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MDAPMAUEBTNUECKNE HAYKN
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AHHOTAIUA

[MpuBenensl nanHble (a3oBbIX paBHOBecuil cuctembl «Ketompoden tpomeramona: Keroposnak Tpomera-
MoJ1a». Y CTaHOBJICHO, YTO 3BTEKTHKA Pean3yeTcs MPHU COOTHOIIEHNH 72:28% MOJ COOTBETCTBEHHO C TeMIlepa-

Typoii mnasienus 107,8°C.

AHTHFHHCpaﬂLFCTH‘IeCKaﬂ aKTHBHOCTD dBTCKTHKH OKa3aach Ha 178% BhIIIC aKTHBHOCTH MOJICIIEHOM CMECH

1:1 Mo B COMOCTaBUMBIX J03aX.
ABSTRACT

Shows the phase of equilibria of the system «ketoprofene trometamine-ketorolac trometamine». Found that
the eutectic is implemented with a ratio of 72:28% mole with melting point of 107,8° C. Anti-hyperalgesia activity
of eutectic was on 178% higher activity of the model composition 50:50 % moll.

Karouesbie ciioBa: nuddepeHnnanbHas ckaHUpyIomias KaTopuMeTpusi, KeTOpoQeH TpoMeTaMmolia, KeTopo-
JIaK, 9BTEKTHKa, TrUarpamMMa (pa3oBbIX paBHOBECHIl, KappareH!H, aHaJIbI €THYECKasl aKTUBHOCTb.

Jnis neneit obecriedeHnss HEOOXOUMOM CKOPOCTH
abcopbuuu nexapcTBeHHbIX BemecTB (JIB) B mocnen-
Hee BpeMsi Bce OOJIbIIe MPUBJICKAIOT BHUMAaHHE TBEp-
neie muctiepcHbie cucteMsl (TIC) B kauecTBe BO3MOXK-
HOU (hopMOOOpazyroIIeii OCHOBEI IPH CO3TaHUHN HOBBIX
palMOHATBHBIX JIEKapCTBEHHBIX (hopM. Kak m3BecTHO
[5], TAC MoryT OBITH pa3TUYHBIMU IO THUITY (U3HKO-
XUMHYECKOTO B3aUMOJICHCTBUS: TBEPABIC MOJCKYJIISP-
HBIE PACTBOPHI, CTEKIOO0pa3HbIE PacTBOPHI, aMopd-
Hbple cycrneHsuu JIB B KkpucTauIM4ecKOM HOCUTEIIE,
CBS3aHHBIC MM KOMIUIEKCHBIE MOJIEKYISpHBIE pac-
TBOPBI, IPOCTHIE IBTEKTHUECKHUE CMECH H JIFOOBIEC KOM-
OMHAIMY MTEPEYHNCICHHBIX TPYIII

Kak coobmanock [1], et KOMIOHEHTHI JIeKap-
CTBEHHOM CHUCTEMBI HAXOJATCS B IBTEKTHYECKOM COOT-
HOLIEHUH, TO CYIIECTBEHHO U3MEHSIETCS UX PacTBOPU-
MocTb. TBepble QapMaleBTHUECKHE NpenapaThl, KaKk
NPaBWJIO, TPEJICTABISAIOT COOOH TeTeporeHHbIe CH-
CTEMBI, COCTOSIIIINE W3 OJHOTO WM OoJyiee aKTHBHBIX
(hapmareBTHUECKUX MHIPEIUEHTOB U ONPEICIEHHOTO
KOJIMYEeCTBa TaK Ha3bIBa€MbIX HarnoJHuTeneil. Hexkoro-
pBIe KOMIIOHEHTHI 3TOM CMECH MOTYT B3aMMOAEHCTBO-
BaTh, 00pa3ys, HalpuMep, HU3KOTEMIepaTypHBIE IB-
TEKTHYECKHE CIUIABBl WJIM CTaOWIbHBIE XMMHUYECKHE
coenuHeHUsT (co-kpuctamiel). O6a U3 3THX CciaydaeB
MMEIOT pellaroniee 3HaueHWe sl pa3paboTku Jie-
kapcTB. Hwu3KkoTeMneparypHble 3BTEKTHKH MOTYT
YCIOXXHSATh HEKOTOpBIE CTaAMU NMPOU3BOJICTBA Tabie-
TOK, B TO BpeMsl Kak ()OPMHUPOBAHUE CO-KPUCTAIIOB
MOXET BJIUSTh Ha OMOJOCTYITHOCTh HEKOTOPBIX aKTHB-
HBIX (hapMarieBTHUeCKUX MHIpeueHToB [7]. HecmoTps
Ha YIIOMSIHYTHIE CIIO)KHOCTH B TEXHOJIOTHHU TIPOM3BOI-
CTBa JICKAPCTBEHHBIX ()OPM, YTO SBHIIOCH MPUIMHOMN

