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KOJIOHKA PEJAKTOPA

MPHTH 12.31.51
VJIK 001.18

HCTOPUSI CEMbU — UCTOPUSA KABAXCTAHCKOH HAYKHA

Myn I'.A.

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

Cmambs noceaujena ucmopuu 00HOU U3 Hauboee APKUX KA3AXCMAHCKUX HAYYHLIX OUHACMUL — ceMbe,
HbIHE JHCUsy UM npedcmasumenem komopou saensemca npod. M.0. Cynetimenos. [lokaszarno, umo 6 ucmopuu
oMol ceMbU KaK 8 Kanie 800bl OMPANCACMcs UCMOPUA KA3aXCMAHCKOU HAYKU CO 8CeMu ee 831emamu U
naoenuamu. Ha oannom npumepe packpuvleaemcsa makice, HACKOIbKO 8ANCHBIM O KA3AXCMAHCKOU HAYKU
ABNAEMCS NOAGLEHUE YUEHBIX-DHYUKIONEOUCTNO8, COCOOHBIX NOOHAMBCSA 00 GbICULE20 — PUIOCOPCKO20 —
YpoeHs ocmuicaenus npobaemul. Coenan akyeHm Ha mom, HACKOIbKO MPYOHO NOOIUHHO HOBAMOPCKUE uoeu
npobusaiom 00pocy K GONJIOWEHUIO, U HACKONbKO 8PEOOHOCHbIM Ha OanHom smane oas Kazaxcmana
CMAHOBAMCA ~ YUEeHble-KOHCEPBAMOpbl,  BCAYECKU  NPOMUGOOEUCMBYIouUe  MeNCOUCYUNTUHAPHBIM
uccnedosanuam. Paccmampusaemcs  3nauenue muayunvix mpyooe HM.O. Cynelimenosa, npeomemHo
00KA3bI8AIOWUX, UMO BPEeMs VUeHbIX-IHYUKIONeOUcmos 6ogce He yuino. Haobopom, mexywuii kpusuc
cospemennou Hayku Oenaem ux ece Oonee u Oonee 60CmMpeOOSAHHBLIMU, NpUHEeM Oddce 8 mex 001acmsax
3HAHUs, KOMOpble CEA3AHbL C 0OOPOHHO-NPOMBIUIECHHBIM KoMHAeKkcom. Ommeyaemcsi HeoOX00UMOCHb
KOPEHHOU MOOepHU3AYUU KA3AXCMAHCKO20 HAYYHO-MEXHUYECK020 Co00uecmeaa, nepexoo e2o Ha YpOGeHd,
omeeuaowuli COBPEMEHHbIM 8bI306AM, 8 MOM YUCHe, 2e0NONUMUYECKUM.

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 KazaxcmanHnoly ey JicApKblH blIbIMU dYAemmepiniy 0ipi — Kaszip omip cypin jcamyan OKini
npog. u. 3. Cynetimenos bonvin madwviiamvii omoacyl mapuxvina apuanizan. byn oméacvinvly mapuxvinoa
Cy MamublCblHOAbIOAU KA3AKCMAHOBIK EbLIIMHbIY MAPUXsl OHbIH OAPILIK 6epleyi MeH KYIOblpayblMeH
KepiHic mabamvinbl Kepcemineen. byn mvicanda maceneniy sncozapuvl-uiocopusinwiy — myciny Oexeetiine
Kemepine alamvld SHYUKIONEOUTbIK —2albiMOapobly  naida Oo0nybl  KA3AKCMAHOBIK —2bLIbIM  YILIH
KaHWANbIKmMbl Manbi30bl ekeHoiei e awbliaovl. [llvinativl scanausli uoesanap icke acvlpyaa 4ol auyod
KAHUATLIKMbL KUbIH  eKeHOI2IHe J#CoHe OCbl Ke3eHOe HNIHApAblK 3epmmeyiepee  JHCaAH-JcaKmvl Kapcol
mypamviH KOHcepgamuemi anvimoap Kazaxcmawn yuiin KaHWANbIKMbl 3UAHObI OONamMblHbIHA baca Hazap
ayoapuinovl. M. O. CyneiimeHosmbly SHYUKIONCOUSIbIK SANbIMOAPObIY YAKbIMbL MYJI0eM OMNe2eHIH
Oanendeimin blibiMU enOeKmepiniy Manwvlzbl Kapacmuipwvliyoa. Kepicinwe, Kazipei 2bliblMHOLIE KA3ipel
0agoapuicbl  01apovl  6ap2aH caiiblh CYpaHvicka ue emedi, Minmi KOPEAHbIC-OHEPKICIN KeuleHiMeH
batinanvicmul Oinim canrarapvinoa oa. Kazaxcmanowlx vliblMu-mexHuKAaublK Koeamoacmulkmsl mybezeiii
JHCaHRBIPMY Kadicemminiei, OHblY Ka3ipei 3aManabl, OHbIH iuiHOe 2e0CascU CblH-Kamepiiepae xHeayan bepemin
OeHeelice kKoutyi aman emineoi.

Tyiiinoi ce3oep: 2vinvivu aynem, Kazaxcman 2viiblMbinbly mMapuxvl, Kazipei evlivim 0a20apbicol, Fviibim
dunocogpuscol, anvim-suyuxioneoucm, Kana guzukanvly Kasuoammapoagsl Kapy-sHcapar, 2e0Casacu CblH-
mezeypinoep.

B deBpane 2024 r. HanmonanbHast nrkeHepHas akagemusi PK yectBoBaia oHOTO M3 HamboJee
SAPKUX MpeJICTaBUTENel Ka3axcTaHCKOM Hayku — mpodeccopa CyneiimenoBa MOparnma DceHoBUYA.
B o3namenoBanue ero 60-netHero o0wies HamuonanpHas wuHxkeHepHas akagemuss 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.

Br16op Tematuku KoHpepeHIH ObLT 1aJIeKO HE CIyYailHbIM.

Bo-nepBbix, mpodeccop CyneiiMeHOB 3aciayXEHHO HMMEHYETCSl YYEHBIM-IHIMKIIONEINCTOM,
KOTOpbIi BHec 0ojee ueM CYLIECTBEHHBIH BKJIAJ B O0ecleYeHue MeXIUCIUITIMHAPHOTO
COTPY/ZHHUYECTBA HE TOJBKO B HAIlIeH CTpaHe, HO U 33 PyOEKOM.

Bo-BTOpBIX, TeKyllas reonoauTu4ecKas CUTyalus 1eHCTBUTENBHO TpeOyeT OT 0T€YeCTBEHHOTO
HAYYHO-TEXHHUYECKOTO COOOIECTBA HEKOEro MpOphIBa, HO OH TPeOyeT sICHO 0003HAUEHHOW LIeNH,
YTO W OmpeesieT HeoOXoauMocTh GopmupoBanus oopaza Oyaymero. Ho, dopmupoBanue takoro
o0Opa3a He MOXET ObIThb OCYLIECTBJIEHO CPEICTBaMU HH OJHON M3 KOHKpPETHBIX HayK. Tpedyercs
KyJa Ooriee IIMPOKHM B3IV Ha CTPATETUIO pa3BUTHA HAyKH Kak TaKOBOM, MpuyeM Takas
CTpaTeruss Ha MOXET He OBbITh CBfi3aHa C pelIeHHeM Haubojee OCTPBIX MPOTHUBOPEUUIA,
XapaKTepHBIX I COBPEMEHHOMN BBICIIEH HIKOJNBI. PacmpocTpaHsTbes O HUX 37leChb HEYMECTHO, K
TOMYy JK€ OHHM CcaMbiM MOAPOOHBIM O00pa3oM aHAIM3UPOBAIMCH B paboTax  Hamlen
UCCIIeI0BATEIbCKOM IPYIIBI, B Y4aCTHOCTH, B [ 1-4].

VYKazaHHYI0 BBIIIE 33J]auy, KaK HEONMPOBEPKMMO CBHJIETENBCTBYET HCTOpHUS, MOTYT peIIaTh
TOJIBKO yU€HBIE-IHIIUKJIONEIUCTHI, CIIOCOOHBIE MOIHATHCA A0 (GUIOCOPCKOTr0 YPOBHS OCMBICICHHUS
HACYIIHBIX TpoOIIeM.

VY3Kkue crnenuanucTbl, OrpaHUYEHHbIE paMKaMM BIIOJIHE OIPEAEICHHOrO NPEeIMETHOro MOJs
WCCIICIOBAaHUI Ha MPOTSDKEHUH BCEH MX JKU3HU, U 110 ATOH MPUUYNHE HE TIOHUMAFOIINE CYyTH HAYKH
KaK TaKOBOHM, 4acTO MOBTOPSIOT, cienyromuil Te3uc. CoBpeMeHHast HayKa — CIIMIIKOM CIIOKHBIN
OpraHu3M, 4YTOOBI OTIENIBHBIA YEIOBEK OKa3ajcsi CHocoOeH ONepupoBaTb Ha TOM YPOBHE
0000111eH}, Ha KOTOPOM ONEPHPOBATU KITacCUKU HayKu B KoHe XIX u B Hauane XX Beka. B cuny
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OTPaHUYEHHOCTH MPOPECCUOHATBHOTO U XHU3HEHHOTO OIbITA, OHU MCKPEHHE I0JIaraloT, YTO BPeMs
YYEHBIX-IHIUKJIONEUCTOB IIPOLLIO.

Oro nmaneko He Tak, W mpumep npodeccopa M.D. CyneiimeHoBa 3/1ech CIYKUT Ooyee dem
HarJIsiJHbIM JJOKa3aTeJIbCTBOM.

OH sBisIeTCSI aBTOPOM OPUTHHAIBHBIX PabOT, BBHIOJHEHHBIX B 00JacTH (PU3NYECKOW OMTHKHU
[5, 6], dusuku mmasmer [7, 8], ¢usuku armocdepsl [9], dusmueckoit xumum [10, 11], xumuu
BBICOKOMOJICKYJISIPHBIX coenuHeHui [12, 13], Teopun HeilpoHHBIX ceteit [14,15], nCKycCcTBEHHOTO
uaTeuiekra [16, 17], umdposoit o0pabotku curHamoB [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 YACTUYHO OTPa)karoT KPYI' €r0 Hay4YHbIX HHTEPECOB.

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

Bbonee uem pa3HOCTOPOHHMI KpYT Hay4HBIX HHTEpecoB npodeccopa CyneiliMeHoBa IPUBEI €ro U
€ro eJMHOMBIIIJICHHUKOB K HEOO0XOAMMOCTH (DHUmocoCKOro OCMBICICHHS BCEro TOro Oaraxka,
KOTOPBI HAKOIJIEH KOHKPETHBIMU HAyKaMHU.

Kak cnexctBue, oH cTtanm OOHUM M3 HauOoliee IMOCIENOBATENbHBIX CTOPOHHUKOB Te3UCa O
KOHBEPIeHIIMU €CTE€CTBEHHOHAYYHOT0 U TYMaHUTApHOTO 3HAHMUSI.

Ilo cymiecTBy, JaHHBIN TE3HC BBIpaXKaeT 0oJiee YeM MPOCTYIO Bellb. B ucTopun HayKu mepuoisl
HAKOIUICHHS 3HAHUN KOHKPETHBIMU HayKaMM BCEr/la CMEHSUINCh NEPUOAAaMU, KOTJla BO IJIaBy yria
CTaHOBHJIACh HEOOXOIUMOCTh (HOPMHUPOBAHMS IIEIOCTHOW KApTHHBI JCHCTBUTEILHOCTH, W
KITIOYEBYIO POJIb 37IeCh BCera urpana Gpuiocopusi.

KittoueByto posib B 3TOM OTHOIIEHHH BCETJa UTPaid KOHKPETHBIE TUYHOCTH, KOTOPBIE CyMeln
NEeperTH OT U3yUeHHs OTAEIbHBIX 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 00Jjiee 4eM HEOpJMHAPHOI0 y4eOHUKA 10 UCTOPUU U pumopoHun
HayKku, KoTopblii Obul pekomenoBad MOH PK it Bcex cnennanbHoCTE MarucTparypabl.

[Tpodeccop N.3. CynelimeHoB, Oyyun 4eI0BEKOM, CIIOCOOHBIM K OCMBICIICHUIO PEeaTbHOCTH Ha
CaMOM BBICOKOM — (PUIOCOPCKOM — YPOBHE, HEOJJHOKPATHO MOpaXkajl CBOMX KOJUIET, paBHO KaK U
CBOHUX BparoB, CHOCOOHOCTBIO K MPEIBUICHUIO.

IIpuBeny ToibKO ONWMH — caMblii HarsIHBIA — mpumep. Eme B 2020 r. HammM aBTOPCKUM
KOJIJIEKTHBOM, METOJIOJIOTHYECKOE LieJenojlaraHue KOTOPOro COCTaBJsIeT 3aciyry mnpodeccopa
CyneiimeHoBa, ObUI BBIIBUHYT M OOOCHOBAaH TE3UC «IOCTUHAYCTpUAJIbHAs BOMHA — 3TO BOIHA
crouMoctei» [26]. Hamu Obutn Taxke pa3paboTaHbl HETPUBHAJIbHBIE TEXHUYECKHE CpPEJICTBA,
MO3BOJISIIOIINE PEATM30BaTh 3TOT T€3HUC HA IPAKTHKE.

He npornuto u nsitu €T, Kak 3TOT TE3UC BBIHYK/IEHHO MPU3HAIN MHOTHE U3 OTBETCTBEHHBIX JIMII,
BOBJICUEHHBIX B IPOTHUBOOOPCTBO Ha TeppuTopuu ObiBiiero CCCP.

CeromHsi yXe naxe KypPHAJIHUCThl MHUIIYT O TOM, YTO HEOOXOJUMO MaKCHUMAJIbHO CHUXATh
CTOMMOCTh POOOTOTEXHHYECKHX CHUCTEM, IepEHOCS ILEHTP TSHKECTH Ha MHTEIJIEKTYalbHYIO
COCTaBJISIOUIYIO.

Ilepeuenp Takoro poja mpUMEPOB MOXHO MPOJOJKAaTh O4eHb foaro. Ho 3To, ¢ Moeil Touku
3peHus, 1ajaeKo HE TIIABHOE.

Kazaxcran ceifuac crankuBaeTcsi cO MHOTMMH Bce Oonee U Ooyiee CepbE3HBIMU BBI3OBAMU,
MHOTHE W3 KOTOPBIX OTHOCSTCS K TE€ONOJUTHYECKOMY YPOBHIO. B Takux ycloBHSX BaKHeEilIiee
3HaueHue mprodperaeT oOpalleHre K UCTOKaM, K KOPHAM, K MOHUMAaHHUIO TOTO, KAK UMEHHO MOTYT
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(bopMHpOBATHCS yUEHBIC-DHLIUMKIIONEAUCTHI, CHOCOOHBIE pemaTh 33Ja4d Ha CaMOM BBICOKOM —
(bUI0COPCKOM — yPOBHE OCMBICTICHUS TIPOOIIEMBI.

HiMeHHO TI09TOMY sI TIOJIaTar0 CAENAaTh JOCTOSHUEM CaMOM IIMPOKOM OOMIECTBEHHOCTH UCTOPHIO
ceMbu CyJlieiMEHOBBIX.

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

Ero HayuHbIl poJl — €€ pOBECHUK.

Bbonee Toro, B ucropuu ero HayyHOW CeMbH, KaK B Kallie BOJbI, OTpa3wiach Bcs Oojee ueM
CJIOXHAasi UCTOpUS Ka3aXCTAaHCKOM HayKu, CO BCEMM €€ B3JI€TaMHM U NaJCHUSMHU, TOP)KECTBAMU U
TpareusiMu.

B mpenBoennsiii nepuon Kaszaxcran Oojee yeM OCTpO HyKJajcsi BO BHEAPEHUHM HamOosee
COBPEMEHHBIX — Ha TOT MOMEHT — MEIHMIMHCKUX MPaKTUK. B pemienue sTo 3amaum Oojee yeMm
BECOMBIN BKJIaJ] BHECIH Jel M 0abymika robuispa — Oynyumit npodeccop Hypranu CynelimeHoB
(pucynok 1) u ero xxena, Hyp3uran MoparumoBHa.

bopeba ¢ snuaeMusiMu, G6osee yeM HempocTas MOJIMTHYECKas OOCTaHOBKa — HaM JI0 KOHIA
HUKOTJIa HE TIOHATh, YTO BBIHECIIO HAa CBOUX IIJIeYax TO IOKOJIEHHE, TeM 00Jiee YTO OHU, IPUBBIKHYB
K TSDKEJIeHIIMM HCIBITaHUSM, MHOTO€ BOCIIPUHUMAJIHM KakK caMo co00i pasyMmeroleecs.

['aranTckuii ombIT, KoTophlid mpuodpen Hypramm CyneiiMeHOB Kak ppOHTOBOM XUPYPT (PUCYHOK
2), uMsa koroporo euie B 1980-e roapl OTUETIMBO MOMHWIM BbICIIME YUHBI JIEeHHMHrpaackoro
BOEHHOT'O OKPYTa, O3BOJIMII €My CTaTh OJHUM U3 Beayux xupyproB KazCCP.

Coxpannnuch ¢ororpaduu ¥ BOCIOMUHAHHSA y4eHHKOB mpodeccopa Hypramm CynelimeHoBa,
CTaBILErO B IOCJIEBOCHHBIE IO/l HE TOJIBKO MPAKTHKYIOIIUM BpayoM, HO M HACTAaBHUKOM IIEJION
TUIesA/Ibl OJIECTSIUX XUPYpProB. Ero uMs 0 cUX mMop BCOOMUHAIOT M MHOTHE BETEpaHbl TPY/la, Thula
Y TIOJIUTUYECKUX OaTauii.

A cam TomMy cBuaerenb. Sl OTYETIMBO MOMHIO, ¢ KakoW TeruoToil akaaemuk E.E. Eproxun
HeoHOKpaTHO BeromuHaN pod. H.C. CyneiiMeHoBa, Kak 4eioBeKa, CIACIIEro ero 3[0pOBbe. ITOT
OTTEHOK BCerja BOCIPUHUMAJICS B HAIIMX COBMECTHBIX OOCYXKIEHHSX COBMECTHBIX HayUHBIX
paboT, BBUIMBIINXCS B HAMMCAHHE HECKOJIBKUX MOHOTpadHid.

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

Bpewms 110, OHO MOCTaBUIIO MEpeT Ka3aXCTAaHCKOW HAYKOW U APYyTUe 3a1auH.

B Kazaxcrane B 1960-¢ roxmpl OypHO pa3BHBaeTCs METAJUTypruyeckasi MPOMBIIUIEHHOCTb,
KOTOpasi COXpaHs€eT CBOE 3HAUYEHHUE 10 CUX TOp.

Jlyumme uHTeNIeKTyanbHble cuiibl Pecriy6iinka 6pocaeT HMEHHO Ha 3TO HalpaBlIeHHE.

CoiH (pponTOBOrO XMpypra, Icedn Hypranuesuu CymneiiMeHoB, N30MpaeT CTe310 MeTaulypra.

WNuctutyT Metaiutypruu U oborameHuss k 1960-TbIM rojam CTaHOBHUTCA OJHOM M3 HauOojee
3HAYMMBIX Hay4yHbIX oprann3auuii Kasaxcrana. Ero pykoBoaurenem B TEUEHUE MPOJLOJKUTEIBHOTO
Bpemenu 0wl [Ipesunent AH KazCCP, akagemuk Axanemun Hayk CCCP A.M. KynaeB. MHorue
3acily’K€HHBIC yUEHBIE HaIllel CTpaHbl, B TOM YHCIIe U Iienas miesaa akagemukoB HAH PK u HUA
PK, takxe paboTtana B 3TOM HHCTUTYTE.

Cpenu Tex, KTO CTpPOWJ U MOAHMMAaJl OTE€YEeCTBEHHYIO0 MeTayutypruto, ums O.H. CynelimenoBa
TaK)KE 3aHUMaeT JaJeKo He mnocieaHee mecro. OH — copatHuk Ackapa AxmeroBuua KyHaeBa,
Jleonnna IlaBnoBnya Hu M MHOTMX [ApYruMX YYEHBIX, OCTABMBIIMX CII€J] B Ka3aXCTaHCKOU
METaJLTyprif (PUCYHOK 3).

B yactHOCTH, UM — el1le Ha 3ape ero Hay4yHO! JAEATeIbHOCTH — ObljIa OIyOJIMKOBaHA MOHOTpadus
(pucyHOK 4), MOCBSIIEHHAs: TPOU3BOJCTBY TUTAHA, T.€. METaJlJIa, KOTOPBIH JIEXKaJ U JIEKUT B OCHOBE
IIPOM3BOJICTBA CAMBIX PA3JIMUYHBIX U3JEIHMN, TPEOOPa3UBLIMX MUP.
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Pucynok 3 — 60-netue I1o6enpr; B nentpe — akagemuk JII1. Hu, kpaitnuii cnpaBa — akagemuk C.M.
Koxaxmeros, O.H. CyneliMeHOB B 3aJHEM psily, BTOPOH CIIpaBa

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

YMecTHO OTMETHTh, uTo B 1970-e roasl Anma-ATa 6bu1a oqHUM U3 Bexymux 1eHTpoB CCCP B
00J1aCTH XMMUYECKON U MeTaJUTyprudeckoi Hayku. Jlanexko He ciydaitHo MeHIeneeBCKUi Che3 ] 1o
oOuieit u mpukiIagHoi Xumun (HopyM, KOTOPBIN TPaIUIIMOHHO NMPUBJIEKAT BHUMAaHHUE YUYEHBIX BCETO
mupa) npomien umeHHo B ctosmie KasCCP (pucynok 5). UHCTUTYT MeTayutypruu v o0oTaimeHus, B
KoTopoM poirue roabl padotan D.H. CyneiimeHOB, MpUHUMAI HETMOCPEACTBEHHOE YYacTHE B
OpraHu3ally U MPOBEICHUH JaHHOTO (popyMa.
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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

Pucynox 5 — [Iporpamma X| MenneneeBckoro che3/ia 1o oouei u npukiagHon xumuu, 1975-i rog

K 1980-TeiM rOmamM CTaHOBUTCS TOHSATHBIM, YTO I JaJdbHEHIIEro COBEPIICHCTBOBAHUS
METaJUTypTHUECKUX MPOIECCOB TpebyeTcs pa3BuBaTh (yHIAAMEHTAIbHBIC MCCIEIOBAHUS B JAaHHOU
oOactu.

Nmenno sromy Bompocy D.H. CyneiiMeHOB ynemseT mepBOCTEIIEHHOE BHUMaHUE U paboTaeT Hall
TUMHU IpoOIeMaMu BIUIOTh J0 CBOeH KOHYMHBI B 2023 T.

[IpuBeneM B kauecTBE MpPUMEpPA TOIBKO OJMH JOKYMEHT (PHUCYHOK 6), CBUACTENHCTBYIOIIUNA O
TOM, HACKOJIBKO ITUPOKUMHU OBLUTA HAYYHO-TIPAKTUUECKHUE CBSI3M TOM MCCIIEIOBATEIHCKON TPYIIIEI, B
koropyro Bxoauia J.H. CynelimeHOB.

B o101 mesTenbHOCTH CYNIECTBEHHYIO MOMOIIL OKa3biBaeT u npod. 1.3, CyneiiMeHOB — B Te
rOJIbl aCUPAHT JIEHWHTPAICKOTO TOCYIapCTBEHHOTO YHUBEPCUTETA.

C ero momomipl0 pa3pabaThIBaeTCs TEOPETHUECKUN amnmapaT, MO3BOJISIFOIINMA, B YaCTHOCTH,
OMKCHIBATh TOBEJCHHE BBICOKOTEMIIEPATYPHBIX PACIIaBOB, OONAJAIONIMX  AaHW30TPOINHUEH
MPOBOJIUMOCTH. Pe3ysibTaThl MyOJUKYIOTCS B BEAYIIUX HAYYHBIX XKYpHAIaX Mupa (PUCYHOK 7).

bonee Toro, wuccnemoBarenbckas rpymmna mnoj pykoBojactBoM akad. A.M. KynaeBa mno
npurnamennto KoponeBckoit akagemun Hayk [lIBemuum y4acTByeT B KOHKypCe Ha TOJIyYCHHE
HobeneBckoii mpemMun o XUMHHU (PUCYHOK 8).

B 3asBke ObLTM OTpakK€HBI UMEHHO Pe3yJbTaThl (hyHIAMEHTAIBHBIX HMCCIEIOBAaHUMN, KOTOPHIC
W3HAYaJIbHO pacCMaTpPUBAJIMCh KaK OCHOBA [UJII COBEPIICHCTBOBAHUS METAJUTyPTHUECKHUX
MIPOM3BO/ICTB.
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Pucynok 6 — IMuceMo 3a moanuchio aupexkropa HukomaeBckoro rimHO3eMHOTO 3aBO/IA
(Vxpaunckas CCP)

Pucynoxk 7 — [IuceMo B pegaxiuto xypHana «/Joxmansr PAH»
Ha jinyHoM Onanke akaa. PAH A.M. Kynaesa

11
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9 “! Nobel Committee for Chemistry
i The Royal Swedish Academy of Sciences

Dear Sir/Madam,
We have recently 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,
b il

ASTRID GRASLUND
SECRETARY

PN ?mi SVERIGE i
150289 0700

uc

PB200094

Pucynok 8 — [TuceMo u3 HoGeneBckoro koMuteTa

1990-e rompl, K COKaJCHHUIO, CTAIM OYEHb TPYJIHBIM BPEMEHEM ISl BCE Ka3aXCTaHCKOM HayKw,
U METAJUTYPTUs 3/1eCh HE COCTaBUIIa UCKITIOYCHHSI.

MHorue wuccieoBaHus OBUTH CBEPHYTHI, MPOJODKCHHE JPYTHX TPeOOBajIo 3HAYUTEITHHO
00IbIINX (PHHAHCOBBIX PECYPCOB, HEXKEIU T€, UTO UMENIMCh B HAIMYUH. [IpH 3TOM IEHTP TSHKECTH
HAyYHBIX HMCCJICJOBAHUN MO0 BCEMY MHUPY IOCTEIICHHO CMEMAICS B CTOPOHY WH(MOPMAIMOHHBIX
TEXHOJIOTHH, CO3/JaHMs HCKYCCTBEHHOTO HHTEJUICKTA U T.I1.

Ho 3.H. CyneiiMeHOB MpoaoIKaeT UCCIEAOBAaHUS, CTABIINE JI€JIOM BCEW IO JKU3HU, U UMEHHO
UM OH TIOCBSIIA€T CBOKO JIOKTOPCKYIO TUCCEpPTAIUIO, KOTOPYI (HECMOTpSi Ha BBICOKOE
MEXIyHapOJAHOE NpHU3HaHHe, BKIO4as HoOeneBCckWii KOMHTET) OH CMOT 3alllUTUTh TOJBKO
B 2003 . (pucyHok 9). CTOns 3HAYMMBIM OBUIO CONMPOTHUBIEHUE KOHCEPBATOPOB, K COXKATIECHUIO.

Unen mpod. D.H. CyneitmeHoBa ocTaroTCs MoOKa HEBOCTpeOOBaHHBIMU. CIHIIKOM OOJbIINE
pecypchl HEOOXOOUMBI [UIsi MX BOIUIOIIEHUS B NpakTHKy. [lepecTpoiika MeTayuryprudeckux
MIPOU3BOJICTB TpeOyeT KoJoccalbHBIX (PUHAHCOBBIX BIIOKeHUU. Ho, OH cymen mepenarb CBOUM
HacJIeMHUKaM TJaBHOE — TO, YTO, COOCTBEHHO, M OTJIMYAE€T MOTOMCTBEHHBIX YUY€HBIX. JTO —
CIOCOOHOCTh MOHMMATh M UyBCTBOBATh HAyKy Ha MHTYUTHBHOM, HHOT/A Jake U 0eCCO3HATEIbHOM
YpOBHE.

[TomuepkHy, YTO HCCIENOBAHUIO MOMOOHOrO pojaa mMpoOiieM B HAcToslee BpeMsi Kak pa3 u
yaenseT mosblmeHHoe BHUMaHue npod. M.O. CyneiimenoB. B ero paborax, omyOJIMKOBaHHBIX B
COAaBTOPCTBE C OJHUM M3 Beaymux poccuiickux ¢unocodpor mnpod. O.A. TabpuensHom, yxe
JIOKa3aHO CYIIEeCTBOBaHUE MPO(ECCHOHATBHOTO KOJUICKTUBHOTO Oecco3HaTeIbHOTO [25, 27].

DddexkTruBHOE B3aMMOJICHCTBUE C HUM U MTOPOXKAACT IMOTMHHBIN MPOGECCHOHATH3M.

12
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—

AuHpCTepCTBO 0OPA3OBANMA paykn PecryGaukn Kasaxcras
M PC pasoBaus # HAY

ki NpeANPHATHE
Peciy6anKaHCKOE rocy/lapeTBEHHOE hﬂwu::\: NFSH e
MHCTHTYT MeTaTyprus 1 oboraiieH

Ha npasax pyKonwucH
V]IK 669+537:538

Cyneiimenon Dcen Hypranmesn'

HCCAEAOBAHMS CTPYKTYPHBIX I'lPEOBI’ASOBAHMﬂ

-CYJIb®UIHBIX CHCTEMAX
B OKCH/IHBIX ¥ OKCH/IHO- CY. b S PLHMECKHX
COBEPHIEHCTBOBAHMS MET:
s TEXHOJOTHH

Cneunansioets: 05.16.02 ~ MeTamTyprist YepHBIX, IBETHBIX H PEAIKIX METaLIoB

JluceepTaua Ha CONCKanie YUCHOM cTeneHn
JIOKTOPA TEXHHUECKNX HAYK

Anmatsi 2003

Pucynok 9 — TutynbpHbIi 1uCcT JOKTOpCcKOM nuccepranuu J.H. CyneiimeHoBa

UccnenoBanust B JaHHOM HaIpaBJIEHUH, UYTO YK€ HE BBI3BIBAET COMHEHUH, TTO3BOJISIET OTBETUTD
Ha JIBa HEOpJMHAPHBIX BOIIPOCa:

UTto Takoe reHuaabHOCTh?

MOo’KHO 11 1IeJIeHanpaBJIEHHO CIIeNaTh U3 YeJIOBEKa I'eHMs], U €CIU Ja, TO Kak?

Ou4eBUIHO, YTO 3TU BOMPOCHI MPEACTABIISIOT AAJIEKO HE TOJIBKO aKaJeMUUYECKUI UHTEpEC.

l'og ot roga o0beM cBeneHUN, KOTOPBIA JOMKEH YCBOHWTH YEIOBEK, YTOOBI CTaTh MCTHHHBIM
YYEHBIM, PACTET.

Byaem roBoputh npsmo — ydeba OyAyliero yueHoro cedyac mpoJIoJKaeTcsl 10 COPOKAIETHETO
Bo3pacTa. TeM, KOMy celdac COpOK JET — 3TO MOJojble yueHble. Bo Bpemena MenpeneeBa Hnx
POBECHUKH YK€ OBLITH COCTOSIBIIUMHUCS MITPAMH.

Cronp monruii mepuoa oOy4IeHHS BBIICPKUT JaJeKO HE BCAKHI, yKE HE TOBOPS O TOM, UYTO 3TO
YpEe3MEPHO 3aTPATHBIN ITyTh.

Briciiee oOpazoBaHrne OOBEKTHMBHO HYKIAETCS B MOJEPHU3AIMHU TOJBKO TO 3TOW MPOCTOMH
MIPUYHHE.

[TocTeneHHO CTaHOBUTCS SICHBIM, YTO UMEHHO 3Ta MpoOIeMa CTAHOBUTCS KIIOYEBOM ISl BCETO
HAY4YHOT'0 COOOIIeCTBa.

Nmenno ucxoast u3 storo m Obuta chopMHpOBaHA, B TOM YHCIIE, MOBECTKa KOH(epeHIHH,
koropyro HanmonanpHas wunHxkeHepHas akagemus PK mposena B o3HameHoBaHue 60-jeTHEro
obunes N.D. CynelimeHoBa.

VY uuTarens MOXKET CIOXKHUTCS BIEUaTICHHE, YTO Ha CTPAHUIIAX HAIETO KypHaJIa OMyOJIMKOBaH
OYepEeAHON ITAHETUPHK.

DTO AalieKo HE TakK.

13
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HeopnuHapHo MBICTSIIMM JIIOASM BCEeTJa NPHUXOAWUIOCH Henerko, u Kazaxcran B 3ToM
OTHOIICHUM HE COCTaBJIsIeT HCKIoueHus. HoBoe — OCOOEHHO KapAWHAJIBHOE HOBOE — BCErna
npoOuBano cede Jopory ¢ OOIBIIUM TPYIOM.

[Tyth cembu CyneiiMEHOBBIX — HECMOTPSI HA X MHOTOJISTHIOIO UCTOPHUIO U OOJIee YeM 3HaYMMbIC
JOCTUKEHHS — OTHIOJIb HE ObUIT yCTIIaH PO30BBIMHU JICTIECTKAMH.

[IpuBemy TOJNBKO OAMH MaKCHMaJIbHO HarisgHbiii mpumep. M.D. CyneliMeHOBY, (pHU3UKYy IO
oOpa3oBaHHIO, OJIeCTSIIEC 3alIMTHUBIIEMY KAaHIUAATCKYIO AUCCEPTALMI0O B OIHOM U3 CaMbIX
npecTwkHbiX yHUBepcUTeTOB CCCP — JIeHMHIpaJCKOM TOCYJapCTBEHHOM YHUBEPCHUTETE —
3JIOTIBIXATENN ¥ YMHYIIN OT HAYKU TaK U HE JAllM 3alUTHTh JOKTOPCKYIO TUCCEPTAINIO 10 (PHU3UKe.
Owna Obu1a roToBa etmie B 2005 roxny (pucyHok 10).

Jlaxxe Oersjoe O3HaKOMJICHHE C TEKCTOM 3TOM AUCCepTalMM (M JaKe ISl HEMOCBAILIEHHOTO
YEJIOBEKA) MOPaXKaeT CIIOCOOHOCTHIO K MPEABUICHUIO.

” -
[lenTp AcTPOGUINUECKIUX neeaeaopanni MOH PK
HucruryT nonocdepnt

Ha npasax pyKOnucH

VK 5243

CYJEIMEHOB HEPAIMM CEHOBHY

METO/TbI HHTETPAJIBHBIX [ICEBJOTNIPEOBPA30OBAHHIT
: B ®H3NKE BOJIH

25.00.29 — du3mka armochepsl H ruapocdepsl
01.04.03 - pasmodu3nka

JlnccepTaius Ha COHCKAHHE YHeHOIi CTeneHH
AOKTOPA (PHIHKO-MATEMATHYCCKHX HAYK

Pecnybanka Kazaxeran
Aamatit
2005

Pucynok 10 — Tak u He 3anmumienHas aucceptanus 1.9, Cyneiimenosa o pusuke

B nmannoii nuccepramuu N.D. CyneiiMeHOBBIM BIEpBBIC ObUT MOCTABIICH U MPOpabOTaH BOMPOC
00 aKyCTHYEeCKH aKTUBHBIX cpefax. Takue cpeibl MOTYT OBITh MCIIOIB30BAHBI, B TOM YHUCIE, IS
CO3/IaHHS aHAJOTOB JIa3epOB, HO TEHEPUPYIOIIUX YIBTPA3BYK. ODTO CIOCOOHO KapAWHAIBHO
HU3MCHUTH CYIICCTBYIOIIUC MOAXOJAbI K CO3JaHHUIO, B TOM YHCJIC, HCJICTAJIbHBIX BOOpy)KeHI/Iﬁ Ha
HOBBIX (PM3NYECKUX MPUHIIUIIAX.

14
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B Hamm 1HU HeneTanbHbIE (M HE TOJBKO) aKyCTHMUECKHUE BOOPY)KEHHS CTAHOBATCS NPEAMETOM
obcyxnenus I'eHepanbHbpIx mTaboB Beaymux crpan mupa. M.JD. CyneiiMeHOBa 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 MPOOJIEMAaTUKOM HE TTOHACIIBIIIKE.

OroT QakT Takxke Oosee YeM JIETKO MOATBEPAUTh JOKYMEHTalbHO. B KHHre H3BECTHOrO

pPOCCHIICKOTO  IyOJIMIIMCTA, TIeYaTarolierocs I1oja IceBaoHMMoM Muxaun  KanamHukos,

«Cnomannpii Meu Mmmnepum» (pucynok 11) ectb menblil pasgen, (akTHUECKH MOCBALIICHHBIN
nestenpHocTy M.O. CyneliMeHoBa — TOria MOJIOAOIO JIEHUHIPAJICKOTO YUEHOTO.

Ora KHHTA, YTO OYEBHJIHO, HAIllMCaHa Ha 37100y AHs (BrmpoueM, 20-TH JIETHEH NaBHOCTH), HO €€
aBTOP, UTO TAKXKE OUYEBUIHO, OBLI MOCBsIIEH B HeKOTOpbie cekpeThl BIIK CCCP.

MAKCHM
KAJIAIHHI/IKOB

{

=
g
)
=

5\\ S

S

-~ i"'\‘\\

HMHEPﬁ

/I  BENMKOE NPOTUBOCTOAHUE

KTO MOBEXIAN BTIT

—

“

Pucynok 11 — Kaura M. KanantaukoBa, B KOTOPOM OTPaKE€HBI, B TOM YHCIIE, PEe3YyJIbTaThI
nesitenpHOoCTH M.3. CyneiimeHoBa

Pasymeercsi, MHOTHME COOOpaKeHHs, BBbICKa3aHHbIC B JaHHOH KHHIE, YpPE3MEPHO
MOJUTH3UPOBAHBI, OHA HAIIMCAaHA BO BIIOJIHE OmpeseeHHoM Kitoue. Ho, st He cTaBmio cebe 3amauy
MOJIEMH3UPOBATH C €€ aBTOPOM. 3/1€Ch peyb UET TOJIBKO 0 (hakTax, HO He 00 UX UHTEPIPETAIINH.
BaxHo umenHo 10, uTo 1.D. CyneiiMeHOB Kak (U3UK-TUIa3MEHIIUK JICHCTBUTEIHLHO BHEC Oojiee
YeM 3HAUMTENIbHBIA BKJI]] B CO3JJAaHHE JIBUTATEIIBHOTO TPAaKTa BO3IYITHO-KOCMHUYECKOTO CaMoJIeTa,
KOTOPBIN TMOKAa TAaKXKE OCTACTCSl MPOEKTOM, KaKk MHOTHE APYrHe pa3paboTKH, 3aMOPOXKCHHBIC B
1990-¢ rompr. O MacmITaOHOCTH PabOT TOTO MCTOPUIECKOTO MEPHOJIA YUTATEIh MOXKET CYJHUTh IO

(dbparMeHTy W3 yKa3aHHOH BBIIIE KHUTH, KOTOPBIK s CIIEIMAIbHO MPHUBOXKY K dopme doTorpadun
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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 pojia MpeaAcTaBieHa 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 KHHUT (PUCYHOK 15).

K coxaneHuro, MHOrMe Hallld KOJUJIETM HE B CWJIAX MPOCTUTh JPYIMM HHTEIUIEKTYyallbHOTO
IIPEBOCXO/ICTBA.

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

N nmaxe To, uro mx paboTel Ooyee uyem akTyanbHbl s Kaszaxcrana, HE OCTaHABIMBAET
3JI0TIBIXATETIEH.

Ho 3TO eile He BCe. “Askc” npeaxa

guicoTax 0T 30 mo 60 xunoum» 0
caci. Ha 3THX BBICOTaX CHIBHO
..oumpobaﬂ CKa3bIBAKOTCA M
ysajoutxcs Ha 3emio. [lo
wax01MTCS BO3AYX03a60pHUK. T
B03IyX YCTPEMJISETCA K myu. ann

MI-yckoputemo. :
Moscuum: ML —

Pucynok 12 — ®parment kauru «Crnomanssiii Mmed Umnepumn»,
B KOTOPOM PacCKa3bIBAa€TCs O KOHUEIINH «ASKC»

[IpuBeny Tonpko oauH npumep. Hamieil wncciienoBatenbCKod TPYNNOW MOTYyYEeH MATEHT Ha
MUHHBIA TpajbIIMK [29], KOTOpBHIM TpH HECYIMIECTBEHHOW MOJCPHU3AIMU KOHBEPTUPYETCS B
CPEACTBO I0/IaBJICHUS MAaCCOBBIX OECIOPSIKOB, IOCTPOEHHOE Ha NCIOJIb30BAHUY YIIbTpa3ByKa. ITH
pabotsl Bomuu B nuccepranuio E.C. BuryneBoit — ognoit u3 yuenun U.0. CyneiimenoBa. Kazanoch
Ob1, 11000 KHTENb ANMaThl, MEPEKUBIINN coObITUs sHBaps 2022 T., HA 32 YTO HE 3aX0YET UX
noBTropeHus. Ho HeT, KOHCepBaTOPHI U 3JIOMBIXATEIH JIENAI0T BCE, YTOOBI 3a0JIOKUPOBATh 3ALIUTY
ATOM JUCCEepPTaLHH.

WcTopusi, KOHEUHO, BCe pacCTaBiseT 10 CBOMM MECTaM.

