaAOBaHUsA, THIIOTC3bl, YACTHUIIbI TEMHOM MaTcpuu, JCTCKIMA.

1. BBenenue

Temuast MmaTepusi OCTAETCsl OJJTHOM U3 CAMBIX 3araJIoYHbIX TEM B COBPEMEHHOM (PU3MKe 1
kocMmosioruu. Ee cymiecTBoBaHME ObLIO MPEASIONKEHO AJIi OObSICHEHUS aHOMAIUi B
MOBE/ICHNUH TaJIAKTHK U JBUKEHHUU 3BE€3]l, KOTOPHIE HE MOTYT OBITh OOBSICHEHBI TOJIBKO
BUIUMON Matepueil. OHaKo 10 CUX MOp TEMHasi MaTtepusi He Obljla HEMOCPEACTBEHHO
oOHapy»XeHa, U €€ MPUpPoJia OCTaeTCs HEompeaesieHHOW. B mocneaHue roasl yuyeHbie
MPEANPUHUMAIOT HOBBIE€ MONBITKU JAETEKTUPOBATh TEMHYIO MaTEPHUIO U OOBICHUTDH €€
(¢u3nUecKkue CBOMCTBA C MOMOUIBIO TEOPETHUUECKUX MOJIEIE U COBPEMEHHBIX
HKCIIEPUMEHTAJIBHBIX MTOJXO0/0B.

Ilenpro [MaHHOW CTaTbU SBJSIETCS AaHAJIM3 HOBBIX TMIIOTE3 M OKCIIEPUMEHTOB,
HAIPAaBJICHHBIX HAa UCCIIEJOBAaHHE TEMHON MaTepuu, a Takke 00CYKICHHE BO3MOXKHBIX
MyTel ee IETEeKINH U €€ PoJii B (GOPMUPOBAHUM CTPYKTYphI BeeneHHOi.
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2. TeopeTnyeckue OCHOBBI M THIIOTE3bI 0 TEMHOI MaTepUH

2.1. CranpapTHas MoAeJib TEMHOI MaTepum

OpaHOM U3 BeayIUX TUIOTE3 SBIAETCA UICS O TOM, YTO TEMHAas MaTepusi COCTOUT U3
YacTUll, KOTOpble HE B3aUMOJCHCTBYIOT C OOBIYHBIM  BEIIECTBOM  4Epe3
AJIEKTpOMarHuTHbIE cuiibl. Hanbomnee BeposTHRIMY KaHAMIaTaMHU Ha POJIb TAKUX YaCTHUI]
SBIITIOTCS  CJTaboB3anuMoJIeHcTByoImKe MaccuBHble dacTurpl (WIMPs — Weakly
Interacting Massive Particles), koTopbie SIBISIOTCSI OHON M3 LIEHTPAJIbHBIX THIIOTE3 B
TeopeTnueckord (u3mke. OTH YaCTHUI[BI MOTYT B3aWMOJICHCTBOBATh C OOBIYHOU
MaTepuen TOJIBKO Yepe3 TPAaBUTAIUIO U ClIa0ble SACPHBIC CUIIBI.

2.2. AlbTepHAaTHUBHbIEC TUNIOTE3bI

Kpome WIMPs, cymiecTBylOT M JIpyrue€ TUIOTE3bl OTHOCHUTEIBHO COCTaBA TEMHOMU
Marepur. OTHOM M3 TAaKUX SIBJISAETCS THMIOTE3a O TOM, YTO TEMHas MaTepHsi MOXKET
COCTOATb W3 AaKCHOHOB — THUIIOTETHYECKUX JIETKUX 4YaCTHUIl, KOTOpble ObLIM
MIPEJIOKEHBI JIJIsl pelieHus: mpoosieMbl HapyiieHuil coxpanenusi CP (3apsa0Bo-yachel
HapyIIEeHUs) B KBAHTOBOM XpPOMOJMHAMUKE. AKCHOHBI, COTJIACHO THUIIOTE3aM, MOTYT
TaK)X€ COCTaBJIATH TEMHYI0 MAaTEpUI0 U ObITh JIETEKTHPYEMBIMH B OIPEACIICHHBIX
AKCIIEPUMEHTAIIBHBIX YCIOBUSIX.

Eme onHOl anbTepHAaTUBOW SBISETCS TEOpUs cHUMMETpUuyHbIX uvactul (SUSY —
CYNIEpUaMEHTHBI TEOPETUYECKUN MOAXOMA), KOTOpas MPEANoJiaraeT, 4YTo TeMHas
MaTepusi COCTOUT U3 YACTUL, SBJISIIOIINUXCS CyIIEpKaHAUAATaMH, TAKUMUA KaK HEUTPUHO
WJIM HOBBIE BUJIbI (PEPMHUOHOB, €I1l€ HE OOHAPYKEHHbIE SKCIIEPUMEHTAIIBHO.

3. DKkcnepuMeHTAJbHbIE MOJAXO0/AbI K IeTeKIINH TEMHOH MaTepuu
3.1. HazemHbIe IKCIIEPUMEHTBI

HecMoTpst Ha CIOXHOCTh JETEKIIMH TEMHON MaTepuH, psiJl SIKCIIEPUMEHTOB YK€ ObLIN
IIPOBEEHHI ¢ Lenbto noMmats WIMPs unu npyrue wactuubsl temHoM Matepuu. OIUH U3
CaMbIX M3BECTHBIX TaKUX JKCIEpUMEHTOB — 3T0 mpoekT LUX-ZEPLIN, kotopsiit
HCIIOJIB3YET ETEKTOPBI HA OCHOBE KPUOTE€HHOTO >KMJIKOTO KCEHOHA JUISl PETUCTPALUN
B3aMMO/ICMICTBUM TEMHOW MaT€pUU C AaTOMAMHU KCEHOHA.

Eme ogun u3BectHbIi sxcniepumMeHT — 370 DAMA/LIBRA B UTanuu, KoTOpsIii Takxke
UCIIOJIb3YET KPUCTAIUIMYECKUE JETEKTOPHI Il HAONIO/IEHUS 3a B3aUMOICHCTBUSMU
YacTUI] TEMHOW Marepuu. B sTOoM »sKkcrepuMeHTe ObUIM TOJNYyYEHBl PEe3YIbTaThl,
YKa3bIBAIOIIME HA BO3MOXKHOE CYIECTBOBAHUE TEMHOM MATEpHH, OJHAKO JJIs
OKOHYATEILHBIX BHIBOJOB HEOOXOIUMBI TIOTOJHUTEIBHBIC UCCIIEIOBAHUS.
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3.2. Kocmuyeckue 3KCepuMeHThI

Kocmuueckne SKCIEpUMEHTHI SIBISIIOTCS Ba)KHBIM aCIIEKTOM B TIOMCKAaX TEMHOMN
matepun. OTHUM U3 TaKUX SKCIIEPUMEHTOB ABJIACTCS CITyTHHUKOBast muccus "AMS-02"
(Alpha Magnetic Spectrometer), kotopass pabdotaer Ha MKC. 3rtor mnpubop
npeHa3HayeH [l OMCKa aHTUMATEPUH M YaCTHI] TEMHOW MaTepuH B KOCMOCE.

Kpome TOro, HemaBHO y4YeHbIE TMPOBEIM OSKCIEPUMEHTHI, HAIpaBJICHHBIC Ha
HCCJIEIOBAaHNE KOCMUYECKUX JTy4ei, B KOTOPBIX MOXET MPOSIBISITHCS TEMHAS MaTEPHS.
Kocmuueckue obOcepBaTtopuu, Takue kak "Fermi Gamma-ray Space Telescope",
M3Yy4aloT TaMMa-u3IydeHue, KOTOPOe MOXKET OBITh CIICJCTBUEM aHHUTHIISIIIUN YaCTHUIL
TEMHOMW MaTEpHUH.

4. HoBble rumore3bl 4 TeopeTuYecKue pa3padoTku
4.1. Moaudukauuu rpaBuTALNH

HexoTopbie yueHble mpemiaraloT MOAW(PHUKAIMIO 3aKOHA TpPaBHUTAIlUU, YTOOBI
0OBSICHUTB MIOBEJICHNE TEMHON MaTEPHH, HE TIPUOETas K TUIIOTE3€ O €€ CYIIeCTBOBAHUH.
Teopus Moaudpukauuu HptoToHa, us3BectHas kak MOND (Modified Newtonian
Dynamics), neiTaeTcss OObSICHUTH AHOMAJINH B JBUKCHUU TaJaKTUK MYyTEM W3MEHECHUS
3aKOHOB TpaBUTAllMM Ha OOJBIIMX PACCTOSHUSX, UYTO MOTJO OBl YMEHBIIUTH
HEOOXOJIMMOCTh B TEMHON MaTEpPUH.

4.2. Teopusi MyJIbTUBEPCYMOB

OpHoit u3 Oonee paaWKaIbHBIX THUIOTE3 ABISIETCS UAES O CYIIECTBOBAaHUU
MYJIbTHBEPCYMOB — MHOECTBEHHBIX MapaJIEIbHbIX BCEJIEHHBIX, KaXaas U3 KOTOPBIX
MMEET CBOM 3aKOHBI PU3HKHU. B TAKOM KOHTEKCTE TEMHAsi MaTepHUsi MOKET OBITh CBSI3aHA
¢ (M3HUECKUMU MPOLECCaMU, TPOUCXOASIIUMH B JIPYTUX BCEJICHHBIX, U U3yYEHUE €€
CBOMCTB MOET OTKPBITH HOBbIE TOPU30HTHI B TEOPETUUECKON (PU3HKE.

5. 3akaouenue

TemHas maTepusi OCTa€TCsl OJJHOM U3 CaMbIX 3araJJOYHbIX U BaKHBIX TEM COBPEMEHHOMN
¢usuku. HecMoTpsi HA MHOTOYHCIICHHBIE TUTIOTE3bI U SKCIIEPUMEHTHI, OHA JI0 CUX TIOp
He ObUTa HEMOCPEJICTBEHHO OOHapykeHa. B To ke Bpems, NOCTHMXKEHHUs B 00JacTu
DKCIIEPUMEHTAIBLHON (U3UKK W HOBBIE TEOPETUYECKHUE pPa3padOTKH  CO3/aloT
MEePCIEKTUBBI I Oy AyIINX OTKPBITHIA. BaskHO Tpo10/1KaTh UCCIIEIOBAHNUS, YIy4dIlIaTh
AKCIIEPUMEHTAJIBHBIE METOJIBI U TEOPETUUECKUE MTOAXOAbL, UTO MO3BOJIUT IPOJIUTH CBET
Ha IPUPOAY TEMHON MaTEPHUH U €€ PoJib B (POPMUPOBAHUM CTPYKTYpbl BeenenHoil.
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TEXHOJIOI'USA XPAHEHUSA BOJIBIINX JTAHHBIX. XPAHUJINIIE
JAHHBIX. TEXHOJIOI'YS OLAP

I'apamxaeBa Cyabryn AtaeBHa

Crapmmii npenogasarenb, TypKMEHCKUI TOCY1apCTBEHHBIN YHUBEPCUTET UMEHU
MaxTtymKynu

r. Amxaban TypkMeHUCTaH

OBe3nypabieBa Upuna KypoOanreababieBHA

Crapumii npenojaBarenb, TypKMEHCKUI TOCYJapCTBEHHBI YHUBEPCUTET UMEHU
MaxTtymKynu

r. Amrxaban TypkmeHucTaH

AHHOTAIIUA

CoBpeMEeHHbIE OpraHM3aliyd  €KE€JHEBHO 00pabaThIBAIOT OrPOMHBIE  OOBEMBI
uH(popmanuu, yTo TpeOyeT 3P PEKTUBHBIX TEXHOJIOTHI XpAHEHHSI U aHAJIM3a TaHHbIX. B
JaHHOW CTaThe pPACCMATPHUBAIOTCS OCHOBHBIC KOHIICTIIMKM W MPHHIMIBI PaOOTHI
xpanwmil gaHHbix (Data Warehouse), ux apxurekrypHble OCOOEHHOCTH, METObI
OpraHM3alMM JAHHBIX U UX MPEUMYILIECTBA IO CPAaBHEHUIO C TPAJUIIMOHHBIMU Oa3aMu
naHHbIX. Takke uccienyercs poiib TexHonoruu OLAP (Online Analytical Processing)
B MpoIlecC€ MHOTOMEPHOTO aHallh3a JAHHBIX, NpuBoauTcs knaccupukamus OLAP-
CUCTEM M TpUMEpbl HX TPHUMEHEHUS B pa3IMYHbIX oOTpacisix. B craTtbe
paccMaTpuBalOTCs KIIIOUEBBIE MPOOJIEMBI, C KOTOPHIMU CTaJKMBAIOTCA OpPraHU3aluu
OpU BHEJPECHUW XPAHWIUII JAAHHBIX, a TAKXKE€ MEPCHEKTHUBHI PAa3BUTHUS TEXHOJOTHIA
XpaHEHUs U AaHAJTUTUKHU OOJBIINX JaHHBIX.

KiroueBbie cjioBAa:

bonbme nanubie, xpanuauiie naHHbix, OLAP, mHOTrOMepHBIi ananu3, ETL, 6usHec-
aHanutuka, Big Data, OLTP, o6paboTka 1aHHBIX, aHATUTHYECKUE CUCTEMBI.

1. BBeaenue

B coBpeMenHOM 11M(ppoBOM MHUpE 00BEM JAaHHBIX, CO3/IaBaeMbIX U 00padaThIBacMbIX
MPEANPUATHSIMH, PACTET B TCOMETPUUYECKONW MpPOrpeccHH. Takue HCTOYHUKH, Kak
TpaH3aKIMU B MHTCPHET-Mara3uHax, ()MHAHCOBBIC ONEparvu, JaHHbIe TaTYUKOB [0T,
COIMAJIBHBIC CETH U KOPITOPATHBHBIC CHCTEMBI, TEHEPUPYIOT TepadaiTel HHPOpPMAIINH,
KOTOpPBIE HEOOXOIUMO XpaHUTh, AHATU3UPOBATH M HCIIOIB30BATh JUIS TPUHSATHS
CTPATETUYECKUX PELICHUMN.
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Tpagunuonnsle pensauuoHHble 0a3bl JaHHBIX (OLTP) He Bcerna crnpaBisitoTcs C
00paboTKOi Takux OOBEMOB HMH(OPMAIMH, MOCKOJbKY OHHM ONTHUMH3UPOBAHBI IS
00pabOTKM TpaH3aKIWA, a HE I MIPOBEACHMS aHATUTHYECKUX omeparuii. B cBs3u ¢
3TUM ObUIM pa3paboTanbl Xpanwiauma aaHHbix (Data Warehouse), koTopbie
MO3BOJIAIOT [IEHTPAIIM30BAHHO HAKAILIMBATh MHPOPMAIUIO U3 PA3INYHBIX UCTOYHHKOB
Y UCII0JIB30BaTh €€ JUIS IOCIEAYIOIIETO aHAIN3a.

OnHOM W3 KIIOYEBBIX TEXHOJIOTHH, MPUMEHSAEMBIX JUIS PabOThl C XPaHHIUIIAMH
nanubiX, sissercs OLAP (Online Analytical Processing) — MuoromepHast 00paboTka
JaHHBIX, TIO3BOJISIOIIAS ITOJyYaTh AHAJIUTHYECKHE CBOJKH, BBIABISATH CKPBITHIC
3aKOHOMEPHOCTH U OBICTPO OTBEYATh Ha CIOXKHBIC aHATUTHIECKHE 3aIIPOCHI.

2. Xpanuauma navubix (Data Warehouse, DW)

2.1. OnpenesieHne ¥ Ha3HAYEHHE

XpaHHJII/IH_IG AaHHBIX — 3TO CIICHUAJIHM3HUPOBAHHAA CHCTCMA, IIPCAHA3HAYCHHAA JIA
OCHTPAJIU30BAHHOI'O XpPaHCHHA I/IH(l)OpMaI_[I/IH N3 pa3IMYHbIX UCTOYHHUKOB C ICJIbIO €C
IIaJIBHeI;’IHIeIZ QHAJIMTUYECKOU O6pa6OTKI/I. OHo SABIAETCS OCHOBHBIM HHCTPYMCHTOM IJIA
IIOCTPOCHUA CUCTEM OM3HEC-aHAITUTHKH (BI), IMO3BOJIAA I10JIB30BATCIIAAM I10JIYYA4Th
ACTAIIN3UPOBAHHBIC OTYCTHI U IIPOTHO3UPOBATH PA3BUTHUC ou3Heca.

2.2. OCHOBHBIC XapPaKTEePUCTUKH XPAHWINI JaHHBIX

XpaHUIUIIA TaHHBIX 00JaAat0T PSIOM OTIMYUTEIBHBIX CBOMCTB, KOTOPHIE AENAIOT UX
3¢ (PEKTUBHBIMU UHCTPYMEHTAMH 1711 00paOOTKH HH(POPMALIMH:

o MWHTerpanusi JaHHbIX — XpaHWINILE O0BEAUHIET NH(POPMALIUIO U3 PA3IUYHBIX
cucteM U GOpMaToB, PUBOJS €€ K €AMHOMY CTaHAApTy.

o Cy0beKTHO-OpMEeHTHPOBAHHOCTHL — HHpOpMaLUsg  OpPraHu3yeTrcs IO
MIPEAMETHBIM 00JIaCTSAM, HAIIPUMED, M0 IpoJaxam, pUHaAHCAM, CKIIaJaM.
o HemogBM:KHOCTHL JAHHBIX — HCTOPUYECKUE JAaHHbIE B XPAHWIULIE HE

U3MEHSIOTCS, YTO MTO3BOJISIET MPOBOJIUTH JOJITOBPEMEHHBIN aHAJIN3.
o HcTropuyHOCTH — [aHHBIE B XPaHWIHILE OTCOPTUPOBAHBI MO BPEMEHHBIM
METKaM, YTO YNPOIIAECT aHAJIU3 JUHAMUKHU ITPOLECCOB.

2.3. ApXuTEeKTypa XpaHUJIUI JAHHBIX

XpaHWIMIa AAHHBIX CTPOSITCA HA MHOTOYPOBHEBOW apXUTEKTYpPE, BKIIFOYAKOLIEH
CIEAYIOIINE OCHOBHBIE KOMIIOHEHTBL:

1. McTOYHUK JAHHBIX — 3TO BHEIIHUE CUCTEMBI, U3 KOTOPBIX U3BJICKAIOTCS TaHHBIC
(CRM, ERP, 6a3b1 1aHHbIX, BEO-PECYPCHI).

2. ETL-npouecc (Extract, Transform, Load) — mnpouecc wu3BicUCHUS,
npeoOpa3oBaHusl U 3arpy3KH JIAHHBIX B XpaHUJIHUIIIE.

3. Cioii xpaHeHHsi JAHHBIX — (DU3UYECKOE XPAHUJIMIIE, B KOTOPOM JaHHBIE
CTPYKTYPHUPOBaHBI B TAOJIUIIBI, KyObl M UHICKCHI.
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4. OLAP-aBuKOK — cricteMa 00paOOTKH JaHHBIX JJIi MHOTOMEPHOT'O aHaIu3a.
5. Bl-uncrtpymentsl —  wuHTEepdeiChl U MPUIOKEHHS,  [O3BOJSIOLINE
MOJIb30BATEJISIM CTPOUTH OTUETHI, IMArpaMMbl U MIPOBOIUThH aHAJIN3.

3. OLAP (Online Analytical Processing)
3.1. Onpenenenue OLAP

OLAP (onnaitH-aHanuTrueckas 00padoTKa JaHHbBIX ) TPEACTABISIECT COOON TEXHOIOTHIO
MHOTOMEpPHOTO aHaiM3a WHQPOPMAIMK, KOTOpas IO3BOJISICT BBIMONHITH CIIOXKHBIE
3ampockl M OBICTPO NOJy4aTh arperupoBannbie qanubie. OLAP ucnons3yercs B Ou3zHec-
aHAJINTUKE, MAapPKETHHTOBBIX HCCIEAOBAaHUAX, (HMHAHCOBOM MPOTHO3UPOBAHUH,
JIOTUCTUKE U IPYTUX 00IaCTSIX.

3.2. OcHoBHbIe TUNIBI OLAP-cucrem
CylecTBYIOT TpY OCHOBHBIX Noaxo/a Kk peanuszauuu OLAP:

« MOLAP (Multidimensional OLAP) — wucnons3yer MHOTOMEpHBIE KYyOBI
JAHHBIX, UTO 00€CTIEYMBAET BHICOKYIO CKOPOCTh 00pabOTKH 3aIlIPOCOB.

« ROLAP (Relational OLAP) — 6a3upyercst Ha PeNIAIMOHHBIX 0a3ax JaHHBIX,
MO3BOJISISL aHATIU3UPOBAThH OOJIBIINE 00BEMBI HHPOPMALIUH.

« HOLAP (Hybrid OLAP) — xomounupyer MOLAP u ROLAP, oGecnieunBast
0anmaHc MEXIy TPOU3BOIUTEIEHOCTHIO U THOKOCTBIO.

3.3. lIlpumep OLAP-3anpoca

[TpocToit SQL-3ampoc s aHaIu3a MPoIaXx M0 PETHOHAM:

4. Cpasaenune OLTP u OLAP
OLTP {Online Transaction
Xapakrepuctuka Processing) OLAP (Online Analytical Processing)
Haznaqvenne OnepaTMEHaA 05paboTka JaHHbIX AHanMTHYeCKana 06paboTka JaHHbIX
CTpykTypa PenaumorHbe Bassl JaHHBIX MeoromepHsIe XpaHNAMLLE J3HH bIX
Cropocie BricTpar paboTa € OTQeNEHEIMK ONTUMMHEMPOEaH ANA CNOMHBIN AHANNTHYECKHN
oBpaboTKn ZANHCAMM 3anNpoCoe
MoumeHas e BaHKOBCKME CUCTEMBI, E-COMMErce, BH3HEC-aHaNMTHKE, OTYETHOCTE,
CRM NPorHo3MpoEaHKe
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5. llpumenenue OLAP u XpaHWJIUII JAHHBIX

5.1. B ousHece

Ananu3 3 PEeKTUBHOCTH PEKIaMHBIX KaMIIaHUH.
Ontumu3anus J0TUCTUYECKUX IEMOYEK.
[Iporno3upoBaHue crpoca Ha MPOAYKIHIO.

5.2. B 31paBooxpaneHun

AHanu3 JaHHBIX MAalUEHTOB JUIsl pAHHEW JUArHOCTUKH.
OnTumu3aius pacrnucanus paboThl Bpayeil 1 OOIbHUII.
BrisiBneHre TeHAEHIMI B pacipOCTPaHEHUH 3a00JI€BaHUI.

5.3. B nayke

AHanN3 TaHHBIX KJIMMAaTUYECKUX U3MEHCHUU.
UccnenoBanus B 00J1aCTH UCKYCCTBEHHOT'O UHTEILICKTA.
O6paboTKa OOJIBIIUX JIAHHBIX B ACTPOHOMHMH.

6. 3akaouenue

Xpanwnuia naHHbiX 1 OLAP-crucTeMsl SBISIFOTCS KIFOYEBBIMM MHCTPYMEHTAMHM IS
paboThl ¢ OoapImMMU 0ObeMaMu UHPopManuu. OHU MO3BOJISIOT OU3HECY MPUHUMATH
000CHOBaHHBIE PELICHUS, IPOTHO3UPOBATH PHIHOYHBIE TEHICHIIMA U aBTOMaTU3UPOBATh
IPOLECChl aHaldu3a JaHHbIX. B Omkaiime roabl OXKUAAeTCs aKTUBHOE pa3BUTHE
00JJauHBIX TEXHOJIOTMM, MAalIMHHOTO OOYYEHHsS U MCKYCCTBEHHOTO HMHTEJUIEKTa, YTO
MpUBEET K enle Oosee 3P PeKTUBHBIM MeTOAaM 00PabOTKH JTaHHBIX.
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Abstract

Arduino has become a powerful tool in the educational and research environments due
to its versatility, low cost, and ease of use. This article discusses the application of
Arduino microcontroller boards in various physics experiments, exploring how they can
be utilized to measure physical quantities, control experimental setups, and automate
data collection. Through examples in mechanics, optics, thermodynamics, and
electromagnetism, we highlight the potential of Arduino-based systems to enhance the
teaching and learning of physics concepts. The article also examines the advantages and
limitations of using Arduino in physics research, providing insights into its capabilities
and the best practices for its integration into experimental setups.

Keywords:
Arduino, Physics experiments, Data collection, Scientific instrumentation,
Microcontroller, Educational tools, Sensors, Automation.

1. Introduction

In recent years, the Arduino microcontroller platform has gained widespread recognition
among educators, hobbyists, and researchers as a versatile tool for creating experimental
setups in various scientific fields.
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Arduino’s accessibility, affordability, and simplicity make it an ideal choice for
conducting physics experiments, especially in educational settings where hands-on
learning is key.

In physics, precise measurements, controlled conditions, and automation are essential
for obtaining reliable results. Arduino provides an easy way to interface with sensors,
actuators, and other hardware to collect and analyze data, automate tasks, and visualize
physical phenomena in real-time. This paper explores the integration of Arduino into
physics experiments and its role in improving both teaching and experimental accuracy.

2. Basics of Arduino Technology
2.1. What is Arduino?

Arduino is an open-source electronics platform based on easy-to-use hardware and
software. At the heart of Arduino is a microcontroller, which can be programmed to
perform various tasks like reading sensor data, controlling actuators, and communicating
with other devices. The Arduino platform supports a wide range of sensors, such as
temperature, pressure, light, and motion sensors, which can be utilized in a variety of
physics experiments.

2.2. Advantages of Using Arduino

« Cost-effective: Arduino boards are inexpensive compared to traditional
laboratory equipment.

« Flexibility: With a wide range of sensors and actuators available, Arduino can be
used in numerous experiments across various branches of physics.

. Ease of use: The platform is beginner-friendly, with a straightforward
programming environment and extensive community support.

. Real-time data collection: Arduino can collect and store data in real-time,
allowing for quick analysis and visualization.

3. Applications in Physics Experiments
3.1. Mechanics and Motion

Arduino is particularly useful in experiments related to motion, force, and acceleration.
By interfacing Arduino with accelerometers and gyroscopes, one can measure
acceleration, angular velocity, and detect the motion of objects. Examples include:

« Pendulum motion: An Arduino setup can track the oscillations of a pendulum,
allowing students to explore concepts like harmonic motion, period, and energy
conservation.

. Projectile motion: Using distance sensors and time measurements, Arduino can
help calculate the velocity, acceleration, and trajectory of projectiles.
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3.2. Thermodynamics

Temperature control and measurement are essential in thermodynamics experiments.
Arduino can be interfaced with thermocouples or temperature sensors (such as the
DS18B20 or LM35) to track the temperature in various systems. Examples include:

« Heat transfer: Arduino can monitor temperature changes in different materials,
enabling studies on conduction, convection, and radiation.

« Specific heat: By controlling heating elements and measuring temperature
changes, Arduino can be used to determine the specific heat of substances.

3.3. Optics and Light

Arduino can be combined with light sensors, photodiodes, and laser diodes for
experiments in optics. Examples include:

« Refraction and reflection: Using photodiodes and light sources, Arduino can be
used to measure angles of incidence and refraction, helping students understand
Snell's law.

. Laser diffraction: Arduino-controlled setups can be used to create diffraction
patterns by measuring the intensity of light through slits or obstacles.

3.4. Electromagnetism

Arduino can be utilized to explore electric fields, magnetic fields, and electromagnetic
waves. Common experiments include:

« Magnetic field mapping: Using a magnetometer (Hall-effect sensor), Arduino
can help measure and visualize the magnetic field lines of a magnet.

. Capacitance and resistance: Arduino can measure voltage and current in
electrical circuits, enabling experiments on Ohm's law, Kirchhoff’s law, and
capacitance.

4. Data Collection and Visualization

One of the key advantages of using Arduino in physics experiments is the ability to
collect and visualize data in real-time. Arduino can be connected to a computer or a
cloud-based system to log data, which can then be analyzed or visualized using software
tools. The integration with data visualization platforms like MATLAB, Python (with
libraries such as Matplotlib or Plotly), or even simple spreadsheet software allows for
Immediate feedback and analysis.

5. Challenges and Limitations

Despite its advantages, there are some limitations to using Arduino in physics
experiments:
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Precision and accuracy: While Arduino sensors are generally accurate for
educational purposes, they may not match the precision of specialized scientific
Instruments.

Sensor compatibility: Not all sensors are compatible with the Arduino platform,
and some may require additional components, such as amplifiers or signal
conditioners.

Learning curve for complex setups: While Arduino is easy to use for simple
experiments, more complex setups may require advanced programming skills or
additional hardware.

6. Conclusion

Arduino has proven to be an invaluable tool in physics education and research. It offers
a flexible and low-cost solution for creating experimental setups, automating data
collection, and visualizing physical phenomena. Its applications range from basic
mechanics to advanced electromagnetism, providing students and researchers with
hands-on experience in a variety of physics concepts. While there are challenges related
to precision and sensor compatibility, the continued development of Arduino-
compatible components and its large user community ensures that its use in physics
experiments will only continue to grow.
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roCyJIapCTBEHHBIN YHUBEPCUTET
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AHHOTAIUA

Bona sBisieTcsi OCHOBHBIM pPECYpPCOM IS JKM3HH, W OOCCIEUYCHHE KadyeCTBEHHOTO
BOJIOCHAOKEHUsI — OJHAa U3 BaXHEWUIIUX 3a1ad JUIsl YCTOWYMBOTO PpPa3BUTHUS
yenoBeuecTBa. OpHako mpoOsema 3arps3HEHUS BOJHBIX HCTOYHHUKOB OCTaeTCA
aKTyaJbHOM JUIsi OOJILIIMHCTBA CTpaH. B cTaThe paccMaTpuBarOTCSi COBPEMEHHbBIE
TEXHOJIOTMH OYUCTKU BOJIbI, UX IPUMEHEHHE JJI YIYUIICHUS Ka4eCTBa BOJOCHAOKEHNUS
U pelieHus Mpo0OJieMbl 3arpsi3HEHUsI BOJIHBIX pecypcoB. OnennBatorcs 3QPeKTuBHOCTD
pa3UYHBIX  METOJOB  OYMCTKH, Takue Kak (QuibTpalus, O30HUPOBAHHUE,
yiabTpaduoIeToBOE  O0JydeHHe, a  TakKe  MEpPCHEeKTUBBI  HMCIOJIb30BAHUS
WHHOBAIIMOHHBIX TEXHOJOTUM ISl BOJIOOYUCTKH B OyAyIIEM.

KuoueBble cioBa: BoJoCHAOKEHNE, OUMCTKA BOJIbI, 3arpSA3HEHUE BOJHBIX PECYpPCOB,
bunpTpanys, yiabTpaguOIETOBOE OOJyYEeHHE, O30HUPOBAHUE, WHHOBAIIMOHHbBIE
TEXHOJIOTHUHU.

1. BBegenue

KauecTBO mUTHEBOM BOJIBI — 3TO BAXKHEHWIINN ACMEKT, OMPEACISIONIUNA 3I0POBHE
HaceJjieHusa. 3abota 00 DKOJOTHYECKOM 0€30IMacHOCTH BOJIOEMOB M BOJOCHAOKCHMS
cTaja OJHOW W3 MPUOPUTETHBIX 33]1a4 JJIsl MHOKECTBA CTpaH, B ToM unciie ctpad CHI'.
OnHako yBeTUYEHHE YPOBHS 3arPsI3HEHUS BOJHBIX PECYPCOB U PACTYIIHE TOTPEOHOCTH
B BOJIC CO3/IAIOT CEPhE3HBIC BHI30BHI ISl 00CCIICUCHUS YCTOMYMBOTO BOJOCHAOKCHUSI.

Jist pemieHus 3Tux MpobiieM HEoO0XoauMo TpuMeHeHue S(DPEKTUBHBIX METO/IOB
OUMCTKH BOJBI, YTO TPEIOJNAraeT HCIOIb30BAHUE KaK TPATUIMOHHBIX, TaK U
WHHOBAIIMOHHBIX TEXHOJIOTHH. B cTaTbe paccMaTpuBarOTCSl KIIOUEBBIC MPOOJIEMBI B
00J1aCTH BOJIOCHAOKEHMS U aHATTM3UPYIOTCSI COBPEMEHHBIE TEXHOJIOTHH, IPUMEHSICMbIE
JUTSI OYUCTKH BOJIBI.
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2. IIpo6.1eMbI 3arpsi3HeHNsI BOAHBIX PECYPCOB

2.1. 3arpsa3HeHHe OPraHUYeCKUMH U HEOPTAHUYECKUMH BellleCTBAMH

OnHOM U3 OCHOBHBIX MIPOOJIEM 3arpsI3HEHUS BOJIHBIX UCTOYHHUKOB SIBIISIETCS MOTa/1aHNe
OpraHMYEeCKMX W HEOPraHWYECKHUX BEIIECTB B BOJY. 3arpsi3HEHHE OPraHHMYECKUMU
BEIIECTBAMH IPOUCXOAUT B OCHOBHOM 3a CYET CTOYHBIX BOJ OT HPOMBIIIJIEHHBIX
MPEANPUATANA, CENbCKOTO XO3SMCTBA M OBITOBBIX OTXOAOB. Takue BemiecTBa, Kak
MECTUIHIbI, He)TENPOAYKTH U CHHTETUYECKHE MOIOIINE CPEACTBA, MOTYT OKa3bIBaTh
JUIUTEJIBHOE TOKCUYECKOE BO3ACHCTBUE HA SKOCUCTEMBI BOJOEMOB.

HCOpI‘aHHIIGCKI/IG 3aIrpA3HUTCIIN, TAKUC KAK COJIN TAXKCIIbIX MCTAJIJIOB 1 HUTPATLI, TAKIKC
MPpCaACTABJIAOT CCPLC3HYIO YI'PO3Y AJIA 340POBbA YCIOBCKA. HpCBI)IHICHI/Ie npeaciabHO
AOITyCTUMBIX KOHI_ICHTpaI_[I/Iﬁ 9THUX BCIICCTB B BOJAC MOKCET INPHUBCCTH K PA3JIMYHBIM
33.60JICB8,HHHM, BKIIIO4Yasa OTPABJICHUA U OHKOJIOTHYCCKHUC 00JIC3HU.

2.2. MukpoOuoJiornyeckoe 3arpsi3HeHue

MuxkpoOuosorndeckoe 3arpsi3HeHue BOJIbI — 3TO PE3yJbTaT MONaJaHUs MaTOT€HHBIX
MUKpPOOPTaHU3MOB, TaKHX KakK OaKTepuu, BUPYChl W Mapa3uThl, B BOJIOEMBI. JTHU
MUKpPOOPTaHU3MBbl MOTYT BBI3bIBaTh Pa3jiM4Hble MH(EKINHU, BKIHOYAs TaCTPOIHTEPHUT,
XoJiepy U au3eHTeprto. OQHOM 13 IIaBHBIX MPOOJIEM SBIIETCA HEAOCTATOYHAS OYMCTKA
BOJIbI OT MUKPOOHBIX 3arpsi3HUTENIEH B HEKOTOPBIX PETMOHAX, YTO NPHUBOJIUT K PUCKY
3a00JIeBaHUI CpEU HACETICHUSL.

3. CoBpeMeHHbIE TEXHOJOTHN OYMCTKH BOJbI

3.1. Pusuko-xuMHUYECKHE METOAbI OUYUCTKH

DU3UKO-XUMUUYECKAE METOAbl OYUCTKU BOJBI BKIIKOYAKOT TAKUE TEXHOJIOTUM, KAK
bunpTpanys, xkoaryysus u diaotamus. OuabTpamys BOAbI C MOMOIIBI0 PA3TUYHBIX
MarepuasioB (TMECOK, YroJib, KEpaMUKa) MOMOTAET yAAISITh TBEPAbIC 3arpsi3HSIONINEC
BEIIECTBA, 4 TAaKX€ HEKOTOPhIE OPraHMYECKUE BEHIECTBA. ODTOT METOJ LIHUPOKO
UCIIOJIB3YETCsl B CUCTEMAX BOJIOCHAOKEHUSI KaK MPEABAPUTEIBHBINA ITAll OUYHUCTKH.

Koarynsuust u ¢drotanus oCHOBaHbI Ha JOOABIEHUH XUMUYECKUX BEIECTB, KOTOPHIE
MOMOTAIOT CBA3BIBAThH 3arps3HSIONIME BEIIeCTBa B 00jiee KPYIHBIE arperaTsl, KOTOpbIC
3aTeM JIETKO YIAJSIOTCS U3 BOJBI. DT METOJbl aKTUBHO MPHUMEHSIOTCS HAa KPYITHBIX
BOJIOOYHCTHBIX CTAHIUAX JUISl YAQJICHUS OPraHUYECKMX U HEOPraHUYECKUX
3arpsi3HUTETICH.

3.2. buoJjornyeckue MeToabl O4YMCTKH

buonornueckas 0uncTka BOABI OCYLIECTBISIETCS C UCTIOJIb30BAHUEM MUKPOOPTaHU3MOB,
KOTOPBIE MOTYT pa3pylllaTh OPraHUYECKUE 3arpsI3HUTENMN B BOAE. DTOT METOJ IIUPOKO
WCTOJIB3YETCS JJIsl OYMCTKU CTOYHBIX BOJI.
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BI/IO(I)I/IJII)TpaHI/IH, AKTUBUPOBAHHBIC HJIOBBIC CHCTCMBI M 6I/IOpeaKTOpr IIO3BOJIAIOT
SHAYUTCIbHO CHU3WTHL KOHICHTPAIWIO 3arpA3HAIONIMX BCHICCTB B CTOYHBIX BOAAX U
YIYy4lIUTb Ka4€CTBO O‘IHHICHHOﬁ BOJBI.

3.3. O3onupoBaHue U YJIbTPapuoIeTOBOE 00IyUeHHEe

O30oHUpoBaHUE U YIbTpaHUONETOBOE OOMYyYEHUE — OSTO METOJbl, KOTOpPbIE
OPUMEHSIOTCS JUISl JIe3UMH(EKIMH BOJABl U YHUUTOXKECHHS MHUKPOOMOIOTHUECKHUX
3arpsiHuTeneid. O30H, SBISSCH CUIIBHBIM OKUCHHUTENEM, 3(PGEKTUBHO YHHUYTOXKAET
OaKkTepuu, BUPYCHl U APYTM€ MHUKPOOPTaHU3MBI, a TaK)Ke pasjiaraeT OpraHUYecKue
3arpsi3HUTENU. YiabTrpaduoneroBoe obmydenue paspymaer JHK maTorenHbix
MHUKPOOPraHU3MOB, IIPENOTBpaLlas UX Pa3MHOXKEHUE.

3.4. HoBble TeXHOJIOTUM OYUCTKH

CoBpeMeHHbIE UCCIEIOBAHMS HANPABJICHbI HAa Pa3padOTKy MHHOBAIIMOHHBIX METOJIOB
OUMCTKH BOJbl, TAKUX KaK MCIOJb30BAHUE HAHOMATEPHAIOB MJs1 (UIbTPALIUH,
MEMOpaHHBIX TEXHOJOTMI M  HUCHOJb30BaHUE JJIeKTpoauaiuiza. Hampumep,
HaHO(QUIbTpaMsT U OOpaTHBI OCMOC MO3BOJSAIOT I(P(HEKTUBHO YAAIATH TSXKEIbIE
METaJlJIbl, MUKPOOHOJIOTUYECKUE 3aTPSA3HUTEIN U JPYTHUE OMACHBIE BEIIECTBA U3 BOJIBI.

4. HepcneKTan Pa3BUTHUA TEXHOJIOTuH BOAOOIYUCTKH

[lepcriekTrBBI  pa3BUTUS TEXHOJOTMHA BOJAOOYMCTKH CBSI3aHBI C  YIYYLIEHHUEM
CYLIECTBYIOIIUX METOJOB U BHEJPEHUEM HOBBIX, 0ojiee 3(PPEKTUBHBIX TEXHOJOTHUH.
BaxxHellinMy HarpaBJIeHUSMHU B JAHHON 00JIaCTH SIBISIOTCA:

o Pazpabotka u BHenpeHue 00Jee COBEPIIEHHBIX (DPUIBTPALIMOHHBIX MATEpUAJIOB,
TaKWX KaK HAaHOMAaTepHallbl © MEMOpaHBI.

o IloBblmenue 3(pPpeKTHBHOCTA O30HUPOBAHUSA U YIBTPA(YHOIETOBOTO 00TyUECHHUS
1151 00pbOBI C MUKPOOHOJIOTUYECKUM 3arpsi3HEHUEM.

o Ucmonb3oBanue anbTepHATHUBHBIX HMCTOYHUKOB SHEPTUU MJSi BOJIOOYHCTHBIX
MPOLIECCOB, YTO MO3BOJIUT CHU3UTH HKOJIOTUUECKUH CIIe/l BOJOCHA0KEHUSI.

Kpome Toro, akryanbpHOU 3amaued sBiIsieTCS pa3pabOTKa KOMIUIEKCHBIX CHCTEM
BOJIOOYHCTKH, KOTOpbhIE CMOTYT A3(QPEKTUBHO OUYMINATHL BOAY OT pPa3HBIX THUIIOB
3arps3HUTENel, BKIIOYAasT MUKPOOUOJOTUYECKHE, OPraHWYECKHUE W HEOpraHU4YeCKue
BEILIECTBA.

5. 3akaouenue

CoBpeMeHHbIE TEXHOJOTUM OYHUCTKH BOJBI UTPAIOT KIIOYEBYIO POJIb B PEHICHUHU
nmpobsieM BOAOCHAOXKEHUST U YJIy4dlIEeHHH KaudecTBa BOjabl. OpHAKO, HECMOTpS Ha
3HAYUTEIbHBIC JOCTHIKCHHSI B JTOW 00JIACTH, OCTAIOTCS aKTyaJlbHBIMHA TIPOOJIEMBI
3arpsi3HEHHsS] BOJOEMOB W HEOOXOAMMOCTh pa3paboTku Oojee dPHEeKTHBHBIX
TEXHOJIOTUH OUYHUCTKHU.

-124 -



BHenpenne HMHHOBAIIMOHHBIX METOJOB W YIYYIICHHE CYIIECTBYIOIIUX TEXHOJOTUN
MO3BOJUT 00ECIEeUNTh JOCTYN K KAaueCTBEHHOW MHUTHEBOW BOJE JJISi HACEICHUS W
pPElINTh MPOOJIeMy 3arpsi3HEHUSI BOJIHBIX PECYPCOB B Oy IyIIIEM.
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Abstract

Piezoelectric materials are capable of converting mechanical energy into electrical
energy, a property that allows for the creation of self-sustaining power sources. This
article explores the principles of piezoelectric sensors and their applications in
generating electricity. The paper provides a detailed analysis of different types of
piezoelectric materials, ranging from natural crystals like quartz to synthetic composites,
and discusses their use in fields such as environmental energy harvesting, medical
devices, and wireless sensor networks. It further examines the efficiency challenges and
proposes possible solutions for improving energy conversion rates. The future of
piezoelectric systems in various technological applications is also considered, including
their potential role in sustainable energy systems.

Keywords
Piezoelectric materials, electricity generation, mechanical energy, sustainable

technologies, sensors, environmental energy, renewable energy sources, energy
harvesting.
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1. Introduction

Piezoelectric materials are unique in their ability to convert mechanical energy into
electrical energy. This phenomenon, known as the piezoelectric effect, is driven by the
deformation of certain materials under mechanical stress, which generates an electrical
charge. This property of piezoelectric materials has paved the way for their use in a
variety of applications, including energy harvesting, medical devices, and even wireless
sensor networks. The potential of piezoelectric systems to generate clean, renewable
energy from mechanical sources such as vibrations, human motion, or vehicle
movement is gaining increasing attention as a way to reduce dependency on
conventional power sources.

In recent years, the demand for sustainable energy solutions has grown, and piezoelectric
sensors have emerged as an effective tool in harnessing mechanical energy from
otherwise untapped sources. These sensors can generate electricity from minor
vibrations and mechanical stresses, providing a new avenue for low-power applications.
The efficiency of these systems, however, remains a challenge, as piezoelectric materials
typically generate only small amounts of power. Nevertheless, their ability to provide a
constant and reliable energy source in remote areas, as well as in situations where battery
replacement or maintenance is impractical, makes them an attractive option for
numerous applications.

2. Principles of Piezoelectric Sensors

Piezoelectric sensors operate on the principle that mechanical deformation of certain
crystalline or ceramic materials induces an electric charge. The key to this phenomenon
lies in the crystal structure of the material. Piezoelectric materials are typically
asymmetrical, which means they lack a center of symmetry in their atomic arrangement.
When stress is applied to these materials, their atomic structure deforms, creating an
imbalance in the distribution of charges. This imbalance generates an electrical field,
which can be captured and used as a power source.

The most commonly used piezoelectric materials are crystals like quartz and synthetic
polymers such as polyvinylidene fluoride (PVDF). Quartz, a naturally occurring
mineral, is often used in devices that require stable and high-efficiency piezoelectric
properties. On the other hand, PVDF and similar polymers are used for flexible and
lightweight applications. These materials are widely used in applications that demand
compact, durable, and energy-efficient devices. Over the years, advancements in
materials science have led to the development of composite piezoelectric materials that
combine piezoelectric ceramics with other substances to enhance energy conversion
efficiency.

The key factors that influence the performance of piezoelectric sensors include the type
of material, the intensity of the applied mechanical stress, and the sensor’s design.
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High-energy mechanical forces result in larger voltage outputs, but for applications
requiring continuous, low-level energy harvesting, the design of the piezoelectric system
becomes critical. These systems must be engineered to optimize the energy harvesting
process without compromising the durability of the sensor.

3. Applications of Piezoelectric Sensors for Electricity Generation

3.1. Energy Solutions for Sustainability

One of the most significant applications of piezoelectric sensors is in the area of energy
harvesting, where they are used to capture and store energy from mechanical sources.
These systems are particularly well-suited for environments where conventional power
sources such as batteries or electrical grids are unavailable or impractical. For example,
piezoelectric sensors can be embedded in roadways or railways to harvest energy from
the vibrations caused by passing vehicles or trains. This energy can be used to power
sensors, streetlights, or communication devices, thereby reducing the demand on
traditional power sources and contributing to more sustainable urban infrastructure.

