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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
1AJZMamuHCKM1/7 YHUsepcumem 9HepecemuKu U CeA3u
2TOO «QAZTEX Innovationsy
Anmamwi, Pecnyoauxa 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 ONMUYEeCKU MeHee WIOMHOU cpedbl 6 Oollee NIOMHYIO. DmMo NO360a58em
ocyujecmeums nepeoayy U3Iy4eHus Ha CPAGHUMETbHO KOPOMKUE PACCMOAHUS, 4MO OO0CMAMOYHO Oisl
UCNOTL306AHUSL NPEONAaeMblX DJIeMeHmo8 6 C8emosoll pexiame. IIpednosicena memoouxa pacuema,
KOMOpasi NO380Jem Onpedeisimb ONMUMAIbHYI0 (OpMY UCNOTb3YEMbIX C8EMOBOOHBIX JleMeHmos. B
yacmuHocmu, 8 OAHHOU CMAambe PaccCMampueaemcs Kidguamypvl ¢ ONMUYeckol KoOuposKou, 8 Komopou
ucnoab3ylomcs 0eghopmupyemvie c6emogooHble dlemenmol. 1Takoco pooa cucmemvl, Mo eCmb CUCHEMbl
66004 UHGOPMAYUU HOBO2O MUNA, NPEOCMABISION ZHAYUMENbHLIL UHMEPeC, 8 MOM YUCTe, ¢ THOYKU 3PEeHUs.
npobdeMbl IKOHOMULECKOU IPPexmusHocmu npou3e00cmea homodIeKmpusecKux nanene.

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

Kapeix ouoomsl  bazvimmaywivl diemenmmep KA3ipel 3AMAHEbl HCAPLIK HCAPHAMANAPOA KeHiHeH
Kon0aHy2a Kabiiemmi eKeHin Kopcemmi, OHOA HCapblKOUOOMbl MEeXHON02UsL KeHiHeH KOI0aubliaobl. MyHnoatl
NeMeHmmep MeH KIACCUKATbIK MATUbIKMAD apacblHOAebl He2i3el atiblpMAaulbLIblK, HCAPLIKMbIY ONMUKALbIK
MbI2bI30bIZbl A3 OPMAOAH ONMUKAILIK Mbl2bI30blebl KON opmaza omyi, Kepicimwe emec. lwki acapuix
bazvimmayutvl dnemeHmmepoiy muiMoiniei ONMUKAIbIK CIyaeNenyO0iy YiKeH OYpbluner mycyi, ONMuKaIbly
wagvlavicy Kodpguyuenmin 1-ce srcaxvindamaovi, Oyn sca20ail HcapblKmMolly ONMUKATLIK MbIEbIZ0bIZbL A3
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 omosnNeKmpniK naHeaboep OHOIPICIHIY IKOHOMUKANLIK MUIMOINIZ] Maceneci mypvlCblHaH
anzanoa, Kol3vleyWblivlK Myoblpaowl.
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Tipex ce30ep: oicapbiKyHCON 2NeMEHMI, IHCAPLIK HCAPHAMANAD, ONMUKANGLIK CIYIENEHY, WASbLIbICY,
Dpenenv hopmyranapvl, ONMUKATLIK KOOMAYIbl NEPHEMAKMA, ONMUKATbIK MY30K.

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 Hacrosiimee BpeMsi CBETOAMOJHAS TEXHHKA CTAHOBUTCS OJHMM W3 OCHOBHBIX CpEICTB
HApY)KHOW pEKJIaMbl; COBPEMEHHBIH TOpOJI CIOXKHO TNPEACTaBUTh cebe 0e3 pa3iMyHoOro poja
ONITUYECKUX CUCTEM, UCTIOIB3yEeMBIX JIJIsl OOPMIICHUSI BUTPUH, NTPA3IHUYHON MJUTFOMUHAIIMA U T.]I.
[1-4].

OparMu 13 HanOoJiee PACIIPOCTPAHCHHBIX U3JICIHA, PEJACTABICHHBIX HA PHIHKE CBETOIMOTHBIX
0(pOPMUTEILCKUX CUCTEM, SBISIOTCS TPYOKH, BHYTPH KOTOPBIX PACIOJIATralOTCsS UCTOYHUKH CBETA.
[Ipy CpaBHHTEIBHO MAJIBIX PACCTOSHUSX MEXKIY BMOHTHPOBAHHBIMH B TPYOKY CBETOJIUOJIAMHU
W3JIaH Takas TpyOKa BOCIIPHMHUMACTCS KaK CBETSINASCS JIMHHMS, YTO IMO3BOJISIET (DOPMUPOBATH C €€
MOMOIIIBI0 PUCYHKH, Haiamucu U T.1. [2]. Takoro poga cUCTeMbl Y€ B 3HAUYUTEIILHOW CTCTICHU
BBITECHUJIU Ta30CBETHYIO pEKJaMy B CHJIy OYEBUIHBIX MPEUMYIIECTB, TJIaBHBIM U3 KOTOPBIX
SBIIIETCS CYIIECTBEHHOE CHUKEHHE HAIIPSKEHUS MMUTAHUs, a TaK)Ke 0€30MacHOCTh B DKCIUTyaTallHH,
CPaBHHUTEIBLHO HU3KOE PHEPronoTpedieHre u T.1.

O4eBHIHBIM HEIOCTATKOM CHCTEM pPacCMaTpPUBAEMOIO THUIMA SBISETCS HEPAaBHOMEPHOCTH
OCBEIICHHOCTH TPYOKH, HEOOXOAMMOCTh HCIOJIB30BaHMUSA JIOCTATOYHO OOJBIIOTO  YHCIA
CBETOJIMOJIOB i1 (DOPMHPOBAHUS OTICIBHON HAJAMWCH, a TAKKE IOBBINICHUE Beca W3JCIUS,
CBSI3aHHOE C HEOOXOIMMOCTBIO HCITOJIb30BAHUS MOHTQXKHBIX IMPOBOJOB (B OCOOCHHOCTH — JUIA
ciydasi, Korja TpeOyeTcsl pealn30BaTh HE3aBUCHMOE YIIPABICHUE KaXIbIM W3 CBETOJIHOJIOB
CUCTEMBI).

B nanHoif paboTe moka3zaHO, YTO YKa3aHHbIE HEJIOCTAaTKH MOTYT OBITH YCTPaHEHBI 3a CUeT
WCIONIb30BAaHUSl TOJBIX CBETOBOJHBIX OJEMEHTOB, BBITIONHSAEMBIX M3 ONTHYECKH MPO3PAUYHBIX
MOJIMMEPHBIX MaTtepuanoB. Panee [5, 6] Takoro poga CBETOBOAHBIE AIIEMEHTHI ObUIO MPEITIOKEHO
WCIIOJIb30BaTh B KJIaBUATypax ¢ ONTHYECKOW KomupoBkoi. [Tomas monmmepHas TpyOKa He SIBIISETCS
CBETOBOJIOM B OOIICTIPUHSATOM CMBICIIE 3TOTO TEPMHUHA, TaK KaK MPHU PACHpPOCTPAHECHUU JIydeH B
TAaKOM DJJIEMEHTe He uMeeT Mecta 3(QeKT MoIHOro BHYTPEHHEro OTpaxkeHus. M3iyueHue
MEPEXOJIUT W3 ONTHYCCKH MEHee IUIOTHOW cpeabl (BO3JAyX) B ONTHYSCKH Oosiee ILIOTHYIO
(monmmep), Toraa Kak A TOro 4TOOBI MpOSBUIICS A(D(EKT MOTHOrO BHYTPEHHETO OTPAXKECHHS
CUTyalusi JOJDKHA OBbITh OOpaTHOM (Mepexoa M3 ONTHYEeCKH OoJiee IMIOTHOM cpenbl B MeHee
MJIOTHYIO).
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OnHako, Kak 3TO BBITEKAET, B UaCTHOCTH, U3 Gopmyn PpeHens [7], fake B TOM ciaydae, KOraa
CBET MEPEXOUT U3 ONTUYECKU MEHEEe TUIOTHOM cpeibl B 0oJiee IIOTHYI0, K03()(GULIMEHT OTpaskeHUs
MOJKET JOCTUTaTh 3aMETHOH BenMYnHBL TouHee, KOA(PUIHEHT OTPAKEHHUS PE3KO YBEINUHBACTCS
npu OOJBIIUX YIilax najaeHus (pucyHok 1).

Rs, Rp
1 -
08 k
06
04 F
0,2 F
0
0 30 60 a0

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

Nwmenno 3toT 3¢ ekt menecoodpa3Ho UCIONB30BATh IS peaTu3allii CBETOBOIHBIX JIEMEHTOB
PEKIIAMHOTO HAa3HAYCHUS, TaK KakK MPU PAcpOCTPAHCHHH HU3IYYCHHS MO TAKOMY 3JIEMEHTY OHO
YACTHYHO MEPEXOUT B OKPYKAMOIIYIO CPEIy, B Pe3yJbTaTe Yero mpo3pavHas mojJruMepHas Tpyoka
C BCTABJICHHBIM BHYTPb CBCTOAMOJOM BHU3YAJIbHO BOCIHPHUHUMACTCA KaK OCBeIIIeHHBIﬁ DJIEMEHT
(pricyHOK 2). DTO CBSI3aHO C TE€M, YTO YIJIbI MMaJCHUS HA IMOBEPXHOCTh TPYOKHM (IIPU YCIIOBHH, YTO
ONTHYECKass OCh HMCTOYHHMKA CBETa COBMANAET C TEOMETPHYECKOH OChIO TPYOKH) CTaHOBSTCS
JOCTaTOYHO OONBIIUMH (PUCYHOK 3) TIO Mepe YBEINYEHUsI KOOPANHATHI TOYKH MEPECeUeHNUS JIyda C
MIOBEPXHOCTBIO TPYOKH.

Pucynok 2 — ®ororpadus mpo3pavHOi MOJTUMEPHON TPYOKH CO BCTABJICHHBIM BHYTPb
CBETOJIMOJIOM, OCh TPYOKH U ONTHYECKAsi OCh HCTOYHUKA CBETA COBIAAIOT

6
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Pucynok 3 — Cxema pacrpocTpaHEHHUs JIy4el B MOJIOM CBETOBOJIHOM JIEMEHTE
Mpu OOJBIINX yTIIaX MaJCHUs

Takue cucteMbl MOTYT OBITh MCIIOJIB30BAHBI B PA3IMYHBIX CEHCOPHBIX YCTPOMCTBAX, a TaKKe B
KJIaBHATypax C ONTHYeckod koaupoBkoi [8-12]. Heckonbko 3aberas Bmepel, 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
CBETOPACCEHBAIOIIEE MTOKPHITHE MOTYT OBITh 0XapaKTePH30BaHBI JHAarpaMMaMy HAIPaBICHH OCTH.

CBeTOBOAHBIE CHCTEMBI B HACTOSIIEE BPEMSI IIMPOKO MCIIONB3YIOTCS B TEIIEKOMMYHHUKAITHOHHON
WHIYCTPHH, W3BECTHBI MOIBITKH HCIOJIB30BATh UX B JIPYTUX YCTPOWMCTBAX 3alMCU U O0pabOTKH
uHpOpMaLnu.

Kak mpaBuiio, B HacTosimmee BpeMs UCTIOIb3YIOTCS CBETOBOJHBIC AJIEMEHTHI, IPUHIIMIT ICHCTBHS
KOTOPBIX OCHOBAH Ha SIBJIIEHUU MOJIHOTO BHYTPEeHHEro oTpakeHus [12]. B aTom ciyyae ontuueckoe
U3Iy4YeHUE TOCTyMaeT W3 ONTHYECKH Oojiee IUIOTHOW Cpelbl B ONTHYECKHM MEHEE ILIOTHYIO.
COOTBETCTBEHHO OCHOBOHM JIHOOOr0 ONTHYECKOIO BOJIOKHA SIBJISETCS IMPO3pauHbli Marepuan ¢
JOCTaTOYHO BBICOKMM KO3(duureHTOM mpenomieHus. biaronaps 3ToMy u3IydeHHE, KOTOpOe
pacrpocTpaHsieTcs MOJ MAJIBIM YIJIOM K ONTHYECKOH OCH, OKa3bIBAETCS HECIIOCOOHBIM BBIMTH 3a
MpeJIeTbl ONITUYECKOTO BOJIOKHA; OHO OKa3bIBACTCSI CIIOCOOHBIM PACIPOCTPAHSATHCS, B TOM YHUCIIE U
Ha OuYeHb OoJbiIue paccTosHUs. OIHAKO JUIS IETIOT0 psga MPAKTUYECKUX MPHUIIOKEHUH HHTEpeC
MPEJCTABISIOT 1e(OPMHUPYEMBIE CBETOBO/IBI.

B uvacTHOCTH, B aHHOI CTaThe paccMaTpPHUBAETCS KJIABUATYPhI C ONTHYECKOM KOAWPOBKOIi, B
KOTOPOH HCIOJNIB3YIOTCS 1e(hopMUpyEeMble CBETOBOIHBIE 3JIeMeHThl. OOpaTumas 1eopMHpPyeMOCThb
CBETOBOTO JIEMEHTa He00XO0AUMA JIJIsl TOT0, YTOOBI 00eCIIeUnTh epeaayy ONTUYECKOro CUrHajua oT
CBETOBOJIa K TPUEMHUKY M3JIyu€HHs, B KadecTBE KOTOPOTO BBICTYMAeT COJHEYHas
doTorekTpruYecKas TaHelb. Takoro poja CHCTEMBI, Kak mMoka3aHo B [8—12], mpexacraBistor
3HAYUTENBHBIA HWHTEpPEC, W C TOYKH 3pEHHs] NPOOJIEeMbl HSKOHOMHUYECKOW 3(PPeKTHBHOCTH
MIPOU3BOJICTBA (POTOITEKTPHUIECKUX MTAHEIEH.

Kak Oyner sicHO u3 nanbHeiliero, n1axe CpaBHUTENIBHO HEOOJbIIME 3HaYeHHUs Koddduimenrta
OTPaKEHMsI, KOTOPhle MMEIOT MECTO TOIJa, KOrJa M3JIydeHHE MEepPeXOJUT W3 ONTHYECKH MEHee
IUIOTHOM cpenbl B OoJiee IMJIOTHYIO, TeM HE MeEHee, MO3BOJSIOT PpEeain30BBIBATH JOCTATOYHO
MHTEpECHbIE CBETOBOIHBIE CUCTEMBI. B KauecTBe 0/1HOM M3 HUX KaK pa3 U MOXKET BBICTYNATh MOJIast
cBeToBo/iHAs TpyOka [13-16].

PaccmoTpuM  BO3MOKHOCTHM ~ paOOTBI  IOJOrO  CBETOBOAHOTO  3JIEMEHTa  MOApoOHee.
[TomuepkuBaem, 9TO TOJIast MOJIMMEpPHAsT TPyOKa He SBIISIETCS] CBETOBOJIOM B CTPOTOM CMBICIIE ATOTO

7
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TePMHUHA, TaK KaK IMPH PACHpPOCTPAHEHUHU JIydeld B TAKOM JJIEMEHTE HE HCIONB3yeTcs dPQeKT
IIOJIHOTO BHYTPEHHETO OTPaKEHUSI.

[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
yraoM najieHus a (pUCyHOK 3) KOd(PGUIUEHT OTpaxeHHs SIBISIETCA JOCTATOYHO OOJIBLINM JIaXKe 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,
HCIIONB3YIONTUE MPUHIIAIT ONITHYECKOM JIOBYIIIKH, OBUIM PacCCMOTPEHBI B Hareil padore [14], oHn
Takxe OyAyT paccMaTpUBATbCsI HUXKE.

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 (paccmarpuBacMas IOBEPXHOCTh O0OJagaeT
III/IJIHHI[I)HHGCKOﬁ CHMMeTpHeﬁ, 4YTO CBA3aHO C €€ IMPAKTUYCCKUM HCIIOJIB30BAHUCM B KauCCTBC

-
CBETOBOJHOTO dieMenTa). BexTop HopManu N (7)) K MOBEPXHOCTH B TOYKE C PAJAUYC-BEKTOPOM Ty,
OTIpEEISIEMBI C TOUHOCTBIO 10 MHOXKHTEIS, MOXKET OBITh 3alMCaH CIEIYIOIINM 00pazoM.

= d a

NG = (Z,-1.2) 0
WNnu s paccMatprBaeMoro ciydast

= ax

NGo) = (Ro5,—10) ®)

COOTBGTCTBGHHO, HOpMI/IpOBaHHI)II\/'I BCKTOP HOpMaJIX 3allMChIBACTCA KaK

1

1+(Rog—f)2

n(rp) = (Ro Z_i' _1'0) = (nxny,0) (4)

[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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(MPOEKIMU BEKTOPOB €, M € Ha NPAMYIO, 3aJaBaEMyI0 BEKTOPOM 71, JIOJDKHBI OBITH PaBHBI 110
a0COIOTHON BEJIMYMHE M MTPOTHUBOIOJIOKHBI 10 3HAKY)

R (@x8)=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

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

JleByto 4yacTh Bblpa)keHUs (7) 1O CMBICIy MOXHO paccMaTpuBaTh, B TOM 4YHCIE, M Kak
NPOM3BEIEHNE BEKTOPA 71 HA BEKTOP (ex, ey), KOTOPBIN HE SBJISIETCS €IMHUYHBIM. MOXHO yKa3aTh

BEKTOp 7, = (ny, —nx), KOTOPBIii SBIISIETCS OPTOTOHAIBHBIM K (nx, ny):

(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 IepenucaTh
KakK

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

ITepexoas K YIIIOBBIM IEPEMEHHBIM Ha OCHOBAHUH (7), JIETKO BUJIETh, YTO
(ny' —1)(ex ey) = (ny' —1)(exos eyO) (13)
T.e. Ipu 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 OTPaXXEHHBIM 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 — TpaexTopust Ty4a B IUIOCKOCTH, MEPIEHAUKYISApHON ocu Oz

PaccMoTpenue TpaeKTopuil B INIOCKOCTH, MeprieHIuKyIsipHoi ocu Oz (rmockoctu OXy), € TOUYKU
3pEHMsI TEOPUU CBETOBOJHBIX JJIEMEHTOB MPEUIaraéMoro THIIA MPEJCTABISAET 3HAUUTENbHBIN
MHTEpEC, MOCKOJbKY OHO IIO3BOJISIET yKas3aTh JOCTATOYHO IIPOCTOM c€rocoO, MO3BOJISIOIINI
co3/laBaTh 3aJlaHHOE paCHpe/eiCHUe OCBEIIEHHOCTH BJAOJIb TAaKOro JJIEMEHTa. A HMEHHO,
KO3 QHUIMEHT OTpa)KeHUs U3IY4YEHHUs OT TPaHMLIbI pa3zesa JBYyX ONTHYECKU IPO3payHbIX Cpell, KaK
3TO BbITEKaeT u3 ¢opmyn @DpeHens, YBEIUYMBAECTCA [0 MEpe TOro, Kak Yroa MajJeHus
npubmpkaercs Kk 90°. YBenIW4UMTh 3TOT YroJl MOXKHO, B TOM 4HCJI€, BapbUpysd YOl MEXAY
npoekuuen Jyda B miockoctd OXy M HOpMaliplo K moBepxHOCTH. Ha pucynke 5 /s cpaBHeHHUS
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), JTyd He JEKUT HU B OJHOMN U3 TakuX rmiockocreit (B)

10
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Pucynok 5A oTBedaer ciydaro, KOrja najgarolivil J1yd JeKUT B INIOCKOCTHU, MPOXOAAIIEH uepes
ocb Oz. B sToM ciydae TpaeKTOpHs BBIPOXKIAECTCS B JBa IMPOTHBOIIOIOXKHO HANpPaBICHHBIX
BEKTOpA, JIEKAIUX Ha OJHOM U TOM K€ ydacTke. B ciydae, nokasaHHOM Ha puc. 5b, Tpaekropus
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 MOHO pacCMOTpPETh yroJ B INIOCKOCTH CEUCHMSI IIUIMHAPUYECKON MOBEPXHOCTH,
nepenas K BEKTOpY (exo, eyo), HOPMHMPOBAaHHOMY Ha eauHully. TouHee, ompeaesnss €AMHUYHbBIN

BCKTOpP B 9TOH IIJIOCKOCTH KaK
1

d=-— (exOJ eyO) (16)
e§0+632,0

MOXKHO 3aI1ucaTb

cosp = |eZy + ey, (nya, +nyay). (17)
Y4auteiBasd, 4To

esotejoteln=1, (18)
HUMEET MECTO

e,0 = COSQq, (19)

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

ezo + el =+/1—cos? @, = sing,, (20)

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

[Tonyuyennas dpopmyna (21) ycraHaBiauBaeT CBA3b MEXAY YIJIOM MaJCHHS B MPOCKIUHU (TO €CTh
TEM YTJIOM, KOTOpBI (PUTypuUpYyeT B MOCTPOCHHSIX, AHAIOTUYHBIX PHUC. 5) U HCTUHHBIM YIJIOM
MaJieHus Jydya Ha MOBEPXHOCTh CBETOAUONHOrO 3iemMeHTa. COOTBETCTBYIOUIME 3aBHCHUMOCTH
MIPEJICTaBJICHBl HA PUCYHKE 6. BUIHO, YTO UCTUHHBIN yron majeHus IpUOIKaeTCs K 3HAUCHUIO B

11
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90° (4T0 TO3BOJISIET YBEIUYUTH KOAPPHUIIMEHT OTPAKEHHSI) TEM ObICTpee, YeM OOJIbIIe YIol MEeXIY
ay4doM U ocbio OZ. MHBIMU c10BaMH, 1aXKe MPH CPAaBHUTEIHHO MANBIX YIJIax MaJCHUS B MIPOSKIUH,
3HaYEHUE UCTUHHOTO YTJIa MaJICHUS MOXKET OBITh CACNIAHO JOCTATOYHO Onm3kuM K 90°.

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

p= —¢& pr1=7-¢& (22)

10171
sine = sing,sing; (23)

[To mepe mpubnmxenust yrina nafaeHus K 90°, 3HaYCHHs JTOMOJHUTEIBHBIX YTJIOB CTAHOBSTCS
MaJIbIMU, IIOATOMY CIIPaBEUIUBO MPUOITHKEHHOE PABEHCTBO

ER Po& (24)

15 3L 42 el P | q:ll

PucyHok 6 — 3aBUCHMOCTh HCTHHHOTO YIjIa aJeHHs OT YIjla MaJeHUs B POCKIMH
NP pa3InYHbIX 3HAYEHHUSX YTiIa MEKAy Jy4oM 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€
3aBUCHMOCTH, YTO M Ha pUCYHKe 6, HO Ul Juamna3oHa yrios, nmpuOmmkaromuxcs 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
YCIIOBHUS MO3BOJISIET B TOM WJIM MHOM CTENEHH KOMIIEHCHpPOBAaTh MOTEPU CBETA NMPHU MPEABLAYIINX
OTpaXKEHMSIX, 0OecreunBasi HE0OX0IMMOE pacpeieIeHUE OCBEIIEHHOCTH B/I0JIb BCETO JIEMEHTA.