«OTHenbHO B3SATHIE TOBAPUIM» YK€ Ha4Yald TOHUMATh IEHHOCTh wuuaed mnpod. ..
CyneliMeHoBa MOCIIe TOTO, KaK JUHHUS OO0€BOr0 CONMPUKOCHOBEHUS MPOTSHYNACh OT XaphbKoBa [0
XepcoHCcKoM 001acTH, a 3cKaiaus IPOTUBOCTOSHUS CTajla He 0oJiee 4YeM BOIIPOCOM BPEMEHH.

HmeHHo 3TOT (hakT, B KOHEUHOM CUeTe M OOy IMI MEHS B3AThCS 3a Mepo.
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p ummbnbm YHUBEPCUTET um. Anb-OAPABH

FEOrPAGUYECKNA GAKYNLTET
2

«

W. 3. CynenmeHoB

-
p |

BO3OENCTBUE HA NPOLECCHI
_B ATMOG®EPE 1 NPOBNEMATUKA
i FEO®U3NYECKNX BOOPYXXEHUN

ANMATbI
2007

Pucynok 13 — ®ortorpadust monorpaduu N.3. CyneliMeHOBa, MOCBAIIEHHON Tpo0OIeMaTHKe

reo(pU3NIECKUX BOOPYKEHUN

CyneimMmeHOB U6parum AceHoBUY —
[lokTop XUMUUECKNX HaYK, kaHaunaat UKo
rumer.«;muuz(:}\nxnnyx.wl(:n—tz()p;m(,rlmm(mr
MeTpoBCKON akaaemui Hayk W \1(,»’\/(:(;”;
npodeccop KazHY wuM. /\nh—d)apa(m
npodeccop AUSC, pevcTeuTenbHbIV uyneH
Akagemuu uHdopmaTnsaunn, npodeccop

Kaszaxckon akagemMuu TpaHcnopta W
KOMMYHUKaUUn.

AsTtop Oonee 300 Hay4HbiX TPpyAoOs B
pasnuuHbiX 0BnNacTsx bU3NKN 1 XUMUK,
astop 11 MoHorpachui 1 y4eOHbIX nocobun

Pucynok 14 — ®otorpadus 06opotHO# cTopoHbl MOHOTpaduu 1.3, CyneiimeHoBa, MOCBSIIIEHHON
npobieMaTrke reohpu3NIeCKuX BOOPYKEHHUM
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Pucynok 15 — ®otorpadus monorpapuu N.3. CyneiiMmeHosa,
MOCBALICHHON MEAMLIMHCKON pobiaeMaTHKe

MHe cTpalrHo JyMarh O TOM, YTO TOJBKO OOEBBIC JICWCTBHUS, HEN30€KHO CBSI3aHHBIC C TIOTEPIMHU
YEJIOBEUECKUX KU3HEH, MOTYT 3aCTaBUTh KOHCEPBATOPOB U YMHYII OT HAYKH 3]paBO OIEHUBATH
Hay4HbIC JJOCTHKEHHUSI, OTBIIEKASICh OT COOCTBEHHBIX CHIOMUHYTHBIX BBITOJ.

MHe cTpaniHo JyMarh O TOM, YTO MPOrpecc — €CIM YMHYIIW OT HAyKU U Janee OyJeT AyMaTh
TOJIBKO O CBOMX KapMaHax — OyJeT OIIauuBaThCs KPOBBIO, B TOM YHUCIE U KPOBBIO J€TEH, KOTOpHIE
MPOJOIKAOT THOHYTH TIOJ] 60MOAMH U PEaKTUBHBIMU CHAPSIIaMHU.

Bo3Hnukaer puropudeckuii BOIpoc — HEYKEIU JBUTaTEIEM HAy4YHOIO Mporpecca 1elCTBUTENBHO
MOXeET OBITh TOJIbKO BoiiHa? Heyxemn Hurie Obu1 mpaB?

XoueTcst HaAeAThCS, YTO ATO He Tak. Kakol Okl mpu3payHoil He ObuTa OBbI 3Ta HAJEXK /A,

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

HacneactBo, xotopoe W.D. CyneliMeHOB MOMyYWSI OT CBOMX WIPEAKOB, HE H3MEPSETCS B
noinapax. Hacrosimuii yueHslid, B kKakoil Obl 00J1acTé OH He paboTall, paHO WM MO3HO CTAHOBHUTCS
T'YMaHHCTOM.

Heaxxno kto — I[Ipupona ninu Beespiauii — onapuinu Hac Pazymom.

JIro06oii HacToAIIEH YISHBIH HE MOXKET HEe TIOHUMATh, YTO 9TO U €CTh BBICIIAS [IECHHOCTD.

HNMeHHO 3Ty TOYKY 3peHUsi MBI M OTCTauBasid B MoHOTpaduu [30].

Tam xe Mbl [TOKa3ajyu, 4TO €clii He OyJIeT OCYIIECTBIIEH MPOPHIB B HayKe, TO 3TO 3aKOHUUTCS
MacIITa0OHbIM BOEHHBIM KOH(IMKTOM MU TE€OMOJUTHYECKON TypOyneHTHocThlo. [lpuBeny uuraty
OTTYyAA.

18



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

«Kpwusuc (umeercsi B BUAy CUCTEMHBIN KPU3UC TEKyIIeH (as3bl pa3BUTHS HUBUIN3AIMN) MOXKET
ObITh TPEOJIONICH WJIM IOJIHOMACIITAaOHOM BOWHOM (YTO YpeBaTo HENpenCcKa3yeMbIMU
MOCTICICTBUSIMH, C YYETOM BCEM M3BECTHBIX (DaKTOPOB B BHUJE SJCPHOTO U OAKTEPHUOIOTMUYECKOTO
OpPYXHs) WIM PBIBKOM, COINOCTaBHMBIM C 3aBOEBAaHMEM KOJIOHHM, IJII KOTOPOTO MpHUAyMalu
3BhEeMHU3M «II0Xa BEIUKUX IeorpapuuecKux OTKPBITHID.

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

Hayuno-texuuueckoe coobmectso Kazaxcrana Hyxnaercs B KOpeHHOH TpaHcdopmanuu. B Hem
y)K€ HEe JOJDKHO OBITh MecTO «(eonanbHON pa3apoOJIeHHOCTH», KOrJa HEKWil MpecTapenbiid
npogeccop MOTHOCTHIO «ITOAMUHAET MO ce0s» KOHKPETHOE HayyHOE HalpaBlIEHUE U C JeTIaeT BCe,
9TOOBI HUKTO HE CMEJI BHICKA3bIBATHCS HA COOTBETCTBYIOIINE TEMBI.

MeHSITh HY)KHO MHOTO€, HO 00 3TOM JTydlIile poYecTh B 1ukie pador [1-4, 31-33].
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IMPOBJIEMATUKA THO®OPMAIIMOHHOM BOMHBI
C TOYKH 3PEHUSI TEOPUU COLITUOKYJbTYPHOI'O KOJA
U TEOPUU CJIOXKHBIX CUCTEM

bakupos A.C.

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 CUCEMHO MPAHCHOPMUPOSAMb  COYUOKYIbMYPHBIL KOO CHPAHbL-MULUEHU.
Hoxasamenvbcmea Oannoeo mesuca OaHbl HA OCHOBE HEUPOCemesoll Mmeopuu Hoocdepuvl, KOMopas, 6
yacmHocmu, NOKA3vleaen, 4Ymo COBPeMeHHOe 00uecmso O0e-ghakmo KOHEEPMUPOBAHO 6 Yel0BeKO-
MawuHnyio cucmemy. B pesynomame 6o3nuxaem cumyayust, K020a COYUOKYIbMYPHbIL KOO CIPAHbL-MUULEHU
Modicem 6blmb YereHanpasieHHo MpaHcHOPMUPosan be3 NPUMeHeHUs: UOEOL02ULECKUX UTU NOOOOHBIX UM
UHCMPYMEHmMOos8, m.e. 3a cuem Cyeybo MEeXHUYeCKuUx cpeocme, MmpanchopmMupyiomux xapakmep
KOMMYHUKayuil 6 obuecmese. Takue meHOeHYuuU yxice NPosSGIsOmMCs 6eCoMa OMUEMAUBO. MPaHchopmayuu
UHOPMAYUOHHBIX  MEXHON02UN  MACCOB020 UCHONb306AHUSL NPUBOOSM K  USMEHEHUSIM  CIpPYKMypbl
KOMMYHUKayutl 6 obwecmee. Tem camvim nocie008amenbHblil AHAIU3 Xapakmepa u (opm Co8pPemMeHHOl
UHDOPMAYUOHHOT BOUHBI CIMAHOBUMCSL NPEOMEMOM NPUKIAOHOU GUIOCODULU, KOHKPENMHO MO020 ee pazdend,
KOMOPbLL  U3YHaAem CILONCHbIE CUCTEMbL NPOU3BOIbHOU NPUPOObl ¢ MAKCUMAILHO OOWUX NO3UYUIL.
Boszmooicnocmos  eOunoo6pasznoeo ananu3a CRONCHbLIX CUCMEM PA3IUYHOU Npupoosl, 8 C60i0 ouepelb,
gblmeKaem u3 moeo, Ymo NOBEOCHUe CLONCHOU CUCTMEMbL 8 NEPEYI0 ouepedb ONpedeisiemcs CmpyKmypolu
ces3ell MedHcOy ee dIeMEHMamu, NPUPoOa CAMUX IEMEHMO8 AGNLeMCsl 30eCh 6MOPUYHO.

Knioueswie cnosa: cnocnvle cucmemvl, UHGOPMAYUOHHAS 6OUHA, NOCMAPABOA, COYUOKYIbMYPHbIL KOO,
Hoocepa, purocopus ungopmayuu, nPUKIaoHas purocopus.

Kasipei kezenoe axnapammolk COSbICMbIY CUNAMbL AUMAPIbLIKMAail o32epeeni kopcemineeH. OHbiy
3amanayu Kypaioapel Oyoan Owliail yeim-HACUXAmMNneH uwiekmeameuoi, maxcammol enoiy aaeyMemmix-
Ma0eHU KOOeKCIH dcytieni mypaendipyee kabinemmi. byn me3zucmiy 0aneni Hoocgepanviy HeUpoHObIK dicei
meopusicol HeeisiHOe KeamipileeH, 01, aman aumyamod, Kas3ipei Ko2amuwly ic JiCy3iH0e adam-mMawuna
Jcylecine anunanzanvln xepcemeodi. Homuowcecinde maxcammuvl endiy aneymemmik-maoeHu KoOblH
UOCONIO2USITILIK, HeMece YKCAC KYpanoapovl KoI0anbau-ax maKcammol mypoe eszepmyee 001amvlH Hca2oai
MYbIHOQUObl, SAHU  KORAMOARbl  KOMMYHUKAYUALAPObIY —CUNAMbIH — O32epIMemin  ma3a  MexHUKAIbIK
Kypanoapoely apkacvinoa. Mynoaii menoenyuanap Kazipoiy 63iHOe QlKblH  Kepinyode: Jicannau
KOJIOAHBIIAMbIH ~ AKNAPAMMbIK — MEXHONO0SUANAPObIY — MPAHCHOPMAYUACHl  KORAMOARbl  KOMMYHUKAYUSL
KYPbLIbIMbIHGIY — 032epyine akenedi. Ocwlnatiwa, Kasipei axnapammovly CObiCMblY madueamol MeH
HbICAHOAPBIH 02UeKmi manoay Koa0aHOanvl QuiocopusiHbly, aman aumKanod OHbIH epKiH CUNAmmaesl
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Kypoeni ocylienepli e Jicainvl No3uyusiapoan 3epmmetmin Oenimine aunanadel. Typrai cunammasvl
KypOeii acyiienepdi Oipkenxi manday MyMKiHOiel, 63 Kezecinoe, Kypoeai JCyUeHiH MIHe3-KYIKbl e al0bIMeH
OHOIH DJIeMEHMMEPIHIK apacblHOAzbl OALIAHBICINAPOLIH KYPbLILIMbIMEH AHbIKMAIAMBIHObIKMAH, O Jicepde
anemeHmmepOiy 630epiniy mabuzamol eKinui dapedicede 60aaobl;

Tyiiindi ce30ep: Kypoeni oicyiienep, aKnapammvly CObIC, NOCM-AKUKAM, NeYMemmIiK-MaOeHU Koo,
Hoocghepa, aknapam ¢hunocogusicei, Koadanbansl unocopus.

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 BO3AEHCTBHI, OTHOCSAIIUXCS K MpoOIeMaTuke HH(POPMALIMOHHBIX BOWH, B HACTOSIIEE
BpeMsl MpeTeprieBaeT KauyecTBeHHbIe TpaHchopmanuu. [Ipexae Bcero, 3To CBA3aHO C TEM, YTO BCE
BO3/ICHUCTBUS, KOTOPBIE MOT'YT ObITh OTHECEHBI K MH(OPMAIIMOHHBIM BOMHAM, HAUYMHAIOT HOCUTH BCE
Oosiee 1 Gosiee OMOCPEAOBaHHBIN XapakTep. TO CBA3aHO ¢ OUEBUAHBIMU (DAaKTOpaMU, ITPEXKIE BCETO
C HaCBILIEHHOCTHIO NH(OPMAIIMOHHOM Cpe/ibl MPoIaranoi 1 KOHTPIIpONaralioil, 4To orpaxaercs,
B TOM YHCJIE, TAKUMH MOHATUAMU Kak «moctnpasaay» [1-3], «menuiiHas peanbHOCTb» [4, 5] U T.A.
(kak ormeuaerca B [2], moctmpaBga «HE oOpeMeHeHa TpeOoBaHUAMH yOeTUTEThbHOMU
apryMeHTallin», YTO CO3/1aeT MaKCUMaJIbHO KOM(OPTHBIE YCIOBUS IS SKCIIAHCUU TOCTIIPaB/AbI B
MH(OPMALIMOHHO-KOMMYHHUKAaTUBHOW Cpelie, YTO BBIpaXaeTcsl B HSKCIIOHEHIMAIBHOM pOCTe
COOTBETCTBYIOIIMX MAaTE€pPHAJIOB, MPEACTABIEHHBIX B HHTEpHETE). B Takux yclIoBHSIX MaccoBoe
CO3HaHME IOCTENEHHO IepecTaeT BOCHPUHMMATh KakK IIpolaraHjay, TaK W KOHTPIIpOIaraHmuy,
MOCKOJIbKY TO/IaBJIsIONIee OOJBIIMHCTBO JIIOAEH NMPEKPacHO MOHMUMAET, YTO MpPOMaraHAMCTBl He
Oosee dYeM BBINOJHIIOT CBOIO paboTy, 3a KOTOPYIO IMoJgy4yaroT JAeHbru. CrenoBaTesbHo,
aKTYaIM3UPYIOTCSd KOCBEHHBIE BO3JAEHCTBHS, 3(PPEKTHUBHOCTh KOTOPHIX 3a4acTyIO0 OKa3bIBACTCS
ropasio BhIIIE, YTO HEOJHOKPATHO OBLIO TTOKA3aHO MPAKTUKOM [6,7].

B uwactHocTH, B Hameld MoHOTpaduu [8] JO0Ka3bIBAJICS TE3UC, B COOTBETCTBUU C KOTOPBIM JIaXKe
peKiamMa TeX WJIM WHBIX TPYNI TOBAPOB MOXKET HECTH BIIOJHE OIpPENEICHHYIO HIEOJOTHYECKYIO
Harpy3Ky, KOCBEHHO MpONaraHJupyouly JOCTHKEHNE OAHONW U3 MPOTUBOOOPCTBYIOUINX CTOPOH.
[Ipumepom 3TOMY sIBIISIETCSI BO3ACHCTBHE XapaKTepa MOTPeOJIeHUs 3alalHbIX TOBapOB B MO3/IHEM
CCCP. BnpoueMm, CHHCOK Takoro poja IIPUMEpPOB MOYKHO NPOJODKATh OYEHb JIOJITO.
CooTtBeTcTBYIOIHKE (PaKTOPHI MPOJOIKAIOT JEHCTBOBATh M B HACTOSIEE BPEMsl, XOTSI U BO3MOXKHO
HE HaCTOJIBKO BBIPAJKEHO.
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OnHako Te3UC O KOCBEHHOM XapakTepe WH(POPMAlMOHHBIX BO3ICHCTBUI MpHOOpeTaeT He
TOJIBKO YKa3aHHOE€ BbIIlI€ 3HAYEHHE, HO U 3HAUYEHUE C TOYKHU 3pPEHUS BO3JEHCTBUS MMEHHO Ha
riyOuHHBIE MH()OPMALMOHHBIE IMPOLECCH], MPOTEKAIOUINE B TpeAeiax COLUYyMa, OTBEYAIOIIEro
cTpaHe-muileHu [9, 10]. dakTuyecku peub UIAET O TOM, YTO B HACTOSILEE BPEMs YXKE CYLIECTBYIOT
MHCTPYMEHTBI, MO3BOJISAIOIINE OKa3bIBaTh HAlpPaBICHHOE BO3/EHCTBHE Ha COLMOKYJIBTYPHBIM KOJ
CTpaHbl MULIEHH.

Jloka3aTenbCTBO JAHHOIO TE3UCa W COCTABISAET OJHY M3 OCHOBHBIX IleJiel JaHHOM paboThl, B
KOTOPOM TakXe paccMaTpUBAaIOTCd BO3MOXKHbIE MEphl NPOTUBOAEHCTBHUSI TAaKOMY BIMSHHIO.
OpHako, IpexIe YeM NEPEeXOauTh K TAaKOro poja J10Ka3aTeiabCTBaM, CIEAYeT YTOUHUTH TO, 4YTO
MOXKET IIOHUMAThbCsl MOJ TaKUMHU T[OHATUSAMU KaK COLIMOKYJIBTYPHBI KOJA, MEHTAJIMUTET,
OOIIIECTBEHHOE CO3HAHKUE Y UM TIOJJOOHBIE.

Pazymeercs, naHHbIE OHATUS BO MHOT'OM SBJIIIOTCS CHHOHMMUYHBIMU. J[0 caMoro mnociegHero
BPEMEHU Ul OTPa)KEeHHsI MPEJCTaBICHUN, KOTOpbIE 3a(UKCUPOBAHBI MacCOBBIM CO3HAaHHEM TOIO
WIA MHOTO 3THOCA, KaK IMPaBUIJIO, UCIOJIb30BAJICA (M MPOROJIKAeT Hcloib3oBaThes [11]) Tepmun
«MEHTAJUTET». DTOT TEPMHUH, OJTHAKO, HE TOJIBKO SIBJIETCS NOJIMCEMAaHTUYHBIM, HO M HE JI0 KOHLA
TOYHBIM, B CBSI3U C 4YeM IIOCIIeiHee BpeMs Bce Oosiee yacto ynorpelssiercss Oosee ajeKBaTHBIN
TEPMUH «COLMOKYJIBTYPHBIM KOM» WU ONM3KUI K HEMY TEPMUH «LIUBHIN3ALMOHHBIN KOI.

[TonuepkHeM, YTO MOHATUE «MEHTAJIUTET» MOSIBUIOCH B PAMKaX MCCIIEJOBAaHUM I'yMaHUTapHOIO
XapakTepa, U OHO OTPaXKAJI0 BIIOJIHE OMNpEJeNICHHbIE HAOMIOIEHHs. A MMEHHO, YK€ JIaBHO He
BBI3bIBAJIO COMHEHUH, YTO TOT WJIM MHOW ATHOC BbIpAOATHIBAET BIOJIHE ONPEIECICHHYIO CHUCTEMY
IIpeJICTaBIeHUI 0 cebe u MUpe, U ATa CUCTEMA MPECTaBICHUN 3a)UKCHPOBaHAa 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 TOYKH 3PEHHUsS TE3MCa O KOHBEPIEHIIMH E€CTECTBEHHO-HAyYHOIO H
TYMaHUTapHOTO 3HaHMs. J[efiCTBUTENIbHO, CO3HAHNE YEeJIOBEKA TaK WM MHAaYe MOPOXKIaeTcs cyryoo
nH(popMalMOHHBIMU TTpoueccami [15, 20], moaTomy [uist TOro, YTOOBI aI€KBaTHO PAaCKPBITh BCE TO,
YTO CBS3aHO C OOIIECTBEHHBIM CO3HAHHWEM, TE€X HWHCTPYMEHTOB, KOTOpBIE HaxoJiITCs B
pacnopspKeHMM TyMaHUTapHbIX HayK HejocraToyHo. HeoOXxoaumo mpuBiekaTh, B TOM YHCIE U
COOOpa)KeHMsI, CBSA3aHHBIE C TEMM HCCIIEOBAHUSAMH, KOTOpBIE TPAJUIMOHHO MPOBOJMINCH B
paMKax €CTECTBEHHBIX WJIM K€ TEXHMUYECKHUX HayK, YTO M BO3BpAIAET K TE3UCY O KOHBEPICHIIMU
€CTECTBEHHO-HAYYHOI'0 U TYMaHUTAPHOT'O 3HAHUS.

JIOTIOJIHUTENBHBIM APTYMEHTOM B JIaHHOM OTHOLIEHHMM SBJISETCS TO, YTO, KaK IOKa3aHO B
paborax [21, 22], coBpeMeHHBII conuyM Jie-(hakTo TpaHCcHOpPMHUPYETCS B YEIOBEKO-MaIIMHHYIO
cucremy. HWuTepHer u apyrue uH(OpPMalMOHHBIE TEXHOJOTMH, KOTOpble NPHOOpPETaIoT BCe
0O0JIBIIYIO MOMYJISPHOCTH B HACTOSIIIEE BpEMSI, HE TPOCTO CIYKaT CPEICTBOM KOMMYHHKAIIH, OHH,
YTO YK€ HE BBI3BIBAIOT COMHEHMI, OKa3bIBAIOT 00JIee YeM CYIIECTBEHHOE BIUSHUE Ha COLUYM Kak
Ha CUCTEMHYIO LEJIOCTb.

OTOT TE3UC MOKHO 0OOCHOBATh, Jjake HE MpuOeras K MOCTPOSCHUIO MAaTEMAaTUYECKUX MOJIEICH.
JIeWCTBUTENBHO, TO, YTO JEJaeT COILMYM CHUCTEMHBIM IIeJIbIM, 3TO €CTh IpOLEeCCh OOMeHa
uHpopmanueit. Jlro0oil dYermoBeK — CYIIECTBO COLMAJIbHOE, ATO IPH3HABAJIOCh BCEMHU
TYMaHUTapHBIMH IIKOJIaMHU 0e3 ucKiIoueHus. Ho couuanbHBIM OH CTaHOBUTCS MMEHHO B CHIY
TOr0, YTO MMeeT MecTo o0MeH wuHpopmanueil. W, crnenoBaTenbHO, €CIM  MEHSAIOTCA
MHGOPMALlMOHHbIE TOTOKM B OOILIECTBE, €ClIM HH(OPMAIMOHHBIE TEXHOJOIMHM CTAaHOBATCS BCE
Oosiee u OoJiee pa3BUTHIMU, TO ITO HE MOXKET HE OKa3bIBaTh 00JIe€ UeM CYIIECTBEHHOIO BIMSHUS Ha
COLIMYM, YTO Mbl UMEEM B HACTOSIILIEE BPEMSI.
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Her HeoOxomuMocTH mNOgu€pKUBaTh OYEBUAHBIE 00OcTOATENbCTBA. CO3HAHME 3HAUUTEILHOU
YaCTH HACEJICHUS] CTAHOBUTCS Cyry0o KIMMOBBIM [23, 24] (paBHO Kak M B 3HAYUTEIHHOM CTETICHU
oOpazoBanue [25]), yTpauumBaeTcs KpPUTHYECKOE MBIIUICHHE (YTO HMEET HEMOCPEICTBEHHOE
OTHOIICHHE K MpobiemMaTuke HHPOPMALMOHHONW BOMHBI [26,27]), 1 (hakTOpBl TAKOTO PoJa MOKHO
MEePEeYUCHATh OUeHb A0Jro. B uém, Bopodyem, HET HEOOXOIMMOCTH, TOCKOJIbKY OHH OTpPa)XKCHbI B
00JIBIIIOM KOJIMYECTBE CAMBIX PA3JIMYHBIX padOT, B YaCTHOCTHU, IIUTUPOBAHHBIX BBIIIIE.

Bbonee Toro, otnenbHBIE AaBTOPBHI 3a0CTPSIOT BHHMAaHUE HAa TOM, YTO C BHEJIPEHHUEM
TEJICKOMMYHUKAIIMOHHBIX TEXHOJOTHI yTpauMBaeTCs HABBIK MBIIIJICHUS Kak TakoBoro [28,29].
JIeWCTBUTENHHO, MBIIUICHHE YeJIOBEeKa (OPMUPOBAIOCH BO MHOTOM Ojarojapst BO3MOXKHOCTHU
oTroOpakaTb CBOM MBICTH B peueBoii (hopme. Takast popma oToOpakeHust HHPOPMAITUN HEPA3PHIBHO
CBsi3aHa C al()aBUTHBIM MUCHBMOM (BO BCSIKOM Ciyd4ae, €CJIM TOBOPUTH O JOCTATOYHO OOJIBIION
rpynne crpad). COOTBETCTBEHHO, YMEHHE M HABbIK BOCIPUHUMATh TEKCThl SBIISETCS
HEOTHEMJIEMOM YaCThIO MBIIILJICHUS.

[Ipu nmepexoje Kk MUKTOrpaMMam, KOTOPbIE PUCYTCTBYIOT MPAKTUYECKH BO BCEX MECCEHIKEPaX,
MPOUCXOJUT KapAUHAIbHOE HM3MEHEHHE CIIOCOOHOCTH YENOBEKa K OCMBICICHUIO OKPY>KAIOILIEro
mupa. Te ¢GyHKUIMH, KOTOpbIE CO3/aBaMCh Ojarojapsi MUCbMEHHBIM TEKCTaM, BO MHOTOM YK€
OKa3bIBAIOTCS YTPAUE€HHBIMH, YTO HE TPEOYET pa3BePHYTHIX I0KA3aTEIbCTB.

OpnHako Bce 3TO ecThb HEe Oojiee YeM WIUIIOCTpalusi, KOTopasl Mpu3BaHa MOKa3aTh, YTO TAKUE
TEPMUHBI, KaK «MEHTAIUTET» M «OOIIECTBEHHOE CO3HAHHME», NCHCTBUTEILHO HYKIAIOTCA B
yTOYHEHUH. Bo MHOTOM JaHHBINA Te3uc ObUT JoKa3aH B paboTax [14-16], Ha OCHOBE KOTOPBIX ObLIa,
B TOM uuclie, HanucaHa MoHorpadus [30], HO A CBA3aHHOCTH HM3JIOKEHHS W JUISL TOTO, YTOOBI
HArJsiqHO MPOJEMOHCTPUPOBATh CBSI3b  BBICKA3aHHBIX COOOpaXXeHHH ¢  MpoOsieMaTUKON
MHGOPMAIIMOHHOM BOMHBI, cilexyeT eme pa3 Oojiee MOJAPOOHO OCTAaHOBUTHCS HAa COBPEMEHHOM
UHTEPIIPETALIMM TEPMHUHA «COLMOKYJIbTYPHbIM Koa» [30] M NmpoaeMOHCTpUpPOBATh, YTO AAHHOE
MOHATUE OPraHUYECKH CBA3aHO ¢ 00I1el MpoOIeMaTHKON TEOPHH CI0XKHBIX CUCTEM KaK TaKOBBIX.

bonee Toro, mmeHHo oOuIMe MNpEACTABICHUS O TEOPUHM CJIOXKHBIX CHCTEM M IO3BOJSIOT
a/IeKBaTHO MPOAHAJIN3UPOBATh BCE TE€ SBJIEHUS U MPOLECCHI, KOTOPbIE, TaK WM MHAue, CBS3aHBI C
po0OJIeMaTUKON OJIHOM U3 BhICIINX (OopM MH(GOPMALIMOHHON BOMHBI, TO €CTh TOM, KOTOpas CBsI3aHa
C HETIOCPEICTBEHHBIM BO3JICHICTBUEM HA COLIMOKYIBTYPHBIN KOJ 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 mMpex/e BCEro MPUHMUMAET BO BHUMaHHE TOT ()aKT, YTO COZHAHUE OTICIBHO
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 JHTEpaType H3HAYaIbHO JOKa3bIBAJIOCh, YTO OOILECTBEHHOE
CO3HaHHE HE CBOJUTCS K CO3HAHUIO MHAMBHUAOB. HBIMU cloBaMu, W paHee CyIIECTBOBAJIM BCE
MPENNOChUIKM JJIi TOro, 4TOOBl paccMaTpUBaTh CO3HAHWE HHAMBHJIA KaK HEKHH CTPYKTYpHBIN
AJIEMEHT 00BEeMITIONIEH OOIIHOCTH.

B coorBercTBUM C TOukoil 3peHuss BepHaackoro, kotopas Obula MOJEpHU3UMPOBAaHA B
HUTUPYEMBIX BbIIIe paboTax, U oOoOmeHa B MoHorpaduu [30], Takoii oObemiromel cpenoi
ABIsiETCA Hoocdepa, paccMarpuBaeMasi Kak CHUCTEMHOe lienoe. Jloka3aTenbCTBa 3THX BBIBOJIOB
JaHbl B IIUTUPOBAHHBIX paboTax, MPUYEM MX MOXHO NMPUBECTH, JJake He mpHuleras K MOCTPOCHHUIO
MaTEMATUYECKUX MOJIEICH.

JlecTBUTENBHO, TAKUE CYIIHOCTH, KaK MHTEJUIEKT U CO3HAHUE YEeJIOBEKa, €CTh MPOAYKT OOMeHa
CUTHaJaMH MEX]Jy HeHpoHamH, BXOISIIMMU B COCTaB TOJIOBHOTO MO3ra. DTO 0G€30rOoBOPOYHO
MPU3HACTCSI BCEMHM HAyYHBIMHU IIKOJaMH, paboraromuMu B oOnactu HeWipodusuonoruu. 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 CMBICIIE, B KOTOPOM CYIIECTBYET JII0OOW W3 (PU3MYECKH HAOIIOJAeMbIX U
perucTpupyeMbix o0beKTOB. Hukakue XapakTepUCTHKH, KOTOpPbIE CBS3aHBI C CO3HAHHEM, HENb3s
HEMOCPEJACTBEHHO H3MEpUTh (PU3NYECKMMH NpUOOpaMu TOYHO TaK e, KaK Helb3sl HU3MEpPUTh
¢busznueckuMu mpudopamMu BCE TO, UTO CBSI3aHO C OOLIECTBEHHBIM CO3HAHUEM.

MoxHo 3aduxcupoBaTh (akT mnepegaud HHPOpPMALMM OT HEHpOHA K JAPYromMy, MOXKHO
OTIPEICNTUTh XapaKTEPUCTUKH COOTBETCTBYIOIIMX KAaHAJIOB CBSI3U, HO C TOUKHU 3peHus ¢uiaocopuun
CYLIECTBYET NpPUHIUNHATBHAS DPa3HULA MEXAYy (akToM mepenayd WHPOPMALUU OT OIJHOTO
AJIEMEHTA CUCTEMBI K IPYrOMY, U TMOSBJICHUEM HOBOTO KAa4eCTBa, KOTOPBIM, COOCTBEHHO TOBOpS, U
ABJIAETCS Pa3yM OTZIEIbHOTO HHIUBUAA.

Tor ¢akr, 9TO co3HaHME YeNnoBeKa HE CYIIECTBYET (PH3MUECKH (B YKa3aHHOM BBIIIE CMBICIE),
SBJIIETCS BEChbMa BAXKHBIM JIJIs IOHUMAHHUA CYIIHOCTU COLIMOKYJIBTYPHOTO KOJA.

JleiicTButensHO, B mpoiecce oOMeHa uHpOpManueld Mexay WHAMBHIAMU HEMOCPEIACTBEHHO
y4acTBYIOT HEHWPOHBI TOJOBHOTO MoO3ra cobecenHukoB. TouHee, oOMeH uHopMalueil Mexmy
WHIUBUJIAMU €CTh HE MPOCTO PE3yJbTaT TaKOro OOMEHa, HO pe3yJbTaT Mmocleayroleil 00padoTku
COBOKYITHOCTH CHTHAJIOB TOJOBHBIM MO3TOM KaK CHUCTEMHBIM ILeNbiM. MHaue roBops, gundyecku
oOMeHa MHpOpManueil MeXly HHANBHIAMH TaK)Xe HE CYIIECTBYET TOUHO TaK K€, KaK (PU3MUECKU
HE CYIIECTBYeT CO3HAaHME HWHIMBUAA, W TO W JPYyroe HE CJIeIyeT OTHOCHTh K COOCTBEHHOH
(bU3HYECKOI peaTbHOCTH, 3TO MPOIIECCH CYyTy00 NH(MOPMAITMOHHON TIPUPOIBI.

B cBS3M ¢ 3TUM yMECTHO NPOUUTHPOBATH pe3yibTaThl pabor [14,15], B KOTOpHIX OBLIO
JI0Ka3aHO, YTO CYIIHOCTh OOBEKTHBHOrO MHpa 1ayanbHa (cM. Takke [34]). B Heilt umeercs
OJTHOBPEMEHHO U HH(}OpMaIMOHHAas, M MaTepuajibHas cocTaBistomas. Ilpu sToM cioBo
«COCTABJIAIOIIAs» MBI, pa3yMeeTcs, UCIOJIb3YEM IIPOCTO 3a HEMMEHMEM JIydllero TepmMuHa. bonee
KOPPEKTHO cJelyeT TOBOPUTh O TOM, YTO NpHpoJa OOBEKTUBHON peambHOCTH AyanbHa. W oty
NyaJbHOCTh TPOIE BCEro MPOJEMOHCTPUPOBATh, OTTAIKUBASACH OT IMPEICTaBICHUM O CYIIHOCTH
nH(popMalMl Kak TakoBod. B coorBercTBUM ¢ pe3ynbraTamu padot [15,34], unpopmanus
MIPEACTABIISIET COOO0M OJTHO M3 OA30BBIX MOHATUM, HOCSIINX OOIIEHAYYHBIN XapaKTep.

bonee Toro, maHHOMY TOHATHIO €CTh BCE OCHOBAHHMS NPHUCBOUTH CTaTyc (uiaocopckoi
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 yueOHUKax. B Takoro poja onpeneneHusX cMbICI OHOTO
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™Meuan emie J[.C. Uepnasckuii [35]. JlomxkeH cymiecTBOBaTh
BIIOJIHE OIpe/ieJICHHbI Ha0op 0a30BBIX MOHATHI, KOTOPbIE HE MOTYT OBITh PACKPBITHI TAKOT'O poja
oOpa3oM. OObEeKTHBHAs JUAJIEKTHKA HAXOJUT BBIXOJ U3 IMOJIOKEHUS PACKPBIBAs CMBICI 0a30BBIX
MOHATUM Yepe3 MPOTUBOMNOCTaBiIeHUs. VIMEHHO Tak M pacKpbIBaeTcs CMBICI 0a30BbIX KaTeropuit
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
Has3bIBaThCs MHQopmarmeil. KoHKpeTHO B IUTHUPOBAaHHBIX paboTax OBUIO JIOKa3aHO, HYTO
¢dunocodckyro kareropuro MHGOPMAIMK CJIEAYET paccMaTpuBaTh Kak MapHY K Quiocodckoit
Kateropud  Marepun. OTH  (uiocopckue  KaTeropuu  TaKKe  ONPEAeNsIoTCs — uepe3
MpoTuBoNocTaBieHue. lIMEHHO 53TO sBisieTCs OCHOBOM Ui TOro, 4YTOOBI paccMaTpuBaTh
OOBEKTUBHBIN MHUp CyTy0O € IyaqTUCTHYECKHX MO3ULUN. DTO MPUBOAUT K HEM3OEKHOMY BBHIBOAY,
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YTO HapsAy ¢ OOBEKTaMM, KOTOpbIE MOTYT OBITh M3MEpPEHBI (PU3UUYECKUMHU NMPUOOpaMu (TO €CTbh
TEMH, KOTOphle  00JamaroT  Cyry0O0  MaTepUalIbHOM  COCTaBISAIONICH),  CYIIECTBYIOT
nHpopMmanroHHble. IMEHHO K HUM M OTHOCSITCS] TAKHE OOBEKThI KaK CO3HAHHE, Pa3yM U UHTEJUICKT
gyenoBeka. [TomuepkHem emre pas, pu3ndecku 3THX 00BEKTOB HE CYIIECTBYET. ITO OOBEKTHI CyTry0o
MH(OPMALIMOHHON TPUPOIBI.

Bepuemcs, onHako, K BOINPOCY O PACCMOTPEHHH CYIIHOCTH HOOC(EpHI, YTO MO3BOJISIET JaTh
aJICKBaTHYIO MHTEPIPETALMIO TEPMHHA COLMOKYJIbTYpHBIA Ko1 [30]. Kak yxe oTMeuanoch BbIIIE
m000€ MEXKIUYHOCTHOE OOIeHHue (aKTHUUECKH CBOJUTCA K OOMEHy HHGOpMAIMEH MEexXIy
HEpOHaMU, BXOJSIIMMHU B COCTAaB TOJIOBHOTO Mo3ra cobeceqHuKoB. Hukakoro apyroro mporecca
(¢u3MUecKn HE CYIIECTBYET U CYIECTBOBATh HE MOXeT. To, 4To uMeHyercss 0OMeHOM MH(pOopMauu
MEXIy WHAMBUAAMHU, €CTh PE3yJbTaT IOCIEAyIoIeld 00paboTKH Takoro poja uHopMaluei
TOJIOBHBIM MO3TOM KaK CHCTEMHBIM IICJIBIM.

Cnenyronuii mar B Takoro poja pacCyXACHHsX, CHIEJIaHHBbIA, B YAaCTHOCTH, B paboTax
[16,35,36], cocrouT B CieAyIOIIEeM YTBep)KICHUU. B pesynabrate oOMeHa HHpOpMAIMeld MEXIy
UHAUBUAAMU (C yYE€TOM TOTrO, YTO 3TOT TEPMHUH JOCTATOYHO YCJIOBEH) (opMupyercs oomias
HelpoHHas ceTh. ['0I0OBHON MO3T, a TOUHEee HEHMpOHHAs CeTh, COPMUPOBAHHAS TOJIOBHBIM MO3TOM
OTJENBHOTO YeNOBEKa, MpeAcTaBiseT co0oil He Ooyiee YeM OTHOCUTEIBHO CaMOCTOSITEIbHBIN
¢dparmeHT Oosiee 00MIEH CHCTEMHOH ETOCTHOCTH, KOTOpasi 1 MHTEPIIpEeTUpyeTcs Kak Hoocdepa. To
€CTb BIIOJIHE OIpEIeIeHHas HHPOPMAIIMOHHO KOMMYHHUKAIIMOHHAs Cpesia, MpeacTaBistonas co0oi
TO)KE OOBEKTUBHYIO pealbHOCTh. JloKa3aTenbcTBa 3TOr0 Te3McCa JaHbl B HAIMX padoTax,
LUTHPOBAHHBIX BbIIIE, 00001IeHHBIX B [30].

OpuuM u3 6a30BBIX TE3UCOB IMOJIOKEHHBIM B OCHOBY 3TOTO J0Ka3aTelIbCTBA SIBISIETCS TOT (akT,
YTO CIIOCOOHOCTh HEHPOHHOM CeTH XpaHUTh U 00padaThIBaTh WH(MOPMAIIUIO HEIMHEHHO 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
Ooupiiee M OOJbIIEe KOMMYECTBO AeMEHTOB. C TOYKM 3pPEHUS] MaTEMAaTHYECKHX MOJEJIeH JaHHBIA
Te3uc 000CcHOBaH B pabore [12], rae paccMaTpuBaiUCh MaKCHUMAJIbHO OOIIME 3aKOHOMEPHOCTH,
oTpakaromye (yHKIMOHUPOBAaHNE HEHPOHHBIX ceTeil. B ToM uucie ObLIN MOTydeHbl KOHKPETHBIE
dbopmynbl, AoKaspIBaOIIKMe, 4To i dhdexTuBHON 00paboTKM WMH(pOpMAIMKM HEHpPOHHAs 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 collnyMa Kak WH(GOPMAIMOHHON cpeibl. BhIlle oTMe4Yanock, 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 BXOSAIIUX B Hee 3yieMeHTOB [12]. DTo mpexie Bcero 03HavaeT, UTo HapsIy
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 JIeXKAT MPEANOCHUTKU JIJISl TOTO, YTOOBI OHATH, YTO UMEHHO
NpeJCTaBIsieT co0ol OOIIECTBEHHOE CO3HAHME, KOTOPOe, TOJUEPKHEM ellle pa3, B COOTBETCTBUU C
MapKCUCTCKOW (punocoduelt, He CBOAMUTCS K CO3HAHUIO OTIENbHBIX MHAMBUAOB. OOIIeCTBEHHOE
CO3HaHHE €CTh pe3ybTaT (OPMUPOBAHUS O0IIEH HEUPOHHOU CETH, KOTOPYIO, €CIIH paccMaTpUBaTh
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 MO3ULIMNA JOMYCTHUMO, B TOM YHUCIE, HE TOJBKO HHTEPIPETUPOBATH
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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
TOro, TMPEACTaBICHUSI O KOJUIGKTUBHOM O€CCO3HATEeIbHOM Bce Oojee U 0ojee 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 OMPEICICHHBIC TMPEANOCHUIKA JJIi BO3JCHCTBHUS Ha
COIIMOKYJIBTYPHBINA KOJI.

