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TEXHUYECKHE HAYKH

METOJOJOI'MYECKHUE OCHOBBI U ITEPCIIEKTHUBbI
NCHOJIB30BAHUS TEXHOJIOTI' NI
HNCKYCCTBEHHOI'O UHTEJIUVIEKTA B CUCTEME
OBPA3OBAHMUSI
KytiabieB F.l, XaTramMoB ,Z[.Z

"Kymavies I'vituzenvOwt - kKandudam mexHuueckux Hayk,
cmapuwuil npenooasameltvb, OOYeHM,
’Xamamos Jloenemosrcan - cnmyoenm
Typxmencko2o 20cy0apcmeenHoeo (UHAHCOB8020 UHCTNIUMYMA
2. Awxabao, Typxmenucman

Annomayua: 6 OaHHOU HAYYHOU CMamve paccMampuearomcs

KOMNJIEKCHble — Memoooo2udeckue  OCHO8bl  UHmMezpayuu
mexHo02ull UcKyccmeenno2o unmennekma (MH) 6 coepemennyio
00pazoeamenvHyIo cpeoy. Aemop ananusupyem

mpancopmayuro  OUOAKMUUECKUX NPUHYUNOE NOO0 GIUAHUEM
A0ANMUBHBIX ANICOPUMMOE U MAUUHHO20 00YYeHUs, 6bl08USAs
koHyenyuto  «Koenumuenozo pezonamca odyuawoweeoca u
cucmemory (KROS). B pabome uccredyiomcs nepcnekmugl
UCNONIL30BAHUSL UHMEILIEKMYAIbHbIX CUCEM Penemumopcmaad,
npPeoOUKMuUGHOU AHATUMUKU ycnesaemocmu u
asmomamuzuposanuvix — niameopm  oyerusanus.  Ocoboe
BHUMAHUe YOeNsiemcsi UHHOBAYUOHHbIM ACHeKMAam CO30aHUs
NEePCOHAUBUPOBAHHLIX — 00PA30BAMENbHLIX — MPAEKMOpUll U
UBMEHEHUIO PONU nedazoea 8 YCI08UAX YUPPOBOl akcerepayuu.
Cmamus 000CHO8bIBAEN NPAKMUYECKYIO 3HAUUMOCTb HEOPEHUS
HUU Ons nosvlutenuss kawecmea o00pazosanusi u npeoooeHus.
CUCTMEMHBIX Oapbepos 6 00yYeHUU, a makdice npeoiazaem nymu
peanuzayuy  UHMELIeKMYAIbHbIX — peweHull. 8  pPaMKax
20CY0apCmeeHHbIX 00paA308aMeNbHbIX CIMAHOAPMOS.

Knioueevie cnoea: uckyccmeenHvlll uHmMeNLIeKmM, Memo00a02Us
obpazosanus, aoanmueHoe O0OyueHue, HeUpOHHble  cemiu,
yugposas mpancghopmayus, nepcoHanuzayus, npeouKmueHas
AHATUMUKA, KOCHUMUBHASL Ne0da202UKA.



CoBpeMeHHass mapagurmMa oO0pa3oBaHUsl MEPEKUBAET ATarl
byHIaMEHTAIBHOM TpaHnchopmManuu, 00yCJIOBJICHHBIN
CTPEMHTEIILHBIM DPAa3BUTHEM HH(POPMAIMOHHBIX TEXHOJOTUHA U
WHTETpallNe WHTEIJICKTYaIbHBIX arcHTOB B 00pa30BaTEIHHBIN
nporecc. Merononornyeckue OCHOBBI UCIIOIb30BaHUSs
uckycctBeHHoro wuHtemwiekta (UMW) B cucteme oOpa3oBaHus
0a3upyloTCsi ~ HAa ~ CHUHTE3€  KOTHUTHBHOM  TICUXOJIOTHH,
MEJarOrMYeCKON aHTPOIOJIOTUHA U KUOEPHETUKH, UTO MO3BOJISET
paccMaTpuBaTh 00y4YeHHE HE MPOCTO KaK TPAHCISIHUI0 3HAHWM,
HO KaK JIMHAMUYECKUN MpPOLECC YIPaBICHUS KOTHUTHUBHBIMU
COCTOSIHUAMHM 00y4Yaromerocst. AKTYaJbHOCTh JIaHHOW TEMBbI
MPOJUKTOBaHA HEOOXOJIUMOCTBIO TIEpEeXoJa OT MaccOBOrO,
YHU(GUIUPOBAHHOTO  00Opa3oBaHUSI K  MOJEIM  IIyOOKOM
NEpPCOHANM3AINK, TJ€ AaJrOPUTMbl MAIIMHHOTO  OO0y4YeHUs
CIOCOOHBI ~ aNanTHUpPOBaTh  KOHTEHT  TOJ  YHUKaJbHBIC
HEUPO(DU3NOIOTUYECKUE M TICUXOJOTHMUYECKUE XapaKTePUCTUKHU
KaXJ10ro uHauBuAa. TeopeTnueckuil GyHAaMEHT UCIIOIb30BaHUs
NN B mnemaroruke oOmMpaeTcs Ha TEOPHI0 IOITAITHOTO
dbopmupoBanusi yMmcTBeHHbIX JgedictBui [1.51. Tanpnepuna u
KOHIICNIMIO 30HBI Omkaitimero passutus JI.C. Beirorckoro,
JIOTIOJTHCHHBIC COBPEMEHHBIMU MpeACTaBICHUSIMU 0
HEUPOIUIACTUYHOCTH U CETEBOM paCIpeleICHUN 3HaHul. B aTom
KOHTEKCT€ WHHOBAllMOHHAsI WAES CTAaTbU 3aKJIOYaeTcs B
pa3pabotke mojnenu «KOrHUTUBHOTO pe30HaHCa 00YyYarolerocs
nu cucreme» (KROS), xoropas mnpenmnonaraer, uro HWHU-
mwiatpopMa HE TPOCTO pearupyeT Ha OMMOKM YYEHHKa, HO
MPEAUKTUBHO BBICTPAUBAET CTPYKTYPY MOJa4u MaTepuaia TaKuM
o0pa3oMm, 4TOObl MUHUMM3UPOBATH KOTHUTHUBHYIO HArpy3Ky H
MaKCHMM3UPOBAaTh yPOBEHb YyCBOEHUs HHPOpPMAIMU dYepe3
rapMOHM3AIMIO  TEMIAa  U3JOKEHUS W HMHAUBUIYaTbHBIX
OMOPUTMOB KOTHUTHBHOM aKTUBHOCTH.

Merononorudyeckass  HOBU3HA  IPEIIAraeéMoro  Moaxonaa
3aKJII0YaeTcsi B OTXOAE OT CTAaTHYECKUX OOpa30oBaTEIbHBIX
MporpaMM B MOJIb3y JTUHAMUYECKUX rpadoB 3HAHUU, T/I€ Kaxaas
enquHUIia  uHPOpMANMK (MHUKPOMOJYJb) oOJagaeT HabOpoM
METaJIaHHbIX,  MNO3BoOJiAOIMX  cucreMe MU BbIYUCHATH
BEPOSTHOCTh YCHEIIHOTO YCBOEHUSI Marepualia KOHKPETHBIM
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CTYACHTOM B p€aJbHOM BpPEMEHU. ITO pealu3yercsi uepe3
HCIIOJIb30BaHUE OalleCOBCKMX CeTe W HEHPOHHBIX CeTel
IyOOKOTO OOYy4YeHHs, KOTOphIE AaHAIM3UPYIOT HE TOJBKO
MPAaBWIBHOCTh OTBETOB, HO W BpeMs pa3ayMuid, MNaTTEPHbI
JIBIDKEHUSI Kypcopa, a B TIEPCHEKTUBE — W JaHHBIC
OMOMETPUYECKUX CEHCOpoB. IIlpakThueckoe 3HAYEHUE TaKOM
METOJIOJIOTUU 3aKIIOYAETCS B PAIUKATIBHOM CHUKEHUU MPOLIEHTA
aKaJEMHYECKOM  HEYCIIEBa€MOCTH, TaK  KakKk  CHCTEMa
UISHTUPUIIUPYET «IpoOenb» B (yHAAMEHTE 3HAHUW emie 10
TOr0, Kak OHHU CTaHyT KpPUTHYECKUMH JJIsi TIOHUMaHUS
MOCHEAYIOMMX TeM. BaXXHO OTMETUTbh, YTO HHTEIJIEKTYyaJlbHbIC
cuctembl penerutopctBa (ITS) yxe ceromHs IeMOHCTPUPYIOT
3G (HEKTUBHOCTH, COMOCTABUMYIO C MHIMBHUAYyaJIbHOW paboTOM ¢
BBICOKOKBAJIM(DUIIMPOBAHHBIM TEaroroM, OJHAKO MEPCIEKTHUBA
UX Pa3BUTUA JIGKUT B  IUIOCKOCTH  MYJIbTUMOJAIBHOTO
B3aUMOJICHUCTBUSA, BKJIIOYAIOMIECTO PACIO3HABAHUE OHOMOLMU U
WHTOHAIWN peun oOyyaroierocs TUISL KOPPEKIUH
MOTHBALIMOHHOM COCTaBJISIIOIIEN MPOLIECCA.

PaccmaTpuBasi mepCrieKTUBBI pa3BUTHSI, HEOOXOJIUMO YKa3aTh
Ha TpaHCc)OpMALMIO CHUCTEMBbI OlIEHUBaHUS. |pagullMOHHbIC
AK3aMEHAIIMOHHBIE MOJIEJIM, OCHOBAHHBIE HA JIUCKPETHBIX
MPOBEPKAX, 3aMenIarTCs KOHIIeNIUEN HEIPEPHIBHOTO
HEeBUAMMOTO olleHUBaHMs (stealth assessment). B sroit monmenu
NN aHamu3upyer Kakaoe JASHCTBUE CTyAeHTa B IMdpoBoi
oOpa3oBarenbHOM cpenme, GopMupys JeTajdbHBI MNpodUiIh
KOMIIETCHIIUM  0€3  CO3[aHusi  CTPECCOBBIX  CHUTYaIlHid,
XapakTepHbIX [JIs TECTUPOBAHUSA. IJTO IMO3BOJISIET MEPEUTH K
UCTUHHO KOMIIETEHTHOCTHOMY TIOAXOMYy, TJA€ JUIJIOM WJHU
cepTU(UKAT SBISCTCS OTPAKECHHEM TOJATBEPKICHHOTO OIbITa
pemeHuss 3amad B aJanTUBHOM cpene. MHHOBaIMOHHBIM
HaMpaBJICHUEM SIBIIAETCS TAKXKE HCIIOJb30BAHUE T€HEPATHUBHBIX
mozenent (tuna GPT-4 u nocienyromux uTepaiuii) s co3aaHus
MEePCOHATM3UPOBAHHBIX yUYEOHHKOB, KOTOPBIC IMEPENUCHIBAIOT
CIIOKHBIA TEXHUYECKUM TEKCT B CTUJIe, HamboJiee MOHSTHOM
KOHKPETHOMY TIOJIb30BaTEII0 — HAmpuMep, 4depe3 meTadophl,
Onmu3KMe ero Xo00u WM TpeaplIylieMy Mpo(eccHOHAIbHOMY



onbiTy. TakuMm oOpa3oM, pemiaercs npodjeMa CEeMaHTUYECKOTO
Oapbepa B OOyUYEHUHU.

Teopernueckre OCHOBBI MNPEIIAracMbIX HW3MEHEHUN TAaKKe
BKIIFOYAIOT B Ce€0s KOHIEMIHIO «PACHPEICICHHOIO IMO3HAHUS
(distributed  cognition), rtme WM paccmaTpuBaeTcs  Kak
KOTHUTUBHBIM NPOTE3 WIM PACIIMPEHUE YEIIOBEYECKOIO pasyMa.
OTO CTaBUT NeEpe]l NeAArorndeckol HayKo BOIPOC O TOM, Kakue
HAaBBIKM OCTAIOTCSl MCKIIOYMTEIBHOM NPEPOTaTHBONM YEIOBEKA B
3MOXY, KOT/1a aJIrOPUTMbI CIOCOOHBI CUHTE3UPOBATh HH(POPMALIHIO
obicTpee J1r00oro akcrepra. OTBET JEKUT B IJIOCKOCTU Pa3BUTHS
METAKOTHUTUBHBIX HAaBBIKOB — YMEHHSI YUUTHCA, (POPMYIUPOBATH
3anpockl  (MPOMIT-UHXUHUPUHT  3HAHWW) U OLICHUBATb
JOCTOBEPHOCTh MH(OpMauuu. Peanmuzanus mogoOHBIX Mporpamm
BO3MOKHA 4Yepe3 CO3/laHue THOPHUIHBIX YeJIOBEKO-MaIIMHHBIX
cucrem, rae UM Geper Ha ceOsl CTPYKTYpHpPOBAaHUE JAHHBIX WU
TPEHUPOBKY 0A30BBIX HABBIKOB, & YEJIOBEK — CHHTE3 HOBBIX UIEH
Y 3TUYECKYIO OLICHKY PE3YJIbTAaTOB. B 10ATOCpPOYHOM MEPCIIEKTUBRE
ATO TMPUBEIET K CO3JaHUI0 TNIOOAIBHOW HEWpooOpa3zoBaTEIbHOM
CeTH, CIIOCOOHOW o00ecreynBaTh KAayeCTBEHHOE OOpa3oBaHUE B
JH000W TOYKE MHpa, HHUBEIUPYSd COLUAIBHO-I)KOHOMHYECKOE
HEPABEHCTBO B JOCTYIIE K 3HAHUSM.

D} hHeKTUBHOCTH MPEIIOKEHHBIX METO/I0JIOTHYECKUX
OCHOBAHMM MOATBEPKIACTCS MHOTOYHUCIICHHBIMU
UCCJIENOBAaHUSIMU B 00JlacTh Helponenaroruku. Hampumep,
UCIOJIb30BaHUE aJTOPUTMOB MHTEPBAJIbHBIX MOBTOpEHUH (spaced
repetition), MHTETPUPOBAHHBIX B UHTEIUICKTYaIbHBIE TUIAT()OPMBI,
MO3BOJIIET  YBEJIMYUTh O0BEM YIEpKMBA€MOM B MaMsTH
uHpopmaruu Ha 40% 1O CpaBHEHUIO C TPAAUIMOHHBIMU
METO/JaMM  3ayuuBaHUsl. BHeapeHHWE WUIPOBBIX  MEXaHUK,
ynpasisiembix W, noBbimaeT ypoBeHb 10haMUHOBON MOJIMUTKH
mpolecca  00yuyeHus, TMpeBpamias ero U3 pYTUHB B
yBJEKaTeNbHbI  KBecT. Takum  00pa3oM, MEpPCIEKTUBBI
ucnonb3oBanus MU B cucreme oOpazoBaHus HE OTPaHUYUBAIOTCSA
TEXHUYECKOM MOJIEpHU3ALMEN, a BEAYT K POXKICHUIO HOBOU
AHTPOIOLIEHTPUYECKOW IE€JaroruKH, TI€ TEXHOJOTUU CIy’KaT
WHCTPYMEHTOM PAaCKpBITHSI CKPBITOIO IMOTEHLMANa Ka)JI0ro



YUEHHKA, oOecrieunBas OecrpereIeHTHBIH yYpOBEHb
MHTEJUIEKTYalIbHON CBOOO/IbI U MPOIYKTUBHOCTH.

