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MATEMATHUKA U UHOOPMATHUKA

MPHTMH 47.09.51
YK 628.974.7

NCIIOJBb30OBAHME ITOJIBIX CBETOBOJAHbBIX 9JIEMEHTOB
B HAPYKHOM PEKJIAME

Baiinak6aesa C.T.1?2
LA nmamuncruii ynusepcumem snepeemuxu u ceazu
2TOO «QAZTEX Innovationsy
Anmamol, Pecnybnuxa Kazaxcman
e-mail:saltanat.baipakbayeva@gmail.com

Tokazano, umo novie c6emMo8OOHbIE INEMEHMbL CHOCOOHBL HAUMU WUPOKOE NPUMEHEHUE 8 COBPEMEHHOU
€6emogoll pexname, 8 KOMopol 6ce aKmueHee UCNONb3YEMCs C6emoOuoOHas mexuuka. Ipunyunuanvhivim
omauyueM MaxKux 2NeMEeHmo8 Om KIACCUYECKUX CBemO080008 AGNAEMCs Mo, 4mo 68 OAHHOM Cayyde ceem
nepexooum u3 onmu4ecky MeHee njiomMHoU cpedsvl 8 boiee NIOMHYIO, d He Haobopom. Pabomocnocobnocme
NOABIX CBEMOBOOHBIX DIIIEMEHMO08 0Decnevuugaemes 3a cuem mo2o, 4mo npu OONbWUX Yendx NadeHus
KOapuyuenm ompadceHuss onmu4ecko20 U3NIYYeHUs NPUOIUNCAemcs K eOuHuye oasice moaod, Ko20a
U3IYyUeHUue nepexooum u3 ONMUYECKU MeHee WIOMHOU Ccpedbl 6 Oollee NWIOMHYIO. Dmo HO360159em
ocyujecmgums nepeoayy U3Iy4eHuss Ha CPAGHUMETbHO KOPOMKUE PACCMOAHUS, 4MO OO0CMAMOYHO Oiisl
UCNOML306AHUSL NPEONA2aeMblX DJIeMEeHmMo8 8 C8emosoll pexiame. IIpednosicena memoouxa pacuema,
KOMOpasi NO380Jsem Onpedeisimb ONMUMATbHYI0 (OpMY UCNOTb3YEMbIX C8EMOBOOHBIX JleMeHmos. B
yacmuHocmu, 8 OAHHOU CMAambe PaccCMampueaemcs Kidguamypvl ¢ ONMUYeckol KoOuposKou, 8 Komopou
ucnoab3ylomes 0eghopmupyemvie c6emogooHble dlemenmol. 1akoco pooa cucmemvl, Mo ecmb CUCHEeMbl
68004 UHGOPMAYUU HOBO2O MUNA, NPEOCMABISIION ZHAYUMENbHLIL UHMEPeC, 8 MOM YUCTe, ¢ THOYKU 3PEeHUs.
npobdeMbl IKOHOMULECKOU IPPexmusHocmu npou3eo0cmea homodieKmpuiecKux nanene.

Knrwuesvie cnosa. ceemosooublil d1eMenm, C6emMo8as PEeKilamad, ONMUYECKOe U3NYHeHUs, OMpadceHue,
Gopmynvr Openens, Kiasuamypa ¢ ONMULECKOl KOOUPOBKOU, ONMUYEeCKAsl T08YUKA.

Kapvix ouoomer bazvimmaywvl dnemMenmmep Kazipei 3aMAHebl JHCAPBIK JcapHAManapoa KeHiHeH
Ko0aHy2a Kabirtemmi eKeHin Kopcemmi, OHOA HCapblKOUOOMbl MEeXHON02UsL KeHiHeH KOI0aubliaobl. MyHnoail
NeMEHMmep MeH KIACCUKATbIK MATUbIKMAP apacblHOAebl He2i3el atiblpMAubLIbIK, HCAPLIKMbIY ONMUKALbIK
Mblebi30blebl A3 OPMAOAH ONMUKAILIK Mbl2bl30bl2bl KON opmaza omyi, Kepicinuie emec. [wiki scapbvik
baeimmayutvl d1emMenmmepoiy MuimMoiniei ONMUKAIbIK CIYNeNeHyOiy YaKeHn OYypvluiner mycyi, OnmuKaiblx
uwazvlivlcy Koagouyuenmin l-ce scaxvinoamaovl, OYi Hcagoail HCapblKMblY ONMUKANBIK Mblebl30bI2bL d3
opmadan onmuKaIblK Moul2bl30blebl KON opmaza emyiHe Kapamacman opvinoaniadvl. Ocvlean opail
VYCBIHBLIEAH 20ICNEeH JCapbIKMbl KblCKA KAWbIKMbIKMA CIYAeACHOIPY, MYHOAU 3]eMeHmmepoi HCapblk
JCAPHAMANAPLIHOA  KOAOAHY2A HCaAPAMObl  eKeHin Koepcemedi. Kondanvinzan ocapvly Oa2uimmayutvl
IIeMeHmmepiniy OHMAILl PoOPMACHIH AHLIKMAY2A MYMKIHOIK bepemin ecenmey 20ici ycovinviaean. Aman
aumxanoa, 6yn makaniada 0ehopmayusianamosli Jcapulk OASLIMMAabl dieMeHmmepin Koa0ana omolpsin
ONMUKANLIK  KOOMAyivl nepHemakma xapacmeipvliean. Mynoatli owcylienep, sAeHU dcana mypoeei
nepHemakma QomosneKmpiik naHeibo0ep OHOIPICIHIY IKOHOMUKANLIK MUIMOLNel Maceneci mypebiCblHAH
anzanoa, Kol3vlyWblivlK Myoblpaowl.
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Tipex ce30ep: oicapbiKyHCON 2NeMEHMI, IHCAPLIK HCAPHAMANAD, ONMUKANGLIK CIYIENEHY, WASbLIbICY,
@penensv ghopmynanapsl, ONMUKATILIK, KOOMAYIbl NEPHEMAKMA, ONMUKANBIK MY3AK.

It is shown that hollow light guide elements are able to find wide application in modern light advertising,
in which LED technology is increasingly being used. The principal difference between such elements and
classical fibers is that in this case the light passes from the optically less dense medium to a more dense, and
not vice versa. The efficiency of the hollow light-guide elements is ensured by the fact that at large angles of
incidence the reflection coefficient of optical radiation approaches unity even when the radiation passes
from an optically less dense medium to a more dense one. This allows the transmission of radiation over
relatively short distances, which is sufficient for the use of the proposed elements in light advertising. A
calculation method is proposed that allows determining the optimal form of the used light guide elements. .
In particular, this article discusses the keyboard with optical coding, which uses deformable light guide
elements. Such systems, i.e. new input systems are of considerable interest from the point of view to the
problem of the economic efficiency in production of photovoltaic panels.

Keywords: light guide element, illuminated advertising, optical radiation, reflection, Fresnel formulas,
optical keypad, optical trap.

B mHacrosmiee BpeMs CBETOAMOAHAS TEXHUKA CTAHOBHUTCS OJHUM W3 OCHOBHBIX CPEICTB
HApy»XHOH pPEKJIaMbl; COBPEMEHHBI TOpOJ CIIOKHO IPEACTaBUTH cebe 0e3 pasIMyHOro poja
ONTHYECKHX CUCTEM, HCIOJIB3YEMBIX sl OOPMIICHUS BUTPUH, TPA3THIYHON WILTIOMHHAIMN U T.JI.
[1-4].

OnHuMu U3 HauboJee PacIpOCTPAHEHHBIX W3JIENN, IPEJCTABICHHBIX HA PHIHKE CBETOAMOIHBIX
0(hOpMUTENBCKUX CUCTEM, SBISIOTCA TPYOKH, BHYTPH KOTOPBIX PACIIONATralOTCsl HICTOUHUKHU CBETA.
[Ipu cpaBHHTENBHO MaJIbIX PACCTOSHUSX MEXIY BMOHTHPOBAaHHBIMH B TPYOKY CBETOAMOAAMHU
M3JANM Takasi TpyOKa BOCIIPUHMMAETCS KaK CBETSIASCS JIMHHSI, YTO TI03BOJIIET (POPMHUPOBATH C €
MOMOILBIO PUCYHKH, Haamucu U T.1. [2]. Takoro poga cuCTeMbl yXe B 3HAUUTEIbHOW CTENEHU
BBITECHWJIM TA30CBETHYIO pEKJIaMy B CHJy OUYEBHAHBIX NPEUMYILECTB, IJIABHBIM U3 KOTOPBIX
SBJISICTCS CYLIECTBEHHOE CHIDKEHUE HAIIPSDKEHUSI MUTaHUs, a Takke 0€30MaCHOCTb B HKCILTyaTalu,
CPaBHUTEIBLHO HU3KOE YHEPronoTpedsieHue U T.11.

OueBUAHBIM HEJOCTAaTKOM CHCTEM paccMaTpUBaeMOro THUIA SBISETCS HEPaBHOMEPHOCTh
OCBEIICHHOCTH TPYOKH, HEOOXOAMMOCTh HCIOJIB30BaHMUSA JIOCTATOYHO OOJBIIOTO  YHCIA
CBETOAMOMOB UIsi (pOPMHUPOBaHUSI OTAETHHOM HAJIKMCH, a TaKXKe IOBBIIICHHE Beca HW3IENus,
CBSI3aHHOE C HEOOXOIMMOCTBIO HCIOJB30BAHMUS MOHTA)XXKHBIX TPOBOJOB (B OCOOCHHOCTH — ISt
cirydasi, Korja TpeOyeTcsl pealn30BaTh HE3aBUCHMOE VIIPABICHHUE KaXIbIM W3 CBETOJIHOJIOB
CUCTEMBI).

B nanHo#l paboTe moka3aHO, YTO yKa3aHHbIE HEJOCTATKH MOTYT OBITh YCTpaHEHBI 3a CUET
MCMOJb30BAHUS TOJBIX CBETOBOJHBIX JJIEMEHTOB, BBINOJHAEMBIX M3 ONTUYECKH IMPO3PAUYHBIX
MOJIMMEpHBIX MarepuanoB. Panee [5, 6] Takoro poaa CBETOBOJAHBIE 3JEMEHTHI OBLIO MPEIOKEHO
WCTIOJIh30BaTh B KJIABUATYpPaxX C ONTHYECKON KonupoBKoii. [Tomas mommmepHas TpyOka He sSBISeTCS
CBETOBOJIOM B OOIIETPUHSTOM CMBICTIE 3TOTO TEPMHHA, TaK Kak IPH paclpOCTpaHEHHWH JIyuei B
TAaKOM DJJIEMEHTe He uMeeT Mecta 3(QeKT MoIHOro BHYTPEHHEro OTpaxkeHus. M3iyueHue
MEPEeXOANT W3 ONTHYECKH MeHee IUIOTHOH cpenbl (BO3MyX) B ONTHYECKH 0ojee TUIOTHYIO
(monmMmep), TorAa Kak A TOTO YTOOBI MPOSBWICA APQEKT MOJHOTO BHYTPEHHETO OTpa’keHHs
CUTyalus JOJDKHA ObITb OOpaTHOM (mepexoa W3 ONTHYeCKH Oosiee IUIOTHOM Cpeasl B MeHee
IJIOTHYIO).
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OnHako, Kak 3TO BBITEKAET, B UaCTHOCTH, U3 Gopmyn PpeHens [7], fake B TOM ciaydae, KOraa
CBET MEPEXOIUT U3 ONTUYECKU MEHEE TUIOTHOM cpeibl B 0oJiee IIOTHYIO, K03 GULIMEHT OTpaskeHUs
MOJKET JOCTUTaTh 3aMETHOH BenMYnHBL TouHee, KOA(PUIHEHT OTPAKEHHUS PE3KO YBEINUHBACTCS
npu OOJBIIUX YIilax najaeHus (pucyHok 1).

Rs. Rp
1 -

0,8 F
0,6 F

04 }

0,2 F

Pucynok 1 — 3aBucumoct k03(h(HUIMEHTOB OTpaKEeHUs S- (IyHKTUPHAS JIMHUSA) U
P-TOJISIPU30BaHHOM BOJIHBI (CIUIOLIHAS JIMHHUSA) OT FPAHULIBI pa3jiesia Cpejl ¢ MOKa3aTeIsIMu
npenaomiienus n = 1 un = 1,59; pacuet npoussenéu no popmynam dpenens [11]

NmenHo 3ToT 3ddeKT 1enecoodpasHo UCTOIb30BaTh ISl PeaT3allii CBETOBOIHBIX 3JICMCHTOB
PEKJIaMHOTO HA3HAYEHHs, TaK KaK MPH PAaCIPOCTPAHEHUH H3JTYUYEHHUS TI0 TAKOMY 3JEMEHTY OHO
YaCTUYHO MEPEXONT B OKPY)KAIOIIYIO CPEy, B Pe3yJibTaTe 4ero mpo3pavHas MoJuMepHas Tpyoka
C BCTABJICHHBIM BHYTpB CBECTOANOI0OM BI/I3yaJ'IBHO BOCHpI/IHI/IMaeTCﬂ KaK OCBeIIIeHHBIﬁ 3JICMCHT
(pucyHOK 2). DTO CBS3aHO C TEM, YTO YIJIbI MAJICHUS] HA TTOBEPXHOCTh TPYOKHU (TIPH YCIOBHMH, YTO
ONTHUYECKass OCh HMCTOYHHMKA CBETa COBMAJAaeT C T€OMETPHUYECKOW OCBhIO TPYOKH) CTAaHOBSTCS
JIOCTATOYHO OOJIBIIMMHU (PUCYHOK 3) TIO Mepe YBEJIMYCHUS KOOPAMHATHI TOYKHU TIEPECCUCHHS Jyda C
MOBEPXHOCTHIO TPYOKH.

Pucynoxk 2 — @otorpadus npo3paqHor MOJIMMEPHON TPYOKH CO BCTABJICHHBIM BHYTPb
CBETOJIMOJIOM, OCh TPYOKH M ONTHYECKAsi OCh NCTOYHUKA CBETA COBIAAIOT

6
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Pucynok 3 — Cxema pacnpocTpaHeHus JTy4eil B [10JIOM CBETOBOJHOM 3JIEMEHTE
1pH OOJIBIINX yIiIax NaJeHUs

Takue cucteMbl MOTYT OBITh MCIIOJIB30BAHBI B PA3IMYHBIX CEHCOPHBIX YCTPOMCTBAX, a TAKKE B
KJIaBHAaTypax C ONTHYeckod koaupoBkoiu [8-12]. Heckonbko 3aberas Bmepen, OTMETHM, YTO B
JaHHOW KJIaBHAType ONTHYECKUI KOHTAaKT OOECHeuMBaeTcs 3a cyeT aedopMalid CBETOBOIHOTO
AJIEMEHTa, MO KOTOPOMY pachmpocTpaHsercs cBeT. MIMeHHO mosTtomy anis paboThl Takoro poja
y3JI0B, 11e71ec000pa3Ho UCIOIb30BaTh AOMOIHUTEIBHBIE CBETOOTPAKAIOIINE U CBETOPACCEHBAIOIINE
MOKPBITUS, TaK KAaK ONTHUYECKUN KOHTAKT HE SIBISAETCS MPSIMBIM, a OINpelessieTcss HapyUIeHUsIMU
YCIIOBUI paclpocTpaHeHHs] M3Iy4deHHs] mpu HakaTuU. Kak M3BECTHO M caM HCTOYHHMK CBETa, U
CBETOpACCEUBAIOIIIEE TOKPBITUE MOTYT ObITh OXapaKTEPU30BaHbl JuarpaMMaMH HallpaBIE€HHOCTH.

CBeTOBO/IHBIE CUCTEMBI B HACTOSIIIIEE BPEMS LIMPOKO HCIOJIB3YIOTCS B TEIEKOMMYHUKAIIMOHHOM
MHYCTPUU, W3BECTHBI INOIBITKM HCIOJB30BAaTh UX B APYTUX YCTPOMCTBaxX 3amucud U oOpabOTKU
nH(pOpMaLINH.

Kak npaBuio, B HacTosiIiee BpeMs UCIOJIb3YIOTCS CBETOBOAHbBIE 3JIEMEHTHI, IPUHIIUI 1EHCTBUS
KOTOPBIX OCHOBAH Ha SIBJICHUU IIOJIHOTO BHYTPEHHETO OoTpaxkeHus [12]. B aTom citydae onTudeckoe
U3Iy4YeHUEe TOCTyHaeT W3 ONTHYECKH Oosiee IUIOTHOM cpelbl B ONTHYECKM MEHEe IUIOTHYIO.
COOTBETCTBEHHO OCHOBOHM JIHOOOr0 ONTHYECKOIO BOJIOKHA SIBJISETCS IMPO3pauHbli Marepuan ¢
JOCTaTOYHO BBICOKMM KO3(duureHTOM mpenomieHus. biaronaps 3ToMy u3IydeHHE, KOTOpOe
pacnpocTpaHsieTcsl 1Mo MajibIM YIJIOM K ONTHYECKOM OCH, OKa3bIBA€TCS HECIOCOOHBIM BBINTH 3a
Ipeiebl ONTUYECKOr0 BOJIOKHA; OHO OKa3bIBA€TCS CIIOCOOHBIM PaCIpOCTPAHSITHCS, B TOM YHCIIE U
Ha O4YeHb OoJpiIMe paccTostHUSA. OHaKO Ui 1IeJIOT0 psla MPaKTUYECKUX MPUIIOKEHUH HHTepec
MIPEJICTABISIOT 1e(OpPMHUPYyEMbIE CBETOBO/IBI.

B vacTtHOCTH, B JaHHOH cTaThbe pacCMaTPUBAETCS KIaBUATYpbl C ONTHYECKONH KOAWPOBKOW, B
KOTOPOH HCIIONIB3YIOTCS 1e(hOpMUpyEMbIe CBETOBOIHBIE dJIeMeHThl. O0paTumas 1eopMHpPyeMOCTh
CBETOBOTO AJIEMEHTa HE0OXO0AUMA JIJISl TOT0, YTOOBI 00ECIIeUnTh Nepeaayy ONTUYECKOro CUrHaia oT
CBETOBOJAa K IPUEMHMKY H3JIy4€HHs, B KaueCTBE KOTOpPOrO BBICTYNAET COJIHEYHAs
(doTormekTprUYecKas TaHelb. Takoro poja CHCTEMBI, Kak IMoka3aHo B [8—12], mpeacraBisioT
3HAYUTENbHBII HHTEpPEC, M C TOYKH 3pEeHHs] MpoOJIeMbl SKOHOMHUYECKOH 3(hdexkTHBHOCTU
MIPOU3BOJICTBA (POTOAIEKTPUUECKUX MaHEIEH.

Kak Oyner sicHO u3 nanbHeiliero, n1axe CpaBHUTENIBHO HEOOJbIIME 3HaYeHHUs Koddduimenrta
OTpaKEHUs, KOTOPbIE MMEIOT MECTO TOrJa, KOrjJa HM3JIy4eHHE NEPEXOJUT M3 ONTHYECKH MEHee
IUIOTHOM cpenbl B OoJiee IMJIOTHYIO, TEM HE MeHee, MO3BOJSIOT PEeain30BBIBATH JOCTATOYHO
MHTEPECHBIE CBETOBOAHBIE CUCTEMBI. B KauecTBe OHOM M3 HUX KaK pa3 U MOKET BBICTYIATh I0JIas
cBeToBO/IHAs TpyOKa [13-16].

PaccmoTpuM  BO3MOKHOCTM ~ paOOTBI  TOJOTO  CBETOBOAHOTO  JJIEMEHTAa  MOApoOHee.
[TomuepkuBaem, uTO 1mojasi MOJMMEpHas TpyOKa He SIBISIETCS] CBETOBOJOM B CTPOTOM CMBICJIE 3TOTO

7
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TEPMUHA, TaK KaK MPH PacIpOCTPAaHECHHM JIyued B TaKOM DJIEMEHTE HE HCHOIb3yeTcsl 3(pQeKT
IIOJIHOTO BHYTPEHHETO OTPaXKEHUSI.

[Torepu u3iyueHus IpU PacpOCTPAHEHUN HA HEOOJIBIINE PACCTOSIHUS CPABHUTEIHHO HEBEIMKU
IIpU YCJIOBHMM, YTO JMAarpaMMa HaIlpaBJIEHHOCTH HCTOYHMKA CBETa SIBISETCS JOCTATOYHO Y3KOW,
[14]. DTo BBITEKAET W3 TOro, YTO MpPH IMAJCHUM Jy4ded Ha TpaHUILy paszeia cpel 1moj OOJIbIINM
yriaoM najeHus a (pUcCyHoK 3) Ko UIUEHT OTpaxXEHHS SIBISIETCA JOCTATOYHO OOJIBLINM JIaXkKe B
TOM cllyudae, Korjia cpefia, 3aoIHs0Ias CBETOBOIHBIN 3JIEMEHT paccCMaTpUBaeMoro THma (Bo3ayXx),
SBIIETCS ONTHYECKH MEHee IUIOTHOW, HEXeNU cpeia, U3 KOTOpoil chopMHUpOBaH COOCTBEHHO
JAHHBIA AJIEMEHT (TIOIMATHIICHOBAS HIIN TIOJIMCTUPOIIOBAs TPyOKa).

Takas ¢Qopma CBETOBOJHOrO »JJIEMEHTa, B KOTOPOW WCHOJB3YETCS SIBICHHE OTPaKEHUS
M3IYYEeHHUs OT TPAHMLBI pa3ziesia ONTUYECKH MEeHee TUIOTHOM U OoJiee MIOTHON Cpelbl, HEe SBISETCS
ONTUMAJIbHOW, HO HauboJyiee MPOCTONl B H3rOTOBIEHUH. Y COBEPIICHCTBOBAaHHBIE KOHCTPYKILIHH,
WCIOJIB3YIONINE MPUHIIUIT ONTHYECKON JIOBYIIKH, OBLIIM paccMOTpeHbI B Haiueil pabote [14], onu
Takke OyAyT paccMaTpUBAThCS HIKE.

Jlanee, 3HaueHue yria MajJeHUs MOXET OBITh YBENMYEHO ele OOoJNbIIe 3a CYeT Mepexona K
cucTeMaM, He OOJaJaloIIUM CTPOrOoW NUIUHAPUYECKOW CUMMeTpuer (g ciyyas, Korja
IIOBEPXHOCTh CBETOBOJIHOT'O 3JIEMEHTA HE MPEJCTABIIAET COOOM KPyTroBOil LIMIUHAD).

Bbynem paccmarpuBaTh HEIUIOCKYIO IIOBEPXHOCTh, ONMCHIBAEMYIO YPaBHEHUEM BUAA

y(x,2) = X(X)Z(z) 1)

B B@XHOM 4YacTHOM ciiydae Z(z) = Ry, = const (paccmarpuBacMasi IOBEPXHOCTh 0O0JagaeT
III/IJIHH)IPI/I‘IGCKOﬁ CI/IMMeTpI/ICI\/JI, 4TO CBA3aHO C €€ IMPAKTUYCCKUM HCIIOJIB30BAHHMECM B KauCCTBC

= -
CBETOBOJHOTO AieMeHTa). Bextop HopManu N (7)) K MOBEPXHOCTH B TOUYKE C PaIUyC-BEKTOPOM T,
OIpeJIeNIIEMBIN C TOUHOCTBIO JI0 MHOXKHTEISI, MOXKET OBITh 3alMCaH CIeIYIOINUM 00pa3oM.

= dy ay
NG = (Z,-1.2) 2
( O) ax' 4 az ( )
WNnu s paccMatprBaeMoro ciydast
= ax
NGo) = (Ro 2, —1,0) @3)
ox
COOTBGTCTB@HHO, HOpMHpOBaHHBIﬁ BCKTOP HOpMaJIX 3allMChIBACTCA KaK

() = ——(Ro 2, —1,0) = (e, 0) (4)

1+(R03—);)

[TonyynM CBs3b MEXKIY E€IMHUYHBIMA BEKTOPAMU €y M €, ONKMCHIBAIONIMMU TMAJAOIIUNA |
OTPaKEHHBIN JIy4d I TUIOCKOCTH, KAacaTeJbHOW K paccMaTpHBAEMON MOBEPXHOCTH B TOYKE 7y.
JIOJKHBI BBITTOJIHATHCA CIEAYIOIINE YCIOBHS

n-(e+e)=0 (5)
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(IPOEKIIMK BEKTOPOB €, M € Ha TPAMYIO, 3a1aBAEMYI0 BEKTOPOM 71, JOJDKHBI OBITh PAaBHBI 10
a0COIOTHON BEJIMYMHE M TPOTHUBOIOJIOKHBI 110 3HAKY) U

R (@xé)=0 (6)

(Bce TpH paccMaTpUBAEMbIX BEKTOPA JIOJIKHBI JIEKATh B OJJTHOM IIJIOCKOCTH).
B KoopauHaTHOM IIpeCTaBIEHUN

(nyex +nyey,) = —(neex + nyeyo) (7)
€xo eyO ezl =0 (8)

Wnu, packpeiBas onpeaeuTens (8)

es0(neey —nyey) — e, (nyeyo —nyeyy) =0 (9)
OTKy/1a

es0(nye, —nyey) = e, (neeyo — nyex) (10)

JleByto 4yacTh BbIpa)keHUs (7) MO CMBICIy MOXHO paccMaTpuBaTh, B TOM 4YHCIE, M Kak
NPOM3BEIEHNE BEKTOPA 71 HA BEKTOP (ex, ey), KOTOPBIN HE SIBJISIETCS €IMHUYHBIM. MOXHO yKa3aTh

BCEKTOD 771,)1 = (le, —Tlx), KOTOpBIfI SABJISICTCA OPTOTOHAJIBHBIM K (nx, le):

(ny' _"x)(nx' ny) =0 (11)
Torga BeIpaxenus, ¢urypupyromue B popmyie (10), MOXKHO paccMaTpuBaTh KaK IPOEKIIUM

BEKTOpPOB (ex, ey) u (exo, eyo) Ha BEKTOp (ny, —nx). Tounee, 3Ty popmyiay MOXKHO HepenucaTh
KakK

—ez0(ny, —1y) (ex €y) = —e,(ny, —1y ) (exo, ey0) (12)

[Tepexos K yrIIOBBIM IEPEMEHHBIM Ha OCHOBaHKHU (7), JTETKO BUJETH, UTO
(ny' —1)(ex ey) = (ny' —1)(exos eyO) (13)
T.e. Iy OTpayKeHUN U3ITy4eHHs IPOeKLHs BekTopa (e, €,) Ha HopMallb MeHsieT 3HaK (7), a ero

MIPOEKIMs Ha BEKTOp, NEPHEHAMKYJSAPHBIA HOpMalaW, OcCTaercs Tou »xe camou. Orcroaa, B
YaCTHOCTH, BBITCKACT, YTO

€z0 = €z (14)
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Ha ocnoBanun ¢opmyner (14) MOxHO yTBepkIaTh cieaytomee. Ilpu oTpaxkeHuu ot
MOBEPXHOCTH PaccMaTpUBAEMOI0 TUIA YTOJ MEX/Y OTPaXEHHBIM JIydoM U ocbto OZ ocraercs Tem
KE caMbIM, YTO M JJIs Majarouiero jyda. MHaue roBops, npu Jt0OOM KOJIMYECTBE OTPAKEHUH OT
IIOBEPXHOCTU PACCMaTPUBAEMOI'O TUIIA IAHHBIM YTOJI OCTAETCS HEU3MEHHBIM.

CrnenoBarenbHO, U1 ONUCAHMUSA IOBEJEHMS Jyda NPU MHOTOKPATHBIX OTPAKEHUSIX MOXKHO
OIPaHUYUTBCS PACCMOTPEHUEM €ro TPAeKTOPUM B IIJIOCKOCTH, NEepHeHAuKyIsspHoH ocu Oz

(pucyHok 4).

Pucynok 4 — TpaexTopus J1y4a B IUIOCKOCTH, NIEPIEHAUKYISpHON ocu Oz

PaccMoTpenue TpaeKTopuil B INIOCKOCTH, MeprieHIuKyIsipHoi ocu Oz (rmockoctu OXy), € TOUYKU
3pEHMsI TEOPUU CBETOBOJHBIX JJIEMEHTOB MPEUIaraéMoro THIIA MPEJCTABISAET 3HAUUTENbHBIN
MHTEpEC, MOCKOJbKY OHO TIO3BOJISIET yKas3aTh JOCTAaTOYHO IPOCTOM c€rocod, MO3BOJSIOMINI
CO3/1aBaTh 3a/JlaHHOE pACHpPEIEICHUE OCBEIIEHHOCTH BJAOJIb TaKOro JJEMEHTa. A HMEHHO,
KO3 QHUIMEHT OTpa)KeHUsI U3TYUYEHHUS OT TPaHMILIbI pa3zesa JBYX ONTHYECKH MPO3payHbIX Cpell, KaKk
3TO BbITeKaeT u3 ¢opmyn @DpeHens, YBEIWYMBAECTCA IO MEpe TOro, Kak Yroa MajJeHus
npubmpkaercs Kk 90°. YBenIW4UMTh 3TOT YroJl MOXKHO, B TOM 4HCJI€, BapbUpysd YOl MEXAY
npoekuuen Jyda B miaockoctd OXy M HOpMaliplo K moBepxHOCTH. Ha pucynke 5 /s cpaBHEHUS
MOKa3aHbl JIBE€ TPACKTOPHHU JIy4el, OTHOCSIINECS K CIy4ar0 KPyroBOro IHJINHApA.

Pucynok 5 — [Ipumeps! TpaekTopuii iyueit B IniockocTr OXYy; Tyd JISKUT B TNIOCKOCTH,
npoxosiiei yepe3 ock Oz (A), Tyd He JSKUT HUA B OAHOMN M3 TakuX rmiockocrei (B)

10
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Pucynok 5A oTBedaer ciydaro, KOrja najgarolivil J1yd JeKUT B INIOCKOCTHU, MPOXOAAIIEH uepes
ocb Oz. B sToM ciydae TpaeKTOpHs BBIPOXKIACTCS B JBAa IMPOTHBOIIOIOXKHO HANpPaBICHHBIX
BEKTOpA, JISKAIMX Ha OJHOM M TOM K€ ydacTke. B ciydae, nokasaHHoMm Ha puc. 5b, Tpaexropus
Jdy4ya TpejacTaBisgeT co0oil 3aMKHYTBIW MHOTOYTOJBHHK. B ciydae 5A mpoekuus BEKTOpa Ha
II0CKOCTh OXy MNEpHneHAMKYJISpHA IUIOCKOCTH, KacaTeIbHOW K IOBEPXHOCTH CBETOBOJHOTO
3JIeMeHTa (B MPOEKLUH yroi najaeHus cocrasiser 0°), B ciydae puc. 5Sb, oH npuHUMaeT HEeHylIeBoe
3HAYEHUE.

TouHbIil pacuer MOKHO IPOBECTH CleayroUMM oOpa3oM. KocuHyc MCTMHHOrO yria najaeHus
€CTb

cosp = (nxexo + nyeyo) (15)

Hapsiny ¢ HUM MOXHO pacCMOTPETh yroJ B INIOCKOCTH CEUCHMSI IIMIMHAPUYECKON MTOBEPXHOCTH,
nepeias K BEKTOpY (exo, eyo), HOPMHPOBAHHOMY Ha eauHully. TouHee, omnpeaenss €AMHUYHbBINA

BCKTOpP B 9TOH IIJIOCKOCTH KaK
1

d=-— (exO' eyO) (16)
e§0+632,0

MOXKHO 3aI1ucaTb

cosp = [eZy + el (nea, +nyay). (17)
Y4auteIBasd, 4To

efotejoten=1, (18)
HUMEET MECTO

e,0 = COSQq, (19)

rIe @ — yroia mexnay ocbto Oz u HanpasiieHueM 1yda. COOTBETCTBEHHO,

ezo +ely =+/1—cos? @, = sing,, (20)

OTKy/1a
cosQp = sinqoo(nxax + nyay) = Sin@,cos ;. (21)

[Tonyuennas ¢opmyna (21) ycranaBnuBaeT CBA3b MEXKIY YIJIOM MaJCHUS B MPOEKIUH (TO €CTh
TEM YIJIOM, KOTOPBIH (PUIYypHpYeT B MOCTPOCHMSX, AHAJIOTHYHBIX PHUC. 5) U HCTUHHBIM YIJIOM
NaJCHMUsT Jyda Ha IOBEPXHOCTb CBETOJMOAHOro 3jeMeHTa. COOTBETCTBYIOLIME 3aBUCHUMOCTH
MpEeJCTaBICHbI HA PUCYHKE 6. BUIHO, YTO MCTUHHBIA Yoy majeHust NpuOInKaeTcss K 3HAYCHUIO B

11
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90° (4T0 TO3BOJISIET YBEIUYUTH KOAPPHUIIMEHT OTPAKEHHSI) TEM ObICTpee, YeM OOJIbIIe YIol MEeXIY
ay4doM U ocbto OZ. HBIMU clIOBaMH, 1a)Ke MPH CPAaBHUTEIBHO MAJBIX YIJIax MaJCHUS B IIPOSKIUH,
3HAYEHUE UCTUHHOTO YTJIa MaJICHUS MOXKET OBITh CAEIAHO JOCTATOYHO Onm3kuM K 90°.

AHaAIMTHYECKH 3TO MOXXHO TIOKa3aTb, paccMaTpuBasi JOMOJHUTEIbHBIC YIJIbI, BBIpa)kacMble
dhopmynamu

g= —¢& pr1=7-¢& (22)

WK
sine = sing@ysing; (23)

[To mepe mpubmkenust yria nagaeHuss K 90°, 3HaUeHUS JOMOJHUTEIbHBIX YIJIOB CTaHOBSITCS
MaJIbIMU, IIOATOMY CIIPaBENIUBO MPUOIMKEHHOE PABEHCTBO

ER Po& (24)

15 3 4 &0 | ':-|:'1

PucyHok 6 — 3aBUCHMOCTh HCTHHHOTO YIjIa aJeHHs OT YIjla MaJeHUs B POCKIMH
NP pa3InYHbIX 3HAYEHHUSX YTiIa MEKAy JydoM u ockio OzZ; ¢, = 15° (1), 30° (2), 45° (3),
60° (4), 75° (5), 90 °(6)

Boinonnenue paBeHcTBa (24) WUIIOCTpUPYET PUCYHOK 7, Ha KOTOPOM IIOKa3aHbl TE K€
3aBUCMMOCTH, YTO M Ha PHCYHKe 6, HO JUIs JAMama3oHa YIJoB, npuoOmmkaromuxcs k 90°, B
yBeIMUYEHHOM Maciitabe. BujgHo, 4TO B 3TOM JAMana3oHE paccMaTpUBAaEMble 3aBHCHMOCTHU
JEeUCTBUTENBHO OJU3KU K IPSIMOTUHEHHBIM.

[lonydeHHBIE ~ COOTHOLIEHMsI  TO3BOJIAIOT ~ pacCMaTpuBaTh  CBETOBOJHBIE  DJIEMEHTHI
IIPEIOKEHHOTO THIIA, aHAIM3UPYS NOBeAeHUEe aydell B miuockoctu Oxy. B wacTtHocTH, B 3TOM
KOHTEKCTE JIOIYCTUMO I'OBOPUTH 00 ONTHUYECKHX JIOBYILIKAX, B KOTOPBIX MPHU KaXKJOM CIIEAYIOIIEM
OTPaXEHUU OT MOBEPXHOCTH Yyroil majieHusi Oosblue npubmmxkaercss k 90°. BeimonHeHue 3TOro
YCIIOBUS TO3BOJISIET B TOM WJIM MHOM CTEIICHW KOMIICHCHPOBAaTh IOTEPU CBETA IPU NPEABIAYIINX
OTpaXKEHMSIX, 0OecrednBasi HE0OX0IMMOE pacpeieIeHHE OCBEIIEHHOCTH B/I0JIb BCETO IEMEHTA.

12
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[N =]
[

=]

45 60 75 o0

Pucynok 7 — 3aBUCMMOCTh UCTUHHOTI'O yTJIa MAJ€HUs OT yIJia NaJeHUs B IPOESKIUU

[P pa3InYHbIX 3HAYECHHUSX YIiIa MEKAY JydoM u ockio Oz; ¢y = 45° (1),
60° (2), 75° (3),90°(4)

OpuH U3 BapuUaHTOB MOBEPXHOCTH, PEAIM3YIOLIUN ONTUYECKYIO JIOBYIIKY, MOXHO MOCTPOMTH
cienyromuM obpasoM. bynem xapakTepu3oBaTh KacaTeIbHYIO K KPUBOM, MPEACTaBISAIONIEH coOO0M
CEYCHHE paccMaTpUBAaE€MOM MOBEPXHOCTHU IUIOCKOCThIO OXy, YIJIOM &, MEXKIY KacaTelbHOH H
ocbto Ox.

df
tge, = — 25
882 = 1 . (25)
Bynem Takke cuMTaTh, YTO TOYCUYHBIM WCTOYHHK CBETA PACIIONOXKEH B HAdYale KOOPIHWHAT
(paccMOTpeHHE UMEHHO TOYEYHOTO MCTOYHUKA MOJIEIHPYET MCIOJIb30BaHUE CBETOAMO/a). B aTOM
cllydae yroil £ MEXIy MPOEKIHeH Jydya Ha MIIOCKOCTh ceueHust U ockio OX 1aeTcs BhIpaKeHHEM

tge; =k = AL (26)

X

CoOOTBETCTBEHHO, YroJl, JAOIMOJHUTENbHBIA K Yriy mageHus (22) Bbelpaxaerca dYepes
COOTHOLICHHE

€ =& — & (27)

[Tonyunm nuddepennmanbHoe ypaBHEHUE ISl KPUBOM, OMUCHIBAIOIIEH T€OMETPUIO ONTHYECKON
JIOBYILIKH, TOTPeOOBAB, YTOOBI yroi &, ObUT OJMHAKOB JUIS BCEX JIyueH, HCITyCKaeMbIX TOUCUHBIM

HCTOYHHUKOM CBC€TA, PACIIOJIOKCHHBIM B HA4YaJIC KOOpAWHAT. Kak HCIMOCPCACTBCHHO BBLITCKACT M3
(27)

tge,—tge
tgey = tg(e; — ;) = m (28)

13
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N

G0 _df

tgeo = ~rwar = 8 (29)

x dx

[Tpuyem B ipaBoii yactu cooTHOIIEHU (29), 10 MPEANOI0KECHUIO, GUTYPUPYET KOHCTAHTA.
HecnoxxupiMu nipeoOpazoBanusiMu hopmyry (29) MoxHO mpeoOpa3oBaTh K BUILY

dy  i-8
dx y
dx 1+g

(30)

CootHomienne (30) MOXHO MOJYYHTh TaKXKe M HEMOCPEICTBEHHO INPHUMEHsA K Qopmyle,
BBIpAXXAIOICH yrojl €, Yepe3 OCTAIbHbIC yIIIbl, GUTypUpYIOIIKE B 3a1a4e, GopMyIly /Ui TaHTeHCa
pasHoctu yrioB. B muddepenmnuanax coornomrenue (30) 3anuceBaeTcs Kak

(1+g)dy=(1-g)dx (31)
Hepexoml K OJIAPHBIM KOOpAWHATaM, HMCECM
(1 + gtgp)d(psing) = (tgp — g)d(pcosy), (32)
OTKyza
(1 + gtgp) (singdp + pcospdp) = (tgp — g)(cospdp — psinpde) (33)
WITH
((1 + gtge)sing — (tgp — g)cosg)dp =
= —((1 + gtgp)cose + (tgp — g)sine)pde (34)
['pynnupys uneHsl npu 0IMHAKOBBIX AU PepeHnanax, MMeeM
((cose + gsing)sing — (sing — gcos@)cose)dp =
= —((cos@ + gsing)cos@ + (sing — gcos@)sing)pde, (35)
OTKyza
g(cos? @ + sin? @)dp = —((cos? @ + sin? @) )pdep. (36)

Buano, 4To, KaK M CIEI0BANO OXHAATh, HCKOMOE YpaBHEHHE IPEJCTABIISET COOON ypaBHEHHE
Jorapu(pMHUUECKON CIIMPANIN B MOJISPHBIX KOOPAUHATAX.

14
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gdp = —pde (37)

Ero PEIICHUEC NMECT BU

lnp=—§+c, (38)

KOTOPBIN TakKe MOKHO MPEICTaBUTh B (hopme

p:Ae g ., (39)

IIpu BBIOOpEe Takoil (opMbl KpuBOH (ApxuMenoBa cCHHUpanb) Jy4, OTPA3HBIIUICS OT
MIOBEPXHOCTH, MOBTOPHO IIOINAJaeT Ha Hee K€, HO MO YIJIOM, MEHbUIMM &, (paccMaTpuBaroTCs
YIJIbl, JOMOJIHUTENbHBIE K YIiIaM MajgeHus). ITo, Kak BeITeKkaeT u3 Gopmyn Ppenens, gaer Oonee
BBICOKHE 3HaUEHHs KOAPPUIMEHTAa OTPAKEHUS.