CUMTATh TaKWE KOMIIO3UIMK (hapMalleBTHUCCKUMHU
HECOBMECTUMOCTSIMH, SBTEKTHKH, TEM HE MEHEE, MOT'YT
MPEJCTAaBIATh MHTEPEC KaK IEPCICKTHBHAS CHCTEMA
JIOCTaBKH P pa3pabOTKH HOBBIX JICKAPCTB C TPOTHO-
3UpyeMBIMU OMO(apManeBTHIECCKUME XapaKTepUCTH-
kaMu. HekoTopple U3 HUX OBLUTH YCIEITHO TPUMEHEHBI
emi€ B 1889 r. boneliHoM [6] B OTOpHHOJIAPUHTOJIOTUH.
Celiyac JIeTKO MOYKHO HaWTH TIOYTH B JIOOOM amTeke
EMLA-xpem, TTaBHBIMH JIEHCTBYIOIIMM COCTAaBHBIMH
YacTSIMM KOTOPOTO SIBJIIETCS DBTEKTUYECKash CMECh
JIBYX MECTHOAHECTE3UPYIOIIUX BEUIECTB: MPUIOKANHA
u muaokanHa. Coobmanocs [10], 94To yAMBUTENIEHO BHI-
COKasi IPOHMKAIOIIASI CTIOCOOHOCTh Yepe3 OHoIoruye-
CKHe MeMOpaHBI aKTHBHBIX €r0 BEIIECTB, B TOM YHUCIIE
4yepe3 HEMOBPEKICHHYIO KOXY, CBs3aHa Kak pa3
HMEHHO C TEM, YTO JCHCTBYIOIIHME BEIIECTBA HAXO-
JAITCS B 3BTEKTUYECKOM COOTHOIICHUU.

Hexotopeie U3 3BTEKTHK CIOCOOHBI K 00pa3oBa-
HUIO )KHJKOKPUCTAJUIMIECKUX CHCTEM M TeMIIepaTyphl
MJIABJICHUS WX, BCJIEICTBUE M3BECTHOW IS DBTEKTHK
TEMIIEPATYPHOH JETPECCUH, MOTYT OKa3aThCs ke
HUXKE TeMIIepaTyphl IOBEPXHOCTH Tela denoBeka. [1o-
cleiHee CTIOCOOCTBYET TOMY, UTO dTa pacIuIaBICHHAs
JKUJKOCTh MIPOHHUKAET Yepe3 KOXKy ObICTpee, UeM OXKH-
nanock. OOpasyromuecss KanejibKd TaK Ha3bIBAEMOTO
MEPeoXITAXKAEHHOTO PacIlIaBa, HAIO00Ne MaCIITHBIM,
JIETKO MOJIBEpraroTcs 3P PeKTUBHOMY CaMOIMYIIBTHPO-
BaHUIO C 00pa30BaHHUEM KalleJieK HAaHO Pa3MEPHBIX Be-
JyuH [9].

HNudpopmanuio 0 BO3MOXKHOCTH B3aUMOJICHCTBHS
MEX]Ty KOMIIOHCHTAMH JICKAPCTBCHHBIX ()OPM CIICTyeT
W3BJICKATh U3 Tuarpamm paBHoBecus ¢as (JIPD). IPD
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MOTYT OBITH TIOJIy4EHBl Ha OCHOBE 3KCIEPHMEHTAIb-
HBIX JAaHHBIX WM BBIYUCIICHBI, €CIIH JOCTYIIHBI COOT-
BETCTBYIOIINE TEPMOJUHAMHUYECKHE XapPaKTCPUCTUKU
HCXOIHBIX BEIIECTB, UCIIONB3Yys U3BECTHOE YPABHEHUE
Ipenepa-Jle-lllatense. duddepennnanpuas ckaHU-
pyromasi KaJOpUMETPHS SBIACTCA OJHUM U3 HOAXOAS-
KX MeToNoB 1uisi onpexaenenus [AP® OunapHbIX cu-
CTeM, COJIeprKalllUX OpraHNYeCKHE BEIleCTBa C OTHOCHU-
TENbHO HU3KOM TemIepaTypoil miaBineHus [8], kak
HalpuMep paccMaTpUBaeMble KETOPOJIaK TpoMeTaMoIa
1, 0COOCHHO, KETOMPOQEH.

Lens paboThl — nccnenoBanue GpazoBbIX paBHOBE-
CUHl B OTHOUIEHUM KOHIECHCUPOBaHHOM cucTeMbl «Ke-
TorpodeH Tpomeramona: Keroponak Tpomeramona» u
JOKIMHUYECKHE HCTBITAaHUA COCTaBa, OTBEYAIOLIETO
HOHBAPMAHTHOW TOYKE Ha JAWarpaMMe COCTOSHUS
(TImaBKOCTH) YKa3aHHON CHCTEMEI.

Hcnonp3oBanubiii B padote Kerompoden tpome-
TaMoJa ObUT IOIy4eH HaMU COBMECTHON KPUCTAJIN3a-
el paBHbIX MOJIbHBIX goiieit Tpomeramuna (CAS—
77-86-1), npousBoaurens Merck KGaA, u Kerompo-
¢ena (CAS—22071-15-4), mpousBomutens Bupyn
I'MBX, nyteM pacTBOpPEHUs B 3TaHOJIE U JalbHEHIIUM
€ro MOJIHOM MCIIAPEHUH NP CTOSHHUU U TTOCTeIyoIei
MHOTOKpPAaTHOH MEepEeKpUCTAIH3AINEN U3 3TaHOoNa 00-
Pa30BaBILIETOCS CO-KPUCTAILIA JI0 OIYyYESHHUS OJJMHAKO-
BOW TEMIIEepaTypbl IUIABIEHHS B JBYX IOCIEIHHX
¢dpaxmuax (£0,1°C ICK). Ketonpoder tpomeramona
MpeICTaBIsIeT co00W OeNbIii KPUCTALNTHIECKUI TTOpo-
mok 0e3 3amaxa, Jerko pacTBopuMm B Boje. Temmepa-
Typa masnenus: 114,4 °C.

Keroponak Ttpomeramona (CAS—74103-07-4)
npousBogurens QUIMICA SINTETICA (Madrid —
Spain), cootBercTBytomuii TpeboBarusam Ph Eur 6, 06-
JaJaeT NPOTUBOBOCHAINTENLHOM, aHAJILIETUYECKON U
YMEpPEHHOI! XKapOoHOHIKAOIEeH aKTHBHOCTEIO.

