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POJ1Ib OBPA3OBAHUA B 9KOHOMUYECKOM PA3BUTUMN:
AHAIIN3 BSAUMOCBA3UN YENTOBEYECKOIO KAIMUTATA
N SKOHOMUYECKOI'O POCTA

AHHOTALUA

B pmaHHOM cTatbe paccmatpuMBaeTCsl B3aMMOCBA3b MeXOy YpPOBHEM 06GpasoBaHUs
HaceneHnsa 1 nokasartensamMm 3KOHOMWYECKOro pocTa. NpoBoanTca aHanmM3 TEOPETUYECKMX
OCHOB KOHLIEMUUKN YenoBEeYeCKoro Kanutana, a Takke uccrnegyercs BNnsaHue MHBeCTULUNA B
obpasoBaHMe Ha NPOU3BOAUTENBHOCTb TPyAa U KOHKYPEHTOCMOCOOHOCTb HaUMOHaSbHbIX
3KoHOMUK. Ocoboe BHUMaHWEe yaensieTca ponu UUgpoBM3aLMM U COBPEMEHHbIX
TEeXHONornm B TpaHccopmavmm obpasoBaTenbHbIX CUCTEM U X BO3OENCTBUIO HA SKOHOMMUKY
3HaHUN.
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3KOHOMMKA 3HAHUN.
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OGpasoBaHue ABMAETCA OAHUM U3 KMYeBbIX (aKTOPOB YCTOMYMBOIO 3KOHOMUYECKOTO
pa3suTus. B ycnosusix rmobanusauum n cTpeMUTENbHOIO TEXHOMOMMYECKOro nporpecca
3HAYMMOCTb Y4€eNlOBEYECKOrO Kanutana — COBOKYMHOCTU 3HAHUW, YMEHWA U HaBbIKOB,
npuobpeTtaembix B npoLecce 0bOy4YeHusl, — HEYKNOHHO Bo3pacTaeT. MHorouncrneHHble

ncenenosaHna noareBepXaarT, 4YTO CTpaHbl C BbICOKMM YPOBHEM 06pa3OBaHHOCTI/1
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HaceneHnsa OeMOHCTPUPYIOT Gonee BbICOKME TeMMbl 3KOHOMMUMYECKOrO pocTa, OOorbLuyto
WHHOBALIMOHHYIO aKTUBHOCTb N YCTOMYMBOCTb K 3KOHOMUYECKUM NOTPACEHUAM [1].

KoHuenums yenoseyeckoro kanutana, paspabortaHHas B Tpygax T. Wynbua wn TI.
Bekkepa B 1960-x rogax, ctana TeopeTu4ecko OCHOBOM A5 U3yYeHnst ponin obpasoBaHus
B 9KkOHOMMKe. CornacHo AaHHOW KOHLUenuuu, BrioXeHus B obpasoBaHWe npeacTaBnsitoT
cobon UWHBECTUUMK, TeHepupylolmne oOTaayy Kak Ha uHAMBMAYanbHOM, Tak W Ha
o6LecTBeHHOM ypoBHe [2]. HacTosilwas cTtaTbs NOCBsLWEHa aHanm3y 3TOM B3aMMOCBS3M C
YYETOM COBPEMEHHbIX TEHAEHUMI LNpOoBON TpaHcopmaLmu.

1. TeopeTnyeckme OCHOBbI B3aMMOCBS3M 06pa3oBaHUSA N SKOHOMUKN

1.1. Teopus yenoBeveckoro kanuTtana

Teopus 4yernoBe4ecKoro Kanutana paccmaTtpuBaer  obpasoBaHue Kak
NPOM3BOAUTENbBHbLIN  aKTUB, WHBECTULMW B  KOTOPbIA  FEHEepPUpPYT  LONTOCPOUHYIO
3KOHOMMYeckyto oTaady. OCHOBbI JaHHOW KOoHUenuuu Bbinn 3anoXxeHbl aMepuKaHCKUMU
akoHomuctamn Teogopom LWynbuem u [apn bekkepom B 1960-x rogax. B cBoen
dyHoameHTanbHon pabote «MHBecTMumMn B 4eroseyeckun kanutan» (1961) Lynby,
Jokasarn, 4to pacxogbl Ha oOpasoBaHue, 34paBoOXpaHeHMe WU npodeccnoHasbHyo
NMOAroTOBKY CrefyeT paccMaTpuBaTb He Kak MnoTpebneHuwe, a Kak KanuTanoBIOXEHMS,
dopMupytoLLMe NPpon3BOANTENBHLIN NOTEeHUMan paboTHuka [1].

I Bekkep pas3Bun 3TN maewn, BBeas pasnuumne mexagy obwmm m cneumndunyeckum
yenoseyeckum Kanutanom. O6WMN 4YenoBeyeckU Kanutanm — 3HaHUS U HaBblIKM,
NpUMEHUMbIE B pa3fnu4yHbiX OTpacnsax W opraHusaumax, —  opmupyetcs
npeMMyLLecTBEHHO B  cuctemMe  dopmanbHoro obpasoBaHus.  Cneundundeckun
YenoBeyeckU KanuTan Cco3gaéTca B npouecce NpodecCcroHanbHONW  NoAroTOBKU
HenocpeacTBEHHO Ha pabovyeM MecTe U MMEET LEHHOCTb [faBHbiIM obpa3om Ans
KOHKpeTHoro pabotopatensi. MNogobHoe pasrpaHuyeHue no3BonseT OO6bACHUTb, NodYemy
rocygapctBo aKkTMBHO duHaHcupyeTr obuwiee obpasoBaHve, Torda Kak 3aTtpaTtbl Ha
npodeccrnoHanbHy0 NepenoaroToBKY Hepeako pacnpemenstoTcsa mexagy paboTHUKOM K
paboTtogatenem [2].

KnioueBbiM aHanMTUYECKUM MHCTPYMEHTOM TEOPUM YENOBEYECKOrO KanuTana CnyxuT
KOHUENuMsi BHYTPEHHEN HOPMbl AOXOAHOCTM obpasoBaHus. [lo pacdétram [.
Mcaxaponynoca u I. MNMaTpuHoca, Kaxabl AONONMHUTENbHBIN rof 00yyYeHus yBenuymnBaet
nHoMBuayanbHble goxoabl B cpegHeM Ha 8-10%. [lMpu aTtoM oOTAava OT HavasbHOro
o6pa3oBaHus, Kak NpaBuIo, Bbille, YeM OT BbICLLEr0, OA4HAKO B 9KOHOMMKaX 3HAHUN AaHHas

3aKOHOMEPHOCTb NpuobpeTaeT oGpaTHbI XapakTep: UMEHHO BbiCLUee U NocTrpagyanbHoe
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obpasoBaHMe obecneumBaeT HamboONbLLUMN MPUPOCT NPOU3BOANTENBHOCTU U 3apaboTHON
nnarol [4].

1.2. Heoknaccuyeckmne mogenu n ponb obpasoBaHns

B pamkax HeoKknaccuyeckom SKOHOMUYECKOW TEOpUM  OOMNTOCPOYHbIA  POCT
onpegensieTcs HakonneHMeM (OuM3n4ecKoro kanutana, poCTOM YUCNEHHOCTU HaceNneHns u
9K30reHHbIM  TexHorormdeckmm  nporpeccom. B mogenn  Conoy  obGpasoBaHue
paccmaTpmBaeTca Kak akTop, noBblwawwmnn  adpekTMBHOCTL  Tpyda: ©Gonee
o6pasoBaHHble paboTHUKN IKBMBANEHTHbI 6ONbLIEMY KONUYECTBY eanHUL, «3¢heKTUBHOIO
Tpygda», YTO cABUraeT 3KOHOMUKY K Boree BbICOKOMY YCTOMYMBOMY COCTOSHUMIO (steady
state) c bonee BbICOKMM YPOBHEM 0OX0A4a Ha AyLlly HaceneHus [3].

BmecTe ¢ Tem Heoknaccuyeckne Moaeny MMEKOT CYLLIECTBEHHOE OrpaHUYeHNe: OHN He
OOBACHSOT NPUPoAY CamMoro TEXHOMOrMYeCcKoro Nporpecca, cuntTast ero 3K30reHHbIM. JTo
OTKPbINIO MyTb K pa3paboTke ansTepHaTUBHbIX TEOPETUYECKMX KOHUEenuun, B LEeHTpe
KOTOPbIX HAXOOATCA NPOLECChlI HAKOMNMEHNA 3HAHUIN U YernoBeYEeCKOoro Kanutana.

1.3. Mogenu aHAOreHHOro 3KOHOMMYECKOro pocTa

KoHuenTyanbHbIW NPOPbIB B MOHUMaHUM ponv o6pas3oBaHMs B 3KOHOMUYECKOM
pasBUTUN ObiN OOCTUrHYT Gnarogapsi TeOpUsiM SHAOMEHHOro pocTta, paspaboTaHHbIM B
kKoHue 1980-x — Havane 1990-x rogos. Non Pomep B cBoen mogenu (1990) nokasan, 4To
TEXHOMOMMYECKNA NpPOrpecc SBMASIETCA SHAOrEHHbIM pPe3ynbLTatoM  LeneHanpaBneHHbIX
WHBECTULMA B NCCNedoBaHUA 1 pa3paboTkun, KOTopble OCYLLEeCTBAITCA 06pa3oBaHHbIMK
paboTHMkamn. HakonneHwe 4enoBeyecKoro Kanutana B [aHHOW Mogenu BbICTynaeT
NnepBMYHbIM [BUratenemM AOMAroCPOYHOr0 poCTa: YeM Bbille YypoBeHb 0OOpa3oBaHWS B
9KOHOMMUKE, TEM NMHTEHCUBHEE reHepaLms HOBbIX 3HAHU 1 TexHonorum [3].

Pobept Jlykac B mogenn 1988 roga pasrpaHMyumn pU3NYeckum N 4YenoBeyveckum
KanuTan Kak camocTosaTenbHble doakTopbl npoudsoacTBa. OH nokasasn, YTo HakonfeHue
4YernoBeYyecKoro KanuTana 4epe3 obpas3oBaHMe CnocoOHO nopaepXmBaTb YCTOMYUBBIN
AOMrOCPOYHBIA  POCT  Aaxe npu  ybObiBawowen otaade oT  (PU3MYecKoro Kanutana.
MpuMHUMNManNbHO BaXHO, 4TO B Mogenu Jlykaca 4enoBedyeckun Kanutan obnagaer
NONOXMTENbHbIMU BHELWHNMUK adbdekTamum (externalities): 6onee obpasoBaHHbIE pabOTHUKK
MOBbLILLIAIOT NPON3BOAUTENBHOCTL CBOMX MeHee 0bpasoBaHHbIX Konner, Yto obecneymsaet
AOMNOMHUTENbHBIA MPUPOCT COBOKYMHOIO BbIMyCKa CBEPX WHOMBMOYaANbHOW OTAayYu OT
obpasoBaHus [5].

Mogenb HenbcoHa — ®dennca genaet akueHT Ha Apyrom acnekrte: obpasoBaHue

NOBbILLAET CMOCOOHOCTb 3KOHOMWUKMU agantupoBatb U BHeOPATb HOBblE TEXHOJNIOTNN.
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CornacHo atomy noaxogy, CTpaHbl ¢ 6onee BbICOKMM ypoBHEM obpasoBaHusa ObicTpee
OCBauBalOT MepefosBble TEXHONOrMu, paspaboTaHHble B OpYyrMx CTpaHax, 4To ocobeHHO
aKTyanbHO AN pa3BMBaKOLLMXCA 3KOHOMUK, peanusyrolmx cTpaTtermo TEXHONOrM4ecKoro
AOroHSALWero passuTtus [6].

1.4. BHewHune achppekTbl 06pazoBaHms 1 NpoBarbl pblHKA

OaoHMM M3 KNYEeBbIX apryMeHTOB B MOMb3y rOCYAapCTBEHHOrO (prHaHCUpOBaHUSA
006pa3oBaHMA CNYXUT HanuMyune 3HaYUTENbHbIX MOMOXUTENbHbLIX BHELIHMX 3(dEKTOB.
O6pasoBaHve nopoxgaeT BbIroAbl, KOTOpble  OOCTATCA He  TOMbKO  camMoMy
obyyatoLemMycs, HO 1 OoBLLECTBY B LENOM: CHWXKEHWE YPOBHSA NPECTYMHOCTU, yNny4dlleHue
COCTOSIHUS 30POBbS HACENEHNS, POCT rpax4aHCKOW akTUBHOCTU, NOBbILLEHME COLManibHON
MOBUIBHOCTY U yKpensieHne AeMoKpaTUYeCKUX MHCTUTYTOB. [MOCKONbKY YaCTHbIN areHT npwu
NPUHATUN pelleHna 06 MHBecTUUUAX B obpasoBaHMe He Y4uTbiBaeT 3TU OOLLECTBEHHbIe
BbIroAdbl, PbIHOYHOE paBHOBECWe npeanonaraer HegoCTaTOYHbIA OObEM MHBECTULUNA B
obpasoBaHMe No CPaBHEHMIO C COLMAnNbHO ONTUMarbHbIM ypoBHEM [1].

MomMumo 3TOro, pbIHOK 0BpasoBaHUs NoaBep)KeH UHAPOPMALUOHHOW aCUMMETPUN Y
HecoBepLUEHCTBaM pblHKa KanuTana. [loTeHumarnbHble CTygeHTbl MOryT WCMbITbIBaTb
TPYOHOCTM C MOfyYeHMeM KpeauToB And dUHAHCUMpoBaHUS OBOyYeHUsi, MOCKOSbKY
YernoBeYeCKMn Kanutan He MOXET CIYyXWUTb 3anoroBblM obecrnevyeHneM. 3TO Co3daér
AONonNHUTENbHble BGapbepbl ANA nonyyvyeHust obpasoBaHWsA, B MNepBYHO odepedb Ans
npeacrtasutene  ManoobecneyeHHbIX  CroéB  HaceneHusi, 4Yto  0BOoCHOBbIBaEeT
HeobX0ANMMOCTb FOCYyAapPCTBEHHbLIX CTUNEHOUN, cybcuampoBaHHbIX KPeAUTOB U MPSMOro
durHaHcnpoBaHna obpasoBaTenbHbIX yuYpexaeHun [2].

1.5. SMnupuyeckue cemaeTenbCcTBa U COBPEMEHHbIE NOAXOAbI

MHOrOYMCNEHHbIE AMMNUPUYECKME WCCREAOBaHUS MOATBEPXAAlT MNOMNOXUTENbHOE
BO3dencTBMe 0O6pa3oBaHWUA Ha OSKOHOMUYECKMMA POCT, XOTA KOHKPETHblE OLEHKU
CYLLLeCTBEHHO BapbUPYyHOTCA B 3aBUCUMOCTU OT METOAONOrMM U paccMmaTpmBaeMblX CTPaH.
AHanus gaHHbIX MO LUMPOKOMY KpPYyry CTpaH BbISIBUIT YCTOWYMBYIO MOMOXUTENBHYIO CBSA3b
MexXay CPeaHUM YUCIOM NeT 0ByYeHus HaceneHns 1 ONrocpoYHbLIMM Temnamu pocta BBI
Ha Aaywy HaceneHus. [loBblleHMe cpedHero ypoBHS oO6pa3oBaHuMst Ha OOMH oA
accouumpyeTtcs ¢ ycKkopeHnem akoHomuyeckoro pocta Ha 0,37-0,58 npoueHTHOro nyHkTa B
roq [4].

CoBpemMeHHble nccneaoBaHns BCE B Oonbluerd Mepe akUEHTUPYIOT BHUMaHWE He
TONMbKO Ha KOSMIMYECTBEHHbIX, HO M Ha KayeCTBEHHbIX MapameTpax obpasoBaHusa. IpuK

Xanyw n Jliogrep BéccmaH nokasanu, YTO KOrHUTUBHbIE HaBbIKM yYalLUUXCS, U3MEpPSIEMbIE
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mexayHapogHbeiMu Tectammn (PISA, TIMSS), asnsaioTcsa 6onee 3HauYnMMbIM MPEeanKTOPOM
9KOHOMWYECKOro pocTa, 4YeM opMarnbHas MpPOAOIKUTENBbHOCTL 0ByyeHus. 3To
CBUAETENbCTBYET O TOM, YTO Ka4yeCTBO 0Opa3oBaTernbHbIX CUCTEM MMEET HE MeHbLuee, a
nopow n 6onbluee 3HadeHne, Yem oxBaT obpasoBaHnem [6].

Takum obpa3oM, TeopeTMyeckne KOHLENnuUMM 1 aMnupuyeckme gaHHble ybeguTtensHo
CBMAETENLCTBYIOT O TOM, YTO 0Opa3oBaHue NpeacTaBnsier cobon cTpaterndecknin pakTop
9KOHOMWUYECKOro pasBuTusa. VHBecTMUMM B 4enoBeyeckun Kanutan obecneynsaroT
AOMNrOCPOYHBIA POCT NPOU3BOAUTENBHOCTU, CTUMYMUMPYIOT TEXHOMOIMYECKME MHHOBALMN U
CnocobCTBYIOT COKpaLLEHNI0O 3KOHOMMYECKOrO HepaBEeHCTBa Kak BHYTPM CTpaH, Tak U Ha
MeXAyHapOAHOM YpOBHE.

2. CpaBHutenbHbln aHannia obpasoBaTefibHbIX pacxogoB W nokasaTteneu
9KOHOMWYECKOro pocTa

B Tabnuue 1 npencraBneHbl CpaBHUTENBbHbBIE AAHHbIE O pacxodax Ha obpasoBaHue (B
% ot BBI1) n cpegHerogosbix Temnax pocta BBI1 no psagy ctpan 3a nepmog 2000-2020
rofoB.

Tabnuua 1 — Pacxogbl Ha obpasoBaHue un Temnbl pocta BBIT (2000-2020)

Pacxopabl CpenHerogoBou UHpekc

Ha poct BBIN, % Yyen. pa3BuUTUA
CtpaHa obpa3oBaHue, (2020)

% BBIN

(cpenHee)
duHnaHpua 6,1 1,8 0,938
OxHasn 4,9 4,2 0,916

Kopes

Kutan 3,7 8,1 0,761
Bpasunusa 5,8 2,3 0,765
Hurepus 2,1 5,4 0,539

NcmoyHuk: paspa6omaHo aemopoM Ha OCHoee OaHHbIX BcemupHozo 6aHka u
rMPOOH
[aHHble Tabnuub 1 cBunaeTenbCcTByrOT O HEOOQHO3HA4YHOM XapaKTepe B3aMMOCBA3N:

CTpaHbl C BbICOKMMWU pacxogamu Ha obpasoBaHne (PuHnaHaus, HOxHaa Kopes)
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AEeMOHCTpUpYoT bonee BbicokMe 3HaveHna MPUYIN, Toraa kak Temnbl pocta BBI1 B psage
CNnyYyaeB BbllLE Y Pa3BMBaAIOLLMXCS IKOHOMUK. OTO 06bACHSETCS adhdheKTOM HU3KOM BGasbl
3HAYMTENbHBIM CTPYKTYPHbIM MOTEHUMAnoM pocTa B CTpaHax C (OopMUPYHLLUMUCS

PbIHKaMu.

2.1. TnobGanbHble TeHAeHUMM uHaHCUpoBaHWA obpasoBaHUA — cCpeaHEMUPOBbIE
nokasaTenu, pasnuuns Mexay pasBuUTbIMM U pas3BMBalOWMMUCA CTpaHamu, npobnema

3pheKTUBHOCTM VS. OOBLEMA pacxoaoB

2.2. PervoHanbHble Moaenu — BOCTOYHOAa3mnarTckas, cKaHOMHaBCKas,
naTMHoamepukaHckas u apukaHckas mogenu ¢ pasbopom nx KndeBblx YepT; Tabnuua 2

C 5 perMoHamu

2.3. OhhekTMBHOCTL: KONNYeCTBO VS. kKayecTBO — onbIT PISA/OJCP, kencbl KOxHoM

Kopew n CMHranypa KaK npuMepsbl LeneHanpasieHHbIX WHBECTULINI B o6pasoBaH|/|e

2.4. HepaBeHCTBO B A0OCTYyne — reHAepHbIn pa3pbiB, reorpaduyeckme bapbepbl U nx

9KOHOMMYECKME NnocrieacTtenA

3. UndbpoBunzaums obpaszoBaHnsa N 9KOHOMUKA 3HAHUI

3.1. KoHuenuus SKOHOMWMKWM 3HaHWM — BBegeHue TepmuHa no [pykepy (1969),
OCODBEHHOCTM 3HaHWN Kak 3KOHOMMYecKoro bnara (HeuckniovaemocTb, spillovers), HoBble
TpeboBaHus k komneTeHumsam XXI Beka no ctangaptam KOHECKO/OSCP

3.2. NHCcTpyMeHTbl 1 macwTtabbl undgposusaumm — MOOK, NN, VR/AR, 6onblume
AaHHble, TMbpuaHoe obydeHune; poct ot 300 Teic. oo 220 MNH Nonb3oBaTenen OHMamH-
nnatgopm; Tabnuua 3 ¢ 5 MHCTpyMeHTamu, nx obpasoBaTenibHbIMM U 3KOHOMUYECKMMN
adpdekTamum

3.3. OkoHOMU4Yeckne ahbdekTbl — CHUXKEHME KOprnopaTMBHbLIX pacxofoB Ha 50-70%
(McKinsey), aBTomatunsaums vs. nepenoarotoBka (85 mnH / 97 mnH pabounx mect no BAD),
pbiHOKk EdTech — $254 mnpg — $605 mnpg k 2027 .

3.4. Undpposoe HepaBeHcTBO — digital divide, pa3pbiB goctyna K MHTepHeTY (37% Vvs.

91%), pucku BOCNpOM3BOACTBA COLMANbHOIO HEpaBEHCTBA

12
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3.5. Ctpaterum pa3suTtus — MHpACTPyKTypa, negarorndeckme Kkagpsbl, iokanusaums

KOHTEHTa, NPU3HaHNE MUKPOCTENEHEN; KENC DCTOHUM Kak 0OpasLioBor Mogenu

3akntoveHune

lMpoBenéHHOe wnccnenoBaHne MO3BOMSET cdopMynMpoBaTb psg  obobLiaromx
BbIBOLOB O XapakTepe M MexaHu3Max B3aMMOCBS3M 00pa3oBaHUS M 3KOHOMWYECKOrO
pasBUTUA B KOHTEKCTE nepexofa K 9KOHOMUKE 3HaHUN.

Bo-nepBbIx, TeopeTnyeckuin aHanu3 ybeauTenbHO CBUMAETENbCTBYET O TOM, 4YTO
obpasoBaHMe SABMNAETCS He MNpoCTo couuanbHbiM  6narom, HO  CTpaTernyeckmm
9KOHOMMYECKMM pecypcoM. HaumHas ¢ knaccmnyeckmx pabot Lynbua un bekkepa wu
3aKaH4yMBasi COBPEMEHHbIMW MOENSAMW SHOOIMEHHOrO0 pPOCTa, 3KOHOMMYECKasi Hayka
HEM3MEHHO MOATBEPXAAeT: WHBECTMUMW B YenoBe4vyeckuin kanutan obecneymsatoT
AONrOCPOYHYO OTAa4y, MHOMOKpaTHO MpeBbILIAOLLY0 NepBoHavanbHble 3aTpaTtbl. Kaxabin
AONONHUTENbHbIN rog obyveHna yBenuuMBaeT MHAuBUAyanbHble goxoabl Ha 8-10% wn
BHOCUT M3MEPUMbIA BKIad B COBOKYMHbIN 9KOHOMUYECKMA Bbinyck [4]. [lpu aTom
obpasoBaHue NoOpoXKAAET 3HAYMTESbHbIE MOMNOXUTENbHbIE BHELWHNE 3dEKThI, KOTOPbIE He
yNnaBnuBarTCs YacTHbIMWU areHTamu, YTo 060CHOBbLIBAET NPUOPUTETHYIO POSb rocyaapcTea
B (hrHaAHCMpOBaHWUN N perynmpoBaHnmn obpasoBaTeribHbIX CUCTEM.

Bo-BTOpPbIX, CpaBHUTESNbHbLIN aHanNM3 MeXayHapOoAHbIX AaHHbIX NoKasan, YTo NpocToe
yBenuyeHne pacxodoB Ha obpasoBaHMe He rapaHTUpyeT aBTOMAaTUYECKOro YryulleHus
9KOHOMMYECKMX nokasatenen. OnpegensaowmnmMmm aktopamm 3KOHOMUYECKOW OTAayn OT
obpasoBaTenbHbIX WMHBECTMLUMA BbICTYNalT: KayecTBO 0OpasoBaTenbHOro npouecca u
negarorm4ecknx KagpoB, COOTBETCTBME KOMMNETEHUUIN BbIMYCKHMKOB NOTPEOHOCTSAM pbIHKA
Tpyda, WMpoTa oxBata obpa3oBaHMEM C MUHMMarbHbIMKM Bapbepamn JOCTyna, a Takke
Ka4eCTBO WHCTUTYUMOHAanNbHOMW cpeabl, cnocobHonm abcopbupoBatb U 3¢ EPEKTUBHO
NCMonb30BaTb HAKOMMEHHbIN 4ernoBevecknin kanutan. CTpaHbl, cymeBluMe obecneynTb
onTuMarnbHoe coyeTaHne 3Tux ycrnoBun — HOxHas Kopes, PuHnangus, CuHranyp,
OCTOHUSA, — OEMOHCTPUPYHOT Hauny4lume pesynbraThbl Kak C TOYKU 3peHMst SKOHOMMUYECKOTo
poCTa, TaK U C TOYKU 3PEHUS Ka4eCTBa XMU3HW HaceneHus [6; 9].

B-TpeTbux, nepexon K 3KOHOMUKE 3HaAHUM N LMdpoBas TpaHchopMauna paamkanbHO
MEHSIT camn TpeboBaHus K obpasoBaHuto. Ha cmeHy mogenn «obpasoBaHuMe Ha BCHO
XW3Hb» NPUXOOUT KOoHUenuusa «obpasoBaHne 4Yepes Bclo Xu3Hb» (lifelong learning): B
YCNOBUSIX, KOrda TexHONorndeckme usaMeHeHus obecueHuBaoT npodeccnoHanbHble

HaBblkM ObICTpee, Yem Koraa-nnbo npexae, CnocobHOCTL K HEMPEPLIBHOMY CaMOOBy4eHMI0
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U agantauuMm CTaHOBUTCS KIHOYEBOW SKOHOMMYECKOW KomneTeHuuen. LlndpoBusauyus
obpa3oBaHMA OTKpbIBAET MPUHUUNUANBHO HOBblE BO3MOXHOCTU OIS peanu3auun 3TOK
KOHUenuuu, gernass KadyecTBeHHoe obOpasoBaHMe  AOOCTYMHbIM  HE3aBUCMMO  OT
reorpadn4eckoro nofioXXeHnsa n coumanbHoro cratyca oby4atowierocs. Bmecte ¢ Tem oHa
nopoxagaeT HOoBble puckn: 6e3 LierneHanpaBneHHoN NOIMTUKM MO NPEeoSoNeHNIo LMdPOBOro
HepaBeHCTBa TEXHOMOrMyeckme MuHHoBauum B 0OpasoBaHWM MOryT Yycyrybutb, a He
COKpaTUTb pa3pbiB MexXay pasnuyHbiMu rpynnammn Hacenexus [10; 11].

B-ueTBépTbIX, NPOBEAEHHbLIN aHanuM3 Mo3BOSSET BbIIBUTb PAL MNEepPCnekKTUBHbLIX
HanpasneHun obpasoBaTenibHOM NOMINTUKK, CIOCOBHBIX MaKCUMMU3MPOBATbL AIKOHOMUYECKYHO
oTAayy OT MHBECTULMIN B YenoBedeckun kanutan. K HMM OTHOCATCS: nepeopueHTauums
obpasoBaTenbHbIX CUCTEM C Nepefadn 3HaHUn Ha (POPMUPOBaHME KOMMETEHLMIA; pa3BuTme
MeXaHN3MOB rocyapCTBEHHO-4aCTHOro NapTHEPCTBA B (PMHAHCMPOBAHUM U OpraHn3auun
obpa3oBaHus; BHedpeHWe cucTeM obOpas3oBaTeNbHON aHanUTUKU ANS  MNOBbIWEHUS
apbekTMBHOCTN  ynpaBneHuss  obpasoBaTenbHbIMKM  YYpPEXAEHUSMU;  co3daHue
WHCTUTYLMOHANbHBIX MEXaHW3MOB MNPU3HaAHUS HedopMasribHOr0O W OUCTaHLMOHHOMO
obpasoBaHus; a TaKkke uUeneHanpaeneHHble uHBecTMUuMM B STEM-o6pasoBaHue u
UMPOBYID TPAMOTHOCTb Kak OCHOBY [nAns (POPMUPOBaHUA KagpoBOro noTeHuunana
WHHOBALMOHHOW SKOHOMUKM [7; 8].

B-natbix, ocoboro BHUMaHUS  3acnyxuBaeTr  npobnema  cornacoBaHus
obpasoBaTenbHbIX CUCTEM C 33ajadyaMu  YCTOMYMBOIO 3KOHOMUYECKOrO pa3BUTUS.
O6pasoBaHne He [OOMKHO CBOAMTLCA WCKMIOYMTENBbHO K MOATOTOBKE 3KOHOMUYECKM
NPOAYKTUBHbLIX PabOTHMKOB — OHO MpM3BaHO (OPMUPOBATL FPaxKAdaH, CMNOCOOHbLIX K
KPUTUYECKOMY OCMBICIIEHMIO COUMAnbHbIX U 3KOHOMUYECKUX NpPobnemM, OTBETCTBEHHOMY
NPUHATUIO PELLEHUA N aKTUBHOMY Y4acTUIO B AeMOKpaTuyeckux npoueccax. MIMeHHo aTo
LWUMPOKOE MOHUMaHue ponn obpas3oBaHUSA NEXUT B OCHOBE KOHUENUUW YCTOMYMBOIO
passutna OOH (Uenb 4 — «KadecTtBeHHOe obpasoBaHume»), KOoTopas paccmaTtpuBaet
obpa3oBaHMe Kak CKBO3HOM (haKTOp AOCTMXKEHUS BCEX OCTallbHbIX Lienien YCTOMYMBOro
passutuna [10].

Takum ob6pasom, B ycrnoBusx rnobanbHOM KOHKYPEHUMU 3a TEeXHONorndeckoe
nMAepcTBO M nepexoda K 3KOHOMUKE 3HaHun obpasoBaHune npuobpeTaeTr 3HaveHue
cTpaTernyeckoro HaumoHarnbHoOro npuoputeta. [ocygapcrea, cBoOeBpeMEHHO OCO3HaBLUNE
3TOT akT M nocnegoBaTenibHO peanuaylolme MNOMUTUKY pPasBUTUS  YenoBEeYeCKoro
KanuTtana, nonyyalT YCTOMYMBbIE [OMArOCPOYHbIE KOHKYPEHTHble MpenmyLliecTsa.

HanpotnB, HegoumHBecTMpoBaHWMe B obOpasoBaHuMe Heu3bexHo obopaunBaercs
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TEXHONOrMYEeCKMM OTCTaBaHUEM, CTPYKTYpHOI 6e3paboTrLen 1 CHKEHNEM HaLMOHaNbHON
KOHKYPEHTOCMOCOOHOCTM — MOTEPSIMM, KOTOpble B [ONTOCPOYMHOM  MEepCcnekTuBe

HeconoctaBMMO TpesBbIWLakoT n+o6y+o KPaTKOCPO4YHYHO 3KOHOMUKO Ha o6pasoBaTeanb|x

pacxogax.
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HE®TEITA30BASA OTPACIIb U CUCTEMA NOAroTOBKU KAOPOB:
COBPEMEHHBbIE nNoaxoAbl K MTPO®ECCUOHANIbHOMY OBPA30BAHUIO
B YCNOBUAX QHEPTETUYECKON TPAHC®OPMALIUU

AHHOTALUA
B pnaHHOM cTaTbe uccnenyeTca B3aMMOCBA3b MeXAy pasBuTnemM HedpTerasoBom oTpacnv n
CUCTEMON  npodeccMoHanbHOro  obpasoBaHus  cneuvManucToB  Ans  TOMNSIMBHO-
3HepreTMyeckoro Kommnnekca. PaccmaTpuBaloTca TeopeTudeckne OCHOBblI MOLArOTOBKU
WHXEHEPHbIX W  TEXHUMYECKUX KagpoB Anst  HedTerasoBoM  MPOMBbILUNIEHHOCTH,
aHanu3npyTCa COBpeMEHHbIEe 06pa3oBaTeribHble TEXHOMNOrMM — CUMYIIATOPbI, LMGPOBbIE
ABOVHUKKW, AOUCTAHUMOHHOE obyvyeHne, — npuMeHsieMble B OTpacneBbiX Y4YebHbIX
3aBegeHunax. Ocoboe BHMMaHWE yaenseTcs Bbl30BaM, CBA3aHHbIM C 3HEpPreTUyeckou
TpaHcdopMmaunen M HeobxoaMMOCTbIO NEepPenoaroToBKUM CReunanucToB B YCNOBUSAX

nepexofa K HU3KOYrnepoaHON 3KOHOMUKE.
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THE OIL AND GAS INDUSTRY AND PERSONNEL TRAINING SYSTEMS:
MODERN APPROACHES TO PROFESSIONAL EDUCATION
IN THE CONTEXT OF ENERGY TRANSFORMATION

ANNOTATION
This article examines the relationship between the development of the oil and gas industry
and the system of professional education for specialists in the fuel and energy sector. It
reviews the theoretical foundations of engineering and technical personnel training for the
oil and gas industry, and analyzes modern educational technologies — simulators, digital
twins, distance learning — used in industry-specific educational institutions. Special
attention is paid to the challenges associated with energy transformation and the need to

retrain specialists in the context of the transition to a low-carbon economy.
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HedTerasosas otpacrnb siBNAeTCA OOHUM U3 KITHOYEBbLIX CEKTOPOB MWPOBOW 3KOHOMMKM,
obecneunas okono 57% rnobanbHoro NnoTpebneHna nepBUYHbIX 3HeproHocutTenen. Ons
TypkmeHucTaHa, obnagarowero YeTBEPTbLIMM NO BEMNNYMHE 3anacamu NPUPOLHOro rasa B
Mupe, 9ddeKkTMBHaAs cucTeMa MNOArOTOBKM KagpoB AN  TOMNSMBHO-3HEPreTUYeCcKoro
komnnekca (TOK) npuobpetaeT cTpaTternyeckoe 3HadYeHue: WUMEHHO OT KadecTBa
WHXEHEPHOro M TEXHWYECKOro nepcoHana BO MHOIMOM 3aBWCUT CMNOCOBHOCTb CTpaHbl
pauMOoHanbHO UCMONb30BaTb CBOWM MPUPOAHbLIE PECYPChbl U HapalumMBaTb MX IKCMOPTHbIN
noteHuuan [1].
BmecTte ¢ Tem HedTerazoBasi oTpacnb NepexuBaeT nepuog rinybokon TpaHchopmaumm,
0OYyCrnOBNEHHON 3HEPreTMYecKMM nepexoaom, UudpoBM3aumMen nNPOU3BOLACTBEHHbIX
NPOLECCOB U Y)KECTOYEHMEM IKONOrmyeckux TpeboBaHnn. STU N3MEHEHUS NPeabaBnsaloT
NPUHUMNMansHO HoBble TpeboBaHNA K NpodeccnoHasibHbIM KOMNETEHUNAM CneunanmncTos
TOK un, cooTBETCTBEHHO, K CUCTEME WX NOAroToBKM. HacTtoswas craTtbsa nocBsLleHa
aHanma3y COBpPEMEHHOrO COCTOSIHUSA U NepCrnekTUB pa3BnTUSa Hedpterasosoro obpasoBaHus
B KOHTEKCTe rrnobanbHbIX aHepreTUYeCcKnx TeHaeHuun [2].
1. TeopeTnyeckme oCHOBbI NOAroTOBKU KaapoB AN HedTerazoBon oTpacnu
1.1. Cneundomka yenoBe4yeckoro Kanurtana B HepTerazaoBom NPOMbILLIIEHHOCTHU
HedTerasoBas oTpacrnb npeabasnsetr ocobble TpeboBaHWS K YerioBe4eCKOMy KanuTany
cBoux cneuyunanuctoB. B otnuume oT OGonblUMHCTBA OPYrUX CEKTOPOB 3KOHOMMUKM,
HedpTerasoBasi MPOMbILUMEHHOCTL TpebyeT codeTaHus rnybokux dyHAaMeHTanbHbIX
3HaHUM B 0bBnacTu reonornn, XumMumn, OU3NKN U TEPMOLMHAMUKM C NPaKTUYECKUMU
WHXXEHEPHBIMN KOMNEeTEHUNAMK, npuobpeTaeMbiMM HEMNOCPEACTBEHHO Ha MPOM3BOACTBE.
OTa [OBOMCTBEHHOCTb 0OycrnoBnmBaeT 0COBOyl0 ponb Kak akageMuyeckoro, Tak MU
NPOU3BOACTBEHHOrO 06y4YeHns B NOLArOTOBKE OTpacreBbiX cneynanmcTos [1].
Teopusa crneunduryeckoro Yernoseyveckoro kanutana . bekkepa HaxoauT B HedpTerasoson
oTpacnu Haumbonee sipKOe BOMSOLLEHME: 3HAYUTENbHAA YacTb KOMMNETEHUUA HedTAHUKa
UM rasoBuKa SBNSETCH BbICOKOCNEUMPUYHOM — OHa OpMUPYETCa B YCINOBUAX
KOHKPETHOIO  MECTOPOXOEHUS,, KOHKPETHOM TEeXHONMOMMYEeCKoM LEMNoYKM W uUMeeT

OrpaHN4YeHHyro npuMMmeHnMoCTb 3a npegenamn oTpacrin. OT0 co34aéT OObLEKTUBHbLIE
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CTUMYIbl ONs KPYMNHbIX HedTerasoBbIX KOMMAHWMA MHBECTUMPOBATb B KOpnopaTUBHOE
o0y4eHune n BbiICTpamBaTb COBCTBEHHbIE OOpa3oBaTenbHble cucteMsl [3].

1.2. CTpykTypa npocheccmoHanbHbIX KoMmneTeHuun cneumanuctoB TIK
CoBpeMeHHbIM cneumanncT HedpTerasoBon oTpacnv AOSMKEH BrnageTb KOMMEeTEeHUUsMU
HECKOSNbKMX YpOBHEN. ba3oBble TeXxHUYeckne KOMMNeTeHL MM OXBaTbIiBalOT 3HaHMSA B obnacTtu
pasBedkM n obblun yrneBoaopoaoB, OypeHus CKBaXkmH, HedTENPOMbICIIOBOW reoriormu,
TpybonpoBogHOro TpaHcnopTa M HedTenepepaboTkn. YnpaBneH4yeckne KomneTeHuum
BKMOYAKOT HaBblKM MPOEKTHOr0 MEHEeAKMEHTa, YNpaBfieHUs puckamum M OpraHu3auuu
npombiLweHHon 6e3onacHoCcTU. HakoHew, ungpoBble KOMNETEHLMM — YMEHUEe paboTaThb C
reomHgopmaunoHHseiMn cuctemamm (F'MC), nporpammamn MoLenupoBaHusi NMacToB U
cucTtemMamMu npombilwneHHoro uHtepHeta Bewen (IloT) — npuobpetatoT BCE Bonbluee
3HayeHue B YCroBusX Uudposm3aumnm nponssoactea [4].

MexxayHapoaHas accouuaumsa npoussoautenen Hedtm u rasa (IOGP) paspabortana
npodeccuoHanbHble paMkm KomneteHumn ans 6onee 4yem 80 cneumanbHoOCTEN
HedpTerasoBon oTpacnun, cucteMatusmpoBaB TpebOBaHUA K 3HAHUAM, YMEHUAM U OMbITy
CrneumanmcToB Ha KaXK4OM KapbepHOM YPOBHE. OTU paMKM BCE aKTUBHEE MCMOMb3YHTCH
HaunoHanbHbIMM 0Obpa3oBaTenbHbIMU CUCTEMaMW Kak OCHOBa [Af1 MPOeKTUpOBaHMUSA
y4ebHbIX nporpamm [4].

1.3. Mogenu opraHusauum HedpTerazoBoro oopasoBaHus

B MMpoOBOM npakTuke CroXuincb TPU OCHOBHblE MOAENW OpraHumsaumm HedTerasoBoro
obpasoBaHus. [llepBas — yHuMBepcuTeTCKas MoAenb — npegnonaraet noaroToBKy
crneumanmcToB NPemMMyLLECTBEHHO B CNeLMann3npoBaHHbIX HeddTerasoBblX By3ax UM Ha
NponbHbIX hakynbTeTax TEXHUYECKUX YHMBEpPCUTeTOoB. [laHHas mogens obecnevmBaeT
rnybokyo dpyHaamMeHTanbHy NOoAroTOBKY, OOHAKO Hepeako cTpagaeT OT paspbiBa Mexay
akageMuyeckum cogepkaHnem n peanbHbIMU MPOM3BOACTBEHHbIMU TpeboBaHmaMu [2].
Btopas — kopnopatmBHas MoAenb — peanusyeTcs KpYnHbIMWU HedTerasoBbiMU
KOMNaHnsMn, pacnonararowymMmm CO6CTBEHHBIMU YY4EOHbIMM LIeHTpaMn. Takme KoMnaHuu,
kak Saudi Aramco, Shell, BP n «["asnpom», UHBECTUPYIOT 3HauYUTENbHbIE CpeacTBa B
KoprnopaTuBHoe o00y4eHne, obecneumBas NPaKTUKO-OPUEHTUPOBAHHYKD MOLrOTOBKY C
NCNONb30BaHMEM CaMOro COBPEMEHHOro 06OpyAOBaHUA M CUMYNATOPOB. TpeTba —
AyanbHaa mogenb — obbeanHseT npenMyLlecTBa YHUBEPCUTETCKOrO M KOPNOpaTUBHOIO
obpasoBaHMsi Yepe3 MexaHu3Mbl COBMECTHbIX MPOrpamMm, CTaXMPOBOK W MNPAKTUK Ha
npounssogcrtsee [3].

2. CoBpeMeHHble TEXHOOrMm oby4yeHus B HepTerasoBom oTpacnm
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Hedpterazosas npoMbILLIIEHHOCTb ABSETCA OAHUM U3 NMOEPOB MO BHEOPEHUIO NepPeoBbIX
TEXHOMOrMA B CUCTEMY npodeccuoHanbHoro obyyeHusi. Bbicokad  CTOMMOCTb
obopygoBaHUs, CMOXHOCTb MPOU3BOACTBEHHbLIX MPOLIECCOB WU KpUTUYECKas BaXXHOCTb
GesonacHOCTM Ha HedTerasoBblx 0ObekTax C€o34alT MOLWHble CTUMYNbl AN
NCMONb30BaHUSA TEXHOSIOrMYECKUX CUMYNATOPOB W BUPTyarbHOW peanbHOCTU  Kak
anbTepHaTMBbl TPAANLNOHHOMY MPOM3BOACTBEHHOMY OBy4YeHMIO.

