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KOJIOHKA PEJAKTOPA
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HUCTOPUS CEMbHU — UCTOPUSA KABAXCTAHCKOM HAYKH
Myn I'.A.

Kaszaxckuu nayuonanvhwiti ynusepcumem um. anv-@Papadu, Anmamol, Kazaxcman
e-mail: mungrig@yandex.ru

Cmambs noceaujena ucmopuu 00HOU U3 Hauboee APKUX KA3AXCMAHCKUX HAYYHBIX OUHACMULL — ceMbe,
HbIHE JHCUsy UM npeocmaegumesnem komopou sensemcsa npod. M.2. Cynetimenos. Ilokazano, umo 6 ucmopuu
oMol ceMbU KaK 8 Kanie 800bl OMPANCACMcs UCMOPUA KA3aXCMAHCKOU HAYKU CO 8CeMu ee 831emamu U
naoenuamu. Ha oannom npumepe packpuvleaemcsa makice, HACKOILKO 8ANCHBIM Ol KA3AXCMAHCKOU HAYKU
ABNAEMCS NOAGLEHUE YUEHBIX-DHYUKIONEOUCTNO8, CIOCOOHBIX NOOHAMbBCSA 00 8bICUIE20 — PUIOCOPCKO20 —
YpoeHs ocmuicaenus npobaemul. Coenan akyenm Ha mom, HACKOAbKO mMpyOHO NOOIUHHO HOBAMOPCKUe udeu
npobusaiom 00pocy K GONJIOWEHUIO, U HACKONbLKO 8PEOOHOCHBbIM Ha OaHHom smane oas Kasaxcmana
CMAHOBAMCA ~ YUEeHbIe-KOHCEPBAMOpbl,  6CAYECKU  NPOMUGOOEUCMBYIOWUe  MENCOUCYUNTUHAPHBIM
uccnedosanuam. Paccmampusaemcs  3nauenue muayunvix mpyooe HM.J. Cyneiimenosa, npeomemHo
00KA3bI8AIOWUX, YMO BPeMs VUeHbIX-DHYUKIONeoucmos eosce He yuino. Haobopom, mexywuii kpusuc
cospemennou Hayku Oenaem ux ece Oonee u Oonee 860CmMpeOOSAHHbLIMU, Npudem Oadce 6 mex 00IACmAX
3HAHUs, KOMOpblEe CEA3AHbL C O0DOPOHHO-NPOMBIUNEHHBIM KoMuaekcom. Ommeuaemcs HeoOX00UMOCHb
KOPEHHOU MOOepHU3AYUU KA3AXCMAHCKO20 HAYYHO-MEXHUYECK020 Co00uecmsa, nepexoo e2o Ha ypOoGeHd,
omeeuaouuii COBPEMEHHbIM BbI308aM, 8 THOM HUCTe, 2eONOIUMUYECKUM.

Knwouesvie cnosa: nayynas ounacmusi, UCmopusi Ka3axcmancKou HAYKU, KPU3UC COBPEMEHHOU HAYKu,
Qunocousa  Hayku, YueHBLU-DHYUKIONEOUCH, BOOPYIHCEHUS HA  HOBbIX  (QU3UYECKUX  NPUHYUNAX,
2eONONUMUYECKUE BbI30BDI.

The article is devoted to the history of one of the brightest Kazakhstani scientific dynasties - the family,
the living representative of which is Prof. I.E. Suleimenov. It is shown that the history of this family as in a
drop of water reflects the history of Kazakhstani science with all its ups and downs. This example also
reveals how important for Kazakhstani science is the emergence of scientists-encyclopedists, capable of
rising to the highest — philosophical — level of comprehension of the problem. Emphasis is made on how
difficult it is for truly innovative ideas to make their way to embodiment, and how harmful at this stage for
Kazakhstan become scientists-conservatives, who in every possible way oppose interdisciplinary research.
The importance of scientific works of I.E. Suleimenov is considered, substantially proving that the time of
scientists-encyclopedists is not gone at all. On the contrary, the current crisis of modern science makes them
more and more in demand, and even in those areas of knowledge that are related to the defense-industrial
complex. The necessity of radical modernization of Kazakhstan scientific and technical community, its
transition to a level that meets modern challenges, including geopolitical ones, is noted.

Keywords: scientific dynasty, history of Kazakhstan science, crisis of modern science, philosophy of
science, scientist-encyclopedist, armament on new physical principles, geopolitical challenges.
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Maxana KazaxcmanHnvly ey JicapKblH eblIbIMU dYAemmepiniy 0ipi — Kaszip omip cypin jicamyan OKini
npog. u. 3. Cynetimenos bonvin madviiameii omoacyl mapuxvina apuai2an. byn oméacvinvly mapuxvinoa
CYy MamublCblHOAbIOAU KA3AKCMAHOBIK EbLIBIMHbIY MAPUXsl OHbIY OAPILIK epleyi MeH KYI0blpayblMeH
Kepinic mabamvinbl Kepcemineen. byn mvicanda maceneniy snco2apuvl-uiocopusinwly — myciny Oeneetiine
Kemepine alamvlH SHYUKIONEOUATbIK 2alIbiMOapobly  naida 0Oo0nybl  KA3AKCMAHOBIK —2bLIbIM  YILIH
KaHWANbIKMbl Manbi30bl ekeHoiei e awbliaovl. [llvinativl scanawbln uoesanap icke acvlpyaa 4ol auyod
KAHUATLIKMbL KUbIH  eKeHOIZIHe J#CoHe OCbl Ke3eHOe HNIHAPAIblK 3epmmeyiepee  JHCAH-JcaKmvl Kapcol
mypamviH KOHcepgamuemi anvimoap Kazaxcmawn yuiin KaHWANbIKMbl 3usAHObI OONamblHbIHA baca Hazap
ayoapuinovl. M. O. CyneiimeHosmvly SHYUKIONCOUSIbIK SANbIMOAPObIY  YAKbIMbL MYJI0eM OMNe2eHiH
Oanendeimin blibiMU enOeKxmepiniy Manwvlzbl Kapacmuipwvliyoa. Kepicinwe, Kazipei 2bliblMHLIY KA3ipel
0agoapuicbl  01apovl 6aAp2aH caiiblh CYpaHvicka ue emedi, Minmi KOPEaHbIC-OHEPKICIN KeuleHiMeH
batinanvicmul Oinim canrarapvinoa oa. Kazaxcmanowlk uliblMU-mexHuKauvlK Koeamoacmolkmsl mybezeiini
JHCAHRBIPMY Kadicemminiei, OHblY Ka3ipei 3aManabl, OHbIH [uiHOe 2e0CascU CblH-Kamepiiepae xHeayan bepemin
OeHeelice kKoutyi aman emineoi.

Tyiiinoi ce30ep: evinvimu aynem, Kazaxcmar 2bliblMbIHbIE MAPUXbL, KA3IPSL SbLIbIM 0a20apulcyl, T blibim
dunocogpuscol, anvim-suyuxioneoucm, Kana guzukanvly Kasuoammapoagvl Kapy-sHcapar, 2e0Casacu CblH-
mezeypinoep.

B deBpane 2024 r. HanmonanbHast nrkeHepHas akagemusi PK yectBoBaia oHOTO M3 HamboJee
SAPKUX MpeJICTaBUTENel Ka3aXxcTaHCKOM Hayku — mpodeccopa CyneiimenoBa MOparnma DceHoBuyYa.
B o3namenoBanue ero 60-nmetHero o0wies HamuonanbHas wuHxkeHepHas akagemus PK
opranuzoBasia KoH(pepeHH0 «Briciiee oOpazoBanue M 00pa3 Oyaymiero: K HOBOHM mHapaaurme
Pa3BUTHS HAyKW», B OPraHU3AlMM KOTOPOW MPHHSIM Y4acTHE BEIyIHe YYCHBIX U3 Pa3IMYHBIX
ropojgoB CHI" — ot CeBacronosst 1o BnaguBocToka.

Bo160p TemMaTtuku KoH(pepeHIMH OB 1aJIeKO HE CITyYaiHbIM.

Bo-nepBbix, mpodeccop CyneiiMeHOB 3aciayXEHHO HMMEHYETCSl YYEHBIM-IHIMKIIONEINCTOM,
KOTOpbIi BHec 0ojee ueM CYLIECTBEHHBIH BKJIAJ B O0ecleYeHue MeXIUCIUITIMHAPHOTO
COTPYAHHUYECTBA HE TOJBKO B HAIIEH CTpaHe, HO U 3a PyOeIKOM.

Bo-BTOpBIX, TeKyIlas reonoauTuYecKas CUTyalus 1eHCTBUTENBHO TpeOyeT OT 0Te4eCTBEHHOIO
HAYYHO-TEXHHUYECKOTO COOOIECTBA HEKOEro MpOphIBa, HO OH TPeOyeT sICHO 0003HAUEHHOW LIeNH,
YTO W ompeessieT HeoOxXoauMocTh (popmupoBaHusi odpasa Oynymiero. Ho, dopmupoBanue Takoro
o0Opa3a He MOXeT ObIThb OCYLIECTBJIEHO CPEICTBaMU HHU OJHOM M3 KOHKpPETHBIX HayK. TpebOyercs
KyJa Ooriee IIMPOKHM B3IV Ha CTPATETUIO pa3BUTHA HAyKH Kak TaKOBOM, MpuyeM Takas
CTpaTeruss Ha MOXET He ObITh CBSi3aHa C pEIHIeHHeM Haubojee OCTPBIX MPOTHUBOPEUU,
XapaKTepHBIX Ui COBPEMEHHOM BbICIIEH HIKONBI. PacmpocTpaHsTbes O HUX 3[eChb HEYMECTHO, K
TOMYy JK€ OHHM CcaMbiM MOAPOOHBIM O00pa3oM aHAIM3UPOBAIMCH B paboTax  Hamlen
UCCIIeI0BATEIbCKOM IPYIIBI, B Y4aCTHOCTH, B [ 1-4].

VYKazaHHYIO0 BBIIIE 33J]]a4y, Kak HEONpPOBEPKHMO CBHJIETEILCTBYET HCTOPHS, MOTYT pellaTh
TOJIBKO yU€HBIE-IHIIUKJIONEIUCTHI, CIIOCOOHBIE MOIHATHCA A0 (GUIOCOPCKOTr0 YPOBHS OCMBICIECHUS
HACYIIHBIX TpoOIIeM.

VY3Kkue crnenuanucTbl, OrpaHUYEHHbIE paMKaMM BIIOJIHE OIPEAEICHHOrO NPEeIMETHOro MOJs
WCCIICIOBAaHMI Ha MPOTSDKEHUH BCEH WX JKWU3HU, W 110 STOW NMPUYMHE HE MOHUMAIOIINE CYTH HAYKH
KaK TaKOBOHM, 4acTO MOBTOPSIOT, cienyromuil Te3uc. CoBpeMeHHast HayKa — CIIMIIKOM CIIOKHBIN
OpraHu3M, 4YTOOBI OTIENIBHBIA YEIOBEK OKa3ajcsi CHocoOeH ONepupoBaTb Ha TOM YPOBHE
0000111eH}, Ha KOTOPOM OIepUpPOBaU KiIaccuku Hayku B KoHue XIX u B Hauane XX Beka. B cuny



N3BECTH HAYYHO-TEXHUYECKOI'O OBIIIECTBA «KAXAK», 2024, Ne 1 (81)

OTPaHUYEHHOCTH MPOPECCUOHATBHOTO U XHU3HEHHOTO OIbITA, OHU MCKPEHHE I0JIaraloT, YTO BPeMs
YYEHBIX-IHIUKJIONEUCTOB IIPOLLIO.

Oro nmaneko He Tak, W mpumep npodeccopa M.D. CyneliMmeHoBa 31eCh CIYKUT Oojee deM
HarJIsiJHbIM JJOKa3aTeJIbCTBOM.

OH sBiseTCS aBTOPOM OPUTHHAIBHBIX PaOOT, BBHIOJHEHHBIX B 00JacTh (DPU3MYECKON ONTHUKH
[5, 6], dusuku mmasmer [7, 8], ¢usuku armocdepsl [9], dusmueckoit xumum [10, 11], xumuu
BBICOKOMOJICKYJISIPHBIX coenuHeHui [12, 13], Teopun HelpoHHbix ceteit [14,15], uCKycCcTBEHHOTO
uaTeuiekra [16, 17], uudposoit o00paboTku curHanoB [18-20], dumocopun [21-23],
HEKJIaCCUYECKOM ncuxonoruu [24, 25] u t.n. Pasymeercs, uTHpoBaHHbIE pabOThI NPEACTABISAIOT
TOJIBKO OTAENbHBIE IpuUMephl U3 Oosiee yeM oOmmpHOro cmucka Tpyno M.D. CyneliMeHOB u
TOJIBKO YaCTHUYHO OTPa)karoT KPYI €ro Hay4HbIX HHTEPECOB.

D710 — He 0oJiee YeM WILTIOCTPALIMs], HO OHA OTpakaeT CyTh Jea.

Bonee uem pa3HOCTOPOHHMI KPYT Hay4HBIX HHTEpecoB npodeccopa CyneiiMeHoBa IPUBEI €ro U
€ro eJMHOMBIIIJICHHUKOB K HEOOXOAMMOCTH (pumoco)CKoro OCMBICICHHUS BCErO TOro Oaraxa,
KOTOPBI HAKOIJIEH KOHKPETHBIMU HAayKaMHU.

Kak cneactBue, oH crtanm ogHUM M3 HauOoliee IMOCIENOBATENbHBIX CTOPOHHHMKOB Te3HcCa O
KOHBEPIeHIIMU €CTE€CTBEHHOHAYYHOT0 U TYMaHUTApHOTO 3HAHMUSI.

[lo cymiecTBy, JaHHBIN TE3HC BBIpaXKAaeT 0oJiee YeM MPOCTYIO Bellb. B MCTOpUM HayKH MEpUOIBI
HAKOIUIEHUS 3HaHWN KOHKPETHBIMU HayKaMHU BCErJa CMEHSUIUCh NIEpUOAaMHU, KOIJia BO IJIaBy yria
CTaHOBHJIACh HEOOXOAUMOCTh (POPMUPOBAHUS IEIIOCTHOW KApTUHBI JEHCTBUTEIBHOCTH, U
KITIOYEBYIO POJIb 37IeCh BCera urpana Gpuiocopusi.

KittoueByto posib B 3TOM OTHOIIEHHH BCETJa UTPAIM KOHKPETHBIE JIMYHOCTH, KOTOPbIE CyMeln
NEepeNTH OT U3yUeHHs! OTAETIbHBIX 3aKOHOMEPHOCTEH, 0OHAPYKMBAEMbIX KOHKPETHBIMU HayKaMH, K
CJIEYIOIIEH CTYIIEHN OCMBICIIEHNS MUPO3/1aHNU.

K ux ugucny, OecciopHo, npuHauiexut u npogpeccop M.2. CyrneliMeHOB, OHU U3 aBTOPOB BO
MHOTOM IPOBOKallMOHHOTO, HO 0o0Jiee 4eM HEOpJIMHAPHOI0 y4eOHUKA MO0 UCTOpUHU U punopoHun
Hayku, KoTopblii Obu1 pekomenoBad MOH PK 1st Bcex cnenpanbHoOCTe MarucTpaTyphl.

[Tpodeccop N.3. CynelimeHoB, Oyyun 4eI0BEKOM, CIIOCOOHBIM K OCMBICIICHUIO PEeaTbHOCTH Ha
CaMOM BBICOKOM — (PUIIOCOPCKOM — YpPOBHE, HEOJJHOKPATHO MOpa)kaj CBOMX KOJUIET, paBHO KaK U
CBOHUX BparoB, CIOCOOHOCTBIO K MPEIBUACHUIO.

IIpuBeny ToibKO ONWMH — caMblii HarsIHBIA — mpumep. Eme B 2020 r. HammM aBTOPCKUM
KOJIJISKTUBOM, METOJIOJIOTHYECKOE IeJenojlaraHue KOTOPOro COCTaBisieT 3aciyry mpodeccopa
CyneiimeHoBa, ObUl BBIIBUHYT M OOOCHOBAaH TE3HC «IOCTUHAYCTpUAJIbHAs BOHHA — 3TO BOIHA
crouMoctei» [26]. Hamu Obutn Taxke pa3paboTaHbl HETPUBHAJIbHBIE TEXHUYECKHE CpPEJICTBA,
MO3BOJISIIOIINE PEATM30BaTh 3TOT T€3HUC HA IPAKTHKE.

He npornuto u nstu neT, Kak 3TOT Te3UC BBIHYK/IEHHO MPU3HAIN MHOTHE U3 OTBETCTBEHHBIX JIUII,
BOBJICUEHHBIX B IPOTHUBOOOPCTBO Ha TeppuTopuu ObiBiero CCCP.

CeromHsi yXe naxe KypPHAJIHUCThl MHUIIYT O TOM, YTO HEOOXOJUMO MaKCHUMAJIbHO CHUXATh
CTOMMOCTh POOOTOTEXHHYECKHX CHCTEM, MEepeHOCs IEHTP TSHKECTH Ha HWHTEUIEKTYaJbHYIO
COCTaBJISIOUIYIO.

Ilepeuenp Takoro pojaa mpUMEpPOB MOXKHO MPOAODKATh O4eHb noaro. Ho 3To, ¢ mMoeill Touku
3peHus, 1ajaeKo HE TIIABHOE.

Kazaxcran ceifuac crankuBaeTcsi cO MHOTMMH Bce Oonee U Ooyiee CepbE3HBIMU BBI3OBAMU,
MHOTHE W3 KOTOPBIX OTHOCSTCS K T€ONOJUTHUYECKOMY YPOBHIO. B Takux ycinoBusAx BaxkHeiiliee
3HaYeHHUe MpHodpeTaeT oOpalleHrue K UCTOKaM, K KOPHSIM, K TOHUMAaHHUIO TOTO, KAK UMEHHO MOTYT
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(bopMHpOBATHCS yUEHBIC-DHLIUMKIIONEAUCTHI, CHOCOOHBIE pemaTh 33Ja4d Ha CaMOM BBICOKOM —
(buI0COPCKOM — yPOBHE OCMBICTICHUS TIPOOIIEMBI.

HiMeHHO TI09TOMY sI TIOJIATa0 CAENaTh JOCTOSHUEM CaMOW IUPOKOW OOIMIECTBEHHOCTH UCTOPHIO
ceMbu CyJlieiMEHOBBIX.

S nonuepkuBato, U6parum DcenoBud CyneliMEHOB — IJIOTh OT IJIOTH CaMbIX CJIABHBIX CTPAaHMII
Ka3aXxCTaHCKOM HayKHU.

Ero HayuHbIl poJl — €€ pOBECHUK.

Bonee Toro, B ucropuu ero HayyHOW ceMbH, Kak B Kallie BOJbI, OTpa3wiach Bcs Oosee uem
CJIOXHAasi UCTOpUS Ka3aXCTAaHCKOM HAayKH, CO BCEMH €€ B3JIeTaMH U NAJCHUSIMM, TOPKECTBAMHU U
TpareusiMu.

B mpenBoennsiii nepuon Kaszaxcran Oojee yeM OCTpO HyKJajcsi BO BHEAPEHUHM HamOosee
COBPEMEHHBIX — Ha TOT MOMEHT — MEIHMIMHCKUX MPAaKTUK. B pemienue sToi 3amaum Oojee yeMm
BECOMBIN BKJIAJ BHECIH el U 0abymika ro0wispa — Oyayuwmii npodeccop Hypramu CyneiimeHos
(pucynok 1) u ero xxena, Hyp3uran MoparumoBHa.

bopeba ¢ snuaeMusimu, G6osee yeM HempocTas MOJIMTHYECKas OOCTAaHOBKAa — HaM JI0 KOHIA
HUKOT/Ia HE TIOHATh, YTO BBIHECIIO HA CBOMX IlJIeYax TO IMOKOJIEHHE, TeM 00Jiee YTO OHHU, IPUBBIKHYB
K TSDKEJIeHIIMM HCIBITaHUSM, MHOTO€ BOCIIPUHUMAJIHM KakK caMo co00i pasyMmeroleecs.

['aranTckuii ombIT, KoTophlid mpuodpen Hypramm CyneiiMeHOB Kak ppOHTOBOM XUPYPT (PUCYHOK
2), umsa kortoporo eme B 1980-e roapl OTUETIMBO MOMHWIM BbICIIME YUHBI JIEHMHrpaackoro
BOEHHOI'0 OKpYTa, I03BOJIMJI €EMY CTaTh OJHUM U3 Benyiux xupypros KasCCP.

Coxpannnuch ¢ororpaduu ¥ BOCIOMUHAHHSA y4eHHKOB mpodeccopa Hypramm CynelimeHoBa,
CTaBILETO B IOCJIEBOCHHBIE T'0JIbl HE TOJIKO MPAKTUKYIOLUIMM BPadoM, HO U HACTAaBHUKOM LIEJIOH
TUIesAIbl OJIECTSIIUX XUPYProB. Ero uMs 0 cuUX Mop BCHOMUHAIOT M MHOTHE BETE€paHbl TPyJia, Thlla
Y TIOJIUTUYECKUX OaTauii.

A cam ToMy cBuaerenb. Sl OTUETIMBO MOMHIO, ¢ KakoW TeruioToi akanemuk E.E. Eproxun
HeoqHOKpaTHO BeromuHaN mpod. H.C. CyneiiMmeHoBa, Kak 4eioBeKa, CIACIIero ero 3[0pOBbe. ITOT
OTTEHOK BCerja BOCIPUHHUMAJICS B HAIIUX COBMECTHBIX OOCYKIEHHSIX COBMECTHBIX HAyYHBIX
paboT, BBUIMBIINXCS B HAMMCAHHE HECKOJIBKUX MOHOTpadHid.

Pucynok 1 — IIpodeccop Hypranu CynelimeHoB
7
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Pucynok 2 — Byxymmuit npodeccop Hypramu CyneiimenoB Ha ¢ppoHTe (cripaBa)

Bpems 110, 0HO OCTAaBUIIO NEPET Ka3aXCTaHCKOM HAyKON U IpyTrHe 3a1a4H.

B Kaszaxcrane B 1960-e roasl OypHO pa3BHBaeTCsi MeETAJUIypruuyeckas HPOMBIIIJIEHHOCTb,
KOTOpasi COXpaHsAET CBOE 3HAYEHHUE 0 CUX IIOp.

Jlydive nnaTeeKTyalibHbIe cuilbl PeciyOrka OpocaeT MMEHHO Ha 3TO HalpaBJIeHUE.

CoiH @ponTOBOTO XUpypra, IceH Hypranuesuu CyneiiMeHOB, n30UpaeT CTe3t0 MeTarypra.

WNuctutyT Metammyprun U oboramieHuss Kk 1960-TbIM rogam CTaHOBUTCS OAHOM W3 Haubousee
3HAYMMBIX Hay4dHbIX opranusanui Kazaxcrana. Ero pykoBoauTesneMm B TeUEHHE NPOAOIKUTEIBHOTO
Bpemenu Obln [Ipesuaent AH Ka3CCP, akanemuk Axagemuu Hayk CCCP A.M. Kynae. MHorue
3acily’K€HHbIE yU€HbIE HaIllel CTpaHbl, B TOM 4Hciie U 1enas miesga akagemukoB HAH PK u HUA
PK, Taxke paboTtasia B 3TOM HHCTHUTYTE.

Cpenu TeX, KTO CTpPOWJI M NMOAHMMAJ OTEYECTBEHHYIO MeTamutypruto, ums O.H. Cynelimenosa
TaK)Ke 3aHUMaeT JajeKko He mocieaHee mecto. OH — copatHUK Ackapa AxmeroBuua KyHaeBa,
Jleonnna IlaBnoBmua Hu M MHOrMX JpYyrux YYE€HbIX, OCTaBUBIIMX CJ€J B Ka3axCTaHCKOH
METaTypriu (PUCYHOK 3).

B gactHOCTH, UM — e11ie Ha 3ape ero HayYHOU JESITEIbHOCTH — ObljIa OImyOIMKOBaHa MOHOTpadus
(pucyHOK 4), MOCBSIIEHHAs: IPOU3BOJCTBY TUTaHA, T.€. METAJLJIa, KOTOPBIH JIEXKAJI U JIEKUT B OCHOBE
MIPOU3BOJICTBA CAMBIX PA3IMUHBIX U3/EIUN, TPEOOPA3UBIINX MHP.
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Pucynok 3 — 60-netue [1o6enpr; B nentpe — akagemuk JII1. Hu, kpaiinuii cnpaBa — akagemuk C.M.
Kosxaxwmeros, 3.H. CyneiimeHOB B 3aJiHEM psily, BTOPO cripaBa

Pucynok 4 — Onna u3 pannux moHorpaduii 3.H. Cyneiimenosa

YMecTHO oT™MeTUTh, 4TO B 1970-¢ Toas Anmma-ATa Obia oqauM U3 Benymmx 1eatpos CCCP B
00J1aCTH XUMUYECKON U MeTaJUTyprudeckoi Hayku. Jlaneko He ciydaitHo MeHeneeBCKHi Che3 ] 1o
o0r1ei u mpuKIagHON XUMHUH ((HOpyM, KOTOPBIN TPAIUIIMOHHO MPUBJIEKAT BHUMAaHHUE YUYEHBIX BCETO
Mmupa) npoiien umeHHo B ctonuie KasCCP (pucyHok 5). UHCTUTYT MeTaluTypriul M 00OTalleHUs, B
KoTopoMm gonrue roabl paboran D.H. CyneiiMeHOB, MpUHUMANl HEMOCPEICTBEHHOE Yy4acTHe B
OpraHM3aIfy U MPOBEIECHUH TaHHOTO opyMma.
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THE X1 MENDELEEV CONGRESS ON GENERAL
AND APPLIED CHEMISTRY

SIGHTSEEING PROGRAM
AND CULTURAL EVENTS
FOR FOREIGN GUESTS
TO THE XI MENDELEEV CONGRESS
ON GENERAL AND APPLIED CHEMISTRY

(September 22 to 27, 1975)

ALMA-ATA

Pucynoxk 5 — [Iporpamma XI MenaeneeBckoro che3fa no oOuei u npukiagHon xumun, 1975-i rog

K 1980-TeiM romam CTaHOBUTCS MOHSATHBIM, YTO J/JI1 JajJbHEWIIEro COBEPIIECHCTBOBAHUSA
METaTyprUUeCcKUX MPOIECCOB TpedyeTcs pa3BUBaTh (PyHAAMEHTAIbHBIC MCCIECIOBAHMS B JaHHON
o0nacTu.

Nmenno aromy Bonpocy D.H. CyneliMeHOB yenseT NepBOCTEIEHHOE BHUMAHUE U paboTaeT HaJl
ATUMU TIpoOJIeMaMu BILUIOTh A0 CBOeH KOHYMHBI B 2023 T.

[IpuBeneM B kadecTBe MpuUMepa TOJIBKO OJUH JIOKYMEHT (PUCYHOK 6), CBHAETEIbCTBYIOIIHUMA O
TOM, HACKOJBKO MTUPOKUMHU OBLUTH HAYyYHO-TPAKTHUECKHUE CBSI3M TOM MCCIICIOBATEIHCKON TPYIIIIHI, B
kotopyto Bxoawi O.H. CyneliMeHoB.

B sT0li AesaTensHOCTH CYIIECTBEHHYIO MOMOIIL OKa3biBaeT u npod. M.D. CyneliMeHOB — B Te
roJibl acCUPaHT JIEHUHTPaICKOTO rOCY1IapCTBEHHOI'O YHUBEPCUTETA.

C ero momomipl0 pa3pabaThiBaeTCs TEOPETHUECKUN ammapaT, MO3BOJISIFOIINMA, B YaCTHOCTH,
OMHUCHIBaTh TIOBEACHUE BBICOKOTEMIIEPATYPHBIX PACIUIaBOB, OOJIAAIOMIUX  AHU30TPOITHEH
MIPOBOIUMOCTH. Pe3yibTaTel MyOIUKYIOTCS B BEAYIINX HAYYHBIX KypHAIax Mupa (PHCYHOK 7).

bonee Toro, wucciemoBatenbckas rpynmna noa pykoBoacTBoM akan. A.M. Kynaea mo
npurnamennto KoponeBckoit akagemun Hayk IlIBerum y4acTByeT B KOHKYpCE Ha TIOJNyYCHHE
HoGeneBckoit mpemMun o XuMuu (pPUCYHOK 8).

B 3asBKe OBUIM OTpakeHbI UMEHHO Pe3yNbTaThl (yHIaMEHTAIBHBIX HCCIEIOBAaHUHN, KOTOPBIC
W3HAYAIBHO pAacCMATPUBAIKNCh KaK OCHOBA Ui COBEPIICHCTBOBAHUS METaJLTyprUYeCKUX
MIPOU3BO/ICTB.

10
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Pucynok 6 — [Tucemo 3a noanuceio aupexTopa HukonaeBCckoro riimHO3eMHOTO 3aBOa
(Yxpaunckas CCP)

Pucynoxk 7 — [luceMo B pepaxiuto xypHana «/{oxmanst PAH»
Ha jinyHoM Onanke akaa. PAH A.M. Kynaesa

11
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Nobel Committee for Chemistry
The Royal Swedish Academy of Sciences

Dear Sir/Madam,
We have recendy received your nomination for
The Nobel Prize in Chemistry
and we thank you for your effort in helping us select qualified candidates.
On behalf of the Committee,
Yours sincerely,
o Ghlld

ASTIUD GRASLUND
SECRETARY

CRHG ®°V=tﬂut ]
150299 0700 {
'uc

'B200094

Pucynok 8 — [TuceMo u3 HoGeneBckoro koMmuTteTa

1990-¢ rozpl, K COKAICHUIO, CTATM OYEHBb TPYIHBIM BPEMEHEM IS BCCH Ka3aXCTaHCKON HAyKH,
¥ METAJUTYPTHS 3/1eCh HE COCTaBWIIA UCKITIOYCHHS.

MHorue wuccieoBaHus OBUTH CBEPHYTHI, MPOJODKCHHE JPYrUX TPeOOBajIo 3HAYUTEIHHO
00bIIKUX (PUHAHCOBBIX PECYPCOB, HEXKENHU T€, UTO UMENHCh B HANMUYUH. [Ipu 5TOM LEHTp TsHkecTu
HAyYHBIX MCCJIEIOBAHUM MO BCEMY MHUPY IOCTENEHHO CMeEIIaics B CTOPOHY MH(GOPMAIMOHHBIX
TEXHOJIOTUH, CO3/JTaHMs HICKYCCTBEHHOTO MHTEJIIEKTa U T.I1.

Ho 3.H. CyneiiMeHOB Mpoa0KaeT UCCIEAOBAaHUS, CTABIINE JI€JIOM BCEU I'o KU3HU, U UMEHHO
UM OH TIOCBSIIIAET CBOIO JIOKTOPCKYIO JUCCEpPTAIMIO, KOTOPYI0 (HECMOTpST Ha BBICOKOE
MEXIyHApOJAHOE NpH3HAHHWE, BKIIOYass HoOENeBCKWII KOMHTET) OH CMOT 3alllUTUTh TOJBKO
B 2003 1. (pucynok 9). CToyib 3HAUMMBIM OBLIIO COTIPOTUBIIEHNE KOHCEPBATOPOB, K COKAICHHIO.

Unen mpod. D.H. CyneitmenoBa ocTaroTcs moka HEBOCTpeOOBaHHBIMU. CIHIIKOM OOJbIINE
pecypchl HEOOXOAWMBI JUII WX BOIUIONICHHS B TIPaKTHKY. [lepecTpoiika MeTayuryprHuecKux
MIPOU3BOJICTB TpeOyeT KOJOCCanbHBIX (DMHAHCOBBIX BIOKeHUU. Ho, OoH cymen mepenarh CBOMM
HACJIEMHUKAaM TJaBHOE — TO, YTO, COOCTBEHHO, M OTJIMYAeT TMOTOMCTBEHHBIX YUYEHBIX. JTO —
CIOCOOHOCTH MTOHMMATh M YyBCTBOBATh HayKy Ha MHTYMTUBHOM, HHOTJA AaKe U OecCcO3HATEILHOM
YpOBHE.

[Tom4epkHy, YTO HWCCIEIOBAaHHIO MOJOOHOTO poja MpoOIeM B HACTOSIIEe BpeMs Kak pa3 u
yaensier nobeiiieHHOe BHUMaHue mpod. M.D. CyneiimenoB. B ero paGoTtax, omyOJMKOBaHHBIX B
COABTOPCTBE C OJHUM M3 BeAymux poccuiickux ¢umrocopoB mpod. O.A. [NabpuensHom, yxe
JIOKa3aHO CYIIEeCTBOBaHKE MPO(EeCCHOHATBHOTO KOJUICKTUBHOTO Oecco3HaTebHOoro [25, 27].

DddexTuBHOE B3aNMOJICHCTBIE C HUM U TIOPOXKAAET MO TMHHBIA TPO(HECCHOHATTN3M.

12
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—

MuHHCTEPC 30 cu PecryGanuK# Kazaxcras
{HHACTEpCTBO OOPa3OBAHNS w nayxu Pec W
e

D, ¥
y6a -xOE FOCYAapCTBEHHOE KAEHHOS npeANPHATHE

PecnyGanKaHCKOE Aapc : A

HCTHTYT METALTYPIHH 1 oBoramenus» M H PK

Ha npasax pyKOmHCH
VJIK 669+537:538

Cyaeiimenos Scen Hyprannesus

BIX NPEOBPA3OBAHMH
bOWIHBIX CHCTEMAX
ETAJLTYPTHYECKHX

KTYPH
HCCJAEJAOBAHMS CTPY KTYP!
B OKCH/IHBIX H OKCIUIH(;-f:ﬂ“ o
10 COBEPIIEHCTBO!
g TEXHOJIOTHI

3 108
Creunansuocts: 05.16.02 — Merannypria yepHBIX, BETHBIX H PEAKHX METAS

Jlnceey Ha yuenoii
JAOKTOpa TEXHHUCCKHX HAYK

Anmatsi 2003

Pucynox 9 — TutynbHsIii tucT nokTOpckoi aucceprammu J.H. CynelimeHoBa

HccnenoBanus B JaHHOM HalpaBiICHUH, YTO YK€ HE BBI3bIBAET COMHEHUI1, TO3BOJIIET OTBETUTH
Ha JIBa HEOpJMHAPHBIX BOIIPOCA!

Yro Takoe reHuaaIbHOCTH?

MO3KHO 11 1IEJIEHAaPABIIEHHO CIENATh U3 YEJIOBEKA T'eHUsI, U €CIIU Ja, TO KaK?

O4eBHIHO, YTO ITH BOIIPOCHI IPEACTABIAIOT JAJIIEKO HE TOJIBKO aKaJIeMUYECKUI MHTEpEC.

I'og or roga o0beM cBeneHUN, KOTOPBIA JOJKEH YCBOWTH YEJIOBEK, YTOOBI CTaTh MCTHHHBIM
Y4EHBIM, pacTerT.

Bynem rosoputh npsmo — ydyeba OyAylIero yu4eHoro celyac mpojoJKaeTcsl 10 COPOKaIETHErO
Bo3pacTa. TeM, KOMy celdac COpOK JIET — 3TO MOJojble yueHble. Bo Bpemena MenpeneeBa nx
POBECHHUKH YXKe OBUIM COCTOSIBIIUMHCS MITPAMH.

Cronp nonruit nepuoa o0y4YeHHs BBIIEPKUT JaJIeKO HE BCSIKUH, YK€ He TOBOPSI O TOM, YTO 3TO
YpEe3MEPHO 3aTPATHBIN MTyTh.

Briciiee oOpa3zoBaHMe OOBEKTUBHO HYKIAE€TCS B MOJEPHM3ALMU TOJBKO IO 3TOM MpocTon
MIpUYKHE.

[TocTeneHHO CTaHOBUTCS SICHBIM, YTO UMEHHO 3Ta MpobjemMa CTaHOBUTCS KIIIOYEBOM ISl BCETO
Hay4YHOTO COOOIIIecTBa.

Nmenno ucxons w3 3Toro u Obula copMUpOBaHA, B TOM UHCIE, MOBECTKAa KOH(pepeHIH,
koropyro HanmonanpHas umHxeHepHas akagemuss PK mpoBenma B o3HameHoBaHue 60-JeTHEro
o6mes 1.2. CyneiimeHoBa.

VY ymuTarens MOXeT CIIOKUTCS BIIEUATICHUE, YTO HA CTPAHUIAX HALIETO KypHajia OmyOIMKOBaH
OuYepEeAHON ITAHETUPHK.

OTO0 anexo He Tak.

13
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HeopaunapHo MbICHsSIIMM JIOJSM BCErla NPUXOAWIOCh Henerko, u Kaszaxcran B 3ToM
OTHOIICHUM HE COCTaBJIsIeT HCKIoueHus. HoBoe — OCOOEHHO KapAWHAJIBHOE HOBOE — BCErna
npoOuBao cedbe Jopory ¢ OONBIIUM TPYIOM.

[Tyth cembu CyneiiMEHOBBIX — HECMOTPSI HA X MHOTOJIETHIOIO HCTOPHUIO U 0OJiee YeM 3HAYUMBIC
JOCTUKEHHS — OTHIOJIb HE ObUIT yCTIIaH PO30BBIMHU JICTIECTKAMH.

[IpuBemy TOJNBKO OAMH MaKCHMaJIbHO HarisgHbiii mpumep. M.D. CyneliMeHOBY, (pHU3UKYy IO
oOpa3oBaHHIO, OJIeCTSIIEe 3alIMTHUBILIEMY KaHIUAATCKYIO JAHUCCEPTAlMI0O B OJHOM U3 CaMbIX
npecTxHbiX yHUBepcuTeToB CCCP — JIeHMHIpaJCKOM TOCYJapCTBEHHOM YHHUBEPCUTETE —
3JIOTIBIXATENN ¥ YMHYIIN OT HAYKU TaK U HE JAllM 3alUTHTh JOKTOPCKYIO TUCCEPTAINIO 10 (PHU3UKe.
Owna Obu1a roToBa etmie B 2005 roxny (pucyHok 10).

Jlaxxe Oersyoe O3HaKOMJICHHE C TEKCTOM 3TOM AuccepTanuu (M Aaxke AJisi HEMOCBSIIEHHOIrO
YeJIOBEKa) MOPaXKaeT CIIOCOOHOCTHIO K IPEABHICHHIO.

M PK
Henrp acTpodu INMECKNX neeaeponannii MC
HueriryT nonocdepst

Ha npasax pyKOnmHcH

VJIK 524.3

CYJENMEHOB HBPAIUM CEHOBHY

METO/Ibl HHTETPAJIBHBIX lICEBJI()[IPE()SPA30BAHHn
B ®H3MKE BOJIH

25.00.29 — du3mka armocdepst 1 ruzipocepst
01.04.03 - pamodusnka

JlnccepTatiis Ha CONCKARME YHCHOH CTerneHH
JOKTOPA (PH3HKO-MATEMATHUECKHX HAYK

Pecnybanka Kasaxeran
Aamars
2005

Pucynok 10 — Tak u He 3amumenHas aucceptanus 1.2, CyneiiMeHoBa 110 (hH3HKe

B nmannoit nucceprauuu M.D. CyneliMeHOBBIM BIepBbIe ObLT MOCTaBJIEH M MpopaboTaH BOMPOC
00 aKyCTHYeCKHM aKTMBHBIX cpelax. Takue cpefbl MOTyT OBITh HCIIOJB30BaHbI, B TOM YHCIE, IS
CO3/IaHHS AHAJOrOB JIa3€pOB, HO TEHEPUPYIOIIUX YIbTPa3ByK. ODTO CIOCOOHO KapJIWHAIbHO
U3MEHUTh CYILECTBYIOLME MOAXOJbl K CO3/IaHHIO, B TOM 4YMCJE, HEJIETalIbHBIX BOOPYXEHHMH Ha
HOBBIX (PM3NYECKUX NPUHIIMIIAX.

14
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B Hamm nHU HeneTanbHbIE (M HE TOJBKO) aKyCTHUYECKHE BOOPYKEHHUS! CTAHOBSITCS MPEAMETOM
obcyxnenus I'eHepanbHpIx mTaboB Beaymux crpan mupa. M.D. CyneliMeHOBa TOTr/ia HUKTO HE
YCIIBIIIAT — WIN HE 3aX0TeJ CIylIaTh.

3nombIXaTenu pa3HbIX MacTell He 00paTui BHUMAaHUE Jake Ha TO, YTO OH — B OTJIMYHME OT HUX
BCEX — 3HAKOM ¢ 0OOPOHHOM MPOOJIEMAaTHKOM HE MTOHACIIBIIIKE.

OroT QakT Takxke Ooysee YeM JIETKO MOATBEPIUTH IOKYMEHTalIbHO. B KHHMre W3BECTHOTO

pPOCCHIICKOTO  IyOJIMIIMCTA, TIeYaTarolierocs I1oja IceBaoHMMoM Muxaun  KanamHukos,

«Cnomanneii Meu Mmmnepum» (pucynok 11) ectb menblil pasgen, (HakTHUECKH MOCBALICHHBIN
nestenpHocTy M.O. CyneliMeHoBa — TOria MOJIOAOIO JIEHUHIPAJICKOTO YUEHOTO.

Ora KHHTA, YTO OYEBHJIHO, HAllMCaHa Ha 37100y AHs (BrmpoueM, 20-TH JIETHEH NaBHOCTH), HO €€
aBTOP, UTO TAKXKE OUYEBUIHO, ObLI MOCBsIIEH B HeKoTophIe cekpeTsl BIIK CCCP.
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BEJINKOE NMPOTUBOCTOAHMUE

Pucynok 11 — Kaura M. KanantaukoBa, B KOTOPOM OTPaKEeHBI, B TOM YHCIIE, PE3YyJIbTaThI
nesitenpHOoCcTH M.3. CyneiimeHoBa

Pasymeercsi, MHOTHME COOOpaKeHHs, BBbICKa3aHHbIC B JaHHONW KHHIE, YPE3MEPHO
MOJUTU3UPOBAHBI, OHA HAIMCAaHA BO BIIOJIHE Ompe/esieHHoM Kimtoue. Ho, st He cTaBimto cebe 3amauy
MOJIEMH3UPOBATH C €€ aBTOPOM. 3/IeCh peyb UET TOJIBKO 0 (hakTax, HO He 00 UX UHTEPIPETALINH.
BaxHo umenHO 10, uTo M1.D. CyneiiMeHOB Kak (HU3UK-TUIa3MEHIIUK JICHCTBUTEIHLHO BHEC Oojiee
YeM 3HAYUTEIbHBIN BKJIAJ] B CO3/IaHHE IBUTATEIHHOTO TPAKTa BO3IYIIHO-KOCMUYECKOTO caMoJIeTa,
KOTOPBIN MOKAa TaKXKE OCTAETCsl MPOEKTOM, KaK MHOTHE Jpyrue pa3pabOTKH, 3aMOPOXKEHHbBIC B
1990-¢ rompr. O MacmITaOHOCTH PabOT TOTO MCTOPUIECKOTO MEPHOJIA YUTATEIh MOXKET CYJHUTh IO

(dbparMeHTy W3 yKa3aHHOH BBIIIE KHUTH, KOTOPBIA S CIIENUAIBLHO MPHUBOXY K (hopme dororpadum

15
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(pucynok 12). Yactp paboT, MPOBEJCHHBIX B 3TOM HAlpaBJICHUH, HAIIa OTPAXKEHUE B OTKPHITOH
neyaTu, Hanpumep [28].

[Ipodpeccop N.D. CyneiliMeHOB W Jaiee 3aHUMalcCS pabOTaMU aHAIOTWYHOTO XapakTepa.
dotorpadus ogHOH U3 ero MoHorpaduii TaKoro poja npeAcTaBieHa Ha pucyHkax 13 u 14.

BnpoueMm, kak s yke TOBOPHII BBIILIE, HHTEPECH! TaKOro ydyeHoro kak M.D. CyneliMeHOB Bcerna
ocTaBaJlCh OoJee YeM pa3HOCTOPOHHUMH. B mopsiake mimoctpanuu npuBeny ¢gororpaduio eme
OJIHO# M3 ero BeCbMa HeOPANHAPHBIX KHUT (pUCYHOK 15).

K coxaneHuto, MHOrM€ Halld KOJUJIETM HE B CHJIAX IMPOCTUTh JIPYT'MM HHTEJUIEKTYaJlbHOI'O
IIPEBOCXO/ICTBA.

[ToTepsiB BO3MOXHOCTh BpeauTh JIMuHO M.O. CyneliMeHOBY, OHM YCTpauBarOT TPaBIIO0 MHOI'HMX
€ro YYECHUKOB.

N nmaxe To, uro ux paboTel Ooyee uyem akTyanbHbl i Kaszaxcrana, HE OCTaHABIMBACT
3JI0TIBIXATETIEH.

ewe He Bce. “AfKC”
wg‘,’ﬁr 30 1o 60 KHIOMET]
cach. Ha 3THX BbICOTAX CHJIb
W"poﬂa}l = CK&NB&!OTC‘ :
ypajolluxcs Ha 3emiio. 110
4aX0OIMTCS BO31YX03aOOPHHK.
3011yX YCTPEMJIAETCA K ABYM 2
M I-yckoputemo.
TMoscuum: ML — ci
sl He yTpYKIaTh Bac

Pucynok 12 — ®parment kauru «Crnomanssiii Mmed Umnepumn»,
B KOTOPOM PacCKa3bIBA€TCs O KOHUEIINH «ASKC»

[IpuBeny Tonpko oauH npumep. Hamieil wucciienoBatenbCKOd TPYNMNOW MOJYyYEeH MATEHT Ha
MUHHBIA TpajbIIMK [29], KOTOPBIM TpH HECYIIECTBEHHOW MOJCPHMU3AIIMN KOHBEPTUPYETCS B
CPEICTBO IO/IaBJIEHUSI MACCOBBIX OECIOPSAKOB, TIOCTPOSCHHOE Ha MCIIOJIb30BAHUHU YIIbTPa3ByKa. JTU
pabotsl Bonum B auccepranuio E.C. Butynesoit — onnoit u3 yuenurn 1.9, CyneilimenoBa. Kazamocs
ObI, JTFOOOU KUTENh AJIMATHI, MIEPEKUBIINN COOBITUS stHBaps 2022 T., HM 3a YTO HE 3aXO0UeT HX
noBTopeHus. Ho HeT, KOHCepBATOPBI U 3JIOMBIXATENN JEeNaloT BCe, YTOOBI 3a0JOKUPOBAThH 3aLTUTY
3TOU JAUCCEePTAIIHH.

HcTopusi, KOHEUHO, BCe PacCTaBISET IO CBOMM MECTaM.

«OTnenbHO B3SATHIE TOBApHINKM» YK€ Hadalld TOHMMATh LEHHOCTh wuaed mpod. U.D.
CyneliMeHoBa MOCJe TOTO, KaK JUHHUS OO0EBOr0 CONMPUKOCHOBEHUS MPOTSHYNACh OT XaphKoBa JI0
XepcoHCcKo# 001acTH, a 3cKaiaus IPOTUBOCTOSHUS CTajla He 0oJiee 4eM BOIIPOCOM BPEMEHH.

NmenHo 3TOT (haKT, B KOHEYHOM CUETe U MOOY U MEHS B3SThCS 3a NEPO.

16



N3BECTH HAYYHO-TEXHUYECKOI'O OBIIIECTBA «KAXAK», 2024, Ne 1 (81)

’ hd
k2 u:\xko"mbnbm YHWBEPCUTET um. Anb-@APABH

> TEOrPAGHYECKIN GAKYNTET
> pe
<

H. 3. CynenmeHOB

-
|

“.,.. BO3[ENCTBUE HA NPOLIECCHI
"B ATMOG®WEPE 1 NPOBNEMATUKA

ATIMATbI
2007

reo(pU3NIECKUX BOOPYKEHUN

CyneAmeHOB U6parum AceHOBUY —
ﬂ()l\'l()[) XUMUYECKUX HayK, kanaunaat (t)M‘iMI'()
maremart NYeCcKunx HayK, ‘HI()H%(()[){)(E(,Il()HJl(:H[
MeTpoBCKON akaaemwun Hayk W WCKYCCTB,
npodgeccop KazHY wuMm Anb-®apabu
npodeccop AVNDC, penctauTenbHbIV yrneH
Axapemun MHgopmaTusaumv, npodeccop

Kasaxckon akagemuu TpaHcnopta W
KOMmwaKauMM’.

AsTtop 6onee 300 HayuyHbix TpyAoe B
pasnu4HbIX obnacTax UanKn 1 XUMWN,
astop 11 MoHorpaduin n y4ebHbIX nocobun.

PI/IC}}HOK 14 — i y
4 CDOTOl"pa(bI/IH O60p0THOI/I CTOPOHBI MOHOI‘pa(l)I/II/I N.D. CynelimeHoBa HOCBSIHIGHHOﬁ
>
HpO6HeMaTI/IKe l"eO(bI/I?)I/I'-IeCKI/IX BOOPY)I(GHPIP'I
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L3

Pucynok 15 — ®otorpadus monorpapuu N.3. CyneiiMmeHosa,
HOCBALICHHON MEAMLIMHCKON po0aeMaTHKe

MHe cTpanrHo Aymath 0 TOM, 94TO TOJIBKO OOEBbIe IEHCTBHS, HEM30EKHO CBA3aHHBIE C TIOTEPSIMHU
YeJI0BEYECKUX >KM3HEH, MOTYT 3aCTaBUTh KOHCEPBAaTOPOB M YMHYII OT HAayKH 3paBO OLIEHUBATh
Hay4YHbIE€ JOCTUKEHUS, OTBJIEKAsICh OT COOCTBEHHBIX CHFOMUHYTHBIX BBITOJI.

MHe cTpaniHo JyMarb O TOM, YTO MPOrpecc — €CJIM YMHYIIN OT HAyKU U Jasee OyJeT AyMaTh
TOJIBKO O CBOMX KapMaHax — OyJIeT OIUIauMBaThCsl KPOBBIO, B TOM YHCIIE U KPOBBIO J€Tel, KOTOphIE
IPOAOIDKAIOT TMOHYTH 101 00MOaMH U PEaKTUBHBIMU CHAPSIIaMHU.

Bo3HuKaeT puTOpUYECKHUl BONPOC — HEYKEIU JBUTATEIEM HAYYHOTO Iporpecca IeHCTBUTEIBHO
MO>KeT OBITh TONbKO BoWiHa? Heysxenn Humme 011 npas?

XoueTcst HaAeAThCS, YTO 3TO He Tak. Kakol Ol mpu3payHoil He ObLTa OBbI 3Ta HAJIEXK A,

Bnpouewm, npumep N.D. CyneliMeHOBa MO3BOJISECT HAJEATHCS, YTO HE BCE MOTEPSHO.

HacneactBo, xotopoe W.D. CyneliMeHOB mMOMyYWSI OT CBOMX NIPEAKOB, HE H3MEPSETCS B
noyapax. Hacrosimuii yaenslit, B kKakoi ObI 00J1acTH OH HE paboTaj, paHO WU TO3HO CTAHOBHUTCS
T'YMAaHHCTOM.

Heaxxno kto — I[Ipupona nnu Beespiauii — oxapuinu Hac Pazymom.

JIro60i1 HacTosIIEeH yUSHBII He MOXKET HE IOHUMATh, YTO 3TO U €CTh BbICIIAs LIEHHOCTb.

VIMeHHO 3Ty TOUYKY 3peHUs Mbl U OTCTauBaiu B MOHOorpaduu [30].

Tam >xe Mbl MTOKa3aJId, 4TO €M He OyJeT OCYILIECTBJIEH MPOPHIB B HAyKe, TO 3TO 3aKOHUUTCS
MacIITa0OHbIM BOEHHBIM KOH(DIMKTOM U TEOMOJUTHYECKON TypOyneHTHocThlo. [lpuBeny nuraty
OTTYy[a.

18



N3BECTH HAYYHO-TEXHUYECKOI'O OBIIIECTBA «KAXAK», 2024, Ne 1 (81)

«Kpwusuc (umeercsi B BUAy CUCTEMHBIN KPU3UC TEKyIIeH (as3bl pa3BUTHS HUBUIN3AIMN) MOXKET
ObITh TPEOJONICH WJIM IOJIHOMACIITAaOHOM BOWHOM (YTO YpeBaTo HENpenCcKa3yeMbIMU
MOCTIC/ICTBUSIMH, C YYETOM BCEM M3BECTHBIX (PaKTOPOB B BHJIE SIACPHOTO U OAKTEPHUOIOTHUECKOTO
OpPYXHs) WIM PBIBKOM, COINOCTaBHMBIM C 3aBOEBAaHMEM KOJIOHHM, IJII KOTOPOTO MpHUAyMalu
3BhEMHU3M «II0Xa BEITUKUX IeorpapuuecKux OTKPBITHII.