HccnenoBanus (ha30BbIX paBHOBECHH TTPOBOIMIN
Ha nudhepeHInaTLHOM CKaHUPYIOIIEM KaJopuMeTpe
JCK-500 [3] B pexumMe HarpeBaHusl.

CocraBbl I TEPMOAHATUTHYECKUX HCCIIEIOBA-
HUI TOTOBWJIM BO BCEM JIMAIla30HE COOTHOLIEHUH uepe3
2-0,5 MONBHBIX TPOICHTOB IIyTeM pACTHPAaHHSA B
CTYIIKE PACCUMTAHHBIX MAacC HCXOJHBIX BEIECTB B
MIPUCYTCTBUHM HEOOJIBIIOTO KOJIMYECTBA CHHMPTA IS
obecrnieuenus 6oubieit 3pHEeKTUBHOCTH M3MEIbYCHUS
U CMEIIMBAHUS KOMIIOHEHTOB /10 MOJHOTO MCHAapEeHUs
crupra.

JCK-kanopuMeTp mepea HayaloM H3MEpEeHUn
OBUT OTKATHOPOBAH MO BEICOKOYHUCTOMY CTaHAApTy In
(Tawr. 156,6°C) B COOTBETCTBYIOIIEH KBaTH(HKAIIMH
craagapry Sn (T.wr 231,9°C). IIpoGsl penepHBIX Be-
LIECTB Maccoil 0koJ1o 1,5-5,0 Mr HarpeBaJIuCh B repme-
THUYHBIX AIFOMHHUEBBIX TUIIIAX (CKOBOPOJKAX) CO CKO-
pocteio 10°K B MuHyTY B arMocdepe Bozayxa. TepMu-
YyecKHe UCCIIeI0BaHUs MOJIeIbHON OMHAPHON CHCTEMBI
NPOBOMIIM B HHTepBase Temmneparyp ot 20 go 250 “C
B PEXKUME HarpeBaHust co CKopocThio 10 °/MUH B aTMO-
chepe Bo3myxa. Macca HaBECOK OMBITHBIX OOpa3IOB
JUIS CKaHMPOBaHMs cocTapisina okoso 20 mr. ITo man-
HBIM TEPMUYECKHX MCCIICAOBAHUM IIOCTPOEHa [Ha-
rpaMMa COCTOSHHS (IUTaBKOCTH) CHUCTeMBI (puc. 1).
KonrpysHTHOE paBHOBecHe peanusyeTcs U JaHHOH
CHCTeMBI Tipu cooTHOIeHNH 72:28% Mo (71,9:28,1%
Macc.) KeTonpo(eH TpoMeTaMoia i KETOPOJIaK TpoMe-
TamoJIa COOTBETCTBEHHO. TeMneparypa IiaBJICHAS 3B-
TekTHueckoro coctana 107,8°C.

ITo oOmuieMy Buay auarpaMMbl BHIHO, YTO CH-
cremy «Ketonpoden tpomeramona — Keroponak tpo-
MeTamoJia» corjacHo kinaccupuxamuu [ u66ca—Po-
3e00Ma Clie/lyeT OTHOCUTD K IPOCTBIM ABTEKTHKaM [2].

o o,
Z, < » 'S z, <
170 | 170
K JIT (T- 156°)
=

150 ~ [ 150
130 — K&T (T- 114,4°) - 130

fe

-1 L) L { G ) e =

T T
KT 25 50 75 KIIT

Flemonpodes mporernairona Fernoporax wmpoOisSrareosia

Cocmas,

2o MmO

Puc. 1. Jluacpamma cocmosnus (naaekocmu) cucmemuvt «Kemonpoghen mpomemamona (K@T)
Kemoponax mpomemamona (KJIT)». Ilo ocu abcyucc (bapuyenmpuuecxas) — Konyenmpayusi, moi %.
Ilo ocu opounam — memnepamypa, epadycoi Llenavcusi.

I[OKJ'II/IHI/ILICCKI/IC UCIIBITAaHWA [NPOTHUBOBOCHAIN-
TEIIbHOI aKTUBHOCTH IpOBOANIIN HA OeIbIX 6GCHOpOH-
HBIX KpbICaxX 000€ro 1oJia ¢ UCIOJIL30BAHUEM: CMECH

Keronpoden tpomeramona-Keroponak Tpomeramona
(1:1 mou) m 3BTeKTHYECKOTO cocTaBa KeTonpoden Tpo-
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Meramona-Keroponak Ttpomeramona. [nst skcrepu-
MEHTa KPBICHI JISTUIINCh Ha TPU TPYIIILI: OJHA KOH-
TPOJIBHAS U JIBE OIBITHEIE 110 9 ocobeit B kaxkaoit. Kon-
TPOJIBHAS TPYIIA MOJydala ¢ MOMOIIBI0 BHYTPHKEITY-
JIOYHOTO 30H/a TOJIBKO Boxy (2% oT MaccH Tena), a
OTIBITHBIC TPYIIIIBI TEM XK€ ITyTeM — UCCIIeayeMble 00-
pasupl: cMech Ketompoden Tpomeramorna — Keroponak
TpomeTamoiia 1:1 MoJ, U IBTEKTUYECKAsT KOMITO3UIIUS
«Keronpoden tpomeramona — Keropomak Tpomera-
MOJIay.