12
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[N =]
[

=]

45 60 75 o0

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

IPH pa3InYHbIX 3HAYCHHUSX YIiIa MEKIY Jy4oM u ocsio Oz; ¢y = 45° (1),
60° (2), 75° (3),90°(4)

OnuH u3 BapMaHTOB MOBEPXHOCTH, PEATU3YIOIINNA ONTHYECKYIO JIOBYIIKY, MOXHO MOCTPOHUTH
cienyromuM obpasoM. bynem xapakTepu3oBaTh KacaTeIbHYIO K KPUBOM, MPEACTaBISAIONIEH coOO0M
CEYECHHE paccMaTpUBAaE€MOM IMOBEPXHOCTU IUIOCKOCThIO OXy, YIVIOM &, MEXIY KacaTelbHOH H
ockio OX.

df
tge, = — 25
g€ = . (25)
Bynem Takke cuMTaTh, YTO TOYCUYHBIM WCTOYHHK CBETA PACIIONOXKEH B HAdYale KOOPIHWHAT
(paccMOTpeHHEe HMEHHO TOYEYHOTO0 MCTOYHUKA MOJICTUPYET HCIIOJIb30BaHUE CBETOIMO0/a). B aToM
cllydae yroil £ MEXIy MPOEKIHeH Jydya Ha MIIOCKOCTh ceueHust U ockio OX 1aeTcs BhIpaKeHHEM

tge; =k = AL (26)

X

CoOTBETCTBEHHO, YroJyl, JAOMOJIHUTENbHBIA K Yriy majgeHus (22) Bbelpaxaerca dYepes
COOTHOLIEHHE

80 =& — & (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
tggo = tg(er — &2) = T (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)

CootHomienue (30) MOXHO MOJYYUTh TaKKe M HEMOCPEICTBEHHO MpUMEHSs K ¢opmyre,
BBIPAXXAIOLICH yrojl €, Yepe3 OCTalbHbIE YIIIbl, GUTypUpYIOIIKE B 3a1a4e, GopMyIly /Ui TaHT€HCA
pasHoctu yrioB. B muddepennuanax coornomrenue (30) 3anuceBaeTcs Kak

(1+g)dy=(1-g)dx (31)
HepeXOI{ﬂ K OJIAPHBIM KOOpAWHATaM, HMCECM
(1 + gtgp)d(psing) = (tge — g)d(pcosy), (32)
OTKyJa
(1 + gtgp) (singpdp + pcospdp) = (tgp — g)(cospdp — psingde) (33)
WK
(@ + gtgep)sing — (tgp — g)cosp)dp =
= —((1 + gtgp)cose + (tgp — g)sine)pde (34)
['pynnupys uneHsl Npu 0JIMHAKOBBIX AU PepeHnanax, iMeeM
((cos@ + gsing)sing — (sing — gcos@)cose)dp =
= —((cos@ + gsing)cosg + (sing — gcos@)sing)pde, (35)
OTKyZa
g(cos? @ + sin? @)dp = —((cos? @ + sin? @) )pdep. (36)

BI/I,Z[HO, 9TO, KaK 1 CJICOOBAJIO OXKHAATh, UCKOMOC YPAaBHCHUC IPECACTABIIACT co0oif YpaBHCHHUC
J]OFB.pH(I)MH‘-ICCKOﬁ CIIMPAJIM B MOJIAPHBIX KOOPpAWHATAX.

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
[IOBEPXHOCTH, MOBTOPHO IIOINAJAaeT HAa Hee K€, HO MO YIJIOM, MEHBUIMM &, (paccMaTpuBalOTCA
yIJIbl, TOTIOJIHUTENIBHBIE K yIJIaM HajeHus). JTo, Kak BbITekaeT u3 ¢popmyn dpenens, gaer 6onee
BBICOKHE 3HaUEHHs KOAPPUIMEHTAa OTPAKEHUS.

Takum 00Opa3oMm, JEHCTBUTENFHO CYIIECTBYET BO3MOXKHOCTH — PEAJIM30BBIBATH  IOJIBIE
CBETOBOJHBIE 3JIEMEHTHI, 00ecIeunBaroIIMe Nepeaady ONTUYECKOTO M3JIyuYeHUs Ha CPAaBHUTEIBHO
KOPOTKHME PACCTOSIHUSA, YTO JOCTATOYHO JUIsl UCIOJB30BaHUS 3JIEMEHTOB TaKOro THUIAa 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 cmamwe u3noscenvt 60npocvl mamemamuueckoeo MOOeIUPOBAHUs NPOYecca BO3MYWJeHUs cMecu
JHcuoKocmell pasiudHoll 6A3K0CMU NPU OBUICEHUU NO 0OHOMY Hedmenpogody. Moodenu paccmompenst npu
HeyCMAano8UBUIEMCs. memMnepamypHom noie. Mexanuxko-mamemamuyeckas Mooelb NpeocmasieHa 8 Guoe
MPexXcaoUHOU YUTUHOPUYECKOU 0DONIOUKU, COCMOoAWel U3 mpex YUKIUYeCKUX 0e)opMayuoHHbiX cucmem @
NPOOONILHOM HANPAGNEHUU U U3 mpex 30H 6 NONepeyHoM CedeHul 6 YCaoeusax skcnayamayuu. Ilpu
HecyuecmeeHHOU pasnuye 8a3K0Cmell NOC1e008amenbHO 08ULAIOWUXCS dHcUOKocmell 0opasyemcs bonavuioe
KOIUYeCmE0 npumecell, maxceavlx OMA0NICeHUll U COell, UCNONIb308aHUe KOMOPbIX NPUHOCUN 3HAYUMENbHbIL
yovimok. Paspabomka mexnonocuu nepekauxku HeghmenpoOyKmos pasHou  6A3KOCMU N0  OOHOMY
mpybonposody npugoOUm K y8eauieHuio Koagouyuenma ucnoib308anus Hepmenpogoodos u oaem 00abUOoU
akonomudeckuti d¢pgpexm. Cama mexanuueckas cucmema u3 yemvipex OCHO8 OONHCHA ObIMb YCMOUNUBOLU,
moeda Kak pacnpeoeiieHue 603MYWEHUS 60 BHYMPEHHUX U HNOBEPXHOCMHBIX CIOAX Modcem Obimb
Heycmotiuusbim. Mamepuan mpy64amoii KOHCMPYKYUuU ¢ nepemMeHHbIMU NAPAMEMPAMU MONHCHO 8bIOPAMb U3
HOBbIX NOIUMEPHBIX MAMEPUAILO8.

Kniouesvie cnosa: mooenuposanue, 6o3myujeHue He@MAHOU CMecU, HepmMenpoeoo, MexaHuKo-
mMamemamuieckas MoOelb, 53KOCHb, NPUMECHU, HANOTHUMEb.

Maxkanaoa 6ip xyovip 6otivimMen Ko32any KesiHoe mypii mYmKbIPIbIKMAebl CYUbIKMulK KOCNACHIH OY3Y
yoepicin MamemMamuKanivik Mooenvoey macenenepi Kapacmoipvlican. Modenvoep mypakcwlz memnepamypa
epici Jcaz0ativinoa Kapacmulpbliadvl. MexaHuKablk Jicane MamemMamuxaiblk MoOeib OOWIbIK Oagbimma yul
YUKTOBIK  0eqhOPMAYUSTILIK HCYUECOCH IHCIHE IHCYMDBIC HCAROAUBIHOA KONOCHEH KUMAod Yul auMakmau
mypamvlH  yui Kabammsl YUIUHOPLIK — KabblK mypinde YycuiHulizaH. Kesoeticox — Kozeanamulh
CYUBIKIMBbIKMAPOLIY MYMKbIPIbIZ6L WAMATLL 032ep2et Ke30e YaKeH Moauiepoe Kocnanap, ayblp wozinoiiep
MeH my30ap nauvda 60aadvl, 0aapobl NAUOALAHY AUMAPALIKMAL ubleblHoapea akenedi. bipmymac Kyowip
apKblil 9P MYpAi  MYMKLIPALIKMASLL MYHAlU OHIMOepiH atday MexHONOSUACHIH Jcacay MYHAl
KYObIpAapbIHbIY NAUOANAHBILY JHCHIIOAMObLIZIHLIY, APMYbIHA AbIN Keledl JiCoHe YaKeH IKOHOMUKATLIK
muimoinix 6epedi. Topm He2i30iy MEXAHUKANBIK JICYleci 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 MOOeib, MYMKbIPJIbI2bL, MOJMbLPEbIUL.

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. Tlpouecc BO3MyIIEHUST HEPTIHOW CMECH pa3IUYHONW BS3KOCTH IO OIHOMY
TpyOONPOBOY TIPU HEYCTAHOBUBIIEMCS] TEMIIEPATYPHOM IIOJIE JOCTUTACTCS, TEM, YTO UCXOMAS U3

Gynxunu nepememenns W =W(X,t) 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, HAMOJHUTENb — TsKenas HedTh, IPEJCTaBUM B BUAE
MEXaHUKO-MaTeMaTHIECKOH MOJAETH KaK TPEXCIOHHas HMIMHAPUYECKas 000JI0YKa, COCTOSIIAs U3
TpeX LUMKIMYECKUX CUCTEM B IIPOJOJIBHOM HAIIPABICHUU U U3 TPEX 30H B IOIEPEYHOM CEUECHUU B
yCIIOBUSIX dKCILTyaranuu [ 1-5].

[Ipeanonoxum, 4ro:

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

— 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 pellakcalluy NMpHU MEpexoje U3 TParnelueBUIHOW (OpPMBI MOMEPEUHOTO0 CEHEHHUS
TsOKENOM HepTH K TrapMoHUYeckod ¢opMe TMoj JCHCTBHEM BHEUIHEM aKTHUBHOW CHJIBI
TpaneurueBUIHON JITIOPHIL.

IIepBas 30Ha MONEPEYHOr0 CEUEHUS — YIIPYrOIUIACTUYECKAs, IEUCTBYET IIOBEPXHOCTHAS SHEPTUs
nedopMaluy U TemIoBas YHEPTUs NPU TETJIOBOM BO3/IEHCTBUU.

Bropas 30Ha NOnEpevyHOro CEYEeHWsl — YIPYro-Bsi3Kas, JEUCTBYET IMOBEPXHOCTHAs 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

MPEBBILIAET YPOBEHb HAIPSHKEHUSI — Og YINPYro-BA3KOH 00J1acTH, HAMUYUE U30BITOYHONW HEPIHH,

HE TPEBbIIIAEMOI YPOBEHb HAIIPSKEHUS — O 00JacCTH TeYeHHs! (CTPYKTYPHOTO U3MEHEHUS).
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1. MaTtemaTn4yeckasi MoeJIb

[Ipu BbIICYKAa3aHHBIX MPEANOJIOKEHUSIX MEXaHH3M IOCIIEAOBATEILHOIO ABIKEHHUS HEe(TIHOU
CMECH pa3HOM BA3KOCTH M CMEUICHHS MX B MEPBOM HHUKIMYECKOH NeQOpPMALMOHHON CHCTEME 3a
BpeMs t MOXKHO NPEICTaBUTh KaK MEXaHUKO-MAaTEMATHYECKYI0 MOJIEIb:

[ LZ] a1 o

Ox? ox2 | D a? at?’ (1)

e L _P>a
a? G,

V9: %1
\ £5

S(X) — BSI3KOCTB ITOTIEPEYHOT0 CEUCHHS TSHKEIoN HeTH,

D- MUIMHAPUYICCKAs JKCCTKOCTDh TPY6BI,

h\2( R
qx = qg[— E — dKTUBHAaJA KpUTHUYCCKAas BHCIIHAA CUJIA,
R

V5 — CKOPOCTH 3KBUBAJICHTHOI'O CJIOA,
P — INIOTHOCTH DKBUBAJICHTHOT'O CJIOA,

GS — K03(1)(1)I/II_[I/ICHT CABHUTI'a DKBUBAJICHTHOI'O CJIOA.

q,? = f(O‘,T,t,gy,gn,8nn,£c,q1,q2,....,qn),

I7le O — HampsKeHUe,

T — Tremnieparypa,

t — Bpems,

€, — ynpyras nepopmanus,

&, — ocTaro4Has nedopManus,
&,n — IIacThyeckas aegopmarus,

&, — nedopmManus CTpyKTYpPHOTO U3MEHEHUS,

Q;,05,----» 0, — PU3NKO-MEXAaHUYECKHE, TEXHOJIOTMUECKUE CBOIICTBA HEPTSIHON CMECH.

CobOcTBeHHOE KojeOanne Oe3 ydera BHYTPEHHErOo TPEHHUS B JUHAMHUYECKHUX pacueTax IO
JEHCTBHEM CHUJIOBBIX (PAKTOPOB MEPBOTO KJIACCA OMMCHIBAETCS MATEMAaTUIECKON MOAEIBIO:

d3w d 2w
e +[g4(x)— Nl(x)] e +

700 = 2N GO + k()= NFGOW (x) = i sim o (),

d*w ,
g(x) v +2¢&'(x) 12)
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TIe 77(X) — BSI3KOCTD JIETKOU HE(TH,
N l(X) — MPOJI0JIbHASI KPUTHUECKAs CUJIa,
k(X) — JKECTKOCTh JIeMII(epe,

. — YUCJIO IMOJYBOJIH B TPOAOJIEHOM HAITPAaBJICHUU.

n

B uactaocty, ecm £(X)= D =const, 5(x)=7=const, u N;(x)=N, =const, to

d*w d’w  dw

D o e, +77&+ kw= g, sin w,k (1.3)

B kadecTBe TeXHMUYECKOW 3aJaydl paccCMOTPHM peuieHue auddepeHInalbHOr0 ypaBHEHUS B

YaCTHBIX Mpou3BOAHBIX (1.1) mpu 8(X) =x2.

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

U pa3jensis NepEMEHHBIE, IOJyYUM CUCTEMY OOBIKHOBEHHBIX JU((epeHIIMATbHBIX YPaBHEHUI:

Tlomaras

4 3 2
()Y 4 26(x) I W 4 4(x) LW _aw(x) =0,
dx dx

—x*T =0, at=2x"_. (1.5)

Obmee pemenue BToporo auddepeHuanbHOro ypaBHeHus cuctemsl (1.5) mpu HadaabHBIX
ycnoBusix Komm ectpb

anz,: . Bsin2"%¢, (1.6)

T(t)= Acos

&

rac A, B- IMPOU3BOJIBHBIC ITOCTOSIHHBIC,

n= (1,2,..., ), €, — JJIMHA NIEPBOM HUKJINYECKON 1e(pOPMALIMOHHON CHCTEMBI.

IlepBoe ypaBHeHue cucremsl (1.5) ectp auddepeHunanbHoe ypaBHeHHe Oiinepa ¢

TepeMEHHBIME KO3(()HUIIMERTAMHU YETBEPTOTO MOPsIKa, 00IIee peneHne KOToporo nmpu &(x) = x2:

w(t)=C,J,(W)+C,Y, (W) + C,J, (iw) +C,Y, (iw) , (1.7)

, Jo, Yy — bynkuum beccens HyneBoro nopsaka.

C yderoM NPUHATBIX NPEINOIOKEHUH JBI)KEHHE YacTUIBl HedTecMecHu BO BTOPOH
nuKIMYeckor auddepeHnnanbHoil cucteme, Haxonsuencs Oamke K OCH TpyObl € BA3KOCTBIO —

U(X) obmnamaer OONBIION CKOPOCTHIO, YeM Ha mepud)epuu MOTOKA C BSI3KOCTHIO 8(X), (5(X) > n(X)).
CrnenoBaTenbHO, MaTeMaTudeckass MOJENb BO3MYIICHHs TsDKEIOW HE(TH TMPEICTaBIAETCS Kak
20
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Koje0aHue OCTPOKOHEYHOW (KIMHOBOM) CTEPIKHEBOW CHCTEMBI BO BTOPOW IMHKJIMYECKOH CHCTEME.
TIpomecc 3a BpeMsi t MOMHO TIPEICTABUTH B BUjle MatemMaruueckoii mogemu (1.1) mpu &(x)= x3, To

ecTh nepBoe nuddepeHmansHoe ypaBaeHne cuctemsl (1.5) ecthb

2 2
ld—z 34w X |-2w=o, (1.9
X dx dx

of111ee pemeHrue KOToporo

w(x) = 2 [C.3,(2v7 )+ C,Y, (232 )+ 43, (2in/2% )+ C Y, (22 )| (1.10)

3neck Jq, Y;- pyHkimu Beccens nepBoro nopsaka.

o 1,1
B CJIyda€ KpacBbIX YCIOBHU FpI/IHa F COOCTBEHHBIMUA 3HAYEHHUSIMH SBIISIIOTCS KOPHHU
YpaBHCHU

%[Jo(zﬁ)Jo(ziﬂ)]=o, (1.1)

a cOOCTBEHHBIMU (YHKITUSIMHU:
Jo(ziﬁ);(Jo(zJE)+ Jo(zﬁ)(i(ao(zim). (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
rUNepOoOINYecKOl IpafupHHU 3a Bpems t MOXKHO INpPEACTaBUTh B BUAE MaTeMaTUYECKOM MOJenu

(1.1) mpu &(x)=x*, To ecTb mepBoe nupdepeHImanbHOe ypaBHeHue cuctemsl (1.5) ecTh

4 3 2
x2 AW, gy W ppd W

Aw=0, 1.13
dx* dx* dx? (1.13)

C O0IIUM pelIeHueM

xW(X) = €,3,(W)+C,Y, (W)+C3d, (iw)+ C,Y, (iw), w=2+2x. (1.14)

o 11
B cnyuae kpaeBwix ycmosuii I'puma [ COOCTBEHHBIMH 3HAYEHUSMU SIBJISIFOTCS KOPHU
YpaBHEHUSA
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(;jx[dx (ZV—)—J (2 \/5)}0. (1.15)

a COOCTBEHHBIMH (DYHKITUSIMH

%JJZR/E)%JO(Z\/IF;—XJO(Z\/Z)%:JO(Zi\/E). (1.16)

2. BbinyyuBaHue TPYOUATOH KOHCTPYKIMH ¢ IepeMeHHbIMH MapaMeTpaMH B 30He
IJIABJICHU S
B wactHOCTH, eciy B 30HE IUIaBJICHHUS IPUMEM MaTeMaTHYECKYI MOJelb [6, 7]:

d*w de

q
V—k— dX k].WZBk’ kz = Zkl\/k_l’ (2'1)

W(X): eax(cl + CZX)+e_aX(C3 + C4X)+S_|t v a=4k;; qu = kl;—kz = const. (2.2)
1 1

FpaHI/I‘IHHe YCIOBUA:

1) w(x)=2k;ky

dw

dx '*°

W(XX x=0" kl ’ ng |

=1 x=1= 1121 (2.3)

; d7|x:1= 21

L
0!2

o a¥e? —2a? —2a+7)e 2| W Ly e 4 03207 —20 -7t T Ly e |y
Dk, D K,

n 1% {4a2 (az - 6)6’2”‘77l + 2a[(3 —al ™ —(a+ 3)}9*’1 k, + 2[(2 —ae ™ +(2+ a)}f"‘nz }chax +

2) w(x)=

X

> |~

Y S A R T S

- ioﬁ [(Za +3) 7% 4 1]xe_“x k, + i {20:(052 - G)e_z"’ xe™ + [(Za +5) 2 —l]xe_"’X }771 +

+%i2 {a [(2 —x)e* +a+ 2]e"" xe™ — (@2 + 20 +3)e “xe ™ }772 : (2.4)
(24
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3mech

A=2a(a+2)|(5-2a)e > ~1|+(e > —a)e ™ 20 -5)

a) a=4fk; k, =2k.fk; k,=25 7,=066, 1,=0765
b) a=4/k;; k, =2k /k; k =36, =088 n,=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 pacHpOCTpaHEHHE BOJHBI PACIIMPEHUs B TONIIE HEPTIHOW CMecH NpHU
BHEILIHEH NIPOCIIONKE JIETKON BA3KOCTH.

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

o
dx®

d’w

W(XXX:0 20; =T d7 ZO, (25)

x=1

dw
d

x=0 x=1

W(X)= iaki{(eza _zaz - 2x +7kax +(2a2 —2a +7k*2ae—ax n

1
+2a|(cr — 2)e 2 xe™ + (2 + 3)e**xshox — xsh ax]q—[; (2.6)
3nech
A=2a(a+2)5-22) > 1]+ (e —a)e > - 22 -5);

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

Ha pucynke 3 nokasaHo BbITy4YMBaHUE TPYOUaTOl KOHCTPYKIMU C IEPEMEHHBIMU MTapaMeTpamMu
B 30HE ILIABJICHHS IPU OAHOPOIHBIX rpaHHUHbIX yenoBusx I'puna "' nennoii yetspexmaccosoit
CUCTEMBI.