OTO HEe TOT Ciydald, Korja o COBIBIIEMCS NPOrHO3€ MOXHO TOBOPUTh C TOpPAOCTbIO. MBI ¢
COXaJICHHEM IIPOCTO KOHCTATUPYEM, YTO OKA3aJIUCh IIPABBI.

Hayuno-texuuueckoe coobmectso Kazaxcrana Hyxnaercs B KOpeHHOH TpaHcdopmanuu. B Hem
y)K€ He JOJDKHO OBITh MecTO «(eomanbHON pa3apoOIeHHOCTH», KOTJa HEKU MpecTapenblii
npogeccop MOTHOCTHIO «ITOJAMUHACT O] ce0s» KOHKPETHOE HayYHOE HAIPABJICHUE U C JIeaeT BCe,
9TOOBI HUKTO HE CMEJI BHICKA3bIBATHCS HA COOTBETCTBYIOIINE TEMBI.

MeHSITh HY)KHO MHOTO€, HO 00 3TOM JTydIile IPOoYecTh B 1ukie pabdor [1-4, 31-33].
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IMPOBJIEMATUKA THO®OPMAIIMOHHOM BOMHBI
C TOYKH 3PEHUSI TEOPUU COLITUOKYJbTYPHOI'O KOJA
U TEOPUU CJIOXKHBIX CUCTEM
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Anmamunckuil yHusepcumem 3uepeemuxu u ceazu umenu I’ ymapoexa /laykeesa
Anmamut, Kazaxcman
e-mail: axatmr@mail.ru

Toxazano, umo na cospemMeHHOM dmane xapakmep UHMOPMAYUOHHOU BOUHBL OOee YeM CYUJeCMEEHHO
mpancghopmupyemcs. Ee cospemennvle uncmpymenmol yoice 0aIeKo He 0SPaAHUNUBAIOMCSL NPONA2AHOOU, HO
OKA3bIBAIOMCSL CNOCOOHBIMU CUCMEMHO MPAHCHOPMUPOSAMb  COYUOKYIbMYPHBIL KOO CMPAHbL-MULUEHU.
Hoxasamenvbcmea Oannoeo mesuca OaHbl HA OCHOBE HEUPOCemesoll Mmeopuu Hoocdepuvl, KOMopas, 6
yacmHocmu, NOKA3vleaen, 4Ymo COBPeMeHHOe 00uecmso O0e-ghakmo KOHEEPMUPOBAHO 6 Yel0BeKO-
Mawunnyio cucmemy. B pezynomame 6o3nuxaem cumyayust, K020a COYUOKYIbMYPHbIL KOO CIPAHbL-MUULEHU
Modicem 6blmb YereHanpasieHHo MpaHcHOPMUPosan be3 NPUMeHeHUs: UOEOL02ULECKUX UTU NOOOOHBIX UM
UHCMPYMEHmMOos, m.e. 3a cuem cyeybO MEeXHUYeCKUx cpeocme, MmMpanchHOpMupyiowmux xapaxmep
KOMMYHUKayuil 6 obwecmese. Takue menOeHyuu yice NPosGISIOMCsL 6eCoMd OMYEMIUBO. MPAHCHopmayuu
UHOPMAYUOHHBIX  MEXHON02UN  MACCOB020 UCHONb306AHUSL NPUBOOSM K  USMEHEHUSIM  CIpPYKMypbl
KOMMYHUKayuil 6 obwecmee. Tem camvlm NOCIe008amenbHulil AHAIU3 Xapakmepa u Gopm co8pemMenHol
UHDOPMAYUOHHOTL BOUHBI CIMAHOBUMCSL NPEOMEMOM NPUKIAOHOU GUIOCODUU, KOHKPEMHO Mo20 ee pazodend,
KOMOPbLL  U3YHaAem CILONCHbIE CUCTEMbL NPOU3BOIbHOU NPUPOObl ¢ MAKCUMAILHO OOWUX NO3UYUIL.
Boszmoocnocmos  eOunoo6paznoeo aHanu3a  CIONCHLIX CUCMEM PA3IUYHOU NPUpoobl, 6 C60I0 04epedb,
gblmeKaem u3 moeo, Ymo NOBEOCHUEe CLONCHOU CUCMEMbl 8 NEPEYI0 ouepedb ONpedelsiemcsi CmpyKmypoul
ces3ell MedHcOy ee dIeMEHMamu, NPUPoOa CAMUX IEMEHMO8 AGNLeMCsl 30eCh 6MOPUYHO.

Knioueswie cnosa: cnoscnvle cucmemvl, UHGOPMAYUOHHAS BOUHA, NOCMAPABIA, COYUOKYIbMYPHBIIL KOO,
Hoocepa, purocopus ungopmayuu, nPUKIaoHas purocopus.

Kasipei kezenoe axnapammolk COSbICMbIY CUNAMbL AUMApIbIKmai e3eepeeni kopceminzeH. Omnwviy
3amanayu Kypaioapvl Oyoau Ovlaail yeim-HACUXAMNEH wiekmeameuoi, makcammol enoiy aneymemmix-
Ma0eHU KOOeKCIH dcyiieni mypaeHdipyee Kabinemmi. bByn me3zucmiy 0aneni Hoocgepanvly HeUpoHObIK dicei
meopusicol HecisinOe Keamipiieen, 0, aman aumyanod, Kazipei Ko2amuwly ic Jcy3iHde adam-Mauuna
Jcyuecine anHanzanvln Kepcemedi. Homuowcecinde maxcammul endiy aneymemmik-maoeHu KoOvlH
UOCONIO2USITILIK, HeMece YKCAC KYpanoapovl KOIOAHOAU-aK MaKcammol mypoe o3zeepmyee 60IamvlH Hca20ail
MYbIHOQUObl, AHU  KORAMOARbl  KOMMYHUKAYUALAPO®Y —CUNAMbIH  ©32epMemin  masa  MexHUKAIbIK
Kypanoapowiy —apkacvinoa. Mynoati mendenyusnap Kazipoiy —o03iHO0e  alKblH  KOpiHyde: dcannatl
KOJIOAHBIIAMbIH ~ AKNAPAMMbIK — MEXHON02UANAPObIY — MPAHCHOPMAYUACHL  KORAMOAbl  KOMMYHUKAYUL
KYPbLIbIMbIHGIY — 032epyine akenedi. Ocvlnatiwa, Kasipel axnapammoelx CobiCmbly madueamol MeH
HBICAHOAPBIH 02UeKmi manoay Koa0aHOaIbl GuUioCOpUAHbIY, aman aumKanod OHbIH epKiH CUNAmmasvl
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Kypoeni ocylienepli e dHcainbl NO3UYUAIApOan 3epmmetimin 6onimine aunanaovl. Typri cunammazgol
KypOeni acyiienepdi Oipkenxi manday MymKindiei, 03 Keze2inoe, Kypoeii HCYUeHIH MIHe3-KYIKbl el al0bIMeH
OHbIH DJIeMEeHMMEPIHIH apAcbIHOA2bl OAIAHBICINAPOLIH KYPbLIbIMbIMEH AHbIKMAIAMBIHObIKMAH, DY Jicepoe
anemMeHmmepOiy 630epiniy mabuzamol eKinuii dapedicede 60aaobl;

Tyiiindi ce30ep: Kypoeni oicyiienep, aKknapammoly CObIC, NOCM-AKUKAM, NeYMemmIiK-MaOeHU Koo,
Hoocghepa, aknapam ¢hunocogusicel, Koroanbansl gunocopus.

It is shown that at the present stage the nature of the information war is more than significantly
transformed. Its modern tools are no longer limited to propaganda, but are capable of systematically
transforming the sociocultural code of the target country. Evidence for this thesis is given on the basis of the
neural network theory of the noosphere, which, in particular, shows that modern society has de facto been
converted into a human-machine system. As a result, a situation arises when the sociocultural code of the
target country can be purposefully transformed without the use of ideological or similar tools, i.e. due to
purely technical means that transform the nature of communications in society. Such trends are already
manifesting themselves very clearly: transformations of information technologies of mass use lead to
changes in the structure of communications in society. Thus, a consistent analysis of the nature and forms of
modern information warfare becomes the subject of applied philosophy, specifically that section of it that
studies complex systems of arbitrary nature from the most general positions. The possibility of a uniform
analysis of complex systems of various natures, in turn, follows from the fact that the behavior of a complex
system is primarily determined by the structure of connections between its elements; the nature of the
elements themselves is secondary here.

Keywords: complex systems, information war, post-truth, sociocultural code, noosphere, philosophy of
information, applied philosophy.

XapakTep BO3AEHCTBHIM, OTHOCSIIUXCS K MpoOiIeMaTuke WH(POPMAIIMOHHBIX BOWH, B HACTOSILEE
BpeMsl MpeTeprieBaeT KauyecTBeHHbIe TpaHchopmanuu. [Ipexae Bcero, 3To CBSI3aHO € TEM, YTO BCE
BO3/ICHUCTBUS, KOTOPBIE MOT'YT ObITh OTHECEHBI K MH(OPMAIIMOHHBIM BOMHAM, HAUYMHAIOT HOCUTH BCE
6osiee 1 GoJiee OMOCPEOBaHHBIN XapaKkTep. DTO CBA3aHO C OUEBUAHBIMU (DAaKTOpaMU, IIPEXKIE BCETO
C HaCBILIEHHOCTHIO HH(OPMAIIMOHHOM Cpe/bl MPOoIaran ol U KOHTPIIPONaraiioii, 4To oTpaxaercs,
B TOM YHCJIe, TAKUMH MOHITUSMHU KakK «moctipasaa» [1-3], «menuiinas peaspHOCT» [4, 5] 1 T.1.
(kak ormeuaerca B [2], moctmpaBga «HE oOpeMeHeHa TpeOOBaHUAMH yOeTuTETbHOMN
apryMeHTallMn», YTO CO3/1aeT MaKCUMalbHO KOM(OPTHBIE YCIOBUSA Ui SKCIIAHCUU TOCTIIPaB/AbI B
MH(OPMALIMOHHO-KOMMYHHUKAaTUBHOW Cpelie, YTO BBIpaXaeTcsl B HSKCIIOHEHIMAIBHOM pOCTe
COOTBETCTBYIOIIMX MAaTE€pPHAJIOB, MPEACTABIECHHBIX B HHTEpHETE). B Takux yciIoBHSIX MaccoBoe
CO3HaHME IOCTENEHHO MEepecTaeT BOCHPUHMMATh KakK MpomaraHay, TaKk M KOHTpIpONaraHfy,
MOCKOJIbKY TO/IaBJIsIONIee OOJBIIMHCTBO JIIOAEH NMPEKPacHO MOHMUMAET, YTO MpPOMaraHAMCTBl He
Oosee dYeM BBINOJHIIOT CBOIO paboTy, 3a KOTOPYIO TMoJydaroT JAeHbru. CliegoBaTenbHO,
aKTYaJIM3UPYIOTCSd KOCBEHHBIE BO3JEHCTBHS, 3(PPEKTHUBHOCTh KOTOPHIX 3a4acTyI0 OKa3bIBAETCs
ropasio BhIIIE, YTO HEOJHOKPATHO OBLIO TTOKA3aHO MPAKTUKOM [6,7].

B uwactHocTH, B Hamielr MoHOTpadun [8] JOKa3BIBAICS TE3UC, B COOTBETCTBUM C KOTOPHIM JaKe
peKiamMa TeX WJIM UHBIX TPYNI TOBAPOB MOXKET HECTH BIIOJHE OIpPENEICHHYIO HJEOJOTHYECKYIO
Harpy3Ky, KOCBEHHO IpONaraHJupyouy TOCTHKEHNE OJHOW U3 MPOTUBOOOPCTBYIOUINX CTOPOH.
[Ipumepom 3TOMY SIBiIsSIETCSI BO3ACHCTBHE XapakTepa MOTpeOsieHus 3amaJHbIX TOBApOB B MO3JAHEM
CCCP. BnpoueMm, CHHCOK Takoro poja IPUMEPOB MOXHO HPOAODKATH OYEHb JOJITO.
CooTtBeTcTBYIOIKE (PaKTOPHI MPOJOHKAIOT JIEHCTBOBATh U B HACTOSIIEE BPEMs, XOTS U BO3MOXKHO
HE HaCTOJIBKO BBIPAJKEHO.
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OnHako Te3WC O KOCBEHHOM XapakTepe HH(POPMALMOHHBIX BO3JCHCTBUI NpuoOpeTaer He
TOJIBKO YKa3aHHOE€ BbIIlI€ 3HAYEHHE, HO U 3HAUYEHUE C TOYKHU 3PEHUS BO3JCHCTBUS MMEHHO Ha
riyOuHHBIE MH(QOPMALMOHHBIE IMPOLECCH], MPOTEKAIOUINEe B TMpeAeiax COLMUyMa, OTBEYAIOIIEro
cTpaHe-muileHu [9, 10]. @akTuuecku peub UAET O TOM, YTO B HACTOSIILEE BPEMS YK€ CYIIECTBYIOT
MHCTPYMEHTBI, MO3BOJISAIOIINE OKa3bIBaTh HAIPABICHHOE BO3/EHCTBHE Ha COLMOKYJIBTYPHBIH KOJ
CTpaHbl MULIEHH.

Jloka3aTenbCTBO JAHHOIO TE3UCa W COCTABISAET OJHY M3 OCHOBHBIX Il€Jiel JaHHOM paboThl, B
KOTOpPOM TakXe paccMaTpUBAIOTCS BO3MOXKHbBIE MEpbl MPOTHUBOAEHCTBUS TaKOMY BIIUSHMIO.
OpHako, Ipexae YeM NEpPEeXoauTh K TAKOro poja J10Ka3aTeiabCTBaM, CIEAYyeT YTOUHUTH TO, YTO
MOXKET IIOHUMAaThCsl NOJ TAaKUMM [OHATUSAMU KaK COLMOKYJIbTYPHBI KOJ, MEHTAIMUTET,
OOIIIECTBEHHOE CO3HAHKUE Y UM TIOJJOOHBIE.

Pazymeercs, 1aHHbIE NOHATHS BO MHOTOM SIBJISIFOTCSI CHHOHUMHYHBIMU. J[0 caMoro mocienHero
BPEMEHU Ul OTPAXKEHHsI NPEICTaBICHUH, KOTOpblE 3a(UMKCUPOBAHBI MacCOBBIM CO3HAHUEM TOTO
WIA MHOTO 3THOCA, KaK IMPaBUIJIO, UCIOJIb30BAJICA (M MPOROJIKAeT Hcloib3oBaThes [11]) Tepmun
«MEHTAJUTET». DTOT TEPMHUH, OJTHAKO, HE TOJBKO SIBJIAETCS MOJMCEMAaHTHUYHBIM, HO M HE JI0 KOHLA
TOYHBIM, B CBSI3U C 4YeM IIOCIIeIHee BpeMs Bce Oojiee yacTto ynorpelssercs 0osee aaeKBaTHBIN
TEPMUH «COLMOKYJIBTYPHBIM KOM» WU ONM3KUI K HEMY TEPMUH «LIUBHIN3ALMOHHBIN KOI.

[TopuepkHeM, YTO MOHATUE «MEHTAJIUTET» MOSIBUWIOCH B paMKax MCCIIEI0BAaHUI I'yMaHUTapHOIO
XapakTepa, U OHO OTpPa)kajo BIIOJIHE OIpEAE/CHHbIE HAONIOAECHUA. A UMEHHO, YK€ JaBHO HeE
BBI3bIBAJIO COMHEHUH, YTO TOT WJIM MHOW ATHOC BbIpAOATHIBAET BIOJIHE ONPEIECICHHYIO CHUCTEMY
MpeJCTaBICHUN 0 cebe U MUpE, U ITa CHCTEMA TPEACTABICHUN 3aQKCHPOBaHAa UMEHHO HA YPOBHE
OOIIIECTBEHHOT'O CO3HAHMSL.

OpnHako MccneAoBaHUsS B OOIACTH TEOPUH CIOXKHBIX CHUCTeM (B 4acTHOCTH, [12-15]) u Teopuu
HCKYCCTBEHHOT'O HMHTEIIEKTa (B 4acTHOCTH, [16-18]) mpuBOAAT K HEOOXOIUMOCTH PACCMOTPEHUs
TaKOro poja MOHATUM C TOYKM 3pPEHMsI Te3Hca O KOHBEPIEHIMHM €CTECTBEHHO-HAyYHOIO H
IYMaHUTapHOTO 3HaHMs. [[efiCTBUTENIbHO, CO3HAHNE YEJIOBEKA TaK WM MHAYe MOPOXKAAETCS Cyryoo
nH(popMalMOHHBIMU TTpoueccami [15, 20], moaTomy [uist TOro, YTOOBI aI€KBaTHO PAaCKPBITh BCE TO,
YTO CBS3aHO C OOIIECTBEHHBIM CO3HAaHMEM, TE€X WHCTPYMEHTOB, KOTOpbIE HAaxoJATCA B
pacnopspKeHMH T'yMaHUTapHBIX HaykK HejoctaToyHo. HeoOxoaumo mpuBiekaTb, B TOM YHUCIE U
COOOpa)KeHMsI, CBSA3aHHBIE C TEMM HCCIIEOBAHUSAMH, KOTOpBIE TPAJUIMOHHO MPOBOJMINCH B
paMKax €CTECTBEHHBIX WJIM K€ TEXHMUYECKHMX HayK, YTO M BO3BpaLIAcT K TE€3UCY O KOHBEPIEHIUU
€CTECTBEHHO-HAYYHOI'0 U TYMaHUTAPHOT'O 3HAHUS.

JIOTIOJIHUTENBHBIM APTYMEHTOM B JIaHHOM OTHOLIEHMM SIBISIETCSI TO, YTO, KaK IIOKa3aHO B
paborax [21, 22], coBpeMeHHBII conuyM Jie-(hakTo TpaHCcHOpPMHUPYETCS B YEIOBEKO-MaIIMHHYIO
cucremy. HMuTepHer u apyrue uH(OpPMALMOHHBIE TEXHOJOTMH, KOTOpblE NpPUOOpETaroT BCE
00JIBIIIYIO MTONYJISIPHOCTH B HACTOSIIIEE BpPEMsI, HE MTPOCTO CIIyKAaT CPEACTBOM KOMMYHUKAILIUU, OHH,
YTO YK€ HE BBI3BIBAIOT COMHEHMI, OKa3bIBAIOT 00JIee YeM CYIIECTBEHHOE BIUSHUE Ha COLUYM Kak
Ha CUCTEMHYIO LEJIOCTb.

OTOT Te3UC MOKHO 0OOCHOBATh, Jake HE MpuOeras K MOCTPOCHUI0 MAaTEMaTHUECKUX MOJIENEH.
JIeWCTBUTENBHO, TO, YTO JEJAaeT COLMYM CHUCTEMHBIM IIeJIbIM, 3TO €CTh IpOlLeccChl OOMeHa
uHpopmanueit. Jlro0oil dYermoBeK — CYIIECTBO COLMAJIbHOE, ATO IPH3HABAJIOCh BCEMHU
TYMaHUTapHBIMH IIKOJaMU 0e3 uckiroueHus. Ho counmanbHBIM OH CTAaHOBUTCS MMEHHO B CUIY
TOro, YTO HMMeeT MecTo o0MeH wuH(opManueil. W, crnemoBaTenbHO, €CIM  MEHSIOTCA
MHGOPMALlMOHHbIE TOTOKM B OOILIECTBE, €ClIM HH(OPMAIMOHHBIE TEXHOJOIMHM CTAaHOBATCS BCE
Oosiee u OoJiee pa3BUTHIMU, TO ITO HE MOXKET HE OKa3bIBaTh O0JIee YeM CYILIECTBEHHOIO BIMSIHMS Ha
COLIMYM, YTO Mbl UMEEM B HACTOSILEE BpEMSI.
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Her HeoOxomuMocTH mNOTUEPKUBATH OYEBUIHBIE 00cTOsITENbCTBA. CO3HAHME 3HAYUTEIILHOU
YaCTH HACEJICHUS] CTAHOBUTCS CyTry0o KIMMOBBIM [23, 24] (paBHO Kak U B 3HAYUTEIBHOU CTEIICHU
oOpazoBanue [25]), yTpauumBaeTcs KPHUTUYECKOE MBIIUICHHE (YTO WMEET HEMOCPEICTBEHHOE
OTHOIICHHE K MpobieMaTuke HHPOPMALMOHHON BOMHBI [26,27]), 1 (paKTOpBI TAKOTO poOJia MOKHO
MEePEeYUCHATh OUeHb A0Jro. B uém, Bopodyem, HET HEOOXOIMMOCTH, TOCKOJIbKY OHH OTpPa)XKCHbI B
00JIBIIIOM KOJIMYECTBE CAMBIX PA3IMYHBIX pabOT, B YACTHOCTU, IUTUPOBAHHBIX BBIIIIE.

bonee Toro, otnenbHbIE aBTOPBI 3a0CTPSIOT BHUMAaHUE HAa TOM, YTO C BHEIPEHUEM
TEJICKOMMYHUKAIIMOHHBIX TEXHOJOTHI yTpauMBaeTCs HABBIK MBIIIJICHUS Kak TakoBoro [28,29].
JIeWCTBUTENHHO, MBIIIICHHE YeJOoBEeKa (POpMUPOBANIOCH BO MHOIOM OJarojapst BO3MOXKHOCTH
oTtoOpakaTb CBOM MBICITIH B peueBoii (hopme. Takas popma oToOpakeHus: HHPOPMALIUK HEPa3pPHIBHO
CBsi3aHa C al()aBUTHBIM MUCHBMOM (BO BCSIKOM Ciyd4ae, €CJIM TOBOPUTH O JOCTATOYHO OOJIBIION
rpynne crpad). COOTBETCTBEHHO, YMEHHE M HaBBIK BOCIPUHUMATb TEKCTbl SIBJISETCA
HEOTHEMJIEMOM YaCThIO MBIIIIJICHUS.

[Ipu nmepexojie K MUKTOrpaMmam, KOTOPbIE IPUCYTCTBYIOT MPAKTUYECKU BO BCEX MECCEHKepax,
MPOUCXOJUT KapAUHAIbHOE HM3MEHEHHE CIIOCOOHOCTH YENOBEKa K OCMBICICHUIO OKPY>KAIOILIEro
mupa. Te ¢GyHKIUH, KOTOpbIE CO3AaBAIMCh Onarojapsi MHUCbMEHHBIM TEKCTaM, BO MHOTOM YKe
OKa3bIBAIOTCS YTPAuE€HHBIMH, YTO HE TPEOYET pa3BepHYTHIX JOKA3aTEIbCTB.

OpnHako Bce 3TO ecThb HEe Oojiee YeM WIUIIOCTpalusi, KOTopasl Mpu3BaHa MOKa3aTh, YTO TAKUE
TEPMUHBI, KaK «MEHTAIUTET» M «OOIIECTBEHHOE CO3HAHHWE», JICHCTBUTEIBHO HYXIAIOTCS B
yTOYHeHUH. Bo MHOTOM JMaHHBIN Te3uc ObLT JoKa3aH B paboTax [14-16], Ha OCHOBE KOTOPBIX ObLIa,
B TOM uuclie, HanucaHa MoHorpadus [30], HO A CBA3aHHOCTH HM3JIOKEHHS W JUISL TOTO, YTOOBI
HArJsiJHO  TPOJEMOHCTPUPOBATh CBSI3b  BBICKA3aHHBIX  COOOpaKeHUH C  mpoOIeMaTUKon
MHGOPMAIIMOHHOM BOMHBI, cilexyeT eme pa3 Oojee MOJPOOHO OCTAHOBUTHCS HAa COBPEMEHHOMU
UHTEPIIPETALIMM TEPMHUHA «COLMOKYIBbTYPHBIM Koa» [30] M mpomeMOHCTpUpOBATH, YTO IaHHOE
MOHATUE OPraHUYECKH CBA3aHO ¢ 0011l MpoOIeMaTHKOM TEOPHH CIOKHBIX CUCTEM KaK TaKOBBIX.

bonee Toro, mmeHHo oOuIMEe MpEACTABICHUS O TEOPUM CJIOXKHBIX CHCTEM M IO3BOJISIOT
a/IeKBaTHO MPOAHAJIN3UPOBATh BCE TE€ SBJIEHUS U MPOLECCHI, KOTOPbIE, TaK WM MHAue, CBS3aHBI C
po06JIeMaTUKON OJIHOM U3 BhICIIUX (OopM HH(GOPMALIMOHHON BOIHBI, TO €CTh TOM, KOTOpas CBsi3aHa
C HETIOCPEICTBEHHBIM BO3/IEHCTBUEM HA COLIMOKYIBTYPHBIN KO/ CTPAHBI-MHILIECHU.

CylHOCTh TMOHATHSA COLMOKYJIBTYpHBIH KOJI HamOosee IOCIeIOBaTeIbHO MOXET OBbITh
HCTOJIKOBAaHO B paMKax HelpoceTeBoil TeopuH HOOC(Eepbl, MepBOHAYAIBHO PAa3BUTOM B paboTax
[31-33]. dannas Teopust mpex/e BCEro MPUHUMAET BO BHUMaHHE TOT (PaKT, YTO CO3ZHAHUE OTACIHHO
B3SITOTO YeJIOBeKa HUKor/a He Gpopmupyetcs nzonupoBaHHbIM. C puiaocodckoit TOUuku 3peHus 3TO
MIPOUCXOJUT U3-3a TOTO, UTO YEJIOBEK €CTh CYIIECTBO COIIHAIbHOE, TOAYEPKHEM 3TO €lIe pas.

bonee Toro, B MapKCHCTCKON JMTepaType H3HAYaIbHO JOKa3bIBaJIOCh, YTO OOIIECTBEHHOE
CO3HaHHE HE CBOJUTCS K CO3HAHUIO MHAMBHUAOB. HBIMU cloBaMu, W paHee CyIIECTBOBAJIM BCE
MPENNOChUIKM JJIi TOro, 4TOOBl paccMaTpUBaTh CO3HAHWE HHAMBHJIA KaK HEKHH CTPYKTYpHBIN
3JIEMEHT 00BEMITIONIEN OOIHOCTH.

B coorBercTBUM C TOukoil 3peHuss BepHaackoro, koropas Oblla MOAEPHU3UpPOBaHA B
HUTUPYEMBIX BbIIIe paboTax, U oOoOmeHa B MoHorpaduu [30], Takoii oObemiromel cpenoi
ABIsiETCA Hoocdepa, paccMarpuBaeMasi Kak CHUCTEMHOe lienoe. Jloka3aTenbCTBa 3THX BBIBOJIOB
JaHbl B UTUPOBAHHBIX paboTax, MpUYEeM UX MOXKHO MPUBECTH, Jaxe He rnpuleras K MOCTPOCHHUIO
MaTEMATUYECKUX MOJIEICH.

JlecTBUTENBHO, TAKUE CYIIHOCTH, KaK MHTEJUIEKT U CO3HAHUE YEeJIOBEKa, €CTh MPOAYKT OOMeHa
CUTHaJaMH MEXJy HeHpoHamu, BXOASIIMMU B COCTaB TOJIOBHOTO MO3ra. JTO 0€30roBOPOYHO
MPU3HACTCSI BCEMHM HAYYHBIMHU IIKOJaMH, paboTaromuMmu B oOnactu Hedpoduszuonoruu. Tem
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CaMbIM, €CIM MBI NEpPEeXoauM K (QHIOCOPCKOW HMHTEPIpETAlMM JaHHOTO BONPOCA, HENb3s HE
NpU3HATH, YTO CO3HAHWE HWHIMBUIA HE CYIIECTBYeT (u3nyecku. Bo BCAKOM ciydae, OHO He
CYIIECTBYET B TOM CMBICIIC, B KOTOPOM CYIIECTBYET JIF0OOOW W3 (PU3MYECKH HAOIIOAAEMBIX U
perucTpupyeMbix o0beKTOB. Hukakue XapakTepUCTHKH, KOTOpPbIE CBS3aHBI C CO3HAHHEM, HENb3s
HEMOCPEJACTBEHHO H3MEpUTh (PU3NYECKMMH NpUOOpaMu TOYHO TaK e, KaK Helb3sl HU3MEpPUTh
¢busznueckuMu mpudopaMu BCE TO, UTO CBSI3aHO C OOIECTBEHHBIM CO3HAHHEM.

MoxHo 3aduxcupoBaTh (akT mnepegaud HHPOpPMANMM OT HEHpOHA K JAPYromMy, MOXKHO
OTIPEICNTUTh XapaKTEPUCTUKH COOTBETCTBYIOIIMX KAaHAJIOB CBSI3U, HO C TOUKHU 3peHus ¢uiaocopuun
CYLIECTBYET NpPUHIUNHAIBHAS pPa3HULA MEXAYy (akToM nepeaayd uHGOpMAIMH OT OJHOTO
AJIEMEHTA CUCTEMBI K JPYTrOMY, U TOSBICHUEM HOBOT'O KauecTBa, KOTOPHIM, COOCTBEHHO TOBOPS, U
ABJIAETCS Pa3yM OTZIEIbHOTO HHIUBUAA.

Tor ¢akr, 9TO co3HaHME YeNnoBeKa HE CYIIECTBYET (PH3MUECKH (B YKa3aHHOM BBIIIE CMBICIE),
SBJIIETCS BEChbMa BAXKHBIM JJIs IOHUMAHUS CYIIIHOCTH COIIMOKYJIBTYPHOTO KOJA.

JleiicTButensHO, B mpoiecce oOMeHa uHpOpManueld Mexay WHAMBHIAMU HEMOCPEIACTBEHHO
y4acTBYIOT HEHWPOHBI TOJOBHOTO MoO3ra cobecenHukoB. TouHee, oOMeH uHopMalueil Mexmy
WHIUBUJAMU €CTh HE MPOCTO PE3yJbTaT TAKOTO OOMEHa, HO pe3yibTaT Mocieayromed oopadboTku
COBOKYITHOCTH CHUTHAJIOB TOJOBHBIM MO3TOM KaK CHCTEMHBIM IleNbiM. MHade roBops, ¢puznyecku
oOMeHa MHpOpManueil MeXly HHANBHIAMH TaK)Xe HE CYIIECTBYET TOUHO TaK K€, KaK (PU3MUECKU
HE CYUIECTBYET CO3HaHME HWHIMBUAA, U TO U JIPYyroe HE CIEIyeT OTHOCUTh K COOCTBEHHOMU
(U3HYECKOI pEeaTbHOCTH, 3TO MPOIIECCHI CyTy00 MHPOPMAITMOHHOHN TPUPOJIBL.

B cBS3M ¢ 3TUM yMECTHO NPOUUTHPOBATH pe3yibTaThl pabor [14,15], B KOTOpHIX OBLIO
JI0Ka3aHO, YTO CYIIHOCTh OOBEKTHUBHOTO MHpa JayanbHa (cM. Takke [34]). B Helt umeercs
OJTHOBPEMEHHO U MH(}OpMaIMOHHAas, M MaTepualbHas cocTaBistomasi. [Ipy 3ToM cioBo
«COCTABJIAIOIIAs» MBI, pa3yMeeTcs, UCIOJIb3YEM IIPOCTO 3a HEMMEHMEM JIydllero TepmMuHa. bonee
KOPPEKTHO cJelyeT TOBOPUTh O TOM, YTO NpHpoJa OOBEKTUBHON peambHOCTH AyanbHa. W oty
IyaJbHOCTh TPOIE BCEro MPOJIEMOHCTPUPOBATH, OTTAIKUBAACH OT MPEJICTABICHUN O CYLIHOCTU
nH(popMalMl Kak TakoBod. B coorBercTBUM ¢ pe3ynbraTamu padot [15,34], unpopmanus
MIPEACTABIISIET COOO0M OJTHO M3 OA30BBIX MOHATUM, HOCSIINX OOIIEHAYYHBIN XapaKTep.

bonee Toro, maHHOMy NOHATHIO €CTb BCE OCHOBaHUS MPHUCBOUTH cTaTyc (Quiiocodcekoi
KaTeropuu. OTO Ba)KHO, MOCKOJIbKY 0a30Bble MOHATHS, 00JaJarolide TaKoro poja CTaTycoM, He
MOTYT UMETh ONPEJIENICHHE B CMbICIIE IIKOIBbHOM 1e(pUHUIINHU, TO €CTh B CMBICIIE TEX ONpEIETICHUH,
KOTOpbIE, KaK MPaBUJIO, UCTIONB3YIOTCS B yueOHMKaxX. B Takoro pona onpeneneHusx CMbICI OJJHOTO
CIIOBa pacKpbIBaeTcs uepe3 Apyrue cioBa. M ecnmu Mbl OyneM IMOJIB30BaThbCs 3TUM IPUEMOM B
MOTBITKE PACKPBITh CMBICT BCEX MOHATUN 0€3 MCKIIOYEHMs, TO PAHO WJIM MO3JHO MBI IPUIEM K
JIOTUYECKOMY TTOPOYHOMY KpyTy, uTo ot™Mmeuan ermie JI.C. YUepnasckuii [35]. JlomkeH cyliecTBOBaTh
BIIOJIHE OIpe/ieJICHHbI Ha0op 0a30BBIX MOHATHI, KOTOPbIE HE MOTYT OBITh PACKPBITHI TAKOT'O poja
oOpa3oM. OObEeKTHBHAs JUAJIEKTHKA HAXOJUT BBIXOJ U3 IMOJIOKEHUS PACKPBIBAs CMBICI 0a30BBIX
MOHATHM Yepe3 MPOTUBOMNOCTaBICHUS. VIMEHHO Tak U PacKpbIBA€TCS CMbBICI 0a30BBIX KaTErOpHid
OOBEKTHBHOM JMANEKTUKU, HANpUMep, €cld pedb HJAET O IMapax KOJINYeCTBO/KauecTBo,
dbopMma/coneprkaHne U UM MOJOOHOE.

Nmenno B aToM nyxe, B pabortax [15,34], u ObUIO AaHO OMpENENIeHHE TOTrO, YTO MOKET
Ha3bIBaThCs MHGopMmarmeil. KoHKpeTHO B UMTHUPOBAaHHBIX paboTax OBUIO JIOKa3aHO, 4YTO
¢dunocodckyro kareropuro MHGOPMAIMK CJIEAYET paccMaTpuBaTh Kak MapHY K Quiocodckoit
Kateropud  Marepun. OTH  (uiocopckue  KaTeropuu  TaKKe  ONPEAeNsIoTCs — uepe3
npoTuBonocTaBieHue. lMeHHO 3TO sBisieTcs OCHOBOM [UIsi TOTO, 4YTOOBI paccMaTpHUBAaTh
OOBEKTUBHBIN MHp CyTy0O € QyaqTUCTHUECKHUX MO3UIHI. ITO MPUBOAUT K HEM3OEKHOMY BBIBOJY,
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YTO HapsAy ¢ OOBEKTaMM, KOTOpbIE MOTYT OBITh M3MEpPEHBI (PU3UUYECKUMHU NMPUOOpaMu (TO €CTbh
TEMH, KOTOphle  00JamaroT  Cyry0O0  MaTepUallbHOM  COCTaBISIONICH),  CYIIECTBYIOT
nHpopManroHHble. IMEHHO K HUM M OTHOCSTCS] TAKHE OOBEKTHI KaK CO3HAHHE, Pa3yM U MHTEJUICKT
gyenoBeka. [TomuepkHem emre pas, pu3ndecku 3THX 00BEKTOB HE CYIIECTBYET. ITO OOBEKTHI CyTry0o
MH(OPMALIMOHHON TPUPOIBI.

Bepuemcs, onHako, K BONPOCY O PAaCCMOTPEHHUM CYIIHOCTH HOOC(EpHI, YTO IMO3BOJISIET JaTh
aJICKBaTHYIO MHTEPHpPETAMIO TEPMHUHA COLMOKYJIbTYpHBIA KO [30]. Kak yke oTMeuanoch BbIIIe
m000€ MEXKIUYHOCTHOE OOIeHHue (aKTHUUECKH CBOJUTCA K OOMEHy HHGOpMAIMEH MEexXIy
HEpOHaMu, BXOJSIIMMHU B COCTAaB TOJIOBHOTO Mo3ra cobeceqHukoB. Hukakoro apyroro mporecca
(¢u3nvecKu He CYIIECTBYET U CyIIECTBOBATh HE MOXKET. To, 4To MeHyeTcs: 0OMEHOM MH(OpMaLuu
MEXIy WHAMBUAAMHU, €CTh PE3yJbTaT IOCIEAyIoIeld 00paboTKH Takoro poja uHopMaluei
TOJIOBHBIM MO3TOM KaK CHCTEMHBIM IICJIBIM.

Crnenyromuii mar B Takoro poja pacCy>KICHHUSX, CAENaHHBbI, B 4YacTHOCTH, B paboTax
[16,35,36], cocTout B cienyromieM yTBepKIeHUU. B pesynbrare oOMeHa uHpOpMAIUE MExXITy
UHAUBUAAMU (C yYE€TOM TOTrO, YTO 3TOT TEPMHUH JOCTATOYHO YCJIOBEH) (opMupyercs oomias
HelpoHHas ceTh. ['0I0OBHON MO3T, a TOUHee HelpoHHas ceTh, chopMHUpPOBAHHAS TOJOBHBIM MO3TOM
OTJENBHOTO YENOBEeKa, MpeACTaBiseT co0o0il He Oojiee 4eM OTHOCUTEIBHO CaMOCTOSITENIbHBIN
¢dparmeHT Oosiee 00MIEH CHCTEMHOH ETOCTHOCTH, KOTOpasi 1 MHTEPIIpEeTUpyeTcs Kak Hoocdepa. To
€CTb BIIOJIHE ONpeeieHHas HH(HOPMAIIMOHHO KOMMYHUKAIIMOHHAS Cpe/ia, MPEeACTaBIAIomas cooon
TO)KE OOBEKTUBHYIO pealbHOCTh. JloKa3aTenbCcTBa 3TOTO Te3Mca JaHbl B HAIIMX padoTax,
LUTHPOBAHHBIX BbIIIE, 00001IeHHBIX B [30].

OpuuM u3 6a30BBIX TE3UCOB IMOJIOKEHHBIM B OCHOBY 3TOTO J0Ka3aTelIbCTBA SIBISIETCS TOT (akT,
YTO CIIOCOOHOCTh HEUPOHHOM CeTH XpaHHUTh B 00padaThiBaTh HH(POPMAIIHIO HEIUHEHHO 3aBUCUT OT
qrclia ee 3JIEMEHTOB. JTOT TE3HC, B TOM YHCIIE U JI0Ka3aH TeKyllei npakTukoil. Eciu Obl oH He ObLI
BEpPEH, TO HE ObUIO Obl HEOOXOIMMOCTH CO3/1aBaTh HEWPOHHBIE CETH, KOTOpBIE COJEpKaT BCe
Ooubiiee M OOJIbIIEe KOIMYECTBO IeMEHTOB. C TOUKM 3pEHUS] MaTEMATUIECKUX MOJIEIeH TaHHBIN
Te3uc 000CcHOBaH B pabore [12], rae paccMaTpuBaiUCh MaKCHUMAJIbHO OOIIME 3aKOHOMEPHOCTH,
oTpakaromye (yHKIMOHUPOBAaHNE HEHPOHHBIX ceTeil. B ToM uucie ObLIN MOTydeHbl KOHKPETHBIE
dbopmynbl, JOKa3bIBalOIIME, 4YTO i d(dexTuBHON 00pabOTKUM HHPOpMAUM HEHPOHHAS CETh
JIOJKHA COZepKATh T€ WIIM UHbIE STYCUKH MaMsTH, a HaJM4rie TaKUX SYeeK MaMsATH B CBOIO O4Yepe/b
MPUBOJUT K TOMY, YTO 3aBHUCHMOCTh, O KOTOPOH TOBOPHWIJIOCH BBIIIE, NEHCTBUTENHHO SBISETCS
HEJIMHENHOM.

BepHemcs K pacCMOTpEHUIO collMyMa Kak WH(GOPMAIMOHHON cpefibl. Beilie oTMedanoch, 4to B
npejenax TOTO WM WHOTO COIMyMa, TaK WM HWHa4de, (GopMupyeTrcs oOmas HEHpOHHAs CETb.
[Tpumem BO BHMMaHHE, YTO BO3MOYKHOCTH 3TOH CeTH sl 00pabOTKM WHGOpPMAIMK HEIWHEHHO
3aBHUCST OT KOJIMYECTBA BXOAIIMX B Hee AIeMEHTOB [12]. DTo mpexae Bcero 03HavaeT, YTo Hapsay
C TOW MaMsTHIO, KOTOPBIMH OOJATaf0T WHAMBHIBI, CYIIECTBYET W YTO-TO €Iie. JTO YTO-TO eIIe,
MOJYEPKHEM €Ile pa3, JaBHO [IOYYyBCTBOBAIM HCCIEAOBAaTENM, paboTaroimme B o01actu
TYMaHUTapHBIX HayK. IMEHHO 3/1eCh U NieXaT MPEANOChUIKH ATl TOTO, YTOOBI OHSTh, YTO HUMEHHO
NpeJCTaBIsieT co0ol OOIIECTBEHHOE CO3HAHME, KOTOPOe, TOJUEPKHEM ellle pa3, B COOTBETCTBUU C
MapKCUCTCKOW (punocoduelt, He CBOAMUTCS K CO3HAHUIO OTIENbHBIX MHAMBUAOB. OOIIeCTBEHHOE
CO3HaHHE €CTh pe3yJbTaT (OPMUPOBAHUS OOIIEH HEUPOHHOHN CETH, KOTOPYIO, €CITU pPacCMaTPUBATh
YEJIOBEUECTBO IETMKOM, MOKHO OTOXECTBUTH ¢ HOOC(epoit, MoHMMaeMoi B 1yxe BepHaackoro.

Takolt moaxoxa yXe J0Ka3and CBOK KOHCTPYKTHBHOCTh, B YaCTHOCTHU B paborax [37,38] mamm
ObUIO MOKA3aHO, YTO C 3TUX MO3HMLIMNA JOMYCTUMO, B TOM YHCJE, HE TOJBKO HHTEPIPETHPOBATH
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CYIITHOCTh KOJUIEKTHBHOTO O€CCO3HATEeNLHOTO, HO U TMEPEBECTH 3TOT BONPOC B MPAKTHUYECKYIO
IUIOCKOCTb.

HamoMuuMm, 4To aHanuTHYecKas IMCUXOJIOTHS yKe JaBHO J0Ka3aja ero cyuiectBoBanue. bosee
TOTO, TPEACTABIICHUS O KOJJICKTUBHOM Oecco3HATeIbHOM Bce Oojee u  Ooliee IIMPOKO
HCIIONB3YIOTCS B TICUXOJOTUYECKOW TNPAKTUKE, B TOM YHCIE M JUIS CO3JIaHUs WHCTPYMEHTOB,
00eCIeunBaOIIMX KOPPEKIUIO TICUXOJIOTHYECKOTO CO3HaHUs MHAWBHAOB [39-41]. 3ameTrum, 4TO
3l1€Ch YK€ 3aKJIaJbIBAIOTCS BIIOJIHE ONpPEACICHHBIC MPEANOCHIIKA JJIS BO3JCUCTBUS HA
COIIMOKYJIBTYPHBIN KOJI.

JIeCTBUTENLHO, €CIIM  CYIIECTBYET BIIOJIHE OMNPEACIEHHBI MEWHCTpUM B paborax
MICUXOJIOTMYECKHUX IIKOJI, €CJIM OHU JACHCTBYIOT B paMKax BIIOJIHE OIPECIICHHON MapaJurMbl U BCE
JIO/IA, 3aHUMAIOIIMECS KOPPEKIMEH TICUXOJOTUYECKOrO COCTOSIHUS, OYyIyT AelcTBOBaTh U €€
pamMKax, TO TeM CaMbIM yXe OyJeT OKa3aHO BIIOJIHE OIpPEIeIEHHOE MAaCIITaOHOE BO3JCHCTBHE.
BnpouewMm, 310 He Ooiiee yeM WILTIOCTpaIUs K CKa3aHHOMY BbIlle. BakHO MOAYEPKHYTH, YTO JO
CaMoro MOCJIEIHEr0 BPEMEHHU CYIIHOCTh KOJIJIEKTUBHOTO OECCO3HATEIBHOIO0 HECMOTPS Ha TO, YTO
OHa JIWCTBUTEIBHO MCIIONB3YETCsS B TEKyIIEeW MpakTHUKe, ocTaBajach HEBbIICHEHHOW. U 310, C
HAaIIel TOUKH 3pEHUs, CBI3aHO CO BIIOJIHE ONpeAeTIeHHBIM (hyHAaMEHTATbHBIM OOCTOSATEIBCTBOM.

JIelcTBUTENILHO, KJIAaCCHUYECKas TIICHMXOJIOTHS BCErjia OIEpHpoBaja C MPEACTABICHUSIMU O
CO3HAHMUU YEJOBEKa KaK O YeM-TO cyry0o camoctosiTesibHOM. C TOYKM 3pEeHHs Te3uca o
KOHBEPIeHIIUHA €CTECTBEHHO-HAYYHOTO M TYMAaHHMTAPHOTO 3HAHUS, 3/1eCh pedb UAET O TOM, YTO BO
BHUMAaHUE NMPUHUMAIIUCH TOJBKO T€ MPOIIECCHI, KOTOPBIE MPOTEKAIOT B Mpe/eiaax OJHOTO OTAEIbHO
B3STOI'0 T'OJIOBHOI'O MO3Ia.

CrnenoBaTenbHO, HE MOT HE BO3HUKHYTH BIIOJHE ONpPEIENICHHBIN mMapaaokc. JlelcTBUTENbHO,
€CIM Mbl TOBOPUM O TOM, YTO BCE, YTO CBSI3aHO C TCUXHMYECKOW JEATEIbHOCTHIO YEIOBEKa
MPOTEKAaET B INpeaenax OTIAENbHO B3ATOrO TOJOBHOTO MO3ra, TO HHUKAKOrO KOJUIEKTHBHOTO,
0ecCcOo3HATENBHOTO CYIIECTBOBaTh HE MOXET B MpHHIMIE. HOo ecnmu MBI TOBOPUM O TOM, UTO
KOJUICKTUBHOE U 0€CCO3HATENbHOE CYIIECTBYET, TO BOJBHO HEBOJIBHO MBI OyJIeM BBIHYXICHBI
MMOCTaBUTBb BOIIPOC O TOM, TJIe KOHKPETHO 3alliCcaHa COOTBETCTBYIONIAs HH(popMaIus.

Kinaccuueckast mcuxosnorust paccMaTpuBaeT TOJIBKO T€ MH(POPMAIIMOHHBIE MPOIECCHI, KOTOPHIE
MPOTEKAIOT B Mpejesiax TOoJIOBHOTO MO3Ta MHAMBHUIA. Pasymeercs, CyliecTByeT, B TOM YHUCIE H
HeKJIaccuueckas rncuxonorusi [42,43], koTtopas paccMaTpUBaeT TOJIOBHOM MO3I MHJIMBHAA Kak
HEKYI0 4acTb Ooliee MHUPOKOH merocTHocTh. OAHAKO Jake OHA HE CTaBWJIa BOIMPOC O TOM, TIe
MMEHHO MOXET OBITh 3amucana nHGOopMallvs, CBI3aHHAs C KOJUIEKTUBHBIM 0€CCO3HATENbHBIM. DTOT
MapajioKc pa3penraercs B paMKax HelpoceTeBoil mojenu Hoochepsl. Pedb uaer o ToMm, 4To BOT 3TOT
HEKHUH JOTIOJHUTEIBHBIM CErMEHT CBsI3aH MMEHHO C TeM, 4TO HMH(GOPMAIMOHHBIC BO3MOXKHOCTH
HEUPOHHOW CETH HEJIMHEMHO 3aBUCAT OT KOJIMYECTBA BXOMSIIMX B Hee AneMeHTOB. Komb ckopo
WHIUBHIIBI (DOPMUPYIOT OOIIYI0 HEHPOHHYIO CETh, TO COOTBETCTBEHHO (hopMHUpyeTCs U TO, YTO B
pabotax [14-16] Ob1I0 Ha3BaHO HAAJTUYHOCTHBIM YPOBHEM MEepepabOTKH HHPOPMAIIHH.

NmMenHO Ha HAWIMYHOCTHOM YpOBHE mepepaboTku uHbopMaruu GOpMUPYIOTCS BCE Te
WH(OPMALIMOHHBIE CYIIHOCTH, KOTOPBIE TOPOXKAAIOT COIHOKYJIBTYPHBIH KOJI, KOJUIGKTHBHOE
Oecco3HaTeNbHOE W BCE AaHAJIOTUYHBIC TIOHATHS, KOTOpBIE YXKe JaBHO OBUIM OTpaKE€HBI B
TYMaHUTapHOM  JUTEpaTtype, XOTS W HE HMEIM T1oJ Cco0OW  MOCIeAoBaTeIbHOrO,
€CTECTBEHHOHAYYHOTO 0OOCHOBAHMSI.

BriBOZ 0 TOM, YTO COIMOKYJIBTYPHBIN KO OTHOCUTCS K HAJTAYHOCTHOMY YPOBHIO TIEPepabOTKH
nHpopMmanuu, TpeOyeT KOHKpETH3alMu. OTa KOHKpPETH3alMs clejaHa B Hammx padoTrax, B
YaCTHOCTH, B [36], A€ MPUMEHUTEIBHO K PAaCCMOTPEHHUIO COLMOKYJIbTYpHOro Koma Kwurtas, rae
OBLJIO TIOKA3aHO, YTO TPECTABIEHNE O TEOMAaHTHUU HEPa3phIBHO C HUM CBsi3aHbl. JlaHHBIN BOmpoc
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MPEJCTABISET UHTEPEC, B TOM YMCIIE M C TOUKU 3PEHUS JaHHOH paboThl, IOCKOJIBKY OH IMO3BOJISIET
MoKa3aTh, YTO OOIIECTBEHHOE CO3HAHWE IO CBoeW mpupoae mudonornyno. OHO HE MBICIUT
KaTeropusMU PAaLMOHAIBHOTO, €CIIH TEPMHH «MBICIIUT» K HEMy IpUMEHHM BooOIIe. DakTHUECKU
peub UIET O TOM, YTO Ha JAHHOM YPOBHE (pOpMHpPYETCs CBOEro poja MCHOJHsIEeMas Mporpamma,
KOTOpasi 3acTaBisieT WHAMBUIOB IIOCTYNaTh [Ja)Xe€ BONPEKHM HX MPSAMBIM HKOHOMUYECKUM
HUHTEpecam.

[TomuepkuBaem emie pas, B IUTHPOBAHHBIX BhIIE padoTax OBLIO MOKAa3aHO, YTO B JIIOOOM
COOOIIIECTBE CYIIECTBYET TOJIBKO OYEHb OrPaHWYCHHOE KOJIMYECTBO JIIOJAEH, YHUCIO KOTOPBIX
HaXOJUTCS B Ipesenax CTaTUCTUYECKOW MOTPEIIHOCTH, KOTOPbIE PealbHO MOTYT IPOTUBOCTOSTH
UCTIOJHIEMOM TporpaMme, TMPEACTaBIAIONIEH COO00H COUMOKYIbTYpHBbIM kon. Kak mnumcan
JLH. 'ymunéB, HU OJMH WIECH 3THOCA HE B COCTOSIHUM AyMaThb M IMOCTYIAThb MHAYE, YEM €CIU OH
IIPUBBIK C CAMOT0 JIETCTBA.

Bnpouewm, ecniu 06patuthest k counHeHusM ['yMunéBa, To HeNlb3s HE MPU3HATH, YTO TAKUE JIIOU
BCE K€ MOSBIAIOTCI. FIMEHHO WX OH M Ha3bIBal MACCUOHAPHUSIMHU WJIM, B TEPMHUHOJOTUH APEBHUX
MOHIOJIOB, <«JIFOABMHU  JUIMHHOM  Bonw». [lpupona HX  BO3HUKHOBEHHMS  IPEACTABISIET
CaMOCTOATEIIbHBIN UHTEPEC.