In addition to transportation, piezoelectric sensors can be utilized in other mechanical
environments such as industrial machinery, where the energy from vibrations can be
harvested and used to power monitoring devices or control systems. These applications
contribute to energy savings and reduce the need for external power supplies, making
industrial operations more efficient and environmentally friendly.

3.2. Wireless Sensor Networks

Piezoelectric sensors are widely used in wireless sensor networks (WSNs), which are
used for monitoring various systems, such as environmental conditions, infrastructure
health, and even human physiological states. These networks rely on small, low-power
devices that can operate autonomously without the need for external power sources.
Piezoelectric sensors are ideal for powering such systems, as they can harvest energy
from vibrations or motion in the environment.

For example, piezoelectric sensors can be deployed on bridges, pipelines, or other
critical infrastructure to monitor structural health. These sensors can detect changes in
vibration patterns that may indicate damage or wear, allowing for early detection of
issues and reducing the need for costly inspections. Additionally, piezoelectric sensors
can be used to monitor environmental conditions in remote locations, such as forest fires
or hazardous waste sites, where traditional power supplies are unavailable.

3.3. Medical Devices

In the medical field, piezoelectric materials are used in various devices, including
pacemakers and sensors that monitor vital signs. These devices require a constant source
of power to function, and piezoelectric systems offer an efficient and reliable solution.
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For example, the movement of the human body, such as from walking or even breathing,
can generate small amounts of mechanical energy that can be harvested by piezoelectric
sensors and used to power medical devices. This can eliminate the need for batteries,
reducing the risk of device failure and improving the overall reliability of medical
equipment.

Piezoelectric sensors are also used in wearable health devices, such as fitness trackers
or heart rate monitors. These devices can harvest energy from the wearer's motion and
use it to power the device, making them more efficient and convenient for long-term
use.

4. Challenges and Issues in Piezoelectric Systems

4.1. Limited Power Density

Although piezoelectric sensors have significant potential for energy harvesting, their
power output is typically low. This is due to the fact that piezoelectric materials are not
highly efficient at converting mechanical energy into electrical energy. While this is not
an issue for small-scale, low-power applications, it presents a challenge for more energy-
intensive systems. To address this, researchers are focused on improving the energy
conversion efficiency of piezoelectric materials and developing new materials that can
generate higher power densities.

4.2. Durability and Reliability

Another challenge is the durability of piezoelectric sensors. Because these materials are
subjected to mechanical stress, they must be able to withstand long-term usage without
degrading. Over time, piezoelectric materials can suffer from fatigue or wear, which
reduces their efficiency and lifespan. Developing more durable materials and improving
the design of piezoelectric systems to ensure their longevity are crucial for the
widespread adoption of these technologies.

5. Conclusion

Piezoelectric sensors are an exciting technology for harnessing mechanical energy and
generating electricity from otherwise wasted sources. These sensors offer a sustainable
and efficient way to power low-energy applications in a variety of fields, from industrial
machinery to medical devices. While challenges such as low power density and
durability remain, ongoing research and advancements in material science are expected
to overcome these limitations, making piezoelectric energy harvesting a viable option
for a wide range of applications in the future.
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Abstract

Piezoelectric sensors are essential for converting mechanical energy into electrical
energy, allowing for the generation of electricity from a variety of sources. This article
discusses the theoretical aspects behind piezoelectric systems, the different types of
materials used in piezoelectric sensors, and their practical applications in energy
generation. It also covers the challenges faced in improving the efficiency and scalability
of piezoelectric systems. The paper includes examples of real-world applications in the
field of autonomous devices, energy harvesting, and environmental monitoring. Finally,
the article explores future research directions and potential advancements in
piezoelectric technologies.
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1. Introduction

Piezoelectric sensors convert mechanical energy into electrical energy, and they have
become indispensable in various fields that require low-power, autonomous energy
systems. The application of piezoelectric technology is widespread, including in energy
harvesting, wireless sensor networks, and medical devices. These systems are especially
important in scenarios where it is difficult or impractical to rely on traditional power
sources, such as batteries or electrical grids.

In particular, piezoelectric energy harvesting is gaining traction as a way to provide
clean and renewable energy from mechanical sources. While piezoelectric materials can
generate electricity from sources such as vibrations, pressure, and motion, their power
output is often low. Nonetheless, the ability to harness mechanical energy from everyday
activities, such as walking or driving, presents an exciting opportunity for reducing
dependence on traditional energy sources and minimizing environmental impact.

2. Theoretical Foundations of Piezoelectric Sensors

Piezoelectric sensors operate based on the piezoelectric effect, which is the generation
of electrical charge in response to mechanical stress. This effect occurs in certain
materials with a non-centrosymmetric crystal structure. When mechanical stress is
applied, the ions within the crystal lattice shift, causing a redistribution of charges and
resulting in an electrical potential. The magnitude of this charge depends on the amount
of stress applied to the material, as well as the intrinsic properties of the material itself.

The efficiency of piezoelectric sensors is influenced by several factors, including the
type of material used, the geometry of the sensor, and the frequency and amplitude of
the applied mechanical stress. Materials such as quartz and PVDF are commonly used
due to their relatively high piezoelectric coefficients and durability. In addition, recent
advancements in nanotechnology have led to the development of nanostructured
piezoelectric materials, which offer enhanced energy conversion efficiencies.

3. Applications of Piezoelectric Sensors for Electricity Generation
3.1. Energy Solutions for Sustainability

Piezoelectric energy harvesting provides an innovative way to capture and utilize
mechanical energy that would otherwise be wasted. One notable application is the use
of piezoelectric sensors in transportation systems, where the vibrations generated by
vehicles passing over roadways or railways can be harvested and converted into
electricity. This energy can be used to power streetlights, traffic signals, or
communication systems, reducing the reliance on traditional power sources and
contributing to more sustainable urban infrastructure.

Another application is in the development of self-powered devices for environmental
monitoring.
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Piezoelectric sensors can be installed in remote locations, such as forests or remote
industrial sites, to power wireless sensor networks that monitor environmental
conditions, such as temperature, humidity, or air quality. These devices can operate
autonomously, without the need for external power sources, making them ideal for long-
term deployment in areas where power infrastructure is unavailable.

4. Issues and Limitations in Piezoelectric Generation

4.1. Limited Power Density

One of the main limitations of piezoelectric systems is their relatively low power
density. While piezoelectric materials are effective at harvesting mechanical energy,
they generally produce small amounts of power. This makes them well-suited for
applications that require low energy inputs, such as wireless sensors or medical devices,
but less suitable for larger-scale energy generation. However, ongoing research is
focused on improving the energy conversion efficiency

of piezoelectric materials, such as by using composite materials or incorporating
nanotechnology.

4.2. Durability and Lifespan

Piezoelectric sensors are subjected to continuous mechanical stress, which can lead to
material degradation over time. This can reduce the efficiency and lifespan of the
sensors, especially in applications that require long-term energy harvesting. To address
this issue, researchers are exploring new materials and designs that offer greater
durability and resilience to mechanical fatigue.

5. Conclusion

Piezoelectric sensors offer a promising solution for generating electricity from
mechanical sources, providing a clean and renewable energy source for a variety of
applications. While challenges such as low power density and durability remain,
advancements in materials science and nanotechnology are likely to improve the
efficiency and scalability of piezoelectric systems. As research continues to progress,
piezoelectric energy harvesting may become an increasingly important component of
sustainable energy solutions.
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BJUAHUE MUKPOIIJIACTUKA HA S9KOCHUCTEMBbBI BOJOEMOB:
HOBBI B3I'JIs1] HA IPOBJEMY

ITerpoBa Upuna BasepbeBHa

CTapIIvi TpenoaBareins, kadeapa sxonoruu, Kazanackuit (ITpuBomKkckmif)
benepanbHBI YHUBEPCUTET

r. Kazans, Poccus.

AHHOTAIUA

B nmocneguue necsatunetus mpoOieMa  3arps3HEHUs  OKpY)Kamomed  cpeibl
MHUKpPOIUIACTUKOM CTajla OAHOM W3 Hauboyiee OCTPhIX IJIsi dKOCHUCTEM BOAOEMOB. B
CTaTb€ pPaccMaTPUBAIOTCA OCHOBHbBIE MCTOYHMKU MHUKpPOILJIACTHKA, €0 BIMSHUE Ha
BOJIHBIE SKOCUCTEMBI U OpPTaHu3Mbl, oOuTarone B HuX. Ocoboe BHUMaHuE yAeIseTcs
HOBEHMIIMM METOJaM MCCIEAOBAHWA W MOHMUTOPUHIA 3arps3HEHUs BOJOEMOB
MUKPOIIACTUKOM. AHAJIM3UPYIOTCS BOZMOXKHBIE MTOCIIEACTBUS I MUILEBBIX LETIOYEK
U 370poBbs uejoBeka. [IpuBonmarcs pe3yabTaTbl HAy4YHBIX  HCCIEAOBAHUM,
MOJITBEP K IAIOIIUE HATHYNE MUKPOIUTACTHKA B PA3JIMYHBIX BOJIOEMaX U €r0 HEraTUBHOE
Bo3zelicTBrue Ha (aopy u (ayny. llpennoxkeHsl MmyTH pelIeHHs] TPOOIEMBbI yepes
BHeJpeHne 3(()EKTHUBHBIX TEXHOJOTHHA OYHMCTKH BOJ U pa3pabOTKy HOPMATHBHBIX
aKTOB.

Kiar4deBble cioBa: MUKPOIINIACTHUK, J9KOCHCTCMBI BOJOCMOB, 3arpsA3HCHHUC BOIbI,
9KOJIOrIus, yCTOfI‘IPIBOC Pa3BUTHC, 3arpA3HCHUC IIJIACTHUKOM.

1. BBeaenue

3arpsi3HEHHE BOJIOEMOB MUKPOIUIACTHKOM SIBJISIETCS OJHOW M3 Hambojee Cepbe3HBIX
HKOJIOTUYECKUX TIPOOJIEM COBPEMEHHOCTH. MUKPOIUIACTUK — OTO TUIACTUKOBBIC
YacTUIIBl pPa3MepoM JI0 5 MM, KOTOpble MOTYT OBITh OOpa3oBaHbl B pe3yJbTaTe
pa3pylieHusl KPYIHBIX TJIACTUKOBBIX OOBEKTOB WJIM TMOCTyHaTh B BOJOEMBbI B BHUJE
3arpsI3HAIONIMX YaCTUI[ C PA3JIMYHBIX MCTOYHHMKOB, TAKUX KaK CTHUPAIbHBIE MAIIWHBbI,
KOCMETHYECKHE CPEJICTBA M TPOMBIIIIIEHHOE MPOU3BOACTBO. [I0CKOIBKY MUKPOILIIACTUK
HE pa3J1araercsi B €CTECTBEHHBIX YCJIOBHUAX, €r0 HAKOIUJIEHHE B BOJOEMAax BbHI3bIBACT
ONaCEHMS IO MOBOY BJIMSHHS HA SKOCUCTEMBI U 3I0POBBE KUBBIX CYILECTB.

Ienbro maHHOM PaOOTHI ABJISCTCS aHAIN3 BO3ICHCTBUS MUKPOILJIACTHKA Ha SKOCHCTEMBI
BOJIOEMOB, OLICHKA PHUCKOB JJISl KMBBIX OPTAaHU3MOB, 4 TaKXE MPEIIOKECHHBIE MyTH
penieHus MpoOIeMbl 3arpsi3HEHUS.
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2. UcTouHUKH MHUKPOILUIACTHKA H IIYTH €ro nmonajanusa B BOA0ECMbI

2.1. llpupoaHble M AaHTPONOTeHHbIE HCTOYHUKU MUKPOILIACTHKA

OCHOBHBIMU HCTOYHHKAMH MUKPOILUIACTHKA SIBISIOTCS AHTPOMOTEHHBbIE (aKTOPHI:
pPa3JIOKEHHUE IUIACTUKOBBIX OTXOAOB B  BOJAOEMax, IMOIMAJAHUE YacTUL OT
MPOMBINIJICHHBIX M OBITOBBIX HMCTOYHUKOB, a TAaKK€ HCIOJb30BAHUE IJIACTUKOBOMN
YIAKOBKHM M JPYTMX MaTe€pUajoB, KOTOPBIE JIETKO (PparMEeHTUPYIOTCSA. MHUKPOILTIACTUK
MOJKET TIOCTYNAaTh B BOJOEMBI C PEUHBIMH IIOTOKaMHU, Yepe3 3arpsisHeHne arMochepst u
ocanku. OOuMH W3 caMbIX pacHpOCTPAHEHHBIX HCTOYHUKOB — 3TO TEKCTUJIbHBIE
BOJIOKHA, KOTOPBIE BBIACISIIOTCS U3 OACKIBI IIPU CTUPKE.

2.2. [lnacTUKOBBIE OTXOAbI B OKEAaHAX U peKax

['mobanpHast mpobiieMa 3arps3HEHHs OKEaHOB IUIACTHKOM TNpUBENia K TOMY, YTO
MUKPOIUIACTUK CTaJl HEOTHEMIIEMOW YacThIO MHOTHUX BOJOEMOB. OKHIAaeTcs, 4TO B
Onmmxailliue JecATWIETUS KOJUYECTBO MHUKPOIUIACTUKA B BOAHBIX HKOCHCTEMAX
MPOJIOJKUAT PACTH, YTO TPEOYET CPOUYHBIX MEP IO MOHUTOPUHTY U OUHCTKE BOJ.

3. BiausiHMe MEUKPOIIACTHKA HA IKOCHCTEMBI BOI0EMOB
3.1. Bo3aeiicTBre HAa BOAHBIC PACTEHUS U MUKPOOPTraHHU3MbI

MukpomnnacTuK OKa3bIBae€T CEpbEe3HOE BIUSHUE HA BOJHBIE pACTEHUS U
MUKpOOpraHu3Mbl. MccnemoBaHusi TOKa3bIBaIOT, YTO YACTUIBI IJJACTHKA MOTYT
3aCOpPSITh BOJHBIC PACTECHUS, IPEMATCTBYS MX HOPMaJIbHOMY POCTY U OOMEHY BEIIECTB.
MuxkpomnnacTik Takke BIUSET Ha MUKPOOHOTY BOJOEMOB, HapyIas O0amaHC U CHUXKas
O6uopazHoodOpasue. MHOTHe BUIbI MUKPOOOB, KOTOPBIM CBOMCTBEHHO OYMIIATh BOJY OT
3arpsi3HUTENIe, MOTYT TMOIJIOIIATh IJJACTHMKOBBIE YaCTHUIIBI, YTO YXYyJIIaeT HX
(YHKLMOHUPOBAHUE.

3.2. Biusinue Ha BOAHBIX ;KHBOTHBIX

JKuBOTHBIE BOJOEMOB, TAKHE KaK PbIObI, MOJITFOCKU M PAKOOOpa3HbIE, MOTYT MOTJIOMIATh
MHUKPOIUIACTUK, TPUHUMAS €T0 32 MHUILLY. ITOT IPOLIECC BEAET K HAKOIICHUIO MIJIaCTUKA
B IHILEBBIX LIENOYKAX, YTO IMOTEHIMAJIBHO MOYKET HApyLIaTh 3J0pPOBbE >KUBOTHBIX.
Haulonee ys3BUMBIMU SIBISIOTCS BB, KOTOpPbIE€ (UIBTPYIOT BOJYy, HampUMeEp,
MOJUTFOCKH. [II1acTUKOBBIE YaCTHUIBI MOTYT TaKXe MOBPEXIAThb BHYTPEHHUE OpPTraHbI
KUBOTHBIX, CHUXKAs UX CIIOCOOHOCTh K PAa3MHOXKEHUIO U BBIKUBAHUIO.

3.3. Biusinue HA NUIEBbIE EMOYKH U YeJI0BeKAa

ITormamanne MHMKPOIUTACTHKA B OPraHW3M BOJHBIX JKMBOTHBIX IPHBOJHMT K €0
HAKOIUICHUIO B IHMIIEBBIX IIEMOYKAX, YTO B KOHEYHOM HTOI€ MOJKET ITOBJIHATH Ha
3710pOBbE 4YeioBeka. lccienoBaHMs TOKA3bIBalOT, YTO MHUKPOIUIACTUK MOXKET
MPOHUKATh B OPraHU3M YEJOBEKa uYepe3 phI0y W MOPENPOAYKTHI, YTO BBHI3BIBACT
00€CTIOKOEHHOCTbH 10 TOBOAY BO3MOXHBIX JIOJITOCPOUHBIX MOCIEACTBUMN JJISl 3I0POBBSI.
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4. MeToabI MCCJIEIOBAHUS U MOHHUTOPHUHI'A 3aI'PA3HCHUA BOAOEMOB
MHUKPOIUIACTUKOM

4.1. CoBpeMeHHBbIE METOAbI COOPA JAHHBIX

JI1sT MOHUTOpPHMHTA 3arps3HECHHUS] BOJOEMOB MHKPOIUIACTUKOM YYEHBIE MNPUMEHSIOT
pazNuyHble METOJbl, TaKue Kak ceTeBas (UIbTpaIsl BOJbI, HCIOIb30BaHUE
CHEIUAIN3UPOBAaHHBIX MPUOOPOB ISl aHAJIM3a COCTaBa BOJbI U MUKPOCKOIMHYECKUE
uccienoBanus. HoBeillre TEXHOJIOTUU TMO3BOJSIOT MCCIENOBATh MHUKPOIUIACTUK Ha
MOJIEKYJISIPHOM YPOBHE M OTCJIC)KUBATh €r0 UICTOUHHKHU.

4.2. InHOBAIMOHHBbIE METO/IbI OYMCTKH BOJI0EMOB 0T MUKPOILJIACTHKA

OnHuM W3 aKTyaJlbHBIX HaIpaBJIEHUM SBISETCS pa3paboTKa TEXHOJOTUM OYHCTKH
BOJIOEMOB OT MHKpOIUIacTHKa. Bemercs pabora Hajm co3gaHueM (QUIbTPAIMOHHBIX
CHUCTEM, KOTOPBIE MOTJIM Obl 3(()EKTUBHO yAIATH TUIACTUKOBBIC YACTHUIIBI U3 BOJBI, a
TaKke HaJl HOBBIMH MaTepHaIaMu JJIsl OUUCTKH BOJOEMOB C IIOMOIIBI0 OMOJIOTHUECKUX
METOJIOB.

5. 3akaouenue

MUKpPOIUIACTHK MPEICTABISAET CO00M CEephe3HYI0 YIpo3y IS SKOCHCTEM BOJOEMOB.
3arpsi3HeHHE TUTACTUKOM OKa3bIBa€T MMAaryOHOE BIUSHHME Ha BOJHBIC PACTECHUS,
KUBOTHBIX, & TAKYKE MOXKET IPOHUKATH B MUIIEBHIE IIETIOYKHU U OPraHU3M yeaoBeka. J1jis
peuieHust 3ToM MpoOJieMbl HEOOXOIUM KOMIUIEKCHBIM MOJXOJ, BKIIOYAIOIIMN Kak
COBEPIICHCTBOBAHUE METOJ0B OUYMCTKH BOJOEMOB, TaK U YMEHBIIIEHHE TPOU3BOJICTBA U
noTpeOJieHus TIacTuka. BHeIpeHrne MHHOBAIMOHHBIX TEXHOJOTUM OYMCTKU BOJIBI U
pa3paboTka 3(PGEeKTUBHBIX METOJIOB MOHHUTOPHHTA IOMOTYT COKPATHTh IOCIISICTBUS
3arps3HEHUS] BOJOEMOB MUKPOILIACTUKOM.

Jlureparypa

1. benoga, T. B. (2021). Bo3zoeticmeue Mukponiacmuxka Ha 3K0CUCmembl 8000€MO8.
Oxonoruueckuii xxypuai, 33(5), 45-53.

2. I'puropweB, C. JI. (2020). 3acpsasnenue 6000emMo8 MUKPONIACMUKOM U €20
enusiHue na gayny. Bona u sxonorus, 27(4), 77-85.

3. UBanos, A. J1. (2022). Uccreoosanue Mukponiacmuxka 6 600HbIX IKOCUCTIEMAX.
HOBble N00X00bl U Memoobl. JKypHai BOJHBIX pecypcos, 40(1), 23-31.

4. TlaBnosa, H. U. (2019). Mukponracmuk u e2o énusnue Ha MOPCKYHO 9KOCUCTMEM).
Mopckas o6uosorus, 15(3), 112-120.

5. Cunopona, U. II. (2021). Memoowvl ouucmku 8000eM08 OM MUKPONIACMUKA
nepcnekmussl U 6v1306bl. TeXHONIOTHN BogocHaOXeHus, 28(6), 66-74.

-136 -



HAYYHBIN )KYPHAJI
HAYKA U MUPOBO33PEHUE

VIK-004

TEXHOJIOI'MY BHEJPEHUS U TONMOJHEHHOM PEAJIBHOCTH:
COBPEMEHHBIE TEHAEHIINN

JpkaeBa Hapryusb

[Ipenonasarens, MexayHapoIHOTO YHUBEPCUTETA HEPTH U Ta3a UMEHU STHIbITeN TN
KakaeBa

r. Amxaban TypkMeHucCTaH

I'mpxueB baiimbipaTt
Crynent, MexayHapoaHoro yHuBepcuTeTa HeTr 1 raza uMenu rmeirenan Kakaesa
r. Amxaban TypkMeHUCTaH

I'apaeBa Po3biryan
Crynent, MexayHapogHOro yHUBEpcuTeTa HepTH U raza umenu Arusirenau Kakaesa
r. Amxaban TypkMeHUCTaH

I'aparaeBa buoOunaiima
Cryaent, MexayHapoaHoro ynuepcutera HeTu 1 raza uMmenu Armsirenan Kakaesa
r. Amxaban TypkMmeHucTaH

AHHOTAIIUA

Homonnennast peansHOCcTh (AR) m BuprtyanpHas peansHOoCcTh (VR) cTpemutensHO
Pa3BUBAIOTCS U HAXOMST MPUMEHEHHE B Pa3IUYHBIX cepax aAesTeapHOCTU. B naHHo#
CTaTb€ pPACCMATPUBAIOTCS COBPEMEHHBIC TEHJCHIIMM BHEAPCHUS TEXHOJOTHI
JIOTIOJIHEHHOW peajbHOCTH, WX BIMSHUE HA WHAYCTPUIO, a TaKXKe MEPCHEKTUBBI
pa3BUTHUS U cyliecTBYyIoIIME 0apbepbl. Ocoboe BHUMaHuUE yaenseTcs narerpanuu AR B
MIPOMBIIIUICHHOCTh, 00pa3oBaHWe, MEAMIIMHY W pasBieueHus. PaccmaTtpuBarorcs
KJIFOUEBbIC TEXHOJOTUYECKHE TOCTIDKCHHs, UX BIUSHUE Ha pa3BUTHE OOIIECTBa, a
TaK>ke BOIIPOCHI O€30MaCHOCTU U ITHKH, CBI3aHHBIC C TOBCEMECTHBIM BHeipeHneM AR.
[IpuBondTCcs fAaHHBIE MCCIEAOBaHUW, JeMOHCTpupyronme BiausHue AR Ha
KOTHUTUBHBIE CITOCOOHOCTH TOJIb30BATEIC M MX TOBEICHYECKHE MOJENu. Takke
AHATM3UPYIOTCS METOJbl B3aWMOJICHCTBUS 4elIOBeKa C HU(PPOBBIMU OOBEKTaAMHU,
noTeHran AR B o6sact KnOepOe30MacHOCTH U HHTEIJIEKTYIbHOTO aHATN3a TAHHbIX.

KiroueBble cj10Ba: IOMOJHEHHAs pEATbHOCTD, BUPTYabHAS PEAIbBHOCTh, TEXHOJIOTUU
AR, Tpennpl, BHenpeHue AR, HCKyCCTBEHHBI HWHTEIJIEKT, B3aWUMOJICHCTBHUE C
MOJIb30BATEJICM.
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1. BBegenue

CoBpeMEHHbIE TEXHOJOTMH CTPEMHUTENBHO MEHSIOT CIOCOObl B3aMMOACHCTBHUS
YelioBeKa € OKpyKarolmuMm MupoM. JlomonHeHHass peanbHOCTh (AR) mo3BossieT
HaKJIa/lbIBaTh BUPTyalbHblE OOBEKTHl Ha pEATBHYIO CpeLy, CO37aBas HOBBIE
BO3MOXKHOCTH JUIsi OW3HEca, HayKd, OOpa3OBaHWS W UHAYCTPUU pa3BICUYCHUH.
Buenpenne AR craHoBuTcA Bce Oosiee aKTyaldbHbIM Onaronapsi pa3BUTHUIO
BBIYMCIIMTEIIBHBIX MOIIIHOCTEMN, COBEPIIEHCTBOBAHUIO AJITOPUTMOB MAIIMHHOTO 3PEHHUS
U pacHpOCTPAaHEHUI0 MOOWIBHBIX YCTpPOHCTB. AR cmocoOGCTByeT HE TOJBKO
pPaCIIMPEHUIO TpPaHULl BOCIPHUATHS, HO M COBEPIICHCTBOBAHWIO KOTHUTHUBHBIX
IPOLIECCOB, BIIMSA HA YEIOBEUECKOE MBIIIJIEHHE U 00y4YEHHUE.

JlomoHeHHas! peabHOCTh SIBJISIETCS. HE TOJIBKO TEXHOJIOTMYECKUM HOBIIECTBOM, HO U
BaXXHBIM HMHCTPYMEHTOM LM(poBoi TpaHchopmaiuu obmiectBa. OHa BHeApseTCS B
paznuyHbie chepbl KU3HU, U3MEHSS IPOLecChl padoThl, OOy4YeHUS U pPa3BICUCHHIA.
bnaronapss wucnonb3oBaHuto AR CTaHOBSITCS BO3MOXHBIMH  HOBBIE  (DOPMBI
B3aMMO/JICUCTBUSL C OKPYXKAIOIIEH Cpesoil, paclIupsIonife TpaHUIlbl TPATUIIUOHHBIX
METO/I0B KOMMYHHKAIIUU U 0OMeHa nHpopmaImei.

KpOMC TOIO, AR-TexHojiornu Bce aKTUBHEE HCIIOJIB3YIOTCA B HOBCGI[HGBHOﬁ KHU3HH,
ImomMmorasa B pClICHHUHA OBITOBBIX 3aa4, TAKUX KaK HaBHUI'allWsd, HIOIIHMHI' 1 OPraHU3aInAa
pa6oqero IIpOCTpaHCTBA. MHorue KOMHOaHUHU pa3pa6aTLIBa}0T AR-HpI/IJIO}KGHI/IH,
yiaydlaaromue BSaHMOHeﬁCTBHG MOJb30BaTeIed C I_II/I(l)pOBBIM KOHTCHTOM H
IMOBBIITAOIIUEC YPOBCHB IIEPCOHAIN3ANN CCPBUCOB.

2. CoBpeMeHHBbIC TeHAeHUNH BHeApennss AR

2.1. PazBuTHe annapaTHOro odecne4eHust

TexHu4yeckuil mporpecc CrocoOCTBYET CO3JaHUI0 0oyiee MOIIHBIX U YI0OHBIX AR-
YCTPOMCTB, BKJIIOYasi yMHbIE OUYKH, KOHTAaKTHbIE JIMH3bI ¢ AR-uHTepdeiicom, a Takxe
cMapTPOHBl M IJIAHIIETHl C TMOAJEPKKON TEXHOJOTHM JOMOTHEHHOM DPEalbHOCTH.
[TpousBoauTenn Takux ycTpoucTB, kak Microsoft (HoloLens), Meta (Quest), Apple
(Vision Pro) m Magic Leap, aktuBHO paboTaloT Haj YIy4IICHHEM KayecTBa
BU3YyalIM3allMi U yA00CTBA dKCILTyaTalluu.

bnarogapss pa3BuUTHIO MHUHHMATIOpU3AIMA M TOBBIIIEHUIO SHEProdp(HEKTUBHOCTH
KOMMOHEHTOB, AR-yCTpOiCTBa CTAaHOBSITCA JOCTYIIHEE M yJA00HEE B MOBCEIHEBHOM
WCMOJIb30BaHUU. Benyiine KOMINaHuu CTPEMSTCS CO3/1aTh aBTOHOMHBIE YCTPOWMCTBA,
KOTOpBIE CMOTYT paboTaTh 0€3 MOAKIIOUEHUS] K MOIIHBIM KOMIIBIOTEPAM, UCIIOIb3YS
o0JauHbIC TEXHOJOTUN U UCKYCCTBEHHBIN WHTEIICKT.

Kpome Toro, akTHBHO BEAyTCS HCCEIOBAaHUS B 00JaCTH TAKTHIIBHOTO B3aUMOICHCTBUS
¢ AR-00bekTaMu, 4TO MO3BOJISIET MOJB30BATENSIM HE TOJIBKO BUAETH, HO M OUIYIIATh
BUPTYaJbHbIE IPEAMETHI. OJTO OTKPBIBAET HOBBIE TOPU30HTHI JUISI MEIUIMHCKHUX
NPUIOKEHUH, 00yUEHHS U Ja)kKe BUPTYaJIbHBIX ITyTEIIECTBHA.
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CoBpeMeHHbIe pa3pabOTKX BKIIIOYAIOT B ce0s1 AR-KOHTAKTHBIE JMH3bI, TO3BOJISIONINE
MOJI30BATEISIM BHUACTHh JOTIOJHEHHYI0 HWHGOpMauio 0e3 HEOOXOIUMOCTH HOCHUTHh
TPOMO3JIKHE YCTPOUCTBA. DTO MpuOrmkaeT TexHonornu AR k 6osiee ecTeCTBEHHOMY U
OpraHUYHOMY CIIOCOOY MHTETpAIH B KU3Hb YEIOBEKA.

2.2. Uuterpanus AR B o0pazoBanue

Hcnons3oBanne AR B 00pa3oBareibHBIX MpOIECCax 3HAYUTEIBHO IOBBIMIACT
BOBJICYEHHOCTh ~ CTYAEHTOB, TIO3BOJISII  BHU3YaJM3HPOBATH  CIIOKHBIE  HAYYHBIC
KoHIEenIuu. AR-TEXHOIOTUH HAXOAAT MPUMEHEHHE B M3yYEHUH aHATOMUU, (PU3UKH,
XUMHUHU, WUCTOPUH, a TAKXK€ B HHKEHEPHBIX WM apXUTEKTYpPHBIX aucuuiumHax. C
oMoIb0 AR-pelIeHnid CTyI€HTbl MOT'YT NPOBOJUTHh BUPTYaJIbHbIE DKCIIEPUMEHTHI U
U3y4aTh CJI0KHBIE MEXaHNU3MbI 0€3 pUCKa MTOBPEKICHHS 000PYJOBaHMS.

Kpome Toro, momosiHeHHas peanibHOCTh CIOCOOCTBYET MEPCOHANU3AIUMU OOYUEHUS,
MO3BOJIAS KAXKIAOMY CTYJIEHTY HOJydaTh JOCTYI K YHUKaJbHOMY 00pa30BaTeIbHOMY
OTIBITY, aJIAITUPOBAHHOMY TOJ] €70 HHAUBUAYaIbHbIE TOTPEOHOCTU U YPOBEHb 3HAHUH.
CoBpemennbie AR-margopmbl TO3BOJIAIOT CO37aBaTh HMHTEPAKTUBHBIE YUYEOHBIC
nocoOus, B KOTOPbIX TEKCT, Tpaduka, ayauo H BHUACO OOBEIUHSIOTCS s
(GbopMHPOBaHUSI KOMIIEKCHOTO 00YYaroIIero KOHTEHTA.

2.3. AR B Meaunune

JlonoyIHEHHAasT PEaJbHOCTh AKTUBHO MWCHOJIB3YETCA B JUArHOCTHKE, XUPYPTUHA H
peabwimmrauud. Bpaun npumenstor AR 1 Bu3yanuzalMu BHYTPEHHUX OPraHOB
MalMeHTa B PEXHME pEeaJbHOr0 BPEMEHHM, a Takke Il OO0ydeHus OyIylux
cnequanucToB. Takue TexHonoruu, kak Microsoft HoloLens, mo3Bomisitor xupypry
BUJIETH CJIOM TKaHel 0e3 pa3pesa, 4To MOBBIIIAET TOYHOCTh ONIEpalluii U CHUKAET PUCKH.

Taxxxe AR Haxomaut npuMeHeHHe B 00JIaCTU TICUXOJIOTHMM W Tepanuu. Hampumep,
texHosornn AR wucnone3yroTrcs ans  jedeHuss (PoOui, MOCTTPAaBMATHUUYECKOTO
CTPECCOBOTO PAcCCTPOMCTBA M JPYTHX IICUXUYECKUX paccTpoilcTB. CueHapuu ¢
3JIEMEHTaMH JIOTIOJIHEHHOM peabHOCTH IMOMOTar0T MTAlIMEHTAM MIPEO0I0JIEBATh CTPAXU U
aJarTUPOBATHCS K CIIOKHBIM KU3HEHHBIM CUTYaALIUSIM.

3. AR B HCKYCCTBE H KYyJbType

JlomoHeHHasT PeaIbHOCTh OKa3bIBaCT 3HAYMTENILHOE BIMSHUE Ha cpepy MCKYyCCTBa U
KYJbTYpbI, pacliupss TPaHUIbl TPAAULIMOHHOTO BOCHPUATHA MpousBeacHuil. AR
UCIIONB3YETCSI B My3€dX W Tallepesx M CO3MaHUS MHTEPAKTHUBHBIX DKCIIO3UIUH,
MO3BOJISIE TTOCETUTESIM TOJIy4aTh JTONOJHUTEIbHYI0 HHGOPMALMIO 00 3KCIOHATaX,
MIPOCMATPUBATh HMCTOPUYECKHME PEKOHCTPYKIIMU M JaXe B3aUMOJAECHCTBOBATH C
MTPOU3BEACHUSMH UCKYCCTBA.
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B xunounayctpun u Tearpe AR-TeXHOI0ruu NPUMEHSIOTCS I CO3JaHUs HOBBIX (hopM
MOBECTBOBAHUSA, J00ABIIAS CJIOM BHU3YaJbHBIX 3(PQPEKTOB W MOTrpykas 3pUTENeH B
YHHUKaJIbHbIE MUPBL. B ynmuuHoMm nckycctBe AR mo3Bonser oxuBnath rpapduté u
MHCTAJUISIIH, IPEeBpallasi X B IMHAMHYHbIC U UHTEPAKTUBHBIC IPON3BEACHUSI.

Kpome Toro, AR OTKpbIBa€T HOBBIE BO3MOXXHOCTH I MY3BIKAHTOB W apTUCTOB,
npejuiaras HHHOBAIIMOHHBIE CIIOCOOBI B3aUMOJICHCTBUS ¢ ayauTopueil. BupryaibHble
KOHLIEPTHI ¥ MPEICTABICHUS, UCIOJIB3YIOIIKE JONOJHEHHYIO PEAIBHOCTD, CTAHOBSITCS
HOMYJIAPHBIM (pOpMATOM, MO3BOJISAS 3PUTENISAM B3aUMOJICHCTBOBATh C MY3bIKAHTAMHU U
CIICHHYECKUMH 00BEKTaMu Yepe3 MOOUIIbHBIE yCTpoiicTBa U AR-TapHUTYPBHI.

4. CounajbHble U 3ITHYECKHE aCNeKThl BHeApenns AR

HecmoTtpss Ha orpoMHbiii moteHuuanl AR, mMpokoe BHEAPEHUE ITOM TEXHOJOTHHU
CONIPOBOKJIAETCS PSAJIOM COIMATBHBIX M 3TUYECKUX BOMPOCOB. OIHON U3 KIIFOUEBBIX
po0JeM SBISETCA 3allliTa MEPCOHANBHBIX JaHHBIX. AR-ycTpolicTBa MOTyT coOHMpaTh
Oosiblliie 00BEMBbI MH(OpPMALMK O MOJIH30BATENAX, BKIIOYAS MX MECTOMOJIOKEHUE,
MOBEJICHUECKUE MOJICIN U IPEATIOUTEHHUS, YTO BBI3BIBAET 00ECIIOKOEHHOCTD IO MTOBOY
KOH(HUIESHIIUAIBHOCTH.

Jpyroii BaxHbIN acleKkT — BausgHUEe AR Ha NMCHUXUKY M COLIMATIbHBIE B3aUMOJACHCTBUA.
[lorpyxeHre B  JIONOJHEHHYKO pPEaJbHOCTh MOXET MW3MEHUTh BOCHPUATHE
OKPY’KAIOIIEero MHUpa, CHU3UTh YPOBEHb MEKJIWYHOCTHOTO OOIICHHS M TNPUBECTH K
3aBUCHUMOCTH OT TexHojoruii. Kpome Toro, upe3mepHoe wucnosb3oBaHne AR B
MOBCETHEBHOM JKM3HM MOXET BBI3BATh KOTHUTUBHYIO IEPETPY3KYy U PACCEIHHOCTH
BHUMAaHMUS.

HeoOxoaumo Takke Y4YUTHIBATH BOMPOCHI JOCTYITHOCTH TexHosioruil. Ha maHHBIN
MoMeHT AR-o0opygoBaHuE OCTaeTCs TOPOTOCTOSIIIIMM, YTO OTPAHUYHUBAET €ro
MaccoBoe pacmpocTpadHeHue. Jlms Toro dro6el AR cTama moBceMECTHOM U
WHKIJIIO3UBHOW TEXHOJIOTHEH, TpeOyeTcsi CHUXKEHHE CTOMMOCTH YCTPOMCTB U
pa3zpaboTka 0osee TOCTYMHbBIX pEelIEeHUH.

B Oynymem 3akoHOZATENLCTBO M CTaHAapTu3amuss B oOnactd AR TOKHBI
obecrnieunBaTh OajdaHC MEXAY TEXHOJOTMYECKUM MPOTPECCOM U 3alIUTON MpaB
MoJb30BaTeNCl.  ODTUYECKHE  HOPMBI, HaNpaBJICHHbIE HA  MPEIOTBPAILICHHE
MaHUIYJIAIUU CO3HAHUEM U KOHTPOJISI HaJl TUYHBIMU JAHHBIMU, UTPAIOT BaXKHYIO POJIb
B co3aHuu 6e3omnacHoro AR-npocrpancTsa.

5. 3akaouenue

JlomoJIHeHHAs! peallbHOCTh U3MEHSIET MUP, CO3/1aBasi HOBbIE CITIOCOOBI B3aMMOICHUCTBUS
¢ uHpopManue U OKpyxkaromeil cpemoir. HecMoTpst Ha cymiecTBytomnue Oapbephl,
TexHojoruu AR mpomoimkaroT pa3BUBATHCS M HAXOAUTH HOBBIC 00JIACTH TPUMCHECHHUSI.
Oxunaercs, yTo B OnuKalieM OyaylieM MOosBITCA 0oJiee JOCTYIHbIE U UHTYUTHUBHO
MOHATHBIE YCTPOMCTBa, oOecreunBaromue OoJsiee TIyOOKyro wuHTerpauuio AR B
MMOBCETHEBHYIO JKU3Hb.
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Pa3BuTHe TEXHONOIM MalIMHHOIO OOyY€HHUs U MCKYCCTBEHHOI'O MHTEJUIEKTa OyneT
CHOCOOCTBOBATH CO3JJAHMIO AIANITUBHBIX U MHTEJUIEKTYyalbHBIX AR -cucTeM, CIoCOOHBIX
Mpe/CKa3blBaTh MOTPEOHOCTH TOJB30BaTeNsl M MpeuiaraTh HauOosee yAaoOHbIE
CrocoOBbl B3aMMOJECHCTBUSA C JIONOJHEHHOM cpenod. BHenpenue AR B paznuunbie
chepbl NeATEIBHOCTH, BKIIOYAs MPOMBINIICHHOCTh, MEIUIMHY, OO0pa3oBaHHE U
pa3BICYCHUS, IPUBENET K JaJIbHEUIIEMY COBEPIICHCTBOBAHHWIO TEXHOJIOTUM U
(OpMHPOBAHNIO HOBBIX CTaHIapTOB LU(POBOrO B3aUMOICHCTBUS.
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HAYYHBIN )KYPHAJI
HAYKA U MUPOBO33PEHUE

VIIK-004.8

TEHEPATUBHBIE HEMPOCETH U UX BJUSAHUE HA KPEATUBHBIE
NHAYCTPUU

JpkaeBa HapryJb

[Ipenonasarens, MexayHapoIHOTO YHUBEPCUTETA HEPTH U Ta3a UMEHU STHIbITeN TN
KakaeBa

r. Amxaban TypkMeHucCTaH

MammMeTcaxe10B ATaMmbIpaT
Crynent, MexxayHapoaHoro yHuBepcuTeTa HedTr 1 raza uMenu Srmeirenan Kakaesa
r. Amxaban TypkMeHuCTaH

Ha3zapos Myxammer
Crynent, MexayHapogHOro yHUBEpcuTeTa HepTH U raza umenu Arusirenau Kakaesa
r. Amxaban TypkMeHUCTaH

Ha3zaposa baiipamcoaran
Cryzaent, MexxayHapoaHOro yHuBepcuTeTa He(Tu U raza uMenu Armbsirenan Kakaesa
r. Amxaban TypkMmeHucTaH

AHHOTALIUA

I'eneparuBnbie Heilpocetu (GAN, TpaHcpopMephl U Ipyrue MOJEIN) CTPEMHUTEIBHO
TpaHCPOPMUPYIOT KpeaTUBHbIE MHAYCTPUH, MPEIOCTABIISISI HOBbIE MHCTPYMEHTHI JJIs
XyJIOKHUKOB, MY3BbIKAaHTOB, IIACATeNEed W JHU3ailHepoB. B  gaHHOM  cTarbe
paccMaTpUBAIOTCSI OCHOBHBbIE MPHUHIMIBI pabOThl T€HEPATUBHBIX HEHWpOceTel, HX
MIPUMEHEHUE B Pa3UYHBIX cepax TBOPUYECTBA, a TAKXKE BIMSHUE HA PHIHOK TpyJa U
ATUYECKUE ACTEKThl HCHOJb30BaHUs. Ocoboe BHUMaHUE YAENAETCS MNEepCleKTUBaM
pa3BUTHUS JAHHOM TEXHOJOTMU M €€ MOTEHIUAIbHOMY BO3ACHCTBHIO Ha Oyayliue
(opMaThl Xy10’KECTBEHHOTO CAMOBBIPAXKECHHUSL.

KiaroueBbie cji0Ba: TeHEpPATUBHbIE HEUPOCETHU, MCKYCCTBEHHBIM HMHTEIUIEKT,
KpEaTHUBHBIE VH]IyCTpUH, MAIlIMHHOE oOydeHue, HCKYCCTBO, JIA3alH,
ABTOMAaTHU3UPOBAHHOE TBOPUYECTRBO.

1. BBeaenue

C pa3BUTHEM HCKYCCTBEHHOTO HHTEJJIEKTa T€HEepaTHBHBbIE HeMpoceTH MpHoOpesu
HIMPOKYIO TOMYJSIPHOCTh B c(epe KpeaTHMBHBIX MHIYCTPUH. OTHU TEXHOJOTUHU
MO3BOJISIIOT  CO3[1aBaTh TEKCTbl, HM300pa)K€HUsA, MY3bIKy M Jaxe QUIbMbI C
MUHHAMAJIBHBIM yYaCTUEM YEJIOBEKa.
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[TosiBnenue anroputmoB, Takux kak GPT, DALL-E, Midjourney u Stable Diffusion,
KapAUHAIBHO U3MEHHUIIO CITOCOOBI CO3/TaHHSI KOHTCHTA.

B I[aHHOﬁ CTaTbC MCCIICAYIOTCA COBPEMCHHBIC TCHACHIOMUKW B HCIIOJIb30BAHUU
I'CHCPATHUBHbBIX HCﬁpOCGTeﬁ B TBOp‘IGCKOfI ACATCIBHOCTH, HWX BJIWJIHHC HaA
XYOOKCCTBCHHBIC HpO(bGCCI/II/I U BO3MOKHBIC BBI3OBbI, CBA3AaHHBIC C aBTOMaTHBaHHGﬁ
TBOPUYCCKOI'O Iponecca.

2. OcHOBHBIC NPUHIMIIBI Pa00THI FeHepPaTHUBHBIX HellpoceTeil

['eHepaTuBHBIE HEHPOCETH NPEICTABISAIOT COOOW TUI AJITOPUTMOB HCKYCCTBEHHOI'O
MHTEIJIEKTA, CIIOCOOHBIX T€HEPUPOBATh HOBBII KOHTEHT, OCHOBaHHBIM Ha 00y4YE€HUHU Ha
00sb1IKX HaOOpax JaHHbIX. KiltoueBble TEXHOIOTHH, JIEXKAIlME B OCHOBE T€HEPATUBHBIX
MOJIEJIEN:

o T'enepaTuBHO-cocTsizaTeqbHble ceTH (GAN) — cocTosT U3 ABYX HeWpoceTei
(reHepaTopa ¥ IUCKPUMHHATOPA), KOTOPbIE COPEBHYIOTCS JIPYT C IPYroM JJIst
YIIyYIIEHUS Ka4eCTBa CO3JaBa€MOr0 KOHTEHTA.

o Tpancpopmepsnr (Transformers) — Moaenu, HCHOJB3YIOIIUE MEXaHU3MBI
BHuMmanus (Hampumep, GPT u BERT), koropbie Mmo3BOJIAIOT 00pabaThiBaTh
CJIOKHBIE A3bIKOBBIE CTPYKTYPbI U TEHEPUPOBATH CBSI3HBIE TEKCTHI.

o Juddy3nonnnie Moaeau — IPUMEHSIOTCS JIs1 TEHEPAIIMKU N300paKEHUN ITyTeM
oOydeHHsl Ha mpoleccax M00aBieHHS W yAaJeHus Imyma (Hampumep, Stable
Diffusion, DALL-E).