Takum 00Opa3oMm, JEHCTBUTENFHO CYIIECTBYET BO3MOXKHOCTH — PEAJIM30BBIBATH  IOJIBIE
CBETOBOJHBIE 3JIEMEHTHI, 00ecIeunBaroIIMe Nepeaady ONTUYECKOTO M3JIyuYeHUs Ha CPAaBHUTEIBHO
KOPOTKHME PACCTOSIHUSA, YTO JOCTATOYHO JUIsl UCIIOJb30BaHUs 3JIEMEHTOB TaKOro THIAa B CBETOBOM
pekiname. [IpeumyiecTBOM MOJIBIX CBETOBOAHBIX 3JIEMEHTOB SIBJIETCS UX JCLIEBU3HA; OHU MOTYT
ObITb HW3rOTOBJICHBI W3 MAaKCHUMAaJbHO JOCTYNHBIX M JCLIEBBIX HOJMMEPHBIX MaTepuajoB, B
YaCTHOCTH, MTOJUATUJICHA.
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B cmamve uznooicenvt 60npocel Mamemamuyecko20 MOOENUPOBAHUS NPOYECcca 603MYUJEHUS CMeCu
AHCUOKOCIeEN PA3TUYHOU GAZKOCMU NPU OBUIICEHUU NO 0OHOMY Hemenposody. Modenu paccmompenvl npu
HEYCMAaHOBUBLUEMCSL MeMNePamypHom noje. Mexanuko-mamemamuyeckas mMooeib HpedcmagieHa 8 6uoe
MPexclOUHOU YUTUHOPUUECKOU 0DONOUKU, COCMOWell U3 mpex YUKIuYeckux 0eOpMayuoHHbIX cucmem 8
NPOOOIbHOM HANPAGIEHUU U U3 MpexX 30H 6 NONePeuHOM CceydeHuu 8 ycaosuax skcnayamayuu. Ilpu
HeCyujecmeeHHol paznuye 6:33K0Cmell Nociedo8ameibHo 08USAIOWUXCS JcudKocmell 0bpasyemcs Oobuloe
KOUYeCme0 npumecetl, madiceavblx OMI0NCEHUN U Coell, UCIONb308AHUe KOMOPBIX NPUHOCUIN 3HAYUMENbHbIL
yovimok. Paszpabomka mexHono2uu nepekauku He@hmenpooyKmos pAsHOU  6I3KOCMU N0 OOHOMY
mpyoonposody npugoOUm K y8eauieHuo Koagouyuenma ucnoiv308anus nepmenpogoodos u oaem 060abuol
axoHomuyeckutl agppexm. Cama Mexanuweckas Cucmema U3 4emvlpex OCHO8 OO0JINCHA OblmMb YCMOUYUBOU,
moeda Kaxk pacnpeoenenue G03MYUJeHUSI 60 GHYMPEHHUX U NOGEPXHOCMHbIX CLOSIX Modcem Oblmb
Heycmouuusvim. Mamepuan mpy6uamoii KOHCMPYKYUY ¢ nepemMeHHbIMU RAPAMEMPAMU MONICHO 8b10pAMb U3
HOBbIX NOIUMEPHBIX MAMEPUATOB.

Knwuesvie cnosa: mooeruposanue, 603MyujeHue He@PMAHOU CMeCU, Hepmenposood, MexaHuxo-
Mamemamuieckas MoOeb, 6A3KOCHb, NPUMECHU, HANOIHUMETD.

Maxanaoa 6ip Kybuip 6otibiMen Ko32any Ke3iHOe mypii MYmKbIPIbIKMALbl CYULIKMbIK KOCNACHIH 0Y3y
yoepicin Mmamemamukanwblk Mooenvoey macenenepi Kkapacmoipuvliean. Modenvoep mypaxcel3 memnepamypa
epici Jcaz0ativinoa Kapacmulpbliadvl. MexaHuKablx Jicane MamemMamuxaiblk MoOelb OOUIbIK Oagbimma yul
YUKTOBIK  O0e@hOPMAYUSTILIK HCYUCOCH JHCIHE HCYMbBIC HCAROAUBIHOA KONOCHEH KUMAod Yul auMakmau
mypamein  yw Kabammel YUmuHOpAik  Kabwlk mypinde  ycuiHvliean. Ke3zoeucox — K032anamuin
CYUBLIKMBbIKMAPOLIY MYMKbIPIbIZbL WAMATbL 632ep2el Ke30e YaKeH Moaulepoe Kocnauap, ayblp wezinoinep
Men my30ap naiuoa 601advl, 0AAPObL NAUOANAHY AUMAPILIKMAL wsleblnoapea axenedi. Bipmymac xyowip
apKblibl 9P MYpAi  MYMKLIPALIKMASLL MYHAl OHIMOEpiH atiday MexHOIOSUACHIH Jcacay MYHAl
KYObIpAapbIHbIY NAUOANAHBILY JHCHLIOAMObLIZIHLIY, APMYbIHA AbIN Keledl JiCoHe YaAKeH IKOHOMUKATLIK
muimoinix 6epedi. Topm He2i30iy MEXAHUKANBIK JICYlieci mypakmul, an iWKi JHcaHe ycmiyei kabammapoagul
OY36LTYIapObIY MAPATYbl MYPAKCHL3 OOIYbl MYMKIH. AliHblMansl napamempiepi oap KyOwlpivl Mamepuan
JHCana NOTUMEPIIK MAMePUaIdapoan mayoayaa 6oaaobl.

Tipex co30ep: mooenvoey, MyHall KOCNACHIHGIY AYbIMKYbl, MYHAU KYOblpbl, MEXAHUKATILIK JHCIHE
MAMeMamuKaIblK MOO€elb, MYMKbIPIbIEbL, MOIMbIPILIUL.

The article presents mathematical modeling of the perturbation of a mixture of liquids with different
viscosity when moving along one pipeline. Models are considered at unsteady temperature conditions. The
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mechanical and mathematical model is represented as a three-layer cylindrical shell consisting of three
cyclic deformation systems in the longitudinal direction and of three zones in cross section under operating
conditions. With an insignificant difference in the viscosities of sequentially moving liquids, a large amount
of impurities, heavy sediments and salts are formed, the use of which causes significant losses. The
development of technology for pumping oil products of different viscosity along the same pipeline leads to an
increase in the utilization rate of oil pipelines and gives a large economic effect. The mechanical system of
the four bases must be stable, whereas the perturbation distribution in the inner and surface layers may be
unstable. The material of tubular construction with variable parameters can be selected from new polymeric
materials.

Keywords: modeling, perturbation of the oil mixture, oil pipeline, mechanical and mathematical model,
viscosity, impurities, filler.

Beeoenue. Ilpomecc Bo3mylieHUsT HeTSIHOM CMeCH pa3IMYHON BA3KOCTH IO OJHOMY
TpyOOIIPOBOIy MPU HEYCTAHOBHUBIIEMCS TEMIIEPATYPHOM II0JI€ TIOCTUTAETCS, TEM, YTO HCXOJs W3

W =W (x,t)

(GyHKINU TIepeMeneHus B HAIlpaBJICHUU BEPTUKAJIBHON OCH IIONEPEYHOI'O CEYECHUS

Oz, paccuuTHIBAIOTCS IWHAMHYECKUI IUama3oH He(TAHOW cMecH, MaKCHUMajbHas aMIUIATYJa
HepTH, KOI(D(PUIMEHT AMHAMHUYHOCTH, CTpeia Npornda NpH CTATUYECKOH M JAUHAMHYECKOU
Harpyske, IOBEJEHHME MaTepHuaja 3aloJIHUTEN B Ipolecce AeGopMaluu, a TakkKe Kpyroas
4acTOTa LMKJINYECKOT0 1e(hOpMUPOBAHUS B MAKCUMAJIbHO BO3MOXKHOM JIMAIIa30HE YacTOT.

HeycranoBuBiieecss TeueHue He(TsHOW CMecH B MEXaHHMYECKOH cucTeMe: Kapkac
TpyOOIpoBOJa, MPOCIOKa-NIPUMECH U Ta3a, HAIOJHUTENb — TsKesas HedTh, IPeJCTaBUM B BUAE
MEXaHUKO-MaTeMaTHIECKOH MOJAETH KaK TPEXCIOHHas HMIMHAPUYECKas 000JI0YKa, COCTOSIIAs U3
TpeX LMKINYECKUX CUCTEM B IPOJOJIBHOM HAIIPABICHUH U U3 TPEX 30H B IONEPEYHOM CEUYECHUU B
YCIIOBUSIX dKCILTyararuu [ 1-5].

[Ipeanonoxum, 4To:

— TepBas IMKJIWYecKas cHcTeMa, IepeKauka HeTera3onpoayKToB B 00JacTH aKTHBHOTO
NepeMeIleH!s] TpU TMepexoJe U3 OBAIbHOW (POPMBbI MONEPEYHOTO CEUeHUs TSDKEIOH HedTH K
KOHYCOMJaNIbHOU (hopMe o1 AeHCTBUEM BHEIIHEH aKTUBHOM CHUJIBI IPSMOYTOJIHON AIIOPHI;

— BTOpas IIUKJIMYecKas cucTeMa, epekauka HeprecMecu B 00J1acTH yIIPOYHEHHUs NPH IIepexo/ie
U3 KOHYCOUJAJIbHOM (POPMBI MOMEpPEeyHOro ceueHus Tsokenod HedTu k (opme runepbonnyeckon
IPaJUpHU NOJ JCHCTBUEM BHEIIHEW AKTUBHOM CUIIBI TPEYTOJBHOMN JITIOPHI;

— TpeThs ULUKIMYECKas CHCTEMa, IepeKauka TsKenod HepTu B o0NacTh MOJI3Y4ecTH U
TEMIIEPATypHOH pellakcallud MpHU MEepexoje U3 TParneuueBUIHOW (OpPMBI MOMEPEUHOTO0 CEHEHHUS
TsOKeNoM HepTH K TrapMoHUYeckod ¢opMe TMoj JeHCTBHEM BHEUIHEW aKTHUBHOW CHIIBI
TpaneurueBUIHON JIIOPHI.

IIepBas 30Ha MONEPEYHOr0 CEUECHUS] — YIIPYTOIUIACTUYECKAs, IEUCTBYET IIOBEPXHOCTHAS SHEPTUs
nedopMaluy 1 TemIoBast YHEPIUs NPU TETJIOBOM BO3/ICHCTBUU.

Bropas 30Ha NOnEpevyHOro CEYEeHHsI — YIPYro-Bsi3Kas, NEUCTBYET IOBEPXHOCTHAs DHEPIUs C
(GbopMHPOBaHUEM HOBBIX MIOBEPXHOCTEH C yNPyroi U BI3KOH OCHOBOM MPH YIPOUHEHUH.

Tperps 30Ha MOMEpeYHOro CEYEeHHUs — YOpyras 30Ha IpPU HEJIUHEHHBIX JAe(pOopMallMOHHBIX
mpoueccax, JIEeHCTBYET CKpbITas dSHeprusi naedopManuyu, HaIUYUue KUHETUYECKHUH HSHEpruu He

MIPEBBIIIAECT YPOBEHb HAIPSIKEHUS — Os yIpyro-Bsi3Koi o01acTy, HaM4YKhe N30BITOYHON SHEPIHUH,

. o
HE TPEBHIIIAeMOI YPOBEHb HANPsDKEHUS —  © 00JacTH Te4eHHs! (CTPYKTYPHOTO U3MEHEHUS).
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1. MaremaTHu4eckass MOJeJab
HpI/I BBIH_IeyKaSaHHBIX HpGI[HOJIO)KeHI/ISIX MCXAaHU3M IIOCJIICAOBATCIIBHOI'O ABUKCHUS He(i)TSIHOfI

CMECH pa3HOM BA3KOCTH M CMEUICHHS MX B MEPBOM HHUKIMYECKOH NeQOpPMALMOHHON CHCTEME 3a
BpeMs t MOXKHO NPEICTaBUTh KaK MEXaHUKO-MAaTEMATHYECKYI0 MOJIEIb:

2 2 2
2oz 1
X X a ’ (1.1)

&(x) Ny
— BSI3KOCTD IOTIEPEYHOTO CEUCHUS TSKEIION HeTH,
D — nunyuapiyeckas )KecTKOCTh TPYOBI,
0 2( R
Ok = Ak R) |2
— aKTUBHAs KPUTHYECKAs BHELIHSSA CHIIA,

14
2 — CKOpPOCTb 3KBHBAJICHTHOTO CJIOS,
P> _ IJIOTHOCTH AKBUBAJICHTHOT'O CJIOS,

G

2 — KO3(1)(1)I/II_[I/ICHT CABUI'a OKBHUBAJICHTHOI'O CJIOA.

Qe = f(O-’T’t"gyﬂgn’gnn'gc’qliqzv'"’qn)

rae © — HanpsoKeHwe,
T — Tremnieparypa,
t — Bpems,

€y
— ynpyras aedopmarus,
N —ocraroyHas Aegopmarus,
&
nn — mractuyeckas aedopmanms,
¢ — nedopManusi CTpyKTypHOTO U3MEHEHHUSI,

O Gz O (bu3NKO-MeXxaHUYECKHe, TEXHOJIOTHYECKUE CBOMCTBA HEPTAHOM cMecH.

CobOcTBeHHOE KojeOanne Oe3 ydera BHYTPEHHErOo TPEHHUS B JUHAMHUYECKHUX pacueTax IO
JEHCTBUEM CUIIOBBIX (DKHAPOB NIEPBOTQRYFCCA OIMCRIBACTCS MTBe%wTqucxoﬁ MOJIEIIBIO:

e(x +2&'(x) +]e*(x)— N;(x) +
dx dx

700~ 2N 0TS + [k ()= NGO () = i sin @ (),

X2

(1.2)
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ne U(X) — BSI3KOCTb JIETKOM HEPTH,

—

Nl(x)
— NPOJIONbHAS KPUTHUECKAs CUJIA,

=~

(X) — J)KEeCTKOCTH neMidepe,
N — YKCJIO MOJIYBOJIH B MIPOIOJILHOM HAIPABJICHHU.
&(x)=D =const, 5(x)=1 = const u

S

B wactHocTH, ecim Nl(X)= N, =const 10
4 2
dw_\ d—W+77d—W+kW:qksinW4k

D——_—
4 1 2
dx dx dx (1.3)

B kadecTBe TeXHMUYECKOW 3aJayll pacCMOTPHM peuieHue auddepeHInalbHOro ypaBHEHUS B

2
YaCTHBIX Mpou3BOAHBIX (1.1) mpu g(x) =X

Ilonaras
w(x,t) = w(x)T (t) (1.4)

W pasfensis IepeMEeHHbIE, IOJTYYHM CHCTeMY OOBIKHOBEHHBIX TU(PepeHIINaTbHBIX YPaBHEHUN]:

d*w d3w 4, \d?
X 2&'(x X —aw(x)=0
AR i+ 25 0 ot ' L a0 =0
2 2
dI—X2T=O, a*=a—xx—2
dt DV3. (15)

Obmee pemenue BTOoporo auddepeHuanbHOro ypaBHeHus cuctemsl (1.5) mpu HadadbHBIX

*

Nz a mzt

ycnosusax Komu ects T(t)= Acos a t + Bsin
e € (1-6)

rae A, B— HpOI/ISBOJ'ILHBIe IIOCTOAHHBIC,
n=(12,.. . . N
( eren) € JUTMHA TIEPBOU UKINYECKOH 1eOpMaIlIOHHON CHCTEMBI.

[lepsoe ypaBuenue cucrembl (1.5) ectb auddepenumansHoe ypaBHeHWE Diijepa ¢
g(x)=x2.

MepeMEHHbIMH K03(pPHUIIMEeHTaMU YETBEPTOTO MOpsiJiKa, o0l1ee pelieHre KOToporo npu

W(t) = C, 35 (W)+ C, Yo (W) +C3J, (iw) +C,Y, (iw) (1.7)

X2, Jo, Yo
rae — ¢ynkuun beccenst HyneBoro nopsjaka.

C Y4CTOM TMPUHATBIX Hpe,E[HOJIO)KCHI/II‘;I ABHOKCHHUEC YaCTHUIIbI He(bTCCMeCI/I BO BTOpOfI

nUKInYeckor auddepeHnnanbHoil cucteme, Haxonsuencss Oamke K OCH TPyOBI € BA3KOCTBIO —
&(x) (e(x)>n(x))

X o
n ) o0nagaer OONBIIOI CKOPOCTHIO, YeM Ha Mepudepun MmoToka ¢ BI3KOCTHIO
CrnenoBarenbHO, MaTeMaTH4ecKas MOJENb BO3MYILEHHUS TSDKEJNOM He(TH MpencTaBiIseTcs Kak
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Koje0aHue OCTPOKOHEYHOW (KIMHOBOM) CTEPIKHEBOW CHCTEMBI BO BTOPOW IMHUKJIMYECKOH CHCTEME.
_ 3

Ipouecc 3a Bpemst | MoxkHO npencTaBuTh B Bue MaTeMarnueckoi Moenu (1.1) mpu £(x)=x , TO

ecTh neproe nuddepeHmansHoe ypaBaeHue cuctemsl (1.5) ecthb

1d? d*w

| x*— |- 2’w=0,

2 2
X dx dx (1.9)

of111ee pemeHrue KOToporo

w(x)=x 2 [c13. (2vx )+ €Y, (2x )+ €59, (2iix )+ €., (21 x| (1.10)

3nech I , Y1 ¢bynkun beccens neporo nopsaka.

1,1
B CJIydac KpacBbIX YCJIOBI/Iﬁ FpI/IHa F COOCTBEHHBIMUA 3HAYEHHUSIMH SBIISIIOTCS KOPHHU
YpaBHCHU

d : -
GPleSb iz ]-0 (141)

a cOOCTBEHHBIMU (YHKITUSIMHU:

o d . (
Jo(zlﬁ)&Jo(Zm)+ Jo(Zﬁ)&Jo(z'm). (1.12)

[Ipouecc BbIyunBaHUS HEQPTAHOM CMECH, C YUETOM MPUHATHIX MNPEANOJIOKEHUH, B TpeTbel
nepopMallMOHHON cucTeMe pasjensiercd Ha aBe ¢a3bl. IlepBas (a3a (BbITeCHEHHE) HAUMHAETCS C
MOMEHTa TMOCTYIUICHHs JIETKOM JKUAKOCTH B TPYOONpPOBOJ M 3aKaHUMBACTCI B MOMEHT, KOrja
«rOJIOBa» €€ KJIHMHA JOCTUraeT KOHIIEBOIO CEYEHMs TpyOoNpoBojAa MOA AECHCTBHEM Iepemnaja
JaBJieHHUs] B HayaJle U KOHIle TpyOONpoBoJa MO MHTErpaibHO Teopeme Ditnepa. CienoBareibHO,
KOHLEHTPAaLlUU JKUAKOCTH Ppa3HbIX BA3KOCTEH, MPOTEKAIOIIEd Yepe3 KOHIEBOE CEUEHHUE
rUNepOooINYecKOr IpaJupHHU 3a Bpems t MOXXHO INpEACTaBUTh B BUAE MaTeMaTUYECKOM MOJesn
(1.1) mpu EXV=X" 10 ecth neproe audpdepenmansroe ypasuenue cucteMs (1.5) ects

x? d4W+8xdBW+12de—szO
dx* dx* dx? (1.13)

C O0IIUM pelIeHueM

XWX)=e,J,(W)+C,Y, (W)+C;J, (iw)+C,Y, (iw)’ w=24ax (1.14)

1,1
B cnywyae kpaeBbix ycnoBuil ['puna I COOCTBEHHBIMU 3HAYEHUSIMU SIBISIOTCS KOPHHU
ypaBHEHUS
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d [d (2\/_)—J (2 \/Z)}zo,

dx (1.15)
a COOCTBEHHBIMH (DYHKITUSIMH
%Jo(ziﬁ)c? (2\/—)+—J (2\/—) — 3,2 \/E) L16)

2. BbinyyuBaHue TPYOUATOH KOHCTPYKIMH ¢ IepeMeHHbIMH MapaMeTpaMH B 30He
IJIABJICHU S
B wactHOCTH, eciu B 30He WJ‘IGRI/I?&BR}/IMCM MaaeMaTquCKy}o Mozens [6, 7]:

W=
otk ok Dk, =2k, Es, @.1)

w(x)=e™(C, + C,x)+e *(C, +C4x)+— o =4k, qk _ktk
h (2.2)

FpaHI/I‘IHHe YCIOBUA:

1) W(X) = Zkl\/k_l

W(Xlx:ozkl; Tdx %0 =T, W|x:l= K, W|x:1= M2 23)

1
2

x4 a® a3(e_2a—2a2—2a+7)e_2a q—ki—k1 eax+a3(2a2—2a—7)e 2a| G 1 _ , 877 b+
| D k, D k,

+ 2—12 {4a2 (a2 - 6)&%*2“771 + 2a[(3— a)e*Z“ - (a + 3)}%*"‘ K, + 2[(2 - a)e*ZD‘ + (2 + a)}%*"‘nz }Chax +
a
+%?{2 * (;; [(a 2)e 2 xe™ + (20 +3)e*“xshax — xshax]}—

1a{a[a 3k +a? (Za -20 - 7)}9 2y (a+3e“ +a }xe +( “—2a— 5)e‘“xe‘“x}k -

- %oﬁ [(Za +3e % + 1]><e_“x k, + i {205(052 - G)e_za xe”™ + [(Za +5) 2 —1]Xe_"‘x }771 -
+%i2 la|2-x)e > +a+2]e“xe™ — (67 + 20 +3)e “xe ™ |y, 0
o . 4
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3nmech

A=2c(a+2)5-22) ~1]+ (% —a)e > - 20 -5)

o @ =ik k= 2k, Jk,; k,=25; 17,=066; 1,=0,765

oy @ =4k ko =2k ko k=361 7, =088 7, =094

Ha pucynke 1 moka3aHo BbITy4HMBaHUE TPyOUaTOH KOHCTPYKIIUH C TIEPEMEHHBIMU MapaMeTpaMu
B 30HE ILJIABJICHUS IIPU HEOJHOPOAHBIX TPAHUYHBIX YCIOBHSX LIEITHOM YETBIPEXMACCOBON CHUCTEMBI.
Ha pucynke 2 moka3aHo pacnpocCTpaHEHHE BOJIHBI PACLIIMPEHHUS B TOJIIE HEPTSHONW CMECH NpU
BHEIIIHEH NTPOCIIOMKE JIETKON BA3KOCTH.

1,1
Ecan peUINM 3Ty K€ TCXHUYCCKYIO 3a1a1y IIPpHU 'PAHUYHBIX YCIIOBUAX rpI/IHa r .

d3w
dx®

d’w
= 771 dXZ

x=1

=0,
= (2.5)

W(x)|X:0 =0;

W
dX x=0

W(x)= _0‘kl {(efza —2a° —2a+ 7)8”’X + (2052 —20+ 7):3’2‘”e*"’X +

1

+2al(c = 2)e 2 xe™ + (20 + 3)e 2 xshax — xshax |3 |
a2k e+ 20+ 2 Jo o8

3mech

A=2a(a+2)(5-2a) -1]+ (e —a)e? —2a-5);

a=4fk; k, =2k Jk; k =25 n,=066; 1,=0,765,

Ha pucynke 3 nokasaHo BbITydyHMBaHUE TPYOUaTOl KOHCTPYKIMU C IEPEMEHHBIMU MTapaMeTpamMu
B 30HE IUIABJICHHS TIPH OJHOPOIHBIX TPAHHUHBIX ycitoBusx ['puna I’ i LIETTHOM YETBIPEXMACCOBOU
CUCTEMBI.

Ha pucynke 4 nmokazaHo pacnpocTpaHeHHE BOJHBI pacIIMpeHus B TojIe HedTsHOW cMecu mpu
BHEILIHEH MIPOCIIONKE CPEIHEN BA3ZKOCTH.

23



N3BECTUS HAYUYHO-TEXHUYECKOI'O OBIIIECTBA «KAXAK», 2019, Ne 1 (64)

Pucynok 1 — BeimyunBanue TpyOuaToii KOHCTPYKLIMU B 30HE IJIaBJICHUS
[P HEOJHOPOAHBIX TPAaHUYHBIX YCIOBUAX
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-1000
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Pucynok 2 — PacipocTpaneHue BOJIHBI pacUIMpeHHs B TOJILE HEPTAHON cMecu
IIPY BHEIIHEHN MPOCIOMKE JIETKOH BSI3KOCTH

3

Pucynoxk 3 — BeimyunBanue Tpy04aToil KOHCTPYKIIMH B 30HE TUTABJICHUSI
IIpY TPAHUYHBIX YCIOBUAX ['prHa
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G UGy ) g
Vixya)| oo

.’.

2000 2000

Pucynok 4 — PacnipocTpaneHue BOJIHBI pacUIMpeHHs B TOJIE HEPTAHON cMecH
IIPY BHEILIHEHN MPOCIIONKE CPEAHEN BI3KOCTH

3. BoimyyunBaHHe TPYy0UaTOii KOHCTPYKIHMH C NepPeMEeHHBIMH MapaMeTpaMu B 30He
KPHCTAJJIM3aIUU
Ecnu B 30He KpucTaumM3anuy IpuMeM MaTEMaTHUYECKYI0 MOJIeNb [6]:
d'w k, d’w
-~ ——+kw= 29 (1),
dx*  k, dx D k, =4k \/k,

(3.1)
C OOIIUM PEIICHUEM:
W (%)= ™" 4,85 + e 4+ ce i + 2 1 1-x)
D kl ' (32)
rpaHHYHBIME yeroBuamu [pura T
d3w d’w
W(x) _ =0; W o =] =0, —| =0
x=0 dx |, dx - dx — (3.3)
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11gq,
W (x)=== 2% 2(7 - 4/3)(Bsha,x — 2a,cha,x)—
rora V0075 b 7= 43)(Bshax - 2achax)

- (0‘1 + ﬁl)Sh[alx - (0‘1 - 131)]"‘ 2“1(3 - ﬁ):h[alx - (al - ﬂl)]+
+ (al - ﬂl)Sh[alx - (“.L + 131)]"' 2“1(\/§ —1):h[a1X - (al + ﬂl)]_'_
+ 27+ 443 )(aushBx — 2eehBX) — (e, + B, )sh[Bx+ (e — B)]+

+ 208+ 3)ch[Bx— (e, — A )]~ (e — A)sh[Bx (e, + B.)] -

~26,(V3 +1)ch[Bx—(ey - A)]}+ 2% 2 (1~ x).
Dk (3.4)

31echb
A=14+ch(ey + B,)-3ch(ey - B);

3 3
= (2K = Bi=|2yk = |
N P \/7 V" 1, =066 1, =0.765 (35)

Ha pucyHke 5 moka3aHo BbITy4HBaHUE TPYOUaTON KOHCTPYKIMH C IEPEMEHHBIMU MapaMeTpaMu

(NTE
B 30HE KPUCTAUTM3AIMH IPU TPAHUUHBIX ycnoBusax Ipuna I

Pucynoxk 5 — BeimyunBanue Tpy04aToil KOHCTPYKIIMH B 30HE KPUCTAILTA3AIINHT

L
TIPH IPaHAYHBIX yernosusx I'pura I
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BHyTpeHHsI1 HEyCTOMYMBOCTb LIETTHOM YETHIPEXMACCOBOM CHUCTEMBI 3aBUCUT OT HAKJIOHA
XapaKTEPUCTUYECKOT0 YPAaBHEHMS IMHAMUKHU PAaCIIPOCTPAHEHUS BOJIHBI C/IBUTA!

2
60) k UIVZ _%kg(%J 053 k +1 My — \/— Kk \/—
1

o2 k > k2 2 7 2~ 2

L

xsin(a x +a)cos(ay +ble ™

o’ 4

ki
e cos(ax +a)cos(ay +b),

—-al

3
k 771\/_ eaz_l

> =

k+—

k 1

ke

ca=04r; b=0,4r; z=81
3nech

3axknouenue. IlpepsioxkeHa maremMaTHdecKas MOJETb PEIICHUS TEXHUYECKOM 3adaud Juist
IIOCJIEIOBATEIPHO JIBUTAIOIIMUXCA KUJAKOCTEM C HECYHIECTBEHHOM pa3sHULEH BSA3KOCTEN B
MEXaHUUYECKOH CUCTEME.

PazpaGoTka TexHoOMOrMM TIEpEKauYKH HEPTEMPOAYKTOB pa3HOM BSI3KOCTH TIO OJHOMY
TpyOOmIpoOBOy ~ MyTeM  TOJYYSHHUS ~ MaTepHabHOW  He()TH  TOCPEACTBOM  ammapara
MOAU(PUIIMPOBAHHON T€TMOYCTAHOBKU MPHUBOIUT K YBEIMUYEHUIO Kod(h(dUIIMEeHTa MCIONB30BaHUS
He(TEenpPOBOIOB U JAaeT O0MbIION d3KoHOMUYECKHH d(hdexT. OTBOA MpUMECE, TAKENBIX OTI0KEHUN
U CONlell TyTeM OMNpecHEeHUs Ha mepepaboTKy JaeT MaKCHUMajdbHOE CHUKEHHE O0beMa YUCTOU
MaTepuaabHOU HeTH.

B otnnume ot 3aa4 B3aMMOIEHCTBHS TPEXCIONHBIX 000JIOUYEK C )KHUIAKOCTHIO B 3a/1a4ax HEMHON
YETBIPEXMACCOBOM CUCTEMBI B TEIJIO-BOJTHOBOM IMPOIECCE CaMa MEXaHUYECKas CUCTEMA U3 YETHIPEX
OCHOB JIOJDKHA OBITh YCTOWYMBOM, TOT/Ia KakK paclpeiesiCcHHe BO3MYIICHHUS BO BHYTPEHHHUX W
MMOBEPXHOCTHBIX CIIOSIX MOXET OBITh HEYCTOMUHBBIM.

Martepuan TpyO4aToit KOHCTPYKIIMH C IEPEMEHHBIMH ITapaMeTpaMu MOXKHO BBIOPATh U3 HOBBIX
MOJIMMEPHBIX MAaTEPUAIIOB:
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1) maTpuiia — TBEpbIiA TOJIUMED, HaHOJIHI/I'{eIB;T— jTeKHOCCTKa PC-1, cBszyromast — snoKkcuiHas

) (2-c) o =0188-10°

cmona OP-5 ¢ TermnonpoBoIHOCTHIO , TEMIIEPaTypOIPOBOAHOCTHIO

(M¥c), motHOCTRIO X =1227 npu Temneparype 20°C;

2) MaTpuIla — TBEPIbIii HonI/IM%)7 (HE]B’DJ‘IjI/ITCJ‘IB — rpaduT, cBA3yOIIas — AMOKCcHIHAsA cMoiia DD-

(v-c) o =0,388-10°

5 ¢ TemIonpoBOJHOCTHIO , TEMIEpPaTypOIPOBOIHOCTHIO (m?/c),

rotnoctsio P =317 ke npu Temmneparype 20°C;

3) marpuna — TBEPIABIM IOJKMMEp, HANOJHUTENb — CTEKJIOCETKa PXEJICBHBIN  TIOPOLIOK,
A =0,532 (

m-c)

CBA3yIOIIAs — MONUA(HPHAst CMOJia C TEIUIONPOBOJHOCTHIO , TeMIlepaTypo-

— 6 —
IpoBOAHOCTBIO & = 0,237-10 (M?/c), mioTHOCTBIO X =1675 (e npu temmneparype 20 °C.

OyHKIUH MTepeMEIIeHUs] MaTEPUATBHOM TO
u= u(z)cos—x sin 2% y . giet
L R

_mz Nz
v =V(z)sin [ Xreos y-e'

. Nm . o Mx
w= f|sin —y+sin®——X
305y +an® x|
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MPHTH 30.19.21; 30.19.23
VIIK 622.692.4.-52; 539.3:624.044(035.3)

PACHPEJEJEHUE BO3MYIIEHWUH ITOCJIE CHATHUS YCJIOBUI
IO/ COCPEJAOTOYEHHOW NEPEPE3BIBAIOIIEN HATPY3KON

Bo:xkanos E.T., Toaran6aes A. K., Tyaemena I'.A., A:xkn6exoBa A.C.
Kaszaxckuu nayuonanvuwiii uccieoosamenvcekuii mexuuyeckuul ynugepcumem um. K.U. Camnaesa,
Anmamei, Pecnyonuka Kazaxcman
e-mail: kafedra-matematika@mail.ru

Paccmompena mexanuueckas cucmema u3 uemvlpex 0CHOG: mpyouamas KOHCMPYKYus ¢ nepemeHHbIMU
napamempam,, NPUCMEHOYHBLI CLOU, NPeOYEeHMPAIbHbII COU, YEeHMPATLHbLI AHOMATLHBLI coll. Tlokazanvl
uzeubHvie deghopmayuu Gopmsbl NONEPEUHO20 CeYeHUsl NPEOYEHMPATLHOZO0 CNIOSI YENHOU Yemblpexmaccosoll
cucmembvl 8 30He OXAANCOeHUs. NPU HEOOHOPOOHBIX SPAHUYHLIX YCAOGUAX U SpaHuyHblX ycaosusx I puna.
Honyuenvr useubnvie Oeopmayuu hopmvl nonepeuno2o ceuenus npPeOYeHMpAIbHO20 CA0sI YEenHou
UeMbIPEXMACCOB0OU  cucmemvl 30HbL  Kpucmaniusayuu. Ilpusedenvt uzeubmvie Odegopmayuu  Gopmbl
NONePeuHo20 ceyenus NPeoYyeHmpaIbHO20 C0s YEHHOU Yemblpexmaccogoll CUCeMbl 30Hbl NIAGTIeHU.
Toxazanvt AMNAUMYOHO-4ACMOMHbIe  XAPAKMEPUCMUKU nPeoyeHmpanrbHO20 cnos yenHot
UeMbIPEXMACCOBOU  cucmemvl 30HbL  HAaeneHus. Ilonyuenvl pacnpedenenus 03MYWeHUll, GbI3GAHHBIX
NPOMEINCYMOUHOU GHYMPEHHEl HEYCMOUYUBOCTHBIO NPEOYEHMPATLHO2O CI0SL NOCAe CHAMUSL YCI08ULL NOO
COCPe0omoyenHoll nepepe3vlearoueti Hazpy3Kol 8 30HAX 3ameepoeHUsl, KPUCMALIUZAYUY U OXJANCOCHUSL.
Ilpeocmasnenvl pe3yrvmamul CpAGHEHUsL NPEOYEHMPATLHOZ0 U YEHMPATbHOZO CNOE8.

Knrouesvle cnoea. mpybouamasi KOHCMPYKYyus, NpeoyeHmpaibHbli CI0U, YEHMPAIbHbIU AHOMATbHLIU
CHLOtL, BO3MYUEHUSL, YCMOUYUBOCTb, AMNIUMYOHO-YACMOMHbLE XAPAKMEPUCTNUKY, HEGMEHACLIYEHHOCTD.

Topm ipeemacmviy MeXAHUKATBIK JHCYUEC] KAPACMBIPLLIZAH: AUHLIMAILL napamempiepi 6ap Kyowipivl
KYpbLIbiM, Kabvipea Kabamol, Opmanvlkka Oelinei Kabam, Opmaivlk aHomManbosl Kabam. bipkenxi emec
wekapanvlk wapmmapmen dcane I pun wexkapanvlx wapmmapsl 0ap CaikblHOAmMy aUMAbIHOA2bL MOPM
maccanvlk mizoexmi JCyleHiy OpmanbikKa Oelinei KaOambiHbly KOAO0eHEeH KUMACHIHbIH HbICAHbIH ULTY
depopmayusnapvl xepcemineen. Kpucmanoany aimagvinwly dicone OAIKy auMazblibly MOPM MACCATbIK
mizbekmi  JiCyleHiy — OpMAnblKKa — OeliHel  KAOAmvlHblY — KOAOCHeH  KUMACLIHbIY — HbICAHbIH — ULTY
Odepopmayusnapel anvinzan. banky aimasbinbly mepm maccanvly mizoeKmi JHCYUeHiH OpmanblKKa Oeuinei
KabamulHbly amMnaumyoanvlK-Jcuinix cunammamanapvl oepineen. Opmanvikka oellinei Kabammoly apanivlk
IWKI  MYPaKcol30bI@bIHAH MYbIHOAEAH OY3bLIyIapObly  YAeCmipiMi KammbvliblK, KPUCMALIUZAYUS JHCIHE
CANKbIHOAMY AUMAKMAaPbIHOA KOHYEHMPAYUSIAHRAH bIEbICY IHCYKMeMeCT Hca20auniapvli HCOULAHHAN KelliH
anvinean. OpmanvikKa Oetiinel Hcane opmainblk Kabammapowl CAlblCMbIpy HaMuXMceaepi KelmipineeH.

Tipex co30ep: KyObIpIbl KYPBLILIM, OPMATBIKKA Oelinei Kabam, opmanvlk aHoManbobl Kabam,
ayblmKYIap, mypakmslivlK, AMAIUMYOAIbIK-JICULTIK CUNAMMAMANApbl, MAUObIH KAHbIZYbL.

A mechanical system of four bases is considered: a tubular construction with variable parameters, a wall
layer, a pre-central layer, a central anomalous layer. Bending deformations of the cross-sectional form of
the pre-central layer of the four-mass chain system are shown in the cooling zone with heterogeneous
boundary conditions and Green’s boundary conditions. Bending deformations of the cross-sectional shape of
the pre-central layer of the four-mass chain system of the crystallization zone are obtained. Bending
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deformations of the cross-sectional shape of the pre-central layer of the four-mass chain system of the
melting zone are given. The amplitude-frequency characteristics of the pre-central layer of the four-mass
chain system of the melting zone are shown. Distributions of perturbations caused by the internal instability
of the pre-central layer after abolishing conditions under a focused shear load in the zones of solidification,
crystallization and cooling are obtained. The results of the comparison of the pre-central and central layers
are presented.

Keywords: tubular construction, pre-center layer, central anomalous layer, perturbations, stability,
amplitude-frequency characteristics, oil saturation.

Beeoernue. PaccMOTpUM MEXaHMYECKYIO CUCTEMY M3 YETBIPEX OCHOB:

— TpyOuaTas KOHCTPYKIHS C TIEPEMEHHBIMH IapaMeTpaMH IIOJ JCUCTBHEM aKTHBHOU U
PEaKTUBHOM KPUTUUECKOMN CHUJIBI;

— TPUCTEHOYHBIM CJIOW MOJ IECWCTBUEM BBIIECTOSIIMX CUJI M JIEKAUIMA HA OCHOBAHUMU THUIIA
CokosoBa Ipy HEOJHOPOAHBIX TPAHUYHBIX YCIOBHUSIX;

— NOpPEAUEHTPAJbHbIA CJHOM TMOJ JAEMCTBUEM CHJIBI BBIMIECTOSIIIUX CJIOEB, JIEXKAIIUX Ha
ocHoBaHuM TuIa [lactepHaka npu HEOJHOPOAHBIX TPAHUYHBIX YCIOBHSIX;

— UEHTpaJbHbIA AaHOMAJbHBIN CIIOM MOJ JIEMCTBUEM CHJIbI BBIIIECTOAIIMX CJIOEB, JEKAUIUX HA
OCHOBaHUU 00001IeHn Mojienu Tura MakcBesuia mpyu HEOAHOPOAHBIX TPAHUYHBIX YCIOBHUSX.

[IpeameHTpanbHbIi CII0H YETHIPEXMACCOBOM CHCTEMBI C KECTKOCTBIO — K1, K 2 M BI3KOCTBIO — 1)1,
72 MOXXHO TPEJCTABUTh B BHUJIE CMEIICHHS IEPEKAYMBAEMBIX >KUIKOCTEH JJIi MaKCHUMaJIbHOIO
CHIKEHUsI 00bEMa CMECH B 3aBHCHMOCTH OT JMCCHITAIIMM YHEPTUU 3a CUET TEeIUI0-BOJIHOBOTO
mpolecca, CKOpOCTH CBOOOAHON CTPYH U OT YHUCIA COYIAPEHHI 2JIEMEHTOB B BBIJEIIEHHOM 00BEME
C OrpaHUYMBAIOLIEH 00bEM MOBEPXHOCTHIO.