JIeCTBUTENLHO, €CIIM  CYIIECTBYET BIIOJIHE OMNPEACIEHHBI MEWHCTpUM B paborax
MICUXOJIOTMYECKHUX IIKOJI, €CJIM OHU JACHCTBYIOT B paMKax BIIOJIHE OIPECIICHHON MapaJurMbl U BCE
JIOM, 3aHUMAIOIIMECS KOPPEKIMEH ICUXOJIOTHYECKOr0 COCTOSHUS, OyayT HelcTBOBaTh W €€
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 MOCJIeIHEro BPEMEHU CYIIHOCTh KOJIJIEKTUBHOTO OECCO3HATEIbHOIO HECMOTPSl Ha TO, YTO
OHa JIEWCTBUTEIBHO MCIIONB3YETCS B TEKyIIeH MpaKkTHUKe, OocTaBajach HEBbLICHEHHOW. U 310, C
HAaIIel TOUKH 3pEHUs, CBI3aHO CO BIIOJIHE ONpeAeTIeHHBIM (hyHAaMEHTATbHBIM OOCTOSATEIBCTBOM.

JIeHCTBUTEBLHO, KJIACCHYECKas IICHMXOJIOTHS BCErJa OIlepupoBaja ¢ IPEACTABICHUSIMH O
CO3HAHMUU YEJOBEKAa KaK O 4YeM-TO cyry0o camoctositesibHOM. C TOYKM 3pEeHHs Te3uca o
KOHBEPIeHIIUHA €CTECTBEHHO-HAYYHOTO M TYMAaHHMTAPHOTO 3HAHUS, 3/1eCh pedb UAET O TOM, YTO BO
BHUMAaHUE NMPUHUMAIIMCH TOJIBKO T€ MPOIECCHI, KOTOPBIE MPOTEKAIOT B Mpe/eiax OJHOTO OTIACIHHO
B3STOI'0 T'OJIOBHOI'O MO3Ta.

CrnenoBaTenbHO, HE MOT HE BO3HUKHYTH BIIOJHE ONpPEIENICHHBIN mMapaaokc. JlelcTBUTENbHO,
€CIM Mbl TOBOPUM O TOM, YTO BCE, YTO CBSI3aHO C TCUXHMYECKOW JEATEIbHOCTHIO YEIOBEKa
MPOTEKAaeT B MpeaeNax OTIAEIbHO B3ATOrO TOJOBHOTO MO3ra, TO HHUKAKOIO KOJUIEKTHMBHOTO,
0€CcCO3HATENBHOTO CYIIECTBOBAaThH HE MOXET B MpHHIMIE. HO ecnmu MBI TOBOPUM O TOM, UTO
KOJUICKTUBHOE U 0€CCO3HATENbHOE CYIIECTBYET, TO BOJBHO HEBOJIBHO MBI OyJIeM BBIHYXICHBI
MMOCTaBUTh BOIIPOC O TOM, IJIe KOHKPETHO 3alicaHa COOTBETCTBYIOIIAas HH(GOpMAITHsI.

Kinaccuueckast mcuxosnorus paccMaTpUBAaET TOJIBKO T€ MH(GOPMAIIMOHHBIE MPOIECCHI, KOTOPHIE
MPOTEKAIOT B Mpejesiax TOoJIOBHOTO MO3Ta MHAMBHUIA. Pasymeercs, CyliecTByeT, B TOM YHUCIE H
HeKJ1accuueckas rncuxosiorusi [42,43], koTopas paccMaTpUBAaeT TOJOBHOM MO3I MHIMBUIA Kak
HEKYI0 4acTb Oollee MUPOKOH memocTHOcTH. OJHAKO Jake OHa He CTaBWUJia BOMPOC O TOM, TJe
MMEHHO MOXET OBITh 3amucana nHGOopMallvs, CBI3aHHAs C KOJUIEKTUBHBIM 0€CCO3HATENbHBIM. DTOT
napaioKc pasperraercs B paMKax HelpoceTeBoil mojenu Hoochepsl. Pedb uaeT o ToM, 4To BOT ATOT
HEKHUH JOTIOJHUTEIBHBIN CErMEHT CBSI3aH UMEHHO C TeM, YTO WH(OPMAIMOHHBIE BO3MOXHOCTH
HEUPOHHOW CETH HEJIMHEMHO 3aBUCAT OT KOJIMYECTBA BXOMSIIMX B Hee AneMeHTOB. Komb ckopo
WHIUBHIIBI (DOPMUPYIOT OOIIYI0 HEHPOHHYIO CETh, TO COOTBETCTBEHHO (OPMHPYETCS W TO, UYTO B
pabotax [14-16] Ob110 Ha3BaHO HAAJIMYHOCTHBIM YPOBHEM MepepabOTKU HHPOPMAIIH.

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

BriBOZ 0 TOM, YTO COIMOKYJIBTYPHBIN KO OTHOCUTCS K HAJJIMYHOCTHOMY YPOBHIO TIEpEpadOTKH
nHpopMmanuu, TpeOyeT KOHKpETH3alHMH. OJTa KOHKpETH3alus CclejaHa 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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NPEJCTaBIseT MHTEPEC, B TOM YUCIIE U C TOYKU 3pEHHs JaHHOW 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
pedub UOET O TOM, YTO Ha JAHHOM YPOBHE (hOpMHUpYETCS CBOEro poja HCIOJHsAeMas 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 TOJBKO OYEHb OrPAHMYEHHOE KOJIMYECTBO JIIOJIEH, YHCIO 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 AyMaTh M IMOCTYyNaTh MHA4ye, YEM €CJIU 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
MOHI'OJIOB, <JIFOABMHM  JUIMHHOM Boiw». [lpupoma HMX  BO3HUKHOBEHMS  INPEACTAaBISET
CaMOCTOATEIIbHBIN UHTEPEC.

Otyact oHa OblTa packpeiTa B [44,55], omHako mis Ielield HacTosmed padoThl OOJbIIUI
MHTEpPEC TMPEJACTABISET OCHOBHAs Macca, KOTOpas TOAYMHSIIACh, TOAYUHICTCS W OyAer
MOYUHSATHCS TOM UCIOIHIEMON IporpaMMe, KOTOpast U OTBEUYAET KYJIbTYPHOMY KOJY.

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 MHPOPMAIMOHHOE BO3/eicTBHE ObLIO OKa3aHOo. O4eBHIIHO, YTO B HACTOSIIEE
BpeMs JJaHHas MpoOjeMaThKa CTAaHOBUTCA Bce Oosee U Oosiee akTyanbHOW. J[aHHBIA TE3UC MOXKET
MOKAa3aThCs CIIOPHBIM, OHAKO TOT (haKT, YTO B COBPEMEHHBIX yCIOBHUSIX TEJIEKOMMYHHUKAIIMOHHAS
UHAYCTPUS JEMCTBUTENFHO MO3BOJISIET OKa3blBaTh 0OJiee YeM CYIECTBEHHOE BO3JCHCTBHE Ha
COIMOKYJIBTYPHBIN KO/JI, HE BHI3BIBAET COMHEHUH.

Bonee Toro, Mo>kHO 000OCHOBAHHO IPEAINONaraTh, 4YTO BO3/CHCTBIE HA COLIMOKYJIBTYPHBIN KO/ B
CIIO)KMBIIHXCSI YCIOBUSIX MOXET ObITh OCYLIECTBIIEHO Aa)Ke 0€3 MCIIONb30BAHMSI T€X WM MHBIX
UJICOJIOTHYECKUX, KYJIbTYPHBIX WM MOJOOHBIX MM HHCTPyMEHTOB. OHO MOXXET OBbITh U Cyryoo
TEXHUYECKUM. JIeHCTBUTENbHO, WMEHHO WH(OPMAIIMOHHBIE TEXHOJIOTUHM caMU MO cebe B
3HAYUTENbHOM CTENEHH OMpPENeNsAIoT XapakTep KOMMYHHUKAIMil B COBPEMEHHOM OOIlecTBe. ITO
O3HA4YaeT, 4To, 3a/1aBasi XapakTep KOMMYHHUKAIUN, MOKHO TPaHCHOPMUPOBATH COIUOKYIBTYPHBIN
KOJI, YTO U IIPOCJIEKUBAETCS HAa IPUMEPE COLIMATIbHBIX OHJIANH CETEN.

B emie Oosbieii cTeneHu 3TO NPOCIIEKUBACTCS HA IPUMEPE HAYYHO-TEXHUUYECKOT0 cO00IIecTBa
[8], cymecTBeHHBIE TpaHChOpPMAIIUM B KOTOPOM IPOU3OIUIA BCIEACTBHE BCe OOJEe MIUPOKOTO
MPUMHUPEHUSI CUCTEMbl T'PAHTOBOIO (DMHAHCHUPOBAHHS W HE MEHee IIMPOKOr0 HCIOJb30BaHUS
HayKOMETPUYECKUX MOKa3aTeseH, B YaCTHOCTH, MHJEKca XHpuia.

3aki0ueHune

N3 ckazaHHOTrO BBIIIE MOKHO CHAENATh CIAEAYIOIMI BbIBOJ. KOMIUJIEKCHBIN aHANU3 coliepKaHus
MOHATHST «UH(POPMAIMOHHAS BOWHA» Ha COBPEMEHHOM JTale HEBO3MOXEH 0e3 HCIOJIb30BaHUSA
MaKCHUMaJIbHO OOIIMX MPEICTABICHUN O CYIIHOCTH CIOXKHBIX CHCTEM Kak TaKOBbIX. B cyiHOCTH,
3TOT BOIPOC MPUHAJICKUT 001aCTU MPUKIAAHON (rIocoPpuu U T0KEH pacCMaTpUBAaThCS UMEHHO
C TaKUX MO3MIMNA. DTO elle pa3 CBUIETENbCTBYET O BaKHOCTH MEXIUCIUIUIMHAPHOIO MOAX0/a U
aKTyaJIbHOCTH TOCTPOEHHUS 0OIIel Teopuu CIOXKHBIX cucteM. COOTBETCTBYIOUIME MPEANOCHUIKI
yXKe UMerTcs. B 9acTHOCTH, Kak TOKa3bIBAET MPHUMEP HEUPOCETEBON TeOopuHU HOOCHEPHI, IS
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CJIOKHOM CHCTEMBI XapakTep CBA3EH MEXKIy €€ JJIEMEHTaMHU SIBJISAETCS BTOpUYHBIM. llepBuunHoi
SABJSIETCSL APXUTEKTypa CBA3EH MEXAYy €€ JJIEMEHTaMH, 4YTO U IIO3BOJISIET CTABUTH BOIIPOC B
MaKCHUMaJIbHO 00IIeM IIaHe, paccMaTpUBasi U MPOLECCHI, MPOTEKAIOUINE B OOIIECTBE, U MPOLIECCHI,
TPaIUIIMOHHO HCCIeIyeMble, Harnpumep, (PU3MYecKOW XWMHUEH IOJIMMEPOB, € €IMHOOOpa3HBIX
O3UIINH.
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Tloxasano, umo O0asHAsA 3a0aua O NOUCKE «MPEXKOMNOHEHMHbIX» KOMIIEKCHbIX Yuces, NOCMAGIeHHAs
I'amunvmonom, u npusedwias K noseleHul0 KeamepHuoHos, de-gpakmo umeem peutenue. Konkpemmo, 0ns
pewienuss  Qusudeckux 3a0ay Mmoeym Oblmb UCHONIb308AHbI MHO2OMEPHblE OUCKpemHble KOOPOUHAMbI,
OCHOBAHHbIE HA MOM, YMO KAXCOOU MOYKe MHO2OMEPHO20 NPOCMPAHCMea cmasumcs snemenm noas 1 anya,
NONYYUEeHHO20 MemOoOOM —anzedpaudeckux pacuwupenui. Bozmooxcnocms ucnonv3oéanus OUCKPEmHbIX
KOOpOUHam, 6 C8010 ouepedb, Onpedeisemcs mem, umo Oaf yenoeo psaoa usuveckux 3aday Hem
HeoOX00UMOCMU OMBICKUBAMb peuienue 8 6uoe HenpepuleHOU @OYHKYUU Henpepbi6HO USMEHAIOWUXCS
Koopounam. B oannoii pabome >3mo O0emoHCmMpupyemcs Ha npumepe peuleHusi 60IHO08020 YPAGHEHUs Ol
MOHOXPOMAMUYECKO20 CAYHASL, KOMOPOe MOJCem PaccCMampueamvcs ¢ mex jce NO3UYUll, 4mo Jnexcam 6
ocHoge Ookazamenbcmea meopemvl Komenvnuxoea. Iloxkasano, umo 3mo no36015em UCHONIb3068AMb
anemenmol noneti Ianya (m.e. KOHEYHbIX aneeOpauyecKux men) 8 Kawecmse KOOPOUHaAm O Cryuas, Ko2od
3a0a4a peuaemcst NPUMEHUMENbHO K KOHeuHou obnacmu npocmpancmaéa. Qocysicoaromest unocogckue u
MemooonozuiecKue acnekmsl NOJYYeHHbIX pe3yaemamos. lloxazano, umo nepexo0 K OUCKDEMHOMY
ONUCAHUIO C UCNONL30BAHUEM dTeMeHmos noell I anya 6 kavecmee KOOPOUHAmM co3oaem npeonoCvliKu Oisl
oanvHelue20 Co8epuencmeo8anis Heupocemessblix Memooo8 peuenus 3a0ay u3 0o1acmu GusuKi.

Knioueswie cnosa: xeamepnuonvi, nons I anya, meopema Komenvnukoea, 601H060e ypasHeHue, npuHyun
Toticenca-Ppenens, aneebpauveckue pacuupenus, Quiocodus mamemamuru, HelipoHHble Cemil.

Tamunemon xotiean, KeamepHuoHOApObly NAda GOIYbIHA IKEN2eH (YUl KYpamowvly Kypoeni canoapobl
maoby maceneciniy ic scy3inoe wewimi bap exeni kepcemineen. Haxmuipax aiimcax, guauxanvix ecenmepoi
wewty yuwin ken oautemoi Keyicmikmiy apOip HyKmeciHe aneeopanvlk Keneuimy adicimen anvinzan Ianya
OpICIHIY dneMeHmi MASAUbIHOANEAHbIHA He2i30el2eH KON  ouemoi OUCKpemmi KOOpOUHAMALaposl
Konoanyea 0Oonadvl. Juckpemmi KoopOuHamanapovl KOJNOAHy MYMKIHOIel, o3 Ke3ecinle, Oipkamap
Qusuxanviy ecenmep ywin y30IKCi3 032epemin KOOpOUHAmMAnap Yy30IKciz (yHKyus mypinoeai wewimin
maoyovly Kasxcemi J#COK eKeHOiciMeH aublkmanaovl. byn ocymvicma 6Oyn KomenvbHukoe meopemacuvln
Oanendelmin nOUYUALAPOaH Kapacmuvlpya OOIAMbIH MOHOXPOMAMUKATLIK HCAROAU YWIH MOJKIHObIK
meHnoeyoi wieuty MmulicanvblHOoa KepcemineeH. byn macene kenicmikxmiy axwvipibl 00OAbICBIHA KAMbICHIb
wewiinemin dlcagoau yulin koopouxammap peminde lanya oepicmepiniy snemeHmmepin (AeHU, AKbIPSb
aneebpanviy Oenenepli) navdaraHyea MYMKIHOIK Oepemini KepcemineeH. Anvinean Hamudicenrepoiy
Qunocousinviy dicone a0icmemenix acnekminiepi mankvlianaovl. lanya epicmepiniy d1emeHmmepin
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KoopouHammap peminoe NAUOAlaHy apKblibl OUCKpemmi cunammayea Kouty @Qusuka caiacbiHoadol
ecenmepOi weutyOiy HeupoHObIK diceni a0icmepin 00aH api dcemindipyee anebluapmmap HCacaumviHbl
Kepcemijzen.

Tyiiindi ce3zoep: wxeamepruondap, lanya epicmepi, KomenvHuxoe meopemacvi, mMoaKbiH meHOeYi,
Toticenc-Dpenenv npunyuni, aneeOpanvix KeHeumyiep, Mamemamuxa Quiocopuacsl, HeUpoHObIK diceninep.

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
oOnacTv NpuUMeHEHHs] (YHKIMI KOMIUIEKCHOTO MEPEMEHHOIO Ui pEIICHHs pa3IUYHbIX 33134
(GU3MKM BIOXHOBWJIM MHOTMX MAaT€éMaTHKOB Ha IOMCK «TPEXKOMIIOHEHTHOT0» aHajora
KOMIUIEKCHBIX uKcen. K ux yucimy OTHOCUTCS, B TOM 4yucie, U YiabiM Poyan ['aMunbTOH, KOTOPOTO
4aCTO UMEHOBAIIN «BTOPBIM HBFOTOHOMY.

Wnes, nexaias B OCHOBE TaKOT'0 TIOMCKA, OblJIa M OCTAETCs BIOJHE Mpo3padyHoi. KommiekcHbIM
yycaaM, MOCTPOCHHBIM Ha HCIIOJb30BAHMM MHUMOM €IMHUIBI, MOXHO CTaBUTh B COOTBETCTBUE
BEeKTOpa (WJIM TOYKM Ha IUIOCKOCTH), YTO M IO3BOJISIET pellaTh MHOTME 3a/Jaud U3 00JacTu
THJIPOAMHAMUKH, JIEKTpocTaTuku u T.11. Kak cBunerensctByer M. Kuaiin, ¥.P. 'amunbton 6onee
MATHAALATA JIET TBHITANCS CO3[aTh aHaJIOr KOMIUIEKCHBIX YHCEN, KOTOpble Obl TO3BOJIMIN
peanu3oBaTh AHAJIOTMYHBIA MOAXOJA JUIsl TPEXMEPHOrO IPOCTPAHCTBA, B NEPBYKD OYEPENb —
MIOCTPOUTH «TPEXMEPHBII» aHAOr KOMIUIEKCHBIX YHUCeNl. PemmuTh yKa3aHHyI0 HpoOieMy emy
yIAJIOCh TOJBKO IEHOH JaBYyX KommpomuccoB [1]. Bo-miepBbIX, MOCTPOCHHBIE HM aHAJIOTH
KOMIUIEKCHBIX YHcel (M3BECTHBIC B HACTOSIIEE BpeMs KaK raMUJIbTOHOBBI KBATEPHUOHBI) UMEIH HE
TPpU, @ YEThIpE KOMIIOHEHTBI. BO-BTOpPBIX, €My MNPUIUIOCH «IIOXEPTBOBATH» CBOMCTBOM
KOMMYTAaTUBHOCTH.

B Hactosmielr pabore mokazaHo, YTO JaHHAas MpoOiiemMa pemaeTcss Ha OCHOBE Mepexoia K
JUCKPETHBIM MOJENSIM (PU3UUECKUX SBICHUI.

Takas moctaHOBKa BOIPOCA TAKKE UMEET JABHIOK UCTOPUIO.

B wactHOCTH, KpymHEe#muii coerckuii Mmarematuk A.H. KonmMoropos eiie B pabore [2] mucai:
«/lo HeaBHEr0 BpEMEHHM B MAaTEMaTH4YECKOM €CTECTBO3HAHUHU TOCIOJCTBOBAIIO MOJAEIHPOBAHUE
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pEaIbHBIX SBJICHMM IpHU TOMOIIM MaTeMaTUYECKUX MOJIENEH, IOCTPOEHHBIX HAa MaTEMAaTHKE
0ECKOHEYHOTO U HETIPEPBIBHOTOY.

B uwutupyemoii pabore paccMarpuBaeTCsl NpPUMEpP YpPAaBHEHHS TEIUIONPOBOJHOCTH, TECHO
CBSI3aHHOT'O C IIPEACTaBICHUSIMU O HENPEPbIBHOM cpeae. ODTO YpaBHEHHE COIIOCTABIEHO C
Pa3HOCTHOM CXeMOH, T.e. cyrybo aMcKpeTHbIM omnucanueM nporecca. A.H. Kommoropor
MOMYEPKUBAJ, YTO TMPEACTAaBICHUS O HEMNpepbhlBHOM cpeae sBIseTCs Takod ke (B
METOJIOJIOTUYECKOM CMBICIIE) HIealn3alueii, Kak ¥ pa3HOCTHAs cXeMa, TOT1a Kak MPUHSATO CUUTATD,
YTO ypaBHEHHE TEIUIONPOBOJHOCTH, 3alIMCAHHOE B YACTHBIX MPOU3BOJIHBIX, SBIISAETCS «TOUHBIMY, a
COOTBETCTBYIOIIAsl €My PAa3HOCTHAsI CXeMa — HEKUM «IpUOJIMKeHuEM» (M 3TO MPH TOM, 4TO Jrobas
TEIUIONPOBOAIIAsA Cpela B JICHCTBUTEIBHOCTH HE SIBJISETCS HEIPEPBIBHOW, KOJIb CKOPO OHa
COCTOUT U3 aTOMOB U MOJIEKYJI).

B uwurtupyemoit pabore A.H. Konmoropos BbIpa3ui yBEpEeHHOCTb, YTO OMNMCAHHUE PEATBHBIX
MIPOLIECCOB MOXET OCYIIECTBIATHCS Ha S3bIKE JUCKPETHOM MaTeMAaTHKH, MHUHYS 3Tall MOCTPOCHUs
ueanu3aliui, MPEeANnoChUIAIONINX HCIOJIb30BAHUE HENPEPHIBHBIX (PYHKIMNA. APryMEeHTOM s
3TOr0 Y€ B TO BpeMs ObUIO JOCTAaTOYHO OypHOE pa3BUTHE BBHIYUCIUTENHbHON TexHUKH. Her
HEOOXOMMOCTH JIOKa3bIBaTh, YTO CO BPEMEH BBIXOJa B CBET pPabOThl [2] KOMITBIOTEpHBIE
TEXHOJIOTUU 3aBOCBAIIM HOBBIE BBICOTHI M 3Ta TEHIEHIMS OYIEeT COXpaHAThCS B 0003pUMOIA
MIEPCIIEKTHUBE.

B nanHOil pabore mAo0Ka3bIBaeTCsA, 4YTO 3a CYET Iepexoja OT «HENPEPHIBHBIX» MoJesen
(U3NIECKUX TMPOIECCOB K «IUCKPETHBIM» MOXHO PEHINTh Ty 3a/ady, KOTOPYIO HEKOTJa CTaBHJI
nepen coboit V.P. 'amunbToH. DTO JOCTHraeTcs mepexoaoM OT (YHKIUH, apryMEHTOM KOTOPBIX
CIIy’)KaT JIEHCTBUTENbHbBIC Yncia, K (YHKUIUSAM, apTyMEHTOM KOTOPBIX SIBJISIOTCS DJIEMEHTHI OJIeH
[anya, KOTOpBIC IHPOKO MCHONB3YIOTCS B HHPOPMAIIMOHHBIX TeXHOJOTUsX [3; 4], B yacTHOCTH, B
kpunrorpaduu [5; 6].

ITons Tanmya mnpenctaBistoT coOOW, MO OINpeNENIeHUI0, KOHEYHble KOMMYTaTHBHBIE TeJa,
pa3MepHOCTh KOTOPBIX MOKET ObITh Jr00oi. TouHee, coBpeMeHHass MaTeMaTHKa pacrojiaraet
CpeCTBaMU, TIO3BOJISIOIIUME CTPOHTD moiist ['anya GF (p™), rjie p — MpoCToe YrCIo, COAEpPIKaIIne
p™ DIEMEHTOB, KOTOPHIE MOXKHO IMOCTaBHTh B COOTBETCTBHE P TOYKAaM, OTIOXEHHBIM BJIOIb N
KOOPJIMHATHBIX OCEH.

Ecmn paccmarpuBaercs (yHKIWsA, ompeneieHHas B OTpaHUYCHHOM 00JIaCTH TPEXMEPHOTO
MIPOCTPAHCTBA, TO CYIIECTBYET BOZMOXKHOCTh EPEUTH OT HEMPEPHIBHBIX KOOPJIMHAT K AUCKPETHBIM.
[Ipu 5TOM, OTCUET KOOPIUHATHI BAOJIH KAXKIOW U3 OCe MOKHO pa3OUTh HA P MHTEPBAJIOB, a Jajiee
UCIIOJIb30BaTh dJieMeHThl monsi GF(p™), Kak «MapKepb» KaXIOH W3 TUCKPETHBIX TOYEK.
CoOcTBEHHO, MPOLEAYPhl CXOAHOTO THUIA IIWPOKO HCIOJB3YIOTCS Ha MPAKTHUKE: «IIHPPOBBIE»
CUTHaJbl Jie-(haKkTo TMpPEeACTaBISIOT COOOM KYyCOYHO-TIOCTOSIHHBIE (DYHKIIMM, COXPaHSIOIINe
MOCTOSIHHBIE 3HAYEHHUS Ha NPOTSHKEHUM OTIENbHOrO TakTa. VIMEHHO Takas OUCKpEeTH3alus U
MO3BOJISICT MEPEXOIUTh, HAIPUMEP, K MCIOJIb30BaHMI0 O0azuca Yomma [7; 8] u ero Mmogudukanmii
[9; 10], xoTopble Takke JT0Ka3aIH HelIecO00pa3HOCTh MPAKTUUECKOTO HCIOTb30BAHHMS.

Jlanee, y>xe HE BBI3bIBA€T COMHEHUH, UTO MCIIOJIb30BaHUE (DYHKIMH, MPUHUMAIOIINX 3HAYEHUS B
nonsx [lamya, B KadecTBe MoJeNiell pealbHbIX CHUTHAJIOB OOJIaZlaeT  ONpe/eeHHBIMU
NPEUMYIIECTBAMH, YTO HATISAIHO OBLIO MPOJAEMOHCTPUPOBaHO B padorax [11; 12].

JleficTBUTENBHO, HA IPAKTUKE B HACTOSIIEE BPEMs HCIOIb3YIOTCS OLIM(PPOBAaHHBIE CUTHAIIBI, T.€.
TaKM€ CUTHAJIbl, KOTOpPhIE HAa MPOTSHKEHWU KaXJAO0ro TakTa MPUHUMAIOT TMOCTOSIHHOE 3HA4YeHHE,
oTBevarouiee OJHOMY U3 ypoBHeH. [IOCKONbKY CHTHaNbI, peaJbHO HCIOJNb3yeMble Ha MPAaKTHKE,
U3MEHSIOTCSI B KOHEYHOM JHamna3oHe aMIUIMTYA, TO 4YHCIO TaKUX YpPOBHEH KOHEYHO.
CrnenoBarenbHO, BCErza MOXHO BBIOpaTh TAaKOM IMIar AMCKPETH3alMM, YTO KaXJOMY M3 TaKHX
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YpOBHEH MOKHO OyJIET MOCTAaBHTh B COOTBETCTBHE DJIEMEHT TOTrO WM MHOTO moiisi ['anya GF (p)
[11].

[ToruepkHeM, YTO TPAAMLMOHHBIA IOAXOA, B KOTOPOM CHUTHaibl (T.e. Hekue (U3M4ecKue
nporecchl, obecrieyuBaronve nepegady HHGopManuu) U300pa)karoTcsl IEHCTBUTENbHBIMU (WK
KOMIUIEKCHBIMHU) (DYHKIMAMHU JI€HCTBUTEIBHOTO NEPEMEHHOI0, IPENoiaraeT oCTPOCHNE UMEHHO
MOJIETIM CUTHAJIA WM €T0 aHaJIora.

Tounee, peanbHOMY (HU3UYECKOMY TMPOLECCY B COOTBETCTBHE CTABHTCA HEKOTOPBIN
MaTeMaTH4ecKuil 00beKT. BrIOOp 3TOr0 00bekTa — He Oosiee yeM BOMPOC yA00CTBA U COTIIALICHUS;
IUI KOHEYHOTO YHClia YpOBHEH IenecooOpa3Ho ucnoyib3oBaTh nmois [amya. Touno Tak ke neno
OOCTOMT M C KOOpAMHATAMM: HMX TaKKE€ MOXXHO «HYMEpOBaThb» 3JIeMeHTaMu mojs [amya mpu
YCIOBMM, YTO CYIIECTBYET BO3MOXXHOCTb IIPUBECTH OIHMCAHUE (pU3MyecKoro mpouecca K
JUCKpeTHOH Gopme (B TOM cMbIcie, 0 KOTopoM ropopuit Koamoropos B pabote [2]).

Hcxons u3 31010, MBI BHaYalie MPOEAMOHCTPUPYEM, YTO — B IIOJHOM COOTBETCTBHM C MIEAMHU
KonmMoropoBa — cymecTByeT BO3MOMKHOCTh IEPEUTH K JUCKPETHOMY ONMCAaHUIO (PU3MUECKUX
IpoLEeccoB (OTTAJIKUBASCh OT MPUMEpA PEIICHUN BOJHOBOIO YpaBHEHHS), a Jajiee MOKaXeM, 4TO
TaKoe OIMCAaHUE IO03BOJSIET €CTECTBEHHBIM O0pa3oM IMEperTH K MCIOJIb30BaHUIO mnoiied [amya B
KauyecTBE KOOPAMHAT.

KoopanHaTHbIe CeTKH ¢ TOYKH 3peHUs] TEOPUH HHPOPMALUH

[TonaBnsroniee OGONBIIMHCTBO HauboJiee HM3YUYEHHBIX ypaBHEHMH MareMaThyecKod (u3MKH, B
TOM 4YHCJE, U YpPaBHEHHE TEIUIONPOBOJHOCTH, YMOMSHYTO€ B [2], 3amMchIBaeTcsi B YacCTHBIX
pou3BoAHBIX. [lepexoa K pa3HOCTHBIM CXeMaM, UCIOJIb3YEMbIM IPU YHUCICHHOM PELICHUH TaKUX
YpaBHEHMH, pacCMaTPUBAETCs KaK MPUOIKEHHE.

B ocHoBe Takoil TOYKHM 3pEHHs JE€KaT BIIOJHE OIpPENEICHHbIE METOJO0JIOTMYECKHEe, €Clii He
ckazatb — ¢unocodckue, Bo33zpeHus. Cuutaercs, 4Tto eciau (PU3MUECKU IpoIecC MPOTEKaeT B
npomaNCcEHHOM TIPOCTPAHCTBE, TO €T0 MOYHOE ONNCAHUE HEMPEMEHHO TPeOyeT MCIOJIb30BaHUs
Hnenpepvienvix GyHKuuNA. WHTYUTHBHO, Takas TOYKa 3pEeHUs MpeAcTaBisgercs Oosee ueMm
OIpaBJlaHHON: KOJb CKOPO CaMO IPOCTPAHCTBO SBJSIETCS MPOTSHKEHHBIM, TO M HapameTphl,
XapakTepu3yolue 1000l GU3nUYecKuil Mporecc, MOTyT ObITh COOTHECEHBI C J1H0001l €r0 TOUKOH.

OnHako, B TEOPUM CBS3M YK€ JaBHO JAe-(haKkTO MOKa3aHO, YTO MHTYHUTHBHBIE MPEICTaBICHUS
TAKOr0 pojJila BOBCE HE MPOTHUBOpPEYAT BO3MOXKHOCTH IMEpexofa K JUCKPETHOMY OMHUCAHHUIO
mpotrecca.

KonkperHo, peus umer o Teopeme KoTenbHHKOBa (B aHTJIOSI3BIYHON JIHTEpaType — TEOpEMe
Haiiksucra-Illennona) [13], koropas, 1m0 CyTH, JCKHT B OCHOBE BCEX COBPEMEHHBIX
TEJIEKOMMYHHUKAIIMOHHBIX TEXHOJOTHH, MOCKOJBKY OHA ITO3BOJIIET OIPEICIUTh TEOPETUIESCKHUN
npesen JUis CKOPOCTH Nepeaayr HHPOPMAaLUU B HEKOTOPOM YaCTOTHOM Juarna3oHe. OTMETHM, 4TO
JaHHas TeopeMa SBISIETCS OCHOBOM JJIsi HCCIENOBAaHMNW HE TOJBKO B HWH(POPMALMOHHBIX
texHojorusx [14; 15]. M3BecTHBI pabOTHI, B KOTOPBIX OHA MCIOJIB3YETCS Ui PELICHUs 3a/1ad W3
obnacti (pU3HMKKM, TPUYEM 3TO OTHOCHTCS HE TOJbKO K MHKpockomuu [16], T.e. oGmactu, rme
MPUMEHEHHE PAacCMAaTPUBACMO TEOpPEMBI SBIISCTCS BIOJHE E€CTECTBEHHBIM, HO JUISA PEUICHHUS
bynnamentanbHbiXx npodaeM [17-19]. B wactHocTH, B [19] mpoBOIMIIOCH COMOCTaBICHHE MEXIY
BBIBOJIaMU U3 JJAHHOW TEOpEMbI U MPUHIUMIIOM HeonpeeneHHoctu [eisendepra.

Hanomuum, Tteopema KoTenbHHKOBAa yTBEp)KOAeT, YTO €CIM CHUTHAJI COCPEIOTOYEH B
OTIpPEJICIEHHON TI0JIOCE YacTOT, TO TOTAA JAJS €r0 HOJHO20 BOCCTAHOBJICHHS JIOCTATOYHO 3HATH
TOJIBKO 3HAYCHMS CUTHAJIA B HEKOTOPBIX TUCKPETHBIX OTCUYETaX.
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C meToonorn4eckoit Touku 3peHus Teopema KoTenbHIKOBa UMEET caMoe MpsiMOe OTHOLICHUE K
paccMarpuBaeMoOMy Bompocy. JleHCTBUTENbHO, HCHOIb30BaHUE JIIOOOM PA3HOCTHOM CXEMBbI
npearnoiaraeT, 4ro BMECTO TOro, 4ToObl 3amaBaTh (PYHKUMIO B TEPMHHAX HENPEPHIBHOCTU
(YCIIOBHO, B «K@XIOW» TOYKE MPOTSHKEHHOTO TPOCTPAHCTBA), (YHKLHMS 3aJaeTCsl TOJBKO B
OIpeNIeIEHHBIX TOYKAX, OTCTOSIINX JAPYT OT Ipyra Ha JUCKPETHOM PaCCTOSHHH.

TpaauumoHHO, Takoe ONMCAHHE PACCMATPUBACTCS KaK MPUOIUNHCEHHOe, TOT/Ia KaK TeopeMa
KotenpHukoBa, kKoTopas 0Oe3 Tpyda 0000mIaeTcs Ha ONKMCAHUE IIPOIIECCOB, IMPOTEKAIOIIUX 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 (nmm
ee aHaJjoram), T.e. KOT/ia MPEAINOoJIaraeTcsi, 4To CIeKTp CUrHajia (mmpe — QyHKIUH, OMUCHIBAIOIIECH
(bu3nvecKuii mpoIecc) OrpaHuYCH.

C MeTOJOJIOTMYECKOW TOYKHM 3peHHs, Teopema KoTelbHHKOBA TOBOPUT O TOM, 4YTO
HenpepvleHblll CUTHAN (IIMpe — HenpepbiBHAs (DYHKIUS, OMKMCHIBAIOIIAs IMOBEICHUE CHUCTEMBI)
MOKET OBITh MOYHO BOCCTAHOBJICH IO 3HAYCHUSM B JUCKPETHBIX Toukax. CienoBaTelbHO, Jake
€CIIM UCXOJIUTh U3 MHTYUTHUBHOTO COOOpPaKCHUS, YIOMSHYTOTO BBIIIE, JJISI MOYHO20 ONUCAHUS
CHCTEMBbI MOXKHO TI0JIb30BAThHCS 3HAUCHUSIMUA TAPAMETPOB B OUCKPEMHBIX TOYKAX.

K omucannto 3HaUMTENFHOW YacTH (PU3UYECKUX MPOIECCOB MPUMEHHMBI T€ )K€ COOOpaKeHHS,
KOTOpBIE MPUBOIAT K Teopeme KoTenpHuKOBA.

B wactHocTH, B pabote [20] Obu1 goka3aH aHaAOT TeopeMbl KOTeNbHHUKOBA, OTHOCSIIHMICS K
CITy4aro MPOCTPAHCTBEHHOTO pacIpeAeIeHUs MOHOXPOMATHUECKOTO TOJISI.

Jlnst meneidt Hacrosimei paboThl CYIIECTBEHHO, YTO JIaHHBIA BBIBOJ| ObUI C/IEIaH Ha IpUMeEpe
pelieHus ypaBHeHUs ['enpMrosbiia, MOCTPOCHHOTO Ha MCIONIb30BAaHUHM METO/1a, KOTOPBIN BIIEPBBIC
ObLT ipeuiokeH B [22; 23]. JlaHHOE MOKeT OBITh 3alHCaHO B ONEPaTOPHOU GopMe 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) MO3BOISET HCIIOJIB30BaTh PAaBEHCTBO,

ulf — fLu = uV3f — fV2u = V(uVf — fVu), 2)
rae f u u — peuenus ypasaeHus (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, 0OpaLIaIIascs B HOJIb BCIOAY, KpoMe To4kH T = 0.
YMeCTHO TOAYEpPKHYTh, 4YTO HcciaenaoBanue ¢yHkuuid [puHa ypaBHeHus [enpmrossiia

MPUMEHUTEIBHO K Pa3IHYHBIM 3a7a4aM MPOI0JDKACTCS U B HacTosiee Bpemst [24; 25].
N3 cootnomenus (2) u reopemsr Octporpaackoro-I'aycca BeiTekaeT ¢popmyria
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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 PEIICHUE BHYTpU 00aacTu () yepe3 3Ha4eHUs1 QyHKIUU
U U €e HOpMAJIbHON IPOM3BOAHON Ha MOBEPXHOCTH S, OTpaHMYMBAIOLIEH TaHHYIO 00J1acTh

u(to) = (uVG — GVu)dS (6)

PaccMOTpeHHBI METOJ TOJIydeHHUs] pPELICHUH BOJHOBOIO YpaBHEHMs SBISETCS 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 BO3MOKHBIM.

B uvactHocTH, B [22,23] ObUI IPEASIOKEH METOJ1 pellieHUsl ypaBHEHHUs (1) Ha OCHOBE pazloKEHUMN
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 SBIAIOTCSA 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, npeHereraﬂ BKJIaJOM OT OCCKOHEYHO YAAJICHHBIX TpaHUL], HCTIOCPCICTBCHHO 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)

MoxHo Buzaetrb, uto ¢opmyne (10) ¢urypupyror mnpeoOpazoBanus Dypre GyHKIMH,
. . 0
OTBEYAIOIIUX pachpenencHno pemenns u(x,y) ¥ ero HOPMaJbHOW MPOU3BOJHOM a—:(x, y) 1o

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

ozl,

IJIe UCIIOIB3YeTCs ciieytomnee o003HaueHne s mpeodpa3oBanus Oypee

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 (GpyHKuuu U(X,Yy), OMUCHIBAIOIICH,
HanpuMep, pacpeeieHle TOro UM MHOT'O T0JIsl Ha pacCMaTpUBaeMOM MJIOCKOCTH.

Ob6patHoe mpeoOpazoBanne Oypbe MO3BONIAET NEPEUTH OT CIIEKTPa MPOCTPAHCTBEHHBIX YaCTOT
HEIMOCPEACTBEHHO K PELIECHUIO, ONMCHIBAIOIIEMY PaclpeIeIeHUE OJIA.

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

Jlns neneit HacTosmiel paboThI CYLIECTBEHHO, YTO CHEKTpalbHOE NpejcTaBieHue pemenus (14)
II03BOJISIET BOCIOJIB30BATHCS TOW K€ Meel, 4To JIEKHUT B OCHOBE BbIBOJIa TeopeMbl KoTeabHHUKOBA,
9TO U OBLIO HCTOIB30BaHO B paboTe [20].

JleCTBUTENbHO, NEpEeMEHHble HMHTErpUpOBaHMs B MpaBod 4vacTtu ¢opmyisl (14) nexar B
orpanndeHHol obmactn a’ + % < 0. Cmemys [20], pacmmpum 3Ty o06JacTh 0 KBajpara,
ompezensieMoro HepaBeHcTBamMH —1 < a,f <1, mnonaras, 4YTO paccMmarpuBaemas (QyHKIUSA
obpamaercss B HOJb BHe kpyra a’ + 2 < 0. OnpenenuM mnepuoaudeckyio dynxiuio 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 Oypoe

A(a, B) = Znn Unmn exp(mi[ma + 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 popmyisl (16) cnemyer, 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)

[IpuBenenune paccmarpuBaeMoil (YHKIMH K MEPUOJUYECKON MOKET OBITh OCYIIECTBICHO
pa3NUYHBIME crioco0amMu. MeToI0IOTHYECKH, 3TO, OJTHAKO, HE MEHSET BBIBOJA, KOTOPBIH MOYKHO
caenath Ha ocHoBe (hopmyibl (19): QyHKIIMIO, ONMUCHIBAIOIIYIO PEUICHHE YpaBHEHUS B TEPMUHAX
HEIMPEPBIBHOCTH, MOKHO BOCCTAHOBUTh HA OCHOBAaHUM €€ 3HAUYEHHM B HEKOTOPBIX TUCKPETHBIX
OoTCU€Tax.