OTH TEXHOJOTUH MO3BOJISIOT CO3aBaThb CJIOKHBIC ITPONU3BCACHUA, HMHUTHUPYS CTHIIN U
TCXHUKH, UCIIOJIb3YCMBbIC JIIOJIbMU.

3. I'eHepaTHBHbIC HEHPOCETH B PA3JIMYHBIX cepax KpeaTHBHbIX HHAYCTPHH
3.1. UckyccTBO M AU3alH

['enepatuBHBIE MOJAENM AKTUBHO HCIONB3YIOTCA B LudpoBoM wHckycctBe. C HX
MOMOILBIO XYJIO’)KHUKHU CO3/Ial0T HOBBIE BU3yallbHbIE 00pa3bl, CTHIIN3YIOT (hoTorpaduu
U J1a)K€ CO3/IalI0T YHUKAJIbHBIE MPOU3BE/ICHUS, KOTOpbIE paHee ObLIM HEBO3MOXKHBI 0€3
yesioBeueckoro BMmematenbcrBa. MHcTpyMenTsl, Takue kak DALL-E u Midjourney,
MO3BOJISIIOT  TOJIB30BATENSIM  MOJYy4YaTh BBICOKOKAYECTBEHHbIE HM300paKeHUs: IO
TEKCTOBBIM 3aIpOCaM.

B nuzaitHe reHepaTHBHBIE HEWPOCETH IOMOTAIOT B pa3pabOTKE JIOTOTUIIOB,
rpa@uUecKux OJJIIEMEHTOB W HUHTEpP(}EcoB, ONTUMHU3UPYS padodrme TPOIEecChl u
COKpaIIasi BpeMsl CO3/IaHUsI KOHIICTIITHI.

3.2. My3bIKa ¥ 3BYK

Anroput™mbl MammMHHOTO 0oOyueHus, Takue kak OpenAl Jukebox u Google Magenta,
MO3BOJIAIOT CO3/IaBaTh OPUTHHAIBHBIE MYy3bIKAIbHBIE KOMITO3UIIUH.
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OTH CHCTEMBl AHAJIU3UPYIOT MWUIMOHBI MY3BIKAJIbHBIX TPEKOB, BBIABISIOT
3aKOHOMEPHOCTH M CO3JAIOT HOBBIEC NTPOM3BEACHUS B pa3HbIX kaHpax. [ eHepaTuBHbIE
TEXHOJIOTHH TaKXKe UCIIOJIB3YIOTCS JIJIs CayH I-AN3aiiHa B Urpax, puiibMax ¥ peKIaMHbIX
pOJIMKaX.

3.3. JlutepaTrypa u cueHapuu

Mopnenu tuna GPT criocoOHBI reHEpHPOBATh TEKCThI, CTUIM30BAaHHBIE 10T H3BECTHBIX
aBTOPOB, a TAKXKE IIOMOIaTh B CO3JaHUM KHHUT, CTaTeil U creHapueB. OQHAKO BOMPOC
aBTOPCTBA M OPUTMHAJIBHOCTH OCTA€TCAd IMCKYCCHOHHBIM, ITIOCKOJIBKY CO3JIaHHBIN
HMCKYCCTBEHHBIM HMHTEJUIEKTOM TEKCT MOYKET OCHOBBIBATBHCS HA YK€ CYIIECTBYIOIIUX
JAHHBIX.

3.4. Kuno v anumanus

['enepaTuBHBIE HEMPOCETH OTKPHIBAIOT HOBHIE BO3MOXKHOCTH B KuWHeMaTorpade u
anuMauuu. OHHM MCHOJB3YIOTCS I co3AaHus creud(d@exToB, aBTOMATUYECKON
aHUMallMM TEPCOHAXEH M Jake TeHEepalud CIEH Ha OCHOBE CLIEHapueB. Takue
kommanuu, kak NVIDIA u Adobe, pa3pabaThiBalOT MHCTPYMEHTBI, IMO3BOJISIOIINE
peXHUCcCEPaM YCKOPATh IPOLECC CO3aHUsI KOHTEHTA U CHUXKATh 3aTPaThl.

4. dTHYECKHE BOIIPOCHI U BHI3OBbI

HecmoTtpst Ha OrpomMHBIN NMOTEHIMAN T€HEPATUBHBIX HEMPOCETEM, UX HCIOJIb30BAHUE
BBI3BIBACT PSJ] ITUYECKHUX BOIPOCOB:

o ABTOpPCKHE NpaBa M HHTEUVIEKTyaJbHAas COOCTBEHHOCTb — IIpoOsema
uJeHTU(UKAIIMU aBTOPCTBA MPOU3BEIEHUH, co3aaHHbIx .
o IlogmeHna 4eJsiOBe4eCKOro TBOPYECTBA — PHUCK BBITECHEHMS KpPEATUBHBIX

CIIELIMATIMCTOB aBTOMATU3UPOBAHHBIMU AJITOPUTMAMMU.
o @anbcupukanusa MHGOPMANUM — CO3JIAHUE PEATUCTUYHBIX, HO (PaIbIITUBBIX
M300paKEHUM U TEKCTOB MOKET MPUBECTHU K PACIIPOCTPAHEHUIO Ae3UH(POPMAITUH.
o IlpeaB3fiTOCTh AJrOPUTMOB — MOJEIM MOTYT HACIENOBATh IMPEAB3SATOCTH,
PUCYTCTBYIOIIME B OOYYaIOIIMUX JAHHBIX, YTO MOKET BIUSATH HA COJEpPKAHUE
CO3/1aBa€MOT0 KOHTEHTA.

Pemienune >tux mnpob6iem TpedyeT pa3paOOTKH HOBBIX CTAHJAPTOB U PETYIUPOBAHUS
MCIIOJIb30BaHUs T€HEPATUBHBIX TEXHOJIOTUH.

5. Byayuiee reHepaTuBHbIX HelipoceTed B KPpeaTUBHBIX MHAYCTPHUAX

B Ommkaiimme roJibl MOXKHO OXHW/JIAThb 3HAYUTCIBHOI'O POCTA U YCOBCPHICHCTBOBAHMW:A
I'CHCPATHUBHBIX TEXHOJIOT UM

o CoBmecTHass paOora 4enoBeka m UM — NN craHeT HMHCTPYMEHTOM,
PaCHIMPSIONIMM BO3MOXHOCTH TBOPYECKHMX CHELUATMCTOB, & HE 3aMEHSIOIINM
UX.
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o YiyullleHHe KayecTBa reHepanuu — 0ojiee TOYHBIE U NIEPCOHATU3UPOBAHHBIE
MOJEJIN MTO3BOJISAT CO3AaBaTh KOHTEHT, COOTBETCTBYIOIIMI BEICOKUM CTaHAAPTAM
HCKYCCTBA U KYJIbTYPHI.

o PeryaupoBaHue M CTaHIAPTHI — pa3padOTKa 3TUYECKUX HOPM U MPABOBBIX
MEXaHU3MOB, HAaIlPaBJIEHHBIX HAa 3alUTy aBTOPCKHUX IpaB M MPEIOTBPAILLCHUE
3710ynOoTpeOIeHU .

I'enepaTuBHBIE HEUPOCETH YXKE CErOJHs OKa3blBAIOT 3HAYUTCIIBHOC BJIUSHHUE HA
KpeaTUBHbIE UHAYCTPUH, U B OyyIIEM UX pOib OYAET TOJIBKO BO3PACTaTh.

6. 3akiaouenue

['eHepaTHBHBIC HEWPOCETH OKA3BIBAIOT 3HAUMUTEIBHOE BIHUSHHUE HA TBOPUYECKUE
WHIYCTPUH, TPAaHCHOPMHUPYS TPAAUIIMOHHBIE TIOIXO0IBI K CO3/IaHuI0 KOHTeHTa. OHU He
TOJIBKO YITPOIIAIOT MPOIECCHI TeHepaIui N300paKeHUA, TEKCTOB, MY3bIKH W BHJIE0, HO
Y TIO3BOJITIOT XYIOKHUKAM, JU3allHEepaM | MTACATEIISIM SKCIIEPUMEHTHPOBATH C HOBBIMU
dbopmamu camoBbipakeHusi. CoBpeMeHHbIE Al-HHCTPYMEHTHI CIIOCOOHBI BJIOXHOBIISTh
TBOPYECKUX MPOGECCHOHANOB, Tpemjaras HECTaHAAPTHBIC PEIICHUS € YCKOPSs
pabouuii mporecc.

Onnako BHenpeHune reHepaTuBHoro MU BwI3bIBaeT psii BONpPOCOB. Bo-TmepBbIX, 3TO
mpoOjemMa aBTOPCKOrO IpaBa U HMHTEIUICKTyaJbHOW COOCTBEHHOCTH. MHoTrHE
MPOU3BEICHUS, CO3J]aHHBIE HEUpPOCETSIMHU, 0A3UPYIOTCS Ha JAHHBIX, COOpPaHHBIX W3
OTKPBITHIX KICTOUHUKOB, YTO CTABUT I0JI COMHEHHUE JISTUTUMHOCTh UX KOMMEPYECKOTO
WCIONB30BaHusA. Pa3BUTHE 3aKOHOAATENHCTBA B ATOM 00JIACTH CTaHET KIIOUYEBBIM
(bakTOpOM peryaupoBaHus ppiHKa Al-KOHTEHTA.

Bo-BTOpBIX, CTOUT yYUTBHIBATH COLMAJIBHBIE W HOKOHOMHUYECKUE ITOCIEACTBUS
aBTOMATHU3AIIMM TBOPYECKUX TMpoIeccoB. VCKyCCTBEHHBIM WHTEIUIEKT CIOCOOEH
3aMEHATh WIM WU3MEHSTH POJIb MHOTMX CIIEUAIMCTOB, TAKUX KaK WJUIIOCTPATOPBI,
KOIUPANUTEPBI, KOMIIO3UTOPBI, YTO MPUBOJAUT K U3MEHEHUIO CTPYKTYPHI 3aHSITOCTU B
KpeaTuBHBIX c(hepax. BaskHO HaxoUTh OaaHC MEXTy BHEIPEHHUEM HOBBIX TEXHOJIOTUN
U COXpaHEHUEeM pabodynx MeCT, CTIOCOOCTBYS COTPYIHHYECTBY YEJIOBEKA M MAIIIUHBI.

Eme oauH BaxHBIM acleKT — 3THUYECKOE HCIOJIb30BaHME TeHepatuBHoro WMH.
Qanbcudukanus M300paKeHHM, co3gaHue IUN(ENKOB, aBTOMATU3HUPOBAHHOE
pacnpocTpaHeHue Je3uH(POpMallud — BCE D3TO MOJYEPKUBAET HEOOXOAMMOCTD
pa3pabOTKM MEXaHU3MOB KOHTPOJS U ayTeHTU(]HKAUKU [UPPOBOTO KOHTEHTA.
CoBpeMeHHbIE TEXHOJIOTMH JOJKHBI HMCIOJB30BAThCS HE TOJBKO JJIsi TOBBIIIICHUS
ahpexkTUBHOCTH, HO © JUII OOECIEUeHUs TMPO3PAYHOCTH U JOCTOBEPHOCTHU
uHpopmanuu.

B nmepcrnekTuBe pa3BUTHE TIE€HEpPATUBHBIX HeMpoceTel OyJaeT HampaBieHO Ha
MOBBILICHUE UX aJallTUBHOCTU U NEPCOHAIN3ALUY.
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WNurterpanysi ¢ BUPTYyaJIbHOW U JIONMOJIHEHHOM pPEaNbHOCTBIO, YCOBEPIICHCTBOBAHUE
QITOPUTMOB CTWJIM3alMM W aBTOMATHYECKOM KOPPEKIMH, a TaKKe IOBBILIECHUE
MHTEPIPETUPYEMOCTH PabOThl HeMpoceTeil MO3BONAT CO3/4aTh 0OJee COBEpUICHHBIE
MHCTPYMEHTBHI /111 TBOPUECKHUX CIICIIMAIIUCTOB.
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COBPEMEHHBIE ITOAXO/AbI K JIEYEHUIO CEPAEYHO-COCYIUCTBIX
3ABOJIEBAHUI C UCHIOJIb30BAHUEM CTBOJIOBBIX KJIETOK

Ky3nenoBa Mapus CepreeBHa
CTapIINi Hay4HBIN COTPYAHUK, Kadeapa kapauonoruu, Poccuiickuii yHuBepcuTeT
py>k0bI Hapo10B I. MockBa, Poccus.

AHHOTAIUA

Cepaeuno-cocyaucteie 3aboneBanus (CC3) ocraroTcs OJHON M3 BEAYIIUX NPUYUH
CMEPTHOCTH B MHpPE, YTO CTaBUT IMEpell MEAMIMHCKUM COOOIIECTBOM 3aJady
pa3paboTKku HOBBIX J((EKTUBHBIX METONOB JieueHHss. OgHuM U3 Haubosee
NEPCIIEKTUBHBIX HAIPABJICHUN SBJSIETCSl WCIIOJIb30BAHUE CTBOJIOBBIX KIIETOK JIJIst
BOCCTAHOBJICHUSI TOBPEKICHHBIX TKaHEH M OpraHoB. B craTebe paccMOTpeHbI
COBpPEMEHHBIE TOJXOAbl K TEpalmuu CEepJACYHO-COCYAMCTBIX 3a00JeBaHUIl C
IPUMEHEHUEM CTBOJIOBBIX KJIETOK, BKJIIOYas METOJbl KJIETOYHOM Tepamuu, HX
PEUMYIIECTBA U MOTEHIHAIbHbIE pucku. Ocoboe BHUMaHUE yJIEI€HO KIMHUYECKUM
MCCJIETOBAHMIM, TTOKA3bIBAIOIINM OOHAACKMBAIOIINE PE3YNIbTaThl B BOCCTAHOBICHUHU
CepJeYHON (PYHKIINH U yIy4YIICHNH KaueCTBa KU3HH MallMeHTOB. Takxke 00CyKIaroTcs
MEPCTIEKTHBBI UCIOJIb30BAHUS CTBOJIOBBIX KIIETOK Ui JIeYeHUS MH(ApKTa MHOKapAa,
UIIEMHYECKOH O0JIE3HU cep/lia U CepJCUHON HEIOCTATOUHOCTH.

KiroueBble c¢jioBa: CTBOJIOBBIE KIIETKH, CEPACYHO-COCYAMCTBIC 3a00JIeBaHMS,
KJIETOYHAsl Tepanusi, MHGAPKT MHOKapJa, WIIEMUs, KapIuOJIOTHs, pereHepaTHUBHAs
MEIUIMHA.

1. BBegenue

Cepneuno-cocynucteie 3a0oneBanust (CC3) sSBISIOTCS OJHOM W3 TJIABHBIX MPUYUH
CMEpPTHOCTH B MHpE, TPEOYIOIHUX HOBBIX A((PEKTUBHBIX METONOB JieueHus. B
MOCJIETHAE TOJbl B KapJUOJIOTMM TOSIBISIETCS HOBOE HANpPAaBIICHHE, CBS3aHHOE C
MIPUMEHEHUEM CTBOJIOBBIX KJIETOK JIJIl BOCCTAHOBJIEHUS TOBPEKAECHHBIX TKaHEN cepLa
U COCYIOB. OTOT MOAXOJ Oa3upyeTcs Ha CIIOCOOHOCTH CTBOJIOBBIX KIIETOK K
perenepanuu, auddepeHnrani M BOCCTAHOBICHHIO (DYHKIUNA TMOBPEKICHHBIX
OpTraHoB.

[lenwio cTaThy ABNISETCSI 0030p COBPEMEHHBIX METOJIOB JICUEHUS CEPICIHO-COCYTUCTHIX
3a00J1€BaHUN C HMCMOJIH30BAHUEM CTBOJIOBBIX KJIETOK, a TAKXKE aHAIN3 KIMHHUYECKUX
MCCJICIOBAaHMM, HAIPaBJICHHBIX Ha OIEHKY 3(PGEKTUBHOCTH U OE30MacCHOCTH TaKHUX
METOJIOB.
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2. MexaHHu3MbI JelCTBHA CTBOJIOBBIX KJIEeTOK B Jeuenuu CC3
2.1. IlpuHUOMIIBI KJIETOYHOM Tepanuun

Knerounas Tepamnus npeactaBisieT cOO0M METOJ HCIOIb30BAHUS KHUBBIX KIETOK IS
BOCCTAHOBJICHHSI TIOBPEXKIEHHBIX TKaHeH. CTBOJIOBBIE KJIETKU 00Ja1al0T YHHUKATBHON
CIOCOOHOCTBIO K CAMOBOCCTaHOBIICHUIO U MU depeHIMaluy B CICIMATU3UPOBAHHbIC
KJIETKH, YTO JENAeT WX MOTEHUUATbHO S()PPEKTUBHBIMU MAJSL JICUCHUS DPANAYHBIX
3a00JIeBaHUI, B TOM YHUCIIE U CEPJIEYHO-COCYAUCTHIX.

2.2. Buabl CTBOJIOBBIX KJIETOK A4 Jeuenusa CC3

Jlis JiedeHusl CeplIedHO-COCYAUCThIX 3a00JeBaHUI MPUMEHSIOTCS Pa3IUYHbIC THIIBI
CTBOJIOBBIX KJIETOK:

o JMOpHOHABbHBIE CTBOJIOBBIE KJIETKH — 00J1a/1al0T BEICOKON CIIOCOOHOCTBIO K
g epeHnnanny, Ho UX UCIOJIb30BaHUE BBI3BIBAET 3TUUECKUE U IOPUIUUECKUE
BOIIPOCHI.

o AYTOJIOTMYHBIC ME3CHXMMAJIbHbIC CTBOJIOBbIC KJIECTKH —  KIETKH,
MOJIyYEHHBIE OT CaMOr0 MalKUeHTa, KOTOPhIE MUHUMU3UPYIOT PUCK OTTOPKEHUS
Y UMMYHHBIX PEaKUUu.

o MHupuced pluripotent stem cells (PSCs) — wuHIYHUpOBaHHBIE
IUTIOPUIIOTEHTHBIE ~ CTBOJIOBBIE  KJETKH, KOTOpbIE  MOJY4YalT  IyTeM
epEenporpaMMHUPOBaHHUS B3POCIIBIX KIIETOK.

Ka)KHBIfI THUII KIJIICTOK HMMCCT CBOH OCO6€HHOCTI/I, MpCuMymicCTBa U OIrpaHUYCHUSA B
KIIMHUYCCKOM IIPUMCHCHHU.

3. KinerouHnasi Tepanus B Je4eHHUH CEPACYHO-COCYAMCTHIX 3200/ IeBAHU I

3.1. Jleuenue nH(papKTa MHOKApPIA

OgnuM w3 HamOoJee TNEPCIEKTUBHBIX HANpaBIECHUN SBISETCS HCIOJIb30BAHUE
CTBOJIOBBIX KIIETOK JJiA JieueHHus] MH(papkTa MHOKapja. B sTom cimydae CTBOJIOBBIE
KJIETKH BBOJATCA B TMOBPEXKIEHHYIO 0O0JacTb cepaua, /€ OHU CIIOCOOCTBYIOT
BOCCTAHOBJICHUIO CEPACYHOM TKaHU, YIYUIICHUIO KPOBOOOpAIIEHUS U YMEHbLICHUIO
pyOueBanusi. Psn KIMHWYECKMX WCHBITAHUNM TIOKA3alld YJIy4dlIEHUE CepIeYHON
(YHKLIHMH U CH’)KEHHE PUCKA XPOHUYECKOU CEPIEYHON HEJOCTATOYHOCTH Y TAIIUEHTOB.

3.2. JleueHue nmeMu4ecKoii 00J1e3HH cepana

Nmemnueckas 0051e3Hb cep/illa CBsI3aHa ¢ HEJJOCTaTOUYHBIM KPOBOCHAOKEHUEM cep/Lia
u3-3a OJOKMPOBKM KOPOHApHbIX cOocyaoB. CTBOJIOBbIE KIETKHM MOTYT OBITh
WCTIOJB30BaHbl [ CTUMYJISIIUA POCTa HOBBIX KPOBEHOCHBIX COCYJOB (aHTHMOTEHE3),
YTO TMOMOTAET YIYYIIMTh KPOBOOOpAIlleHWE B 00JIACTU WIIEMUU W TPEAOTBPATUTH
JNaJbHEWIIee YXYAIEHUE COCTOSHUS AallMEHTA.
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3.3. KapanomuonaTuu U cepedHasi HeA0CTATOYHOCTh

B ciyyae XpOHMYECKON CEpACYHOM HEAOCTATOYHOCTH CTBOJIOBBIE KJIETKHM MOTYT
CIIOCOOCTBOBATh BOCCTAHOBJICHHIO TMOBPEKICHHBIX KapJAHUOMHOIIMTOB, YTO MOMOTAET
YIYYIIATh COKPATUTEIbHYIO0 (YHKIHMIO CepAlla U CHHU3UTH MPOSBICHUS CEpIECUHON
HEJOCTATOYHOCTH.

4. lIpenMyniecTBa U PUCKH UCIOJIb30BAHUSA CTBOJOBBIX KJIETOK
4.1. [IpeumyiecTBa KJIETOYHOU Tepanuu

Knerounas TCpanus UMCCT HCCKOJIBKO 3HAYUTCIIbHBIX ITPCUMYIICCTB!

o Perenepaumss TKaHeld — CTBOJIOBbIE KJIETKM MOTYT BOCCTAHABJIMBATh
MOBPEXK/ICHHBIE TKAHU U OPTraHbl, YTO TOMOTAET BOCCTAHOBUTH X (DYHKIIUH.

o Munumuzauuss no004YHBIX 3¢(eKTOB — HCIOIB30BAHUE ayTOJIOTHYHBIX
CTBOJIOBBIX KJIETOK CHUYKA€T PUCK OTTOPKEHUS U HMMYHHBIX PEaKIUN.

o Jloarocpounbie pe3yJbTaTbl — TMOJOXHUTEIbHBIE PE3YJIbTAThl JICUCHUS

COXpPAHAIOTCA B ,Z[OJIFOCpO‘-IHOﬁ IICPCIICKTUBC, YTO ACJIAaCT OTOT MCTOL
IMPUBJICKATCIBbHBIM JIA ITIAIMCHTOB C XPOHUYCCKUMU 3a00JICBaHHUSIMU.

4.2. IloTeHUAJNbHbIE PUCKH U 0CJI0KHEHUSA

Hecmotpss Ha MHorooGemawomue pe3yiabTaThl, KJIETOUHAs TEpanus MUMEET U CBOU
PUCKH:

o OnmnyxojieBoe mpeodpa3oBaHHe — CYIIECTBYET PHUCK MPeoOpa3oBaHUs
CTBOJIOBBIX KJICTOK B OIYXOJICBBIC KIICTKH.
o OTTOp:)KeHHE KJIEeTOK — JaXe ayTOJOTWYHBbIC KICTKH MOTYT BBI3BaTh

VMMYHHBIN OTBET Y HEKOTOPBIX IAlIUEHTOB.
e JTHYECKHE BOMPOCHI — HCIOJb30BaHUE AMOPHOHATIBHBIX CTBOJIOBBIX KJIETOK
BBI3BIBACT ITUYECKUE CIIOPHI U OTPAHUYCHUS B PA3HBIX CTPaHAX.

5. 3akaouenue

Hcrnonp30BaHre CTBOJOBBIX KJIETOK B JICYEHHH CEPJCYHO-COCYJIMCTHIX 3a00JeBaHUMN
MIPEACTABIISIET COOOM MEPCIIEKTUBHOE HAMPABIICHUE, KOTOPOE Ja€T HOBBIE BO3MOKHOCTHU
JUIs BOCCTAHOBJIEHUs (PYHKIIMIA cepiia u cocyoB. Ha ceronusimHuil 1eHb KIETOUYHAs
Tepanusi JoKazaja CBOIO A(Q(PEKTUBHOCTh B JIEUEHUH HH(pApKTa MHUOKApJA,
UIIEeMUYECKON OO0JIe3HH cepAlla U CepACHYHOM HeaocTtaTouHocTh. OjHako i
JTadbHEUIIero IIUPOKOrO0 TPUMEHEHHUSI JTHUX METOJ0B TpeOyeTcs MpOBEICHUE
JOTIOJIHUTENIBHBIX HCCJICOBAaHUN, KOTOpPbIE MOMOTYT MHHUMU3UPOBATH PHUCKU U
YIAYUYIIUTh PE3YyJbTaThl TEPAIIUH.
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Abstract

The rapid advancement of digital technologies has transformed the educational
landscape, particularly in the teaching of physics at the secondary school level.
Electronic documents have become an essential tool for educators, facilitating lesson
planning, student engagement, and assessment. This article explores the role of
electronic documents in physics education, emphasizing their advantages, challenges,
and best practices. The discussion includes an analysis of digital document formats,
cloud-based collaboration, and their impact on teaching efficiency. By leveraging
electronic resources, physics teachers can create interactive learning environments that

enhance students’ understanding of complex physical phenomena.
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1. Introduction

The integration of digital technologies into education has reshaped traditional teaching
methods. In physics education, where concepts are often abstract and require
visualization, electronic documents provide an effective means of enhancing learning
experiences. These documents, including digital textbooks, worksheets, interactive
simulations, and assessment tools, allow for greater flexibility and accessibility
compared to traditional paper-based resources.

Secondary school physics teachers face various challenges, including time constraints,
curriculum updates, and the need to engage students with different learning styles. The
use of electronic documents can alleviate some of these difficulties by providing instant
access to up-to-date materials, facilitating real-time collaboration, and enabling data-
driven decision-making in student assessments. However, the successful adoption of
digital resources depends on factors such as technological infrastructure, teacher
training, and student access to devices.

This article examines the role of electronic documents in physics education, highlighting
their benefits, challenges, and strategies for effective implementation. The discussion
will also address the importance of digital literacy for both teachers and students in
maximizing the potential of electronic teaching resources.

2. Advantages of Electronic Documents in Physics Teaching
2.1 Enhanced Accessibility and Organization

One of the primary benefits of electronic documents is the ease of access and
organization. Digital storage solutions, such as cloud-based services (Google Drive,
OneDrive, Dropbox), allow teachers to store and retrieve lesson plans, laboratory
instructions, and assessment materials from any location. This accessibility is
particularly beneficial in remote learning environments, where traditional printed
materials may be impractical.

Moreover, electronic documents enable educators to create structured repositories of
teaching materials. Unlike physical textbooks, which become outdated over time, digital
documents can be updated in real time to reflect the latest scientific discoveries and
curriculum changes. This adaptability ensures that students receive the most relevant
and accurate information.

2.2 Multimedia and Interactive Learning

Physics is a subject that heavily relies on visualization and experimentation. Traditional
textbooks, though informative, often fail to provide interactive engagement. Electronic
documents support multimedia elements such as animations, simulations, hyperlinks,
and embedded videos, which can significantly enhance students' comprehension of
complex topics such as electromagnetism, quantum mechanics, and thermodynamics.
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For example, interactive PDFs and web-based simulations (such as PhET Interactive
Simulations) allow students to manipulate variables in virtual physics experiments,
observe outcomes in real time, and develop a deeper understanding of cause-and-effect
relationships in physics.

2.3 Efficient Assessment and Feedback Mechanisms

Electronic documents facilitate automated assessments, reducing the time teachers
spend on grading and allowing for instant feedback. Online quizzes and digital
assignments enable educators to track student progress, identify common
misconceptions, and tailor future lessons accordingly.

Additionally, the use of digital assessment tools such as Google Forms, Microsoft
Forms, and Learning Management Systems (LMS) like Moodle or Edmodo allows for
the integration of various question formats, including multiple-choice, short-answer, and
interactive problem-solving exercises. This variety enhances the assessment process and
provides a more comprehensive evaluation of student understanding.

2.4 Collaborative Learning and Resource Sharing

Cloud-based platforms enable real-time collaboration between teachers and students.
Electronic documents can be shared instantly, allowing students to participate in group
projects, contribute to shared notes, and engage in peer review activities.

Moreover, collaboration among educators is significantly enhanced through digital
teaching communities. Teachers can exchange lesson plans, research papers, and
instructional strategies via online platforms such as ResearchGate, Academia.edu, and
physics education forums. This exchange of knowledge contributes to continuous
professional development and pedagogical improvement.

3. Challenges of Implementing Electronic Documents in Physics Education

3.1 Technological Barriers and Infrastructure Limitations

Despite the benefits of electronic documents, their implementation is often hindered by
technological limitations. Many schools, particularly in developing regions, lack the
necessary infrastructure, such as high-speed internet access, sufficient computer labs,
and interactive whiteboards.

Additionally, hardware limitations—such as outdated computers or a lack of personal
devices for students—can create disparities in access to digital resources. These
challenges necessitate targeted investment in educational technology infrastructure and
policies that promote digital inclusion.
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3.2 Digital Literacy Among Teachers and Students

The effective use of electronic documents requires a certain level of digital literacy.
While younger generations may be familiar with digital tools, many teachers require
additional training to optimize their use of electronic teaching materials.

Professional development programs should focus on equipping educators with skills in
document creation, digital annotation, interactive media integration, and data security.
Workshops, online courses, and institutional support can help bridge this knowledge gap
and ensure the efficient utilization of digital resources in physics education.

3.3 Security, Privacy, and Data Protection

With the increasing use of digital platforms, concerns about data security and student
privacy have become more pronounced. Schools must implement cybersecurity
measures to protect sensitive information and ensure compliance with data protection
regulations.

Best practices include using secure passwords, encrypting sensitive documents, and
educating students on responsible digital behavior. Institutions should also establish
guidelines for data storage and sharing to prevent unauthorized access to academic
materials and student records.

4. Best Practices for Effective Use of Electronic Documents

. Selecting appropriate digital tools — Teachers should choose platforms that
support multimedia integration, interactivity, and cloud-based storage.

. Creating engaging content — Digital lesson materials should include diagrams,
hyperlinks, and interactive exercises to foster student engagement.

« Implementing blended learning — A combination of traditional teaching
methods and electronic documents ensures a well-rounded educational
experience.

« Encouraging student participation — Teachers should incorporate collaborative
activities such as shared document editing and group assignments.

« Ensuring regular updates — Educational materials should be reviewed and
updated periodically to align with curriculum changes and scientific
advancements.

5. Conclusion

Electronic documents have revolutionized secondary school physics education by
enhancing accessibility, interactivity, and assessment efficiency. Despite challenges
related to infrastructure, digital literacy, and data security, strategic implementation of
digital resources can significantly improve teaching and learning outcomes. By adopting
best practices and fostering technological innovation, educators can harness the full
potential of electronic documents to create dynamic and engaging physics classrooms.
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1. Introduction

The growing integration of technology in education has transformed teaching
methodologies, particularly in science subjects such as physics. Electronic documents,
including e-books, interactive worksheets, cloud-based lesson plans, and digital
assessments, have replaced traditional paper-based materials, offering numerous
benefits in terms of accessibility, adaptability, and engagement.

Physics, as a discipline, requires extensive visualization and experimentation to facilitate
student comprehension of abstract concepts. Traditional textbooks and printed resources
often fall short in providing an interactive and engaging learning experience. By
leveraging electronic documents, educators can incorporate multimedia elements, real-
time assessments, and collaborative tools that enhance the quality of instruction.

This article explores the significance of electronic documents in modern physics
education at the secondary school level. It highlights the advantages of digital materials,
addresses the challenges associated with their implementation, and provides
recommendations for optimizing their use in the classroom.

2. Advantages of Electronic Documents in Physics Education

2.1 Improved Access to Educational Resources

One of the key benefits of electronic documents is their accessibility. Unlike printed
textbooks that can be expensive and difficult to update, digital resources can be easily
modified, expanded, and shared among educators and students. Cloud-based platforms
such as Google Drive, OneDrive, and educational portals allow for seamless access to
up-to-date materials from any device with an internet connection.

Additionally, electronic documents facilitate inclusive education by providing options
for students with disabilities. Features such as text-to-speech functions, adjustable font
sizes, and color contrast settings ensure that learning materials are accessible to all
students, regardless of their individual needs.

2.2 Enhancing Student Engagement Through Interactivity

Physics education often involves complex concepts that require visual representation.
Traditional textbooks may contain static images, but electronic documents enable the
integration of animations, simulations, and interactive problem-solving exercises. Tools
such as PhET Interactive Simulations and GeoGebra provide students with hands-on
experiences, allowing them to manipulate variables and observe real-time changes in
physical phenomena.

Furthermore, digital note-taking applications like OneNote and Evernote encourage
students to actively engage with course materials by annotating documents, adding
multimedia elements, and organizing their notes more effectively.
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2.3 Efficient Assessment and Performance Tracking

The use of electronic documents simplifies the assessment process by enabling
automated grading and real-time feedback. Learning Management Systems (LMS) such
as Moodle, Blackboard, and Google Classroom allow teachers to create online quizzes,
assignments, and interactive problem sets that can be instantly evaluated.

These platforms also provide analytics tools that help educators track student
performance, identify knowledge gaps, and tailor instructional strategies accordingly.
Adaptive learning technologies further personalize the learning experience by adjusting
the difficulty level of questions based on a student’s progress.

2.4 Facilitating Collaboration Among Students and Teachers

Collaboration is an essential component of modern education, and electronic documents
support cooperative learning through cloud-based sharing and real-time editing.
Platforms like Google Docs and Microsoft Teams enable students to work on group
projects, co-edit reports, and provide peer feedback efficiently.

For teachers, electronic documents simplify curriculum development by allowing them
to share lesson plans, research findings, and best practices with colleagues. Online
communities and professional development platforms help educators exchange ideas
and stay updated on the latest advancements in physics education.

3. Challenges in the Implementation of Electronic Documents

3.1 Digital Divide and Technological Constraints

Despite the advantages of electronic documents, disparities in technology access remain
a major challenge. Many schools, particularly in underfunded or rural areas, lack the
necessary infrastructure such as high-speed internet, adequate computer labs, or digital
devices for every student.

Additionally, outdated hardware and software limitations can hinder the smooth
integration of digital materials into daily teaching. Schools must prioritize investment in
modern educational technology to bridge this gap and ensure equal access to digital
resources.

3.2 Training and Digital Literacy for Teachers and Students

The effective use of electronic documents requires a certain level of digital proficiency.
While younger students are often familiar with technology, many teachers may struggle
with integrating digital tools into their lesson plans. Professional development programs
and workshops should be implemented to equip educators with the necessary skills to
navigate digital platforms, create interactive materials, and optimize the use of electronic
documents in the classroom.
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Students also require guidance on using digital resources effectively. Instruction on
responsible internet usage, data management, and academic integrity is crucial to
maximizing the benefits of electronic documents in education.

3.3 Data Security and Privacy Concerns

With the increasing reliance on cloud-based platforms, data security and privacy have
become significant concerns. Schools must establish robust cybersecurity policies to
protect sensitive information and ensure compliance with data protection regulations.

Teachers should educate students on safe online practices, including password security,
responsible file sharing, and awareness of potential cyber threats. Implementing
encryption and multi-factor authentication can also enhance the security of digital
learning environments.

4. Best Practices for Integrating Electronic Documents in Physics Education

« Utilizing multimedia elements — Incorporating videos, simulations, and
interactive exercises to enhance understanding.

« Encouraging collaborative learning — Using cloud-based platforms to facilitate
teamwork and peer discussions.

. Personalizing learning experiences — Implementing adaptive learning
technologies to cater to different student abilities.

« Ensuring accessibility — Designing digital materials that accommodate students
with diverse learning needs.

« Regularly updating educational content — Keeping electronic documents
aligned with current scientific research and curriculum changes.

5. Conclusion

Electronic documents play a crucial role in modern physics education, providing
teachers and students with dynamic, accessible, and interactive learning tools. While
challenges such as technological barriers, digital literacy gaps, and data security risks
must be addressed, the strategic use of digital resources can significantly improve the
quality of physics instruction. By embracing innovative teaching methods and investing
in technological advancements, educators can create engaging and effective learning
environments that prepare students for future scientific endeavors.
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AHHOTAIUA

C pa3BUTHEM TEXHOJOTMH CEKBEHUPOBAaHWS I'€HOMAa B IIOCJICIHUC JCCATHIICTHS
MIPOM30IIIE]T 3HAYUTCIIBHBIA IIPOPBIB B 00JIACTH MEIUIIMHBI, B TOM YHCIIC U B JICUCHUU
OHKOJIOTMYECKHUX 3a00j1¢BaHui. | 'eHOMHass MEIUIIMHA TIPEICTAaBIsIeT COOOM MOIX0I, B
OCHOBE KOTOPOI'O JICKUT aHaJIM3 I'CHETHYCCKON HMH(OpMAIMy MaleHTa ¢ ICNIBIO
pa3pabOTKH MEPCOHAIM3UPOBAHHOTO JIeUCHHU. B cTaThe paccMaTpUBaIOTCS OCHOBHBIC
MPUHIUIIBI TGHOMHON MEIUIIMHBI, €€ pOJb B OHKOJOTHH, a TaKXe BIIUSHUC
MIEPCOHAJIM3UPOBAHHOIO IMOJAX0Ja Ha Tepamuio paka. O030p BKIIOYAET MPUMEPHI
YCIEIIHOTO TPUMEHEHUSI TEHETHYCCKOro TECTUPOBAaHMS JUIs BbIOOpa HamboJjee
3¢ (HEKTHUBHBIX METOJIOB JICUCHHS, TAKMX KaK TapreTHas Tepalus U UMMYHOTEpaIus.
Tarxke 00CYXmTarOTCS MPOOJEMBI W TEPCICKTHBBI JAJBHEHIIECT0 pPa3BUTHS ITOM
00acTu.

Kiarw4deBble cj0Ba: reHOMHas MCIUIIMHA, pPaK, IICPCOHAIN3HPOBAHHOC JICUCHHC,
TapreéTHas Tepanusa, MMMYHOTCpPAInA, TCHETUICCKOC TCCTUPOBAHMC.

1. BBeaenue

Onkonornyeckue 3a00JIEBaHMsI OCTAIOTCS OJAHOW M3 BEIYIIMX MPUYUH CMEPTHOCTH B
MUpE, 4TO MOAUYEPKUBAET HEOOXOIUMOCTD MOUCKa Oosiee 3PGEeKTUBHBIX U O€30TMaCHBIX
METO/IOB JieueHHs. TpauIIMOHHBIE METObI, TAKME KaK XUMHUOTEPAIUs ¥ paIuoTeparnms,
4acTO CONPOBOXKAAIOTCA MOOOYHBIMU A (deKTamMu, 4To TpeOyeT BHEIPEHUS HOBBIX
noaxoqoB. ['eHoMHas MeauIMHa TMpeAcTaBiIsieT coOOW OauH W3 Haubosiee
MEPCIEKTUBHBIX METOJOB TEPCOHATM3UPOBAHHOTO JICUCHUS paka, TAe KIHOUEBBIM
AIIEMEHTOM SIBJISICTCSI aHAJIW3 TEHETUYECKUX OCOOCHHOCTEH MareHTa W €ro OMyXOJIH.
DTOT MOJX0] MO3BOJSET HE TOJBKO BhIOpaTh HamboJsiee YPHEKTUBHOE JICUCHHUE, HO U
MUHUMH3UPOBATH MOOOYHBIE AP (HEKTHI, yIydllias KaueCTBO KU3HU MAIUCHTOB.

I{esb TaHHOM CTaThbU — PACCMOTPETH BIMSHUE TEHOMHOW MEAULIMHBI HA JICUCHUE PaKa,
a TaKke 0OCYIUTh OCHOBHBIE MOJXOJbI U TEXHOJOTHH, KOTOPHIE MCTOIB3YIOTCS ISt
CO3/IaHUS IEPCOHATM3UPOBAHHBIX CXEM TEPAIIHH.
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2. 'eHoMHasi MeIMIIMHA U €& OCHOBHbIE IPUHIMIIBI
2.1. OcHOBBI F€eHOMHOM MeIHIIMHBI

['eHOMHAsT MeAWIMHA TIPENCTaBIIICT COOOW HCIOJIb30BaHWE WH(POPMAIMA O TEHaX,
xpomocomax u JIHK mnanuentra nms OuWarHOCTUKM U JiedeHUs 3aboneBaHuii. B
OHKOJIOTMH 3TOT MOAXO0/ O3BOJISIET TOUYHEE BBISIBIIATh MYTAIIMA U U3MEHEHUSI B T€HAX,
KOTOPBIE MOTYT BIIUATH HAa Pa3BUTHE paka, U MOJAOUPATh TEPANEBTUUECKUE CTPATETHH,
HaIIPaBJICHHbIC HA YCTPAHEHUE 3TUX aHOMAJIUM.

CCKBCHI/IpOBaHI/IG ICHOMa OITYXOJIKM IMaOUCHTa IIOMOTracT OIIPCACINTL MOJCKYIISIPHBIC
OCOOCHHOCTH pakKa, 4To CHOCO6CTBy€T TOYHOMY BI)I60py MCTOJOB JICHCHHA, TAKHUX KaK
TapreéTHad T¢pansa 1 UMMYHOTCpaAIIn:.

2.2. IllpuMeHeHNEe TEHETUYECKUX TECTOB B OHKOJIOTUH

J1J1s1 BBISIBIICHUSI TEHETUYECKUX U3MEHEHUH, CITOCOOCTBYIOIIMX PA3BUTHIO PaKa, IUPOKO
UCIIOJIB3YIOTCSL  PA3JIMYHBIE METOJbI TEHETHYECKOTO0 TECTHUPOBAHUS, TaKUE Kak
nosiHoreHoMHoe cekBeHupoBanue (WGS), cekBenupoBanue 3x3oMa (WES) u manenu
TCHHBIX MYTalWi. DTH TECTHl MO3BOJISIIOT W3YYHTh TCHETHUYECKHA KOJ OMyXOJIH U
BBISIBUTH MYTallUU, KOTOPHIE MOTYT OBITh MUIIICHSIMU ISl TAPTETHBIX MPEMapaToB.

OnHuUM U3 TPUMEPOB SIBIISIETCS UCIIOJIB30BAaHME TECTOB HA HAJIMYKME MYTAlMil B Te€HaX
HER2, BRCA1 u BRCA2, koTOopble MOTYyT OINpEIENATh CTPATETHIO JICYEHUS paka
MOJIOYHOM KeJIE€3bl U IMYHUKOB.

3. IlepcoHaJM3MpPOBaHHOE JICYEHHE PaKa
3.1. Taprernas Tepanust

TapretHass Tepanmusi — 3TO TOAXOJ, MPU KOTOPOM HKCIOJIB3YIOTCS TIpernaparhl,
HalpaBJICHHbIC Ha CIEU(UUECKUE MOJICKYJIbI UM F€HbI, KOTOPBIE UTPAIOT KITHOUYEBYIO
poJib B pa3BUTUU paka. Mcrmonap30BaHWE TE€HETUYECKOTO TECTUPOBAHUS MOMOTaeT
BBISIBUTh MYTallMd B TE€HaX ONYyXOJW, YTO TIO3BOJIAET NoAOUpaTh Haubosee
s pexkTUBHBIE TpenapaThl JIs KaXJA0To MalMeHTa.

[IprumepoM TapreTHOM Tepanuu SBJSIETCS JEYEHHE paka JIETKOTO C MyTAalUel B I'€HE
EGFR (anuaepmanbHbiil pakTop pocTa), IAe MalMeHTaM Ha3HA4yaloTCs IMpernaparsl,
OJIOKUPYIOIINE 3TOT PEIENTOP, YTO IOMOTAET 3aMEJTUTh POCT OMYXOJIH.

3.2. AmmyHoOTepanust

NmMmyHOTEpanuss — 3TO METOJ JICYECHUS, KOTOPBIM HCIOJIb3YET UMMYHHYIO CHUCTEMY
nmanyeHTa 1yt O00opbObl ¢ PaKOBBIMHU KJIETKaMHU. B OCHOBE MMMYyHOTEpamuu JICKHUT
CIIOCOOHOCTh MMMYHHBIX KJIETOK PAaCIO3HABATh M YHUUTOXKATh OMyXOJIEBBIC KICTKH.
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I'enomHuas JAUArHoCTHUKa IMOMOTI'a€T BBISABUTL OIIYXOJICBBIC aHTUI'CHBI, KOTOPBIC MOI'YT
OBITH MCHOJIBL30BaHBI AJ1 CO3JaHMs IICPCOHAIM3NPOBAHHBIX BAKIWH WJIN JJIA BI)I60pa
ImpenapaToB, aAKTUBUPYIOIIUX NMMMYHHBIC KIICTKH.

I/IMMYHOTepaHI/I}I IMOoKa3aJia ITOJIOKHUTCIIbHBIC PC3YyJIbTAThl B JICUCHUU pPadKa ITIOYKH,
MCJIAaHOMBI, a TAKKC HCKOTOPLIX THIIOB paKa JICTKOI'0 1 MOJIOYHOM K€JIe3bl.

4. IlpenmymiecTBa U BHI30Bbl TCHOMHOM MeIHMIMHbBI

4.1. [IpeumyiiecTBa reHOMHOMH MeIUIIMHBI

HepCOHaHH3HpOBaHHBIﬁ nmoaxoa B JICHCHHUHM pPakKa C HCIIOJIb30BAHUEM TI'CHOMHBIX
TEXHOJOTUH O6J'I&I[3.CT HCCKOJIbBKUMHU KJIFOUCBBIMU IIPCUMYIICCTBAMU

o TouHOCTh Je4YeHUS] — TEHETHUYECKOE TECTHPOBAHHE II03BOJISIET BBHIOMPATH
Tepanuio, OCHOBAHHYIO Ha MHJIMBUIYAIbHBIX OCOOEHHOCTSIX OMYXOJIU MallUeHTA.

o  Munnmuzanus no00YHbBIX IPPEKTOB — TAPreTHHIE MTPENAPATHI BO3AEHCTBYIOT
HEMOCPEICTBEHHO Ha PAKOBbIE KJIETKH, YTO CHUYKAET PUCK MOOOYHBIX d(PPEKTOB.

o YBeanuenue 3(p(PeKTHBHOCTH TEepPallMu — IEPCOHATIMU3UPOBAHHBIN ITOAXO.
MOBBIIIAET BEPOATHOCTH yCIEXa JICYEHHUs, YIy4lllasi BbBLKMBAEMOCTh U Ka4€CTBO
YKA3HU MalEHTOB.