Otyact oHa OblTa packpeiTa B [44,55], omHako mis Ielield HacTosmed padoThl OOJbIIUI
MHTEpPEC TMPEJACTABISET OCHOBHAs Macca, KOTOpas TOAYMHSIIACh, TOAYUHICTCS W OyAer
MOJYUHSATHCS TOM UCHOJIHIEMON IPOrpaMMe, KOTOPasi U OTBEYAET KYJIbTYPHOMY KOIY.

MO>HO BHIETb, YTO €CJIM JaHHAsI UCHOJHsIEeMas IporpaMmma OyeT TpaHCOpPMHUPOBaHa, TO BECh
HapoJ WM BECh COIMyM, OyZeT BecTH ce0si WHaye, HEXeTd OH Bel ceds 10 TOoro, Kak
COOTBETCTBYIOIIEEe MHGOPMAIIMOHHOE BO3JeiCTBHE ObLIO OKa3aHO. OYEBHIIHO, YTO B HACTOSIEE
BpeMs JJaHHas MpoOjeMaThKa CTAaHOBUTCA Bce Oosee U Oosiee akTyanbHOW. J[aHHBIA TE3UC MOXKET
MOKAa3aThCs CIIOPHBIM, OHAKO TOT (haKT, YTO B COBPEMEHHBIX yCIOBHUSIX TEJIEKOMMYHHUKAIIMOHHAS
MHAYCTPUS JEHCTBUTENLHO MO3BOJSIET OKa3blBaTh 0ojiee 4eM CYIIECTBEHHOE BO3JecTBUE Ha
COIMOKYJIBTYPHBIN KO/JI, HE BHI3BIBAET COMHEHUH.

Bonee Toro, Mo>kHO 000OCHOBAHHO IPEAINONaraTh, 4YTO BO3/CHCTBIE HA COLIMOKYJIBTYPHBIN KO/ B
CIIOKMBIIHXCSl YCIOBUSIX MOXET OBITh OCYLIECTBJIEHO Jake O€3 MCIONb30BaHUS TEX WJIM HHBIX
UJICOJIOTHYECKUX, KYJIbTYPHBIX WM MOJOOHBIX MM HHCTPYMEHTOB. OHO MOET OBITh M Cyry0o
TEXHUYECKUM. JIeHCTBUTENbHO, WMEHHO WH(OPMAIIMOHHBIE TEXHOJIOTUHM caMU MO cebe B
3HAYUTENbHOM CTENEHH OMpPENeNsAIoT XapakTep KOMMYHHUKAIMil B COBPEMEHHOM OOIlecTBe. ITO
O3HAyYaeT, 4To, 3a/1aBasi XapakTep KOMMYHUKAIIUNA, MOKHO TpaHCHOPMHUPOBATH COIMOKYIbTYPHBIN
KOJI, YTO U IIPOCJIEKUBAETCS HAa IPUMEPE COLIMATIbHBIX OHJIANH CETEN.

B emie Oosbieii cTeneHu 3TO NPOCIIEKUBACTCS HA IPUMEPE HAYYHO-TEXHUUYECKOT0 cO00IIecTBa
[8], cymecTBeHHBIE TpaHCGhOPMAIIUKH B KOTOPOM IPOU3OIUIA BCIEACTBHE BCe OOJee MIHUPOKOTO
MPUMHPEHUSI CUCTEMbl T'PAHTOBOIO (DMHAHCUPOBAHHSA W HE MEHEe LIMPOKOr0 HCIIOIb30BAHMS
HayKOMETPUYECKUX MOKa3aTesel, B YaCTHOCTH, MHAEKca XHUpHia.

3aki0ueHune

N3 ckazaHHOTrO BBILIE MOXKHO CHAENATh CIACAYIOMIHI BhIBOJ. KOMILIEKCHBIN aHaIu3 CoAepKaHUS
MOHATHST «UH(GOPMAIMOHHAS BOWHA» Ha COBPEMEHHOM JTale HEBO3MOXEH 0e3 HCIMOJIb30BaHUs
MaKCHUMaJIbHO OOIIMX MPEICTABICHUN O CYIIHOCTH CIOKHBIX CHCTEM KaK TaKOBBIX. B cymiHoCTH,
3TOT BOIPOC MPUHAICKUT 001aCTU MPUKIAAHON GUIOCOPUH U TOJKEH pPacCMaTPUBATHCS UMEHHO
C TaKuX MO3MLUNA. DTO elle pa3 CBUIAETENIbCTBYET O BaXKHOCTH MEXKIUCIMILTMHAPHOTO MOJIX0Ja U
aKTyaJIbHOCTH TIOCTPOEHUSI O0IIel Teopuu CIOXKHBIX cucTeM. COOTBETCTBYIOLIUE MPENNOCHUIKU
yXKe uMerTcs. B 9acTHOCTH, Kak TOKa3bIBaeT MPHUMEP HEUPOCETEBOM Teopuu Hoochepsl, s
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CJIOKHOM CHCTEMBI XapakTep CBA3EH MEXKIy €€ JJIEMEHTaMU SIBJISETCS BTOpUYHBIM. llepBuuHOi
SABJSIETCS. ApPXUTEKTypa CBA3CH MEXAY €€ DJIEMEHTaMH, 4TO U II03BOJISET CTaBUTH BOIPOC B
MaKCHUMaJIbHO OOIIeM IIaHe, pacCMaTpUBasi U MPOLECCHI, MPOTEKAIOIIe B O0IIECTBE, M MPOIIECCHI,
TPaIUIIMOHHO HCCIeIyeMble, HarpuMep, (U3NYECKOH XUMHEH NOJMMEPOB, C EIMHOOOpPa3HBIX
O3UIINH.
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ABCTPAKTHOM AJITEBPHI 1 ET'O ®UJIOCOPCKHUMN ACIIEKT
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Tloxasano, umo O0asHAsA 3a0aua O NOUCKEe «MPEXKOMNOHEHMHBIX» KOMNIEKCHbIX Yuces, NOCMA6leHHas
I'amunvmonom, u npusedwias K noseleHul0 KeamepHuoHos, de-gpakmo umeem peutenue. Konkpemmo, 0ns
pewienus  usuueckux 3a0ay Moeym Oblmb UCNONL308AHLI MHO2OMEPHble OUCKPemHble KOOpOUHAmbL,
OCHOBAHHbIE HA MOM, YIMO KANHCOOU MOUKe MHOZOMEPHO2O0 NPOCMPAHCmea cmagumcs diemenm noas 1 anya,
NONYYUEeHHO20 MemOoOOM —anzedpaudeckux pacuwupenui. Bozmooxcnocms ucnonv3oéanus OUCKPEmHbIX
KOOpOUHam, 6 C8010 ouepedb, Onpedensemcs mem, 4mo O yenoeo paoa usuyeckux 3aday Hem
HeoOX00UMOCMU OMBICKUBAMb peldenue 8 6ule HenpepuleHoU @OYHKYUU Henpepovi6HO USMEHAIOUUXCSL
Koopounam. B oannoii pabome >3mo O0emoHCmMpupyemcs Ha npumepe peuleHusi 60IHO08020 YPAGHEHUs Ol
MOHOXPOMAMUYECKO20 CYHAsl, KOMOPOe MONMCem pPaccMampugamvcs ¢ mex Jce NO3Uyull, Ymo iexcam
ocHoge Ookazamenbcmea meopemvl Komenvnukosa. Ilokaszano, umo 5mo no360.1siem UCNOIb306AMb
anemenmol noneti Ianya (m.e. KOHEYHbIX aneeOpauyecKux men) 8 Kawecmse KOOPOUHaAm O Cryuas, Ko2od
3a0aya pewaemcs npuUMeHUmenbHo K KOHeuHol oonacmu npocmpancmea. Oocysxcoaromes gunocogpckue u
MemooonocuiecKue acnekmol NOJYYeHHbIX pe3yabmamos. llokazano, umo nepexo0 K OUCKDEMHOMY
ONUCAHUIO C UCNONL30BAHUEM TeMeHmos noell I anya 6 kauecmee KOOpOUHAmM co30aem NPeonoCHlIKU Ol
oanvHelue20 Co8epuencmao8aniis Heupocemessblx Memooo8 peuenus 3a0ay u3 0oiacmu u3UKu.

Knrwouesvie cnosa: xeamepnuonsi, noas I anya, meopema Komenvnukosa, 6onnosoe ypasuenue, npuHyun
Toticenca-Ppenens, areebpauveckue pacuuperuss, Guiocopus MameMamuxuy, HetipoHHble Cemu.

Tamunomon xotizawn, KeamepHUOHOApPOblY NALlOA OONYbIHA dKeN2eH (YUl KYpamowly Kypoeai canoapovl
maoby maceneciniy ic scyzinde wewimi bap exeni kopcemineen. Haxmuipax atimcax, gusuxanvix ecenmepoi
wieuty yulin xon oautemoi Keyicmikmiy ap0Oip Hykmecine aneebpanvik kenweumy aoicimen anvinezan Ianya
OpICIHIY dNeMeHmi MAAUbIHOANEAHbIHA He2i30el2eH KOn oauemOi OUCKpemmi KOoOpOUHAMALapovl
Kondanyea 0Oonaodwvl. Juckpemmi KoopOuHamanapowl KOAOAHYy MYMKinOiei, 03 Kezecinde, Oipxamap
usuxanviy ecenmep yuwin y30IKCi3 032epemin KOOPOUHAMARAp Y30IKCi3 (QyHKyus mypinoeei weuimin
maoyovly Kaxcemi J#COK eKeHOiciMeH aublkmanaovl. byn ocymvicma oOyn KomenvbHukos meopemacuvit
Oanendelmin nOUYUALAPOAH Kapacmuvlpyaa OOIamvlH MOHOXPOMAMUKANLIK JHCA0AU YWiH MOJKBIHObIK
menoeyoi wieuly MulcanvlHoa KepcemineeH. Byn macene xewicmixmiy axvlpavl 0OAbICHIHA KAMbICHIDL
wewiinemin dcagoau yulin Koopounammap peminde lanya epicmepiniy sniemenmmepin (SeHU, AKbIPSbl
aneebpanviy Oenenepdi) navoaiany2a MYMKIHOIK Oepemini Kepcemineen. Anvinean Hamudicenepoin
Qunocousinviy dicone a0icmemenix acnekminepi mankvlianaovl. lanya epicmepiniy diemeHmmepin
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Koopounammap peminde natoalany apKblivbl OUCKDEmmi CURAMmMAyea Kouly @usuxka canacbiHoazvl
ecenmepOi weutyOiy HeupoHObIK dcell 20icmepin 00an api dcemindipyee anebluapmmap HcacaumviHbl
Kepceminzen.

Tyiiindi ce3oep: xeamepruondap, Ianya epicmepi, KomenvbHuxoe meopemacsl, MOAKbiH MeHOeY,
Toticenc-Dpenenv npunyuni, aneedpanvix KeHeumyiep, Mamemamuxa Quiocopuacsl, HeUpoOHObIK JHceniiep.

It is shown that the long-standing problem of finding “three-component” complex numbers, posed by
Hamilton, which led to the appearance of quaternions, de facto has a solution. Specifically, to solve physical
problems, multidimensional discrete coordinates can be used, based on the fact that each point of a
multidimensional space is assigned an element of the Galois field obtained by the method of algebraic
extensions. The possibility of using discrete coordinates, in turn, is determined by the fact that for a number
of physical problems there is no need to find a solution in the form of a continuous function of continuously
changing coordinates. In this work, this is demonstrated by the example of solving the wave equation for the
monochromatic case, which can be considered from the same positions that underlie the proof of
Kotelnikov’s theorem. It is shown that this makes it possible to use elements of Galois fields (i.e., finite
algebraic bodies) as coordinates for the case when the problem is solved in relation to a finite region of
space. Philosophical and methodological aspects of the obtained results are discussed. It is shown that the
transition to a discrete description using elements of Galois fields as coordinates creates the prerequisites
for further improvement of neural network methods for solving problems in the field of physics.

Keywords: quaternions, Galois fields, Kotelnikov's theorem, wave equation, Huygens-Fresnel principle,
algebraic extensions, philosophy of mathematics, neural networks.

Beenenune

Hcrtopust mareMaTuku 3HaeT HeMajao aMOMIIMO3HBIX 3afad, KOTOpbIE TaK U He ObUIM pPEelIeHBI.
OpHa 13 HUX CBSI3aHA C UCTOPUEN CO3/1aHUS KBATEPHUOHOB.

B u3BectHO# MoHOTrpaduu mo ucropuu mateMatuku [1] M. Knaiin moguepkuBaet, 4To yCrexu B
o0nacTv NpUMEHEHHs] (YHKIUMI KOMIUIEKCHOTO IMEPEMEHHOIO Ui PpEIICHUs pa3IUYHbIX 3a/1a4
(GU3MKM BIOXHOBWJIM MHOTMX MAaTeMaTHMKOB Ha IIOMCK «TPEXKOMIIOHEHTHOTO» aHajora
KOMIUIEKCHBIX uKces. K ux 4yucimy OTHOCUTCS, B TOM 4HuCie, U YibsiM Poyan ['aMuibTOH, KOTOPOTO
4aCTO UMEHOBAIIN «BTOPBIM HBFOTOHOMY.

Wnes, nexaias B OCHOBE TaKOT'0 TIOMCKA, OblJIa M OCTAeTCs BIOJHE NMpo3padyHoi. KommiekcHbIM
yycaaM, MOCTPOCHHBIM Ha HCIIOJb30BAHMM MHUMOM €IMHUIBI, MOXHO CTaBUTh B COOTBETCTBUE
BEeKTOpa (WJIM TOYKM Ha IUIOCKOCTH), YTO M MO3BOJSET pelIaTh MHOTHE 3aJadyd M3 o0jacTu
THJIPOAMHAMUKH, JIEKTpocTaTuku u T.1. Kak cBuaerensctByer M. Kunaiin, ¥.P. 'amunbton 6onee
MATHAAUATA JIET TBITAICS CO3[aTh aHaJIOr KOMIUIEKCHBIX YHCEN, KOTOpble Obl IO3BOJIMIN
peanu3oBaTh AHAJIOTMYHBIA MOAXOA JUIsl TPEXMEPHOIO IPOCTPAHCTBA, B MEPBYK OYEpeIp —
MIOCTPOUTH «TPEXMEPHBII» aHAJIOT KOMIUIEKCHBIX uucel. PemuTh yka3aHHyI0 MpoOieMy emy
yIAJIOCh TOJBKO IEHOH JBYyX KommpomuccoB [1]. Bo-miepBbIX, MOCTPOCHHBIE MM aHAJIOTH
KOMIUIEKCHBIX YHcel (M3BECTHBIC B HACTOSIIEE BPeMs KaK raMIJIbTOHOBBI KBATEPHUOHBI) UMENU HE
TPpU, a YEThIpE KOMIIOHEHTBI. BO-BTOpPBIX, €My MNPUIUIOCH «IIOXKEPTBOBATH» CBOMCTBOM
KOMMYTAaTUBHOCTH.

B Hactosmielr pabore mokazaHo, YTO JaHHas MpoOjieMa pelraeTcss Ha OCHOBE Mepexoa K
JUCKPETHBIM MOJENSIM (PU3UUECKUX SBICHUI.

Takas moctaHOBKa BOIPOCa TaKKE UMEET JaBHIOK UCTOPHIO.

B wactHOCTH, KpymHEe#muii coBerckuii MmaremaTuk A.H. KonMoropos eriie B pabote [2] mucan:
«/lo HemaBHEr0 BpEMEHM B MAaTE€MaTHYECKOM €CTECTBO3HAHMU T'OCHOJCTBOBAIO MOJAEIMPOBAHUE

39



N3BECTH HAYYHO-TEXHUYECKOI'O OBIIIECTBA «KAXAK», 2024, Ne 1 (81)

pEaIbHBIX SBJICHMM IpHU TOMOIIM MaTeMaTU4YECKUX MOJENEH, MOCTPOEHHBIX HAa MAaTeMaTHKe
0ECKOHEYHOTO U HETIPEPBIBHOTOY.

B uwutupyemoii pabore paccMarpuBaeTCs NpPUMEpP YpPAaBHEHHS TEIUIONPOBOJHOCTH, TECHO
CBSI3aHHOTO C IIPEACTaBICHUSIMU O HENPEpbIBHON cpeae. ODTO YpaBHEHHE COIOCTABJIEHO C
Pa3HOCTHOM CXeMOH, T.e. cyrybo mMcKpeTHbIM omucaHueM mnporecca. A.H. Koamoropos
MOMYEPKUBAJ, YTO TMPEACTABIECHUS O HENpPephIBHOM cpeAe sBIsAETCS Tako ke (B
METOJIOJIOTUYECKOM CMBICIIC) Hiealn3aluei, Kak U pa3HOCTHAs CXeMa, TOT/1a KaK MPUHATO CYUTATh,
YTO ypaBHEHHE TETUIONPOBOJIHOCTH, 3alTMCAHHOE B YACTHBIX IIPOU3BOIHBIX, SBISETCS «TOYHBIMY, a
COOTBETCTBYIOIIAsl €My PAa3HOCTHAsI CXeMa — HEKUM «IpUOIMKeHueM» (M 3TO MPH TOM, 4TO Jrobast
TEIUIONPOBOAIIAs Cpela B JICHCTBUTENBHOCTH HE SIBISIETCS HEIPEPHIBHOM, KOJb CKOPO OHA
COCTOUT U3 aTOMOB U MOJIEKYJI).

B uwurtupyemoit pabore A.H. Konmoropos BbIpasusl yBEPEHHOCTb, YTO ONMCAHUE DPEATBHBIX
MIPOLIECCOB MOYKET OCYIIECTBISATHCS HA SI3bIKE JUCKPETHOW MaTEeMAaTHKHU, MUHYS STall MOCTPOCHUs
ujeanu3aliuii, MPEANOChUIAIONINX HCIONIb30BAHUE HEMPEPHIBHBIX (PYHKIMA. APryMEHTOM st
3TOrO0 YX€ B TO BpeMsl ObLIO JOCTAaTOYHO OypHOE pPa3BUTHE BBIUMCIMTEIHHOM TexHUKU. Her
HEOOXOMMOCTH JIOKa3bIBaTh, YTO CO BpPEMEH BBIXOJa B CBET pPabOTHl [2] KOMITBIOTEpHBIC
TEXHOJIOTUU 3aBOCBAIIM HOBBIE BBICOTHI M 3Ta TEHIEHIMS OYIEeT COXpaHAThCS B 0003pUMOIA
MIEPCIIEKTHUBE.

B nanHoOil pabore AOKa3bIBae€TCS, YTO 3a CYET IEPEXOAAa OT «HENPEPBIBHBIX» MoOjeei
(U3NIECKUX TPOIECCOB K «IUCKPETHBIMY» MOYKHO PEHIMTH Ty 3a/ady, KOTOPYIO HEKOTJa CTaBHII
nepen coboit V.P. 'amunbToH. DTO JOCTHraeTcs mepexoaoM OT (YHKIUH, apryMEHTOM KOTOPBIX
CIIy’)KaT JIEHCTBUTENbHbIE Uncia, K (YyHKIUSAM, apTyMEHTOM KOTOPBIX SIBISIOTCS 3JIEMEHTHI MoJei
[anya, KOTOpBIC IHPOKO MCHONB3YIOTCS B MHPOPMALIMOHHBIX TeXHOJOTUsX [3; 4], B yacTHOCTH, B
kpunrorpaduu [5; 6].

ITons Tanmya mnpenctaBistoT coOOW, MO OINpeNENIeHUI0, KOHEYHble KOMMYTaTHBHBIE TeJa,
pPa3MepHOCTh KOTOPBIX MOKET ObITh Jt000i. TouHee, coBpeMeHHass MaTeMaTHKa pacrojiaraet
CpeCTBaMH, TIO3BOJISIOIIUME CTPOHUTH moiist ['amya GF (p™), rje p — MpoCToe YrCIo, COAEpPIKaIIe
pTl
KOOPJIMHATHBIX OCEH.

3JIEMEHTOB, KOTOPBIE MOXXHO IOCTaBUTH B COOTBETCTBUE P TOYKAM, OTJIOXKCHHBIM BIOJIb N

Ecnu paccmarpuBaercs (yHKLUS, OIpeneieHHass B OrpaHMYEHHOM 0O0JacTH TPEXMEPHOIo
MIPOCTPAHCTBA, TO CYIIECTBYET BOZMOKHOCTh IEPEUTH OT HEMPEPHIBHBIX KOOPIMHAT K AUCKPETHBIM.
[Ipu 5TOM, OTCUET KOOPIUHATHI BAOJIH KAXKIOW U3 OCe MOKHO pa3OUTh HA P MHTEPBAJIOB, a Jajiee
UCIIOJIb30BaTh dJieMeHThl monsi GF(p™), Kak «MapKepbl» KaxIOW W3 IHCKPETHBIX TOYEK.
CoOcTBEHHO, MPOLEAYpPhl CXOAHOIO THUIA IIUPOKO HCIOJIB3YIOTCS Ha MPAKTHUKE: «IIHPPOBBIE»
CUTHaJbl Jie-(haKkTo TMpPEeACTaBISIOT COOOM KYyCOYHO-TIOCTOSIHHBIE (DYHKIIMM, COXPaHSIOIINe
MOCTOSIHHBIE 3HAYEHHUs] Ha NPOTSHKEHUHM OTHENbHOro TakTa. VIMEHHO Takas AMCKpeTH3auus u
MIO3BOJISICT MEPEXOIUTh, HAPUMEP, K MCIOJIb30BaHMI0 O0azuca Yomma [7; 8] u ero Mmoaudukammii
[9; 10], xoTopble Takke JT0Ka3aIH HelIecO00pa3HOCTh MPAKTUUECKOTO HCIOTb30BAHHMS.

Jlanee, y>xe HE BBI3bIBACT COMHEHUH, UTO HCIIOJIb30BaHUE (DYHKINH, MPUHUMAIOIINX 3HAYECHUS B
nonsx [amya, B KadecTBe Mojenell peanbHbIX CHTHAJIOB O0JIaaeT  OIpeleIeHHbIMU
NPEUMYIIECTBAMH, YTO HATISAIHO OBLIO MPOJAEMOHCTPUPOBaHO B padorax [11; 12].

JleficTBUTENBHO, HA IPAKTUKE B HACTOSIIEE BPEMs HCIOIb3YIOTCS OLIM(PPOBAaHHBIE CUTHAIIBI, T.€.
TaKWe CHUTHaJbl, KOTOpPbIE HAa IMPOTSHDKEHUM KaKIAOr0 TaKTa IMPUHUMAIOT IOCTOSHHOE 3HAdeHUe,
OTBEYaIOIee OAHOMY M3 ypoBHEeH. IIoCKONIBKY CHrHalbl, peajbHO HCIOJIb3yeMble Ha IPAKTHUKE,
U3MEHSIOTCS B KOHEYHOM JlMala30He aMIUIMTYH, TO 4YHMCIO TAaKMX YPOBHEH KOHEUHO.
CrnenoBarenbHO, BCErJa MOXHO BBIOpaTh TAaKOM IIar AMCKPETH3AIMM, YTO KAXKAOMY U3 TaKHX
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YpOBHEH MOKHO OyJIET MOCTAaBUTh B COOTBETCTBHME BJIEMEHT TOrO WM WHOTO mouist ['anya GF (p)
[11].

[ToruepkHeM, YTO TPAAMLMOHHBIA IOAXOA, B KOTOPOM CHUTHaibl (T.e. Hekue (U3M4ecKue
nporecchl, obecrieyuBaroliue nepefady HHGOpMalMMu) HU300pa)KaroTCs AEHCTBUTEIbHBIMU (WM
KOMIUIEKCHBIMHU) (DYHKIMSAMHU JI€HCTBUTEIBHOIO NIEPEMEHHOI0, MIPEAIOoIaracT NoCTPOCHHE UMEHHO
MOJIETIM CUTHAJIA WM €T0 aHaJIora.

Tounee, peanbHOMY (HU3UYECKOMY TMPOLECCY B COOTBETCTBHE CTABHTCA HEKOTOPBIN
MaTeMaTH4ecKuil 00beKT. BrIOOp 3TOr0 00beKkTa — HE OoJIee YeM BOMPOC yA00CTBA U COTIIALICHUS;
IUIE KOHEYHOTO YHUCIIa YPOBHEH Iesiecoo0pa3Ho MCIonb30BaTh mois [amya. TouHo Tak ke neno
OOCTOMT M C KOOpAMHATAMM: HMX TaKKE€ MOXXHO «HYMEpOBaThb» 3JIeMeHTaMu mojs [amya mpu
YCIOBMM, YTO CYIIECTBYET BO3MOXXHOCTb IIPUBECTH OIMCaHHWE (PU3MUECKOro Ipolecca K
JUCKpeTHOH Gopme (B TOM cMBbIcie, 0 KOTopoM rosopuit Koamoropos B pabote [2]).

Hcxons u3 31010, MBI BHaYalie MPOEAMOHCTPUPYEM, YTO — B IIOJHOM COOTBETCTBHM C MIEAMHU
KonmMoropoBa — cyiecTByeT BO3MOXKHOCTb IMEPEUTH K JUCKPETHOMY OINMCAaHUIO (PU3MUECKUX
IpoLeccoB (OTTAIKUBAsCh OT MPUMEpPaA PEIICHUNH BOJIHOBOIO ypaBHEHUS), a Jajee MOKAKEM, YTO
TaKoe OIMCAaHUE IO03BOJSIET €CTECTBEHHBIM O0pa3oM IMEperTH K MCIOJIb30BaHUIO mnoiied [amya B
KauyecTBE KOOPAMHAT.

KoopanHaTHbIe ceTKH € TOYKH 3peHUs] TEOPHH HHPOPMALUH

[TonaBnsroniee GONBIIMHCTBO Haubosiee M3YUYEHHBIX YpaBHEHMH MaTeMaTHYecKOW (U3UKHU, B
TOM 4YHCJE, U YpPaBHEHHE TEIUIONPOBOJHOCTH, YMOMSHYTO€ B [2], 3amMchIBaeTcsi B YacCTHBIX
pou3BOAHBIX. [lepexos K pa3HOCTHBIM CXeMaM, UCIOJIb3YEMbIM IPU YHCIEHHOM PELIEHUH TaKHX
YpaBHEHMH, pacCMaTPUBAETCS KaK MPUOIIHKEHHE.

B ocHoBe Takoil TOYKHM 3peHMs JI€KaT BIOJHE OIpe/IeJeHHbIE METOAOJOTHYECKHE, €ClId He
ckazatb — ¢unocodckue, Bo33zpeHus. Cuutaercs, 4Tto eciau (PU3MUECKU IpoIecC MPOTEKaeT B
npomaNCcEHHOM TIPOCTPAHCTBE, TO €T0 MOYHOE ONNCAHUE HENMPEMEHHO TPeOyeT HCIIOJIb30BAHUS
Henpepovienplx GyHKUMNA. VHTYUTHBHO, Takas TOYKa 3pEeHMs] NpeICTaBisieTca Oosee 4YeM
OIpaBJlaHHON: KOJb CKOPO CaMO IPOCTPAHCTBO SBJSIETCS MPOTSHKEHHBIM, TO M HapameTphl,
XapakTepu3yrolue 1000l GU3nIecKuil MpoLecc, MOryT ObITh COOTHECEHBI C JIH000ll €r0 TOUKOH.

OnHako, B TEOPUM CBSI3M YK€ JaBHO JAe-(haKTo MOKa3aHO, YTO MHTYUTUBHBIC NPEACTaBICHUS
TAKOr0 pojJila BOBCE HE MPOTHUBOpPEYAT BO3MOXKHOCTH IMEpexofa K JUCKPETHOMY OMHUCAHHUIO
mpotrecca.

KonkperHo, peub umer o Teopeme KoTenbHWKOBa (B aHTIIOS3BIYHOHN JHMTEpaType — Teopeme
Haiiksucra-Illennona) [13], koropas, 1m0 CyTH, JCKHT B OCHOBE BCEX COBPEMCHHBIX
TEJIEKOMMYHHUKAIIMOHHBIX TEXHOJOTHH, MOCKOJBKY OHA ITO3BOJIIET OIPEICIUTh TEOPETUIESCKHUN
npesen JUis CKOPOCTH Nepeaadr HHPOPMALUU B HEKOTOPOM YacTOTHOM jauana3zoHe. OTMETUM, YTO
JaHHas TeopeMa SBISIETCS OCHOBOM JJIsi HCCIENOBAaHUNW HE TOJNBKO B HH(OPMAIMOHHBIX
texHojorusx [14; 15]. M3BecTHBI pabOTHI, B KOTOPBIX OHA MCIOJIB3YETCS Ui PELICHUs 3a/1ad W3
obnacti (pU3HMKHM, TPUYEM 3TO OTHOCHTCS HE TOJBKO K MHKpockomuu [16], T.e. oGmactu, rme
NMPUMEHEHHE PAcCMAaTPUBACMO TEOpPEMBI SIBIISIETCS BIIOJHE E€CTECTBEHHBIM, HO JUIS PEIICHHS
bynnamentanbHbiXx npodaeM [17-19]. B wactHocTH, B [19] mpoBOIMIIOCH COMOCTaBICHHE MEXIY
BBIBOJIaMU U3 JJAHHOW TEOpEMbI U MPUHIUMIIOM HeonpeeneHHoctu [eisendepra.

Hanomuum, Tteopema KoTenpHuKOBa yTBEp:KIaeT, 4YTO €CIM CUTHAl COCPENOTOYEH B
OTIPEJICIEHHON TI0JIOCE YacTOT, TO TOTJa AJS €r0 HOJHO20 BOCCTAHOBJICHMS JIOCTATOYHO 3HATH
TOJIBKO 3HAYCHMS CUTHAJIA B HEKOTOPBIX TUCKPETHBIX OTCUYETaX.
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C MeTo010rn4ecKoi TOUKH 3peHus TeopemMa KoTeapHIKOBa UMEET caMoe MPsIMOE OTHOIIICHHE K
paccMaTrpuBaeMoMy BOMpPOCY. JIeHCTBUTENBHO, WCIIOJIB30BAHUE JIFOOOH PpA3HOCTHOHW CXEMBI
npearnoiaraeT, 4ro BMECTO TOro, 4ToObl 3amaBaTh (PYHKUMIO B TEPMHHAX HENPEPHIBHOCTU
(YCIIOBHO, B «K@XIOW» TOYKE MPOTSHKEHHOTO TMPOCTPAHCTBA), (QYHKUUS 3alaeTcs TOJIBKO B
OIIpeNIeNIEHHBIX TOYKAX, OTCTOSIIUX APYT OT JIPyra Ha TUCKPETHOM PACCTOSTHUU.

TpaauumoHHO, Takoe ONMCAHHE PACCMATPUBACTCS KaK MPUOIUNHCEHHOe, TOT/Ia KaK TeopeMa
KotenpHukoBa, KoTOpas Oe3 Tpyda o000IIAaeTcs Ha OMNKMCAHWUE MPOIECCOB, IMPOTEKAIONIMX B
TpexmepHoM mpoctpancTtBe [20, 21], AeMOHCTpUpPYET, YTO MPH aJeKBaTHOM BBIOOpE TOUYEK, B
KOTOPBIX 3a/laeTcs paccMaTpuBaeMasi (GyHKIHMsS, TAKOE ONMHMCAHUE SIBISCTCS mouHbim. KOHKpPETHO,
3TO BEPHO IS TAaKUX MPOIIECCOB, KOTOPBIE YAOBIETBOPSAIOT yCIOBUAM TeopeMS KorenpHukoBa (mim
ee aHaJjoram), T.e. KOTJia MPEeAIoIaraeTcs, 4YTo CIeKTp curaaia (mupe — pyHKIUH, ONMUCHIBAIOIIECH
(bu3nvecKuii mpoIecc) OrpaHuYCH.

C MeTOJOJIOTHYECKOW TOYKM 3peHHs, Teopema KoTelnbHHKOBA TOBOPUT O TOM, 4YTO
HenpepvieHblil cUTHAN (IIMpe — HenpepbiBHAs (DYHKIMS, OMHMCHIBAIOIIAS TOBEICHUE CUCTEMBI)
MOKET OBITh MOYHO BOCCTAHOBJICH IO 3HAYCHUSM B JUCKPETHBIX Toukax. CienoBaTelbHO, Jake
€CIIM UCXOJIUTh U3 MHTYUTHUBHOTO COOOpPaKEHUS, YIOMSHYTOTO BBIIIC, U MOYHO20 ONUCAHUS
CHCTEMBbI MOXKHO TI0JIb30BAThHCS 3HAUCHUSIMU NTAPAMETPOB B OUCKPEMHBIX TOYKAX.

K omucannto 3HaUMTENFHONW YacTH (U3UYECKUX MPOIIECCOB MPUMEHHMEBI TE€ K€ COOOPaKEHHS,
KOTOpBIE MPUBOIAT K Teopeme KoTenpHuKOBA.

B wactHocTH, B pabote [20] Obu1 goka3aH aHaAOT TeopeMbl KOTeNbHHUKOBA, OTHOCSIIHMICS K
CITy4aro MPOCTPAHCTBEHHOTO pacIpeeIeHUs MOHOXPOMATHYECKOTO TIOJISL.

Jlnst meneidt Hacrosiimeil paOboThl CYHIECTBEHHO, YTO JAaHHBIA BBIBOJ ObUI C/IEJaH Ha HpUMEpe
pelieHus ypaBHeHus ['enpMrosbiia, MOCTPOSHHOTO HAa MCIOIh30BAHUM METO/A, KOTOPHI BIEPBbIC
ObLT ipeuiokeH B [22; 23]. JlaHHOE MOXKeT OBITh 3allMCaHO B ONEPATOPHOH (opme Kak.

Lf =V2f+k*f =0 (1)

02 R 02 2T

2 __ —

T =\ — — = — — HWHAa BOJIHBI
ne 'V (ax2+62+az2)’k /1,/'1 IJIMHA BOJI

OmnepartopHas 3anuch ypaBHeHHs (1) MO3BOJISIET UCTIOJIB30BAaTh PaBEHCTBO,

ulf — fLu = uV3f — fV2u = V(uVf — fVu), 2)
rne f u u — perienus ypasaenus (1).

®opmyna (2), B CBOIO OdYepellb, JIGKAT B OCHOBE OJHOTO M3 HamOOJee BaXKHBIX METOIOB

pemenus ypasHeHus (1). OH OCHOBaH Ha HWCHONB30BaHUM (YHIAMEHTAIbHBIX pemeHuil G (7),
WHave Ha3biBaeMbIMU (pyHKIMsIMH [prHA, YIOBIETBOPSAIOMIUX YPAaBHEHUIO

L6(#) = 6() ©)
rae §(7) — nenbra-GpyHKIMs, 0OpAIaOIIAsics B HOJIb BCIOAY, KpoMe ToukH T = 0.
YMeCTHO TOAYEpPKHYTh, 4YTO HcciaenaoBanue ¢yHkuuid [puHa ypaBHeHus [enpmrossiia

MPUMEHUTEIBHO K Pa3IHYHBIM 3a7a4aM MPOI0JDKACTCS U B HacTosIee Bpems [24; 25].
N3 cootHomenus (2) u reopemsr Octporpaackoro-I'aycca BeiTekaeT popmya
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Jo (uLf = fLu)av = [, (uVf — fVu)dS (4)

[loncraBuM B JaHHyI0 Qopmyny (QyHIaMEHTaIbHOE pElIeHHe, OTBEYarollee HEKOTOPOH
BBIOPAHHON TOYKE C PAIHyC-BEKTOPOM 75,

f=GGE-7) ©)

3TO MO3BOJISET, KAK U3BECTHO, BHIPA3UTh pelIeHUe BHYTpU o0nacTH () yepe3 3Ha4eHUs1 (QyHKIIUU
U U ee HOPMAJILHOM NMPOU3BOJHOI Ha MOBEPXHOCTH S, OTpaHUYMBAIONICH JAHHYIO 00JacTh

u(to) = (uVG — GVu)dS (6)

PaccMOTpeHHBIE METOJ TMOJIydeHHUsl pPELICHUH BOJHOBOITO YpaBHEHMs SBJSETCS BecbMa
pacpocTpaH€HHBIM, 0OJiee TOro, UCTOPHUYECKH OH W OBLI HKCIIONB30BaH JJIsi OOOCHOBaHUS
npuniuna [rolirenca-Openens (MccaeaoBaHus, OMUPAONIUECS HA STOT HMPUHIIMI, MPOIOJIKAIOTCS
U B Hacrosiiee Bpems [26- 28]). OnHako, JaHHBI METOJI HE SBJISCTCS €IUMHCTBEHHO BO3MOYKHBIM.

B uactHocTH, B [22,23] ObUI PEASIOKEH METO/I pellieHUsl ypaBHEHHUs (1) Ha OCHOBE pa3loKEHUMN
B CIIEKTP MPOCTPAHCTBEHHBIX YACTOT.

IToncraBuM B (4) pelieHue, OTBEYAOLIEe II0CKOH MOHOXPOMATHUECKOH BOJIHE

f = exp(ik&7) (7)

FI[CE)Z:l,g:(a,,B,iY),y: Vl_az_ﬁz

[Tockonbky u f, M U SBIAIOTCS pemieHusiMH ypaBHeHUs (1), neBas 4acTe cooTHomIeHus (4)
oOpamraercs B HOJb. iMeem

J exp(ikéj?) (ikéju —Vu)dS =0 (8)

PaCCMOTpI/IM O6J'IaCTB, OIpaHUYCHHYIO IBYMS OCCKOHEYHBIMHU napaJisICJIbHBIMA TUIOCKOCTAMM.
Tor;[a, npeHe6pera;1 BKJIaJOM OT OCCKOHEYHO YAAJICHHBIX TpaHULl, HEMOCPCIACTBCHHO U3 (8)
BBITCKACT

Q*(a, M)z, = Q*(a, B, (9)
rIe
Q*(a, B, = exp(+ikyz) fz exp(ik[ax + By]) (iikyu - %u) dxdy (10)

Moxuo Buzaetrb, utro ¢opmyne (10) durypupyror mnpeoOpazoBanus Dypbe QyHKUMIA,
. . 0
OTBEYAIOIIUX pachpenencHno pemenns u(x,y) ¥ ero HOPMaJbHOW MPOU3BOJHOM a—:(x, y) 1o

HEKOTOPOM MJIOCKOCTU C KOOPIAWHATON Z. DTO MOXKHO BBIPA3UTh SIBHOU (HOpMYIIOit
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Q*(a, )1, = exp(tikyz) (+ikyFlul,] - F [2] |) (11)

ozl,

IJIe UCIIOIB3YETCs clieytomiee 0003HaueHue Iyl peodpazoBanust Oypse

FlgCe, )l = [, exp(iklax + By]) g(x, y)dxdy (12)

B pa6ote [20] moka3aHo, 4TO BEJIMUHUHY

A, )] = —22Bzz0 (13)

2ik\/1—-a2-p2

JOIyCTHMO TPAKTOBaTh KaK CIEKTP MPOCTPAHCTBEHHBIX 4acTOT (yHKIwH U(X,Y), OMUCHIBAIOIICH,
HanpHuMep, pacipeeIeHHe TOro UM UHOTO NOJIs HAa pacCMaTpUBAEMOM IJIOCKOCTH.

Ob6patHoe mpeoOpazoBanne Oypbe MO3BONIAET NEPEUTH OT CIIEKTPa MPOCTPAHCTBEHHBIX YaCTOT
HEIMOCPEACTBEHHO K PELIECHUIO, ONMCHIBAIOIIEMY paclpeieIeHUE MOJIA.

u(e,y) = e f, y exp(—iklax + By]) Ale, f)dadp (14)

Jlns neneit HacTosmiel paboThI CYLIECTBEHHO, YTO CHEKTpalbHOE NpejcTaBieHue pemenus (14)
II03BOJISIET BOCHOJIB30BAThCS TOM K€ UAEEH, UTO JIEKHUT B OCHOBE BbIBOJA TeopeMbl KoTenbHuKOBa,
9TO U OBLIO HCTIOIB30BaHO B padote [20].

JleCTBUTENbHO, NEpEeMEHHble HMHTErpUpOBaHMs B MpaBod 4vacTu ¢opmynsl (14) nexar B
orpanndeHHol obmactn a’ + % < 0. Cmemys [20], pacmmpum 3Ty o06JacTh 0 KBajpara,
ompezensieMoro HepaBeHcTBamMH —1 < a,f <1, mnonaras, 4YTO paccMmarpuBaemas (QyHKIUSA
obpamaercs B HOJlb BHe Kpyra a’ + 2 < 0. OnpenenuM nepuoandeckyio dynxmuio A(a, ),
KoTopasi Oyxer cosmaaath ¢ A(a,f) B mpemenax obmacTu a’+ %<0 u MOBTOPSITHCS
MEePUOANYECKH 110 00EUM KOOPIUHATHBIM OCSM C IEPUOAOM 2.

Taxas ¢pyHkuus pasnaraercs B psig Oypbe

A(a, B) = Znn Unmn exp(milma + np]) (15)

IIpu >Tom permenne u(x, y) BeIpaxaercs uepes pynxmuio A(a, B) xak

kZ

u(x,y) = 53 I, exp(—ik[ax + By)) circ(a, £)A(a, p)dadp (16)
rae

2 2
circ(a,p) = {t’ C;Z :i)z ; (()) (17)

U3 popmyisr (16) cnenyer, uto pemenue u(X,y) MOXKET ObITH TOUHO BBIPAKEHO uepe3 HabOp
JAMCKPETHBIX Benu4uH Uy, ,
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u(x, y) = Zm,n Um,nS (x - %m, y = %n) (18)
e
S(x,y) = Q%)szjooo exp(—ik[ax + By]) circ(a, B)dadf (19)

[IpuBenenne paccmarpuBaeMoil (YHKIMHM K MEPUOIUYECKON MOKET OBITh OCYIIECTBICHO
pa3NUYHBIME crioco0amMu. MeToI0IOTHYECKH, 3TO, OJTHAKO, HE MEHSET BBIBOJA, KOTOPBIH MOYKHO
caenath Ha ocHoBe (opmyibl (19): QyHKIMIO, ONKCHIBAIOIIYIO PEUICHHE YpaBHEHUS B TEPMHUHAX
HEIMPEPBIBHOCTH, MOKHO BOCCTAHOBUTh HA OCHOBAaHUM €€ 3HAYEHHU B HEKOTOPBIX JUCKPETHBIX
OoTCU€Tax.

Janee B pabote [21] Takke MOKa3aHO, YTO pelieHHe ypaBHeHHUs (1) MOXKHO MOMYYHUTH IO
dbopMyiiaM, aHAIOTUYHBIM TEM, TJ€ HCTIOIb3yeTCsl PyHIaMEeHTalbHOE pelieHue (6), HO Ha OCHOBE
orepanuil ¢ JUCKPETHbIMU 3HaUeHUsIMU. OHO UMEET BUA

Umo,nolz = Zm,n Gmo—m,no—nUm,n]Zzo (20)
rac
Gmgmmon = >[I circ(a, B)eTi/1=aF22 g -riltmo=m)a+(no=mBl g (21)

Bripaxkenue (21) mokaspBaeT, 4TO pelleHHE 3aJaud MaTeMaTH4ecKod (QH3MKH, KOTopas
TPaJMLIMOHHO pelllajach B TEPMUHAX HEMPEPHIBHOCTH MOXKET OBITh NMPHUBENEHO K PELIEHUIO B
TEPMHHAX JUCKPETHBIX OTYETOB. [IpM MCHOIB30BaHMU AAHHOIO IOAX0/la BMECTO HEMPEPBIBHBIX
KOOpJAUHAT (DAaKTHUECKU MOKET OBbITh HCIIOJIb30BaHA KOOpIMHATHAsl pelleTKa, T.€. COBOKYITHOCTb

s T T
TOYEK C KOOPJMHATAMH X = Ny, Y = Ny, Z = Nz, TIE Ny, Ny, N — UEITbIC YHCITA.

[lomuepkHeM, 4YTO ypaBHEHMs, KOTOpbIE JOMYCKalOT Mepexo] K ¢dopmyne (4) umm el
aHAJIOTMYHOM, B (PU3MKE BCTPEUAIOTCS AOCTaTOuHO yacTo. K Takoit ¢popme MokeT ObITh MPUBEJCHO,
HalpuMep, yYpaBHEHUE OIMCHIBAIOIINE MOHOXPOMATHUYECKHE aKyCTHKO-TPABUTALIMOHHBIE BOJIHBI
[29] u 1.1

[Ipumepsl Takoro poja NOKa3bIBAKOT, YTO TOJIBKO B CHJIy OIPaHUYEHHOCTH CIIEKTpa,
00yCIIOBJIEHHOHN crnenuukoil (GU3NUecKoro SBJICHHs, OT OMUCAHUS B TEPMUHAX HEMPEPBIBHBIX
(GyHKIMA MOXXHO, KaK MUHUMYM, TIEPEHTH K OMHCAHHWIO B TePMHUHAX (YHKIUNA, MPUHUMAFOIINX
3HAYEHMS B ONPEJEICHHBIX y3/1aX HEKOTOPOU PELIETKH.

C MeTOoJ070rnYecKOi TOUYKU 3pEHHSI 3TO 0OCTOSITENBCTBO SABIAETCS (yHIAMEHTAIbHBIM, TaK KaK
OHO MO3BOJIAET (MO KpaiHEH Mepe 4YacTUYHO) PeIIuTh MMEHHO Ty 3aJady, KOTOpPYI0 HEKorja
noctaBui nepex coboit Y.P. lamunbton. bonee Ttoro, B [21] mokazaHo, 94TO aHAIOTUYHBIN MOIXO/
MPUMEHUM M K JAPYTUM 3a/ladaM MaTeMaTU4ecKOW (PU3UKU, TIPH YCIOBHH, YTO OHH MPUBOIATCS K
clenyromel onepaTtopHoi Gpopme.

ulf — fl'u = V(uPf — fP*u) (22)
TJIe TIPEJIOJIaraeTCs, YTO HICKOMOE pelIeHHEe f TOIHHSICTCS YPABHCHUIO
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Lf=0 (23)

L* — onepatop, cOnpsKeHHbIH HCXOIHOMY B CMBICIIE 3amucH (22).

Tem cambiM (akTHYeCKH pemraercss 3ajada O pPacCHpOCTPAHEHUH PAacCMaTPUBAEMOTO
BO3MYIICHHS B MPOCTPAHCTBE (WJIM B MPOCTPAHCTBE-BPEMEHH), NMpHUYEM 0e3 HCHOIb30BAHUS
¢bynkuuii I'puHa. YMeCTHO TOJYEPKHYTh, YTO TOAABISIONICE OOJBIIMHCTBO ypaBHEHHM
MaTeMaTH4eCKOH (pru3uKu MOKeT OBITh pUBEAEHO K popme (22).

Takoii mnoaxox, B TOM 4HCIE, TIO3BOJSAET KOPPEKTHO OIPEINECIWTH AHAJIOr  CIEKTpa
IIPOCTPAHCTBEHHBIX YaCTOT Ul APYTUX THUIIOB BOJHOBBIX (M HE TOJIBKO) BO3MYILICHUH.

Hcnonb3ys (axkrop OrpaHMYEHHOCTH CHEKTpa IPOCTPAHCTBEHHBIX YAacTOT, MOYKHO Jlajiee
BOCIIOJIb30BaThCsl CXeMOM nosyueHus (UHUTHBIX QyHKuuil ['puHa, npeanoxkeHHbIX B padote [21],
U TI0Ka3aTh, YTO BO3MYILEHUE, 00JIaJaioliee OrpPaHUYEHHBIM CIIEKTPOM, B JEHCTBUTEIBHOCTU
HCYEPINBIBAIOLIE  ONMCBIBAETCS  4e€pe3  OTCYEThl, OTHOCAIIME K  OIPENCICHHBIM  Y3JIaM
MIPOCTPAHCTBEHHOM PEIETKH.

VMeHHO 3TO M MO3BOJSET PEelIUTh Ty 3a7ady, KOTOPYK HEKOrJa IOCTaBMJI Imepes coOoi
I'amunbTOH.

CucreMbl KOOPAMHAT: NMePexo/ K MCI0JIb30BaHUI0 noJieil ['anya

Jns ueneit Hacrtosimied paboOThl BaXKEH METOAOJOTHYEcKHil (TouHee — ¢uiaocopckuii u
MCTOPUYECKHI) aClIeKT TeOpUH (PYHKIMI KOMIUIEKCHOTO TIEPEMEHHOT0, ITHPOKO MCIOIb3yEeMbIX Ha
MIPAKTHKE.

On coctout B cienyromeM. M3mepeHue MIMH OTPEe3KOB HcTOopuueck [1] ObuIO CBsi3aHO C
MPEJCTaBICHUSIMIA 00 MPPANMOHAIBHBIX YHCIaX — B MPOTUBHOM CIIydae HEBO3MOXKHO HM3MEPHTH
TMIIOTEHY3y PaBHOOEAPEHHOIO MPSIMOYTOJBHOTO TpeyroyibHuka. Ho, ¢ MeTomonornyeckoi Touku
3peHMs], UppallMOHAIbHbIE YHCIa MPEACTABISAIOT cO0O0M BIOJIHE ONpeAesIeHHbI MaTeMaTHYeCKUi
00BEKT, KOTOPBIH, K TOMY K€, IMOJIy4ns MOCleA0BaTeIbHOe 000CHOBAaHHE CPABHUTEIBHO HEJAaBHO
[1].

CooTHeceHne pearbHOTO MPOCTPAHCTBA U JIFOOOTO MAaTEMAaTHYECKOr0 OOBEKTa HE MOXKET OBITh
pEIIEHO CpeCTBaMU OJHOW JIMIIb MAaTeMaTHKH, 3TO — YK€ BOIPOC OHTOJOTHH (B (Quiiocodckom
MOHMMaHUMU 3Toro TepMmuHa). OnHako, paxe 0e3 neTanbHOM (GUIOCOPCKON MPOpadOTKU
MPEJCTABISAETCS OYEBHIHBIM, YTO B ’TOM OTHOIIEHUH BCE MAaTEMAaTUYECKHE OOBEKTHI, JIOKA3aBIIHe
CBOIO MTPAKTHYECKYIO MOJIE3HOCTh, PAaBHOIIPABHEI.

Toukam mpocTpaHcTBa W/WAM AMUMHAM (WM HAlIMM TPEACTABICHUSMH O HHUX) CTaBATCS B
COOTBETCTBHE HEKHE MaTeMaTuyeckre OOBEeKThl. BHIOOp 3THX 0OBEKTOB, CTPOTO IrOBOPS, SIBISETCS
MPOU3BOJILHBIM UM, B KOHEYHOM CUETe, OINpEAessieTcss TOJbKO MPAKTHUYECKONW MOJIE3HOCTHIO,
y100CTBOM IPUMEHEHHUs K IUPOKOMY KJlaccy 3a1ad.

B 3TOM — METOM0IOTHYECKOM — OTHOIICHWH KOMILUIEKCHAs TIepeMEHHas, KOTOpasi MOXKET OBbITh
MOCTaBJICHA B COOTBETCTBHE TOYKE HA TUIOCKOCTH, HUYEM NPHUHIUIHAIBHO HE OTINYACTCS OT
MPPAIMOHATFHOTO YHCIIA, XapaKTePHU3YIOLIETO JUIMHY OTpe3Ka.

Tot dakr, yTO ONMMCaHWe MHOTHX peabHBIX (U3NYECKHX IMPOIECCOB MOXKET OBITh CBEICHO K
ONUCAHMUIO uepe3 (PyHKIUHM, NMPUHUMAIOUINE 3HAYEHUS B y3JaX HEKOTOPOM pemeTkd (Kak 3TO
HETOCPEJICTBEHHO BBITEKACT U3 TeopeMbl KOTelbHUKOBA), MO3BOJSET MEPEHTH K MCIOIb30BAHUIO
KOOP/AMHATHBIX CHUCTEM, JJsI OMMCAHUS KOTOPBIX MCIIOJIB3YIOTCS MaTeMaTHUYeCKue OOBEKTHI
MPUHIUIHAIBHO AUCKPETHOMN MPUPOIBI.
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A MMEHHO, B anredpe XOpoIlo W3BECTEH MeToJ mocTpoeHus nojied [amya GF (p™) (KoHeUHBIX
KOMMYTaTHBHBIX ajIreOpandeckux Tell, COIepKalMX P AJIEMEHTOB, TJe P — MPOCTOE YKUCIO, N —
IeJI0€ YUCIIO0), Ha3bIBAEMbI METO/IOM alIreOpanyecKuX PaclInpeHUi.

JInst CBA3HOCTH M3JIOKEHUS PAacCMOTPUM €ro Ha mpumepe noist GF(3), coxmepxaiiero Tpu
anementa (—1,0,1).

