












































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Puc. 4.18. Ataka Ha Dlib HOG

2. Ataka Ha Dlib CNN.

B aTom cnyvae nccnegosatenb MCNOMb30Ba/l OTKPbITBIA AETEKTOP
nuu Dlib — mmod_human_face_detector.dat. OH TpaHChopmmpoBan ceTb
13 nponpuetapHoro (opmarta Dlib B hopmaT, coBMecTumblii ¢ PyTorch.
3atem 6bin BbIOpaH CNON CETW, MaKCMMMU3aLUUA akTUBaLMM KOTOPOro
npegcrasnsna MHTepec. Mcnonb3ys LUeHTPasibHbIA MUKCEb BbIXOAA
(bunbTpa Kak PYHKUMIO MOTepb, MUCCMeAoBaTe/lb BbIYMCAAN TPALVNEHTDI
1 MOAM(ULMPOBaN N306paXKeHNe, BBOAA ClyYailHble BpaLLeHNs 1 NoBoO-
POTbl. ATOT NOAX0L, NO3BONNA CO34aTb U3006PaKEHUSA, MAKCUMaTbHO aK-
TUBMPYIOLLME ONpefenieHHble crion cetu (puc. 4.19).

370 UccnefoBaHNe JeMOHCTPUPYET BO3MOXHOCTM MUCMO/b30BaHNSA
OLLUMOKM BTOPOro poja.

Puc. 4.19. Ataka Ha Dlib CNN
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3. Pa6oTa uccnegoBateneid M3 «CKONMKOBO», KOTOPbIE CO34a/u
naTyu, CrocobHble 06X0ANTb aNrOPUTMbI AETEKTUPOBAHNSA /L, UCMO/b-
3ytowme cets MTCNN (puc. 4.20; 4.21).

Puc. 4.21. ®oTo ¢ natyem

Bo/blIyl0 YacTb paccMaTpyBaeMbIX HaMu aTak MOXHO Ocyliie-
CTBUTb MO NPUHLMMNY 61010 ALLMKa — KOr4a aTakytoLemy foCTymnHa nos-
Hasl MH(opMaLsi 0 cucTeme. B peanibHOM e Mupe NPakTUYecKM Bee Cil-
CTeMbl NMPeACTaBNsAOT COGOM YepHbIA ALWMK. Be3 Hamums NCXOAHOrO
KoJa 1 06paTHOV CBA3M CNOXHOCTb aTak CyLLECTBEHHO BO3pacTaeT.
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CBepTOYHbIE HEMPOHHbIE CETU 00YyYaloTCs BbISBIATL OMNpeesieH-
Hble BM3Yya/ibHble MaTTePHbl, €C/IN aTaKyoWMIA TOYHO NOHUMAET, Kakue
NPU3HaKWN ULLET HEAPOCETb, OH MOXET UCMO/b30BaTb 3T0. C 3TOW Lenbio
MCNOJb3YHOTCA a/IMOPUTMbI MALLMHHOMO 06YYeHNs, Hanpumep, AN reHe-
paumu cocTasaTe/ibHbIX npumMepos (adversarial examples). B aTom cnyyae
O4Ha HelpoceTb NbiTaeTcsd 06MaHyTb Apyryto. HakoHel, BCe aTaku
MMEIT KOHKPETHYHO Lefb. MeToA, YCrewHo NpUMeHsieMblid NPOTUB 0f-
HOI ceTu, He ByaeT paboTaTb MPOTUB APYrOiA.

3ameTVB 3TW 3aKOHOMEPHOCTMW, Mbl CCHOPMY/IMPOBAIN BOMPOC:
a MOXXHO /11 UICMO/b30BaTb MPeAIOKEHHbIE NaTyX 4/15 ONpeseneHns Toro,
MPYMEHSIOT 11 CEPBUCHI MO Pacro3HaBaHWIO /L, Kakne-mbo 13 BblLLe-
NepeyncreHHbIX anropuTtMoB? A ecnv HeT, TO MOXKHO /I Takue naTym co-
34aTb? HanomHWM, 4YTO B KOHTEKCTe TeCcTupoBaHua FR-cuctem GbiBaeT
[0BO/IHO CNIOXHO BbICTPO MOMYYUTb JOCTYN K BHYTPEHHEMY a/ITOPUTMY,
KOTOpbIA NPOM3BOAMT 06paboTKy BXOAALWMX [AaHHbIX MO/b30BaTeNs
(ecnn 31O BOOOLLE NpPefyCMOTPEHO CepBUCOM). Ecnu cucTema akTMBHA
N [OCTYMNHA, TO MOXHO MPOBECTU HECKOJIbKO 3KCMNEPUMEHTOB U ObICTPO
NONy4YnTb OTBET OT LieNEBOMN CUCTEMbI. Bblo 6bl YyA06HO, ecnn 6bl y Hac
Obl/1 MHCTPYMEHT, KOTOPbIV N03BOMNA 6bl GbICTPO NMPOCKaHUPOBATL CY-
CTEMY Ha MNpeaMeT WCMO/b30BaHWUSA MOMYNAPHbIX afrOpuTMOB U Mpu-
MEPHO /10Ka/IM30Ban 6bl TEXHOMOrMYECKWIA CTeK. Hanpumep, NporoHss
HEKOTOpPbIN HAabop KapTUHOK Yepe3 CEepPBUC MM YCTPOIMCTBO M Noy4as
ero peakuuo, MOXHO 6b1/10 6bl JOCTOBEPHO ONpPeAeNnTb, KaKo anropuTm
NCNOMb3YeTCA A5 06HAPY>XKEHWS IUL, NN IKCTPaKLMW NMPU3HAKOB.

Ecnun BbISCHAETCH, YTO CEPBUC UCMOMb3YeT OnpefeneHHble OneH-
COPCHbIE MHCTPYMEHTbI, TO MOXHO MOArOTOBUTL NaTym 45 no6oro Tuna
ataku, 6yfib TO YK/IOHEHME (CeTb BaC He HaXOAWT) UK OWINBOYHAA Knac-
cuumKaums (Bac KnaccuhmumpyoT Kak Apyroro YenoBeka), Tak Kak thak-
TUYECKM Yy BaC Ha pyKax MNOABNAETCA TOYHOE MpPeACTaB/ieHne O TOM
MOZENN, KOTopasi CMO/b3YeTCs, a 3a4acTyto faxe cama Mofesb. AKTK-
BAL|MOHHbI NaTy — MH(OPMaLIMOHHOE BO3MYLLEHME (M306paXkeHwe), Bbl-
3blBatoLlee cpabaTbiBaHWe AETEeKTOpa, YTO MOMOraeT WAEHTU(PULMPO-
BaTb OMNpefeneHHble anropuTMbl, MOAENN, CUCTEMbI METOLOM YEpPHOro
ALLMKA.

Pa3paboTaH MeTOZ, MO3BOAOLLMIA NAEHTUPULMPOBATL /ITOPUTMbI
MaLUMHHOIO 06y4YeHMs, UCMO/b3yeMble B CUCTEMAX pacno3HaBaHua nL,
[@Ke ecnv 3TN CUCTEMbI SB/IAKOTCS YepHbIM ALLMKOM. Hall noaxos ocHo-
BaH Ha CO34aHMM aKTVMBALMOHHbLIX NaTyel, KOTOpble, B3alMOAENCTBYA
C CUCTEMOIA, MO3BONAKOT ONPeLeNNTb N0 UX Peakuym UCMOo/b3yeMble Tex-
HOMorMnM. Mbl  M3roTOBWIM NatyM  Ans  NONYNsSPHbIX  anropMTMOB
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06Hapy>XeHns NnL, U 3T NaTyn MOryT ObITb MPUMEHEHbI B 1CCef0Ba-
TEe/IbCKUX U MPAKTUUECKUX LieNsX.

Ares Industries coo6Lmn, YTO Ha4an NeTHbIE UCTIbITAaHUA KOMMaKT-
HOI 1 HeLOPOTr O MPOTUMBOKOPabenbHOM KpblnaTol pakeTbl. MoTpebHOCTb
B TaKOW pakeTe MosBUNacb B NpoLecce, KOrga aMeprkaHCKue BOEHHble
rOTOBATCH K BbICOKOMHTEHCUBHBLIM KOH(/IMKTaM, ¢ Kutaem B TUXOM OKe-
aHe, KOoTopble MOryT noTpeboBaTh OFPOMHbIX PaCX0A0B Ha 6oenpunachl.

Ares paspabaTbiBaeT HOBbIA KnacC NpPOTMBOKOPabenbHbIX Kpbiia-
TbIX pakeT, B popMe, KoTopas B 10 pa3 MeHbLue 1 B 10 pa3 feLleBne HblHe
CYLLECTBYIOLLMX. PakeTbl 6yyT COBMECTUMbI C CYLLECTBYHOLLMMU MYCKO-
BbIMY NaT(OPMaMU, HECTU MEHbLLYHIO MOMIE3HYHO Harpy3Ky Ha BbICOKMX
[,03BYKOBbIX CKOPOCTAX M 6yyT CNOCO6HbI YHUUTOXaTb Kopabsiv Ha pac-
CTOSiHAW B COTHU KWJIOMETPOB.

Ares n3HayanbHO (POKYCUPYETCA Ha BapuMaHTax Ha3eMHOro u Kopa-
6eNbHOr0 3arnycka, ¢ njaaHamy no paspaboTKe BepCUil BO3AYLLIHOIO 3a-
MyCKa, & TaK)Xe BEPCUIA C yBENMYEHHON Aa/lbHOCTLIO U Pa3NNYHON Nosnes-
HO Harpys3Koii.

XoTs Ares Moka He ony6/vMKoBasia KOHKPETHbIX MOAPOOHOCTEN,
KOMMaHWA MnaHUpyeT YCTaHOBUTbL Ce6eCTOMMOCTb CBOMX PakeT B pas-
mepe 300 000 gonn. CLUA 3a egMHMLY MO CPaBHEHWUIO C TeKyLLMMU
NPOTUBOKOPAGE/IbHbIMY KPbIIATbIMU pakeTamu, KOTOpble CTOAT OKOJIO0
3 maH gonn. CLUA Kaxpas, TaKMMK Kak MpoTMBOKOpabenibHaa pakeTta
6onbLuoin ganbHocT AGM-158C (LRASM) komnaHum Lockheed Martin.

HepnaeHue BoeHHble onepauun CLUA no 3almte TOprosoro cyao-
XO[CTBA M COO3HbIX BOEHHbIX KOpabneli B KpacHOM Mope, a Takxke 060-
poHa 3pannsa OT pakeTHbIX Y 6eCnUNOTHBIX YAApoB CO CTOPOHLI MpaHa
BbISIBUM PacTYLLyO 06eCMOKOEHHOCTb M0 MOBOAY TEMIMOB PacX040BaHUs
60enpunacoB ¥ MPOMbILLNEHHBIX BO3MOXHOCTEA MOMONHEHMS 3TUX
3anacoB. B yacTHOCTW, Kopabin 13 yAapHOR rpynnbl aBuaHocua «yaiTt
L. O1izeHxayap» BbinycTUAM 153 pakeTbl « TOMaraBk» B Nepuog ¢ HOA6pA
2023 1. no uoHb 2024 r., B TO Bpema Kak BMC CLUA nnaHupyloT 3aKy-
MUTb TOMbKO 181 13 3TUX pakeT B TEUEHWE CNeAYHOLWMNX NATH NET.

Ares TaKkXKe 0TMeYaeT, YTO BOVHbI Ha BivvkHeM BocToke 1 B YKpa-
NHE NPOLEMOHCTPUPOBA/IA, YTO HACTOALLEE OPYXKMe CAULLKOM [0pOoro
AN COBPEMEHHO BOMHbI. CyLLECTBYHOLLME NPOTUBOKOPabebHbIE Kpbl-
naTble pakeTbl BENVKW U LOPOTW, OHU MPeAHa3HayeHbl A5 YHUUTOXEHNS
60MbLUMX KOpabneii, B To Bpems Kak KuTail CTpout Masble 6eCnnioTHbIE
Kopabnu.

MeHbLUMX pakeT AOCTAaTOYHO A1 YHUUTOXEHUS HeOOMbLUNX KOp-
BETOB, (PperaToB U 6eCNUNOTHLIX CY0B KOTOPbIE COCTaBNAKT B0/bLUYIO
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4aCTb KATANCKOro (h10Ta, 1 66110 Bbl HENPAKTUYHO NCMO/b30BATH PAKETbI
CTOMMOCTbIO 3 MH [0, ANA NPOTUBOLENCTBUA POSIM HeBO/bLLMX Hec-
MUIOTHbLIX HAABOAHLIX TPAHCMOPTHBIX CPeACTB cToMMOocThio 200 000 gonn.
KaXxaas.

Pagapbl komnaHun Robin Radar Systems npegHasHaueHbl fns 06-
Hapy»XeHns HeOO/bLUMX APOHOB, OT/INYaA UX OT APYrMX 06bEKTOB, TaKNX
KaK NTUUbl. YHUKa/IbHO 0CO6EHHOCTBIO 3TUX PajapoB ABASETCA UX CMO-
CO6HOCTb paboTaTb BO BPeMs ABMXXEHUSA HA TPAHCMOPTHOM CPeACTBe, UTO
06ecneynBaeT NOBbILIEHHbIE JKCM/yaTaLMOHHbIe BO3MOXHOCTW. bnaro-
[aps cBoei MOBUIbHOCTU 3TN CUCTEMbI MO3BOJIAIOT 3N(EKTUBHO KOHTPO-
NMPOBaTb TEPPUTOPUIO Ha MpPeaMeT BPaXXECKUX 6eCnuioTHUKOB, nepe-
[BUraloLLMXCS AXKE Ha BbICOKMX CKOPOCTAX. MOGWIbHBIN XapakTep aTuX
pafapoB 3aTPyAHAET ANA MPOTUBHUKOB UX 0GHApPY>XKeHWe 1 HelTpasm3a-
umto, obecrneumnBas HeNpepbIBHOE 0OHAPYXXeHNEe BO3AYLLHbIX YTrPpo3.

Pagapel MAX, ELVIRA u IRIS, npegnaraemble Robin Radar
Systems, NpefoCTaBNAOT MepefoBble PeLleHns 415 06Hapy>KeHus 1 oT-
CNeXMBaHUA [POHOB, MOAXOAALME ANS pasnnyHbIX YCMoBWIA. Pagap
MAX c ero 360-rpagycHbiM 3D-MOKpPbLITYEM MOXET 0OHapYXMBaTb U OT-
C/IEXMBATb ThICAYN ABMXKYLLMXCA 0OBEKTOB OHOBPEMEHHO, NPeaoCTaB-
nAs 06HOBNEHUA B peaslbHOM BPEMEHW U TOYHbIE JaHHble 3a CYET ObICT-
poro BpaLLeHus. Pa3paboTaHHbIl 4ns aspornopToB U BETPAHbIX 3/1EKTPO-
CTaHUMi, OH 0OCOBGEHHO MOAXOANUT AN YCNOBUIA, rae 6e30MacHOCTb none-
TOB MMEET pPeLLatoLLiee 3HaYeHue.

ELVIRA, 2D-pagap, cneynanbHO paspaboTaHHbI Ans 06Hapyxe-
HWS [POHOB, WMCMOMb3YeT MNepefoBble TEXHONOMMKW, Takme Kak MUKPO-
JIONNNEPOBCKas Knaccugukaums, 4tobbl 3PMEKTUBHO OTAMYAThL APOHbI
OT Apyrux OO6bLEKTOB, Mpeasiaras MPOCTY WHTErpauuio ¢ cuctemamu
ynpasneHns n koHTpons. IRIS, nerkwin 3D-pagap, pa3BepTbiBaeMblii
MeHee YeM 3a 15 MUHYT, MOXET 00HapyXuBaTb APOHbI HA CKOPOCTU [0
100 Km/4, 4TO AenaeT ero uaeanbHbIM AN ObICTPOro pa3BepTbIBaHNUS B
MosnieBbIX yCnoBuax. Tam, rae GecrnniOTHUKM BCE Yallle MCMOoJb3yHTCA
[Ns pa3BefKkun 1 atak, aTu pagapbl MOMOryT NpefocTaBUTb LieHHbIe BO3-
MOXHOCTK A5 NPOTUBOAENCTBMS BO3AYLUHON yrpo3se. X cnocobHOCTb
ObICTPO 0OHaPY>KMBaTb, OTCNEXMBATb U KnaccumumposaTs 6ecnuioT-
HUKW NO3BONSET /yullle NPeABUAETb U HEATPa/IM30BbIBAThL aTaku 6ecnu-
NOTHWKOB, YCUNNBAs CBOKO 3aLUTY OT BO3AYLUHbLIX Y/apOB.
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4.4, MaTemaTn4yeckoe mogesnimposaHue —
nyTb B byayuiee

MogenvpoBaHu1e faeT BO3MOXHOCTb MCCNef0BaTeNto pewarb MHO-
rohyHKLMOHaNbHbIE 3afa4n 6bICTPee 1 NpoLLe, NPOBOAA IKCNEPUMEHTbI
C aHa/loramMmm peasibHbIX 06LEKTOB, MPeACTaBNEHHbIX B Pa3/IMYHbIX BUAAX.
A heKTMBHOCTL NPOBOAMMOIO MOLE/IMPOBAHNSA MOBbILLIAETCA 3a CHET ero
NPYMEHEHNS Ha CTaAumn NPOEKTUPOBAHWSA 06BEKTOB, KOr4a He06Xo4UMO
BblOpaTb NOAXOAALLMIA BApMaHT C ONTUMa/IbHbIMK NapameTpamn. imuta-
LIMOHHOE MO[ENNpoBaHWe — 3TO CPeACTBO UCCMefoBaHMA MOBeAeHUs
CNOXHbIX CUCTEM MYTEM CO34aHUA JIOrMKO-aIrOPUTMUYECKOTO OMNMCcaHns
NOBeLEHNA 31EMEHTOB CUCTEMbI 1 NPaBU/T X B3aMMOENCTBUSA, HOCALLME
CNyYaliHbliA xapakTtep. MMUTaLMOHHOE MOAENMPOBaHUE UCMOMb3YeTCs
TOrga, Korga aKcrepuMeHT Ha peaslbHOM 06beKTe HEBO3MOXEH WK [0-
por. PasfimyatoT Tpu BMAa UMUTALMOHHOIO MOLENNPOBaHNSA: AUCKPETHO-
COObITUIAHOE MOAENMPOBaHMe, CUCTEMHAS AMHAMUKa, areHTHOe MOoAenu-
poBaHMe, 3aMeyaeT npogeccop KOpuin EBAOKMMOB.

Mpn ANCKPETHO-COOLITUIAHOM MOAENMPOBaHUM (DYHKLIMOHMPOBa-
HWe CUCTeMbl NPeLCTaBNAETCA KaK XPOHONOrMYeckas noc/efoBaTeslb-
HOCTb COObITUIA, BO3HUKAIOLLMX B ONPeeNeHHbI MOMEHT BPEMEHN U Me-
HSAIOLMX COCTOSHWSA CUCTEMBI. JJUCKPETHO-COBLITUIAHOE MOAEIMPOBaHMEe
LUMPOKO MCMONb3YeTCHA A1 NPOU3BOACTBEHHbIX, NOrMCTUYECKUX, Meau-
LIMHCKMX npoLeccoB. BTopoil Bug MoAenMpoBaHus — CUCTeMHas guHa-
muka. OH npeacTaBnseT cO60M UcCcnefoBaHMe NOBELEHNS CUCTEMbI U ee
CTPYKTYpPbl BO BPEMEHW B 3aBMCHMOCTU OT CBA3E MEXAY 3/eMeHTaMu
N C OKpY>KatoLLeid cpefoil. CucTeMHas JUHAMMKK Hanpas/ieHa Ha nsyye-
HMe AMHAMUYECKMX CUCTEM C MEeT/IIMM 06paTHON CBA3W, NOBeAeHME KO-
TOPbIX NEPEeMEHUYMBO W HEIMHERHO. ATeHTHOe MOAeNMpPOBaHNe NpeaHa-
3HaYeHO A1 UCCNEefOBaHMA AeLeHTPa/IM30BaHHbIX CUCTEM, NOBeAeHMe
KOTOPbIX OMUCbIBAETCS He eAMHbIM 3aKOHOM W MaTeMaTU4ecKoin mope-
NblO, a onpeenseTcs NnoBefeHNeM UHAMBUAYaNbHbIX areHToB. AreHT —
3TO HEKOTOpas CYLUHOCTb WM O6bLEKT, 06najarolas akTUBHbIM CO6-
CTBEHHbIM MOBEEHMEM, NPUHMMAIOLLAS PeLleHnst MO OnpefefieHHbIM
npasniam 1 B3avMOAENCTBYIOLLasA C Apyrumm o6bekTaMmun. s co3gaHus
areHTHOM MOAENN HYXXHO OMpefe/inTb Habop areHToB, COCTaBNSAOLLMX
NCCNeayeMyto CUCTEMY, UX XapaKTepUCTMKU U 3afaTb Npasuia B3avMo-
[elCTBUS areHToB. AreHTHOe MMUTALMOHHOE MOLENIMPOBaHe uccneayet
MoBeJeHWe areHToB 1 BINAHWE UX Ha MOBeAEeHNe CUCTEMbI B LiesIoM. Pac-
CMOTPUM KOHKPETHblE UCCMef0BaHMA U pa3paboTKM B 3TOM 0651acTy,
ony6vKoBaHHble B 2023 T.
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YueHble 13 BenmkobpuTaHnm BbIICHAIW, YTO BO BPEMS [ABVKEHUS
XFYTUK CnepmMaTo3omza co3faeT y30pbl N0 NPUHLMMNY, KOTOPbIA onucan
AnaH TbtopuHT 60bLe 70 neT Hasag. VIHbIMK cioBamMu, UccefoBaTenu
nokasanu, 4To Mexay ABVXXEHMEM CnepmaTo3ouioB 1 POpMUPOBaHMEM
Y30pOB B NPUPOZE CYLLECTBYET CBA3b. ANnaH ThOPUHT — 6pPUTAHCKUIA Ma-
TeMaTVK U KPUNTOrpag. YUYeHOro cYnTatoT OCHOBOMOMOXHMKOM Teope-
TUYECKOW MH(OPMATUKN 1 TEOPUW UCKYCCTBEHHOIO UHTE/IIEKTA, Npapo-
OUTENIEM COBPEMEHHbIX BbIYUCIUTE/bHBIX CUCTEM. pex e BCero oH ns-
BECTEH TeM, 4TO BO BpeMsi BTOpOi MUPOBOV BOViHbI NOMOT «B3/10MaTb»
HeMeLlKMe LN poBasibHble aHaNOroBble KOMMbIOTEPbI («QHMUIMa»). IT0
MO3BO/IN/II0 MOMEHTA/IbHO pacLUM(pOBbIBaTb CEKPETHbIE COO6LLEHUA
HEMLEB, UYTO CbIrpasio BaXKHEWLLYHO POfib BO BPEMS BOVHbI HA 3anagHoMm
(hpoHTe (HO He Ha BocTouHOM, nockosnbky CCCP 3Ty MH(opmauuio He
nepegasanun). OfHaKo 061acTb UHTEPECOB ThHOPMHIa 3TUM He OrpaHuym-
Banacb. B 1950-X rr. yuyeHblli BblABUHYN FMNOTE3Y, COrMacHO KOTOPOiA 3a-
MbIC/10BaTble Y30pbl Ha Te/e XXMBOTHbLIX MOTYT BO3HWKaTb 13-3a NosiB/e-
HMS HEOAHOPOJHOCTEN B MCXOAHON rOMOreHHoN cmecu BelecTs. Co-
rNacHo TbIOPUHTY, TakMe CIOXKHbIE NATTePHbI — pe3y/bTaT pacnpocTpa-
HEHMS XUMWUYECKMX COELUHEHWIA (AW(dY31nM) 1 B3aMMOAENCTBUA LpYT
C Apyrom. B fanbHeiwem runotesy 6pUTaHCKOro y4eHoro ctaam Hasbl-
BaTb «PeakLMOHHO-AN(PNY3MOHHASA TEOPUs», NN «NaTTEPHbI ThOPUHTa».
dTa matematuyeckas MOAE/b OMUCHLIBAET, Kak, pacrpoCcTpaHasch, [Ba
B3aVIMOAENCTBYIOLLMX COEAMHEHNA MOFYT CaMOOpPraHM30BaTbCs B BUfE
Pa3/IMYHbIX JIEHT, TOYEK, NATEH UK Apyrux gopm. OHa NprMeHUMa He
TO/IbKO K <OKUBOTHbIM Yy30pam», HO M K ApYyrMM Tunam MakpocKonuye-
CKUX CTPYKTYP, BO3HMKAIOLMX B pupoge. Fpynna y4eHbIX 13 bpuctosb-
CKoro yHusepcuteTta (BenmkobputaHus) nog pyKOBOACTBOM GUOTEXHO-
nora epmeca bnymgunga-ragensa (Hermes Bloomfield-Gadelha) no-
MbITa1aCb BbIACHUTb, CYLLECTBYET /IN CBA3b MEXAY XUMUYECKUMU 3aKO-
HOMEPHOCTAMM, CO3a0LLMMM Y30pbl, U TEM, KaK ABUKYTCSA XBOCTbI Crep-
MaT0o301/0B.

Mpvipofa co3taeT MHOXECTBO Y30POB — OT MATEH Ha fieonapiax Ao
nosioc Ha 3ebpax. OgHako NogpobHoe 06BACHEHUE TOrO, Kak hopMupy-
HOTCA 3TU PUCYHKM, A0 CUX NOP He HaliaeHo. YueHble 13 Konopaackoro
yHuBepcuTeTa B boynaepe (The University of Colorado Boulder) noka-
3a/1, YTO TOT XXe (PM3MYeCKUiA NpoLecc, KOTOpbIA NOMoraeT yaanatb
rpsisb ¢ 6€/1bs, MOXET UrpaTh POJib B TOM, KaK TPONMYecKune pbibbl Nony-
4atoT CBOM Pa3HOLBETHbIE MOJOChI U NATHA. «MHOr1e 61oornyecKmne Bo-
MPOCbI CBOAATCA K O4HOMY: Kak OpraHu3mMbl PassBMBatOT CI0XHbIE Y30pbl
1 POpPMbI, €CIM BCe HAUYMHAETCA CO CPEPUUECKOr0 CKOMIEHMS KNETOK, —
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cnpalwumBaeT beHmkamuH Aneccro (Benjamin Alessio), aBTop cTaTbh. —
Mbl 06HapY>XUnu NPOCTOM (IU3NKO-XUMUYECKINIA MeXaHU3M A5 0ObsCHE-
HWSA CNIOXKHOTO NPUPOAHOIO SBNEHMS». BMONOr paHee yCTaHOBWM, YTO
MHOT Ve XXMBOTHbIE 3BOJIOLMOHMPOBaIN TaK, YTOObI MMETb Y30p A1 Mac-
KUPOBKN WNN MpUBNEYeHns cebe nogobHbIX. XOTA reHbl KOAWPYHT
MH(opMaLmMIo 06 oKpace, HanpUMep, O LBeTe NATeH fieonapaa, reHeTnka
He 0OBSCHSAET, rAe MMEHHO OHW ByayT pacnonaratbes. B 1952 r., ewle
[0 TOro, kKak 61Monory OTKpbIAWM CTPYKTYpY ABOWHON cnupann OHK,
AnaH TbHOpUHT, MaTEMATKK, N306peTaTeNb COBPEMEHHbIX BbIYACIUTESTb-
HbIX MaLLVH, NPeL/I0XKN CMeNy TEOPUIO MPOUCXOXKAEHNS Y30POB Y XMK-
BOTHbIX.

YuyeHble TeOpeTUYecKy [OKasanu, 4YTO YacTuLbl, MOMELLEHHbIe
B 9/1EKTPOAMHAMUYECKYIO /IOBYLLKY — YCTPOWCTBO, KOTOPOE MO3BONSET
MM «NapuTb» B MPOCTPAHCTBE NOA AENCTBMEM 3/IEKTPUYECKOro Mnons, —
B OMpPeAEeneHHbIX YCNOBUAX HAYMHAKOT XaOTUYHO Auratbes. Mpw aTom,
B 3aBMCMMOCTU OT CBOWCTB YaCTULLbl — MacChl, 3apsifa 1 pasmepa, Nepexos
K TaKOMY TUMNY ABMXKEHWUS HACTYMNaeT Npu pasHOM HanpsHKeHUW 3NeKTpu-
yeckoro noss. Habntogas 3a nosefeHVEM OTAE/bHbIX YaCTHL,, MOXHO He-
paspyLUatoLLMM CNOCO60M OLIEHMBATb CBOMCTBA Pa3IMYHbIX COEANHEHNIA
OJ19 HAHOTEXHO/OMMI N NeKapCTBEHHbIX npenapatos. Mpu pa3paboTke
HOBbIX MaTepuasioB, IEKAPCTBEHHbIX NPEnapaTosB 1 APYrux BbICOKOTEX-
HOMOTMYHbIX MPOAYKTOB OYeHb BaXKHO 3HATb, KaKUMW CBOWNCTBaMMW OHW
6ynyT 06nagatb. MHOroe 06 3TOM MOXET pacckasaTb aHa/IM3 OTAENbHbIX
4acTUL, — Hanpumep, Heb6ObLLMX FPaHy/1 — NHTepecytoLLero obbekTa. Ha
CErofHsLLIHNI feHb CYLLEeCTBYET MHOXECTBO CNOCO60B ONpeaeneHms xXa-
PaKTEPUCTMK — MacChl, pasMepa U 3apsga — TBepAbiX yacTuy,. OfHako
KaXXAbI/ 13 HUX NO3BOJISET NOMYUYUTb MHPOPMALMIO TONIbKO 06 OAHOM 13
MepeymnCrieHHbIX MapameTpoB, M3-3a Yero MUccnegoBaTenaiM NpPUXoAUTCS
couyeTaTb HECKO/IbKO METO/0B, YTO AenaeT aHann3 AnNTeNbHbIM U TPy L0-
eMKMM. [103TOMY y4eHble ULLYT HOBble METOAbI, KOTOPbIe NO3BOANAN Obl
onpesensTb cpasy HeCKO/IbKO XapaKTepUCTUK YacTuupl. Viccneposarenm
13 MexayHapoLHOro Hay4YHo-06pa3oBaTe/lbHOroO LieHTpa (M3MKN HaHo-
CTPYKTYP NPeLIoXUIN Ucnonb3oBaTb ANs onpeaeneHns napameTpos Ya-
CTUL, MOBEPXHOCTHYH 3/1EKTPOAMHAMUYECKYIO JIOBYLLUKY. 3TO YCTPOWA-
CTBO NpeAcTaBnseT coboii Habop NIOCKMX NNACTWUH W3 3NEKTPONPOBOAS-
Lero martepvana, Ha KOTOPYK MogaeTcsa HanpsbkeHve. Mog ero feid-
CTBMEM Haf, /IOBYLLIKOW CO34aeTCs 3M1IEKTPUYECKOe Nosie, B KOTOPOe nome-
AT TBEPAYHO YacTULLy — TEOPETUYECKM U3 NI060ro matepuana: oT He-
OpraHnyecknx M1Kpocep L0 MakpoMO/eKy/ N OAUHOYHbIX KIeTOK. Ya-
CTMLQ, NOMELLEHHAs B 3/1EKTPUYECKOE MNOJE, «MOBUCAET» B HEM, HO He
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0CTaeTCs HEMOABWKHOM, a Cnerka puTMUYHO KoniebeTcs BBepX-BHMU3, MO-
LO6HO MasTHUKY.

AMeprKaHCKre (h13NKK BrepBble pa3paboTan noaxod, KOTOpbIii
MO3BOMSAET 3HAUMTENIHO YCKOPUTL PaboTy TakK Ha3blBAEMbIX «KALHbLIX»
aNropMTMOB 151 peLleHns 3a4a4 KOMOMHATOPHONM ONTUMU3aLMK MpK Mo-
MOLUM KBAHTOBbIX KOMMbIOTEPOB C OTHOCMTE/IbHO HEOO/MbLUMM YUC/IOM
KybutoB (KBaHTOBbIX 6WUTOB). «3afaynM KOMOWMHATOPHOM OMTUMMK3ALLMK
XOpOLUO NOAXOAAT 419 AeMOHCTPaLMN NPeBOCXOACTBA KBAHTOBbLIX KOM-
MbIOTEPOB Haf MX KNacCUYECKMMU aHanoramul, OAHaKo [0 HaCTOALLEro
BPEMEHW 3TO He YAaBasiochb cAenatb. Mbl cO3aam anropuTM, Croco6HbI
pewwaTb 3agayn KOMOMHATOPHOW ONTUMM3ALMKN, N Peann30Bain ero Ha
npakT1Ke Npy NomouLy Habopa 13 72 Ky6utos. Halua paspaboTka okasa-
nacb 6bICTpee ee KNacCUMYeCKMX aHaloroB, YTO YKasblBaeT Ha Haaunuue
KBAHTOBOI0 YCKOPEHUs», — NULWYT UccnefoBaTeny. TOT aropuTtm bbin
pa3paboTaH rpynnoii y4eHbIX noj pyKoBOACTBOM BuULie-Npe3naeHTa KBaH-
ToBoro craptana Rigetti Computing MaTTbto Puropa.

[ns 60NbLINHCTBA M3 HAC BPEMSA TEYET B O4HOM HarnpasfieHun, HO
37O He TaK A/19 PU3MKOB-TeopeTMKOB. OHN MOTYT CO34aTb MOZE/b, KOTO-
pas UMUTUPYeT 06paTHOe TeYeHMe BPeMeHU, HEBO3MOXHOE B peaslbHOM
Mupe. 3KCNEPUMEHT, NPOBEEHHbIA KOMaHAON y4YeHbIX 13 Kembpuaka,
MoKasasi, YTo TEeKYLLWiIA BCNSATb NOTOK BPEMEHW CNOCO6EH AaTb OTBET Ha
3a/laun, HefOCTYrMHble B 06bIYHOW (Pr3mnKe. Mpynna r3nMKoB Noj PyKo-
BoAcTBOM [asuaa ApsuiccoHa-LLykypa 13 Kem6pumKcKoro yHmBepcu-
TeTa NpoBesia 3KCNepPUMEHT, B KOTOPOM BXO[HOE COCTOSIHWE MEHSIeTCs
B NpoLiecce MOAeNMpPOBaHMA 06paTHOW MeT/n BpeMeHWU. B pesynbTaTe
OHW CMOI/IN U3MEHUTb HavaslbHble napameTpbl Y)Ke Moc/e TOro, Kak OHK
OblNM 33aHbl. HecMOTpst Ha TO, YTO METNIS BPEMEHU — SIB/IEHME CYry60
rMNOTETUYECKOE, Er0 MOXXHO CbIMUTMPOBATL MPY NOMOLLM CXeM KBAHTO-
BOW TenenopTaumm, CO34aHHbIX 3anyTaHHbIMU YacTuLamu, 4TOObI peLlaThb
maTemMaTmnyeckue 3afaun. «llpefctaBbTe, 4TO cobupaeTecb MOCNATb
KOMY-HW6Y b NOLAPOK — BaM HY)XXKHO OTOC/1aTb €ro B MepBblii AeHb, YTO6bI
OH [oLen Ha TpeTuid, — noscHWN ApsuaccoH-LLUykyp. — OaHako BULL-
NNCT OT afpecarta Bbl MOAYYMIN TOMbKO BO BTOPOW AeHb. B cueHapum
C MNPUBbIYHLIM TEYEHVEM BPEMEHW HEBO3MOXXHO Y3HaTb 3apaHee, 4TO
OH XOYeT B NOAApoK, N KynuTb ero. A Tenepb NpeAcTaBbTe, YTO MOXeTe
M3MEHUTb MOCbINIKY, KOTOPYK OTOCNanM B NepBblii AeHb, HA MOAAapOK
13 BULWI-NCTA. Hawa mogenb 1cnosb3yeT MaHUMynnpoBaHue KBaHTO-
BOW 3anyTaHHOCTbIO, 4YTOObI NOKa3aTb, KaK MOXHO PETPOCMEKTUBHO
MEHSATb MpeALLIECTBYHOLME AENCTBUSA, YTOObI AOOUTLCA XEeNaeMoro uc-
Xofax».
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KBaHTOBas Tenenopraums NO3BOMSET, MEHSS CBOWCTBA OAHOMW W3
napbl 3amnyTaHHbIX YacTWL, MIHOBEHHO Hab/ofaTb 3T U3MEHEHUA Ha
JPYroi yactuue. B gaHHOM cnydae yyeHble NPUMEHUIN TenenopTaumto
419 NepeHoca UHopMaLyn He B NpocTpaHcTBe. CHavata (hr3nKu 3any-
Ta/n ABe YacTuupbl. MaHunynauvein 04HOM U3 YacTyL, OHY JO6BUANCH TOrO,
4TO NPOLL/IOE COCTOAHME APYTOl M3MEHUIOCh. B uTore nsmeHunncs u nep-
BOHaYa/IbHbIV pe3y/ibTaT IKCNepPUMEHTA. YUeHble He yTBepXKAatoT, 6yaTo
MeTNI BPEMEHU CYLLECTBYET B peaslbHOCTW. KBaHTOBas Teopus No3BoseT
BCEr0 NMLWb MOAENMPOBATL 3TV NETAN [/1F 3anyTaHHbIX KBaHTOBbIX Ya-
CTUL,. PacuyeTbl NOKa3sblBatOT, YTO BPEMEHHYIO METIH0 MOXHO YCMeLHO
1CNosb30BaTh TOMLKO B 25 % cny4yaeB. HEMHOrO, HO, Kak cuuTatoT (u-
3MKM, 3TO 03HAYAET, YTO MOZE/b NPOBEPsSeMa B PeasibHOM 3KCMEPUMEHTE.
3TOT 3KCNEPUMEHT €LLie NMPeACTOMT NPOBECTK, 3anyTaB 60/bLLIOe KonnYe-
CTBO (DOTOHOB M WCMOMb3YS CUMYNALMIO MYyTELIECTBUA BO BPEMEHM,
4TOObI M3MEHNTb UX COCTOAHUA MOC/IE TOr0, KaK OHW 6yAyT OTNpaBeHbI
B ChneynaibHyt0 Kamepy C (PUAbTPOM, KOTOpbIA NPOMYCTUT BHYTPb
TONbKO (DOTOHbI C 0GHOBNEHHOI MHopMaLmeli. O6HapyXeHne 3Tux ¢o-
TOHOB B Kamepe By/eT 03HayaTb, YTO CUMYIALMA cpaboTana. «Hawwua pas-
paboTKa — He mMallMHa BpeMeHu, a, CKopee, rny6oKoe norpy>keHne B oc-
HOBbl KBAHTOBOW MeXaHWKMW. T MOAENN He MO03BONAT BaM BEPHYTLCA
Ha3aZ, BO BPEMEHW W U3MEHUTb MPOLLJIOE, HO MO3BOJMIAT CO3A4aThb /lyuLlee
3aBTpa, MWCMNpPaBUB CErofHA BuYepallHWe Mpo6nembl», — cKasan Ap-
BUACCOH-LLykyp.

YueHble MeXayHapoHon nabopatopun «Limdposmsaums, aHanms
W CUHTE3 CNOXHBIX MEXaHNYeCKNX CUCTEM, CETER 1 cped» NOA PYKOBOA-
CTBOM npodeccopa Tesb-ABUBCKOro yHMBepcuTeTa IMunmm dpuamaH
€031/ YHUKA/TbHbIA MaTeMaTNYECKNA anropuTM, NO3BOMSIHOLLIMIA Mofe-
NMpoBaTb PaboTy YenoBeYeCKOro mMo3ra B pasHbix cutyaumsx. Ero npu-
MEHeHMe NO3BO/INT UCC/IEA0BATL Pas/iyHble MCUXNYECKMe 3a60/1eBaHms,
a TaKkxke paspabaTbiBaTb MHTEP(EACHI «MO3r-KOMMbIOTEP» /1 yrpas/e-
HUA UMNAaHTaMK, CoooWMNN. «B aasibHelLWeM Mbl NAaHUPYeEM MpuMme-
HWUTb Halll pe3y/ibTaT A4/ pPeLleHns 3afay KnacCUpuKaLmm pexxumoB ak-
TUBHOCTW FO/IOBHOIO MO3ra, YTO MOXET ObITb UCMNO/b30BaHO Kak A5 UC-
CNnefjoBaHNs Takux 3a60/1eBaHUIA, Kak anuiencus n CUHAPOM feduunta
BHUMaHWUA 1 runepakTmeHocTn (CAOBI), Tak 1 ans pa3paboTKu UHTep-
(belicoB MO3r-KOMMbIOTEP, MO3BONAKOLLMX YNPaBAATb PO60TaMU «CUMON
MbIC/IN» N aKTUBHO NPUMEHSIOLLIMXCA B 061aCTW HEMPOMPOTE3NPOBaHUSA».
YenioBeYECKMIN MO3r cOCTOUT Bosee Yem 13 80 MAPL, HEPOHHBIX KNETOK.
Co3sgaHvie NONHOLEHHbIX U BCEOXBATbIBAIOLLMX MOZENel TaKoro C/oX-
HOro opraHa B MMPOBOIA HayKe BCe €LLle OCTAeTCA HepeLLeHHON 3adadei.
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OfHaKo rpynna y4yeHblX MeXayHapogHoi nabopatopum B MeTepbypre
HaLlia cnocob NpubAn3nUTLCS K 3TOM Lenn 1 co3faBaTb MOAeNN ANs OT-
[eNbHbIX PEXNMOB PaboThbl FO/IOBHOTO MO3ra B Pas/IMYHbIX CUTYyaLUsX,
B TOM YMC/IE IKCTPEMAIbHbIX.