4.2. BbI130BbI U IPO0JIEMBI

HGCMOTpH Ha 06H3I[€)KI/IBaIOIHI/Ie pe3yiibTaThbl, CYHICCTBYCT HCCKOJIBKO BbLI3OBOB, C
KOTOPBIMHU CTAJIKUBACTCA I'CHOMHAs MCAUIIMHA:

« BpIcoKasi CTOMMOCTb TeHETHYECKHX TeCTOB — BBIIIOJIHEHUE MIOJTHOTEHOMHOTO
CEKBEHUPOBAHMS U IPYTUX TECTOB TPEOYET 3HAUNTENbHBIX (DMHAHCOBBIX 3aTpaT.

o OrpannyeHHasi JOCTYNIHOCTh TEXHOJOTM — B HEKOTOPBIX CTpaHax H
pPErroHax J0CTYyN K NEPEIOBBIM METOIaM JICUEHHS] OTPAHUYEH.

o JTHYecKHe NMPOOIeMbl — UCIOJIb30BaHUE FEHETHUECKON MH(OPMALIUK MOXKET
BBI3bIBaTh BOIPOCHI O KOH(UACHIMAIBLHOCTU JAHHBIX U UX HCIIOJIb30BAHUU B
OPYTUX UETsX.

5. 3akaouenue

['eHOMHast MeUITMHA TIPECTABISET COOON PEBOIOIIMOHHBIN MOAXO0 B JICUEHUU paka,
KOTOpPBIA  TO3BOJISIET  MEPEXOJIUTh OT YHUBEPCAJIBHBIX CXEM TEpanuu K
MePCOHATTM3UPOBAHHBIM CTPATETUSIM, OCHOBAaHHBIM Ha TEHETHYECKHX OCOOCHHOCTSIX
Ka)XJI0T0 MaIMeHTa. ITO0 OTKPHIBAET HOBBIE BOZMOXKHOCTH JJIs1 3P (HEKTUBHOTO JICUCHUS
W yJYYIICHUS] TPOTHO30B Yy MAIMEHTOB ¢ OHKOJOTHYECKUMHU 3a00seBaHusIMU. O1HAKO
JUISL JaJIbHEHIIIEro paclpoCTpaHEHUsI U BHEJPEHUS T€HOMHBIX TEXHOJIOTHI TpeOyeTcs
MPEOI0JIEHUE Ppsiia BBI30OBOB, TAKUX KaK BBICOKAas CTOMMOCTD MPOLIEAYP U JOCTYIHOCTD
TEXHOJIOTUH.
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Abstract

The digitalization of energy consumption monitoring has transformed the way electricity
usage is tracked, analyzed, and optimized. Electronic reports of electricity consumption
provide real-time data, enhance efficiency, and support sustainability efforts. These
reports play a crucial role in both residential and industrial energy management by
enabling accurate billing, detecting energy inefficiencies, and facilitating predictive
maintenance. This article explores the significance of electronic reporting systems, their
technological implementation, benefits, and challenges. Furthermore, it discusses the
future of digital energy monitoring and how emerging technologies such as Al and loT
are shaping the next generation of electricity consumption analysis.

Keywords

Electricity consumption, electronic report, smart meters, energy efficiency, digital
monitoring, 10T, predictive analytics.

1. Introduction

With the increasing demand for energy and the need for efficient resource management,
electronic reporting of electricity consumption has become essential. Traditional energy
billing methods rely on manual readings and estimated usage, which often result in
inaccuracies and inefficiencies. The introduction of smart meters and digital monitoring
systems has revolutionized the way electricity consumption is recorded, providing real-
time insights into energy usage patterns.
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Electronic reports allow both consumers and utility providers to monitor electricity
consumption dynamically, identify excessive energy usage, and implement cost-saving
measures. By leveraging cloud computing, data analytics, and loT-enabled smart grids,
energy providers can enhance operational efficiency while promoting sustainable energy
consumption. This article examines the technological framework, advantages, and
challenges associated with electronic reports of electricity consumption.

2. Technology Behind Electronic Reports of Electricity Consumption

2.1 Smart Meters and Data Acquisition

Smart meters serve as the foundation of electronic electricity reporting. These advanced
devices replace traditional analog meters by providing real-time data on energy
consumption. Equipped with communication modules, smart meters transmit electricity
usage data to central servers or cloud platforms, enabling automated and accurate billing.

Smart meters utilize various communication protocols, including:

« Power Line Communication (PLC) — Transmitting data through existing
electrical wiring.

. Radio Frequency (RF) Communication — Wireless data transfer between
meters and utility providers.

« Cellular Networks (GSM, 4G, 5G) — Remote data transmission via mobile
networks.

These technologies ensure seamless data collection, allowing energy companies and
consumers to access electricity reports in real time.

2.2 Cloud-Based Data Processing and Storage

The integration of cloud computing in electricity monitoring enhances data accessibility,
security, and scalability. Electronic reports are stored in centralized databases, where
sophisticated analytics tools process and visualize energy consumption trends. Cloud-
based platforms offer:

« Real-time access to electricity usage data for consumers and providers.

. Automated billing systems that reduce manual errors and inefficiencies.

« Predictive maintenance tools that detect anomalies and potential equipment
failures.

By leveraging machine learning algorithms, cloud-based energy management systems
can identify consumption patterns, helping users optimize their electricity usage.
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2.3 10T and Smart Grids

The Internet of Things (loT) has significantly enhanced electricity consumption
reporting. loT-enabled smart grids connect multiple devices, such as smart meters,
sensors, and home appliances, to a unified network that enables:

. Automated demand-response systems that adjust electricity distribution based
on real-time consumption.

« Remote monitoring of power outages and grid failures, improving energy
resilience.

. Enhanced energy efficiency through intelligent load balancing.

Smart grids equipped with electronic reporting systems provide utilities with the data
needed to optimize power distribution, reduce waste, and support renewable energy
integration.

3. Advantages of Electronic Reports in Energy Management

3.1 Accurate and Transparent Billing

Traditional meter readings often lead to inaccurate electricity bills due to human errors
and estimated consumption. Electronic reports eliminate these issues by providing
precise, automated readings, ensuring transparency in energy billing. Consumers can
track their daily, weekly, and monthly usage patterns, preventing unexpected costs and
disputes.

3.2 Energy Efficiency and Cost Savings

With access to real-time consumption data, households and businesses can implement
energy-saving strategies. Electronic reports highlight peak usage hours, inefficient
appliances, and unnecessary energy consumption. By optimizing power usage based on
these insights, consumers can lower their electricity bills and contribute to sustainability
efforts.

3.3 Improved Fault Detection and Maintenance

Electronic reports enable predictive maintenance by identifying irregularities in power
consumption. Sudden spikes in electricity usage can indicate faulty appliances, wiring
issues, or potential electrical hazards. Utility companies can also detect grid
malfunctions early, reducing downtime and improving service reliability.

3.4 Environmental Benefits and Sustainability

By promoting efficient energy usage, electronic reports support global sustainability
initiatives. Reduced electricity wastage decreases carbon emissions, lessening the
environmental impact of power generation. Additionally, these reports encourage the
integration of renewable energy sources by optimizing energy distribution.
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4. Challenges in Implementing Electronic Reports

4.1 Data Privacy and Cybersecurity Concerns

As electronic reporting relies on cloud storage and loT networks, data security becomes
a major concern. Unauthorized access to energy consumption data can lead to cyber
threats, identity theft, and fraud. Robust encryption, multi-factor authentication, and
secure data transmission protocols must be implemented to safeguard user privacy.

4.2 High Initial Investment Costs

The deployment of smart meters and digital reporting infrastructure requires substantial
investment. Upgrading traditional power grids to smart grids involves expenses in
hardware installation, software development, and workforce training. However, the
long-term benefits in energy savings and operational efficiency justify the initial costs.

4.3 Digital Literacy and User Adoption

While electronic reports provide advanced monitoring capabilities, not all users may be
familiar with digital platforms. Consumers, particularly elderly individuals or those in
rural areas, may face difficulties in understanding energy analytics and adopting new
technologies. Education campaigns and user-friendly interfaces can enhance adoption
rates.

5. Future Trends in Electronic Electricity Reporting

. Integration of Artificial Intelligence (Al) — Al-powered analytics will enhance
energy consumption predictions and automation.

. Blockchain for Energy Transactions — Blockchain technology can improve
transparency and security in electricity billing.

. Renewable Energy Optimization — Electronic reports will facilitate better
integration of solar and wind power into the energy grid.

« 5G Connectivity for Faster Data Processing — Advanced communication
networks will enhance the speed and accuracy of real-time reporting.

6. Conclusion

Electronic reports of electricity consumption are a vital component of modern energy
management. Through smart meters, cloud-based platforms, and loT-enabled systems,
digital monitoring has transformed the efficiency, accuracy, and sustainability of
electricity usage. While challenges such as cybersecurity, costs, and user adoption
persist, continued advancements in technology will further enhance the effectiveness of
electronic energy reporting. As the world moves toward digital transformation and
renewable energy integration, the role of electronic reports will continue to expand,
ensuring a more sustainable and intelligent energy future.
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Abstract

With the increasing need for energy efficiency and sustainability, the adoption of
electronic reporting for electricity consumption has become essential. This paper
explores the technology, benefits, and challenges of electronic reporting systems used
in the monitoring and management of electricity usage. It highlights the importance of
integrating advanced technologies, such as smart meters, cloud computing, and 10T, to
improve the accuracy and efficiency of electricity billing and usage tracking. The article
also discusses the potential future advancements in electronic reporting, focusing on
emerging trends like artificial intelligence and blockchain technology, which promise to
revolutionize the way energy consumption is monitored, analyzed, and optimized.
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1. Introduction

The digital transformation of energy consumption management has led to the
development of electronic reporting systems that enable more efficient tracking,
analysis, and optimization of electricity usage. Traditionally, electricity consumption
data was collected using manual meter readings, often leading to inaccuracies and
inefficiencies. However, with the integration of smart meters and digital systems,
electricity consumption can now be monitored in real time, offering unprecedented
levels of accuracy and transparency.
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The role of electronic reports is critical in both residential and industrial sectors,
providing data that can be used to detect energy inefficiencies, improve billing accuracy,
and promote sustainable energy practices. This article examines the technologies that
enable electronic reporting, the advantages of these systems, the challenges they present,
and the opportunities they offer for the future of energy management.

2. Key Technologies in Electronic Reporting of Electricity Consumption
2.1 Smart Meters: The Core of Electronic Reporting

At the heart of electronic electricity reporting are smart meters, devices capable of
automatically recording electricity usage and transmitting this data to central systems.
Smart meters replace the outdated manual meters and offer several advantages,
including:

. Real-time data transmission to utilities, providing accurate consumption
figures.

« Remote accessibility for consumers to check their usage patterns at any time.

. Time-of-use pricing capabilities that allow users to be billed based on when they
consume energy, encouraging off-peak usage.

These meters use various communication technologies, such as Wi-Fi, Bluetooth, PLC,
and GSM, to transmit data efficiently over long distances.

2.2 Cloud-Based Platforms for Data Storage and Analysis

Cloud computing plays a significant role in the operation of electronic reporting
systems. Data gathered by smart meters is sent to cloud platforms for storage and
analysis. These platforms provide various functionalities, such as:

. Real-time monitoring of electricity usage, which can be accessed by both
consumers and utility companies.

. Big data analytics that identify trends and inefficiencies in energy consumption
patterns.

. Data visualization tools, allowing users to view detailed reports on their energy
consumption over time.

Cloud platforms ensure the storage and processing of vast amounts of data, which is
essential for optimizing energy usage and improving the efficiency of electricity grids.

2.3 The Role of 10T in Energy Management

The Internet of Things (IoT) connects a variety of devices, such as smart meters,
appliances, and sensors, within a network that can exchange information. In the context
of electricity consumption, I0T enables the following benefits:
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. Smart appliances that adjust energy usage based on the grid's demands, such as
smart thermostats and lighting systems.

. Automated demand response, where appliances adjust their energy
consumption based on real-time data to avoid peak load times.

- Energy optimization, through integration with other renewable energy sources
(e.g., solar panels), to reduce reliance on non-renewable resources.

I0T has the potential to make energy management systems more intelligent, responsive,
and efficient.

3. Benefits of Electronic Reporting in Electricity Consumption

3.1 Increased Accuracy and Transparency in Billing

One of the most significant advantages of electronic reporting systems is the
improvement in billing accuracy. With smart meters that automatically record electricity
usage, utilities can avoid errors associated with manual readings and estimated bills.
Consumers also benefit from greater transparency in their bills, as they can track their
consumption in real time and adjust their habits accordingly.

3.2 Optimizing Energy Usage and Reducing Costs

By utilizing real-time data, consumers can make informed decisions about their energy
usage. Electronic reports show peak usage times, highlight energy-intensive appliances,
and suggest areas where consumption can be reduced. As a result, both residential and
industrial consumers can optimize their energy use, leading to cost savings and
contributing to the overall reduction in energy demand.

3.3 Improved Energy Efficiency

The ability to monitor electricity consumption in real time allows for more efficient
energy distribution and usage. With access to detailed usage reports, utility companies
can optimize grid management, reducing waste and improving the overall energy
efficiency of the system. Furthermore, the integration of renewable energy sources
becomes easier, as electronic reports help manage intermittent energy production from
sources such as solar and wind.

3.4 Enhancing Sustainability

Electronic reporting supports sustainability by encouraging consumers to adopt energy-
saving habits. Real-time feedback on energy usage promotes a more responsible
consumption approach, reducing waste and lowering carbon emissions. As energy
providers transition toward green energy, electronic systems facilitate the integration of
renewable sources into the grid, ensuring a more sustainable energy infrastructure.
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4. Challenges in the Implementation of Electronic Reporting
4.1 Cybersecurity Risks

While digital systems offer numerous advantages, they also come with inherent
cybersecurity risks. The transmission of consumption data through networks exposes
the system to potential hacking, identity theft, and other cyber threats. Secure
communication protocols, encryption, and data privacy measures must be implemented
to protect user information.

4.2 High Costs of Implementation

The initial investment in electronic reporting systems can be significant. Upgrading
traditional grids to smart grids, installing smart meters, and developing cloud-based
platforms require considerable resources. Despite the long-term savings and benefits,
the upfront costs can deter some utilities from adopting electronic reporting systems.

4.3 Technical Challenges and Maintenance

Maintaining and operating electronic reporting systems presents technical challenges,
including network reliability, data accuracy, and system integration. Frequent updates
and system maintenance are necessary to ensure continuous and effective performance.

5. Emerging Trends and Future Opportunities

5.1 Artificial Intelligence in Energy Management

The future of electronic reporting lies in the integration of artificial intelligence (Al) to
analyze consumption data. Al can predict usage patterns, optimize energy distribution,
and even recommend personalized energy-saving strategies for consumers. By
continuously learning from data, Al can also enhance predictive maintenance,
identifying issues before they become critical.

5.2 Blockchain for Secure and Transparent Billing

Blockchain technology has the potential to revolutionize the way electricity billing is
handled. By creating an immutable and transparent ledger of energy transactions,
blockchain can improve the security and accuracy of billing systems, reducing fraud and
disputes.

5.3 The Role of 5G in Smart Grids

The deployment of 5G networks will further enhance the capabilities of electronic
reporting systems. With faster data transfer speeds, 5G will enable more efficient
communication between smart meters, appliances, and the grid, improving the
responsiveness of energy management systems and supporting the growing demand for
real-time monitoring.
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6. Conclusion

Electronic reporting systems for electricity consumption represent a critical step toward
a more efficient, transparent, and sustainable energy future. Through the integration of
smart meters, cloud computing, 10T, and emerging technologies like Al and blockchain,
electronic reports can optimize energy usage, reduce costs, and contribute to global
sustainability efforts. Despite the challenges in implementation, the benefits of these
systems far outweigh the drawbacks, and they offer significant opportunities for the
future of energy management.
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AHHOTAIUA

Vpbanuzanuss npencraBisieT  coOOM  IOOAdbHBIA  MPOIECC,  OKa3bIBAIOIIMIA
3HAUUTETFHOE BO3JEHCTBHE HAa TMPUPOJHBIE OSKOCUCTEMbI U  OHOJIOTHYECKOE
pazHooOpasue. PocT TropojoB COMPOBOXKIAETCS WM3MEHEHMSIMU B JaHamadrax,
pa3pylieHUeM MPUPOJHBIX MECTOOOMTaHHWI, M3MEHEHHEM KJIMMaTa M YXyJIIEHUEM
KauecTBa Cpejibl, YTO, B CBOIO odYepenb, BiauseTr Ha ¢iopy u (ayHy. B cratese
paccMaTpuBaeTcs BIMSHHE ypOaHU3alMK Ha OHOJIOTMYECKOE pa3sHooOpa3ue B
TOPOJICKUX JKOCHCTEMAaX, a TAKXKE BO3MOXKHBIE MYyTH CHWKCHHUS ITHX HEraTUBHBIX
apdextoB. Ocoboe BHUMAHHE YJEICHO KOHIICHIMU YCTOMYMBOTO TOPOJCKOTO
pa3BUTHUSI, BKJIIOYAIONIE B ce0sd OXpaHy M BOCCTaHOBJIEHUE OHOpasHOOOpaswus.
PaccmatpuBaroTCst mpuMepsl YCTICIITHBIX MTPAKTUK WHTETPAIUHA TPUPOIBI B TOPOJACKYIO
cpelny, TaKue Kak 3eJICHbIE 30HbI, YKOJIOTMUECKUE KOPUIOpHI U "yMHBIE" Topoa.

KiaroueBbie cioBa: ypOanuzamms, OHOJOTHYECKOE pa3HOOOpas3ue, IKOCUCTEMBI,
YCTOWYMBOE pa3BUTHE, TOPOJACKHUE IKOCUCTEMBI, U3BMEHEHUE KIIMMAaTa.

1. BBeaenue

[Ipouiecc ypOaHM3aliu B TOCIEIHUE ICCATUIICTHS 3HAYUTEIBHO YCKOPWIICS, YTO
MPUBEJIO K YBEJIMYCHUIO YHCJICHHOCTH TOPOJICKOTO HACEICHHS U PACHpOCTPAHEHHUIO
TOPOJICKUX arjioMepanuid Mo BceMy Mupy. OTHOBPEMEHHO C 3TUM ypOaHM3aIus
OKa3bIBaeT TIIyOOKOE BIMSHHE Ha TPHPOAY, M3MEHsIS HE TOJBKO JaHmmadT, HO U
HapyIas 3KOCUCTEMHBIC MPOIECChI. B pe3yapTaTe 3TOTO BO3JACUCTBUS TEPSAETCSA YacTh
OMOJIOTMYECKOTO0  pa3sHOOOpa3usi, YTO OKa3bIBA€T HETaTUBHOE BJIUSHHUE HA
AKOCHUCTEMHBIE YCIYTH, KOTOPhIE OHU TPEIOCTABISAIOT, TAKHE KaK YHCTOTa BO3IyXa,
BOJIOCHA0KEHHWE U TUIOJIOPOINE TTOYB.

OcHOBHOM 3a7auell NaHHOM CTaThbU SIBISIETCS WM3Y4YEHHE BIUSHUS ypOaHM3alMU Ha
OuoorMuecKoe pa3HooOpas3e B YCIOBUSX COBPEMEHHBIX SKOJIOTMYECKUX M3MEHEHUH,
a TAK)KE€ AHAJIN3 BO3MOXKHBIX ITyT€d MHUHMMHU3ALUU dTOTO BO3JEUCTBUS U COXPAHEHUs
IIPUPOJHBIX HKOCUCTEM B TOPOAAX.
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2. YpOaumn3anus u e€ Bo3eiicTBHE HA IKOCHCTEMbI

2.1. OcHOBHBIE U3MEHEHUSI B IKOCUCTEMAX ITOPO/I0B

VYpbanuzanus HeU30€KHO COMTPOBOXKAACTCS U3BMEHEHUSAMU B IPUPOHBIX SKOCUCTEMAX.
Pa3zpactanue ropofoB NPUBOJUT K Pa3pyIICHUIO €CTECTBEHHBIX MECTOOOUTAHUM, TAKUX
KaK Jieca, Jyra, BOJOEMbI U 00JI0Ta, a TAK)KE M3MEHEHUIO COCTaBa MOYBHI U KiiuMara. B
ropojiax MOSIBJSIFOTCSI HOBBIE AYKOCHUCTEMbI, TAKUE KAaK 3€JICHBIC KPBIIIHU, TAPKH, CKBEPHI,
HO OHH HE MOTYT B ITOJTHOW MEPE 3aMEHUTh YTPAUYCHHBIE PUPOJIHBIE SIKOCUCTEMBI.

OCHOBHBIMH IMOCJICACTBUAMMU yp6aHI/ISaHI/II/I JJIA OMOJIOTUTYECKOr0 p33H006p8,31/I$I
ABJIAIOTCA:

o YTpara MecTOOOMTAHNUH — CTPOUTENLCTBO 3JJaHUM, IOPOT U IPYTUX OOBEKTOB
WH(DPACTPYKTYPHl YHUUTOKAET MIPUPOIHBIC CPEABI OOUTAHWS.

o 3arpsizHeHMe — BO3IyX, BOJa W TOYBA B TOPOJIaX YACTO COACPIKAT BHICOKHE
YPOBHHU 3arpsi3HSIONIUX BEIIECTB, YTO MOKET CHU3UTHh BBDKMBAEMOCTh MHOTHX
BU/JIOB.

o« W3meHenme kiaumMaTra —  ypOaHM3alUMsi CIOCOOCTBYET  HM3MEHEHHUIO
MUKpPOKJIMMATa, yBEJIMYMBas TeMIiepaTypy B ropojax (3pdekt "Tropoackoro
TETJIOBOTO OCTPOBA"), UTO TaAK)KE MOYKET BIUATH HAa KOJOTHIECKHE TTPOIIECCHI.

2.2. IlocaeacTBus A1 OHOJOTHYECKOT0 Pa3HOO0Opa3usi

BcenenctBue u3MeHeHHH B 3KOCHMCTeMax YypOaHHM3aIlvs OKas3blBaeT 3HAYMTEIHHOE
BO3JICHCTBUE Ha OMOJOTMYECKOE pa3zHooOpa3ue. MHOTrHe BHUIBI TEPSIOT CBOH
MECTOOOUTaHUS M HCUYe3al0T U3 TopoaoB. OCOOCHHO YS3BUMBIMH SIBISIOTCS BHJIBI,
TpeOyromme crnenu@UIecKux yCIOBUN IS JKU3HU, TaKWe KakK JICCHBIC WJIM BOJIHBIC
sKocucTeMbl. OnHako ypOaHM3aIds TakKe CO37aeT HOBBIE BO3MOXKHOCTH IS
aJlanTalyy U BOSHUKHOBEHUS HOBBIX SKOJOTUYECKUX HUII JIJISI HEKOTOPBIX BUIOB.

Hexoropeie BUIbI, TaKME KaK TOPOJCKUE MTHIbI, TPHI3YHbI, HACCKOMbBIE U PACTCHUS,
aJanTUPOBAIUCh K JKU3HU B YCIOBUSX ypOaHU3UPOBAHHBIX TEPPUTOPHUH, CO37aBas
HOBBIE TOPOJCKHE DKOCHUCTEMBI, KOTOpPBIE MOIYT CYIIECTBOBATh IIApPAJUIEIBHO C
MIPUPOTHBIMH.

3. DK0JI0THYeCKAsA YCTOHYHUBOCTH TOPOA0B
3.1. KoHuenuusi ycTOM4uBOI0 ropoACKOro pasBuTus

JUisi MUHUMU3AIMU BO3JEHCTBUA ypOaHHW3alMKd Ha OUOJOTMYECKOe paszHooOpasue
HE00X0IMMO BHEAPEHHUE MMPUHIIMIIOB YCTOMYHNBOTO TOPOJICKOTO Pa3BUTHS. Y CTOHYMBBIE
ropojga CTpeMATCS Co34aTh OajdaHC MEXAY pa3BUTHEM HHPPACTPYKTYPHl U
COXPaHEHHEM MPUPOIHBIX SKOCUCTEM. ITO TIOCTUTASTCS ITyTEM IIJIAaHUPOBAHUS 3€TICHBIX
30H, UCIIOJIb30BAHMS SKOJIOTHUECKUX KOPUAOPOB U BHEAPEHUS SKOJOTUYECKH YUCTHIX
TEXHOJIOTUH.
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3.2. 3ej1€éHbIe 30HBI U DKOCUCTEMbI

OpHuM U3 BaKHEHIIUX MHCTPYMEHTOB COXpaHEHHUs] OMOJIOTMYECKOTO pa3HOOOpas3us B
ypOaHU3MPOBAHHBIX TEPPUTOPUSIX SIBISIETCS Pa3BUTHUE U TOJJICPKKA 3€JICHBIX 30H.
[lapku, ckBepbl, TOPOACKME caJbl M O3€JEHEHHWE Kphlll W QacajoB 31aHUN
CIIOCOOCTBYIOT CO3JIaHUIO YCIIOBUM JUIsl >KM3HM MHOXECTBA BHJIOB PACTEHUH U
KABOTHBIX, a TaKXe YJIYUYIICHUIO MHUKpOKIMMAara B Topojax. B Takux 30Hax
MOJIJIEP>)KUBACTCS JIOKATbHOE OMOpa3HO00pasue, U CO3AI0TCS KOPUAOPHI 1JIsi MUTPallid
KUBOTHBIX.

HpHMepBI YCIICIIHBIX IIPOCKTOB BKIIFOYAIOT!

o Topoackue jeca U mMapkM — TMpPUMEPHl TaKUX IMPOCKTOB MOXXHO HAWTHU B
KPYIHBIX Meramnojucax, Takux kax Iapmx, Heio-Mopk, Tokuo.

o JKOJIOTMYeCKUe KOPUI0PbI — CO3/IaHUE CBA3YIOIINX 3€JIEHBIX MOJI0C, KOTOPhIE
MO3BOJISIIOT KMBOTHBIM O€30MACHO TEepEeMEeNIaThCsd MEXAY H30JIMPOBAHHBIMU
MIPUPOTHBIMU TEPPUTOPHUSIMH.

4. TIpoOJsieMbl M BBI3OBbI [JISI COXPaHEHHUs] OHMOJIOTHYECKOT0 Pa3HOOOpa3us B
ropojaax

4.1. 3arpsizHeHMe U ero BJIUsTHHE HA OMOTY

3arps3HeHHe BO3yXa, BOJIbI ¥ MTOYBBI B TOPOAAX OCTAETCS OJJHOM U3 CaMbIX CEPbE3HBIX
npo0semM it OMOJOTHYECKOTO pa3sHoOoOpa3usi. YacTHIBl 3arps3HSIONIUX BEIIECTB,
TaKue KakK TsDKEJIble METAIbl M TOKCUYHBIE XHUMHKATBI, MOTYT HMMEThb BpEIHOE
BO3JIelicTBHE HA (Priopy U dayHy, HapyIas SKOJOTUYECKUE HIETTOUKH.

4.2. IIpo06sembl (pparMeHTALIMHA IKOCHCTEM

@®parMeHTanys TPUPOJIHBIX IKOCUCTEM B YCIOBHUAX ypOaHMU3AIMU BENET K M3OJSIUU
BUJIOB W HApYIICHUIO WX MUTpaluu. B OTBET Ha 3TO HEOOXOAMMO BHEAPATH
CTpaTEeru4eCcKue PeIIeHus Mo BOCCTAHOBJICHUIO MTPUPOIHBIX KOPUIOPOB U UHTETPALIUU
OMOJIOTUYECKOTO pa3Hoo0pasusi B TOPOJCKUE TEPPUTOPHH.

5. 3akaouenue

VYpOanuzauus sBIsSIeTCd BaXHbIM  (DAKTOPOM, OKa3bIBAIOLIUM BO3JIEHCTBUE Ha
OMOJIOTUYECKOE Pa3HOOOpa3ue, HO C TOMOUIBIO0 YCTOMYMBBIX TIOJIX0/I0B M COBPEMEHHBIX
TEXHOJIOTHI MOKHO MUHIMH3UPOBATH €€ HeraTUBHbIE MOCIEACTBH. Pa3BuTHeE 3eIeHBIX
30H, MOJAJIEP’KKA IKOJIOTMUECKUX KOPUAOPOB M BHEAPEHHUE MPHUHIIMIIOB YCTONYHMBOIO
TOPOJICKOTO TUIAHUPOBAHUS SIBJISIFOTCS KJIIOUEBBIMH IIaraMHU Ha MYyTH K COXPaHEHHIO
OMOJIOrHMYecKOro pazHooOpasus B ropojaax. BakHo, uToObl Ha BceX YpOBHSIX — OT
MECTHOTO YIIPaBJICHUS 10 MEKIYHAPOIHON MOJUTUKH — YUUTHIBATIUCH SIKOJIOTMUECKUE
(bakTOphI ¥ CTpeMIIEHUE K COXPAHEHHUIO MIPUPOJBI B YCIOBHUSIX ypOaHU3AIIIH.

-176 -



Jlurepartypa

1.

2.

Xpomog, U. T'. (2021). ¥Vpbanuzayus u sxocucmemvl. erusinue Ha buoiocudecKoe
pasnoobpazue. Jkonoruyeckuii xKypaai, 15(3), 12-20.

Annpee, M. B. (2020). I'opoockue sxocucmemol u buopaznoobpasue. iusHue
ypoanuzayuu u nymu coxpamerusi npupoovl. JXypHan TOpPOJICKON DKOJIOTHH,
10(1), 45-53.

Koganes, A. C. (2022). 3enenvie 30Hbl 6 20po0ax Kaxk d1eMeHm YCHMOUUUBO20
pazeumusi. Hayansie uccienoBanus B skojoruu, 18(2), 78-85.

Hosukos, B. K. (2021). Bausnue ypbanuszayuu na gaopy u gaymy copoockux
meppumoputi. IKOJOTUIECKUA MOHUTOpHHT, 14(4), 34-40.

UBanosa, T. M. (2022). Vcmouuusoe pazsumue 20pooos u coxpaHeHue
buonocuyecko20 paznoobpasus. JKonorudeckue uccienoBanus, 11(2), 58-66.

-177 -



HAYYHBIN )KYPHAJI
HAYKA U MUPOBO33PEHUE

YAK-621.311.1

PA3ZBUTHUE U BHE/IPEHUE BO3OBHOBJISAEMbIX NCTOYHUKOB
JHEPI'MH B DJIEKTPOOHEPI'ETUKE

baiubieBa lllupun

[IpenonaBarens, MexayHapoIHOTO YHUBEPCUTETA HEPTH U Ta3a UMEHU STHIbITeN TN
KakaeBa

r. Amxaban TypkmeHucTan

ToupsieB Mammer
Crynent, MexayHapoaHoro yHuBepcutera HedTr 1 raza uMmenu rmeirenan Kakaesa
r. Amrxaban TypkmeHucTaH

AHHarJblueB Bena
Crynent, Mex1yHapoJHOTO YHHBepcuTeTa HeTu 1 raza umeHu SArmeireniu Kakaera
r. Amxaban TypkMeHUCTaH

PaxmanoB batbip
Cryaent, MexayHapoaHoro ynuepcutera HeTu 1 raza uMmenu Armeirenan Kakaesa
r. Amxaban TypkMeHucTaHn

AHHOTALMSA
B cratee paccMaTpuBarOTCS  KJIKOYEBBIE ACMEKThl Pa3BUTUS M BHEAPEHUS
BO300HOBIISIEMBIX VCTOYHUKOB DHEPIUU (BN9) B COBPEMEHHBIX

ANEKTPOIHEPIETUUECKUX CHCTeMaX. AKIEHT CJelaH Ha OCHOBHBIX TEXHOJIOTHSIX
npeoOpa3oBaHUs COJMHEYHOM, BETPOBOW, THAPO- M OHMOMACChl B BJIEKTPUUYECKYIO
sHepruro. Takke 00CyX AatoTcsd MEepPCHEKTUBBI W BBI3OBBI s MHTerpauuu BUD B
HSHEPrOCUCTEMBI, a TAKKE AaHATUZUPYIOTCS SKOHOMUYECKAst 3P(HEKTUBHOCTh U BIMSHUE
Ha YCTOMYMBOE pa3BUTHE. B cTaThe mpeacTaBiI€Hbl COBPEMEHHBIE IOCTUXKEHHUS B
obmactu BUWD, uWHHOBAIIMOHHBIE METOJbI TMOBBIMICHUS 3(PPEKTUBHOCTH UX
UCIOJIb30BaHUsl U MYyTH ONTHUMM3AIMM 3HEproceTeil mayisg obecrneueHus: HaJeKHOTO
SHEProcHAOXKEHUSI.

KiaroueBbie CJI0Ba: BO300HOBIIIEMBIE HNCTOYHHUKHU OHCPI'Un, COJIHCYHBIC
QJICKTPOCTAHIIMM, BCTPOBAsA OHCPIUA, 61/10Macca, THAPOSHCPICTUKA, HHTCIrpaluss B
OHCPIrocCCTH, YCTOfIqHBOG Pa3BUTHUC, SKOJIOTHYCCKAA 0e3011acHOCTb.

1. BBenenue

B nocnennue necatuiieTuss HEprus, rnojgydaemasi U3 BO30OHOBIISIEMBIX MCTOYHHUKOB,
CTayia OJHUM U3 HanboJiee MePCIEKTUBHBIX HAMPABJICHUN B TI100aIbHOM YHEPTETHKE.
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[TpoGieMbl 5KOJIOTMH, HCTOIIEHUE HCKOIIAEMBIX PECYPCOB M HEOOXOJUMOCTh CHUYKEHUS
3aBHCHMOCTH OT YTJIEBOJAOPOIHBIX HCTOYHUKOB YHEPTHH CLIOCOOCTBYIOT MUHTEHCUBHOMY
pazButhio BUD. CerogHss TEXHOJOTMU COJHEYHBIX IIaHENIEH, BETPOrE€HEPATOPOB,
THAPORJICKTPOCTAHITUN U OMOMACCHI CTAHOBSITCS BCe 00Jiee TOCTYIMHBIMU, 3()PEKTUBHO
KOHKYPHUPYS ¢ TPAIULIMOHHBIMU BUJAMU IIPOU3BOICTBA 3JIEKTPOIHEPTUU.

Pa3BuTHE BO30OHOBISIEMBIX HCTOYHUKOB SHEPIMH OTBEYAET CTPATETHUYECKUM LIEISIM
oOecrieueHus: SHEPreTUYecKorn Oe30MacHOCTH, CHUKEHUS YTIEPOJIHBIX BBHIOPOCOB U
NOJJICP)KAHUST IKOJOTUYECKON YCTOMUMBOCTU. ITO TpeOyeT H3MEHEHUM Ha BCex
YPOBHSX: OT pa3pabOTKU HOBBIX TEXHOJIOTHI M COBEPIICHCTBOBAHHUS CYIIECTBYIOIINX
0 CO3/[aHMsl YCTOWYUBBIX U THOKUX »dHEprocereil, crnocoOHBIX 3(PPEKTUBHO
UHTErPUPOBATh HECTAOUIIbHBIE UICTOYHUKH SHEPTHH.

2. Buabl BO300HOBJISIeMbIX MCTOYHUKOB SHEPTUHU

Bo306HOBNsIEMbIE UICTOYHUKHN SHEPTUU Pa3HOOOpa3Hbl U MOTYT OBITH HCIIOJIb30BAHbI
JUTSI IPOU3BOJICTBA IEKTPUUECKON DHEPIUU B Pa3IUYHBIX YCIOBHUIX. OCHOBHBIE BUBI
BHD BkiOYaOT CONHEUHYIO, BETPOBYIO, THAPOIHEPreTUKY U Onomaccy. Kaxpiil u3
ATUX HUCTOYHHUKOB O0OJIAJa€T CBOMMH OCOOEHHOCTSIMH, MPEUMYIIECTBAMU U
OTrpaHUYCHUSIMU.

2.1. CosHeuHast JHeprus

ConHeuHas 3HEprHsl MPEACTABISIET COOOM CaMblil TIOCTYNHBIA U HAUMEHEE 3aTPAaTHBIN
VMCTOYHHMK, KOTOPBI HCHOJIb3yeTCs MJisi BBIPAOOTKH 3yieKTpuuyecTBa. CoJIHEUHbIE
nanenu ((OTOIIEKTPUUECKUE MOAYJM) MPeoOpa3yloT COJHEUYHYIO pajualiio B
ANEKTPUYECKYIO SHEPTHIO, YTO JeNaeT  COJIHEYHbIE ANEKTPOCTAHLUU
MPUBJIEKATEIbHBIMH ISl YCTAHOBKH KaK B JOMAIIIHUX XO3SMCTBaX, TaK U Ha OOJBIIMX
MPOMBIIUICHHBIX 00beKTax. B mocieqnue roapl HaOIOJAETCS CHUXKEHHE CTOMMOCTHU
MIPOU3BOJICTBA COJHEYHBIX MAHENEH, YTO JeJIaeT COJHEYHbIE TEXHOJOTMU Bce Oolee
JOCTYIHBIMH JIJI1 LIMPOKOTO MPUMEHEHHUS.

OnHaKO COJTHEYHBIE MTAHEIHN 3aBUCAT OT HECKOJIBKUX (PaKTOPOB, TAKUX KaK BPEMS CYTOK,
CE30HHOCTh M reorpaduyeckoe nojoxenue. g 3¢hPexKTHBHOrO MCHoJIb30BaHUS
COJIHEYHOM 3HEPrMM HEOOXOJUMBI CUCTEMbI XPAHEHMs, TAKUE KAK aKKyMYJISTOPHbBIE
Oataper WM TUAPOAKKYMYJIMPYIOIIME CTAaHIMH, KOTOPbIE MO3BOJISIOT HAKOMUTh
M30BITOYHYIO PHEPIHIO B THEBHOE BPEMS M HCIIOJIb30BAaTh €€ B HOYHOE BpEMs WM B
o0JIayHbBIE THU.

2.2. BerpoBasi 3Heprusi

BeTpoBas aHEeprus ABiIsieTCs BaXKHBIM HCTOYHUKOM BO30OHOBIISIEMOM SHEPTUH, KOTOpast
aKTUBHO HMCIIOJB3YETCS] BO MHOTHX CTpaHax mupa. BeTpoBbie TypOUHBI PeoOpa3yroT
KMHETUYECKYI0 DHEPTHIO BETPa B DJICKTPUYECKYIO, U 3Ta TEXHOJIOTUSI IPUMEHSETCS KaK
B KPYITHBIX BETPSHBIX MapKaX, TaKk U B MaJIbIX YCTAaHOBKaxX. BeTpoBbIe 2JI€KTPOCTAHIINU
MOT'YT HaXOJIUThCS KaK Ha CYIIle, TAaK U B MOPCKHUX 30HAX, /i€ BETPOBBIC TOTOKHU OoJiee
CTaOUJIbHBI U MOIIHEL.
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[IpenmyiecTBa BETPOBOM SHEPreTUKH BKIIIOYAIOT BBICOKYHO OTAA4y B PETMOHAX C
MHTEHCUBHBIMU BETPOBBIMM TMOTOKaMU. (OJIHAKO BETPOBas SHEPrus HMEET OJIUH
3HAYUTETHHBI HEJIOCTATOK: 3aBUCHMOCTh OT TIIOTOJIHBIX YCJIOBHH. ITO Tpedyer
CO3/IaHUSI TUOPHUIHBIX CHCTEM C JAPYTUMHU HCTOYHMKAMHM SHEPIUU WA BHEJPEHUS
TEXHOJIOTUI HAKOIUICHUS SHEPTUH JJIsl 00ecriedeHs] CTaOMIIBHOTO CHA0KEHUSI.

2.3. I'mapodHepreruka

I'maposnexkrpoctanimu  (I'9C) sABISIIOTCS OAHUM M3 CTapeMinx | Haubosee
3¢ (heKTUBHBIX BHJIOB B0300HOBIsIeMON sHepretuku. ['9C paboTaloT Ha OCHOBE
WCIIOJIb30BAaHUSl JHEPTUM JIBIDKYIIEHCS BOJBI JJIs BpaLICHUS TypOHH, KOTOpPbHIE
TEHEPUPYIOT AJIEKTPUYECKYIO 3HEpruro. ['maposHepreTuka OTIMYAETCS BBICOKOU
3¢ (HEeKTUBHOCTHI0O U BO3MOXKHOCTBIO XPAaHEHUS HSHEPrUM C MOMOIIBI0 HACOCHBIX
TUAPOAKKYMYIUPYIOIIUX CTaHIUH.

OfHAKO CTPOUTENBCTBO KPYIHBIX THUAPORJIEKTPOCTAHIUN TpeOyeT 3HAUYUTEIbHBIX
VWHBECTHULIMM U BPEMEHHU Ha NPOEKTHpoBaHue. Kpome TOoro, KpynHele BOAOXPaHWINILA
MOT'YT UMETh HETaTUBHOE BO3/ICMCTBHE HA SKOCUCTEMBI M HACEJICHHBIC ITYHKTHI. B CBA3M
C 3TUM COBPEMEHHBIE TEXHOJIOTHUH CTPEMSATCS K CO31aHUI0 MaibiX I 9C, KOTOpBIE MOTYT
OBITh BHEIPEHBI B 9KOJIOTMYECKH UYBCTBUTEIbHBIX pailoHaX.

2.4. Buomacca u omoras

Hcnonp3oBaHne OuoMaccel M OHMoraza BKIIIOYAeT MEpepadOTKy OpraHMYECKHX
MaTepHualoB, TAKHUX KaK CEIbCKOXO3AMCTBEHHBIE OTXObI, APEBECHHA U OPraHUYECKUE
OTXO/bl, B DHEpruto. buoras npous3BoaUTCA MyTEM aHA3POOHOIO Pa3JIOKEHUS
OpraHUYECKUX BELIECTB U MOXET ObITh MCIIOJIB30BAH JIJISl BHIPAOOTKH 3JIEKTPUUYECTBA
WJIM B KQYECTBE TOTUIMBA. DTOT BUJl SHEPTUHU OCOOEHHO MOIYJISIPEH B CEICKUX palioOHAax,
IJIe IMEETCSl IOCTATOYHOE KOJIMYECTBO OPraHUYECKUX OTXO/0B.

buomacca u OGuoras mo3BOJSIOT CHU3UTH KOJMYECTBO OTXOJOB, & TaKXKE CO3/aTh
YCTOMUYMBYIO U HE3aBUCUMYIO DHEPreTUYecKyto cucteMy. OmHako st 3GPEeKTUBHOTO
MCIIOJIb30BAHUS 9TUX UCTOUYHUKOB TpeOyeTcCsl pa3BuTasi MHPpacTpyKTypa nepepadoTKu
Y XpaHCHHUS.

3. IlpenmymiecTBa U BbI30BbI BHeApeHust BUD

Bo300OHOBsIeMblE  WMCTOYHMKKA ~ DHEPTUM  MPEAOCTABIAIOT  MHOTOYHCIICHHBIC
npeumyiiecTBa. [JTaBHBIM M3 HUX SIBJISIETCS CHUIKEHHUE YTIEPOJHBIX BBIOPOCOB, YTO
CrocoOCTBYeT OOprOE ¢ U3MEHEHHEM KiIuMara W TJOOAJIbHBIM MOTEIJICHUEM.
Hcnonp3zoBanne BUD cHmkaeT 3aBUCUMOCTH OT MCKOTIAEMBIX MCTOYHHUKOB SHEPTHH,
TaKMX Kak yrojb W He(dThb, KOTOpBIC 00JIaal0T 3HAYMTEIBHBIMH SKOJIOTHYCCKUMU
PUCKaMH.

Onnako BHeapenne BUD crankuBaeTcsi ¢ psAoM BbI30BOB. Bo-mepBbIX, BBICOKAs
CTOMMOCTb HauaJIbHbIX MHBECTHUIIUH U CTPOUTEIHCTBO HH(PPACTPYKTYPHI.
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Bo-BTOpBIX, 3aBUCUMOCTH OT TMOTOAHBIX YCIOBUH HJISi COJHEYHBIX U BETPOBBIX
HMCTOYHHUKOB JICTIAET UX MEHEE CTAOUIILHBIMU, YEM TPATUITMOHHBIC UCTOYHUKH SHEPTHH.
Jist petieHust 3TUX mpooieM pa3padaThIBAIOTCS HOBBIE TEXHOJIOTHU XPAaHEHUS SHEPTHH,
a TakkKe THOpPUIHBIC CHCTEMBI, KOTOphIE OOECMeYMBaIOT OecrepeOOoHy0 Moaady
SHEPTHUH.

4. CoBpemMeHHbIC TeHAeHIH B pasputun BUD

CoBpeMeHHbIE TEHACHIIMM B 00OJACTH BO30OHOBISIEMBIX HWCTOYHHUKOB JHEPTUU
BKJIIOYAIOT YJy4YIICHUE TEXHOJOTMH XpaHEHUsT HHEPrUM U pa3paboTKy Oonee
3¢ ()EKTUBHBIX COJTHEYHBIX TaHEJICH, BETPSHBIX TYpOMH M OHMOTa30BBIX YCTaHOBOK.
OmgHuM W3 MEpPCHNEKTHBHBIX HAIPaBICHUHN SBISETCS CO3JaHUE THOPHUIHBIX CHCTEM,
KOTOPbIE 00BETUHAIOT HECKOJIBKO BHIOB BO30OHOBIISIEMBIX HICTOYHUKOB, YTO TTOBBIIIACT
UX YCTOWYMBOCTh M YMEHBIIIACT 3aBUCUMOCTD OT MTOTOIHBIX YCITOBHA.