[IpeauenTpanbHbIN CIOU MPEACTABUM B BUJI€ OAHOTO 3KBUBAJIEHTHOIO CJJ0sI, TOTAA

4 , 4 27 y?
Cr=2X—"— pr=2ph, |=|h<<l a=q)|l-——
V. - C, i1 4; + 2k; i=1 A (27; j
0o =L 4 —R
P> A

3nech: Vo — CKOPOCTh MPUBEICHHON IKBUBAJICHTHOU CPEIbI,
C, — k03 PUIMEHT yrpyro-BsI3KON CPe.bl,

p>— TUIOTHOCT,

hi— TonmuHa peaIeHTpaILHOTO CIIOS,

h — qrHa BOIHEI,

Ki — KOMILTIEKCHASI )KECTKOCTD,

21T
7 — BOJIHOBOE€ YHCIJIO,

Qy — HaYaJIHbIE TUCIIEPIIMOHHBIE COOTHOILLIEHUS,

¥ — K03 GUIMEHT NOAATIAUBOCTH,

R — BHYTpeHHMI paguyc MpealeHpalbHOTO cliosl Ipu Oonbinx aedopManusax. MexaHuueckas
CHCTEeMa MPEIICHTPATBHOTO CI0Sl KMEET CJICAYIYI0 MaTeMaTH4ecKyto Moaenb [1-5].

31



N3BECTUS HAYUYHO-TEXHUYECKOI'O OBIIIECTBA «KAXAK», 2019, Ne 1 (64)

1. MaTtemaTu4deckasi MojieJib YCTOHYHBOCTH

N,(x) Kk, +k, . ( 1. 1 . 1
2 2 = , € X)= — ;
02 - w0 =00 T I
X X : 2 (1.1)
2 2 2 2
o f—czvze,a—a—“ @, Vi= 62 62 + 62
ot ox oy OX oy 0z (1.2)
_ : ot _ H ot er 7Zy . 2 7IX
u = u(z)cos(kx+a)sin (¢y +b)e'*, v = v(z)sin (kx+ a)cos(¢y + b)e™*, w = sin JHsint 19
HavasbHele yciioBus, IPH HU3KOTEMITEPATYPHOM PEIAKCAIMH:
—(*1 ©aw _
WI(t),_, =oqe 771] , :=Jekﬂr
A) ( tho 0 dt ‘t 0 0 ’ (14)
IPH CPEeIHETEMITEPATYPHOM PEIaKCaIHH:
1) 7 dw _
W t = (ﬂlj , ——lig = kaT
B) ( ]LO Op€ at |t70 enis (1.5)
kY
P |:ka 7—1 i|2'
W (t) o = o exp(ﬁj 7-exp| e (hj t,
T
[Tpu 5TOM B ciydae A): (1.6)
W (t),_o= o, exp(—k,z)exple® ) )t
B ciydae B): (Xt’o 0e(~kq7) Xp( ) (1.7)
I'paHMYHbIE YCIOBHS Ha TOPIAX:
dw dw
W(X), o=k —|, =1 ,W(X),=k,; —|.=mn,.
C) ( XX—O dX |x_0 T ( lx_l 2 dX x=1=Th (18)
Ha TOPIax YIJIOBBIE MIEPEMEIIECHHS PABHBIL.
dw dw
W o=k — |0 =1, W(X)y0=K,; —|,4=0.
0 (XX x=0= K1~ | 0o=Th (XX 0=Ka» | 1 (1.9)
Ha TOpIax U3rHOArOIINii MOMEHT PABEH HYIIIO.
dw dw k, +k,  dW
W(X]x:oz Ky s _|x:0 =1, 5 | x=1= o 7 |xa=0.
E) dx dx 7 dx (110)

Ha TOpIIaxX Mepepe3bIBaloIas cuiia paBHa HyIr0 [4—6].
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O6miee perneHne 0OBIKHOBEHHOTO MU (P epeHITMATBPHOTO YPaBHEHUS

2
d VZ\/ kg +k2W(x): C,x+C,
dx 7, E(X) (111)
HUIIEM B BUIEC
W)= Wy () W4 () 1.12)

W0 (X) o
rae — of11ee peneHrue O JHOPOIHBIN YacTH
k, +k,

W, (x)=C,e™ +C,e ™™ e mo (1.13)

Wl(x) — YaCTHOE peIlIeHre HeOJHOpOoAHOTO ypaBHeHus (1.11). 3mech BOZMOXKHBI Cllydau:

1
g(x)== Wl(x):—c—;xz—c—zx—z—%l
| ciyyait. Ecn , TO a a o (1.14)
1 2 1
g(x):i Wl(X)z—z(Xz —x+—2jCl+—2(x—l)C2
Il cnyqaii. Eciu 1-x { 7O a a a (1.15)
g(x)= "
1-x+—
Il cnyyait. Eciin 2 , TO

w; (x)=— 1 X3C1—2;2 xz(Cz—2C1)—%x[[1+%jcl—C2}+a—12[§cl—(l+% 2}

2a?
(1.16)
1
g(x)==
Takum oOpa3oMm, B 30Hax TUIaBICHUS X u obmee pemeHue auQdepeHnaIbHOro
ypaBHeHus (1.1) umeet Bua:
w(x)=Cze™ +C,e ™ — 12[x2 + 22)(:1 - iz xC,
o (24
(1.17)
1
e(x)=——
B 30Hax kpucTaIM3anuu 1-X y oOmiee pemeHne UMEET BH:
ax —ax 1 2 1 1
W(Xx)=Cge™ +Che ™ +—| x* —x+—5 |C; + — (x—-1)C,
(24 o o
: (1.18)
1
& (X) = X2
1-X+—
B 30Hax 3aTBepaeHus 2y o0uiee pelmeHre UMEET B
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w(x) = %sﬁﬁ&@ﬂ@%&q}ﬁf@&@i%%@m%@ﬂm@ «KE}J—XA%E}L% roel%\%@(eﬁc)cz } +

1 2 1
— —=C,—|1+— |C
az[az 1 ( azj 2}

(1.19)

2. Pacnipenesienue BO3MyIeHH i
2.1 PacnpeneseHde  BO3MYUIEHHMiIl, BbI3BAHHBIX TMPOMEXKYTOYHOH  BHYTpPEHHeMH
HEYCTOMYMBOCTBHIO NMPEIIEHTPAJBLHOI0 CJI0M MOCJe CHATHUSL YCJIOBHIl MOJ COCPeN0TOYEHHOM

nepepe3biBaloleil HATPY3KOil B 30He 3aTBEPACHUS

PaCCMOTpI/IM MaTEMaTUYCCKYIO MOJECIIb

2 2
d Vzv—a2W=(Clx—C2)-(1—x+X7j a=3/m
dx o 2.1)

I'pannuHbIe ycnoBus
d’w
dx?

dw

Kk t+k,  dWwW
dx N

x=1 ’ x=1"" 0.

W (X) o= K;;
(heco=t modC 2.2)

|x:0 =7,

Oo1ee pernieHue

W(x)=C,e™ +C,e™™ — 1 . (x3 —2x% + 2[1+ %}x - incl - Lz{)g —2x+ 2(1+ LZHCZ
2a a a 2a a (2.3)

IToncrasnsist (2.3) B rpaHu4HbIe YCIOBHS (2.2) MOIYYUM CHUCTEMY alreOpandyecKux ypaBHEHUM

C,, C,,C,, C,.

OTHOCHUTCIIBHO IPOU3BOJIbHO-IIOCTOAHHBIX HWHTCTPUPOBAHUA

C,, C,,C5, Cy,

Pemasg cucremy

MOJTYYUM 3HAYEHUS TIOZICTABJISIS MX 3HAYCHUS B 00111ee pemenue (2.3) moryqaum:

W= k3 bl 0k oyl 507 503k by

311,

+a(a4 +2a? +3)ef"‘ —3a(a2 —a+1) > S A G

8 _3a?+5a—-3)e* +6]y, +

+3a|(e? —a+ 2k 2k, —alle* + 202 +3p7 +3a® +a+1)fe -
BE

_iaz[azkl—(az+1)’71]9a0h0![xs—2xz+2 NI A _iaz{[azkl_(a2+1),71]ea+

a 2

a A

+ 2(ak, +771)—a(a2 +a+1)}sha[x3 —2x? +2(1+%]x—i2}+ia2(2771 —az)e“[x3 —~
a a 2A
—2x? +2[1+%)X—%}—ia2[(a2 + 20 — 3Rk, + [+ 267 Jy, —
—(a2 +2a+3) ho{x2 —2X+2(l+i2ﬂ—ia[(a3 +2a”? —305—9)(1 +
o 4A

+(3+ 20" )>71]sho{x2 ~2x+ 2(1+ %ﬂ + iaz [ —3)ek, + 206" + ?{x2 ~2x+ 2(1+ %ﬂ (2.4)
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v A= [(a3 +3a? +5a+6)— (a4 +a? +a+3}1akha+

+[(a4 +4a° + 602 +4a+3)e“ —3(a2 +a+1)]sh0!—(05—3)(0‘2 +1)Ea (2.5)

Eciu 9Ty %e TeXHHUECKYIO 3a1ady PelIMM OTHOCHTENBHO TpaHHIHbIX ycnoBuii I'puna I

W(x)|X:1=0; MX:():O, 2 |x:l_0’ 3
W (x)= X {(a4 i S 31chaﬁ(— X)+ e“(l_x)q£3

i[Zae“(l—a)+(a2 +2a+3kha+4a(a2 +05+1)5h05+3:[az(x2 —2X)+ 2(a2 +1)] (2.7)

x=1""

| d*w cdw
gaz +a +1Xshocx—e_le )}+ (2.6)

a=3 ; kKi=k,=756; 7, =094 (2.8)

Ha pucynke 1 mpuBenens! Beruucienus ¢opmynsl (2.4) npu mansbix (2.5). Ha pucynke 2
npuBe/IcHa n3ruOHast aedopmarnsi GOpMbI TIOMIEPEUHOTO CEUSHUS MPEANICHTPAIBHOTO CIIOS LISITHOM
YeTHIPEX MACCOBOM CHCTEMBI 30HBI OXJIAXK/CHHS IIPH IPaHMYHEIX yeaoBusax I'puna I,

Pucynox 1 — M3rubnas nedopmanus GopMbl MONEPEYHOTO CEUYSHHSI 30HBI OXJIaXICHUS
IPU HEOJHOPOIHBIX TPAHUYHBIX YCIOBUAX
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Pucynok 2 — M3rubnas nedopmanust GOpMBI OTIEPEYHOTO CEUSHHSI 30HBI OXJIAXKICHUS TTPH
rpaHu4HbIX ycsiousx I'puna M

2.2 Pacnpenenenue  BO3MYUIeHMii, BbI3BaHHBIX IPOMEXKYTOYHOH  BHYTpeHHeil
HEYCTONYMBOCTHIO NPEeJLEHTPAIBLHOIO CJIOS N0CJe CHATHSA YCJI0BUI B 30He KPUCTAJLIN3allUH

MareMaTruueckas MOJIEIb

2
e w ()= (6 +C,) - %)
dx 7 (29)
I'pannunbIe ycnoBus
dw dw K, +k,  d°WwW
W(X)lx:o:kl; 7|x:o:771; 5 | x=1= L 2, 3 |x:1:O'
dx dx ™ dx (210)
O6mee pemenue auddepeHnnanbHOro ypaBHeHus (2.9)
W (x)=Cze™ +C,e ™ +i2(x2 - x+%)Cl +i2(x—1)C2, o= 3{m
* * * n (2.11)
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[oncrapnss (2.11) B rpanuunbie yeioBus (2.10) nmomydum cuctemMy areOpandeckux ypaBHEHUU

C
OTHOCHTEJIBHO MPOU3BOJBHOIO MOCTOSIHHBIX L' ~2'~3'~4 pemias cUCTEMy, HOJIYYUM 3HAUCHHS

C,.C,,C;,C,.

Aeefs‘sﬂ:“ggf{“@ﬂt’é R L el G 5)} :

0(_ az(kl"'ﬂl)
11
2 A

3neck A =(1+a)sha-e*, azs/u ; (2.13)
A

a) k, =75,6; k, =75,6; 17, =0,94; , =0; b) k, = 25; k, = 386; 7, =0,765; 1, =0

é{[Z(azkl + 2771)— a(a2 + 2771)]Cha — 2(a2 + 2771)Sha}(1— x) (2.12)

Ha pucynkax 3, 4 mnpuBeneHbl usruOHble nedopmanuud (OpMbI MOMEPEYHOrO CEUEHUs
MPENLEHTPAILHOTO CJI0s LIEITHOM YeThIPEXMACCOBON CUCTEMBI 30HbI KpUCTAILIIU3ALIUH.

PI/ICYHOK 3 — U3rubHas I[e(bOpMaI_[I/IH (I)OpMBI MONCPEYHOTO CCUCHUA 30HbI KPUCTAJIJIN3alluU ITPU

=75,6; n, =094

HEOJIHOPOJHBIX IPAHUYHBIX YCIOBUSAX U 1
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Pucynok 4 — Msrubnas nedopmarnust GopMbl OMEPEYHOTO CEUEHUS 30HBI KPUCTAILTH3AINHN TIPH

k, = 25; k, =386; 7, = 0,765.

HCOJHOPOJAHBIX 'PAHUYHBIX YCIIOBHUAX U

2.3 Pacnpenenenue  BO3MYIIeHHMH, BBI3BaHHBIX IPOMEXKYTOYHOH  BHYTPEHHei
HEYCTOMYMBOCTHIO NPEJLEHTPAJBLHOIO CJIOSI NTOC/Ie CHATHS YCJIOBHI B 30HE OXJIAKICHHUS
Maremarnueckas MOJIEIb

2
d VZV_k1+k2W(X)=(C1X+Cz).X (214)
dx M
['pannunbIe ycioBus
dw d?w
W(X)x=0= K ;W|X:0 =71, W(X) x=0= Kz ;W|x=o= 0. (2.15)
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O6mee pemenne quddepeHanbHOro ypapHenus (2.14)

1 1

W(X): Cae™ +Cue™ +—(X2 __chl _izxczl —3 m
(24 (o4

T

2 - (2.16)

[Toncranss (2.16) B rpannynble yeiaoBus (2.15) non g‘[I/IM CUCTEMY alredpanyecKux ypaBHEHUH

1,C,,C
OTHOCHUTEJIBHO npomBoano HOCTOSIHHBIX 223 Pemas cucremy mnosyuyuMm 3Ha4yeHUs

CyCo, Ca8) 5 sl bt ss;c)lmgx Pontpetelhere Ry syt
4T {[(a +1)ek, — (17, — K, )pher + (1 — K, Je* Jlr®x _1)_ +

= {[a(az + 3k, + ok, — (o2 =3y kha + 20k, + (@2 —3k“n, }- x (2.17)
=(2a2—a—6)sha+a(a4+4), a=3—k1+k2 ;
3aech T
a) k,=25; k,=386; n, =0,765; b) k, =25; k,=786; 1, =765 (2.18)

Ha pucynkax 5, 6 mnpuBefeHbl u3ruOHble Jedopmanuud (GOpMBI MONEPEYHOIO CEUYECHUs
MIPEILEHTPAILHOTO CJI0S LIEITHOM YEThIPEX MAaCCOBOM CUCTEMBI 30HbI IJIABJICHUSI.

Pucynoxk 5 — U3rubnas nedopmariust popMbl OTMEPEIHOTO CEUCHHS TPEIIIEHTPATHHOTO CIIOS
IETTHOM YeThIPEeX MAaCCOBOM CHCTEMBI 30HBI TUTABJICHUS TP HEOAHOPOIHBIX TPAHUYHBIX YCIOBUSX
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Pucynok 6 — MsruGnas nedopmanus GOpMBI TIOMIEPEUHOTO CEUCHUS 30HBI TUIABIICHUS
P OJHOPOIHBIX TPAHMYHBIX YCIOBHSIX

Ha PUCYHKAX 7, 8 IMPUBEACHBI AMIUIUTYJHO-4aCTOTHBIC XapaKTCPUCTUKU MPEAUCHTPAIBHOTO
CJI0s1 I.IGHHOI71 YETBIPEX MacCCOBOM CHCTEMBI 30HBI IIJIaBICHUS.

PucyHOK 7 — AMIIIUTYIHO-YaCTOTHBIE XapaKTEPUCTUKH BO BPEMEHHOMH KOOpUIMHATE - e~ L¢0t
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Pucynox 8 — AMIIIMTYIHO-4aCTOTHBIE XapaKTEPUCTHUKH COOTBETCTBEHHOTO KOJIEOAHHS

Buisoowr:

1. IlpenuenTpanbHblii cnoil. OTINYMS OT HEHTPAIBLHOTO CIIOS:

cpennsist oG dhekTuBHAS HePTEHACHIIIEHHOCTh Ha 5% OO0JIbIIE, YeM B IIEHTPATIBLHOM CJIOE;
naBiieHue Ha 45 % BbllIe, yeM B IieHTpanbHOM cioe (MITA);

ra30coziepKannx Ha 34,5 % BBIIIIE, 4eM B IIEHTPANbHOM ciioe (MA\T);

ITOTHOCTH Ha 2,2 % MeHbIIIe, YeM B IIeHTPaTbHOM ciioe (r\em’);

BSI3KOCTh Ha 67 % MeHblle, B 4eM IeHTpaJibHOM cioe (mma*c), a B 30He BK Ha 85,7 %
MEHBIIIE, YeM B IIEHTPATHLHOM CJIOC.

2. KOF,I[a PE30HAaHC HACTYIIUT OAHOBPEMEHHO OT ABMXKCHUA aKTUBHOI'O BHCITHETO U PEAKTUBHOT'O

BHYTPEHHEIO HArpyK€HHMs W IyJbCAllMM Ha TOpLAX 30H OXJAXJECHHS IPU HEOJHOPOJHBIX

I'paHUYHBIX YCJIOBHAX IO BPEMEHHBIM KOOpPAHWHATaAM, B 30HC OXJIAXKIACHUA IMOABIACTCA JIOKAJIbHASA

BaKyyMHas 00J1aCTh OT COCPCAOTOYCHHOI'O TCIIJIO-BOJTHOBOI'O yaAapa KPYTHJIIBHOI'O MOMCHTA.
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IICEBAOHAYKA KAK PECYPC: HECTAHJIAPTHBIE ITIOAXO/IbI B
OBPA30OBATEJBbHBIX THO®OOPMALMOHHbBIX TEXHOJIOT'UAX

Myn I'. A.l, Tacoyaarosa 3. C.2, Cyuneiimenos HU. D.?
! Kaszaxckuil HAYUOHALHLIL YHUBepcumem um. aiv-Papaou, Armamol, Kazaxcman,
2 Anmamunckuii yuueepcumem suepeemuku u céasu, Aimamot, Kazaxcman.
e-mail: mungrig@yandex.ru, z.tasbulatova@gmail.com, esenych@yandex.ru

Ananusupyromes  paznuunvle acnekmel WUPOKO20 PACNPOCMPAHEHUS IKOI0UYECKO20 OUCKYPCA 6
Ka3axcmanckou Hayunou cpeoe. Iloxkasamo, 4mo 3KOI02UYECKULl OUCKYPC HACTHO UCNONb3Yemcs Oisl
U320MOGAEHUSL NCEBOOHAYUHBIX NYONUKAYUL, 6 KOMOPLIX aneIsAYUU K O9KOIOSUHECKOU Npobremamuxe
cyacam 071 MACKUPOBKU OMCYMCMEUs HAYUHbIX pe3yaibmamos. [lokazano, umo nanuuue 6oavuioe obvema
NCeBOOHAYUHBIX NYONUKAYULL MOICEM ObIMb KOHEEPMUPOBAHO 8 PECypc, HA OCHO8E KOMOPO20 MO2Yym Oblmb
peanusosanvl Hosble obpaszosamenvHvle mexnonocuu. OOHa U3 HUX NOCMPOeHa HA HANUCAHUU
OMPUYAMENbHBIX peYeH3uti Ha nces0oHayunvle pabomul. Iloxazano, ymo maxas ghopma yuebnou pabomul 8
COBPEMEHHBIX YCNOGUAX SGNAEMCA HAMHO20 OoNee NpeOnoumumenbHoll, Hexcenu Hanucanue pegepamos,
Komopvle yoce Oe-pakxmo npespamunuce 6 npoganayuto. O6Cy*COAIOMCA  BOZMONCHOCMU  OJlA
UCNONBL30BAHUS NCEBOOHAYUHBIX pabom Oas 2eumudurxayuu yuebno2o npoyecca. Iloxazano, umo kpumuxa
NCeBOOHAYUHBIX pAOOM MOJCem CMAamb BANCHHIM (YAKMOPOM PA3GUMUSA KPUMUYECKO2O MbIUUIEHU Y
CMY0eHmos, a maxdice CHOCOOCMBOBAMb 803POACOEHUIO UCKYCCNEA HAYYHOU NOJEMUKU.

Knwuesvie cnoea: ncegdonayka, eetimugurayus, —o0OpazoeamenvHvie pecypewl,  pegepamul,
9KOI02UYEeCKULl OUCKYPC, UHPOPMAYUOHHAS 8OUHA, UHPOPMAYUOHHBIE MEXHOIOUU.

Makanada KazaxcmauowvlK 2blIbIMU  OpMAOd KeH MApanean JKOA0SUANLIK OUCKYPCHbY — MYpai
acnexminepi  mandanaovl. IKOIOSUANBLIK — OUCKYPC — JHCAUbL  MaAiMemmep  JiCUi  EbLIbIMU-DICAN2AH
OacviibiMOapobl  wbizapy YuwiiH KOJLOGAHBLIAMbIHGL, JHCOHe OY1 Hca20atiovl IKONOSUANLIK Maceienepee
KamulCbl bLAIMU HIMUIICENePOil JHCeMIiCNeyUiNiciH HCacblpyea Kblzmem ememini mypansl natubiMOaian.
Kenmezen evinvimu-sicanzan b6acvlivimoaposiy OO0ybl, dicana Oinim 0Oepy MeXHOIO0SUANAPbIH eHel3)ee
boramuln  pecypcKka auHAnybl MYMKIH —exendici xopcemineen. Onapovly Oipeyi JHCan2an  EbliblMU
alcymwicmapovly mepic nikipaepin scaszyea uecizoencen. Ocvlean opail 3amanayu Heaz0auovl Kapacmolpa
OMbIPbIN YCHIHBLIbIN OMBIPEAH OKY Ya2ICi «pehepammul dicaszevlzyy» 0Ky Yacicie Kapaganoa andekanoa
apmulk exeni kopceminedi. OKy YOepiciH eeumupurkayuanay yuiin ncesOOMEXaAHUKAILIK HCYMbICIApPObl
nanoanany MyMKiHOIKmepi ManikbliaHobl. FollblMU-JHCAN2aH HCYMbICMApPObly CblH-Kamepaepi cmyoeHmmep
apacelHoa KpUmukauwlx ounay Kabilemin 0amvlmyobly Manbi30bl Gaxkmopvl 601ybl MYMKIH, COHOAU-AK
EbLILIMU NIKIPMANAC OHEPIHIK Kalima KalblNmacyblHa Yaec KOCybl MYMKIH eKeHOIel KopCcemineen.

Tipex ce30ep: scanzau-eblivim, eetumupurayus, 6inim bepy pecypcmapul, pegepammap, IKOIOSUSIbIK
OUCKYpC, AKNapammaulk CO8bIC, AKNAPAMMmMblK MeXHOA02UANAD.

Various aspects of the widespread environmental discourse in Kazakhstan scientific environment are
analyzed. It is shown that environmental discourse is often used to produce pseudoscientific publications, in
which appeals to environmental issues serve to disguise the lack of scientific results. It is shown that the
presence of a large amount of pseudoscientific publications can be converted into a resource, on the basis of
which new educational technologies can be implemented. One of them is based on writing negative reviews
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of pseudoscientific works. It is shown that such a form of study in modern conditions is much more
preferable than writing essays, which have already de facto turned into a profanation. The possibilities for
using pseudoscientific works for gamification of the educational process are discussed. It is shown that the
criticism of pseudoscientific works can be an important factor in the development of critical thinking among
students, as well as contribute to the revival of the art of scientific debate.

Keywords: pseudoscience, gamification, educational resources, essays, environmental discourse,
information war, information technology.

B coBpeMEHHOM MHpE DKOJIOTMYECKHMH JUCKYpC MpPUOOPEN BBIPAXEHHOE COLMAIBHO-
MOJUTUYECKOE 3HaYeHHe. MI3BeCTHBII Te3HC, COTIacHO KOTOPOMY HayKa MpeAcTaBiIseT co0oi oaHy
u3 opm uaeosnoruu [1], pazymeercs, ocraércs 6ojee YeM TUCKYCCHOHHBIM, HO IO OTHOLICHHUIO K
TE€M Hay4YHbIM HAIIPABIICHUSM, KOTOPBIE TaK WM MUHAYE CBS3AHBI C HKOJIOTUYECKUM JIUCKYPCOM, OH,
0€3yCIIOBHO, SIBIISIETCS BEPHBIM.

B pa3nuuHbIX cTpaHax Mupa JaBHO C(HOPMHPOBAHBI TOJUTHYECKHE NapTUH, 0a30BOU
KOMITIOHEHTON HJI€0JIOTUM KOTOPBIX SBJSETCS MUMEHHO <OKoJorus» [2, 3], mpuuéM NOHMMAaHHE
JAHHOTO TEPMHMHA YaCTO CTAHOBUTCS JAIEKUM OT HAYYHOTO.

Bormpocs! mpupo100XpaHHOro Xapakrepa BCE 4allle CTAHOBATCS MHCTPYMEHTOM MOJUTUYECKOTO
JaBJICHHUsS Ha ONIIOHEHTOB, IIPUMEPOM 4YeMYy SBISIETCA JMCKycCHs BOKPYI BO3JEHCTBUS
CTPOUTENIBCTBA MOCTA, CBs3bIBatrouiero KpbiM U maTepukoByr0 Poccuio, Ha 3KOJIOTMYECKYHO
00CTaHOBKY B akBaTOpuu A30Bckoro Mmops. EcTh Bce ocHOBaHHs Tmojaratb, 4YTO MHOTHE
MIPOTECTHBIE 3KOJIOTMYECKUE JIBUJKEHHMSI Ha TEPPUTOPUU IIOCTCOBETCKUX CTpaH HCKYCCTBEHHO
MOAJEPKUBAIOTCA B LENAX JecTaOWiIM3allid  COLMAJIbHO-TIOJIMTUYECKOW OoOCTaHOBKH. B
ONpENEIEHHOM CMBICIE€ OSTOT NPOTECTHBIM MNOTEHIHMAN SBIIAETCS OJHUM H3 PE3EPBOB IS
pa3zKUraHus COLMAIBHOW PO3HU U SBISETCS OJHUM M3 NMOTEHUHUAIbHBIX WHCTPYMEHTOB BEJIECHUS
MH(OPMALMOHHON MM THOPUAHON BOMHBI IPOTHB MHTEPECOB ITOCTCOBETCKUX rocyaapcTs [3].

MoHoe BO31eUCTBUE, KOTOPOE SKOJIOITMYECKUE ABUKEHUS OKa3bIBAKOT HA XapaKTeP COLMAIbHO-
SKOHOMHYECKHX IIPOLIECCOB B IIOCTCOBETCKMX TOCYNApPCTBAX, OMNPENEIAETCA, B TOM YHUCIE, H
UCTOPUYECKMMHM NpHYMHAMH. [IpoTecTHBIM MOTEHIWaJ, HaKaIJIMBaBLIMMCA CO  BpeMEH
«mepectpoiikn» B CCCP, akkyMynupoBalCsi B 3HAYUTENbHOM CTENEHH HKOJIOTMUYECKUMU
IBIDKEHUSIMM, 4YTO, B YaCTHOCTH, HPUBEIO K OOCYXKIEHHIO BOIpPOCA O COOTHOIIEHUHU
«IaTPUOTHYECKU OPUCHTHPOBAHHOI» U «3enéHoi» uneonoruu [4, 5].

3HauuTENbHBIA Pa3dpoc B UACOIOTMYECKHUX IUIaT@opmax «3el€HbIX» JBMKEHUH B PO
coxpansiercs u ceriuac. Kak ormedaercs B [6, 7], 9KOJIOTHYECKHE TBUKEHUS BEChbMa Pa3HOPOIHBI.
Cpenn HUX MOYKHO BBIJCNUTH MOJUTHYECKHUE OpraHu3anuu (Harpumep, Poccuiickas skomorudeckas
naptust  «3enéHble»), OPUAMYECKHE WHULMATHBBL, YYaCTBYIOIIME B IMPABO3ALIUTHON U
3aKOHOJATEIbHON JesATeNbHOCTH («DKOIOPUCT», «IKOJIOTUS M TMPABO3ALIUTA»), OpraHU3allMy,
COCpeIOTOYCHHBIE Ha KOHKpeTHOW mpobneme (JlecHoit kmy® poccuiickux HIIO, coro3 «3a
XUMUYECKYl0 0e30MacHOCTb»), 00pa3oBaTeibHbIC WHUIMATUBHBIE TPYMIbI, 3aHUMAIOIINECs
paboToil B mKonax u narepsx (Accolmanusi 3KOJIOrH4eckoro oopazoBanus «9koO0pas3»), v T. 1.
[6].

Cy1iecTBOBaHUE CTOJIb MHOTOYMCIICHHBIX OpPraHM3alMi MOKa3bIBAaET, YTO MHTEpEC OOIIecTBa K
9KOJIOTMUYECKOH MpolieMaTuKe OCTaéTcsl Ha BBICOKOM YPOBHE, U 3TO 00CTOSITENIbCTBO, pa3yMeeTcs,
HE MOJKET He HKCIUTYyaTHpOBAThCsl B CaMbIX Pa3IMUHBIX LeNsX. B pe3dynpraTe peanbHas 0opbOa 3a
OXpaHy MPHUPOABI YaCTO COIIPOBOXKIAETCS JOCTUKEHUEM TEX WJIM MHBIX JONOJHUTENBHBIX LIENEH, a
MHOT/Ia U BOBCE «IKOJIOTHUS» SIBIIETCS HE Oojiee YeM IIMPMOI, B TOM YHCIe, sl HHCTPYMEHTOB
BEJICHUS TUOPUTHOM BOWHBI [3], MOqUepKHEM ITO emié pas.
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Hayka, Oynyuun, B TOM 4Hcie, ¥ COUMAIBHOM MHCTUTYIMEH, HE MOIJa U HE MOXET h30eXaTh
BIIMSIHUS Takoro pojaa (akTopoB, XOTS OBl TOJNBKO MOTOMY, YTO MHOTHE aBTOPBI MCCIEIOBaHMIA,
MPETEHAYIOIUX Ha CTAaTyC HAayYHBIX, MATKO TOBOpPS, HE CBOOOIHBI OT KOHBIOHKTYPHBIX BESHUI.
VYnpomasi, BO3HUKAET BBIPAKEHHBIA COOJIa3H MHCaTh pabOThl HAa MOJIUTUYECKH aHTAKUPOBAHHBIC
TeMBbI (M MOJIy4aTh COOTBETCTBYIOIIME I'paHThl). BOJIbHO MM HEBOJIBHO, HO aBTOPHI TAaKOr'O poja
nyOaMKaui CTaHOBSTCS MPOBOJHUKAMU BIIOJHE OIpPENeIEHHOr0 KOMILIEKCa HIeH, co3aaBas
MOYBY JIUISl UCTIOJIb30BAHUSI HHCTPYMEHTOB HH(POPMAIIMOHHOMN BOMHBI [3].

ConuanbHO-TIOJIUTUYECKUE MTPOLIECCHI, TaK WJIM MHAYE CBSA3aHHBIE C HKOJIOITMUECKUM JIUCKYPCOM,
SABJISIIOTCA KpaliHe NpoTUBOpeunBbIMU U B Kazaxcrane.

C oaHOI CTOPOHBI, OHU JCHCTBUTEIHHO CBSI3aHBI C PEIICHUEM HACYHIHBIX MPOOJeM, CBSI3aHHBIX
C 3aIUTON OKpYKArOIIeH cpesbl. [ KuTenel Takoro ropoja, Kak AnMaTsl, HET HEOOXOAMMOCTH
pa3BEPHYTO JOKA3bIBaTh, YTO PELICHHE SKOJIOTUYECKUX MPOOJIeM SBISETCS JEHCTBUTEIBHO Oosee
yeM HacymHbIM. Jlaxke odummanpHas CTaTHCTHKA, HMMEOIIAscs Mo ropoay Amnmatel, [8, 9],
OJTHO3HAYHO TMOKA3bIBAET, YTO YPOBEHb 3a00JEBAEMOCTH B OIHOM U3 KPYMHEHIIMX TOpPOJIOB
Kazaxcrana TecHO cBsi3aH C ypOBHEM 3arps3HEHHs] BO3AYIIHOTO OacceifHa ropoaa AMaThl,
KOTOpBI, B CBOIO OYepe/lb, CBA3AH C BBHICOKOW MHTEHCHUBHOCTHIO aBTOMOOWJIBHOTO JIBHIKEHUS, C
TEM, 4TO TOPOJICKas yIUYHAS JOPOKHAS CETh YK€ HE CIPABISETCS C TAKMM MOTOKOM TpaHCIOPTa, U
JIPYTUMU TTOJI0OHOTO pojia pakTopamu.

C npyroil cTOpOHBI, HEllb3sl HE IpPHU3HATh, YTO SKOJOTMYECKHM IHUCKYpC B HACTOSIIEE BpEMs
cymiecTBeHHO nedopmupoBaH. OH 3a4acTyr0 NpuoOpeTaeT BhIpaKEHHBIE W3BpAIEHHBIE (OPMBI,
gyt0 B PK 0COOEHHO HarIs1HO IPOSBIIIETCS B chepe HAyKH U 00pa30BaHUsI.

Tak, ogauM 13 GaxTOpPOB, KOTOPBIM OKA3bIBAET HETAaTHBHOE BO3/CICTBHE HA Pa3BUTHE HAYKU U
obpazoBanus B PK, cranoBsTCA nucnponopuuu B BeIOOpE HANpaBlIEHUS HAyYHBIX HCCIETOBAHUMN
KAaK OTACJIbHBIMM HCCIIEJOBATENsIMU, TaK M HCCIEJOBATEIbCKUMHU TpynnaMu. Becpma 3ameTHas
YacTh HAYYHBIX PAOOTHUKOB M IperojaBaTesieil Ka3axCTaHCKUX YHHBEPCHTETOB 3a IOCIEIHUE
JECSITUIIETUS] TIEPEOPUEHTUPOBAJIaCh Ha BBINOJHEHUE padOT, TaKk WIM HHA4Ye CBS3aHHBIX C
9KOJIOTMUECKOH MpoOIeMaTHUKOM.

[Ipn 5TOoM 3HauMTeNnpHas 4YacTh NyOIMKAUN MO JAaHHOW TeMaTHKEe JAe-(pakTo HCIOJb3yeT
HKOJIOTMUECKUH JUCKYpC JJs MAacCKUPOBKH OTCYTCTBHS pEabHbIX HAy4YHBIX pe3yJIbTaTOB.
@dakTH4EeCKM peyb HUAET O TOM, YTO BBICOKMH YPOBEHb IONYJISAPHOCTH 3KOJOTHYECKOU
npoOJaeMaTuKU Jie-(pakTo MPUBOJUT K IMOSBICHUIO 3HAYMTEIBHOIO YHCIa ICEBJIOHAYYHBIX padoT.
HauOonee TpeBOXKHBIM 371€Ch SABISETCS TOT (aKT, YTO ICEBIOHAYUHBIE PAOOTHI YACTO MYyOIUKYIOTCS
TaK)K€ U B IOCTATOYHO IPECTUKHBIX U3AAHUSX, OUYEBUIHON IPUYMHON YEMY SIBIISIETCS MOBBIILIEHHOE
BHUMaHHE OOIIECTBEHHOCTH (M TMOJUTHYECKHUX KPYTOB CTpaH Spa MHUPOBON 3KOHOMHYECKOMN
CUCTEMBI) K SKOJOTMYeCKON MpolieMaTrke, BKIKOYasi BOMPOCHl aHTPOIOTEHHOTO BO3EHCTBUS Ha
KJIUMaT.

B cootBercTBUUN C Kiaccudpukanuen [3], GpakTopsl TaKOro pojaa MO3BOJISIIOT YTBEP)KIaTh, YTO
AKOJIOTMUECKUN AMCKYpPC HAaYyMHAeT MPHOOpeTaTh OIpenei€HHbIe MPU3HAKH MHUPOBO33PEHUYECKOTO
OpyXus, KOTOPO€ paccMaTpuUBAETCA Kak CIEAYIOIIMA JTall pPa3BUTHS CPEACTB  BEIACHUS
uHpopMallMOHHON BoOHHBI. Ero Bo3neiicTBMe COCTOMT B TOM, 4YTO 3HAYUTENIbHAas dYacTh
MHTEJJIEKTYaJIbHOTO MOTEHIMANIA TAKUX CTpaH, kak KazaxcraH, pacTpaunBaeTCs BIYCTYIO: YCUIIMS
HAIpPaBJIAIOTCS Ha JIOXKHBIE 11€JI1, 337jaBa€Mble MHOCTPAHHBIMU MaHUITYJISITOPAMH.

Nmenno no sroit npruuune mius PK Ha coBpemeHHOM 3Tarne KpaliHe BaKHO MOCTAaBUTh BOIPOC O
pa3paboTke Mep, 00eCTeunBaIONIUX BBISIBJICHUE IICEBJIOHAYYHBIX pPA0OT, MYyOJUKYEeMBIX TIO
9KOJIOTUYECKON MpoOeMaTuKe WM B ONMM3KMX K Hel oOmactsx. Pazymeercs, paboThl, KOTOpBIE
HeNb3s OTHECTH K MOJUIMHHO Hay4YHbIM, NMYOJHMKYIOTCSI HE TOJIBKO B 3TOM 00JacTv, HO B CUIY

45



N3BECTUS HAYUYHO-TEXHUYECKOI'O OBIIIECTBA «KAXAK», 2019, Ne 1 (64)

YKa3aHHBIX BBILIE NMPUYMH MEPHI, HAIIPABICHHBIE Ha IMOBBIIIEHUE PEAJBHOIO KAa4eCTBA HAaYYHBIX
UCCIIEI0BaHM, HEOOXOIMMO IPUHATh UMEHHO B 00JIaCTH HKOJIOTHH B IEPBYIO OYEPEIb.

PaccMoTpuM TUNWYHBIA MpuMep MyONMKalWuU, SKCILTYaTHPYIOLMIEH JKOJIOTHYECKUN JUCKYpC B
LIEJISIX MACKUPOBKHU OTCYTCTBUS 3HAUMMBIX HAy4YHBIX pe3yibTaToB [10].

3a BechMa MPETECHIMO3HBIM Ha3BaHWEM paboThl [10] ckppiBaeTcs HaOOp OOIIEU3BECTHBIX
COOOpaKEHH M HECKOJIbKO IUTAT M3 OOIIEAOCTYNHBIX MCTOYHUKOB. Bech Tekct [10] 3anmmaer
YeThIpe CTPAHUIIbI, IPUUYEM Ha MEPBHIX ABYX M3JIaratoTCsi HEKOTOPbIE COOOPaKEHUSI OTHOCUTEIBHO
OYUCTKU OTXO0AUMX ra3oB TOC, KOTOPHIE MO CTETIEHU HAYYHOCTH BIIOJIHE MOKHO COIOCTAaBUTH C
pedeparoM CTaplIeKIacCHHKa Ha TMOAOOHYH Temy. B KkauecTBe mpuMmepa NpHUBEIEM
HIMpOKOBeIarenbHyo nutary u3 [10], xoropas 3aHumaer okoyio 5% Bcero o0bEMa TEKCTOBOM
4acTHu:

«CyIecTBEHHBI YKOHOMHYECKUN POCT PECnyONHKH, HAOMIOJAIONIMIICS B TOCIEIHUE TOJBI,
JIOMYCKAET U MO3BOJISET 3aMETHO YBETMYUTh UHBECTHIIMH B TEXHUKY M TEXHOJIOTHH JJISI CHIXKEHUS
BO3JICHCTBUS DHEPTETUKH HA OKpYXkaromlyto cpeay. Cpok OKymaeMOCTH TaKUX MPUPOTOOXPAHHBIX U
sHepreTHuecku A(P(GEKTUBHBIX MEPONPHUITHI MOXKET OKa3aThCS CPaBHUTEIBHO HEIONTHM (IS
ANEKTPOIHEPIeTUKH — OT 2 A0 7 jer). B Hacrosiiee BpeMs B 3TOM HANpaBICHUHM MPOHCXOAUT
TpaHcepT HOBEHIIMX TEXHOJOTHMH OYMCTKU [BIMOBBIX Ta30B M3 OMNbITA 3aMagHBIX CTPaH H
MEXIYHapOAHbIX KOMIIAHWW, B TOM uucie u pabortaromux B Ka3zaxcrane, Ha »HepreTuyeckue
OOBEKTHI.