BocnmanurenpHas runepanre3us (MOBBIIICHHAS
0oJeBas TyBCTBUTEIBHOCTh TKaHEH) BBI3BIBANIACH CYO-
wiaHTapHbM BBeeHuneM 0,1 vt 1% pactBopa kappare-
HUHA TIOJIOTBITHEIM JKABOTHBIM [4]. OIeHKY BelH 110
CHIDKEHHIO TIopora 6oneBoii wyBcTBuTeNsHOCTH (I1HY)
B YCIIOBHBIX enuHMUNax (mmo pasHoctu [1bY Ha MexaHu-
YeCcKOe pa3ipaKeHUE TKaHeH JIarbl >)KUBOTHOTO (IaBie-
HHE) /10 BBEJCHUS KappareHWHa M 4epe3 3 4 mocie
HEro) mpu momoIny ananresumerpa tuna Ugo Bazile.

Tabnuna 2.
o ITopor 6oseBoii wyBcTBUTENpHOCTH ([IBY) MO [opor 6oneroii ayBcTBuTensHOCTH ([1BY) Mocite
l BBE/ICHHS KapparcHUHA BBEICHUSI KapparcHuHa
e}
g o w8 bbb D T s bbb D
& 2 SEEC | XEXZ 2 55 E&c MOE g
M = S 2 < 2 < = = 9 P ]S
Q S = ¥ 38 T < = ) S =2 ¥ 8 s =
< = < & =
o o Q_‘cvsl:l:‘l! = 0 5 o o meﬂﬂ 5 Q5 =]
=5 = ESOOO H"S"O§E = :SOOO [-‘FB*OC%E
= 5 c222° | 52825¢E e c283°| 5225 ¢§
5 g 535E | 2EES < 5355 | 5EE¢
¥ &g 2 25 Q& ¥ 2o 8 25 2 &
C e = O e =8 F e = O E =8
(]
(]
=
5 188,5 271,9 2719 167,5 328,4 372,8
Q.
O

* - pasnuuus noxazameneti 0ocmogeprut (P < 0,05)

Kak BumHO m3 Tabmmuer, B cpexreM 164 mocie
BBEZICHUS KapparcHuHa cHm3mics Ha 21,0 (188,5-
167,5). Ilox Bo3melcTBUEM cocTaBa BTeKTUKH KeTo-
npoder Tpomeramosna-Keroponmak Tpomeramonia Ha
(hoHE BBENEHHOTO KappareHHMHa MOpPOT OOJEBOW HyB-
cTBUTENbHOCTH yBemuuwics Ha 100,9, B To Bpems kak
yBenuueHue I1bY B aHaJIOTMYHOM SKCIIEPUMEHTE C UC-
MOJIb30BaHHOM cMecHu 1:1 Mon mpou30LUIO JMIIL Ha
56,5 (328,4— 271,9). Takum oOpa3oMm, aHAIbreTHYE-
CKUH 3P PEKT IBTEKTHIESCKOTO COCTaBa IOYTH B 2 pa3a
BhImre (100,9/56,5 = 1,78) aHaJlorM4HOTO TOKa3aTess,
MOJTYYEHHOTO HAMU B OTHOIIEHUH cocTasa 1:1 Mo Ta-
KHX K€ COCTABJIIOIINX B COMMOCTABUMBIX JI03aX.

[IpuunHy TOTO, TOYEMY IBTEKTHKA OKa3ayiach 00-
Jlee aKTUBHOM, YeM MOJICJIbHAS CMECh TaKHUX KE KOM-
MMOHEHTOB, HO B COOTHOIIEHUH 1:1 MO emié mpeacTouT
YCTaHOBUTH, HO YK€ ceidac sICHO, UTO >KHBas KIIETKa
Ha MPUCYTCTBUE IBTEKTHUKH JICKAPCTBEHHBIX BEIECTB
OTKJIMKAETCS HEOKUIAHHBIM 00pa3oM, UTO AENaeT IB-
TEKTUYECKYIO (DOPMAIIHIO, KAK CBOCOOPA3HYIO CHCTEMY
JIOCTaBKHM JIEKAPCTBEHHOI'0 BEILECTBA, BEChbMa HHTE-
PECHBIM HAYIHBIM OOBEKTOM.
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MN3NKO-MATEMATNUECKNE HAYKN
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B cratbe paccMaTpuBaeTcs HCIONB30BAHNE CMEIIAHHOTO OOYUIEHUS Ha YPOKaxX MaTeMaTHKH B IIKOJIE U TIpEi-
Jaraercs Ha0Op TEXHOJIOTHH MpH Iepexoie K CMEIIaHHOMY O0YYeHHIO, IPOTHO3UPYIOTCS BO3MOJKHBIE PE3YIlhb-

TaTHl.
ANNOTATION.

The article discusses the use of blended learning in mathematics lessons at school and offers a set of technol-
ogies in the transition to blended learning, predicting possible results.

KiroueBble cj10Ba: TEXHOIOTHS, TUCTAHIIMOHHOE 00yUYeHUE, CMEIIaHHOE 00ydeHue, IepeBepHYTHIN Kiacc.

Keywords: technology, distance learning, blended learning, inverted class.

OneMaik Hapbelkra Ka3akcTaHHBIH —0Oocekere
KAOUIETTIIrH TiAre THEK €TCEK, MEMJIEKETIMI3IiH,
Ooarmarsl — OiTiM XKyHeci apKBUTBI JKy3eTe acaThIHBIH
ecKepreH HKOH. Wuayctpuanist IKOHOMHKA
JKargalblHIA agaMIbIK KOp elmiH OacThl OailibIFeI
Oobin Tabpanel. COHABIKTAH O1UTiM XKYHeciHiH 0acTh
MiHZIeTTepiHiH Oipi aybIcTianbl 3aMaH TadaObiHA Oelim,
epKiH, JaMBIFaH oHe OimiMmi, Oocekere KaOimeTTi
Tyira TopOumeney. Ocbl MakcaTTa apanac OKBITY
TEXHOJIOTHSICHIH OUTiM Oepy JKyHeciH/e Ky3ere aceipy
MaKcaTKa XKeTy/iH 0ipe Oip jKOJIbI eKEHI aHBIK,.