Pa3BuTre yMHBIX CETE€W, MHTEIPUPYIOIIMX PA3JIMYHBIE BUABI DHEPIUU U CHCTEMY
XpaHEeHUsl, CIOCOOCTBYET ONTUMH3ALUMHU HCIoJib30BaHus BUD u cHmkeHuio 3arpat Ha
sHeprocHabxkenne. Kpome Toro, ycuius HampaBi€Hbl Ha COKpallEHUE 3aTpaT Ha
MIPOU3BOACTBO U ycTaHOBKY BUD, uTo nenaer ux AOCTYNHBIMH AJisi OoJiee MIHPOKOTO
Kpyra norpeourenei.

5. 3akaouenue

Pa3Butre m BHeapeHHE BO30OHOBISIEMBIX HCTOYHUKOB SHEPIUU SIBJIAETCS BaKHBIM
1aroM K CO3JJaHUI0 YCTOWYMBBIX SHEPIETUYECKUX CHUCTEM, CIIOCOOCTBYIOIIMX 3aIlUTE
OKpYXalollel cpeabl M 3KOHOMHYECKOMY pocTy. HecmoTps Ha cymiecTByromue
npo0JeMbl, CBsI3aHHbIE ¢ HHTErpalueil BIO B aHeproceT, COBpeMEHHbIE TEXHOJIOTUN
M WHHOBAlMM TO3BOJISIIOT 3(P(EKTUBHO pelaTh 3aJayd 00ecnedeHus CTaOMIIbHOTO
sHeprocHadxkenus. BUD OyayT urparh KIIOUYEBYIO pojib B OyIyllel dHEpreTH4eCcKou
uHPpacTpykType, obecreurBasi 3KOJOTMYECKYI0 O€30MacHOCTh W YCTOMYHUBOCTH
HSHEPreTUYECKUX CUCTEM.

B Typxmenucrane B ToOCIEIHUE TOAbl aKTMBHO Pa3BUBAIOTCS IMPOEKTHI B 00JIacTU
BO30OHOBJISIEMBIX MCTOYHUKOB 3Heprur. Ocoboe BHUMaHUE YIEISETCS COJHEYHOU
SHEPreTUKe, rae cTpaHa o0JaaaeT 3HaYUTENIbHBIM MOTEHIIMATIOM OJ1aroapsi BHICOKOMY
YPOBHIO COJIHEYHOW paauauuu. Peanu3yroTcs IPOEKTHI 10 CTPOUTEIBCTBY COJIHEUHBIX
ANEKTPOCTAHLIMM B PA3JINUHBIX PETMOHAX, BKIOUass AXyasl U balkaHCKUI BENasT, 4TO
MO3BOJISIET HE TOJIBKO CHU3UTh YIIIEPOIHBIE BBIOPOCHI, HO U YKPEIUTh SHEPTETUYECKYIO
0e3onacHOCTh. BeTposHepreTuka Takke IMOJIy4yaeT pa3BUTHE, Ojaronaps CO3AaHHUIO
BETPOBBIX OJJEKTPOCTAHIIMM B MPUKACIUHCKUX palioHaxXx. Takum 0Opaszom,
TypkMmeHUCTaH aKTHBHO BHEIPSET MHHOBAIIMOHHBIE TEXHOJOTUU B 00actu BUD, uto
SBJISIETCS. BaXXHBIM IIAroM JUJIs MEPEX0Jia K YCTOMYMBOMY U IKOJOTMYECKU YUCTOMY
HHEPreTUYECKOMY OyaylIeMy.
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HAYYHBIN )KYPHAJI
HAYKA U MUPOBO33PEHUE

V]IK-621

MHHOBALIMOHHBIE TEXHOJIOI'MHU B YIIPABJIEHUUA
QJIEKTPOSOHEPITETUYECKUMU CUCTEMAMMN

baiubieBa lllupun

[IpenonaBarens, MexayHapoIHOTO YHUBEPCUTETA HEPTH U Ta3a UMEHU STHIbITeN TN
KakaeBa

r. Amxaban TypkmeHucTan

ToupsieB Mammer
Crynent, MexyHapoJHOTO YHUBEpcuTeTa HeTu U raza umeHu Armeirennu Kakaesa
r. Amrxaban TypkmeHucTaH

OgBe3oB /laByT
Crynent, MexayHapoJHOro yHUBepcUuTeTa HeT U raza umenu Arusirenau Kakaesa
r. Amxaban TypkMeHUCTaH

HusisryabieB CesmmryJinl
Cryaent, MexayHapoaHoro yHuepcurera He(Ty 1 raza uMenu Armeirenan Kakaesa
r. Amxaban TypkMeHucTaHn

AHHOTALMSA

Cratbst OCBSIIIEHA COBPEMEHHBIM MHHOBAIMOHHBIM TEXHOJIOTHSAM, HUCIOJIb3YEMbIM B
VIOPABJICHUH JJIEKTPOIHEPreTHYECKUMH CcUcTeMaMu. B Heill paccmaTpuBaroTcs
KJIFOUEBBIE METO/IBI M MTOAXO0/Ibl, CHOCOOCTBYIOIINE ONTUMHU3AIIMN PA0OTHI SHEPTOCETEN,
a TaK>Ke MOBBIIIECHUIO UX 3 (PEKTUBHOCTU U HAACKHOCTU. Oco00€ BHUMAHUE YIEISETCS
Pa3BUTHIO MHTEIIEKTYaJIbHbBIX SHEPTOCUCTEM, BHEPEHUIO aBTOMATU3ALIMH, HIU(PPOBBIX
TEXHOJIOTM W WCIHOJIb30BaHUSI OOJIbIIMX JaHHBIX. PaccMaTpuBarOTCs MEpPCIEKTUBBI
BHEJIPEHUS pELIEHUI Ha OCHOBE UCKYCCTBEHHOT'O MHTEJIEKTA U OJOKYEHH-TEXHOIOT UM,
a Tak)Ke POJib BO3OOHOBISIEMBIX HCTOUYHUKOB SHEPTUU B MOJEPHHU3ALMH YIPABICHUS
AJIEKTPOIHEPIeTUYECKUMHU cucteMaMu. OKugaercs, 4TO 3TH HMHHOBAaUUU OYIyT
CHOCOOCTBOBATh YJIYULIEHUIO YCTOMYMBOCTH HHEPreTHMUECKUX CHCTEM, CHUKEHHIO
U3JIEPKEK Y MOBBIIICHUIO Ka4ecTBa 00CTYKUBaHUS IOTPEOUTENEH.

KiroueBble ¢€JI0BA: MHHOBAIlMOHHBIE TEXHOJIOTHH, YMNPABICHUE IHEPrOCUCTEMaMU,
WHTEIJIEKTYalIbHbIE CETH, aBTOMATHU3allusl, HCKYCCTBEHHBIH WHTEJUICKT, OOJbIIUE
JaHHbIe, OJIOKYEIH, BO30OHOBJISIEMbIC HCTOYHUKH YHEPTHH.

1. BBenenue

Cuctembl yIpaBiCHHUS 3JCKTPOIHEPTETHICCKUMHU CETSIMU UTPAIOT KIIFOYEBYIO POJIb B
oOecrieueHnr CTaOMIBHOCTH U HAJCKHOCTHU DIIEKTPOCHAOKEHUSI.
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TexHonornueckue M3MEHEHUsI U OBICTPBIA POCT MOTPEOHOCTH B SHEPTUU TPEOYIOT OT
YIOPaBISIOUIUX CUCTEM BBICOKOM rHOKOCTH 1 3 pexTruBHOCTH. TpaaulinoOHHbIE METOABI
yOpaBlIeHUS YK€ HE MOTyT YJIOBJIETBOPUTh TPeOOBaHUS  COBPEMEHHOIO
HHEPronoTPeOICHNUS, YTO 3aCTaBIISIET UCKAaTh HOBBIE IIOJIXO/bI K YIIPABICHUIO.

I/IHHOBaHI/II/I B o0JlacTu QJICKTPOSHCPICTUKHN AKTHUBHO BHCAPAIOTCA I YIYUIICHUA
YIpPaBJICHUA SHCPTOCUCTEMAMU, d TAKIKC ITOBBINICHUA UX YCTOﬁQHBOCTH. COBpCMCHHI)Ie
TCXHOJIOTHUHN IIO3BOJIAOT MHTCTPHPOBATH OoJyice BBICOKHE CTaHIapPThI 06CJIY)KHB3HI/IH,
YIYUIIUTb KAa4CCTBO M AOCTYIIHOCTb J3HCPIHH, d TAKKC 00eCIeYNTh ONTHMAJIBHOE
HCIIOJIB30BaHHUC BCCX pPeCypCoB CHCTCMBEI. BBGI[GHI/IC B 9KCILTyaTalluo
HHTCIUICKTYAJIbHBIX CeTeﬁ, HI/I(I)pOBLIX HJIaT(i)OpM, a TakKKC HCIIOJb30BaAHUC
BO300HOBJIIEMBIX HCTOYHHUKOB 9HCPIrun Tpe6y10T 3HAUUTCIBLHBIX M3MCHCHUU B
moaxoaax K YIpPaBJICHUIO DHCPIrOCUCTCMAMU.

2. COBpeMeHHLIe moaAxoAbl K YIPABJCHHUIO 3JICKTPOIHEPTCTUICCKUMHU CUCTEMaAMHU

VYrpaBieHue 31eKTPOIHEPTETUUECCKUMH CUCTEMAMU CTAJIO 00JIee CII0KHBIM IMPOIIECCOM,
YTO CBSI3aHO C POCTOM 4YHCJIAa MOJKIIOYEHHBIX IOTpeOuTener, pazHooOpazueM
HMCTOYHUKOB YHEPTUM U HEOOXOAUMOCTBIO ONEPATUBHOTO PEarupoBaHUs HA U3MEHEHUE
Harpy3ku. COBpPEMEHHBIE CHCTEMBI YIPABJICHUS JOJDKHBI YUHUTHIBAaTh HE TOJIBKO
COCTOSIHUE€ CE€TH, HO M OCOOCHHOCTM €€ MOAKIIOYEHUs, KoyebaHusd cmpoca u
MPEUIOKEHHM, a TaKKe BIUSHUE BHEITHUX (DAKTOPOB, TAKUX KaK MOTOJHBIC YCIOBHUS

w1 BUD.
2.1. MHTC/IeKTYaJIBHBIE JJIEKTPOCETH

OmauM W3 KITIOYEBBIX HAMPABICHWW B YIPABICHUH DJICKTPOIHEPTCTHUCCKUMHU
CUCTEMaMU SIBJISIIOTCS MHTEJUICKTyalbHbIe (MM "yMHBIE") 2JIeKTpoceTH (smart grids).
OTH CEeTH WCHOJB3YIOT IM(POBBIE TEXHOJIOTHH W JIBYCTOPOHHIOK CBSI3b IS
VOpaBJICHUS TMOTOKAMW DJHEPTHM W YJIYYIIEHUS  B3aWMOJICHUCTBHS  MEKIY
MIPOU3BOJIUTEIISIMU 1 TOTPEOUTEIIMUA. YMHBIC CETH OOECIIeUYHMBaIOT 0O0JIee BBICOKYIO
THOKOCTh B pACHpENelICHMH W TOTPEOJCHUHU DSHEPTUH, CIOCOOHBI aBTOMATHUYCCKH
PETYIMPOBATH MAPAMETPBI CUCTEMBI M OTITUMHU3UPOBATH pa0OTY BCEX DJIEMEHTOB.

BHenpeHue WHTEINIEKTyalbHBIX CETEM IMO3BOJSET YIYYLIUTh HAIEKHOCTh U
0€30MacHOCTh JHEProCHAOXKEHUS, CHU3UTh NOTEPU U MOBBICUTH 3((PEKTUBHOCTH
paboThl Bced cucteMbl. Kpome Toro, Takue ceTd MOTYT HMHTErpUpOBaTh OOJBIIOE
KOJIMYECTBO BO30OHOBIISIEMBIX UCTOYHUKOB SHEPTUU (HAPUMEP, COJTHEYHBIX MaHeeu
Y BETPOBBIX TypOWH), KOTOpbIE, KaK MPABUIIO, UMEIOT HECTAOMIIbBHYIO T€HEPALUIO, YTO
TpeOyeT AOMOIHUTENBHOTO KOHTPOJI U THOKOCTH.

2.2. ABTOMaTH3alusl YIPaBJeHHUS IHEProceTAMuU

ABTOMaTI/ISaLII/ISI YHOpaBJICHUA OJHEPIroCCTsIMHU CTalla Ba’XHbBIM OTallOM B Pa3BUTHUU
QJICKTPOOHCPICTUKH. Hcnons3oBaHue COBPCMCHHBIX ABTOMATHU3UPOBAHHLIX CHCTCM
IMMO3BOJIICT 3HAYHUTCIILHO ITOBBICUTh CKOPOCTh PCAripOBaHus Ha PA3JIMUYHBIC U3MCHCHUS
B HArpy3Ke MWJIH MOABJICHUC HCIITATHBIX CHTyaHHﬁ.
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Hampumep, aBTOMaTM3WpOBaHHBIC CHCTEMBI YMPABICHHUS MOTYT Ha JICTY H3MEHSTH
napameTpsl paboThl TpaHC(HOPMATOPOB, BBHIKIIOUATEIEH U APYTHUX SJIEMEHTOB CETH JIJIS
obecnieyeHus ee CTaOMIBHOCTH.

WHTennekTyanpHble CUCTEMbI YIPABICHHS CIIOCOOHBI aHAIM3UPOBATh JaHHBIE B
pearbHOM BPEMEHH, aBTOMATHYECKH ONTHMM3HPOBATH paclpelielieHne Harpy3ku u
IpeJoTBpallaTh aBapuHHbIE CUTYallMHd. JTO MOBBIILIAET HE TOJIBKO HAJEKHOCTb, HO U
HKOHOMUYECKYIO 3PPEKTUBHOCTH PYHKIIMOHUPOBAHUS IHEPTOCHUCTEMBI.

2.3. IIpumeHenue 0OJIBIIMX JAHHBIX U AHAJIUTHKH

C pasBuTueM TexXHOJIOTHH B oOnactu cObopa W 0OpaOOTKM JaHHBIX, a TaK¥Ke
YBEIIMYCHUEM YHCIIa TIOJKITIOYCHHBIX YCTPONUCTB, CUCTEMBI YIIPABICHUS YHEPTOCETIMU
HaYyaJld HCMOJb30BaTh Oonbinnve aaHHble (big data). DTu naHHBIE BKIIOYAIOT
MHPOPMAITUIO 0 TOTPEOIICHUH YHEPTHH, a TAK)KE TaHHBIC O COCTOSTHUHM 000pYI0BaHUS,
BHEIITHUX YCJIOBUSAX M XapaKTEPUCTUKAX CETH.

Bosnbiiive nanHbie MO3BOJSIOT aHATM3UPOBAThH OTPOMHOE KOJIMYECTBO MH(MOpPMALUKU U
BBISBJISITh CKPBITHIC 3aBUCUMOCTH, KOTOPBIE MOTYT OBITh HCIOJIB30BaHbl IS
yiyulieHus yrnpasiienus. Fcnosib30BaHNe aHATUTUYECKUX TIaTGopM Jj1st 00paboTKU 1
MIPOTHO3WPOBAHUS TO3BOJISIET Omeparopy Oojiee TOYHO MPOTHO3UPOBATH CIPOC H
MPEJI0KEHUE SHEPTHUH, @ TAKKE ONITUMU3UPOBATH PAOOTY BCEX KOMIIOHEHTOB CUCTEMBI.

2.4. UcKycCTBeHHBIN MHTE/LUICKT M MAIIHHHOE O0yUeHue

CoBpeMeHHbIE TEXHOJIOTUH, TaKhe KaK UCKycCTBeHHBIN uHTeiwekT (M) u MammnaHOE
oOyueHue, HaXOAT IPUMEHEHHE B YIIPABICHUH JIEKTPOIHEPI€THUECKUMU CUCTEMAMHU.
NN MoxeT aHaIM3upoOBaTh JaHHbIE O MOTPEOJEHUM, aBTOMATHUYECKH PEryIHpoBaTh
napaMeTpbl CeTH, IMPOrHO3UPOBATh HHEProNnoTpeOsIeHnEe Ha OCHOBE HCTOPHUYECKHUX
JAHHBIX U YYUTHIBATh Pa3IN4HbIe (PaKTOPBI, TAKHE KaK MMOrOHbIe yciaoBus A BUD.

MammnHoe 00ydeHre MoMOoraeT orepaTopam MPUHUMATD PEIIeHHs], YIy4Ias TOYHOCTh
MIPOTHO30B U o0ecreunBas 0osee rTHOKYI0 HaCTpOiKy paboThl Bee cuctembl. MU Takke
UCIIONB3YETCs 17151 OOHAPYKEHHSI HEUCITPABHOCTEH Ha paHHUX CTAAMSIX, YTO TIO3BOJISET
3HAYUTENIbHO YMEHBIIUTh BEPOSITHOCTh aBapuil U CHU3UTH 3aTPaThl Ha 00CTyKUBaHHE.

2.5. bJioK4eiiH B yIpaBJIeHUU SJHEProcucTeMamMu

briokueliH, Kak TEXHOJIOTHs paclpeesIeHHOIO peecTpa, UMeeT OOJbIION MOTEHIHAI
JUISl UICTIOJIB30BAHUS B YIIPABJIECHUH 3JIEKTPOIHEPTETUUECKUMHU CUCTEMaMU. OH MOXKET
OBbITh HCIOJB30BAH IS CO3JIaHUSA MPO3PAYHBIX U HAJEKHBIX CHCTEM YuéTa U
pacrpeneneHus SHEPruM, yiaydllas MPOLECC MOKYNKH M MPOAAXH SHEPTUU MEKIY
MIPOU3BOAUTENISIMU U MTOTPEOUTETISIMHU.

bnokueiin TexHog0rum 00eCIeunBarOT BBICOKYIO CTCIICHb 0Ee30IacHOCTH U HOBCpHUs B
IIpoHecce obOMeHa JaHHBIMU MCKAY YIACTHUKAMHU SHCPIrOCHUCTCMBI.
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DTO0 MO3BOJISIET YMEHBIIUTD TPAH3AKIIMOHHBIC U3CPIKKHU, IOBBICUTE CKOPOCTH paCucTOB
U YJIYUYIIUTbh KOOPpAWHALIMIO MCKAY pa3IM4YHbBIMH UTPOKAMHA HAa PBIHKC 3JICKTPOOHCPIHH.

3. HepCHeKTI/IBLI Pa3BUTUHAA HHHOBAIIHMOHHBIX TEXHOJIOTUI B yYupaBJd€HNHA
ANIEKTPOIHEPTECTUICCKUMU CUCTEMaAMU

[lepcrieKTHBBI ~ JANbHEWINETO  Pa3BUTHS ~ WHHOBAIIMOHHBIX  TEXHOJOTHHA B
ANEKTPOIHEPTETUKE BKJIIOYAIOT PAa3BUTHE YMHBIX CETE€H HOBOTO IOKOJICHUS,
WCITOJTh30BAaHNE TEXHOJIOTHI HAKOTUICHUS YHEPTUU F HHTETPAIUIO C BO30OHOBIISIEMBIMU
HMCTOYHHUKAMU 3Hepruu. B Oymymem ocoboe BHUMaHUE OyACT YASHATHCS YIyUIICHUIO
B3aMMOCBSI3M MEXKy TTPOU3BOJAUTEIISIMHA YHEPTUN U TTOTPEOUTEIIMHU, YTO TTO3BOJIUT HE
TOJIKO TTOBBICUTH 3PPEKTUBHOCTH, HO U CHU3UTH 3aTpaThl HA SHEProoOecTieueHue.

BaxxHpIM HampaBleHMEM TakKe SBISETCS pPa3BUTHE THUOPHIHBIX SHEPrOCUCTEM,
KOTOpble OOBEIUHSIOT TPATUIMOHHBIE W BO30OHOBISIEMbIE HCTOYHUKUA SHEPTUH C
3¢ (HEKTUBHBIMU TEXHOJIOTUSIMU XPAHEHHUS, TAKUMH KaK aKKyMYJISTOpHbIE Oatapen u
THJIPOAKKYMYJIMPYIOIINE CTaHIMU. OTO 0O0ECNeYuT OOJbIIyI0 CTaOWIBHOCTh U
rMOKOCTh B CUCTEME YIPaBJICHUS dHEPrOCHAOKEHUEM, MO3BOJIsIA Oojee 3PPEeKTUBHO
YUUTBIBaTh U3MEHEHHUS CIIPOCA U MPEIJIOKEHHUS.

4. 3akaouenue

WMHHOBAIIMOHHBIE TEXHOJIOTUU B YNPABICHUHU 3JIEKTPOIHEPIETUUECKUMHU CHCTEMaMH
OTKpBIBAIOT HOBBIE TOPHU3OHTHI JJIsl TOBBIMEHUS 3((HEKTUBHOCTH, HAIC)KHOCTH H
YCTOMUYMBOCTHU 3HEProcHa0keHus1. IHTeNIeKTyalbHbIe CETH, aBTOMATU3ALIMS, OOJIbIINE
JaHHBIE U UCKYCCTBEHHBIM MHTEJUIEKT MPEIOCTABISIOT OTPOMHBIE BO3MOXKHOCTU ISt
VIIYUIICHHUs] KadyecTBa OOCIY)XKMBaHUA MOTPEeOUTENE M ONTHUMH3aUUU pabOThl BCel
AHEProcucTeMbl. BHeIpeHuEe HOBBIX TEXHOJOTMU B 3JEKTPOIHEPIETUKY MO3BOJUT HE
TOJIbKO TOBBICUTh SKOHOMHUYECKYIO 3(PPEKTUBHOCTb, HO W MUHUMHU3UPOBATH
HETaTUBHOE BJIMSIHUE HAa OKPYXAIOIIyl0 cpeay, obecreunBasi Oojee yCTOMUYHUBOE U
AKOJIOTMYECKU YUCTOE Oyny1iee.

OpnHako HeCMOTpsT HAa NEPCHEKTHBBI, MHTErpanus WHHOBALMOHHBIX TEXHOJOTHHA B
YIPABJICHUE SHEPTOCUCTEMAMU TPEOYET 3HAUNTEIbHBIX YCUINI U HHBECTUIUH, a TAKXKe
MIPEOJIOJICHHS] OTIPEJEICHHBIX TEXHUUYECKUX M OPraHUu3alMOHHBIX 0apbepoB. OTHUM U3
OCHOBHBIX BBI30BOB SBJISIETCS HEOOXOAMMOCTb MOJIEPHU3ALUHU HHPPACTPYKTYPHI,
KOTOpasi JOJDKHA OBITh COBMECTHMA C HOBBIMH TEXHOJIOTHSIMU. OJTO Tpedyer
KOMIUIEKCHOTO TOJIXOJAa W BOBJIEYEHUS BCEX 3aMHTEPECOBAHHBIX CTOPOH, BKJIIOYAs
rOCYJJapCTBEHHBIE OPTraHbl, SJHEPrETUYECKUE KOMIIAHUHM U HAYYHO-UCCIEA0BATEIbCKUE
YUPEKICHUS.

B Oynyiem BaXkKHBIM IIaroM CTaHET paclIipeHre MEXIyHApOAHOTO COTPYIHIUYECTBA B
o0nacTu pa3pabOTKU M BHEJIPEHUS WHHOBALIMOHHBIX PEUICHUN B 3JIEKTPOIHEPTETUKE.
CoBMecTHbIE UCCIIEI0BaHUS 1 OOMEH OMBITOM MO3BOJISIT YCKOPUTH MPOLIECC BHEIPEHUS
3((PEKTUBHBIX U YCTOWYUBBIX TEXHOJIOTHM, & TAKXKE CO3/1aTh €MHbIE CTAHJIAPTHI, YTO
OyZneT crnocoOCTBOBaTh MHTETpalliu Pa3JIMYHBIX HAIMOHAIBHBIX SHEPIOCHUCTEM.
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Pa3BuTne mMHHOBaLMK B c<1)epe OHCPIreTUKH HMMECT CTPATCTHYCCKOC 3HAYCHUC I
r100aJIbHOM 3H€pFCTH‘I€CKOﬁ 0e301acHOCTH U YCTOﬁqHBOCTH OKOCHUCTECM.
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N7 HAYKA 1 MUPOBO33PEHUE

VIIK-616.1

@ HAYUYHBIA ) KYPHAJI

POBOTHU3AIIUA B XUPYPI'NU: OT TEJIEXUPYPI'MM 10
UCITOJIb30BAHUMSA POBOTOB-ITIOMOIIIHUKOB

Ky3nenoBa Anna UropeBna

CTapIINii HAYYHBIA COTPYAHUK, Ta00paTOPHUsI MEIUIIMHCKOU POOOTOTEXHUKH,
MOCKOBCKHI TrOCyAapCTBEHHBI METUIIMHCKUN YHUBEPCUTET

r. Mocksa, Poccus.

AHHOTAIUA

PoGoTuzamusi B Xupypruu npeicTaBiIsieT co00il OAHY U3 CaMbIX MMEPCIEKTUBHBIX U
OBICTPO  pPa3BUBAIOIIMXCA TEXHOJOTMM B obOnacth MemuuuHbl. OT TEpBBIX
HKCIIEPUMEHTOB C TEJIEXUPYpPrUed 10 MCIOJIb30BaHUSI BBICOKOPA3BUTHBIX POOOTOB-
MOMOIIHUKOB, 3Ta 00JIACTh 3HAYUTEIBHO H3MEHWIA TOJXOJbI K BBITOJTHEHHUIO
orepaluii, yJaydiiuB TOYHOCTh, 0€30MacHOCTh U CKOPOCTh BMEIIATENIhCTB. B craThe
paccMaTpUBAIOTCSI OCHOBHBIE JTallbl Pa3BUTHS POOOTU3UPOBAHHON XUPYpruu, e
BIUsiHUE HA 3((EKTUBHOCTH JICUEHUSI U MOTECHIMAIbHBIE MPEUMYIIECTBA U BBHI3OBBI,
CBSI3aHHBIC C €€ BHEJIPEHUEM B KIMHUUYECKYIO MpakTUKy. Ocoboe BHUMaHUE YACICHO
COBPEMEHHBIM JOCTHKEHUSAM B O00JacCTH TEJIEXUPYPTrUM, a TaKKe MepCleKTUBaM
HCIIOJB30BaHUs POOOTOB B MHUHUMAJIBHO HWHBA3UBHBIX OMEpAIUsAX U B KauecTBE
ACCUCTEHTOB B OIIEPALIUOHHBIX.

KuroueBble cjioBa: poboTH3aIusi, TeIEXUpyprusi, poOOTHI-MIOMOIITHUKH, MUHUMAIHHO
WHBA3UBHBIE ONEpAINK, MEAUIIMHCKAs pOOOTOTEXHUKA, XUPYPTHSL.

1. BBeaenue

PobGoTu3zanust B Xupypruu SBJsSE€TCS PEBOJIIOLMOHHBIM IIarOM Ha IYTH K MOBBILLIEHUIO
TOYHOCTH, MUHUMH3ALIMA PUCKOB U YIIYULIEHHUIO PE3yJIbTATOB JIeUeHMs. B nociennue
JECATUIIETHS] TEXHOJOTMH POOOTU3MPOBAHHBIX CUCTEM, TaKuWe KaK TEJIEeXUpyprus u
pOOOTHI-IOMOIIIHUKY, HAXOIAT BCE 0oJiee IIMPOKOE NPUMEHEHHE B Pa3IMYHBIX
o0nacTsaXx MeaMIMHBL. B HMX OCHOBE JieXaT WHHOBAalMM B POOOTOTEXHUKE,
KOMITBIOTEPHBIX CHCTEMAX M OMOMEAMIIMHCKUX TEXHOJIOTMSX, YTO OTKpPHIBAET HOBBIE
TOPU30HTHI JUIsl ONEPALMii, KOTOPBIE PAHEE CUMUTAIUCh HEBO3MOKHBIMHU WIH CIUIIKOM
OIACHBIMU JUIs BBIIIOJIHEHUS BPYYHYIO.

JlaHHast cTaThs MOCBSIIEHA OCHOBHBIM dTariaM BHEIPEHUS pOOOTHU3AINHN B XUPYPTHIO, a
Takke pazdopy MPEeUMyIIeCTB W MPOOJIeM, ¢ KOTOPHIMU CTAJIKWBAIOTCS MEIUKH U
MaIMECHTHI.
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2. PazBuTHeE TeJeXupypruu
2.1. IlepBble IATH B TeJEeXUPYPIrUHU

Tenexupyprus, SBIAIOIIASCA OAHUM W3 HanWOoJiee 3HAYMMBIX HANpaBICHUA B
XUpyprudeckoi podotusanu, nosisuiachk B 1990-x ronax, korja Obu1a oCyIecTBICHA
nepBas ornepanus Ha pacCTOSHUU. B oTiimumne OT TpagulMOHHOW XUPYPIUH, TJI€ XUPYPT
¢bu3MYeCK TMPHUCYTCTBYET B OINEPAIMOHHOM, TENEXUPYPIHsl MO3BOJSET BBIOIHATH
OllEpalliy, HCIOJB3ys poOOTHI, YNpaBIAOIMECS  YIAAJEHHO C  IOMOUIbIO
BBICOKOCKOPOCTHBIX BUJIEOCBSI3E€H U CIIOKHBIX CUCTEM HABUTALIUU.

TGJ’ICXI/IpprI/IH HMCCT HCCKOJIBKO 3HAYUTCIIbHBIX IPCUMYIICCTB!

o YiajieHHOe ynpaBJieHHe oNlepanuel — XUpypr MOXKET MPOBOJAUTH ONIEPALIVH B
JH000M MECTE, HaXOSICh Ha IPYIrOM KOHTHUHEHTE.

o BpIcOKasi TOYHOCTb — pOOOTHI MOIYT COBEpPIIATH ONEPALMH C OOJbIIEH
TOYHOCTBIO, YEM YEJIOBEK, OJarojapsi MCIOJIb30BAHUIO CIIOKHBIX CEHCOPOB U
YIOPABJISIIOLIUX CUCTEM.

IlepBas ycnemHas omnepanus € MCIOJIb30BaHUEM pPOOOTa, OCYIIECTBICHHAs Ha
paccTostHuM, Obia BbimonHeHa B 2001 roxy, xorma xupypr B Hero-Mopke ynamun
YKETYHBIN ITy3BIpb NAalMeHTy B OpaHLUU.

2.2. CoBpeMeHHbBIE JOCTHKEHHUS B TeJIeXUPYPIrUH

B nocnegHue roapl TENEXUpyprus MEpeUBAET OBICTPBIA POCT Onarogaps HOBBIM
TEXHOJIOTUSM M YJIY4YlIEHUIO CBsi3U. llpumeHeHne poOOTU3UPOBAHHBIX CHUCTEM
MO3BOJISIET XUPYPry paboTaTh C MUHUMAJIbHBIMU MHBA3UBHBIMU BMEIIATEIbCTBAMU, UYTO
CHUYKAET PUCK OCIIOKHEHUM U YCKOPSET MPOLIECC BOCCTAHOBJIECHUS MAIIUEHTOB.

Cuctemsl, Takue kak da Vinci Surgical System, ucnons3ytor 3D-u300paxenue u
BBICOKOTOYHBIC MaHHUIYJSATOPHI, YTO JIEJaeT ONepalud MEHee TpaBMaTHYHBIMU JUIs
nanueHTa u 6oJiee 6€30MacHBIMU 1JISI XUPYpra.

3. PoOOTBHI-IOMOIIHMKH B ONEPALMOHHBIX
3.1. IllpenmyiecTBa po60TOB-IOMOIIIHMKOB

POOOTHI-TIOMOLTHUKA B ONEPAlMOHHBIX CTAHOBATCS HEOTHEMJIEMOM  YacThIO
COBPEMEHHBIX MEAMIMHCKUX YUpekJeHUA. OHU MOTYT BBINOJHATH TaKue (PyHKIUH,
Kak Iojlaya MHCTPYMEHTOB, YJIEPKAHUE OPTaHOB, TOYHOE CIIMBAHHME TKAHEW, & TAKXKE
ITOMOIIb B MOHUTOPUHIE COCTOSIHUSA MALIMEHTA BO BPEMSI OTIEPALINH.
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OcHOBHBIC MpeuMyicCTBa UCIOJIb30BAHNUA pO6OTOB-HOMOHIHI/IKOBI

o YMeHbIIIEHUE YeJIOBeYeCKOH OIMOKU — poOOTHl MOTYT BBINOJHATH TOYHBIE
JIBYKEHUS C BBICOKOI CKOPOCTBIO, UTO CHUKAET BEPOSTHOCTH OMIMOOK, 0COOCHHO
IIPH CIIOXKHBIX OIEepaIusX.

o CHWKeHHMe HArpy3KM Ha XHPypra — poOOThl ITOMOTAIOT BBIOJHSTH
MOHOTOHHBIC WJIM (U3UYCCKH CJIOXKHBIC 3aJa4d, IIO3BOJISAS  XUPYPTY
COCPEIOTOYUTRCS Ha 00Jiee BaKHBIX aCIEKTaX OINEPAIlHH.

[Tpumepom Takoro pobora seisercs RAS (Robotic-Assisted Surgery), xortopsrid
[IOMOTAeT XHUPYPry B BBIMOJHECHHHM OIEPalldii ¢ MHHHMAJIBHBIMH ITOBPEKICHUIMU
TKAHEH.

3.2. le/IMeHeHl/Ie pOﬁOTOB B MUHUMAJBbHO HHBAa3UBHBLIX Oll€panusax

OpnHoil W3 caMbIX 3HAYMMBIX OOJAacTeil MPUMEHEHHsS] pOOOTOB B XUPYpPrUHU SIBIISETCS
MHUHHUMAaJIbHO UHBA3MBHAS XUPYPTHs, KOTOPAs MO3BOISET IPOBOJUTH OIEPALIMM YEpe3
HEOOJIbIIME Pa3pe3bl, YTO 3HAYUTEIBHO YMEHBIIAET TPABMATH3ALUIO MMALMEHTA U
YCKOPSIET BOCCTAHOBJICHUE.

P0o60THI CHOCOOHBI BBHITIOHATH TaKKUE OMIEPAIMH C BBICOKOW TOYHOCTBIO, UTO JIENAET UX
HE3aMEHUMBIMHU TIPH CJIOKHBIX BMEIIATEIbCTBAX, TAKUX KaK YJaJICHUE OIyXOJICH,
TpPaHCIUIAHTAIUSI OPTAHOB, XUPYPIrHUs cep/lia U COCY/I0B.

4. IIpo6.1eMbI 1 BHI30BBI

4.1. Bpicokasi cTOMMOCTBH 000PYI0BAHUS

OnHoM U3 OCHOBHBIX MPOOJIEM, C KOTOPOU CTATKUBAIOTCS KIIMHUKU, SIBJSETCS BHICOKAS
CTOMMOCTb POOOTHU3UPOBAHHOTO O0OpyAOBaHHSA. XOTSA JOJITOCPOUHBIE 3aTpaThl Ha
pOOOTHI MOTYT OBITH OIIPABAAHBI 32 CYET COKPAIICHUS BPEMEHH Onepaluii 1 OBICTPOTO
BOCCTaHOBJICHUS MAIMEHTOB, HA4YaJIbHASl UHBECTHUIIMS JJI1 YCTAHOBKU U OOCITY>KHMBAHUS
POOOTOB OCTAETCS 3HAUUTEIILHOM.

4.2. lToTpeOHOCTH B 00yUeHUN XUPYProB

Hist b dEeKTUBHOrO HCHOMB30BaHUS POOOTHU3UPOBAHHBIX CHCTEM HEOOXOJIMMBI
BBICOKOKBAJIU(DUITMPOBAHHBIE CTCIIUANMCTHI, MPOIIEANTNE 00yueHne paboTe ¢ TAKUMHU
TEXHOJIOTUSIMU. DTO TPeOyeT 3HAUMTENBbHBIX 3aTPAT BPEMEHU U PECYPCOB, YTO MOXKET
OTpaHUYHMBATH IIMPOKOE BHEIPCHUE TEXHOJIOTHH B MEAUITUHCKHAC YIPEKICHUSI.

5. 3akir0ueHue
PoGotuzamuss B XUpyprum MpECTaBIsCT COOOM KIFOUEBOW DJIEMEHT OyayIiero

MEJIUIIMHBI, oOecrieurBas 00Jiee BHICOKYIO TOUHOCTh, 0€30MacHOCTh U d(PHEKTUBHOCTD
B POBEJICHUU ONIEPaLIUH.
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Tenexupyprusi 1 poOOTHI-MOMOIIHUKN YK€ 3HAYUTEIBHO H3MEHWIM MOAXOAbl K
JICYCHUIO DPA3JIMYHBIX 3a00JIEBaHM, CHWXKAs PHUCKA W YCKOPSS BOCCTAHOBIICHUE
nainueHToB. Tem He MeHee, JUIsl JTallbHEMIEero pa3BUTHUS U PACHPOCTPAHEHUST ITUX
TEXHOJIOTHI HEOOXOAMMBI 3HAUYNTEIHHBIC WHBECTHIIMM B O0OpYyJOBaHHWE U OOyYCHHE
crenuaiucToB. B mepcrekTtuBe poOOTH3alMsl MOXET CTaTh CTaHJIapTOM B
XUPYPruYeCKOu MpaKkTUKE, MO3BOJISI IPOBOJAUTH ONEPALIUM JaXKe Ha CAMBIX YIaJ€HHbBIX
y4acTKax 3eMJIH.
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HAYYHBIN )KYPHAJI
HAYKA U MUPOBO33PEHUE
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JHEPTETUYECKASA DOP®EKTUBHOCTDb U CHUKEHUME ITIOTEPH B
QJIEKTPOSHEPTETUYECKUX CUCTEMAX

CamakoB Mewxyp

[IpenonaBarenb, Mex1yHapoHOTO YHUBEpCUTETa HEDTH U ra3a UMEHU STrmbireniu
KaxkaeBa

r. Amxaban TypkMeHUCTaH

JAypasimbipanos Kyssar

[IpenogaBaTenb, MexayHapoIHOTO YHUBEpCUTETA HEPTH U ra3za UMEHH Srmibirennu
Kaxkaea

r. Amxaban TypkMeHucCTaH

I'esienos Besn
Cryaent, MexxayHapoAaHOro yHuBepcuTeTa HeTu U raza uMenu Arusirenan Kakaesa
r. Amxaban TypkMeHucTaHn

XaJuibieB AJTUXaH
Crynent, MexayHapogHOro yHUBepcuTeTa HepTH U raza umenu Arusirenau Kakaesa
r. Amxaban TypkMeHUCTaH

CamaxoBa /[:kepen
Cryaent, MexxayHapoAHOro yHuBepcuTeTa He(Tu U raza uMenu Armsirenan Kakaesa
r. Amxaban TypkmeHucTan

AHHOTAIIUA

Cratbst OCBAIIEHA BONPOCAM PHEPTeTUIECKOM 3PHEKTUBHOCTH U CHUKEHUIO TIOTEPH B
AIEKTPOIHEPTETUUECKUX CHUCTEMaX. PaccMaTpuBarOTCSi OCHOBHBIE MPUYUHBI MOTEPD
SHEPIruM B IpoIlecCce €€ MPOU3BOCTBA, MEPEeaaun U pacipeeieHus, a TaKKe CIIOCOObI
UX MHUHUMHU3AIMU C TIOMOIIBI0 BHEAPEHHUS WHHOBAIIMOHHBIX TEXHOJOTUH W
MoJiepHu3au uHpacTpykTypsl. Oco00e BHUMaHUE YACISIETCS METOIaM MOBBIIICHUS
sHepreTudecko 3¢(HEKTUBHOCTH, TAKUM KaK MCHOJIb30BaHHE BBICOKOAI(PGHEKTUBHBIX
TpaHcPOpMaTOPOB, YJIYUIIEHUE CUCTEM YIPABJICHUS, TPUMEHEHHE BO300HOBIISIEMbBIX
HWCTOYHUKOB DJHEPrUM M pa3BUTHE YMHBIX ceTeil. PaccmarpuBaroTcs Takke
AKOHOMMYECKHE ACTIEKThI CHUKEHHUSI TIOTEPD, BIUSHUE HA SKOJIOTHYECKYIO CUTYAIUIO U
BJIMSTHUE HA CTOMMOCTD AJICKTPOIHEPTHUH JIJIs MOTPEOUTEIEH.

KuroueBrblie ciioBa: sHepreTudeckas 3QQPeKTUBHOCTb, MOTEPU IHEPTUU, YMHBIE CETH,
BBICOKOA((EKTUBHBIE TpaHCHOpPMATOPbI, BO30OHOBISIEMbIE MCTOYHUKHU SHEPTUH,
aBTOMAaTU3AlMsI, MOAEpHU3ALUS UHPPACTPYKTYPHI.
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1. BBegenue

Ounepreruueckas 3Q(HEKTUBHOCT U CHIDKEHUE MOTEPh SHEPTUH UMEIOT CTPATETHUECKOe
3HAYEHHE JUIsl TIOBBILIEHUSI YCTOWYMBOCTH BIIEKTPOIHEpPreThyeckux cucreM. Ilotepu
SHEPTrUU MPOUCXOJAT HA PA3IMYHBIX CTAIUSAX — OT MPOU3BOJCTBA M TEpe/layu 0
pacnpeneneHus U noTpeOsaeHus, YTo TpeOyeT KOMILIEKCHOTO TOJX0J/la K PEUICHUIO
npobiembl. B ycnmoBusx pocta MOTpeOHOCTH B SHEPIHHM, a TaKkKe B CBI3U C
rJ100aJIbHBIMUA JKOJIOTMUYECKMMHU BBI30BaMH, 3ajladya CHUKEHHUS MOTEph MpUoOpeTaeT
0COOEHHO BaKHOE 3HauYeHHE. BHeapeHne COBpPEMEHHBIX TEXHOJIOTMH M OOHOBIICHUE
UH(GPACTPYKTYPHI MO3BOJISIT 3HAYUTEIHHO MOBBICUTH 3PHEKTUBHOCThH HCIIOIb30BaAHUS
pPECYpPCOB U MUHUMHU3UPOBATH HETATUBHOE BO3ECHCTBUE HA OKPYKAIOLYIO CPEy.

s 3TOro HEOOXOAMMO YUYUTHIBATh HECKOJBKO (DAaKTOPOB, BKIIOYAs YIy4IICHHE
KadecTBa O00OpyAOBaHUS, MIPUMEHEHUE HOBBIX MATEPHUAIOB U TEXHOJIOTMH, a TaKkKe
BHEJPEHUE AaBTOMATHU3UPOBAHHBIX CHCTEM YyIpaBiieHHA. OXUAAETCs, 4TO 3TH MEpbI
OyayT crnocoOCTBOBaTh HE TOJBKO CHUKEHHIO MOTEPb, HO M OOLIEMY YIyYIICHHIO
DKOHOMMYECKOHN U IKOJIOTUYECKOW CUTYalluu B OTPACIIH.

2. OcHOBHBIE BHBI IOTEPb B 3JIEKTPOIHEPIreTHYECKUX CHCTEeMAax

Ilorepu 3HEpPrUM B DIEKTPOIHEPIETHUYECKUX CUCTEMAX MOXKHO pa3[CiUTh Ha JIBE
OCHOBHBIC KaTEropuu: IIOTEPU B IpoLecce Iepefadyd U IOTepu B IIpolecce
pacupeneneHus. CHUKEHUE ITHX MOTEPh HEIOCPEICTBEHHO BIIMSET Ha IOBBILICHUE
3¢ (eKTUBHOCTH pabOThl CHUCTEMBl W CHIDKEHHE 3aTpaT Ha IPOU3BOACTBO U
TPAHCIIOPTUPOBKY SHEPIHUH.

2.1. IloTrepu npu nepexayve IHePruu

[ToTepu mpu mepemade SHEPTUU OO0YCIOBICHBI PA3TUYHBIMU (PAaKTOpPAMH, TAKUMHU KaK
COTPOTUBJICHUE TPOBOJHUKOB, KA4ye€CTBO H3OJSIUU, & TAKXKE PACCTOSIHHUE MEXIY
TOYKAMU TEHEpaly M TOTPeOJICHUs] PHEPruu. B 3TOM KOHTEKCTE, 4YeM Jabliie
PacIoJIOKEHbl TOTPEOUTENH OT DJICKTPOCTAHIIMKM, TEM BBIINIE MOTEpU B TIpoliecce
nepenaud. [{ns yMmMeHbIIEHUS TOTEPh BaKHA HE TOJBKO MOJEPHH3AIUS JIMHUU
AIIEKTpOIIepeaad, HO M BEIOOP ONTHUMAIBHBIX IMTApaMETPOB MPOBOIHUKOB, YTO CHIDKACT
WX CcOmpoTuBIIcHHWEe. VIcmonmb30oBaHWME COBPEMEHHBIX MaTepHajoB, TaKHX Kak
CBEPXMPOBOAHUKH, W TIOBBIICHWE HAMPSIKCHUS B JIMHUSX TIEpeIadydl — OTO TaKKe
s exTuBHBIE CIOCOOBI YMEHBIIIEHUS MTOTEPh SHEPTHH.

Kpome Toro, omtumu3zanus CXeMbl paclpelesieHUuss YHEPTruu M HUCIOJIb30BaHUE
BBICOKOA((DEKTUBHBIX TPAHC(POPMATOPOB, pAOOTAIONTNX HA HU3KUX MTOTEPSIX, SIBISIOTCS
BOKHBIMU (pakTOpamMu. ITH MEpbl MOTYT TMPUBECTH K 3HAYUTEIHLHOMY CHUXKCHHUIO
MOTEPh HA JUTMTEIBHBIX TUCTAHIINAX TIEpeIayun.