O KakuX UMEHHO «HOBEHIIUX» TEXHOJOTUAX MUIIYT aBTOpHI [10], 1 OTKyna B3sThI JaHHBIE O
CpOKax OKYNaeMOCTH — JUIs YMTaTelNsi ocTaércs 3araakoud. (s moboro ajekBaTHOTO HAYYHOTO
paboTHUKA JTOJDKHO OBITh OYE€BHUIHBIM, UYTO MOJIOOHBIE YTBEPKACHUS JAOKHBI apryMEHTUPOBATHCS,
XOTs1 OBbI U TOJIBKO CCBUIKAMHU Ha JIUTEpaTypy.)

Emé 6onee Hecypa3zHbIM BBITJIAIUT cienyromee yreepxkaeHue [10]:

«K cylecTBEeHHOMY CHM)KEHHIO BPEIHOTO BO3IECHCTBHS Ha OKPY)KAIOIIYIO CPENy U CHUKECHHIO
BBIOPOCOB MapHUKOBBIX T'a30B NPUBOJAUT M TOCYJApCTBEHHAs MOJAJIEp)KKa B 00JacTH pa3BUTUS
Bozo6HoBnsiembix McTouHnkoB DHEpruu, 4To MMEET I'pOMaJHOE 3HaueHue s obecrneueHus
sHepreTHueckoi Oe3omacHocTn KaszaxcraHa, Kak OTAENBHO B3STOW CTpaHbl M KaK ydyacTHHUKA
rJ100aJIbHOM SHEPreTH4YeCcKOl Oe30MacCHOCTHY.

IIperennnosnoe Has3Banue [l10] OAHO3HAYHO TOBOPUT O TOM, YTO aBTOPBI ITOrO TEKCTA
MO3UIIMOHUPYIOT ce0sl KaK CHEeIMaIMCThl B 00JaCTU 3HEpreTUKU. Ecnm 310 AefcTBUTENBHO TaK, TO
UM JIOJKEH ObUT Obl OBITH M3BECTEH M pealibHbIN BKJaJl BO30OHOBISEMbBIX HCTOYHHKOB SHEPIUU B
TeHEepaLuIo 10 CTPAaHEe, U UX PEAIbHBIE DKOHOMHUUYECKUE TTOKA3aTEIIH.

Crnenyromuii «ONeCTSIIMI) Maccax JAeIaeT XxapakTep paccMarpuBaemoit pabotsl [10] mpenensHO
SICHBIM.

«3amura OKpyXkarollel cpelbl U pallOHAIbHOE HCIOIb30BAaHHE PECYPCOB WIPAIOT BAKHYIO
POJIb MIPH PacCCMOTPEHUH NEPCIIEKTUB JIEKTpodIHEepreTuueckon otpaciu Kazaxcrana, ¢ yuerom npu
STOM MHUPOBBIX TEHJICHIIMI B 00JaCTH pa3BUTHS HETPAJAULIMOHHBIX U BO30OHOBIIIEMBIX HCTOUHUKOB
SHEPTUN.

Taxoro poaa ¢pa3ssl (pa3Be TOIBKO CTHIMCTHUECKH HECKOJIBKO 00Jiee TpaMOTHBIE) B JTUTEpAType
10 9KOJIOTUYECKOH MpoOIeMaTHKE BCTPEUAIOTCS CTOJb YacTo, YTO, OYEBHJIHO, UX YK€ MOXKHO OBLIO
Obl U HE NPUBOJAUTH, PAaBHO KaK U BCE OCTaJIbHbIE OOIIEN3BECTHBIE CBeAeHUS O Hanmuuuu B PK
3HAYUTENIPHOTO TMOTEHLMajga s HCIoJb30oBaHUS »dSHepruu Berpa U  CojHIA, KOTOPBIMU
3aBepmaerca TekeT [10]. O Takmx Bemax CTyJIeHTaM TOBOPST Ha MEPBBIX Kypcax OOydYeHHs.
OcTtaércs TOMBKO YAMBISTHCS TOMY, YTO OUYEPEIHOI MOBTOP TOTO, YTO YK€ M TaK MHOTOKPATHO
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pacTUPAKUPOBAHO B JHUTEPATYpE MO SKOJIOTUYECKON MpobiieMaTHKe, KTO-TO PELIMJICS BBLIAThH 3a
HAYYHYIO TyOJIUKAIHIO.

AHaoru4Hbple BBIBOJBI MOXKHO CAETaThb W Ha OCHOBAaHUHM AaHAIM3a OCTAJbHBIX MyOJIMKalui
oI00OHOTO POfa, KAKOBBIX B NEPUOIUKE, YBBI, IPEBEIMKOE MHOXKECTBO. Tak, B 3aKIIOYUTEIHHBIX
a63anax Tekcra [11] 70CI0BHO CKa3aHO Cleayomee.

«IIpu BeIOOpE MecTa pazmerienus TOL[ BOIM3M ropoj0B 3aMETHOE BIUSHUE OKAXKET PacCTOSTHUE
MEPEeBO3KU TOILJIMBA, B TOM YHCJIE Yepe3 3aTpaThl JHEPrHH Ha MEPeBO3KYy yris. B aToMm ciyuae us
CTEIEeHU HCII0JIb30BaHUs TOIuMBa Ha TOL[ BeIYMTAaeTCs pacxon TOIUIMBA Ha JOCTAaBKY TOILIMBA, U
IojiyyaeMasi BEJIMYMHA CPABHUBACTCSI C AHAJOTMYHOM BEJIMYMHON 171 KoHJeHcauuoHHoW TOC,
pasmenaeMoi BOIM3M MecTa OOBIYM YIiasl (32 BHIYETOM BEJIIMYHMHBI, 00YCIOBICHHON MOTEPSIMHU Ha
TPaHCIIOPTUPOBAHUE IEKTPUUECTBA)Y.

XoueTcst CIpPOCUTh — CIEHUAIUCTHI B 0O0JACTH SHEPreTUKM HE 3HAIM O CYyHIECTBOBAHHH
TPAHCIIOPTHBIX PacXOJOB 0 TOro, Kak Ha aBTopoB [11] cHuzonuio o3apenue? HyxHa oTaenpHas
«rIyOOKOMBICIIEHHAs» paboTa, KOTOpasi Ha TOM akleHTupyeT BHuManue? M noyemy aBTopsi [11] B
TaKOM CIIy4ae HE YWIH 3aTpaThl SHEPrHH, pacXOAyeMOU Ha meyaThb COTEH KUJIOTPAMMOB (€CIId He
TOHH) TEKCTOB U30PaHHOTO UMM XKaHpa?

Opnako, paxe nepiasl aBTopoB [10,11] MepKHYT 1O CpaBHEHHIO C LENBIM PAIOM APYTUX padorT,
I7I€  9KOJOTMYECKUH JUCKYpC IIBITAOTCS MPENOJHECTH B KAaueCTBE «ONpPAaBAAHUA» IS
TMICEB/IOHAYYHOTO ITYCTO3BOHCTBA M TIOJIHOM HEKOMIIETEHTHOCTH B OOCYXKIAaeMBIX BOIPOCAX.
TUNUYHBIM IPUMEPOM B JaHHOM OTHOLIEHMH SIBJIIETCS yApy4arouiuil Tekct [12], aBTopsl KOTOpOro
CTOJIb OTKPOBEHHO M 0€33aCTEHYMBO MCIOJIb30BAIM IPUEMBI, XapaKTEpPHbIE ISl M3TOTOBJICHUS
TICEBJIOHAYYHBIX <«OKOJIOTHYECKHX» PabOoT, YTO LUTHUpyeMas MyOIHMKaIUs MOUCTHHE 3aCTyKUBAET
TOro, YyTOOBl BONTH B y4eOHMKM B KauecTBe NpHMepa MNpeAebHO OECCOBECTHOM 3KCIUTyaTalluu
9KOJIOTMYECKOT0 AUCKYpCa.

Packpoem TUIOBBIE MpUEMBl M3TOTOBIEHMS IICEBJAOHAYYHBIX PabOT, aHAIM3UPYys TekcT [12]
6omee mo1poOHo.

O6beM pabotel [12] coctaBusier 4,5 XKypHalIbHBIX CTpPaHMIBI (+ CIHCOK JUTEpaTyphl —
no3unuil). Ha Tpex w©3 HuUX aBTOphl U3JarailoT OOIIEU3BECTHBIE CBEJEHUS, Kacarolluecs
MpoOJIEeMaTUKK 3arpsi3HEHUs] BOJI JIEKApCTBEHHbIMM INpenapatamu. Ha ocrtanbHbix 1,5 cTpanunax
aBTOPbl HANUCAIM HECKOJBbKO ab3aleB, TOJBKO (OPMAIbHO OTHOCSLIMXCA K CyTH Jela |
IIPEICTaBUIIN OJHY CXEMY.

[TomuepkHem, uTO paccMmarpuBaeMas myOnuMkanus HasbiBaeTcs «becrpoBoaHas cuctema
nepelauy Uil ONpEAENICHUs JIEKApCTBEHHBIX IIPENapaToB B CTOYHBIX BOJAX», CIENOBATEIBHO, B
Tako cTaTtbe (ecnu Obl OHA JEHCTBUTEIHHO MOTJAa HA3bIBAThCS HAYYHOM) CJIEIO0BAIO OBI, Kak
MUHUMYM, PACCMOTPETh COBPEMEHHOE COCTOSIHHE JIeJ1 B 00JIaCTU IPOEKTUPOBAHUS U IKCILITyaTalluu
XUMHUYECKUX JaTYUKOB, CIOCOOHBIX H3MEPSTh KOHIIEHTPAIMIO T€X WJIM WHBIX KOMIIOHEHTOB B
MHOTOKOMIIOHEHTHBIX pacTBopax. Bmecto storo (!) aBTops! [12], Oe3 TeHU CThIIA, OTPAaHUYMIIUCH
JBYMSI CIIETYIOIUMH a03aramu.

«Xumuueckue natuuku (X/[) OHu sSBAAIOTCS OCHOBHBIMU IIpU MOHHTOpUHre. B Hactosmiee
BpeMs B BeIyIIUX JabOpaTOpHsIX MHUpa CO3AAIOTCSA, TaK Ha3blBa€Mble, DJIEKTPOHHBIC S3BIKH,
KOTOpPBIE CIIOCOOHBI CEJIEKTUBHO BBIJCIATH OINpe/IeIeHHbIe XMMUYECKHE BelllecTBa Ha (DOHE IPYTUX
AJIEMEHTOB.»

«Codepa mpumenenuss XJ| NOCTOSHHO pacTeT: TECTUPOBAHHME M KOHTPOJb 3a KaueCTBOM
MPOJAYKTOB MUTAHMS, 32 PACHpPOCTPAHEHHWEM TECTULHUIOB B CEIHCKOM XO34HCTBE, a OJHO U3
MOCIIEAHUX UX MPUMEHEHUH — MOHUTOPHHT JIEKAPCTBEHHOTO 3arps3HeHus BOJAHBIX cper. Crnemyer
OTMETHUTD, UTO X/| ¢ MIeabHOM CEJIEKTUBHOCTHIO HE CYIIIECTBYET.»
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MpI cieniMaibHO MPUBOIUM 3TH a03allbl MOJIHOCTBIO, YTOOBI TOYEPKHYTh: 3TO — BCE, YTO aBTOPHI
CKa3aJM O CYIIECTBE BOIIPOCA; OHM JaKe HE YIOCYKWJINCh PAaCCTaBUTh (OpMajbHBIE CChUIKU. HeT
HEOO0XOMMOCTH TOAYEPKHUBATh, YTO HANMCAaHUE HAYYHOH CTaThbH Ha IOAOOHYIO TeMy TpeOyeT
npodecCHOHATBLHOTO 0030pa TEKYLIMX HCCIIEAOBAHHMMA, OCYIIECTBIIIEMBIX B Mupe. VMHaue cama
MTOCTaHOBKA MPOOJIEMBI IIOBUCAET B BO3AYXE.

Pestomupysi, MOXXHO yTBepkaarh, 4Tto B [l2] wucnonb3oBaH OAWMH W3 THUIOBBIX JUIS
MICEBJIOHAYYHOI XanTyphl MPUEMOB — JIMCTaX BBIIAETCS 3a CUET Pa3IMYHOrO pojia CYKICHHH O
«OKOJIOTMYECKON Ba)KHOCTH)» BOIIPOCA, MPUYEM 3Ta «BAXKHOCTH» apTryMEHTHUPYETCS C MOMOIIbIO
obmmx (pa3 Ha ypoBHE IUIOXOTrO CTyAeHUeckoro pedepara. CyTh jgena mpu 3TOM H3JIaraeTcs
MaKCHMaJIbHO KOPOTKO U O€CCBSA3HO, apryMEHTAllMU HE IPUBOJAUTCS.

Bripouewm, cyzas no aHanu3y myOJMKaIMOHHOW aKTMBHOCTH aBTOPOB [12] B TakuxX cepBUCaX Kak
Google.Akagemusi, uX TPYTHO 3amOJ03PUTh B KOMIIETCHTHOCTH BOOOINE B KaKOM-JIMOO BOIpOCE.
bonee Toro, ymMecTHo MOMYEPKHYTh, UYTO HCCIEIAOBaHUS, CBS3aHHBIE C CEJIEKTHUBHOUN copOuumeit
HU3KOMOJIEKYJISIPHBIX BEIIECTB, CAMBIM aKTUBHBIM 00pa3oM npoBojsaTcs B Kazaxcrane B TeueHue
nocienanux 20 jert (B yactHocTH, B MHCTUTYTe XMMHUYeckuX Hayk uMm. A.B. Bektyposa [13-15]),
IpUYEeM Ha BEChbMa BBHICOKOM YpPOBHE, O Ye€M CBHUACTEIHCTBYET BBICOKUN PEHUTHHI >KYpHAJOB, IIe
ObUTH ONyOJIMKOBAHBI IIUTUPYEMbIE PAOOTHI.

[IpencraBisieTcst HEe BIOJHE JTHYHBIM, YTO aBTOPHI [12] HE cOWIM BO3MOXHBIM XOTS OBI
(bopMabHO YIIOMSIHYTh IOCTHKEHHUSI COOTEYECTBEHHUKOB B CTaThe, HETIOCPEICTBEHHO KACAIOIIEHCS
sToro Bompoca. Hesnanue aBropamu [12] HaydHbIX paboT cOTpynHUKOB MHCTUTYTA XMMHUYECKHX
HayK M. A.b. bekTypoBa HE MOXET CIIy’KUTb MM OIPAaBJAHUEM HU B MAJICHIIEH CTENEHU — €CIIU
HEKTO OepeTcsl mucaTh HAYYHBIH TEKCT HAa Ty WJIM MHYIO TEMY, TO HEOOXOAUMO, KaK MUHUMYM,
popaboTaTh COOTBETCTBYIOIIYIO JIuTepaTypy. Eciu ke aBTophl [12] HE UMEIOT MpencTaBIeHUs O
TaKUX JIEMEHTAPHBIX BelllaX, TO MPUXOAUTCS KOHCTAaTUPOBATh, YTO IICEBAOHAYKA B HaIlIel CTpaHe
MyCTHJIa OYeHb ITyOOKHe KOPHH, UTO AenaeT 60pb0y ¢ Hell enie 0oJiee akTyallbHOM.

[lepeuncnennble 00OCTOSTENHCTBA IO3BOJSET BBISIBUTH €IIE€ OJUH IPHEM, MCIIOIb3yEeMbIi
aBTOpaMH MMOJI00HOI0 PoJ/ia TEKCTOB: «IIPUBSA3Ka» TOrO BOMPOCA, B KOTOPOM OHH WJIM pa3doHUparoTcs
ci1abo, WK He pa3douparoTcsi BOOOIIE, K AKOJIOTUYECKON MPOoOIeMaTUKE UCTIONb3YETCS UMEHHO IS
TOT0, YTOOBI C/IeJIaTh COOCTBEHHYIO HEKOMIIETEHTHOCTh HE TAKOW OUEBUTHOM.

Haxonern, mocnenHuil u3 paccMaTpuBaeMbIX MPHEM, OCBOSHHBIN «CIIEUATUCTAMU» B OOJIACTH
pPallMOTEXHUKU M 3JIEKTPOHUKH, M TaKKe HCHOJIb30BaHHBIA B [12], COCTOMT B ClEAYIOIIEM.
ABTOpamu 3TOH MyOJMKaIMM IMpejuiaraeTcss Hekas «(pyHKIMOHaNbHAs cXeMa PaJruo3JIEKTPOHHOTO
npubopay», KoTopas AenaeT onyOJIMKOBAaHHBIH UMHU B3J0p JEHCTBUTENBHO OTAAJICHHO MMOXOKUM Ha
Hay4yHYIO CTaThl0 MO BHEIMHEMY BUAY. OTMETUM, YTO MOCKOJIbKY (PYyHKIIMOHAIbHOE Ha3HAuYEHUE
3TOTO «Iprubopa» TymMaHHo (aBTOPHI [12], B CymHOCTH, HE 0OOCHOBAIM JJIsl YETO KOHKPETHO ATOT
npuOoOp HYKEH U 4TO, COOCTBEHHO, OH OyJIeT U3MEpATh), TO OYEBHUJHO, B MOJJOOHOM MarepHaie
MOKHO H300pa3uTh MpaKTHYECKH 100yl Oosiee WIM MeHee NpaBIoNoJo0HyI0 OJIOK-cXemy,
0COOEHHO €CJIH €€ He paccMaTpuBarth B JaeTamsix. CoOOCTBEHHO, MMEHHO 9TO M CHAENalu aBTOPHI [12],
MOCBSITUB OMHCAHUIO CXEMbI TOJBKO TPH KpaTKux ab3ama ¥ mpuOerHyB K BeChbMa pacIlIbIBYATHIM
¢dopmynupoBkaMm. OdeHb yn00HO: KOJb CKOpPO Ha3HaueHHE MpuOopa HESCHO, TO U HEBO3MOXKHO
MOHATH PEIIAeT OH KaKylo-1100 3/1paBylo 3a7auy WIH XKe HeT.

K coxanenuto, nceBgoHay4dHbli TeKCT [12] — 3TO HE TPOCTO B3AOpP, TO BECbMa OIMACHBIN B3/10P.
JIeno OCIOXHSIETCSl TeM, YTO aBTOPHI TeKcTa [12] U eMy MOJOOHBIX SIBISIOTCS MPETO1aBaTeIIMU
yHUBEpCUTETa, (aKTHYECKU Pa3BpallaloNIuX CTYJIECHTOB MOJI00HOM Oenndepoil. «BIoXHOBISSACH)
TaKMMH TICEBJOHAYYHBIMU TEKCTAMH, COUMHEHHBIMH «yBa)KaeMbIMU» MPETOAABaTENSIMHU, CTYIECHTHI
Y MarucTpaHThl HE BUIST HUYETO 3a30PHOr0 B TOM, YTOOBI MHUCATh aHAJIOTUYHYIO YEeMyXy B CBOMX
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BBIIYCKHBIX paboTax M JuccepTanusax. OTO MPHUBOAUT K emie OoNbIIeMy MaJeHHUI0 KauecTBa
BbICIIETO 00pa3oBaHMs B HalIeld CTpaHe, 4YTO, MOAYEPKHBAEeM eIle pa3 Jenaer O0opbly ¢
IICEBJIOHAYKOM KpallHEe aKTyaJlbHOU 3a7a4ei.

HexkoMneTeHTHOCTP M BBICOKOIIAPHOE ITyCTO3BOHCTBO — OTJIMYMUTEIbHBIA CTHIIb TE€X, KTO
HKCIUTYaTUPYET 3KOJIOIMUYECKYIO MPOOJIEMaTUKY B LIEJAX, JANEKUX OT HayKu. OHM, KaKk 0TME4anioch
BBIILIE, HAYYMIIUCh NPSATATh OTCYTCTBHE PEaJbHbIX HAYYHBIX PE3yJIbTAaTOB 3a IBIIIHON (a MHOrAA U
3arackaHHOM) ¢pazeosiorueil. Ho HeraTuBHble TEHAECHLUH, CIOKUBIINECS B OTCUECTBEHHOM Hayke,
TOK€ MOXKHO U HY)KHO KOHBEpTHUpPOBaTh B pecypc. COOCTBEHHO, B 3TOM U COCTOMT OCHOBHAs Hes
«CTpaTeruu 4yza», 0 KOTOpPOW TOBOPUIOCH, B 4acTHOCTH, B [16]. IlapamienbHO Takoil mouxon
CIOCOOCH pemuTh Ty 3agady, O KOTOpPOHM TOBOPHJIOCH B Hayajle JaHHOW CTaThbH, T. €.
UACHTU(DUKAIIIO TICEBJOHAYYHBIX paboT U OJIIOKUPOBKY MCIIOIB30BAHHS SKOJIOTHYECKOTO JAUCKYpCca
B HEI0OPOCOBECTHBIX LIEIISX.

I"oBOpst O mepcreKkTUBax TaKoro pojia, MOKHO YIIOMSHYTh, UTO JEKCUUYECKUM, CTHIIMCTUYECKUH U
Apyroi aHajau3 pasIMYHOIO pojJa TEKCTOB JABHO sBJIAETCS OONACThIO NPUMEHEHHUS CUCTEM
UCKycCcTBEeHHOro nHTeiiekra [17]. CooTBETCTBEHHO, BOZHUKAET BO3MOXHOCTbD JJISl UCIOJIb30BAHUS
TOr'0 pecypca, 0 KOTOPOM FOBOPUJIOCH BBILIE, AJIS CTYI€HUYECKOM MPOEKTHON JesITeabHOCTH. To, 4To
BbIILIE OBLJIO HAa3BaHO «BBICOKONAPHBIM ITyCTO3BOHCTBOM)» JIETKO MJEHTU(DULUPYETCS METOJaMHU
CTHJINCTUYECKOIO aHajIu3a — Takas 3ajjaya BIIOJIHE 10 CHJIaM CTYJEHTaM M MOXET CTaTh OCHOBOM
BECbMa UHTEPECHBIX IIPOEKTOB B 00J1aCTH NHPOPMALIMOHHBIX TEXHOIOT .

OpHako TOT pecypc, 0 KOTOPOM TOBOPHIJIOCH BBIIIE, MOKHO HCIIOJIb30BaTh U Ha ypOBHE Oolee
MPOCTHIX MH(MOPMALMOHHBIX TEXHOJOTUH. A MMEHHO: B COBPEMEHHBIX YCIOBUSAX Takas Qopma
y4eOHOI paOoThl, Kak HanmucaHue pedeparos, MO CYLIECTBY, ce0sl MOJHOCThIO U3kuiIa. CTyIeHTbI
HCIOJIB3YIOT TO, YTO HA YKaprOHE HAa3bIBAECTCS METOJ| «XYI0’KECTBEHHOTO KOIH-NIACTa», U MPU STOM
UMEIOT BO3MOXHOCTb COCTaBJIATh JOCTAaTOYHO aJE€KBATHBIE TEKCThl, HE BHUKas1 B CYThb
paccMaTpuBaeMoil mpobnembl. bombinoe KomuuecTBO HH(pOpMalMM, KOTOpas HaxOIUTCA B
OTKPBITBIX HMCTOYHHMKAX, MO3BOJISET 3TO JeNarTh 0e3 ocoObIx 3arpynHeHuil. HeoOxomumo Taxke
IPUHATh BO BHMMAHHE, YTO CYLIECTBYIOT MHOTIOYHCIIEHHBIE PECYpChl, KOTOpBIE IO3BOJISIIOT 3a
YMEpPEHHYIO IJIaTy MoJiy4aTh pedepaTsl, KypcoBble paboThl U Tak janee. Jpyrumu cioBamu, Te
dbopmbl  yueOHOW pabOThI, KOTOpHIE CBSI3aHBI C HANMCaHUEM TEKCTOB OOIIEro Xapakrepa, B
HacTosIee BpeMs (pakTHUECKH MPEBPAaTHIINCh B MPO(daHaIMIO, OT HUX 11eJIeCO00pa3HO OTKA3aThCsl.

3aMeHol pedepaTamM MOXKET CIYXKHUTh Takasg Gpopma yueOHON paboThl, KaK HAallUCAHUE PELeH3UN
Ha CTaThl0 WM HAlMCaHWE KOMMEHTapus K O3TUM pabotam. OTMeTHUM, YTO HaIllMCaHUE
KOMMEHTapHUeB K HayyHbIM paboTaM B HM3BECTHOM CMBICIE SIBISETCS BO3BPATOM K T€M HayYHBIM
TpaauLIUSM, KOTOpPBIE CYILIECTBOBAIN, CKa)KeEM, B IIEpUOJ 30J0TOro Beka uciama [18]. Hanucanue
KOMMEHTApUEB K paHee W3JaHHBIM TpakTaTaM OBUIO BeChbMa pacHpoOCTpaHEHHOW (GopMoi
NEeSTeIbHOCTH TAaKUX KPYHHBIX Y4Y€HBIX, Kak anb-®apabu, WM6H Pymg m apyrux Meicautenein
cpenHeBekoBoro Bocroka. OnHako ais HamucaHus KOMMEHTapus K HaydyHOM paOoTe cTylneHTam
TpeOyeTcsi JOCTaTOYHO BBICOKMH YpPOBEHb IOJTOTOBKH; Takyl QopMmy Ienecoo0pasHo
MCIOJb30BaTh B MarucTparype, Ho He B OakajgaBpuare.

I'opasno 6osee mpoCThIM 3a/laHUEM B JAHHOM OTHOILIEHUH BBITJISIIUT HAITMCAHUE OTPULIATENIbHON
peleH3un K KOHKpeTHoW pabote. B 3ToM citydae yke HET BO3MOXKHOCTH HCIOJIb30BaTh T'OTOBBIE
pecypchl, Tak Kak B CHJIy NPUYMH OOILEro XapakTepa MOJEMHUYECKH 3a0CTPEHHbIE pabOTHl B
HAayyHOM TMepuoJIuKe BcTpedaroTcs Bc€ pexe. Pasymeercs, ans Toro, 4ToObl HamucaTh
OTPULIATENIBHYIO PELEH3UI0 Ha JIOCTaTOYHO CEpPhE3HYI0 PA0OTy, HEOOXOAMM COOTBETCTBYIOLIMIM
HaBBIK U JJOCTAaTOYHO IIyOokue 3HaHMA. ['opazno Gosee MpOCTHIM 3aJaHUEM SIBJIETCS HAllMCaHHE
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OTPHLIATEIILHON PEIeH3MH UMEHHO Ha IICEBIOHAayYHBIe pabOTHl PACCMOTPEHHOT'O BHIIIE XapaKTepa,
KOTOPBIMH B HACTOSIIEE BpeMsi H300MIIyeT HHTEPHET.

Heo6xoauMo moauepKHyTh, YTO HANMCAHWE OTPHUIATENBHBIX PELEH3Ui, B TOM uucie, Oyner
CTUMYJIMPOBATh Pa3BUTHE KPUTUYECKOTO MBILUIEHHS] Yy CTYJAEHTOB, HABBIKM KOTOPOI'O B HACTOSIIIEE
BpeMsl BO MHOTOM OKa3bIBAIOTCS YTPauy€HHBIMU B CHIIy TOTO, YTO CTYJEHTBI HaXOIATCS B MOTOKE
uH(pOpMalLlUK, KOTOPBIM YBEITUYMBAETCA TOJA OT Tr0jAa, YTO HE OCTaBISET BO3MOXKHOCTH MJis
KPUTHYECKOTO TmepeocMbiciieHns. Kak oTMeuaeTcs BoO MHOTHX paborax, Hampumep, B [19],
CO3HaHHE MOJABIISIFOIIETO OONBIIMHCTBA MOJIOJBIX JIIOJIEH, B TOM YHCIIE U CTYJIEHTOB, B HACTOAIIEE
BpEMS SBJISIETCS SKJIIEKTUUHBIM, TaK HAa3bIBAEMBIM «KJIMKOBBIM». (MIMeeTcst B BUly, UTO YCBAaUBAETCs
TOJIBKO Ta MH(OPMAIHS, KOTOPYIO JIETKO U 0€3 0COObIX YMCTBEHHBIX YCHIIMH MOXKHO IOJIYYHUThH 32
OJIMH «KJIMK» — Ha)KaTHe KJIaBUILIY.)

Taxoro poja TEHAEHIIMM MOKHO I1E€PEIOMUTbH, TOJIBKO ITOCTABUB CTY/IEHTA B YCIIOBUS, KOT/Ja OH
OyZeT BBIHYXKJEH KPUTHYECKU OCMBICIIMBATH CUTYAIIUIO, HAPUMED, KOHKPETHYIO HAYUHYIO paboTy.
HiMeHHO 3TO 00CTOSITENHCTBO MOKa3bIBAET, HACKOJIBKO BAKHBIM SBIIETCS Takas ¢opma ydeOHOM
paboThl, KaKk HallMCAaHUE OTPUILIATEIBHBIX PEICH3UH.

VY paccmarpuBaeMbIX BOIIPOCOB €CTh €IIE OJMH acleKT, a UMEHHO: B COBPEMEHHOMU JIUTEpaType,
MOCBSIIEHHON Mpo0jeMaM MeAaroruku, BCE yalle MCMOoJIb3yeTcsl TepMHuH «revmMuduxamnmsy [20].
[TompasymeBaercs, 4TO y4acTHUE CTYACHTOB B TE€X WJIM MHBIX MIPax 00pa3oBaTEIBHOrO XapakTepa
OyzeT crocoOCTBOBATH MOBBIIICHUIO Y(PPEKTUBHOCTH OOyUCHHS.

OTO NEHCTBUTENBHO TaK, OJHAKO pa3paboTKa 0OydYarolmeil Urphbl SBISAETCS BEChbMa CIOXKHBIM U
3aTpaTHBIM NporieccoM. OOyyaroluX Urp B HACTOSIIEE BPEMS CO3/IaHO JAJIEKO HE TaK MHOTO, Kak
XoTenochk Obl. Bo BCAKOM citydae, OHH HE OXBAThIBAIOT BCEX 00Pa30BaTEIbHBIX MPOrpaMM, KOTOPbIE
CYLIECTBYIOT B HACTOSIIEE BpEMS, CKOpEE, MX CYILECTBYIOT E€IMHHUYHBIE DK3eMIULApBL. JlaHHOE
OOCTOSITENILCTBO  MPEACTABISIETCS BIIOJIHE TOHSATHBIM, IIOCKOJBKY pacxXxojibl Ha CO3/JaHuE
pa3BUBAIOIIMX WIP, HA CO3/1aHHWE BUICOJEKIUN W T. JA. HE MPEAYCMOTPEHBI B OOJBIIMHCTBE
MIOCTCOBETCKUX YHUBEPCUTETOB, KOTOPBIE, MSTKO TOBOPSI, OCTAIOTCS CTECHEHHBIMU B CPEJICTBAX.

CoOTBETCTBEHHO, MOXKHO TOCTaBUThH BONPOC O CO3JaHUM Pa3BUBAIOIIMX WUIpP, KOTOpbIE ObI HE
TpeOOBaIM 3HAYUTENIbHBIX (PMHAHCOBBIX pecypcoB. IMEHHO TYT yMECTHO BCIOMHHUTH O TOM, YTO
IOMOp OT B€Ka CIIY’KUJI OCHOBOM MHOTHX WMIPOBBIX ()OPM, B YaCTHOCTH, B CTYAEHUECKOH cpele
MONYJIIPHOCTBIO BCEr/la MOJIb30BAIKNCH Pa3U4YHOro poja «kanyctHukm», KBHbe1 u 1. 1. Ilpu
ONpeNIeNIEHHBIX ~ YCIOBHSIX HMMEHHO Takasg (opMa CTyIEHYECKOH JKM3HH MOXKeT OBbITh
KOHBEpTHUpOBaHa B yueOHyro. bomnee Toro, 3To He TpeOyeT TakMX CYIIECTBEHHBIX 3aTpaT, Kak,
CKa)keM, pa3paboTKa KOMITBIOTEPHBIX UIP WU JPYTUX CPEACTB, KOTOPbIE OOBIYHO YITOMMHAIOTCS B
paboTax o reiMupuKalnm.

KBHbI u «xamyCTHUKH» MHOTHE TOIBI JIETAINCh CHJIAMH CaMUX CTYIEHTOB 0Oe3
JIOTIOJTHUTENBHBIX 3aTpaT, B TOM YHCIIE M CO CTOPOHBI YHUBEpPCHUTETA. XapaKTep NCEBAOHAYUHBIX
paboT, MyOJUKYEeMBIX MO SKOJOTHYECKON MpobieMaTHKe, MOJOOHBIX TeM, YTO paccMaTpHUBAIINCH
BbIIlIE, JEHCTBUTENBHO CO3MaéT TMPEANOCBUIKA JUIsI TOro, 4ToObl MX HCIOJNb30BaThb B
IOMOPUCTHYECKUX JeiicTBax. Ha 3ToM myTu BIOJHE BO3MOXKHA peain3anusi oOydyaroliux Hrp,
KOTOpbIE OBl IPOXOAMIN B PEXKUME CO3/IaHU MApOAHiA, JINTEPATYPHOI UIPBI U TaK JaJiee.

YMecTHO emé pa3 MOAUYEPKHYTb, YTO KPUTUYECKOE MBILUIEHHE M IOMOp, KaK OJHO3HA4YHO
TOBOPUT TICUXOJIOTHSI TBOPUYECTBA, TECHEHIIMM 0Opa3oM CBsi3aHbI JApYyr ¢ apyrom. OTcyTcTBHE
oMopa, TunepTpodupoBaHHbIe (M, KaK MOKa3bIBACT aHAIN3 Takux padort, kak [10, 11], gameko He
BCEr/la OIpaBJaHHOE) YBa)KEHHWE K aBTOPUTETaM NMPUBOAUT K TOMY, YTO JaKe MPEANOCHUIKH IS
KPUTHYECKOTO MBIIIJICHUS B CTYJEHUYECKOW Cpelie BO MHOTOM OKAa3bIBalOTCSl YTPAUEHHBIMH, UTO U
HabIt01aeTCcsl B COBpEMEHHBIX ycinoBusAx B Kazaxcrane.

50



N3BECTUS HAYUYHO-TEXHUYECKOI'O OBIIIECTBA «KAXAK», 2019, Ne 1 (64)

Kak cnencrBue, yracaeT MCKYCCTBO IMOJIEMHKH, MCUE3AIOT IUIOMIAAKU AJIsi BEACHUS HAYYHBIX
JMCKYyCCHi, U Te (DaKTOpbl, KOTOpBIC BhIpakatroTcs (GopMyaupoBkoit «B cmopax pokmaercs
UCTHUHA», TepecTaroT padorath. VIMEHHO 1O JTOM NpUYMHE IeIeco00pa3HoO  Cco3/aBaTh
pa3sBUBAOMIUC UT'Pbl, OCHOBAHHLIC, B TOM YHCJIC, HAa IOMOPEC, KOTOPLIC 6]31 Pa3sBUBAJIA y CTYACHTOB
HABBIKU KPUTHYECKOTO MBIIILICHHUS.

Takum 00pa3oM, 3HAYUTEIBHOE KOJIMYECTBO ICEBJOHAYYHBIX pabOT, MOJOOHBIX TEM, YTO
paccMaTpUBAIUCh BBIIIIE, CHCTBUTEIBHO MPECTABIAET COOOM OoJiee YeM 3HAYUTEIBHBIH pecypc.
JlocTaToO4HO JIErKO coOpaTh LNy KyHCTKaMmepy MoJ00HOro pojxa paboT, Ha 0a3e KOTOpOM
CTYACHTLI MOTJIN 6]31 OTTAYMBATh HABBIKK KPUTHUYCCKOI'O MBIIIJICHUS. bonee TOro, 1y 3TOU e
MOXXHO TIPOCTBIMH  CpEACTBaMH  pa3paboTaTb HWH(POPMALMOHHBIE TEXHOJOTHH, KOTOpBIE
CTUMYJIMPOBAIN 6]31 JAaHHBIC HABBIKKM W IHApaJJICIIBbHO C 3THM CTUMYJIHWPOBAJIUM T'OPU3OHTAJIBHOC
oOyueHue.
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UCMNOJb30BAHUE MOJEJIU «[TACCUOHAPUU — BIOPOKPATDBI» JIJISI
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Tokazano, umo HepasHOMEpHbIL Xapakmep pazeumusi HAYKU U MexXHUuKU (UHHOBAUUOHHO2O DA3BUMIUSL),
HaOI0OAIOWULICA 8 UCMOpUYecKoe 8pemsl, 00YCl08NeH He CHOIbKO IKOHOMUYECKUMU, CKOAbKO COYUATLHO-
ncuxonozuyeckumu npudunamu. Ilpeonosxcena mamemamuueckas mooens, ananoeuunas Jlomxku-Bonsmeppeoi.
Mooenv, npeounaznauennas O ONUCAHUSL NPUPOOb CHAOA UHHOBAYUOHHOU axmusHocmu. Modenw
NOCMpPOeHa HA AHMASOHUCTIUYECKUX HPOMUBOPEUUAX MeHCOY VHUACMHUKAMU UHHOBAUUOHHO20 Hnpoyeccd,
pasaunarowuxcs no xapaxmepy momugayuu. OOHU U3 HUX PACCMAMPUBAIOM UHHOBAYUOHHYIO OesmelbHOCHb
U  HAYYHble UCCIe008AHU UCKIIOUUMENbHO KAK Cpedcmeo 3apabomxa U Cpeocmseo KaAPbepHO2O
(aOmunucmpamuero2o) pocma («bopokpamoery). Koeoa O0ns Opyeux — HaAyka U UHHOBAYUOHHAS
OesimeNibHOCTb ABNIAEMCs CPeOCHBEOM CAMOPEanU3aAyUL U OOCMUNCEHUs 8bICUUX Yelell («knaccuoHapuuy). B
NPeOlONHCEHHOU MOOeny NACCUOHAPUL BbICIIYNAIOM 6 Kauecmee amanozd xepmevl 6 modeau Jlomxu-
Bonvmeppul, a bopokpamol — 6 Kauecmee aHan02a XUUHUKOS.

Knrouesvle cnosa: meopus JI. H. [ymunesa, naccuonaprocms, modeav Jlomxu-Bonrvmeppul,
UHHOBAYUOHHAS QesIMeIbHOCHb, CONPOMUBTIEHUE UHHOBAYUAM, OIOPOKPAMUSL.

Tapuxu yaxeimmapoa OQUKAIAMBIH EbIILIM MeH MEXHUKAHLIY (UHHOBAYUSILIK O0AMYOblH) OAMYbIHLIH
OIpKenKi emec cunamuvl IKOHOMUKATLIK, NEYMEMMIK HCoHEe NCUXONOSUATLIK cebenmepee OalilaHbIiCMbl emec
exenoicin kopcemedi. Jlomku-Bonvmeppa cuskmel mMamemMamuKkaiblk Mooelb YcolHblieaH. byn moodens
UHHOBAYUANBIK KbI3MEemMmiy momMeHOeyin cunammauosl. Mooenb bihmaianovlpy cCunamulMeHt epekuiesieHentin
UHHOBAYUSIBIK NPOYECMiy KaAmblCYUbLIAPbL APACbIHOARbl AHMALOHUCTIK KAUUbLILIKMAPRA He2i30e2eH.
Onapoviy reubipeynepi UHHOBAYUSILIK, KbI3MEMmi JcoHe bLIbIMU 3epmmeyiepoi Mancanmolk (KIMUILTIK)
ocydiy Kypanvl peminoe («0iopoxpammapy) Koioanaowvl. An backanap ywin oi 2uliblM MeH UHHOBAYUSIbIK
KbI3MeMmmIiK O3iH-03i JiCy3e2e acbipy MHCOHEe HCO2APbl MAKCAMmMapea Hcemy («naccuoHapuuy) peminoe
Kapacmulpbliadsl. ¥cwvinblizan modenvoe naccuouapiaap Jlomku-Bonbmeppa yazicinoe a#cadipreHyuliniy
amanoevl, COHOAl-ax DIOPOKPAMUSL — JHCOIPMKBIUMAD AHALOSLIHbIY YACICIHOE Kopcemineoi.

Tipex co30ep: JI. H. [ ymunesmiy meopuscol, naccuonapavix, Jlomxku-Borvmeppa mooei, UHHOBAYUSANIK
Kbl3Mem, UHHOBAYUALAPEA KAPCbl MYPY, OI0POKPAMUSL.

It is shown that the uneven nature of the development of science and technology (innovation
development), which is observed in historical time, is due not so much to economic, as social and
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psychological reasons. A mathematical model similar to Lotka-Volterra is proposed. A model designed to
describe the nature of the decline in innovation activity. A model intended to describe the nature of the
decline in innovation activity. The model is based on antagonistic contradictions between the participants of
the innovation process, differing motivation. Some of them view innovation activity and scientific research
only as a means of earning and a means of career (administrative) growth (“bureaucrats”). When for others
- science and innovation is a means of self-realization and the achievement of higher goals (“passionaries”).
In the proposed model, passionaries act as an analogue of the victim in the Lotka-Volterra model, and
bureaucrats act as an analogue of predators.