B OCHOBY pelleHMs Yy4yeHbIX fierna MmaremaTuyeckas MOfesNb
®duTuXblo — Harymo, KoTopas yxe UCNosb3yeTcs 419 U3yYeHus OTAe b-
HbIX KNIETOK r0/I0BHOr0 MO3ra Uan nx nonynauuin. Tem He MeHee 3ta Mo-
[eNb UMEeET CTPYKTYPHbIE OrpaHNYeHuns, KOTOpbIe He MO3BOAT MOJe-
NMpoBaTb OAHOBPEMEHHYO paboTy MWUMIMApPLOB HeMpoHOB. Cneunanu-
CTbl NabopaTopymn COCPeSOTOUUINCH HA U3MEPEHUN MEMOPaHHbIX MOTEH-
LMaioB HEpOHOB, T.e. HAMPSHXKEHUS CTEHOK K/ETOK rO/I0BHOMO Mo3ra
B pas/IMuHbIX cutyaumsax. K aTum JaHHbIM NPUMEHSAKOTCA MaTematunye-
CKWe MeTOofbl CKOPOCTHOrO rpagueHta u QuabTpoB-andepeHLmaTo-
POB, KOTOPbIE BKYMNE C Y>Ke NPU3HaHHON Moaenbio dutuXeko — Harymo
MO3BO/NAKT BbINTU HA HOBbIV YPOBEHb BO3MOXHOCTEV MOAENMPOBaHUA
4esIoBEYECKOro mMosra. «BaKHbIM MTOrOM Takoro nogxoja CTaHOBUTCA
TO, YTO €r0 C/I0KHOCTb HE YBE/IMYMBAETCH MPU N3MEHEHWUMN KOMMYECTBA
MOZeNMPYeMbIX HelipOHOB. TO ecTb 3aa4a MOAENMPOBaHUA CETU C ECAT-
KamMu MUINIVapA0B Y3/10B, Kak B C/lyyae C Ye/IoBeHECKUM MO3TOM, YXKe He
KaXXeTCH HACTO/IbKO HeJoCTUXMMON. Kpome TOro, yyeHbIM yanoch ma-
TeMaTUYeCcKn [JoKa3aTb, YTO B 3aBMCMMOCTM OT 3TUX [aHHbIX NapameTpsbl
moZenn OyLyT HaCTPOEeHbl TOYHO, T.e. AUHAMVKa MOAENW C 3TUMW napa-
MeTpamu 6yzeT NOBTOPATb AVHAMUKY peaslbHOro HelipoHa W HelipoH-
HOM nonynauumn».

MakceHbl — IByXMepHble HaHOMaTepuasibl C BbICOKOM 3/1eKTPOMNpPo-
BOJHOCTbIO, KOTOPble MOXHO 3()eKTUBHO KOMOWMHMPOBATL C Pasiny-
HbIMW METITNYECKUMU COELUHEHUAMWN A1 U3rOTOB/IEHWS MONYNPOBOS-
HWKOB, [AaTYNKOB W 3NEKTPOHUKM. OHAKO Ans TOro, 4Tobbl NOMHOCTHIO
PacKpbITb ero CBOMCTBA, BXKHO 3HATb TUM U KOIMYECTBO MOJIEKY/T Ha No-
BEPXHOCTW, @ aHa/IN3 3aHMMaeT HECKOJbKO AHEN faxke C caMblM MOLLHbIM
3NEKTPOHHBIM MUKPOCKONOM. HOXXHOKOpEeNCKMe yueHble paspaboTanu
MOZefb KnaccuuKaLmmn, Kotopas no3BosfeT noayyaTs MakCeHbl C 0fu-
HakoBbIMK cBolicTBamu. Matepuan makceH (MAXene) 6bi1 paspaboTaH
B 2011 r. N3 nepemeXxaroLUMXCca C0eB aTOMOB MeTasfia 1 yrnepoga. OH
06nasaeT NOBONbITHBIMY U NMOTEHLMA/IbHO NOJE3HbIMW CBOWCTBAMU, KO-
TOpbIe 3aBUCAT OT MOJEKY/], PaCro/IOXKEeHHbIX Ha MOBEPXHOCTW MaTepu-
ana. Ecnu ato Top, 3neKTponpoBOAHOCTL U 3PHEKTUBHOCTL 3KPaHUPO-
BaHWA OT 3/IEKTPOMArHUTHbIX BOSIH CHVXKatoTcA. OAHaKO NMOCKO/IbKY TO/1-
LUMHA MAKCEHOB BCEro 1 Hv, aHaim3 MOMeKy/1 Ha NMOBEPXHOCTYM 3aHUMaET
HECKO/IbKO AiHel faXe C CaMbIM MOLLHBIM 3/1EKTPOHHBIM MUKPOCKOMOM.
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Mo3TomMy MaccoBOe MPOU3BOACTBO 3TOr0 Marepuana [0 CUX Nop HeBO3-
MOXHO. KomaHga yueHbix n3 MHctutyta KIST paspaboTtana MeTog npo-
FHO3UPOBaHWS pacrpefeneHns MoNeKyl Ha NOBEPXHOCTU, MCNO/b30BaB
CBOWCTBO MarHMTHOrO COMPOTMB/IEHUS MakCeHOB. C ero MOMOLLbHO
MO>XHO /IerKO M3MepUTb pacrpeseneHne Mosieky . 3To 3HaUUT, YTO NosB-
NAETCA BO3MOXHOCTb 06€CneynTb KOHTPOSb KayecTBa, HeOOXOAUMbI
[J19 MaccoBOro npou3BoACcTBa. HOBbI METOZ OCHOBAH Ha TOM, YTO 3/1eK-
TPONPOBOAHOCTb U U3MEHEHWS MarHUTHBLIX CBOCTB 3aBUCAT OT MOJIEKY /I,
3aKpenuBLUMXCS Ha NOBEPXHOCTU. MO3TOMY Y4eHble U3y4nnn CBOICTBA
MarHMTHOrO TPaHCMopTa MakCeHOB M MPOBENN YCMELHbIA aHan3 Tuna
1 KONMYECTBA 3TUX MOJIEKYNT NPV aTMOC(EPHOM AaB/IeHNN N KOMHATHOM
TemnepaType. Hanvcas cneumanbHyt0 nporpamMy NpPorHo3vMpoBaHus,
y4eHble CMOI/IN NpeAcKasaTb, YTO (hakTop paccesHus Xonna, BAMAIOLLMIA
Ha MarHUTHbIN TPAHCMOPT, CYLLeCTBEHHbIM 06pPa30M MEHSETCA B 3aBUCK-
MOCTX OT Tuna MOBEPXHOCTHbIX MONEKyn. «CoyeTas 3TU pesy/bTaTbl
C 3KCMNEPVMEHTaNIbHLIMU UCCNeL0BAHNAMU, Mbl PaCCUMUTLIBAEM, YTO CMO-
YEM KOHTPO/IMPOBATb MPOLLECC NPOM3BOACTBA MaKCeHa, KOTOopbIi 6yaeT
NPUMEHATLCA A1 MAcCOBOrO NPOW3BOACTBA MAKCEHOB C MOCTOSHHbLIM
YPOBHEM KayecTBa», — 3asBu/ Jln CblH Uxonb, aupektop HAoKopei-
CKOFO LieHTpa HayKmn 1 TexHonoruia npn KIST.

®u3mkn nof pykosoAcTBOM HobeneBckoro naypeata PpaHka
Bunbyeka YMCNEHHO HaLLM NapaMeTpbl MeTamaTtepuana, Yeli MarHuTo-
ONTUYECKMNIA OTKIMK MOBTOPSET OTKAMK IMNOTETUYECKMX aKCUOHOB, €C/N
Obl OHM CYyLLECTBOBA/IN B pea/lbHOCTU. PaboTa yUYeHbIX OTKPbIBaET LOPOry
K 3KCNepMMeHTaM C 3MepPKEHTHON aKCMOHHON 3NEeKTPOANHAMUKON.
TepMUH «aKCUOH» AJ11 HOBbIX FMNOTETUYECKMX YacTUL, BBEN BrepBble
Hob6enesckunin naypeat ®paHk Bunbuek (Frank Wilczek), Ha3BaB mx Tak
B YeCTb CTUPA/IbHOIO NOPOLLIKA — OH Mpeanonaran, Yro 3T YacTuupl no-
MOTYT «QUUCTUTb» KBAHTOBYH XPOMOAMHAMUKY OT TPYZLHOCTEN, CBA3aH-
HbIX C HapylleHnem CP-cummeTpumn. CerofiHi akCUOHbI OCTakTCH Of-
HVUMW UX FNaBHbIX KaHAWAATOB HA TEMHYHO MaTEPUIO, U UX aKTUBHO WLLYT
KaK Nno acTpo(uM3n4ecKnM [aHHbIM, TaK U B Ha3eMHbIX 3KCMEpPUMEHTaX.
B ¢m3nke, ogHako, CyLecTByeT 1 Apyroli Noaxo4 K UCCNefoBaHNI0 Ya-
CTWUL, NN SIBNEHWIA, KOTOpPbIE BblNM NpeAcKa3aHbl, HO He 0BHapY>KeHbI
npuéopamu. OH OCHOBaH Ha Co3/aHuM 0C06bIM 06Pa30M CrPOEKTMPOBaH-
HbIX Cpef, 3NeMeHTapHble BO30Y>KAEHNS B KOTOPbIX (KBa3nM4yacTuLibl) Be-
[yT cebsi Nogo6HO NpefnonaraeMbIM YacTuLaM. ApyaiimM NpUMepoM
3TOr0 NPUHLMNA MOXXHO Ha3BaTb UCC/ef0BaHMe MalopaHOBCKUX YacTUL,
KOTOpble ()M3MKM aKTMBHO paccMaTpuvBalOT B KayecTBe KaHAWAATOB
OIS 3NeMeHTHOM 6a3bl KBAHTOBbIX KOMMbOTEPOB. AKCMOHOMNOLOGHbIE
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BO36YXAeHUSA (MK SIMEPIXKEHTHbIE aKCUOHbI) TOXKe OblIN 06HAPYXKEHbI —
MX HALLIM B MarHWTHBIX TBEPABIX TeflaxX, 04HaKO Tam amMnuTyAa Ux cur-
Hasa fOBONbHO Hebonblas. OgHako B MeTamatepuanax ata cutyaums
MOXET M3MEHUTLCS — 3TO Nokasanu Makcum Mopnay (Maxim A. Gorlach)
1 ero Konsern npu yyactumn camoro ®paHka Bunbueka.

MeTo4 HeopTOroHasIbHOro MHOXecTBeHHoro pgoctyna (NOMA)
B CUCTEMax MFHOBEHHOW 6eCrnpoBOAHON Nepeaaym nHdopmaLmMm 1 aHep-
ry NPUMEHSAETCA 4151 KOMMYHUKALMW B NPOMbILL/IEHHOM UHTEPHETE Be-
wer. K coxaneHunto, OH NoABepXXeH 3Ha4YMTeNIbHbIM 3HEPronoTepsaM Mo
Mepe yBe/MueHus paccTosHusA. Kopeickume yyeHble paspaboTanmn aek-
TUBHYIO cxemy npumMeHeHns NOMA B pacnpefeneHHol paguoceTu. 31a
TEXHO/IOMNSA OTKPbIBAET BO3MOXHOCTb CO34aHusA 6onee 3hdeKTUBHbIX
1 ONTUMM3NPOBAHHBIX CETEN MHTepPHETa BeLLei. MPOMBbILLIEHHbIA UHTEp-
HeT Beleli (110T) coueTaeT 6ecnpoBOAHbIE AATYMKM, KOHTPOMNEPbI N TEX-
HONOr Y MOBW/BLHOM CBA3W AN HAOMOAEHNS U YNPaBIeHNs KaXbIM ac-
MEeKTOM MNPOM3BOACTBEHHOIO npouecca. [nsa co3gaHus HagexHow cu-
CTEMbI MepeaYn AaHHbIX U 3HEPTUN Mexay ycTpoicTBamu 10T 6b110 6bl
yL06HO Mcnosb3oBaTh GECMPOBOAHbIE TEXHOMOMMKU. Hanpumep, MeTos
MFHOBEHHO 6ecrnpoBOAHON Nepesayv nHgopmaLmmn n aneprum (SWIPT)
C NOMOLLbI0 PaAMOCUTHaN0B, KOTOPbIA OLHOBPEMEHHO MEPEHOCUT 3Hep-
T 1 JelngpyeT nHpopMaumio. A No Mepe TOro Kak KoJIM4ecTBo yM-
HbIX YCTPOWCTB pacteT, SWIPT Bce yalle coYeTatoT C CUCTEMON HEOPTO-
roHa/IbHOro MHoXecteeHHoro goctyrna (NOMA), kotopas no3sonset
YBENNUUTL pecypc baTapemn JaTHMKOB U LpYTUX YCTPOncTs. OgHaKO aHep-
reTmyeckas a)PeKTVBHOCTb 3TON CUCTEMbI YMEHbLLAETCA BMeCTe C yBe-
NMYEHNEM PaCCTOSHWSA OT LeHTPasbHOro KOHTpoAsepa. YTobbl npeoso-
NeTb 3TO NPensATCTBME, KOMaHAa y4YeHbIX 13 Kopeickoro MoOpcKoro yHu-
BepcuTeTa paspaboTana HoByto cxemy pabotbl NOMA co SWIPT ans
pacnpejeneHHbIX pagunoceTei. HoBbl METOZ, CyLLECTBEHHO YBeNYMBaET
3HepPreTMYECKyHo 1 CnekTpasibHyo apdekTMBHOCTL 110T. Vccnefosatenm
onucany TPexXCTyNeH4YaTblli UTepaTUBHbIA anropuTM, MakCUMU3UPYHO-
LM 3HepreTUYecKyto ah(heKTUBHOCTb CUCTEMbI. CHavana OHW ONTUMK-
31MpoBaIv pacrpeaeneHune aHeprum 4N LeHTPaIbHOro KoHTponnepa loT.
Mocne 4ero ObLIM OMNTUMU3UPOBAHbLI pacrnpefefieHne 3dHepruu  ans
NOMA u pa3seTBneHune aHeprum ang SWIPT. HakoHeL, y4yeHble npoaHa-
NI3MPOBANN CUTYaLMIO BbIXOAA U3 CTPOS, MPW KOTOPOI C1CTeMa He MO-
XeT 06ecneynTb [OCTAaTOYHO 3HEPrUM U CKOPOCTM Mepefadn [aHHbIX,
pacLvpvB MeToZ, oNTUMU3aLMIN O MHOTOK/IaCTEPHOTrO cLeHapus. Pabo-
TOCMOCOBHOCTL anroputMa Obina MOATBEPXKAEHA MHOIOYMCIEHHBIMM
4MCNOBLIMU MOAENMPOBaHUAMM. Pe3y/bTaTbl NOKa3aan, YTo NPesioXKeH-
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Hasl cxema B MATb pa3 60/1ee 3HeProadeKTNBHAS, YeM ee aHanoru 6es
pacnpegeneHHol paguoceTu.

PU3NKN HAYHUIUCL COMOCTaBNATb 3/1EKTPOMArHUTHLIM BO/IHAM CU-
CTEMbI MaTepuaibHbIX TOYEK, MeXaHUYeCKME MnapameTpbl KOTOPbIX YKC-
NEHHO COBMAJAtoT C XapaKTepUCTUKaMMN UCXOAHOM BO/HbI: CTENEHbIO MOo-
NApU3aLUN N Mepoli KBaHTOBOM 3amyTaHHOCTW. Mpy 3TOM COOTHOLLEHME,
KOTOpPOe CBSA3bIBAET 3TW iBE BE/IMUMHBI, HA A3blKe MEXaHNYeCKOW aHao-
ry cBoaMTCA K TeopeMe Mudparopa. AHanorMm mexay @uanyecknMm cn-
CTeMamm YrpoLLAKT XW3Hb YUEHbIX, [aXe eCiM CUCTEMbI UMEIOT PasHyHo
NPYPOAY W MOXO0XMW TONBKO MX MaTeMaTUyeckue onucaHus. Hanpumep,
CTaHAapTHbI MpPMeM B KBAHTOBOI TeOpUM NOAS NpK KOHEYHOM Temnepa-
Type — (hopManbHas 3ameHa 06paTHOV TemnepaTypbl Ha (DUKTUBHOE
Bpems (KOTOpOe M3HaYaslbHO OTCYTCTBYET Kak nepeMeHHas). 3To No3Bo-
NAET M0Nb30BATLCA NMPU BbIYNCIEHNAX XOPOLLO U3YUYeHHbIM MaTtemaTunye-
CKMM annapaTom 00bl4HOV KBAHTOBOI Teopum nons (B KOTOPOIA, B CBOIO
oyepedb, HeT TemnepaTypbl), & 3aTeM WHTEPNPeTMpoBaTh PesynbTaTbl
YKe AN UCXOAHOM Mofenun ¢ Temnepatypoii. MNoncK nogo6HbIX aHaornii
1 NMPOBEPKa rpaHunL, X NPUMEHUMOCTU — OAHO 13 aKTyaslbHbIX Hanpas/ie-
HWIN B cerogHsLHel Hayke. LiaHb CaodaH (Xiao-Feng Qian) n Mwuraww
M3agn (Misagh lzadi) u3 TexHonormyeckoro MHCTUTYTa CTuMBEHCa
NPeabsaBUAN  KONMYECTBEHHOE OMMCaHWE CBOWCTB 3/1EKTPOMarHWUTHOM
BO/IHbI Yepe3 aHa/IorMi C MEeXaHW4YecKOol CUCTEMON MaTepuasbHbIX
TOYEK.

WccnegoBateny cMogennpoBain paboTy BHYTPEHHMX 4acoB opra-
HM3Ma 1 ONpeLennan, Kak M «ynpasnsaTb». Viccnegosarenn n3 Cesepo-
3anagHoro yHueepcuteTa 1 MIHcTuTyTa CaHta-®e (CLUA) paspaboTtanu
TEOPETUYECKYHO MOAESb AN151 U3YYEHUS CUHXPOHM3aLMM MHOXECTBA BHYT-
PEHHMX YacOB B OpraHv3me NOA BO3LEVICTBMEM CTapeHWsi U BHELUHEro
B/IAAHMSA, HampyMep, CMeHbl YacOoBbIX MOACOB. CUMHXPOHMU3ALMA 4YacoB
LeHTPa/IbHOM M NepUepUYecKOin CUCTEMbI CHUXKAET HeraTuBHble 3-
(beKTbl. LinpkagHble yacbl — BHYTPEHHME Yachl, N0 KOTOPbIM >KUBET opra-
HM3M, NPUCYTCTBYHOT NOYTW B KaXKA0M KNETKE U TKaHW opraHm3ma. Kax-
ObI U3 HWX MONaraeTca Ha CBOM COOGCTBEHHBIA HAG0OP CUTHAIOB AN Ka-
NMBPOBKK. Hanprmep, Yacbl MO3ra 3aB1CAT OT CO/THEYHOIO CBETa U OCBe-
LeHMA B LieNoMm, a nepuepryeckmne — Kannbpyrotca Bo Bpems eapl. Kc-
cnegosatenyt NOCTPOUNM MaTEMaTUYECKYH MOAESb, OOBACHAIOLLYHO 3TO
C/IOXKHOE B3aMMOZENCTBUE MeXAY cuctemaMn. Teopus BK/KOYaET fBe Mo-
MyNALMK CBA3aHHbIX OCLUINIATOPOB, KOTOPbIE UMUTUPYHOT eCTECTBEHHbIE
PUTMbI LMPKagHbIX LUMKNOB. KaXaplil OCUMANATOP BAMSIET Ha APYrve U B
TO XXe BPEMS PerynmpyeTcs Ha OCHOBE YHUKa/IbHbIX BHELLHWUX CUTHA/OB.
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Vcnonb3ys aTy Mofesb, YUYeHble N3yUunin, Kak Takas CBA3aHHasa cuctema
MOXET ObITb HapyLUeHa M 4To yXyaLwaeT sthpeKT. OHU 0BHaPYXXMK, UTO
o6LLMe CMMNTOMbI CTapPeHUs, Takne Kak 6onee cnabble CUrHabl LpKas-
HbIX YacoB 1 60/1ee HY3Kas YyBCTBUTEIbHOCTb K CBETY, MPUBOAAT K TOMY,
4TO CUCTEMa CTAHOBMTCS 6Osee yA3BUMOI K COOSM 1 MefJieHHee BOcCTa-
HaBnmBaeTcA. OHM TaKXKe HaLL/IN HOBbIV METOZ YCKOPEHWNS BOCCTaHOB/e-
HWS MOCNe CMeHbl YacoBbIX NOSCOB U NOA0OHLIX c60eB. OHM CYMTaloT,
4TO MYTb K NIyHLIEMY CHY NIeXUT Yepes xenyaok. «O6unbHbIin 06es, paH-
HVMM YTPOM B HOBOM 4aCOBOM MOSICe MOMOXXET MPeojo/eTb CMEHY Yaco-
BbIX MOACOB. A MOCTOAHHO MEHATb rpativK NpuemMa MUl UanM ectb Ho-
YblO He CTOWT, TaK Kak 370 MOXET MPUBECTM K PacCOr/iaCoBaHWIO BHYT-
PEHHUX Y4acoB», — FOBOPUT TyH XyaH, COaBTOpP UCCNefOBaHNA. YUeHble
NAaHWPYIOT UCCNeA0BaTh APYryt0 CTOPOHY YpPaBHEHUS W BbISBUTL (hak-
TOPbI, KOTOPbIE MOBbILLAOT YCTONUYNBOCTL BHYTPEHHMX YACOB.

MotpeboBanock 10 net, okono 500 yyéHbIx U 60nee 600 MSH €,
4TOObI NPOEKT «YeN0BEYECKMIA MO3r» HAKOHeL, NoAoWweEN K KoHuy. OH
cTan OAHMM M3 KPYMHEMLINX nccnefoBaHnin Ha cpeacTea EBponeickoro
coto3a. CMenoli Lenbio ObINo NOHATb YenoBeyYeckuii Mo3sr, B Nogpo6HO-
CTAX CMOZIe/IMPOBaB ero Ha KoMnbroTepe. o arnpgoli npoekTa «Yenose-
yeckunin Mo3r» (HBP) yuéHble onyb6MKoBanu ThbiCAUM cTaTein u Jo6unmuch
3HAYUTE/IbHBIX YCMEXOB B HEBPOIOTrMK: CO34a/IN NOAPOOHbIE TPEXMEPHbIE
KapTbl N0 MeHbLUel mepe 200 obnacTel Mo3ra, paspaboTasii MO3roBble
WUMMMaHTaTbl 418 NeYeHNs CNenoThbl, YCOBEPLLUEHCTBOBAIM METO/bI fleve-
HUS pa3/IYHbIX 3a601eBaHNI. A TaKXe C MOMOLLbIO CYNepKOMMNbIOTEPOB
CMOLENMPOoBaN Takne (hyHKLMMW, Kak NaMaTb U co3HaHue. Korga npoekT
CTapToBasl, BPAL M KTO-TO BEpUS B NOTeHUMan 60/bLINX AaHHbIX U B
No/sib3y CYNepKOMMbIOTEPOB /11 MOAENMPOBAaHMA CMIOXHOW paboThbl
mo3ra, Tomac Ckopjac, 3aMecTuTeNb reHavMpekTopa EBponelickoil Ko-
muccun B bproccene. OfHaKo NnoyTun ¢ camoro Havana HBP BbI3biBai Kpu-
TUKy. MNPOEKT He [OCTUM CBOEN LiesI MOLENMPOBaHNSA BCErO YenoBeYe-
CKOr0 MO3ra, KOTOPY, KCTaTu, MHOrMe Y4éHble M3HAYafbHO cuuTanu
NPUTAHYTOW 3a yLK. MNPOeKT HECKONbKO pa3 MeHs/1 Hanpas/ieHne, 1 ero
Hay4Hble pe3ynbTaTbl CTa/IM «PpParMeHTUPOBaHHLIMU Y MO3aUYHbIMU»,
cKasan yvacTHUK HBP 1B ®peHbsK, YUEHbIA-KOTHUTUBUCT U AWPEKTOP
no nccnefoBaHNUsM paHLy3CcKoro HauuoHanbHoro areHTcTea CNRS. Mo
ero MHeHWIo, MPOEKT He Aan MOHOTO WU OPUTMHA/IBHOTO MOHMMaHUA
mo3ra.

MpuMeHeHVe TEXHONOMUIA UCKYCCTBEHHOro MHTennekTa (M) nos-
BO/IUT YUeHbIM NepeiT 0T METOL0B NPO6 1 OLLIMGOK B MPOrHO3MPOBaHNN
CBOMCTB «yYMHbIX» MaTeprasioB K 60/1ee 6bICTPOMY NOAGOPY MX PYHKLWIA
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Ha aToMapHOM YpOBHe, cumTaeT KoHcTaHTMH Hosocenos (MTY, AH-
rnus), nonyumsLInin Hobenesckyto npemuto no gmsmke B 2010 r. BMecTe
c AHgpeeMm ["eiiMoM 3a uccnegoBaHus rpageHa. OH OTMETWN, YTO CErof4HA
yyeHble NOJOLUNN K 3Tany pasBUTUS UCCNeA0BaHUIA MaTepuasoB, Ha KO-
TOPOM Yy>Ke MOryT MOZEe/NIMpOoBaTh MX CBOMCTBA Ha YPOBHE aTOMOB. «[1po-
6nema B TOM, YTO [0 CMX MOpP 3TO Aenaetcs MeToLoM Npob 1 OLMGOK.
K coxaneHuto, Mbl 0 CVX MOP HE MOHUMAEM, Kak Mony4unTb NOJHbIA KOH-
TpOsb Haf CBOMCTBaMM MaTepmanos. Kak co3fasaTb MaTepuasbl € 3afaH-
HbIMW CBOWCTBaMM, KOTAa Yy Bac MOSB/ISETCA CTONPOLEHTHas BOCMPOW3-
BOAMMOCTb Ha aTOMapHOM YpPOBHe. 3T0 To, rae A n mawmHHoe 0byue-
HMe MOTYT MPUMEHATLCA 0YeHb aKTUBHO», — CKasasl HOBOCE/IOB, BbICTY-
nas Ha MeXayHapofHoi kKoHgpepeHumn Al IN B YHusepcuTeTe HHOMO-
Nnc, noceaweHHon NU-TexHonormsam. Takue nepcrneKkTUBHbIE maTepu-
/bl MOTYT CTaTb OCHOBOM «yMHBbIX» Karcyn A/ TO4eYHOW LOCTaBKM fe-
KapCTB, KOTOPbIE CNOCOOHbLI OTKPbIBATLCA M 3aKPbIBATLCS B HYXXHbIA MO-
MEHT, NpWBeN Npumep 1cnegosatesb. «Mbl OUeHb HageeMcs, YTO UMEHHO
METO/bl MAaLUMHHOIO 06y4YeHUs NOMOryT Ham peLunTb npobnemy npes-
CKa3aHWs CBOWACTB, B NEPBYIO OYepefib, PYHKLMOHANbHBIX, KOTOPble Me-
HSAOTCA BO BPEMEHW Y HEYCTOMYMBbLIX MaTepuasioB BHe COCTOSIHUSA paBHO-
BECUSA», — 3aK/HOYNST OH.

YyeHble CO3Aa/IM MaTeEMaTUYECKYHO MOZENb, NO3BONAIOLLYHO NoA0u-
paTb ONTUMasbHbIE YCMIOBUSA A1 MOMYYEHNS YIepoAHbIX HAHOCTPYKTYP
C NMOMOLLbH MNJIa3MEHHOro crHTe3a. OHa NoAPO6HO OMMCHIBAET MPOLLECC
«POX[EeHUA» B ra30BOW M1a3me YacTuL, Yriepoaa, U3 KOTopbIX B fanbHew-
LIeM cobMpParoTCA MPUMEHSEMbIE B MEAULIMHE U 3NIEKTPOHWNKE HaHOMaTe-
puasbl. Bo MHOrMX OTPac/isfxX HayKu Y TEXHUKWN CErOAHS MCMO/b3YHTCH
HaHOTEXHONOIMN — Hanpas/IeHNs, MO3BONAIOLLME CO3AaBaTb CaMble pas-
Hble 0OBEKTbI (Y4acTWLpbl, MOMIEKY/IAPHbIE KOMMIEKChbl U AaXe Lenble
YCTPOICTBa), pasMep KOTOPbIX B MUIIMOHbI Pa3 MeHbLUe MUAIUMETPA.
Tak, Hanpvmep, B Me1LMHe HaHOMaCLLTabHble 0OBEKTLI UCMO/L3YHOTCA
[N19 [OCTaBKW NeKapcTs, B MaTepuasioBeAeHU — L1 CUHTE3a /1erko
yNpaBASeMbIX UM TaK Ha3blBAEMbIX «YMHbIX» MaTepuanos, B MUKPO-
3NIEKTPOHVKE — AJ11 CO34aHNA MUHMATIOPHbLIX NPOLIECCOPOB 1 3aroMuHa-
tOLLMX YCTPOWCTB. OAHUM 13 Hanbonee NepcrneKTUBHbLIX METOAO0B CO3/a-
HUA HAHOCTPYKTYP CUMTAETCA NIa3MEHHbIA CUHTE3 C MOMOLLBHO yTOBOT0
pa3paga. OTOT NOAXO0L 3aKNH0YAETCS B TOM, UTO HYXKHbI Y4EHOMY HaHO-
00BEKT «COOMPaeTCA» N3 OTAE/bHbIX aTOMOB WM MOJIEKY/ C MOMOLLbHO
HEpaBHOBECHOW Mnas3Mbl — rasa, HACbILEHHOrO 3apsHXKeHHbIMU YacTu-
uamu. Ytobbl 060raTuTh ra3 TakMMm 4acTuLamu, T.e. MOHU3NPOBATb, UC-
NoMb3YHT 3MeKTPoAbl (HanpuMep, rpauTOoBbIE) — 3MIEMEHTLI, MeXay

607



KOTOpbIMM NPOTEKAeT 3NeKTPUYECKMIA TOK. Koraa Tok, noctynas oT of-
HOrO 3NEeKTPOAA K ApYyromMy, NPOXOAWT Yepe3 ras, BO3HUKaeT pas3psag, no
(hopme HanoMUHAKOLNIA Ayry. DKCNEPUMEHTbI NOKa3aiu, YTo 3TOT raso-
Bblli paspsf CUNbHO HarpeBaeT MOBEPXHOCTU 3MEKTPOAOB, M3-3a Yero
C HUX UCNapSATCA YacTuLbl yrnepoa. Ha nx ocHOBe MOXHO CUHTE3Mpo-
BaTb pa3/IMYHble HAHOCTPYKTYPbI: YINepoAHble HAaHOTPYOKM, HaHOC(hepbI
(cdbynnepeHbl) 1 TOHKWE NNCTbI FpateHa, UCNo/b3yeMble B 3/1EKTPOHUKE 1
6romeunumHe. OLHAKO [0 CMX MOpP 0CTaBa/IOCh He ACHBLIM, KaKune yCNoBus
CVHTe3a — Cu/ia TOKa, pa3Mep 3/1eKTPOAO0B, MEX3/IEKTPOAHOE PacCTOsHNE,
[aBneHne 1 COpT rasa — ONTUMa/IbHbI /19 CO0PKY YTrNepoAHbIX HAaHOOOb-
eKTOB M3 OTAe/IbHbIX YacTuL,.

YueHble n3 KFHNY-KAW pa3paboTanm camocorniacoBaHHyt ¢u-
3MKO-MaTeMaTNYecKyt0 MofeNb, Hanbonee MoAHO ONMCLIBAKOLLYHO NPO-
LIeCC CO3JaHuna AyroBoro paspaja B ABYX MHEPTHbIX rasax — aproHe u re-
nvn. ABTOpbI CMOAENMPOBA/IN CUTYyaUMIo, KOrja B ras noMecTunu fga
rpaMToBbIX 3M1eKTPOAa (NONOXKUTENLHO N OTPULATENBHO 3aPSHIKEHHDIN),
a 3aTeM MofaBa/M Ha HWX MOCTOSHHbINA TOK, MOCTEMNEHHO YBENMYMBas
BK/1aZlbIBAEMYIO MOLLHOCTb B pa3paf. YucneHHble pacyeTbl No3BOAUIN
nccnepoBaTensaM ONpefennTb PeXKMM rasoBoro paspsaga, npyu KOTopom
CTAHOBUTCS BO3MOXHbIM CUHTE3/POBaTh B HEM YT/1epOfAHbIE HAHOCTPYK-
Typbl. eno B TOM, 4TO COr/IaCHO MOZENW ra3oBblli paspss No Mepe yBe-
NINYEHWS CW/bI MOAABAEMOTr0 Ha 3/1EKTPO/bI TOKa MPOXOAMT TPU NOCNeao-
BaTe/lbHble CTaAMN, NNLLIb OAHA U3 KOTOPbIX NOAXOAUT Ans cuHTe3a. CHa-
yasia B NPOCTPAHCTBE MEXAY 3/M1EKTPOAaMM 06pa3yoTCs TONbKO 3apsiKeH-
Hble yacTuubl Oy(epHOro rasa — WOHbI aproHa WAnM reivs, CooTBeT-
CTBEHHO. 3aTeM M0 Mepe HarpeBaHUs 3/1eKTPOAOB C HUX HAYMHAKOT ncna-
PATbCS HEeWTpasibHble aTOMbl Y MOJMEKY bl (AMMepbl U TPUMEPbI) Yyrie-
poja. OHY TaKXe MOHU3MPYHOTCA B MasMe Ayrosoro paspsga. o mepe
Ja/IbHeNLLEro yBeIMYeHNs Cbl TOKA NPOUCXOAMUT CMeHa Nna3Moobpasy-
tOLero noHa. ApyruMm cnosamu, JOMUHUPYHOLLMM CTaHOBUTCS MOH Y-
nepofa BMeCTO re/ins UAn aproxa. MicnapeHHble B paspsaHbIi NpoOMeXy-
TOK YacTULpbl YINepoaa, a TakxKe UX MOHbI, Nonazgas B 061acTu ¢ HA3KOM
TemnepaTypoii rasa u Ha NOLAM0XKM, CMOCOGHbI 06 beANHATLCA MEXY CO-
60i1 1 PopMMPOBATb C/IOXKHbIE HAHOCTPYKTYPbI. Takum 06pa3oM, Moje/b
Mo3BO/ISET TOYHO NOA06PaTh CUY TOKa, AaBNeHne rasa, pa3mep 3/1eKTpo-
[0B 1 MeX3/eKTPOLHOe pPaccTosiHWe, YTOObl MakCMMasibHO 6bICTPO [0-
OUTbCSA YCNOBWIA TOPeHNs paspsga, Mpy KOTOPbIX CUHTE3 YIepOAHbIX
HaHOCTPYKTYp 6yAeT Hanbonee aththeKTUBHBIM. «IpeaioXkeHHas Moaenb
npvBneKateNnbHa He TOMbKO C (PyHAAMEHTafbHOW, HO WM MPUKIAAHONM
TOYKM 3peHuss. C OfHOWN CTOPOHbI, OHA MO3BONSET FNYyOXKe MNOHATbL
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NpMpPOoAY TaKoro KNaccuyeckoro 06bekTa Kak AyroBoi paspsaa. C apyroi
CTOPOHbI, MOAE/b NMOMOXET MOBLICUTL CKOPOCTb U 3PPEKTUBHOCTL M/1a3-
MEHHOr0 CMHTE3a HAHOCTPYKTYP, NOCKO/bKY C e MOMOLLbH0 YUYeHbIi CMO-
XEeT 3abnaroBpeMeHHO paccuMTaTb W CMNPOrHO3MPOBaTb OMTUMA/IbHbIE
ycnoBums npouecca. B fanbHeliliem Mbl naHUpyem HapaboTaTb Kak Teo-
PETUYECKYIO, TaK U 3KCNEePUMEHTaIbHYIO 6a3y Mo ONTUMAaSIbHbIM YCOo-
BUAM CUHTE3a Pas/IMYHbIX TUMOB HAHOCTPYKTYP — YrnepoaHbIX (BKOYas
HaHoa/IMa3bl), KPEMHUEBbIX, FepPMaHNEBBIX U META/IIMYECKUX», — pacCKa-
3bIBaeT PyKOBOAWTE b NpoekTa Anvas CaindyTanMHOB.

Mony4yeH OTBET Ha BOMPOC, MOXHO /11 NOMMaTL CBET B TPEXMEPHBIN
MaccuB MUKPOCKOMUYECKUX HYaCTUL,: Npu NOMOLLX HOBOIO METOAA KOM-
MbIOTEPHOIO MOAENMPOBaHMA KOMaHaa (hn3nkos n3 CLUA 1 dpaHuum 06-
Hapy>kuna ycnosus, npu KOTOPbIX BOJIHY CBETA MOXET 3aCTaBUTL 3ame-
PeTb, MPUMEHSS 415 3TOro AedeKTbl NPaBUIbHO NOA0OPaHHbIX MaTepua-
NOB. DNEKTPOHbI MOTYT 6bITb NOAMaHbI UIN IOKA/IN30BaHbI B HEYNOPSALA0-
YeHHbIX MaTepuanax Co C/lyyaliHbiM 06pa3oM pacnpefeneHHbIMU aHo-
Ma/IMsSMU. DTO ABJIEHWE NOYYNIO0 Ha3BaHWE aHAEePCOHOBCKOW /TOKaun-
3aUMm B YeCTb amMeprKaHCKOro (usmka-teopetmka ®uimna AHgepcoHa
1 CTaN0 BAXKHOW BEXOW B pa3BUTUM (PU3NKM KOHAEHCMPOBAHHOIO COCTOS-
HMs. ECnM B K/IaCCUMYECKON (hn3nKe Mbl MOXEM MpeacTaBuTh cebe Ya-
CTULlY CBeTa Kak LUapWK, OTCKaKMBatOLMIA OT CTEHOK XaoTUYHOro Nnabu-
PUHTa, TO BONIHOBOE MpeACTaB/leHWNe KBAHTOBOW MeXaHWKW 3acTaBnseT
3M1IEKTPOH OCTaHaBNMBATLCA W MPeBpaLlaeT Marepuan B u3onatop. Heuto
MoXoXee NPOUCXOAUT, KOrfja 3/1IEKTPOMArHUTHbIE BOJIHbI BbIHYXAAKOT
CBET paccenBaThbCs B KaKOM-HWOYAb BeLLecTBe, N0 KpaiHein mepe, B OA-
HOM Wn ABYX n3mepeHmsax. OfHaKO [0 CUMX MOP HUKTO HE MOT MOHATD,
OyLeT /M MPOUCXOAMTb TO XKe Camoe B TPex U3MepeHusX. PackpbITb 3TOT
CEeKpeT NOoMOr NPOrpecc B BbIYUCAUTENBHBLIX NPorpamMmmax 1 YMCneHHOM
MogenupoBaHun. pu NomoLwm HoBOro MHcTpymeHta FDTD Software
Tidy3D koMaHga y4eHbIX CMOr/ia MPOBECTN KaXKAbIN LMK BbIYUCIEHWA,
KOTOpble 06bIYHO 3aHANM Obl HECKOMLKO AHel, 3a 30 MUHYT. Mporpamma
Ha OCHOBe KOHEYHO-pa3sHOCTHOro BPeMEHHOro asiropuTMa, KoTopas [Je-
QAT NPOCTPAHCTBA Ha AYEKM W peLuaeT YpaBHEHNS B KaX0M TOUKE KO-
OpAvHaT, Mo3BOMWIA MPOTECTMPOBATb Pas3/INUHblEe KOH(Urypaumm cu-
CTeMbl, pasmepbl U CTPYKTYPHbIe NapameTpbl. PesynbTaTbl YACI0BOr0 MO-
[eNMpoBaHNA OKasa/IMChb NINLLEHbI NMPO6/IEMHbIX MECT, KOTOpble 3aTpyA-
HAMW Npefblaylne 1ccnefoBaHus. YyeHble OOHapYXWu, 4TO CBET
Henb3A NIoKann3oBath B 3D B AN3INEKTPUUYECKUX MaTepuanax, Taknx Kak
CTEeK/I0 UK KpeMHUiA. OHAKO YeTKMe YMCOBbIe JaHHbIE YKa3blBalOT Ha
TO, YTO aHAepCcOHOBa /IOKa/M3aLMs BO3MOXHA B C/y4aiiHbIX Habopax
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NPOBOAALLMX METINYECKMX Chep. STOT pesy/bTaT yKasan (hu3mkam
Hanpas/ieHVe AabHelLunX UCCNeaoBaHWin aHLepCOHOBCKON NoKanu3a-
LMK B pas/inyHbIX TUNax MaTepranos.