2.2. [loTrepu npu pacnpeaejieHUU SJHEPTUU

Ilotepy mnpu  pacnpeAcsieHHH MPOUCXOIAT B PACHPEACIIUTENbHBIX  CETIX,
TpaHchopMaTopax U Ha YPOBHSIX, OJIM3KUX K KOHEUHOMY MOTPEOUTEITIO.
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[IpyuunHBI ATUX MOTEPb MOTYT OBITH CBSI3aHBI C TIJIOXUM COCTOSTHUEM HH(PPACTPYKTYPHI,
Hed(D(PEKTUBHBIMU paCTPEICTUTEIPHBIMA JIMHUSAMHA W TIEPErpy3KaMu B CHCTEME.
[Totepuy ©Ha pmaHHOM JTame BO3pPACTAlOT C YBEIWYCHUEM TMOTpEOJICHUs U
HECOOTBETCTBMEM MOIIHOCTH CETU PEealbHbIM MOTPEOHOCTAM mojib3oBatenei. Korma
CUCTEMa PacHpeAesiCHUs] HE MOXKET CHPAaBIATHCS C U3MEHSIONIMMUCA TPeOOBaHUSIMH,
9TO MPUBOAUT K MEPErPEeBY M, KaK CICICTBUE, TOTEPE SHEPTHUHU.

JUist  ycTpaHeHus 53THX TMOTEph HEOOXOAMMO peryjisipHoe OOHOBJIEHHUE CTapbIX
pacupenenuTeNbHbIX CeTed, a TakkKe BHEIPEHHWE CHUCTEM MOHUTOPHUHTA U
aBTOMATHU3AIMH, KOTOPBIE MOTYT ONITUMHU3UPOBAThH pabOTy pacipeeIUTeIbHBIX CUCTEM
B peaJIbHOM BpeMeHHU. Takue WHHOBALMU IMO3BOJISAT HE TOJBKO CHU3UTH MOTEPH, HO U
MOBBICUTh YCTOMYMBOCTb CUCTEMBI B LIEJIOM.

3. MeToabl NOBBINIEHUS JHEPTreTHYeCKOM I(PPEeKTUBHOCTH ¥ CHUKEHUS NMOTEPh

B mnocnennue ronapl pa3pabaThIBAlOTCS U BHEAPSAIOTCA pPa3iIMYHbIE METOMABI IS
MOBBILICHUS SHEpreThUecKoi 3¢ hekTuBHOCTH. COBpEMEHHBIE MTOIX0/IbI BKIIOYAIOT KaK
TEXHOJIOTUYECKUE, TaK W OPraHU3alMOHHBIE MEpbl, HAIIPABJICHHBIC HA YIIyYIICHUE
pabOThI 3JIEKTPOIHEPrETUUECKUX CHCTEM. B 3TOM KOHTEKCTE 0c000€ 3HAUEHHE HUMEET
MCIIOJIb30BAaHUE HOBBIX BBICOKOA(DPEKTUBHBIX TPAHCPOPMATOPOB, PAa3BUTHUE YMHBIX
CeTel, a TaKke MOJAEPHU3ALUs CYIECTBYIOIINUX CETe U 000py10BaHUS.

3.1. Ucnosb30BaHue BHICOKOI(P(peKTUBHBIX TPAHCPOPMATOPOB

OddexTuBHBIE TPAaHCPOPMATOPHI C MUHUMATBHBIMH ITOTEPSIMU HA MATHUTONPOBOAAX U
MEJHBIX MPOBOJAX MO3BOJSIOT 3HAYMTENIBHO CHU3HUTHh MOTEPU MPH NpeoOdpa3zoBaHUU
sHepruu. [ns sToro pazpadboTaHbl HOBbIE KOHCTPYKIIMH TPaHCHOPMATOPOB, KOTOPHIE
00€ecreynBaOT HU3KUE YPOBHU MOTEPh MPH Pa3HbIX pekuMax padbotel. [Ipumenenue
COBPEMEHHBIX TEXHOJIOTMM, TaKMX KaK MAarHUTONPOBOJbI C HYJIEBBIM MarHUTHBIM
MOTOKOM, CIOCOOCTBYET CHIKEHHUIO DHEPreTHYECKMX TOTeph U  YBEIUYMBAET
IPOJOJKUTEIBHOCTD IKCIUTyaTallui TPaHC(POPMATOPOB.

Kpome TOro, Ba)KHBIM MOMEHTOM SIBJIIETCSI BHEAPEHUE CHCTEMbI MOHUTOPHUHTA
COCTOSIHUSI TpaHC(OPMATOpPOB, UTO MO3BOJSICT B PEaTbHOM BPEMEHH OTCJCKUBATH U
YCTPaHATh MOTEHIMAIbHBIE HEUCITPABHOCTH, IPEAOTBpAIIasl JOMOJHUTEIbHbIE TOTEPH.

3.2. PazBurtue ymHbIX cereii (Smart Grids)

VYMHBIE CETH MpPEeACTaBIsAIOT COOOM PEBOJIIOLMOHHOE pELIEHUE ISl YIpaBJICHUS
HHEProCUCTEMAMU, KOTOPOE MOMOTAET HE TOJBKO MOBBIIATH 3P(EKTUBHOCTH MTEpeAaun
U pacrpeereHus] JHEPruu, HO U CHUKAETCSl BEPOATHOCTh MOTEPb. DTU CETU MOTYT B
pealbHOM BPEMEHU KOHTPOJIUPOBATH MMOTOK DHEPTUH, aJallTUPOBATHCSH K U3MEHEHUSIM
B NOTPEOJICHMM W aBTOMATUYECKH PEryJHpoBaTh paboTy oOopyaoBaHus. B ymHBIX
CEeTSAX MCMOJB3YIOTCS JaTYUKUA U MH(OPMAIMOHHBIE TEXHOJOTUHU UIsi MOHUTOPUHTA U
VIOPABJICHUS] CUCTEMOM, YTO MO3BOJSET ONTHUMH3UPOBATh PACIPEACICHUE SHEPTUU U
MUHHMH3UPOBATh MOTEPH.
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Kpome Toro, ymHsle CETH CIIOCOOHBI YUUTHIBaTh (DAKTOPBI, TAKUE KaK COJHEYHAas U
BETPOBAst SHEPTUS, YTO MO3BOJIAET O0siee THOKO pacipeesiTh PECYpPChl U 3HAUNTEIBHO
CHIDKATH [I0TEPU HA PA3JIMYHBIX 3TAlaX CUCTEMBI.

3.3. MoaepHu3auus HHPPACTPYKTYPbI M aBTOMATH3ALUA

MonepHu3anusl CyUIECTBYIOIIMX JIMHUM 3JIEKTpoINepenady M TpaHC(HOPMATOPHBIX
CTAHLIMM, a TAK)XE BHEIPEHUE HOBBIX TEXHOJIOTMM YIIPABJICHHMS W aBTOMATH3aLUH
IIPOLIECCOB,  SBIIFOTCA  BAXKHBIMM  ACIIEKTAMM  IIOBBIIICHHUS  JHEPrEeTUYECKOU
sb¢pexktuBHOCTH. COBpEeMEHHBIE aBTOMATH3UPOBAHHBIE CHUCTEMBl  YIPABIICHUS
MO3BOJIAIOT AP (HEKTUBHO BBISBISATH U YCTPAHITH HEUCIIPABHOCTH, ONITUMHU3HUPYS padOTy
CUCTEMBI M IPENOTBPALLAsI TOTEPU. BHENPEHNE TAKMX TEXHOJIOTHUM, KAK TUCTAHIIMOHHOE
YIIPaBICHHE, a TAKXKE CUCTEMBI IPOTHO3UPOBAHUS CIPOCA U MPEIIOKEHHUS, IT03BOJISIET
CYILLIECTBEHHO COKPAaTUTh IIOTEPU B PEAIBHOM BPEMEHH.

OI[HI/IM N3 KIIIOYCBBIX A4CIICKTOB MOICPHHU3AIWU ABJLICTCA IICPCXOd K I_[H(i)pOBBIM
TEXHOJOTHAM B 00JIACTH YIpPaBJICHUA W JUAIHOCTHUKH, YTO ITO3BOJIACT 3HAYUTCIIBHO
ITIOBBICUTBH HAACKHOCTDb U 3(1)(i)€KTI/IBHOCTB pa6OTBI BCEM CHUCTEMBI.

3.4. [IpumeHeHre BO300OHOBISIEMbIX HCTOYHUKOB YHEPTrUU

WNuTerpamusi BO300OHOBISIEMBIX HCTOYHUKOB HEPTHMU B JHEPreTUYECKHE CETH J1aeT
BO3MOYKHOCTb CHM3WUTh HArpy3Ky Ha TPAJULUOHHBIC JIEKTPOCTAHIMA U YMEHBIIUTH
MOTEpPH, CBSI3aHHBIE C TPAHCIOPTUPOBKON 3HEpruu. Bo300HOBIIsSIEMbIE HCTOYHHUKH,
TaKMe KakK COJHEYHBIE U BETPOBBIC YCTAHOBKH, MOTYT OBITh PACIOJIOKEHBI
HETOCPEJCTBEHHO B MeCTaX MOTPEOJICHUs, YTO MO3BOJSET M30€kKaTh 3HAUUTEIHHBIX
MOTEPb MPU Nepeiayue EKTPOIHEPTUU HA OOJIBIITNE PACCTOSHUA.

[Tpu 3TOM HEOOXOIUMO OTMETUTH, YTO MCIIOIb30BAaHHE BO30OHOBIISIEMBIX HCTOUHUKOB
SHEpPruM TpeOyeT 3HaYUTENIbHbIX HHBECTULIUN B UH(PPACTPYKTYpPy U OOHOBIIEHUE CETEH,
YTO CBS3aHO C OIPENECICHHBIMU BBI30BAMHU, HO B JOJIOCPOYHOM NEPCIEKTUBE ITO
MPUBOANT K CHHXKEHHIO TIOTEPh U 00ECTIEYEHUI0 YCTOMUNBOCTH SHEPTOCHAOKEHHUS.

3.5. DHeprocOepexeHue U yJayullleHHe KadyecTBa NOTPedJIeHust

OO6pazoBanue moTpeOuTENeH M BHEAPEHHE YHEProcOEperaroniux TEXHOJOTHH MOTYT
3HAUUTETFHO TOBJIUATh HA CHIDKEHHE IOTEPh B CHUCTEME. JHeprocOeperarorue
ycTporcrBa, Takue Kak LED-ocsemieHue, cHCTEMBI yOPAaBICHUS KIMMATOM H
WHHOBAIIMOHHBIE CTPOUTEIBHBIE MaTepUajbl, CIIOCOOCTBYIOT YMEHBIIICHHUIO OOIIEro
MOTPEOJICHUST PHEPTUU. DHEProcoOepekeHue B JoMax, opucax U MPOMBIIUICHHOCTH
IIOMOT'a€T CHU3UTH HArPy3Ky Ha AJIEKTPOCETH U YMEHBIIIUTH NOTEPHU HA BCEX YPOBHSIX.

Takum 06pazom, moTpedIeHNE YHEPTUN, HATIPABICHHOE HA COKPAIICHUE U30BITOYHBIX
3aTpart ¥ MOBHITIIEHUE SHEProd(HPEKTUBHOCTH, MPECTABISAET COO0I BaXKHBIN DJIIEMEHT B
oOmieil cTpaTeruu CHW)KEHUS MOTEPb U YIYYIIEHUS yCTOHYMBOCTH IHEPreTHUYECKOM
CUCTEMBI.
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4. JKOHOMHYECKHE ACNIEeKThI 1 BJIMSIHUE HA IKOJIOITMICCKYI0 CUTyalln10

CHmxeHHe TOTepbh B JJIEKTPOIHEPTETUYECKUX CHCTEMax HE TOJBKO CHOCOOCTBYET
MOBBIIICHUIO 001IeH d(DPEKTUBHOCTH dHEPTOCHAOKEHUS, HO U MMEET 3HAUUTEIbHbBIE
HSKOHOMHUYECKHE M DKOJOTMYECKUE MPEUMYIIECTBAa. OJKOHOMHMUYECKHE AaCIEKThI
BKJIIOYAIOT HE TOJBKO TMpsMble (PMHAHCOBBIE BBITOABI OT CHIDKEHHUS 3aTpaT Ha
HPOU3BOJICTBO U paclpesiesieHNe SHEPruy, HO U OoJiee MUPOKUNA KOHTEKCT, CBSI3aHHbIIH
C pa3BUTHEM HH(PACTPYKTYphl, CO3AaHNEM HOBBIX PabOYMX MECT M 0obOecredeHueM
YCTOMYUBOTO pa3BUTUS OTpaciu. BHenpeHue >(PQPEeKTHUBHBIX TEXHOJOTHHA M CHCTEM
yIpaBJIEHUS  DHEPronoTpeOIeHHEM  TO3BOJISET  3HAYUTENBHO COKpaTHTh
AKCIUTyaTallMOHHBIE PACXOAbl, CHU3UTH MOTPEOICHUE PeCypcoB U, B KOHEUHOM HTOTE,
COKpATHUTh NOTPEOHOCTH B HOBBIX MOIIIHOCTSIX.

OxoHOMUYECKH A()PEKTUBHBIC IHEPTETUICCKHAE CUCTEMbI OOCCICYMBAIOT CHUKCHUE
3aTpaT Ha OOCIY)KMBAaHHE CTapod U ycTapeBlIed HHPPACTPYKTYPHI, YTO MO3BOJIAET
nepepacnpesieiuTh CpeICTBa Ha 00JIee WHHOBALIMOHHBIE M TIEPCIIEKTUBHBIE MPOEKTHI.
CoBpeMeHHbIE BBICOKOA((EKTUBHBIE TEXHOJOTUM, TaKWe Kak 3Heprocoeperaroume
YCTPOWCTBA, HOBBIE MaTepualbl Uil JUHUM DHJIEKTPONEpeaady U YMHBIE CETH,
CIIOCOOCTBYIOT YMEHBIIICHHIO MOTEPh U YBEIMYCHHUIO CPOKa CIYKObI 000pYI0BaHUS.
3T0, B CBOIO O4Yepeb, MUHUMHU3UPYET HEOOXOJUMOCTh B YACThIX KalUTaJIbHBIX
BJIOKEHUSX U JOPOTOCTOSIIIIEM PEMOHTE.

DKoJloTHYecKasi COCTABIIAIONIAA BOIPOCA HAMIPSMYIO CBsI3aHA ¢ SKOHOMHUEH PECYypCOB U
YMEHBIICHUEM  BO3JEHCTBUS HAa  OKPYXKAIONIYI0  Cpeay.  OHepreTudeckas
3(PEKTUBHOCTD MO3BOJISIET CHU3UTD MOTPEOICHNE HCKOMAEMbIX PECYPCOB, TAKHMX KakK
yrojab, HedTh M Ta3, KOTOPhIC TPATUIIMOHHO HCIIOIB3YIOTCS JUIS IIPOM3BOJICTBA
AIEKTPOIHEPTHH. MEHbIIe TOTEPh SHEPTUU 03HAYAET, YTO TPEOYETCSI MEHBIIIEC TOILIMBA
JUIS. TCHEepallMu TOW K€ caMOW JHEPruM, 4TO MPHUBOJUT K CHIM)KCHHIO BBIOPOCOB
MapHUKOBBIX Ta30B U JAPYTHX 3arps3HUTECH B aTMochepy. DTO MMeEeT peliaroliee
3HAYCHHUE B KOHTEKCTE TIJI00aJbHOIO M3MEHEHHS KiIuMmata W OOpeObI C €ro
IMOCJIEICTBUSIMH.

Kpome Toro, moBsbillieHHME SHEpreTuueckol A(PEGEeKTUBHOCTH  CIOCOOCTBYET
YMEHBIICHUIO 3arps3HEHUs] OKPYXKAIOMIeH Cpefbl, CBSI3aHHOTO C TIPOM3BOJICTBOM
sHepruu. llpu Oonee >PGhEKTUBHOM HCIMONB30BAHUN JHEPrETHYECKUX PECYpPCOB
COKpalaercss HeoOXOAUMOCTh B J00bIYe U mepepaboTKe ChIpbS, YTO CHUKAET
HEraTUBHOE BO3JICHCTBHE HAa AKOCHUCTEMbl. MeHblllee MOTPEOJICHHE TOIUIMBA TaKKe
MOMOTaeT YMEHBIINTh BBIOpOCH! yriekucioro raza (CO2), nuokcuna cepsl (SO2) u
JPYTUX BPEIHBIX BEIIECTB, KOTOPHIE ABJISIOTCS OCHOBHBIMH 3arPSI3HUTEISIMU BO3TyXa.

C TOYKM 3peHHs] HKOJOTUYECKON YCTOMYMBOCTH, BHEAPEHHE BO300HOBISEMBIX
MCTOYHHUKOB IHEPTUU (COTHEYHOW, BETPOBOM, TUAPOIHEPTUU U APYIUX) TAKKE UMEET
BAKHOE 3HA4YE€HHE. JTU HCTOYHUKH DHEPrUM HE TOJIbKO HE MPUBOAAT K BbBIOpOCaM
YIJIEKMCIIOTO Ta3a, HO W IIO3BOJIIIOT 3HAYMTENIBHO YMEHBIIWTH JABJICHUE Ha
HKOCHCTEMBI, MOCKOJIbKY OHM HE TpeOYIOT KPYMHBIX 3€MIISIHBIX pabOT, TaKMX Kak
BbIEMKa YTJISl WJIK HEe(TH.
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Brenpenue «4ucToit» 3HEpruu crnocoOCTByeT (POPMUPOBAHUIO OOJiee YCTOMUUBBIX U
HKOJIOTUYECKU O€30MACHBIX SHEPTETUYECKUX CUCTEM.

He crout 3a0bIBaTh M O COLMATBHOM acCHEKTE: MOBBIIICHUE 3HEProdHEeKTUBHOCTU
co31aéT HOBble paboyre MecTa B OOJIACTH BBICOKMX TEXHOJOTMHA M MHKUHHPHUHTA,
CTUMYJIUPYET Pa3BUTHE CMEXHBIX OTpaciieii M CIOCOOCTBYET POCTY IKOHOMHKHU B
[eJIoM. DTO MPUBOJUT K YKPEIUIEHHUIO 3KOHOMUYECKOW CTAaOWMIBHOCTH, CO3JAHMIO
HOBBIX BO3MOYKHOCTEH /JIs1 OM3HECa U yIyUlIEHUIO KauyeCcTBa KU3HU TPaXIaH.

Takum 00pa3zoM, 3KOHOMHUYECKHE M IKOJOTMYECKUE ACIEKTbl CHUKEHUS IOTEPh B
AJIEKTPOIHEPTETUKE B3aMMOCBSI3aHbI, M YIy4IlIEHHE dHEpreTudeckon 3hdexTuBHOCTH
WUTPAET KIIOYEBYIO POJIb KaK B JKOHOMUYECKOM Pa3BUTHUU CTPaH, TAK U B COXPAHECHUH
AKOCUCTEM i1 OynylMX NOKOJIeHW. MHBECTHMLIMM B 3T HANpaBJICHHS, XOTS U
TpeOYIOT 3HAUYMUTENbHBIX HaYalbHBIX 3aTPaT, B JOJTOCPOYHON NEPCHEKTUBE MPUHECYT
3HAYUTENBHBIE BBITO/BI, KAK JIJI1 SKOHOMUKH, TaK U I SKOJIOTHYECKON CUTYaLlUH.

5. 3akaouenue

[IpoOnemMa moOTEph B JIIEKTPOIHEPTETUUECKUX CHUCTEMAX TpeOyeT KOMILIEKCHOIO
MOAX0/Ja W BHEAPEHUS HHHOBALIMOHHBIX TEXHOJIOTMI Ha BCeX J3Tamax — OT
IIPOM3BOJICTBA U MEPENAYU 10 pacipeieieHus U noTpedieHus s3ueprun. CoBpeMeHHbIE
METOJIbl TIOBBIIICHUS SHEPreTudecko 3()(PEKTUBHOCTH, TaKWE KAaK HCIOJb30BaHUE
BBICOKOA((EKTUBHBIX TPaHCPOPMATOPOB, PA3BUTHUE YMHBIX CETEH, aBTOMAaTU3aIUs U
UCIOJIb30BaHUE BO300HOBIISIEMBIX MCTOYHHUKOB SHEPTUH, CIIOCOOHBI 3HAYUTEIBHO
COKPaTUTh MOTEPHU U MOBBICUTH YCTOWYMUBOCTh IHEPTETUYECKON CUCTEMBI.

CHIWKeHHE TIOTeph UMEET HE TOIHKO YKOHOMHUYECKOE 3HAUCHHE, HO M TTOJIOKHUTEITHHOE
BIIUSHUE HA OKOJIOTHIO, TIOCKOJIBKY TII03BOJISET CHU3UTH BPEIHBIE BBIOPOCHI U
YMEHBIITUTh BO3JCHCTBHE HA OKPYXKAIONIyI0 cpeay. Pa3BuThe W BHEAPEHHE HOBBIX
TEXHOJIOTHHA B AJICKTPOIHEPTETUKE OTKPHIBAET OOIBIIHE MTEPCIIEKTUBBI JAJISI TOBBIIICHUS
oOmelt  >PGEeKTUBHOCTH U YCTOWYMBOCTH  DHEProCHaOXeHHs, 4To Oyner
CIIOCOOCTBOBATh  YIYYIICHHIO  KauyecTBa KWM3HKM HW  0Oojiee  yCTOMYHMBOMY
HHEPreTHUECKOMY Oy IymiemMy.
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AHHOTALIUA

CoBpeMeHnHble MHGOpMaMOHHbIE cucTeMbl B TexHosnoruu (MCuT) umeror kitoueBoe
3HaYeHHE B YCJIOBHAX LU(DPOBU3AIMU SKOHOMHUKH U OOIIECTBA. DTHU TEXHOJOTHUHU
o0ecneunBaroT BBICOKYIO IPOU3BOAUTENBHOCTD U 3()(PEKTUBHOCTH IPOLIECCOB, a TAKKE
MO3BOJIAIOT peliaTh 3aJayd, KOTOpble paHee ObUIM HEBO3MOXHBL. B  crarhe
paccMaTpuBarOTCa OCHOBHBIE HanpasiieHus pa3sutus CuT, Bkirovast HCKyCCTBEHHBIN
uHTeiekT (Al), o6padoTky Gonbiux nanubix (Big Data), o6nayHbie BeIUMCICHUS U
Wntepuer Bemen (IoT), a Takke uxX BIMSHUE Ha pa3ivuHble cepbl AESITEIbHOCTH.
Oco0oe BHUMaHUE YAEJNEHO MEPCIEKTHBAM BHEJIPEHHUsS] ATHUX TEXHOJIOTUH B
3[IpaBOOXpaHeHe, 00pa30BaHUE, MPOMBIIICHHOCTD U YIIpaBJICHHUE.

KaroueBnie cjioBa

NHpopmalilnoHHbIE CHCTEMbI, TEXHOJOIMHM, HCKYCCTBEHHBI MHTEUIEKT, OOJbIINe
JaHHbIe, 00JIauHble BhIYUCIICHUS, IHTepHeT Bewel, nudpoBU3alus, aBTOMaTH3AIIMS.

1. BBeaenue

HNHupopmalinoHHbIE CUCTEMBI U TEXHOJIOTHUH MPOYHO BOILIU B MOBCEAHEBHYIO JKU3Hb U
CTaJIM BaXKHEUIIMMH MHCTPYMEHTAMHU Il TOCTHXKEHUS 3PPEKTUBHOCTH B Pa3INYHbBIX
chepax. Peub uper He TONBKO O OM3HECE, HO U O IOCYAAPCTBEHHBIX YUPEKICHUSX,
3/I[paBOOXpPAaHEHUH, OOpa30BaHUM M JaXe JUYHOM >KU3HM uenoBeka. COBpeMEHHbIE
NCuT obGecnieunBaroT onepaTuBHbI cOOp, 00pabOTKY M aHATIU3 JAHHBIX, YTO SIBJISETCA
BAKHEWUIIUM KOMIIOHEHTOM JIJIsl IPUHSATHUS PELICHUN B pEalbHOM BPEMEHH.

WNHupopmalinoHHbIE TEXHOJIOTHH U3MEHSIOT CIIOCOOBI B3aUMOJICHCTBUS MEXKIY JIFOJIbMU,
OpraHU3alUsIMU U TOCYJAPCTBEHHBIMU CTPYKTYpPaMH.
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B nocnennue necstuiietuss HauOoJblIee BHUMAHUE YIEISAETCS TAKUM HAIPABIICHUSM,
KaK UCKYCCTBEHHBIN HHTEIIEKT, 00padoTKa OONbIINX JaHHBIX, 00JaUHbIE BHIYUCIICHUS
u VlHTepHeT Belleil, KOTOphIe MO3BOJISIOT 3HAYUTENBHO YIYUIIUTh PYHKIIMOHUPOBAHUE
HE TOJIBKO MPEANPUATHM, HO U LENbIX OTpaciei u cgep.

2. OCHOBHbBIE TEH/JIEHIIUN B PA3BUTHH HH(POPMAIUOHHBIX CHCTEM M TEXHOJIOT Uil
2.1. UckyccTBeHHBbI HHTEJIEKT (Al)

HcKycCcTBeHHBI HWHTEUICKT TPEACTaBIsIeT COOOH OJHO W3 CaMbIX JAWHAMHUYHO
Pa3BUBAIOIIMXCS HAMpaBlieHUA B 00acTh WHGOPMAIMOHHBIX TeXHOJoruid. B
nocieaaue rojsl Al HaxoauT Bce OoJibliiee MPUMEHEHUE B PA3IMYHBIX 00JIaCTAX — OT
3/IpaBOOXpaHeHusl U (PUHAHCOB 10 00pa30BaHUS U MPOMBINUIEHHOCTU. OH MO3BOJISET
aBTOMATU3UPOBATh MHOXKECTBO TMPOIIECCOB, KOTOpPHIE paHee TpeOOBaIM Yy4acTHs
YyeJIoBeKa, TAKUX KaK JUArHOCTHKA 3a00JIeBaHUMN, aHAJIM3 TaHHBIX U MMPOTHO3UPOBAHUE.

NckycCTBEHHBIM MHTEUIEKT OCHOBBIBACTCS HAa allfOPUTMaxX MAIIMHHOTO OOYy4YeHWS,
KOTOpBIE€ O0y4YarOTCsS Ha JTaHHBIX U CIHOCOOHBI aJaliTUPOBATHCS K HOBBIM YCIOBUSIM.
HeiipoHnHble ceTH, alrOpuTMbI MOpeicKa3aHusi U 0O0paOOTKM €CTECTBEHHOTO SI3bIKa
AKTUBHO MCIOJIB3YIOTCS JIJIsl YIIYUIICHUS KaueCTBa OOCTYKMBaHUSI KITMEHTOB, CO3/JaHUs
4aT-00TOB, aBTOMATH3allMM PYTUHHBIX 3a7a4 U ONTUMHU3AIMHA PabOUYHX MPOIIECCOB B
ou3Hece.

BakHbpIM m1arom Briepe]| sSBISCTCS Pa3BUTHE TEXHOJIOTHH ITyOokoro oOyduenus (deep
learning), KOTOpble MO3BOJISIIOT peIIaTh 3ajlaud, TPEOYyIOIIUe BBICOKOTO YPOBHS
TOYHOCTH, HANpUMeEp, pacliO3HaBaHUE H300paKEHHi, TOJIOCOB, a TAKXe B 00JIacTh
ABTOHOMHOTO YIIPaBJICHUS TPAHCIIOPTOM U POOOTOTEXHUKH.

2.2. boabmme nannsbie (Big Data)

O6pabotka Oonbimux manHbIX (Big Data) mo3BosisieT KOMIIaHMSIM U OpraHU3aIUsIM
W3BJICKATh TOJIC3HYI0 MHPOPMAIMIO W3 OTPOMHBIX OOBEMOB JTaHHBIX, KOTOPBIC OHU
reHepupytoT. C mnomouipto aHanuTukun Big Data MO0XXHO BBISIBJSTH TEHJICHIIUH,
MIPEICKA3bIBATh MMOBEJCHUE KIMEHTOB, ONTUMU3UPOBATH TPOU3BOACTBEHHBIC ITPOIIECCHI
Y IPUHUMATh 00JIee 000CHOBAHHBIC PEIICHMUS.

B nocnennue ronel cuctemsl Big Data ctaHoBsiTCSt Bce 60Jee JOCTYIHBIME OJiaronapsi
MCIIOJIb30BAHUIO OO0JIAYHBIX TEXHOJOTHUW. DTO MO3BOJISIET JAXKEe MaJIbIM U CPEIHUM
MPEANPUATASIM UCTIOIB30BaTh MHCTPYMEHTHI JIJISl aHATIN3a JAHHBIX, YTO MTOMOTAaeT UM
JOCTUTaTh KOHKYPEHTHBIX MTPEUMYIIECTB Ha PHIHKE.

KitoueBbie xapaktepuctuku Big Data BkmodaroT o0beM, pazHOOOpas3ne U CKOPOCTh
naHHbIX. Bece 3Tu nanHbie He0OX0IMMO 00padaThIBaTh B peaJbHOM BPEMEHH Ui TOTO,
4YTOOBI M3BJICYb M3 HUX LIEHHBbIE MHCAMNTHI, KOTOpble OyayT MOJIE3HBI AJisi OU3HEeca U
HAY4YHBIX UCCIIEIOBAHUM.
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2.3. O0/1a4YHbIe BLIYUCJICHUS

OOnayHble BBIYUCICHHS PEBOIOIMOHU3UPOBAIN MOAXOJ K XPaHEHHUIO M 00paboTkKe
JTaHHBIX. BMecTO TOro 4To0bI XpaHUTh JaHHBIE Ha JJOKAJIBHBIX YCTPOMCTBAX, 0OIaUHbIC
TEXHOJIOTMU TIO3BOJIAIOT XPaHUTh HMX Ha YIAJICHHBIX CEpBEpaX, MPEIOCTABIIAA
ITOJIB30BATENSIM JOCTYII K JAHHBIM M IPUJIOKEHUSAM YEPE3 NHTEPHET.

O6uaunbie maTdopmel, Takue kak Amazon Web Services, Google Cloud u Microsoft
Azure, TpPeNOCTaBISIIOT [MIMPOKUN CHOEKTp yciayr Jjsi OusHeca, BKIIOYas
BBIYMCIIUTEIILHBIC MOIIIHOCTH, XpaHEHHUE NAaHHBIX, 0a3bl JAHHBIX W WHCTPYMEHTHI IS
aHanu3a. OTH TUIATGOPMBI TO3BOJIAIOT KOMIIAHWSAM CHH3UTh pacxoisl Ha [T-
UHQPPACTPYKTYPY, a TAKKE 00€CeYUTh TMOKOCTh U MACIITAOUPYEMOCTh CBOMX CUCTEM.

OO6navyHble BBIYKMCICHHUS IIO3BOJIIIOT OpPraHU3alUsM OBICTPO pa3BEepThIBATh M
aJanTApoOBaTh CBOM HMHGOPMAIMOHHBIE CHCTEMBl, a TakXKe O0OeCIeynuBaTh
OecrniepeOoitHy0 PaboTy Jaxke B YCIOBHUSAX POCTa 00beMa JAHHBIX M YBEJIIMUCHHS YHUCIIA
M0JIL30BaTEIICH.

2.4. Uutepuer Bemeii (IoT)

WNuTtepHer Bemiel mpencTaBiseT co0oil ceTh (U3MYECKUX YCTPONCTB, KOTOPHIC
CIIOCOOHBI COOMpaTh U OOMEHUBATHCS JAHHBIMU. DTH YCTPONCTBA MOTYT OBITh Kak
OBITOBBIMU (YMHBIE JIOMa, YCTPOMCTBAa JUIsi MOHHMTOPHHIA 3J0POBBS), TaK U
MIPOMBIIUICHHBIMU (IaTYUKU B MPOU3BOACTBEHHBIX IMPOIECCAX, CUCTEMbI YIIPABICHUS
TpadUKOM B ropojiax).

[oT mno3Bomser co3mate '"ymuble" TOpojga W '"yMmMHbIe" 31aHuUs, TJ€ JAHHBIC,
MOCTYIAIOIIKNE OT PA3JIUYHBIX YCTPOWCTB, aHAIU3UPYIOTCS B PEaIbHOM BPEMEHM ISt
yIy4IlIeHHUs] KauecTBa )KU3HM U MOBBIIMICHHS d(PpPeKTUBHOCTH yrpaBieHus. Hanpumep,
B YMHBIX TOpOJiaX MOTYT MCIIOJb30BAaThCA JATYUMKHU JJII MOHUTOPHHIA 3arps3HCHUS
BO3/yXa, TEMIIEPATYPhl, YPOBHS IIIyMa M APYTUX (aKTOPOB, YTO TIOMOTAET B IPUHATHH
pelIeHuii 0 Mepax i YIy4dllIeHUs YKOJIOTUYECKOU CUTYaIluH.

[oT Takke ucnoyibdyeTcs B chepe TpaHCHopTa, rje JaTYUKU MMOMOTral0oT MOHUTOPUTH
COCTOSIHUE JIOpPOT, TPAHCHOPTHBIX CPEIACTB M YIPaBIATh JBWKCHHUEM, YIIydllas
0€30MacHOCTh U CHUYXKAs 3aTOPBHI.

3. IlepcnekTUBBI NPpUMEHEHHS HHPOPMANMOHHBIX TEXHOJIOT U

[lepcnekTuBBl  MCHOJB30BaHUS MH(DOPMALMOHHBIX TEXHOJOTHA MOTYyT  OBITh
Ype3BbIYAHO 0O0MMpHBIMU. B yacTHOCTH, B cepe 3apaBooxpaHeHus BHeapenue Al u
[oT MOXeT CyHIECTBEHHO U3MEHUTh CIOCOOBI TUArHOCTUKHU U JICUECHHUS 3a00JE€BaHUM.
Hanpumep, cucremsr Al MOryT aHanu3upoBaTh MEAUIIMHCKIE U300paKEHUS, BBISBIISTh
AHOMAJIMH, YTO IO3BOJISIET 3HAYUTEIBHO YCKOPUTH MPOLIECC AUArHOCTUKU U CHU3UTH
BEPOSITHOCTH OIITHUOOK.
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B oOpazoBanuu nudpoBu3zanusi OTKPHIBAET HOBBIE TOPU3OHTHI [JIsi CTYIEHTOB U
npenoaaBareneid. C mOMOIIBI0 OHJIAWH-KYPCOB, BUPTYaJbHBIX KJIACCOB U MIATHOPM IS
JTUCTAHITMOHHOTO O0YYEHUS CTYICHTHI MOTYT MOJIy4YaTh 3HAHUS U3 JIFOOOW TOUYKH MUPA.
CoBpemeHHbIe cuCTeMBI yrmpaBiieHus oOydennem (LMS) u ananuTuka OO0JBIIMX
JAHHBIX TTO3BOJIIOT MpenoaaBaTessiM 3(h(HEKTUBHO OTCIICKUBATH MTPOTPECC CTYICHTOB
U aIanTUPOBaTh 00y4YeHHUE MO UX MOTPEOHOCTH.

B npomMblinieHHOCTH HHPOPMAIIMOHHBIE TEXHOJIOTHU 00ECTICUNBAIOT BBICOKHI YPOBEHb
aBTOMATHU3allMM TPOU3BOJCTBA, COKpAIllEHHE BpPEMEHHM Ha OOpabOTKy JaHHBIX U
yJIy4IlieHue KOHTPOoJIs kKadecTBa. BHeapenue cucteM apromaTtuzanuu U [1oT (Industrial
Internet of Things) mo3BoJsieT yIy4IIMTh MPOU3BOJACTBEHHBIE MPOIECCHI, CHU3UTH
3aTpathl ¥ MOBBICUTH 3 (HEKTUBHOCTD.

4. Biusinue nHGOPMAIMOHHBIX CUCTEM M TEXHOJIOTMA HA 001ECTBO

Pa3Butre wuHGOOPMAIMOHHBIX TEXHOJOTHMH OKa3bIBa€T 3HAYUTEIBHOE BIMSHHUE Ha
o01ecTBO B 11e71oM. OHM BIMSIIOT Ha MHOXXECTBO ACTEKTOB YEJIOBEUECKOW KUZHU: OT
VIy4IIeHUs] KadecTBa OOpa3oBaHMsI A0 HM3MEHEHHsI CIOCOOOB B3aMMOJCHCTBUS C
roCcy1apCTBEHHBIMH CTpYKTypamu. B aToM paznene paccmotpum, kak UCuT BinusitoT Ha
COLMAJIBHBIE TPOLECCHI, KYJIBTYPY U IIOBCEIHEBHYIO KU3Hb.

4.1. Bausinue Ha couMaJIbHbI€ OTHOIIEHUS

C pa3BuTMeM HHQOPMALMOHHBIX TEXHOJIOTMH MPOUCXOJIUT HW3MEHEHUE COLUATbHBIX
B3auMoeiicTBuil. [losiBIeHHE COLIMATIBHBIX CETEN, MECCEHI)KEPOB U OHJIAWH-TIIIAT(HOPM
UIsE  OOIIEHWs] M3MEHWUJIO HE TOJIBKO JIMYHBIE B3aMMOOTHOUIEHUS, HO U
npodeccruoHalibHble KoMMyHUKaruu. Ilnatdopmel, Takue kak Facebook, Twitter u
LinkedIn, mo3BomsitoT J1015M MOAAEPAKUBATH KOHTAKT, 0OMEHUBATHCSI HHPOPMALIUEN 1
Jake€ CTPOUTH Kapbepy, HE BbIxonas u3 goMa. CoBpemeHHble MCuT co3maroT HOBbIE
BO3MOKHOCTH ISl AUCTAHIIMOHHOTO B3aMMOJICHCTBUSI, KOTOPOE MOXKET MPOUCXOJIUTh
HE TOJIbKO B paMKaX KOHKPETHOM CTpaHbl, HO ¥ Ha MEXAYHAPOJIHOM YPOBHE.

C npyroi#t CTOpPOHBI, POCT UCTIOIB30BAHUS COITMAIBHBIX CETEH MPUBOIAUT K TIOSIBJICHHUIO
HOBBIX COIMAJBHBIX PHUCKOB, TAaKUX KaK pacrpocTpaHeHrne (EHKOBBIX HOBOCTEH,
KUOEpOyYJUIUHT, MPOOJIEMbI C KOH(PHUIEHIIMAIBHOCTHIO U 0€30MaCHOCTh JIMUHBIX JJAHHBIX.
BaxxHO Oco3HaBaTh 3TH PUCKH W Pa3pabaThIBaTh COOTBETCTBYIOIIME MEPhI IS HMX
MUHUMM3AIUH.

4.2. BausiHue Ha KyJbTYpPY U HCKYCCTBO

NHudopmanimoHHble TEXHOJIOTUN TaKKE OTKPHIBAIOT HOBBIE BO3MOKHOCTH JIJISl pa3BUTHUS
KyJIbTYpbl U UCKyccTBa. COBpEMEHHBIE CPEJICTBA MAacCOBOM MH(POPMALIMH, TAKUE KaK
OHJIaWH-KMHOTEATPhI, My3bIKaJIbHbIE MIATGOPMBI U IUPPOBast OMOIMOTEKA, TO3BOISIIOT
JOJIIM UMETh IOCTYM K KyJIbTYPHBIM POU3BEJICHUSM B JIF000€ BpeMs U B JIFO00M TOUKe
MUpa.
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[Mu¢poBuzanuss TakKe MEHSET CHOCOObI CO3JaHUSl M NOTPEOJEHUS HCKYCCTBA.
XyIOKHUKA M MY3BIKAHTBI MOTYT HCIOJB30BaTh IU(GPOBBIE HHCTPYMEHTHI IS
CO3[IaHHsI HOBBIX INPOM3BEIAECHUN, & TAKXKE JJISI UX PACIPOCTPAHEHHUs 4epe3 OHJIANH-
KaHaJIbl, YTO 3HAYMTENLHO pacluupsieT ayauropuro. BupryansHas peansHocTh (VR) 1
J0TIOJIHEHHAs! peanbHOCTh (AR) craHOBsITCS HOBBIMU (hOpMaMU HMCKYCCTBA, MO3BOJISS
CO3[1aBaThb HMHTEPAKTHUBHBIE IPOU3BEACHUSA, KOTOpPHIE MPENIArarT 3pUTEISIM
YHUKAJIBHBIH OIIBIT.

C npyroi#i CTOpOHBI, KyJIbTYPHBIE U TBOPUECKHUE NHIYCTPUU CTAIKHUBAIOTCS C BEI30BAMU,
CBSI3aHHBIMH C aBTOPCKUMH IPaBaMu U HU(PPOBBIM MUPATCTBOM. BakHO pa3pabaThiBaTh
HOBBIC MEXaHHU3MBI 3aIIUTHl HHTEJUIEKTYaIbHOW COOCTBEHHOCTH B IIU(MPOBYIO SIOXY.

4.3. Biausinne Ha JKOHOMHUKY M PbIHOK Tpy/Jaa

Ucnonb3zoBanne WHOOPMAIMOHHBIX TEXHOJOTUH CHOCOOCTBYET 3HAYUTEIbHBIM
M3MEHEHUSIM B dKOHOMUKE. OHM JIal0T HOBBIE BO3MOXHOCTH JIjIsi OM3HECa, TOMOTaloT
ABTOMATHU3UPOBATh MPOLECCHl W OINTUMHU3UPOBATH IPOU3BOJCTBEHHBIE LEMOYKHU.
OddextuBHOoe ucnonabzopanue MCuT mo3BosisieT KOMIaHUSIM CHU3UTH ONEPAIIMOHHBIC
3aTpaThl, YJIYYIIUTh OOCIY>XMBaHUWE KIMEHTOB U OBICTpEE aJanTHUPOBAaThCA K
W3MEHEHUSIM Ha PBIHKE.

OnuuM u3 Hanbosiee 3HAYMMBIX 3G (EKTOB ABJISIECTCS pa3BUTHE pbiHKa Tpyaa. C ogHOU
CTOPOHBI, TIOSBJISICTCS MHOXKECTBO HOBBIX Npodeccuid, CBSA3aHHBIX C aHAJUTHUKOM
JTAHHBIX, pa3pabOTKOM MPOrpaMMHOIO oOOecIieueHus, KHOepOe30MmacHOCThI0 |
ynpasiaenuem UT-uadpactpykrypoit. C apyroit CTOpoHbI, aBTOMATU3AIMS TIPOLIECCOB
u BHeapenne MCuT mMoryT npuBecTH K COKpAIIEHUIO YHCIIa TPATUIIMOHHBIX padodyux
MECT, YTO BBbI3BIBACT HEOOXOAMMOCTH MEepeKBaTU(DUKAIINKU PaOOTHUKOB.

5. 3akiaouyenue

PazBuTtne wHGOPMAIMOHHBIX TEXHOJIOTHH OTKPHIBACT HOBBIE BO3MOYKHOCTH JJIS
Pa3IMYHBIX OTpaciei, MoBbImas uX AHPEKTUBHOCTE W ONTUMU3UPYS IPOIECCHI.
NHHOBaIMK, TakWe KaK HMCKYCCTBEHHBIM HWHTEIUICKT, OOJBIINE JaHHBIC, OOJadHBIC
BbIUKCIICHUS U VIHTEpHET Belllei, CTAHOBITCA OCHOBHBIMH JIpaiBEpaMU U3MEHEHUM, U
WX BIUSHHE OYJET TOJBKO YBEIUIUBATHCS B Oy IYIIIEM.

OnHako BHEAPEHHE HOBBIX TEXHOJOTHWH COMNPSIKEHO C PSAOM BBI30OBOB, BKIIHOYAs
BOIPOCHI O€30MaCHOCTU JAAHHBIX, 3alUTy NEPCOHAIbHOM HMH(OpMaLMKU U pa3BUTHE
UHOPACTPYKTYPHI I BHEAPECHUS ITUX TEXHOIOTHI. BaskHo, 4T00sI ¢ pazsutuem UCuT
TaK)K€ Pa3BUBAIMCHh 3aKOHOAATENbHBIE W OJTUYECKHME HOPMBI Il OOecredeHus
6e30macHOro 1 3pPEeKTUBHOTO UX MUCIOJIb30BAHU.

[lepcnexkTrBbl BHEApEHUS MH(POPMALMOHHBIX TEXHOJOTHUW B PA3JIMYHbIE OTpaciu B
Onkaime roJbl O0CMAI0T 3HAYMTENIBHO YIYYIIUTh KAaueCTBO >KW3HH, MOBBICUTH
MPOU3BOJUTENILHOCTh TPY/Ja U CO3/1aTh HOBbIE BO3MOXHOCTH JJIsi OM3HEca.
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HAYYHBIN )KYPHAJI
HAYKA U MUPOBO33PEHUE

YIK-621.395.72

TEOPUSI U TIPAKTUKA BUOMETPUUYECKOMN UIEHTU®UKAIIUU:
IHHEPCIIEKTHUBBI U BBI3OBbI VIS BE3OITACHOCTH

AsexkcanapoBa Mapuna BasiepbeBHa

AoueHT Kadeapbl HHPOPMAIIMOHHOM 0e30nmacHoCTH, benopycckuii rocynapcTBeHHBIN
YHUBEPCUTET,

r. Munck, Pecriy6sinka bemapycs.

AHHOTAIUA

buomerpuyeckas wuaeHTU(UKAIUSA MPEACTABISIET Cco00Ml OaHy M3 HauboJiee
MEPCIICKTUBHBIX TEXHOJOTHH, HCIOIB3YEeMBIX Il oOecrieueHus: Oe30macHOCTH B
pa3MYHBIX O00JacTAX, BKIOYas (UHAHCOBBIC YUPEKICHHS, TOCYIapCTBCHHBIC
CTPYKTYpHI M YacTHbIE KoMmaHUHU. CTaThsi pacCMAaTPUBAET TEOPETUICCKHE OCHOBBI U
MPAKTUYECKOe MPUMEHEHHE OMOMETPHUYECKHX METOJIOB WACHTH()HUKAIIUN, TaKUX Kak
pacro3HaBaHME JIMII, OTIICYATKOB MaJbICB, PaTy>KHOH 00OJIOUKH TJia3a M TOJOCOBBIC
texHojoruu. Oco0oe BHHMAaHHE YICICHO BO3MOXHBIM YIpO3aM, CBSI3aHHBIM C
BHEJPCHUEM JTHUX TEXHOJOTHH, BKJIIOYAas BOMPOCH KOHMHUACHIMAILHOCTH U
Oe30MmacHOCTH JaHHBIX. B cTratbe Takke OOCYKIAIOTCSA IEPCIICKTHBBI Pa3BUTHS
OmomeTpuu U e€ BIUSIHHUE Ha OyyIiee odecriedeHus 6€30MacHOCTH.