Janee B pabote [21] Takke MOKa3aHO, YTO pelieHHe ypaBHeHHUs (1) MOXKHO MOMYYHUTH IO
dbopMyiaM, aHAIOTUYHBIM TEM, TJ€ HCIOIb3yeTcs (PyHIamMeHTanbHoe pemieHue (6), HO Ha OCHOBE
oreparnuil ¢ JUCKPETHBIMU 3HaUeHUAMU. OHO UMEET BUJL

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 pelIeHHE 3aJaud MaTeMaTH4ecKod (QH3MKH, KOTopas
TPaJMLIMOHHO pelllajach B TEPMUHAX HEMPEPHIBHOCTH MOXKET OBITh NMPHUBENEHO K PELIEHUIO B
TEPMHUHAX JUCKPETHBIX OT4YETOB. [IpM HMCMOIB30BaHMM JAHHOTO IMOJAXO0Ja BMECTO HEMPEPHIBHBIX
KOOpJAUHAT (DAaKTHUECKU MOKET OBbITh HCIIOJIb30BaHA KOOpIMHATHAsI PEIIETKa, T.€. COBOKYITHOCTb

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

[lomuepkHeM, 4YTO ypaBHEHMs, KOTOpbIE JOMYCKalOT Mepexo] K ¢dopmyne (4) umm el
aHAJIOTMYHOM, B (PM3MKE BCTPEUAIOTCs JOCTaTOUHO yacTo. K Takoit ¢popme MoxeT ObITh MPUBEIEHO,
HalpuMep, yYpaBHEHUE OIMCHIBAIOIINE MOHOXPOMATHUYECKHE aKyCTHKO-TPABUTALIMOHHBIE BOJIHBI
[29] u 1.1

[Ipumepsl Takoro poja NOKa3bIBAKOT, YTO TOJIBKO B CHJIy OIPaHUYEHHOCTH CIIEKTpa,
00yCIIOBJIIEHHOHN crnenudukoil (Gu3nueckoro SBJICHHsS, OT ONMUCAHUS B TEPMUHAX HEMpPEPhIBHBIX
(GyHKIMA MOXXHO, KaK MUHUMYM, TIEPEHTH K OMHCAHHWIO B TePMHUHAX (YHKIUNA, MPUHUMAFOIINX
3HAYEHMS B ONPEJECICHHBIX y3/1aX HEKOTOPOU PEIIETKH.

C MeTOoJ070rnYecKOi TOUYKU 3pEHHSI 3TO 0OCTOSITENBCTBO SABIAETCS (yHIAMEHTAIbHBIM, TaK KaK
OHO MO3BOJIAET (MO KpalHEH Mepe YacTUYHO) PEeIIUTh UMEHHO Ty 3ajady, KOTOPYI HEKorja
noctaBui nepex coboit Y.P. lamunbton. bosnee Toro, B [21] moka3aHo, 4TO aHAJOTHYHBIN MOAXO]
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 TIPEJITOJIaraeTCs, YTO HICKOMOE pelIeHHEe f TOUHHSICTCS YPAaBHEHUIO
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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), MpHUYEM 0e3 HCIOIb30BAHUS
¢bynkuuii  I'pyHa. YMECTHO TOTYEPKHYTh, YTO TMOJABIsIOIMIee OOJBIIMHCTBO ypaBHEHUH
MaTeMaTH4eCKOH (pru3uKu MOKeT OBITh pUBEAEHO K popme (22).

Takoii mnoaxox, B TOM 4HCIE, MO3BOJSET KOPPEKTHO ONPENENHUTh aHAJIOr  CIEKTpa
IIPOCTPAHCTBEHHBIX YaCTOT Ul APYTUX THIIOB BOJHOBBIX (M HE TOJBKO) BO3MYILIECHUH.

Hcnonb3ys (axkrop OrpaHMYEHHOCTH CHEKTpa IPOCTPAHCTBEHHBIX YAacTOT, MOYKHO Jlajiee
BOCIIOJIb30BaThCsl CXEMOil omydeHus: GUHUTHBIX (QyHKUMiT ['puHa, mpeanoxeHHsIx B padote [21],
U T0Ka3aTh, YTO BO3MYILEHHE, 00JIaJalollee OrpaHMYEHHBIM CIEKTPOM, B JAEMCTBUTEIBLHOCTU
HCYEPIBIBAIOLIE  OIMCHIBACTCA  4E€pe3  OTCYEThl, OTHOCIIIME K ONPEAEICHHBIM  Y3JIaM
MIPOCTPAHCTBEHHOM PEIETKH.

VIMeHHO 5TO M TO3BOJSET PEHIMTh Ty 3ajady, KOTOPYIO HEKOrJa IOCTAaBWII Tepen coOoi
I'amunbTOH.

CucreMbl KOOPAMHAT: MePexXo/ K MCIO0JIb30BaHUIO noJieil ['anya

Jna ueneit Hacrtosimied paboOThl BaKeH METOAOJOTHYecKHuil (TouHee — ¢uiaocopckuii u
MCTOPUYECKHI) aClIeKT TeOpUH (PYHKIMI KOMIUIEKCHOTO TIEPEMEHHOT0, ITHPOKO MCIOIb3yEeMbIX Ha
MIPAKTHKE.

On coctout B ciuenyromeM. M3mepeHue MIMH OTPE3KOB HCTOpuYecKd [1] ObuIO CBsI3aHO C
MPEJCTaBICHUAMIA 00 MPPALNMOHAIBHBIX YHCIaX — B MPOTUBHOM CIydae HEBO3MOXKHO HM3MEPHTH
TMIIOTEHY3y PaBHOOEAPEHHOIO MPSIMOYTOJBHOTO TpeyroyibHuka. Ho, ¢ MeTomonornyeckoi Touku
3peHMsl, UppallMOHAIbHbIE YHCIIa MPEICTABIAIOT COOOI BIOJIHE ONpeeseHHbI MaTeMaTH4eCKUn
00BEKT, KOTOPBIH, K TOMY €, MMOJy4uI Mocie10BaTeIbHOe 00OCHOBAHNE CPAaBHUTENIBHO HEIAaBHO
[1].

CooTHeceHne pearbHOTO MPOCTPAHCTBA U JIFOOOTO MAaTEMAaTHYECKOr0 OOBEKTa HE MOXKET OBITh
pELIEHO CpelCTBaMU OJHOW JIMILIb MAaT€MaTUKH, 3TO — YK€ BOIPOC OHTOJOTHH (B (uiiocodckom
MOHMMaHUU 7Toro TepMmuHa). OpnHako, naxe 0e3 JeTanbHON (Quiocodcekoil mpopaboTKu
MPEJCTABISAETCS OYEBHIHBIM, YTO B ’TOM OTHOIIEHUH BCE MAaTEMAaTUYECKHE OOBEKTHI, JIOKA3aBIIHe
CBOIO MTPAKTHYECKYIO MOJIE3HOCTh, PABHOIIPABHEI.

Toukam mpocTpaHcTBa W/WAM AMMHAM (WIM HAIIMM TPEACTABICHUSMH O HHUX) CTaBsTCA B
COOTBETCTBHE HEKHE MaTeMaThdeckre 00BEeKThl. BHIOOP 3THX 0OBEKTOB, CTPOTO TOBOPS, SIBJISETCS
MPOU3BOJILHBIM UM, B KOHEYHOM CUETe, OINpEAessieTcss TOJbKO MPAKTHUYECKONW MOJIE3HOCTHIO,
y100CTBOM PUMEHEHHUS K IUPOKOMY Kiaccy 3ajau.

B 3TOM — METO/M0IOTHYECKOM — OTHOIICHWH KOMILJICKCHAsI TIepeMeHHasi, KOTopasi MOXeT OBITh
MOCTaBJICHA B COOTBETCTBHE TOYKE HA TUIOCKOCTH, HUYEM NPHUHIUIHAIBHO HE OTINYACTCS OT
MPPaIMOHAIFHOTO YHCIIA, XapaKTePH3YIOIIETO [UIMHY OTpe3Ka.

Tot akrt, yTO ONMMCaHWe MHOTHUX PEaJbHBIX (PUIUIECKUX MPOIECCOB MOXKET OBITH CBEICHO K
ONMCAHMUIO uepe3 (PyHKIUHM, MPUHHUMAIOIIME 3HAYEHUS B y3J1ax HEKOTOPOW pemeTkH (Kak 3TO
HETOCPEJICTBEHHO BBITEKACT U3 TeopeMbl KOTelbHUKOBA), MO3BOJSET MEPEHTH K MCIOIb30BAHUIO
KOODAMHATHBIX CHCTEM, JJs ONHMCAaHUS KOTOPHIX HCIIOJNB3YIOTCS MaTeMaTHUYeCKHue OOBEKTHI
MPUHIUIHAIBHO AUCKPETHOMN MPUPOIBI.
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A MMEHHO, B anredpe XOpoIlo W3BECTEH MeToJ mocTpoeHus nojied [amya GF (p™) (KoHeUHBIX
KOMMYTaTHBHBIX ajreOpandeckux Tell, COJIepKalMX P AJIEMEHTOB, TJe P — MPOCTOE YKUCIIO, N —
IeJI0€ YUCIIO0), HAa3bIBAEMbI METO/IOM JIreOpanyecKUX paclIupEeHUi.

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

JlaHHOE MHO>KECTBO CTAHOBHTCS TIOJIEM, €CIIU ONEPAINU CIOKECHUS U YMHOKCHHS ITPOBOIAUTH 110
MO0 3, 94TO, B YaCTHOCTH, IPUBOJUT K CJICAYIOIIUM COOTHOLICHUSIM

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

K manHomy (Wi nro0oMy ApYroMy) MO0 MPHCOCIUHSCTCS JOMONHUTEIBHBIN 3JeMEHT 6,
SIBJITIOINUNCS KOPHEM ypaBHEHUS, HEMPUBOJAUMOTO (HE WMEIONIETO PEIICHHI) B JAHHOM IIOJIE.
Torma 060 ammement mosst GF(3™) MoxeT ObITh MPEACTABICH B BHJC JUHEHHOW KOMOWHAIIUN
cTeneHen 6.

A=yrleiq (25)

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

CTapllero YieHa B HEIPUBOAUMOM YPaBHEHUH.

MeTton anredpandeckux pacHIMpeHuil JOMyCTUMO paccMaTpUBaTh Kak 0000IIeHHE TOr0 METo/1a,
KOTOPBIM CTPOSITCS KOMILIEKCHBIE uncia. B aToM ciyuae nunelinas komOuHanus (24) npuodperaer
XOPOIIO U3BECTHBIA BUJ]

A=ay+ia (26)

rJ1e { — KOPEHb HEMPUBOAMMOTO (B IEHCTBUTENBHBIX YMCIIAX) yPABHEHHS

x24+1=0 (27)

PaccMotpuM 111 mpumepa mnoctpoenue mons GF(3%), kortopoe, kak OymeT SICHO w3
HaﬂbHeﬁmeFO KaKk pa3 M OTBEYACT PCIICHHUIO 3aJadu O IIOCTPOCHHU «TpéXKOMHOHeHTHBIX»

KOMIUIEKCHBIX YHCEJ B €€ JUCKPETHOW (opMmynupoBke. Byaem Hcmonb30BaTh HEMPUBOIUMOE 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 MOMYYHUTh €ro

anrebpanveckoe pacliupeHue, MoJo0HO TOMY, KaK OT BEIIECTBEHHBIX YHCEN OCYIIECTBISETCS
nepexo/i K KOMIJIEKCHBIM 32 CYET MPUCOEANHEHHSI HOBOTO 3JIEMEHTa — KOPHS U3 MUHYC €TUHUIIBL.
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MOXHO BHUAETH, YTO €CIIM TPOBOJUTH AHAJIOTHIO C XOPOLIO H3BECTHBIMH KOMIUIEKCHBIMU
YHUCIaMU U Jajiee, TO mpeiacTaBieHue (29) oTBedaeT TpeM KOOpJHHATaM KyOa, pacCTOSIHUS BIIOJb
pebep KOTOPOro OTCUUTHIBAIOTCS IUCKPETHO.

Pazymeercsi, MCHonb30BaHUE CTONb TPyOOH IUCKpeTH3alMH (MCIOJIb30BAHUE TOJBKO TpeEX
3HAYCHUI KOOPIMHAT, YTO COOTBETCTBYET MO0 GF(3)) HempuroaHo st penieHus OOIbIIMHCTBA
(uU3HYecKHX 3a1a4, HO TOYHO TAKOE K€ MPEICTAaBICHUE CIPABEIMBO U 11 Mo6oro nons GF (p?),
rJie p — IPOCTOE YHUCIIO.

BonbmuHCTBO PU3MUECKUX 3aqad MOJApa3yMEBaeT IMOMYyYCHHs pEIICHHs B KOHEYHOH OO0JIacTH
npoctpancTBa. (CremoBaTeNlbHO, BO3HHUKAEeT BO3MOXKHOCTH Tomobpate mone [amya GF(p),
pacimpenue kotoporo o nons GF(p3) Oyner B Toif MM HHOH CTENEHM OTBEYATh pEIIETKE,
KOTOpasi, B COOTBETCTBUU C pe3yibrataMu [20], MOXKET ObITh TOCTPOCHA Ha OCHOBAHUH aHAJIOTUU C
TeopeMoit KoTenbHUKOBa (OTMETHM, YTO YCTAHOBJIEHHE TAKOTO COOTBETCTBHS MHOTAA MOKET OBITh
00€ecCIIeYeHo, B TOM YHCIIE, U BBIOOPOM €IUHHII U3MEPEHUS).

B ykazanHOM BbIIIE clydae JUCKPETHBIC BEIMYUHBI ; B (popmyie (29) Ha4HYT Urpatrh poJib
JTUCKPETHBIX KOOPAMHAT, OTCUMTHIBAEMBIX IO TPEM KOOPAMHATHBIM OCSIM, KaKAas W3 KOTOPBIX
COOTBETCTBYET OIpPENIECICHHON CTeNeHH dJeMeHTa 6 (OT HyJIeBOM MO BTOPYIO BKIIOYUTENBHO). Jlis
HATJISITHOCTH MOXHO 3aIHCaTh

Tijx = %0* +y;0 + 2z, ijk=01,..,p—1 (30)

TI€ Tijx — «TPEXMEPHOE KOMIUIEKCHOE 4YHMCIIO», OTBEYAOIIEE IUCKPETHO H3MEHAIOIEMYCS
pasnyc-BeKTOpY, X;, Vj, Zx — AMCKPETHO U3MEHSIONIUECS KOOPANHATHI.

[ToguepkuBaem, uto 3anuch (30) METOOJIOTHYECKH CXOJIHA C KJIACCMUECKUM BBIPAKEHUEM IS
KOMIUIEKCHOM BenmuuuHbl (27). OTIWYue COCTOUT TOJIBKO B TOM, YTO TOJWUHOM, TPHU TTOMOIIH
KOTOpOro oOecreunBaeTcss aiaredpandeckoe paciliupeHue, UMeeT Oojee BBICOKYH CTENeHb, a
K02 (UIIMEHTHI ; SBISIOTCS TUCKPETHBIMHU.

MeTo0710ru4eckoe CXOACTBO ONPENEISETCs, B TOM YHCIE, U TEM, YTO PAIHyC-BEKTOPBI 7jj)
MIPEJICTABISAIOT COOO0M 3JIEMEHTHI MOJIs, T.€. Ha 00pa3yeMOM UMU MHOKECTBE ONpEeNIEHbl ONepalun
CJIO)KEHUS, BHIYUTAHUS, YMHOXXEHUS U JICTICHUS.

[Iponomxkas nmoruky M. KnaitHa, MOXXHO CKa3aTh, YTO 3a/Jaya O CO3JAHUU «TPEXMEPHBIX)
KOMIUIEKCHBIX YHCENl PEIIAETCs, €CIH «I0XXEPTBOBATh» HEMPEPBIBHOCTbIO, HO 3TO SBISETCS
OTIPaBIAHHBIM NI MHOTHX PEalTbHBIX 3a/1a4 U3 001acTu (DU3HMKHU, YTO HETMOCPEICTBEHHO BHITEKAET
u3 reopemMbl KoTenbHUKOBa.

Takum oOpazoMm, mpu Tepexoe K JUCKPETHOMY OMUCAHUIO MPOCTPAHCTBEHHBIX TMEPEMEHHBIX
JOTTYCTUMO HCITOJIB30BaTh (DYHKIIMH, apTYMEHTOM KOTOPBIX SIBJITFOTCS JIEMEHTHI Tiosiei ["amya.

Bosnukaer Bompoc 0 TOM, YTO UMEHHO MOXHO TTOHUMATh O] YPaBHEHUSMH, OMHCHIBAIOIITUMU
(bu3nyecKre IpoIecchl, B TOM cllydae, KOrja B KayecTBe KOOpAUHAT UCTIONb3YyI0TCs o ["amya.

Onucanus pu3HYecCKUX NPOLECCOB € TOYKH 3peHusi Teopuu HHPpopMannu: GuiaocoPpckuii u
METOJ0JIOrMYECKUH aCIeKThI

Kak cnenyer u3 c¢opmynsl (22), mepexol K IUCKPETHOMY OIMCAaHHIO, OCHOBAaHHBIN Ha
UCIOJIb30BaHUN (GUHUTHBIX (yHKUMN ['prHa, MOXKeT OBbITh BBIINOJHEH JUIsI LIMPOKOTO Kiacca
ypaBHeHMH MaTeMmatuueckol ¢usuku. CrenoBarenbHO, HMMEET CMBICI OCTaHOBHUTHCA Ha
00IIEMETOAO0NIOTMYECKUX MPEANOChUIKAX JJIsi COBEPLICHCTBOBAaHMSA TOrO IOJAXOZA, B PaMKax
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KOTOPOro (pU3UYECKUE TMPOLECChl M SABICHHUS PAcCMaTPUBAIOTCS C TOYKHM 3PEHUS TEOpPHHU
uHpopManuu.

A WMEHHO, B HacTosIIee BpeMs eCTh (PyHJAaMEHTaJbHBIC MPEINOCBUIKH MJIS TOTO, YTOOBI
OCYILIECTBUThH ONPEACICHHbIN CHHTE3 (PU3UKH, TEOpUU MHPOPMALIUU U MPUKIAAHOHN Punocopun. B
KauecTBe MpUMepa PaCCMOTPUM METOJIOJIOTMYECKHE OCHOBAHMS TEOPUU KAuECTBEHHOTO PEIICHUS
muddepeHIaTbHBIX YpPaBHEHUH, B paMKaX KOTOPOHM OOOCHOBBIBAIOTCS, B YAaCTHOCTH, TaKHe
MOHATHUS Kak OndypKamus, IHPOKO UCIOIB3yeMOe B pa3aIHuHbIX 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
KOHKPETHBIH BHJl pEIICHHs TOrO0 MJIM HWHOrO Ju(QepeHIaTbHOr0 ypaBHEHUS (CHCTEMBI
ypaBHEHHI) B OOBIKHOBEHHBIX MPOM3BOAHBIX. YacTO OCHOBHOW HWHTEpeC PEACTaBISIET
YCTAaHOBJICHUE 3HAYEHUM YNPaBISIOUMX IapaMEeTpOB, INPU KOTOPHIX B CHUCTEME IPOUCXOIAT
KauecTBEHHbIE H3MeHeHus (Touku Oudypkamuu). s uX OTBICKaHHS 4YacTo HE 00sS3aTelbHO
OTBICKMBATh PEIIEHUs, JOCTATOYHO KAYECTBEHHO IMPOAHAIM3UPOBATh TpaHchopmamuu (a3zoBbIX
MOPTPETOB MIPU U3MEHEHHUAX YIIPABIISIOMIUX TAPAMETPOB.

JIOTHYHBIM TPOAOKEHHUEM JTOro (M aHAJIOTUYHBIX €My I[IOJXOJIOB) SBIISIETCS CIEAyIoas
MIOCTAaHOBKA BOIPOCA: IIeIeCO00pa3Ho pa3padoTaTh TakWe WHCTPYMEHTHI pelIeHHs (PU3ndecKux
3aJ1a4, KOTOpbIE€ MPEJOCTABAT TOJIBKO TOT 00beM MH(pOpPMAIMHU, KOTOPBIM peabHO HEOOXOIUM IS
T€X WM MHBIX KOHKPETHBIX MHenell. Eme ogHoM WiumocTpanuedl aJeKBaTHOCTH WMEHHO TaKOu
IIOCTAaHOBKM BOIIPOCA SIBJISIETCA CUTYyallMsl, 4acTO CKJIAJbIBAIOLIAsCS NpPU YHUCICHHOM peIIeHUU
CIIO)KHBIX CHUCTEM YPaBHEHHH, HaAIpuMep, OMHCHIBAIOIIMX NpOIecchl B arMocdepe. 3adacTyro
MIOJTy4YEHHBIE PEIICHUs TAKXKE CIOKHBI JJIsl aHaIN3a, KaK U AKCIIEPUMEHTaIbHbIC TaHHBIE.

[TapagokcanbHO, HO OTCIOZA CIeNyeT, 4TO Te 3adayd M3 o0nactu ¢GU3MKU (M HE TOJBKO),
KOTOpble paHee (OPMYJIHPOBAIUCH HA S3bIKE YPaBHEHHWH, KOTOPHIM MOAYMHSIOTCA (YHKIMH,
OIHUCHIBAIOLINE (PU3NUYECKUE SIBICHUS U MPOLECCHI, 11eJeco000pa3Ho, B TOM yucie, (GopMyIupoBaTh
Ha SI3bIKE JIOTHKHU.

PaccmotpuM, kakue AJis 3TOro CyIIECTBYIOT MPEANOCHUIKH, IMOHUMAs, YTO paccMaTpUBaeMbIi
MOJIXOJI SIBJISIETCS HE albTEPHATHBOW, HO JOMOJHEHHEM K KJIACCHYECKHMM METOJlaM IOCTPOEHUS
Mojienel pU3NYEeCKUX MPOLECCOB.

B coBpemeHHBIX WH(MOPMAIMOHHBIX TEXHOJIOTUAX, KaK MPABHIIO, HCIONb3YIOTCS CHTHAJBI,
KOTOPBIM TPUITUCHIBAECTCS ONPENEIEHHOE NTUCKPETHOE 3HAaueHUE. TUIIHYHBIM NPUMEPOM SIBIISETCS
curHai, QopMmupyemslii aHanoro-uupoBbM TmpeoOpa3oBaTeneM. B 3Tom ciydae auana3oH
U3MEHEHHUs aMIUIUTYJ CHUTHaja MOJPa3AeisAeTCs Ha ONpEACIICHHBbIE MHTEPBAJIbI, KaXIOMY W3
KOTOPBIX CTaBUTCSI B COOTBETCTBUE ONPEEIEHHOE TBOMUYHOE 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 Iy UT QPYHKIMS, TPUHUMAIOIIAs 3HAYEeHUsI HA HEKOTOPOM KOHEYHOM MHO>KECTBE.

DTO MO3BOJISET CACNATh CICAYIONTUI BBIBOJ, HATJISIHO MpoJeMOoHCTpupoBanHbIil B [11, 12]. Kak
MPaBWJIO, MOJETSMHU CHUTHAJIOB, CIyKaT (QYHKIHMH, TPUHUMAIONIUNE 3HAYEHUS Ha MHOXKECTBE
JNeHUCTBUTENBHBIX umceln. [l 3TOl cuTyaluu Takke CrpaBesiiBa apryMEHTAIlsl, UCIIOIb30BaHHAS
BbIlE. J[eHCTBUTEIbHBIE YHUCIA — 3TO MaTeMaTHYECKUl 00BEKT, 0OecreunBaronIiii oToOpakeHue
peanbHOro (PU3NYECKOTo MpoLecca Ha HEKYIO HIeaIn3allnio, KOTOpasi OTCYTCTBYET B peaibHoCTH. C
TaKUM JK€ YCIEXOM I OTOOpaKeHUs (ONMUCAaHMsI) PeaTbHBIX (U3MYECKUX TPOIECCOB MOXKHO
UCIIOJIb30BaTh U JApyrue Maremaruudeckue oObeKThl. B uacTHOcTH, eciu peub MAET O CHTHajiax,
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 MEXIY TPAIUIIMOHHO HCIIOIb3YEeMbIMH IPOLETypaMH,
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]] CUTHaNA. TpaguilMOHHO, YHCIO TaKUX YpOBHEU
paBuo 2". Tlpu wucmonp3oBaHuM ke mosieit [amya, ornudaromuxcs ot GF(2™), yucino Takux
YpOBHEH MOXKET OBITh IPyrHM (Harpumep, B padote [11] paccmarpuBaics ciydaid GF(17)), Ho 310
— He 6oJiee ueM BOIPOC COTTIAIICHHS.

Bce stu paccyxaeHuss TpUMEHUMBI M K (U3UYECKHUM IpOLECCaM, B KOTOPBIX H3MEHEHHE
MapaMeTpoB MPOUCXOIUT B KOHEUHOM JTMaNa30He.

CrnenoBatenbHO, ¢ 00IIEMETOI0JIOTMUECKON TOUKH 3pEHUs TUCKPETH3alusl He TOJIBKO MO y3j1aM
pemeTkn (Kak 3TO MMEET MECTO IO OTHOUICHHIO K Pa3HOCTHBIM CXeMaM), HO M 1O YpPOBHSM
«CUTHAJIa» O3HAYaeT, 4TO MOJAENbI0 (PU3MUECKOro SIBICHUS BOBCE HE 00s3aTENIbHO JOJHKHA OBITh
GYHKIMS JEHCTBUTENFHOTO WJIM KOMIUIEKCHOTO MEPEMEHHOTO, NPUHHUMAIONIAas 3HA4YCHHUS Ha
MHOXECTBE KOMIUIEKCHBIX WM JCUCTBUTENBHBIX umced. CyHIecTBYIOT YCIOBHS, NMPH KOTOPBIX
MOJIENIbI0  (PU3MUYECKOTO TIporecca MOXKET CIYKUTh (YHKIUS, NPHHAMAIONIAs 3HAYCHUS B
HEKOTOPOM IoJ1e ['amya, apryMeHTOM KOTOPOM TaKKe SBIJIAFOTCS AJIEMEHTHI 1ot [anya.

OToT (haKT co3laeT MPEeArnoChUIKM Il TOTO, YTOOBI BMECTO TPAAWIMOHHBIX YypaBHEHUH,
MPU3BAHHBIX OMHCATh (PU3UYECKHE MPOIECChl, MEPEUTH K COOTHOILICHHSIM, 3aMUChIBAEMBIM B
TepMHHAX MHOTO3HA4YHOH JorukH. [Tokaxem 3To.

[lepeMeHHBIM JBOWYHOW JIOTHKHM MOTYT OBITh NOCTaBJIEHBI B COOTBETCTBUE DJIEMEHTHI OIS
lamya GF(2), T.e. 0 u 1. ToyHO TaK ke MEPEMEHHBIM MHOTO3HAYHOH JIOTHKH (P-JIOTHKU) MOXHO
MIOCTAaBUTh B COOTBETCTBHE 3JieMeHTHI nojs ['amya GF(p). OTmerum, 4TO MHOTO3HAYHAs JIOTHKA
BeCbMa AaKTUBHO pa3BMBAETCs yke Oojiee CTOJNETUs, HAauMHAsi C OCHOBOMNOJAraroIux padoT
JlykaceBuya [32]. B maHHOI 007acTH MOMYYEHBI MHOTHE CYILECTBEHHBIC PE3yJIbTAThl, HAIPHUMED,
pa3paboTaHbl TaparojHble W MmapaHepoTuBopednBbie Joruku [33-35]. B Tekymieit nuteparype
(GYHKINH, apryMEHTaMH KOTOPBIX SIBIISTIOTCS ITEpEeMEHHBbIE MHOTO3HAYHOW JIOTMKH, KaK MpPaBUIIO,
OIUCHIBAIOTCS Yepe3 Tabmuibl ucTuaHocTu [36; 37].

Ho, srto He sBmserca oOs3arenbHbIM. Tak, Xopomo usBecTeH noiauHoM JKerankuHa (B
aHIVIONA3bIUHONW JuTeparype - algebraic normal form), mo3Bossronwii mepeiitn or TabIUIL
MCTHMHHOCTH K aJredpanyecKuM BhIPaKEHUSAM MPUMEHUTENBHO K (YHKIHSAM, apIyMEHTOM KOTOPBIX
SIBJISIOTCS TEPEMEHHbIe MBOWYHON soruku win moist GF(2™) [38; 39]. He cocraBmser 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 »JIeMEHTHI noyisi GF(p) sBISAIOTCA
KOPHSIMH YPaBHEHHUS

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

CIIUHHILY.
CnenoBarenbHo, GyHkimn 6; (X) 0071a1af0T CIIEAYONHIM 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)

1€ Benu4KHeI f(X;, ¥j) GOPMHUpPYIOT TabJMIly HCTHHHOCTH, aHAIOTUYHYIO YKa3aHHOH BBIIIE.
IIpy noncraHoBke B BbIpakeHHE (34) KOHKPETHOW mapbl X; ,Yj, 3HAYEHUH JIOTHYECKUX

MEPEeMEHHBIX (TOYHEE, COOTBETCTBYIOIIMX MM »dJeMeHTOB moyia [aimya), Bce criaraemsie,
¢burypupyromnme B cymMMe B ipaBoii yactu ¢hopmyisl (34) B cuty cootHomenus (33) obpamatorcs B
HOJIb, 32 MCKJIIOUYEHUEM CJIaraéMoro, JJisi KOTOPOTO BBINMOJHSETCA [ = iy, j = jo. CnemoBarensHo,
HUMeeT MECTO

F(xio'yfo) = f(xio’yjo) (35)

Bunno, yro nonuHoM (34) BBIIOJIHSET JUIsi MHOTO3HAYHOM JIOTMKU T€ K€ (PYHKLIMM, 4TO
noysinHoM JKerankuHa sl ABOUYHOW JIOTHKHU, T.e. cOoOoTHoueHHe (34) yka3bIBaeT KOHKPETHYIO
anreOpandeckyo (PyHKIHUIO, KOTOpas pealn3yeT 3aJaHHyI0 TaOJIWIly HCTUHHOCTH. BumHo Taxke,
4yro cooTHoweHue (34) nomyckaer o0OoOIIeHHE Ha Cilydail INPOM3BOJBHOIO YHCIA JOTMUYECKUX
nepeMeHHbIX [40].

Tem cambIM, CyIIeCTBYeT BO3MOXHOCTb IOCTPOUTH (DYHKIMIO, CIIY)KaIlyl0 MOJAEIbIO
¢u3nyeckoro mnporecca, o0JacTb ONpPEAENCHUs W apryMEHTOB, W 3HAUYE€HUIH KOTOpOW SBIsSETCS
HekoTopoe noJje ['anya. [Ipu 3ToM cyliecTBEHHO, YTO B CHIIy CKa3aHHOT'O BbIIIIE, apTyMEHTbhI TaKON
(GYHKIIMM MOTYT OTBEYaTh TOYKAM B IMPOCTPAHCTBE MPOM3BOJILHOM Pa3MEpPHOCTH, B TOM 4MHCIIE,
TPEXMEPHOM.

Pazymeercs, B 3TOM cilyyae UMEIOT MECTO OINpPEENIEHHbIE OTPaHUYEHUs, CBSI3aHHBIE C TEM, YTO
Ha pa3Mep o01acTH, B KOTOPOI paccMaTpUBaeTCss KOHKPETHBIM (U3MUECKUil Mpolecc, HaloKeHbI
onpezaeneHHble orpaHnueHus. [loguepkHEM, OAHAKO, 4YTO pa3BUBAEMBIM IOAXOJA OTHIOAb HE
CllelyeT paccMaTpuBaTh KakK aJbTEPHATHBY KJIACCHYECKUM MOJENsAM (U3UYECKUX IPOLECCOB,
MOCTPOCHHBIX Ha UCIOJIb30BAHNU HETIPEPBIBHBIX QYHKUUHN U JU(PepeHIHanbHbIX YPaBHEHUH.

Ero nazHauyeHue cocTOUT B TOM, YTOOBI MPEAOCTABUTh HHCTPYMEHT ISl aHAJIM3a TEX MPOIIECCOB,
UCCIIEIOBAaHUE KOTOPBIX MPUBOIUT K CIHUIIKOM CJIOKHBIM MOJENSM TOT/a, KOI/a HCIOJIb3yeTcs
KJIacCMYeCKH moaxo. B Tom uucie, paccMarpuBaeMblil MOJX0 B MEPCIEKTUBE MPEAHA3HAUAETCS
JUIS TOTO, YTOOBI BCKPBITH TE€ 3aKOHOMEPHOCTH, KOTOpbIE€ HE BCerja yAaeTcs OThICKaTh Mpu
UCIOJIb30BAaHNHU KJIACCUUECKUX METOOB.

B »TOM OTHOIIEHNH 11eT1ecO00pa3HO MOAYEPKHYTh, YTO METOJ] OUCAHUS (PU3UUECKUX ITPOLIECCOB
B TEpPMHUHAX MHOTO3HA4YHOM JIOTMKH, 3aBEJOMO JOIYCKAaeT CONPSDKEHHWE C METOJaMH aHalIu3a
IIPOLIECCOB PA3JIMYHON MPUPO/bI, OCHOBAHHBIX HA MCIOIb30BaHUM HEMPOHHBIX ceTei. Takoro pona
MOJXOJbl TAaK)Ke aKTUBHO pa3BHBAIOTCA B Hacrosimiee Bpemsi [41; 42]. OTmeTnM, 4YTO XOTS
nojiapysitoliee OOJIBIIMHCTBO HMCKYCCTBEHHBIX HEWPOHHBIX CeTel OpHEHTHUpPYETCS Ha JIBOMYHYIO
JIOTUKY, CYIIECTBYET BO3MOXKHOCTb pPEaM30BbIBATh M CETH, IOBEIACHHE HEHPOHOB KOTOPBIX
OTBEYAET MHOTO3HAYHOM JIOTHKE.

Jlo HelaBHETO BpEMEHHU NMPUMEHEHUE HEHPOCETEBBIX METOJIOB B (hM3UKE MPEACTABUIO COOOH, B
CYIIHOCTH, He Oojee 4eM OJUH W3 MHOTOYHMCICHHBIX HHCTPYMEHTOB UHCIIEHHOTO aHaju3a
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¢dusnueckux sBieHuid. CUTyanus pe3ko M3MEHHIAch MOCIe BBIX0a B ¢BeT pabothl [43], B KOoTOpOI
Obuta 000ocHOBaHa (yHIAMEHTAIbHAsl THUIOTE3a, B COOTBETCTBUU C KOTOPOW YHUBEPCYM B LIEIOM
MOJKET pacCMaTPUBATHCS KaK aHAJIOT HelpoHHoi cetn. Cama 1o cebe JaHHas THIIOTE3a, BO3MOXKHO,
oCTaeTcss JMCKYCCHOHHOM, HO OHa TIOJAKPEIUIeTCS pe3yiabTaTaMH, IOJNyYeHHBIMH B JPYTHX
obmactsax 3uanus. Tak, B pabore [44] Ha OCHOBaHHH SKCIIEPHMEHTAIBHBIX JaHHBIX [45-47] GbLI0
[I0Ka3aHO, YTO CYLIECTBYIOT CHCTEMbl Ha OCHOBE TIMIPOQMIBHBIX IOJIMMEPOB, KOTOpHIE
IPEJCTaBIAT CcOO0M HEMOCPENCTBEHHBbIE aHAJOI'M HEHPOHHBIX CeTed, MpHYeM 3Ta aHAJIOTUs
[IO3BOJISIET MPOJIUTh CBET HA MEXaHU3Mbl 3BOJIOIMH, IPEALIECTBOBABILEH OHOJIOIMUYECKOM.
HemnocpencrBeHHbple aHaJIOrM HEHPOHHBIX CETEH MOXHO YKa3aTb M I CUCTEM COLMAIbHOU
npuponsl. Hanpumep, B pabore [48] Obuto mokazaHo, 4TO JHOOOH YHUBEPCHTET KaK CHCTEMY,
00€eCTIeYNBAOIIY O TTOTY4YeHNUE KBATU(HUKAIMH, JOITYCTUMO pacCMaTpUBaTh KaK aHAJOT HEUPOHHOU
cetd. HarnsHbIi WILTFOCTPATUBHBIA MPUMEP BBIBOJIOB TaKOTO poja IMpejcTaBiicH B padbote [49],
rae OblIO TMOKa3aHO, 4YTO MpPHU JIOCTaTOYHOM IJIOTHOCTH He(pOpMallbHBIX CBs3ed 000N
rOJIOCYIOLIMI OpraH KOHBEpTUpyeTCcs B aHanor Helpomnponeccopa Xondunga. B pesynbrate
peleHue Mpy roJOCOBaHUU MPUHUMAET HE COBOKYIHOCTh 4jieHOB CoBeTa, a chopMupoBaHHAst UMU
HEMPOHHAS CETh.

O06o00muast pe3yabTaThl TaKOro poja, AONYCTUMO BBIABHUHYTh THIIOTE3y, B COOTBETCTBHM C
KOTOpOH m00as cucreMa, Nepeleamas ONpeleIeHHbIH MOPOr CI0KHOCTH, KOHBEPTUPYETCS B
aHaJOr HEHpPOHHOW CETH, TJABHOMW OTIMYMTENLHOW OCOOCHHOCTBIO KOTOPOW CTAHOBUTCS
BO3MOXKHOCTh IepepabareiBaTh WHpoOpMaimioo. TouHee, kak 310 obOocHoBano B [50; 51] c
¢bmnocockoil TOYKM 3peHUs], CYLIECTBYET BIIOJHE OIpeNeIeHHas Hepapxus WHPOPMAIUOHHBIX
OOBEKTOB, B OCHOBE KOTOpPOW JI€KHUT HX CHOCOOHOCTh OOecreyuBaTb HMEHHO IepepadoTKy
uHpopmanuu. s Toro, 4ToObl Takas CIOCOOHOCTh peaIn30BaIach, HEOOXOUMO, YTOOBI CUCTEMA
KOHBEPTUPOBAJIaCh B aHAJIOT HEMPOHHOM CETH.

NmenHo »3ToT (¢akTop M oOmpeaenseT BaXHOCTb IOCTPOCHHMS HEHpOCeTeBBIX Mojenen
(GU3NYECKUX TPOIECCOB W SBJICHWH (IIyCTh W OTPAHWYCHHBIX C TOYKU 3pPEHUS TPOBEICHUS
JeTalbHBIX PACUeTOB, MPU3BAHHBIX JaTh KOJWYECTBEHHBIH pe3ynbTaT). A MMEHHO, HEWPOHHBIC
ceTH 00Ja7atoT CIIOCOOHOCTHIO 3BOJIOLMOHUPOBATH JIaXKe TOTJa, KOrJa CBOMCTBA MX AJIEMEHTOB
ocTarTcs Hem3MeHHbIME [52, 53].

OTO caMbIM CYIIECTBEHHBIM 00pa30M MEHSET MPeJICTABICHHUS 0 MEXaHU3Max 3BOJIIOLIUY B CAMOM
ob1eM cMbicie 3Toro TepMuHa. Kak n3BecTHO, GOJIBIIMHCTBO CYLIECTBYIOIIMX TEOPHUIl SBOJIIOLUU
TaK WM MHAYe BOCXOJIUT K JIAPBHUHUCTCKOW TOUKE 3PEHHUs, B COOTBETCTBUU C KOTOPOW HOBBIE
CBOMCTBA JIEMEHTOB CHCTEMBI MPUOOPETAIOTCS B Pe3yJIbTaTe CIydalHbIX (IIOKTYyauil (MyTamui)
M 3aKPEIUISIOTCS, €CITU MPUOOPETEHHBIN MPHU3HAK SBISETCS «ONaroNnpHSITHBIM» B TOM WJIH WHOM
oTHomIeHUU. VMcnonp30BaHue TakuxX MOAXOAOB MPHUBOJIUT K 00Jiee UeM CepbEe3HBIM TPYIHOCTSM,
0COOCHHO, TIPH MOIBITKAX PACKPHITH MEXaHU3MbI MPEOUOTOTHIECKON 3BoTOINH [54].

B Tom cnydae, korga cuctemMa KOHBEpPTHpOBaHa B aHAJOr HEUPOHHOW CETH, CO3JAOTCS
MIPENOCHITKH ISl PeaTH3aliy YBOJTIOIMOHHBIX MEXaHU3MOB, AIbTEPHATHBHBIX JTAPBUHUCTCKAM. A
UMEHHO, B 3TOM CITy4ae MEXaHH3M JBOJIOIMH CIOKHON CHCTEMBI ITPOTEKaeT B 1Be craauu [55]. Ha
NEePBOIl CTaJuU BONIOLMOHUPYET HEHPOHHAs CeTh, YTO (PU3MUECKH BBIPAXKAETCS B MEPECTpOiiKe
apXUTEKTYphl CBsI3€ll MEXIy OdJeMeHTaMH cucTeMbl. Ha BTOpOH cTaguuM «IIperMyIIECTBay
MOJTy4YaroT T€ AJIEMEHTHI, CBOWCTBA KOTOPBIX B OOJIbIIECH CTENEHH OTBEYAIOT HOBOMY COCTOSIHUIO
CHCTEMBI.

