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MNPOBNEMbI OBECNEYEHUA OXPAHbI TPYAA NMPU NPOBEAEHUU TEOAE3UYECKMX PABOT

AHHOTauuA

OCHOBHbIMK Mpobaemamm OXpaHbl Tpyda Npu reodesnyecknx paboTax ABAAIOTCA IKCTPEeMasibHble
dakTopbl paboueir cpeabl, GopmasnbHble WHCTPYKTaXKK, cnabas moTMBauumsa, HeKadecTBeHHble CU3 wu
HeaddeKTUBHaA opraHM3auma Tpyga. Ons peweHnsa npobiem npennoxeH KOMMNAEKC Mep, BKAKOYAOLWMA
uMdpoBU3aLMIO YNIPaBAEHUA PUCKAMMK, YCUNEHME OTBETCTBEHHOCTM PYKOBOAMTENEN N NEPEecMOoTp NoAX0A08
K 0by4yeHuto B 06/1aCTV OXpaHbl Tpyaa

Kniouesble cnosa:
oxpaHa Tpyaa, npobnema, reogesmyeckmne paboTbl, TPaBMaTM3M, OpraHM3aums pabor.

Budeykina Ekaterina Y.
Orenburg State University named after V.A. Bondarenko
Orenburg, Russian Federation

PROBLEMS OF OCCUPATIONAL SAFETY ASSURANCE DURING GEODETIC WORKS

Abstract
The main problems of labor protection during geodetic work are extreme factors of the working
environment, formal briefings, weak motivation, poor-quality PPE and ineffective labor organization. To solve
the problems, a set of measures was proposed, including digitalization of risk management, strengthening
the responsibility of managers and revising approaches to training in the field of labor protection
Keywords:
labor protection, problem, geodetic works, injuries, work organization.

leopesnyeckne paboTbl, HECMOTPSA Ha KaXKyLLYHCA «MHTENNEKTYaIbHYIO» HaNpaB/IeHHOCTb, OCTaloTCA
OHUM M3 BWAOB AEATENbHOCTU C NOBbILWEHHbIM YPOBHEM NPOW3BOACTBEHHOrO TpaBmatuama. OaHOMN U3
Hanbonee ocCTpbIXx Npobnaem ABAAETCA HeaocTaToyHas WMHOOPMMPOBAHHOCTbL PABOTHUKOB O peasibHbIX
OMacHOCTAX, CBA3AHHbIX C BbIMNOJIHEHUEM Fe0fEe3MUYECKUX Onepauni, TaK KaK MHCTPYKTa*KM NpoBoaAaTca
NOBEPXHOCTHO, 6€3 y4éTa KOHKPETHbIX YC/I0BUI NpeacTosLLei paboTol.

Ewe ogHoOM 3HauMmol npobnemon ABAAETCA HM3Kas MOTMBAUMA K cobatogeHuto TpeboBaHuin
6esonacHoCcTU. B reogesnyeckMx oOpraHusaumsax, 0cobeHHO B HebONbWWMX W  YacCTHbIX, cUCTEMa
CTUMYINPOBaHUA 6e30MacHoOro TpyAa 4acTo OTCYTCTBYET /IMB6O HOCUT YMUCTO PEnPEeCcCUMBHbLIA XapaKTep.
PaboOTHUK He 3aMHTepecoBaH TPATUTb BpemMsa Ha AOMNOJHUTENbHbIE NPOBEPKM, eCN PYKOBOACTBO TpebyeT
BbINO/HEHUSA N1aHa 060 LeHoW. PabOTHMKU He BOBAEKAKOTCA B NPOLLECC yNPaBAEHNS PUCKAMU, UX MHEHUE
0 NOTeHLMaNbHbIX ONACHOCTAX Ha KOHKPETHbIX 06 beKTax He 3anpallMBaeTca U He yumTbiBaeTca [1].

MNpobnema obecneyeHuns KayectseHHbIMK CA3 B reose3myeckom nNpomnsBoACTBE HOCUT ABOMCTBEHHbIM
XapaKTep. Ha npaKTuKe 4acTo BbIABAAIOTCA: HECOOTBETCTBME CPEACTB PeaibHbIM YCI0BUAM (NErKMe KOCTIOMbI
BMECTO BETPO3allMTHbIX, OTCYTCTBME TEPMOMU30NALMNMK), HU3KOE KauyecCTBO MM M3HOLIEHHOCTb, OTCYTCTBUE
KOHTPONS 3a MCNONb30BaHMEM (CHMMAIOT KackuM U Kunetbl B Kapy). Ocobo ocTpo CToUT BOMNpPOC CO
cneumanbHOM 0byBblO — OHA A0/1XKHA ObITb M 3aWMTHON, U YAOOHOM ANA ANNTENbHbIX NePexoaoB, HO 4YacTo
paboTHMKam BblAlOT yHMUBEpPCanbHble 60TMHKKU. Mpobaema ycyrybnserca mMHMMaAbHbIM BlO4KEeTOM Ha
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OXpaHy TpyAa Mo rOCKOHTPAKTaM.

MpaKTuKa pacciefoBaHUs HECYaCTHbIX C/y4aeB B reoAesvyeckuMx OpraHusauMax 4acto HOCUT
dbopmanbHbIn xapaktep. OCHOBHOE BHUMaHUE yAeNAeTCs COCTaBAEHUIO aKTOB M M3beraHMo npeanmcaHuii
HaA30pPHbIX OpPraHoB, a He pa3bopy MPOUCLLIECTBUN M MPOBEAEHUIO MEPONPUATUIN, NpeaoTBpaLLatoWMX
TpaBMaTU3M.

leopesnyeckne paboTbl YacTo BeayTcA B YCNOBUAX, rae GpaKTopbl NPUPOAHON cpeabl CTaHOBATCA
LOMUHMpPYOWMMK [2]. DKCTpemManbHble TeMMEpPaTypbl, rPO3bl, NMOXKapbl, BCTPEYM C AUKUMMU KUBOTHbIMU,
3260/104eHHOCTb — TPEOYIOT CNEeLNaNbHbIX PEXKNUMOB, SKUMUPOBKU N aNTOPUTMOB, HO OHM MO OTCYTCTBYIOT,
b0 He AoBeAeHbl 40 NEePCOHana, a UCNoAb3yeMble aNnTEUYKU He YKOMMEKTOBAHbI.

Ona npeogoneHnsa nepeymcineHHbIXx npobnem npeasiaraeTca KOMMAEKC Mep, YYMTbIBAOWMX Kak
OpFaHMSHLI,VIOHHbII‘/‘I, TaK U TEXHO/IOTUYECKNIA aCneKTbl:

- YCUIEHWE KOHTPO/A 32 3PPEeKTUBHOCTLIO U NpumMmeHeHnem CU3;

- undpoBMU3aLUA YNPaABAEHUA PUCKAMM C NOMOLLBbIO MOBWABHBIX NPUNOXKEHUI 1A OMNOBELLEHUN,
3/1eKTPOHHbIX NACMOPTOB OMNACHbIX Y4AaCTKOB U MHTErPaLMnN PUCKOB B HApAAbI-A0MNYCKU;

- BBEAEHWe NepCcoHaNbHOW OTBETCTBEHHOCTM PYKOBOAUTENEN 33 HapyLLeHUs B obnacTn obecneyeHus
6e30nacHOCTU C aKL,EHTOM He Ha HaKa3aHMe, a Ha YyCTPaHEeHUe NPUUUH.

Mpobnembl obecrneyeHUs oxpaHbl Tpyda MNpU reogesnyeckmx pabotax TpebyloT KOMMAEKCHOro
nogxona, BKAKOYAKOWEro MOAEPHM3ALMIO MaTepuanbHO-TEXHUYECKOW 6asbl, MepecmoTp MoAXOoAoB K
0byYyeHUIo U MOTUBALMM NepcoHana, LMdpoBU3aLMIO KOHTPOIA N peasibHOe BOBJEYEHUE PYKOBOAUTENEN
BCEX YPOBHEM B ynpasaeHne 6e3onacHoCTbIO.

CNUCOK UCNOb30BaHHOMW UTepaTypbl:

1. MenbHUKoB A. A. Be30MacHOCTb }XM3HeAeATeIbHOCTM C OCHOBAMM 3KOJIOTUN:
yyebHoe nocobue. — Mocksa: MUUTAuK, 2015 — 148 c.
2. Camgmypatos C.C. besonacHocTb reogesvyeckux pabot B ctpouTenbctse // Bonpocbl Hayku u
obpasosaHua. — 2017. — Ne7 (8). — Pexwum poctyna: https://cyberleninka.ru/article/n/bezopasnost-
geodezicheskih-rabot-v-stroitelstve.
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METHODS OF DETECTING DIPFAKES IN VIDEO CONFERENCING SYSTEMS

Abstract
Methods of detecting deepfakes in video conferencing are analyzed. Approaches are compared, taking
into account the limitations of real communication channels. An overview of Russian solutions is provided.
Keywords:
deepfake, video conferencing, multimodal detection, audiovisual synchronization, and information security.

BeepeHue

Yrposa aunderikoB B nocnegHue rogpl nepecrtana bbitb nepudepuinHoi npobnemoit, cBA3aHHOM
TONbKO C Meauacpeion WUAM MHTepHeT-passnedeHnem. OHa Bce 3ameTHee 3aTparuBaeT coepbl, rae
OUCTaHUMOHHOE 0bLeHne CBA3aHO C NPaBoBbIMU, GUHAHCOBLIMU U OPraHM3aUMOHHbIMKU NOCAEACTBUAMM.
Hanbonee yassumon cpenoii 34ech BbICTYNaeT BUAEOKOHPEPEHLCBA3b. [TpMUYMHA 3aKN0YaETCs B TOM, YTO
BKC ncnonb3yeTtcs He NpocTo AnsA nepegadym nHbopmaumu, a Ans NoATBEPKAEHMA NPUCYTCTBUA, yYacTmUa U
HepeaKo — IMYHOCTU cobeceHMKa.

Cama npupoga BMAeocBA3n co3gaeT 3gpdeKT AoBepua: Nosb3oBaTeNb BUAMT AULO, CAbIWKT rooc,
HabnoaaeT peakUuMio B peasibHOM BPEMEHU M MO3TOMY CKAOHEH CYMTaTb KOMMYHUKAUUIO AOCTOBEPHOM.
OOHaKo MMEHHO 3TO JoBepuve U CTAaHOBMTCA 0ObeKTOM aTaku. COBpPeMEHHble reHepaTUBHbleE MOAEeNM
No3BONAIOT CUHTE3UPOBATbh HE TOJIbKO OTAE/IbHble N306paXKeHUA NN KOPOTKMUE POJIMKM, HO U AOCTaTOUYHO
ybeantenbHoe ayanoBmn3yanbHOE NPUCYTCTBME YENOBEKA BO BPEMS OHNAH-ceaHca. B pesyabTate npobaema
CMeLLaeTcAa € 3almUTbl KaHana CBA3M Ha 3aLMTy AOCTOBEPHOCTN CaMOro MeaMaKoOHTEHTa.

Ba)KHO OTMETWUTb, YTO TPaAMLMOHHbIE cpeacTBa MHbOPMALUOHHOW 6e30nNacHOCTU He pellatoT 3Ty
3agavy B nonHom obbeme. LndpoBaHMe TpaduKa 3allMLLAET AaHHble OT NepexsaTa, a ayTeHTMdUKaums
OrpaHUYMBAET AOCTYN B CUCTEMY, HO HU OAMH U3 STUX MEXAaHM3MOB He [0Ka3bIBAET, YTO NOC/E YCTaHOBAEHUS
coeMHEHMA B Kagpe HaxoaMTca MMEHHO TOT Ye/0BEK, 38 KOTOPOro oH ceba BblgaeT. MHbIMU cnoBamu, B
YCNoBUAX ANNGENK-Yrpo3 NpoBepKe NOANEKMUT YKEe He TONbKO LUMbPOoBOM AOCTYM, HO M BU3ya/ibHO-peYeBas
WMAEHTUYHOCTb YYaCTHMKA CeaHca.

JOonNoNHUTENbHYIO 3HAYMMOCTb TeMe NpuaaeT ToT GaKT, UTO YeNoBEK Kak HabnaaTenb oKasbiBaeTcs
HEeAOCTaTOYHO HaJeKHbIM  AeTEeKTOpoM noafenku. WccnenoBaHWs, MNOCBALWEHHblIE  BOCMPUATUIO
CMHTETUYECKMX NNL,, NOKa3bIBatOT, YTO CYLLECTBEHHAA YacTb MOJ/Ib30BaTe/lel He Pacno3HaeT HeMPOCETOYHO
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CreHepMpoOBaHHble N306paXKEHUA KaK UCKYCcCTBEHHble. Ha 3Tom doHe pocT Yncia MoLeHHUYECKMX 3NnM30408
C NpUMeHeHMeM gundenKkos BbIMALUT 3aKOHOMEPHbIM.

CnepoBaTesnibHO, B CUCTEMAX BUAEOKOHEPEHLICBA3M BO3HUKAET HOBAA NPUKAALHAA 3a4a4a: HE TONbKO
nepefatb n3obpaxeHne M 3BYK, HO M AaBTOMATMYECKU OLLEHUTb UX MOAJMHHOCTb. PelweHne aToi 3agaum
npeanonaraeT MCcNosb30BaHME CMELUaNU3NMPOBAHHbIX METOLOB aHanM3a, paboTalrowmx C BUAEONOTOKOM,
AyAMOCUTHAIOM U COMIaCOBAHHOCTbIO MEXAY HUMW.

Uenb gaHHOM paboTbl — pacCMOTPETb COBPEMEHHbIE METOAbl O6HApYKeHNA AnndenKkos B cucTemMax
BUAEOKOHOEPEHLCBA3M, OMNPeaenvUTb UX MNPAKTUYECKME BO3MOMHOCTM W  OFPaHUYeHUs, a TaKxke
NPOaHaNM3NPOBATb OTEYECTBEHHbIE PELUEHWUA, MPUMEHUMbIE B 3aLLMLLEHHbIX CLEHapuAxX YAaNeHHOro
B3aMMOAENCTBUA.

1. Cneunduka aundeiik-yrpos B cuctemax BugeoKoHdpepeHL,CBA3N

PaccmoTtpeHne meTooB 06HApYKEHUA LenecoobpasHo HauMHATb He C NepevncaeHna aaropuTMoB, a
¢ ocobeHHOCTEN camol cpeapbl, B KOTOPOM 3TV aNrOpPUTMbl SOKHbI NPUMEHATLCA. BuaeokoHdepeHLCBA3b
CYLLECTBEHHO OTAMYAETCA OT aHa/iM3a 3apaHee NOArOTOB/AEHHOro Buaeo. Ecan B odnaliH-matepuane
BO3MOXHA AeTaNbHasA 3KCNepTM3a Kaxaoro Kagpa, To B BKC pelweHne npuxogmTca npUHUMaTL 6bICTpO, Npu
OrpaHMYeHHOM BpeMeHU, HeCTabubHOM KayecTBe CUrHana U OTCYTCTBMM KOHTPOA Hag, NOAb30BaTENbCKUM
obopyaoBaHuem.

3710 06CTOATENLCTBO AENaeT 3aa4y AeTeKLMM 3HauMTeIbHO bonee cNoXKHOM. Bo-nepBbiX, BUAEONOTOK
B peasbHOM BpEMEHM MNOYTM BCerga noagepraeTca Komnpeccuu. Bo-BTopbix, M3o6paxkeHue Hepeako
nepenaeTcs ¢ HeJOPOrMxX Kamep, Npu cnabom ocBeleHUN M HecTabunbHOM CeTeBOM KaHane. B-TpeTbux,
ayamMocurHan obblMHO MPOXOAMT Yepes WymonogasnieHne, GUAbTPaLMIO M NOBTOPHOE KOAMPOBAHME.
CnepoBaTenbHO, CUCTEMA AO/IKHA Pa3nyaThb, Ae WCKAKEHMEe CBA3AHO C TEXHUYECKMMU O0COBeHHOCTAMM
CBA3M, @ r4e — C CUHTETUYECKMM NMPOUCXOXKAEHNEM KOHTEHTA.

Opyraa ocobeHHocTb BKC coctouT B pa3sHOOOpasnmn BO3MOMHbIX aTak. B npuknagHoin npaKktuke
noAnenka He Bcerga npuMHMMaeT ¢GOpMy MONHOCTbIO CreHEePMPOBAHHOIO Yy4yacTHUKA. Bo3moxkHbl 6onee
CNIOXKHble BAPWaHTbl: HanNpumep, peasbHOe ANLO NPU CUHTETUYECKOM r0/10Ce, CUHTETUYECKOE /L0 Npu
COXPaHEHWW OPUTMHANBHOTO ayAMO WM NIOKa/NbHAaA MOAMOUKAUMA TONbKO OTAE/bHbIX 3/1€MEHTOB
BMAEOPALA — MUMUKK, T'YBHOM apTUKYNALLMK, 30HbI INLA. ITO 03HAYAET, YTO CMCTEMa OOHapyKEeHUA LOMKHA
6bITb YyBCTBUTE/IbHA HE K O4HOMY TUMY NOAMEHbI, @ K HECKO/IbKMM €€ KOHPUrypaLmam.

Ons cuctem cneumnanbHOM CBA3U M UHbIX 3aLULMLLEHHbIX NAaTPOPM BaXKHA eLLe OAHA XapaKTepUCTMKa:
BbICOKas LleHa owunbKM. Ecnn B BbITOBOM CepBUCE NOXKHOE cpabaTbiBaHWE MOXKET ObiTb BOCMPUHATO KaK
Heyao6CTBO, TO B $PUHAHCOBOM, rOCYAapPCTBEHHON UM KOPMOPATUBHOM Cpese OHO MOXKET npusectn anbo K
6/10KMPOBKE 3aKOHHOFO Mo/b30BaTens, AMbBoO, HanNpPoTUB, K NPOMYCKY OMacHoW aTaku. [Moatomy 3aechb
HEeAOCTaTOYHO MPOCTO OOHApYXKMBATb NOAAENKM; TPebyeTca COXpaHATb MpUeMsemMblit GanaHc mexay
YYBCTBUTENIbHOCTBIO M HAZEKHOCTbIO PeLLeHuUs.

N3 aToro cnepyet BarKHbI METOAONOTMYECKUIN BbIBOA: B cpeae BUAEOKOHGbEPEeHLCBA3M AeTeKuusa
AnndenkoB He MOXKET CTPOMTBLCA TO/IbKO KaK MOWCK OTAenbHbiXx apTedakToB. OHa AONXKHA Y4MTbIBaTb
KOHTEKCT NPUMEHEHMUA, OrpaHMYEHMA KaHana CBA3M, TUN NpeAnosaraeMoi atakm 1 4onycTMMY0 CTOMMOCTb
OLWMBKN. UMEHHO 3TK yCNOBMA ONpeaenatoT BbiIbop KOHKPETHbIX MeTOA0B aHaAM3a.

2. lornka KnaccupuKaumm metToaoB o6HapyKeHUA

Hanbonee pacnpocTpaHeHHbIt cnocob KnaccuduKaumm CUCTEM LETEKLUMW OCHOBbLIBAETCA HA TOM,
KaKOM TMN AaHHbIX UCMO/b3YeTCA B KAYecTBE OCHOBHOIO UCTOYHMKA NPU3HAKOB. C 3TON TOUKM 3pPEHUA MOXKHO
BbIAENUTb TPW rPYNNbl NOAXOA0B: BU3ya/ibHble, ayananbHble U MyNbTUMOZA/bHbIE.

Takoe geneHue He aBnsetca GopmanbHbiM. OHO OTpaXKaeT camy CTPYKTYPY BUAEOKOMMYHMKauuu. B
noboit BKC-ceccumn npucyTCTBYHOT NO MEHbLUeNn Mepe TpM 0O6beKTa NPOoBEpPKM: BHELHNIM 06pa3 y4acTHUKA,
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€ro rofloc U COOTBETCTBME MeXKAY HUMWU. Ecan aTaKylowmin BO3AENCTBYET TO/IbKO Ha U306parkeHne, MoryT
OKa3aTbCA 3ODEKTUBHbIMU BU3yasbHble MeToApbl. ECIM OCHOBHOW 06BEKT danbcuduKaumm — ronoc, Ha
nepBblli NAaH BbIXOAAT ayananbHble anropuTmbl. ECam ke nogaenka saTparnsaet obe moganbHocTH, To 6e3
MYNbTUMOLANILHOTO aHANN3A HAAEXKHOCTb MPOBEPKU CHUMKAETCA.

BmecTe ¢ Tem gaHHaa KnaccudPuKauma He 03HaAYaeT, YTO MeToAbl CYLLEeCTBYOT M30/IMPOBAHHO ApYr OT
apyra. Hanpotus,
paccMmaTpuBaTb Kak CMeumMannM3MpoBaHHbIE MHCTPYMEHTbI, @ MYAbTUMOAA/IbHble — KaK MHTErpUpYHOLLNi

COBpPEMEeHHasi MNpPaKTUKa MOKasbiBaeT, 4YTO MOHO-MOAA/IbHbIE pPELUeHUA ayylie
YpOBeHb, 06beauHsAOWMI MHGOPMALMIO U3 HECKO/IbKUX KaHa/oB.

[NA NpuKNagHOro aHaAM3a 3To BaXKHO MO ABYM NpuYMHam. Bo-nepsbix, pasHble MOAaIbHOCTU UMEIOT
pasHble MCTOYHMKM OLLIMBOK: BUAEO CTPAZAET OT CHATUA U YXYALEHMA n30bparkeHus, ayamo — ot 06paboTku
CUrHana v wymos. Bo-BTOpbIX, Noagenka, KoTopas BbIMAaWUT ybeauTenbHo B OAHOM KaHane, MOXKET
BblgaBaTb cebsa B gpyrom. Mo 3ToM NpuUYnHe cpaBHEHNE METOAO0B MMEET CMbIC/T HE TOJIbKO MO MOKa3aTesto
TOYHOCTM, HO U MO YC/IOBUAM, B KOTOPbIX 3Ta TOYHOCTb gocTuraeTcs. 0606LweHne OCHOBHbIX XapaKTepUCTUK

Kakaoro TmMna mMeToAoB npeactassieHo B Tabauue 1.

CpaBHeHMe MeToA0B 06HapyKeHus anndernkos

Tabnnua 1

aHOManuu B
BbICOKOYACTOTHOM
obnactu,
HeecTecTBeHHas
NpocoanKa, HapyLeHus
MMKpPO-Mays u

Tun meTtopa AHanusupyemble OCHOBHbIe NPU3HAKKH CunbHble CTOPOHbI OcHOBHble OrpaHU4eHusn
BaHHble nogMeHbI

Bu3yanbHble Bupeonotok ApTedaKTbl TEKCTYpPbI Bbicokaa TouHOCTb Npum 3aBUCMMOCTb OT paspeLleHus,
KOXM, HapyLweHuA Ha [0CTaTOYHOM KayecTBe OCBeLLeHM1A, pakypca;
rpaHuuax n1mua, BWUAEO; XOPOLO CUIbHOE BMAHMWE
HeecTecTBEHHOE BbIABAAET 3aMeHy Anua BMAE0KOMMpPEeCccumn; poct
MOpraHue, aHomanuu M nepeHoc MUMUKHN NIOXHbIX cpabaTbiBaHWUt Npn
ocseweHmns, rPPG- LyMmOnoAaBneHum
CUTHan

AyamanoHble AyamMonoTok CneKTpanbHble dddeKTnBeH npotms YyBCTBUTENIBHOCTb K CXKaTUIO

CUHTE3MPOBAHHOTO
ronoca; Haamuune
anpobupoBaHHbIX
MeToz08
(cneKkTpanbHbIv aHanus,
TpaHcdopmepbl)

ayavoKoaeKamum,
WYMONOAABAEHMIO,
3XOMOAABEHWUIO; CHUMKEHNE
TOYHOCTH B peasibHbIX
KaHanax ceasm

BpemMeHHble MUKPO-
COBUTU MeXAY
APTUKYNALMEN U 3BYKOM

MHTOHAL MUK

MynbTumogansHble | Bugeo + ayamno AyamnoBusyanbHas Hanbonee yctoiume K Bbicokue TpeboBaHUA K
CUHXpOHUM3aLMA (Amn- KOMMpeccmm un BbIYUC/IUTENIbHBIM Pecypcam;
CUHXpOHM3aLMsA), rnomexam; HU3KWM CIOXKHOCTb CUHXPOHM3ALMK

YPOBEHb NOMHbIX
cpabaTtbiBaHMiA;
BbIABAAET
KOMBMHUPOBaHHbIE
aTaku

NOTOKOB B peasibHOM
BpemMeHU

3. BusyanbHble MeToabl: CU/IbHbIE CTOPOHbI U Npeaenbl NPUMEHUMOCTH

Bu3yanbHaa OETEeKUMA UCTOPUYECKM CTana nepBbiM M Hanbosnee paspaboTaHHbIM HanpaBaeHVEM
60pbbbl ¢ anndeikamm. 3To 06bACHAETCA TeM, YTO PaHHME MOAENM CMHTE3a LA OCTaBAAAN AOCTAaTOYHO
3amMeTHble rpaduryeckne cnedbl: OWMBKM OCBELLEHMSA, Pach/bliBYaTble FpaHuULbl, HEECTECTBEHHYIO TEKCTYPY
KO)M, UCKaXKeHUs B obnactu rmnas u pra. [lna anroputMoB KOMMbIOTEPHOTO 3pEHUs Takue AedeKTbl cTanu
OTNPaBHOM TOYKOM MPM NOCTPOEHUMN CUCTEM aBTOMATUYECKOrO pPacno3HaBaHus.

OfHaKo coBpemeHHOEe COCTOAHME BWM3YyasibHbIX METOLOB YMKEe He CBOAMTCA K MOMCKY rpybbix
apTedakToB. CerogHs aHa/M3 CTPOUTCA Ha HECKOMbKUX YPOBHAX. MepBbli ypoBEHb — MOKAAPOBbIN:
nccneayroTca 0ocobeHHOCTU OTAENbHOTO M306paXKeHUA, CTPYKTYpa TEKCTYP, /I0Ka/ibHaA reoMeTpmua Anua u
KauyecTBO COBMELLLEHNA pparmeHToB. BTopoit — TemnopanbHbIii: OLEeHMBAETCA, HACKOIbKO eCTECTBEHHO L0
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BeAeT cebs BO BPEMEHW, HET /I CKAYyKoB, APOXAHWUA, PE3KUX CABUIOB W/IM HaPYLIEHUA MUMUYECKOM
NAaBHOCTU. TpeTUih — NPOCTPaHCTBEHHO-BPEMEHHOM: CMCTEMA OAHOBPEMEHHO Y4YMTbIBAaeT MO0MKEeHUe
NPW3HaKOB B KaZpe U MX 3BOJIIOLMIO B NOC/eA0BaTENbHOCTMY.

B npuKnagHOM OTHOLIEHUM 0CODEHHO BaKHbl METOAbI, aHAIN3NPYIOLLNE HE TONIbKO K PUCYHOK» nLa,
HO 1 ero noseaeHue. MNoaaenka MosKeT BbiTb Ka4eCTBEHHOW B CTaTUYECKOM Kagpe, HO MeHee ybeauTenbHow
npu asuxKeHun. Moatomy MccnegoBaTenn Bce Yalle 06pallatoTcs K pU3NoNorMiyecknm npMaHakam: yacrtorte
MOpPraHnAa, MUKPOABUXEHNAM FO10Bbl, ECTECTBEHHOCTU MUMUKUN, a TaKXKe K cnabblM U3MEHEHUAM LBeTa
KOW, CBA3aHHbIM C KPOBOTOKOM. MoA06Hble NapameTpbl UHTEPECHbI TEM, YTO OHU BO3HMKAIOT KaK NOBOYHbIN
pe3ynbTaT }X13HeAeATeIbHOCTUN YesioBeKa U NOTOMY TpyAHee BOCNPOU3BOAATCA CUHTETUYECKN.

Poccuiickne KommepyecKkme peLleHns B LLeJIOM C/IeyHoT 3Tok noruke. Mo umerowmmen nybankaumam,
npoaykTbl VisionLabs 1 Apyrux oteyecTBeHHbIX KOMMAHUI OPUEHTUPOBAHbI Ha BbiABAEHWE 3aMeHbl nLa,
reHepauMmM wm3obpakeHus, MepeHoca BbIPAXKEHUN M  HapyWeHUN ANN-CUHXPOHM3AUuK. OTaenbHble
naaThopMbl BUAEOCBA3M UHTETPUPYIOT MEXAaHW3Mbl aHA/IM3a KaZpOB B peasibHOM BPEMEHW, BKAOYAA OLEHKY
KayecTBa rpaHul, Anua, pasnuunin mexay GoHom u nMueBoi 061acTblo, a TaKKe NOUCK aHOMabHbIX 30H
TeKcTypbl. OCHOBHbIE POCCUICKME pa3paboTkM B 06/1aCTU BM3YasIbHOM U MYAbTUMOZANbHON AETeKUUU,

YNOMSAHYTbIE B OTKPbITbIX MCTOYHUKAX, CUCTEMATU3MPOBaHbI B Tabauue 2.