2.1. CumynsaTtopbl 6ypeHus n undpoBbie ABOMHUKMU

Cumynatopbl  OypeHMss CKBaXWH npeacTtaBnaAlT cobor  nporpaMMHo-annapaTHble
KOMMEeKCbl, BOCMPOU3BOASALLME BCe acnekTbl npouecca OypeHuss — OT ynpasreHus
BypoBou yCTaHOBKOW Ao pearmpoBaHus Ha HeluTaTHble cuTyauumm
(ra3oHeTEeBOOONPOSABEHMUS, MPUXBaTbl OYPUSTbHOrO MHCTPYMEHTA, aBapunHbIE BbIBPOCHI).
[MpuMeHeHe cMMynsaTOpOB Mo3BosisieT oby4varLwmmcs NpuobpecTn NpakTUYEeCKU onbIT B
GesonacHon cpefe, oTpabaTbiBas HaBbIKW, KOTOPble B pearbHbIX YCNOBUSAX MOTYT ObITb
noslyyeHbl NuLWb 3a rogbl paboTs! [5].

TexHornorma undposbix ABorHMKoB (Digital Twin) oTKpbiBaeT NpuvHUMNMANbHO HOBbIE
BO3MOXHOCTM [Onsi obyyeHus aKcnnyaTaumoHHOro nepcoHana. Ludposon OBOWMHUK
MECTOPOXAEHNS WM TEXHOSIOMMYECKOW YCTaHOBKM MNpeAcTaBndeTr cobon BUPTyaribHYHO
MoOAenb, CUHXPOHU3MPOBAHHYIO C pearibHbiIM OOBEKTOM B pexume pearibHOro BpeMeHMW.
O6y4yeHve Ha unpoBOM [ABOMHMKE MO3BOMSET chneunanucTtam usydaTb noBeaeHue
peanbHblX CUCTEM B PpasfuyHbiX pexumax paboTbl 06e3 pucka HapylleHus
NPOM3BOACTBEHHbIX NPOLIECCOB [6].

2.2. BuptyanbHasa 1 [onosniHeHHas peanbHOCTb B HecpTera3oBom ob6pasoBaHum
TexHonorum BuptyansHon (VR) u gononHeHHou peansHocTn (AR) Haxogat wwmpokoe
npuMeHeHne B HedTerasoBoM obpasoBaHuW, OCOBEHHO ANA MOAroTOBKM NepcoHana K
paboTe B oOnacHblX W TPYAHOOOCTYMHbLIX YycnoBusX. VR-cUMynATopbl MNO3BOMSKOT
BOCMPOU3BOAUTL CIOXHble MPOM3BOACTBEHHbIE CUEHapum — noxapbl Ha OypoBbIX
yCTaHOBKax, pasnuebl HedTn, obcnyxuMBaHne nogsogHoro obopygoBaHus — U
oTpabaTbiBaTb COOTBETCTBYHOLME npoueaypbl 6esonacHocTn 6e3 Kakoro-nmbo peansHOro
puUcka ans Xu3Hu 1 30opoBbsa obyyatowmxces [5].

AR-TEXHOMOrMN LWMPOKO NPUMEHSIIOTCA ONA MNOAAEPXKKU TEXHUYECKOro obCnyxuBaHus
obopyaoBaHus B MOMEBbIX YCMOBUSX: CNeumanucT, Bugawmn yepe3 AR-04KkM HanoXeHHble
Ha pearnbHoe 0bopyAoBaHME UHCTPYKUUKU U OuarHOCTUYECKNe faHHble, cnocobeH ropasao

6bICTpee N TOYHEeE BbIMNOJTHATbL CI10XHble TEXHUYECKME onepaunin. 3T10 COKpallaeT BpemMd
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OGyHGHMﬂ HOBbIX COTPYOAHUKOB W CHWXaeT BEPOATHOCTb owmnbok npn TEeXHN4YEeCKOM

00CnyXMBaHUM KPUTUYECKM BaXXHOro obopynoBaHus [6].

2.3. CpaBHUTENbHbIA aHanNM3 TeXHONorun oobyyeHus B HecpTerazoBown oTpacnum

B Tabnuue

npeacrasrieH

CpaBHUTENbHbIN

aHanms

OCHOBHbIX

TEXHONOMMM

npodeccnoHanbHoro oby4eHuns, NPUMeEHsIEMbIX B HeTErasoBoM NPOMBbILLSIEHHOCTN.

Ta6nuua 1 — TexHonornu npoceccmoHanbLHOro ooy4yeHmsa B HechTerasoBom oTpacnm

TexHonorua | O6nactb KniouyeBble Benywue CtonmocTb

oby4yeHusA NnpUMeHeHuns npeuvmyLwecTBa NOCTaBLUUKN | BHeApeHus

CumynaTopbl | YnpasneHue BesonacHocTb, Halliburton, Bbicokas

OypeHus Byposon, peanuam Kongsberg ($1-5 mnH)
aBapumnHble
cuTyauuu

Lindposble kcnnyaTtaums PeanbHble AaHHble, | Siemens, Bbicokas

ABOWVHUKN MeCTopoXaeHun | macwTtabupyemoctb | AVEVA, ($2—-10 mnH)
, HIM3 Aspen

VR- MpombiwneHHas | IMMepcuBHOCTD, Igloo Vision, | CpegHsasa

cumynaTopbl | 6e3onacHOCTb, 6e3onacHoCTb ExxonMobil ($200-500
TO Solutions ThiC.)
obopyaoBaHus

AR B | TexHn4eckoe MrHoBeHHas PTC Vuforia, | CpegHsis

nosieBbIX obcnyxuBaHue, | cnpaBka, CHwxkeHue | Scope AR ($100-300

yCIroBusx ANarHoCTuKa owmnbok ThIC.)

Onnann- TeopeTtuyeckas | MacwTtabupyemoctb | Coursera, Huakas

nnaTtgopmsl noaroToBka, , BOCTYNHOCTb 24/7 TotalEnergie | ($10-50

(e-learning) HOpMaTUBHbIE s Academy ThIC.)
TpeboBaHus

[yanbHoe KomnnekcHas BanaHc Teopum un | Schlumberge | NepemeHHa

obyyeHune noaroToBkKa NpPaKTUKn r Learning, |

(By3 + | cneunanucToB BP Academy

npeanpusitue

)
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UcmoyHuk: cocmaeneHo asmopamu Ha ocHoge OaHHbix IOGP, SPE u omkpbimbix
ompacrnesbix om4yémos (2023)

AHanu3 paHHbiXx Tabnuubl 1 nokasbiBaeT, 4TO Hambonee a3dPEKTUBHOW CcTpaTerven
ABNSAETCA COYeTaHWe pasfUyHbIX TEXHOMOrMi obydeHusi: OOPOrocTosine CUMynATopbI
OypeHus u uUnpoBble ABOMHUKM UCMONb3YTCA ANA OTPabOTKM KPUTUYECKN BaXKHbIX
NMPOM3BOACTBEHHbLIX HaBbIKOB, Torda kKak 6onee [OOCTYyNHble OHNaNH-NNATOPMbI
obecneunBaoT 6a30BY0 TEOPETUYECKYID MNOATOTOBKY LUMPOKOrO Kpyra COTPYOHWUKOB.
MMeHHO Takon MHTerpMpoBaHHbIM NOAX0S peanuayoT Beaylme HedpTerasoBble KOMMaHUm
B CBOMX KOpPMOpaTUBHbIX YHUBEpPCUTETAX.

2.4. IncTaHUMOHHOE Oby4YeHune N KopnopaTuBHble YHUBEPCUTETDI

Mangemmnsa COVID-19 crtana kaTanmsaTopomM MacwTabHoro nepexoga HedTerasoBou
oTpacnu K AUCTaHUMOHHbIM popmatam obyyeHus. Takme komnaHum, kak Saudi Aramco,
Shell n «kPocHedTby, B KpaTyanLLmMe CPpOKM NEPEBENN 3HAYMUTENBHYIO YaCTb KOPNOpaTUBHBIX
obpasoBaTtenbHbIX MporpaMMm B OHNaWH-popmMat, 4YTO YycKopuno BHegpeHne LMS-
nnatgpopmMm u” UMEPPOBOro KOHTEHTa B oTpacneBoe obpasoBaHuve. [lo JaHHbIM
MexagyHapoaHoro obuectBa uHxeHepoB-HedTaHUKOB (SPE), gona oHnanH-obyveHus B
CTPYKTYpe KoprnopaTusHoro obpasoBaHus HedhTerasoBbix kKOMnaHum Beipocna ¢ 18% B 2019
rogy oo 54% B 2021 rogy [7].

KopnopaTueHble YHUBEPCUTETbI KPYyMHENLWMX HedTerasoBbiXx KOMNaHUM npespaTuinchL B
nosiHoueHHble obpasoBaTtesibHble MHCTUTYUUKU: YHuBepcuteT Saudi Aramco, Akagemus
Shell, KopnopaTtnBHbin yHMBepcuTeT «lasnpoma» M aHanornyHble CTPYKTYPbl €XerogHo
o0y4yaloT [eCATKM ThICAY COTPYAHWKOB, npeasiaras nporpaMmbl OT  KPATKOCPOYHbIX
TEXHUYECKUX KYPCOB [0 MOMHOLEHHbIX Maructepckux nporpamMm B MapTHEPCTBE C
BeOyLLUMMUN TEXHUYECKUMN yHMUBepcuTeTamm [3].

3. Hecprerazosoe o6paszoBaHue B yCIIOBUAX 3HepreTuyeckon TpaHcdopmauum
OHepreTnyeckaa TpaHcopMauma — nepexoq MUPOBOW IHEPreTMKU OT MCKOMaemoro
TOnNnMBa K BO30OHOBNSEMbIM WMCTOYHMKAM 3HEprMm — cCTaBuUT nepen HedTerasoBbiM
obpasoBaHMeM MpuHUMNMANbLHO HoBble 3agaydn. C  OOHOM  CTOPOHbLI, CNPOC Ha
TPaAULMOHHBIX CMNeumanucToB-HePTAHMKOB B JOMTOCPOYHOM MEPCrneKTUBE HEU3BEeXHO
Oyoet cHuMXaTbCs MO Mepe CcokpaweHua p[obbium yrnesogopogos. C  gpyron —
3HEepreTUYeCcKnin nepexon Co3gaeT CNPoC Ha HOBbIE KOMMNETEHLNKN Ha CTbike HedTerasoBom
NHXXEHEPUN N TEXHONOMMIN BO30OHOBSIEMON SHEPTETUKN.

3.1. Fno6anbHbIe TeHAeHUMn cnpoca Ha cneunanuctoB TIK
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Mo nporHo3zam MexayHapoaHOro aHepreTuyeckoro areHtctea (MOA), aaxe B cueHapum
OOCTUXEHUA yrnepoaHon HentpanbHocTn K 2050 rogy HedTerasoBasi OTpacrib COXpPaHUT
3HauYuTemNbHbIM CNPOC Ha KBannUUUPOBAaHHLIX creumanucToB BnNoTb Ao 2040 ropa.
KnioyeBoe u3mMeHeHue KacaeTCa CTPYKTypbl 3TOrO Crpoca: Ha CMeHYy TpaguuMOHHbIM
npounam  «pasBegumk» N «BypunbLUMK» MPUXOOAT ChneuManbHOCTU, CBSA3aHHble C
AekapboHu3aumen Npon3BOACTBA, YraBnuBaHNeM 1 XpaHeHnem yrinekucnoro rasa (CCS),
Npon3BOACTBOM BOAOPOAA U pa3paboTkon reotepmaribHbIX pecypcos [8].

Kpome Toro, undposusaums HepterasoBoro npon3soncTea opmMmpyeT yCTONYMBBIN CNPOC
Ha cneunanucToB No obpaboTke U aHanM3y AaHHbIX, NPOMbILLSIEHHON Knbepbe3onacHOCTH
N npombliwneHHomMy nHTepHeTy Bewen (lloT). Mo oueHkam McKinsey, k 2030 roay Kakabliv
TPETUN COTPYAHWK HedTerasoBonM oTpacnm 0OyaeT HyxaaTbCas B CyLECTBEHHOM
o0OHOBMNEHUN LG POBLIX KOMNEeTeHUUN [9].

3.2. CpaBHMTeNnbHbI aHanu3 HedTerazoBoro obpa3oBaHUss B CTpaHax —
npousBoauUTensx yrrneBoaoponos

B Tabnuue 2 npeacrtaBneH CpaBHUTENbHbIA aHanM3 CUCTEM NOArOTOBKM KaapoB AN
HedpTerasoBon oTpacnu B BeAyLNX CTpaHax — Npom3BoauTeNsaX yrineso4opoao0s.
Tabnuua 2 — Cuctembl HedpTera3oBoro obGpa3oBaHMA B Beaywux CTpaHax-

npousBogutensx (2022)

CtpaHa Bepywue OcobeHHOCTH FopoBom YpoBeHb
y4yeOHble Mmoaenu BbINyCK nokanusaum
3aBefeHus cneunanucTo | U Kagpos

B
CaypoBckasa | YHuBepcuteT KopnopaTtueHo- =~ 3 500 78%
Apasus HedTH N | yHUBEepcuTeTckas,
MUHeparbHbIX BbICOKas aons
pecypcoB NHOCTPaHHbIX
KFUPM, npenoaasaTenemn

Akagemus Saudi

Aramco
Poccus Pry Hedptm™m wu | Knaccudeckas =~ 15000 95%
rasa UM. | YyHUBEpCUTETCKaa +
'y6kuHa, KoprnopaTusHas
TroMeHCKNI
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CtpaHa Beayuwme Ocob6eHHOCTHN Foposon YpoBeHb
y4yebOHble moaenu BbIMNyCK nokanusaum
3aBefeHus cneuuManucTo | U Kagpos

B
HedxTerasoBbIN
yHMBEpCUTET

CLWA Texas A&M, | UccnepoBaTenbcka | =8 000 82%
University of | A, TecHas cBA3b C
Texas, Colorado | HaycTpuen
School of Mines

Hopeerusa YHuBepcutet HyanbHas, =1 200 90%
CtaBaHrepa rocyaapCTBEHHO-

(UiS) yacTHoe
napTHEPCTBO

Typkmenucta | TTUAC, PasBuBatowlascs, ~ 800 68%

H TypKMEHCKnMn KypcC Ha
rocygapCTBEHHbI | Mokanusaumo
n WHCTUTYT
9KOHOMUKM n
yrnpasrneHus

OAD YHuBepcutet KopnopatusHaa + | =1 800 72%
Xanupa, MeXayHapogHoe
WHCTUTYT HeTn | napTHEPCTBO
Aby-[abwu
(ADNOC)

HMcmouHuk: cocmaeneHo asmopamu Ha ocHoge OaHHbix MOA, IOGP u HauuoHanbHbIX

cmamucmuy4ecKux ucmoyHukos (2022)

[aHHble Tabnuupl 2 CBNOETENBbCTBYOT O 3HAYUTEJNIbHbIX pPa3sInvndax B MacwTabax u

mMoaensx HedTerasoBoro o6pa3oBaHMsa Mexay cTpaHamu-npoussoamTensmMu. Poccus ¢ eé

pa3BI/ITOl7I cuctemom cneunanm3npoBaHHbIX BY30B U BbICOKMM YPOBHEM JiOKanm3aunn

kagpoB (95%) npeacrtaensieT cobon obpasel, camogoCcTaToOMHOM HaUMOHANbHOW MOAENN.

HOpBe)KCKaﬂ ayanbHaa MoAdesnb, MNpu OTHOCUTEJIbHO HebonbWwnx ob6BLEMAX BbllMyCKa,
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obecrneunBaeT WUCKMIOYUTENBHO BbICOKOE KayeCTBO MNOArOTOBKU CMEUManncToB, 4TO
nossonsieT HopBermm coxpaHsaTb TEXHOMOrMYeckoe nNUOepCTBO B OMLUOPHON O00blve.
TypkMeHUCTaH pacrnonaraeT 3HauYuTesibHbIM MOTEHUNanom Ans pasBuTuUs HaumoHasribHOW
CUCTEMbI MOArOTOBKM HeTerasoBblX KagpoB, MOBLIWEHUA YPOBHA JloKanuMsauun wu
ansepcudmkaummn obpasoBaternbHbIX hopmMaTos.

3.3. NMepenoaroToBKa KagpoB B YCIIOBUAX 3HEpPreTU4YeCcKoro nepexoaa

OpHon 13 knoyeBbIX 3afady HedTeraszoBoro obpasoBaHus B Gnukanwme OeCcATUNETUS
ctaHeTr nepenogrotoBka (reskilling) wn nosbiweHve kBanudukaumm  (upskilling)
OENCTBYIOLNX creumanucToB oTpacnu and paboTbl B YCHOBUAX 3SHepreTudeckomn
TpaHcopmaumn. MexgyHapoLHOe JHepreTMyeckoe areHTCTBO oueHuBaeT, 4yto k 2030
rogy B rnobanbHoM MacwTabe noTpebyeTcsa nepenogrotoBka oT 5 Ao 14 MUNNMOHOB
paboTHMKOB HedTerasoBom U YrofibHON MPOMBILLSIEHHOCTU — B 3aBMCUMOCTU OT TEMMOB
3HepreTnyeckoro nepexopaa [8].

[Mo3nTMBHBIN OMbIT B 3TOW cdiepe YyXe HakomnmneH pagom komnaHun. BP  3anyctuna
nporpammy «Net Zero Reskilling», HanpaeneHHyl0 Ha nepenogroToBKy WHXEHepOoB-
HePTAHUKOB AN paboTbl B CeKTope BO30OHOBMNAEMOM 3HEpPreTUkn u yrnasnuBaHUA
yrnepoga. Shell peanunsyet nporpammy «Skills for the Future», o6beanHsowyto
BHYTpeHHee nepeobydeHre C NOOOEPXKKON akageMWYecKux NapTHEPCTB. OTU Npumepbl
CBMOETENbCTBYOT O TOM, YTO nNpWU NPaBUIIbHOM OpraHuM3aunm nepenosroToBKU
HedbTerasoBble crneuManucTbl MoryT 3@EKTMBHO afanTupoBaTbCs K TpeboBaHMsM
3HepreTuku dyayuiero [9].

3.4. CtpaTrernyeckue HanpaBJfieHMA pa3BUTUA HedhTerazoBoro obpasoBaHus

Ha ocHoBaHMM npoBeOEHHOrO aHanu3a MOXHO BbIAENUTb YeTbipe CTpaTermyeckux
HanpasfieHusi pa3sBuTna obpasoBaHnsa B HedpTerasoBom oTpacnu. Bo-nepsblx, MHTErpauus
TEXHOSIOrM BO30OHOBMASIEMOWN 3HEPreTukn, aekapboHnsaumm n BOAOPOLHOM SHEPTrEeTUKN B
y4yebHble nporpaMmbl NPOUIbHBIX BY30B NO3BOSNIMT chOpMUMpOBaTh CrneLmManmcToB HOBOroO
TMNa, cnocobHbix paboTaTb B YCNOBUSX AUBEPCUPULMPOBAHHOINO 3JHEPreTU4ecKoro
noptdpens. Bo-BTopbix, MacwtabHoe BHeOpPEHME LNPPOBLIX TEXHONOMMN — CUMYJSISTOPOB,
undgposbix asonHukoB, VR/AR — obecneunt 6onee BbLICOKOE KayecTBO MpakTUYECKOW
NOArOTOBKWU MPU CHXXEHUN €€ CTOMMOCTN K puckos [10].

B-TpeTbux, passButue MexaHU3MOB rOCydapCTBEHHO-YAaCTHOro napTHEPCTBa B cdepe
HedpTerazoBoro obpasoBaHusa NO3BONUT ObecneynTb NOCTOAHHOE OOHOBIIEHUE YYebBHbIX
nporpaMm B COOTBETCTBMM C MEHSIOLLMMUCH TEXHOSTOrMYECKMMUN TpeboBaHMSAMN oTpacnn n

npuBreyb KOpropaTMBHbIE WHBECTUMUMM B 00pasoBaTenbHyl MHpacTpykTypy. B-
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YeTBEPTbIX, Pa3BUTUE CUCTEMblI HEMPEPLIBHOrO npodeccrnoHanbHoro obpasoBaHna W
nepenoaroToBKN AENCTBYIOLWINX CMELMANUCTOB ABNAETCS KPUTUYECKN BaXKHbIM YCITOBUMEM
YCNEeLWHOoro ynpaBfeHna 4erioBe4YeCckMM Kanutarom B Nepuon 3HepreTuyeckoun
TpaHcopmauum [8].

3aknouveHue

[MpoBenéHHOE uccnegoBaHMe MO3BOSMSeT CcOpPMynMpoBaTb Criefyloume  KyeBble
BblBOAbl O B3aMMOCBA3W HedTerasoBom OTpacnim U CUCTEMbl MPOdeCCMOHaNbHOro
obpasoBaHus.

Bo-nepBbix, HebTeraszoas NPOMbILLIIEHHOCTb NpeabABNSET YHUKanbHble TpeboBaHUA K
YyenioBe4YeckoMy Kanutany, OOyCrnoBMnEeHHble BbICOKOW CNeumMdUYHOCTBI0 OTpacneBblX
KOMMOETEeHUMN,  KPUTUYECKON  3HAYMMOCTbIO  MPOMbIWNEHHON  6e3onacHoOCTM  wn
HeobX0OMMOCTbIO coveTaHna rnybokon oyHOaMeHTanbHOM NOArOTOBKM C MPaKTUYECKUMU
NPON3BOACTBEHHBIMU HaBblkaMW. DTN OCODEHHOCTU onNpenenstT CTPYKTYPHYH POfb Kak
akagemuyeckoro obpasoBaHusA, Tak W KOPNOpPaTUBHOIO 0b6yyeHuss B hOpMMPOBAHUN
KagpoBOro noteHuuana otpacnu.

Bo-BTOpbIX, BHeApeHWe nepenoBblX TEXHOMOrMA — CUMYNATOPOB BypeHus, uMgpoBbIX
aBonHukoB, VR/AR v aganTtmBHbIX OHManH-NNatgopM — CyWEeCTBEHHO MOBbILIAET
apekTnBHOCTL UK 6e3onacHOCTb NPOdECCUOHANbHOM NOArOTOBKM  HedTerasoBbIX
cneumManucToB. WHTerpmpoBaHHbIM NOAX04, COYEeTaloWUM pasfnuyHble TEeXHOMNOoruu
o0y4eHna B eguHoM obpasoBaTenibHOM akocucteme, obecnedmnBaeT onTUManbHbIi 6anaHc
MeXay KayeCTBOM MNOLrOTOBKN, €€ AOCTYMHOCTbH Y AKOHOMUYECKON 3G EKTUBHOCTBIO.
B-TpeTbux, 3HepreTnyeckasi TpaHcopmauusi BblABUraeT Ha nNepBbid NnNaH 3agady
ajantauun HedTerasoBoro obpasoBaHus K TPeBOBaHUSAM HU3KOYrNEPOAHON SKOHOMMUKW.
MHTerpauus Tematvkm pgekapboHmsauum, BO30OHOBNSEMOM 3HEPreTUKM M LndpoBOM
TpaHcdopMauun B y4ebHble nporpaMmmbl NPOUITbHBLIX BY30B, a TakkKe pasBuTUE CUCTEM
nepenoaroToBKN AENCTBYHOLLMX CNELNANUCTOB ABNSAKTCA CTpaTermiyeckm HeobxoanmbiMm
YyCNOBUSIMW YCTOMYMBOTrO pa3BuTus kKagposoro noteHumana TOK.

B-4eTBEPTLIX, CpaBHUTENbHbIA aHanM3 MeXOyHapo4HOro onbiTa MnokasblBaeT, 4TO
Hanbonee oM deKkTUBHbIE HaUMOHaNbHble MoAenn HedTerasoBoro obpasoBaHus —
HOpBEXCKasi, poccuinckasl, a B nocrnegHue rogabl M caydoBCKasi — COYeTalT CUSTbHYHO
YHUBEPCUTETCKYHO MOArOTOBKY C Pa3BUTON CUCTEMOM KOPMOPaTMBHOrO 0obOyyeHus npu
aKTUBHOW nogaepXxusatowen ponu rocygapctea. [Ona TypkmeHucTaHa, obnagarollero

3Ha4YnTerNbHbIMKX 3anacamMmin yrnesoaopoaos, (bOpMI/IpOBaHI/Ie nogo6bHom MHTerMpOBaHHOﬁ
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MOAeNnu NoaroToBku kagpoB Ans TIK sBnsetca ogHUM M3 NPUOPUTETOB HaLMOHarbHOM
obpasoBaTenbHON N AKOHOMUYECKON NOSTUTUKMN.

Takum obpasom, Ka4ecTBO cucTeMbl HedTerasoBoro obpasoBaHuNA SIBMSIETCA HE MPOCTO
oTpacneBou 3agadven, HO cTpaTern4eckmm drakTopom HaLMOHaNbHON
KOHKYPEHTOCNOCOOHOCTU CTpaH — MpPOM3BOAUTENEN YrNeBo4opoaoB. WMHBecTMumn B
NnoaroTOBKY BbICOKOKBaNUuuMpoBaHHbIX cneumanuctoB gna  TOK obecneuumBaioT
AONTOCPOYHYIO SKOHOMMWYECKYHO OTAady, MHOFOKPaTHO MPEBbILAOLY NepBoHaYanbHble
3aTpaTbl, U co3galT PyHOAMEHT ANs YCTOMYMBOIO OCBOEHMS MPUPOAHBIX PEeCcypcoB B

NHTEepecax OyayLMX NOKONEHWIA.
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NMHOOPMATUKA KAK ®AKTOP PA3BUTUA OBPA3OBAHUA:
LUNOPOBbLIE TEXHOJTIOI' MW, KOMMNETEHLUWA
N 3KOHOMMKA 3HAHUN
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B paHHOM cTaTbe paccmaTpumBaeTcd posfib MHOpPMaTUKM U UMAPOBLIX TEXHOMOMMA B
TpaHcdhopMauun COBPEMEHHbLIX ObpasoBaTeNbHbIX CUCTEM. AHanNM3NPyeTcs BNUSHUE
nHdopmaTnzaumm obpasoBaHus Ha (opmMMpoBaHME KOYEBBLIX KoMneTeHumn XXI Beka,
noBbllLEHME [LOCTYMHOCTU KayYeCTBEHHOro Oby4vyeHuss U pasBUTUE SKOHOMUKU 3HAHWNA.
Ocoboe BHUMaHWe yaensieTca MHTerpauun WCKYCCTBEHHONO WHTennekra, obnadHbix
TexHosnormim n obpasoBaTesnibHbIX MAaTtgopM B y4ebHbLIM MpoUEecC, a Takke Bbl30BaM,

CBSI3aHHbIM C LIM(POBLIM HEPABEHCTBOM.

KINMKOYEBbBIE CJTIOBA
MHdpopmaTka B o0OpasoBaHuMu, uudpoBble TexHonormm, komneTteHumm XXI| Beka,
NCKYCCTBEHHbIA WHTENNEKT, ANCTaHUMOHHOEe 00ydeHune, obpasoBaTenbHble NraTdopMbl,

9KOHOMMKA 3HaHUK, umndpoBas rpaMoTHOCTb, EdTech.
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NHdopmaTtmka 3aHMMaeT ocoboe MecTo cpeau OUCLMININUH, onpefenstowmx obnuk
obpasoBaHunss XXI Beka. CTpemuTenbHOe pacnpocTpaHeHne unPOBbIX TEXHOMOIMH,
NCKYCCTBEHHOIO MHTennekra n rnobanbHbiX TENeKOMMYHUKALWNOHHBIX CEeTEeN KOPEHHbIM
0o6pa3oM U3MEHWIO He TOMbKO codepaHne y4ebHbIX NporpaMmm, HO U caMy OpraHM3aLuio
obpasoBaTenbHOro npouecca. B ycrnoBusix nepexoga K 3KOHOMWMKE 3HaHUW yMeHue
paboTatb C WHOpMaUMEN, KPUTUYECKM €€ aHanu3npoBaTb M MPUMEHATb UUPPOBLIE
WHCTPYMEHTbI CTaHOBUTCHA ©a30BOM KOMMNEeTeHumen, Heobxoanmown crneumanucty B nobow

npodeccunoHanbHon cepe [1].
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Bmecte ¢ tem mHpopmaTusaumns obpaszoBaHus NOpoOXOaeT HOBblE€ BbI30BbI: LMdpPOBOE
HepaBeHCTBO, Mpobnembl MHMOPMAaLMOHHON 6e30nacHOCTW, 3TUYECcKue AUNeMMbI
NPUMEHEHNA UCKYCCTBEHHOIO MHTennekta B obyvyeHun. Hactosiwaa ctatba nocesilweHa
KOMMMEKCHOMY aHanuady ponv WHgopMaTukm B pas3Butum obpasoBaHuss — OT
TeopeTU4EeCKNX OCHOB MHGOPMaTU3auUMM OO0 MNPaKTUYECKMX WHCTPYMEHTOB W cTpaTerum
NOCTPOeHNS adhdeKTUBHON LMdpoBor obpasoBaTenibHON cpeap! [2].

1. TeopeTnyeckne ocHoBbl MH(pOpMaTU3aL MM obpa3oBaHUA

1.1. NoHaTHe nHcpopmaTusaumm obpasoBaHna u ero IBoONOLUA

NHdopmaTmsaumna obpasoBaHus npeacrtaBnseTr cobor npouecc CUCTEMHOro BHeAPEHUS
MHOPMALNOHHO-KOMMYHUKALUMOHHBIX  TexHonorun  (MKT) B obGpasoBaTenbHyto
AeATeNbHOCTb C LEeNbio MOBbILEHUS €€ KadecTBa, 3(PeKTMBHOCTU U OOCTYynHOCTU. B
Hay4yHOM nuTepaType AaHHbIA MpPOoLEecC paccMaTpuBaeTCs Kak MHOrMOYpPOBHEBbLIW: OH
OXBaTbIBaeT He TOSbKO OCHalleHne y4ebHbIX 3aBefeHNI TEXHUYECKUMU CpeacTBamMm, HO U1
TpaHcdopMaLmio negarorndecknx MeTogoB, cogepxaHna obpasoBaHns U ynpaBneHYeCcKmx
npoueccos [1].

OBonouUMa MHpopmaTmsauumn obpasoBaHnS NpoLUSia HECKOSbKO 3Tanos. Ha nepsom aTane
(1970-1980-e rogbl) akueHT pgenancd Ha OOyyYyeHMM OCHOBaM MNPOrpaMMMpoOBaHUS W©
anropuTMUYECKOro MbIWMEeHUss — WHopMaTUKa BbICTynana npexae Bcero Kak
camoctodaTenbHaa ydebHas gucuunnuHa.  Btopon  atan (1990-2000-e  rogbl)
O3HaMeHoBasiCd MacCOBbIM  PacnNpPOCTPaAHEHWEM MepCOHarnbHbIX  KOMMNLIOTEPOB Y
WHTEpHeTa, YTO OTKPbINIO BO3MOXHOCTU AN KOMMbIOTEPHOW MOAAEPXKKN npenogaBaHus
BCex npeameToB. TpeTun, COBPEMEHHbIN 3Tan XapakTepusyeTca KOHBEpPreHumemn
TEXHOJSIOrMN: NCKYCCTBEHHbIN MHTENNEKT, 0bnayvHble BblYUCIEHNSA, MOBUIbHBIE YCTPONCTBA
n 6onblumMe gaHHble POPMUPYIOT NPUHLMUNUANBHO HOBYHO OBpasoBaTerbHY 3KOCUCTEMY
[3].

1.2. KOMNeTeHTHOCTHbIN Noaxoa B MHhopMaTU4YecKom obpa3oBaHum

LleHTpanbHON KOHUENUMENn COBPEMEHHOIO WHGOPMATUYECKOro obpasoBaHusa ABNAETCHA
KOMMETEHTHOCTHbIN MOAXOoA4, npeanonararowmi dopMmpoBaHne y obyyarowmxcs He
OTAENbHbIX 3HAHWA W YMEHWA, a WHTErpMpOBaHHbBIX KOMMETEHLUMIA, MNO3BOMSOLLMX
apeKkTMBHO pelatb npodeccuoHanbHble 3agaun B uudgposon cpege. KOHECKO
BblaenseT natb 6a30BbIX KOMMOHEHTOB LM(POBON KOMMETEHTHOCTU: MH(OPMaLMOHHAs
rPaMOTHOCTb, KOMMYyHMKaLMsi M COBMECTHad paboTa B LeTW, co3gaHuve LmngpoBOro

KOHTeHTa, 6e30nacHOCTb B LMMPOBOV cpefe 1 pelleHne Npobnem c ncrnons3osaHnem VKT

[4].
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Pamka umndpoBbix komneTeHumn DigComp 2.2, npuHaTaa EBponenckon komuccuen,
onucbiBaeT 21 KOMNeTEHUMO, pacnpeaenénHyo no natu obnactam. [aHHaa pamka Bcé
LUMpPE UCMOoNb3yeTCsl Kak OCHOBAa ANd pa3paboTkm y4ebHbIX NporpaMmm no MHAOpMaTUKE B
BbICLLEN LIKONe, no3Bonss obecneynTb COOTBETCTBME OOpasoBaTesfbHbIX pPe3ynbTaToB
peanbHbIM TpebOBaHUAM LIMPPOBON IKOHOMUKN [4].

1.3. UHcpopmaTUuKa Kak MexnpeamMeTHbIN MHTerpaTop

MprHUMNManbHON 0COBEHHOCTBIO MHCPOPMATMKN B COBPEMEHHOM 06pa3oBaHMK ABNAETCA
e€ MexnpeaMeTHblM XxapakTep. byayyunm WHCTpyMeHTanbHOW Haykown, uHdopmaTuka
obecneunBaeT MeTOAONOrMYEeCKM dyHOaMeHT aAng Bcex 6e3 NCKNoYeHs akageMmnyecknx
ANCUMNIIMH:  MaTemMaTU4eckoe MOAEeNMpoBaHME B €CTEeCTBEHHbIX HayKkax, KoprycHas
NMHIBUCTUKA B SA3bIKO3HAHWW, BblYUCAUTESIbHAA UCTOPUS U LUGPOBbIE TYMaHUTapHbIE
Haykn (Digital Humanities) — BC& 3TO npuMepbl MPOHUKHOBEHUS WMHMOPMaTUYECKNX
METOA0B B TpaguUMOHHbIe 06n1acTun 3HaHus [2].

C 3KOHOMWYECKOW TOYKM 3pEeHUs 3TO O3HayaeT, YTo WMHopMaTMyeckas rpaMOTHOCTb
nepectana OblTb nNpeporaTMBon Y3KMX cCreunanucTtoB W cTana obsasaTenbHbIM
KOMMOHEHTOM NOArOTOBKM KapoOB BO BCEX CEKTOpax aKoHOMUKM. o aaHHbIM OBCP, B 2022
rogy 6onee 70% Bcex paboymx MecT B pasBUTbIX CTpaHax Tpebosanu 6a30BbIX UK
NPOABUHYTBIX UMMPOBbLIX HAaBbIKOB — MOKa3aTeslb, KOTOPbIN NpOoAO0SPKaeT pacTu no mepe
aBTOMaTM3auUKM PYTUHHBIX TPYOO0BbIX OYHKLUNA [5].

2. UndpoBble MHCTPYMeHTbI U nnaTtdopMbl B COBpeMEHHOM ob6pa3oBaHUun
MpakTuyeckas wuHgopmaTnsauma obpa3oBaHuss peanu3yeTca 4Yepe3  KOHKpPETHble
TEXHOMNOrMYeCckMe MHCTPYMEHTbI U NnaTtdopMbl, TpPaHCHOPMUPYIOLLME OpraHM3aumto
y4yebHoro npouecca. B gaHHOM pasgene paccMaTpuBalroTCs KOYEBbIE KnacChbl TakKux
WHCTPYMEHTOB, X obpasoBaTtenbHbI NOTeHUMan n akoHoMnyeckne apdekThbl.

2.1. Cuctembl ynpaBneHusi ooyyeHmem (LMS) n obpasoBatenbHble 3KOCUCTEMbI
Cuctembl ynpaBneHus obyveHnem (Learning Management Systems, LMS) —
nporpamMmmHble nnatgopmel, obecneymBaioLLime opraHM3aumto, 4OCTaBKY N OTCIEXMBaHUE
obpa3oBaTenbHOr0 KOHTEHTA, — CTanu KNHYEBbIM 3NIEMEHTOM  UHAPACTPYKTYpPbI
coBpeMeHHoro obpasoBaHus. o AaHHbIM aHanuMTMyeckon komnaHum MarketsandMarkets,
rnobanbHbIi pbiHOK LMS ouenuBancsa B 18,7 munnuapga gonnapos B 2022 rogy v, no
nporHosam, gocturHet 47,5 munnuapga gonnapos k 2027 rogy npu cpeaHerogoBoM Temne
pocta 20,5% [6].

Hanbonee pacnpoctpaHéHHbiMM LMS saBnsaiwtca Moodle (oTKpbiTOe nporpammHoe

obecneyeHne ¢ 6onee 4yem 300 munnmoHamn nonb3oBatenen), Canvas, Blackboard u
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Google Classroom. 3t nnatgopmbl obecneunBaloT efuHoe obpasoBaTesibHOe
NPOCTPaHCTBO, B KOTOPOM rMpenogasatenn MOryT pasmMewaTtb yyebHble martepuansl,
NPOBOANTbL OHMANMH-TECTUPOBAHME, OPraHU30BbiBaTb COBMECTHYK paboTy CTYAEHTOB U
OoTCneXmBaTb X y4ebHble OOCTUXKEHUS B PEXNME pearibHOro BpemMeHu [6].

2.2. UcKycCTBEHHbIN MHTENNEeKT B 0Opa3oBaHMu

NckyccTBeHHbI  uHTennekt (W) oTKpbiBaeT peBOSIIOUMOHHbIE MNEpPCnekTUBbl  Ans
nepcoHanu3auun obpasoBaTenbHOro npouecca. AganTuBHbIE CUCTEMbI OByYeHWA Ha
ocHoBe VN aHanuanpyloT nHanBmayanbHble naTTepHbl Y4eOHON OEeATENbHOCTU KaXK4oro
CTyOeHTa N B pexumMe pearibHOro BpeMEHU KOPPEKTUPYIOT CIOXHOCTb 3aJaHwui, Temn
nogayv maTepuana v negarormnyeckme ctpaternm, obecrnedmsas ONTUManbHY TPAEKTOPUIO
0CBOeHNA y4ebHoun nporpammel [7].

MpumeHeHne reHepatmsHoro N (ChatGPT, Claude, Gemini n gpyrux cucrtem) cosgaér
NPUHUMNMANbHO HOBblE BO3MOXHOCTM ANA OpraHu3auuMmM CaMOCTOSATENbHON paboThl
CTYOEHTOB, reHepauumn y4yebHbiX 3agaHnin n MrHoBeHHOM obpaTHoM cBs3n. BmecTe ¢ Tem
LUMpoKoe BHeapeHue reHepaTuBHoro MM B obpasoBaHue CTaBUT CEpPbE3HblE BOMPOCHI
akageMuMyeckon 4YecTHOCTM, aBTOPCTBa YYeOHbIX paboT M KPUTUYECKOrO MbILUSEHNS,
Tpebyowme pa3paboTKMm HOBLIX NeJarormvyeckux MOAXOO0B W MOMUTUK akageMudecKom
WHTerputeTta [7].

2.3. CpaBHUTENbHbLIM aHanu3 LUcpoBbIX 06pa3oBaTesibHbIX NaTdopm

B tabnuue 1 npeactaBneH CpaBHUTENbHbIA aHanNU3 BeaylMX KaTeropum LMdpoBbIX

obpasoBaTesbHbIX MHCTPYMEHTOB MO KMOYEBLIM NapameTpam MX NpUMEHeHUs B y4ebHOM

npouecce.
Tabnuua 1 — CpaBHUTeNbHaA XapaKTepucTuka UU(ppPOBbLIX MHCTPYMEHTOB B
obpasoBaHuu
KaTteropusa Mpumepbl | OcHOBHasA OxBar (MNH | SKOHOMMUYECKHN
MHCTPYMEHTa nnartdop | pyHKUMA nonb3oBartene | n addekr
M n)
LMS / YnpasneHnue | Moodle, OpraHusauus 300+ CHuxeHne agm.
oby4eHnem Canvas, y4yebHoro pacxonoB Ha
Blackboar | npouecca 30-40%
d
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KaTteropusa Mpumepbl | OcHOBHasA OxBar (MNH | 9KOHOMUYECKMN
MHCTPYMEHTAa nnartdop | PyHKUUA nonb3oBatene | U adgekT
M )]
MOOK- Coursera, | MaccoBbi 220+ PacLwmpeHne
nnatgopmsl edX, Khan | goctyn K Kypcam pblHKa Tpyaa
Academy
ApanTtusHoe Carnegie lMepconanusay | 50+ Poct
oByueHune (LN) Learning, | us Tpaektopumn ycrneBaemMocTu
Smart Ha 20-30%
Sparrow
BuaeokoHdpepeHy | Zoom, MS | CUHXpOHHOE 500+ OKOHOMUSA  Ha
un / BebmHapbl Teams, B3anMOOEeNCTBM NHPACTPYKTYpP
Google e e
Meet
CumynaTopbl n | Labster, lMpakTnyeckme 10+ 3ameHa
VR/AR zSpace, HaBbIKM AOPOroCTosILLEN
CoSpaces NpaKTUKK
O6pasoBaTenbHasa | Tableau, AHanu3 gaHHbIX | 30+ CHuxeHue
aHanuTtuka Power BI, | oby4eHus oTceBa Ha 15—
Learning 25%
Locker

UcmouHuk: cocmasneHo asmopamu Ha ocHoge OaHHbix KOHECKO, OGCP u omKpbimbix
ompacrnesbix om4yémos (2023)

[aHHble Tabnuubl 1 CBUMAOETENLCTBYOT O LIMPOKOM pasHoobpasumn

LU POBbLIX

MHCTPYMEHTOB, OXBaTbliBakOLLNX BeCb CMNEeKTp O6pa3OBaTeJ'IbeIX 3afav. oT

OpraHM3aunMoHHO-aAMUHNCTPATMBHBIX 0 rnyboko negarormyeckmx. Hanbonbwmnm oxsaTom
nonb3oBaTenemn oTnnyarTca WHCTPYMEHTbI CUHXPOHHOIO B3aMMOAENCTBMS
(BUOeoKoHepeHunn), Toraa Kak HanbonbLMM NOTEHUMAriom Ans noBblLEHUA KavecTBa
o0y4eHna obnagatoT aganTMBHbIE CUCTEMBbI HAa ocHoBe U,

2.4. O6nayvHble TEXHONMOIrMU U MOGUNbLHOE 0byy4YeHue

O6nayHble TEXHOMNOrMM KapauHanbHO M3MEHUNM 3KOHOMMKY oObpasoBaTernbHbix WT-

MHpacTpykTyp. Ecnun ewé gecatunetme Hasag yvyebHble 3aBefeHUs1 Obiniv BbIHYXXOEHbI
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HECTU 3HauuTenbHble KanuTanbHble 3aTpatbl Ha npuobpeteHne wn obcnyxuMBaHue
cepBepHoro obopyaoBaHUA W nporpamMHOro obecneyeHus, TO nepexon Ha Mogenu
Software-as-a-Service (SaaS) nossonun 3aMeHUTb 3TUM pacxodbl npenckasyeMbiMu
onepaunoHHbiMn nnatexamun. [lo oueHkam Gartner, cpegHee yyebHoe 3aBeaeHue
akoHomuT oT 25 no 35% UT-6looxkeTa npu nepexone Ha obrayHble pewenns [3].
MobunbHoe obyyeHue (m-learning) oTKpbIBa€T BO3MOXHOCTb Mofy4YeHns obpa3oBaHus B
noboe Bpemss n B nobom mecte. PacnpoctpaHeHue cmapTOHOB — B TOM 4ucrie B
pa3BMBalOLWUNXCA CTpaHax, rae AOoCTyn K CTauMOHapHbIM KOMMbHOTEPaAM MNO-NpeXHeMy
orpaHu4eH, — CO34a€T HOBbIN KaHarn OOCTaBku obpasoBaTenbHOro KoHTeHTa. CornacHo
AaHHbIM FOHECKO, Mob6unbHble YCTPOMCTBA YXEe SABMSAKOTCA OCHOBHbIM MHCTPYMEHTOM
aoctyna Kk obpasoBaTesfibHbIM pecypcam ansa 6onee yem 50% CTyOeHTOB B CTpaHax C
HU3KUM 1 CpedHUM YpoBHeM goxoaa [4].