Keywords: theory of L. N. Gumilev, passion, Lotka-Volterra model, innovation activity, resistance to
innovation, bureaucracy.

[Toxxon, B COOTBETCTBUM C KOTOPHIM aHAIU3 MHPOBBIX TEHACHIIMN CBOMMIICS K H3yYCHHIO
Cyry00 SKOHOMHMYECKHUX (AKTOpPOB, YK€ TIEpecTaeT YAOBIETBOPATH OONBIIOE KOJUYECTBO
uccienoBareneii, padOTAIIUX B CaMbIX Pa3UYHBIX HAMpaBICHHUSIX HAayKd, B TOM YHCIE U
MaKpOIKOHOMHUKHU. 3/1eCh YMECTHO MOAYEPKHYTh, uTo emé B paborax @. dykysmsl [1,2] ObL10
MOKAa3aHo, YTO Takas, Ka3ajoch Obl, HE BIIOJIHE MaTepualibHasl KaTeropusi Kak JOBepUe, OKa3bIBAET
0oJjiee YeM 3HAUMTEIIBPHOE BIIMSHHUE Ha SKOHOMHYECKOE MOBEACHHUE 0o0mecTBa B 1einoM. Heckombko
YIPOIIIasi, 3TO0 MOXHO TOSICHATH TaK: BRICOKHI YPOBEHH JOBEPHsS B OOINECTBE CHIKAET CTOMMOCTh
TpaH3aKIul, ¥ MO3ITOMY 3)PEKTUBHOCTH (QYHKIIMOHHPOBAHUS OOIIECTBA KaK [IEJIOT0 MOBBIIIACTCS.

Wuadve roBops, B HACTOSIIIEE BPEMS YXKe MPU3HACTCS, YTO MHPOM MPABUT JAJICKO HE TOJBKO OJTHA
SKOHOMHKA «B YHMCTOM BHUC» — MHUPOM IPABAT HACH, B TOM YHUCJIC M T€, KOTOPHIC TO3BOJISIOT
CO3/1aBaTh BCE HOBBIE U HOBbIE HHHOBALIUU.

OyHIaMeHTaTbHBIE HJEW Yallle BCEro OKa3bIBAIOTCSA Topa3fo Oolee pabOTOCIOCOOHBIMU,
HEeXeIlM 3TO MOXKET MOKa3aThCs Ha MEepBBINA B3MIIsIA. B 4acTHOCTH, MMEHHO TOJILKO Ha UX OCHOBE H
MOKET OBITh CO3/1aH KOMILIEKC (PaKTOPOB, KOTOPBIA HMMEHYETCS MOOWIU3YIOIIMM MOTEHIIUATIOM
obmectBa [3]. UMeHnHo Onmarojapsi TOMy, 4TO BO3HUKAIOT HOBBIE HETPUBUAIBHBIE HJIEH, OOIIECTBO
OKa3bIBACTCS CIIOCOOHBIM KOHCOIHIUPOBATHCS PAIH JOCTHKCHUS TOM WM WHOUM OTJAICHHOU IEIIH,
KEPTBYS MPU ITOM CHIOMUHYTHBIMH OJ1aramu.

B ycnoBusix, xorma BO TIaBy yrJila CTaBUTCS MOJAbKO TaKO€ TOHSATHE KakK O0JarococTOsHHE,
KOHCONMUIausi OOIIecTBa, pPaBHO KaKk W TeHepanus TOW WM WHOW (QyHAaMEHTaIbHOW WJIeU
(HampuMmep, HAIMOHAIBHOM), CTaHOBUTCS BechbMma mpoOnematuyHoi. Ecmm OmarococrosiHue
MIPOBO3TJIAIIAETCS] €IMHCTBEHHOM M BBICHICH IIEHHOCTBIO, TO OOIIECTBO OBICTPO BBIPOKIACTCS B
o011ecTBO MOTPeOICHHsI, YTO CETOHSI HE HYXIAeTCS B Pa3BEpHYTHIX JOKa3aTelbCcTBaXx. B Takom
oOIecTBe MPaKTHYECKH JHO00W deloBeK OyAeT ACHCTBOBAaTH TOJIBKO B CBOCKOPBICTHBIX
CHUIOMHHYTHBIX MHTEpecax, a 3abota o0 oOmeM Onare ajisi HEro HEM30€KHO OyAeT OTXOIWUTh Ha
BTOPOM IIJIaH.

Kak omHO3HaYHO CBUIETENHCTBYET HUCTOpUS [3—5], yCIOBHEM TOTO, YTO JIOJIUA OKaXKyTCS
TOTOBBIMU OTKA3bIBATHCS OT CHIOMUHYTHBIX HHTEPECOB PaJId JOCTHKEHHUSI KAKOW-TO BBICOKOM IIETH,
SIBIIICTCSL HAJTMUWE OMPeeNEHHON (yHIaMEHTAIbHON UIeH, aCCUMIIMPOBAHHON MJIM OOIIECTBOM B
[[EJIOM WJIA €ro HCTUHHBIMH »JiuTaMud. VIMEHHO B (QyHIaMEHTANbHBIX HAESX, CIIOCOOHBIX
KOHCOIUINPOBATh  OOIIECTBO, CErOJHS  OINyIIaercs Oojee dYeM  IKECTKHH  JAeQuIuT.
CooTBeTCTBYIOIINE HETATUBHBIE (DAKTOPBI XOPOIIO M3BECTHBI U MEPEUUCISITh MX B JETAIAX HET
HEOOXOMMOCTH.

Opnako cienyer MOAYEPKHYTb, YTO JO MOCIEAHETO0 BpPEMEHHU IOCJeI0BaTeNIbHBIX TEOpUH,
KOTOpble OBl  TO3BOJSUIM  KOJUYECHBEHHO  OINUCHIBAaTh  BO3JAEHCTBUS TE€X MM  HMHBIX
(dbyHIaMEHTANBHBIX UJEH Ha MPOIECCHI B OOIIECTBE, CO3AaHO HE OBLIO.
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Xoporo u3BecTHBI padotsl JI. H. ['ymunieBa [4, 5] 6a30BbIM AJisi KOTOPBIX SIBISIETCS] TOHSITHE
[IACCHOHAPHOCTH, OJHAKO OHH, 10 CHX IIOp, CTAJIKMBAIOTCS C JOCTATOYHO >KECTKOM KPUTHKOH. B
IIEPBYIO OYEPEb 3TO CBA3AHO C TEM, YTO 0OOCHOBAHHUE CAMOTr'0 IOHATHS «IIACCHOHAPHOCTB» 10 CHX
nop He siBisiercs oomenpusHanHeiM. JI.H. ['ymMuieBbIM OHO BBOJUTCS Ha OCHOBAHUH KaueCTBEHHBIX
pacCyXJIeHHH, KOTOpbIE JO CHUX TMOp HE HMEKT IOCIEeI0BAaTEIbHOIO KOJIMYECTBEHHOTO
o0oCcHOBaHUsA, U OoJjiee TOro, (PUINYECKUH CMBICT ITOTO MOHATUS O CHX IOpP OCTaErcs SICHBIM
naneko He no koHua. (bomee Toro, cymecTByrOT OTAeNbHBIE PabOTHI, B KOTOPHIX yKa3aHHOMY
MOHATHIO NMPUAAETCS HEKUH MHCTUYECKUIN CMBICII, YTO TOJIBKO CIIOCOOCTBYET KPUTHUKE TOJIOKEHUMN
teopun JI.H. 'ymunesa.)

Lenbto naHHON palOTHI SABISETCS MOCIENOBATENIbHAs TPAKTOBKA IOHATHS [1aCCUOHAPHOCTD, a
TaKXKe IOCTPOEHHE Ha ITOH OCHOBE MOJENH, KOTOpas MO3BOJsUIa Obl aJeKBATHO OIKCHIBATH
pasBUTHE U YNAJ0K PA3IMYHBIX OOIIECTBEHHBIX MHCTUTYLUH, (POpMHUpOBAaHHE KOTOPBIX TaK WU
MHaye CBA3aHO C BO3SHUKHOBEHHEM OIPECICHHOT0 KOMIUIEKCAa HETPUBUAIBHBIX UACH.

[ToHsiTHE MaCCHOHAPHOCTH MOKHO YIPOUICHHO UCTOJIKOBATh CIIEAYIOIUM 00pa3oM. DTO — HeKast
yepTa XapakTepa HWHIUBHUIA, KOTOpas 3acTaBlseT €ro COBEpIIaTh IOCTYNKH, Kazaaochb Obl,
MOJIHOCTBIO MPOTUBOpPEYAIEE CUIOMUHYTHBIM MHTEpECaM, 3aCTaBIISIsl €r0 CTPEMUTCA K TEM WIIHU
WHBIM CBEPIICHUSIM.

Haunbonee CIOXKHBIM BONPOCOM, €CIM OTTAJKHUBATBCS OT TPAKTOBKU IMPEIOKEHHOU
HenocpeacTBeHHO JI.LH. 'ymunéBbim, gBiiseTcs nepexol OT MaCCUMOHAPHOCTU KaK XapaKTePUCTUKU
0moenbHo20 4enogeka K MacCUOHAPHOCTU KaK Xxapakmepucmuke ooujecmeéa. J|eWCTBUTENBHO, TE
IpUMEpPbl NACCHOHApHEB, KOTOpble npuBoAuT B cBoux Tpyaax JL.H. ['ymunés, otHOcsTCS
HEMOCPEACTBEHHO K KOHKPETHBIM HCTOPHUYECKUM (DUTypaMm, KOHKPETHBIM ITUYHOCTSIM, KOTOpPbBIE
COBEpLIAIM TE€ WIM HHBIE BEJIMKUE JEAHHSA, M XOpOLIO H3BECTHAs IIKajga IaCCHOHAPHOCTU
npeanoxenHas JI.H. 'ymuneBsiM [4, 5] OTHOCHTCS KIMEHHO K UHIUBUAYAIbHOCTSIM.

OngHako B 3TUX K€ TpyAax IOHATHE MMAaCCHOHAPHOCTHU HCIONB3YETCS KAK XapaKTepUCTHUKA
00JIBIIMX Macc JroAeH M Oojee TOro, Kak XapakTepUCTHKa 3THOCOB. [IpyruMu cioBamu, 37€Ch
BO3HMKAeT 3aKOHOMEpHBIH Borpoc: «Kakum 00pa3oM MacCMOHAPHOCTh OTAENBHBIX JMYHOCTEH
MOKET OBITh CBsSI3aHa C IMACCHOHAPHOCTHIO OOJIBIIMX MacC KOJUIEKTHUBA JIIOJIEH, KOHKPETHO C
MIACCMOHAPHOCTBIO ATHOCA?».

OTBeT Ha 3TOT BONPOC HETPUBHAJIEH MOTOMY, YTO KaK IOKa3blBaeT Jake Oeryblii aHamu3
HCTOPUYECKON JIUTEPATYphl, TACCHOHAPHH WM JIIOJU, KOTOPbIE MOTIH OBl 00JagaTh KaueCcTBAMU
[IACCMOHAPHUEB, BO3HUKAIOT BO BCE UCTOPUYECKHE Meproibl. OTHAKO B ONPEACIEHHBIX YCIOBUAX UX
MOTEHINAJ, UX BO3MOKHOCTH, UX CIOCOOHOCTH MPOSBIISIOTCS, @ B IPYTUX HET.

Oco0eHHO HAarisgHO 3TO OOCTOATENBCTBO BHUIHO €CIIM paccMaTpuUBaThb HWHHOBAIIMOHHYIO
aKTUBHOCTb  4YEJIOBEUeCTBA. TBopyeckas JeATENbHOCTh (B  YaCTHOCTH, WHHOBAllMOHHAs
NeSITeNIbHOCTh) TaKXke TpeOyeT OMpe/leIeHHOTO HEHYJIEBOI'O YPOBHSI MACCHOHAPHOCTU. AHTHUIION
MACCUOHApHs — YeJIOBEK, KOTOPbII OPMEHTHUPOBAH Ha IMOIYKMBOTHOE OBITHE, TOPU3OHT KOTOPOTO
OTpaHUYEH TOJIBKO MaTepHabHBIMU OJ1araMu, TaKOTr0 pojia BEIlb BEIIAMU 3aHUMATbCs He OyaeT.

Hcropus pa3BUTHS HHHOBALMM OJHO3HAYHO MOKA3bIBAET, UTO UX Pa3BUTHUE MPOTEKAET BOJIHAMU
[3]. CymecTByIOT NEpHO/BL, KOI/Ia COMPOTUBICHNE NHHOBALMAM MalaeT NPAKTUYECKHU 10 HYJI, a
CYIIECTBYET MCTOPHYECKUE MEPUOJIbl, KOT/Ia COMPOTHUBICHUE MHHOBALUSAM SBISETCA Ooyiee dem
BBICOKUM. B TO ke Bpems, Jofieid, 00J1aAatonmX COOTBETCTBYIOIIMMHU CKIOHHOCTSIMH, HUKOTJIa HE
CTAaHOBWJIOCH  3aBeoMO MeHbme. [lo  kpallHel Mepe, MHTEIUIEKTYaJbHbI IOTEHIUAI
pacnpeziensercs BO BpeMEHHU JaJIeKO HEe TaK HEpaBHOMEPHO, KaK JOCTH)KEHHUS 00IIecTBa B 001acTu
VHHOBALIMOHHOM JESATENBHOCTH.
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CrnenoBarenbHO, OTBET Ha BONPOC O TOM, KaK MMEHHO MAaCCHOHAPHOCTH OOIECTBA CBSA3aHA C
[IACCUOHAPHOCTBIO HWHAMBMJIOB, JECHCTBUTENBHO JajeKko HeTpuBHaieH. CyllecTBYIOT YCIIOBHS,
KOTJla TaCCHOHAPUHM MOTYT IMPOSIBUTH CBOM CIIOCOOHOCTH, a Korja — HeT. Jpyrumu cioBaMu, Jaxe
eciu GpopmasibHO nipojoikarth oruky JIL.H. 'ymunésa, To, mpexae Bcero, HEOOXOIUMO BBISICHHUTb,
KOIJla MAacCUOHApPHOCTh CTAHOBUTCA IPUCYILIA HE IPOCTO OTAEIbHBIM JIOJSIM, HO OOLIECTBY B
nesoMm. IlpeniosxkenHas B JaHHOM paboTe MOJIeNb TO3BOJISET OTBETUTh Ha 3TOT BOIIPOC.

ba3oBeIM sBiISIETCS CIENYIOIMH TE3UC: MACCHOHAPHOCTh OOILECTBA ONpPENENsIeTcsl HE CTOJIBKO
HQIMYMEM IIaCCUOHApHEB, KakK OTHCJBHBIX JIMYHOCTEH, CKOJIBKO HUX  CHOCOOHOCTBIO
KOHCOJIMAMPOBATHCS U OCYILLECTBIIATh COBMECTHBIE JCHCTBUA.

VYnopouiasi, BOSHUKHOBEHHUE JHOOBIX MHCTUTYLHH, CBS3aHHBIX C IOSIBJIEHHEM HETPHUBHAIBHBIX
uJed, B paMKax JaHHOM MOJEIW, UHTEPIPETUPYETCs KaK CO3JaHUE YCIOBHM, IPU KOTOPBIX
[TIACCHOHAPUU HAYMHAIOT JIEUCTBOBATh COBMECTHO. KOHCOMMAMPYACH, OHU CO3AI0T HEKOE s1po,
BOKPYT' KOTOPOTO Jajiee KOHCOJIMIUPYIOTCS MEHEE MaCCUOHAPHBIE YJIEHBI 0OILIECTBA, U TAaK BILIOTh
710 Te€X, KTO 110 CBOUM XapaKTepUCTUKaM OJIM30K K CyOnacCuOHApHSIM.

JlpyrumMu cjI0BaMH, KOHCOJUAALUS aCCUOHAPUEB U €CTh TOT (akTOp, KOTOPbIH obecreynBaer
KOHcouanuoo ooOmectBa B 1enoM. CrenoBaTellbHO, A TOTO 4YTOOBI BBIACHUTH XapakTep
YCIOBUH, TPH KOTOPBIX MOXET CIIOKUThCSI TEeHepalus HOBBIX (YyHIaMEHTAJIbHBIX UEH,
ACCUMWJIIPYEMBIX OOIIECTBOM, HEOOXOAMMO BBISICHHTH YCJIOBHUS, NMPH KOTOPBIX IaHCHOHAPUHU
OKXYTCSl B COCTOSTHUH JOCTAaTOYHO 3()(HEKTUBHO B3aUMOJICHCTBOBATH JIPYT C IPYTOM.

[ToguepkuBaeM, 4YTO B3aMMOJAECUCTBUE ITACCUOHAPUEB IPYT € IPYroM, KaK IPAaBUIIO, 3aTPYIHEHO.
JIro60it 3 HUX, B TOM WIM MHOW Mepe, SBISETCS MHAUBUAYaTHCTOM. JI1000# M3 HUX, B TOH WK
MHOU Mepe, AyMaeT 0 coOcTBEHHOM «S». Jlis Hero, mycTh Jake Torjaa, Korja oH roToB IMPUHECTH
ce0s B JKepTBY OOILECTBY, BaXeH (PaKTop COOCTBEHHOIO JMIAEPCTBA. YIpolias, Haxe Te
naccUOHapuH, Kotopele 1moaooHo JKanne J['Apk, ObUIM TOTOBBI MOKEPTBOBATH JKU3HBIO PaaU
obmiero Onara, BcE paBHO HEe MOIVIM HE NPUHUMATh BO BHUMaHHE CBOE COOCTBEHHOE 3ro, IO
KpaliHell Mepe B TOM OTHOILEHUH, YTO OHU BUJENIU ce0sl KaK HEKHX JIMIEPOB, 3a KOTOPHIMU UAYT
JOH.

Ecniu B mpegenax ogHOW M TOH ke OOIIECTBEHHOHM TpYIIbl TAaKUX JUACPOB TMOSBISETCS
JI0OCTaTOYHO MHOTO, TOYHEE €CIIM MOSBIJIAETCS JIOCTATOYHO MHOTO JItoJeH, 00JadaroliuX TaKoro
poJia CKIIOHHOCTSIMH, TO UM — B OOBIUHBIX YCIOBHSIX — JJOCTATOYHO CJO0XHO JIOTOBOPHUTHCS APYT C
apyroM. Kaxnaplif U3 HUX NBITaeTcs MOCTaBUTH ce0si Ha MEpPBOE MECTO, B PE3yNbTaTe Yero, Mx
COBMECTHBIE JIeHCTBUA, TeM Oosiee KOHCOJNUIALUs Ha JOJITOBPEMEHHON OCHOBE, NMpPEICTaBIIsETCS
MaJIOBepOSITHOM. MIMEHHO 3TO, cKopee Bcero, sBIseTcs TeM (akTOpoM, KOTOpPBIH ompenenser
HU3KOE 3HAYEHHUE MAaCCHOHAPHOM aKTHMBHOCTH Ha MPOJOJDKUTENBHBIX HCTOpHUYeckux sTamax. (Bo
BCSIKOM CiIy4ae, J3TOT TE3UC 3aBEIOMO BEpPEH, €CIIH pacCMaTpPUBAIOTCS IACCHOHAPHH,
OpUEHTHPOBAHHBIE HA MHHOBAIIMOHHYIO JI€ATEIbHOCTh.) B ycnoBusx, koraa obmectBo Oosee Uin
MeHee O0J1aromnoiay4Ho, OTCYTCTBYET TOT (DaKTOp, KOTOPBIA CTHUMYIMpPOBan Obl KOHCOJIUAALIUIO
naccuoHapueB. VIMEHHO 3TO cooOpa)keHHe IOJIO)KEHO B OCHOBY TOW KOJIMYECTBEHHOW MOJENH,
KOTOpas mpejuiaraercsi B JaHHOH pabote. [loquepkuBaeM, 4To JaHHAs MOJENb MPEUMYIIECTBEHHO
HOCUT WJUIFOCTPATUBHBIM XapakTep M W3HAYAJIbHO CTPOWJIACH I OIMCAaHUsS IPOSBICHUN
MACCHOHAPHOCTH B 00JaCTH MHHOBAIIMOHHOM 1€ TETLHOCTH.

JIist yIpoIeHyst KapTUHBI IIPU IIOCTPOCHUU KOJIMYECTBEHHOW MOJIEIN PACCMaTPUBAOTCS TOJIBKO
JBa TIOJIFOCA, JBAa THUIIA YEJIOBEYECKOM WHAUBUIAYAIIBHOCTH, KOTOpbIE, TaK WIA HWHaYe,
IIPUCYTCTBOBAIIM HAa BCEX UCTOPUYECKHUX NEPUOAAX.

OnuH U3 HUX U Janee OyJeT MMEHOBAThCS MAaCCHOHApUsAMHU. DTOT TEPMUH 3[ECh TPAKTYeTCs
LIMPOKO, TOJ HUM IIOHUMAETCA T€ JIIOAH, Y KOTOPBIX, B TOW MU WHOW CTEIECHH, NPOSBIACTCS
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CKJIOHHOCTb K JIOCTM)KEHHIO BBICIIECH IEIH, JIOJU, TOTOBbIE K TEM HIJIM WHBIM CBEPILICHUSM, U
TOTOBBIE IPUHECTH 3TOMY B JKEPTBY T€ WJIM UHbIE CBOM CUIOMHUHYTHBIE CBOM KOPBICTHBIE HHTEPECHI.

Ha mpoTHBOIMOIOKHOM TIOTIOCE CTOST UHIUBUAYATHHOCTH, KOTOPHIE qajiee OyayT HMEHOBAThLCS
0000IIEHHBIMUA  OOpOKpaTaMH WM MPOCTO OIOpOKpaTaMu, TO €CTh JIFOJHU, TOTOBBIE K
onpeAeNéHHOMY II€JICTIOIaraHiio, HO KOTOpPbIE HEBOCIHPHUUMYMBBI K KakuM-IHOO HaeaM. OTa
KaTeropusi JioJed He HYXKIAITCA B JETaJbHOM ONUCAHHM, MOCKOJIBKY OHU BEChbMa XOPOIIO
pacnpocTpaHeHbl. DTO YNHOBHUKH, PSIOBBIE MCIOJHUTENN, MEHEIKEPHI CPEIHEro 3BeHa U T.1., U
T.11. Hambonee tunmunoit Gopmoil sBIsSETCS Tak Ha3bIBaeMbI «O(HCHBIA IUIaHKTOH». Maem
OIOpPOKpATOB HE MHTEPECYIOT, UM BAXKHBI TOJILKO MX CHIOMHHYTHBIE CBOCKOPBICTHBIE WHTEPECHI U
KOHKPETHOE MOJIOKEHUE B uepapxuu [3].

Jlaxxe MOBEPXHOCTHBIM aHAIW3 UCTOPUU CO3JaHUS MHHOBALMM, OJHO3HAYHO ITOKA3bIBAET, YTO
MEXIy JABYMS OSTUMH KATETOPUSIMHU JIIOJIEH CYIIECTBYET SPKO BBIPAKEHHBIM AHTATOHU3M.
bropokpatbl, naxke Ha MOJCO3HATENFHOM YpPOBHE, HEHABUAAT IAaCCHOHAPUEB, MOCKOJIBbKY OHU
BHOCSIT ONpEeIeIEHHOE CMIATEHHUE B UX CTPOMHYIO *HU3Hb, a CaMO€ TJIaBHOE, JTI000W OIOpOKpaT, Tak
WIM HMHauye, YyBCTBYET CBOKO YIIEpPOHOCTb, 00mIasch ¢ mnaccuoHapueM. Co3HATENbHO, WIH K
MOJICO3HATENBHO, OH MMOHUMAET, YTO MAaCCUOHAPUII HAMHOTO BBIIIE HEro, 0COOEHHO €CIIi TOBOPUTH
O JIOCTHIKEHHUSAX B 00JIACTU HAayKH U TeXHUKU. OH MOHMMAET, YTO €ro CYIIECTBOBaHHE KaK BUHTHKA
aJIMMHHUCTPATUBHON MalllMHbl — 3aypsaaHo. [loHumas ymiepOHOCTh COOCTBEHHOW >KM3HM, JIHOOOI
OIOpOKpaT TeM CHIIbHEEC HEHABUIUT ITACCUOHAPUSI.

BepHo u obOparnoe. IlaccmoHapuu CTOJIb K€ HETaTUBHO OTHOCATCS K JIFOOBIM OIOpOKparam,
MOCKOJIBKY MX Tpe3uparoT u 0ositcs. [Ipe3uparoT 3a HUKYEMHOCTh UX HMHTEPECOB, 32 OTCYTCTBHUE
WMCTUHOW MHIVBUAYAIbHOCTH, 32 HEIIOHMMAaHHUE CTPEMJICHUH K JI000M u3 BhICOKUX Ienei. Mmeer
MECTO U CTpax, MOCKOJbKY aJIMUHUCTPATHBHAS CHUCTEMa, KOTOPas KOHCOMUIUPYET OIOPOKPATOB,
OKa3bIBaeTCS B COCTOSIHUM YHUYTOXKUTH JTHOOOTO, MYCTh JIa)Ke CaMOro TATaHTIMBOTO MacCUOHAPUS,
MOCKOJIbKY OHU O0JIAatOT JIJIsl 9TOTO IIMPOYAUIINM CIIEKTPOM MHCTPYMEHTOB, a caMoe TJaBHOE, B
COCTOSIHMH JIEHCTBOBATh KOJUIEKTUBHO. [lonpoOHO Takoro poaa 3g¢eKkTsl aHATH3UPOBAIHCH €IIIE
MoHorpaduu [6].

CrnenoBaTtennbHO, TOT (aKTOp, KOTOPBIM 0OecreurnBaeT KOHCOMHMIAINIO IMaCCHOHAPHUEB,
OTpeJeNsieTCsl B MEPBYIO OYepelb CTENEeHBbI0 MX OTBpalieHusi Kk Orwopokpatam. Korma cremeHs
Takoro  OTBpAIEHUs  CTAHOBUTCA  JIOCTATOYHO  BBICOKOM, IAaCCUOHApUU  BBIHYKIEHBI
KOHCOIIMINPOBATHCS, HEB3Upasi HA BHYTPEHHUE MpoTuBopeunss. OHM HaYMHAIOT YyBCTBOBAThH CEOs
HEKUM €IMHBIM LEJIbIM, MPOTUBOCTOSIIIMM OKPY>KaIOIIEH cpene, KoTopas UM TIyOOKO MPOTHUBHA.
BosHukaer cBoero poga coOCTBEHHass MIEHTHYHOCTh, KOTOpas W OMpeeisieT BO3MOKHOCTh IS
KOJIJIEKTUBHBIX JEMCTBUM, OKa3aHUs B3aUMHOMW MOJJAEPKKH U TaK Jajee.

JI1st HAaTJIITHOCTH MOKHO 3aMETHTh, YTO 3TOT MEXaHU3M BO MHOTOM aHAJIOTHYEH TUAPO(HOOHBIM
B3aMMOJICHCTBUSM B BOJHBIX pacTBOpax. 37ech Takxke TuaApodoOHbIe (HYHKIIMOHATBHBIE TPYIIIBI
HaYMHAIOT 00Pa30BBIBATH MUIIEIUIBI, N3 KOTOPHIX BBITECHSETCS] pACTBOPUTENH (BOJIA).

OTTankuBasCh OT COOOpPaXEHUH TAKOTO POJIa, MOXKHO MPEIIOKHUTH CICAYIOMYI0 MOJENb,
OTPaXKAOIIYIO XapakTep (HaKTOPOB, OMPEIEISIFOIINX CIOCOOHOCTh MACCUOHAPUEB K KOHCOIHIAIUH.
OHa BbIpa)kaeTcs CIeayONMMU YPAaBHEHUSIMU.

S =kyP (fy P(t))at! - aQ) _ %p (1)
T =kPQ -0 2)
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Vcnonb30BaHbl ciieaytonme 0003HaueHus:

- P(t) u Q(t) - dbyskuum, 3aBHCSAIIME OT BPEMEHH, H ONHCHIBAIONINE YHCIIO NACCHOHAPHEB
OIOpPOKPATOB B CHCTEME, COOTBETCTBEHHO;

- ky — xo>pdunment, orpaxaromuii creneHb >PQEKTUBHOCTH B3AUMOJEHCTBUS MEXKILY
[ACCHOHAPHUSMHU, OIPEICISIEMYI0O CTEIeHBI0 HUX OTBpAallCHHUS K «OOOOLIEHHOH CepocTH»,
(aKTHYECKU 3TO M €CTh Mepa IMaCCHOHAPHOCTH COOTBETCTBYIONICH COIMAIBHOM TPYIITBI MIIM HHON
OOIIHOCTH;

- k, - k03 puLKEenT, OTpaXKaroMKii CTENeHb IPUBICKATEILHOCT HAYMHAHUS JUIS OIOpOKPATOB,

KOTOPBIE pacCMaTpUBAIOT HMHCTUTYIMIO, Pa3BUBAIONIYI YCIEX, KaK MCTOYHHK JUISI CBOETO
0J1aromoayuus;

- @ - KOO(PPUIHEHT, OTPAKAIOLINIA CTETICHb OTBPAIIEHUS TACCHOHAPHEB K OropoKpaTaM (Impe —
«0000IICHHO cepocTr»), GOPMATBHO PA3IIENIIONM UCXOAHbIEC UCH.
[Tpu 3anucu ypaBHenuii (1) u (2) UCMOIB30BaHbI TAKXKE CIEAYIOIINEe cooOpakeHus. MaTerpan

J = [ P(t/)dt/ (3)

(bopManbHO ONMUCHIBAET MOTEHINAJ, HAKOTUICHHBIH BCIIEICTBHE Pa3BUTUS KOHKPETHOTO KOMILIEKCA
Wjed; TpeAanojaraercs, YTO YCWJIMS MAcCHOHAPUEB, CO3/AIOIIMX HEYTO IPHUBIEKATEIbHOE
(monuTHYECKash CUCTeMa, WHHOBANMA, HAlUMOHAIbHAs wuaes W T.J.) (opMupyer BIOJHE
OIIPEIETICHHOE HACJIEANE, HAKAIIMBAEMOE C TEUCHUEM BPEMEHH.

[lpupamenne [MaHHOTO HAcIeAWs B TPUEMIIEMOM MPHOMMKEHHMH MOXXKHO — CUHTATh
MPONOPIMOHAFHBIM YHCITY TACCHOHAPHEB B JAaHHBI MOMEHT BPEMEHH, YTO M BBIpaXaeT
dopmymna (3).

Mepoii npuBiIeKaTeIbHOCTH HAYMHAHUSA JUIs Oropokpata B ¢opmyse (2) sBisieTcs obliee Yucio
[IaCCHOHApHEB B CUCTEME B JIAaHHBIH MOMEHT BpPEMEHHU. OTO BBITEKAeT U3 OYEBUHOTO
cooOpakeHHs: 17151 OIOpOKpaTa MCXOTHBIH KOMIUIEKC UAEH U pe3ylbTaThl €ro BHEAPEHHs €CTh He
OoJiee YeM MCTOYHUK IMOJTyYeHHsI OJ1ar, COOTBETCTBEHHO, OIOPOKPATHI, B OTIMYUE OT IMaCCHOHAPUEB
OPUEHTUPYIOTCS TOJIBKO HAa CHFOMUHYTHOE TIOJIOKESHHE JIET.

CKOpOCTh YBENMYEHHUSI YHCJa MMacCCHOHAPUEB B CHUCTEME NPU OTCYTCTBHMHU B HEll OIOpPOKpaToB
BbIpaXkaeTcst popmyJion

v=IkP [ P(t/)dt/ (4)

KOTOpas Je-(hakTo BbIpakKaeT BBICKA3aHHBIC BBIINIE COOOPAXKEHHS O B3aMMOJAEHCTBHIX MEXKIY
MAaCCHOHAPHUAMHM (aHAIOT THUAPOPOOHBIX B3aUMOJCHCTBUI B BOJHBIX pacTBopax). OJHAKO, JTaHHYIO

dbopMyiTy NPUXOAUTCS MOJIEPHU3UPOBATH, MCHOJIB3Ys Pa3HOCTh ( fOtP(t/ ) dt/ —aQ), KOoTopas

OTpa)kaeT OTBpaIlleHWEe TTAaCCHOHAPUEB HE TOJILKO K OIOpOKpaTaM, MMEIOIUMCSI BHE CUCTEMBI, HO U
BHYTpPH HEe.

[IpennoxxeHHass Mo/eNb BecbMa ONMM3Ka K M3BECTHOW MOJENH «XWIMHUK — KEepTBa» (MOIENb
Jlotku-BonwsTrepps! [7]). lanHas Mojaenb ONUCHIBAET B3aUMOJCHCTBUSA JIBYX BUJOB KUBOTHBIX B
AKOCUCTEME, OJMH W3 KOTOPBIX MUTAETCS APYTMMHU (HApuUMep, BOJIKU M 3aiinbl). OHa Ha3BaHA B
4ecTb aBTOPOB, KOTOpbIE MPEIJIOKUIN MOJENbHbIE ypaBHEHHS HE3aBHCHUMO JIpyr OT JApyra.
[IpemyioxenHass Moenb mepexoaut B Mozaenb JIoTku-BonbTepphl, ecnu 3amMeHUTh WHTErpan (3)
MOCTOSHHOW BEIWYMHOW. B posu <«okepTBB» B TaKOM MOJIENM BBICTYNAIOT I[MAaCCUOHAPHUU:
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OIOPOKpAThl «ITUTAIOTCS» UX TOCTIKEHUSMU U Pe3yJIbTaTaMu, COOTBETCTBEHHO OHH BBICTYIAIOT B
pOIU «XUITHUKOBY. [IpemioxkeHHass MOIebh OTIMYACTCS OT MOJICNH «XHUIIHUK — JKEPTBA» TE€M, UTO
B HEE BXOJUT WICH, OTPAXKAIOUINI HAKOIUIEHHWE pecypca, KOTOPBIA «IOTPEOISIOT» «OKEPTBBI».
YMECTHO OTMETHTb, UTO B JINTEPATYPE yXKE U3BECTHBI MOMBITKH UCTIOIB30BATh MOJICTH «XHUIHUK —
KEpPTBa» JIJIsl OMMCAaHUsI MHHOBAIIMOHHBIX dKOCHCTEM [8], oHaKo B paboTax Takoro pojaa He ObLIO
MPEJUIOKEHO MOCIIeIOBATEIBHBIX KOJMYECTBEHHBIX MOJICIICH.

MOXHO BHUETh, YTO TOJYYCHHAs CHUCTEeMa OOBIKHOBEHHBIX IH(QepeHIINaTbHBIX ypaBHEHUH
uMeeT TpeTuit nopsnok. JleicreurensHo, muddepenuupys (3) o BpeMeHH, MoTydaeM

dj _

=P (5)
=l —aQP~=P ©
aQ _ 1

= ePQ -0 ©)

Jlnisi pemieHusi paccMaTpuBaeMOil CHCTEMBl HEOOXOIUMO 3a7aTh TPU TPAHUYHBIX YCIOBHSA,

npudem cymectBenno, yto ce Tpu Bemmunubl P(0); Q(0); J(0) cnenyer monarats oTanunbIMU
OT HyIIA. DTO CBS3aHO C TEM, UTO Mpejuiaraemas opMaibHasi MOJENb HE CIIOCOOHA OMKCATh CaMyo
HAYaJIbHYIO CTagUI0 3apOXKIeHHUs OO0OOIIEHHOW WHHOBAIMHM, TaK KaK 31eCh MPOSBISIIOTCS
MHOTOYHCIICHHbIE HEKOHTPOJIUpPYEeMble (DaKTOpbl, B TOM 4YHUCIIe, W CYOBEKTUBHOI'O XapakTepa
(criocoOHOCTh 3auMHaTeNed CIUIOTUTHh BOKPYT ce0si XOTsI Obl MUHUMAJIBHOE YMCIIO CTOPOHHUKOB,
HanpuMep).

B wyactHOCcTH, 3TO O3HawaeT, yTO paccMaTpuBaemas cUcCTeMa Je-(akTo COJEPKHUT BOCEMb
YIPaBIIAIOUINX MapamMeTpoB. TpH u3 HUX (TpaHUYHBIE YCIOBHUS) ONUCHIBAIOT NEPBUYHYIO CUCTEMY,
UJE0JIOTHYECKOE sJIpO 0000IIEeHHOW HHHOBAIMH. Tpu OCTaNBbHBIX (ITOCTOSIHHBIE KOA(P(PHUIIMEHTH! B
dopmynax (1) u (2)) — AONITOBPEMEHHBIN XapaKTep B3aMMOICHCTBHIA B CHCTEME.

VYpaBuenust (5)—~(7) uucieHHo pemaroTcss MeTofoM Pynre-Kyrra, pesynpTartbl pacueToB
MIpeJCTaBIeHBI Ha pUCcyHKax 1-3.

JlaHHas WJUTIOCTpPAaTHUBHAs MOJIENb, HECMOTPSl HAa CBOIO MPOCTOTY, IO3BOJISIET CHENATh Pl
JOCTaTOYHO BaYKHBIX BBIBOJIOB.

[Ipexme Bcero, OTMETHM, YTO TIOBEACHHWE KPHBBIX Ha PHCYHKax -3 XOpommo corjacyercs ¢
Ka4yeCTBEHHBIMH (CXE€MaTUYECKMMHU) KPUBBIMU PA3BUTHSA JIFOOBIX MHCTUTYIIHH, KOTOPBIE HMEIOTCS B
TeKymiel nureparype. B wactHoctH, B [3] ucnonb3oBana cxema (pucyHOk 4), o0oOmaromas Takue
MOJIEJIN KaK MOJIeNIb CTAaHOBJICHUS U Jerpajaliii MHCTUTYIHMH Asueca [9]. Bugno, uro kpuBas 1
XapaKTepu3yomas KOJIMYECTBO IacCHOHAapHWeB B CHCTEME B Hauajue, JOCTaTOYHO OBICTPO
HapacTaeT, 3aTeM JOCTHTaeT IHWKOBOTO 3HAaYeHWs W WAET Ha cmaa. llpm 3TOoM KpuBasd,
XapaKTepU3YIOIIasi YUCICHHOCTh OIOPOKPATOB, B IAHHOW CUCTEME BEAET ce0st B M3BECTHOM CMEBICIIE
«3EpKaIbHO»: BHaYaJle OHA HapacTaeT BechbMa emeé Oojee OBICTPO, a 3aTeM CIaJaeT OTHOCHUTEIEHO
MEIJICHHO. DTO TOBOPHT O TOM, 4YTO JuIi OIOpPOKPAaTOB CTAaHOBHUTCS TPHBIEKATEIHHONH Ta
MHCTUTYLIUS, KOTOpas Y>Ke BBIIIUIA Ha ONpe/IeTEHHbIN YPOBEHb Pa3BUTHS.
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PIQ* 4

(]

Pucynok 1 — 3aBucumoctu uncna naccuonapues (1), HaKOMJIEHHOro WAEHHOro noTeHuuana (2) u
guclia OropokpaToB (3) B CUCTEME OT BPEMEHH; 3HAYCHHS YIIPABIISIONINX TAPAMETPOB M HaAYATbHBIC

3HAa4YeHHUs COCTaBIAOT: Ky = 2,2; k, = 3,0; o= 3,0,t,=10;1t,=0,7;J(0) =1,0;
P(0) =0,7; Q(0) =0,03.