Tabnuua 2
Poccuiickune pelwenua gna obHapyxeHua aundeinkos B cuctemax BKC
Pewenue / Tun aHanusa KntoueBble BO3MOXKHOCTU Oco6eHHOCTM BHeapeHus
Pa3pabotumnk
VisionLabs BusyanbHbIn BbifiBneHne 3ameHbl MLA, reHepaLmm CoxpaHseT paboTocnocobHocTb Npu
Deepfake JIMLa C HYN1A, NepeHoca MUMUNYECKUX HU3KOM pa3peLlleHnn BULEO;
Detection BbIPaXKEHUM, HAPYLLUEHWUI Ann- ncnonb3yetcs B 6aHKOBCKOM CeKTope
CUHXPOHU3aLUUMU
MTS Al AyananbHbIn O6HapyXeHne CUHTe3NPOBAHHOTO roa0ca, Mpusosoe mecTo Ha ASVspoof 2024
bruomeTpuyeckas sepudukauma no ronocy | Challenge; yposeHb owmnbok 3,41%
(EER)
MTC Web MynbTmoaanbHblt | COBMECTHbIN aHanu3 BUAEO- U TouHOCTb 60nee 98% Npu COBMECTHOM
Services ay4MOMNOTOKOB, AeTeKLMA Ann- 06paboTKe; TeCcTUpYeTCA ¢

CUHXPOHU3aLUUMU nnatpopmoit MTC JIMHK

«KoHTyp.Tonk»

Bu3syanbHbIn

AHann3 NONOXKEHUA YYaCTHUKA, COCTOAHUA
nuKcenen, cpaBHeHNE XapaKTeEPUCTUK nLa
n poHa

Pabota B peanbHOM BpemeHU; Nnepsoe
poccuiickoe peweHune gns BKC-
AeTekumnn

IVA Technologies
+ VisionLabs

MynbTUMOAANbHBI

KomnaeKcHbI aHanus BUAEO U ayamo,
OLeHKa ecTeCTBEHHOCTU MUMMKM U pedmn

Ha ¢uHanbHOM CTagun BHeAPEHUS;
OPUEHTUPOBAHO Ha 3alMLLEHHbIe

nnatGopMbl BUAEOCBA3M

Tem He MmeHee y BM3yanbHOro NOAXOAa €CTb MPUHLMNUAMbHbIE OrpaHUYeHus. Bo-nepsbix, ero
HAZEXHOCTb 3aMETHO NaAAET NPM YXyALWEHMM KayecTBa M306parxkeHus. Bo-BTOPbIX, pa3BUTUE reHEPATUBHbIX
MmoZaenen NpMBOAUT K YMEHbLUEHMIO YACNA OYEBUAHDBIX AedeKTOB. B-TpeTbux, BU3yasbHble MeTOAbl 0COOEHHO
YYBCTBUTENbHbI K JIOKHbIM CpabaTbiBaHUAM B CUTyaLMAX, KOTAa NO/b30BaTe/IbCKUA BUAEOMOTOK UCKaXKeH
NJ0X0M KaMepoW, cnabbiM OCBELLEHNEM UK YPE3MEPHOI KoMNpeccue.

Takum 06pa3om, BM3yasibHble METOAbl COXPAHAKOT BbICOKYH) MPAKTUYECKYH LEHHOCTb, HO Ha
coBpemeHHOM 3Tane 3¢ deKTUBHbI Npexae BCEro Kak 4acTb 6onee WMPOKoW cxeMbl NpoBepKu. Mx ocHoBHOe
[OCTOMHCTBO — CNOCOBHOCTL BbICTPO BbIAENATb NPU3HAKM rPadMUeCcKon NOAMEHbI; UX TNABHbIA HegOCTaToK
— 33aBMCMMOCTb OT KQYecTBa BMAEOKaHaNa U TEXHONIOTMYECKOrO YPOBHSA reHepaLmu.

4. AyamnanbHble MeToAbl: BO3MOXHOCTU U OFPaHMYEHNA 3BYKOBOrO aHan3a

Ecnv BM3yanibHble MeToAbl OTBEYAOT Ha BOMPOC, HACKO/IbKO eCTeCTBEHHO BbINAANT cobecesHuUK, TO
ayAuanbHble METOAbI OLLEHMBAOT, HACKO/IbKO eCTECTBEHHO 3BYYMT ero pedb. B nocnegHue rogbl sta 3agava
CTaNa ocobeHHO Ba)KHOW M3-3a ObICTPOro PasBUTUA TEXHONIOTUIA FONIOCOBOrO CMHTE3a W KAOHWMPOBAHWMA.
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CoBpemeHHble MoAeNIn MOTYT C BbICOKOW CTeMneHblo npaBaononobus BOCNPOU3BOAUTL TEMOP, PUTM,
WHTOHALMIO M AaXKe XapaKTepHble 0COOEHHOCTM NPOU3HOLIEHMA KOHKPETHOTO YeoBeKa.

Hanbonee pacnpocTpaHeHHasa JorMKa ayaMOLETEKUMM OCHOBAHA Ha MOMCKE CTAaTUCTUYECKUX W
CNEeKTPanbHbIX 0OCOBEHHOCTEN, BO3HUKAIOWMX B CUHTETUYECKON peyn. Peub MOET HE TONbKO O CAbILMMbIX
apTedaKTax, HO U O TOHKMX NPU3HAKaxX, PUKCUPYEMBIX HA YPOBHE YAaCTOTHOM CTPYKTYpbl CUTHaNa: NOBeAEeHUN
bOopMaHT, pacnpeneneHum sHepPrum, MUKPOAMHAMUKE TeMbBpa, XapaKTepe NepexofoB MeXay 3BYKamMu U
YCTONYMBOCTU MHTOHALLMOHHOIO PUCYHKA.

B coBpemeHHbIX CUCTEMAX A/1Aa STOr0 MCNOMb3YIOTCA HeWpoceTeBble APXMTEKTYPbI, CNOCO6Hble
paboTaTb C ayAMOCNEKTPOrpaMMamMM W BPEMEHHbIMM nocnefoBaTenbHOCTAMKU. CBepTOYHble MoOZenu
3¢ PEKTUBHO BbIAENAIOT JIOKA/IbHblE aKYCTUYECKME NATTEPHbI, TOr4a Kak TpaHchopMepbl ayYlle BblABAAIOT
3aBUCMMOCTU Ha A/IMHHbIX BPEMEHHbIX WHTEpBasax — Hanpumep, B Mnaysax, Temne peyn u pasBuTUU
WMHTOHaLMW.

Mpumepom ycrnewHoOro NpPakTUYecKoro NpPUMeEHeHMA TaKoro noaxoda asndetcA peweHune MTS Al,
NnoKasaBLUee BbICOKMUE pe3y/ibTaTbl Ha MeXAyHapoaHoMm KoHKypce ASVspoof 2024 Challenge. ina poccuickol
NMPAKTUKN 3TO Ba)KHO He TO/MIbKO KaK OTAEeNbHOEe AOCTMXKEHWEe, HO U KaK MNOATBEeprKAEeHMe TOoro, 4To
OoTeyeCcTBEHHblE KOMAHAbl CNOCOOHbI CO34aBaTb KOHKYPEHTOCNOCOOHble cpeacTBa aHaIM3a CUHTETUYECKOM
peun.

OaHaKo MMEHHO ayauanbHbli KaHan B BKC 0COBEHHO yA3BUM K TEXHUYECKMM WCKAXKEHUSAM.
LymonoaaeneHme, komnpeccus, ¢punbtpauma, ocobeHHOCTU MUKPODOHA M aKYCTUKM NMOMELLEHUS MOTYT
HACTO/IbKO M3MEHUTb PEYEBOM CUTHA/, YTO Pa3/IMuMe MeXAY CUHTETUYECKMM U eCTeCTBEHHbIM HayuHaeT
YaCTUYHO NePEKPbIBATbCA TEXHUYECKMMM apTedaKTamMm. ITO BEAET K POCTY OLUMOOK U CHUMKAET YCTOMUYMBOCTD
MOHO-ayAmManbHbIX PELEHUI B peasibHOM 3KCNIyaTaumu.

OTctoga cnepyeT BaXKHblA NPAKTUYECKUI BbIBOA: ayAuanbHas [AeTeKuMA OCOBeHHO nonesHa B
COYeTaHMM C ApYyrMmMK BUAamm nposepku. OTaenbHO OHa N03BoAAET 0OHapyKMBaTb FO10COBbIE NOAAENKM,
HO KaK e4MHCTBEHHbIN KaHaa KOHTPO/IS OCTAeTCA CIMLWKOM 3aBMCMMOI OT cpeabl Nepesaym curHana.

5. MynbTMMOAaNbHbIA NOAXOA KaK OCHOBHOI BEKTOP Pa3BUTUA

Mo mepe coBepPLUEHCTBOBAHMA reHEPATUBHbIX MOAENEN CTa/I0 OYEBUAHO, YTO pasgesieHne noanenok
Ha BU3yasibHble U ayAuasibHble UMEEeT OrpPaHUYEHHYIO MPAKTUYECKYIO LLeHHOCTb. COBpeMEeHHble aTaku Bce
Yalle CTPOATCA KaK KOMMJEKCHbIe: CUHTEe3UPYIOTCA U INLO, M TON0C, @ UHOTAA AONONHUTENbHO MOAenupyeTca
APTUKYNALMA. B TaKMX yCNOBUAX NOTMYHBIM HaNpPaBAEeHMEM PA3BUTUA CTasa MyIbTUMOLANbHAA AeTeKLNA —
COBMECTHbI aHa/In3 HECKONIbKUX KaHa/I0B BOCNPUATUA.

KntoueBoe npemmyLLecTBO 3TOro Noaxof4a COCTOUT He B MPOCTOM O06beguHEHWW MPU3HAKoB, a B
aHa/In3e UX COracoBaHHOCTU. [1nA peasbHOro YeNoBeKa ABUMKeHMeE TyD, BbipaxKeHue uua, TeMn MUMMUKU U
3ByYallas peyb 06pasyloT eauHyto cucTemy. NS CMHTETUYECKOrOo KOHTEHTa TaKas COM1acoBaHHOCTb
BOCNPOM3BOANTCA He Bcerga. Jaxe ecnm nsobparkeHne M ayamo no oTaesbHOCTU BbIrAAAT yoeamTensHo,
MeXay HUMW MOTYT COXPAHATbCA BPEMEHHblE MWKPOCABMUIM, HapyLIEHWA apTUKYAALMOHHOWM NOTMKU U
Apyrne NpuU3HaKuM HeCOOTBETCTBUA.

MMeHHO no3TOMy ayAMoOBM3yasibHAA CUMHXPOHM3ALMA PACCMATPUBAETCA Kak oAauMH M3 Haubonee
HaZEXHbIX UHAMKATOPOB NoaMeHbl. Ha npaKTuKe 3TO 03Ha4YaeT NPOBEPKY TOr0, HACKO/IbKO ABUXKeHUA Y6 n
HUXKHEM YacTu IMLLa COOTBETCTBYIOT 3BYKOBOMY MOTOKY, COBMAAAIOT I TEMN apTUKYAALMU N PEYEBO PUTM,
He BO3HMKAIOT 1M BPEMEHHbIE pacxoxaeHua. [1na cuctem peanbHOro BpeMeHW TaKoM aHanus npeacraBnfet
0CobYI0 LEHHOCTb, TaK KaKk NO3BO/IAET BbIABAATb NOAAENKN AaxKe NPU OTCYTCTBUM rpybbix rpadpruecknx nam
aKyCTUYecKux aedeKkTos.

JocTynHble AaHHble NO OTeYeCTBEHHbIM pa3paboTKam MOKa3blBAOT, YTO MPU COBMECTHOM aHa/su3e
BMAEO M ayAMO0 TOYHOCTb peLleHM OKa3blBaeTCA Bbile, YeM NPU pasaeibHON 06paboTke MoganbHoOCTeN. 3TO
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noaTsepkaaeT obwmin BbIBOA: B NPUKAaaHoh cpege BKC mynbTMMoAanbHas cxema CerogHs siBAsieTca He
[ONONHUTE/IbHBIM, @ 6330BbIM HaNpPaB/JEHUEM PA3BUTUA CUCTEM 3aLLMUTbI.

Mpn 3TOM MYNbTUMOAANbHOCTb HE OTMEHAET CJ/IOKHOCTM 3agayn. HanpoTuB, OHa noBbiWaeT
TpeboBaHMA K BbIYNCAUTENIbHOM MHPPACTPYKTYPE, CUHXPOHU3ALMM NOTOKOB M KaYecTBy 00ydYeHua moaenei.
Tem He MeHee MMEHHO TaKoW NoAXoA NyyLle BCEro COOTBETCTBYET NPUPOAE COBPEMEHHOM Yrpo3bl, NOCKO/bKY
aTaKylowuii BO3AENCTBYET He Ha OAMH CUTHas, @ Ha BOCMpUSATUE IMYHOCTU B Lenom. CpaBHUTE/IbHAA OLLEHKA
B/INSIHNSA BHELIHWX PaKTOPOB Ha Pas/IMyHble TUMbl METOA0B NpuBeAeHa B Tabanue 3.

Tabnuua 3

KntoueBsble orpaHnyYeHna MeTO0B B YC/1I0BMAX peasibHOW BUAEOKOHbEepeHLCBA3N

¢a|(1'op orpaHuyeHus

BusyanbHble meToabl

AyauanbHbie meToabl

MynbTMmoganbHble MeToabl

OCBeLLEeHNA 1 paKypca

TOYHOCTU rPPG 1 TpeKkuHra

Bupoeokomnpeccusa Bbicokoe BnvAHnE — He Bnunsaer YacTuyHO KoMneHcupyeTca
(H.264, H.265) paspyLleHne BbICOKOYACTOTHbIX ayAnoKaHanom
apTedakTos
Aygmokomnpeccua u He Bnnset Bbicokoe BansaHue — YacTnuHo KomneHcupyeTca
lWymonogasnieHme NCKaXKeHWe CrneKTpabHbIX BMAEOKaHa/IOM
NpU3HaKoB
BapuaTtmBHoCTb Bbicokoe BnMAHNE — CHUXKEHUe He Bnusaer Cnaboe BnusaHue (npu

COXpaHeHWW ayamoKaHana)

JloXKHble cpabaTbiBaHUsA

CpeaHwii yposeHsb (4,5—7,2% npu

CpeaHuin ypoBeHb

Hu3Kkuit yposeHb (MeHee 0,5% B

(FRR/FPR) LIYMOMOAaBAEHNN) TECTOBbIX CLLeHapusX)
BbluncnmntenbHana Huskas — BO3MOXHa paboTa Ha CpeaHsa — Tpebyetr GPU gna | Bbicokaa — TpebyeTtca
CNOXKHOCTb nepudepuinHbIX ycTponcTeax TpaHcdopmepoB annapaTHOe yCKopeHue

(NPU/FPGA)
Bonee ycToiums 3a cuet
KOMBUWHaLMKN NPU3HAKOB

YCTOMUYMBOCTb K HOBbIM
TMMNam CUHTE3a

CHuxaeTca npu noAasneHNn
HOBbIX reHepaTUBHbIX Mop,eneﬁ

CHVaeTca Npu NoABAEHUU
HOBbIX BOKOAEPOB

6. MepcneKkTUBHbIE HaNpaBAeHUA U NPUHLUNbI BHEAPEHUA

XoTa MynbTMMOAA/IbHbIE METOAbl B HACTOAWEe BpemsA BbIMALAT Hanbosee 3penbimu, passuTue
cpeacTB ob6HapyxKeHua aAvndenkoB He orpaHMuMBaeTca MmU. MHTepec NpeacTaBaAlOT U anbTepPHATUBHbIE
HanpaB/eHWA, OCHOBAHHbIE HEe Ha pPacno3HaBaHWUM TUMWYHbBIX MPU3HAKOB reHepauMu, a Ha aHanuse
NPOUCXOXKAEHUA MeAnaKoHTeHTa. K 3Tol rpynne oTHocuTtcAa, Hanpumep, PRNU-aHanus, cBA3aHHbIA C
nccnenoBaHMeM HepaBHOMEPHOCTM GOTOOTKAMKA MaTpULLbl KaMepbl.

Jlornka Takmx MeTog0B 3aK/0HAeTCA B TOM, YTO peasibHble YCTPOMCTBA BUAEO3axBaTa OCTABAAOT Ha
n3obpaxkeHmn cneunduryecknin wymosoi cnen. Ecan  Bupeopss CUHTETUYEH WM CYLLECTBEHHO
MoANPUUMPOBAH, CTPYKTYpa 3TOro c/iefa MeHseTcA. XoTa nofobHble noaxoAbl MoKa YCTYnaloT AyYlimm
HeMnpoceTeBbIM pEeLUeHMAM MO YHMBEPCAZIbHOCTM M TOYHOCTW, OHW Ba*KHbl KaK HE3aBMCUMMbIA YPOBEHb
BepUOUKALIMM, HE NOSHOCTbIO 3aBUCALLMIA OT Habopa U3BECTHbIX WAabOHOB NOAAENKMN.

C npaKTUYecKoM TOYKM 3peHMA OCOOEHHO 3HAYMMbIM NpPEeacTaBAAETCS NPUHUMN MHOTrOypOBHEBOW
3awmTbl. CoBpemMeHHas cucTema MPOTUBOAENCTBUA AuNdenKam He AO0NKHA CTPOUTLCA KaK eAUHUYHbBIN
[ETEKTOP, MPUHMMAIOLWLMA OKOHYaTeNbHOEe pelleHWe Ha OCHOBE OAHOro npu3HaKa. bonee HagexHowm
ABNAETCA apXMTEKTYpPa, B KOTOPOW pe3y/bTaTbl BM3yasbHOIO, ayAMasbHOrO U My/AbTMMOLAIbHOTO aHan3a
pononHalTcA  BuomeTpuyecko  BepudMKaumen,  OpraHM3auMOHHbBIMW  Mpoueaypamv WU,  NpU
HEeobX0AMMOCTH, LOMNOSHUTE/IbHBIM NOATBEPKAEHNEM IUYHOCTU.

[na cuctem cneumanbHOM CBA3M OTCOAA CNEAyHOT HECKOMbKO MPUKAAAHbIX pekomeHaauui. Bo-
nepsblX, NPUOPUTET creayeT OTAaBaTb TEM PeLUeHUAM, KOTopble MpOBepeHbl B YCA0BUAX, BAM3KMX K
peanbHOM 3KCNAyaTaLMUK, a He TONbKO HA 1abopaTOPHbIX BbIBOPKax. BO-BTOPbIX, BaXKHO y4MTbIBaTb HE TOIbKO

TOYHOCTb OETeKUMNn, HO U YpPOBEHb JIOXKHbIX Cpa6aTbIBaHVIl7I. B-TpeTbMX, CNCTembl AOO0JTXKHbI pPerynapHo
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06HOBNATLCA, NOCKO/IbKY HOBblE FreHEePaTUBHbIE MOAENN DbICTPO AeNat0T YCTAPEBLUMMU NPEKHNE KPUTEPUN
pacno3HaBaHuA.

HakoHel, pAanbHeliwee pasBuTUE [AaHHOW 061acTM HEeBO3MOXHO 6e3 xoTA 6bl Y4acCTUYHOM
CTaHZapTmM3aumn. [MoKa Kaxablii BeHAOP WCNoAb3yeT COOCTBEHHbIE KPUTEPUM U  METOAbl OUEHKM,
06BEKTMBHOE CpaBHEHWE PELLEHNA OCTAaeTCA 3aTPYAHEHHbIM. [103TOMY NPAKTUYECKan YCTOMYMBOCTb CUCTEM
06HapyKeHna aMndenKoB 3aBUCUT He TOIbKO OT KauyecTBa aaropuTtMoB, HO U OT GOPMMUPOBAHUA eaUHbIX
npoueayp TeCTMPOBaHMA, BHEAPEHWUA U KOHTPONA 3GPEKTUBHOCTML.

3aKknioueHune

Mpobnema pundeirikoB B cucTeMax BUAEOKOHOEPEHLCBA3M OTpaykaeT Hosee WMPOKUIN CABUT B
MHPOPMALMOHHOM 6e30NacHOCTM: 0OBEKTOM 3aLMUTbl CTAHOBUTCA HE TOJIbKO AOCTYM K CUCTEME U HE TOJ/IbKO
KaHan CBA3WU, HO U AOCTOBEPHOCTb LUUGPOBOro NPUCYTCTBMA YesnoBeKa. B ycnoBuax, Korga cMHTETUYECKMe
BMAEO- M ayAMoAaHHble BCE Yalle MCMNOMb3YTCA A8 MMUTAUUK IMYHOCTU, TPAANLMOHHbBIX MEXaHU3MOB
3aLWMTbl YKe HeZOoCTaTOUHO.

AHaNM3 CyLWeCTBYHOLIMX METOA0B MOKAa3blBAET, YTO BU3yasibHble, ayamMaibHble U MyNbTUMOAANbHbIE
noaxoAbl PELaloT pasHble acnekTbl OAHOM W TOM e 3agadn. BusyanbHbie metoabl 3dpdeKTUBHbI Npu
0bHapyXeHUn rpadmnyecknx n noBegseHYECKMX aHOMaAnin B BUAEONOTOKE. AyamnabHble MeToAbl NO3BOAAIOT
aHaNM3MPOBATb MNPM3HAKM MCKYCCTBEHHOIO MPOUCXOXKAEHUSA pPEeYeBOro CurHana. MynbTumoganbHble
pelweHua obecneynBaloT Hanbonee BbICOKMI YPOBEHb NPUKNALHOM HAAEKHOCTU, NMOCKObKY YYUTbIBALOT
COrNaCcoOBAHHOCTb HECKONIbKUX KaHA/I0B O4HOBPEMEHHO.

Poccuiickne paspaboTku B paccmatpmBaemort 06/1acT AeMOHCTPUPYIOT 3HAYMMbIA MPAKTUYECKUI
noteHuman. OTeyecTBEHHbIE KOMMAHMM Y¥Ke NpeasaraloT peweHus, CnocobHble BbISBAATb PAa3/INYHbIE TUMbI
nogMmeHbl SIMYHOCTU B BUAEOCBASN M MHTErPUPOBATLCA B KOPMOPATMBHbleE U CReLMannu3MpoBaHHble
nnatopmbl. OLHAKO COXPAHAIOTCA U Ba*KHble OFrPaHUYEHMA: 3aBUCMMOCTb OT YC/IOBUI Nepesayn curHana,
PUCK NIOXKHbIX CpabaTbiBaHWI, OTCYTCTBME eAMHbIX CTaHAAPTOB OUEHKMU U NOCTOSIHHOE YC/NOXHEHME CaMMUX
reHepaTUBHbIX Mogenei.

B aTMx ycnosusax Hanbonee nepcneKkTMBHbIM NPeaCcTaBAfEeTCA He MOUCK YHMBEPCANbHOIO UAEANbHOTO
[EeTEKTOPa, a NOCTPOEHME afanTMBHOM MHOFOYPOBHEBOM CUCTEMBI, B KOTOPOW afifOPUTMUYECKUIA aHaAu3
[ONOMHAETCA OPraHN3aLLMOHHBIMU U BMOMETPUYECKMMIN MEXAHNU3MAMK KOHTPONA. MMEHHO TakoM Noaxos B
Hamnbobluel cTeneHn COOTBETCTBYET ANHAMMKE Yrpo3 B COBPEMEHHOM Cpeae BUAEOKOMMYHUKALUMN.
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NPUMEHEHWUE BO/IOKOHHO-ONTUYECKUX JIMHUIA CBA3U B CACTEMAX
YNPABJIEHMA BINJIA B YC/IOBUAX P3b

AHHOTauuA
B cTaTbe paccmaTpmBaeTcA MPUMEHEHME BOJIOKOHHO-OMTUYECKUX JIMHUI CBA3M B CMCTemax
ynpaB/ieHMa 6ecnunoTHbIMM NeTaTeNbHbIMM annapaTamu B YCAOBUAX PaAMOINEKTPOHHOW 60opbbbl.
MpoBoanTcs KnaccmdmKaLma onToBOIOKOHHbIX BIMJ1A, aHaM3 UX XapaKTEPUCTUK U NEPCNEKTUB Pa3BUTUA.
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APPLICATION OF FIBER-OPTIC COMMUNICATION LINES IN UAV CONTROL
SYSTEMS UNDER EW CONDITIONS

Abstract
The article discusses the use of fiber-optic communication lines in unmanned aerial vehicle control
systems under electronic warfare conditions. The classification of fiber-optic UAVs, analysis of their
characteristics and development prospects are carried out.
Keywords
UAV, FPV drones, fiber-optic communication line, FOCL, electronic warfare, EW.

1. BeegeHue

CneumanbHana BoeHHas onepauusa (CBO) Ha VYKpauHe cTana MNOSIMFOHOM A/1A  WUCMbITaHWUI
WHHOBALMOHHBIX TEXHOJIOTUI, Cpeau KOTOpbiX 0coboe MecTo 3aHMMaloT OecnuioTHble JieTaTebHble
annapatbl (BMJIA). K 2025-2026 rogam BMJIA npeBpaTUaMCb B AOMUHUPYIOWMI HAKTOP TaKTUYECKOro
ypoBHA. OgHaKo MaccoBoe MNpUMeHeHue paguoynpasasembix FPV-gpoHOB mopoauno acMmMmeTpUYHbIN
OTBET — HacCbIWeEeHNe MHMM BOEBOro COMPUKOCHOBEHMA CPeacTBAaMM PafMO3NeKTPOHHOW 60pbbbl (PIB),
CNocobHbIMU 3GDEKTUBHO NOAABAATL PASMOKAHA/bI YPABAEHWA.

Hanbonee 3dpdpeKTMBHbIM peLIeHMeM CTafo MPUMEHEHWE BOJIOKOHHO-ONTUYECKMX JIMHUA CBA3WU
(BOJIC). ®usmyeckuii NpUMHLUMN Nepefayn CUrHana no ONTUYECKOMY BOJIOKHY AenaeT TaKue APOHbl
HEOOHaPYXMMbIMKU A5 CPEACTB PAAMOTEXHUYECKON Pa3sBEAKM W HeysA3BUMbIMUM gnsa paguonomex. Mo
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oueHKam MNeKMHCKOro yHMBepCcuUTeTa NoYTbl U TeIeKOMMYHMKaunii, B 2025 rogy To/1bKo poccuitckne FPV-
OPOHbI NoTpebunm okono 56,8 MAH Km onToBosioKHA (6bonee 10% MMPOBOro pPbiHKA), a COBOKYMHOE
notpebnerHne foctmrno 15% mmposoro nponssoacTea. AKTyaslbHOCTb CTaTbM 06yC10BAEHA HEOBXOANMOCTbIO
OCMbICNIEHUA AAHHOIO TEXHOI0MMYECKOro cABura.

2. KnaccndmKauma n TaKkTUKO-TEXHUUYECKUE XapaKTepPUCTUKU ONTOBOIOKOHHbIX BMJIA

MacwrabuposaHue npumeHeHus BOJIC npuseno K GpopmmMpoBaHNIO Ka4eCTBEHHO HOBOW CTPYKTYpbI
napka BMJIA. MpuHUMN GYHKLMOHMPOBAHMUA ONTOBO/IOKOHHOM CUCTEMbI NpeacTasiaeH Ha puc. 1. HasemHas
CTaHUMA ynpasneHns GOpMUPYeT KOMaHZbl, KOTOpble Yepes BMAeOCEPBEP NPeobpPasyoTCs B ONTUYECKUI
CUTHaN, NnepesaBaeMblit NO Kabesto € KaTyLW KM Ha ApoHe. BUaeonoTok BO3BpaLLaeTcs onepaTopy No TOMy e
BOJIOKHY.

Hazemtas vacte JHKa cBA3M
BoproBas HacTs

Bugeacepsep Karyuika ¢ onToBo/iokHom ONTORONOKHG

OMTMMECKMH CUTHaT— -
KOHBEpTEp CHrHana Ha BI1/1A 5-65 Km

MNyaeT oneparopa BMAA

KOMaHbl YNpaB/eHs—

HOyTBYK/ FPV-nynet . C NMPHEMHHKOM M KaMepoi

s1aeockrHan HD

PucyHoK 1 — CTpyKTypHasa cXxema ONTOBO/JIOKOHHOW cucTeMbl ynpasneHusa bIJ1A
(cnnolwHble cTpenkn — nepeaada KOMaHZ ynpaBaeHus, NyHKTMPHbIE — nepejaya BUAEOCUTHaNa)

Ba*KHOM XapaKTepPUCTMKON ABNAETCA HEPABHOMEPHOCTb HACbILWEHMA TEXHONOTMEN: B NOAPa3AeNeHMAX
BCY pona onToBO/NIOKOHHbIX FPV-apoHoB — A0 15%, B pOCCMMCKMX GOPMUPOBAHUAX HA OTAE/bHbIX y4acTKax
— 10 60% ¥ Bbllwe, YTO CO34aET CMCTEMHOE TAaKTUYECKOE NMPEUMYLLECTBO.