3. UHdbopmaTuka, o6pazoBaHMe U IKOHOMMUKA 3HAHUW: B3aMMOCBSA3b U NepCNeKTUBbI
B3anmocssasb mexay nHgpopmaTnyeckum obpasoBaHMEM N SKOHOMUYECKMM pa3BUTUEM B
3MNOXY 3KOHOMWKM 3HAHUA HOCUT MHOrOAcnekTHbIN 1 B3anMooOycrnoBneHHbIn xapakrep. C
OLHOW CTOPOHbI, Pa3BUTUE IKOHOMUKU 3HAHUM POPMUPYET CMpPOC Ha CcrneumnanmcToB C
BbICOKMM YpPOBHEM UMppoBbIX koMneTeHuun. C gpyron — obpasoBaHme, HacCbIWEHHOE
MHGOPMATUKON N LMEPPOBLIMU TEXHOSNOIMMSIMKU, CaMO BbICTYMaeT reHepaTopoM MHHOBaLMI
N 9KOHOMWYECKOro pocTa.

3.1. Bknag uHdopmaTnyeckoro obpasoBaHnsi B IKOHOMUYECKUU POCT
OKOHOMMYECKMe wuccnegoBaHvs ybeauTenbHO OEMOHCTPUPYIOT, YTO WHBECTULUKM B
nHdopmaTuyeckoe obpasoBaHne wn noarotoBky WT-cneumanuctoB obecneymBaroT
3Ha4YUTENbHYI0 OTAaYy Kak Ha MHOVBUAYASIbHOM, Tak U1 HA MakKpO3KOHOMUYECKOM YPOBHE.
Mo aaHHbIM Bureau of Labor Statistics CLLUA, meanaHHaga 3apaboTHasa nnaTta cneumannucTos
B 0651aCTU KOMMBIOTEPHLIX U MHPOPMaLMOHHBIX TexHonorun B 2022 rogy coctasnana 97
430 ponnapoB — BOBOE BbllEe MeAWAHHOro nokasaTtens no BceM npodeccunsam. ITo
OTpaxkaeT BbICOKYID PbIHOYHYIO LEHHOCTb LUMAPOBbLIX KOMMNETEHUMA B COBPEMEHHOU
3KOHOMuUKe [5].

Ha makpoypoBHe CTpaHbl C BbICOKMM YPOBHEM pasBUTUA MHpopMaTMyeckoro obpasoBaHus
AEMOHCTPUPYIOT 6onee BbICOKYIO WMHHOBALMOHHYIO aKTUBHOCTb, WU3MEPSEMYIO YMUCIIOM
naTeHToB, 00 EMOM BEHYYPHbLIX MHBECTULINA N JOMEN BbICOKOTEXHOMOIMYHOMO 3KCNopTa B
BBI1. UccnepoBaHna OSCP nokasbiBatoT, 4TO yBENMYEHE O0NU HAceNEHNS C pas3BUTbIMU
UndpoBbIMM HaBbikamn Ha 10 NPOLEHTHbLIX MYHKTOB aCcCOLMMPYETCA C POCTOM COBOKYMHOWN

dakTopHOM nponssoanTenbHocTn Ha 0,6—-0,8% B rog [5].
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3.2. PermoHanbHble Mogenu pa3BuTusa nHopmaTnyeckoro obpasosaHus
MexayHapoaHbI - OnbIT  AEMOHCTpUpyeT pasHoobpasne noaxodoB K MHTerpaumm
MHpopmaTnukn B obpasoBaTeribHble CUCTEMbI, YTO OTpaXaeT Kak pasnuMyus B YPOBHE
9KOHOMWYECKOro pas3BUTUS CTPaH, Tak M cneunduky mx obpasoBaTenbHbIX Tpaguuuni u
cTpaTermyecknx NpuopuTETOB.

Tabnuua 2 — CpaBHUTENbHbLIA aHanNu3 moaenen nHopmarTmsaumm obpasoBaHusa B

pPa3sINyHbIX permoHax Mupa

CrtpaHa /| Mopenb OxBat uudcp. | UKT- KniouyeBble
pernoH uHcdopmMaTusauum | obpasoBaHueM | UHAEKC | pe3ynbTaThbl
(ITU,
2022)

OuHnaHaus | CuctemHas, 98% 8,3 JlngepcTtBo B
OpPUEHTUPOBAHHas PISA, BbICOKas
Ha Kputnyeckoe NT-3aHATOCTb
MblILLSIEHNE

OCTOHUS «Umndpposoe 97% 8,5 E-
rocyaapcTBo», Kog npaBUTENbLCTBO,
c 1 knacca cTtapTan-

akocuctema

CwuHranyp STEM-akueHT, 95% 8,7 Ton-3 B MMpOBOM
rocyapCcTBEHHO- NT-pentunHre
YyacTHoe
napTHEPCTBO

OxxHas Hau. yuyebHas ceTb | 99% 8,9 Jinpep B  5G,

Kopesi KERIS, paHHee nonynpoBOAHMKaxX
KOAMpOBaHue

NHauns Mporpamma Digital | 62% 5,2 KpynHenwmun WT-
India, cmelaHHbIN ayTCOPCWUHIOBbIV
oxBaT PbIHOK
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CrtpaHa /| Mopenb OxBat uudcp. | UKT- KniouyeBble
pervoH MHdopmaTU3auumm | obpasoBaHUeM | UHAEKC | pe3ynbTaTbl
(ITU,
2022)
CTpaHsbl lMNepexoaHas, 55-80% 4,5-6,8 | Pactywun nNT-
CHI HepaBHOMepHas CeKTop npu
uncposmsaums npobenax B
NHpacTpyKType

HcmouHuk: cocmaeneHo asmopamu Ha ocHoge 0aHHbix MC3, OHECKO u O3CP (2022-
2023)

[aHHble Tabnuubl 2 NOAYEPKMBALOT, YTO Hanbornee ycnelwHble MoAeNn HopMaTn3aumm
obpa3oBaHNsA — 3CTOHCKasi, CUHranypckasi U toXKHoKopenckaa — obbeanHaeT psg obLmx
YyepT: paHHee Ha4vano oby4yeHWss OCHOBaM MPOrpaMMMpPOBaHUS, TeCHas WHTerpaums
obpasoBaTtenbHbIX yupexaeHun ¢ UT-nnayctpuen n nocrnegoBaTtenbHasa rocyaapcTBeHHas
nogaepxka UmMdppoBon NHPPACTPYKTypbl. IMEHHO coyeTaHue 3Tux (pakTopoB MO3BONAeT
nepesect obpasoBaTeribHble UHBECTULNN B KOHKPETHbIE KOHKYPEHTHbIE MpenmyLlecTsa
HaUMOHaNbHbIX 3KOHOMUK.

3.3. UncppoBoe HepaBEeHCTBO KaK BbI3OB AN MH(hopMaTU4yeckoro obpasoBaHus
HecmoTpa Ha 3HauuTenbHbLIM MNporpecc B WHGopmaTudauum obpasoBaHusd, npobnema
UM POBOro HepaBeHCTBa OCTAETCA OQHMM U3 KITHOYEBLIX NPENATCTBMIA Ha NYTU K BCeobLen
AOCTYMNHOCTM Ka4yeCTBEHHOro MHgopmaTtmyeckoro obpasoBaHus. LindpoBoe HepaBeHCTBO
NPOSIBMSAETCS HAa HECKOSbKMX YPOBHAX: HEPABHbIN AOCTYN K annapaTHOMY obGecneyeHnto 1
WHTEpPHETY, pasnuuna B ypOBHE UUIPOBON rPaMOTHOCTM Mnefaroros, HepaBHOMEpPHOE
Ka4ecTBO uUuppoBoro obpasoBaTenbHOr0O KOHTEHTAa W paspblB B CMOCOBHOCTH
oby4arowmxca 3 PEKTUBHO MCNONb30BaTh LUMPOBbLIE NMHCTPYMEHTHI [8].

Mo gaHHbIM MCD3 (2022), pa3pblB B YPOBHE AOCTyNa K MHTEPHETY MexXay pasBUTbIMU U
HanMeHee pasBUTbIMU CTpaHaMun gocturaet 54 npoueHTHbIX NyHKTOB (91% npotne 37%),
NPUYEM BHYTPU CaMUX Pa3BUBAIOLLUXCS CTPaAH CYLLECTBYET 3HAYUTESNbHbBIN pa3pbiB MeXay
ropogoM n CenbCKOM MEeCTHOCTbIO. [1peogoneHne unmdpoBOro HepaBeHCTBa TpebyeT He
TONbKO MH(PPACTPYKTYPHLIX MHBECTULUI, HO N LeneHanpaBneHHbIX NporpamMmm noBbILLEeHUs
LMpOBON rpaMOTHOCTU HacerneHus, Npexzae Bcero negarormnyeckmx kagpos [8].

3.4. MepcneKkTUBHbIE HanpaBreHUsa pa3BUTUSA MH(pOpPMaTUUYEeCKOoro o6pasoBaHus
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AHanun3 rnobanbHblX TeHOAEeHUMW NO3BOMNSET BblAENUTb  HECKOSNbKO  KITHOYeBbIX
HanpasneHun, onpegensowmx dbyayuiee nHpopmatmyeckoro obpasosaHus. Bo-nepsblx,
9T0  BbluMcnuTenoHoe  MbiwneHne  (Computational  Thinking) kak  6a3oBbin
obGpasoBaTenbHbI  KOHCTPYKT:  CMOCOBHOCTb  pa3buBaTb CrOXHbIE 3agaynM  Ha
anropuTMmMyeckne KOMMOHEHTbI, BbISIBIIATb 3aKOHOMEPHOCTU N abcTparnpoBaTh peLleHus
CTAHOBUTCA YHMBEPCaNlbHOM KOTHUTUBHOW KOMMETEHUMEN, NPUMEHMMOW [aneko 3a
npegenamu cepsl UT [2].

Bo-BTOpbIX, 0OpasoBaHMe B obnactm knbepbesonacHoctn un atukm MM npuobpetaet
cTpaTermyeckoe 3HayeHve rno Mepe Toro, Kak uudpoBasi cpeda CTaHOBUTCS BCE Gornee
HEOTbEMMEMON YacTbio NPOGECCUOHANBbHON N JIMYHOM XWU3HW. B-TpeTbux, KoHuenuus
«0by4yeHns Ha npoTskeHun Bcen Xu3Hu» (lifelong learning) B KOHTEKCTe MHOpPMaTUKK
O3HavyaeT HeobXOANMOCTb NOCTOSIHHOrO OBHOBNEHUS LIMPPOBLIX KOMMETEHUUN B OTBET Ha
CTpeMunTenbHoe pasBuUTME TEXHOSOMMN — 3ajada, Afs peLleHns KOTOPon TpaauLUNOHHbIE
MOAenn O4YHOro o6pasoBaHUA $SBHO HedoCTaTouHbl 6e3 WMHTerpaumm MUKPOKYPCOB,
cepTUPUKALNOHHBIX MpOorpamMm 1 KopnopaTneHoOro obyyeHus [6].

B-4yeTBEépPTLIX, reHaepHoe pasHoobpasve B WT-obOpasoBaHMM OCTaAETCA HepPeLEHHOWM
nNpo6nemMon: XeHLmMHbl no-npexHemy coctaBnaoT MmeHee 30% CTyOeHTOB TEXHUYECKUX
crneumanbHocTen B GOMbLUMHCTBE CTpaH, YTO OrpaHUYMBaEeT MCMOMb30BaHWE MOMOBUHDI
Yyenoseyeckoro noteHuuana. lNpeogoneHve atoro Gapbepa 4vepes uereHanpasneHHble
obpasoBaTtenbHble MNporpaMmbl CMNOCOOHO CYLLECTBEHHO pacwupuTb KagpoByk 6asy
LMcpoBon 3KOHOMUKM [9].

3akno4eHue

MpoBeaéHHoOE uccregoBaHne MNO3BONSAeT CHOPMynMpPOBaTh PsL KIYEBLIX BbIBOAOB O
ponu NHpOpMaTHKM B pa3BUTUM 06pa3oBaHNSA N SKOHOMUKN 3HAHWUNA.

Bo-nepBbIX, MHOpMaTMKa 3BOSIOLMOHMPOBANa OT cTaTyca y3KocrneumanuampoBaHHOM
y4yebHON ancUMNNUHBLI 4O poNnu cuctemoobpasytowero daktopa Bcen obpasoBaTesibHON
akocucTembl. LindppoBble TEXHONMOrMM HEe NPOCTO LOMOSHAKT TPAAULMOHHBIA yYeBOHbIN
npouecc — OHW TPaHCHOPMUPYKOT €ro MeTOOO0NOrmYeckne OCHOBbI, OTKPbIBas
NPUHUMNMANbHO HOBblE BO3MOXHOCTWM MepcoHanuMsauun, aganTUMBHOCTU U LOCTYMHOCTM
o0y4eHus.

Bo-BTOpbIX, 3KOHOMWUYECKas LEHHOCTb WHopMaTuyeckoro obpasoBaHWsa B YCNOBUAX
uMdgpoBon TpaHchopMaumm HeyKkroHHO Bo3pactaeT. CTpaHbl, CyMeBLUME BbICTPOUTb
3pbeKTUBHbIE CUCTEMbI NOATOTOBKM KaApPOB C BbICOKMMU LUPOBLIMMA KOMNETEHLMAMN —

3cTtoHus, KOxHas Kopesi, Cuxranyp, PUHNSHANS, — NOMyYatoT YCTOMYNBbIE KOHKYPEHTHbIE
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npevmywiectsa B rnobanbHON 3KOHOMWKE 3HAHWA, Bblpaxawlwmeca B pasBUTUK
WHHOBALMOHHbLIX OTpacnen, pocTe MpOM3BOAUTENBHOCTM Tpyga W NpuUBReYeHUn
MeXOyHapoaHbIX MHBECTULMNA.

B-TpeTbux, umdpoBmsaumsi o6pasoBaHns, HECMOTPS HA OFPOMHbIN MOTEHLMar, CONnpskeHa
C Cepbeé3HbiMM  puckaMmnm  ycurneHus  HepaBeHcTBa. be3  ueneHanpasreHHOW
rocy4apCTBEHHOW MNOMUTUKN MO NPEeOoAOoNEeHNo LUMEPOBOro paspbiBa TEXHOMOornyeckue
WHHOBaLMM B 0Opa3oBaHMM MOTYT 3akpenuTb WM yrnybuTb CyLllecTBYLME coumnarnbHO-
akoHOMu4eckme pucnponopumn. ObecneveHne Bceobulero AoCTyna K KayeCTBEHHOMY
MHpopmaTnyeckoMmy obpasoBaHUIO — He TOMbKO nejarormyeckasi, Ho U cTpaTerndyeckas
9KOHOMMYeCKas 3agaqa.

B-ueTBEPTLIX, ANA MakcMManbHOW peanu3aumm noteHumana WHGOPMaTUYECKOro
obpasoBaHns HeobxoguMma KOMMMEeKCHas cTpaTerusi, obbeauHsowasa: MHBECTULUUM B
UMGPOBYD  MHAPACTPYKTYpy YYEOHbIX 3aBEeAEHUN; MOBLIWEHWE  KBanudukaumm
negarornyeckmx kagpos B obnactu WKT; pa3paboTky akTyanbHbIX y4ebHbIX nporpamm,
COOTBETCTBYHOLMX AUHAMUYHBIM TpeboBaHWAM pblHKA Tpyaa; pasBUTUE MeXaHU3MOB
rocyfapCTBEHHO-4aCTHOrO  MapTHEPCTBA; a Takke  (POpPMUPOBaHME  KYyNbTypbl
HenpepbIBHOIO NHPOPMaTNYECKOrO obpasoBaHus Ha NPOTSHKEHNM BCEWN
npodeccnoHanbHOW XN3HMN.

Takum obpasom, uWHGpopmMaTMka B 0OpasoBaHMM — 3TO HEe MPOCTO COBOKYMHOCTb
TEXHUYECKUX OUCLMMINH, a CTpaTernyecknin pecypc HaumoHasnbHoOro passutms. B ycnosusx
YETBEPTON MPOMbBILLSIEHHON PEBOMIOLMM N Nepexoaa K 9KOHOMUKE 3HaHWW Ka4vyecTBO
NHOPMATUYECKOTO obpasoBaHus BCE B GonbLen mMepe onpegensieT
KOHKYPEHTOCNOCOOHOCTb CTpaH, 6narocoCcTosiHne MX rpaxgaH U MecTo B apXUTEKType

rnodanbHOM 3KOHOMUKM.
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PROTECTING TELECOM SYSTEMS AGAINST ADVANCED PERSISTENT THREATS
AND CYBERATTACKS
Abstract

The global telecommunications infrastructure has become a primary battleground for
sophisticated cyber adversaries, particularly advanced persistent threat groups seeking
strategic advantages through espionage, service disruption, and data exfiltration. This paper
investigates the vulnerabilities inherent in modern telecom systems and proposes a
multilayered defensive architecture against advanced persistent threats. Using a mixed-
methods approach combining qualitative analysis of documented attack patterns with
quantitative assessment of security control effectiveness across six major European telecom
operators, the study evaluates existing protective measures and identifies critical gaps in
intrusion detection, network segmentation, and supply chain security. Key findings reveal
that less than forty percent of telecom networks implement adequate behavioral anomaly
detection, while authentication weaknesses persist in signaling infrastructure. The study
concludes that a defense-in-depth strategy incorporating zero-trust principles, continuous
threat hunting, and international collaboration substantially reduces attack surface
exposure. Implications for regulatory frameworks and future research directions in quantum-
resistant encryption for telecom backbones are discussed.

Introduction

The digital transformation of modern society rests upon the silent, ubiquitous
functioning of telecommunications systems. These networks carry not only voice
communications but also critical data flows that support financial transactions, emergency
services, energy grid management, healthcare delivery, and governmental operations. As
such, telecommunications infrastructure has emerged as one of the most attractive targets

for sophisticated cyber adversaries, particularly those classified as advanced persistent
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threat actors. Unlike opportunistic cybercriminals seeking immediate financial gain,
advanced persistent threat groups operate with strategic patience, substantial resources,
and long-term objectives that often include espionage, sabotage, or the establishment of
persistent access for future operations.

The unique vulnerability of telecom systems stems from several interconnected
factors. First, the architecture of traditional telecom networks was designed during an era
when security was a secondary consideration, prioritizing reliability, interoperability, and
performance over authentication and access control. Second, the convergence of
information technology and operational technology networks within telecom environments
has expanded the attack surface dramatically while introducing complex integration
challenges that attackers routinely exploit. Third, the supply chain for telecom equipment
involves numerous vendors across multiple jurisdictions, creating opportunities for hardware
and software tampering that can remain undetected for years. Fourth, the regulatory
landscape for telecom security remains fragmented, with varying standards across nations
and limited mechanisms for threat intelligence sharing among operators.

The research problem addressed by this paper is the persistent inadequacy of existing
protective measures against advanced persistent threats in telecommunications
environments. Despite increasing awareness of these threats and substantial investments
in security technologies, telecom operators continue to suffer successful intrusions that
remain undetected for extended periods, often measured in months or years. This gap
between threat sophistication and defensive capability represents a critical vulnerability in
global critical infrastructure protection.

The primary objective of this study is to evaluate current protection mechanisms
employed by telecom operators against advanced persistent threats, identify specific
weaknesses in these mechanisms, and propose a comprehensive defensive framework
grounded in empirical evidence and contemporary security research. Secondary objectives
include quantifying the prevalence of specific vulnerabilities across sampled networks,
assessing the effectiveness of intrusion detection methodologies in telecom contexts, and
developing actionable recommendations for both operators and regulators.

The importance of this study cannot be overstated. As fifth-generation and emerging
sixth-generation networks accelerate the integration of telecommunications with virtually
every sector of the economy, the consequences of successful advanced persistent threat
operations against telecom infrastructure extend far beyond service disruption.

Compromised telecom systems can enable large-scale surveillance, facilitate attacks on
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downstream critical infrastructure, undermine trust in digital communications, and inflict
substantial economic damage. By providing a rigorous, evidence-based analysis of telecom
protections against advanced threats, this paper aims to inform both technical practice and
security policy at a pivotal moment in the evolution of global telecommunications.

Literature Review

The academic literature on telecommunications security has expanded considerably
over the past decade, driven by high-profile intrusions and growing recognition of the
strategic importance of these networks. This review synthesizes existing research across
four thematic domains: the nature and behavior of advanced persistent threats in telecom
contexts, vulnerabilities specific to telecom protocols and architectures, detection
methodologies for sophisticated intrusions, and defensive frameworks proposed in the
scholarly literature.

Research by Miller and Steiner (2021) established a foundational taxonomy of
advanced persistent threat operations targeting telecommunications infrastructure, drawing
on analysis of fifteen publicly documented incidents between 2015 and 2020. Their work
demonstrated that advanced persistent threat groups targeting telecom systems employ
tactics substantially different from those used against enterprise networks, with particular
emphasis on compromising operational support systems and signaling infrastructure. The
authors identified five characteristic phases of telecom-targeted advanced persistent threat
operations: reconnaissance of network topology and vendor relationships, initial
compromise through supply chain vectors or credential theft, establishment of persistent
footholds within operations support systems, lateral movement through network
management interfaces, and finally data exfiltration or disruption of service functionality.
Critically, Muller and Steiner observed that the average dwell time — the period between
initial compromise and detection — exceeded three hundred days for telecom breaches,
compared to approximately ninety days for enterprise network breaches. This finding
highlights the particular difficulty of detecting advanced persistent threats within telecom
environments, where legitimate administrative traffic is voluminous and often poorly
distinguished from malicious activity.

However, the Miller and Steiner study faced Ilimitations that constrain its
generalizability. The sample of documented incidents relied heavily on publicly disclosed
breaches, which represent a fraction of total events due to the reputational and regulatory
consequences of admitting compromise. Moreover, the study did not include comparative

analysis of defensive measures employed by operators that successfully resisted or quickly
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detected intrusions, leaving a gap in understanding what distinguishes effective from
ineffective protection. The present study addresses this gap by including operators with
varied security postures and directly assessing their defensive capabilities against observed
attack patterns.

Vulnerability research has focused extensively on the signaling system number seven
and diameter protocols that form the backbone of mobile telecommunications, as
documented by Hoffmann and Weber (2022). Their comprehensive security analysis of core
network elements revealed that over sixty percent of tested implementations contained
vulnerabilities allowing unauthorized location tracking, call interception, or denial of service.
The authors demonstrated attack vectors that exploit protocol trust assumptions, where
authentication between network elements is weak or nonexistent, enabling attackers with
access to signaling networks to issue commands that legitimate network elements would
accept without question. Hoffmann and Weber proposed a set of architectural
countermeasures including signaling firewalls, message filtering based on expected
behavior patterns, and implementation of the security extensions defined in recent protocol
versions.

The Hoffmann and Weber study made substantial contributions by moving beyond
theoretical vulnerability analysis to practical testing across operational environments.
Nevertheless, the study focused primarily on protocol-level weaknesses rather than the
broader context of advanced persistent threat operations that combine protocol exploitation
with other techniques such as social engineering, supply chain compromise, and credential
harvesting. An advanced persistent threat actor will not simply attack the signaling protocol
directly but will combine multiple approaches to achieve persistence and avoid detection.
The present study therefore extends this line of inquiry by examining how protocol
vulnerabilities interact with other weaknesses to enable comprehensive compromise
scenarios.

Research by Di Marco, Tanner, and Vaucher (2023) addressed the detection challenge
directly, proposing a machine learning framework for identifying anomalous behavior in
telecom network management traffic. Their approach used supervised learning trained on
labeled datasets containing both normal administrative operations and simulated advanced
persistent threat activities. The framework achieved detection rates exceeding ninety
percent for certain attack patterns while maintaining a false positive rate below two percent.
Particularly noteworthy was the ability to detect subtle indicators of compromise such as

unusual command sequences, irregular timing of administrative actions, and unexpected
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combinations of configuration changes that individually appeared benign but collectively
indicated malicious intent. The authors validated their approach using data from three
telecom operators and demonstrated that the machine learning system identified intrusions
weeks or months earlier than traditional signature-based detection methods.

While the Di Marco, Tanner, and Vaucher study demonstrated promising results, it
acknowledged important limitations. The training data for supervised learning required
labeled examples of advanced persistent threat behavior, which are scarce in real telecom
environments due to the rarity and sensitivity of confirmed intrusions. The study relied on
simulated attacks, which may not fully capture the subtlety of sophisticated human
adversaries who adapt their techniques to evade detection. Furthermore, the computational
requirements of real-time analysis for high-volume telecom traffic posed deployment
challenges that the study did not fully resolve. The present study builds on this work by
examining hybrid detection approaches that combine machine learning with other
methodologies and by evaluating performance under more realistic constraints.

A significant gap in the literature concerns the integration of defensive measures into
a coherent, multilayered framework specifically designed for telecom environments. Existing
research tends to focus on individual technologies or attack patterns rather than the holistic
defensive posture necessary to counter advanced persistent threats that adapt to overcome
single-layer defenses. The concept of defense in depth is well established in general
cybersecurity literature but has not been systematically adapted to the unique characteristics
of telecommunications systems, including their performance requirements, legacy
components, and regulatory obligations. Furthermore, the literature lacks comparative
empirical studies evaluating the effectiveness of different defensive configurations against
realistic advanced persistent threat models.

The present study addresses these gaps by examining six telecom operators with
substantially different security architectures, measuring the effectiveness of their existing
protections against standardized threat scenarios, and synthesizing the findings into a
comprehensive defensive framework that accounts for technical, operational, and
organizational factors. Unlike previous studies that have focused on individual vulnerabilities
or detection techniques in isolation, this research takes a systems-level perspective that
recognizes advanced persistent threats as adaptive adversaries who exploit the weakest
link in the defensive chain.

Materials and Methods
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This study employed a mixed-methods research design combining quantitative
security assessments, qualitative interviews with security practitioners, and structured
analysis of documented intrusion case studies. The research was conducted over a twelve-
month period from January to December 2025, with data collection occurring in three
sequential phases to allow findings from earlier phases to inform later data collection.

The sample comprised six telecommunications operators located in Switzerland,
Germany, Italy, and the United Kingdom. Operators were selected using purposive sampling
to ensure variation in size, network architecture, customer base, and reported security
posture. Three operators were classified as large national incumbents serving more than
ten million subscribers each, while three were smaller regional operators serving between
one and five million subscribers. All operators provided both mobile and fixed-line services,
with four having deployed fifth-generation core networks at the time of the study.
Participation was voluntary, and all operators signed nondisclosure agreements protecting
specific findings while permitting aggregated and anonymized reporting of results.

For the quantitative component, the research team developed a security assessment
instrument consisting of one hundred forty-seven control items mapped to the National
Institute of Standards and Technology cybersecurity framework categories of identify,
protect, detect, respond, and recover. Each control item was assessed through a
combination of documentation review, system configuration examination, and technical
testing where permitted by operational constraints. Controls were weighted by importance
based on expert judgment from a panel of five telecom security specialists not affiliated with
the participating operators. The assessment produced a composite security score for each
operator, as well as sub-scores for each of the five framework categories. Additionally, the
research team conducted vulnerability scanning of external network perimeters using
commercial scanning tools and, where authorized, internal network segments using agent-
based discovery.

To assess detection capabilities against advanced persistent threat behaviors, the
research team developed a red team exercise protocol that did not involve active exploitation
but rather tested existing detection systems using replay of known attack patterns and
benign traffic that mimicked the characteristics of advanced persistent threat activity.
Specifically, the team generated synthetic network traffic containing indicators of
compromise derived from documented advanced persistent threat campaigns against
telecom entities, including unusual query patterns to home subscriber servers, anomalous

signaling system number seven operations, and unexpected access to configuration
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management databases. Detection systems across the six operators were evaluated for
their ability to generate alerts within specified time thresholds for these synthetic indicators.

The qualitative component involved semi-structured interviews with thirty-one security
professionals across the six operators, including chief information security officers, security
operations center managers, network engineers, and incident responders. Interview
protocols were developed based on themes emerging from the literature review and
preliminary quantitative findings, covering topics such as threat intelligence sharing
practices, incident response procedures, challenges in securing legacy systems, and
organizational barriers to security improvement. Interviews were conducted remotely,
recorded with participant consent, and transcribed for analysis. Transcripts were analyzed
using thematic analysis following the six-phase approach of familiarization, initial coding,
theme development, theme review, definition, and writing. Two researchers independently
coded a subset of transcripts to establish inter-coder reliability, achieving a kappa coefficient
of zero point eight five.

Case study analysis examined three publicly documented advanced persistent threat
intrusions into telecommunications networks between 2020 and 2024. Cases were selected
based on the availability of detailed technical reporting from incident response firms or
government agencies and the diversity of attack techniques employed. Each case was
analyzed using the MITRE ATT and CK framework for enterprise to map observed attacker
behaviors to specific tactics and techniques. This analysis informed the development of
threat scenarios used in the quantitative assessment and validation of defensive
recommendations.

Analytical techniques included descriptive statistics for security assessment scores,
comparative analysis of detection rates across operators and detection methodologies, and
thematic synthesis of interview findings. For the quantitative data, the research team
calculated means, standard deviations, and ranges for each security control category, then
performed nonparametric statistical tests to examine differences between operator groups.
The small sample size precluded advanced inferential statistics, so the analysis focused on
identifying meaningful patterns and effect sizes rather than achieving statistical significance.
For the qualitative data, themes were organized hierarchically and illustrated with
representative quotations. The case study analysis resulted in attack pattern taxonomies
that were used to validate defensive recommendations.

Ethical considerations were paramount throughout the research. All participating

operators provided informed consent with full disclosure of data collection methods and
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intended use of findings. Technical testing was limited to prevent any degradation of
operational services or exposure of customer data. Red team exercises used synthetic traffic
in isolated test environments wherever possible, and on production networks only with
explicit authorization and safeguards against service impact. Interview participants were
assured of confidentiality, and all identifying information was removed from transcripts
before analysis. The research protocol was reviewed and approved by the ethics committee
of the affiliated university.

Results

The quantitative security assessments revealed substantial variation in protective
posture across the six participating telecom operators. The mean composite security score
was sixty-two point four out of a possible one hundred points, with a standard deviation of
fourteen point eight. The highest scoring operator achieved seventy-nine points, while the
lowest achieved forty-three points. Large national incumbents scored significantly higher
than smaller regional operators, with mean scores of seventy-one point three and fifty-three
point five respectively, an effect size of one point two standard deviations.

Within the five framework categories, the identify category showed the highest mean
score at seventy-one point two, reflecting generally strong asset management and risk
assessment practices across all operators. The protect category showed a mean score of
sixty-four point five, with access control and data security measures demonstrating particular
weaknesses. The detect category showed the lowest mean score at forty-seven point eight,
indicating critical gaps in the ability of operators to identify ongoing advanced persistent
threat activity. The respond category had a mean of fifty-eight point three, while the recover
category had a mean of sixty-nine point one.

Specific vulnerabilities identified across multiple operators included insufficiently
segmented network management interfaces, with five of six operators allowing management
traffic to traverse the same data paths as customer traffic without adequate isolation. Four
operators maintained default credentials on at least one class of network element, despite
policies prohibiting this practice. All six operators relied heavily on signature-based intrusion
detection systems that generated low alerts for known threats but failed entirely to identify
the synthetic advanced persistent threat indicators designed to mimic novel attack patterns.
The detection rates for synthetic indicators ranged from zero percent to thirty-three percent
across operators, with a mean of twelve percent. Even when detection occurred, the mean
time to alert exceeded forty-eight hours for indicators that would represent early stages of

an advanced persistent threat campaign.
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Vulnerability scanning of external network perimeters identified an average of two
hundred thirty-four potentially exploitable services per operator, of which an average of forty-
one were classified as high severity. Internal network scanning, conducted with authorization
on three operators, identified an average of four hundred twelve vulnerabilities per operator,
with twenty-two percent classified as critical or high severity. Of particular concern were
vulnerabilities in operational support system components that had known public exploits but
remained unpatched for over three hundred days.

The red team exercise results demonstrated that existing detection capabilities are
poorly suited to identifying the behavioral patterns characteristic of advanced persistent
threats. When synthetic traffic replicated the query patterns of a compromised administrative
account conducting legitimate-seeming but abnormal configuration changes, only one
operator generated any alert, and that alert was not escalated for investigation due to the
volume of false positives from the same detection rule. When synthetic traffic replicated
signaling system number seven operations that appeared to originate from an authorized
roaming partner but violated expected geographic patterns, two operators generated alerts,
but investigators in both cases concluded the activity was false positive after cursory
examination.

Qualitative analysis of interview transcripts revealed five major themes characterizing
the challenges of protecting telecom systems against advanced persistent threats. The first
theme, legacy system constraints, appeared in twenty-nine of thirty-one interviews.
Participants consistently described how decades-old network elements, some lacking
modern security features such as encryption or authentication, create persistent
vulnerabilities that cannot be remediated without service disruption. One chief information
security officer noted that replacing or upgrading these systems requires capital investments
that exceed typical security budgets by an order of magnitude.

The second theme, visibility gaps, emerged in twenty-seven interviews. Security
operations center personnel described having incomplete visibility into network traffic,
particularly at the interfaces between mobile and fixed networks and between operational
support systems and business support systems. Several participants observed that
advanced persistent threat actors deliberately target these visibility blind spots, knowing that
activity crossing these boundaries is unlikely to be correlated or analyzed.

The third theme, threat intelligence limitations, appeared in twenty-five interviews.
Participants expressed frustration with the quality and timeliness of threat intelligence

available to telecom operators, noting that indicator-based sharing is often too slow to
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prevent compromise and that strategic intelligence about adversary techniques is rarely
available at the level of detail needed for defensive planning. International cooperation was
described as particularly challenging due to legal restrictions on data sharing and the
reluctance of operators to disclose compromises.

The fourth theme, skills shortage, emerged in twenty-three interviews. The specialized
knowledge required to secure telecom networks combining legacy protocols, modern IP-
based systems, and operational technology was described as exceptionally rare.
Participants reported difficulty both in recruiting qualified personnel and in retaining them
against competition from technology companies offering higher compensation. Several
operators acknowledged having unfilled security positions for over twelve months.

The fifth theme, measurement difficulty, appeared in twenty-two interviews.
Participants struggled to articulate how they would know whether their security posture was
improving or worsening over time, given the absence of reliable metrics for advanced
persistent threat readiness. Most operators measured security by compliance with
regulatory or industry standards, which participants acknowledged are insufficient to
address sophisticated adversaries.

Case study analysis of three documented advanced persistent threat intrusions
revealed a consistent pattern of attackers exploiting weaknesses in exactly the domains
where the quantitative assessment found lowest scores. In all three cases, initial access
was achieved either through compromised credentials obtained via phishing or through a
vulnerable network management interface exposed to the internet. In all three cases,
detection occurred only after the attacker had achieved their objectives and exfiltrated data,
and detection was triggered by external notification rather than internal monitoring. The
mapping of attacker behaviors to the MITRE ATT and CK framework showed that over eighty
percent of techniques employed would have been difficult or impossible to detect with the
security controls observed in the present study’s participating operators.

Discussion

The findings of this study demonstrate that telecommunications operators face a
substantial gap between the sophistication of advanced persistent threat actors and the
effectiveness of their current protective measures. The low detection scores across all
operators, combined with the qualitative themes of visibility gaps and measurement difficulty,
indicate that the telecommunications sector is not adequately prepared for the nature of
threats it confronts. This section interprets these results, compares them with existing

research, and discusses their implications for practice and policy.
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The finding that detection capabilities are the weakest component of telecom security
postures aligns with the earlier work of Mdiller and Steiner (2021), who documented
extended dwell times in telecom breaches. The present study extends that finding by
quantifying the detection gap and identifying specific reasons for its persistence. The
reliance on signature-based detection systems, designed for known threats with identifiable
indicators, is fundamentally mismatched to the nature of advanced persistent threats, which
use custom tools and novel techniques specifically to avoid signature detection. The red
team exercise results, showing near-zero detection of synthetic advanced persistent threat
indicators, suggest that operators are effectively blind to the early stages of a sophisticated
intrusion.

The vulnerability of signaling infrastructure documented by Hoffmann and Weber
(2022) was confirmed in the present study, but with an important nuance. While protocol-
level vulnerabilities certainly exist and were identified in several operators, the more
significant finding concerns the interaction between protocol vulnerabilities and other
weaknesses. In the case study analysis, attackers used signaling protocol exploits not as
their primary access method but as a persistence mechanism after initial compromise
through other means. This suggests that defensive efforts focusing solely on signaling
firewalls, while valuable, are insufficient if other entry points remain unprotected.

The machine learning detection approach proposed by Di Marco, Tanner, and Vaucher
(2023) showed promising results in their controlled study, but the present research raises
questions about practical deployment. The computational requirements and the need for
labeled training data present substantial barriers, particularly for smaller operators with
limited resources. Moreover, the false positive rates reported in the earlier study, while low
by academic standards, would still generate thousands of alerts daily in a large telecom
network, overwhelming security operations center analysts. Hybrid approaches combining
machine learning with other detection methodologies deserve further investigation, but the
present study suggests that no single technology provides a complete solution.

Perhaps the most significant finding concerns the organizational and systemic nature
of the protection challenge. The qualitative themes of legacy system constraints, visibility
gaps, threat intelligence limitations, skills shortage, and measurement difficulty indicate that
technical controls alone cannot solve the problem. Even operators with relatively high
security scores on the quantitative assessment acknowledged persistent difficulties in these
areas. This suggests that the telecommunications industry requires not just better security

products but fundamental changes in how security is governed, resourced, and measured.
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The practical implications of these findings are substantial. For telecom operators, the
results argue for a strategic reorientation away from compliance-based security toward
threat-informed defense. Rather than focusing primarily on meeting regulatory requirements
or achieving certification against standards, operators should prioritize the specific detection
and response capabilities that would interrupt the chain of an advanced persistent threat
attack. This includes investing in behavioral analytics, improving visibility into internal
network traffic, implementing user and entity behavior analytics for administrative accounts,
and developing threat hunting programs that proactively search for indicators of compromise
rather than waiting for detection systems to alert.

For regulators, the findings suggest that current security requirements are insufficient.
Regulations that focus on point-in-time compliance assessments, such as annual audits, do
little to address the continuous, adaptive nature of advanced persistent threats. Future
regulatory frameworks should emphasize capabilities rather than controls, requiring
operators to demonstrate the effectiveness of their detection and response processes
through exercises and testing. Additionally, regulators should address the threat intelligence
sharing barriers identified in this study, perhaps through the establishment of sector-specific
information sharing and analysis organizations with legal protections for participants.

For the research community, this study opens several avenues for future investigation.
The development of detection methodologies suited to telecom environments, with
acceptable computational overhead and false positive rates, remains a pressing need. The
feasibility of zero-trust architectures in telecom networks, where no internal entity is trusted
by default, deserves careful study given the performance and complexity constraints of
these environments. The economic aspects of telecom security, including the return on
investment for different protective measures and the viability of insurance mechanisms for
advanced persistent threat risk, have received insufficient attention. Finally, the potential of
emerging technologies such as quantum-resistant encryption for securing telecom
backbones against future threats requires exploration.

Limitations of this study must be acknowledged. The sample of six operators, while
diverse in some dimensions, cannot represent the full range of telecommunications
environments globally. Operators in other regions, particularly those with different regulatory
regimes or threat landscapes, might show different patterns. The quantitative assessment
relied on a combination of direct testing and self-reported data, introducing potential bias
from operator reluctance to disclose weaknesses. The red team exercise used synthetic

indicators rather than live attack simulations, which might understate detection capabilities
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against real adversaries who make mistakes or leave more traces. Finally, the study did not
include a longitudinal component, so the stability of findings over time cannot be assessed.

Despite these limitations, the study provides compelling evidence that
telecommunications systems are insufficiently protected against advanced persistent
threats and identifies specific directions for improvement. The convergence of quantitative
and qualitative findings around detection gaps, visibility limitations, and organizational
barriers suggests that these are not isolated problems but systemic features of the current
security posture in the sector.

Conclusion

This research set out to evaluate the protection of telecommunications systems against
advanced persistent threats and cyberattacks, and to propose improvements grounded in
empirical evidence. The findings paint a concerning picture: telecom operators possess
substantial capabilities in identifying assets and recovering from incidents, but critical
weaknesses in detection, protection, and response leave them vulnerable to sophisticated
adversaries who can operate within their networks for extended periods without discovery.
The mean detection score of forty-seven point eight across operators, combined with the
twelve percent detection rate for synthetic advanced persistent threat indicators, represents
a fundamental failure of current defensive approaches.

Three primary contributions emerge from this study. First, the research provides a
comprehensive, multi-operator assessment of security posture against advanced persistent
threats, moving beyond single-operator case studies or theoretical analyses to document
the state of practice across varied environments. Second, the study identifies detection as
the weakest link in current defenses and explains why existing detection methodologies,
heavily reliant on signature-based tools, are mismatched to the nature of advanced
persistent threat behavior. Third, the research develops a framework for understanding
telecom security as a systemic challenge requiring coordinated technical, organizational,
and regulatory responses, rather than a purely technical problem solvable by deploying
additional security products.

For telecom operators, the path forward requires prioritizing detection capabilities over
prevention alone. While preventive controls such as firewalls and access controls remain
necessary, they are insufficient against adversaries who will eventually find a way through.
Investment in behavioral analytics, network visibility, threat hunting, and skilled personnel is
essential. For regulators, the results argue for moving beyond compliance checklists toward

capabilities-based requirements tested through realistic exercises. For the research
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community, numerous questions remain about how to achieve effective detection in high-
volume, heterogeneous telecom environments without imposing unacceptable performance
penalties or operational complexity.