Ha pucynke 4 nmokazaHo pacnpocTpaHeHHE BOJHBI pacIIMpeHus B TojIe HedTsHOW cMecu mpu
BHEILIHEH MIPOCIIONKE CPEIHEN BA3ZKOCTH.
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Pucynok 1 — BeimygnBanue TpyO4uaTol KOHCTPYKIIUN B 30HE TUIABICHHS
IIPU HEOJHOPOIAHBIX TPAHUYHBIX YCIOBUAX
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-1000
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Pucynok 2 — PacipocTpaneHue BOJIHBI pacUIMpeHHs B TOJILE HEPTAHON cMecu
IIPY BHELIHEHN MPOCIOMKE JIETKOH BSI3KOCTH

Pucynoxk 3 — BeimyunBanue Tpy04aToil KOHCTPYKIIMH B 30HE TUIABJICHUSI
IIpY TPAHUYHBIX YCIOBUAX ['prHa
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_U(x,y,z) G
Vixy2) s ’

."‘

2000 2000

Pucynok 4 — PacipocTpaneHue BOJIHBI pacUIMpeHHs B TOJIILE HEPTAHON cMecH
IIPY BHELLIHEHN MPOCIIONKE CPEAHEN BSI3KOCTH

3. BoimyyunBaHHe TPYy0UaTOii KOHCTPYKIHMH C NepPeMEeHHBIMH MapaMeTpaMu B 30He
KPHUCTAJJIN3AIHA
Ecnu B 30He KpucTaumM3anuy IpuMeM MaTEMaTHUYECKYI0 MOJIeNb [6]:

d'w k, d’w q
—— 2 — +kw=2"(1-x), k,=4k/k, 3.1
dX4 k1 dXZ kl D ( ) 2 kl k1 ( )
C OOIITUM PEIICHUEM:
W (X) = clelnx + Czeﬁlx + Cae*alx + C4e*,51X + 2q—[; ki (1— X) y (32)

1

L,
rpaHUYHBIMU ycnoBusimMu ['puna 177 :

o'
dx®

dw
= 0, —2
x=0 dX

W(x),_, =0; =0. (3.3)

W
dX x=1 x=1
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Torna W(x)= %iq—[; (7 - 4v3)(Bshax — 2e,charyx)—

- (al + ﬂl)Sh[alX - (al - 131)]+ 26!1(3 - ﬁ}:h[alx - (al - ﬂl)]+
+ (al - ﬂl)Sh[alX - (al + ﬂl)]_'_ 2“1(‘/§ _1};h[alx - (al + ﬂl)]_'_
+ 2(7 +443 )(alsh Bix —2a,chBx)—(a, + ,)sh[Bix + (e, — B)]+

+ 2a1(3 + \/§)ch [Bx (e — B)]— (e — B )sh[Bx —(en + B)]-

1
- 20, (VB +1)en[Bix (e - )]+ 2 - (0-x).

1
31echb
A=14+ch(a, + B,)-3ch(a, - B);

3 3
alz,/ka‘ﬁﬁ ; ﬂ;:,/ka‘l—ﬁ ., = 065; 7, = 0,765
1 1

(3.4)

(3.5)

Ha pucynke 5 noka3aHo BbITy4HBaHUE TPYOUaTON KOHCTPYKIMH C IEPEMEHHBIMU MapaMeTpaMu

B 30HE KPHCTAJUIM3ALMHU TIPU TPAHUUHEIX yeaousax I'puna T

Pucynoxk 5 — BeimyunBanue Tpy04aToil KOHCTPYKIIMH B 30HE KPUCTAILTA3AIINHT

1l
IIpY TPaHUYHBIX ycinoBusax ['puna I
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BHyTpeHHsI1 HEyCTOMYMBOCTb LIETTHOM YETHIPEXMACCOBOM CHUCTEMBI 3aBUCUT OT HAKJIOHA
XapaKTEPUCTUYECKOT0 YPAaBHEHMS IMHAMUKHU PAaCIIPOCTPAHEHUS BOJIHBI C/IBUTA!

2 3

Oy M o2 1. 2(m 3 1 17> VK : 1 \/
=k, =Vw, ==k;| = | a’<|k, += -k, +——— g% —= -k

o2 2kl x T2 k, 275 M2 — Ky k22 5 My =Ky —
ki,

2
><sm(ax+a)cos(ay+b)e g —%[% n? cosny,
1

ot 4

3xech azﬁi; a=04r; b=0,4r; z=81.

T \/k_z

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
TpyOONpoOBOly ~ MyTeM  TOJYYSHHS ~ MaTepHalibHOW  He(TH  TOCPEJACTBOM  ammapara
MOAU(PUIIMPOBAHHON T€NMMOYCTAaHOBKU MPHUBOIUT K YBEIMUYEHUIO Kod(h(duIllMeHTa MCIOIb30BaHUS
He(TEenpoOBOAOB U JAaeT O0JbIION dKoHOMUYECKHH d(hdekT. OTBOA MpUMeEce, TAKENbIX OTI0KEHUN
U Ccollell TyTeM OMNpecHEeHUs Ha mepepaboTKy JaeT MaKCHUMajdbHOE CHUKEHHE O0beMa YUCTOU
MaTepuaabHOU HedTH.

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 — TBEpbIil MOJIMMEp, HAOTHUTENDL — cTekinoceTka PC-1, cBs3yrolast — sSnmoKcuIHas
BT
(e-¢)

(M2/c), mnoTHOCTRIO p =1227 xr/m® pu Temmeparype 20°C;

cmoa D®D-5 ¢ TerIonpoOBOHOCTHIO | = 0,336[ j , TeMIIepaTyponpoBogHocThio o = 0,188 -10°

2) MaTpulla — TBEP/bIiA MOJIUMEp, HATIOIHUTENb — FpadUT, CBA3YIOLIas — SMOKCUAHAs cMona Dd-
BT

(w-c)

IIOTHOCTBIO p=1317 xr/m® npu Temneparype 20°C;

5 ¢ TemIONpPOBOJHOCTHIO 4 = 0,607( j, TeMmmepaTypornpoBogHocTeio o = 0,388 -10° (M%/c),

3) Marpuna — TBEpJbl MOJUMEp, HAMOJHUTENb — CTEKJIOCETKA U IKEJIE3HbIH MOpOIIOK,

BT

—)j , TeMIIEpaTypo-

CBs3ytomas — monmddupHas cMolia C TEIUIOMPOBOIHOCTHIO /1:0,532[ (
M-C

npoBoHOCTBIO & = 0,237 -10° (M%/c), mnoTHOCTBIO p =1675 Kr/M® ipu Temmepatype 20 °C.

@yHKINY TEPEMELICHUS MAaTEPUAIIBHON TOYKU:

mmz 1V it
u=u(z)cos—x-sin—y-e'“*,
(z)cos=- =Y
1V 14 it
v=v(z)sin—Xx-cos—Yy-e'“,
(2)sin=- =
. Nmx . 2m72'
w= f|sin—y+sin“ ——x|.
[ R L }
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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 uccnedosamenvcekuii 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 NPEOYEHMPATbHOZO0 CIOSI 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  XAPAKMEPUCTUKU npeoyenmpaIbHO20 cnos yenHou
UeMbIPEXMACCOBOU  cucmemvl 30HbL  HAaeneHus. Ilonyuenvl pacnpedenenus 03MYWeHUll, GbI3GAHHBIX
NPOMEINCYMOUHOU GHYMPEHHEl HEYCMOUYUBOCTHBIO NPEOYEHMPATLHO2O CI0S NOCAe CHAMUSL YCI08ULL NOO
COCPe0omoyenHoll nepepe3vlearoueti Haspy3Kol 8 30HAX 3ameepOoeHUsl, KPUCMALIUZAYUY U OXTIANCOCHUSL.
Ilpeocmasnenvl pe3yrvmamul CPAGHEHUL NPEOYEHMPATLHOZ0 U YEHMPATLHOZ0 CNOE8.

Knrouesvle cnoea. mpyouamas 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
mizoekmi  JiCylleHiy — OpmAnblKKa — Oelinel  KAOAmuvlHblY — KOAO0eHeH  KUMACHIHbIY — HbICAHbIH — ULTY
Odepopmayusnapel anvinzan. banky alimaevinbiy mepm maccanvlk mizoekmi HCYUeHiH OpMAlblKKa Oeuinel
KabamulHbly amMnaumyoanblK-JCcUinix cunammamanapvl oepineen. Opmanvikka Oeliinei Kkabammoly apanivly
IWKI  MYPaKcol30bI8bIHAH MYbIHOAEAH OY3bLIy1apObly  YAeCmipiMi KammbliblK, KPUCHALIUZAYUS HCIHE
CANKbIHOAMY AUMAKMAapblHOa KOHYEHMPAYUSIAHRAH bIEbICY HCYKMeMeCl Hca20auniapvli HCOUAHHAH 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;

— NOPUCTEHOYHBIM CJIOW MOJ JECWCTBUEM BBIIECTOSIIMX CUJI M JIEKAUIMA HA OCHOBAHUM THUIIA
CokoJioBa Ipy HEOJHOPOHBIX TPAHUYHBIX YCIOBUSIX;

— NOpPEAUEHTPAJIbHbIA CJHOW IMOJ JCWUCTBUEM CHJIBI BBIIMIECTOSIIUX 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 BA3KOCTBIO — 1)1,
72 MOXXHO TPEJCTABUTh B BHUJIE CMEIICHUS IMEPEKAYUMBAEMBIX >KUIKOCTEH I MaKCHUMAaJIbHOIO
CHIKEHUsI 00bEMa CMECH B 3aBHCHMOCTH OT JMCCHITAIIMM YHEPTUU 3a CUET TEeIUI0-BOJIHOBOTO
mporecca, CKOpOCTH CBOOOAHON CTPYH U OT YUCIIA COYIAPEHHI JIEMEHTOB B BBIJCIIEHHOM 00BEME
C OrpaHUYMBaIOLIEH 00bEM OBEPXHOCTHIO.

[IpeauenTpanbHbIN CIOU NPEACTABUM B BUJI€ OAHOTO 3KBUBAJIEHTHOIO CJI0SI, TOIAA

C, 4

P> Co=2

V, = i
i=1 /’Li + 2k| '

4
P =2 pih, (Zj-jh<<1, a =« 1—-——r
i

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

p>— TUIOTHOCT,

hi — TonmMHa MpeaIeHTPaTbLHOTO CIIos,

h — niuHa BOIHEI,

Ki — KOMIIEKCHAs )KECTKOCTD,

21T
7 — BOJIHOBOE€ YHCIJIO,

Qy — HaYaJIHbIE TUCIIEPIIMOHHBIE COOTHOILLIEHUS,

¥ — K03 GUIMEHT NOAATIAUBOCTH,

R — BHYTpeHHMI paguyc MpealeHpalbHOTO cliosl Ipu Oonbinx aedopManusax. MexaHuueckas
CHCTEMa MPEIICHTPATBHOTO CJI0Sl KMEET CIISAYIIYI0 MaTeMaTH4ecKyto Moaenb [1-5].
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1. MaTtemaTu4deckasi MojieJib YCTOHYHBOCTH

d? o*w
5 [g(x)—z— Nl(x)w(x)} —0, Ni(X) _ Kk +k, L e(x) = 1.1 . 1 (1.2)
dx OX g(x) 7 x"1—x 2
1-x+—
2 2 2 2
a—‘fzczvze,e:a—“Jr@, V2262+82+82, (1.2)
ot x ox?  oy? | ez

u =u(z)coslkx+a)sin(¢y +b)e'*, v =v(z)sin(kx+a)cos(¢y + b, w=sin % +sin? % (1.3)

HavanpHbie yciioBusi, Ipyu HU3KOTEMIIEPATYPHOH peraKcalim:

k, "T
A) W(t)eo = ooe [m) , %\tzo =ope (1.4)

P CPEAHETEMIIEPATYPHON peaKcaliu:

B) W(t),o = O'Oe_['h] T, %‘tzo = o,e " (1.5)
k P —[ka—[kl)/ :|T
[Tpu sTOM B cityuae A): W (t)_o = % exp(_lj r-expl e k& t, (1.6)
T
. — (ka_kD )T
B cirydae B): W (t)1t=o— oo exp(— kar)exp(e )t, (1.7)

rpaHI/ILIHLIC YCJIOBUA Ha TOpHAX:

dw dw

) W(X] =0=Ki; EL(:O =M1 W(X] 1= Ko dx x=1= M1 - (1.8)
Ha TOpIaX YIJIOBBIC TIEPEMEIIICHHSI PABHBI.
dw dw
A) W(XX x=0=Ki; W‘x:O =T, W(XX x=0= Kz ; W‘x:lz 0. (1.9)
Ha TOpIaX U3rHOAIONIMI MOMEHT PaBeH HYJIIO.
dw d?w k, +k, dwW
E) W(X] x=0—" k y E| x=0 — 77]_ ) dXz x=1—" L 771 2 ; dX3 x=1—" 0- (1-10)

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

AW ks +Ka ()= EXFC (1.11)
dx m &(x)
WIIEM B BUJIE
W (x) = W, (x)+W, (x), (1.12)

rae W, (X) — obliee pelrerue oqHOPOIHbIHA YacTH

W,(x)=C,e™ +C,e™, rne o [KitKe (1.13)
i

W1 (X) — YaCTHOE peIlIeHre HeOJHOpOoAHOTO ypaBHeHus (1.11). 3mech BOZMOXKHBI Cllydau:

1
I U. E X = = - -
ciyuait. Ecmn g(x) . © w, (x) FX T X (1.14)
o 1 1 2 1
I E -, = | X2 —x+— —5 (-
ciy4ait. Ecin g(x) T 10 W, (X) — [x X + o ]Cl + . (x-1)C, (1.15)
. 1
Il cnyyait. Eciin g(x): > TO
l—x+X—

1 1 3 1 2 1
w; (x)=— 57 x3C, — > x2(C, _201)_052){(“(12)01 —CZ} +0!2[0[2C1 —(1+ azjcz} (1.16)

Takum 00pasom, B 30HaX IUIABICHHS g(x)= 1y obmiee pemieHue AudGepeHIInaTLHOTO
X
ypaBHeHus (1.1) umeet Bua:
w(x)=Cze™ +C,e ™ —12[ 2 +22jC1—12xCZ_ (1.17)
(24 (24 o
B 30Hax kpucTamm3anuu g()() = 1 1 00111ee pelIeHre UMEET BUI:
1-x
ax —ax 1 2 1 1
W(x)=Cze® +Cue ™ +—| x> = x+— |C; + = (x—1)C, | (1.18)
(24 (24 o
B 30Hax 3aTBepaeHus g(x) = 1 1 o011ee pereHrne NMeeT BHI:
X
1-xX+—
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_ 1 1 1 3
w(x)=C,e™ +C,e ™ — 502 x3C, — 502 x?(C, — 2c1)—0(2x[[1+achl —CZ}L

1 2 1
— —=C,—|1+— |C
052|:a2 1 [ az) 2:|

2. Pacnipenesienue BO3MyIeHH i

(1.19)

2.1 PacnpeneseHde  BO3MYUIEHHMiIl, BbI3BAHHBIX TMPOMEXKYTOYHOH  BHYTpPEHHeMH
HEYCTOMYMBOCTBHIO NMPEIIEHTPAJBLHOI0 CJI05 MOCJe CHATHA YCJIOBHUI MO COCPeI0TOYEeHHOM
nepepe3biBaloleil HATPY3KOil B 30He 3aTBEPACHUS

PaCCMOTpI/IM MaTEMaTUYCCKYIO MOJECIIb

d“wW

2 2 k, + k
—@®W = (Cx—C,)- | 1-x+ X |, @ =3/ L2, (2.1)
dX2 @ ( 1 2)[ ZJ 771

I'pannuHbIe ycnoBus

dw
dx?

dw

K, +k,  dW
W (%) xoo= ki ; K‘x:o:m; At | 1= 0. (2.2)

X=1 ’

T dx®

Oo1ee pernieHue

W(X)=C,e™ +C,e ™ — Ziz (x3 —2x% + 2(1+ %)x —%)Cl - Tiz[xz —2X+ 2(1+ %ﬂcz (2.3)

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

OTHOCHTEJIBHO TIPOM3BOJILHO-TIOCTOSTHHBIX MHTerpupoBanusi C;, C,,C;, C,. Pemas cucremy

noryunM 3Havenus C,, C,,C;, C,, moncrasiss nx 3HaYeHus B oOmiee pernreHue (2.3) moaydum:

W= 23l areh e by " s 5ok chy

+a(a4 +2a? +3)e‘“ —3a(a2 —a+1) x —gi% (a3 —3a? +5a—-3)e” + 6y, +

+3a|_(a2 —a+ 2)?0‘ —2}(1 —a|_(a4 +2a? +3)?“ +3(a2 +a +1)_|}efax -
—iaz[azkl —(a2 +1)>71}9“cha[x3 —2x% + 2[1+ %)X—iz}—laz{[azkl —(a2 +1)771]e“ +
2A a o A

+ 2(ak, +771)—a(a2 +a+1)}sha[x3 —2x2 +2(1+ ijx_iz}riaz(zm _az)ea [Xs B

a’ o 2A

_ox? 4 2(1+ %jx —aiz} —iaz[(az + 20 — 3k, + 1+ 26% Jy, —

—(a? +2a+3)]cho{x2 —2x+2(1+i2ﬂ—ia[(a3 +2a —3a — 9k, +
o 4N
+(3+ 20 )»ﬂsha[xz —2x+2(1+alzﬂ+4lAa2[(a—3)e“ K, +20e” +3{x2 —2x+2(1+alzﬂ, 2.4)
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31ECh
A= I_(a3 +3a? +5a+6)—(a4 +a? +a+3}9“}:ha+

+ I_(a4 +4a® +6a® +4a +3)e"‘ —3(052 +a +1)Jsha —(a—3)(a2 +1)e"‘ (2.5)

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

W(X)XZOZO; C:j_v)\(l|><:0= ' %'Xlz ; %hl: . (2.6)
W(X):i{(o‘4 + 202 +3)cha(l-x)+e“t9]-3(a? + o +1)shax—e = )+

i[Zae“ (1—a)+(a2 +2a+3)cha+4a<a2 +a+1)5ha+31a2(x2 —2x)+ 2(a2 +1)] (2.7)

oa=3 i ki=k,=756; 7, =094 (2.8)
m

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

PI/IcyHOK 1 — U3rubnas ,[[C(I)OpMaI_II/ISI (I)OpMBI MOMECPCUHOTO CCUCHUSA 30HBI OXJIAKACHU A
IMpU HECOAHOPOJAHBIX I'PAHUYHBIX YCJIOBUAX
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Pucynok 2 — Usrubnas nedopmanust GopMbl OMEPEIHOTO CCUCHUS 30HBI OXJIKICHUS TIPU
rpaHuuHbIX ycaosuax ['puuna [

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

MareMaTruueckas MOJIEIb

2
LY w0 = (C,+C,) - %) (2.9)
X T
I'pannuHbIe ycnoBus
. dw . d*w K +k, . dW 2.10
W(X1x=o: Ky s le:o =T a2 x=1= 1771 2, e |X:1= 0. ( )

O6mee pemenue auddepeHnnanbHOro ypaBHeHus (2.9)

W (x)=Cse™ +C, e ™ +i2(x2 - x+%)Cl +i2(x—1)c2, o= 3\/7k1+k2 (2.11)
o o o 771
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[oncrapnss (2.11) B rpanuunbie yeiaoBus (2.10) nmomyuum cuctemMy alreOpandeckux ypaBHEHUU

OTHOCHTEJBHO Ipou3BoibHOro nocrosuueix C;,C,,C;,C, pemas cucremy, MoiyduM 3HAYCHUS
C,.C,,C;,C,.

A 3areM uX 3HaYEHUS MOJCTABIISIL B o01ee pemenue (2.11), momyanm:

W(X) = li{iz [(2 — az)az — 2052(k1 + nl)]r:ha(l— x)+ {az(cha B ZSha)_}(xz — X+ %)} +

az(k1+771) @

—il {[Z(azkl + 2771)— a(a2 + 2771)]cha — 2(052 + 2771)Sha}(1— x) (2.12)

a

3mecy A =(1+a)sha —e*, a:3,ﬂ ; (2.13)
m

a) k, =756; k, =756; n,=0,94; n, =0; Db) k, =25; k, =386; n, =0,765; 7, =0

Ha pucynkax 3, 4 mnpuBeneHbl usruOHble nedopmanuud (OpMbI MOMEPEYHOrO CEUEHUs
MPENLEHTPAILHOTO CJI0S LIEITHON YeThIPEXMAaCCOBOW CUCTEMBI 30HbI KpUCTAJLIIU3ALUH.

Pucynok 3 — M3rubnast geopmariusi GopMbI IIOMEPEIHOTO CEUEHHS 30HbI KPUCTAIUTH3AIMH [IPH
HEOHOPO/IHBIX TPaHUYHBIX ycrnosusax u K, =75,6; 7, =0,%4.
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Pucynok 4 — Msrubnas nedopmarust GopMbl OMEPEUHOTO CEUEHUS 30HBI KPUCTAILTH3AINHI TIPH

HEOIHOPOIHBIX TpaHUUHEIX yernosusax u K, = 25; k, =386; i, =0,765.

2.3 Pacnpenenenue  BO3MYIIEHHMH, BBI3BaHHBIX IPOMEXKYTOYHOH  BHYTPEHHeH
HEYCTOMYMBOCTBHIO NPEJLEHTPAIBLHOIO CJIOS NTOC/Ie CHATHS YCJIOBUI B 30HE OXJIAKICHUS
MaremaTtuueckas MOJEIb

2
AW K *K wx)=(Ccx+C,) x (2.14)
dx Ui
['pannunbIe ycioBus
dw d’w
W(XX x=0= Ky ;W|x=o =Th, W(Xl x=0= K3 ;W|x=0= 0. (2.15)
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O6mee pemenne quddepeHanbHOro ypapHenus (2.14)

a a a \' m

[ToncraBnss (2.16) B rpannynble yeiaoBus (2.15) nonyunm cucreMy anreOpandyeckux ypaBHEHUU
OTHOCHUTEJIBHO mpou3BoiabHO moctosiHHbIX C;,C,,C5,C,. Pemmas cucremy mMOIy4YuM 3HAYCHHS

C,,C,,C;,C,. A 3aTem ux 3HaYCHUsI NOACTABIS B o0ee pemeHne (2.16) moaydnm:

W (x)= i {[(a2 - 3)<1 — (7 — ks )]sh a(l—x)+ 2(n, — k, )shax + 2ake™™ }+

+ e Dok = — ko Do + (m — 1 e o ~1) +

i{[a(az + 3K, + ok, — (a? —3)p kha + 20k, + (@? — 3k }- x (2.17)
3neck A=(2a2—a—6)sha+a(a4+4) a=3/k1;—k2 ;
1
a) k,=25; k, =386; n, =0,765; b) k, =25; k,=786; 7, =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
[EMHOHN YeTHIPEeX MacCOBOI CHCTEMBI 30HBI TUTABIICHHS ITPU HEOJHOPOIHBIX TPAHUYHBIX YCIOBHUSX
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Pucynok 6 — N3rubnas nedopmanus GopMbl OMEPEUHOTO CEUSHUS 30HbBI TUIABIICHUS
MIPH OJHOPOIHBIX TPAHHYHBIX YCIOBHSIX

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

b
7
f

f YZ};&\

s

PucyHOK 7 — AMIUINTYIHO-YaCTOTHBIE XapaKTEPUCTUKH BO BPEMEHHOMH KOOpUIMHATE - e~ 1¢0t
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Pucynox 8 — AMIIIMTYJHO-4aCTOTHBIE XapaKTEPUCTHUKH COOTBETCTBEHHOTO KOJIEOAHHS

Buisoowr:

1. IlpenuenTpanbHblii cnoil. OTINYMS OT HEHTPAIBLHOTO CIIOS:

cpennsist oG dekTuBHAsS HePTEHACHIIIIEHHOCTh Ha 5% OO0JIbIIE, UeM B LIEHTPATILHOM CJIOE;
naBiieHue Ha 45 % BbllIe, yeM B [ieHTpanbHoM cioe (MITA);

ra3ocoziepKaunx Ha 34,5 % BBIIIE, 4eM B IIEHTPaNbHOM cioe (M\T);

ITOTHOCTH Ha 2,2 % MeHbIIIe, YeM B IIEHTPATLHOM ciioe (r\em®);

BSI3KOCTh Ha 67 % MeHble, B 4eM IeHTpaJibHOM cioe (mma*c), a B 3o0He 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 COCPEAOTOYCHHOI'O TCIIJIO-BOJIHOBOI'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. Iloxkaszamo, 4mo 3KOI02UYECKULl OUCKYPC HACTHO UCNONb3Yemcs Osl
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 NCEBOOHAVUHBIX pabom Oas 2eumudurxayuu yuebno2o npoyecca. Iloxasano, umo kpumuxa
NCeBOOHAYUHBIX pAOOM MOJCem CMAamb 6ANCHHIM (YAKMOPOM pA3GUMUSA KPUMUYECKO2O MbIUUIEHU Y
CMYO€eHmos, a maxdice CHOCOOCMBOBAMb 803POACOEHUIO UCKYCCNBA HAYYHOU NOJEMUKU.