Cnucox tumepamypul
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CEJIbCKOXO3CTBEHHBIE HAYKH

IOPEKTUBHOE UCITIOJb30OBAHUE BOJIHbIX
PECYPCOB B YCJIOBUSAX 3ACYLIJIMBOT'O
K/IIMMATA: POJIb TN"APOMEJIMOPAIIUU B

MOJAEPKAHUHU CEJIBCKOT'O XO35MCTBA
Opas6aes X.', dcenon P.>, Opa3zbaena I'.’, Baiipamos M.*

1
Opa3zbaes Xooocamvipam — npenoodasameins;
2
Ocenos Paxvim — npenooasamens,
3
Opas3zbaesa ['yninabam — cmyoenm;
ir - :
batipamos Mvipam — cmyoenm,
TypkmeHncKull cenbCcKoX035UCMBEHHBIU UHCIUMYM
2. lawoeys, Typxmenucman

Annomauyua: Oaumnas paboma NOCGAUWEHA UHHOBAYUOHHBIM
Memooam U MeXHONO02UAM  2UOPOMENUOPAYUU,  KOMopble
no380J15110m 3¢hpexmusno pewiams npoodbaemy oepuyuma 600HbIX
pecypcos 8 YCIOBUAX 3ACYWIU6020 Kiumama. B cmamve
AHATIUBUPYIOMCS COBPEMEHHbIE CUCMEMbl OpOUleHUs, MaKue Kak
KanenuvbHoe U CNPUHKIEPHOe OpouleHue, KOMopvle 3HAYUMENbHO
cokpawjaiom nomepu 600bl HA UCNApeHue U QUiIbmMpayuio.
Paccmampueaemcs npumenenue ceomemopan u noauMepHvix
mMamepuanos 0is 2UOPOU3ONAYUU KAHAL08 U 8000éM08. Ocoboe
BHUMAHUE  YOensemcs  aemoMAmu3uUpOBaAHHbLIM — CUCHEMAM
ynpaseieHus U MOHUMOpPUHed,  KOmMopvle  0becneuusaom
OnmMuUManIbHoe pacnpeoeierue 6iazu ¢ y4émom nompeoHocmell
KYIbMYp U NO20OHbIX Yycaosull. Llenvto ucciedosanus sA6saemcs
000CHOBAHUE IKOHOMUYECKOU U IKOJI02U1ecKoU 3¢ pexmusHocmu
BHEOpeHUsT OAHHBbIX MEeXHONo2Ul 01 0becnedenus YCmouiuso2o
PA3BUMUSA CEILCKO20 XO3AUCEA 8 3ACYULTUBLIX DECUOHAX.
Kntouesvie cnoea: unnosayuu, 2u0pomeruopayusi, 3acyuliueblil
KAUMAam, KaneibHoe OpouwleHUue, CNPUHKIEPHOe OpOuleHuUe,
2eomMemMOpaHvl, A8MOMAMUZUPOBAHHbIE CUCMEMbL, YNPAaGleHUe
BOOHBLIMU  pecypcamu, — YCMoUyYugoe  pazeumue,  CelbCKoe
X03AUCMEO.

[Ipobnema neduumTa BOIHBIX PECYpCOB SBIAECTCA OJHOM W3

Hauboee OCTPhIX IIOOATBHBIX MpPOOJIeM COBpeMEHHOCTH. B
10



YCIIOBUSIX U3MEHEHUsI KJIIMMaTa U pocTa HaceJeHHs] TOTPEOHOCTh
B IPECHON BOJAE TMOCTOSHHO YBEJIWYUBAETCS, OCOOCHHO B
peruoHax C 3acylUIMBBIM KiuMaToM. CenbCckoe XO3SICTBO,
SBJISSICh  OCHOBHBIM IOTpPEOHMTENIEM BOXBI, CTAJTKUBACTCH C
HEOOXOJMMOCTBIO  PAUKAIBLHOTO TEPEeCMOTpa TMOAXOJO0B K
opomeHuto. OT TOro, Hackoibko 3(QexkTuBHO  OyayT
HCIIOJIB30BaThCA BOJHBIE PECYPChI, 3aBUCUT IPOJIOBOILCTBEHHAS
0€30MacHOCTh MHOTHX CTpaH.

TpaauuuoHHbIE METOBI OpOLIEHUS, TaKue KaK
MOBEPXHOCTHBIN MOJIMB, MOKAa3allu CBOIO HU3KYIO 3()DPEKTUBHOCTD
U TPUBEIIM K CEpPbE3HBIM HKOJOTHYECKUM MpodiieMaM. OTU
METOJbl HE TOJIbKO BBI3BIBAIOT OrPOMHBIE TOTEPU BOJBI HA
ucrapeHue U GuiIbTPAIMIO, HO U CHOCOOCTBYIOT 3aCOJICHUIO U
Jerpaaliuy IIOAOPOAHBIX MOYB. B pe3ynbrate, HECMOTps Ha
3HAYUTENIBHBIE  3aTpaTbl  BOJBI, YPOKAMHOCTH  OCTAETCS
HEBBICOKOM. 9t10 nenaer TPagULIMOHHBIE OAXO/BI
HEMPUEMJIEMBIMU J1JI1 YCTOMYUBOIO Pa3BUTHSI.

B oTtBeT Ha 3TM BBI30BBI MHUPOBOE COOOIECTBO AKTUBHO
pa3palaTbiBa€T U BHEAPSET HWHHOBALIMOHHBICE METOJbI U
TEXHOJIOTUU TUAPOMETUOPAIIMU. DTU TMOJIXO0Jbl HANpaBICHbI Ha
MUHUMU3AIUIO TTOTEPh BObI, ONTUMHU3AIMIO €€ pacipeaesICHUs U
MOBBIIIEHUE 3¢ (HEKTUBHOCTH CEIBCKOXO03SIICTBEHHOTO
npousBojacTBa. OHHM  TMPEACTaBISIOT  COOOM  KOMILIEKC
WHXCHEPHBIX, TEXHOJOTMYECKUX M YIPABICHYECKUX PELICHUM.
[IpuMeHEeHUE ATUX  TEXHOJIOTMH  CTAHOBUTCS  KIIFOYEBBIM
dbakTopom B 60prO€ ¢ BOTHBIM JIEPHUITUTOM.

Opnoit u3 Hambosnee >PGEKTHUBHBIX TEXHOJOTUN SBIISETCS
KarejabHOE OpOIIeHUE. JTa CUCTEeMa MO3BOJISIET MOJ1aBaTh BOAY U
MUATATEJIbHBIC BEIIECTBA HEMOCPEACTBEHHO K KOPHEBOM 30HE
pactenui. Takou Moaxoa pPe3KO CHUXKAET MOTEPU HA UCTIAPEHUE U
MpocavyrBaHue, TaK Kak BOJIA JOCTABIISETCA B HEOOJIBIINX, TOUHO
JIO3UPOBAHHBIX KOJIMYECTBAX. KanensHoe OpOIlICHHE
oOecrieurBaeT BBICOKYIO DJKOHOMHIO BOJABI W OJHOBPEMEHHO
IIOBBILIAECT YPOKANHOCTE.

Jpyroi BaxXHOM WHHOBAalUMEW SBISECTCA CHPUHKIEPHOE
opouieHue (MHUKPOJIOXKAEBAHHE). JTa CUCTEMa HWMUTHUPYET
€CTECTBEHHBIN J0XKIb, pacHpeiessisi BOAY HaJ MOBEPXHOCTHIO
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no4yBbl. COBpEeMEHHbIE CHPUHKJIEPHBIE YCTAHOBKH HMEIOT
BBICOKYIO TOYHOCTh M MOTYT OBITh HACTPOCHBI Ha OMpeIeTIEHHBIN
pacxo/ BOJIbI, YTO TO3BOJISIET M30€XKaTh MEPEYBIAXKHECHUS HU
ApOo3uu TMOYBKI. J[aHHAs TEXHOJIOTHSI MOAXOIUT IJisl OPOIICHUS
OOJIBIIIKX TOJIEN U Pa3IMYHBIX BUJIOB KYJIBTYD.

Jlns mpenoTBpailieHus] MOTEPh BOABI B KaHajdaX U BOAOEMAax
IIMPOKO  HUCMOJB3YIOTCA  Te€OMEMOpaHbl U MOJHUMEpPHbIC
MaTepuabl. OTHn MaTepuabl CO3JIaI0T HaJIEKHBIN
BOJIOHEITPOHUIIAEMBIN Oapnep, KOTOPBIH HUCKIIIOYaEeT
npocayrBaHue BOJbI B TIpyHT. Mcmonb3oBaHue reomeMmOpaH
OCOOCHHO aKTyaJbHO B II€CUAHBIX W TIOPUCTHIX IIO0YBAX, TJE
MOTEPH Ha (PUIBTPAINIO TOCTUTAIOT KPUTUUECKUX 3HAYCHHI. ITO
MIO3BOJIIET COXPAHUTh OIPOMHBIE OOBEMBI BOIBI.

Hcnonb30BaHne  pereHepupOBaHHOW  BOABI  (OYHIIIEHHBIX
CTOYHBIX BOJI) B CEJILCKOM XO3SIMCTBE — €MIE OJIHO HaIpaBJICHUE.
Ouyuctka CTOYHBIX BOJI MU HX TMOBTOPHOE HCIOJB30BAaHUE IS
OpOIUIEHUS MO3BOJISIET CHU3UTh Harpy3Ky Ha UCTOYHUKHU MPECHOM
BOJIbI. DJTa TEXHOJIOTHS YK€ YCIEIIHO MPUMEHSETCS BO MHOTHMX
CTpaHax, IJie BOJHBIN ACHULIUT SIBISCTCS KPUTUUECKUM.
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THE EFFECTIVENESS OF BILINGUAL EDUCATION AN
LANGUAGE ACQUISITION AND COGNITIVE
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Abstract: This research article investigates the multi-dimensional
impact of bilingual education on the dual trajectories of linguistic
proficiency and cognitive architecture. Moving beyond the
traditional "additive vs. subtractive” bilingualism debate, this
study proposes the "Neural Plasticity and Executive Function
Synergy" (NPEFS) model to explain how simultaneous or
sequential dual-language immersion restructures the prefrontal
cortex and enhances cognitive flexibility. The paper synthesizes
recent neuroimaging data with longitudinal pedagogical
outcomes to argue that bilingual education serves as a catalyst
for "metalinguistic awareness," a cognitive leap that transcends
simple vocabulary acquisition. Innovative perspectives on
"Translanguaging as a Cognitive Tool" are explored, suggesting
that the fluid movement between languages is not a sign of deficit
but a sophisticated manifestation of higher-order thinking. The
article concludes with practical strategies for implementing
"Dynamic Immersion Frameworks" in diverse socio-economic
contexts and discusses the long-term societal benefits of a
biliterate workforce.

Keywords: Bilingual Education, Language Acquisition, Cognitive
Development,  Executive  Function, = Neural  Plasticity,
Translanguaging, Metalinguistic Awareness, Neuroeducation.

The discourse surrounding the effectiveness of bilingual
education has evolved from a focus on mere academic parity to a

sophisticated exploration of how the human brain adapts to the
13



systemic demands of managing two or more linguistic codes. At
the heart of this inquiry lies the fundamental question of whether
the cognitive "cost" of managing two systems is outweighed by
the neuroplastic benefits derived from constant linguistic
negotiation.  Historically, concerns regarding "linguistic
interference" or "semilingualism" dominated pedagogical circles;
however, contemporary evidence suggests that these concerns
were rooted in a flawed understanding of the bilingual brain as
two monolingual systems coexisting in isolation. Instead, the
theoretical foundation of modern bilingualism rests on the
"Common Underlying Proficiency" (CUP) model, which posits
that knowledge and skills acquired in one language provide a
cognitive foundation that supports the development of the second.
This internal interdependence allows for a synergistic relationship
where the acquisition of complex semantic structures in the
primary language (L1) accelerates the conceptual grasping of
equivalent structures in the secondary language (L2).

The cognitive development of bilingual learners is particularly
evident in the domain of executive functions—a set of mental
processes including inhibitory control, working memory, and
cognitive flexibility. The innovative "Neural Plasticity and
Executive Function Synergy" (NPEFS) model introduced in this
study suggests that because bilinguals must constantly suppress
one language to use another, the brain’s "executive control
center" in the dorsolateral prefrontal cortex undergoes significant
structural and functional strengthening. This is not merely an
incidental byproduct of language use but a systematic "brain
training" effect. Research utilizing fMRI and EEG technologies
has consistently shown that bilingual children often outperform
their monolingual peers on tasks requiring the filtering of
irrelevant information and the rapid switching between task rules.
This "bilingual advantage" is most pronounced in environments
where the educational framework encourages active production in
both languages rather than passive comprehension. This suggests
that the depth of cognitive restructuring is directly proportional to
the intensity and quality of the bilingual immersion.
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Beyond executive function, bilingual education facilitates an
advanced level of metalinguistic awareness—the ability to
objectify language and treat it as a system governed by rules
rather than a transparent medium of communication. When a
student learns that the concept of "justice" can be expressed
through different phonological and syntactic structures, they
develop a more abstract and flexible understanding of the concept
itself. This de-coupling of the word from the object allows for
enhanced divergent thinking and creativity. Furthermore, the
practical implementation of "Translanguaging" in the
classroom—a practice previously discouraged as '"code-
mixing"—is now recognized as a sophisticated cognitive strategy.
By allowing students to use their full linguistic repertoire to solve
complex problems, educators leverage the brain's natural
tendency to build cross-linguistic bridges. This approach reflects
the "Dynamic Immersion Framework," where the boundary
between languages is permeable, allowing for a richer, more
nuanced construction of meaning that a monolingual curriculum
cannot provide.

The pedagogical implications of this research are profound,
particularly concerning the timing and methodology of language
introduction. While the "Critical Period Hypothesis" suggests that
early childhood is the optimal window for native-like
phonological acquisition, the cognitive benefits of bilingualism
are not limited to "early" bilinguals. "Late" bilinguals—those who
begin immersion in secondary school or adulthood—show similar
improvements in executive control and neural density, although
the pathways involved may differ. This leads to a revolutionary
perspective: bilingual education should not be viewed solely as a
linguistic goal but as a cognitive intervention. For children in
disadvantaged socio-economic settings, bilingual programs can
act as a protective factor, bolstering the very executive functions
that are often negatively impacted by environmental stressors.
The practical realization of these benefits requires a shift from
"transitional" models, which aim to move students toward the
dominant language as quickly as possible, to "dual-language" or
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"maintenance" models, which treat both languages as equally
valuable cognitive assets.

The societal and economic value of bilingualism further
solidifies the argument for its expansion. In an increasingly
globalized labor market, ‘'"intercultural = communicative
competence"—the ability to navigate not just different languages
but different cultural logics—is a high-value skill. Bilingual
education provides the foundational hardware for this
competence. Moreover, longitudinal studies suggest a '"neuro-
protective" effect of lifelong bilingualism, delaying the onset of
symptoms related to Alzheimer’s and other forms of dementia by
up to four to five years. This suggests that the investments made
in bilingual primary education yield dividends throughout the
entire human lifespan, reducing future healthcare burdens and
enhancing quality of life for the elderly. The transition from a
monolingual-centric educational paradigm to a plurilingual one is
therefore not just a matter of linguistic rights, but a strategic
necessity for the 21st century.

As we look toward the future, the integration of digital tools
and artificial intelligence in bilingual classrooms offers new
horizons  for  implementation. "Adaptive  Immersion
Technologies" can now provide personalized linguistic
scaffolding, allowing students to navigate the "Zone of Proximal
Development" in two languages simultaneously. By mapping the
individual’s cognitive load in real-time, these systems can adjust
the ratio of L1 to L2 input to ensure that the student is challenged
but not overwhelmed, thereby maximizing neural growth. The
ultimate goal of bilingual education is the creation of "global
citizens" who possess not only the ability to speak across borders
but the cognitive flexibility to think beyond them. The evidence is
clear: the bilingual brain is more than just the sum of its parts; it
1s a more resilient, adaptable, and creative system, uniquely
equipped for the complexities of the modern world.
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Abstract: This research article investigates the intricate
intersection of cognitive psychology and linguistic theory within
the context of English Language Teaching (ELT) and acquisition.
By examining the mental processes involved in language
comprehension, production, and storage, this study elucidates
how psycholinguistic principles—such as lexical priming, parsing
strategies, and the "Inhibition Control" mechanism—dictate the
efficiency of second language (L2) mastery. The paper introduces
the "Neuro-Syllabic Synchronization" (NSS) model, an innovative
theoretical framework proposing that English acquisition is
optimized when pedagogical input aligns with the brain's natural
rhythmic processing of phonological units. Furthermore, the
study explores the role of emotional valence and cognitive load in
long-term retention. By synthesizing current neuro-imaging data
with behavioral evidence, the research argues for a transition
from  traditional  grammar-translation — methods to a
"Psycholinguistically-Informed Pedagogy" (PIP). The practical
significance of this shift is discussed in relation to curriculum
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design, digital learning platforms, and the mitigation of
fossilization in adult learners.