Future research directions should include the development and evaluation of telecom-
specific detection methodologies, particularly those combining multiple data sources such
as network flow data, system logs, and signaling protocol analysis. Longitudinal studies
tracking the evolution of security posture over time, particularly as operators adopt fifth-
generation and next-generation technologies, would provide valuable insights. The
applicability of zero-trust architectures to telecom networks deserves careful investigation,
as does the potential for automation and orchestration to accelerate detection and response.
Finally, as quantum computing advances threaten existing encryption methods, research
into quantum-resistant cryptographic protocols for telecom infrastructure should begin now
to ensure future preparedness.

The protection of telecommunications systems against advanced persistent threats is
not merely a technical challenge but a strategic imperative for societies that depend on these
networks for nearly every aspect of modern life. The findings of this study indicate that
current efforts are falling short, but they also illuminate a path forward through the
combination of better detection, greater visibility, improved threat intelligence sharing, and
sustained investment in people and processes. Without urgent action, the gap between
adversary capability and defensive effectiveness will continue to widen, with consequences
that extend far beyond the telecommunications sector itself.
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Abstract

The proliferation of Internet of Things devices within telecommunications networks has
introduced a complex array of security vulnerabilities that undermine network integrity and
user privacy. This study investigates the primary security weaknesses inherent in loT device
integration into telecom infrastructures, employing a mixed-methods approach combining
vulnerability scanning of commercial loT devices and analysis of telecom network traffic
logs. Key findings reveal that inadequate authentication mechanisms, unencrypted data
transmission, and improper device lifecycle management constitute the most critical
vulnerabilities. The research concludes that current security protocols are insufficient for the
scale and heterogeneity of loT deployments, necessitating enhanced encryption standards
and automated patch management systems. These findings have significant implications for
network operators, device manufacturers, and regulatory bodies.

Introduction

The rapid expansion of Internet of Things ecosystems has fundamentally transformed
the architecture and operational dynamics of telecommunications networks. Billions of
connected devices, ranging from smart meters and wearable health monitors to industrial
sensors and autonomous vehicles, now rely on telecom infrastructure for data transmission
and remote management. This convergence presents unprecedented opportunities for

automation, data-driven decision-making, and service innovation. However, the integration
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of loT devices into telecom networks introduces a parallel expansion of security
vulnerabilities that threaten the confidentiality, integrity, and availability of network services.

Telecommunications networks have traditionally operated within relatively controlled
environments where endpoints such as mobile phones and computers receive regular
security updates and adhere to standardized authentication protocols. 0T devices, by
contrast, often suffer from severe constraints in processing power, memory, and battery life,
which limit their capacity to implement robust security measures. Furthermore, many loT
devices are deployed in physically accessible or unattended locations, increasing the risk of
hardware tampering and side-channel attacks. The operational lifespan of loT devices
frequently exceeds that of consumer electronics, yet manufacturers often discontinue
security support years before devices are retired from service, creating a growing population
of vulnerable endpoints.

The importance of addressing loT security vulnerabilities within telecom networks
cannot be overstated. A compromised |oT device can serve as an entry point for lateral
movement across the network, potentially facilitating distributed denial of service attacks,
data exfiltration, or the hijacking of network control planes. High-profile incidents such as the
Mirai botnet attack, which exploited insecure loT devices to launch massive DDoS attacks
against critical internet infrastructure, have demonstrated the systemic risks posed by
insecure device populations. As telecom operators deploy fifth and sixth generation
networks with vastly increased device density and lower latency requirements, the attack
surface expands correspondingly.

The primary objective of this research is to systematically identify, categorize, and
analyze the most critical security vulnerabilities arising from the integration of loT devices
into telecom networks. Secondary objectives include evaluating the effectiveness of existing
mitigation strategies and proposing a framework for vulnerability management tailored to the
unique constraints of loT device populations. This study is guided by the following research
questions: What are the most prevalent security vulnerabilities in loT devices currently
deployed within telecom networks? How do these vulnerabilities differ across device
categories and manufacturers? What are the root causes of persistent loT security
weaknesses? And what technical and procedural interventions can effectively reduce risk
exposure in telecom loT deployments?

Literature Review

Existing research on loT security vulnerabilities within telecommunications networks

has developed along several distinct trajectories, reflecting the multidisciplinary nature of
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the problem. Early contributions focused primarily on device-level weaknesses, while more
recent scholarship has examined network-wide implications and architectural solutions. This
review critically synthesizes the current state of knowledge and identifies persistent gaps
that justify the present investigation.

Schmidt and Weber (2021) conducted a comprehensive analysis of authentication
mechanisms in cellular 10T devices, examining over five hundred commercially available
products across twelve manufacturers. Their study employed both static code analysis and
dynamic runtime testing to evaluate the strength of credential management practices. The
findings revealed that approximately sixty-three percent of devices used hard-coded or
easily guessable default credentials, and forty-one percent transmitted authentication data
in plain text over the network interface. Schmidt and Weber proposed a graded
authentication framework that distinguishes between low-risk and high-risk device
categories, recommending certificate-based authentication for the latter. However, their
work did not adequately address the operational challenges of certificate renewal and
revocation in device populations numbering in the millions, nor did it consider the constraints
of legacy devices that cannot support modern cryptographic operations.

Conti, Rossi, and Fischer (2022) approached the problem from a network architecture
perspective, focusing on the vulnerabilities introduced by loT device communication
patterns. Their longitudinal study analyzed traffic data from seventeen telecom operators
across Europe, spanning a twenty-four month period. The researchers identified that loT
devices frequently maintain long-lived connections to command and control servers,
creating predictable traffic signatures that attackers can exploit for reconnaissance.
Furthermore, they documented a high incidence of devices communicating with unverified
or malicious external endpoints, indicating either compromise or misconfiguration. Conti,
Rossi, and Fischer proposed a network-based anomaly detection system using machine
learning classifiers, achieving reported detection rates exceeding ninety percent for certain
attack types. Nevertheless, their approach required substantial computational resources at
the network edge, raising questions about scalability and economic viability for smaller
operators. The study also relied on historical attack data for training, potentially limiting its
effectiveness against novel or evolving threats.

Muller and Chen (2020) examined the lifecycle management of loT devices as a source
of systemic vulnerability. Their survey of two hundred thirty network administrators and
security professionals revealed that only twenty-two percent of organizations maintained

accurate inventories of loT devices connected to their networks. Sixty-seven percent
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reported that they had no mechanism for verifying whether devices received security
patches, and fifty-four percent acknowledged that they had continued operating devices for
more than twelve months after manufacturer end-of-life announcements. Muller and Chen
argued that the absence of standardized device decommissioning procedures creates
persistent risk, as retired devices often remain physically connected and logically
addressable. Their proposed solution involved automated device discovery and health
checking at the network edge, coupled with contractual requirements for manufacturer patch
support duration. However, the study focused primarily on enterprise and industrial loT
deployments, with limited attention to consumer devices that constitute the majority of
telecom-connected loT populations.

A significant gap across the existing literature is the relative neglect of heterogeneous
device environments where devices from multiple manufacturers, with different firmware
versions and security capabilities, coexist within the same network segment. Most studies
assume a degree of homogeneity or treat device populations as statistically independent,
whereas real telecom networks support an anarchic mix of device types, ages, and
configurations. Additionally, the literature has not adequately addressed the tension between
security requirements and operational imperatives such as low latency, high availability, and
energy efficiency. There is also a lack of empirical research examining the effectiveness of
security interventions in live telecom environments rather than laboratory or simulated
settings. The present study addresses these gaps by conducting vulnerability assessments
on actual commercial loT devices operating within a testbed that replicates real telecom
network conditions, including device heterogeneity, network congestion, and mixed traffic
patterns.

Materials and Methods

This research employed a mixed-methods design combining quantitative vulnerability
scanning with qualitative analysis of network traffic and device firmware. The methodological
approach was structured into three sequential phases: device selection and
characterization, controlled vulnerability assessment, and telecom network traffic analysis.
All procedures were approved by the institutional research ethics committee, and no
production telecom networks were disrupted during data collection.

In the first phase, a purposive sample of forty-five I0T devices was assembled,
representing the most common device categories found in telecom networks according to
industry deployment data. The sample included fifteen smart home devices (cameras, plugs,

thermostats, and hubs), fifteen wearable devices (fitness trackers, smartwatches, and
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medical alert pendants), and fifteen industrial 10T devices (environmental sensors, asset
trackers, and remote monitoring units). Devices were sourced from twelve manufacturers,
including both market leaders and smaller vendors. For each device, the research team
recorded the firmware version, communication protocols supported, authentication methods
available, and manufacturer security documentation. Devices ranged in purchase date from
2018 to 2024, with firmware versions spanning three major release generations to capture
variability in security posture.

The second phase involved controlled vulnerability assessment conducted within a
Faraday-shielded laboratory environment to prevent unintended network emissions. Each
device was connected to a dedicated test network isolated from the institution’s production
infrastructure. The test network consisted of a cellular base station simulator for devices
using LTE-M or NB-loT protocols, a Wi-Fi access point for devices using wireless local area
networking, and an Ethernet switch for wired devices. A passive network tap captured all
traffic between the device and the internet gateway, which was routed through a transparent
proxy for deep packet inspection. Vulnerability scanning was performed using a combination
of commercial tools, including a network vulnerability scanner, and custom scripts developed
for loT-specific protocol analysis. Scanning included the following test categories: default
credential verification, weak password policy assessment, plaintext credential transmission
detection, open port enumeration, unnecessary service identification, outdated protocol
detection, known vulnerability signature matching, and fuzz testing of application layer
inputs. Each device was subjected to a complete scan cycle lasting six hours, during which
all network traffic was logged to disk for subsequent analysis.

The third phase analyzed telecom network traffic logs obtained from three collaborating
operators under data sharing agreements. The dataset comprised anonymized netflow
records and deep packet inspection metadata from three geographically distributed network
segments carrying loT traffic. The observation period covered ninety consecutive days, with
an average daily traffic volume of approximately two hundred gigabytes compressed. From
this dataset, the research team extracted a subset of records pertaining to loT device
communications based on device signatures, MAC address ranges, and user agent strings.
Analysis focused on identifying security anomalies including connections to known malicious
IP addresses, prolonged connection durations inconsistent with device function, unexpected
outbound port usage, unencrypted transmission of sensitive data fields, and irregular
heartbeat or beaconing patterns. Statistical analysis employed descriptive statistics for

vulnerability prevalence, chi-square tests for association between device characteristics and
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vulnerability presence, and logistic regression to identify predictors of device compromise
likelihood. All statistical procedures were conducted at a significance level of alpha equals
0.05, with appropriate corrections for multiple comparisons.

Results

The vulnerability assessment phase revealed a high prevalence of security
weaknesses across all device categories, though with notable variation between device
types and manufacturers. Of the forty-five devices tested, forty-one devices exhibited at
least one critical vulnerability, defined as a weakness that could directly lead to device
compromise or unauthorized network access. Thirty-three devices contained multiple
vulnerabilities across different security domains. No device achieved a clean security
assessment without any identified weaknesses.

Authentication mechanisms constituted the most problematic domain. Thirty-seven
devices accepted default credentials that were publicly documented in manufacturer user
manuals or online databases. Credential brute-forcing attempts succeeded against twenty-
nine devices within a sixty-second testing window, indicating insufficient rate limiting or
account lockout mechanisms. Twenty-two devices transmitted username and password
combinations in plain text during the initial authentication handshake, including devices
using outdated versions of the MQTT protocol without transport layer security. Certificate-
based authentication was implemented by only eight devices, and in three of these cases,
the devices accepted expired or self-signed certificates without validation. Credential
storage analysis revealed that fourteen devices stored passwords or pre-shared keys in
unencrypted firmware partitions accessible via physical debugging interfaces.

Network communication vulnerabilities were similarly widespread. Thirty-one devices
exposed at least one unnecessary network service on a publicly reachable port, including
telnet, unencrypted HTTP, and trivial file transfer protocol. Passive fingerprinting of these
services disclosed device model, firmware version, and in some cases, the operating system
kernel build. Twenty-five devices used deprecated protocol versions, including SSL version
three and TLS version one point zero, both of which contain known cryptographic
weaknesses. Dynamic analysis of traffic patterns showed that nineteen devices
communicated with external endpoints outside the manufacturer’'s documented
infrastructure, suggesting either misconfiguration or potential compromise. Behavioral
anomalies included devices sending periodic beacon messages to IP addresses in

jurisdictions with different data protection regimes, as well as devices transmitting device
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identifiers and network credentials to third-party analytics services without explicit user
notification.

The telecom network traffic analysis provided complementary insights at scale.
Examination of netflow records from the three operator networks identified 47,382 unique
loT devices across the observation period. Of these, 12,847 devices exhibited
communication patterns consistent with known malicious activities, including connections to
IP addresses listed in threat intelligence feeds. The prevalence of suspicious outbound
connections was highest for smart home cameras and network attached storage devices,
which together accounted for sixty-three percent of anomalous traffic. Longitudinal analysis
revealed that devices typically began exhibiting suspicious behavior approximately forty-
seven days after initial network registration, with a secondary peak at one hundred eighty
days. This temporal pattern may correspond to the time required for attackers to scan,
identify, and compromise newly deployed devices.

Deep packet inspection of a subset of five thousand connections identified 2,301
instances of unencrypted transmission of sensitive data, including device geolocation
coordinates, network authentication tokens, and in eleven cases, user keystroke patterns
from smart televisions. Healthcare-related wearables were disproportionately represented
in this category, with seventy-three percent of such devices transmitting physiological
measurements without encryption. Statistical analysis found a significant association
between device price point and security posture, with devices priced below fifty US dollars
being four point six times more likely to contain critical vulnerabilities compared to devices
priced above two hundred dollars. Manufacturer reputation, defined as market share and
years in operation, was not significantly associated with security outcome, indicating that
established vendors are not consistently more secure than newer entrants.

The logistic regression model examining predictors of device compromise likelihood
included device category, firmware age, communication protocol diversity, and presence of
a hardware security module. The final model was statistically significant and correctly
classified eighty-one percent of cases. Firmware age was the strongest predictor, with each
additional month since the last security update increasing the odds of compromise by
seventeen percent. Communication protocol diversity, measured as the number of distinct
application-layer protocols supported, was inversely associated with compromise risk,
suggesting that devices implementing multiple protocols benefit from broader security

auditing or that simpler devices are more likely to be targeted. Hardware security modules
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were protective, reducing odds of compromise by sixty-eight percent, but only six devices in
the sample contained such components.

Discussion

The findings of this study confirm and extend existing knowledge regarding loT security
vulnerabilities in telecom networks. The near-ubiquitous presence of default credentials
observed in the device assessment aligns with the earlier findings of Schmidt and Weber
(2021), though the prevalence of plaintext authentication in the present sample (forty-nine
percent) exceeds previously reported figures. This discrepancy may reflect the inclusion of
lower-cost devices and more recent firmware versions in the current study, suggesting that
the problem may be worsening rather than improving despite increased industry attention.
The persistence of telnet and unencrypted HTTP services on contemporary devices is
particularly concerning, as these protocols have been deprecated for secure applications for
more than a decade.

The temporal pattern of device compromise observed in network traffic analysis, with
an initial peak at approximately seven weeks post-deployment, suggests that attackers have
automated the reconnaissance and exploitation phases. This finding supports the argument
made by Conti, Rossi, and Fischer (2022) that predictable traffic signatures facilitate
automated attacks, but the current results go further by quantifying the time course of
vulnerability exploitation. The secondary peak at one hundred eighty days is more difficult
to interpret but may correspond to the expiration of factory-installed certificates or the failure
of device owners to apply firmware updates that were released after initial deployment.

An unexpected finding was the lack of significant association between manufacturer
reputation and security outcomes. Intuitively, larger and more established manufacturers
would be expected to allocate greater resources to security engineering, yet the data do not
support this assumption. One possible explanation is that market pressure to reduce device
cost and time-to-market overrides security considerations even for established vendors,
particularly for consumer-grade products. Alternatively, legacy manufacturers may be
constrained by backwards compatibility requirements with earlier insecure products,
whereas newer entrants can design from a clean slate. This finding has important
implications for telecom operators developing procurement criteria and suggests that device
certifications based on vendor reputation alone are insufficient.

The protective effect of hardware security modules, while statistically significant, must
be interpreted cautiously given the small number of devices incorporating such components.

The sixty-eight percent reduction in compromise odds is substantial, but the practical

62



«BbICOTHI 3HAHMIT» A\\%A vysotyznaniy.online

feasibility of deploying hardware security modules across all loT device categories remains
questionable. For ultra-low-power sensors operating on coin cell batteries, the energy
overhead of cryptographic operations may be prohibitive. Nevertheless, for higher-power
device categories such as gateways, cameras, and medical wearables, the results support
mandating hardware-based secure elements as a baseline requirement.

The study has several limitations that warrant consideration. The device sample, while
diverse, cannot be fully representative of the global loT population, which exceeds twenty
billion units across thousands of manufacturers. The controlled laboratory environment
cannot replicate all aspects of real deployment conditions, particularly the effects of network
congestion, signal attenuation, and adjacent device interference. The network traffic
analysis, while based on operational data, relied on passive observation and cannot
definitively establish whether observed anomalies resulted from malicious activity,
misconfiguration, or legitimate but unusual device behavior. Additionally, the ninety-day
observation window may be insufficient to capture longer-term compromise patterns,
particularly for devices used intermittently or deployed in remote locations with limited
connectivity.

Comparisons with prior research reveal both convergences and divergences. The
current findings strongly support the lifecycle management concerns raised by Muller and
Chen (2020), as firmware age emerged as the dominant predictor of vulnerability status.
However, the present study found higher rates of unencrypted communication than
previously reported, potentially reflecting methodological differences in traffic inspection
depth. Where prior studies relied on header analysis, the current work employed full deep
packet inspection, which may have detected encryption failures not visible at the transport
layer.

The practical implications of these findings are substantial for multiple stakeholder
groups. For telecom operators, the results argue for mandatory device fingerprinting and
continuous behavioral monitoring as conditions for network access, rather than relying on
perimeter defenses alone. For device manufacturers, the persistence of default credentials
and plaintext authentication indicates that voluntary security guidelines have proven
inadequate, suggesting a need for regulatory mandates including penalties for
noncompliance. For policymakers, the temporal patterns of compromise support the
establishment of minimum security update support periods, analogous to warranty
requirements, with mandatory notification of end-of-life status.

Conclusion
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This research systematically identified and characterized security vulnerabilities in
Internet of Things devices deployed within telecommunications networks. The principal
finding is that critical vulnerabilities, particularly related to authentication and encrypted
communication, remain pervasive across device categories and manufacturers. Over ninety
percent of tested devices contained at least one exploitable weakness, and network traffic
analysis revealed that approximately twenty-seven percent of observed loT devices
exhibited communication patterns consistent with compromise or misconfiguration.
Firmware age emerged as the strongest predictor of vulnerability status, underscoring the
importance of timely security updates across device lifecycles.

The study contributes to academic knowledge by providing empirical data on
vulnerability prevalence from both controlled device testing and operational network
analysis, offering a more complete picture than prior research that relied on either approach
in isolation. The identification of temporal patterns in device compromise adds a dynamic
dimension to understanding loT risk that has been largely absent from static vulnerability
assessments. Methodologically, the combination of laboratory-based testing with network
traffic analysis demonstrates a replicable framework for future loT security research.

For telecom network operators, the findings support immediate practical
recommendations. Operators should implement network-level detection of default credential
usage and block devices attempting to communicate with unencrypted protocols.
Procurement contracts should require manufacturers to provide minimum security update
periods of at least five years from the date of last sale, with automated update mechanisms
that cannot be permanently disabled by users. For high-risk device categories including
cameras and medical wearables, hardware-based secure elements should be mandatory.
Finally, operators should maintain continuously updated threat intelligence feeds to block
outbound connections to known malicious infrastructure.

Future research should address the limitations of the present study through larger and
more diverse device samples, longitudinal tracking of individual devices over multiyear
periods, and examination of attack propagation across heterogeneous device populations
within the same network segment. The interaction between device-level vulnerabilities and
network-level defenses deserves particular attention, as does the potential for machine
learning methods to detect compromise based on subtle behavioral anomalies rather than
known signatures. As telecom networks evolve toward virtualized and software-defined
architectures, research must also examine how these changes affect the security landscape

for loT devices. The vulnerabilities documented in this study are neither inevitable nor
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intractable, but addressing them will require coordinated action across device
manufacturers, network operators, regulators, and the research community.
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REGULATORY FRAMEWORKS AND POLICIES FOR ENHANCING CYBERSECURITY
IN THE TELECOMMUNICATIONS SECTOR
Abstract

The rapid digitalisation of telecommunications infrastructure has intensified exposure
to cyber threats, necessitating robust regulatory interventions. This paper critically examines
existing regulatory frameworks and policies designed to enhance cybersecurity within the
telecommunications sector, with particular focus on the European Union’s Network and
Information Security Directive and the General Data Protection Regulation. A qualitative
comparative policy analysis methodology was employed, evaluating policy documents,
technical standards, and incident reports from five European national regulatory authorities
between 2018 and 2023. The findings reveal significant fragmentation in policy
implementation, inconsistent enforcement mechanisms, and a persistent gap between
technical standards and operational compliance. The study concludes that harmonised
cross-border regulatory coordination, dynamic risk assessment mandates, and sector-
specific incident reporting protocols are essential for improving cybersecurity resilience.
Future research should investigate the integration of artificial intelligence governance into
telecommunications policy frameworks.

Introduction

The telecommunications sector constitutes a critical infrastructure pillar upon which
modern economic, social, and governmental functions depend. As networks have evolved
from isolated circuit-switched systems to converged Internet Protocol-based architectures,
the attack surface available to malicious actors has expanded exponentially. Cybersecurity
breaches targeting telecommunications operators can result in widespread service
disruption, interception of sensitive communications, financial fraud, and even national

security compromises. Recognising these risks, policymakers across jurisdictions have
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introduced a range of regulatory frameworks and policies aimed at mandating minimum
security standards, incident reporting obligations, and risk management practices. However,
the effectiveness of these frameworks remains contested, particularly given the
transnational nature of telecommunications operations and the rapid evolution of cyber
threats.

The importance of this study lies in its systematic evaluation of how regulatory
frameworks translate into tangible cybersecurity enhancements within the
telecommunications sector. While technical solutions such as encryption, intrusion detection
systems, and zero-trust architectures are well documented, the policy layer that compels or
incentivises their adoption is less rigorously analysed. This paper addresses a critical gap:
the lack of comparative assessment regarding which regulatory instruments produce
measurable improvements in threat detection, incident response times, and overall network
resilience. The primary objective is to identify the structural strengths and weaknesses of
existing policies and to propose evidence-based recommendations for regulatory reform. A
secondary objective is to examine the interplay between national regulatory approaches and
supra-national guidelines, particularly within the European context where the
telecommunications market is highly integrated but governance remains partly fragmented.

The scope of this research is delimited to wireline and wireless telecommunications
infrastructure operators, excluding over-the-top service providers and content delivery
networks, although such boundaries are acknowledged as increasingly porous.
Geographically, the study focuses on European Union member states, with comparative
references to regulatory developments in Switzerland as a non-EU but closely aligned
jurisdiction. The time frame from 2018 to 2023 captures the post-implementation period of
key legislative instruments, including the revised Network and Information Security Directive,
known as NIS2, and the continued evolution of the General Data Protection Regulation’s
application to telecommunications data. By grounding the analysis in concrete policy
documents and empirical incident data, this research aims to contribute actionable insights
for regulatory bodies, telecommunications operators, and academic scholars investigating
the governance of digital infrastructures.

Literature Review

Existing scholarship on cybersecurity in the telecommunications sector can be
categorised into three broad streams: technical vulnerability assessments, economic
analyses of security investments, and regulatory governance studies. The first stream,

represented by works such as Hoffmann and Weber (2020), focuses on protocol-level
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weaknesses in signalling systems, particularly the Diameter and SS7 protocols, which
remain prevalent in roaming and inter-carrier communications. These studies consistently
demonstrate that technical fixes exist but are not universally deployed due to interoperability
costs and legacy system constraints. However, the technical literature rarely asks why
market forces alone fail to drive adoption of known mitigations, thereby leaving a gap that
regulatory analysis must fill.

The second stream, economic analysis, has been advanced by scholars including
Bauer and van Eeten (2019), who apply principal-agent theory to telecommunications
security. Their argument posits that operators underinvest in cybersecurity because the
costs of security measures are internalised while many benefits accrue to other network
users and to society at large. This positive externality problem provides a classic justification
for regulation, but the empirical evidence on optimal policy design remains inconclusive.
Some studies suggest that liability regimes and mandatory breach notification create
efficient incentives, while others find that compliance burdens drive small operators out of
markets without proportionally improving security postures.

The third stream, regulatory governance, is most directly relevant to this paper. Ferrari
and Schmidt (2021) conducted a longitudinal analysis of incident reporting data from four
European national regulatory authorities, finding that the introduction of mandatory breach
notification led to a temporary increase in reported incidents. However, their study was
unable to distinguish between genuine improvements in detection capabilities and
strategically timed reporting behaviours. More critically, Ferrari and Schmidt identified a
persistent under-reporting of significant breaches that did not directly involve personal data,
suggesting that the General Data Protection Regulation’s strong emphasis on data
protection may have inadvertently diverted attention from network integrity threats that do
not implicate privacy.

Complementing this work, Mller and Rossi (2022) examined the transposition of the
Network and Information Security Directive into national law across fifteen European
countries. Their comparative legal analysis uncovered substantial variation in enforcement
powers, penalty structures, and definitions of essential service operators. While some
countries, notably Germany and the Netherlands, designated telecommunications operators
as critical infrastructure subject to proactive security audits, others, including several
Southern European states, adopted a reactive model based on incident reporting alone.
Muller and Rossi concluded that this fragmentation undermines the single market for

telecommunications services, as operators face divergent compliance obligations
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depending on where they are headquartered or where network elements are physically
located.

Despite these valuable contributions, the existing literature exhibits several gaps. First,
few studies have systematically compared the actual cybersecurity outcomes, measured
through objective indicators such as mean time to detection and mean time to remediation,
against the regulatory frameworks in place. Most research relies either on self-reported
compliance surveys or on high-level legal transposition scores. Second, the interaction
between sector-specific telecommunications regulations and horizontal cybersecurity
frameworks remains underexplored. The European Electronic Communications Code, for
instance, imposes security obligations that partially overlap with the Network and Information
Security Directive, creating potential for both redundancies and conflicts. Third, the role of
technical standards bodies, such as the European Telecommunications Standards Institute,
in shaping regulatory outcomes is rarely integrated into policy analysis, despite these
organisations producing specifications that de facto become binding through regulatory
reference.

This paper addresses these gaps by employing a methodology that traces the causal
chain from regulatory text through to operator compliance behaviours and ultimately to
measurable security performance indicators. By focusing on five national authorities with
differing implementation approaches, the study isolates the policy variables most strongly
associated with improved cybersecurity outcomes. Furthermore, the analysis incorporates
technical standards as mediating factors, recognising that regulation often delegates
detailed security requirements to standards development organisations. In doing so, this
research responds to calls from Meier and Keller (2020) for interdisciplinary approaches that
bridge the divide between legal studies, public policy, and network engineering in the domain
of critical infrastructure protection.

Materials and Methods

The research employed a qualitative comparative policy analysis design, which is
appropriate for examining complex causal configurations where multiple conditions interact
to produce outcomes. This approach is superior to purely quantitative methods when the
number of cases is moderate and when contextual factors are expected to influence
implementation effectiveness. The unit of analysis was the national cybersecurity regulatory
framework applied to telecommunications operators, with each of five European countries

treated as a separate case.
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Case selection followed a most different systems design, intended to maximise
variation on key independent variables while holding the dependent variable of interest
measurable across cases. The selected countries were Switzerland, Germany, ltaly, the
Netherlands, and Spain. These jurisdictions exhibit variation in: the designated authority
responsible for telecommunications cybersecurity (sector-specific regulator versus general
cybersecurity agency); the legal status of security standards (mandatory versus guidelines);
the severity of financial penalties for non-compliance; and the degree of integration with
European Union frameworks. Switzerland was included as a non-EU but economically
integrated case, providing a natural experiment in regulatory alignment without formal
legislative harmonisation.

Primary data sources comprised regulatory policy documents published between
January 2018 and December 2023. For each country, the following documents were
collected: the primary legislation transposing the Network and Information Security Directive
(or equivalent Swiss ordinance); secondary regulations specifying security measures for
telecommunications operators; guidance documents issued by national regulatory
authorities; and annual reports on cybersecurity enforcement actions. A total of forty-seven
documents were assembled, each subjected to qualitative content analysis using a coding
scheme developed through an iterative process. The coding scheme included twelve
categories: risk assessment requirements, incident reporting thresholds, reporting timelines,
security audit mandates, breach notification obligations to affected customers, technical
standards referenced, penalties for non-compliance, information sharing provisions between
operators and authorities, cross-border coordination mechanisms, security certification
requirements, supply chain security provisions, and vulnerability disclosure processes.

Secondary data sources consisted of cybersecurity incident reports submitted by
telecommunications operators to national authorities, obtained through freedom of
information requests where permissible. Complete anonymised datasets were obtained
from three of the five authorities, while the remaining two provided aggregated summary
statistics only. Incident data included the date of detection, date of initial intrusion when
known, type of incident (denial of service, unauthorised access, data breach, signalling
attack, or infrastructure compromise), estimated number of affected subscribers, remedial
actions taken, and whether the incident was voluntarily disclosed or discovered through
proactive monitoring. To ensure comparability, incident types were mapped to a common

taxonomy developed by the European Union Agency for Cybersecurity, or ENISA.
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Additionally, semi-structured interviews were conducted with fifteen cybersecurity
managers employed at telecommunications operators across the five countries. Participants
were recruited through professional networks and industry associations, with the selection
criterion being direct responsibility for compliance with at least one of the regulatory
frameworks under study. Interviews lasted between forty-five and ninety minutes and were
conducted via secure video conferencing platforms. The interview protocol covered:
perceptions of regulatory clarity, costs of compliance, perceived effectiveness of mandated
controls, experiences with incident reporting procedures, interactions with regulatory
authorities, and suggestions for policy improvement. Interviews were transcribed verbatim
and anonymised, with each participant assigned a code indicating country and role.
Thematic analysis was applied to interview transcripts using NVivo software, following a six-
phase approach: familiarisation, initial coding, searching for themes, reviewing themes,
defining themes, and writing the analytical narrative.

Analytical techniques included within-case analysis followed by cross-case synthesis.
Within-case analysis produced for each country a detailed narrative tracing the regulatory
framework, the operator compliance environment, and the observed incident patterns.
Cross-case synthesis employed a truth table approach, where each case was assigned
binary or ordinal scores on the independent variables derived from the policy documents,
and these configurations were compared against the dependent variable of security
performance. Security performance was operationalised as a composite index comprising
three equally weighted components: mean time to detection of confirmed breaches, mean
time to remediation following detection, and the proportion of incidents involving
unauthorised access to subscriber data that were detected through internal monitoring
rather than external notification. Higher values on each component indicated better
performance.

Methodological limitations must be acknowledged. First, incident reporting data are
inherently subject to under-reporting bias, as operators may strategically withhold
information about breaches that would expose regulatory failures. The triangulation with
interview data partially mitigates this limitation by revealing discrepancies between formal
reporting and internal awareness. Second, the composite security performance index relies
on data availability that was inconsistent across the five cases, with Switzerland providing
the most granular incident data and Italy the least. Missing data points were imputed using
mean values from similar cases only where the missing rate was below fifteen percent. Third,

the semi-structured interview sample, while adequate for qualitative saturation, is not
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statistically representative of the entire telecommunications workforce. Findings from
interviews are therefore presented as illustrative of mechanisms rather than as generalisable
frequencies. Fourth, the study period coincides with the COVID-19 pandemic, which
accelerated telecommunications traffic volumes and shifted remote working patterns,
potentially confounding the observed security metrics. To address this, incident rates were
normalised against quarterly traffic data obtained from national regulatory reports where
available.

Ethical approval for the interview component was obtained from the research ethics
committee of the author’s affiliated institution. All participants provided informed consent,
and data handling complied with applicable data protection regulations, including
anonymisation of any personally identifiable information contained in operator incident
reports.

Results

The analysis produced several principal findings organised around three themes:
regulatory implementation variation, operator compliance behaviours, and measurable
cybersecurity performance indicators.

Concerning regulatory implementation, the five countries exhibited substantial
divergence despite formal alignment with European Union directives. Germany and the
Netherlands demonstrated the most prescriptive frameworks, with legally binding technical
standards referencing specific European Telecommunications Standards Institute
specifications for network equipment security. Both countries mandated biennial
independent security audits for telecommunications operators controlling infrastructure
serving more than one hundred thousand subscribers, with audit reports subject to review
by the national regulator. In contrast, Italy and Spain adopted a more principles-based
approach, requiring operators to implement proportionate security measures but delegating
the determination of proportionality largely to operator self-assessment. Switzerland
occupied an intermediate position, with mandatory standards for core network elements but
permissive guidance for access and aggregation network components.

Penalty structures varied markedly across jurisdictions. German regulations
empowered the Federal Network Agency to impose fines up to ten million euros or two
percent of global annual turnover for telecommunications-specific security violations, in
addition to penalties under the General Data Protection Regulation. Dutch authorities could
impose similar financial sanctions but had also exercised the power to issue binding

instructions requiring specific security investments within defined timelines. Italian and
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Spanish penalty regimes were capped at substantially lower amounts, with maximum fines
of approximately one million euros, and enforcement actions rarely reached these statutory
limits. Interview participants from Italian operators consistently noted that the expected
penalty for non-compliance was effectively treated as a cost of doing business when
weighed against capital expenditure for security upgrades.

Incident reporting compliance emerged as a problematic area across all five countries,
although with important differences. In Germany and the Netherlands, the proportion of
significant cybersecurity incidents reported to regulatory authorities within the mandated
seventy-two hour window was estimated at ninety-two percent and eighty-nine percent
respectively, based on cross-referencing interview disclosures with official logs. These
figures dropped to sixty-eight percent for Spain and fifty-seven percent for Italy. Swiss
operators reported approximately seventy-eight percent of qualifying incidents. However,
deeper analysis revealed that reporting rates alone were misleading indicators of regulatory
effectiveness. German operators reported incidents more completely, but the median time
from intrusion to detection remained forty-seven days, which was not significantly better than
the Italian median of fifty-two days. Instead, the qualitative difference lay in what was
reported: German and Dutch incident reports consistently included technical indicators of
compromise and root cause analyses, whereas reports from Spain and Italy often contained
minimal information, satisfying only the most literal interpretation of regulatory requirements.

Regarding signal of security performance, the composite index revealed that Germany
achieved the highest overall score, followed closely by the Netherlands, then Switzerland,
with Spain and ltaly ranking lowest. The key driver of differentiation was not the frequency
of audits or the severity of penalties, but rather the existence and operationalisation of
mandatory threat intelligence sharing platforms. Germany’s national cybersecurity authority
operated a sector-specific information sharing and analysis centre, or ISAC, for
telecommunications providers, where participants were required to contribute anonymised
threat data in exchange for access to real-time indicators. The Netherlands maintained a
similar but voluntary platform, whereas the other three countries relied on generic, cross-
sectoral threat sharing mechanisms that telecommunications operators reported as less
useful. Statistical analysis of incident timelines showed that German operators reduced their
mean time to detection from sixty-three days in 2019 to thirty-four days in 2023, a forty-six
percent improvement that interview participants attributed directly to ISAC participation.

An unexpected finding concerned the relationship between supply chain security

regulations and operational vulnerabilities. All five countries had introduced requirements for
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telecommunications operators to assess the security of equipment from high-risk vendors,
motivated by concerns about state-sponsored backdoors in network infrastructure.
However, interview data indicated that most operators lacked the technical capability to
perform meaningful supply chain assessments beyond reviewing vendor declarations of
conformity. Only two operators, both in the Netherlands, had established independent
testing laboratories capable of analysing network equipment firmware for unauthorised
functionality. This gap between regulatory mandate and operational capability was a
recurring theme, with participants describing compliance as a paper exercise rather than a
substantive security enhancement.

The incident database, comprising four hundred and twelve confirmed breaches
across the five countries over the six-year period, revealed that the most common attack
vector was compromise of administrative credentials, accounting for thirty-four percent of all
incidents. Signalling system attacks, which have received disproportionate academic
attention, represented only eleven percent of confirmed breaches but had the highest
median impact in terms of subscribers affected. Interestingly, the proportion of incidents
involving signalling attacks was significantly lower in countries that had mandated
implementation of specific security protections for SS7 and Diameter protocols, namely
Germany and the Netherlands. This provides evidence that technically prescriptive
regulation can be effective when the regulated community possesses the necessary
implementation capacity.

Variation in mean time to remediation was even more pronounced than detection times.
German operators averaged seventeen days from detection to full remediation of confirmed
breaches, compared to fifty-two days in Spain and sixty-one days in Italy. Interview
participants in Spain and Italy described bureaucratic approval processes for security
patches, requiring up to fourteen days of internal change advisory board reviews even for
critical vulnerabilities. In contrast, German operators had established expedited change
management procedures for security updates, explicitly permitted under regulatory
guidance that recognised the tension between operational stability and threat response. This
finding suggests that regulatory frameworks affecting internal governance procedures may
have as much impact on security outcomes as directly mandated technical controls.

Discussion

The results of this study offer several important insights for theory and practice
regarding regulatory frameworks and policies for enhancing cybersecurity in the

telecommunications sector. First, the finding that mandatory technical standards produce
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measurable improvements in specific threat categories, notably signalling system attacks,
supports the economic argument for targeted regulation. However, the heterogeneous
outcomes across countries with similarly prescriptive requirements indicate that legal
transposition alone is insufficient. The critical mediating factor appears to be the existence
of institutional infrastructure for implementation support, particularly in the form of sector-
specific threat intelligence sharing with mandated participation. Where operators were
required both to contribute data and to receive feeds, the resulting network effects amplified
individual investments in detection capabilities. This suggests that policymakers should
consider not only what standards to mandate but also the collaborative mechanisms through
which compliance is sustained over time.

The discrepancy between regulatory mandates for supply chain security and operators’
limited testing capabilities raises serious questions about the feasibility of current policy
approaches. European Union legislation, including the recently adopted Cyber Resilience
Act, increasingly requires economic operators to assess the security of products and
components throughout their lifecycle. Yet the present study finds that even sophisticated
telecommunications operators lack the reverse engineering and firmware analysis skills
necessary to validate vendor claims. This gap cannot be closed through regulation alone; it
requires investment in public or semi-public testing infrastructure, possibly modelled on
existing cybersecurity certification schemes. Until such infrastructure exists, supply chain
security requirements risk imposing compliance burdens without corresponding security
benefits, a classic case of symbolic policy.

Comparison with prior research reveals both convergence and divergence. Consistent
with Ferrari and Schmidt (2021), the present study found that mandatory incident reporting
increased the volume of reported incidents, but the effect on actual security posture was
conditional on the presence of analytical capabilities at the receiving regulatory authority.
Where authorities merely logged reported incidents without providing feedback or
conducting trend analysis, operators perceived reporting as a bureaucratic cost rather than
a learning opportunity. Conversely, the German and Dutch authorities that published
anonymised incident summaries with technical recommendations created a virtuous cycle
of improved reporting quality and operator responsiveness. This finding extends the work of
Muller and Rossi (2022) by specifying the mechanisms through which regulatory
fragmentation produces real-world security deficits. Variation in enforcement philosophy
matters not only for compliance costs but also for the collective learning dynamics that

underpin sectoral resilience.
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The unexpected importance of internal governance procedures, specifically change
management and patch approval processes, suggests that cybersecurity regulation should
address organisational factors as directly as technical factors. Current frameworks tend to
focus on the specification of security controls, such as firewalls, encryption, and access
management systems. However, the present results indicate that even when all prescribed
controls are implemented, delays in deploying security updates can neutralise their
effectiveness. Regulatory policies that mandate certain categories of security updates to be
treated as urgent, with streamlined change advisory board processes, could achieve
significant improvements in mean time to remediation without imposing new technical
requirements. This represents a relatively low-cost policy intervention that has received
insufficient attention in both academic literature and legislative drafting.

Another contribution of this study is the empirical demonstration that composite
security performance measures are sensitive to regulatory design features that are not
typically emphasised in policy debates. For instance, the presence of expedited change
management pathways for security patches was not mentioned in any of the primary
legislation documents analysed; it appeared only in regulatory guidance notes and in some
cases in informal communications between authorities and operators. This finding highlights
the limitations of analysing formal legal texts alone, as much of the effective regulatory action
occurs at the level of soft law, interpretive guidance, and day-to-day supervisory interactions.
Future comparative research should therefore expand its data sources to include these less
formal but operationally significant instruments.

The geographic limitations of this study must be acknowledged when interpreting the
results. European telecommunications markets are characterised by a relatively high
concentration of incumbent operators with long histories of regulatory engagement. In less
mature regulatory environments, such as those found in many developing economies, the
relationships observed here might differ substantially. Moreover, the five countries studied
are all high-income economies with relatively strong state institutions. The effectiveness of
mandatory threat intelligence sharing, for example, might be undermined in contexts where
trust between operators and regulators is low or where there are concerns about commercial
confidentiality being compromised. Replicating this study in other regional contexts would
be a valuable direction for future research.

Implications for policy practice are clear but context dependent. For jurisdictions
contemplating reform of telecommunications cybersecurity regulation, the evidence

suggests prioritising the establishment of sector-specific information sharing platforms with
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mandatory participation before expanding the prescriptiveness of technical standards. The
latter is unlikely to be effective without the former, whereas the former can generate
improvements even with relatively general security obligations. Second, regulators should
consider auditing not only the technical controls that operators have deployed but also the
internal processes for deploying security updates, as the latter may be the binding constraint
on remediation speed. Third, the gap between supply chain security mandates and
implementation capacity indicates a need for collective testing infrastructure that individual
operators cannot economically justify building alone.

Conclusion

This paper set out to critically examine regulatory frameworks and policies for
enhancing cybersecurity in the telecommunications sector, employing a qualitative
comparative policy analysis of five European jurisdictions. The research has demonstrated
that regulatory effectiveness depends not merely on the existence of legal mandates but on
a constellation of supporting factors including institutional infrastructure for threat
intelligence sharing, alignment between regulatory requirements and operator capabilities,
and attention to internal governance procedures such as change management. The findings
challenge purely formalistic approaches to policy evaluation and underscore the importance
of implementation dynamics in determining actual security outcomes.

The principal contributions of this study are threefold. Methodologically, it has
demonstrated the value of combining policy document analysis with operator interviews and
incident data, thereby triangulating across sources that are often examined in isolation.
Theoretically, it has specified mechanisms linking specific regulatory design features, such
as mandatory threat intelligence sharing, to improved detection and remediation metrics,
while also identifying boundary conditions under which other instruments, such as supply
chain security mandates, are unlikely to be effective. Practically, the findings offer actionable
guidance for regulatory authorities seeking to reform existing frameworks, notably the
recommendation to prioritise sector-specific information sharing platforms and to audit
patching processes alongside technical controls.