Nerknii  Knacc npeactasneH annapatamm  «lopteHsusa» (KB  «lopTeHsus»): «lopTeH3na-7» ¢
panbHocTblo 5-10 Km, «lopTeH3na-10» — po 30 Km. [lpomsBoacTBEHHAA MOLWMHOCTL — 3 ThiC.
ed./mec. Taxenblt Knacc npeacrasneH cemeicrsom «0Osoa-Mpo» («MposBoa»): AanbHocTb 25-30 KM C
nosnesHoM Harpyskon Ao 4,5 Kr, uto B 2—2,5 pasa npeBbllaeT BO3MOXHOCTU Nerkux ApoHoB. B aekabpe 2025
roga aHOHCMPOBAH OMNTOBO/IOKOHHbIN KaHaa MPOTAXEHHOCTbO 65 KM, UTO BbIBOAUT APOHbLI HAa YPOBEHbL
BbICOKOTOYHOIO OPYXKUA ONEePaTUBHO-TaKTUYECKOro 3BeHa.

Tabnunua 1
CpaBHUTENbHbIE XapaKTEPMUCTUKM ONTOBOAOKOHHbIX BINJTA
Napamerp | Rerwhwrac (afoprenans-7/100) e race nepeneruorie paspasori
[anbHOCTb, KM 5-30 25-30 25
Macca IMH, kr 1,5-2,0 4,5 OaHHble OTCYTCTBYIOT
Tvn BONOKHa G.657A2 G.657A2 G.657A2
OcobeHHoOCTH 6a3oBasn KaTyllKa yBenn4yeHHaAa macca B NNaBHaA Pa3smMOTKa, yrnennactuk

Onsa FPV-gpoHOB mcnonb3yeTca mMapka G.657A2 ¢ NOBbIWEHHOM YCTOMYMBOCTbIO K M3rnbam, 4to

CBA3aHO C YMC/IOBOM anepTypoii:
NA = sin 6,4, = /n% —n3

rae: Oy — MAKCMMabHBIN Yyron BBOAA Ny4a B TOPEL, BOIOKHA (anepTypHbIli yron), Npu KOTOPOM /yY
ewe b6yaer pacnpocTpaHATbCA NO CepAUEBWMHe, rpafycbl; n,— MOKas3aTenb NpenoMaeHUsa maTepuana
CepALEBUHDI; N, — MOKasaTesb NpeaoMIeHna matepuana obonouku. Ona G.657A2 NA coctasnset 0,12—
0,14.

3. MHKeHepHble npobaembl U NYTU UX peLleHnn

CornacHo AaHHbIM Mepmckoro HauMWOHa/1bHOIO nccnegoBaTenbCKoro noNnTeEXHNYECKOro
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yHusepcuTeTa (MHUMY), TONbKO OAMH U3 LLECTM ONTOBOIOKOHHbIX BINJIA aocTUraeT uenu, octanbHble TePAIT
Kabenb, npeogones 1-2 KM. MpUuMHa — KOHCTPYKLMA KaTyLKW, CO34atoLas MUKPou3rmbbl. Motepn Ha
nsrnbe onucbiBatotca Gopmynoi:

7,.2

‘R*

roe: Apend — AONONHUTE/IbHbIE NOTEPU, Bbi3BaHHblE M3rMbom, Ab r — paamyc cepALeBMHbI ONTUYECKOTO
BOJIOKHA, MKM; R — paguyc nsrnba BosiokHa, MM; C — Ko3dPUUMEHT, 3aBUCALLMUI OT pa3HMLbI NOKasaTenen

Apena = C

NpenoMIeHns cepaueBuHbl M 060M0YKM, a TaKKe OT AJMHbI BOJIHbI M3nydeHua. [loTepu obpaTHO
NPonopLMOHaNbHbl YETBEPTOM CTeENEHU paanyca nsrnba: ymenbiieHune R ¢ 20 4o 10 MM yBenMYMBaAET NOTEPU
8 16 pas.

Kpome mexaHuyeckux npobaem, cywecTByOT OrpaHM4eHUs MaHeBpPeHHOCTU. OnepaTop BbIHYXKAEH
nsberaTb pe3knx MaHeBpoOB. Ycnosue 6e3aBapuiiHon paboThbl:

T=m-a+Fpp <[T]

roe: T — CMna HaTAXKEeHUA ONTOBOJIOKHA B MOMEHT MaHeBpa, H; m;— noroHHasa macca OnTOBOJIOKOHHOTO
Kabena (macca ogHoro metpa), Kr/m; @ — yckopeHue, npuobpetaemoe APOHOM NPU MaHeBpe (BeKTopHas
BE/IMYMHA, 0CO60 OnacHbl LEHTPOCTPEMUTE/IbHBIE YCKOPEHUSA NPW Pe3KMx nosopotax), m/c?; Frr— cnna
TPEHWA, BO3SHUKAOLWAA NPU CMaTbiBaHUKU Kabens ¢ KaTywku, H; [T] — gonyctumoe pacTarnsatowee ycunamne
AN AAaHHOro TMna ONTOBOJIOKHA, H (anAa ToHKoro BoJsiokHa G.657A2 cocTaBnser eAmHULbl HbHOTOHOB).
BbicoKMe ycKopeHua npuBoAAT K ob6pbiBy. TaKKe BO3HMKAeT npobniema «MepTBOM MACCbI»: KaTyllKa
COKpALLLAET MONE3HYIO HArpy3Ky, CO34aBasa KOMNPOMUCC MEXKAY AaZIbHOCTbIO U Maccoi 60eBol YacTu.

B KauecTBe WHKeHepHOro pelweHns kKonnektus [MMHUMY paspaboTtan cuctemy «Kyknosoay,
BK/TOYAIOLLLYHO: KaTYLUKY C NAaBHOM Pa3MOTKOM, MMHUMM3UPYIOLLYIO U3rMObl; TPUMEHEHME YIenaacTuKa ana
CHUXKEeHMA Maccbl; cneunanusnposaHHoe MO. JocTUrHyTan 4asnbHOCTb — 25 KM, HanaxKeHO MenKocepuinHoe
NpPoun3BOACTBO.

4. MaKpO3KOHOMMUYECKUE, IKONIOTUYECKUE U IOTUCTUYECKUE aCNEeKTbI

Pe3Kkuit pocT cnpoca Ha OMNTOBO/MIOKHO (Mcronb3yeTcA mapKa G.657A2, 3ddeKTUBHOCTb BbITAMKKMU
KoToporo Ha 10-15% HuXke, Yem y cTaHAapTHoro G.652D) npuBen K MHOFOKPATHOMY YBE/IMYEHUIO LLEH,
nepepacnpeeneHunto NOTOKOB OT FPaXKAaHCKUX ONepaTopoB K BOEHHbIM NPON3BOAUTENAM.

MaccoBoe npuMmMeHeHue ApPOoHOB nopoauno deHomeH «UMPpoBOA NayTuHbI». Llenble KBapTansbl
HaceNeHHbIX NYyHKTOB (Hanpumep, JIMMaH) OKasanucb OnyTaHbl KUJOMETPAMM ONTOBOJSIOKOHHOIO Kabens
(puc. 2). 3T0 co3gmaeT pUCKU: 4R BO3AYLIHOIO ABUNKEHUS (nonagaHue HUTKU B POTOp), MHPPACTPYKTYpHbIE
(3amblkaHuA Ha /191M) 1 aKoNorMYeckne (3arpAsHeHNE NJIAaCTUKOM U CTEK/TIOBOJIOKHOM).

PucyHOK 2 — deHOoMEH «LMdppoBas NayTMHa» — HaKonaeHue oTPaboTaHHOro ONTOBO/IOKOHHOTO Kabens
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OTcyTCTBME PagMOU3IYYEHUA Y ONTOBOJIOKOHHbLIX APOHOB AenaeT b6ecnonesHbiMn cTaHuum P3B.
MNpoTMBOAENCTBME CMELLAeTcs B NAOCKOCTb 06HapyKeHusa (P/IC, ONTUKO-3NEKTPOHHbIE  CUCTEMDI)
M nopaeHun (CTPENKOBOE  OpyXMWe, 3eHUTHaAA  apTUAepus,  CrneuMannsnmpoBaHHble  NATPOHbI).
MepcnekTUBHbIMM HAMNpPaBlEHMAMM ABAAIOTCA J1a3epHOE OpYXKUe, ONTUYECKMEe MOMEXM U ABTOHOMHble
cucTembl Ha ocHoBe U

5. MepcnekTusbl pasBuUTUA U TMO6PUAHBbIE TEXHONOTUK

Ha puc. 3 npeacrtaBneHa KoHuenuus rmMbpuaHOro KaHana cBA3W, npegnonaratollaa nepexon us
ONTUYECKOro B paauMoamanasoH Ha ¢uHanbHOM yyactke (€ 1 Km Ao uenu). 3To  couyeTaer
NOMex03alWMLWEHHOCTb Ha MaplipyTe co cBobogoit maHeBpa Npu aTtake. [lpakTuyeckaa peanusaumn
Habnwpaetca B cucteme «lopTeHsna», umelowen ¢GYHKLMIO aBTOMATUUYECKOTro MepeKkalovYeHns ¢
ONTOBOJ/IOKHA Ha paZMoKaHan Npu obpbiBE HUTW.

3ran 2: OcrosHoi yuacTox 3ran 3: Gunansnsii Uene
3ran 1: CrapT

KM ToK

ONTOBOSIOKOHHEIR Haan KaTyla Ha gpoHe nepektouenHe KaHana Pagmokanan 0 Lent LE/b
Craprosan nosuums — o " » . ¥ AuTerHa Ha fipore "
NIOMEXOIAUALICHHOCT pa3moTHa Kabens Ha pacCToAHMH 1 Kkt ACUMMCTPOBYT AHanason MAHEDPCHHAR aTaka

PucyHoK 3 — Cxema rubpugHoro KaHana cessu (pagmno + onToBOIOKHO)
C nepek/loYeHnem Ha GUHANbHOM YYaCTKe aTakm

Ha puc. 4 npeactasneHa 3aBUCUMMOCTb a/lbHOCTU OT MacChl NONE3HOM Harpysku. [Ina nerkoro Knacca
yBeNnyeHue AanbHOCTU aocTuraetca 6e3 pocTa Harpysku, Taxenbit Knacc («Mposoa») obecneumsaer
npupocT maccbl 6oeBoit YacTn A0 4,5 Kr npM conocTaBUMON AanbHOCTU.

5 4
.I'Iposo,q

T 41
x
=
=
M
>
e
@ 37
T
=
o
ey
m
2
o 21
= FOpTEH3INA-7 fopTeH3ma-10
© @ @
(W)
o
[}
=

14

.AI—C-HE 2025 r
(65 kM)
0 T T T T T T T
0 10 20 30 40 50 60 70

MakcuMalbHaa J0anbHOCTb (KM)

PucyHok 4 — 3aBUCMMOCTb 4a/IbHOCTU OT Macchl nonesHom Harpysku

KntoueBbimn GUBNYECKMMWU OTPaHUYEHUAMU MPU HapalMBAHUKM [a/IbHOCTU ABAAIOTCA 3aTyxaHue
CUrHana u xpomaTtuyeckas gaucnepcus. 3akoH byrepa-/lambepta-bepa:
Pout = Pin - 10-@L/10
roe: Py, — MOLWHOCTb ONTUYECKOTO CUrHaMA Ha $oTonpuemHuKe (6opToBOM MPUEMHMKE ApoHa), BT uan
ABM; P;,, — MOLWHOCTb ONTUYECKOTO CUTHANA Ha BXOAE B BOJIOKHO (HaseMHbIi nepeaatymk), BT uam abm; a —
KO3PPULMEHT 3aTyXaHMA ONTUYECKOro BOOKHA, AB/KM (ana ctaHaapta G.657A2, npumeHaemoro 8 FPV-
APOHax, TUNUMYHOoEe 3HayeHune aa coctasnsaet 0,2-0,35 ab/km Ha paboueit ganHe BoaHbl 1310 HM nam 1550
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HM); L — NPOTAXEHHOCTb IMHUN CBA3K (AanbHOCTb NoseTa APoHa), KM. Mpu yeeanyeHmnn L ¢ 20 ao 65 Km
notepu BospactatoT 6os1ee yem B 3 pasa. YwMpeHue nmnynbca U3-3a gUcnepcuu:
At =D(A)-L- A4
roe: AT — BeAMYMHA ywupeHus umnynbca (amcnepcus), nc; D(A) — KoadOUUMEHT XpomaTUYECKOM
Ancnepcun, 3aBUCAWNIA OT ANUHbI BOAHBI A, Nc/(HM-KM) (4n8 cTaHAapPTHOro KBapLEBOro BOIOKHA Ha ANUHE
BO/IHbI 1550 HM cocTasnaeT okono 17 nc/(Hm-km)); L — ananHa aMHum (aanbHoOCTb), Km; A — WwnMpuHa cnekTpa
M3sy4yeHna nasepa (3aBMcMT OT Tuna nasepa), HM. Mpu AT, CpaBHMMOM C AJUTENbHOCTBIO MMMY/bCa,
NPOUCXOAUT CPbIB BUAEOCUTHANA.
6. CpaBHUTE/IbHbIM aHANU3 U TAKTUYECKKE acNeKTbl NPUMEHEHUsA

Tabnuua 2
CpaBHUTENbHbIW aHaNM3 cuctem ynpasaeHuns bMNJA
Kputepwnit PagmouactoTHble cuctemol OnNTOBO/IOKOHHbIE CUCTEMDBI

NMomexo3amLLEHHOCTb Hun3kas — BbiCOKas AbcontoTHan
[anbHOCTb, KM 10-40 (c peTpaHcnaTopamm) 5-65
CKpbITHOCTb Huskas (n3nyyeHue) BbicoKan (HeT nsnyyeHus)
KauecTtBo BMAaeocsasmn 3aBUCUT OT NOMeEX CrabunbHoe, HD
MaHeBpeHHOCTb Bbicokasa OrpaHunyeHHana
Macca nonesHom Harpysku MakcmanbHas CHMKeHHasA
B0O3MOXHOCTb NPOTUBOAENCTBUA NopasneHune PIb, nepexsaT TonbKo PpU3MYECKOe YHUUTONKEHME

CunbHble CTOPOHbI ONTOBOIOKOHHbIX BIMJIA: rapaHTMpOBaHHOE NopakeHue B yciosuax PIb, aeicteus
B F1ybuHe 06OpPOHbI, MopaxeHne ocobo BaXKHbIX Lenel, CKPbITHOCTb. Cnabble CTOPOHbI: C/AOMKHOCTb
NPUMEHEHMSA B IECOMNOIOCAX U 3aCTPONKe, OrpaHNYEHHAs MaHEBPEHHOCTb, CHUXEHHAA Nosie3Han Harpyska,
npobnembl B 3MMHUI nepuod. ONTUManbHAA TaKTUYECKAA HUWA — AeNCTBMA HA OTKPLITOM MECTHOCTU B
ycnosuax naotHoro PI6.

JBo/IlOUMA TaKTUKKU MPOLLA TPY 3Tana: SKCnepumeHTanbHoe npumeHeHune (2023-2024), oco3HaHue
OrpaHUYEeHUn W KOPPEKTUPOBKa MaplipyTtoB (cepeamHa 2024-2025), maccoBoe HacbllleHMe W
dbopmMmmnpoBaHMe cneunannsnpoBaHHbIX nogpasgeneHnin (cepeanta 2025-H.8.).

BepoATHOCTb BbLINOAHEHMA 334a4M OMNTOBONOKOHHbIM APOHOM MpU  YCMAEWHOM nNpeoao/ieHnn
npobnembl 06pbiBa NpubAMxKaetca K 100% (y pagmoyactoTHbIX B ycnosuax P65 — 50-70%). Bonee BbicoKas
CTOMMOCTb KOMMEHCUPYETCA raPaHTUPOBAHHbIM PE3y/IbTaTOM.

7. 3aknoueHue

Ncnonb3osaHue BOJIC agnAeTcAa He BPEMEHHOM TaKTUYECKOM MEPOA, @ YCTOMUYNBBIM TEXHOIOTUYECKMUM
TPEHAOM, BO3HMKLWIMM KAaK CUMMETPUYHbLIA OTBET Ha MacCMpOBaHHOE MpPUMEHEHME CpeacTB
PafMO3NEKTPOHHOM 6opbObl. MacwTabbl BHeapeHUs (£o 60% napka Ha OTAEeNbHbIX ydacTKax GpoHTa, 15%
MMPOBOTO NOTPebIeHNs ONTOBOJIOKHA) NOATBEPKAAOT CUCTEMOODPa3sytoLee 3HAaYEHNE ITON TEXHONIOTUN.

JanbHeNlwee coBepLIEHCTBOBAHME OMNTOBOJIOKOHHbIX BMJIA  TpebyeT peweHus npobnemsl
MEXaHWYECKON HALEXKHOCTU KabenbHOM pPasmMOTKM (4epe3 ONTUMM3AUMIO KOHCTPYKUMM KaTylek W
NPUMEHEHNE HOBbIX MATEPManoB), MOMCKA WHKEHEPHOrO KOMNPOMMCCA MEXAY AaNbHOCTblO Moneta u
MaccoW NoNe3HOM HarpysKu, a TaKKe MHTerpaLmMm CUCTEM HOYHOTO BUAEHWUA U TMBPUAHBIX CXeM yNpaBAeHuUA.

ONTOBO/IOKOHHbIE TEXHOMOMMM OKA3bIBAIOT CYLLECTBEHHOE B/UAHUE He TONbKO HAa TaKTUKY BeAeHWsA
60eBbIX AeNCTBUIA, HO U Ha rnobasibHble SKOHOMMYECKME MpoLEecchl (CTPYKTYpHan TpaHchopMaums pblHKa
ONTMYECKOTO BOJIOKHA, POCT UeH, AeduumT), a TaKkKe MNOPOXKAAT HOBble 3SKOMOTMYECKME W
MHPaCTPYKTYpHble Npobnembl, Tpebylowme MexXaNCUMNAMHAPHOro Noaxoaa.
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MpoTuBoAENCTBME ONTOBONOKOHHbIM BINJ1A TpebyeT NpMHUMINAABbHO MHOTO NOAX0AA, CMELLaoLWero
aKLUEHTbI C PaMO3NEKTPOHHON 60pbbbl HA PU3NYECKoe 0BHAPYKEHNE U OTHEBOE MOPAXKEHME, A TAKKe Ha
pa3BUTUE ACUMMETPUYHBIX CPEACTB (1a3epHOe OpyKUe, ONTUYECKME MOMEXM, MEXAHUYECKME NPENATCTBUSA).
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PHILOSOPHY AND WORLDVIEW: THE STRUCTURAL FOUNDATIONS
OF HUMAN EXISTENCE AND COGNITIVE LOGIC

Abstract
Developing a resilient conceptual framework within highly dynamic social and intellectual
environments demands a systematic approach that aligns critical inquiry with structured worldview
formation. This article explores the interdisciplinary links between classical philosophy, subconscious cultural
frameworks (Weltanschauung), and rational decision-making models. It argues that the deployment of
systematic philosophical inquiry and rigorous epistemological testing serves as a primary driver for refining
human cognition and securing intellectual autonomy. By analyzing how metaphysical consistency, empirical
truth verification, and structured ethical models eliminate cognitive dissonance without compromising
logical discipline, the research highlights the mechanical connections between personal cognitive
optimization and long-term societal stability. The findings indicate that continuous structural worldview
analysis is essential for maintaining individual and institutional resilience in a volatile globalized era.
Keywords:
philosophy, worldview formation, epistemology, metaphysics, cognitive optimization,
rational logic, ethical frameworks.

Introduction

The transformation of human cognitive frameworks from simple instinctive reactions into highly
optimized, rational worldviews has fundamentally altered the parameters of sustainable intellectual growth.
At the heart of this mental evolution lie two critical pillars: Philosophical Analysis, the systematic
identification and evaluation of foundational existential assumptions, and Worldview Consistency, the
optimization of cognitive inputs to achieve a harmonious and functional interpretation of reality. Historically,
individuals and societies often sought to maintain cultural stability solely by enforcing static traditions or
clinging to unexamined dogmas; however, in the 21st century, information saturation and intense ideological
competition dictate that long-term intellectual survival is determined by an individual’s capacity to optimize
their internal belief structures. This article explores how formal philosophy provides the operational
frameworks, and critical logic provides the mechanical leverage, to fuel a continuous cycle of cognitive
protection, intellectual efficiency, and ethical clarity.

Metaphysical Architectures as the Operating System of Belief Optimization

Systemic cognitive dissonance and existential contradictions act as a severe drain on individual and
organizational efficiency, distorting choice distribution and driving up psychological instability. When an
individual deploys a structured metaphysical framework, they systematically audit their cognitive pipelines
to isolate and eliminate beliefs that incur mental conflict without adding value to their logical understanding
of the universe. This optimization process functions as the primary operating system for structural worldview
efficiency, allowing intellectual leaders to streamline thought patterns, reduce behavioral bottlenecks, and
minimize emotional volatility. Eliminating these hidden philosophical leakages directly expands intellectual
clarity, providing a predictable, self-sustaining foundation for long-term personal strategy and organizational
planning.
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Maximizing Epistemological Velocity and Data Verification

The implementation of cognitive-control policies requires strict structural discipline within an
individual's information-processing and truth-verification networks. Carrying unverified assumptions or
accepting false data packages ties up significant amounts of mental processing capital, while simultaneously
exposing the mind to cognitive biases, manipulation, and informational obsolescence. By utilizing modern
critical thinking frameworks and adopting a logic-driven approach to data collection, analytical minds can
sharply increase their epistemological velocity, ensuring that information moves rapidly from raw data states
to verified, actionable knowledge. This cognitive optimization frees up internal processing reserves, allowing
the rational thinker to self-fund internal intellectual upgrades without relying on external biased narratives.

Ethical Conservation, Value Alignment, and Long-Term Behavioral Efficiency

Behavioral analysts and ethical philosophers identify structural moral frameworks as a vital tool for
personal risk mitigation and long-term decision-making. Modern commercial and technological activities
consume large volumes of human collaboration; consequently, small percentage drops in ethical friction yield
substantial long-term relational and operational savings on institutional balance sheets. By investing in clear
ethical values, automated behavioral monitoring networks, and virtue-oriented decision models, an
enterprise can lock in stable moral parameters that shield it from volatile social and regulatory shocks. These
ethical adjustments convert abstract philosophical ideals into a practical corporate asset that directly
upgrades an enterprise's competitive position.

Conclusion

The relationship between strategic philosophical inquiry, operational cognitive consistency, and
human worldview optimization is cyclical, structural, and self-reinforcing. Rigorous logical protocols provide
the initial environment needed to maximize mental clarity, epistemological testing and ethical optimization
establish the defensive infrastructure to insulate human choices from external volatility, and compounding
rational returns generate the cognitive capital required to fund continuous intellectual development. To
achieve sustainable long-term expansion and technical self-sufficiency, contemporary minds must view
systematic philosophical analysis not as an abstract academic hobby, but as a permanent, non-negotiable
pillar of their intellectual governance engine. By nurturing an analytically empowered leadership capable of
governing internal resource and thought flows with empirical precision, modern societies can ensure that
ongoing structural transformations yield stable, inclusive, and highly productive cultural development.
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EXPLORING ERROR FREQUENCY AND TYPES IN A2 LEVEL WRITING: A QUANTITATIVE STUDY
OF HUMG STUDENTS' PERFORMANCE IN KET PART 9

Abstract

This study investigates the frequency and types of errors in A2-level writing produced by first-year
English Enhancement students at Hanoi University of Mining and Geology (HUMG) in the Cambridge A2 Key
(KET) Part 9 writing task. A quantitative error analysis was conducted on 146 writing samples using Corder’s
Error Analysis framework. Errors were classified into four categories: grammar, vocabulary, format, and
content. The findings indicate that format errors were the most frequent (87.6%), followed by grammar
(76.1%), content (61.5%), and vocabulary errors (35.2%). Missing or incorrect closings, subject - verb
agreement, word count, and spelling were the most common problems. The results suggest that students
require more explicit instruction in writing conventions, basic grammar, and task requirements. Practical
teaching recommendations are proposed to improve students’ performance in KET Part 9 writing.

Keywords:
error analysis; A2 Key (KET); guided writing; writing errors;
English as a foreign language; teaching implications.

1. INTRODUCTION

English proficiency, particularly the A2 Key (KET) certificate, plays a crucial role for first-year university
students at Hanoi University of Mining and Geology (HUMG), as the KET test serves as the university's English
placement test for incoming students. Within the KET test structure, Part 9 - Guided Writing requires test-
takers to write a short message (25-35 words) responding to three specific content points, assessing basic
written communication ability (Cambridge English, 2012).

Despite its apparent simplicity, students frequently make various errors in Part 9, ranging from
grammar and vocabulary to format and content. Analyzing these errors is essential as it helps teachers
understand students' difficulties and provides empirical data for designing effective remedial activities. This
study examines errors in 146 writing samples from first-year English enhancement students at Hanoi
University of Mining and Geology (HUMG), using the Part 9 Test 3 prompt from KET 3 (Cambridge English,
2006). The task requires writing a note to Gary Jones answering questions about selling a bicycle. The aims
are to identify common error types and their frequency and propose recommendations.

2. METHODOLOGY

This study employed a quantitative approach using Error Analysis (EA) (Corder, 1967) to identify,
classify, and interpret errors in learners' writing samples. The participants were 146 first-year students from
seven English enhancement classes at HUMG, all at A2-KET level. Data consisted of writing samples from a
periodic test using the KET Part 9 prompt (Test 3, KET 3), with 15 minutes allocated and no external resources
permitted (Cambridge English, 2006).

The analysis followed four steps: (1) identifying all errors as deviations from target language norms;
(2) classifying errors into four categories - Grammar (subject-verb agreement, tense, articles, punctuation),
Vocabulary (spelling, word choice), Format (missing/incorrect closing, missing name, no greeting), and
Content (missing required information, word count errors); (3) calculating frequency and percentage of each
error type; and (4) interpreting patterns to suggest teaching recommendations.
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3. RESULTS AND DISCUSSION

Analysis of 146 writing samples from first-year English enhancement students at HUMG revealed four
main error categories. Format errors were most frequent (87.6%), followed by grammar errors (76.1%),
content errors (61.5%), and vocabulary errors (35.2%).

Table 1
Error Categories
Error Category | Sub-categories Percentage
Grammar Subject-verb agreement (25.0%), Tense (9.4%), Articles (18.8%), Punctuation (22.9%) 76.1%
Vocabulary Spelling (29.2%), Word choice (6%) 35.2%
Format Missing/incorrect closing (43.8%), Missing name (32.3%), No greeting (11.5%) 87.6%
Content Missing required information (7.3%), Word count errors (54.2%) 61.5%

3.1. Grammar Errors (76.1%)

Subject-verb agreement errors were most common (25.0%), with students failing to match verbs with
singular/plural subjects. Examples include: "I using it for 2 year" (number 2 with singular noun), "It is one
years old" (number 1 with plural noun), and "It cost $50" (singular subject without "-s"). Punctuation errors
(22.9%) included missing spaces after periods ("My sister gift me a bicycle.l sell"), misplaced commas ("Bye,
Linh"), and missing capitalization ("dear garry i have"). Article errors (18.8%) involved omission of "a/an" ("I
have bicycle to sell", "This is mountain bike") or misuse of "the" without prior reference. Tense errors (9.4%)
showed confusion between tenses, such as "l using it for 2 years" (present continuous instead of present
perfect), "l bought it since 2020" (past simple with "since"), and "l was bought this for 2 years ago" (incorrect
passive).

3.2. Vocabulary Errors (35.2%)

Spelling errors (29.2%) were predominant, with common mistakes including "seel" (sell), "bougth"
(bought), "verry" (very), "messeage" (message), "watting" (waiting), "plase" (please), "afternoom"
(afternoon), "moring" (morning), and "hane" (have). Students also misspelled recipient names ("Garry Joner",
"Grarry", "Line" instead of "Gary/Garry Jones"). Word choice errors (6%) included incorrect verb usage ("My
sister gift me" instead of "gave"; "You can take it" instead of "see it"), incorrect nouns ("It was bought coat"
instead of "cost"; "I have a by motor" instead of "bicycle"), and unnatural expressions ("My bicycle has a
price" instead of "costs"; "It is one years ago" instead of "is one year old").

3.3. Format Errors (87.6%)

Missing or incorrect closing was most frequent (43.8%). Students either ended abruptly without closing
("Dear Garry, | have a bicycle to sell. It is two years old. The price is $80."), provided closing without name
("Best regards,"), or used inappropriate closings ("Love, Hwong"). Missing sender name (32.3%) was also
common, with students forgetting to sign or leaving "[Your Name]" unchanged. No greeting (11.5%) occurred
when students began directly with content ("l have a bicycle to sell...") or used notes ("Note for Gary Jones.")
instead of proper greetings.