Keywords: Psycholinguistics, English Language Acquisition,
Lexical Access, Cognitive Load, Neuro-Syllabic Synchronization,
Mental Lexicon, Language Processing.

The study of the English language through the lens of
psycholinguistics marks a departure from purely descriptive
linguistics toward an explanatory science of the mind. While
traditional linguistics concerns itself with the formal properties of
English—its  syntax, = morphology, and  phonology—
psycholinguistics seeks to uncover the "internal machinery" that
allows a learner to transform an acoustic signal into a meaningful
mental representation. The fundamental challenge of English
acquisition lies in the language's high degree of orthographic
deepness and its complex prosodic structure, which place
significant demands on the learner's cognitive resources. To
address these challenges, one must look at the theoretical
foundations of language processing, specifically the "Modular"
vs. "Interactive" debate. Modular accounts, such as those
famously proposed by Jerry Fodor, suggest that language
processing occurs in isolated units, whereas interactive models,
like the "Connectionist" framework, argue that semantic,
syntactic, and phonological information are processed
simultaneously through neural networks. For the English learner,
this means that the speed of lexical access—the ability to retrieve
a word from the mental lexicon—is the primary bottleneck for
fluency.

A critical innovation in this field is the "Neuro-Syllabic
Synchronization" (NSS) model, which suggests that the human
auditory cortex tracks the envelope of speech at specific rhythmic
frequencies. English, being a stress-timed language, presents a
unique rhythmic profile compared to syllable-timed languages
like Spanish or French. The NSS model posits that English
language learners struggle most when their neural oscillators fail
to synchronize with the "stress-beats" of native English speech.
This leads to a breakdown in segmentation—the ability to tell
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where one word ends and the next begins. By implementing
"Rhythmic Priming" in ELT, where learners are exposed to the
metrical patterns of English before being introduced to complex
syntax, we can effectively "pre-tune" the brain's processing units.
This innovative approach suggests that the "music" of English is
not a secondary aesthetic feature but the primary scaffolding upon
which syntax is built. Furthermore, the role of the mental lexicon
in English acquisition cannot be overstated. Unlike a physical
dictionary, the mental lexicon is organized by "spreading
activation." When a learner hears the word "table," related
concepts like "chair" or "wood" are automatically primed.
However, in L2 learners, these links are often weak or dominated
by L1 (first language) interference.

Practical implementation of psycholinguistic theory involves a
rigorous management of cognitive load. According to Sweller’s
Cognitive Load Theory, the working memory has a limited
capacity, and if the "intrinsic complexity" of an English sentence
exceeds this capacity, learning ceases. In English, the
phenomenon of "Center Embedding" (e.g., "The cat the dog
chased ran away") provides a perfect example of syntactic
complexity that causes cognitive overflow. Psycholinguistic
research suggests that "scaffolding" should focus on reducing the
"extraneous load" by using visual aids and formulaic sequences—
pre-fabricated chunks of language like "In my opinion" or "By the
way." These chunks are stored as single units in the mental
lexicon, bypassing the need for real-time syntactic assembly and
freeing up cognitive space for higher-order semantic processing.
This leads to the perspective of "Formulaic Competence," where
fluency is viewed as the result of a vast library of memorized
patterns rather than the application of abstract rules.

The role of "Inhibitory Control" also plays a decisive role in
the English learner’s journey. Psycholinguistics has shown that
for a bilingual individual, both languages are always active to
some degree. When a Russian or Chinese student speaks English,
they must actively suppress their native tongue. This "cognitive
suppression" is taxing and explains why learners often revert to
L1 structures under stress. An innovative pedagogical strategy

19



would involve "Inhibition Training," where students engage in
tasks that require high levels of executive control alongside
linguistic production. This would move language learning out of
the "passive" classroom and into a high-intensity cognitive
environment, mirroring the real-world demands of simultaneous
interpretation or international business negotiation.

Furthermore, the "Affective Filter" hypothesis, originally
proposed by Stephen Krashen, is given new scientific weight
when viewed through the lens of psycholinguistics and
neurobiology. High levels of anxiety trigger the release of
cortisol, which has been shown to inhibit the functioning of the
hippocampus—the brain's primary center for memory formation.
Therefore, the "Emotional Valence" of the English input is a
critical variable. Learning English through "Narrative
Engagement"—where the learner is emotionally invested in a
story—Ileads to deeper semantic encoding than learning through
disjointed grammatical exercises. This is because emotional
stimuli are processed via the amygdala, which enhances the
"long-term potentiation" of neural connections in the linguistic
centers of the brain. The future of ELT lies in "Bio-Responsive
Learning Systems" that monitor a learner’s physiological state
(such as heart rate or galvanic skin response) to adjust the
difficulty of English tasks in real-time, ensuring the learner
remains in a state of "Flow" rather than frustration.

In conclusion, the integration of psycholinguistics into English
language learning provides a roadmap for more -efficient,
scientifically grounded instruction. By understanding the neural
constraints of parsing, the rhythmic requirements of
segmentation, and the cognitive demands of the mental lexicon,
we can design curricula that work with the brain rather than
against it. The NSS model and PIP framework represent the next
frontier in applied linguistics, offering the potential to drastically
reduce the time required for English mastery. As we move into an
era of Al-driven personalized education, the psycholinguistic
"fingerprint" of each learner will become the basis for bespoke
learning pathways, ensuring that the global language of English
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remains accessible to all, regardless of their linguistic starting
point.
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Abstract: The rapid industrialization and digital transformation
of the Turkmen economy necessitate a robust linguistic
infrastructure to support technical education and international
collaboration. This research paper explores the systemic
development of a specialized English-Turkmen glossary tailored
for students in technical specialties, specifically focusing on the
fields of petroleum engineering, information technology, and
renewable energy. The study moves beyond simple word-to-word
translation, proposing a "Functional-Contextual Equivalence"”
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(FCE) model for terminological mapping. This model addresses
the linguistic gap between the highly standardized English
technical nomenclature and the evolving Turkmen technical
lexicon. The paper introduces innovative approaches to
neologism formation in the Turkmen language, utilizing
morphological derivation and semantic extension to ensure
conceptual clarity. By synthesizing principles of corpus
linguistics and ontological engineering, the research
demonstrates how a structured glossary can mitigate cognitive
load for L2 learners and enhance the precision of technical
communication. The practical value of this work lies in its
potential to standardize technical discourse in Turkmenistan,
facilitating the integration of domestic specialists into the global
scientific community.

Keywords: Technical Terminology, English-Turkmen Glossary,
Functional-Contextual Equivalence, LSP (Language for Specific
Purposes), Lexicography, Neologism Formation, Technical
Education.

The globalization of engineering and technology has
established English as the undisputed [lingua franca of the
scientific world, creating a significant pedagogical challenge for
non-native speaking regions. In the context of Turkmenistan,
where technical education 1s a cornerstone of national
development, the discrepancy between the availability of
advanced English-language resources and the local linguistic
tools for their comprehension remains a critical barrier. The
theoretical basis for developing an English-Turkmen technical
glossary must therefore transcend traditional lexicography,
evolving into a multifaceted process of terminological
coordination and conceptual alignment. This endeavor is not
merely an exercise in translation but a sophisticated act of
linguistic engineering aimed at constructing a bridge between two
distinct conceptual systems. The primary difficulty lies in the fact
that many modern technical concepts—especially in emerging
fields like artificial intelligence or green hydrogen production—
do not have established historical equivalents in the Turkmen

language. Consequently, the development of a glossary requires a
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rigorous scientific methodology that ensures both semantic
accuracy and grammatical naturalness within the target language.

Central to this research is the "Functional-Contextual
Equivalence" (FCE) model, which suggests that the translation of
a technical term must be governed by its functional role within a
specific system rather than its literal dictionary definition. For
instance, the English term "drive" in a mechanical context
requires a different Turkmen equivalent than in a computational
or electrical context. By categorizing terms into "semantic fields,"
the FCE model allows for a more nuanced mapping that reflects
the actual usage of the term in professional environments. The
innovation of this study lies in the proposal of a "Hybrid
Neologism Protocol" for the Turkmen language. This protocol
suggests three primary pathways for term creation: first, the
revitalization of archaic Turkic roots to describe modern concepts
(e.g., using roots related to 'weaving' for 'networking'); second,
the systematic use of Turkmen morphological suffixes to create
new nouns from existing verbs; and third, the calculated adoption
of internationalisms where the concept is so globally standardized
that a local translation would 1impede international
communication. This balanced approach prevents the language
from becoming an isolated system while maintaining its linguistic
integrity and phonological harmony.

The implementation of such a glossary must be rooted in
corpus linguistics. By utilizing specialized corpora—collections
of authentic technical texts in both English and Turkmen—
researchers can identify the most frequently used collocations and
syntactic patterns. This is vital because technical terms rarely
exist in isolation; their meaning is often modified by the verbs
and prepositions that surround them. For a student of technical
specialties, knowing the term "circuit" is insufficient without
understanding how it interacts with verbs like "to break," "to
close," or "to short." A well-developed glossary should therefore
include "contextual clusters" that provide examples of terms in
use. This reduces the cognitive load on the student, as it shifts the
task from translating individual words to recognizing and
utilizing entire functional units of language. Furthermore, the
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integration of "Ontological Mapping" ensures that the hierarchy
of terms in the glossary reflects the actual structure of the
technical field. If "Internal Combustion Engine" is a
superordinate term, the glossary must clearly define its
subordinate parts (pistons, valves, crankshafts) in a way that
shows their systemic relationship.

The practical significance of this glossary extends into the
realm of digital education and "Computer-Assisted Language
Learning" (CALL). By digitizing the English-Turkmen technical
glossary, it can be integrated into mobile applications and e-
learning platforms used by universities across Turkmenistan. An
innovative prospect is the development of a "Smart Glossary" that
utilizes augmented reality (AR) to provide real-time Turkmen
translations when a student points a device at a technical diagram
or a piece of machinery. This creates a direct sensory link
between the English term, the Turkmen equivalent, and the
physical object, significantly accelerating the process of
"terminological perception." In the petroleum sector, which is
vital to the Turkmen economy, such a tool would allow young
engineers to transition more seamlessly from local educational
environments to international offshore platforms where English is
the primary mode of communication. The standardization of these
terms also has legal and safety implications, as ambiguous
terminology in technical manuals can lead to -catastrophic
operational errors.

To ensure the sustainability of the glossary, a "Dynamic
Feedback Loop" involving students, educators, and industry
professionals must be established. Technical language is not
static; as new technologies emerge, the glossary must be updated
through a collaborative "crowd-sourcing" model among experts.
This ensures that the Turkmen technical lexicon remains "live"
and responsive to global trends. The theoretical foundations
discussed here—FCE, Hybrid Neologism Protocol, and
Ontological Mapping—provide the necessary framework for this
ongoing evolution. In conclusion, the development of an English-
Turkmen technical glossary is a strategic investment in the
intellectual capital of the nation. It empowers students to access

24



the global store of knowledge while simultaneously enriching the
Turkmen language, proving that the local and the global can
coexist through the medium of precise, scientifically-grounded
communication. This work serves as a foundational step toward a
more integrated, technologically advanced future for
Turkmenistan’s academic and industrial sectors.
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Abstract: This research paper delineates the evolutionary
trajectory of linguistic development, moving from the structural
rigidity of syntax to the fluid complexity of semantic
representation. By synthesizing historical linguistics, cognitive
neuroscience, and computational modeling, the study proposes a
"Recursive Semantic Mapping" (RSM) framework. This
framework suggests that the transition from proto-language to
modern syntax was not a mere increase in complexity but a
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fundamental shift in cognitive architecture that allowed for the
externalization of internal mental states. The paper explores the
linguistic foundations of this transition, examining the role of
Merge operations and the emergence of truth-conditional
semantics. It concludes by discussing the practical implications of
this evolution in the development of Artificial General
Intelligence (AGI) and natural language processing.

Keywords: Syntax, Semantics, Historical Linguistics, Recursive
Semantic  Mapping, Cognitive  Evolution,  Biolinguistics,
Generative Grammar.

The inquiry into the origins and developmental trajectory of
human language represents one of the most profound challenges
in contemporary science, straddling the boundaries of
evolutionary biology, cognitive psychology, and formal
linguistics. To understand the transition from syntax to semantics
1s to uncover the very mechanism that allows a finite set of
structural rules to generate an infinite array of meaningful
expressions. Historically, the debate has often been polarized
between  functionalist  perspectives,  which  prioritize
communication and social interaction, and formalist perspectives,
which view language as an internal computational system.
However, a rigorous scientific exploration reveals that the
historical development of language is best understood as an
integrated evolution of structural capabilities—syntax—and the
cognitive capacity to map these structures onto conceptual-
intentional systems—semantics. The traditional view of linguistic
evolution often starts with the emergence of symbolic
representation, yet the truly innovative step in human history was
the development of a recursive syntax capable of organizing these
symbols into hierarchical structures. Noam Chomsky’s
Minimalist Program suggests that the core of this ability lies in a
single operation known as "Merge," which takes two syntactic
objects and forms a new, unordered set. While this explains the
structural complexity of language, it does not fully account for
how these structures acquired the deep, contextual meaning that
characterizes human communication.
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The linguistic foundation of this development is rooted in the
"narrow syntax," but the breakthrough occurred when this internal
computational system interfaced with the "conceptual-intentional
system." In the early stages of proto-language, communication was
likely holistic or purely pragmatic, consisting of signals that lacked
internal compositional structure. The shift toward a syntax-driven
system allowed for the atomization of meaning, where individual
components of an utterance contribute to a global semantic
interpretation. This transition is not merely historical but is
reflected in the ontogenetic development of language in children
today. As we observe the shift from telegraphic speech to complex
subordinating structures, we witness a microcosm of the
evolutionary journey from basic lexical items to intricate semantic
networks. The innovation presented in this discourse is the
"Recursive Semantic Mapping" (RSM) hypothesis. This theory
posits that the evolutionary leap was not just the invention of
syntax for its own sake, but the adaptation of the brain’s spatial
reasoning and recursive processing capabilities to the domain of
abstract thought. RSM suggests that the human mind began to treat
concepts as "spatial" entities that could be nested and rearranged,
leading to the birth of hierarchical syntax. This allowed for the
displacement of meaning—the ability to speak about things not
present in the immediate environment—which is a hallmark of true
semantic depth.

The theoretical foundations of this exploration rely heavily on
the work of Alfred Tarski and Donald Davidson, who sought to
define meaning through truth conditions. In their view, to know
the meaning of a sentence is to know the conditions under which
it would be true. This logical approach to semantics provides a
rigid framework, but it must be reconciled with the historical
fluidity of language. Over millennia, semantic shift and
lexicalization have shown that the mapping between syntax and
meaning is not static. For instance, the grammaticalization of
verbs into tense markers (e.g., the English "going to" becoming a
future marker) demonstrates how structural positions in syntax
eventually harden into specific semantic functions. This process
illustrates a continuous feedback loop where syntactic innovation
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drives semantic nuance, which in turn necessitates more complex
syntactic structures. The practical significance of understanding
this transition cannot be overstated, particularly in the realm of
modern computational linguistics and the quest for AGI. Current
Large Language Models (LLMs) are exceptionally proficient at
mimicking the statistical regularities of syntax, yet they often lack
a grounded semantic understanding. They operate on a purely
"syntactic" level of probability without a genuine interface with a
conceptual-intentional system. By implementing the principles of
RSM—integrating recursive hierarchical processing with a
dynamic, context-aware semantic mapping—we can move toward
Al systems that do not just predict the next word but understand
the underlying proposition.