[ymatoT i1 yMHble fitoam bbicTpee? CornacHo pesynbTatam uccre-
[l0BaHUA rpynnbl yYeHbIX U3 FepmaHum 1 icnaHum, He BCerga, U B cnydae
PeLleHns CNOXHbIX 3aday OTAe/bHble NPenMyLLecTBa OKasbiBatOTCS 3a
NOLbMU C MEHee Pa3BUTbIM UHTENIEKTOM. MO3r B3pOC/IOro YesioBeka co-
CTOMT W3 MUIINAPA0B HENPOHOB, 00bEAWNHEHHbIX MHOTOYMCIEHHLIMU
CBA3AMU. DTN CNOXKHbIE M NOJYac 3anyTaHHble CEeTU — OLHOBPEMEHHO
K/IHOY K YAMBUTE/IbHBIM BO3MOXHOCTSIM MO3ra 1 rfiaBHast TPYZAHOCTb Ha
MyTW K ero n3y4yeHuto. NMockonbKy paboTtatb C MO3rOM XXMBOMO YeslioBeKa
[0BO/ILHO CNOXHO, UCC/Ie0BATE/NN BCE Yallle 00paLLaroTCs K KOMMbIoTep-
HOMY MOZENMPOBaHNIO, UCMOMb3YS LW(POBbIE LaHHbIE CKaHWPOBaHWSA
MO3ra, TakMe Kak MarHUTHO-pe3oHaHcHas Tomorpadusa (MPT), a Takxke
MaTemaTMyeckme MOfENIM, OCHOBaHHble Ha TEeOPeTMYECKMX 3HaHUAX
0 6ronornyeckmx npoueccax. MepBoHavasbHO 3TO MNO3BO/ISET MOCTPOUTH
«00LLYH0» MOZE/b YeNOBEYECKOro MO3ra, HO 3aTeM yUYeHble YTOUHAIOT ee,
MCNONb3YA faHHble OTAENMbHBIX NOAEN N CO34aBas «NepcoHaIM3NPOoBaH-
Hble» MoJeNIn Mo3ra. UTobbl U3yunThb, Kak 06LLmMe NoKas3aTe/In YPOBHSA UH-
TenneKTa BAUAKOT Ha CKOPOCTb PeLLEHMS Pas3/InyHbIX 3a4a4, MeXayHapos-
Has rpynna uccnegosatenein cosgana 650 «nepcoHaN3MpPoBaHHbIX» MO-
Jenei mosra y4acTHUKoB npoekta Human Connectome Project. 3To nos-
BOMIMMO 3PPEKTUBHO BOCMPOU3BOANTL aKTUBHOCTb KaXKAOM0 U3YUYEHHOr0
MO3ra, aHa/I3MPYya UHTENEKTYaNIbHble XapaKTepUCTUKM N BPeMS peak-
LM KOHKPETHOTO Ye/loBeKa NPy PeLLIEHI pasnyHbIX 3agad. B ganbHeli-
LeM roKasaTe/in 3TUX MOLENEe CpaBHMBA/IM C MOKasaTensiMum cammx
YYaCTHWKOB, KOTOPbIM NPeSJIOXUN pPeLlaTb CePUI0 NMOCTEMNEHHO YCOX-
HAKOLLMXCA 3a7a4 Ha NoA60op 3/1EMEHTOB B MOCTEMEHHO YCNOXHAOLMXCH
«Masnax». YueHble 06HAPY>XU/IN, YTO YHACTHUKN C 60/1ee BbICOKMMU NO-
KaszaTefiiMy MHTeNniekTa 6bICTPO CNPaBsINCL C NPOCTbIMMU 3a4a4aMu, HO
[O/bLLE peLlany CnoXxHble. Yactn X Mo3ra npu 3ToM Obinv yyLle CUH-
XPOHM3MPOBaHbl MEXAY CO60iA, NOCTOSAHHO 0O6MeHMBasACL MH(OpMaLMer
N 3aTOPMaXMBas NPUHATUE OKOHYATENbHOro pewleHuns. C apyron cTo-
POHbI, MO3T NIIOfEN C HEBLICOKUM 1Q GYKBa/IbHO «CreLLmns1 C BbIBOLAMM»
NPV NPUHATUN CNOXKHBIX PELLEHW, a He XXaas, NnokKa BbILecTosLme 06-
NacTy MOo3ra 3aBepLuaT 3Tarbl 06paboTKW, 1U3-3a Yero Takue fIIOAM vallle
Jonyckanun owmnbkn. CornacHo BbIBOAAM Mcc/efoBaTeneld, B LEeSoM Mo-
KasaTe/nn «NepcoHaNN3MPOBaHHbIX» MOAe/eli COBNaaaam ¢ nokasarensiMm
MO3ra XXMBbIX NtOAEN, YTO A0Ka3bIiBaeT IPPEKTUBHOCTb KOMMbIOTEPHOIO
MOZE/IMPOBaHNSA YenioBeYeCKOro Mosra. B Oypgyllem Takue MeTofbl
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MOXXHO MPUMEHATL B MeAULMHE: K NPUMEPY, C MOMOLLbIO KOMMbIOTEPHO
CUMYNALMN Bpay CMOXKET OLLeHUTb, KaKoe NIeKapcTBO 6y eT Hanbonee ah-
(heKTVMBHO NPW NeYEHUN KOHKPETHOMO NalMeHTa 1 BbI30BET HaUMeHbLLEE
KO/IMYECTBO MOBOYHBLIX 3PPEKTOB.

HekoTopble Ko/bYaTble YepBu COOGMPAKOTCA MHOMOYUCIEHHBLIMM
rpynnamMm, CB1Basicb BOKPYT ApYr Apyra n 06pasys nnoTHbIN Kny6oK. Ho
Mpy OMacHOCTW KNy6OoK pacnafaeTcs Tak 6bICTPO, Kak 1 He CHUJIOCH J1H0-
[AM, KOTOpbIE NOCTOSAHHO MYy4atoTCA C 3anyTaHHbIMY NPoBoAaMu. UTobbl
BbIACHWUTb, KaK 3TO BO3MOXHO, 610/10raM MpULLIOCL 06paTUTLCA K MaTe-
MaTuke. Kaxablid, KOMY NPUXOAUIOCH pacnyTbiBaTb NPOBOAA HAYLLHWKOB
Wn 3apsALHOro YCTPOICTBA, 3HAET, KakK 3TO HenpocTo. Mexay Tem npu-
MUTMBHbIE KOMbYaTble YepBM CNOCO6HBI pellaTh 3Ty 3afady B [ONU Cce-
KyHAb!l. Lumbriculus variegatus >xvByT B 60/10TUCTbIX BOJOEMAX, MUTAACh
OAHOK/IETOYHBIMM 1 pacnafatoLLelics OpraHuKoM, U BbIPacTaroT B 4JIMHY
40 10 cM. ViHorja — Hanpumep, YTo6bl COXPaHUTL TENJIO UKW Bary — OHK
cobmparoTcs B rpynnbl, CBMBasACL B NIOTHbIA Kny6oK. HO nvwb novys-
CTBOBaB Yrposy, 4epBu pas3beratoTcs, pacryTbiBasCb MOYTU MOMEH-
TanbHO. Kny60oK MOXeT CBMBATLCS U PacTy HECKONIbKO MUHYT, Habupas
[0 HECKO/IbKMUX [ieCATKOB ThbiCAY 0cobei. OfHaKOo Anf CPOUHOrO pacrny-
TbiBaHMS YepBAM TpebyeTca He 60s1ee napbl AECATKOB MWINCEKYHU.
AmepukaHckue 6uonorn (Jérn Dunkel v ero konneru) BbISCHUAMW, Kak
3TUM XXMBOTHbIM YJaeTCs peLlaTb CTO/b COXHYIO 3a4a4y. YUeHble npo-
BOAWN NabopaToOpHble IKCNEPUMEHTbI C FpynnaMm npumepHo no 20 yep-
Beii L. variegatus. CrnneTeHHble MU KyOKM 06pabaTbiBaivi XXeNaTuHOM,
4TOObI CTABUNN3MPOBATL MX (HOPMY, & 3aTeM «MPOCBEYMBA/IN» Y/bTPa-
(hMONETOM C LieNIbi0 ONPefeNinTb BHYTPEHHIOW CTPYKTYPY W BbISICHUTD,
KaK MIMEHHO 1 CKOJIbKO pa3 YepBu 006BMBA/INCH APYT BOKPYT Apyra. 3atem
KaKAbliA KNyOOK nepemMeLLain B eMKOCTb C YMCTON BOZOW W «nyranu»
CNabbIM 3MEKTPUYECKUM Pa3psgoM WU ynbTpaguoneToBbiM M3fyye-
HMEM.

CTpemuTensHOE pacnyTbiBaHMe (BMKCMPOBaIN CKOPOCTHOW BUAEO-
KaMepoi, KoTopasi Mo3BO/MNa NPOCNeANTb 3a ABVKEHUAMU KaXoro
yepBa MHAMBUAYASTbHO. [nsa 06paboTKM MOMYyYeHHbIX AaHHbLIX 61ooru
NPVBNEKN TOMOJIOr0B — CMNELNa/INCTOB B TEOPUM Y3/10B. OHW NOCTPOUN
MaTeMaTMYeCcKyto MOZe/b, & 3aTeM NMPOBE/IN KOMIMbIOTEPHbIE CUMYNALUN
060X NPOLLECCOB: CNyTbIBaHWS U pacnyTbiBaHWs. OKasanoch, Bce Aeno
B Hanpas/ieHWUN [BUKEHWI, KOTOPbIMIU CKPY4YMBaKOTCA YepBr, cobmpasch
nn6o pasberadch. [BuKeHWs OTAENBHOrO YepBs 6bICTPO NOAXBATLIBAOT
cocefin, KOHTaKTMpYHoLLMe ¢ HUM. YToObI cnyTaTbCs B KY6OK, Kaxaas
0C00b HECKO/IbKO pa3 CKpy4MBaeTCA B O4HOM HamnpaB/ieHUW, NOC/e Yero
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PE3KO MEeHSIeT HarnpaB/ieHNe N COBEPLLAET TaKoe Xe [ABMXKEHVE B obpart-
HYIO CTOPOHY, 06pa3ys NnoTHoe cnaeTeHue. Mpu pacnyTbiBaHUM YepBU
ObICTPO YepeaytoT CKpyUMBaHMe TO B O4HOM, TO B APYroM HanpasieHun,
4acTo npuobpetas Gopmy UMdpbl BOCEMb. «Takas paboTa KaXKeTcst Ym-
CTbIM Kypbe30M, O4HaKO0 Y Hee MOryT 6bITb Ja/ieKo uayLLne nocneacTens.
AKTUBHbIE (DUTAMEHTbI LUMPOKO pacnpocTpaHeHbl B 6LUOMOMMYEeCKNX Cu-
cTeMax, oT HuTeli AHK 1o uenbix opraHn3moB. Mogo6HbIe PUNAMEHTbI
CMOCO6HbI BbIMOMHATL MHOXECTBO CaMbIX PasHbIX (YHKUUA M MOryT
MOMOYb B CO3JaHUM MaTepuanoB, MEHAIOLLMX CBOWCTBA “no Tpeb6osa-
HUIO”», — NMPOKOMMEHTUpOBasa mnccnefosaHune npogeccop Eea KaHco
(Eva Kanso).

Pak npocTaTbl — BTOPOI MO pacnpoCTPaHEHWHO BUJ, OHKOMOrMYe-
CKMX 3a60/1eBaHWI CPean MY>XXUMH U YeTBEPTbIA — Cpeay Bcex rpynn
HaceneHus. BapnaHToB fieveHns pa3paboTaHO MHOXECTBO, OT UMMYHO-
V1 pagmoTepanuu Lo yAaneHns ornyxoneBblx TKaHei. CneuuanucTsl 13 Be-
NIMKOBPUTAHMUN OLEHUIN 3PPEKTUBHOCTL HEKOTOPLIX JOCTYMHbLIX METO-
[0B Mpy nomoLuy Matematnki. OAWH U3 pacrnpoCTpaHeHHbIX MOAX040B
NeYeHNa paka npocTatbl — aHAPOreHHas [enpuBaLyoHHas Tepanus
(AAT), KoTopas BK/IKOYAET NpUeM MeAVKAMEHTOB, CHVKAKOLLMX KONYe-
CTBO aHJpPOreHOB, MY>XCKMX MO/I0BbIX FOPMOHOB, BbipabaTbiBaeMbIX B Ce-
MEHHMKaX. STV MO0BbIE TOPMOHbI CMOCOBCTBYHOT POCTY HOPMa/IbHbIX
1 pakoBbIX KNeTok npoctatbl, a AAT nopasnset ux passutue. OfHaKoO
Y HEKOTOpPbIX MaLMeHTOB BO3HMKAET COMPOTMBASEMOCTb 3TOMY BUAY Te-
panuun. B HegaBHee Bpems 418 NMPOrHO3MPOBaHUA Pa3BUTMA paka W BO3-
[eNCTBUA TepaneBTUYECKUX METOLOB B OHKONOM MM HaYa/Iv UCMO/b30BaThb
maTeMaTnyeckoe mogenmposaHne. OHO COCTOUT B CO34aHWUM YNPOLLEH-
HOro MaTeMaTM4ecKoro npeacTaBieHns peaibHbIX CLeHapueB A1 Toro,
4TOG6bI NyYlle MOHATbL Mpoucxoasilee U BbipaboTaTb 6onee 3hheKTUB-
HYIO CTpaTernto. YueHble n3 YHusepcuteTa MoptcmyTa paspabotanu Ta-
KYl0 MaTemMaTUyecKyt0 MOAe/b AN ONTUMM3auMM Tepanuu paka npo-
CTaTbl B KPAaTKOCPOYHOI 1 AONTOCPOYHOI NepcnekTuaax. Mogenb BKO-
yana NPYMeHeHne pas/INYHbIX NPenapaTos, B YACTOM BUAE Y B KOMOWHa-
umsx. MiccnegoBaHmne Nokasano, YTo B KPAaTKOCPOUHbIA Nepuog, 3a 12 nnu
18 Hepenb, caMbIM 3PEKTUBHBIM BUAOM MOHOTEpanuu ABSETCA NpUMe-
HeHve KabavuuTakcens, npenapara 419 XuMmuoTepanui. AHanm3 06pasLos
TKaHeli NPOLEMOHCTPMPOBAJI, YTO KONMYECTBO OMYXONEBbIX KIETOK CO-
KpaLlaeTca B TakOM ciyyae 60sbLue Bcero. Mpy aToM KOMOMHMPOBaHHas
Tepanusa B LeioM 6onee apekTBHA, YeM MOHO. Kpome TOro, yyeHble
BbIACHW/IN, YTO MONepeMeHHas Tepanus aHLanyTaMnaom 1 kabauutakce-
NeM [eiCTBYET Nyylle BCEr0 M MOXET 3HAYMMO YNyULIUTb pe3ynbTarhl
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NeyeHuns. BbiBoabl Oblny MOATBEPXAEHbI CPABHUTE/NbHBLIM MCCeA0Ba-
HVWEM. YueHble yBepeHbl B 3((eKTMBHOCTM MEeTOAa MaTemaTUyeckoro
MOZEeNMPOBaHUA MOBEAEHUS ONyX0/u, 04HAaKO MoAYepKUBaOT, YTO MO-
Aenb Oblna NOCTPOeHa Ha KNeTKax MbILLER, 1 ee NPYMEHeEHNe Ha MaTepu-
ane yenoBeka TpebyeT AasibHeliei paboTbl.

KunTalickune nH>xeHepbl COOOLLMAN O TOM, YTO BMepBble 3a4eliCTBO-
B/ WCKYCCTBEHHbI WHTENNEKT A1 UMUTauUM HEOObIYHOIO BO3AYLL-
HOro 60s. Heo6bIYHOCTb 3TOr0 605 B TOM, YTO OH UMUTMPOBAS NPOTUBO-
CTOSIHME MCTpebuTens, CrnocobHOro LOCTUraTb TMMep3BYKOBbIX CKOPO-
CTeld, C CaMONIETOM NPOTMBHUKA. B paMkax 6051 NCKYCCTBEHHbIA UHTEN-
NEKT, CO3LaHHbI KNTAACKMMK YYEHBIMU, CBEN B YC/IOBHOM BO34YLLUHOM
6010 CaMONéTbl, CKOPOCTb OLHOr0 M3 KOTOpbIX cocTasnsafna 11 Maxos.
B Takoii cutyauum VI onpepenvn napameTpbl MOPaXKeHUs LN nMeto-
Lieica Ha BoopyeHun BBC HapogHo-ocBo6oanTeNnbHOM apMmein Kntas
paKeToi BO3AYLUHOrO 6a3upoBaHus. MapameTpbl 3TOM0 MycKa OKasainchb
TaKOBbI, YTO B NOMETE pakeTa [O/HKHA BbIMYCKaTbCA B HarnpaBneHum, 06-
PaTHOM [BVDKEHWIO CaMOro uctpebutens. Cuctema KOMMbIOTEPHOTO MO-
[lenMpoBaHus caMa OnpeaenseT MOMEHT 3amnyCcKa W OCYLLECTBNAET MYCK
C BO3MOXHOCTbIO OXMAAHWA 0A06peHUs 3TOro AeicTens NéETYNKoM. Ho
TakK Kak 60v BefyTca Ha rvnep3ByKoBbIX CKOPOCTAX, TO, KaK OTMevatoT
KUTalCKMEe WHXEHEePbl, paHO WX NO3AHO NPUAETCA JOBEPUTb CUCTEME
MCKYCCTBEHHOTIO VHTE/NeKTa Ha 60pTy CamMmonéTa 1 BbIMOIHEHNE CamMOro
nycka. MpuyrHa npocta — NETYMK MPOCTO He CNOCO6eH CBOEBPEMEHHO
OCYLLIECTBNATb MYCK pakeTbl, YTOObI NPV rMnep3ByKOBOV CKOPOCTH caMo-
Néta nopasuTb Lefb B Ty A0H0 CEKYH/bI, KOTAa 3TO BO3MOXHO, ecnn He
MeHSATb CaMy pakeTy. Ha 3ToM OCHOBaHWMW CAenaH BblBOA, OTHOCUTESIbHO
TOro, YTO ecnv UCTPeduTenn LOCTUrHYT rMNep3ByKOBbIX CKOPOCTER, TO
OHW, BEPOSATHO, NepeiiayT B pa3psj 6eCcnnioTHbIX. Tak Kak MO3r cpefHe-
CTaTUCTUYECKOTO Yenoseka (faXke NOArOTOB/IEHHOTO NIETUMKA) He cripa-
BUTCA C Yynpas/ieHVeM camofiéTa, C MaHeBpuposaHvMeM Ha 11 Maxax.
B ucnonb3oBaHHo B KHP KOMMNbIOTEPHO MOAENN CaMONET NPOTUBHMKA
ABUrancs co ckopocTbto 1,3 Maxa. B kuTalickoii npecce coobLLaeTcs, 4To
YC/IOBHbIM MPOTMBHUKOM 6bin 13bpaH cTtenc-uctpebutens F-35 BBC
CLUA, TOYHee — ero KoMrnbroTepHas MoAe/ib.

XvMUKN 13 BenukobputaHum paspabotann anroputm riy6okoro
06y4eHus, CNOCOOHBIV NPeAcKasbiBaTb MEXaHU3Mbl PeakLuii N0 KUHETH-
YECKMM [aHHbIM. Y4eHble 00yUnIn CBOK MOLe/b Ha HECKO/IbKMX ThICS-
yax Habopax KMHETUYECKMX [aHHbIX, CTeHEPUPOBAHHbIX aBTOMATUYECKM,
a 3aTeM MCMNONb30BaIM AJ1F aHaN13a LWECTU U3YYEHHbIX KaTafIMTUYECKNX
peakLmii. AHa/IN3 KMHETUYECKMX JaHHbIX NO3BOJISIET M3yYaTb MEXaHWU3MbI
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KaTanMTUYecKnx peakumiti. O6bIMHO A/ NOLOGHOr0 aHanM3a XMMUKK
NPOBOAAT KaTa/IMTUYECKYIO Peakumio C pasHbIMU 3arpy3kaMun Kataiun3sa-
TOpa U U3MePSAT KOHLIEHTPALMIO MPOAYKTa UW peareHTa B pasHble MO-
MEHTbI BpeMeHW. 3aTeMm, Y4T0ObI CAenaThb BbIBOAbI 13 3TUX 3aBUCUMOCTEN,
HeobX0AMMO paccumTaTb TEOPETUYECKME 3aBUCUMOCTU /19 HECKOSIbKMX
npesanonaraeMbiX MexaHW3MOB, a 3aTeM CPaBHUTb MOJyYeHHble 3aBUCU-
MOCTU C 3KCMEPUMEHTa/IbHbIMU. ECNIN 3aBUCUMOCTM COBMafatoT — 3HAUUT
MeXaH13M HalifieH. ELe oguH cnocob n3yumtb MexaHu3m peakummn — n3-
MEPUTb HavasibHble CKOPOCTU peakumm Npu pasHbIX HaYa/lbHbIX KOHLIEH-
Tpauuax peareHTa Unu Katanusaropa. Janee Mo>XXHO NOCTPOUTb Norapud-
MMWYECKYH0 3aBMCMMOCTb Haua/ibHOI CKOPOCTY OT Ha4a/lbHOM KOHLIEHTpa-
Lnn, a U3 Hee OMNpeaenunTb NOPALOK PeakL M no peareHTy Ui Kataimsa-
TOpy. DTO TOXE NMOMOraeT Aenatb NPeAnosoXeHs 0 MeXaH13Me peak-
umMn. 3T 1 apyrve 6onee COBPEMEHHblE MeTOAbl paboTarT XOPOLLO
1 MK YacTOo NoMb3ytoTes. Ho ecnv MexaHn3M peakuum CNOXHbIRA, 4OCTO-
BEPHO WHTEPNPETUPOBaTL MOJyYeHHble KUHETUYECKUE AaHHble ObIBaeT
0YeHb TPYAHO. 3TO NMPOUCXOAMUT, HaNpUMep, eC/i Ha HECKONbKUX KaTa-
NNTUYECKMX CTafuMAaX KaTanmsatop fAe3akTuBupyetcs. B aTom cnyuyae
HY>XHO MPOBECTW MHOI0 KMHETUYECKNX 3KCMEPUMEHTOB, M BCe PaBHO ra-
PaHTUPOBAHHO BbIOpPaTb OAWMH NOAXOAALLMIA MEXaHWU3M MOXET He Mony-
unTbcA. YTo6bI npeofoneTb 3T npobnemsl, WMrops Jlappoca (lgor
Larrosa) n Xopan bypec (Jordi Burés) pewmnn paspabotaTb airoputm
MaLLMHHOIO 06y4eHNs, CMOCOBHbIV NpeAcKasbiBaTb MeXaHM3Mbl KaTaiu-
TUYECKMX PeakLmMin N0 KNHETUYECKUM [AaHHbIM.

AHINACKME y4eHble MEepPBbIMY CO34a/IN KOMMbIOTEPHYH PEKOH-
CTPYKLWMIO BUPYCA, BK/IHOYas NPUCYLLMIA eMy FreHOM. XOTS HeUTO NOX0Xxee
Y>Ke BbINOMHAMN Apyre KOMaHbl 610/10r0B, BrepBble UCCNe0BaTeNAM
Y[an10Cb PEKOHCTPYNPOBATL TOUHYHO XMMUYECKYIO N TPEXMEPHYIO CTPYK-
TYPY «KMBOrO» BUpYCa. ITOT MPOPbIB MOXET NMPUBECTU K NOSBNEHUIO
a/ibTepHaTMB 19 aHTUOMOTUKOB, YTO CHU3UT ONACHOCTb pacrpocTpaHe-
HWA YCTOMUYMBOCTU K NMPOTMBOMUKPOGHBLIM npenapaTtam. MccnefoBaHuwe
6b1/10 NPOBEAEHO C UCMOJIb30BaHMEM CYLLECTBYIOLMNX AaHHbIX O CTPYKTY-
pax BUPYCOB, NOMYYEHHbIX KPMO3IEKTPOHHOW MUKPOCKOMMWEN 1 KOMMbHO-
TEpPHbIM MOAENMPOBaHNEM, KOTOPOE NPOLO/IKANOCH MOYTU TPY roja, He-
CMOTPS Ha TO, YTO BbIYMC/IEHWNA BENNCL HA CYNepKoMMbioTepax Benuko-
6puTaHUM 1 ANOHMK. STOT MPOPbIB OTKPOET nepef 61uonoraMmm BO3MOX-
HOCTb M3y4aTb Te NPOLECChI, KOTOPble ceiivac HEBO3MOXXHO MUCCNes0BaThb
n3-3a OTCYTCTBUA FeHOMa B MOfZeNn Bupyca. B yacTHOCTW, OHU CMOTyT
MOHATb, KakK GakTepuodar — BUAbl BUPYCOB, 3apaXatolime GakTepum —
YHUUTOXAIOT crneunduryueckne 60ne3HeTBOPHbIe GakTepun. Ha cerogHs
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Y YUeHbIX HeT fCHOCTV B 3TOM BOMpoce, B pesynbTare MOryT nosBUTLCA
npenapatbl 60/1ee TOYHOrO AENCTBUSA, KOTOPbIE 3aMEHSIT COBPEMEHHbIE
aHTMOWOTMKM 1, TEM CaMbIM, MOMOTYT CHU3WUTL TEMIbI PACMPOCTPAHEHUS
YCTOMYMBOCTM K NPOTUBOMUKPOGHLIM NpenapaTam, KOTopas pa3BuBaeTcs
Y MUKPOOOB, feflas UX HEeBOCNPUUMUUBLIMU K aHTUOMOTUKaM. «[]0 CuX
Mop HWUKTO HE MOr MOCTPOUTb MOfESb FeHOMa Liefioro Brpyca C Takum
aTOMUCTMYECKNM YPOBHEM [eTaim3aumu, — 3aasun npogeccop AMutpui
Hepyx 13 YHusepcuteta ACToHa. — CnoCcoOGHOCTb C 60MbLLIEA YETKOCTbIO
13y4yaTb FEHOM B BMpYCe Ype3BblHaliHO BaXKHa. be3 reHoma HeBO3MOXHO
TOYHO MOHSATb, KaK 6aKkTepuogar 3apaxaet 6akTepuio. ITO UCCNeL0BaHNE
MOMOXET BMpPYyCOnoraM OTBETUTb Ha BOMPOCHI, HA KOTOPble paHbLLe OHU
He MOF/IN HainTW OTBETbI».

Uem MOXXeT BbITb NOMe3Ha MaTemMaTnKa 415 COLMONorumn, Kpome Me-
TOA0B 06PabOTKM 3KCMepUMEHTaNbHbIX AaHHbIX? FO.W. bpoackuin ans
COLMONOrMYECKOro ANcKypca npeanaraet A3blK, POAUBLUNIACA B pe3y/ib-
TaTe MOLEIMPOBAHNSA CIOXKHbIX CUCTEM C NMOMOLLbLK CTPYKTYPHOI Teo-
puK, cpefcTBaMn MaTemaTtuku U UH(oPMaTUKK. [JOCTOMHCTBaMK 3TOrO0
A3bIKa ABNAKOTCA MaTeMaTMyeckas 0fHO3HAYHOCTb 1 pa3BUTbIE CPEACTBa
TUNU3auUK, NO3BONAIOLLME Pa3/iNyaTh CYLLLHOCTH, KOTOPbIE YacTO CMeLLN-
BAtOTCH, KOrfa AUCKYPC BeeTcA Ha eCcTeCTBEHHOM fi3bike. TeomeTpuue-
CKas Teopua [aeT maTemaTuMyecKyto A3bIKOBYHO cpefy ANnf AWCKypca
B NpeAMETHON 061acTM MOAENMPOBAaHUA COLMANbHOrO MoBeAeHMs, T.e.
BO3MOXHOCTb BbISIBIATL [OCTATOYHO TOHKME pa3/ivuns paccmarpuBae-
MbIX CYLLHOCTER, KOTOpble 06bIYHO TEPAIOTCA, C/MBAKOTCS NPU UX ryMa-
HUTaPHOM 00CY>KAEHNWN Ha eCTECTBEHHOM fi3blke. OTCYTCTBYE TaKol A3bl-
KOBOW Cpefibl 4acTO BEAET K KaXYLLUMMCA NPOTUBOPEUMSM Mpu 06CyXKae-
HWUKM NPO6/1EM, BOSHUKAIOLLMX NPY TaKOM MOAENMPOBaHUN. A3bIK MaTeMa-
TUYECKOr0 MOZENMPOBaHMS 0Ka3blBAeTCA B TOM YWC/e NPUrO4HbIM 4/15
MOZENNPOBaHUA N UHTEPNPETUPOBAHNA HEKOTOPbIX (NIOCOPCKO-pesnun-
MMO3HbIX BbICKa3blBaHWUI.

B ycnoBumsx pbIHOYHOV 3KOHOMUKM HAKOMY HEe HY>XHbl MPOCTO HO-
BaLMK, BCe XOTAT MMEHHO UHHOBALMMU, T.€. BHEPEHHbIe HOBaLUW. A KOM-
MepLUanM3vpyoT HOBaLMU UMEHHO npeanpuvHumarenn. N oveHb Xo-
pOLUO, KOrfa KpeaTWBHbIN CreuuaincT — OAHOBPEMEHHO MpeanpuHUMa-
Tenb. Torfa npouecc peannsaumm MHHOBALMOHHOIO NPOeKTa HeCKa3aHHO
ycKopsieTcsi. AkageMnk ®UroBckuii n npodgeccop 3agopckuii npoaHann-
31pOBasIN U MOCMOTPENN Ha MpUMepax TPaauLMOHHbIE METOLbl MOWCKA
MHHOBALIMOHHBIX PeLUeHNA, B YACTHOCTU, MHXXEHEPHbIe METOAbI PELLIEHMNSA
TBOpPYECKMX 3afady. Creunanuct peluaeT 3ajayv B CBOel 0611acTu Ha
BbICOKOM MpPO(ecCUOHa/IbBHOM YPOBHE, OMMPasCb Ha HaKOMEHHbIE UM
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3HaHUA 1 onbIT. Korga )e OH CTaNK1BaeTcs ¢ NPUHLMNMAIbHO HOBOW 3a-
Jayeil, ana peLLeHns KOTOPOI TpebyroTcs 3HaHWS U3 Apyrux obnacreii
HayKM 1 TEXHWKK, TO NOSABASETCA 6apbep, NbiTasCb 060MTN KOTOPBIN, Crie-
LMaINCT peLuaeT 3agady rnepebopom 60/1bLLIOro KOMMYecTBa BapnaHToB.
YacTo pelueHMe TakoW 3afaum Haxo4MTCA Ha CTbIKe HEeCKObKMX 06na-
CTei 3HaHWiA, 1 3apaHee TPYAHO OnpeAennTb Kakmx. B Hayke Takol npo-
Liecc nepebopa BapMaHTOB HasbiBaloT «MeToa Npob 1 oWN6oK». MpuH-
LUMNUaTIbHO APYTY0 TEXHONOTUIO MbILWIEHNS pa3paboTan UHXeHep Y3
Poccumn eHpux AnbTLUynep, KOTOPY OH Ha3Basl «Teopus peLleHuns
n3obpetatenbckmx 3agad (TPU3)». AnbTlynnep nepeblii 0CO3HaN HEO6-
XOAMMOCTb CO3[aHNA TEXHONOM MM, NO3BONAIOLLEN 0TKa3aTbCs 0T MeToAa
npo6 v oWKNBOK 1 HanNpaBNeHHO UCKaTb peLleHne; UM bblia paspaboTaHa
CUCTEMA 3aKOHOB Pa3BUTUS TEXHUKMN. AKageMuK ®UroBckuii 1 npogec-
Cop 3a40pCKuiA NPeLIoKNAN HOBbIA METOZ NOMCKa HeCTaHAaPTHbLIX Kpe-
aTUBHbIX peLLeHUii B pa3INyHbIX 06/1acTAX AeATeNIbHOCTU YenoBeka (Me-
TOZ, MOXET UCMO/b30BATLCS HE TONBKO A1 PeLleHns TEXHUYECKMX 3afau
WM Hay4YHbIX NPOG6/IEM, HO U NPY PELLEHNN IKOHOMUYECKUX, MOINTUYE-
CKMX 1 faXe CoLMa/ibHbIX 3afa4). B 0CHOBY MeTOAa MOM0XKEH CUCTEMHbI
aHaNn3 1 ero 3akoHbl. Icnonb3yTcsa CBOMCTBA MePapXMUYHOCTM CUCTEM,
NX AeKOMNO3NLMK, B3aUMOCBSI3aHHOCTM, a TakXke NpPsIMO 1 06paTHON
CBA3W Pa3NNYHbIX YPOBHEW Mepapxuu, Onpeaensercs NAMMUTUPYIOLLWIA
1epapxmyeckoro YpoBHS CUCTEMbI, MIPUMEHSETCA NMPUHLMMN COOTBETCTBUA
(rapmMoHMK) METOAO0B BHELUHEro BO3AENCTBUA amMnAMTYAHO-HaCTOTHLIM
XapakTepucTnKam CUCTEMbI Ha IMMUTUPYIOLLLEM YPOBHE.

4.5. Environmental threats

50 years ago, scientists tried to predict the future of the entire Earth
using a computer model. The conclusions of the 1972 report "The Limits
to Growth" were frightening — uncontrolled economic growth leads to the
collapse of civilization. The reports of the "Limits to Growth" series were
published thanks to the Club of Rome, an informal association of public
intellectuals from around the world. The goal of the club is to bring
together smart and caring people from different fields and open up a space
for discussing and researching global problems. The ideas of the club were
set out in a 1970 document entitled "The Predicament of Humanity; search
for structured answers to growing difficulties and uncertainties around the
world." It served as a roadmap for the Limits to Growth project. According
to the club members, the study was supposed to fulfill three tasks:
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o Designate the safety margin of the planet;

e ldentify the parameters that have the greatest impact on the state
of the world,;

e Predict the likely outcomes of current economic and industrial
policies.

The World3 computer model created by Rimsky's authors is based
on system dynamics. Internal feedback loops in the structure of the system
affect the behavior of the entire system. World3 covers the period from
1900 to 2100 and is built around five variables:

e population;

e agriculture;

e industry;

e environmental pollution;

e consumption of non-renewable natural resources.

Some bacteria can synthesize metal nanoparticles to survive in toxic
conditions. Microorganisms absorb metals from the environment and then
"spit them out™ to avoid poisoning. Researchers from the University of
Edinburgh are using this feature to extract valuable components from old
electronics and batteries — lithium, cobalt, manganese and other elements.
Scientists have used bacterial strains to recycle waste from electronic
batteries and cars. They dissolved the waste and then tested different
bacterial colonies to target specific metals, precipitating them as solid
compounds. In a series of experiments, they managed to extract
manganese, then nickel and lithium. Using a different strain of bacteria,
they were also able to produce cobalt and nickel.

Scientists note that so far all experiments have been carried out with
natural colonies of bacteria. In the new research, bioengineers will create
genetically edited strains in which the ability to process metals will be
enhanced. The spread of electronics and especially electric vehicles
creates an increased demand for batteries and batteries, as a result, for rare
metals. The disposal of failed devices is not only environmentally
important, but will also provide an additional source of valuable raw
materials for the production of new devices.

Science journalist Brian Hayes compares World3 to a refinery
diagram: the tanks are connected by pipes, the flows through the pipes are
controlled by valves, and the valves are controlled by feedback signals that
depend on the state of the tanks or flows elsewhere in the model. Dutch
researcher and consultant of the Club of Rome Gaia Herrington (2022)
compares the information from the book "Limits to Growth: Renewal in
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30 Years" and concludes that the "standard scenario™ is most comparable
to the current situation.

This has led to the creation of numerous (more than 1500) inventions
to reduce environmental threats. Below are examples of a number of these
that have been completed in recent months.

EOLOGY CLEAR COMBUSTIBLE IN THE FOREST
INDUSTRY, WITH BRIQUETTING OF CEREALS BIOMASS AND
LIGNOCELLULOSE WASTE -HUP9702351 (Al) — Lignin, cellulose
and water are bonded by chemical means to plant cells and resist greatly
all physical interventions and press-forming. Calcium-oxide powder is
used for complete dehydration of all comminuted bio-masses.
Dehydration destroys the physical-chemical structure of bio-materials and
renders them suitable for the prepn. of fuel briquettes from a biomass of
cereal and wood working ligno-cellulose waste (an inexhaustible and
renewable energy source).

Ocean scavenger device mounts image capture module in unmanned
surface vehicle and aided with image recognition to enable carrier to
recognize marine debris at located environment — TW202342852 (A) —
An ocean scavenger device comprises an unmanned surface vehicle for
capturing images of the environment; and a processing mechanism
disposed in the unmanned surface vehicle and capable of receiving the
images of the environment captured by the unmanned surface vehicle and
recognizing marine debris within the images and, in connection with the
marine debris, collecting real-time position information of the unmanned
surface vehicle presented at the place, and sending a notification message
containing the real-time information to a remote control center.
Accordingly, the invention mounts the image capture module (a camera
for example) in the unmanned surface vehicle and is assisted with image
recognition so that the vehicle can recognize marine debris within the
environment and reports the positioning of the marine debris so as to
notify related departments going to and treating the large-scaled garbage
gathering place. By utilizing effective function of detecting marine debris,
original ecology can be automatically dodged to avoid damaging
environment, thereby reducing the ocean pollution burdened with
environment.

Water environment ecological restoration and purification recycling
device — CN220265366 (U) — The utility model discloses a water
environment ecological restoration purification recycling device which
comprises a circulation box, a rubber ring is fixedly connected to the top
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of the outer wall of the circulation box in a sleeved mode, a transverse
strip is fixedly connected to the inner wall of the circulation box, a
connecting block is placed at the top of the transverse strip, and the other
end of the connecting block is fixedly connected with a cultivation box.
Emergent aquatic plants are planted in the cultivation box, a filter frame
is fixedly connected to the middle of the inner wall of the circulation box,
a carbon rod is placed in the filter frame, a box body fixedly sleeves the
bottom of one side of the circulation box, and a water inlet pipe fixedly
sleeves the top, located outside the circulation box, of the box body; the
utility model relates to the technical field of environmental ecology. The
ecological restoration, purification and recycling device for the water
environment solves the problems that an existing park viewing pool is not
running water, so that water in the viewing pool becomes smelly after a
long time, people passing by feel uncomfortable, and time and labor are
consumed by manual cleaning or restoration.

Purification device for river aquatic ecological restoration —
LU504563 (B1) — The invention discloses a purification device for river
aquatic ecological restoration, which comprises an intercepting dam, a
filter box, an electrolytic box and a water pump; the intercepting dam is
arranged in the river channel; a floating bed is arranged on the inner water
surface of the upstream river channel, and round holes are formed through
the floating bed; the floating bed is provided with assembly grooves, and
assembly blocks; the filter box, the electrolytic box and the water pump
are all fixedly installed beside the shore base, and one side of the filter box
is provided with a suction pipe; a prefilter is fixedly installed at the tail
end of the suction pipe, and a first filter screen is arranged on the prefilter.
The invention can restore aquatic ecology, reduce the burden of
subsequent purification devices, change the width of the floating bed, filter
out large impurities.

Zero-excavation double-layer small guide pipe out-of-hole
construction method for tunnel portal - CN117307175 (A) — Along with
rapid development of an expressway network, a large number of
mountainous area tourism expressway projects are paid to
implementation, and the typical characteristics of mountainous area
expressways are that bridges are connected with one another, tunnels are
connected with one another, and bridges and tunnels are connected with
one another; a series of problems such as vegetation felling, earthwork
excavation and slope instability are certainly brought to the natural
ecology of a tunnel portal area by adopting a traditional tunnel portal in-
out mode, and the problems are inconsistent with the original intention of
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construction of a high-speed tourism to a certain extent. In combination
with the existing tunnel construction experience, the construction method
of'zero excavation 'double-layer small guide pipe outlet is adopted for
outlet of the tunnel portal which is large in line terrain height difference,
steep in natural gradient and connected with the bridge and the tunnel, and
the problems of construction period, cost and ecological environmental
protection of the portal construction can be effectively solved to a certain
extent.

Post-generation mask capable of changing skin micro-ecology and
preparation method of post-generation mask — CN117298032 (A) — The
invention relates to the field of facial masks, in particular to a postbiotic
facial mask capable of changing skin micro-ecology and a preparation
method of the postbiotic facial mask capable of changing skin micro-
ecology. 0.3 to 0.8 percent of 1, 2-hexanediol; and 0.3 to 0.8 percent of p-
hydroxyacetophenone. The mask provided by the invention can reduce the
number of species on facial skin. In the phylum level, the mask can
increase the sum of the relative abundance of actinomycetes,
proteobacteria and thick-wall mycophylum, and reduce the probability of
psoriasis and other skin inflammatory diseases on the facial skin of people.

Self-repairing promoting device for slope ecology of mining area —
CN117256265 (A) — The invention discloses a mining area slope ecology
self-repairing promoting device, and belongs to the technical field of
mining area slope repairing, the mining area slope ecology self-repairing
promoting device comprises a bottom plate, pulleys are mounted at the
corners of the lower end of the bottom plate, a height adjusting mechanism
is mounted at the upper end of the bottom plate, a mounting box is
mounted at the upper end of the height adjusting mechanism, and a
moving mechanism is mounted on one side of the mounting box; a stirring
barrel is mounted in the mounting box, and a feeding port is formed in the
upper end of the stirring barrel, the stirring mechanism is arranged, and
the mechanism drives two groups of stirring rollers to rotate in different
directions through cooperation of a motor and a gear, so that the mixing
effect of soil and seeds can be further improved, and the mixing efficiency
of raw materials is improved; by arranging the height adjusting
mechanism, the height of the device can be conveniently adjusted through
the height adjusting mechanism, so that the device can adapt to slopes with
different heights to be used, and it is guaranteed that the device can be
reasonably and conveniently used.

Water quality cruise monitoring device for water ecology -
CN220188513 (U) — The utility model belongs to the technical field of
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water quality monitoring, and particularly relates to a water ecological
water quality cruise monitoring device which comprises a floating
detection mechanism and a positioning mechanism, the floating detection
mechanism comprises a floating plate, a floating ball, a floating box, a
spiral propeller and a monitoring component, the floating ball is arranged
on the side edge of the floating plate, the floating box is arranged at the
bottom of the floating ball, and the spiral propeller is arranged on the
floating box. Spiral propellers are arranged on the two sides of the
buoyancy tank, and a monitoring component is arranged at the bottom of
the buoyancy tank; the positioning mechanism is arranged in an inner
cavity of the buoyancy tank, the positioning mechanism comprises a
driving part, a winding roll, a suspension wire and a balancing weight, the
spiral propeller is used for driving the device to move, so that the
monitoring part can move for monitoring, after moving, the driving part
of the positioning mechanism works, the winding roll unwinds, the
balancing weight falls to make contact with the water bottom, and the
position of the device is fixed; the water quality can be conveniently
monitored at different positions of the water surface, and dragging and
moving are not needed.