3.4. Content Errors (61.5%)

Word count errors were most prevalent (54.2%), with many students failing to meet the 25-35 word
requirement. Many writings were too short (3-17 words: "l want bicycle", "yes, i hane a bicycle to sell"), while
others were excessively long (46-52 words) with irrelevant personal stories or detailed descriptions. Missing
required information (7.3%) occurred when students failed to address all prompt questions: missing price
("Dear Gary Jones, | have a bicycle to sell. It is two years old."), missing age ("...It costs $150. You can see it
tomorrow."), missing viewing time ("It costs £50 and is one year old. Best, Dan"), or missing affirmative
response ("Hi Gary, This bicycle is two years old and costs £80.").
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4. Teaching Recommendations

Based on the error analysis findings, this section proposes recommendations organized by error
category.

To avoid format errors, teachers should implement structural scaffolding. A fixed template should be
provided for all KET Part 9 tasks: greeting with recipient name (Dear [Name], or Hi [Name],), main content
answering all three prompts, and appropriate closing with sender name (Best regards, [Name] or See you
soon, [Name]). Students require explicit guidance on appropriate greetings and closings suitable for semi-
formal transactional contexts. A pre-submission checklist is recommended, ensuring every piece includes: (1)
greeting with recipient name, (2) appropriate closing, and (3) sender signature.

Concerning grammar errors, instruction should prioritize high-frequency patterns through focused
practice. For subject-verb agreement, teachers should reinforce that singular subjects (/t, The bicycle) take
verbs with -s/-es (costs, sells), while plural subjects take base forms (cost, sell). For tense errors, focus should
be on three basic tenses relevant to the task: present simple for descriptions (/t costs $50), past simple for
purchase information (/ bought it last week), and present perfect for duration (/ have used it for 2 years). For
article errors, emphasis should be placed on using a/an before singular countable nouns (/ have a bicycle).
For punctuation, instruction should cover capitalizing sentence-initial words and proper nouns, using periods
to end sentences, placing commas after greetings/closings, and avoiding unnecessary spaces before
punctuation.

In terms of vocabulary errors, teachers should adopt targeted lexical interventions. For spelling, a high-
frequency word list should be created containing commonly misspelled items for this task type: "seel” (sell),
"bougth" (bought), "verry" (very), "messeage" (message), "watting" (waiting), "plase" (please), "afternoom’
(afternoon), "moring" (morning), and "hane" (have). Activities such as peer proofreading, dictation practice,

1

and spelling games can reinforce correct spelling. For word choice errors, teachers should provide fixed
sentence frames to avoid unnatural expressions: "It costs [price]" (not "has a price"), "It is [number] years
old" (not "is [number] years ago"), "You can see it [time]" (not "take" or "watch"), and "I have used it for
[time]" (not present continuous for duration).

Regarding content errors, teachers should implement metacognitive strategy training. For missing
information, students should use a content checklist ensuring all three prompt questions are addressed: (1)
confirm bicycle availability ("Yes, | have a bicycle to sell"), (2) state price ("It costs $50"), (3) state age ("It is
two years old"), and (4) provide viewing time ("You can see it this weekend"). For word count errors, the draft-
count-revise strategy should be taught: write initial draft - count words - add or condense content as
needed - write final version. Students should be instructed to include only essential information (price, age,
time) without personal stories, detailed descriptions, or emotions - demonstrating how a 52-word rambling
response can be condensed to a concise 26-word version meeting all requirements.

5. CONCLUSION

This study analyzed common errors in KET Part 9 - Guided Writing among 146 first-year students from
English Enhancement classes at Hanoi University of Mining and Geology (HUMG). The findings reveal that
students make errors across four main categories: format (87.6%), grammar (76.1%), content (61.5%), and
vocabulary (35.2%). Format errors, particularly missing or incorrect closing (43.8%) and missing sender name
(32.3%), were most prevalent, indicating students struggle most with structural conventions of notes/letters.
Grammar errors, especially subject-verb agreement (25.0%) and punctuation (22.9%), also pose significant
challenges. Content errors, notably word count (54.2%), and vocabulary errors, particularly spelling (29.2%),
further highlight areas needing pedagogical attention.

The results confirm that while KET Part 9 appears straightforward, students face multiple challenges
in producing accurate short messages. These difficulties stem from insufficient familiarity with letter/note
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conventions, weak mastery of basic grammar rules, limited vocabulary knowledge, and poor awareness of
word count requirements. Based on these findings, this study proposes practical solutions: providing fixed
format templates, reinforcing subject-verb agreement and basic tenses through focused exercises,
developing spelling lists with common error patterns, and implementing content checklists with word count
strategies.
References:
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CeHaTtop Bnagucnasa ButanbeBHa
HoBocnbUpCKMiA rocyapcTBEHHbIV Negarormyeckmii YyHUBepPCUTET, MarucTpaHT
r. HoBocnbupck, PO

OBPA3 UP3H ®OPCAMT KAK BOM/IOLEHWUE KPACOTbI U CBOBO/bl B MUPE COBCTBEHHUYECTBA

AHHOTauuA

B ctatbe aHanusmpyetca obpas UpaH dopcaitT, KoTopaa ABAAETCA O4HOW U3 LEeHTPasbHbIX FEPOUHb
carn [oHa lNoncyopcn «Cara o Popcaiitax», Kak XyO0XKecTBEHHOro BOMJIOWEHMA WAEaNoB KpacoTbl U
BHYTPeHHel cBoboAbl B KOHTEKCTE BWMKTOPMAHCKOrO o0OLLecTBa, MOCTPOEHHOro Ha MNpuUHLKMNAx
cobCcTBEHHUYECTBA. Ha OCHOBE TEKCTOBOrO aHa/siM3a PAcKpbIBAlOTCA MPOTUBOPEUUA MENKAY JIMYHOCTHLIMM
KayecTBaMW reponHu (eé scTeTMYeckMm BOCMpUATUEM MUPA, SMOLMOHAIbHON OTKPbITOCTbIO, CTPEM/IEHUEM
K NOAJ/IMHHbBIM YyBCTBaM) MU HOPMaMM cpeapl, rae YenoBeK U OTHOLLEHWA CTaHOBATCA 06beKTaMu BlageHus.
Ocoboe BHMMaHMe yaenseTcs CMMBOIMYecKon GyHKUMKM 0bpasa MNpaH B pacKpbITUKN KOYEBOW aBTOPCKOM
naen o KoOHGIMKTE KMBOTO YyBCTBA M BYprKya3sHOro matepranmnsma.

Kniouesble cnosa:
06bpas nepcoHarka, «Cara o dopcaiTax», AxKoH Foncyopcu, NpaH Popcaiir,
COBCTBEHHNYECTBO, BUKTOPUAHCKOE 06LLecTBO.

Senator Vladislava Vitalievna
Novosibirsk State Pedagogical University, Master's student
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THE IMAGE OF IRENE FORSYTH AS THE EMBODIMENT OF BEAUTY
AND FREEDOM IN A WORLD OF POSSESSIVENESS

Abstract
The article analyzes the image of Irene Forsyte, who is one of the central characters in John
Galsworthy's novel "The Forsyte Saga," as an artistic embodiment of the ideals of beauty and inner freedom
in the context of Victorian society, which was based on the principles of possessiveness. Through textual
analysis, the article reveals the contradictions between the character's personal qualities (her aesthetic
perception of the world, emotional openness, and desire for genuine feelings) and the norms of an
environment where individuals and relationships are viewed as objects of possession. Special attention is
paid to the symbolic function of Irene's character in revealing the author's key idea about the conflict
between genuine feelings and bourgeois materialism.
Keywords:
character image, The Forsyte Saga, John Galsworthy, Irene Forsyte, possessiveness, Victorian society.

B «Care o ®opcaittax» [xoHa loncyopcn o6pa3 MNpsaH dPdopcaidiT 3aHMMmaeT ocoboe mecTo: OHa
BbICTYMAEeT He MPOCTO KaK OANH U3 LEHTPANbHbIX MEPCOHAMXKEN, HO U KaK XYA0XKECTBEHHbI CUMBOJ KPacoTbl
W BHYTpPeHHel cB0bOAbl, MPOTUBOMOCTAB/IEHHbIN MMUPY COOCTBEHHMYECTBA, BOMIOWEHHOMY B CEMbeE
®opcaittoB. Yepes eé cyapbby [losncyopcu packpbiBaeT Kko4veBble KOHOGAMKTbI 3MOXM, @ WMMEHHO
CTOJIKHOBEHME AYXOBHbIX LLEHHOCTEN C MAaTEPUAJIbHBIMM U YYBCTBA C PACYETOM.

MpaH C nepBbIX CTpaHML, NPEACTAET KaK JKEeHLWMHA MCKAKUYNTE/IbHOM KpacoTbl: «born gann UpaH
TEMHO-Kapue rnasa u 30/10Tble BOAOCHI - CBOE0Hpa3Hoe couYeTaHUe OTTEHKOB, KOTOPOE NpPMB/EKAET B30PbI
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MYXKUYMH U1, KaK FOBOPAT, CBUAETENLCTBYET O €NaboCTN XapaKTepa», O4HAKO e€ BHELWHAA NPUBAEKATENbHOCTD,
NMWb BHELWHee NposABieHMe BHYTPEHHEN rapMoHMK U cBobogbl. B mmnpe dopcaiitos, rae BCé cBoamuTca K
06n1aflaHNI0  MATepUasbHbIX BeELLei: MMYLLeCTBOM, CTaTyCcoMm, Jaxe AwoabMu, WMpsH OKasbiBaeTcA
yyXKepogHbim 3niemeHToM [1, ¢. 119]. Eé 6pak ¢ Comcom PopcaliTom M3HAYaAbHO CTPOUTCA Ha NPUHLUMMAX
cobctBeHHUYecTBa: COMC BOCMPUHUMAET KeHY KaK ewé oguH npegMeT POCKOLWMW, AOMNOJHEHUE K CBOEW
KONNEKUUU KapTUH 1 mebenn. [ina Hero VMIpaH NPOCTO «Bellb», KOTOPYI MOMKHO KYMUTb, KOHTPO/IMPOBaTh U
[EeMOHCTPMpPOBaTb. ITO NOAYEPKUBAETCA M NEKCUMKOM pomaHa: Comc 4acTo rosopuT 06 MpaH B TepMmuHax
BNAJEHMWA, @ EFO OTHOLLEHWNE K Hel MPOHN3aHO COBCTBEHHUYECKMMM MHCTUHKTaMu [4, c. 204].

MpotusonoctasneHme MpsH n Comca CTPOUTCA Ha KOHTPAcTe weHHocTen. Comc TUNMYHbIM DPopcaiiT,
AN KOTOPOro rnasHoe ero 6e3onacHocTb, CTabuUabHOCTb, KOHTPOAb. Ero nto60Bb K Up3aH aronctuyHa: oH
xo4eT 06n1afaTb €t0, HO He CnocobeH MOHATb €€ BHYTPEHHUI MUP. VIP3H Ke CTpemMUTCcA K MOAJIMHHbIM
yyBCcTBaM, cBO60OAE CaMOBbIpaXKeHUs, AYXOBHOM 6a130CcTU. EE 0TKa3 nogumHaTbcs Bosie Comca He NpocTo
NNYHBbIN BYHT, a BbI3OB cucTeme UeHHocTert PopcaitToB M Bcero obuwiectsa. [axe eé mon4vaHue,
COEPKAHHOCTb, YKAOHUYMBOCTb NPeACTaBAsoT coboi dopmbl conpoTusaeHmsa mupy [3, c. 206].

KntoueBbiM MOMEHTOM, PacKpbiBaroWMm o6pas MpaH Kak HocuTesibHULbI cBO6OAbI, CTAaHOBUTCA €é
cBA3b C BbocuHWU. ApxutekTop BOCMHM - 4YenoBeK WMCKYCCTBA, MeuTaTeslb, YyXAbl MepPKaHTUIbHOCTU
dopcaittos. Ero ntobosb K NpaH 6ecKopbICTHA, OH BUAUT B Hell He 0ObeKT 06M1afaHnA, @ IMYHOCTb. UX
OTHOLLEHMA CUMMBOJIM3MPYIOT MOMbITKY BbIPBATbCA M3 OKOB COOGCTBEHHMYECTBA, 06pecTU MNOAANHHYIO
621130CcTb. O4HAKO 3TOT BYHT OKa3blBAETCA TPArMyHbIM: AaBaeHUe co cTopoHbl CoMca, coLmanbHble HOPMbI U
BHYTPEHHME NPOTUBOPEYUMA NPUBOAAT K rnbenn bocmHm, a MpaH BHOBb OKa3biBaeTcs B fioByLwKe [5, c. 59].

[axe nocne cmepTy BocMHn NpsH He cTaHoBUTCA NOKOopHOMN. EE yxoa u3 goma Comca, OTKas OT AeHer,
CTPEMNEHNE COXPAHUTb AOCTOMHCTBO - BCE 3TO NOAYEPKMBAET €€ BHYTpeHHo cBoboay. OHa He no3BosAeT
cebe cTaTb BelblO OKOHYATENbHO, XOTA 06WEcTBO M 06CTOATENbCTBA TONKAOT €€ MMEHHO K 3Tomy. B
nocaeayroLwmx Yactax car MpsH npoaonKaeT ocTaBaTbCA CUMBOIOM KPAcoTbl, KOTOPAa He NPoAaéTca U He
noayunHaAeTca npasuaam mupa dPopcainTos.

CumBonuKa obpasa MpaH ycunmeaetcs yepes xyLoKecTBeHHble AeTanun. [oacyopcu YacTo onucbiBaeT
eé B CBA3M C NPUPOLHLIMK 06pPa3amMun: CBETOM, BO34YXOM, BOAON, Teé MM 31eMEHTaMM, aCCOLMMPYOLLLMMNCA
€0 cB060OA0M M M3MEHUMBOCTLIO. B KOHTpacTe ¢ Helt DopcaiiTbl CBSA3aHbI C HEMOABUKHOCTbIO, 3AMKHYTOCTbIHO,
CTAaTUKOM: UX AOMa - KPEMNOCTU, UX XU3Hb - puTyan. [laxe LBET UrpaeT posb: MpaH HepeaKo accoummpyeTca
CO CBETOM M NAcTe/IbHbIMM TOHAMM, TOTAa Kak MUp POPCaNTOB C TEMHbBIMU, TAKENBIMM OTTEHKaMM [2, c. 140].

BaxeH M coumanbHbli NoAaTekcT obpasa UpaH. Yepes Heé Toncyopcu KPUTUKYET BUKTOPUAHCKUE
HOPMbI BpaKa, rae *KeHwmHa bblna GaKTUYECKM COBCTBEHHOCTLIO MYKa. MpaH BONIOWAET UAEH0 KEHCKOM
aMaHcunaLumm, NycTb U He B MOJIMTUYECKOM, A B lyXOBHOM cmblicnie. E€ 6opbba 3a NpaBo HbiTb AMYHOCTLIO, @
He YHKLMEN B CEMENHOM cUCTeMe.

B ¢umHane carm obpas UpaH npruobpetaeT NoytM mmdonormyecknin oTteHoK. OHa ocTaértcs 3aragKom
019 OKPYKAIOLLMX, YCKOb3aloLWen N HeAOCTUXKMMON. ITO NOAYEPKMBAET, YTO MCTUHHAA KpacoTa U ceoboaa
He MOryT ObITb MOAYMHEHDBI: OHWU CYLLECTBYIOT BHE CUCTEM KOHTPOAA M BRageHusa. Jaxke Comc, A0 KoHUa
KM3HU OAEPKMMBIN €10, TaK U HE MOXKET €€ «NOoy4nTb», NOTOMY YTO MpP3aH Henb3a o0bnasatb, €€ MOXKHO
TOJ/IbKO YyBCTBOBATb.

Takum obpaszom, NpaH Popcaiit B «Care o dopcaitTax» He NPOCTO repoUnHsA € Tparndeckor cyabboi, a
XYZ0MKECTBEHHbIM CUMBOJ, YEPE3 KOTOPbIN [01CYyOpPCH BbIparkaeT CBOM B3rA4bl Ha NPUPOAY KPacoTbl, 1t06BK
n ceoboapbl. EE obpas CTaHOBMTCA aHTUTE30M MUPY COOCTBEHHWMYECTBA, HAMOMMWHaA, YTO MNOA/IMHHAA
LEHHOCTb Ye/I0BEKa B €70 BHYTPEHHEN HE3aBUCUMMOCTM, a He B cTaTyce uam 6oratcree. NMpoTusocTonaHue NpaH
n dopcalitoB oTpakaeT b6onee WMPOKUIA KOHODAMKT 3MOXu: 6opbOy mexay ycTapeswMmMM HOpPMamu U
HOBbIMM TYMaHUCTUYECKMMM Maeanamu, rae nobeaa, nycrtb M HeENOJIHasA, OCTaétcA 3a cB06040M.
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COMPARING TRADITIONAL AND MODERN TECHNOLOGY-INTEGRATED TEACHING
METHODS IN PHYSICAL EDUCATION

Abstract

Objective: To compare the effectiveness of traditional (in-person) and modern (technology-integrated,
e-learning) teaching methods in university Physical Education (PE).

Methods: A 12-week study was conducted on 120 students (60 males, 60 females) divided into two
equal groups: Group 1 (Traditional: direct field instruction) and Group 2 (Modern: integrated with e-learning,
videos, VR). Physical (1,500m run, hand strength, flexibility, BMI) and mental (motivation, satisfaction, stress)
indicators were analyzed using T-tests (p < 0.05).

Results: The modern method group showed significantly greater improvements in both physical and
mental outcomes compared to the traditional group.

Keywords:
Physical Education, traditional teaching, e-learning, technology integration, training effectiveness,
motivation, physical health, mental well-being.

I. INTRODUCTION

1.1. Background & Objectives

Traditional in-person instruction has long been the standard in Physical Education (PE). However, the
rise of digital technology (e-learning, VR, digital tools) now allows for personalized, precisely tracked training.
This 12-week study aims to compare the effectiveness of traditional and modern technology-integrated PE
methods on university students' physical outcomes (1,500m run, hand strength, flexibility, BMI) and mental
well-being (motivation, satisfaction, stress).

1.2. Research Questions

Which teaching method yields better improvements in students' physical performance?

Which method has a more positive impact on students' mental state and learning motivation?

Il. METHODOLOGY

2.1. Participants

A total of 120 university students (60 males, 60 females) were divided equally into two groups (n = 60
each, 30 males/30 females):

Traditional Group: Attended in-person, field-based PE lessons.

Modern Group: Learned via e-learning platforms with digital tools (videos, VR, tracking apps).

2.2. Procedure & Data Collection

The 12-week study was conducted in three phases:

Phase 1 (Week 0 - Baseline): Pre-intervention assessment of all indicators.

Phase 2 (Weeks 1-12): Implemented the respective teaching methods.

Phase 3 (Week 12 - Post-test): Re-assessed all indicators to evaluate changes.

Variables Indicators & Measurement Tools
Physical 1,500m run (sec), Hand strength (kg, dynamometer), Flexibility (cm, sit-and-reach), BMI (kg/m?).
Mental Learning motivation, Satisfaction, Stress levels (all measured via a 1-5 Likert scale questionnaire).
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2.3. Statistical Analysis

Data were analyzed using SPSS software. Paired and Independent T-tests were applied to compare
pre- and post-intervention changes between the two groups, with a significance level of p < 0.05.

11l. RESULTS AND DISCUSSION

3.1. Physical Training Effectiveness

Table 1
Comparison of Physical Indicators (Pre vs. Post 12 Weeks)
Indicators Traditional (WO) Traditional (W12) Modern (WO0) Modern (W12)
1,500m Run (s) 420 + 20 390 +18 415+ 22 370 £15
Hand Strength (kg) 32.0%25 35.0+2.3 33.0+2.7 37.0+2.5
Flexibility (cm) 25.0%3.0 29.0+2.8 26.0+3.2 32.0+3.0
BMI (kg /m?) 22.7+1.2 225+1.1 22.8+1.3 22.2+1.0

Analysis: While both groups showed significant physical improvements post-intervention (p < 0.05),
the Modern Group demonstrated superior progress. Specifically, their 1,500m run time decreased by 45s (vs.
30s in the Traditional Group), hand strength increased by 4kg (vs. 3kg), and flexibility improved by 6cm (vs.
4cm). The Modern Group's greater BMI reduction also indicates a more effective balance between training
and lifestyle management.

3.2. Mental Well-being and Learning Motivation

Table 2
Comparison of Mental Indicators (Pre vs. Post 12 Weeks)
Indicators Traditional (WO0) Traditional (W12) Modern (WO0) Modern (W12)
Learning Motivation (1-5) 3.8+0.4 40+0.3 40+0.5 46+0.4
Satisfaction Level (1-5) 3.5+0.5 3.8+0.4 3704 45+0.3
Stress Level (1-5) * 3.2+0.4 3.0+03 3.3+0.5 2.8+0.3

*Note: Lower stress scores indicate positive improvement.

Analysis: The Modern Group showed substantial psychological improvements compared to the
Traditional Group: motivation rose sharply to 4.6 (vs. 4.0), satisfaction reached 4.5 (vs. 3.8), and stress
decreased significantly to 2.8 (vs. 3.0). This indicates that the modern technology-integrated approach
creates a more engaging environment, boosting motivation and reducing academic stress effectively.

Motivation [Traditional] _ 4.0
Modern] I /. 6

Satisfaction [Traditional] _ 3.8
Modern] I © 5

Stress * [Traditional] _ 3.0
[Modern] _ 2.8 (Lower is better)

Figure 1 — Post-Intervention (W12) Mental Score Comparison
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IV. DISCUSSION

4.1. Physical Indicators

While both methods improved physical outcomes, the Modern Group achieved superior results. The
45s reduction in the 1,500m run (vs. 30s in the Traditional Group) suggests that digital tracking helps students
optimize their pacing strategies. Similarly, greater gains in hand strength (+4kg vs. +3kg) and flexibility (+6cm
vs. +4cm) demonstrate the efficacy of personalized workouts and detailed digital guidance. Better BMI
management further underscores the value of data-driven training.

4.2. Mental Well-being

The modern approach also yielded stronger psychological benefits. It led to higher concentration gains
(+11 points vs. +7 points) and greater stress reduction (-1.7 points vs. -1.5 points), likely due to the flexibility
and variety of e-learning resources. Consequently, overall program satisfaction was significantly higher in the
Modern Group (8.0 vs. 7.5), indicating enhanced student engagement.

4.3. General Evaluation

Traditional PE instruction remains effective but lacks personalization. Conversely, the modern method
leverages technology to foster autonomy, track individual progress, and enhance both physical and mental
health. These findings highlight the need to integrate digital tools into university PE curricula. Future research
should examine the long-term sustainability of student motivation via modern methods.

V. CONCLUSION AND RECOMMENDATIONS

5.1. Conclusion

The modern technology-integrated PE method outperforms the traditional approach in improving both
physical and mental outcomes for university students.

Students utilizing modern methods showed greater gains in physical tests, higher learning motivation,
and enhanced satisfaction while experiencing lower stress levels.

5.2. Recommendations

For Universities: Invest in digital PE infrastructure and adopt a hybrid teaching model that combines
traditional and modern methods.

For Lecturers: Enhance digital literacy skills to effectively implement technology-driven and
personalized training.

For Researchers: Expand sample sizes and control external variables to evaluate the long-term impacts
of digital PE methods.
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THE REGULATIONS ON PHYSICAL FITNESS TESTS FOR STUDENTS ISSUED BY THE MINISTRY OF EDUCATION
AND TRAINING ARE APPLIED SPECIFICALLY TO STUDENTS OF THE ACADEMY OF FINANCE

Summary
Based on the practical experience of teaching Physical Education subjects in schools and the
requirements of the Ministry of Education and Training regarding regulations on physical fitness tests, the
Academy of Finance has applied these tests to assess the physical fitness of its students both upon entry and
exit.
Keywords:
physical fitness test for students.

1. PROBLEM STATEMENT

The physical education program at the Academy of Finance faces severe resource constraints, including
inadequate teaching facilities and poor learning conditions. Additionally, student fitness assessment is largely
neglected by both the institution and its faculty. Current academic research at the school relies on evaluation
tests that fail to comply with official standards, ignoring the mandatory fitness assessment criteria clearly
regulated by the Ministry of Education and Training in Decision No. 53/2008/QD-BGDDT (issued September
18, 2008). The standardized tests required by this decree include:

2. CONTENT OF THE TEST REGULATIONS

The six mandatory physical fitness tests and their protocols are conducted as follows: 30m Sprint (s)
measures speed by sprinting 30 meters from a standing start; Standing Long Jump (cm) measures explosive
leg power by jumping forward with both feet from a take-off line; Dominant Hand Grip Strength (kg)
measures upper-body strength by squeezing a dynamometer with maximum force; 30-Second Sit-Ups (reps)
measures abdominal endurance by performing maximum full sit-ups from a supine, knees-bent position
within 30 seconds; 5-Minute Run (m) measures cardiovascular endurance by covering the maximum possible
distance at a self-selected pace; and 4x10m Shuttle Run (s) measures agility by sprinting back and forth four
times between two lines spaced 10 meters apart.

2.1. 30m sprint (Assessment of speed), Unit of measurement — Seconds

- 30m Sprint Protocol

¢ Equipment: Casio PC940 digital stopwatch (0.01s accuracy), flags, and a flat running track.

e Preparation: Participants must wear running shoes or go barefoot. Upon the "take your positions"
command, they stand behind the starting line in a comfortable, relaxed split-stance with the center of gravity
slightly shifted forward.

e Execution & Result: Upon the command "Ready — run," the participant sprints at maximum velocity
past the finish line. The timer starts at the signal and stops when the runner's torso crosses the finish line,
following standard athletics rules. The test is performed once, and the time is recorded in seconds.

2.2. Lying on your back, do sit-ups for 30 seconds (Strength assessment), Unit of measurement —
number of repetitions.

e Equipment: Rubber mats, benches, or grass.

e Preparation: The participant sits on a clean, flat surface with knees bent at a $90/\circ$ angle, feet
flat, and fingers interlaced behind the head with elbows touching the thighs. An assistant sits facing them,
holding their lower legs to keep the feet firmly on the floor.
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o Execution & Result: On command, the participant lowers their back until both shoulder blades touch
the floor, then immediately sits up until both elbows touch their thighs. Each complete cycle counts as one
repetition. The test is performed once, and the total number of correct repetitions completed within 30
seconds is recorded.

2.3. Standing long jump (Strength assessment), Unit of measurement (cm).

e Equipment: A 1x3m shock-absorbing rubber mat secured with a 3m alloy measuring ruler on a flat
surface, with the zero mark aligned precisely with the drawn starting line.

e Preparation & Execution: The participant stands with feet naturally split for stability and toes just
behind the starting line. To execute, they swing their arms up, lower their center of gravity, bend the torso,
and swing the arms back; they then drive their feet into the ground to jump forward as far as possible,
swinging both arms forcefully forward and landing simultaneously on both feet.

o Result: The distance is measured in centimeters from the starting line to the back of the closest heel
print. The participant completes two attempts, and the longest distance is recorded.

2.4. Dominant Hand Grip Strength (Strength Assessment) Unit of measurement: kg

- Required equipment: Force meter

- Technical requirements for the exercise: The person being tested stands with feet shoulder-width
apart, holding the dynamometer in their dominant hand with their palm facing inward. There should be no
jerky squeezing or other assisting movements. Perform the exercise twice, resting 15 seconds between
repetitions.

- How to calculate the score: Take the highest result, accurate to 0.1kg.

2.5. Run for 5 minutes (Assessment of endurance), Unit of measurement: meters

A Casio PC 940 electronic stopwatch (Japan), a track at least 52m long and 2m wide, with at least 1m
of space between each end marked for turning. A center line marker is placed between the two ends of the
track for turning. Along the 50m section, 5m intervals are marked to determine the fractional distance (5m
1) remaining after the running time expires. Measuring equipment includes a stopwatch, numbered
wristbands, and tickets corresponding to each number.

All actions of the inspector and the test subject are similar to " shuttle running" when the command
"run" is given. The test subject runs in the running area, covering a distance of 50m, then circles (to the left)
around the reference object, repeating this process within a time limit of 5 minutes.

- Result: Perform the task once and determine the achievement (measured in meters).

2.6. Shuttle race 4x10m (Assessment of agility and dexterity), Unit of measurement - seconds

- Equipment: The track measures 10 x 1.2 m per lane, with markers at the four corners for turning
around. The track must be flat and non-slippery. For safety, there must be at least 2 m of open space at both
ends of the track. Equipment includes a stopwatch, signal flags, and marker posts.

- Method of implementation:

+ Execution and Completion: The subject of the investigation follows the command "on position - ready
- run," similar to the procedure demonstrated in a 30m high-start run. Upon reaching the 10m line, as soon
as one foot touches the line, they quickly turn 180 degrees to run back to the starting line, and after the foot
touches the starting line, they turn back again. This is repeated until the end of the distance, a total of four
10m turns. The direction of the turn, left or right, depends on individual habit.

- Result: Perform the task once and determine the performance (in seconds).

