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MPOTHOCTUYECKWHA AHAJIN3 NIPEJIBECTHUKOB
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Paccmompenvr npumepul ucnonv3oanus MemoouKu NpOSHOZUPOSAHUS pPecypca pasHOOOPA3HbIX NO
KOHCMPYKYUU U HAZHAYEHUI0 MeXHuYyeckux cucmem. Memoouxka OcHO8aHA HA OONYWeHUU O MOM, YMO
npoyecc UBMEHEeHUs MEeXHUYeCKO20 COCMOSAHUA U30eIUsl MOJCHO Npeocmasums Kaxk npoyec,
pazsusarowuiics 6 pexcume ¢ 0bocmpeHuem. Imo no3gosaem paccmMmampusams UHGOPMAYUOHHBIL CUSHAT,
Qukcupyemulil npu Koumpone uzoenull, KaKk 8PemMeHHOU psao, cocmoawuti uz 08yx cocmasnaowux. Oona
cocmasgnaowas — npeocmasiiem — cobou  2NAOKUl ~ MOHOMOHHO — USMeHAIowulcs mpeHo. Bmopas
cocmasnawas A8Aemcs nepuooudecky usmeHauelica Qyukyuell. B kxauecmee modenu nepuoouueckotl
cocmagnsouell ucnonwzyemcs pao @Dypve, cocmagienHwvlll U3 jno2onepuoouveckux @yuxkyuu. Ilepuoo
Konebanull 1020nepuooudeckoll (QYHKyuu no mepe 0060CMPeHUs MeXHUYeCcKo20 COCMOSAHUA U30eUs
HenpepvleHO yMeHbulaemcs. JlaHHoe C80UCME0 N020NepUOOUHecKoll (DYHKYUU CAYHCUM NPed8eCmHUKOM
npubaudcaiowuxcs agaputi u kamacmpo@. HMoenmugpukayus napamempog 1020nepuoouteckou GynKyuu
no3goJisgem pewums OCHOBHYIO NpOOIeMy 6 meXHUKe — HNPOSHO3UPOBAHUE OCMAMOYHO20 pecypcd
mexHuyeckux cucmem. B cmamve npusedenvl npumepbl cpasHumenvHol anpobayuu npumeHeHus OaHHOl
MemoOUKU NPOSHO3UPOBAHUS OISl PA3HOOOPAHBIX NO KOHCMPYKYUU, HA3HAYEHUIO U YCI08UAM IKCNIYAMAayuu
mexHuueckux cucmem Pesyibmamol anpobuposanuss MemoouKu noomeepouiu ee d¢hgheKmueHocms.

Knioueswie cnosa: npocnozuposanue ocmamouyno2o0 pecypea, pexcum ¢ 0b6ocmpenuem, nepuoouyeckas
cocmasnawas, 1020Nepuooudeckas QyHKYus, NPOSHO3HAS MOOelb, 8peMs 000CMpeHUsi COCMOSHUSL
cucmembpi.

Texuuxanviy orcyiienepOdiy Ou3aiHbl MeH MaKcamvl OOUbIHWA dp MYpPAi pecypcmapobl  Oomicay
a0icmemecin KONOAHY Mblcanoapuvl Kapacmuipwlizan. Odicmeme OHIMHIY MEXHUKAILIK HCALOAlbIH 032epmy
npoyeci wueneHiCKeH pedcumoe OAMUMbIH HpPOYecc pemiHoe YCbIHbLIYbl MYMKIH Oe2en 0Oomicamed
Heziz0eneen. Byn onimoi Oakwinay kezinle OeximineeH aknapammoulk CUSHALObL eKi Kypamodac 0O6nikmeH
MYPamvlH YaKsulm Kamapwl peminoe Kapacmulpyea MyMKiHOIK bepedi. bip xypamoac Gipkenxi, MOHOMOHOb
e3eepemin mpeHo 6onvin mabdwviiadvl. Exinwi xypamoac mesein-mesein o3eepemin gyuxyus. Ilepuoomoix
Kypamoacmoiy Mooeli peminoe 1020nepuoomuix, hynkyuaiapoan mypamuin QPypoe cepusacvl KoI0aHbLIAObI.
Jloconepuoomulx @ynkyusAnvly mepoenic Keseni OHIMHIY MEXHUKANLIK HCALOAlbl WUENeHICKeH CallblH
y30ixciz azasaovl. Jloconepuoomulx QYHKYUAHBIY OY1 KACUemi JHCAKbIHOAN Kele JHCaAmKaH anammap MeH
Kupaynapovly xabapuivlcol peminoe Kbizmem emeoi. TexHUKanvix scytienepoiy Kaiovik pecypcobii 6oaxicay —
J1020NepUOOMbIK QYHKYUAHBIY Napamempriepin aHblKmay mexHuKaoagvl Hezizel Maceneni weuyee MyMKiHOIK
bepedi. Maxanaoa mexHuxaivik JHcytierepoiy OU3AUHbl, MAKCamvl MeH NAUOAIany wapmmapsl OOUbIHUA oD
mypai boaicay adicmemecin KoA0aHyObll CanblCMbPMANbl CoIHAMACHIHBIY MbICANO0APbL KEAMIPINEH.

Tyitinoi ce30ep: KanoviK pecypcmol O0NCAY, WUECTEHICY PeXCUuMi, NepUoOmsl Kypamoac, 1020nepuoomsl
yHryust, 6oad0camovl Mooenn, JHeyienin uuenenicy yaxvimol, @ypve kamapbol.
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The article presents examples of using the resource forecasting technique for technical systems of various
designs and purposes. The technique is based on the assumption that the process of changing the technical
condition of a product can be represented as a process developing in an blow-up aggravation mode. This
allows us to consider the information signal recorded during product inspection as a time series consisting
of two components. One component is a smooth, monotonically changing trend. The second component is a
periodically changing function. A Fourier series composed of log-periodic functions is used as a model of
the periodic component. The oscillation period of the log-periodic function continuously decreases as the
technical condition of the product worsens. This property of the log-periodic function serves as a harbinger
of approaching accidents and disasters. Identification of the parameters of the log-periodic function allows
us to solve the main problem in engineering - forecasting the residual resource of technical systems. The
article presents examples of comparative testing of the application of this forecasting technique for technical
systems of various designs, purposes and operating conditions. The results of testing the technique confirmed
its effectiveness.

Key words: residual resource prediction, blow-up mode, periodic component, log-periodic function, forecast
model, blow-up time of the system state.

BBenenune
OcHOBHOH MpoOJIeMO B TEXHUKE SBJISETCSA HE PEIICHHAs 0 KOHIA 3a7ada MPOrHO3UPOBAHUS

MOMEHTa OTKa3a, pa3pylIeHusi, aBapuil M KaTacTpod, pa3HOOOpa3HBIX MO KOHCTPYKIUU H
Ha3HAYCHHUIO TEXHUYECKUX U3ICITHM.

[Iporuo3upoBanue pecypca TEXHUYECKUX CHCTEM SIBJISIETCSI BAYKHBIM aCIIEKTOM JUIsl 00eCriedeHUst
WX HaAE&KHON paboThl M ONTHUMAJIBHOTO YIPABICHUS TEXHUYECKMM OOCTyKuBaHUEM. ToOYHBIE
MPOTHO3BI TO3BOJIAIOT MPEACKa3aTh OCTATOYHBIM pecypc 10 3aMEHbl WM PEMOHTA CHUCTEMBI,
MUHUMHU3HUPOBATh IMOTEPU OT HEIJIAHOBBIX OCTAHOBOK M ONTHMHU3HPOBATH SKCILTyaTallMOHHbBIC
pacxosbl.

OcCHOBHBIMU 3a7JauaMU B 3TOW 00JaCTH ABIISIOTCSA:

— ompeereHrue BEPOITHOCTHOTO pacipeiesIeHUs BDEMEHHU JI0 0TKa3a;

— Ipe/ICKa3aHre OCTaTOYHOTO Pecypca 0 3aMEHbI I PEMOHTA;

— OIICHKA BIUSHUS PA3IMYHBIX (DAKTOPOB HA CPOK CITYKOBI.

CoBpeMeHHbIE METOJbI MPOTHO3UPOBAHUS CPOKA CIIYKObl TEXHUYECKHX CHCTEM BKIIOYAIOT B
cebs pa3HOOOpa3HbIe MOIXOJbI, OCHOBAaHHBIC HAa aHANW3€ JaHHBIX [l], CTAaTUCTUYECKUX METOlax
[2], mamuHHOM 00yueHuu [3] u Teopuu HamexHOCTH [4, 5].

Jlnis omucaHusl BCEro MHOTOOOpa3usi yCIOBUM AKCIUTyaTallii TEXHUYECKUX U3AETUI C yuyeToM
CTOXACTUUYECKUX U JIETEPMHUHHPOBAHHBIE (DAKTOPOB, BIUSIONIUE HA JIOJTOBEUYHOCTh M HAJEKHOCTh
TEXHUYECKUX CHUCTEM, 3TH METOJbl KOMOMHHMPYIOT. OAHAKO, 3TO HE MPHUBOIUT K IKEIAEMOMY
pe3yabpTaTy, TaKk Kak Ha caMOM JieJie PacCMaTPHUBAETCSl COCTOSHME HE KOHKPETHOro o0pasia
W3JIeNNs, 2 HEKOTOPOTro 0000IIEHHOTO CpeIHE CTATUCTUYECKOTO 00pa3a Uu3AeNus TaHHOTO THUTIA.

Ha npaktuke, cormacHo kpuBoOil l'aycca, MOJIOBHHA 3KCIUIyaTUPYEMBIX M3JEIMM OTKa3bIBAIOT
paHee CpeIHECTaTUCTUYECKOTO BPEMEHH, SBJBISICH TPUYMHOW HEMPEABUACHHBIX aBapuil H
karacTpod, a BTOpas — TMPEXKAECBPEMEHHO CHUMAETCs C OKCIUTyaTallMd, 4YTO TMPUBOAUT K
CYIIIECTBEHHBIM MaTepUaIbHBIM MOTEPSM, OCOOEHHO, TIPH IKCILTyaTally JOPOTOCTOSIIINX U3ACTUH.

brnuxe k ucTtuHe MpHOMMIKAIOTCS METOJBI MPOTHO3HPOBAHHS PECYpCa, OCHOBBIBAIOIIMECS Ha
aHaJIM3€ BPEMEHHBIX PSAJOB, COCTABICHHBIX 10 pe3yJbTaTaM IOCTOSSHHOTO MOHUTOPHHIA
TEXHHYECKOT'O COCTOSTHUS M3ACTHS [6].
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CoBeplIeHCTBOBaHME AAHHOIO TMOAXOAA K IPOTHO3MPOBAHMIO IPHUBEIO K IOHMMAHHUIO, YTO
TEXHUYECKHE CHCTEMBI CIEAYyeT paccMaTpuUBaTh, KaK CHUCTEMBI, Pa3BUBAIOLIUECS B PEXHUME C
oboctpenuem [7].

[Ipu naHHOM METOAE NMPOTHO3WPOBAHUS B AaHATU3UPYEMOM BPEMEHHOM psiy HOTpeOOBaJIOCh
BBIICIATh  NEPUOJMYECKYIO COCTABIIOLLYH0. XapakTep M3MEHEHUs BO BPEMEHH JTOH
COCTABJIAIOLIEH MO3BOJISIET ONPEAEIUTh MOMEHT OOOCTPEHHUS B MOBEACHUU CUCTEMBI, TO €CTb
MOMEHT BpPEMEHHM, K KOTOPOMY TEXHHYECKas CHUCTeMa IoTepseT paboTOCHOCOOHOCTh WIIH
paZMKaJIbHO U3MEHUT CBOE COCTOSIHUE.

Hanuune BO BpeMeHHOM psay IOJOOHOM NEPUOAMYECKON COCTaBIISIIOIIEH, NPHUIAET €My
CBOMCTBO IIPEIBECTHUKA YKA3aHHBIX COOBITHH.

st moaTBepkaeHUs 3(P(PEKTUBHOCTH U JIOCTOBEPHOCTU METOAUKU MPOTHOCTUYECKOTO aHAIIN3a
MPEBECTHUKOB aBapuil M KatacTpod B CTaThe PAaCCMOTPEHBI pazHOOOpa3HbIE MO KOHCTPYKIIMH,
HA3HAYECHUIO U YCJIIOBUAM JKCIUTyaTaluu U3AEINs, YTO U SBUIIOCH LIEIbI0 HACTOSIIEH CTaThU.

Pe3yabTaThl U HX 00CYy:KIEeHHE
NudopmannoHHblii curHai, GUKCUPYEeMbId IPU KOHTPOJIE CUCTEM, PA3BUBAIOIINXCS B PEKUME C
000CTpeHUEM, ONTUCHIBACTCS CIEAYIOIINM BhIpaXKeHUeEM [7].

dx _ e

m 1)

Z[J'ISI MOJIYYCHHUA MHNPUEMIICMOI'0 JUIA MPAKTUKHW PCIICHHUA HICPEXOAAT OT JEUCTBUTEIILHOTO
IIOKa3aTeId d K KOMIINIEKCHOMY o + ﬂi , UTO IIO3BOJISCT MOJIYUYUTh YPABHCHUEC CICAYIOLICTO BUAA:

x(t) =Re ; a, (Tnp - 't)fwkBi = (Tnp - t)ﬁa . F(log (Tnp - t)) (2)

HapaGotka 7np uznenus 10 oOOCTpEHHUS €ro TEXHUUYECKOIO COCTOSHUS ONpenensiercs Mpu
MUHHUMH3ALAN CIEAYIOIIETO BBIPAKEHUS:

Em:(x(ti) ~(Tnp—1,)* - F(log(Tnp -, )))Z = min. (3)

Oynknusa F(-), mpeacrapisiomas MEepPUOIUIYECKYI0 COCTaBIAIONIYIO Anep, B 0O0IIeM ciydae
SBIIAETCS IOJIMTAPMOHUYECKON (yHKIMEH, XapakTepus3yrolled HeIMHEHHOCTh peanbHOU
MEXAHUYECKON CHUCTEMBI.

OnHako, B TEXHUYECKOH uTepaType npu onucanuu ¢pyHkuus F(-) momyumno pacrnpocTpaHeHue
OMKCAHUE , OTPAHHYHMBAIONICECS OJJHOM rapMOHHKOI [7].

X(t) = (Tnp—t) ™ -(a, +a codw- Ln(Tnp—t)+ o)) (4)

Jlnst mpuOnMuKeHusT K JACHUCTBUTENBHOCTH B [8] isi omucaHus MOACIU AMOO TIEPUOANIECKOM
COCTaBIISIIOUIEN Anep NPENNOKEHO NPUMEHITh TpPUTOHOMETpuueckui mnoiauHoMm (pan Dypsbe),
COCTaBJICHHBIN U3 Psi/ia JTOTOMEPHOANIECKUX (YHKITHIA.

Ayon = % + kZr;[ak cosk-o- Ln(Tnp—t,))+b, sin(k- - Ln(Tup—t,))] ()

6
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rae a,,a,,b, — xoapdunuents psga Oypbe, KOTOPHIE ONMPEACISIOTCS U3 CIEIYIOMNX BRIPAKCHUI

1 % 1
= Ane '—dt,
% to—tmtj P Tnp—t
1 1
a, = Anep-co9 k - -Ln(Tnp -t) |- ———dt, 6
S mtj P s (Tnp—t) e (6)
1 1
b = Anep-sin| k - -Ln(7np -t) |- ————dt.
<t - mtj P t,—t_ (rp—1) Tnp—t

[lepuonuueckas cocrapistomias Anep Boiaeasercs U3 uHGopMamonHoro currana X(t), myrem
Pa3I0KEHUs €ro Ha YMIUpPUUYECKUE MOJBI [9]

-0.25-x(t._,)+0.5-x(t)—0.25 - x(t,_,). (7)

HEP

C yuerowm (5) pacuetHas ¢popmyna (3) 3anuIIETCs B CIEAYIOIIEM BUIE:
m m 2
Z(x(ti) (Tup—t) [a;+2 a, cosk- o+ Ln(Tap—t,))+b, sin(k - Ln(Tnp—t ))]j] s min. )
i k=1

Hwxke paccmarpuBaroTcsi pe3yibTaThl HCCICIOBAHUNA METOJUKH MPOTHOCTUYECKOTO aHAIIN3a
NPEBECTHUKOB MMPOMCXOAAIINX B TEXHUKE aBapHidl U KatacTpog.

Llenpro wccnenoBaHMi SBUIACH IMpOoBepKa 3(P(PEKTUBHOCTH NPOTHO3MPOBAHUS OCTATOYHOTO
pecypca pa3HOOOpa3HBIX MO0 KOHCTPYKIIMM M HAa3HAYEHHIO TEXHHYECKHX CHCTEM, pabOTaloIIMX B
Pa3IUYHBIX YCIOBUAX SKCIUTyaTalllu.

Mertox uccnenoBaHuil 3aKIIIOYANICS B MPEACTaBlIeHUH HH(GOpPMAIMOHHOTro curHana X(t) B BHIe
CyMMBI TIJQJKOTO TPEHAA M MEPUOAUYECKOM COCTaBIAIOUIEH Anep, HECyLEW KIOYEBYIO
MIPOrHOCTUYECKYIO MH(POPMaIIHIO.

HccnenoBanusi TpeaycMaTpHBaIIu:

— rpaduyeckoe npecTaBienne nHGopMalronHoro curaana X(t);

— BBIJENICHHE W3 MH(OPMAIIMOHHOIO CHUTHaJa MEepUOJUYECKOM cocTaBistomend Anep U

IIpeJCTaBICHNE €€ B Ipa)uuecKoM BHJIE;

— aNnMnpoOKCHMAIMIO TEePUOJMUYECKOM COCTaBJAIOIIEH €€ MPOTrHO3HOM Mojenbio Amoo ¢

rpaduUecKoi HTIOCTpalei pe3yabTaToB alpOKCUMAIINH;

— WICHTU(HKAIMS TTapaMeTPOB MPOTHO3HOW MOJIENH, KIFOYEBBIM M3 KOTOPBIX SIBISIETCS BpEeMs

Tnp —000CTpeHUS TEXHUIECKOTO COCTOSTHUSI WHTEPECYIOMIEH TEXHUUECKOW CUCTEMBI;

— BBIYUCIICHHE HAa OCHOBE TEKyIIel HapaOoTKu t mex u mapamerpa 7np OCTaTOYHOTO pecypca

cucreMbl Tocm

Tocm=Tnp —tmex . 9)

— TMpeACTaBIEHUE pPE3yJNbTaTOB MPOTHOCTUYECKOTO aHain3a B TpadUyuecKkoil W TEKCTOBOM
dhopmax.
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IIpornocTuyecknii aHATN3 NPEABECTHMKA 0TKA3a PesKyLero HHCTPYMEHTAa

HedekTbl, mpuBOAfImIME K OTKa3aM M aBapusIM H3AEIHA B YCIOBUSAX HMX 3KCILTyaTallWH,
3apOXKIAIOTCS B MIPOLIECCE MX M3rOTOBIIEHMA. Tak, Hampumep, oOpaboTka pe3aHHEeM 3aHUMAET 10
80% IHpPOMBIIIJIEHHOIO MPOU3BOJCTBA, B IPOLIECCE KOTOPOTO YpPE3MEPHBbIH HM3HOC HMHCTPYMEHTA
IPUBOAUT K OTKJIOHEHHIO T€OMETPUH [Tl U KauecTBa 00pabOTaHHON IOBEPXHOCTH OT YEPTEXa,
YTO SIBJIACTCS IPEIOCHIIKOM Oy Ty1eit aBapuu Win KaTacTpogbl U3IeIus.

JlanHas mnpoOieMa pemaeTcss IyTeM MPOTHOCTUYECKOrO0 aHajlnM3a IpeBeCTHUKA OTKa3a
MHCTPYMEHTA C LIEJbI0 €r0 CBOEBPEMEHHOM 3aMEHbl, MCKIIIOUAloIled MosiBIeHUe Opaka, ¢ OJHOH
CTOPOHBI, U IIPEKAEBPEMEHHOE CHITHUE € IKCIUTyaTallMi JOPOTrOCTOSALIEr0 MHCTPYMEHTA — C JPYToM.

B kauectBe npeasectHuka B [10], Hanpumep, NpeUI0KEHO UCIOIb30BaTh 3BYK, T€HEPUPYEMBbII
IIPU B3aUMOJICHCTBUY MHCTPYMEHTa ¢ 00pabaThiBaeMoii MOBEpXHOCTHIO Aetanu. B [10] nanubIi BUI
MpeJBECTHUKA ObLI MoyyueH mpu oO0paboTke neranu Ha TokapHoM cranke ¢ UITY 16K20T1 na
pe)KuMe M MaTepualiaX 3aroTOBKM M MHCTPyMEHTa (pexXylled IUIaCTHHE), IMPHUBEICHHBIX B
tabmune 1 [10].

Tabmuma 1 — YcnoBus skciepuMeHTa

Pexum peszanus Marepuan
0
000pOTHI CKOPOCTb riryouHa Hoaua MHCTpYyMEHTaJIbHAas
IITTUHACIIS pe3aHus pe3aHus pexymas 3aroToBKa
S, mm/06
n, oo/mun V, mm/mun tum [UIACTUHKA
970 91 0,3 0,25 T15K6 Cr 40X

3ByK, paccMaTpUBaBILUICS B KadyecTBE IMPEABECTHUKA OTKa3a, IMOCPEICTBOM MHKpPO(QOHa,
YCTaHOBJIEHHOTO BOJIM3H 30HBI pe3aHusl (PUCYHOK 1), GUKCHpOBAJICS HENPEPHIBHO HA MPOTSKEHUU
BCEro mpoiiecca 00paboTku aeranu. JmurenbHoCcTh 00paboTKH cocTaBuia 24 MUH (PUCYHOK 2a).

[Oepxaeka ﬁ

Pexylas UHCTPYMEHTa

NNacTUHKa _ .

3aroToBKka

Pucynok 1 — PazmMernienue u3mMepuTeabHOro MUKpoQoHa BOJIM3H 30HBI pe3aHus

Ha pucynke 2 npuBeaeHbl MCXOAHBIE [ IPOTHOCTHYECKOIO aHAINW3a  JIaHHBIE,
XapaKTepU3yIolllue BapHALMIO B MpOIecce pe3aHHsl 3BYKOBOI'O JABJICHUS (PUCYHOK 2 a) U €ro
MEPUOIMYECKON COCTABIISIIONICH Anep (PUCYHOK 2 0).