MoXHO BHAETh, YTO B OTIMYME OT JAPBUHUCTCKOM TOYKHM 3pPEHMs, TaKOH MEXAHU3M pE3KO
OrpaHUYMBAET MPOSIBIEHUs cilydyaliHOCTH. HampaBieHue 3BOIOIMM CTAHOBUTCS 3aKOHOMEPHBIM,
OHO OMpENENSETCS CBOMCTBAMHM TOW HEHPOHHOW CEeTH (MM €€ aHajlora), KOTopyko (opmupyer
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crcTeMa Kak IeJIOCTHOCTh. IMEHHO B 3TOM U COCTOUT (yHIaMEHTaIbHOE 3HAaUeHUsl paboThl [43].
Eciy BhIABUHYTAsE B HEl T'MIIOTE3a BEpHA, TO 3TO NPUBOJUT K BECbMA CEPHE3HBIM BBHIBOJAM, B
YaCTHOCTH, U3 (PHIOCOPCKUX COOOpaXEHHUH BBITEKAET, YTO XOJ SBOJIIOLMOHHBIX IPOIECCOB
OJIMHAKOB BO BCceW BceneHHOoM, U NOSIBICHUE YEJIOBEKA OTHIOb HE SBJIIETCS UTPOM CIIyYalHbIX CHII
(uTo BO3BpamiaeT K MNPHHLOUIY aHTpomHocTd [56], maBHO oOcykmaemomy B (uaocodcekoi
JUTEpaType).

JleiicTBUTENHHO, HEUPOHHAS CE€Th, IOMUMO MPOYEro, MPEJICTaBIsIET CO00H cUcTeMy, CIIOCOOHYIO
nepepabarbiBaTh HH(POpMaLHIO. ITO 03HAYAET, YTO (HU3UUECKHE B3aUMOACUCTBUS MPUMEHUTEIBHO
K CHCTeMaM, KOTOPBIE ABJISIOTCA aHAJIOTaMH HEMPOHHOM CETH, MOTYT IIEPEUTH B MHOE Ka4yeCTBO —
OHU CTAHOBSTCS CUTHAJIAMH, HecymuMmu uHpopMmaimto [57]. Ecte ocHOBaHus mosaraTh, 4TO
MMEHHO CIIOCOOHOCTH TepepadarsiBaTh WHGOPMAIMIO M SBISETCS OTIMYUTEIBHBIM TMPHU3HAKOM
CHUCTEM, OTBEUAIOIINX KaTETOPHH CII0kKHOTO [50].

JleranpHOE 00CYXJI€HHE BOMPOCOB TAaKOTO POJAA, Pa3yMeeTcs, BBIXOJUT 3a PaMKH JaHHOU
paboThl, OAHAKO, OJUH TOT (aKT, YTO OHHU YK€ IOCTaBJICHBI, TOBOPUT O TOM, YTO HEOOXOAUM
WHCTPYMEHT, KOTOPBIN ObI MO3BOJISIT CUCTEMHO paboTaTh ¢ onmucaHueM (U3MUYECKUX MPOLIECCOB Ha
SI3bIKE, OJIM3KOM K SI3bIKY HEUPOHHBIX CETEH.

Takoil s3bIK, KaK BBITEKaeT U3 MAaTEpPUAIOB JAHHON PalbOTHI, MOXKET OBITH Pa3BUT HAa OCHOBE
MCTIOJIB30BaHus moieit ['amya B TOM ke Kitoue, B KOTOPOM (DYHKIIMH KOMIUIEKCHOTO MEPEMEHHOTO
MCTIOJB3YIOTCS /IS pEIIeHUs 3a/1a4 U3 001aCTH MaTeMaTHu4ecKOl (U3UKH.

3ak/roueHue

B craThe MBI ocTapanuck mokasarh, 4To «Medta ['amMunbToHay, Kak mpodieMa MaTeMaTHYeCKOn
¢bu3uKky, oOkKazajach pa3pelmMMoOM HaydyHOM 3amadeil. Kak u  pelieHHMe MHOTHX —JIPYIHX
«HEpa3peIINMBIX» JI0JITroe BpeMs 3a/1a4 U npodieM, He0OXOAMMO ObLIO M3MEHUTh MPUHIUIIAAIBHO
MOAXOJ K CaMOMy pelleHHI0. Takoe W3MEHEHHe, Kak IpaBWiIO, HOCUT METOJOJOTMYECKUI
XapakTep.

«TpexMepHbIe» KOMILJIEKCHBIE YUCIA, PAaCCMAaTpUBacMble KaK MHCTPYMEHT pEIIEeHUs 3ajad U3
o0nactu (U3MKH, CO3aTh HEBO3ZMOXKHO /0 TE€X MOp, MOKa (U3NYECKUE MPOIIECCH ONMUCHIBAIOTCS B
TepMHHAX HEeNpepbIBHBIX PyHKIMHA. OqHAKO, KaK TOJIBKO OCYIIECTBISETCS MEepeXo K AUCKPETHOMY
OIMCAHMIO, BO3HMKAET BO3MOYKHOCTh NPUMEHSTh «KOMIUIEKCHBIE 4HCIay JH000i pazMepHOCTH,
IIpUYEM WHCTPYMEHTHI JJISl 3TOTO YK€ AaBHO ObLIM co3JaHbl aOcTpakTHOU anreOpoil. bonee Toro,
OTTaJIKUBAsACh OT WJIEH, MOJIOKEHHON B OCHOBY JI0Ka3aTeIbCTBA TeOpeMbl KOTENbHUKOBA, yIaeTCs
MPOJEMOHCTPUPOBATH, YTO JUII MHOTHX (PU3MUECKUX 337134 <«JIMCKPETHOE» ONHMCAaHUE SBISETCS B
TOM 7K€ Mepe TOYHBIM, YTO ¥ HETIPEPHIBHOE.

[Tpu Takom momxome anmeMeHTHI moyiss ['amya GF(p™) craHOBATCSA aHAIOTOM «KOMILTIEKCHOM
MHOTOMEPHOH NEPEMEHHOW», OTPAXKAIOUIEH IOJOKEHHE TOYKM B MHOIOMEPHOM ITPOCTPAHCTBE.
COOTBETCTBEHHO, MOJENbI0 (DU3UYECKOTO Ipolecca CTAHOBATCA (DYHKUMH, NPUHUMAIOLINE
3Ha4YeHMs B NOJIAAX ["anmya, mpuyemM ux apryMeHTaMmu TakKe SIBIISIOTCS 3JIEMEHTBI TAKOTO MOJIS.

OTO, B TOM 4YHCIE, MO3BOJIIET MEPEHTH K OMUCAHUIO (DU3MYECKHX MPOIIECCOB B TEPMHHAX
(GyHKIIUH MHOTO3HAYHOM JIOTUKH, IOCKOJIbKY ITEPEMEHHbIE TaKUX JIOTUK MOTYT OBITh TOCTABIIEHBI B
COOTBETCTBHE AJIEMEHTaM ToJieit ["anya.

C MeToJ10JI0TUYECKOM TOUKH 3pEHUs TaKOil mepexoj] MpeACTaBseTcsl BeChMa Ba)KHBIM, TaK Kak
OH CO3JAET JOMOJHUTEIBHYIO OCHOBY I IPUMEHEHHSI HEHPOCETEBBIX METOJOB, a CIEAOBATEINBHO,
U CHCTEM HCKYCCTBEHHOTO MHTEJUIEKTA /IS aHaIM3a (PU3NYECKHX SIBICHUI U TIPOIIECCOB.

Bonee toro, runoresa, o6ocHoBaHHas B [40], B COOTBETCTBUU C KOTOPOWH MHP B IIEJIOM MOXKHO
paccMaTpuBaTh Kak aHAJIOI HEHPOHHOM CETH, 3acTaBiseT CYIIECTBEHHO HHAuye B3MVIAHYTh Ha
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NPUMEHEHHE METOJOB HEHpPOHHBIX ceTell B (H3UKe. DTO BBITEKAET M3 TOTO, YTO AHAJOTHU C
HEUPOHHBIMM  CETSIMU  IIO3BOJIAKOT BBECTM B PAacCMOTPEHHME  MEXAaHHU3Mbl  JIBOJIIOLUM,
IbTEPHATUBHBIE TEM, YTO BOCXOJAT K JAPBUHUCTCKON TOUYKE 3PCHMUS.

JlonycTUMO yTBEp)KZaTh, YTO pEIIEHUE MpPOOJIEMbl, HEKOrJa IOCTABIECHHON [ 'aMMWIBTOHOM,
CO3/a€eT, B TOM YHCJIE, JOMOJHUTEIbHbBIM HHCTPYMEHT JUIS U3YyYEHUS DBOJIOLUU 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.

IIpoananuzupogan xapaxmep pazeumusi poOOOMUUPOBAHHBIX BOOPYICECHUL, 8 MOM YuUcLe, ODeCHUTIOMHbIX
JIeMamenbHblX annapamos ¢ oowux nozuyuil guiocoguu passumusi mexuuxu. OOOCHOBAH NPOSHO3, 8
coomeemcmeuu ¢ KOMOPbIM OdibHelluue KaueCmeenHvle UMEHeHUss @ 00aacmu pobomu3upo8aHHbIX
B00PYIHCEHUTL OYOem CEA3AHbL C UX SPYNNOBLIM NPUMEHEHUEM NPU YIPAGIEeHUU 2PYNNOU OOHUM OREePamopoM.
THokazano, umo smo Oenaem 6onee uem 60CMPEOOBAHHBIM CO30AHUE CREYUPDUYECKO20 UCKYCCMBEHHO20
UHmMeIeKma, NPeOHA3HAUEHHO20 OJIS CONPSNCEHUsL ¢ epYRnamu becnuiomuuvix annapamos. Iloxazano, umo
COBEPULEHCTNBOBAHUE MEXHON02UL U320MOBNIeHUSl U NPUMEHEHUs] OeCRUIOMHbIX annapamos pasiuiHozo
HasHavenus, 0elcmeyiowux 8 cocmase epynnvl, mpebdyem peutenus mpueourot 3aoaqu. Ee komnonenmamu
AGNAIOMCA: CO30AHUE AN2OPUMMOE NPeodPa3068aHUs C8eOeHUll, NOCMYNAIOWUX K OMOETbHOMY annapamy,
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deticmeyrowemy 6 cocmase 2pynnwl (8 Mom yucjie, KOMAHO, NOCMYNAIWUX om Onepamopa), 8 UCHOHAeMbLE
KOMAHObL, CO30aHUs. Cheyupuyeckux memooos 3awumol uHGopmayuy, OONYCKAWUX OMKA3 Om
UCNONIb306AHUSL KPUNMOSPADUU, A MAKIHCE CO30aHUEe MAKCUMATLHO YOCULeBNICHHbIX (DUSUUECKUX DIIeMEHMO8
pacemampusaemvix epynn. Tlokazano, wmo peuieHue 8cex dmux mpex 3a0ay He mpedyem CYujecmeeHHbix
Qunancosvix 3ampam, umo noseonsem obecneyumsv ux pewenue 8 PK 6e3 compyonuuecmea c
unocmpanneiMu — napmuepamu.  QOCYHCOAIOMCL  BO3MONCHOCMU — KOHKPEMHO20 — UCNONb308AHUS
npeonazaemo2o nooxoo0a 6 yenax obecnedenus CoOYuanbHo-noaumuyeckou cmadunviocmu 6 PK.
Joxazvieaemcs, umo 6 COBPEMEHHbIX YCIOBUAX NPOSHOZUPYEMAS PEGONIOYUSL 8 BOCHHOM Oelle, mpebylouas
MAKCUMATLHO IPDEKMUBHO20 83AUMOOCUCNBUS. MEXHUYECKUX, ECMECMEEHHbIX U CYMAHUMAPHBIX HAYK,
nocayxcum Opaugepom nepexood K Ciedyrowemy dmany paseumusi HAyKu, OmiudumensHol 0CoOEeHHOCbIO
KOMOPOo20 CMAHen OmKa3 om Cywecmeayoujell OUCYUNIUHAPHOU CIPYKMYPblL HAYKU.

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

Pobommanouvipvinzan  xapy-srcapakmuly, OublY [WIHOE YUIKbIUICHIZ YWY annapammapulisly 0amy
cunamul  MeXHONOUAHbL  OAMbIMY  DUIOCOPUACHIHLIY  JHCANBL  MYPRICLIHAK — Mandanovl.  bomicam
Hezi30e/12eH, 02an CIUKeC pobOMmMbLK Kapy-dicapax canacblH0agvl 00an api cananvl o3zepicmep monmoul Oip
onepamop bOackap2an Ke3oe 01apObl MONMbIK KOAOAHYMeH Oaiiauvicmel 0601a0bl. Byn YuKbluicsl3
annapammap MONMAPLIMEH JHCYNMACMbIPYea APHANRAH —APHAUbL  HCACAHObL UHMENNEKM  Hcacayobl
cypanvicka ue ememini kopceminzen. Tonmviy KYpamvlHOA JHCYMbIC icmetimin apmypiai MaKcammagol
NUIOMCHI3 Annapammapobl Hcacay Hcone KONOAHY MEeXHONOSUSNAPLIH HCEeMIindipy Yulmyzelpivl MaceneHi
wieutyoi manan ememini kopcemineen. Ouviy Kypamoac OoniKkmepi: mon KypamvlHOa apekem ememin dcexe
annapamga mycemin maiimemmepoi (OHuIY WiHOe OnepamopoOar Mycemin KOMaHOanapobi) OpbIHOANAMbIH
KOMAHOAAapea mypreHoipy aieopummoepin dcacdy, Kpunmozpagusnbl nanuodaianyoan bdac mapmyea
MYMKIHOIK Depemin aknapammul KOpaayovly HAKmul 20iCMePiH Jicacay, COHOAl-aK KapaiamslH monmapobly
bapviHwa ap3aH0amuliean QU3UKanblK d1emenmmepin dcacay bonvin mabwviiaos. Ocvl yuw MinOemmiy
Oapnviebln weuty eneyii KapicobliblK WbleblHOapObl manan emneumini kepceminzen, oyn onapowiy KP-oa
wemenodix apinmecmepmeH bIHMbLMAKMACMbIKCHI3 WeWLTYiH KaMmMamacsl3 emyee MyMKinOiKk Oepedi. KP-oa
a71eyMemmiK-cascu MmYpaKmovliblKmsl KaMMAMACHl3 emy MAaKCamvlHOA YCbIHbIIRAH MACINO0I  HAKMb
natioanany MyMKiHOIKmepi mankwiianyoa. Kazipei oicagoaiioa mMexHUKauvlK, JHCApaAmbLIbICMAHY HCIHE
SYMAHUMAPABIK  SbLILIMOAPObIY  OapulHWa muimOi e3apa IC-KUMbLIbIH Malan ememin ackepu icmeei
OOMAHCAMOBL PEBOTIOYUSL ELIILIM OAMYbIHbIY Kelleci Ke3eHine omyoin opaiisepi Oonambviibl 021e10eHOI, OHblY
aupLIKWa epexutenicl eblIbIMHBIY KOAOAHBICMAZbL MAPMINMIK KYPblIbIMbIHAH 6ac mapmy 601a0bl.

Tyiiinoi co3dep: abcmpaxmini aneebpa, I'anya epicmepi, yuksiuicobl3 annapammap monmapul, 6ackapy
aneopummoepi, KOp2aHvlC-OHEPKICIn KeuleHi, mexHuxa @Quioco@uacsl, ecenmey dcylenepi, aknapammuol
Kopaay.

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.

62



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

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

64



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

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
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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
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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.

3
S 4

v a®
: . /
2Cf1\£ 5 <1

6

Ko~ (K, K,... X,)

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 2uOpUOmMi) COSbICMbIY CANANLIK IHCASHIHAH PMYPIL
cunamsl aCKepu onepayusiapea Hemece onapovl Koaoayea Kanoai oa 0ip kamwicel bap dapivlk sicylienepoi
coe3ci3 cananvl e32epmyee okenemini kepcemineen. Ocwvizan 6AUNAHBICMbL KAWLIKMLIKMAHK AHBIKIMAY
PAOUONOKAYUATBIK JiCylienepl epekulenik oona aimauosl. Iemiy Kazipei ocazoativl «poOOMMbIK CORbIC -
WbIRBIHOAD CORbICHLLY Me3UCiHe CaliKec Keneoi, o1, aman aumkamod, ayvlp dHCayblHeepliK Konikmepoil
muimoiniein Kypm memenoemedi, oUmMKeHi 01apobl YUIKbIUCHI3 annapammapovl Nau0aiaHy apKblibl HCO0
WIBIZLIHOAPBL  JHCAYBIHSEPNIK  MAWUHAHLIY,  MbICATbL,  MAHKMIY — O3IHOIK  KYHbIHAH 210eKaioa  as.
Kawvixkmvixkman anvlkmay paouoiokayusansly sxcyuenepi aye wadybliblHa Kapcbl KOP2AHbICMbIY el KblMOam
Kypamoacmapbeinsly Oipi 00abin mabwliadsl, COHOLIKMAH OY1 Me3Uc 01ap2a KAMblCmbl AHLIK JHCIHe OV
Konoa bap scanama oepekmepmen pacmanaovl. Ocbinbly He2i3inoe HcaKbiH 60IauaKma oepekmep aimacy
Jrcytieci apkwlivl 0ip Oyminee Kocwlieaw, OIp-OipiHen mayenciz Kenmezeen (OUIUKALBLIK KYpamoacmapobiy
Hezi3inOe KYpbli2aH yaecmipiieen paouoloKAYUsIbIK JdCylienepli KYpy Macenecin Korobly MaHi Oap eKeHi
xepcemineen. Byn eme Kypoeni maceneHi wieutyee memamamepuanoap (mepic CblHy Kepcemxiui oap
Mamepuanoap) xcone memadbemmepoi navoaniany apKbiisl KOJ Jcemiizyze 60ramuinbl kopceminzen. Ocvlean
batinanvicmul 01apobly aApMBIKWLLILIEbL CATLICIMBIPMANbLL MypPOe 21CI3 acepaepli (NeKmp mMOKmMapbl HcaHe
m.6.) navoanana omvlpvin, ONMUKANLIK CUNAMMAMAIApObl Oackapy MyMKiHOiei 601bin mabwbliadbl.
Ynecmipineen paouonoxayusnvix osscyiienepoi Kypy ywiin Oencini munmeei Memamamepuanoapovl, OHbuIH
iwinoe  Kazakcmauovlk — QU3UKA-XUMUSIBIK — MeKkmenmepOiy — dicemicmikmepi  He2isiHoe — dHcacanzan
Memamamepuandaposl nauoaranyObiy HaKmvl MyMKIHOIKMepi ManKbli1aHAObl.

Tyitinoi  ce30ep: paduonoxkayus, Goxycmay oicyuenepi, memamamepuaioap, memabemmep,
JHCAYBIHZEPTIK POOOMMUBIK JHCYUenep, YWKbIUICHI3 Annapammap, noCmuHOycmpuanioblk CO2bic.

Tokazano, umo KawecmeeHHO UHOU XAPAKMEDP COBPEMEHHOU (NOCMUHOYCMPUATbHOU UIU 2UOPUOHOLL)
B01IHbL HEUZDEICHO NPUBLOEM K KAYECTNBEHHbIM MPAHCHOPMAYUIM 6CEX O3 UCKTIOUEHUS. CUCTEM, UMEIOUUX
MO Wil UHOE OMHOWEHUE K BOEHHbIM Oelicmeusam Uil ux obecneueHuro. B smom omuoweHuu
PAOUONOKAYUOHHBIE CUCTEMbL OATbHE20 OOHAPYJICeHUss He MO2ym Cocmaeisimv uckmovenus. Texyujee
NOJN0JICEHUe Oell Omeeyaem me3ucy «poOOMU3UPOBAHHAS BOUHA — 2MO B0UHA CMOUMOCMENY», YMO, 8
YACTMHOCMU, Pe3KO CHUdcaem 3POeKmusHoCmb madiceavblx O0eGbIX MUK MmaK Kax 3ampamvl HA Uux
VHUUMOMNCEHUE NPpU NOMOWU OeCRUTIOMHbIX annapamos Ha nopsaoox u Oolee MeHbuie CIMOUMOCU CaAMOU
0oe6oll Mawiunsl, Hanpumep, mauxa. Paduonoxayuonuvie cucmemvl O0anbHe20 OOHAPYIHCEHUS AGNAIOMCA
00HUMU U3 HAUbOLee 00PO2OCMOAUWUX KOMIOHEHI NPOMUBOB030VULHOU 0OOPOHDL, NOIMOMY OAHHBLU ME3UC
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306€00MO OMHOCUMCSL U K HUM, YMO Yice NOOMBEEPIHCOACMCs UMEIOWUMUCS KOC8CHHbIMU Oannbimu. Ha
OaHHOU OCHOBE NOKA3AHO, YMO 6 0003PUMOl NePCneKmuse umeem CMblCl CMA8UMb 80NPOC O CO30AHUU
pacnpeoeénHblx paouoioKAYUOHHBIX CUCTEM, CO30AHHbIX HA OCHOBe DONbUIO20 KOIUYeCmEad (Pu3uuecKux
HEe3a8UCUMBIX Opye Om Opyed KOMNOHEHM, CBA3AHHLIX 6 eOuHoe yeroe CUCmeMOUu 0OMeHA OaHHbIMU.
Tokazano, ymo peuterue OAHHOU UCKTHOUUMETLHO CONCHOU 3A0ayu MOdCem Oblb OCYUIeCMBIeHO 3d CYem
UCNONIb308AHUSL MEMAMAMEPUALO8 (MAMEPUALO8 C OMPUYAMETbHBIM 3HAYCHUEM NOKA3AMEIS NPEeiOMICHUS)
u memanogepxrHocmeil. HIx npeumywecmeom 8 paccmampuéaemom OMHOUWEHUU SENSAEeMCA B03MONCHOCHb
VAPAGAEHUSL ONMUYECKUMU XAPAKMEPUCMUKAMU HPU  HOMOWU CPABHUMETbHO CAAObIX  8030elicmeuil
(anekmpuueckue moxku u  m.0.). Qocyxcoaromcss  KOHKpEmHble — 8O3MONCHOCMU — UCNONIb30BAHUSL
MEMamMamepuaio8 U36eCMHbIX Munos, 8 mMom Hucie, co30a8aemvlx Ha 0CHO8e OOCMUNCEHUN KA3AXCMAHCKUX
DUBUKO-XUMUYECKUX UIKOT, OIS CO30AHUS PACHPEOeNeHHbIX PAOUOTIOKAYUOHHBIX CUCEM.

Knrouesvle cnosa: paouonoxayus, @oxycupyrowue cUcmemvl, MemMaMamepuaibl, Memano8epxHoCcmu,
boesvie pobomomexHuueckue cucmemvl, OECRULOMHbIE ANNAPAMbL, NOCMUHOYCMPUATbHAS BOUHA.

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] XKywmbicta Oomkamaanranmail, Kaszipri 3amadfbl cofbic 2022 KpUIIBIH 24 aKMaHbIHIA
VkpauHa ayMarbIH/a OacTaliFaH KaKTHIFBICTAPMEH pacTallFaH caralibl 0acka cumarka ue 0omsl. [2]
aTtan OTKeHJeH, oCKepJepAiH pPOOOTTHIK KapyMeH >aybIHI'epJIepliH aWTapibIKTall KaMTamachl3
etinyi [1] GomkaHFaH 9CKepH icTepJieri peBOJIIOLUS IC JKY31HAE OPbIH aJIJbl e aiTyFa MYMKIHIIK
oepeni.

¥YiibiparaH e3repicTep/IiH €H MaHbI3bl MBICANIbl - TAHKTEP CHAKTBHI Kapy-)Kapak KyHenepiHiH
OCaJI/IbIFbl, HETI3IHEH SKOHOMMKANIBIK acrekTife. KyHbl Im1aMaMeH MBIH JoJjIap TYpaThiH Oip
YIIKBIIICHI3 YIITy anmapaTs! (YIIKBIIICH3 YTy amnmmaparsl) KYHbl OHJAaFaH MIIIHOH JIOJUTap HeMece
0J1aH J1a KeT 0O0JIaThIH OPOH/IBI KOIIKTI )KOIOFa KaOiIeTTi.

OneMzeri ipl JAepikaBalapJblH KOMIIUIITIHIH (DIOTTaphIMEH KBI3MET €TETiH KJIACCUKAIBIK
yJIrizieri Kkemenepre KaThICTBI OCBIHJAN KOPBITHIHJBI JKacayFra 0omanbl. KakTHIFBICTBIH YKPAHUH]IBIK
Karbl KOJJAHATBIH €H ap3aH YIIKBIIICH3 Kaiibikrap P® Ockepu-teHis kymrepinin (OTK)
HBbICAaHJapbIHA JKacaTFaH MaldypuIiapia ©3iHiH 6T€ MaHbI3Abl THIMAUIITIH KepceTTi [3].
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Bbyn renaennus 6apibik 6acka KOpFaHbIC JKyiHeepiHe, COHBIH IIIHJIE 9AETTE CTPATETHSIIBIK JIeTl
KIKTENIETIH KYHesnepre ce3ci3 acep ereai Aen Ooipkayra TOJBIK Heri3 Oap. ATam allTKaHAa, QHTIMe
TeOCTPATETHsUIBIK ~ TEMe-TeHMIKTIH Kypamaac OejiriH KypalTblH KalIbIKTBIKTAH —aHBIKTAY
paguonokanusuibik cTannusuiapsl (KAPJIC) Typaisr 60mbin otbip. KpIpFu-Kabak COFbIC Ke3iHe Oyt
aliMaKTa J1a reocasici O9CEKeNeCTiK OPbIH AJIFAHBIH )KOHE COFBICYIIBI TapalTap OpacaH 30p Kapakar
KYMCaJIFaH BIKTUMAJI JKayJbIH ayMarblH OapbIHIIA TOJBIK PAIHOIOKAUSUIBIK KAMTYIbI KAMTaMAachI3
eTyre YMTBUIFAHBIH aTarn oTKeH eoH [4]. by MoceneHi menry »anmbiFa KOJDKETIMAI AepEeKTepaeH
Oalikayra OONAaTBIH HAarbl3 NMKIONTHIK KYPBUIBIMAAPIABIH IMaiina OomyblHA oKenmi. MBbIcaisl,
«Pocoboponakcriopt» AK BeO-caiiThiHma Kasipri yakbeitta «Pesonanc-HD» [5] KamibIKThIKTaH
aHBIKTAY PAJUOJOKALUMSUIBIK CTAaHIWSCHIH OJKapHamamaiael. byn cranmus, o3ipieymiiepain
aifTybIHIIA, y3aK KambIKTHIKKA (1100 xM-re neifin), oye HpicananapeiH (100 kM-Te neifiH), OHBIH
imiHae THOEPABIOBICTHIK KoHEe «CTeNC) TEXHOJIOTHIACHIMEH KacalFaHaapabl Koca ajaFaHia, OapIibiK
OMIKTIKTE aHBIKTayFa KaO1JIeTTi.

Bbyn KypbUIBIMHBIH MacHITaObIH o3ipiieyIliHiH BeO-callThiHga [5] YCBIHBUIFaH (OTOCYpeTTeH
kepyre Oonazsl (1-cyper).
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1-Cyper — «Pe3zonanc-HD» KAPJIC-b1, «Pocoboponskcnopt» AK caiiTeiHaH anbiHFaH cypet [5]

Ochbl Typaeri sxyWenepai Kypy WIBIFBIHIApBIH KOPCETETiH HAKTHIpAK akmapar, Mbicaisl, [4]
xymbicta kenripuired. Kenripinren skymbicta KCPO FA-wpiH PagnoTexHuka MHCTUTYTBIHIA
o3ipienreH jxoHe Mockey ManbiHna canbiaraH (Codpuno, Kypbutbickl 1978 »xbutbl OacTainmbr)
«Jon-2H» KAPJIC xacay yuin 30 MbIH TOHHaaH actam Mmetaii, 50 MbIH ToHHa OeToH, 20 MBIH
KM Ka0enb, jKy3/IereH KWJIOMETp Cy KYObIpiapsl jkoHe T.0. jKymcanraHbl atam oTinmi (2-cyper).
CranmusabiH 1996 5XbUTHI FaHA JKayBIHTEPITIK Ke3EKIIUTIKKE aJIbIHFAHBIH €PEKIe aTal 0TKEH JKOH.

Kpipru kxabak corbic ke3iHze keHecTik TapanThlH KAPC kypyra kymcainraH HIBIFBIHAAPIBIH
ayKbIMBIH 3bIMBIPAHJIBIK MIa0YbUT Typalibl €CKepTY KYHECIHIH Heri3ri Kypamjaac OesikTepiHiH Oipi
6ompin TaObuTaThiH KeHeCcTiK KAPJIC-abIH COATYCTIK KapThl MIApAbl PaIHOJIOKAIMSUIBIK KaMTY
kapraceiHbIH (3-cyper) Herizinme ne Oaranmayra Oomanpl. By iKyHeHIH paauoJIOKalUsUIIbIK
CTaHUUSUIAP/bIH LIEKTEYNI CaHBIH KaMTBIFAHBIH Kepyre Oojabl, Oipak OJIapIblH OpKaiChIChIHIA
JKAyanKepUILUTIKTIH MaHbBI3IbI CEKTOPHI OOJIIBI.
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2 — Cyper — «[lou-2H» KAPJIC-51 [4]

3-Cyper — KCPO-nb1H 1980 >xbUTFbI jKaFaiibl O0MBIHINA 36IMBIPAH/IBIK IA0YBLT TYpaIbl
eckepry xyienepinin KAPJIC 6akputay 30Hamaps! [4]

KampIKTBIKTaH aHBIKTAy PaIUOJIOKAIUSIIBIK CTAHIIUSUIAPBIHBIH 3bIMBIPAHIIBIK IIa0YbUT Typasbl
€CKepTy >KYHeNnepiHiH IIeKTeyJli CaHBIMEH OpKaWCBICHI ©Te KOFapbl OaralaHATHIHBI CO3Ci3,
COHJIBIKTaH, K€M JIETeHJIe, «TaHK KYHBI — OHBI OY3aThIH YIIKBIIICHI3 YINAKTHIH KYHBD» JIOTHKACHIH
OCBHI TEKTEC HBICAHJapFa KATBICTHI J1a KAIFACTHIPY Typajibl MOCEIICHI KOTepYyTe PYKCaT €TiIeIl.

OHbIH YCTiHE, OHJIAMH-pecypcTapAarbl TEKCEPUIMEHUTIH ACPEeKTepre coikec, YKpawHa Taparbl
Ka3ipiH ©31H]1e KapaJIbIll )KaTKaH TYPET1 HbICaH1apFa Madybll Kacay MYMKIHITIH ChIHAM KaThIp.
Kamait Oonranma 1a, YKpaWHaHBIH VIIKBIIICHI3 YINAKTapelHBIH Pecelt  denepanuschiHbIH
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aymarbIHbIH Tepenairinae (Tarapcranra neifiH) opHamackaH MyHail eHJey 3aybITTapbiHa (MO3),
SIFHU, aHBIK CTPATETHSUIBIK OOJIBIN TaOBUTIATHIH HBICAHIAPFa MIa0ybLT JKacay (pakTici pacTayjbl.

JleMek, acKepH icTepJeri TOHKEPIC JIOTUKACKl TYPFBICBIHAH OipaK MOCTUHIYCTPUAIIIBI JIOTUKAIA
KOPCETUITeH IeH, aTamn aiTkaHaa, [1] ayKbIMabI )koHE KbIMOAT paroJOKAIVMSUIBIK CTAHIUSFA YKCAC
MOceJIeH] MISHIETIH JKYHesepre Koy Typalibl MOCEICH] KOTEPY KETKUTIKTI.

byn >xkympicTa MyHAal MocelieHI Iemly, aran aiTkaHnaa, [6] KapacThIpbUIFaH YJIECTIpLITCH
KyHenepre Kellyre HETi3[ereH TPUBHAIBIBI €MeC TOCUIIepAl KOJIaHyAbl Tajlall eTETiHIH
kepcereni. by Tocin, o3 keserinae, 01311 MeTamMaTepHaiap MEH MeTabeTTepre MYKHUSAT Hazap
ayJapyra MOXOyp erei.

benrini Gonranmait [7-9], Meramartepuanmap MEH MeTaOeTTep ONTHKAIBIK J>KOHE pajuo
nuana3onia (KULTIK-CENIEKTHBTI OeTTep, KeHICTIKTIK MOJSIPU3ANUSIIBIK CY3Tijiep, Moaspu3aTopiap,
PAIMOXKYTKBIII MaTepHalap MEH >KaObIHIApAapAbIH, MbIcabl, «CTenc» KoHE T.0. CHSKTHI
TEXHOJIOTHSUIAP/IbIH) KYMBIC ICTEHTIH OlpKarap >Kyienep YVIIIH TEPCIEeKTUBTI HETi3 OOJIbII
TaObuTabl. MeTamaTepuaigap MeH MeTaOeTTepliH OYypbhIHHAH Oenrim KacuerTepi, COHAai-ak
oNapIbl OHMAIPYIiH OENrili oaicTepi OChl KYMBICTa KOPCETUIreH [6]-Ia YCHIHBUIFAH TOCUIMEH
yineciMae paavoOKAlMsUIBIK SKYHenepal Kypy Tocinaepin xoHe Oomnamakra KAPJIC ymrin
aillTapibIKTail KaiiTa KapapacThIpyFa MYMKIHAIK Oepei.

ojicrep

Byt skyMbICTa KOJIAHBUTATEIH HET13T1 9JIiC allbIK 0acraces JepeKTepi HEeTi3iHAe 03bIK KOPFaHBIC
TEXHUKACBIH KYPY CalachlHAAFrbl Oap TEHICHUMSJIAPABIH AaMyblH Taijay OoJbIn TaObLIaabl.
Ocbiran OaiinmaHbICTbl Oys1 kKyMbIc [1] *KYMBICTBIH >Kaifachl OOJIbII TaObUIAJbI, OHJA YKcac
onicTepi KojjaHa OThIpbIN, 2022 KpUiablH 24 aknaHbIHAA OacTanfaH OKHUFalap Ke3iHJE TOJbBIK
pactranFan OoypkaM, COHBIH IIIIHAE, MeTamaTepuajjap MEH MeTabeTTep Typalbl KOJDKETIMI
aKmapaTThl Tajay OepiireH.

JIMDNEKTPUKTIH € MarHUTTIK OTKI3TIMITIT [L MOHJEpl OoMbIHINA MaTepHalgapiblH KIKTenyl 4
cyperre [10] xepcerinren. € < 0 xoHe pu < 0 OonaTblH opTanap Tepic ChIHY KOPCETKIIIIMEH
CUNATTaJa/ bl )KOHE JIJ coJjlap KOeITereH Oenruli MeTaMarepraljapAblH HEeri31H Kypaiasl. MyHnai
opranapbl kebinece ouneratuBTik (DNG, double negative) nemn atanaapl.

u
A
ENG-marepuansi DPS Material
(e<0, u>0) (e>0, u>0)
Mnasma HuanexkTpukn
' >
DNG-marepuans MNG-matepuans
(e<0, u<0) (e>0, u<0)
MvpoTpontble
MQATrHUTHBIE MATEPWANbI

Cypert 4 — JIUdACKTPUK € )KOHE MATHUTTIK OTKI3TIIITIK |l OenriciHe OailIaHbICThI (PU3UKAIIBIK
oprtanapabiH xiktenyi [10]
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Tepic cweiHy KepceTkimi O0ap opTaHblH [11] TeopusuibIK TyprbigaH OOJDKaHFaH KOITETreH
TPUBHAIBIBI eMec Kacuertepi Oap. Omapabl cyperrey yumiiH keHecTik ¢usuk B.I'. Becemaro
YCBHIHFaH JIMH3a J)KYMBICBIHBIH TUarpaMMachl xui Koiianbuiansl (5-cyper). Tepic cbiHy KepceTkili
O0ap MaTepualJaH >KacajfaH >KalMaK IJIacTUHA OOJBIN TAaOBUIATBHIH OCHIHAAN JIMH3Achl Oap
KECKIHJEPIiH KYPBUIBICBIHBIH KOPHEK] HIUTIOCTPALIUSCHI 6-CYypeTTe KOPCETIITEH.

ASV B
e

d-1

5-Cyper — Becenaro JimH3achIHAAFbI cayiie koJbI (S): A — coyne ke3i, B — coyne ke3iHiH
KeCKiHi, d — mracTuHa KaablHABIFbI, | — IUTacTHHAaH CoyJIe KO31HIH KaIIBIKTIFRI [12]

S-cyperTeri cyyida Tepic ChIHY KOPCETKIII O0ap MaTepHalJapbIHBIH €H Tamalla KacHeTTEPiHIH
OipiH nmainananansl. CelHFaH coylie HOpMajJaH OeTKe KapaMa-Kapchl OaFbITTa aybITKUABL. OCBIHBIH
apKachlHJa 0acTarnKbl KeCKiH ekl HykTere OarbiTTanFaH: Oipeyl DNG MaTepuan KaGaTbIHbIH 1IIIHAE,
eKIHIIICI TUIACTHHAHBIH OH jKakK IneTiHeH d — | KambIKTBIKTa OHBIH CHIPTHIHAA. MyHIail JHH3a1a
(bOKyC Ka3bIKTBIFBI 0OJMAalIbl OHE O OOBEKTIHIH YII OJIeM/Ii HaKThl OciHeciH xacaiapl (6-

Cyper).

6-Cyper — Becenaro auH3achIHAAFBI cAlie sKOIBIHBIH 3D-cyback [12]

Kasipri yakpITTa Tepic ChIHy KepceTki 6ap MeTamaTepuangap kebiHece AUIIEKTPIIK OPTaHbIH
IIiHIe OpHATAacKaH OPTYPJl OTKI3TIII AIEMEHTTEp Il naiiganany apKbuUibl skacanaabl. Col CHSIKTHI,
MeTaleTTep oTe KapamaibiM KypajjapMeH YKcac 3JIeMEHTTepi MaijanaHy apKbuUibl, Oipak Oip
Hemece OipHele KabaTTapaa OpHAJIACTHIPBUTYBI MYMKIH.
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blktuman HyckamapabiH Oipi 01 — omera »JI€MEHTI Jel aTajaTblH, SFHH TPEeK opIi omMera
TYPIHJIET1 OTKI3TilI 3JieMeHT (7-Ccyper).

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

OpOip ocbiHAANM OOJIIEKTE TYCETiH AJIEKTPOMATHUTTIK TOJKBIH OMEra JIEMEHTIHIH UBIKTapbhIHA
OarpITTa]IFaH DJIEKTPIIK JUIOJBIIK MOMEHT acail anajbl, OUTKEH1 2JEKTp 3apsAaTapbl HETi31HEeH
OHBIH YIITapbIH/A LIOFBIPIaHFaH. byl perTe MarHUTTIK MOMEHT 9pOip MeTaaToM[a maiiia 6oIybl
MYMKiH, OJI OMeTa 3JIEMEHTIHIH a3bIKThIFbIHA IEPICHIUKYIISIP OAFBITTAIFaH, OUTKEHI 3JICKTP TOTHI
OHBIH inMerinae OaceiM Oomansl. COHBIMEH Katap, OyJ1 Karmaija aiikac acepiep OOIybl MYMKiH:
AJIEKTP Opici MATHUTTIK MOMEHTTI, a1 MAarHUT OpPICl 63 KEe3eTiHIe IEKTPIIK JUMOIbIIK MOMEHTTI
*acai anansl [14] (8-cyper) .

8-Cyper — YKa3bIK TIKOYpPBIILITH OMEra 3JIEMEHTTEPIHEH KeHICTIKTIK
KYpbUIBIMAAP/bI KAJIBINITACTHIPY [14]

Bip KpI3BIFBI, aca >KOFapbl JKUUIIKTI JMAma3oH YIOIiH Metaberrepai (HeMmece OJIapiblH
MOJIENIbACPiH) TinTi (pesepiaey apkwuibl amyra Oomamsl [15] (9-cyper). Bysn KapacThIpBUIBII
OTBIPFAaH THUNTErl MeTaMaTepUaIapJbIH IpPrefli  epeKIIeNirine OaiIaHbICTRI — MaTpullanga
OpHaJlaCKaH »JIEMEHTTEP/iH CHUMAaTTaMalblK ©JIIeMaepl KoHE/HEeMece OJIapAblH apachIHAAFbl
CUNATTaMaJIbIK KAIIBIKTHIK TOJKBIH Y3BIHABIFBIMEH CABICTHIPMAIbl OOTYHI KEPEK.
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9-Cyper — ®pesepiik 9aiciieH MeTa0eTTiK MoJenb i any [15]

Opi Kapaif, Mmeraberrep OETKE TYCETiH TOJKBIHHBIH (Da3ajablK BIFBICYBIHBIH TapalyblH
KaJIBINITaCThIpyFa MYMKIHIIK Oepeni. @a3anblK BIFBICY IPAJUEHTIHIH Maiiga Ooybl, €3 Ke3eriHae,
oT€ TPUBHAIBABI €MeC Kacuerrepi Oap JuH3amap MeH O0acka ONTHKAIBIK dSJIEMEHTTEPAiH
aHaJIOTTapblH KaJIBIITACThIPYFa MYMKIH/IK Oepei.