A METHOD AND A BROAD-SPECTRUM LIDAR FOR THE
SOUNDING OF ATMOSPHERIC METHANE - BG113445 (A) — The
present invention relates to a method and a broad-spectrum LIDAR for the
sounding of atmospheric methane, and more particularly to a method and
a broad-spectrum differential absorption LIDAR for atmospheric methane
sounding by means of a powerful pulsed laser diode, and would be applied
in the area of LIDARs for atmospheric remote sensing, in meteorology,
climatology, ecology, power engineering and agriculture as well as in the
exploration of deposits of energy resources. The atmospheric methane
sounding method is based on the differential absorption in the atmospheric
gases of pulses emitted by laser diodes, and uses direct detection of the
reflected laser pulses emitted by a broad-spectrum LIDAR equipped with
powerful pulsed laser diodes. The laser radiation entering the receiving
optical circuit of the broad-spectrum LIDAR is split into two spectral
channels. One of them operates at a wavelength of 1.667 um at linewidth
4 nm and falls in the spectral range of methane, and the other spectral
channel transmits some part of the laser line excluding the 4 nm wide
central spectral range. When sounding for atmospheric methane, the
parasitic background absorption in the atmospheric water vapors that
matches the absorption spectra of methane is segregated, and the parasitic
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absorption in the atmospheric water vapors is balanced in the two spectral
channels of the LIDAR. The broad-spectrum LIDAR for atmospheric
methane sounding includes one transmitting and one receiving optical
circuit. The LIDAR consists of an emitter optical circuit with a powerful
pulsed laser diode positioned within the focal length of an optical
collimator. The receiving optical circuit is arranged in an optical axis
parallel to that of the emitter circuit. It consists of a large-aperture optical
lens and a translucent mirror positioned in the optical axis at some distance
from the optical lens. The laser beam splitting ratio is inversely
proportional to the ratio of the incoming spectral intensities, which defines
two spectral channels. One of these spectral channels comprises a
narrowband filter with linewidth 4 nm at the basic wavelength of 1.667
pm, and a photoreceiver positioned within the focus of the laser radiation
at some distance after the filter. The other spectral channel includes a
band-pass filter of linewidth 15 nm at 1.667 um wavelength, a stopband
filter positioned as some distance from the band-pass filter followed by a
photoreceiver positioned at some distance and in the focus of the laser
radiation.

Evaluation method and system of mutual-assistance circulation
interaction ecosystem — CN117172610 (A) — The invention relates to an
evaluation method and system for a mutual-assistance circulation
interactive ecosystem, and belongs to the technical field of natural ecology
and social ecology interchange.The method comprises the steps that a
sample area is selected, and data collection is conducted on a natural
ecosystem and a social ecosystem of the sample area to obtain a natural
ecosystem data set and a social ecosystem data set; performing target
block division on the natural ecological data set and the social ecological
data set to obtain a multi-block cluster; determining an absolute weight of
each block cluster, and converting the absolute weight into a relative
weight; determining a relation matrix of each block cluster according to
the natural ecological data set, the social ecological data set and the
relative weight; constructing an evaluation model of the mutual-assistance
circulation interaction ecosystem according to the relation matrix; and
evaluating the target area through the evaluation model to obtain
evaluation data of service value of the mutual-assistance circulation
interaction ecosystem.

Rhodococcus gingshengii bacterial strain that degrades imazethapyr
and stimulates crop growth — US2023416672 (Al) — The proposed
disclosure relates to agricultural microbiology, ecology and biotechnology
and is intended for remediating soil contaminated with imidazolinone
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herbicides and stimulating the growth of planted crops. A Rhodococcus
gingshengii bacterial strain deposited under VKPM number Ac-2143 was
isolated from an enrichment culture based on rhizosphere microflora of
soybeans grown on soil treated with the herbicide imazethapyr. The
Rhodococcus gingshengii bacterial strain deposited under VKPM number
Ac-2143 degrades the herbicide imazethapyr and stimulates the growth of
crops planted in soil contaminated with imazethapyr.

Remote sensing monitoring equipment for cultivated land ecology —
CN117054347(A) — The invention belongs to the technical field of
monitoring equipment, and particularly relates to farmland ecology
remote sensing monitoring equipment which comprises a bottom plate. A
mounting sleeve is fixedly connected to the center of the top surface of the
bottom plate, a connecting rod is in threaded connection with the inner
wall of the mounting sleeve, and a mounting plate is fixedly connected to
the top end of the connecting rod; after a bottom plate is placed at a
cultivated land to be detected, a motor is started to drive a recovery wheel
to rotate, a connecting rope is wound on a rotating wheel and pulls an
impact hammer to move upwards, after the impact hammer moves
upwards to a proper position, the motor is closed, and the rotating wheel
loses driving force, so that the impact hammer is recovered. At the
moment, the impact hammer pulls the connecting rope to enable the
rotating wheel to rotate, the impact hammer impacts the connecting ring,
so that the ground nail is nailed into the cultivated land, the motor is started
repeatedly, the impact hammer impacts the connecting ring repeatedly,
and therefore the ground nail is completely nailed into the cultivated land.

Urban ecological stability prediction and evaluation method and
system based on umbrella-shaped three-dimensional structure -
CN116957348 (A) — The invention discloses an urban ecological stability
prediction and evaluation method and system based on an umbrella-
shaped three-dimensional structure. The method comprises the following
steps: constructing a three-dimensional umbrella-shaped structure urban
ecological bearing capacity evaluation index system of a social-
ecological-economic ternary system; calculating the index weight of the
urban ecological bearing capacity index system; calculating the dispersion
degree of the index relative to the base point; evaluating the stability of
the corresponding state layer by adopting a two-dimensional node
evaluation method; calculating the weight of each state layer; and the
overall urban ecological stability prediction and evaluation are completed
through the weight of each state layer. According to the method, an urban
ecological bearing capacity index system model is constructed according
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to the functionality and the structure of an umbrella-shaped three-
dimensional structure, and a two-dimensional node evaluation different
structural layers of urban ecology; the relevance between the whole and
the local part and the relevance between the local parts can be found in a
complex system, and the characteristics of the method can be visually
shown when the urban ecological stability degree is evaluated. Intelligent
multi-ecology complementary breeding system.

Intelligent  multi-ecology complementary breeding system
CN116868914 (A) — The invention discloses an intelligent multi-ecology
complementary breeding system. The system comprises an illumination
layer, a fishery layer, a poultry layer, an agricultural layer, a cloud
platform for collecting and arranging ecological data of each layer and an
optimization controller for optimizing and controlling the ecological data,
which are stacked and distributed from top to bottom; the illumination
layer is used for converting light energy into electric energy to be used by
other layers, and open holes are formed in the bottom of the illumination
layer, so that illumination can reach the lower layers; the fishery layer is
used for breeding aquatic products and is made of a light-permeable
material, so that light can reach the poultry layer and the agricultural layer;
the poultry layer is used for breeding poultry, and the agricultural layer is
used for planting plants. According to the invention, through solar power
generation, green energy supply is realized, and carbon emission of the
system is reduced; resources are recycled, garbage generated by the
system and economic investment are reduced, the automation degree is
high, the labor cost is reduced, and the breeding efficiency is improved;
and optimizing the breeding system by using an algorithm and searching
for optimal management, thereby realizing scientific management of the
breeding system.

As a rule, scientific work in this area is also the basis for the creation
of breakthrough inventions. Thus, American chemists have developed a
"green" catalyst based on yttrium and other rare-earth metals —
lanthanides, which allows you to decompose plastic waste from nylon-6,
a high-strength variety of this polymer, very quickly and with minimal
threat to the environment. "You can imagine a polymer molecule as a kind
of necklace or thread on which many beads are strung. Each of them is a
monomer, the simplest component of a polymer molecule. We have
developed an approach that allows you to break the thread, but still leave
the beads intact,” said Tobin Marks, a professor at Northwestern
University in Evanston (USA). Nylon is one of the polyamide polymers,
the first variation of which was created in the United States in 1935. In the
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decades that followed, several varieties of nylon were created, the
strongest of which is nylon-6. Molecules of this polymer decompose
extremely poorly in nature, which is why the accumulation of nylon debris
in the hydrosphere and on land has long been one of the main
environmental threats to the flora and fauna of the Earth.

Marks and his colleagues found that the polymeric strands of nylon-
6 can be decomposed into individual units very quickly using the catalyst
they developed. It consists of several aromatic hydrocarbon molecules
joined to yttrium atoms, as well as lanthanum and some other similar rare
earth metals. To decompose nylon-6, it is enough to melt this polymer and
introduce a catalyst into it. As the chemists explain, the molecules of the
substance they create are arranged in such a way that the rare-earth metal
atom present in them bonds with nitrogen and oxygen atoms inside the
polymer filaments and connects the hydrocarbon chain located between
oxygen and nitrogen into a ring. As a result, the nylon-6 strand breaks
down into ring-shaped molecules of caprolactam, the substance from
which this plastic is made. Experiments conducted by scientists on
samples of damaged fishing nets, nylon textiles and plastic bottle caps
have shown that under optimal conditions, nylon-6 completely
decomposes in just a few hours, while 99% of the garbage is converted
into caprolactam, suitable for re-production of polymers. The introduction
of this technology into industry, as the researchers hope, will make it
possible to very effectively and cheaply clean nature from the most
difficult to decompose plastic garbage.

PFAS, or "forever chemicals", are synthetic compounds that can
take thousands of years to decompose. They are everywhere and can
negatively affect people's health. Chemists at the New Jersey Institute of
Technology have created a new laboratory method for detecting traces of
PFAS in food packaging, water and soil samples in just three minutes or
less. The method based on mass spectrometry turned out to be up to 100
times more sensitive than standard methods. It allows you to detect PFAS
at the level of parts per trillion — like a drop of water in 20 Olympic
swimming pools. The development will make it possible to monitor the
contamination of drinking water, soil and consumer goods in real time. A
new method that involves an ionization technique to analyze the molecular
composition of material samples is called paper sputter mass spectrometry
(PS-MS). According to scientists, it is 10 to 100 times more sensitive than
the current standard method for testing for the presence of PFAS
(perfluoroalkyl and polyfluoroalkyl compounds).
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PFAS can be ionized and quickly detected using a high-resolution
mass spectrometer, which provides a clear picture of each type of PFAS
present and the degree of contamination. For more complex structures,
such as soil, the scientists applied a related method, desalting and paper
spray mass spectrometry (DPS-MS). This method allows you to remove
salts that normally suppress the ionic signal of PFAS. Together, both
methods significantly improve the ability to find these compounds. The
detection limit of PFAS is about a fraction per trillion (1 ppt). This amount
can be compared to a drop of water in 20 Olympic-sized swimming pools.
During the tests, the team was able to detect PFAS in one minute or less
by analyzing fragments of food packaging materials, including popcorn
paper, instant noodle boxes, as well as hamburger packaging from two
international fast-food restaurant chains.

The analysis revealed traces of 11 different PFAS molecules,
including common types that are associated with an increased risk of
cancer and immune system suppression, such as PFOA (perfluorooctanoic
acid) and PFOS (perfluorooctanesulfonic acid). During the water analysis,
the team found traces of PFOA in samples of local tap water in less than
two minutes, while finding no traces of PFAS in samples taken from the
filtered water of the university fountain. Using DPS-MS, the team also
identified two PFAS species from just 40 mg of soil in less than three
minutes. The rapid detection method developed by the team is already
being tested for use along with advanced PFAS elimination techniques
that are being developed at the BioSMART NJIT Center. The technology
could have an impact on the monitoring of consumer products, from
cosmetics and medicines to fresh and processed foods.

More realistic environmental modelling shows that plants can
absorb more anthropogenic CO, emissions than previously predicted.
However, this does not mean that governments can ignore the need to
reduce carbon dioxide emissions, environmental scientists emphasize.
Planting more trees and protecting existing vegetation is not a panacea,
but the study highlights the benefits of preserving a terrestrial ecosystem.
Photosynthesis is the process by which plants convert CO; into sugars that
are used for growth and metabolism. This is a natural way to reduce carbon
levels in the atmosphere and mitigate climate change. Increased CO-
uptake by vegetation is the main reason for the increased carbon capture
on land that has been reported over the past decades. However, climate
change can affect this process. It was unclear how vegetation would
respond to CO, concentrations, temperatures and rainfall, which would be
significantly different from what is observed today. For example, severe
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droughts and heat waves can weaken the absorption capacity of terrestrial
ecosystems.

In a new study from Trinity College Dublin, scientists present the
results of their modelling, which assesses the impact of climate change on
carbon uptake by vegetation until the end of the 21st century. The study
used different versions of the model, taking into account different
physiological processes of plants. The simpler version ignored some
important mechanisms of photosynthesis, while the most complex version
took into account all of these mechanisms. Thus, aspects of the efficiency
of carbon dioxide movement through the interior of the leaf, adaptation of
plants to temperature changes and economical distribution of nutrients in
the crown of plants were taken into account. These mechanisms strongly
influence the ability of plants to regulate the carbon cycle, but are often
ignored in global models.

It turned out that more sophisticated models that account for more
plant physiological processes predict a significant increase in carbon
uptake by vegetation around the world. The effects of these processes were
mutually reinforcing, which means that an even greater increase in CO;
uptake is expected under real-world conditions. Most existing terrestrial
biosphere models that are used to estimate carbon sequestration take into
account only partially or not at all the complex mechanisms associated
with vegetation and are at the lower end of the complexity range. This
means that scientists are underestimating the ability of vegetation to adapt
to climate change. However, simply planting trees will not solve all
problems. Scientists emphasize the need to continue to reduce emissions
across all sectors.

We have to hope that the joint efforts of scientists and inventors will
lead to a significant reduction in environmental threats.

4.6. BEeK NICKYCCTBEHHOIO NHTES/IEKTA

POBOT C MCKYCCTBEHHBIM WHTENNIEKTOM «O/IEKTPOHUK» W3 COBET-
CKOro unbma «IpuKIoYeHns ANeKTPOHMKa» XOTeN CTaTb Ye/I0BEKOM,
HO He 3HaJ1, KaK 3TO cfenatb. Ecnn ana yenoseka MCTOYHUKOM «z06pa
Y 3N18» ABNAETCA OTHOLLIEHME K CMEPTH, & 3TUKa — METOLOM OCO3HAHHOI0
MpeofioneHns, TO OCTaeTCA TOMbKO B3ATbCA, COBCTBEHHO, 3a peLueHune
Npo6aemMbl. ITO BONPOC KOHCTPYKTUBHON 6MO3TUKN. UTOOLI Harpy3uTb
po6oToB 1 NN yenoseyeckoli 3TUKOM, HEOBXOAMMO Kak-TO faTb UM Mo-
HATUE 0 cMepTh. COBCTBEHHO, UMEHHO K 3TOMY MOHUMAHWIO MpuLlen
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repoii hunbMa SNMK B UTOFe COBETCKOro (puibMa, KOra CTOMKHY/ICA CO
CBOEN pamKoWi (6aHAUTCKMM MarHUTHbIM YeMOZaHOM). MoKa OH He MOHW-
MaJs1 OrpaHWUYeHNIA, OH He MOT MOHSATL W NIOLENA.

PerynspHo BMAMM anapMUCTCKUE 3aB/IEHNS OT TeX, KOro 6bICTpoe
pasBuUTVE TEXHOMOTUIA Nyraet ¢ TPUymaibHbIM LUECTBUEM MO MUPY
ChatGpt. A paBaiiTe nopaccy»gaem, TaK i 3TO OMacHO, Kak HEKOTOpble
nuwyT. [asaliiTe NOCMOTPUM, OblN N B UCTOPUM NpeLefeHTbI, Korga
MOsIB/IEHME U MAacCOBOe BHefpeHMe TEXHOMOrWIA BbIKMAbIBa/IA C PbIHKA
TpyZa uenble npogeccun? nm cmewwana 6anaHc cun? fa. boiio. U pery-
NAPHO npomcxoaut. OANH 3KCKABATOP MOXET 3aMeHUTb AeCATOK 3eme-
Konos. C noseneHnem aBTOMOOWUNEN BO3HMKIA MPOgeccHs BOAUTENS,
BMOJIHE NMOYETHAA Y NPECTUXKHAA, HO 3aTO MCYe3/a Npogeccus AMLLMKOB,
[a 1 no conpegenbHbIM chepam, CBA3AHHbLIM C COZepXXaHNeM NoLuagen,
yaapuno. BogonpoBog «y6un» BOAOBO30B. LleHTpanbHoe oTOnneHue
06pyLUM/IO CMPOC Ha TPYOOUMUCTOB M MEYHWKOB. TEXHOMOMMK pa3suBa-
OTCS [OCTaTOYHO AaBHO. [MOSBMEHME HOBLIX CYyMMApPHO AaeT yuLLUnid
3hhpeKT, HO OCTAKOTCA U Te, KTO NOTEPSN B leHbrax U CTaTyce, U KTO Bbl-
nrpan. M ectb NPOTUBHWUKN — KNIACCKKa 3TO UCTOPUA NYAANTOB, KOTOpPbIe
YHUUTOXaM TKalKue CTaHKW. [lake KOHKPETHOe BHefpeHue BAWSET —
MOCTPOW/IY MOCT, Ha PeKe XXUTeNu pagyroTcs, a NapoMLLMK ocTasncs 6e3
paboThbl.

"pynna 13 9 HbIHeWHUX ¥ BbIBLUKX COTPYAHMKOB OpenAl ony6nu-
KOBaJ/1a OTKPbITOE NMUCbMO C MPU3bIBOM 3aUTUTL UHPOPMATOPOB B HAY-
cTpun . OHn yTBepxxaatoT, 4To OpenAl cTaBUT NPUBLINb U POCT BbILLIE
6e30MacHOCTN N 3TUKK, YTO CO3AaeT NOTeHUMa/bHbIe YIPo3bl 415 Yeno-
BeuvecTBa. COTPYAHUKWN FOTOBbI JaTb NMOKa3aHUA MPOTUB KOMMaHUW, ecu
1M obecrieyaT 3awmTy. B nucbme Takke CkazaHo, YTO KOMMaHWs UCMoSib-
3YeT XECTKMe TaKTVKMN NPefoTBpaLleHmns yTeyek MHpopmaL iy, BKIoYas
0693aTe/ibHble COrNaleHns 0 HeAUCKPeauTauun AN YBONbHAKLLMXCA
COTPYAHMKOB. HanomMHuMm, Ha HeflaBHen KOH(epeHumn Cam AnbTMaH He
CMOT 06BACHUTB, Kak paboTatoT HeiipoceTn OpenAl, 1 yLuen oT 0TBeTa Ha
BOMNpocC 06 1x 6e30nacHoOCTL.

Cpean ObloMX TpeBOry MHcaingepoB 0COGEHHO npumevaTeneH
[sHnen KokoTaiino, kotopblid B 2022 r. npucoeamHnnca Kk OpenAl B Ka-
YecTBe KCCeA0BaTenNs no Bonpocam ynpasneHus. Ha aTom nocTy oH npo-
rHO3MPOBa/T CKOPOCTb pasButusa U 1 He 6bln ONTUMUCTUYEH. U3Ha-
yanbHO KOKOTaino cumTan, 4to YHMBepCanbHbIi UCKYCCTBEHHbIN UHTEN-
nekt (AGI), paBHbIin 4YenoBeKy No cnocobHOCTsM, nosieuTca K 2050 r.
Celiuac OH nonaraet, YTo Takoi VI nossutcs yxe K 2027 r. ¢ BeposT-
HocTbio 50%. Kpome TOro, aHanMTUK yBepeH, YTO NPOABUHYTLIA N
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YHUUTOXWT YeN0BEYeCTBO WM KaTaCTPO(IMUECKM HaBpeauT emy C Be-
PoOsATHOCTHEHO 70%. B MHAYCTpUM 3Ty MPayHyr) CTaTUCTUKY HasblBaKOT
p (doom).

Pa6oTas B OpenAl, KokoTaiino 3aMeTua, 4To KOMMaHWs KpaiHe
PeAKO MPOBOAUT Haf/1eXalle UCTIbITaHUA Nepes BbIMYyCKOM MPOAYKTOB.
CoBMeCTHbIn ¢ Microsoft coBeT No 6e30MacHOCTM HUKOIa He 3ameansin
pa3BépTbiBaHME HOBbIX MOJENeN, YTobbl y6eanTLCS B UX 6e30MacHOCTY.
Hanpumep, B 2022 r. Microsoft Hauana TaiiHO TecTupoBaTb B VIHAWMM HO-
BYHO BEpCYIO NOUCKOBMKa Bing Ha ocHOBe, Kak npeanonaraetcsd, GPT-4,
camoi NPOABMHYTOM Ha TOT MOMEHT MOZAeNu. Ha 3To KomMnaHus He 3arpa-
LUMBana paspeLLeHne coBeTta no 6e3onacHoCTW. KOKOTaiino roBoput, 4To
KOrja novncKoBOM CepBUC Haya CTpaHHO cebst BECTU M HeafeKBaTHO OT-
BeYaTb Ha BONPOCbI MO/b30BaTENEN, TECTUPOBAHME W He NOLYMasn CBO-
paumBatb. Bripoyem, npecc-cekpetapb Microsoft ®psHk Loy yTBep-
X[IAEeT, YTO MOMCKOBUK He cofiepxxan GPT-4 nnv nobyro Apyryo Mogesb
OpenAl. B npownom rogy KokoTaiino rogopun ¢ AjlbTMaHOM O HEO6X0-
OMMOCTW BblfeNIATb 60/bLIe BPEMEHW 1 PECYPCOB BOrpocam 6e30MmacHo-
CTU. FeHAMPEKTOp COrnacuica C HWM, OAHAKO HWKAaKWX AeNCTBUIA He
npeanpuHan. B anpene 2024 r. JaHnui NOKMHY KOMNaHWIO, pa3oyapo-
BaBLUVCb B €& noaxofe K 6esonacHocTy. CrnycTa MecsiL, KOMMNaHUI0 NOKK-
HYn ewé 2 K/YeBbIX MCCNeaoBaTeNs no Bonpocam 6e3onmacHoOCTN —
Nnbsa Cyukesep n AH Jleiike. VX yxop YacTb COTPYAHNKOB BOCNPUHSNA
Kak war Hasag. OHM He nognucann OTKPbITOe NUCbMO, HO Jlelike ny6-
JIMYHO KpuTmnkosan OpenAl 1 roBopw, YTO KOMMAHWA CAULLIKOM 3auuK-
NMNachb Ha MPVB/IEKAIOWMNX BHUMaHWNE NPOAYKTax MU NpuobIan, nosTomy
6€30TBETCTBEHHO OTHOCUTCA K NOTEHLMASIbHBIM PUCKaM.

K nucbMmy Takxke npucoegmHunnce ysonuselimecs u3 OpenAl
Yunesm CoHgepc, Kaponn YaliHpaiT, Ikelikob XuntoH u [aHuen Liur-
nep. CoHZepc cKasasl, YTo emMy He NMOHPaBW/ICA MOAXO0[, Pa3paboTUMKOB:
«CHavana BbIMYyCTMM MPOAYKT, NOTOM Oyfem WCnpaBndTb Mpob6emsbl
C HUM». OcTasibHble NOANUCHLIBA/IM 06paLleHne aHOHUMHO, NMOTOMY UTO
60a11Cb NpecnefoBaHNs CO CTOPOHbI KOMMaHWM — OHa 0643bIBaeT YX0As-
LLMX COTPYAHMKOB HaBCera 0TKa3aTbCA OT KPUTMKM ObiBLLIEr0 paboTofa-
Tensa. B npoTMBHOM Cnyyae OHWM MOTYT NOTEPATL BCE CBOM aKLMW U MNOHe-
CTW (PMHAHCOBYIO OTBETCTBEHHOCTb. PaHee ANlbTMaH roBOpwW/I, YTO Takas
Mepa paccmaTpuBanacb Kak BO3MOXHasd, HO Ha NpakTuke eé He npriMe-
HAt0T. OfIHaKO, CKOpee BCero, OH NyKaBuT: KokoTaiino coobLuun, 4to cei-
yac puckyeT notepATb 1,7 MAH fonn. B akumax OpenAl 13-3a Toro, uTto
BbICTYMW/ C KPUTUKOW KOMMNaHUW. VIHTEPECHO, YTO NUCbMO TaKXe Moj-
nucann 2 cotpygHuka Google, oanMH ObIBWUMIA W OAUH HbIHELUHWIA.
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ABTOPbI UHULMATVBbI CYUMTAIOT, YTO B OYAYyLLEM K HUM NPUCOEAUHATCA
COTPYAHVKN U OPYTUX KOMMaHWiA, 3aHuMMaroLmxcs paspabotkori UW.
OHM 3apyumnucb NOAAEPXKKOM M3BECTHOrO topucTa U akTuemcta Jloy-
peHca Jleccura, npodeccopa npasa U3 MapBapga. OH M3BECTEH CBOEN
60pb0O0Ii 3a aBTOPCKME MpaBa B 3N0OXY MHTEPHeTa.

B nucbMe akTMBUCTbI TPEOYHOT, YTOObI paspaboTunkn A oTkasa-
JACb OT COrNaLleHnii 0 HepasrnalleHny B BOMPOcax, KacatoLLMXCs PUCKOB
1 Yrpo3 0T OnpeAeneHHbIX MOAENe; OHN TakKe NPOCAT NPaBUTENLCTBO
N Apyrve counanbHble MHCTUTYThI 3alimLLaTh MHOPMATOpPOB OT MeCTU
paboTopaTtenein npu pasrnaweHnn MHhopmal MK, Kacarollercs 6esonac-
HOCTW. OHM NPU3bLIBAIOT KOMMaHUN NOALEPXMBATb Ky/NbTypy OTKPbITOM
KPUTUKW 1 paspeLlaTb COTPYAHMKaM BbICKa3bIBATLCA O PUCKAX UX TEXHO-
norvin. Kpome Toro, NoAnncasLLNeCs NPOCAT Hala4UTb aHOHUMHbIA NPo-
Liecc »anob Ha NoTeHUMa/IbHbIE PUCKN NPOLYKTOB He TO/IbKO B COBET fM-
PEKTOPOB, HO 1 B pyr1e pPerynnpyroLLme opraHbl U 06LLECTBEHHbIE Opra-
HU3aUMKn. Y MHOrux paspaboTunkos VA ecTb CBOM aHOHUMHbIE JINHUN
[l0Bepus, 04HaKO aBTOPbl UHALMATUBLI CYATAIOT, YTO BHYTPEHHErO pery-
NIVPOBaHWS HELOCTATOYHO: Y KOMMaHWIA CNLLIKOM BeIMK CO6Ma3H 3aMan-
4mBaTh Nt0OLIE MPOGIEMbI Pagy NOBLILLEHNUS NMPUOBLIIN.

MckyccTBeHHbIN nHTeNNeKT (M) yxxe Bblllen 3a pamKi akageMu-
YecKMx nabopaTopuii U cTan HEOTHLEMIEMON YaCTbIO Halleil NOBCegHEB-
HOW XM3HW. OT CUCTEM PEKOMeHJaLMii B MHTEPHET-MarasnHax [0 accu-
CTEHTOB M aBTOHOMHbIX TPaHCMOPTHbIX cpeacts — WA HenpepbiBHO
TpaHC(OPMMPYET MHOXECTBO acrekToB Hawlero obuiectsa. OfHako
BMECTE C BO3MOXXHOCTAMM, KOTOPbIe OH NPejoCcTaB/feT, BO3HWUKAET 1 6ec-
MOKONCTBO OTHOCUTENIbHO €ro MoTeHuUa/bHbIX Yrpo3. LLnpoko o6cyx-
[aeMble CLeHapvu, B KOTOPbIX MalLuWHblI MOTYT 06pecTn CO3HaHUe Wu
HayaTb [eliCTBOBaTb BOMPEKM WMHTEpecam YesioBe4ecTBa, CTaM TeMON
KaK BEYEPHMWX TeNeBU3NOHHLIX TOK-LLIOY, TaK U CEPbE3HbLIX aKaJemuye-
CKMX MCCNeaoBaHNiA. 3axBaTbIBatOLLME CIOXKETHbIE IMHMUM Hay4YHO-(haHTa-
CTUYECKNX NPOU3BEAEHMIA NPEBPALLAOTCA B MACCOBOM CO3HaHWMW B OYe-
pefHyto hobuto. boAaTbea yke nopa, HO He MW, a yenoseka. I moxeT
HECTM 3K3UCTEHLMaNbHBIA PUCK Ye/TIOBEYECTBY /ILLb B Cly4ae, eciv pas-
paboTuMKM NpesHaMepeHHO 3a/10KaT B Hero nofo6HbIe Len. SKOHOMM-
YecKure 1 coumasibHble PUCKM CYLLLECTBYHOT, HO MX OLEHKA CU/IbHO UCKa-
YKeHa MoNNTUYECKMMUN MaHWMYNALMAMUN PasINYHOrO TOSKa. YTO Xe Kaca-
Te/IbHO MePCOHa/IbHBLIX PUCKOB, TO VI NX He yBennynBaer.

A noka BCE MAET ceomM nyTém. Vccnepgosatenu m3s VHCTUTyTa
VHXXEHEPOB 3/1IEKTPOTEXHUKM U 3neKTpoHWKK (IEEE) pelumnn nposectu
TecT ThtopuHra gna mogeneint VI, utobbl onpesenntb, MOTYT v IIOAN
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OT/INYNUTL YesioBeKa OT UCKYCCTBEHHOrO WHTENNeKTa B pa3rosope. B nx
akcnepumeHTe 500 y4aCTHMKOB 0BLLAINCH C YETbIPbMS COBECEAHNKAMM:
0fHUM yenosekom v Tpemsa A-mogenamm — ELIZA 1960-x rogos, GPT-
3.5 n GPT-4. B pe3synbTaTe 54% y4yacTHUKOB npuHanu GPT-4 3a yeno-
Beka. [na cpaBHeHus, nporpammy ELIZA, B ocHOBe KOTOPOI HET 60/1b-
LLIOI A3bIKOBOM MOLENIN WU HEMpOCeTH, NOCUMUTaIM YEIOBEKOM TOJbKO
22% y4acCTHMKOB. TecT TbOpuHra, BNepsble NpeanoXeHHbIi B 1950 r.
yuyeHbIM AnaHOM TbOPUHIOM, OLEHMBAET, HACKO/IbKO CMOCOBHOCTL Ma-
UNHbI NPOSIBNATb WHTENNEKT HEOT/MYMMa OT YenoBeyecKoW. UTobbl
MPONTK TeCT TbIOPUHIa, CUCTEMA AO0/DKHA YMETb pa3roBapuBaThb C Yeno-
BEKOM W 3aCTaBUTb ero noBepuTb, YTO OH 06LLaeTcs ¢ cebe Nofo6HbIM.
YyactHuku nocuntann GPT-4 yenoBekom B 54% cnyyaeB. ELIZA, cu-
CTeMa, 3apaHee 3arnporpamMMrMpoBaHHas Ha OTBETHI, HO He UMeroLLas 60/1b-
LLIOV 513bIKOBOW MOAENW WM apXUTEKTYPbl HEMPOHHO ceTu, Bblna npu-
3HaHa Ye/IoBEKOM TOJIbKO B 22% cnyyaeB. GPT-3.5 Habpan 50%, a yesno-
BEK-YYaCTHUK — 67%.

«MallrHbl, Kak 1 noan, MoryT npuaymbliBaTh MpaBAonofo6Hble
060cHOBaHUA NocTdakTyM. OHX MOTYT MoABEPraTbCA KOrHUTUBHBIM MC-
KOKEHUAM, UMW MOXXHO MaHUMynMpoBaTh, U OHU CTaHOBATCA Bce 6osiee
06MaHuMBbIMU. Bce aTn (hakTopbl MPUBOAAT K TOMY, UTO B cucTemax NI
NPOABMIAKTCA Ye/IOBEYeCKMNe cnabocTu 1 Npuuyabl. ITo fenaeT ux 6onee
MOXOXMMW Ha NoAel, YeM NpeaplayLme pa3paboTKuM, KOTopble pacnona-
rasm nmwb HabopoM 3apaHee 3ar0TOB/IEHHbLIX OTBETOB», — FOBOPUT UC-
cnefoBsaresnib UCKycCTBeHHOro uHTennekra B IEEE Henn YotcoH. «PaH-
Hue cuctembl VA, Takme kak ELIZA, nonaranmck Ha 3apaHee 3anporpam-
MWpPOBaHHbIe OTBETbI, YTO 3HAUUTE/TLHO OrpaHUynBaN0o NX BO3SMOXHOCTU.
Mporpamma morna Koro-to 06mMaHyTb Ha KOPOTKOe BPeMS, HO OrpaHunye-
HWS BbICTPO CTAHOBW/IUCH OYEBUAHbI. S3bIKOBbIE MOAenn anoxu GPT co-
BepLUeHHO apyrune. OHM aganTUPYKOTCA U pearnpyroT Ha LUMPOKWUIA Kpyr
TeM, FOBOPAT Ha ONpefeseHHbIX A3bIKax UK AuanekTax 1 fgaxe n3obpa-
XKaKT pasHbIX IMYHOCTEN C Pa3HbIMU LIEHHOCTAMWU. DTO OFPOMHbINA Luar
Brepes no CpaBHEHWUIO C TeM, YTO ObINO TLATE/ILHO 3aNPOrpaMMnpPoBaHO
4e/IOBEKOM BPYUHYHO, HE3aBMCUMO OT TOr0, HACKO/IbKO YMHOW MW CNOXK-
HOWA OblNna 3Ta MporpaMmma», — 3amMmeyaeT Y oTCOH.

Ha KoHdepeHumn WWDC 2024 TexHonormnyeckas komnaxdus Apple
npeacTasnia HOBYHO CUCTEMY TEHEpaTMBHOIO WMCKYCCTBEHHONO WHTESI-
nekta Apple Intelligence. Ee nnaHnpytoT BCTPOMTL B pas/iMyHble Npo-
[YKTbl KOMMaHuu: iPhone, iPad, Mac 1 gaxe oukun Apple Vision Pro. Kak
yTBepXgatoT paspabotumkn, Apple Intelligence cMmoxeT reHepmpoBsaTtb
TEKCT, M306paXKeHNs 1 BbIMONHATL Pa3NUHbIe AeACTBUS B NPUIOXKEHUAX
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Ha ycTpoicTBax Apple, a Takxke eXefHEBHO MOMOraTb Mo/b30BaTENHO
B peLLeHnM 3afa4, OCHOBbIBAsACh Ha aHaNM3e ero IMYHON MH(OopMaLMK, He
HapyLlas KOH(MAEHUMaNBLHOCTL. Y3HaB 0 HoBoM VA, NnoH Mack npu-
rpo3un rnaBHoOMy MCNonHUTENIbHOMY avpekTopy Apple Tumy Kyky, 4yto
3anpeTuT BCe «A6MIOYHbIE» YCTPOMCTBA B CBOMX KOMMAHWAX, Ha3BaB
Apple Intelligence «KyTKOI LUNMOHCKO NPOrpammoi».

XypHannctel CNBC y3Hann 06 31eKTPOHHbIX NUCbMax, Hanpas-
NeHHbIX coTpyaHukamu noHa Macka B Nvidia B aekabpe 2023 r. OHu
yKasblBatOT Ha TO, YTO Mack mopyuwn npov3BOAUTENIIO MUKPOCXEM OT-
[laTb MpuvopMTET Ha MNOCTaBKy 12 ThICAY rpagMueckux MpoLeccopos
Nvidia H100, paHee 3ape3epBMpoBaHHbIX 415 Tesla, Ha HY>XAbl cTapTana
XAl, KOTOpbI 3aHUMaeTcA Pa3paboTKOM MCKYCCTBEHHOIO WHTENNeKTa
(NW). Yunnbl H100 cTann KpaeyrobHbIM KaMHEM aMBULIMIA MHOTMX KOM-
NaHWi, 3aHNMAKOLLMXCA UCKYCCTBEHHBIM UHTE/INIEKTOM, YTO CAeNnano ux
ypesBblyaliHO goporumu. pagmyeckne npoLeccopbl OyayT UCNO/b30-
BaTbCA B HOBOV MalLWHe, KOTOpas Ha3blBaeTCA «rMra-KoMnbrTepom» (Mo
aHanorum ¢ rura-abprukammn Tesla, rae Npov3BoOAAT 37EKTPOMOOUNNY),
KOTOpas CTaHeT caMbiM MOLLHbLIM CYyNepKOMMbIOTEPOM B Mupe. 3anyck
«TUra-KoOMMbroTepa» HaMeyeH Ha NoHb. CynepKoMMbIOTep Hy>keH Macky
[N CO3[aHNsa CUMbHOFO MCKYCCTBEHHOrO MHTennekTa (AGI), KoTopbli,
HECMOTPS Ha HeLOCTaTOK 0a30BbIX 3HAHWIA, MOXET BbINOMHATL 3ajauu,
MPUMEHSAS KOTHUTKBHbIE CNOCOOHOCTY, MOL06HbIE Ye/TIOBEYECKUM.

KuTalickuii cTaptan B 06/1aCTU UCKYCCTBEHHOIO MHTeNnekTa Deep
Seek BbINyCcTU/ A3bIKOBYIO MOAENb C OTKPbITLIM UCXOAHbIM KOgoM Deep
Seek Coder V2. IHCTpYMEHT NPeBOCXOAHO CrpaBnseTcs Kak ¢ Nporpam-
MWUPOBaHMEM, TaK U C MaTemaTuyeckumn 3agadyamu. OH NOLAePXKMBAET
60nee 300 3bIKOB NPOrpaMMMPOBaHMst U NPEBOCXOAMT MO NPOU3BOAU-
TEe/IbHOCTW COBPEMEHHbIE MOE/NN C 3aKPbITbIM UCXOAHbIM KOLOM, BK/IHO-
yass GPT-4 Turbo, Claude 3 Opus un Gemini 1.5 Pro. o cnosam paspa-
60TUMKOB, OTKPbITas MOJE/b BrepBble LOCTUIa TaKOro pe3y/bTarta, one-
peamB Llama 3-70B n gpyrve mogenu B aToi Kateropun. Deep Seek
Coder V2 Takxe 06ecreyvBaeT COMOCTaBVMYH MPON3BOAUTENBHOCTb
B 0OLLMX PaCcCY>KeHMAX U A3bIKOBbIX BO3MOXHOCTAX. OCHOBaHHas B Mpo-
wom rogy Deep Seek cTana 3aMeTHbIM KUTANCKUM UIPOKOM B FOHKe
A, npucoeuHMBLLMNCL K TaKUM KOMMaHMsM, Kak Qwen, 01.Al 1 Baidu.
B pekabpe 2023 r. oHa Bbinyctuna Deep Seek Chat — KOHKypeHTa
ChatGPT, 06y4eHHOro Ha 2 TP/H aHMNACKMX M KUTaNCKUX TOKEHOB.
B TeueHue roga nocne 3anycka KOMNaHus OTKPblia UCXOA4HbIV KOA psja
mogeneit, Bkoyas cemeiicteo Deep Seek Coder. B HoBoii Bepcumn V2
noggepxmeaetcs Ao 338 A3bIKOB MPOrpaMMMpPOBaHUS, a KOHTEKCTHOE
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OKHO YyBenuyeHo Ao 128 000 TOKeHOB. OTO NO3BOMSET eil CNpaBNsTLCA
C 60s1ee CMI0XKHbIMM 1 MacLUTabHbIMM 3a4a4aMu MpPorpaMmmmpoBaHus.

Deep Seek 00bACHAET LOCTUIHYTbI TEXHUYECKMIA NPOrpecc 1 ynyu-
LLIEHVe NPOM3BOAMTENBLHOCTY UCMOMb30BaHNEM 3bIKOBOM Mogenn Deep
Seek V2, oCHOBaHHOW Ha WX COGCTBEHHON apxuTekType Mixture of
Experts. Mo cyTn, kKOMNaHWA NpeABapuTeibHO 00y4nna 6a3oByr0 MoAeNb
V2 Ha AONONHUTENbHOM Habope AaHHbIX 06bEMOM 6 TP/H TOKEHOB, KO-
TOPbIA B OCHOBHOM COCTOUT M3 MH(OPMALIMK, CBA3AHHOM C KOLOM U Ma-
TeMaTuKoii, nonyyeHHon 13 GitHub n Common Crawl. Mogenb nocrtas-
NIFeTca ¢ onumaMu napameTpos 16 mapg v 236 mnpd. Ho apxuTektypa
Mixture of Experts N03BONSET €/l aKTUBMPOBATb TOMbKO «3KCMEPTHbIE»
napameTpsbl (2,4 Mipg v 21 MApA) AN PeLUeHns NOCTaB/IEHHbIX 3afad,
a TaKkxke ONTMMU3NPOBATL €€ A4/1 Pa3NINUHbIX NOTPEBHOCTEN BbIUMNCIEHWI
n npunoxeHnii. Deep Seek Coder V2 npeanaraetcs Nof NULEH3NENR
MIT, koTopas JOMYCKaeT Kak UCCeaoBaTe/IbCKoe, Tak U KOMMEPYECKOoe
ncnonb3oBaHue. Monb3oBaTen MOryT 3arpysuTb 06e BEpPCUU MOLENN
(16 mnpg 1 236 mnpa napameTpos) 4vepe3 nnatgopmy Hugging Face.
B KauecTBe anibTepHATMBbI KOMMNaHUA NPeAOCTaBsfeT LOCTYN K MOAENAM
yepe3 API 3a onnaty no Mepe UCNo/sb30BaHUA. Te, KTO XQUeT CHayana
onpo6oBaTb BO3MOXHOCTM MOfeNeit, MoryT noobuatbcst ¢ Deep Seek
Coder V2 yepes yat-60T.

UaT-60T C NCKYCCTBEHHbLIM UHTENNIEKTOM Nof Ha3saHneMm VIC, nmm
«BuWpTyasbHO MHTErPUPOBaHHBIN rPaXXAaHWUH», NbITAETCS NONacTb B W3-
6upatenbHble GINNETEHW, YTOObI NO6GOPOTLCS 3a MOCT M3pa CTOMULIbI
BaliomuHra — ropoga LLlaiteHH. VIC, pa3paboTaHHbIil Ha 6a3e HelipoceT
GPT-4 ot OpenAl 1 npoLuefLumnii 06y4eHve Ha Tbicsivax JOKYMEHTOB CO-
BeTa LLlalieHHa, co3aan MeCTHbIN XKUTEMb U COTPYAHUK 6UbAnoTekn Buk-
Top Munnep. Ecnmn VIC nobeanT, Munnep ctaHeT, Mo ero c/oBam, «ma-
PUOHETKOW 13 Maca» ansa . OH nnaHupyeT nepesasaTb BCe LJOKYMEHTbI
VIC, KoTOpbIii 6yAeT nX n3y4vaTb U NPUHUMATL 060CHOBaHHbIE PELLEHNS.