8
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a) 0)

Pucynok 2 — Mcxoauble i1 aHanu3a JaHHBIE: @) Bapuallys 1aBJIeHUS 3BYKOBOU BOJIHBI;
0) arnmpoKCUMAIIHS TPOTHO3HON MOJIEIBI0 AMOO0 TIEPUOTUIECKOM
COCTABJISIONIEH 3BYKOBOM BOJIHBI Anep

Ha pucynke 3 u B «IIpoTokose mporuosa...» HIpUBEACHBI PE3yJbTaThl MPOrHO3a OCTATOYHOTO
pecypca pexylLiero MHCTpyMeHTa .
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Pucynok 3 — IIporao3 octaTo4HOro pecypca pexyIuiero uHcTpymenTa Tocm
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ITPOTOKO.I
NMPOrHo3a HApa0OTKM HMHCTPYMEHTa 10 3aMeHbI

| Hapa6orka: I
|| HAa MOMEHT IIPOrHO3a I
| 22 .92mMuH |

ITPOT'HO3:

IIporno3 HauboJiee BepOSATHONW HAPAOOTKH 10 3aMeHbl COCTABJISIET :
26 .45muH
H HM3MEHAETCSl C JIOBEPUTEJbHON BepossTHOCTBIO P=0.95 B ciaeayrommx rpaHuuax:
orT 26.42 10 26.47MuH

| Hapa6orka: |
I HAa MOMEHT IIPOrHO3a |
I 23.40MuH I

ITPOT'HO3:

IIpornoz HamnbGosee BeposiTHOH HApPa0OTKH 10 3aMEHbI COCTABJISIET:
26.51muH
U HM3MEHAETCH C JAOBepPUTEJbHON BeposTHOCTBIO P=0.95 B ciaeayrommux rpaHuuax:

or 26.50 po 26.53mMun
kAkhkhkkkkkkhkkhkkkkkkkkk

| Hapa6orka: I
| HAa MOMEHT IIPOrHO03a |
I 23.89muH N

INPOI'HO3:

IIporno3 Haubosiee BepOATHONW HAPaOOTKU /0 3aMeHbI COCTABJISIET :
27.18muH
U M3MEHsIeTCsl ¢ [OBEepPUTEIbHON BepoATHOCTHLI0 P=0.95 B cieaylmux IpaHuLaXx:
or 27.09 pgo 27.27muH

10
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|| Hapa6otka: Il
| HAa MOMEHT MPOrHo3a I
| 24 .33mMuH I

ITPOI'HO3:
IIporno3 HamOoJiee BepOSITHONH HapaOOTKH [0 3aMeHbl COCTABJSET:
26.77MuH
U HU3MeHsieTCs C [0BepuTeJbHOH BeposATHOCTbI0O P=0.95 B cieaywmmx rpaHuuax:
or 26.71 no 26.82muH

Kak mokazan mnporHos, mpu poctuxeHun 24.33 MUH JUIMTEIIBHOCTH pPE3aHUs pecypc
WHCTpYMEHTa ObLI, MpakTudecku, ucuepnad (7ocm =2 MHH), 4TO MOATBEPIUIOCH U HA MPAKTUKE
(prcyHOK 2a).

IIpornocTuyecknii aHAIU3 NPEABECTHHKA KATACTPO(PBI THAPOTYPOMHBI
Ha pucynke 4 npuezieHsl (pOTO MAIMHHOIO 3aJ1a THAPOCTAHIMU 10 U [1OCIIE KaTacTpOdbl.

Pucynox 4 — MamuHHbIH 3a1 THAPOCTAHIMU: @) 10 KaTacTpodsl; 6) mocie karacTpodol

11
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Jlns mpoBeAeHUsl MPOrHOCTUYECKOTO aHallM3a IPEIBECTHUKA KaTacTpo(bl THAPOTYpOMHBI B
KauecTBE TMPEIBECTHUKA pacCMaTpUBAJIaCh BUOpaIlMs BIOJIb OCH Y €€ ONOPHOTO MOAIIMITHUKA
(pucyHox 5).

Pucynok 5 — Cxema ruipoTypOuHBI C yKa3aHUEM TOUYEK €€ BUOPOKOHTPOIIsL: 1 — MOoAIMITHUK
reHeparopa; 2—IOIIUITHUK TYpOUHBI; 3 — pabouee Koneco TypOuHbI, 4 — TaTYNK BUOpAIHH
TIOJIIIAITHUKA TYPOUHBI

HcxonHple A TNPOTHOCTMYECKOTO aHajiu3a [JaHHble, NPEeACTaBIIoIUMEe BHOpalUI0 B
npeJaBapuiiHbI MepUOI OMOPHOTO MOIIMIHUKA TYpOMHBI (PUCYHOK 6a) W anmpoKCHMAIHIO
MIPOTHO3HONH MOJENBI0 AM0o0 (PUCYHOK 66) NMEepUOAWYECKOM COCTaBisioUled BuOpanuu Anep,
IIPE/ICTaBJICHbI HA PUCYHKE 0.
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005 og |
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Bpema koxtpons TkoH, cyT Bpems kowtpons Tkow, cyT

a) 5)

YposeHb BuGpauy
=) )
S88
YposeHb BuGpauun AB,MKM

PucyHok 6— Mcxomuble Ui aHan3a IaHHbIC: @) — K3MEHEHHE B MPEJaBapUHBIN IEPUO]] YPOBHS
BHOpAIIMHU OMIOPHOTO MOAIIMITHIKA TYPOHHBI, 6)— allpPOKCUMAIUS TPOTHO3HON MOJIETbI0 AMO0
MePUOIUYECKON COCTABJISIONIEH BUOpAIuu Anep OMOPHOTO MOAIIAITHUKA

12
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Ha pucynke 7 npuBeneHbl pe3yibTaThl MPOTHOCTHUECKOTO aHaN3a MPEeIBECTHUKA KaTacTpodbl

THIPOTYPOUHBI.

120
110}
1001
90+
80|
70|
601
50{
40|
30t
20f
10{,

MporHos TocT,cyT

0 10 20 30 40 50 60 70 80 90 100 110 120 130
Bpema koHTpona TKOH,GyT

PucyHnok 7 — Pe3ynbpTaThl MPOTHOCTHYECKOTO aHAIM3a HapabOTKU TypOHHEI 10 KaTacTpodsl Tocm

HPOTOKOJI
NPOrHo3a HAPA0OTKM TYPOMHBI 10 KATACTPO(bI

|| Hapa6orka: Il
| HAa MOMEHT IIPOrHO03a |
| 116.29cyT 1

IMTPOT'HO3:
IIporno3 Hamubosiee BepoOSITHOH HApPa0OTKH 10 KATACTPOQbI COCTABJISCT:
117.20cyT
U HM3MEHsIeTCsl € [JOBEepPUTEIbHOH BepoATHOCTHLI0 P=0.95 B cieaylmux IpaHULaX :

or 117.02 npo 117.37cyT
kkhkkkkkkhkkkkkkkkkk

|| HapaGorka Il
| HAa MOMEHT IIPOrHO03a |
I 117.89cyt Il
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ITPOT'HO3:

IIporno3 HamOoJsiee BepOATHON HApPadOTKH 10 KATACTPO(PbI COCTABJIAET :
117.76cyT
H HM3MEHAETCH C JIOBEPUTEJbHON BepossiTHOCTBIO P=0.95 B ciaeayrommx rpaHMIax:

or 117.62 pmgo 117.89cyrT
khkkkkkhkhkhkhkhkhkhkhkkkk

|| HapaboTka: ||
| HAa MOMEHT MPOrHo3a I
I 119.09cyT N

ITPOT'HO3:

IIporno3 Hamubosiee BepoOSITHOH HApPa0OTKH 10 KATACTPOQbI COCTABJISACT:
118.21cyT
U HM3MEHSETCH C JOBepPUTEJbHON BeposTHOCTBIO P=0.95 B ciaeayrommx rpaHuuax:

or 118.10 nxo 118.31lcyr
kkhkkhkkkkkkhkkkkkkkkk

|| Hapa6orka: ||
| HAa MOMEHT IIPOrHO3a |
I 119.89¢cyT |

IMTPOT'HO3:

IIporno3 HamboJiee BepoOsITHOH HApPaOOTKH [0 KaTacTPO(Pbl COCTABJISIET:
118.57¢cyT
U HM3MEHsIeTCsl € [OBEepPUTEIbHOH BepoATHOCTHLI0 P=0.95 B cieaylmux IpaHULAX :
or 118.49 o 118.65cyT

Kak mokaszan mporHoctuueckuid aHanus, Ha 120 CyTKM OT Hayaia €XETHEBHOTO H3MEpPEHUs
BUOpAllMM OMOPHOTO TOJIIMITHUKA CPOK CHYXObl TypOMHBI HcYeprancs, 4To (PaKkTUYECKH U
npon3omnwio [11].

IIporHocTuyeckuii aHAIM3 MPEABECTHUKA 0TKA3a AaBUA/IBUTATEIS

3ala4a pemacTCd MNyTEM HNPOBCACHUSA HpO(I)I/IJ'IaKTI/I‘-IeCKI/IX MepOHpHHTHﬁ,
pel“y.]'[ﬂpHBIfI MMPOrHo3 O HAJCTC HJaHHOI'O 061’.)831_[3. ABUTATCIIA OO0 MOMCHTa JOCTHXXCHHA C€Io
KPpUTHYCCKOI'0 TCEXHHUYCCKOI'0 COCTOSHUA. B MC)I(pCMOHTHLIﬁ nepuoa MNporHo3 CTPOUTCA Ha

be3onacHOCTh MOJNETOB SABIAETCS INIABHEHIIMM IPUOPUTETOM IpakJaHCKOM aBuanuu [12]. Ora

14
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MPOrHOCTUYECKOM aHaM3e TPEABECTHUKA OTKa3a aBUAJBHraTelsi — BHOpAlMU JBHraTess BIOJb
ocu Y (pucyHok 8) [12].

Y
X
z AJ—) MGpoAaTIMK

Pucynoxk 8 — Cxema aBuajBUTaTessi ¢ yKa3aHHEM TOYKH €r0 BUOPOKOHTPOJIS

Hcxoanbie A MpOrHOCTUYECKOTO aHAIK3a JaHHbIe (PUCYHOK 9), XapaKTepru30Bail BUOPAIUIO B
MEXPEMOHTHBII TEepHOJ] KOpIyca aBUAIBUTATENs] B PallOHE YCTAaHOBKH NOJIIMITHHKOB pPOTOpa
(pucyHOK 9a) W ee MEepPHOJUYECKYI0 COCTaBISIONYI Anep (PUCYHOK 96), anmpOKCHMHUPYEMYIO
IIPOrHO3HON MOJIENbIO AMOO.

1
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Bpema koHTponsa TKOH, yac -0.6

-0,8

0 500 1000 1500 2000
a) Bpewms Habnioaenus THab, roa,

0)

Pucynok 9 — MicxoaHble /11 aHaTM3a JaHHbIE: @) — U3MEHEHHUE 32 BPeMs MPEIPEMOHTHOTO
KOHTPOJISl YPOBHS BUOpAIIMK aBHUAIBUTATEIS; 0)— alllPOKCUMAIIHS TPOTHO3HOU MOJICITBIO
AM00 TIepuoAMYECKOM COCTaBIIIONIas BUOpanuu Anep

Ha pucynke 10 npuBeneHsl pe3ysibTaTbl NPOrHO3a HalleTa ABUTATeNs 1O OCTAaHOBKM Ha
OYEpPETHON PEMOHT.
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Pucynok 10 — [Iporno3 Hanera aBuagBuraresis 10 peMoHTa 1ocm

ITPOTOKO.1
NPOrHO3a HAJIeTa aBHAJABUIATEJIAA 10 PEMOHTA

I Hauner: I
|| Ha MOMeHT mporsosa ||
| 1845.86uac ||

ITPOI'HO3:
IIporno3 nan6oJiee BEpOATHOIO0 HAJIETA 10 PEMOHTA COCTABJIAET:
2905.574ac
1 U3MEHSETCS ¢ JOBePUTENbHOI BeposiTHOCTHIO P=0.95 B caexyommux rpannnax:
ot 2904.91 no 2906.244ac

kkhkhkhhkhkhkkkkhkhiikikik

I Haner: I
|| Ha MoMeHT mporsosza ||
I 1868.18uac I

ITPOI'HO3:
IIporno3s Han0oJiee BEpOATHOIO0 HAJIETA 10 PEMOHTA COCTABJISIET:
2924.46 yac
U M3MEHSETCS ¢ I0BepPUTEIbHOI BeposATHOCTHIO P=0.95 B ciexyromux rpanunax:
o1 2922.63 no 2926.294ac

16
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| Haaner: I
|| Ha MmomeHT mporroza ||
| 1894.41uac |

IMPOT'HO3:
IIporuo3 Han6oJiee BEPOATHOTO HAJIETA 10 PEMOHTA COCTABJISIET:
2916.29uac
U U3MEHSIETCS € J0OBePUTEIbHOI BeposiTHOCTHI0O P=(0.95 B ciieqyommux rpannuax:
ot 2915.51 nmo 2917.07u4ac

*hhkkhkhkkkhkkhkkkikihkikiikik

I Hauner: I
|| Ha MOMeHT mporsosa ||
| 1924.66u4ac |

IMPOI'HO3:
IIporno3 Han6oJ/1ee BepOSITHOrO HAJIETA 10 PEMOHTA COCTABJISIET:
2933.034ac

U M3MEHAETCS € I0BePUTeIbHOI BepoATHOCTHIO P=0.95 B ciiexyrommux rpannnax:
ot 2931.46 no 2934.61uac

kkhkhkhkhhkhkhkkhkhkhkhikikikx

Kak mnokazan mnpornoctuyeckuii ananmu3, nocie 1000 yacoB HajeTa OCTaTOYHBIM HajeT
aBUagBUTATENS 10 peMoHTa pe3ko cokpatuiics ¢ 3000 no 1000 yacoB u MpoIoIIKal YMEHBIIATHCA,
YTO MOTPeOOBaI0O MPOBEACHUSI NPOPUIAKTUUECKUX MEPONPHUATHH MO BBIICHEHUIO MPUYMH
MOA00HOTO SIBJICHUS.

IIporHocTuyeckuii aHaJIu3 NpeABecTHUKA pa3pyuieHusi Typoo - HacocHoro arperata (THA)
PAKeTHOIO ABUTaTeJIsl

TypOoHacocHbIl — arperat  sBisieTcsl  «cepAlleM» pakeTHoro jasurarens. Ilo  cBoum
XapaKTEPUCTHKaM M, B YaCTHOCTH, IO YJEJIBHOH MOLIHOCTH, T.€. MOLIHOCTH, NPUXOJALIECHCS Ha
€IMHUILY pacxofa, JaHHbIE W3JIeNHsS OTHOCATCA K SKCTpeMalbHO HarpykeHHbIM. Tak, TypOuHa
CaMOT0 MOIIHOTO B MHUPOBOM mpakTuke pakerHoro asurarens PJ[170 (P171) xoHCTpyKuuu
«HITIO Dnepromam» wumeer momHocTh ~ 270 000 mc. (~ 200000 xBt), uro cocraBuser 1/3
MomrHoctu [{nenporaca [13, 14].

Uepes typouny THA, Bpamaromieiicst ¢ yactotoir ~ 14000 06/MuH, epekauynBaeTCsi B CyMME ~
2500 Xr B CEKyHIy >KMJIKOTO KHMCIOPOJa M KEpOCHMHA C JABJICHHEM IOJAaYM B HECKOJIBKO COTEH
atmocdep (xkucmopoma ~ 600; kepocwmHa st Kamepbl cropanus ~ 500; kepocwHa A
razoreneparopa ~ 900 atm.). Iloatomy HanexxHocTh padoTsl THA siBisiercst kitoueBoit mpobaemoit
B PaKETOCTPOEHUHU.

17
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Y

Z

Pucynoxk 11 — Cxema THA ¢ yka3zaHueM TOUKU €ro BUOPOKOHTPOJIS

12)., XapakTepu3oBaIH

BuOpauuio onop noamwmnHukoB THA B npenaBapuiinelii nepuos (pucyHok 12 a) u u3MeHeHue ee

MEPUOINYECKON COCTaBIAIONICH Anep, anmpoKCUMHUPYEMYIO

(pucyHok 12 6).
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Pucynok 12 — Vcxonuble /Uis aHANM3a TaHHbIC: ) — M3MEHEHHUE 32 BPeMsi KOHTPOJISI YPOBHS
BuOpanuu THA; 6)— nepuoandeckas coCTaBIsIONIas

BUOpanmu Anep U ee MporHo3Hasi MozeNb Amoo

Ha pucynke 13 npuBeneHbl pe3ynbTaThl IPOTHOCTHUECKOTO aHAIN3a NIPEABECTHUKA Pa3pyLICHUS

TypOOHACOCHOTO arperara.
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Pucynoxk 13 — Ilporuos napa6otrku THA 1o ucuepnanus pecypca Tocm

MHPOTOKOJI
nporuo3a nHapadorku THA o orkasa

I Hapa6orka: N
I HAa MOMEHT HporLosa ||
| 668.16 cek ||

ITPOI'HO3:

IIporuo3 Han6oJiee BeposATHONH HAPAOOTKHU 10 0TKA3a COCTABJISIET:
765.80 cek
1 U3MEHSETCS ¢ JOBePUTEeNbHOM BeposATHOCTHIO P=0.95 B cienyromux rpannnax:
ot 765.42 1o 766.18 cek

kkhkhkhkkhhkhkhkkkkhkhihikikik

I Hapa6orka: [
|| Ha mMoMeHT mporno3a ||
| 679.68 cek ||
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ITPOTI'HO3:

IIporuno3 Haudos1ee BepOATHONH HAPAOOTKHU 10 PEMOHTA COCTABJISIET:
754.91 cek
U M3MEHSIETCH C I0BEPUTEIbHOI BeposATHOCTHI0O P=0.95 B ciexyronmux rpannmax:
ot 753.69 no 756.12 cek

*khkkhkhkhkhkkhkhkhkhikikikx

I Hapa0ortka: I
|| Ha MoMeHT mporsosa ||
| 691.20 cek ||

ITPOI'HO3:

IIporno3 HamOosiee BepOATHOW HApPadOTKU /0 PEMOHTA COCTABJISET :
751.33 cek
H HM3MEHSAETCS C JIOBEPUTEJbHON BepossTHOCTBIO P=0.95 B ciaeayrommx rpaHuuax:
or 750.93 npo 751.72 cek

kkhkkhkkkkkkkkkkkkkk

|| Hapa6orka: Il
| HAa MOMEHT mporHosza ||
| 702.72 cek |

IMTPOT'HO3:

IIporno3 HamOoJiee BepOsITHOM HApPaOOTKH [0 PEMOHTa COCTaBJIsIeT:
754.92 cek
U HM3MEHAETCH C JAOBepUTEJbHON BeposTHOCTBIO P=0.95 B ciaeayrommx rpaHuuax:
or 754.53 po 755.31 cek

kkhkkhkkkkhkkkkkkkkkk

Pesynbrarel mporHoctuueckoro aHanmsza (pUCyHOK 13) CBHUIETENBCTBYIOT O TOM, YTO
TypOOHACOCHBIN arperaT 00JaAaeT sIPKO BBIPAKEHHBIM Y4aCTKOM MPUPAOOTKH, KOTOPHIA B TaHHOM
cinyyae cocraBisger 150 cek. [lamee uzmer ydacTok NOCTENEHHOro ucuepnanusi pecypca. [lpu
Hapabotke 700 cex (IIpoTokon mporHosa...) MPOrHO3 OCTATOYHOTO pecypca paBeH 50 cek, 4To
COOTBETCTBYET (PAKTHUECKHM JaHHBIM (pUCYHOK 12a), MONMY4YEHHBIM OHKCIEPHUMEHTAIbHO TpHU
PECYPCHBIX UCIBITAHUSX TaHHOTO U3/IEIIHS.
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IIporHocTuyeckmii aHATU3 MPeIBECTHUKA AaBAPUH TPAHCIIOPTHO-0TBAJIBHOI0 MOCTA

TpaHcnopTHO-0TBAJIBHBIN MOCT (PUCYHOK 14) MCHoJb3yeTcss MPU OTKPHITOM crocode 100buu
MPUPOIHBIX HCKomaeMbix. JlnmHa mMocta coctaBisier 130 M, a BeicoTa U mmpuHa depmbl — 10 M.
JedexTom MocTa sIBISETCS HEAOMYCTHMBIN 1m0 HOpMaMm mporu® y3imoB ¢gepmbl MocTa. [Ipornost
bepmbl (pucyHOK 15) moaBepraroTcst peryasipHOMY KOHTPOJIO C OMOIIbIO TEOJOIUTOB U CIyXKaT
HMCXOJHBIM MaT€pUAJIOM JIJIsi MPOrHOCTUYECKOro aHanu3a [15].

21

Lanvyir 2

Pucynox 14 — O0Ommii Bu TpaHCTIOPTHO-OTBAILHOTO MOCTA € YKa3aHUEM TOYEK KOHTPOJIS
(Touxu Ne 8 1 Ne 9 sBrnsitoTCS C1aOBIMU AIIEMEHTAMU KOHCTPYKITUH )
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Pucynok 15 — Mcxoauble st aHaIM3a JaHHbIC: @) — U3MEHEHHE 3a BpeMsi KOHTPOJISI ITporuba
(depmsl B y3ie Ne§; 6)— neproauueckas COCTaBISIONIAs TPOruda Anep, anmnpoKCUMHUpyeMas
MPOTHO3HON MOJIENBI0 AMOO

MMPOTOKOJI
Nporuo3a Hapa0orkm y3ia Ne 8 10 peMoHTa

| Hapa6orka: |
I HAa MOMEHT IPOrHo3a ||
| 31.32rox |

IMPOT'HO3:
21
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IIporno3 HauboJiee BepOSAATHOW HAPA0OTKH 10 PEMOHTA COCTABJISIET :
36.21 roxa
H HM3MEHSETCSl C JIOBEPUTEJbHOI BepossTHOCTHI0O P=0.95 B cieayommx rpaHuuax:
or 35.52 10 36.90 roxa

| Hapa6orka : ||
| HAa MOMEHT MPOrHo3a I
|| 33.31rox Il

ITPOT'HO3:

IIporno3 HamOosiee BepOATHOW HApPadOTKU /0 PEMOHTA COCTABJISACT :
36.62 roa
H HM3MEHSAETCS C JIOBEPUTEJbHON BepossTHOCTBIO P=0.95 B ciaexyrommx rpaHMuax:

or 36.49 g0 36.75 roa
khkkkkkkhkkhkkkkhkkkkkk

| Hapa6orka : |
| HAa MOMEHT IIPOrHO3a I
| 37.51ron Il

ITPOT'HO3:

IIpornoz HamnbGosee BeposiTHOH HApPa0OTKH 10 PEMOHTAa COCTABJISIET:
37.44 roa
U HM3MEHHAETCH C JAOBepUTEJbHON BeposasTHOCTBIO P=0.95 B ciaeayrommux rpaHuuax:

or 37.22 no 37.67 roxa
*kkkkkkkhkkhkkhkkkkkkkkk

|| Hapa6orka : Il
| HAa MOMEHT IIPOrHO03a |
| 37.53ron I

IMPOI'HO3:
IIporno3 HauboJiee BepOSATHOW HAPA0OTKHU A0 PEMOHTA COCTABJSET :
38.41 roa
U HM3MEHsIeTCsl ¢ [OBEepPUTEIbHON BepoATHOCTHLI0 P=0.95 B cieaylmux rpaHuLax:
or 38.15 o 38.67 roa
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MporHos TocT,roa

5 10 15 20 25 30 35
BpeMsa Habniogenna THab, rog

Pucynok 16 — IIporao3 HapaOOTKH TpaHCIIOPTHO-OTBAIBHOTO MOCTa
Tocm 1o paspywenus y3na Ne§

Kak cnexgyer u3 mporno3a ocratoyHoro pecypca yziaa Ne 8 ¢epmbl TpaHCIOPTHO-OTBAIbHOIO
MocTta (pucyHok 16) u u3 «lIpoTokosia mporHo3a...» y3el HaXOAUTCS Ha TPAHH HUCUYEPIIAHUS
pecypca, 94To TpedyeT BOCCTaHOBHTEIHHOTO PEMOHTA.