Bbyrinri ©Oimim Oepy okyieci apajiac OKBITY
TCXHOJIOTUSICBIHBIH 6aCTaHKbI CaTbIChIHA acyre
Gomamsl.  Byran  cebem, — apamac  OKBITYIBIH

MOJIENTBACPIHIH opTYpIIi OOIYBL. Apasiac OKBITY — OiT1iM
Oepynin >kaHama woxerm. «uppreik Kaszaxctan»
JKeKe OarmapiaMachlH d3ipiieylli KoHe KaObUIIayIbl
TalcelpaMblH»  jgereH  Embackl  MHHOBAIMSJIBIK
OimikTimikke Oaca Ha3ap aygapraH »XOHE TOPTIHIII
0achIMJIBIK PETIH/IE aTalFaH «AlaMy KanuTal canachlH
xKakcapty» Oeiniminne «EH angbiMeH, Oimim Oepy
KyHeciHiH peii esrepyre Tuic. Bi3fiH MiHmeTiMi3 —
OisiM Oepyi PKOHOMHKAJIBIK OCYiH KaHa MOJCIIHIH
OpTaJbIK OyBIHBIHA aliHaJIbIPY. OKpITY
OarmapramanapblH CHIHM OHIay KaOileTiH jkoHe o3
OeriMeH i37eHy JaribUIApbIH JaMbITyFa OarbITTay
kaxer. ConsiMeH Oipre, IT-Oimimmi, KapKBUIBIK
CayaTTBUIBIKTBl KaJIBIIITACTBIPYFa, YIIT)KAH/IBIIBIKTHI
JaMbITyra Oaca keHin Oemy kepek. Kama MeH aybin
MEKTENTepi apacelHAarel OuliM Oepy camachIHBIH
AJIIAKTBIFbIH a3aUTy KaxkeT», — iereH.[ 1] Ocbiran opaii
AKT-np1 xanmaii 6i71iM MEH FBUIBIM JKYHECiHE eHTi3y
*aHa OiTIM TEXHOJOTHSUIAPHIH MaijaliaHy, COHBIH
ilriHAe, KalBIKTBIKTAH OKBITY CHSKTBI MOJETBAEPI,
OimiM OepyZdiH TapaIurMachIHBIH ©3TepiciHe, jKaHa
CTaHOApT TEH TalanTapAblH, OimiMm  Oepymiy
ozicTeMeciHiH e3repicine, Oaranay KpuTepuiiiepi MeH
Kajaranay (opMaThIH KalTa KapayFa KoHE Jie OimiM
OepyaiH ©3iHIIK JaMy CTPaTerHsIChIHBIH ©3repiciH
Tanan eremi. OneMaik gamy yaepici AKT Hbl
naiagaHyMeH IIOCTYpJli OKy mpoluecine oOenrini 6ip
e3repicTep TCHACHIMACHIH SHI13/11 )KoHE OUTiM Oepy iy

JKaHa MOJEJBACPIHIH TYBIHAAYbIHA CENTICIH THUTI3I.
OnapapiH Oipi apanac okwity («blended learningy)
OOJIBIIT TaOBUIAIEL.

Apamac oOkpITy Oyn OumiMm  OepynmiH opTypri
TOCIAEpiHiH THIMII TipKeci

Apamac OKBITY — OWI SJICKTPOHIBIK JKOHE
JOCTYPIi  OKBITYIBIH TOCUIACPIHIH WHTETPALUSCH.
KoraMHBIH TaMyBI, COHBIH imIiHae O17TiM *Kyieci COHFBI
10-15 xbpUlmAa TEXHOJNOTHSJIBIK JKOHE aKMapaTThIK
OenecrepMeH aHbIKTadyaa. Kasipri TaHma MeKTemn
Oacekere KaOijerTi, KaHJal na Oip KUBIHABIKTAP/IbIH
YTHIMIBI HICHIiMiH Taba OiIeTiH Tysira TopOuesneyre
OarpiTranradH. JKanmeira opTak  OuniM - Oepyniy
CTaHIAPTHl OULTIM YVAEpiCiHOe MXoHE OKYIIBLIapABIH
TopOMeciHeH  Kejeci  HOTWKEHI  aly  apKbUIBI
AHBIKTAJIANBI: TOHAIK, METAIOHMIK JKOHE TYJIFAIBIK.
KoraMHBIH 3amMaHayW JaMmy JCHTreWiHCi3 Oy
HOTIDKEJIEpre KOJ JKeTKi3y MYMKiH eMec. 3aMaHayu
JaMmy  JeHreii  JereHiMi3  jJKaHa  TEXHHUKAJbIK
KYPBUIFBUIApABI OMIpJiH op OOJBICHIHIA MaiilalaHy.
Banamap MekTen jxachblHa JeHiH ae muppPIbIK OpTara
TeH OeifiMaeneni »oHE MEKTENKe Kele e3/1epiHe
KOJIAlJIBI OpTa, 3aMaH TanaOblHa caif opTana OiiM any
KEpeK.

Jereamen Oapmeik  Oimim  Oepy  yaepiciH
KayarKepIIiJIiK MeH ©3iH 631 YHBIMIACThIPYAbl KaKET
€TETIH TeK KaHa MUQPIBIKKA ©3TEePTill, KAIIBIKTHIKTaH

OKBITY MYMKIH emec, cebebi op OamaHBIH Kac
epeKIeikTepine  OalnaHBICTBI  KaKeTTuriri — Oap.
ConpiMeH Karap Oapnblk jmocTypii  Oumim  Oepy

YAepiciH, TYrejJed akmaparThlK TEXHOJIOTHSUIBIK
KypaJiap apKbpUIbl Oepy THIMIII eMec.