Knwuesvie cnoea: ncegdonayka, eetimugurayus, 00pazoeamenvHvie  pecypewl,  pegepamul,
9KOI02UYEeCKULl OUCKYPC, UHPOPMAYUOHHAS 8OUHA, UHPOPMAYUOHHBIE MEXHOIOUU.

Makanada KazaxcmauowvlK 2blIbIMU  OpMAOd KeH MApanean JKOA0SUANLIK OUCKYPCHbY — MYpai
acnexminepi  mandanaovl. IKOIOSUANBLIK — OUCKYPC — JHCAUTbL  M2AIMemmep  JiCUi  EbLIbIMU-DICAN2AH
OacviibiMOapobl  wbizapy YuwiiH KOJLOGAHBLIAMbIHGL, JHCOHe OY1 Hca20atiovl IKONOSUANLIK Maceienepee
KamulCHbl bLIIMU HIMUIICENEPOil JHCeMICNEYUINICIH HCACbIPYea KblzMenm ememini mypansl natbiMOAiaH.
Kenmezen evinvimu-sicanzan b6acvlivimoaposiy 6Oo0nybl, dcana Oinim 0Oepy MexHOI0SUANAPbIH eHel3yee
boramuln  pecypcKka auHAnybl MYMKIH —exendici xopcemineen. Onapovly Oipeyi JHCan2an  EbliblMU
JrcyMulemapobly mepic nikipaepin scasyza ueeizoenzen. Ocvlean opail 3aMaHayyu Hca20aiovl Kapacmuipd
OMbIPbIN YCHIHBLIbIN OMBIPEAH OKY Ya2ICi «pepepammul dHcaszvlzyy» 0Ky yYacicime Kapaganoa 2ndekanoa
apmulk exeni kopceminedi. OKy YOepiciH eeumupurkayuanlay yuiin nces0OMEXaAHUKANILIK HCYMbICIApPObl
nanoanany MyMKiHOIKmepi ManiKbliaHObl. FollblMU-2Can2an HHYMolcmapobly CblH-Kamepaepi cmyoeHmmep
apacvlHOa Kpumukauwlk ounay Kabiiemin 0amvimyobiy Manbli30bl akmopvl OOLYybl 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 S3KOJOTMYECKHH JTUCKYpC NpUOOPEN BBIPAKEHHOE COLMAIBHO-
MOJUTUYECKOE 3HaYeHHe. MI3BeCTHBII Te3HC, COTIacHO KOTOPOMY HayKa MpeAcTaBiIseT co0oi oaHy
u3 ¢opm uaeonoruu [1], pazymeercs, ocraércs 6osee 4eM IUCKYCCHOHHBIM, HO 0 OTHOLIEHUIO K
TEM Hay4YHbIM HallpaBJIEHUSM, KOTOPbIE TaK WM MHAYe CBA3AHBI C IKOJOTMUECKUM JAUCKYPCOM, OH,
0€3yCIIOBHO, SIBJII€TCSI BEPHBIM.

B pasnuuHBIX cTpaHax MuUpa JaBHO CQOPMHUPOBAHBI IOJIMTUYECKHE MapTHH, 0a30BOii
KOMITIOHEHTON HJI€0JIOTUM KOTOPBIX SBISETCS MUMEHHO <QKojJorus» [2, 3], mpuuéM NOHMMaHUE
JAHHOT'O TEPMHUHA YaCTO CTAHOBUTCS JAJEKUM OT HAyYHOTO.

Bonpoce! mprpo100XpaHHOTo XapakTepa BC€ Yalle CTaHOBSATCS MHCTPYMEHTOM MOJIMTUYECKOTO
JaBJICHHUsS Ha ONIIOHEHTOB, IIPUMEPOM 4YeMYy SBISIETCA JMCKycCHs BOKPYI BO3JEHCTBUS
CTPOUTENIbCTBA MOCTa, cBs3bIBaroniero KpbiM M marepukoByro Poccuio, Ha 3KOJOTHYECKYHO
00CTaHOBKY B akBaTOpuM A30Bckoro Mops. EcTe Bce OCHOBaHMs mHojararb, YTO MHOTHE
IIPOTECTHBIE SKOJIOTMYECKUE JBM)KEHUS Ha TEPPUTOPHM IOCTCOBETCKMX CTPaH HCKYCCTBEHHO
NOJICP)KUBAIOTCS B LEISAX  JeCTa0MIM3alMM  COLMAIbHO-NOJUTUYECKOH oOcTaHOBKU. B
ONpEeNECNEHHOM CMBICIIE 3TOT MPOTECTHBIN MOTEHLMAN SBJISETCS OAHMM W3 PpE3EepBOB U
pa3KUraHus COLMAIBHOW PO3HHU U SIBISETCS OJHUM M3 NOTEHUHUAIbHBIX MHCTPYMEHTOB BEJICHUS
MHGOPMAIIMOHHOHN WM THOPHUIHOW BOWHBI TPOTHB HHTEPECOB MOCTCOBETCKUX rocyaapcTs [3].

MortiiHoe BO3/IeHCTBUE, KOTOPOE IKOJIOTUYECKUE IBUKEHUS OKA3bIBAIOT Ha XapaKTep COLUAIbHO-
SKOHOMMYECKUX TPOILIECCOB B IOCTCOBETCKUX TIOCYAApCTBaX, OMNpENENseTcs, B TOM 4YHUCIE, U
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 ormeuaercs B [6, 7], 9KOJIOTrHYECKHUE TBUKEHUS BEChbMa Pa3HOPOIHBI.
Cpenn HUX MOYKHO BBIJEIUTH NOJUTHYECKHUE OpraHu3anuu (Harpumep, Poccuiickas axonorudeckas
naptust  «3enéHble»), OPUAMYECKME WHULMATHBBL, YYacTBYIOIIME B IPABO3ALIUTHOM U
3aKOHOJATEIbHON JesATEeNbHOCTH («DKOIOPUCTY», «IKOJIOTUS M TPaBO3ALIUTa»), OpraHU3alluy,
COCPEJIOTOYCHHbIE Ha KOHKpeTHoH mnpobineme (Jlecnoit kimy06 poccuiickux HIIO, coro3 «3a
XMMUYECKYl0 0€30MacHOCTb»), 00pa3oBaTeibHbIC WHUIMATUBHBIE TPYMIbI, 3aHUMAIOIINECs
paboToil B mKonax u narepsx (Accolmanusi 3KOJIOrH4eckoro oopazoBanus «9xkoO0pas3»), v T. A.
[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 HMPHUPOABI YaCTO COIPOBOKIAETCS JOCTUKEHUEM TEX WJIM MHBIX JONOJHUTENBHBIX LIENEH, a
MHOT/Ia U BOBCE «IKOJIOTHUS» SIBIIETCS HE Oojiee YeM IIMPMOH, B TOM YHCIe, sl HHCTPYMEHTOB
BeJICHUS TUOPUTHOM BOWHBI [3], MOJUepKHEM ITO emmé pas.
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Hayka, Oynyuun, B TOM 4Hcie, ¥ COUMAIBHOM MHCTUTYIMEH, HE MOIJa U HE MOXET h30eXaTh
BIIMSIHUSA Takoro pojaa (akTopoB, XOTS OBl TOJBKO MOTOMY, YTO MHOTHE aBTOPBI MCCIEIOBaHMA,
MPETEHAYIOIUX Ha CTAaTyC HAayYHBIX, MSATKO TOBOpPS, HE CBOOOIHBI OT KOHBIOHKTYPHBIX BESHUI.
VYnpomasi, BO3HUKAET BBIPAKEHHBIA COOJIa3H MHCaTh pabOThl HAa MOJIUTUYECKH aHTAKUPOBAHHBIC
TeMbl (M I0JlydaTh COOTBETCTBYIOLIME I'PaHThl). BOIbHO MM HEBOJIIBHO, HO ABTOPBI TAaKOTO POAA
nyOJIMKaMP CTaHOBSTCA IPOBOJHUMKAMHU BIIOJHE ONpPEAEIEHHOrO0 KOMIUIEKca HAEH, co3aaBas
MOYBY JIUISl UCTIOJIb30BAHUSI HHCTPYMEHTOB HH(POPMAIIMOHHOMN BOMHBI [3].

ConunabHO-IIOJUTHYECKUE ITPOLIECCHI, TAK WA MHAYE CBA3AHHBIE C DKOJIOIMYECKUM 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 odunManbHas CTaTHCTHKA, HUMEIOIIascs Mo ropoxay Aunmartel, [8, 9],
OJHO3HAYHO IIOKa3bIBA€T, YTO YPOBEHb 3a00JE€BAEMOCTH B OJHOM U3 KPYNHEHIIHX TOpPOJIOB
Ka3zaxcraHa TecHO CBsi3aH C YpOBHEM 3arps3HEHUs BO3AYyIIHOro OacceiiHa ropoja AJiMaThl,
KOTOpBIH, B CBOIO OYepellb, CBSI3aH C BBICOKOW MHTEHCHUBHOCTHIO aBTOMOOMJIBHOIO JIBHM)KEHUS, C
TEM, 4TO F'OpOACKas yJIU4Hasl JOPOKHAs CETh YK€ HE CIPABISAETCS C TAKMM IIOTOKOM 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, onHUM 13 (PaKTOPOB, KOTOPBIM OKa3bIBa€T HErATUBHOE BO3/AEHCTBHE HA pa3BUTHE HAYKU U
obpazoBanus B PK, craHoBsTCa nucnponopuuu B BeIOOpE HANpaBlIEHUS HAyYHBIX HCCIEIOBAHUMN
KAaK OTACJIbHBIMM HCCIIENOBATENsIMU, TaK M HCCIIEJOBATEIbCKUMHU IpynnaMu. Becpma 3ameTHas
YacTh HAaYYHbIX PAOOTHUKOB M IperojaBaTesiell Ka3axCTaHCKUX YHHUBEPCUTETOB 3a IOCIEIHUE
JECSITUIIETUS] TIEPEOPUEHTUPOBAIACh HA BBIIOJHEHUE pPadOT, TaKk WIM HHA4€ CBS3aHHBIX C
9KOJIOTMUECKOH MpoOIeMaTHUKOM.

[Ipn 5ToM 3HauMTenpHas 4YacTh NMyOIMKAUP O JAaHHOW TeMaTHKe JAe-(pakTo HCIOJIb3yeT
HKOJIOTMUECKUH JUCKYpC JJs MAacCKUPOBKH OTCYTCTBHS pEabHbIX HAy4YHBIX pe3yJIbTaTOB.
@dakTH4YeCKM pedb HUAET O TOM, YTO BBICOKMH YPOBEHb IONYJISIPHOCTH 3KOJOTHYECKON
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 IIPECTUKHBIX U3AAHUSX, OUYEBUIHON IPUYMHON YEMY SIBIISIETCS MOBBIILIEHHOE
BHUMaHHE OOIIECTBEHHOCTH (M TMOJUTHYECKHUX KPYTOB CTpaH Spa MHUPOBOH 3KOHOMHYECKOMN
CUCTEMBI) K KOJOTMYECKOW MpolieMaTrKe, BKIKOYasi BOMPOCHl aHTPOIOT€HHOTO BO3EHCTBUS Ha
KJIUMaT.

B cootBercTBUUN C Kiaccupukanuen [3], GpakTopsl TaKOro pojaa MO3BOJISIIOT YTBEP)KIaTh, YTO
9KOJIOTMUECKUN JAUCKYpPC HaYMHAET MPHOOpETaTh OIpenei€HHbIEe MPU3HAKKM 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
pa3zpaboTke Mep, 00ECTeUMBAIOUIUX BBISBIEHUE IICEBJOHAYYHBIX palOT, MyOJMKYEMBIX IO
AKOJIOTMUYECKON mpobiemaTrke WiM B OMU3KMX K HeW obnactsax. Pasymeercs, paboTbl, KOTOpbIE
HeNb3s OTHECTH K MOJUIMHHO Hay4YHbIM, NMYOJMKYIOTCSI HE TOJIBKO B 3TOM 00JacTv, HO B CHIY
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YKa3aHHBIX BBIIIE€ NMPUYUH MEpPhI, HAMPABICHHbIE HA IMOBBIIICHUE PEATIbHOIO KAayeCTBAa HAYUHBIX
UCCIIEI0BaHMI, HEOOXOIMMO IPUHATh UMEHHO B 00JIaCTH HKOJIOTHH B IEPBYIO OUEPEIb.

PaccMoTpuM TUNWYHBIA MpuMep MyONMKalWuU, SKCILTYaTHPYIOLMIEH JKOJIOTHYECKUN JUCKYpC B
LIEJISIX MACKUPOBKHU OTCYTCTBUS 3HAUMMBIX HAy4YHBIX pe3ynbTaToB [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 MO3BOJISIET 3aMETHO YBEJMYUTh UHBECTHIIMH B TEXHUKY M TEXHOJIOTHH JJII CHHXKEHUS
BO3JICHCTBUS YHEPTETUKH Ha OKpYXkaromlyro cpeay. Cpok OKynaeMOCTH 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 OMbITA 3aMagHBIX CTPaH H
MEXIYHapOAHbIX KOMIIAHWW, B TOM uucie u paboraromux B Ka3zaxcraHe, 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,
XOTs OBl ¥ TOJIBKO CCHUIKAMM Ha JIUTEPATYPY.)

Emé 6onee Hecypa3HbIM BBITJISANT cienyromiee yreepxaenue [10]:

«K cyliecTBeHHOMY CHM)KEHHUIO BPEIHOTO BO3CHCTBHS Ha OKPYXKAIOIIYIO Cpely U CHUKCHUIO
BBIOPOCOB TMAapHUKOBBIX Ta30B NPUBOJIUT M TOCYIApCTBEHHAs MOJAEP)KKa B 00JAcTH Pa3BHTHUS
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 ObLT Obl OBITh M3BECTEH M peaslbHbI BKJIaJ BO30OHOBISEMBIX HCTOUYHUKOB SHEPTHH B
TeHEepaLuIo 10 CTPAaHEe, U UX PEAIbHBIE DKOHOMHUUYECKUE TTOKA3aTEIIH.

Crnenyromuii «OIeCcTSIIHNI Maccax JeIaeT XxapakTep paccMarpuaemoit pabotsl [10] mpenensHO
SICHBIM.

«3amura OKpyXarollel cpelbl U pallOHAIbHOE HCIOJIb30BAaHUE PECYPCOB WIPAIOT BAKHYIO
POJIb MIPH PacCCMOTPEHUH NEPCIIEKTUB JIEKTPOIHEpreTuueckon otpaciu Kazaxcrana, ¢ yuerom npu
3TOM MUPOBBIX TEHJICHIIMI B 00JACTH pPa3BUTHsI HETPAJAULIMOHHBIX U BO30OHOBIIIEMBIX HCTOUHHUKOB
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
3aBepuiaerca TekcT [10]. O Takux Bemax CTyIAEHTaM TOBOPAT Ha MEPBBIX Kypcax OOy4eHHS.
OcTtaércs TOMBKO YAMBISTHCS TOMY, YTO OUEPEIHOI MOBTOP TOTO, YTO YK€ M TaK MHOTOKPATHO

46



N3BECTUS HAYUYHO-TEXHMYECKOI'O OBIIECTBA «KAXAK», 2019, Ne 1 (64)

pacTUPAKUPOBAHO B JHUTEPATypE MO SKOJIOTUYECKON MpobiieMaTHKe, KTO-TO PELIMJICS BBLIAThH 3a
HAYYHYIO ITYOJIUKAIHIO.

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
IIEPEBO3KHU TOIUIMBA, B TOM YHUCJE Y€pe3 3aTpaThbl SHEPTUM HA MEPEBO3KY yriisl. B aTom citydyae u3
CTENIEHU HCIIO0JIb30BaHUs ToIIMBa Ha TOL[ BeluMTaeTCs pacxoj] TOIUIMBA HAa JOCTAaBKY TOIUIMBA, 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 — CIEHUATUCTHI B 00JACTH HSHEPreTUKM HE 3HAIM O CYHIECTBOBAHHH
TPaHCHOPTHBIX PACXOJOB JI0 TOro, Kak Ha aBTOpoB [11] cHu3omwo o3zapenune? HyxHa oTaenbHas
«r1y0OKOMBICIICHHAs» padoTa, KOTopas Ha 3TOM akIeHTupyeT BHuMaHue? 1 modyemy aBtopsl [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 MU3TOTOBJICHUS
TICEBJIOHAYYHBIX <«OKOJIOTHYECKHX» PabOoT, YTO LUTHUpyeMas MyOIHMKaIUs MOUCTHHE 3aCTyKUBAET
TOT0, YTOOBl BOWTH B Y4eOHHUKH B KadecTBE MpUMeEpa MpeAesbHO OecCOBECTHOW JKCILTyaTalluu
9KOJIOTMYECKOI0 TUCKYpCa.

Packpoem TuIOBBIE MpUEMBbl U3TOTOBIEHUS TCEBIOHAYYHBIX pabOT, aHAIM3Upys TEKCT [12]
0oee moapoOHo.

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.

[TomuepkHeMm, 4YTO paccmaTpuBaeMas nyOnukaius Has3biBaeTcs «becmpoBonHas cucTeMa
nepelauy Uil ONpEAENICHUs JIEKApCTBEHHBIX IIPENapaToB B CTOYHBIX BOJAX», CIENOBATEIBHO, B
Tako crarbe (ecinu Obl OHA JEHCTBUTEIHHO MOTJA HAa3bIBaThCA HAYYHOM) CJIeI0BaiO ObI, Kak
MUHUMYM, PaCCMOTPETh COBPEMEHHOE COCTOSIHHUE JIeN B 00JIaCTU IPOEKTUPOBAHUS U IKCILITyaTalluu
XUMHUYECKUX JaTYUKOB, CIHOCOOHBIX H3MEPSTh KOHIIEHTPALMI0 T€X WJIM HHBIX KOMIIOHEHTOB B
MHOTOKOMIIOHEHTHBIX pacTBopax. Bmecto storo (!) aBTops! [12], Oe3 TeHU CThIAA, OrPAaHUYMIIUCH
JBYMsI CIEAYIOUIMMH a03allaMu.

«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 PAcCHpOCTPAHEHHWEM IMECTULHUIOB B CEIbCKOM XO34HCTBE, a OJHO W3
MOCJIEAHUX UX MPUMEHEHUI — MOHUTOPHHT JIEKAPCTBEHHOTO 3arps3HeHHs BOJAHBIX cper. Criemnyer
OTMETHUTH, UTO X/| ¢ NIeabHOM CEJIEKTUBHOCTHIO HE CYIIECTBYET.»

47



N3BECTUS HAYUYHO-TEXHMYECKOI'O OBIIECTBA «KAXAK», 2019, Ne 1 (64)

MpI cieniMaibHO MPUBOIUM 3TH a03allbl MOJIHOCTBIO, YTOOBI TOYEPKHYTh: 3TO — BCE, UTO aBTOPHI
CKa3aJl O CYIIECTBE BOIIPOCA; OHM JaKe HE YJOCYKMJIUCh PACCTaBUTh (OpMajbHBIE CChUIKU. HeT
HEOO0XOMMOCTH TOAYEPKHUBATh, YTO HANMCAaHUE HAYYHOH CTaThbH Ha IOAOOHYIO TeMy TpeOyeT
npoecCHOHATBLHOTO 0030pa TEKYLIMX HCCIIEAOBAHHMMA, OCYIIECTBIIIEMBIX B Mupe. MHaue 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.

Bripouem, cyzas no aHanu3y myOJMKalMOHHOW aKTHBHOCTH aBTOPOB [12] B Takux cepBHCaxX Kak
Google.Akagemusi, uX TPYTHO 3amOJ03PUTh B KOMIIETCHTHOCTH BOOOINE B KaKOM-JIMOO BOIpOCE.
bonee Toro, ymMecTHo MOMYEPKHYTh, UYTO HCCIEAOBAaHUS, CBS3aHHBIE C CEJIEKTHUBHOWN copOuuei
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,
nmpopaboTaTh COOTBETCTBYIONIYIO NUTepaTypy. Ecnu ske aBToph! [12] He UMEIOT mpenCcTaBiIeHUs O
TaKUX JIEMEHTAPHBIX BEIIaxX, TO MPUXOJUTCS KOHCTaTUPOBATh, UTO MCEBIOHAYKA B HAIEl cTpaHe
MycTUjIa OYeHb ITyOOKHE KOPHU, UTO JenaeT 60pb0y ¢ Hell elle 6osee akTyaabHOM.