DKcriepuMeHTallbHAsL TPOBEPKA PaCCMOTPEHHOM B CTaThe METOAMKH TOKa3aya, 4TO Pe3yiabTaThl
MIPOTHO3UPOBAHUS COOTBETCTBYIOT (DAKTHUECKH IOJYYCHHBIM Ha TMPAKTUKE JAaHHBIM O pecypce
Pa3HOO0Pa3HBIX MO KOHCTPYKIIUU U Ha3HAYCHUIO U3JICIIUN.

Mertonuka He TpeOyeT 3HaHUS TpEAeiIbHO JIOMYCTHMMBIX IO HOpMaM  3HAa4YeHUH
KOHTPOJMPYEMOTO MH(POPMAIMOHHOTO CHTHANIA, OIPEACICHUs BEPOSATHOCTHOTO pacIlpeeiIeHus
BPEMEHHU 10 OTKa3a, OLEHKW BIHUSHHUSA Pa3IMYHBIX (AKTOPOB HA CPOK CIYXKOBI, MPUBOIAIMIAX B
UTOre K aHAJIU3Y COCTOSHUSI HE KOHKPETHOTo 00paslia U3Jenusi, a HEKOTOPOro €ro 0000IIEeHHOTo
CpeIHE CTaTUCTHYECKOro olpasa.

MeTtoarKa OCHOBBIBAE€TCS Ha paCCMOTPEHUM KaTacTPO(PUUECKOTO SIBIEHUS HE KaK BHE3aIHOIO U
OEeCIPUYMHHOTO COOBITHS, a KaK IMpOLecca, XapaKTePUCTHKH KOTOPOTO HENPEPhIBHO M3MEHSIOTCS
Ha MPOTSHKEHUHU BCETo MEpro/ia SKCIUTyaTalluy U3eusl.

MOHUTOPHHT 3TOr0 MpoLEecca IMO3BOJSAET BBLACIUTH €r0 MEPUOJUYECKYI0 COCTaBIISIOLIYIO,
coZiepKanlyro MH(pOpPMAIUIo O MPHONMKAIOIMIEMCS MOMEHTE OTKasza, aBapHH WM KaTacTpogdbl
MOJKOHTPOJBbHON TEXHUYECKON CUCTEMBI.

BrIiBoabI

PazpaGorana m ampoOupoBaHa TMpH OKCIUTyaTalldd pPa3HOOOpPA3HBIX MO KOHCTPYKIUU U
HA3HAYCHUIO TEXHUYECKHX wu3Aenuil d(QQexTuBHAS METOAMKA MPOTHOCTUYECKOTO aHaIu3a
MIPEIBECTHUKOB UX aBapuil M KaTacTpod.
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NCCIEAOBAHUE AMUHO®OCD®OHATA
MOP®OJIMHOITPOIINJIAMUHA B KAYECTBE IIOTEHHHUAJBHOI'O
CPEACTBA JJId IICUXOPAPMAKOJIOI'NA
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2Kazaxcmancko-Bpumanckuii mexuuueckutl yHugepcumemn
Anmamuwi, Pecnyoauxa Kazaxcman

e-mail: ten-assel@mail.ru

IIpoussoonvie mopgonuna 6 nacmosujee 8pems WUPOKO NPUMEHAIOMCA 6 NCUxXopapmakonro2uu 6
Kawecmee  JeKAPCMBEHHbIX — cpedcms. B cmamve  npedcmasnenvt  pe3yibmamul  UCCIE008AHUS
AHKCUOTUMUYECKOU — aKMUBHOCMU — HO8020  amuno@oconama  mop@orunonponunamuna.  Taxoice
ONUCHLIBACMCS MEMOO e20 cunmesa no mpexxomnonenmuou peakyuu Kabaunuxa-@unoca. Coeounenue 610
8bIOCNICHO, OYUWEHO U OXAPAKMEPUZ0BAHO C NOMOWBIO PUIUKO-XUMUYECKUX MEMOO08 AHANU3d, NOIY4eHd
e2o0 godopacmeopumas @opma 6 eude Komniekca c f-yuxnooexkcmpurom. Kpome mozo npoeeden ananus
OQHHBIX NPOCHO3UPYEMOU (PapMAKOIOUYECKOU AKMUBHOCTU, C2eHEPUPOBAHHBIX C NOMOWBIO BUPMYATHSO
uncmpymenma — npozpammul PASS online. Pesyrbmamol 6uoniocuuecko2o CKpuHunea ROKA3GAU HAIUYUE Y
uccneoyemozo coeouHeHus ceoamugnozo s¢gexma. Hccnedyemoe coedunenue CHUINCANO OBULAMENbHYIO
AKMUBHOCMb U 8pemMsi 60OPCMBOBAHUS Y NOOONLIMHBIX HCUBOMHBIX, A MAKICE YCKOPANO HACMYNICHUE U
VBEIUUUBANO NPOOONHCUMENLHOCb CHA, BbI3GAHHO20 MUONEHMATIOM.

Knioueswie cnoea: npouzsoonvie Mop@onuna, Mop@oIunonponuramun, amuHopoc@honamel, peakyus
Kabaunuka-®@unoca, anxcuonumuxu, ncuxopapmaronoaus, PASS.

Morpholine derivatives are currently widely used in psychopharmacology as therapeutic agents. The
article presents the results of the study of the anxiolytic activity of a new morpholinopropylamine
aminophosphonate. It also describes the method of its synthesis by the three-component Kabachnik-Fields
reaction. The compound was isolated, purified and characterized using physicochemical methods of
analysis, its water-soluble form was obtained as a complex with g-cyclodextrin. In addition, the data
analysis of the predicted pharmacological activity, generated using a virtual tool — the PASS online
program, is presented. The results of biological screening showed the presence of a sedative effect in the
studied compound. The test compound reduced motor activity and wakefulness in the test animals, and
accelerated both the onset and duration of sleep induced by thiopental.

Keywords: morpholine derivatives, morpholinopropylamine, aminophosphonates, Kabachnik-Fields
reaction, anxiolytics, psychopharmacology, PASS.

Mopgorun  mywvindviniapvl  Kazipei  yakeimma — ncuxogapmaxono2usoa  0dapi  peminoe — KeHiHeH
Kondanvinaovl. Makanada ocaya MOp@HOIUHONPONULAMUH  AMUHOPOCHOHAMBINGIY  AHKCUOTUNUKATLIK
bencenoinicin 3epmmey Hamudxcenepi kopcemineen. Ouviy yur komnonenmmi Kabaunux-@undc peakyuscol
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apxuLisl cunmesoey adici cunammanvinzan. CunmesoeineeH KOCbLIbIC OKUWAYIAHRAH, MA3aPMbLIRAH HCIHE
PUBUKA-XUMUATBIK 20iCep] anKblIbl CUNAMMABIHIEAH, OHbIY CY0a epumin mypi — P-yuKiooekcmpummen
xewteri anvinovl. Convimen kamap, PASS online supmyanovl 6asoapramacst apkviisl sHcyseee Acbipbliamblt
boaAHCAMOBL PAPMAKONOSUATBIK OENICeHOLNIK depekmepine Manday JHcypeizinoi. Buonoeusnviy CKpUHUHEmMiY
Homuoicenepl 3epmmenemin KOCbLIbICma ce0amuemi acepOiy O0nybin Kopcemmi. 3epmmenemin KOCblIbLC
CbIHATIAMbIH HCAHYAPAAPOLIH KO32ANbIC Oe/ICeHOLNIcIH HCoHe 05y YAKbIMbIH KbICKAPMMbl, COHbIMEH Kamap
MUONEHMANIObIH ICEPIHEH YUKbIHbIY OACTATY JHCHIIOAMObIZbIH, HCIHE Y3AKMbIELIH APMMbIPOLL.

Tyiiinoi cezoep: mopghonun mysiHObLIAPHI, MOPHOIUHONPONULAMUH, amunogpochonammap, Kabaunuk-
Qundc peakyuscsl, aukcuonumurmep, ncuxogapmarxonozus, PASS.

XPpOHHUECKUI CTpecCc M TpeBora CTAHOBATCS Bce Oojiee PacHpOCTPaHEHHBIMU B YCIIOBHSX
COBPEMEHHOW LMBWIM3ALMU. 3a MOCIEIHUE TOJbl OTMEUYEH 3HAUUTENIbHBIH POCT CIy4yacs
TPEBOXKHBIX PACCTPONCTB, MO JAaHHBIM HEKOTOPBIX MCCIEJOBAHUN 3TOT IOKA3aTelb COCTaBIISIET
okosio 33,7% [1]. B OonpmimHCTBE CilyyaeB Ui JICYCHUS TaKHX PACCTPOMCTB HCIIOJB3YHOTCS
AQHKCHOJINTUKH, OTHOCAIIMECS K rpynne OeH3oauasenuHoB. OMHAKO y ATUX MpPEnapaToB UMEOTCS
CephE3HBIC HEOCTATKU: BEIPAKEHHOE CETaTUBHOE ACWCTBUE M PUCK 3aBUCUMOCTH IMPH UTHTEIHHOM
npuMeHeHuu [2]. OTo MoAuYEepKUBAaET HEOOXOAMMOCTh IIOMCKAa HOBBIX AHKCHUOJIUTUKOB C
Pa3IUYHBIMU MEXaHU3MaMH JIeHCTBUSA, CBOOOJHBIMH OT HEOCTATKOB OEH30/1Ma3EINHOB.

Cpenu XHMMHUYECKHX COEIMHEHMH, 00JaJaroluX aHKCHOJIUTUYECKUMH M  HOOTPOIHBIMHU
CBOWCTBaMM, OCOOBIM MHTEpEC MPEACTaBISAIOT a30TCOACPIKAIINE eTePOLUKINYECKIE COeTUHEHNU,
Takue Kak Ipou3BOJHbIE MOpQoiarHa. B Hacrosiee BpeMss HEKOTOpbIe MIPOU3BOIHBIE MOP(OINHA
aKTUBHO NpUMEHsSIOTCS B rncuxodapmakosnoruud. Cpenu HuUX adoba30oq — aHKCHOJIMTHK,
o0MaafoIii HOBBIM MEXaHM3MOM JICHCTBHSI, CIIOCOOHBIH AaKTHBHU3MPOBATh €CTECTBEHHYIO
NPOTUBOTPEBOXKHYIO 3allMUTy HEPBHBIX KJIETOK («CHCTEMa DHJOTCHHOIO aHKcHoym3ucay) [3, 4];
peOOKCeTHH - aHTHAENPECCAaHT W3 TPYMIbl MHTHOUTOPOB OOpPATHOTO 3axBaTa HOpPaJpeHANIMHA,
NpeIHa3HAYSHHBIN ISl JIe4eHHs OOJIBIIOTO JETIPECCHBHOTO PACCTPOWCTBA, a TAK)KE IMaHUIECKOTO
paccTpoiicTBa M CHHApPOMa JeduIMTa BHHUMAHHS M TUIEPAKTHBHOCTU [5]; aHTHIempeccaHt
MOKJIOOEMH/I, KOTOpBIH TNPUMEHSAETCS Ui JICUeHHUs Jenpeccuil pa3iuyHOM STHOJOTHH[6];
BUJIOKCA3MH, NMPUMEHSIEMbIH NpH JETPECCUBHBIX COCTOSHUAX, OCOOCHHO B CiIydasx, KOTJia He
TpeOyercs ceaTuBHbIN 3 dexT [7].
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Takum o00Opa3oM, MOMCK M UCCIEIOBaHME HOBBIX, paHee HE HW3YYEHHBIX IPOU3BOJHBIX
MopdonuHa, 00JaNaloMMUX AHKCHOJIMTUYECKUMU U HOOTPOIHBIMU CBOMCTBAaMH, INPEACTaBIISET
co00# OYEBHTHYIO MEPCIIEKTUBY.

[To TpéxxkomMmoHEHTHOH «One-pot» peakuumm Kabaunuka-duinca ObUIM CHHTE3UPOBAH PSA
aMMHO(pOC(HOHATOB HA OCHOBE MOP(OJMHAIKUIAMUHOB, M  KOTOPBIX  OCYIIECTBIIEH
INPEJUKTOPHBIN aHAIU3 aHKCUOJUTHYECKOW M HOOTpONHOW akTuBHOCTU. [locime 3Toro ObLaM
BBIJICJIEHBl 3 COEAMHEHHUS C BbBICOKOH J10JIell BEpOSTHOCTH HAJIWYMS aHKCHOJUTHYECKOU
aKTUBHOCTH. B pe3ynbraTte ckpuHMHra 1 H3 HccleqyeMbIX IPOU3BOAHBIX MOPQOIMHA IOJ
naboparopubM mudpom AI'B-39 nposBUIIO0 HCKOMYIO aKTUBHOCTb.

Ha  pucynke 2 MpeACTaBjIeHa cxema CUHTE3a numeTi((2-dpropdennn)((3-
MOP(OITUHOMPONHI ) aMUHO )METHI )PpocoHaTa, KOTOPHIA ObLT MOMYYEH KHUISTYEHHEM B OeH3oIe
cmecu  MopdonumHnponmiaamuHa ¢ 2-(propOeHsambpaerugoM M AuMeTwidochuTomM - ¢
ucnosib3oBanueM Hacaaku Jluna-Crapka Juist oTBoja oOpa3yrouieicss BOAbI U3 PEAKIIMOHHON cMecH
(peaxkuust KabGaunuka-@unpaca). Bpems peakuuum cocraBuio 34 yaca. [lo OKOHYaHUHM peakuu
O€H30J1 ynapuBaloT, 11eJIeBON MPOAYKT OTIENAIOT OT HE BCTYNMBILUX B IOJHOH Mepe B PEaKIHIO
UCXOJIHBIX COEAMHEHUIl METOIOM KOJIOHOYHOW Xpomarorpaguu Ha OKHCH  aJIOMHHUSA
JIIOUPOBAaHUEM CMechio Xjopodopm:rekcan (1:1), Bbiaenss BTopyro (pakiuio B BHJIE Macia
CBETJIO-KEITOr0 1BeTa. I[lOCKONBKY TMONy4YeHHBIH aMHUHOPOC(POHAT TMpeACcTaBiIseT CcoOoi
HEPAaCTBOPHMOE B BOJIE MACIIO, JJISl JATbHEHIIEr0 OMOIIOTHIECKOTO CKPHHUHTA ObljIa TIOTY4YEHa ero
BOJIOpAcCTBOpHMAasi opMa B BHJIE KOMIUIEKCA C B-IUKIONEKCTpUHOM. Takoil moaxoa MO3BOJISIET HE
TOJIBKO JIETKO MEPEBONUTH KHJIKHAE BEIIECTBA B TBEPbIC aMOP(HBIE M KPUCTALTHYECKUE TIOPOIIKH,
HO ¥ MOBBIIIAET CTaOUIBHOCTH BEIIECTB B BOJIE U Ha BO3/AyX€, YCTpaHseT 3amaxX M BKYC UCXOJHBIX
COEIMHEHUH, a TaKKe yJIydIIaeT uX OMOIOCTYIIHOCTh U, YTO HEMAJIOBA)KHO, CHUKAET TOKCUYHOCTh
[8].
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Pucynoxk 2 — Cxema cunresza aumeti((2-gpropdenmn)((3-
MOP(OIMHOMIPOIHIT)aMUHO )METHIT)POocoHaTa 1 ero KoMIriekca ¢ B-iuknoaekcTpuaom (AI'B-39)

AHanu3 cuHTE3MpoBaHHOTO coeaumHenus no mporpamme PASS online (Prediction of Activity
Spectra for Substances) [9], mo3Bomstomuii mporuo3upoBats O6onee 4300 BUIOB OHOIOTHUECKOM
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aKTUBHOCTH CO CpPEAHEW TOYHOCTBIO OKOIOo 95%, mokazam, yro  mumeTtmi((2-dpropdennn)((3-
MOpOTUHONIPONHI )aMuHO )MeTUI )pochonaT HeceM B cede Oombmioi O6uomnoreHuuan. CormacHo
nporuo3am PASS nanHoe coelMHEHHE MOXET B IEPBYIO OYepelb MPUMEHATHCS B KaueCTBE
JIEKapCTBEHHOTO CPEACTBA B TMNCUXO(apMaKOIOTHH, a WMEHHO TMpH JiedeHHH (HOOUISCKUX
paccTpoiicTB, a Takke Kak IPOTUBOHEBpOTHUEecKoe cpeacTBo. Kpome Toro, mumermi((2-
dbropdennn)((3-mopdonrHOMPONHIT )aMHHO )METHI)PochOHAT — MOTCHIIMAIBHBIA aroOHUCT CHUTMa-
PELEenTOPOB, KOTOPbIE pacCCMATPUBAIOTCA KaK MUIICHU MCHUXO(papMaKoJIOTHYeCKOro BO3ACHCTBHUS,
SBJIAIOIINECS YHUBEPCAJIbHBIMU PETrYJISTOPAMH BHYTPU- U BHEKJIETOYHBIX (PYHKIMH B YCIOBHUSX
KJIETOYHOTO CTpecca.

Tabnuia 1 — buonornueckas aKTUBHOCTD numetui((2-propdennn)((3-
MOPQOJIMHOIIPOITHIT)aMUHO )MeTHIT ) pocdoHara, cripornozupoBaHHas 1o nporpamme PASS

BeposiTHOCTE TIPOSIBIICHHSI aKTHBHOCTH, %0
Pa(BeposiTHOCTB Pi (BeposiTHOCTH Bl aKTHBHOCTH
MIPOSIBIICHUS ) HETIPOSIBIICHU )

0,759 0,050 Jleuenune poOUUECKUX PACCTPONCTB
0,612 0,005 Jleuenue Gone3nu Anblreiimepa
0,558 0,021 Jleyenue HelpoereHepaTUBHBIX 3a001eBaHUI
0,496 0,014 Perynarop xanbuus
0,444 0,059 AHTHaHTUHAIIBHOE CPEJICTBO
0,427 0,016 ATOHHUCT CUTMa-pelenTopoB
0,443 0,138 [IpoTUBOHEBPOTUYECKOE CPENICTBO
0,263 0,052 [IpoTHBO3NMIIENITUYECKOE CPENICTBO

Ha mnepBom osrame wuccienoBaHusi MOJdy4eHHbIH Komruieke aumetw((2-dropdennn)((3-
MopdonuHonponuiI)aMuHo )MeTuin)pochoHara ¢ P-IUKIONEKCTPUHOM OBbLT H3Y4YeH Ha OCTPYIO
TOKCHYHOCTH, 3HAUE€HHE KOTOPOH HEOOXOUMO Ha CIEAYIOIIMX dTanax JJIs ONpeesIeHUs] BBOJUMON
7103BI IIpeTapara.

Ilens BTOpOro 3rana UCCiael0BaHUs - U3yUYEHUE aHKCHOJIMTUUYECKUX CBOMCTB coennHeHus Al'B-
39. 5151 5TOTO OBIJIO U3YUEHO €r0 BIMSHUE HA TIOBEJACHNE MBIIIEH B YCIOBUSIX TECTA IIPUITOAHSATHINA
KpecTooOpa3HbIl TAOUPUHT» U «OTKpBITOE moJiey» [10]. OnbITel ObUTH MpOBEIEHBI Ha OEITBIX MBIIIaX
B Bo3pacte 4 MmecsieB. MeTojoM citydaiiHON BBIOOPKHU JKMBOTHBIE ObUIH pa3zieieHsl Ha 5 rpyn (4

onbITHBIX W 1 KoHTponbHasi). Wccnenyemoe coeaunenne AI'B-39  BBoausoch B j03e,
29



N3BECTHA HAYYHO-TEXHHUYECKOI'O OBIIECTBA «KAXAK», 2024, Ne 2 (82)

skBuBasieHTHOU 1/10 ot LD50. OreHka moBeneHUs KUBOTHBIX MPOBOAMIIACH B YCIOBUSX TECTOB
gyepes 30 mun nocne BBeAeHust AI'B-39.

B Tecre «OTKppITOE 1I0JI€» OLIEHUBAIM OPHEHTHPOBOYHO-UCCIIENOBATENBCKYIO PEaKIHUIO,
SMOLIMOHAIBHYIO pEAKLUUI0O U BBIPAKEHHWE IIaCCUBHOIO CTpaxa. YCTAHOBKAa «IPUIIOAHITHIN
KpecTo0Opa3HbIil TaOUPUHT» MO3BOJISET OLEHUTh TaKUE MOKAa3aTeId aHKCUOIUTHYECKOro ¢ dekra
KaK CHHXXCHHE TPEBOKHOCTH JKUBOTHBIX, O KOTOPOM TOBOPHUT YBEIWYEHHE BPEMEHHU HX
HAXO0XJICHUS B OTKPBITHIX pyKaBax M KOJUYECTBA BXOJIOB B OTKPBITHIE pyKaBa JIAOUPHUHTA.

B TecTe «OoTKpBITOE TOJIe» TOCHE BBEICHUS >KMBOTHBIM mpemapata AI'B-39 Owbuto oTmMedeHO
YMEHBIIICHHE TIePeCeUCHUS IIEHTPATBHBIX KBAPATOB B 2,5 pa3a U BPEMEHH MPEObIBAHUS )KUBOTHBIX
B LIEHTpE B 4 pa3a, Kpome 3Toro, B 11 pa3 yBenTMuMIOCh BpEMs «OT/AbIXa» U KOJIMYECTBO OOJIIOCOB B
2,9 pa3 (p <=0.05). MI3MeHeHue 1pyrux napameTpoB CTaTUCTUUYECKON 3HAYMMOCTH HE UMEJIO.

B Tecre «mpUMOAHATHIA KpPecTOOOpPA3HbI JAOMPUHT» TIOCIE BBEJACHHUS HCCIEAYEMOTO
coenuaeHuss AI'B-39 Obu1o0 OTMEUEHO yMEHBIIICHHE KOJIMYECTBA 3aX0JI0B U BPEMEHH MPEObIBAHUS
KUBOTHBIX B OTKPBITHIE pyKaBa B 4 paza, KpoMe 3T0ro, B 11 pa3 yBennuuiaoch Bpems «OTAbIXa» (p
<=0.05). U3smeHenue qpyrux napaMeTpoB CTATUCTUYECKON 3HAUUMOCTH HE UMEIIO.