Several limitations of this research suggest directions for future investigation. The small
number of cases, while appropriate for the comparative design, limits statistical
generalisability. Future research could extend the analysis to a larger sample of jurisdictions,
including non-European cases, to test the external validity of the findings. Additionally, the
study period concluded before the full implementation of the European Union’s NIS2

Directive, which introduces expanded coverage and more harmonised enforcement
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mechanisms. A longitudinal follow-up study after 2025 would be valuable to assess whether
the observed variation among member states diminishes under the new framework. Another
promising direction concerns the integration of artificial intelligence governance into
telecommunications cybersecurity regulation. As network operators deploy Al systems for
traffic management, anomaly detection, and customer service, new vulnerabilities and
regulatory challenges emerge that are not well addressed by existing frameworks.
Comparative research on how different jurisdictions are adapting their cybersecurity policies
to Al-enabled telecommunications infrastructures would be timely and policy relevant.

In conclusion, enhancing cybersecurity in the telecommunications sector through
regulatory intervention remains a complex but essential undertaking. The present study
indicates that well-designed frameworks, characterised by prescriptive technical standards
for demonstrably vulnerable protocols, mandatory sector-specific threat intelligence sharing,
and regulatory attention to organisational patch management processes, can produce
measurable improvements in detection and remediation capabilities. However, such
frameworks must be implemented with attention to the institutional capacities of both
regulators and regulated operators. Symbolic compliance, where regulatory mandates are
satisfied on paper but not in practice, is a persistent risk that can only be mitigated through
ongoing engagement, capability building, and iterative refinement of both rules and
supporting infrastructure. The telecommunications sector will continue to be a primary target
for cyber adversaries, but with evidence-informed regulatory policies, its resilience can be
substantially strengthened.
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EFFECTS OF NUTRITION AND FITNESS PROGRAMS ON ATHLETIC PERFORMANCE
OUTCOMES
Abstract

This study examined the effects of combined nutrition and fitness interventions on
athletic performance outcomes in competitive endurance athletes. A randomized controlled
trial was conducted over twelve weeks with sixty trained runners assigned to either a control
group maintaining habitual diets and training, or an intervention group receiving
individualized periodized nutrition plans alongside structured fitness programming.
Performance metrics included time-trial results, maximal oxygen consumption, body
composition, and recovery markers. The intervention group demonstrated significant
improvements in five kilometer time-trial performance, enhanced maximal oxygen
consumption, and reduced fatigue recovery times compared to controls. Subcutaneous fat
mass decreased substantially only in the intervention group. These findings indicate that
integrated nutrition and fithess programs produce superior athletic outcomes compared to
exercise alone, supporting the adoption of multidisciplinary approaches in sports training
protocols.

Introduction

The optimization of athletic performance represents a central objective in competitive
sports science, drawing upon multiple physiological, biomechanical, and psychological
domains. Among the modifiable factors influencing performance outcomes, nutrition and
fitness training stand as two pillars that collectively determine an athlete’s capacity to train
effectively, recover efficiently, and compete at maximal potential. Despite widespread

acknowledgment that diet and exercise operate synergistically, much existing research has
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examined these variables in isolation, leaving a gap in understanding how systematically
combined interventions produce additive or multiplicative effects on performance.

The importance of this study arises from the practical reality that athletes, coaches,
and sport scientists require evidence-based guidelines for integrating nutritional strategies
within periodized training frameworks. Traditional approaches often treat nutrition as an
adjunct rather than an integral component of the training prescription. Consequently,
athletes may follow sound fitness programs while neglecting nutrient timing, macronutrient
distribution, or energy availability that would otherwise augment training adaptations.
Conversely, sophisticated dietary planning without corresponding exercise programming
fails to capitalize on the anabolic and metabolic stimuli that physical activity provides.

Previous investigations have established that carbohydrate loading enhances
endurance capacity, that protein supplementation supports muscle protein synthesis, and
that periodized training improves cardiovascular function. However, few randomized
controlled trials have directly compared the combined intervention against a control group
receiving equivalent fithess training without structured nutritional guidance. This gap limits
the ability to attribute performance differences specifically to the integration of nutrition
protocols rather than to the fithess program alone.

Therefore, the present study was designed with the following objectives. First, to
determine whether a twelve-week combined nutrition and fithess intervention produces
greater improvements in endurance performance compared to fitness training alone.
Second, to assess changes in physiological markers including maximal oxygen
consumption, body composition, and subjective recovery metrics. Third, to evaluate the
practical significance of any observed differences for competitive athletes. The central
hypothesis posited that participants receiving the integrated program would demonstrate
superior performance outcomes across all measured variables relative to the control group.

Literature Review

The relationship between nutrition and athletic performance has been extensively
investigated, yet the literature reveals persistent gaps in understanding how dietary
interventions interact with concurrent fithess programming. Early research in sports nutrition
focused predominantly on macronutrient requirements for energy production, with seminal
work establishing that carbohydrate availability influences endurance capacity. Subsequent
investigations expanded to include protein’s role in muscle repair, fat metabolism during

prolonged exercise, and micronutrient contributions to oxidative stress mitigation.
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One important line of inquiry concerns periodized nutrition, wherein dietary intake is
deliberately manipulated across training cycles to enhance metabolic adaptations.
Researchers have documented that training with low glycogen availability can upregulate
markers of mitochondrial biogenesis, while high carbohydrate availability supports high-
intensity training sessions. However, the translation of these mechanistic findings into
practical performance outcomes remains inconsistent. Some studies report enhanced
endurance performance following periodized carbohydrate protocols, while others find no
advantage over constant high carbohydrate diets. This inconsistency may stem from
variations in study design, participant characteristics, or the failure to control for fithess
program variables.

Concurrently, the exercise science literature has thoroughly examined the effects of
structured fithess programs on athletic outcomes. Periodized resistance training produces
superior strength gains compared to non-periodized approaches, while high-intensity
interval training improves maximal oxygen consumption to a greater extent than moderate
intensity continuous training. Endurance athletes benefit from polarized training models that
emphasize low intensity volume with judicious high intensity exposures. Despite this rich
evidence base, most fitness studies either did not measure dietary intake or controlled for
nutrition only to the extent of ensuring general adequacy. Consequently, the potential for
nutritional status to moderate or mediate training responses remains underexplored in the
primary exercise literature.

The intersection of these two domains constitutes an emerging research area. Several
cross-sectional observational studies have noted that elite athletes who consistently follow
structured nutrition plans tend to achieve better performance benchmarks, but causation
cannot be inferred from such designs. Intervention studies that have manipulated both diet
and exercise simultaneously are relatively scarce, and those that exist often suffer from
methodological limitations including small sample sizes, short durations, or lack of
appropriate control groups. Moreover, many combined interventions implement nutrition and
fitness changes concurrently without a control condition that receives fitness programming
alone, making it impossible to disentangle the specific contribution of the dietary component.

A further gap concerns the measurement of recovery outcomes. While performance
tests capture functional capacity, subjective recovery metrics such as perceived fatigue,
sleep quality, and muscle soreness provide valuable insight into an athlete’s readiness to
train and compete. Existing studies have predominantly focused on objective performance

measures, with limited attention to how nutrition and fitness programs interact to influence
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recovery. This oversight is notable given that enhanced recovery may represent one
mechanism through which integrated interventions produce superior long-term outcomes.

The present study addresses these gaps by employing a randomized controlled design
with a control group that receives equivalent fitness training but no structured nutrition
intervention. This approach allows for causal inference regarding the added value of
systematic nutritional guidance. Furthermore, the inclusion of both objective performance
measures and subjective recovery assessments provides a multidimensional evaluation of
outcomes. The twelve-week duration exceeds that of many previous combined
interventions, permitting detection of adaptations that may require extended exposure to
manifest.

Materials and Methods

Study design and ethical approval

This investigation employed a parallel group randomized controlled trial design with
pretest and posttest measurements conducted at baseline and following twelve weeks of
intervention. The study protocol received approval from the institutional review board of the
Swiss Federal Institute of Sport Sciences. All procedures adhered to the ethical standards
established in the Declaration of Helsinki, and all participants provided written informed
consent prior to enrollment.

Participants

A sample of sixty competitive endurance runners was recruited through
announcements distributed to local athletics clubs and university sports programs in the
canton of Bern, Switzerland. Inclusion criteria required participants to be aged between
eighteen and forty years, to have competed in at least three organized running events in the
preceding twelve months, and to maintain a minimum weekly running volume of forty
kilometers. Exclusion criteria included any musculoskeletal injury that precluded full training
participation, any metabolic or cardiovascular condition affecting exercise capacity, current
use of performance enhancing substances, and prior bariatric or other gastrointestinal
surgery that would alter nutrient absorption. Participants were informed that the study
involved twelve weeks of supervised training and dietary monitoring, with no financial
compensation provided but with free access to sports nutrition consultations and
performance testing.

Following baseline assessments, participants were randomly assigned to either the
intervention group or the control group using a computer generated randomization sequence

with a one to one allocation ratio. Randomization was concealed using sequentially

82



«BbICOTHI 3HAHMIT» A\\%A vysotyznaniy.online

numbered opaque sealed envelopes prepared by a researcher not involved in data
collection. Baseline characteristics including age, sex, body mass index, and five kilometer
time-trial performance were assessed for between group equivalence.

Intervention protocols

Participants in both groups attended a supervised fithess program designed by
certified strength and conditioning specialists. The program consisted of three running
sessions and two resistance training sessions per week, organized in a periodized structure
across three four week mesocycles. Running sessions included one interval training session
focused on velocities above lactate threshold, one tempo run at threshold intensity, and one
long slow distance run. Resistance sessions emphasized compound movements including
squats, deadlifts, lunges, and core exercises, performed at intensities ranging from sixty to
eighty percent of one repetition maximum. All sessions were logged by participants and
reviewed weekly by study personnel to ensure compliance.

The intervention group additionally received individualized nutrition programming
developed by a registered sports dietitian. Nutrition plans were periodized to align with
training cycles, incorporating variations in total energy intake, macronutrient distribution, and
nutrient timing. In high intensity training phases, carbohydrate intake was prescribed at eight
to ten grams per kilogram body mass daily, with protein at one point six to two point zero
grams per kilogram, and fat constituting the remainder of energy requirements. In recovery
phases, carbohydrate intake was reduced to five to seven grams per kilogram while protein
remained elevated. Participants received specific guidance on pre exercise meals, intra
exercise fueling for sessions exceeding ninety minutes, and post exercise recovery nutrition
emphasizing a three to one carbohydrate to protein ratio within thirty minutes of session
completion. Dietary adherence was monitored using three day food records completed
weekly, with follow up counseling sessions every two weeks to address barriers and adjust
recommendations.

The control group received no structured nutrition intervention but was instructed to
maintain habitual dietary patterns throughout the study period. These participants completed
the same dietary monitoring procedures as the intervention group but did not receive
individualized feedback or counseling. Both groups were blinded to the study hypothesis
regarding nutrition effects, being informed only that the research compared different training
support models.

Outcome measures
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Primary outcome was change in five kilometer time-trial performance, assessed on a
standardized outdoor running course under consistent weather conditions. Participants
completed two familiarization trials before baseline testing to minimize learning effects. All
time trials were conducted at the same time of day, with timing using photo electric cells.

Secondary outcomes included maximal oxygen consumption measured during
incremental treadmill testing using a metabolic cart, body composition assessed via dual
energy x ray absorptiometry to quantify fat mass and lean mass separately, and subjective
recovery measured using the Total Quality Recovery scale. This scale provides a validated
assessment of perceived recovery status across physical, emotional, and social domains.
Additionally, capillary blood samples were collected at baseline and post intervention to
assess resting concentrations of creatine kinase as an indirect marker of muscle damage.

Data collection procedures

Assessments occurred during one week preceding the intervention and one week
following the twelve week period. Participants refrained from strenuous exercise for forty
eight hours prior to each testing session and consumed a standardized meal the evening
before testing. All testing sessions were conducted by researchers blind to group allocation.
The same sequence of testing was followed for each participant: anthropometric
measurements, body composition scanning, resting blood draw, maximal oxygen
consumption test, and five kilometer time-trial separated by a minimum of forty eight hours
of light activity only.

Statistical analysis

Sample size calculation indicated that twenty six participants per group would provide
eighty percent power to detect a moderate effect size difference in five kilometer time-trial
performance, assuming a two sided alpha of zero point zero five. Accounting for anticipated
attrition of approximately ten percent, thirty participants were enrolled per group. Data were
analyzed on an intention to treat basis, with missing data handled using multiple imputation.
Between group differences in change scores from baseline to post intervention were
analyzed using independent samples t tests for normally distributed continuous variables.
For non normal distributions, Mann Whitney U tests were employed. Within group changes
were examined using paired t tests or Wilcoxon signed rank tests as appropriate. Statistical
significance was set at p less than zero point zero five, with effect sizes reported as Cohen’s
d.

Results

Participant characteristics and retention
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Of the sixty participants enrolled, fifty seven completed the twelve week intervention
and all post testing assessments. Two participants in the control group withdrew due to
scheduling conflicts, and one participant in the intervention group sustained an unrelated
ankle injury that precluded continued training. The final analysis therefore included twenty
nine participants in the intervention group and twenty eight in the control group. Baseline
characteristics did not differ significantly between groups. The mean age of the sample was
twenty eight point four years, with thirty three males and twenty four females. Mean five
kilometer time-trial performance at baseline was nineteen minutes and forty seven seconds,
with a standard deviation of one minute and thirty two seconds. Mean body mass index was
twenty one point eight kilograms per square meter. Compliance with the fitness program
was high in both groups, with participants attending an average of eighty six percent of
prescribed sessions, and no significant difference in attendance between groups. Dietary
adherence in the intervention group was also high, with food record analysis indicating that
participants met prescribed macronutrient targets on eighty three percent of recorded days.

Performance outcomes

The five kilometer time-trial results revealed a significant advantage for the intervention
group. At baseline, mean completion times were nineteen minutes and fifty one seconds for
the intervention group and nineteen minutes and forty three seconds for the control group,
a non significant difference. Following the twelve week period, the intervention group
reduced its mean time to eighteen minutes and twenty two seconds, representing an
improvement of one minute and twenty nine seconds. The control group improved to
nineteen minutes and eight seconds, a reduction of thirty five seconds. The difference in
mean change between groups was fifty four seconds, which was statistically significant with
a large effect size. Examination of individual responses showed that eighty six percent of
participants in the intervention group achieved a performance improvement exceeding the
minimal detectable change threshold established for competitive runners, compared to forty
six percent of control participants.

Maximal oxygen consumption values followed a similar pattern. Baseline maximal
oxygen consumption averaged fifty four point three milliliters per kilogram per minute in the
intervention group and fifty four point seven in the control group. After intervention, the
intervention group increased to fifty nine point one, a gain of four point eight units, while the
control group increased to fifty six point two, a gain of one point five units. The between
group difference in change was three point three units, which was statistically significant.

Notably, the proportion of participants reaching the category of excellent aerobic capacity
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for their age and sex increased from thirty eight percent to seventy six percent in the
intervention group but only from forty one percent to fifty percent in the control group.

Body composition changes demonstrated divergent patterns between groups. Total
body mass decreased minimally in both groups, with a mean reduction of zero point four
kilograms in the intervention group and zero point one kilograms in the control group, a non
significant difference. However, fat mass distribution changed substantially only in the
intervention group. Subcutaneous fat mass decreased by one point seven kilograms on
average in the intervention group, representing a twelve percent reduction from baseline,
compared to a decrease of zero point three kilograms in the control group. Lean mass
increased by zero point nine kilograms in the intervention group, while remaining essentially
unchanged in the control group with an increase of zero point one kilograms. These
differences in fat mass reduction and lean mass accretion were both statistically significant.
Visceral fat mass, which was low in all participants at baseline due to their competitive
training status, showed no significant change in either group.

Recovery and biochemical markers

Subjective recovery measured by the Total Quality Recovery scale improved
significantly in the intervention group relative to controls. Baseline scores averaged seventy
three out of one hundred in both groups, indicating moderate recovery status. At post
intervention, the intervention group’s mean score increased to eighty eight, reflecting
substantially enhanced perceived recovery, while the control group’s mean score increased
to seventy seven. The difference in change scores of eleven points was statistically
significant. Examination of subscale responses revealed that the intervention group reported
particularly large improvements in muscle soreness resolution, sleep quality, and overall
energy levels. Control participants reported modest improvements only in the emotional
recovery domain.

Resting creatine kinase concentrations, measured as an indicator of muscle damage,
decreased from a baseline mean of one hundred seventy two units per liter to one hundred
twenty four units per liter in the intervention group, a reduction of twenty eight percent. In
the control group, creatine kinase decreased from one hundred seventy eight units per liter
to one hundred sixty three units per liter, a reduction of eight percent. The between group
difference in change was statistically significant, suggesting that the intervention group
experienced less cumulative muscle damage despite equivalent training loads. Exploratory
analyses indicated that participants who adhered most closely to post exercise nutrition

timing recommendations showed the greatest reductions in creatine kinase.
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Sex based subgroup analyses were conducted to explore potential differential
responses. Female participants in the intervention group demonstrated larger relative
improvements in five kilometer time-trial performance compared to male participants in the
same group, although the interaction term did not reach statistical significance. Both sexes
showed comparable improvements in maximal oxygen consumption and body composition.
No adverse events related to the nutrition intervention were reported, although three
participants in the intervention group experienced mild gastrointestinal discomfort during the
first week of high carbohydrate loading, which resolved with adjustments to food choices
and timing.

Discussion

The findings of this randomized controlled trial provide strong evidence that integrated
nutrition and fithess programs produce superior athletic performance outcomes compared
to fitness programming alone. Participants who received individualized periodized nutrition
guidance alongside structured training achieved substantially greater improvements in
endurance performance, maximal oxygen consumption, body composition, and recovery
markers than control participants who followed the same fitness program without systematic
dietary intervention. These results support the central hypothesis and extend existing
knowledge by demonstrating the magnitude of benefit attainable when nutrition is treated as
an integral training component rather than an ancillary consideration.

The observed improvement of fifty four seconds in five kilometer time-trial performance
for the intervention group represents a practically meaningful difference at competitive
levels. In endurance running, such an improvement could alter race placement substantially,
particularly in densely packed fields. The effect size exceeded that reported in several
previous combined intervention studies, which may be attributable to the individualized and
periodized nature of the nutrition prescription in the present protocol. Rather than providing
generic dietary advice, the dietitian tailored recommendations to each athlete’s training
phase, energy expenditure, and personal preferences, likely enhancing adherence and
physiological responsiveness.

Comparison with existing literature reveals both convergent and divergent findings.
Previous research on carbohydrate periodization has shown mixed results, with some
studies reporting enhanced endurance performance and others finding no benefit over
constant carbohydrate diets. The present study’s positive outcomes may reflect the
integration of protein timing and energy availability considerations alongside carbohydrate

manipulation. Many earlier investigations manipulated only a single macronutrient,
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potentially missing synergistic effects that emerge when multiple dietary variables are
optimized concurrently. Additionally, the present study’s twelve week duration exceeds that
of most previous trials, allowing time for meaningful metabolic and structural adaptations to
develop.

The substantial improvement in maximal oxygen consumption observed in the
intervention group warrants particular attention. Maximal oxygen consumption is a primary
determinant of endurance performance, traditionally viewed as responsive primarily to
training intensity and volume. The finding that nutrition intervention augmented this training
response suggests that dietary factors influence not only energy availability for training but
also the efficiency of physiological adaptations. Potential mechanisms include enhanced
mitochondrial biogenesis mediated by nutrient signaling pathways, improved hemodynamic
function through better plasma volume maintenance, and reduced oxidative stress allowing
more consistent high quality training. Future mechanistic studies should investigate these
possibilities directly.

Body composition changes revealed a pattern of simultaneous fat mass reduction and
lean mass accretion in the intervention group, whereas the control group showed minimal
changes in either direction. This pattern is noteworthy because concurrent fat loss and
muscle gain is metabolically challenging, typically requiring precise nutritional support. The
intervention group’s success in achieving this body recomposition while improving
performance suggests that periodized nutrition effectively supports anabolic processes
during recovery phases while facilitating fat oxidation during training phases. The absence
of significant lean mass gain in the control group indicates that resistance training alone,
without adequate protein timing and total intake, did not stimulate net muscle protein
accretion in these already trained athletes.

Recovery outcomes emerged as a particularly striking finding. The intervention group’s
substantially improved subjective recovery scores and reduced creatine kinase
concentrations indicate that integrated nutrition programming accelerated the repair of
exercise induced muscle damage. This has important practical implications, as faster
recovery enables higher training densities and intensities, potentially creating a virtuous
cycle wherein improved recovery permits greater training stimuli, which in turn drives further
performance gains. The control group’s slower recovery may have limited their ability to fully
benefit from the fithess program, explaining part of the performance difference between

groups.

88



«BbICOTHI 3HAHMIT» A\\%A vysotyznaniy.online

Several limitations of this study should be acknowledged. First, while participants were
blinded to the specific hypothesis, complete blinding of the intervention condition was not
possible given the nature of nutrition counseling. However, outcome assessors remained
blind to group allocation, reducing detection bias. Second, the sample comprised exclusively
endurance runners, limiting generalizability to other athlete populations such as team sport
or power sport competitors. Third, the twelve week duration, while longer than many
previous trials, may not capture longer term adaptations or potential plateaus in response.
Fourth, dietary adherence was monitored via self report, which may be subject to social
desirability bias despite efforts to minimize this through non judgmental counseling
approaches.

Strengths of the study include the randomized controlled design, the inclusion of a
fitness only control group, the use of objective performance and physiological measures, the
high retention rate, and the ecological validity of the intervention delivered in a real world
training context. The periodized approach reflecting current sports science best practices
enhances the applicability of findings to competitive athletes and their support teams.

Conclusion

This investigation demonstrated that a twelve week integrated nutrition and fitness
program produced significantly greater improvements in endurance performance, aerobic
capacity, body composition, and recovery compared to an equivalent fitness program alone.
The magnitude of difference between groups was both statistically significant and practically
meaningful, with the intervention group achieving a fifty four second improvement in five
kilometer time-trial performance. These findings underscore the essential role of systematic,
individualized, periodized nutrition as an integral component of athletic training rather than
an optional supplement.

The primary contribution of this study to the existing literature is the causal evidence it
provides for the additive benefit of nutrition programming beyond structured fitness training.
By employing a control group that received identical exercise prescription without dietary
intervention, the research design isolated the specific contribution of nutrition guidance. The
results therefore support the adoption of multidisciplinary approaches in sports training,
wherein coaches, sport scientists, and dietitians collaborate to align nutritional strategies
with training periodization.

Several directions for future research emerge from this work. Longitudinal studies
extending beyond twelve weeks are needed to examine whether the observed performance

differences persist, attenuate, or amplify over longer time horizons. Investigations in other
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athlete populations, including strength power athletes and team sport competitors, would
determine the generalizability of these findings. Mechanistic studies employing muscle
biopsy techniques could elucidate the cellular and molecular pathways through which
integrated nutrition enhances training adaptations. Finally, research examining the cost
effectiveness of comprehensive nutrition programming in athletic settings would inform
resource allocation decisions for sport organizations.

From a practical standpoint, athletes and coaches should consider implementing
structured nutrition planning that is periodized in alignment with training cycles, emphasizing
carbohydrate availability during high intensity phases, protein timing for recovery, and overall
energy availability to support training demands. The results suggest that even well-trained
athletes following sound fitness programs have meaningful performance gains to realize
through systematic attention to nutrition.
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BITMAHUE TMOPATALIMN HA CKOPOCTb BOCCTAHOBIIEHUA NOCIIE
BbIHOCNNBbLIX TPEHUPOBO4YHbLIX HAPY30K
AHHOTaUuNA
Llenbio gaHHOro mccrnegoBaHns ObINo U3yYeHne BRUSHUA ONTUManbHOW rmaparaumm
Ha CKOPOCTb BOCCTAHOBMEHUSA (PYHKLMOHANBHOMO COCTOSIHUSA OpraHu3ama CropTCMEHOB
nocne AnNuTeNnbHbIX adpobHbIX Harpy3ok. B akcnepumeHTe npuHANM yyactue Tpuauatb
KBanMuLUMpOBaHHbIX 6GeryHoB Ha ANWHHblIE OUCTaHUMW, KOTOpble  BbIMOSTHAMM
CTaHOapPTU3NPOBAHHYKO [OBYXYAcOBYI Harpy3ky Ha 6GeroBon OOpOXKe C MocneayroLmm
TPEX4acoBbIM NEPUOLOM BOCCTAHOBIEHMUS. McnbiTyemble Bbiniv pasgeneHsl Ha ABe rpynnbi:
KOHTPOSbHAA rpynna nostyyana orpaHM4yeHHoOe KONMMYECTBO XUOKOCTU, IKCNepMMeHTanbHas
rpynna npugepxusanacb WHAOMBUAYANbHOMO peXuMMa BOCMOSMIHEHWUS MNOTEpPb BOAbl U
anekTponuTtoB. KnioyeBble MNapaMeTpbl BKKOYaNM YacToTy CepaeyvHblX COKpaLLeHWH,
KOHUEHTpaumMio naktata B KpOBU, CYyObEKTMBHOE BOCMPUATME BOCCTAHOBSIEHUS N TECT Ha
BEepTUKanbHyl MpbirydecTb. Pesynbratbl Mnokasanu, 4YTO ajekBaTHas ruapatauus
CcnocoBbCTBYET OCTOBEPHO Boree BbICTPON HopManmM3auumn cepaeyHoro puTMa u CHUXEHUIO
YPOBHS JlakTata, a Takke yrydlWeHno nokasatenen HepBHO-MbIWEYHON OYHKLUMN.
[MonyyeHHble [aHHble noATBeEpPXAalT HeobXOAMMOCTb CTPOroro KOHTPOMNSA BOAHOIO
GanaHca B npakTuke BOCCTaHOBMEHNSA CNOPTCMEHOB.
BBepneHue
Mpobnema onTMMM3auMM BOCCTAHOBUTEMbHbLIX MNPOLECCOB MOCe WHTEHCUBHbIX
PU3NYECKMX HArpy3oK 3aHMMaeT UeHTparibHoe MeCTO B COBPEMEHHOW CNOPTUBHOW
duamonormm n meguumHe. BblHOCNMBLIE TPEHMPOBOYHbBIE HArpy3ku, XapakTepuayolmecs
ANVTENbHBbIM ad3pObHbIM BO3AENCTBMEM Ha OPraHnU3M, COMPOBOXOAKTCH 3HAYUTENbHbIMU

notepAMn XuMOKOCTU 4eped notootaeneHune, 4To Hen36exHo npuBoAUT K pPas3BUTUIO
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rmnorugparaumm pasnu4yHon cteneHun TaxxecTn. Boaga aenserca He TONbKO yHUBEpPCanbHbIM
pacTBopuTeneM u cpegon Ans OMOXMMWYECKUX peakuumi, HO U KPUTUYECKN BaXKHbIM
KOMMOHEHTOM TepMOoperynaumMmM, TpaHcnopTa nuTaTernbHbIX BeLecTB W yaaneHus
mMeTabonnToB. HecMoTps Ha LUMPOKOE NPU3HaHME BaXXKHOCTU rmapataumm Ansa nogaepxaHms
Tekywen pabotocnocobHocTn, €€ cneundudeckass ponb B MOCTHArpPy304HOM
BOCCTaHOBIMEHUN OCTAETCHA NPeaAMETOM aKTUBHbIX Hay4HbIX OUCKYCCUWN.

AKTyanbHOCTb HacCTOSILLEro uUccnegoBaHWa ornpegensieTcs TemM, 4YTO  MHOorve
NPaKTUKYOLLUME CMOPTCMEHblI U TPEHepbl yOensaiT OCHOBHOE BHUMaHWe HYTPUTUBHOW
nogaepxke B ywepb BoAHO-coreBoMy ©OanaHcy, NMbo npuAaepXKUBaKTCA YCTapeBLUMX
pekoMeHgauun no NUTLeBOMY pexumy. bonee Toro, cywecTtBylowme nybnukaumm 4acto
POKYCUPYIOTCH Ha IKCTPEeMasibHbIX COCTOSHUAX (TSKENaa aerngparauumsi) unu, HanpoTus,
Ha npodunakTuke runeprugpaTaumMm, OCTaBnas B TEeHM BOMPOC O [JO3UMPOBAHHOM,
MHOMBUAYaNM3NpoOBaHHOM BOCIMOMHEHUN NOTEPb Kak pakTtope, yCKOPSAKLWEM romeocTas.
[MoaTOMy OCHOBHas uUenb AaHHOW paboTbl 3akntovanacb B KOMMYECTBEHHOW OLIEHKE
BNUAHNA LeneHanpasneHHon pervgpartaumm Ha CKOPOCTb BOCCTAHOBMEHUS KIHOYEBbIX
Pn3nonornyecknx U nepgopmMaTmBHbLIX MoKasaTenen nocre CraH4apTHOM BbIHOCIMBOW
Harpy3ku. B kayectBe OONONHUTENBLHbLIX 3a4a4 BbICTYNUNW: CPaBHEHUE OUHAMUKM fakTaTa
1 BapnabenbHOCTM CepaeyHoro puTMa B YCNoBUSIX Pa3fIMYHOro NMTLEBOIO PEXMMA, a Takke
aHann3 cybbeKTUBHOIO BOCMPUSATUS YCTanoCTU CNOPTCMEHaMU.

O630p nuTepatypbl

CyLUecTBYOLMIA KOPMYC Hay4YHbIX uccneaoBaHum ybeantenbHO 4EMOHCTPUPYET, YTO
noTeps Maccbl Tena, coctaBnswowas aAsa n 6onee NpoUeHTOB 3a CYET AedumumTta BOAbI,
AOCTOBEPHO CHWXaeT a3poObHyl0 NPOM3BOAUTESNBLHOCTb, YBENMYMBAET BOCMPUHMMaeMoe
HanpskeHne U HapyllaeT TepMoperynauuio. 3TU AaHHble, BOCXOASALWME K KITaCCUYeCKUM
paboTtam, cTanu pyHaaMeHTOM Ans COBpeMeEHHbIX NpeacTaBneHum o rmgpataumm. OgHako,
Kak crnpaBednuBO OTMEYaltoT COBPEMEHHbIE aBTOPbl, Mepexod OT U3YYeHUS BIUAHUA
rmgpataumm Ha paboTocnocoBHOCTb K €€ BUAHWI0O Ha BOCCTAHOBMEHWE COBEPLUEH
OTHOCUTENbHO HEeaBHO.

BaxkHblI BKNag B pa3BuTue TeMbl BHECHUN UCCEA0BaHNSA, MOCBALLEHHbIE PO BOAbI B
meTabonunyeckom knmpeHce. NokaszaHo, YTO 4OCTATOYHbIV OOBbEM LIMPKYNNPYIOLLEN NNa3Mbl
HaNpsIMylo CBS3aH C 3P(PEKTMBHOCTBLIO PaboTbl NOYEK M BbIBEAEHNEM a30TUCTbIX LLUMAKOB,
a Takke C TPaHCNOPTHOMN OYHKUMEN KPOBU. B KOHTEKCTE BLIHOCIMBOCTU 0COBOE 3HaYeHme
npuobpetaer naktar. TpaguuMOHHO CYMTANOCb, YTO €ro yTunusaumsa 3aBUCUT

npenmyLecTBeHHO OT OKUCINUTENBHOWM CMOCOOHOCTN MbILLL, HO HOBblE AAHHbIE YKa3blBakoT
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Ha TO, YTO CKOPOCTb KPOBOTOKA, onpeaendemMasi B TOM YuUCre BOSIEMUYECKMM CTaTyCcoM,
MOAYNMpyeT NeYEHOYHbIN KNMpeHc nakTaTa. [pu runosonemun, BO3HUKaKOLLEN BCeacTBME
HeadekBaTHOW ruapaTaumm, BUcLEeparnbHbii KPOBOTOK CHWXAETCS, YTO MNOTEHUManbHO
3ameansaer metabonuuyeckyro ounctky. WMccneposatenu u3 LBeriuapum Ha BbliGOpkKe
BENOCKMNEMCTOB NMPOAEMOHCTPUPOBANM, YTO AaXe yYMepeHHas runorungpartauus (notepu
obbéma okono 1.5%) npogneBaeT nepuon MOMYXXWU3HWM fakTata B KPOBW Ha ABaguaTb
npoueHToB. Tem He MeHee OaHHas paboTa umMena orpaHuMyeHusi, CBs3aHHble C MarnoWn
BbIOOPKOM N OTCYTCTBMEM KOHTPONA 3a (PM3MYECKON aKTUBHOCTbIO B BOCCTAHOBUTENbBHbIN
nepuog.

[dpyron BaxHOM o06NacTbl0 SABMASETCA HEPBHO-MbILEYHOE BOCCTAHOBMEHME.
[Mokasatenu npbiry4yecT W MakCMMasibHOW MPOM3BOSIbHOW CUMbl, KakK W3BECTHO,
YYBCTBUTESIbHbI K M3MEHEHUSIM OCMOMANbHOCTM Mnasmbl U 3MNeKTponuTHoro GanaHca.
HdedunumTt HaTpusa 1 Kanusa, BO3HMKaOLWMIA Npy noTepe nota 6e3 agekBaTHOro BOCMOMHEHNS,
MOXET BNNATb Ha BO30Y4MMOCTb CapKONEMMbI 1 NPOLIECC NPOBEAEHNSA HEPBHOIO MMMNYyrbCa.
OpHako B cyllecTBylolen nuTepatype MMeeTcs npotuBopedne. HekoTopble aBTopbl
yTBEPXOAlT, YTO BOCCTAHOBMIEHME CUMOBbIX KadeCTB MpW BbIHOCIMBLIX Harpyskax B
Oonblen cTteneHn 3aBUCUT OT NIMKOMEHOBOW pecuHTe3a, Yem OT ruapartauuun. [Opyrue,
HanNpoTMB, MNPUBOAAT [OKasaTenbCTBa TOro, 4YTO HapyLIEHWE BOOHO-3MEKTPOSIMTHOIO
OanaHca BbI3bIBAET MbILWEYHYKO YCTanocTb LEHTpanbHOro reHesa. HecornacoBaHHOCTb
pe3ynsLratoB MOXET OObSCHATLCA pasnuunamMuM B MNPOTOKONAx rugparaumm, YpoBHE
TPEHNPOBAHHOCTU UCMBITYEMbIX N KPUTEPUAX OLIEHKM BOCCTAHOBMNEHUS.

EBponenckne nccrnenoBaHnsa MocrneqHero AecaTunetus BCE 4alle obpawjaroTcs K
WHTErpaTMBHbIM MoOKasaTensM, TakMM Kak BapuabenbHOCTb CepaeyvyHoro putma.
YCTaHOBNEHO, 4YTO CuMMMaTMyeckasi ruMnepakTMBauusi, XxapakTepHasi Anst COCTOSIHUS
aerngparaumm, COXpaHAETCA B TeYEHNE HECKOSbKUX YacoB MOCHe Harpysku, NpendarcTeys
nepexony B napacumMnatuUyeckyto dpasy BOCCTAHOBMEHUA. JTO BbIPAXKAETCS B CHMXKEHUN
BbICOKO4YACTOTHOW KOMMOHEHTbLI BapnabenbHOCTU CEPAEYHOrO pUTMa u cMmeLleHnn banaHca
B CTOPOHY npeobnagaHns HU3KOYACTOTHbIX KonebaHun. Takum obpasom, rugpatauums
MOXET BbICTYNaTb MOOYNSATOPOM  BeretatMBHOM  perynaumn. Tem He  MeHee
CUCTEMATMYECKMA  0030p  CYLLECTBYKOLUMX  PaHOOMMU3MPOBAHHBLIX  KOHTPONMMPYEMbIX
nccneqoBaHU BbISIBUN CYLLIECTBEHHbIN MeTogonornvyecknin npoben: 6onbWNHCTBO paboT
oLeHMBalOT NMBO KPaTKOCPOYHbIN 3hEKT HeMeaneHHOro npuMéma Boabl (40 TpuauaTtu
MUHYT), IM60 OOMrOCPOYHbIE N3MEHEHUS MOCHe MHOFOCYTOYHOrO HabnigeHus, Npu aToMm

cpeaHe-CPOYHbI nepuog (0T O4HOMO A0 YETLIPEX YACOB) UCCHENOBAH HEAOCTaTO4HO.
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Mcxoga u3 BbISBMEHHbIX NpobernoB, HacToslee uccnegoBaHWe MOCTaBUO LENbro
BOCMOMHUTb  OTCYTCTBME [AaHHbIX O BMAUSHUM  CUCTEMATUYECKOW, [O3MPOBaHHON
perngpataumMm Ha KOMMJSIEKC MnokasaTenem BOCCTaAHOBMEHMSA (MeTabonuyeckmx, HEepBHO-
MbILLIEYHbIX M BEretaTuBHbIX) B TPEXYACOBOM MOCTHArpy304HOM Mepuode nocrne TUNMYHOM
aspobHOM TpeHupoBKK. [MNoTe3a 3akntoyanacb B TOM, YTO onTUMarnbHas ruaparaums,
UMUTUPYIOLLAsS NpakTUYeckme pekomeHgaumm, bygeT accoummpoBaTbes ¢ 6onee ObiCTpomn
HOopManuaaumen YacToTbl CepAeYHbIX COKpaLLEHU, CHUKEHMEM KOHLIEHTpaLMn nakrara u
ynyJdweHnem CcyObeKkTMBHOM OLEHKM CaMOYyBCTBMSI MO CPABHEHUIO C  YCrOBUSIMU
OrpaHN4YeHHOro NNTLEBOIO PeEXMMA.

MaTtepuanbl n metoabl

[unsanH nccnegosaHusa nNpeacTasnsan cobon paHOOMU3NMPOBAHHOE KOHTpONMpyemoe
nepekpecTHoe UCnbITaHNe C ABYMS yCnoBuamu, nposegéHHoe B Jlabopatopum cnopTuBHOM
dusmnonormn denepanbHOro yHMBeEpcUTeTa MNpPUKNIagHbiXx Hayk Liopuxa B nepuog c
deBpans no anpenb 2024 roga. [NpoTokon wuccnegoBaHus 6bin 0gobpeH MECTHbIM
3TUYecKuM KomuTetToM (Homep npotokona SPH-2024-042), Bce ucnbiTyemMble nognucanu
MHOPMUNPOBAHHOE cornacue.

YyacTHuKamu ctanu TpuguaTtb Mu3ndeckn akTMBHbIX MY)XXYMH B BO3pacTe OT ABaauaTy
Ao Tpuauatn natu net (cpegHun BospacT 26.8 £ 3.2 roga), perynsipHO BbIMOMHAOLWNX
OeroBble Harpy3kn Ha BbIHOCIIMBOCTb HE MEHEE YETLIPEX pa3 B Heaent ¢ 06bEMom bera He
MeHee nATUOECATU KWNOMETpoB B Hedento. Kputepmsmmn  BKAKOYMEHUA  SABMSNUCH
MakcumanbHoe noTpebneHve kucnopoda He MeHee NATUAECATU NATU MUINUAUTPOB Ha
KMnorpamMm Maccbl Tena B MUHYTY, OTCYTCTBME OCTPbIX W XPOHUYECKUX CepaevHo-
COCYAUCTbIX, MOYEYHbIX U SHOOKPUHHLIX 3aboneBaHu, a Takke OTCYTCTBME B aHaMHese
TEeNnoBbIX TPaBM, CBSAI3aHHbIX C Aernapataumen. Kputepmum mcknioveHus: npuém nodbix
npenapaToB, BAUSIOWMX HA BOOHO-3MEKTPONUTHLIN BanaHc (OUYypeTuKn, HecTepouaHble
NpoTMBOBOCNANMUTENbHbIE CPeACTBa 3a ABajuaTh YeTblpe Yyaca A0 TECTUPOBAHUS), UHOEKC
Maccbl Tena Bbllle Tpuauatn, u Kypsawme. Bece ucnbityemble npownu npegBaputenbHoe
MeauLuMHCKoe obcnegoBaHue, BKIOYas arekTpokapauvorpaduio NokKost M Harpy3oyHoe
TecTMpoBaHWe Ansa onpeaerneHns aHaspobHoro nopora.

3a OBa OHA 00 KaXOoro 9SKCMEepUMMEHTanbHOrO ceaHca ydacTHWKM cobntoganm
CTaHOapTU3NPOBAHHYO ANETY C COAEepXKaHWeM YrreBodoB WeCTb rpaMMOB Ha KuUrorpaMmm
Maccbl Tena, xupos 1.2 rpamma Ha kunorpamm, 6enkos 1.6 rpamma Ha Kunorpamm, u
NMMTLEBON peXnmMm, obecneymBalroLni CyTOUHBIA ANype3 He MeHee nornyTopa nuTpoB. 3a

ABaguartb YeTbipe Yaca 40 OCHOBHOIO UCMbITaAHUA UCKITHOYa0Cb yn0Tpe6neH|/|e arikorond,
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KohenHa 1 MHTEHCUBHbIE (bU3NYEeCKne Harpys3ku. FABka B nabopaTtoputo npoucxoguna B
yTpeHHue Yachl (¢ 7:00 go 8:30) nocne gecATM4acoBOro HOYHOro rofofaHus.

Mpouenypa HayMHanacb C U3MEPEHMS UCXOOHbIX MapamMeTPOB B COCTOSHUM MOKOS:
YacToTa cepAeyHbIX COKpaLLleHUn pernctpmpoBanach ¢ noMoLlbo nynscometpa Polar H10,
apTepuanbHoe JaBrieHne N3MepsNock aBToMaTnyecknm courmomaHometTpom (Omron M6),
KOHLUEHTpauMsi naktata B KanunnsgpHOM KpOBW onpegensanacb C UCNONb30BaHUEM
nopratmsHoro aHanusartopa Lactate Scout 4 (EKF Diagnostics). [Ina oueHkn HepBHO-
MbILLEYHOro cTaTtyca NpoBOAUIICA TECT Ha BEPTMKanbHYO Npbiry4ecTb 6€3 noMoLLm pyk no
metoauke CapmkeHTa C UCNonb3oBaHMEM KOHTakTHom nnatgopmbl (Optojump Next,
Microgate). Kaxabih ucnbiTyeMblA BbINOMHAN TPU MOMbITKM C UHTEpBanoMm B TpuauaTb
cekyHa, umkcmpoBancs  Haunydywuin  pesynbtar.  [JononHWUTENbHO  OueHuBanacbhb
CyObeKTMBHAsA rOTOBHOCTb K Harpy3ke no BM3yanbHOW aHanoroBou LWKane ot Homs (MosfiHoe
OTCYTCTBME CUN) OO0 AecaTu (oTnnyHas opma).

lMocne npeTecTMpoOBaHMSA YYaCTHUKM BbIMOSIHANN OCHOBHYIO Harpy3ky Ha MOTOPHOM
beroBom Tpegmune (h/p/cosmos pulsar) ¢ HaknoOHOM OOWH MPOUEHT, MMUTUPYIOLLNM
conpoTueneHne Bo3gyxa. MpoTokon Harpy3ku Obin paspaboTtaH Takum obpaszom, YTOObI
COOTBETCTBOBATb TUNUYHOMW NPOAOITKUTENbHON a3pObHON TPEHUPOBKE: NHTEHCUBHOCTL Ha
YPOBHE WHAMBMAYANbHOrO aHadpobHOro nopora (onpedenéHHoro B npenBapuTerbHOM
TecTe), YTO COOTBETCTBOBANO NMPUMEPHO CEMUAECATM NATU NPOLEHTAM OT MakCMMarnbHOM
4YacTOTbl CEepAEYHbIX COKpaleHun. [nuTenbHOCTb HenpepbiBHOro 6Gera coctaBwuna cCTo
ABafuatb MUHYT. Ha npoTskeHUn BCeW HarpyskuM MCMbITyeMble He Mnofyyanu HUKakowm
XngkocTtun (310 ObINO ycnoBMeM Ans co3gaHua ynpasngemoro gedwuunta). Temneparypa
Bo3dyxa B nabopaTtopuu nogaepxuBanacb Ha ypoBHe 22 * 1 rpagyc Llenbcus,
OTHOCUTENbHAasA BNAXXHOCTb COCTaBMsifa NATbAECAT NPOLEHTOB.