JlaHHOE MHO>KECTBO CTAHOBHTCS TIOJIEM, €CJIU ONIEPAIMU CIIOKEHUS K YMHOKEHHUS IPOBOAUTD T10
MO0 3, 9TO, B YACTHOCTH, IPUBOJUT K CIEAYIOIIUM COOTHOIICHUSAM

1+41=-1;-1-1=1 (24)

K manHomy (Wi nro0oMy ApYroMy) MO0 MPHCOCIUHSCTCS JOMONHUTEIBHBIN 3JeMEHT 6,
SIBJITFOINUNACS KOPHEM ypaBHEHUS, HEMPUBOJAMMOTO (HE WMEIOIIETO PEIICHH) B JaHHOM TIOJIE.
Torma 060 amemenT mosst GF(3™) MoxeT OBbITh MPEACTaBICH B BUJC JIMHCHHON KOMOWHAIIMU
CTeneHew 6.

A=yrleiq (25)

riie 6 — NIPUMUTHBHBIN dNEeMeHT, a; — K03 durmenTs! u3 ocHoBHOTO monsa GF(3), n — crenens

CTapllEero YieHa B HEIPUBOANUMOM YPaBHEHHUH.

MeTton anredpandeckux pacHIMpeHuil JOMyCTUMO pacCMaTpUBaTh Kak 0000IIeHHE TOTO0 METOa,
KOTOPBIM CTPOSITCSI KOMIUIEKCHBIE uncia. B aToM ciyuae nuHeliHas koMOuHanus (24) npuodOperaer
XOPOIIO U3BECTHBIA BUJ]

A=ay+ia (26)

rJ1e { — KOPEHb HEMPUBOAMMOTO (B JEHCTBUTEBHBIX UHCIIAX) yPABHEHHS

x24+1=0 (27)

PaccMotpuM 111 mpumepa mnoctpoenue mons GF(3%), kortopoe, kak OymeT SICHO u3
HaﬂbHeﬁmeFO KaKk pa3 M OTBEYACT PCIICHHUIO 3aJadu O IIOCTPOCHHU «TpéXKOMHOHeHTHBIX»

KOMIUIEKCHBIX YHCEN B €€ JUCKPETHOW (opmynupoBke. Bynaem HCIonb30BaTh HENPHUBOJIMMOE B
GF (3) ypaBHeHHe

x3-x—-1=0 (28)

Jlist maHHOTO Ccydas 3anuchk (25) mpuodperaer Bua

A= a,0%+ a0 + ay, (29)

rIe a; - MPOM3BOJIBHBIE 3JEMEHTHI M3 OCHOBHOTO mois GF(3), 8 — ¢opmaiabHBI KOpEHb
ypaBHeHus: (28), mpucoemuHeHHe KOTOporo K momo GF(3) mo3BomsieT MONy4YHUTh €ro

anrebpanveckoe pacliupeHue, MoJo0HO TOMY, KaK OT BEIIECTBEHHBIX YHCEN OCYIIECTBISETCS
nepexo/i K KOMIUJIEKCHBIM 32 CYET MPUCOEAMHEHHSI HOBOTO 3JIEMEHTA — KOPHS U3 MUHYC €TUHUIIBL.

47



N3BECTH HAYYHO-TEXHUYECKOI'O OBIIIECTBA «KAXAK», 2024, Ne 1 (81)

MOXHO BHUAETH, YTO €CIM MPOBOJUTH AHAJIOTHUIO C XOPOLIO HM3BECTHBIMH KOMIUIEKCHBIMH
quCcliaMU U Jajiee, TO mpenacraBicHue (29) oTBedaeT TpeM KoOpIuHATaM Ky0a, pacCTOSHUS BIIOJIb
pebep KOTOPOTro OTCUUTHIBAIOTCS IUCKPETHO.

Pazymeercsi, MCHonb30BaHUE CTONb TPyOOH IUCKpeTH3alMH (MCIOJIb30BAHUE TOJBKO TpeEX
3HAYCHUI KOOPJAMHAT, YTO COOTBETCTBYET Moo GF(3)) HempuroaHo st penieHus OOIbIIMHCTBA
(uU3HYecKHX 3a1a4, HO TOYHO TAKOE K€ MPEICTAaBICHUE CIPABEIMBO U 11 Mo6oro nons GF (p?),
rZie P — IPOCTOE YHCIIO.

BonbmmHCTBO (PU3HUECKUX 3a7ad MOJpa3yMeBaeT MOJMYYCHHs PEIICHHs B KOHEYHOW obiactu
npoctpancTBa. (CrenoBaTeNbHO, BO3HHUKAET BO3MOXKHOCTH Momo0path mnone [amya GF(p),
pacimpenue kotoporo o nons GF(p3) Oymer B Toif uiu MHOI cTelmeHM OTBEYaTh pPELIETKE,
KOTOpasi, B COOTBETCTBHU C pe3yibTatamu [20], MOXKeT OBITh TOCTPOCHA Ha OCHOBAaHWH aHAJIOTUU C
teopemoii KoTenpHIKOBa (OTMETHM, YTO YCTAHOBJICHUE TAKOTO COOTBETCTBHS MHOTJIA MOXET OBITh
o0ecrieueHo, B TOM YKCiIe, 1 BHIOOPOM €MHUI] U3MEPEHHS).

B ykazanHOM BbIIIE clydae JUCKPETHBIC BEIMYUHBI ; B (popmyie (29) Ha4HYT Urpatrh poJib
JMCKPETHBIX KOOPJIWHAT, OTCUYUTHIBAEMBIX IO TPEM KOOPAMHATHBIM OCSIM, KaXKJas U3 KOTOPBIX
COOTBETCTBYET OINPEICICHHOMN CTEeIeH! eMeHTa 6 (0T HyJIeBOH 0 BTOPYIO BKIFOUUTENBHO). Jliist
HATJISITHOCTH MOYXKHO 3aIHCaTh

i = x0* +y;0 + 2z, ijk=01,..,p—1 (30)

TI€ Tjjx — «TPEXMEPHOE KOMIUIEKCHOE 4YHMCIIO», OTBEYAOIIEE IUCKPETHO H3MEHAIOMIEMYCS
pasnyc-BeKTOpY, X;, Vj, Zx — AMCKPETHO U3MEHSIONIUECS KOOPANHATHI.

[ToguepkuBaem, uto 3anuch (30) METOIONIOTHYECKH CXOJIHA C KJIACCHUECKUM BBIPAKEHUEM JIJIS
KOMIUIEKCHOM BenuuuHbl (27). OTinurMe COCTOWT TOJIBKO B TOM, YTO TOJHUHOM, MPU TMOMOIIH
KOTOpOro OOECIeunBaeTcsi airedpandyeckoe paciiupeHue, UMeeT Oojiee BBICOKYHO CTENEHb, a
KO3 (UIIMEHTHI a; SBISIOTCS TUCKPETHBIMHU.

MeTto0710ru4eckoe CXOACTBO ONPENEISETCs, B TOM YHCIE, U TEM, YTO PAIHyC-BEKTOPBI 7jj)
MIPEJICTABISIOT COOO0M JIEMEHTHI MOJIs, T.€. Ha 00pa3yeMOM UMHU MHOKECTBE ONpeeNIEHbl ONepalun
CJIO)KEHUS, BHIYUTAHUS, YMHOXXEHUS U JICTICHUS.

[Iponomxkas nmoruky M. KnaitHa, MOXHO cKa3aTh, YTO 3ajJada O CO3JaHUU «TPEXMEPHBIX)
KOMIUIEKCHBIX YHCENl PEIIAETCs, €CIH «I0XKEPTBOBAaTh)» HENPEPBIBHOCTbIO, HO 3TO SIBIAETCA
OTIPaBIAHHBIM JIJII MHOTHX PealbHBIX 3a/1a4 U3 001acTH (PU3UKH, YTO HEMOCPEACTBEHHO BBHITEKAET
u3 reopemMbl KoTenbHUKOBa.

Takum oOpazoMm, Tpu Tepexoie K JTUCKPETHOMY OMUCAHUIO MPOCTPAHCTBEHHBIX TMEPEMEHHBIX
JOTTYCTUMO HCITOJIB30BaTh (DYHKITMH, apTYMEHTOM KOTOPBIX SIBIISTFOTCS DJIEMEHTHI ToJiei ["anya.

Bosnukaer Bompoc 0 TOM, YTO UMEHHO MOXHO TTOHUMATh O] YPaBHEHUSMH, OMHCHIBAIOIITUMU
¢bu3nyecKre Ipouecchl, B TOM Cllydae, Korja B KayecTBe KOOpIMHAT UCIOIb3ytoTcs nosst ["anya.

Onucanus pu3HYeCKHX NPOLECCOB € TOYKH 3peHusi Teopuu HHPpopMannu: GuiIocoPpckuii n
METOJ0JIOrMYECKUH aCIeKThI

Kak cnenyer u3 c¢opmynsl (22), mepexol K IUCKPETHOMY OIMCAaHHIO, OCHOBAaHHBIN Ha
UCIOJIb30BaHUN (GUHUTHBIX (yHKUMN ['prHa, MOXKeT OBbITh BBIINOJHEH JUIsI LIMPOKOTO Kiacca
ypaBHEeHHH MaTeMmatuuecko ¢usuku. CrenoBaTenbHO, HMEET CMBICH OCTAHOBHUTHCS HA
00IIEMETOA0NIOTMYECKUX MPEANOChUIKaX JJIi COBEPLICHCTBOBAaHMS TOrO IOAXOJA, B PAMKAx
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KOTOPOro (pU3UYECKUE TMPOLECChl M SABICHHUS PAcCMaTPUBAIOTCS C TOYKHM 3PEHUS TEOpPHHU
uHpopManuu.

A WMeHHO, B HacToslIee BpeMs eCTh (PyHJAaMEHTalbHBbIE MPEANOCHUIKH A TOTO, YTOOBI
OCYIIECTBUTH ONPEACICHHBIN CHHTE3 (PU3HUKH, TeOpUU WHPOPMALIUU U MIPHUKIAAHOHN Punocopun. B
KauecTBe MpUMepa PaCCMOTPUM METOJIOJIOTMYECKHE OCHOBAHMS TEOPUU KAuECTBEHHOTO PEIICHUS
muddepeHIaTbHBIX YpPaBHEHUH, B paMKaX KOTOPOH OOOCHOBBIBAIOTCS, B UYAaCTHOCTH, TaKHe
MOHATHUS Kak OudypKamus, IIHPOKO UCIOIB3yeMOe B Pa3IuYHbIX oTpacisx 3Hanus [30; 31].

OTU OCHOBaHUS, KaK U3BECTHO, COCTOAT B CIIEIYIOIIEM.

Jnist perieHust MHOTHX 3a/1a4 U3 001acTi (pU3UKH, (PU3UYECKON XUMHUH U T.JI. HE TaK BaKHO 3HATh
KOHKPETHBI BHJl pEIICHUs TOr0 WM HWHOTO Iu(QEpeHINaIbHOrO ypaBHEHHS (CHCTEMBI
ypaBHEHHI) B OOBIKHOBEHHBIX NPOM3BOIHBIX. YacTO OCHOBHOW WHTEpeC PEACTaBISIET
YCTAaHOBJICHUE 3HAYEHUM YNPaBISIOUMX IapaMEeTpOB, INPU KOTOPHIX B CHUCTEME IPOUCXOIAT
KauecTBEHHbIE H3MeHeHusl (Touku Oudypkanuu). g uX OTBICKAHHS YacTo He 00s3aTeNbHO
OTBICKMBATh PEIIEHUs, JOCTATOYHO KAueCTBEHHO IMPOAHATU3UPOBATH TpaHchopmaiuu (a3zoBbIX
MOPTPETOB MIPU U3MEHEHHUAX YIIPABIISIOMIUX TAPAMETPOB.

JIOTHYHBIM TPOAOKEHHUEM JTOro (M aHAJIOTUYHBIX €My I[IOJXOJIOB) SBIISIETCS CIEAyIoas
MIOCTAaHOBKA BOIpOCA: IIeIeCO00pa3Ho pa3paboTaTh TaKkue HMHCTPYMEHTHI pelleHus (HU3NIECKHX
3aJ1a4, KOTOpbIE€ MPEJOCTABAT TOJIBKO TOT 00beM MH(pOpPMAIMHU, KOTOPBIM peabHO HEOOXOIUM IS
T€X WIM MHBIX KOHKPETHBIX Lenel. Eme omHoN MiumrocTpanued aieKBaTHOCTH HMEHHO TaKOW
IIOCTAaHOBKM BOIIPOCA SIBJISIETCA CUTYyallMsl, 4acTO CKJIaJbIBAIOLIAsICsl NPU YHUCICHHOM pelIeHUU
CIIO)KHBIX CHUCTEM YPaBHEHHH, HaAIpuMep, OMHCHIBAIOIIMX NpOIecchl B arMocdepe. 3adacTyro
MIOJTy4YEHHBIE PEIICHUs TAKXKE CIOKHBI JJIsl aHaIN3a, KaK U AKCIIEPUMEHTaIbHbIC TaHHBIE.

[TapagokcanbHO, HO OTCIOZA CIEAyeT, 4YTo Te 3ahayd u3 o0jacté ¢Gu3MKU (M HE TOJBKO),
KOTOpble paHee (OPMYJIUPOBAIUCH HA S3bIKE YPAaBHEHHUH, KOTOPHIM MOAUYUHSIOTCA (YHKIIMH,
OIHUCHIBAIOLINE (PU3NUYECKUE SIBICHUS U MPOLECCHI, 11eJeco000pa3Ho, B TOM yucie, (GopMyIupoBaTh
Ha SI3bIKE JIOTHKHU.

PaccmotpuM, kakue i 3TOro CyIIECTBYIOT MPEANOCHUIKH, IMOHUMAs, YTO paccMaTpUBaeMbIil
MOJIXOJI SIBJISIETCA HE albTEPHATHBOW, HO JOMOJIHEHHEM K KJIACCHYECKHMM METO/laM MOCTPOEHUs
Mojienel pU3NYEeCKUX MPOLECCOB.

B coBpeMeHHBIX HMH(OPMAIIMOHHBIX TEXHOJIOTUAX, KaK MPaBUIIO, HCIOJB3YIOTCS CHUTHAJBI,
KOTOPBIM TPUITHCHIBAECTCS ONpPENEIEHHOE NTUCKPETHOE 3HAaueHUE. TUINHYHBIM NPUMEPOM SIBIAETCS
curHai, QopMmupyemslii aHanoro-uupoBbM TmpeoOpa3oBaTeneM. B 3Tom ciydae auana3oH
U3MEHEHHUs aMIUIUTYJ CHUTHaja MOJPa3AeisAeTCs Ha ONpEACIICHHBbIE MHTEPBAJIbI, KaXIOMY W3
KOTOPBIX CTaBUTCSI B COOTBETCTBUE ONPEIEIEHHOE TBOMUHOE YUCIIO.

[Ipu >TOM, TMana30H U3MEHEHUS! CUTHAJIOB, UCIIOJIB3YEMBIX B peajbHbIX YCTPOMCTBAX, SBISETCS
KOHEYHbIM. VIHBIMU ClIOBaMH, €CJIM CUTHaJI IpeoOpasyeTcsl B IBOMYHYIO (OpMY, TO €r0 MOJEIBIO,
ne-(paxkTo CIyKUT QPYHKIMS, TPUHUMAIOIIAs 3HAYeHUSI HA HEKOTOPOM KOHEYHOM MHOKECTBE.

DT0 MO3BOJISET CeaTh CIEAYIOUUI BBIBO, HAMMISIIHO IpoAeMOoHCTpupoBanHbIi B [11, 12]. Kak
MpPaBUJIO, MOJENSAMU CHUTHAJIOB, CIyXaT (YHKIMH, MPUHUMAIOIIME 3HAYeHHUS HAa MHOXXECTBE
JeUCTBUTENBHBIX Uncel. [ 3TON CUTyalluu TaKkKe CIpaBeyIiBa apryMEHTAIMs, UCIIO0JIb30BaHHAs
BbIlE. J[eHCTBUTEIbHBIE YHCIA — 3TO MaTeMaTHYECKUl 00BEKT, 0OecreunBaronIiii oToOpakeHue
peanbHOro (PU3NYECKOTo MpoLecca Ha HEKYIO HIeaIn3allnio, KOTOpasi OTCYTCTBYET B peaibHoCTH. C
TaKUM JK€ YCIEXOM JUIi OTOOpaKeHUs (ONMHUCaHMsI) pPeaTbHBIX (U3UYECKUX IPOIIECCOB MOXKHO
UCIIOJIb30BaTh U JApPyrue MaTemMaTuueckue oObeKThl. B uyacTHOCTH, eciiv peub WIET O CUTHajax,
MPUHUMAIOIIKX 3HAYEHUS] Ha HEKOTOPOM KOHEYHOM MHOXECTBE, TO B KaUe€CTBE TAKOTO MHOKECTBA
MOeT ObITh BbIOpaHo nose ["amya [11].
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C TexHMYEeCKOW TOUKM 3PEHUs, Pa3Indhe MEXAY TPaIUIMOHHO MCIIOIb3yEMbIMH TPOLIETyPaMH,
OCHOBAaHHBIMHM Ha JIBOMYHOW JIOTHKE, W MpPOIEeIypaMH, OCHOBAaHHBIMH Ha WCIOJIb30BAHUHU
HeOMHApHBIX moned [lamya, COCTOMT TONBKO B TOM, Ha Kako€ YHCIO TOJBIHTEPBAIOB
MOJIPA3/IeNAeTCsl HHTEPBAI M3MEHEHUSI aMIUINTY]] CUTHajda. TpaauiiMOHHO, YHCIO TaKUX ypOBHEH
paBuo 2". Tlpu wucmonb3oBaHuM ke mosieit [amya, ornudaromuxcs ot GF(2™), yucino Takux
YpOBHEH MOXKET OBITh IPyruM (Harpumep, B padote [11] paccmarpuBaics ciydaid GF(17)), Ho 310
— He 6oJiee ueM BOIPOC COTTIAIICHHS.

Bce stu paccyxaeHuss mpUMEHUMBI M K (PU3UYECKUM IpolLeccaMm, B KOTOPBIX H3MEHEHHE
[apaMeTPOB IIPOUCXOIUT B KOHEUHOM JHara3oHe.

CrnenoBarenbHO, ¢ 00IIEMETOJOIOIMUECKON TOUKH 3pEHMS AUCKPETU3aLUA HE TOJIBKO 10 y3J1aM
pemeTky (Kak 3TO MMEET MEeCTO IO OTHOIIEHMIO K Pa3HOCTHBIM CXE€MaM), HO U IO YpPOBHSM
«CUTHaJa» 03HAYaeT, YTO MOJIENbI0 (PM3UYECKOIO SBJICHHMS BOBCE HE 00S3aTENIHO JOJKHA OBITH
GYHKIMS JEHCTBUTENFHOTO WJIM KOMIUIEKCHOTO MEPEMEHHOTO, NPUHHUMAIONIAas 3HA4YCHHUS Ha
MHOXECTBE KOMIUICKCHBIX WM JCHCTBUTENBHBIX 4rced. CyIIeCTBYIOT YCIIOBHS, TPH KOTOPBIX
MOJIENIbI0  (PU3MYECKOTO TIpoIecca MOXKET CIYKUTh (YHKLUS, NPUHUMAIONIAs 3HAYCHUS B
HEKOTOPOM IoJ1e ['amya, apryMeHTOM KOTOPOM TaKKe SBIJIAFOTCS AJIEMEHTHI 1ot [anya.

OT1oT (aKkT co3zgaeT MNPeNNnoChUIKA JUIsl TOro, 4ToObl BMECTO TPAAMLMOHHBIX YpaBHEHMH,
IPU3BAHHBIX ONUCATh (PU3MUECKUE IMPOLECCHl, NEpeiTH K COOTHOLICHWSM, 3allChlBAEMbIM B
TepMUHAX MHOI'03Ha4HOH Joruku. [TokaxeM 3T10.

IlepeMeHHBIM BOMYHON JIOTUKM MOTYT OBITh IOCTaBJIEHbl B COOTBETCTBHE AJIEMEHTHI IOJIS
l'anya GF(2), t.e. 0 u 1. ToyHO TaK k€ EPEMEHHBIM MHOTO3HAYHOW JIOTHKH (P-JOTHKH) MOKHO
MIOCTAaBUTh B COOTBETCTBHE 3JieMeHTHl nois [amya GF(p). OTmeTrum, 4TO MHOTO3HAYHAs JIOTHKA
BeCbMa AaKTUBHO pa3BMBAETCs yke Oojiee CTOJNETUs, HAauMHAsi C OCHOBOMNOJAraroIux padoT
JlykaceBuya [32]. B maHHOI 007acTH MOMYyYEeHBI MHOTHE CYIECTBEHHBIC PE3YJIbTATHI, HAITPUMED,
pa3paboTaHbl TaparojHble W mapaHepoTuBopeunBbie Joruku [33-35]. B Tekymieit nuteparype
(GYHKINH, apryMEHTaMH KOTOPBIX SIBIISTIOTCS ITEpEeMEHHBbIE MHOTO3HAYHOW JIOTMKH, KaK MpPaBUIIO,
OIUCHIBAIOTCS Yepe3 Tabmuibl ucTuaHocTu [36; 37].

Ho, srto He sBnserca oOs3arenbHbIM. Tak, Xopomo u3BecTeH mnonuHoM JKerankuna (B
aHIVIONA3bIUHONW JuTeparype - algebraic normal form), mo3Bossronwii mepeiitn or TabIUIL
MCTHMHHOCTH K aJredpanyecKuM BhIPaKEHUSAM MPUMEHUTENBHO K (YHKIHSAM, apIyMEHTOM KOTOPBIX
SIBJISIOTCS TEPEMEHHbIe MBOMYHON soruku wim monst GF(2™) [38; 39]. He cocraBuser Tpyna
MOCTPOUTH aHAJIOTUYHBIH MMOJIMHOM U JUIS P-JIOTUKK. JTa 3a/1a4a Oblia pemieHa B padote [40], rae B
paccMoTpeHus ObUTa BBeJieHa anreOpandeckast qenbra-QpyHkius. OHa UMeeT B

6i(x) =1—(x—x)P™" (31)

W3 Teopun moneit ['amya M3BECTHO, YTO BCE HEHYJIEBBbIE 3JeMEHTHI moisi GF(p) sBISAOTCA
KOPHSIMH YPaBHEHHUS

er~1—1=0 (32)
T.e. 0001 HeHyneBo# 3nemMeHnT moist GF (p), Oymydn BO3BEIEHHBIM B p — 1-10 cTemneHb, JaeT

CIIUHHILY.
CnenosarenbHo, GyHKimu 0; (X) 0071a1af0T CIIETYIONHUM CBOHCTBOM
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(1, x=x
a0 ={y 12 ¥ (33)

Chopmupyem ciemyronuii mosuHoM [40]
F(o,y) = X207 f(x0 ;) 9:(0) 9; ) (34)

e Benu4uHeI f(X;, Yj) GOPMHUpPYIOT Tab/MIly HCTHHHOCTH, aHAJIOTUYHYIO YKa3aHHOM BBILIE.
IIpy noncraHoBke B BbIpakeHHE (34) KOHKPETHOW mapbl X; ,Yj, 3HAYEHUH JIOTHYECKUX

MEPEeMEHHBIX (TOYHEE, COOTBETCTBYIOIIMX MM »dJeMeHTOB moyia [aimya), Bce criaraemsie,
¢burypupyromme B cymme B ipaBoii yactu popmyisl (34) B cuiny cootHomenus (33) oOparmatorcs B
HOJIb, 32 MCKJIIOUEHHUEM CJIaraeMoro, Jisi KOTOPOTO BBIMOJHSETCA [ = iy, j = jo. CnemoBarensHo,
HUMeeT MECTO

F(xio'yfo) = f(xio’yjo) (35)

Bugno, yto mommHoM (34) BBIMOJHSET A MHOTO3HAYHOW JIOTMKH Te K€ (YHKIHH, YTO
noysinHoM JKerankuHa sl ABOUYHOW JIOTHKHU, T.e. cOoOoTHoueHHe (34) yka3bIBaeT KOHKPETHYIO
anreOpandeckyo (yHKIUIO, KOTOpas pealn3yeT 3aJaHHyl0 TaOJWIly HCTUHHOCTH. BumHo Taxxe,
4yro cooTHoueHue (34) nomyckaer o0oOIIeHHME Ha Cilydail MPOM3BOJIBHOIO YMCIA JIOTMYECKUX
nepeMeHHbIX [40].

Tem cambIM, CyIIeCTBYeT BO3MOXHOCTb IOCTPOUTH (DYHKIMIO, CIIY)KaIlyl0 MOJAEIbIO
¢u3nyeckoro mnporuecca, o0JacTb OMNpEeAETIeHHUs U apryMEHTOB, UM 3HAUEHHH KOTOPOH SIBIIsSETCS
HekoTopoe noJje ['amya. [Ipu 3TOM CyIiecTBEHHO, YTO B CHIIy CKa3aHHOI'O BBIIIE, apIYMEHThI TAKOU
(GyHKIIMHM MOTYT OTBEYaTh TOYKAM B IMPOCTPAHCTBE IPOU3BOJIBHOW pa3MEpPHOCTH, B TOM YHCIIE,
TPEXMEPHOM.

Pazymeercs, B 3TOM cilyyae UMEIOT MECTO OINpEeNIEHHbIE OTPaHUYEHUS, CBSI3aHHBIE C TEM, YTO
Ha pa3mep 001acTH, B KOTOPOIl paccMaTpHBaeTCss KOHKPETHBIM (U3UUECKUI MpoIecc, HaloKEHbI
onpezaeneHHble orpaHnueHus. IloguepkHéM, OIHAKO, 4YTO pa3BUBAEMbId MOJAXOJ OTHIOAb HE
ClIelyeT paccMaTpuBaTh KaK aJbTEPHATHBY KJIACCHYECKUM MOJENsAM (U3NYECKUX IPOLECCOB,
MIOCTPOSHHBIX Ha MCIIOJIb30BAHUN HETIPEPBIBHBIX (YHKIMN U TU(PEepeHIMaIbHbIX YPaBHEHHH.

Ero nazHauyeHue cocTOUT B TOM, YTOOBI MPEAOCTABUTh HHCTPYMEHT ISl aHAJIM3a TEX MPOIIECCOB,
UCCIIEIOBAaHUE KOTOPBIX MPUBOIUT K CIMIIKOM CJIOXHBIM MOJENSM TOIJa, KOrJa HCIOJIb3YyeTcs
KJIaCCMYECKHUM moaxo/. B ToM uucne, paccmarpuBaeMblil IOJIX0/] B IEPCIEKTHUBE MpeIHa3HaYaeTCs
JUIS TOTO, YTOOBI BCKPBITH T€ 3aKOHOMEPHOCTH, KOTOpbIE HE BCErja YHAaeTcsl OTBICKATh MpH
UCIOJIb30BAaHNHU KJIACCUUECKUX METOOB.

B »TOM OTHOIIEHNH 11eT1ecO00pa3HO MOAYEPKHYTh, YTO METO/] OMUCAHUS (PU3NUECKHUX MPOLIECCOB
B TEpPMUHAX MHOTO3HA4YHOM JIOTMKH, 3aBEJOMO JIOIYCKAeT CONpPSHDKEHHE C METOJaMU aHalu3a
IIPOLIECCOB PA3JIMYHON MPUPO/bl, OCHOBAHHBIX HA MCIOJIb30BAaHUU HEMPOHHBIX ceTei. Takoro pona
MOJXObl TAaK)Ke AaKTUBHO pa3BHBAIOTCA B Hacrosmiee Bpemsi [41; 42]. OTmeTnM, 4YTO XOTS
nojapisitoliee OOJIBIIMHCTBO HMCKYCCTBEHHBIX HEWPOHHBIX CETEeH OpPHUEHTUPYETCS Ha JBOUYHYIO
JIOTUKY, CYIIECTBYET BO3MOXKHOCTb pEaM30BbIBATh M CETH, IOBEJACHHE HEHWPOHOB KOTOPBIX
OTBEYaeT MHOTO3HAYHOM JIOTHKE.

Jlo HemaBHETO BpeMEHHU MPUMEHEHUE HEHPOCETEBBIX METOJ0B B (M3UKE MPEACTABUIIO COOOM, B
CYIIHOCTH, He Oojee 4eM OJUH W3 MHOTOYUCICHHBIX HHCTPYMEHTOB YHCIIEHHOTO aHalu3a
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¢dusnueckux sBieHuid. CUTyanus pe3ko M3MEHIIIACh MOCIE BBIX0a B ¢BET pabotsl [43], B koTOpOIi
Obuta 000oCcHOBaHa (hyHIAaMEHTAlbHasl TUIOTE3a, B COOTBETCTBUU C KOTOPOIl YHHMBEPCYM B IIEJIOM
MOJKET pacCMaTpUBAaThLCS KaK aHaJIoOr HeHpoHHOM cetu. Cama 1o ceOe JaHHas TUIIOTE3a, BO3MOYKHO,
oCTaeTrcss AMCKYCCHOHHOM, HO OHAa TOAKPEIUIAETCS pe3yJbTaTaMu, IOJyYeHHBIMH B JIPYTHX
obmactsax 3uanus. Tak, B pabore [44] Ha OCHOBaHHH SKCIIEPHMEHTAIBHBIX JaHHBIX [45-47] GbL10
[I0Ka3aHO, YTO CYLIECTBYIOT CHCTEMbl Ha OCHOBE TIMIPOQWIBHBIX IIOJIMMEPOB, KOTOpHIE
IPEJCTaBIAT CcOO0M HEMOCPENCTBEHHBbIE aHAJOI'M HEHPOHHBIX CeTed, MpHYeM 3Ta aHAJIOTUs
MO3BOJISIET MPOJIUTh CBET HA MEXaHU3MBbl 3BOJIOIMH, IPEALIECTBOBABILIEH OHOJOIHMUYECKOI.
HenocpencrBeHHple aHaJOrd HEHPOHHBIX CETEH MOXKHO YKa3aTb M JUIl CUCTEM COLMAJIBLHOMN
npuponsl. Hanpumep, B pabore [48] Obuto mokazaHo, 4TO JHOOOH YHUBEPCHTET KaK CHCTEMY,
00eCTIeYNBAOIIY0 TTOTY4YeHNE KBATH(PHUKAIINY, JOMYCTUMO pacCMaTpUBaTh KaK aHAIOT HEHPOHHOMH
cetd. HarmsHbIi WILTFOCTPATUBHBIA TpPUMEp BBIBOJOB TAaKOTO poja MpejacTaBieH B padorte [49],
rae OblIO TMOKa3aHO, 4YTO MpPHU JIOCTaTOYHOM IJIOTHOCTH He(pOpMallbHBIX CBs3ed 000N
TOJIOCYIOLIMM OpraH KOHBEpTUPYETCs B aHalor Helpompoueccopa Xonduiga. B pesynbrare
pelleHye Mpy rojJOCOBaHUM IPUHUMAET HE COBOKYITHOCTh WieHOB CoBeTa, a COpMHUpPOBAHHAS UMU
HEMPOHHAS CETh.

O06o00muast pe3yabTaThl TaKOro poja, AONYCTUMO BBIABHUHYTh THIIOTE3y, B COOTBETCTBHM C
KOTOpO# m00as cucreMa, Nepeleamas ONpeaeTIeHHbIl NMOpOr CIO0KHOCTH, KOHBEPTHUPYETCS B
aHAJIOI HEMPOHHOW CeTH, TIJaBHOW OTJIMYUTEIBHOH OCOOEHHOCTBIO KOTOPOW CTaHOBUTCA
BO3MOXKHOCTh IepepabareiBaTh WHpoOpMarmioo. TouHee, kak 310 obocHoBano B [50; 51] c
¢mnocockoil TOYKM 3peHUs, CYNIECTBYET BIIOJHE OINpEACICHHAs HepapXus WHPOPMAIMOHHBIX
OOBEKTOB, B OCHOBE KOTOpPOW JIEKHMT MX CHOCOOHOCTh oOOecrneunBaTh HMMEHHO MepepadoTKy
uHpopmanuu. i Toro, 4ToObl Takas CIOCOOHOCTh peaan30BajIach, HEOOXOIUMO, YTOOBI CUCTEMA
KOHBEPTUPOBAJIaCh B aHAJIOT HEMPOHHOM CETH.

NmenHo »3ToT (¢akTtop M ompenenseT BaKHOCTh IOCTPOCHUS HEMPOCETEeBBIX MoJelei
(GU3NYECKUX TPOIECCOB W SIBICHWH (IIyCTh W OTPAHWYCHHBIX C TOYKH 3PEHUS IPOBEIACHUS
JeTalbHBIX PACYeTOB, MPU3BAHHBIX J1aTh KOJIMYECTBEHHBIH pe3yNbTaT). A MMEHHO, HEHpPOHHBIC
ceTH 00J1a7at0T CIIOCOOHOCTHIO BOJIOLMOHUPOBATh AK€ TOrJa, KOrJa CBOMCTBA MX AJIEMEHTOB
ocCTarTCs Hem3MeHHbIMU [52, 53].

3TO caMbIM CYIIECTBEHHBIM 00pa30M MEHsET MPe/ICTaBIECHUS O MEXaHU3MaxX HBOJIOIMH B CAMOM
ob1eM cMbicie 3Toro TepMuHa. Kak n3BecTHO, GOJIBIIMHCTBO CYLIECTBYIOIIMX TEOPHUIl SBOJIIOLUU
TaK WJIM MHaye BOCXOIUT K JIAPBUHUCTCKOW TOUYKE 3PEHHUsS, B COOTBETCTBUU C KOTOPOIl HOBbIE
CBOMCTBA 3JIEMEHTOB CHCTEMBbI MPUOOPETAIOTCS B Pe3ysbTaTe CIy4alHbIX (DIIOKTyalnui (MyTariuii)
M 3aKPEIUISIOTCS, €CIIM MPUOOPETEHHBIN MPHU3HAK SBISETCS «OJIaronpHsITHBIM» B TOM WJIH WHOM
oTHolIeHUHU. Vcnonp30BaHUE TakuX MOAXOJ0B MPHUBOIUT K OOJee YeM Cepbe3HBIM TPYIHOCTSM,
0COOCHHO, TIPH MOIBITKAX PACKPHITH MEXaHU3MbI MPEONOIOrUIeCKOi Bomoun [54].

B mom cnyuae, ko20a cucmema KOHEEpMUPOBGAHA 6 AHAI02 HEUPOHHOU Cemu, cO30ar0mcsa
npeonoceliKy  OnA  peanusquuu  IGONIOUUOHHBIX  MEXAHUIMO6,  Q1bMEPHAMUBHBIX
0apeuHucmckum. A UMEHHO, 6 IMOM Cyuae MeXAHUIM IBONIOUUU CTIOHCHOU CUCHEMbL
npomekaem 6 0ée cmaouu [55]. Ha nepeoit cmaouu 3601104u0HUpYyem HEUPOHHA Cemb, YMo
Qusuuecku evipadxicaemca 6 nepecmpoilke apXUMeEKmypvl C6A3el MeMcOy IeMeHmamu
cucmemvl. Ha emopoini cmaduu «npeumywiecmea» noJyuaiom me 3NeMEHmMbl, CEOICMEa
KOMmopblx ¢ 001buiell cmenenu omeeuaom H08OMy COCMOAHUIO CUCHIEMDbL.

MoXHO BHAETh, YTO B OTIMYME OT JAPBUHUCTCKOM TOYKHM 3pPEHMs, TaKOH MEXAHU3M pE3KO
OrpaHUYMBaeT MPOsIBIEHUs cily4yaliHOcTH. HampaBieHue 3BONIOLMH CTAaHOBUTCS 3aKOHOMEPHBIM,
OHO OMpENEeNSAETCS CBOMCTBAMH TOW HEHPOHHOW CETH (MJIM €€ aHajiora), KOTOpYH (GOopMHUPYET
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cucTeMa Kak IeJIOCTHOCTh. VIMEHHO B 3TOM M COCTOUT (yHIaMEHTaIbHOE 3HaueHus: paboThl [43].
Ecnu BhIABUHYTAsE B HEH T'MIIOTE3a BEpHA, TO 3TO IPUBOAMUT K BECbMa CEPbE3HBIM BBIBOJAM, B
YaCTHOCTH, U3 (PHIOCOPCKUX COOOpaXEHUH BBITEKAET, YTO XOJ SBOJIOLMOHHBIX IPOLIECCOB
OJIMHAKOB BO BCEW BceneHHON, U NOSBICHUE YEJIOBEKA OTHIOAb HE SABJISIETCS. UTPOM CIIyYalHBIX CHII
(uTOo BO3BpamiaeT K MPHHLOUIY aHTpomHocTd [56], maBHO oOcykmaemomy B (uaocodcekoit
JUTEpaType).

JleiicTBUTENHHO, HEUPOHHAS CETh, [IOMUMO MPOYETo, MPEICTaBIsIeT CO00il cUCTeMy, CIIOCOOHYIO
nepepabarbiBaTh HH(POpMaLHIO. DTO 03HAYAET, YTO (PU3MUECKUE B3aUMOICUCTBUS MPUMEHUTEIHHO
K CHCTeMaM, KOTOPBIE ABJISIOTCA aHAJIOTaMH HEMPOHHOM CETH, MOT'YT IIEPEUTH B MHOE Ka4eCTBO —
OHU CTAHOBSTCS CUTHAJIAMH, HecymuMu wuHpopmarmio [57]. Ecte ocHOBaHMs mosiarath, 4TO
MMEHHO CIIOCOOHOCTh TepepadareiBaTh WH(GOPMAIMIO M SBISCTCS OTJIMYUTEIBHBIM TMPHU3HAKOM
CHUCTEM, OTBEUAIOIINX KaTETOPHH CII0kKHOTO [50].

JleranpHOe 00CYyXJI€HHE BOMPOCOB TAaKOTO POJAA, Pa3yMeeTcsi, BBIXOJUT 3a pPaMKH JaHHOU
paboThl, OAHAKO, OJUH TOT (aKT, YTO OHU YK€ IMOCTaBICHBI, TOBOPUT O TOM, YTO HEOOXOAUM
WHCTPYMEHT, KOTOPBIN ObI MO3BOJISIT CUCTEMHO paboTaTh ¢ onmucaHueM (U3MUYECKUX MPOLIECCOB Ha
SI3bIKE, OJIM3KOM K SI3bIKY HEHPOHHBIX CETEH.

Takoil sI3bIK, KaK BBITEKaeT U3 MAaTEpPUAIOB AAHHON pabOThI, MOXKET OBITH Pa3BUT Ha OCHOBE
MCTOJIB30BaHuUs mosieit ['anmya B TOM ke Kiroue, B KOTOPOM (DYHKIMH KOMITJIEKCHOTO ITEPEMEHHOTO
MCTIOJB3YIOTCS /IS pEIIeHUs 3a/1a4 U3 001aCTH MaTeMaTHu4ecKOl (U3UKH.

3ak/ro4yeHue

B craThe MBI ocTapanuck mokasarh, 4To «Medta ['amMunbToHay, Kak mpodieMa MaTeMaTHYeCKOn
¢u3uKky, oOKazanach paspelmMMoil Hay4yHoil 3amaueil. Kak u pemieHMe MHOTHX JApYTHX
«HEpa3peIINMBIX» JI0JITroe BpeMs 3a/1a4 U npodieM, He0OXOAMMO ObLIO M3MEHUTh MPUHIUIIAAIBHO
MOAXOJ K CaMOMy pelIeHHI0. Takoe W3MEHEHHE, Kak IpaBWiIO, HOCUT METOJOJOTMYECKUI
XapakTep.

«TpexMepHbIe» KOMIUIEKCHBIE YMCIA, pacCMAaTpUBaeMble KaK MHCTPYMEHT pelIeHUs 3a1ad H3
o0nactu (U3MKH, CO3aTh HEBO3ZMOXKHO /0 TE€X MOp, MOKa (U3NYECKUE MPOIIECCH ONMUCHIBAIOTCS B
TEpMHHAX HENpPepbIBHBIX PyHKIMNA. OqHAKO, KaK TOJIBKO OCYIECTBISIETCS MEePeXo K AUCKPETHOMY
OINMCAHMIO, BO3HUKAET BO3MOYKHOCTh NPUMEHSTh «KOMILJIEKCHBIE YHUCIay 000 pa3MepHOCTH,
IIpUYEM WHCTPYMEHTHI JJISl 3TOTO YK€ AaBHO ObLIM co3JaHbl aOcTpakTHOU anreOpoil. bonee Toro,
OTTaJIKUBAsACh OT MJIEH, ITOJOKEHHON B OCHOBY JI0Ka3aTelIbCTBA TeOpeMbl KOTeIbHUKOBA, ylaeTcs
MPOJAEMOHCTPUPOBATH, YTO JUISI MHOTHX (PU3MUECKUX 337y «IUCKPETHOE» ONHCAHUE SBISETCS B
TOM 7K€ Mepe TOYHBIM, YTO ¥ HETIPEPHIBHOE.

[Tpu Takom momxome anmeMeHTHI moyiss ['amya GF(p™) craHOBATCSA aHAIOTOM «KOMILTIEKCHOM
MHOTOMEPHOM MEPEMEHHOW», OTPAKAIOUIEH IOJI0XKEHHE TOYKM B MHOIOMEPHOM IPOCTPAHCTBE.
COOTBETCTBEHHO, MOJENbI0 (DU3UYECKOTO Ipolecca CTAHOBATCA (DYHKUMH, TPUHUMAIOLIUE
3HauYeHMs B NOJIAAX ["anmya, mpuyemM uX apryMeHTaMH TaKXKe SIBJISIOTCS 3JIEMEHTHI TaKOTO MOJIs.

OTO, B TOM 4YHCIE, MO3BOJIIET MEPEHTH K OMUCAHUIO (DU3MYECKHX MPOIIECCOB B TEPMHHAX
(GyHKIIMI MHOTO3HAYHOM JIOTUKH, TOCKOJIbKY IEPEMEHHbIE TAKUX JIOTUK MOTYT OBITh ITOCTABIJIEHBI B
COOTBETCTBHE AJIEMEHTaM ToJieit ["anya.

C MeToJ10JI0TUYECKOM TOUKH 3pEHHUs TaKoM Mepexoj MpeicTaBiseTcs] BeCbMa BaKHBIM, TaK Kak
OH CO3JAeT JONOJHUTEIBHYIO OCHOBY JJI MPUMEHEHHUS HEUPOCETEBBIX METOIOB, A CIIEIOBATEIBHO,
U CHCTEM HCKYCCTBEHHOTO MHTEJUIEKTA /IS aHaIM3a (PU3NYECKHX SIBICHUI U TIPOIIECCOB.

Bonee toro, runoresa, o6ocHoBanHas B [40], B COOTBETCTBUH ¢ KOTOPOH MHpP B LIEJIOM MOXHO
paccMaTpuBaTh KakK aHAJIOI HEHPOHHOM CETH, 3acTaBisieT CYLIECTBEHHO HHA4€ B3IVISIHYTh Ha

53



N3BECTH HAYYHO-TEXHUYECKOI'O OBIIIECTBA «KAXAK», 2024, Ne 1 (81)

NPUMEHEHHE METOJOB HEHpPOHHBIX ceTell B (H3UKe. DTO BBITEKAET M3 TOTO, YTO AHAJOTHU C
HEUPOHHBIMM  CETSIMU  IO3BOJISIIOT BBECTH B PACCMOTPEHUE  MEXAaHHU3Mbl  HBOJIIOLMH,
IbTEPHATUBHBIE TEM, YTO BOCXOJAT K JAPBUHUCTCKON TOUYKE 3PCHMUS.

JIomyCTUMO YTBEpXAaTh, YTO pEIIeHHE NpoOJeMbl, HEKOTJa IOCTaBIEHHOW [ aMHIBTOHOM,
CO3/1a€T, B TOM YHCJIE, JOMOIHUTEIbHbIM HHCTPYMEHT JUIS U3YYEHHUS HBOJIIOLMU CIOXKHBIX CHCTEM
Pa3IM4HOMN PUPOLBIL.
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The nature of the development of robotic weapons, including unmanned aerial vehicles, from the general
standpoint of the philosophy of technology development is analyzed. The forecast is substantiated, according
to which further qualitative changes in the field of robotic armaments will be associated with their group
application under the control of a group by a single operator. It is shown that this makes more than
demanded the creation of specific artificial intelligence designed to interface with groups of unmanned
vehicles. It is shown that the improvement of technologies of manufacturing and application of drones of
various purposes operating in a group requires the solution of a triune task. Its components are: creation of
algorithms for transformation of information coming to a separate apparatus acting as a part of a group
(including commands coming from the operator) into executable commands, creation of specific methods of
information protection allowing refusal from cryptography use, as well as creation of the cheapest possible
physical elements of the groups under consideration. It is shown that the solution of all these three tasks does
not require significant financial costs, which allows to ensure their solution in the RK without cooperation
with foreign partners. The possibilities of concrete use of the proposed approach in order to ensure socio-
political stability in the RK are discussed. It is proved that in modern conditions the predicted revolution in
military affairs, requiring the most effective interaction of technical, natural and human sciences, will serve
as a driver of transition to the next stage of science development, the distinctive feature of which will be the
rejection of the existing disciplinary structure of science.

Keywords: abstract algebra, Galois fields, drone groups, control algorithms, defense industry,
philosophy of technology, computing systems, information protection.

Ilpoananuzuposan xapaxmep pazeumus poOOMUIUPOSAHHBIX OOPYIHCEHUU, 8 MOM Uucie, OeCnUIOMHbIX
JIeMamenbHblX annapamos ¢ oowux nozuyuil guiocopuu pazsumus mexuuxu. OOOCHOBAH NPOSHO3, 8
coomeemcmeuy ¢ KOMOPbIM OdlbHeuuue KayecmeenHvle UIMEeHeHUs 6 o00aacmu pobomusupo8aHHbIX
800pYIICEHUIl OYOem C8A3AHbL C UX SPYNNOGLIM NPUMEHEHUEM NPU YNPAGIeHUU 2PYNNOLU OOHUM ONEPAMmOPOM.
THokazano, umo smo Oenaem 6Oonee yem B0CMPEOOBAHHBIM CO30AHUE CHEYUPDUUECKO20 UCKYCCHMBEHHO20
UHmesleKma, npeoHA3HaA4eHHO20 OJisl CONPSXHCEHUS ¢ epynnamu becnuiomusix annapamos. Iloxkaszano, umo
COBEPULEHCTNBOBAHUE MEXHON02UL U320MOBNIeHUSl U NPUMEHEHUs] OeCRUIOMHbIX annapamos pasiuiHozo
HAa3HAueHus, Oelicmeyiouux 6 cocmase 2pynnul, mpebyem peuieHuss mpueourou 3aoayu. Ee kxomnonenmamu
ABNAIOMCA: CO30AHUE ANOPUMMOS8 NPeobPA308aAHUSA CBEOeHULl, NOCMYNAWUX K OMOENbHOMY annapamy,
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deticmeyrowemy 6 cocmase 2pynnwl (8 Mom yucjie, KOMAHO, NOCMYNAIWUX om Onepamopa), 8 UCHOHAeMbLE
KOMAHObL, CO30aHUs  CHeyupuueckux Memooo8 3auumovl UH@OpMayuy, OONYCKAWUX OMKA3 Om
UCNONIb306AHUSL KPUNMOSPADUU, A MAKI’CE CO30aHUEe MAKCUMALLHO YOCULeGTICHHbIX (DUSULECKUX NEMEHMO8
pacemampusaemvix epynn. Tlokazano, wmo peuteHue 8cex dmux mpex 3a0ay He mpedyem CYujecmeeHHbIX
Qunancosvix 3ampam, umo noseonsem obecneyumsv ux pewenue 6 PK 6e3 compyonuuecmea c¢
unocmpanneiMu  napmuepamu.  QOCYHCOAIOMCL  BO3MONCHOCMU — KOHKPEMHO20 — UCNOAb308AHUSL
npeonazaemo2o nooxoo0a 6 yenax obecnedenus CoOYuanbHo-noaumuyeckou cmadunviocmu 6 PK.
Joxazvieaemcs, umo 6 COBPEMEHHbIX YCIOBUSX NPOSHOZUPYEMAs PEBONIIOYUsL 8 BOCHHOM Oelle, mpebylowas
MAKCUMATLHO I DEKMUBHO20 83AUMOOCUCTNBUS. MEXHUYECKUX, eCTNEeCMECHHbIX U SYMAHUMAPHBIX HAYK,
nocaysxcum Opaugepom nepexood K Ciedyrouemy dmany pazeumus HAyKu, OmMiudumenvHol 0cobenHoCmoio
KOMOPO20 CMAHen OmKa3 om Cywecmeayrouell OUCYUNIUHAPHOU CIMPYKMYPbl HAVKU.

Knrouesvie croea: abcmpaxmuas aneedpa, noas Ianya, epynnvl 6ecnuiomubix annapamos, aieopummbl
ynpasnenus, 060POHHO-NPOMBIUIEHHBII KOMNIEKC, (QUIOCOPUL MEXHUKU, GbIYUCTUMETbHbIE CUCTEMbL,
3awuma ungopmayuu.

Pobommanovipvinzan  xapy-srcapakmuly, ouwly IWiHOe YWMKbIWICHI3 YUy annapammapulivly Oamy
cunamul  MeXHONOUAHbL  0aMbIMY  PUIOCOPUACHIHBIY  JHCANNBL  MYPRICLIHAK ~ Mandanowvl. boncam
He2i30e/12eH, 02aH CalKec poOOMMUbIK Kapy-dcapax canacblHoazel 00an api cananvl o3zepicmep monmsl Oip
onepamop bOackap2an Kezde 0aaApObl MONMbIK KOJLOAHYMeH Oatiianbicmsl 001adbl. BYn YuKblucsl3
annapammap MONMAPLIMEH JHCYNMACMulpyea apHANAH apHAUbL  HCACAHObL UHMENIEKM  HcaAcayobl
cypauvicKka ue ememini Kepcemineen. Tonmoely KYpamblHOA JHCYMbIC iCMeumin apmypii MaKcammagol
NUNIOMCHI3 ANnapammapobl Hcacay HcoHe KONOAHY MEXHONOSUANAPLIH HCEMINOIpy YmYeblpibl MICeeHi
wewydi manan ememini kopcemineen. OHvly Kypamoac Oenikmepi: mon KYpamvlHOa apeKem ememin HeeKe
annapamka mycemin manimemmepoi (OHvlH [WIHOe ONepamopoOar mycemin KOMaHoaiapowvl) OpbiHOALAMbIH
KoManoanapea mypreHoipy aneopummoepin cacay, Kpunmozpagusanel nanoaranyoan oOac mapmyea
MYMKIHOIK Oepemin aknapammul KOpaayovly HaKmbl 20iCMeEPIH JHcacay, COHOAl-aK KapaiamslH monmapobiy
bapviHwia ap3aHoamuliean QuU3UKanblK diemenmmepin dcacay Oonvin mabdwvinadsl. Ocvl yur minOemmiy
Oapnviebln weuty eneyii KapicobliblK WbleblHOapObl manan emneumini xepcemineen, oyn onapoviy KP-oa
uemenodix apinmecmepmeH bIHMbLMAKIMACMbIKCHI3 WeWLTYiH KaMmMamdacsl3 emyee MyMKiHOIK bepedi. KP-0a
aN1eyMemmiK-cascu MmYpaxKmovliblKmsl KaMMAMACH3 emy MAKCAmvlHOA YCbIHbIA2AH MACINO0l  HAKMbL
natioanany MyMKIHOIKmepi manxwiianyoa. Kaszipei owcazdaiioa mexHuKaivlk, HcapamvliblCIMAHY JHCoHe
SYMAHUMAPABIK  SbLILIMOAPObIY  OapulHWa muiMOl e3apa IC-KUMbBLIbIH Malan ememin ackepu icmeel
O0NHCAMOBL PEBONIOYUSL bINLIM OAMYbIHbIY Kelleci Kesenine omyoiy opaiieepi bonamuiibl 0a1e10eHOl, OHbIH
aupLIKWa epexutenicl eblIbIMHbIY KOAOAHbICIMARbL MAPMINMIK KYPbIIbIMbIHAH bac mapmy 601a0bl.

Tyiiinoi co3oep: abcmpaxmini aneebpa, I'anya epicmepi, yuiKbluicobl3 annapammap monmapsl, 6ackapy
aneopummoepi, KOp2aHbvlC-OHEPKICin KeuleHi, mexHuxa @Quioco@usacsl, ecenmey dcyuenepi, aknapammuol
Kopeay.