Taxum ob6pazom, onpenenunu, uto AI'B-39 B no3e 1/10 or LD50 B ycrnoBusix «OTKPBITOTO MOJISDH)
U «IPHUIOJHATOrO0 KpecTooOpa3HOro nabMpUHTAa» HE OKA3bIBACT CYIIECTBEHHOE BIUSHUE Ha
MIOBE/ICHYECKUE PEAKIMU, OTPAXKAIOIINE YPOBEHb TPEBOXKHOCTH KUBOTHBIX, OJHAKO, 110 CHUKEHHUIO
JIBUTATEILHOW aKTUBHOCTU >KMBOTHBIX WM YBEIWYCHHUIO BPEMEHHU «OTIIBIXa» B YCTAHOBKAax IOCIIE
BBenenus 1/10 LD50 AI'B-39, M0XHO cheigaTh BBIBOL O HajlWYMH BO3MOXKHOIO CEXATHBHOIO
JEUCTBUS Y JAHHOTO COEUHEHMUS.

B cBs31 ¢ BBIsIBIEHHEM MPEIOIOKUTEIHLHOTO celaTUBHOTO d(dekTa uccneayeMoro npemnapara
JUIS JIOKa3aTeNbCTBA €ro Haluyusl ObUIa IPOBEACHA OLIEHKA €ro CHOCOOHOCTH YBEJIMYUBATH
JUIUTEIHHOCTh THOTIEHTAIOBOTO CHA Y Ja0OpaTOpHBIX MbIlIel. JKUBOTHBIM M3 OMBITHBIX IPYHI 32
30 MUHYT 10 BHYTPUOPIOIIMHHOTO BBEJICHUS THOIEHTana HaTpus B 03¢ 50 MI/KT (BBI3BIBAIOLIECH
coH y 100% wMpImeit KOHTPOIBHOM TPYIMIIBI) MOJAKOKHO BBOJIWIIN Uccienyemoe coequnenue Al'B-
39 B no3ze 1/10 LD50. OuenuBanu: JaTEHTHBIM MEpHOJ HACTYIUIEHUS CHA (BpeMs 3achIaHUs) U
MIPOJIOJKUTENIBHOCTD CHA B CPABHEHUHU C KOHTPOJIBHOM TPYIIION.

Pe3ynbTaThl 5KCIEPUMEHTOB Ha MOJIETTN THOIIEHTAJIOBOTO CHA IIPEJICTaBICHbI B TAOIHIIE 2.

Tabnuna 2 — Bausune AI'B-39 Ha 1IMTENBHOCTS THOIIEHTAIOBOTO CHA

['pynna (n=6) Bpewms 3aceimanus, MuH [IponomKUTENBHOCTD CHA, MUH
KOHTPOJTb 2,13+0,19 65,76 £ 1,18
AT'B-39 (d=78,3 mr/kr) 1,32 +0,11* 72,3 +1,5*%

[Tpumedanue: * - CTATUCTHYECKHU JTOCTOBEPHOE OTINYME B CPAaBHEHHH C KOHTPOJIBHOM
rpymnmnoii npu yposse 3HaunmMoctu p <= 0,05

B xoze nmpoBeI€HHOr0 SKCIIEpUMEHTA YCTAHOBJIEHO, YTO BBeAeHre coeannennss AI'B-39 B nose,
cootBeTcTBytomen 1/10 LD50 ykopaunBasno jgaTeHTHbIN nepuo HacTyIjIeHus cHa B 1,6 pa3a u B
1,09 pa3za yBeaMuUMBAJIO €ro MPOAOJKUTEIBHOCTh y JIa0OpAaTOPHBIX MBIIIEH B CpPaBHEHUU C
KoHTpoJbHOM Tpymmoi (P <0.05). CiaemoBareiabHO, MOXKHO C/IEIaTh BBIBOJ O HAIWYMH Y JaHHOTO
COEIMHEHMS CEJTaTUBHOIO JEHCTBUS.
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JKCNepUMEHTAIbHAS YaCTh

Jumemun((2-¢pmopghenun)((3-mopgoarurnonponun)amuno)memun)pocghornam. B TIIOCKOTOHHYIO
TPEXTOpJIyI0 KOHMYECKYI KojOy, cHaOkeHHyro Hacaakoi Jluna-Crapka ¢ 0oOpaTHBIM
XoJIoAmIIbHUKOM, TtomeriaroT 0,0154 monp MmopdosmuanponmiamuHa B 150 mur abce. 6en3oa. 3arem
nocienosarenbHo  gobasnstor 00,0169 momp  2-gropbensanpaerupa  u o 0,0217  mounb
mumetmindocdura. Jlanee npu MoCTOSHHOM NEpEeMEIIMBAaHIH HArPEBAIOT PEaKIIMOHHYIO CMECh IIpU
Temreparype KumeHus OeH3ona B TedeHue 34 4. [lo okoHUaHUM peakuuu OCH30J YyNapuBaloT,
NPOAYKT OYHMIIAIOT M BBIIEIAIOT C MOMOIIBI0 KOJOHOYHOM xpomarorpaduu Ha Al2O3, smrounpys
cMechio xaopodopm:rekcan-1:1 u codupas Bropyro ¢ppaxiuto. Beixoa numerni((2-propdennn)((3-
MopdonuHonponuit)amuHo )MeTuin)pochonara cocrapiusier 66%.

Jumemun((2-¢pmopghenun)((3-mopgonrunonponun)amuno)memun)pocghonama 6 komniexce c f-
yuxknooekcmpunom.  CmemmBarotr  pactBopbl 0,01  moms  mumerun((2-dropdennn)((3-
MophommaOnponu)amuuo )mMetuin)pochonara B 30 ma stunmoBoro crnupra u 0,01 moms B-
nukionekcTpuHa B 90 mul aucTWUIMpoBaHHOW BoJbl. CMech NOMELIAIOT B CYLIMJIBHBIM HIKad,
BBIMMAPUBAIOT 3TaHON U Boxy mpu 50-55 °C. Ilomy4aroT KOMIIIEKC BKIIOYEHHS B BHIE OENOro
nopoiuka ¢ Trut > 240 °C.

3akiro4yeHue

Pe3ynpTaTel NPOBENEHHBIX MCCIEAOBAHUN JIEMOHCTPUPYIOT HECOMHEHHBIA IOTEHIMAI
aMMHO(OC(HOHATOB HAa OCHOBE MOP(HOJIIMHAIIKUIAMUHOB B KauecTBe BAB 11 ncuxodapmakonoruu
U He TosibKO. Pe3ynbTarel mporHozupoBaHusi PASS yka3biBaloT Ha BO3MOXKHBIM yCIeX JaHHOTO
mperapara TpU  JICYCHWH HEWpOJereHepaTHBHBIX 3a00JeBaHWMN, B TOM dHCIe OOJE3HH
AnpureiiMepa. Ha Mozensix «OTKpBITOrO MOJISI» U «IPUIIOAHITOIO KPeCcTOoOOpa3HOro JIaOMpUHTa»
npenapat AI'B-39 ymeHbIIan JBUraTeNbHYH0 aKTUBHOCTH W BPEMsI OTIbIXa Y MCIBITYEMbIX
JKUBOTHBIX, & TAKXKE YCKOPSUI HACTYIUIEHHE M YBEJIMYUBAI IPOAOLKUTEIBHOCT CHA, BBI3BAHHOIO
THOIIEHTAJIOM. Takum o0pazom, mumetn((2-gpropdennn)((3-mopdonnHo-
MPOMMI)aMUHO)METUIT)POochOHAT B KOMIUIEKCE C [-LIUKIOJEKCTPUHOM. O0JIafjaeT BbIPaXKEHHBIM
celaTUBHBIM jaedicTBUeM. [locnme yriyOn€éHHOro JOKIMHMYECKOTO MCCIIEOBAHUS  JAHHOE
COCIMHEHUE MOXKHO IPEMIOKHUTh I KIMHUYECKOTO HCCIENOBAHMS B KAadyeCTBE CPEICTBA A
JIeYeHUsI HapylIIEHWH CHa, a TaKK€ COCTOSHUM, CONPOBOXKAAIOIIMXCS  MOBBIIIEHHON
B0O30YIMMOCTbBIO U Pa3paKUTEbHOCTHIO.

Paboma svinonnena 6 pamxax epanmogozo gunancuposanus
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IN SILICO PREDICTION OF THE BIOLOGICAL ACTIVITY
OF STRUCTURAL ANALOGUES OF CURCUMIN
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Turmeric, containing the active ingredient curcumin, has numerous beneficial properties. It has a strong
anti-inflammatory effect and is a powerful antioxidant, protecting cells from damage and reducing the risk of
chronic diseases. It supports heart health by lowering cholesterol levels and regulating blood pressure.
Moreover, turmeric has anti-cancer properties, slowing down the growth of cancer cells and preventing
metastasis. It also aids digestion, helps with gastrointestinal disorders, and has antiseptic properties that
strengthen immunity and assist with infections. Since the early 21st century, interest in turmeric and its
structural, including synthetic, analogs has been growing. This article presents data on an in silico
assessment of the biological activity of synthetic curcumin analogs using the PASS program. A comparative
analysis of structures and their bio-potential as a therapeutic agent is performed.

Keywords: curcumin, structural analogs of curcumin, piperidin-4-ones, biological activity, in silico,
PASS, Scopus.

Kypxyma ecimoieiniy Kypamvinoazel 6enacenoi 3am — KypKyMuH konmezeH namoanwl kacuemmepee ue. On
Kywmi KabviHyea Kapcvl acep emeodi, COHbIMEH Kamap Kywmi aHmMuoKcuoaum o0o01vin madwuliadsl,
arcacywanaposl 3aKbIMOAHYOaH KOP2AUObL JHCIHE CO3bLIMANLL aypyaap Kaynin memenoemedi. On scypex
O€eHCayblebli Cakmauiobl, X0NeCmepur OeH2elin MoMeHOemedl JHCIHEe aApPMePUsIbIK KblCbIMObL Pemmeioi.
Convimen Kamap, KypKyMUH Kamepai iCikke Kapcol Kacuemmepze ue, KamepJi iCiK Jcacyulaiapbinbly oCyiH
basnamaowl dicane onapoviy memacmas bepyine scon bepmetioi. On conoaii-ax ac Kopwvimyosl HcaKcapmaosl,
acKazan-iuex Hconoapbinbly OY3blIbICMAPbIHAN KOMeKmecedi JHcone aHmucenmukanivl Kacuemmepee ue,
OY UMMYHUmMEmMMI Hbl2atmaodvl Hcane unpexyusiap Kesinde kemexmeceodi. 21 2acvipovly bacvinan bacman
KYPKYMUH2E JHCIHE OHbIH KYPLLIIMObIK, COHbIY TWiHOe CUNMEMUKANbIK AHAI0CMAPbIHA 0e2et Kbl3bl2YUUbLIbIK
y30ikciz apmuin kenedi. byn maxanada PASS baz0apramacvinvly komecimen KypKYMUHHIY CUHIMEMUKATIBIK
ananoemapuinsly  Ouonrocusnel  oencenoiniein in - Silico  6azanay mypanet  mamepuan  6bepineen.
Kypvioimoapea oicone onapowiy 0apinik 3am peminoe2i OUONOMEHYUANLIHA CATLICMbIPMALbL MAA0AY
HCYp2izingi.

Tyitinodi co30ep: KypKyMuH, KYPKYMUHHIY KYPBLILIMObIK AHAI02MAPbL, NUNEPUOUH-4-onoap, OUON02USIbIK
Oencenpinik, in silico, PASS, Scopus.

Kyprxyma, codepocawas axmusnoe geujecmeo KypKyMuH, obnadaem psoom noaesHvix ceoticmg. Ona
umMeem CUlbHOe NPOMUBOBOCHAIUMENbHOE Oelicmeue, MAKdice SABIAeMCsi CUTbHbIM AHMUOKCUOAHMOM,
3auuwas Kiemku Om HOBPedCOeHUll U CHUNCAS PUCK XpoHudeckux 3abonesanutl. Ouna noooepoicusaem
300p08be cepoyd, CHUMNCASL YPOBEHb XONeCMepuHa u pecyiupys apmepuanvHoe oaeierue. Kpome mozo,
KypKyMa obaadaem aHMUKAHYEPOSEHHbIMU — COUCMBAMY, 3aMeO0Nds POCM — pPAKOBbIX KIeMOK U
npeoomepawas ux Mmemacmazupoganue. OH makdice yayuuiaem nuwesapenue, nomozaem npu
paccmpoiicmeax KKT u obnadaem ammucenmuueckumu C8OUCMEAMU, YMO YKPENIAem UMMYHUMEm U
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nomocaem npu ungexyusix. C nauana 21 gexa unmepec k KypKyme u ee CMpPYKMYPHbIM, 6 MOM YUucie u
CUHMEMUYEeCKUM, AHAN02aM HenpepuleHo pacmem. B oammoti cmamve npedocmasnen mamepuan no IN
SILICO oyenke 6uonocuueckou axmueHOCMU CUHMEMUYEeCKUX aHAN0208 KYPKYMUHA, KOMOPbLU
ocyujecmgnen ¢ nomowwio npocpammel PASS. Ilposeden cpasnumenvuvili aHanuz cmpykmyp u ux
buonomenyuana 8 Kayecmese NeKapcmeeHH020 cpedCcmaa.

Kntouesvle cnoea: KypKyMuH, CmMyKmypHbvle aHANO2U KYPKYMUHA, NUnepuour-4-owmsi, OUOIOUYECKAS
axmusnocms, in silico, PASS, Scopus.

Due to its therapeutic properties, curcumin has been used
in traditional Chinese and Indian medicine for treating
wounds and infections for centuries. It is also used in
cooking to extend shelf life and add color to dishes.
Curcumin is a natural polyphenol extracted from the root of
the turmeric plant (Figure 1). This plant has anti-
inflammatory and antioxidant properties, improves brain
function, and reduces cardiovascular risk. Turmeric can be
used to prevent Alzheimer's disease, help with arthritis and
depression, and slow down the aging process in the body
[1-5].

OCH; OCH;

Figure 1 — Structural formula of curcumin,

Since the beginning of the 21st century, curcumin has gained a new wave of popularity when
researchers from Temple University in Philadelphia (USA) confirmed its effectiveness in the fight
against inflammatory and oncological diseases [6]. They analyzed scientific studies on curcumin's
biological properties published since 1924. This research revealed about 5,000 documented pieces
of evidence describing curcumin's anti-cancer properties.

The increasing scientific interest is confirmed by a continuous rise in the number of publications
according to the Scopus database (Figure 2). From the beginning of the 21st century to the present,
47,107 documents have been published under the keyword "curcumin,” showing a steady
progression (from 167 publications in 2000 to 4,239 publications in 2024).

Most of the documents, according to the analysis of their application area (Figure 3), relate to
Biochemistry, Genetics, and Molecular Biology (17,527), Medicine (15,652), and Pharmacology,
Toxicology, and Pharmaceuticals (15,363), further confirming the demand for curcumin as a
biologically active compound.
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Figure 2 — Number of publications under the keyword "curcumin”
according to the Scopus database for the period 2000-2024
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Figure 3 — Distribution of publications under the keyword "curcumin® by application areas
according to the Scopus database for the period 2000-2024
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Out of 47,107 documents, about 30% of publications are associated with research on curcumin
and its analogs as agents in cancer treatment: by searching Scopus with the keywords
"curcumin+cancer,” 15,006 documents on this topic were found for 2000-2024 (Figure 4).

15,006 document results S0 YOI FIRge 10 Mtiyae: SO0 = . .

Documents by year

P
- p—

Figure 4 — Number of publications under the keywords "curcumin+cancer"
according to the Scopus database for the period 2000-2024.

Currently, active research is being conducted on curcumin itself in this direction. For example,
German scientists have described a cascade of reactions that may explain curcumin's anti-cancer
action [7]. Numerous studies are also being conducted on the synthesis methods and properties of
synthetic curcumin analogs, which also exhibit a wide range of biological activity [8-12].

As interest in curcumin grows exponentially, it seems promising to obtain some of its synthetic
analogues, since natural curcumin itself has 2 significant drawbacks: poor bioavailability and rapid
metabolism. However, before beginning synthetic work, it is essential to assess the biological
potential of future compounds, select substituents that enhance activity, and confirm the logic of
including a specific substituent in the structure. The assistance of virtual tools in this matter is
invaluable. The biological activity of synthetic curcumin analogs was predicted using the PASS
(Prediction of Activity Spectra for Substances) program [13]. PASS is a software product developed
as a tool for evaluating the general biological potential of drug-like organic molecules. PASS
provides simultaneous predictions for multiple types of biological activities based on structure-
activity relationships.

There are many ways to obtain curcumin analogs; however, the simplest method is the synthesis
of dienones from various ketones. Ketones, especially piperidones, are themselves considered lead
molecules and possess significant bio-potential [14-16].

The following sequence of ketones was selected as base molecules for preliminary assessment:
cyclohexanone (1), piperidin-4-one (2), and 1-methylpiperidin-4-one (3). This sequence allows the
tracking of the impact of nitrogen in the ring and substituents on the modification of bioactivity in
the compounds. Based on these three ketones with aldehydes (acetaldehyde, benzaldehyde, o-, m-,
p-fluorobenzaldehyde), curcumin-like structures (dienones 4-18) were generated, for which
biological activity predictions were performed using the PASS program (Figure 5). The predicted
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spectrum of activities is quite broad, with probability indices (Pa) ranging from 0.001 to 0.990
(from 1% to 99%). For the analyzed compounds, only probabilities above 50% were considered.

7-9 10-18 o.m,p-F

X X=CH,, NH, NCH,

Figure 5 — Generated curcumin-like structures based on cyclohexanone (1), piperidin-4-one (2), 1-
methylpiperidin-4-one (3).

According to predictions, dienones 4-6 may primarily act as enzyme inhibitors (targeting
oxygenases, phosphatases, hydrolases, peptidases, and other enzymes) (Table 1). Enzyme inhibitors
are widely used to halt biochemical processes, thereby preventing the accumulation of pathological
products or preserving necessary substances. They are also employed to study enzyme mechanisms,
in medicine for metabolic disorder treatments, and as pesticides in agriculture. Additionally, all
three compounds show potential for the following activities: antineoplastic, carminative, apoptosis
agonist, oxygen scavenger, mucomembranous protector, alopecia treatment, platelet aggregation
stimulant, antileukemic, kidney function stimulant, vasoprotector, acetylcholine neuromuscular
blocking agent, leukopoiesis stimulant. The presence of nitrogen in the ring (compound 5) and a
substituent on it (compound 6) introduces further properties: phobic disorders treatment, nootropic,
membrane integrity agonist, 5-hydroxytryptamine uptake stimulant, antinociceptive, ovulation
inhibitor. Analyzing the data in the table, it is not possible to detect a direct “structure-activity”
relationship, however, significant differences can be observed between the three structures 4-6.
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Table 1 — Predicted biological activities of compounds 4-6 according to the PASS program.

O

X
4-6
Pa*
Activity

4 5 6
Enzyme inhibitors (many types) 0.900-0.500 | 0.900-0.500 | 0.900-0.500
Antineoplastic 0.845 0.614 0.679
Phobic disorders treatment - 0.808 0.773
Carminative 0.791 0.596 0.536
Anaphylatoxin receptor antagonist - - 0.782
Antieczematic 0.770 0.585 -
Membrane integrity agonist - 0.758 0.664
Apoptosis agonist 0.714 0.690 0.631
Antiinflammatory 0.714 - -
Oxygen scavenger 0.697 0.645 0.752
Mucomembranous protector 0.722 0.756 0.625
Neurodegenerative diseases treatment 0.668 - -
Alopecia treatment 0.662 0.606 0.554
Platelet aggregation stimulant 0.658 0.623 0.679
Antileukemic 0.651 0.670 0.726
Nootropic - 0.638 0.706
Kidney function stimulant 0.637 0.644 0.640
Polarisation stimulant - - 0.594
Octopamine antagonist - - 0.631
Cardiovascular analeptic 0.617 0.534 -
Neurotransmitter antagonist - - 0.569
MAP kinase stimulant - 0.617 0.579
Fibrinolytic 0.646 0.638 -
\Vasoprotector 0.608 0.553 0.584
Erythropoiesis stimulant 0.594 0.627 -
Antihypoxic - - 0.591
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Chemoprotective 0.570 - -
Imidazoline receptor agonist - 0.571 -
Preneoplastic conditions treatment - 0.543 -
Antiseborrheic - 0.586 -
Acetylcholine neuromuscular blocking agent 0.583 0.561 0.559
Antieczematic 0.707 0.585 -
Histamine release stimulant 0.552 0.552 -
Antisecretoric - - 0.554
Calcium channel (voltage-sensitive) activator 0.561 0.567 -
Ovulation inhibitor 0.561 0.639
5 Hydroxytryptamine uptake stimulant - 0.537 0.572
Dementia treatment - - 0.528
-Pediculicide 0.515 - -
Gonadotropin antagonist 0.510 - -
Spasmolytic, urinary 0.532 - -
Antineurotic - - 0.539
Leukopoiesis stimulant 0.523 0.583 0.534
Mucositis treatment 0.545 0.611 -
Gestagen antagonist 0.500 - -
Antiviral (Picornavirus) 0.509 - -
Antidyskinetic 0.516 - -
Antinociceptive - 0.512 0.513
Adenomatous polyposis treatment - 0.519 -
Antihelmintic (Nematodes) - - 0.500
*- Pa (probability "to be active™) estimates the chance that the studied compound is belonging to
the sub-class of active compounds

If we conduct a comparative analysis of dienones 4-6 and dienones 7-18, we can clearly see that
replacing the methyl radical with a phenyl radical significantly increases the antileukemic activity
of the compounds — from 0.651-0.726 (4-6) to 0.920-0.931 (7-9), which means the highest
probability of manifestation of antileukemic properties by these compounds (Table 2). The
probability of “membrane integrity agonist” activity also increases. At the same time, the
probability for the property "membrane integrity agonist™ increases. New types of activity appear,
which are not in the rating above 50% for compounds 4-6 - these are antineoplastic (lymphocytic
leukemia), insulysin inhibitor, dementia treatment, antituberculosis, the latter is characteristic only
for compound 8. All other characteristics are more or less the same, there were only minor changes
in the percentage value of probability, so they are not presented in Table 2. The prognosis
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"Insulysin inhibitor" is particularly attractive, since insulysin is an enzyme that catalyzes the
degradation reaction of insulin, glucagon and other polypeptides.

Table 2 — Predicted biological activities of compounds 7-9 according to the PASS program.

Pa
Activity

7 8 9
Membrane integrity agonist 0.933 0.871 0.839
Antileukemic 0.931 0.920 0.923
Antineoplastic (lymphocytic leukemia) 0.609 0.614 0.676
Insulysin inhibitor 0.646 0.608 0.637
Dementia treatment 0.518 - 0.562
Antituberculosic - 0.511 -

For fluorophenyl derivatives 10-18, in comparison with their methyl and phenyl analogues, the
number of expected activities is significantly narrowed (Table 3). Their activity as inhibitors of
various enzymes decreases only to some classes. However, antineurotic activity is detected, which
is characteristic of all three fluorophenyl derivatives of 1-methylpiperidin-4-one (16-18) and one
fluorophenyl derivative of piperidin-4-one (15). In the case of antileukemic activity, an interesting
dependence of activity on the position of the fluorine atom in the cycle is observed: for all 9
compounds, an increase in activity occurs in the o-, m-, p- chain. In the case of antineoplastic
activity, no direct dependence was recorded. In addition to these types of activity, fluorophenyl
derivatives 10-18, as well as their analogs under consideration, potentially have the following types
of activity: apoptosis agonist, dementia treatment, membrane integrity agonist, oxygen scavenger,
antinociceptive, platelet adhesion inhibitor, antineoplastic (lymphocytic leukemia), phobic disorders
treatment.