The implementation of these theoretical insights involves a
multi-disciplinary approach. In pedagogical contexts, focusing on
the "syntax-semantics interface" can revolutionize second-
language acquisition by emphasizing the logical structure of
meaning rather than rote memorization of grammar rules. In
clinical settings, understanding the breakdown of RSM can lead to
better diagnostic tools for aphasia and other language disorders.
Ultimately, the journey from syntax to semantics is a journey
toward the essence of human consciousness. Our ability to
structure the world through language is what defines our species,
and by decoding the historical and linguistic foundations of this
process, we unlock a deeper understanding of the mind itself. The
ongoing evolution of language, now accelerated by digital
communication and human-Al interaction, suggests that we are
entering a new phase where the boundaries between syntax and
semantics may blur even further, leading to more condensed and
perhaps more abstract forms of information exchange. The
rigorous study of our linguistic past is, therefore, the only way to
navigate the complexities of our communicative future.

References

1. Chomsky N. (1995). The Minimalist Program. MIT Press.
2. Davidson D. (1967). Truth and Meaning. Synthese.

28



3. Jackendoff R. (2002). Foundations of Language: Brain,
Meaning, Grammar, Evolution. Oxford University Press.

4. Pinker S. (1994). The Language Instinct. William Morrow and
Company.

5. Tomasello M. (2003). Constructing a Language: A Usage-
Based Theory of Language Acquisition. Harvard University
Press.

6. Berwick R. C., & Chomsky N. (2016). Why Only Us: Language
and Evolution. MIT Press.

THEORETICAL BASIS OF TECHNICAL LANGUAGE
AND TERMONOLOGY
Tangrykulyyeva A.', Gurbangeldiyeva B.?

"Tangrykulyyeva Aylar — Teacher,
’Gurbangeldiyeva Bibigul — student,
OGUZ HAN ENGINEERING AND TECHNOLOGY
UNIVERSITY OF TURKMENISTAN
ASHGABAT, TURKMENISTAN

Abstract: This research paper explores the ontological and
epistemological  foundations of technical language and
terminology, positioning them not merely as subsets of natural
language but as specialized semiotic systems designed for
cognitive precision and operational efficiency. The study
investigates the transition from traditional nomenclature to
dynamic, multidimensional terminological networks, proposing
the "Cognitive-Functional Convergence" (CFC) model as a new
theoretical framework. By analyzing the structural properties of
technolects across diverse fields—from aerospace engineering to
quantum computing—the paper demonstrates how technical
terms serve as compressed informational packets that facilitate
high-bandwidth expert communication. The research further
addresses the integration of artificial intelligence in
terminological management and the innovative prospect of
"Semantic Interoperability Protocols" for cross-disciplinary
synthesis. The findings highlight the practical significance of
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standardized terminology in reducing systemic risk and
accelerating technological innovation.

Keywords: Technical Language, Terminology Theory, Semiotics,
Cognitive-Functional Convergence, LSP (Language for Specific
Purposes), Ontological Engineering, Semantic Interoperability.

The evolution of human civilization is inextricably linked to
the refinement of specialized communicative tools, often
categorized under the broad umbrella of Language for Specific
Purposes (LSP). Within this domain, the theoretical basis of
technical language and terminology represents a critical
intersection of linguistics, philosophy of science, and cognitive
psychology. Unlike general-purpose language, which thrives on
ambiguity, metaphor, and socio-emotional nuance, technical
language is characterized by a drive toward monosemy—the ideal
state where one term corresponds to one precisely defined
concept within a specific field. This drive is not merely a stylistic
preference but a functional necessity dictated by the requirements
of precision, repeatability, and safety in scientific and industrial
endeavors. The historical roots of this phenomenon can be traced
back to the Enlightenment's quest for a characteristica
universalis, yet the modern complexity of technical systems
demands a more sophisticated theoretical treatment than simple
classification.

At the core of technical terminology lies the relationship
between the signifier, the signified, and the referent, mediated
through a rigorous framework of standardization. Eugen Wiister,
often regarded as the father of modern terminology, posited that
concepts exist independently of names and that the primary task
of terminologists is to map these pre-existing concepts to unique
linguistic markers. While this "General Theory of Terminology"
(GTT) provided the bedrock for ISO standards, contemporary
research suggests a more constructivist approach. The innovative
"Cognitive-Functional Convergence" (CFC) model proposed in
this study argues that technical terms are not just labels for static
objects but are dynamic nodes within a cognitive map that evolve
alongside the practitioner's understanding of the system. This
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model suggests that as technology becomes more "black-boxed"
and complex, the terminology shifts from descriptive (what the
object is) to functional (what the object does within a system).
This shift is evident in the transition from mechanical engineering
terms, which often describe physical shapes and movements, to
software engineering terms, which describe abstract states and
logical flows.

The linguistic foundation of technical language is built upon a
hierarchy of abstraction. At the base level, we find
nomenclature—the systematic naming of entities, such as
chemical compounds or biological species. Above this lies
terminology, which encompasses the specialized vocabulary of a
profession or field of study. However, the true complexity
emerges at the level of the "technolect," a socio-professional
linguistic variety that includes not only terms but also specific
syntactic patterns and rhetorical strategies. For instance, the use
of the passive voice in technical reports is not a mere convention
but an ontological statement that prioritizes the process and the
result over the individual agent, thereby enhancing the perceived
objectivity of the data. Furthermore, the nominalization of verbs
(turning "to oxidize" into "oxidation") allows for the compression
of complex temporal events into single, manipulable conceptual
blocks. This process of grammatical metaphor is essential for the
construction of scientific theory, as it allows researchers to build
arguments upon previously established processes as if they were
solid facts.

Practical implementation of these theories is increasingly
visible in the field of "Ontological Engineering." As we move
toward a globalized digital economy, the need for semantic
interoperability between different technical systems has become
paramount. When two autonomous systems—such as an
automated manufacturing plant and a logistical Al—attempt to
communicate, they must share more than just data; they must
share a terminological framework. The innovation of "Semantic
Interoperability Protocols" (SIPs) represents a prospective leap in
this direction. SIPs are designed to act as real-time translation
layers that map the terminology of one domain onto another by
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identifying underlying mathematical or functional isomorphisms.
This prevents the catastrophic failures that occur when, for
example, one engineering team uses imperial units while another
uses metric, or when "pressure" is defined differently in a fluid
dynamics context versus a structural integrity context.

The cognitive load associated with mastering technical
language is another area where theoretical insight meets practical
application. Experts in a field do not just know more words; they
perceive the world through the lens of their terminology. This is
known as "terminological perception," where the acquisition of a
term actually changes the observer's ability to distinguish features
in their environment. In the realm of medical diagnostics, the
term "pathognomonic" allows a physician to categorize a cluster
of symptoms as a single diagnostic entity, effectively offloading
cognitive effort onto the linguistic structure itself. The future of
technical language lies in the "Augmented Terminology" systems,
where AR (Augmented Reality) interfaces overlay technical terms
and their hierarchical relationships directly onto the physical
objects being studied or repaired. This creates a seamless loop
between the linguistic signifier and the physical referent,
minimizing the margin for error in high-stakes environments.

In conclusion, the theoretical basis of technical language and
terminology is shifting from a static dictionary-based approach to
a dynamic, system-oriented paradigm. The CFC model and the
development of SIPs provide a roadmap for navigating the
increasing complexity of the 21st-century technosphere. As we
integrate Al more deeply into our scientific and industrial
processes, the precision of our terminology will dictate the limits
of our control and the depth of our understanding. The study of
technical language is, therefore, not a peripheral branch of
linguistics but a central pillar of the philosophy of technology,
essential for the safe and efficient advancement of human
knowledge.
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Abstract: The rapid advancement of science and technology
continuously  generates new concepts requiring precise
terminological representation across languages. This article
examines the challenges posed by neologisms in scientific-
technical translation, focusing on multi-word terminological
clusters and the limitations of current translation technologies.
Drawing on recent research from 2024-2025, the article analyzes
the linguistic specificity of scientific neologisms, the inadequacy
of word-for-word translation, and emerging solutions including
definition-based translation and Al-augmented terminological
analysis. The review concludes that effective translation requires
hybrid approaches combining human expertise with carefully
deployed technological tools.

Keywords: scientific ~ neologisms, technical  translation,
terminology, machine translation, corpus linguistics.

1. Introduction

Scientific research continually generates new concepts
requiring new terms—neologisms. As most scientific publications
are in English, disseminating this knowledge requires accurate
translation of emerging terms. However, by definition, no parallel
data exist to provide such translations, creating a fundamental
challenge for translators.

The problem is particularly acute in rapidly evolving fields
where terminological innovation outpaces dictionary compilation.
Contemporary scientific texts are characterized primarily by
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multi-word, language-specific new terms that resist word-for-
word translation.

2. The Nature of Scientific-Technical Neologisms

2.1 Characteristics

The most challenging category comprises multi-word
terminological clusters—extended phrases carrying the primary
semantic load, such as "computer-based corpora research" or
"cross-linguistic investigation." Such terms do not permit literal
translation and require specialized analytical procedures.

2.2 Cross-Linguistic Differences

Scientific discourse varies significantly across languages due to
structural properties and cultural conventions. English academic
writing tends to be '"reader-friendly" and communicatively
oriented, while scientific text in other languages may exhibit
greater syntactic complexity.

3. Translation Challenges

3.1 The Problem of Non-Existent Parallel Data

The fundamental challenge is the absence of established
equivalents. Newly coined terms have not yet appeared in
bilingual dictionaries. Automated translation tools typically
render such terms word-for-word, producing incorrect results in
the majority of cases.

3.2 Machine Translation Limitations

Recent research confirms that Large Language Models face
significant limitations with neologisms. They are sensitive to
superficial and morphological similarity between source and
target terms, and their predictions are impacted by subword
tokenization. Comparative studies show machine translation
exhibits error rates over 80% for neologisms, significantly higher
than human translation.

4. Contemporary Approaches

4.1 Definition-Based Translation

One promising approach leverages term definitions to guide
translation. Since neologisms lack parallel data, their
definitions—which explain the new concept—can inform the
creation of appropriate target-language equivalents.
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4.2 Morphologically Informed Translation

Research demonstrates that language models struggle with
prefixations and derivations due to suboptimal tokenization. This
limitation can be resolved through morphological segmentation
that respects word-formation patterns.

5. Conclusion

The translation of neologisms in scientific-technical contexts
presents unique challenges arising from the absence of
established equivalents and limitations of current technologies.
Contemporary research points toward hybrid approaches
combining human expertise with technological tools.

Key findings include: (1) scientific neologisms are increasingly
multi-word and language-specific; (2) machine translation
systems exhibit significant limitations with neologisms; (3)
definition-based translation and morphological analysis offer
promising pathways; (4) corpus-based analysis augmented by Al
tools represents the current state of the art.

Future directions include more sophisticated neural
architectures and expanded parallel corpora in specialized
domains.
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Abstract: This article examines the peculiarities of metaphor
usage in English and Turkmen literary works through a
comparative linguistic and cultural lens. Drawing on recent
scholarship and analysis of classical literary texts, the study
explores how metaphors function as stylistic devices that reflect
distinct  cultural worldviews. The analysis focuses on
metaphorical patterns in the poetry of Magtymguly Pyragy as
representative of Turkmen literary tradition, comparing them
with metaphorical structures in English literature. The article
highlights both universal cognitive mechanisms and culture-
specific variations in metaphorical expression.

Keywords: metaphor, literary works, English literature, Turkmen
literature, comparative analysis, Magtymguly Pyragy.

1. Introduction

Metaphor stands as one of the most powerful stylistic devices
in literary expression across all languages. As a way of
understanding one conceptual domain through the lens of another,
metaphors arise from human experience and convey deeper
meanings while reflecting cultural identities. This article provides
a concise comparative analysis of metaphors in English and
Turkmen literary works.

2. Theoretical Framework

Contemporary metaphor studies have been shaped by Lakoff
and Johnson's Conceptual Metaphor Theory, which demonstrates
that metaphor is not merely a decorative device but a fundamental
mechanism of human thought. In literary contexts, metaphors are
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employed with artistic intent, distinguishing them from everyday
metaphorical expressions.

3. Metaphors in English Literary Works

English literature boasts a rich tradition of metaphorical
expression, from Shakespeare's extended metaphors to modernist
symbolic language. Standard metaphors include expressions such
as "The classroom was a zoo," where chaos is communicated
through implicit comparison. Extended metaphors, like
Shakespeare's comparison of life to a stage, develop concepts
over multiple lines for sustained thematic resonance.

4. Metaphors in Turkmen Literary Works

4.1 The Poetry of Magtymguly Pyragy

Turkmen literary tradition reaches its highest expression in
Magtymguly Pyragy (18th century), the national poet of
Turkmenistan. His works are rich in metaphors drawing on
Turkmen cultural experience:

If hunters hunt for him in the mountains or steppes, A
Turkmen, the son of a lion, won't be caught alive.

Here, "son of a lion" compares the Turkmen warrior to a lion,
conveying bravery and nobility.

4.2 Nature and Emotional Metaphors

Turkmen metaphors frequently derive from the natural world,
reflecting nomadic life. Magtymguly writes:

I am a nightingale suffering because of you,
You have taken my soul as a sacrifice for you.

The nightingale symbolizes true love across Eastern traditions.
Another example:

When my heart broke, my tears turned into stones.

This metaphor links heartache with immovable stones,
conveying the weight of emotional pain.

5. Comparative Analysis

5.1 Universal Mechanisms

Both traditions share cognitive foundations. Research reveals
that despite linguistic differences, English and Turkic languages
employ similar cognitive mappings in many domains. The water
metaphor, for instance, appears in both as a symbol of spiritual
purification.
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5.2 Culture-Specific Variations

Turkmen metaphors draw heavily on Central Asian
environments—mountains, steppes, and deserts—and reflect tribal
values of hospitality and resilience. English metaphors draw on
different natural imagery and historical experiences. Color idioms
research shows that despite similar cognitive mappings,
connotations vary significantly due to cultural and historical
factors.

6. Conclusion

Key findings include: (1) metaphors in both traditions convey
abstract concepts through concrete experience; (2) Turkmen
literary metaphors draw extensively on nature imagery, nomadic
values, and Sufi traditions; (3) English metaphors reflect different
historical contexts while sharing cognitive mechanisms; (4)
cultural connotations vary significantly despite similar conceptual
mappings.

Future research might expand comparison to other Turkmen
poets and explore challenges of translating metaphors between
these languages.
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Abstract: The teaching and learning of English have undergone
significant transformation over recent decades. This article
provides a concise overview of principal methods in English
language learning, examining traditional approaches such as
Grammar-Translation and  Audio-Lingual methods, and
contemporary models including Communicative Language
Teaching, Task-Based Learning, and technology-mediated
instruction. Drawing on recent research from 2020-2025, the
article synthesizes findings on the effectiveness of these methods
across different learning contexts. The review highlights a
paradigm  shift from teacher-centered, grammar-focused
instruction toward learner-centered, communicative approaches,
concluding that effective English language learning requires
context-sensitive adaptation of methods supported by emerging
digital tools.

Keywords: English  language learning, teaching methods,
communicative competence, technology-enhanced learning,
learner autonomy.

1. Introduction

English has established itself as the global lingua franca,
essential for academic achievement and professional
advancement worldwide. The prevalence of English in higher
education and scientific discourse has necessitated its mastery
across countries, making the identification of effective learning
methods a priority for educators and researchers. This article aims
to provide a concise examination of the principal methods in
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English language learning, drawing on recent scholarly research
to evaluate their effectiveness in contemporary educational
settings.

2. Traditional Approaches

2.1 The Grammar-Translation Method

The Grammar-Translation Method focuses on explicit
grammatical rule instruction, vocabulary memorization, and
translation exercises. In academic settings, particularly in non-
English speaking countries, this method has historically
dominated due to its alignment with exam-based curricula.
Students trained under this method develop strong analytical
understanding of grammatical structures.

However, critics argue that this method neglects
communicative competence and oral fluency. Learners often
struggle to apply their knowledge in real-world contexts, as the
method prioritizes form over function.