[lepeuncnennble 00CTOSITENHCTBA I103BOJSET BBISIBUTH €IIE€ OJUH IPUEM, MCIIOIb3yEMbIi
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
PaIMOTEXHUKH M DJIEKTPOHMKH, W TaKKE€ HCIOJb30BaHHBIM B [l2], COCTOMT B ClEIyIOIIEM.
ABTOpamu 3TOH MyOJMKaIMM IMpejuiaraeTcss Hekas «(pyHKIMOHaNbHAs cXeMa PaJruo3JIEKTPOHHOTO
npubopay», KoTopas AenaeT onyOJIMKOBAaHHBIH UMHU B3J0p JEHCTBUTENBHO OTAAJICHHO MMOXOKUM Ha
Hay4yHYIO CTaThl0 MO0 BHEIMIHEMY BUAY. OTMETHUM, YTO MOCKOJIbKY (PYyHKIIMOHAIbHOE Ha3HAuYEHUE
3TOTO «Iprubopa» TymMaHHo (aBTOpPHI [12], B CymHOCTH, HE 0OOCHOBAIM JJIsl YETO KOHKPETHO ATOT
puOOp HYKEH U 4TO, COOCTBEHHO, OH OyJIeT U3MEpATh), TO OYEBHJIHO, B MOJJOOHOM MarepHaie
MOKHO H300pa3uTh MpaKTHYECKH 100yl Oosiee WM MeHee NpaBIoNoJo0HyI0 OJIOK-CXemy,
0COOEHHO €CJIM €€ He paccMaTtpuBarth B JaeTaimsix. CoOOCTBEHHO, MMEHHO 9TO U CHENalu aBTOphI [12],
MOCBATUB OMMCAHUIO CXEMBI TOJIBKO TPU KpaTKuX ad3ana ¥ NpuOerHYB K BECbMa pacIUIbIBYATHIM
¢dopmynupoBkaMm. OdeHb yn00HO: KOJb CKOpPO Ha3HaueHHE MpuOopa HESCHO, TO U HEBO3MOXKHO
MOHATH PEIIAeT OH KaKylo-1100 3/1paBylo 337auy WM 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
YHHUBEpPCUTETA, (PAKTUUECKH pa3BpallaloIUX CTYIAEHTOB M0J00HON Oennbepaoi. «BIoXHOBISAACHY
TaKMMH TICEBJOHAYYHBIMU TEKCTAMH, COUMHEHHBIMH «yBa)KaeMbIMU» MPETIOAaBaTENsIMHU, CTYIEHTHI
Y MarucTpaHTbl HE BUISAT 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
BbICIIIET0 00pa3oBaHMs B Halleld CTpaHe, 4YTO, MOAYEPKHBAeM eIlle 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"oBOps 0 mepcreKTUBax TaKoro pojJa, MOKHO YIIOMSHYTh, UTO JIEKCUUYECKUM, CTHIIMCTUYECKUH U
ApYyro aHajau3 pa3IM4HOro pojJa TEKCTOB JABHO SBJIAETCS OONACThIO INPUMEHEHHUS 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 3ajaya BIIOJIHE 10 CHJIaM CTYJEHTaM M MOXET CTaTb 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
HCHOJB3YIOT TO, YTO HA YKAprOHE Ha3bIBAETCS METOJ «XYA0KECTBEHHOI'O KOIU-TIAacTa», U IpU 3TOM
UMEIOT BO3MOXKHOCTb COCTaBJISATh JIOCTAaTOYHO aJIEKBATHbIE TEKCThl, HE BHUKasi B CYTb
paccMmaTpuBaeMoil mpobsembl. bosbinoe KoaudecTBO HH(pOpMalMM, KOTOpas HaxOIUTCi B
OTKPBITBIX MCTOYHMKAX, TMO3BOJSIET 3TO JAenarh 0e3 ocoObIx 3arpyaHeHui. HeoOxommmo Taxoke
IPUHATh BO BHMMAHHE, YTO CYLIECTBYIOT MHOTIOYHCIIEHHBIE PECYpChl, KOTOpBIE IO3BOJISIIOT 3a
YMEpPEHHYIO IJIaTy MoJiy4aTh pedepaTsl, KypcoBble paboThl U Tak janee. Jpyrumu cioBamu, Te
dbopmbl  yueOHOW paboOThI, 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
TpaauLKsaM, KOTOpPBIE CYILIECTBOBAIN, CKa)KEM, B IEpUOJ 30J0TOro Beka uciama [18]. Hanucanue
KOMMEHTApUEB K paHee H3JaHHBIM TpakTaTaM ObUIO BeChbMa pacHpoCTpaHEHHOU QopMoi
NEeSTeIbHOCTH TAaKUX KPYHHBIX Y4Y€HBIX, Kak anb-®apabu, M6H Pymg m apyrux Meicnuteneit
cpenHeBekoBoro Bocroka. OnHako ais HamucaHus KOMMEHTapus K HaydyHOW pa0oTe cTylneHTam
TpeOyeTcsi JOCTaTOYHO BBICOKMH YPOBEHb IOJIIOTOBKH; 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
OTPHUIATENIbHYIO PELEH3UI0 Ha JOCTaTOYHO CEepPhE3HYI0 PadOTy, HEOOXOIMM COOTBETCTBYIOLIUI
HaBbIK U JOCTATOYHO IIyOoKue 3HaHMs. ['opa3no Oosiee MPOCTHIM 33JaHUEM SIBJISIETCS HAIIMCaHUE
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OTPHLIATEIILHON PEIeH3MH UMEHHO Ha IICEBIOHAayYHBIe pabOTHl PACCMOTPEHHOT'O BHIIIE XapaKTepa,
KOTOPBIMH B HACTOSIIEE BpeMsi H300MITyeT HHTEpPHET.

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 BBIHYKJEH KPUTUYECKU OCMBICIIMBATH CUTYAlIUIO, HAPUMED, KOHKPETHYIO HAYUHYIO paboTy.
HMeHHO 3TO 00CTOSITENHCTBO MOKa3bIBAET, HACKOJIBKO BAKHBIM fABIIETCS 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 MCHOoJNIb3yeTcsl TepMHUH «rermMuduxamnmsy [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
CYUIECTBYIOT B HACTOSIIEE BpeMs, CKOpee, MX CYIIECTBYIOT €IMHHUYHBbIC IK3eMIUAphl. J[aHHOE
OOCTOSITENTLCTBO ~ IMPEJACTABISETCSl BIOJHE TMOHSATHBIM, IIOCKOJBKY pacxoibl Ha CO3JIaHUE
pa3BUBAIOIIMX WIP, HAa CO3/1aHHE BUICOJCKIUN M T. JA. HE MNPEAYCMOTPEHBI B OOJBIIMHCTBE
IIOCTCOBETCKUX YHUBEPCUTETOB, KOTOPbIE, MSITKO 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’KUJ OCHOBOM MHOTHX MIPOBBIX ()OpM, B YaCTHOCTH, B CTYAEHUECKOH cpeje
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 1o reiMupuKalnm.

KBHbI u «xamyCTHUKH» MHOTHE TOIbl JIETAINCh CHJIAMH CaMUX CTYIEHTOB 0Oe3
JIOTIOJTHUTENBHBIX 3aTpaT, B TOM YHUCJIE U CO CTOPOHBbI YHHUBEPCHUTETA. XapaKTep IMCEBIOHAYYHbIX
paboT, myOoJMKyeMBIX MO SKOJOTMYECKOM MpoOiieMaTHKe, MOJOOHBIX TEM, YTO paccMaTpUBAINUCH
BbIIlIE, JEHCTBUTENBHO CO3MAa€T MPEANOCBUIKA JUIsI TOro, 4ToObl MX MCIOJNb30BaThb 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 TICHUXOJIOTHSI TBOPUYECTBA, TECHEUIIMM OOpa3oM CBs3aHbl JApPYr ¢ Apyrom. OTCyTCTBHE
oMopa, TunepTpodupoBaHHbIe (M, KaK MOKa3bIBACT aHAIN3 Takux padort, kak [10, 11], gameko He
BCEr/la OIpaBJaHHOE) YBa)KEHHWE K aBTOPUTETaM MPUBOAUT K TOMY, YTO JaKe MPEANOCHUIKH IS
KPUTHYECKOI'O MBIIIJICHUS] B CTYJ€HUYECKOW Cpe/ie BO MHOTOM OKAa3bIBalOTCSl YTPAUEHHBIMH, UTO U
HabIt0/1aeTcsl B COBpEMEHHBIX ycinoBusax B Kazaxcrane.
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Kak cnencrBue, yracaeT MCKYCCTBO IMOJIEMHKH, MCUE3AIOT IUIOMIAAKU AJIsi BEACHUS HAYYHBIX
JTMCKYyCCHii, U Te (HaKTOpbl, KOTOpBIC BhIpaXkatroTcs (GopMynupoBkoit «B cmopax poskmaercs
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  CpEACTBAaMH  pa3paboTaTh WH(POPMALMOHHBIE TEXHOJOTHH, KOTOpHIE
CTUMYJIMPOBAIN 6]31 JAaHHBIC HABBIKKM W IHApaJJICIIBbHO C 3THM CTUMYJIHWPOBAJIUM T'OPU3OHTAJIBHOC
oOyueHue.
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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. Ilpeonoxcena mamemamuueckas mooens, ananoeuunas Jlomku-Borsmeppoi.
Mooenv, npeounaznauennas O ONUCAHUAL NPUPOOb CHAOA UHHOBAYUOHHOU axmusHocmu. Modenw
NOCMPOeHAa HA AHMALOHUCIMUYECKUX NPOMUBOPEUUSIX MENHCOY YUACMHUKAMU UHHOBAYUOHHO20 npoyecca,
paznudarowuxca no xapakmepy momusayuu. OOHU U3 HUX PACCMAMPUBAIOM UHHOBAYUOHHYIO OesimMelbHOCHb
U HAYyHble UCCIe008AHU UCKIIOUUNEIbHO KAK Cpedcmeo 3apabomxa U Cpeocmeo KaApbepHO2O
(aOmunucmpamuero2o) pocma («bopokpamoery). Koeoa O0ns Opyeux — HaAyka U UHHOBAYUOHHAS
0esimeNibHOCTb ABNIAEMCs CPeOCEOM CAMOPEAnU3aAYUL U OOCMUNCEHUsL 8bICUUX Yelell («knaccuoHapuuy). B
NPeOlONHCEHHOU MOOeny NACCUOHAPUL BbICIIYNAIOM 6 Kauecmee amanozd xepmevl 6 modeau Jlomxu-
Bonvmeppul, a bopokpamul — 6 kKauecmee aHan02a XUUHUKOS.

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

Tapuxu yaxeimmapoa 6AUKANAMUIH SbLILIM MEH MEXHUKAHBIY (UHHOBAYUSILIK OAMYObIH) OdMYbIHLIH
OipKenKi emec cunamol SKOHOMUKAIBIK, dNEYMEeMMIK HCoHe NCUXON02UANBIK cebenmepae OAUlanbiCmbl emec
exenoicin xopcemedi. Jlomxu-Bonvmeppa cusxmvl mamemamuxanvly Mooenv ycwvinmvliean. byn moodens
UHHOBAYUSLTBIK KbI3MEemmiy momenoeyin cunammaiosvl. Mooens binmananovlpy cCunamvlMen epeKuiesieHemin
UHHOBAYUATBIK NPOYECmiy KaAmblCYUbLIAPbL APACbIHOARbl AHMALOHUCIIK KAUUbLILIKMAPRA He2i30e2eH.
Onapowviy reubipeynepi UHHOBAYUSILIK KbI3MEMmi JCoHe 2bLIbIMU 3epmmeyiepoi Mancanmolk (dKiMUWILTIK)
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.

[Tonxon, B COOTBETCTBUM C KOTOPHIM aHAJIW3 MHUPOBBIX TEHACHIMN CBOIWICA K H3YYEHUIO
Ccyry0o SKOHOMHMYECKHUX (AKTOpPOB, YK€ IIEpecTacT YAOBIETBOPATh OOJIbIIOE KOJIUYECTBO
uccienoBareneii, padOTAOIIUX B CaMbIX Pa3UYHBIX HANpaBICHHUSIX HAayKH, B TOM YHCIE U
MaKpOIKOHOMHUKHU. 3/1eCh YMECTHO MOAYEPKHYTh, uTo emé B padorax ®. dykysmsl [1,2] ObL10
MOKAa3aHo, YTO Takas, Ka3ajoch Obl, HE BIIOJIHE MaTepualibHasl KaTeropusi Kak JOBepUe, OKa3bIBAET
OoJiee yeM 3HAYUTEIHHOE BIUSHHE Ha SKOHOMHUYECKOE IOBEICHUE o0miecTBa B 1einoM. Heckombko
yIpo1iasi, 3T0 MOKHO MOSICHUTH TaK: BBICOKHI YPOBEHB JIOBEpHUS B OOIIECTBE CHMU)KAET CTOUMOCTh
TpaH3aKIHHA, ¥ TO3TOMY 3((HEeKTUBHOCTH (PYHKIIMOHUPOBAHUS OOIIECTBA KAK IEJIOTO MOBBIIIACTCS.

Wuaue roBopsi, B HACTOSIIIEE BPEMS yxKe MIPU3HACTCS, YTO MHPOM MIPABUT JAJIEKO HE TOJIBKO OJHA
HSKOHOMHKA «B YHCTOM BHJIE€» — MHUPOM TPaBSAT HJIEH, B TOM YHCJIE€ U T€, KOTOPHIC MO3BOJISIOT
CO3/1aBaTh BCE HOBBIE U HOBbIE HHHOBALIUU.

OyHIaMeHTaIbHBIE HJEU Yallle BCEro OKa3bIBAIOTCSA Tropa3fo Ooiee padOTOCHOCOOHBIMU,
HEXeIM 3TO MOXKET MOKa3aThCs Ha MEPBBINA B3MUIsIA. B 4acTHOCTH, MMEHHO TOJIBKO Ha UX OCHOBE H
MOKET OBITh CO3/1aH KOMILIEKC (PaKTOPOB, KOTOPBIA HMEHYETCS MOOWIU3YIOIIMM MOTEHIHUATIOM
obmiectpa [3]. ImenHo Onaromapsi TOMy, 9YTO BO3HUKAIOT HOBBIC HETPUBUAIBHBIC HJICH, OOIIECTBO
OKa3bIBACTCSI CIIOCOOHBIM KOHCOJIMANPOBATHCS PaIH TOCTHIKECHUS TOW WIM WHOW OTIAJICHHOM LIeJH,
KEPTBYS IIPU 3TOM CHIOMUHYTHBIMH OJIaramH.

B ycnoBusix, xorga BO TJlaBy yIJla CTaBUTCSl MOJbKO TaKO€ MOHATHE KaK OJarococTosiHue,
KOHCOJIMJAIMs OOILIecTBa, PaBHO Kak M TeHepalus TOM Wi HMHOM (yHIaMeHTaIbHOM uaeu
(HampuMep, HalMOHANBHOM), CTaHOBUTCS BecbMa mpoOneMaTnuHoW. Ecmm OGnarococtosiHue
MIPOBO3IJIAIIAETCS €AMHCTBEHHOM M BBICIIEH IIEHHOCTHIO, TO OOLIECTBO OBICTPO BBIPOXKAAETCS B
00I1IeCTBO MOTPEOJIEHHs], UTO CETrOJIHS HE HYKIAETCs B Pa3BEpHYTHIX JOKa3aTeiabCcTBaXx. B Takom
O0IIecCTBE MPAKTHYECKH JIFOOOW delnoBeK OyaeT MAeHCTBOBAaTh TOJIBKO B CBOEKOPBICTHBIX
CHUIOMUHYTHBIX MHTepecax, a 3abota 00 obmieM Onare A HEro HeW30exHO OyIeT OTXOAUTH Ha
BTOPOY ILJIAH.

Kak ognO3HaYyHO CBUIETENHCTBYET HUCTOpUS [3—5], yCIOBHEM TOTrO, UYTO JIIOJU OKaXKYTCS
TOTOBBIMH OTKa3bIBATHCS OT CHFOMMHYTHBIX HHTEPECOB PaJH JOCTUKEHUS KaKOH-TO BBICOKOH I11eJH,
ABIISICTCSA HAJIMUYUE ONpeenEéHHON (QyHIaMEeHTAIbHON UIeH, aCCUMUIMPOBAHHOMN MU OOIIECTBOM B
LEJIOM WJIM €ro HUCTHUHHBIMU 3JuTaMu. VMeHHO B (yHIAaMEHTAJIbHBIX HJESIX, CIHOCOOHBIX
KOHCOJIUJUPOBAaTh  OOIIECTBO, CErofHsA  OIIyllaercs Ooiee YeM  JKECTKMH  JeuIHT.
CooTBeTCTBYIOIIME HETaTHBHBIE (PAKTOPHI XOPOLIO M3BECTHBI M MEPEUUCHIATh UX B JETANAX HET
HEO0OXOTUMOCTH.

Opnako crienyer MOAYEPKHYTb, YTO JO IOCIEAHETO0 BpPEMEHHU IOCJeI0BaTeNIbHbIX TEOpUH,
KOTOpbIE OBl TO3BOJSUIM  KOJAUYECMBEHHO  OTHCHIBATH  BO3JMEHCTBHS TE€X WIM  HMHBIX
(GbyHIaMeHTaJIbHBIX UJIEH Ha MPOLEcCchl B 00LIECTBE, CO37aHO HE ObLIO.
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Xoporo u3BecTHbI padotsl JI. H. ['ymunieBa [4, 5] 6a30BbIM AJisi KOTOPBIX SIBISETCS] TOHSITHE
MACCUOHAPHOCTH, OJJHAKO OHH, J0 CHUX IOp, CTAJKUBAIOTCS C JOCTATOYHO JKECTKOM KPUTHUKOH. 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
pacCcyKIeHMH, KOTOpbleé JO CHUX IIOp HE HMEIT I[0CIEeI0BaTEeIbHOIO KOJIMYECTBEHHOTO
000CHOBaHHUA, U Oosee TOro, (PU3MYECKHH CMBICI 3TOTO MOHATHS 0 CHX HOp OCTaércs sSCHBIM
nanexko He 1o KoHua. (bosee Toro, cymecTByrOT OTHelbHbIE pabOThl, B KOTOPHIX YKa3aHHOMY
MOHATHUIO NMPHUIAETCS HEKUI MUCTHUYECKHM CMBICII, YTO TOJIBKO CIIOCOOCTBYET KPUTHKE MOJI0XKEHUHN
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
MHaue CBSI3aHO C BOBHUKHOBEHHUEM OIIPECIIEHHOIO KOMITJIEKCA HETPUBUAIIBHBIX UICH.

[ToHATHE MACCMOHAPHOCTH MOXHO YIIPOIIEHHO UCTOJIKOBATH CIEAYIOIIUM 00pa3oM. DTO — HeKas
yepTa XapakTepa HMHJIUBHUAA, KOTOpas 3acTaBiseT €ro CoBepulaTh IOCTYIKH, Kazalioch Obl,
IIOJTHOCTBIO IIPOTHBOpEYAILlee CUIOMMHYTHBIM HHTEpecaM, 3acTaBiisisl €ro CTPEMHUTCS K TeM WU
WHBIM CBEpIICHUSM.

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|eHCTBUTENBHO, TE
IpUMEpPbl NACCHOHApHEB, KOTOpble npuBoAuT B cBoux Tpyaax JL.H. ['ymunés, otHOcsTCS
HEMOCPEJCTBEHHO K KOHKPETHBIM HCTOPUYECKMM (UIypaM, KOHKPETHBIM JMYHOCTSIM, KOTOpbIE
COBEpLIAIIM T€ WM HHBIE BEJIMKUE JEesSHHs, M XOpPOIIO H3BECTHAs MIKala [acCUOHAPHOCTU
npeiokenHast JI.H. I'ymunessim [4, 5] 0OTHOCUTCS MMEHHO K UHAWBUIYaJIbHOCTSIM.

OnHako B 3THX K€ Tpyldax IOHATHE IAaCCHOHAPHOCTH HCIHOJBb3YETCS KaK XapaKTepUCTHKA
OoNBIIMX Macc JIJeH M Ooyiee TOro, KaK XapaKTePHCTUKA STHOCOB. [Ipyrumu ciioBamH, 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 Aa)ke Oeryblil aHamu3
HCTOPUYECKON JIUTEpaTyphl, MACCHOHAPUN WJIH JIIOJIU, KOTOpble MOIJIM Obl 00J1alaTh KayecTBaMHU
[IaCCHOHAPHEB, BOZHUKAIOT BO BCE UCTOpHUUYECKHE Meproabl. OJTHaKO B ONpeAEIEHHbBIX YCIOBUAX MX
MOTEHINAJ, UX BO3MOKHOCTH, X CIOCOOHOCTH MPOSBIISIOTCS, a B IPYTUX HET.

Oco0eHHO HariasgHO 3TO OOCTOATENBCTBO BHUIHO €CIM paccMaTpuUBaThb HWHHOBAIIMOHHYIO
aKTUBHOCTb  4YEJIOBEUECTBA. TBopueckass JeATENbHOCTh (B  YaCTHOCTH, WHHOBAllMOHHAs
NeSITENIbHOCTh) TaKXKe TpeOyeT OMNpe/IeIEeHHOIO0 HEHYJIEBOI'O YPOBHSI MACCHOHAPHOCTU. AHTHUIION
MIACCUOHApHs — YeJIOBEK, KOTOPbIII OPUEHTHPOBAH Ha IMOIYKMBOTHOE OBITHE, TOPU3OHT KOTOPOIO
OTpaHHUYEH TOJIBKO MaTepHaIbHBIMU OJ1araMu, TaKOro poja Belllb BEIIaMU 3aHUMAaTbCs HE OYHeT.

HcTtopus pa3BUTUS MHHOBALMN OJHO3HAYHO MOKA3bIBAET, YTO X PAa3BUTHE MPOTEKAEeT BOJIHAMU
[3]. CymiecTBYIOT HepuO/bl, KOTJa CONMPOTUBICHUE UHHOBALMAM IMafaeT MPaKTUYECKH 10 HYJs, 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
pacnpeziensercss BO BpeMEHHU JaJIeKO HEe TaK HEPaBHOMEPHO, KaK JOCTH)KEHHUs 00IIecTBa B o0iacTu
MHHOBAIIMOHHOM J1eATEIbHOCTH.
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CrnenoBarenbHO, OTBET Ha BONPOC O TOM, KaK MMEHHO MAaCCHOHAPHOCTH OOIECTBA CBSA3aHA C
[IACCMOHAPHOCTBIO HWHAMBMJIIOB, JCHCTBUTENBHO Jajeko HeTpuBHaieH. CyllecTBYIOT YCIIOBHS,
KOTJla TaCCHOHAPUHM MOTYT IMPOSIBUTH CBOM CIIOCOOHOCTH, a Korja — HeT. Jpyrumu cioBaMu, Jaxe
eciu GpopmasibHO nipojoikarth Joruky JIL.H. 'ymunésa, 1o, 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 Jjajiee KOHCOJIMIUPYIOTCS MEHEE MaCCUOHAPHBIE YJIEHBI OOLIECTBA, U TAK BILIOTh
710 Te€X, KTO 110 CBOUM XapaKTepPUCTUKaM OJIM30K K CyOIacCuOHApHSIM.