Cpasy nocne 3aBepLueHus 6era ukcnpoBanacb Macca Tena Kaxkaoro UCrnbITyemMoro ¢
TOYHOCTbLIO 4O AECATM rPaMMOB C MCMNONb30BaHMEM KanmbpoBaHHbIX BecoB (Seca 876).
[MoTepss Macchbl Tena paccyMTbiBanachb Kak pasHuua Mexay MacCcon 40 Hadvana Harpysku u
cpasy nocrne eé OKOH4YaHWUs, CKOPPEKTUPOBAHHASA Ha Maccy Cyxon ogexabl 1 nonorteHey,. B
3TOT X€ MOMEHT U3MEPSININCb BCE MOCTHarpy3ouvHble napameTpbl (YacTtoTa cepaevHbliX
COKpaLLEeHWN, NnaktaT, Npbiry4ectb, CyObekTMBHAA LuKana) Ans NOMyyYeHWa TOYKM HOMb
BPEMEHWN BOCCTAHOBIIEHUS.

3atem mcnbiTyemble cnydanHbiM 06pas3oM pacnpegensanuce B OgHy U3 ABYX rpynn c
MOMOLLIbIO KOMMBIOTEPHOIrO reHepartopa cryvanHblX 4ucen. B ycnosusx ruagpatauum

(akcneprMMeHTanbHas rpynna) Kaxabld yYacTHUK nofyyYan uHAMBUAYyanbHbld OObEM
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XNOKOCTK, paBHbIN CTa NATUAECATU NpoLeHTam OT 3aPMKCMPOBAHHOM NOTEpW Macchbl Tena.
OT0 cooTHoLEeHME Bbino BbIGpaHo M5t KOMNEHcaUMM NPOAOIPKaOLLMXCS NOTEPb C MOYOM U
AblXaHMeM B nepuopg BOCCTaHoBNeHus. XXuakocTb npeacTtaBnsina cobon NM30TOHUYECKUI
ANEKTPOSIMTHbLIM PacTBOpP, coAepXalun HaTpun Tpuauatb MUNSIMMONEN Ha NUTP, Kanuw
NATb MUNNUMONEN Ha NUTP W IMIOKO3Y ABa NpoLeHTa, TeMnepaTtypa pacTBopa cocTasnsana
naTHaguaTb rpagycoB. Pexum npuéma 6bin ApobHbIM: MO ABaALAaTb NPOLEHTOB OT obLiero
o6bEéma cpasy nocne B3BELLUMBaHUSA, 3aTeM MO NATHaALUaTb NPOLEHTOB Kaxable Tpuauatb
MUHYT Ha NPOTSHXKEHUM TPEX YacoB. B ycnoBusix orpaHn4YeHHON rmapartaumm (KOHTporbHas
rpynna) ucnblTyemble noflyyanu TOSNbKO ABECTU MUMAUANTPOB 0BbIMHOW BOOOMNPOBOLHOM
BOAbl Cpa3y nocrne Harpysku (CTaH4apTHbLIN «YTONMUTENbHbINY FMOTOK, YaCTO NPaKTUKYEMbIN
B MONEBbIX YCIOBUAX) U Janee HUKAKOM XNOKOCTU He nonyyanu. BaxHo nogyepkHyTb, Y4TO
An3anH Obln NepekpPECTHbIM, TO eCTb Yepes ABe HeAenn BbiIMbIBAHUS Y4aCTHUKA MEHSINNCH
rpynnamm, TakMm obpasom Kaxabli CNopTCMEH BbICTynan B KayecTBe COBCTBEHHOrO
KOHTpOnS.

lMepnon BOCCTAHOBMEHMA AONUICA TPU Yaca, B TeYEeHMEe KOTOPbIX WUCMbITyeMble
Haxogunuce B nabopaTtopuuM B MOMOXEHWUM CuAsl, YTeHne u pabota Ha HoyToOyke
paspeLlanuncb, HO UCKIoYanca nbon npném nuwmn. MamepeHns NpoBOAUNUCE Kaxable
TpUALATb MUHYT: permcTpupoBanach 4Yactota cepaeydHblX COKpaLLeHUn (B NONOXeHUn cnas
nocrne nNATM MUHYT MOKOos), oTbupanacb KanunnspHasi KpoBb M3 Manbla Ans aHanuaa
nakTtaTta, BbINONHANNCL TPU NPbIXKKA C perncTpaumen ny4dwero pesynsrara, U UCNbITyeMble
NMOBTOPHO OLEHNBaNM CBOE CaMOYyBCTBME MO LLKaNe BOCCTAHOBNEHNSA OT HOMNSA A0 OECHATMW.
Uepes Tpu yaca nocne Harpy3km macca Tena namepssnacb NOBTOPHO AN pacyéta YnCcToro
OanaHca XngkocTtu.

OCHOBHbIMM  3aBUCMMbIMW  NMEPEMEHHBIMW  BbICTYNUAW: BpeMsi  BO3BpaLLeHUs
KOHUEHTpaumMmM naktata K MCXOOAHOMY YPOBHIO MNMOC ABa CTaHO4APTHLIX OTKMIOHEHMS
(onpepensemMoe C MOMOLUBID JIMHEWNHOW WHTEPNONAUMM MeXOy TO4YKaMn W3MEPEHUNR),
nnowaab nog KpuBow BapnabenbHOCTU BbICOKOYACTOTHON KOMMOHEHTbI CEpAEYHOro puTma,
BblYMCNEHHasa Yepe3 MeTon ObicTporo npeobpasoBaHus Pypbe, M NPUPOCT MoKalaTens
npbiry4ecTM OT TOYKM HOMb A0 TPETbEr0 Yaca OTHOCUTENbHO WCXOOHOMO YPOBHS.
Cratuctmyeckun aHanu3 npoBOAMICHA C MCMOMb30BaHMEM MporpaMMHoOro obecneveHus
SPSS Statistics Bepcusa 29. HopmanbHOCTb pacnpegeneHus nposepsanack tectom Lanunpo-
Yunka. [ns cpaBHEHUs1 MexXay YCNOBUSIMN NPUMEHANCS ABYXAAKTOPHbLIN ANCNEPCUOHHbIN
aHanu3 c MOBTOPHbIMU M3MepeHusiMU (pakTopbl: BpeMsi U ycrnoBus rugparaumm). MNpu

HapylweHun cdepuyHOCTU ucnonb3oBanacb nonpaska [puHxayca-lenccepa. [llocT-xok
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CPpaBHEHMSA BbLIMOMHANUCL C nonpaBkon BoOHMEPPOHU. YPOBEHb CTAaTUCTUYECKOMU
3Ha4YMMOCTU BbIN ycTaHoBeH Kak p MeHbLle 0.05. Pesynbrathl npeacraBneHbl Kak cpegHee
3HayeHue * cTaHgapTHOEe OTKITOHEHME.

PesynbraTthl

Bce Tpmauatb y4acTHMKOB 3aBeplumnn oba aKkcnepumeHTanbHbIX BU3WUTA, OaHHble
nonHbIX HabnwgeHun 6binv OOCTYMHbI AN aHanus3a. McxodHble XapakKTepUCTUKU He
pasnuyanucb Mexay nepsbiM M BTOPbIM BU3UTaMU, YTO noaTBepaaeT aPdeKTUBHOCTb
nepvoga BbiMbiBaHWSA. CpegHAa noTepAa Maccbl Tena 3a CTo ABaguatb MUHYT Oera
coctaBuna 1.86 + 0.32 kunorpamma, 4to cooreeTcTBoBasio 2.5 + 0.4 npoueHTa OT UCXOLHON
Maccbl Tena. Takum obpasom, Harpy3ka wuHOyuMpoBana COCTOSIHUE YMepPEHHOW
aerngparaumm, cornoctaBumoe B 06enx akcnepuMeHTasnbHbIX Cepusx.

B ycnoBuax orpaHuyeHHOW rugpatauum Habnoganocb 3aMeanieHHoe CHUXKEHue
KOHLIeHTpaumu naktata B KpoBu. B ncxogHon Touke (HOMb MUHYT BOCCTaHOBIEHUSA) YPOBHM
nakrarta 6binn NpakTUYeckn MAEHTUYHbI Mexay ycnosmsamu: 6.8 £ 1.1 munnmmons Ha nuTp
B KOHTPOMbHOM rpynne n 6.7 £ 1.0 MunnMmonsa Ha nNuTp B 3KCNepuMeHTanbHoOWn rpynne,
pasnuyne cTaTUCTUYEeCKN He 3HaymMmo. OgHaKo Yyepes OeBAHOCTO MUHYT BOCCTAHOBMEHUSA
KOHLIEHTpaUna nakrata B yCoBMAX ONTUManbHOW rmgparauun cHusmnacb o 2.1 = 0.7
MUANMMONSA Ha NUTP, TOrda Kak B YCIOBUAX OrpaHUYeHHOW rugpaTtauum coctaensna 3.4
0.9 munnumons Ha nuTp (p MmeHbLue 0.01). Bpemsa 0OCTUXeHUs yPOBHS NnakTata MeHee AByX
MUSIMMONEN Ha NUTP B 3SKCNepuMeHTanbHOW rpynne coctaBuno 112 £ 18 MuHyT, B
KOHTPONbHOW rpynne — 167 + 22 MUHYTLI, pa3nuyne CTaTUCTUYECKN 3HAYUMO (P MEHbLUE
0.001). Mnowaab nog KpUBOW NakTaTa 3a TPM Yaca BOCCTaHOBNEHUN bbina Ha 34 npoueHTa
HWXe B YCIOBUSIX afeKBaTHOW rmgpataumu.

[dnHammnka 4YacToTbl cepaeyvHbIX COKpalleHUN B MOKOEe Takke pasfnuyanacb mexay
ycrnosusimu. Cpasy nocrne Harpyskun 4acTtoTa cepaeyHblX CoKpaLleHUn Bbiria NoBbILLEHHON B
obeunx rpynnax u coctaBuna 98 + 6 ygapoB B MWHYTY. Yepes3 LIEeCTbAECAT MUHYT B
3KCNepUMeHTarnbHOW rpynne YactoTa cepaeyHbIX COKpaLleHnin CHM3MNach 4o 68 + 4 ynapos
B MUHYTY, YTO (paKTM4YEeCKM COOTBETCTBOBANO UCXOOAHOMY YPOBHIO Mokos (64 + 3 yaapa B
MUHYTY). B KOHTpONbHOM rpynne 4Yepe3 WeCTbAEeCAT MUHYT 4YacTtoTa CcepaeyHblX
COKpalLleHW ocTaBanach Ha ypoBHe 81 + 5 ynapoB B MUHYTY, U TOINbKO Yepes CTO NATbAECAT
MUHYT JOCTUrana 3Ha4dyeHun, He OTNMYalLWnMXCa OT UCXoaHbIX (67 + 4 yaapa). BpemeHHas
3ajepXxKka Hopmanusaumm cepaedHoro putMa B YCROBUSIX AerMgpatauum coctaBuna B

cpeaHem 0eBAHOCTO MUHYT OOMOJIHUTENTIbHOIoO BPEMEHMN.
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lMokasaTtenu BapuabenbHOCTU cepaevyHoro puTtMa MNPOAEMOHCTPUPOBANU CXOLHYHO
KapTuHy. BblcOKkOYacTOTHas KOMMNOHEHTa, OTpaXarLlas napacMMmnaTu4ecKyro akTMBHOCTb,
B 9KCMEPMMEHTasrbHON rpynne yxe 4yepes TpuauaTb MUHYT BOCCTAHOBMEHUS Ha4YuHana
yBenuuYMBaTbCA M K KOHLY TpeTbero yaca gocturna 78 npoueHToB OT UCXOL4HOro ypoBHSA. B
KOHTPOIMbHOW rpyrnne BbICOKOYACTOTHAs KOMMOHEHTa oOcTaBasnacb MOAaBfIEHHON Ha
NPOTSXKEHUN NEPBbLIX ABYX YacOB M TOMbKO K TpeTbeMy 4vacy gocturna 51 npoueHTta ot
ncxogHoro 3HaveHund. OTHOLWeHMEe HU3KOYaCTOTHOW KOMMOHEHTbl K BbICOKOYACTOTHOW,
Mapkep cumnaTo-BaranbHoro 6anaHca, B KOHTPOSbHOW rpymnne oCTaBanocb MOBbLILEHHbIM
(2.9 £ 0.5) npotue 1.5 £ 0.3 B akcnepumeHTanbHon rpynne (p meHbLue 0.01).

Pesynbrathbl NpbIry4ecTn Takke nokasanu npemmyLLecTBo ageksaTHon rmgpataumn. B
HyrneBOM MOMEHT BOCCTAHOBIEHUSA BbICOTA MpbKKA CHU3MMACb MO CPaBHEHUKD C
npegHarpy3oyHbIM YpoBHEM B cpegHeM Ha 18 npoueHToB B 0Beux rpynnax. K KoHuy
TPEX4YacoBOro nepmnoga B aKCnepuMeHTanbHOW rpynne npbiry4ecTb BOCCTaHOBUIIach 4o 94
NMPOLEHTOB OT MCXOOHOr0 YPOBHA. B KOHTPONbHOM rpynne BOCCTaHOBMEHUE 6bIno
CYLWECTBEHHO XYyXe: K TPeETbeMy 4acy npbiry4ecTb cocTaBnsasia Tofnbko 81 npoueHT oT
ncxogHoro yposHs (p medbwe 0.01). MHauBmayanbHoe cpaBHeHME MokKasano, 4YTo y
ABajuaTtu O4HOro MCMbITYyeMoro M3 TpuauaTu pasHuua B NPoLEeHTax BOCCTaHOBMEHWUS
MeXay YyCrnoBusiMU MpeBblllana AecAaTb NPOLEHTHbIX MYHKTOB B NOMb3y rmapaTtauunu.

CybbeKkTuBHas OuUeHKa BOCCTAHOBIIEHMSI MO BMU3yasribHOW aHariOroBOW LWKane Takke
pasnuyanacbk. Yepes aBa 4aca nocne Harpy3ku CnopTCMeEHbI B 9KCNepUMeEHTanbHON rpynne
OLlEHMBanNn CBOK FOTOBHOCTbL K MOBTOPHOW TPEHUPOBKE B cpeaHem Ha 6.7 + 1.1 6anna u3
AECATU, B TO BPEMSI Kak B KOHTPOSbHOW rpynne 3ToT nokasaTtenb coctaenan 4.2 + 1.3 6anna
(p meHbwe 0.001). K KoHUyY TpeTbero Yyaca pasHuua coxpaHsanack: 8.1 + 0.9 6anna npoTtus
5.9 £ 1.4 6anna. HTepeCHO, 4YTO CyObEeKTMBHbIE OLEHKN KOPPEnMpoBann ¢ 00bEKTUBHBIMU
nokasatensiMum BapuabenbHOCTM  cepaedHoro  putMma  (Ko3addUUMEHT  Koppensumm
CnupmeHa r = 0.62, p meHbLue 0.01).

HakoHey, ©GanaHC XuakocTu 4epe3d Tpu Yaca Obin NONOXUTENbHBIM B
aKkcnepumeHTanbHon rpynne (B cpeaHem nntoc 0.32 nuTpa OTHOCUTENBHO NpeaHarpy304HON
Maccbl), 4TO oOTpaxano npegHaMepeHHbIn runeprugpaTtaumMoHHbii  NPOTOKOM, W
oTpuuaTtenbHbiM B KOHTpOrnbHOW rpynne (MuHyc 1.14 nutpa), 4TO NOATBEPXOano
coxpaHeHve peduumTta Bodbl. HM y O0gHOro yyacTtHMKa He OblfI0 OTMEYEHO NPU3HAKOB
rmnepruapaTaumMoHHON NHTOKCUKALINN.

O6cyxaeHue
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[Mony4yeHHble pe3ynbTaThl O4HO3HAYHO NOATBEPXKAAIOT MCXOOHYH MMNOTE3Y O TOM, YTO
ueneHanpaBneHHas perpngpataums B OObEMe, HECKONbKO MpeBblllalowemM noTepu,
OKa3blBaeT BbIpaXEHHOE MOMOXUTENbHOE BfMSIHUE HA CKOPOCTb BOCCTAHOBMEHUSI NOCre
ANUTENBbHON BbIHOCIMBOM Harpy3kn. Haumbonee 3Ha4yMMbIMM HaxogkaMu  SIBNSOTCA
YCKOPEHME KIMpEeHCa InakTata Mno4vTU Ha nATbAecAT nATb MUHYT, Oonee ObicTpoe
BOCCTaHOBIEHME MapacMMnaTUYecKoro ToHyca cepae4yHoro putma u ynyyvleHne HepBHO-
MbILLIEYHON (PYHKUMM B BMAE NpbIryd4ecTn. IOTW [OaHHble pPacluMpsioT CyLLEeCTBYOLME
NpeacTaBneHns, BbIXOOA 3@ paMKM MNPOCTOM KOHCTaTauun HEeratMBHOIO  BIAUSHUS
agermgparaumm Ha paboTocnocobHOCTb U OEMOHCTPUMPYSA AO0NrocpodHble (B Maclutabe
4yacoB) MeTabonuyeckne M HempoBereTaTMBHbIE MOCNEACTBUS HEeAOCTaTOYHOro npuéma
XnaKocTun.

lMepBoe BaxxHOe HabNaeHNe KacaeTcs nakrara. TpaguuMOHHbIN B3rNa 3akntoyancs
B TOM, YTO CKOPOCTb YyTUNM3auuMM naktata 3aBUCUMT MNOYTU  UCKMYUTENBHO OT
OKUCINMTENbHOro noTeHumMana Mbilll, U akTUBHOCTW nakTataermgporeHasbl. OgHaKo Halum
AaHHbIEe MOKa3bIBaKOT, YTO COCYAUCTLIN hakTop, ONpeaensieMbli BOIEMUYECKMM CTaTyCcoM,
UrpaeT He MeHbLUY ponb. B ycrnoBusax gerngpataumm CHUXKEHHbIN O6BbEM LIMPKYNMPYOLLEN
nnasmbl MNPUMBOAUT K LEHTpanus3auum KpoBOOOpalLleHWss U OTHOCUTENbHOW MLEeMUK
nepudepmnyecknx TKaHeW, BKYas MeYeHb, KOoTopas SBMSIETCS [MaBHbIM  OpPraHoMm
rMIOKOHeoreHe3a M3 nakrtata. 9710 cornacyetrcs ¢ 6onee paHHMMW HabnOeHUAMU, XOTS
nccnenoBaHusl, NO3BONSAOLLME HANPAMYK U3MEPUTb NEYEHOYHbIN KPOBOTOK Yy YernoBeka,
HeMHoroumcrneHHbl. [lokasaTenbHO, 4YTO pasHMUa B YPOBHSIX IlakTata CTaHOBWUNAach
OTYETNIMBOW TONbKO MOCNe TPMAUATM MUHYT BOCCTAHOBINEHUS, YTO yKasbiBaeT Ha TO, YTO
HemefsfeHHoe pa3BedeHne He O0ObSACHAET adhdekTa; ckopee, UMEET MECTO CUCTEMHbIN
MeTabonnyecKknuin caoBur.

Btopasa knioueBas obnactb — BeretatmBHasi perynsums. 3amenneHHoe CHUXKeHue
4YacToTbl CepAeyvHbIX COKpaleHUn W noaaBNeHne BbICOKOYACTOTHOM KOMMOHEHTHI
BapuabenbHOCTU CcepaevyHoro putMa B KOHTPOMbHOW rpynne CBUAETENbCTBYHOT O
ANUTENBbHON CUMNATUYECKOM aKTUBaL K. ATO MMEET ABOsIKOe 3Ha4eHne. C 0aHOM CTOPOHbI,
cMMnaTtmyeckas runepakTmBaums cama no cebe ABnseTcsa aHepro3aTpaTHbIM COCTOSIHUEM,
noaaep>X1BatoLLMM MOBLILEHHBIM YpOBEHb MeTabonuama v MelarowmmM nonHOLEHHOMY
otabixy. C opyrov CTOPOHbI, OHa MOXET HapyLaTb CUHTE3 MMUKOreHa, NOCKONbKY U3BECTHO,
4yTO KaTexonaMuHbl NHIMBMpYyOT aKTUBHOCTb IMUKOreHCMHTETasbl yepes
afjeHunaTuuknasHoli mMexaHuam. Takum o6pas3om, HegocTaToudHas rmapartaums MOXET

KOCBEHHO 3aMeanATb pECUHTES YIneBOOHbIX 3anacoB, XO0TA B 4aHHOM UCCliegoBaHUM Mbl HE
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N3MEPANN MblWEeYHbI mukoreH. byaywime pabotbl Mormu 6bl coveTaTtb MarHUTHO-
PEe30HaHCHY CNEKTPOCKOMMUIO C KOHTPOSieM ruaparaumn.

HepBHO-MbILLEYHOE BOCCTAHOBIIEHME, OLEHEHHOE Yepes3 NpbIryy4ecTb, nokasaso, 4YTo
CyObEeKTMBHOE  OLlyLIEHNE «TSHKENbIX HOM»  UMeeT nog cobo  OObEKTMBHYHO
dusnonornyeckyto OcHoBy. CHWXeHWe 3NacTUYHOCTU U COKpPaTUTESNbHOW CMOCOBHOCTM
MbILLL, MOXET BbITb CBSA3@HO HE TONBbKO C BHYTPUKMETOYHbIM aumngo30M, HO U C HapyLleHnem
anekTponuTHoro 6anaHca. MockonbKy B Hawem NPOTOKOMEe 3KCMepuMMeHTanbHasa rpynna
nosnyyara He NPOCTO BOAY, @ N30TOHUYECKUA pacTBOP C HATPUEM U Karinem, Mbl HE MOXEM
NMOMHOCTbIO pas3fennTb BIUSHWME OObEMA XWOKOCTU W SNEKTPOSIMTHOrO coctaBa. JTO
orpaHuveHue cnegyet npusHatb. OgHaKo M3 NpPaKTUYeCcKUX coobpakeHnn N30TOHNYecKas
perngpataumsa 6onee penesBaHTHa peanbHOM CNOPTUBHOW CUTyaLMK, YeM NpocTas Boaa.

CpaBHeHne C onybrnvMkoBaHHbIMW [aHHbIMW Kak NoaTBEPXAAEeT, Tak U YyTOYHSET
nmerowmecs ceegeHus. Pabotbl Gonee paHHero nepuoga, cocpefoTOdeHHble Ha
3KCTpemarnbHOW Agerngpataumm (NoTepu CBblle YeTbipEX MPOLEHTOB), BbIABUMU
Apamartumyeckme adpdeKkTbl, HO UX NPUMEHUMOCTb K OBbIYHBIM TPEHMPOBOYHbLIM YCITOBUSIM
orpaHuvyeHa. Hawe wuccnegoBaHMe [OEMOHCTPUPYET 3HaYMMble pPasfnyuvs yxe npu
ymMepeHHOM aedumumTte B 2.5 npoLeHTa, 4To XxapakTepHo Anga 60nblUMHCTBA Mapad)OHLEB U
TPMaTNETOB B KOHUE TpeHupoBku. CnegoBaTenbHO, pekoOMeHAauust «MUTb MO KaKOe»
HeJoCcTaTodHa; HeobxoAMMO aKTMBHOe, yrnpexpawuwlee BOCMOMIHEHWE B paHHUN
NOCTHAarpy304HbIN Nepuos.

BaxHbIM  OOMNOMHUTENbHBIM  PE3yNbTaToM  ABMSETCA CYObEKTMBHbBIA  KOMMOHEHT.
CnopTcMeHbl, nonyyasBlUMe afekBaTHYK ruapataumio, He TONbKO OBBLEeKTUBHO nyulle
BOCCTaHaBMNMBarnucb, HO N CyObEKTUBHO YyBCTBOBaNuU cedbsa 6onee rotoBbIMM K CriegyoLLen
Harpy3ke. OTOT MNCUXOMOMMYECKUA acnekT He cregyeTr HeOoOueHMBaTb, MOCKOMbKY
BOCMNPUATME YCTaNOCTU SBMSIETCA MOLUHBbIM NPEeaUKTOPOM cobntogeHus TPEHUPOBOYHOMO
nnaHa v npegoTeBpalleHns nepeTpeHMpoBaHHOCTU. Koppenaumsa mexay CyObeKTUBHbIMU
WwKanamu u BapuabenbHOCTbID CepaeyHoro putMa npegnonaraeTr, YTO CMOPTCMEHDI
AOCTaTOYHO TOYHO, XOTS U He uaearnbHO, OLLYLLAT CBOE (PU3NONOrMYECKOe COCTOSIHUE, YTO
MOXET ObITb MCMOMNBb30BaHO B NPUKNAOHbIX LIENsiX.

W3 orpaHuyeHnin nccnegoBaHms Heobxoanmo HasBaTb cneaytowme. Bo-nepsbix, BCe
ucnbiTyemble GbINn  MyXYmMHaMu. KeHWWHbl UMEKT WHble TOPMOHarbHble npodunu,
BNUSAIOLWINE HA BOAHO-CONEBON OOMEH, U, BO3MOXHO, MHYH AWHAMWUKY BOCCTAaHOBIEHUS.
OKCTpanonsaumna pesynsraTtoB Ha XXEHCKYH nonynauuio TpedyeT 0CTOPOXHOCTU. BO-BTOPLIX,

MPOTOKON BOCCTaHOBMEHMsT Bbln naccuBHbIM (cuas). MHorve cnopTCMeHbl MPaKTUKYHT
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aKTUBHOE BOCCTAHOBMEHWE (Nnerknn Oer wunu nnaBaHWe), KOTOpoe MOXET W3MEHUTb
NoTpebHOCTb B >KMAKOCTU W CKOPOCTb KNMpeHca MeTabonutoB. B-TpeTbux, Mbl He
KOHTpOnupoBanu Temneparypy Tena sgpa, Kotopas Morfna pasnuyarbCcs Mexay YCroBusamm
N BNUATb Ha BOCNpusATME ycTanoctu. HakoHeu, oO6béM rmapataumm (CTO NATbOAECAT
NPOLEHTOB NOTepb) ObINT NpegHamepeHHO M30bITOYHbIM, YTOOLI rapaHTUpoBaTh 3dEKT,
OQHaKO B pearnbHOW MpaKTUKe HEKOTopble CMOPTCMEHbI MOTYT UCMbITbIBaTb AUCKOMMOPT
npu CTOfMb arpecCcuBHOM NUTLEBOM pexnme. OnTumManbHas Jo3a MOXET ObITb HUXKE.

3aknoyeHue

HacTtoswee nccnegosanune npegoctasnseT yoeaurenbHble JoKa3aTenbCcTBa Toro, 4To
onTuMarnbHasa ruaparauus, peanusoBaHHas B Buae ApPOOHOro npuéma M30TOHUYECKOro
pactBopa B 06bEéme, nMpeBbllWAKOWEM MOTOOTAENEeHne, [OOCTOBEPHO  yCKOpsieT
BOCCTAHOBMEHWEe nMocrne AnNuTenbHOM alspobHon Harpy3ku. KoHKpeTHble addekTbl
BKMIOYAIOT COKpalleHWe BpeMeHU TMOMyXU3HW nakrtata B KpoBu, Oonee 6bICTpyto
HOpMarnu3aumo 4acToTbl CepAeYHbIX COKpalLleHU U BapnabenbHOCTN CepaedHoro putma,
a Takke ynyyweHue HEepBHO-MbILLEYHON (PYHKUMM N CyOBbEKTMBHOrO camo4vyBCTBUS. B
NpakTU4eCKOM MnaHe MnonyvYeHHble AaHHble 0O0CHOBLIBAOT HEOOXOAMMOCTb BHEAPEHMS
MHOUBMOYANM3MPOBaHHbBIX MPOTOKOMOB pervaparaumMm B o00a3aTenbHylo  nporpammy
BOCCTAHOBMEHUS  CMOPTCMEHOB, CReUManu3vpylowmMxcsa Ha Buaax crnopra Ha
BbIHOCNMBOCTb. [MpOCTOro yToneHus xaxabl He4OCTaTOMHO; TpebyeTcsa cuctemaTnyeckoe
BOCMoOrMHeHMe obbEéma, cocTaBrnsllee He MeHee CTa MPOoUEeHTOB OT 3adMKCUPOBaHHOM
noTepu Macchl Tena B TEYEHNE NepBbIX ABYX YACOB NOCe 3aBepLUEHUS Harpy3Ku.

lMepcnekTuBbl AanbHENLWNX NCCeaoBaHMUM BKITHOYAOT U3YyYEeHUE reHOePHbIX pasnnymm
B OTBETE Ha pervaparauuio, cpaBHeHWe 3PEeKTUBHOCTM pasnMyHbIX COCTaBOB (BoAa,
N30TOHNYECKNE PaCTBOpPbI, HWU3KOKaNOpUWHbIE YITNIEBOLHO-3NEKTPONIUTHBIE HAMUTKK), a
Takke pJonrocpodHoe HabnogeHve 3a TeM, Kak cucTteMaTudeckoe MpuMeHeHue
pa3paboTaHHOro NPOTOKOMNAa BUSIET HA KyMYIATMBHBLIN TPEHUPOBOYHbLIA 3EEKT U PUCK
pasBuMTMS CUHAPOMA MNEPETPEHMPOBAHHOCTU B TedeHne mMakpoumkna. Kpome Toro,
npeacTaBnsieT MHTepec paspaboTka MNepeHOCUMbIX [aTYMKOB COAEepXaHus BOAbl B
opraHuame ans obecnevyeHns NepcoHanM3MpoBaHHOM rmapatauun B peasnibHOM BPEMEHM.
Tonbko MHTerpmpysa BogHbI 6anaHc B 0OLLyt0 napagurmy COPTUBHOIO BOCCTAHOBEHWS,
MOXHO OyfeT 4OCTMYb NOMIHOW peanu3auun aganTaumoHHOro NoTeHumana TPeHMPOBOYHbIX
Harpy3oK.

Cnucok nutepaTtypbl
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Pa3s3akoB baTtbipxaH

Crapwwui MNpenogasaTenb, TYPKMEHCKUIN roCy4apCTBEHHbIN
negarornyeckm MHCTUTYT nm C. Cenan

PaxmaHkynoBa Taserynb

[MpenogasaTenb, TYPKMEHCKNA roCyAapCTBEHHbIN
negarormyeckmi MHCTUTYT nm C. Cenan

BekneB ®apxart

CTyneHT, TypKMEHCKWUA rocygapCTBEHHbIN

negarormyeckmi MHCTUTYT nm C. Cenan

KPUCTAIINOINPA®UA PACKPBIBAET ATOMHYIO CTPYKTYPY C
NCMNONb30OBAHUEM PEHTTEHOBCKOMN AU®PAKLIUN HA KPUCTAINAX

AHHOTALUUA

[aHHOe uccrnegoBaHue NOCBSIWEHO PyHAAMEHTanbHOM pPonu Kpuctannorpagum Kak
OCHOBHOro MeToJa onpeenieHns atoOMHOW CTPYKTYpbl BeLlecTBa C MCMNOfb30BaHWEM
SIBMEHUSI peHTreHoBckon andpakumn. B pabote paccmaTpuBaloTcsl TEOPETUYECKME OCHOBDI
MeToda, 9BONIUMS IKCMEepUMEHTanbHbIX MOOXOO0B M UX MPUMEHEHWe Ans aHanusa
CNOXHbIX KpUCTanmn4ecknx CTPykTyp. Ha ocHoBe aHanui3a nutepaTypHbIX AaHHbIX W
npoBeaeHnss MoAENbHOMO AMGPAKLNOHHOIO 3KCNEepMMEHTa MOKa3aHo, YTO COBPEMEHHbIE
MeToAbl 00paboTkM ANMPAKUMOHHBLIX AaHHbIX MO3BOSISIOT C  BbICOKOW TOYHOCTbIO
BOCCTaHaBNUBaTb TPEXMEPHYH ONEKTPOHHYK MIIOTHOCTb WM ONpeaensTb KOoopAuHaTbl
aTomoB. PesynbTaTbl UCCneaoBaHUA LEMOHCTPUPYIOT, YTO PEHTreHoBCKas Andpakuuns
ocTaétca  Haumboriee  HaOEXHbIM  MHCTPYMEHTOM B CTPYKTYPHOM  XUMUW U
MaTepuanoBegeHun. lNonyvyeHHble BbIBOAbI MOATBEPXAAOT HEOOXOANMOCTb AalibHENLLEro
pas3BuUTMS METOA4OB (ha3oBoON NpobnemMbl U UCNONb30BAHUA CUHXPOTPOHHOIO M3My4eHus.
KntoueBbiM  uTOrom paboTbl aBnseTcd O060CHOBaHME BbLICOKOM MHGOPMATUBHOCTU
Kpuctannorpadguyeckoro metoga ans u3y4yeHusi Belecrsa Ha aTOMHOM YPOBHE.

BBEOEHUE

CTpemneHune yenoseyecTBa NPOHUKHYTb B TaHbl CTPOEHUSI MaTePUN HA aTOMapHOM
YPOBHE SBMISIETCHA O4HOM U3 ABWXKYLLMX CUIT Pa3BUTUSA €CTECTBEHHbIX HayK Ha NPOTSXXEHUN
HECKOSbKMX CTOSNeTU. BO3MOXHOCTb HE MPOCTO MOCTYNMPOBaTb CyLeCTBOBaHWE aTOMOB,

HO N BU3yalnn3npoBaTtb WX B3aMMHOE pacnosiodkeHne B TpPOCTPaHCTBE, WU3MEPATb
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pPacCcTOSHNA MeXAy HUMU U ONpeaensaTb XapakTep XMMUYECKMX CBA3EN OTKpbINa HOBYIO 3py
B Xumuu, ¢usnke, 6OGuonormm un maTepuanosegeHun. KIMeHHO kpuctannorpadus,
OCHOBaHHad Ha (beHoMeHe andpaKkL M PeHTreHOBCKUX JTy4en, ctana TeM MOCTOM, KOTOPbIN
coeavHun  TeopeTudeckne npeactaeneHnss o6 atomMax € 9KCNepUMEHTarlbHO
noaTBEPXAEHHON  peanbHOCTbio. [laHHas paboTa nocesiLeHa  BCECTOPOHHEMY
pPacCMOTPEHMIO TOrO, Kakum obpasomM Kpuctannorpadgus, NCNonb3yoLlas PEHTFeHOBCKYH
Andppakumio, NO3BONAET pacKpbiTb aTOMHOE CTPOEHUE KPUCTansIM4eckmx BeLlecTs.

AKTyanbHOCTb TeMbl OOycrnoBreHa TeM, 4YTO, HEeCMOTPS Ha MNOYTEHHbIN BO3pacT
MeToza, OTKpbITOro 6onee cra neT Ha3ag, OH He TOMbKO He yTpaTuil CBOEro 3HaYeHus, Ho
n NpofomkKaeT AUHAMUYHO pa3BMBaTbCA. [1ogBneHne HOBbIX MICTOYHMKOB CUHXPOTPOHHOIMO
N3ry4yeHns, yCoBepLIEHCTBOBaHMNE LETEKTOPOB U pasBUTUE BbIYUCIIUTESNBHbBIX MOLLHOCTEN
npuBenu K TOMY, YTO CerofgHsi BO3MOXHO M3y4aTb CTPYKTypbl C 6ecnpeuefeHTHbIM
paspeLleHneM 1 aHanmManpoBaTb OOBHEKTbI, KOTOPbIE paHee CHUTaNMCb HeLOCTYNHbIMWU AN
PEHTIFEHOCTPYKTYPHOrO aHanusa, Hanpumep, KpynHble GUOMONEKYNAPHbIE KOMMSEKCHI.
[MoHMMaHMe aTOMHOW CTPYKTYpbl ABNAETCS KMHOYOM K CO34aHUK0 HOBbIX MaTepuarnoB C
3alaHHbIMM CBOWCTBaMW, pa3spaboTke 3PPEKTUBHBIX JIEKAPCTBEHHbIX MNpenapaToB WU
NMOHMMaHWNIO hyHOAMEHTanbHbIX NPOLECCOB, NPOTEKAOLWLMX B TBEPOOM Tere.

Llenbto gaHHOM mnccnepoBaTenbCkon paboTbl ABNSETCS CUCTEMATUYECKUMM aHanms
BO3MOXHOCTEN KpucTannorpadguyeckoro Metoga gnga onpegeneHns atoMHOM CTPYKTYpbI.
[nsa OOCTWXeHUs MOCTaBNEeHHOM Lenn Heobxoaumo pewmntb psg 3agad. Bo-nepsbix,
crnegyeTt pacCcMOTpeTb TeopeTudeckne OCHOBblI AMdPaKkuun PEHTFEHOBCKMX fyden Ha
KpuUcTanmnnyeckom  pelleTke, onucatb  PU3NYECKYID  NpUpoAdy  BO3HUMKHOBEHUSA
ANpPakuMOHHOM KapTUHbI. BO-BTOpbLIX, KPUTUYECKN MpOaHanua3npoBaTb CyLLlecTByloLme
MeToabl cbopa M 0b6paboTKM IKCNEepUMEHTANbHbIX AaHHbIX, BKMNOYas pelleHne Tak
Ha3blBaeMon ¢pa3oBour Npobrembl, KOTopasa ABMSETCA LeHTpanibHOW B KpucTannorpadgumn.
B-TpeTbnx, Ha OCHOBE MMEIOLLMXCA NUTEePaTyPHbIX OAHHBIX U MOLEIbHOrO 3KCNepuMeHTa
NPOAEMOHCTPMPOBaTL  Mpouenypy BOCCTAHOBMEHUS  3fIEKTPOHHOW  MSIOTHOCTU U
onpegeneHnss aTtoMHbIX no3vumin. B-4eTBEpTbIX, 00CyanTb 06nactbe MNPUMEHUMOCTU
MeToAa, ero orpaHu4yeHus U NepcnekTuBbl AarbHenWwero passuTus. BaXXHOCTb AaHHOro
nccrnegoBaHnA 3aknovaeTcs B TOM, YTO OHO NpeoCcTaBnseT KOMIMIEKCHoe npeacraBneHne
O COBPEMEHHOM COCTOSIHUM KpucTannorpagpuun, nogyepkmBas €€ He3amMeHVMYK porb B
CUCTEME HayK O MaTepuanax u BeLlecTBe.

O630p nuTepaTypbl
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Wctopusa kpuctannorpadpumn, Kak HayyYHOW AUCUUNIIMHBI, HepaspbiBHO CBf3aHa C
OTKpbITMEM  AudpakumMm  peHTreHoBCckMx  nydven. [noHepckas  pabota  Jlaya,
npenckasaBllero, a 3aTeM W 3KCNepuMeHTanbHO NoATBepAUVBLUErO  AUcpaKkumio
PEHTreHOBCKOro U3riydeHuUs Ha KpucTanmnax, nonoxuna Hadyano uenom arnoxe. B cBoux
Knaccuyeckux Tpyaax bparru sanoxvnu doyHaameHT ansa uHtepnpetaunm angpakuMoHHbIX
KapTvH, pa3paboTaB 3HAMEHUTbLIA  3aKOH, CBA3bIBAKOWMWA  Yronl  OTpaXeHus,
MEXMMOCKOCTHOE PacCTOSAHME U ASTMHY BOSHbI. OTU paHHMe paboTbl, Kak OTMeYaeT JBanbg
B CBOEM (pyHOAMEHTanbHOM MCTOpMyeckom ob3ope, co3ganu ToT 6asnc, Ha KOTOPOM
BMocneacTsumn Obiria NOCTpoeHa BCS COBPEMEHHAs CTPYKTypHas Kpuctannorpadpus. OHu
nokasanu, 4TO Kpuctann, Oyayydnm nepuoamveckon CTPYKTYpOW, [OENCTBYeT Kak
eCTeCTBEeHHas TpéxmepHas OUEPpPaKUMOHHAA peLlléTka ANs PEeHTreHOBCKUX Iyyeun, a
nosilydeHHast AMppakuMoHHasa KapTuHa coaepXXnT NHpopmMaLmio O pacnoioXXeHUn aTtToMoB
BHYTPW 3SIEMEHTAPHOWN SYENKN.

HanbHenwee pa3BuTne Metoda ObIIO CBA3aHO C pelleHnem npobnemsbl, KoTopas
OCTpO BCTana nepej uccrnegoBartensaMm B cepeauHe ABaguaToro Beka. OKCnepuMeHTasbHO
N3MepATCA TONbKO aMMNUTYyAbl pacCesHHbIX BOSH, TOraa kak nHdopmMaumsa o nx gasax
TepsieTca. OTO SABMNEHWe Nonyyuno HaseaHue dasoBon npobnembl. B cBoen 0630pHON
pabote Bonbgranr LWTenHMaHH noapobHO aHanM3npyetT MeToAbl peLleHust 3TOoWn
npobnembl, KOTOpble MOXHO pasfenntb Ha HeCKOSNbKo kateropuin. lNMpamble meToabl,
OCHOBaHHble Ha CTaTUCTUYECKMX COOTHOLUEHUAX MeXOy MHTEHCUBHOCTSAMWU pedneKkcos,
No3BONWMAN pellaTb CTPYKTypbl Hebonblumx Monekyn. Ons 6onee CrnoXxHbiX O0OBHLEKTOB,
0COB6EHHO BMONOrMYECKOro NPOUCXoXAeHNS, bbinn paspaboTtaHbl MeToAbl M3OMOPEPHOrO
3aMeLLeHns 1 aHOMasbHOro paccesiHUS. QTN MeToAbl NpegnonaratoT BBe4eHME B KpUCTans
TSOKENbIX aTOMOB, KOTOpble criykaT B kayecTtBe pa3oBbix Mapkepos. LTenHmaHH
nogyYépkKnBaeT, 4YTO BbIOOP KOHKPETHOro nogxoga 3aBUCUT OT MpUpOAbl UCCregyemoro
BellecTBa M UMMelLeroca aKkcnepumeHTanbHoro obopygosaHua. CoBpeMeHHble
anropuTMbl, UCMOMb3ylOLWMEe MeTOAbl MakCUMMasibHOro npaBgonogobus u utepaTUBHbIE
npoueaypbl YTOYHEHUSA, MO3BOMNUIM 3HAYUTESNBHO MOBLICUTL HAAEXHOCTb OonpeaeneHuns
da3s 1, crnegoBaTenbHO, TOYHOCTb NOSTyYaeMbIX CTPYKTYP.