MecTHble BNacTu ceiyac 13yyaroT BONPOC, MOXET /I UMS Takoro
KaHauzata AefcTBUTENbHO NOABUTLCA B GIONIETEHE A/1 FO/I0COBAHUS.

ANOHCKMIN TexHonornyecknin ruraiT SoftBank Corp npeactasmn
nporpaMmmy 415 CHUXXEHWS CTpecca onepaTopoB Npu 06CNy>XXMBaAHWUN K/N-
eHTOB B KO/I1-LieHTpax. TeXHOM0ra n3MeHeHns rosnoca Ha OCHOBe UCKYC-
CTBEHHOTO MHTesnnekTa (M) npespaliaeT rosoca Aaxe cambiX pasrHe-
BaHHbIX abOHEHTOB B 60/Mee CNOKOWMHY peyvb. CUcTeMa «OTMEHbI 3MO-
LmMii» paboTaeT B ABa aTana. Bo-nepBbix, OHa 06pabaTbIBaeT rosoca c no-
Moo IV ana naeHTUQrKaumm pasrHeBaHHbIX KIVEHTOB M aHain3a
XapaKTepucTuK KX peyn. Ha BTOpom 3Tane cuctema obpabaTbiBaeT
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3BYKOBYIO [JOPOXKY [/ CO34aHUsA 60nee CMOKOMHOro U eCTeCTBEHHOMO
TOHa. [na atoro W 6bin 06yyeH Ha 6onee yem 10 000 o6pasuax peyw.
Mpu atom 10 akTepoB 3anucann 6onee 100 06LMX Ppa3, BbIparKaroLLmx
pas/IMyHble 3MOLMK, BK/IKOYasA THEB 1 pa3oyapoBaHme. XoTs TeXHOIorus
He MEHSeT C/0Ba 3BOHSLLET0, OHA CYLLECTBEHHO MEHAET UHTOHALUMIO, Je-
nasi ee MeHee arpeccMBHOA. Mpy 3TOM, KaKk OTMeYatoT pa3paboTunKu, cu-
CTeMa He YCTPaHWUT NOJIHOCTbIO BCE CNefpl rHeBa, YToObI OnepaTopbl Nno-
HUMa 06eCNOKOEHHOCTb KNMEHTa 1 MOTIY NOMOYb. CUCTEMA «OTMEHbI
aMoLMiA» Noka paboTaeT TONbKO Ha AMOHCKOM fA3blke. HO KOMNaHus n3y-
4aeT BO3MOXHOCTb PacnpoCTpaHeHNs 3TON TEXHONOIMN Ha ApYTiue A3bIKA
AN19 BbIXOAa Ha MEXAYHAPOAHbIA PbIHOK.

CLUA 3HaumTenbHO oTcTaloT oT Kntasa B passutum NI, yto cTa-
BUT MOA Yrpo3y BO3MOXHOCTb BbIMIpaTb MOTEHLMaNbHbIA KOH(INKT
¢ HapoaHo-ocso6oauTensHoi apmuein Kutaa (HOAK), npeaynpexxaaet
HOBBbIA AOKNaA aHaNUTUYeCcKoin hmpmbl Govini. CornacHo eXxerogHomy
HaunoHansHoMy oTueTy 0 6e3onacHocTu, Kutain onepexxaet CLUA yxe
B 13 n3 15 KpUTUYECKMX TEXHONOMMYECKNX 0bnacTeit, Bkntovasa V. e-
Hepa/ibHbI AgupekTop Govini Tapa Mepdgwu JorepTn oTMeyaeT, 4To Mu-
HMcTepcTBO 060poHLI CLUA npopo/mkaet paccmaTtpusats VA kak Ucko-
YMTE/IbHO Hay4HbI NPOEKT, Toraa Kak Kuntait y>xe BHepsieT 3T TEXHO-
NOrMK Ha npakTuke. [lorepT NOLYEPKMBAET, YTO 3aJepPXKKN B PasBUTUM
NN penatoT nobefy B BOiHe ¢ Kutaem HegocTxmmon ans LLTatos.
B cnyyae kKoH(MKTa K1utain MOXeET 1MCNo/b30BaTh CBOM NpPenMyLLecTsa
B VI ans atak Ha aHepreTMyeckyto nHgpacTpykTypy CLUA, uTo cyule-
CTBEHHO 0CNabWUT ameprKaHCKMe BOOPY>KEHHbIE CU/bl. B foKnade Takxke
rosoputca, uto B 2023 r. 65% uHaHcupoBaHua B obnactn NI, MallmH-
HOro oby4eHnst 1 06paboTKM eCTECTBEHHOrO f3blka B CLLUIA nmo-npex-
HeMy Hanpas/fsAINCh Ha UCCef0BaHUA U pa3paboTKK, a He Ha BHeAPeHe
3TUX TEXHO/OMNIA B [elCTBYHOLLME BOEHHbIE CUCTEMbI. «[1pULLIO BpeMs
nepectaTb paccmaTpusath VA Kak MPOCTO Hay4HbIA NPOEKT», — 3asBua
[JorepTn Ha 6pucnHre.

Kpowme Toro, goknag Govini BbIsiBU 3HAUUTE/bHbIE PUCKM, CBA3AH-
Hble C Ae(hULMTOM 3anyacTelt Ana 7 KpynHbIX nporpaMm MuHMUCTEpCTBa
o6opoHbl CLUA, Bkntovas septoneTbl Black Hawk, nognogkm knacca
Virginia n ncrpebutenn F-35. MpUUYnHbI 3TOro — 3aBUCUMOCTb OT OfHOI0
MocTaBLMKa M [OMTMe CPOKW MOCTaBKM KOMMMeKTyowux. Mpobrema
ycyryonsetcs AoMuUHMpoBaHneM Kutas B rnobanbHON LIenoyke nocTa-
BOK. B mocnefHve rogbl Kntali 3HauMTeIbHO YBEIMYAA KOIMYECTBO Na-
TEHTOB B 06/1aCTV KPUTUYECKMX TeXHONOrni 6narogaps csoemy 14-my
NATUNEeTHeMY nnaHy. Mo cnosam JorepTu, NaTeHTbl ABAAOTCA BeAYLLUM
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WNHANKATOPOM TEXHO/MIOMMYECKOro AOMUHMPOBaHWA. 1A peLleHus npo-
6nemMbl MNeHTaroH JO/MKeH NPOBOANTb AeTa/lbHbI aHaNM3 NaTEHTOB U pac-
LUMPATL KPYT MOCTABLLUMKOB 3a CUET APY>KeCTBEeHHbIX CTpaH. [orepTu OT-
MEYaeT, YTO UCKNOUNTL KuTali 13 LLenoYKm1 NocTaBOK MOTHOCTHIO HEBO3-
MOXHO, HO YnpaB/ieHNe MPUCYTCTBUEM pPas/IMUHbIX WUHOCTPaHHbLIX MO-
CTaBLUMKOB MOMOXET CHU3UTb PUCKU U 06ecrneyunTb HeobXoAMMYHO T1b-
KOCTb U 3aLLMTY.

Cneuvanuctbl nogpasgenedns Skunk Works amepukaHCKoli BO-
eHHO-NPOMbILLIEHHOW Kopnopauuy Lockheed Martin coBmMecTHO ¢ uc-
cnepoBatenamu 13 YHusepcutetom Aiiosbl (CLLUA) paspabotanu cu-
CTeMY UCKYCCTBEHHOI O MHTEN/IEKTa U MPOTECTUPOBAIN ee ANA nepexsara
camosfieToB. IV nopyunnu ynpasneHne yue6HO-TPEHMPOBOUYHBLIM Camo-
netom «A3apo J1-29» «[enbuH». Cuctema He TOSIbKO CaMOCTOATESIbHO
ynpasnsna UM, KOHTPOMPYS Kypc, CKOPOCTb 1 BbICOTY, HO 1 BO Bpems
KaXXJ0ro nojerta pearvpoBasa Ha Pas/INYHbIe UCMbITAHUA U BbI30BbI, KO-
TopbIM ee nofsepranv. C uensto nposepku VW npegnaranv pasnnyHole
CLiEHapWK, Takmne KakK CTaHAapTHbIA 601 Unm nepexsaT camoneTa NPoTMB-
HuKa. o cnosam uccnegosarteneli, OHK 3ameTunn, 4to VI peincteoBan
«LiefIeHanpaB/ieHHO U PeLINTe/IbHO». B LienioM OH NPeB30LLes OXUAaHNS.
B Lockheed Martin nosicHunu, 4To cneaytolime TecTbl 6yayT OCHOBbI-
BaTbCA Ha 3TUX JOCTVXXEHUAX 3a CHET BK/IKOUYEHWNA 6O/bLUEro KONMYecTBa
CaMO/IeTOB B CLieHapun 60pbObl B BO3AyXe U BefeHUs 605, TeM cambIM
MOBbILLIAsA CNOXHOCTb UCMbITaHW ana NW.

WccnegoBaTeny 13 HEKOMMEPUYECKON OpraHu3aLmm rno uccnefosa-
HWIO MCKYCCTBEHHOIO WHTennekTa LAION nokasanu, 4To jaxe camble
C/IOXKHble 60/bLUIME A3bIKOBbIE MOAe N (LLM) MOXHO NOCTaBUTL B TYMNUK
NpoCTbIM BONPOCOM. «Y Anuckl ecTb [X] 6paTbes, a Takxke [Y] cecTpbl.
CKonbKo cecTep y 6paTta Annckl?». OTBETUTb HE CTOMb CNOXHO. Hanpu-
Mep, Y Anuckl Tpy 6pata 1 [Be CeCTpbl, 3HAUUT, Y KaXKA0ro u3 6partses
[iBe cecTpbl Ntoc cama Anmca. TakuM 06pa3oM, y KaxKaoro 6para no tpu
cecTpbl. Cneynannctbl TeCcTUposav Mogenu komnaHum OpenAl: GPT-3,
GPT-4 n GPT-40; Anthropic Claude 3 Opus, Gemini oT Google n mogenu
Llama komnaHun Meta®, a Takxxe Mextral ot Mistral Al, Dbrx ot Mosaic
n Command R+ oT Coher. Korga W 3aganu Bonpoc, To 0Kasaiocb, 4To
OH SIBHO He OnpaBAbIBaeT OXMAaHWA. ToNbKO 0Ha Mofenb, HoBasi GPT-
40, fobunack ycrexa B lornyeckomM Tecte. OcTasibHble He MOT/IN NOHATD,
4TO A/ICa TOXE CECTPA KXKAO0ro 13 6paTheB B €€ CEMbE.

* [lesitenbHOCTb Meta nMpu3HaHa 3KCTPEMUCTCKON 1 3anpeLlieHa Ha Tepputopun Pd.
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MHxeHepbl MapuneHackoro yHueepeuteta (UMD) paspabotanu
MOZE/b, COYETaroLLy0 MalNHHOe 06y4yeHre 1 rpynmnoByo poboToTex-
HUKY, ANS NPeofoneHns TPYAHOCTeR npu paspaboTke MaTepuanos, Uc-
NONb3YEMbIX B «3€e/1eHbIX» TEXHONOMMAX. Pa3paboTaHHbIN Nog PYKOBOA-
cTBoM Mo-VeH YeHa, foLeHTa Kaeapbl XUMUYECKOI 11 61MOMONeKynsp-
HOW nHXeHepn UMD, YCKOpeHHbI MeTog, CO3A4aHna asporenieBbiX Ma-
TepuasioB, UCMOJb3YEMbIX B HOCUMbIX HArpeBaTe/IbHbIX YCTPOKCTBax, Mo-
XKeT aBToMaTM3MpPOBaTL MPOLECChl MPOEKTUPOBAHNA HOBbLIX MaTepUaos.
Aaporenu, NOXoXme Ha resin Ha BOAHOV OCHOBE, HO M3rOTOB/IEHHbIE C UC-
No/b30BaHVEM BO3/yXa, MPeACTaBNsat0T COO0W lerkme n NopucTble mare-
puaibl, UCMOJb3yeMble B TENIOM30NALMN N HOCUMbIX TEXHONOTMAX 61a-
rofaps CBOE MexaHW4ecKOi NPOYHOCTM M TMBKoCcTU. HO HecMOTps Ha
KayLLYHCS MPOCTOTY, NIMHNA COOPKM asporenieil CNoOXHa; Uccnesosa-
Te/IN NonaratTcA Ha TPYAOEMKME 3IKCMEPUMEHTbI U OMbITHbIE NOAXO0AbI,
4T0ObI U3y4nTb 06LUMPHOE MNPOCTPAHCTBO An3aliHa U pa3paboTaTb mMaTe-
puanbl. 415 NpeofoneHns aTux TPyAHOCTeN UccneaoBatebckas rpynna
06beanHMNa POBOTOTEXHMKY, a/ITOPUTMbI MaLLIMHHOIO 00YYeHNs U 3Ha-
HWA B 061aCTN MaTepyaioBeieHNs, YTO NO3BO/INIO YCKOPUTL NPOLECC Co-
34aHus asporenieli ¢ NPorpaMM1pyeMbIMU MEXaHUYECKUMU U NIEKTpUYe-
CKMMK cBoOicTBaMKW. HoBasi Mofie/lb NPOrHO3MPOBaHWS NMO3BONAET CO34a-
BaTb YCTOMYMBbIE MPOAYKTbI C TOUHOCTHIO 95%.

KomnaHusa Nvidia nnaHnpyeT exerofHo BbiMycKaTb HOBble Mar-
(hopMbl Ana Aata-LeHTPoB, npefHasHavyeHHble 41 paboTbl UCKYCCTBEH-
HOro uHtennekTa. OHa npeAcTasnsia HOBble MPOAYKThI U MAaHbl No pas-
BUTUIO VI Ha TexHonormyeckoi koHgepeHumm COMPUTEX B Tali6ae.
[bkeHceH XyaHr, reHepabHbli JUPEKTOP KOMMaHUW, pacckasan O TOM,
KaK TpaHCc(opMMpyeTcst 0Tpac/ib, U 06BABUN aMOULMO3HYIO LieSb — eXXe-
ro4HO BHEAPATb HOBbIE «YCKOPWUTENW WCKYCCTBEHHOIO WHTENNEKTay.
Hauanacb oyepefHas NpoMbILLIeHHaA peBonoLms. KomnaHum 1 cTpaHbl
coTpygHuyatoT ¢ Nvidia, 4To6bl NepeBecTy TPAAMLUMOHHBIE LIEHTPbI 06-
paboTKMN faHHBIX CTOMMOCTbIO TPU/IIMOHbBI LON1aPOB HA YCKOPEHHbIE Bbl-
YMCNEHUA N NOCTPOUTL HOBbLIM TUM LEEHTPOB 06pabOTKM AaHHbIX — (hab-
PUKN UCKYCCTBEHHOIO WHTENNEKTa — A/19 NPON3BOACTBA HOBOrO TOBapa:
NCKYCCTBEHHOIO UHTE/NNEKTa, [XKeHCeH XyaHr, reHepasibHbIn AUPeKTop
Nvidia.

I"pacpryeckuii npoueccop Rubin, BbINYCK KOTOPOro 3aniaHMpOBaH
Ha 2026 r., SBNseTca YacTbio HOBOW cTpaTernm Nvidia ans passuTus LIEH-
TpOB 06paboTKM AaHHbIX. VIHTepecHOo, 4To NiaThopmy CnefyroLLero rno-
KOJIEHWNS KOMMaHWs aHOHCKPOBaia BCEro Yepe3 HeCKO/IbKO MecsLeB Mno-
cne npeseHTaumn umna Blackwell. Yun Rubin HasBain B 4YecCTb

636



acTpoHoma Bepbl Py6uH. Mo cnosam npeactasutenein Nvidia, HOBbIN rpa-
(hnyeckuii npoueccop n3mMeHUT cepy VI Tak xe, kak uccnefoBaHus Py-
OVH NepeBepHYNN NpeLCcTaBeHNs 0 KocmMoce. HanomMHuM, OHa n3ydana
BpaLLleHVe rafiakTuK 1 MepBoi Hallia [0KasaTe/bCTBa CyLLECTBOBAHMA
TemMHon Matepun. [Mnatdopma Rubin 6yaeT ucnonb3oBaTb MNamsTb
C BbICOKOI NPONYCKHOM cnoco6HoCTb0 (HBM4), uTo6b1 06ecneumnTb 6ec-
npeLeieHTHYH0 NPoV3BOAUTENIbHOCTL. Kpome Toro, naargopma ans Bbl-
YMCNEHWIA ByaeT BKMOYaTb B CebA HOBble rpagmyeckue npoLeccopsbl
(GPU), ycoBepLueHCTBOBaHHbIN npoueccop Vera Ha 6aze Arm 1 nepego-
Bble ceTeBble TexXHosoruu, Takme kak NVLink 6, CX9 SuperNIC 1 KoH-
BEpPreHTHbIn KommyTaTop InfiniBand/Ethernet X1600. "'eHepanbHbIli An-
pekTop Nvidia oTmeTun, uTo BHegpeHve Blackwell yxe MeHseT NpoMbILL-
NEHHOCTb, M03BONAS aKTUBHEE MCNOMb30BaTh TexHonorum N Ha npoms-
BOACTBe. A B ByAyLLeM «MoYTY KaXK4oe B3aMMOLEeNCTBUE C MHTEPHETOM
UM KOMMNbIOTEPOM, CKOpee Bcero, 6yfeT CONpoBOXAATLCS reHepaTuBs-
HbIM LA, paboTaroLmm rae-1o B 061aKe».

KomaHga uccnenosatenein us YHusepcuteta LimHxya B [NekuHe
paspaboTana nepsyto B Mupe «WM-60/bHMLY», B KOTOPOIN BCEMU Bpa-
yamu, MeAcecTpamMuM M nNaumeHTamu YNpaBAAOT WHTENNEKTyalbHble
areHTbl Ha 6a3e 60/bLLON A3bIKOBOI Moaenu. Lienb npoekTa — yny4LinTh
MEeAMLMHCKYHO NMOMOLLb NMyTem 06y4eHMs areHTOB-Bpayeil B Moaenmpye-
Mol cpefie. KomaHaa yTBepXJaeT, YTo 3TO MO3BOMMT UM pa3BMBaTLCA
He3aBMCMMO 1 NpoKayvaeT ux cnocobHocTu. VIN-Bpaun MOryT NocTaBUTb
AMarHos 1 HasHauutb fiedeHre 10 000 naumeHTam BCEro 3a HeCKOJbKO
[Hei — 3a1a4a, Ha peLLeHne KOTOPOW Y 00bIYHOW KNMHUKK YIAAET He Me-
Hee AByX neT. OfHOBPEMEHHO MiaTopMa MOXET TPeHMPOBaTb HACTOs-
LMX Bpayen, 6eCKOHEYHO reHepupys UM BUPTYa/lbHbIX NaLeHTOB C ca-
MbIMW Pa3HbIMK AMarHo3amy 1 CUMMNTOMamu, KOPPEKTUPYSA UX HaBbIKU
AMarHoCTUKK 1 neveHns. B mogenupyemoii cpege Agent Hospital cyue-
CTBYIOT /1B€ OCHOBHbI€E CYLLIHOCTU: MaLVeHTbI N MEAULUHCKNE PaBOTHUKM.
GPT-3.5 reHepupyeT ponn 3TUX 0O6BEKTOB, 0becnevmBas 6eCKOHeYHoe
paclumpeHne. Ons paboTbl 60/bHULBI, KOTOpas BK/KOYaeT B cebs He-
CKO/IbKO KOHCY/IbTAUMOHHBLIX Y CMOTPOBbLIX KabUHETOB, TpebyeTcs Ko-
MaHa MefULUMHCKMX WHTeNNeKTYa/lbHbIX areHToB. Vccneposarenn co-
341 KOH(UIypaumio, COCTOALLYHO 13 14 areHTOB-Bpayeid, KOTOpPbIM Mo-
PYYEHO AnarHoCT1poBaTh 3a00/1eBaHMA U COCTaB/ATL NOAPOOHbIE MaHbI
NeYeHns, N YeTblpex areHTOB-MenCcecTep, BbIMOMHALWMX CONYTCTBYHO-
Lpe 3a4a4n.

B pesynbTaTe 3Ta KOMaHZa areHTOB MOXET MOLEeNnpoBaThb BCe
NPOLECCHl MEAULMHCKMX K/IMHUK: OT KOHCyfbTauuu v 06cnefoBaHus
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[0 OMarHOCTUKW, NIeYeHNs 1 nocefytoLlero HabnogeHms. 1o gaHHbIM
paspaboTunkos, V-Bpaum moryT Bbineunts 10 000 nauymeHTOB BCEro 3a
HECKOJIbKO AHel — 3aa4a, Ha BbIMO/IHEHWE KOTOPOW TPaauLMOHHONM Kn-
HUKE C XXVBbIMM Bpavyamu NoTpebyeTcs He MeHee ABYX fieT. «bonbHuua»
¢ I MoXeT MoZennpoBaTh 1 NPOrHO3MPOBaTh Pas/iyHble MeAULIMHCKME
CUTyaL MK, BKNOYAsA BO3HUKHOBEHWE, PacnpoCTpaHEHNE N CLiepXunBaHue
NHDEKLMOHHbIX 3a00/1€BaHWI Ha YCNOBHON MPUKPENNEHHON TeppuTo-
pun. B pesynbTaTe YCOBEPLUEHCTBOBAHHbLIE Bpayun-areHTbl AOCTUIIN
B Agent Hospital TouHocTn 93,06% B Habope AaHHbIX MedQA (Bonpochl
3K3ameHa Ha MegULMHCKYHO nnueH3unto B CLLIA), oxBaTblBatoLLEM OCHOB-
Hble pecnupaTopHble 3ab0/1eBaHUA. [axe Yy 04eHb XOPOLUMX BpaYeid, Ko-
TOPbIX Mas10, TOYHOCTL peako gocturaet 90%.

PykoBoauTenb McCneaoBaTenbCkom rpynnbl JIlo FAH pacckasan,
4TO MOC/e LWeCT! MeCsALEB MHTEHCUBHbLIX UCCNe0BaHWn 1 pa3paboTok
NIN-6onbHMLA 6/1M3Ka K MPaKTUYECKOMY pa3BepTbiBaHUO — V-Bpaun
noslyyar AOCTyn K 06CyXXMBaHWIO peasibHbIX NaLMeHToB. Mpon3oinTm ato
JIO/MKHO COBCEM CKOpPO, BO BTOPOi NonoBuHe 2024 r. HecmMoTpst Ha onTu-
MWUCTUYHbIE NPOrHO3bl, BHEAPEHWE U NPOLBUXKEHWE AUArHOCTUKN U Neve-
HWMA Ha OCHOBE UCKYCCTBEHHOIO MHTE/IEKTA MOXET CTOJSIKHYTLCA C Mnpe-
NATCTBMAMM. ViccnefoBartenn noLUYepKHYIN BXXKHOCTb CTPOroro cob/ito-
JEHNA HaUMOHaNbHbIX MEeAWLMHCKMX MpaBuA, TLLATeNbHOW MNpPOBEPKM
TEXHOMIOMMYECKON 3PeNnocTn N N3yyeHnst AheKTUBHbIX MeEXaHW3MOB CO-
TpyaHu4decTsa Mexxay I n niogbMun. 3T Mepbl HE0OX04MMbI 4151 CMSAT-
YeHWs NOTEHUMANTbHBIX PUCKOB N8 06LLECTBEHHOIO 34paBOOXPaHeHWs,
co3faBaeMbIX IN-TexHoNoruamu.

B nHTepBbio n3gaHnto Noema 6biBLUMIA reHampekTop Google noae-
NINNCA CBOMMW MPOrHO3aMW O HAanNpaB/IeHUN Pa3BUTUA TeHepaTMBHOIO
N, Ha3Ban Tpu OCHOBHbIX (PaKTOpa, KOTOPbIe BEAYT K MOSABNEHUIO CBEPX-
MOLHbIX VI, pacckasasn, K Yemy MOXET NPUBECTW FOHKa BOOPY)XXEHWIA
B 3TOM 06nactu mexay 3anagom 1 BOCTOKOM, a Takke OLEHWN, Ha-
ckonbko Kutaii otctaet otT CLUA B co3gaHunm nepefoBbix mogenein V.
Kak okasasiiocb, He cubHO. Mo MHeHuio LLUMnATa, rnaBHOe, YTO HY>KHO
MOHATb O COCTOAHWM Jen B 06/1aCTy reHepaTueHoro U, — poct nponseo-
OUTENIbHOCTM 3TON TEXHOOMMM MPOUCXOANT CEMUMW/BbHBIMU LIAramu.
HoBble nokoneHus mogeneit 6yayT NOABAATLCS NPUGAU3UTENBHO pas
B nosiTopa roga. TakMmMum Temnamm yxe yepes 3—4 roga Mup CyLLECTBEHHO
n3meHmTCA. LUMMAT Ha3Ban Tpu ABMXKYLUMX CUJbl 3TOr0 npouecca. Bo-
nepBblX, TaK Ha3blBAEMOE «OKHO KOHTEKCTa», NPOLLE roBops, 3amnpoc Ans
NIN. OHO y)XXe MOXET COCTOATb U3 MUNIMOHA C/OB; Y>Ke N306peTeHo bec-
KOHEYHO O00MbLLIOE KOHTEKCTHOE OKHO. 3TO 3HauuT, 4to U MOoXKeT
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[laBaTb MN0Nb30BATE/IO NOLUAroBble MHCTPYKLMUN O TOM, KaK BapUTb HAPKO-
TUKWU WM UCKaTb fIEKApPCTBO OT paka. «Yepe3 NATb NeT Mbl CMOXEM
co3fiasatb peuentbl 13 1000 waroB Ans pelleHUss BaXKHbIX Mpobsem
MeUUMHbI, MaTepnaioBefjeHUs WAN KIMMATUYECKOro WU3MEHEHUs», —
CKa3as OH.

BTopas ABMXKYLLAA cuia — «y/y4ylleHHas areHTHOCTb». ATeHTOM
Ha3bIBaOT GO/IbLUYHO A3bIKOBYHO MOZE/Ib, KOTOPas MOXeT U3y4uTb YTO-TO
HOoBOe. Hanpumep, NpounTaTtb BCKO NUTEPATYPY MO XUMUK, MPELIoKNTb
napy rmnoTes, NPOBECTN HECKO/IbKO TECTOB U CAeNaTh ONpeaenieHHbIe Bbl-
BOAbI. IX KONMYeCTBO BO3pacTeT A0 MUIMOHOB, OHN CTaHYT KpaliHe npo-
N3BOAUTENbHLIMU. TpeTbsl — U camasa BaXHad, no LLmMuarty — passuTtue
(DYHKUMWM «TeKCT B fJelicTBue». [onb3oBaTelb MOXET ckasaTb WN:
«Hanuwmn mMHe NporpaMmmHbIA Kog ans X», n Kog OyaeTt HanucaH. Bcee
BMeCTe 3TO OTKpbIBaeT MepCrneKkTuBbl, KoTopble LLIMWAT Ha3sbiBaeT
Hay4HO-(haHTaCTUUYECKUMMU.

«B Kakoi-TO MOMEHT 3TV CUCTEMbI CTaHYT HAaCTO/IbKO MOLLHbIMMU,
YTO areHTbl HAYHYT COTPYAHWYaTb. TBOW areHT, MOW areHT, ee areHT
M ero areHT 06beaMHAT CUMbI AN PeLleHns HOBOM 3afaun, — npegpek
LLImMnaT. — HekoTopble nosiaratoT, YTO 3TV areHTbl PasoBbiOT COOCTBEH-
HbI A3bIK 47151 00LLEHNS MeXay CO60iA. I ¢ 3TOro MOMEHTa Mbl NepecTa-
HeM MOHWMaTb, YTO OHW AenatoT. YTo Ham TOrga fenatb? BbiTawmTs
BU/IKY? ByKBa/lbHO OTK/IIOUMTL MUTaHWe KOMMboTepoB? Korga areHTsbl
HayHyT 00LaTbca U Aenatb TO, YTO JIOAN HE MOHUMAKOT, 3TO CTaHeT
peanbHol Npobnemoii». Mpon3oinaeT sTo, MO ero nNoacyeTam, NPUMEPHO
yepes 5-10 ner.

[Janee LUMnAT Bbipasui 03a604€HHOCTb TeM, YTO OTKPbITbIE UCC/e-
[0BaHMS Y UCXOLHble KOAbl reHepaTnBHbIX VW, KoTopble Ny6MKYHOT 3a-
nafHble KOMNaHuu, MOryT MONacTb B PYKW «3/blX NapHei» n3 Kutas,
Poccuu, VMpaHa, CeepHoit Kopen n Benopyccun. Mo3aTtoMy Tak BaKHO,
4TO6bI HanMboee MoLHble cuctemMbl VI, ocobeHHO Te, KOTOpble NPU6G/K-
XalTCA K YPOBHIO YHMBepcanbHOro VA, umenn Kakue-To BCTPOEHHbIE
MeXaHU3Mbl OrpaHuyeHns pacnpocTpaHeHns. OfHAaKO Ha CErOfHS X He
cyllecTyeT. He nckntovaet LUMUAT 1 BO3MOXHOCTU TEPPOPUCTUHECKNX
aKToB C npumeHeHneM W, He TONbKO KnbepaTak, HO U UCNO/b30BaHUA
6ronornyeckoro opy>xus. Noatomy npegsiaraet nogymarb Haj Kakum-
HU6YAb MUPHBIM [OrOBOPOM MEXAY BeAylMMWU [epXaBamu, 4eM-TO
Bpofe [loroBopa 06 OTKpbITOM Hebe, nognucaHHom ctpaHamu OBCE
B 1992 r., KOTOpPbIA NO3BONAN KOHTPOMPOBATb BOEHHYIO AEATENbHOCTb
coceaeii. Tem He MeHee 3TO Bpsf M OCTaHOBUT roHKY V. PaHo uamn
no3gHo B CLUA n Kutae nosBuTCA He6OMbLLIOE KOMMYECTBO KpaliHe
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MOLLHBIX KOMIMbIOTEPOB, CMNOCO6HBLIX CAMOCTOATE/IbHO CO34aTh HEYTO Ta-
KOe, YTO rocyapCcTBa He 3axX0TAT NMOoKa3sbliBaTb COOCTBEHHbLIM TpaXkaaHam
N/ KOHKypeHTam. Takue mMallunHbl 6yayT pacnonoXXeHbl Ha BOEHHbIX
6a3ax, NOLK/HOYEHHbIE K aTOMHbIM CTaHLMAM U OKPY>XEHHbIe KO/KOYei
MPOBO/IOKOI 1 NynemeTamu. Mo oueHkam LLmnara, B o6nactn N Kutaii
otcraet ot CLLIA Ha aBa roga.

B Kutae coobwmnmn o cosgaHun HUW ctaHpapTm3auum UCKyc-
CTBEHHOr0 MHTennekTa. Cpeau ueneii yupexxaennsa HAM — npogsukeHme
KMUTalCKNX pa3paboToK B Cpepe MCKYCCTBEHHOIO MHTENNEKTa, a Takxke
pacrnpocTpaHeHne «KUTAMCKOro noaxofa» K MCMosib30BaHUKO 3TON Tex-
HONOrnW. MNaBHbIV NPUHLMN 3BONKOLMM — 3TO pasHoo6pa3ve. K coxane-
HMIO, HALLIA 3/IEKTPOHUKA 3TOMY He cnefyeT, a notomy 99,99% Bcex KoM-
NbIOTEPOB NPEACTaBAAT COO0W YCTPOMCTBA HA KPEMHMEBOI OCHOBE. 3Ta
TeHAEHUMS Havanack B 50-X IT. NPOLL/IOro BeKa 1 NPOAO/IHKAETCA [0 CUX
nop. M cetvac Mbl NPULLAM K TOMY, YTO CUCTEMbI UCKYCCTBEHHOIO UHTEN-
NekTa, Hanpumep, ChatGPT noTpe6nd0T MpOCTO aACKOe KOJIMYecTBO
3Hepruun. B gaHHbIn MOMEHT anekTpocTaHumuy CLLIA ¢ 0rpoMHbIM TpyA0M
YL0BNETBOPAKOT pacTyLyMe He Mo AHAM, a No Yacam noTpebHOCTU aata-
LleHTpOB. M03TOMY HEKOTOpble Yy4YeHble BO/EA-HEBOMEN 3adyMblBatOTCA
006 afbTepHaTMBHbIX BapuaHTaX BblYMCANMTENbHON TeXHNKKU. CaMoli nep-
CMEKTUBHOM U3 HUX CUMTAOT 6OKOMNbIOTEPbl. OHM PaboTaloT Ha opra-
HOMAax, MUHW-KflacTepax, B COCTaB KOTOPbIX BXOAAT K/ETKU, CNeLuaibHO
BblpaLLeHHble /1 3TOro B 1abopaTtopusx.

Beayuleii KoMnaHWein B 3TOM HanpaBfeHUN CYMTAETCA LLUBELap-
ckas mpma FinalSpark. B Hauane 2024 r. ee COTPYAHWUKKM 3anyCTUIn
«Heliponnatopmy» — KOMMNbIOTEPHYHO CUCTEMY, KOTOpas paboTaeT Ha
opraHompax... 4YenoBevyeckoro mosra. J1l060i yyeHbIi MOXET NONYUUTb
[OCTYN K GMOKOMMbIOTEPY Yepe3 MHTEPHET 3a OTHOCUTENbHO CKPOMHbIe
500 pgonsn. B MmecsL.

FinalSpark — eJMHCTBEHHasa B MUpe KOMMaHUs, KOTopas npeLocTas-
NAET Takue ycnyrn BceM. Halla OCHOBHas LieNb — CO34aTb UCKYCCTBEH-
HbI MHTeNNeKT, noTpebnstowmin B 100 000 pa3 MeHbLLe 3Hepruy npu
CBOEeM 06y4eHuM. A Takol MOXKHO CO34aTb UCKIOUNTENLHO Ha 61onoru-
yeckoli ocHose, ®pea MxopaaH, oavH U3 pykosoauTenein FinalSpark.

BriokomnbloTep OT LWIBEALAPCKOMA (hMPMbI MPOM3BOAUT pacyeTbl Ha
Cep1K NPOLLECCOPHbIX 6/I0KOB, KaXA0M U3 KOTOPbIX BKNOYaET B cebs Ye-
Thbipe chepryeckmx opraHonaa mosra wmpuHo 0,5 Mm. B Kaxaplii opra-
HOWJ, BXXMB/IEHO 8 3N1eKTPOL0B. OHW He TONLKO CTUMY/IUPYIOT 3/1EKTPU-
YECTBOM MO3rOBblE K/IETKM, HO U CBA3bIBAOT GMOKOMMbIOTEP CO CTaH-
JapTHeiMn OBM (puc. 4.22).
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Puc. 4.22. YeTbipe KacTepa XX1BbIX HENPOHOB MOAK/OYEHbI
K aneKTpogam Ha umnne Neuroplatform ot FinalSpark

Ha HelipoHbl B opraHomax no creumansHoMy anropuTMy BO3fei-
CTBYIOT A0(aMUHOM, HEMPOMELMATOPOM XOPOLUEro HaCTPOeHUs. Takum
06pasoM, UMUTMPYETCA peaslbHas CUCTeMa BO3HArpPaXX4eHUs yesoBeye-
CKOro mosra. M ato JBoiiHoe 3neKTpofo(amMMHOBOE BO3LEWCTBME Tpe-
HUPYeT HelpOoHbl OpPraHoMAoB, MOOLLPSAS UX CO34aBaTb HOBble CBA3M
M nyTn. FpaKTUYecKn Takxe 06y4aeTcs XKMBOW Yesl0BEYECKWIA MO3T.
B FinalSpark yBepeHbl, 4T0, UCMO/b3ys OnpeAeneHHbIe 00yyatoLLve npo-
rpamMMbl, MOXXHO 3aCTaBWTb OPraHoMbl CbIMUTUPOBATbL UCKYCCTBEHHbIN
VHTENNEKT, paboTatoLLMIA Ha KPEMHMEBOI OCHOBE. Takxe 6MOKOMIMbIOTEP
crocobeH chopMmpoBaTh BHYTpY cebs nofobve LeHTpasibHOro npoLiec-
copa v BULEeoKapTbl.

YyeHble 1 BOO6LLE 1HOObIE XeNaroLLye MoryT nocMoTpeTb Ha opra-
HOWAbI M X NOBeAEHNE. 3TO TpaHCIMPYeTCA 24 Yyaca B NPsAMOM 3mpe.

Celfyac Hallia rnaBHas 3afjaya — HaimT paboumin cnocob, KOTopbIi
3aCTaBUT HeMPOHbI BbIMOMHATL BCE, YTO Mbl 3aX0TUM — [kopaaH.

Ha faHHbI MOMEHT yike 34 nccnefoBaTeibCKye rpynnbl U3 Beay-
LLMX MUPOBbIX BY30B 3an1casncb B 04epesb Mo UCrosb30BaHN0 GMOKOM-
notoTepoB FinalSpark. Moka 4To JOCTYNn NpefocTaBneH KomaHgam w3
MuuunraHa (CLUA), CBob6oaHOro yHuBepcuTeTa bepnvnHa n Koniektueam
13 cemn HMI. Tak kak pecypcbl 6uonornyeckux 3BC orpaHuyeHbl, 1c-
Cnefosateny JOroBOpUNCh, YTo ByAyT (hOKYCMPOBATLCA Ha PasHbIX ac-
nekTax 6MOKOMMbIOTUHIa. MUYUraHCKMe yyeHble, K NpuMepy, n3ydatoT
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XVIMUYECKME W 3NIEKTPUYECKME UMMNY/IbCbI, N3MEHAIOLLME aKTUBHOCTb Op-
raHongoB. Mo cyTW, aMeprKaHCKue cneuuanmncTbl NUwyT 6/10KK 415 Uc-
KYCCTBEHHOT 0 f3blKa, Ha KOTOPOM 6yaeT paboTaTh BMOKOMMbIOTEP.

B cBoto ouepefp, yuyeHble M3 JIeANUMICcKOro yHMBepcuTeTa npo-
OYyIOT UCNOMb30BaTb OPraHoMfbl B Pas3/IMYHbIX MOZENAX, NPeAHa3HaueH-
HbIX Ans 0by4yeHuns NW.

Hago npusHath, 4To 3BM Ha opraHougax B faHHbI MOMEHT BO-
06LLe He MOXET KOHKYPUPOBATb C KPEMHWEBLIM KOMMbIOTEPOM. JTO CBS-
3aHO C KpaliHe KOPOTKOM XW3HbIO OpraHonoB. B cpegHem Knactepsbl, U3
KOTOPbIX COCTOUT GMOMOrMYecKas BblUMCINTENIbHAA MallWHa, XUBYT He
60nee 100 gHeld. U 3T0 eLLe 04eHb XOPOLLINIA pe3ynbTaT: Koraa FinalSpark
TO/bKO HauvHaNa BbIpalLMBaTh OpraHounabl, KNeTK1 mMo3ra npoTarmBaiv
BCEro HeCKO/bKO 4acoB. Bnpoyem, cneupanmcTbl LWBeNLapcKoi Kommna-
HMW MOCTOSHHO Y/yULIAoT U ONTUMU3NPYIOT MpoLecchbl. C KaxabiM Me-
cALEeM OpraHomnfpbl BblpalLyBatoTCA BCe ObICTPee 1 fierye, No3Tomy ceiiyac
Ha «Heliponnatgopme» paboTatoT yxke 40 3000 KNeTOK YenoBeYeCcKoro
Mo3ra.

Momwumo FinalSpark, gpyrve nccnefoBaTeny Takxke ULy T 61onoru-
YeCKMe asbTepPHaTUBbI KPEMHMEBBLIM BblUMCIEHUAM. AHXeNb oHK-Mo-
PeHo, nccnefosaTenb U3 IcnaHnm, UyyaeT KNeTOYHbIe BbIYUCIEHNUS, Tae
XVMBbIE KNETKN UCMOMb3YHTCA /19 CO3L4aHNSA CUCTEM, CMOCOOHbIX BbINOSI-
HATb JIOTMYECKME OnepaLmmn 1 NpUHUMaTL peLLeHns. MoHn-MopeHo cuu-
TaeT, YTO K/IETOYHble KOMMbIOTEPbI MOTYT MPEBOCXOANTL KPEMHUEBLIE
aHasiorn B OnpefenieHHbIX 3ajadax, Takux Kak 6uopemeguaums. Mo-
CKOJIbKY K/IETKN MOTYT pearmpoBaTb Ha OKPY>XKaKoLLYH0 Cpedy, OHWU MOryT
MCNOMb30BaThCA AN MOHUTOPWHIA U BOCCTAHOB/IEHWSI MOBPEXAEHHbIX
aKocucTeM. Hanpumep, NOrpyHoin 6akTepranbHblii KOMMbIOTEP MOXET
npeaoCcTaBNATbL MHOPMaLMIO 06 YCMOBMAX OKPYXKatoLLeli cpeabl, pearu-
Pyst Ha XUMUYECKIME W JpYTUe Pas3fpaxXnTenu.