KuaroueBble ciaoBa: Ouomerpus, Ouomerpuyeckas HACHTU(DUKAIMSA, O0€30IaCHOCTh
JaHHBIX, PAacCIO3HABaHMUE JIMI[, OTIEYATKU MNalbleB, KOH()UIECHIINAIBHOCTD, 3alllUuTa
uH(popmanuu.

1. BBeaenue

buomeTrpuueckass waeHTH(UKANMS SBIACTCS BaXXHBIM aCIEKTOM COBPEMEHHOTO
noaxojaa Kk obecrieueHuto 0e3omacHocTu. [IpumeHeHne GMOMETPUIECKUX TEXHOJIOTUI
CTPEMHUTEIPHO YBEIMYMBACTCS B PA3IMIHBIX cepax jKU3HH: OT KOHTPOJIA JOCTyra B
3JIaHUS 70 WCIOJb30BaHUsA B OAHKOBCKHMX W (DMHAHCOBBIX ONEPANUAX. DTH METOIbI
npeaaraT 0ojiee BHICOKYIO CTCIICHb HAJICKHOCTH 10 CPABHEHHIO C TPAJIUIIMOHHBIMU
crioco0amMu uAeHTUDUKAIINK, TAKUMHU KaK MapoJId U KITFOYH.

B T0 xe Bpems pa3BUTHE U BHEIpPEHHE OMOMETPUUYECKUX TEXHOJIOTUN MOAHUMAET P
Cepbe3HbIX BOIMPOCOB. HeoO0XoauMo y4yuThIBaTH HE TOJBKO TEXHUYECKUE W
DKOHOMMYECKHE AacCIIeKTbl, HO W IOpUAMYECKHME M DJTUYECKHe. B 1TaHHOW crarbe
UCCIIEIYIOTCSI KaK TEOPETUYECKHE, TaK M TMPAKTUYECKUE aCMEKThl OMOMETPUYECKON
uaeHTU(UKAIK, €€ TePCIEKTUBBI U BHI3OBBI.
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2. TeopeTnueckue OCHOBbI OMOMETPHYECKOH MICHTUDUKALIUI
2.1. llpuHOMNIBI OMOMETPHUH

BI/IOMeTpI/I‘-IeCKaH I/II[CHTI/I(I)I/IKaHI/IH OCHOBBIBACTCA Ha YHUKAJBbHBIX (1)I/IBI/II-IGCKI/IX 500041
MOBCACHUYCCKUX XAPAKTCPUCTHUKAX YCIIOBCKA, KOTOPBIC MOKXHO MCIIOJBb30BATh MJIA €ro
I/II[GHTI/ICI)I/IKaHI/II/I. OCHOBHBIMH XapaKTCPUCTUKAMMU, HUCIIOJIb3YCMbIMHU I
I/IIIGHTI/I(i)I/IKaIII/II/I, SABJIIAKOTCA:

o OTneyarTku NaJbIEB — OJHWH M3 CaMBIX CTAPbIX U IIPOBCPCHHBIX METOJOB.

o Pacno3snaBanme JMI — UCHOJB3YyeTCS I WACHTU(QUKALMA B PEATLHOM
BPEMEHU.

o Panyxknas 000/109Ka rJj1a3a — YHUKAJIBHBIA JUI1 KaXXJIOrO 4YeJIOBEKa Y30p,
KOTOPBIN CJIIOKHO NOJJIENIATD.

o Tonoc — TexHONOTMM TOJOCOBOM WACHTU(DUKAIMM TaKXKe CTaHOBSTCA
O YJIAPHBIMU.

Kaxnas U3 3TUX TEXHOJOTHN UMEET CBOU MPEUMYIIECTBA U OTPAHUYEHUS, YTO BIIUSIET
Ha €€ BBIOOP B pA3IUYHBIX CUTYalIHUIX.

2.2. llpenmymecTBa OMOMeTPUIECKO HACHTUPUKATTUN

BI/IOMCTpHH HMCCT pPAA CYHICCTBCHHLIX IIPCUMYIICCTB IICPCH TpaaAUuIHMOHHBIMU
METoaaMu I/IIICHTI/ICI)I/IKEIHI/II/I, TAKHUMH KaK IIapOJIk WU ITHUH-KOABbI:

o HeB03M0kHO 320bITh WIH NMOTEPATh — OMOMETPUYECKHE JaHHBIE BCETJa C
YEJIOBEKOM.

o BbIcOKasi TOUHOCTH — CJIOKHOCTh MOJJICTKH OMOMETPUUECKUX XaPAKTEPUCTUK
3HAYUTEIHHO BBIIIIE.

e Y100CTBO U CKOPOCTb — MPOIECC UICHTU(PUKAIIUA MOXKET OBITh BBITIOJTHEH
OBICTPO U 0€3 PU3NUECKOTO KOHTAKTA.

B pesynprate OmomeTpusi cTaHOBHTCS BcE Oosiee BOCTPEOOBAHHONW B Pa3IMUHBIX
chepax, BKIrOYass 0AHKOBCKHE OIEPAIMH, CUCTEMY TOCYCIYr U KOHTPOJb JOCTyIa Ha
MIPEANPUATHSIX.

3. [IpakTHYecKoe NMpUMeHeHHe OUOMETPUUYECKON HIeHTU(PHUKATIUH
3.1. buomerpus B cepe 0e30macHOCTH

OpmHUM U3 caMbIX PacpOCTPAHCHHBIX IPUMEHEHUH OMOMETPHYCCKON HISHTH(OUKAITUN
SABJISIETCSI KOHTPOJIb JOCTyna. buomerpuueckue CUCTEMBbI UCTIONB3YIOTCS ISl BXOJIa B
opUCHBIC 37aHUS, a’pOMOPTHI, a TaKXKE IS 3alUTHl KOMITBIOTEPHBIX CHCTEM.
Hampumep, mHOTHE cMapThOHBI U HOYTOYKH Temepb 00OpPYIOBaHBI CEHCOPAMH JJIsi
CUHMTBIBAHMS OTIICYATKOB TMAJIBIEB WU PACIIO3HABAHUS JIHII.
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Baxnyto ponb OMOMETpUST UTpaeT U B IPABOOXPAHMUTENBHBIX OpraHax, IJ€ OHa
WCIIONIB3YETCS JUTsl UACHTU(UKAITIY TPECTYITHUKOB, & TAK)KE B YCTAHOBJICHUU TUYHOCTH
B MECTax MPOUCIIECTBUH.

3.2. buomerpus B (puHAHCOBOM cepe

B ¢unancoBoii cdepe OuomeTpuyeckas HIACHTHUPHUKAIUS CTAHOBUTCS BaKHBIM
AIEMEHTOM O€30MacHOCTH TIPU MPOBEACHUM OaHKOBCKUX omepamuii. CHCTeMBI
pacmo3HaBaHMsl OTMEYATKOB TaJbIIEB WM JIMI[ TOMOTAIOT TOBBICUTH O€30MacHOCTH
MJIATSKHBIX CHUCTEM M OHJIANH-OaHKWHTA. DJTO TaKXKE IMOMOTAE€T CHU3HWTHh PHUCKHU
MOIIIEHHUYECTBA U TIOBBICUTH IOBEPHUE KIIMEHTOB.

4. IIpo6s1eMbI ¥ BBI30BBI IPH BHEAPEHUH OMOMETPHYeCKON HIeHTH(PHUKAUH

4.1. KonpuaeHunaabHOCTDh M 3alIUTA JAHHBIX

OIII/IH N3 OCHOBHBIX BBI3OBOB, CBA3aHHBIX C 6I/IOM€TpI/I‘{€CKOﬁ H,Z[GHTH(i)HKaHHeﬁ, — 3TO
3aliuTa IICPCOHAJIBHBIX JTAHHBIX. B ClIydac YTCYUKHU 6HOM€TpPI‘1€CKOﬁ I/IH(l)OpMaI_[I/II/I,
TaKOM KaK OTHEYaTKHU [IaJabncCB HWJIN AAHHBIC O pa,Z[Y)KHOP'I 000JI10YKe rjiaza, MOXKHO
CTOJIKHYTBCS C CCPbE3HBIMU IMOCICACTBUAMM. B otnuume ot naponeﬁ, 6I/IOM€TpI/I‘-IeCKI/I€
JaHHBIC HCBO3MOXHO U3MCHUTD, CCJIN OHU 6y,ZIYT CKOMIIPOMCTHPOBAHBEI.

JUis pemieHus 3Toi npoOieMbl HE0OXOUMO pa3paboTaTh CUCTEMBbI 3aIMTHI IAHHBIX,
KOTOpbIe o0ecreyaT uxX IudpoBaHUE U KOHTPOJIb IOCTYIIA.

4.2. JdTHYeCcKHe U WPUAHYECKHE ACTICKTHI

Bueapenue OuMOMETpUYECKHX TEXHOJIOTUM TaK)KE€ BBI3bIBAET OMAcCEHUs B IUIAHE
HapyIlIeHUsl JUYHBIX TIpaB U cBO00A. BaxHo onpenenuTs, KTO OyJeT UMETh AOCTYI K
OMOMETPUYECKUM JIaHHBIM, U KaK OHU OYIyT HCHOJB30BaThCs. CyIIECTBYIOT TaKkKe
BOINPOCHI, CBA3aHHBIE C BO3MOXXHBIM BBEJICHUEM B KU3Hb CHCTEMbI MacCOBOTO
HaOJIOJICHUS] U PUCKOM JIJIs1 CBOOOAbI TUYHOCTH.

4.3. Texunueckue npoodJieMbl

XoTsi OMOMeTpHsl TPOJIOJDKAET Pa3BUBATHCS, OCTAIOTCS MPOOJIEMBbI, CBSI3aHHBIE C
TOYHOCTBIO M KAaue€CTBOM pacmno3HaBaHus. Hampumep, cucTtembl pacro3HaBaHUs JIUILL
MOTYT ObITh MeHee d(PPEKTUBHBIMU B YCIIOBUSX TUIOXOTO OCBEILIEHUS WIH B CIy4yae
YaCTUYHOW CKPBITOCTH JHIa (Hampumep, B Macke). TOYHO TaK e TEXHOJOTUU
pacro3HaBaHMsl OTIEYATKOB MAaJbIIEB MOTYT HE CpaboTaTh Ha TMOBPEKIACHHBIX WU
3arpsi3HEHHBIX MAJIbIIaX.

5. 3akaouenue

buomerpudeckas uaeHTUGUKAIMS MPEACTABISIET COOON MEPCIIEKTUBHYIO TEXHOJIOTHIO
U1 oOecniedeHus: 6€30MacHOCTH, C MHOKECTBOM NMPUMEHEHUN B PA3IMYHBIX 00JACTSIX.
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OnHaKko BHEAPEHUE ITUX TEXHOJIOTUN TPEOYET pelIeHUs psAla TEXHUUECKUX, S TUUECKUX
U I0pUAnYecKuX nmpobaem. B yacTHoCTH, HE0OX0IUMO 00ECTIEYUTh HAIEKHYIO 3aIIUTY
JaHHBIX, & TAKXKE YUECTh BIMSHUE TAKUX CUCTEM Ha JIMYHYIO 0€30MacHOCTh U CBOOOIbI
rpaxaad. HecmMoTpss Ha BBI3OBBI, OMOMETpHUSI MPOAODKAET PAa3BUBATHCSA, OTKPBHIBAs
HOBBIE BO3MOKHOCTH IS YJIy4IIEHUS! O€30I1aCHOCTH B MUPE.
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HAYYHBIN )KYPHAJI
HAYKA U MUPOBO33PEHUE

VIIK-93(575)1

JAPEBHAA UCTOPUA TYPKMEHHUCTAHA: APXEOJIOTUYECKOE
HACJIEAME U KYJIBTYPHOE BOTI'ATCTBO

Hebisizmyxammenos Heisssmyxammer
[IpenomaBarens, TypKMEHCKHN TOCYIaPCTBEHHBIM YHUBEPCUTET UMEHU MaxTyMKyJIH
r. Amxaban TypkMeHucCTaH

AHHOTAIIUA

HpeBHsast ucropuss TypkMmeHucraHa oxBaTbiBaeT Ooisee 5000 seT KyJIbTypHOTO H
ucropuueckoro Hacieaus. CHadana Ha TEPPUTOPUHM COBPEMEHHOTO TypKMEHHCTaHa
Pa3BUBAIIMCH PAHHUE 3E€MJICNICIIBUECKUE U OCEJIbIC LIMBUIN3ALMKU, & 3aT€M BO3HMKIIU
BEJIMKME KYyJIbTYpHBIE LEHTpBI, Takue Kak Xope3Mm, Meps, Huca, ocraBusne
3HAYUTENBHBIN CJIe]T B MUPOBOM UCTOpUH. JIpeBHUI TypKMEHUCTaH UTPaJl BaXKHEUIIIYIO
pPOJIb Ha MEPEKPECTKE BEIIMKHUX TOPTOBBIX M KYJIBTYPHBIX ITyTE€W, TAKUX Kak Bennkui
[IIenKOBBIN MyTh. DTOT MYTh CTAJI CBS3YIOIIMM 3BEHOM Mexay BocTokoMm u 3anagom, a
€ro TEPPUTOPUU OBLIM CBUACTEISIMH 3HAUYHUTEIBHOTO KYyJbTYPHOTO OOMEHa.
CoBpeMEHHBIE  apXEOJIOTUYECKHE HMCCICOOBAHHUSI AKTUBHO OTKPBIBAIOT HOBBIC
MMaMATHUKU M MECTA, JTOKA3bIBAIOLIME BIMSHUE ITHUX IPEBHUX KYJbTYP Ha Pa3BUTHE
HCKYCCTB, TEXHOJIOTUH U TOPTOBJIN.

KuarwuesBble ciioBa:
TypkMmeHucTaH, ApEBHsISA UCTOPUs, apxeoJiorus, Meps, Xope3Mm, UMBUIN3ALINH,
KYJIbTYPHOE HaCJIEIUE.

1. BBegenue

HpeBHsis ucropus TypKMEHUCTaHA — 3TO HCTOPUS YAUBUTEIBHBIX OTKPBITUU H
KyJIbTYPHBIX TpaHc(opMaluii, oXBaThIBatoIas 0oyee 5 ThiCAY JIeT. APXEOJOTUYECKUE
MaMsITHUKY, HaliJICHHbIC HA 3TOM TEPPUTOPHUH, BKIIOUAIOT B C€0s1 BBIAAIOIIUECS CIIEbI
apXUTEKTYPbL, UCKYCCTBA U peMece. TypKMEHUCTaH, pacloIOKEHHBIN B CAMOM IIEHTPE
A3uH, SIBISJICS CBSI3YIOIIMM 3B€HOM HA MYTH LUMBWIM3ALMWA, COeIUHSAIOIMX BocTok ¢
3amagoMm. B wucropum TypkMeHHUCTaHA MOXHO BBIJICJIUTh HECKOJIBKO 3HAYMMBIX
KYJbTYPHBIX U TMOJUTUYECKHUX JIOX, KAKAAT U3 KOTOPHIX OKa3zajla CBOE BIIMSHUE Ha
pPa3BUTHE PETMOHA U HA COCEHUE CTPAHBI.

OnHuM U3 KITI0YEBBIX (DAKTOPOB, OMPEACIIAIONINX BAXXHOCTh | ypKMEHUCTaHA, SIBIISIETCS
€ro cTparernueckoe nojoxxkenue B LleHTpanbHOl A3uuU, KOTOPOE CTaja0 OCHOBOW MJif
MOSIBJICHUS] TAKUX BEJIMKUX LUBWIM3aLMM, kKak Xope3m, Meps, u Huca. tu npeBHue
ropoJ1a-rocyJapcTBa CTajly BaXXHEUIIIMMHU LIEHTPAMU KYJIbTYPbI, TOPTOBJIM U HAYKH.

- 208 -



B 9TOM KOHTEKCTE apXeoJOTUYECKHE PACKONKH WIPaloT KIIYEBYIO poOjib B
UCCIIEIOBAHUM UCTOPUU PETMOHA, MPEJOCTAaBIIsA HAM IIEHHBIE CBEJEHHUS O MPOIILJIOM U
o BkJaae TypkMeHHUCTaHa B MUPOBYIO UCTOPHIO.

2. /IlpeBHUe HUBUIM3ANMU HA TeppuTopuu TypKkMeHucTana

TypkmenucTan ObUT Ba)KHBIM IIEHTPOM JJIsi psiia ApeBHUX UuBHIM3anui. OIHON U3
MIEPBBIX HA TEPPUTOPUU ATOrO PETMOHA BO3HUKJIA XOpE3MCKas KyJiabTypa. XOope3sm
SBJISIICSI ONHUM U3 CAMBIX MOTYILIECTBEHHBIX U BIMSTEIBHBIX rOCyaapcTB LleHTpanbHOM
A3zuu B IV-VII Bekax 10 H. 3. DTO rocyAapCTBO UMEJO PA3BUTYIO SKOHOMUKY, KOTOpast
ObLJIa TECHO CBSI3aHA C CHCTEMOM MPPUTAIIHH, & TAKKE BRICOKOPA3BUTHIMU PEMECTAMH 1
METALTyprue. XOpe3M OKa3alICsi BaXKHBIM IEPEKPECTKOM TOPrOBBIX ITyTEH,
coenuustommmM Ilepcuro, Muauro u Kuraii.

KiroueBbIM apXeOoJIOrMUYeCKUM MaMSITHUKOM XOpPE3MCKOW KYJbTYpPhI SBJISIETCS TOPOA
Kynsa-Yprenu, kotopsiii Obu1 paspyiieH B XIII Beke, HO ocTaércst BaXKHBIM 00BEKTOM
st uccinenoBanuii. Ha teppuropun Xopesma ObulM OOHApy»KEHbl YHUKAJIbHBIC
apTedakThl, BKIIIOYasi IpeaAMEThl ObITa, ICKYCCTBA U opyaus Tpyaa. ['opoxa Obu1 Takxke
3HAMEHUT CBOEW Pa3BUTOM CUCTEMOM BOJOCHAOKEHMS U KAHAJIOB, YTO MO3BOJIMIIO MY
[IPOLBETATH B YCIOBUSAX IIyCTBIHHOIO KJIMMAaTa.

MepB, Apyroul BBIJAKOIIANCA UEHTP KyJIbTYpbl W TOPTOBIM HA TEPPUTOPUU
Typxkmenuctana, 6bu1 ocHoBaH B 11 ThicsueneTun 10 H. 3. MepB cTall BaKHBIM Y3JIOM
Ha Bemukom IllenkoBom mytu. ['opona u moceneHus BOKpyr MepBa ObUIM HU3BECTHBI
CBOMMM 3aM€YaTEIIbHBIMU APXUTECKTYPHBIMU AMATHUKAMH, BKJIFOUast IBOPIIbI U XpaMBbl,
a TaKXKE Pa3BUTOU CUCTEMOM CEIBCKOIr0 X03siMcTBa. MIcTopnueckue packonku B Mepse
NIl MacCy CBEACHMH O W3HM W KYJbTypE T€X BPEMEH, BKIIIOYAS JJIEMEHTHI
APXUTEKTYpPbl, YKPAIICHHbIE OpPHAMEHTAMHU, KOTOPHIE OJIUIETBOPSIIA MECTHBIC
PEIUTHO3HBIE TIPEACTABICHUS M OObIYaH.

Kpowme toro, npeBusst Huca, cymectBoBaBmmas ¢ VII Bexa 1o H. 3. 1o 11l Bek H. 3., Opl1a
BakHeWmuM 1ieHTpoM [lapdsiHckoit ummnepun. Ha e€ tepputopuu ObLTM HaWACHBI
pa3BAIMHBI KPEINOCTH, XpaMbl M XPAaHWIHILNA, & TAKXKE OCTaTKU 3JaHUM, KOTOpHIC
MIPEACTABIISUIA CO00M KyJIbTypHOE U aJIMUHUCTPATUBHOE siApo umrnepuu. Huca urpana
BAXKHYIO POJIb B Pa3BUTUHU TOPTOBIIM U KyJIbTYphl Ha TeppuTopun LlenTpanbHoii A3uu,
a €€ apXeoJIOTUYECKHUE MaMATHUKHU SIBISIIOTCS BAXKHBIM MCTOYHUKOM JUISl U3YUYCHMS
KYJIbTYPHOT'O HacCJIeIUsl PETMOHA.

3. ApxeoJ10ru4ecKue paCKONKHA U OTKPBITHS

ApXEOoJIOTUYECKHE DPACKONKA Ha TEPpUTOpUM TypKMEHHCTaHa OTKPBIBAIOT MEpen
YYEHBIMU COBEPLIEHHO HOBBIE TOPU30HTHI U1 U3yYEHHUs ApeBHEN uctopun. Haxonku B
Haxane (Il ThicsueneTre 10 H. 3.) CTAIM BAXKHBIM IIArOM B U3yUYEHUH PAaHHUX OCEJIBIX
nocenennit LlenTpansHoit A3zun. B 3Tux moceneHusix ObLIM OOHApY>KEHBI MPUMEPHI
YHUKQJIBHOM apXUTEKTYpPbl U UCKYCCTBA, KOTOPHIE ITIOMOIJIM UCCIIEN0BATEIISAM CAEIATh
BBIBOJBI O TOM, KaK pa3BUBAJIMCh COLIMAIBHBIE U KYJIBTYPHBIC CTPYKTYPBI B IPEBHOCTHU.
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Ocoboe BHMMaHHE CleayeT YIEIUTh packorkam B MepBe, KOTOpbIA ObLI OJHUM M3
cambIX OOJBIIMX M MOTYIIECTBEHHBIX TOpPOJOB JIpeBHOCTU. B packomkax B Mepse
HalJIeHbl MHOTOYMCIIEHHbIE MOHYMEHTBI, KOTOpBIE IO3BOJSIOT PEKOHCTPYHPOBATH
o0pa3 )KU3HU KUTEJIEH 3TOro ropoa.

Hampumep, B MepBe Obuia oOHapykeHa YyHUKallbHas CHUCTEMa BOJOCHAOXKEHUS,
KOTOpas HCIOJIb30Bala TJIyOOKHME KaHajibl JUIsl MOJa4d BOJbI, YTO SBJISIIOCH
BBIIAIONIMMCSL JTIOCTH)KEHHEM TOro BpeMeHUu. MepB OblT BaKHBIM TOPTOBBIM U
KyJIbTYPHBIM IIEHTPOM, U €ro 3HAuY€HUE [JIsI MHUPOBOM HCTOPUM HEBO3MOXKHO
MIEPEOLICHUTb.

Huca, Oymyunm crommmeit IlaphsHckoil wuMIIepUH, TakkKe SBISETCS MECTOM
MHOTOYHMCIICHHBIX apXEOJIOTHUECKUX PACKOTOK. B pesymbTrate mccnemoBaHuii ObuH
HalJeHbl YHUKAJIbHBIE DJJIEMEHTHl AaPXUTEKTYphl, BKIIOYas OOOPOHUTEIHHBIC
COOpYKEHHUA U XpaMbl, KOTOPbIE TOMOTIJIM PEKOHCTPYUPOBATh KAPTUHY KU3HU B 3TOM
npeBHeM rocyaapctse. B Huce taxoke OblTH HaliieHbl O0oraThie KOJUIEKIIUU apTe()aKkToB,
TAKUX KaK MOHETHI, FOBEJIMPHBIE U3JICIINS U KEPAMUKA, CBUJIETEIBCTBYIOLINE O BBICOKOM
YpOBHE pemMecell U UCKyccTBa B JipeBHei [lapduu.

4. Kyabtypa n uckyccrBo JIpeBHero TypkmeHnucrana

Kynbsrypa [lpeBHero TypkMeHUCTaHA UMEET MHOKECTBO IMIPUMEPOB U300PA3UTEIHLHOTO
HCKYCCTBa M MPUKIATHOTO PEMECIIA, KOTOPbIE CBUIIETEIBCTBYIOT O BHICOKOM YpPOBHE
XYyJI0)KECTBEHHOTO W TEXHHYECKOTO pa3BuTusa. Kepamuka, HalineHHas B Mepge,
OTJINYAETCS] BBHICOKMM Kauy€CTBOM H3TOTOBJIEHUSA, a €€ OpPHAMEHTAJIbHBIE JJIEMEHTHI
94acTO OTPAXKAIOT PETUTHO3HBIE U MU(POJIOTUUECKHE TPEACTABICHHS TOTO BpEMEHH. DTU
W3JENHS CITYKUJIU HE TOJIBKO JJIS IOBCETHEBHOTO UCIIOIb30BaHUs, HO U KaK KyJIbTOBBIC
MPEIMETHI.

Ocoboe MecTo cpeu XyMO0XKECTBEHHBIX W3JIeNMi 3aHUMAlOT OpOH30BBIE M 30JI0THIC
YKpalieHus, HaiiJleHHble Ha packonkax B Huce m MepBe. OTu ykpamieHus ObLIN HE
TOJBKO CUMBOJIAMU COLIMAIIBHOW MPUHAJIEKHOCTH, HO U SBJSUIMCH MPOU3BEACHUSIMHU
HCKYCCTBa, KOTOpBIE YyKpalllali CTaTyW M KYJIbTOBBIE COOpYKEHUs. Takxke B
apXeOoJIOTUYECKUX PACKOMKaX ObLIM HaWJIeHbl YHUKAJIbHbIE TKAHU M TEKCTHIIb, YTO
CBHUJIETEIIbCTBYET O BBICOKOM YPOBHE PEMECIECHHOIO IPOU3BOJICTBA B JPEBHEM
TypkmeHucrase.

Henb3st HE OTMETUTH M pa3BUTHE METAIypruu, KOTOPOE HAXOAUJIOCh HAa BBICOKOM
YpOBHE. ApXEO0JIOTHUECKHE HAaXOJKH, TAKHE KaK KEJIEe3HbIe OpyIus TPyAd, OpYKUE U
MOHETBI, CBUJIETEIBCTBYIOT O Pa3BUTUU METAJLTYPrAUYECKON MPOMBIIUIEHHOCTH Ha
Tepputopur TypKMEHHCTaHa C JAPEBHEMIINX BpPEMEH. ODTO IMO3BOJIWIO CO31aTh HE
TOJIBKO Pa3HOOOpa3HbIe U3AETUS AJIsi BHYTPEHHETO MCIOIb30BAHUS, HO U PA3BEPHYTh
TOPTOBJII0 METAJUIAMU U U3AEIUSIMHU, YTO cAeaano TypKMEHHCTaH BaXXHBIM TOPTrOBBIM
y3JI0M B IPEBHOCTH.
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S. Bausinue /IpeBHero TypkMeHuncTana Ha cocefHHe NMBUIM3ALUN

HpeHuil TypkMeHucras, 6garoapsi CBOEMY CTPATETHYECKOMY IMOJIOKEHHUIO, SABIISIICS
BAKHBIM KYJIBTYPHBIM M TOPTOBBIM MOCTOM MEXIy pPa3jJWYHbIMU LMBUJIU3ALUSIMHU
enTpanbuoii A3um, bamknero Boctoka, Muauu u Kurtas. ToproBsie MapmipyThl,
takue Kak Benukuii lllenkoBblii MyTh, MPOXOIWIIA YEpPE3 €r0 TEPPUTOPHUIO, UYTO
CIOCOOCTBOBAJIO 0OMEHY TOBapaMu, UIESIMHU U KYJIbTYPAMH.

NMeHHO uepes 9TH Iy TH NPOUCXOAWI KOHTAKT MEKy BETMKUMU LIUBWIN3ALUAMHA TOTO
BPEMEHH, YTO NO3BOJSUIO TypKMEHHCTaHy WrpaTh Ba)KHYIO pOJb B KYJBTYPHOM H
UHTEJJIEKTYaJbHOM OOMEHE.

Toprosbie cBSI3M U KyJIbTYPHBI 00MeH

OnHuM W3 KITIOYEBBIX (DAKTOPOB, KOTOPBIM OMpenessl BiausHue TypKMEHHCTaHa Ha
COCEHHUE IIMBUIN3ALNU, ObUIA €ro BBIIAIOIIUECS TOPTOBBIE U IKOHOMUYECKHE CBSI3U.
Meps, Xopesm, n Huca ciryxunu BaXxHEMITMMU TOPTOBBIMU LIEHTPAMHU, Y€pe3 KOTOPBIE
MIPOXOAWIN TOBapHble NMOTOKH W3 Kwuras, Uunuu, [lepcun u apyrux pernoHoB. OTH
ropoja CTajay y3JIOBBIMH IIYHKTAMH JUJII MHO>KECTBA TOBAPOB, BKIIFOYAs LIEJK, CIIEIUH,
IparoleHHble METaJIbl, TKAHU U KepaMuKy. OnHako TypkMeHHCTaH ObLI HE TOJIBKO
LEHTPOM TOPrOBJIH, HO U IOCPETHUKOM B KYJIbTYPHBIX OOMEHAaX.

B uacrHoctn, u3 TypKMeHHCTaHa B COCEIHUE PErHOHBI IOCTYIIAIU YHUKAJIbHBIC
W3JCNHST U PEMECICHHBIE W3JENus, TaKHUE€ KaK TKAaHW, KOBPBI, METAJUIOU3LECIUS H
IOBEJIMPHBIE YKPAILICHHs, KOTOPBIE OKA3bIBAJIM BJIMSHHE HAa MCKYCCTBO M peMécia
COCEHUX HapoAOB. MepB, HM3BECTHBIM CBOEW BBICOKOPA3BUTBIMU pEMECIAMU H
ITPOU3BOJICTBOM KOBPOB, CTaJl HCTOYHUKOM JUJISL PACIIPOCTPAHEHUS ITOTO UCKYCCTBA B
npyrue peruonsl LienTpanbHoit A3un u Ha bavxauii BocTok.

bonee Toro, ¢ pa3BuTHeM TOproeiu uepe3 TypKMEHUCTaH NMPOUCXOIWT AKTUBHBIN
oOMeH GuIocoHCKUMU U PETMTHO3HBIME UaesiMu. Hampumep, 30poacTpusm, KOTOPbIi
ObLT IUPOKO pacnpocTpanéH B [lapdsHckoil uMnepun, okazain 3HaYUTEIbHOE BIUSHUE
Ha PEJIUTrHo3Hble U PUIIOCO(CKUE MPEACTaBIECHUs HAPOIOB, KUBLIMX HA TEPPUTOPUU
COBPEMEHHOT0 TypKMEHHMCTaHa. DTH HAEU TAKXKE pacnpocTpaHuiauch B Muaum u
ApyTHe COCETHUE PErHOHBI, (GOPMUPYS B3aUMHOE 000TallIEHUE KYJIbTYD.

APXHMTEKTYpPHOE BJIMSHHE

ApXUTEKTYpa UM CTPOUTEIIbHBIE TEXHOJIOTHU, pa3BUBIIMECS B TypKMEHUCTAHE, TaKKe
OKa3bIBAIM 3aMETHOE BIIMSIHUE HA COCEAHUE KYJIbTYpbl. OJIUH U3 APKUX TPUMEPOB —
ATO ApXUTEKTYpPHBIE AJIEMEHTHI, HaijeHHbie B Huce, koTopblie ObUIM TEPEHATHl U
HCMOJIb30BaHbl B CTPOUTENILCTBE TOpPOAOB, Takux kak CoramaHa u Xope3Mm. ITu
AJIEMEHTHI BKJIIOYAJIU B c€0sl XapakTepHbIe sl TypKMEHUCTaHa apOYHbIE KOHCTPYKIIUH,
Kyloja M DJIEMEHTbl BHYTPEHHEr0 3014€CTBA. BIUAHUE apXUTEKTYypbl IAPEBHETO
TypkMeHuCTaHa TaKKE OTPA3UIIOCh HA PA3BUTUM TOPOJCKOTO CTPOUTEIIBCTBA B TAKUX
BEJIMKUX ropojax, kak byxapa u Camapkanj, KOTOpbIE BIIOCJICICTBUM CTaIU LIEHTpaMu
MCIAMCKOHN LIUBUJIN3AIH.
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NHTepecHbIM SBIETCS TO, YTO MECTHBIE TPAAULIUNA CTPOUTEIHCTBA C UCHOJIb30BAHUEM
[JIMHBI, KUPOWYEW W APYTUX MaTepUalioB, WCIIOJIb30BABIIMXCA HA TEPPUTOPUU
TypkMmeHncTaHa, CTald OCHOBOM ISl apXUTEKTYPHBIX MPAKTUK B JPYIHX YaCTAX
IlenTpanpHON A3wu. OTH TpaAWIMU BIOCICJACTBUM OBLIM aJalTHPOBAHBI U
MPOJOJKEHBI HA TEPPUTOPHUSIX, TaKUX Kak XopacaH u llepcus, yTo B CBOKO oyepenp
MOBJIUSJIO HA APXUTEKTYPHOE HACIIEIUE 3TUX PETHOHOB.

Biausinue Ha HAYKYy U TEXHOJIOT'UH

HpeBHuii TypKMEHUCTaH TaKkXe OKa3aJl BJIWSHUE HAa HAYYHOE PA3BUTHUE COCEIHUX
CTpaH. B yacTHOCTH, pa3BUTHE ACTPOHOMHMH U MaTEMATHUKH B IpeBHEM TypKMEHUCTaHE
CBSI3aHO C MHTEPECOM K HEOECHBIM TEJIaM U UX JBUKEHHIM, YTO OBLIIO XapaKTEPHO IS
MHOTHX LMBHJIM3alUid Toro BpemMeHu. B MepBe u Huce Obumn co3ganbl
ACTPOHOMHUYECKHE O0CEepPBATOPUU, KOTOPHIC HCIOJB30BAIACH JIsI HAOTMIOACHUN U
pacyéToB. DTH 3HAHUA OKa3ajlu BIUSHHE HA Pa3BUTHE HAYKU B TaKUX CTpPaHaxX, KaKk
Ilepcust u Unaus, rae acTpOHOMUS M1 MaTeMaTUKa MPOJA0HKAIA Pa3BUBATHCA.

Kpome Toro, poctuxeHus B 0O0JacCTH METALUTyprud, KOTOpPbIE OBLIM HIMPOKO
paclpoCTpaHEHbl B JApeBHEM TypKMEHHCTAaHE, OKAa3bIBajW BIIMSHUE HA COCEIHUE
rocymapcrBa. TypKMEHCKHE MacTepa METAJUIypruyd MPOU3BOAWIM YHUKAJIbHBIC
U3JIeNusl, TaKue KaK OpY)KHE, YKpalleHHWs U OpYyIaus TPpyHa, KOTOpbIe ObUIM HIMPOKO
BOCTPEOOBAHBI B COCEIHUX CTpaHaxX. DTH HW3JENUs OKa3ad BIUSHUE HA pa3BUTHUE
METAJLIYPruYeCKON MPOMBIIIJICHHOCTH B TAKUX PETMOHAX, Kak Xope3M u Munus.

Pesqmruosubie u puaocopckue cBsaA3M

Hpeuuii TypkMeHHCTaH ObLI BaKHBIM LIEHTPOM JIJISl paClPpOCTPAHEHUS PEIUTUO3HBIX
u ¢unocopckux uaeh. 30poacTprsM, OJHA U3 APEBHEUIIUX PEIUTHM, OblIa HIMPOKO
pacnpoctpaneHa B [lapdsHckoit umnepun u Ha Tepputopun TypkMmenucrana. BiusHue
30poacTpu3Ma OLIyIIAIOCh He TOJIBKO B Mpane, HO u Ha Tepputopun LleHTpanbHON
Azun u UHaum, roie ero 3JeMeHThl ObLIM MHTETPUPOBAaHBI B MECTHBIC PEIIUTHO3HbBIE
MPAKTUKU U PUIOCOPCKHUE YUSHUS.

Kpowme toro, ¢ pazsuruem lllenkoBoro nytu uyepe3 TypkMEHUCTaH pacpOCTPAHSIUCH
OyJIMCTCKUE U UHIYUCTCKUE YUECHHUS, a TAKXKE IJIEMEHTHI Ipeueckoi pusocopuu. Itu
MJIEV TIOCTENEHHO CTAHOBUJIMCH YaCThIO TYXOBHOM KM3HU HAapo1oB LleHTpansHoi A3un
Y OKa3bIBAJIM BIMSIHUE HA Pa3BUTHE (PUIIOCOPUU U PEITUTUH B COCETHUX CTPaHAaX, TAKUX
kak Mungus u Kurai.

6. 3akiaouenue

HpeBHsas ucropuss TypKMEHHMCTaHA SBIETCS BaXHEMIIEH 4YacTbl0 MUPOBOU
LMBUJIA3ALMU, U €€ HCCIENOBAHUE IIOMOTaeT MOHATh, KAK Pa3BUBAIMCH KYJIbTYpa,
HUCKYCCTBO, HaykKh M TeXHOJIOruu. COBpPEMEHHBIE apXEOJIOTMYECKUE PACKOIKH
IIPOJOJIKAIOT PACKPBIBATH BCE HOBBIE U HOBBIE CTPAHULBI OTOW YIUBUTEILHON UCTOPUU.
TypkmeHucTan OblT BaXXKHBIM KyJIbTYPHBIM U TOPTOBBIM IIEHTPOM, KOTOPBIA OKa3bIBAJ
OTPOMHOE BJIMSIHUE HA COCEAHUE LIMBUIIN3ALIUY.
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CoxpaHeHHe 1 N3y4eHHUE apXEOJOTMUECKUX TaMATHUKOB TypKMEHUCTaHa IOMOTacT He
TOJIbKO COXpPAaHUTh HUCTOPHUYECKOE Hacjienue, HO M CHOCOOCTBYET PAa3BUTHUIO HAYKH,
TypU3Ma U MEeXAYHApOIHOro coTpyaHruecTBa. PaboTsl, mpoBoaumsie B Mepae, Huce u
Xope3me, OCTAarTCA BaKHBIMH JUISl U3YYEHUSI KyJIbTYpbl U MCTOPHUH, U B HACTOSIIIEE
BpEMs IIPUBJICKAIOT BHUMAHUE YUEHBIX U UCCIEN0BATENIEH CO BCErO MUpA.
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@ HAYUYHBIA ) KYPHAJI

BJIAUAHUE UHOOPMATUKHU HA OBIIECTBO. IEPCITIEKTUBbI
PA3BUTHUA UHOOPMATHUKHU

AmbipanbieBa Mapaa AjuiadepeHOBHA

Crapuuii npenoaasaresb, kKadeapbl NIPUKIaAHON MATEMATUKU U UH(OPMATUKH,
TypKMEHCKOTO rocy1apCTBEHHOTO YHUBEPCUTETAa UMEHN MaxTyMKyJn

r. Amxaban TypkMeHUCTaH

SrmbipoBa AliHYp
[IpenomaBarens, TypKMEHCKUN CETbCKOXO3IMCTBEHHBIN MHCTUTYTA
r. Jlamory3 TypkMmenucran

AHHOTALMSA:

NudopmaTrka okazanga 3HAUNTEIHLHOE BIUSHUE HA BCE aCMEKTHI )KU3HA COBPEMEHHOTO
oOmiecTBa, BKJIIOYas oOpa3oBaHWE, SKOHOMHUKY, 3ApaBOOXpaHEHHE, CPepy JIUIHBIX
OTHOIIEHUH ¥ T100aTbHBIC BRI3OBHI, TAKME KaK M3MEHEHNE KiTMMaTa 1 0e30macHoCTh. C
Pa3BUTHEM TEXHOJIOTHI 3HAYMTEILHO MEHSETCS B3aUMOJICHCTBUE MEXAY JIIOAbMHU, a
TaKke crnocoObl 00paboTku U Xpanenus uHpopmanuu. B cratbe paccmarpuBaercs
BIIMsIHUE MH(GOPMATUKHU Ha OOIIECTBO, €€ OCHOBHBIE JOCTHKEHHUSI, BEI30BBI, C KOTOPHIMU
CTaJIKUBAETCS COBPEMEHHOE OOIIECTBO, a TAKKE MEPCIEKTUBLI Pa3BUTHA B OyayIIeM.
Oco0oe BHUMaHUE y/AEJIEHO TaKUM Ba)KHBIM Te€MaM, KaK MCKYCCTBEHHBIM WHTEIIEKT,
Oonpiie JaHHBIe, KuOepOe3omacHOCTh W nudpoBuzamus. Pa3buparoTcs Kak
MOJIOKUTENbHBIC, TaK U BO3MOXKHBIE HEraTHUBHBIC MOCIEACTBUS TEXHOJOTHYECKOU
PEBOJTIOIUY.

KuroueBrblie ciioBa: nHpopmaTuka, 0OIIECTBO, HCKYCCTBEHHBIM MHTEIUIEKT, OOJbILINE
JaHHbIe, KnOepOe30MmacHOCTh, IudpoBU3alus, OyAyilee TEXHOIOTHA.

1. BBenenue B Biusinue HHGOPMATHKH HA 001ECTBO

NudopmaTuka, kak HayKa, OXBaThIBAET IMUPOKUN CIEKTP acCHEKTOB, BKIIIOUas cOOp,
00paboTKy, XpaHEHHE W TIepenady JaHHBIX, a TakKe 3amuTy nHpopManuu. PazButue
uHdopmarmonusix TexHonornit (MT) B mocrnennue necATWieTHs 3HAYUTEIHHO
MOBJIMSIO HA Bce chephbl YEIOBEUECKOU JEATEIBHOCTH, OT OM3HEcCa 10 COIUATbHBIX
B3auMoeicTBUil. MHpOpMAIMOHHBIE TEXHOJOTHH CTald OCHOBOW JUIsl IH(POBOM
PEBOJIIOIMHU, KOTOpas 3aTpPOHyJia HE TOJbKO TEXHUYECKHE, HO U COIMAIbHBIC,
KYJIbTYpHBIC, IOJTUTHYCCKUE U IKOHOMHYCCKUE N3MCHCHHS.

CoBpeMeHHas nH(pOpMaTHKa TECHO CBsI3aHa C TAKMMH OTPACIISIMH, KaK UCKYCCTBEHHbBIN
unteiekt (M), untepner Beweit (IoT), Oonbiivie naHHble U OJIOKYEHH, YTO BHOCUT
3HAYUTENIbHBIN BKJIa]l B IpeoOpa3oBaHue OOIIECTBA.
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Bcé ato COSI[aéT HOBBIC BO3MOKHOCTH OJIA 6I/I3H€Ca, d TaKKC BbI3bIBACT aKTYaJIbHBIC
BOIIPOCBI, KaCaromMCCA ISTUKHU, IIpaB YCJIOBCKA, 0e30ImacHOCTH JaHHBIX H
PIHTGJIH@KTyaHBHOﬁ COOCTBEHHOCTH.

2. Posib unpopMaTuKy B H3MEHEHNHU 00IIECTBA
2.1. O0pa3oBanue U J0CTYl K MHGOPMALIUN

OmHUM W3 CcaMbIX 3aMETHBIX W MO3UTHUBHBIX A((EKTOB BIHUSIHUS HHOOPMATHKH
ABIIsIETCS M3MEHEHue B cpepe oOpasoBanus. B mocneanue aecstunetus oopa3oBaHue
CTaJI0 3HAYMTEIBHO JOCTYITHEe OJaroapsi MHTEpHET-pecypcaM 1 OHJIaiH-TaTgopmMam.
ONEeKTpOHHbIE Y4YEOHUKH, OHJIAMH-KYpChl W IHCTAaHIIMOHHOE OOYyYeHHe CcIenain
BO3MOXHBIM TOJy4eHHE 3HAHUK B JI0O00H Touke Mupa. OcoOEHHO Ba)XXHO, 4YTO
nudpoBu3anys  00pa30BaTENBHOTO IpoIecca CHOCOOCTBYET WHIUBHUIYaTH3aLUU
00y4eHHsI, TIO3BOJISISI CTYICHTAM aIallTUPOBATH MPOIECC O] CBOU HYKJIBI M TEMIL.

BHenpeHne HMCKYyCCTBEHHOIO HMHTEJUIEKTa B OOpa3oBaTENbHBIM MPOLECC IO3BOJISAET
CO3/1aBaTh IEPCOHAIM3UPOBAHHBIE O0pa30BaTEIbHBIE TPACKTOPUU IS KaXKJIOro
YUYEHHKA, YTO CIOCOOCTBYET IOBBILIEHUIO KauyeCcTBAa M JOCTYINHOCTH OOpa30BaHMS.
Bonpiive nanHble, aHAIN3 KOTOPBIX UCHOJIB3YETCA JUIS IPEICKa3aHUsl yCIIEBAEMOCTH U
TPYIHOCTEH, C KOTOPBIMH CTAJIKHBAIOTCA CTYAEHTHI, MO3BOJISIIOT IIPENOJABATEISAM
BBICTpauBaTh 00Jee 3PEKTUBHBIE CTPATETHMH 00yUYEHUS.

2.2. DJKOHOMUKA U OM3HEC

NudopmaTtuka craenana 3HAYUTEIBHBIA BKJIaJA B HIKOHOMUKY, H3MEHHUB CIIOCOOBI
BeJlecHUsS OW3HEca W B3aMMOJICHCTBUS C MOTPEOUTEIIMU. DIEKTPOHHAS KOMMEPIIUS,
(vHaHCOBbIE TEXHOJOTUU (PUHTEX), aBTOMATH3alUs MPOIIECCOB — BCE 3TO CTAJIO
BO3MOXKHBIM OJiaroapsi UHQOPMAIMOHHBIM TEXHOJIOTHsM. [IporpamMmMHbIE TPOAYKTHI,
oOJlayHble BBIYMCICHUS W WUCKYCCTBEHHBIH HMHTEIJICKT MOMOTAIOT MPEANPUSITHIM
3HAYUTEIIBHO YJIy4YIIaTh IPOU3BOJACTBEHHBIE MTPOLIECCHl U ONTUMHU3UPOBATH 3aTPATHI.