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
acCUOHapuH, Koropele 1moaooHo JKanne J['Apk, ObUIM TOTOBBI IMOKEPTBOBATH KU3HBIO Paau
obmiero Onara, BcE paBHO HE MOIVIM HE IPUHUMATh BO BHUMaHHE CBOE COOCTBEHHOE 3ro, IO
KpaifHeld Mepe B TOM OTHOIICHHH, YTO OHH BHJENIN ce0s KaK HEKHUX JIMAEPOB, 32 KOTOPBIMH HUIYT
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 JAPYT C
apyroM. Kaxnaplif U3 HUX NBITaeTcs MOCTaBUTH ce0si Ha MEpPBOE MECTO, B PE3ysbTaTe 4ero, Mx
COBMECTHBIE JIeHCTBUA, TeM Oosiee KOHCOJNUIALUs Ha JOJITOBPEMEHHON OCHOBE, NMpPEICTaBIIsETCS
MaJIOBepOSITHOM. MIMEHHO 3TO, cKopee Bcero, sBIseTcs TeM (akTOpoM, KOTOpPBIH ompenenser
HU3KOE 3HAYEHHUE MAaCCHOHAPHOM aKTMBHOCTH Ha IMPOJOJDKUTENbHBIX HCTOpHUYeckux sTamax. (Bo
BCSIKOM CiIy4ae, J3TOT TE3UC 3aBEIOMO BEPEH, €CIIH pPacCMaTpPUBAIOTCSA  ITACCUOHAPHH,
OpUEHTHPOBAHHBbIE HA MHHOBAIIMOHHYIO JI€ATEIbHOCTh.) B ycnoBusx, koraa obuectBo Oosee uian
MeHee OJ1aromnoiay4Ho, OTCYTCTBYET TOT (DaKTOp, KOTOPBIM CTUMYIMpPOBan Obl KOHCOJIUAALIUIO
naccuoHapueB. VIMEHHO 3TO cooOpa)keHHE IOJIO)KEHO B OCHOBY TOW KOJIMYECTBEHHOW MOJEINH,
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 WHAUBUIAYAIBHOCTH, KOTOpbIE, TaK WIA HWHaye,
IIPUCYTCTBOBAJIA HA BCEX NCTOPUUYECKUX MEPUOAAX.

OpvH W3 HUX M Jajee OyleT MMEHOBAThCS MAaCCHOHAPUSAMHU. DTOT TEPMHUH 3[€Ch TPAKTYeTCs
IIMPOKO, MOJ HUM ITOHUMAETCS T€ JIOJU, Y KOTOPBIX, B TOW WJIM WHOM CTEIEHH, MPOSBIAETCA
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CKJIOHHOCTb K JIOCTM)KEHHIO BBICIIECH IEIH, JIOJU, TOTOBbIE K TEM HIJIM WHBIM CBEPILICHUSM, U
TFOTOBBIE 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
onpeAeNIEHHOMY II€JICTIOIaraHuio, HO KOTOpPbIE HEBOCIHPHUUMYMBBI K KakUM-ITHOO HAeaM. OTa
KaTeropusi JIIOACH He HYXAAITCA B JIETaJbHOM OIMCAHUM, MOCKOJbKY OHHM BEChbMa XOpPOUIO
pacnpocTpaHeHbl. DTO YAHOBHUKH, PSJIOBBIE MCIIOJIHUTENN, MEHEKEPBl CPEIHETO 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.
bropokparsl, gake Ha IOJCO3HATEIIBHOM YPOBHE, HEHABUIAT IACCUOHAPHUEB, IMOCKOJIBKY OHH
BHOCSIT ONpe/IeIEHHOE CMIATEHHE B UX CTPOMHYIO *HU3Hb, a CaMO€ TJIaBHOE, JTH000W 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 CHJIbHEE HEHABHUIUT ITaCCHOHAPUSI.

BepHo u obOparnoe. IlaccmoHapuu CTONIb K€ HETaTUBHO OTHOCATCS K JIFOOBIM OIOpOKparam,
IIOCKOJIBKY HX Ipe3uparoT u Oostcs. [Ipe3uparoT 3a HUKYEMHOCTh MX MHTEPECOB, 33 OTCYTCTBHE
WMCTUHOW MHIVBUAYAIbHOCTH, 32 HEIIOHMMAaHHUE CTPEMJICHUH K JI000M u3 BhICOKUX Ienei. Mmeer
MECTO U CTpax, MOCKOJbKY aJIMUHUCTPATHBHAS CHUCTEMA, KOTOPas KOHCONUIUPYET OIOPOKPATOB,
OKa3bIBaC€TCS B COCTOSIHUM YHUYTOXKUTH JIOOOT0, MYCTh JIa)Ke CaMOro TATaHTJIMBOIO MacCUOHApUs,
MIOCKOJIbKY OHHU O0JIaJalOT JIJIsl 9TOTO MIMPOYANUIINM CIIEKTPOM MHCTPYMEHTOB, a CaMoOe TJIaBHOE, B
COCTOSIHUHM JIeMCTBOBaTh KOJUIEKTHBHO. IlogpoOHo Takoro pona 3¢hdeKTs aHaTU3UpOBANIKCH emIé
MoHorpaduu [6].

CrnenoBaTtennbHO, TOT (aKTOp, KOTOPBIM 0OecreurnBaeT KOHCOMHMIAINIO IMaCCHOHAPHUEB,
olpesieNsieTcsl B IMEPBYIO Ouepe/lb CTENEHbI0 MX OTBpalleHus K Oropokparam. Kornma crenenn
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 MOJIAEPKKH U TaK Jajee.

Jl1st HATTIITHOCTH MOKHO 3aMETHTh, YTO TOT MEXaHU3M BO MHOTOM aHAJIOTHYEH TUAPO(HOOHBIM
B3aMMOJICHCTBUSAM B BOJHBIX PACTBOpax. 37€Ch Takke I'MApo(oOHbIe (YHKIIMOHAIbHBIE T'PYIIIIHI
HaYMHAIOT 00Pa30BBIBATH MUIIEIIIBI, U3 KOTOPHIX BHITECHSETCS] pACTBOPUTENH (BOJIA).

OtrankuBasch OT COOOpPa)k€HUH TaKOro pojia, MOKHO MPEIJIOKUTH CIEAYIONIIYI0 MOJEIb,
OTPaXKAOIIYIO XapakTep (HaKTOPOB, OMPEIEISIFOIINX CIOCOOHOCTh MACCUOHAPUEB K KOHCOIHIAIUH.
OHa BbIpa)kaeTcs CIeayONMMU YPAaBHEHUSIMU.

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

- P(t) u Q(t) - dynkuuu, 3aBHCAILINE OT BPEMEHH, M ONKCHIBAIOIINE YHCIO NACCHOHAPUEB 1
OIOPOKPATOB B CHCTEME, COOTBETCTBEHHO;

- ky — xo>pdunment, orpaxaromuii creneHb >PQEKTUBHOCTH B3AUMOJEHCTBUS MEXKILY
MACCHOHAPHUSMH, ONPEACISIEMYI0 CTEICHhID WX OTBPallCHUsS K «OOOOIICHHOH cepocTuy,
(haKTUYECKH 3TO U €CTh Mepa MACCHOHAPHOCTH COOTBETCTBYIOIICH CONMAIBHOM TPYIIIBI MIIK HHOM
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 —
«0000IIECHHO cepocTh»), GOPMATIBHO PA3JIEIAIONIIM UCXOAHbIE UACH.
[Ipu 3ammcu ypaBHeHui (1) u (2) ucrosb30BaHbl TAKXKE CICAYIONUE 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
OIpeJIeIeHHOE HacTeIne, HaKalUIMBaeMOe C TEYCHUEM BPEMEHH.

[lpupamenne [MaHHOTO HAcIeAWs B TPUEMIIEMOM MPHOMMKEHHMH MOXXKHO — CUHTATh
MPONOPIMOHATFHBIM YHCITY TAaCCHOHAPHEB B JAaHHBI MOMEHT BPEMEHH, YTO M BBIpAXKaeT
dbopmyna (3).

Mepoii nmpuBiIeKaTeNbHOCTH HaYMHAHUS JUIsl OropokpaTa B (hopmyrie (2) sBsieTcs: o0Iee 4nciio
[IaCCHOHAPUEB B CUCTEME B JIaHHBIH MOMEHT BpPEMEHHU. OTO BBITEKAeT U3 OYEBUHOIO
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 BbIpaKaeT BBICKA3aHHBIC BBIINIE COOOPAXKEHHS O B3aMMOJAEHCTBHAX MEXAY
MaCCHOHAPHUAMM (aHaIOT THAPOGOOHBIX B3aUMOJCHCTBUI B BOJHBIX pacTBopax). OHAKO, TaHHYIO

bopMyily NPUXOAUTCS MOJIEPHU3UPOBATH, MCHOJB3Ys Pa3HOCTh ( fOtP(t/ ) dt/ —aQ), KOoTopas

OTpa)kaeT OTBpallleHHEe MacCHOHApUEB HE TOJILKO K OIOpOKpaTaM, UMEIOIIUMCS BHE CHUCTEMBI, HO U
BHYTpH HEE.

[IpemioskeHHast MoJienb BecbMa ONM3Ka K W3BECTHOM MOJENN «XHUIIHUK — >KepTBa» (MOJEINb
Jlotku-BonwTeppe! [7]). JlaHHas Monenb ONMUCHIBAET B3aUMOJEHCTBUS JBYX BHJIOB >KMBOTHBIX B
HKOCHUCTEME, OJAMH M3 KOTOPHIX MHUTAETCS APYIMMHU (HampuMmep, BOJIKHM M 3aiiipl). OHa Ha3BaHa B
YECTh ABTOPOB, KOTOPBIE MPEMIOKWIA MOJEIbHBIE YPaBHEHHsS HE3aBUCHUMO JIpyr OT Jpyra.
[IpennoxxenHas Monenb nepexoaut B Mmojenb JloTku-BonbTeppsl, ecnu 3ameHUTh HMHTErpan (3)
IIOCTOSIHHOM BEJIIMYMHOM. B ponm <KepTBBI» B TAKOM MOJEIU BBICTYNAKOT MaCCUOHAPHH:
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OIOPOKpAThl «ITUTAIOTCS» UX TOCTIKEHUSMU U Pe3yJIbTaTaMu, COOTBETCTBEHHO OHH BBICTYIAIOT B
pONU «XUITHUKOBY. [IpemioxkeHHass MOIeTh OTIMYACTCS OT MOJIENH «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

T =kPQ—20Q )

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
(crIoCOOHOCTD 3a4MHATENCH CIUIOTHTH BOKPYT ce0si XOTs Obl MUHMMAaJIbHOE YHCIO CTOPOHHHKOB,
HanpuMmep).

B wyactHOCTH, 3TO O3Ha4aeT, YTO paccMaTpuBaeMmas cUcTeMa Jie-(pakTo 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
MpeJCTaBIeHBI Ha pUCcyHKax 1-3.

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

[Ipexne Bcero, OTMETHM, YTO TIOBEACHHWE KPHUBBIX Ha PHCYHKax -3 XOpoImo corjacyercs ¢
KayeCTBEHHBIMH (CXE€MaTUYeCKMMHU) KPUBBIMU PA3BUTHSA JIFOOBIX MHCTUTYIIMH, KOTOPBIE HMEIOTCS B
TeKyllel nureparype. B wactHocTH, B [3] ucnonb3oBana cxema (pucyHok 4), 0000IIaromias Takie
MOJIEJIN KaK MOJIeNIb CTAaHOBJIEHUS U Jerpajaliv MHCTUTYIHMH Asueca [9]. BugHo, yro kpuBas 1
XapaKTepu3yoomas KOJMYECTBO IacCHOHAapueB B CHCTEME B Hauaie, JOCTaTO4YHO OBbICTPO
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 %

(]

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

3Ha4YeHHus cocTaBisoT: K, =2,2; k, =3,0; € =3,0, t; =1,0; T, =0,7; J(0) = 1,0;
P(0) =0,7; Q(0) =0,03.

PIQ

Pucynok 2 — 3aBrucuMocTH uncia naccuonapues (1), HAKOIJIEHHOTO UACHHOTO MoTeHIHana (2) u
yucia OropokpatoB (3) B cucTeMe OT BPEMEHH; 3HAUCHHUS YITPABIISIONINX 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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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, =3,0;«=3,0,7,=1,0;7,=0,7; J(0) =1,0; P(0) =0,7; Q(0) =0,03

Apucrokpatus

W Bropokparus ‘

/

Pucynok 4 — ®a3pl )KU3HEHHOTO IUKJIa HHCTUTYLUN IPOU3BOIBHON pUposl [3]

PazButne 6ropokparnu ‘

— —
JIunelinoe 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)
crazaeT J0CTaTOYHO MEJUICHHO. J[pyruMu ClioBaMH, XapaKTep MOJYyYEeHHBIX KPUBBIX IO3BOJISET
CKa3aThb CIIEAYIOLIee: Ues MpeiCTaBIseT coO00 HEKOTOPBIA pecypc, 3TOT pecypc MOIAePKUBACTCS
MacCHOHAPHUSIMU, HO, KaK U JIIOOOH NIpyroil pecypce, oH ucdeprnaeM. [1lo mepe Toro, Kkak GrOpoKpaTh
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BBITECHSIOT M3 CHCTEMBl IIaCCHOHApPHEB, CHCTEMa B COCTOSHUHM e€mIEé HEKOTOpoe BpeMs
CYIIIECTBOBATh MO0 MHEPIIUH, OJTHAKO €€ JIerpasialius sBJISETCS TOCTaTOYHO 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, mapaMmerp, XapaKTEepU3YyIOIIUH CTENEHb
KOHCOJIMJAIIMA TIACCHOHAPHEB, TOYHEe, MapaMeTp, XapaKTepu3yroumid 3((GeKTUBHOCTh UX
NPUTSDKEHUS APYT K IPYTY BIUSET HA CUCTEMY HE BIIOJIHE OYEBHIHBIM 00pazoM.

CpaBHeHHE yKa3aHHBIX I'pa)MKOB IOKAa3bIBAET, YTO IPU BO3PACTAHMU ITOTrO Iapamerpa, Kak U
CJIEZIOBAJIO OKUJAATh, BO3PACTAET CKOPOCTh, C KOTOPOH HaKaIUIMBAeTCS KPEAaTHUBHBIA MOTEHIMAI
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 co00il «TeppUTOpHIO B30ECUBIIEroCcs IpaBay, MOJpa3syMeBast
[OJl 3TUM, 4YTO AJMMHUCTPATHBHbIC U IOPUAMYECKHE CHCTEMbl (PAKTUUYECKU BBIIUIM H3-TI0]
KOHTPOJISI M TPEBPaTHWJIUCh B CaMOOPraHU3YIOLIYIOCS CHCTEMY, KOTOpas IOIJEpKHUBAET CBOE
JanbHeHInee CyImecTBOBaHNE, HEB3UPas Ha TO, YTO €€ JESITEIbHOCTh YK€ NPUHOCUT 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 Ki1accoBOil OOpbObI B TOM CMBICIE, O KOTOPOM 3TO TOBOPHUT TPaJWLIMOHHBIA MapKCH3M.
Moryr BO3HHKHYTH, BIIOJIHE OIpE/EICHHbIE HETPUBHAIBHBIE WJIEH, KOTOpPBIE OKAXKYTCS B
COCTOSIHUHM CIIOMAaTh CYIIECTBYIOUIMHA OIOPOKPATHYECKHH MOPSAIOK W ITH TEHICHIIMHA CTAHOBSTCS
TeM OoJiee ONMacHBIMHU, YTO OHHM HAKJAJbIBAIOTCS HA TPOIECCHI, CBSI3aHHBIE C TeMHU (HaKTOpaMH,
kotopsie C. XantuHrtoH [10] 0603Havyasl Kak «CTOJTKHOBEHHUE ITUBUITH3ALIAN.

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 COMOCTABJIEHUE YKa3aHHBIX BBIIIE PUCYHKOB, ITPOIECC CTAaHET TEM
0osee J1aBUHOOOpa3HbIM, YEM BbIIIE B OOIIECTBE, TOUHEE B MACCHOHAPHOM €ro 4acTH, HapacTaeT
OTBpAIIEHHE K OFOPOKpaTaM.

Pazymeercsi, ympaBisTh MpOIECCOM TeHEpalMd WHHOBAIMA, pPaBHO KaK W  YIPaBISATh
mporieccaMi TeHepaluy JIIOOBIX HETPUBHAIBHBIX HACH KpalHe CJI0XKHO, OJHAKO B pyKax
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roCyZapcTB OCTAeTCs AOCTATOYHO CEPbE3HBIM HWHCTPYMEHT BO3JECHUCTBUS HAa OTHU IIPOLIECCHI, a
MMEHHO: €CJIM HEJIb3sl MEHATH [apaMeTpbl, XapaKTEPU3YIOIIKUE B3aUMOJACHCTBUE [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 MAapaMeTPOB, KOTOPBIE XapaKTEPU3YIOT CTEIIEHb OTBPAILEHUS TAaCCHOHAPUEB 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
acacayea xabinemmi. Hezizei maxcam 6inim anywsliapovly EbLIbIMU HCYMBICMAP2A CbIH RIKIp Jrcazyed,
COHOQU-aK, KopcemineeH dcymvlcmapobvl izoeyee mapmy 60avin maowiiaovl. OKY JHCYMbICHIHBIY MYHOAU
gopmacel niazuammol, KOMRUTAYUAHBL JCoHe M. 0. Kazipei yakbimma cmyoenmmepoiy pedhepam iHca3yvlH ic
Jrcy3inde npoganayusiea AuHAIOLIPAMbIH HAKmopaapovl 24#cosovl. TexHono2Us: OKbIMbLAAMbIH HEUPOHObIK
arceninepol naudaiamyovi OONHCAUObI, OYHLIY 631 CblHU RIKIp a3y VWiH NAUOANAHbLIEAH 2bLILLMU
arcymuicmap 0otibiHuLa 0epexmep 6a3acvii KYpyovl KAMMAMACyl3 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
MEXHONOUANAPbI, UHHOBAYUSTLIK TNEXHONLO2UANAD, UHHOBAYUSILIK IKOHOMUKA.
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Ilpeonoscena UHHOBAYUOHHASL UHPOPMAYUOHHAS MEXHOAO2US, NPEOHA3HAUEHHAs O UCHOIb306AHUS 8
yuebHOM npoyecce. Jlannas mexHono2us CnOCOOHA NPEnsimcmeo8anms He2amueHbIM MPEHOAM, C83AHHbIM 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 UcnoiIb308anue 00yuaemMvlx HeUpOHHLIX cemell, umo obecneuugaem co3oanue 6a3bi 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.

Knwuesvie cnoea: xpumuueckoe mvluileHue, HAYYHAsL NOLEMUKA, HeUpOHHble Cemu, UCKYCCMBEEHHbIl
uHmeieKm, 00paz08amenbHble MEeXHOI02UlU, UHHOBAYUOHHBLE MEXHON02UU, UHHOBAYUOHHASL 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.
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Suleimenov I.E., Baipakbayeva S.T.%, Alikulov A.2, Samatkyzy D.?, Guven O.3, Mun G.A.?
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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 NOUKIUKBLIObL JCIHE A3MONEKYNAPIbL MY30ap Hezisinoei 2uopozenvbiiy apacbiHoagvl an0biHOa
OaliKkaizan UOHObL AAMACY JCepNePiHiy AHATUMUKATLIK CUNAMIMAMAChL YCbinblizaH. Kapacmuipolibin
OMBIP2AH MAKIPLIN AKAOEMUATBIK, KbI3bIZYUBLILIKINbL 0a MYOblpamuil dcaiibl o6ap, cebedi uonowvl aimacy
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 Oeneelideei icCiHyee ue UOHAIMACY MOPIAPLIHLIY MANHCIPUOENiIK MYMKIHOIKmepi
OUIACMBIPLLILIN  HCAMBIP, COHBIY [WiHOe, KbIUKLIIObL 2eNb0epoi JHCYMbICMbIK OeHe peminoe KOoAOaHy
APKBLIbL JHCHLLY HACOCMAPBIH WbI2APY YULIH JHCIHE KYH JHCHLTYbIHbIY bIKNALbIMEH iCKe KOCbLLY Kabinemine ue
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OOYbl MATKBLIAHBIN Jcambip. JKaHe Oe Jcypei3iieen MeopusivblK, capanmama a3 MONeKyIsApavl KblUKbLIOA
OPHANACKAH 2ICI3 NOAUAKPUTLAM  KbIUKbLIOLIK 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
sapuayuli KUCIOMHOCMU PACmEopa HAO 2eleM Npu 8apuayusx memnepamypvl 00cmueaem MaKcumymad.
Tokazano, ymo dauHbll OUANA30H OMEeyaem cemkam ¢ boavuMu cmenenamu Haoyxanusa. 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, MENI0BbIe 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'], )
[H'] =a[H"]. (2)
[CI"] =aY[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

[ClI"], =[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*];,[-C00~] = K[-COOH] )

and balance equations for low-molecular components
w[CI ], + @-wW)[CI], =¢, 8
wlH*]; + (1 = w)[H"], = w((1 - )Ny — [-COOH]) 9)

where q 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)

+1, _ -
CO; =[H ]L;n=[coo];k=_ (11)
No

Ny Ny

Ce,i
Xy, = —: Xn =
el No' 0

Ny

Then we can proceed to the following system of equations for dimensionless unknowns
(@a—aBDxg=(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=2-=12 (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

75



N3BECTUS HAYUYHO-TEXHMYECKOI'O OBIIECTBA «KAXAK», 2019, Ne 1 (64)

[cl7]e axo Vel Xo

No = Xe = w+a(l-w)’ Ny =X = 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.

a ,da/dk; v, dv/dky
= |_;-_|_' 1
]
* 003
o
JRINIF.
il
. = (.01
0 0 loghy

-4 -3 -2 1 8 '- 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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a ,da/dkg v, dv/dk,
= (.08
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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(loghy) ¥, dy/d(loghy)

= 0,08

P

= 0,04

; 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; g = 0,05
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o, do/d(logko) ¥, dy/d(logko)

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(logky)
3 » 0,28
2 0,24
0,2
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0,08
0,5 0,04
0 0o logk

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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a , do/d(logky) v, dv/d(logky)
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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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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 TEIIJNIOCHABXEHMU S

bepauxkyn H.U., Hypneucosa K.M.
Kaszaxckuii nayuonanvhwiil ucciedosamenbcKuii mexHuyecKull yHugepcumem
um. K.U. Camnaesa, Aimamui, Pecnyoiuxa 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 mennocHabcenus. 1uopasnuieckue
PedNCUMbL 8 OMKDLIMbIX CUCTNEMAX MeNJIOCHAOMCeHUs 061adaom psadom ocobeHHocmell, 00)Cl08NIeHHbIX
KOHCMPYKMUBHbIMU U mexHono2uveckumu  @pakmopamu. CoomeemcmeeHHo noKazambl 0cobeHHocmu
Qusuueckozo MoOenuposanus, OCHOBAHHO20 HA NPUMEHEHUU Memooda 2UOPOAHANI0208bIX YCMAHOBOK.
T'uopasnuueckue xapakmepucmuxku aO6OHEHMCKUX Menionompebaouux YCmaHo8oK oKa3wliearom 00buioe
6030eticmaue Ha 2UOPABIUYECKUe PeXCUMbL MENT0B0U cemu, Memoobl UX paciema U MOOeIUPOBaAHUS.