PIQ

Pucynok 2 — 3aBucumoctu uncina maccuoHapues (1), HAKOMIEHHOTO USHHOTO oTeHuana (2) u
gucia OropokpatoB (3) B cucTeMe OT BPEMEHH; 3HAUCHHUS YITPABJISIONINX TapaMETPOB COCTABJISIOT:
k,=16; k, =3,0; a=3,0,1, =1,0;7,=0,7; J(0) =1,0; P(0) =0,7; Q(0) =0,03.
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PIQ 4 2

15 A

w
L

Pucynok 3 — 3aBucuMocTH uncia naccuonapues (1), HAKOIJIEHHOTO UACHHOTO MoTeHIHana (2) u
ymca 6ropokpaToB (3) B CUCTEME OT BPEMEHU; 3HAYCHHS YIIPABIIAIOIINUX TapaMETPOB COCTABIISIOT:

k,=11;k, =30, «=3,0,7,=1,0;7,=0,7; J(0) =1,0; P(0) =0,7; Q(0) =0,03

Apucrokparus

W Bropokparus ‘

/

Pucynok 4 — ®a3bl )KU3HEHHOTO 1IMKJIa MHCTUTYIIUU MPOU3BOJIbHOM npupoas! 3]

PazButne 6ropokparnu ‘

= -
Jlunelinoe Bpems

Opnnako, Korjga MX KOJMYECTBO B CHUCTEME JIOCTUTAET BIIOJIHE ONPEIEICHHOM KPUTHUUYECKOMN
BEJIMYMHBI, TO, KaK M CIEJ0BaJO OXHJIaTh, UMEET MECTO, €€ JOCTAaTOYHO OBICTpasl Jerpajalius:
KOJIMYECTBO MACCUOHAPHUEB B CUCTEME CTPEMUTENBHO MAJIAET MPAKTUUECKHU 10 HYJIsA, HAKOIIJIEHHBIN
MOTEHIMAN YK€ OCTa€Tcsi Ha TOM K€ CaMOM YpOBHE, OJHAKO CHUCTEMa eHE MPOJ0JKAET
CYIIECTBOBATh M0 HHEPIIUHU, YTO BBIPAKAETCS B TOM, YTO UYHCICHHOCTh OHOpPOKpaToB (KpuBas 3)
CrafaeT JOCTaTOYHO MEIJIEHHO. J[pyrumu cioBaMu, XapakTep MOJYYEHHBIX KPUBBIX MO3BOJISET
CKa3aThb CIIeAYIOIIee: Ues MPeICTaBIseT coO00M HEKOTOPBIA pecypc, 3TOT pecypc MOAAePKUBACTCS
MacCHOHAPHUSIMH, HO, KaK U OO0 Ipyroil pecypce, oH ucdepraeM. [1lo mepe Toro, kak GrOpoKpaTh
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BBITECHSIOT M3 CHCTEMBl IIaCCHOHApPHEB, CHCTEMa B COCTOSHUHM e€mIEé HEKOTOpoe BpeMs
CYIIECTBOBAThH MO MHEPIIUH, OJTHAKO €€ JIerpaialius sIBJISCTCS TOCTAaTOYHO OBICTPOH.

Takoe moBefeHNE XapaKTEPHO JJISI CUCTEM Pa3IMYHON MPUPOJBI, B YACTHOCTH, UMEHHO TaKOT'O
poJia MpoIEeCcChl ¥ NPOTEKAIOT B COBPEMEHHOM HayKe.

bropokpaTu3zanysi Hay4dHbIX HCCIEJI0BaHMM IpHBENa K TOMY, YTO IMOTEHLUAJ, HAKOIUIEHHBIN
IPEJIIECTBEHHUKAMH, B 3HAYUTEIbHON CTENEHH, YK€ HcuepliaH, Kak 3TO OTMEYaloch B [3], HOBBIX
MHHOBAaIlMil MPaKTHYECKH HE CO3JAETCsl, HO OIOpPOKPATHUECKUE CTPYKTYphl (DYHKIHMOHHUPYIOT B
IITATHOM pEXHUME, IOJMEHSs PpEeaJbHYyI0 HHHOBAIMOHHYIO JEATEIIBHOCTh Pa3IMYHOrO poja
(dhopMaIbHON OTUYETHOCTHIO.

Jlanee, Kak IIOKa3blBa€T CpPaBHEHUE PHUCYHKOB 1-3, mapamerp, XapaKTEepU3YyIOIIHUH CTENEHb
KOHCOJIMJAIIMA TIACCHOHAPHEB, TOYHEe, MapaMeTp, XapaKTepu3yroumid 3((GeKTUBHOCTh UX
NPUTSDKEHUS APYT K IPYTY BIUSET HA CUCTEMY HE BIIOJIHE OYEBHIHBIM 00pazoM.

CpaBHeHUE yKa3aHHBIX I'paMKOB IOKa3bIBAET, YTO IPU BO3PACTAHMU 3TOTrO Iapamerpa, Kak U
CJIEZIOBAJIO OKUJAATh, BO3PACTAET CKOPOCTh, C KOTOPOH HaKaIIMBAaeTCs KPEAaTHUBHBIA MOTEHIHAI
JAHHOM KOHKpeTHOW uzeu. ['opa3no mMeHee ouyeBHAEH TOT (DAaKT, YTO C MOHMKEHHEM JAHHOI'O
YIPaBIIAIOLIEr0 MapaMerpa B CUCTEME MPOUCXOAMUT OINPENEICHHOE MOBBIIIEHUE YCTOHYMBOCTH.
JlpyrumMu ClOBaMH, CHUCTEMa CO3JaeTcsi Oosee MEUIEHHO, OJHAKO M ee Jerpajainus Takke
MPOUCXOIUT CYHIECTBEHHO MEIJICHHEE. YCIIOBHO, 3TO MOXXHO OTPA3UTh LUTATON: «MEIJICHHBIN
OTOHBb CHJIbHEE TPEeT».

JlaHHBII BBIBOJ MPEACTABISIETCS IOCTATOYHO BaXKHBIM B COBPEMEHHBIX YCIOBHUSX. A UMEHHO, B
MHUpE OTUETIMBBIM 00pa30M MPOSIBIISIIOTCS. Pa3HOOOpAa3HbIE TEHICHIINU, CBS3aHHBIC C YBEINYCHUEM
aJIMUHUCTPATUBHOM Harpy3ku Ha jro0ble cuctembl. OTIeNbHbIE aBTOPBI YK€ FOBOPAT O TOM, YTO
EBponeiickuii Coro3 mpeacTaBisieT co0oil «TeppUTOpHIO B30ECUBIIErocs IpaBay, MoJpa3syMeBas
MOJl 3TUM, 4YTO AJMMHUCTPAaTHBHbIE U IOPUIAMYECKHE CHCTEMbl (PaKTUUECKU BBIILUIN H3-TI0]
KOHTPOJISI M TPEeBPaTHWIIUCh B CaMOOPraHU3YIOLIYIOCS CHCTEMY, KOTOpas MOIJIEpKHUBAET CBOE
JanmpHeHIee CyImecTBOBaHNE, HEB3UPas Ha TO, YTO €€ JESITEIbHOCTh Y)K€ NMPUHOCHUT Oosiee uem
OLIYTHUMBIH Bpen oOmecTBy B 1enoM. [IpaBoBas W aAMHHUCTpAaTHBHAS 3aperylUpOBAHHOCTD
JOCTHIJIa TaKOTO YPOBHSI, IIPH KOTOPOM CO3/IaHUE KPYIMHOMACIITAaOHBIX WHHOBALMH W TeHEpanus
KaKHX-THO0O HETPUBHAIBHBIX HICH CTAaHOBHTCS KpaiHE CIIOXKHBIM TporeccoM. VX BHeapeHme
HEU30€KHO CTOJKHETCd C MPOTHBOJCHCTBUEM CO CTOPOHBI OIOPOKPATOB M 3TO OTYETIMBO
HaOJI0AaeTCs Ha MPaKTUKE.

COOTBETCTBEHHO, B 3TUX YCJOBUSAX MOXXHO IPOrHO3UPOBATh BO3HUKHOBEHHE HEKOH (OPMBI
«PEBOJIOIMOHHON CHUTyalluW», KOTOpas Jajleko He 00s3aTelabHO, pa3yMeeTcs, MOKET HpPUHSATbH
¢dbopMbI K1accoBOil OOpbObI B TOM CMBICIE, O KOTOPOM 3TO TOBOPHUT TPaJWLMOHHBIA MapKCH3M.
Moryr BO3HHKHYTH, BIIOJIHE OIpEIEICHHbIE HETPUBHAIBHBIC WJIEH, KOTOpPBIE OKAXKYTCS B
COCTOSIHUHM CJIOMAaTh CYIIECTBYIOUIMH OIOPOKPATHYECKHH MOPSIOK W ITH TEHICHIIMHA CTAHOBSITCS
TeM OoJiee ONMacHBIMHU, YTO OHHM HAKJIAJbIBAIOTCS HA TPOIECCHI, CBSI3aHHBIE C TeMHU (haKTOpaMH,
kotopsie C. XantuartoH [10] o603HavYa)l KaKk «CTOJTKHOBEHHUE IIUBUIN3AIIAN.

Peub maer o TOM, YTO COOTBETCTBYIOUIME MOJEIM U COOTBETCTBYIOIIUE MJIEM MOTYT OBITh
NpPUBHECEHBI, B TOM 4Hcie U Ha Teppuropun Eponeiickoro Coro3a u3BHe. B sTom ciyuae
Cepbhe3HbIE KaTaKJIN3MbI CTAHOBATCS HEN30€KHBIMU.

Bosee Toro, Kak MOKa3bIBAIOT COMOCTABJICHUE YKa3aHHBIX BBIIIE PUCYHKOB, ITPOILECC CTAaHET TEM
0osee J1aBUHOOOpa3HbIM, YEM BbIIIE B OOIIECTBE, TOUHEE B MACCHOHAPHOM €ro 4acTH, HapacTaeT
OTBpAILIEHUE K OFOPOKpaTaM.

Pazymeercsi, ympaBisATh IpoOLECCOM TeHEepallMd WHHOBAIMM, paBHO KaK M  yIpaBIATh
IpoleccaMy TIeHepaluu JII0ObIX HETPUBHAIBHBIX WHAEH KpaiHe CJI0XKHO, OJHAaKO B pyKax
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roCyZapcTB OCTAeTCs AOCTATOYHO CEPbE3HBIM HWHCTPYMEHT BO3JECHUCTBUS HAa OTHU IIPOLIECCHI, a
VMEHHO: €CJIM HEJIb3s MEHATH [apaMeTpbl, XapaKTEPU3YIOIIME B3aUMOJAECHCTBHE TACCUOHAPUEB, TO
OCTAeTCsl BO3MOKHOCTh MEHATH IapaMeTphl, XapaKTEPU3YIOIMEe B3aUMOICUCTBUE TACCUOHAPUEB U
OropokpaToB. WHBIMH cJOBaMH, YypOBEHb COINPOTUBICHHUS WHHOBAIlMH, BCE K€ SBISETCS
yIOpaBisieMbIM 4epe3 OOIIEeCTBEHHYIO pOJIb BCEX TEX MHCTUTYLUUH, KOTOpbIE CBSI3aHbI C
Oropokpatueil. B Hacrosiiee Bpemsi poiib OIOpOKPATOB 4YpE3BBIYAMHO BHICOKA, B TOM YHUCIE U
MIOTOMY YTO OHH, KaK IPaBUJIO, CIIOCOOHBI 3aHATH IOBOJILHO 3aMETHOE OOIIECTBEHHOE IMOJIOKEHHUE.
Ecnu takoe mosoxeHue OyAeT MCKYCCTBEHHBIM 00pa3oM CHHUKEHO, TO €CTECTBEHHBIM 00pa3zom
OyZyT yMEHBLICHBI M TapaMeTphl, XapaKTEPHU3YIOLIHE CTENEeHb OTBPAILEHHS IacCHOHApUEB K
OropoKpaTam.

WNHbIMU ClIOBaMHM, y COBPEMEHHBIX JJIUT OCTA€TCS BO3MOXKHOCTH YIIPABIATH CKOPOCTBIO
JABUHOOOPA3HBIX MPOLIECCOB, PACCMOTPEHHOTO BBIIIE XapaKTepa Yepe3 HalpaBJIeHHbIC U3MEHEHHUS
3THUX MapaMeTPOB, KOTOPBIE XapaKTEPU3YIOT CTEIIEHb OTBPAILEHUS TACCHOHAPUEB K OIOPOKpATaM.
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The innovative information technology intended for use in educational process is offered. This technology
is able to prevent negative trends associated with unfair treatment of published materials. The basis is the
writing of students ' critical reviews of scientific works that deserve criticism, as well as the search for these
works. This form of educational work eliminates the possibility of using plagiarism, compilations, etc., i.e.
eliminates those factors that currently led to the fact that the writing of abstracts by students actually turned
into profanity. The technology involves the use of trained neural networks, which provides a database of
scientific works used to write critical reviews.

We emphasize that the only effective form of counteraction to any negative trends in science is an open
scientific debate. It can be revived with the help of the proposed information technology, simultaneously
instilling in undergraduates the skills of General scientific critical thinking.

Keywords: critical thinking, scientific controversy, neural networks, artificial intelligence, educational
technologies, innovative technologies, innovative economy.

Enbexme oky ypoicinde Kon0any2a apHaizan UHHOBAYUAILIK AKNAPATNIMBIK MEXHON02UsL YChIHbLIAObL. Byn
MEXHON02USL HCAPUATAHAMBIH MAMePUAIOapea mepic nuebliMeH Oaulanvicmsl mepic mpenomepee Kedepei
arcacayea xabinemmi. Hezizei maxcam 6inim anywsliapobly EbLIbIMU HCYMbICMAP2A CblH RIKIp Jcazyed,
COHOAli-aK, Kepceminzen iCYMvlcmapovl izoeyee mapmy 6onvin madwviiadvl. OKY HCYMICLIHbIY MYHOAU
gopmacwl niazuammol, KOMRUTAYUAHBL JiCaHe M. 0. Kazipei yakbimma cmyoenmmepoiy pedhepam iHcazyvlH ic
Jrcy3inde npopanayusiea AuHAIOLIPAMbIH HAKMOPAAPObL KHc0s0bl. TeXHON02UsL OKbIMbLAAMBIH HEUPOHObIK
Jceninepdi nanoaranyovl 00aHCaAUOvl, OYHLIY 030 CbIHU NIKIp Hca3y YWiH NAu0alaHbLIZAH 2bLIbIMU
arcymbicmap 0otiblHuLa Oepexmep 6a3acbii KYpyovl KAMMAMACLL3 emeol.

Fouivimoazul kes keneen mepic mpenomepae Kapcol mypyovly 0ipoen-oip muimoi mypi aublk SbliblMu Opic
oonvin mabvLiamuiHblL aman ememis. Mazsucmpanmmapaa Hcainvl blIGIMU CbIH MYPESbICLIHAH OUIAY
0az0bLIapbiH  ylipeme OMmblpbiN, YCHIHbLIZAH AKNAPAMMbIK MeXHONO02USAHbIY KoMe2iMeH OHbl Kaumda
AHCAHOAHOBIPYEa 60AA0bL.

Tipex co30ep: cvinu ounay, 2LLILIMU OPIC, HEUPOHOLIK Jiceliniep, AHcacanobl uHmenleKkm, 0inim Oepy
MEXHONO2UANAPbI, UHHOBAUUSLTBIK TNEXHONLO2UANAD, UHHOBAYUSIBIK IKOHOMUKA.
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Ilpeonoscena UHHOBAYUOHHASL UHPOPMAYUOHHAS MEXHOAO2US, NPEOHA3HAUEHHAs O UCHOIb306AHUS 8
yuebHOM npoyecce. J{annas mexHono2usl CNOCOOHA NPEnsimcme08anv He2amueHbIM MPEeHOAM, C8A3AHHbIM C
He00OpOCcOBeCMHbIM ~ OMHOUleHUeM K nyoauxyemvim mamepuanam. OCHOB0U s6semcss HANUcaxue
00YUAIOWUMUCST KDUMUYECKUX PeYEeH3Ull HA HAYYHbLe PAOOmbl, 3ACIYHICUBAIOWUE KDUMUKY, d MAKHCe NOUCK
yKasanuwvix pabom. Takas gopma yuebnoii pabomvl ycmpamnsiem 603MONCHOCHb UCHOTIb308AHUS NAASUAMA,
KOMAUAAYUU U np., m.e. ycmpausiem me haxmopwvi, KOmopvie 8 HACMmosuee epemMs Npueeiu K momy, 4mo
Hanucanue pegepamos cmydeHmamu —pakmuuecku npegpamunocs 6 npoganayuro. Texnonozus
npeonoaazaem UcnoaIb308anue 00yuaemMvlx HeUpPOHHLIX cemell, umo obecneuugaem co3oanue 6a3bl OAHHBIX
1O HAYYHBIM PAOOMAM, UCHOTb30BAHHBIM OJIsL HANUCAHUST KPUMUYECKUX DeyeH3ull.

Tloouepxuem, umo eourncmeeHnHoU >3P@eKkmusHol Gopmol NPOMuUBOOUCmEUs THOObIM He2amueHbIM
MPEHOAM 8 HAYKe AGAAEMC OMKPbIMAsL HAYUHASL NOAeMUKA. MMeHHOo ee u MOIICHO 803pOOUMb NPU NOMOWU
npeonazaemol  UHQOPMAYUOHHOU — MEXHONO2UU, NAPAIETbHO  HPUBUBAs  MASUCTIPAHMAM — HABbIKU
00UWEHAYYHO20 KPUMUYECKO20 MbIULTEHUSL.

Knwouesvie cnoea: xpumuueckoe MuluileHue, HAYYHASL NOLEMUKA, HEUPOHHble Cemu, UCKYCCMBEeHHbIl
uHmeieKm, 06paz06amenbHble MEeXHOI02UlU, UHHOBAYUOHHbLE MEXHON02UU, UHHOBAYUOHHASI IKOHOMUKA.

Introduction: The quality of scientific work of post-Soviet space, including the ones supported
by the state [1, 3], remains unacceptably low, at least for the tasks related to implementation of
technological breakthrough [4,5] and development of innovative economy [2—10]. It is important to
note that it is not the representatives of the scientific and pedagogical community but the media who
speaks about the unacceptably low quality but. This fact reinforces the negative attitude towards
scientific institutions both from society and business communities. In modern conditions, it is
critically important, due to problems of public-private partnership in the field of innovation activity
implementation [8].

The problem of support to innovation by the business community is indeed very acute. It needs
systematical approach, including improvement of science’s prestige. Moreover, these activities
should be carried out as objectively and transparently as possible, which will additionally allow to
significantly transforming the image of post-Soviet science in the eyes of the business community.

Due to the number of objective reasons [7, 8], the task of improving the quality of scientific
works is not trivial. One of these reasons is the disciplinary structure of science that was established
by the first half of the twentieth century, which has resulted in the emergence of a significant
number of relatively independent scientific disciplines and areas. For the post-Soviet countries
(with the possible exception of Russia, although the problem of the effectiveness of scientific
research is observed even here) the existence of the significant number of relatively independent
scientific disciplines leads to the fact that only small number of specialists works in each of them. In
particular, this is demonstrated by the data of the number of scientific dissertations by each
specialty.

As a result, competition within the discipline falls significantly. There is even [7] the factor of
“usurpation” of certain scientific areas by specific individuals who have taken a certain positions in
the particular area of knowledge and reject any criticism from representatives of related disciplines
because of formal issues.

There is another objective reason for the decline of the quality of the scientific potential in the
post-Soviet countries. The scientific debate as the most important aspect of the existence of science
is almost completely disappeared. Even a cursory analysis of the scientific periodicals over the last
two decades clearly shows that there is no critical articles. This indicates the existence of
pronounced negative trends that have emerged in modern science of the post-Soviet space.
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The thesis that the truth is born in dispute never becomes less of an issue. Accordingly, the
absence of scientific disputes and the lack of the scientific debates art is one of the most reliable
indicators of crisis phenomena in science as a public institution [6, 7].

Coming back to the art of the scientific debate can become one of the most important tools for
overcoming the mentioned negative trend. The art of the scientific debate can and should be revived
at a new level in modern conditions.

The scientific environment has always been a self-organizing system. Evaluation of the
scientists’ activities were never just "external", it was mainly given by other scientists during the
debate, when some members of the scientific community criticized others.

Critical reviews as a new form of education

In actual conditions of information surplus of communication, a significant part of scientists is
forced to limit the list of analyzed literature to highly specialized problems. If we are talking about
teachers of post-Soviet universities, the time cost factor becomes even more significant. There is no
time for a critical analysis of colleagues ’publications, and even more for conducting scientific
debates.

However, in our opinion, there appeared an additional resource related to the educational work
of undergraduates. As follows, the form of work as writing essays by students and undergraduates
has virtually become obsolete now [9]. Firstly, the significant accessibility of scientific information
makes it possible to write an essay using the “Copy-Paste” method without going into the subject
matter. In addition, a number of resources provide relevant services for a reasonable price. All this
makes writing essays a waste of time for bureaucratic formalities.

An alternative option is the writing of critical reviews by undergraduate students. At least it
should work for certain scientific publications that deserve criticism and are abundantly presented
online.

In this case, it is excluded the possibility of using ready resources. Additionally, the critical
review requires deep study not only of the most reviewed work but of related issues as well. The
proposed technology, of course, is aimed to the students who have mastered the skills of conducting
scientific research, but such skills should be mandatory at least for those who are studying in a
scientific and pedagogical magistracy.

The following information technology is proposed to implement this approach of the writing the
critical reviews. The fig.1 presents the corresponding block diagram.

The main purpose of the technology is to ensure the performance of the proposed approach for a
long time, as well as to ensure the correctness of the scientific debate and compliance with ethical
standards when criticizing publicly available publications. Additionally, it is planned to create a
data bank of criticized works.

Accordingly, the student is invited to either criticize the article not from the database or enter
into polemics with the author of the previously written critical review. The latter case is about
identifying shortcomings of the critical review or refutation of its individual points, etc.

Scheme of application of new information technology
The system is carried out through a web interface. The site with appropriate tools implements the
proposed information technology.
The first step includes the standard account registration. As a next step, the user analyzes the
available publications from the point of possibility of writing the critical review, i.e. search
publications that are vulnerable to criticism by using standard search services.
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In conditions when the approach is only beginning to be implemented (there are few negative
reviews in the database), the task can be solved by looking at periodicals and starting from the
examples contained in the training materials.

Further, the student downloads to the database at least five articles, which he could use to write
the critical review.

The technology is focused on the development of general scientific outlook skills. One of them is
the ability to identify deliberately false or pseudoscientific judgments, no matter what field of
knowledge they belong to. Accordingly, the choice of criticized works is desirable to be related to
the master's thesis but not mandatory.

The next step involves collecting material for the critical review. The student downloads the
relevant works in the database. The downloaded information has to prove the erroneous provisions
of the article being criticized, etc. The pseudoscientific (or anti-scientific) work is in exceptions
here, its criticism can be given only on the basis of general scientific logic. The information
downloaded by students is used both for the compilation of the database (which, as noted above,
makes it possible to exclude plagiarism in the future) and for training the neural network, which
will ensure the systematic use of the developed educational technology at subsequent stages of its
implementation.

Then the student makes the final selection of the articles intended for criticism. He makes the
review using relevant information sources and publishes it in his account on the site.

At this stage, the review material is open only for internal access. Only registered users of the
same study group can see the review.

It is assumed that the review materials of the students will be discussed at seminars of such
subjects as “Theory and Practice of Innovation Activity”, “History and Philosophy of Science”, etc.
Actually, the information technology is being developed for the seminars of these kinds of
disciplines. Indeed, one of the main objectives of such subject as “History and Philosophy of
Science” is the formation of general scientific thinking, which can be honed only in discussions.

The structure of the site that implements the proposed information educational technology also
provides the possibility to comment the review by the other undergraduates of this study group and
the built-in neural network algorithms estimate the activity of students.

We emphasize once again that the proposed approach also ensures the revival of the art of
scientific controversy, which in countries such as Kazakhstan is now largely lost (Figure).

After the discussions, the student forms the final version of the critical review. This version is
becoming public after the approval of the teacher, who makes the conclusion.

The factor of publicity is extremely important. Since the publication is not anonymous, the
author of the review assumes responsibility for the norms of scientific ethics and the validity of
judgments, etc. Student has to take responsibility for the publication.

Prerequisites for the implementation of the proposed technology

The introduction of the proposed technology is projected to face strong resistance from the
conservative part of the scientific and pedagogical community. In countries such as Kazakhstan,
there are quite a large number of teachers who are unable to carry out scientific work, but are forced
to publish articles due to the requirements of the Ministry of education and science. We emphasize
that when calculating the rating of universities in Kazakhstan, the publication activity of teachers is
also taken into account. In such circumstances, it is not surprising that a significant part of
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University professors publish only pseudo-scientific works, and the creation of any system of
counteraction will be perceived negatively by the pedagogical environment.
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Therefore, speaking about the introduction of the proposed information technology, it is
necessary to take into account this factor and provide opportunities to overcome it.

This can be done, for example, by making the technology commercially attractive.

In the post-Soviet space, there is now an objective request for the introduction of distance
learning, including on the basis of video lectures. This is due, among other things, to the poor
quality of teaching at regional universities. It is obvious that lectures can really be transferred to a
remote mode without much effort, while for practical tasks it is much more difficult to do.

The proposed technology makes it possible to fill this gap, at least in part.

Indeed, the difficulties in the implementation of practical tasks in remote mode are associated,
with the need to prepare individual tasks for a large number of students. When using the proposed
technology, this difficulty is automatically removed.

In addition, it is possible to track the correlation between the subject of the article and the
subject of the dissertation of a particular undergraduate. This not only serves as an indirect form of
control over the fact that the task is actually performed by a graduate student personally, but also
serves as an additional incentive to work on a thesis during the entire period of study in the master's
degree. Unfortunately, in modern conditions master's theses in post-Soviet universities are often
carried out in the last months of training, and measures aimed at countering plagiarism are not
always effective. That is why the measures providing additional stimulation of work on the
dissertation are relevant.

Therefore, it can be argued that the implementation of the proposed approach allows to solve a
number of problems of modern higher education in a complex way and, moreover, it is
economically advantageous for most post-Soviet universities.

Conclusion: Thus, the existence of negative trends in modern post-Soviet science can be converted
into a certain resource that allows introducing an innovative technology based on writing critical
reviews. Development of students’ critical thinking skills is the main advantage in comparison with
such widely used forms of educational work as writing essays.

In parallel, this technology is able to prevent negative trends associated with unfair attitude to
the published materials. Specialized agencies of the post-Soviet space are making extraordinary
efforts to combat with such shameful phenomena as plagiarism, but so far, they have not brought
systemic results. Because the plagiarism checking is carried out by the software and it is nothing
more than a formal procedure now. Such procedures are not able to provide an assessment of the
quality of scientific works. However, it is worth noting that such scientometrics indicators as the
Hirsch index, designed to assess the effectiveness of a particular researcher, are also far from ideal
[3]. By massive use of the proposed technology, it would possible to use additional indicators based
on "anti-rating™ because the students would obviously choose the articles that are most vulnerable to
criticism.

It has to be emphasized once again that the only effective form of countering any negative
trends of science is an open scientific debate. The proposed information technology can revive it
and additionally develop the critical thinking skills of students.

References:

1. Gokhberg L. New innovative system for the" new economy " //Economic Issues. — 2018. — N. 3. —
P. 26-44.

2. lvanova N. I. Science and innovation: choosing priorities // World of change. — 2013. — N. 1. -
P. 84-88.

69



N3BECTUS HAYUYHO-TEXHUYECKOI'O OBIIIECTBA «KAXAK», 2019, Ne 1 (64)

3. Mun G. A, Zhanbaev R. A. Phantom pains of world science // Bulletin of the AUES, spec. issue
(Matt. Conf. "The role of youth in the formation of the knowledge economy™). — 2018. — P. 24.

4. Rumyantsev A. A. Strategic innovations in the technological breakthrough of economy // Economy
and management. — 2011. — N. 6. — P. 25-28.

5. Sokolova G. N. Modernization as a technological and social phenomenon: Belarus—Russia
//Sociological researches. —2012. — N. 5. — P. 3-12.

6. Suleimenov I. E., Gabrielyan O. A., Sedlakova Z. Z., mun G. A. History and philosophy of science.
— Almaty: Kazakh university, 2018. — 406 p.

7. Suleimenov I. E, Gabrielyan O. A., Buryak V., Safonov N., Irmuhametova G., Kardashev S., Mun G.
Organization and planning of scientific researches — Almaty: publishing house of the Treasury, 2018. —
336 p.

8. Suleimenov I. E, Gabrielyan O. A., Mun G. A., Pak I. T., Saltykov D. B., Panchenko S. V.,
Vitulyova E. S. Some problems of modern theory of innovation. — Almaty-Simferopol: Print Express, 2016.
—197 p.

9. Suleimenov I. E., Pak I. T., Gabrielyan O. A., Bakirov A. S., Koldaeva S. N. Principles for the
development of combined tools, training testing // Review of Association of Science and Technology
"KAHAK". —2017. — N. 3 (58) — P. 96-105.

10. Shilov A. Innovative economy: science, government, business //Economic Issues. — 2018. — N. 1. —
P. 127-137.

Iocmynuna 25 ¢espans 2019 e.

70



N3BECTUS HAYUYHO-TEXHUYECKOI'O OBIIIECTBA «KAXAK», 2019, Ne 1 (64)

XUMUA

IRSTI 31.17.15
UDC 546-3: 546.06
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An analytical description of the previously discovered ion-exchange effect between hydrogel based on soft
polyacid and a solution of low-molecular salt is proposed. This issue also has an academic interest, because
of ion exchange has a significant effect on any processes in which polyacids participate in both crosslinked
and linear form. An explicit equation is obtained for the value of the Donnan multiplier, which reflects the
redistribution of the concentrations of low-molecular ions between the solution and the volume of the
hydrogel. The range of control parameters of the system is determined in which the amplitude of variations
in the acidity of the solution over the gel reaches a maximum with temperature variations. It is shown that
this range corresponds to grids with large degrees of swelling. The possibilities of practical use of ion-
exchange grids with high degrees of swelling are discussed, in particular, for the realization of heat pumps
using an acid gel as a working fluid and functioning under the influence of solar heat. Also it is necessary to
emphasize that the carried out theoretical analysis shows that hydrogels based on weak polyacrylic acids
placed in a solution of a low molecular weight salt, which can indeed serve as the means of regulating the
pH of the medium by the means of temperature.

Keywords: polyacid, ion-exchange, dissociation constant, hydrogels, thermosensitive, heat pumps,
polymer, low-molecular salt.

OJICI3 NOTUKLIUKBLIObL JCIHE A3MONEKYNIAPIbL MY30ap Hezizinoei 2uopozenvbiiy apacvbiHoagvl an0biHOA
OalKkaizan UOHObL AAMACY JCePIePIHiY AHATUMUKALIK CUNAMMAMAChL YCbinblizaH. Kapacmuvipvlivin
omblpean MaKbipbin AKAOEMUSLTILIK Kbl3bl2YUIbLILIKIMbL 04 MYObIpambuli Jcalivl Oap, cebedi uoHObL aImMacy
micineen MeH CbI3bIKMblK mypoesi NONUKbIUKbLIOApOdsbl Ke3 KelleeH npoyeccmepoe blKnail Kopcemeoi.
A3monekyaapavt UOHOAPObIY epimiHOi MeH 2uodpozeib KOAeMIHIY apacblHod  KOHYEHMPAYUACHIHbLIY
anmacyvina moumapulic bepe anamovin ankvin mypoeei Jonnan xebetimkiuiniy MaoHi OoUbIHWA meHoeyiep
wwieapvinean. JKyiieniy 6ackapy napamempnepiniy ayKblMbl MeH OHblY 2elb ycminoezi epimiHOiMiK
KbIUKbLIObIZbIHbIY AMAAUMYOANbIK 032epici, memnepamypa e32epeeHoe MAKCUMYM WAaMAcCbiHa ue 00xybl
anvikmolnzan. bepineen ayxvim yaxen Oeyeevideci iciHy mMOpIAPbIHLIY AYKLIMBIHA Jicayan Oepemini
Kepcemineen. Yaxen Oeneelide2i iCiHyee ue UOHAIMACY MOPIAPLIHLIY MANHCIpUOEniK MYMKIHOIKmepi
OUIACMBIPLLIBIN  HCAMBIP, COHBIY [WiHOe, KbIUKbLIObL 2eNb0epOi JHCYMbICMbIK OeHe peminoe KOoA0aHy
APKBLIBL JHCHLTY HACOCMAPLIH WbI2APY YWIH JCoHE KYH JHCBLIYbIHbIY bIKNANbIMEH ICKe KOCbLTy Kabiiemine ue
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OOYbl MATKBLIAHBIN Jcambip. JKaHe Oe Jcypei3iieen MeopusivblK, capanmama a3 MONeKyIsApavl KblUKbLIOA
OPHANACKAH JICI3 NOAUAKPULAM KbIUKbLIObIK Hecizinoesi eudpocenvoep pH opmanvl memnepamypa
apxaceinoa pemmeyae 601amvlHbl AUKbIH 021e10eHedI.

Tipex ce30ep: nOMUKLIUKBLIOBIK, UOHObL AIMACY, OuUCCOyuayus mYpaKmoliviesl, 2uopozenvoep,
MEPMOCE3IMMANObLILIK, HCHLTY HACOCAPYL, NOIUMEDPTED, a3 MOEKYIAPIblL MY30ap.

Ilpeonooiceno ananumuueckoe onucawue paHee 0OHAPYHCEHHO20 dhheKma UOHHO20 O0OMeHa MeHcOY
eudpoeenem Ha 0CHoge claboll NOTUKUCIOMbL U PACTHBOPOM HUSKOMOAEKYIApHOU conu. Paccmampusaemviil
8onpoc npeocmasgniem MmMakdxce U aKadeMuyecKull uHmepec, Max KAk UOHHbIL 00OMeH oKasviaem
cywjecmeenHoe 6lusHUe HA TH00ble NPOYECcybl, 8 KOMOPLIX NPUHUMAIOM Y4acmue NOTUKUCTIOMbL U 8 CULUMOT,
U 6 JuHeuHoOU ¢opme. B a6HOM GuOe NOIYYEHO YpasHeHue Ha 3Hauenue MHodcumens Jlonnana,
ompadicarouje2o nepepacnpeoenenue KOHYEHMpayuil HU3KOMOIEKYIAPHLIX UOHO8 MelcOy PAacmeopom U
obvemom eudpoeens. Onpedenen OUana3oH YRpagiaiowux napamempos CUCmemsl, 8 KOmMopom amniumyod
sapuayuil KUCIOMHOCMU PACMEopa HAO 2efeM Npu 8apuayusx memnepamypvl 0ocmueaem MaKcumyma.
Tokazano, ymo dauHblll OUANA30H OMEeyaem cemkam ¢ DonbUMU cmenensamu Haoyxanus. Obcyxcoaromes
603MOJICHOCTU NPAKMUYECKO20 UCNOTb308AHUSL UOHOOOMEHHBIX CEMOK ¢ DONLUUMU CIeneHIMU HAOYXaHus,
8 HacmHOCmU, OJid Pearu3ayuu meniossblx HaAcOCo8, UCHONb3YIOWUX KUCTOMHBII 2elb 8 Kauecmee padboue2o
mena, U @QYHKYUOHUPYIOWUX NOO0 B030eliCmeuem CoIHeuno20 menid. A makdce npogedenHbvlll
meopemuyeckull aHamu3 HNoKa3vleaem, 4mo 2uopozeiu HA OCHO8e CAObIX NOMUAKPULOBBIX KUCIOM,
nomeujeHHvle 6 pacmeop HUSKOMOIEKYIAPHOU COMU, OeliCMBUMENbHO MO2YN  CLYHCUMb CPeOCmEOoM
pezynupoganust pH cpedvl npu nomowu memnepamypboi.

Kniouesvie cnosa: nonuxucioma, UOHHBIL — 0OMeH, KOHCMAHmMaA  ouccoyuayuu,  uopozen,
MEPMOYYBCMBUMENbHOCTD, MENI0BbLe HACOCHL, NOIUMEPDL, HUSKOMOLEKVISAPHBIE COU.

The interaction of gels based on soft acids with low-molecular salts and acids was previously
studied in many works [1-5]. An important feature of such systems is the effect of redistribution of
concentrations, due to which concentrations of low-molecular electrolyte outside and inside
hydrogel can differ significantly. In particular, if the density of the net charge is high [6, 7], the
counterions are almost completely displaced into the solution over the gel, which, therefore,
accumulates the solution, which is significantly depleted in the low-molecular component. (Note
that this effect was proposed in [8] for the deionization of natural waters.)

The simplest for the theoretical description is the case of grids on the basis of hard polyacid or
grids based on soft polyacid neutralized by a strong base (for example, nets based on sodium
polyacrylate). In such cases, the total number of dissociated functional groups remains unchanged
and simple equations describing the effect of redistribution of concentrations can be obtained [6,7].
On the contrary, if hydrogen ions are present in the system under consideration, then some of them
are bound by the functional groups of the grid, that is, the degree of ionization that determines the
Donnan multiplier can vary.

The simplest for the theoretical description is the case of grids on the basis of hard polyacid or
grids based on soft polyacid neutralized by a strong base (for example, nets based on sodium
polyacrylate). In such cases, the total number of dissociated functional groups remains unchanged
and simple equations describing the effect of redistribution of concentrations can be obtained [6,7].
On the contrary, if hydrogen ions are present in the system under consideration, then some of them
are bound by the functional groups of the grid, that is, the degree of ionization that determines the
Donnan multiplier can vary.

There is a kind of feedback when the density of the grid charge (through the effect of
redistribution of concentrations) effects, among other things, the concentration of counterions
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remaining in the volume of the gel, but at the same time, the density of the grid charge itself
depends on the concentration of such ions.

The nature of the phenomena under consideration is influenced, in particular, by the temperature,
since the dissociation of the constant soft polyacid also depends on this thermodynamic variable.
Consequently, it is possible to provide a change in the concentration of hydrogen ions (pH of the
medium) in the solution above the hydrogel due to temperature variations. It can be expected that as
the dissociation constant increases, the density of the grid charge will increase and, consequently,
the number of hydrogen ions displaced into the solution over the gel will also increase. it will
become more acidic. This effect can be considered as the basis of a wide class of pH converters
having different purposes. In particular, on this basis, it is possible to realize heat pumps operating
directly by heating with solar energy, the principle of which is as follows. The working body -
hydrogel based on polyacrylic acid - is placed in the control element connected to the working body
filling the spool member. When the gel is heated in the control element, the pH of the medium
contacting with the gel filling the spool member changes. At present, numerous varieties of pH-
sensitive hydrogels are known [7], the degree of swelling of which varies significantly with
comparatively small variations in the acidity of the medium. This is due to the fact that hydrogels of
this type include both hydrophilic and hydrophobic functional groups. The role of the latter is that
even with an insignificant decrease in hydrophilic interactions, hydrophobic interactions provide a
grid collapse.

Swelling of such gels is a reversible process, which makes it possible to realize the heat pump
due to the heating-cooling cycle (of course, it is advisable to use the liquid itself as a coolant, which
is certainly justified, for example, in the case of natural water withdrawal to the surface).

Therefore, it is of interest to study the effect of variations of dissociation constant polyacid on
the nature of the effect of redistribution of concentrations. Moreover, from the point of view of
promising practical applications, it is important to determine the range of parameters in which the
response of the system to a change in temperature (through the variation of the dissociation
constant) will be maximum.

This issue is also of academic interest since ion-exchange has a significant effect on any
processes in which polyacid participates in both crosslinked and linear form. In particular, these
processes significantly affect the formation of complexes between soft polyacids and non-ionic
polymers under conditions where the medium contains low-molecular salt [9,10]. It is pertinent to
emphasize that from the point of view of the theoretical description of the analogy between
crosslinked and linear polymers (with respect to ion-exchange effects) are sufficiently deep, since
the size of macromolecular coils considerably exceeds the Debye length [10].

Thus, despite the rather detailed study of the nature of the interaction of gels based on soft
polyacids with solutions of low-molecular salts and acids [1-5], there remains a significant
previously unexplored issue of the effect of the change of dissociation constant polyacid on the
behaviour of the system as a whole. The purpose of this paper is to fill this gap.

It is also pertinent to emphasize that the system under consideration (in which the binding of
hydrogen ions by functional groups of the grid proceeds) is obviously a special case of systems in
which ion-exchange occurs in the traditional sense of this term (metal ion binding by a polymer
network, for example). Processes of this kind have also been studied in detail in the literature,
including, theoretically [13]. In particular, considerable attention was paid to the regeneration of
ion-exchange resin. (From a chemical point of view, an ion-exchange resin placed in a solution of
an alkali metal salt has an analogue of an acid hydrogel placed in a solution of such a salt.)
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However, there is a significant difference between ion-exchange resin and hydrogels - the degree
of grid swelling. As shown in this paper, large values of the grid swelling degree can lead to
significant differences in the nature of ion-exchange processes compared to the tightly cross-linked
ion-exchange resin. To prove this statement, in this paper we derive the Donnan factor equation
without using any approximations related to the dissociation constant as a small parameter of the
problem.

We write the Donnan balance equation for the case of the system, which comprises a 1:1 salt, 1:1
acid and grid based on a crosslinked soft polyacid. For definiteness, we shall consider a grid based
on polycrystal acid, placed in a solution containing sodium chloride. We will also assume that in the
initial state the network is a crosslinked copolymer of polyacrylic acid and sodium polyacrylate, i.e.
it is assumed that already in the initial state the acid gel is partially neutralized.

We have:

[Na'] = a[Na'], (1)
[H'] =a[H"], (2)
[CI'], =a[CI], (3)

where the chemical symbol in square brackets denotes the concentration of the corresponding
ions, o is the Donnan coefficient, the indices i, e refer to the ion concentrations inside and outside
the hydrogel, respectively.