Conclusion

The development of new computer forecasting technologies and their use for assessing probable
types of biological activity of chemical compounds opens a real opportunity for a comprehensive
study of these substances. This allows for subsequent testing of substances in accordance with the
forecast results. Undoubtedly, the results of computer forecasting biological activity using the
PASS online system require additional experimental studies and confirmation. However, they
provide an opportunity to specifically focus on studying those types of biological activity that are
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quite likely to manifest themselves in experiments. Thus, these forecast data can be useful in
planning further studies in vitro and in vivo test systems.

Table 3 — Predicted biological activities of compounds 10-18 according to the PASS program.

Activity
10-12 13-15 16-18
0- 0.776 0- 0.769 0- 0.815
Antileukemic m-0.828 | m-0.837 m- 0.855
p- 0.869 p- 0.864 p- 0.888
0-0.738 0- 0.707 0-0.733
Antineoplastic m-0.719 | m-0.640 m- 0.655
p- 0.702 p- 0.679 p- 0.702
- 0- 0.516
Antineurotic - - m- 0.516
p-0.537 p- 0.611
The work was carried out within the framework of grant funding
from the Ministry of Science and Higher Education of RK AP23484420
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INNOVATIVE TESTING METHOD COUPLED
WITH NEURAL NETWORKS
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A new approach to the psychological testing of students is proposed, based on pairing the text of a
science fiction novel with a neural network. The text of the novel, specially written for this work, is full of
hyperlinks, the transitions on which provide a connection with the neural network. More precisely, each link
is a neuron of the first layer of the network. When following this link, the state of the neuron changes from
zero to one. As a result, a well-defined digital image of the reader interacting with the novel is created, fixed
in binary variables and analyzed by the neural network. The text of the novel was deliberately saturated with
words and phrases to which links are attached, and which are associated with various aspects of the
development of science. In particular, in the first chapter of the novel there are references related to the
history of the formation of astronomy and classical mechanics. The action of this chapter takes place in
Prague, where the main characters travel through historical places associated with the activities of Tycho
Brahe, Kepler and other scientists who have made a significant contribution to the development of science.
The training of the neural network was carried out in a standard way, a promising sample was built based
on the results of psychological testing of junior university students and high school students. This testing was
carried out using standard methods aimed at identifying the inclinations of students and their ability to solve
non-standard problems. Control experiments were carried out, proving that this approach really makes it
possible to identify young people with increased creative abilities, increased interest in learning, and allows
you to determine the inclinations of high school students and develop recommendations for choosing an
adequate trajectory of study at the university.

Keywords: neural network, science fiction, learning trajectory, education quality, digital image, creative
abilities, innovative testing.

Founoimu-gpanmacmuxkanel poMan MamMIHIH HEUPOHObIK JICeNiMeH  JICYNMAcmulpyed HeeizoenceH
cmyoenmmepOi NCUXONIOSUSIbIK MeCmineyoiy Jicana Mmacili Yculubliaovl. byn ocymvic ywin aphativl
JHCAZBIIAH POMAHHBIY MIMIHI eunepciimemenepee mojvl, 01APOblY AYbICYbl HEUPOHOLIK JHCeNiMeH
batinanvicmsl Kammamacwslz emeoi. lonipex aumkganoa, apoip ciimeme diceniniy Oipinwi Kabamoviibly
Hetiponvl 6onvin madwviiadvt. Ocel cinmemeni backan kezlde HeUpoHHbIY KYUi HONOeH Oiplikke 632epedi.
Homuoicecinoe pomanmen o3apa apexemmecemin OKbIPMAHHBIY HAKMbL CAHOBIK, OeliHeCt Jcacanaobl, eKiiiK
AUHBIMATLIIAPOA  HCA3BLAAOLL JHCIHE HEUPOHOBIK Jicelll apKbLibl mandanadvl. Pomanmnviy momini aoeiii
cinmemenep OeKimineeH HcaHe EbliblM OAMYbIHbIY IPMYPIL acheKkmiiepimen OauIanvlcmvl co30ep MeH o3
mipkecmepine monvl. Aman aumkanoa, pomMaHHuly OIpiHWE MapayblHOa ACPOHOMUSL MeH KAACCUKATbIK
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MEXAHUKAHBIY KATLINMACY MApUXsiHa Kamvlcmul ciimemenep 6ap. Byn mapay [Ipazada emedi, onoa bacmoi
xetiinkepaep Tuxo bpaxe, Kennep oicone eviibiMHbly OamybiHa aumapivikmail yaec KOCKaw 0acka
anbIMOapObly Kbi3MemiMeH OalllaHblCmbl MApuxu oOpblHOapobl apanaiiovl. Heliponowvlx ocenini oxvimy
cmanoapmmul mypoe JHCypeizindi, NepcneKmusanvly ipikmey moMeHel Kypc CHyOeHmmepi MeH JHCOEapvl
CHIHBIN  OKYWBLIAPLIHBIY NCUXONOSUSIBIK Mecminey Hamudcenepi Heeizinoe Kypwliovl. byn mecminey
cmyoenmmepOiy Oetiimoiniei Men cmaHoapmmul emec Mmaceneiepdi weuiyee Kabiiemminiein auviKmayed
bazvimmanzan cmamoapmmol 20icmepoi  KONOAHA Omblpbln  JCypeizindi. byn macin wwin  MaHiHOe
WBIEAPMAUBLILIE, KAOLIemi 2ico2apbl, OKyea 0e2eH Kbl3bleYUbLIbIZbL JHCOAPbl  AHCACMAPObL  AHLIKINAY2A
MYMKIHOIK Gepemindicin danendetimin OaKvliay IKCHePUMEHmMmePI JiCYpei3inoi, COHbIMEH KaAmap Hco2apvl
CbIHBIN OKYWBLIAPLIHLIY Oelimoinicin anvikmayea dcone KOO-0a oxvimyovly bapabap mpaeKmopusiColH
manoay OoUbIHWA YCblHbICMAap d3ipaeyee MYMKIHOIK bepeoi.

Tyitin co30ep: HelpoHObIK diceni, bLIbIMU PAHMACMUKA, OKY MPAeKMOpUscyl, OiNiM canacvl, yu@dpivix
cypem, WbleapmMauibliblk, UHHOBAYUSLIBIK MeCmiie).

Ilpeonacaemcss HOBbII NOOX00 K NCUXONOSUMECKOMY MECMUPOBAHUI) CHYOEHMO8, OCHOBAHHbLIIL HA
CONPANCEHUU MEKCTNA HAYYHO-PAHMACMUYECK020 POMAHA ¢ HeUPOHHOU cembio. Texcm pomana, cneyudaibHo
HANUCAHHIL 01 IMOU pabombl, HANOJHEH 2UNEPCCLLIKAMU, NePexodbl O KOMOPLIM 00eCneHusaom cesisb ¢
HetiponHoll cemblo. TouHee, KaxicOas CCbLIKA — IMO HEUPOH nepgozo cros cemu. Ilpu nepexode no ccvlike
cocCmosiHue HelpoHa MeHsiemcst ¢ Hyns Ha eounuyy. B pesynomame cozdaemcs 6nonme onpeoeneHmbill
yugposoti 0bpaz wumamens, G3AUMOOCUCMBYIOWE20 C POMAHOM, KOMOPbLL uKcupyemcs 6 OUHAPHBIX
nepemMenHbiX U AHATU3UPYemcs Hetipocemvio. Texcm pomana 6wl HAMEPEHHO HACBIWEH CI08AMU U ppazamu,
K KOMOPbIM NPUBSA3AHbL CCHLIKU, CA3AHHbLE C PA3IUYHbIMU ACNEeKMAMU pazsumusi Hayku. B uacmuocmu, 6
nepeoll 2nage poMana NPUCYMCMEYION OMCHLIKU, C8A3AHHble C UCOpUell CMAHOGIEHUT ACHMPOHOMUU U
Kaaccuyeckou mexanuxu. [eticmeue amotii enaewvt npoucxooum 6 llpaze, 20e 2nasmvie eepou nymeuiecmeyom
1O UCTOPUHECKUM MeCMAM, CE3aHHbIM ¢ dessmenvhocmuio Tuxo bpaee, Kennepa u Opyeux yueHwvlx, 6HeCuiux
3HauUmMenvhblll 6K1a0 6 pazeumue Hayku. Obyuenue HeUpoOHHOU cemu HPOBOOUNOCL CMAHOAPMHBIM
00paszom, nepcnekmueHas 6vlOOpKa Oblla NOCMPOEHA HA OCHOBE pPE3yIbMamos NCUXOI0SUYECKO20
MeCMUpoBanuUsi CMyOeHmo8 MIAOWUX KYPCO8 VHUBEPCUMEMO8 U CMapuieKkiaccHuxos. Tecmuposarue
nPoBOOUNOCH NO CIMAHOAPMHBIM MEMOOUKAM, HANPABTICHHLIM HA 6bIAGICHUe CKIOHHOCMEN CIYOeHmMOo8 U UxX
CHOCOOHOCMU K PeUeHUur0 HeCcmaHOapmHulx 3a0ay. bviiu npoeedenvl KOHMPOAbHLIE IKCHEPUMEHMDbI,
ooKaszasuiue, Yymo OAHHbBIL ROOX00 0elUCmMEUMENbHO NO3604em BblA8UMb MOJ00bIX JI00€U C NOBLIUEHHbIMU
MBOPUECKUMU CHOCOOHOCHAMU, NOBLIUEHHBIM UHMEPecoM K yuebe, a Makxdice NO360/5em ONnpeoeiums
CKIOHHOCMU CMAPUWEKIACCHUKOS U pA3pabomams pekoMeHoayuu no 6vloopy a0eKeamuol mpaeKmopuu
00Oyuenus 6 gyze.

Knrouesvle cnosa: mnetiponnas cemb, HAYYHASL (DAHMACMUKA, MPAEKMopusi 00Y4eHus, Kauecmeo
006pazoeanus, yupposo 06pas, meopueckue CROCOOHOCMU, UHHOBAYUOHHOE MEeCMUPOSAHUE.

Introduction

Higher education in the Republic of Kazakhstan, as in many other post-Soviet states (in
particular, in Russia), has long become widespread. More than 50% of young people from the
corresponding age group are students, which is directly confirmed by official statistics [1]. In fact,
Kazakhstani universities are faced with a phenomenon that can be called the “challenge of mass
character”, to which they have no answer [2].

Kazakh universities are forced to focus on students with an average level of ability. In such
conditions, the least advantageous position is occupied by gifted and talented students who really
have increased abilities. Universities do not provide for their requests, as a result of which this
category of students often loses interest in studying, goes into destructive entrepreneurship, and so
on.
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Consequently, the task of identifying such students and providing them with the opportunity to
independently form the learning path is an acute task. There are all the necessary prerequisites for
this, in particular, there are numerous Internet resources, when a talented student can independently
receive education, using education at the university, only as a kind of secondary resource. It should
be noted that in Kazakhstan, many gifted students really study independently (self-education),
formally studying at second-class universities only for the sake of obtaining a formal status [3]. An
additional argument in favor of receiving non-formal education in countries such as Kazakhstan is a
sharp drop in the quality of education, associated, among other things, with the degradation of
teaching staff, which has been taking place for a very long time [4,5].

But for a talented young person to move along such a path, namely, to independently form his
own learning path, he first needs to clearly demonstrate that it is expedient to do this, or rather,
clearly demonstrate the existence of appropriate opportunities. It is also necessary to provide him
with tools that will allow him to objectively assess his own capabilities and his own abilities, i.e., to
answer the question - is it worth looking for your own non-trivial path or should you stay within the
framework of formal education. A person entering independent non-formal learning must make sure
that he is talented enough, and also that he is able to choose his own learning path.

Standard psychological tests used, for example, for the purpose of choosing a profession, are not
suitable for solving such a problem. Some of them are focused on identifying a propensity for a
particular type of activity [6], others on the ability to find non-standard solutions to various
problems [7] (Russian-language resources of this kind are available in the public domain [8]), but
the task under consideration requires the implementation of an integrated approach. Such an
approach can be implemented using a large set of tests for various purposes, but this requires a very
serious work of a professional psychologist of a high qualification, who becomes an academic
coach for a particular young person. It is not obvious that many young people are ready to resort to
services of this kind. At a minimum, in order to use the tools of academic coaching, young people
must be motivated.

Therefore, it is necessary to develop new non-trivial tools aimed at finding an individual
response to the "challenge of mass character”, which, we emphasize once again, is in dire need of
talented students. It is important that the use of such tools is not only useful, but also interesting.

One such tool is proposed in this paper. Specifically, the paper considers a science fiction novel
coupled with a neural network, designed to diagnose students in relation to their creative abilities,
creativity and ability to make independent decisions. We emphasize that the text of this novel was
specially written to solve the problem under consideration.

The ultimate task of this digital technology is to identify individuals for whom it is most
appropriate to form their own learning path, including at the level of non-formal education.

This tool is also of interest from the point of view of academic coaching. This area of activity in
Kazakhstan is also becoming more and more popular. Specifically, we are talking about the fact that
talented young people, for the above reasons (a sharp drop in the quality of higher education, etc.),
are forced to look for coaches who could ensure the fullest possible disclosure of their creative
potential, including through an adequate selection of an individual learning trajectory.

For the coach to interact effectively with his mentee, he, of course, needs to assess the real
capabilities of the service consumer. Classical psychological tests used for this purpose obviously
provide incomplete information. From this point of view, the proposed tool is also of interest to
coaches, who can get an objective picture of the inclinations and abilities of their potential mentees.
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1 Methods: pairing a neural network with the text of a science fiction novel

1.1 Hyperlinks in the text of a novel as the first layer of a neural network

Science fiction in the period of its formation (the era of the Second Industrial Revolution) largely
performed the function of popularizing the achievements of science. At present, of course, it is for
the most part "sword and magic” literature, but this does not mean that it cannot return to its above-
mentioned function.

Popularization of the achievements of science, especially modern achievements of information
technology, remains a very important task. Therefore, there is a wide field for activity here.
Moreover, there is an opportunity to combine the tools of science fiction with information
technology. It is possible to ensure the pairing of a text of any nature with a neural network [9] and
further with an artificial intelligence system.

This method is as follows. The text, in this case the text of the novel, is saturated with hyperlinks
associated with the highlighted words/terms, the transitions through which reflect the reader's
interest in a particular issue. For example, in the novel that was written for this work, there is an
episode where the main characters approach the house of Tycho Brahe, located on Novy Svet Street
in Prague.

A set of links is attached to this episode, by clicking on which the reader receives information
about the life and work of Tycho Brahe himself, a link to a map where this house is in the vicinity
of Prague Castle. Among the references is a photograph of the Brahe mansion itself, which
currently houses a hotel, as well as a photograph of the monument to T Brahe and Kepler, installed
in Prague.

Examples of illustrative material are shown in Figure 1 (a)—(c).

The presented illustrations are intended to emphasize that the text of the novel used is indeed
saturated with cognitive material, which brings it closer to digital educational resources with
augmented reality, which are currently being actively developed [10].

Each of the links contained in the text is a neuron of the first layer of the network used. If the
user has made a transition, then the state of the neuron changes by one. If there was no transition, it
remains equal to zero. Thus, as a result of the interaction of the reader with the text, its well-defined
digital image is formed, which can then be analyzed using typical neural network methods.

To train the neural network, this work used standard psychological tests [11], including those
that allow students to identify the creative abilities of students, and they were also asked to solve
several non-standard logical problems from open resources [8].

Figure 2 shows a page from a novel intended for distribution via the Internet. Red circles mark
hyperlinks, which are designed to reveal the inclinations of the reader.

An Internet resource built based on a science fiction novel, coupled with a neural network,
provides for the formation of a personal account (the corresponding menu item is also shown in Fig.
1), in which the user has the ability to track their clicks on links, as well as see the test results. This
resource is currently being developed in test mode.

1.2 The plot of the science fiction novel used: connection with advanced information
technology.

The plot of the novel is built on an idea that has a consistent scientific justification. Namely, as
shown in works [12-14], the intellect, mind and consciousness of a person have a dual nature: they
simultaneously contain both individual and collective components.
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Figure 1 — The mansion of Tycho Brahe (a), the monument to Brahe and Kepler in Prague (b), its
location on the map (c)
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Figure 2 — An example of a novel page containing hyperlinks
(links that were clicked by a specific user are highlighted)
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The formation of the collective component can also be explained at a qualitative level, without
resorting to mathematical calculations. Consider several people entering a conversation. It is
customary to say that in this case there is an exchange of information between individuals. In fact,
this is an approximation, and a rather rough one at that. There is an exchange of signals between
neurons that form a common neural network: in any case, interpersonal communication is seen as
an exchange of signals between neurons, even if they belong to different individuals.

The fact that the exchange of information between neurons located in different brains is sporadic
does not affect this conclusion. A neural network can also function when communication channels
between neurons appear only now of signal transmission. Therefore, it is permissible to assert that
humanity forms a global communication neural network, which can be identified with the
noosphere, understood according to V.. Vernadsky.

It is appropriate to emphasize that this conclusion clearly correlates with modern theories that
use analogies between complex systems of various nature and neural networks. In [15], a hypothesis
was formulated, according to which the Universe can be considered by analogy with a neural
network. In [16], it was proved that the university can also be considered based on a similar
analogy. In [17], based on the results obtained in [18,19], it was shown that the neural network
approach makes it possible to reveal the mechanisms of neural network evolution, etc. Results of
this kind allow us to assert that a complex system of arbitrary nature can be considered by analogy
with a neural network, and human society cannot be an exception here, especially since the
formation of a common neural network in this case is physically transparent.

The behavior of the collective component of human consciousness has not been sufficiently
studied, therefore, there is a wide scope for various kinds of hypotheses, as well as the formation of
plot lines in science fiction novels.

Specifically, in the science fiction novel written for this work, the collective component of
human consciousness provides the main characters with the opportunity to contact with figures of
science and technology from bygone eras, with Tycho de Brahe mentioned above. They directly
communicate with the "shadows of the past”, with prominent figures of past eras, who, in
accordance with the basic hypothesis underlying the plot, do not die to the end, but move into a
collective transpersonal information environment (noosphere). This ensures the popularization of
modern achievements of science and allows you to identify a tendency to perceive non-trivial ideas
of various kinds, in accordance with the above method.

More precisely, the system of hyperlinks is chosen so that it is possible to detect not only the
nature of the reader's interest in certain provisions from various branches of science, but also to
identify the ability to think outside the box.

This is ensured by the fact that the plot of the novel itself explains very non-trivial ideas related
to the dual nature of human consciousness. It becomes possible to detect how often the reader
follows those links that reflect aspects of the formation of dual consciousness and the global
communication environment (noosphere).

In other words, the selected system of references allows us to analyze whether a particular reader
has understood the relevant provisions stated in a popular form, whether he is ready to accept non-
trivial ideas, whether he is ready to believe that modern information technologies really allow
transforming the world in the most significant way.

Specifically, in the text of the novel (more precisely, in the dialogues of the main characters)
links are inserted, including to real scientific works, as well as publications of a philosophical
nature. Links are provided to publications that prove that the dual component of human
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consciousness is becoming increasingly important for the further development of science and
technology, in particular [20,21].

We emphasize that the issue related to the dual nature of human consciousness and intellect, in
the future, also acquires a pronounced applied interest.

Namely, as shown in [22], the idea of the dual nature of consciousness allows us to translate the
concept of digital immortality into a practical plane.

In the cited work, it was shown that the personality structure is very complex, and its individual
components, which are most closely adjacent to the collective consciousness, can be transferred to a
digital medium in the foreseeable future. In essence, the solution of this problem is reduced only to
the decoding of the algorithm for the functioning of the neural network formed by the brain. Of
course, there is no need to talk about the direct implementation of such an approach soon, however,
such an idea can certainly inspire people capable of independent creativity.

Accordingly, the indication of interest in relevant concepts can be used to identify those readers
who are capable of perceiving non-trivial ideas. We emphasize that this approach is quite justified,
since the perception of non-trivial ideas and the ability to generate non-trivial ideas, yourself are
closely related.

2 Results and discussion.

To work out the neural network associated with the text of a science fiction novel, volunteers
were recruited from among high school students and first-year university students. Initially, more
than 230 people expressed their desire to participate in the experiment, but for real testing, 130
volunteers were involved, since a significant part of them had not read the novel in full by the time
the experiment was completed.

Intermediate test results are shown in Figure 3, which displays the statistics of clicks on links for
a particular user. This statistic was further used by the neural network, which was organized as
follows.

Php 7] Cepeep: srv-pleskdbd1 ps k2:3306 » @ baza aaumusx: scienced civ. db » [ Tabawua: i
Al | Obzop » Crpyxrypa L] SQL , Momcx F¢ Bcrasuts =4 Ixcnopr
(4 EJ Y w9 —d
Henasnee WabpanHoe o w id_book id user id link count
- 0

7 Viamenute Fc Konuposate @ Yaanume 2 21 1217 1
=~ 1 scienced_civ_db

o Viamennts 3¢ Konuposate @ Yaanuts 2 21 1218 1
o Hoean
7 Uamenuts Fe Konuposate @ Yaanute 2 21 1219 1
+- ¥ books S v vz
Wamenn ¢ Konupos /AAnuTL 2 2 1220
+-» books_chapters o Viamennts Fc Konuposate @ YaanuTts 2 21 122 1
+- ¥ books_links & Viamenuts 3¢ Konuposate @ Yaanuts 2 21 1221 1
+-# books_grlinks o Viamennte Fc Konuposate @ Yaanuts 2 21 1222 1
+-y I ™ e gy = =
chaplers_parsgraphs & Viamenute 3c Konnposate @ Yaanurt 21 1223 1
+~ ¥ links_clicks =
4 o Viamennts e Konuposate @ Yaanuts 2 21 1224 1
+- ¥ qrinks_clicks =
B4 users & Viamenuts :}c’ Konuposate @ Yaanuts 2 21 1225 1
o Viamennts Fc Konuposate @ Yaanuts 2 21 1226 1

Figure 3 — Statistics of transitions in the database
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For the classification problem, we used a multilayer perceptron model with two hidden layers of
128 neurons each. The ReLu function was used as the activation function on the hidden layers, and
the cross entropy was used as the error function. We also added a Dropout layer to prevent model
overfitting.

In order to turn the output values of the neural network into the probability that the input object
belongs to a particular class, the soft-max function was used. At the input we will submit the data
obtained during the experiment, at the output there are 6 output neurons. As an optimizer, we used
not the usual stochastic gradient descent, but its modification ADAM - Adaptive Moment
Estimation. The accuracy is approximately 0.8857.