CoHbIMEH Karap, MyHAail >JEMEHTTEepiH KacueTTepi, MbIcaibl, MeTamMaTepuaiiap Heri3iHie
CaJIbIHFaH JIMH3aJapAblH (POKYCTBHIK KallIBIKTBIFBI PETTEJIETIH €TiN jKacayFa O0sajibl, COHBIH 1LIiHAE
9JIEKTP TOTBIHBIH CEPIHEH JA€. DJEKTP TOrBbIHBIH KOMETiIMEeH MeTaMmaTepuaiapJblH KacHETTEpiH
OackapyblH KapanaibIM MbICabl — ©TKI3TiLI 3JIeMEHTTepl 0ap AMaIeKTUKAIbIK KOMIOHEHTTEPIH
KYHiH e3repry. byraH, Mbicanpl, TOJIMMEp MaTpHUIAJapbIHAAFbl (a3aiblK aybICYIap/bl,
HaHOOOJIIEKTEepAIH OaraapiaHyblH PETKE KENTIpyMEeH OalIaHBICTBI ocepiiepal koHe T.0. [16]
KOJITaHa OTBIPHII KeTyre Ooapl.

Ocplnaiiiia, peTTeneTiH cunaTTaMmanapbl 6ap cajlbICTBIpMalibl TYpAE KapamnailbiM paguoTONKbIH
TYPJACHIIPTiIITEPiH Ky3ere acblpyra MyMKiHIIK Oap. CoHJaif-ak MyHJail 3JeMeHTTepl ecentey
Kypainapsl 6ap, Meicaisl, @ypbe ontukacs! [17, 18]. By ¢pusnkansik Toyenci3 KOMIIOHEHTTEpACH
TYpaTbiH OOJIHTEH paJuOJIOKAIMAIIBIK KYHeleplai Kypy Typajbl MaceleHI KeTepyre MYMKiHIIK
oepeni.

Horuxenep
Ou3MKaIbIK TOYeNCi3 KypaMaac OONIKTepAeH TYpPaThIH Ke3 KeJIreH >KaybIHTepJIiK JKYHeHIH Ke3

KeNreH (U3MKAIBIK ocepre TO3IMIUIITIH apTThIPFaHbIH JONEACYAiH KaxkeTi koK. bym [1]
TaJKbUIAHFAH JKAayBIHTePJIIK HEUPOHIBIK KENJIepaiH OacThl apTHIKIIBUIBIFEL. MyHmail xyitenep
OipTyTac xyiie perinae GU3NKAIBIK TOyeNCi3 KOMIOHEHTTEP apachIHIAFhl aKlapaT alMacy apKblIbl
FaHa KbI3MET eTelli. [6] KbUTbI MyHJAl JKYHEHIH aHAJIOThl KapacTBIPBUIABI - (PU3UKAIIBIK TOYyeIICi3
KOMITOHCHTTEPACH TYpaThbiH OOJiHTeH JiMH3a. MyHmail KyWeHl KYpyHIblH HEri3i, ©3 Ke3eTiHIE,
xannbiianrad Oypre onrukacel Oosbim TaObaabl [17, 18], oHbH meHOepiHae OIpTEKTI emec
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(ceHETiH) TOJKBIHIAP KAapacThIpyJaH IIbIFApbUICa, MOHOXPOMATUKAJIBIK PaAHOTONKBIHAAPABIH Ke3
KeJIreH TYPJICHAIPTilli JUCKPETTi 3JIEMEHTTEPACH KYPACThIPhUIFaH aHAIOTTICH aybICTHIPyFa MYMKIH
eKeHiH gonenzeyre Oonaapl. MyHaal 3JeMEHTTEep apachblHIaFbl CUMATTaMAJIbIK KAIIBIKTHIK TOJIKBIH
Y3BIHIBIFBIHBIH JKapPTHICHI 00ITyBI KEpeK.

by tocin 10 M-1eH acaThlH paAMOTONKBIHAAP/IBI MMaIallaHy Ke31H/Ie HeTi3/IeNTeH, Oy TIKeneH
panmoKepiHy aiMarbIH/Ia CaJIBICTHIPMAJIbl TYPAC KhICKA KAIIBIKTBIKKA JKIOCPUITeH Ke3/e aKnapaTThl
KOpFay MakcaTTapbl YIIiH 90AeH Kosaibl. J[omipek aiTcak, Oy TOCULT ic XKY3iHIE Tapary KoHE
KaObUIIay JKYHECIH KYpalThIH 63apa OaillaHBICThl KaOBLIIAFBIIITAP TOOBIMEH JKY3€Te achIpbUIATHIH
panuoapHanap apKbUIbl ajbIHFaH aKmapaTThl eHJAEY VIIIH Heri3nenreH. by skarmaiiga, Mblcalibl,
YIIKBIIICKI3 YTy anmaparrapbl TOObIHA OepiieTiH 0acKapy aKMapaThIHbIH KOJIEMiH CaJIbICTHIPMAIIbI
TYpAe a3aiiTyra OOJaTBIHBI ©T€ MaHBI3JBI (YIIKBIIICH3 YINy amnmaparTapblH OacKapyra KayKeTTi
KOMaHJaJIap CaHbl aHBIK IIEKTeyJi). byn cambicThipmanel TypZe TOMEH OTKi3y KaOUIeTTiiri
apHaJIapbIH, JIEMEK CaJbICTBIPMAJbl TYPAC TOMEH PATUOXKHUIIKTEpIi NalgalaHyFa MYMKIHIIK
oepeni.

JIeUMMETpITiK TUara3oHFa Kemry Ke3iHae OyJI TOcia KOJaWChi3 00ajbl, JEreHMEH TapaThUIFaH
KaOblIay IPUHILHUIIIHIH 031 (OChl MaKcaT YIIIH (U3UKAJIBIK TOyeNCi3 KOMIIOHEHTTEp 1 Maiaanany)
Qi JIe )KY3ere achIpbUIybl MYMKIH.

Onbr  kapamaiieiv = Typae 10-cyper Oelineneiini. byn karmaiima sxyiie 3JIeMEHTTEpiHIH
OpKAWCBICBIHBIH 031 <«JIMH3a» Hemece (OKycTay peduieKTOpbl KbI3METiH arkapanbl. MyHmai
AIIEMEHTTEP/IIH KOMOMHAIUACH KaOBUTAAFBIII OpHAJIACKAH HYKTene Oenriii Oip TOIKBIH BEKTOPHI
0ap Ka3bIK TOJKBIHHBIH (OKYCBIH KaMTaMmachl3 eTyre apHairaH. LIIbIH MoHiIHIE, MyHJa YJIKEH
ayMakThl MmapaboyiayibiK pediIeKTopbl 0ap pajnoTeIeCKONThIH aHAIOThIH KAJIBIITACTBIPY TYpPaJbl
AU TBUIBIN OTHIP.
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10-Cyper — YnecripiireH KaOpliiay MpUHLIHUIIL

@Ou3MKaNbIK TOyelNci3 MmapaboiajblK MIAFbUIBICTHIPFBII KOMIIOHEHTTEpiH Nainanany akrici,
OpHHe, 9JIETTETi MaTepHuaIapAbl Maijanana OTHIPBIT, MYHIal KYHEeH1 KypacThIpY/Ibl allTapibIKTan
KUbIHIATaabl. JlereHMeH, MYHIail KMBIHIBIKTApIbl IO OChI MeTaMaTepHalgap MeH MeTa0eTTepi
naianaHy apKbUIbl )KeHyTe 0osianmpl. ATanm aTKaH[a, )KOFaphlaa KEeATIPIIreH MIoIy1aH KeeciaeH,
OackajmapMeH Karap, 6acKapbulaThiH (ha3alibIK BIFBICY TPAIUEHTIH KAIBIITACTHIPY 9CEpiH Maiganana
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OTBIPBIN, Teric (hOKycTay 3JEMEHTIH Ky3ere acblpyra Ooianel. MyHJail 37IE€MEHTTIH aHAJOTHI -
napaboIIajbIK 3aHFa ColiKec 0OJIIHTeH ChIHY KOPCETKIlll XKaJakK IJIacTHHA.

CoHbIMEH KaTap, MeTamaTepHajiap TepiC CBhIHY KOPCETKIIIiHIH MOHIH ©3repTy apKbUIbl
COyJIEJICHYIIH ChIHYBI Ke3iHe (ha3aibIK BIFBICY/IBI PETTEYTe MYMKIHJIK Oepei.

by dakT Gonamakra MoceNeHi JKoFaphlia KOMBIIFAH MaceNere Kepi menryre MyMKiHaiK oepe,
aFHU. (a3ajblK aHTEHHA MACCUBTEPIHIH aHAJIOTBIH KaJbIITACTBIPYIbl KamTamachl3 eTy. Ecke
caylailblK, MYH/Iail TOpJIap LIBIFAPAThIH YKa3bIK TOJKBIH KEKEe AIPIIAETKIIITED KacaraH TepoericTep
apacblHIarel HHTEephepeHIs HOTIwKeciHae naraa 6omaapl [19]. ToakpiHaapabiH Tapary OarbIThIH
Oackapy opTypil MipUIAETKIIITEp MIBIFAPaThIH TEePOENiCTEpIiH apachbiHaa OepiireH Qa3aibik
alBIPMAIIIBUTBIKTI KATBIITACTBIPY apKBUIBI KOJI JKETKI3Ie I, oJlap YIIiH OipKaTap SpTYpJii Tociaaep
0ap, omapbl KApacThIpy OYJI )KYMBICTBIH MaKCATTaPhl TYPFBICBIHAH KBI3BIFYIIBUTBIK TYIBIPMaNIbI.

Meramarepuaigapipl Mainanany Karmaiael TyOereini e3repremi. bapiblk mipuimeTKimTep
OYKLI XKy#ere opTak «caraTIeH» OPHATBUIFaH KaTaH aHbIKTaJIFaH (azajga Tipiial IbIFapa auxajbl.
dazanbIK BIFBICY O€NTii Oip AJIIEMEHTTIH KEHICTIKTErl OpHBIHA YKOHE YKa3bIK TOJKBIHHBIH KaXKeTTi
Tapaily OarbIThiHA OaitmanbicThl eHrizineni. byn 10-cyperreri cynbanaH KapacThIPBUIBINT OTHIPFaH
ANIEMEHTTEP/IIH OPKANCHICHIHBIH (OKYCHIHAA IPUIASTKIII OONAaThIH >KOHE MeTaMaTepHalgap/Ibl
naiifanany cdepanblKTaH epeKIleJeHEeTiH >XoHe OepinreH ¢azanblK BIFBICYBI Oap Oenrimi Oip
coyJelieHy YaTiciMeH TepOenmic Kypyra OosiaTeiH cyibara aybicyFa MYMKIHIIK — Oepei.
MeTamarepuall CHIIaTTaMaJIaPBIHBIH ©3TePYiH KaMTaMachl3 €TETiH MPOIECTePIiH KbLIIaMIbIFbIH
(eH KapamaiipiM Kkarmaiimapna na [16]) MHUKPOCEKYHITBIK JHMAITa30HFA JKETKi3yre OOIaThIHBIH
€CKepe OTHIPHIMN, CYI0aIarel ®Ka3bIK TOJKBIHHBIH TY311yi 10-cypeTke Kepi (KOFapblaarkl MarbIHA/IA)
PaMONIOKAMSIIBIK MOCEIENepAl MEeNTy YIIiH KaXXeT HAKThl YaKbITTa OPBIH aJIybl MYMKIH.

TankeL1ay

XKorappima KenTipUIreH akmapaT paJuoAMana3oH VIIiH MeTaMaTepuasiapAbl jkacay Ke3ek
KYTTIPMEUTIH MAcCelie €KeHIH KopceTe/Il. OpuHe, Oy OarbITTarbl )KYMBICTap OypbIH O€JICeH Il TYpIe
KYPri3uial, eMTKeHlI MyHJail marepuangap 3J€KTPOMAarHUTTIK TOJIKBIHIAPJbI 1lIIHapa HeEMece
TOJIBIFBIMEH CIHIPETIH JKaOBIHAApIbl jkKacayFa MYMKIHAIK Oepenl. Amnaiga, oOCbl KYMBICTa
KOpCETUITeHIel, MeTaMarepuaajap MeH MeTaberrepai kacay KazipaiH e3iHge «Cremncy
TEXHOJIOTUSICBIH JKOHE OHBIH aHAJIOTTapblH KAMTUTHIH «MHAYCTPHAIABDY Kapy-Kapak KyhelnepiHig
JaMy JIOTHKAChIHA FaHA eMeC, COHBIMEH KaTap, «[IOCTHH]IyCTPUANIBD Kapy/Ibl 1aMbITY JOTHKAChIHA
coiikec keneni. «WHOycTpuangsl Kapy-Kapak» JKoHE «IOCTUHIYCTPHAIIBl Kapy-Kapaky»
TePMHUHJIEP] OJapbIH aliKbIH MIAPTTHUIBIFEIHA OAMIAHBICTHI ThIPHAKIIIAFA aJbIHFAHBIH aTall ©TeMis.
bipak 2024 xpuinbiH 24 akmaHbplHAA OacTaqFaH OKUFaIap KOPCETKEH OCKepHU I1CTeperi
PEBOIONUSIIBIK ©3TepICTEPAl KOPCETETIH dNIEMIIK cascaTTaHy OBl COMKEeC TepMHHAEPl >KacaraH
emec. by, opune, icTiH MoHIH e3reprneiini. Ke3 kenren ockepu (Hemece KOcapiibl) MaKcaTTarbl
YJKeH rabaputTeri, KbIMOAT KyWenep OTKEHHIH CHINICIHE aifHaJIbIT Oapa >KaTKaHbl aHBIK. MYHBIH
aiKBIH KOPIHICI - Ke3 KeJNTeH HbICaHaFa JMBEPCHs jKacail ajlaThlH dPTYPI «IPOKCH KypamaapabD»
naiganany, JereHMeH KaKThIFBICTBIH OpIlTyiHe TYOereii skaHa JeHreire Koy Ty IbpMaiiibl.

Ocpinaifmia, ic XKy3iHJe OTIN KATKaH JKalmai Kapy HIBIFapyIbIH JKaHA aifHAIBIMBl XUMHUSITBIK
TEXHOJIOTHUSUIIAp calachlHa Jja 9cep eTelli, Oy aKmapaTThl OHJLY JKOHE Ki0epy KyienepiMeH THIFbI3
0OaiIaHBICTEI OOJIBII IBIFAIBL.

byn camama Kazakcran Ttapuxu cebenrepre OaiiylaHbICTBI 0Oapabap FHIIBIMH-TEXHUKAIBIK
casicaTThl KaJIBINTACThIPFaH JKaFaiiia jxy3ere achlpblIybl MYMKIH OipKaTap apThIKIIBUIBIKTapFa He.
Jlomipek alTKaHaa, KO3IBIPFBINIKA CE3IMTal IOJMMEpJIEp, OHBIH IMIIHAEC HAHOOOJIICKTEPMEH
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KAHBIKKaH TOJMUMEpIIEp CallaChlHIA Ka3aKCTaHIBIK FBHUIBIMU-TEXHUKAIBIK MEKTENTEp oJIeMJeTi
KETEKIII1 OpbIHAAP/IBIH OipiH anaabl, 6yJ1 0OBEKTHBTI CaHABIK KOPCETKIIITEPMEH pacTaniabl.

Byn omeyeTTi oCKEepU-TEXHUKANBIK JaMy CallachIHIaFbl aFbIMJIaFbl FaHa emec, OOJDKaMIIbl
MOceJIeNiep/Ii Ienry YIIiH Je mnainananyra 6omanel. ConbiMen kKatap, Kazakcranma KP ¥YaTTeik
MHXCHEPJIIK aKaJIeMUSACHIHBIH KapaMarblHJa MOHAPablK FBUIBIMA MEKTEN JaMblAbl, OHBIH Oap
eKeHJIr OackajapMeH Karap MOJUMepiepaiH (U3UKANBIK XUMHSICHl, HAHOTEXHOJOTHUS JKOHE
paanou3nKa KUbUIBICHIHAA KYPTi3UIETIH OChI )KyMbICTapMeH pacTtanajsl. by aneyerti KP ynTThik
Kayilci3airid HeIFAUTy MaijacklHa ackIpy YIIIH KOJIaHyFa 00aibl, acipece OyJ1 KaKETTIIIK alKbIH
©CIIT KeJle )KaTKaH Teocascu TypOyJIeHTTUTIKKE OaiTaHbICThl OapFaH callblH aliKbIH 00J1a Tycye.

3amanayu okarmaiia KaHmaiik ga  Olp HMHQPaKYpBUIBIMHBIH, KapKbUIBIK HeMece Oacka
MYMKIHIIKTEpIiH 00nybl emec, Oenriii O0ip HeTpUBHAJIBI KOJIIAP/bI JKacail amysl OipiHIII OpBIHFaA
IIBIFATHIHBIH TaFbI J1a aTal OTeHIK.

XKorapbiga alThUIFaH OWlap ic Ky3iHIe, eH OoiMaraHja, olap TYKbIpeIMIanraH (opmana
’Ky3ere aceIpplIaThiHbl akT emec. bipak 613 Oy ykiMaepaiH eH 6onmaranaa 6ap 001ybIHA KYKBIFBI
Oap nen ecenTeiMi3, OUTKEHI ojlap OapraH caiiblH allKbIH OOJIBITI KeJie JKaTKaH (DaKTiHI KepceTesi.
DKOHOMHKaFa KaThICTBI, 9CIpece KOPFAHBIC OHEPKOCIOIH Kap KbLIAaHABIPYFa KATBICTHI acCIEKTiJe,
OHBbI OIpiHIII KYBIKTAll alFaHja, Keneciged kepceryre Oosansl. KapKbIHBIH €31 EHITeHEHi
oinmipmeiini. OnapaplH THIMAUTITIHIH KPUTEPHAT Kap>KbUIBIK HIBIFBIHIAPIBIH OHIMI JKOHE OJIap.IbIH
HAKThI 9CKePU-TEXHUKAJIBIK IIENIIMICPTe alHATY KbULIAMIBIFBI OOJIBINT TaOBLITA B,

Connpiktan na Kazakcran oneMHIH JKaHApTBUIFAH TEOCAsCH KapTachlHAA o J€ 63 OpPHBIH
aHBIKTAIl KeJle )KaTKaH MeMJICKET peTiHje Oap jkarnaiira FaHa emec, 00JDKaMIIbl JKaraaiiFa OapbIHIIa
Hazap ayJapybl Kepek JereH ceHiMaemi3. ATam alTKaHaa, Oysl paauo(Hu3UKaHbIH KOHE O ©3eri
00JBINT TAaOBUTATHIH OApNBIK FRUTBIMU OaFbITTapbIH JAaMYBIHBIH JKaHa KE3€HIHE Heri3 OoNaThiH
QJJIBIH aJla aHBIKTAJIFaH KacueTTepi Oap aHa MOTUMEPIIK MaTepuaiiapabl Oarnapiayra KaThICThI.
Tarbl na atan eteifik, OyFaH Heri3 Oap.

KopbIThIHABI
Ocbutaiiiia, >xakblH Oonyamakra Oip-OipiMeH (U3MKalbIK OalIaHbICBl JKOK Kypamjac

OeJiKTep/ieH KYpaCThIPBUIFaH YIECTIPUIreH paauoIOKaIUIIBIK KYyHeaep/l KalblTacThIpy Moceect
co3Ci3 TYBIHIAWABI Jem aiTyFa TONBIK Heri3 Oap. O#tnece, [1]-me KopceTUIreH >KaybIHTEpIiK
HEUPOHJIBIK XYHenep Kypy NMPpUHIHUI Oy ailMakKa ce3ci3 aybicanbl. byl Kapy-kapak meH ocKkepu
TEXHUKA JaMybIHbIH OOBEKTUBTI 3aHJbUIBIKTApbIMEH, OacKajJapMeH KaTap, SKOHOMHKAaJBIK
cebenTepMeH alKbIHIaFaHbIH atan oTemi3. OChl 3aHABUTBIKTApP IbIH 00JTybIHA OATAHBICTHI dCKEPH
icTep/ie KOJIJAHBLIATBIH Ke3 KeNreH > KyWelaepiH AU3ailHbIH KEHUIIETY XoHE OHIIpY KYHBIH
TOMEHJIETY TEHJEHIMACH €o3Ci3 Ooyiafbl >KOHEe PaJHOJIOKallUs CUSKTHI MaHBI3bl caja, acipece
KAIIBIKTBIKTaH aHBIKTAY PaJapbl MYH/A €peKIIeTiK O0Tybl MYMKIH eMec.

Tapuxu cebentepre OainmaHpicThl Ka3akcTaHHBIH ©T€ HAKTBl oJeyeTi 0ap, OHBI JCKepH-
TEXHUKAIBIK KYPBUIBIC CANACHIHAAFBl Ka3ipAiH ©31H]e KaJbIITACHI Kelle KaTKaH FaHa eMec,
OomKaMIOpl  TEHIEHIUsUTapFa  OarpITTanFraH  Oapabap  FRUIBIMHU-TEXHUKAIBIK  CasCaTThl
KaJIBIITaCThIPFaH JKaraia Ky3ere acblpyra 601a/pl.

Ocwl OomxamMaapabiH Oipl MeTamaTepuaigap MEH MeTaOeTTepi paanodu3uKaga >KOHE OHBIH
HETI31H/I€ CaJIbIHFaH KOJJaHOaJbl OOJIBICTap/a, aTtam aWTKaHAa paauosIOKaIusaa TaiaaaaHy IbIH
apTybIHa OaMIaHBICTHI.

Hotwxecinne, kKacueTTepi aiAblH aja aHBIKTAJFaH IMOJIMMEPIiK MaTepHaliapibl JKacayra
OaFpITTalFaH Ka3aKCTAaHIBIK FBHUIBIMH MEKTENTEp YIIiH OPTYPJi MakcaTTarbl MeTaMaTepHaiiap
’Kacay YIIiH 0ap FBUIBIMH-TEXHUKAJIBIK QJIEYeTTI MalijanaHyFa KiTi Hazap ayaapybl 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
noaumepusayuu N-sununrnupponuoona (N-BII) 6 npucymemeauu N,N’-memunen-ouc-axpuiamuoa 6 xauecmee
cusarougezo acenma (CA). Ilokasano, umo 8vixo0 2eib-ppaxyuu 3aKOHOMEPHO NOBLIUAEHICS C YEETULEHUM
0o3bl obnyuenusi u xonyenmpayuu CA 6 ucxoonot monomeprou cmecu (UMC), pasnosechas cmeneHb
HAOYXaHUsi NONYYEHHbIX NPU dMOM 2udpozeiell CHuxdcaemcs, 00YCI08/eHO NO8bIUEeHUEeM HIOMHOCIU
CuuBanus opmupyemvix HOAUMEPHLIX CeMmOK. YCcmanoseieHo, 4mo 600a OKa3vleaem aKmusupyrouull
aghpexm na monexyrvr N-BII, umo obycrosnusaem seieHue YCKOpeHuss MmMpexmepHOU paouKaibHOU
noaumepusayuu  dmozo Mmouomepa npu pasoasienuu HMC 6odoi. Ocywecmenena paspabomxa
NabOPaAmopHOll MeXHON02UU NOJYHeHUuss 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-eunurnuppoauoon,
PAOUAYUOHHAS CUUBAIOWAS NOTUMEPU3AYUS, DPABHOBECHASL CMeNneHb HAOYXaHus, KUHemuKd HaOyxXanus,
MeOuKo-ouonocudecKue UCNbIMAanus, aHmudaKmepuantbHas akmueHOCHb.

Paouayusnvix ywenwemoi nonumepney adicnen anvinzan micineen nonu-N-eunuarnupponuoon (I1BII)
Hez2i3iH0e 2udpoeenvbOi aHmMUCenmuKaIblK Jcaknamail dcacay OouvliHwa zepmmey Oepekmepi YCulHbLIZAH.
Aumucenmux peminde xnopeexcuoun oOuemoxonamel (XI) xondamvinovl. Tieywi acenm (TA) peminoe
N,N'-ymemunen-6uc-axpunamuomin kamoicotnoa N-eunurnupporuoonusiyy (N-BII) paduayusnviy nosumepiey
npoyecinde nonumepni euopoeenv0epoiy my3iny 3aHobLibiIKmapsl 3epmmendi. Ienb paxkyusaceinovly
WblbIMbL Oacmanksvl MoHomep Kocnacvinoazvl (BPMK) coyneneny oozacer men TA xonyenmpayusceinviy
HCOSAPBLIAYBIMEH HCOAPLLIAUMbBIHLL KOPCEMINOi, OY Hca20aioa anblHEAH 2UOPo2enb0epOir iCIHYIHiY mene-
meHOIK Odapediceci momeHOeldi, Oy KAalblNMACKAH NOAUMepPai mopiapobly MIicly moulebl30bl2bIHbIY
arcoeapviaayvina oainanvicmol. Cyowviy N-BII monexynanrapvina bencendipyuii acep ememini aublKmaiobwl,
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oyn PMK cymen cyiiviimolazan Ke3oe 0cbl MOHOMEPOIH Yuioauemol paouxkaiobl NOJUMepLeHyiH dcederdemy
KyoOuLavicoi myovipadsl. Kypamvinoa XI™ 6ap TIBII nezizinde cudpoeenvoi scaknamaii anyovly 3epmXananibl
MEXHONIO2USICHIH d3IpAey Jicy3eee ACLIPbLIObl. O3IpNeHeeH 2Uopo2enbOl HCAKNAMALl YWIH MeOUYUHATbIK-
OUONIO2USATILIK, COIHAKMAD JHCYPI3in0l, HomudiceciHoe Onapobly aUKblH OAKMepUsea Kapcol HcaHe KaOblHy2a
Kapcul OenceHoiniei aHblKmaobi.

Tyiinoi cozdep: [uopocenv, oicaknamat, Xi0peeKCuOur oOueatokoHamol, noau-N-6UHUINUPPOTUOOH,
paouayusnblx mieiny noaumepey, icinyOiy mene-meHOIK 0apedceci, ICIHYy KUHEMUKACbl, OUOI0SUSLIbIK-
MeOUYUHATLIK CLIHAKmap, baxmepusea Kapcol 0eiceHOiik.

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 KopoHaBupycHod wuHpekuuun Covid-19,
MOKA3bIBAET, YTO OHU OKA3AJIMCh HACTONBKO CEPHE3HBIMH M TSDKEJIBIMH, YTO CIIEIyeT TOBOPHTH O
MHUPOBOM 3IHJEMHOJIOTHYECKOM KpPHU3HCE, OXBAaTHBILEM IPAKTHUUECKU BCIO IUIAHETY, KOTOPBIH
CTPEMHTEIBHO NpHUOOpen riolanbHble MacIITadbl M MOCTaBWI IEpe] MUPOBBIM COOOIIECTBOM
MHOT'OYHMCIICHHbIE BbI30BBL. IIpu 3TOM 1O MHEHMIO BEIyIIMX MHPOBBIX BHPYCOJOTOB U
SMHJIEMHOJIOTOB, CKOpee BCero anuaemMuonorndeckuii kpuzuc «Covid-19», ¢ KOTOpbIM CTONKHYJICS
Mup B 2020 r., ObuUl Jajieko HE TOCIETHUM, OOJee TOTO, TaKOTO pOoJa BCIBIIIKA BHUPYCHOU
WHQPEKIIUH MOTYT TPHUOOPECTH CE30HHBI XapakTep, YTO, B OYepeNb CBS3aHBl C TOSBICHHEM
MyTaHTHBIX BapuaHTOB Bupyca [l]. I'moGampHOE pacmpocTpaHeHue OakTepuil, 00JaTaArONTUX
PE3UCTEHTHOCTHIO K aHTUMUKPOOHBIM Tperaparam, TpeOyeT HeMalbIX YCHUIIHHA MO CACP)KUBAHUIO X
pacripocTpaHeHus U pa3paboTke 3¢ (HEeKTUBHBIX pEIICHUH.

B 3T0i1 cBsA3M ¢ 0cO00H aKTyalbHOCTBIO CTOMT BOIPOC O BBIPAOOTKE aJJ€KBATHBIX MEP 3aIIUTHI.
OT0 00CTOATENbCTBO BBIBOAUT Ha TMEPBBIM IUIAH HEOOXOJUMOCTh PpACIIMPEHHUsl CIEKTpa
NpOopUIAKTUYECKUX CPEJICTB 3aIUTHl HACEIEHUS OT HOBBIX YIpo3, B T.4. BKIIOYAIOLINI KOMIUIEKC
CAaHUTAPHO-TUTUEHHYECKUX H  TPOTUBOIIUAEMUYCCKAX MEpONPHUSATHH, HAIpPaBICHHBIX Ha
npoduUnakTUKy HHPEKIMOHHBIX 3a00JIeBaHUN BOOOIIIE.

DKcrnepThl B O0JIACTH 3paBOOXPAHEHUsS] TPHUILIA K BBIBOAY, YTO TIIATENbHAS JE3WHQEKITUSI
MOBEPXHOCTEH, HAXOMSIIMXCS B OSMUAZHAYUMBIX OOBEKTaX, SIBISETCS KIFOYEBBIM 3JIEMEHTOM
s dexTuBHON TporpamMmbl TpodrIakTHKU HHGEKIUH. TpauIIMOHHBIE METOIbI PYYHON OYHCTKU H
ne3suH(peKny B OOJNIBHUIIAX YAcTO HE SBIAIOTCA ONTUManbHbIMU [2]. TlomMUMO mpuBHECEHUs
npoeCCHOHATPHON 3HAYMMOCTH  pACIpPOCTPAHEHUI0 HWH(MEKUMH B pyTHHE MEAUIUHCKUX
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pabOTHHUKOB, BO3HUKAET CTpaTernyeckas COLIMAJIbHO-3KOHOMMYECKas 3HAUYUMOCTb
MPEJOTBPAILCHUS BHYTPHOOIEHUYHBIX HH(EKINH.

Jnst coxpaHeHUs TMTMEHBI PYK - OJHOIO M3 OCHOBHBIX MECT, OTBETCTBCHHBIX 3a Iepefady
MAaTOr€HOB, PEKOMEHAYETCS HCIONb30BaTh JIE3UH(QUIMPYIOIIUE CPEACTBA, IOCKOIBKY HX
IPUMEHEHHE MOXKHO CYMTaTh HPOCTBIM B OSKCIUIyaTallMM M ObICTpbIM. Jle3uHduuupyromue
CpeAcTBa HAa OCHOBE OHOLUAOB M TPAJUIMOHHBIE CHUPTOBBIE AHTHCENTUYECKHUE CPEICTBa
3¢ GeKTUBHBI B IPUMEHEHWH, HO OKa3blBalOT NaryOHOE BIMSHHE Ha 3J0POBbE YEJIOBEKA, NOPOH
Ja)ke MOTYT BbI3BaTh Cepbe3Hble 3a0osieBaHUs JbIXaTenbHbIX IyTed. Kpome Toro, Ha
MPOTHBOMHUKPOOHOE JIeiicTBHE NEe3UH(UIIMPYIOMUX CPEJACTB HA OCHOBE OMOIMIOB MOTYT BJIHATH
pasnuyHble (AKTOPBI: JPyrue HHIPEIUCHTHI B COCTaBE KOMIIOHEHTOB HIIM HUX pa30aBlieHHE.
Hcnons30BaHue TaKUX JKUJIKMX COCTABOB M MX HENPABUIBHOE IIPUTOTOBJIICHUE IPEACTABIISAIOT
HEKOTOPBIE TPYJHOCTH, YTO MOKET IPUBECTH K JOCTABKE HEAOCTATOYHBIX /103 AKTUBHBIX BEILECTB
Ha 00pabaTbhIBaeMO€e MECTO U K O0LIEeMY CHUKEHUIO COOJIIOICHUs TUTHeHb! [3].

I'maporeneBbie GopMbl 1€3MHOUIHUPYIOMUX CPEACTB OTIMYAOTCA OT KHUIKUX (OpM CBOEH
CTaOMIIBHOCTBIO COCTABOB, MEHEE arpeCCUBHBIM BIUSHUEM Ha KOXKY, IPOCTOTOM MX J03UPOBAHUS U
MHOTMMU JPYTMMH XOPOIIMMH 3KCILTyaTallMOHHBIMHU XapaKTEpUCTUKaMH. TpexMepHasl CTpyKTypa
rUJporesiel crocoOCTBYeT 3aMeVIEHHOMY BBICBOOOXK/IEHUIO aKTHBHBIX AaHTUMHKPOOHBIX BEIECTB,
obecrieunBast TOKAIM30BAHHYIO U KOHTPOJIUPYEMYIO JTOCTaBKY JC3MHPHUIMPYIOMINX CPEaACTB [4,5].

B CBsI3M C BBIICHU3IIOKEHHBIM IIETBI0 HACTOSINEH PaOOTHI SIBISETCS CO3JaHHE THIPOTeIeBON
aHTHCeNTHYeCKON Ma3u Ha ocHoBe nonu-N-sBunmimnupponugona (I1BI1), conepxaiieii aHTucenTHK
LIMPOKOTO JeHcTBUS XJIoprekcuauH ourmtokoHart (XI).

Brei6op TIBII B kauecTBe reneoOpas3yroliero mojuMepa Ijs co3iaHus ruaporeBbix Gopm XI°
00yCJIOBJIEH TeM, 4YTO JAaHHBIM HOJMMEp SBISETCA IIMPOKO MCIOJIB3YEMbIM B OHO-METUIIMHE
OMOCOBMECTUMBIM MONIKMMEPOB. B wactHocTH, BojHBIN pacTBop [IBII Ha mpoTsxkenun 6osee 50 et
YCIIEIIHO  HCHOJB3YIOTCA B  MEAMIMHE Ul BHYTPUBEHHOIO BJIMBAaHMS B KadyecTBe
JIe3MHTOKCUKAIIMOHHOTO cpeicTBa [6].

JKCNEePUMEHTAJIbHAA YaCTh

N-sununnupponruoon (BI1) npousBoactea pupmsr "Aldrich Chemical Co." (U.S.A.) ounmaics
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.» UCIOJNb30BAIM O€3 JTOTOJIHUTENbHOW OUYMCTKH, JJIsl MPUTOTOBJIEHUS BOIHBIX PacTBOPOB
MCIIOJIb30BaJIM JUCTUIIIMPOBAHHYIO BOJY.

B kadecTBe MCTOYHMKA MOHU3HMPYIOIIETO W3Iy4YeHHs] JJIs MPOBEJIEHUs paJuallOHHON
MOJINMEPHU3AH HCIIOIb30BAIM MOTYIPOMBILIUICHHBIN JTUHEHHBIH yCKOpUTENDb 31ekTpoHoB DJIB-4
Wuctutyra saepuoit pusuku HAL| PK.

CHHTE3MpOBaHHBIM Telb OYHMINAICS OT HENPOPEarMpoBaBIIMX MPOAYKTOB W PACTBOPUMOM
(bpakuuu NOoJIMMEPOB MyTEM JJIUTEIBHON OTMBIBKH B Boj€ B TeueHue 20 CyTOK B CTal[MOHAPHBIX
IIPY IByX- TPEX KPATHOM CyTOYHON 3aMEHE BOJIBI.

PaBHOBecHy10 cTenieHb HaOyXaHUs MOJIMMEPHBIX THAPOreNeil onpeaesnsuy no popmyse:

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 s momydeHuss rtuaporeneid Ha ocHoBe IIBIl mcnosnb3oBamu meTon
paauanMoOHHOM TpexXMepHOW paaukanbHOM mnonuMepusanuu N-Bunmwimupponugona (BII). B
Ka4yecTBE CIIMBAIOIIETO areHTa ucnoib3osaics N,N’-MeTmiieH-Ouc-akpunamuya (BAA).

B  mpeacraBnenHoit paboTre B KayecTBe  HMCTOYHMKA  OOJIy4eHHSI  HCIIOJIb30BAJICS
MOJYIPOMBIIIJICHHBIA YCKOPUTENIb 3JIEKTpoHOB DJIB-4, mpunamiexamuii MHCTUTYTY siaepHOU
¢u3uku HarmumonanbHoro simepHoro nenrpa (r. Ammarbl). Hamu Obul oTpaboTaH M OmpesesicH
ONTUMABHBIA PEXKHUM OOJYUYEHUS PEAKIIMOHHOM CMEeCH MOHOMEPOB Ha yckoputene DJIB-4,
IIO3BOJIIIOIIMM I10JIy4aTh CIUUTHIM moJuMepHbIi npoaykT IIBII ¢ MakcumanbHBIM BBIXOJOM H
HEOO0XOUMBIMU (PU3UKO-XUMUYECKIMHU XapaKTEPUCTUKAMHU.

C uenpio moxbopa ONTUMAIBLHOIO COOTHOUICHHUSI KOHIeHTpauid MmoHoMepa BII u crmBaromero
arenta (CA) BAA B ucxonnoit MonomepHoii cmecu (MMC) ncnosib30Baluch ClIEIyIOIINE MOJIbHBIE
koHnenrpauuun CA, wmomne/m: 0,1; 0,2; 0,3; 04; 0,5 0,7; 1,0. HcciaemoBaioch BIUSHHE
koHIeHTpauuu CA Ha BbIXOJ reib-Qpakiui. Beixoq reap-Gpakiuu ornpenesuics METOI0M 30J1b-
renp aHanmu3a (Ta6m. 1). Kak BUOHO M3 MOMY4YEHHBIX pE3yibTATOB, BBIXOJ TIelib-(Ppakiuu
noBbIaetcs ¢ yBenuuenueM koHmentpanuun CA B UMC, crenenp HabyxaHus GOpMUPYEMBIX TpU
TOM Telel CHIKAeTCs, 4YTO, OYEBUIHO, OOYCJIOBICHO TMOBBIIIEHUEM CTENEHH BIIMBAHUS
(bopMHpYEMBIX TOJIMMEPHBIX CETOK IMOJ JACHCTBUEM OOydYeHHE. Y CTaHOBJIEHO, YTO ONTHMAIBHOM
koHueHTpauuen CA B HMC, obecneunBaronieii (opmupoBaHuss rensi ¢ HEOOXOIUMBIMU
napaMmerpamu HaOyxaHus (oxosio 20 r Boja Ha 1 r. cyXoro mojumepa) sIBISIETCS KOHLEHTpaLus
BAA B npenenax 0,1-0,2 monb/i.

Tabmuua 1 — Beixox renp-Qpakiud W paBHOBECHAs CTENEHb HaOyXaHUs TUIpPOTreNeH,
(dbopMHpyEMBIX B INpoLECCe TPEXMEPHON paavanmoHHOM nmomumepusanuu BII B 3aBucuMoctu 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 Bozme 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
100aBOK BOJIBI HA KHHETUKY PaIUaIlMOHHON crimBaromiel nonumepusanuu BIT B mpucyrctBun CA
BAA. Kak BUIHO U3 JaHHBIX MPEICTABICHHBIX Ha NucyHKe 1, KpuBas 3aBUCHUMOCTH BBIXOJA T€Jlb-
¢bpaxuuu ot conepxkanus Boasl B UMC umeer skctpemanbHblil Bua ¢ MakcumyMmoM 1ipu 30 06.%
Boxsl B UIMC.

Takoit gocTaToyHO HEOOBIUHBIM BHJ KPHUBOW 3aBUCMMOCTH BbIXOJa Telb-(pakiuu OT
koHneHtpanuu Boabl B MMMC oOycnoBneH yckopsitomuM 3¢G¢GeKToM BOJBl Ha PaTuKaIbHYIO
nonumepu3zanuio BII. Kak Obiio mokazano panee [6], MOJIEKyJbl BOJBI CIIOCOOHBI (POPMUPOBATH
KOMIUIeKC ¢ Mojekyidamu BII 3a cyer BOJOpOAHBIX CBsI3€W, UTO MPUBOAUT K TMOBBILIEHUIO
aktuBHocTH BII B pagukanbHol nonuMepusanuu. O4eBUIHO, YTO OTPE30K KPUBOHM 10 MakCUMyma
00yCIIOBJICH TOMUHUPYIOIIUM BIUSHUEM TaKOW aKTHUBAllMM U CKOPOCTh MOJUMEPU3AIMU HA 3TOM
yJacTke Bo3pactaer, HecMoTps Ha 3ddext pazdamenmss UMC. Ha yuacTke KpuBOH mocie
MakcumMyma d3(deKkT pa30aBICHHS CTAHOBUTCS JOMHHHPYIOIIUM W CKOPOCTh TPEXMEPHOU
CONOJIMMEPHU3AIIMY YMEHBIIIAETCS C MOBBIIIEHHEM KOHIIEHTpauu Boibl B UMC.
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Pucynok 1 — Brnusinue cogepxanus Bojsl B UMC Ha BbIXo renb-hpakiuuu
B MPOLIECCE TPEXMEPHOUN paHalMOHHOM nonuMepusanuu BT

C nenpro moadopa oNTUMANbHON 103kl O0Iy4YeHMsI, OOECIIEUnBaIOLIEH MMOJIyYeHUE TUAPOTresei
Ha ocHoBe [1BII ¢ HeoOXonuMol BennyuHOW paBHOBeCHOU crerneHu HaOyxanus (o) (20-25 r Bomsl
Ha | T cyxoro nonuMepa) npu HauOOJBIIEM BBIXOJIE B IIMPOKUX IIpesesax BapbUPOBAIUCH J03bI
obmyuenus D (ot 15 xI'p mo 80 xI'p). Ilpu aToM OblIIa UCTIONB30BaHA UCXOAHASI MOHOMEpPHAsI CMECh
(MMC) ¢ ontumansueiM coctaBoM 70 00.% BII, npu conepxkanuu Boasl 30 00.% u 0,2 monb.%
BAA. Kak BuAHO U3 JaHHBIX PUCYHKAa 2, C IMOBBIIIEHUEM J03bl OOIy4EHHUS 3aKOHOMEPHO
MIOBBIIIACTCS BBIXOJ TeIb-(Ppakiuy, OJHAKO MPHU 3TOM YMEHbIIAETCS CTENeHb HaOyXaHMs Tells.
OueBuaHO, 3TO 00YCIOBIEHO, YBEIMUYEHHEM IJIOTHOCTH CIIMBaHUS (HOPMHUPYEMOM MOIMMEPHOMN
CETKH TIOJ JICHCTBHEM H3ITyUeHHs C YYaCTHEM JBONHBIX IOABEUICHHBIX CBS3EH, MPHHAIIEKAIIIX
MonekynaMm BAA, KOTOpbie BKIIIOYEHBI B COCTaB MaKPOMOJIEKYJISIPHBIX IETNel MyTeM pPacKpbITHS
JIMIIb OJTHOM aKpUJIOBOW CBSI3U.