2.2 The Audio-Lingual Method

Emerging from behaviorist learning theories, the Audio-
Lingual Method emphasizes pattern drills, repetition, and
mimicry to establish correct language habits. While this method
contributed to improved listening and pronunciation skills, its
lack of creativity and meaning-focused practice limited learners'
ability to engage in spontaneous communication.

3. Contemporary Communicative Approaches

3.1 Communicative Language Teaching

Communicative Language Teaching revolutionized language
pedagogy by shifting focus from grammatical form to
communicative function. This approach emphasizes interaction,
fluency, and authentic communication, preparing learners for
real-world English use. In academic contexts, it encourages
student participation through discussions, debates, and
collaborative tasks.

Research indicates that this approach significantly improves
students' confidence, speaking skills, and overall engagement
with the language.
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3.2 Task-Based Language Teaching

Task-Based Language Teaching extends communicative
principles by placing real-world tasks at the center of instruction.
Learners acquire language through completing meaningful
activities—such as research projects, presentations, or problem-
solving tasks—rather than through isolated language exercises.

A systematic review found that well-structured input before task
performance significantly enhances learners' fluency, accuracy,
and ability to produce spontaneous speech, with measurable
improvements in oral proficiency ranging from 55% to 85%.

Conclusion

The landscape of English language learning methods has
evolved from rigid, teacher-centered approaches toward flexible,
learner-centered ~ frameworks  that  prioritize  authentic
communication. Contemporary research confirms that no single
method proves superior across all contexts; rather, effective
instruction requires context-sensitive adaptation that considers
learner proficiency, cultural background, and available resources.

Key findings include: (1) communicative approaches enhance
engagement and practical language use but may benefit from
structural support; (2) technology integration expands access to
authentic input and personalized feedback; (3) learners' first
language can serve as a valuable cognitive resource; and (4)
active, task-based engagement fosters both linguistic proficiency
and learner autonomy.
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Abstract: The intensification of global mobility has made
bilingualism and intercultural communication central concerns in
translation studies. This article examines the relationship
between language contacts, bilingual competence, and challenges
in translation practice. Drawing on recent research from 2020-
2025, the article analyzes linguistic interference as an inevitable
consequence of bilingualism, the role of cultural codes in
meaning transfer, and collaborative approaches to translation in
multilingual settings. The review concludes that successful
intercultural communication requires not only linguistic
proficiency but also the development of a "bilingual personality”
capable of navigating cultural differences.
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1. Introduction

The development of open communication spaces has created
conditions for bilingualism as a leading trend in modern society.
However, the disadvantage is interference, which involuntarily
occurs when speaking two or more languages. Understanding the
dynamics of bilingualism and its implications for intercultural
communication is essential for translation practice.

2. Bilingualism and Language Contact

2.1 The Nature of Bilingual Competence

Bilingualism represents not merely knowledge of two linguistic
systems but the formation of a distinct "bilingual personality"—
an individual possessing the ability to use language across
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different situations of intercultural communication. This includes
the capacity to understand and assimilate others' ways of life in
order to overcome ingrained stereotypes.

2.2 The Phenomenon of Interference

Interference represents the involuntary influence of one
language on another in the speech of a bilingual individual. When
a person violates the rules of correlation between languages,
interference occurs. The place of manifestation is the bilingual or
translator, who may compensate for gaps with units from another
language, involuntarily leading to literalism and distortion of
meaning.

3. Translation Challenges

3.1 Linguistic Interference

Translation makes interference a direct consequence of the
translator's bilingualism, with frequently negative impacts on the
translation process. In intercultural communication, the main aim
1s to convey information in the most natural way possible, using
all available stylistic and grammatical means.

3.2 Cultural Codes and Meaning Transfer

Beyond linguistic challenges, translation involves negotiating
cultural codes. Intercultural communication is a dynamic process
of creating shared meanings between individuals from different
cultural  backgrounds. Collaborative translation studies
demonstrate how participants draw upon their cultural and
linguistic identities to respond to challenges.

3.3 Communicative Opacity

In multilingual encounters, "communicative opacity" occurs
when languages extend beyond a participant's repertoire.
Collaborative translation processes offer opportunities to
illuminate understandings and misunderstandings, requiring
capabilities to cope with unexpected tensions.

4. Contemporary Approaches

4.1 Developing the Bilingual Personality

Contemporary scholarship emphasizes forming the translator's
bilingual personality, equipped to use language across different
intercultural situations. This involves expanding the individual's
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worldview by engaging with the linguistic worldview of the
studied language's speakers.

4.2 Collaborative Translation

Recent research explores how collaborative translation fosters
intercultural communication and promotes social inclusion.
Studies demonstrate that engagement in collaborative translation
activities contributes to mutual recognition and understanding
across diverse communities.

5. Conclusion

Key findings include: (1) interference is an inevitable
consequence of bilingualism in translation; (2) successful
translation requires developing a "bilingual personality" capable
of navigating cultural differences; (3) collaborative approaches
foster intercultural understanding; and (4) managing
communicative opacity requires adaptive capabilities.

Future directions point toward further development of models
for the translator's bilingual personality and methods for forming
linguistic and cultural competence.
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Typrkmenckuil 20cy0apCcmeeHHblll apXUmeKkmypHO-CmpoUmenbHslil
uHCcmumym
2. Awxabao, Typxmenucman

Aunomauun: oOannas paboma NOCEAWEHA  UCCIeO08AHUIO
CMPYKMYPHOU — opeaHu3ayuu U  (QYHKYUOHAIbHBLIX — OCHOB
(DYHKYUOHUPOBAHUSL ~ CYNEPKOMNbIOMEPO8  —  MOWHEUUUX
BLIYUCTIUMENIbHBIX — cUcmeM  cospemMeHHocmu. B ycnoeusx
Heobxooumocmu 006paboOmKU KOAOCCAIbHbIX MACCUBOE OAHHBIX
OJIsl HAYYHBIX, BOCHHBIX U NPOMbBIULIEHHbIX Yeaell apXumekmypa
sbicoxonpoussooumenvuvix eviuucienu (HPC) npemepnesaem
3HauumesnbHvle UIMeHeHUs. Aemop paccmampusaem Kitouegvle
NPUHYUNBL NOCMPOEHUs. MAKUX CUCMeEM, BKIIOUAs MACCO8blil
napanienu3mM, — Uepapxuveckyrlo - Cmpykmypy — namamu U
UCNONIL308AHUE CNEYUATUSUPOBAHHBIX YCKOpumeel, maxKux Kak
epaghuueckue npoyeccopvl (GPU). Ocoboe snumanue yoensiemcs
AHANU3yY MONOJIO2ULl MeAHCCOeOUHEHUL, KOmopble 0becneyu8arm
8bICOKOCKOPOCIHYIO C853b MeNCOY MbICAYAMU BbIYUCIUMETbHBIX
V37108, A makdce npobaemam  IHepeodIhhekmusHocmu U
menioomeooq, AGIANWUMCA  2AAGHLIMU  02PAHUYUBAIOUUMU
Gaxmopamu npu co30anuu cucmem dKCApIonCHo20 YposHs.
Knioueevie cnoea: cynepkomnviomep, apxumexmypa,
napannenvhvle gvruucienus, kiacmep, HPC, meoxcnpoyeccophvie
cesa3u,  @aonc,  NPOU3BOOUMENILHOCMb,  CYNEpB8bIYUCIEHUS,
BbIUUCTUMETILHBILL )3eIl.

Knaccuduxarus APXUTEKTYP CyHEPKOMITBIOTEPOB
TPAaJUIIMOHHO OCHOBBIBaeTCsl Ha TakcoHomuu DiuHHA, TI€
JOMHUHUPYIOIIEE TOJOKEHUE 3aHUMAKOT cuctembl tuna MIMD
(MHOXXECTBEHHBI TMOTOK KOMAaH]l, MHOXECTBEHHBI MOTOK
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JAHHBIX). BONBIIMHCTBO COBPEMEHHBIX CHUCTEM MPEICTABIISIOT
coOOl KJIaCTepHbIE AaPXUTEKTYPbl, COCTOSILIME M3 OTIEIbHBIX
BBIYUCIUTEIBHBIX Y3JI0B, OOBEIMHEHHBIX BBICOKOCKOPOCTHOM
cetbto. Kaxnpiii y3en (QakTU4ecKu SABISIETCA  MOIIHBIM
MHOTOMPOLIECCOPHBIM ~ CEPBEPOM  CO  CBOEM  OmepaTUBHOMU
naMaTeio. J()PEKTUBHOCTH CHUCTEMBI 3aBHCHUT HE TOJBKO OT
MOTIIHOCTH OTACIBHBIX SJIEP, HO U OT CIIOCOOHOCTU apXUTEKTYPhI
MUHUMU3UPOBATh 3aJEPKKU TPU OOMEHE JaHHBIMU MEXAY
y3namu. [lepexos Kk reTeporeHHbIM BBIYMCICHUSIM, COUYETAIOIINM
nentpaibubie npoueccopsl (CPU) u rpaduueckue ycKOpUTENId
(GPU), cran crangaptoM Uil JIOCTHOKEHHS  PEKOPIHBIX
MOKa3aTesiel MPOU3BOIUTEIIBHOCTH.

OcHogHble munwl apxumexkmyp

CornachHo KJaccuukanuu ®dnuHHa, OOJIBIIIMHCTBO
COBPEMEHHBIX CYNEPKOMITBIOTEPOB OTHOCATCS K KaTEropusiMm
MIMD (MHOXECTBEHHBIM TIOTOK KOMaHJi, MHO>KECTBEHHBIN
notok gaHHbiX) u  SIMD (OauHOYHBIE TIOTOK KOMAaH]I,
MHOYKECTBEHHBII NTOTOK JaHHBIX).

MaccuBHo-napamiensubie cuctemsl (MPP)

D10 HamboJiee PaCIPOCTPAHCHHBIN THUIT APXUTEKTYPhI CETOJTHS.
CucrtemMa COCTOUT U3 MHOXECTBAa HE3aBHUCUMBIX  Y3JIOB,
COEIMHEHHBIX BHICOKOCKOPOCTHOM CETHIO.

o OcobennoctTu: Kaxnapiii y3en uMeeT COOCTBEHHYIO MaMSTh
u kormto OC.

o« Macmrtabupyemocrtb: IIpakThuecku HeorpaHuYEHHas
(IecATKH ThICAY y3JIOB).

2.2. CuMMeTpUYHBIE MYJIBTHIIPOLIECCOPHBIEC cucTeMbI (SMP)

371ech Bce MPOIECCOPhl UMEIOT JOCTYM K OOIel onepaTUBHOM
MaMsITH.

o IIpeumymectBa: [IpocToTa nmporpaMMupoBaHus.

o Henocrarku: Cl0XHOCTh ammapaTHON peanu3aluu MNpu
OOJIBIIIOM YHCJIE€ TPOILIECCOPOB U3-32 KOH(MIUKTOB Ha IIUHE
MaMsITH.

Knioueevie npunyunvt padomul

[Tapamnenn3m 1 MacmTabupyeMoCTh
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B ocHoBe pabOThl JIEKUT MNPUHUMUI JIEKOMIIO3HUIIMHM 3aJlayu.
D(PGEeKTUBHOCTh CHUCTEMbl OLIEHMBAETCS 1O JBYM KIIIOUEBBIM
3aKOHAaM:

o 3akoH Ampaana: OrpaHuyuMBaeT  TEOPETHUYECKOE
YCKOPEHHE MpOorpamMMmbl, yKa3blBasg Ha TO, YTO JIOJIA
MOCJIE0OBATEIbHBIX BBIYUCICHUNA B KOJE CTaBUT 'TOTOJIOK"
IIPOU3BOJAUTEIILHOCTH.

o 3axon I'ycragpcona — bapcuca: Iloka3piBaer, 4To npu
YBEIMYEHUH OOBbeMa JaHHbIX 3(PGEKTUBHOCTh MapajuieIbHOU
CUCTEMBl pPACTET, TAK KaK JdOJs NapalIeIbHbIX BBIYHCICHUI
JOMHUHUPYET.

Bexmopnuie evtuucnenusn

Hcrnonb30BaHnuEe BEKTOPHBIX IPOLECCOPOB IO3BOJIAET OJIHOM
KOMaHJI0M o0pabarbiBaTh II€JIbIe MAacCHUBBI JIaHHBIX. TO
KPUTUYHO JUIsI MAaTeMAaTHYECKUX ONepauuid C MaTpULIAMH,
KOTOPBIE JIE)KAT B OCHOBE coBpeMeHHBIX MU n cumynsaunid.

Hepapxua namamu u unmepKkoHHeKm

B cynepkommnbioTepax «OyTBUIOUHBIM TOPJIBIIIKOMY YacTO
ABJISIETCA HE CKOPOCTHh IIPOILIECCOPA, a CKOPOCTh INEpeaadu
JTAHHBIX.

o Hurepronnekr (Interconnect): Cnennaan3upoBaHHbBIC
cetu (Hampumep, InfiniBand wmm Slingshot) ¢ ympTpanuskoi
3aJIepKKOM  (JIATEHTHOCTBIO) U OTFPOMHOM  TMPOITYCKHOU
CIIOCOOHOCTBIO.

Tabnua 1. Annapamuulii cocmag co8pemMeHHOU CUCeMbL.

IpuMepnbl
Komnonent Poan B cucreme p p .
TEXHOJIOTUM
Brinonxnenue [Tponeccoprl Dau0pycC
BoiuncaunreanbHbIe ’
OCHOBHBIX AMD EPYC, Intel
Y3J1bI
pacyeToB. Xeon
MaccuBHEIE
Yckopurean HADAILICLHLLE NVIDIA H100/H200,
(GPU) P AMD Instinct
BBIYMCIICHUS.
Paborta c|[ITapannenbHbie
Cucrema xpaHeHus1 . <
nerabaTaMu (aitsioBbie CUCTEMBI
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IHpuMepnl
Kommnonenr Poan B cucreme P p .
TEXHOJOTui
TAHHBIX. Lustre, GPFS
Ilpsamoe KUAKOCTHOE
OTtBOJ P
OXJIAXKICHHE,
OxJa:xknenue KOJIOCCAJILHOTO
MMMEPCUOHHOE
Teruia.
OXJIAXKICHUE

BbruucnurenbHblil  y3en  siBiasieTcs  0a30BbIM - CTPOUTEIbHBIM
OJIOKOM CYNEpPKOMIIBIOTEpPA, ONPENEISIOUMM €r0  JIOKAJIBbHYIO
NPOU3BOIUTENBHOCTE. BHYTpH y37a OOBIYHO pacmnoiararoTcs
HECKOJIbKO ~ MHOTOSJIEPHBIX ~ MPOLIECCOPOB U YCKOpHUTENEH,
CBSI3AHHBIX  BBICOKOCKOPOCTHBIMHU IIIMHAMHA C OOMIEH WM
paznensaeMon IIaMATHIO. Baxnenmen 3aJa4en pu
NPOEKTUPOBAHUM y3Jla ABISIETCS oOecreueHre OallaHca MEXITY
CKOPOCTBIO  BBIYMCICHHMA M  IPOMYCKHOM  CHOCOOHOCTBIO
MOJICUCTEMBI MaMATU. Eciau aHHBbIE HE MOCTYNArT B MPOLECCOP
JOCTAaTOYHO OBICTPO, JOPOTOCTOSIINE BBIYHCIUTEIBHBIE PECYPCHI
Oynyt mpoctanBaTh. COBpEMEHHBIE PEILIEHHUS YacTO HCMOJIB3YIOT
namsTh C BBICOKOW TMpOIyckHOM crnocoOHocThio  (HBM),
MHTErPUPOBAHHYIO HEMOCPEICTBEHHO B IPOLIECCOPHBIE MOIYIIH,
YTO TIO3BOJISIET MPEOJ0JIETh «OYTHUIOYHOE TOPJIBIIIKO» IMepeaadu
JTAHHBIX.