Apanac OKpITYy — OOJDKayIIbUIapAbIH Oarachl
OoiipiHIIA Ka3ipri 3amaH OimiMiHIH TpeHAI OO0ibBIT
TaObLIaIbI JKOHE JKAKbIH apajiaFbl OHXKBIIJIBIKTA COJai
6oma Gepmex.

«Apanac OKBITY» aFbUIIIBIH TUIIHEH Tikenei
aymapbutraH blended learning ce3siHiH aymapmachl
Ooutbin TabbUTAABL. Learning — oKy, SFHH OYJ1 OKYIIBI
OCICeHIUIIK TaHBITHIN OUTIM MEH OUIIK IaFAbLIapbIH
KaJIbINTacTBIPATBIH YpAiC.
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AnFamn apanac OKBITYABIH HETi3ri Karumachl XX
raceIpabiH, 60-KbLImaphl KOFapel OLTIM JKyHeciHme
MaianaHpUIAbL, a1 TePMHH Oonbin eH ainram 1999
JKBUIBI ~ KOJINAHBICKA HMe  Oomabl. By KbLibI
amepukaHaplk ~ WHATepakTHBTi  OKy — OpTajibFsl
MHTEPHET  apKbUIbl  OKBITYIBIH  OaFaapiiamMabiK
JKacaKTaMacChIH MIbIFapFaH eni. [2]

Backa TeIaroruKajbIK TEXHOJIOTUsIapFa
KaparaH/ia apajac OKBITYy TEXHOJIOTHSACBIHBIH HaKThI
aBTOPBI JKOK JKOHE KON JKaFjaiila KOJIIaHBICTAFbl
OKBITY/IBIH TOCUI/Iepi MEH OarbITTapbIHA >KaHAIIBIIIBIK,
€Hri3y apKbUIBl aT YCTi mHaijga OONFaH TEXHOJOTHS
Oompim  TaObUTamBl.  Apamac  OKBITYIBIH OyHmait
aTYCTUTIK JoHE KOeN(paKTOPIBUIBIK >XOJIMEH maiima
0oyBl OFaH HaKTHI aHBIKTaMa Oepim Tangay jkacayna
KUBIH/IBIK TYIBIPAJIbL.

ATanfaH TEXHOJIOTHSFa aHBIKTaMa Oepcek:
«Apanac OKbITY — OYJI SJIEKTPOH/IbI OKBITY MEH OeTrie
0eT OKBITYyIbl OipyecTipe OTBHIPBIN, OKYIIBIHBIH 63

OeTiMeH OKYIBIH  yaKbITHI, OPHBI, TEMIIBL,
TPAGKTOPUACHI  CHIHIBI ~ TaJanTapblH  TaHIayFa
MYMKIHIIK O€peTiH OLTIM TEXHOJIOTHSCHD».

Ocbutaiiliia  apajgac  OKBITY  TEXHOJIOTHSACHIH
INEKTPOH/IBI OKY M€EH Tikenei OKY/IbIH,
OpKAWCBICHIHBIH ~ KEMIIUTIKTEpPiH KO0  HeMece

TONBIKTBIPYIBIH THIMIII TOCUTI PeTiHAe CHHEPTHSIIBIK
TEXHOJIOTHS PETiHE KapacThIpyFa OOJabl.

KanapTteurran  OimiM =~ Ma3MyHBIHA — KOIIyZe
IOCTYpi  OKYJNBIKIIEH KaTap MHQPIBIK  OKBITY
pecypctapsit (IIOP) konnanyapiH ManbI3sl 30p. LIOP -
OKBITY OaphIChIHIA KOJIZIAHBLIATHIH
OeliHemarepuangap MeEH HWHTEpaKTHBTI cabakrap.
OpHHE, 0Jlap MEJarorThl OKBITY ICIHCH IICTTETICHII.
¥cra3 chIHBINTAFE 0acThl TYJIFa OOJIBIN Kama GepMexk.
Anaiina, OeliHemaTepuangap MeH HWHTEPAKTHBTI
cabakrap MyfaliMHIH Oanamapra KaKeTTi aKmapaTThl
JKETKI3y ~ MIHAETIH  aHTapipIKTall  KEeHUIAeTepi
ce3ciz.[3]

CoHbIMEH KaTap OONBICTBIH 157 MekTeOiHme
Bilimland.kz ~ Oimim  Oepy  TYFBIPHAMACHIHBIH
MYMKIHIIKTEpi OKY IpOIECiHIe KOITaHBUTyaa, Oy
MHTEPAKTHBTI cabaKTapra KaThICyFa MYMKIiH/IiK Oepelti,
COHBIMEH Karap MeKTen OarjapiaMachl Heri3iHue
JKacaKTajFraH Ka3ak, OPbIC, aFbUIIIBIH TUTIHICT] OKBITY
pecypCcTapbiMeH ka0 IbIKTaIFaH.

Apanac OKBITY TEXHOJOTHSICHI AThIpay Kaslachl
AFBUIIIBIH TUTIH TEPEHJACTIN OKBITATHIH TEXHUKAJBIK
rUMHa3usHBIH  8«B» cbiHBIOBIHAA 2018  KbULABIH
Kapaia aibIHaH YHBIMIACTHIPBUIIBL.

3amaHayn Tamantapra coiikec, OyriHri ©Oaia,
epTeHri MamaH Oacekere KaOineTTi OOdybl YIIiH
0apibIK MEKTENTep >KaHAPTBUIFaH OUIIM Ma3MyHBIHA
Kelyje.