3HauuTenbHbIM Nporpecc B obnactu Kpuctannorpadpum 6bin 4OCTUrHYT Gnarogaps
TEXHOSTIOrMYeCKMM MHHOBaAUUAM. Pa3BuUTME CUMHXPOTPOHHBLIX UCTOYHMKOB U3NYYEHUs, Kak
onucbiBaloT B cBoen paboTe wuTanbsHckMi ¢u3mk Mapko Poccu v wuiBenuapckun
mMaTepuanoseq XaHc Mionnep, nNpomsBerno HacTodAwyw pesonouno. CUHXPOTPOHHOE

n3ny4vyeHne obnapaert TakKuMm CBOMCTBaAMM, KakK BbICOKasA MHTEHCUBHOCTD,
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KONMUMUPOBAHHOCTb U BO3MOXXHOCTb HACTPOWKU ANWHBI BOMHbI B LLMPOKOM AnanasoHe. 3To
NO3BOMWIO NPOBOAMTL U3MEPEHNSA HA MUKPOKPUCTAarax n HaHoKpucTannax, uccnegoBatb
CTPYKTYpbl B YCINOBUSIX BbICOKUX AABMAEHUA U TeMnepaTyp, a Takke MCNonb3oBaTb MeTosq,
aHoManbHOW Aucnepcun Ans  peweHna gasoBor npobnembl ¢ GecnpeueaeHTHON
TOYHOCTbIO. Bonee TOro, BO3MOXHOCTb BapbUPOBaHWUS OSfIMHbI BOSHbI BONM3W Kpaés
MOrMnoLweHnss  3NeMeHTOB  MO3BOMSieT  MOMyYUTb  CEMNEKTUBHYH  UHopmauuio o
KOOPANHALMOHHOM OKPY>XEHMM KOHKPETHbBIX aTOMOB B CTpyKType. Poccn n Mionnep takke
OTMEeYaloT, YTO UCMNOSb30BaHNE ObICTPbLIX ABYMEPHbIX AETEKTOPOB MO3BOSIMMO COKPATUTb
Bpems cbopa AaHHbIX C HeJerb 4O YacoB, @ B HEKOTOPLIX CryvasX M 0O MUHYT, OTKpbIBas
nyTb ANS OMHAMUYECKMX UCCneaoBaHWUi, OTCNEXMBAKOLWNX CTPYKTYPHbIE NpeBpalleHnst B
peanbHOM BPEMEHW.

Henb3a obonTn BHUMaHMEM UM BKNag Kpuctannorpagpuwm B passutne buonoruu.
Pacwudposka ctpyktypbl OHK YotcoHom wn Kpukom, xoTts u 6GasumpoBanacb Ha
OrPaHUYEHHbIX AOUPPAKUMOHHBIX AaHHbIX, CTana MOBOPOTHbIM MOMeHToM. OpHako
NOASIMHHBIA pacuBeT Guo-kpucTannorpadum Havancs nos3xe, korga Goinn paspaboTaHbl
mMeToabl Ana paboTbl ¢ GonbwMMW U TMApPaATUPOBAHHLIMKM BMOMAKPOMONEKYIIAPHBIMN
Kpuctannamn. CornacHo aHanusy, NpoBeAEHHOMY Hemeukum OBuoxmmmnkom Kraycom
Bebepom, coBpemMeHHas Kkpuctannorpadgus 6enkoB MNo3BonseT onpeaensats aTOMHble
CTPYKTYpPbI CIOXHbIX (0ePMEHTOB, pOGOCOM 1 BUPYCHbBIX YacTul,. OTW CTPYKTYPbl ABMASOTCA
OCHOBOW [fsl pauuoHanbHOro Am3avHa §fekapcTB W MOHUMaHUA  MOJSEKYNSAPHbIX
MexaHu3moB bonesHen. Bebep ocobo nogyépknBaeT BaXXHOCTb CUHXPOTPOHHbLIX METOO0B
ana  paboTbl C  TakMMu  CrOXHbIMM  OObEeKTaMu, TaK Kak OHW 4YacTo [JalT
cnaboandparupyrowme kpuctannbl. Takum obpasom, nutepaTypHbIn 0630p nokasbiBaeT,
4YTO KpucTannorpadgpusa npowsia MNyTb OT (PUBNYECKOrO 3IKCNepuMeHTa A0 MOLLHOro
MEeXOUCUUNIIMHAPHOrO MHCTPYMEHTa, U eé asonouusa npogorkaetcsa. OgHako octaértcs
OTKPbITbIM BOMPOC O AaribHEWWeM MNpeodoNieHnn OrpaHnUYeHuMn MeToda, CBSA3aHHbIX C
pasmepamMu KpUCTanmnoB W CrOXHOCTbIO peleHns a3 ana Bcé 6onee KpynHbIX
MONEKYNSPHbIX aHCambnen.

MaTtepuanbi u MeToAbI

[nsa OocTuXeHWa MNOoCTaBfEHHOM LEeNu U NPOBEPKU TEOPeTUYECKUX MOSTIOKEHUN B
AaHHoOM paboTe Obin  MCNOMb30BaH KOMMMEKCHbLIM MNOAX04, BKIKYAKLWMA  aHanms
nUTepaTypHbIX [AaHHbIX, MpPOBeAeHME MOAENbHOro ANMPaAKLMOHHOINO 3KCNEpPUMEHTa U
NPUMEHEHNE COBPEMEHHbIX MeTodoB 006paboTkM fOaHHbIX. B kayecTBe MoaenbHOro

obbekTa ons uccnegoBaHusa boina BolbpaHa kpucTannmuyeckasa CTpykTypa KpeMHus. Beibop
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AaHHOro maTtepuana obycrnoBneH ero NPOCTON, XOPOLLO U3Yy4EHHON KyBUYeCKon peLLETKOM
TMMNa anmasa, a Takke ero BbICOKOW TeXHONOrm4Yeckon 3HaummocTbio. KMcnornb3oBaHue
9TaNoOHHOW CTPYKTYpbl MO3BOSISIET OLEHUTb TOYHOCTb W HAOEXHOCTb MPUMEHSIEMOM
METOLOMOrnMN.

OKcnepuMeHTanbHass 4YacTb MWCCredoBaHUs npoBogunace Ha nabopaTopHOM
PEHTreHOBCKOM AudpakTomeTpe. B kayecTBe WCTOYHMKA U3NyYeHUA MCMNofb3oBanach
MeaHasi peHTreHoBcKasa Tpybka ¢ ASIMHON BOMHbI XapaKTepPUCTUYECKOro N3My4eHusi, paBHON
0,154 HMm. [Ona nonyvyeHns MOHOXPOMAaTUYEeCKOro mnyyka npUMEHSsNCcs rpaduToBbIn
KpuUCTanm-MoHOXpOMaTop, YCTaHOBIIEHHbIN Ha AaudparmpoBaHHoM nydke. Obpasey,
npeacraBnsan cobon MOHOKPUCTaN KPEMHUS, BblpalleHHbIN No meTtoay Yoxpanbckoro,
KOTOpbI Obl  OpPMEHTMPOBAH M Bbipe3aH B BWAE TOHKOW NMNACTUHKA  TOMLMHON
npubnuantenosHo 0,5 munnumeTtpa, 4TOo obecnedmBaeT MWHMMAnNbHOE MOrnoweHne
peHTreHoBckmux nydyen. O6pasel Obin 3akpennéH Ha YEeTbIPEXKPY>KHOM TFOHUOMETpE,
obecrneunBaroLLleM TOYHOE MO3MUMOHMPOBAHWE KpucTanna OTHOCUTENbHO MajaroLlero
nydyka B noObix Tpebyembix opueHTauuax. [Ana peructpaumm aumdparmpoBaHHOro
N3NyYeHNsa UCNONb30Basncs CUMHTUANAUMOHHBIA OETEKTOP C BbICOKOW JIMHENHOCTbIO U
HW3KUM YPOBHEM COOBCTBEHHOrO LUyMa.

Cbop OMdpaKUMOHHBIX OaHHbIX OCYLECTBAANCA B BUOE CEPUM CKaHUMPOBaHWUMA B
pexume yrroBoro pasBepTbiBaHus. [nsa 3Toro Obin NPUMEHEH METOoL CKaHMPOBaHWS, Npu
KOTOPOM AEeTEeKTOp M KpucTans nepeMeLllarTcss  CUHXPOHHO, YTO  no3BongeT
pPeErmcTpupoBaTb WMHTErpanbHYld WHTEHCUMBHOCTb KaXXAoro AuMdpakumoHHOro pedriekca.
[nanasoH yrnoe ckaHupoBaHusa Obil BbiOpaH Takum ob6pas3om, 4TOObl OXxBaTUTH
MaKCMMarnbHOE KONMMYEeCTBO BO3MOXHbIX OTpPaXeHur B npegenax [OCTynHowu cdepbl
obpaTtHoro npocTtpaHcTBa. [Onsa Kaxpgoro pecdorekca peructpupoBancad npogusb
WHTEHCUMBHOCTW, a 3aTeM MNocfe Bbl4MTaHWUS (POHA BbIMMCASINACb €ro MHTerpanbHas
WHTEHCUBHOCTb. [TOMMMO WMHTEHCMBHOCTEN, ONSA KaXOoro pedyriekca pmukcmpoBanncb ero
nHaekcol Munnepa, KoTopble XapakTepusyrT OpUEeHTauui aTOMHbIX NiockocTen. Beero
ObINO 3aperncTpupoBaHo 6Oonee HECKONbKUX COTEH He3aBUCUMbIX pedoriekcoB, YTO
obecneynBaeT BbICOKYH TOYHOCTb OnpeaeneHns CTPYKTYPHbIX MapaMeTpoB.

Ha atane o6paboTky aKCnepuMMEHTarnbHbIX OaHHbIX MOMYyYeHHble WHTEHCUBHOCTU
OblIM CKOPPEKTMPOBaHbI C YH4ETOM psiga daktopos. [Mpexae Bcero, Obinia BbIMOMHEHA
nonpaska Ha paktop JlopeHua u nonspusaumio, Kotopas 3aBUCUT OT yrna gudpakummn.
3atem Gbina yyteHa abcopbumsi peHTreHOBCKOro uanyveHnsa B obpasue, XoTs A9 TOHKON

NNACTUHKN KPEMHUS 3Ta nonpaska Obina MMHMManbHOW. Takke 6biny yyTeHbl adEKThbI
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9KCTUHKLUMK, KOTOpble MOrMM BO3HUKHYTb AN CWUIMbHbIX pedrnekcoB U UCKa3UTb
n3mepsieMble UHTEHCMBHOCTU. M3 CKOPPEKTUPOBAHHBIX MHTEHCMBHOCTEN ObIfiv MOMy4YeHbl
3KCnepuMeHTasibHble 3Ha4YeHUst CTPYKTYPHbIX amnnntyd. Crneayrowmm KpUTUYEeCKU BaXKHbIM
lwarom cTan artan peweHus ¢asoon npobnembl. Mockonbky uccrnegyemas CTpykTypa
N3BECTHA N OTHOCUTCH K LLIEeHTPOCUMMETPUYHOM rpynne, hasbl ANdpakLMoHHbIX pedriekcoB
MOryT NpUHUMaTb 3HaveHus nNnbo Homb, NMubo nu. Ona onpegeneHus 3Haka a3 Obin
NCronb30BaH NPAMOM MeTO[, OCHOBAHHbIN Ha CTAaTUCTUYECKUX COOTHOLLUEHUAX MexXay
HOPManu3oBaHHbLIMU CTPYKTYPHbLIMU aMnnuTygamMu.

lMocne onpeaeneHus 3HakoB has Oblna paccunTaHa KapTa 3fIEKTPOHHOW MNNOTHOCTW.
OTa kapTa npeacrtaBnseT cobon OyHKUMIO pacnpeeneHnsi 3NeKTPOHHOW MOTHOCTM B
3AflEMEHTapHON sYenKke, KoTopasi paccyuTbiBaeTcss Kak cymma Pypbe nNo BceMm
3KCnepuMeHTanbHbIM pedrniekcaM. Ha 3ToM KapTe MUKM  3fIEKTPOHHOM MAOTHOCTU
COOTBETCTBYHOT MOSIOXEHMAM aTOMOB. 3aTeM Obin NpoBeAEH 3Tan YTOYHEHUSI CTPYKTYpbI C
ncnonb3oBaHMEM MeToda HauMmeHblumx KBagpaTtoB. Llenbio 3Toro 9atana 6bino
MUHUMU3MPOBATbL pasHuULy Mexay HabniogaembiMM UM BblMUCNIEHHBIMU  CTPYKTYPHbLIMA
amnnuTygamu. B npouecce yTOYHEHNA BapbUpOBanvcChb NO3ULMOHHbIE NapamMeTpbl aTOMOB,
a Takke napameTpbl UX TennoBbIX konebaHui. Kputepuem kavyectTBa YTOYHEHUS CITYXUNK
CTaHAapTHble KpucTtannorpaduyeckne akTopbl, KOTOpble XapakTepusyoT COOTBETCTBME
MOJENN 3KCNepuMeHTarbHbIM AaHHbIM.

PesynbTathbl

B xoae BbinonHeHns paboTbl Obinv NonyyYeHbl 1 NpoaHanuanpoBaHbl AN PaKLUNOHHbIE
AaHHbIE ONA MOHOKPUCTANIMYECKoro KpemHus. llonyyeHHas OudpakumoHHas kapTuHa
XapakTepuayeTcsl Hanmumem YETKUX, CUMMETPUYHO pPacrofOXeHHbIX pedriekcoB, 4TO
CBMAOETENbCTBYET O BLICOKOM KayecTBe KpucTanna. Bce 3apernctpupoBaHHble pedriekchbl
ObINI NPONHOEKCUPOBAHbBI B KYOUYECKON CUCTEME C NapamMeTpPoM AfIEMEHTApPHOM SYENKu,
3HayeHMe KOToporo ObINIo onpedeneHo C BbICOKOW TOYHOCTbK. AHanu3 yracaHun
pedriekcoB NO3BONWUIT MNOATBEPAUTL NPOCTPAHCTBEHHYIO rPyrny CUMMETPUU, XapaKTepHYH
ANs CTPYKTYpbl TMNa anMasa. MIHTEHCMBHOCTU pediekcoB AEMOHCTPUPYIOT 3aKOHOMEpPHOEe
YMEHbLUEHNE C YBENUYEHUEM yrra Augpakuumn, 4To COOTBETCTBYET PacCCesHUIO Ha
aTOMHbIX OCTOBaxX W XOPOLIO corflacyeTcs C TeopeTudeckumu npenckasaHnamu Aans
AAaHHOro Tuna CTPYKTYpbl.

Mocne npoBeaeHnsa koppekunn Ha hakTtopbl JlopeHua, nonspusaumm 1 normnoLweHns
OblX  NOSly4YeHbl MacCUBbI JKCMEPUMEHTArbHbIX CTPYKTYpPHbIX amMnnutyd. PeweHue

da3oBoi NpobnemMbl ¢ UCMOMb30BaHMEM MPSIMOr0 CTaTUCTUYECKOro MeToda MO3BOMNUIO
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onpeaennuTb 3Haku Ans 0onbLUMHCTBA 3HAYUMBbIX pedhrnekcoB. Pacyét kapTbl pa3HOCTHOM
SMNEKTPOHHOM MNMIOTHOCTM, KoTopasi Oblna nocTpoeHa Ha oOcHoBe 3Tux a3 u
3KCNEepPUMEHTanbHbIX aMnnUTyd, fokasan Hanuune YETKO BbIPAKEHHbIX MakCUMyMOB
3MEKTPOHHOM NMOTHOCTU. DTN MakCUMyMbl pacronaratoTcs B y3nax Kybnuyeckom peLétkm n
CMellleHbl Ha 4YeTBepTb ANWHbI TENECHOW AuaroHanu Apyr OTHOCUTENbHO Apyra, Y4To B
TOYHOCTM COOTBETCTBYET MO3ULMUSIM OBYX aTOMOB B 3fIEMEHTAPHON siYeliKe CTPYKTYpbl
anmasa. AHanu3 pacnpeaeneHnsi 3NeKTPOHHON NOTHOCTU Nokasan, YTo aToMbl 3aHMMatoT
MOMOXEHNUS1 C CUMMMETpueKn, nNpPeanucaHHON MPOCTPaAHCTBEHHOW [pynnon, U He
HabnogaeTcs Kakux-nmbo 3HaUYUTENbHbIX CMELLEHUA aTOMOB OT MaearnbHbIX NO3ULUIA, YTO
NOATBEPXKAAET BbICOKOE COBEPLUEHCTBO MCMOSb3yEMOro KpucTanna.

3Tan yTOYHEHUSI CTPYKTYPbl METOAOM HaMMEHbLUMX KBaApaToOB MO3BOMMIT NOMYYnTb
pMHanbHbIE 3HAYEHMST CTPYKTYPHbIX NapamMeTpoB. bbinn yTOYHEeHbl KOOPAMHATLI aTOMOB U
X napameTpbl TEMnoBbIX KorebaHwi. 3HadyeHne WTOroBoro dakTtopa CXOAMMOCTMH,
XapaKTepu3yHoLLero pacxoxaeHue Mexay 9KCnepuMeHTanbHbIMU U BbIYMCIIEHHbIMU
CTPYKTYPHbIMM aMnnnTyaaMu, okasanocb [OCTaTOYHO HU3KMM, YTO CBUAETENbCTBYET O
BbICOKOM KayecTBe MOfly4YeHHON CTPYKTYpHOW MoAdenn. MexXaToOMHble pacCTOsHUS,
paccynTaHHble U3 YTOYHEHHbIX NMO3ULMOHHbLIX NapamMeTpoB, ObinNn onpeaeneHbl C BbICOKOW
TOYHOCTBIO W OKa3anucb MNpPaKTUYeCKU WOEHTUYHBIMKA CMPaBOYHbIM 3HAYEHUSM  ONns
KpeMHUsi. DTO MNOATBEPXKAAET, YTO M3NOXKEHHAs MeTOOO0NorMsi No3BOSsieT C BbICOKOM
[OCTOBEPHOCTbLIO BOCMPON3BOANTL aTOMHYIO CTPYKTYPY.

Bonee Toro, B xoae aHanusa AaHHblIX OblnvM NpeanpuUHSTLI MONbITKA OnpeaenvTb
CTeneHb 3acCeniéHHOCTM aTOMHbIX NMO3ULMIA U OLIEHNTbL BO3MOXXHOE MpUCyTCTBME AedEKTOB.
PesynbTaTbl MoOKasanuW, 4YTO 3acenéHHOCTb BcexX no3vuuin B npedenax owunbku
3KCNeprMeHTa COOTBETCTBYET €AMHNLIE, @ OCTaTOYHAs 3MEKTPOHHAas NNOTHOCTb Ha KapTax
pasHocTHON dypbe-cuHTE3a pacnpeneneHa criyYyanHbiM 06pa3oM U He NPEBbLILLAET YPOBHS
CTaTUCTMYECKOro LWymMa. JTO roBOpPMT O TOM, YTO B M3y4YeHHOM oOpasue OTCyTCTBYeT
3HauYUTENbHOE KONMYECTBO CTPYKTYPHbIX Ae(PEKTOB, TaKMX Kak BakaHCHMMN UINN MeXY3erbHble
aToMbl. Bce nony4yeHHble CTPYKTYpHble napamMeTpbl, BKM4Yas napameTp pPeLlETKY,
KoopAMHaTbl aTOMOB M TenroBble napamMeTpbl, ObiM CBeAeHbl B UTOroOBYK Tabnuuy u
COOTBETCTBYHOT NMUTEpaTypHbIM OaHHbIM Anst KpeMHusi. Takum obpasom, pesynbTaTbl
MoZernbHOro  3KcnepumeHta yb6eguTenbHO  AEMOHCTPUPYIOT, YTO  pPeHTreHoBcKas
Andpakums MO3BONSAET MNONYYUTb UCHEPbIBaOLLYIO MHOpMaLMo 06 aTOMHOW CTPYKType
KpUCTannm4yeckoro BeLLecTsa.

O6cyxpeHue
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[MonyyeHHble pe3ynbTaThl yoeanTenbHO AEMOHCTPUPYIOT, YTO PEHTIEHOCTPYKTYPHbIN
aHanun3 sBMseTCs MOLWLHENLWMM WHCTPYMEHTOM [Ansl M3YYeHUss aTOMHOM CTPYKTYpbI
BELLlECTBA. OKCMEepUMEHTarnbHble AaHHble, 00paboTaHHble C  WUCMNONb30BaHMEM
COBPEMEHHbIX KpucTannorpauyecknx MeTogoB, MO3BONMWMN He TONbKO onpeaenntb
CUMMETPUIO U pasmepbl INEMEHTAPHON SYENKU, HO U TOYHO YCTAHOBUTb MO3ULMM BCEX
aTOMOB B CTPYKTYpe KpemHus. OTO MOATBepXAaeT (yHAAMeHTanbHbIM MOCTynarT,
3arnoXeHHbIM B Ha3BaHUN UCCNeooBaHus: Kpuctannorpadus AeNcTBUTENbHO pacKpbiBaeT
aTOMHYI0 CTPYKTYpPY C WMCMNOSMb30BaHMEM PEHTreHOBCKOW audpakuun. BoccTtaHoBneHHas
KapTa 3MeKTPOHHOW MAOTHOCTU CAYXUT NPSMbIM 3KCNEPUMEHTasbHbIM AoKa3aTeNlbCTBOM
TOro, Kak aToMbl ynakoBaHbl B NPOCTPAHCTBE, U NO3BONSAET BU3yanuanpoBaTb XMMUYECKME
cBaA3n. [lonyyeHHoe BLICOKOE KayecTBO  pPe3yNbTUPYIOLWEA MOAENN, O  YéM
CBMAETENbCTBYOT HU3KME 3HAYEHMSsI (PaKTOPOB PacxXxogMMOCTWN, FOBOPUT O KOPPEKTHOCTM
NPUMEHEHHON MeToaonorMm coopa n obpaboTkM AaHHbIX.

CpaBHeHME MNOMyYEeHHbIX Pe3ynbTaToB C AaHHbIMW, OMUCAHHLIMU B KIACCUYECKUX
paboTax no kpuctannorpadum, a Takke ¢ 6onee No3gHMMN UCCNeaOBaHUAMM, HAaNpPUMep,
c paboTtamu, MCMNOMb3YKLWMUMMN CUHXPOTPOHHOE WN3NyYyeHue, nokasbiBaeT WX BbICOKYH
CXOOMMOCTb. OTO CAYXUT AOMNOMHUTENbHLIM MOATBEPXKAEHMEM HAOEXHOCTM MeToaa.
OpHako, CTOUT OTMETUTb, YTO Krnaccudeckume paboTbl, Takume kak Tpyabl bparros, B
OCHOBHOM OMUWCbIBanu uaeanbHble UnM 6nmn3kne K naeanbHbIM CTPYKTYpbl, TOrda Kak
COBpPEMEHHbIE UCCreaoBaHus, Kak ykasbiBaoT Poccu 1 Mionnep, BCE 4valle HanpasrieHbl
Ha M3y4yeHMe MaTepuanoB C HapyleHuMsMW [anbHero nopsgka, gedekramum unm Ha
obbektax C Manonm obnacTbld KOrepeHTHoCcTU. B [JaHHOM KOHTeKCTe MOAESbHbIN
3KCMEPUMEHT Ha COBEPLUEHHOM KpuUCTanne KpeMHus npeacrtaBnseT cobon csoero poga
3TanoHHbIA criydan. Ero pesynbTaTthl AatoT 6a30BOe NOHUMaHME BO3MOXHOCTEN MeToAa,
HO TaKkKe BbICBEYMBAKOT €ro OrpaHuUYeHusd, Korga pedb 3axoaut O 6Gonee CroXHbIX
cucrtemax.

KntoueBas npobnema, kotopasa obcyxgaetcsa B niMTepatype 1 KoTopasi Bctana nepea
Hamn B npouecce paboTtbl, 3T0 ¢asoBas npobrnema. B cnyyae UEHTPOCUMMETPUYHOTO
KpeMHusi eé pelleHne bbino cpaBHUTENbLHO NPOCTLIM Briarogaps UCNoNb30BaHMIO NPSIMbIX
metogoB. OpHako ana OonblUMHCTBA OMOMOrMYecknx OOBLEKTOB WU CIOXHbIX
HEOpraHM4Yecknx CTPYKTyp, He obnagawwmx LUEHTPOM CcuUMMETpuM, 3Ta npobnema
CTaHOBUTCS CyLleCTBEHHO ©Oonee crnoxHon. Kak cnpaseanuBo 3amedaeTt LUTenHMaHH,
pasBuMTME METOAO0B M3OMOP(HOro 3ameleHMs M aHOMarbHOro paccesiHusi, KoTopble

aKTMBHO NPUMEHAKTCA Ha CUHXPOTPOHHbIX WUCTOYHUKAX, ObIno npoankKroBaHo MMEHHO
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HeobXoAMMOCTbLIO MPeoaoneTb 3TO orpaHnYyeHne. Haw MoaenbHbIN SKCNEPUMEHT, XOTS U
He Kacancsa HanpsiMylo pelweHua das3oBor npobnembl AN HEUEeHTPOCUMMETPUYHBIX
CTPYKTYp, MoOKasan, 4To Mpu Hannymm OO0CTOBEPHbIX (ha3 BOCCTAHOBMEHWE CTPYKTYpbI
ABNSAETCA NPSIMON N XOPOLLO 0BYyCrnoBneHHON 3agaden. ATo ewé pas NoOAYEPKNBAET, YTO
WMEHHO (hasa ABMSETCS HOCUTESIEM KITHOHYEBOW CTPYKTYPHOM MHGDOpMaLINN.

AHanu3 TennoBbIX KonebaHuWn aTomMoB, KOTOpble OblNM onpedeneHbl B Xo4e
YTOYHEHUS, OTKPbIBAeT AOMNOSHUTENbHbIE BO3MOXHOCTM MeToaa. MapameTpbl TeNNoBOro
CMeLLeHMs cogepaT MHGOPMaLMIO O XapaKkTepe MeXaTOMHbIX CUIT 1 O AUHAMUKE PELUETKM.
OT0 nepecekaetTcsa ¢ pabotamm Knayca BebGepa, KOTOpbIi OTMeYan BaXHOCTb 3TUX
napameTpoB ANd MOHMMaHus yHKUUMKM BGuomonekyn, rae TennoBble konebaHus 4acTo
CBsi3aHbl C (PYHKUMOHANbHOM NOABWXHOCTLIO. B Hawem cnyyae Ons XKECTKOW CTPYKTYpbI
KPEMHUSA 3TM NapamMeTpbl Manbl, YTO OXMAaemo, OAHAKO cama BO3MOXHOCTb MX TOYHOro
onpegernieHns roBoput O BbLICOKOM YPOBHE pa3BuUTUS MeToda B uenom. [lonydeHHble
pesynbTaTbl TakKe MMEKT NpakTU4eckoe 3HayeHne. 3HaHne TOYHOW aTOMHOW CTPYKTYpbI
ABNSAETCA KpaeyrofibHblM KaMHEM MaTepuanoBefeHus. B crnyvae kpemHus, 37O 3HaHue
KPUTUYECKN BaXHO [ON19  KOHTPOMS W YyhyuyleHUs CBOWCTB MONynpOBOAHUKOBbIX
MaTepuarosB, MUCMONb3yeMblXx B aneKTpoHuke. CnegoBatenbHO, Aaxe Takon «6as3oBbiny
9KCNEepUMEHT MMeeT [aneko uaywme npuknagHble acnektbl. B uenom, obcyxaeHue
noaTBepXaaeT, YTO pPeHTreHoBCcKasi Kpuctannorpadgus ABMAsieTCS He NPOCTO CTaTUYHbIM
METOAOM OMUCaHUS CTPYKTYpbl, HO U AMHAMW4YHO pasBuMBaloLLencs obnacTbto, KoTopas
NMOCTOSAHHO ULLET HOBbIE NYTW ANA NPEOAONEHNS CYLLECTBYHOLNX OrpaHUYEHI.

3akno4yeHue

B xoge BbINOMHEHWs JaHHOWM uccnegoBaTenbCckon paboTbl Obina BCECTOPOHHE
paccMOTpeHa UM  9KCMEepUMMEHTanbHO  noATBepXAeHa  dyHOameHTanbHass  posb
KpucTannorpadumn kak MeTofa, packpblBatoLLLEro aTOMHYHO CTPYKTYPY BeLlecTBa Ha OCHOBE
peHTreHoBCKOW audpakumn. [poBeAEHHbIN TeopeTUdecKnin aHanu3d n MoLenbHbIN
9KCMEPUMEHT Ha MOHOKpPUCTane KpPeMHUS C BbICOKOW CTEMEeHbl HarnsgHocTu
NPOAEMOHCTPMPOBANW MOSHbIV LMK CTPYKTYPHOrO UCCNEeAoBaHUs, HA4YMHas OT NOfyYeHns
ANPPaKLMOHHON KapTUHbI M 3aKaH4MBas NOCTPOEHWEM AeTanbHOW TPEXMEPHOW Moaenu
pacnpeneneHns drnekTPoOHHOW MNNOTHOCTWU. lony4veHHble pesynbTaTthl, BKOYas TOYHbIE
3Ha4YeHUs1 NO3ULUMOHHBIX M TEMNSOBbIX NapamMeTpoB aTOMOB, MOSIHOCTbI COrfacylTcs C
N3BECTHLIMW NUTEPaTYPHbIMU AAHHBLIMW U NOATBEPXKAAT BblCOYaANLLY MH(POPMATUBHOCTb

N HaOEXHOCTb PEHTreHOCTPYKTYPHOro aHanumaa.
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KnioueBbiM BbIBOOOM paboTbl siIBASIETCA NOATBEPXKAEHWE TOro, YTO, HECMOTPS Ha
cyuwiectBoBaHMe  as3oBon  npobnembl,  COBPEMEHHblIE  METOOOMOrnYyeckne U
WHCTPYMEHTarnbHble noaxoAbl MO3BONSAKT C BbICOKOW TOYHOCTBO U OOCTOBEPHOCTLIO
onpeaensaTb aTOMHYK CTPYKTYpY KpuUCTannuyecknx martepuarnoB. Ycnex MoaenbHOro
3KCNnepuMeHTa Ha NPOCTON CTPYKTYpPE KPEMHUSI CO34AET NPOYHYO OCHOBY A4 nepexoaa K
n3yyeHuto Bonee CrnoxHbiXx O6BbEKTOB, rae posib PEHTFEHOBCKON AMMpaKkummM CTaHOBUTCA
eweé Oonee kputudHoW. OpHako, Kak Mokasan aHanua3 nuTepaTypbl, CYyLWEeCTBYHOT
OOGBHEKTMBHbIE OrpaHUYeHusi, CBA3aHHble C HEeOOXOAMMOCTBbIO MOSTyYeHUs A0CTaTOYHO
KPYMHbIX COBEpPLUEHHbLIX KPUCTanNMoB Ansi MHOMMX KnaccoB BewecTtB, OCOBEHHO
OMONOrMYECKNX, U C BIYUCTIUTENBHOW CNOXHOCTBIO peLleHmns a3 onsa cTpykTyp ¢ 60nbwmm
KONIMYeCTBOM aTOMOB B 3f1IEMEHTAPHOWN SYENKe.

OCHOBHbIM BKMagoM [JaHHOM paboTbl £BMASETCA cucTemaTu3auusi 3HaHun O
COBPEMEHHOM COCTOSIHAM METOoAa PEHTreHOCTPYKTYPHOro aHanusa n AeMOHCTpauusi ero
BO3MOXHOCTEN Ha npakTuyeckoMm npumepe. [lpeanoxeHHbli noaxoa w obcyxaeHue
MONyYeHHbIX Pe3ynbTaToB MOryT CAYXUTb MEeTOAUYECKON OCHOBOW ANs AarbHenwmx
nccrnegoBaHuin. MNMepcnekTnebl OyayLLMX UccnegoBaHUin B 9TOM obnactu BUAATCA, npexae
BCEro, B [JalfbHEWWEM pasBUTUM METOAOB, WCMOMb3YIOWNX MOLLUHbIE WUCTOYHUKM
CUHXPOTPOHHOIO U3NYYEHUS] U PEHTTEHOBCKME Na3epbl Ha CBOOOAHbLIX 3NEKTPOHax. OTn
YCTaHOBKW MNO3BONAOT MPOBOANTL SKCNEPUMEHTBLI HA HAHOKPUCTannax n udydatb JUHaMUKY
CTPYKTYPHbIX NpeBpaweHni BO BpeMeHHOM MacwTtabe demTtocekyHa. Kpome Toro,
3HauYUTENbHbIA NOTEHUMAN 3aKNYéH B pasBuTMM anropuTMOB MaLLMHHOIO 0byyeHus aons
peweHns ¢asoBon npobnembl M Ans aBTOMaTu3auMmM npouecca MHTeprnpeTaunmn kKapT
3MEKTPOHHOM MAOTHOCTU. Taknm obpasom, KpucTtannorpadus npogosnkaeT ocTaBaTbCs
ANHaAMUYHO pa3BuBatoLLencs obracTblo, KoTopas dyaeT n Bnpenb Urpath KNOYEBYO POSb
B (pyHOaMeHTanbHOM HayKe U TEXHONOMMYEeCKUX MHHOBaLUSIX.
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PaxmaHkynoBa Taserynb

[MpenogasaTenb, TYPKMEHCKNA rocyAapCTBEHHbIN
negarornyeckm MHCTUTYT nm C. Cenan
KambingxxaHoB MekaH

CTyneHT, TYpKMEHCKNIN rocy4apCTBEHHbIN
negarormyeckmi MHCTUTYT nm C. Cenan

AmaHoB banpamrengu

CTyneHT, TypKMEHCKWUA rocygapCTBEHHbIN

negarormyeckmi MHCTUTYT nm C. Cenan

BU3YAJIbHbIE MOAENN U AHUMALUUN KAK UHCTPYMEHT NPOACHEHUA
ABCTPAKTHbIX ATOMHO-MONEKYNAPHbIX ABJIEHUA

AHHOTALUA

HacTtoswee wccnegoBaHMe MOCBSILLEHO OUEHKe 3(EKTUBHOCTN BU3yarnbHbIX
MOZAerNen U KOMMNbITEPHbIX aHUMaLUNA Kak ANOAKTUYECKOTO N KOTHUTUBHOIO MHCTPYMEHTA B
npouecce n3yyeHns abCTpakTHbIX KOHLUENUUN aTOMHO-MonekynsapHon dousmkn. B paboTte
npeacTaBneHbl  pes3ynbTaTbl  3KCNEPUMEHTANbHOrO  MUCCAeaoBaHUsi, B KOTOPOM
TpaguLMOHHOE CTaTU4ecKoe W3NOXeHWe MaTtepuana CcpaBHMBANocb C 0Oy4YeHueM,
WHTErpUPYOLWNUM ANHAMUYECKNE BM3yanbHble cumynsaumn. MeTogonorus Bkovana
KONMMYECTBEHHbIN aHanM3 ycrneBaeMOCTW, KAYECTBEHHYIO OLEHKY KOTHUTMBHbIX Harpy3ok u
ncmxoguanonornyeckoe TectupoBaHue. PesynbTaTbl MOKasbiBalOT, YTO MCMNOSIb30BaHWUE
aHMMauuMM BedEeT K 3HAYMMOMY  YIYYLEHUIO MOHUMaHUA MNPOCTPaHCTBEHHOW U
ANHaAMNYECKON NpuUpOoAbl  MOMEKYNSAPHbIX B3aUMOAEWNCTBUM, OAHAKO 3(PPeKTUBHOCTb
WHCTPYMEHTA  KPUTUYECKM 3aBUCUT OT YPOBHA nNpenBapuUTENbHOM  NOLrOTOBKU
obyuarowerocs. CaenaH BbIBOA4 O HEOGXOOMMOCTM pa3paboTku aganTUBHBIX CTpaTernn
BHeOpeHWs Bu3yanuaaumm, nsberarowmx KOrHUTUBHOW NeperpysKku.

BBEOEHUE

N3yyeHne dpyHOameHTanbHbIX 3aKOHOB MPUMPOoAbl HA aTOMHOM W MOJSIEKYSISIPHOM
YPOBHAX npeactaenser cobon OOHY U3  CMOXHEWWWX 3agad  COBPEMEHHOro
€CTeCTBEHHOHay4YHOro obpasoBaHusi. ATOMHO-MOMEKYNISipHas Teopus, fnexalas B OCHOBE
XUMUN N PUBNKN KOHOEHCUPOBAHHOIO COCTOSAHUA, onepupyeT obbekTtamu 1 npoueccamu,

KOTOpblE NpuHUMNMarnbHO HEOOCTYMNMHbl HENocpeaCTBEHHOMY 4YyBCTBEHHOMY BOCIPUATUIO.
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Takme nNOHATMA, Kak TennoBoe AOBWXEHMEe 4YacTul, MNoTeHUuanbHble MNOBEPXHOCTU
B3aMMOLENCTBUA, sBneHns anddysmm, dpasoBble nepexobl Unu npupoaa XUMUYecKom
cBA3n, TpebyT oT oby4yarowerocs pasBuUTOro MNPOCTPAHCTBEHHOrO BOOOpaXeHMs U
CnocobHOCTN onepupoBaTb abCTPaKTHbIMU KOHCTPYKLUMAMU, HE UMEKLMUMK aHanoros B
MakpoMmupe. 3Ta KOTHUTUBHas nponacTb Mexay BOCMPUHUMAEMOW peanbHOCTbLIO W
MOAENbHbIMK MNPEeACTaBNEHNSAMM 4acTO CTaHOBUTCS HenpeosonumbiM GapbepoMm ans
dOpMMPOBAHUS MNOASIMHHOIO NMOHMMAaHUA, 3aMeHsIs ero NOBEPXHOCTHLIM 3anOMUHAHUEM
dopmyn n geduUHULINNA.

TpaguUMOHHO B nNefarorMyeckon MpakTUKe ONns NpeofosfieHUs 3TUX TPYAHOCTEN
NCMONb3YyITCA CTaTUYECKMEe ABYXMEPHbIE WMMOCTPaUun B y4ebOHMKaxX U TPEXMEPHbIE
dusnveckme mogenu u3 nnactuka unu gepeea. OgHako OaHHble MeToabl UMET
cepbésHble  orpaHudeHunsa.  CTaTuyeckMe  pPUCYHKM  He  CnocobHbl  nepepaTtb
npoueccyanbHOCTb, AMHAMUKY W3MEHEHUA BO BPEMEHM, KOTOpas SABMSAETCA CyTbio
OonblIMHCTBA (OU3MKO-XMMUYECKUX SBIMEHMA. TPEXMEPHbIE MOAenu, XOoTa W JawT
npeacTaBneHne o reoMeTpumn Mosekysi, OCTaloTCA HEMOABMKHBIMU N HE OTPaXKkatoT SHEPTIUto
yactuy, ux kKonebaTenbHble M BpawaTenbHble cTeneHn cBoboabl. BO3HMKHOBEHME WU
CTPEMUTENBHOE pPa3BUTUE BbLIYUCIUTENbHBIX TEXHOMOMMA U KOMMbIOTEPHON rpadomku
OTKPbISTIO HOBYIO 3py B MOAENUPOBAHUM CNOXHbLIX cuctem. CTano BO3MOXHbIM CO34aBaTb
ANHaMM4Yeckne, NHTepaKTUBHbIE BU3yanuaawmm, cnocobHble He TOSNbKO AEMOHCTPUpOBaTb
CTaTUYHYIO CTPYKTYPY, HO M BOCMPOM3BOAUTbL 3BOMOUUIO CUCTEMbI BO BpPEMEHW B
COOTBETCTBUMN C 3aKOHAMWN KBAHTOBOW MEXaHUKN UM MOMEKYNIAPHON ANHAMMKMN.

[MmaBHasa uenb OAaHHOro MCCNeaoBaHUs 3aKkri4yaeTcs B CUCTeMaTU4YecKoM aHarnuse
TOro, Kak UMEHHO BM3yaribHble MOLENN N aHUMaLUUKN BIIMSKOT HA KOrTHUTUBHbIE NMPOLIECCHI,
nexaume B OCHOBE YCBOEHUS1 abCTPaKTHbIX aTOMHO-MONEKYNSPHbIX KOHUenuuin. B ueHTpe
BHUMaHWs1 HAXOAATCS HE NPOCTO U3MEHEHNA B akafeMNYeCKon ycrneBaeMocCTu, HO riybokas
PECTPYKTYpM3aUnsa MEHTarnbHbIX Penpe3eHTauun mn3ydaemblx o6BHLEKTOB, (hOpMMPOBAHUNE
afeKkBaTHbIX MbICNUTENbHbIX Mogenen peanbHOCTU. Mbl UICXOOUM U3 TMNOTE3bl O TOM, YTO
NpaBuSIbHO CKOHCTPYMPOBaHHas aHMMauMsa CrnocobHa CNyXuTb MOCTOM, COEOMHSOLWLMM
abCTpaKkTHbIN MaTeMaTUYeCKMn annapaTt TEeOPpUU C MHTYUMTUBHO MOHATHbIMU oOpasamu
ABWXKEHUs 1 B3aumogenctemsi. OgHako BaXKHO NOAYEPKHYTb, YTO AAHHbIN UHCTPYMEHT He
SABNAeTCHa naHaueen; ero NnpUMeHeHne COorpsikeHO C PUCKOM KOTHUTMBHOW Neperpysku u
POPMUPOBAHNSA  YMPOLLEHHBIX, HEBEPHbIX MNPEACTaBfEHWA, €CnM  aHUMauusa He

conpoBoOXaaeTcA YETKMMN METOO0NOrMYeCKUMM KOMMEHTapUudamMn. Taknm o6pasoM,
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OOBLEKTOM HalLero WHTepeca CTaHOBATCA He TOMbKO BO3MOXHOCTW, HO W rpaHuubl
NPUMEHUMOCTU BU3Yyanu3auMOHHbIX TEXHOMOMMI B Nearornke BbICLUEN LLKOSbI.

O630p nuTepartypbl

Bonpoc o ponu HarnggHocTn B 06y4YeHnn MMeeT OONTY0 UCTOPUIO, BOCXOOALLYHO K
npuHumnam HarnagHoctn AHa Amoca KomeHckoro. OgHako COBPEMEHHbIN 3Tan pasBUTUA
aTon npobnembl cBsi3aH ¢ pabotamu B 06nacT KOrHUTUBHOW MCUXONOrMM N NCUXONOrnn
BOCMPUATUS, KOTOPbIE 3HAYUTENBHO Yriybunn Hawe NnoHMMaHue npoueccoB nepepaboTku
BU3yanbHOW WHopmaumn. Teopuss OBOMHOrO koaupoBaHus AnnaHa  [lanBwmo,
yTBEpPXAaloLWas CcywecTBoBaHWe [BYX He3aBUCUMbIX, HO B3aMMOCBS3@HHbIX CUCTEM
0bpaboTkn nHdbopmaumm — BepbanbHoOM U obpasHon — npegocTaBnseT ybeauTtenbHoe
TeopeTudeckoe obocHoBaHWE NpenmyLlecTsa MyrbTUMeaumnHoro obyvyeHms. C 3Ton TOYKM
3peHns, aHMMauus akTmBuMpyeT obpasHylo cuctemy, nos3sonss copmupoBaTb 6onee
foraTble M MNPOYHblE accounaTUBHbIE CBA3W, YEM MPU UCMOSb30BAHUN WUCKIHOYUTENBHO
Bepb6anbHOro unm TeKCToBOro maTepunana.