As noted in [1], we are all currently witnessing a revolution that has taken place in military
affairs. First of all, it is connected with the fact that the vicinity of the lines of contact is saturated
with unmanned aerial vehicles of various purposes. This fundamentally changes the nature of
combat operations.

However, the opinion of the author of the cited paper should rather be regarded as a statement of
facts. If we turn to the general provisions of the theory of scientific revolutions [2, 3], it becomes
obvious that the current state of affairs will inevitably lead to significant changes in the nature of
development of defense-industrial complexes of developed countries, and, consequently, to the
nature of development of science in general. There is no need to prove that it is the defense-
industrial complex that has been one of the drivers of science development for at least the last four
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hundred years. Proceeding from this, as well as from the materials of such works as [4-8], we can
come to the following conclusion.

In the foreseeable future, all those trends related to the group use of unmanned vehicles, not only
airborne, but also land and sea-based [9, 10], will increase. One of the fundamental reasons for this
is that the cost of drones is much lower than the cost of the objects they are able to destroy. The
most illustrative example in this respect is the rather successful fight of the Ukrainian side against
the Russian Black Sea Fleet. Using uncrewed boats, the Ukrainian side has achieved more than
impressive successes, especially if we evaluate them in terms of the cost of the means of attack and
the result of these attacks [2]. In [11] we expressed this factor with the following thesis: post-
industrial (robotic) warfare is a war of costs.

Further, an obvious prediction is the transition to the group use of unmanned vehicles controlled
by a single operator. The corresponding technologies are being actively developed at present [12-
14], group control algorithms are also being developed [15-17], assuming, among other things, self-
organization of the group [18-20], and in the future the use of artificial intelligence [21, 22].

We emphasize that it is the group use of unmanned vehicles that is a foreseeable trend not only
for economic reasons, but also because of the need for personnel training. For a long time in the
world practice there has been a trend, according to which the conduct of combat operations is
transferred from mobilization armies to purely contract armies. This is due not only to social
factors, but also to the fact that the equipment in service is becoming more and more complex.

Consequently, more and more time is required to train adequate specialists. Such specialists are
becoming a “piece commodity”. Their training is very expensive. And if there are trends towards
cheaper physical components of robotic weapon systems [11], the question of reducing the number
of trained operators as much as possible will inevitably be raised. This is also one of the reasons
why the transition to unmanned vehicle groups is inevitable.

We emphasize, in this case we are not talking about trends, but about a prediction that will be
realized with a probability exceeding 99%. The adequacy of this forecast is not at all related to the
emergence of certain technical achievements, but purely to social and economic factors, which are
determinant in this respect.

If in the foreseeable future groups of unmanned aerial vehicles controlled by a single operator
will be realized, sooner or later the question will arise about the actions of such groups in a mode as
close to autonomous as possible [20, 21]. In other words, it will be a question of groups being
interfaced with artificial intelligence systems capable of independently recognizing targets,
independently making decisions and acting in a real combat situation.

Thus, even a cursory analysis of the current situation suggests that in the foreseeable future we
should expect a paradigm shift in the development of the defense industrial complex and, as a
consequence, a paradigm shift in the development of science in general, since the driver here will be
defense considerations, which, as the events of the last two years show, will obviously outweigh all
others.

Consequently, there is every reason to believe that the world is on the threshold of the next
scientific and technological revolution, the driver of which will be, as in previous centuries, the
need to create weapons of a fundamentally new type, in particular, weapons interfaced with
artificial intelligence.

It is obvious that in such conditions it is advisable for the Republic of Kazakhstan to be
proactive, i.e. not to try to copy (or even more so to buy) those weapons that are presented on the
market, but to develop its own.
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In fact, competition in the military-industrial sphere is currently shifting toward ideas [22, 23].
Indeed, if we talk about groups of unmanned vehicles interfaced with artificial intelligence systems,
it is their control algorithms that come to the fore. There is an obvious tendency when physical
components of such groups will cost more and more cheaply. This, let us emphasize once again, is
due to economic considerations, and such a circumstance can be illustrated by an extremely
concrete example.

The cost of the Abrams-type tank currently used by the Ukrainian armed forces is several orders
of magnitude higher than the cost of the drone that can destroy it. The same ratio was demonstrated
by the Ukrainian side in attacks on the Russian Federation's Black Sea Fleet. The cost of unmanned
boats destroying large targets belonging to the RF Black Sea Fleet is more than several orders of
magnitude lower than the cost of these targets themselves.

These considerations allow us to assert that the center of gravity will indeed be shifted from the
development of equipment to the intellectual component. It is no longer so much the achievements
of a country's industry or its potential that comes to the fore, but rather the potential of the ideas that
a country can generate. That is why we argue that Kazakhstan can realize the tasks of geopolitical
level despite the relatively modest financial resources it can allocate for the development of its
defense-industrial complex.

First of all, in this respect, it makes sense to consider the issue of creating a scientific basis for
the formation of groups of unmanned aerial vehicles, and from the most general positions, in fact,
from the point of view of the philosophy of technological development and general ideas about the
essence of scientific and technological paradigms [24, 25].

The structural scheme of the proposed paradigm for the development of such robotic weapons is
presented in Figure 1.

<
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Figure 1 — Structural diagram of the proposed paradigm for the development of robotic armaments

The scheme primarily reflects the following circumstance. The creation of groups of unmanned
aerial vehicles at least implies the solution of the following three tasks.

Figure 1 uses the following notations:

1 — 1. Groups of unmanned aircraft or ground vehicles.
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2. Algorithms for controlling groups of unmanned aircraft or ground vehicles.

3. Information protection methods specific to the use of groups of unmanned aerial vehicles.
(The distance between individual elements of the group corresponds to the zone of direct radio
visibility. This necessitates the development of specific information protection methods).

4. Physical components of the group.

5. Justification of the possibility of bringing the control algorithms of groups of vehicles to fuzzy
logic and further to multi-valued logic.

6. Proof of the possibility of reducing the operations of multivalued logic to operations in Galois
fields. (The number of variables of fuzzy logic used to control drones may not satisfy the criterion
pn, where p is a prime number and n is an integer. However, it is always possible to introduce
empty commands into use and thus bring the formal number of commands controlled by the drone
to a number that meets the possibility of using the corresponding Galois field).

7. Development of quasi-optical information protection systems designed to operate in the radio
band and based on the use of a group of vehicles providing wavefront transformation through the
use of point-source reduction.

8. A theory that provides a reduction of the description of electromagnetic wave propagation to a
discrete form. (This theory, among others, provides the theoretical foundation for the creation of
distributed wavefront converters (7). Quasi-optical systems can be assembled on the basis of
discrete elements located on board unmanned vehicles).

9. Examples of realization of electronic circuits performing operations in Galois fields. (Scheme
of a universal adder providing summation modulo an arbitrary number due to the use of the scheme
of bistable states).

10. An example of an unmanned single-axis ground vehicle having the simplest possible
construction.

11. Prospective anti-riot system of Skuns-1M type developed by the National Engineering
Academy of the Republic of Kazakhstan. This system is based on group control algorithms, this
system is initially focused on the use of tear agents sprayed by ground-based drones operating as a
group. It is expected to utilize control algorithms based on fuzzy logic. The use of this kind of
algorithms and information protection method is relevant as it allows to establish production in the
Republic of Kazakhstan.

The first is algorithms for controlling groups of unmanned aerial vehicles. This task is far from
trivial. At present, a number of approaches to its solution, in particular, reflected in [16-21], have
been proposed, but all of them, one way or another, face a very specific problem.

Namely, the issue of the speed at which the onboard computing units of unmanned vehicles
should operate is of a fundamental nature. This issue is especially acute in relation to such states as
Kazakhstan, which do not yet have their own production of element base for computing equipment.
Obviously, in conditions of geopolitical turbulence the supply channels for such elements can
always be blocked. Consequently, in order to ensure import substitution, at this stage it is required
at least to simplify the design of onboard computing systems as much as possible.

It is this issue, as it will be clear from the following, makes us pay the closest attention to the use
of fuzzy logic and closely related multi-valued logic, which, however, is already reflected in the
current literature [26-28].

The second challenge is the creation of new approaches to information protection. This problem
is in fact most closely related to the first one. The existing approaches to information protection are
mainly based on cryptographic methods. There is no need to argue with the fact that this field is
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developing extremely rapidly [29-31]. Many significant results have been obtained here, and
cryptographic methods are in principle capable of protecting the information transmission channels
used in drone groups. However, their use requires more and more performance computing systems.

As a result, a well-defined dialectical contradiction arises - on the one hand, the number of
commands actually executed by a drone is limited (this is demonstrated, for example, in [19, 20]).
On the other hand, in order to ensure information protection when controlling a drone, it is
necessary to use much more powerful computational means. Consequently, there is a question of
minimizing the number of operations required for information protection.

Let us emphasize once again that these two tasks are very closely related. Looking ahead, let us
also note that information protection with respect to the use of groups of aircraft can be solved with
the help of quasi-optical systems. This issue was partly discussed in [32], where it was shown that
information protection by quasi-optical means can be realized provided that a group of drones,
acting as a distributed receiver, is tuned to a certain point in space where the signal source that is
interpreted as “its own” is located. In this case, traditional ways of interfering with the action of a
group of drones are ineffective.

Note also that there is a fundamental difference between the bandwidth of the data channel that
is associated with the control of drones and the one from them to the operator. The bandwidth of the
former of these channels may be made extremely low, since the number of those commands
actually executed by the drone is relatively small. The reverse data channel may require a much
higher bandwidth, if only simply because the operator needs to transmit video images in one way or
another. In any case, this capability is provided for in many practical applications, such as those
drones currently used directly on the battle line.

Finally, the third task, which is an integral part of the problem under consideration, is the
creation of physical components of drone groups. As follows from the above considerations, as well
as from the current practice of using drones, there is a clear tendency to reduce their cost, at least in
relation to the objects of attack.

Even if we do not take into account economic calculations, it is obvious that the party that will
win is the one that will provide a gain not just in terms of tactical and technical characteristics, but
in terms of the ratio of tactical and technical characteristics of the vehicles to their cost. This ratio is
analogous to the well-known from everyday life ratio “price/quality”. The quality may be quite low,
but if the price is also very, very low, then the given apparatus will be quite usable. And this applies
to both civilian and military applications, which follows from more than obvious considerations.

Thus, we have three components for solving the fundamental problem that currently faces the
defense-industrial complex of any country, including the defense-industrial complex of Kazakhstan.
It is necessary to ensure balanced development of three different fields of science.

One of them is related to fuzzy logic and closely related multi-valued logic. Another is the
creation of more and more cheap components of aircraft groups. The third one is related to the
creation of fundamentally new approaches to information protection, which will not require high-
performance computing equipment.

In this regard, it is appropriate to emphasize once again that the regions where microchip
production is concentrated are now becoming points of geopolitical turbulence. Suffice it to take
into account the example of Taiwan. It is possible that a number of countries will be cut off from
supplies of high-performance computing components for political, or rather geopolitical reasons.
Consequently, it makes sense to focus on those components that can be produced in the territory of
the Republic of Kazakhstan with the existing infrastructure base. It is appropriate to note that the
simplest and cheapest computational systems can be realized, among other things, by switching to

65



N3BECTH HAYYHO-TEXHUYECKOI'O OBIIIECTBA «KAXAK», 2024, Ne 1 (81)

computational systems operating in Galois fields or finite algebraic rings, the corresponding
theoretical basis has already been created [33-35].

We emphasize that such components themselves will certainly be uncompetitive if we reason in
terms of the global market. However, in the conditions of restricted logistics chains, in the
conditions of the sanctions war, such an approach becomes more than justified.

Thus, all three tasks under consideration are obviously interrelated, and all of them are ultimately
determined by economic considerations. The algorithm for controlling groups of neural networks
makes it possible to reduce the cost of training personnel capable of participating in post-industrial
warfare. Reducing the cost of physical components of the groups ensures their efficiency of combat
use precisely due to the price reduction, and information protection allows us to move to the use of
the cheapest possible computing means due to the refusal of traditional cryptographic methods.

It can be seen that in fact we are talking about solving one and the same problem - reducing the
cost of solving all three components of the fundamental problem, which has already been clearly
identified by practice.

Here it is advisable to emphasize once again that when we talk about groups of unmanned
vehicles, we are considering only the first stage of the predicted scientific and technological
revolution in this sphere. The next stage will inevitably involve the use of artificial intelligence.
And moreover, we can already now predict, based on the works [22, 28], that research in this
direction will inevitably stimulate the creation of artificial intelligence systems of hybrid type.

In particular, it was argued in [22] that it is not so expedient to create artificial intelligence “from
scratch”. It is much more effective to try to rewrite on an artificial carrier (at least partially) the
intelligence possessed, say, by real combat officers. At first glance, this task looks rather fantastic,
but we should take into account the circumstances that were emphasized in [36-38].

Mind, consciousness, and intelligence are fundamentally different entities. Intellect is not
identical to consciousness, and accordingly the rewriting of intellect as a system of information
processing can be solved in the foreseeable future. However, this is nothing more than a remark,
which is intended to emphasize that the creation of groups of unmanned vehicles is not just a great
future, but also the prospects for a radical revision of the existing paradigm of science development.

Indeed, in this case, the thesis about the convergence of natural-scientific and humanitarian
knowledge, defended, in particular, in the monograph [39], will inevitably become relevant. In
order to create artificial intelligence systems interfaced with groups of unmanned vehicles, sooner
or later it will be necessary to answer the questions of purely philosophical nature, which were
raised in the cited works.

Let us return to the scheme of Figure 1. There is no doubt that an individual drone acting as part
of a group can be controlled by commands given in terms of fuzzy logic [26, 27]. In addition to the
results of these works, the following obvious circumstance is relevant in this context. For a long
time now, a limited set of commands (full forward, forward, small forward, and so on) has been
used in maritime applications to control ships. Similarly, the sides of the world in maritime
engineering have long been depicted by the so-called rhumb rose Figure 2.

The course setting accuracy, the speed setting accuracy, does not have to be excessively high, so
it can indeed be reduced to fuzzy logic variables.

Further, fuzzy logic variables can be put into correspondence with multivalued logic variables. In
this respect, the most significant point is that there are means to bring operations within p" -
multivalued logic to operations in Galois fields. In particular, in [33] an algebraic delta function was
proposed which solves this problem. By doing so, the following possibility arises. Instead of issuing

66



N3BECTH HAYYHO-TEXHUYECKOI'O OBIIIECTBA «KAXAK», 2024, Ne 1 (81)

commands to a drone acting as a group in terms of fuzzy logic or other ways, it is possible to issue
commands directly in Galois fields.

Figure 2 — Rose of rhumbs

Yes, of course, the number of commands executed by the apparatus under consideration may be
different from p". However, above there is a possibility to introduce into consideration “empty”
commands that are not really used. They are needed only to formally extend the list of commands
transmitted to the unmanned aerial vehicle to the value represented as p". Thereby, in the most
general case, it is possible to reduce any commands coming to the drone's input to a form consistent
with the use of Galois fields. This fact is extremely important.

Consider an arbitrary configuration of drones acting as part of the group of Figure 3. From the
most general considerations, as well as from the results of [19,20], it is obvious that the action of a
drone in a group, provided that it is controlled by a single operator, is determined not only directly
by the commands coming from the operator, but also by the data coming from the other elements of
the group.
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Figure 3 — Illustration of the formation of executable commands by a drone acting as part of a group
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The simplest case illustrating this situation was considered in [19]. Specifically, this work
considered the possibility of controlling a group of drones by building them into an ordered
structure. In one of the simplest cases such an ordered structure can be a regular hexagon.
According to the algorithm considered in this paper, it is assumed that in the self-organization mode
the drones occupy the position corresponding to the vertices of the hexagon, and the operator gives
a command to a virtual material point located in its center.

This rather simple example shows a fundamental circumstance related to the control of groups of
vehicles. The information that is transformed into executable commands comes not only from the
operator, but also from the other elements of the group. In other words, in the most general case, the
on-board computing unit must perform an operation connected with transformation of incoming
information into an executable command. And this is what makes the use of Galois fields as a
means of describing commands more than relevant.

Indeed, if the information coming from the other elements of the group, as well as the commands
coming from the operator, are represented as elements of a Galois field, then their transformation
into an executable command in the most general case will be a function of several variables taking
values in the Galois field and which itself takes a value in the same field. This is the subject of [33].
In it, it was shown that it is possible to realize a particular polynomial that allows to perform exactly
this kind of actions. In other words, if we represent all information in a form corresponding to
Galois fields, then the transformation of this information into an executable command can also be
represented by a function taking values in a Galois field, whose arguments also take values in a
Galois field.

In general, this type of function is represented in tabular form. However, it is possible to cast this
function into a well-defined polynomial. This problem was solved in the aforementioned paper [33].

Thus, a general methodological approach to the creation of algorithms for controlling groups of
unmanned vehicles does exist, and it is based on the theory of abstract algebras. Further the
question is to concretize it in relation to the solution of specific tasks, but this is already most
closely connected with those artificial intelligence systems that will be used in the future.

The use of distributed quasi-optical systems, discussed, in particular, in [32], in turn, is based on
a quite definite theory, the development of which goes back to the question of the justification of
the Huygens Fresnel principle [40,41]. Until very recently, the justification of this principle was
based on the Green's function apparatus (another name is fundamental solutions).

Studies in the field of Fourier optics have shown [40,41] that an alternative approach to the
justification of this principle can be proposed. It turned out that the possibility of its justification
turns out to be most closely related to the problems in the field of information theory as applied to
radio wave propagation.

Classical radio transmitting systems, one way or another, are oriented on the existence of a quite
definite communication channel, which can be conditionally called one-dimensional. Say, as a one-
dimensional one can consider a communication channel, which is created by one single wire
between two subscribers. Similar communication channels are created between subscribers using,
say, modern technologies, including cellular communication technologies. Ultimately, they are
designed to link one point to another. However, a radio wave is also an electromagnetic wave that is
completely analogous to an optical range wave.

The difference is due solely to geometry. More precisely, if we mentally increase the size of the
light receiver (e.g., the eye) by as many times as the radio wave exceeds the optical wavelength,
there will be no difference. At least, no difference in principle.
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As we know, in physics there is no concept of “small magnitude” if such magnitude has
dimensionality. Only a dimensionless parameter can be “small”. Accordingly, if we move to the use
of groups of aircraft that occupy a sufficiently extended position in space, we can use the concept of
radiolucency and other direct analogies with optics. In particular, as noted above, we can set out to
create focusing systems that will identify the position of a signal source in space. However, for this
purpose it is necessary to work not with a radio wave, which arrives to a point receiver, but with a
front distributed over one or another surface.

The results of [42,43] allow us to state that, provided that inhomogeneous waves are excluded
from consideration, it is possible to move from a continuous distribution to a point distribution. This
result was obtained largely based on the well-known Nyquist-Shannon theory [42]. However, there
is a fundamental difference here. When we speak about the classical Nyquist-Shannon theory, then
the limitation of the frequency range is introduced artificially. When we talk about the propagation
of radio waves, the limitation of the spectral range arises naturally, when inhomogeneous waves are
excluded from consideration. Thus it becomes possible to reduce the description of the wavefront to
the transformation performed by point sources. This, we emphasize again, is proved by the results
of [42,43].

Thus, there is a kind of conjugation of two tasks out of three, which are the basis of the paradigm
under consideration.

We have a very close connection between the issue of creating groups of drones and the creation
of new information protection systems focused on the identification of the location of the signal
source. In this case, the channel of information transmission is protected not cryptographically, but
physically, and this excludes any possibility of outside influence on it. In parallel, this allows to
significantly reduce the performance of computing systems that are used to provide secure
communication channels.

The third task is obviously related to the first two. If it is possible to drastically reduce the cost of
training, drastically reduce the cost of providing information protection, then it remains possible to
reduce the cost of creating components of unmanned systems. This task can also be solved by quite
simple means. Moreover, the relevant trends are already clearly visible in practice. In particular,
many of the drones that are actually used on the battle line are minor modifications of commercial
systems that were introduced on the market a few years ago. In fact, we are talking about the fact
that the decreasing cost of the physical components of groups of aircraft brings the task of designing
them to the level of aircraft modeling circles, which is confirmed by current practice. In particular,
the opposing sides, we mean Ukraine and the Russian Federation, increasingly use the creative
potential of various kinds of volunteers and improve this kind of systems.

The paradigm considered in this paper aims to make the simplification of drone design
systematic.

In part, this problem has been largely solved. We have patented [44] the design of a ground-
based single-axis unmanned aerial vehicle, which in the initial modification allows for use as a
minesweeper, for example, to defuse mines of the type “Lepestok™ and their modifications, as well
as to defuse submunitions that may fall on civilian objects when the carrier is hit by air defense
equipment.

This design allows for a wide variety of modifications. In particular, one of them directly meets
the needs of socio-political stability in Kazakhstan. Specifically, we are talking about the
development of anti-riot systems. As the events of January 2022 have shown, the light and noise
grenades and other special means, which are in service of the law enforcement agencies of the
Republic of Kazakhstan, are far from being as effective as it is necessary from the point of view of
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real counteraction to mass riots. Of course, here we can discuss not only the effectiveness of these
means, but also the effectiveness of their use, which is related to the degree of training of personnel
of law enforcement agencies and other similar issues.

Accordingly, in these conditions it is desirable to create a system that can operate in an
autonomous mode with remote control by operators who will not be under the influence of any
factors related to the actions of instigators or participants of mass riots. Obviously, when using
flash-bang grenades, a law enforcement officer comes into close enough contact with the rioters to
cause problems.

In this sense, the use of robotic systems is bound to be much more effective, especially if they
act as part of a team. In fact, a group of unmanned robots can be used instead of law enforcement
units to suppress riots, with the operator being as protected as possible because he is far away from
the rioters themselves and can control them via radio. These considerations alone are sufficient to
conclude that there is a need for the realization of groups of drones capable of countering mass
riots.

In fact, we are talking about the fact that the fundamental problems considered in this paper can
find their real practical embodiment, and in tasks that are obviously relevant for the Republic of
Kazakhstan, since there is no guarantee that due to certain factors associated with increased
geopolitical turbulence, the events of January 2022 may not be repeated. In conditions when the
actions of the participants of mass disorder can be inspired from abroad, the question arises, among
other things, about the protection of data transmission channels.

In particular, an unmanned aerial vehicle of the type [44] can be equipped with special means to
counteract mass riots, for example, based on tear gas components. This will not require a
fundamental modernization of the design of a single-axis unmanned aerial vehicle, since atomizers
of tear gas or other special means can be installed directly on the axis of the vehicle. Thus, a minor
modernization of the vehicle provides the solution of tasks that are more than relevant for the RK.
For obvious reasons, the very design of this modernization of the unmanned aerial vehicle of the
type [44] is not considered here. However, this work lays the foundations, including for its creation.
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Kasipei 3amanzvl (nocmundycmpuandsl Hemece 2ubpuOmi) cObICHIbIH CANAILIK JHCASLIHAH PMYPIi
cunamsl 2CKepu onepayusiapea Hemece onapovl Konoayea Kanoau oa 0ip kamvlicsl 6ap b6apivix scyiienepdi
coe3ci3 cananvl e32epmyee oxenemini kepceminzeeHn. Ocvlean 0aUNAHBICMbL KAWBIKMBIKMAH AHLIKMAY
PAOUONOKAYUATBIK JiCylienepl epeKutenik oona aimauosl. Icmin Kaszipei ocagoaiibl «poOOMMbIK CO8bIC -
WLIRLIHOAP CORbICHLY Me3UCIHe calikec Keaeldi, O], aman aumianod, ayblp JHCAYbIH2ePiK KONiKkmepoin
muimoiniein Kypm memenoemeoi, oUmMKeHi 01apObl YUKbIUCHI3 annapammapobl NAUOAIaHy apKblibl JHCOH
WIBIRLIHOAPBL  JHCAYBIHSEPNIK  MAWUHAHLIY,  MbICATbL, MAHKMIY — O03IHOIK  KYHbIHAM — da0eKanoa  as.
Kawvixkmvixman anvlkmay paouoiokayusnsi xcytienepi aye wabdyblibiia Kapcbl KOP2AHbICIbIY el Kblmoam
Kypamoacmapbsinsly 0Oipi 00abin mabwliadbl, COHOLIKMAH OY1 Me3Uc 01apaa KAMbICMbl AHbIK JHCoHe Oy
Konoa bap scanama oepekmepmen pacmanaowsl. Ocvinbly He2izinOe dcakblin borawakma oepeKmep aimacy
Jrcytieci apkwlivl Oip Oyminee Kocblieaw, Oip-OipiHeH mayenciz KenmezeH (UIUKATLIK KYpamoacmapobvly
Hezi3inOe KYpbli2aH yaecmipiieen paouoloKAYUsIblK JCylenepoi KYpy Macenecin Kowobly MaHI Oap eKeHi
xepcemineen. Byn eme xypoeni maceneHi weutyee memamamepuanoap (mepic cblHy Kopcemkiwi Oap
Mamepuanoap) xcane memadbemmepoi NaUOANIany apKblibl KO dcemKizyee boaramvinbl kopcemineen. Ocviean
batinanvicmul 01apobly aApMuIKULLIBIRbL CATBICMBIPMALbLL MypOe 21Ci3 acepepli (NeKmp MOKmMAapbl HcIHe
m.0.) Rnauodanana Omulpuln, ONMUKAALIK CURAMMAMANapObl Oackapy MyMKindiei Oonvin madwuliadbi.
Ynecmipineen paouonoxayusnvix scyienepoi Kypy ywin Oencini munmezi memamamepuanoapovl, OHbuIH
iwinoe  Kazakcmanowulk — QU3UKA-XUMUSAIBIK — MeKkmenmepOiy — dicemicmikmepi  He2iziHoe — dcacanean
Memamamepuandapovl natdaianyobly HaKmvl MyMKIHOIKMepi MaaKbllaHAObl.

Tyitinoi  ce3dep: paduonoxayus, Goxycmay odkcyuenepi, memamamepuanoap, memabemmep,
JAHCAYBIHZEPTIK POOOMMUBIK JHCYUenep, YWKbIUICHI3 annapammap, noCmuHOycmpuaioblk CO2bic.

Tokazano, umo KawecmeeHHO UHOU XAPAKMEDP COBPEMEHHOU (ROCMUHOYCMPUATbHOU UU 2UOPUOHOL)
B01IHbL HEUZDEINCHO NPUBLOEM K KAYECTNBEHHBIM MPAHCHOPMAYUIM 6CeX O3 UCKTIOUEHUS CUCTEM, UMEIOWUX
MO Uil UHOE OMHOWEHUE K BOEHHbIM OelucmeusM Ul ux obecneuenuro. B smom omuouieHuu
PAOUONOKAYUOHHBIE CUCTEMbL OAIbHe20 OOHAPYJICeHUss He MO2Yym COCmaensimv uckmovenus. Texyuee
NOJN0JICEHUe Oell Omeeyaem me3ucy «poOOMU3UPOBAHHAS BOUHA — 2MO B0UHA CMOUMOCMENY», YMO, 8
YACTMHOCMU, Pe3KO CHUdIcaem 3POeKmusHoCmb MANCenblX O0EGbIX MAwiuH MAaK KAK 3ampamsl HA Ux
VHUUMOMNCEHUE NPpU NOMOWU OeCHUIOMHbIX annapamos Ha Nopsaoox u Oojee MeHblule CIMOUMOCHU CAMOU
00e6oll Mawunsl, Hanpumep, mawka. Paduonoxayuonuvie cucmemvl 0anbHE20 OOHAPYIHCEHUS AGNAIOMCA
00HUMU U3 HAUbOLee 00PO2OCMOAUWUX KOMROHEHI NPOMUBOBO30VULHOU 0OOPOHDL, NOIMOMY OAHHBLU ME3UC
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306€00MO OMHOCUMCSL U K HUM, YMO Yiice NOOMEEPICOAEMC UMEIOWUMUCS KOCBeHHbIMU OanHbimu. Ha
OaHHOU OCHOBE NOKA3AHO, YMO 6 0003PUMOL NePCneKmuse umMeenm CMblCI CIMA8UMb GONPOC O CO30AHUU
PACHPEOeNENHbIX PAOUOIOKAYUOHHBIX CUCEM, CO30AHHbIX HA OCHO8e OONbUIO20 KOAUUeCmEd (Du3uuecKux
He3aBUCUMBIX Opye Om Opyea KOMNOHEHM, CEA3AHHLIX 8 eOuHoe yenoe CUCmeMol 00MeHa OaHHBIMU.
Tokazano, ymo peuterue OAHHOU UCKTIOUUMENbHO CIONCHOU 3A0adu MOdcem Obimb 0CYUWECMEIeHO 3d Cuem
UCNOTL306AHUSL MEMAMAMEPUANO8 (MAMePUAios ¢ OMPUYameIbHblM 3HAYeHUeM NOKA3ames NpeloMLeHUs])
u memanogepxnocmei. Mx npeumywecmsom 8 paccmampuéaemom OMHOWEHUU ABISAeMCs GO3MONCHOCb
VIPAGAEHUSL ONMUYECKUMU XAPAKMEPUCMUKAMU NPU  NOMOWU  CPABHUMETbHO CAAObIX  B030elicmeull
(anekmpuueckue moxku u  m.0.). Qo6cyxcoaromcsi  KOHKDEmHble — 8O3MOJNICHOCHU — UCHOJIb30BAHUS
MEMamMamepuaio8 U36eCMHbIX Munos, 8 mMom Hucie, co30a8aemvlx Ha 0CHO8e OOCMUNCEHUN KA3AXCMAHCKUX
DUBUKO-XUMUYECKUX UIKOT, OJIS CO30AHUSL PACNPEOeNeHHbIX PAOUOIOKAYUOHHBIX CUCTEM.

Knrouesvle cnosa: paouonoxayus, (oxycupyrowue cucmemvl, MemamMamepuaivl, Memano8epxHoCcmu,
boegble pobomomexnHuuecKue Cucmemsl, DeCRUIOMHbIE ANNAPambl, NOCHMUHOYCMPUATbHAS GOUHA.

It is shown that the qualitatively different nature of modern (post-industrial or hybrid) war will inevitably
lead to qualitative transformations of all systems without exception that have one or another relation to
military operations or their support. In this regard, early warning radar systems cannot be an exception. The
current state of affairs corresponds to the thesis “robotic war is a war of costs,” which, in particular,
sharply reduces the effectiveness of heavy combat vehicles since the costs of destroying them using
unmanned vehicles are an order of magnitude or less less than the cost of the combat vehicle itself, for
example, a tank. Early warning radar systems are one of the most expensive components of air defense, so
this thesis obviously applies to them, which is already confirmed by the available indirect data. On this
basis, it is shown that in the foreseeable future it makes sense to raise the question of creating distributed
radar systems created on the basis of a large number of physical components independent of each other,
connected into a single whole by a data exchange system. It is shown that the solution to this extremely
complex problem can be achieved through the use of metamaterials (materials with a negative refractive
index) and metasurfaces. Their advantage in this regard is the ability to control optical characteristics using
relatively weak influences (electric currents, etc.). Specific possibilities of using metamaterials of known
types, including those created on the basis of the achievements of Kazakhstan physico-chemical schools, to
create distributed radar systems are discussed.

Keywords: radar, focusing systems, metamaterials, metasurfaces, combat robotic systems, unmanned
vehicles, post-industrial war.

Kipicne

[1] XKywmbicra Oomkamaanranaail, Kaszipri 3amadfbl cofbic 2022 >KbUIIBIH 24 aKMaHbIHIA
VkpanHa ayMarbIHa OacTallFaH KaKTHIFBICTAPMEH pacTaliFaH caralibl 0acka cUmarka ue 0oisl. [2]
aTan OTKeHJEeH, ocKepJepAiH pOOOTTHIK KapyMeH >KaybIHTEpIIEpIiH alTapibIKTall KaMTaMachl3
etinyi [1] GomkaHFaH oCKepH icTeplieri peBOJIIOLKS 1C JKY31H/A€ OPbIH JIbl e aiiTyFa MYMKIHIIK
oepeni.

¥YuiblparaH ©3repicTep/iH €H MaHbI3bl MbICAJIbl - TAHKTEP CHAKTHI Kapy-)Kapak KyhelepiHiH
OCaJI/IbIFbI, HETI3IHEH SKOHOMMKANBIK acmekTifie. KyHbl mamameH MbIH JOJulap TypaTbiH Oip
YIIKBIIICKI3 YIITy anmapaTs! (YIIKBIIICHI3 YTy anmaparsl) KyYHbl OHJAaFaH MIJIIHOH JTOJUTap HeMece
0J1aH J1a Kem 00JaThIH OPOH/IBI KOIIKTI )KOIOFa KaOlIeTTi.

OneMzeri ipl Jep)kaBalapAblH KOMIIUNTIHIH (IOTTapbIMEH KBI3MET €TETIH KJIIACCUKAIIBIK
yJIrizieri Kkemenepre KaTbICTBI OCBIHJAM KOPBITHIHIBI XKacayFa 00iaabl. KaKTBIFBICTBIH YKPAHH]IBIK
Karpl KOJJAaHATBIH ©H ap3aH YIIKBIIIChI3 Kaibiktap P® Ockepu-teHis kymrepidin (OTK)
HBICAaHJapbIHA JKaCaFaH MalybuIapia ©3iHiH 6Te MaHbI3Ibl THIMILIITIH KepceTTi [3].
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By trenaennus 6apibik 6acka KOpFaHBIC XKylenepiHe, COHBIH 1IIIH/E 9/IeTTe CTPATErHsUIBIK eIl
KIKTEJICTIH KyHeepre co3ci3 acep ereal aen OoipkayFa TOJBIK Heri3 6ap. Aram ailTKaHaa, OHTiMe
reOCTPATEeTHsUIBIK ~ TEMEe-TeHMIKTIH KypaMaac OeiriH KypalTblH KAIIBIKTBIKTaH —aHBIKTAY
paguonokanusuibik crannusuiapsl (KAPJIC) Typansr 60mbin otbip. Kpipru-Kabak corbic Ke3iHae Oyt
aliMaKTa J]a reocasic O9CEKEJIECTIK OPBIH aFaHbIH J)KOHE COFBICYIIBI TapamnTap opacaH 30p KapakaT
YKYMCaJIFaH BIKTHMAJI JKay/IbIH ayMaFbIH OapbIHIIIA TOJBIK PaJIUOIOKAIMSIIBIK KAMTY/ Il KAMTaMAaChl3
eTyre YMTBUIFaHBIH aTall ©TKeH jkeH [4]. Bys1 MoceneHi menry »aimbiFa KOJDKETIMIII AePeKTepACH
Oalikayra OOJIaTBIH Harbl3 IUKIONTHIK KYPBUIBIMAAPIABIH Taina OoiyblHa okenui. Meicaisl,
«Pocoboponskcriopt» AK BeO-caiiThiHma Kasipri yakeitta «Pesonanc-HD» [5] KamibIKThIKTaH
aHBIKTAY PAJUOJOKALUMUIBIK CTAHIMACHIH OJKapHamaiaiael. bBynm craHmus, o3ipieyuriiepiiy
aiiTybIHINIA, y3aK KambIKThIKKA (1100 kM-re neiiin), oye mpicaHanapbiH (100 kM-Te AeliiH), OHBIH
imiHae THIEPABIOBICTHIK KoHe «CTelIc» TeXHOJIOTHICHIMEH JKacaaFaHaapAbl Koca ajaFaHaa, OapIbIK
OMIKTIKTE aHBIKTayFa KaOlJIeTTi.

Bbyn KypbUIBIMHBIH MacHITaObIH 93iplieyIliHiH BeO-callThiHga [5] YChIHBUIFaH (POTOCYpeTTeH
kepyre Oonazsl (1-cyper).

aall® -
e s e e TR
o /m-‘rq |.g' -1‘ -

1-Cyper — «Pe3zonanc-HD» KAPJIC-b1, «Pocoboponskcnopt» AK caiiTeiHaH anbiHFaH cypet [5]

Ochbl Typaeri sxyWenepai Kypy WIBIFBIHIApBIH KOPCETETiH HAKTHIpAK akmapar, Mbicaisl, [4]
xymbicta Kenripiuired. Kenripinren skymbicta KCPO FA-wpiH PagnoTexHuka MHCTUTYTBIHIA
o3ipieHreH jxoHe Mockey ManpiHna canbiaraH (Codpuno, Kypbutbickl 1978 »xbutbl OacTainmbr)
«don-2H» KAPJIC xacay ymria 30 MbiH ToHHaaaH actam metamt, 50 MbiH ToHHa OeToH, 20 MBIH
KM KaOellb, JKy37IeTeH KHIIOMETP Cy KYOBIpJIaphl jkoHE T.0. jKyMcajaFaHbl atam eTindi (2-cyper).
CranmusabiH 1996 5XbUTHI FaHA JKayBIHTEPITiK Ke3EKIIUTIKKE aJIbIHFAHBIH €PEKIIe aTal 0TKEH JKOH.

Kpipru kabak corbic ke3iHge keHecTik TapanThlH KAPC kypyra kymcairaH HIBIFBIHAAPIBIH
ayKbIMBIH 3bIMBIPAHJIBIK MIa0YbUT Typalibl €CKepTY KYHECiHIH Heri3ri Kypamjaac OesikTepiHiH Oipi
6onpbin TabbutaThiH KeHeCTiK KAPJIC-IbIH COATYCTIK >KapThl MIAPAbI PaJUOJIOKALMUSIBIK KaMTy
kapraceiHbIH (3-cyper) Herizinme ne Oaranmayra Oomazpl. By JKy#HeHIH paarosIOKalUsIIBIK
CTaHLUSUIAP/BIH LIEKTEYNI CaHBIH KaMTBIFAHBIH Kepyre Oojanbl, Oipak OJIapIblH OpKaiChIChIHIA
JKAyarnKepUILUTIKTIH MaHbBI3IbI CEKTOPBI OOJIIBI.
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2 — Cyper — «[lou-2H» KAPJIC-51 [4]

3-Cyper — KCPO-nb1H 1980 >xbUTFbI jKaF1aiibl O0MBIHINA 36IMBIPAH/IBIK MA0YBLT TYpaIbl
eckepry xyienepinin KAPJIC 6akputay 30Hamaps! [4]

KampIKTBIKTaH aHBIKTAY PaIUOIOKAIUSIIBIK CTAHIUSUIAPBIHBIH 3BIMBIPAHJIBIK MA0YBUT TYpabl
€CKepTy >KYHeNepiHiH IIeKTeyJi CaHBIMEH OpKAHCBICHI OTe JKOFaphl OarajlaHATBIHBI CO3Ci3,
COHJIBIKTaH, K€M JIETeHJIe, «TaHK KYHBI — OHBI OY3aThIH YIIKBIIICHI3 YINTAKTHIH KYHBD) JIOTHKACHIH
OCBHI TEKTEC HBICAHapFa KATBICTHI J1a KAIFACTHIPY Typajibl MOCEJICHI KOTepyTe PYKCaT ETiIeIl.

OHbIH YCTiHE, OHJIAMH-pecypcTapAarbl TEKCEPUIMEHUTIH ACPEKTepre COoMKec, YKpanHa Taparibl
Ka3ipiH ©31H]1e KapaJIbIll )KaTKaH TYPAETi HbICaHIapFa Madybll Kacay MyMKIH/ITIH ChIHAI KaThIp.
Kamait Oonranma ma, YKpaWHaHBIH VIOKBIIICHI3 YIIaKTapblHBIH Peceit  deneparusichIHBIH
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ayMmarbIHBIH TepeHairinae (Tarapcranra aeiiiH) opHaNackaH MyHail eHjaey 3aybiTTapbiHa (MO3),
SIFHU, AHBIK CTPATETHSUTBIK OOJIBIN TaOBUTATHIH HBICAHIApFa MIa0ybUT JKacay (pakTici pacTayiibl.

JleMek, ocKepH icTepJieri TOHKEPIC JIOTUKAChI TYPFBICBIHAH Oipak MOCTUHIYCTPHAIABI JOTHKAA
KOPCETUITeH IeH, aTtan aiTKannaa, [1] ayKeIMIIbI )KoHE KbIMOAT PaJMOIOKANUSIIBIK CTAHITUSFA YKCAC
MOceJIeH] IMICIIECTIH JKyHenepre Koy Typalibl MOCEICH] KOTePY KETKUTIKTI.

byn >xympicTa MyHmal MoceleHI IIemry, aTan alTKaH[a, [6] KapacThIpbUIFaH YJIECTIpUIreH
KyHenepre Kellyre HeTi3[e/reH TPUBHAIBIbI €MeC TOCUIAEpAl KOJAaHyIbl Tajamn eTeTiHIH
kepcereni. by Tocin, o3 keserinae, 013/l MeTamaTepHayap MEH MeTabeTrTepre MYKHSAT Hazap
ayJapyra MOXOyp erei.

benrini Gonranmait [7-9], Meramarepuanmap MEH MeETa0ETTEep ONTHUKAJIBIK JKOHE pajuo
nuana3ona (KULTIK-CENICKTHBTI OeTTep, KeHICTIKTIK MOJSIPU3ANUSIIBIK CY3Tiiep, Mmosipu3aropiap,
PaMOXKYTKBIII MaTepualigap MeEH >KaObIHIApAApAbIH, MbICaIbl, «CTenc» KoHE T.0. CHSKTHI
TEXHOJIOTHSUIAP/IbIH) JKYMBIC ICTEHTIH OipKarap >KyHelep YIIiH TMEepCHeKTHBTI HEri3 OOJIbII
TaObuTabl. MeTamaTepuaingap MeH MeTaOeTTepliH OypbhlHHAH Oenrin KacueTTepi, COHJai-aK
onapIbl OHMAIPYIIH OENrili omicTepl OChl KYMBICTa KOPCETUIreH [6]-Ia YCHIHBUIFAH TOCUIMEH
yineciMae paauoJOKalMsUIBIK JKyHenepal Kypy Tocunaepin sxoHe Oonamakra KAPJIC yorin
aifTapibIKTall KaliTa KapapacThlpyFa MYMKIHAIK Oepei.

gjicrep

Byt skyMBICTa KOJIAHBUTATEIH HET13T1 9JIiC alllbIK 0acmaces JIepeKTepi HEeTi31HAe 03bIK KOPFaHBIC
TEXHUKAChlH KYpy calacblHAarbl Oap TEHACHUMSIIAPIbIH AaMyblH Tajijay OOJIbII TaObLIabI.
Ocpiran OaiinaHpicThl Oy KyMbIC [1] KYMBICTBIH >KalFachkl OOJBIN TaOBLIAABI, OHIA YKCac
omictepal KongaHa OThIpeIN, 2022 >KeUIABIH 24 aKMaHbIHAA OacTalfaH OKHUFalap Ke3iHJe TOJBIK
pactanFaH OoJKaM, COHBIH IIIIHJE, MeTamaTepuajjap MeH MeTabeTTep Typaibl KOJDKETIMII
aKnmapaTThl Tajay OepiireH.

JIMDNEeKTPUKTIH € MarHUTTIK OTKI3TIIITIT [L MOHJAEpl OOMbIHIIA MaTepHalgaplblH KiKTenyl 4
cyperre [10] xepceriireH. € < 0 xoHe pu < 0 OonaThlH opTanap Tepic ChIHY KOPCETKIIIIMEH
CUNATTAaJIa/Abl )KOHE JIJ coJjlap KeINTEereH Oenrul MeTaMarepraljapAblH Her131H Kypailasl. MyHnai
opranapbl kebinece ouneratuBTik (DNG, double negative) nemn atanaapl.

n
A
ENG-matepuansi DPS Material
(e<0, u>0) (e>0, u>0)
Mnasma HuanexTpukm
O > c
DNG-marepuans MNG-marepuansi
(<0, u<0) (e>0, u<0)
MpoTponHbie
MQArHUTHBIE MATEPUANbI

Cypert 4 — JIUdAEKTPUK € )KOHE MATHUTTIK OTKI3TIIITIK | OeNTiciHe OaillaHbICThI (PU3UKATIBIK
opranapabiH xiktenyi [10]
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Tepic cweiHy KepceTkimii Oap opTanblH [11] TeOpHsUIBIK TYpFBIAAH OOJKAHFAH KONTETeH
TPUBHAIBIBI eMec KacueTTepi Oap. Omapabl cyperrey yiriH keHecTik ¢usuk B.I. Becemaro
YCBHIHFaH JIMH3a JKYMBICBIHBIH JHarpamMMachl xui Koinanbuiaasl (5-cyper). Tepic cbiHy KepceTkilri
O0ap MaTepualJaH >KacajFaH >KaINaK IJIacTUHA OOJBIN TAaOBUIATBHIH OCHIHAAN JIMH3achl Oap
KECKIHJEPIiH KYPBUIBICHIHBIH KOPHEKI HILTIOCTPAIUSCH 6-CYypeTTe KOPCETIITEH.

d-1

5-Cyper — Becenaro JiMH3achIHAAFbI cayJie kOB (S): A — coyne ke3i, B — coyne ke3iHiH
KecKiHi, d — racTuHa KaJbIHIbIFbI, | — IIIaCTHHAAH COyJIe KO31HIH KAIbIKTHIFbI [12]

S-cyperTeri cyji0a Tepic ChIHY KepceTKilll 0ap MarepuanapblHbIH €H Tamalla KacHeTTepiHiH
OipiH nmainananaasl. CelHFaH coyJie HOpMaJaH OeTKe KapaMa-Kapchl OaFbITTa aybITKUABL. OCBIHBIH
apKachlHJa 0acTarnKbl KeCKiH €Ki Hykrere OarbiTTanraH: Oipeyl DNG MaTepuan KaOaTbIHbIH MIiHAE,
EKIHIIIC] TJIACTUHAHBIH OH JKakK meTiHeH d — | KambIKThIKTa OHBIH CHIPTHIHAA. MyHIal JuH3a1a
(GOKYC Ka3bIKTBHIFBI OOJIMAM/IbI JKOHE 01 OOBEKTIHIH YII OJIIIeM i HaKThl OciHeciH jkacaiasl (6-

Cyper).

6-Cyper — Becenaro nuH3achIHIAFbI cae xobIHBIH 3D-cynback! [12]

Kaszipri yakpITTa TEpic ChIHY KOpCeTKilI 0ap MeTamatepuangap KoOiHece TUAIEKTPIIIK OPTaHBIH
iIIiHIe OpHATacKaH OPTYPIl OTKI3TII JIEMEHTTEP Il Naiifanany apKbUIbl kacanaasl. Col CHSKTHI,
MeTalbeTTep oTe KapamailbiM KypajJjilapMeH YKcac 3JIeMEHTTEpAl MaijanaHy apKbuibl, Oipak Oip
Hemece OipHele KabaTTapaa OpHAIACTHIPBUTYBI MYMKIH.
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blkTuman HyckamapabiH Oipi 01 — omera >JI€MEHTI JeN aTajaThlH, SFHU TPEK opIi omera
TYPIHJIET1 OTKI3TilI 3JIeMeHT (7-Ccyper).

7-Cyper — Metasut omera OeJiekTepine Herizaenren meraoer [13]

OpOip ocbiHAAN OeIIEeKTe TYCETIH 3JIEKTPOMAarHUTTIK TOJIKbIH OMera 3J€MEHTIHIH MbIKTapbIHA
OarbITTAJIFaH 3JIEKTPIIK JUIOJbIIK MOMEHT »Kacail anajbl, ©TKEH1 3JIeKTp 3apsaTapbl HETri31HEeH
OHBIH YIITapbIHJa IIOFbIpJIaHFaH. byl peTTe MarHUTTIK MOMEHT opOip MeTaaromJia maijga 0oyl
MYMKiH, OJI OMera 3JIEMEHTIHIH Ka3bIKThIFbIHA TIEPIICHIUKYIISIP OAFbITTAIFaH, OUTKEHI 3JICKTP TOTBI
OHBIH inmMerinae OaceiM Oomansl. COHBIMEH Katap, Oyi1 jkarjaiiia aikac ocepiep OOIybl MYMKIiH:
AJIEKTP Opici MATHUTTIK MOMEHTTI, &l MAarHUT OpICi ©3 Ke3eriHe JICKTPIIK JUTOIBIIK MOMEHTTI
*acai anansl [14] (8-cyper) .

8-Cyper — JKa3bIK TIKOYPHIIITE OMEra 3JIeMEHTTePIHEH KEHICTIKTIK
KYPBUTBIMAAP/IbI KATBITACTHIPY [14]

bip KbI3BIFBI, aca JKOFapbl OKUUIIKTI JWama3oH YIIiH MeTa0eTtepai (HeMece OJapblH
MOJIeTIbIEpiH) TIinTi Qpesepiey apkpuibl amyra Oomaabl [15] (9-cyper). Bysn KapacThIpbLIBII
OTBIpFaH THUNTErl MeTaMaTepHajapIblH Ipreii epekulesirine OalaaHbICThl — MaTpULaaa
OpHAJIaCKaH »JJIEMEHTTEP/IIH CHUIIATTaMaJIbIK OJIIeMAepl KoHE/HeMece OJIapAblH apachIHAFbI
CHITATTaMAaJIbIK KAIIBIKTHIK TOJIKBIH Y3bIHBIFBIMEH CAIBICTHIPMAIIBI OOTyBI KEpeK.
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9-Cyper — ®@pe3epiik 9icrieH METa0eTTIK MOIeb/al any [15]

Opi Kapail, Mertaberrep O€TKEe TYCETIH TOJKBIHHBIH (Da3aiblK BIFBICYBIHBIH TapalyblH
KaJIBINTaCThIpyFa MYMKIHIIK Oepeni. da3anblK BIFBICY TPaJUEHTIHIH Maiiaa Ooybl, ©3 Ke3eTiHIe,
eTe TPUBHAIBIBI €Mec KacueTrepi Oap nuH3aJap MeH 0acKka ONTUKAIBIK 3JIEMEHTTEP.IIH
aHAJIOTTapbIH KAJIBINTACTBIPYFa MYMKIHJIIK Oepei.

CoHbIMEH Karap, MyHJal AJIEMEHTTEpP[IH KacueTTepl, MbIcalbl, MeTaMaTepuaigap Heri3iHie
CaJIBIHFaH JIMH3aTap/bIH (POKYCTHIK KAIIBIKTBIFBI PETTENETIH €TiM jkacayFa 00JIa/ibl, COHBIH IIIH/IE
AJIEKTP TOTBIHBIH OCEpPIHEH Je. DJEKTP TOTbIHBIH KOMEriMeH MeTaMaTepHuaAapAblH KaCHETTEpiH
OackapyblH KapanaibIM MbICAJIbl — ©TKI3TIII 3EMEHTTEp] 0ap AUaNeKTUKAJIbIK KOMIOHEHTTEPIIH
KyliH e3repTy. byfaH, Mbicanbl, NOJAMMEp MaTpULIAJIApbIHIAFbl (a3alblK aybICYIap/bl,
HaHOOOIIEKTep/iH OaFiapiaHyblH peTKe KeNnTipyMeH OalyaHbICThl acepiepii *koHe T.0. [16]
KOJIJaHa OTBIPHIN XKeTyre Oosabl.

Ocburaiinia, peTTeNneTiH cunarramanapbl 6ap cajlblCThIpMalibl TypJe KapamaidblM pajnoTOJIKbIH
TYPACHAIPTiITEpIH Ky3ere acblpyra MyMKiHIIK Oap. CoHpail-ak MyH7Iail 3JeMEeHTTepAl ecenTey
Kypanaapsl 6ap, meicanbl, ypre onrtukace! [17, 18]. By ¢pu3uKanbsik Toyenci3 KOMIIOHEHTTEPACH
TYpaThIH O6JIIHTeH paJuOJIOKALUSIIBIK KYHenepali Kypy Typajibl MICEJIeHI KeTepyre MyMKIHJIK
oepeni.