The results of testing carried out using this neural network are displayed on diagrams, a specific
example is shown in Figure 4.

SUCCESS TRIANGLE KNOWLEDGE TRIANGLE
DIAGRAM DIAGRAM
Passionarity Study
30 30

I SN Ay
ri s Ay kY
I ! b !
/ /20 \

S { A

Creativity Adaptability Innovations Science
to the scientific
environment

Figure 4 — Example of test results

These diagrams are like those proposed in [9].

The most significant, from the point of view of assessing the possibility of choosing non-formal
education, is a variable called passionarity.

This term is not generally accepted, but it is gaining more and more supporters, including in the
field of education, because it reflects the focus on success, the ability to overcome difficulties.

From our point of view, for students studying at Kazakhstani universities, passionarity is
extremely important, since any talented student will have to overcome the significant resistance of
the conservative environment oriented towards the average level, and this concerns overcoming the
resistance of the environment formed not only by students, but also by teachers. As emphasized in
works [2,3], Kazakh teachers are oriented mainly to the average level, and often have an extremely
negative attitude towards those students who are talented.

Accordingly, a diagram that reflects the potential success of a student focused on non-formal
education cannot but contain parameters that reflect these factors. The other two variables on the
left side of Figure 4 are self-explanatory, one being the capacity for creativity and the other being
adaptability to the existing science and technology community. We emphasize that adaptability and
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passionarity, in essence, are not diametrically opposed personality characteristics. A passionate
personality, aimed at a very definite success, very often can really show increased adaptability to
the prevailing conditions in order to achieve a specific goal.

The second part of Figure 4 reflects the user's ability to navigate the scientific and technical
environment formed at the university. There are three axes here, one of them is related to one's own
learning, the other is related to doing science, and the third is related to participation in innovative
activities.

This approach fully complies with the concept of the knowledge triangle, according to which
education at universities, in modern conditions, should be based on the modernized Humboldt
principle. Recall that, in accordance with the Humboldt principle, education at the university should
be inextricably linked with the pursuit of science. This was the basis of the classical universities
during their heyday. In modern conditions, however, it is necessary to raise the question of
modernizing this principle and supplementing it with a component related to the participation of
students in the generation of innovations. The ability of a particular user to each of these varieties is
reflected on the right side of Figure 4.
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B cmamve npusooumcs ucmopus scuznu Icmep llax, nepgou Kopesauku, noayuusuie Ouniom epaia u
cmenenv dokmopa meduyunvt 6 CLUA. Tomumo epauedHOl npakmuxu u nedazo2uyeckol 0esimenbHOCmu
OHa 3aHuUManacy drazomeopumenvHocmuio. Ona oxonuuna banmumopckuii meduyunckuil Koanedic. Icmep
Ilax pabomana 6 nepeoil ¢ Kopee dcenckoti 6orvnuye «lloxyEeeany 6 Ceyne. Ona Oviia HazpaddcoeHd
cepebpsanoll medanvio kopoas Kooocon sza pazeumue obpasosanus. Icmep llax eHecna oepomHblil 6K1A0 8
pazeumue Kopetickou meduyunsl. B 2008 2. ynusepcumem Hxsa yupeoun medans umenu Dcmep llax Ons
JHCEHUJUH-OOKTNOPOB.

Knwuesvie cnosa: Meouyuna, 6orvnuya, 0obpasosanue, medans, ieueHue, 00KMop, NpoCeemumenbCKas
OesimesibHOCb.

Maxanaoa AKIII-ma Oapicep Oapediceci men MeOUYUHA SbLILIMOAPBIHbIE OOKMOPbL 0dPedcecin aneam
anzauwikbl xopetl ateni Idcmep Ilakmoly omip mapuxel keamipineen. On MeOUYUHANBIK NPAKMUKA MeH
NneoazocuKanevly Kvlsmemmen 0acka KaublpulMObLIbiKnen auinaivicmol. On  barmumop MmeOuyuHanvix
Konneddcin 0imipoi. Dcmep llax Kopesdaser Ceynoeei anzawkel «lloxyEesany atlendep aypyxaumacvlnoa
agrcymulc  icmeodi. On  Oinim  Oepydi  damvimkanvl  ywin Koponv Koooconuwiy Kymic MmedanimeH
Mmapanammanosl. Dcmep Ilax kopeu meduyunacvinvly oamyvina yiaken yiec xocmol. 2008 cvinvl Hxea
VHUugepcumemi atiendep 0apicepiepine apranzan Icmep llax medanin Kypowl.

Tyitinoi co30ep: Meouyuna, aypyxauna, Oinim, medann, emoey, 0apieep, Oinim bepy Kbizmeni.

The article tells the life story of Esther Park, the first Korean woman to receive a medical degree and an
M.D. in the United States. In addition to medical practice and teaching, she was involved in charity work.
She graduated from the Baltimore College of Medicine. Esther Park worked at the first women's hospital in
Korea, Poku Yeogwan, in Seoul. She was awarded the King Gojong Silver Medal for the development of
education. Esther Park made a huge contribution to the development of Korean medicine. In 2008, Ewha
University established the Esther Park Medal for women doctors.

Keywords: Medicine, hospital, education, medal, treatment, doctor, educational activities.

Ocrep Ilak, ypoxxknennas Kum Yon Jlon — 3T0 nepBasi KopesiHKa, MMOTY4YHUBILIAs AUIUIOM Bpada u
crenenb Jgokrtopa wmemuiuHbl B CIIA. ITlomumo neyeOHOH, HayyHOW U TEAarorHYECKOU
JeSITeIbHOCTH, OHA TAaKXKe YJIeNsiyia MHOTO CHJI U BpEMEHH 0JIarOTBOPUTEIBHOCTH.
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Ona pomunace B 1877 ronmy B Ceyne B OeqHOU ceMbe U
Obutla TpeTheil Mo cuery u3 ueTbipex aoudepeid. Ee cembs B
qHcie TEepBBIX MPHHsIA MPOTECTAaHTCKYIO BEpy, U 3TO BO
MHOTOM Ompenenmwio cyapoy Ocrtep. B  koHbymaHckoii
Kopee cumranoce, 4ro *eHIIMHA JOJKHA 3aHUMATHCS JIUILb
JOMAIIHUM OBITOM M TOJIHOCTBIO IOJYMHATHCS MY>KUUHE.
CHauvana oTIly, HOTOM — MYXYy, B Cly4ae CMEpPTH MyXXa —
CTapIleMy ChIHY.

WHTennekTyanbHOH JESTETbHOCTHI0 MOIJIM 3aHUMAThCS
TOJNBKO  MYX4YUHBIL. Jlouyepu  apUCTOKpAaTOB  MOIyYaH
oOpa3zoBaHMe, HO JIUIIb JJIS1 BOCIIUTAHHS B HUX HEOOXOIMMBIX
MOpaJIbHBIX KAuyeCTB M OOBSCHEHUS OO0S3aHHOCTEH 11O
BEJICHUIO JOMAILHEr0 XO3siiCTBa M IPOBEIECHUIO PUTYaJIOB.
Urenue  WHBIX  KHUI,  JUTepaTypHas M Jpyrue
MHTEJUIEKTyallbHbIe 3aHATUSA pacLeHNBaIUCh Kak
HEMpPWIMYHOE BBICTaBJIEHUE ce0s Hamokas, MeIlarolee
BBINOJIHEHUIO IOMALTHUX 00s13aHHOCTEH.

Orenr Kum Yon JloH HekoTOopoe Bpems pabotal c
XPUCTUAHCKUMHU MHCCHOHEPAaMHU U IOJ UX BJIMSHUEM OTIIPaBMJI JOYb YUUTHCS B 3alaJHYIO LIKOIY
Nxga. Ceituac xeHckuil yHuBepcuter MxBa siBisieTcs OTHUM U3 BEIYIIUX YHUBEPCUTETOB CTPAHBbI.

Crout ormeTuth, uTo B Kopee oTaenbHble TrOCy/1apCTBEHHbIE KEHCKUE IIKOJIbI C TPEX-JIETHUM
CpokoM 0OydeHHs Hayaldu BO3HUKaTh, HaunHasg ¢ 1908 roma, a cuctema rocyJapCTBEHHBIX IIKOJ
JUIA IeBOYeK Oblia yupekaeHa yxe mocie cMepTd Kum Hon [lon B 1911 rony nekperom simoHCKOTo
rerepan-ryoepnaropa. [Ipuuem o6pa3oBanue AJis KEHIIKUH HE SBISUIOCH 0053aTEIbHbBIM.

Kum Yon J[lon OnecTsmie yAaBalloCh HW3y4Y€HHE WHOCTPAHHBIX $I3BIKOB M TOYHBIX HayK. B
Bo3pacTe 15 ser oHa Hayasa MoApadaThIBaTh MEPEBOJYMKOM Y MHOCTpaHLEB. TanaHTIuBas
JIEBYIIIKAa 0COOEHHO COMM3MIach C aMepuKkaHCKoi Muccuonepkoi Poserroit lllepByn-Xomn. Pozerra
ObUTa JUIVIOMHUPOBAHHBIM MEIMKOM U OCHOBaJla HECKOJBKO OOJIBHHUII M METUIMHCKUX LIKOJ B
Kopee. Yon /lonmoria HEOJHOKpAaTHO HAOMIOAATh, KaK OHA CO CBOMM CYIPYIOM — JOKTOPOM
VYuiibsiMoM X0JUIOM YCIIELIHO JIeYaT MHOTHE TsDKesble 3a00J1eBaHMsl, CUNTABIINECS HEU3JICUUMBIMHU.

JleBylika cTaja MeyTaTb O MEAMIMHCKOW Kapbepe, 4ro B TormamHed Kopee kasanoch
HEOCYIIECTBUMOM MeuTOl. AMEpUKaHCKHE MHMCCHOHEpbl HEOe30CHOBATENbHO CUYMTAIM, 4YTO
KOpeHCKHe >KEHIIMHbI CHJIBHO CTPaJaloT OT KOH(YLUMAHCKMX 3alpeTOBH OOBSICHAIM IOHON
MEPEeBOTUUIIE, YTO OHA UMEET MIPaBo Ha 00pa3oBaHHE HapaBHE C My>KUMHAMHU.

Pozerra lllepByn-Xomn npennoxxkuiia cBoed nepeBoauuiie noexarb yuuthesi B CIIA. Pogurenu
MOCTaBUJIM JIOUEPH YCIIOBHE, YTO OHA HE JIOJDKHA MOKHUAATh Koy M yexkarh B CIIIA mo Opaka.
[Tooatomy Kum Yon [loH mnpunsiia pemenue BbiiTu 3amyx 3a [lak IO Cana, xotopbiii Obln
MMOMOIIHUKOM JOKTOpa Yujbima XoJuia.

Wx cBanpba Obu1a nepBoii B Kopee, nposenenHoit no 3anagnomy obpasiyy. [locne cBaanObl oHa
MpHUHsIA UM DCTep, JaHHOE el pu KpelieHnu U haMuinio Myxka - [lak. Panee kopessHku HUKOT 1A
He Opanu paMuiInio Myska, HO 3TO ObUIO BESTHUEM 3aIlaJHON MOJIbI.

Bckope mocne cBaabObl Mojiozasie cynpyru yexanu B CIIA, rae Dctep Havana y4uTbes B
bantumopckom memauimackoMm koiemke. Ceituac 9To dacth yHuBepcutera [[)xona XomkuHca —
OJTHOTO M3 BEIyIIUX AaMEpUKAHCKMX YHUBEpPCUTETOB. A MyX ycTpowicsi paboTaTh
CEJIbCKOXO35TUCTBEHHBIM pabouuM Ha (pepMy, 4TOOBI oriaunBaTh ee ooydeHrne. OH ObUT MPOCTHIM
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KPECThSIHUHOM, HO JIFOOMJI DcTep M MOAJEPKUBAI e XkKelaHhe cTaTh BpauoM. K coxaneHuro, oH
TSDKEI0 320071 U yMep OT TyOepKyJie3a He3a10JT0 JI0 €€ BBIITYCKa.

B 1900 r. Dcrep oTiiMyHO chaa Bce SK3aMEHbl U CTajla JOKTOPOM MEAMIMHBI. BepHyBIIUCH B
Kopero, ona nauama pabortaTh B mepBoil B crpaHe >keHCKoM Oonbnmie «lloky Ersam» B Ceyie.
ITorom mnepeexana B IIxeHbsH, rae ee mnokpoBuTenbHHLIa - LlepByn-Xosn OTKpbUIa HOBYIO
OOJILHUILY.

Octep paboTtaja Ha HW3HOC. 3aHUMalach JICYUEHHUEM MHOIOYMCICHHBIX IAllMEHTOB,
OpPraHU30BBIBAIA SMUAEMHUOJIOTMUECKUE MEPONPUATHS 110 Oopble ¢ anuaeMuei xonaepsl, od0ydana
IIEpBOE IOKOJEHHE KOPEHWCKHX MEJCECTep, MepeBoAMIa il HUX MEIULMHCKHE YYEOHMKH Ha
POIHON A3BIK, 3aHMMAJIACh HAYYHO-MCCIIEJOBATEIbCKOM M IIPOCBETUTEIBCKON JEATEIbHOCTBIO.
VY aensina MHOTO BpeMeHHU OiarotBoputenbHOCTH. [Ipy 3TOM OHA ObUIa TUYHBIM BPadyoM KOPOJIEBBI
1 BBICOKOIIOCTABJIEHHBIX apUCTOKPATOK.

B 1909 rony Bo nBopie KenxuryHn npouuio yectsoBanue Dctep [lak u IByX Apyrux KOpEsHOK,
CTaBIIMX NEpBbIMU B 0Opa3oBanuu: Xa Pan Ca — nepBoro 6akanaBpa B o0iactu jutepatypsl U FOH
Yan BoH — mepBoii KOpesiHKM BBITYCKHHUILBI SIMOHCKOrO yHUBepcutera Mpaiinsu. Kopons Komxon
Bpyum Ocrep [lak cepebpsinyro Meaans.

Ona ymepna B 1910 roay B Bo3pacte 36 J€T OT BOCHAJICHMS JIETKUX, MPOXKUB HEAOITYI0, HO
SPKYIO )KM3Hb; BHECJIA OTPOMHBIN BKJIAJ B PAa3BUTHE KOPEHCKOW MEIULIMHEI.

OcTep HAMHOTO OIEpeausia CBOe BpeMs. BriepBble KpUTHKAa KOHQYUHMAHCKHX HICH O
MOJYMHEHHOM TIOJIO)KEHUHM OJKCHINUHBI, MponaraHaa IpaBa Ha CBOOOJHYIO JO0OOBb U
CaMOCTOSITENIbHBIM BBIOOP CIIyTHHKA >KM3HM mpo3Byudana B 1920-1930 rr., xorma B KopelckoM
obmiecTBe oOpa3zoBaiack TIpymnna OOpa30BaHHBIX «HOBBIX JKEHIIUMH» («cuHemka»). OnHako B
00I11eCTBE K HUM CJIOKMIJIOCh KPUTHUECKOE OTHOIIEHHE. TaKkuX jKEeHIIMH HUT/Ie He Opaiu Ha paboTy,
COOTBETCTBYIOLYI0O HX 3HAaHMSAM M YMEHHUSAM, IO3TOMY MHOTME€ U3 HUX ObUIM BBIHYKICHBI
CTaHOBHUTbCSA MOJEISAMHM WIHM apTHUCTKaMHU. A 3TO BBI3BIBAIO aCCOLMALMU C Ipodeccueil KuceH —
00pa30BaHHbBIX KYPTH3aHOK.

[To-HacTosiieMy 3HAUMMBIM POCT MOJUTHUECKUX U IKOHOMUYECKUX BO3MOXKHOCTEHM MKEHIIWH
HayYaJICcs TOJIbKO C MOMEHTA CO3JaHUsl F0KHOKOPEMCKON roCcy1apCTBEHHOCTH.

B 2006 r. Kopeiickas akanemusi Hayk BBena Ocrtep Ilak B Kopeiickuil 3an ciaBel Hayku U
TEXHHKH.

B 2008 r. ynusepcurer MxBa yupenun menans uMeHn Ocrtep [lak, KOTOpoii oTMedaeT 3aciyru
KEHILMH, 3aKOHYMBIINX YHUBEPCUTET U CTABIIUX JOKTOPAMHU.

Hocmynuna 10 urona 2024 2.
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CAREER DEVELOPMENT LEARNING:
PECULIARITIES OF APPLICATION IN KAZAKHSTAN

Yevstifeyev V.N. 1, Vitulyova Ye.S. ?, Suleimenov L.E. !
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It is shown that the mass character of higher education in Kazakhstan makes a significant decline in its
guality inevitable and irreversible. This, in turn, makes it relevant to develop specific tools of career
development learning, capable of dampening the existing negative trends. It is shown that Kazakhstani
schoolchildren and students should be taught not only to choose a learning path in the usual sense of the
term, but also to choose an educational environment. It is shown that the factor of youth environment in
universities in modern Kazakhstan often becomes a determining factor in terms of obtaining genuine
qualifications. At the same time, the most suffering group are gifted young people who are not given the
opportunity to reveal their talent. In the conditions of mass higher education, Kazakhstani universities have
de facto ceased to form an environment that meets the university spirit and promotes the professional growth
of gifted students. Therefore, the solution to this problem should be sought in the formation of civil society
institutions that are able to ensure the creation of teams of talented students, in which a communication
environment is formed that meets the spirit of knowledge and creativity. The formation of such collectives is
considered, among other things, from the point of view of the dual nature of human consciousness and
intellect, which allows us to raise the question of using the resources of the professional collective
unconscious. The importance of combining the promotion of the DEI concept in Kazakhstan with the
formation of civil society institutions that solve the above-mentioned task is also considered.

Keywords: career development learning, communication space, quality of education; professional
collective unconscious, suprapersonal level of information processing, mass character of higher education,
DEI.

Kasaxcmanoa sicosaper Oinimuiy sicannaii cunamol OHblY CANACHIHBIY AUMAPILIKMAL MOMEHOEYIH CO3Ci3
JHCOHe KaumvlMcobl3 ememini kepceminzeen. byn, o3 kesezinde, Haxmol Kypanoapowvl a3ipaeyoi o3exmi emeoi
Mauncanmuix ocyze yupemy, KOJIOAHbICMASbl HCASLIMCbL3 MEHOCHYUsAapobl Oemngepneyee Kabiiemmi.
Kazaxcmanowiy — oxywvinap men  cmyoenmmepoi  Ocbl  mepMuHOi  20emmezi  MAbIHAOA  OKbIMYy
MPAeKmopusACbIH May0ayea 2ana emec, COHbIMeH Kamap 0inim bepy opmacvlin manoayea 0a yipemy Kepek
exenoiei xopcemineen. Kazipei Kazaxcmanoazvl ynusepcumemmepoezi jicacmap OpmAcbiHbIE (akmopl
KeOIHece wblHalibl OILIKMINIK Ay MYpeblCblHAH AUKbIHOAYyulbl 60bn madbLiambinbl kKepcemineer. COHbLMEH
Kamap, ey azan wexKKeH Mon-o0apbliHObl HcAcmap, O1ap 630epiHiH MANaHMMAPbIH Auy2a MYMKIHOIK
bepmetioi. Kannaii ocozapvl 6inim bepy nca0aubiHOa KA3aKCMAHOLIK VHUGepcumemmep ic JiCy3inoe
VHUBEpCUMem pPYXblHA CIUKeC KelemiH JiCoHe OapblHObl cmyoeHmmepoiy Kaciou ecyine bIKnal ememin
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opmanul Kaneinmacmupyovt moxmammul. COHObIKMAan OV MaceneHiy wewimin OiliM MeH ubl2apMaulbLiblK
PYXbIHa dicayan 6epemin KOMMYHUKAYUAIBIK OPMA KANbINMACAMbIH OApblHObl CMYOeHMmep YoiCbLMbIH
KYPYObl KAMIMAMACHL3 eme AlamblH a3aMAmmulk KO2am UHCMUMYMMmMapblHull KATbINMACY HCA3bIKMbIEbIHAH
i30ey xepek. MyHOail YorcblMOapObly KAALINMACYbl, COHbIY [UIHOe A0AMHBIY CAHACLL MEH UHMELIeKMIHIY
0yanvobl maduzamvl MYpPeblCbIHAH Kapacmulpblidaobl, OV KaciOu YoHcbIMObIK Oelicananblk pecypcmapobl
natioanany mypaisl maceie Kowea MymkiHoik oepedi. Conoati-ax, Kazaxcmanoa DEl myswcvipvimoamacvin
ineepinemyodi  ogicogapvloa aman2aH MIHOemmi  weuwlemin — a3amMammolk KOSAM — UHCIUMYMMAPbIH
KAbINMACMbIPYMeH YUmacmuipyOblly Maybl30bLIbIebl KAPACMbIPLLIYOA.

Tyiiindi ce3dep. mancanmvik 6cCy, KOMMYHUKAUUATLIK KeHICmIK, OLliM canacwl, KaciOu YorcbiMObIK
beticananvlx, aknapammol 6HOeyOly mynzadan mvlc OeHeeli, dco2apwvl Oinimuiy ocannai cunamsl, DEI
(opmypninix, menoix sncane Kocy).

Tokazano, umo maccoswiti xapaxmep @vicuieco obpazosanus ¢ Kazaxcmawne Oenaem HeuzdeiCHviM U
HeoOpamumviM CcyujecmeenHoe nadeHue e2o Kasecmed. Omo, 6 C60l0 ouepeddb, Oelaem aKmyaIbHbLM
paspabomky cneyupuueckux UHCMPYyMeHmo8 obyYeHUe KAPbePHOMY POCMY, CHOCOOHBLIM OeMnuposams
cywecmsylowue Heeamughvle mpenowl. Tlokazano, ymo KazaxcmaucKux WKOIbHUKOS U CHIYOeHmMOo8 cledyem
00yuamy He MoabKo 6b100py MPaeKmopuu 00y4eHus: 8 00bIYHOM NOHUMAHUU 9MO20 MEPMUHA, HO U 8b1OOPY
obpazoeamenvroil cpedwl. [lokazano, umo Gaxmop Moa00eNHCHOU Cpedbl 8 YHUBEPCUMEMAX 8 COBPEMEHHOM
Kazaxcmane 3auacmyio cmanosumcss onpeoensiowum ¢ MOYKU  3PeHUs NOJNYHeHUs  HOOJUHHOU
xeanuguxayuu. Ilpu smom Haubonee cmpadaioweli 2pynnou AGI[OMCS 00aApeHHble MOA00ble 00U,
KOMOPbIM He NpedoCmasisiemcsi 603MOJICHOCTb PACKPLIMb CEOU maianm. B yciosusx maccogoeo svicuiezo
00pa306anUsl KA3aXCMAHCKUe YHUsepcumemvl 0e-ghakmo nepecmany opmuposams cpedy, Omeedaiouyio
VHUBEPCUMEMCKOMY OYXY, U CHOCOOCMBYIOWYI0 NPOpeCcCUOHATbHOMY POCMY 00APEHHbIX CHIYOEHMOS.
Iloosmomy pewtenue Oannol 3a0auu cledyem UCKAMb 6 MNIOCKOCMU (HOPMUPOBAHUS UHCINUMYMOS
2PANACOAHCKO20 00Wecmaa, CROCOOHbIX 0Oecneyums co30anue KOLIeKmuU808 malaHmuueblx Cmy0eHmos, 8
KOMOPbIX  (popMupyemcst KOMMYHUKAYUOHHASL cpedd, omeeuaowjas OyXy HO3HAHUS U MEOpHecmad.
Dopmuposanue Mmaxkux KoALeKMuU808 paccCMampueaemcesl, 8 mom 4ucie, ¢ moyKuy 3peHust OyaIbHOU npupoosl
CO3HAMUSA U UHMELIeKmA 4Yel08eKd, 4mo HO380Jsem CMAgUMb GONPOC 00 UCNOTL30BAHUU DeCyPCos8
npogheccuonanbHo2o  KOMeKmueHo2o  beccosnamenvhoeo. Paccmampueaemesi  makdice  8ANCHOCHIb
couemanus npoosuxcenus kouyenyuu DEIl 6 Kazaxcmane ¢ popmuposanuem uncmumymos epaicoancKozo
0bwecmea, peularowux YKa3aHHyo ebliie 3a0ayy.