Kniouesvie cnoea: mennocnaboicenue, mennogvie cemu, OMKPbIMASL CUCMEMd, MeNnIOHOCUMeb,
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
e3exmi. Kymvic pedsicumoepin backapy JHcoliyMeH HcabObIKMmay HCYUenrepiHiy HCYMbIC icmey pedcumoepin
oymauranovipyea acep emeoi. JKvinymen scabovlkmayobiy auiblk Hcytenepinoe 2UOPAGIUKANbIK PeNcumMoep
KOHCMPYKMUBMIK JICOHe MEXHON0UANLIK, hakmopaapea oOatinanvicmel Oipxkamap epexwenikmepee ue.
Caiikecinue, 2u0OpOAHANOUANBIK KOHOBIPEIAAD 20ICiH KOIOaHyea Hezizoencen QusuKaivly mooenoeyoiy
epekwenikmepi xopcemineen. Kvly dHepeUsCHIH ecenmey JicoHe ecenmey 20icmepi JHCbLLY HCENiCIHIY
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 TOTpPeOUTENeld Teruia, NPUBOAMT K HEOOXOJUMOCTH
ONITUMAIILHOTO U CKOOPAMHUPOBAHHOTO YIPABICHHS TEIUIOBBIX CETEH, KOTOPHIE, B CBOIO OYepe/lb,
TpeOyeT NMpPaBUIBHOTO YIPABIICHUS Pa0OYMMU PEKMMAMH CHUCTEMbl TEIUIOCHAOXKEHUs. BoibIoii
nepepacxoj] YHEPreTUYECKUX, TEIUIOBBIX M (UHAHCOBBIX PECYpCOB IPOHMCXOIUT B PE3yJIbTaTe
Hed(DPEeKTUBHOM PaOOTHI CUCTEMBI TEIIJIOCHAOKECHHS.

Pexumbl pabOTHI TEIIOBBIX CETEH M CHCTEM TEILIONMOTPEOICHHSI BO MHOTOM BO3JCHCTBYIOT Ha
3¢ (HeKTHBHOCTL PabOTBl CHUCTEMBI IICHTPAIM30BAHHOTO TeEIUIOCHAOXKEHHs. [lodToMy 3amaum
TEOPETUYECKOTO UCCIICIOBAHUS THIPABIMYECKUX PEKUMOB CUCTEMBI TETUIOCHAOKEHUS KaKk 00beKTa
YIPaBICHUS U KX ONITUMHU3AIMH B CJIOKHBIX CHCTEMaX rOPOJIOB SIBJISETCS BEChMa aKTYaITbHOU.

C yBenuueHWEeM paaMyca JCHCTBUS W PaliOHA DKCIUTyaTalli¥ MOBBIIMIAIOTCS TPEOOBaHHS K
HAJICKHOCTH TEIUIOCHAOXKEeHHMS, T.e. OecriepeOoitHOi momave Temia norpedutensm. KoHcTpykuus
TEIUIOBBIX CETCH M KAYeCTBO MX BBIMOJIHECHUS HE UCKIIIOUYACT aBAPUHHOE WK TNIAHOBOE OTKIIFOUCHHE
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 MHOTOKOJIBIICBBIC
THJIPABIMYECKHUE CUCTEMBI.

Ocnosnas yacme. Tlog THIPaBIMYECKUM PEXKUMOM CHUCTEMBl TEIUIOCHAOKEHHUS MOHUMAETCS
B3aMMOCBSI3b MEXK/Y PacXoJlaMH M JIaBICHUEM TEIJIOHOCUTEINS BO BCEX ydacTKaX TEIUIOBOM CETH.
I'uapaBarueckuil pexxuM OIpeaeseTcsl XapakTepUCTUKaMU OCHOBHBIX 3JIEMEHTOB, 00pa3yOLINX
CHCTEMY TeIIOCHAOXXeHUsl. TakuMH 3JeMEHTaMM SBISIOTCS HACOCHBIE YCTAHOBKM M TEIUIOBBIE
ceTd, aboHeHTcKue y3ibl. Ilpu aHanu3e ruapaBIMYecKMX PEKUMOB TEIIOCHAOXKEHHUs Hapsly C
JaBIICHHEM TPUMEHSETCS] eIUHHIA THAPABINYECKOTO TOTEHIMaia — Hamop. lIbe3oMeTpuieckuit
Harop, CO37aBaeMbIi COBMECTHBIM ()YHKIIMOHHPOBAHHWEM TIOJIMHUTOYHBIX M CETEBBIX HACOCOB,
OTIpEeJIeIISIeT IaBJICHNE BO BCEX yYACTKAaX CHCTEMBI TETIJIOCHAOKESHHUS.

[MuapaBnuueckre peXUMBbI TEIUIOBBIX CETEM 00JIaTal0T PSIIOM OCOOEHHOCTEH, 00YCIOBICHHBIX
KOHCTPYKTUBHBIMU M TEXHOJIOTMYECKMMHU (akTopamMu. Bo-TepBbIX, TEMJIOBBIE CETH SBISIOTCA
nByxTpyOHbIMU. [lomatomue u oOpaTHble TPyOONIPOBOABI THAPABIMYECKH CBSI3aHBI MEXKIY COOOM.
Bo-BTOpBIX, 3KCIUTyaTalus TEIUIOHOCUTENST BBICOKOM TEMIIEpaTyphl, CBSI3aHbl C BO3MOXHOCTBIO €€
BckumaHus. HemocpeacTBeHHOE MPUCOEAMHEHUE K TEIIOBBIM CETSIM MECTHBIX CHUCTEM OTOIUICHHS,
o0JNIalafoIX HAMMEHBIIEH MEXaHWYECKOW TPOYHOCTHI0O TI0 CPaBHEHHIO C  OCTAJIbHBIM
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 JIOJDKEH NpPEeBbIAaTh JOMYCTUMOIO sl OTOHMHUTEIbHBIX
npubOpoB, HapuMep, Uit uyryHa 60 m;

— Hamopsl BO BCEX YYacTKaxX TEMJOBOM CETM M MECTHBIX CHCTEM HE JOJDKHBI OBbITh
M30BITOYHBIMHU, PABHBIMM HE MEHee 5 M BO HM30eXaHHe I0jcOoca BO3/AyXa M KaBUTAIMM CETEBBIX
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HACOCOB;

— HaIop B MOAIOIIEM TPYOOIPOBO/Ie JOKEH 00ecreunBaTh 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 DPAOOTHI TEIUIOBBIX CETEH 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 MEePUObl, BO3MOXXHOE NPUCOCAMHEHUE HOBBIX HArpy30K, IJJAHOBBIE PEMOHTHI U
pexoHcTpykiuu. Ilo pesynapTaTam JnaHHOM HH(OpPMALMKM OCYHIECTBISAIOTCS TUAPABIUYECKHE
pacueTsl ¢ COCTaBIICHUEM NIEPEeYHs HAJIaJOYHBIX MepOonpUaTUid. [ TaBHOI 1IeTTBI0 ONTUMH3AIMOHHOM
3alaud TpH pa3pabOTKe THAPABIMYECKUX PEKHMOB 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
TEIUIOCHAOKEHUSI COCTOMT B TOM, 4YTO IMPH BOJ03a0Ope MO TEIMJIOBBIM CETSAM JBUKETCS
HEPaBHOIICHHOE KOJIMYECTBO TemioHocutens [4]. B 3aBucumocTu OT mepuojia B TEIUIOBBIX
aneMeHTax OynyT HepaBHOIIEHHBbIE pacxXoibl. J|eHCTBUTENBHO, B MEPUOJA MHHYCOBBIX Hapy>KHBIX
TeMIIepaTyp, TeMIepaTypa BOABI B OOpaTHOM TpyOONpOBOAE IOCIIE CHUCTEMbI OTOIICHHS OyaeT
BhIre 65 °C. B atot mepuoy Boaa st [BC Gyner otOupaThcs U3 00paTHOTO TPyOOIIPOBOIA ITOCITE
cucTeMBbl OTOIUIeHUs. [Ipu 3TOM TO mMojaromiel JTUHUM JTOCTATOYHO TOJAaBaTh TOJIBKO 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 TOJBKO M3 MOJAIONIEro TpyOONnpoBOAa 10 CUCTEMbI OTOIJICHHUS.
[Tpu TakoM pexuMe Mo TIOJArOIIeH JTMHNAN MOIAaeTCsl PacXo/l, Kak Ha OTOIJICHHE, TaK M Ha Topsdee
BOJIOCHA0)KEHHE, a TI0 OOpaTHOM BO3BpalIaeTCs TOJNBKO pPAcXOJ, NPOMIEANINA CHCTEMY
ortoruteHus [2].

B nepuoa mexay 3TUMH pexXUMaMM BOJia OTOMpAaeTCsl KaK M3 MOoJarollel, Tak U U3 0O0paTHOU
cetd. COOTHOIIEHHE KOJHMYECTB BOJBI, OTOMPAEMBIX M3 CETH, PETYIUPYETCS PEryIUpYIOIIAM
KJIAITAaHOM CMEILEHHsI, KOTOPBIM YIIPaBISET PETYNIATOp TeMIEepaTyphl, MOIIEPKUBAIOLINI HYKHYIO
TeMIepaTypy TEIIOHOCUTEIIS.

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

[TpuBeneHHbIE CBENEHUS MOKA3bIBAIOT, YTO CXEMBI TEIUIOBBIX CETEH SIBISIOTCS CIIOKHBIMH U
CBSI3aHHBIE C HHMH BONPOCH THAPABIMYECKHX PEXKHAMOB TpPEOYIOT COOTBETCTBYIOIIETO
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IIPaBWJIBHOIO peuleHMs. B mnpakTHke NpOEKTUPOBaHUS, HANAAKU M OSKCIUTyaTallud BO3HHUKAIOT
CIIeAyIOIINE 3aa4H, TpeOyromre o0ecreueH s THIPABINYECKUX 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
JIOKaJIU3alyH.

Hapsiny ¢ coBepIIeHCTBOBaHMEM METOIOB pacueTa THAPABIMYECKUX PEKUMOB, 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. VcciemnoBaHus, MPOBEICHHBIC PA3JIMYHBIMH aBTOPAMH M TPAKTHKA,
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 pe3uHogoe
Konvyo; 6 — yenmpupyrowuil wmugm; 1 — pe3unosvle mpyoxu 0/ 8bINYCKA 8030yXa

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

rae, H— KO3(QQUIMEHT pacxoaa;
f — ceuenue oTBepCcTHS AUAPPATMBL;
h — noTeps Hamopa auadparmsl, M2
g — YCKOPEHHE CUITBI TSKECTH.

Juametp oTBepcTus Auadparmsl orpeaessercs no Gopmysne:

)

rae, G —pacxoj Bojabl Ha y4acTke, 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
HOCTOSIHCTBA KOd(duIMeHTa pacxoaa B HauOomblieM auano3oHe usmMeHenus f u h, a taxke 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 NOTOKAa XHAKOCTH 3apaHee HEU3BECTHO, AuadparmMa HE MOXXET OBbITh
c/elana 1o oopasiy u3MEpHUTEIIbHON quadparmMbl CO CKOIICHHOM BBIXOJAHON KpoMKOU. O0e KpoMKU
OTBepCTBUsL AuadparMbl AODKHBI OBITH OCTPBIMH, C TeM YTOOBI KO3((PHUIMEHTH pacxona MpU
TEYEHUH KUAKOCTH yepe3 Aunadparmy B 000UX HAMPABICHUAX ObUTH OJM3KU MEXITY COOOi.

[Ipu pacuere ruApaBINUYECKUX PEKUMOB CUCTEM TEIJIOCHA0XKEHUS TPOU3BOIUTCS ONpPEEICHNE
IIOTEpU HAIoOpa, KOTOPOE B CBOIO OYEpPEIb BaXKHO AJI TEIIOBBIX CETEM M U1 MPaBUIBHOTO
MOCTPOCHMSI Tbe30MeTpuiecKoro rpaduka. Ecinu B cucreme BISIBUIICS M30BITOYHBIN HAMoOp, HY>KHO
[IOTacUTh HAMopbl MpHU TOMOLIM JuadparM, YCTaHABIMBAEMbIX Ha Yy4YacTKe MHPUCOECTUHEHUS
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.

Pacnipenienenue naBieHUl B TEIUIOBBIX CETAX YAOOHO M300pakaTh B BHJE MbE30METPUUECKOTO
rpaduka, KOTOpPbIM JaeT HArJsIHOE MPEACTaBIEHUE O JABJICHWU WIM Hamope B JIIOOOM ydacTKe
TEIUIOBOM CEeTH M MO3TOMY obecreunBaeT OoJIbLIMEe BO3MOXKHOCTH ydyeTa MHOTOYUCIECHHBIX
¢dakTopoB (penbed MECTHOCTH, BBICOTA 3[aHMM, OCOOEHHOCTH a0OHEHTCKMX CHCTEM M T.J.) NpH
BbIOOpE ONTHMAJIBLHOTO THAPABINYECKOTO PEXKUMA.

3axniouenue. Taxkum o00pa3oM, Npu MNOMOIIM JauadparM, ycCTaHAaBIMBAEMBbIX Ha Yy4yacTKe
MIPUCOEANHEHNS] OTBETBICHHUS K MAaruCTPajild MOXKHO CO3/aTh FMAPABIMYECKYI0 MOJENb, KOTopas
0oJiee coBepllIeHHA ¥ SKOHOMHYHA B KCIUTyaTalluH.

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

2. D¢ peKTUBHOCTH BOASHBIX CUCTEM LIEHTPAIM30BAaHHOTO TEMJIOCHAOXKEHUs MOBBIIIACTCS H3-3a
CIOCOOOB PETYIMPOBAHUS TEIIOBBIX U THAPABINYECKUX PEKUMOB.
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3. Opranu3anMOHHO-TEXHUYECKUE MEPONPUATHS HE TpeOyIoT 3HAUYUTENBHBIX (DUHAHCOBBIX
3aTpaTr Ha BHEJIPEHUE, HO B TO K€ BPEMsI IIPUBOJAAT K 3HAUUTEILHOMY SKOHOMHYECKOMY pe3yJIbTaTy
Y CHIDKEHUIO 3aTPAT HA TOIUIMBHO-3HEPreTUYECKUE PECYPCHI.

Jluteparypa:

1.A6nynaes JI.A., Mapkenosa E.A., Cabup3sHoB A.P., Muponos H.IO. ['mapaBnudeckas yCTOWYHUBOCTh
TeruIoBol cetH // CTPOUTENBCTBO YHUKAIBHBIX 3IaHUN 1 coopyskeHmid — 2017. — Ne 1. — C. 67-85.

2. Berrenckuit O.M., CkoabHuk .M. Metoandyeckue peKOMEHIAIMU 110 ONTHMH3ALMHA THAPABINIECKUX
U TEMIICPATYPHBIX DPEKUMOB (YHKIIMOHUPOBAHUS OTKPBITHIX CHCTEM KOMMYHAJIBLHOTO TEIUIOCHAOKCHUS:
CnpaBouHO-MeToIueckoe ocodue. — M.: KoMmmyHanbHas snepreruka, 2005. — 16 c.

3. Bunrep H.M. I'mapaBnuueckue W TEIIIOBBIE PEXKHUMBI TEIUIOPHUKALMOHHBIX CUCTEM. YUEOHUK IS
BY30B. — M.: DHeproarommzar, 1986. — 73-90 c.

Hocmynuna 12 ¢ghespans 2019 2.

87



N3BECTUS HAYUYHO-TEXHMYECKOI'O OBIIECTBA «KAXAK», 2019, Ne 1 (64)

MPHTH 73.31.41
VJIK 621.869

KHUHEMATHYECKHUE XAPAKTEPUCTUKU PABOYEI'O
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Baoicnvin napamempom, om Komopozo 3asucum npou3go0UmenbHOCmby MAWUHbL, A6IAemcs CKOPOCHb
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 IKCYEHMPUKOGLIU 6aN-600UN0 HA CAMELIUMbL U POMOp (nianemapHulii peoyKmop
svinonnsemcs ecmpoennvim 6 kopnyc PO). B pabome onpedenenvl ckopocmu pe3anus 6 3a6UCUMOCIU OM
Kunemamuieckux napamempos PO ¢ yuxnoudansuvim oOsudicenuem Koguiel, paspaboman anicopumm u
npozpamma paciema mpaeKkmopuil O8UNCEHUs Pe3aHUs, CKOPOCMU U NPou3eooaue2o paouyca «a» PO.

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

Mawunanvly  Hcymviceina acep ememin Maybli30bl NAPAMempi — HCYMbIC OONICIHIY KO32a1bIC
AHCHLIOAMOBIZbL. KYMbICMA YUKTOUOMIT 0HCAYIIbL KO3ANBICHL OAP MUeiumiy HCyMbic icmey mexHUKaACbIHbIHY
KUHeMamuxacvl Kopcemineen. Ko32anbicmuly mpaekmopusiiapbl HCaHe HCYMbIC HCAOObIEbIHLIY OAUNIAHBICYL,
enuemMoepi OHbIH JceKe DAUIAHBICIMAPBIHBIY HCHLIOAMObIEHIMEH HCIHE YOeyiMeH aHbIKmaiaovl (POmop MeH
aKCYyeHmpik  0inik). Mawunanrapoviy HCyMbICHIH  dcakcapmy OOUbIHWA  HCLIOAMOBIKMbIY  6cyi ome
maywiz30vl. byn opeinovl 6oaywel dicone ogicymuvic boniciniy (RO) orcedendeminyin apmmuipybl MYMKIH.
Inanemapnvlx (YUKIOUOGNBIK) KO32ANLICHIASHL HCYMBIC HCADOBIZBLIHOA KO32ANMKbIUMbIY KO32AYUbL KYULl
IKCYEHMPIIK OLIIKNeH MacblMaioayuivl apKblivl CHYmMHUKmMepee JHcane pomopea (nianemanvix memixk P RO
KOPNYCbIHA CANbIHRAH) MACLIMAN0anaosl. Kymvicma Kecy owcwvlioamovizbl [1b-Hbly KUHEMAMUKALbIK
napamempiepine OQUIaHbICMbL 0JHCAYIbL YUKIOUOMBIK KO32ANbICHL, ANCOPUMM  JHCIHE KeCy IHCONOAPbIH
ecenmeyze apuaiean baz0apiama, Hcovli0amovlk nel 2enepamopavik paouycol «a» I1C a3ipaenedi.

Tipex ceo30ep: dcymvic Oonici (pomop), naaHemapavl-auHAIMANbl (YUKIOUOANbIK) KO32AIbIC, OHIMOITNIK,
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
KonaHus (pe3aHusi), MOATOMY KHHEMAaTHYECKHE XapaKTePHUCTUKHA MAIlMH HWMEIOT OoJbIIoe
3Ha4yeHue. [loBbIlIeHne CKOPOCTH BpAIeHHUsS POTOpa BBHI3BIBACT BO3pAacTaHHE LIEHTPOOEKHBIX CHIL,
JEUCTBYIOIUX HA TPYHT U NMPEMSTCTBYIOIIUX pa3rpy3ke Koila. Bpems npeGbiBaHUS KOBIIA B 30HE
pasrpy3ku IpH OSTOM COKpAIlaeTcsi, W, CIeJ0BaTeIbHO, YCJIOBUS OINOPOKHEHMS KOBLICH
yXyJIIalTcs B emie 0omblueit creneHu. TakuM o0Opa3oM, akTUBHAs CHUJia, IEHCTBYIOIIAs HA TPYHT B
MOMEHT Pasrpy3KHu, U BpeMs ee AeWCTBUS YMEHBIIAIOTCS; HHBIMU CIIOBAaMM, YMEHBIIAETCS UMITYJIbC
CHJIBI, CITIOCOOCTBYIOILMI pa3rpy3Ke I'pyHTa U3 KOBIIA. DTO SBISETCS OCHOBHBIM IIPEMATCTBHEM Ha
IyTH TIOBBIICHUS CKOPOCTH KOmaHus (pe3aHus) poTopHbIXx PO, MMEOMMX TpaBHTAIMOHHYIO
pasrpy3Ky, U OIpeAessieT HEKOTOpPOe IpelelbHOE 3HAYEHHUE JIOIMYCTUMOM CKOpPOCTH BpalleHHUS
portopa. JlonmycTumas CKOpOCTh BpAIlEHHUs] pOTOPa BO MHOTOM 3aBUCUT OT (PU3UKO-MEXAHUYECKUX
CBOWCTB TPYHTA; MpH paboTe Ha CBS3HBIX, BIAKHBIX U JUINKUX TPYHTAX OHA 3HAYUTEIHHO HIIKE,
yeM Ipu paboTe Ha ChINy4yuX, CyXux. HemanoBakHoe 3Haue€HHE HMEET KOHCTPYKTUBHOE
UCIOJHEHUE KOBIIEH C LEMHbIMU JHHUIIAMH, C HaJalolMMU JHUILAMH, C HPUHYIUTEIbHON
OuMCTKOM M T.. B Hamel koHcTpykuuu PO paGodas mOBEpXHOCTh KOBLIEH M CaMU PEXyLIue
3JIEMEHTHI BBITIOJIHEHBI M0 B3aMMOOTHOAIOMINM [IUKJIONIAIBHBIM 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
BpAalaTebHOT'0 JBM)KEHUS POTOPA CO CKOPOCTHIO Mp (PUCYHOK 1).