3. CONCLUSION

The physical fitness assessment tests for students, as stipulated by the Ministry of Education and
Training (issued with Decision No. 53/2008/QD-GDDT dated September 18, 2008, by the Minister of
Education and Training), have been applied by universities, but have not been thoroughly implemented at
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the Academy of Finance. Therefore, | am writing this report hoping that the school and its teachers will adopt
them.

This decision also requires schools to have a specific plan for testing, evaluating, and classifying the
physical fitness of students annually, to arrange a reasonable time for organizing the tests, to record and
keep a record of the results of the physical fithess assessment and classification of each student, and to
compile and report the results to the direct management agency periodically every year.
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SELECT SOME SUPPLEMENTARY EXERCISES TO IMPROVE THE EFFECTIVENESS OF PERFORMING THE
FRONT HAND LOW SERVE TECHNIQUE FOR STUDENTS OF THE UNIVERSITY OF MINING AND GEOLOGY

Summary
Using conventional scientific research methods, the author has presented the following articles. This
supplementary training aims to improve the effectiveness of overhead passing technique for students at the
University of Mining and Geology.
Keywords:
supplementary exercises for students on overhead passing .

I. INTRODUCTION

Volleyball is a globally popular sport requiring a combination of technique, physical fitness, and tactics.
Among fundamental skills, the overhead pass is crucial for offensive organization and tactical stability.
However, many students at the University of Mining and Geology still struggle with technical errors, hindering
their performance and progress. This issue often stems from a lack of proper initial technical grasp and
inadequate training methods.

Therefore, this study focuses on identifying the root causes of common mistakes in the overhead pass
technique. Based on these findings, we selected and applied specific supplementary exercises to improve
technical accuracy and training efficiency for students. This research contributes to innovating teaching
methods and enhancing the quality of volleyball training within the university.
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Il. CONTENT

1. Identify the factors affecting the effectiveness of passing technique.

Theoretical Basis of Overhead Passing Technique

The effectiveness of volleyball techniques, particularly the overhead pass, is determined by four
fundamental pillars:

1. Technical Proficiency: Mastering biomechanical principles and achieving "automation" in
movement are decisive. High technical stability allows players to focus on tactical creativity rather than basic
execution.

2. Psychological Factors: Success depends on courage, confidence, and decisiveness. Players must
be trained to maintain mental stability against objective pressures such as spectators, referees, and high-
stakes competition.

3. Physiological Basis: Skills are formed through repeated conditioned reflexes. Training must follow
a progressive logic—from simple to complex—to establish a firm motor pattern in the cerebral cortex.

4. Tactical Importance: Modern volleyball demands versatile passing (front, over-the-head,
jumping, or one-handed). A precise overhead pass not only stabilizes the home team's formation but also
disrupts the opponent's blocking and defense.

Overhand passing technique using both hands in front.

NS
-/

5 S
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Figure 1 — Overhand pass technique using both hands in front.

Technical Procedure of the Frontal Overhead Pass

e Preparation: Feet shoulder-width apart, knees bent, center of gravity lowered and shifted forward.

e Execution: Hands form a "pouch" shape, thumbs about 15cm from the forehead. Main contact points
are the fingers (especially thumbs, index, and middle fingers). As the ball arrives, coordinate legs, torso, and
arms to push the ball upward-forward using wrist and finger power.

e Follow-through: Arms extend fully following the ball's trajectory before returning to the ready
stance.

2. Stages of Technical Training

e Initial Phase: Mastering technical principles and rhythm while eliminating unnecessary muscle
tension.

e Intensive Consolidation: Refining movement structure, increasing accuracy, and coordinating body
parts.

e Finalization: Stabilizing skills under competitive conditions and adapting to individual characteristics.

3. Common Mistakes and Supplementary Exercises

Common Mistakes:

e Inaccurate ball tossing (too high/low/far).
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e Incorrect contact point or improper coordination between legs and arms.

e Unstable starting position or rushed execution.

Selected Supplementary Exercises:

1. Toss and Catch: Practicing ball control and catching at the correct contact point.

2. Wall Passing: Developing wrist strength and rhythm.

3. Partner Drills: Passing back and forth to improve spatial awareness.

4. Distance Variation: Passing over the net while gradually increasing the distance.

lll. Conclusion and Recommendations.

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

Performing supplementary exercises and technical drills is especially important in helping trainees
quickly improve their overhead passing skills in volleyball.

2. Recommendations.

Based on the report's findings, it is suggested that volleyball teachers continue to apply these exercises
to new volleyball students to improve learning effectiveness and further confirm the effectiveness of the
selected exercises.
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STRUCTURAL AND SEMANTIC PATTERNS OF COMPOUND VERBS IN CONTEMPORARY ENGLISH:
A DESCRIPTIVE CORPUS-INFORMED STUDY

Abstract

This study presents a descriptive and corpus-informed analysis of compound verbs in contemporary
English. Drawing on established lexical items documented in major dictionaries and morphological literature,
the study examines structural patterns and semantic properties of compound verbs. The analysis proposes a
six-category framework based on constituent structure and semantic behavior, including verb—verb, noun—
verb, adjective—verb, idiomatic compounds, semantically dual compounds, and verb-forming compounds
derived from non-verbal bases. Findings indicate that compound verbs vary significantly in productivity and
lexical transparency, with noun—verb compounds emerging as the most productive and semantically
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transparent category. The study contributes to morphological theory by highlighting the interaction between
compounding, lexicalization, and semantic change.
Keywords:
compound verbs, English morphology, compounding, lexicalization, semantic transparency.

1. Introduction

Compounding is a central process in English word formation, enabling the creation of new lexical items
through the combination of existing bases (Bauer, 2003; Plag, 2018). While noun compounds have been
extensively studied due to their high productivity, compound verbs remain comparatively underexplored in
morphological research despite their relevance to lexical expansion and semantic innovation.

Compound verbs allow speakers to encode complex actions as single lexical units. These forms often
arise in specialized domains such as technology, cooking, administration, and media discourse. Over time,
many compound verbs undergo lexicalization, resulting in stable entries in the lexicon.

This study aims to provide a systematic description of compound verbs in contemporary English and
to address the following research questions:

1. What structural patterns characterize English compound verbs?

2. How do semantic properties vary across different compound verb types?

3. What descriptive classification can account for observed variation?

2, Literature review

Compounding refers to the morphological process of forming new lexical items by combining two or
more bases (Katamba, 1993; Lieber, 2009). English compounds may function as nouns, adjectives, or verbs,
although verbal compounding is generally less productive due to constraints imposed by argument structure
and syntactic compatibility (Plag, 2018).

Previous studies suggest that compound verbs exhibit varying degrees of semantic transparency. Bauer
et al. (2013) argue that compounding often involves a continuum from fully compositional meanings to highly
lexicalized and idiomatic interpretations. This continuum reflects the interaction between morphology and
lexical semantics.

Despite extensive research on compounding in general, relatively few studies have focused specifically
on compound verbs as a unified category. This gap motivates a descriptive investigation of their structural
and semantic properties.

3. Methodology

This study adopts a qualitative descriptive and corpus-informed approach. The dataset consists of
established compound verbs documented in: major English dictionaries (Oxford, Cambridge, Merriam-
Webster), morphological reference works, and widely cited linguistic literature.

Items were selected based on the following criteria:

1. Attestation in at least one authoritative lexical resource.

2. Evidence of verbal function in contemporary usage.

3. Exclusion of purely compositional phrases lacking lexicalization.

The data were analyzed according to: morphological structure (constituent categories) and semantic
transparency (compositional vs. idiomatic meaning). A six-category classification framework was then
developed inductively from the data.

4. Results and discussion

4.1 Verb—Verb Compounds

Verb—verb compounds are relatively rare in English due to structural constraints on verbal combination
(Plag, 2018).
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Table 1

Verb—Verb Compound Verbs

Sleepwalk
Stir-fry
Spin-dry
Blow-dry
Test-drive
Freeze-dry
Jumpstart
Crossbreed
Crashland

OO |N(O|(LN|BAR|WIN (-

These compounds typically encode integrated or sequential actions that have become lexicalized in
specialized domains (e.g., technical or procedural contexts). They exhibit moderate to high semantic
transparency but limited productivity.

4.2 Noun—Verb Compounds

Noun—-verb compounds represent the most productive category in the dataset. The nominal element
typically specifies the object, instrument, or domain of the action (Lieber, 2009).

Table 2

Noun—Verb Compound Verbs
Babysit
Housesit
Househunt
Breastfeed
Sightsee
Skydive
Proofread
Shoplift
Daydream
Web-surf

VI |IN|O|(N[B|W|IN|(F

=
o

4.3 Adjective—Verb Compounds
Adjective—verb compounds encode manner, degree, or procedural conditions (Bauer et al., 2013).

Table 3

Adjective—Verb Compound Verbs

Blindfold
Dry-clean
Double - check
Quick - freeze
Cold - press
Deep - fry
Slow - cook
Wide - open
Hard-boil
Soft-boil

V|V [W|N |-

=
o

4.4 ldiomatic Compound Verbs
These compounds exhibit non-compositional meanings reflecting lexicalization and idiomaticization
(Katamba, 1993).
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Table 4

Idiomatic Compound Verbs

Coldcall
Ghostwrite
Brainstorm
Troubleshoot
Brainwash
Pump-prime
Head hunt

Njojn(h|W|IN|-

4.5 Literal-Figurative Dual-Meaning Compounds
These compounds exhibit both compositional and metaphorical meanings depending on context.

Table 5
Literal and Figurative Compound Verbs
Compound Verb Literal Meaning Figurative Meaning
1 backstab stab in the back betray someone
2 whitewash cover with white paint conceal wrongdoing
3 shortchange give less change treat unfairly
4 handpick pick by hand select carefully
5 backpedal pedal backward retract an opinion
6 kick-start start a machine initiate a process
7 soft-pedal play softly downplay something
8 Free-fall Fall freely decline rapidly
4.6 Non-Verbal Base Verb Formation
This category includes verbs derived from nominal or adjectival bases through conversion.
Table 6
Non-Verbal Base Compound Verbs
1 Fast tract
2 Moonlight
3 Greenlight
4 Snowball
5 Gaslight
6 Headbutt
7 Pinpoint
8 Highlight

5. Conclusion

This study provides a descriptive analysis of English compound verbs based on structural and semantic
criteria. The results show that compound verbs are heterogeneous in form and meaning, ranging from fully
compositional to highly lexicalized expressions. Noun—-verb compounds emerge as the most productive
category, while verb—verb compounds remain marginal.

The study highlights the importance of lexicalization and semantic change in shaping compound verb
formation in contemporary English. Future research should adopt corpus-based quantitative methods to
further investigate frequency and productivity.
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SOLUTIONS FOR DEVELOPING SPEED AND STRENGTH FOR THE BASKETBALL
TEAM OF THE UNIVERSITY OF MINING AND GEOLOGY

Summary
Using conventional scientific research methods, the author has employed effective solutions to
develop speed and strength for the basketball team of the University of Mining and Geology.
Keywords:
solutions for developing speed and strength in students .

l. INTRODUCTION

Il. Report Content:

11.1. The role and characteristics of strength training in basketball.

[1.1.1. The Role of Strength in Basketball:

Strength and speed are particularly important qualities in basketball. Basketball is a team sport with a
high degree of indirect competition, characterized by quick starts, sudden stops, and jumps that create
surprise and opportunities for scoring, passing, shooting, etc. Even defensive movements require greater
strength. Therefore, it can be said that strength and speed play a crucial role in enabling athletes to perform
technical movements effectively in basketball.

As a crucial quality for basketball players, speed and strength enable them to execute tactical plans
during training and competition, surprise opponents, and improve their performance.

In summary, speed and strength are among the most important factors in training, competing, and
improving basketball performance. Therefore, many renowned basketball experts and coaches prioritize
strength training for their athletes.

[1.1.2. Characteristics of training strength and speed qualities in basketball:

In basketball training and coaching, when arranging strength and speed exercises for each practice
session, attention must be paid to their placement. Strength and speed exercises should only be performed
after a thorough and complete warm-up, and in all cases, they should be scheduled after agility and flexibility
exercises. The same applies to technique and tactics.

Strength and speed training should be introduced to young players early on, as it is an integral part of
comprehensive training. When conducting strength training for young players, the following points should
be considered:

- The choice of equipment and training resistance.

- Change your workout equipment regularly.
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- Always pay attention to individual treatment.

- The exercises and techniques should be performed appropriately for the individual. Adequate rest
and adjustments to the training pace are necessary when the training volume is high.

Never train with maximum weight.

After strength and speed training exercises, it's always necessary to relax and recover.

Explosive power is the highest manifestation of strength. Developing explosive power, in addition to
relying on achieving maximum strength, also requires attention to the following characteristics:

+ Based on enhancing the maximum speed and strength of the muscles, thereby improving the ability
to complete movements quickly.

To develop explosive power in basketball, training is conducted with varying weight levels. If training
with low weight, the critical speed limit develops speed but does not meet the strength requirements. If
using heavy weight, speed decreases, and this temporary decrease can only be recovered after stopping
heavy training or drastically reducing the weight, which takes 2 to 6 weeks. Therefore, during periods of
temporary speed reduction, weightless exercises should be used, or if weights are used, they should be
reduced, allowing for the combined training of strength and speed.

+ When developing explosive lower limb strength, it is necessary to combine leg strength training with
various jumping exercises. This will create opportunities to convert maximum strength into explosive power.

11.2. Research on selecting some exercises to develop speed and strength for basketball students at
the University of Mining and Geology.

To select exercises that develop speed and strength for basketball students at the University of Mining
and Geology, we first considered the exercises commonly used in physical training sessions for students, the
available facilities at the university, and analyzed relevant documents and observed basketball training
sessions in various units to find suitable exercises for developing strength in male basketball students at the
University of Mining and Geology.

Based on the research results, we selected 38 exercises, divided into two groups: general strength
training exercises and specialized strength training exercises. Specifically:

General strength training exercises: 6 exercises.

Specialized strength training exercises: 6 exercises.

These exercises were developed through interviews with teachers and coaches at universities in Hanoi
to find the most suitable exercises for developing strength in basketball students at the Hanoi University of
Mining and Geology. The specific interview method is as described in the previous section of this study. We
will select exercises that achieve 70% or more of the maximum total score in both interviews.

Exercise 1: Jump high without a run-up.

- Purpose: To develop ankle strength in jumping movements for basketball students.

- Execution: The performer stands in place and jumps continuously at maximum height from the start
signal until the stop signal. Perform 3-5 sets, each set lasting 10-15 seconds, with a 15-second rest between
sets and active rest periods.

- Requirement: Perform a jump as high as possible and reach with your arms when your body comes
to a stop at the highest point.

Exercise 2: Repeated knee raises.

- Purpose: To develop ankle strength in jumping movements.

- Execution: The performer stands in place. Upon receiving the signal, they perform a standing high
jump with knee flexion so that at the highest point, the leg is bent at the knee joint and the knee is higher
than the waist. Continue until the stop signal is given. Perform 3-5 sets, each set lasting 10-15 seconds, with
a 15-second rest between sets.
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- Requirement: Perform a jump as high as possible and reach with your arms when your body comes
to a stop at the highest point.

Lesson 3: High jump with a run-up.

- Purpose: To increase ankle strength during the running jump.

- Execution: The participant takes a running start (about 3 steps) and jumps as high as possible onto
the board. Perform continuously 5-7 times per group, for 3 groups, with a 15-second rest between groups,
followed by active rest. Alternatively, the exercise can be performed in a continuous circle with a group of 7-
10 people, with natural and active rest periods.

- Requirement: Take a suitable run-up so that you can jump as high as possible, with the board at its
highest position. Jump with all your might.

Lesson 4: Standing long jump.

- Purpose: To increase ankle strength during jumping movements.

- Execution: Participants stand at the starting line and perform 5-7 consecutive standing long jumps
per group, completing 3 groups. There is a 15-second rest period between groups, followed by active rest.
Alternatively, the exercise can be performed in a continuous circle with a group of 7-10 people, with natural
and active rest periods.

- Requirements: The performer must squat down to gain momentum in place, aiming for the highest
possible jump, without bracing themselves with their hands or falling backward. Jump with all their might.

Exercise 5: Back muscles — Abdominal muscles.

- Purpose: To develop back and abdominal muscle strength for students.

- Execution: One set of exercises is counted as one set of back muscles and one set of abdominal
muscles.

+ Abdominal exercises: Two people work together, one performing the exercise and the other
assisting. The performer lies on their back with their hips, back, and legs touching the ground, shoulders
about 5-10 cm from the ground, head raised above the ground towards the shoulders, and hands behind the
neck. The assistant ensures the performer's feet remain in contact with the ground. When the signal to start
is given, the performer uses their abdominal strength to lift their entire upper body perpendicular to the
ground, then regains control to return to the starting position. Repeat continuously 20-25 times.

+ Back Muscle Exercise: Two people work together, one performing the exercise and the other
assisting. The performer lies face down with their legs, thighs, and abdomen touching the ground, chest
about 5-10 cm from the ground, head elevated above the ground towards the shoulders, and hands behind
the neck. The assistant ensures the performer's legs remain in contact with the ground. When the signal to
start is given, the performer uses their back muscle strength to lift their entire upper body as high as possible
off the ground, then returns to the starting position. Repeat continuously 20-25 times.

Perform 2-3 sets, resting 15 seconds between sets, and taking active breaks.

Exercise 6: Push-ups (lying face down).

- Purpose: To increase wrist, arm, and overall body strength.

- Execution: The person performs the exercise in a prone position, supporting themselves on their
hands so that both arms are straight (without bending the elbows), the distance between the hands equal to
the distance between the shoulders, with legs, hips, back, and shoulders on a relatively flat surface. Upon
the start signal, immediately lower the body's center of gravity to the lowest point by bending the elbows (so
that the body almost touches the ground), then straighten the elbows to return the body to the starting
position. Repeat continuously until the prescribed number of repetitions is completed. Perform 3 sets, each
set with 15-20 repetitions, resting 30 seconds between sets, and taking active rest.

- Requirements: Throughout the exercise, the legs, hips, back, and shoulders must remain relatively
flat. Lower the body's center of gravity to the lowest possible level.
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lll. Conclusion and Recommendations:

11l.1. Conclusion:

Through research, the author has selected 6 strength-building exercises for basketball students at the
University of Mining and Geology, including 6 general strength-building exercises and 6 specialized strength-
building exercises.

* Specialized strength training exercises:

- Continuously and quickly toss and catch the ball in various positions (in place, turning around,
moving, one-handed tossing and catching, two-handed tossing and catching).

- Hold a ball or a heavy object and perform movements such as raising your arms to chest level,
shoulder level, upward and backward, and rotating them.

- Jumping and throwing the ball from different positions .

- Hold the elastic band or pull on an elastic object, swing your arm to hit the ball with the
strength of your shoulder.

- Jump and throw the ball over the net into a designated area .

- Pass the ball into the wall while moving.

11l.2. Recommendations:

During teaching, learning, and training, selected exercises aimed at developing strength for the
basketball team of the University of Mining and Geology should be applied in practice, and their effectiveness
should be initially evaluated. Through evaluation, the selected exercises have proven more effective than
those commonly used at the University of Mining and Geology.
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INSTRUCTIONS ON THE RULES OF VOLLEYBALL FOR FEMALE STAFF
MINING AND GEOLOGY UNIVERSITY

Summary
Based on the recreational volleyball documents from the General Department of Physical Education
and Sports, the author introduces the rules of recreational volleyball for female staff members of the
University of Mining and Geology.
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Keywords:
Rules of play for women's recreational volleyball for female officials .

PROBLEM STATEMENT

Overview: Soft volleyball is a popular, health-promoting sport that fosters teamwork and resilience.
At the University of Mining and Geology, it is highly favored by female students and staff, evidenced by
annual tournaments. To address the need for a clearer understanding of the regulations during training and
competition, this guide outlines the official rules for all participants.

CONTENT

RULES OF VOLLEYBALL

I. Playing fields and equipment.

Article 1. The playing field.

Recreational Volleyball Court Specifications and Zones A recreational volleyball court is a flat, level,
uniform, and hazard-free rectangle measuring 12 x 6m, surrounded by a free-play zone at least 2m wide with
an unobstructed vertical clearance of 5m. Indoor surfaces must be light-colored, while outdoor courts permit
a drainage slope of 5 mm/m; hard materials for lines are prohibited. All boundary lines are 5cm wide, light-
colored, and included within the court's dimensions. A center line divides the court into two equal 6 x 6m
sections directly under the net. On each side, an attack line is drawn parallel to and 2m from the center line
axis to mark the front zone; this line is extended beyond the sidelines by three 15cm dashed lines spaced
20cm apart (105cm total length), and national competitions include a parallel dashed "Coach's Line" 105cm
from the sideline. Specific designated areas include: the Front Area, extending from the center line to the
back edge of the attack line and out to the free zone boundary; the Serving Area, a 6m wide zone behind
each end line bounded by two 15cm perpendicular lines drawn 20cm behind the end line as extensions of
the sidelines; the Substitution Area, bounded by the extensions of the two attack lines to the scorer's desk;
the Warm-up Area, measuring 3 x 3m located at each corner of the free zone; and the Penalty Zone, a 1 x
1m area marked by 5cm red lines located behind each team's bench along the extension of the end line.
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Article 2. Net and net posts for recreational volleyball matches.

The net is stretched horizontally over the center line, with a standard height of 2.20m for men and
2.00m for women measured at the center of the court; the ends above the sidelines must be equal and may
not exceed this height by more than 2cm. Structurally, the net is dark-colored, 7.5-8m long, 1m wide, and
woven into 10cm square meshes. It features a 7cm wide white canvas band folded along the top edge
(threaded with a tightening cable) and a 5cm wide white band along the bottom edge (threaded with a
securing string). Two white limit bands (5cm wide, 1m long) are fastened vertically to the net directly above
each sideline. An antenna—a flexible fiberglass rod 1.8m long and 10mm in diameter—is securely attached
to the outer edge of each limit band; it extends 80cm above the top of the net and is painted in alternating
10cm sections of contrasting colors (typically red and white) to define the lateral boundaries of the ball's
legal crossing space. The net is supported by two net posts positioned 0.5-1.0m outside the sidelines; these
posts must be 2.30m high, adjustable, rounded, smooth, and securely anchored to the ground without the
use of hazardous supporting cables or dangerous accessories.

Article 3. Regulations concerning inflatable volleyballs.

The ball must be spherical, made of soft rubber, and uniform in color (either yellow or orange-yellow).
It must have an inflated circumference of 78-80cm and a total weight of 180-200 grams. For any given match,
all balls used must be completely homogenous, meaning they must share identical specifications in terms of
circumference, weight, internal pressure, material type, and color.

Il. Regulations regarding the number of participants in a recreational volleyball match.

Article 4. The team.

A team consists of a maximum of 10 athletes, 1 head coach, 1 assistant coach, 1 caregiver, and 1 doctor.
The team captain on the field must be clearly indicated in the match report. Only athletes officially registered
in the competition record are allowed to enter the field and compete. Once the coach and team captain have
signed this official record, no changes to the registered roster are permitted.

Article 5. Leadership of the recreational volleyball team.

The team captain and coach are responsible for the behavior and discipline of the team members.

Ill. Format of recreational volleyball competition.

Article 6. One point is awarded, one set is won, and one match is won.

A team scores a point when the ball lands on the opponent's court, or when the opponent commits a
fault or receives a penalty. If consecutive faults occur, only the first is penalized; if simultaneous faults occur
by both teams, a replay is directed. To win a set (except the third), a team must reach 21 points with a
minimum 2-point advantage; play continues past 21-21 until a 2-point lead is established. A match is won by
the team that wins two sets. In the event of a 1-1 tie, a decisive third set is played to 15 points (requiring a
2-point lead), and teams switch sides when one reaches 8 points. If a team refuses to play after being
summoned, it forfeits the match with a loss of 0-2 (0-21 per set).

Article 7. Organizing the match.

Before the match, the first umpire conducts a draw to determine which team has priority to kick off
first and which team chooses the court in the first set. If a third set is played, a new draw must be conducted.

IV. Activities related to recreational volleyball competitions.

Article 8. Status of competition.

8.1. Ball in play: Starts when the umpire whistles to allow the serve and the player contacts the ball.
8.2. Ball out of play: Ends when the referee whistles a fault; any action thereafter is ignored.

Article 9. Ball-playing movements.

Team Play: Each team must stay in their own area (retrieving from outside the free zone is permitted).
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9.1. Team Hits: Max 3 hits to return the ball (excluding blocks). 9.1.1. Consecutive Hits: A player cannot hit
the ball twice in a row. 9.1.2. Simultaneous Hits: Multiple players touching the ball counts as one touch each;
concurrent hits by opponents allow 3 more touches (or a replay if in the net). 9.1.3. Assistance: No using
objects/teammates to reach the ball (teammates may only prevent/stop a foul). 9.2. Contact Rules: Any body
part is allowed; the ball must be hit, not caught/thrown. Multiple body contacts are allowed if part of a single
action (or during blocking/first team hit). 9.3. Faults: Four hits, illegal assistance, holding/throwing, or double
contact.

Article 10. The ball is in the net.

10.1. The ball goes over the net.

10.1.1. The ball hit into the opponent's court must pass through the space above the net.

10.2. Ball touches the net: When passing over the net, the ball may touch the net.

10.3. The ball is in the net.

10.3.1. Arebound from a ball hitting the net can be returned if the team has not touched the ball more
than three times.

10.3.2. If the ball tears the net or pulls the net down, discard that play and play again.

Article 11. The athlete is near the net.

11.1. Above the Net: Blockers may touch the ball beyond the net if they don't obstruct the opponent's
attack; hitters may follow through over the net provided contact occurred in their own space. 11.2. Below
the Net: Crossing is allowed if it doesn't obstruct the opponent. Penetrating the opponent's court is
permitted if part of the feet/hands remains on or above the center line. Movement into the opponent's free
zone is allowed if there is no interference. 11.3. Net Contact: Touching the net during a playing action is a
fault. Contact with posts or external equipment is allowed if it does not affect play. Net movement caused
by the ball hitting the net into an opponent is not a fault. 11.4. Net Faults: Fouls include touching the
ball/opponent in their space, hindering play, fully crossing the center line, touching the top tape/antenna
during an action, using the net for support, gaining an unfair advantage, or obstructing the opponent.

Conclusion and recommendations.

Through my experience teaching students at the University of Mining and Geology, combined with
organizing volleyball tournaments for female staff and students, | have found that soft volleyball is very
suitable for female staff and students of the University of Mining and Geology to practice and compete in.
Therefore, | propose that the university consider establishing a soft volleyball club for female staff and
students and organizing an annual soft volleyball tournament for staff and students of the University of
Mining and Geology.
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BRIDGING CONTINUOUS PRODUCTION AND DISCRETE SECURITY:
A PEDAGOGICAL FRAMEWORK GROUNDED IN LOGARITHMIC ISOMORPHISM

Abstract

This paper proposes an innovative pedagogical framework for teaching advanced mathematics at the
Academy of Cryptography Techniques to address the cognitive fragmentation between continuous calculus
and discrete algebra. Grounded in Realis-tic Mathematics Education (RME), the study examines the
phenomenon of structural convergence by deciphering the mathematical isomorphism between two classical
models: the Cobb-Douglas production function (operating in the continuous space R+) and the Diffie-Hellman
key exchange protocol (operating in the discrete space Zx). The structural analysis reveals that the
logarithmic transformation functions as a dual-natured mechanism — linearizing continuous economic
hyperplanes for pre-dictable forecasting while obfuscating discrete lattice trajectories for cryptographic
security. The proposed dual-stage pedagogical module not only optimizes students’ cognitive architectures
based on Schema Theory and Metaphorical Thinking but also fosters interdisciplinary intuition, enhancing
algorithmic reasoning and long-term knowledge retention for cryptography students in the digital era.

Keywords:
Interdisciplinary mathematics pedagogy; Structural convergence; Cobb-Douglas function; Diffie-Hellman
protocol; Logarithmic isomorphism; Realistic Mathemat-ics Education (RME).

1Introduction

1.1 Cognitive Fragmentation in Undergraduate Mathematics Education

At the Academy of Cryptography Techniques, foundational mathematics serves not only as an
academic cornerstone but also as the core language for students to access advanced specialized disciplines
such as Information Security, Cryptographic Engineering, and Information Technology. However, within the
current curriculum, mathematicg) knowledge is often compartmentalized mechanically. Students typically
approach multivariable calculus with continuous variables over the real space (R+) as a pure tool for
optimization or signal processing, while learning abstract algebra and discrete number theory over modular
integer spaces (Zx*) exclusively to serve cryptographic algorithms.

This traditional separation inadvertently creates a significant cognitive barrier for learners.
Cryptography students tend to view continuous calculus and discrete algebra as two isolated worlds. The
absence of an underlying structural link makes it difficult for learners to fluidly transfer their functional
intuition into the fractured configurations of large integer spaces. Consequently, this leads to the rote
memorization of cryptographic protocols without a profound understanding of the spatial transformations
embedded beneath.

1.2 The Theoretical Framework of “Structural Convergence”

To address this fragmentation and enhance professional orientation within foundational mathematics
lectures, this study proposes a pedagogical framework grounded in the phenomenon of Structural
Convergence. This unique occurrence takes place when an empirical continuous economic model and a
discrete cryptographic algorithm, despite originating from entirely distinct objectives, intrinsically converge
toward the same core multiplicative exponential structure.