Equations (1)—(3) should be supplemented by equations expressing the condition of neutrality of
the medium outside and inside the hydrogel

[CI"], =[H ], +[Na"], (4)
[<COO ]+[CI"], =[H*], +[Na‘], ()

as well as by the equation of conservation of the total number of carboxyl groups (it is assumed
that the grid density remains unchanged)

[-COO ]+[-COOH] = N, (6)

The system of equations describing the equilibrium state of the system under consideration
closes the equilibrium equation in the dissociation constant of carboxyl groups

[H*];[-CO00~] = K[-COOH] (7)

and balance equations for low-molecular components
WCI"]; + @-wW)[CI"]. =c¢, (8)
w[H"]; + (1 —=w)[H"]. = w((1 — q)N, — [-COOH]) (9)

where ¢ is the mole fraction of sodium polyacrylate in the grid.
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We emphasize that it is this form of recording the balance equation for hydrogen cations that
differs from those used earlier. It is this form of the equation used that corresponds to the situation
when a partially neutralized gel based on soft polyacid is placed in a solution of low-molecular salt
1:1; the total number of hydrogen ions (both mobile and bound) in such a situation is less than when
a gel based on pure polyacid is placed in the solution.

Denote the total concentration of low-molecular ions in the solution over the gel (index e) and
inside the gel (index i) through

[Na+]e,i + [H+]e,i =Cei = [Cl_]e,i (10)

We proceed to dimensionless variables (adjusted concentrations and adjusted value dissociation
constant)

_ Cei, _ G, _ WY o [-coo”] , _
Xej =703 Xo =33 X === sk =— (11)

Then we can proceed to the following system of equations for dimensionless unknowns
(@a—aDxg=(wat+ (1 -w))n (12)
w+ A -waDHk(1-—n)=wnn-q) (13)

Equation (12) makes it possible to express the reduced concentration of ionized functional
groups through the Donnan multiplier

_ (a?-1)x,
T wta(l-w) (14)

Expression (14) makes it possible, with the help of (13), to obtain a unique equation for the
Donnan factor

(aw +(1- W))xﬁo(l - w) —w a(a?-1) ( (a*-1)xo q) (15)

w+a(l-w) w+a(l-w) \w+a(1-w)

Equation (15), in particular, shows that instead of the given dissociation constant, determined in
accordance with formulas (11), it is expedient to use the reduced value, defined as

k K
ko=-=1 (16)

The convenience of using the form (16) is connected with the fact that when the degree of
swelling of the gel changes, the density of the grid also changes. The equation (16), on the other
hand, is given only by the initial conditions of the experiment.

Knowing the Donnan multiplier, it is possible to find the salt concentration outside and inside the
hydrogel, as well as the concentration of hydrochloric acid in the solution over the gel, according to
formulas
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[cl7]e axo el _ Xo

No =Xe = w+a(l-w)’ Ny AT w+a(1-w) (17)
_[HY]l, _, a-n) _ wn
y= No =k an aw+(1-w) (18)

The algebraic equation (15) has in the general case the fifth power and does not have an analytic
solution. The results of its numerical solution are shown in Fig. 1-6 (curves 1). The same figures
show the dependence of the hydrogen ion concentration in the solution above the gel (curve 2) and
their derivatives da/dko (curve 3) and dy/dko (curve 4) on the decimal logarithm of the reduced
dissociation constant ko for different values of the control parameters.

It can be seen that, as expected, the acidity of the solution over the gel increases markedly as the
reduced dissociation constant increases. However, there is also a non-obvious nuance: the
maximum derivative of the concentration of hydrogen ions in the solution over the hydrogel over
logko falls on the region near logko = 0, and this value varies little with the control parameters of the
system, as shown in Fig. 1-6.

o do'dl; ¥, dyidky

T 0,03

e (0

= 0,01

0 laghy
-4 -3 -2 -1 0 '- 2

Figurel — Dependences of the Donnan factor « (curve 1), the reduced concentration of hydrogen
ions in the solution above the gel (curve 2) and their derivatives da/dko (curve 3) and
dy/dko (curve 4) from the decimal logarithm of the reduced dissociation constant ko
for xo=0,14; w =0,05; g =0,05.
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Figure 2 — Dependences of the Donnan factor « (curve 1), the reduced concentration of hydrogen
ions in the solution above the gel (curve 2) and their derivatives da/dko (curve 3) and
dy/dko (curve 4) from the decimal logarithm of the reduced dissociation constant ko
for xo = 0,14; w =0,15; g = 0,05

o, da/d(logho) y, dy/d(loghy)
b 0,12
i = 0,08
2 0,04
0 ; Y log ky

Figure 3 — Dependences of the Donnan factor « (curve 1), the reduced concentration of hydrogen
ions in the solution above the gel (curve 2) and their derivatives da/dko (curve 3) and dy/dko
(curve 4) from the decimal logarithm of the reduced dissociation constant ko
for xo =0,14;, w=0,3; q=0,05
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o, da/d(loghy) ¥, dy/d(logkp)

log ky

Figure 4 — Dependences of the Donnan factor « (curve 1), the reduced concentration of hydrogen

ions in the solution above the gel (curve 2) and their derivatives da/dko (curve 3) and dy/dko
(curve 4) from the decimal logarithm of the reduced dissociation constant ko
for xo=0,14; w=0,6; g = 0,05

a, do/d(logky) v, dv/d(logko)
3 - 0,28
25 0,24
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Figure 5 — Dependences of the Donnan factor « (curve 1), the reduced concentration of hydrogen

ions in the solution above the gel (curve 2) and their derivatives da/dko (curve 3) and dy/dko
(curve 4) from the decimal logarithm of the reduced dissociation constant ko
forxo=0,3; w=0,4; q=0,05
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o, do/d(logk) v, dv/d(logko)
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Figure 6 — Dependences of the Donnan factor « (curve 1), the reduced concentration of hydrogen
ions in the solution above the gel (curve 2) and their derivatives da/dko (curve 3) and dy/dko
(curve 4) from the decimal logarithm of the reduced dissociation constant ko
for xo=0,14; w=0,05; g = 0,05

The necessity of the system's deduction to this range is also emphasized by Fig. 7 and Fig. 8,
which shows examples of the phase portraits dependencies of the hydrogen ions reduced
concentration in solution over the gel (the dependences dy/d(logko) from y). The figures emphasize
that the range of conditions in which the response of the system for changing in the value of the
dissociation constant is maximal and very narrow. Consequently, if we talk about practical
applications, it is advisable to ensure that this system is tuned to the optimum or conditions, closer
to it. These figures also show that it is possible to approximate the theoretical curves that obtained
as the resolution to an algebraic equation of the fifth degree with simpler dependencies, which is
justified from the point of view of the subsequent development of the engineering calculation
technique for devices such as heat pumps based on the hydrophilic polymer networks.

dv/d(logky)

Figure 7 — The phase portrait (the dependence of dy/d(logko) on y) of curve 2 from Fig. 5
and its approximation by a parabola
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dy/d(logho)

Figure 8 — The phase portrait (the dependence of dy/d(logko) on y) of curve 2 from Fig. 6
and its approximation by a parabola

Therefore, it is this range that is desirable to be used for implementing any systems in which the
temperature variations of the dissociation constant of the polyacid are used, since the response of
the system to the temperature variation will be most pronounced. At the same time, this range
corresponds to relatively small concentrations (close in magnitude to the absolute value of the
dissociation constant, measured in moles/ litre), so the question arises of optimizing the operation of
the system, which is why the theory developed in this paper is necessary. It is important that this
theory does not use approximations related to the consideration of the dissociation constant as a
small parameter since the range most interesting from the point of view of potential practical
application corresponds to the values of the reduced dissociation constant close to unity.

Thus, conducted theoretical analysis shows that hydrogels based on weak polyacrylic acids
placed in the solution of a low molecular weight salt can indeed serve as a means of regulating the
pH by the means of temperature. This effect can find application in such devices as heat pumps,
which is source of energy from solar heat. (The temperature range that is easily achievable when
heated by direct sunlight is 40-60 °C, which corresponds to the temperature range of
thermosensitive systems based on epy hydrophilic polymer networks.)

Thus, the carried out theoretical analysis shows that soft polyacrylic acid hydrogels placed in a
solution of a low molecular weight salt can indeed serve as a means of regulating the pH of the
medium by means of temperature. This effect can find application in such devices as heat pumps,
the source of energy for which is solar heat. (The range of temperatures that are easily achievable
when heated by direct sunlight is 40-60 °C, which corresponds to the range of temperature
sensitivity of systems based on hydrophilic polymer networks.)

The theoretical analysis also shows that there is a rather narrow range of values for the
dissociation constant of the reaction (reaction providing the effect of temperature sensitivity), in
which the response of the system to the temperature change reaches a maximum. Consequently, the
optimization of systems of this type can be associated not only with the selection of concentrations
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of working substances but also with the transition to other types of interactions. Promising in this
respect are the interactions of non-ionic hydrogels and surfactants, due to which hydrogels become
polyelectrolyte. The susceptibility to a temperature, in this case, is ensured by the fact that the
hydrophobic interactions responsible for the formation of surfactant micelles within the hydrogel
are temperature dependent.
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TEXHUYECKHWE HAYKHU

MPHTH 67.53.21
YK 697.1

OCOBEHHOCTHU I'MIPABJIMYECKHUX PEKUMOB
B OTKPBITBIX CUCTEMAX TEIIJIOCHABKEHMU S

bepauxkyn H.U., Hypneucosa K.M.
Kaszaxckuii nayuonanvhwiil ucciedosamenbcKuii mexHuyecKull yHugepcumem
um. K.U. Camnaesa, Armamol, Pecnybnuxka Kazaxcman
e-mail: Berdikul.n@mail.ru

Paccmampusaromes  6onpocwl  nogvluienus dghgpexmusnocmu  800SAHbIX CUCTEM YEHMPATUZ08AHHO2O
MenioCHabICeHUs. nymem ONMUMU3AYUU UOPABTULECKUX pexcumos. Dpgexmusnocms pabomuvl cucmem
YEeHMPAIU308aHHO20 MENIOCHAOIHCEHUs 80 MHO2OM 3AGUCUM OM DENCUMO8 pabomvl Mennosvix cemeu u
cucmem mennonompebaenus. Teopemuueckoe uccre0o8anue 2UOPABIUYECKUX PEeNCUMO8 6  cucmeme
menniocHaddicenus KAk 00vbekma YNpaeieHus 8ecbMd aKMyaibHd. Ynpaeienue pabouumu pelcumamu
6nUsem HA ONMUMUSAYUIO PENCUMO8 (DYHKYUOHUPOBAHUSA cucmem menaocHabcenus. 1uopasnuieckue
PedNCUMbL 8 OMKDLIMbIX CUCTNEMAX MeNJIOCHAOMCeHUs 061adaom psadom ocobeHHocmell, 00)Cl08IeHHbIX
KOHCMPYKMUBHbIMU U mexHono2uveckumu  @pakmopamu. CoomeemcmeeHHo NoKazambl 0cobeHHocmu
Qusuueckozo MoOenuposanus, OCHOBAHHO20 HA NPUMEHEHUU Memooa 2UOPOAHANI0208bIX YCMAHOBOK.
T'uopasnuueckue xapakmepucmuxku aO6OHEHMCKUX Menionompebauwux YCmaHo8oK OKa3wlearom 00abuioe
6030eticmaue Ha 2UOPABIUYECKUe PeXHCUMbL MENT0B0U cemu, Memoobl UX paciema u MOOeIUPOBaHUS.

Kniouesvie cnoea: mennocnaboicenue, mennogvie cemu, OMKPbIMASL CUCMEMd, MeNnIOHOCUMENb,
2UOPABIUYECKUL PEXHCUM, Nbe30MemPpUuiecKull 2pagux, ouagdpazma.

Tuopasnuxanvly  pedcumoepoi  OHMAUNAHObLIPY — APKbLLILL  OPMANLIKMAHOBIPLIIZAH — JHCHLIYMEH
HCAOOLIKMAYObIH cy  oicyuenepiniy  muimoiniein apmmulpy — Maocenenepi  Kapacmulpbliaobl.
OpmanviKmanoblpbii2an HCoLIYMEH HCAOOLIKMAY HCYUenepi dHCYMbICoIHbIY MUIMOINIZ] KON Hca20aiioa JHcoly
JHceninepi MeH JCblly MYMbIHY HCYUeNepiniy Hcymbic pedicumiepine baunanvicmol. backapy obvexmici
peminoe JHCbLIYMeH HcabObIKmay oicylecinoe 2UOpasIuUKanblK pexrcumoepoi Mmeopusivly 3epmmey ome
esexmi. JKymvic pexcumoepin bacxapy sicvliymeH HabObIKMay HCyuenepiniy dcymulic icmey pexicumoepin
onmatinanovipyea acep emedi. Koinymen dicab0bixmayovlly auusly JAHcylienepinoe UOPaAGIUKATILIK percumoep
KOHCMPYKMUBMIK JCoHe MEXHON0UANLIK, hakmopaapea Oainanvicmel Oipxkamap epexwenikmepee ue.
Caiikecinuie, 2uOPOAHANOUATBIK KOHObIPEbLAAD 20ICiH KONOaHyea Hezizoeneen Qusukanvly mooenoeyoiy
epekuenikmepi xopcemineen. JKvlly OHepeUACHIH ecenmey JicoHe ecenmey 20icmepi JHCbILY IHCENiCIHIY
SUOPABTUKATILIK pedcumMoepine, 01apovl ecenmey JcaHe mooenvoey adicmepine yakeH acep emeoi

Tipex co30ep: JicvliyMer KaMmy, HCollLy Jceninepi, auiblk Jcyiie, JCbly macblManioblebliu, SUOPAGIUKATLIK
pedrcum, Nbe3oMempusIblK cpagux, ouagpazma.

The problems of increasing the efficiency of water district heating systems by optimizing hydraulic
regimes. The efficiency of district heating systems largely depends on the modes of operation of heat
networks and heat consumption systems. The theoretical study of hydraulic regimes in the heat supply system
as a control object is very relevant. Management of operating modes affects the optimization of modes of
operation of heat supply systems. Hydraulic modes in open heat supply systems have a number of features
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due to structural and technological factors. Accordingly, the features of the physical modeling, based on the
method of hydro-analog installations. Hydraulic characteristics of subscriber heat-consuming plants have a
great impact on the hydraulic modes of the heat network, methods of their calculation and modeling.

Keywords: heat supply, heat networks, open system, coolant, hydraulic mode, piezo-metric chart,
diaphragm.

Beeoenue. Obecnieuenne palliOHAIBHBIX PEKUMOB pa0OTHI TPYOOTPOBOIHBIX CUCTEM, KOTOPHIE
0o0ecreunBaOT pa3Hble KATerOpuU TOTpPeOUTEeNeld Teruia, NPUBOAMT K HEOOXOJUMOCTH
ONTUMAJIBHOTO U CKOOPAMHUPOBAHHOIO YIPABJICHUS TEIJIOBBIX CETEH, KOTOphIE, B CBOIO OUYEPE/b,
TpeOyeT MpaBUIBLHOTO YIMpaBieHHUs pPabOYMMHU PEKUMaMU CHUCTEMBbI TeruiocHaOxeHus. bonbioit
nepepacxoji SHEPreTHYeCKUX, TEIJIOBBIX M (PMHAHCOBBIX PECYpCOB MPOHMCXOAUT B pe3ylbTare
Hed(DPEKTUBHOM PaOOTHI CUCTEMBI TCIIJIOCHAOKECHHS.

Pexxumbl pabOTHI TEIIOBBIX CETEH M CHCTEM TEILIONMOTPEOICHHSI BO MHOTOM BO3JCHCTBYIOT Ha
3¢ (HeKTHBHOCTh, PabOTBI CHCTEMBI IICHTPAIM30BAHHOTO TeEIUIOCHAOXKEHHs. [lodToMy 3amaum
TEOPETUICCKOTO MCCIICIOBAHUS THIPABIMYCCKUX PEKUMOB CHCTEMBI TETUIOCHAOKEHUS KaK 00bEeKTa
YIPaBICHUS U KX ONITUMHU3AIMH B CJIOKHBIX CHCTEMaX rOPOJIOB SIBJISETCS BEChMa aKTYaITbHOU.

C yBenuyeHweM paaudyca JEHCTBUS M pailloHa HKCIUTyaTallMd IOBBIMIAIOTCA TPeOOBaHUS K
HAJEKHOCTH TeIUIocHaOXeHus, T.e. OecriepeOoitHON mogade Teruia morpedurensm. Koncrpykuus
TEIUIOBBIX CETEH M KaueCTBO MX BBIMOJIHEHUS HE UCKII0YAET aBapUITHOE WM TJIAHOBOE OTKIIIOYCHHE
OTJENbHBIX Y4acTKOB ceTH. OCHOBHBIM METOJOM MOBBIIICHHS HAJEKHOCTH SIBISIETCS COOPYKEHUE
PE3EPBHBIX CBS3CH MEXKIY TEIJIOBBIMU CETSMHU OT OJHOTO WJIM HECKOJBKUX MCTOYHUKOB TEILIOTHI
[1]. B pesyaprare NpOKITAIKA TaKUX CETEH pa3BUBAIOTCS CIOXKHBIE MHOTOKOJIBIIEBBIC
THJIPABIMYECKUE CUCTEMBI.

Ocnosuas yacme. Tlog THIPaBIMYECKUM PEKUMOM CUCTEMBl TEIUIOCHAOKEHUS MOHUMAETCS
B3aMMOCBS3b MEXIY PAcXOJaMU U JIaBJICHHEM TEIJIOHOCUTENS BO BCEX yUaCTKax TEIIOBOUM CETH.
'unpaBnuuecKkuil peskuM OMpeAeNseTCss XapaKTepUCTUKaMH OCHOBHBIX DJIEMEHTOB, 00pa3yrOIIMX
cucTeMy TeruiocHaOxeHus. TakuMu dJIeMEHTaMH SIBISIFOTCSI HACOCHBIE YCTAaHOBKU M TEILIOBBIC
cetd, aboHeHTCckUe y3nbl. [Ipu aHanm3e TUAPABIMUYECKUX PEKHUMOB TEINIOCHAOKEHHs HapsIy C
JaBIICHHEM TPUMEHSETCS] eIUHHIA THAPABINYECKOTO TOTEHIMaia — Hamop. lIbe3oMeTpuieckuit
Harop, CO37aBaeMbIi COBMECTHBIM ()YHKIIMOHHPOBAHHWEM TIOJIMHUTOYHBIX M CETEBBIX HACOCOB,
OTIpeJIeIISIeT IaBJICHNE BO BCEX yYACTKAaX CHCTEMBI TETJIOCHAOKESHHUS.

MuapaBnuueckre peXUMBI TEIJIOBBIX CETEH 00JIaal0T PSIOM OCOOEHHOCTEH, 00YCIOBICHHBIX
KOHCTPYKTUBHBIMH M TEXHOJOTHYECKUMH (akTopaMu. Bo-TepBBIX, TEIUIOBBIE CETH SIBISIOTCS
nByxTpyOHbIMU. [lomatoiie u oOpaTHbIe TPyOOIIPOBOABI THAPABIMYECKH CBSI3aHBI MEKIY COOOM.
Bo-BTOpBIX, 3KCITyaTalus TEIUIOHOCUTENSI BBICOKOM TEMIIEpaTyphl, CBSI3aHbl C BO3MOXHOCTBIO €€
BckumaHus. HemocpeacTBeHHOE MPUCOEAMHEHUE K TEIIOBBIM CETSIM MECTHBIX CHCTEM OTOIUICHUS,
o0JNIalafoIMX HAMMEHBIIEH MEXaHWYECKOW TPOYHOCTHIO TIO0 CpPaBHEHHIO C  OCTAJbHBIM
000pYyZIOBaHUEM CHUCTEMBI TETIOCHAOKEHHSI, HAKIIAJBIBAIOT PSII OTPAaHMYEHUH Ha THIPABIUIECKUH
PEKUM CceTH. DTO KacaeTcsi MaKCHMAIBHO U MUHHMAJIBHO JIOITYCTUMBIX JIaBJICHUN B MOAAIONIEM U
o0paTHOM TpyOOIIPOBO/IEC TETIJIOBBIX CETEH:

— HAmop B MECTHBIX CHCTEMax HE JOJDKeH MPEBBIATh JOMYCTHMOTO IJii OTOMUTENIbHBIX
npubOpoB, HaNpUMep, Ui 4yryHa 60 m;

— HAmopel BO BCEX Y4YacTKaX TEIUIOBOW CETH W MECTHBIX CHCTEM HE JIOJDKHBI OBITh
M30BITOYHBIMU, PABHBIMH HE MEHEEe 5 M BO M30€KaHUE IMOJACOCa BO3AyXa UM KAaBUTAIUU CETEBBIX
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HACOCOB;

— HaIop B MOAI0IIEM TPYOOIIPOBO/IEe JOKEH 00eceunBaTh HE3aKUIaHUE CETEBOM BOJIBI.

[Ipn makcumanbHON TeMneparype TemoHocurens B cetu 150 °C nbe3omMeTpuueckuil Hamop B
MoIaro1eM TpyoonpoBoje MoKeH ObITh He MeHbIne 38,6 M; pu Temmeparype 180 °C He meHee
102 M. DT ycioBUS SIBISIIOTCS OCHOBHBIMHM TMPU IMPOCKTHPOBAHUM THUIAPABIUYECKOTO peKHMa
(The30MeTPUYECKOTO Tparika) TEIIOBBIX CETEH.

CoBepIlIeHCTBOBaHHUS PEKUMOB PAOOTHI TEIUIOBBIX CETE€H OTHOCUTCS K OpraHu3alloOHHO-
TEXHUYECKUM MEPOIPUATHSIM, HE TPeOYIOUIMX 0co00 3HAUMTENbHBIX (PUHAHCOBBIX 3aTpaT Ha
BHE/IPEHHE, HO PUBOISAIINM K 0COOEHHOMY SKOHOMHUYECKOMY PE3YJIbTaTy.

PazpaboTka TruApaBINYEeCKUX PEKHMOB B OTONUTEIBHBIA M MEXOTONUTEIbHBIA MEPUOJIBI
MIPOBOJIUTCSI €KErOJHO B OTHOIICHWH aHAIU3a PEKUMOB, pabOTHI CHCTEM TEIUIOCHAOXKEHUS B
NpeabIAYIINe MEePUOIbl, BO3MOXXHOE NPUCOCAMHEHUE HOBBIX HArpy30K, IJIAHOBBIE PEMOHTHI U
pexoHcTpykiuu. [lo pesynpTaTam [aHHOM HH(OpPMAMKM OCYHIECTBISAIOTCS TUAPABIUYECKHE
pacueTsl ¢ COCTaBIIEHUEM NIEPEeYHs HAAJOYHBIX MEpONpUiTUid. [ TaBHOI 1ENTBI0 ONTUMH3AIMOHHOM
3alaud TpHU pa3pabOTKe THAPABIMYECKUX PEXKHMOB M IEpepactpeeeHus] TEIUIOBbIX HArpy30K
SBIIETCS CHIDKEHUE 3aTpaT Ha MPOU3BOACTBO M TPAHCIOPT TEIIOBOM PHEPIHH MPHU UMEIOIIHX CS
TEXHOJIOTUYECKUX OTPAHUUYCHUSX.

ITo criocoOy momayn BObI Ha TOpsiYEe BOJOCHA0KEHUE BOJSTHBIE CHCTEMBI JACTISAT HA 3aKPBITHIC U
OTKpBITBIE. B 3aKpBITHIX CHCTEMax BOJY M3 TEIUIOBBIX CETEH MCMONB3YIOT TOJIBKO KaK TPEIOIIYIO
cpemy, a B OTKPBITBIX CHUCTEMax TETUIOCHAOXKEHHsI Topsyas BojJa K BOAOPa30OpHBIM mpuOOpam
MECTHOM CHCTEMBI TOPSIYEro BOJOCHAOKEHHS MOCTYIAeT HEMOCPEICTBEHHO U3 TEIUIOBBIX CETEH.

I'maBHas 0COOEGHHOCTH TEPEMEHHOTO THJPABIUYECKOTO PEKHMMa  OTKPBITBIX  CHCTEM
TEIUIOCHA0XKEHUSI COCTOMT B TOM, 4YTO IpU BOJ03a00Ope MO TEIJIOBBIM CETSAM JBHIKETCS
HEPaBHOIICHHOE KOJMYECTBO TeruioHocuTens [4]. B 3aBucuMocTd OT mepHoaa B TEIUIOBBIX
aJieMeHTax OyayT HepaBHOILIGHHBIE pacxofbl. JeficTBUTENbHO, B MEPHUOJ MUHYCOBBIX HapYKHBIX
TeMIIepaTyp, TeMIeparypa BOABI B OOpaTHOM TpyOONpPOBOAE IOCIIE CHUCTEMBI OTOIICHHS OyaeT
BhIre 65 °C. B atot mepuoy Boaa st [BC Gyner otOupaThcs U3 00paTHOTO TPyOOIIPOBOIA ITOCITE
cucTeMBbl OTOIuIeHUs. [Ipum 3TOM TO mMojaromiel JTUHUHM JOCTATOYHO TOJAaBaTh TOJBKO OTOIH-
TEJNBHBIA pacxoj, 1Mo OOpaTHOW JTMHHMM OyAeT WATH OTONMUTENBFHBIA pPAacXoJ MHUHYC pacxoja Ha
ropsiuee BoJ0CHa0XeHuUe.

B Tennblit mepuoa, korga HapykHas TemnepaTypa npesbimaer 3—4 °C, temmnepaTypa BOJbI B
MoJlatoIIeM TpyOoIpoBoie MoAiepKuBaeTcs paBHOM 65 °C u 0TOOp TEIUIOHOCUTENS Ha ropsdee
BOJIOCHA0)KEHUE OCYLIECTBISETCS TOJIBKO M3 MOJAIONIEro TpyOONpoBOAa 10 CUCTEMbI OTOIJICHHUS.
[Tpu TakoM pexuMe TO TIOJArOIIEH JTMHNAYN MTOIaeTCsl PacXo/, Kak Ha OTOIICHHE, TaK M Ha Topsice
BOJIOCHA0)KEHHE, a TI0 OOpaTHOM BO3BpaImIacTCs TOJNBKO pPACXOJ, MPOMIEANINA CHCTEMY
ortoruteHus [2].

B nmepuoa mexnay 3TUMH pexXUMaMH BoJia OTOMpAaeTCsl KaK M3 MOoJarollel, Tak U U3 0O0paTHOU
cetd. COOTHOIIEHWE KOJHMYECTB BOJBI, OTOMPAEMBIX W3 CETH, PETYIUPYETCS PETyIUpPYIOIINM
KJIAITAaHOM CMEILEHHsI, KOTOPBIM YIIPaBISET PETYNIATOp TeMIEepaTyphl, MOIIEPKUBAIOLINI HYKHYIO
TeMIepaTypy TEIIOHOCUTEIIS.

CrnenoBarenbHO, COOTHOLIEHHUE PACXOJI0B BOJBI, IBUXKYIIEHCS MOCIENOBATEIbHO MO TEIUIOBBIM
CeTM LHUPKYISIMOHHOTO KOHTYPa OTKPBITOM CHCTEMBI TEIJIOCHA0XKEHHUS, TOCTOSSHHO U3MEHSeTC s
B 3aBHCHMOCTH OT TEMIIEPATyphl HAPYKHOTO BO3IyXa, M 3TO COCTABJISIET TIIaBHYI0 OCOOCHHOCTH €¢
MEPEMEHHBIX THIPABIMUECKUX PEKHUMOB.

[IpuBeneHHbIE CBEEHUS IMOKa3bIBAIOT, UYTO CXEMbl TEIJIOBBIX CETEH SIBISIOTCSA CIIOKHBIMHU U
CBS3aHHBIE C HHUMH BOIIPOCHl THAPABIMYECKHX PEXKUMOB TPEOYIOT COOTBETCTBYIOILIETO
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MPaBUJILHOTO pelieHus. B mpakTuke MpPOEKTUPOBAHMS, HAJIAJKH M SKCIUTyaTalldd BO3HHUKAIOT
CIIeAYIOIINE 3a1a4H, TpeOyromre 00ecreueH s THIPABINIECKUX PEKUMOB TETUIOBBIX CETEH:

— aHaJMu3 TUAPABINYECKUX PEKHMOB JICUCTBYIOMIMX TEIJIOBBIX CETe MpHU HEOOXOIUMBIX B
IIPAKTUKE IKCIUTyaTalluM MIEPEKIIOUYEHUAX U BBIOOP ONITUMAIIBHOIO BapUAHTA NEPEKIIIOUEHUM;

— peleHue BoIpoca O BO3MOXKHOCTH NPUCOCAUHEHHS K OIPEAENIEHHbIM Yy4acTKaM
JeHCTBYIOIIEH TEMJIOBOM CETH JOMOJHUTEIBHBIX TEIUIOBBIX HArpy30K M HEOOXOIMMBIX AJISl 3TON
LIETIU MEPOIPUSATUH 110 PEKOHCTPYKLINH;

— pa3paboTKa MEpONpUATUN [0 aBapUITHOMY pPE3EPBUPOBAHUIO JICUCTBYIOIIMX H
MIPOEKTUPYEMBIX CETEH;

— pa3paboTKa CXeM aBTOMATH3AILlUH U 3aIUTHI TETIOBBIX CETEH;

— pa3paboTKa NOpPOTpaMMbl TEPEKITIOUEHUH 1 OOHApyKEeHHs MecTa aBapuud U ero
JIOKQJIU3alHH.

Hapsimy ¢ coBepIICHCTBOBAaHMEM METOIOB pacyeTa THAPABIMYSCKUX PEKHUMOB, Ha IMPAKTUKE
MOJKHO 3aJIeHCTBOBaTh OCOOCHHOCTH (PU3UICCKOTO MOJICITHPOBAHUS, OCHOBAHHOTO HA MPUMCHCHHUH
METO/Ia THAPOAHAIOTOBBIX ycTaHOBOK [3]. [ToTepst Harmopa B MECTHOM CONPOTUBIICHUH, TaK e Kak
U TOTepss Hamopa B TPyOONpOBOJax, MPOIMOPIHOHAIBHA KBAJApaTy pacxolla CETEBOW BOIBI
bnaronmapss 3ToMy uMeeTcs BO3MOXKHOCTh HCIIOJIB30BaTh HAJUICKAINUM 00pa3oM MOJ00paHHBIC
MECTHBIC CONpPOTHBIICHUs. VccremoBaHusi, MPOBEICHHBIC PA3JIMYHBIMK aBTOPAMU M IPAKTHKA,
MoKa3ajid, 4to Haubojiee Ieecoo0pa3HO MPUMEHUTh B KAueCTBE MECTHOTO CONPOTHBIICHHUS,
OTBEPCTUE B TOHKOU TIacTUHKE auadparmy [3] (pucyHok 1).
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1 — konvyo; 2 — kpvrwka; 3 — Hakuonas eavika; 4 — ouagpaema; 5 — ynromusrowee pe3uHosoe
Konvyo; 6 — yenmpupyrowuil wmugm; 1 — pe3urnosvle mpyoxu 071 8bINYCKA 8030yXa

Pucynok 1 — Koncrpykuus auadparmsl 1 narpoHa
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Pacxo/1 )KUIKOCTH Yepe3 TAKOEe OTBEPCTHE OIMPEAEISETCS YPAaBHEHUEM
V = nfV2gh, M¥c 1)

rae, It—koaddunment pacxona;
f _ ceuenne orBepcTus auadparmsr;
h — noTeps Hamopa auadparmsl, M2
g — YCKOPEHHE CUITBI TSKECTH.

Junametp oTBepcTus Auadparmsl orpeaessercs no Gopmysne:

)

rae, G — pacxoj Boabl Ha yJ9acTKe, T/4,
H, — Hanop, M B. CT.

OcHoBHOW 3ajmauelt BbIOOpa pa3MepoB U Pa3pabOTKM KOHCTPYKUMH aAuadparMm A
MCIOJIb30BAHUS UX MPH TUAPABIMYECKOM MOJICIMPOBAHUM TEIIJIOBBIX CETEH sIBIIsETCS oOecreueHne
MIOCTOSIHCTBA KOA(QULIMEHTa pacxo/la B HAUOONbLIEM UAN030HE U3MEHEHUS f u h, a Takke npu
TEUYEHUH KUAKOCTH yepe3 Auadparmy B 000UX HAIPaBICHUSX.

3HauyMTeNbHOE BIUSHHUE OKa3bIBAET OCTPOTA BXOAHOM KPOMKH Jua(parMbl, Tak KaK OKpYyIJIeHHas
KpoMKa jauadparMbl He oOecrnednmBaeT JOCTATOYHOM CTaOMIIBHOCTH Ko3(pdHIMeHTa pacxopa.
ITockonbKy HampaBlieHHME MOTOKAa XHAKOCTH 3apaHee HEU3BECTHO, aAuadparmMa HE MOXXET OBITh
c/elana 1o oopasiy u3MEpHUTENIbHON quadparmMbl CO CKOIIEHHOM BBIXOHON KpoMKoU. O06e KpoMKH
OTBEpPCTBUSL AHaparmMbl JODKHBI OBITH OCTPBIMU, C T€M 4YTOOBI KO3((UIMEHTH pacxoia NpU
TEYEHHUH KUAKOCTHU yepe3 JuadparMy B 000UX HaIlpaBJICHUAX ObUIM OJIM3KU MEXY COOOH.

[Ipu pacuere ruApaBINUYECKUX PEKUMOB CUCTEM TEIJIOCHA0XKEHUS TPOU3BOIUTCS ONpPEEICHNE
IIOTEpU HAIoOpa, KOTOPOE B CBOIO OYEpPEIb BAXKHO AJI TEIJIOBBIX CETEM M U1 MPaBUIBHOTO
MOCTPOCHMSI ITbe30MeTpuiecKoro rpaduka. Ecinu B cucreme BISABUIICS M30BITOYHBIN HAMoOp, HY>KHO
[IOTacUTh HAMopbl MpHU MOMOIIM JuadparM, YCTaHAaBIMBAaEMbIX Ha Yy4YacTKe MPHUCOECTUHEHUS
OTBETBJIEHUS K Maructpanu. Eciau He moracuTh 3TOT W30BITOYHBIN HAMOP, TO TOTPEOUTEIH MOTyyaT
0osbIlle BOABI, YEM UM IIOJIaraercs, a CIEAYIoIlWe MO MAarucTpajibHOW JMHUM MOTpeOuTeNnu
HEZOIO0JIy4aT paCyYeTHOI'0 KOJIMYECTBA BOJIBI.

Pacrnipenenenuie naBieHUl B TEIUIOBBIX CETAX YAOOHO M300pakaTh B BHJE MbE30METPUUECKOTO
rpaduka, KOTOpPBIM JaeT HarJsIHOE MpEACTaBIECHUE O JABJICHWU WIM Hamope B JII0OOM ydacTke
TEIUIOBOM CEeTH M TMO03TOMY obOecreunBaeT OoJIbIIMEe BO3MOXKHOCTH ydyeTa MHOTOYUCIECHHBIX
¢bakTopoB (penbed MECTHOCTH, BBICOTA 3JaHHM, 0COOEHHOCTH a0OHEHTCKHX CHCTEM H T.JA.) NPH
BbIOOpE ONTHUMAJIBHOTO THAPABIMYECKOTO PEKUMA.

3axniouenue. Taxkum o00pa3oM, Npu MNOMOIIM JauadparM, ycCTaHAaBIMBAEMBbIX Ha Yy4yacTKe
IIPUCOETMHEHNS OTBETBICHUS K MArMCTPAIIM MOKHO CO3/1aTh TMJPABIMYECKYI0 MOJENb, KOTOpas
0oJiee coBepllIeHHA ¥ SKOHOMHYHA B KCIUTyaTalluH.

1. Takas onTuMu3alus THUIPABIUYECKOTO peXHMa TEIUIOCHAOKEHUS BIMSET Ha HAAEKHOE
(YHKIIMOHUPOBAHUS CHCTEMBI.

2. D¢ peKkTUBHOCTH BOASHBIX CUCTEM LIEHTPATM30BAHHOTO TEIJIOCHA0XEHUS MOBBIIACTCS M3-3a
CIOCOOOB PETYIMPOBAHUS TEIIOBBIX U THAPABIMYECKUX PEKUMOB.
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3. Opranu3anMOHHO-TEXHUYECKUE MEPONPUATHS HE TpeOyIoT 3HAUYUTENBHBIX (DUHAHCOBBIX
3aTpaTr Ha BHEIPEHUE, HO B TO JK€ BPEMsI IIPUBOJAAT K 3HAYUTEILHOMY SKOHOMUYECKOMY PE3yJIbTaTy
Y CHIDKEHUIO 3aTPAT HA TOIUIMBHO-3HEPreTUYECKUE PECYPCHI.
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KHUHEMATHYECKHUE XAPAKTEPUCTUKU PABOYEI'O
OBOPYAOBAHUA ITOTPY3UUKA C HUKIOUJAJIBHBIM
JIBUKEHUEM KOBIIEH

JIu C.B., Ka6ames A.P., Calinun6acsa H./I.
Kazaxckas aemomoobunvuo-ooposicnas axademust um. JI.B. I'onuaposa (KazAHdHN),
Anmamot, Pecnybnuxa Kazaxcman
e-mail: lee.sergei@list.ru

Baoicnvim napamempom, om Komopozo 3asucum npou3go0UmenbHOCmby MAWUHbL, A6IAeMcs CKOpOCMb
osudicenus pabouezo opeana. B pabome npusooumca xunemamuxa pabouezo 060py008anus nospy3uuKa ¢
YUKTIOUOANbHBIM O8UdICeHuem Koguiell. Tpaekmopuu 0sudicenus u pasmepbl 36eHbes paboueco 060py008anus
ONpeoensAomecs CKOPOCMAMU U YCKOPEHUAMU €20 OMOEbHbIX 36eHbes (POMOpA U IKCYEHMPUKOBO2O 8Ad).
Veenuuenue ckopocmu, ¢ mouku 3penus NOGvlUIeHUs NPOUIBOOUMENTLHOCIU MAULUNDL, SGIAEMCs 8ecbMd
3HauumenvuviM. Llenecoobpasnvim modxcem okazamvcsa u nogvluenue yckopeHnuti paboueeo opeana (PO). B
pabouem 060pYO0BaHUU C NIAHEMAPHBIM (YUKTIOUOATbHBIM) O8UdMCEHUEM O08UNCYUjee YCuiue om npusood
nepeoaemcs uepe3 dKCYEHMPUKOBHIU BAN-600UNO HA CAMELIUMbL U POmMop (NAAHemAapHbulll pedyKmop
svinoansemcs ecmpoenuvim 8 kopnyc PO). B pabome onpedenenvt ckopocmu pe3anusi 8 3a8UCUMOCHU OM
Kunemamudeckux napamempos PO ¢ yuxaoudanisuvim oOsudicenuem Koguiell, paspaboman aicopumm u
npozpamma paciema mpaexmopuil O8UNCEHUs Pe3aHUsl, CKOPOCMU U NPou3eooauezo paouyca «a» PO.

Kntouesvle cnosa: pabouuii opean (pomop), niaHemapHo-pomopHoe (YUKIOUOATIbHOE) O8UJICEHUE,
nPouU3800UMeNbHOCMb, CKOPOCMb, YCKOPeHUe, UHEPYUOHHAs pa3epy3Kd, mpaekmopus, cameiium, 600Uo,
IKCYCHMPUKOBDIU 8Al, CUNOYUKILOUOA.

Mawunanviy  oicymviceina  ocep  ememin  MaHbi30bl HAPAMEMpi — JHCYMbIC 0OOMICIHIY  KO32ATbIC
JHCbLIOAMObIbL. Ky Mbicma yurkaouomi 0xcayivl Ko32anvlcbl 6ap mue2iumiy, HCYMblC icmey MexHUKACbIHbIY
KUHeMamuxacvl Kopcemineen. Ko32anbicmuly mpaekmopusiiapbl HCaHe HCYMbIC HCAOObIEbIHLIY OAUNIAHBICYL,
enuemMoepi OHbIH JceKe DAUIAHBICIMAPBIHBIY HCHLIOAMObIEHIMEH HCIHE YOeyiMeH aHbIKmaiaovl (POmop MeH
IKCYeHmpiK  Oinix). Mawunanapovly JHCYMulCulH  dHcakcapmy OOUbIHUA  JHCLLIOAMObIKMBIY 6Ccyi ome
manwiz0vl. byn opweinovl 6oaywel dicone oicymuvic boniciniy (RO) orcedendeminyin apmmuipybl MYMKIH.
Inanemapnvlx (YUKIOUOGNBIK) KO32ANLICHIASHL JHCYMBIC HCADOBIZLIHOA KO32ANIMKbIUMbIY KO32AYUbL KYUll
IKCYEHMPIIK OLIIKNeH macblMaioayuibl apKblivl CHYmMHUKmMepee Jicane pomopea (nianemanvix memixk P RO
KOPNYCbIHA CANbIHRAH) MACLIMAn0anaosl. Kymvicma kecy oicviidamovigvl IIh-Hbly KUHEMaMUuKaiviy
napamempiiepine OAUIAHBICMbL 0XHCAYAbL YUKIOUOMBIK KO3EANbICHL, ANOPUMM JICIHE Kecy HCONOAPbIH
ecenmeyze apuaiean baz0apiama, Hcovli0amovlk nel 2enepamopavik paouycol «a» I1C a3ipaenedi.