Hoaruxesep
Ou3MKaIBIK TOYENICi3 Kypamaac OOJIKTEp/IeH TYPAThIH Ke3 KENTeH JKaybIHTepIIK JKYHEHIH Ke3

KeNreH (U3MKAIBIK ocepre TO3IMIUIITIH apTThIpFaHbIH JNICNACYIIH KakeTi koK. bym [1]
TaIKbUIAHFAH JKAYBIHTEPJIK HEHPOHIBIK JKENJIepaiH OacThl apTHIKIIBUIBIFEL. MyHAal xyienep
OipTyTac xyiie peTinae GU3UKAIBIK TOYeNCi3 KOMIIOHEHTTEpP apachlHIAFbl aKapar aaiMacy apKbUIbI
FaHa KbI3MET eTefi. [6] >KbUIbl MyHAal KYHWEHIH aHaJorbl KapacThIPBULABI - (DU3MKAJIBIK TYeNCi3
KOMIIOHEHTTEPJICH TYpaThlH OejiHreH JmH3a. MyHnall KyHeHi KYpyIblH HeETi3i, e3 Ke3eTiHJE,
xanmeuianrFan Dypee onTukackl Oonbin TaObaabl [17, 18], oHblH meHOepiHae OIPTEKTI emec
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(ceHETiH) TONKBIHAAP KAapacThIpyJaH MIBIFapblIca, MOHOXPOMATHKANBIK PaJIUOTOIKBIHIAPIBIH Ke3
KeJIreH TYPJICHAIPTilli JUCKPETTi JIEMEHTTEPACH KYPACThIPhIIFAaH aHAJIOTTICH aybICTBIPYFa MYMKIH
eKeHiH gonenaeyre Oonaabl. MyHaail 3JIeMEHTTEp apachblHIAFbl CHITATTAMAJIBIK KAIIBIKTBHIK TOJIKBIH
Y3BIHIBIFBIHBIH JKapTHICHI 00Tyl KepeK.

by tocin 10 M-7eH acaThlH pagMOTONKBIHAAP/GI MTali1ajjaHy KEe31H1e HEeri3/IelreH, Oy Tikenen
palMoKepiHy aiMarbIHIa CaJIBICTRIPMAIbl TYP/E KbICKA KAIIBIKTHIKKA Ki10EPUIreH Ke3/ie aKlapaTThl
KOpFay MakcaTTapbl YIIiH 90JeH KoJsaiibl. Jlomipek aiTcak, Oyl TOCcUT ic »KY3iHIE TapaTy >KOHE
KaObLIIay JKYHECIH KYpalThIH 63apa OaillaHBICThl KaOBLIIAFBIIITAp TOOBIMEH JKY3€Te achlpbUIATHIH
panuoapHanap apKbUIbl ajbIHFAH aKHmapaTThl eHJAEYy YIIiH Heri3fenreH. by jkarnmaiiia, MbIcaibl,
YIIKBIIICKI3 YIITy anmaparrapbl TOObIHA OepiieTiH 6acKapy aKmapaThIHBIH KOJEMiH CalbICThIPMAIbI
TYpA€ a3aiiTyra OONATBIHBI ©TE MaHBI3IBI (YIIKBIIICHI3 YIIy amnmaparTapblH OacKapyra KaXeTTi
KOMaHJaJIlap CaHbl aHBIK IIEKTeYJi). Bys cambicThipmaniel TypAe€ TOMEH OTKi3y KaOimeTTiiiri
apHaJIapblH, JIEMEK CaJbICTBIPMAJIbl TYPJAE TOMEH PATUOXKHUIIKTEpIi NaigaiaHyFa MYMKIHIIK
oepeni.

JleuuMeTpITiK Jrana3oHFa Kelry Ke3iHjae OyJl TOcLT KoJjaiichl3 00Jajbl, JETeHMEH TapaThLIFaH
KaOblIay IPUHLHUIIIHIH 631 (OChl MaKcaT YIIH (PU3UKaJIBIK TOyeNCci3 KOMIOHEHTTEp Il Naiiaanany)
Qi JIe )KY3ere achIpbUIybl MYMKIH.

Onbr  kapamaiieim  Typae 10-cyper Oelineneiimi. byn karmaiiga Kyile SJIeMEHTTEPiHIH
OPKAWCBICBIHBIH 031 «JIHH3a» Hemece (oKycTay pedIieKTOphl KBI3METIH aTKapaisl. MyHnai
AIIEMEHTTEP/IIH KOMOHMHAIUACH KaOBULIAFBIII OpHAJTACKAH HYKTene Oenrisii Oip TOJKBIH BEKTOPHI
0ap »Ka3bIK TOJKBIHHBIH (POKYCBIH KaMTaMachl3 eTyre apHairad. LIIH MoHiIHIE, MyHJa YJIKEH
ayMakThl MapaboJayibiK pedIeKTopbl 0ap paauoTEeNeCKONThIH aHAJOTbIH KaJbIITACTBIPY TYpPasbl
AU TBUIBIN OTHIP.
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10-Cypet — YnecTipinreH KaObuIIay TPUHIIHITI

OU3MKaIbIK ToyeNlci3 MmapaboJaiblK MIAFbUIBICTRIPFBIINI KOMIIOHEHTTEpIH Maijanany ¢akTicl,
opuHe, 9MIETTEr1 MaTepHuasiap/ibl MaianaHa OThIPbI, MyHAal *KYHEH]1 KypacThIpy bl alfTapibIKTan
KUbIHJATabl. JlereHMeH, MyHJail KUBIHIBIKTAP/Ibl 1)1 OChl MeTaMaTepHalgap MeH MeTabeTTepi
naiianany apKbUIbI )KeHyre 0ojazibl. ATan aifTKaH/Aa, )KOFapblaa KeATIpUIreH IIoJTy1aH KeJeciae,
OackajapMeH Katap, OacKapblUIaThbIH (pa3aiblK BIFBICY TPAJIUCHTIH KAJIBIITACTHIPY SCEpiH MaianaHa
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OTBIPBIN, Teric (POKycTay 3JEMEHTIH XKy3ere acblpyra Oomaasl. MyH7ail 3J€MEHTTIH aHaJIoOTBl -
napaboIIabIK 3aHFa COMKeC OOJIIHIeH ChIHY KOPCETKIlll KajaK MjacTuHa.

CoHbIMEH KaTap, MeTamMaTepHuajjap TepiC ChIHY KOPCETKILIiHIH MOHIH ©3repTy apKbUIbI
COyJIETICHYIIH CHIHYHI Ke31HAe (ha3aibIK BIFBICY/IBI PETTEYT€ MYMKIHJIIK Oepei.

by dakT Gonamakra MocelieHi )KoFapbla KOWBUTFaH Moceere Kepi Ienryre MyMKIHIIK Oepeni,
aFHU. (a3ajblK aHTEHHA MACCUBTEPIHIH aHAJOTBIH KalbIITACTBIPYIbl KaMmTaMmachi3 eTy. Ecke
caJlailblK, MYH/Iaif TOpJIap LIBIFAPATHIH Ka3bIK TOJKBIH XKeKe NIpIIAETKIIITEp kKacaraH TepoericTep
apacblHIarbl HHTEephEepeHIs HOTHKeciH e naiaa 6onanbl [19]. ToakpiHaapabiH Tapanry OaFbIThIH
Oackapy oOpTypial MipUIAETKIIITEp MIBIFAPAThIH TEePOENiCTEpIiH apacbiHaa OepiireH (a3aibik
alBIPMAIIIBUTBIKTI KATBITITACTBIPY apKBUIBI KOJI JKETKI3UIe 1, oJlap YIIiH OipKaTtap opTypiii Tociiaaep
0ap, omapsl KApacThIpy OYJ1 )KYMBICTBIH MaKCATTaphl TYPFBICBIHAH KBI3BIFYIIBUTBIK TYIBIPMAaNIbI.

Meramarepuangapapl MaigagaHy Kargaiapl TyOereini e3repremi. bapiblk mipuimeTKimTep
OYKiJI XKyiere opTak «caraTIEH» OpHATBUIFaH KaTaH aHbIKTaJFaH (a3ama Jipuial IIbIFapa aiajbl.
dazanbIK BIFBICY OenTiii Oip AJIIEMEHTTIH KEHICTIKTET1 OpPHBIHA KOHE Ka3bIK TOJKBIHHBIH Ka)KETTI
Tapaily OarbIThiHA OaitmanbicThl eHrizineni. byn 10-cyperreri cynbanaH KapacThIPBUIBINT OTHIPFaH
ANIEMEHTTEP/IIH OPKANCHICBIHBIH (OKYCHIHAA MIpUIASTKIII OONAaThIH >KOHE MeTaMarepHalgap/Ibl
naiganany cdepanblkTaH epeKIlIeJIeHETIH >XoHe OepuireH Qas3anblK BIFbICYbl Oap Oenrimi Oip
coyJelieHy YVATiciMeH TepOenmic Kypyra OosiaTelH cyi0ara aybicyFa MYMKIHIIK —Oepeni.
MeTamarepuall CHIIaTTaMaJIapBIHBIH ©3TePYiH KaMTaMachl3 €TETiH MPOIECTePHiH KbUIIAMIBIFBIH
(eH KapamaiieiM karjainapia na [16]) MUKPOCEKYHITBIK IHAIla30HFA KETKi3yre OOJIAThIHBIH
€CKepe OTBIPHII, CYJI0aaFbl Ka3bIK TOJKBIHHBIH TY311yi 10-cypeTke kepi (KOFapblgarkl MarbIHA/IA)
PaAMONOKAMSIIBIK MOCETIENIep Il ISy YIIiH KaXeT HaKThl YaKbITTa OPbIH allybl MYMKIiH.

Tankel1ay

Xorappiia KenTipuIreH akmapaT paJudojuana3oH YIIIH MeTamarepuaniapibl jkacay Ke3ek
KYTTIPMEUTIH MOCelie €KeHIH KopceTei. OpuHe, OyJ1 OarbITTaFrbl )KYMBICTAp OYpBIH OCJICEeH Il TYP/e
KYPri3uial, eMTKeHl MyHJail marepuanjgap 3JIEKTPOMAarHUTTIK TOJIKBIHAAp/bI I1LIIHApa Hemece
TOJIBIFBIMEH CIHIPETIH JKaObIHIOapAbpl jkacayFa MYMKIHIIK Oepeai. Aumnaiga, OChl >KYMBbICTa
KOpCEeTUITeHIel, MeTaMmarepuangap MeH MeTa0erTepli kacay KasipaiH e3iHae «Crenc»
TEXHOJIOTUSICBIH YKOHE OHBIH aHAJOTTapblH KaMTUTBHIH «UHAYCTPUAIABD) Kapy-Kapak *KylelepiHiH
JamMy JIOTHKaChIHA FaHA eMec, COHBIMEH KaTap, «[TOCTUHIyCTPUANIBD KAPY/Ibl 1aMbITY JTOTHKAChIHA
coiikec keneni. «MHaycTpuanabl Kapy-Kapaky JKOHE «IOCTHHIYCTPHAIIbl Kapy-Kapak»
TEPMUHJIEP] OJap/bIH allKbIH MAPTTHUIBIFIHA OAMIAHBICTHI THIPHAKIIIAFA ATBIHFAHBIH aTall oTeMi3.
bipak 2024 xbuinbiH 24 akmaHblHAAa OacTajdfaH OKHUFajap KOPCETKEH OoCKepH icTepreri
PEBOIONUSITBIK ©3TE€pICTEPIl KOPCETETIH dJIEMIIK cascaTTaHy OBl ColKec TepMHHAEP/l >KacaraH
emec. by, opune, icTiH MoHIH e3reprneiini. Ke3 kenren ockepu (Hemece Kocapiibl) MaKcaTTarbl
YJIKeH rabaputTeri, KbIMOAT JKylenep oTKEHHIH EHITICIHe aliHaJbIN 0apa »aTKaHbl aHbIK. MYHBIH
aKBIH KOPIHICI - Ke3 KeJITeH HbICaHaFa AMBEPCHS jKacail ajaThlH SPTYPIl «IIPOKCH KypamaapIbD»
naiianany, JereHMeH KaKThIFBICTBIH ©pIyiHe TYOeTeii )kaHa IeHreire Koy 1 Ty bl pMaiabl.

Ocpinaifma, ic Ky3iHJe OTII KaTKaH JKalmail Kapy IIBIFapy/bIH KaHa alHAIBIMBI XUMUSIIBIK
TEXHOJIOTHUSUIIAp callachlHa Ja 9cep eTeli, Oyl aKkmapaTThl OHJIEY JKoHe Ki0epy KyHenepiMeH ThIFbI3
0OaiIaHBICTEI OOJIBII IIBIFAJIBL.

byn camama Kazakcran Ttapuxu cebenrepre OaiyaHbICTBI 0Oapabap FHUIBIMU-TEXHUKAIBIK
casicaTThl KaJIBINITaCThIPFaH JKaFAaii/la )Ky3ere acblpbuUlybl MYMKIH OipKaTap apThIKIIBUIBIKTapFa ue.
Jlomipek alTKaHaa, KO3ABIPFBINIKA CE3IMTal TMOJUMEpPJIEpP, OHBIH IMIIHAEC HAHOOOJIICKTEPMEH
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KAHBIKKAH TIOMUMEpIIEp CallaChIHA Ka3aKCTaHABIK FHUIBIMU-TEXHUKAIBIK MEKTENTEp oJIeMETi
KETEKII OpbIHAAPIBIH OipiH anaabl, OyJ1 0OBEKTHBTI CaHABIK KOPCETKIIITEPMEH pacTaiabl.

Byn omeyeTrTi oCKepU-TEXHUKAIBIK JaMy CallaChIHIaFbl aFbIMJIaFbl FaHa eMec, OOJKaMIbI
MoceJeniep/Il menry Y e naipananyra 6omanel. ConbiMeH KaTtap, Kazakcranma KP ¥aTThIK
WH)KCHEPJIIK aKaJeMHSCHIHBIH KapaMarblHJIa MOHAPAIBIK FBUIBIMH MEKTEIl JaMblIbl, OHBIH Oap
eKeHJIIrl OackalapMeH KaTtap IMOoJuMepIIepAiH (U3UKAIBIK XUMUSCHI, HAHOTEXHOJOTHUS JKOHE
pannodu3rKa KUBUIBICHIHIA XKYPTi3UIETIH OCBI )KYMBICTapMEH pactaiaasl. by aneyerti KP yiTThik
KayIIci3airiH HeIFaWTy MaiachlHa ackIpy YIIiH KOJAaHyFa 00J1ajbl, ocipece OyJI KaKETTUTIK alKbIH
OCIIT KeJle )KaTKaH reocascu TypOyJIeHTTUTIKKe OaillaHbICTh OapraH callblH aliKbIH 001a Tycye.

3amanayu okarmaiiia KaHgaiik ga  Olp WH(PaKypBUIBIMHBIH, KapXKbUIBIK HeMece Oacka
MYMKIHIIKTEpIiH 00Mybl emec, Oenriii O6ip HeTpUBHAJIBI XKOJIIAP/bI JKacail amysl OipiHIII OpbIHFa
IIBIFATHIHBIH TaFbI J1a aTal OTeHIK.

Xorapeima aiiTbulFaH oWiap ic JKy3iHAe, €H OoJjMaraHza, ojap TYKbIpbIMAAIFaH (opMmaia
’Ky3ere aceIpblIaThiHbl pakT emec. bipak 013 Oy yKkiMaep/iH eH 6onmaranaa 0ap 00myblHA KYKBIFBI
Oap nen ecenTeiMis, OWTKEHI ojlap OapraH caiiblH alKbIH OOJIBIN KeJie jKaTKaH (aKTiHI KepceTei.
DKOHOMHKaFa KATBICTBI, 9Cipece KOPFAHBIC OHEPKOCIOIH KapKbLIaHABIPYFa KATBICTHI acMEKTije,
OHBbI OipiHII KYBIKTall anfaHjAa, Kenecigeil kepceryre Oonaabl. KapKbIHBIH €31 elTeHeH1
oinmipmeiini. OnapaplH THIMAUTITIHIH KPUTEPUAT KapKBUTBIK IIBIFBIHAAPABIH OHIMI KOHE OJapabIH
HAKThI 9CKePU-TEXHUKAJIBIK IIEHIIMICPTe alHATY KBULIAMIBIFBI OOJIBIT TaOBLTA B,

Connpiktan na Kazakcran oneMHIH JKaHAPTBUIFAH T'EOCAsICH KapTachlHAA ol /i€ 63 OpPHBIH
aHBIKTAIl KeJIe )KaTKaH MEMJICKET peTiHIe Oap araaiira FaHa emec, OOJDKaMIbl JKaF iaiira OapbIHIIa
Ha3ap ayJapybl KepeK JIereH CEeHiMIeMi3. ATam aiiTKannma, Oyl paauo(u3uKaHbIH XKOHE OJ ©3eri
00JbINT TAaOBUTATHIH OApNBIK FHUIBIMUA OaFBITTApABIH JaMYBIHBIH KaHa Ke3eHIHE Heri3 0oJaThiH
aJJIBIH aJla aHBIKTAJFaH KacueTTepi 0ap jkaHa MOJIMMEpIIiK MaTepuaiaapsl OaraapiayFa KaThICTHI.
Tarbl 1a aTan eteiik, OyFaH Heri3 O6ap.

KopbITbIHABI
Ocbutaiiiia, jxakblH Oojamakra Oip-OipiMeH (U3MKanbIK OalIaHbICHl JKOK Kypamjac

OeiKTep/IeH KypacThIPBUIFAH YIECTIPUIreH paaruoIOKaIMIIBIK KYHenep Al KalbInTacThIpy Maceneci
co3Ci3 TYBIHIANABI Jem ailTyra TOJBIK Heri3 Oap. Outnece, [1]-me KopCeTUNreH >KaybIHTEpIiK
HEUPOHJIBIK XyHenep Kypy NMpUHIHUI OyJT ailMakka ce3ci3 aybicanbl. byl Kapy-kapak MmeH ocKepHu
TEXHUKA JaMybIHbIH OOBEKTUBTI 3aHJBUIBIKTAPBIMEH, OacKalapMeH Karap, SKOHOMMKAJbBIK
cebenTepMeH alKbIHIAIFaHbIH atan oTeMi3. OChl 3aHIBUTBIKTAP/IbIH 00JTybIHA OAMIAHBICTHI OCKEPH
icTepJie KOJIJAHBLIATBIH Ke3 KeNreH >KyHenepAiH AW3ailHbIH JKeHUIAETY KOHE OHMAIpY KYHBIH
TOMEHJIETY TEHJEHIMACHI €O3Ci3 0O0Naabl KOHE PAIHOJIOKAIUs CUSKTBI MaHBI3IbI caia, acipece
KAIIBIKTBIKTaH aHBIKTAY PaJlapbl MYH/IA €pEeKIIeNTiK O0Tybl MyMKIiH eMec.

Tapuxu cebentepre OainmaHpicThl Ka3akCcTaHHBIH ©T€ HAKTHI dleyeTi 0Oap, OHBI JCKepH-
TEXHHUKAIBIK KYPBUIBIC CalaChIHAAFbl Ka3ipAiH ©31HJe KaJbIlITAaChIl Kelie jKaTKaH FaHa eMec,
OomKaMIOpl  TEHIEHIUsUTapFa  OaFpITTanFraH  Oapabap  FHUIBIMHU-TEXHUKAIBIK  CasCaTThl
KaJIBIITaCThIPFaH KarJaiaa *Ky3ere acelpyra 00abl.

Ocel OomxamaapabiH Oipl MeTamaTepuaigap MEH MeTabeTTep/i paanodu3uKaga >KOHE OHBIH
HETI31H/I€ CaJIbIHFaH KOJAaHOaIbl OOJIbICTap/ia, aTanm alTKaH/a paauoJIOKalMsaa TakJaTaHy IbIH
apTybIHa OaMIaHBICTHI.

Hotwxecinne, kKacueTTepi ainAblH aja aHBIKTAJFaH IOJIMMEPIiK MaTepHaliapiabl JKacayra
OaFpITTaFaH Ka3aKCTAaHIBIK FBHUIBIMH MEKTENTEp VIIIH OPTYpJli MaKcaTTarbl MeTaMaTepHaaap
’Kacay YIIiH 06ap FBUIBIMH-TEXHUKAJIBIK QJICYETT] MalijanaHy¥Fa KiTi Hazap aynapybl OpBIHIBI.
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Ilpeocmasnenst dannvle ucciedosanus no pazpabomre euOpPO2ene8oll AHMUCENMUYECKOL MA3U HA OCHOGe
cuumoeo  noau-N-eununnupporuoona (IIBIl) nonywaemoco memooom mpexmeprol  paduayuoHHOU
noaumepuzayuu. B kaueceme anmucenmuxa ucnonv3osan xiopeekcuour ouemoxornam (XI'). Hccredosarnwvi
3AKOHOMEPHOCIU  (OPMUPOBAHUsT NOAUMEPHBIX 2udpozeiell 6 npoyecce pAOUAYUOHHOU Ccuusarowell
noaumepuzayuu N-sunurnupponrudona (N-BI1) ¢ npucymemeuu N,N -memuien-ouc-akpuiamuoa 6 kauecmee
cusaroujezo azenma (CA). Ilokasano, umo 8vixo0 2eib-ppaxkyuu 3aKOHOMEPHO NOBLIUAETCI C YBETUYEHUM
003bl obnyuenusi u xonyenmpayuu CA 6 ucxoonot monomepnou cmecu (UMC), paenosecnasi cmenenb
HAOYXaHUsi NONYYEHHbIX NPU dMOM 2udpozeiell CHuxdcaemcs, 00YCI08/eHO NO8bIUEeHUEeM HIOMHOCIU
cuusanus opmupyemvix HOIUMEPHLIX CemOK. YCmanosieHo, umo 6004 OKA3bieaem aKMueUpYuuil
aghpexm na monexyrvr N-BII, umo obycrosnusaem sgienue YCKOPeHUs MpexmepHou paoukaibHOU
noaumepusayuu  dmozo Mmouomepa npu pasoasienuu HMC 6odoi. Ocywecmenena paspabomxa
NabOPaAmopHOll MeXHON02UU NOJYHeHUss euopozeneeoi masu Ha ocnoge [IBII, codepocawen XI. s
PaspabomanHol euodpozenegoil. Masu NPoeeoeHbl MeOUKO-OUONoSUHeCKUe UCHbIMAKUL, 6 pe3yibmame
KOMOPbIX YCMAHOBAEHA UX 8bIPAIICEHHAS AHMUOAKMEPUATLHAS U NPOMUBOBOCNATIUMENbHAS AKMUBHOCHb.

Knioueevie cnosa: ['uopocenb, masv, xaopeekcuour oOuenioxonam, noau-N-eunurnupponuoon,
PAOUAYUOHHAS CUUBAIOWAS NOTUMEPU3AYUS, PABHOBECHASL CHMENeHb HAOYXaHUSA, KUHeMmuKa HaOyXauus,
MeOuKo-ouonocudecKue UCNbIMAanus, aHmudaKmepuantbHas akmueHOCHb.

Paouayusnvix ywenwemoi nonumepney adicnen anvinzan micineen noau-N-eunurnupponuoon (11BI1)
Hez2i3iH0e 2uodpoecenvbOi aHMUCeNnMUKAILIK JHcaknamail sxcacay OouviHuwa 3epmme)y O0epeKmepi YCbIHbLIZAH.
Aumucenmux peminde xnopeexcuoun oOuemoxonamel (XI) xonoawvinowi. Tieywi acenm (TA) peminoe
N,N'-ymemunen-ouc-axpunamuomiy kameicoinoa N-gunuinuppoauoonuuvly (N-BII) paduayusivlx nonumepiey
npoyecinde nonumepni euodpoeenv0epoiy my3iny 3ayovlivikmapvl 3epmmendi. lenv @pakyuscoinviy
WIbIMbL Dacmanksvl MoHomep Kocnacvinoazel (PMK) coyneneny dozacer men TA xonyemmpayuscwvinvly
JICOLAPBLIAYIMEH HCOAPBIIAUMBIHLL KOPCeminoi, 0¥ dca20aiod anblHean euopocenboepoiy iCiHyiHiy mene-
meHOIK Oapediceci momeHOelldi, Oy KAalblNMACKaH NOAUMepai mopaapobly Micly mulebi30bl2bIHbIY
arcozapwiiayvina oaiinanvicmul. Cyoviy N-BII monexynanapvina Oencendipyuii acep ememini aHbIKmanowl,
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oyn PMK cymen cyiiviimolizan Kezoe 0cbl MOHOMePOIH Yuioauemol paoukaiovl NoJUMepieHyil dcederdemy
KYoOuLibicbi myowvipadsl. Kypamvinoa XI™ 6ap T1BII neeizinoe eudpoeenvoi scaknamaii anyobly 3epmxaHaivlx,
MEXHONIOSUSICHIH 23Ipiey dicy3ece ACbIpbliObl. O3ipieHeen 2u0po2evbOi JCAKNaMan yulin MeOUuyUHAIbIK-
OUONIO2USATILIK, COIHAKMAD JHCYPI3indi, HomudiceciHoe 0aapobly AUKblH OaKmepusea Kapcol JHcoHe KaOblHy2a
Kapcul OenceHoinici aHblKmManobl.

Tyitinoi cezdep: [uopocenv, oicaknamai, Xiopeekcuour oOuearokonamsl, noau-N-eUHUINUPPOTUOOH,
paouayusnblx miciny noaumepiey, icinyOiy mene-meHOIK 0apedxceci, iCIHYy KUHEMUKACul, OUOI0SUSIbIK-
MeOUYUHATLIK CblHaKmap, baxmepusea Kapcol OeiceHOiik.

The data of a study on the development of a hydrogel antiseptic ointment based on crosslinked poly-N-
vinylpyrrolidone (PVP) obtained by three-dimensional radiation polymerization are presented.
Chlorhexidine bigluconate (CH) was used as an antiseptic. The regularities of the formation of polymer
hydrogels during the radiation crosslinking polymerization of N-vinylpyrrolidone (N-VP) in the presence of
N,N’-methylene bis-acrylamide as a crosslinking agent (CA) are investigated. It is shown that the yield of the
gel fraction increases naturally with an increase in the radiation dose and the concentration of CA in the
initial monomer mixture (IMM), the equilibrium degree of swelling of the hydrogels obtained decreases due
to an increase in the crosslinking density of the polymer meshes formed. It has been established that water
has an activating effect on N-VP molecules, which causes the phenomenon of acceleration of the three-
dimensional radical polymerization of this monomer when diluting the IMM with water. A laboratory
technology for the production of a hydrogel ointment based on PVP containing CH has been developed.
Biomedical tests were carried out for the developed hydrogel ointment, as a result of which their pronounced
antibacterial and anti-inflammatory activity was established.

Keywords: Hydrogel, ointment, chlorhexidine bigluconate, poly-N-vinylpyrrolidone, radiation
crosslinking polymerization, equilibrium degree of swelling, swelling kinetics, biomedical tests,
antibacterial activity.

AHanmm3 TIOCNENCTBHH BCHBINIKM MyTareHHOW KopoHaBupycHoi wuH¢ekiun Covid-19,
MOKA3bIBAET, YTO OHU OKA3AJIMCh HACTONBKO CEPHE3HBIMH M TSDKEJIBIMH, YTO CIIEIyeT TOBOPHTH O
MHUPOBOM 3IHJEMHUOJIOTHYECKOM KpPHU3HCE, OXBAaTHBILEM IPAKTHUECKH BCIO IUIAHETY, KOTOPBIH
CTPEMHTEIBHO NpHUOOpen riolanbHble MacHITadbl M MOCTaBWI IEPe] MHUPOBBIM COOOIIECTBOM
MHOT'OYHMCIICHHbIE BbI30BBL. IIpu 3TOM 1O MHEHMIO BEIyIIMX MHPOBBIX BHPYCOJOTOB U
SMHJIEMHOJIOTOB, CKOpee BCero anuaemMuonorndeckuii kpuzuc «Covid-19», ¢ KOTOpbIM CTOJIKHYJICS
mup B 2020 r., ObuUT JajJieKO HE TOCIETHUM, OOJee TOro, TaKOTO poja BCHBIIIKH BHPYCHOM
WHQPEKIIMH MOTYT TPHOOPECTH CE30HHBIM XapakTep, YTo, B OYepeNb CBS3aHBl C TOSBICHHEM
MyTaHTHBIX BapwaHTOB Bupyca [l]. I'moGampHOE pacmpocTpaHeHue OakTepuil, 00JaTarOIMINUX
PE3UCTEHTHOCTHIO K aHTUMUKPOOHBIM TTperaparam, TpeOyeT HeMaJIbIX YCHIIUH 110 CISPKUBAHUIO UX
pacripocTpaHeHus U pa3paboTke 3((HEeKTUBHBIX PEIICHHH.

B 3T0i1 cBsA3M ¢ 0cO00H aKTyalbHOCTBIO CTOMT BOIPOC O BBIPAOOTKE aJJ€KBATHBIX MEP 3aIIUTHI.
310 00CTOATENbCTBO BBIBOAUT Ha TMEPBBIA IUIAH HEOOXOIUMOCTh PpACIIMPEHHs CHEKTpa
NpOopUIAKTUYECKUX CPEJICTB 3aIUThl HACEICHUS OT HOBBIX YI'pO3, B T.4. BKJIIOYAIOLINI KOMIUIEKC
CAaHUTAPHO-TUTUEHHYECKUX H  TPOTUBOIIUAEMUYCCKAX MEpONPHUSATHH, HAIpPaBICHHBIX Ha
npoduUnakTUKy HHPEKIMOHHBIX 3a00JIeBaHUN BOOOIIIE.

DKcrepThl B O0JIACTH 3JpaBOOXPAHEHUsS TPHUILIA K BBIBOAY, YTO TIIATEIbHAS Je3MH(DEKINs
MOBEPXHOCTEH, HAXOMSIIUXCS B OSIUA3HAYUMBIX OOBEKTaX, SIBISETCS KIFOYEBBIM 3JIEMEHTOM
s dexTuBHON TporpamMmbl TpodrIakTHKU HHGEKIUH. TpauIIMOHHBIE METOIbI PYYHON OYHCTKU H
ne3suH(peKny B OOJNIBHUIIAX YacTO HE SBISIOTCA onTuMaibHbIMU [2]. TlomMumMO mnpuBHECeHUS
npoeCCUOHATPHON 3HAYMMOCTH  PACIpPOCTPAHEHUIO HH(PEKUUH B pyTUHE MEAUIUHCKUX
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pabOTHHUKOB, BO3HUKAET CTpaTernyeckas COLIMAJIbHO-3KOHOMMYECKas 3HAUYUMOCTb
MPEJOTBPAILCHUS BHYTPHOOIEHUYHBIX HH(EKINH.

Jnst coxpaHeHUs TMTMEHBl PYK - OJHOIO M3 OCHOBHBIX MECT, OTBETCTBCHHBIX 3a Iepelnady
MAaTOr€HOB, PEKOMEHIYETCSl HCIIOJIB30BaTh JE3WHQUIMPYIOMIUE CPEACTBA, IOCKOJIBKY HX
IPUMEHEHHE MOXKHO CYMTaTh HPOCTBIM B OSKCIUIyaTallMM M ObICTpbIM. Jle3uHduuupyromue
CpeAcTBa HAa OCHOBE OHOLMAOB M TPAJUIMOHHBIE CIUPTOBBIE AHTUCENTUYECKUE CpEACTBA
3¢ GeKTUBHBl B IPUMEHEHMH, HO OKa3blBAalOT NaryOHOE BIUSHHE HAa 37J0POBbE YEJIOBEKA, MOPOH
Ja)ke MOTYT BbI3BaTh Cepbe3Hble 3a0osieBaHUs JbIXaTenbHbIX IyTed. Kpome Toro, Ha
POTHBOMUKPOOHOE JIeiicTBHE Ne3MH(UIMPYIOMUX CPEACTB HA OCHOBE OMOIMIIOB MOTYT BJIHSTH
pasnuyHble (AKTOPBI: APYyrue HMHTPEIUCHTHl B COCTaBE KOMIIOHEHTOB WJIM HUX pa3z0aBlicHHE.
Hcnons30BaHue TaKUX JKUJIKMX COCTABOB M MX HENPABUIBHOE IIPUTOTOBJIICHUE IPEACTABIISAIOT
HEKOTOPBIE TPYJHOCTH, YTO MOXET IPHUBECTH K JOCTABKE HEJAOCTATOYHBIX /103 AKTUBHBIX BEIECTB
Ha 00pabaThiBaeMO€e MECTO U K 00LIEeMY CHUKEHUIO COOJII0/IEHHsI TUTHeHSb!I [3].

I'uaporeneBbie GopMbl J1€3UH(UIHMPYIOMUX CPEACTB OTIMYAOTCA OT KHUIKUX (OpM CBOEH
CTaOMIIBHOCTBIO COCTABOB, MEHEE arpeCCUBHBIM BIUSHUEM Ha KOXKY, IPOCTOTOM MX J03UPOBAHUS U
MHOTMMHU JPYTMMH XOPOIIMMH 3KCILTyaTallMOHHBIMHU XapaKTEPUCTUKaMH. TpexMepHas CTpyKTypa
rUJporesael crnocoOCTByeT 3aMeJIEHHOMY BbICBOOOXKICHUIO aKTUBHBIX aHTUMHUKPOOHBIX BELIECTB,
obecrieunBast TOKAIM30BAHHYIO U KOHTPOJIUPYEMYIO JTOCTaBKY JC3MHPHUIMPYIOMINX CPEaACTB [4,5].

B cBsi3u C BBIEU3I0KEHHBIM 1LIE€JBI0 HACTOSILENH pabOThl SIBISIETCA CO3/1aHUE THAPOTeIeBON
aHTHCeNTHYeCKON Ma3u Ha ocHoBe nonu-N-sBunmimnupponugona (I1BI1), conepxaiieii aHTucenTHK
LIMPOKOTO JeHcTBUS XJIoprekcuauH ourmtokoHart (XI).

Brei6op IIBII B kauecTBe reneo0Opa3yroliero moiuMepa Ajias co3faHus rugporebix Gopm XIT
00yCJIOBJIEH TeM, 4YTO JAaHHBIM MOJMMEp SBIAETCS HIMPOKO MCIOJIB3YeMbIM B OMO-METUIMHE
OMOCOBMECTUMBIM MOJIMMEPOB. B wactHocTH, BoHBIN pacTBOp [IBII Ha mpoTsxkenun 6osee 50 et
YCIIEIIHO  HCHOJB3YIOTCA B  MEAMIMHE Ul BHYTPUBEHHOIO BJIMBAaHMS B KadyecTBe
JIe3MHTOKCUKAIIMOHHOTO cpencTBa [6].

JKCNEePUMEHTAJIbHAA YaCTh

N-sununnupponuoon (BIl) npousBoactsa ¢pupmsl "Aldrich Chemical Co." (U.S.A.) ounmancs
BaKyyMHOM IeperoHKoi B Toke aprona (92-95°C/11 mMum pr. cT.).

N,N’-memunen-ouc-axpunamuo (bAA) («Reanal», Benrpus), neopeanuueckue conu Mapku
«4.]1.a.» UCIOJNb30BATH O€3 JIOTOJIHUTENFHOW OUMCTKH, JJIsl MPUTOTOBJIEHHUS BOAHBIX PacTBOPOB
MCIIOJIb30BaJIM JUCTUIIIMPOBAHHYIO BOJY.

B kadecTBe MCTOYHMKA MOHU3HMPYIOIIETO W3Iy4YeHHs] JJIs MPOBEJIEHUs paJuallOHHON
MOJINMEPHU3AUH HCIIO0Ib30BAIM MOTYIPOMBILIUICHHBIN JIMHEHHBIA YCKOPUTENb 3JeKTpoHOB DJIB-4
Wuctutyra saepuoit pusuku HAL| PK.

CHHTE3MpOBaHHBIM Telb OYMIIAICS OT HENPOPEarMpoBaBIIMX NPOAYKTOB M PACTBOPUMOM
(bpakuuu NOoJIMMEPOB MyTEM JJIUTEIBHON OTMBIBKH B Boj€ B TeueHue 20 CyTOK B CTal[MOHAPHBIX
IIPU IByX- TPEX KPATHOM CyTOYHON 3aMEHE BOJBI.

PaBHOBecHY10 cTenieHb HaOyXaHUs MOJIMMEPHBIX THApOreNieil onpeaensuy no popmyIie:

o = (Mm-mo)/mo, rae

M — Macca paBHOBECHO HAOYXIIETO0 MOJUMEPHOIO THIPOres,
Mo — Macca CyXxoro BEIIECTBa B Telie.
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Pe3yabTaThl U MX 00Cy:KI€eHUE

B nannoit pabore mus momydeHuss rumporeneid Ha ocHoe [IBII wucmonmb3oBamu meton
paauanMoOHHOM TpexXMEepHOW paaukanbHol nonumepusanuu N-punmwimmupponugona (BII). B
Ka4yecTBE CIIMBAIOIIETO areHTa ucnoib3osaics N,N’-MeTmiieH-Ouc-akpunamuya (BAA).

B  mpeacraBnenHoit pabore B KayecTBe  HMCTOYHHMKA  OOJYYEHHsS  HCIIOJIb30BAJICA
MOJYIPOMBIIIJICHHBIA YCKOPUTENIb 3JIEKTpoHOB DJIB-4, mpunamiexamuii MHCTUTYTY siaepHOU
¢u3uku HarmumonanbHoro simepHoro nenrpa (r. Ammarbl). Hamu Obul oTpaboTaH M OmpesesicH
ONTUMABHBIA PEXHM OOJYUYEHUS PEAKIIMOHHOM CMECH MOHOMEpPOB Ha yckoputene DJIB-4,
IIO3BOJIIIOIIMM I10JIy4aTh CIUUTBIM moauMepHbii nponaykT IIBII ¢ mMakcumanbHBIM BBIXOJOM H
HEOO0XOUMBIMU (PU3UKO-XUMUYECKIMHU XapaKTEPUCTUKAMHU.

C uenpio moxbopa ONTUMAIBLHOIO COOTHOUICHHUSI KOHIeHTpauid MmoHoMepa BII u crmBaromero
arenta (CA) BAA B ucxonnoit MonomepHoii cmecu (MMC) ncrosib30Baiuch CEIyIOIINE MOJIbHBIE
konnenrpauuun CA, wmomnp/m: 0,1; 0,2; 0,3; 04; 0,5; 0,7, 1,0. HccnemoBanoch BIUSHHE
koHIeHTpauuu CA Ha BbIXOJ reib-Qpakiui. Beixoq reap-Gpakiuu ornpenesuics METOI0M 30J1b-
renp aHanmu3a (Ta6m. 1). Kak BugHO M3 TOJMYYEHHBIX pPE3YJIbTAaTOB, BBIXOJ Telb-(Ppakiuu
noBsbIaetcs ¢ yBenuuenueM koHmentpanuun CA B UMC, crenens HaOyxaHusi GOpMUPYEMBIX TIPU
TOM Telel CHIKAeTCs, 4YTO, OYEBUIHO, OOYCJIOBICHO TMOBBIIIEHUEM CTENEHH BIIMBAHUS
(bopMHpyEMBIX TOJIMMEPHBIX CETOK IMOJ JCHCTBHEM O0JyueHHe. Y CTaHOBIJICHO, YTO ONTHMAJIbHON
koHueHTpauuei CA B HMC, obecneunBatonieit QopmupoBaHus reis ¢ HEOOXOAMMBIMU
napaMmerpamu HaOyxaHus (oxosio 20 r Boja Ha 1 r. cyXoro mojumepa) sIBISIETCS KOHLEHTpaLus
BAA B npenenax 0,1-0,2 monb/i.

Tabmuuma 1 — Beixox renp-Qpakiuu W paBHOBECHAs CTeNEHb HaOyXaHUs THIpOTeseH,
(dbopMHpyEMBIX B INpoLECCe TPEXMEpPHON paavanuoHHoi noiaumepusauuu BIT B 3aBucuMocTH OT
koHnenTpauuu CA B UMC. Ilornomennas no3a obmyuenus 25 xI'p

Konmnentpamus CA B UMC, Monb/n 01102 03 04| 05| 0,7 1,0
Brrxon rens-dpakmum, macce.% 55,7 167,3| 73,3 | 85,2915 | 945 | 975

PaBHOBecHas cTenenp HaOyxaHnus B Boxe o, r/r | 27,3 | 21,3 | 18,5 | 12,3 | 10,3 | 8,1 7,5

Jlns ompeneneHuss ONTUMANbHOTO cojaepkanus Boabl B UMC ObLIO UCCIETOBaHO BIUSHUE
N00aBOK BOJIBI HA KMHETUKY PaTUAIlMOHHON criuBaromiei nonumepusanuu BII B mpucyrctBun CA
BAA. Kak BUIHO U3 JaHHBIX MPEICTABICHHBIX Ha NucyHKe 1, KpUBas 3aBUCHUMOCTH BBIXOJA Te€Jlb-
¢bpaxuuu ot conepxkanus Boabl B UMC umeet skctpemManbHbli B ¢ MakcumyMoM 1ipu 30 06.%
Boxsl B UIMC.

Takoit gocTaToyHO HEOOBIUHBIM BHJ KPUBOM 3aBHUCHMOCTH BbIXOJA Telb-(pakiuu OT
koHneHTtpanuu Boabl B MMMC oOycnosneH yckopsitomuM 3¢G¢GEeKToM BOJBI Ha PaTuKaIbHYIO
nonumepu3zaiuio BII. Kak Obiio mokasano panee [6], MoyieKyJsibl BOJbI CIOCOOHBI (hOPMHPOBATH
KOMIUIeKC ¢ Mojekyidamu BII 3a cyer BOZOpPOAHBIX CBsI3€l, UTO MPUBOAUT K MOBBIIICHUIO
aktuBHocTH BII B pagukanbHoli nonumepusauun. O4eBUIHO, YTO OTPE30K KPUBOM 10 MaKCUMyMa
00yCIIOBJICH TOMUHUPYIOIINM BIUSHHUEM TaKOW aKTUBALMM U CKOPOCTh MOJUMEPU3AINUA HA ITOM
yJacTke Bo3pactaer, HecMoTps Ha 3ddext pazdaBmennss MUMC. Ha yuacTtke KpuBOM mocie
MakcumMyma d3(deKkT pa30aBICHHS CTAHOBUTCS JOMHHHPYIOIIUM W CKOPOCTh TPEXMEPHOU
COMOJIMMEPHU3AIIMY YMEHBIIIAETCS C TMTOBBIIEHHEM KOHIIEHTpauu Boasl B UMC.
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Pucynox 1 — Brnusiaue conepxanus Boasl B UMC Ha BbIX0[ renb-(hpaKium
B IIpOLIECCE TPEXMEPHOM pasrallioHHON noanMepusanuu BT

C uenpo moadopa ONTUMANTBHON 103kl OOMy4YeHHsI, 0OECIIeUnBaIOIEH MOJy4eHUEe TUAPOTesei
Ha ocHoBe [IBII ¢ HeoOX0MMMO# BeIMYMHON paBHOBECHOM crerenn HaOyxanus (o) (20-25 r Bombl
Ha | T cyxoro monuMepa) mpu HauOOJBIIEM BBIXOJIE B IIUPOKHUX IMpe/esaX BapbUPOBAIUCH JTO3BI
obmyuenus D (ot 15 xI'p mo 80 xI'p). IIpu sTom Obliia MCTIONB30BaHA UCXOAHASI MOHOMEPHAsI CMECh
(UMC) ¢ ontumanbabsiM coctaBoMm 70 00.% BII, npu conepxanuu Boasl 30 06.% u 0,2 monb.%
BAA. Kak BUAHO M3 J[aHHBIX PUCYHKA 2, C IOBBILIEHUEM J03bl OOIYYEHHS] 3aKOHOMEPHO
MOBBIIIACTCS] BBIXOJ TeIb-PPAKIIUK, OJHAKO MPH ITOM YMEHBIIACTCS CTEIEeHb HAOyXaHWs Telsl.
OueBuaHO, 3TO 00YCIOBJICHO, YBEIHMUYEHHEM IUIOTHOCTH CIIMBaHUS (DOpPMUPYEMOH MOTUMEpPHOU
CETKH TOJ JEeHCTBHUEM H3IIyYEHHUs C y4acTHEM JIBOMHBIX IMOJABEIICHHBIX CBA3EH, MpUHAIJICKAIINX
MonekyiaMm BAA, KoTopble BKIIOUYEHBI B COCTaB MaKPOMOJIEKYJISIPHBIX IENeil MmyTeM pacKpBITHs
JIMIIb OJJTHOM aKpHUJIOBOM CBSI3H.
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VYcnosue cuntesa: [BIT] = 70 00.%, [BAA]=0,2 monb.%,
[H20] =30 06.% B UMC

PucyHok 2 — 3aBHCHMOCTh BBIXOa Teib-(Ppakiiuu (1) 1 paBHOBECHOH cTeneHn HaOyxaHus (2)
ruaporeneii [1BI1 oT mormomnieHHo# 10361 00TydeHHS
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W3 pmaHHBIX pUCYHKa 2 BHAHO, 4TO ()OPMHUPOBAHHME Teisi C HEOOXOIUMBIM IapameTpamMu
nocruraercs npu goze obmydenus D=25-30 x['p, ¢ BeIxogoMm merneBoro mpojaykra 55 mace. %,
konuvectBo BoAbl B UMC He nomxuo npeBbimath 30 06.%. [Ipu 6osee BRICOKHX 103aX 00IydeHuUs
BBIXO/[ CIIUTOTO COIOJIUMEPA BO3PACTAET, OIHAKO CHUKAETCS €r0 paBHOBECHAsI CTENICHb HAO0yXaHUs
B BOJIC.

HccnenoBana kuHeTHKa HaOyxaHHsl THApOreslied TPaBUMETPUUYECKUM  METOAOM st
MIPEIBAPUTENIbHO OTMBITBIX W BBICYIIEHHBIX THApPOreiei, a Takke Ui HEeMoCPeICTBEHHO
CHUHTE3UPOBaHHBIX ruaporeneid. B mociennem ciayuyae oOpasibl ruporeneit cpasy 1mnocie CUHTe3a B
¢dopme TabIETOK MEPEHOCHWINCh B JIUCTH/UIMPOBAHHYIO BOJIY W HCCIENOBATACh WX KHHETHKA
HaOyxanus. Iloka3aHo, 4TO C TOBBIIMIEHHEM J03bI OOMyUYEHHs JJIsl CHHTE3HMPOBAHHBIX 00pa3IoB
rHIporesell HaOMIONAeTCs CHIMKEHHE CKOPOCTH HaOyXaHMs, a TaKKe BEJIMYMHBI PaBHOBECHOU
creneHn HaOyxaHus (pUCYHOK 3). MOXXHO MpEeNIonokKuTh, YTO 3TO OOYCIOBJICHO MOBBIIIEHUEM
CTETEeHU CIIMBAHUS CUHTE3UPYEMBIX THAPOTeNei U, COOTBETCTBEHHO, CKOPOCTH AN(y3Un BOJbI B
o0bem remss. OgHako B HCCIEAyeMOM JUama3oHe 103 OOJIy4yeHHs s Bcex 00pa3loB
CHUHTE3UPOBAaHHBIX THUIpPOTeNicii paBHOBECHas cTereHb HaOyxaHus gocturaercs Ha 15-17 cyTku
MocJie Hauana rnpoiecca HabyxaHus B BOJE.

o,T/T

40
30
20
10

| | | |
10 20 30
Bpema, cyT.

VYcnosue cuntesa: [BIT] = 70 06. %, [CA]=0,2 moinb.%, [H20] =30 06.% 8 UMC.
Jo3za obmyuenus D: 20 (3), 30 (2) w40 (3) xI'p

Pucynok 3 — Kuneruka Habyxanus ruaporesneit [1BII,
HOJYYEHHBIX IPHU Pa3IMYHBIX MOTJIOMIEHHBIX 103aX 00IyUYeHHs

C 1uenpl0 TPUTOTOBJICHHUS Ma3emoJo0HONM KOHCUCTEHIMH Kycku oTmbiToro rtems [IBII
pa3MenbyuaInch 0 pa3MEpOB YacTHUILl, 00ECTIeYMBAIOUINX HEOOXOAMMbIE PEOJIOrHYEeCKHe CBOWMCTBA
KOHEYHOT'0 MPOYKTa rujaporesns Ha uamensunresne Gupmel «Bosch» Concept 7200 electronic.

Jlnst peanuzaruu 1ab0paTOpHON TEXHOJIOTUH TTOTyYSHHST TAKOW Ma3u B HACTOsIIEH paboTe ObLTH
0TpabOTaHbl OCHOBHBIE TEXHOJOTHUECKUE OIIEPALINH, TAKHE KaK PaJHalliOHHO-XUMHUYECKUI CUHTE3
ruzaporenst Ha ocHoBe BII, oTmbIBKa renst oT HEmpopearupoBaBLIETO MOHOMEpA, M3MEIbUYEHUE
KYCKOB Te€JIsl 0 Ma3enoJo0HOW KOHCHUCTEHIUH JJIs MOJMy4YeHHs ruaporeneBoro marepuaia (I'M),
UCMOJb3YEMOr0 B KadeCTBE Ma3eBOl OCHOBBI C TpeOyeMBIMH PEOJOIMYECKHMMHM I1apaMmeTpaMHu,
BBeieHHe XI' B IMOIy4YEHHBIN reJIeBbli MaTepUall, yIIaKOBKa U TIp.

B nacrosmeit padote B PI'TI "HarmumoHanbHBIA HEHTP SKCHEPTH3bI JIEKAPCTBEHHBIX CPEICTB,
W31eNiA MEAUIIMHCKOIO Ha3HAYEHUs M MEIULUHUHCKOM TEXHUKH' NI MOJYYEHHBIX T'MAPOTENIEBBIX
Mazel Ha OCHOBE CIIUTOTrO MoiIu-N-BUHUIMHPPOINI0HA, COACPKAIIUX XITOPTeKCUINH OUTITIOKOHAT,
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B yCJIOBHSAX “IN VIVO” ObLIM TPOBEACHBI HCCIICIOBAHUS HA MPOTHBOBOCHAIUTEIBHYIO U
PaHO3aKUBJIISAIOLIYI0 AKTUBHOCTH.

[IpoTBOBOCHAIUTENbHYIO AKTUBHOCTh HCIIBITYEMBIX Ma3ed H3ydalid Ha MOJEIU OCTPOTO
BOCTIAJIMTEIBHOTO OTEKa, BBI3BAHHOTO CyOIUTAHTapHBIM BBelIeHHEM QuiororeHa — QopMaanHa
(Mozenb «(popMaTMHOBOTO» OTEKa JIANKK). DKCIEPUMEHTHI MPOBOIMIN Ha OebIX OECOpOIHBIX
Kpbicax. OcCTpbIil BOCHAIMTENbHBIM OTEK BOCIPOM3BOAMIINA CYOIUIaHTApHBIM BBeAECHHUEM (IO
MOJIOIIBEHHBIN amoOHEBpPO3) B 3a[HIO mpaBylo jamy kpbickl 0,1 Ma 2 % BogHOro pactBopa
dbopManuHa. BeIpaKeHHOCTh OTE€Ka OICHMBAJIW MPU W3MEPEHUHU TOJIIMHBI JIATKU IMOJAONBITHOTO
KUBOTHOTO C IMOMOIIBIO IMITAHTCHIUPKYJIS 10 BBeIeHUs (popmanuHa U yepe3 24 yaca, a TaKKe B
JMHAMUKE 4epe3 KaKble 7 THEN B TEUCHHUE IKCIIEPUMEHTA.

[TosrydeHHBIE 3KCTIEpUMEHTANBHBIE JAaHHBIE, OTPAKAIONINE JUHAMUKY OO0beMa MOpaKECHHOU
KOHEYHOCTH KpBIC MpencTaBieHsl B Tabnuue 2. Mccnemyemple MaTepuanbl: THAPOTENEBbIe Ma3u U
MOBSI3KK (C pa3iuuHbIM coepxkaHueM XI') HaHOCWIM, HayMHas cO 2 JHA SKCIEPUMEHTA,
©XKeTHEBHO, HAPYKHO Ha 3aJHIOI0 MPABYIO JIAMIKY KPBICHI.

OneHKy akTHBHOCTH HCCIEAYEMBIX OOpa3IOB MPOBOJWIM IyTEM CpPaBHEHHS aOCONIOTHBIX U
OTHOCUTENIbHBIX JIaHHBIX B OIBITHBIX U KOHTPOJBHBIX TPyNIax MEXAY HCXOIHBIMH U
MOCIIEAYIONIMMHU TTOKAa3aTeNIMU U BBIPAXKallu B MPOIIEHTaX YTHETCHHSI OTeKa.

[Ipu mpoBeAeHWM SKCHEPUMEHTOB IO HCCIIEAOBAHHIO O€30HMacHOCTH W (hapMaKOIOTUYECKOM
aKTUBHOCTH HCXOIWJIM W3 TpeOOBaHUI AeWcTByomeH rocynapctBenHoil ¢apmakonen (I'd) PK
nepBoe u3gaHue, u «PykoBoACTBa MO IKCIEPUMEHTAIBHOMY (JIOKJIMHUYECKOMY) U3YUYEHUIO HOBBIX
(dhapMaKkoJIOTHIECKUX BemiecTB» moj pea. Xadbpuesa P.Y. Mocksa, 2005 r. KonTposiem ciryxuia
rpyInna HeJIeUYeHbIX KUBOTHBIX.