Knwouesvie cnosa: obOyuenue KapbepHOMy POCHY, KOMMYHUKAYUOHHOE NPOCMPAHCMEO, KAYeCmeo
obpazoeanus,  npogeccuonanrbioe  KOLIEKMugHoe  OeccosHamenbHoe,  HAOIUYHOCTHLLL — YPOBEHb
nepepabomku UH@OpMayUL, Maccoswili xapakmep vicuieco obpazosanusi, DEI (Paznoobpasue, pasencmeo
U 8KIOYEHUE).

Kasaxcmanoa sicosaper Oinimuiny sicannaii cunamol OHblY CANACHIHbIY AUMAPILIKMAL MOMEHOEYIH Co3Ci3
JiCaHe KaumulMcul3 ememini kopcemineen. byn, 63 xeszecinde, naxmvl Kypanioapowl 23ipaeydi o3exmi emeodi
Mauvcanmuix ocyze Yyupemy, KOIOAHbICMASbl HCASLIMCHIZ MEHOEHYUAIapovl Oemnghepreyee Kabiremmi.
Kasaxcmanowiy  okywviiap men  cmyoenmmepoi  ocbl  mepMuHOi  a0emmei  MA2LIHAOA — OKbIMY
MPAaeKmopusCblH MaK0ay2a eana emec, COHbIMeH Kamap Oinim bepy opmacvin mayoayza 0a yupemy Kepex
exenoiei xopcemincen. Kasipei Kazaxcmanoazel yHugepcumemmepoei jcacmap OpmdacbiHbly @Qakmopul
KobiHece wblHAllbl OLIIKMINIK ATy MYPEbICIHAH AUKbIHOAYULbL 601bIn mabbliamuitvl kepcemineeH. ConbiMer
Kamap, ey azan weKKeH MOon-0apblHObl JHCACmap, O1ap 630epiHiy MANaHMMAPbIH AuY2a MYMKIHOIK
bepmetioi. Kannaii orcozapvl 6inim bepy HcagoalivinOd KA3aKCMAHObLIK YHUBepcumemmep ic diCy3iHoe
VHUBEPCUMEN PYXbIHA CIUKeC Kelemin JcaHe OapbiHObl cmyOdeHmmepoiy KaciOu ocyine bIKnan ememin
opmanvl Karsinmacmulpyosl moxmammol. COHObIKMAH OVl MICeNeHiy ueuiMii OiiM MeH WUbleapMAaulbLIbIK
PYXbIHA dicayan 6epemin KOMMYHUKAYUSIBIK Opma KATbINMACAmblH OApblHObl CyOenmmep YoiCbLMbIH
KYpyobl KAMMAMACHL3 eme alamblH a3aMammsli KO2AM UHCMUMYMMAPbIHbIY KANLINMACY HCAZBIKMbIZbIHAH
i30ey kepek. Mynoaii yoiceimoapovly Kaiblnmacybsl, COHbIH [WIHOe A0AMHbIY CAHACLL MeH UHIMEIeKMIHIY
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0yanvobl madueamvl MYpeblColHAH Kapacmuipblidobl, OYI KaciOu YoHCbIMObIK Oelicananvlk pecypcmapobl
natioanany mypaivl maceie Korwea Mymxinoik oepedi. Conoati-ax, Kazaxcmanoa DEI myocvipvimoamacoit
ineepinemyoi  oicogapvlOoa  aman2aH MIHOemMmi — Wewlemin — a3amMammolk KOSAM — UHCHUMYMMApPbIH
KALINMACMbIPYMEH YUmacmulpyOvll Maybl30bLIblebl KAPAcmulpulLiyod.

Tyiiindi ce30ep: mancanmvik 6cCy, KOMMYHUKAUUATLIK KeHICmIK, OLliM canacwl, KaciOu YorcbiMObIK
Oeticananvlx, aknapammol 6HOeyOiy mYaaoaH mvlc OeHeelli, dcozapuvl OinimHiy cannau cunamsel, DEI
(apmypainix, menoix sncane Kocy).

Introduction

Both at the level of the general public and at the level of mass media it is currently recognized
that both higher and secondary education in Kazakhstan is in an acute and protracted crisis. The
opinion of Senator Beibit Isabayev reflected in the publication [1] is indicative in this respect.
According to his data, annually 30% of young specialists who graduated from universities and
colleges remain unemployed. One third of those who do find a job are not employed in their
specialty, with low qualifications and wages. Since the publication of the cited note, the situation
has only worsened [2].

Moreover, the crisis of higher education in Kazakhstan has been talked about for many years [3],
various facets of this phenomenon are discussed in the literature [4], but despite the serious enough
efforts of the relevant ministries and departments, it is not possible to correct the state of affairs.

There is every reason to believe that the crisis under consideration is associated with the causes
of systemic nature, which cannot be overcome by administrative methods.

Namely, it was noted in [5] that higher education in Kazakhstan has become mass. This is
confirmed by the data of official statistics, according to which about half of young people from the
relevant age group are students. The corresponding graph based on the data [6] is presented in Fig.
1. The coefficient of gross enrollment in higher education is de-fined as the ratio of the number of
students studying at universities, as well as organizations of technical and vocational education
(regardless of age), to the total population aged 18 to 22 years.
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Figure 1 — Gross enrollment in higher education in Kazakhstan, % (according to [6])

The same fact is demonstrated in Fig. 2, which shows the absolute number of students in
Kazakhstan (left axis) and the number per thousand inhabitants (right axis).
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Figure 2 — The number of students in Kazakhstan; the left axis (blue color) - absolute values, the
right axis (red color) - the number per thousand inhabitants (according to [6])

Another illustration of the above is Fig. 3, which shows the dynamics of changes in the number
of universities in Kazakhstan for the period from 2005 to 2018. Note that the population in
Kazakhstan only by 2024 has reached the value of 20 million people. For comparison, we note that
in the same period of time in the UK there were 89 universities per 60.4 million people, and in
Finland there were 20 universities per 5.2 million people.

Such a large number of persons formally receiving higher education, obviously does not meet the
real needs of the economy of Kazakhstan. Overabundance of persons receiving formal diplomas
could not but lead to its “devaluation”, which is the case in practice.

This paper shows that the mass character of higher education in Kazakhstan is conditioned by
objective socioeconomic reasons, including the factor of socio-psychological inertia. Consequently,
it is not necessary to expect that one or another administrative, legislative and other measures of this
kind can lead to positive results.

Under such conditions, the issue of Career Development Learning becomes more than relevant.
The student (or future student) needs to be provided with tools that will enable him/her to obtain a
truly higher education at a time when universities are in a deep and protracted crisis.

The detailed implementation of such tools is, of course, beyond the scope of a separate paper.

We see our task in developing the foundations of the concept that will allow their realization in
the conditions of Kazakhstan.
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Figure 3 — Dynamics of change in the number of universities in Kazakhstan for the period from
2000 to 2023 (according to [6])

Under such conditions, the issue of Career Development Learning becomes more than relevant.
The student (or future student) needs to be provided with tools that will enable him/her to obtain a
truly higher education at a time when universities are in a deep and protracted crisis.

The detailed implementation of such tools is, of course, beyond the scope of a separate paper.

We see our task in developing the foundations of the concept that will allow their realization in
the conditions of Kazakhstan.

Section 2 of this paper proves that the mass character of higher education in Kazakhstan is
indeed due to objective reasons, and that this factor could not but lead to the degradation of
Kazakhstani higher education.

Section 3 proves that the crisis of higher education in Kazakhstan most negatively affects the
most talented students. It is also proved that, due to objective reasons, it is such students (and their
families) that can ensure the formation of civil society institutions capable of resisting both the
emerging crisis trends and the “dictatorship of bureaucracy”.

Section 4 considers objectively emerging processes that can be used as a basis for the
development of tools that can counteract emerging crisis trends.

Section 5 considers specific measures and ideas to ensure the formation of the abovementioned
institutions of civil society. The important role of the DEI concept for this task is also emphasized.

Mass character of higher education in Kazakhstan: objective prerequisites for the
degradation of Kazakhstani universities
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The mass character of higher education in Kazakhstan is largely due to historical reasons. Fig. 4
shows the dynamics of the increase in the number of students in the former USSR [7].
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Figure 4 — The number of students studying in higher education institutions of the USSR (by
year), (Blue — Total, million people; Orange — per 100 population)

This graph allows for various interpretations. For example, we can say that in the Soviet Union
the most diverse segments of the population had access to higher education, etc. One can agree with
these statements, one can debate them, but in fact the point is quite different. There has been an
explosive growth in the number of people receiving higher education all over the world. And this
has nothing to do with ideology, it has to do with much more serious reasons.

Namely, by the beginning of the XX century, the stage of the second Industrial Revolution was
largely completed. To illustrate this point, we can point to some obvious circumstances. In just half
a century, at the turn of the 19th and 20th centuries, all the for-mats of life in the main European
countries had changed dramatically. Electricity and sewerage came to the houses, electric lighting
appeared in cities, motor transport began to work steadily, radio appeared, man took to
the air, etc. [7].

During this historical period, political elites of the most developed countries realized how
important for geopolitical competition is the growth of personnel receiving higher education. The
processes, the nature of which is demonstrated in Fig. 3, were taking place all over the world during
the 20th century. In particular, it became clear that to win a war, it is not enough to have an
appropriate number of soldiers and officers. It is important to win the scientific and technological
race. As a result, the widest layers of the population were involved in the sphere of higher
education.

This led to the formation of quite a certain stereotype of thinking, especially in countries such as
Kazakhstan, formerly part of the USSR. Namely, the population of Kazakhstan considered and
considers (and in the foreseeable future will consider) higher education, first of all, as a social
elevator. The overwhelming majority of families, especially those belonging to the titular
nationality, consider higher education almost mandatory for their offspring. Kazakhstani people
sincerely continue to believe that higher education creates for their children a certain springboard
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for future career, although this is far from being true - it is the inertia of public consciousness that
affects them.

It is this factor that forced the political leadership of Kazakhstan (under the pressure of public
opinion) to consider the issue of enrollment in universities mainly through the prism of social
expectations. In particular, a very complex system of unified national testing (UNT) was
introduced, designed to assess the knowledge of entrants in a single standard for the whole country.
This system has been repeatedly criticized [8], however, the political leadership of Kazakhstan
insists on its preservation. The main argument in favor of its preservation is to counter corruption in
higher education. The scale of this phenomenon in Kazakhstan, unfortunately, is more than
significant, and this problem is really quite acute [9].

The same factor determines more than a significant number of places in Kazakhstani
universities. Their reduction to the level that meets the real needs of the economy will lead to a
multiple growth of corruption manifestations.

Thus, the established sociopsychological stereotypes of the population of Kazakhstan are the
main factor that leads to the mass character of higher education in this country.

This factor, in turn, leads to a sharp decline in the quality of higher education. The mechanism of
its degradation has a complex character.

In particular, the extremely low level of financing of universities (caused, among other things, by
their large number) makes their leaders more than loyal to weak and lazy students, since the inflow
of funds to the university depends on the number of the latter.

One of the components of the crisis under consideration is also a significant drop in the quality
of teaching staff (faculty), which is clearly demonstrated by Fig. 5, which shows the dynamics of
changes in the number of teaching staff in Kazakhstan (left axis - absolute values, right - the
number of teaching staff per thousand inhabitants). This figure shows that the teaching corps in
Kazakhstan is indeed very significant, especially in relative units.
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Figure 5 — Number of teaching staff in Kazakhstan; left axis (blue) - absolute values, right axis (red)
- number of teaching staff per thousand inhabitants
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The consequence of such a large number of teaching staff could not but become low salaries of
teachers. Since there are a lot of students, the teaching corps becomes significant, which affects
both the patches and the quality of teaching. These facts can be clearly illustrated by comparing the
current situation with the situation in the heyday of classical universities (the turn of the 19th and
20th centuries). At that time, the teaching corps was small in number. Accordingly, the direct
teaching load of teachers (time allotted for lectures and other classroom activities) was small, and
the income of professors was very high.

At the beginning of XIX the volume of teaching load in the university statutes of the Russian
Empire was not defined at all [10]. An idea of this is given by the charter of the Pedagogical
Institute (St. Petersburg), where professors gave lectures for 3 - 4 (1!!) astronomical hours per week,
depending on the disciplines taught [10].

The situation changed dramatically in the period of professionalization of science and transition
to mass higher education. Thus, according to the Model Regulations on the order of planning the
teaching load of the teaching staff, approved by the order of the Ministry of Higher Education of the
USSR No 520 from 17.07.87, the actual teaching load of a teacher should be from 450 to 1000
hours per year. At present the situation has not changed much: so, in Kazakhstan the typical
teaching load of the teaching staff for an academic year is from 400 to 800 hours depending on the
university, with the volume of classroom hours (lectures, seminars, practical and laboratory classes)
averaging about 60%.

In conditions of mass higher education, Kazakhstan in principle cannot pay teachers as much as
their colleagues in the early XX century in the Russian Empire (of course, in terms of modern
money) for the same amount of work, converted into teaching hours. Obviously, the economy of
Kazakhstan simply cannot sustain this. This affects the quality of education for a number of
reasons. In particular, under such conditions, a teacher will be forced to take on as large a teaching
load as possible just to maintain a reasonable level of his or her livelihood (for example, many
teachers now work at several universities at once). In addition, many talented specialists
categorically refuse to deal with the Kazakhstani higher school.

Let us list the most important consequences of the transition to mass higher education.

Low level of financing of universities, hence loyalty to poorly performing students (they bring
money to the university).

Low social status of a teacher, hence a sharp decline in the quality of teaching staff.

Lack of opportunity to involve students in scientific activities on a mass scale (this is a rejection
of the basic principle of von Humboldt [11], which was the basis for the activities of classical
universities in their heyday [7]).

The last of these factors is discussed in the next section, as it is directly related to the
development of Career Development Learning tools in relation to the peculiarities of Kazakhstan.

Talented students as the most vulnerable group in the context of mass higher education

In conditions when higher education has become mass education, no one (with quite rare
exceptions) in the education system will pay proper attention to truly gifted and talented people.
The mass character of higher education means a predominant orientation to the gray, as teachers
simply do not have time and opportunity to work with students in-dividually at the level at which
this work was carried out in the period when higher education did not acquire mass character.

Teachers simply do not have time to pay attention to talented students, with rare exceptions
when they become members of certain research groups. But, against the general background, this is
no more than a statistical error level.
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As a consequence, those students who are truly gifted have no choice but to rely on their own
strengths. In particular, this means finding a learning path that best suits their interests. This
determines the peculiarities of Career Development Learning tools in Kazakhstan.

One of the consequences of the transition to mass higher education is that universities have de
facto abandoned one of the basic principles that underpinned them. Specifically, it is about one of
von Humbolt's principles [11]. He argues that in order for university education to be truly effective,
learning itself must be combined with science.

Simply listening to a course of lectures is not enough to learn the material. Lecture courses have
been supplemented with practical exercises since centuries. For example, a person learning the
basics of mathematics must solve relevant examples. Training of personnel of higher qualification
also cannot fail to provide application of the received knowledge in practice. Trainees have to solve
the most difficult tasks just to translate the knowledge into a real practical format.

The most challenging intellectual exercise that mankind has developed over its long history is
the exercise of science. And if a person has learned how to solve scientific problems, then,
therefore, he has indeed become a true professional, no matter whether he later becomes a scientist
or chooses some other career. It was these considerations that von Humboldt laid down in his basic
principles, which became the basis for classical universities in their heyday (the turn of the
nineteenth and twentieth centuries). Unfortunately, the vast majority of teachers of Kazakhstani
universities do not remember about it [12, 13].

In any case, it is obviously impossible to apply the above principle in practice in Kazakhstan,
which is emphasized by Fig. 6. This figure shows a diagram based on the official Kazakh National
H-index Ranking - 2024 [14]. This ranking reflects, in descending order, the Hirsch indices of all
specialists working in Kazakhstan, including invited foreign specialists. The ranking covers 1000
people regardless of their place of work (i.e. it includes not only university professors, but also
employees of research organizations, ministries and other agencies). The digamma of Fig. 6 reflects
the number of specialists with a certain value of the Hirsch index.
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Figure 6 — Distribution of Kazakhstani specialists by Hirsch index

65



N3BECTHA HAYYHO-TEXHHUYECKOI'O OBIIECTBA «KAXAK», 2024, Ne 2 (82)

Comparison of Fig. 5 and Fig. 6 shows that in Kazakhstan there is really no real opportunity to
systematically implement the von Humboldt principle in university education. There is no
appropriate personnel base for this purpose. The vast majority of university teachers themselves do
not participate in scientific activities at the appropriate level. They cannot teach students to solve
scientific problems, because, as a rule, they them-selves do not fully understand what science as
such is. This suggests that when higher education becomes mass education, there is no way to
provide a scientific field of endeavor for so many students.

The above factors lead to a number of negative consequences, in particular, to the formation of
the so-called “qualification hole” [15]. In the labor market of Kazakhstan, either very highly
qualified personnel or very low-qualified personnel are in demand. For example, high salaries are
paid to specialists in the field of IT-technologies, while restaurants need dishwashers, hospitals need
nurses and technicians and so on. It is very difficult to find a job for specialists of average level of
qualification, which Kazakhstani universities produce in mass order. There is simply no place for
them on the labor market. As a result, these graduates are forced to somehow solve their problems
on their own.

But, alas, this is really not all. Due to mass higher education, there is a typical crisis of
overproduction. There are not and cannot be so many jobs in the RK economy that would require
genuine higher education.

Moreover, many universities de facto perform the functions of specialized secondary educational
institutions. As a consequence, they could not but slip to the corresponding level.

The negative factors mentioned above have the greatest impact on truly talented students.

Indeed, a person receiving higher education is not only educated by teachers, and maybe not
even by teachers in the first place. He is educated by what has been called university spirit since
centuries. In modern language it is called university communication environment (peer education
[16, 17]).

To illustrate the point, let's take the following example. Many older people are often surprised to
see their grandchildren easily learning how to operate all sorts of gadgets. Of course, there is
nothing to be surprised about: they are taught by an environment in which the relevant knowledge is
explicitly or implicitly disseminated.

Similarly, if a student club discusses the problems of science, it will inevitably affect the young
person. If the student community discusses soccer and everything else that, to put it mildly, does not
require significant intellectual effort, then the environment will de-generate. Accordingly, a young
talented person immersed in such an environment will degrade even faster. His talent will not be
appreciated by his peers - the environment ceases to work as a factor of education.

Back in the early twentieth century, when the university environment really fulfilled educational
functions, the opposite was true. Scientific symposia, in which students participated, discussions in
the university environment, in the end, simply participating in scientific research allowed talented
young people to feel on top of their game. Today this is far from being the case, also because
modern Kazakhstani universities have de facto abandoned the above-mentioned von Humbolt
principle.

The situation is aggravated by some other objectively existing factors. The more than significant
flow of information existing in the modern world, as it is known [18,19], often leads to the lack of
the habit of expending effort to assimilate and comprehend information. There is a huge number of
people who have lost the habit of reading long texts at all. People become oriented towards the
consumption of more and more available information, and the payment for this is the loss of critical
thinking that is observed in reality.
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As a consequence, those who supply accessible information have a privileged position in the
media space. As a result, the dictate of the communication environment cannot but increase.

Accordingly, if there is a majority in a student group that obeys this dictate, then a talented
person has no other choice but to adapt to this environment, i.e. to degrade. This is a very serious
problem. A talented person often finds himself alone. He does not get into a classical university
environment, which is able to support his high aspirations. But a talent is someone who goes
beyond the average level, hence, for him, submission to the dictates of the information environment
actually means death. Moreover, an environment made up of "middles,” as a rule, does not forgive
intellectual superiority. It either forces to play by its own rules of the game, or rejects it. The
consequences are often very sad.

Thus, talented students, as noted above, should be most interested in adequate Career
Development Learning. We will show that there are prerequisites for the development of
appropriate tools, taking into account the Kazakhstani specifics.

Objective prerequisites for overcoming crisis trends in higher education

On the basis of the above, it has to be stated that universities have not only failed to find an
adequate response to the challenge of the masses. This answer could not be found at all, at least if
we remain within the framework of the paradigm of higher education inherited from the heyday of
classical universities. It lies on an entirely different plane. Let us show it.

With the emergence of new means of information processing, with the emergence of new
telecommunication systems, society, especially if we talk about such institutions as science and
education, has changed dramatically, and not all of these changes are now realized even at the level
of preliminary understanding.

In particular, distance learning in many cases can provide much better knowledge than
traditional learning (at least for Kazakhstan). The saturation of the information space with lectures
created by professors of the world's leading universities, as well as further improvement of distance
learning (especially if we take into account the rapidly developing artificial intelligence systems)
will sooner or later question the existence of "weak" regional universities. The transformations are
in place, and they are taking place in real time, but they are still insufficiently conceptualized, as the
epidemiological crisis of 2020 has clearly demonstrated.

Modern universities are trying to reproduce the style of teaching that characterized the early 20th
century, and the conditions in which they exist have changed dramatically. And it is not only faculty
salaries, it is not only reasons somehow related to the economy. The root of the problems lies even
deeper.

It is fundamentally important that the communication environment has been transformed, the
way in which information is exchanged in society has been transformed.

As a result, universities have ceased to shape the worldview, they have ceased to be opinion
leaders [20]. It is no exaggeration to say that universities have lost the competition for the minds of
young people to bloggers.

In particular, the term "educational services", which is often still used officially, really reflects
the essence of the matter in many respects. The nature of communication space is qualitatively
changing, and the system of higher education simply does not keep up with these changes, it is very
inertial.