B 1O Bpemsa kak [OHW-MopeHO wuccrnegyetr 6GakTepuu, SHAPHO
Apamatuku 13 YHuBepcuTeTa 3anafHON AHIAMM WU3y4aeT BblYMCAN-
Te/bHbI NoTeHUMan rpnbos. OH 06HapYXXuA, Y4TO rPUBHOIN ML 06-
nafaeT 3NeKTPUYECKMMM CBOMCTBAMU, CXOXKMMU C HeMpoHamn. AfjamaT-
LKV CTPEMUTCA UCNOJb30BaTh 3TW CBOMCTBA A4/151 CO3JaHNSA BbIYNCINTE Tb-
HOW CUCTEMbI, UMUTUPYIOLLIEA MO3r. 3Ta CUCTeMa MOTEHLUMANbHO CMo-
Co6Ha K 06yYeHMI0, pe3epBHOMY BbIYMCIEHUNIO, PACMO3HaBaHWIO 06pa30B
n MHoromy gpyromy. KomaHga AgamaTiku yxxe obyumna rpubkoBsble
CeTU MoMoratb KOMMbKOTEPAM BbIMO/HATL MaTeMaTUyeckune ornepaumu
(puc. 4.23).
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Puc. 4.23. OpraHoung 4enoBeyeckoro mMosra

Mo cnoBaMm y4yeHOro, rpubKOBbIE BbIYMC/IEHUA UMEIOT MpenmMyLLie-
CTBa Nepez BbIYNCIEHNAMM C UCNO/b30BAHWEM OPraHOWAO0B MO3ra, Takue
KaK 3T14ecKas NpocToTa, 1erkocTb BblpaLlMBaHNs, yCTOWYMBOCTb K OKPY-
Xatoweli cpefie, HU3Kas CTOMMOCTb M COBMECTUMOCTb C CYLLECTBYHOLLMU
TEXHOMOTUAMU.

B03MoXHO, rprbHO MULEeNnii — Kyfa fy4lunii BbI6op Ans 61oKoMm-
MbloTepa, YeM K/IETKWM YesI0BEYECKOro mo3sra. MHorve yyeHble Boo6Le
CUATAKOT HE3ITUYHbIM WCMO/Mb30BaHWE HENPOHOB B HEMELULIMHCKNX
uenax. B HacTosAwwmin MomeHT pykoBoguTenb FinalSpark nonpocun no-
MOLLY Y (hMNI0COGIOB, YTOObI TE CMOT/IM PELLWTL STUYECKME NMPOTUBOPEUUs
(puic. 4.24).

Puc. 4.24. MpoToTnn rpnbHOro KoMnbioTepa
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C [pyroii CTOPOHbI, OpraHoWAbl MO3ra Ha MOpsiAOK MPEeBOCXOAAT
CBOMX TPUOHBIX «KONNEr», KOrfa Aeno KacaeTcsi CMIOXHbIX HEMpPOHOMo-
LO6HbBIX CTPYKTYP. [a 1 B BbIYMCNEHUAX KOMMbIoTepbl Ppefa [JXoHCcoHa
Kyfa 6bicTpee rpubHbix OBM JHapo Afamauku. Bee-Taku rpubsbl yeno-
BEYECKMM MO3ram OfIHO3Ha4YHO HEPOBHA. Tak 4TO, KTO Mpas, MOKaXeT
Bpems.

CerofHs cTaHOBUTCA ACHO, 4YTO VW npuWLwén HafoNro B XXU3Hb Ye-
NOBEYECTBa.

4.7. Agro-bio-nanotechnologies*

The 21st century is the century of nanoscience and nanotechnology,
which define its face. Nanotechnology, as a technological breakthrough in
the agricultural sector, has enormous potential, since it allows us to
combine economic efficiency and natural ingredients to solve many
agricultural issues. To achieve high efficiency in agricultural production,
new agrobionanotechnologies have been used in recent years [1]. Under
the auspices of FAO (FAO, FAO (Food and Agriculture Organization,
English) — Food and Agriculture Organization of the United Nations.
A special UN agency founded on October 16, 1945 to fight for the
implementation of one of the key human rights — the right to decent food)
has created a database of more than 160 projects using nanotechnology in
agriculture, which have been funded and developed around the world
since 2006. In recent years, throughout the world there has been an
increasing preference for agricultural products grown without the use of
pesticides. Numerous ‘“non-poisonous” preparations that can replace
pesticides are being introduced into agricultural practice. In crop
production, the use of nanopreparations, as plant protection products and
microfertilizers, provides increased resistance to adverse weather
conditions and an increase in yield (on average 1.5-2 times) of almost all
food products (potatoes, grains, vegetables, fruits and berries), technical
(cotton, flax) and other crops.

In protected ground, spraying plants with them strengthens their
immune system, helps reduce morbidity, increase plant productivity and
obtain high-quality products.

The effect here is achieved due to more active penetration of
biologically active substances and microfertilizers into the plant due to the
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nanosize of the particles, their special functionality and complex of
properties. Thus, using nanotechnology, the drug NanoGro, the complex
mineral microfertilizer GreenLift for pre-sowing seed treatment and foliar
feeding of plants, and many others have been developed. GreenLift
fertilizer is an aqueous suspension of compounds of biogenic macro- and
microelements associated with ultrafine and nanoparticles of solid oxide.
When processed, nano-sized structures are formed on plants, ensuring
high efficiency of the processes of mineral nutrition, protection and
development.

We are carrying out work (as part of the expansion and development
of research with the aim of introducing US patent 2459518 [2] into
agricultural practice) on the development of environmentally friendly
(nano)technology for pre-sowing treatment of seeds of various crops using
multicomponent multifunctional biologically active (nano)chips formed
on (nano)sorbents based on various porous matrices (natural modified
mineral (vermiculite derivative), active carbons and other carbon-
containing  sorption-intensive  materials) and  (nano)structured
polyfunctional systems using water-soluble synthetic and natural
polymers and their derivatives (polysaccharides — physiologically active
substance amino (oligo) polysaccharide — chitosan (biopesticide with
elicitor activity), cellulose derivatives and other certain ratios and
concentrations with the introduction into their composition of various
biologically active substances of both natural and synthetic origin.

Pre-sowing treatment of seeds using nanochips with new
environmentally  friendly multicomponent multifunctional (nano)
systems, including modified natural components (derivatives of modified
minerals, active carbons, oligo-, poly- and aminosaccharides,
oligochitosans and preparations based on them) and other physiologically
active substances was carried out on various Albanian wheat varieties
Dajti, Progres, LVS, as well as corn Rozafa 609B and Rozafa 685 (US
patent 2459518 [2]).

Field experiments were carried out in different soil and climatic
zones of Albania: northern, middle and southern:

1 - Tirana (AUT);

2 — Korca;

3 — Kosovo (Peja)) in four repetitions, records and observations of
the dynamics of growth, development, productivity were carried out, the
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structure of the yield of various crops was studied. The climate in Albania
is subtropical Mediterranean temperate. Summer is hot and dry (the
average temperature in July is from +24° C to +28° C). Winter is cool and
humid (from +14°C in the south to +6°C in the north). At the same time,
the temperature regime strongly depends on the altitude of the place above
sea level, so in some areas in winter the temperature drops to -12-20°C,
and in summer it does not exceed +10°C. Precipitation amounts to
600-800 mm per year, with the maximum occurring in autumn and spring.
In mountainous regions, annual precipitation amounts increase from
900-1200 mm, in the eastern regions — to 2000-2600 mm and more
on the windward western slopes of the mountains. At altitudes above
1000 meters in mountainous areas, snow cover lasts for several
months.

The production of (nano) chips, pre-sowing seed treatment and
evaluation of their effectiveness were carried out according to the patent
[2]. Conducting laboratory and field experiments, assessing the sowing
qualities of seeds, observations, records, analyzes were carried out in
accordance with generally accepted international standards, methods,
GOSTs and recommendations for research, as well as agricultural rules
for cultivating wheat and corn crops, adopted in various soil and climatic
regions of Albania and Russia ( Methodology for state variety testing of
agricultural crops, 1985). The results were processed using ANOVA
cluster analysis [3].

Laboratory testing of the sowing qualities of corn and wheat seeds
of various varieties was carried out under Phytotron conditions. The
energy of germination, laboratory germination of seeds were taken into
account, the length of the seedlings (sprout and root), and their wet and
dry weight in dynamics were measured (in four repetitions). Statistical
processing of experimental data was carried out [4]. Analysis of variance
showed that nanotechnology for pre-sowing seed treatment has a
significant impact on most of the studied plant characteristics (the length
of seedlings, roots and sprouts, their wet and dry masses, resistance to
pathogens and pests, as well as on indicators of crop structure and, as a
result, yield (Fig. 4.25-4.29).

Based on the results of field tests in Albania, the following was

revealed in certain versions of the experiments (with nanoprocessing). The
yield of wheat of the Dajti variety was 38.2 — 47.0 c/ha (in the control —

646



38.0 c/ha), of the Progres variety — 41.5 — 48.5 c/ha (in the control —
40.2 c/ha ha) and LVS varieties -41.8 — 44.2 c/ha (in control — 38.2 c/ha)
depending on the composition of physiologically active multicomponent
multifunctional (nano) chips (1-3) with elicitor activity for pre-sowing
treatment seeds, and the yield of corn, respectively, Rozafa 609B 98.2 —
118.1 c/ha (in control — 94.8 c/ha), and Rozafa 685 125.3 — 136.7 c/ha (in
control — 121.0 c/ha). Thus, a clear (strong) positive correlation (0.7)
(Fig. 4.29) was revealed between the morphological and biometric
characteristics of plants (the length of seedlings (root and sprout), their
fresh and dry weight, resistance to pathogens and pests and other
indicators crop structure), as well as the yield of different varieties of the
studied crops and options for using nanotechnology for pre-sowing seed
treatment using (nano) chips (1-3) with elicitor activity of various
compositions.

The test results obtained allow us to draw a conclusion about the
prospects of the developed (nano) technology for pre-sowing seed
treatment and the possibility of preparing 1-2 patent applications for new
ongoing research as part of the development of the concept of “pesticide-
free agricultural products” being developed.

Nanotech vanantsvs QLG‘D“ length of root

< o~ o (2]

Fig. 4.25. Map of cluster analysis of the influence of nanochip compositions
for pre-sowing seed treatment on the length of seedlings
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Nanotech variants vs Replication weight of seedling
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Fig. 4.26. Map of cluster analysis of the influence of nanochip compositions for
pre-sowing seed treatment on the mass of seedlings

Fig. 4.27. Cluster analysis map of various nanotechnology options
for pre-sowing seed treatment
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Fig. 4.28. Cluster analysis of experimental data on the effect of different
compositions of (nano)chips (1-3) for pre-sowing treatment of seeds of wheat
varieties (a-Dajti, b-Progres and c-LVS) on yield
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Fig. 4.29. Cluster analysis of experimental data on the influence of various
compositions of (nano) chips (1-3) for pre-sowing treatment of seeds of wheat
varieties (a-Dajti, b-Progres and c-LVS) on the studied morphological and
biometric indicators of plant growth and development.

(Infig 4.29. it is clearly shown three dimensional PCA. In this figure,
it is clearly demonstrated the significant impact of variant Il with nanotech.

In comparison to the other variants.)

Environmental safety of agricultural sector and quality of food
supply are both of great international importance. Without soil, we cannot
sustain life on earth, and in the case of loss of soil resources, they cannot
be recovered during the lifetime of one generation. The current escalation
of land degradation threatens the potential of future generations to meet
their needs. That is why the adoption of the Global Plan of Action for the
sustainable use and soil protection is a huge achievement. But we cannot
stop on that point. We need the commitment of countries and the civil
society to put these plans into reality. All this requires the political will
and investments to save valuable soil resources whichour agroindustrial
complexes depend on. The development of agricultural technologies
aimed at the rehabilitation of anthropogenically destroyed areas is one way
to resolve the situation.
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Soil quality is the main aspect in agricultural production; the soil is
exposed to great stress as a result of intensive pesticide usage. It is widely
known that to remove pesticide, xenobiotic or other toxic substance
residual quantity from the soil, various sorbate — detoxicants of natural
and unnatural origin [5] his problem becomes even more urgent today,
when ecological crisis is deepening, the need in nature conservation
technology is also becoming greater . Application of active carbons (AC)
as high-quality sorbents , and inactive high-porous matrix carriers of
active components is of particular interest for resolving the problems of
agro-industrial sector. It is to be noted, that to resolve the problems
connected with the environment, more than 10% of activated carbon
materials are used, such materials are produced by manufacturers all over
the whole world [6]. In Table 4.1, there are internationally important
technologies of active carbon application for biosphere “ecologization”.
Besides, one should mention new threats rising all the time, to deal with
which AC is needed.

Owing to their physicochemical properties carbon absorbents
(active carbons) are unique and ideal adsorption materials, which allow of
resolving various problems connected with chemical and biological safety
of humans, environment and infrastructure . Active carbon are high-
porous carbon materials with highly developed internal structure (1000-
2000 m2\g). This property is the result of high internal porosity, which
includes macro-, meso- and micropores. Such porous structure of active
carbon (micro- and mesospore size) absorbs all kinds of organic trace
contaminants due to its adsorptive capacity (surface interaction
processes). Microspores of carbon absorbents have slit-like form and are
expressed as their half-width — x. To micropores we refer pores of x<0,6-
0,7 nm, and also some bigger pores (0,6-0,7 < x < 1,5-1,6 HMm), called
supermicropores. Exactly in these pores the admixture absorption takes
place due to Van der Waals' forces and their non-specific interactions. It
means carbon absorbents are standard nanomaterials. Certain microspore
nano-structure formation is a process taking place during active carbon
obtainment through application of some specific raw material and certain
thermal treatment regimes (drying, carbonization and activation). The
macropores and mesopores of active carbons and carbon absorbent act as
transport links and influence on process kinetics. Macropores possess an
effective radius (ref) of more than 100-200 nm, but their surface makes
only 0,5-2,0 m 3g.

651



Table 4.1
Technologies of active carbon application for biosphere “ecologization”

Part biosphere Carbon absorption technology
Atmosphere Solution recuperation

Sanitary end gas purification , including
desulfurization

Nuclear power plant gas purification
system

Recovery of transport fuel gas
Chemical weapon elimination

Solid domestic and sanitary waste
elimination

Cleaning of the air in living and working
space (air conditioning)

Hydrosphere Drinking water purification
Water-borne wastessterilization

Liquid radioactive waste treatment
Gold nonferrous materials mining
Lithosphere Soil protection from xenobiotics,
including pesticides

Soil resuscitation

Sanitary control of water sources zones
Human Individual and collective protection means
of filter type/

Chemical pharm., vitamins, antibiotic
production

Enterosorption and hemosorption
Environmentally safe products
manufacturing

Mesopores (transitional pores) have efficient radius from 1,5-1,6 to
100-200 nm and their specific surface is 50-100 m 2g, some certain
samples have the surface of 300-400 m 2g. The parameters of carbon
active porous structure are shown in Table 4.2. In various literature
sources, for example, one can find vegetation and field test results of
active carbon application as efficient means of soil fertility restoration,
lost due to soil exhaustion and soil contamination with residual
chlorosulfon and other herbicides. By studying kinetics of chlorosulfon
extraction from a solution with the help of active carbon, S.I. Shmelev
showed that in three days within the etalon experiment 95% of
chlorosulfon turned into the absorbed state of AC. In this work active
carbon application for tomato and houndsberry protection against
metribuzin herbicide and its mixtures with napropamide is studied.
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Porous structure of active carbons

Table 4.2

Poretype Porevolume sm’\g Poresize, nm Porens]l;\rgace’
Macropores 0,2-0,6 Poreradius>100-200 | 0,5-2,0
Mesopores 0,1-0,4 Pore radius 1,5-1,6 50-200
(transition pores) —100-200
Micropores:

Micropores proper | 0.3-0.7 slit half-width size | 1200 — 1500
<0,6-0,7

Super micropores 0,1-0,3 slit half-width size 500- 800

Total pore volume | 0,7-2,0 0,6-0,7-05-16 1800-2000

As raw materials to obtain active carbon one can use coal, peat,
timber, shell, various plant residues and other cheap materials.

For resolving environmental problems of the agricultural sector such
active carbons have certain advantages, for instance, selectivity of organic
toxin absorption, absorption properties universality, high absorptive
capacity, hydrophobicity, they are also suitable for preparations (powder,
granules), and more than that their price is low (0,8-1,5 $US per kg).

Below there are the results of various vegetation methods
application, greenhouse and field tests, these data have been obtained from
the study of carbon adsorption and soil detoxication, when the soil was
contaminated with various herbicides. In particular, the results of
vegetation tests on the podzolic soils near Moscow are shown in Table 4.3
and photo 4.30-432.

Table 4.3

The efficiency of soil fertility restoration, when the soils are contaminated with
herbicide residues and modified active carbon (application dose — 100 kg\ha)

Herbicide Preserved yield data,
Herbicide residues in soil, Culture culture tests, % the to
g\ha contaminated level
Chlorosulfon (CSF) | 0,2 cucumber 16-20
beet 58-63
garden radish 23-28
Terbisil 14 cucumber 23-27
beet 64-69
garden radish 30-39
Pikloram 2 cucumber 22-24
Simasin 50 tomato 22-26
Chlorosulfon 0,4 tomato 98-100
0,4 beet 98-99
0,4 garden radish 98-100
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Photo 4.30.

Photo 4.31.

Photo 4.32.
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Photo 4.33.
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In Table 4.4 the results of field tests in Krasnodar chernozem have
been shown. In both cases (according to the data from Tables 4.3; 4.4) the
unique effect of herbicide residues “elimination” in various sowing tests

is obvious.

Table 4.4

Agricultural crop yield against the background of herbicides and active carbon
(AC) application at doses 50 kg\ha

Herbicide and dose | Yield against the Yield after AC | . Yield
Crop background, bacl_<g_round of application increase, c\ha
vkg\ha herbicides, c\ha PP (%)
Corn Treflan 1,4 53 78 25(47)
(per grain)
Tomatoes Treflan 1,5 333 652 319(96)
Sugar beet Treflan 1,5 343 416 73 (21)
Rice Ronstar 2,0 60 72 12 (20)
Bulb onion Ramrod 8,5 228 295 67 (29)
Cucumber Treflan 1,0 85 202 117(138)
Soya Dialen 9,0 11 24 13(118)
Winter wheat* | Unidentified 43 49 6(14)
residues
Corn* (green Unidentified 342 592 250(73)
Mass) residues
Rice Unidentified 63 85 22 (35)
residues

*— active carbon dose 100 kg\ha.
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One should especially note that, in the tests with various agricultural
crops cultivated (beetroot, garden radish, cucumber, tomato) in the soils
which were not contaminated with herbicides, a positive influence of
carbon absorbents on the tested crops has been detected.

Table 4.5 shows the influence of various absorbent brands and doses
on table beet growth according to the vegetation test conducted All-
Russian Research Institute of Phytopathology (Golitsyno c. Moscow
region).

Table 4.5
Table beet growth depending on various absorbent brands with the soil
contaminated

Contaminating substance Plant green mass, in % to the control variant
dose —HSF, kg\ha uMb-1 | umpb-2 | UMD-3
Adsorbent norm 0 kg\ha
0,1 3 9 16
0.2 2 2 6
Adsorbent norm 100 kg\ha
0,1 12 g 46 g25
0,2 8 27 16
0 102 105 134
Adsorbent norm 200 kg\ha
0,1 25 100 34
0,2 21 92 20
0 105 111 201
Adsorbent norm 400 kg\ha
0,1 40 93 145
0,2 37 101 124
0 107 116 210

* UMD -1 - powder form (active carbon + natural clinoptilolite), UMD -2 —
powder form (active carbon + synthetic zeolite, UMD -3- grained form (active carbon +
natural clinoptilolite); in all the absorbent compositions the masses are the same.

Test crops mass increase by 10-15 % along with active carbon dose
increase from 100 to 400 kg\ha can probably be explained by certain
endogenous phytotoxins, typical for this crop, accumulating in the soil
during the natural process of soil exhaustion and then connecting to the
absorbent.

The results of comparative research works conducted on the range
of agricultural crops being cultivated in the soils contaminated with
herbicides like treflan (1 kg \ ha) and 2,4 D (2,4- dichlorophenoxyacetic

656



acid) (5-10 kg\ha), in accordance with the conventional cultivating
technology using carbon adsorbents, have shown that introducing the
absorbent into the contaminated soils in the amount up to 100 kg \ ha (in
case with barley crop this amount was up to 200 kg \ ha) can allow of
reducing (or sometimes even prevent) herbicide accumulation in plant and
vegetable products (Table 4.6).

Table 4.6
Herbicide content in agricultural products
Herbicide and its Active carbon Test  crop Herbicide content in
dose, kg\ha dose, kg \ ha products, mkg \ kg

Treflan -1 - Tomatoes 28

Treflan -1 100 Tomatoes 0.6

Treflan -1 - Carrot 95

Treflan -1 100 Carrot Not detected
24-D-5 - Barley 220

24-D-5 200 Barley Not detected
24-D-U - Barley 670

24-D-U 200 Barley Not detected

The same results have been obtained from corn cultivation in the
soils contaminated with herbicide atrazin (Table 4.7).

Thus, the application of active carbon for soil detoxication by
fixation herbicide residues have two main aspects: yield increase in
contaminated soils by 20-80% and an opportunity to obtain yields brought
up to the “dietary” mark.

Table 4.7
Atrazin accumulation in corn
Active ATRAZINCONTENT, MKG \ KG
carbon In green mass to ensilage at doses | In grain forms at doses of atrazine,
dose, of atrazin, kg\ha kg \ha
kg\ha 8 16 32 8 16 32
0 2 5 13 7 11 29
50 Not Not 1 Not 1 2
detected detected detected
100 Not Not Not Not Not Not
detected detected detected detected detected detected

Both effects are conditional on pesticide absorption in the soils
containing active carbon, that means fixating pesticides within the
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structure of active carbon, thus making them unable to penetrate plants
and their root system, it also prevents them from further spreading in the
soil. Thus, the negative effect of these toxins on crop yield is being
reduced.

Besides, it has been noted that the xenobiotics absorbed by active
carbons are also unavailable for destructive soil microorganisms, and also
only after desorption of this type of contaminating substances into the
aqueous phase, they start being influenced by microflora. However, this
process is quite energetically costly (timeconsuming also), that it will take
the soil 3-4 years for natural purification. One should note that active
carbon by itself does not affect plant life and soil biota activity. The safety
of these components is proved by the fact that they are used as efficient
absorbents of various toxins of exo — and endogenous origin in medicine
and veterinary for human and animal treatment without any restrictions
(Table 4.8).

Table 4.8
Herbicide detoxication and crop development levels when using active carbon at
doses 100 kg\ha
Crop, herbicide and the Herbicide content .
N . Green mass increase, %
dose g\ha decrease in soil, %

Garden radish, 40-45 23-28
Chlorsulfuron, 0,2
Cucumber, Picloram, 2 33-37 22-24
Tomato, Simazin, 50 34-40 22-26

These data are also supported by the results, obtained in Krasnodar
All-Russian research institute of biological plant protection by Belousov
V. C. and Shmelev V.1. who studied chlorsulfuron extraction kinetics with
the help of active carbon CKT (Fig. 4.34). Thus, the mechanism of
herbicide fixation consists in herbicide absorption by active carbons. As it
is obvious from the Kkinetic curve (Fig. 4.34), within tree days
chlorsulforon almost disappears from aqueous phase and becomes and
absorbed substance.

Studying the method of biological degradation of benzotiazole in the
soil, which is formed as a result of tyre rubber interacting with asphalt
roads, benzotiazole is a very strong carcinogen, these authors used 76
bacteria varieties from microbe bank of Moldova, two of them
decomposed the xenobiotic successfully. In the soil there are 10 times
more bacteria and fungi than in any research bank, so it means there is
always a destructor of this or that pesticide. In case of specific strain-
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destructors, introduced on active carbons, carbon pores protect them in the
aggressive natural soil bio flora, allowing them to grow and breed, feeding
on pesticide, absorbed from the soil. In this case, purification increasing
effect exhibits a synergistic behavior.

C. micromole \l
C, MKMOnb/N

100 ¢

80

: ——
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Bpems, 4
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Fig. 4.34. Kinetic curve of chlorsulfuron absorption from aqueous solution by active
carbon of CKT brand

Besides, the destruction of pesticides on the surface of active
carbons, may, probably, take place, due to the oxidation, where
oxygencontaining groups take their part, to the catalysis in certain active
points, physicochemical influence of absorption potential of micropores
and the other mechanisms. The efficiency of active carbons application in
agricultural technologies is defined not only by its type (raw material type,
absorbing pore size, transport and absorbing pore correlation), but also by
application methods (grains and suspension, overall application,
application in patches or in certain areas of seed sowing, embedding depth
and other factors).

The newest approach in this area is a sorption-biological soil
remediation,developed by “Neorganika” company together with Institute
of Physicochemical and Biological Problems of Soil Science this approach
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is connected with soil cleaning method, based on using small doses of
absorbent (1-5% of soil mass), which is put into the soil together with
specifically grown microbe strains — pesticide destructors. On the
figure 4.35, for instance, the results of propanid pesticide destruction tests
are shown, where the pesticide got in the soil as a result of the car accident
with a truck-mounted tanker having taken place in Krasnodar region. This
method, apparently, can be adapted to soil cleaning, where the soil are
contaminated with various organic chemicals, petrochemical and other
poisonous products. With the average rate of active carbon application,
the active carbon brand AG 25-100 kg\ha, the expected economic growth,
caused by various crop yield increase, can be amounted to 550-1800 US$
from one hectare. Thus, only on Moscow soils (including flood and
greenhouse lands) are estimated at 70 US$.

Propanid in natural conditions,
propanid bio destruction, dichloraniline, mg\kg

10000
1500
5000

2500

h §

ﬁl 100 150 |zbo 250 }
o |m|wv | v | vijve|[vm| X | X |

days \ months

Fig. 4.35. The dynamics of propanid concentration changes (1 and 2) and DCHA
(3 and 4) in the soil on the site of the accident.(Solid line — observed, dashed line —
the soil without treatment, the arrow shows the beginning of the works aimed at
accident consequences elimination by adding active carbons (50 kg\ha) and MFDD
(microorganisms for dichloraniline destruction) (105 cells\ g) into the soil)

Some certain soil detoxication aspect is connected to defoliant-
substance application, causing leaf exfoliation. These substances, used
during cotton harvest, were used by US army in Vietnam to destroy tree
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leaves to find out the enemy dislocation. In nature these substances
transform into dioxins — extra poisonous substances for humans.

The preliminary experiments, conducted by All-Russian Research
Institute of phytopathology, have shown that adding active carbons to the
soil, contaminated with such xenobiotics, leads to these absorbents
extraction from the soil and fixating them in the porous structure. As a
result, the negative influence of xenobiotics on the lithosphere and
hydrosphere is reduced.

The research works conducted nowadays are aimed at active carbon
obtainment from various agricultural crop residues (straw of oil and grain
crops) and their further application as a promising annually renewable
source for sorbate development and, thus, for, agricultural soils
improvement.

To define the properties of the active carbons obtained during the
research works, we used State Standards and methods, along with the
surface area and solid material porosity analysis device ASAP 2020.

The sorbates obtained by rape, barley , wheat and straw processing
into active carbons according to the method (product yield amounts from
8,4-16,0%) have total pore volume from 3,53 cm 3\g to 4,14 cm 3\g,
ultimate sorptive volume from 0,28 to 0,73 cm 3\g, micropore sizes of
0,6-1,0 nm, sorptive power according to iodine from 39,0% to 43,0%,
according to methylene blue — from 37,0 mg/g to 87,0 mg\g, which allows
of using them for soil detoxication from pesticide residues, because they
meet the requirements, especially set to sorbates for “soil” improvement.
Agricultural sorbates have to hold on pesticide molecules and their
destruction products. Besides, transport porosity of agricultural sorbates
should be well developed to provide the necessary absorption speed.

The researches that we conducted, taking sunflower crop as the
example, according to the method have shown the rapid decrease of
metsulfuron-methyl herbicide phytotoxic activity (Singer S.P.) from
73,2% to 4,9% when using agro sorbates based on active carbons from
rape, barley and wheat crops, during the sowing period ( this index of
carbons Swiss Norit company, Grosafe brand, as the result of using active
carbons, amounted to 12,2%, and AC from antriatsit — 51,2%). The
average mass of the sunflower plants cultivated (in vegetation tests)
changed from 1,1 g, when herbicide Singer had been put into the soil, to
3,9 g, when the active carbons, made of wheat and barley straw, had been
put into the soil together with the herbicide (in the control variant this
index amounts to 4,3 g (photo 4.36), which proofs of a quite high
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detoxication activity of the sorbates, obtained from plant residues of grain
crops.

Photo 4.36. K — control, 1 — Zinger, SP, 2 — AC from barley straw, 3 — AC of wheat
straw, 4 — AC of rape straw, 5— AC of antriatsit, 6 — AC of Grosafe brand
(Switzerland)

Conducting researchworks on detoxification of soil with the
sorbents of diverse nature, including active carbons obtained by
processing the straw of different crops (brassica oilseeds, cereals and
others) before sowing breeding samples of different cultures to optimize
the selection process is currently very accute approach because the rest
residual amounts of pesticides (herbicides, insecticide, fungicide,
bactericide, and other plant protection chemicals) in the soil have an
inhibitory effect on the productivity of many species of plants, thereby
they significantly distort the results. In breeding practice there has always
existed the problem of increasing the objectivity of the field evaluation of
selection samples (lines, accessions) by leveling diversity of soil fertility.
Therefore, a comprehensive approach to the preparation of soil and seeds
for sowing, and that forms the basis of the research data on the leveling of
the harmful effects of various toxicants in the process of breeding.

Taking into the consideration that the active carbons have no adverse
effects on plant life and activity of soil biota, as evidenced by numerous
studies, and the fact that many preparations containing such carbons are
used as sorbentsin medical and veterinary practice for the treatment of
humans and animals, effectively linking various toxins of exogenous and
endogenous origin, the research works were conducted to study the effect
ofcarbon — adsorbtion detoxification of soil on growth, development of
rape plants in the process of selection. For this, two approacheswere used:
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the first is to introduce active carbons and similar carbon adsorbents into
the soil in certain dosestogether with the seeds (if sowing) using
agricultural  machinery,followed by their introductioninto the
predetermined depth, as described above in the cultivation of various
crops; and the second isto apply them to the seed surface consisting of
(nano) chips for the treatment of. The selection of specific ways of
introducing these materials into the soil within this method is carried out
taking into account the toxicological indicators of soil and agro-climatic
features of the studied areas.

The increase in weight and length of rape sprouts in field trials in
the initial period of development of the different varieties of this crop
11,0-19,0%, contributing to the increase of yield up to 10,8%, was due to,
probably, the bondage of carbonaceous adsorbents of "some" endogenous
stufftypical only to the given culture of phytotoxicants accumulating in
soils under natural soil exhaustion , and fixing the residual amounts of
herbicides, pesticides and other xenobiotics especially. dangerous,
allowing, in the end, to slightly “smooth" the diversity of soil fertility and
getting in the future environmentally friendly or safe products (6-8).

Scientists have found that the cheapest and most environmentally
friendly herbicide delivery systems are capsules made from biochar, silica
and clay minerals. The authors came to this conclusion after studying
articles devoted to innovative methods of weed control. At the same time,
silica is also convenient because the rate of release of the herbicide from
it can be adjusted within the range from several hours to a month. Such
systems will prevent the penetration of agrochemicals into groundwater
and surface water bodies, as well as increase the effectiveness of the drug
in controlling weeds to protect grain crops.

In agriculture, herbicides are widely used to control weeds, many of
which contain 2,4-dichlorophenoxyacetic acid (2,4-D). This compound is
included in more than 1,500 different drugs. It is especially valued for its
effectiveness and selective action, since it suppresses the growth of weeds
such as shepherd's purse, thistle, grasshopper, quinoa and others, without
harming most types of agricultural grasses. This makes 2,4-D ideal for
crop protection and lawn care.

However, the use of 2,4-D herbicide in concentrations necessary for
effective weed control results in its release into groundwater and surface
water bodies. This, in turn, can worsen the condition of algae, fish and
other inhabitants of aquatic ecosystems. Moreover, traditional spraying of
crops with the drug leads to its uneven distribution, which is why the
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treatment has to be repeated. Therefore, to improve the safety and
effectiveness of 2,4-D, scientists are developing new ways to use it.

Researchers from the Southern Federal University (Rostov-on-Don)
compared the methods of targeted delivery and controlled release of the
drug 2,4-D described in the literature. Such capsule materials are offered
because they firmly hold the herbicide, but after the drug is introduced
into the soil —when the temperature and acidity of the environment change
— it is gradually released. Delivery systems like these are convenient
because they release 2,4-D in the topsoil — near the roots of weeds —
ensuring that virtually all of the herbicide reaches its intended purpose,
doesn't seep into the groundwater, and isn't wasted.

The analysis showed that biochar-based capsules release up to 80%
of the herbicide within 8 days, while 75% less enters the groundwater of
the drug than with standard spraying. However, with such use, the rate of
release of the drug cannot be controlled.

Silica-based capsules, on the contrary, are very convenient for
controlling the intake of herbicide into the soil. So, by changing their
porosity and charge on the surface of molecules, it is possible to achieve
that 80% of the substance will get into the soil in a time from several hours
to a month.

"When choosing a delivery system, you need to take into account
the time it takes for the drug to penetrate the soil. So, ideally, most of the
herbicide should be released in the first few hours to have a pronounced
effect on the weeds. This is important, since low doses of the herbicide
can lead to the appearance of weeds resistant to this drug. Further, the
residue of the substance should slowly enter the soil for a longer time in
approximately the same concentration," says Vera Butova, a participant in
the project supported by a grant from the Russian Science Foundation,
Doctor of Physical and Mathematical Sciences, an employee of the
International Research Center "Intellectual Materials" of SFedU.

In order to use clay minerals as carriers, surfactants must first be
applied to their surface, which allow the herbicide to be retained and
released in a controlled manner. With the help of such modifications,
scientists managed to achieve that up to 64% of the active ingredient was
released from the capsules in a week.

Studies conducted with polymer carriers for 2,4-D have shown that
this method of delivery increases the effectiveness of the herbicide by 1.5
times due to the fact that the substance is not "dispersed™ in the soil. This
will allow the preparation to be used in lower concentrations and thereby
reduce its impact on the environment. However, this approach is
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significantly more expensive than biochar, silica and minerals. In addition,
it remains unclear whether delivery polymers will harm soil ecosystems.

According to experiments, hydrogel capsules evenly release 79-95%
of the herbicide over 10 days, while their effectiveness turns out to be
comparable in some cases, and in others even greater (depending on the
composition of the hydrogel) than that of a pure herbicide. Another
advantage of hydrogel capsules is ease of storage and delivery. "In
general, all the delivery systems we have considered are promising and
can be used in agriculture. They improve weed control efficiency, reduce
environmental impact, save costs, and improve user safety. As these
technologies continue to evolve, they promise to play an increasingly
important role in sustainable agricultural practices,” concludes Vera
Butova.
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4.8. Experience in obtaining foamed non-isocyanate
polyurethanes*

Polyurethanes currently dominate the global thermal insulation
foam market. The main disadvantage of these foams is the use of toxic di-
and polyisocyanates.

Active research is underway to develop foamed polyurethane foams
based on NRPU. Weak elaboration of the issue is due to the following
factors. Firstly, the impossibility of isolating the blowing agent in the
reaction of forming NRPU, in contrast to the classical reaction of
obtaining polyurethanes, where the release of CO,, which forms the foam,
occurs directly during the formation of the polymer due to the hydrolysis
of the isocyanate group. Secondly, only recently there has been a trend
towards state regulation in the field of polyurethanes in order to replace
unsafe isocyanates.

The first mention of the possibility of forming foam based on NRPU
refers to the US patent 2014/0191156A1 [1]. The patent describes the
creation of a new cyclic carbonate monomer that can be used as a reactive
intermediate for the production of various polymers. The basis for cyclic
carbonates in the invention is divinylareneoxides, which are proposed to
be converted into the corresponding carbonates at a temperature of about
100C under a CO; pressure of about 5 atm, using TBAB as a catalyst.
Directly foamed NRPU is proposed to be formed by the reaction of
carbonates with the TETA hardener, using cyclohexane as a foaming
agent, and surfactant as a foam stabilizer. However, none of the properties
of the resulting foam in the patent is not disclosed.

A method for forming a non-isocyanate composition for spraying,
as well as a device for implementing the process and formulations for
forming a non-isocyanate foam are presented in US patent
2015/0024138A1 [2]. The spray mixture consists of two components fed
into a heated mixer. Chemically, this patent is based on the reaction of
high epoxy number dianic epoxides and a hydroxyurethane intermediate.
It is essentially a reaction between an epoxy and an amine-type urethane
hardener. This, of course, contradicts the general approach to the reaction
of cyclocarbonate and amine, but given that epoxides react with amines
better than carbonates, this approach is justified. The patent implies the
use of fluorine-containing freon as a blowing agent. The foam obtained
according to the invention is not inferior in density characteristics
(25-40 kg/m3) and rigidity (0.2-0.4 MPa). However, the heat-conducting
properties remain rather low: 0.4-0.7 W/(m?*K).
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For the first time in scientific publications, foamed NPCs were
obtained from poly(propylene oxide) bis-carbonate and trimethylol
propane tricarbonate and two amines. Equivalent amounts of blowing
agent (MH 15) were used for foaming. An outgassing reaction proceeded
between the amine groups of the hardener and the SiH groups of MH15
by releasing molecular hydrogen. The synthesized foams are elastic foams
with high density, and their structure and thermal properties depend on the
degree of crosslinking provided by the difference in the functionality of
the cyclic carbonate and the structure of the amine [1].

The technology using supercritical CO2 was also applied to obtain
foamed NRPU. To this end, cyclocarbonates based on polyethylene glycol
diglycidy! ether and epoxidized soybean oil (ESBO) were obtained by
CO, cycloaddition using a two-component organocatalyst consisting of
salt and fluorinated alcohol. NIPU was obtained by stepwise melt
polymerization with a biologically derived amine-active oligoamide.
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Fig. 4.37. The polymerization process
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Polyhydroxyurethane

Fig. 4.38. An example of a reactor

“ 1
R 1
& 2N
3 e
= ’m\:_‘;‘:,,nms
* a
oy

Fig. 4.39. The polymerization "map"’

Finally, NIPU foams with fine pores (1-20 pm), low density
(d = 110 kgm?), and rather low thermal conductivity (A = 50 MW m™ K)
were obtained by a two-stage periodic foaming method. The method
consists of impregnation of NIPU samples with carbon dioxide under
supercritical conditions before their expansion at a temperature of
80°C [4].

In the same year, a versatile process was introduced to make 100%
plant-derived NIPU flexible foams made by curing mixtures of
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trimethylolpropane-based cyclic carbonates (TMPGC/EO-TMPGC) with
HMDA. Freon (Solkan 365/227) was used as an environmentally friendly
blowing agent. Blending the flexible EO-TMPGC with the rigid TMPGC
significantly improved the handling of the NIPU foam and allowed full
control over the properties of the NIPU foam. With an increase in the
content of EO-TMPGC, the viscosity of the carbonate mixture decreased,
which was accompanied by a decrease in the glass transition temperature
of NIPU. Thus, it is possible to obtain flexible bio-based NIPU foams for
car seats using carbonate mixtures with a composition of 60 wt. %
TMPGC and 40 wt. %EO-TMPGC. The presented NIPU flexible foam
showed a low density of 83 kg/m® [5].

Flexible NIPU foams have a very good hysteresis value of 13.3%
combined with a hardness of 3.0 kPa. Unlike modern NIPU blowing
agents and silicon-based chemical blowing agents, fluorocarbons are not
incorporated into the polymer structure, do not require high pressure, and
do not release flammable hydrogen. Since the properties of NIPC are
determined solely by the composition of the mixture of carbonates, mixing
different carbonates eliminates the need to include less reactive long chain
diamines such as Priamine 1047 or Jeffamine, which can cause side
reactions due to longer reaction times.

Partially self-inflating and self-curing bio-based polyurethane foam
from glucose-based non-isocyanate starting materials (g-NIPU) was
obtained by the reaction of glucose with dimethyl carbonate and
hexamethylenediamine [6]. In this work, g-NIPU-based self-inflating
foam was prepared at room temperature using maleic acid as an initiator
and glutaraldehyde as a cross-linking agent. The resulting self-inflating
rigid foams have good resilience, which is directly proportional to the
density of the foam. Increasing the amount of glutaraldehyde or
decreasing the amount of maleic acid thickens the cell walls and increases
the density of the foam.

Another example of an environmentally friendly solution leading to
materials entirely from natural raw materials is the production of NIPU
from lignin using biomass as a precursor for cyclocarbonates and for
hardener. For the first time, a unique non-toxic cyclocarbonation scheme
was used. NIPU have been obtained with properties comparable to those
of classical cyanate polyurethane. The simplicity and safety of the
presented technique open up the possibility of a wide application of lignin
chemistry. The disadvantages of the method include the need to use
hydrosilanes for foaming and the overall high density of the resulting
foam [7].
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In another work, a cascade reaction was carried out to obtain self-
foaming non-isocyanate polythiourethane foams [8]. Dithiocarbonate ring
opening results in in situ formation of a thiol capable of reacting with
conventional cyclic carbonate to release CO2, which is an interesting
alternative to commercial polyurethane foams. The method uses previous
developments of the Pearson reaction, but without the direct use of thiols.
The use of a dithiocarbonate with a higher reactivity than the cyclic
carbonate made it possible to obtain a porous material at a moderate
temperature (50°C). The necessary parameters were determined to obtain
foam with optimal performance: Catalyst, 90 °C and DTC ratio are critical
to obtain a well-foamed HRPU. Foam properties can be adjusted with
various additives. The use of surfactants results in a microporous material
with a predominantly closed cell structure. Large cell foam formation is
provided by additives using Pickering stabilization. The thermal stability
of the material was improved with the help of flame retardant additives.
The prospect of the method lies in the use of a mixture of carbon dioxide
and carbon disulfide to obtain cyclocarbonate and thiocyclocarbonate,
which avoids the stage of their mixing.

Despite the published promising results with NIPU foams, the
development of exothermic endogenous self-purging approaches that can
compete with the versatility and simplicity of isocyanate-based
formulations is critical. High temperatures or an external blowing agent
are needed to stimulate the foaming of HRH foams.

The first industrial production of NIPU was founded by "Nanotech
Industries, Inc." (USA, California) [9-10]. For the development and
development of industrial production of non-isocyanate polyurethanes and
hybrid materials based on them, the company received the Presidential
Green Chemistry Challenge Award in 2015. The award-winning work was
carried out under the direction of Professor Oleg Figovsky, then director
of science and development at Polymate Ltd. In the same place, for the
first time, an industrial technology was created for obtaining coatings,
monolithic floors and foamed polyurethanes that do not contain toxic and
carcinogenic isocyanates at all stages of the technological process.