Tabmuma 2 — JlunaMuka yMEHBIIEHUSI 00beMa MOPAKEHHOM KOHEYHOCTH KPBIC («POPMaTHHOBOTOY
0TeKa) MCCIEJOBAaHUU TMPOTUBOBOCHAIUTENHHON aKTHMBHOCTH THAPOTENEBBIX Ma3zeld M TMOBS3OK,
coaepxammx XI'

O6beM nopakeHHON KOHEUHOCTH (MM)

BroanMmerit WurubupoBanue oTeka

fperapar 2 nenwp | 7 menn | 14 news | 21 newsb | 28 newb OTHOCHTEIILHO
ncxoaHOro oonvema (%)

KonTtpois 5,3£0,2 | 5,8+0,2 | 4,7+0,2 | 4,2+0,1 | 4,0+0,0 20,1
(Heneuennsie

JKUBOTHBIC)

I'unporenesas 5,3+0,3 | 4,9+0,3 | 4,4+0,3 | 4,1+0,2 | 4,0+0,0 22,6
Masb, XI" 0,0 %

['maporeneBas 5,5£0,3 | 4,8+0,2 | 4,4+£0,2 | 4,1+0,2 | 4,0+0,0 27,3
ma3p, XI' 0,05

%

I'unporenesas 5,7£0,3 | 5,0£0,5 | 4,703 | 4,2+0,3 | 4,0+0,0 29,8
Ma3p, XI' 0,1 %

I'unporenesas 6,5+0,3 | 4,3+0,2 | 4,0+£0,0 | 4,0+£0,0 | 4,0+0,0 38,5

ma3b, XI" 0,2 %
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Kak BUIHO W3 MaHHBIX, MPEICTABICHHBIX B TaOJ. 2, BCE HCIBITYEMbIE THIPOTEIEBLIE 00pa3Ilbl
0071a1al0T BBIPAKCHHOW IMPOTHUBOBOCHAIIMTEIHHON AaKTUBHOCTBIO, 4YTO BBIpaKaeTcs B Oolee
OBICTPOM CHIDKEHHH O0BEM TMOPAKEHHOW KOHEYHOCTH [0 CpPaBHEHHUIO C KOHTPOJBHBIMHU
SKCIIEPUMEHTAMHU (HEJIEUYEHHBIMU XUBOTHBIMM). [Ipenapar cHu»ay npupocT Macchl oTeka Ha 27-
41% 10 CpaBHEHHIO C UCXOIHBIM 00BEMOM JIAIIKH.

AHTHOaKTEpUaIbHYI0 aKTUBHOCTh THJIPOTENIEBBIX Ma3zel, coaepxkamux XI', ompenensuid mo
creneHn uHrHOUpoBaHus pocra S. aureus ATCC 25922 (tumosoit mramm noiydeH B [ICK um.
JILA. TapaceBuua, r.MockBa) 1mocyie WHKyOaluu ¢ aHTUCENTHKOM B COOTBETCTBUH ¢ EBpomneiickum
CranmapToM OIpeesieHUs] CKOPOCTH MHAKTHUBALMKM MUKPOOpraHu3MoB aHTucentukom (European
Standard EN 1040, 1997).

O6pasubl ruaporeneBbix Mazeid Ne 1-6 Becom mo 30 mr, comepxkamux 0,05-0,5 macc.% XTI, B
ACENTUYECKUX YCIOBUAX BHOCWJIM B IUIOCKOJOHHBIE KOJIOBI ¢ 30 w1 cTepuibHOM
TUCTUJUITMPOBAHHON BOABL. B kaxyro mpoOy m00aBisian mo 3 M CyCHEH3UU CYTOUHOM KYJIbTYpPhI
Oaktepuii. KonmenTpamust S. aureus B KaXI0W mpoOe cocTaBiisia 105 KOE/mi. Kon6sr
unkyoupoBanu npu 37°C B ycClOBHAX MepeMEIIMBaHHs Ha J1a0OpaTOPHOM BCTPSIXHUBATENE CO
ckopocThio nepemeruBanus 100 06/mun. Bpems unky6anuu cocrasisuio 10, 20, 30, 60, 90, 120,
150 mun, a Takxe 5, 7, 9 uacoB. I[locne oxoHuUaHUS WHKYOAallMM W3 COOTBETCTBYIOIIMX KOJIO
MPOM3BOIWIM TOCEB metiied Ha cpexy mo meroay [omma. UYucino KOE (komonueoOpasyrommx
enuHUI]) Oaktepwii B | MJI WHKYOMPOBAaHHBIX CYCIICH3UH TOJCYHTHIBAIM B COOTBETCTBUU C
kputepusmu Metona ['omma. KonTposem ciryxumu oopasern 6e3 renst u XIT (K) u o6pazert ¢ reinem
6e3 XI' - K1. Pe3ynbTathl mpeacTaBieHsl B Tadbaume 3.

Tabnuua 3 — Bo3aeilicTBue ruporeBbIx Ma3eil Ha OCHOBE rejijlaHa Ha POCT KyJIbTYphl OakTepuit S.
aureus ATCC 25922 npu nnkyGauuu B BoJe

Obpas | XT, Konunentparus 6akrepuit (KOE/Min) mocne unkybaruu ¢ odpasmamu™:

e s [ 10m | 20w | 30m | 60M | 90m | 120m | 150 | S Ta 94

K - 10° | 10° | 10° | 10° | 10° | 10° | 10° | 10° 10° 10°

K-1 - 108 | 10% | 106 | 10° | 106 | 106 | 106 10° 5x 5x
106 106

1 0,05 | 10°% | 10° | 10® | 10° | 10® | 10° | 10° 10° 3x 0
103

2 01 | 10° | 10° | 10° | 10° | 10° | 10° | 10° | 10° 104 0

3 0,15 | 10°% | 10° | 10® | 10° | 10® | 10° | 10° 10° 0 0

4 0,2 108 | 10% | 106 | 10% | 106 | 106 | 106 0 0 0

5 0,3 105 | 10° | 10° | © 0 0 0 0 0 0

6 0,5 0 0 0 0 0 0 0 0 0 0

[Tpumedanune — IllpudTom BEIIENEHB KOHIEHTpAMKU OaKkTepuil B mMpoOax, COOTBETCTBYIOIINX

MUHHMaJIBLHOMY CPOKY MHKYOAlllu, MPOAEMOHCTPUPOBABIIEMY HHTHOUpPYIOMNi 3P deKT.

K-1 — xontposs ¢ renem XI. K — kontpons 6e3 rens u XT.

* M-MUHYTBI, 4-yacskl HHKyOarmnu. KOE-konoHneobpasyromnye eAuHUIbI OakTepuii
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Takum 00pa3oM pe3yibTaThl MEAUKO-OMOIOTHYECKUX HCCIEIOBAHUIN CBHUICTEIBCTBYIO O TOM,
4TO TOJy4eHHBIE 00pa3ubl ruaporenueBoil Masu Ha ocHoBe IIBII, comepxameit XI', obnanator
MPOTHBOBOCIIAJIUTEIBHON U aHTHOAKTEPHATEHON aKTHBHOCTBIO.

Kontpons-1 ¢ renem 0e3 XI' He momaBinsin poct OakTepuid. 3a 7 4 X KOJIWYECTBO BBIPOCIIO B
CpPaBHEHHUU C HAYaJbHOM KOHIEHTpanueil B 5 pa3, JOCTOBEpPHO HE MpEBbIlIas pe3yibTaThl B
koHTpoiie 6e3 rens (K). Uepes cyTku mHKyOaIuu KOJIMYECTBO OaKTEpHil B KOHTPOJBHBIX 00pasiax
K u K-1 cocraBumno 5x108 KOE/m.

B Bapuanre c konuentpauueit XI' B reme 0,05 macc.% mnopasnenue pocra B 10 pa3 mo
OTHOIICHUIO K KOoHTpoiro Oe3 rens (K) mabmromanock yepes 5 gacoB u B 330 pa3 - uepe3 7 4acos.
[TomHOE OTCYTCTBHE pOCTa HAbIIOAAIH Yepe3 9 yacos.

B Bapuante c¢ xonuentpamueit XI' B reme 0,Imacc.% mnonaBneHue pocta OakTepuil MO
OTHOIIEHNI0 K KOHTpoiro 0e3 rens (K) depes 5 m 7 wacoB Obuio 10-kpatHbiM u 100-KpaTHBIM
COOTBETCTBEHHO. Uepes 9 yacoB MHKYyOALUU POCT OTCYTCTBOBAJ MOJTHOCTHIO.
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In the current conditions, the LGBTQ agenda is de facto becoming one of the factors increasing
contradictions in Kazakh society. It is shown that with adequate modernization of this agenda, it can be used
in exactly the opposite way. The proof of this thesis is given on the basis of an analysis of the nature of the
current crisis of the classical (for European consciousness) monogamous family. Additional evidence is
given that this crisis is objective in nature and is caused, first of all, by the gap between the ages of social
and biological maturation of individuals. It is shown that the LGBTQ agenda can de facto be considered as a
prerequisite for the formation of a family structure that meets the “third” type of population reproduction.
There is an objective need for the formation of this type of population reproduction, since the growing gap
between the ages of social and biological maturation leads to the emergence of a significant layer of the
population that cannot be called either adults or children in the classical sense of these terms. They are
adults biologically, but children socially, and this trend will only increase in the foreseeable future, both due
to an increase in the duration of active life, and due to the fact that for a successful career an individual
must accumulate an increasingly vast amount of information. It is shown that the very formulation of the
question of the “third” type of population reproduction can provide a certain consensus in Kazakh society
on the issue of attitude to innovation in family and marriage relations.

Keywords: LGBTQ agenda, population reproduction, socio-political stability, crisis of the monogamous
family, sociocultural code, polygamy, polyamory.

Kasipei ocazoaiioa LGBTQ — kyn mopmibi ic oJcy3iHOe KaA3aK KOSAMbIHOARbI KAUULILIKIMAPObL
apmmulpamvlh  (pakmopiapovly  0Oipine aunanwin  omvlp. byn  kyn mopmibin  6apabap mypoe
MoOepHu3ayusanay Kesinoe OHbl MYyn0eM KepiciHuie Kondawyea Oonramulibl KepcemineeH. byn mesucmiy
Odaneni K1acCuKavlk (eyponanvlk cana Yulin) MOHO2AMOBIK OmMOACLIHbIY Ka3ipei 0a20apblCblHbIY CUNAMbIH
manoay Hezizinoe xenmipineen. byn daz0apvicmuly ob6vexmuemi cunamra ue exeHoiel dHcone ey an0blMeH,
Jcexe a0amoapovly dneyMemmiK JHCoHe OUOLOSUSLIBIK JHCEMITY HCACBIHBIY apACbIHOAbL ATUAKNBIKIMAH
MYLIHOQUMbBIHBL  MYpANbl  Kocbimuia Oanendep keamipineen. LGBTQ - xkyn mapmibin  Oe-gpaxmo
NONYIAYUAHLIY ~ YOalibl  OHOIPICIHIY — «YWiHWI»  mMypiHe calikec Kelemin 0moOAcvl  KYPoliblMbIH
KAIbINMAcmulpyobly anebliiapmol peminde Kapacmuipya 6oramuiisl kepcemineen. [lonynsyusnvly yoativl
OHOIPICIiHIY OY1 MYPIH KATbINMACmbIpyOblY 00beKMuUemi Kaxicemminici 6ap, oumkeni 21eyMemmiK dHcoue
OUONOCUANBLIK JHCEMITTY HCACHL APACLIHOARLL AIUUAKMBIK KIACCUKALIK MARbIHAOA epecekmep Oe, bananap 0a
Oden amayea 60IMaUMvlH NONYIAYUAHBIY elleyii Kabambiubly natoa 6oayvina axenedi. Onap OUOIOSUATLIK
Jrcazvinan epecexmep, OIPAK a1eyMemmiK JHCALbIHAK Oananap dcane OV MeHOeHYus HCAKblH boaauakma
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ocedi cebebi Oencendi omip Y3aKMbIbIHbIY YA2AUbIN, COHbIMEH Kamap mabblCmbl MAHCAN YUIH JceKe
MYNEanvly Oap2an cailbii Ken LM JHcuHaKmayvina daiianvicmol. Makanada xanelkmoiy yoativl OHOIDICIHIY
«YWiHWiy mypi mypansl MIcelleHiH ~KOmepinyiHiy 631 Ka3aK KOoaMblHOd OMOACHLIbIK-HEeKeNiK
KamviHACMapoagvl HCAHAUBLIObIKKA KO3KApac maceneci 60uvinua 6enini Oip KOHCeHCYCmbl myOulpambiHbl
KepcemiizeH.

Tyiiinoi co30ep: LGBTQ-xkyn mopmibi, xanvikmely KebOewi, KOSAMObIK-CASCU  MYPAKIMbLIbIK,
MOHO2AMObIK 0MOACHl 0A20aAPBICHL, ANEYMEMMIK-MIOEeHU KOO, KON el ALy, NOAUAMOPUSL.

B cnooicuswuxca  ycnosusx LGBTQ-nosecmka Oe-hakmo cmanosumcsi 0OHUM U3 (DAKmopos,
VCUTUBAIOWUX — NPOMUBOPEYUs 8 Ka3axcmauckom obwecmse. Illoxasano, umo npu  adexeamuou
MoOoepHu3ayuu OaHHOU NOBECMKU, OHA MOdcem Oblmb UCNONIbL308AHA 6 NPAMO NPOMUBONOTIONCHOM KIIOYe.
Hokazamenvcmeo Oannoco me3uca O0aemcs HA OCHOGE AHANU3A XAPAKMEPA MeKyuje2o Kpusuca
Kaaccuyeckoll (0711 e8ponelicko20 CO3HANUSA) MOHOAMHOU cembul. J{aHbl OonoanumensbHovie 00KaA3amenbCcmea
mo20, 4mo OaHHBLL KPUUC HOCUM 00BLeKMUBHbLI Xapakmep u 00YClloGleH, 8 nepeylo ouepedb, pa3puleom
MedHcOy 803pACMAaMU COYUATBHO20 U OUONIOSUYECK020 63pocienus unousudos. llokasamo, umo LGBTQ-
nogecmka 0e-ghakmo Modcem paccmampueamvcsi Kax npeonocwvlika 0Jis hopMupo8anust CmpyKmypuvl cembl,
omeeualowell «mpemvemy» MmMuny 60CHpPOU3g00cmea Hacerenus. B ¢gopmuposanuu maxoco muna
B0CHPOU3BOOCBA HACENCHUS CYUWEeCnEyem 00beKMUBHAs NOMpPeOHOCHb, MAK KAK HApACmaiowjull paspulé
MedHCOy 803paAcmamu COYUanIbHo20 U OUOIOSUUECKO20 83DOCIEHU NPUBOOUM K NOABNEHUI0 3HAYUMENbHOU
NPOCIOUKYU HACENeHUsl, KOmopble He Mo2ym Oblmb HA36AHbI HU G3POCAbIMU, HU OeMbMU 6 KIACCUYECKOM
NOHUMAHUYU dMuX mepmunos. Onu AGIAIOMCI 83POCILIMU OUONOSUYECKU, HO OembMU COYUANLHO, npuiem
OauHas meHOeHyuss 6 0003pumom Oyoywem OyOem MOALKO HApACMAMb KAK 6 CULY Y8eludeHus
NPOOOIIHCUMENLHOCIU AKIMUGHOU JHCUSHU, TMAK U 8 CULY MO020, Ymo Oisl YCHeWHOU Kapbepvl UHOUSUO
doaicen Hakonumy ece bonee oowUpHbIli 00vEM ungopmayuu. Iloxkaszano, ymo cama NOCMAHOBKA 8ONPOCA O
«mpemvem» mune GOCHPOU3BO0CMEA HACENeHUsi MOdJicem obecneyums OnpeodeneHubili KOHCEHCYC 8
Ka3axcmanckom obujecmee 6 6onpoce 06 OMHOUeHUU K UHHOBAYUAM 8 CeMeUHO-0PaAUHbIX OMHOUEHUSIX.

Kntouesvie cnosa. LGBTQ-nosecmka, 6ocnpouzsoocmeo HaceneHus, CcoyudaibHO-NOAUMUYECKAS.
CMabUuIbHOCMb, KPUZUC MOHOLAMHOU CeMblU, COYUOKYILIMYPHBIU KOO, NOAUAMUS, NOTUAMOPUSL.

Increasing geopolitical instability, as well as increasingly stringent measures directed against the
LGBTQ community in the Russian Federation, lead to the fact that the issue of sharp rejection of
the LGBTQ agenda by certain social groups in Kazakhstan ceases to have only a human rights
component.

No less significant is the question of the possibility of using the above phobias for political
purposes, in particular, in order to counter the multi-vector policy pursued by the political
leadership of the Republic of Kazakhstan.

Indeed, the problem of the LGBTQ agenda is already very actively used by those forces that seek
to discredit Kazakhstan’s desire to implement a multi-vector policy, in particular, to develop
economic and cultural relations, including with the European Union and the United States.

The efforts of many media personalities aimed at criticizing the LGBTQ agenda largely fall on
fertile ground associated with the peculiarities of the formation of the sociocultural code of the
population of the Republic of Kazakhstan. Therefore, in order to maintain social stability, to ensure
sustainable cooperation, including with the countries of the European Union, it is of interest to
develop means that would allow, if not completely eliminating the manifestation of aggressive
rejection of the LGBTQ agenda, then at least significantly reducing the severity of this issue to the
level, excluding its possibility of being used in dishonest political manipulations.
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The applied goal of this work, among other things, is to develop a concept that can have an
informational impact on Kazakh society in terms of ensuring a reduction in the level of
aggressiveness in the perception of the LGBTQ agenda on the part of various social groups.

Moreover, with some modernization of this agenda (taking into account Kazakh realities), it may
cease to be a factor splitting Kazakh society. Paradoxically, the proposed modernization, on the
contrary, can serve as a factor in ensuring the unity of Kazakhstani society.

The proof of this thesis is the main goal of this work in the academic aspect.

The methodological basis of the work is the interpretation of the concept of “sociocultural code”,
given on the basis of the neural network theory of society [1, 2].

It, in turn, is based on the idea of the existence of a transpersonal level of information processing
[3, 4], the existence of which can be proven without resorting to the construction of mathematical
models.

Indeed, according to existing ideas, the emergence of human creation is based on a very specific
physical process - the exchange of signals between the neurons that make up the brain.

It is this physical process that is also responsible for the exchange of information between
different individuals. We emphasize that during interpersonal communication at the physical level
we can only talk about the exchange of signals between neurons localized in different heads. The
transmission of “information” (understood in the ordinary sense of this term, i.e. the transmission of
certain information, etc.) is the result of processing these signals.

Further, the exchange of signals between neurons localized in a single head leads to the
emergence of human consciousness. The exchange of signals between neurons leads to the
emergence of a transpersonal level of information processing. This is more correctly formulated as
follows [4]. Interpersonal communication leads to the formation of a common neural network. In
the extreme case (when an exchange involving the population of the planet as a whole is
considered), this factor leads to the formation of the noosphere, which also represents a well-
defined information and communication reality.

This approach also allows us to provide additional evidence of the objective nature of the
transformation of family and marriage relations, which de facto take place in the Republic of
Kazakhstan “in real time.”

It is the objective nature of the above transformations that allows us to assert with all
reasonableness that there is nothing behind the persecution of the LGBTQ agenda other than
politically determined factors. Moreover, as will be clear from what follows, a methodologically
adequate interpretation of the prerequisites for the emergence of the LGBTQ agenda and its
assimilation by Kazakh society allows us to convert this agenda from a means of disunity of Kazakh
society into a means of its consolidation.

The transformation of family and marriage relations in the Republic of Kazakhstan, as in many
other countries of the world, is taking place for purely objective reasons, the main one of which is
the crisis of the traditional monogamous family. This is an objective reality; the family as such has
evolved throughout the history of human civilization. In this regard, the LGBTQ agenda can and
should be considered, among other things, as a response to the crisis of the classic monogamous
family, the structure of which no longer meets modern geo-economic realities. In conditions when
the “old forms” of family are already becoming a thing of the past, and new ones have not yet
emerged, one can only welcome the emerging diversity, which constitutes the socio-economic
content of the LGBTQ agenda. It is from this diversity that those forms of family and marriage
relations can be formed that will correspond to the next stage in the development of civilization.
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Let's return to the issue of the crisis of the traditional monogamous family. This crisis is caused
by a complex of different reasons, some of which were mentioned in the report [5]. It is appropriate
to emphasize that the crisis of the monogamous family is considered even by Russian authors [6,7],
despite the strict policy of supporting traditional values taken by the political leadership of the
Russian Federation by 2015.

From the point of view used, the main reason for the crisis of the traditional monogamous family
is a significant increase in active life expectancy, complemented by a decrease in the average
number of children in a family.

Let's turn to Figure 1. This figure schematically reflects the fact that in modern society there is
an increasingly wide gap between the ages of biological and social maturation.
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Figure 1 — An illustration of the widening gap between the ages of social and
biological maturation, SA — socially adults, BA — biologically adults [8]

A clear illustration of this is also the fact that reserve officers in Kazakhstan are now registered
(and have mobilization orders) until the age of 60, whereas 30 years ago this age for officers with
the rank of captain was 45 years. Facts of this kind clearly indicate a continuous widening of the
gap between the ages of social and biological maturation.

This gap can be seen especially clearly for individuals oriented toward intellectually rich
activities. For example, a young scientist is considered to be a person under the age of 35 (which
biologically corresponds to the age of a grandfather/grandmother for primates).

Moreover, there are all signs that infantilism is becoming characteristic of many men under the
age of 35-40, and sometimes even of women. The number of men who are de facto gigolos (i.e.,
living at the expense of women) is also constantly increasing, and the list of such examples can be
continued for quite a long time.

This gap is clearly having an increasingly noticeable impact on the nature of family and marital
relations. This is due, among other things, to the increasing age of social/sexual activity, which
often reaches a threshold of 60 years or more.

Among other things, this leads to the fact that the advancement of young people along the social
or career ladder is hampered by significant competition from older people who have such
advantages as experience, established personal connections, etc. This factor is also especially
pronounced in those areas of activity that are associated with intellectual work. In such areas of
activity, a person under the age of 35 is often not self-sufficient, which forces him to think first
about a career, and only secondarily about starting a family.
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The above factors are well known; they are reflected, in particular, in [8].

However, insufficient attention is paid to the following circumstance. In fact, in modern
conditions a situation arises where the division of living people into “children” and “adults” does
not fully correspond to the real age structure of society. Indeed, “children” in the classical sense of
the term should be understood as individuals who are such both biologically and socially. Likewise,
“adults” in the full sense of the word should be understood as persons who are such in both of the
above senses.

But, as even a superficial analysis of the current situation shows, at present a significant
proportion of the population of the Republic of Kazakhstan consists of people occupying an
intermediate position between children and adults in the classical understanding of these terms.
These are individuals who are biologically adults (that is, capable of procreation and have a need
for sexual relations), but who are not adults in terms of their social status.

Let us note that the de facto gap between the ages of biological and social maturation has long
been codified. So, a woman can produce offspring at the age of 15, and sometimes earlier. But, in
accordance with the legislation in force in the vast majority of developed countries, this is
interpreted as the result of illegal actions. The age of social maturation is legally established
between 16 and 18 years, which is interpreted through the legal concept of legal capacity.

It is appropriate to emphasize that the existing codification of the difference between the ages of
social and biological maturation developed historically quite late.

Evidence of this can be found, among other things, in fiction. So, the nanny, the character of
“Eugene Onegin,” answers the main character about “old times” like this:

“How did you get married, nanny?”

- So, apparently, God ordered it. My Vanya
Was younger than me, my light,

And | was thirteen years old.

These lines reflect the situation legalized in Russia in the 18th century: peasant girls could get
married at the age of 13, which corresponds to the age of biological maturation.

It is obvious that the difference between the legally established age of social maturation and the
age of biological maturation in current practice is quite small. Such a difference cannot have a
significant impact on the structure of family and marital relations. But, if the difference in question
approaches 16 years (i.e., the period corresponding to one biological generation), then this already
becomes significant.

This returns to the question of the connection between the nature of family and marriage
relations with the issue of population reproduction. Namely, in the literature, as a rule, two types of
population reproduction are considered (if we consider the most archaic, characteristic of primitive
tribes). The first (traditional) type of population reproduction is characterized by a relatively high
birth rate (30-55%), and most importantly, by the total fertility rate (up to 6 or more children per
family). The second (“industrial”) is characterized by a lower birth rate, and most importantly, a
relatively low number of children in the family (on average, this indicator is often taken to be 2.3),
and in current practice it has (for many countries) much lower values. Note that some sources also
consider another intermediate type [9], but for the purposes of this work this is not significant.

It is impossible not to notice that the LGBT agenda and its modifications de facto pave the way
for other types of population reproduction. Indeed, the legalization of same-sex relationships, as
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well as their moral and legislative support at the state level, ultimately cannot but lead to the
formation of marriage unions of various types.

For the purposes of this work, marriage unions called polyamorous are of greatest interest. [10]
(several companions entering into each other, including same-sex relationships). The corresponding
trends in the countries of the geopolitical West are already visible quite clearly [11,12]. For
example, marital unions are reported in which for one man there are two partners who are in lesbian
relationships with each other.

However, it should be noted that non-classical marriage unions also existed informally in the
former USSR, where at the beginning of its formation (1920s onwards) the issue of the essence and
nature of family and marriage relations was actively discussed. Suffice it to recall the “glass of
water” theory of the prominent revolutionary Kollontai [13]. Examples of such unions created by
outstanding cultural figures and reflected in literature [7, p. 4] are the relationships between two
lesbian women and the husband of one of them (M.I. Tsvetayeva with her husband S.Ya. Efron and
Sofia Parnok), two husbands and their common wife (V.V. Mayakovskiy and the official Brikov
couple), etc.

There is every reason to believe that the genesis of this kind of marriage unions is in one way or
another connected with the general atmosphere in Russia in the 1920s, when any norms inherited
from the “old world” were questioned.

However, this is nothing more than a remark designed to emphasize that the problem of updating
the family structure is by no means new and is by no means being raised for the first time. In
particular, even F. Engels noted in one of his most famous monographs: “If a monogamous family
in the distant future turns out to be unable to satisfy the needs of society, then it is impossible to
predict in advance what character its successor will have” [15, p. 94].

Let us pay attention to the following circumstance. If the age difference between partners in a
marriage of the type indicated above is sufficiently large, then one of them actually begins to
occupy an intermediate position in such a family between an “adult” and a “child.” Consequently,
such unions, at least theoretically, correspond to the realities of a society in which a large proportion
of individuals are adults biologically but children socially.

Such persons can, given the appropriate family structure, produce offspring while remaining
under the care (including financial support) of the older generation. In this case, the period of social
maturation coincides with the period of raising children (in the next generation) in the full sense of
the word.

A schematic of such a union is illustrated in Fig. 2, which shows the structure of a polyamorous
family of two women and one man.

N

e

Figure 2 — Diagram of the structure of a polyamorous family of two women and one man; t1.2 —
ages of biological and social maturation, respectively
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Thus, at least theoretically, we can talk about the formation of a family that will correspond to
the emergence of an intermediate (neither children nor adults in the classical sense of the term) age
group.

Specific forms of practical implementation of transformations of the family and marriage
structure in the future, of course, may be different. But the diagram presented in Fig. 2 is of
particular interest for Kazakhstan, precisely because of the possibility of creating tools to counter
LGBTQ phobias.

The possibility of implementing such instruments is also determined by objective factors.

Namely, the very fact of discussing polyamorous families (and other forms of marriage unions)
automatically negates the absolutization of the classical monogamous family in the Eurocentric
interpretation of this term.

Consequently, if we consistently adhere to the point of view that follows from this, then the
question of legalization - and at the international level - of the widest range of different forms of
family, including those that were characteristic of the Islamic world throughout its centuries-old
history, is legitimate.

In this regard, it is appropriate to emphasize that polygamy has been criticized for a long time
exclusively from the standpoint of Eurocentrism, but in the context of a radical transformation of
the family structure on a global scale, criticism built on this basis, at a minimum, ceases to be
convincing.

In such conditions, a broad discussion of various forms of family and marriage relations,
including those complementary to the sociocultural code of Islamic civilization, cannot but cause a
certain resonance in Kazakh society.

This is due, among other things, to already emerging trends. In particular, the current practice in
the Republic of Kazakhstan shows that the institution of tokal (second-junior wives) is already de
facto legalized, if not at the level of legislation, then at the level of mass consciousness.

Let us note that the tokal institute in the Republic of Kazakhstan already de facto largely
corresponds to the “third type” of population reproduction. Many young tokals actually occupy an
intermediate position (between adults and children in the traditional understanding of these terms).
They are adults biologically, ensuring the reproduction of the population, but remain children
socially, at least financially and in relation to social protection mechanisms.

On the one hand, this state of affairs can be interpreted from the standpoint of “reincarnation of
the archaic,” or more precisely, a return to conservative values characteristic of past centuries.

But a more detailed examination of this issue clearly shows that the tokal institute is rapidly
modernizing. Many of them use their position for the purpose of self-realization, developing social
capital, etc. In other words, they actually go through a process of social maturation as individuals,
while producing offspring. This allows us to assert that trends corresponding to the third type of
population reproduction are already taking shape in the Republic of Kazakhstan.

This returns to the question of creating tools to overcome LGBT phobias in Kazakhstan.

As follows from the above, the structure of the family will be transformed without alternative
due to objective reasons. The higher life expectancy, the greater will be the gap between the ages of
biological and social maturation, which gives rise to a crisis in the traditional monogamous family.

This contradiction will sooner or later be resolved in one way or another. It is preferable,
however, to make the corresponding processes manageable, i.e. make decisions not after the fact
(i.e., reacting to already formed trends), but act proactively.

It is this narrative that can be used, among other things, to overcome LGBT phobias in
Kazakhstan. Indeed, the very fact of widespread discussion of the need to modernize family and
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marriage relations cannot but lead to certain shifts in mass consciousness. In particular, supporters
of polygamy (including those based on ideas classical in Islam) have at their disposal a
theoretical/informational tool that allows them to resist Eurocentrism in this area. In conditions
when the widest range of family and marital relations arises, polygamy, classic for Islamic
civilization, can no longer be criticized as something obviously backward, as was the case
throughout the entire historical period when Eurocentrism was ideologically dominant.

In parallel, for representatives of certain social strata (mainly wealthy and at the same time
largely oriented towards the geopolitical West), it will certainly be of interest to discuss the issue
that the legalization of the tokal institution can be combined with the LGBT agenda.

There is no need to prove that it is these social strata that largely set the tone in public opinion.
Consequently, if they have at their disposal an information tool that meets both their own
aspirations and the opportunity to talk about a return to the traditions of their ancestors, but at a new
stage of historical development, then they will certainly use it.

The diagram shown in Fig. 1 may well become such a tool. 3. Indeed, to a certain extent it meets
both the problem of overcoming LGBT phobias and the traditional ideas about polygamy in the
world of Islam.

Moreover, it is already partly being implemented in practice. The Tokal Institute in many
respects already corresponds to the diagram in Fig. 3, i.e. trends demonstrating the transition to the
third type of population reproduction are already evident. For clarity, this diagram can be redrawn
in a form that already corresponds to the realities of Kazakhstan, Fig. 3.

T 4 Husband

Eldest wife (baibishe)

____________________________ T1

Figure 3 — Adaptation of the tokal institution to the third type of population reproduction; 1.2 — ages
of biological and social maturation, respectively (baibishe — eldest wife, tokal — youngest)

But, even if we do not take into account the above circumstances, the very fact of discussing the
crisis of a monogamous family can radically change the attitude of a certain part of traditional
Kazakh society towards the LGBTQ agenda. Indeed, polygamy was and continues to be viewed as a
kind of relic of the past (including in the mass consciousness of citizens of the Republic of
Kazakhstan). However, in conditions where the crisis of the Eurocentric monogamous family is
obvious, this attitude towards polygamy cannot but be revised. In essence, both supporters of the
traditional (from the point of view of Sharia norms) family, not to mention supporters of secular
polygamy, and supporters of the LGBTQ agenda - with the proper level of understanding of the
objectively developing geo-economic processes - cannot help but turn out to be situational allies.

Paradoxically, this very fact can in the future serve as one of the important tools for
consolidating Kazakhstani society.
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Indeed, for a multinational and multi-religious country, also located in very difficult geopolitical
conditions, it is extremely important to find an area in which representatives of various social,
ethnic and other groups understand the importance of the most tolerant attitude towards
representatives of a different point of view.

Family and marriage relations - due to the obvious transparency of the relevant theses for the
majority of the population - can become precisely the area that will most clearly prove that
“diversity” is not always “directed against someone.” At a minimum, in the current specific
historical conditions, it is the thesis about the importance of diversity that can serve as the basis for
the consolidation of many Kazakh political forces, which is critically important for ensuring the
socio-economic stability of our country.

Moreover, the opposite situation - when one or another point of view on the nature of family and
marriage relations is declared obviously unacceptable - carries more than significant risks for
Kazakhstan. This directly follows from the theory of sociocultural code, reflected, in particular, in
[3, 4].

Indeed, the growing disunity of Kazakh society is mainly determined by the fact that at least
three different sociocultural codes are firmly established in it. One of them can be conditionally
called “Eurasian” (it is inherited from the times of the USSR), the second is formed on the basis of
an more ancient code, which is strengthened under the influence of Islam, and the third can
conditionally be called European. The latter in Kazakhstan over the past 30 years has also
significantly strengthened its position due to the assimilation of European values. Proof of this,
among other things, are the rather serious positions of the LGBT community in Kazakhstan, as well
as the tolerant attitude towards this agenda on the part of a significant part of Kazakhstan’s youth.

These three sociocultural codes are in, to put it mildly, complex relationships with each other
(more precisely, the bearers of these codes). Moreover, the same person or the same family may be
under the influence of two or more such codes. This is one of the reasons for the increase not only
of conflict in society, but also the cause of many psychological disorders.

Therefore, it is important to create a tool that would most clearly demonstrate the importance of
not just tolerance, but would serve as a kind of “assembly point” for all three of the above
sociocultural codes. In fact, we are talking about a targeted impact on all three codes so that their
bearers realize a very simple thing — ethical and sociocultural diversity is a valuable resource.
Ecologists have long been talking about the importance of preserving biodiversity, and this point of
view has been assimilated by the mass consciousness. The analogy is obvious.

The thesis about the value of sociocultural diversity can also well be assimilated by the mass
consciousness, and it is a broad discussion of the issue of the evolution of family and marriage
relations that can serve as one of the most effective tools here.

Thus, discussion of the LGBT agenda, if the issue is adequately posed, can become one of the
tools for consolidating Kazakh society, ceasing to be a factor in its disunity.
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IOBWJIEMHBIE JTATHI

Myn I'pucopuit Anekceesuu

O00KMOp XUMUYECKUX HAYK, npogeccop,

akademux Hayuonanohoii unsiceHepHoli

akademuu PK, npe3udoenm nayumno-

mexHuueckozo oowecmea « KAXAK»

17 mapra 2024 r. ucnomumwinocs 70 ner I'puropuio AunekceeBuuy MyHny, mnpodeccopy
Kazaxckoro HalMoHaIBHOTO YHHUBEpPCUTETa MM. ajb-Dapabu, BBIIAIOMIEMYCS YYEHOMY, JOKTOPY
XMMHYECKHUX HayK, podeccopy, akageMuky HanronansHol nHxeHepHoi akagemuu PK.

Myn I''A. — ydeHslii Bo BTOpoM nokoseHuu. Ero oren Anekceit MHceHoBM4 MyH, NOKTOp
XUMHUYECKUX HayK, npodeccop, 3aBeayromuii gaboparopueit MHctutyra Xumuyeckux Hayk AH
Ka3zCCP. Kanmupmarckyro auccepTaiuio 3amuTuid B 1952 1. moa pyKOBOJCTBOM YUYEHOTO C
MHUPOBBIM UMeHeM akajgemMuka M.U. YcanoBuua. [lokTopckyto nuccepTaruio 3auuTtui B 1967 r.,
IpyUYeM B TOT NEpUOA B TEUEHUE JUIUTEIbHOro BpeMeHH A.Ml. MyH sBisuicd €IUHCTBEHHBIM
kopeiineMm B Kazaxcrane, 3alIUTUBIINM JOKTOPCKYIO JUCCEPTALUIO IO XUMUYECKUM HaykaM. A.U.
MyH— BHJIHBIH YYEHBIM-XMMHK, TpPYyAbl KOTOPOrO OOIIENpPU3HAHBI, IIHPOKO M3BECTHBI U
BOCTpeOOBaHbI B HAy4yHOM MHpe U B Hacrosimee Bpemsa. OH sABIsSeTcs OJHUM U3
OCHOBOIIOJIO)KHMKOB HAY4YHOT'O HAIPaBJICHMs, CBS3aHHOIO C (PU3MKO-XMMHUEH U TeoXumuen
MHUKPO3JIEMEHTOB, CTAaBILErO0 B HACTOSAIIEE BPEMsI CAMOCTOSITENIbHON, NHTEHCUBHO pa3BUBaIOIIENCs
00JacTbI0 €CTECTBO3HAHMSI HA CThIKE XMMHUYECKOM HaykKu U reojiorud. OmnyOJMKOBaHHBIM UM
(byHIaMeHTanbHBIH TpyA B Buie MoHorpaduu «PacmpeneneHune MUKpPOIJIEMEHTOB B BOJOEMax
Kazaxcrana» B coaBropctBe ¢ akagemukoM A.b. bextyposbim (M31. «Haykay», Anma-Ara, 1971 r.)
U B HaCTOfAIIEe BpeMs MPUBJIEKAeT BHUMaHUE (PU3NKO-XHMMHKOB, F€OXHMHUKOB, THIPOXMMHKOB,
paloTaroM B JaHHOW 00JacTH, SBJSETCS MEPBOM KHUTOM MO M€OXMMMHU PEAKHX U pacCesHHBIX
3JIEMEHTOB B KOHTUHEHTAJIbHBIX OacceiHax.

IIpopeccop I'.A. MyH oOueHb TOPAMUTCS CBOMUM OTIHOM. M3 JETCKMX M IOHOIIECKUX
BOCIIOMHHAHUI caMoe TiIyO0OKoe BIeuaTiieHHe — OTel Bcerja B paboTe, THEM M HOYBIO YTO-TO
MUIIET, KAKHEe-TO HAyYHBIE CTaThH, €r0 KOJOCCATHHOE TPYIOII00NE  pabOTOCITIOCOOHOCTh MPOCTO
nopakaer. UMenHno nox BiausiHueM oTia [.A. MyH caeman cBoi BeIOOp B mpodeccun — XUMus, a
TaK)Xe ONpPENEeNIUI JaJbHEUIIYI0 CBOIO 00JacThb HAYYHBIX MHTEPECOB M HCCIENOBAHUN — XUMHS
MOJINMEPOB.
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Cynpba I''A. MyHa B HayKe CKJaJbIBajlach JOBOJIbHO HTepecHO. Jlo 4-ro Kypca OH yduics B
Ka3l'V, a motrom B 1976 1. ¢ ponurensimu nepeexan B Poccuro. IlepeBesncss Ha XUMHUYECKU
dakynmprer MI'Y um. M.B. JlomMOHOCOBa, IUIUIOMHYIO pa0OOTy BBIIOJIHSUI B JIaOOpaTopuu
TEOPETUYECKHX TMPOOJIEM OpPraHUYeCKOW XUMHH, KOTOPOW HEMOCPEACTBEHHOH PYKOBOIWII
JICTEHJIapHBIA Y4YEHbIH C MHUpPOBBIM HMeHeM akajgeMuk Ouser AnekcanjapoBud PeytoB. Ero
naboparopusi, OH caMm, KaK YYeHbIH, €ro JIeKIMM Ha BCIO JKHM3Hb IpousBenu Ha [.A. Myna
cuibHelee BredarieHue. [loatomy Han AWIUIOMHON paboToii OH paboTan JeHb W HOuYb. Bce
pabouue aHM, BKJIOYas cy000Ty, mpuxoauna B jabopatoputo yrpoM B 8.30-9.00 m yxomun He
pasble 9 yacoB Beuepa, YeM, HaBepHOE, YIAHBIISI COTPYIHUKOB U Mpenojasarenei kadeapsl. Ho
Apyroro odpasa KM3HU U pekUMa pabOThI OH MPOCTO HE MPEACTaBIsLI. Buaumo toraa oH npoussel
CTOJIb XOPOIIIee BIICYATICHNE Ha CBOETO HEMOCPEICTBEHHOTO PYKOBOAUTEINS 110 AUIIJIOMHOU paboTe
npodeccopa K.I1. Bytuna, 4To TOT mpuUIIIacki ero K cede B aCUpaHTypy.

Ho Bce-taku mo psny mpuuuH ['A. MyH sl OCTyIUIeHHS B acMpaHTYpy BbiOpan kadenpy
BBICOKOMOJIEKYJIsIpHBIX coenuHenuii (BMC) MI'Y, B To Bpems camyto monoayio kadenpy 8 MI'Y,
rae paboTany camble MOJOJbIe U MEPCIEeKTHUBHBIC JOKTOpa HAyK, Hay4HbIE TOCTHXKEHUSI KOTOPBIX
TeM HEe MeHee Yxe ObUIM NpU3HAHBI BO BCeM HaydyHOM Mupe. CBOMM INpPUMEPOM, CBOUM
0€33aBeTHBIM OTHOIICHHWEM U MpeJaHHOCThI0 K Hayke [.A. MyHa o4yeHb BIOXHOBISUT Ipodeccop
Bnamumup BopucoBuu ['onyOeB, ero HemocpenCTBEHHBIH pyKOBOAMTENb, KoToporo [.A. MyH
CUMTAET CBOMM OTIOM B Hayke. OTO ObUI 3aMeyarelbHbI, OYEHb MHTEPECHBIM UEIOBEK U I10-
HACTOSIIEMY BBIIAIOIIUICS YUYCHBIH, TONB3YIOMUICS a0COTIOTHBIM aBTOPUTETOM M YBaXCHHUEM B
MI'V. Bmecte co cBoum pykoBogutesneMm [.A. MyH NpoBOAWJI JINTENbHbIE 3KCIEPUMEHTHI,
3a4acTyl0 OCTaBasiChb B jabopaTopuu Kpyrible cyTKu. PaboTaTth B Takoil TBopueckoil aTmocdepe
ObUIO KpaifHe HHTEPECHO.

B 1o Bpems xadenpy BMC Bosrnasnsin uinen-koppecnonnenT AH CCCP B.A. Ka6anos. Toraa
eMy Obu10 uyTh OoJbiie 40 JeT, HO OH y>Ke ObUT BBLAAIOIIUMCS YUEHBIH ¢ MUPOBBIM UMeHeM. Torna
utst aciupanTa [.A. MyHa oH Ka3ajcsi JOCTaTOYHO B3POCIBIM, CPEAHUX JIET mpodeccopoM. TolbKo
nozxe st [.A. MyHa cTano MmoHSTHO, 4TO JOOUTHCS TAKOTO MPHU3HAHHUS B MHUPOBOW B HAyKe B
TaKOM MOJIOJIOM BO3pacTe — 3TO OIPOMHBIN BBIJAIOIIMICS yCleX, KOTOPOro JOOMBAETCs JaJIEKO HE
kaxapid. Axkanemuk B.A. KaGanos ans I'A. MyHa Bcerja Obul U SIBISIETCS KYMUPOM U BEITUKUM
npuMepoM 0€33aBETHOTO CIIy>)KeHUs Hayke. [losToMy ciiegyeT HEMHOro mnoOojiblie O HeM
pacckasars.

@DyHIaMEHTAIBHYI0 HAayKy 4acTO KPUTHKYIOT 32 OTCYTCTBUE NMPAKTUYECKOW OTAAYHU, IIPU 3TOM
MHOT'HE YMHOBHUKH OT HayKH UCKPEHHE CUUTAIOT, YTO (PyHIaMEHTalIbHas HayKa BOOOIIe He HYKHa,
MTOCKOJIbKY OHa CJIMILIKOM OOpeMEHUTEIbHA JUIsl OF0JKETa CTPAHBI.

B.A. KabaHoB ObUT HE TOJILKO BEIMKHUM YYEHBIM, HO U BEJIMKUM IPaXXAAHUHOM U HaTPUOTOM
CBOEH CcTpaHbl, a0COJIIOTHO TIPEeIaHHBIM Hayke. Bceil cBoel HaydyHOH NeSTeTbHOCTRIO OH HATJISITHO
JI0Ka3bplBaJl, YTO HET HHUYero Oosiee MPAKTUYHOIO U HEOOXOAMMOIO [UIsl 4YeJIOBEYeCTBa, YEM
(dbyHIaMeHTalbHAas HayKa.

Bcro kM3HB TUIOOTBOPHO 3aHUMasCh (DyHIAMEHTaJIbHBIMH HccienoBaHusMmu, B.A. KabGanos
OJIHOBPEMEHHO TPYAMJICS U HaJ UX NMPAKTUUYECKON peanuzanueil. 1o ero HayuYHbIM pyKOBOJICTBOM
Ha OCHOBE (PYHJJAMEHTAJIbHBIX UCCIIEOBAaHUM B 0071aCTH HAAMOJEKYISIPHON CTPYKTYPBI U (PU3UKO-
MEXaHUKE TIOJUMEpPOB ObUTM pa3paboTaHbl M BHEJIPEHbl TaKWE HOBBIE TEXHOJOTMH Kak
MIPOM3BOJICTBO  IMOJIUIIPONUJICHOBBIX IUIEHOYHBIX HUTEH C MOBBIIIEHHBIMA POYHOCTHBIMU
XapaKTepUCTUKAMH, IIUPOKO HCIIOJIb3yEeMbIE B IPOMBIIIJICHHOCTH. BHeApeHue 3Toil TeXHOJIOTUH B
MPAKTUKy MPUHECIO KOJOCCAIbHBIA 3KOHOMHYECKHH 3(PQEKT, UCUUCIIEMbII MHOTUMHU COTHSIMH
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MWIIHOHAMH pyOIei, a B TO Bpemst pyOib KaK, U3BECTHO, M0 KypCy CTOHJI JOPOXKE aMEPUKAHCKOTO
JoJu1apa.

B 1986-1987 rr. B.A. KabaHOB COBMECTHO C MOJOABIMH COTPYAHHMKAMHU CBOEH Kadeapsl
npodeccopamu A.b. 3ezunbiM, .M. [lanucoeiM, JI.b. CTporaHoBbIM NpUHSIT HEMOCPEACTBEHHOE
ydacTHe B JMKBUIALMU nociencTBuil YepHoOblabckol aBapuu. Bmecte ¢ HUMHM OH pazpaboTan u
IPUMEHWI TOJIMMEPHYIO PELENTypy Ha OCHOBE HMHTEPIIOJIUIICKTPOJIUTHBIX KOMIUIEKCOB IS
IIPEIOTBPALCHUS MUTPAlMU PAJUOAKTUBHOW NbUIM B 30HE aBapuu. ONTHManibHOE TEXHUYECKOE
peuieHre ObUIO HailieHo Onaronaps paHee NMPOBEAEHHBIM (YyHIAMEHTAJIbHBIM HCCIEIOBAaHMSM, a
mnuHoe yuactue KabanoBa B.A. B mpakTtudeckux paboTax, B TOM 4YMCIIE, U Ha MECTE aBapuH,
MIO3BOJIMJIO B KpaTyailllie CPOKH IMPOUTHU IyTh OT J1a0OPAaTOPHBIX M TOJEBBIX HCIBITAHUN /0
MPOMBIIIJICHHOTO MPOU3BOACTBA M MPUMEHEHHs PELEeNTyphl. 3a TP KOMAaHAUPOBKH B UepHOOBLTH
B.A. KabaHOB C cOTpyAHMKaMH HpPOBEJI HEMNOCPEACTBEHHO Ha 3apaKEHHBIX Y4YacTKax OKOJIO
NBaALATH JAHEW, 4TO, BO3MOXKHO, IOCIIY>KWJIO IIPUYMHOM €ro PaHHEro yXoJa U3 >KU3HH, a TaKXKe
npodeccopon JI.b. Ctporonora u M.M. Ilanucosa.

3aBeplIMB AMCCEPTALMOHHYIO paboTy M 3alIUTUB KaHIUAATCKYyl0 Jucceprauuio B MIY
I"'A. MyH crnycTsi HEKOTOpOe BpeMs BEpHYJICS B pOJHOW ropoj Anmarbl. Y Hero Obll BBIOOD —
noitu paborats B MHCcTUTYT Xxumudeckux Hayk, ITomurexuuueckuit mnctutyt wim Kasz['y. On
BoIOpan Ka3l'V, kadenpy XuMuu BBICOKOMOJEKYJSPHBIX COEIWHEHH, MOTOMY 4YTO 3/€Ch Ha
kadeape B TOT NEpUOJ HWHTEHCHUBHO pPAa3BUBAJIOCH HAyYHOE HAMpaBICHUE 110 TOJIMMEpPaMU
OMOMEIMIIMHCKOTO Ha3HA4YCHUs, KOTOpoe Bcerna mpupiekano Myna ILA. W ¢ Tex mop omHO u3
OCHOBHBIX HalpaBJIEHUI €ro Hay4YHOH J1eATEIbHOCTH CBSI3aHO UMEHHO C 3TUM HallpaBJICHUEM.

Cnenyetr otMeTUTh, 4TO B KOHIlE 80-x—Hauane 90-x rogos I'.A. MyH ¢ corpyanukamu B KazHY
BriepBble B KazaxcTane Havaiu 3aHMMaThCsl HOJMMEPHBIMHU THIPOTEIsIMU. DTO HalpaBjieHue ObLIO
uHUIMUpoBaHo mpodeccopom 3aype CarueBHoit HypkeeBolt u axanemukom Epenraumnom
ManukosuueM IllalixyrnuHoBeIM. B nanpHelnieM OHU cTalnu HaydHbIMU KOHCyJbTaHTamu [.A.
MyH no nokropckoit nuccepranuu. Cieayer oOTMETUTD, UTO B TO BpeMs B Kazaxcrane naxe cpeau
YYEHBIX MaJlo, YTO OBLJIO M3BECTHO O MOJUMEPHBIX TMIPOTeNsiX, STUX YHHKAIbHBIX MaTepuasax,
CIOCOOHBIX 00PAaTUMO yAEPKUBATH BOJIY B KOJOCCATBHBIX O0BEMax.

OpaHO U3 MepBbIX NPAKTHUECKUX BHeIpeHuil B Mmeaunune npogeccopon 3.C. Hypkeesoit u I'.A.
Myna — ato renb mia Y3U-nuarHocTuku, 00ecreynBaronIiil KOHTaKT MEXIy KOXKel MalueHTa u
noBepxHoCThIO Aatuuk Y3U-ammapara. B 90-x rogax Ha 3ape yiabTpa3BYyKOBBIX JMATHOCTHUECKUX
uccinenoBanuii B PK takoli renp 3akynanu 3arpaHuien 3a BaatoTy. Korjga neltaauchk UCIoIb30BaTh
B KAQueCTBE 3aMEHUTENS pa3IMyHble KUAKOCTH, BPOJE TIUIEpUHA WM TeHbI Ui OpUThA, TaTUUKU
JIOMAJIMCh, a 3TO JOPOTOCTOSIIMNM KIIOUEBOM HJIEMEHT B AuarHoctuuecko Y3M-ammaparype.
Komannoit 3.C. Hypkeesoii u I'.A. MyHna BnepBsie B Kazaxcrane Obu1 pazpabotan rens ais Y 3U-
JMArHOCTHKH, KOTOPBIA YCHENIHO B HEOONbIIMX oObemax mocTaBisuics B kiMHUKM PK u nmaxe
Poccun.