Kanapteurran Oinim Oepy Oargapiamachl KecTere
colikec Ke3eH-kKe3eaMeH eHrizimemi: 2016 xpuier - 1
cerabInTap; 2017 xwuisl - 1,2, 5,7 cemabimrap; 2018
x*bpUtbl - 1,2,3,6,7,8,10 cemabimTap; 2019 xputer -
6apnbik 1-11 ceiHBIITAp.

Apaiac OKbITY TEXHOJIOTHSICHIH €HTI3iI TaXipuoe
xacaran 8 «By» chiHbIOBI 2017-2018 OKy KbLIBIHAH
Oepi sxkaHapThUIFaH OLTIM Ma3MyHbBI aschlHAA OUTIM
anyna. AnreOpa KoHE TeOMETpHS MOHJIEPi anTackHa 5
carat (anredpa-3c., reoMeTpusi — 2 C.) OKBITBUIAIBL.

BekiTinren y3ak Mep3iMIi jkocmapra colikec 8-
CBIHBITITA anredpa TIOHIHTIE 11 TOKCaH/a
KapacTHIpBUIATHIH Tapay «8.2A Kaampar Tenneymep».
Tapay Oemimuepi: Ksampar Tternmey, Ksagpar
TeHaeynepai memnry, Ksagpar ymmyme, Terneynepai
mrenry, MoTiH ecenTepi mbIFapy.

Atanran TapaynslH exiHmon Oemimi: «KBaapar
TeHICYJepAl WIemy» , Kellecl OKy MakcaTrTapblH
ke3neini: 8.2.2.3 kBaapaT TeHAeynepi menry; 8.2.2.4
Buer TeopemacwkiH Kongany. byn Genmim 7 cabGakThl
KaMTHbI.

OKy MakcaTTapblHa  HETI3JeNiNn  jKacajFaH
ca0akTBIH KYPBUIBIMBI, OTKI3UTy (opMacel >KoHE
TaHOAJIFaH  TalChlpMajap  ©TKEH  TaKBIPBIITEI

KalTamayra, OekiTyre >oHE OKYNIBUIAPAbIH aliFaH
OimimMzaepiHe Tanmay jkacayra, akayjiapra TOJBIKTBIPY
yKacayra MyMKiHAIK Oepeni. bacTel MakcaTTapabiH 6ipi
- )KUBIHTHIK Oaranayra (JKb) mallbIHIBIK.

Toxipube apanac OKbITyAbIH «TeHKepiireH
CBIHBII» MOJIENI OOMBIHINA JKY3€re acThl. AJJIBbIH aja
JaWpIHABIK ~OediMiHIE JKaHa Tapayabl OKBITYIIbI
OacraraH Ke3le, SFHM Oip anra YakeT OyYpbIH,
okymsutapra  Kundelik.kz ~ apkpuisl  kBajgpar
TEHACYNEpl IIemy TaKbIPBIOBIHAA  TCOPHSIIBIK
CYpaKxTap oHe 63 OeTiMEH OpBIHAAaYFa OKYy MaKcaThIHA
caif ecenitep MEH TECT TallCEIpMalIapbl Oepinei.
KBagpat Tenzuey nereHimiz He
TonpIMCHI3 KBaZpaT TEHACY JeTeHiMi3 He?
Kenripinren kBagpaT TeHaey nereHimi3 He?
Tenney TyOipi AereHiMis He?

Tenaeyai memnry gereHimis ve?
KBaapat Tenmeyneri a,B, ¢ - cCaHAaphl Kajai
aramapl?

7. JluckpuMHHAHT KaHJai popMmylaMeH ecenre-
nemi?

8. Erep muckpuMHHAHT HOIACH Kimm OoJca,
TeHJIeYIiH KaHma TyOipi 6omamer?

9. Erep mmckpuMHHAHT Hedre TeH OoJca,
TeHJIeYIiH KaHma TyOipi 6omaer?

10. Erep AuMCKpIMHHAHT HOIICH YIKEH Ooca,
TeHJIeYIiH KaHma TyOipi 6omaer?

ocoukrwbdE

11. Keampar TEHACYTIH TYOIpiH Talby
dbopMyacelH Ka3. — JereH ChIHIBl CypakTap
OKYILIbLJIapFa KOUBLIIBIL.

Tancsipmainap:

Erep A, b, C-usy MoHIepi Oenrini Oorca, oHaa

ax’ +bx+c=0 KBaJ[paT TCHICYIH KYp:
aya=4,b=3,c=15
e)a=7,b=-5,c=1
s)a=1b=1c=100
ra=-1,b=12,c=-15
TecT Tancelpmanapsl:
1. XKanme! kagpat TeHaeyaiH Gopmymacet
Aax?+bx+c=0
B)x+px—-q=0
C)a+bx=0
D)ax+c=0
2. JIuCKpUMHUHAHTTHIH (OPMYIachl:
A)D =4ac
B) D = b+ 4ac
C)D=b%-4ac
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D) D =-4ac

3.x24+10x+9=0 TEHJICYiHiH KO3(HUIECHTTEPI
MeH 00cC MYIIECiH aTaHaap.

A)a=0,b=6,c=-7

B)a=1,b=10,c=9

C)a=1,b=-6,c=-7

D)a=1,b=6,c=7

4. Erep D > 0, 6o1nca onna TeHaeyAiH Hemle TyOipi
00J1aIbl.

A) 6ip TyOipi

B) exi Ty0ipi

C) Ty0Oipi 6Gonmmaii sl

D) tepr TYy6ipi

5. Tenpmeymi ax?+bx+c =0 Typinge wxa-
3BIHIAP.

x(2x —3) =5 - 4x.