In the process of developing "green technology”, Polymate Ltd. has
developed several cutting-edge technologies protected by more than 10
US, European and Canadian patents. Non-isocyanate polyurethanes are
obtained by the reaction of oligomeric cyclocarbonates, including those
based on vegetable oils and oligomeric primary amines. Such
polyurethanes have high strength, impact and wear resistance, as well as
hydrolytic stability. The subject of environmentally friendly industrial
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nanotechnologies is the main research topic of the Polymate International
Nanotechnology Research Center (Israel), which has created more than
ten such technologies protected by US patents.

A new UV curable composition was presented by an American
developer, Hybrid Coating Technologies [11]. It is the first commercial
company to produce polyurethane coatings and paint products from
renewable sources under the brand name Green Polyurethane™.
Isocyanate-free foam development is still under research, while NIPU-
modified hybrid coatings and acrylic polymers are commercially
successful.

According to Hybrid Coating Technologies, polyurethane flooring
is UV cured in one hour rather than the standard seven days. Thanks to
this development, the company's technology was mentioned by the
Environmental Protection Agency as an alternative to toxic polyurethanes.
The plans of the Agency include in the near future to introduce a ban on
the use of isocyanates, which have a negative impact on human health.

Polyurethane also remains a staple in coatings, sealants, adhesives,
elastomers, foams, textiles, automotive, the marine industry and even the
biomedical industry. The production of a large number of products based
on polyurethane with different properties is associated with a wide range
of starting components.

Obtaining NIPU by the interaction of amines with cyclic carbonates
with the formation of a urethane group remains the preferred method of
manufacture. However, advances in the synthesis of cyclic carbonates by
chemically incorporating CO2 into epoxy resins have led to a new round
of research in replacing traditional polyurethanes with non-toxic
alternatives. Trends in the use of plant precursors for the production of
polyurethanes allow the production of "green" products. The development
of water-based NIPUs for various applications is also of increasing
interest, as the method allows for more environmentally friendly processes
and expands the scope of NIPUs. At the same time, the market demand
for sustainable plastics production is growing.

CARBONIZATION OF EPOXY RESINS; PREPARATION
OF CYCLOCARBONATES FOR SYNTHESIS

The process of carbonization of epoxy resins conducted in
laboratory conditions in a sealed reactor at temperatures of 80-150°C
(depending on the type of epoxy resin) under a pressure of 8-10 MPa of
carbon dioxide, in the presence of 0.5-1.2% catalyst- tetra-butyl-
ammonium bromide (Table 4.9). Control of the carbonation process was
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carried out by titration of the residual amount of the epoxy groups
infrared spectroscopy

according to ASTM D 1652-90 and by

(spectrometer NICOLET 380 FT /IR).
The conversion of epoxy groups was 98-99.5%.

Table 4.9
Properties of epoxy resins used for preparing cyclocarbonates
Epc_)xy Supplier Description E_poxy Functionality Viscosity,
resins equivalent cp
11,000
DER- 14,000 at
331 DGEBA 182-192 2 77°F
(25°C)
1,100-
DEN- Novolac, 1,700 at
431 n=0.7 172-179 28 125°F
(52°C)
22,500-
DEN Novolac, 50,000 at
438 Dow n=1.6 176-181 38 125°F
Chemical (52°C)
DER - Company, Cyclohexane 60-90 at
737 USA dimethanol 165-185 2 77°F
DGE (25°C)
15-25 at
o ol | oo |
15-25 at
oer Lovear o |2
(25°C)
DER- Polypropylene 40;90 a
732P glycol DGE 313-345 2 mr
(25°C)
HEXION
Heloxy | Specialty Trimethylol 129'180 a
. - 140-150 3 T7°F
48 Chemicals, | propane TriGE e
USA (25°C)
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SYNTHESIS OF NONISOCYANATE POLYURETHANES
(NIPU) AND THE STUDY OF THEIR PHYSICAL AND
CHEMICAL PROPERTIES

Plan of experiments selected 3 areas of research:

1. Synthesis of NIPU based aliphatic cyclocarbonate with different
functionalities, cured with polyamines in stoichiometric ratios, and study
the properties of the materials obtained.

2. Synthesis of NIPU based aromatic cyclocarbonates with different
functionalities, cured with polyamines in stoichiometric ratios and study
the properties of the materials obtained.

3. Synthesis of NIPU based on a mixture of aliphatic and aromatic
cyclocarbonates in ratios of 30:70, 40:60, 50:50, cured with polyamines
and study the properties of the materials.

Experiments were carried out without the use of organic solvents.
Solid cyclocarbonate have been previously melted at temperatures of 100-
140°C, and then cured at temperatures of 80-110°C for 8-18 hours.

These materials have been tested in accordance with US standards:

e Viscosity (Brookfield RVDV Il, Spindle 29 100 rpm) at 77°F
(25°C)..... ASTM D2196

¢ Tensile strength at break.. ASTM D638-10
Tensile Elongation at break. ASTM D638
Hardness (Shore D).... - ASTM D2240
Abrasion resistance (TABER, wheel CS-17, 1000g),.

loss of mass mg/1000 cycles ASTM D4060

e Adhesion...... ASTM D3359

¢ Weight gain at immersion in water ASTM D570

e «\Weight gain at immersion in 10% Sulfuric acid

e Weight gain at immersion in 10% Sodium hydroxide

Properties of synthesized cyclocarbonates are shown in Table 4.10.

Compositions containing aliphatic trifunctional cyclocarbonates
(Cycloate-A, CCHeloxy-48) were cured by different polyamines at
various stoichiometric ratios at room temperature 24 hours, and then at
80°C for 18 hours (Table 4.11).
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Table 4.10

Properties of cyclocarbonates synthesized in a laboratory reactor in Polymate Ltd

Cyclocarbonates of CC- . . CC | Epoxy V|sco§|ty at
epoxy resins Equivalent Functionality % % r°F
(25°C), cP
CC DER-331 238 2 366 | 04 Solid
CC DEN-431 230 2.8 375 |13 Solid
CC DEN 438 225 3.8 386 | 0.3 Solid
Cycloate-A 380 3 23 0.5 3000-5000
CC DER -737 215 2 40 0.2 520
CC DER-738 197 2 44 0.6 500
CC DER-734 200 2 43 0.7 580
CC DER-732P 370 2 225 (0.3 500
CC Heloxy 48 195 3 45 0.5 ?gg? c—;)lOOO
Synthesis of NIPU based on aliphatic cyclocarbonates.
Table 4.11
Properties of NIPU, synthesized on base of aliphatic cyclocarbonates
Tensile Wv_aight ga_in
No. - . . Hardness | at immersion
CC-oligomer Amine strength | Elongation .
sample MPa % Shore A in water
(24h 25°C)%
953 Cycloate-A | MXDA 0.9 131 soft 16
463 Cycloate-A | IPD 0.1 >900 Sticky >60
6947 |Cycloate-A | TCD 0.2 100 30 47
635 CC Heloxy| MXDA rigid brittle 60 25
48
693 CC Heloxy| IPD rigid brittle 69 39
48
947 CC Heloxy| MPMDA | 47 3.3 58 38
48

These experimental results show the possibility of curing of
aliphatic cyclocarbonates by primary amines, to receive a wide range of
chemical and mechanical properties.

Wherein it is possible to obtain materials with high elasticity
(experiments with Cycloate-A), and the hard brittle polymers. However,
chemical resistance of NIPU materials based on aliphatic is very low. This
is due to the low chemical resistance of aliphatic oligomers themselves,
and to the presence of hydroxy-urethanes formed in the reaction.
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Compositions based on aromatic cyclocarbonates (CC DER 331, CC
DEN-431, CC DEN-438) were cured by polyamines in stoichiometric
ratios at room temperature for 24 hours and then at 80°C.
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4.9. Advantages in the nuclear fuel

Uranium is an abundant metal and is full of energy: One uranium
fuel pellet creates as much energy as one ton of coal, 149 gallons of oil or
17,000 cubic feet of natural gas. It does not come out of the ground ready
to go into a reactor, though. It is mined and processed to create nuclear
fuel. Before uranium goes into a reactor, it must undergo four major
processing steps to take it from its raw state to usable nuclear fuel: mining
and milling, conversion, enrichment and fuel fabrication. First, uranium is
mined with conventional methods or by in-situ leach mining, where
carbonated water is shot into underground deposits and piped up to the
surface. The worldwide supply of uranium is diverse, coming primarily
from Kazakhstan, Canada and Australia. In the United States, uranium is
mined in several western states. To sustain the chain reaction necessary to
run a reactor, the uranium will need a high enough concentration of a
specific isotope, uranium-235. Natural uranium is converted into several
different forms to prepare it for enrichment. Special facilities enrich the
uranium so that it can be used in a nuclear reactor.

The major commercial fuel enrichment facilities are in the United
States, France, Germany, the Netherlands, the United Kingdom and
Russia. The enriched uranium is converted again into a powder and then
pressed into fuel pellets. The fuel fabricator loads these pellets into sets of
closed metal tubes called fuel assemblies, which are used in nuclear
reactors.

Scientists from the United States have reported a breakthrough in
the creation of the world's first fast-spectrum molten salt reactor. They
have found the ideal composition of nuclear fuel ingredients for the
experimental reactor at the Idaho National Laboratory. With its help, the
researchers are going to test a new type of nuclear reactor that uses a
mixture of sodium hydrochloric acid and uranium as fuel and coolant.

The Molten Chloride Reactor Experiment (MCRE), conducted by
the U.S. Department of Energy's Idaho National Laboratory, provides
scientists with an opportunity to evaluate the safety and physics of a fast
molten chloride reactor. Such a reactor is planned to be built by Southern
Company and the nuclear energy company TerraPower, which is financed
by the Bill Gates Foundation. Once commissioned, the improved reactor
will provide electricity and heat to the population and industrial
enterprises.

The advantage of a fast molten chloride reactor is that it operates at
higher temperatures, IE reports. This allows for greater efficiency,
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potentially reducing waste and improving safety by using liquid fuel. The
process of creating the fuel involves converting uranium into a compound
that dissolves in molten salt.

The process of creating fuel had to be developed from scratch by
scientists. The main difficulty was productivity — to turn more than 90%
of metallic uranium raw material into usable salt. Several years of
experiments and data analysis were crowned with success — scientists
found the ideal recipe for obtaining nuclear fuel.

Production was low at first, just 50 to 85 grams at a time, but
gradually increased to several kilograms. “No one had ever produced that
much uranium chloride before,” said Bill Phillips, MCRE’s technical
manager.

Now that the scientists have all the necessary ingredients, a precise
understanding of the process and conditions required to produce enriched
fuel salt, they are ready to begin full-scale pilot production, which is
scheduled for October 2025.

This year, China begins construction of the world's first nuclear
power plant using a molten salt reactor. Chinese scientists have solved the
problem of material corrosion that has previously prevented the
widespread use of such reactors.

More than 10,000 results found in the Worldwide database for
nuclear fuel. Below | describe only last year patents.

US2025062043 (Al) - A NUCLEAR FUEL ROD CLADDING
TUBE AND A METHOD FOR MANUFACTURING A NUCLEAR
FUEL ROD CLADDING TUBE

A nuclear fuel rod cladding tube is described. The nuclear fuel
cladding tube has an manufacturing a nuclear fuel rod cladding tube is also
described.

US2025062044 (Al) - NUCLEAR MATERIAL AND METHODS

Methods of providing load following capability to commercial
nuclear reactors. Materials that thwart nuclear reactor hotspots and
transients by absorbing excess neutrons such as hard or high energy
neutrons. Nuclear fuel additives to stabilize nuclear reactor transients.
Materials that interact more strongly with high energy neutrons than they
do with now energy or thermal neutrons.

PH12021553225 (A1) - METHOD FOR MANUFACTURING A
NUCLEAR REACTOR FUEL ASSEMBLY

The invention relates to nuclear energy and can find application in
enterprises involved in manufacturing fuel assemblies, primarily for
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water-cooled nuclear energy reactors and nuclear energy reactors with a
liquid-metal coolant. The essence of the invention: in a method for
assembling fuel elements into fuel assemblies which includes the
following operations of manufacturing and monitoring fuel elements,
applying a protective coating to each fuel element, assembling the
prepared fuel elements into a fuel assembly, attaching a head section and
a tail section, washing off the protective coating and drying, the operations
of applying the protective coating and assembling the fuel elements into
the fuel assembly are combined, using as the protective coating a water-
soluble lubricant which contains oxyethylated alkylphenol and monobasic
unsaturated fatty acids and which is applied to the surface of the fuel
element on the assembly stand during the operation of assembling the fuel
elements into the fuel element assembly, the fuel element being
transferred in a horizontal direction along its own axis into spacer grid
cells through a device for applying the protective coating which is
installed on the assembly stand. The operation of washing off the
protective coating is carried out using streams of pressurized, room-
temperature water.

W02025028762 (Al) - DRY STORAGE MODULE FOR SPENT
NUCLEAR FUEL OF VERTICAL LIGHT WATER REACTOR, WITH
IMPROVED AIR OUTLET POSITION AND CYLINDER BODY
MOUNTING METHOD, AND STORAGE SYSTEM COMPRISING
SAME

The present invention relates to a dry storage module for the spent
nuclear fuel of a vertical light water reactor, and to a dry storage module
with an improved air outlet and cylinder body mounting method, and a
system comprising same, the module comprising: a case for forming a
hexahedral accommodation space; a plurality of storage parts, which are
arranged in two rows in the accommodation space, store the spent nuclear
fuel and are elongated; a hexahedral module part for accommodating the
storage parts; canisters in which the spent nuclear fuel is loaded; cylinder
bodies each encompassing the canister; cylinder supports for
attaching/detaching the cylinder body to/from the module part; an air inlet
positioned at a side of the upper portion of the case; an air outlet positioned
in the lower portion of the case; and shielding grids disposed in each of
the inlet and the outlet.

KR20250011255 (A) - NUCLEAR FUEL ASSEMBLY

A fuel assembly for use in a core of a nuclear power reactor. The
assembly includes a frame shaped and configured to fit within the nuclear
reactor internal core structure; and a plurality of helically twisted fuel
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elements supported by the frame in a fuel rod bundle. Each of the fuel
elements includes fissile material. When viewed in a cross-section that is
perpendicular to an axial direction of the fuel assembly, the outermost fuel
elements of the fuel rod bundle define a substantially circular perimeter.
Other features, and a nuclear reactor, are also described.

UA129186 (C2) - METHOD FOR PROTECTING NUCLEAR
REACTOR AND CORRESPONDING NUCLEAR REACTOR

The protection method comprises the following steps: — Step (S12):
Reconstructing a maximum linear power density released among the rods
of the nuclear fuel assemblies of the core; — Step (S14): Calculating the
thermomechanical state and the burnup fraction of the rods; — Step (S24):
Calculating a mechanical stress or a deformation energy density in the
cladding of one of the rods by using the reconstructed maximum linear
power density, the calculated thermomechanical states and the calculated
burnup fractions, using a metamodel of a thermomechanical code; — Step
(S30): Comparing the calculated mechanical stress or the calculated
deformation energy density with a respective threshold; — Step (S32):
Stopping the nuclear reactor if the calculated mechanical stress or
the calculated deformation energy density exceeds the respective
threshold.

US2025046483 (A1) - METHOD AND APPARATUS FOR SAFE
AND EFFICIENT NUCLEAR POWER GENERATION

A system for nuclear power generation includes an accelerator-
driven subcritical reactor that operates using molten-salt fuel. The
operation of the reactor can be continuously monitored to ensure
subcriticality. The system also includes means for removing volatile
radioactive fission products from the molten-salt fuel continuously during
the operation of the reactor to maintain an amount of the volatile
radioactive fission products in the reactor below a threshold corresponding
to a safety limit for accidental release of radioactive materials. The system
can be used for highly efficient nuclear power generation while preventing
criticality accidents and accidental releases of radioactive isotopes.

US2025046480 (Al) — Nuclear Fuel Assembly Retrofit for
Increasing Reactor Power

A reactor core having improved power output uses an irregular fuel
rod spacing that nevertheless retains grid-positioned control rods allowing
a retrofitting of the reactor core to existing reactors without substantial
modification to the pressure vessel. Generally, the fuel rod placement
deviates from a regular grid and the distance between fuel rods varies.
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US2025046479 (Al) - METHOD AND MACHINE FOR
TESTING A SPACER GRID OF A NUCLEAR FUEL ASSEMBLY

A test method is for testing a spacer grid of a nuclear fuel assembly
comprising a bundle of nuclear fuel rods and N spacer grids distributed
along the bundle of nuclear fuel rods, where N is a positive integer equal
to or greater than four. The method of testing includes providing a test
assembly comprising a bundle of test rods shorter than the nuclear fuel
rods and three spacer grids distributed along the test rods, generating an
impact on the centrally located spacer grid, and measuring and recording
at least one impact parameter and/or at least one displacement of said
centrally located spacer grid.

US2025037888 (A1) - NUCLEAR POWER PLANT INCLUDING
SMALL MODULAR REACTOR (SMR) DISPOSED IN COOLING
WATER TANK AND MAINTENANCE METHOD THEREOF

The present invention relates to a nuclear power plant which
includes a small modular reactor (SMR), the nuclear power plant
comprising a water tank, wherein the water tank comprises: a first water
tank filled with cooling water and forming a first space in which spent
nuclear fuel is disposed; and a second water tank forming a second space
which is separated from the first space and in which the small modular
reactor (SMR) is disposed.

US2025037892 (Al) — NUCLEAR WASTE CASK WITH
IMPACT PROTECTION, IMPACT AMELIORATION SYSTEM FOR
NUCLEAR FUEL STORAGE, UNVENTILATED CASK FOR
STORING NUCLEAR WASTE, AND STORAGE AND TRANSPORT
CASK FOR NUCLEAR WASTE

A nuclear waste cask with impact protection includes impact
limiters comprising deformable energy-absorbing perforated sleeves. An
impact amelioration system for nuclear fuel storage components includes
impact limiter assemblies at the bottom cask to canister interface including
impact limiter plugs frictionally engaging corresponding plug holes
formed in the cask closure plate. A nuclear waste fuel storage system
includes an unventilated cask including a heavy free-floating radiation
shielding lid loosely coupled the top end of the cask in a movable manner
via the anchor bosses which provides cask overpressurization protection.
A nuclear waste cask includes an axially elongated rectangular cuboid
cask body having a cavity for holding nuclear waste materials and cask
locking mechanism including first locking protrusions on the lid which are
selectively interlockable with mating second locking protrusions on the
cask body to lock the lid to the cask body.
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US2025029740 (A1) - MANDREL-WOUND, SPLINED
MONOLITHIC FUEL ASSEMBLY CORE, FUEL ASSEMBLY AND
REACTOR INCORPORATING SAME, AND METHODS OF
MANUFACTURE

Insulated fuel assembly core with axially arranged fuel monoliths
including channels and having a composition including a fissionable fuel
component, exhaust support plate, exhaust shield assembly, and insulation
layer. Fuel monoliths have an eccentric cylinder shape or a right circular
cylinder shape with side surface keyway. The eccentric shape and/or a
keyway (with associated alignment rod) provide alignment. Channels in
the exhaust support plate are oriented so propellant gas flowing from the
fuel monoliths through the exhaust support plate does not impinge the
exhaust shield assembly. Insulated fuel assembly cores are manufactured
by forming a tensioned fuel monolith stack mandrel assembly using
mandrel spacers and internal tensioning components and mandrel winding
an insulation layer on an outer surface of the tensioned fuel monolith stack
mandrel assembly. Insulated fuel assembly cores can be incorporated into
fuel assemblies of nuclear propulsion fission reactor structures, for
example, a nuclear thermal propulsion engine.

US2025029739 (Al) — DEVICE FOR ASSEMBLING AND
DISASSEMBLING TOP NOZZLE OF NUCLEAR FUEL ASSEMBLY

Proposed is a device for assembling and disassembling a top nozzle
of a nuclear fuel assembly wherein the top nozzle of the nuclear fuel
assembly is assembled and disassembled with improved convenience, and
the load value is measured to ensure stable operations without damaging
components. To this end, the device includes a pedestal including a
threaded hole through both sides, a screw bar screw-coupled to the
threaded hole to reciprocate in a straight line, a top nozzle plate configured
to be detachably coupled to the screw bar and to be able to be hooked by
and coupled to the top nozzle of the nuclear fuel assembly, and a load cell
provided between the top nozzle plate and the screw bar to measure a load
value applied to the top nozzle plate hooked on the top nozzle.

SMT202100412 (T1) - NUCLEAR FUEL PEBBLE AND
METHOD OF MANUFACTURING THE SAME

A method of manufacturing nuclear fuel elements may include:
forming a graphite base portion of the fuel element; depositing a first layer
of fuel, burnable poison and/or breeder particles on the base portion;
forming a first graphite layer on the base portion; depositing a second layer
of fuel, burnable poison and/or breeder particles on the first graphite layer;
forming a second graphite layer on the first graphite layer; and forming a
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graphite cap portion of the fuel element on the second graphite layer,
wherein, adjacent fuel, burnable poison and/or breeder particles of the first
layer are spaced apart by substantially the same distance, and adjacent
fuel, burnable poison and/or breeder particles of the second layer are
spaced apart by substantially the same distance. The fuel element may be
a spherical fuel pebble for pebble bed reactors. The fuel particles may be
tri-structural-isotropic (TRISO) particles that do not have an overcoat.

US2025022621 (Al) - NUCLEAR FUEL ELEMENT

Disclosed embodiments include fuel assemblies, methods of making
a fuel element, and methods of using a fuel element. A fuel element
includes fuel, a fuel liner, and a cladding. The liner may be formed of one,
two, three, or more layers of different materials, including different alloys
have a different primary metallic component. The cladding may likewise
be formed of one, two, three, or more layers of different materials. The
different materials may include different alloys, different compositions,
and/or different alloys in which the primary constituent of the alloy is a
different material.

US2025022620 (A1) — Molten Salt Nuclear Reactor of the Fast
Neutron Reactor Type, Having a Design of the Primary Circuit Allowing
Exploitation which is Versatile in Terms of Fuel and Mode of Operation

A molten salt nuclear reactor of the fast neutron reactor type may be
designed as a cylindrical shell in the reactor vessel free of moderator or at
the very least of a moderator enabling a reactor to be qualified as a thermal
neutron reactor, which may make it possible to effectively separate the
fluid zones between those delimited at its periphery in which the heat
exchanger(s) exchanging heat between primary and secondary circuit is
(are) arranged and the zone inside the shell of which the bottom defines
the reactor core within which the nuclear fission chain reactions occur,
and a neutron reflector at the periphery of the core makes it possible to use
a plurality of types of fuel liquid.

US2025014768 (A1) - SUSPENDED URANIUM DIOXIDE FUEL

A nuclear reactor fuel is provided. The nuclear reactor fuel includes
a liquid metal alloy, and uranium dioxide (UO2) particles suspended in
the liquid metal alloy. The UO2 particles are enriched with uranium-235
(235U) in an amount of less than 20%. The nuclear reactor fuel has a
thermal conductivity greater than a thermal conductivity of sintered UO2
pellets at the same temperature. The liquid metal alloy may be a bismuth-
lead-tin (Bi—Pb-Sn)-based alloy and a lead-tin (Pb—Sn)-based alloy.
A concentration of the UO2 particles in the liquid metal alloy may be up
to 30 wt % or more. The UO2 particles alternatively may be uranium
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carbide (UC) particles, uranium nitride (UN) particles, or tri-structural
isotropic (TRISO) particles. A nuclear reactor is also provided. The
nuclear reactor includes a reactor vessel and the nuclear reactor fuel. The
nuclear reactor fuel is contained in or circulated through the reactor vessel.
W02025007856 (Al) - HOLLOW RADIOACTIVE
CONTAINMENT FUEL CONTAINING BURNABLE POISON,
PREPARATION METHOD THEREFOR AND USE THEREOF
Provided are a hollow radioactive containment fuel containing a
burnable poison, a preparation method therefor and the use thereof. The
hollow radioactive containment fuel containing a burnable poison
comprises a hollow fuel area and a fuel-free protective layer covering the
periphery of the fuel area; the hollow fuel area comprises a matrix, and a
fuel element and a burnable poison which are distributed in the matrix,
wherein the fuel element is an isotropic coated fuel particle, and the
burnable poison is an isotropic coated burnable poison particle. The
present invention can realize highly compact and safe radioactive
containment of a reactor fuel, ensure that radioactive products, especially
fission gas, are not released into the environment accidentally, stably
provide a fission site for the core of a miniature nuclear power pile for a
long period of time, effectively confine the radioactive fission products
inside the fuel, and guarantee the safe and stable operation of a reactor.
US2025006385 (Al) — NUCLEAR REACTOR SYSTEM AND
METALLIC COOLANT COMPOSITION
One variation of a system includes: a nuclear reactor; a shield
arranged about the nuclear reactor; a metallic coolant; and a set of melt
seals. The nuclear reactor includes a pressure vessel and nuclear fuel
arranged within a lower region of the pressure vessel. The metallic coolant
includes a mixture of metals and is configured to: occupy a liquid state
within an operating temperature range; occupy an interstitial volume
between the nuclear reactor and the shield; and occupy the lower region
of the pressure vessel encompassing the nuclear fuel. The set of melt seals
are arranged on the pressure vessel and configured to open to enable
transfer of a volume of the metallic coolant from the interstitial volume
into the lower region of the pressure vessel in response to temperatures
within the pressure vessel exceeding the operating temperature range.
W02025006190 (Al) — NUCLEAR REACTOR FUEL AND
ASSOCIATED SYSTEMS AND METHODS
Disclosed are embodiments of a nuclear fuel element for use in
various types of nuclear reactors. One embodiment of the nuclear fuel
element comprises a plurality of solid nuclear fuel particles, such as
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tristructural-isotropic (TRISO) fuel particles, intermixed in a non-solid
matrix that is substantially stagnant relative to the plurality of solid nuclear
fuel particles. The non-solid matrix may comprise a liquid metal, a liquid
metal alloy, and a liquid salt. Various embodiments of the non-solid
matrix include tin, lead, sodium, aluminum, bismuth, and alloys thereof.
A method of manufacturing a nuclear fuel and embodiments of a nuclear
fuel core comprising the nuclear fuel element are also disclosed.

W02024262717 (Al) - NUCLEAR FUEL ROD FOR
DESIGNING AND MANUFACTURING HEAT-PIPE REACTOR,
MODULAR NUCLEAR FUEL ROD-COOLING TUBE INTEGRATED
ASSEMBLY COMPRISING COOLING TUBE, AND REACTOR
CORE STRUCTURE COMPRISING SAME

A nuclear fuel rod-cooling tube integrated assembly, according to
the present invention, comprises: a nuclear fuel rod accommodating
nuclear fuel; and a cooling tube having at least a portion formed to
surround the circumference of the nuclear fuel rod, and the remaining
portion extending to the other side connected to the outside of a reactor to
transfer heat generated by nuclear fission inside the nuclear fuel rod to a
heat exchanger installed outside the re--actor.

US2024428960 (Al) — FUEL-MODERATOR INVERSION FOR
SAFER NUCLEAR REACTORS

A nuclear reactor including a nuclear reactor core. The nuclear
reactor core includes a plurality of moderator elements, and an inverted
fuel moderator block array of one or more inverted fuel moderator blocks.
The one or more inverted fuel moderator blocks include a high-
temperature matrix; a plurality of fuel particles embedded inside the high-
temperature matrix; and at least one moderator opening for disposition of
at least one of the moderator elements therein. The one or more inverted
fuel moderator blocks also include at least one coolant passage formed in
the high-temperature matrix to flow a coolant. The nuclear reactor can also
include a reactivity control system, which can include one or more control
drums, one or more control rods, or a combination thereof.

ZA201405612 (B) - SYSTEM FOR STORAGE AND
TRANSPORTATION OF SEPNT NUCLEAR FUEL

A concrete storage module is adapted to slideably receive a
cylindrical canister assembly therein. Il act dissipation fins and a tubular
heat shield (96) are disposed within the module to help dissipate heat
emitted from the nuclear fuel assemblies stored in the canister assembly is
composed of a basket assembly constructed from multi-layer structural
plates disposed in cross-cross or egg carton configuration. A single port
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tool is provided for draining water from the canister and replacing the
drain water with make-up gas. The single port tool is mounted in the cover
of the canister and is in fluid flow communication with the interior of the
canister.

US2024410034 (A1) — CYCLIC AMINE MONOAMIDES FOR
EXTRACTING URANIUM(VI) AND PLUTONIUM(IV) AND FOR
SEPARATING THEM WITHOUT REDUCING PLUTONIUM(IV)

Uses of cyclic amine monoamides for extracting uranium(V1) and/or
plutonium(1V) from an acidic aqueous solution, as well as for totally or
partially separating uranium(VI) from plutonium(lV) from an acidic
aqueous solution. A method for treating an aqueous solution resulting
from the dissolution of spent nuclear fuel in nitric acid to extract, separate
and decontaminate uranium(V1) and plutonium(IV) in a single cycle and
without resorting to any operation of reducing plutonium(lV), and
wherein a cyclic amine monoamide or a mixture of cyclic amine
monoamides is used as extractant.

US2024412882 (Al) - CERMET FUEL ELEMENT AND
FABRICATION AND APPLICATIONS THEREOF, INCLUDING IN
THERMAL PROPULSION REACTOR (preferably refractory-metal
coated HALEU fuel kernels) and an array of axially-oriented coolant flow
channels. Formation and lateral positions of coolant flow channels in the
fuel meat are controlled during manufacturing by spacer structures that
include ceramic fuel particles. In one embodiment, a coating on a
sacrificial rod (the rod being subsequently removed) forms the coolant
channel and the spacer structures are affixed to the coating; in a second
embodiment, a metal tube forms the coolant channel and the spacer
structures are affixed to the metal tube. The spacer structures laterally
position the coolant channels in spaced-apart relation and are consolidated
with the ceramic fuel particles to form CERMET fuel meat of a fuel
element, which are subsequently incorporated into fuel assemblies that are
distributively arranged in a moderator block within a nuclear fission
reactor, in particular for propulsion.

US2024404719 (Al) — SYSTEM AND PROCEDURE FOR
INSPECTION OF THE SURFACE OF A NUCLEAR FUEL ROD FOR
THE AUTOMATIC DETECTION, LOCATION AND
CHARACTERIZATION OF DEFECTS

System and procedure for the inspection of the surface of a nuclear
fuel rod for the automatic detection, localization and characterization of
defects, comprising a plurality of point cloud acquisition systems and
translation means for the nuclear fuel rod; where the system also
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comprises processing means capable of transforming the point cloud into
a height map, locally thresholding for the segmentation of the height map
and obtaining the discontinuities in said map, classifying the
discontinuities in different geometric shapes to obtain the area, length,
width, position and orientation, projecting the defect on the y-axis to
obtain its depth and calculating the equivalent function and its second
derivative to obtain the points where the depth of the defect is maximum.

Nuclear fuel is at the heart of a nuclear reactor, and the safe and
economic behaviour of this fuel is a key factor in the continuing long term
development of nuclear power. This was recognised early, with the key
issues determining the economic drivers for fuel development
summarized, for example, in 1977 in Oak Ridge National Laboratory’s
report, “A Survey of Nuclear Fuel Cycle Economics 1970 — 1985 (Prince
et al. 1977). It was originally anticipated that there would be a first stage
involving pool storage of spent fuel, a second stage where reprocessing
would lead to the use of plutonium bearing (MOX) fuels in light water
reactors and finally the use of fast breeder reactors. The timescales
anticipated are now seen to have been extremely optimistic, and the
economics are no longer so clearly driving towards reprocessing and fast
reactors. However, the drivers of uranium availability and the costs of
enrichment, fuel manufacture and waste management that were identified
in 1977 are still valid today, and they have ensured continuous
development and improvement in nuclear fuel.

The most important determinant of nuclear power’s future is cost-
competitiveness compared with alternatives. Nuclear power plants have a
‘front-loaded’ cost structure, i.e. they are expensive to build and
comparatively cheap to operate. There is, therefore, a strong economic
incentive to maximise the utilisation of the asset. This means fewer
unplanned outages and, for plants with batch reloading, longer operational
cycles and shorter outages. The load factor of modern nuclear plants with
batch reloading is often over 95%, and two year fuel cycles are becoming
common. For plants with on-load refuelling capabilities, maximising
utilization of the asset has meant longer fuel dwell (i.e. increasing the total
time a fuel element spends in the reactor). For all power plants there is
also a need to minimise waste arisings, due to limited on-site storage
facilities and the cost of waste removal and treatment.

Because nuclear fuel is the source of the vast majority of the
radioactivity produced by a nuclear power plant, it is imperative that the
design and manufacture of the fuel is sufficiently robust not only to allow
it to operate normally without incident, but also to withstand any transient
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or accident that could occur in the plant in a manner that can ensure that
safety is not compromised. This is ensured through a licensing process
that oversees, not only operation, but also that the design and manufacture
of nuclear fuel is carried out to extremely high standards, and that design
requirements are codified and performance is demonstrated
experimentally. Modern nuclear fuel is the result of a huge investment in
research, experimental testing and operational experience. Changes are
introduced to improve safety or performance margins or perhaps to
overcome a design problem.

4.10. Vi3pannibckasi 3KOHOMMKaA U HayKa Ha )OHe BOViHbI

WM3pannb npoxumn 500 aHein BoViHbL. KOH(AMKT, CTaBLUWA CambIM
JONTUM 32 HECKOMbKO AeCATUNETUN, pasyMeeTcsl, HeM36eXHO AO0/MKeH
Obl/T NPUBECTU K 3HAUYUTESIbHBIM MOCNEACTBUAM /15 3KOHOMUKN CTPaHbI.
Y>Ke CerofiHsi Mbl BUAVM €ro B/IMSIHWE: POCT LIeH, YBeNnYyeHve rocyap-
CTBEHHbIX PacX0f0B, BbIHY)X/EHHOE MOBbILLEHNE HANOroB U c60poB, HO
yTOo elle 6osiee BAXXKHO — Kakue TPYLHOCTM XAYT Hac Briepeamn? Mo gaH-
HbIM MuHUCTEpCTBA (PMHAHCOB, 3aTpaTbl V3panns Ha BefeHue G0eBbIX
[eCTBMIA NPOTUB TepPpPOpMCTMYECKO rpynnupoBkn XAMAC B cekTope
a3a, a TakkKe Ha NPOTUBOCTOSHME MOAAEPXKMBaeMolr MpaHOM «Xu3-
6anne» gocturam B 2024 r. 100 mnpga wekeneii. HecmoTps Ha yXyaLleHune
MaKpPO3KOHOMMYECKUX NOKa3aTesei, n3panibCkas IKOHOMUKa MOo-Npex-
HeMy BbIrIAANUT CTabubHee, YeM B pafe ApYrvX pasBUTbIX CTpaH. Tak,
Nno JaHHblM MexayHapo4HOro BafTHOro ¢oHaa, rocgonr Wspavns
B 2024 1. ocTaeTCcs HMUXe, YeM B eBPp030He (88,1%) n CLUA (121%), xoTA
y>Ke NpeBbICUN YyPoBeHb MepmaHun (62,7%).

BoiiHa Take Hapylumna NOrMCTUYECKME LienoYKM NoCTaBoK, UYTO
CKa3a/10Cb Ha JOCTYMNHOCTM TOBapPOB M CPOKax A0CTaBKW. Bpems foCTaBKu
TOBapPOB yBenmumnnock Ha 20-30%, 4To NPUBENO K YA0POXKaHMIO UMMOPTA.
MpoaoBONLCTBEHHbIE TOBAPbI MOAOPOXKAIN B CpefHeM Ha 7%, TONAnBo —
Ha 12%, cTpouTenbHble MaTepuansl — Ha 10%. OcnabneHune Lwekens no
OTHOLLEHWIO K [0/11apy B NepBble MeCsLbl KOH(INKTA MPUBENO K POCTY
CTOMMOCTV MMMNOPTA, HO K KOHLY 2024 r. Ha (hoHe 0XnaaHWin cTabunmsa-
LM 1 BO3MOXHOIO 3aBepLLEHNS BOMHbI HaLMOHaIbHAA BatoTa Havana
yKpennatbes. HekoTopble CeKTopa 3KOHOMUKK, 0COBEHHO Masiblld U cpea-
HWIA BU3HEC, CTONKHY/IUCb C TPYAHOCTAMU M3-3a CHUDKEHNS NOTPebuTeNb-
CKOro Cnpoca, a TakXe Mpu3sbiBa BnafeNbLes Wan 4acTy NepcoHana Ha
Pe3epBUCTCKYIO CNy0y. MHorve npeanpuaTMa Obln  BbIHYXAEHbI
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COKpaTuTb UM NPUOCTAHOBUTbL CBOKO AEATE/IbHOCTbL, YTO NPUBENO K Bpe-
MEHHbIM YBO/IbHEHUAM N CHUXXEHMWIO [0X0A0B paboTHUKOB. OfHaKo BO-
NPeKn OXnAaHWsM, BOMHA He NpuBena K MacCOBbIM YBOJIbHEHMSIM U 3a-
KpbITUIO NpeanpuATvil. HanpoTye, YpoBeHb 6e3paboTuLibl CHU3MACA A0
NCTOPUYECKOro MUHMMYMa. [0 JaHHbIM LleHTpasnbHOro cratuctude-
cKoro 6topo, B Aekabpe 2024 1. 6e3paboTuLa cocTaBmna 2,6%, UTo HKe
nokasarens 2,7% mecsLemM paHee.

Hanb6onbLuyto Hafexay BCenstoT AaHHble no utoram 2024 r. ans
13pan/IbCKOro BEHYYPHOI 0 PbIHKa, KOTOpble ony6vkosan Startup Nation
Central:

* 60siee 12 Mnpg, LONST. UHBECTULMIA NPUBNEKNN U3PanSIbCKMeE CTap-
Tanbl — 370 TPETUIA NyYLLNIA NOKa3aTe b 3a BCKO NCTOPUIO 3KOCUCTEMBI;

* 15,8 MnpA Aonn. NPUHECN 3K3UTbl — BTOPOIA NyULLNIA NOKasaTesb
3a BCIO UCTOPUIO 3KOCMCTEMBI (M a6CONKOTHLIN pekopa No M&A);

* 82% cAenoK NpuULLINOCh Ha KOMMaHUW PaHHWUX CTafuii — OfHO-
3HAYHbIA MHAMKATOP LOBEPUS NHBECTOPOB K LONTOCPOYHBIM NepcreKkTy-
BaM M3Pan/ibCKOro pPbiHKa.

A 4T0 6bINO 1 M3panne [0 Ha4ana BOViHbI. VI3 gaHHbIX LieHTpab-
HOro CTaTUCTUYECKOro 6ropo ABCTBYET, UTO B 2020 r. B CTpaHe 6bI10
4810 cTapTanos, a cpeaHuiA pocT nx ymcna ¢ 2011 no 2020 r. cocTaBun
4%. B 2020 1. B V3panne 6b110 1907 KOMNaHWiA, NepeLleaLnX 13 paspsga
CTapTanoB B «3pefible» KOMMaHuK, T.e. Te, B KOTOPbIX 3aBepLUncs 3Ttan
pa3paboTKM MPOLYKTa WX YCNYrM U Hayasica MpoLecc Npov3BOACTBA.
TakMx KOMNaHWiA B XaliTeke 6bino 28%. B HMX 6bln 3aHATbI 73,3 ThC.
paboTHMKOB (70% BCeX 3aHATLIX B XailnTeke — 3T0 Ha 7% 60sbLle, Yem
B 2019 r.). B 2020 r. B cTapTanax 6b1/11 3aHATbl OKOMO 31 ThbIC. HAEMHbIX
paboTHWMKOB. 10 CpaBHEHWIO C NpeAbigyLLMM FOAOM YMC/IO 3aHATbIX
B CTapTanax COKpaTW/IOCb 32 CYET Mepexofa MHOMMX KOMMaHWiA W3
CTapTaroB B «3Pe/ible» KOMMNaHWW.

3a gecatuneture ¢ 2011 no 2020 r. B 3panne oTKpbIN1Ch 7256 cTap-
Tanos 1 3472 13 HUX 3aKpblnncs. 2011-2015 rr. 66111 caMbIMU BYPHBIMM
B MCTOPWM M3PanbCKUX CTapTarnos: FOA0BOIN POCT MX YMCna COCTaBNsN
6%. C 2016 r. Hayanca HeKOTOPbIM chaf Yucna aTUX KOMMaHuii, 1 ata
TeHAeHUns npogomkunack B 2020 r. CpefHsas 3apriata paboTHMKA
B cTapTtanax B 2020 r. coctaBnsna 21,6 TbiC. LWeKenel B MecsLl, 4To Ha 3%
60nbLue, yem B 2019 r. 310 B 1,9 pasa 60/blue CpeAHEe 3apniaThbl HaeM-
Horo paboTHuKa B cTpaHe (11,2 Tbic.). B cTapTanax, B KOTOPbIX 3aHATO
60nee 50 paboTHMKOB, 3apnaTa 3aMeTHO Bblille — B cpegHeM 24,1 ThbiC.

B Tenb-ABMBe M B LEHTPe CTpaHbl HaxogaTca 72% crapraros,
N 78% 3aHATbIX B HUX paboTatoT B LleHTpe. Tak, B pailoHe Tenb-ABuBa
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2057 ctaptanos. B 2020 r. Tam OTKpbIAMcb 199 HOBbIX KOMMaHWUiA 1 292
3aKpbINnChb. bonbluas yacTb CTapTanos 3aHATbI B 06/1aCTU CO34aHuA ar-
NAVKauuiA ans nHayctTpum n usHeca. B 2020 r. B 3TO OTpacau OTKpbI-
nucb 137 HOBbIX CTapTanos. B MeAMUMHCKUX TEXHOMOTMUAX OTKPbIUCH
87 crtaptanos; 59% paboumx MecT B cTapTanax OTHOCATCA K o6nactu
NPOrpaMmmHbIX NPOAYKTOB (415 UHAYCTPUMN, MEAULMHbBI, UHTEPHETA, MO-
OGUNbHON CBS3W, Knbep6be3onacHOCTW, 3NEKTPOHHOW TOProeBnn U pe-
Knambl).