Mexnpoueccopusle coenunenust (Interconnect) sBHsiIOTCS
«HEPBHOM CHCTEMOW» CYIEPKOMIIBIOTEPA, OINPEAEIAIOMIEN €ro
CIIOCOOHOCTh MACIITA0UPOBATHCS 10 TUTAHTCKUX PpPa3MEPOB.
Ceru, Takue kak InfiniBand nnu cnenunanusupoBaHHble pelieHus
OT BEIYUIUX MPOU3BOIUTENCH, 00ECTICUNBAIOT MIepenady JaHHbBIX
MEXIY y3JaMu C 3aJep>KKaMHu B 10U MUKpOCeKyH. Tomonorus
CeTH — HampUMEp, «TOJICTOE IEPEBOY», KTOP» MIIH «CTPEKO3a» —
BbIOMpaeTcsl MCX0Ad M3 HEO0OXOOUMOCTH MHUHHUMHU3HPOBAThH
KOJIMYECTBO TMEPEXOJ0B MEXAYy YAAJEHHbIMH Yy3iaMu. Yewm
CIIO)KHEE U TUIOTHEE CBSA3HU, TEM BBIIIE€ MPOMYCKHAasl ClIOCOOHOCTD
CUCTEMbl MpPHU BBINOJIHEHUH KOMMYHHKAIIMOHHO-UHTEHCHUBHBIX
3agady. KayecTBO HMHTEpKOHHEKTa YacTO OKa3bIBaeTcs OoJee
BaXHBIM (PAKTOPOM JUJIsl PEaNbHON MPOU3BOIUTEIBHOCTH, YEM
YuCTas TAKTOBAsl 4aCTOTA MIPOLIECCOPOB.
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3akjoueHue

B 3akmioueHuwe  cieayer  OTMETUTh, 4YTO  apXHUTEKTypa
CYNEPKOMITBIOTEPOB MPOJIOKAET IBOTIOIUOHUPOBATH B CTOPOHY
emie OOJIBINEH IUIOTHOCTH BBIUMCICHUNW M WHTEIUICKTYaIhbHOTO
yopaBleHUs pecypcamu. bypayiiee oTpacid  CBSi3aHO  C
BHEJIPCHHEM OINTHUYECKUX MEXKCOCAUHEHUN, HEHPOMOPPHBIX
YUIIOB U BO3MOKHOM MHTETpaliel KBAHTOBBIX BBIYMCIUTEIBHBIX
MOJTYJICH. CynepKoMIbIOTEPHI OCTarOTCH TJIaBHBIM
HHCTPYMEHTOM HAy4YHO-TEXHHYECKOTO Tporpecca, IMO3BOJIss
3arfisa/ibIBaTh BIUIyOb MaTE€pUUd W MOJICIMPOBATH MPOIIECCHI
BCEJICHCKOro Macmrabda. Pa3Butme »dToit oOnactu TpedOyer
MOCTOSIHHBIX ~ MHHOBAllMi HAa  CTBIKE  MaTepUaJIOBEICHUS,
MHKPOAJIEKTPOHUKM M TEOpUHM alroputMoB. Kaxmoe HOBoe
MOKOJICHUE CUCTEM OTKPBIBAET MEPE/ YETOBEUECTBOM TOPU3OHTHI
MO3HAHUS, KOTOPBIE PaHEE KA3INCh HEJOCTHKUMBIMHU.

Cnucox numepamypul

1. Boesooun B.B., & Boegooun B.B. (2002). IlapamnnenbHbie
Bbrurciienus. Cankt-Ilerepoypr: bBXB-IlerepOypr.

2. Pobepm HU.B. (2014). Hudopmatuzauus o0pa3oBaHUS:
TICUXOJIOTO-TICIATOTHYECKUE M  TEXHOJIOTHYCCKHE aCIEKTHI.
Mocksa: bunom.

3. Tanenbaym 3. (2013). Apxutektypa KomibioTepa. CaHKT-
[TerepOypr: [Turep.

4. Xenneccu [oc., & Ilammepcon J]. (2016). Apxurextypa
KOMITBIOTEPA: KOJMYECTBEHHBIN 10aX01. MockBa: BusbsimMc.

5. Veapos A.1O. (2019). TexHONIOTUN BBICOKOIIPOU3BOIUTEIIBHBIX
BBIUKMCIICHU B  1udpoBoit  TpaHchopmarmu.  Mocksa:
N3 narenbckuil fom BrIcmieit MIKOIbl DKOHOMHUKH.
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IHEPI'OO®DOEKTUBHBIE MATEPHUAJIBI B
APXUTEKTYPE: IYThb K CHUKEHHUIO
YIJIEPOJHOI'O CJIEJA
ATaxaHoBa M.l, ATaeB K.z, KomekoBa T.3, baxrteisipoBa M.*

1 Y .
Amaxanosa Mas — cmapwiuii npenooasameis,
2 .
Amaes Kepumbepou — npenooasameis,

3 y
Komexosa Totibubu — npenooasamens,
4
baxmuiaposa Maxpu — cmyoenm;
TypxmeHcKuii 20Cy0apcmeeH bl ApXUmeKmypHO-CmMpoOUumenbHbll
UHCIMUmMYm
2. Awxabao, Typxmenucman

Annomauun:  SHepeodhexmuenvie  mMamepuaivl  USpParom
KII04eByI0 pPOjlb 8 COBDEMEHHOM CMPOUMENbCmEe, 0COOEHHO 8
KOHmMeKcme 2100abHOU IKOJIOSUYECKOU NOBECMKU U CIPeMIeHUs
K CHUJICeHUro  yeaepooHozo cleda. B odanmou pabome
paccmampusaemcs UCNOIb308aAHUE PA3TUYHBIX 81008
aHepeodIppexmusHbvlx Mamepuanos, BKII0YAS
Meniou30NAYUOHHbIE NOKDPLIMUS, CIMEKIONAKembvl, dK0JI02UHeCKU
yyucmole GEMOHbL U 8bICOKOIDDekmusHvie cucmemvl OMONIEHUS
u oxaaxcoenusi. Ocoboe e6HUMAHUE YOENEHO UX GIUAHUIO HA
CHUJICEHUe  NompeOHOCmuU 8  JHepeuu  Oas  OMONIeHUs,
OXNIANCOEHUST U OCBeWeHUsl 30aHUll, a4 MAaKi#ce HA COKpaujeHue
8b1OPOCO8 VeneKucioeo easa 6 ammocgepy. Hccredoyemces poiv
UHHOBAYUOHHBIX CMPOUMENILHLIX peuleHull 8 nepexooe K Oojee
VCMOUYUBOMY U IKOJOSUYECKU OE30NACHOM)Y CMPOUMenbcmay, d
makdice  OYyewka uUx  00A20CPOYHOU  IphexmusHocmu u
9KOHOMUHECKOU 8b1200bL.

Knioueevie  cnosa:  snepeosppexmuenvie  mamepuail,
Yenepoouwlil ceo, Meniou3onayus, CMeKI0naKkemal,
9KONO02UYeCKU — yucmvle  OemoHbl, CUCmeMbl  OMONJIeHUs,
oXNladcoerue, CHUdNCeHUe 3Hepeull, VeleKUCavlll a3, yCmouyugoe
CMpoOUmenbCmeo, UHHOBAYUOHHbBLE MEXHOI02Ul, IKOHOMUYECKAas
aghghexmusrnocmo, 9KON02UYeCcKas bezonacrHocmy,
IHep203hhexmusHocms 30aHull.
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B ycnoBusax rio0aibHBIX M3MEHEHUH KMMaTa W PacTyIIero
BHUMaHHS K  OKOJOTHYCCKOHM  YCTOMYMBOCTH  BOIPOCHI
9HEeprod(H(PEeKTUBHOCTH B CTPOUTEIHCTBE CTAHOBATCS BCE OoJee
akTyanbHbIMA. COBPEMEHHAs apXUTEKTypa M CTPOUTEIBCTBO
JOJDKHBI YYUTHIBATh HE TOJBKO (PYHKIIMOHAIBHOCTH M ACTETHKY,
HO W MUHHUMM3AIMIO BO3JICUCTBHUS HAa OKPYXKaMOIIylo cpeay. B
3TOM  KOHTEKCTE  HCHOJb30BaHUE  DHEProdp(HeKTUBHBIX
MaTepHaiOB CTAJIO BAXHBIM HMHCTPYMEHTOM B  PEIICHUU
poOJIEMBbI  CHIDKCHHS  YIJICPOJHOTO cieaa | oOecreueHus
YCTOMYHMBOCTH 3JaHUN W COOPYXKEHUH. DHEProd3PpheKTHBHOCTH
SBJISIETCS KIIFOUEBBIM aCTIEKTOM B 00pbhO€ C M3BMEHEHHEM KIIMMAaTa
U CHUPKEHUU TIOTPEOHOCTH B TPAJAUIIMOHHBIX SHEPrOpecypcax.

DHeprodh(PeKTUBHBIC MaTEPUaAIbl MOTYT 3HAYUTEIIBHO CHU3UTh
noTpeOseHrue SHEPruu JJid  OTOIUICHHS, OXJIAXACHUS U
OCBEIIEHUS 3aHUN. DTO CIIOCOOCTBYET HE TOJBKO SKOHOMHH, HO
U COKpAIEHHWIO BBEIOPOCOB VYTJIEKHCIIOTO Ta3a, 4YTO B CBOIO
ouepeqhb TOMOTAeT YMEHBIINTh HETATHUBHOE BO3JACHCTBHE Ha
kmuMat. [IpuMeHeHne Takux MaTepHaioB ITO3BOJISET CTPOUTH
0oJiee PKOJOTUYHBIC W DKOHOMHYECKH BBITOAHBIC 37aHUS, UTO
JenaeT UX BOCTPEOOBAHHBIMH Ha PBIHKE HEABM)KHMOCTH. ITO
SIBJICHHE TAKOKE TOJACPKUBACTCS Pa3BUTHEM HOBBIX TEXHOJIOTHMA
u WHHOBAITMOHHBIX pelIeHnH, KOTOpbIE JIENat0T
9HEProd(PGheKTUBHOCTD JIOCTYITHON M MIPaAKTHYHOM.

OmgauM W3 KIIOYEBBIX  HampaBlieHWH B oOJactu
HeprodPpheKTUBHOCTH SIBJISIETCS HCTOJIb30BaHNE
TEIUIOM3OJIAIIMOHHBIX ~ MaTepHUAJIOB, KOTOpPHIE  3HAYUTEIHHO
CHIDKAIOT  TEIUIONOTepH B 3JaHMSIX. OTH  MaTepHalIbl
00eCreYrBalOT BBICOKYIO TEIJIOU3OJSLHUI0 U CHOCOOCTBYIOT
MO/IJICPY)KAaHUI0 KOM(OPTHON TeMIlepaTypbl B TIOMEIICHUU TIpH
MEHBIIUX  3arpaTtaX  dJHEPTHUH. BaxxapiM AIIEMEHTOM
9HEProd(HEKTUBHBIX PEIICHUN SBISIOTCS TaKKE CHCTEMBI
OCTEKJICHHS C BBICOKOA(D(PEKTUBHBIMH CTEKJIOIMAKETaMHU, KOTOPHIC
00eCIIeYnBaOT JIONMOJHUTEIBHYIO TETUIOM3OJISAINI0 U 3aIIUTy OT
BHCITHUX KJIMMATHYECKUX YCIIOBHHA. DTO IO3BOJIICT CHHU3WUTH
NOTPEOHOCTh B OTOIUICHWU 3UMOW M B OXJIAXKICHUH JIETOM, YTO
nienaeT 3aaHus 0osee SHeprocOeperaroMMH.
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Kpome Temnon3omsiiuu, BaKHYHO pOJIb WUIPAOT U Jpyrue
CTPOUTENBHBIE MAaTE€pHallbl, TaKHME€ KaK SKOJOTMYECKH YHCThIE
OCTOHBI W  LEMEHThl, KOTOpblE  00JIAJAIOT  XOPOLIMMU
TEIJIOU30JIALIMOHHBIMU U 3BYKOM30JIALIMOHHBIMU
XapaKTEPUCTHUKAMU. OTH MaTepualbl HE TOJbKO CHUKAIOT
DHEPro3arpaTsl, HO U 00IaJAI0T JOJITOCPOYHON TPOYHOCTBIO, YTO
MOBBIIIAET UX SKOHOMHUYECKYIO 3(DPEeKTUBHOCTD B IKCILITyaTaI[UH.
[IpuMeHeHne 3KOJIOTMYECKH YUCTBIX MAaTe€pUalioB CIIOCOOCTBYET
CHIDKEHHUIO BO3JICHCTBUS CTPOUTENILCTBA HA OKPYKAIOIILYIO CPENy,
a TaKKe IMOJAJIEPKUBAECT YCTOMYMBOE DPA3BUTHUE CTPOUTEIBHOU
oTpaciau. Pa3BuTue TakMX MAaTrepuajgoB CTAaHOBUTCS Ba)XKHBIM
[IaroM Ha MyTH K CO3/IaHHI0 00Jee yCTONYMBBIX M 0€30IacHbBIX
TOPOJIOB.

BaxupiM HampaBieHHEM B 00JIaCTH 3HEProd3(pPeKTUBHOCTU
ABJIIETCSI MHTErPALMsl MHTEUIEKTYaJbHbIX CUCTEM YIPABICHHS
3JaHUEM, TaKHX KaK CHCTEMbl aBTOMATH3ALMM OTOIUICHHUS,
BEHTWSILUA U KOHAMIIMOHUPOBAHUA. DTH CUCTEMBI MO3BOJSIOT
ONTHUMHM3UPOBATh  HMCIOJIb30BAHUE  DHEPrUU, PEryJIHpOBaThH
TEMIIEpaTypy U OCBEIICHHOCTh B MOMELIEHUU B 3aBUCUMOCTH OT
YCIOBHUM, 4YTO  CIOCOOCTBYET  JaJIbHEWIIEMY  CHUYKEHHUIO
noTpednenuss »Hepruu. Takum oO0pa3oM, B COBPEMEHHBIX
CTPOUTENBHBIX PEIICHUAX SHEProd(PPEeKTUBHOCTD TOCTUTaeTCs 3a
CYeT KOMIUIEKCHOIO IIOJXO0Ja, BKIIIOYAIOIIETO HE TOJBKO
MaTepHuaJibl, HO U TEXHOJOTUN yIPABIICHHUS.

3akiaro4enue

CodeTaHne WHHOBALMOHHBIX MAaTEPUAIOB, TEXHOJOTHMH H
WHTEJUIEKTYaJIbHBIX CUCTEM YIIPABIEHUS CO3HAET IPOYHYIO
OCHOBY 1J1s1 (POPMHUPOBAHUS YCTOMUUBBIX U IHEPTrO3(P(HEKTUBHBIX
roponoB Oynymero. Bueapenue dTux pemieHuit  Oyxaer
CIIOCOOCTBOBAThH HE TOJILKO CHUKEHUIO MOTPEOJICHUS SHEPTUH, HO
U YIY4YIIEHUIO KadyecTBa JKM3HM TOpOXKaH, o0ecrneunBas
KOM(OPTHBIE W HSKOJOTMYECKH O€30MacHble YCIOBHS ISl HX
MPOKUBAHMUS.
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Cnucox numepamypul

1. Cuupnosa  JI.B.  DueprodddexTuBHble  Marepuaibl B
CTPOUTEIBCTBE: WHHOBAIlMM M  YCTOMYMBOCTh. — M.:
Crpontuzaart, 2021.

2. Koznos U.A. CoBpeMeHHbIE TTOJXObI K 3HEPT03(P(HEKTUBHOCTH
B apxurektype. — CII0.: Hayka, 2019.

3.Jlesun C.B. DKOJOTHYECKOE CTPOMTENBCTBO: MaTepHallbl U
texHosornn. — HoBocubupck: CuOMpCcKoe YHUBEPCUTETCKOE
u3nareabcTBo, 2020.