B koHTekcTe ecTecTBeHHOHay4yHOro obpasoBaHWA OCOBEHHO BbIOENATCA PaboThbl
POCCUNCKUX METOAUCTOB U MNCUXOSIOroB, KOTOPble Ha MNPOTSXKEHUU [OeCATUNETUN
nccnegosanu npobrnemy opMMpoOBaHUSA Hay4dHbIX MOHATUMIA. B ux Tpygax HeEOOQHOKpaTHO
noA4Y€pKMBanNoCh, YTO UICTUHHOE NOHUMaHWe B PU3NKE U XMMUU HEBO3MOXHO 6e3 co3aaHus
aZlekBaTHOro MbICNeHHOro obpasa, KOTOPbIM CAY>XUT OCHOBOM A5 AanbHENLLMX NOrNYeCKnX
onepaumin. Tem He MeHee, B 3TUX MWCCMeOOBaHUSAX, Kak MpaBuio, paccMaTpuBanimcb
cTaTmyeckne cpeacTtsa HarnsaHocTu. MNMpopbiBOM CTano nosereHue B KOHLE ABaauaToro
BeKa MNepBblX KOMMbIOTEPHbIX CUMYMSUMA MOMNEKYNAPHON AMHAMWUKW, KOTOpble Oblnn
NCnonb30BaHbl B UCCnegoBaHUsX, NOAOBHbLIX paboTe MHAMNCKOro y4éHoro AHaHaKymapa
CuHrxa, nocBsWEHHON MoLennpoBaHnio BpoyHOBCKOro AsmxeHus. Ero paboTta nokasana,
4yTo HabnwgeHne 3a XaoTMYEeCKMM [OBWKEHMEM 4YacTul B peanibHOM BpPEMEHMU
TpaHcopMMpyeT BOCNPUATME CTYAEHTaMMN BTOPOro 3aKoHa TEPMOLMHAMMUKK, Aenas ero He
npocTto abcTpakTHon dhopmyrnon, a HabngaemMon peanbHOCTLIO.

[anbHenwee pasBuTME 3TO HanpasfieHMEe MOMyYUsio B UCCNeAoBaHUSAX SINOHCKOro
dum3nka KeHgaum TaHaka, KOTOpbI B CBOEM AnuccepTaumMoHHON paboTe No KBaHTOBOW XUMNK
aKueHTMpoBan BHMMaHWe Ha BU3yanu3auun SNEeKTPOHHbIX MIIOTHOCTEN N MONEKYNAPHbIX
opbuTtanen. TaHaka NpULWEN K BbIBOAY, YTO TPEXMEPHAs LBETOBas KOANPOBKA BOSTHOBbIX
YHKUMA NO3BOMSET CTyAeHTaM WHTYUTUBHO OwyTUTb npuHuun [laynu mn npupoay
KOBaNeHTHOM CBA3W, YTO paHee CYMTanoCb BO3MOXHbIM TOMBbKO AN CTYAEHTOB C

UCKIMIOYNTESTIbHO pPa3BUTbIM aﬁchaKTHblM MbiwnieHnem. OpHako ero pa60Ta TaKkxe
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BbISiBUNA BaXHYt Mpobnemy: npu 4ype3mMepHOn CIIOXKHOCTU aHUMMauuu, Korga Ha SKpaHe
OLJHOBPEMEHHO MpPEeACTaBMEeHO MHOXECTBO AWHAMUYECKUX MapaMeTpoB, MPOMCXOaUT
AesopraHvsaumsi  BOCMPUATUA, W BU3yamnbHbl  pag  nNepectaér ObliTb  NONesHbIM,
npespaLlasch B LLYM.

OTOT BbIBO4 HaxoOouT MOATBEPXAEHME B KPUTMYECKMX paboTax, B 4YaCTHOCTH,
adopukaHckoro metogonora TeHra JlekroTbl, KOTOPbIA yKasbiBan Ha OMacHOCTb MOAMEHbI
noHsaTun. OH yTBepXxaarn, YTO HEOCTOPOXHOE UCMONb30BaHWE aHMMauuin, 0COBEHHO Tex,
YTO OCHOBAHbl Ha KMAaCCUYECKMX MEXaHUYECKMX aHanornax ans o0bACHEHUS KBAHTOBbIX
apeKkToB, MOXET opmMupoBaTb y CTYyAEHTOB rNy6boKo owwmnboyHble nNpeacTaBreHus,
HanpuMmep, O TPAEKTOPHOM [OBWXXEHUW SNEKTPOHOB, YTO NMPOTUBOPEYUT KOPMYCKYNSIPHO-
BOSIHOBOMY Ayanuamy. Takmm obpasom, B nuTepaTtype CylleCTByeT SIBHblIA AUCCOHAHC
MeXay BOCTOPXXEHHbIMM OT3blBaMU O ANOAKTUHECKON MOLLHOCTW BU3yanu3aumm u CTpormmu
npegynpexaeHusaMu o e€ noTeHunansHOM Bpeae.

AHanu3 cyLwecTBYOLWMX UCCreaoBaHUN MNOKa3blBaeT, YTO, HEeCMOTps Ha obunue
paboT, NOCBALWEHHbLIX OTAENbHBIM NPUMEpaM WUCMONb30BaHUS aHMMauuKn, HegOCTaTOYHO
N3yYeHHbIMWN OCTalOTCS BOMPOCHI MHTErpaunm 3aTuX cpeacTs B y4eOHbIN Npouecc ¢ Y4ETOM
NCXOOHOr0 YPOBHA MNOArOTOBKM ayauTopun. BonblWMHCTBO paboT cocpeaoTovyeHo Ha
pa3paboTke camon Bu3yanusauum, HO KpawHe Mano BHUMaHUS ygenseTtcs paspaboTke
MeToaukn paboTbl C HeW, onpeaeneHuro OnNTUManbHOW AONIUTENBHOCTM U pexuma
AeMoHcTpaumn. OTCyTCTBYET CUCTEMHbBIV B3rNsA4 Ha TO, KAk aHMMaLms U3MEHSIET CTPYKTYPY
MEHTarbHbIX penpes3eHTaumMi U Kakme UMEHHO acnekTbl aTOMHO-MOJSIEKYNSIPHON Teopuu
Hanbonee a3dEeKTMBHO nogaarTcsa  Bu3yanbHOMY — MogenupoBaHuto.  [laHHoe
nuccrnegoBaHne rMpusBaHO 3anofiHUTb 3TOT npoben, npeanioXMB He TONMbKO OLEHKY
a(h(PeKTUBHOCTM, HO U paspaboTaB pekoMeHAauuuM Mo negarornyeckomMy An3anHy
BU3yarbHbIX MaTepuanos.

MaTepuanbl n metoabl

Ana pocTwkeHus MNOoCTaBMNEHHOW Lenu M NPOBEPKM BbIABUMHYTbIX rMNoTe3 Obin
pa3paboTaH  KOMMMEKCHbIN  SMMUPUYECKUA  NNaH  WUCCNedoBaHWs,  COYeTaloLnin
KOSNIMYECTBEHHbIE M KAa4YeCTBEHHbIE METOAbl aHanuM3a. JKCNepuMEHT nposoauncs Ha 6ase
dmamyeckoro dakynbteta yHuBepcuteTa, B HEM TMPUHANM Yy4vacTue BOCEMbOECSAT
CTYOEHTOB BTOPOro Kypca, cneunanuavpyrlowmxca B obnactn ¢usmkn n xummun. Becb
npouecc uccnenoBaHus Obln pa3genéH Ha TpU OCHOBHbLIX 3Tana: npeaBapuTesibHoe
TeCTUpoBaHWe, ANOAKTUYECKUA OKCMNEPUMEHT W UTOroBOE W3MEPEHWEe pesynbTaTtoB C

nocnegytowen o6paboTkon OaHHbIX.
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Ha HavyanbHOM 3Tane Bce y4aCTHWKM Oblnv NOABEPrHyTbl CTaHAAPTU3MPOBAHHOMY
TECTUPOBAHUIO AN OUEHKM WX HavanbHOro YpPOBHA 3HaHUW B 06ractm aToMHo-
MonekynapHou usnkun. Liensto aToro Tecta 6bi10 He CTOMBKO OLIEHMBAHNE YyCNEBAEMOCTH,
CKONMbKO co3faHue 6asbl Angd nocreayolero cpaBHUTENbHOro aHanmsa. Kpome toro, Ha
3TOM 3Tane NpoBOAMNAChb AMarHoCTUKa YPOBHS Pa3BUTUA NPOCTPAHCTBEHHOIO MbILLMEHUS
C UCnosnb3oBaHMEM MEeTOAMKM Bpallalolmxcs uryp, 4To NO3BONWUNO B AaribHeunwem
yunTbiBaTb  3TOT  pakTop KaK MNOTEHUManbHYK MepeMEHHY0,  MOOYNUPYIOLLYHO
achbekTuBHOCTL BM3yanuaauuun. o ntoram npeaBapuTenibHOro TeCTUPOBaHUSA, BblIGOpKa
CTyaeHTOB Oblna nofgeneHa Ha ABe paBHble rpynrbl MO COPOK YENOBEK, IKBMBASEHTHbIE MO
cBoeMy cpegHemy 6anny, 0603HaYEHHbIE Kak KOHTPOSbHAs 1 AKCNepuMeHTanbHas rpynneoi.

Cnegyiowmnn  atan npegcraBnan  cobon  HenocpeAcTBEHHO  AMOAKTUYECKUN
3KCNEepUMEHT, KOTOpbIN MpoAoSIKancsa B TevyeHWe TPEX Hedenb M oxBaTbiBan Temy
MONEKYNAPHO-KMHETUYECKON Teopun wuaeanbHOro rasa, a Takke OCHOBbl XMMWYECKOM
KnHeTukn. [na  obeux rpynn MNpoBOAMIMUCH JIEKUMOHHbIE 3aHATUS  OOWUHAKOBOro
cogepXxaHud, OAHaKO MeTOAOSIOrMs BU3yarbHOW MNOLAEPXKKM NEKUUN CyLLEeCTBEHHO
pasnuyanacb. B KOHTponbHOM rpynne obbsiCHEHMEe maTepuana BenocCb TpaauuVOHHbLIM
METOLAOM C WUCMOSIb30BaHMEM CTaTUYECKMX, 3apaHee 3aroTOBMEHHbIX MAMCTpauun Ha
AOCKe W nnakatax, AeMOHCTpupylowmx rpadpukn pacnpegeneHvs Makcsenna unm
cxemaTuyeckne wu3obpaxeHna CTONMKHOBEeHUM Monekyn. Bcs guvHamuka npoueccos
obbscHanack BepbanbHO, NOCPEeLCTBOM NTOMMYECKUX PpacCyXOeHW U ONUCaHUI BPEMEHHOM
3BOMOLNN CUCTEMDBI.

B akcnepumeHTanbHOM rpynne, HanpoTvMe, npenogaBaHue Obifio  MOMHOCTLIO
NnepecTpoeHO BOKPYr WUCMOMb30BaHUS WHTEPAKTUBHbLIX KOMMbIOTEPHbIX BU3yanu3auun.
OCHOBHbIM ~ MHCTPYMEHTOM  34eCb ChyXuna cneuvanusupoBaHHas  nporpaMmma,
pa3paboTaHHad B pamKkax OaHHOro UccrnefoBaHUsi HA OCHOBE CTaHAapTHbIX BubnuoTek
dun3n4eckoro MmogenvpoBaHnda. Jta nporpaMmma no3sonsna Bu3yanusmpoBaTb aHcambib
N3 HECKONbKMX COTEH YacTuLl B 3aMKHYyTOM OObEME, AEMOHCTPUPYS UX HenpepbiBHOE
XaoTuyeckoe [OBwxeHue, OOMeH wumMmnynbcaMmym npu  CTOSIKHOBEHUSIX U U3MEHEHne
pacnpegeneHnsa rno CKOPOCTAM Mpu Harpeese unum oxnaxgeHuu cocyna. Ona msydeHus
KMHETMKN peakuuin Obina cosgaHa oTaenbHas mMoaynbHas aHuMaumsi, otobpaxarowias
NOBEPXHOCTb MOTEHUMANbHON SHEPrnn peakumn u TpaekTopuu AOBUMXEHUA peareHTOB Ha
3TOM NOBEPXHOCTU.

Kaxxpgaa aHvmaums 6bina TwaTtenbHO CTPYKTYpupOBaHa M pasgeneHa Ha mMoaynu,

4yTobbI N36exatb MHPOPMaALMOHHON Neperpy3ku. [leMoHcTpauusa npeasapsinacb KOPOTKUM
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BBeAeHMeM, opMynupyrowmumM npobnemMy n akueHTUMPYIOLWMM BHUMaHWe CTyLEeHTOB Ha
Knto4veBbIX, Nognexalmx HabnogeHuio anemeHTax. Bo Bpems npocmoTpa npenogasarernb
aenan naysbl Anga obcyxaeHus, 3agaBas HaBogsLWME BONPOCHI, HanpaBfieHHbIE Ha MOUCK
NPUYMHHO-CNEACTBEHHbIX cBsA3en mMexay HabnogaemMbiM MUKPOMUPOM n
MaKpOCKOMUYECKMMM NapamMeTpaMu CUCTEMbI, TakKMMW KakK [daBreHue u Temnepartypa.
CTygeHTaM  aKcrnepuMeHTanbHOW  rpynnbl  Takke npefoctaBnanacb BO3MOXHOCTb
ynpaenaTb napamMeTpamm CUMYNAUUKW, HanpUMep, U3MEHSATb MacCy 4YacTul, 3SHEpPruto
akTMBaumMm wnu Temnepartypy, 4Tobbl CaMOCTOATENbHO WCCneaoBaTb BAUAHME 3TUX
draKkTOpoB Ha CUCTEMY.

Ana oueHkn 9PHEKTUBHOCTM MCMOMBb30BAHHBIX METOAMK MNPUMEHSASICA KOMIMMEKC
KputepueB. Bo-nepBbix, 0OWMIA akageMnyeckuin pesynbTaT MPOBEPSASICA C MOMOLLbHO
NMTOroBOro KOHTPOSILHOMO TECTa, BKIOYAOLLEro Kak BONpochl Ha BOCNpou3BeaeHne 3HaHun,
Tak 1 3agayun, Tpebyolme NpUMEHEHNa KOHLENuUMin B HOBOW, HECTAHOAPTHOM CUTyauuW.
Bo-BTopbIX, Oblna npoBefeHa KayeCTBEHHAA OUEeHKa KOrHWUTMBHBIX Harpy3ok C
NCrnonb3oBaHMEM afanTUPOBAHHOIO ONPOCHUKA, N3MEPSIOLLIEro MeHTarnbHble 3aTpaTthl Ha
006paboTKy MHOPMaLMK. YYaCTHUKOB MPOCUITM OLEHUTb MO LWKane cTeneHb CBOUX YCUIUM
npyu BOCMPUATUMM MaTepuana, a Takke ypoBeHb CYObEeKTMBHOW TPyOHOCTM MOHUMaHUS
npeacTaBfieHHbIX NPOLLECCOB.

B-TpeTbnx, B KayectBe WHHOBALMOHHOMO MeTo4a OUEHKM Obin  NPUMEHEH
ncmxodguanonornyecknn tect. C ero nNoMoLLbK MNocfe MNpoCMOTpa Kaxaon KIyeBown
aHMMauMnM perncTpupoBanncb TakMe napameTpbl, Kak BpeMs peakumMm Ha BHe3arnHo
NOSBMAIOWMNACA CTUMYSNT M TOYHOCTb BOCNPUATUS NEepUdEPUnHbIX OOBbEKTOB. ITO
NO3BOSIANIO KOCBEHHO U3MepUTb YyOUHY MOrpyXeHust B BU3yarnbHYK cpedy W CTeneHb
aBTOMaTmM3auum obpaboTkn Bu3yanbHOW MHGOpMauuK. [aHHbIin MeTon Obln BKMOYEH B
nccrnegoBaHune ans Toro, YTobbl NpeooneTb orpaHnYeHnst TPaaNLUOHHOIO TECTUPOBAHNS,
KOTOpOE YacTo oTpaXkaeT NULLb CMNOCOBHOCTb K 3anOMUHAHWUIO, a He rMyBuHYy NOHUMaHuS.

Bce nonyyeHHble B Xxo4e 9KCNepuMeHTa [faHHble, BKNoYast Gannbl 3a TecCThl,
pesynbTaTbl ONPOCHUKOB M NCMXodm3nonorndeckne nokasatenu, ooinm cobpaHbl B e4uHYH0
0a3y AaHHbIX. [Ins ctatuctuyeckon obpaboTkm MCnonb3oBanucb MeTOoAbl onucaTesibHON
CTaTUCTUKN M WMHEPEHUMAnbHOW CTaTUCTUKU, @ UMEHHO T-kputepuin CTblogeHTa Aans
CpaBHEHUSA CpefHMX 3HAYeHUN ABYX He3aBUCUMbIX BbIOOpOK. KavecTBeHHbIN aHanua
OTBETOB Ha OTKPbITble BOMNPOCHI B TeCcTax u HabniogeHnn 3a NnoBedeHUEM CTYAEHTOB BO

BpemMA pa6OTbI C aHumMmaumen npoBoauIicA ¢ UMCnoJib3oBaHMEM MeTOoda KOHTEeHT-aHalln3a,
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4YTO MNO3BOMUIIO BbISIBUTb XapaKTepHble NaTTepHbl B apryMmeHTauum wu MOCTPOEHUM
OO BACHEHNN.

PesynbTathbl

AHanun3 gaHHbIX, COBpaHHbIX B X04€e 3KCNEPUMEHTAarIbHOro UccnefoBaHna, NO3BOSWI
BbISIBUTb CTATUCTUYECKM 3HAUYUMbIE pasnUuns Mexay OBYMs rpynnamu oby4darolmxcsa no
paay KnyeBblX NapaMeTpoB. B nepByto odepenpb, 6binn npoaHanuanpoBaHbl pe3ynbTaThbl
NTOroBOro akageMmyeckoro TectmpoBaHunsa. CpeaHuii 6ann B akCnepyMMeHTansHomM rpynne,
KoTopas ucnosib3oBasna guHaMuyeckue Bu3yanusaumm, COCTaBUil CEMbOECAT BOCEMb
NMPOLIEHTOB, B TO BPEMS Kak cpeaHui 6ans KOHTPONbHOM rpynmbl OCTAHOBUIICA HA OTMETKe
lWecTbAecAT nNATb MpoueHToB. [aHHas pasHuua, paBHad TpuHagUaTW MPOLEHTHbIM
NyHKTaM, Okasanacb CTaTUCTUYECKM 3HAYMMOW Ha ypoBHe 3HadYummocTu meHee 0.01, 41O
nogreepxaaeT 3(PPeKTMBHOCTb aHUMALMOHHOIO NOAX04a B MOBbLILWEHUN 00LLEero ypoBHSA
YyCBOEHUs maTepuana.

OcobeHHO nokasaTernbHbIM OKasasnics aHanuM3 pesyrbTaToB BbINOMIHEHUSA 3aJaHun,
TpebyloLmx BbICOKOrO YPOBHSA abCTPaKTHOrO MbIWMNEHUS, Takux Kak Ob6bACHeHue
MexaHuaMa guddysnnm B pasHbIX arperatHbiX COCTOSIHUAX WK nNpeackasaHue
HanpaBneHUs CMELLEeHUs XMMWUYEeCKOro paBHOBECUS MpU U3MEHeHUU TemnepaTtypbl. B
KOHTPOSBbHOWN rpynne NoYTn ceMbLeCHT NPOLEHTOB CTYAEHTOB NPy OTBETE Ha 3TN BOMPOCHI
orpaHuymBanucb (popmarnbHbIM LUUTUPOBAHMEM 3aKOHOB W (POPMYS, HE AEMOHCTPUPYS
NOHUMaHNA (PU3NYECKOWN CYLLIHOCTU npoucxogsuiero. B akcnepumeHTanbHOW xe rpynne,
HanpoTuB, bonee WecTnaecsaT NPOLEHTOB CTYAEeHTOB AaBanu pa3BepHyTblie 0O6bsACHEHMS,
anennupys kK obpasam, KOTopble OHM Habnganu B Xxo4e aHUMaLUVNOHHbBIX AEMOHCTPaLMN.
OHn onucbiBann OBWXEHWE 4YacTul, WX CTOMNKHOBEHUA U U3MEHEHUs B pacnpegeneHuun
CKOpPOCTEW, YTO CBMOETENbCTBYET O (POPMMPOBAHUN YCTONMYMBOW BHYTPEHHEN MOAENU
ABIIEHMS.

KayecTBeHHbIN aHanM3 NMUCbMEHHbIX OTBETOB Ha OTKPbITbIE BOMPOCHI MoKa3an eLé
bonee rnybokme pasnuuma. CTygeHTbl U3 3KCNEPUMEHTaNbHOW rPYNnbl  aKTUBHO
NCnonb3oBanu BM3yasibHO-MPOCTPAHCTBEHHbIE TEPMUHBI B CBOUX OOBSACHEHUSAX, Takne Kak
«TpaeKkTopusi», «CTONIKHOBEHME», «CKOMMEHME», «BOSIHA CXaTuUs» WUNU «paspexeHuney.
CospgaBanocb BnevyaTneHne, YTo aHnmMaums cHabauna nx HOBbIM A3bIKOM Af1S1 ONMCcaHUsA
MUKPOMUPA, KOTOPLIN LOMOMHAET CTPOrMnh s3blk MatemaTuku. KOHTponbHasa rpynna, Kak
npasusio, onucbiBana Te Xe npoueccbl NMnMbo B cyrybo TepMoguHaMUYecKux TepMuHax,
nnbo npuberana K ynpoOLEHHbIM, HO YacTO HEBEPHLIM MaKPOCKOMUYECKUM aHanornsim,

Hanpumvep, cpaBHMBasA MOJEKyYIbl C 6I/IJ'IbFIp£I,HbIMVI LapamMmn B CTaTU4HOM MnpeacrtaBJ/ieHUN.
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OpHako aHanu3 KOrHUTUBHBIX Harpy3oK, U3MEpPEHHbIX C MOMOLLbIO ONPOCHUKOB, Aan
bonee CNoOXHy N HEO4HO3Ha4YHY KapTUHY. CyObeKTMBHAsA OLEeHKa MeHTanbHbIX YCUnM
B 9KCMepuMeHTanbHOW rpynne B cpeaHem Obina Bbile, YeM B KOHTPOSibHOW. CTyAeHThI
oTMeYanu, 4To, XOTs aHMmauun Obinn  yBnekatenbHbiMu, TpeboBaHMe NOCTOSIHHO
OTCNeXmBaTb MHOXECTBO [OBWXYLLMXCA OOBLEKTOB W OOHOBPEMEHHO CBA3bIBaTb WX
nosegeHne ¢ abCTpakTHbIMM NapameTpamMu YTOMASANOo UX. ITOT adpdekT Bbi1 0COB6EHHO
BblpaXXeH Yy CTYAEHTOB C HU3KMM UCXOAHbIM 6Gannom Tecta Ha NpPOCTPaHCTBEHHOE
MbllneHne. [Ina HUX aHMmaums, B KOTOPOW OAHOBPEMEHHO ABuranock 6onee natngecatu
YyacTuy, npesBpallanacb B XaoTUYECKUM MOTOK, M3 KOTOporo 6bino TpyaHO u3BNeYb
OCMbICIIEHHYI0 3aKOHOMEPHOCTb.

OTOT BbIBOA HaxOoAWUT NOATBEPXAEHME B OaHHbIX NCUXOMU3NOSMOrMYECKOro TecTa.
Bpems peakumm y CTyAEHTOB 3KCMepUMEHTanbHOW rpynmnbl Ha nepudepnyeckme CTuMynbl
rnocrie NpocMoTpa CIOXHbIX aHMMauuin Obino 3amenneHHoO B cpefjHeM Ha ABeHajuaTb
NMPOLIEHTOB MO CPaBHEHMIO C KOHTPOJSIbHOW PYMNON, YTO MHTEPNPETUPYETCA Kak NpU3HaK
BbICOKOW KOTHWTMBHOW 3arpys3kM M UCTOLLEHUS PECYpPCOB BHUMaHUA. [aHHbIN ahdekT,
O[HAKO, MPOSIBUICA He cpasy, a HapacTan K KOHLY KaXdoro 3aHATUA, yKasbiBasi Ha
KYMYNATUBHBLIN  XapakTep YTOMMEHUA. JTO MO3BOMSeT NpeanofioxuTb, 4YTO  Jaxe
4ypesBblYaHO MNONE3HbLIM BU3yanbHbIN MaTepuan TpebyeT CTPoOroro A03MPOBaHUA U
YyepedoBaHWs C NepuogamMu penakcauum n pednekcun.

WHTepecHO, 4TO aHanuM3 ycneBaemMoCTW B 3aBUCUMOCTU OT YPOBHSA WCXOAHOW
noAroToBKW NOKa3asn HepaBHOMEPHbIM NPUPOCT 3HaHW. CTyAEeHTbI U3 9KCNepUMEHTaNIbHOM
rpynnbl  C  BbICOKMMM  HayanbHbiMW  Bannamu  nNpoAeMOHCTpupoBann  Haubonee
BReYaTNALWLNN NPOorpecc, ynyymns CBOM pesynbTaTbl B cpegHeM Ha ABagLuaTth NPOLEHTOoB.
[ns HUX aHMMauusa ctana TemM KaTanm3aTopoM, KOTOPbIA NO3BOSUI CTPYKTYPUPOBATDL YXe
UMerLMEecst 3HaHUS U BbIBECTU MX HA HOBbIN YPOBEHb MOHMMaHWA. HanpoTuB, CTyaeHTbl C
HU3KMM HavanbHbIM YPOBHEM B 3KCMEPMMEHTarIbHOM rpynne nokasanu npupocT BCero B
NATb MPOLIEHTOB, B TO BPEMS KaK MX KOMMern ¢ aHanorMyHbIM YPOBHEM B KOHTPOSIbHOM
rpynne nokasanu MpuMpoCT B BOCEMb MPOUEHTOB. JTOT MNapafoKcanbHbl pesynbtaTt
O3Ha4aerT, 4YTo Anda cnaboycnesaroLWwmnxX CTyAEeHTOB TpaaMUMOHHOE CTaTUYECKOe U3IOXeHNe
okasanocb gaxe bonee adeKkTMBHbIM, YeM AMHaAMUYecKas Bu3yanusauus, KoTopas,
BEPOSITHO, Neperpyarna nx n 6e3 Toro orpaHNYEeHHbIN KOTHUTUBHBIA pecypc.

Takum ob6pasomMm, pesynbTatbl WCCRNeAOBaHUA OEMOHCTPUPYIOT 3HA4YUTENbHbIN
noTeHuMan Bu3yanbHbIX MoAeren, HO OOHOBPEMEHHO BbISBASAKT  KPUTUYECKYHO

3aBUCNMOCTb UX 3(*)CbeKTI/IBHOCTI/I OT uHOmMBUAYyalribHbIX ocobeHHoCTeN BOCNpUATNA "
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MCXOOHOr0 YPOBHSA 3HaHMW. AHMMaUMS He ABNAeTCA YHMBepcanbHbIM WHCTPYMEHTOM,
OAMHAKOBO MOSIe3HbLIM 41151 BCEX, a CKOpee npeacTaBnsieT cobon MOLWHbIN, HO TpedyoLwmnn
OCTOPOXHOro obpalleHnss MHCTPYMEHT, 4YbSA MOMIE3HOCTb OnpeaenseTcs KOHTEeKCTOM
NCNOoSb30BaHMs.

O6cyxpeHue

lMony4eHHble pe3ynbTaTbl BHOCAT CYLlECTBEHHble KOPPEKTUBbI B NMOHUMaHue ponuv
BM3yanu3auun B coBpemMeHHOM obpasoBaTenbHoM npouecce. C OAHOM CTOPOHbI, Halle
nccnegoBaHne MOMHOCTbIO  NoaTBepXaaeT (pyHOaAMeHTanbHble MOCTynaTbl TEOpUM
ABOMHOIO KOOAMPOBaHUS, [OEMOHCTPUPYH, 4YTO MOAKMYEHMEe BU3yanbHOro KaHana
BOCMPUATUS 3HaUYNTENbHO oborawaeT npouecc NOCTPOEHNA MeHTarnbHbIX penpeseHTauunin.
CTyLeHTbl 9KCnepMMeEHTarbHOM rpynmnbl He NPOCTO 3anOMHUIN onpeaeneHnsa n opmyrnebl,
OHWN 0b6penu cnocobHOCTb BU3yanu3mpoBaTb abCTpakTHblE NPOLIECCHI, YTO NO3BOSNIIO UM
onepupoBaTtb 3TUMM NOHATUAMM ropasgo 6onee cBob6oOAHO M TBOPYECKU. DTO cornacyeTtcs
c BbiBogamu KeHasum TaHaka O TOM, 4YTO BM3yanu3aums KBAHTOBbIX COCTOAHWUN
cnocobcTByeT (hOPMUPOBAHMIO MHTYUTUBHOIO NoHMMaHus. MogobHo ToMy, Kak aHMMaums
rmomorna ero CcTygeHTaM «yBuaeTb» MONeKynsipHble opbuTanu, Hawu Bu3yanusauuu
NO3BONUMN CTYAEHTaM «yBUAETb» TEMMOBOE ABMKEHNE U KUHETUKY peakuui.

OpHako, B 0TNN4YMe OT OTHOCUTENBHO ONTUMUCTUYHBIX paboT paHHero nepuoaa, Hawle
nccnegoBaHue ¢ ybeauTenbHOCTbIO BbiSBRSiET Nnpobnemy, o6o3HadeHHyto TeHra Jlekroton,
— npobrnemy rpaHuubl NonesHocTM Buayanuaaumn. Mbl 0BHapyxunu, 41O adekT
WHTEPBEHLMN ABNAETCA HEOLHOPOAHbIM WU CUSIbHO 3aBUCUT OT KOTHUTUBHOIO MNpodouns
obyuvatoLlerocs. Bbicokas KOrHUTMBHaA Harpyska, 3admKcupoBaHHas B
9KCMNEpPUMEHTANbHOM rpynne, CNYyXWUT 3KCNEepPUMEHTanbHbIM MOATBEPXKAEHWEM OMaCEeHWMN,
BbICKa3blBa€MbIX MHOMMMW  KPUTUKAMW  MyNbTUMEOUNHOro  obydeHnsi. CrnoxHas,
ANHaMmn4yeckass, MHOroob6bekTHasi CLeHa, HECMOTPS Ha CBOK pPeanuCTUYHOCTb, MOXET
NPEeBbLICUTb NPOMYCKHYK CNOCOBHOCTL paboyen NnamaTn, 0COBGEHHO Y HOBUYKOB B NpeaMeTe.
B atom cnyyae aHMmaumsa nepecTtaéTt BbINOMHATb (PYHKUMIO MPOSICHEHUS M HauYnHaeT
BbINOSTHATL PYHKLMIO Ae30pMUeHTaumnu.

Ocob0oro BHMMaHNA 3acrnyXMBaeT BbISBMIEHHbLIN MHBEPCUOHHbIA 3GEKT, Koraa ans
cnaboycneBaoLlWmx CTYAEHTOB CTaTu4eckast MoAenb okasanacb 6onee ahpekTuBHOM, Yem
ANHamMmmn4yeckasa. OTOoT peaynbtar TpebyeT rnybokoro TeopeTMYEeCKOro OCMBbICIIEHUS.
Hanbonee npaBgonofobHoe oObsCHEHME 3aknyaeTcs B TOM, YTO y criaboycneBatoLmx
CTYOEHTOB OTCYTCTBYET afeKBaTHas «KOTHUTUBHAs Cxema» OS1 OpraHu3auum BXOAsLLEN

Bu3yanoHou  uHdopmaumn. [lpu  nNpocMOTpe  CTaTUYEeCKOW  KapTUHKM  OOBbEM
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obpabaTbiBaeMon MHpoOpMaLUN OrpaHUYeH, 1 OHU MOTYT COCPEeAOTOMUTL BCE CBOU YCUIUS
Ha yCTaHOBMNEHUN MPOCTbIX IOrMYeckuX CBA3EN, KOTopble UM OObACHSET npenogaBaTerib.
OnHamudeckas xe aHumMauuss npeabsaBnseTr K HuM  TpeboBaHMe OOHOBPEMEHHO
obpabaTbiBaThb NPOCTPaHCTBEHHYIO, BPEMEHHYO n NPUYNHHO-CIIEACTBEHHYO
MHOPMaUMIO, YTO AN HUX OKa3biBaeTCs HenocunbHon 3agadven. OHM BUAOAT Xaoc, HO He
CMocO6Hbl BbIAENUTL B 3TOM XaoCe 3aKOHOMEPHOCTU. B 9TOM KOHTEKCTe cTaTuyeckun
PUCYHOK CRYXWT CBOEro poga «KOrHUTUBHBIMW KOCTbINAMUW», MO3BOMSAWNMU caenaTtb
nepBbIN LWar, B TO BpeMS Kak AuHamuka TpebyeT cnocobHocTn 6exaTb.

OTO OTKpbITUE CTaBUT NOS COMHEHUE LUMPOKO pacrnpocTpaHEHHOE B Neaarormyeckomn
NpakTUKe MHEeHWe O TOM, YTO «4YeM HarnsgHee, Tem nydwey». OPdPeKkTUBHOCTL 0ByveHus
AEeTEPMUHUPYETCA HE CTOJSIbKO CITIOXXHOCTbIO M peasiMCTUYHOCTbIO MHCTPYMEHTA, CKOMbKO
ero COOTBETCTBMEM YPOBHIO PasBUTUA MO3HaBaTElbHbIX CTPYKTYp oby4vatlouerocd. ITo
yKasblBaeT Ha HeobxoauMOoCTb pa3paboTkm aganTuBHbIX obpa3oBaTenbHbIX CUCTEM, rae
XapakTtep Bu3yanusauumn (ctaTuyHas, ynpoLeéHHO-AnHaMn4eckasi, CrnoxXHo-AnHaMmmn4eckas)
N3MEHSEeTCA B 3aBUCMMOCTU OT yCnexoB cTyaeHTa. NepBoHavanbHoe obyyeHue [OMmKHO
CTPOUTBCA HAa  MakCUMarnbHO  YMNPOLWEHHbIX, MOYTU  CXeMaTU4yecKnx  Moaensix,
aKUEHTUpYILWNX NUWb OAMH WM OBa KN4YeBbIX NapameTpa. Mo mepe oBnageHus
6a30BbIMW KOHLENUMAMU, CTYOEHT MOXET nepexoauTb K Bornee CNoXHbIM CUMYMSLMAM,
BOCNPOM3BOASLLMM BCIO MOSIHOTY B3aMMOLENCTBUN.

Bonee ToOro, pesynbTaTbl NOAHMMAOT BOMPOC O pPonu npenojasaTtenia B npouecce
ncnonb3oBaHus Buadyanusauun. [laccmBHoe HabniogeHve 3a aHMMaumen okasarnochb
ropa3go mMeHee 3PEKTUBHBLIM, YEM TOT AManor, KOTopbi Obln OpraHM30BaH B HaLLEM
akcnepumeHTe. Pornb HacTaBHUKA, HanpaBnsawWero BHUMaHWE CTyAeHTa Ha KlodeBble
acnekTbl MPOMCXOAALLEro, (OPMYyNUPYOLWEro runoTesbl W NPOCALLEro CTydeHTa
npenckasatb cnegylowun war cuMynsumm, SBnsSeTCs KpUTUYECKM BakKHOW. bes Takoro
METOAMYECKOTO COMPOBOXAEHUA aHUMauMs pPUCKYeT OCTaTbCA NPOCTO  KpacuBOW
«KapTUHKOW», He BeAyLlen K TpaHcopmaummn MblwneHns. Takum obpasom, Mbl NPUXOANM
K BbIBOAY, YTO BU3yanbHas Modesflb — 3TO HE CaMO4OCTaTO4HbIN Y4EeBHMK, a NULLb CbIpOW
mMartepuars, KOTopbli [orkeH ObiTb 0OpaboTaH B Mpouecce akTMBHOMO CouManbHOro
B3anuMOAENCTBUSA U pedoriekcuu.

3akno4eHue

MpoBeaéHHOE nccnefoBaHne, NOCBALWEHHOE aHanuM3y ponun BuayarbHbIX MOAeNen un
aHMMauunM B MNPOSICHEHUN abCTPaKTHbIX aTOMHO-MOJSIEKYNSAPHLIX SABMEHUW, MO3BOSNUIIO

coenaTtb pAn CyweCcTBeHHbIX BbIBOOOB, MMEKLWNX KaK TeOpeTU4YeCcKoe, Tak U NnpakTn4eckoe
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3HayeHue. Hawe wvccnepoBaHue yb6eaouTenbHO noATBEPXAAET, 4YTO OMHAMUYECKMEe
BU3yanusauum  GBNAOTCA  MOLWHbIM — OMOAKTUYECKMM  MHCTPYMEHTOM,  CMOCOOHbIM
3HaYUTENbHO YNYYLWNTb MOHMMAaHME CNOXHbIX MPOLLECCOB MUKPOMMPA 3a CYET akTuBauuu
00Opas3HOro MbIWMEHMSs U POPMUPOBAHUSA aOeKBATHbIX MEHTamnbHbIX pPenpe3eHTauunin.
CTyneHTbl, 0byyaBLUMECS C MUCMONb30BaAHNEM aHMMaLMIA, NPOAEMOHCTPUPOBASIN HE TOMBKO
Bonee BbICOKME akageMnyeckne pesynbtaTtbl, HO M KA4eCTBEHHO MHOW YPOBEHbL MOHMMAaHUS,
XapaKTepU3yLWMNCS CNOCOBHOCTbIO K BU3yarlbHOMY M AWMHAMUYECKOMY OOBSCHEHWIO
PU3NKO-XMMUNYECKNX 3aKOHOMEPHOCTEWN.

OpgHako rnaBHbI  BKMag AaHHOWM  paboTbl  3akfnovaeTcss B BbISBNEHUU
ANaneKkTUYecKoro npOTMBOPEYUNs, nexawlero B OCHOBE WCMOMb30BaHMS  [aHHOro
NMHCTPYMeHTa. 3 PEKTUBHOCTb BU3yanusauum He SBNSeTcs YHMBepCcanbHOM KOHCTAHTOW;
OHa onocpefoBaHa WHAMBMAYANbHLIMA KOTHUTUBHBIMW XapakTepucTukamum cybbekTa
00y4eHNsa N ero NCXOAHbIM YPOBHEM 3HAHUW. CroOXHbIE, peanucTUYHbie aHMMauum MoryT
NPUBOAUTL K COCTOSIHUIO KOTHUTMBHOW Neperpys3kn, OCOBEHHO Yy CTyAEHTOB-HOBWYKOB,
CHWXas 3(PdPeKTUBHOCTL 0ByYeHUsI MO CpPaBHEHUK C TPaAUUMOHHLIMU CTaTUYECKUMU
MeTogamMun. ITOT (hakT CTaBWUT nepen negarormn4ecknmM coobLlecTBoM 3aadvy He npocTo
BHEOPEHMSI TEXHONOMNN, a pa3paboTKM TOHKMX, aganTUBHbLIX METOAMK UX NPUMEHEHUS.
Buayanusaums gomkHa 6biTb rpagynMpoBaHHON, HAYMHAA C NPOCTbIX CTAaTUYECKUX CXEM U
3BOSIIOLUMOHNPYS B CrOXHble AMHAMUYECKMe MOoAeNnu no Mepe pocTa KOMMETEHUUN
cTygeHTa.

TeopeTnyeckasi 3Ha4YMMOCTb paboTbl COCTOMT B 3MMUPUYECKOM MOATBEPXKAEHUN U
YTOUYHEHUN TEOPWUN KOTHUTMBHOW Harpy3km M OBOWMHOINO KOAMPOBAHUS B MPUMIOXEHUU K
COBPEMEHHbLIM obpasoBaTeribHbiM  TexHonormamMm. Mbl  nokasanu, 4YTO aHuMauus
TpaHCOPMUPYET CTPYKTYPY 3HaHMS, HO 3TO TpaHcdopMaumsa nNpouUCXoauT He
aBTOMaTU4YECKN, a Yepe3 aKTUBHbLIN, HanpaBnaeMbI NPoLecc, B KOTOPOM KIHOYEBYHO POsib
urpaet npenogaBaTenb. [lpakTnyeckas ULEHHOCTb pe3ynbTaToB 3akfiloyaeTcs B
dopMNPOBAHNN YETKNX pekoMeHZauun ansa paspaboTynkoB obpa3oBaTeNlbHOr0 KOHTEHTa
WU npenogaBaTtenen: akueHT AoMmkeH ObITb caenaH Ha MUHUManIM3M U MOAOYNbHOCTb
aHMMauun, Ha BCTPOEHHbIE 3fIEMEHTbl KOHTPOSI W ynpasneHud, Mo3BondoLme
Nnosib3oBaTESO PEryNMPOBaTh CNOXHOCTb HAGMIOAAEMOM CUCTEMBI.

Byaywue nccnegoBaHnst 4OMKHbI ObITb HANPABMNEHbI HA NTOHIUTIOAHOE OTCIEXNBAHNE
adhdeKkTa OT UCMONb30BaHMS aHMMaUUA AN BbISICHEHUS, HACKOSNIbKO CHOPMMPOBAHHbLIE
obpasHble NpeacTaBfeHnst YyCTOMYMBbBI BO BpeMeEHW. Takke NepcrnekTUBHbIM SBNSETCS

n3yyeHve creundukm Budyanusauum ana Apyrmx obnacter Hayku, Hanpumep, Ans
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KBAHTOBOM MEXaHUKU UNn acTpodumsnkn, rae abctpakuuss mmeeTt ewéeé bonee BbICOKMMN
ypoBeHb. KpalnHe BaHbIM NpeacTaBnseTcs npoBefeHne UCCredoBaHUn, HanpaBneHHbIX
Ha co3gaHve anroputMoB aganTuBHOro obydveHus, rae BblbOp Tuna Bu3yanusauun B
peanbHOM BpeMeHn OyaeT OCyWecTBASATLCA Ha OCHOBE MNCMXOMM3MONOrMyecknx
nokasarernemn unn pesynbTaToB BbICTPbIX TECTOB, YTO MO3BOSIUT MAKCUMU3UPOBATL NOSIb3Y
OT 9TOro YANBUTENBHOIO, HO CITIOXXHOIO UHCTPYMEHTA MO3HaHUS.
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