T, % _350L, IT
100 4 1 [
2 L 30
L
80 - L5
B
60 - L
L 15
a L
40- -1u
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204
[1]
—_———TTr 7777
0 0 2 30 40 S0 @ F0 8 90
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VYcnosue cuntesa: [BIT] = 70 00.%, [BAA]=0,2 mo1b.%,
[H20] =30 06.% B UMC

Pucynok 2 — 3aBucumocTs BbIxona renb-hpakinun (1) u paBHOBECHOI crenieHn HabyxaHus (2)
ruaporeneii [1BI1 oT mornomieHHo# 10361 00TyYeHHS
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W3 pmaHHBIX pUCYHKa 2 BHAHO, 4TO ()OPMHUPOBAHHME Teisi C HEOOXOIUMBIM IapameTpamMu
nocruraercs npu goze odmyuenus D=25-30 x['p, ¢ BeIxogoM merneBoro mpojaykra 55 mace. %,
konyectBo BoJbl B UMC He nomxHo npeBbimath 30 06.%. Ilpu 6oee BBICOKUX J103aX 00Iy4YeHHS
BBIXO/[ CIIUTOTO COIOJIUMEPA BO3PACTAET, OIHAKO CHUKAETCS €r0 paBHOBECHAsI CTENICHb HAO0yXaHUs
B BOJIC.

HccnenoBana kuHeTHKa HaOyxaHHsl THApPOresied TPaBUMETPUUYECKUM  METOAOM st
MPEIBAPUTEIILHO OTMBITBIX W BBICYIIEHHBIX THAPOreNei, a TakkKe s HENOoCPEICTBEHHO
CUHTE3UPOBaHHBIX ruaporeneid. B mociaennem cioyuyae oOpasibl ruaporeneit cpasy mnocie CUHTe3a B
¢dopme TabIETOK MEPEeHOCHWINCh B JIUCTHIUIMPOBAHHYIO BOJIY W HCCIENOBAIACh WX KHHETHKA
HaOyxanus. Iloka3aHo, 4TO C TOBBIMICHHEM J103bl OONYUYCHHS JJIsl CHMHTE3MPOBAHHBIX O0PAa3LIOB
ruaporeieil HaONIONAeTCd CHMKEHHE CKOPOCTH HaOyXaHHs, a TaKKe BEJIMYMHBI PAaBHOBECHOU
creneHn HaOyxaHus (PUCYHOK 3). MOXXHO MpEIIONOKUTh, YTO 3TO OOYCIOBJICHO MOBBIIICHUEM
CTETEeHU CIIUBAHUS CUHTE3UPYEMBIX THAPOTeIei U, COOTBETCTBEHHO, CKOPOCTH AU(dy3uu BOIbI B
o0bem remss. OgHako B HCCIEAyeMOM JWamna3oHe 1103 OOJIyueHus [ BceX 00pasloB
CUHTE3UPOBAHHBIX THUIpPOTeNicii paBHOBECHas cTeneHb HaOyxaHus gocturaercsa Ha 15-17 cyTku
MocJie Hauana rnpoiecca HabyxaHus B BOJE.

oI/

40
30
20
10

| | | |
10 20 30
Bpems, cyt.

VYcnosue cuntesa: [BII] = 70 06. %, [CA]=0,2 monb.%, [H20] =30 06.% B UMC.
Jo3a o6nyuenus D: 20 (3), 30 (2) w40 (3) xI'p

Pucynok 3 — Kuneruka naGyxanus rugporeneit I[1BI1,
HOJYYEHHBIX P Pa3IMYHBIX MOTIOMIEHHBIX 103aX 00IyUYeHHs

C wuenpl0 TPUTOTOBICHHUS Ma3emnofoO0HON KOHCUCTEHLMH Kycku oTtMbitoro rens I[IBIT
pasMenpyaIich 10 Pa3MEpPOB YacTUIL, 00ECIEUNBAIOIINX HEOOXOIUMBIE PEOJIOTHUYECKHE CBOMCTBA
KOHEYHOT'0 POYKTa rujaporesns Ha uamensunresne Gupmel «Bosch» Concept 7200 electronic.

Jlnst peanuzaruu 1ab0paTOpHO TEXHOJIOTHH MOTYUYEHHUS TAKOW Ma3u B HACTOAIIEH paboTe ObuH
0TpaboTaHbl OCHOBHbBIE TEXHOJIOIMUECKHE ONepallui, TaKue KaK paJualliOHHO-XUMUYECKUN CUHTE3
ruzaporenss Ha ocHoBe BII, oTMmbIBKa renst oT HempopearupoBaBLIET0 MOHOMEpA, M3MEIbUeHHE
KYCKOB Trejisl 0 Ma3enol00HON KOHCHUCTEHIMH AJi MOoJdy4YeHHus ruaporeneBoro marepuana (I'M),
UCMOJb3YyEMOr0 B KayeCTBE Ma3eBOM OCHOBBI C TpeOyEeMBIMH PEOJIOIMYECKHMMHM IapaMeTpaMu,
BBeieHHe X1 B ITOy4YEHHBIN reJIeBbli MaTepUall, yIIaKOBKaA U IIp.

B nacrosimeit pa6ore B PI'TI "HanumoHanbHBIA LEHTP 3KCHEPTU3BI JICKAPCTBEHHBIX CPEACTB,
W3JIeMH MEAULIMHCKOIO HAa3HAUYEHUs U MEIMLMHCKON TEXHMKHU'" NJIS MOJIyYEHHBIX THIpPOTEIEBBIX
Ma3ell Ha OCHOBE CHIMTOrO MoJM-N-BUHUINIUPPOINIOHA, COAECPIKALIMX XJIOPTeKCUANH OUIITIOKOHAT,
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B yCJIOBHSAX “IN VIVO” ObLIM TPOBEACHBI HCCIICIOBAHUS HA MPOTHBOBOCHAIUTEIBHYIO U
PaHO3aKUBJIISAIOLLY0 AKTUBHOCTH.

[IpoTrBOBOCTIAIUTENIbHYIO AKTUBHOCTh HCIIBITYEMbIX Ma3ed H3ydaad Ha MOJEIU OCTPOro
BOCTIAJIMTEIBHOTO OTEKa, BBI3BAHHOTO CyOIUTaHTapHBIM BBeJAeHHEM (uororeHa — QopmananHa
(Mozenb «(popMaTMHOBOrO» OTEKa JIAlKK). DKCIEPUMEHTHI MPOBOJMIN HAa OENbIX O0ECrOpOIHBIX
Kpbicax. OcCTpblil BOCHANIUTENIBHBIM OTEK BOCIPOM3BOAMIN CYOIIaHTApHBIM BBeACHUEM (IIOJ
MOJIOIIBEHHBIN aloOHEeBPO3) B 3aJHIO mpaByio jamy Kpbickl 0,1 Mi 2 % BogHOro pactBopa
dbopManuHa. BeIpaKeHHOCTh OTE€Ka OICHMBAJIW MPU W3MEPEHUHU TOJIIMHBI JIATKU IMOJAONBITHOTO
KUBOTHOTO C MOMOIIBIO IITAHTCHIIUPKYJIS 10 BBeneHUs (popmanuHa U 4yepe3 24 daca, a Takxke B
JMHAMUKE 4epe3 KaKble 7 THEN B TEUCHHUE IKCIIEPUMEHTA.

[TosrydeHHBIE 3KCTIEpUMEHTANBHBIE JAaHHBIE, OTPAXKAIOUINE JUHAMUKY OObeMa MOpaKCHHOU
KOHEYHOCTH KpBIC MpencTaBiieHsl B Tabnuie 2. Mccnemyemple MaTepuaibl: THIPOTEIeBblE Ma3H U
MOBSI3KK (C pa3iuyHbIM coepxaHueM XI') HaHOCWIM, HayMHas cO 2 JHA SKCIEPUMEHTa,
©XKETHEBHO, HAPYKHO Ha 3aIHIOI0 MTPABYIO JIAIIKY KPBICHI.

OneHKy akTHBHOCTH HCCIEAYEMBIX OOpa3IOB MPOBOJWIM IyTEM CpPaBHEHHS aOCONIOTHBIX U
OTHOCUTENIbHBIX JIaHHBIX B OMNBITHBIX W KOHTPOJBHBIX TPyHHax MEXAY WCXOIHBIMH U
MOCIEAYIOIMMH TTOKAa3aTeNIsIMU U BBIPAXKaJU B MPOIICHTaX YTHETCHUSI OTeKa.

[Ipu mpoBeAeHWM SKCHEPUMEHTOB IO HCCIIEAOBAHHIO O€30HMacHOCTH W (hapMaKOIOTUYECKOM
aKTUBHOCTH HMCXOIWJIA W3 TpeOOBaHWI AEWCTBYIOLIEH rocynapcTBeHHoi ¢apmakonen (I'®) PK
nepBoe u3gaHue, u «PykoBOACTBa MO IKCIEPUMEHTAILHOMY (JOKIMHUYECKOMY) U3YUEHUIO HOBBIX
(dhapMaKkoJIOTHIECKUX BemiecTB» moj pea. Xabpuesa P.Y. Mocksa, 2005 r. KonTposiem ciryxuia
rpyInna HeJIeUYeHbIX KUBOTHBIX.

Tabnuna 2 — JluHaMuKa yMEHbIIEHUS! 00beMa NMOPAKEHHOW KOHEUHOCTH KPbIC («(POpPMaIIHOBOT0»
OT€Ka) HCCIEeIOBAaHUM TNPOTUBOBOCHAIUTEIBHON AaKTUBHOCTH THUIPOTENEBBIX Mazed U MOBS30K,
coaepxammx XI'

O6beM nopakeHHON KOHEUHOCTH (MM)

BroanMmerit WNurubupoBaHue oTeka

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

KonTpons 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 %

l'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
001a/1al0T BBIPAKCHHOW MPOTHBOBOCHAIUTEIHHON AaKTUBHOCTBIO, YTO BBIpaKaeTcss B Oolee
OBICTPOM CHIDKEHHH O0BEM TMOPAKEHHOW KOHEYHOCTH [0 CpPaBHEHHUIO C KOHTPOJBHBIMHU
AKCIEPUMEHTAMH (HEJICUCHHBIMU >KMBOTHBIMM). [IpernapaT cHMKan MpUpOCT Macchl OTeka Ha 27-
41% 10 CpaBHEHHIO C HCXOAHBIM 00OHEMOM JIATIKH.

AHTHOaKTEpUaIbHYI0O aKTUBHOCTh THJIPOTENIeBbIX Masell, conepkammx X, ompenensiu o
creneHn uHrHOUpoBaHus pocra S. aureus ATCC 25922 (tumosoit mramm noiydeH B [ICK um.
JILA. TapaceBuua, r.MocKkBa) 1ocjie HHKyOaluy ¢ aHTUCENITUKOM B COOTBETCTBUU ¢ EBponeiickum
CranmapToM OIpeAesIeHUs] CKOPOCTH MHAKTHUBALMKA MUKPOOPraHu3mMoB aHTucentukoM (European
Standard EN 1040, 1997).

O6pasubl ruaporeneBbix Mazeid Ne 1-6 Becom mo 30 mr, comepxkamux 0,05-0,5 macc.% XTI, B
ACEeNTUYECKUX YCIOBUAX BHOCWMJIM B IUIOCKOJOHHBIE KOOI ¢ 30 M CTEepUIIbHOM
JUCTUJUTMPOBAHHOW BOABL. B kaxayro mpoOy 100aBsiiif mo 3 MIJI CyCHEeH3UH CYTOYHOU KYJIbTYpPbI
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 unky6auuu 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
eauHun)) Oaktepuid B 1 M HMHKYOMpPOBAHHBIX CYCIIEH3UH IMOJCYUTHIBAIM B COOTBETCTBUHU 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 ruiporeBbIXx Ma3eil Ha OCHOBE rejljlaHa Ha pOCT KyJIbTYphl OakTepuit S.
aureus ATCC 25922 npu nnky6auuu 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

[Tpumedanue — IllpudTom BEIIENEHB KOHIEHTpAMKA OakTepuii B MpoOax, COOTBETCTBYIOIINX

MUHHMAaJIbHOMY CPOKY MHKYOAlllH, IPOAEMOHCTPUPOBABIIEMY HHIHOUPYIOMINN 3P PEKT.

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

* M-MUHYTBI, 4-yacskl HHKyOarmnu. KOE-konoHneobpasyromnye eAuHuIbl OakTepuii
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Takum 00pa3oM pe3ynbTaThl MEIUKO-OMOIOTHYECKUX HCCIEIOBAHUIN CBHUICTEIBCTBYIO O TOM,
YTO TOJy4eHHBIE 00pa3ubl ruaporenueBoil masu Ha ocHose IIBII, comepxameit XI', obnanator
MPOTHBOBOCIIAJIUTEIBHON U aHTHOAKTEPHATEHON aKTHBHOCTBIO.

Kontpons-1 ¢ renem 6e3 XI' He momaBmsin poct GakTepuil. 3a 7 4 UX KOJUYECTBO BBIPOCIO B
CpPaBHEHHU C HAYaJbHOM KOHIEHTpalueil B 5 pa3, JAOCTOBEpPHO HE MpeBbIlIas pPe3yJbTaThl B
koHTpoiie 6e3 rens (K). Uepes cyTku mHKyOaIuu KOJIMYECTBO OaKTEpHil B KOHTPOJBHBIX 00pasiax
K u K-1 cocraBumno 5x108 KOE/m.

B Bapuantre ¢ xoHuentpauueid XI' B reme 0,05 macc.% mnonaeineHue pocra B 10 pa3 mo
OTHOIIICHUIO K KOoHTpoiro 6e3 rens (K) mabmroganock yepes3 5 gacoB u B 330 pa3 - uepe3 7 4acos.
[TomHOE OTCYTCTBHE pOCTa HAbIIOAAIH Yepe3 9 yacos.

B Bapuante c¢ konuentpamnueit XI' B reme 0,Imacc.% mnonaBieHue pocra OakTepuil 1o
OTHOIIEHNI0 K KOHTpoiro 0e3 rens (K) depes 5 m 7 wacoB Obu1o 10-kpataeiM u 100-KpaTHBIM
COOTBETCTBEHHO. Uepes 9 yacoB MHKYyOALUU POCT OTCYTCTBOBAJ MOJTHOCTHIO.
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THE PROBLEM OF OVERCOMING LGBTQ PHOBIAS
IN KAZAKHSTAN: SOCIO-ECONOMIC CONTEXT
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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.

Kaszipei ocazoatioa LGBTQ — kyn mopmibi ic oicy3inOe Kazax KOo2aMblHOAZbl KAUULLILIKMAPObl
apmmulpamvlH  (pakmopaapovly  0Oipine aiimarein  omwelp. bByn Kyn mapmibin  bapabap mypoe
MoOepHusayusanay Kesinoe OHbl Myn0eMm KepiciHuie Kondawyea Oonamuvlnvl KepcemineeH. byn mesucmiy
Oaneli KNacCuKanvlk (eyponanvlk Cana Yuiii) MOHO2AMObIK OMOACLIHbIE KA3Ipel 0a20apblCblHbll CUNAMbIH
manday Hezizinoe xenmipineen. byn dagdapwvicmouiy obvexmuemi cunamxa ue exenoiei JcaHe ey andblMeH,
Jcexe  a0amoapobly aNeyMemmiK JHCoHe OUONOSUSLILIK JHCEMITY JHCACHIHBIY aAPACLIHOAbL ATUAKIMBIKIMAH
MYLIHOQUMbBIHGL  MYPATbl  KOcbiMuia Oanendep Kenmipineen. LGBTQ - xkyn mapmibin  Oe-gpaxmo
NONYIAYUAHLIY ~ YOalibl  OHOIPICIHIY — «YWIiHWIY mMypiHe calikec KelemiH omoOAcbl KYPbLIbIMbIH
KAIbINMACMbIpyObly, alebluiapmsl peminde Kapacmulpy2a Ooramulibl Keopcemineen. [lonynayusnvly yoaiivl
OHOIpICIHIY Oy MYPIH Kaniblnmacmulpyovly 00beKmuemi Kadcemminiei Oap, 6UmKeHi aneyMemmiK JCoHe
OUONOCUANBIK HCEMITTY HCACHL APACHIHOARLL AIUUAKMBIK KIACCUKALLIK MA2bIHAOA epeceKkmep Oe, bananap oa
den amayea 60IMAUMbIH NONYAAYUSHBIY elleyii Kabamviubly namoa 6oayvina axenedi. Onap OUOLOSUALBIK
Jrcazvinan epecexmep, OIpaK aneymMemmik JHCAbIHAK bananap dcoHe OV MeHOeHYus: HCaKblH boaauiakma
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ocedi cebebi Gencendi omip Y3aKMbIbIHbIY YASAlbIH, COMBIMEH Kamap MmadblCmbl MAHCAN VWIH JCeKe
MYNEanvly OAp2an callbli Ken LM JHcUHaKmayviHa dairanvicmol. Makanada xanvixmoly Yoativl 6HOIPICIHIY
«YWiHWiy mypi mypanbl MaceleHiH ~KOmepilyiHiy o031 KazaK KO8aMblHOAd OmOACHLIbIK-HeKeNiK
KamviHACMapoagvl HCAHAUBLIObIKKA KO3KApac maceneci 60uvbiHuwia 0enzini Oip KOHCeHCYCmbl myOvlpambiHbl
KepcemiyzeH.

Tyiiinoi co3z0ep: LGBTQ-xyn mopmibi, xanvikmeiy Kebeiol, KOLAMObIK-CASACU  MYPAKMBLIbIK,
MOHO2AMObIK 0MOACHL 0A20APBICHL, dNEYMEMMIK-MIOEHU KOO, KON dUel ary, NOAUAMOPUSL.

B cnoocuswuxca  ycnosuax LGBTQ-nosecmka Oe-¢hakmo cmaHo8UmMcs OOHUM U3 (hakmopos,
VCURUBAIOWUX — NPOMUGOpeuUsi 8 Kazaxcmauckom obwecmege. Ilokasano, u4mo npu  a0ek8amHoll
MoOoepHU3ayuU OaHHOU NOBECMKU, OHA MOodicem Oblmb UCNONb308AHA 8 NPAMO NPOMUBONONONCHOM KIIOUe.
Hoxaszamenbcmeo Oannoeo mesuca 0aemcsi HA OCHOBe AHANU3A XAPAKMepa meKyujeeo Kpusuca
Kaaccuyeckoll (0711 e8ponelicko20 CO3HANUSA) MOHOAMHOU cembul. J{aHbl OonoanumensbHovie 00KaA3amenbCcmea
mMo2o, 4mo OaHHBLL KPUUC HOCUM 00BLEKMUBHbLU Xapakmep u 00YCl06NeH, 8 Nepeylo oyepedb, pa3pbleom
MedHcOy 803pACMAMU COYUATBHO20 U OUONIOSUYECKO20 63pocienus unousuoos. llokasauno, umo LGBTQ-
nogecmka 0e-ghaKmo ModHcem paccmampusamvcs KAk npeonocvlika 07 hopmMuposanus CmpyKmypbl Cembvl,
omeeualowjell «mpemvemyy muny 80CHpousgo0cmea Haceienus. B @opmuposanuu maxoco muna
B0CHPOU3BOOCBA HACENCHUS CYUWEeCnEyem 00beKMUBHAs NOMpPeOHOCHb, MAK KAK HApACmaiowjull paspulé
MedHCcOy 803pacmamu COYUanrbHo20 U OUONIOSUYECKO20 83POCNEHUs NPUBOOUM K NOABIEHUIO 3HAYUMENbHOU
NPOCNIOUKU HACENeHUs, KOMopble He MO2ym Oblmb HA36AHbL HU 83POCAbIMU, HU OembMU 8 KIACCUYECKOM
NOHUMAHUYU dMuX mepmunos. Onu AGIAIOMCI 83POCILIMU OUONOSUYECKU, HO OembMU COYUANLHO, npuiem
OauHasi meHOeHyuss 6 0003pumom Oyoywem Oydem MOALKO HAPpACMAMb KAK 8 CULY Y8eluyeHus
APOOONNCUMENLHOCTU AKIMUBHOU HCU3HU, MAK U 6 CUTY MO020, Ymo OJid YCNewlHoU Kapbepvl UHOUBUO
doaicen Hakonumy ece bonee oowUpHbIli 00vEM ungopmayuu. Iloxkaszano, ymo cama NOCMAHOBKA 8ONPOCA O
«mpemvem» mMune GOCHPOU3BO0CMEA HACENEeHUsI MOJicem obecneuums OnpeoeneHHbll KOHCeHCYC 8
Ka3axcmanckom obujecmee 6 6onpoce 06 OMHOUEeHUU K UHHOBAYUAM 8 CeMeUHO-OPaAUHbIX OMHOUEHUSIX.

Kntouesvie cnosa. LGBTQ-nosecmka, 6ocnpouzsoocmeo HaceneHus, CcoyudaibHO-NOAUMUYECKAS.
CcMadUILHOCMb, KPUSUC MOHOSAMHOU CEMbU, COYUOKYIbIMYPHDLIL KOO, NOAULAMUSL, NOTUAMOPUS.

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, npogheccop,

akademux Hayuonanonoti unsiceHepHoli

akademuu PK, npe3zuoenm nayumo-

mexHuueckozo oowecmea « KAXAK»

17 mapra 2024 r. ucnomumwnocs 70 ner I'puropuio AnekceeBuuy MyHy, mnpodeccopy
Kazaxckoro HalMoHaIBHOTO YHHUBEpPCUTETa UM. ajb-Dapabu, BBHIAAIOMIEMYCS YYEHOMY, IOKTOPY
XMMHUYECKHX HayK, podeccopy, akageMuky HarronansHoi nHxeHepHoii akagemuu PK.

Myn I''A. — ydeHbli Bo BTOpoM nokoneHuu. Ero oren Anekceit MHceHoBMY4 MyH, TOKTOp
XUMHUYECKUX HayK, npodeccop, 3aBeayrouuii nadoparopueit MHctutyra XuMuyeckux Hayk AH
Ka3zCCP. Kanmupmarckyro auccepTaiuio 3amuTuid B 1952 1. moa pyKOBOJCTBOM YUYEHOTO C
MUPOBBIM UMeHeM akajgemMuka M.U. YcanoBuua. [lokTopckyto nuccepTaruio 3auuTtui B 1967 r.,
IpyUYeM B TOT NEpUOJ B TEUYEHUE JIMTENbHOro BpeMeHH A.W. MyH SBIsUICS €QMHCTBEHHBIM
kopeiineMm B Kazaxcrane, 3alIUTUBIINM JOKTOPCKYIO JUCCEPTALMIO 10 XUMUYECKUM HaykaM. A.J.
MyH— BHJIHBIH YYEHBIM-XMMHK, TpPyAbl KOTOPOrO OOIIENpPU3HAHBI, IIHPOKO M3BECTHBI U
BOCTpeOOBaHbI B HAy4yHOM MHUpe U B Hacrosmee Bpems. OH sBIsSeTcd OAHUM U3
OCHOBOIIOJIO)KHUKOB HAY4YHOT'O HAIPaBJIEHMs, CBS3aHHOIO C (DU3MKO-XMMHUEH U TeoXumuen
MHUKPO3JIEMEHTOB, CTABILErO B HACTOSAIIEE BPEMsI CAMOCTOSITENIbHOM, MHTEHCUBHO Pa3BUBAIOIIEHCS
00JacTbI0 €CTECTBO3HAHMSI HA CThIKE XUMHUYECKOW Hayku U reojoruu. OmyOJIMKOBAaHHBIM UM
dbyHIaMeHTaNbHBIA TpyA B Buie MoHorpaduu «PacnpeneneHue MHUKPOIIEMEHTOB B BOJOEMax
Kazaxcrana» B coaBropctBe ¢ akagemukoM A.b. bekryposeim (M3a. «Hayka», Anma-Ara, 1971 r.)
U B HacTOfAIIEe BpeMs MPUBJIEKAeT BHUMaHUE (PU3NKO-XHMMHKOB, T€OXHMHUKOB, THJIPOXHUMHKOB,
paloTaronM B JaHHOW 00JacTH, SBJSETCS MEPBOM KHUTOM MO F€OXMMHHU PEIKUX M PACCESTHHBIX
3JIEMEHTOB B KOHTUHEHTAJIbHBIX OacceiHax.

IIpopeccop I'.A. MyH oOueHb TOPAUTCS CBOMUM OTIHOM. M3 JHETCKMX M IOHOIIECKUX
BOCIIOMHHAHUH caMmoe TIiIyOOKoe BIeuaTiieHHe — OTell Bcerja B paboTe, THEM M HOYBIO YTO-TO
MUIIET, KAaKKe-TO HAyYHBIE CTaThH, €r0 KOJOCCATHHOE TPYIOII00ME  pabOTOCITOCOOHOCTH MPOCTO
nopakaer. UMenHo nox BiausiHueM otia [.A. MyH caenan cBoil BEIOOp B Mpodeccuu — XuMus, a
TaK)Ke ONpPENEeNUI JaJbHEUIIYI0 CBOIO 00JacThb HAYYHBIX WHTEPECOB U MCCIEAOBAHUN — XUMHS
MOJINMEPOB.
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Cynpba I''A. MyHa B Hayke CKJaJbIBajlach JOBOJBHO HTepecHO. [0 4-ro Kypca OH ydmics B
Ka3l'V, a motom B 1976 r. ¢ pomurensimu mnepeexan B Poccuro. IlepeBerncsi Ha XUMUYECKUA
¢akynmprer MI'Y um. M.B. JlomMoHOCOBa, IMIUIOMHYIO pa®OTy BBINOJNHSI B Jaboparopuu
TEOPETUYECKHX TMPOOJIEM OpPraHWYeCKOW XUMHH, KOTOPOH HEMOCPEICTBEHHOH PYKOBOIMII
JICTEHJIApHBIA Y4YEHbIH C MHUPOBBIM HMMeHeM akajgeMuk Omner AsekcanjapoBuu PeytoB. Ero
naboparopusi, OH caMm, KaK YYeHbIH, €ro JIeKIIMM Ha BCIO JKHM3Hb MpousBenu Ha [.A. Myna
cuibHelee BredarieHue. [loatomy Ham AWIUIOMHON paboTol OH paboTan JIeHb W Houb. Bce
paboune 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 padOThI OH MPOCTO HE MPEACTaBIsLI. BUanMo Toraa oH nmpoussen
CTOJIb XOpOIIIee BIICYATICHNE Ha CBOETO HEMOCPEICTBEHHOTO PYKOBOAMUTEIS IO TUIUIOMHOM paboTe
npodeccopa K.I1. Bytuna, 9T0o TOT mpHUTIIackiI ero K cede B aCUPaHTypy.

Ho Bce-taku mo psny mpuuuH [.A. MyH Juis NOCTyIUIEHHS B acUpaHTYpy BbIOpan kadenapy
BBICOKOMOJIEKYJISIpHBIX coenuHenuii (BMC) MI'Y, B To Bpems camyto momnonyto kadeapy B MI'Y,
rae paboTaliy caMble MOJIOJbIe U MEPCIEKTHUBHBIC JOKTOPAa HAYK, HAyUHBIE JOCTHXKEHHUS KOTOPBIX
TeM HEe MeHee Yxe ObUIM Ipu3HaHbl BO BceM HayyHoM wMupe. CBOMM HpHUMEpPOM, CBOUM
0e33aBeTHBIM OTHOIICHHEM U MpPEeJaHHOCThI0 K Hayke [.A. MyHa o4eHb BIOXHOBISUT Hpodeccop
Bnagumup Bbopucosuu ['ony0eB, ero HemocpeICcTBEHHBIM pyKoOBOAWUTENb, KoToporo I A. MyH
CUMTAET CBOMM OTIOM B Hayke. OTO ObUI 3aMedaTebHbI, OYEHb MHTEPECHBIH 4YEJIOBEK U IO-
HACTOSIIEMY BBIIAIOIIUICS YUYCHBIH, MONB3YIOMIHICS a0COTIOTHBIM aBTOPUTETOM U YBOKEHUEM B
MI'Y. Bmectre co cBoum pykoBoauteneM [.A. MyH mNpoBOAWJI JJINTENbHbIE 3KCIEPUMEHTHI,
3a4acTyl0 OCTaBasiCh B jJaboparopuu Kpyrible cyTKd. PaboTaTh B Takoil TBopueckoi arMmocdepe
ObUIO KpaifHe HHTEPECHO.

B 1o Bpems xadenpy BMC Bosrnasmnsin unen-koppecnionienT AH CCCP B.A. Ka6anos. Toraa
eMy Obu10 uyTh OoJbiie 40 J1eT, HO OH YK€ ObUI BBIAAIOLIMMCS YUEHBIA ¢ MUPOBBIM UMeHeM. Torna
g acriupanTa [ A. MyHa oH Ka3ajcsi JOCTaTOYHO B3pOCIbIM, CPEIHUX JIET podeccopoM. TosbKO
nozxe st [LA. MyHa cTano MoHSTHO, YTO JOOUTHCS TAaKOro IMpPHU3HAHMS B MUPOBOM B HayKe B
TaKOM MOJIOJIOM BO3pacTe — 3TO OIPOMHBIN BBIJAIOIIMICS yCIeX, KOTOPOro JOOMBAETCs JaJIEKO HE
kaxapid. Axkanemuk B.A. KaGanos mnsa I[.A. MyHa Bcerja Obul U SBJISIETCS KYMHUPOM U BEJTUKUM
npuMepoM 0€33aBETHOTO Cily)keHus: Hayke. [losromy cregyeT HeMHOro moOojblie O HEM
pacckasars.

DyHIaMEHTAIBHYI0 HAayKy 4acTO KPUTHKYIOT 32 OTCYTCTBUE IPAKTUYECKOW OTAAYH, IIPU 3TOM
MHOTME YUHOBHUKH OT HayKH UCKPEHHE CYMTAIOT, YTO (hyHJaMEHTalIbHasl HayKa BOOOIE HEe HYXKHa,
MTOCKOJIbKY OHa CJIMILIKOM OOpeMEeHHUTENbHA [Tl OI0JIKeTa CTPAHBI.

B.A. KabaHoB ObUT HE TOJIBKO BEIMKUM YYEHBIM, HO U BEJIMKHM IPaXXTAHUHOM U MaTPUOTOM
CBOEH CcTpaHbl, aOCOJIOTHO TIPEIaHHBIM Hayke. Bcell cBoelt HayuHOH NeITeIbHOCThIO OH HArJISIHO
JIOKa3bpIBaJl, YTO HET HHUYero Oosiee MPaKTUYHOIO U HEOOXOJMMOIO il YelIOBEYEeCTBa, YeM
(dbyHIaMeHTalbHAas HayKa.

Bcio kM3Hb TUIONOTBOPHO 3aHUMasCh (yHJIAMEHTAIbHBIMM HccienoBaHusMu, B.A. KabGanos
OJIHOBPEMEHHO TPYAWJICS U HaJ UX NMPAKTUYECKOM peanusanuei. 1o ero HaydHbIM pyKOBOACTBOM
Ha OCHOBE (P)YHJJAMEHTAJIbHBIX UCCIIEOBAaHUM B 0071aCTH HAJAMOJIEKYJIIPHON CTPYKTYpPHI U (pU3HKO-
MEXaHUKE TIOJUMEpPOB ObTM pa3paboTaHbl M BHEJPEHbl TaKHEe HOBBIE TEXHOJIOTUH Kak
MIPOM3BOJICTBO  IMOJIUIIPONUIICHOBBIX IUJIEHOYHBIX HUTEH C MOBBIILIEHHBIMA POYHOCTHBIMU
XapaKTepUCTUKaMH, IIUPOKO HCIIOJIb3yeMble B MIPOMBINIICHHOCTH. BHeIpeHne 3Toi TeXHOIOTUN B
MPAKTUKY MPUHECIO KOJOCCAIbHBIA 3KOHOMHYECKUN 3(PeKT, ucunuciasieMblii MHOTMMH COTHSIMU

108



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

MWIIHOHAMH pyOIiei, a B TO Bpemst pyOiib KaK, U3BECTHO, 10 KypCy CTOMJI JOPOKE aMEPUKAHCKOTO
JoJu1apa.

B 1986-1987 rr. B.A. KabaHOB COBMECTHO C MOJOABIMH COTPYAHHKAMHU CBOEH Kadeapsl
npodeccopamu A.b. 3ezunbiv, .M. [lanucoeiM, JI.b. CTporaHoBbIM IpUHSIT HEMOCPEACTBEHHOE
ydacTHe B JMKBUIAUMU nocieacTBuil YepHoOblIbcKkOM aBapuu. Bmecte ¢ HUMM OH paszpaloTtan u
IPUMEHWI TOJIMMEPHYIO PELENTypy Ha OCHOBE HMHTEPIIOJUIIEKTPOJIUTHBIX KOMIUIEKCOB IS
IIPEIOTBPALCHUS MUTPAlMU PAJMOAKTUBHOW MBUIM B 30HE aBapuu. ONTHMaabHOE TEXHUYECKOE
pelieHre ObUIO HaiieHo Onarojaps paHee NPOBEAEHHBIM (YHIAMEHTAIbHBIM HMCCIEJOBAHUAM, a
mnuHoe ydactue KaGanoa B.A. B mpakTtuueckux paboTax, B TOM 4YHCIIE, U HAa MECTE aBapHH,
IIO3BOJIMJIO B KpaTyailllie CPOKH MPOMTH MyTh OT JaOOPAaTOPHBIX W IOJEBBIX HCHBITAHUH 0
MPOMBIIIJICHHOTO MPOU3BOACTBA M MPUMEHEHHs PELEeNTyphl. 3a TP KOMAaHAUPOBKH B UepHOOBLTH
B.A. KabaHOB ¢ cOTpyAHMKaMH HpPOBEJI HEMOCPEACTBEHHO Ha 3apaKEHHBIX Y4YacTKax OKOJO
IBaALATH JHEH, 4TO, BO3MOXKHO, IOCIIY>KWJIO IIPUYMHOM €r0 PaHHEro yXoJa U3 JKU3HM, a TaKKe
npodeccopo JI.b. Ctporonora u M.M. Ilanucosa.

3aBeplIMB AMCCEPTALMOHHYI0 paboTy M 3allMTHB KaHAMJATCKylO auccepranuio B MIY
I"'A. MyH crmycTsi HEKOTOpOe BpeMs BEpHYJICS B POJHON ropoj Anmatbl. Y Hero Obla BBIOOp —
noitu paborats B MHCcTUTYT Xxumudeckux Hayk, ITomurexuuueckuit mnctutyt wim Kasz['y. On
BoIOpan Ka3l'V, kadenpy XwMuu BBICOKOMOJEKYJSPHBIX COCIWHEHHMH, MOTOMY 4YTO 371€Ch Ha
kadeape B TOT NEepuOJ HMHTEHCHUBHO pPAa3BHBAJIOCH HAyYHOE HANpaBIEHUE 110 TOJIMMEpPaMU
OMOMEIMIIMHCKOTO Ha3HAYeHUs, KOTOpoe Bcerna npusiiekano Myna IA. U ¢ Tex mop omHO u3
OCHOBHBIX HAaIIPABJICHUH €T0 HAYYHOH JESITEIBHOCTH CBSA3aHO MMEHHO C 3TUM HAIIPABICHUEM.

Cnenyetr otMeTUTh, 4TO B KOHIlE 80-x—Hauane 90-x rogos I'.A. MyH ¢ cotpyaHukamu B KazHY
BIiepBble B KazaxcraHe Hauain 3aHMMAaThCsl OJUMEPHBIMU THJIPOTEIsIMU. DTO HampapieHue ObLIO
uHUIMUpoBaHo mpodeccopom 3aype CarueBHoit HypkeeBolt u axanemukom Epenraumnom
ManukosuueM IllalixyrnuHoBeIM. B nanpHelinieM OHM cTaldu HayYHbIMH KOHCYyJbTaHTamu [.A.
MyH no nokropckoit nuccepranuu. Cieayer OTMETHTb, UTO B TO BpeMs B Kazaxcrane naxe cpenu
YYEHBIX MaJlo, YTO OBLJIO M3BECTHO O MOJUMEPHBIX TMIPOTeNsiX, STUX YHHKAIbHBIX MaTepuasax,
CIOCOOHBIX 00PAaTUMO yAEPKUBATH BOJIY B KOJIOCCATBHBIX 00beMax.

OpaHO U3 nepBbIX NPAKTHUECKUX BHeIpeHuil B Mmeaunune npogeccopon 3.C. Hypkeesoit u I'.A.
Myna — ato renb g Y3U-nuarHocTuku, 00ecrednBaronfnil KOHTaKT MEXIy KOXKel MmalueHTta u
MOBEPXHOCTHIO naTuuk Y3HW-annapara. B 90-x ronax Ha 3ape yJapTpa3BYKOBBIX JMAarHOCTUYECKUX
uccinenoBanuii B PK takoii renp 3akynanu 3arpaHuned 3a BantoTy. Korna neitanuce UCronb30BaTh
B KAQueCTBE 3aMEHUTENS pa3INyHbIe KUAKOCTH, BPOAE TIUIEPUHA WM TEHBI A OpUThS, TaTYUKU
JIOMAJIMCh, a 3TO JOPOTOCTOSIIMN KIIIOUEBOM 3JIEMEHT B AWarHoctuyeckor Y3M-ammaparype.
Komannoit 3.C. HypkeeBoii u I'.A. MyHna Bnepsbie B Kazaxcrane Ob11 pazpabotan rens aisa Y 3U-
JMarHOCTHKH, KOTOPBIA YyCHEIIHO B HeOONbIIMX o0bemax MmocTaBisuics B knuHuku PK u maxe
Poccun.

[Tozxe B koHme 90-x romoB I'.A. MyHoM Obl1 pa3paboTaH YHHUKaJIbHBIH THAPOTEIEBBIN
MHBEKIMOHHBI MMIUIAHTALIMOHHBIM MaTepuan «['Jmkorenb», Mpu MCIONB30BAaHUM KOTOPOIO IJIs
XHpypra oTnagaeT HeoOXOJIUMOCTh HaHECEHHs! OOIIMPHBIX TPaBMaTHUYHBIX pa3pe30B, MOCKOJIbKY
PeoJIOrnYecKre CBOICTBA 3TOr0 MaTepHala MO3BOJSIIOT BBOJUTH €0 B KOPPEKTHpPyeMble 00JacTu
OpraHu3Ma ¢ IMOMOIIBIO IINPHIIA (MHBEKTOPA) U UIJIBL, TUOO C UCMOIB30BAHUEM JH/I0CKOIMMYECKON
TEXHUKH B KOJIMYECTBAX JOCTATOYHBIX JUI AOCTHXKEHMs CTaOWJIBHOIO (YHKIHMOHAIBHOIO H
I1acTHYecKoro 3¢dexkroB. DTO 3a4acTyr0 MO3BOJISIET MPOBOIUTH ONEPALUIO MO MJIACTUKE MATKHX
TKaHell B aMOyJIaTOPHBIX YCIOBHSIX.
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B mepuon ¢ 2003 mo 2005 rr. Gmaromapsi 3TOMy HMMILIaHTAIlMOHHOMY MaTepuany Oonee 200
OONBHBIX JEeTeW, CTPAJAOIMX THKEIOM TAaToMOTHe B BHUAE HA3bIBAEMOTO  ITy3BIPHO-
MOYETOYHHUKOBOTO peduitokca, o0omumch 0e3 TOJOCTHOM omepauud W ObUIM  W3JICUEHBI
supockonudecku. Ho cpok Beimannoit M3 PK nunensun 3akonuwmscs B 2005 r., a BCe MOMBITKU
IpOUINTh €€ pa3OuWiInch O MHOXECTBO Oropokpatuueckux mnpernoH. Ceiuac xmuHuku PK
BBIHYK/ICHBI 3aKyNaTh AHAJIOTMYHBIN UMIUIAHTALIMOHHBIA MaTepHall U3 pa3HbIX CcTpaH — OpaHiuy,
IltaroB, Poccun. Ho, o 3akiitOu€HHIO Ka3aXCTaHCKUMX MEIUKOB, BCE OHU 3HAYUTEIBHO YCTYHAIOT
10 CBOM MEIMKO-TEXHUUYECKUM CBOMCTBaM «I JTMKOTeIom».

Caoto robuneiinyro aary npodeccop I.A. MyH BcTpeuaeT B
MOJIHOM PACIBETE€ CBOUX TBOPUYECKHUX CUJI M BO3MOXKHOCTEW. K
HacrosimeMy BpeMeHH I.A. MyH mpomien OonblIIOW MyTh B
Hayke, J00wics Ha OTOM IOMNpHILE IO-HACTOSALIEMY
BBIJIAIOIIMXCSl YCIIEXOB, HO OH YBEpEH, YTO camble OoJblIne
YCIIEXHU HAYKH €r0 elle KIyT BIEPEIHn.