NMHHOBAIIMOHHBIE TEXHOJIOI'MHU B
CTPOUTEJIBCTBE TPAHCIIOPTHBIX MAI'NCTPAJIEN
I'yp6anos I)I.l, ATaeB K.Z, ATaeBa I[)K."’, Annamajos X.*

'Typ6anos blopaiiviv — cmapwuiti npenodasamens;
?Amaes Kepumbepou — npenodasamens,
I Amaesa Jlrcennem — npenodasamerns;
*Aunamaooe Xespem — cmyoenm;
Typxmenckuii 20cy0apcmeeHHblil ApXUMeKmypHO-CmpoumeibHbll
UHCMUmMym
2. Awxabao, Typxmenucman

AHHomayus: 8HeOpeHue  UHHOBAUYUOHHBLIX  MEXHONIOo2Ull 8
CMpoOUmMenbCmeo  MPAHCNOPMHLIX — Ma2ucmpanell — s6J1emcs
KAIO4eBbIM  OpallepomM pazeumusi COBPEMEHHOU JOSUCMUKU U
mpancnopmuou  6ezonachocmu.  OCHOBHOU — Yeabilo  dMUX
U3BMEHEeHULl 8bICMYnaem He MOJbKO NOGblUleHUe 00J1208€4YHOCNU
O00POICHO2O ~ NOKPBLIMUS, HO U CYWECMBEHHOe CHUJICEeHUe
IKCNAYAMAYUOHHBIX PACX0008, A MAKIHCE MUHUMUZAYUSL 8DEOHO20
go30eticmeuss ~ Ha  okpyxcaowyro  cpedy.  Ilpumenenue
8bICOKOMEXHOJIOSUYHBIX PeUleHULl NO380JIsIem C030a8amb 00Po2uU,
CNOCOOHblE — BbLOEPIHCUBAMb  3HAUUMENbHO  OONee  BblCOKUE
Hazpy3Ku, 4wem me, 4mo Npeonoadzaiuch Npu UCHOIb308AHUU
MPAOUYUOHHBIX MemoouKk npoexmuposarus. Ce200Hs ompacis
AKMUBHO  nepexooum  om  KIACCUYECKUX  NooXo008 K
UHMELIEKMY ANbHbIM CUCTEMaM YAPAGIeHUs U NPOEeKMUpOo8ansl,

umo omkKpbsleaenm KadveCneeHHO HOoBble B0O3MOIICHOCMU onst
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NIAGHUPOBAHUSL  KDYNHLIX — UH@DPACMPYKMYPHBIX  00bEKmMo8 8
HayuoHaIbHOM Macumaoe.

Knroueewvie cnoea: UHHOBAYUOHHDBLE MexHoa02UlU,
cmpoumenscmeo  00poe, MPAHCNOPMHbIE — MASUCMPATIU,
00pOHCHOE NOJIOMHO, 2e0CUHmMemu4decKue Mamepuanst, yughposoe
MoOenuposanue, UHGOpPMAYUOHHOe MOOeIuposanue 30aHul U
COOpYIHCEeHUU, UHMELLEKM) ANIbHblIe MPAHCNOPMHbIE CUCTNEMBIL.

OnuuM W3 BaXXKHEWMINIMX HANpaBJICHUN WHHOBALMKM CTajo
ITUPOKOE MCIOJIb30BAaHUE TEOCHHTETUICCKUX MATEPUATIOB, TAKUX
KaK TEOTeKCTUJb, T€OCETKM U OObEMHBIE TE€OPEIIeTKH. IDTU
JIeMEeHThl  obecreunBatoT  3G(EKTUBHOE  apMHUPOBAHUE
3€MJISIHOTO TIOJIOTHA M CIIOE€B JIOPOXKHOM OJCKIbI, MPEOTBpAIas
CMEIICHHUE MaTepuajoB U  3HAUUTEIBHO CHIKasg  PHUCK
nedopmali TpyHTa O] BO3ACHCTBMEM HMHTEHCUBHOTO TOTOKA
TpaHcnopra. [lpuMeHeHHMe TakKuX TEXHOJIOTMM  TMO3BOJISIET
co3/7[aBaTh YCTOMYMBBIE OCHOBAHUS JaKE€ HA CIIOKHBIX TPYHTaX,
YTO KPUTHUYCCKH BAKHO TIPU CTPOUTEIHCTBE MArHCTpaled depes
TEPPUTOPHUH C HEOJArONPHUATHBIMH MHXCHEPHO-TCOJOTHICCKUMHI
yCIOBUSIMM.  braromaps  apMUpYIOIIMM  CBOMCTBaM  3THX
MaTepHaJiOB CYIMIECTBEHHO YBEIIMYHUBACTCS CPOK MEKPEMOHTHOU
OKCIUTyaTalli  aBTOMOOWJIBHBIX  JIOPOT, YTO  IMPUHOCHT
JOJITOCPOYHBIN SKOHOMUYECKUH 3P (DEKT A5l TocyAapCTBa.

CoBepIlIeHCTBOBAaHUE COCTaBa camMoro ac(hambTOOETOHA TaKkKe
ABJIICTCSI TIPEAMETOM aKTUBHBIX HCCIICIOBAaHUM, BEAYIINX K
MOSIBJICHUIO HOBBIX BHUJIOB TOKPBITHH C  YIYYIICHHBIMU
OKCIUTyaTallMOHHBIMU ~ XapakTtepucTtukamu.  Mcmonbs3oBaHue
MOJINMEPHO-MOIM(PUIIMPOBAHHOTO OWUTyMa U J100aBOK B BHIIE
PE3MHOBOM  KpOIIKA  TO3BOJIIET  CO3/JaBaTh  IOKPBITHS,
00J1a1ar0IIMe MOBBINICHHOW 3JJAaCTUYHOCTHIO M YCTOMYUBOCTBIO K
OKCTpEMaJIbHBIM TEMIICPATYpPHBIM IlepenagaM. B psae crpaH
MIPOBOJISATCS MCTIBITAHUS CAaMOBOCCTAHABIIMBAIOIIETOCS acdanbTa,
COJIepKAIlero CICIHaIbHBIC KOMITOHCHTBHI, KOTOPBIC CIIOCOOHBI
3aMOJHATh MHUKPOTPEIIMHBI IO BO3JCHCTBHEM TeIla WA
MEPEMEHHOTO MarHUTHOTO MO, Takue pa3paboTKK HaNPaBJICHBI
Ha CO3JIaHWE WHTCIUICKTYAIbHBIX JIOPOXKHBIX ITOBEPXHOCTEH,
CIIOCOOHBIX CaMOCTOSTETILHO YCTPAHSATh TMEPBUYHbBIE MPU3HAKU
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M3HOCA 10 TOr0, KaK OHH MPUBEAYT K Pa3pyLICHUIO LETOCTHOCTH
JIOPOYKHOTO MOJIOTHA.

TexHoJOorun aBTOMATU3UPOBAHHOIO YIPABICHUS JOPOKHO-
CTPOUTEIIBHOM TEXHUKOW HAa OCHOBE CHCTEM TPEXMEPHOTO
MO3UIIMOHUPOBAHUS  CTAIM  CTaHAAPTOM JJI1  pealid3aluu
KPYIHBIX ~ MH(PPACTPYKTYpHBIX  MPOEKTOB. Mcmoiap3oBaHue
pOOOTHU3UPOBAHHBIX TAaXEOMETPOB U CIIYTHHUKOBBIX CHCTEM
HaBurauu GPS unu ['nmonacc obecrieunBaeT BHICOKYIO TOUHOCTh
IpYU MPOBEACHUU 3E€MIISTHBIX padOT U YKJIaJAKE KOHCTPYKTHBHBIX
CIOEB. OTO  MHUHUMHU3HUPYET  BEpPOSTHOCTb  OLIMOOK B
MPOCKTUPOBAHUM W 3HAYUTEIBHO  COKpamlaeT  BpeMms,
3aTpayMBaeMo€ Ha  MOJATOTOBKY  OCHOBaHHMS  Oymyien
Maructpanu. MuTerpanus Takux CHUCTEM B €IUHbIE ITU(POBBIC
IpOrpaMMbl  TIO3BOJISIET KOMIIAHUAM 3(PGEKTUBHO YIPABIATH
MPOIIECCOM CTPOUTEIHCTBA, OTCICKUBATH OOBEMBI BBITTOJIHEHHBIX
paboT U ONEepaTUBHO KOPPEKTUPOBATH MapaMeTPhl Ha BCEX Tanax
peanu3anuy IpoeKTa.

3akir0ueHue

3aBepmiasgs 0030p HWHHOBAIMOHHBIX  TEXHOJIOTUHA, CTOUT
MOAYEPKHYTh, UTO MEPEX0] K MU(PPOBBIM U UHTEIIECKTYaIbHBIM
METOJIlaM CTPOUTEIICTBA SIBJSICTCSI HEOOPATUMBIM TMPOIECCOM B
MHUPOBOM TMpPAKTUKE JOPOKHOTO Xo3siicTBa. OObenuHeHue
YCUJIMHI TOCyJ1apCTBa, HAYYHBIX LIEHTPOB U YACTHBIX MWHBECTOPOB
CO37a€T MOIIHBIN cuHepreTudeckud et i peanusanuu
caMbIX aMOMIIMO3HBIX TMPOEKTOB B OyaymieM. CoBpeMeHHBIE
TEXHOJIOTUU TMO3BOJISIIOT CTPOUTH HE TMPOCTO JOPOTH, a
MOJIHOLICHHBIE HHTEIUIEKTYaJIbHbIE TPAHCIOPTHBIE KOPUJIOPHI,
00€eCleynBaIIe BbICOKYIO 3()(PEKTUBHOCTh JIOTUCTUKU U
KOM(OpPT Uil BCEX TMOJIb30BaTeNied CeTU. YCTOWYMBBIA POCT
TPAHCIIOPTHON MHPPACTPYKTYpHI OyAET U BIPEIb OCHOBBIBATHCS
Ha BHEJIPEHUM HOBEWINMX JOCTIKCHUN HAyKH M TEXHUKU B
MOBCEIHEBHYI0O  HMHXKCHEPHYI0  MPAKTHUKy  CTPOUTEIHCTBA
MarucTpayiei.

Cnucok numepamypot

1. bopucos U. (2024). TexHONOTUU T€OCUHTETUKU B JOPOKHOM
ctpoutenbcTBe. U3narensctBo NHppa-UHxenep.
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2. Bacunves I1. (2025). WnuTemnexTyaiabHble TpPAHCHIOPTHHIC
CUCTEMBI: IPOEKTHUpOBAaHME U dSKcrulyarauus. JKypHaiu
Jopoxnas TexHuxa.

3.Koznoe  J[.  (2023).  IlonumepHO-MOAU(PUIUPOBAHHBIE
MaTepuajibl B JOPOXKHOM onexae. BectHuk TpancnopTHOro
CTPOUTEIBCTBA.

4. Ilempos C. (2026). [ludpoBoe MomenupoBaHUE B TOPOKHOU
orpacin. U3narensctBo TexHo-IIpoexT.

IKOHOMMNYECKOE 3HAYEHHUE KAYECTBEHHBIX
ABTOMOBMJIBHBIX JOPOI
YapbieBa C.l, Opa3sos F.Z, IMoaanos T.3, Ymapos 111

1 .
Yapwviesa Caaoam,— cmapwuti npenooagamenbw,
2
Opas3os I'ynbepou - cmyoenm;
3
Ilonaoos Tumyp — cmyoenm,
4 .
Ymapos lllameipam — cmyoenm,
Typxmenckuii 20cy0apcmeenHblil ApXUmeKmypHo-cmpoumeibHoll
UHCIMUmMym
2. Awxabao, Typxmenucman

AnHomauun: pazeumue KauecmeeHHOU cemu a8moMOOUTLHBIX
oopoe a615emcs @dyHOameHmanbHuIM opatisepom
9KOHOMUYECKO20 pocma 106020 2ocydapcmea, 0becneyusast
HAOEJICHYIO C653b MeHCO)y DEeSUOHAMU U CIUMYAUPYS 0eN08yIo
akmugHocms. Kauecmeennoe 0opodicHoe noaiomHo HaAnpamyo
GUSAEM HA CHUMCEHUEe CebecmoumMocmu Nnepeso3Ku 2py308 U
naccaxcupos, maxK Kaxk ymeHvuiaem usHoc mpaHcnopma u pacxoo
Monauea. Cmabunvroe MPAaHcnopmHoe coobweHue
cnocobcmeyem pasHOMEPHOMY PACNpeOeleHUt0 pecypcos, 0eidsl
mosapwl 6ojiee 00CMYNHLIMU OJI51 HACENEHUSL 0axce 8 OMOANEHHbIX
paiionax cmpanvl. HHeecmuyuu 6 00podCHOe XO3AUCMBO
€030a0m MYTbMUNIUKAMUBHBIL d)heKm, CmUMYIUpYs pazeumiue
CMEICHBIX Ompaciel, GKIYAs JIO2UCMUKY, CMPOUMENbCMEO U
cepsucHoe obcaydcusanue. Ipgekmuenas mMpaHCnoOpmHas
UH@pPaACmMpyKmypa cmano8UmMcs 8U3UMHOU KAPMOYKOU pecuoHd,
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npuenekaroweli 6HympeHHue U UHOCMPAHHblEe UHBECMUYUU O]
peanuzayuu KpynHulX NPOMbIUIEHHBIX NPOEKMO8.

Knioueevie cnoea: >sxonomuyeckuiu pocm, MpaAHCNOPMHASA
uH@pacmpykmypa, cebecmoumocms nepeso3ox, J02UCHMUYEecKue
YenouKu.

CTpOUTENBbCTBO CKOPOCTHBIX MAarvcTpajieii OTKPHIBAET HOBBIC
BO3MOXXHOCTH JUISl ONTUMM3AlMM  JIOTUCTUYECKUX  ILIETIOYEK,
MO3BOJISISI OM3HECY 3HAYUTEIBHO COKPAaTHUTh BpEMsS JOCTaBKH
TOBapOB OT MPOU3BOJUTENSI K KOHEUHOMY MOTpeOuTento. beicTpas
JIOCTaBKa Irpy30B MOBBIIIAET KOHKYPEHTOCIIOCOOHOCTh MPOYKIIUU
Ha BHYTPEHHEM M MUPOBOM PBIHKAX, YTO OCOOCHHO aKTyaJbHO JIsI
DKCIIOPTHO-OPUEHTUPOBAHHBIX oTpacien DKOHOMMUKH.
KauecTBeHHBIE JTOPOTH CIIOCOOCTBYIOT POCTY MOOWJIBHOCTH
TPYJOBBIX PECypCOB, OOECreurBas BO3MOXHOCTb OIEPATUBHOTO
nepeMeieHus: paboOTHUKOB MEXAY MeCTaMU IMPOKUBAHUA H
KPYIHBIMU 9KOHOMUYECKHUMH LIEHTPaMH. ITOT (HaKTOp HANPSIMYIO
BIIMSICT HA TOBBIIICHUE NPOU3ZBOJUTEILHOCTH TpyJda U oOIIee
HKOHOMHUYECKOE OJaromnoiayyue Trpaxiad, IMPOKUBAIOLUIUX B
Pa3IMYHBIX ~ AJMUHHUCTPATUBHBIX  €AWUHULAX.  YJIYUYIICHHE
JIOPOKHBIX CBSI3€M CIIOCOOCTBYET MHTETPALIUU JIOKAIBHBIX PHIHKOB
B €IMHOE YKOHOMHYECKOE ITPOCTPAHCTBO CTPAHBI.