[Tozxe B koHume 90-x romoB I'.A. MyHoM Obl1 pa3paboTaH yHHMKaJIbHBIA THAPOTEIEBBIN
MHBEKIMOHHBIN MMIUIAHTALIMOHHBIM Matepuan «[JmKorenb», Mpu MCIONIb30BaHUM KOTOPOTO IS
XHpypra oTnagaeT HeoOXOJIUMOCTh HaHECEHHs! OOIIMPHBIX TPaBMaTHUYHBIX pa3pe30B, MOCKOJIbKY
PeoJIOrnYecKre CBOICTBA 3TOr0 MaTepHalia MO3BOJSIOT BBOJUTH €r0 B KOPPEKTUPYEMBbIE 00JIACTH
OpraHu3Ma ¢ IMOMOIIBIO IIIpHLIAa (MHBEKTOPA) U UTJIBL, JTUOO C UCIOIB30BAHUEM IHIOCKOITUYECKOM
TEXHUKH B KOJIMYECTBAX JOCTATOYHBIX JUI AOCTHXKEHMs CTaOWJIBHOIO (YHKIHMOHAIBHOIO H
IUIaCTHYECKOro 3(h(eKkToB. DTO 3a4acTyi0 MO3BOJIAET NPOBOIUTH ONEPALUIO MO MJIACTUKE MATKUX
TKaHell B aMOyJIaTOPHBIX YCIOBHSIX.
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B nmepuon ¢ 2003 mo 2005 rr. Gmaromapsi 3TOMy HMILIaHTaIIMOHHOMY Matepuany Ooinee 200
OONBHBIX JEeTeW, CTPAJAOIMX THKEIOM TAaToMOTHe B BHUAE HA3bIBAEMOTO  ITy3BIPHO-
MOYETOYHHUKOBOTO peduitokca, o0onumch 0e3 TOJOCTHOM omepanuud W ObUIM  W3JICYEHBI
supockonudecku. Ho cpok Beimannoit M3 PK nunensun 3akonuwmscs B 2005 1., a Bce MOMNBITKU
IpOUIUTh €€ pa3OuWiInch O MHOXKECTBO Oropokpatuueckux mnpernoH. Ceiluyac ximuHuku PK
BBIHYK/ICHBI 3aKyNaTh AHAJIOTMYHBIA UMIIAHTAMOHHBIA MaTepual U3 pa3HbIX cTpaH — OpaHiuy,
IlItaroB, Poccuu. Ho, no 3akiItOueHHIO Ka3aXCTaHCKUX MEIMKOB, BCE OHU 3HAUUTEIBHO YCTYyHAKOT
10 CBOM MEIMKO-TEXHUUYECKUM CBOMCTBaM «I JTMKOTeIo».

Caoto robuneitnyio aary mpodeccop I.A. MyH BcTpedaer B
IOJJHOM PacCUBETE CBOMX TBOPUYECKUX CHJI U BO3MOKHOCTEH. K
HacrosimemMy Bpemenu [.A. MyH mpomen OonbIIOW TyTh B
HayKe, JOOWJCS Ha OTOM TMOINPHIIE  IMO-HACTOSAIIEMY
BBIIAIOIINXCSl YCIIEXOB, HO OH YBEPEH, 4TO caMble OOJbllne
YCIIEXU HAYKH €ro elle KIyT BIEPEIH.

IIpodeccop T.A. MyH MmMHUPOKO H3BECTEH HAYYHOMY
COOOIIECTBY KaK BCEeMHPHO MPHU3HAHHBIA Y4YEHBIA, BHECIIUN
BBIIAIOIIMICS BKJIAJl B pa3BUTHE HAYKH M TEXHOJIOTUHU B 00JIaCcTH
XMWY, (QHU3UKH M TEXHOJOTHH, MOJMMEPOB, IOJIMMEPHOTO
MaTepUaJIOBEICHUS,  pAAUALlMOHHOM  XMMHMHM  IOJIUMEPOB,
HAaHOTEXHOJIOTUH.

ITpodeccopom I'.A. Mynom omyOnukoBaHo cBbime 600

Hay4yHbIX pabor, B T.4. cBeime 110 Hay4yHbIX cTaTeil B

C npopextopom MI'Y um.
M.B. JlJomoHOCOBa
akageMukoM A.P. XoX10BEIM

MEXIYHapOAHbIX BBICOKOPEWTHUHIOBBIX HAYyYHBIX JKypHajax,
BKIrOYeHHBIX B 0azel Web of Science u Scopus, 7 y4ueOHBIX
nocobuil U ydyeOHMKOB, 9 Monorpaduii, 25 marenroB PK u 3
EBpasuiickuii nateHToB. OH SIBJISIETCS aBTOPOM TpEeX Hay4YHBIX
OTKpBITHH, oduuManbHO 3apeructpupoBaHHbIXx B 2008 1. m 2023 1. Ilog ero pykoBoacTBOM
3amuiieHo 14 kanaunaTckux naucceprauuu U 11 nuccepranuit nokropa ¢punocodpuu (PhD).

[To manHbBIM MexayHapoaHoro uHdopMmarmonnoro arenrctBa Clarivate Analytics (Thomson
Reuters) npodeccop I'.A. MyH UMeeT 0iMH caMbIX BBICOKUX MHJIEKCOB IUTHUPYEMOCTH CPEIU BCeX
yuenbix Kazaxcrana (Sum of the Times Cited=1759), a Taxke oauH M3 camblii BbhICOKHX B PK
ungekc Xupura (h-index=28), orpaxaroriunii BeCOMOCTh BKJIaa YICHOTO B IJI00AIBHYIO HAYKY

CrnenmyeT oTMETUTSH, uTO, 10 HaHHBIM 0a3bel Web of Science u Scopus B nHauane 2000-x To70B Ha
MIPOTSHKEHUM 7 JIET OH BO3IVIABIISUI PEUTHHT Y4€HbIX Ka3zaxcTaHa 1o nmokasaTento HUTHPYEMOCTH. Y
HEro MHOTO YYEHHKOB, JAOCTH)KEHHUSIMH KOTOPBIX B HayKe MOXKHO ropautbca. Cpelu HUX eCTh
NeHCTBUTENBHO BbLAAIONIMECS, Hanpumep, Butanuii XyTopsHCKHUI, KOTOpBIM padoTaeT MOJHBIM
npodeccopoM B OJHOM U3 BeAyHIMX yYHUBepcuTeToB AHIMU. K HacrosmeMy BpemeHH mpodeccop
XyTOpPSIHCKUH OH HMEET MHOT0 MEXIYHAapOAHBIX HAy4YHBIX Harpaj, SBJSETCS IOYETHBIM
npogeccopoM HECKOIBKHX YHUBEPCUTETOB. B MUpoBOM peifTunre yueHsx no 6asze Web of Science
I'"A. Myn u B.B. XyTopsHCKU yX€ Ha MPOTSHKEHUM MOCHEAHMX 15 JeT HEM3MEHHO 3aHMMAaroT
NepBble JIBa MECTa B MHpE IO PEUTHUHTY Cpeau BCeX Y4YEHBIX, paboTaromux B 00JacTH Tak
Ha3bIBAEMBIX  WHTEPIOJUMEPHBIX  KOMIUIEKCOB, SBJISIONIUXCS  TPAJUIHOHHBIM  OOBEKTOM
ucciaenoBaHuil B HaHoTexHosoruu. [Ipmuem mnpodeccop B.B. XyTopsHckuii yamie Bcero OH
3aHUMAaeT TepByI0 mo3uimio, a mnpodeccop ['A. MyH BTOpy0, TOJBKO B OTHAEIBHBIC TOJIbI
npodeccopy I'.A. MyHy nHOTAa ynaeTcs BbIPBAThCS HA TMEPBYIO MO3UIMIO B 3TOM PEUTHHTE, TaK
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4TO 3/7€Ch YYCHHK MPEB3OIMIENl YUUTENs, BIpoUYeM, Tak Mo MHeHHIO [.A. MyHa, U JOMKHO OBITh,
YUYEHUKHU JTOJKHBI UATH JANIbIIE CBOUX YUUTEIEH.

Opnna u3 nepBbIX yuyenuil [.A. MyH, KoTopoii oH 1o npaBy ropautcs, Mpuna Ham yxe 6omnee 20
ner paboraer B Ceyne B IOxnoit Kopee, B kopmopamuu Samsung B 00JacTH MOJTHMEPHOTO
MatepuanoBeneHus. Crnexyer ormeruth, 4to B IOxnoit Kopee oyeHb BbICOKa KOHKYPEHIIHS
MPAKTUYECKH BO BceX cepax NesTeNbHOCTH, IPU STOM, TPAAUIMOHHO, KEHIIMHE OYEHb HEJIETKO
KOHKYpHUpOBaThb C MYXYMHaMu Ha pabore, TeM He MeHee VMpuna Ham crabunbHO 3aHHMaeT
BEAYILYIO MO3ULIHIO B 3TOM KPYIHEHIIEH KOpIIOpaluu.

ITpod. I''A. MyH ycreuHo co4eraeT II0OA0TBOPHYIO HAYYHO-TIEarOTHIECKyI0 JIeSTeIbHOCTh C
obmmecTBeHHOl pabotoil. OH sBnserca wieHom HHC, rmaBHBIM penakTopoM HAy4dHOTO >KypHala
«M3Bectuss HTO Kaxak», a Takxke mpe3uaeHTOM Kopeickoro HaydHO-TEXHHYECKOTro O0IIecTBa
Kazaxcrana «Kaxax». B 3Tom acniekte He00X0IUMO OTMETHUTh CIEIYIOIIEe.

5 utons 2023 roma B ropoae Ceyn cocTosoCch 3HaKoBoe Mmepomnpusatue — 1-ii Becemuphbiii
KOHrpecc Kopeickux yueHbix W wumxeHepoB («1st World Congress of Korean Scientists &
Engineersy), opranusoBanubiii Kopeiickoit demepariieli HaydHO-TEXHUYECKUX OOIIECTB, YICHOM
koToporo sBisiercsa Takxke 1 HTO «Kaxak». 310 Meponpusitue NeHCTBUTEIBHO MOXHO CUHTATh
3HAKOBBIM 110 OYEBHIHBIM MPUYUHAM. B yCIOBUAX HapacTaroliel reonoIuTHIeCKONH KOHKYPEHIUH
Y TEONOJUTUYECKON TypOyJIIEHTHOCTH MHPOBAasi HayKa, KOTOpas emé HelaBHO MPEACTaBIsIa cCoO0n
€IMHOE 1IeJIoe, CTPEMHUTENbHO CcerMeHTHpyercs. Bcé Ooinpine ycwnmid 3aTpauynMBaeTcsl Ha
KOH(POHTAIMIO, Ha Pa3pabOTKy BOOPYKEHUH M Ha BCE TO, YTO COCTABISUIO HAa COJECpPKAHHE
IIPOTUBOOOPCTBA Ha HAYYHOM I10JI€ B IEPUOJ XOJIOIHOM BOMHBI B CEPEIMHE IPOIIOTO BEKA.

B takux ycrnoBusix HEOOXOAUMO MPEINPUHUMATH
yCWIIUA [N TOTO, 4YTOOBI O00ECleYuTh €ClIU He
BO3BpaT K MHCXOJIHBIM TO3HUIHIM, TO XOTA OBl

COXpPaHHUTh HEKYI0 (OpMY COTPYIHUYECTBA MEXKIY =00 Toien

YYEHBIMH  pa3JIMYHBIX CTpaH MHUpAa H  OTy
BOXHEUIIYI0O MHUCCHI0O Ha cebs B3su1 [IpesumeHT
Pecniy6nuku FOxnast Kopest FOn Cox Enb, koTOpbIit
MPUHS ydyacTue B paboTe CTOJIb 3HAMEHATEIHHOTO
dbopyma U BBICTYIIII C IPUBETCTBEHHBIM CIIOBOM Ha
€ro OTKPBITHH.

OT10T (OpYM CIIYy’>KUJI HE TOJIBKO HEKOEW IUIOIAAKOW IJIsi Hajla)kKMBaHUs CBSI3€H, HO Takxke U
TUTOIIAIKON JUTSl IEMOHCTPALIMH TeX yCIEeX0B, KOTOPbIE JOCTHUINIM KOpelcKue HayyHble 00IIecTBa B
pa3IUYHBIX CTpaHaxX MUpa.

Ot PecnyOnuku Kazaxcran B pabore

dbopyma mpuHHUMaAN ywactue mpodeccop
HI12] M 8ol ntst) =01 ) I'.A. Myn, kxak npesugent HTO «Kaxax».

& Engi, ers

Crnemyer OTMETHUTB, YTO OJHO U3 Tpex
oumanbEHO 3apErUCTPUPOBAHHBIX
Hay4YHBIX OTKPBITUH MyHa I'.A.
«3aKOHOMEPHOCTH (dhopmupoBaHus
3 [ HaJJIMYHOCTHBIX MH(OPMAITMOHHBIX
el MIAI 221 DFBED | ATHS) e CTPYKTYpP» HEIMOCPEACTBEHHO CBSI3aHO C

The 1 Workd Congress of Korean Scientists & Engineers.

KOHIleTIHer  1udpoBoro  OGeccmepTws.

JIMIioM Ha 3TO OTKPBITHUE BbIJAH MEXIyHApPOJHOM accolMalyeil aBTOPOB HAYYHBIX OTKPBITUH B
2021 r.
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Heo6xonuMo oTMeTHTb, U3BECTHOCTD [ puropuio MyHy IpUHECIH HE TOJIBKO Hay4yHbIE paboThI,
HO U TOT BKJIaJ, KOTOPBIM OH BCErJAa BHOCWI U IPOJOJDKAET BHOCUT B JIENIO YKPEIUICHMS
MEXIYHAPOAHBIX CBA3EH, a CIEJ0BATEIbHO, U B JIEJI0 YCTOMYUBOIO Pa3BUTUS HAYKHU BCETO MUPA.

HecmoTpsi Ha BpeMeHHBIE TPYJHOCTH, HayKa BCE e IMPENCTaBIsieT cOO00i oOIiee AOCTOSHUE
BCET0 YeJIOBEUECTBA, U KOTOPOE HEIIPEMEHHO JI0JKHO Pa3BUBAThHCS HA OJ1aro BCeX JIHOEH IIaHeThI.

Kak n3BecTHO, Hama cTpaHa NPUIAEPKUBACTCS MHOIOBEKTOPHOW IOJUTHKHU. Y CHIMS BBICIIETO
MOJIUTUYECKOTro pyKoBoJcTBa Ka3axcrana HampaBiieHbl Ha TO, YTOOBI 00ECIEUUTh MEXTyHAPOIHYIO
CTa0WJIBHOCTh, 00€CHeunuTh MOJJEpXKAaHWE TOr0 MHpa, B KOTOPOM BC€ CTpaHbl OyAyT
PABHOIIPaBHBIMU, IIPUAEPKUBAACH MEKTYHAPOJHOTO IIPaBa.

CoOTBETCTBEHHO JIOOBIE ATk, KOTOPbIE MPEIPUHUMAIOTCS B 3TOM HAIPaBJICHUH, HEOOXOIUMO
TOJIBKO INpUBETCTBOBAaTh. COTPYJHUYECTBO MEXJIYy YUYEHBIMH pa3jMUHBIX CTpPaH MHpa,
MOCJIeIOBATEIBHBIM CTOPOHHUKOM KOTOpOTO SBISIIOTCs podeccop . A. MyH, Takxe BHOCUT CBOU
BKJIa/1 B 3TO 0JaropoiHoe HAYMHAHUE.

bnaronaps ¢yHIaMEeHTalbHBIM SHUMKIONEAMYECKUM 3HaHusAM 1pogeccop [A. Myn
BBIIIOJJHEHUE IIPOEKTOB II0 CaMbIM pAa3JIMYHBIM pasfenaM Hayku. llepeumcnars ux Her
HE00XO0IMMOCTH, JI0CTaTOYHO YIOMSHYTh, YTO UMEHHO MO0 MHUIMAaTUBE npodeccopa I'.A. MyHa He
TaKk JaBHO ObUI M3/4aH Y4YyeOHHUK 1O UCTOpUM U GWIOCOGUU HAYKU, PEKOMEH]IOBAHHBIHI
MunucrtepctBoM o0Opa3zoBanus W Hayku PK nmns Bcex cnenuaibHOCTEW MarucrpaTrypbl. OTOT
Y4eOHMK HamUCaH MEXIYHApPOAHBIM MEXKIUCIUILUIMHAPHBIM KOJUIEKTUBOM, M €ro BBITOJTHO
OTJIMYAeT OT aHAJOTOB TOT ()aKT, YTO €ro HaNWCaId HE T€, KTO paccMaTpuBaeT (Huiocoduio Kax
HEYTO JaJIEKOE OT MPAKTUKHU, HO AEUCTBYIOLINE YUEHBIE U3 Pa3INYHbIX cTpaH Mupa. OHM, HAKOIINB
TMTAaHTCKUHA ONBIT paboThl B HayKe, OCO3HAJIM, HACKOJBKO Ba)KHOW sBisiercs ¢uinocodus s
KOHKpEeTHBIX HayK. K cokaneHMio, 3TOT TE3UC B HACTOALIEE BPEMS Pa3lelAIOT JAJIeKO HE BCE
y4€HBIE, HO TEM HE MEHEE BCSl UCTOPUS HAyKH IOKA3bIBAET TO, HACKOJIBKO OH CIIPABEIJIUB.

BaxHocTs ¢unocopuu a1 pa3sBUTHS KOHKPETHBIX HAyK J€MOHCTPUPYET, B YACTHOCTH, OJMH U3
HauboJIee NHTEPECHBIX MTPOEKTOB, KOTOPBIN B HACTOsALIEE BpeMsl KypUpYIOT nmpodeccop MyH.

OTO — HpOoeKT Mo pealu3alvy KOHLenuuu mudpoBoro Oeccmeptus. Her HeobxoaumocTu
nonuépKuBaTh, YTO MedTa O OECCMEepTUM Bella BIIEpE] MHOTHX HEOPAMHApHBIX JIIOJEH Ha
MIPOTSHKEHUM BCEW MCTOPUM LMBWIM3alUMU. YelloBeKy KpalHe TPYyJAHO CMUPHUTBCS ¢ KOHEYHOCTBIO
COOCTBEHHOTO OBITHS, M NO3TOMY HPAaKTUYECKH Bce (hruiaocodbl B TON MM MHOW CTENEHU OTIallU
JlaHb Pa3MBIIIJICHUSM €Clii He 0 0eCCMEpPTHH, TO O CMEPTH, O TOM, YTO MOXKET OCTAaBUTh UYEJIOBEK
nocne ceos.

B mname Bpems Onaronaps pa3BUTHIO LU(MPOBBIX TEXHOJIOTUH KOHIENUUs LU(PPOBOTo
OeccMepTHs MOCTETIEHHO MPHOOpETaeT 4YepThl peaibHOCTH. B OTKPBITON mMedyatu NepuoanyecKu
MOSIBIISIFOTCS CTAaThU, B KOTOPBIX OTPAXKarOTCS MOMBITKH PEATU30BaTh 3Ty KOHIENIUIO HA IPAKTUKE.
B wactHOCTH, peup HIET O KOHIENIUHU €-CyLIeCTBA, KOTOPYIO HE TaK JAaBHO IMPONaraHJaupoBail
M3BECTHBI pOCCHICKMI MuIIMapaep M oOmecTBeHHbIM nedrens Jmurtpuit Mukos, uHOrma
Ha3bIBaBUINI ce0st mpoArocepoM OeccMepTHs.

3a MCTEKIIME YETBEPTh BEKa BBIYMCIWTENIBbHAS TEXHHUKA LIArHyJa AANEKO BIEPEN, U 3Ta UAEs
CTaHOBHTCS Bc€ Oonee u Oosee ocsa3aeMoil. OHAKO BO3ZHHKAET CaMblii CYLIECTBEHHBIH BOIPOC,
KOTODPBIN JEHCTBUTEIIBHO JIEKUT HA CTBIKE CaMbIX pa3HBIX HAyK, U KOTOPBIA B KOHEUYHOM CYETE
OTHOCATCS K O00JaCTH MNpHUKIagHON ¢unocopun. A HUMEHHO s TOro, YTOOBI MEpEeHEeCTH
YeJIOBEYECKYIO JIMYHOCTh Ha HEOMOJIOTMYECKUH HOCHUTENIb U TEM CaMbIM 00ecleduTh LU(ppPOBOE
OeccmepTHe, NPeXJe BCEro HYXHO MOHUMATh, YTO MPEACTaBIAIOT COOOW WHAMBUAYAIbHOCTb
4eJI0BEKAa C TOYKHU 3pEHMsI TEOpUM MH(pOpMalMU. YIIpOoIas, Hy>)KHO AEHM(POBATh aIrOpUTMBI, B
COOTBETCTBHH C KOTOPHIMH (DYHKIIMOHUPYIOT pa3yM, CO3HAHHE U MHTEJUIEKT YeJIOBEKa.
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Ota 3a7aya ASWCTBUTEIHHO JISKUT B 00J1aCTU MPHUKIATHON (pritocoduu, HO OHA HE MOXKET OBITh
pelieHa TOJNBbKO (GUIOCOPCKUMHU CpEeICTBaMU. 3AeCh HEOOXOIMM TMOJIMHHBIA CHHTE3 CaMbIX
Pa3IMYHBIX HAYK: TICHXOJIOTUU, KOMITBIOTEPHON TEXHUKHU, TEOPHH MH(DOPMALIUYA U MHOTUX JIPYTHX.

NmenHo »Ty 3amady W pemian yKe J0JITME TOJbl Hay4YHbId KOJUIEKTHB, CO3[@HHBIN II0
nHunuatuBe npodeccopa I'.A. Myna nox srunoii HUA PK, u Bemonastonuii mpoekt Ne0218-17-
I'K, dunancupyembrii AO «®Pona Haykw» moj Ha3BaHueMm «Pa3paboTka u peanmuzarusi HOBOM
KOMIUIEKCHOM HH(OpMaLIMOHHON 00pa30BaTeIbHO-NPOPOPUEHTALIMOHHON TEXHOIOTHI.

W3HauanbHO 3TOT MPOEKT ObLI OPUEHTHPOBAH HMCKIIOYUTENIBHO HAa CyTy00O Mpo3auyecKue Ielu,
Ha TO, YTOOBI 00eceynTh MPO(PECCHOHANBHYIO OPUEHTAIIUIO MOIPACTAIOIIEr0 MOKOJICHUS, Ha TO,
9TOOBl yKa3aTh /I HHUX aJCKBAaTHYIO TPaeKTOpuio oOydenws. OJHAKO, ¢ TEYCHHEM BPEMCHH
KOJUICKTUB HCIIOJIHUTENICH NPHUIIEN K BBIBOAY, YTO JUISl MPEOAOJECHUE KPUBHUCHBIX SIBICHHUM B
BBICIIIEM O0Opa30BaHUH HY)KHA HEKasi CBEpX3aaaya.

Hu nu1g xoro He cekpeT, 4To COBpeMEHHbBIE CTYICHTHI 3a4acTyI0 y4aTcs IUI0X0 HE MOTOMY, YTO Y
HUX HE XBaTaeT CIOCOOHOCTEH, HO MOTOMY, YTO y HHUX YacTO OTCYTCTBYeT MOTHBALUA K
MOJTy4eHHUI0 3HaHUH. J[oka3aTh 3TO MOKHO B JIByX cioBaX. CTyJEeHTBhl CMOTPAT Ha Mperno/iaBaTenei
CBOETO >K€ YHHUBEPCUTETA, BUJAT, YTO HX IOJOXKEHHE Ha COLMAIbHOW JIECTHUIIE OAJeKO He
COOTBETCTBYET TE€M 3arpaTaM yMa M TajaHTa Jii TOro, YTOOBI, CKa)XeM, CTaThb MPOQPECCOPOM.
COOTBETCTBEHHO y HMX BO3HUKAET PE30HHBIN BOMPOC — CTOUT JIU PE3YJbTAT 3aTPAYCHHBIX YCUITUIN?

He yauBurtensHo, 4To 60MBIIAS YaCTh CTY/ICHTOB MPEANOUYNTAET UCKATh CBOE MECTO B KU3HH, HE
3aTpayuBas YpPE3MEpPHBIX YCHUJIUN Ha TMoydeHue KBauukanuu. Takoe MOJ0KEHHE AT MOXKHO
IIPEOJI0JIETh, €CJIM Hay4yHOE COOOILECTBO CMOKET MOCTaBUTh IEpE]l MOJIOJABIMU JIIOJbMHU HEKYIO
cBepx3agauy. Takoii cBepx3amayeil 3aBeJIOMO MOXKET CTaTh oOpeTeHue uppoBoro beccMepTHsl.

Bonee Toro, B mocTaHOBKE TAaKOro poJa CBEPX3aJaud HYKIAETCS LUBUIM3ALMS B 1enoM. s
TOTO, YTOOBI MPEOJONETh KPUZUCHBIE SBJICHHUS B COBPEMEHHOH Hayke, HEOOXOoArMa Hekas oO0Ias
CBEPXIIEJNb, WM, €CIIH YTOAHO, MEUTa, CIIOCOOHAs 3aXBATUTh MHOTHX TAJIAHTJIMBBIX JIOJEH.

Takol cBepXIIEeNbI0 MOXKET CTAaTh JIABHsS MeUTa YeJIOBEUECTBAa — 0OpeTeHne OeccMepTHs, MyCTh
naxe u B nudposoit ¢hopme. Ha mepBrwlil B3I pelieHue 3a/ladyd Mo JOCTHIKEHUIO IUGPOBOTO
O6eccmepTrst BRITTIAIUT paHTacTUKON. OIHAKO, MEKTYHAPOIHBIM MEXIUCIMIUIMHAPHBIN KOJUIEKTUB
HCIIOJIHUTENIEW NPOEKTa CyMeN J0Ka3aTb, 4TO 3Ta 3ajada sBJsieTca pemaeMon. TouHee, 3TOT
KOJUIEKTUB CyMeJl HaMeTHUTh Hay4yHO-OOOCHOBAaHHBIN MyTh, OOECHEUMBAIOIINUNA pealbHOE
nocTuxeHne nudpoBoro GeccmepTusl.

Konkpetrno I''A. MyH u ero eIuHOMBIIUJICHHUKH OTKAa3aJdUCh OT IONBITOK MEPEHECTH Ha
HEOMOJOTHYECKHI HOCUTENb BCIO IMYHOCTH Cpa3y. DTO SBISETCS AEIOM OTAANIEHHOTO OyayIiero,
HO TIEPBBIE AT y>Ke MPOCMATPUBAIOTCS 00Jiee YeM OT4eTInBO. Hy>KHO MpUHUMATh BO BHUMaHHUE,
YTO JIMYHOCTH OO0JaJaeT BEChMa W BEChbMa CIIOKHOH CTPYKTYpol. OTO TpHU3HAETCS BCEMH
TICUXOJIOTHYECKUMHU TKoJaMu. COOTBETCTBEHHO, Ha TEPBOM JTare JOCTATOYHO TMEPEHECTH Ha
HEOHMOJIOTHYECKH HOCUTENh TOJIbKO HanboJiee MPOCTYI0 KOMIIOHEHTY JIMYHOCTH. Pa3zymeercs, 310
He pemaeT mpoOiemy nudpoBoro OeccmepTHss MOAHOCTHIO. OpHAKO, JaXe camble CKPOMHBIC
yCIIeX:u B STOM HAMpaBICHHH oOOecreyaT MHTepec W OOIIECTBa, W MOTUTHYECKUX JJIUT K ITOMY
BOIIPOCY.

«Camblii TpYIHBIN IIAT B yTH BO BpaTa», KaK TNIaCUT JAPEBHEPUMCKasi MOrOBopKa. IMEHHO 3TOT
mwar u ciaenan ['puropuit MyH u ero kojueru. OJIHON U3 CaMbIX MPOCTHIX KOMIIOHEHT JIMYHOCTEH
SBIIETCS Ta, YTO CBSA3aHA C MHTEJUIEKTOM. JTO 0OYCIOBJIEHO TEM, YTO WHTEJJIEKT — B OTJIMYHE OT
TaKOW KOMIIOHEHTHI IMYHOCTH KaK O€CCO3HATENbHOE — ONEPUPYET MOHATHIMH U MPEACTABICHUSIMH,
OTHOCSIIIIMMHUCS K KaTETOPUHU PaLlMOHAIBHOTO.
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I'puropuii MyH U e€ro €IMHOMBIIUIEHHUKH TPHIUIM K BBIBOJIY, YTO HET HEOOXOJUMOCTH
KOHCTPYUPOBaTh UCKYCCTBEHHbBIN MHTEIUIEKT OT HyJsl. MOXKHO, HallpUMeEp CO34aTh «YIPOIIEHHYIO
MHGOPMALMOHHYIO KOMHIO» pPEaTbHO >KMBYIIEro mpodeccopa WIM aKaIeMUKa, MEpeHECs ero
MHTEJUIEKT Ha HeOMOIOTUYECKUI HOCUTENh HH(OpMAIIH.

Pazymeercs, Takas «komnus» He Oyner oOnajnaTh AyIIOH, TOYHEe, OHA He OyJeT MOJIHOLEHHOM
«KOIHUEI» JTMYHOCTHU, OJIHAKO OHA OKAXKETCA B COCTOSHMM 00yuaTh CTYAEHTOB. Bo BcsikoMm ciydae,
TAaKOM MyTh IHPEACTaBISIETCS TIopa3o Oosiee NEPCHEKTHBHBIM, HEXENIU IMOMNBITKH CO3JaTh
aHAJIOTUYHYIO CUCTEMY MCKYCCTBEHHOI'O MHTEJUIEKTA «OT HYJIS».

To e caMoe KacaeTcss 1 MHOTHX APYrux o0JacTell uyeaoBedYecKoi nesTeabHOoCTH. B yacTHOCTH,
nmr00bIe Ype3BbIUaliHbIEe CIYXKObI TaKKe MOTYT CO3/1aBaThb POOOTOB, OTTAJIKHUBASACH OT MHTEIUICKTA
YK€ CYIIECTBYIOLIUX ONBITHBIX COTPYAHUKOB. CIIMCOK TaKOro pojia NPUMEPOB MOKHO IIPOJOJIKATh
O4YEHb J0JIr0. BasxkHO nipyroe.

Bersicusiercs, uto Borpoc o nudpoBoM 6eccMepTU OKa3bIBaeTCsl TECHEHIINM 00pa3oM CBSA3aH ¢
CO3JIaHMEM MEePCIEKTUBHBIX CUCTEM MCKYCCTBEHHOIo MHTe/uiekTa. Ho /i Toro, 4roObl nepeHectu
peabHO CYIIECTBYIOLIETO MHTEIUIEKT YelIOBeKa Ha HEOMOJOrMUECKUI HOCUTEIb, HY>)KHO B IEPBYIO
oyepeib 3HaTh, YTO UMEHHO MIPEJCTABISAET cOO0M MHTEIUIEKT KaK TaKOBOMH.

Kak yxe roBopujIoch BBILLIE, MOIHOCTH COBPEMEHHBIX KOMIIBIOTEPOB BIIOJIHE JOCTATOYHO AJIS
TOT0, 4YTOOBI YEJIOBEK JEHCTBUTENIBHO 00pén nudposoe Oeccmeprue. [IpuHIMNUAIBHO Ba)KHO
APYyroe — MOHSATh, YTO COCTABIISIET JIUYHOCTD, 110 KAKUM JITOPUTMaM (yHKIIMOHUPYET MBIIUICHHE U
MHTEIUIEKT 4enoBeka. Kak Tompko 9STa 3amada OynmeT pemieHa, TO OyJeT pemieHa 3ajgada Iio
CO3JIaHHIO U(POBOTO OECCMEPTHSI, BO BCIKOM CIIydae B OTpaHUYEHHOM (opmare.

[leHTpanpHBId BONPOC 34€CH COCTOUT B CIENYOIIEM. «JIe3Thb 4el0oBEKy B TIOJIOBY», IBITAsCh
YCTaHOBUTb, KaK HMMEHHO TaM paclpeAeisloTCs HEPBHBIE CUTHAJBIL, Hejeno. Mo3r dvenoBeka
YCTPOEH COBCEM HE TaK, KaK MaMATb KOMIbrTepa. OTAEIUTh NPOLECCHI, OTBEYAOIINE 32
HOSIBIICHUS] CO3HAHMSI M MHTEIUIEKTa, OT MPOIECCOB, OTBEUAONIMX 3a (Gu3noioruo, (Hampumep, 3a
X01b0Y), KpaliHe CJI0XKHO.

I'opa3go Gonee MpOAYKTUBHO paccMaTpuBaTh TOJIOBHOM MO3T YE€IOBEKAa KaK «UEPHBIA SIIUK.
OTOT TEpMHUH 3aUMCTBOBAaH M3 Teopuu HHPopmanuu. [logpazymeBaercs, 4TO MOKHO yCTaHOBUTh
BHYTpPEHHEE YCTPONUCTBO «YEPHOTO SIIMKa» TOTJa, KOI/1a U3BECTHA CBSA3b MEXy MACCUBOM JIaHHBIX
Ha €T0 BXOJI€ U BBIXOJIE.

Heo6x011uMo mo14epKHyTh, 4TO UCCIIE0OBAHUE TAKOTO PoJa y>Ke JOCTATOUHO JaBHO MPOBOJATCS
B MUDE I10 OTHOILIEHUIO HCKYCCTBEHHOMY MHTEJUIEKTY. A MIMEHHO, B HACTOSILIEE BPEMSI CYIIECTBYIOT
MHOTOYHCIICHHbIE M XOpOILIO OTpaOOTaHHbIE AJITOPUTMBI, KOTOPbIE MO3BOJIAIOT CO37aBaTh TaKHUe
cucreMmbl. OJHAKO, YTO TMOJYYUTCS B pe3yibTare OOyudeHHUs SCHO Jalieko He Bcerja. IJTo
NPUHIIMIUAIBHO BaXKHO. JIEHCTBUTENBbHO, CHUCTEMBl HMCKYCCTBEHHOIO HMHTEJUIEKTa BCE 4Yalle
UCIOJIb3YIOTCS B KPUTHYECKH BAXKHBIX OOACTAX 4eJIOBEUeCKOl nesrenbHOcTH. Kak MUHUMYM,
HEpa3yMHO MOpydYaTh CIEKEHUE 3a aTOMHBIM PEaKTOPOM HCKYCCTBEHHOMY MHTEIIEKTY, KOTOPBIT
HEMOHSTHO KaK YCTPOEH.

B »TOM cMbICIIE, MEXKAY MCKYCCTBEHHBIMU HEMPOHHBIMU CETSMU M TOJOBHBIM MO3IOM 4Y€JIOBEKa
y)ke ecTb HeuTo oOmiee. B o0oux ciyyasx He $CHO, MO KAaKMM KOHKPETHO aJropUTMaM
¢dbyHkunonupyer cucrema. [IoHATHO, Kak MOXKHO OOYYHTh YEJIOBEKA, OHATHO, KaK MOKHO OOYUUTh
VCKYCCTBEHHBIN MHTEJUIEKT, HO AJIEKO HE SICHO, KAKME MMEHHO ITPOLIECCHI OTBEYAIOT 32 MOJIyYEHHE
pesyJbTara.

K pemeHuio JaHHOrO BONPOCA MOKHO IOAXOAWUTH DPA3IMYHBIMU IIyTSAMH: MOKHO CO3JaBaTh
HCKYCCTBEHHBIN MHTEJUIEKT, MPUHLIMII paboThl KOTOPOro OyJeT SICeH C caMOro Hadajaa, a MOYKHO
HOMBITAThCS ACIIM(PPOBATH aJITOPUTM PabOTHI yke 00yUYE€HHON CUCTEMBI, OTTAIKUBAsICh OT aHAIN3a
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CBSI3M MEXIY MacCHUBOM JIaHHBIX Ha BXOJAE M BbIXOoA€. B mocinenHem cilydae COBEPIIEHHO HE
00s13aTeNBbHO 3aJ1e3aTh «BHYTPb CUCTEMBD».

Takoii ke ToIX01 MOKET OBITh PEeaTM30BaH M 10 OTHOIICHUIO K HCKYCCTBEHHOMY MHTEIUICKTY, U
K TOMY, 4TO BXOJHUT B COCTaB CTPYKTYpPbI TUUYHOCTH.

3/1ech HaUMHAETCA caMoe MHTepecHoe. BakHO MOHATH, B KaKOW MMEHHO (OpME JOJKHBI OBbITH
MPEACTABJICHBI TE€ CUTHAJIBI, KOTOPbIE MPUCYTCTBYIOT HA BBIXOJI€ U TE€, KOTOPbIE MPUCYTCTBYIOT HA
BXOJI€.

DT0, B CYHHOCTH, IJIaBHas 3ajJadya, KOTOPYK CyMe€l peluTh MEXIYHapOIHbIN
MEXIUCIUTUTMHAPHBIA KOJUIEKTHB, CO3JaHHbBIN 10 nHUIMaTuBe npodeccopa I.A. MyHa.

Ona pemaercs, Onarojaps HCIIOJIB30BAHMIO allllapaTa MHOTO3HAYHOW JIOTMKH, KOTOPBII
II03BOJISIET YCTAHOBUTD CBSI3b MEX/1y NOHSTUSMU €CTECTBEHHOIO SI3bIKa. Toraa aHHbIE Ha «BXOJIEN
U «BBIXO/IE» TOJIOBHOTO MO3Ta, C KOTOPOTO «CHHUMAETCs KOMUS», MOTYT OBITh HMPEICTABICHBI B
anrebpandeckoit (hopMe, 4TO U MO3BOJISET AeMHU(PPOBATH ANTOPUTMBI paOOTHI HHTEIICKTA.

Pazymeercs, 3agaua nonHoi GopManuzannuy eCTECTBEHHOIO SI3bIKa CTOJb KE U CI0XKHA, CKOIb U
3amava (opMaIn3alui MHTEJUIEKTa KaK TaKOBOTO, OJHAKO YK€ Ha JaHHOM 3Tare MCCIeAOBaHUN
OTYETIIMBO MOHATHO, KAK KIMEHHO MOXHO (pOpMann30BaTh CBA3H MEKIY MOHATUSMU €CTECTBEHHOTO
SI3bIKA.

Takoro poma cooOpakeHHi MOKHO BBICKa3bIBaTh OUY€Hb MHOTO. Bce oHM OyayT roBOpuTh 00
omHoM. [lyTh Kk moctrxeHuto mudppoBoro GeccMepTrs OKa3bIBACTCA TECHEHIINMM 00pa3oM CBsI3aH ¢
npobJIeMaMy BBICHICH IIKOJBI. JTO emé pa3 MOJIEPKUBACT aKTYaIbHOCTh MPOCKTA, PEATH3yeMOro
Hay4yHOU KomaHaou mnpodeccopa [.A. MyHa, KOTOpPBIH MOCTENEHHO NPHUBEN K KOHIICTIIHH
nudpoBoro 6eccmepTHs.

Komnektus HTO «Kaxaxk» n penkomnerus xapHana «Ms3sectus HTO Kaxak» cepuedno
no3apasinsier ['puropust AnekceeBnua MyHa ¢ 70-neTHeM U JKeIaeT eMy M €ro OJU3KUM KPErKoro
3/10pOBbS, ONITUMU3MA, CUACThS, JOIT0JIETHUs !
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Amukynos A.K.

AcanoB M K.

Baitnax0aesa C.T.

Burynesa E.C.

["a6puensa O.A.

EpmyxambetoBa b.b.

KaysiT O.

3e3un A.A.

Kanpipxkan A.B.

CBEJEHHA Ob ABTOPAX

CTapIIvii IPenoaaBaTelib Kapeapbl XUMAU ¥ TEXHOJIOTUH
OpPraHMYECKHUX BEINECTB, NPHUPOJHBIX COCIUHEHUH U
MOJIMMEPOB  (paKyJIbTeTa XHMHH W XHMHYECKON
TexHOJOrnK Ka3zaxCKoro HalMOHAJIBHOIO YHHBEPCHTETA
um. agp-®Papadu. Orcid 1D 0000-0003-0380-0612.

JOKTOpAaHT  Kadeapbl  XUMHM U TEXHOJOTHUH
OPraHUYECKUX BEIIECTB, INPUPOJHBIX COCIUHEHHU U
nonuMepoB  (akylIbTeTa XUMHU U XUMHYECKOU

TexHOOruu Ka3axckoro HalMOHAIbHOIO YHHBEPCHUTETA
uMm. aip-Gapadu. Orcid ID 0009-0007-6620-8073.

MarucTp TE€XHUKH W TEXHOJIOTMH, HAy4YHBIM COTPYAHUK
HarnmonanpHoii WH>XEHEPHOU aKaJgeMuu PK.
Orcid ID 0000-0001-7251-0585.

Crapumnit Hay4HBIN COTPYIHUK Kazaxckoro
HallMOHAJILHOTO  YHUBepcUTeTa UM.  anb-Dapadu,
CTapIIMK Hay4YHBIM COTpyAHUK HanmoHaibHONW Hay4dyHOU
nabopaTtopuu KOJUIEKTUBHOI'O I10JIB30BaHUS
WHPOPMAIIMOHHBIX M KOCMHYECKHMX  TEXHOJOTHH
(HHJIKII UKT) KasHTY um. K.W. Carnaesa Orcid ID
0000-0002-6075-4870.

IokTOop  ¢uinocopckux  Hayk, mpodeccop, aeKaH
¢unocogpckoro akynprera KpbimMckoro ¢enepanbHOro
yauBepcureta uM. B.U. Bepnanckoro, Cumdeponoss,

Pecry6nuka Kpbim, Poccuiickas denepanus.
Orcid ID 0000-0003-0302-0229.

KaHIUJaT XMMUYECKUX Hayk, 3aB. jaboparopueit HUU
HXTuM npu KazaxckoM HallMOHaJIbHOM YHUBEPCHUTETE
uMm. ans-®Papadu. Orcid 1D 0000-0003-4950-0367.

noktop PhD, accommupoBanubiii mpodeccop, MOIEHT
Kadenpsl DIEKTPOHHON WHXXEHEpPUH AJIMATHHCKOTO
YHUBEpPCUTETAa DSHEPreTUKH U cBs3u uM. ['ymapOeka

Hayxkeesa. Orcid 1D 0000-0003-3905-6928.

JOKTOp XMMUYECKUX HAyK, JOLEHT, BEIyIIUN Hay4dHBIN
COTPYJIHUK Kadeapsl BBICOKOMOJIEKYJISIPHBIX
COEMHEHUN XHMMHUYECKOro QaxyiabTera MOCKOBCKOTO
rocyJapcTBEHHOro yHUBepcuteTa uM. M.B. JlIomoHOCOBa

Orcid ID 0000-0003-2080-0876.

nokropant  PhD  AjmaruHCKOro  yHHBEpCHUTETa

SHEpreTMKH U cBs3M  uM. ['ymapOeka JlaykeeBa.
OrcidID 0000-0002-1082-6696.
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Kansipxkan K.H.

MamnrasbaeBa P.A.

Myn I'.A.

CyneitmenoB 1.0.

noktopant  PhD  AnMaTtWHCKOTO ~ yHUBEpPCHUTETA
SHEpPreTUKU U cBsi3u M. I'ymapoeka laykeesa. Orcid ID
0000-0002-9299-8933.

KaHJUJaT XUMUYECKUX HayK, noueHt KasHUTY
uM. K. Carnaesa. OrcidID 0000-0003-1876-591X.

JIOKTOp XMMHWYECKMX HAyK, akaaeMuKk HanuonanbHON
nmKkeHepHor akanemun PK, mpodeccop xadenpsr xumuun
U TEXHOJOTUU OPraHUYEeCKUX BEIIECTB, MPHUPOIHBIX
COCIUHEHUI M  ToauMepoB  (akyiabTeTa  XUMUU
UXUMHUYECKOU TeXHOJIoruu Kazaxckoro HaluHMOHaJIbHOTO
yHuBepcuteta uM. anb-®apadbu. Orcid ID 0000-0001-
5522-1255.

JOKTOp  XMMHYECKMX HayK, KaHaugar  (U3HKO-

MaTeMaTUYeCKUX  HayK, npodeccop, aKaJIeMUK
HanmonansHo#t mmxeHepHoi akagemun PK, mpodeccop,
rinaBHbIA HayuHbli coTpyauuk HUA PK.Orcid ID 0000-
0002-7274-029X.
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MPABWIA O®OPMJIEHUS CTATEN

1. Kypnan «M3BectusstHTO «Kaxak» myOnumKyeT HamuCaHHBIE Ha PYCCKOM, Ka3axCKoOM,
AQHTTIMICKOM W KOPEHCKOM s3BIKaX OpHUTHMHANbHBIE CcTaThu, 0030pel. Tarxke Xypuam mpaer
MH(POPMAIINIO, CBI3aHHYIO C JIEATEILHOCTHIO OOIIECTBA.

2.B OpUrMHAIBHBIX CTaThsIX MOTYT PacCMaTpPHUBATbCS PE3YJIbTAaThl KaK TEOPETHYECKHX, TaK U
npukiaaasix HAP.

3. ABTOpBI, Kenarolue OnyOJIMKOBaTh OO030pPHYIO CTAaTblo, JOJDKHBI IMPEABAPUTEIBHO
COIJIacOBaTh €€ TEMaTHKy, MpeICTaBUB aHHOTaUMi0 Ha 1-2 cTp. B 0030pax ciemyer ocBemarsb
TEMBbI, IPEJCTABISAIONINE TOCTATOYHO OOLIMI MHTEpeC M0 BHIOPAaHHOHN TEMAaTHKE WIN OTPaXKarolue
KAaKOW-1100 BayKHBIM acleKT IPUMEHEHHUS B IIPOMBIIIJIEHHOCTH, CEIbCKOM XO034iCTBE, METULIMHE U
T.1. JlomyckaeTcs 000011eHne pe3yIbTaTOB MHOTOJIETHUX UCCIIEIOBaHUN HAYYHBIX KOJIJICKTHBOB.

4.00bemM cTaThbu He A0JDKeH npeBbimath 10 crpannn popmara A4. CtaThs JOHKHA HAUMHATHCS
¢ BBeZIeHUsI. B HEM J10JKHBI OBITH JaHBI: CO/Iep KAaTEIbHAs IOCTAHOBKA PACCMAaTPUBAEMOIO B CTAaThe
BOIIPOCA, KPAaTKUE CBEJEHUS IO €ro UCTOPHUH, OTJIMYME MPEAJaraéMoil 3a1aun OT YK€ U3BECTHBIX,
WIM TIPEUMYIIECTBO H3JIara€éMOT0 METOJA [0 CPAaBHEHHIO ¢ cyllecTByromuM. OCHOBHas 4acThb
CTaThU JIOJDKHA coJepxkaTb (OPMYJIMPOBKY 3ajaud M Ipe/UlaraeMblii METOJ €€ peLIeHus,
3aKJIIOYUTEIbHAS YacThb — KPATKOE OOCYXJEHHE MOJYYCHHBIX Pe3yJIbTaTOB M, €CIU BO3MOKHO,
pUMep, WITIOCTPUPYIOMUI UX 3()(HEKTUBHOCTD U CIIOCOOBI TPUMEHEHHUS.

5.Bce crarbu mpoXoAsST MMEHHOE PELEH3UpPOBAaHHE HE MEHEee, YeM [BYMS HE3aBUCHUMbBIMU
YYEHBIMH 110 COOTBETCTBYIOILIEH TEMATHUKE.

6. Pemenne o myOnukanum cTaThil IPHHAMACT pelaKMoHHas koJuterus JKypHana.

7. TpeboBaHusl K 3THKe MyOIuKauuii: ABTOpHl HECYT OTBETCTBEHHOCTH 3a JIOCTOBEPHOCTH U
3HAYUMOCTb HAy4HBIX pE3yJIbTaTOB, U AKTyaJlbHOCTb HAY4YHOI'O CojAep)kaHus pabor. Pykonmcu
crareil, OImyOJMKOBaHHBIX paHee, WK MepelaHHbIX B JIPyTue U3/1aHus He IPUHUMAIOTCS.

8. ABTOpBI MOTYT MpEACTaBUThb DJEKTPOHHYIO BEPCHIO CBOEH CTaTbu 1O  ajpecy:
izv.ntokaxak@mail.ru.

TpebdoBanus k 0popMIIEHUIO PYKOIUCEH

CraTh¥ TIPEJCTABIIAIOTCS B JJIEKTPOHHOM BHJE B TeKCTOBOM pemakrope Word 97, dhopmyisi
HaOuparoTes ¢ momoripio perakropa MSEquation 3.0 (2.0) wiau ChemDraw.

HIpudpt Times New Roman 12 pt. Mexcrpounsiii uatepBan 1,15. Ilons: Bepxnee — 2,0cm,
HmxHee — 2,0 cM, seBoe — 2,0 cm, mpaBoe — 2,0 cM. Ab3ar1 — kpacHast ctpoka — 0,5 cM.

TekcT cTaThu JOMKEH HAUMHATHCS C YKa3aHUS:

c nesoui cmoponvi—uHaekcoB MPHTHU u YK, coOTBETCTBYIOIIUX 3asiBICHHOU TeMe, Huoce
TIPUBOJISATCS:

gyepe3 CTPOKY yKa3bIBAETCs 3arjiaBue craTbu (MPOMUCHBIMU OyKBamH, MpU(T — MOTYKUPHBIH,
BbIPABHMBAHKE TEKCTA MO IICHTPY, Kerib 14 pt). Ha3BaHue JOHKHO MaKCUMAaIbHO MOJHO M TOYHO
OIHCHIBATh COJEpXaHUE CTAaThU, BKIIOYATh KIIIOYEBBIE CJIOBA, OTpa)KalolllMe HamlpaBlieHUE W/UIU
OCHOBHOM pe3yNbTaT UCCIEIOBAHUS, HO B TO e BpeMs ObITh KOPOTKUM U SICHBIM M HE COJEpkKaTh
COKpAaLLECHUM.

— ¢aMuIMM U UHULIMATIBI aBTOPOB (BBIpaBHUBAHUE TEKCTA MO LEHTPY, MPUPT — MOTYKUPHBIH,
kerub 12 pt),

—  Ha3BaHUE OpraHU3alluU U €€ MECTOHAXO0XKJICHUE,

— e—mail aBTOpOB (BBIpaBHUBAaHUE TEKCTA IO IEHTPY, KyPCUB, Kerib 12 pt),

120


mailto:izv.ntokaxak@mail.ru

N3BECTH HAYYHO-TEXHUYECKOI'O OBIIIECTBA «KAXAK», 2024, Ne 1 (81)

— pes3ioMe (KpaTKoe HW3JIO0KEHHE COJIEpXKaHMsS CTaThH, Jalollee IPEACTaBICHHE O TeMe U
CTPYKType TEKCTa, a TaK’K€ OCHOBHBIX pe3ylibratax, /—10 mpenioskenuii, (BbIpaBHUBAHHUE TEKCTa
110 LIEHTPY, KypcHuB, Keriib 11 pt),

—  KJIIOYCBBIC CJIOBA, 00ECICUMBAIONINE MMOJIHOE PACKPBITHE cojaep:kaHus ctathu (7—-10 cJioB)
BbIPABHHUBAHKE TEKCTA 110 IIUPUHE, KypCHB, Kerib 11 pt),

—  TEKCT CTaThH (BhIpAaBHMUBAHUE TEKCTA 110 MIMPHHE, KYPCHUB, Keriib 12 pt),

—  CHHCOK JIUTEpaTyphl,

— @®.M.0. aBTOpOB, Ha3BaHUE CTaTbH, PE3IOME, KIIOUEBBIE CJIOBA Ha TpeX s3bIKax (Ha
Ka3aXCKOM, aHTJIMIICKOM U PYCCKOM).

Pucynku 10mKHBI OBITH IPECTABICHBI B OTIEIBHOM (aiiie.

Cratbs npencrasisercs B doC wim docx gopmare, a Takke uaeHrndnas konus B pdf dopmare,
Ha DJIEKTPOHHBIA aapec >KypHaia, B OTACIBHBIX (Qaiiax TyOnupyroTcsi PUCYHKH, TaOJIHIIBL,
rpaduKu, CXEMBI, a TaK)Ke MPUBOAATCS CBEJCHHS 00 aBTOpax ((hamuiusi, UMs, OTYECTBO, YUCHas
CTENEeHb, YUCHOE 3BaHUE, CIIy>)KEOHBIN agpec, MecTo paboThl, JOKHOCTh, KOHTAKTHBIE Tele(OHBI,
e-mail u Orcid ID).

Cchulki Ha JUTEpaTypHble MCTOYHUKUA B TEKCTE MPUBOJIATCS TOCTE LUTAThl B KBAAPaTHBIX
CKoOKkax. bubmuorpaduuecknii cnucoxk odopMmisseTcs B COOTBETCTBUHM € TpeOOBaHUSMHU
I'OCT 7.1-2003 «bubnuorpaduueckass 3amuck. bubmmorpaduyeckoe onmcanue: oOmme
TpeOOBaHUS U MPABHUIIA COCTABIICHU.
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