Tipex ceo30ep: dcymvic Oonici (pomop), naaHemapavl-auHAIMANbl (YUKIOUOANIK) KO32AIbIC, OHIMOINIK,
AHCLLIOAMODIK, Jicederoemy, UHEPYUSIbIK MYCipy, Mpaexmopus,, CHYmMHUK, mMAacblMai0ayuivbl, IKCYEHMPIIK
OINIK, 2UNOKCUULOUO.

An important parameter that affects the performance of the machine is the speed of movement of the
working body. The work presents the kinematics of the working equipment of the loader with cycloidal
bucket movement. The trajectories of motion and the dimensions of the links of the working equipment are
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determined by the speeds and accelerations of its individual links (the rotor and the eccentric shaft). The
increase in speed, in terms of improving machine performance, is very significant. It may be appropriate and
increase the acceleration of the working body (RO). In work equipment with a planetary (cycloidal)
movement, the driving force from the drive is transmitted through the eccentric shaft carrier to the satellites
and the rotor (the planetary gear is built into the housing RO). In the work, the cutting speeds are
determined depending on the kinematic parameters of the PO with cycloidal movement of the buckets, an
algorithm and a program for calculating the cutting paths, speed and generating radius "a" PO are
developed.

Keywords: working body (rotor), planetary-rotary (cycloidal) movement, productivity, speed,
acceleration, inertial unloading, trajectory, satellite, carrier, eccentric shaft, hypocycloid.

Beéeoenue: YBenuueHue NPOU3BOAUTEILHOCTH MAIIMH CBA3aHO C IOBBIIICHHEM CKOPOCTEH
Konanus (pe3aHus), TMOATOMY KHHEMAaTHYECKHE XapaKTePUCTUKHA MAIlMH HWMEIOT OoJbIioe
3Ha4yeHue. [loBbIIeHne CKOPOCTH BpAIICHHUS POTOpa BBHI3BIBACT BO3pAacTaHHE LEHTPOOEKHBIX CHIL,
JEUCTBYIOIUX HA TPYHT U NMPEMSTCTBYIOIIUX pa3rpy3ke Koila. Bpems npeGbiBaHUS KOBIIA B 30HE
pasrpy3ku Ipd OTOM COKpAIlaeTCs, M, CIEA0BaTEIbHO, YCIOBHS OINOPOXKHEHMS KOBILIEH
yXyJIIalTcs B emie 0omblueit creneHu. TakuM o0Opa3oM, akTUBHAs CHUJia, IEHCTBYIOIIAs HA TPYHT B
MOMEHT pasrpy3KH, U BpeMsl €€ IeHCTBUS YMEHBIIAIOTCS; UHBIMU CJIOBAMM, YMEHBILIAETCS UMITYJIbC
CHJIBI, CITIOCOOCTBYIOILMI pa3rpy3Ke I'pyHTa U3 KOBIIA. DTO SBISETCS OCHOBHBIM IIPEMATCTBHEM Ha
IyTH MOBBIIEHUS CKOPOCTH KomaHus (pe3aHus) poTopHbix PO, uMMerommx rpaBUTALMOHHYIO
pasrpy3Ky, U OIpeAessieT HEKOTOpPOe IpelelbHOE 3HAYEHHUE JIOIMYCTUMOM CKOpPOCTH BpalleHHUS
potopa. JlonmycTumas CKOpOCTh BpAIllEHHUs] pOTOPa BO MHOTOM 3aBUCUT OT (PU3UKO-MEXAHUYECKUX
CBOMCTB I'pyHTa; MpU paboOTe Ha CBSI3HBIX, BJAKHBIX M JMIKUX T'PYHTAaX OHA 3HAUUTEIHHO HUKE,
yeM Inpu paboTe Ha ChINyYyuX, CyXuxX. HemanoBakHOe 3Haue€HHE HMeEET KOHCTPYKTUBHOE
UCIIOJIHEHUE KOBIIEH C ILEMHBIMU JHUIIAMH, C MNAJAIOIIMMH JHUIAMH, C TNPUHYIUTEIBHON
OYMCTKOM U T.M. B Hamel koHcTpykimuu PO paGodass mMOBEpXHOCTh KOBIIEH M CaMU peXyllue
3JIEMEHTHI BBITIOJIHEHBI M0 B3aMMOOTHOAIOMIMM IIUKJIONIAIBHBIM KPUBBIM (SIHUIMKIONAaM). Takoe
KOHCTPYKTUBHOE  pEIIEHHE T[03BOJSET IOJYyYUTh MHUHHUMAJIbHO BO3MOJKHBIE  YyJEJIbHbBIE
sHEepro3arpatsl pabouero mporecca [1].

Tpaexkropust xomanus (pe3anusi) PO ¢ mukionJaibHBIM JABM)KEHHEM KOBIIEH oOpasyercs B
pe3ysibTaTe COYeTaHUsl IOCTYNATENbHOIO JIBJKEHUS TMOIpy3dHKa CO CKOPOCTBIO VUyam H
BpAaIaTebHOT'0 JBMXKEHUS pPOTOPA CO CKOPOCTHIO Mp (PUCYHOK 1).

HanpasiieHne BpamaTenbHOrO ABMKEHHUS B HUYKHEH YacTH pOTOpa COBIAJAET C HAIIPABJICHUEM
IIOCTYIATEIBHOTO MIEPEMEIIEHUS TOTPY3UNKa, & B BEPXHEH — IPOTHUBOIIOJIOKHO eMY [2].

B xaxapnii MomeHT nBukeHUs: PO B HEKOTOpOW TOUKE PaclOIOKEHHOW HA PAacCTOSIHUMM OT OCH
poTopa BBEpPX CKOPOCTH TIOCTYMATEJIbHOIO M BPALATENIbHOTO JBUKEHHUS YpPaBHUBAIOTCS.
[TocnenoBarenbHble MOJIOKEHUSI 3TOM TOYKH OOpa3yloT MpsAMY0, MapauieIbHYI0 MOBEPXHOCTH
MaccHBa Ha PacCTOSHUH € OT TPAeKTOPHH OCH pPoTopa. [103TOMy TpaeKTopHio pe3anust (KOTaHws)
MOKHO MpPEACTaBUTh KaK 3aMKHYTYIO KPUBYIO C NPSIMOJIMHEMHBIMH OTpe3KaMH PaBHOW JJIUHBI,
o0pa3yloIuXcsi 3a CYeT KOHCTPYKTUBHBIX OCOOEHHOCTEH MeXaHHW3Ma poTopa. TpaeKTopuu
OIMCHIBAIOTCS TOYKOM M Ha MPONOIKEHUU pajnyca KaTsIiencss OKpYKHOCTH Ha paccTosHuu L ot
ec LIeHTpa.

[Ilarom TpaekTopuu pe3anus (KaxabM u3 KoBmeld PO ¢ HUKIOHIATBHBIM IBUKEHUEM KOBIIICH )
SBJIAIOTCS] TUIIOLIMKIIONIbI, U3MEPSEMBIE B HAIIPaBJIICHUH NIEPEMELICHUS MAIIUHBI.
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I

Pucynok 1 — PacueTHas cxema UCIOJIHUTEIBHOTO MEXaHU3Ma (PoTopa) MOrpy3dnKa

VpaBHeHMs TPAEKTOPUH pe3anus (KOMaHuUs) B IPUHATON CHCTEME KOOpAMHAT paBHa [3]:
x=v,,, t—c+e-cos(mt)+I-cos(w-t)

2=H,, ~(e-sn(o)+1-n(o0) ®

1y o
rue M4 — CKOpOCTh JBUKCHUSA PO ¢ MUKIIONOAJIBbHBIM JIBUKCHUCM KOBIIICH,
t_ BpEM:A, OTCUUTBIBACMOC OT MOMCHTA HAXOXKIACHUA PCKYHIUX KPOMOK pacCMaTpuBacMoro

KoOBIIIa B Touke K

(I:_I— BBUIET OCHU BpalllCHUs POTOPA;
0-P- — pa3uuia ypoBHe# miat)OpMbl MAIIMHBI U OCH BPAIICHHUSI POTOPA;

@ yrioBasg CKOpOCTb BOAWJIA,

€ _ skcuenTpucwurer;
L — paccrosHue ot nenTpa ocu Koneca 10 KPOMKH KOBIIIA.

Paccrosaue ot touku O 0 M, 3TO ecTh L (paCCTO}IHI/IC OT HOCHTpa OCHU KOJIECa OO0 KPOMKHU

KOBIIA) (CM. pUCYHOK 1):
L=OM=\/(R—r)z+I’2—2(R—r)-l-cos(¢l—go)’ @)
rae ' —paguyc caremmra;
" _ paccrosgaue ot O1 10 TOYKH M,
R —paauyc 3ybuaToro kojeca;
? _ yron nosopoTa caremmTa;

P yroJl IOBOPOTa IKCHEHTpUCHUTETA (BOAMIIA);

I'myOvHa KonaHus:
H=L+H,, —-H, @3)

H
rie  "1— BBICOTA IUIAT(OPMBIL.
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IIpn BpameHuu poTopa CKOPOCTh IBMKEHHS Ha Ka)XJAOHW BETBU TPACKTOPUU HM3MEHSETCA OT
MUHUMAaJIBHOI'O 10 MaKCUMaJIbHOI'O 3HaYEHUS (PUCYHOK 2).

Jlmmua nipousBosen 0,2

WAVAVAWA
VAR VARV

0,14

g

0 36 72 108 144 180 216 252 288 324 360
Ipanyc

Pucynok 2 —TpaekTopus IBH>KEHUS TPOU3BOISAIICH TOUKH | , OJTHOT'O KOBIIIa

Ha pucynke 3 mnoka3aHa TpaekTopus ABI)KEHHS KOBIIEH pabodero opraHa MOrpy3duka B
MOJIAPHBIX KOOPAUHATAX.

A 2o

Pucynok 3 — TpaekTopust JBH>KEHUS KOBILEH B MOJSPHBIX KOOpauHaTax poropHoro PO ¢
[IUKJIOUIaIbHBIM JIBH)KEHUEM KOBLIECH

W3 pucyHka BHAHO, YTO TpaekTopus ABWKeHUs kosmied PO morpy3umka umeer ¢dopmy
MSTHYTOJBHUKA C TUIABHBIMH TIEPEX01aMu B BepirHax [4].

=t
Ckopoctb pezanus P¢ — BenuunHa nepemeHHas. [lpu noBopote poTopa Ha yroiu Pr 1", roe

1)
1— yrioBas CKOPOCTh BpalllEHUs CaTeJUINTA.
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x=v,,, —ew sn(ot)-losin(ot)

Mmawt

7 = —ew, cos(w,t)—lwsin (wt)

, (4)

pe3 ’ (5)

O, = '\/Uz,walu — ZUMM(ea)l sin (a)lt)+ lwsin (a)t))+ e’w’ +1%w? — 2ea)l|a)cos(t (a)l + a)))

. (6)

Hosele koHcTpykuuu PO, cKOpOCTh KOTOpBIX IPEBBILIAET IPEAEIbHBIE 3HAUEHUS CKOPOCTH
IPaBUTAIIMOHHBIX POTOPOB TOTO XK€ TUAMETPa, Ha3bIBAKOTCSI CKOPOCTHBIMU poTopamu [5]. U3 Beero
MHOT000pa3us UCCIIEAOBAHHBIX KOHCTPYKIIMI CKOPOCTHBIX POTOPOB MEPCIEKTHBHbIC HAIPaBICHUS
MOJIYYHIJI CKOPOCTHOM pabovmii OpraH ¢ EHTPOOEKHOM pa3rpy3Koii Kosiei [6].

BoiBOoabI

1. CoBpemeHHbIE CTPOUTEIBLHO-IOPOKHbBIC MallHBI HMEIOT JIOCTaTOYHYIO
MIPOU3BOUTENHHOCTh, HO OTPAaHUYCHHS CACPKUBAIOT POCT Mpou3BoAuTENIbHOCTU. [lorpy3umk c
UUKJIOWJAIBHBIM ~ JBMKEHHEM KOBIIEH TPEBBIIAET TIOKa3aTeld JAPYyrux 0a30BbIX IO
MIPOU3BOIUTEHLHOCTH U YACIBHBIM SHEpro3arparaM Ha pabouwnii rporecc. OH UMeEeT 3HAYUTEIBHO
MEHBIINE TadapuThl U MacCy, B CHJIy MUKJIOUAAIBLHOTO (CIOKHOTO) JNBIKEHUS pabOYMX OpraHOB.
HuxnounanpHoe ABMKEHUE pPabOYMX OpPraHOB MHTECHCU(UIMPYET B3aUMOICHCTBHE KOBIIECH C
paszpabaThIBaEMbIM MaTEPHAIIOM.

2. BcneacTBue nepuoAMYECKOr0  M3MEHEHHMS  CKOpPOCTH  JBWKeHus PO Bo3HHMKaeT
BUOPAIIMOHHOE BO3JICHCTBUE Ha pa3padaThiBaeMbll MaTepuas, 4YTO MPHUBOJUT K CHIIKEHHUIO
HHEPTrOEMKOCTH pabouero mpoiecca.

3. MHcmonp3oBaHWE CBOWCTB MHUKJIOUAAIBHBIX KPHUBBIX M T TOCTOSHHOW MMpUHBI B PO
3HAQUYUTENIFHO pAaCIIUPAET TEXHOJIOTHYECKHE BO3MOXXHOCTH TMOTPY3UMKa C [HUKJIOWUJATHHBIM
NBIDKEHHUEM KOBIIIEH.
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OINPEAEJIEHUE KNHEMATHYECKHUX ITAPAMETPOB U CAJIbI
PE3AHUSA ITPU HAPE3AHUM HIEJIEX B JIOPOXKHBIX TIOKPBITHUAX

JIu C.B., Pabar O.K., Mycun K.C., Kadamesn A.P., Keruodaityan! K.
Kasaxckas aemomoobunvrno-ooposicnas axademust um. JI.B. I'onuaposa (KazAHdH),
Anmamesi, Pecnyonuxka Kazaxcman
e-mail: lee.sergei@list.ru

B pabome 0aémcs onpedenenue cunvl pe3anus pabodum opeaHom ¢ YUKIOUOANbHbIM Osudicenuem. [Ipu
onpeoeneHuU Culbl pe3anus YUUmvlealucb NPOYHOCMHblE colicmea acganvmobdbemona. Kpome moeo,
yuumeleancs cnocob eosodeticmeus pabouezo opeana (PO) ¢ yuxnoudanvhvim O08UdiCEHUEM PeHCyuyux
oeMeHmos Ha paspabamvigaemuiii mamepuanr u mpaekmopuu osudcenus PO. I[lonepeunoe ceuenue
paboyezo opeana MawuHbl npeocmaegisiem cobou NIOCKYI0 MPey2oabHylo uaypy, MOUKU KOMopou npu
BPAUAMENLHOM OBUICEHUU BOKPY2 08YX NAPAILIENbHBIX OCell ONUCLIBAIOM KPUGblEe TUHUU — SUNOYUKIOUObL C
npAMonuHelHiMu eemseamu. bokosvie obpasylowue cevenus nepekamvlearoOmcs no SMum 6emesam, KaK no
Hanpagisiowum. Mmenno sma ocobennocms osudcernus PO (no e3aumoozubarowjum Kpugbim) UCNOIb3Yemcs
6 wenepesnol mawiune. IIpumenenue YyukiouOAIbHLIX KPUBLIX NOCMOSHHOU WUPUHBL 68 PabOYUX Opeanax
WenepesHbiX MAawuH U YUKIOUOATbHOEe OBUMICEHUE NO3605Aen NOIYYUMb MUHUMATLHYIO IHEP2OEMKOCHIb
pabouezo npoyecca.

Knioueswvie cnoea: npousgooumenbHoCms, YUKIOUOATbHOE O8UdCEHUe, pAabOyull OpeaH, OCHOGHblE
napamempbul, 83aumoozubaroujie Kpusvie, 2UNOMPOXOUOd, CAMELIUM, CUA Pe3aHUs, ACPharbmoOemoH.

Kymvicma orcymvic opeanvinely yukiouomik Kosanbicmagvbl Kecy Kywi aumvikmanaosl. Kecy xywi
anvlkman2an Kezde acgharom OemoHbiHblY Oepikmik Kacuemmepi eckepindi. byodam oacka, ocymvic
OP2AHBIHbIY KEeCKIH NeMeHMMEPIHIH YUKIOUOMI KO32AIbICbIH OaMbIIMAmMbIH Mamepuaiea acep emy 20ici
JHCIHE JHCYMBIC OP2AHBIHBIY KO32ANbIC MPAEKmMopusacyl eckepindi. Mawunanvly HcYyMbiC KOPHYCbIHbIH
KOJI0eHeH KUMAcsl - napaienb 0Cb AUHANACBIHOA AUHATY KO32ANbICHl Oap HYKmeaep, JCaInax yuoypouliumol
niWiH, KUCBIK CbI3bIKMapobl - MIKYWAKNeH 2unokcuyiouomi cunammauiovl. Byiipnix eenepamopnap ocwi
oymagmap 6otiblmen 6a2eimmaiiovl, 6aelmmaywbliap cusakmol. byn xecy mawunaceinoa Kon0aHuliambiH
JHCYMBIC OP2AHBIHBIY  (03apa KUCHIK KUCLIKMAD OOlbIMeH) KO32anbicuinbly Oyn  epexuwenici. Kecy
MAWUHANapbl MeH YUKIOUOMIK KO3LANbICIbIY JHCYMbIC Op2aHOApblHa YHeMi eHi 6ap yukiouomi
Kuculkmapobl RAUOANAHY JHCYMBIC NPOYECiHiy ey momeH2i dHepeust CHlUbIMObLIbIZLIH aNYed MYMKIHOIK
bepeoi.

Tipex co30ep: oHIMOINIK, YUKIOUOMbIK KO3EANbIC, HCYMbIC OP2aHbl, He2i3el napamempiep, 03apa KUCbIK
CHIZLIKMAPYL, 2UNOMPOXOUO, CNYMHUKMIK, KeCy Kyuli, acghanbm-oemoH.

The work provides a definition of the cutting force of the working body with a cycloidal movement. In
determining the cutting force, the strength properties of asphalt concrete were taken into account. In
addition, the method of action of the working body (PO) with the cycloidal movement of the cutting elements
on the material being developed and the trajectory of the movement RO was taken into account. The cross
section of the working body of the machine is a flat triangular shape, the points of which, with rotational
movement around two parallel axes, describe curved lines - hypocycloid with straight branches. The lateral
generatrix rolls along these branches, as along guides. It is this feature of the RO motion (along mutually
curving curves) that is used in the cutting machine. The use of cycloidal curves of constant width in the
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working bodies of cutting machines and cycloidal movement allows to obtain the minimum energy intensity
of the working process.

Keywords: productivity, cycloidal movement, working body, basic parameters, mutually curving curves,
hypotrochoid, satellite, cutting force, asphalt concrete.

[Tonepeunoe cedyenne paboyero opraHa MalIMHbI MIPEICTABISET IIOCKYIO TPEYTOJIbHYIO GUTYDY,
TOYKHM KOTOPOW IpH BpallaTeIbHOM JBHKEHHHM BOKDPYI JIBYX HapaJjI€IbHBIX OCEH ONMCHIBAIOT
KpUBbIE JJUHUM — TUIOLMKIIONIBI C MPSAMOJIMHEHHBIMH BETBSIMH, @ OOKOBBIE 00pa3yIoIInue CeUeHUs
MepeKaThIBalOTCA M0 3TUM BETBSIM, KaK MO HaIpaBisiFOlIUM. VIMEHHO 3Ta 0COOEHHOCTH JBHKEHUS
PO (mo B3anMooru0aromuM KpuBbIM) UCHIOIB3YETCs B LIENEPE3HOM MaIlInHE.

TpaexTopust nBrxenus PO mamuHbl B 3HAUUTENIbHON CTENEHU ONpeesieT €€ Harpy>KeHHOCTb.
B namem ciywae TpaekTopusi pezaHus poropHoro PO ¢ IUKIOMJAIbHBIM JBUKEHHEM IUCKOB

v
oOpa3yercs B pe3yJbTaTe COYCTAHMSI TIOCTYIMATEILHOTO ABM)KCHHS MAIIMHBI CO CKOPOCTBIO M4 1

CJIO)KHOTO BpAIATEJIbHOTO JIBUXKEHHUS pOTOpa CO CKOPOCTbIO ® Ha pHUCyHKe | mokaszaHa
NYHKTUPHBIMM JIMHUAMU. HampaBiieHue BpaliaTenbHOIO JBHKEHUS B HUXKHEH 4YacTu poTopa
COBMAJAET C HANpPABJIEHUEM IOCTYNATEIbHOTO IEPEMEIEHUSI MalllMHbl, a B BEpXHEH —
IPOTUBOIOJOKHO eMy. TpaeKTopuu ONUCBHIBAIOTCA TO4YKOW M Ha NpoAOIDKEHHE paauyca
KaTsIIEeNHCs: OKPYXHOCTH caTeJUINTa Ha PACCTOSHUM a oT e€ 1eHTpa [1].

W3 pucynka 1 BUOHO, 4TO TpaekTopus IBHKeHUs pe3loB PO ¢ LMKIOMAAIBHBIM JBUKCHHE
PEXYILIUX AJIEMEHTOB UMeeT (pOpMy MPABUIBHOIO YETHIPEXYrOJIbHUKA C IUIABHBIMU NEPEXOJaMH B
BEpIIHNHAX.

[Ipu onpenenennn cuibl pe3aHusl yUuThIBaJIUCh crioco0 Bo3zaeiicTeust PO Ha pa3zpabaTeiBaeMblil
Matepuain u Tpaekropust apuwxkeHuss PO. Cuna pe3anus Ppe; Mpu BHEAPEHUU B JOPOKHOE MOKPHITHE
C OINpeAeNeHHbIMU JIONYLICHUSIMH, MOXET OBITh OIpEeJeleHa Ha OCHOBaHUM TEOPEMBI O
KMHETUYECKOW DHEPrUM MaTepHaIbHOU TOUKH. V3MEHEHHE KMHETHMYECKON DHEPIUM ABHKYILEHCS
MaTEpHUaIbHOM TOYKM COCTOUT W3 KMHETHYECKOM JHEPIrHU BpalllEeHUs POTOpa U KHHETHYECKOU
SHEPI'UHU MOCTYNATENLHOTO JIBUKEHUS U paBHO padoTe, MPUIOKEHHON K HeM CUJIbl Ha MPOIiIeHHOM
yTH.

Torma, npUMEHHTENBHO K HALIEMY CIIy4ar0, TEOPEMa BBIPAXKAECTCA PAaBEHCTBOM:

J o’ +M~uzc

c

2 2 = A = Ppes,Ol ’ L

pes

: (1)
J 2.
rae ¢ — MOMEHT WHEPIMU TUCKOB POTOpA U CaTeIUTUTA, KI*M*;
v
¢ — CKOPOCTb BpAIIEHUs CaTeJUTUTa, M/C;

A — pabora, 3aTpayeHHas Ha pe3aHue JOPOKHOTO MOKPBITHS, JIK;
@ — yri0Basi CKOPOCTh caTeIINTa, paj/c;

P® — IIyTh pe3aHus, M;

P P
pes.0l _ yacaTenbHas COCTABISIONIAS CHIIBI pe3anus 7, H.
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F

conp,01

pes

O — uentp Bana koneca; C — neHtp carrenurta; CM — pacCTOsSIHUE OT OCH CaTTENINUTa J0 PEKYILIEro
anemenTa; CM = a, OC = e (3KCUEHTpUCUTET); R — paaunyc OOIbIIOr0 HEMOABHUKHOTO KOJIECA;

I — paguyc carrennra; = ©' ¢ _KOOpI[I/IHaTHLIe Toyku C; “"m''m N KOOpAWHATHI TOYKHU M
), — —
PEXKYLLETO JIIEMEHTA; P YroJI MOBOPOTA U YIJI0 Basg CKOPOCTh BOAUIIA; P YroJj moBopora
U p—
U yIJI0Basi CKOPOCTh CATTENIUTA; C  CKOPOCTh TOUKM C OTHOCUTENBHO TOUKH (O IIEHTpa BaJia
U —
KoJjieca; MC  cKOpOCTh TOUKH M (pexyIiero sjaemMeHTa JUckoBoro PO) oTHOCUTENHHO TOUkH C
. UM -
LICHTpa CaTTEIINTa; a0COJTFOTHAS CKOPOCTh TOUKU M (pexyiiero seMeHTa quckoBoro PO)
OTHOCHUTENIbHO TOUKH O LIEHTpa Bajia KoJieca; h-FJ'Iy6I/IHa pesanus, M; 7% kacarenpHast

P e3 P 3,02 P e3
COCTaBJIAOIIAasA CUJIBI pGSaHI/ISI P . H, pes, HOpMaJ'II)HaH COCTaBJIAKOIIIAA CUJIBI pe3aHI/I$[ p y

Foo- ) F
H; <" kacarenpHas COCTABIIAIONIAN CUIIBI OOIIEH conpoTuBaenus <" H.

PI/ICYHOK 1 — Cxema k OIMPCACIICHUIO KUHCMATUYCCKUX MMapaMCTPOB U
CHJIbI pC€3aHus TUCKOBOT'O PO ¢ TUKJIIOUJAJIbHBIM JIBUKCHUCM

Vaac % =" rorna pasencreo (1) npumer Bu:

Mr® 3.,

2 2 o = pe3,01‘Lpe3

: (2)
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YraoBas ckopocts PO paBHa (depe3 yrioByr CKOPOCTh caTeliuTa ®) [2]:

0 =——0
' R-t
Torna: Mz JN(R-0T
2 +? r a)l = Ppes,Ol. Lpes

(3)

[Tocne mpeobpazoBaHuii, HA OCHOBE TEOPEMBI 00 U3MEHEHUU KUHETUYECKOW YHEPTUU TMOTYyIUM

CUJTY pe3aHus: Mor? J. (R—r) 2 ,
— o,
2 2 r
Ppe3,01 = L
, @
rne R— paaunyc 3y04yaToro Kozieca, M;
I'— paguyc caremuTa, M;
-1
@ yIJ0Basi CKOPOCTh Boauia, €€K ; R
i I =my +m,
— Macca JUcKa U Cpe3aeMoro JOPOKHOIO MOKPBITHS, , KT;

v,0.)
CkopocTh 0TOpachIBaHMsI MOJKHO BBIPA3HTh Uepe3 CKOPOCTh pe3anus - 7’ pucynok (2 b).

Hcnonb3ys TeopeMy CUHYCOB, MOTYYHM:
sin &
Upe3 A
sin(5+6)

Uomﬁ =

rae O — yroJI pe3aHus;
0 YToJl MEXY TPAEKTOPUEH CTPYKKH U MOBEPXHOCTU PE3aHMSL.

PaccmoTpuM TpeyronpHHK AABC . U3 storo TPEYroJIbHUKA, HCIOJIb3ysl TEOPEMY CHHYCOB,
HaXOIUM YYaCTOK PE€3aHUs JUIUHOU: :
A YHacTOK P 8 sin(5 +6)

=/
e sin &

Torna orGpackiBaeMbIil 00BeM achaabToOETOHA PaBEH:

V= I:cp ' Lpe‘3

rae P — cpenHsist IUIONMaIh MOMIEPEYHOTO CEUCHHMS Cpe3a.
Otcrozia cpe/iHsisi Macca Cpe3aeMoro J0POKHOTO TOKPBITHsI OyeT paBHa:
sin(5 + 0)

m =F_-L .y=F_-(.
cp pes 4 cp /4 SinH

ep

rae /' — miotHocts acdanbTo0eTOHa (JIOPOIKHOTO TMTOKPBITHS).
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v

omb

pes

P[)(’J.Ol A C

pes

20 9¢

V..

PI/ICYHOK 2 — CXeMsBl K OIMPEACIICHUIO CHUIIBI PC3aHUA JOPOKHOTO ITOKPBITUA

Kacarenapnas COCTaBJIAOIIAA CHWJIBI PE3aHUSA IIPpU BHCAPCHUUN PO B AOPOKHOC IMOKPBITUC

MPUMET BU/T:
((mp"’” +Fo Lo '7)r2 +‘]CJ[(R_I’)TCO i
1

2 2 r
Ppe3,01 = L '
ves : ®)
N
(m AR .Sln(-5+9)]r2 2
g sin 0 J, [(R—r)} 2
T o,
2 r
P =
pe3,01

Lpe3 , (6)

97



N3BECTUS HAYUYHO-TEXHUYECKOI'O OBIIIECTBA «KAXAK», 2019, Ne 1 (64)

Pabounii opran mienaepe3Hoi MalIMHBI BBITMOJIHEH B BUJIE IUCKA TPEYTOJIbHON BBITYKIION (HOPMBI,
KOTJId JIMHUM TUIOTPOXOMJI, ONHCBHIBAEMBIE BEPUIMHAMH, BHYTPEHHHUX Orubaromux, ONU3KU 110

dopme Kk mpaBmiabHOMY uerhipexyromsuuky (mpum | 3) [3]. Torma, mocie mpeoGpasoBamuit

opmyst (6), ¢ yaeTom, 4T0 Presor = O’SSPW', HOJTYYUM:
0,06- a)12|:mp0m + FLW L e Sln(é‘-'_g)jl : (r2 + JC)
P - sin 0
pes L
’ )

rae 0 — yroJl pe3aHus, rpaj;
0 yroJl MEXy TPAeKTOpUE CTPYKKH U MMOBEPXHOCTU pPe3aHus, IPpal;
!~ jumHa cedeHus cpesa, M;

P _ CpCaHsAs IIoIIaaAb IMOIICPEIYHOI0 CCUCHUA CPC3a, MZ;

Y — nnotrocts acdanbroberona, Kr/v®.

W3 Bepaxkenus (7) BHAHO, YTO CHJIA PE3aHUS YBEIMYMBACTCS C BO3pPACTAaHHEM CKOPOCTH
pe3aHus. YBEIUYEHHE CHIIBI PE3aHUs C BO3PACTAHMEM CKOPOCTH PE3aHUS MOXKHO OOBACHHUTH
YCIIOBHEM MEXaHUKH IpoIlecca — 3aTpaTaMH PHEPrHH Ha COOOILICHUE JBIIKCHUS OTICINSIOMINMCS
KycKoM ac@aibroberoHa U (U3MUECKMMM [PUYMHAMH, 3aKIIOYalOIIMMUCA BO BHYTPEHHHX
HU3MCHCHUAX B acq)aHLTO6eTOHe, MPOUCXOAAIINX B PE3YJIbTATC U3MCHCHHA CKOPOCTHU BOB[[GI;'ICTBI/IFI
Ha HUX BHEITHHUX cwi. [Ipum Manoi CKOpOCTH MPHIIOKEHHS HArpy3Kd (B HAlleM CiIyd4ae — Majlou
CKOPOCTH pE€3aHusl) CKOpPOCTh pa3pylleHus (OTAeNeHUuss OT MaccuBa KYCKOB ac(aibTOOETOHA)
Oonplie ckopocTH pe3aHus. IloaTomy pes3enr BCTpedaeT CBOEH BEpXHEW YacThl0 KYCKH
acambTOOETOHA, YCHEBIIHWE OTAEIUTHCA OT MacchBa. ECIM CKOpOCTh NPUIIOKEHUS Harpys3Ku
MPEBBIIIACT CKOPOCTh pa3pylleHus achaibToOeTOHa, TO pe3ly NMPUXOAUTCS MPOIBUTaThCS depe3
cpeny, HE pa3pyLIUBIIYIOCS WM Pa3pyHIMBIIYIOCS YacTUYHO, IPEOAOJIEBasi CONPOTHBIICHUE
0oJbIlIel BETMYMHBI, YEM MPH MEAJICHHOM pe3aHuu. B 3THX ycloBUAX pa3pylleHue NnpuoOperaer
XapakTep XPYMNKOTO pa3pylieHus, ¢ WHTEHCHUBHBIM H3MEIbYCHHEM U pa30pacbiBaHUEM
OTJIETISIOIINXCS KYCKOB acdanbToOeTOHA.

BoiBoabI

1. TIpennoxena dopmyna cuibl pe3anus (7) poropabiM PO ¢ HMUKIOMATBEHBIM JBHKEHUEM
nuckoB. OrmpeneneHo, 4rto MojJ ACHCTBUEM UUKIOUWAAIBHONW BBIHYXKIAOIIEH CHUJIbI POTOPHOTO
pabodero opraHa coBepIIAlOTCs KoJeOaHus, Mepenarolrecs pa3pesaeMoMy achaibTo0eTOHy, YTO
MO3BOJISIET TOABOAUTH JOMOJHHUTENIBHYIO HSHEPIUI0, YBEIWYMBAIOLIYIO IPOWU3BOJUTEIBHOCTh U
s dexTuBHOCTH paboyero mpoiecca.

2. DKCIEepUMEHTAILHBIM MYyTEM TOJTBEPXKJCHA 3aBUCUMOCTH CHJIBI PE3aHHUS OT CKOPOCTH
Bpamenusi PO. Bo Bcex ombITax cuiia pe3aHusl YBEJIIMYMBAJIACh C BO3PACTAHUEM CKOPOCTH PE3aHUS.
Takyto 3aKOHOMEPHOCTh MOKHO OOBSICHUTH OCOOBIMH YCIIOBUSIMHM MEXaHHMKH pabouero mpoiiecca
pe3aHus JOPOKHOIO MOKPBITUS, IPOUCXOIAIINX B PE3YIBTATE LIUKIMYECKOIO U3BMEHEHHS CKOPOCTH
BO3JICHCTBUS PEXKYIIUX IEMEHTOB Ha acanbTobeToH [4].
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MMPABUJIA O®OPMJIEHUS CTATEM

1. Xypuan «M3ectuss HTO «Kaxak» myOnuMKyeT HamucaHHBIE Ha PYCCKOM, Ka3aXxCKOM,
AHTTIMICKOM U KOPEHCKOM sI3bIKaxX OpPUTHHAIBHBIE CTAaThU, 0030phl. JKypHas mgaeT MHpOpMAIHIO,
CBSI3aHHYIO C JIeATEIbHOCTHIO 00IECTRA.

2. B opurHHambHBIX CTAThSX MOTYT PAacCMATPUBATHCS PE3YIbTAThl KAaK TEOPETUUYECKHX, TaK U
npukinaaasix HAP.

3. ABTOpBI, JKenawiue OnmyO0InKoBaTh OO30PHYIO CTaThlO, JOJDKHBI TPEIBAPUTEIHHO
COIJIacoBaTh €€ TEeMaTHKy, MpEeJCTaBUB aHHOTauuio Ha 1-2 ctp. B o030pax cinemyer ocBemiaTth
TEMBI, TIPEJCTABISIONINE JOCTATOYHO OOIIHMIA MHTEPEC MO BHIOPAHHOW TEMATHKE WU OTPAXKAIOIIHE
KaKOW-1100 Ba)KHBIM acreKT MPUMEHEHHUS B MIPOMBIIIJICHHOCTH, CEIbCKOM XO03sCTBE, METUIIMHE U
T.4. JlomyckaeTcst 00001IeHne pe3yabTaTOB MHOTOJICTHUX MCCIIEOBAHNN HAYYHBIX KOJUICKTHBOB.

4, OOwveM cratbu He JA0DKeH mnpeBbimath 10 crpanmn dopmara A4. CraThs T0JDKHA
HAaYMHATBCA C BBeACHHSI. B HeM [ODKHBI OBITH JaHBL: CoOJEpXkKaTesbHAas IMOCTAaHOBKA
paccMaTpuBaeMoOro B CTaThe BOIPOCA, KPATKUE CBEACHUS 10 €r0 UCTOPUHU, OTIUYME MIPesIaraeMoiu
3alayd  OT YK€ W3BECTHBIX, WM MPEUMYIIECTBO H3J1araéMoro MeToJa 110 CPaBHEHUIO C
cymectByromuM. (OCHOBHasi 4YacTh CTaThbU JIOJDKHA CoAepXKaTh (OPMYIUPOBKY 3a7adud U
MpeiaraéMblii METOJ] €€ PelIeHus], 3aKIIOUUTENbHAsT YacTh — KPAaTKoe 0OCYXKIEHUE MOTYYEHHBIX
pPE3yNIbTaTOB U, €CIIM BO3MOXHO, MPUMEpP, HUIFOCTPUPYIOMUNA HX 3()(GEKTHBHOCTE M CIIOCOOBI
MIPUMEHEHUS.

5. Bce cratbu npoxoasT UMEHHOE PElIeH3UPOBaHUE.

6. ABTOpPHl MOTYT TMPEACTaBUTH DSIEKTPOHHYIO BEpPCHUI0 CBOEH CTaThu IO  afpecy:
izv.ntokaxak@mail.ru

TpebdoBanus Kk 0popMIICHUIO PYKONUCEH

CraTh¥ TIPEJCTABIIAIOTCS B JJIEKTPOHHOM BHJE B TekcToBOM pemakrope Word 97, dbopmyiasi
HabuparoTcs ¢ momoIkko pegakropa MS Equation 3.0 (2.0) uu Chem Draw.

HIpudt Times New Roman 12 pt. MexxcTpouHslii HHTepBa)l oauHapHbIi. [Tons: Bepxuee — 2,0
cM, HmwkHee — 2,0 e, neBoe — 2,0 cm, mpaBoe — 2,0 cMm. A63ar — kpacHas ctpoka — 0,5 cwm.

TekcT cTaThbu AOKEH HAUWHATHCS C YKa3aHUS:

c nesoti cmoponsl — uHaekcoB MPHTH u YK, nuowce npuBoasTes:

—  Ha3BaHHE CTaTh¥ (IPONHCHBIE OYKBBI, (hOPMATHPOBAHHE TIO LIEHTPY),

(haMWIIMY M MHUITMATEI aBTOPOB (TIPOTHMCHBIE/CBETIIBIE, (DOPMAaTHPOBAHUE T10 IIEHTPY),

—  Ha3BaHWE OPraHH3alli{ U €¢ MECTOHAXOXKICHHUE,

e—mail aBTopoB

pesioMe (KpaTKoe H3IIOKCHHE COJEpIKaHHs CTAThH, JAIoliee MPEACTABICHHE O TEME M CTPYKType
TEKCTa, & TAK)KE OCHOBHBIX pe3yiibTatax, /—10 mpeaioxKenmii),

—  KJIIOYEBBIE CJIOBA, 00ECIICYNBAIOIIME [IOJTHOE PACKPBITHE coziepkanus cTaTbu (7—10 cioB),

—  TEKCT CTaTbH,

—  CIIUCOK JIUTEPAaTypBHl,

—  @®.N.0. aBTOpOB, Ha3BaHHE CTAThU, PE3FOME, KIFOUYEBBIC CJIOBAa HA TPeX s3bIkax (Ha Ka3axCKOM,
AHTTIUICKOM U PYCCKOM).

PucyHKu 1OTKHBI OBITH MIPEICTABICHBI B OTASIBHOM (haiiie.

Cratbs npencranisercs B doc mim docx ¢opmarte, a Takke uaeHTudHas konus B pdf dopmare,
Ha DJIEKTPOHHBIM aJpec KypHalla, B OTIENbHBIX (aiimax AyONUPYIOTCS PUCYHKH, TaOIUIIBI,
rpaduKH, CXeMbl, a TaKKe MPUBOAATCSA CBEICHHS 00 aBTOpax (MMs, OTYECTBO, yu€Hasi CTENEHb,
y4eHOE 3BaHHe, CIIYy>KEOHBIH ajjpec, MECTO pabOThl, TOJKHOCTb U TeNE(POHBI IS CBSI3N).

Ccbulk Ha JHUTepaTypHble HCTOYHHKM B TEKCT€ MPUBOAATCA B KBaJpPaTHBIX CKOOKax.
bubnuorpaduuecknii cnmcok odopmisiercss B cootBercTBUU ¢ TpebdoBanusimu ['OCT 7.1-2003
«bubmmorpadudeckas 3anuch. bubmmorpaduueckoe ommcanue: obmuye TpeOOBaHUS W TMpaBHIIA
COCTaBJICHUSI.
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