CokpalieHue BpeMeHM B NyTH Ojarojaps KayeCTBEHHBIM
JIOPOKHBIM  TOKPBITUSIM ~ JTA€T  BO3MOXHOCTb  KOMIIQHUSAM
pacuupsiTh CBOM PIHKU COBITA U YBEIMYMBATH 0OOPOT TOBAPOB 3a
CYET MOBBIIIEHUS YacCTOThI IMOCTAaBOK. lIpeanpustus manoro u
cpenHero Ou3Heca MOJIy4aroT MPEUMYIIECTBO, TaK KaK JIOCTYI K
HAJIC)KHBIM TPAHCIIOPTHBIM ITyTSM CHHMXKAET MX OIEPALMOHHBIC
U3JIEP)KKKM W oOyerdaer  JOCTyn K = HEOOXOIUMBIM
MIPOM3BOJICTBEHHBIM pecypcaMm. Pa3BuUTHE HOPOKHOU CETU TAKKE
CTUMYJIUPYET MPUIOPOKHBIN OU3HEC, BKITIOUAs CETh COBPEMEHHBIX
aBTO3alPaBOYHBIX CTAHILMM, OTEJIEM W IYHKTOB MHUTAHUS, YTO
CO3/1aeT JIONOJHUTENbHbIE padoune MecTta. ITOT Mpolecc
CHOCOOCTBYET  KOMILIEKCHOMY  COLMAIbHO-DKOHOMUYECKOMY
Pa3BUTHIO TEPPUTOPUM, YEPE3 KOTOPHIE MPOXOASAT OCHOBHBIE
TOPTOBBIE W TPAH3UTHBIE KOPUAOPHI HAIMOHAIBHOTO 3HAYCHHS.
CTaObWIbHBIN OXOA OT JKCIUTyaTalu WHOPACTPYKTYpPhl MOXKET
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ObITh YCIEIIHO PEMHBECTUPOBAH B JANBHEHIIYIO MOJEPHU3AILUIO
TPAaHCIIOPTHOM CUCTEMBI TOCYJapCTBA.

DOxoHoMuueckuid 3PPEKT OT HMCHOIB30BaHUS KadyeCTBEHHBIX
JOPOT TPOSBIIAETCS U B CHUKEHUHM T'OCYJApCTBEHHBIX 3aTpaT Ha
JMKBUIALMIO MOCJIEICTBHIA JTOPOKHO-TPAHCIIOPTHBIX
IIPOUCIIECTBUM M PEMOHT MOBPEXKICHHBIX y4acTKOB. Jloporu,
MIOCTPOEHHBIE [0 COBPEMEHHBIM TEXHOJOTMYECKHM CTaHJapTam,
TpeOyIOT 3HAYUTENHPHO MEHBIIUX €XKErOJHBIX HHBECTHIIMNA B
TEKYIIE€ COACpPKAHME II0 CPABHEHUIO C TPAJULHOHHBIMU
MNOKPBITUSAMHU.  JIOJITOBEYHOCTh ~ MAarucTpajiel  MO3BOJISET
roCyJlapCTBy II€pEHAIpaBiIsITh OCBOOOAMBIINECS (PUHAHCOBBIE
CpEICTBAa Ha pa3BUTHE COLMUAIBHON cQepbl, 00pa3oBaHUA U
3npaBooxpaHeHus. CHIKEHHME aBapuHHOCTM Ha  Joporax
CHOCOOCTBYET COXPAHEHHUIO YEJIOBEUECKOTO Kamurajia, uYTo
ABJIIETCS] BAXKHBIM ACTIEKTOM YCTOMYHMBOIO Pa3BUTHS SKOHOMUKH
B JIOJrOCpOYHOU mepcrnekTuBe. KauecTBeHHass HHPpACTPYKTypa
MOBBIIIAET YPOBEHb OOIIECTBEHHOW O€30MaCHOCTH M YKPEIUISET
JIOBEPHE TPAXKIaH K IPOBOAUMON S3KOHOMHUYECKOU MOJIUTUKE.

3akir0ueHue

3aBepiias aHajaM3, MOXHO MOAYEPKHYTh, 4YTO CO3JaHUE
COBPEMEHHOU JTOPOKHOW CETHM — 3TO HE MPOCTO CTPOUTENBCTBO
ac(asbTOBBIX IMyTEeH, a MHBECTHLMsS B Oynyllee NpOIBETaHUE
oOmiecTBa. DKOHOMUYECKH POCT, KOTOPBINH oOecrnednBaercs
KAUEeCTBEHHBIMU JIOPOTaMH, TO3BOJISIET TNOBBIIIATE YpPOBEHb
YKU3HU HACeJIeHUs, CO3/1aBaTh HOBbIE paboyKe MeCTa U YKpPEeIUIATh
CYBEPEHHUTET CTpaHbl 4Yepe3 pa3BUTHE BHYTPEHHUX CBS3EH.
CrabunbHasi, 6e3onacHast U 3G PeKTUBHASI TPAHCIIOPTHAS CUCTEMA
SBJIIETCS] KJIFOUEBBIM 3JIEMEHTOM HH(PPACTPYKTYpbI, HA KOTOPOM
CTPOUTCSI COBPEMEHHOE pa3BUTOE rocyaapcTBo. [Ipomomkenue
MOJIMTUKU PA3BUTHUS JTOPOKHOM HMHPPACTPYKTYpPHl C YUETOM
WHHOBAIMOHHBIX MOAXOAOB MO3BOJIUT JOCTUYb HOBBIX BBICOT B
DKOHOMHUKE M TIOBBICUTH OJIarOCOCTOSIHME TpakaaH. ITO
JIOJITOCPOYHBIA  TIPOEKT, TPEOYIOMUA CHUCTEMHOTO TMOJX0/a,
npodeccuoHanu3Ma M TOCTOSTHHOTO BHUMAHHUS CO CTOPOHBI
rocynapcTna 1 Ou3Heca.
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Cnucox numepamypul

1. Apmuvikos X. (2025). Ponp TpaHCHOPTHBIX KOPHUIOPOB B
HKOHOMHUYECKOM Pa3BUTUU. DKOHOMUYECKUM KypHall PernoH.

2. beenoe M. (2024). UnppacTpyKTypHble HHBECTHIMH H UX
rnusHue Ha BBII. U3gaTenscTBO DKOHOMUKA U Pa3BuTHeE.

3. I'ypbanos  A. (2023).  Jloructuka W JOpOXKHAaA
uHppacTpyKTypa: CHUHeprus ycrmexa. HayuHoe u3matenbcTBO
Tpancmopr.

4. Canapoe P. (2026). DOxonomuyeckass 3(G(HEKTUBHOCTH
JIOPOKHBIX POEKTOB. BECTHUK COBpEMEHHOM JIOTUCTUKH.

APXUTEKTYPA U BE3OITACHOCTb COBPEMEHHBIX
MUKPOITPOLHECCOPOB
Yapeiepa C.', Annamyxammenos M.”, Amnanazapos I'.>,
ApTteikmyxammenos C.*

"Yapwiesa Caadam— cmapuuii npenodasamens;
’ Aunamyxammedos Myxammemmuyp — cmyoenm,

I Annanaszapos I'vitueenou — cmydenm
*Apmuikmyxammedos Cetiumnaszap — cmydenm;
Typxmenckuii 20cy0apcmeeHHblil ApXUMeKmypHO-CmMpoUumeibHbll
UHCIMUmMym
2. Awxabao, Typxmenucman

AHnHomayua: oanuas paboma nocesueHa KOMNJIEeKCHOMY AHAU3Y
APXUMEKMYPHBIX pPeUuleHUll COBPEMEHHbIX MUKDPONPOYECCOPOs8 U
I60TIOYUU MEXAHUIMOB UX 3AWUMBL 8 YCIOBUIX BO3HUKHOBEHUS.
HOBbIX Klaccoe annapamuwvix yepo3. B 2024-2025 2ooax
NPOEKMUPOBAHUE MUKPOCXeM BbIXOOUM 34 PAMKU KIACCUYECKOU
ounemMmbl  NPOU3BOOUMENLHOCMU U SHepeodppexmusHocmu,
6v1068UCASl  UHQOPMAYUOHHYIO — OE30NACHOCMb  HA  YPOBEHD
@yHoamenmanvHoco npuopumema. Aemop  paccmampusaem
YCmpoucmeo COBPEMEHHBIX KOHBellepos, NPUHYUNDL
BHEOUEPEOHO20  BLINONIHEHUSI UHCMPYKYULL U CHEeKYIAMUBHBIX
BLIYUCTICHUL, KOMOpble, 00ecneuusas  6biCOKYI0  CKOPOCHIb
pabomyl, cmanyu UCMOYHUKOM KPUMUYECKUX VA3GUMOCMeEl muna
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Spectre, Meltdown u TSA (Transient Scheduler Attack). B pabome
uccnedyromcs co8peMeHHble annapammboie Memoobl
NPOMUBOOEUCMBUSL AMAKAM NO CHMOPOHHUM KAHAAAM, GKIIOYAs.
mexHoi02uu 0oeepeHuvlx cpeod ucnoanenusi (TEE), maxue xax Intel
TDX, AMD SEV-SNP u apxumexmypy ARMv9 ¢ noooeporckoii
Realm Management Extension.

Kniouegvie  cnoea:  apxumexmypa — MUKPONPOYECCOPOS,
UHGOPMAYUOHHASE OE30NACHOCb, CHEKYIAMUBHOE BbINOJHEHUe,
amaxu no CMOPOHHUM KAHAIAM, 008ePEHHAsl cpedd UCNOIHEeHUs,
TEE, yuniemol, annapamuas 3awuma, Spectre,
Kubepbe3onacHocme.

CoBpeMeHHass apXUTEKTypa MUKPOIIPOLIECCOPOB MPEACTABIISAET
cO00H CIIOKHEHIIIYI0 CUCTEMY, B KOTOPOW MPOU3BOAUTEIBHOCTh
JIOCTUTaeTCA 3a CYeT TIyOOKOro KOHBEHEPHOTO HCIIOJIHEHHS U
MEXaHU3MOB MpeAckazaHus BeTBiaeHuil. B 2025  romy
JOMUHHPYIOIIUM TPEHJIOM SIBIISIETCS MEPEXOJl K IeTEPOrCHHBIM
CTPYKTypaM ¥  YMIUICTHOM  KOMIIOHOBKE,  IO3BOJISIONICH
OOBEIUHAT, HA OJHOM KpUCTAUIE sApa C pPa3IuYHBIMU
xapaktepuctukamu. OJIHAKO YCIOXHEHUE JIOTHKH IIpolieccopa
HEeU30€KHO BEJET K PaCHIMPEHUI0 MOBEPXHOCTU aTak. OCHOBHasI
KOHIIEMIUs 0€30MaCHOCTH CETOIHS CMEIIAETCSl OT MPOTPAMMHBIX
«3aIlaTOK» K BCTPAaMBAaHUIO  3alIUTHBIX  MEXaHU3MOB
HETOCPEACTBEHHO B KpemHuM. IIporeccop Ooibliie HE TPOCTO
UCIIOJIHSIET KOJI, OH JIOJKEH HEMPEPHIBHO BEpUDUIIMPOBATH MpaBa
JOCTyNna K NaMATH W HW30JIMPOBAaTh MNPOLIECCHl Ha allapaTHOM
YPOBHE, npeaoTBpalias YTEUKHU JAHHBIX yepes
MUKPOAPXUTEKTYPHbIE CTPYKTYpPbl, TaKu€ KaK K3II-MaMATh H
Oydeps! mpeackazaHuil.

CnexynstuBHoe  BeImosiHeHHE  (Speculative  Execution)
SBJISIETCS KPaeyroJbHBIM KaMHEM CKOpocTU coBpeMeHHbIx CPU,
MO3BOJISIST  TIPOLIECCOPY «YTaJbIBaThy HAMPABICHUE BETBJICHUS
MpOTrpaMMBbl U BBIMIOJHATH KOMaH bl 3apanee. Eciiu npenckazanue
OKa3bIBA€TCS HEBEPHBIM, pE3yJbTaThl OTOpPACHIBAIOTCS, HO B
MUKPOAPXUTEKTYPHOM COCTOSIHUHU (HApUMEDP, B KAIIIE) OCTAIOTCS
clebl, KOTOPBIE 3J0YMBIIUIEHHUK MOXET cuntaTth. B 2025 rony
BBISIBJICHBI HOBBIC BapHWalliy TaKWX arak, BKIodas Transient

Scheduler Attack (TSA), koTopble HCHONB3YIOT COCTOSIHUSA
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«JIOKHOTO 3aBEPLICHUS» WHCTPYKIIU. Pa3zpaboTunku
apxutektyp Intel, AMD u ARM BHeapsioT HOBBIE ammapaTHbIE
Oappepbl U HHCTPYKIIUU OUYUCTKU KOHTEKCTA, YTOOBI N30IMPOBAThH
CHEKYJISITUBHBIE JTAHHBIE OT MOTEHUHUAIBHO BpenoHocHoro I1O.
bananc mMexay CKOPOCTHIO MPEACKA3aHUN U 3AIUTON OT YTEUEK
OCTAETCs CaMOU CII0KHOM MHKEHEPHOM 3a/1auei JECATUICTHS.

CoBepIiIeHCTBOBaHHE COCTaBa caMoro ac(haabTOOETOHA TaKXKe
ABJIAETCSI MPEAMETOM AKTHBHBIX MCCIEIOBAaHUM, BEAYLIIMX K
MOSIBIICHUIO HOBBIX BHJIOB TOKPBITUH C  YIYYUIEHHBIMU
DKCIUTYyaTallMOHHBIMM  XapakTepucTukamu.  Mcmnonb3oBaHue
HOJIMMEPHO-MOIU(UIUPOBAHHOTO OUTyMa U J00aBOK B BUJE
PE3MHOBOM  KPOIIKM  TO3BOJISIET  CO34aBaTb  ITOKPBITHS,
o01ajarolye MOBBIIIEHHON 31aCTUYHOCTBIO U YCTOMYUBOCTBIO K
AKCTPEMAJIbHBIM TEMIIEpATypHBIM IepenagaMm. B psge crpan
MPOBOJSATCA MCHBITAHUS CAMOBOCCTAHABIMBAIOUIETOCS acQanbra,
COJIEprKAlller0 CHelUalbHble KOMIIOHEHTBI, KOTOPBIE CIOCOOHBI
3alOJIHATh MHKPOTPEIIMHBI II0J BO3ACHMCTBHEM TeEIUIA HWIIU
NEPEMEHHOr0 MarHUTHOTO MOJs. Takue pa3padOTKU HaIlpaBJICHBI
Ha CO3JaHHWE WHTEIUIEKTYaJbHBIX JOPOYKHBIX IIOBEPXHOCTEH,
CIIOCOOHBIX CaMOCTOSATEIbHO YCTPAHSITh MEPBUYHBIE MPU3HAKU
M3HOCA 10 TOr0, KAK OHM NMPUBEAYT K Pa3pyLICHUIO HEITOCTHOCTH
JIOPOYKHOTI'O ITOJIOTHA.

3akJIroueHue
B 3akmioueHume cieayer  OTMETHTh, 4YTO  OE€30MacHOCTH
COBPEMEHHBIX MHUKPOIIPOIIECCOPOB nepecraia OBITH

JIOTIOJIHUTEJIbHOW HAJCTPOMKON M CTajda HEOThEMJIEMOW YacCThIO
ux apxurekrypHoro JIHK. Mpbr HaOmomgaem 3akaT dIOXHU
«MPOU3BOAUTEIBLHOCTH JIFOOOM IEHONW» U MEePeXo]l K KOHIEMIINT
«3alMIIEHHOCTH TI0 YMOJYaHUIO». byayiiee oTpaciu cBsi3aHO €
pa3paboTKoit dbopManbHO BepU(ULIUPOBAHHBIX anep,
BHEJIPCHHEM KBaHTOBO-YCTOMUYMBOM KpunTorpadguu Ha YpOBHE
MHCTPYKIMA W Pa3BUTHEM CHUCTEM aBTOHOMHOTO MOHUTOPHHIA
0e30macHOCTH BHYTpH uuna. Apxutektypa nponeccopa XXI Beka
— 3TO JUHAMHUYECKas KperocTh, CIOCOOHAs paclo3HaBaTh U
OTpaXaTb aTaKh B PEXKUME PEATBHOr0 BpPEMEHU. TOJIBKO
riyOoKasi WHTErpamusl amnmapaTHbIX W MPOTPAMMHBIX CPEJIICTB
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3allMTHl TO3BOJUT YEJIOBEUECTBY JIOBEPSATH BBIUMCIUTEIbHBIM
CUCTEMaM B 3MOXY TOTaJbHOUN IU(PPOBU3ALIUU.
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