In accordance with the philosophy of Realistic Mathematics Education (RME), ad-vanced mathematics
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at the Academy of Cryptography Techniques should be taught by adopting structural isomorphism as the
conceptual backbone. Instead of forcing students to memorize cryptographic formulas in isolation, this model
establishes a robust cognitive bridge. It enables learners to recognize that the structure of a modern
cryptosystem is practically a perfect structural shift and inheritance of multivariable functional laws from the
continuous physical world, thereby dismantling the conventional “silo mentality.”

1.3 Research Objectives and Scope

This study confines its scope to a rigorous analysis of the Structural Isomorphism between two iconic
models representing polar opposites of mathematical spaces: the Cobb-Douglas production function
(operating in the continuous real domain) and the Diffie-Hellman key exchange protocol (operating in the
discrete domain of public-key cryptography).

By demonstrating how the logarithmic transformation flattens the multiplicative exponential
architecture of both models — through natural logarithms for econometric regression on one hand, and
discrete logarithms acting as a secure one-way trapdoor function on the other — this paper outlines an
integrated pedagogical module tailored specifically for cryptography students. The ultimate goal is to assist
learners in building a unified cognitive schema, utilizing the intuitive visualization of continuous spaces to
decode the abstract algebraic essence of discrete domains, thus elevating the efficacy of applied
mathematics instruction at the Academy.

2 Epistemological Evolution

2.1 The Cobb-Douglas Model (Continuous Space — Macroeco-nomics)

The historical period of 1927-1928 marked a critical turning point in empirical economics when
economist Paul Douglas and mathematician Charles Cobb collaborated to decipher the growth laws of the
American economy. Prior to this milestone, economic models relied predominantly on purely additive linear
reasoning, which assumed that input resources impacted aggregate output independently of one another.

Recognizing the fallacy of this assumption when contrasted with empirical data, Cobb and Douglas
shifted the model toward a multiplicative exponential framework. This transition was not merely a change in
arithmetic operations but an epistemological revolution: multiplication captured the organic interaction and
mutual amplification between Capital (K) and Labor (L). The newly established model accurately reflected
core macroeconomic concepts such as the elasticity of substitution and returns to scale, laying a resilient
mathematical foundation for modern growth theories within the continuous real domain (R+).

2.2 The Diffie-Hellman Model (Discrete Space — Public-Key Cryptography)

Nearly half a century later, in 1976, another historical breakthrough took place within the discrete
domain (Zx), establishing the bedrock of global cybersecurity: the invention of the Diffie-Hellman key
exchange protocol by Whitfield Diffie and Martin Hellman. Before 1976, the cryptographic world was
bottlenecked by the symmetric key distribution paradox

— both parties were forced to meet physically or utilize an absolute secure channel to share a secret
key prior to any communication.

Diffie and Hellman resolved this paradox by exploiting the algebraic properties of modular
exponentiation within finite fields to engineer a one-way function, also known as a trapdoor function. The
epistemological paradigm shifted from “attempting to keep the algorithm secret” to “making the algorithm
public while keeping the exponents secret.” Calculating forward (gx (mod p)) is computationally trivial,
whereas computing backward to discover the secret exponent given the result constitutes the discrete
logarithm problem, which remains intractable in polynomial time. The convergence of structural thought
man-ifests as this non-linear multiplicative exponential structure yields a perfect homomorphic property,
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allowing two unacquainted entities to securely establish a shared secret key over an openly monitored
channel.

3 Mathematical Parallelism and Multiplicative Struc-tural Isomorphism
3.1 The Philosophy of Multiplicative Exponential Operations (Q)

In the modeling of complex systems, additive summation (}) typically represents linear, discrete, and
independent frameworks where the collective entity is merely the sum of its constituent parts. Conversely,
the multiplicative exponential architecture (Q) signifies a qualitative leap in systems thinking. Real-world
entities — whether macroeconomic productive inputs or logical primitives within a digital space — rarely
operate in isolation; they interact, amplify, and complement one another.

The philosophy underlying multiplicative exponential dynamics reflects the principle that a system’s
efficiency or state does not scale via arithmetic progression, but rather compounding based on the
simultaneous orchestration of independent variables. In economics, the marginal productivity of an
additional unit of capital is bound directly to the existing pool of labor. In cryptography, cascading layers of
exponentiation do not accumulate complexity additively; instead, they scale the state space exponentially,
inducing sufficient non-linear chaos to thwart linear cryptanalysis attempts.

3.2 Direct Mapping of System Dynamics

The structural convergence between the Cobb-Douglas production function and the Diffie-Hellman
protocol extends beyond formal superficial resemblance, manifesting as a direct one-to-one (1 - 1) mapping
between core system dynamics components:

1. System Output (Output Flow): The aggregate output of the entire economy (Y ) maps directly
to the final established shared secret key (K). Both represent the ultimate objective, acting as the centralized
flow of energy or information toward which the system is directed.

2. Intrinsic Efficiency Coefficient: Total Factor Productivity (A) represents the technological
baseline, serving as the forward-propelling engine for the entire economy. This attribute corresponds directly
to the Generator / Base (g) of the cyclic group in the cryptosystem. The base g acts as the foundational
architecture that governs the exact translation trajectory of the entire public key space.

3. Input Vectors: Empirical productive inputs, namely Labor (L) and Capital (K), are mapped directly
to the individual private secret exponents (a for Alice and b for Bob). In economics, exponents dictate the
output elasticity; in cryptography, exponents function as the supreme private parameters orchestrating the
entire modular transformation process.

3.3 The Principle of Zero-Entry Collapse

A rigorous mathematical testament to this structural parallelism is the behavior of the respective
functions at the boundaries of their domains, specifically defined as the Principle of Zero-Entry Collapse.
Consider the limit as one of the independent input variables approaches 0:

im flxy, xz, ..., %, ..., xa) =0
x—07T

(1)
For the Cobb-Douglas production function Y=A - La - K8, if either the labor or capital input is entirely
depleted (limL=>0+ Y = 0 or limK-=>0+ Y = 0), the aggregate production instantly freezes, regardless of how
massive the remaining factor might be. This reflects the rigid, organic interdependence of macroeconomic
components.
Within the Diffie-Hellman cryptosystem, this principle translates into a degenerate structural state. If
one of the secret inputs equals 0 (or converges to the identity element of the underlying group), the
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corresponding public key collapses to the base element (g0 = 1). Consequently, the equation generating the
shared secret key loses all non-linear pseudorandomness and algorithmic complexity:
K = (g0)b = 1(mod p) (2)

This cancellation of inputs completely collapses the security perimeter, reducing the cryptosystem to
a trivial null structure and exposing the information channel to attackers. This principle serves as an
impactful, intuitive pedagogical tool, ensuring that students at the Academy of Cryptography Techniques
perceive that the integrity and security of a system depend absolutely on multivariate constraints; the
degradation or exposure of a single component compromises the entire architectural totality.

4 The Logarithmic Mirror: Flattening the Continu-ous Domain versus Obfuscating the Discrete Do-
main

4.1 Linearization within the Continuous Real Space (R+)

Within the continuous real domain (R+), the inherent non-linearity of the Cobb-Douglas production
function manifests as a complex multivariable surface, posing substantial barriers to direct quantitative
analysis. To overcome this obstacle, the natural logarithmic transformation (In) is applied as a fundamental
mathematical tool. By executing the operator In on both sides of the Cobb-Douglas equation, the original
multiplicative architecture is completely restructured:

InY=InA+alnL+6InK (3)

This transformation operates effectively as a geometric "flattening" mechanism, map-ping a non-linear
curved surface into a linear hyperplane within the logarithmic domain. The core pedagogical value of this
maneuver is to demonstrate to students how mathe-matics simplifies an intricate system: the enigmatic
exponents (a, 8) representing output elasticities are brought down to serve as linear coefficients of a planar
equation. This linearized framework is a prerequisite for utilizing Ordinary Least Squares (OLS) regression
algorithms in econometrics, thereby allowing researchers to estimate parameters, perform sensitivity
analysis on resources, and accurately forecast macroeconomic growth trends.

4.2 Group Homomorphism within the Discrete Integer Space (Zx)

Shifting the focus to the discrete integer space (Z*), mathematics no longer operates on the smooth,
continuous cufves of the real number system, but instead’jumps across isolated coordinate points within a
geometric lattice configuration of a finite field. The primary objective of this discretization in cryptography is
to strip away an adversary’s most potent cryptanalytic tool: continuous calculus and differential derivatives.
Within a finite field, the traditional concept of a derivative to locate gradients or directional slopes is entirely
neutralized.

Nevertheless, the core algebraic integrity is preserved intact through the mathematical properties of
the Discrete Logarithm Problem (dlog). The dlog operation functions as a strict group homomorphism,
mapping elements from a multiplicative group of a finite field to an additive group of exponents under a
modaular ring:

dlogg (v1-y2)= dlogg (v1) + dlogg (y2) (modp-1) (4)

For students at the Academy of Cryptography Techniques, this is an exceptionally profound theoretical
link. The discrete logarithmic transformation behaves structurally in perfect alignment with continuous
logarithms, converting the multiplication of public keys into the addition of private secret exponents. The
pivotal difference lies in the algorithmic complexity: computing forward (modular exponentiation) is a
predictable trajectory in terms of computational cost, whereas computing backward (dlog) is a quasi-
exponential problem, serving as a bulletproof firewall that protects the entire Diffie-Hellman protocol.

4.3 The Philosophical Antithesis: Forecasting vs. Obfuscation

This section establishes an elegant philosophical asymmetry between the two domains, providing
learners with an invaluable lens for systems thinking:
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* Economists utilize Logarithmic Spaces to expose underlying laws: In the continuous domain,
logarithms are leveraged as a smoothing lens to condense extreme fluctuations into a flattened linear
baseline. The ultimate objective is to render the system transparent, observable, quantifiable, and
predictable so that future behaviors can be anticipated to regulate the economy.

* Cryptographers utilize Discrete Logarithmic Spaces to conceal structures: In the discrete domain,
modular exponentiation deliberately shatters intuitive ge-ometric progression. The graph of the function y =
gx (mod p) yields neither a straight line nor a gentle curve, but rather a pseudorandom scatter plot of uncorre-
lated coordinates. The ultimate objective here is completely reversed: to render the system inherently
unpredictable, transforming a coherent logical framework into an impenetrable black box against
cryptanalytic algorithms, thereby safeguarding the vital infrastructure of information security.

5 Pedagogical Framework and Instructional Model Innovation

5.1 Design of a Integrated Dual-Stage Learning Module

To operationalize the theory of structural convergence within lectures at the Academy of Cryptography
Techniques, this study proposes an integrated teaching progression comprising two sequential stages
corresponding to the two mathematical domains:

a) stage 1 — Visualization of the Continuous Domain (R+): The instructional session initiates with
an empirical macroeconomics context. Students are provided with a raw dataset comprising capital, labor,
and aggregate output of an economy. The learners’ task is to implement a concise script (utilizing Python
with the NumPy/SciPy libraries or Excel) to apply the natural logarithmic operator (In), flattening the non-
linear data into a linear form. From this resulting hyperplane, students execute an Ordinary Least Squares
(OLS) regression algorithm to calculate the precise output elasticities, a and 8. This stage enables learners to
master differential calculus tools, achieving a profound comprehension of the physical meaning of partial
derivatives and multivariate function sensitivity.

b) stage 2 — Discretization into the Secure Domain (Zx*): Immediately after students have formed
a robust intuition regarding exponential multiplication and log-arithmic "flattening," the instructor facilitates
an epistemological leap. The entirety of that multiplicative structure is transposed into a large-integer
modular finite field. Students repurpose the exponential multiplication algorithm, but under modular
congruence remainders, to program the Diffie-Hellman key exchange handshake protocol. This direct
juxtaposition enables students to instantaneously recognize that the core mathematical mechanism remains
unchanged; only the operational space has been shifted to accommodate security objectives.

5.2 Schema Theory

From the perspective of educational psychology, Schema Theory indicates that new knowledge can
only be securely consolidated into long-term memory if it is anchored to a pre-existing cognitive schema
within the learner’s mind. Traditional instructional methods frequently compel students to memorize
disconnected notation and cryptographic protocol transformations as soulless mechanical algorithms,
causing knowledge to rapidly decay post-examination.

This innovative pedagogical framework fundamentally resolves this deficiency. By exposing the
structural isomorphism between the Cobb-Douglas function and the Diffie-Hellman protocol, the instructor
activates and expands a single, unified cognitive schema: The multiplicative structure and logarithmic mirror
schema. When students approach cryp-tography, their cognitive faculties do not need to construct a new
knowledge partition from scratch; instead, they merely expand the pre-existing multivariable calculus
architecture. This interconnectedness optimizes Knowledge Transfer, empowering students to grasp the
ontological essence of mathematics rather than passively memorizing formulas.

5.3 Development of Metaphorical Thinking

Metaphorical Thinking is a potent cognitive instrument in engineering education, enabling learners to
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leverage the intuition of a familiar system to decode a more abstract one. For cryptography students,
concepts such as "key space" and "algorithmic complexity against brute-force attacks" are often vague and
difficult to quantify using ordinary intuition.

Through this interdisciplinary bridge, the instructor guides students to utilize the intuition of economic
returns to scale to perceive the strength of a cryptographic key. Students understand that if in economics,
scaling production (altering the exponent) generates a monumental amplification of material output due to
its compounding na-ture, then in cryptography, increasing the key bit-length (increasing the private secret
exponent) likewise amplifies the state space exponentially. This amplification shatters any cryptanalytic
backward computation attempts, turning the exponent-finding problem into a temporal cost black hole. The
development of metaphorical thinking completely dismantles the conventional "silo mentality" — a
persistent affliction where engineering students undervalue social sciences and vice versa. Learners come to
realize that the laws governing monetary circulation and the laws securing information perimeters are
fundamentally pulsating under a unified mathematical frequency.

6 Discussion and Conclusion

6.1 Discussion

Although the structural isomorphism between the two models provides a powerful cognitive
framework, practical implementation at the Academy of Cryptography Techniques still encounters specific
computational boundaries and cognitive challenges when students transition between environments:

* The challenge of real-number rounding versus absolute integer precision: Within the continuous
real domain of Excel or MATLAB, functions tolerate rounding errors and utilize floating-point numbers to
approximate outcomes. However, when transitioning to the cryptographic domain of Python
(pycryptodome), students confront arbitrary-precision integers where a miniscule error in the units place of
an exponent completely invalidates the decryption result due to the chaotic properties of modular
arithmetic. Instructors must emphasize this boundary so that students do not conflate continuous flattening
mechanisms with discrete, fractured configurations.

* Discrepancies in algorithmic performance: Students are easily misled by linear thinking, assuming
that large-integer exponentiation will demand prohibitive com-putational overhead. Lectures must point out
that while continuous real function evaluation relies on approximating Taylor series, discrete cryptography
implements the binary exponentiation algorithm (Square-and-Multiply) to optimize execution speed to
polynomial time (O(log x)). This comparison offers students a deeper under-standing of the interplay
between algebraic structures and data structures/algorithms.

6.2 Conclusion

This study reinforces the fundamental nature of the Logarithm: it is neither an isolated operational
button on a Casio calculator nor purely a static definition within a calculus textbook. The essence of the
Logarithm is a formidable spatial transformation mechanism in mathematics — a master key capable of
flattening non-linear curved surfaces into linear hyperplanes, or translating algebraic structures from a
multiplicative group to an additive group.

The macroeconomic and technical necessity of interdisciplinary mathematics instruction at the
Academy of Cryptography Techniques in the digital era is paramount. Integrating interdisciplinary contexts
like the Cobb-Douglas production function and the Diffie-Hellman cryptosystem does not merely assist
students in accumulating algorithmic engineering competencies; it trains them to look through abstract
symbols to see the true nature of physical and technical systems. When the barriers of departmentalized
fragmentation are dissolved, learners are equipped with a robust systems-thinking paradigm, ready to
confront complex engineering challenges and defend the vital infrastructure of national information security.
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USING CROSSWORD PUZZLES IN TEACHING BRITISH STUDIES
TO ENGLISH-MAJORED STUDENTS

1. INTRODUCTION

British Studies is regarded as an important component of English language education because it
enables students to understand the historical, political, social, and cultural contexts of the United Kingdom.
However, British Studies may be perceived as a content-heavy subject that requires memorizing numerous
facts, dates, and specialized terms. As a result, students often demonstrate low motivation and experience
difficulties in retaining cultural knowledge. In recent years, game-based learning has been increasingly
recognized as an effective approach to enhancing student engagement and promoting active learning. Among
various educational games, crossword puzzles have attracted attention due to their potential to encourage
retrieval practice, reinforce vocabulary, and facilitate collaborative learning. By requiring learners to recall and
connect previously learned information, crossword puzzles can transform passive memorization into an
interactive learning process. Therefore, this study investigates the rationale for integrating crossword puzzles
into British Studies lessons and examines how this approach can be utilized to enhance students' cultural
knowledge acquisition and learning motivation.

2. CONTENT

2.1 Literature Review

2.1.1. British Studies in English Language Teaching

Culture is inseparable from language learning; as Kramsch (1993) and Byram (1997) note, achieving
true communicative competence requires both linguistic and intercultural proficiency right from the start.
British Studies courses support this by exploring the UK's history, monarchy, institutions, traditions, values,
and religions. However, traditional lecture-based teaching often reduces the subject to heavy memorization
of facts and dates, causing low student motivation and superficial understanding. To address this, educators
must adopt learner-centered approaches that promote interaction, collaboration, and critical thinking,
enabling students to actively construct deep cultural knowledge rather than passively receiving information.
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2.1.2 Game-Based Learning

Game-based learning effectively promotes active engagement and meaningful learning. Rooted in
constructivist theory, which emphasizes that knowledge is actively acquired through experience and
interaction, games encourage learners to sustain interest, solve problems, and apply knowledge in meaningful
contexts (Wright et al., 2006). In language classrooms, educational games offer numerous benefits: they
enhance vocabulary acquisition, improve knowledge retention, and foster a positive learning atmosphere. By
introducing competition and enjoyment, games boost student motivation, peer collaboration, and classroom
participation. Ultimately, GBL holds immense potential for transforming British Studies lessons into highly
engaging, interactive, and effective learning experiences.

2.1.3. Crossword Puzzles in Education

Crossword puzzles are highly effective educational tools that promote active engagement, motivation,
and meaningful learning across disciplines, including language education. Rooted in active learning principles,
they reinforce previously acquired knowledge, enhance vocabulary retention, and encourage retrieval
practice (Franklin, 2003). In culture-oriented courses like British Studies, solving these puzzles helps students
solidify form-meaning connections and commit key cultural concepts, historical events, institutions,
traditions, and geographical locations to long-term memory. Additionally, crosswords foster collaborative
learning; when working in pairs or small groups, students negotiate answers, discuss clues, and justify
responses, which sharpens critical thinking, reduces anxiety, and builds confidence. Compared to traditional
review methods, research confirms that crossword-based activities significantly boost vocabulary acquisition,
increase learner participation, and create a more enjoyable and effective classroom environment.

2.2. Benefits of adopting crossword puzzle in teaching British Studies

Crossword puzzles effectively teach diverse cultural content by targeting four main areas. First, they
reinforce core cultural knowledge through factual clues about the monarchy, geography, and traditions (e.g.,
"Buckingham Palace" for the monarch's residence, "House of Commons" for Parliament, and "Edinburgh" for
Scotland's capital). Second, they promote cultural interpretation and awareness by focusing on British
customs and values rather than mere facts, using clues related to daily life (e.g., "Sunday Roast" or "Afternoon
Tea"). Third, they strengthen reading and listening comprehension when used as post-input activities; for
instance, after a video on Bonfire Night, students recall specific details like "Guy Fawkes" or "November."
Finally, they improve spelling and memory of proper nouns, helping students master difficult and frequently
used British terms like "Westminster," "Glastonbury," and "Yorkshire." Ultimately, crosswords serve as an
engaging tool that blends factual retrieval with deeper cultural understanding and language accuracy.

2.3. Teaching Procedure

Lessons follow a structured four-stage, learner-centered procedure designed to enhance cultural
understanding and engagement. Stage 1: Cultural Input (20 mins) introduces content via texts, videos, or
short lectures (e.g., watching a video on Bonfire Night origins) while highlighting key vocabulary. Stage 2:
Crossword Activity (15 mins) requires students to work in pairs/groups to complete a puzzle, reinforcing
target terms (e.g., "Guy Fawkes," "fireworks") through active recall and collaboration. Stage 3: Discussion
(10 mins) allows students to explain answers and discuss clues, enabling peer learning and teacher
clarification to move beyond rote memorization. Stage 4: Reflection (5 mins) asks students to write a brief
response to "One new thing | learned today" to consolidate knowledge and provide insights into engagement.

This strategy is highly effective for abstract or dense topics, as demonstrated by two chapter
applications:

e Chapter 8 (The Government): Integrated after the topic introduction to prevent guessing, a
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crossword puzzle reinforces key political terms (e.g., Parliament, House of Commons, Cabinet, Chancellor of
the Exchequer). Working in groups fosters collaboration, while a follow-up activity explaining each term's
function deepens comprehension of the British political system.

e Chapter 13 (Religions): This strategy transforms heavy, abstract content into an interactive review.
By targeting essential religious concepts (e.g., Church of England, Protestantism, archbishop, Anglicanism),
the puzzle promotes factual recall and peer communication. Subsequent discussions encourage students to
analyze the significance of these terms and reflect on religious diversity in contemporary British society.

2.4. Considerations for using crossword puzzles in British Studies

To ensure success, teachers must consider several implementation factors. First, content must align
with learning objectives; terms should be familiar (e.g., Buckingham Palace) rather than obscure, and clues
should promote cultural context (e.g., describing a Sunday Roast) over rote definition. Second, the difficulty
level must match students' proficiency (B1-B2); it should challenge them without causing frustration. Third,
collaboration should be prioritized by having students work in pairs or groups to debate answers, followed
by a dedicated feedback session where teachers use mistakes to clarify cultural nuances. Finally, crosswords
must remain a supplementary tool, integrated with readings, videos, and lectures to reinforce broader goals.

Before implementation, teachers should verify their activity against this pedagogical checklist:

e Alignment: Does it match the lesson objectives?

e Prior Knowledge: Are all answers based on content already taught?

¢ Depth: Do the clues test cultural understanding, not just spelling?

e Level: Is the difficulty appropriate for the students' language and cultural level?

o Interaction: Will students work collaboratively?

e Follow-up: Is there a post-puzzle discussion and feedback session planned?

e Purpose: Does the activity actively help students learn culture, rather than merely complete a game?

3. CONCLUSION

This study demonstrates that crossword puzzles serve as a practical, learner-centered, and effective
game-based learning tool for English-majored students navigating the dense factual and abstract content of
British Studies. By shifting away from passive memorization toward collaborative problem-solving, these
puzzles actively reinforce key concepts in British history, geography, politics, and traditions. The game-like
format creates an enjoyable classroom atmosphere that boosts student motivation and participation. To
maximize success, puzzles must be carefully designed to match lesson objectives and language proficiency,
serving as a structured reinforcement alongside reading, videos, and lectures. Ultimately, integrating
crosswords promotes communication, deepens cultural competence, and fosters an active, meaningful
learning experience.
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SHADOWING TECHNIQUE IN ENHANCING ENGLISH SPEAKING SKILL

Abstract
Developing fluent speaking competence remains a substantial challenge for learners in English as a

Foreign Language (EFL) due to cognitive pressure and psycho-linguistic barriers. This theoretical research
report aims to systematically clarify the neuro-cognitive operational mechanisms and psycho-linguistic
foundations of the shadowing technique—a continuous cognitive-motor act of immediate vocal mimicry with
minimal time lag. Utilizing a theoretical desk-research methodology, the report synthesizes and analyzes
prominent international literature, cross-referencing foundational frameworks such as Levelt’s speech
production model, Baddeley’s working memory component (the phonological loop), and Schmidt’s noticing
hypothesis. The analysis elucidates how shadowing facilitates cognitive automatization of low-level phonetic
sub-skills, eliminates the habit of silent mental translation, and fosters active noticing behaviors toward
advanced acoustic features. Ultimately, this report establishes a transparent system of scientific arguments,
providing a solid prerequisite and orientation for designing action-oriented, localized Modified Shadowing
frameworks within higher education institutions.

Keywords:

Shadowing technique, speaking skills, automatization, phonological loop, EFL learners.

1. INTRODUCTION

In the trend of international integration and the robust development of the knowledge economy,
English has affirmed its position as a global lingua franca, playing a decisive bridge-building role in cultural,
scientific, and technological exchanges. Among the four basic language skills, speaking is considered the most
visual and vivid manifestation of practical communicative competence. Language learners often tend to
evaluate their proficiency based on their ability to express ideas fluently, naturally, and accurately under real-
time pressure.

However, in countries that use English as a Foreign Language (EFL), developing fluent speaking
competence remains a major challenge for most learners. The nature of spoken language requires a complex
psycho-linguistic process, where learners must simultaneously perform multiple cognitive tasks: retrieving
vocabulary, activating syntax, and controlling the physical articulatory apparatus in a split second. The lack
of a natural interactive environment combined with the psychological barrier of language anxiety often leads
to the habit of "mental translation" from the mother tongue to the target language, breaking fluency and
destroying the natural rhythm of speech.

To fundamentally resolve these limitations, applied linguistics researchers have continuously sought
cognitive optimization solutions, among which the Shadowing technique has emerged as a groundbreaking
active learning method. Unlike the traditional "Listen and Repeat" method, which relies on long-term
memory and has a large time lag, Shadowing forces the brain to process in parallel: the auditory system
receives the standard audio stream, and the articulatory organs immediately mimic it with a minimal delay
measured in milliseconds.

Despite its enormous potential for application, the practice of Shadowing among the current learner
community remains spontaneous and lacks a clear orienting theoretical system. Learners often confuse
mechanical audio imitation with active language acquisition, leading to unsustainable outcomes. Therefore,
constructing a scientific report to comprehensively systematize the theoretical framework and elucidate the
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cognitive operational mechanism of Shadowing is an urgent requirement, laying a solid foundation for in-
depth empirical studies and pedagogical applications.

This theoretical research report is conducted to systematically and deeply clarify the neuro-cognitive
operational mechanism as well as the psycho-linguistic foundation of the Shadowing technique. The paper
aims to analyze how Shadowing promotes the automatization of the speech production process, thereby
establishing a solid system of scientific arguments to support the innovation of English speaking skill training
methods in the EFL environment.

The research object of this report is the cognitive mechanism, supporting theoretical models, and the
classification structure of the Shadowing technique in relation to the development of foreign language
speaking competence. The research scope of this paper is limited to theoretical research and a literature
review based on prestigious scientific works worldwide (from the late 20th century to the present). The
analytical focus is placed on working memory models, automatization theory, and standard forms of
Shadowing (Phonemic Shadowing and Semantic Shadowing).

The report uses the theoretical research method as its primary approach. The research process
includes: collecting, analyzing, cross-referencing, and synthesizing data from scientific articles and
monographs by reputable domestic and international scholars in the fields of applied linguistics and second
language acquisition (SLA). From there, logical reasoning is applied to link cognitive models to the practical
training of pronunciation and fluency.

2. CONTENT

2.1. The Nature of Speaking Skills Under the Lens of Psycholinguistics

2.1.1. Real-time Speech Production Process (Real-time Processing)

In second language acquisition (SLA) theory, the speaking skill is not merely the emission of individual
sounds but a highly complex neuro-linguistic process. According to the classic model by Levelt (1989), the
speech production process takes place through three rapid, consecutive cognitive stages: conceptualization,
formulation, and articulation. In the conceptualization stage, the speaker determines the communicative
intention and selects the information to be transmitted within the brain. The formulation stage translates
the concept into a linguistic structure. This stage requires the brain to simultaneously retrieve lexical items
and activate appropriate syntactic and morphological rules. In the articulation stage, the brain sends control
signals to the physical articulatory apparatus (including the lungs, vocal cords, lips, tongue, and jaw) to
transform the linguistic codes into sound waves transmitted to the listener's ear.

The core difference between spoken language and written language is its operational characteristic
under real-time pressure (online production). The speaker does not have time to edit or plan long-term. This
creates a heavy cognitive load on the working memory of foreign language learners, particularly in the EFL
environment where vocabulary-sound connections have not been firmly established (Bygate, 1987).

2.1.2. The Relationship Between Fluency and Automatization

To evaluate speaking competence, researchers usually rely on two main axes: accuracy and fluency.
According to Skehan (1998), learners in a foreign language environment often face competition for
attentional resources between these two axes. When learners dedicate too much attention to controlling
grammatical accuracy, fluency drops immediately, manifested through long pauses, prolonged hesitations,
or the repetition of a single word.