IIpodeccop T'.A. MyH MmMUPOKO U3BECTEH HAYUYHOMY
COOOIIECTBY KaK BCEMHUPHO NPU3HAHHBIN YYEeHbIH, BHECIIUUN
BBIJAIOLIMICA BKJIAJl B pa3BUTHE HAyKH M TEXHOJIOTMH B
obrmacth XuUMUHM, QU3UKH ¥ TEXHOJIOTHUH, IOJUMEPOB,
MOJINMEPHOTO  MAaTepUATIOBEICHUS, PAJAMALUOHHOW XUMHUU
[IOJINMEPOB, HAHOTEXHOJIOTHH.

[Ipodeccopom I'.A. MyHoMm omyOnukoBano cBeiie 600

Hay4yHbIX paboT, B T.4. cBeime 110 HayuHbIX cTareil B
MEXYHApPOAHBIX BBICOKOPEUTHMHIOBBIX HAyYHBIX JKypHalax,
BKIrOYeHHBIX B 0azel Web of Science u Scopus, 7 y4ueOHBIX
nocobuil U ydyeOHMKOB, 9 MoHorpaduit, 25 nmarenroB PK u 3

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

EBpasuiickuii nateHToB. OH SIBJISIETCS aBTOPOM TpEeX Hay4YHBIX
OTKpBITHH, oduumanbHO 3apeructpupoBaHHbix B 2008 r. u 2023 r. 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 CpPEIu 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 JaHHBIM 0a3bl Web of Science u Scopus B nHauane 2000-x To70B Ha
MIPOTSHKEHUM 7 JIET OH BO3IVIABIISUI PEUTHHT y4€HbIX Ka3zaxcTaHa 1o mokasareiro HUTUPYEMOCTH. Y
HEro MHOTO YYEHHMKOB, JAOCTH)KCHHUSIMHM KOTOPBIX B HayKe MOXKHO ropautbcsa. Cpelu HUX eCTh
NeHCTBUTENBHO BbLAAIONIMECS, Hanpumep, Butanuit XyTOpsHCKHM, KOTOpBIA paboTaeT MOJIHBIM
npodeccopoM B OJHOM U3 BeAyHIMX yHUBepcuTeToB AHIMU. K HacTosieMy BpemeHu npodeccop
XyTOpPSIHCKUH OH HMEET MHOI0 MEXIYHapOAHBIX HAay4YHBIX Harpaj, SBIsSeTCS IOYETHBIM
npogeccopoM HECKOIBKHX YHUBEPCUTETOB. B MUpOBOM peifTunre yueHsix no 6aze Web of Science
["A. Myn u B.B. XyTopsiHCKUl y>k€ Ha NPOTSIKEHUU MOCIEIHUX 15 JIeT HEeM3MEHHO 3aHUMAIOT
NepBble JIBA MECTa B MHUpE IO PEUTHMHTY Cpedu BCEeX YyUYeHBIX, paboTaromux B OOJAaCTH Tak
Ha3bIBAEMBIX  WHTEPHOJMMEPHBIX  KOMILJIEKCOB, SBISIOIIUXCS  TPAJUIHMOHHBIM  OOBEKTOM
nccaenoBanuii B HaHoTexHosioruu. [lpwyem mpodeccop B.B. XytopsiHckuii wamie Bcero OH
3aHUMAaeT TepBYyI0 mo3uimio, a mnpodeccop [LA. MyH BTOpyIO, TOJBKO B OTAEIBHBIC TOJIBI
npodeccopy I'.A. MyHy wHOTAa ymaeTcs BBIPBAaThCSA HA MEPBYIO MO3HMIIMIO B OTOM PEHTHHTE, TaK
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YTO 3/7€Ch YYCHHK IMPEB3OIIEN YIUTENsl, BIIpoYeM, Tak Mo MHeHHIO [.A. MyHa, U JOKHO OBITh,
YUYEHUKHU JTOJKHBI UATH JANIbIIE CBOUX YUUTEIEH.

Opnna u3 nepBbiX yuyenul [.A. MyH, KoTopoii oH 1o npaBy ropautcs, Mpuna Ham yxe 6omnee 20
ner paboraer B Ceyne B IOxnoit Kopee, B kopmopamuu Samsung B 00JacTH MOJIHMMEPHOTO
matepuanoBenenusi. Cnexyer ormerutTh, uto B HOkHO#l Kopee oueHb BbIcOKa KOHKYpPEHLUS
MPAKTUYECKH BO BceX cepax NesTENbHOCTH, MPU 3TOM, TPAAULMOHHO, )KEHIUHE OYEHb HEJIETKO
KOHKYpHpOBaThb C MYXXYMHaMH Ha pabore, TeM He MeHee Mpuna Ham crabuibHO 3aHHMaeT
BEAYILYIO MO3ULIHIO B 3TOM KPYIHEHIIEH KOpIIOpaluu.

ITpod. I''A. MyH ycHeuiHo co4eraer II0OA0TBOPHYIO HAYYHO-TIEArOTHIECKYIO IS TeIbHOCTh C
obmmecTBeHHOl pabotoil. OH sBnserca wieHom HHC, rmaBHBIM penakTopoM HAy4dHOTO >KypHala
«M3Bectuss HTO Kaxak», a Taxxke mpe3uaeHTOM Kopeilckoro HaydyHO-TEXHHYECKOTrO O0IIecTBa
Kazaxcrana «Kaxax». B 3Tom acniekte He00X0IUMO OTMETHUTh CIEIYIOIIEe.

5 utons 2023 roma B ropoae Ceyn cocTosjioch 3HaKoBoe meponpusatue — 1-ii Becemuphbiid
KOHIpecc Kopeickux yueHbix u umkeHepoB («1st World Congress of Korean Scientists &
Engineersy), opranusoBanubiii Kopeiickoit ®@eneparivieii HaydYHO-TEXHUIECKUX OOIIECTB, YWICHOM
koToporo sBisierca Takxke 1 HTO «Kaxak». 310 Meponpusitue NeHCTBUTEIBHO MOXHO CUHTATh
3HAKOBBIM 10 OYEBHIHBIM MPUYUHAM. B yClIOBUAX HapacTamolel reonoJuTHYeCKOH KOHKYPEHIH
Y TEONOJUTUYECKON TypOyJIEHTHOCTH MHPOBas HayKa, KOTOpas euié HeJaBHO MPEICTaBIIsIa cCoO0H
eIMHOE 1IeJIoe, CTPEMHUTENIBHO CcerMeHTHpyercs. Bc€ Oompine ycumnmid 3aTpaunMBaeTcsl Ha
KOH(POHTAIMIO, Ha Pa3pabOTKy BOOPYKEHHH M Ha BCE TO, YTO COCTABISUIO HA COJEPIKAHHE
IIPOTUBOOOPCTBA Ha HAYYHOM I10JI€ B IEPUOJ XOJIOIHOM BOWHBI B CEPEIMHE MPOLLIOTO BEKA.

B takux ycrnoBusix HeOOX0AUMO MPEATPUHUMATH
YCUJIUSL JUId TOro, 4TOObl OOeCHeyuTh eclii He

BO3BpaT K HCXOAHBIM MO3HUOUAM, TO XOTi OBl

COXpPaHHUTh HEKYI0 (hOpMy COTPYAHHUYECTBA MEKIY Ok Tmnse

YYEHBIMH  PA3JIMUYHBIX CTpaH MHpa U  OTY
BOKHEUIYI0O MHUCCHI0O Ha cebst B3sn IlpesmaeHt
Pecny6muku FOxnas Kopest FOu Cok Enb, koTOpbIit
MPUHSJ ydyacTue B paboTe CTOJb 3HAMEHATEIHLHOTO
(dbopyma u BBICTYIHI C MPUBETCTBEHHBIM CIIOBOM Ha
€ro OTKPBITHH.

OtoT (opyM CIOyXKHJI HE TOJBKO HEKoen

TUTOINAKON Il HaJlA)KUBAaHUS CBSI3€HM, HO TaKKe M IJIOLIAJKOM JUIs TEMOHCTpAIMU TEX YCIIEXOB,

KOTOpBIE JOCTUTJIM KOPEWCKIe HayuHbIe 00IIeCTBa B Pa3IMYHBIX CTpaHaX MUPA.
Ot Pecny6muku Kazaxcran B pabote
dbopyma mnpuHHMaN ydacTue mnpodeccop
Hi12l MiA JI=21 3l I'.A. Myms, kak npesugaent HTO «Kaxak».
‘@l ”s:% : : ' &E"?;f "l Cnenyer OTMETHTh, YTO OJHO H3 Tpex
1 ; oumanbHO 3aperucTpUPOBAHHBIX
Hay4YHBIX OTKPBITHH Mymna I'.A.
«3aKOHOMEpPHOCTh (dhopmMupoBaHUs
: i = HAIIMYHOCTHBIX UH(OPMAIIMOHHBIX
Hn MI 2121 DIRlD|@einys) Wy w CTPYKTYpP» HEMOCPEICTBEHHO CBS3aHO C
: ! xoHumemuueil umdposoro - OGeccMepTHs.

JuruioMm  Ha  3TO  OTKPBITHE  BbIIaH
MEKIYHApOIHOM accolMaIMeNd aBTOPOB HAYUYHbBIX OTKpbITUH B 2021 T.
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Heo6xonuMo oTMeTHTb, U3BECTHOCTH [ puroputo MyHy npuHECTH HE TOJIBKO Hay4YHbIE PaOOTHI,
HO U TOT BKJaJ, KOTOPBIM OH BCErJa BHOCWI M IIPOJOJDKACT BHOCUT B JI€J0 YKPEIUICHUS
MEXIYHAPOAHBIX CBA3EH, a CIEJOBATENIbHO, U B JIEJI0 YCTOMYMBOIO Pa3BUTHUS HAYKU BCETO MUPA.

HecmoTpss Ha BpeMeHHbIE TPYAHOCTH, HayKa BCE € NIPEICTaBIIIET cOOON oOlIee IOCTOSHUE
BCEr0 YeJIOBEUECTBA, U KOTOPOE HEIPEMEHHO JI0JDKHO pa3BUBAThCs Ha OJ1aro Bcex Jr0/AeH IIaHEThI.

Kak n3BecTHO, Hama cTpaHa MPUIEPKUBAETCS MHOIOBEKTOPHOW MOJMTHUKHU. Y CHIMS BBICIIETO
HOJUTUYECKOr0 pyKoBoJcTBa Ka3axcraHa HampaBiieHbl Ha TO, YTOObI 00ECTIEYUTh MEXTYHAPOAHYIO
CTa0WIIBHOCTh, 00€CHEeunTh MOAJEpKAHWE TOrO MHpa, B KOTOPOM BC€ CTpaHbl OyayT
PaBHOIIPaBHBIMU, IIPUAEPKUBAACH MEKYHAPOJHOTO IIPABA.

CoOTBETCTBEHHO JIOOBIE ATy, KOTOPbIE MPEINPUHUMAIOTCS B 3TOM HAIPaBJICHUH, HEOOXOIMMO
TOJIBKO INpUBETCTBOBaTh. COTPYIHUYECTBO MEXKJIYy YUYEHBIMU pa3jIMYHbIX CTpaH MMpa,
MOCTIeIOBATEIBHBIM CTOPOHHUKOM KOTOPOTO SBISIFOTCA Tpodeccop I.A. MyH, Takxke BHOCUT CBOU
BKJIa/1 B 3TO 0JaropoiHoe HAYMHAHUE.

bnaronaps ¢yHIaMeHTalIbHBIM SHUMKIONEAMYECKHMM 3HaHUsAM 1podeccop [A. Myn
BBIIIOJJHEHUE IIPOEKTOB II0 CaMbIM pAa3jIMYHBIM pasfenaM Hayku. llepeunciate ux Her
HE00XOIMMOCTH, JIO0CTaTOYHO YIOMSIHYTb, YTO UMEHHO 10 MHUIMaTuBe npodeccopa [.A. MyHa He
TaKk JaBHO ObUI M3/7aH Y4YyeOHHUK MO UCTOpUM U GWIOCOPUU HAYKH, PEKOMEHJIOBAHHBIN
MunucrtepctBoM o0Opa3zoBanuss M Hayku PK 1ist Bcex cmeumanbHOCTEN MarucTparypbl. OTOT
Y4eOHMK HAalMCaH MEXIYHAPOJHBIM MEXKIUCIUILUIMHAPHBIM KOJUIEKTUBOM, M €r0 BBITOJHO
OTJIMYAET OT AHAJIOTOB TOT (haKT, YTO €ro HalWCald HE Te, KTO paccMaTpuBaeT (uiocoduio xak
HEYTO JaJIEKOE OT MPAKTUKHU, HO JAEUCTBYIOLINE YUEHBIE U3 PA3IMUHBIX cTpaH Mupa. OHU, HAKOIINB
TMTAaHTCKUHA ONBIT paboThl B HAayKe, OCO3HAJIM, HACKOJIBKO BaXXHOW sBisiercs ¢uinocodus s
KOHKpeTHBIX HayK. K cokajeHMIo, 3TOT TE€3UC B HACTOSAILIEE BPEMs Pa3leiAIOT JAJIeKO HE BCE
y4€HbIE, HO TEM HE MEHEE BCsl UICTOPUS HAyKH IOKA3bIBAET TO, HACKOJIBKO OH CIIPABEIJIUB.

BaxHocTs ¢unocopuu a1 pa3BUTHS KOHKPETHBIX HAayK J€MOHCTPUPYET, B YACTHOCTHU, OJIUH U3
HanboJIee NHTEPECHBIX MTPOEKTOB, KOTOPBIN B HACTOSAIIIEE BpEMS KypUpYIOT rpodeccop MyH.

OTO — NpOoeKT MO pealu3alud KoHUenuuu nudpoBoro Oeccmeptud. Her HeobOxoaumocTu
nonuépkuBaTh, YTO MedTa O OeccMepTHM Bela BIEpe] MHOTUX HEOpAMHApHBIX JIIOJAEH Ha
MIPOTSHDKEHUM BCEW MCTOPUHU LMBWIM3aLMU. UenoBeKy KpalHE TPYyAHO CMHUPHUTHCS ¢ KOHEYHOCTBIO
COOCTBEHHOTO OBITHS, M NO3TOMY HPAaKTUYECKU Bce (UIOCO(pBl B TON WM MHOM CTENEHH OTAAIH
JaHb Pa3MBIIIJICHUAM €Clii He 0 0eCCMEpPTHH, TO O CMEPTH, O TOM, YTO MOXKET OCTABUTh YEJIOBEK
nocne ceos.

B mname Bpems Onaronmaps pa3BUTHIO LU(QPOBBIX TEXHOJOTHH KOHLEMIUS U(PPOBOrO
OeccMepTHsl MOCTETEHHO MPHOOpETaeT 4YepThl PeaJbHOCTU. B OTKpBITOM mNedaTtd Mepuojndecku
MOSIBIISIFOTCS. CTAaThU, B KOTOPBIX OTPAXKArOTCA MOIBITKH PEAIM30BaTh 3TY KOHIENIUIO Ha IPAKTUKE.
B wactHOCTH, peup HIET O KOHIENIMHU €-CyIIeCTBa, KOTOPYIO HE TaK JaBHO IPONAaraHInpOBall
W3BECTHBI pPOCCHICKMI MWuapaep M oOmiecTBeHHbIM nestens Jmutpuit Muxos, uHOrma
Ha3bIBABIIUI ceOsl MPOAOCEPOM OeccMepTusl.

3a MCTEKIIME 4YETBEPTh BEKa BBHIYMCIWTENIBbHAS TEXHHUKA IIArHyJa AANEKO BIEPEN, U 3Ta UAEs
CTaHOBHTCS Bc€ Oosee u Oosee ocsazaeMoil. OHAKO BO3ZHHKAET CaMblii CYIIECTBEHHBIH BOIPOC,
KOTOPBIM JEHCTBUTEIIBHO JIEKUT HA CTBIKE CAMBIX pPa3HBIX HAyK, U KOTOPBIA B KOHEUYHOM CYETE
OTHOCATCS K O0JaCTH MpPHUKIAJHON ¢uinocopuu. A HMMEHHO JJsl TOro, 4YTOOBI TEPEHECTH
YeJIOBEYECKYIO0 JIMYHOCTh Ha HEOMOJOTMYECKUH HOCUTENh U TEM CaMbIM 00eCHeuuTh LH(poBOE
OeccmepTHe, MPEeXJe BCEro HYXHO IMOHMMAaTh, YTO MPEJICTABIAIOT COOOM HMHIMBHIYaIbHOCTb
YeJI0BEKAa C TOYKHU 3peHMs] TEOPUHM MH(OpMaIK. YIpolias, Hy>)KHO AEMM(POBATh aIrOPUTMBI, B
COOTBETCTBHH C KOTOPBIMH (DYHKIIMOHUPYIOT Pa3yM, CO3HAHUE U UHTEIJIEKT YeJIOBEKa.
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Ota 3a7aya ACWCTBUTEIBHO JISKUT B 00JIACTH NMPHUKIATHON (puiocoduu, HO OHA HE MOXKET OBITh
pelieHa TOJNBbKO (GUIOCOPCKUMHU CpeICTBaMU. 37eCh HEOOXOIMM TMOJIMHHBIA CHHTE3 CaMbIX
Pa3IMYHBIX HAYK: TICHXOJIOTUU, KOMITBIOTEPHON TEXHUKHU, TEOPHH WH(DOPMAIIUY U MHOTHX JAPYTHX.

NmenHo »Ty 3amady W pemian yKe JOJITME TOJbl Hay4YHbI KOJUIEKTHB, CO3JaHHBIA 110
nHunuatuBe npodeccopa I.A. Myna nox srunoit HUA PK, u Bemonnstomuii mpoekt Ne0218-17-
I'K, dunancupyembriit AO «Dona Haykw» moj HazBaHueM «Pa3paboTka u peanmuzarusi HOBOM
KOMIUIEKCHOM MH(OpMalMOHHON 00pa30BaTebHO-TIPOPOPUEHTALIMOHHON TEXHOIOTHI.

N3HavanbHO 3TOT MPOEKT ObLI OPHUEHTUPOBAH HMCKIIOYUTENIBHO Ha Cyry0O Mpo3anyecKue e,
Ha TO, YTOOBI 00eceynTh MPO(PECCHOHANBHYIO OPUEHTAIIUIO MOIPACTAIOIIEr0 MOKOJICHUS, Ha TO,
9TOOBl yKa3aTh /I HHUX aJCKBAaTHYIO TpaeKTopuio oOydenus. OJHAKO, ¢ TEYCHHEM BPEMCHH
KOJUICKTUB HCIIOJIHUTENICH NPHUIIEN K BBIBOAY, YTO ISl MPEOAOJECHUE KPUBHCHBIX SIBJICHUHN B
BBICIIIEM O0Opa30BaHUM HYXXHA HEKasi CBepx3ajiaya.

Hu g xoro He cekpeT, 4TO COBpEMEHHBIE CTYIEHTHI 3a4aCTyI0 y4aTcs IUI0X0 HE TOTOMY, YTO Y
HUX HE XBaTaeT CHOCOOHOCTEH, HO MOTOMY, YTO y HHUX YacTO OTCYTCTBYEeT MOTHBALUA K
MOJTy4EHHUI0 3HaHUH. JloKka3aTh 3TO MOKHO B JIByX cioBaX. CTyJIE€HTBl CMOTPAT Ha Mperno/iaBaTenei
CBOETO >K€ YHHUBEPCUTETa, BUIAT, YTO HX TMOJOKEHHE HA COLMAIBHOM JIECTHMIIE IAJIEKO HE
COOTBETCTBYET TE€M 3arpaTaM yMa M TajaHTa Jid TOro, 4TOObI, CKaXkeM, CTaTh Mpodeccopom.
COOTBETCTBEHHO y HUX BO3HUKAET PE30OHHBIN BOIPOC — CTOUT JIM PE3yJIbTaT 3aTPAuCHHBIX YCUIIUN?

He yauBuTensHo, 4TO O0JIBIIAS YaCTh CTYJEHTOB MPEANOYUTAET UCKATh CBOE MECTO B JKM3HU, HE
3aTpayuBas YpPE3MEPHBIX YCHUJIUN Ha TOJy4YeHHE KBaIM(PUKAIMHU. Takoe MOJOKEHHE e MOXKHO
IIPEOJI0JIETh, €CIM HAay4YHOE COOOILECTBO CMOKET IMOCTABUThH IEpE]l MOJIOJABIMU JIIOJbMHU HEKYIO
cBepx3agauy. Takoii cBepx3amayeil 3aBeJIOMO MOXKET CTaTh oOpeTeHue uppoBoro deccMepTHsl.

Bonee Toro, B mocTaHOBKE TaKOro poJa CBEPX3aJaud HYKJAETCS LUBUIM3ALMS B 1enoM. s
TOTO, YTOOBI MPEOJONETh KPUZHUCHBIE SBJICHHUS B COBPEMEHHOH Hayke, HeoOXoauMma Hekas oOIas
CBEPXIIEJNb, WM, €CIIH YTOAHO, MEUTa, CIIOCOOHAs 3aXBATUTh MHOTHX TAJIAHTJIMBBIX JIOJEH.

Takol cBepXIIEeNbI0 MOXKET CTaTh JABHSSI MEUTa YeJIOBEUECTBAa — 0OpeTeHne OeccMepTHs, MyCTh
naxe u B uudposoit dhopme. Ha mepBrwiii B3I pelieHUe 3aJladd MO JOCTIKEHUIO ITU(POBOTO
O6eccmepTrst BRITTIAIUT paHTacTUKON. OIHAKO, MEKTYHAPOIHBIM MEXIUCIMIUIMHAPHBIN KOJUIEKTUB
HCIIOJIHUTENIEH TIPOEKTa CyMelsl J0Ka3aTb, 4TO 3Ta 3a7ada sBIsAETCA pemaeMoi. TodHee, 3TOT
KOJUIEKTUB CyMel HaMeTHUTh Hay4HO-OOOCHOBAaHHBIN MyTh, OOECHEUMBAIONIMN pealbHOE
JIOCTHXKeHHe U(POBOro OeccMepTHs.

Konkperno I''A. MyH U ero eIMHOMBIIUIEHHUKH OTKa3aJMUChb OT IOMNBITOK IEPEHECTH Ha
HEOMOJOTHYECKH HOCUTENh BCIO IMYHOCTh Cpazy. DTO SBISETCS JETIOM OTAANEHHOro OyayIiero,
HO TIEPBBIE AT YK€ MPOCMATPUBAIOTCS 00Jiee YeM OT4eTanBO. Hy>KHO MpUHUMATh BO BHUMaHHUE,
YTO JIMYHOCTH OOJaJaeT BEChbMa W BEChbMa CIIOKHON CTPYKTYpOH. DTO NpU3HAETCS BCEMH
TICUXOJIOTHYECKUMHU MIKoJaMu. COOTBETCTBEHHO, Ha TEPBOM JTale IOCTATOYHO MEPEHECTH Ha
HEOMOJOTHYECKHI HOCUTENb TOJIbKO HanboJiee MPOCTYI0 KOMIIOHEHTY JIMYHOCTU. Pazymeercs, 3To
He pemaeT mpoOiemy nudpoBoro OeccmepTHss MOAHOCTHIO. OpHAKO, JaXe camble CKPOMHBIC
yCIeX:u B TOM HAMpaBICHHH oOOecreyaT MHTepec W OOIIECTBa, W MOJIUTHYECKUX DIIUT K ITOMY
BOIIPOCY.

«Camblif TPYIHBIN IIAT B yTH BO BpaTa», KaK TJIACUT JAPEBHEPUMCKAsi MOroBopka. IMEHHO 3TOT
mwar u caenan I'puropuit MyH u ero kosmuieru. OJIHOM U3 CaMbIX MPOCTHIX KOMIOHEHT JIMYHOCTEH
SBIIETCS Ta, YTO CBSA3aHA C MHTEJUIEKTOM. JTO OOYCIIOBJIEHO TEM, YTO MHTEIJIEKT — B OTJIMYHE OT
TaKOW KOMIIOHEHTHI IMYHOCTH KaK OeCCO3HATENbHOE — ONEPUPYET MOHATHAMH U MPEACTABICHUSIMH,
OTHOCSIIIIUMHUCS K KaTETOPUU PaLlMOHATILHOTO.
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I'puropuii MyH M e€ro eIMHOMBIIUICHHUKH TPHIUIA K BBIBOAY, YTO HET HEOOXOAMMOCTHU
KOHCTPYUPOBaTh UCKYCCTBEHHbBIN MHTEUIEKT OT HYJ1. MOKHO, HallpUMep CO3/1aTh «YIPOLIEHHYIO
MHGOPMALMOHHYIO KOIMHIO» pEANTbHO JKMBYILEro mpodeccopa WIM aKaAeMUKa, HepeHecs ero
WHTEJUIEKT Ha HEOMOJIIOTUYECKUI HOCUTENb HH(OpMAIIUH.

Pazymeercs, Takas «komus» He OyneT obiaiarh AYIIOW, TOUYHEE, OHa HE OyJeT MOJHOIECHHON
«KOTIHEW» TUYHOCTH, OJIHAKO OHA OKAXKETCS B COCTOSIHUU 00yuaTh CTyAeHTOB. Bo BcskoM ciyuae,
TakoW IMyTh MPEICTaBIseTCS Topa3fo Oojiee MEepPCHEeKTUBHBIM, HEXKEIH TOMbBITKH CO3JaTh
AQHAJIOTUYHYIO CUCTEMY HUCKYCCTBEHHOT'O MHTEJIEKTA «OT HYJIS».

To xe camoe KacaeTcss ¥ MHOTUX APYTUX 00JacTel 4eI0BeUeCKOi AesITebHOCTH. B yacTHOCTH,
Tm00bIe Ype3BbIUaliHbIE CIYXKObI TaKKe MOTYT CO3/1aBaThb POOOTOB, OTTAJIKHUBASACH OT MHTEIICKTA
YK€ CYIIECTBYIOLIUX OIBITHBIX COTPYAHUKOB. CIIMCOK TaKOro poja MPUMEPOB MOKHO ITPOJOJIKATD
O4YeHb J0JIr0. BaxkHO npyroe.

Brisicusiercs, uto Bonmpoc o udpoBoM GeccMepTUU OKa3bIBAETCsl TECHEHIIUM 00pa3oM CBsI3aH ¢
CO3/IaHHEM MEePCHEKTUBHBIX CHCTEM MCKYCCTBEHHOTO MHTeIUIeKTa. Ho amst Toro, yToObl epeHectu
peallbHO CYIIECTBYIOUIETO UHTEIEKT YeJI0OBeKa Ha HEOMOIOTHUECKU HOCUTENb, HY>KHO B TIEPBYIO
ouepe/b 3HaTh, YTO UMEHHO MPECTABIIAET COOOM MHTEIEKT KaK TAaKOBOH.

Kak yxe roBopuiaoch BbIII€, MOIIHOCTH COBPEMEHHBIX KOMIIBIOTEPOB BIIOJIHE JOCTATOYHO IS
TOT0, 4YTOOBI YEIOBEK JEHCTBUTENIBbHO 00pén nugpoBoe Oeccmeprue. [IpuHIMNMATIBHO Ba)XHO
Jpyroe — MOHATh, YTO COCTABJISET JINYHOCTD, 10 KAKUM aJrOpUTMaM (PyHKLIMOHUPYET MBILIUIEHUE U
UHTEIJIEKT 4yenoBeka. Kak Toibko 3Ta 3amava Oyaer pewieHa, To OyAeT pelleHa 3ajzada I10
CO3JIaHHIO U(POBOTO OECCMEPTHSsl, BO BCIKOM CIIy4ae B OrpaHHUYEHHOM (opmare.

LlenTpanbHbIil BOIIPOC 3[E€Ch COCTOMUT B clieayrouieM. «JIe3Th uenoBeKy B TOJOBY», IBITasCh
YCTaHOBUTb, KaK HMMEHHO TaM paclpeieisaioTCsl HEPBHBIE CHUTHANIbI, Helerno. Mo3r uyenoBeka
YCTPOEH COBCEM HE TaK, KaK MaMATb KOMIbroTepa. OTAEIUTh NPOLECCHI, OTBEYANOIIUE 3a
MOSIBJICHUS] CO3HAHMS M MHTEIUIEKTa, OT MPOIECCOB, OTBEYAIOIUX 3a (hpru3nosioruto, (Hanpumep, 3a
X01b0Y), KpaliHe CJI0KHO.

l'opaszno Gonee MpoOAYKTHBHO paccMaTpPUBATh TOJOBHOM MO3T YeNIOBEKA KaK «UEPHBIM SIIUKY.
OTOT TEpMHUH 3aUMCTBOBaH U3 Teopuu HMHPopmamuu. [logpasymeBaercs, 4TO MOKHO yCTaHOBUTh
BHYTpPEHHEE YCTPOHCTBO «UYEPHOTO SIIIKMKa» TOT/AA, KOT/1a U3BECTHA CBA3b MEKYy MaCCUBOM JIaHHBIX
Ha €T0 BXOJI€ U BBIXOJIE.

Heo6x011uMo mo14epKHyTh, 4TO UCCIIE0OBAHUE TAKOTO PoJa y>Ke JOCTATOUHO JaBHO MPOBOJATCS
B MHUDE 10 OTHOILIEHUIO UCKYCCTBEHHOMY MHTEJUIEKTY. A UIMEHHO, B HACTOSIILIEE BPEMSI CYILIECTBYIOT
MHOT'OYHCIICHHbIE M XOPOIIO OTpaOOTaHHbIE aJTOPUTMBI, KOTOPHIE MO3BOJSIOT CO3[aBaTh TaKHUe
cucteMmbl. OJHAaKO, YTO TMOJYyYUTCS B pe3yjibTare OOydeHHUs SCHO JaleKo He Bcerga. JTo
NPUHIIMIUAIBHO BaXXHO. J[eWCTBUTENBbHO, CHUCTEMBbl HMCKYCCTBEHHOIO HHTEJUIEKTa BCE 4Yallle
UCIOJIb3YIOTCS B KPUTHUECKH BAaXKHBIX OOJIACTAX UEIOBEYECKOM nesTenbHOCTH. Kak MUHHMYM,
HEpa3yMHO MOpy4YaTh CIEKEHHE 32 aTOMHBIM PEaKTOPOM HMCKYCCTBEHHOMY HMHTEJIEKTY, KOTOPBIN
HEMOHSTHO KaK YCTPOEH.

B »TOM cMBICIIE, MEXKAY UCKYCCTBEHHBIMH HEHPOHHBIMU CETSMH M T'OJIOBHBIM MO3IOM Y€JIOBEKA
y)ke ecTb HeuTo oOmiee. B o0oux ciyyasx He $CHO, MO KAaKMM KOHKPETHO aJropUTMaM
¢dbyHkunonupyer cucrema. [IoHATHO, Kak MOXKHO OOYYHMThb YeJIOBEKa, MOHATHO, KaK MOKHO O0Y4HUTh
HCKYCCTBEHHBIN MHTEIUIEKT, HO AJIEKO HE SICHO, KAKM€ MMEHHO IIPOLECCHI OTBEYAIOT 3a IOJyUYEHUE
pe3yibTaTa.

K pemenuro JaHHOrO BONpOCa MOXKHO IMOAXOAWTH PA3IMUHBIMU IYTSIMH: MOKHO CO3JaBaTh
MCKYCCTBEHHBIH MHTEJUIEKT, IPUHLHUI pabOThl KOTOPOro OYJEeT ACEeH ¢ caMOro Hadaja, a MOXHO
MOMBITATHCS AeMN(POBATh AITOPUTM PAOOTHI YK€ 00YUEHHON CHCTEMBI, OTTAJIKUBAsICh OT aHAU3a
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CBA3M MEXJY MACCHMBOM JAaHHBIX Ha BXOAE M BbIXOAE. B mociienqHeM ciaydae COBEPIICHHO HE
00513aTeNIbHO 3aJIe3aTh «BHYTPb CUCTEMBD».

Takoii ke ToIX0/1 MOKET OBITh PEATM30BaH U 110 OTHOIICHUIO K UICKYCCTBEHHOMY UHTEJUICKTY, U
K TOMY, 4TO BXOJHUT B COCTaB CTPYKTYpPbI JINYHOCTH.

3/1ech HaYMHAETCA caMoe MHTepecHoe. BakHO MOHATH, B KaKoW MMEHHO (OpME JOJKHBI OBbITH
MPEACTABJIEHBI T€ CUTHAJIBI, KOTOPBIE MPUCYTCTBYIOT HA BBIXOJI€ U TE€, KOTOPbIE MPUCYTCTBYIOT HA
BXOJI€.

D10, B CYWHOCTH, IJIaBHas 3aJadya, KOTOPYK CyMe€Jl pEeLUTh MEXAYHApOJHbIN
MEXIUCIUTUTMHAPHBIA KOJUIEKTHUB, CO3JaHHbBIN 0 HHUIMaTuBe rpodeccopa . A. MyHa.

Ona pemaercsi, Omarojapsi HCIOJIb30BAaHHUIO ammapaTa MHOTO3HAYHOM JIOTMKH, KOTOPBIN
II03BOJISIET YCTAHOBUTD CBSI3b MEXKY IOHATUAMM €CTECTBEHHOTO A3bIKa. Torga JaHHbIE Ha «BXOIE»
U «BBIXO/I€» TOJOBHOI'O MO3ra, C KOTOPOIO «CHHUMAeTCsl KONUS», MOIYT OBIThb NpEACTaBIEHBI B
anrebpanveckoii hopMe, 4TO U MO3BOJSAET NEIIHPPOBATH ANTOPUTMBI PA0OTHI HHTEIUIEKTA.

Pazymeercs, 3agada nonHo# (GopManu3alnuy eCTECTBEHHOTO S3bIKa CTOJb K€ U CIIOKHA, CKOJIb U
3amava (opMaan3alMi MHTEJUIEKTa KaK TaKOBOTO, OJHAKO YK€ Ha JAaHHOM d3Talle HCCIeI0BaHUMN
OTYETIIMBO MOHATHO, KAK KIMEHHO MOXHO (JOPMAJIM30BaTh CBSI3U MEX/y MOHSATUSMU €CTECTBEHHOTO
SI3bIKA.

Takoro poma cooOpakeHHi MOKHO BBICKa3bIBaTh OUY€Hb MHOTO. Bce oHM OyayT roBOpuTh 00
omHoM. [1yTh K mocTmxkeHuto nudpoBoro GeccMepTusi OKa3bIBACTCSl TECHEUITNM 00pa30M CBSI3aH C
npoOJIeMaMy BBICIICH IIKOJBI. JTO emé pa3 NOJIEPKUBACT aKTYaIbHOCTh MPOEKTA, PEATH3yeMOro
Hay4yHOUW KomaHaou mnpodeccopa [.A. MyHa, KOTOpPBI MOCTENEHHO NPUBEN K KOHIEMIIUU
nudpoBoro 6eccmepTHs.

Komnrektus HTO «Kaxak» n penkosnerus xapHana «M3sectus HTO Kaxax» cepaedno
no3npasisieT ['puropusi AnexceeBnua MyHa ¢ 70-eTueM U KejlaeT eMy M ero OJU3KUM KPEIKOTro
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.

Kanpipxan A.B.

CBEJEHHA Ob ABTOPAX

CTapIIvii IPenoaaBaTelib Kapeapbl XUMAU ¥ TEXHOJIOTUH
OpPraHMYECKHUX BEINECTB, MPUPOTHBIX 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, IPUPOJHBIX COCIAMHEHUM U
nonuMepoB  (akylIbTeTa XUMHU U XUMHYECKOM

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

MAarucTp TE€XHUKH W TEXHOJIOTMI, HAay4HbId COTPYIHHK
HarnmonanpHoii WH>XEHEPHOU aKaJgeMuu PK.
Orcid ID 0000-0001-7251-0585.

Crapumnit Hay4HBIN COTPYIHUK Kazaxckoro
HallMOHAJILHOTO  YHUBepcUTeTa UM.  anb-Dapadu,
CTaplIMKi Hay4YHBIM COTPYAHUK HanmoHanbHOW HaydyHOH
nabopaTtopuu KOJUIEKTUBHOI'O I10JIB30BaHUS
WHPOPMAIIMOHHBIX M KOCMHYECKHUX  TEXHOJIOTHI
(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,

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

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

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

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

JOKTOp XUMUYECKUX HAyK, JOLEHT, BEIyIIUH 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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Kansipxan 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, akageMuKk HanuoHaibHOMI
nmKkeHepHor akanemun PK, mpodeccop xadenpsr xumuun
U TEXHOJOTUU OPraHUYEeCKUX BEILECTB, MNPUPOIHBIX
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 «M3Bectuss HTO «Kaxak» myOnauKyeT HamucaHHbIE Ha pPYCCKOM, Ka3axCKOM,
AQHTTIMICKOM W KOPEHCKOM s3BIKaX OpHUTHMHANbHBIE CcTaThu, 0030pel. Tarxke Xypuam mpaer
nH(OPMAIINIO, CBI3aHHYIO C IETEILHOCTHIO OOIIECTBA.

2.B OpUrMHAIBHBIX CTaThsIX MOTYT PacCMaTpPHUBATbCSA PE3YJIbTaThl 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 ocBemarb
TEMBbI, IPEJCTABISAIONINE 1OCTATOYHO OOLIMI MHTEpeC 10 BHIOPAaHHOHN TEMAaTHKe WIN OTPaXKarolue
KAaKOW-1100 BayKHBIM acleKT IPUMEHEHHUS B IIPOMBIIIJIEHHOCTH, CEIbCKOM XO034iCTBE, METULIMHE U
T.1. Jlomyckaetcs 000011eHne pe3yIbTaTOB MHOTOJIETHUX MCCIIEIOBAaHUN HAYYHBIX KOJUIEKTHBOB.

4.00bemM cTaThbu He A0JDKeH npeBbimath 10 crpannn popmara A4. CtaThs JODKHA HAUMHATHCS
¢ BBeZIeHUsI. B HEM J10JKHBI OBITH JaHBI: CO/Iep KAaTEIbHAs IOCTAHOBKA PACCMAaTPUBAEMOIO B CTAaThe
BOIIPOCA, KPAaTKUE CBEJEHUS IO €ro UCTOPHH, OTJIMYHME MpeAsiaraeMoi 3ajaun OT y>K€ U3BECTHBIX,
WIM TIPEUMYIIECTBO H3JIaraéMOT0 METOJAa [0 CPAaBHEHHIO ¢ cyllecTByromMM. 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 cratbu mpoXOAST MMEHHOE PELEH3UpPOBAaHHE HE MEHEee, YeM JBYyMS HE3aBUCHUMBIMU
YYEHBIMH 110 COOTBETCTBYIOILIEH TEMATHUKE.

6. Pemenne o myOnukanum cTaThil IPHHAMACT pelaKMoHHas koJuterus JKypHana.

7. TpeboBaHusl K 3TUKe IMyOIuKauuii: ABTOpPBl HECYT OTBETCTBEHHOCTH 3a JIOCTOBEPHOCTH U
3HAYUMOCTb HAyYHBIX pE3yJIbTaTOB, U AKTyaJlbHOCTb HAy4YHOI'O COJAep)kKaHus pabor. Pykonmcu
crareil, OImyOJMKOBaHHBIX paHee, WK MepelaHHbIX B JIPyTue U3/1aHus He IPUHUMAIOTCS.

8. ABTOpPBl MOTYT TMpEACTaBUTh DSJEKTPOHHYKO BEpPCHI0O CBOEHl CTaTbu MO  ajpecy:
izv.ntokaxak@mail.ru.

TpebdoBanus k 0popMIIEHUIO PYKOIUCEH

CraTh¥ TIPEJCTABIIAIOTCS B JJIEKTPOHHOM BHJE B TeKCTOBOM pemakrope Word 97, dhopmyisi
HabuparoTes ¢ 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, paBoe — 2,0 cM. Ab3ar1 — kpacHast ctpoka — 0,5 cM.

TekcT cTaThu JOMKEH HAUMHATHCS C YKa3aHUS:

c nesoui cmoponvi—nuaekcoB MPHTH 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 COJEpXaHHE CTaThbU, BKJIKOYATh KIIIOUEBBIE CJIOBA, OTPaXKaloIlMe HalpaBlieHUE W/UIU
OCHOBHOM pe3yNbTaT UCCIENOBAHUS, HO B TO K€ BpeMs ObITh KOPOTKUM U SICHBIM M HE COJEpPkKaTh
COKpAaLLECHUM.

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

—  Ha3BaHUE OPraHU3AIMHU U €€ MECTOHAXOXK/IECHUE,

— e—mail aBTOpOB (BBIpaBHUBAaHUE TEKCTA IO IEHTPY, KyPCUB, Kerib 12 pt),
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— 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 conaepkaHus ctaThil (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, aHTJIMICKOM U PYCCKOM).

Pucynku 10mKHBI OBITH IPECTABICHBI B OTIEIBHOM (aiiie.

Cratbs npencrasisercs B doc wim docx ¢opmare, 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>)KEOHBINH 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 3amuch. bubmmorpaduyeckoe ommcanue: oOImMe
TpeOOBaHUS U MPABHUIIA COCTABIICHU.
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