Throughout the written history of mankind, the development of the communication space has
gone through several stages.
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Before the invention of printing, oral communication was the dominant form of communication
in society, which was reflected in the curricula. Rhetoric was one of the main subjects taught to
aristocratic youth in Ancient Rome, Ancient Greece, Ancient Byzantium and so on. [21]. The
Middle Ages inherited this discipline from the previous era. This is another example of how inertial
the system of higher education is.

With the invention of printing, the situation changed dramatically. Communication became
largely written. By way of illustration, we can note the following. The gigantic number of novels
written by A. Dumas are also connected with the factor of written communication. His novels
served as a kind of analog of modern television series, and the reading public eagerly awaited the
continuation of the novel in the next issue of a news-paper or magazine.

Today, electronic communication obviously dominates. This is also dramatically affecting the
field of higher education. In fact, in the period when written communication was dominant,
disciplines such as elegant literature flourished. It was part of the program of all significant
gymnasiums of the Russian Empire. Today, there is a shift of communication to a form not related
to writing. These are the socalled streamers, which are often used by bloggers, etc. In this case,
literate speech is often no longer a prerequisite for success.

Notice that at each phase of historical development, the form of communication has given rise to
certain creations, certain spiritualized instruments that correspond to it. Rhetorical exercises in
ancient Rome led to the emergence of oratory. The written form of communication led to the
flowering of fiction. Today, when electronic communication dominates, it is too early to talk about
creating perfect forms that bring this communication to the level of high art. And it won't happen
any time soon. We will have to adapt to the world that has already developed.

This state of affairs, however, creates additional possibilities. Let us show this by starting from
the thesis about the dual nature of human intellect and consciousness [22,23]. There is no doubt that
human consciousness is an object of informational nature arising from the exchange of signals
between brain neurons. Any interpersonal communication, however, is also actually reduced to the
exchange of signals between neurons, but only localized in different heads. Consequently,
interpersonal communication actually leads to the formation of a common neural network.

It should also be taken into account that the ability of a neural network to store and process
information nonlinearly depends on the number of elements, which is proved both by current
practice (more and more dimensional neural networks are created for ap-plied purposes [24,25]) and
by direct mathematical modeling [26].

This implies that human intelligence and consciousness cannot be completely independent; it
simultaneously has both collective and individual components. This property of neural networks
leads to the conclusion about the existence of a suprapersonal level of information processing, at
which suprapersonal information objects can be formed [22, 27]. The existence of suprapersonal
information objects allows us to give a consistent natural scientific interpretation of such concepts
as mentality and collective unconscious [22, 28].

Starting from the ideas about the dual nature of human consciousness (and intellect) associated
with the formation of suprapersonal information objects, it makes sense to modernize the scheme of
personality structure proposed by K. Jung, which includes the collective unconscious [29]. This
scheme contains quite certain methodological contradiction. The collective unconscious is, by
definition, a collective phenomenon and, therefore, this element cannot be included in the structure
of an individual personality.

From the point of view of the theory of formation of suprapersonal information objects, the
collective unconscious is one of their forms. Consistent consideration of this issue leads to the
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conclusion that the collective consciousness also exists. In particular, as it is shown in [30], any
scientific theory that is widely enough recognized can be considered as a suprapersonal information
object. Just as any of natural languages is "written" in the communication environment formed by
the ethnos as a whole, any significant scientific theory (for example, quantum mechanics) turns out
to be "written" in the consciousness of the corresponding segment of the expert community. An
individual speaker of a natural language is not its "possessor” (if we speak of language as a
systemic integrity). Similarly, a carrier of a scientific theory acts, rather, as a certain "cell" of the
encompassing "organism”, which transforms scientific theories into information objects functioning
at the suprapersonal level of information processing.

At first glance, the notion of a collective consciousness may seem something trivial. Let us take
into account, however, that human intellect is dual in nature. At the level of collective
consciousness, information objects are formed, which, on the one hand, belong to the suprapersonal
level of information processing and, on the other hand, to the personal level.

Note that in this formulation of the question, education (learning) should be interpreted as
projection of a suprapersonal information object onto the personal level of in-formation processing.

Modern education, in fact, knows and uses only one tool of such projection - the learner is given
some information, and then either checks the quality of assimilation or trains to use it in practice.
There is no reason to assume that this is the only or optimal tool. It makes sense to consider other
options, based on the existence of a link between the collective conscious and collective
unconscious.

In many professions there are skills that pass into the field of unconsciousness. Thus, it is
common to say that a qualified specialist in the field of radio electronics "sees" the work of an
electronic circuit, a qualified chemist is able to intuitively recognize the chemistry of the process
under study, etc.

Even more revealing in this respect is the phenomenon of art. On the one hand, it clearly belongs
to the realm of the conscious (for example, there are quite a few music critics who reveal the
meaning of, for example, symphonic works by means of natural language, i.e. a musical work
worthy of such a name can indeed be comprehended). On the other hand, a true musical creation
affects mainly the senses, and further, everything that correlates with the personal unconscious. But
when musical works are assimilated by the mass consciousness, they also affect the collective
unconscious.

Consequently, it can be argued that the boundary between the collective conscious and collective
unconscious is diffuse.

As emphasized above, the dual nature of human intelligence is determined by the fact that a
common neural network is formed as a result of interpersonal communications. Such a network,
formed by all inhabitants of our planet collectively, can be identified with the noosphere,
understood according to V.I. Vernadsky. This neural network is structured in a complex way. Its
structural elements are, for example, ethnic groups, but this is by no means the only factor
determining the structure of the noosphere.

Each type of communication generates a certain subnetwork, or rather, a complex system of
interpenetrating subnetworks is formed. Different subnetworks of the global neural network
correspond to different social relations. In each of these subnetworks, specific suprapersonal
information objects are able to emerge, which, among other things, determines the structuring of the
collective unconscious [28]. Since professional activity generates one of the main types of
communication in society, there is also a segment of the collective unconscious associated
specifically with professional activity - the professional collective unconscious.
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There is every reason to believe that it is the professional collective unconscious that is
responsible for the highest levels of professionalism - for the presence of professional intuition, for
flashes of creative activity, so-called "insights", etc. At least, the conclusion about the connection
between intuition and the collective unconscious can be considered quite reasonable at present.

The professional collective unconscious is a segment of the collective unconscious as a whole,
hence it should be responsible for professional intuition, without which a true professional cannot
exist. Moreover, there is every reason to believe that persons called geniuses have not quite clearly
provided for themselves a certain contact with suprapersonal information objects.

Returning to the thesis that education is a projection of the "collective intellect" onto the intellect
of the individual, one cannot but come to the conclusion that the modern education system has so
far practically not used the tools related to the formation of professional collective unconscious (at
least at the systemic level).

At the same time, as it follows from the basic provisions of the theory of scientific revolutions
[30], based on the theory of suprapersonal information structures [22, 27, 28], the very existence of
such large-scale crisis phenomena should stimulate the emergence of a new approach, qualitatively
different from the existing one. Year by year, students have to assimilate more and more
information, therefore, the question of radical improvement of learning efficiency will inevitably
arise. The use of the resources of the professional collective unconscious is more than promising in
this respect. The development of appropriate tools is, of course, a matter of the future, but there is
no doubt that in this case it will be necessary to form quite certain collectives in which a
communication environment of quite a certain type is formed.

The task of forming such teams can be set now, especially since it also meets current needs.

Career Development Learning and cooperation in higher and secondary education

In the post-Soviet tradition, consumer cooperation is interpreted as a voluntary association of
citizens, most often established on a territorial basis, to carry out trade, procurement and other
activities aimed at satisfying the material and other needs of its members. According to this
interpretation, the main purpose of a consumer cooperative is not to maximize profits, but to fully
satisfy the needs of its members. It is this interpretation that is reflected, for example, in the law
[31] of the Russian Federation. It should be emphasized that in the past, consumer cooperatives
were predominantly agricultural and remain so today, which is reflected in the above interpretation.

In the conditions of digital society, however, consumer cooperation gets new opportunities
created by e-commerce. Moreover, Kazakhstan also has all the prerequisites for the formation of
cooperation of consumers of educational services.

First of all, it should be noted that Kazakhstan currently has a very developed market of
additional educational services (tutoring). In fact, every Kazakhstani pays for school education for
his/her children twice. First - as a taxpayer, then - as a private person who has to look for tutors and
pay them out of his/her own pocket.

Due to a sharp decline in the quality of official school education, more than 30% of parents of
high school students are forced to hire teachers on an informal basis (the figure was obtained by
surveying residents of Almaty). At the same time, according to such sites advertising tutor services,
payment for additional education services is quite high and ranges from $85 to $150 in terms of the
official exchange rate as of 15.07.24 for one subject. The average cost of an Almaty family for
additional education services of this type is $250 per month. Accordingly, the estimate of the
market volume of additional educational ser-vices of this type only in Almaty is $1,000,000 per
month.
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This value suggests that consumers of these services are not yet an influential economic force
simply because they remain disconnected. If they act together, however, they will have a significant
impact on improving the quality of education.

Kazakhstani parents have to pay twice for their children's education only because conditions
dictate it to them, and not vice versa. They bring their child to school, which has its own rules (and
often some or other corrupt schemes). As long as the individual family interacts with the school
alone, things will not change. The rules will be dictated by the school administration.

Theoretically, parents can unite (form a cooperative of consumers of educational services) and
hire teachers themselves, based on their own ideas. We emphasize, not one or several tutors, but a
full-fledged team, which is able not to compensate for the lack of schooling, but to conduct classes
according to a full-fledged educational program, say, oriented to admission to a particular
university. Such a cooperative becomes a very serious economic tool, as shown by an elementary
calculation of the money currently spent on tutors.

There are so many examples of this kind that can be given. The conclusion will be the same.

A collective united by common aspirations can always act orders of magnitude more effectively
than loners.

Building these kinds of collectives, however, will require quite specific information tools.

At first glance, a consumer cooperative, whose members are interested in high-quality education
for their children, can be formed in an arbitrary way. Such a cooperative, in theory, can hire a
certain number of teachers, de facto creating an alternative school that meets only their own wishes.
Let us emphasize once again that from a purely economic point of view such an approach can be
implemented in Kazakhstan already now. The total costs of parents for private practicing teachers
(if an association of more than a few dozen families is considered) are comparable to the costs of
running a private school (especially a distance school).

However, in practice, this approach is bound to encounter difficulties of a principled nature.
Almost every parent has his or her own set of opinions about what secondary education should be.
Formation of a "collective employer” in such conditions becomes practically impossible, since a
randomly gathered group of parents will most likely not be able to agree on how the curriculum
should be structured, what requirements should be im-posed on the hired teachers, etc. In any case,
the risks of conflict situations in such a collective are more than significant.

There is only one way to minimize such risks - the team should consist of like-minded people
with common aspirations.

It is this task (stimulating the emergence of like-minded parents' collectives) that should be
addressed by information tools aimed at the gradual formation of civil society institutions capable
of reversing the negative trends mentioned above.

At the first stages of the formation of consumer cooperation in education, it is necessary to focus
mainly on people with the appropriate motivation and character. Consequently, the information tool
under consideration, first of all, should be focused on finding people who are ready to realize the
potential of consumer cooperation in the field of education due to their internal aspirations and
establish effective communication between them, bringing to them the ideas underlying the
cooperation of the type under consideration.

If the points made in Section 4 are taken into account, this is no more than a first step towards
the implementation of tools that can maximize the talents of truly gifted young people (and this
applies to both secondary and tertiary schools).

We will use the term "domain”, revealing its essence, starting from the social behavior of many
Kazakhstani families, in which kinship ties are strong. The typical Kazakhstani family (having
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numerous distant relatives) solves a significant part of problems collectively. This is a kind of
analog of a domain, which differs in that it is built on kinship ties that cement it.

In the language of economic theories, such a family is an informal institution (no-body and
nothing regulates the actions of a third cousin who willingly helps his relative). The domain
mentioned above also represents an informal institution - a community of people who go through
life together. Such domains can also represent stable communities of friends who jointly solve all
problems in the same way as the Kazakhstani family, where branching kinship ties are strong.

The problem is that the domain formed spontaneously (or due to historical reasons, if we talk
about traditional Kazakhstani families) in modern conditions becomes unstable. Thus, even the
strongest kinship ties can be destroyed by property inequality - poor relatives are often looked down
upon, which does not strengthen kinship feelings at all.

Career Development Learning, oriented to Kazakhstani realities, from our point of view should
represent humanitarian technologies, aimed at creating sustainable domains that unite talented
students (possibly their parents as well) to jointly achieve the above goals.

Let us briefly consider the ideas behind them.

It follows from the theory proving the existence of a suprapersonal level of information
processing that domain become maximally stable if and only if they are complementary to a certain
set of suprapersonal information structures. This or that idea by itself is not effective enough to
influence a personality. Much more effective are the influences connected with the deep layers of
the personality structure, up to the unconscious.

In fact, this means that a group of people is consolidated, which perceives not so much the idea
as such, but what is behind it - the suprapersonal information structure, which manifests itself
through certain ideas, which from the point of view of classical logic or classical science may look
as purely irrational. In the future, this will ensure the transition to the directed use of the resources
of the professional collective unconscious.

The basic tool in this respect, of course, is psychological testing, oriented to identify people of a
certain emotional profile and certain aspirations. Examples of the implementation of such an
approach are reflected in [32,33]. However, for the successful realization of the proposed approach,
mass coverage of such testing of young people is crucial. Pro-motion of the proposed ideas is an
independent task, so it is advisable to use a combined approach, when testing aimed at education
allows the potential consumer to get some other preferences. One of the variants of realization of
such a combined approach was proposed in [34]. However, it is far from being the only possible
one.

Paradoxically, but the promotion of the proposed approach is naturally combined with the task of
promoting the concept of DEI in Kazakhstan. This concept is known to be very widespread [35-37],
including in the field of education [38]. However, in Kazakhstan it faces quite certain opposition, in
particular, conservative circles focus on the fight against "LGBT propaganda”, etc. Representatives
of conservative circles often show a pronounced aggressiveness, intimidating supporters of other
points of view. Thus, the challenge here is the same as for the proposed approach - to ensure the
consolidation of talented and active young people by giving them the opportunity to find each other.
A combined approach, oriented at solving both of these problems, seems to be quite productive,
including by utilizing the interest of the most creative and active Kazakhstani youth in ideas related
to the DEI concept.
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Conclusion

Thus, the mass character of higher education in Kazakhstan objectively leads to an irreversible
decline in its quality. The most disadvantaged group in such conditions are the most gifted students,
who are deprived of opportunities to fully reveal their talents.

This leads to the need to create tools that can ensure the formation of collectives made up of
gifted young people, in which a communication environment is formed that pro-vides support for
aspirations to knowledge and creativity. In modern Kazakhstan, such an environment can be formed
only by civil society institutions, and the basis of their functioning is educational activities based on
career development learning.

In the long term, this approach can dramatically increase the effectiveness of learning by
utilizing the resources of the professional collective unconscious, which is responsible for
manifestations of intuition, creative insights, and ultimately for manifestations of genius.
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MPABWIA O®OPMJIEHUS CTATEA

1. XKypnan «M3BectusHTO «Kaxak» nyOnuMKyer HamMcaHHblE Ha PYCCKOM, Ka3axCKOM,
AQHTTIMICKOM W KOPEHCKOM s3BIKaX OpHUTMHANBbHBIE CTaThbU, 0030pbl. Takke XKypHanm maer
nH(OPMAIINIO, CBI3aHHYIO C IETEILHOCTHIO OOIIECTBA.

2.B OpUrMHAIBHBIX CTaThsIX MOTYT PacCMaTPHUBATHCS PE3YNbTAaThl KaK TEOPETUUYECKUX, TaK U
npukiaaasix HAP.

3. ABTOpBI, Kenarolue OnyOJIMKOBaTh OO030pPHYIO CTAaTblo, JOJDKHBI IMPEABAPUTEIBHO
COIJIacOBaTh €€ TEMaTHKy, MpeICTaBUB aHHOTauMi0 Ha 1-2 cTp. B 0030pax ciemyer ocBemarb
TEMBI, IPEJCTABISAIONINE JOCTATOYHO OOLIMI MHTEpeC 10 BHIOPAHHOM TEMAaTUKE UM OTpaskKaroline
KAaKOW-1100 BayKHBIM acleKT IPUMEHEHHUS B IIPOMBIIIJIEHHOCTH, CEIbCKOM XO034iCTBE, METULIMHE U
T.1. Jlomyckaetcs 000011eHne pe3yIbTaTOB MHOTOJIETHUX MCCIIEIOBAaHUN HAYYHBIX KOJUIEKTHBOB.

4.00bem cTaThu He A0JDKeH npeBbimath 10 crpanun Gpopmarta A4. CtaThs OJDKHA HAYMHATHCS
c BBesleHUs. B HeM JI0JDKHBI OBITh JaHBI: COAEpIKaTENIbHAs TTOCTAHOBKA PACCMATPHUBAEMOTO B CTAaThe
BOIIPOCA, KPAaTKUE CBEJEHUS IO €ro UCTOPHH, OTJIMYHME MpeAsiaraeMoi 3ajaun OT y>K€ U3BECTHBIX,
WIM TPEUMYIIECTBO H3JIaraéMOT0 METOJa II0 CPAaBHEHHIO € CyllecTByromMM. OCHOBHas 4acThb
CTaThU JIOJDKHA coJepxkaTb (OPMYJIMPOBKY 3ajaud M Ipe/UlaraeMblii METOJ €€ peLIeHus,
3aKJIIOYUTEIbHAs YacThb — KpPAaTKOE OOCYXJEHHE IOJYUYCHHBIX pPEe3yJIbTaTOB M, €CIU BO3MOXKHO,
pUMep, WITIOCTPUPYIOMUI UX 3()(HEKTUBHOCTD U CIIOCOOBI TPUMEHEHHUS.

5.Bce cratbu mpoxoAsT MMEHHOE PELEH3UPOBAHME HE MEHEee, YeM JABYMsI HE3aBHCHMbBIMHU
YYEHBIMH 110 COOTBETCTBYIOILIEH TEMATHUKE.

6. Pemmenue o myOnuKanyuy CTaThi MPUHAMAET peIaKIMOHHAs Koyuterus XKypHaa.

7. TpeboBanus K 3THKe MyONMKanWi: ABTOPHI HECYT OTBETCTBEHHOCThH 3a JOCTOBEPHOCTH WU
3HaYMMOCTb HAyYHBIX pE3yJbTaTOB, M AKTyaJlbHOCTh HAY4YHOTO COAEp)KaHus paboT. Pykonucu
crareil, oImyOJMKOBaHHBIX paHee, WK MepelaHHbIX B JIPyrue U3/1aHus He IPUHUMAIOTCS.

8. ABTOpPBl MOTYT MpEACTaBUTh D3JCKTPOHHYKO BEpPCHUI0O CBOEH CTaTbu IO  ajpecy:
izv.ntokaxak@mail.ru.

TpebdoBanus k 0popMIIEHUIO PYKONUCEH

CraTh¥ TIPEJCTABIISAIOTCS B JJIEKTPOHHOM BHJE B TeKCTOBOM pemakrope Word 97, dhopmyisi
HabuparoTcs ¢ nomolneko pegakropa MSEquation 3.0 (2.0) uiu ChemDraw.

HIpudt Times New Roman 12 pt. Mexcrpounsiii untepBan 1,15. Tlons: Bepxuee — 2,0cMm,
HmxHee — 2,0 cM, neBoe — 2,0 cm, paBoe — 2,0 cM. Ab3ar11 — kpacHast ctpoka — 0,5 cM.

TekcT cTaThbu AOMKEH HAUUHATBCS C YKa3aHUS:

c nesoti cmopornvi—uHAekcoB MPHTHU u Y/IK, cOOTBETCTBYIOIIMX 3asBJICHHON TEME, Huowe
MIPUBOJISATCS:

4yepe3 CTPOKY yKa3bIBaeTCs 3arjiaBue cTaThM (IPONMUCHBIMH OyKBaMH, MIPU(T — MOTYKUPHBIH,
BBIpaBHMBAaHHME TEKCTa IO LEHTPY, Kerib 14 pt). Hazpanue A0MKHO MakCMManbHO MOJHO U TOYHO
OIHCHIBATh COJEpXaHHe CTaThbU, BKJIIOYATh KIIOYEBBIE CJIOBA, OTpa)KalolllMe HampaBieHUE W/UIU
OCHOBHOH pe3yJIbTaT MCCIEOBAHUS, HO B TO K€ BpeMs ObITh KOPOTKUM U SCHBIM M HE COJIEpXKaTh
COKpALLECHU.

—  (aMunMu U UHULIKABI aBTOPOB (BBIPABHUBAHUE TEKCTA IO LEHTPY, WPHU(T — MOTYKUPHBIH,
keruib 12 pt),

— Ha3BaHUE OPTaHM3ALMU U €€ MECTOHAXO0XKICHUE,

— e-mail aBTopoB (BhIpaBHUBAHKE TEKCTA 1O IIEHTPY, KYpPCUB, Keriib 12 pt),
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— pes3ioMe (KpaTKoe HW3JIO0KEHHE COJIEpXKaHMsS CTaThH, Jalollee IPEACTaBICHHE O TeMe U
CTPYKTYpE TEKCTa, a TaK’K€ OCHOBHBIX pe3ysbTaTax, /—10 mpenioxeHuii, (BbIpaBHUBAHUE TEKCTa
110 LIEHTPY, KypcHuB, Keriib 11 pt),

—  KJIIOYCBBIC CIIOBa, 00ECICUMBAIONIME MTOJHOE PacKphITHE cojepxanus ctatbu (7—10 cJioB)
BBIPaBHHBaHKE TEKCTA 110 IIUPUHE, KypCHB, Keriib 11 pt),

—  TEKCT CTaThu (BbIPABHHBAaHHE TEKCTA I10 IIUPUHE, KypCHB, Keriib 12 pt),

—  CIIMCOK JIMTEPATYpBHl,

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

Pucynku 10mKHBI OBITH IPECTABICHBI B OTIEIBHOM (aiiie.

Crarbs npencrasisercs B doc mim docx gopmarte, a Takxke uneHrnyHas konus B pdf dopmare,
Ha DJIEKTPOHHBIA ajpec KypHaia, B OTACHbHBIX (Qaiinax IyOnupyroTcss PHCYHKH, TaOIMIIBI,
rpaduKu, CXEMBI, a TaK)Ke MPUBOAATCSA CBEJCHHUS 00 aBTOpax ((hamuiusi, UMs, OTYECTBO, YUCHas
CTEIeHb, YUEHOE 3BaHUE, CIY>KEOHBIH azpec, MeCTO paboThl, JOJKHOCTh, KOHTAKTHbIE TelIe(OHHI,
e-mail u Orcid ID).

CcplIKu Ha JUTEpaTypHble MCTOYHUKU B TEKCTE NPUBOJATCS IOCHE LUTAThl B KBaJPaTHBIX
CKoOKkax. bubmuorpaduuecknii cnucoxk odopMmisseTcs B COOTBETCTBUHM € TpeOOBaHUSMHU
I'OCT 7.1-2003 «bubnuorpaduueckass 3amuch. bubmmorpaduyeckoe ommcanue: oOIIMe
TpeOOBaHUS U MPABHUIIA COCTABIICHU.
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