Mo paaHHbIM 3a 2022 r., 16% KOMNaHWiA XainTeka (CTapTanos v Bbl-
POCLUMX M3 HUX KOMMaHWi) HaXOAWMUCh Ha 3Tane «ObICTPOro pocTax,
1 cocTosHe eLle 10% onpeaensny Kak «pocT rasefin» (3To 03HayaeT, uto
X rofl0BOWA JOXOA poc Ha 20% B rog B TeueHue 4 n 6onee net). B 2023 T.
cTapTanbl U BbIPOCLUME M3 HUX KOMMaHUN MOGUIN30BA/IN UHBECTULMN
B pasmepe 12,3 mnpg Aonn., 4To Ha 35% 6onbLue, Yyem B 2019 .

Ycnexu n3pannibCKovi TEXHUKM U 3KOHOMMKU BO MHOTOM 06YC/10B-
NeHbl HAYKOI CTpaHbl.

MwuHMCTEPCTBO 060POHLI M3pannsa n cyaocTponTenbHas Komna-
Hus Israel Shipyards Hayann cTpOMTENLCTBO NATU HOBbLIX BOEHHBIX KO-
pabneli npoekTa «Pewwed» ans BMC W3panns. CToMMOCTb NpoeKTa co-
CTaBUT OKOMO 2,8 MApA LueKenein. TM Kopabnu npusBaHbl 3aMeHUTb
ycTapesLUne cyfa Knacca «HUpuT», KOTopble HAXOAWNUCHL B 3KCMayaTa-
Lumn 6onee 40 net. Hosble Kopabnu 6yayT nerde Ha 1000 TOHH Mo cpas-
HeHMIo ¢ Saar 6. 3To cfienaeT nx 60s1ee MaHEBPEHHbLIMU U CKOPOCTHLIMM.
Cypa 6yfyT OCHaLLeHbl COBPEMEHHbLIMU TEXHONOTMSIMU U CUCTEMAMI BO-
OPY>KEHWS, YTO NO3BOMUT UM IPMEKTUBHO BbINOMHATL 3a4a4n MO 3aLiuTe
MOPCKMX rpaHuL, 60pbbe ¢ BO3LYLUHbIMW W HAABOAHbLIMW Yrpo3amu,
a TaKkXe NOAJep>XuBaTh CreLuanbHble onepaumm.

MepBblli KOpabnb Knacca «Pewed» nnaHupyeTcs nepegatb BMC
W3panns yepes Tpu C NOMOBUHONM roja, ocTasibHble GyAyT BBOAUTHLCA
B 9KCM/yaTauuo noatanHo. MNpoekT Takxe HanpaBieH Ha YKpernsjeHue
MECTHOW 060POHHO NMPOMbILLSIEHHOCTM 1 CO3aHMe paboumnx MecT, 0Co-
6eHHO Ha ceBepe CTpaHbl. MUHMCTEPCTBO 0OOPOHbI MOAYEPKMBAET, UTO
NPOU3BOACTBO Kopabneii B Vi3panne nocne AecATUNETWIA 3aBUCMMOCTM OT
NHOCTPaHHbIX 3aKYMNOK ABNAETCA BXHbLIM LUAroM K YKPereHUIo cTpare-
MMYECKON He3aBNCUMOCTM CTPaHbl.

YueHble Tenlb-ABUBCKOI0 YHMBEpCUTETa paspadboTain «ruopu-
HOro MMKPOPO6OTa» PasMEPOM C OMOMOMMYECKYHD KNETKY, CMOCOGHOrOo
3axBaTbIBaTb MOBPEXAEHHbIE KNETKN N yaanaTh ux, nepefaet JNS. Kpo-
LeyHbliA po6oT (10 MukpoH unmn 0,000393701 Atoiima B NONEPEYHMKE)
MOXET MNepemeLLaTbCs MeXAy KieTkamu B 6Monornyveckom obpaste,
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[OCTaBNAsA LENEBYIO KNeTKy A5 UCCNef0BaHUsA, Hanpumep, Takoro, Kak
FeHeTUYeCKUiA aHanns, coobLmny B yHuBepcutete. IM MOXHO ynpas-
NATb C MOMOLUBKO ABYX TUMOB MEXaHW3MOB: 3MIEKTPUYECKMX W Mar-
HUTHBIX.

TexHonorus 6bina paspaboTaHa npogeccopom Mmnagom Moccudo-
HOM 13 LLIKO/MbI MalIMHOCTPOoeHns 1 [enapTaMeHTa 61MOMeLULLMHCKONM
VIHXXEHEPWM 1 ero UCCNeA0BaTeNbCKOM rpynnoii. Ee nogpo6Hoe onvcaHune
6b110 oNy6/1MKOBaHO B XypHane Advanced Science. «Pa3suTne cnocoo-
HOCTN MUKPOPO6OTOB [BUraTbCs a8BTOHOMHO 6bI/10 B4OXHOB/EHO 6110/10-
FMYECKMU MUKPONIaBaoLWyMm — 6akTepusMu 1 crnepmarosongamm. 1o
MHHOBaLMOHHas 06/1aCcTb UCCnefoBaHUiA, KOTOpas GbICTPO pa3BMBaeTCH,
C LUMPOKUM CMEKTPOM MPUMEHEHNS B MEAMLIMHE 1 3aLiMTe OKpYXKatoLLein
cpefbl, & TakXKe B Ka4ecTBe UCCNe0BaTe/IbCKOro UHCTPYMEHTa», — Nosic-
HWA npodeccop MoccnoH.

W3pannbckuii ctaptan Pylon Medical paspaboTtan nepBblii B CBOEM
poZie MeTo/ fleveHuns 3a60/1eBaHNSA COHHbIX apTepuiA, OAHOI0 13 BeAyLUMX
(hakTOpOB pucKa MHCYNbTa. COHHble apTepun — 3TO Napa KPOBEHOCHbIX
cocyfioB Mo 06e CTOPOHbI LUen, KOTOpble JOCTaBNAT KPOBb K MO3ry
1 ronoBe. 3a60n1eBaHNe COHHbIX apTepuin pa3BMBaeTCs, KOraa Ha CTeHKax
3TMX COCYA0B 00pa3ytoTCs >KUPOBbIE OT/IOXKEHUSA, Ha3blBaeMble 6/1ALL-
Kamu. OHY 3aKynopvBatoT apTeputo. 3aboneBaHue NPUBOAUT K MHOXe-
CTBY OC/IOXXHEHWi, HEKOTOPbIE U3 KOTOPbIX MOTYT ObITb CMEPTE/IbHbIMMU.
CyLLeCTBYOLLME PELLIEHNS /1 OUNCTKM 3aKYMOPEHHbIX KPOBEHOCHbIX CO-
CYLZOB BK/IHOYAOT XMPYPruyeckoe OTKPbITUE apTepuii 1 OUMCTKY BsLLeK
WN YCTAHOBKY CTEHTa, PacLUMPAIOLLEr0 KPOBEHOCHbLIN cOCyAd. DTW Me-
TOfbl TPeBYHT [/IMTENbHOrO BOCCTAHOB/IEHMSA, YTO WMHOrAa NPUBOAUT
K [ONOSHATENbHBIM OCNOXHEHWAM. Pa3paboTaHHbIii Pylon Medical cre-
LMann3npoBaHHbIiA HAbop BKNOYaeT GanfoHHbIA KaTeTep, YCTPOMCTBO
OJ19 3aKPbITUS apTepun 1 CUCTEMY acnupauun. 31O AenaeT fieyeHne 3a-
KYNOPEHHbIX KPOBEHOCHbLIX COCYA0B HAMHOr0 6e30mnacHee v NpoLLe, pac-
ckaszan ISRAEL21c Op 3urenb601im, OCHOBaTe b U FeHepasibHbIl AUpeK-
Top Pylon Medical.

«Mbl genaeMm HebONbLLUOW MPOKOA AMaMeTpoMm 2,5 MUANMMETpa
1 BBOAMM Ga/INIOHHbIN KaTeTep; 3aTeM Mbl MOXEM YCTAHOBUTb CTEHT WU
OTKPbITb COCYZ M YNYYLIUTb KPOBOTOK», — rOBOPUT 3urenibboiim. Camas
60nbLIas Npobema CyLLeCTBYOLLMX METOZO0B /leYEHNS: KaK 3aKpbITb pas-
pe3 B COHHOM apTepuun nocne Toro, Kak 6nswwka 6yaeT yaaneHa. «Hatue
YCTPOIACTBO MOXKET 3aKPbITb apTEPULO 6€3 HEOOXOANUMOCTM €€ 0BHAKEHNS
1 LOMONIHUTENbHBIX HALPEe30B», — 06BACHAET 3Urenb60nMm.
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B deBpane 2025 r. B My3ee ecTecTBeHHOl muctopum um. CTeiH-
xapara npuv Tenb-ABUBCKOM YHUBEPCUTETE Havan paboTy N3pannibCKuii
LEHTP FPaXaaHCKOW HayKWn — KpyrnHeiwas B cTpaHe niatgopma, 06b-
eAMHAOLLAS YYEHbIX U 0OLLECTBEHHOCTb B Ae/e M3YUYeHUS U COXPaHeHs
6ropasHoobpasus.

LleHTp co3gaH B NapTHepCTBe C EBPeicKNM HaunoHa/IbHbIM (hOH-
aom KKJT n O6uwiectBOM 0XpaHbl Npupoabl M3panna ¢ uensbio gatb
KaXO0MY BO3MOXHOCTb Y4acTBOBaTb B Hay4HbIX WUCCNEA0BAHUAX, BHO-
CUTb BKMIag B CO0P AaHHbIX O COCTOSAHUM OKPYXKatoLLEein cpeabl U CTaTb
YacTblo [BWKEHWA Mo 3awmTte npupodbl B WM3paune. 3agadva LleHTpa
TaKkXKe BKNOYaeT NpeAocTaB/ieHNe TEXHUYECKON U HayYHON NOAAEPXKKM
CyLLecTByOWMM npoekTam. OdmumanbHoe OTKpbITUEe LleHTpa cocTos-
nocb 20 deBpansi 2025 r. B pamkax NepBoii eXXerofHon KoHMepeHLUmmn no
rpaxaaHcKoin Hayke B 3paune. Ha meponpuatumn 6yayT npeacTaBneHbl
NnaTopMbl U MHCTPYMEHTbI A5t c6opa 1 06paboTKM nHhopMaLmmn o 6u-
opasHoobpasun B V3panne v gna ynpoweHns Joctyna K 3TUM LaHHbIM
3aMHTEPecoBaHHbIM OpraHM3aLuaM 1 LWPOKOA 06LLLECTBEHHOCTH.

B 3aKnt0ueHne BCero HeCKO/bKO U3pannbCKUX N306peTeHnid, n3ve-
HMBLUMX Mup. MpeacTaBbTe cebe, Ha KAKOM YPOBHE TEXHOIOMMYECKOT0 U
Ky/IbTYPHOIO pa3BUTUS HAXOAMNOCH Obl CErofHA YeNoBeYecTBo, ecv Obl
NONOBVHa eBPENCKOro Hapoga He nornbna B Katactpode, a m3panbTsHe
C MOMEHTa CO3faHus rocyfapcrea He OblNM Obl BbIHYXXAEHbI YAENATH
NbBVIHYIO [0/110 CBOEro BPEMEHW, CU U CPeACcTB Ha obecreyeHue 6e3-
ONacHoCTW.

Waze

becnnaTHoe HaBWUrauMOHHOE MPUIOXKEHWE AN MOOWJIbHBIX
YCTPOICTB, MNO3BONAIOLLEE OTCIEXMBATL CUTYALIMIO HA J0POrax B peXxume
peabHOr0 BpeMeHu, NPOKaAbIBaTb ONTUMa/bHbIE MapLLPYTbI, y3HaBaTb
0 PacronoXeHuW NONLENCKMNX pafapoB, NoslyyaTb MHPOPMaLMIO 1 npe-
Aynpexaatb ApYrvx nonb3oBaTesneil 06 N3MeHeHUM TPaHCNOPTHbIX YC/0-
BWIA, NPENATCTBUAX, LOPOXKHOM NOANLMK, 06LLATLCA C APYTMMM NOJb30-
BaTenaMu Ha KapTe. Waze 6bin cosfaH B M3pamne B 2008 ., 1 cerogHs
NPOCTO HEBO3MOXHO cebe MpeAcTaBUTb BOXAeHME aBToOMObuNA 6e3 uc-
M0/Ib30BAHNSA 3TOr0 MPUIOXKEHMS.

DiskOnKey

USB (hnew-namsTtb) 1306pen B M3pauibCKO KoMnaHun M-
Systems. NaTeHT Ha Hee 3aperncTpuposanv B 1999 r., B npogarke nepsble
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thnewku nosisunmck B 2000 r. Y nepsoro DiskOnKey 6bi1a namsTb BCEr0
nmwb 8 MB. CerogHs Ha pblHKE MPOAAOTCS MUHMATIOPHbIE (ELKN,
06bEM NaMATH KOTOPbLIX B MUIIMOHLI pa3 6osibLLe.

Mobileye — cuctema 6e30NacHOCTN BOXAEHNS

Cuctema nomouym sogmTento Mobileye ocHoBaHa Ha COBMECTHOW
paboTe UMhPOBOI Kamepbl 1 MUKPOMNPOLIECCOPa, YCTaHaBNMBAaEMbIX MOJ
no6oBbIM cTeknom. Kamepa nepeaaet m3obpaxeHue B LMEPPOBOM BUae
npoueccopy, a TOoT 06pabaTtbiBaeT ee B peaslbHOM BpeMeHun. bnarogaps
3TOMY TOYHO W OnepaTMBHO OMNpeAensieTcs PaccTosHMe O OOBEKTOB,
HaxOoLALLMXCA BNEPeAV MaLLUHbI, YTO ABMISIETCA KPUTUYECKN BAXKHBIM ANS
6€30NacHOCTY [BVKEHNA. DTy CUCTEMY Y M3PaUIbLCKON KOMNaHWUN Npu-
06penn KpynHelilume aBTOMOOW/bHbIE KOHLEPHbI — Chrysler, Ford, GM,
Tesla, Audi, BMW, FIAT, Jaguar, Opel, Renault, Volvo, VW, Honda,
Mitsubishi, Nissan n gp.

Quicktionary — pyuka-rnepeBogunk

CkaHupytoLwas pydka-nepesoguunk Quicktionary, cos3gaHHas mnspa-
WNbCKON KoMnaHwel Wizcom, 6bICTPO HaX0AWT NepeBoj cnosa 6e3 no-
moLy cnosaps u ['yrna. Mepeas Mogens 6bina npeactasneHa B 1995 r.,
cerofiHs npofaeTcs TpeTbe nokoseHne Quicktionary. Monb3oBaTbecs pyy-
KO NpoCTO — Hafo MPOBECTM €0 MO HEe3HAKOMOMY C/IOBY U Ha 3KpaHe
PYYKW BbICBETUTCA He TO/IbKO MEPEBOZ, C/10Ba, HO M C/I0BapHas CTaTbs CO
BCEMMW 3HAYEHUAMM, TPAHCKPUNLMeN 1 NpuMepaMmn ynoTpebneHuns cnosa.
MocnefHss Mogenb AaeT BO3MOXXHOCTb MPOCNYLLATb U NEePEeBECTM MPOn3-
HeCeHHble BC/yX OTZAe/bHbIE CN0Ba U JaXe Lenble (pasbl.

Umoove — ynpasneHue B3rnisaom

N3pannbckas (upma Umoove cosgana YCTPOWCTBO U €ro npo-
rpaMmHoe o6ecrneyeHme, AatoLLee BO3MOXHOCTb YNPaB/isiTh 3TUM YCTPOIA-
CTBOM NPV NMOMOLL ABUXKEHMIA FOMOBbI U TN1a3. 1306paxXeHne 0T Kamepsl
cMapToHa WAM MNaHLeTa aHaM3MPYeTCs OHMaliH U NepeBOAMUTCS
B YNPaB/ISOLLME KOMaHPbI.

PillCam - kamepa-kancyna

3pannbCKuii yueHblid, paboTatoLLmii B 060POHHO NPOMbILLEHHO-
CTW, CO3aNn MVHWATIOPHYHO Kamepy pa3mMepoMm C 06bI4Hyto TabneTky. Ta-
Kasi «Tab/ieTKa» COAEPXKMT He TOMbKO Kamepy, HO 1 nepeaaTyrK, Mogy b
MOACBETKM 1 akKyMynaTop. Moce Toro Kak nauyeHT NnpornaTbiBaeT Kar-
Cyny, Bpauu Habno4atoT NPOMCXOAsLLEe B MULLEBOM TPaKTe U MOryT
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NOCTaBUTb Hanmbosiee TOUHbIN AMArHo3, HUYYTb He MeLlas HOPMa/IbHOMY
(hYHKLMOHMPOBAHWMIO XeNyaka naumeHTa. B 2013 1. n3pannibCKyto KOM-
naHuio Given Imaging, M3roToBAAIOLYO 3TW Karncy/bl, npuobpena 3a
970 mMSIH gonn. npnanackas komnaHusa Covidien.

KonakcoH — nepBoe NeKapcTBO OT PacCesHHOr0 CKepo3a

KonakKCoH — NeKapcTBO /s NEYEHNst PacCesHHOro CKeposa, Obin
paspaboTaH 1 NPOM3BOAWTCA M3PaMNbCKON (hapmaleBTUYeCKOl Komna-
Hueli Teva. KonakcoH — nepBblii Npenapat B MUpe, pa3paboTaHHbIii cre-
LMaNbHO ANS NIEYEHNs PACCESIHHOTO CKepo3a.

Netafim — kanefnibHOe opoLLeHVe

pes kanenbHOro opoLueHns Gbina npuayMaHa u3panibCKUM UH-
XeHepom Cumxoii bnaccom, KOTOpbIin 1306pen rnbkuin Tpy6onposos,
OCYLLECTBNAOLLMIA MONMB TaM, FAe 3T0 Hanbonee Heobxoaumo. ccneso-
BaHMA NOKasan, YTO MEeANEHHbIA U cOanaHCMPOBaHHbIV MOMUB CyLLe-
CTBEHHO MOBbLILLIAET YPOXKANHOCTb. COBPEMEHHbIE CUCTEMbI KanesibHOro
OpOLLEeHMs CNOCOOHbI camooumLaTbCA U 0becneunBaTb pPaBHOMEPHOe
pacnpegeneHve BoAabl. C MOMOLLBHO 3TOI CUCTEMbI CTas10 BO3MOXHBIM CO-
6MpaTb BbICOKME YpOXKan AaxKe B TeX paiioHax, rjae 6e3 Hee CenbCKoe XO-
39CTBO BOOGLLE He CYyLLeCTBOBaNA, Kak, Hanpumep, B NyCTbIHeE.

«>XKenesHblil Kynos» — mobunbHas cuctema MNPO

3HaMeHUTas Ha BECb MMP CUCTEMA 3aLLMTbI OT HeYNpaBnseMbIX Tak-
TUYECKMX PaKeT Cco3faHa W MpOW3BOAWUTCA W3Pan/IbCKUM KOHLEPHOM
Rafael. OHa npekpacHo nokasana ceds BO Bpems npefbioyLinx ornepa-
LmiA no 6opbbe ¢ rpynnuposkoit XAMAC 1 B X0f€e BOIMHbI «XKene3Hble
meumn». OpHa 6GaTtapes «XKefes3Horo Kynona» 3alivLiaeT TeppuTopuio
nnowaasto 150 kBagpaTHbIX KUIOMETPOB, ee athheKTUBHOCTbL 60/1ee 90%.
MepBas G6aTapes BCTana Ha 60eBoe AexypcTBo B MapTte 2011 .

HUVPY — HensoumnaHaTHbIe NonypeTaHbl

lMepBble NpOMbILINEHHbIE HeM3oLMaHaTHbIe MNONYpPeTaHbl, CO34aH-
Hble U3paunsibCKoV KoMnaHwvei Polymate Ltd. 1 3anaTeHToBaHHbIE BO MHO-
rMX cTpaHax mupa. Takue nonnmypetaHbl HE TOKCUYHBLI U He KaHLepo-
FeHHbl U NPUMEHSIOTCA NPOMBILLIEHHOCTH, CTPOUTENBLCTBE Y BOEHHOIA
TEXHUKMN.



BMECTO SAK/TKOYHEHUA
B

500 n3ob6peTeHmnii Onera PMroBckKoro

OpHaxabl Oner durosckuii NpuLwén pabotatb B COBETCKMIA «HUN
MoccTpoit» B MockBe M co3fan CBOE nepBoe M306peTeHMe — MfacT-
acthanbToBbIN 6eTOH. C 3TOro M Havanach ero aHTacTnyeckas, obicTpas
Kapbepa B Hayke 0 matepuanax. locnefHve rogbl Haw repoit yaenset
60/bLLI0E BHUMAHNE NHHOBALMOHHBLIM TEXHOIOMUAM, CO3AaHMI0 3KO/0T Y-
Yeckn Ge30nacHbIX MaTepuasos, ABSETCA MOCTOAHHLIM aBTOPOM Xyp-
Hana «ATOMHas CTpaTterus», HarpaxiéH psagom OpAeHOB M Mefanei 3a
CBOIO aKTVBHYO Hay4HYHO 1 O6LLECTBEHHYIO AEATENIbHOCTL. [1006LLaTLCA
C H/M — MHE 6b1/10 04eHb MOYETHO, MPUATHO Y UHTEPECHO.

PoxaeHuve. BoliHa. OBaKyauus.

A poamncs B Mockse B 1940 roay, 5 ewg — AOBOEHHbIN Pe6EHOK,
MOW poauTenu 6binmn 0bblYHbIE COBETCKME NtoAK. [Nana paboTan NHXeHe-
POM Ha BOEHHOM 3aBOfe, Mama Oblna GyxrantepoM Ha KpoBaTHOW (hab-
puke. PakTUYeCKM cpasy Moc/re MOEro POXAEHWS Hadvanacb BOWHA,
1 Hac 3BaKympoBann B OpeHOYprcKyto 061acTb. [0 3Tol NpuynHe ceinvac
A MONy4Yaro MaTepuasbHYH0 NOAJEPXKKY OT opraHusaumm «Knainmc KoH-
(bepeHC», a TakXke OT rocygapcTtsa M3paunb. 13 aBakyaumm NOMHIO He-
Mas10. 3TO 6bI/10 0YeHb ryX0e MecTo. Tam pacnosiarascs To/1bKo nanuH
3aBOf, KOTOPbI paHbLLie U3roTOBNAN TPYObI, a B MEPUOS, BOMHbI Aenan BO-
eHHYI0 NPOAYKLWMIO, Y KPOME HEro Tam 60/1bLLe HAYEro He nmenocs. Og-
HaXxabl A cobupan B Necy ManHy, a PALOM TEM Xe cambIM 3aHVMacs
Me[BEXOHOK, OH TOXe Moejan 3Ty Cnafkyto frogy. Mbl Jpy>KHO genanu
3TO BMeCTe C MeABEXOHKOM (cMeeTcs). MoToM nany nepesenin Ha Apyrov
BOEHHbIN 3aB0f B ballkupuu, rae okasanocb OYeHb FOMI04HO, XO0M04HO,
1 B NamATN OTHYET/IMBO 3aCTbII0, YTO TPW AHA Y HAc He 6blno xneba. A 1
XXWN B JOMe, FZle Ha NepBOM 3TaXe pacrnofiarasics NPoAYyKTOBbIA MarasuH.
BnanMmo, y MeHs Oblnl O4eHb XaKunid BUA, U MEHS B 3TOM Mara3vHe noxa-
Nenv 1 fanmn MHe KOpPKY Y8pHOro xneba. 3HaeTe, Kakoe Y0BO/bCTBUE 415
MeHs Torfa 6bino eé cbecTb! B Uenom BOCMOMUHaHMA 06 3Bakyauuu
Y MEH$ 0CTa/IMCb BECbMa TSHKENbIe, HO MHOTAa 6b110 1 Beceno. KoHunnacb
BOWHa, 1 Mbl BEpHYUCb B MOCKBY.
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06 aTumonornn ammnmm OUroBCKUiA.

damunnnsa «PUroBcKuii» UMeeT MO/bCKO-eBPECKOe MPOMNCXOXAe-
Hue. B MosbLue ecTb ropoga, rae ata ammunns BCTPeYaeTCcs OYeHb YacTo,
0c06eHHO B ropofe bbirgoul,. dwura ABNAeTCH CUHOHUMOM CNOB «UHXMP»
N «CMOKBAa», TO CTb Ha3BaHVeM (PUroBOro Aepesa v ero naogos. dura —
3TO CUMBO/ MNOLOBUTOCTU 1 cunbl. B [ipeBHem PuMe congatbl HOCKMAN
amyseTbl B Buge uru (Kykuwa). MNokasbiBaTb KykuLw (pury) npugymanm
Toxe B [peBHem Pume. Ha KapTuHax Xy4oXHUKOB B CpefiHMe BeKa 6bIno
MPUHATO MPUKPLIBATL MPUYNHHBIE MECTa Y MYXXUUH (DUrOBbIM SIUCTOM.
B HOxHOI AMepuke ceroHs nonynspHbl aMmyneTbl U MY>XCKWE YKpallie-
HVA B BUAE urn (Kykuwa). Bo3MOXHO, M3-3a TOrO, UTO (OMrK — MAoAbl
(bMroBoro fepesa, CofepXar 04eHb MHOMO 3éPeH — CEMSH.

MNepBOe 3HAKOMCTBO C NMUPOXHbBIMN.

Mos pofHas TéTs paboTana B nuTepaTypHoii yactn MXATa, rge
npoxoavnn 3acefiaHnsa komuteta no CTaMHCKUM W JIEHWHCKUM npe-
MUAM. TOMHIO, MHE LUEN YXKe LIECTON rof, U B MarasuHe 418 paboTHUKOB
MXATa BnepBble YBUAEN HA BUTPUHE Takoe 61100, KakK MMPOXHOe. Tak
KaK npexfe, Haxo4Aach B 3BaKyaluu, HUKOrAa He Cbllwasn 0 Taknx BKYC-
HbIX, KpacMBbIX TaKOMCTBaxX. Tak 51, Ma/leHbKINIA pe6EHOK, BrepBsble y3Harl,
4TO TaKoe anneTUTHeNLMe 3KNepbl N KOP3NHOYKM.

MwpHas Xu3Hb. O /1106BM / HeNMw6BM K MasaKoBCKOMY.

[anee, 1 0KOHUMT 0BObIYHYIO CPEHION LLKOMY M XOTEN NOCTYNUTb
B (pn3Tex. Ho Ha BCTYNUTENbHbIX 3K3aMeHax COUYMHeHMUe Oblfo Ha TemMy
«3a 4TO Bbl 1IO6MTE MasKoBCKOro?» MeHs Toraa Tak nopasusi 1 pa3o3nun
3TOT BOMPOC, 3TO YTBEPXKAEHME, HEe OCTaB/AOLLEe MHE NPaBo CBOOGOAHOIO
BbIOOPA, UTO S HaNUcan CoOUMHEHME Ha TeMy «3a YTO A He N6 Mas-
KOBCKOr0». XOpOLLO OTHOLYCb K 3TOMY Be/IMKOMY NO3Ty, HO cama no-
CTaHOBKa BOMpPOCa aBTOMaTUYeCKM Bbi3Basia y MEHS XenaHne BbICTYMNUTb
npoTve. oOTOM MHe npegnarany nepecAarb 3K3ameHbl, Kak «Hepyc-
CKOMY», MPOCTO Hanucas [AUKTaHT, a He COYMHeHWe. Ho A oTKasascs
n noweén pabortate B HAW, rae tpyaunca cHavana nabopaHTom. Moé
Hanpas/ieHVe LesaTeNbHOCTM Npeanonarano nosyyeHne 04eHb MasieHbKOM
3apnnarbl, 1 TOr4a MeHs 0ohopMUIv pabounmM — GETOHLLMKOM YeTBEPTOrO
paspsga. Ctan nonyyatb Gonblle M Yem NabopaHT, N Aake YeM Hall
Hay4HbIli COTPYAHMK. Yepe3 nNpnban3nTensHO roga noatopa noctynusn
B 3204HbI UHXXEHEPHO-CTPOUTESIbHbIN MHCTUTYT. HaumHas co BTOpPOro —
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TpeTbero roga npeboisaHus B HWW, ctan npoBoanTb CaMOCTOATESIbHbIE
nccnefosaHns, 6yayum CTyJeHTOM-3a04HUKOM. V1 3T0 BblfIo HEBEPOATHO
WHTepecHo, 3afOPHO W yBnekartenbHo. Pabotan torga B «HWW Moc-
CTPOS», B C(hepe LOPOXKHOr0 CTPOUTE/NbCTBA U 3aHUMASICA MPYMEHEHVEM
NONVMEPOB B jaHHOW 06/1acTy, NPUAYMbIBaN HOBble MaTepuanbl. Okasa-
Nnocbk, 3TO BecbMa GnarofapHas Tema. lNepBble ABa CBOMX M306peTeHUs
pa3paboTan B Bo3pacTe 19 fieT. Y>xe B 20 f1eT — BrepBble NpoYMTan Hayu-
HbIl [OKNag Ha npe3vauyme AKafeMuy apXUTEKTYpPbl U CTPOUTE/bHbIX
HayK. MHe 3afaBanu BONpockl, 8 0TBEYa/, BCTYMW/ B NONEMUKY. Takum
06pa3om, cpasy Obin «bpoLleH» B HayKy, KaK B BOAY, U B UTOre Havan
NPOMECCMOHANBHO eii 3aHUMATLCA.

HayuHas gesaTenbHOCTb. ABTOPCKME N306peTeHUS.

MHe ou4eHb NOHpaBUIOCL U306peTaTb. HO B TO BpeMs 3TO 6blI0 He
Tak MofHo. I'fie-To yepe3 3—4 rofa Ha MeHs yxe obpallaiv BHUMaHMe,
KaK Ha MO/I0f0ro crneumanmneTa, Korga Hy>XXHo 6bIfo co3gaTtb YTO-TO HO-
BOE, Yero eLé He 66110 npugymaHo. K 30 rogam y MeHs ke Ob110 0KOJ10
NATULECATN PasHbIX M306pPETEHWI, MMEBLUMX Camytd MpPaKTUYecKyto
Hanpas/ieHHOCTb. CaMoe r/1aBHOe MO TBOPeHUe TeX JIET — CO3faHue nep-
BOr0 NAaTEKCHOr0 K/es Ha BOAHOM 0CHOBe «bycTunaT», KOTOPbI Npous-
BOAMTCA [0 CErOfHALIHEro [AHA M UCNOMb3yeTca [ANA NPUKIeNBaHNS
NAUTKN, BUHUNOBLIX 060€B B JOMALLHUX ycnoBuax. Mocne «byctuiarax»
Y MeHsi B apceHasie eLé Lienblid psg Hoy-xay — LiBETHO acthanbT, My /ib-
CUKN 4N18 CTPOUTENbHBIX PaboT 1 npouyve. oToM A TPYAWICS B ApYrux
HWIA, B OCHOBHOM 3aHMMasCA CreuuanbHOM TeMaTUKOW, MaTepuanamu
ocoboro HasHaueHus. lMepef oTbe3gom B M3panne M3 Poccum yncnnnca
3amectuTenem ampektopa HWAW no 3awmrte MeTasiioB OT KOPPO3UW.
MHe y>ke 6b110 50 NeT. Y MeHsl, eCTECTBEHHO, Oblla POPMa CEKPETHOCTH,
N 0 nepeesfe A0 3TOro He ayman. C Moeli (hopMOit CEKPETHOCTM MeHS
HMKTO Obl HE BbIMYCTU/T U3 CTPaHbl. HO HacTynuna nepecTpoiika, 1 Hazto
6b1N10 UTO-TO peLlaThb. Y MeHs 6bin 6n13KUIA ApYT HOpPBEXEL,, 0ULIMaNbHO
MPUracvBLLNIA MeHS B CBOKO CTpaHy. KaknM-TO 4yjOoM MHe paspeLumiun
noexatb B Hopeeruto. VI yepe3 aBe Hefenu f nofjan BU3Yy Ha Bbe3f
B U3paunsb.

CosepLueHune penatpuarmmn. >KusHe B 3pavrne. V13yyeHne neputa.
Mocne yero, BepHyBLUMCL U3 HOpBEernu, COBepLUns anuio, a ecnu
npoLle, Kak Torga roBopunun, nepedpancs u3 0HON KanuTaaMcTUUeCKon
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CTpaHbl — B APYTry KanutanmcTuyeckyto ctpaHy. CamMoe CMELLHOe, YTO
1 NnepBas MOA JO/HKHOCTL B V3paunsie Takxke 3By4ana Kak «3amecTuTeb
avpektopa HAW no sawnte metannos 0T KOppo3um». TobKo B MOCKBe
Yy MeHsl 6blIN ThICAYN COTPYAHUKOB U Konner, a Ha CeATol 3emne mx
HacuMTLIBANOCh NAT.

VBpWT — He yuun, 1 ero u ceilyac Mano 3Har0, TOMIbKO KakKue-TO
OYeHb MpocTble Bewy. locne coBepLUeHNs penaTpualn BbISCHUIOCH,
YTO B €BPENCKOM rOCyAapCTBe MeHS HUKTO He XAasi, M MHe MpULIoCh
«KPYTMTbCA» CaMOMy, 4TOObl Kak-TO TPyAoycTpouTbcs. B 1994-
1995 roay 6bin1 co3gaH Coto3 yUéHbIX penatpuaHToB M3panns (CYPW),
1 MeHs n3bpasin BULe-NPe3naeHToM 3TOM 06LLEeCTBEHHON OpraHu3aumm,
B 1996 rogy MMHMCTP NpOMbILLIeHHOCTM HaTaH LLlapaHcKuii obpaTtuncs
K reHepansHomy aupektopy CYPW a-py AnekcaHapy bepmaHy c npeg-
NOXXEHVEM MOPEKOMEH0BATb KOr0-IMB0 U3 YYEHbIX-PENaTpuaHToB, cre-
Lmanusmpytolieroca B 061actu NpUKNagHbIX WUccnefoBaHwi, Ans no-
e3gkm Bmecte ¢ HuMm B CLUA. AnekcaHgp BepmaH nopekomeHzoBas
0N 3TOM noe3fgkn MeHs. bnarogaps atoit noesgke B CLUA Bwmecte
C MWHWCTPOM MpOMbILWNEHHOCTM HataHom LLlapaHCKMM MHe yaanochb
YCTaHOBWTbL HEOOXOAMMbIe [eN10Bble KOHTAaKTbl, ¥ MHE MPeAIoXun pa-
60Ty [AMpPEeKTOopa MO Hayke W pasBUTUMIO B aMEPUKaHCKOW (upme
EUROTECH, npe3naeHTOM KOTOPOI 6bin agmupan Y OoTKUHC. 3aHMancs
CO3/aHMeM HOBbIX MaTepuasioB ¥ TexHONoruii. B 3panne g cosgan fo-
uepHee npegnpusaTue — «lonUMeRT», YTO MO3BOIMNO MHe paboTaThb
1 Ha CBOEI MCTOPMYECKO poguHe. Takum obpa3om, s obecrneumnn pabo-
YMMM MecTaMu 60/bLLYHO TPYNMY YY€HbIX-PenaTpraHToB, CreLuaincToB
no MaTepuanoBefeHuto, No 6opbbe ¢ Kopposueid. Moyt 30 neT A Bbinyc-
Ka/1 Hay4HbIiA )XypHa Ha aHT IMACKOM $A3bIKe, NOAAPVBLLINIA BO3MOXHOCTb
CPOYHOI Ny6AMKALMM MHOTMM YYEHbIM-penaTpuaHTaM 13 cTpaH ObiB-
wero CCCP, uTo TOXe 6blN0 ANS HUX KpaliHe BaXkKHO. CerofHs y MeHs
y>xe 6onee 500 n306peTeHNIA. M 3T0 BbIN0 OTMEYEHO CnelmanbHoi Mmeaa-
nbto oT npaBuTenscTBa CLUA. Ho 51 04eHb 061N 1 M0G0 HaLL YIOTHBINR,
COMHEYHbIA, ManeHbKnin 3pannsb, ewg B CCCP 5 yyacTBOBan B pasHbIX
CYOHUCTCKNX OOLLLECTBEHHBIX 00bEANHEHMAX, MOITOMY He 3aX0Tes nepe-
exatb B CLLIA HacoBcem.
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O6LecTBeHHas AeATeIbHOCTb B eBPencKoM rocyaapctae. Coto3
YUYéHbIx-penaTpuaHToB 3panns (CYPI).

FoBopa 0 gBwkeHun «XasnTt-a-Kasog» 1 0 Coro3e yuéHbix-pena-
TPUAHTOB, XOTeN 6bl OTMETUTL, YTO A MPUCYTCTBOBA/T HA YUYPELNTENILHOM
COOpaHMM 3TUX OBLLECTBEHHBIX OpraHmn3aLuin U BCAYECKM NOAAEPXKMBAN
3T0 Gnaroe HauMHaHWe, TakK Kak BCerga CTPeMW/ICA MOMOraTb Hy>XKaaro-
wmmea B atom. B 1995 rogy a, 6yayum suue-npesngeHtom CYPW, nony-
4mn LOCTYN K «3aCeKpeyYeHHOMY» YCTaBy TEXHOMOrMYeCKUX TenauL, Mu-
HMUCTEPCTBa MPOMBILLIEHHOCTU W TOProsin. B HEM 6biNo cKasaHo, yTo
3aprniaTa HOBOro penaTpuaHTa-y4éHoro, paboTaroLLero B aTUX TeNnLax,
coctaBnseT 3.600 Liekeneli B Mecsl, a cTapoxuna y4éHoro — 7.200 we-
Keneli B Mecsil, TO ecTb B AABa pasa 6onblue. Aupektop CYPU a-p Anek-
caHgp bepmaH Hanpasui NMUCbMO MUHWUCTPY MPOMbILLIEHHOCTN U TOP-
rosnv Mvkv Xapuluy, a Takxe npeacefaTento n3panibCKoro npogcorosa
Xaumy PamoHy ¢ yrpo3oli nofath B CyZ Ha MUHUCTEPCTBO MPOMbILLIIEH-
HOCTW 1 TOProB/uN 13-3a AUCKPUMUHALNN HOBbLIX YUYEHBIX-PenaTpuaHToB
Nnpv HauncneHun nm 3apnnatsl. 310 nucbMo CYPU nprseno K Tomy, 4to
Yepes KOpOTKoe Bpems 3apnnaTbl 0Ko10 300 HOBbIX YUYEHbIX-penaTpuaH-
TOB ObINIV YBENMYEHbI B AiBa pa3a (10 7.200 wekeneii B mecsl). Tak, BMe-
cTe ¢ AnekcaHapom bepmaHom, npesnaeHToM «XasnT-a-Kasog», Mbl f10-
6WnnCh pAgda NbroT 415 HALWWX YYEHbIX-PenaTpuaHToB, BbICTYNas NpoTuB
AVCKPUMUHALIMW HaLLMX NIOAEN 1 B 3aLLMTe MX NPaB Kak y4YéHbIX. KcTatu,
y>Ke Korga A nepeexan B M3pausnb, B Poccun 6bin n3bpaH YneHOM ABYX
POCCUICKNX akafeMuii Hayk. MeHs Takke n3bpanu akagemvkom Espo-
NencKomn akafeMun Hayk.

[eHb cerogHsALLHWIA.

CerofHs A Mo-NpPeXHeMy 3aHUMaKCb Hay4YHbIMU U306peTeHUSMU
M MUY KHATY HA PYCCKOM W aHTINACKOM, SIBMIAKOC [N1aBHbIM pefaKTo-
pom xypHana ICMS (CLUA). M3gat0 MUHUMYM OAHY — [1BE KHUMW B rof.
Mowu nevaTHble TpyAbl AeNATCA Ha ABa pasfena. lNepsasd Kateropus — ato
TEXHUYECKNE U3AaHNSA Ha aHTIMACKOM A3bIKe, MOCBALLEHHbIE HayKe O Ma-
Tepuanax, BbIXoAAWME B KPYNHEMLLNX U34aTeNbCTBAX HaLUEn MaaHeThl.
Takke Hemasio MWLy Ha PYCCKOM f3blKe, pacCkasbiBas O COCTOAHWUU
HayKu B pasHbIX cTpaHax, Takux kak CLUA, BennkobputaHus, Kutaii.
Crapatochb XnTb NMPOUCXOAALLMM B MUPE, He 3aMbIKasChb TO/IbKO Ha COObI-
TMaxX BnmkHero BocToka, yToObl HE OblTb «MECTEUKOBbLIM» EBPEEM.
Y MeHsl TaKXe BbIXOAUT He MeHee 20 CTaTeil B rof B €BpOMEACKUX,
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KUTAMCKNX, POCCUIACKNX N APYTUX HAyUYHbIX N TEXHUYECKUX XKYypHanaxX.
X0o4y OTMETUTb, YTO 5 BCErAa «MNJbl1» NPOTUB TeYeHUA Kak B Poccum, Tak
n B N3pamne. Ho, HECMOTpS Ha BCe TPYAHOCTU, He yexa 13 eBPEncKoro
rocyfapcTsa 1 B HalW AHKW, HanpuMep, akTUBHO GOPHOCH 3a KapAnHa/b-
Hble U3MEHEHUs B N3PanN/IbCKOM CTPOUTENLCTBE, NOATOTOBUB peasibHble
NPeaJsIoXKeHUA NO YCTPAHEHMIO 3aBUCUMOCTH OT MHOCTPaHHbIX pabounx.

Mpagenylika Onera ®UroBCKOro
BennuHcrayseH IMpuropwuii u ero 6abyluka EkatepuHa

* Author: fHa /ltobapckas
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