The solution to achieving true fluency was explained by Segalowitz (2010) through the concept of
"cognitive automatization". Human attentional capacity is limited. When low-level sub-skills (such as sound
recognition, final sound production, and basic sentence structure) are trained to the point of
automatization—meaning they can be executed without consuming conscious thinking energy—the brain
releases a large amount of capacity for working memory. This vacant capacity can be fully dedicated by the

61



AKALEMMYECKOE U3OATENIbCTBO «HAYYHAA APTE/1b» HAYYHO-U3OATE/IbCKUIA LLEEHTP «A3STEPHA»

speaker to thinking about high-level conceptual content, thereby making the speech flow continuous and
fluent.

2.2. The Nature and Classification of the Shadowing Technique

2.2.1. Definition and Origin

The Shadowing technique is defined by Kadota (2019) as a continuous cognitive-motor act in which
learners listen to a standard target audio stream and immediately repeat what they hear with an extremely
short delay (ranging from 200 to 500 milliseconds) while the target audio source continues to play.

Historically, this technique appeared in the mid-20th century in auditory psychology laboratories, and
was subsequently introduced as a core method for training simultaneous interpreters by scholars such as
Lambert (1992). Its original purpose was to train the interpreter's brain in parallel information processing
(split attention): simultaneously receiving information in the source language and producing speech in the
target language without disrupting the flow of thought. Towards the end of the 20th century, language
educators recognized the immense value of this mechanism and began transferring it into mass foreign
language classrooms.

In essence, it is necessary to distinguish Shadowing from the "Listen and Repeat" method. The "Listen
and Repeat" method utilizes long-term memory; the listener waits for the audio segment to end completely,
takes a cognitive pause to translate the meaning or arrange the sentence, and then speaks it back.
Conversely, Shadowing utilizes short-term memory and operates continuously; the listener speaks almost
simultaneously with the audio source, completely breaking the cognitive lag dedicated to silent mental
translation, forcing the brain to form a direct speech production reflex through the ear.

2.2.2. Classification of Shadowing Forms According to the Cognitive Process

Based on the level of cognitive involvement and the structure of the learning materials, Hamada (2016)
divides Shadowing into two primary forms: Phonemic Shadowing and Semantic Shadowing. When applying
Phonemic Shadowing (complete/vague shadowing), learners focus entirely on the physical acoustic
characteristics of the heard audio stream (including individual sounds, word stress, intonation, and linking
sounds) and mimic it as closely as possible without needing to pay attention to the meaning of the passage.
This form focuses maximum effort on training the mechanical articulatory apparatus. For Semantic
Shadowing (meaning-oriented shadowing), learners simultaneously mimic the sound while actively activating
cognitive zones to comprehend the semantic content of the message being played. This advanced form helps
establish a direct connection between acoustic symbols and semantic representations in the brain, helping
learners think directly in the target language.

2.3. Cognitive theoretical foundation

The groundbreaking effectiveness of Shadowing in speaking practice is firmly reinforced by two
major theoretical models of cognitive psychology:

2.3.1. Baddeley’s Working Memory Model and Phonological Loop(2000)

According to Baddeley (2000), Working Memory is responsible for temporarily storing and processing
information during complex cognitive tasks. Within this, the Phonological Loop component plays a core role
in processing spoken language. This loop consists of two smoothly operating parts: the short-term
phonological store (retaining sound traces within a few seconds) and the articulatory rehearsal process
(motor articulation to keep sounds from fading away).

When a person performs Shadowing, the audio stream entering the phonological store from the ear is
immediately translated into motor commands for the mouth organs to produce speech. This process occurs
continuously, forcing the phonological loop to operate at maximum capacity. Repeating this mechanism
helps consolidate "sound traces" in the brain, turning unfamiliar acoustic symbols into familiar
representations, and creating favorable conditions for sustainably transferring information from short-term
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memory into long-term memory.

2.3.2. Schmid’s Noticing Hypothesis (1990)

One of the greatest barriers for learners in an EFL environment is that they often listen passively,
leading the brain to automatically ignore the advanced phonetic features of native speakers (such as final
sounds, sound variations, and elision). According to the Noticing Hypothesis by Schmidt (1990), learners
cannot acquire any linguistic element unless they consciously "notice" it.

The Shadowing technique completely solves this problem. Due to the pressure to speak fast enough
to catch up with the audio source, learners are forced to concentrate highly to "notice" the smallest details
in the model voice: from the way pauses are made between lexical chunks, how sentence stress is applied,
to how native speakers drop sounds. This high-frequency conscious attention helps learners fully receive
"comprehensible input", thereby naturally transforming it into "comprehensible output".

2.4. Overview of Prominent Empirical Trends

The theoretical system of Shadowing has been verified through numerous large-scale empirical
research works around the world, particularly in East Asian countries—where the foreign language teaching
and learning environment shares many similarities with Vietnam.

Long-term empirical studies by Hamada (2016, 2018) indicate that persistent Shadowing practice
creates a positive two-way impact. It not only increases the mechanical fluency of the jaw but also
significantly enhances low-level bottom-up auditory listening comprehension skills. Once learners can
shadow at a speed that matches native speakers, their ears will automatically recognize those sound variation
phenomena easily during free listening.

The study by Foote and McDonough (2017) confirms that Shadowing strongly impacts the
suprasegmental features of learners, such as sentence stress, intonation, and rhythm.

The study by Murphey (2001) proves that Shadowing helps learners acquire natural conversational
structures, increase reflex speed, and reduce hesitant pauses during communication.

3. CONCLUSION

Through the comprehensive systematization of the theoretical foundations and psycho-linguistic
principles, this theoretical research report affirms that the Shadowing technique is not merely a method of
mechanical sound imitation, but a deeply scientific cognitive optimization solution in the path of training
English speaking skills. Viewed holistically, the scientific arguments deconstructed in this report lead to three
core conclusions:

First, the research resolves the cognitive load. Under the lens of the working memory model (Baddeley,
2000) and automatization theory (Segalowitz, 2010), Shadowing functions as a high-capacity training tool for
the phonological loop. By forcing the brain to process auditory input and articulatory motor output in parallel
under real-time pressure, this technique helps learners automatize low-level phonetic sub-skills. When
producing final sounds, stressing words, or linking sounds no longer consumes conscious thinking energy, the
brain releases capacity to focus entirely on conceptual processing, thereby breaking through to natural
fluency.

Second, the research establishes active noticing behavior. Based on Schmidt's noticing hypothesis
(1990), Shadowing forces learners to shift from a passive listening state to actively "recognizing" the
advanced phonetic phenomena of native speakers. This process helps feed the brain with "comprehensible
input" and transforms it into fixed lexical chunks in long-term memory, helping learners eradicate the habit
of English-Vietnamese mental translation during communication.

Third, the research possesses orienting value for localization practices. Despite its solid theoretical
foundation, the practical application of standard Shadowing requires a scientific stratification according to
learners' proficiency. For countries in an EFL context like Vietnam, where learners possess monosyllabic and
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heavily tonal language habits, barriers regarding physical sound deletion errors or cognitive overload
pressure in the initial phase are inevitable.

In summary, this theoretical report has fulfilled its objective of establishing a solid and transparent
system of scientific arguments regarding the Shadowing technique. This serves as an important theoretical
prerequisite, paving the way and guiding the construction of action-oriented Modified Shadowing
frameworks to accurately address specific "foreign language pathologies" for distinct target groups of
learners in higher education institutions today.
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B cTaTbe paccmaTtpmBaeTca AUCKOHTMPOBAHHAA SKOHOMMUYECKAA BbIro4a OT CHMXeHMA naaTel 3a HBOC
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ASSESSMENT OF THE DISCOUNTED BENEFITS FROM REDUCED ENVIRONMENTAL PROTECTION FEES WHEN
A COMPANY TRANSITIONS TO TECHNOLOGIES THAT COMPLY WITH BAT

Abstract
This article examines the discounted economic benefit resulting from a reduction in environmental

protection fees due to companies’ transition to BAT. It discusses the legal framework for calculating these
fees, discounting methods, the calculation of net present value and discounted payback period, and provides
a sample calculation.

Keywords:
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BHegpeHVs Hauayywwmx AOCTYNHbIX TexHonorui (HAT) Ha npegnpuAatTMs — O4HO M3 TNABHbIX
HanpaB/IeHWI rocyAapPCTBEHHOM 3KONOTMYECKOM NOAUTUKKM B Poccumn. OHM noowpstoTca bnarogaps cucteme
HOPMUWPOBaHMA BO34ENCTBMA Ha Npupoay cornacHo PeaepanbHomy 3akoHy ot 10.01.2002 Ne 7-d3 «06
OXpaHe OKpy»Kalowen cpeapl», y KOTOPOro nnata 3a HeraTMBHOE BO3AEWCTBME Ha OKPYKaloLLyO cpeny
(HBOC) aBnseTca KAtoueBbIM 3KOHOMUYECKMM MHCTPYyMeHTOM. C ocBoeHnem HAT KOMMNaHUM CyLLEeCTBEHHO
CcoKpawatoT nnaty 3a HBOC 6narogapa MCNONb30BAaHUIO TEXHOIOTMYECKMX HOPMATMBOB M 0OCODbIX
KO3pdMUMEHTOB.

B cooTBetcTBMM co cTatbeit 16.3 3akoHa No 7-®3, pasmep nnatbl 3@ HBOC paccumtbiBaeTca Kak
npousseseHne 6asbl ANA HAYUCNEHMUA, YCTAHOB/EHHbIX CTaBOK WM MOMPAaBOYHbIX KO3ddMuMeHToB. [Ana
obbeKkToB | KaTeropuu, nepeweawnx Ha HAT M noayyYnMBLUMX KOMMNEKCHOE 3KOJIOFMYECKOe pa3pelleHne
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(K9P), npu pacuéte nnaTbl 3a BbI6POCHI M cOpPOCHI B Npeaenax TEXHONOTMYECKMX HOPMATMBOB KO3pPULMEHT
paBeH 0 [2]. 9To AAET 3HAYMTENIbHO CHU3UTb MIATEXM MO CPABHEHUIO C CUTyaumen AencTBUS HOPMATUBOB
OONYyCTUMbIX BbIBpPOCOB  MAM  COPOCOB WAM  BPEMEHHO COMMACOBaHHbIX /AMMUTOB. 3aTpaTbl Ha
NPMPOAOOXPaHHbIE MEPONPUATUA, BK/IIOYEHHbIE B N1aH MEPONPUATUIA MO OXPaHe OKpYrKatowen cpeabl Uam
nporpammy noBbILEHMs 3Konormyeckom 3GPeKTUMBHOCTM, MOXKHO 3a4eCTb B CYET HAUMCAEHHOW NAAThI.

JKOHOMWYECKan OLEHKa Bbiroabl oT nepexoaa Ha HAOT A0nXHA yuuTbiBaTb BPEMEHHYIO CTOMMOCTb
AeHer, T.K. Aas8 noAobHbIX MHBECTULMIM HeobxoAumbl 3HaYUTE/IbHbIE KanuTanossoxKeHus [4,cTp.57].0Hu
OKYMaloTCcA Ha MNPOTAMKEHMM HECKONIbKUX NeT bnarogapa NPUMEHEHUIO MEeToh, AUCKOHTUPOBAHUA ByayLimx
OEeHEeXHbIX MOTOKOB, MO3BO/IAOLLINK NPUBECTU ByayLLMe BbIroAbl K TEKYLLEMY MOMEHTY BPEMEHU C MOMOLLbIO
CTaBKM [OMCKOHTUPOBAHWA, KOTOpas OTPa*kaeT afbTepHaTUBHYKO CTOMMOCTb KanuTana, WUHOAALMOHHble
OXMAAHMA N CONYTCTBYIOLWME PUCKMN.

OcHoBHas ¢opmyna 4ucTon npuBegdeHHoW ctoumoctn (Y44, vam NPV) ana oueHKU npoekTta
BHegpeHua HAT BbirnaanT cneayowmm obpasom:

T
CF,
NPV = Z —_— 1

(1+r) M
t=0

lne CF; —uncTbIli AEHEXKHDbIV NOTOK B Nepunos, t (BbIrofbl MUHYC 3aTpaThl), I — CTaBKa AUCKOHTUPOBAHWA,

T — cpoK aKcnayaTaumu npoekTta, t = 0, T. K. COOTBETCTBYET Ha4ya/IbHOMY nepuoay UHBecTuumi [3].

MpuBeaEéHHas CTOMMOCTb ByayLIUX AeHEeXHbIX noTokoBs (PV) [1] paccumTbiBaeTcA ¢ UCNOb30BaHNEM

KO3pdULMEHTA TEKYLLLEM CTOMMOCTM aHHyuTeTa A(r, T):

PV =CF x A(r,T) (2)
_ -T
A(r,T) = % 3)

Boirogbl B; BKAtoyaloT B ceba cHuxeHWe nnatbl 33 HBOC (APNVOS,t)r SKOHOMMIO Ha wTpadax m
nosbiwatrowmnx  KoadduumeHTax, pon. 3PPeKTbl, TaKMe KaK CHUKEHMe 3HepronoTpebneHus,
pecypcocbeperkeHne 1 BO3IMOKHbIE HaforoBble NbroTbl U 3aTpathl (C;), KOTOPblE OXBATbIBAKOT KanuTaibHble
BNOXeHUs B 0bopynoBaHue, cooTeeTcTByoWwMe HAT, onepaLMoOHHbIe pacxoabl, 3aTpaTtbl Ha pa3paboTky KIP
n Mna3.

[na pacyeta cHUXKeHMA naatbl 3@ HBOC ncnonb3yeTtcs cneaytowasn 0606LeHHas opmyna nnatexa
[0 v nocne nepexopaa:
o sBHeapeHna HAT (pexxum HOB/HAC):

Py = Z(Ml- X S; X Keongp) (4.1)
i
fne M; - macca i-ro 3arpAsHA0LWEero BewecTsa, S; — CTaBKa Naathbl, Kmaq, —KoadpouumeHTol (1 ana

HopmaTMBoB, 5/25/100 ans AnA NpeBbIEHN).
Mocne BHeapeHua HAOT (TexHONOrMYECKMEe HOPMaTUBbI):

Pocre = Z(MTGXHJ- X §; X 0) + 3ayer 3aTtpar (4.2)
i

ae Moy, ; Macca B npeaenax 3KOHOMUYECKMX nokasatesnen HAT.
ExxerogHoe cHu»KeHue nnatbl 3a HBOC:

APNVOS,t = P,c[o - Pr[ocne (43)
CDOpMMpOBaHVle YUCTOIo AeHeXHOro NoToKa:
CFt = APNVOS,L“ - Conep - B,qor[ (5)

ﬂ,MCKOHTMpOBaHHaﬂ BbIroga OT CHUXXeHUA NnaTbl B roagy t:
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B _ APNVOS,t (6)
DUCK,t — (1 + T)t
ﬂ,MCKOHTMpOBaHHbIVI ,EI,eHE)KHbIVI MOTOK B Ka*XA0M roay:

CF,
CFoyckt = T+t ()
HaKOHHEHHb”Z ,D,MCKOHTVIpOBaHHbIﬁ ﬂ,eHE)KHblﬁ MNOTOK:
K
CF,
CF (8)

anekt — ﬁ
= 147

lze k- ros, B KOTOPOM HAKOMJIEHHasA CyMMa NPeBbILAET KanutaabHble 3atpaTsl (1j).

[OVCKOHTUPOBaHHbI CPOK OKYNaeMoCTU PeaKo NpUXoamMTca TOYHO Ha KoHel, uenoro roga. MNoatomy
Noc/ie HaxoXAEHUA LLeNoro Ymcaa net k, NpyM KOTOPOM HaKOM/IeHHasa CyMMa eLLé He AO0CTUINA UHBECTULMI,
paccuMTbIBAETCA, Kakasa oS CNedytoLero roaa Hy»XHa, 4Tobbl NOKPbITb OCTaBwmuinca aeduumt. na storo
npumeHsetcs bopmyna MHTepnonaumMm ApobHoi yactn roga ( f):

f _ IO - CF,E[PICK,R
CF,E[PICK,R+1
TakMm 06pa3om NPOUCXOANT NPOLLECC HAXOKAEHMA NPOMENKYTOUYHbIX 3HAYEHWUIN OCTATKA BPEMEHMU

9)

roga, B KOTOPOM NPON3ONAET OKYNAEMOCTb KanuTaNbHbIX 3aTPaT, MO BbIYMCAEHHbIM PaHee 3HaYeHusam.[5,
CTp.58]

Mpumep: Npeanpuatue (06bEKT | KAaTEropmm, XMMMUYECKas MPOMBbILLNEHHOCTb) EXKerofaHo BHOCUT NaaTy
3a HBOC B pasmepe 100 maH py6. oo nepexoga. Mocne sHeapeHua HAT nnata cHuxKaetca g4o 10 maH py6.
KanutanbHble 3aTpaTbl — 500 maH pyb. B t=0, exxerogHble onepaumoHHble AONOAHUTENbHbIE 3aTpaThbl (Conep)
- 20 maH pyb6. [lononHuTeNbHblE eXerofHble BbIroAbl (BAOH)— 30 mnH py6; lopmsoHT — 10 net. CtaBka
AMCKOHTMpOoBaHuA r = 10% (0,1).

Pacuet Y44 A;:

100
(1,1

10
NPV = —500 + z (10)
t=1

1) CHauana onpeaensaem eKerofHblii YNCTbIA NOTOK:
APyyose = 100 — 10 = 90 mnH pyb.
Ana t=1-10: CF; = APyyost — Conep — Bron = 90 —20 + 30 = 100 maH py6.

_ -10
PV = 100 x =8O 100 x 6,1446 = 614,46 maH py6.

NPV =~ -500 + 614,46 = 114,46 mnH pyb.
MpoeKT MMeeT MONOMKMTENbHYIO YWUCTYI0 MPUBEAEHHYIO CTOMMOCTb M ABAAETCA 3KOHOMMUYECKM
apPeKkTUBHbIM. OAHAKO HEOHXOAMMO BbIYUCAUTD 33 CKOIbKO BPEMEHU NPOEKT OKYNUT KanuTasibHble 3aTpaThl.

90
BLLHCK,t = m— OVUCKOHTMPOBAHHAA BbIro4a OT CHUXEHUA NaaThbl B roay t.

Tabnunua 1
Mowarosbin pacqéT ANCKOHTUPOBAHHbIX AE€HEXHbIX NOTOKOB U HAKON/EHUA
AN AUCKOHTMPOBaAHHOrO Nepuoaa okynaemocTtu (DPP)
log, t MHoXuntenb LOVNCKOHTUPOBAHHbIN, HakonneHHbIN
OUCKOHTUPOBAHMSA, (1—1“ CFuext OMCKOHTUPOBaHHbIi CF,

D MJIH.pY6

1 0,9091 90,91 90,91

2 0,8264 82,64 173,55

3 0,7513 75,13 248,68

4 0,683 86,30 316,98

5 0,6209 62,09 379,07
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log, t MHoXutenb LOVNCKOHTMPOBaHHBIN, HaKkonneHHbI
[OMCKOHTUPOBaHUS, (1_11)t CFrucxt AMCKOHTUPOBaHHbIi CF,

' M/IH.py6

6 0,5645 56,45 435,52

7 0,5132 51,32 486,84

8 0,4665 46,65 533,49

9 0,4241 42,41 575,90

10 0,3855 38,55 614,45

[aHHble Tabanubl AEMOHCTPUPYIOT, YTO K KOHUY 7-ro roaa byaet HakonseHo 486,84 maH pyb, uto
6uKe BCero K cymme KanuTanbHbIX 3aTpar.

HepocTaTok okynaemoctu Ao Heobxogmmon cymmbl: 500 — 486,84 = 13,16 maH py6.

JMCKOHTUPOBaHHbIM NOTOK 8-ro roga = 46,65 maH py6.

BbluncneHune gonu ana 8 roga oA ocywecTBaAeHUA OKynaemocTy 3aTpart:
13,16
= m = 0,2822

T.e. DPP=7 + 0,2822 = 7,28 net

3710 NnpumepHo 7 net 3 mecAua u 12 aHen.

JNCKOHTMPOBAHHbIE BbIFOAbl 3aBUCAT OT OTPAC/IM: B SHEPTO- U BOAOEMKUX CEKTOpPaX (MeTannyprus,
xumus, LLBM) kntoueBon apdeKT faET CHUMKEHMeE NAaTbl 33 BbIOPOChI M cOpockl. JONONHUTENBHO YYUTbIBAIOTCA
KOCBEHHbIe BbIroApl: yaydlleHne penyTauuu, JOCTyn K 3eNéHOMY GUHAHCMPOBAHWUIO, HA0rOBble NbrOThbl
(yckopeHHas amopTu3aLma, MHBECTULMOHHbIN HAIOrOBbIN KpeguT).

B poccuiickoin npaKkTuKe ycnewHbln nepexog Ha HAT AaéTt nonoxkutenbHbin 3$dEKT: CHUMKAtOTCS
NAaTekM U MoBblWaeTcA pecypcHas 3¢GPEKTUBHOCTb, YTO YCUAMBAET 3SKOHOMWMYECKUIN pesynbrar.
focypapcTBeHHaA NoaAeprKKa AONONHUTENbHO YAyyLAeT NoKa3aTenn AUCKOHTMPOBaHMA.

OueHKa AMCKOHTMPOBAHHBIX BbIFOA MNOATBEPXKAAeT uenecoobpasHocTb nepexoga Ha HAT pgna
60/1bLMHCTBA NPegNPUATUIA NPU KOMNJIEKCHOM YYETe NOTOKOB M PUCKOB. ITO CNOCOBCTBYET BanaHcy Mexay
SKOHOMWMYECKMM Pa3BUTUEM W OXPAHOMN OKpyKatowen cpedpbl B COOTBETCTBUM C LEAAMWU YCTOMYMBOrO
pa3BUTHA.
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YOK 504.06:502.174
FaHytanHoBa Pagmuna PasunbeBHa
YPUMcKnit rocyaapcTBeHHbI HEPTAHON TEXHUYECKUA YHUBEPCUTET,
r. Yéa, PO

COBPEMEHHbIE NOAXOAb! K 9/NEKTPOKUHETUYECKOWN PEMEAUALIUUN HEGTE3ATPA3HEHHbIX NOYB:
OB30P METOA40B MHTEHCUDUKALINN

AHHOTauuA

HedTesarpasHEéHHble MO4YBbl, OCOOEHHO [/IMHUCTbIE W MasIoNPOHMLAEMbIE, TPYAHO MoAAaTCA
TPAAMLMOHHOM OYMCTKE, MOCKOJIbKY 3arpsA3HUTENN NPOYHO YAEPHKMBAOTCA B NOPOBOM MPOCTPAHCTBE U
cnabo nepeHocCATCA BOAHbIMM NOTOKaMK. Lienb gaHHol paboTbl B UCC/Ief0BaHUN COBPEMEHHbIX NMOAX040B K
3/IEKTPOKMHETUYECKOM pemeamaumn n onpegeneHmm cnocobos nosbiweHns eé apdpekTuBHoOCTU. B paboTe
nposeAéH 0630p HaAy4yHbIX WCCNedoBaHUM MO AaHHOW npobneme, BblAeNeHbl OCHOBHblE METOAbI
MHTEeHCcMPUKaumm. Hanbonee nepcnekTMBHbIMM ABAAKOTCA KOMBUHUPOBaHHbIE TEXHOMOTMK, 06beAnHsAOWME
3N1eKTPONEePEHOC, XMMMUYECKOE BO3AENCTBUE U BMONOTMYECKOE Pa3/ioXKeHNE 3arpasHUTeNei.

KnoueBble cnosa:
3/IEKTPOKMHETUKA, pemeamnaums, HepTesarpAasHeHHbIe NoYBbl, BUOINEKTPOKUHETUNKA, OKUC/IEHME.

R.R. Gainutdinova
Ufa State Petroleum Technological University, Ufa, Russia

MODERN APPROACHES TO ELECTROKINETIC REMEDIATION OF OIL-CONTAMINATED SOILS:
A REVIEW OF INTENSIFICATION METHODS

Abstract

Oil-contaminated soils, especially clayey and low-permeability ones, are difficult to remediate using
conventional methods, since pollutants are firmly retained in the pore space and are poorly transported by
water flows. The purpose of this study is to examine modern approaches to electrokinetic remediation and
to identify ways to improve its efficiency. The paper reviews scientific studies on this issue and highlights the
main methods of intensification. The most promising approaches are combined technologies that integrate
electrotransport, chemical treatment, and biological degradation of pollutants.

Key words:
electrokinetics, remediation, oil-contamination soils, surfactants, bioelectrokinetics, oxidation.

BeeneHwue. 3arpasHeHne noys HedTblo M HedpTenpPoayKTaMM OTHOCUTCA K YMCAY Hanbonee yCTOMUMNBbIX
3KONOTNYECKUX Npobaem TeppuUTOPUA, CBA3AHHLIX C A06blYel, TPaHCMOPTUPOBKOMW, XPaHEHWEM W
nepepaboTKoOW yrneBogopoaHoro cbipbs. HedTaHble yrnesBogopoabl 06134a0T CAOKHBIM KOMMNOHEHTHbBIM
COCTaBOM, BK/OYalOWMM anudaTvyeckme, apomMaTMyeckMe W CMOAUCTO-acdasibTeHOBblE COEAUHEHWA.
3HauMTeNbHaA YacTb 3TUX coeauHeHui rmapodobHa, cnabo pacTBopMma B BOAE M CNOCOOHA AnuTesbHoe
BpeMsA yAepKMBATLCA B MOPOBOM MNPOCTPAHCTBE M HA MOBEPXHOCTU MUHEPAJIbHBIX YaCTUL, NOYBbI.

TpaANUMOHHbIE METOAbl OYMCTKU HedTe3arpA3HEHHbLIX MOYB BKIHOYAIOT MEXAHWYECKOoe yaaneHue
3arpsA3HEHHOro €10, MPOMBbIBKY, TEPMUYECKYl0 006paboTKy, buopemegmaumto, BHeceHUe CopbEHTOB U
okucnutenen. OaHako Mx 3PPEKTUBHOCTb CYLULECTBEHHO OrpaHMuMBaeTcs nNpu 0b6bpaboTKke FIUHUCTDLIX,
CYTIMHUCTBIX M MHbBIX MANOMPOHULAEMbIX FPYHTOB. B TakMx yCnoBuAX 3aTpyAHAETCA paBHOMepHoe
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pacnpefeneHne peareHToB, KUCNOPOAa, MUTATE/IbHbIX BELLECTB M MUKPOOPraHM3MOB, A TaKMKe CHUXKaeTcA
CKOPOCTb BbIHOCA 3arpA3HUTEsIEN M3 MOPOBOro NPOCTPAHCTBA.

DNEeKTPOKMHETMYECKAA peMegmaLLMa OCHOBAHA Ha NPUIOKEHNN NOCTOAHHOIO 3/1EKTPUYECKOTo NonsA K
3arpA3HEHHON no4yBeHHOM Mmacce. lNpu 3TOM B CUCTEME BO3HMKAIOT 3N1EKTPOOCMOC, 3/EKTPOMUIpaLLUA,
anektpodopes, anddysma M 3NEeKTPOXMMUYECKME peakuMM Ha 3anekTpodax. Knaccuueckne npuHUMNbI
TexHonornu 6oinn cdopmynmMpoBaHbl Kak MeToA, HanpaB/JIEHHOro NepemMeLLeHUs 3arpsA3HAILLNX BELLECTB U
KOMMNOHEHTOB MOPOBOro PacTBOpPaA Mo, AeNCTBUEM INEKTPUYECKOro noTeHumana [1]. CospemeHHble 0630pbl
NOKa3blBalOT, UTO 3/IEKTPOKMHETMYECKAA PEMEANAUMNA NPUMEHAETCA ANA OPraHUYECKMX, HEOPraHMYECKUX U
CMeLUaHHbIX 3arpA3HeHnii, 0AHaKo eé pe3y/bTaTUBHOCTb 3aBUCUT OT CBOMCTB MOYBbI, TUMA 3arpAsHUTENS,
BJIAXKHOCTU, pH, 3/1€KTPONPOBOAHOCTU U KOHCTPYKLMWN SNEKTPOAHOM cuctembl [2].

Onsa HedTe3arpsasHEHHbIX NOYB 3/IEKTPOKUHETUYECKMIA NOAXOL NPEACTABAAET MHTEPEC NPeXae BCEro
NOTOMY, YTO OH MOMKET PaboTaTb B MaNoONPOHMLLAEMbIX CPeaax, rae rmapasamyeckas NpombiBKa U obbl4HaA
buvopemegmaumns OaOT OrpaHUYEHHbId 3bEdEKT. DKCMepMMEHTa/IbHbIe WUCC/IeA0BaHUSA MO  OYMCTKE
HedTe3arpA3HEHHbIX NOYB MOKa3blBalOT, UTO 3OPEKTUBHOCTb Npouecca onpeaenaeTcd MUHEPANbHbIM U
rPaHy/IOMETPUYECKMM COCTaBOM MOYBbI, PEXKMMOM MPOMbIBKM, HanpaBieHNneM nepeHoca NOPOBOMN BNAMU U
YC/NI0BUSIMU B 3/1EKTPOAHbIX 30Hax [3].