HanpasneHnue BpamaresbHOTo JBUKEHUS B HMXKHEH 4acTH pOTOpa COBNAJAET C HAIlPaBICHUEM
MOCTYIATENLHOTO EpeMEIEHHs TOTPy34HKa, a B BEpXHEH — MIPOTHUBOIIOIOKHO emy [2].

B kaxnapiif MomeHT aBwxkeHus PO B HEKOTOpOH TOUKE pacloNoXEHHOW Ha PacCTOSIHUU OT OCH
poTOpa BBEpPX CKOPOCTH IIOCTYMATEJIbHOIO M BpPALATENIbHOTO JBUKEHHUS YpPaBHUBAIOTCH.
[TocnenoBarenbHble IMOJIOKEHUSI 3TOM TOYKM OOpa3yloT MpsAMY0, HapaluieIbHYI0 MOBEPXHOCTH
MaccuBa Ha PacCTOSTHUU € OT TPaeKTopuu ocu potopa. [loaTromy TpaekTopuio pe3anus (KOmaHHs)
MOJKHO TIPEJICTAaBUTh KaK 3aMKHYTYIO KPHBYIO C TPSIMOJMHEHHBIMH OTpPE3KaMU PaBHOH IUTMHBI,
o0pa3yloIuXcsi 3a CYeT KOHCTPYKTUBHBIX OCOOEHHOCTEH MeXaHHW3Ma poTopa. TpaeKTopuu
OTMCHIBAIOTCS TOYKOM M Ha MPONOIDKEHUU pajnyca KaTsIencsi OKpYKHOCTH Ha paccTosHuu L ot
ee LeHTpa.

[Ilarom TpaekTopuu pe3anus (KaxabM u3 KoBmeld PO ¢ HUKIOHIATBHBIM IBUKEHUEM KOBIIICH )
SIBJISIIOTCS TUTIOLUKIION/IbI, U3MEpsieMble B HAIPaBJICHUH MTEPEMEIIECHUS MAIIUHBI.
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I

Pucynok 1 — PacueTHas cxema UCIOJIHUTEIBHOTO MEXaHU3Ma (PoTopa) MOrpy3dnKa

VYpaBHEHUS TPACKTOPHHU pe3aHus (KOMaHUs) B IPUHATON CHCTEME KOOpAUHAT paBHa [3]:

x=v,, t—c+e-cos(mt)+-cos(w-t) 0

maut

z=-H,, —(e-sin(et)+1-sin(w-t))

rae v, — CKOPOCTb NBUKECHUA POc ITHUKIOMAAJIbHBIM JABUXKCHUECM KOBH_IGI‘/'I;

t — BpEM:A, OTCUHUTBIBACMOC OT MOMCHTA HAXOXKIACHUA PCKYHIUX KPOMOK pacCMaTpuBacMoro

KoBIIa B Touke K
C— BBUIET OCH BpallEHUsI POTOPA;
H .p. — bazHHIa YpOBHEM 11aT()OPMBI MAIIUHBI U OCH BPAIIEHUS POTOPA;

(0, — YTIIOBasi CKOPOCTb BOJHIIA;

(o]

€ — DKCLIEHTPUCUTET;
L — paccrosiHue oT 1ieHTpa ocH KoJieca 10 KPOMKH KOBIIIA.

Paccrossaue ot touku O a0 M, 3TO ecTh L (paCCTOHHI/IC OT HCHTpa OCHU KOJIeCa OO0 KPOMKHU

KOBIIA) (CM. pUCYHOK 1):
L=0M =J(R=r) +1”2=2(R—r)-1-cosp, — 9), )

TZie I — paJnyc CaTeJUInTa;
|” — pacctostaue ot O1 10 TOUKH M,
R —paauyc 3ybuaToro kojeca;

(@ — yTOJI IOBOPOTA CATEIIINTA;

(,— YroJ oBOpOTa SKCIIEHTPUCUTETA (BOINTIA);

I'myOuna KonaHus:
H:L+H0.p._Hnﬂ’ (3)

rae H, ,— BbicoTa maaTdopMsl.
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IIpn BpameHuu poTopa CKOPOCTh IBMKEHHS Ha Ka)XJAOHW BETBU TPACKTOPUU HM3MEHSETCA OT

MUHUMAIBHOTO 10 MAaKCUMATBHOTO 3HAYEHUS (PUCYHOK 2).

Jlmmua nipousBosen 0,2

\WAVAVAWA
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Pucynok 2 —TpaexkTopusi ABH>KEHUS TPOU3BOAIICH ToOUukH |, 0JHOrO KOBIIIa

Ha pucynke 3 mnoka3aHa TpaekTopus ABI)KEHHS KOBIIEH pabodero opraHa MOrpy3duka B
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Pucynok 3 — TpaekTopust JBH>KEHUS KOBILIEH 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].
CkopocTb pe3zaHus & e; — BETMUMHA TIEpeMeHHas. [Ipu oBopoTe poTopa Ha yron ¢ = ot roe

(0, — YTII0Basi CKOPOCThb BpallleHUs CaTeJIIUTA.
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Xx=v,,, —ew,sin(ot)-losin(ot)

maut

2 = —ew, codmt)-lwsin(wt)

(4)

oy AL ©)

pe.

Oy = \/uz_wm —2v (ea)l Sin(wlt)+ Ia)sin(a)t))+ 2w’ +1?w? — 2ea)1|a>coit (a)l + a))) , (6)

maut

Hosbie konctpykimu PO, cKOpOCTh KOTOPBIX MPEBBIIIACT MpPEAETbHbIE 3HAUYEHUS CKOPOCTH
IPaBUTALIMOHHBIX POTOPOB TOTO K€ JTUAMETPa, Ha3bIBAIOTCS CKOPOCTHBIMHU poTopamu [5]. U3 Bcero
MHOT000pPa3usi UCCICNOBAHHBIX KOHCTPYKIIMA CKOPOCTHBIX POTOPOB MEPCICKTUBHBIC HAPABICHUS
MOJIyYHJT CKOPOCTHON paboumii opran ¢ HeHTPOOEKHOM pa3rpy3koii Kosieii [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
BHOpAIlMOHHOE BO3JICHCTBHE Ha pa3padaThlBacMblii MaTepuall, YTO NPHUBOJUT K CHIIKEHHUIO
AHEPTrOeMKOCTH paboyero mporecca.

3. Hcnonp3oBaHWE CBOWCTB MHMKJIOWAAIBHBIX KPHUBBIX M T TOCTOSHHOW IMpUHBI 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 daémcs onpedencnue cunvt pe3anus pabouum OpeaHom ¢ YUKIOUOAIbHuIM Ogudicenuem. Ilpu
onpedeneHuu CUibl pe3aHus YUumvleanuch NPOYHOCHHble ceoticmea acgaromodemona. Kpome moeo,
yuumeleancs cnocob eosodeticmeus pabouezo opeana (PO) ¢ yuxnoudanvhvim O08UdiCEHUEM PeHCyuyux
27eMeHmo8 Ha paspabamvieaemvili mamepuanr u mpaekmopuu osudxcenuss PO. Ilonepeunoe ceuenue
pabouezo opeana MmawuHbl Bpedcmasnien ool NIOCKYIO MPEYeOabHYI0 Queypy, mouku KOmopou npu
BPAYAMENLHOM 0BUINCEHUU BOKPY2 08YX NAPAILIENbHBIX OCell ONUCHIEAIOM KpPUBble TUHUY — SUNOYUKIOUObL C
npsamoauneliHviMu semssamu. boxosvie obpasyouue ceuenus nepexamvl8arOmcs no dSMuUM 6emesam, KaxK no
nanpasasowum. Umenno sma ocobennocms osudxcenusi PO (no é3aumoocubaiowum Kpuswbim) ucnoIb3yemcst
6 wenepesnol mawiune. [lpumenenue YUKIOUOATLHHIX KPUBLIX NOCHIOSHHOU WUPUHBL 8 pAOOYUX Op2aHaX
WenepesHbIX MAWUH U YUKIOUOAIbHOE OBUMICEHUEe NO360JIAem NOJYYUNMb MUHUMAILHYIO IHEePOEMKOCTb
pabouezo npoyecca.

Knwouesvie cnosa: npouzsooumenpHocms, YUKIOUOATbHOE O8UdCeHUe, padoyull opeaH, OCHOBHbIe
napamempul, 83aumoo2ubarouue Kpugsle, 2UNOMpPoOXoudd, CAmeIum, CUid pe3anusi, acgharbmobemon.

JKymvicma ocymvic Opeanvinbly YUKIOUOMIK KO32aAblcmazbl Kecy Kyuii anvikmanaowvl. Kecy xyuii
anvlkman2an Kezde acgharom OemoHbiHblY Oepikmik Kacuemmepi eckepindi. byodam oacka, ocymvic
OP2AHBIHbIY KEeCKIH NeMeHMMEPIHIH YUKIOUOMI KO32AIbICbIH OaMbIIMAmMbIH Mamepuaiea acep emy 20ici
JHCOHE ICYMDIC OP2AHBIHLIY KO32AAbIC MPAEKMOPUsCHl ecKepindi. Mawunanvly HCYMbic KOPNYCHIHBIY
KOJ10eHel KUMACDL - Rapaiieib 0Cb AUHANACIHOA AUHATY KO32AAbICbl Oap HyKmenep, Heainax yuoypoluimol
niWiH, KUCBIK CbI3bIKMapobl - MIKYUWAKNeH 2UnoKcuyiouomi cunammauiovl. Byiipnix eenepamopnap ocwi
oymaxmap 6OotibiMer 6agblmmaiiovl, 6agLIMmMaywsvliap cuskmol. byn xecy mawunacvlnoa KOIOaHbLIAMbIH
JHCYMBIC OP2AHBIHLIY  (63apa  KUCLIK KUCLIKmap OolbiMeH) KOo32aabiCblHbly Oyn  epexwenici. Kecy
MAWUHATAP®L  MeH YUKIOUOMIK KO32AIbICBIY JICYMbIC  OpeaHOApblia YHeMi eni 0ap yuxiouomi
KUCLIKMApObl RAUOANAHY JHCYMbIC NPOYECIHIH ey MOMeH2l SHep2usi CblUbIMObLIbIZbIH alyed MYMKIHOIK
bepeoi.

Tipex co30ep: OHIMOINIK, YUKIOUOMBIK KO3EAAbIC, HCYMBIC OP2aHbl, Heei3el napamempiep, 63apa KUCbLIK
CbI3bIKMAPbL, SUNOMPOXOUD, CRYMHUKMIK, Kecy Kyui, acghanrbm-6emon.

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 Hamem ciywae TpaekTopusi pe3aHus poropHoro PO ¢ IUKIOMJAIBHBIM JBUKEHUEM IUCKOB

06pa3yeTC51 B PE3YJIBTATC COUCTAHUA ITOCTYIIATCIIBHOIO ABMKCHUA MAIllMHBI CO CKOPOCTBIO U n

aw
CJIO)KHOTO BpAIATEJIbHOTO JIBUXKEHUS pOTOpa CO CKOPOCTBIO @ Ha pHUCyHKe | mokazaHa
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
KaTsIIeNHCs: OKPYKHOCTH CaTeJUIMTA HAa PACCTOSHUU a oT e€ ueHTpa [1].

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

[Ipu onpenenenun cuibl pe3aHusl yUuThIBaJIUCh cioco0 Bo3zaeiicTBust PO Ha pa3zpabaTeiBacMblil
Matepuain u Tpaekropust apuxkeHus PO. Cuna pe3anus Ppe; pu BHEAPEHUU B JOPOKHOE MOKPHITHE
C OINpeAeNeHHbIMU JIONYLICHUSIMH, MOXET OBITh OIpEJeleHa Ha OCHOBaHUM TEOPEMBI O
KMHETHUYECKOW 3HEPruu MaTepUallbHOW TOYKH. V3MeHeHHe KMHETHYEeCKON SHEepruM ABIKYLIeHcs
MaTEpHUaIbHOM TOYKM COCTOUT W3 KMHETHYECKOM JHEPIrHU BpalllEeHUs POTOpa U KHHETHYECKOU
SHEPI'UHU MOCTYNATENLHOTO JIBUKEHUS U paBHO padoTe, MPUIOKEHHON K Hel CUJIbl Ha MPOiiIeHHOM
yTH.

Torma, npUMEHHTENBHO K HAIIEMY CIIy4ar0, TEOpEMa BBIPAXKAECTCA PAaBEHCTBOM:

2 2 Ppe3,01 ' Lpe3’ (l)

rac JC — MOMCHT UHEPIHHU JUCKOB pOTOpA U CATCIIIINTA, KF'MZ;
U, — CKOpPOCTbH BpalICHUs CaTeIlInTa, M/ C,

A — pabora, 3aTpayeHHas Ha pe3aHue JOPOKHOTO MOKPBITHS, JIK;
@ — YTJI0Basi CKOPOCTh caTeIlINTa, paj/c;

L,..,— myTh pesanns, M;

P

Ppes, 0L KacaTCiibHasA COCTaBJIdrOoIIas CUJIbl PE3aHUsA P H.

pes?
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F

conp,01

pes

O — uentp Bana kojeca; C — ueHtp carrenura; CM — pacCTOsSHUE OT OCH CaTTENNUTa 0 PEXKYILIEro
anemenTta; CM = a, OC = e (3KCIEHTpHUCHUTET); R — paguyc OOIBIIOro HEMOIBUKHOTO KOJIeca;

I — paguyc carrenuta; XY, —koopauHatHsie Touku C; X, ,Y, — KOOpAUHATHI TOUKH M
PEXYILETO 2JEMEHTA; (), @, — YTOJl IOBOPOTA U YIJIO Bas CKOPOCTh BOJAUIIA; ¢, (»— YrOJI IOBOPOTa
¥ YIJI0Basi CKOPOCTh CAaTTENIUTa; Ve — CKOPOCTh TOUKU C OTHOCHTENBbHO ToukH O LIeHTpa Baja
KOJIECa; Uy — CKOPOCTh TOUKU M (pexyIiero aneMenTa quckoBoro PO) oTHOCUTENbHO TOuku C
IIEHTPa CaTTeNNTa; Uy, —abCOTIOTHAs CKOPOCTh TOUKH M (peXyIIero aneMeHra Auckoporo PO)
oTHOCHTENBHO ToukH O LEHTpa Baja Koieca; h-riyOuHa pesanus, M; P, —KacaTenbHas
COCTaBJISAIONIAs CUIIBI pe3aHus P

H; F

conp,01

H; P, —HOpMaJbHas COCTABISIFOLIAs CUIIbI pe3aHust P

pes? pes’!

— KacarellbHasi COCTABIISIOIAs CHIlbl 00wl conporusnenust F,, . H.
Pucynok 1 — Cxema K onpe/ielIeHHI0 KHHEMaTHIECKHX T1apaMETPOB U
CHJIBI pe3aHusl TUCKOBOro PO ¢ NMKIOMAAIBHEIM IBUKEHUEM

VY Hac v, = @-r; Torga paBeHcTBO (1) MpuUMeT BU:

2
MU Jelpeop L (2)

2 2 = Tpes,01 " Fpess
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YraoBas ckopocts PO paBHa (depe3 yrioByr CKOPOCTh caTeliuTa ®) [2]:

0, =——aw
Y R-t
Tornma:
M2 JN(R-1)T
(T—i_?j I:%:l a)lz - P”“vOl ) Lpex' (3)

[Tocne mpeobpazoBaHuii, HA OCHOBE TEOPEMBI 00 U3MEHEHUU KUHETUYECKOW YHEPTUU TMOTYyIUM
CHITY PE3aHHUS:

2 2
M-r +‘]7c {(R—I’)} a)lz

2 2 r
Ppe3,01 = L y (4)
pes
rac R— paguyc 3y6an0r0 KoOJ€ca, M,
r—paanyc catrejuiara, M;
(01 - yrijioBast CKOpOCTb BOAHWJIA, Cek'_l;
| —wmacca JUCKa U CPpE3aCMOI'0 JOPOKHOI'O ITOKPBITHUA, I = méii) + mu , K[,

CkopocTb 0TOpacblBaHUsI MOKHO BBIPa3UTh YE€PE3 CKOPOCTh PE3aHUs (U p“) pucyHok (2 b).

Hcnonb3ys TeopeMy CUHYCOB, MOIYYHM:

Uy = Uy — sino |
T sin(S + 6)
rae O — yroi pe3aHus;
60— yron Mex 1y TpaeKTOpUEH CTPYKKH U MOBEPXHOCTH PE3aHHS.

Paccmorpum TpeyronbHuk AABC. W3 5TOro TpeyroiabHHKA, HCIOIB3YsS TEOPEMY CHHYCOB,
HaXOJUM Y4YaCTOK pe3aHusl AJIUHOMN:

4 sin(5 +0)
e sin@
Torna orOpacsiBaeMbIil 00BeM achaabToOETOHA PaBEH:

V=F,L,,,

e FCIO — Cpe/IHSIS TUTOIIA b MTOTIEPEYHOTO CEUSHHUS Cpe3a.

OTcrozia cpeniHsisi Macca Cpe3aeMoro JOPOKHOTO MOKPBITHs Oy/eT paBHa:

sin(5+6)
siné@

m :Fcp'Lpes'j/:Fcp'E'y

P

rje y— IJIOTHOCTh ac(halbTOOETOHA (JOPOKHOTO MTOKPHITHS).
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L

omb

pes

P/m.m W C

20 9¢

V..

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

Kacarenapnas COCTaBJIAOIIAA CHWJIBI PE3aHUSA IIPpU BHCAPCHUUN PO B AOPOKHOC IMOKPBITUC
IIPpUMET BUA!

2 2 r
P e3,01 = ’ (5)
! Lpes
Wnu
(m om +FCp E 'SIn(-5+9)jr2 2
r sin@ J, {(R—r)} 2
2 r
Ppe3,01 = ! (6)
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Pabounii opran mienaepe3Hoi MalIMHBI BBITMOJIHEH B BUJIE IUCKA TPEYTOJIbHON BBITYKIION (HOPMBI,
KOTJa JIMHUU THIIOTPOXOWUJ, ONMHUCHIBAEMbIC BEPIIMHAMU BHYTPEHHHX OTHOaromux, ONHU3KH IO

dbopMe K IPaBHILHOMY YETBHIPEXYTOJBHUKY (IIpH —25) [3]. Torma, mocie mpeobOpa3oBaHuit
r

dopmyst (6), ¢ yaerom, uro P, =0,85P,,, , momyunm:
0,06- a)lzlimpam + Fcp L e W_;e):l ’ (rZ + ‘Jc)
P — Sin ’ (7)

pes
Lpea
rae O — yroi pe3aHus, rpaj;
6— yros MeX1y TpacKTOPUEH CTPYKKH U TIOBEPXHOCTH PE3aHuUs, IPa;
{ — IJIMHA CEYCHUS Cpe3a, M;

Fcp — CpCAHAA IIOIMAAb IMOIICPCUYHOI0 CCUYCHUA CpE3a, MZ;

¥ — IIOTHOCTH ac(anbTOOETOHa, KI/M°.

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 BHEIIHUX CcWiI. [Ipw Manmoil CKOpOCTH MPUIIOKEHHS HArpy3Kd (B HAIIeM Cilydae — MaJloi
CKOPOCTH pE3aHusl) CKOPOCTh pa3pylleHus (OTAENeHUuss OT MaccuBa KYCKOB ac(aibTOOETOHA)
Oompire ckopoctd pe3aHus. [lodToMy pesenr BCTpeuaeT CBOEH BEpXHEH YacThIO 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. TIIpennoxena dopmyna cuibl pe3anus (7) poropabiM PO ¢ HMUKIOMAATBHBIM JBHKEHUEM
nuckoB. OrmpeneneHo, 4ro Mmoj ACHCTBUEM UUKIOUWAAIBHOW BBIHYKIAKOIIEH CHUJIbI POTOPHOTO
pabodero opraHa coBepIalOTCs KolebaHus, mepenarimecs pazpesaeMoMy achanbTo0eTOHy, YTO
MO3BOJISIET TOABOAUTH JOMOJHUTENBHYIO JHEPIUI0, 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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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
HAYMHATBCS C BBEACHHA. B HEM JOKHBI OBITH JaHB: COJAEp)KAaTelIbHAs TOCTaHOBKA
paccMaTpuBaeMoOro B CTaThe BOIPOCA, KPATKUE CBEACHUS 110 €r0 UCTOPUHU, OTIUMYME IIPEAIaracMoiu
3alayd  OT YK€ W3BECTHBIX, WM IMPEUMYIIECTBO H3JaraéMoro MeToJa [0 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

CraThu TPENCTABISIFOTCSA B DJICKTPOHHOM BHUjJE B TekcToBoM penaktope Word 97, dopmysr
HabuparoTes ¢ momoripio peaakropa MS Equation 3.0 (2.0) um Chem Draw.

HIpudt Times New Roman 12 pt. MexxcTpounslii HHTepBa) oauHapHbii. [lomns: Bepxuee — 2,0
cM, HIkHee — 2,0 cM, eBoe — 2,0 cm, paBoe — 2,0 cM. A63a1r — kpacHast ctpoka — 0,5 cm.

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 mpenioxenmii),

—  KIIFOYEBBIE CII0BA, 00ECIICUNBAIOIIHE MOTHOE PACKPHITHE cojiepkanus ctaTbu (7—10 cioB),

—  TEKCT CTaThH,

—  CIIMCOK JIHTEpPaTypHl,

—  ®.M.0. aBTOpOB, Ha3BaHHWE CTATHU, PE3OME, KIFOYEBBIC CIIOBA HA TPeX S3bIKax (HA Ka3axCKOM,
AHTJIMICKOM M PYCCKOM).

PucyHku 10KHBI OBITH MIPEICTABICHBI B OTAEIBHOM (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€Hasl CTENEHb,
y4eHOE 3BaHHe, CIIYy>KEOHBIH ajjpec, MECTO pabOThl, TOJKHOCTb U TeNE(POHBI IS CBSI3N).

Ccpulkd Ha JUTEpaTypHble HMCTOYHUKH B TEKCTE€ TMPUBOATCA B KBaJIpaTHBIX CKOOKax.
bubnuorpaduuecknii cnmcok odopmisiercss B cootBercTBUU ¢ TpebdoBanusimu ['OCT 7.1-2003
«bubmmorpadudeckas 3anuch. bubmuorpaduueckoe ommcanue: obmme TpeOOBaHUS W TMpaBHIIA
COCTABJICHUS».
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