OnHolt U3 HanboJee 3aMETHBIX TCHACHIIUN B SKOHOMUKE SIBJISIETCSI POCT UCTIOJIb30BAHUS
AQHATMTHKA ~ OOJIBIIMX JaHHBIX. MHOXXECTBO JAaHHBIX O TOTPEOUTENIX, UX
MPEANOYTCHUSAX W TOBEACHUU MOXKET OBbITh MPOAHAIU3UPOBAHO C TMOMOIIBIO
MAIIMHHOTO 00Yy4YeHMsI, YTO JAET KOMIIAHUSIM BO3MOXHOCTh TOYHEE MPOTHO3UPOBATH
cipoc u Oonee 3¢p(HEKTUBHO BBICTpAWBATh MAPKETHUHTOBBIE CTpareruu. Hampumep,
peKilamMa, KOTopas YYUTBIBACT HHTEPEChl II0Jb30BaTECH, CTAHOBUTCS OoJee
MePCOHATU3UPOBAHHON U HAITPaBJIECHHOM, YTO MOBBIMIAET €€ YPHEKTUBHOCTD.

2.3. CounajJbHbIe N3MEHEHU U JIUYHbIC OTHOILICHUSA

NupopmaTtrka 3HaYUTEILHO W3MEHMJIA HE TOJBKO SKOHOMHKY, HO U c(epy JTMUHBIX
oTHomIeHUH. ConualbHbIE CETH, MECCEH/DKEPhl M HHTEPHET-(POpPYyMbl H3MEHUIIU
CHOCOObI OOLICHUSI MEXIY JIOAbMU. JII0IM MOTYT MOJJIEPKUBATH CBSA3b C JPY3bsIMHU,
POACTBEHHMKAMH U KOJUIETAMH I10 BCEMY MUPY B PEAIbHOM BPEMEHH.
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O,Z[HaKO 34€Ch BO3HUKACT U HpO6JI€Ma — C pa3BUTHUEM BHpTyaHBHOﬁ KOMMYHHKaAIIUN
CHMIKACTCA KOJIUYCCTBO JKHMBBIX BCTPCY WM PCAJIbHBIX BSaHMOHCﬁCTBHﬁ, 4TO MOXKET
CIT0COOCTBOBATH COHH&J’IBHOfI HN30JISIH1H.

Kpome Toro, mudpoBu3aliys U3MEHSIET JIMYHbIC B3aUMOOTHOIICHUS M CO3/1aCT HOBBIC
BBI30BHI B IJIaHE KOHQUACHIMATHLHOCTA. OTKPBHITHE JIMYHBIX JaHHBIX U MpoQuiieii B
MHTEPHETE MOXET MPHUBECTH K yTe4Ke MH(DOpMAIUH, a TaKKe HApYIICHUIO JIMYHOM
0e30macHOCTH. B 3TOM KOHTEKCTE BaKHO Pa3BHBATh 3aKOHOJIATCIILHBIC U COIIMATBHBIC
MCXaHU3MbI, HAIPABJICHHBIC Ha 3allUTy 4YaCTHOM KHM3HH U MPEIOTBpAIlCHUC
3II0YTIOTPEOICHUH.

3. IlepcniekTUBBI pa3BUTUSA HHPOPMATHKHU
3.1. UcKkyccTBEeHHBIN MHTE/IEKT M ABTOMATH3AIUA

OnHoil U3 caMbIX TEPCIEKTUBHBIX 001acTel B MH(POPMATUKE SBIISECTCS UCKYCCTBEHHBIN
MHTEJUIEKT, KOTOPBIA MPOJOJKAET Pa3BUBATHCS C IMOPA3UTENbHON cKopocThio. Ha
cerogusimHui neHb UM yxe wucnonb3yercss B psae cdep, BKIOYAS MEIULUHY
(HammpuMep, B IMArHOCTHKE 3a00JIEBaHUI), TPAHCIOPT (ABTOHOMHBIE aBTOMOOWIN), U
(¢uHaHCHl (IIOCTPOEHHE TPOTHO30B i1 (POHIOBBIX pBIHKOB). VCKycCTBEHHBIN
MHTEJUIEKT MOXET 3HAYUTEJIBHO YJIYYIIATh KAa4eCTBO JKU3HHU, YBEIMYHUB TOYHOCTH
MIPOTHO30B U 3P(HEKTUBHOCTH MPOLECCOB.

OnHnaxo ¢ pazsutuemM M BO3HUKAIOT HOBBIE BBI30BBI. OCHOBHOM U3 HUX — 3TO 3aMEHA
YeJI0BEYECKOro TpyJa MaimmHamu. Pabodyme mecta B psjge oTpaciedl MOryT ObITh
3aMEHEHbl POOOTAMU Y MHTEIIEKTYaJbHBIMH CHUCTEMaMH. DTO CO3JaET MPOOJIEMBI B
IJJaHE  COLUMAJBbHOM  aJanTallMd U HEOOXOAMMOCTH  MepeKBaIU(PUKALUN
TPYJIOCTIOCOOHOTO HACEJICHHUS.

3.2. boabimue JaHHbIC U AHAJIUTHKA

Bosnbiiine naHHble W aHAIUTUKA YKE€ celdyac 3aHUMAlOT BAXKHOE MECTO B CaMbIX
Pa3JIMUHBIX OTPACIAX. DTO BKJIIOYAET B CE0sSl MAPKETUHT, 3[paBOOXpPAaHEHHUE, HAYKY,
MPOMBINUICHHOCTh U Jpyrue cdepbl. [IpuMeHeHue airoputmMoB [jisi 0OpabOTKU U
aHanu3a OoJbIIMX OOBEMOB [TAaHHBIX MO3BOJSET MOJy4aTh IIEHHBIE WHCAWTHI, YTO
CIIOCOOCTBYET MPUHSTHIO O0JIee 000CHOBAHHBIX PEIICHUN.

B Oynymiem ucrnonp3oBaHre OOJIBIINX JAHHBIX PACHIUPUTCS, U MBI OyZeM HaOII0aTh
3a POCTOM MPUMEHEHHS TAKMX TEXHOJOTUM, KaK MallTMHHOE 00y4YeHUE U aHaIn3 Ha 0aze
WU, 410 TO3BOJIUT 3HAYUTEIBHO YCKOPUTH MPUHATHE PEIICHWA W TOBBICHTH HX
TOYHOCTb.

3.3. Kubep0e30nmacHOCTb U 3alIUTA JAHHBIX

KubepOe3onacHOCTh CTAaHOBUTCS KIIIOYEBBIM acriekToMm IudpoBoit smoxu. [lo mepe
YBEIMYCHHUS OOBEMOB JAHHBIX, KOTOPHIMH MBI pacIojiaraeM, M CIIOXKHOCTH CaMHX
CUCTEM, BO3pACTaeT yrpo3a ux B3JIOMa.
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ATaky Ha CUCTEMBbI YIpaBIEHUs, yTeuka KOH(PUISHIIMATbHON MH(DOPMAIUU U KpaXu
JAHHBIX MOTYT TPHUBECTU K CEPbE3HBIM TMOCIEACTBUAM, Kak ISl OTIEIbHBIX
M0JIb30BATEJICH, TaK U JIsl TOCYTapPCTBEHHBIX CTPYKTYP.

bynymee xubepbezonacHocTH OyAET CBSI3aHO C Pa3BUTUEM HOBBIX TEXHOJOTHH
3alIUTBI, B TOM 4Hcie Kpunrtorpadpuu U OioKYeliHa, a TakkKe C HPUMEHEHHUEM
KBAaHTOBBIX BBIYHCICHUN. B Onypkaiime NecaTHICTHS MOKHO 0KHUIATh 3HAYUTEITHHOTO
poCTa MHBECTUIIUH B 3Ty cepy.

4. Biiusinue uHGopMaTuKi Ha Oyayuiee 001ecTBa

bynymee nndpopmarrku OyaeT onpeaessTh He TOILKO TEXHOJOTUUECKOE Pa3BUTHE, HO
U COLIMOKYJBTYpPHbIE HM3MEHEHHs B oOImIecTBe. Mbl HaxoauMcs Ha TOpOre HOBOMU
M(PpoBON SIOXH, KOIJa TEXHOJOTMH OyayT HE TOJBKO YacThl0 pabOThl H
MOBCEIHCBHOM >KU3HU, HO W TJABHBIM HWHCTPYMEHTOM ISl PElIeHUs TJI00aIbHbIX
npobsiem. B dactHoCcTH, IudpoBHU3aIiUs MOXKET CHI'paTh BaXKHYIO POJib B 00Ophbe C
W3MEHCHUEM KJIMMATa, YIIPABJICHUU IIPUPOJIHBIMHA PECYPCAMU U PA3BUTUH YCTOUYHMBBIX
TEXHOJIOTUH.

KpOMe TOro, € pa3BuTUCM I/IH(I)OpMaI_[I/IOHHBIX TEXHOJIOT U BO3HHMKHYT HOBBIC BbI3OBBI,
CBA3AaHHBIC C J3THYCCKUMMMH BOIIpOCaMM HCIIOJIb30BAHHA JAHHBIX, OXpaHOﬁ JIMYHOU
I/IH(i)OpMaHI/II/I )51 BaIHHTOﬁ IIpaB I'paKaaH. BaxxHo He TOIBKO pa3BHUBAaTh TCXHOJIOI'MH, HO
n CO3daBaTb CHCTCMBbI VIIPABJICHHUA HMMH, KOTOPLIC 6y,ZIYT YUYUTBIBATb 3THYCCKHC H
IIPaBOBBIC ACIICKTHI.

3akiIoueHue

Nudopmatuka mpomomKkaeT oOKa3blBaTh 3HAYUTENIBHOE BIUSHUE Ha Pa3BUTHE
coBpeMeHHoro obiectBa. E€ poib Oyner ToabKO BO3pacTaTh, MOCKOJIBKY TEXHOJIOTHU
MIPOJIOJDKAIOT MHTETPUPOBATHCS B TIOBCETHEBHYIO )KM3Hb M CTAHOBSITCS HEOTHEMIIEMON
4acThl0O BCEX cdep AeATENBHOCTU 4YeloBeka. B Oymymiem, Korjga HCKYCCTBEHHBIN
WHTEJUICKT, aHAJIMTHKA OOJBIIUX JAHHBIX U TEXHOJOTUHM 00pabOTKM HHQOpMaIUU
OynyT emié 0osee COBEPIICHCTBOBATHCS, Mbl YBUIUM HOBBIE (DOPMBI B3aUMOICUCTBUS
MEXy JIFOJAbMH, TOCYIapCTBAMH W MaIlllMHAMH. Ba)XHO, 9TOOBI YEJTIOBEYECTBO MOTJIO
MPaBUJILHO HCIOJIB30BaTh OTH TEXHOJIOTMHM, MUHUMHU3UPYS BO3MOXHBIC PHCKH H
s PexTUBHO pelias rodanbHbIC TPOOIEMBI.

Opnako ¢ yBelWYEHHWEM BIUSHUS MHGPOPMATUKU BAXXKHO TOMHHUTH U 00 STUYECKUX
acniekTax e€ ucrnoib3oBanus. Co3/laHrne HOBBIX TEXHOJOTUN JTIOJKHO COMIPOBOXKAATHCS
BHUMaHHEM K BOTIpocaM O€30MacHOCTH, KOH(DHICHIIMATLHOCTH W 3aIUThl JTMYHBIX
naHHbIX. Heo0xomuMo GpopMupoBaTh MEXKIyHAPOIHBIE CTAHAAPTHI, HAIIPaBJICHHBIC HA
PETyJIMpPOBaHKUE UCTIOJIBb30BAHUS JAHHBIX M HOBBIX TEXHOJIOTHM, YTOOBI rapaHTHUPOBATH
ux 0e30MacHOe U CIPaBEIJTMBOC BHEAPCHHE B PA3IMYHbBIC aCMIEKTHI )KU3HA. U TONBKO B
ATOM cCiy4ae MBI CMOXKeM 3(P(EKTUBHO W TapMOHHYHO HCIIOJIH30BAaTh MOTCHIIHAI
UH()OPMATUKHU JJIS1 YCTOWYMBOTO Pa3BUTHS 0OIIIECTBA.
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@ HAYUYHBIA ) KYPHAJI

HOBBIE MATEPHUAJIBI 1J151 BATAPEHM: OT JINTUI-UOHHBIX 10
CBEPX2®®EKTUBHBIX HATPUI-UOHHBIX TEXHOJIOT UM

HukosaeB BiagumMup AHATOILEBAY
CTapUINil Hay4HBIN COTPYAHUK, MHCTUTYT (DU3MKK MaTepuaioB
r. Mocksa, Poccuiickas @enepanus.

AHHOTAIUA

B mocnmemnue rompl 3aMeTHOE BHUMAaHUE B OOJACTH DHEPTETUYCCKUX TEXHOJOTHUN
MIPUBJICKAIOT HOBBIC MaTEpHUAIbI /I OaTapei, 4To CBSA3AHO C PACTYILEH MOTPEOHOCTHIO
B 3((HEKTUBHBIX U JKOJOTMYECKH YUCTBHIX MUCTOYHMKAX dHepruu. CTarhsl MOCBAIICHA
aHaJIN3y COBPEMEHHBIX TEHJICHIIMU B pa3paboTke OaTapeil, HauuHask C JIUTUU-UOHHBIX
TEXHOJIOTMM U 3aKaH4YMBasg TMEPCHNEKTUBHBIMM HATPUH-MOHHBIMH  OaTapesiMu.
PaccmarpuBaroTcs maTepuanbsl IS @HOJOB M KaTOJIOB, a TaKKE DIJIEKTPOJIUTHI,
BIIUSIIONINE HA XapaKTEPUCTUKHU OaTapeit. B ctaThe mpuBeneHbl MOCISAHUE JOCTUKESHUS
B 00JIaCTH TOBBIIIECHUS YHEPTETUYECKON MIOTHOCTH, CTAOMIBHOCTH M 3KOJIOTUYECKON
0€30MacHOCTH aKKyMYJIATOPOB.

KuiroueBrble cjioBa: JIUTHI-HOHHBIE OaTaped, HATPUH-MOHHBIE TEXHOJOTWHU, AHOJIbI,
KaTOJIbl, DJIEKTPOJIUTHI, SHEPTUS, AKKyMYJISITOPBI, MaTEPUAJIBI.

1. BBenenue

Pa3BuTHe TeXHONOTHI XpaHEHUS SHEPTHH CTAJI0 HEOTHhEMJIEMOH YacThIO TJI00ATBHOTO
nepexoja Ha yCTOWYWBBICE MCTOYHUKK dSHeprud. Jlutuit-nonneie Oatapeu (Li-ion)
CErOJHsl SBJSIOTCS CTAaHAAPTOM B pa3IMYHBIX O00JAacCTSIX, BKIIOYas MOOWIIbHbBIE
YCTPOWCTBA, SJEKTPOMOOUIN W COJIHEUHBbIE IHEprocuctemMbl. OMHAKO WX BBICOKHIA
PECYPCHBIN M DKOJOTHYECKUN TOTEHIMAJl OTpaHUYeH PSAIOM (DAKTOPOB, TaKUX Kak
BBICOKAsi CTOMMOCTD JINTUS U BOITPOCHI IEPEePadOTKH.

B mouckax anpTepHaTHBBI YUEHBIE U HHXKEHEPHI BCE Ooubllie 00pamaloT BHUMaHUE Ha
HaTpuil-uoHHbIe OaTapeu (Na-ion), KOTopbie 00JaAaI0T HECKOIBKUMH 3HAYUTEIbHBIMU
IpeuMyIlecTBaMH. BaXHBIM  acleKTOM  HCCJIEIOBaHUS  SBISETCA  YIydIlEHUE
MaTEepUaJIoB i1 aHOJOB, KaTOJI0B U AJIEKTPOJIMTOB, UYTO MOKET 3HAYUTEIHHO MOBBICUTH
3¢ (PEeKTUBHOCTh U YMEHBIIUTh CTOUMOCTh OaTapei.
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2. JIuTnii-uoHHbIe 0aTapen: TeKyllee COCTOSIHUE M OTPaHUYeHUSA

2.1. llpuHuun padoThl JTUTHI-HOHHBIX OaTapei

Jlutuii-noHHele GaTapen MPEACTaBIAIOT COOOW YCTPOWCTBA, B KOTOPBIX MOHBI JINTHUS
IIEPEMEIIAOTCA MEXIAYy aHOJOM M KaTOJOM B IPOLECCE 3apsAakh U paspsaku. i
aHOJI0B OOBIYHO MCHONB3YIOT IPA(UT, a AJIst KATOJ0B — Pa3IUUHbIC TUTUHCOAECPKALINE
okcunpl, Takue kak LiCoO2 wmm LiFePO4. Dnektponut B 3Tux Oatapesx OOBIYHO
peacTaBisieT co00i pacTBOP JIUTUEBOM COJIM B OPraHUYECKOM PACTBOPUTEIIE.

2.2. lIpenmy1iecTBa U OrPAHUYCHUA

[IpenmyiecTBa JUTUH-MOHHBIX OaTapell BKIIOYAIOT BBICOKYIO JHEPIeTHUECKYIO
IUIOTHOCTb, JIOJNTHUH CPOK CIY>KObl M XOpOIIYI0 CTaOWJIBHOCTh MPU ITUKIHYECKHUX
Harpy3kax. OJIHaKO OHM UMEIOT U PsJ HEAOCTATKOB: OTPAaHUYEHHBIE PECYPCHI JIUTUS,
BBICOKWI PHUCK BO3TOpPaHHs IpU TMOBPEXKIACHUM OaTape, a TaKXe SKOJOTUYECKHE
pOOJIEMBI IPU YTUITU3ALIIH.

3. Harpuii-noHHbIe OaTapeu: aJIbTEPHATHBA JIUTUI-UOHHBIM TEXHOJIOTUAM
3.1. [Ipeumy1ecTBa HATPUH-HOHHBIX OaTapeu

Hatpuii-uonnsle Oatapew, Kak ajgbTEpPHATHBA JUTUH-UOHHBIM, HMEIOT HECKOJIBKO
KJIFOUEBBIX MPEUMYIEeCTB. Bo-niepBbIX, HaTpUil ropasfgo Oosee JOCTYIEH U AEIIEBIIE
JTUTUS. DTO JieJlaeT HATpUK-UOHHBIE OaTapen 0o0Jiee SKOHOMHYECKHU BBITOAHBIMU M
CHIDKAET 3aBUCUMOCTD OT PEAKHUX U JOPOTMX MATEPUAIIOB. BO-BTOPBIX, HATPUI-NOHHBIE
Oarapen O0e30macHbl B HKCIUTyaTallMH, TaK KAK OHU MEHEE MOABEPKEHbI BO3TOPaHUIO.

3.2. [Ipo0JieMbl HATPUMH-HOHHBIX OaTapeu

OnHuM M3 TJIaBHBIX BBI3OBOB JUISI HATPUM-MOHHBIX TEXHOJOTUH SIBJISIETCS HECKOJBKO
MEHbIIasg YHEPreTUYECKasl MIOTHOCTh MO CPAaBHEHUIO C JTUTUH-MOHHBIMH OaTapesMH.
OT0 cBA3aHO ¢ 0oJiee KPYIHBIM pa3MEPOM MOHOB HATpUs, YTO TpeOyeT 0oJiee KPyImHBIX
U TSOKEIBIX MaTepualioB Il XpaHeHus 3apsga. OJHAKO Y4Y€HbIE MPOJOJIKAIOT
pa3pabaThiBaTh HOBBIE TOAXO/bI AJI PELICHUS ITHX MPOOIIEM.

4. MaTtepuaJbl 1Jisl AaHOAOB U KaTOJA0B B HATPUI-HOHHBIX 0aTapesx
4.1. AHOaBI I HATPUI-UOHHBIX OaTapeil

JIJIst aHOZIOB B HATPUH-UOHHBIX OaTapesXx aKTUBHO MCCICAYIOT MaTepHUalibl, TAKHE Kak
VTJIEPOJIHBIE HAaHOMATEpHAJIbl, a TaKXe HaTPHH-coAepKamne OKCHIbI M (ochaThl.
[IpenmymiecTBO  yrA€pOAHBIX MaTEpUajOB 3aKIIOYAaeTCI B WX  CIIOCOOHOCTH
o0ecIieuynBaTh XOPOIIYIO TPOBOIUMOCTh U CTAOMIIBHOCTh Ha MPOTSHKCHUM MHOXKECTBA
IIUKJIOB 3apsKU U paspsaakud. OJHAKO WX HU3Kas TEOpPeTHYeCKas EMKOCTh OCTABIISICT
KEJIaTh JIy4YIIero, YTo MPUBOAMT K MOUCKY Oosiee 3(HPEKTUBHBIX MaTEpUATIOB.
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4.2. Karoas! AJ151 HATPUI-HOHHBIX OaTapei

JUJ1s KaTO/I0B B HATPUI-MOHHBIX OaTapesx HanboJjee NePCIeKTUBHBIMU SIBIISIOTCS TaKUe
MaTepuaabl, Kak HaTPUHA-KOOATbT-OKCHIBI U  HaTpuii-kenezo-pocdarel. IOtu
COCAMHEHUS MPEeIaraloT XOPOoIIue UKINYECKIE XapaKTePUCTUKH, a TAKKE BBICOKYIO
CTaOUIILHOCTD TIPU PabOTe MPHU PA3TUUYHBIX TEMIEPATYPHBIX PEKUMAX.

5. DJIeKTPOJNTHI 1JISI HATPUH-HOHHBIX O0aTapei

DIEKTPOJIUTHI HTPAIOT KITIOYEBYIO POJIL B paboTe OaTapeid, ooecrieunBast 3 PeKTHBHBIN
TPAHCIIOPT MOHOB MEXIY aHOJIOM WM KaTojaoMm. JlJis HaTpwii-MOHHBIX OaTapeil JacTto
UCTIONB3YIOTCSl OPTaHUYECKHE PACTBOPUTEIN C HATPUEBBIMU COJISIMH, TaKUMH Kak
NaPF6. OpHako HUCHOJIb30BaHUE STUX BJIEKTPOJIUTOB HMMEET CBOU OrpaHUYCHUS,
BKJTFOYAsi HU3KYIO MPOBOJAMMOCTD P HU3KUX TemIiepaTypax. MccnenoBanus B ooactu
pa3pabOTKH HOBBIX, OoJiee A(DPEKTUBHBIX AIIEKTPOIUTOB JIJIsI HATPUH-NOHHBIX OaTapei
MIPOJIOJKAIOTCSL.

6. IIporHo3nl ¥ nepcrneKTUBLI PA3BUTHA

6.1. YBeinueHue 3HepreTn4ecKOM MJIOTHOCTH

YrtoOslI cienath HaTPUI-MOHHBIE 0aTaper KOHKYPEHTOCIIOCOOHBIMU C JIMTHI-UOHHBIMH,
HEO0OXOAMMO YBEITUYHUTh UX SHEPTE€THUECKYIO TUIOTHOCTh. ITO MOKHO JOCTUYD 33 CUET
pa3pabOTKM HOBBIX MaTEpPHAIOB I aHOJOB M KaTOJOB, a TaKXKe YIydllIeHUs
AJEKTPOJIUTOB. [IpUMEHEHNEe HAHOTEXHOJIOTUM W MHHOBALIMOHHBIX METOJIOB CHUHTE3a
MATEPUATIOB OTKPBIBAET IIMPOKHE NEPCIEKTUBBI I YIYUYIICHUS XapaKTEPUCTHK
HaTPUI-MOHHBIX OaTapeil.

6.2. JxoJI0rnYecKye aCNeKThbl U YTHIN3alUsA

Hatpuii-uonnsle Oatapen Takke MNpeayiaraloT MPEeUMYILIECTBA C TOYKH 3pPEHUs
skosiornd. Hatpuii sBasercs ropazno 0Oojiee JOCTYNHBIM MaTepHalloM, U €ro
WCIIOJIb30BAaHNE CHMKAET 3aBUCUMOCTH OT JUTHUA. boiee TOro, yrunuzanuss HaTpui-
MOHHBIX 0aTapeil MOKeT ObITh MEHEEe 3aTpaTHOW M OMACHOM, YeM yTUJIM3alUs JINTUM-
VOHHBIX.

7. 3aka0ueHue

Hatpuii-nonnele 6arapen NpeaCTaBISIOT COOOM MHOTrOOOEHIAIOIIYIO aJbTEPHATUBY
JUTAA-HOHHBIM TEXHOJIOTUSIM, IIpEIaras MpenMyIIEeCTBa C TOUKU 3PEHUSI CTOMMOCTH U
0e3omacHoCcTH. XOTS HA JaHHBI MOMEHT OHM YCTYMAIOT JINTUH-UOHHBIM OaTapesM 110
HHEPreTUYECKOM  IUIOTHOCTH, MpPOJOJDKAIOIIMECS  HCCIENOBaHUS B 00JacTu
MAaTEpUAIOBEICHUS. W XUMHUH DJEKTPOJIUTOB MOIYT CYLIECTBEHHO YJIYYIIWTh HX
XapakTepucTUKU. B OynyiieM HaTpuii-uoHHBIE OaTapen MOTYT CTaTh OCHOBHBIM
BBIOOPOM 711 MHOTHX MPHJIOKEHUMN, BKITIOUAsi XpaHEHUE SHEPTUH B KPYITHBIX CHCTEMax
U DJIEKTPU(PUKALIMIO TPAHCIIOPTA.
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Abstract:

This study explores the development of high-temperature stable magnesium bricks
derived from locally sourced materials in Turkmenistan, specifically dolomite and
bischofite. Magnesium oxide (MgQO), the main component of magnesium bricks, is
obtained from these minerals, which are abundant in Turkmenistan. The paper
investigates various methods for the extraction of magnesium oxide from dolomite and
bischofite, analyzing the chemical and mineralogical compositions of these minerals.
The research includes laboratory experiments on several methods of extracting
magnesium oxide, with the identification of optimal techniques that minimize the use of
external chemicals. A technological scheme for the production of magnesium bricks,
utilizing magnesium oxide synthesized from local raw materials, is presented. The final
product demonstrates promising mechanical strength and high-temperature stability,
making it suitable for industrial applications.
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The fact that our Turkmenistan has huge reserves of various underground and surface
resources leads to an increase in the number of raw materials exploration, development
and processing industries. In particular, the number of modern enterprises in the oil and
gas, chemical, energy, transport and communication, mining, construction, agricultural,
textile, and food industries is increasing. Prior to this, the need for important industrial
products and resources is met at the expense of our local wealth and brought to the
external market. The development of these industries, in turn, is directly related to the
need for treatment and economical use of water resources, including wastewater. This
Is especially important in our low water, warm and dry weather conditions.

As you know, Turkmenistan has a lot of minerals and large reserves. Therefore, the
future of the chemical industry is growing. In addition to the basic products, the chemical
industry also produces a number of wastes. In this regard, more emphasis is placed on
the sustainable and integrated use of local mineral resources. Because our country ranks
first in the world in terms of hydrocarbon resources and types and reserves of mineral
raw materials. One of the priorities is to provide the domestic market with a wide variety
of our own products and high-quality products, and to increase the production of export
products in high demand in the world markets. As such, great importance is attached to
the efficient and integrated use of large, sometimes unique mineral resources, as well as
to other sectors of the industry. In particular, minerals in the Koytendag region, in the
Garabogaz waters, in the natural aluminosilicas and in other mineral raw materials
contain valuable minerals that are suitable for industrial extraction.

Possibilities of magnesium extraction from Dolomite and bischofite

Today, the production and export of various types of building materials on the basis of
local raw materials is the main requirement of the time. This research also includes the
importation of imported high-temperature magnesium bricks based on local raw
materials available in Turkmenistan. The main component of magnesium bricks is
magnesium oxide (MgO), which is found mainly in Turkmenistan in the form of
Dolomite (MgCOs; - CaCO3) and bischofite mineral (MgCl, - 6H,0).

Dolomite (MgCO; - CaCOg) is a natural mineral and its main composition is a mixture
of magnesium and calcium carbonates. Dolomite reserve was recorded at Kelete mine
in Biherden district of Ahal province and its age dates to the late Jurassic and Oxford
periods. It weighs 2.83g/cm?3, water absorption is 0.2%, its actual cellularity is 0.56%,
its air tightness limit is 1000-1100 kg/cm? in dry conditions, and the remaining reserves
as of 01.2012 are about 3353 thousand tons.
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In addition to Baherden district of Ahal province, Dolomite mineral is also registered in
Koytendag district of Lebap province under the name "Akanshor" and its geographical
location is 15 km west of Magdanly. The density of this mineral is 2690-2750 kg/cm?,
the water absorption is 2.1-16.4%, the cellularity is 16-36%, the compressive strength
when dried is 3.2-23.8 MPa, and the water-saturated state is 2.4-15 MPa. The industrial
reserves of this field are approximately 24021.8 thousand tons, including 2530.6
thousand tons of A grade reserves, 6009.6 thousand tons of grade B reserves, and
15481.6 thousand tons of grade C1 reserves.

The mineral is produced by the Turkmenmineral Production Association of Lebap
province, which produces about 3,000 tons of caustic Dolomite per year. Dolomite is
widely used in many building materials and glass production.

Bischofite (MgCl2 - 6H20) is a hexane of magnesium chloride produced by
Garabogazsulfat Production Association in the Balkan province of the country.
Bischofite is used in the production of building materials, the extraction of magnesium
oxide and magnesium metal, the addition of sulfur oils to energy plants, the protection
of wood materials from fires and insects, the removal of defoliants from cotton leaves
and other purposes.

Possibility to chemically and thermally extract magnesium from Dolomite and
bischofite

There are currently several methods to extract magnesium oxide from Dolomite. One of
them is the thermal method, which is performed by heating Dolomite ore at high
temperatures. That is, the specimens were first tested on a TGA / DSC1
thermogravimetric device manufactured by the Swiss company Mettler Toledo at
13000C and subjected to mass loss and heating at a different temperature in the muffle
furnace (7000C - 13000C) its mass loss and changes in mineral composition were
monitored by X-ray analysis and changes in chemical composition by X-ray
fluorescence spectrometry.

As can be seen from Table 3, the mass loss of Dolomite specimens can be seen to form
a permanent mass after a temperature of 9500C. This is explained by the complete
disintegration of the magnesium carbonate and calcium carbonate in the dolomide.

Result: The chemical composition of magnesium oxide synthesized in method |
preserves the field sputum or aluminosilicate compounds present in the Dolomite
mineral. In methods II, 111 and IV, the chemical spheres or aluminosilicate compounds
of calcined dolomide dissolve under acidic action and silicon is retained. In methods V
and VI, magnesium oxide with a purity of 96% is formed.
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Experimental work:

There are several ways to get high temperature stable magnesium bricks based on
synthesized magnesium oxide. In this study, the purity of magnesium oxide synthesized
by methods V and VI "A" was reduced to 0.25mm at the ZM 200 mill, a product of the
German firm RETSCH. It was then moistened to 5-6%. The diagonal was then
transferred to a cylindrical shape equal to 60 mm and compressed to 150 bar. After the
tablet was dried for 4 h at 1000 ° C, the P310 muffle oven, a product of the German firm
Nabertherm, was kept for 3 hours at 1700°C. A sample of magnesium oxide for adjusting
the temperature of the muffle oven was monitored by a Nietzsche-based DIL402 PC
dilatometer with a mass loss rate of 100 degrees Celsius per 1000 degrees Celsius and

accordingly the temperature program of the muffle oven was developed:
3 sag

5min  800C 30 min

5min  500C 30 min

30 min

45C
Mufel oven temperature program
Conclusion:

1. The mineralogical and chemical composition of dolomide and bischofide, which will
be used in the synthesis of magnesium oxide, has been studied. The possibilities of
enriching dolomite in various ways (calcification, fractionation, flotation by
granulametric composition) were also analyzed.

-226-



2. In laboratory conditions, 6 methods of extracting magnesium oxide based on local
raw materials (from dolomite and bischofite) were analyzed. The use of sulfuric or
hydrochloric acids, which are precursors in 1-V methods, and sodium hydroxide
(NaOH), which is imported into the red currency, reduces the production of magnesium
oxide (MgO).

3. A convenient (combined) method of extracting magnesium oxide (MgO) to be
synthesized in industry under laboratory conditions has been studied from Dolomite and
bischofite.

That is, methods VI and VI “A” were chosen as the optimal method. The advantage of
this method is that no external chemicals are used in the production of magnesium oxide,
and the formation of hydrochloric acid other than the main product. Magnesium oxide
with a purity of 88.92% and a purity of 96.46% by method VI "A" were synthesized in
these methods.

4. The scientific basis for the production of magnesium bricks on the basis of
synthesized magnesium oxide has been analyzed and a technological scheme has been
developed. That is, magnesium oxide, which has a purity of 96% synthesized according
to VI "A" method, adds 10% to 12% of the total mass of alumina silicate (clay), which
Is a production waste of the Turkmen "Aynaonumleri" enterprise of the Ministry of
Industry and Construction Production, High temperature stable magnesium bricks were
obtained under laboratory conditions as described above.

5. The mechanical strength and high temperature stability of the prepared magnesium
sample were determined.
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Abstract:

The moment of inertia is a fundamental concept in mechanics that quantifies the
rotational inertia of an object. It plays a crucial role in the dynamics of rotating bodies,
such as wheels, flywheels, and gears. One of the most effective methods for determining
the moment of inertia of a wheel is by using the oscillatory motion in a physical setup.
This paper discusses the principles and procedures involved in determining the moment
of inertia of a wheel through oscillations. The method involves the analysis of the period
of oscillation of a wheel suspended on a fixed axis. The paper also examines the
significance of this technique in experimental physics and its applications in educational
settings.

Keywords:

Moment of Inertia, Wheel, Oscillations, Rotational Dynamics, Experimental Physics,
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Introduction

The moment of inertia is a measure of an object’s resistance to angular acceleration
when subjected to a torque. It is an important property in rotational dynamics and is
analogous to mass in linear motion. The moment of inertia depends on both the mass
distribution and the axis about which the object rotates. For a wheel, the moment of
inertia varies based on factors such as the radius of the wheel and the mass distribution.
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One of the most reliable and straightforward methods for determining the moment of
inertia of a wheel is the oscillation method. This method utilizes the oscillatory motion
of a wheel suspended from a fixed axis. By analyzing the period of oscillation and using
principles of rotational dynamics, the moment of inertia can be calculated.

This paper aims to explain the methodology of determining the moment of inertia of a
wheel through oscillations, providing a detailed description of the experimental setup,
theoretical background, and calculation procedures. The method is simple, cost-
effective, and widely used in educational settings for teaching fundamental concepts of
rotational mechanics.

Theoretical Background

The fundamental principle behind the method of oscillations is the relationship between
the moment of inertia and the period of oscillation of a physical pendulum. When an
object oscillates about a fixed axis, its motion can be described by the following
equation:

Where:

« T isthe period of oscillation,

« | isthe moment of inertia of the object,

« mis the mass of the object,

« @ isthe acceleration due to gravity,

« his the distance from the axis of rotation to the center of mass.

For a wheel, the equation can be modified to account for the specific mass distribution.
The moment of inertia 1l of the wheel depends on its radius and mass distribution, and
it can be expressed as:

I=kmR?
Where:

. kisaconstant that depends on the geometry of the object (for a solid disc, k=1/2),
« mis the mass of the wheel,
« R s the radius of the wheel.

By measuring the period of oscillation and knowing the mass and radius of the wheel,
the moment of inertia can be determined.
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Experimental Setup

The experimental setup for determining the moment of inertia of a wheel involves the
following components:

1.

2.

Wheel: The object whose moment of inertia is to be determined. The wheel
should be mounted on a fixed axis, and its mass and radius must be known.
Suspension: The wheel is suspended from a fixed axis. The suspension should
allow the wheel to oscillate freely without frictional forces that would dampen the
oscillations.

Timing Mechanism: A stopwatch or other timing device is used to measure the
period of oscillation. The period should be measured over several complete
oscillations to reduce the effect of random errors.

Measurement Tools: A ruler or caliper is used to measure the radius of the wheel,
and a scale is used to measure its mass.

The wheel is displaced from its equilibrium position and released, allowing it to undergo
oscillations. The period of oscillation is recorded, and the measurements are used to
calculate the moment of inertia.

Procedure

The following steps outline the procedure for determining the moment of inertia of the
wheel by the method of oscillations:

1.

Set up the experiment: Suspend the wheel from a fixed axis and ensure it is free
to oscillate. Ensure that the wheel is balanced and can rotate without frictional
interference.

Measure the mass and radius: Measure the mass of the wheel and its radius
accurately. These values are essential for the calculation of the moment of inertia.
Displace the wheel: Displace the wheel from its equilibrium position by a small
angle (less than 15°) to ensure simple harmonic motion.

Measure the period of oscillation: Using a stopwatch, measure the time it takes
for the wheel to complete several oscillations (at least 10). Divide the total time
by the number of oscillations to obtain the average period T.

Calculate the moment of inertia: Using the measured period T, mass m, and
radius R, calculate the moment of inertia | using the equation:

T*mgh
472
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Results and Calculation

The period of oscillation T is measured experimentally. For example, if the period of
oscillation is found to be 2.0 seconds, and the mass of the wheel is 0.5 kg with a radius
of 0.2 meters, the moment of inertia can be calculated using the previously derived
formula.

T*mgh

4

By substituting the known values, the moment of inertia can be determined.
Discussion

The oscillation method provides a straightforward way to determine the moment of
inertia of a wheel. The method is advantageous because it requires relatively simple
equipment, such as a timing device and a wheel, which makes it ideal for educational
pUrposes.

However, there are some sources of error that can affect the accuracy of the
measurement. For example, frictional forces in the suspension system can dampen the
oscillations, leading to incorrect results. Additionally, the assumption of simple
harmonic motion requires the displacement to be small. If the wheel is displaced too far
from its equilibrium position, the oscillations may become non-harmonic, leading to
Inaccuracies.

To improve the accuracy of the experiment, it is important to minimize friction in the
suspension system and to ensure that the wheel is only displaced slightly. Additionally,
repeating the experiment multiple times and averaging the results can help reduce
random errors.

Conclusion

The determination of the moment of inertia of a wheel by the method of oscillations is
an effective and accessible experimental technique. By measuring the period of
oscillation and applying the principles of rotational dynamics, the moment of inertia can
be calculated with reasonable accuracy. This method is particularly useful in educational
settings, where it helps students understand the relationship between rotational motion
and moment of inertia. The technique also provides a hands-on approach to learning
physics, demonstrating the practical application of theoretical concepts.
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Abstract:

The integration of Artificial Intelligence (Al) in teaching methodologies has brought
about a significant transformation in education, especially in the field of physics. By
employing various Al-driven tools and systems, educators are able to create
personalized learning experiences, simulate complex experiments, and assess students’
understanding in a more adaptive and dynamic manner. This paper explores the role of
Al in modernizing physics education, examining its applications, benefits, challenges,
and potential for future advancements in educational technology.

Keywords: Artificial Intelligence, Physics Education, Teaching Methodologies,
Personalized Learning, Simulation-Based Learning, Adaptive Systems, Educational
Technology

Introduction

In recent years, Artificial Intelligence (Al) has revolutionized many fields, with
education being one of the most impacted sectors. Physics, a discipline that often
presents challenges due to its abstract nature and complex concepts, is an area where Al
integration can offer substantial improvements. Traditional teaching methods have their
limits when it comes to providing personalized feedback, engaging students with
practical experiments, and accommodating diverse learning styles.
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Al-based technologies promise to address these gaps by enhancing the learning
experience and making it more interactive and individualized.

This article explores the potential of integrating Al into the methodologies of teaching
physics. It examines how Al tools can reshape the way physics is taught, providing both
educators and students with more effective ways to engage with the subject matter. The
paper also discusses the various benefits and challenges associated with this integration,
highlighting the future prospects of Al in educational environments.

The Role of Al in Physics Education

The introduction of Al in the classroom provides multiple avenues to enhance the
teaching and learning of physics. Al can support teachers in various capacities, from
providing personalized learning paths for students to facilitating complex simulations
and assessments. Below, we examine the key roles Al can play in physics education.

Personalized Learning

One of the most powerful aspects of Al in education is its ability to personalize the
learning experience. Al-driven systems can assess the strengths and weaknesses of
individual students and tailor the content to meet their specific needs. For instance, an
Al tool could adjust the difficulty level of physics problems based on a student's previous
performance, ensuring that the material is always challenging but not overwhelming.
Personalized learning ensures that students can progress at their own pace, addressing
gaps in understanding before moving on to more complex topics.

Simulation-Based Learning

Physics is often best understood through hands-on experiments and simulations.
However, not all schools have the resources to provide students with physical lab
equipment or access to real-world experiments. Al-powered virtual labs can bridge this
gap by allowing students to conduct experiments in a virtual environment. These
simulations can model complex physical phenomena, such as the motion of particles,
the behavior of waves, or the laws of thermodynamics. Virtual labs offer students the
opportunity to interact with and manipulate variables in real-time, thereby enhancing
their conceptual understanding and critical thinking skills.

Adaptive Assessment Tools

Al can also transform the way assessments are conducted in physics education.
Traditional exams may not always reflect a student's true understanding of the subject,
as they are limited to a one-time, standardized testing format. Al-powered assessment
tools, however, can adapt to the learner’s abilities. These tools assess not only the
correctness of answers but also the process by which students arrive at those answers.
With continuous feedback, Al-driven systems can provide valuable insights into where
students are struggling and offer suggestions for improvement.
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This real-time adaptability helps students to stay engaged and motivated, knowing that
they are receiving support tailored to their needs.

Al Tools and Technologies in Physics Education

Several Al technologies have already been successfully integrated into educational
settings to enhance the teaching of physics. Below are some key tools that are shaping
the future of physics education.

Intelligent Tutoring Systems (ITS)

Intelligent tutoring systems are designed to provide personalized, one-on-one instruction
to students. These systems use Al to analyze students' performance and provide
feedback and hints in real time. In physics, ITS can be used to solve complex problems
or explain theoretical concepts in a way that adapts to the student's current level of
understanding. For example, if a student struggles with Newton's laws of motion, the
system may offer additional practice problems or explain the concepts using different
methods until the student masters them.

Virtual Laboratories and Simulations

Al-driven virtual laboratories are being increasingly used in physics classrooms to allow
students to experiment with real-world phenomena in a safe, controlled environment.
Tools like PhET Interactive Simulations offer simulations for a wide range of physics
topics, from classical mechanics to electromagnetism. These virtual labs allow students
to observe and manipulate variables in ways that would be impractical or impossible in
a traditional physical lab. Al enhances these tools by providing real-time feedback and
automatically adjusting the difficulty based on the student’s interaction with the system.

Machine Learning for Data Analysis

Machine learning algorithms can be used to help students analyze experimental data in
physics. When conducting experiments, students often generate large amounts of data
that need to be interpreted. Al tools can assist in recognizing patterns in the data, making
predictions, and suggesting further experiments based on the analysis. This can help
students develop a deeper understanding of scientific inquiry and the process of
hypothesis testing in physics.

Benefits of Al Integration in Physics Education
The integration of Al into physics education provides numerous advantages. These

benefits not only enhance students’ learning experiences but also help educators become
more effective in their teaching.
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Engagement and Motivation

Al-based tools make learning more interactive and engaging. By incorporating
simulations, games, and personalized challenges, students are more likely to stay
motivated and interested in the subject matter. Al can also create a more engaging
learning environment by enabling students to experience physics in new and innovative
ways, such as through virtual labs or real-time data analysis.

Improved Learning Outcomes

Research suggests that personalized learning, adaptive assessments, and simulation-
based learning can lead to improved learning outcomes. Al tools allow students to
receive immediate feedback and support, which helps them grasp difficult concepts
more effectively. Furthermore, by practicing and experimenting in virtual environments,
students are more likely to retain and apply their knowledge to real-world scenarios.

Access to Quality Education

Al has the potential to provide high-quality education to students regardless of their
geographic location or economic background. By using Al tools, educational resources
that are typically expensive or inaccessible can become available to a wider range of
students. Virtual labs and Al tutoring systems can be used in remote areas, offering
students the opportunity to engage with advanced physics education even if their schools
lack the necessary resources.

Challenges and Considerations

Despite the promising benefits of Al in physics education, there are several challenges
that must be addressed before its full potential can be realized.

Teacher Training

For Al tools to be effectively integrated into the physics curriculum, educators must be
properly trained in how to use them. Many teachers may feel overwhelmed by the rapid
pace of technological advancement and may require professional development to
incorporate Al into their teaching practices. Ongoing support and training are crucial for
ensuring that Al technologies are used effectively in the classroom.

Equity and Access

The integration of Al into education raises concerns about equity and access. Not all
students have access to the necessary hardware or internet connection to use Al tools.
Additionally, the introduction of Al could widen the digital divide between well-funded
schools and those with fewer resources. Policymakers and educators must work to
ensure that all students have equal access to Al-powered educational tools.
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Data Privacy

As Al systems collect and analyze student data, concerns about privacy and data security
must be addressed. Ensuring that Al systems comply with data protection regulations
and respect student privacy is essential for building trust and ensuring the ethical use of
Al in education.

Future Directions

The future of Al in physics education is bright, with promising developments on the
horizon. Al has the potential to further enhance personalization in education, making
learning even more adaptive and responsive to the needs of individual students. As
technology continues to evolve, Al systems will become more intuitive, user-friendly,
and capable of simulating increasingly complex physical phenomena. The future of Al
in physics education will likely involve deeper integration of Al tools in everyday
teaching, fostering a more interactive, data-driven, and personalized learning experience
for all students.

Conclusion

The integration of Artificial Intelligence into physics education has the potential to
transform teaching methodologies, improve student engagement, and enhance learning
outcomes. Through personalized learning, virtual labs, and adaptive assessments, Al
offers new opportunities for both students and educators to explore the complexities of
physics in innovative and effective ways. While challenges related to equity, teacher
training, and data privacy remain, the potential benefits of Al in education are immense.
As Al technology continues to advance, its role in shaping the future of physics
education will continue to grow, providing a more accessible, engaging, and effective
learning experience for all.
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