Lenblo HacToAwen craTbu ABnfeTcA 0630p COBpPEMEHHbIX MOAXOAO0B K 3N1eKTPOKMHETUYECKOM
pemeanaummn HedpTesarpsasHEHHbIX MOYB U CUCTEMATM3ALUMA METOLOB €€ MHTEHCUUKALLUM.

0O630p nuTepatypbl. B nuTepaType 3NEeKTPOKMHETMYECKAsa pemeamauma paccMaTpuBaeTca Kak
nepcrnekTUBHasA TeXHO/I0rMA Ans 06paboTKM NoYB ¢ HU3KOW PUNBLTPALMOHHON CNOCOBHOCTLIO. B oTHOWEHUK
rMApPodOOHbIX OPraHUYECKUX COeAMHEHUN, K KOTOPbIM OTHOCATCA MHOrne HedTAHble Yr/eBoaopoAdbl U
NONNLMKANYECKME apOMATUMYECKME YINeBOAOPOAbl, Kao4eBOW npobremolrt ABNSEeTCA WX HU3KaA
pPacTBOPMMOCTb M BbICOKaA copbuma Ha YacTULax noysbl. [I03TOMY NPOCTOro NPUNOMKEHUA SNEKTPUYECKOTO
Noas 4acTo HeAOCTAaTOYHO: 3arpPsA3HUTE/Ib MOMKET OCTAaBaTbCA CBA3AHHbIM C OPraHMYECKMM BeLLEeCTBOM U
MWHEepPaIbHOM NOBEPXHOCTbIO NOYBbI [4].

O4HMM M3  LEeHTpasbHbIX MEXaHM3MOB MpPU OUYUCTKE HedTe3arpA3HEHHbIX MNO4YB ABAAETCA
3N1eKTPOOCMOTUYECKMI NOTOK. OH obecneymBaeT ABUMKEHME MOPOBOM MKMAKOCTU, B KOTOPON MOryT
HaXo4MTbCA PACTBOPEHHbIE UM 3SMYIbIMPOBAHHbIE HEDTAHbIE KOMNOHEHTbI. O4HAKO 3/IEKTPOOCMOC 3aBUCUT
OT 3apAga NOBEPXHOCTM YacCTWUL, BAAXKHOCTM, MOHHOrO COCTaBa pacTtBopa v pH. PasButve U ycuneHue
3/1eKTPOOCMOTUYECKOrO NMOTOKA PAacCMaTPMBAOTCA KaK Ba*KHOE HanpaB/ieHMe NoBblWeHUA 3¢pdeKTUBHOCTH
3/1eKTPOKMHETUYECKOMN OUYMCTKM [5].

OTaenbHyo rpynny ucciegoBaHUn COCTaBAAKOT paboTbl MO NPUMEHEHUIO NOBEPXHOCTHO-aKTUBHbIX
Bewects. MAB u 6uolAB cnocobHbl yBenMuYMBaTb PACTBOPUMOCTb WM MNOABUMKHOCTL MAPOPOOHbIX
3arpAsHUTeNei, NnepeBogmTb YacTb HEPTAHBIX KOMNOHEHTOB B NOABUMKHYO GOPMY M NOBbILWATb AOCTYNHOCTb
3arpaAsHUTeNs Ans AanbHeiliero BbiIHOca UAmn bruoaectpyKkumm [6]. Mpu atom BbiGop MAB f0/13KEH YUUTbIBATbL
He TONbKO 3QPEKTUBHOCTb Aecopbunmn HedTM, HO U BO3MONKHYK TOKCUMYHOCTb, BAUAHME Ha MUKPOOHOE
€o0bLecTBO, OCTaTOYHOE 3arpsA3HEHME U N3MeHeHUe GUBNKO-XMMUYECKMX CBOMCTB NOYBbI.

3HauMmoe BHMMaHWe yaenseTca Takke pH, matepranam 31eKTPOAOB, TUMY 3/IEKTPOAUTA U
HaNPAXEHHOCTM 3/IEKTPMUYECKOTO NONS. B 3n1eKTpogHbIX Kamepax NPOUCXOANT 3N1EeKTPO/IM3 BOAbI: B aHOAHOM
30He popmMMpyeTca KUcnaa cpeda, B KaTOAHOM — LLeIoYHasA. ITM 30Hbl MOFYT M3MEHATb NOABUMNKHOCTb
3arpAsHUTENe U COCTOAHME MOYBEHHOMW MUKpPodaopbl. CoBpeMeHHble MCCAeA0BaHUA MNOAYEPKMBAIOT
HeobxoaMMmocCTb perynmpoBaHusa pH, nogbopa 3KONOMMYECKM NPUEMSIEMbIX INEKTPOJIMTOB U CHUMNKEHMUA
No60oYHbIX 3¢pHEKTOB 3NEKTPOAHBIX peakunit [7].

MepcnekTUBHbIM HamnpaBleHUEM ABAAETCA COYETaHUE ISNEeKTPOKUHETUKM C  OBUONornMYyeckumu
metogamun. [lpu 3arpssHeHMM No4YB HedpTbio U TAXKENABIMWM  METAN/IAMU  INEKTPOKUHETMKA MOXKET
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nepepacnpesenatb MOHbl, NUTATENbHble BELLECTBA M 3arpAsHUTENNn, a buocTumynauma — ycuauBeaTb
MUKpobuonornyeckoe pasnoreHme HedpTaHbIX KOMNOHEHTOB [8]. B nocneaHue rogbl Bcé 60/blue BHUMAHMA
yaennaetca B6UOINEKTPOKMHETUUYECKUM U OUO3NEKTPOXMMUYECKUM CUCTEMaM, rae SNeKTpuyeckoe none
MCNONb3YeTCA He TOMIbKO A/1A NepeHoca BeWecTs, HO M A8 NOALEPXKKM npoueccoB buoperpagaumm
yrnesogopozos [9].

K uncny xuMmmn4yeckun ycmaeHHbIX NOAX040B OTHOCUTCA 3NEKTPOKUHETUYECKAsA TexHonorna ®eHToHa. B
TAKUX CUCTEMAX INEKTPUYECKOoe NoJsie obecneynsaeT NeEPEHOC PeareHTOB M 3arpA3HUTENEN, a paguKabHble
OKUC/IUTENbHbIE PeakumMm cnocobCTBYIOT paspyLUEHNIO CTOMKUX OpraHUYecknx coeamHeHuin. MccnepoBaHus
no obpaboTke HedTecoaeprKawmx 6ypoBbiX 0TX0A40B MeTogom IK-PeHToHa NoKasbiBalOT BO3MOMKHOCTb
NPUMEHEHUA AaHHOM KOMBUHaLMWN ANA CNOXKHbIX YI/1€BOAOPOAHbIX 3arpAsHeHui [10].

OCHOBHas 4YacTb. DNEKTPOKMHETMYECKaa pemeamauma HedTe3arpA3HEHHbIX MOYB  MOXKET
peann3oBbIBaTbCA KaK CAMOCTOATE/NbHbIA METOA UAN KaK YacTb KOMBMHUPOBAHHOM TexHoorMK. B 6asoBom
CXemMe B FPYHT YCTaHaBAMBAIOTCA aHOA M KaTo4, MeXKAY KOTOPbIMU CO34aETCA NOCTOAHHOE 3/IeKTPUYECcKoe
none. Moa ero AencTBMEM NOPOBAA XKMAKOCTb NepeMeLlaeTca NPeMMYLLECTBEHHO B HanpaBAeHUM KaToaa,
PacTBOPEHHblE MOHHble GOPMbI MUTPUPYIOT K 3/1IEKTPOAAM MPOTUBOMOJIOKHONO 3apsaaa, a KoanaougHble
YacTULbl MOTYT NepemMeLLLaTbcs 3a CHET anekTpodopesa. na HedpTesarpsasHEHHbIX MOYB OCHOBHOE 3HAYEHUE
MMEET MMEHHO 3/IEKTPOOCMOC, MOCKObKY MHOTMe HePTAHbIE KOMMOHEHTbI ABAAIOTCA HENTPAIbHBIMU WU
cnabononApHbIMM OPraHNYECKMMM COEANHEHUAMM.

MpuHUMNManbHOe orpaHnyeHmne 6a3oBO TEXHOJ/IOTMK COCTOUT B TOM, YTO HEDTb U HedpTenpoayKTbl
NJ0X0 PacTBOPAOTCA B BoAe. Ecnv 3arpAsHUTENb HaxoauTcA B BUAE NAEHKK, Kanenb, copbupoBaHHOro csos
WU TAXKENOW dpaKuum, SNEeKTpMUYEcKoe noae camo no cebe He Bceraa obecneymBaeT ero AOoCTaTOYHYHO
mobunmsaumto. MoaTomy COBpPEMEHHbIE NOAXOAbl K 3N1EKTPOKMHETUYECKON pemeanaLmmn HanpasaeHbl He
TO/IbKO HA MepeHOC 3arpsi3HUTENA, HO M Ha NOBbIWEHME ero AOCTYNHOCTU. DTO AOCTUraAeTcA 3a CYET
nameHenma pH, npumeHenusa MAB, BBeAEHUA 3NEKTPOSIUTOB, UCNONb30BaHUA GUOIMAB, GuocTumynaummy,
YyepenoBaHUA MNONAPHOCTM, OMNTUMM3AUUM SNEKTPOAHbLIX MATEPUANOB M COYETAHMA C XMMUYECKUM
OKUCNEHMEM.

MepBbiM HanpaBaeHNeM UHTEHCMUKALMK ABAsieTCA ynpasaeHne pH. MNpu anekTpoanse Boabl y aHoAA
obpasytoTca MoHbl H+, a y Katoga — OH-. B pe3ynbtate aHogHaa 30Ha 3aKMUCAAETCA, a KaTogHas
3awenaumsaetca. Ana HeopraHMYeCKMX 3arpasHUTENen TakMe U3MEHEHMUA MOTYT ObITb MNO/1€3HbI, MOCKO/bKY
KUCNOTHbIM PPOHT CNOCOOCTBYET pPacTBOPEHUIO paga meTannos. OgHako nNpu HedTAHOM 3arpAsHeHUU
YpPE3MEPHO KUCMaA WM LWEeNoYHaA cpefa MOMKET CHUMKaTb aKTUBHOCTb Yr1eBOA0POA0KUCAAIOLLNX
MMWKPOOPraHM3MOB M U3MEHATb CTPYKTYPY Mo4Bbl. [103TOMYy B COBPEMEHHbIX CXemMax MPUMEHSITCA
b6ydepHble pacTBOpPbI, UMPKYAALMA 3/EKTPOoAUTa, Nepuoamyeckas CMeHa MOJIAPHOCTM W pasgeneHune
3/1eKTPOAHbIX Kamep.

BTopbiM  HanpaBneHMem ABAAETCA MNPUMEHEHME  3EKTPOAUTOB.  IDNEKTPOAUT  NOBbLIWAET
3N1eKTPONPOBOAHOCTb CUCTEMBI U CTaBUIU3MPYET NePEHOC MOHOB, OAHAKO ero U3bbITOK MOXKET yBEIMYMBATL
sHepronoTpebneHMe M NpUBOAUTL K BTOPUYHOMY 3acONEHUIO MouYBbl. [nA HedTe3arpsasHEHHbLIX NoYB
npeanoYTUTENbHbI TakMe A06aBKM, KOTOpPble OAHOBPEMEHHO MNOAAEPXKMBAKOT 3/IEKTPONPOBOAHOCTb, He
noAaBnstoT MUKPOdIOpY M He CO34at0T TOKCUYHbLIX OCTaTOYHbIX 3PPeKToB. B BMO3NEKTPOKNHETUYECKUX
CXeMax 3M1eKTPOANTbI MOTYT BbIMOJIHATL TaKKe OYHKUMIO UCTOYHMKOB MUTATE/NbHbLIX BELLECTB, Hanpumep
asoTa u pochopa, HeobXoAUMbIX AN MUKPOBHOrO OKUC/IEHMA YI/1IeBOA0PO0B.

TpeTbUM HanpaBaeHUEM ABASETCA UCMOb30BaHUE NOBEPXHOCTHO-aKTUBHbIX BelecTB. [MAB cHUKaoT
mexKdpasHoe HaTaKeHue mexay Boaol M HedTaHoM as3oi, cnocobcTByOT 06pPa3oBaHUIO IMYIbCUN U
MUUENNAPHOMY PacTBOPEHUD rMapodPoOHbIX CoeAMHEHUN. 3a CYET ITOro HedTAHble KOMMOHEHTbI
CTaHoBATCA 60o/see NOABUMKHBLIMU U MOTYT MEPEHOCUTHLCA 3N1EKTPOOCMOTUYECKMM MOTOKOM. Ha npakTuke
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NPUMEHAIOTCA aHMOHHbIE, HeMOoHoreHHble U 6uoreHHble [MAB. OgHako nogb6op [MAB pomkeH bObiTb
OCTOPOKHbIM: C/IMLIKOM BbICOKAA KOHLEHTpauMAa CNocobHa WM3MEHUTb CTPYKTYpy MNOYBbl, NOAABUTb
MMKPOOPraHU3mbl MU 3aTPYAHUTb NOCAEAYIOLLYIO0 OYUCTKY 3/1IEKTPOAMUTA.

YeTBEPTLIM HanpaBieHUem aBAseTca OUO3/EeKTPOKMHETMYECcKan pemeguauma. B gaHHoOM cxeme
3/IeKTpMYecKoe Mnone UCnoab3yeTca ANA pacnpefeneHua BAaru, NUTATeNbHbIX BELWECTB, 3/IEKTPOHHbIX
AKLLEeNTOPOB M A0HOPOB, a TaKXe A/ MNOBbIWEHUA KOHTAKTa MEXAy MMKPOOpraHM3amamm u HedTAHbIM
3arpsasHuTenem. buoctumynsuma npegnosiaraeT akTMBM3aALMIO MECTHOM MUKPOGAOpPbl 33 CYET BHECEHUA
NUTaTeNbHbIX BELLECTB M CO34aHMA B1aronpuATHbIX YCNOBUN. BuoayrmeHTauma npeanonaraer BBegeHue
cneuyanbHo noAobpaHHbIX KyAbTyp MWKPOOPraHWM3MOB. D/IEKTPOKMHETMKA B 3TOM C/lydae BbINOJHAET
TPaAHCMOPTHYIO U peryampyoLyto GyHKUmio.

MaToe HanpaB/feHME CBA3AHO C ONTUMU3ALMEN INEKTPOAHOM cucTemMbl. IPDEKTUBHOCTb OYMCTKU
3aBMCUT OT MaTepurana 3N1eKTPOA0B, PACCTOAHMA MEXAY HMMMU, CXEMbl PACMONOXKEHUA U PEXMMA NOLAUN
aneKkTpuyeckoro noas. NpadutoBble, CTasbHbIE, KeNe3Hble U CMELIAHHble SNEKTPOAbl NO-PAa3HOMY BAMAIOT
Ha 3/1IeKTPONPOBOAHOCTb, KOPPO3MOHHbIE obpasoBaHMe 0cagKkoB MU

npoueccsol, OKUC/INUTENTBbHO-

BOCCTAQHOBUTEJIbHbIE YC/IOBMA. YMEHbLUEHWE PACCTOAHMA MEXKAY 3SNeKTPo4aMM MOXKET MOBbICUTb
HaNPAXXEHHOCTb NOAA, HO OAHOBPEMEHHO YBE/IMYMBAET PUCK NOKA/IbHOTO Neperpesa M pocTa sHepro3arTpart.
MoaToMy onTMManbHasa KOHOUIypaums A0AKHA NOAOMPATLCA € YYETOM MAOLLAAM 3arpA3SHEHUA, BNAXKHOCTH
noysbl U Tpebyemown rnybumHbl 06paboTKu.

LecTtbim Hanpas/sieHnem ABaAeTCcA npumeHeHue nepemeHHoﬁ nnnM nepunoanyecku U3MeHAeMomn
nonsapHoctn. Mpu pgnuTenbHoi paboTe NOCTOAHHOTO NOAA BO3MOMHO 06pasoBaHME 30H CU/bHOTO
3aKMC/IEHUNA M 3aLLEeNAYMBAHUA, CHUXKEHME PABHOMEPHOCTM MepeHOCca, BbICbIXaHNE OTAE/bHbIX Y4aCTKOB U
HaKoN/IeHWe 3arpAsHUTENEN OKOI0 3NeKTPoaoB. MNepnogmyeckas cMeHa NOMIAPHOCTM NO3BOASET YaCTUYHO
BblpaBHMBaTb pH, yny4ywatb pacnpegeneHve BAarn U ymeHblwatb 3$GdeKT POKYCMPOBKM 3arpAsHUTENEN.
JaHHbIN nogxon OCOBEHHO BaKEH NMPW COYETAaHMM 3SNEKTPOKMHETUKU C Buopemeamaumnen, nocKosbKy
MUKPOOPraHM3mbl 4yBCTBUTE/IbHbI K PpE3KUM USMEHEHNAM KUC/TOTHOCTU U COJIEHOCTMW.

CeabMbiM HanpaBAeHUEM ABAAETCA COYMETAHWE SNEKTPOKUHETUKU C XMMWYECKMM OKUcneHunem. B
cuctemax IK-PeHToHa Mnm IK-nepcynbdaTta aneKkTpruyeckoe nose obecneymBaeT HanpaBAEHHYO AOCTABKY
peareHToB, @ OKUCAUTE/NbHbIE PEaKLMU PaspyLLialoT CTOMKME OpraHMYeckne coeguHeHua. Takol noaxon,
NPUMEHUM ANA MOYB, 3arpPA3HEHHbIX TAXKEABIMM  HePTAHBIMM  PAKUMAMK, MNOJAMNLMKIANYECKUMMU
apoOMaTUYECKMMWN YrNeBoaopodamm U HedTecodeprKalwmMmm oTxoaamu. [naBHaa npobnema cocTouT B
HEODOXOAMMOCTM KOHTPO/IMPOBATb [03y OKUCAUTENA, TaK KaK M3ObITOK pPeareHToB MOXKET YXyAWMUTb
COCTOsIHME NOYBEHHOM MUKPOdIOPbI M NPUBECTU K 06Pa30BAHMIO NPOMEKYTOUHbIX MPOAYKTOB OKUC/IEHUS.

OCHOBHble MeToAbl UHTEHCUPUKALIMM SNEKTPOKMHETUYECKON peMeamaumnn HedTesarpAasHEHHbIX MOYB
npeacTasfeHbl B Tabaumue 1.

Tabnuua 1
MeTtoabl MHTEHCUUKALMM SNEKTPOKUHETUYECKOM pemeamnaLmm HedTe3arpAsHEHHbIX NOYB

Table 1. Enhancement methods for electrokinetic remediation of oil-contaminated soils

MeToa, uHTeHcudmKaumm

MexaHun3m gencrema

Mpevmyuiectsa

OrpaHuyeHma

YnpasneHnue pH

MoaaepskaHue AoNyCTUMOMN
KWUCNOTHOCTU B 3/IEKTPOAHbIX 30HaX

Crabunusauma npouecca,
3awWmTa MUKpodaopbl

Heobxoanmoctb bydepos
N KOHTPOAA

DNeKTPOAUTbI

MNosbiweHne 3N1eKTpoONpoBoOAHOCTN U
nepeHoca MOHOB

Bonee paBHomepHas
paboTa cucTembl

Puck 3aconexus u pocra
3Heprosarpart

MAB 1 6nolAB

[Jecopbums v amynbruposaHue

MosbiweHne

BO3MOXHaA TOKCUYHOCTb U

YyrneBoLopoAaos in situ

HepTAHbIX KOMMOHEHTOB NOABUMKHOCTH OCTaTOYHOe 3arpAs3HeHune
rMapodo6HbIX
3arpAsHuTENnen
Buoctumynauma AKTUBM3ALNA MECTHON MUKPODAOPbI PaspyweHune 3aBMCMMOCTb OT pH,

B/IaXXHOCTU U KUCZ0pOoaa
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MeToga, HTeHcndurKaumm MexaHun3m aencreua MpenmyllecTsa OrpaHuyeHuns
BbuoayrmeHTauma BBeaeHue yrnesoopoaoKMUCAAIOLLNX YckopeHue Puck cnaboit agantauuu
KYNbTYp buopgerpagaumm BHECEHHbIX KY/bTYp
CmeHa nonAapHocTH BbipaBHMBaHWe pH 1 BaxHOCTH CHUKeHMe apdeKkTa YcnoXHeHune ynpasneHus
bOKYCMPOBKYU npoueccom
JK-deHTOH DNeKTponepeHoC peareHTos 1 PaspyLueHune cTomKmx Bo3moxHoe nogasneHune
paAnKanbHOe OKUC/eHne OopraHuYyecKumx MUKpodopbI
coeAnHEeHuMn
OnTnmmsauma Moabop maTepuana u reomeTpmm CHuKeHune HeobxoanmocTb pacyéTa
3/1eKTPOL0B 3NEKTPOAHOMN CUCTEMDI sHepronoTpebneHus noJA, KOHKPETHbIN 06beKT

MpeacTaBNeHHaA cMCTEMATM3aLMA NOKA3bIBAET, YTO YHMBEPCA/IbHOrO MEeToAad WHTEHCUdUKaLMK He
cywecTtsyeT. [Ana Nérkmx HepTenpoLyKTOB U CBEXKEro 3arpsA3HEHMA A0CTaTOYHO MOXKET BblTb KOMBUHALUK
3NEKTPOKMHETUMKM ¢ MAB u npombiBKOM. [NsA CTaporo 3arpAsHeHus, rae HedTb MNPOYHO CBA3aHA C
OpraHMYeCcKMM BELLECTBOM MNOYBbI, Dosee paLMOHANbHbI BUMO3NEKTPOKMHETUUECKME U OKUCAUTESbHbIE
cxembl. A 3arpAsHeHWi, coaeprKalux OAHOBPeMeHHO HedTb U TAXKENble meTannbl, LenecoobpasHo
NCMNO/1Ib30BaTb KOMOUHWPOBAHHbI NOAX0A: 3/IEKTPOKMHETMKA obecneynBaeT nepepacnpeseneHne MOHOB U
BNArM, a BUOCTUMYNALMA UM XMMUYECKOE OKUCAEHWNE BO3LENCTBYIOT HA OPraHMYECKYH0 YacTb 3arpsA3HeHUs.

Mpn NPOEKTUPOBAHUN TEXHONOTMN HEOBXOAMMO YuYMTbiBaTb HECKOJIbKO MapameTpos. Bo-nepsblix,
BAYKEH TPaHYNOMETPUYECKMI COCTAB MOYBbl. [NMHUCTbIE M CYTIMHUCTBIE MOYBbI /ydlle MNOAXOAAT ANA
3NEKTPOKMHETMYECKON 06PabOTKK, YeM ANA TMAPABANYECKOM NPOMbIBKM, HO OHU CUNIbHEE NoABEpPXKEHbI pH-
rpagmMeHTam. Bo-BTOpblX, HeObX0AMMO oOUueHMBaTb  BAAXHOCTb: HEAOCTAaTOK  B/Aarn  CHUMXKaeT
3NEKTPOMNPOBOAHOCTb, @ U3ObITOK MOET MPUBECTM K HeynpaBasemomMy MepeHocy 3arpasHutenei. B-
TPETbMX, HEOBXOAMMO YUUTLIBATL CTEMNEHb CTapeHMA 3arpasHeHMaA. Yem gonblie HedTb HaXOAMTCA B NMouyBe,
Tem NpoYHee oHa copbupyeTca u Tem HUXKe e€ BUoAOCTYNHOCTb.

OTaenbHoe 3HayeHWe MMeeT 3HepronoTpebsieHne. DNEKTPOKMHETUYECKas pemeanauuma Tpebyet
NMOCTOAHHOIO AW NEPUOANYECKOrO NOABOLAA NIEKTPUYECKOM IHEPTMU. MO3ITOMY yBENMYEHME HANPAKEHMWSA
He Bcerga ABAAETCA PaLMOHa/bHbIM CNOCOBOM YyCKOpeHUA O4UCTKU. Bonee sddeKTUBHBbIM MOXKeT bbiTb
CHUXEHME PacCTOSHMA MeXAy 3SNeKTpodamu, ONTUMM3aLMA B/IAXKHOCTW, BBeAeHMe 6e30nacHoro
3NEKTPONNTA UAW UCNOIb30BAHUE UMMY/IbCHOTO peXKMma. OLeHKa TEXHONOMMN A0NKHA BKAKOYATb HE TO/IbKO
NPOLEHT yaaneHns HedpTenpoLyKTOB, HO U PACX0 SHEPTMM Ha eANHULY OYMLLEHHOM MACCbl NOYBbI.

KoHTposib 3¢ dEKTUBHOCTN pemeanaLMm AOMKEH OCHOBLIBAaTbCA HA HECKO/IbKMX NOKasaTensax. K Hum
OTHOCATCA  CcoZepaHue  HedTenpoAyKTOB,  KOHUEHTpauusa  MOAMUMKAMYECKMX  apOMaTUYECKUX
yrnesofoponos, pH, 21eKTponpoBOAHOCTb, BNAAXKHOCTb, COAEpXaHMEe OpraHMYecKoro BeLLeCTBa,
TOKCMYHOCTb MOYBEHHOrO 3KCTPAKTA M aKTUMBHOCTb MUKPOOHOro coobuiectsa. Mcnosb3oBaHWe TONbKO
OZLHOrO NoKasaTensA, Hanpumep obLLero coaepKaHma HepTenpoayKTOB, HE MO3BOAAET NOJHOLEHHO OLLEHUTb
3KONOrMYeCcKoe BOCCTaHOB/IEHWNE MOYBbI.

Takum 06pasom, CoBpeMeHHbIe MOAX0Abl K 3/IEKTPOKMHETUYECKON pemeamaunm HedptesarpasHEHHbIX
NnoyB pa3BMBAlOTCA B HaMpaBJAeHWUU TMOPUAHBIX TEXHONOrMA. OCHOBHOM aKLEHT CMelLaeTcAa OT NPOoCToro
3NeKTponepeHoca 3arpA3HUTENEN K YNPaBAAEMON CUCTEME, FAe dNeKTpUYecKoe Moae MUCMo/b3yeTcAa Kak
WHCTPYMEHT [OCTaBKW peareHToB, PeryinMpoBaHuA cpeapbl, MNOBblWeHUs OMoA0CTYNHOCTM HedTn U
noaAepKKu npoLeccos buoaerpagaunu.

BbiBOAbI M AanbHENLINE NEPCNEeKTUBbI UCCAEA0BaHUA. DNEKTPOKMHETUIECKAA peMeanaLMa ABNAETCA
NepcnekTMBHbIM  METOAOM  OYMCTKM  HedTe3arpAsHEHHbIX noyB, O0cobeHHO npu  obpaboTke
ManonpoHULL@eMbIX TPyHTOB. E€ appeKTMBHOCTb onpeaenseTcd He TO/IbKO BEeMYMHOW NPUIOKEHHOTO
3NEKTPUYECKOrO MOJIA, HO M COBOKYMHOCTbIO MOYBEHHbIX, XMMUYECKUX, BMONOTUYECKMX U UHMKEHEPHbIX
¢daKTopos.

Hanbonee 3HauMMbIMM MeTOOAMM WMHTEHCUMKALMM ABAAIOTCA ynpasaeHwe pH, npumeHeHue
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3/1eKTPO/INTOB, Ncnonb3oBaHue MAB 1 61olAB, onTMMM3aLMA INEKTPOAHON CUCTEMbI, CMEHA NONAPHOCTY,
b6uocTumynauma, buoayrmeHTaLmMa U COYETAHME SNEKTPOKMHETUKM C XMMUYECKUM OKUCAeHNEM. KaxKabll u3
3TUX NOAXOAO0B MMEET NPEMMYLLECTBA U OFPaHUYEHMA, NOSTOMY BblIGOP CXeMbl AOJ/IXKEH BbINOJAHATLCA C
Y4€TOM TMNA NO4YBbI, cCOCTaBa HePTAHOro 3arpA3HeHMA, BO3pacTa 3arPA3HEHMUA, BAAXKHOCTMH,
MMKPODBNONOrMYECKOM aKTUBHOCTM U AOMYCTUMbIX SKONOTMYECKUX PUCKOB.

Hanbonblume nepcnekTuebl MMET KOMOUHUPOBAHHbIE TEXHONOTMWN, B KOTOPbLIX 3/1EKTPOKMHETUKA
MCMOJIb3yeTcA KaK cpeacTBO ynpasB/isAemMoro nepeHoca Baarum, nutaTenbHbix BeuwecTts, MAB, 61MolAB wu
okucauteneit. Mpu 3TOM pJanbHelWwMe WUCCNeO0BAHUA [OMKHbI OblTb HamnpaBAeHbl HA CHUXKeHMWe
sHepronoTpebneHna, pa3paboTKy 3KONAOrMYECcKM Ge3omnacHbIX 3EeKTPOIMTOB, MOBbIWEHWE YCTOMYMBOCTU
MUWKPOBHbIX COOBLLECTB M Nepexos OT 1abopaToOPHbIX IKCNEPUMEHTOB K NMOJEBLIM UCMbITAHUAM.
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