A)2x+x?-5=0

B)2-2x-5x2=0

C)2x2+x-5=0

D)2-2x+5x=0

6. Terneyni memirmep: x* — 5x + 6 = 0 [1]:

A)3;2

B)-3; 2

C)-2;3

M) -3; -2

7. Tempeymi meminmep: 10x2 —3x — 0,4 =10
[1]:

A)0;-0,1

B)-0,1;-0,4

C)0,1;0,4

) -0,1;0,4.

Ecenrep:

5.17. TonblKk KBagpaTThl 06Nl aily apKbUIbI

baranay kpurtepuidnepi:

TeHneyai memi|2]:
a)x’—6x+8=0
6)x2—x—-2=0
B) x>+ 10x+9 =10
r)x?+3x—-40=0
5.18. Tonblk KBazpaTThl Oeyim any apKbUIBI
TeHaeyai wemni[2]:
a)5x*+3x—2=0
6) 4x?> —3x—22=0
5.20. KBagpar tenaeymi mem[2]:
a)x?—x—-90=0
6)x>+5x—6=0
B)4x>—x—3=0
r)2x2—-7x+6=0
5.23. Ksagpar tenzmeynin TyOipnepin 0,01
JONIIKIEeH ecenTe[2]:
a)x?—x—-7=0
6)x2+7x+3=0
B)3x2+x—-5=0
r)2x?—3x—-3=0
5.26. Tenneyni mem[2]:
a) 3x — 8)(7x + 5) = (3x — 8)?
6) 3(5x + 3)(4x2 — 1) = 8(4x%* — 1)?

ChIHBINITAa MaTeMaTHKara KaOijgeTi jkorapel 5-6
capamiibl OKYyNIBIHBI TaHgaubiHAbl. CabakTaH ThIC
yaKbITTa TEOPHSIIBIK CYpaKTapFa aybl3la xayar oepir,
oerne-Oer Hemece Kundelik.kz, WhatsApp xyitenepi
apKBUTBI OCepiiireH TaIrchIpMaiap TeKCepinai. DKCIepT
OKYLIBIIAD KaKETIHIE MYFaliMHEH ecCell IIbIFapy
0apBICHIH/IA KOCBIMIIA KOMEK IIeH HYCKay ajajbl. Op
Cypax, 9p ecen ymaiiMeH GarajaHbIN, KOPBITBIHIBICHI
Oaranay mapakiiacblHa €HTi31Ie 1.

TeopusuibIK cypakrap Tanceipma Tect Tanceipmasiapbl Ecenrep
Opra ynaii | bara Opra ynaii Bara Opra ynait | bara Opra ymait | bara
9-10 Kepemer |5 Kepemer | 9-10 Kepemer | 9-10 Kepemer
7-8 JKaxkcel 3,75 JKakcel 7-8 Kaxkcer 7-8 JKakcel
4-6 Oprania 2,5 Oprama | 4-6 Oprania 4-6 Oprania
4 TeH KeM Tanmbia 2,5 TeH KeM Tanmeia 4 TeH KeM Tanmsia 4 TeH KeM Tanmbia

Kesneiicok TaHmay apKpUIbI op 3KCIepTke 5-6
okymsl  OekiTinmi. Cabak ycTiHIE JKCIEpTTep
MYFaIiMHIH KeHmiHae: cypak KOWHIbI, OKYIIBUIApIABIH
KayanTapblH TeKcepli »KoHe Oaramanpl, Oaranay
NapakmacklH  TONTHIPABL.  TONTapIblH  KYMBICHIH
MyraliM Kanaranazael. Cabak COHBIHIA 9p OKYLIBI 03
JKYMBICTAPBIHBIH HOTHKECIH TpaduK TYPiHIE KOPCETTi.
Cabak coHpiHIa pediekcus xacamabl, «Exi Kyubi3,
Oip TUIEK» CTpaTerusichl apKblIbl OKyIIbUIAp cabakra

YHaraH HeMece KUBIH]BIK KOPIeH TYCTapbIH JIJIbIH ana
TapaThlIFaH NapaKTapra ’Kasblll TAlChIPAbI.

Myrainim Oaramay napaxKagapblHAAFb
HOTIDKEJIEp/Il capajiam, KecTe KYpABl KOHE Kelleci
cabakTa TOMEH HOTHXXE KOPCETKeH OKYIIbUIAPMEH
JKEKe JKYMBIC jKacayFa yKOocCIap Kypabl.

Cempinta  Oapnsirbl 32 okymbsl Oap. Cabak
HOTI)KEC] TOMEHJErl KecTe MeH jauarpammaiapla
KOpCETUIreH (KecTe/le OKYILbI CaHbl):

Tancsipmanap/ Oaranay Kepemer | XKakcel | Oprama | Tanmein Opsinamaran Cana (%)
TeopusbIk cypakTap 17 12 5 - - 90
Tanceipma 23 7 2 - - 94
Tect Tancelpmanapsl 15 13 4 - - 88
5.17. 8 17 6 1 - 78
5.18. 9 16 7 - - 78
5.20. 10 16 4 2 - 81
5.23. 9 15 5 - 3 75
5.26. 6 10 8 1 7 50
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100 +

B Panl

ToxipuOe HoTHKEC] OKYIIBLIApAbI TEOPUsUIBIK OimiMre 90%-Fa KybIK JaiibIHIAIFaHIBIFBIH )KOHE OepijreH
TalcelpMaliap OpbIHAAY apKbUIbI jkaHa cabakThl ©3 OeTTepiMEeH KBI3BIFYIIBUIBIKIIEH MEHIepPreHiH peduieKcust

HOTIDKECIH Tanaayaan GaiKaiibl.

1 Cabak maraH yHazbl

CabakKa anapiH ana e3 beTimeH AalbiHAANY MaFaH yHaapbl
M XaHa TaKblpbINTbl TO/bIK MEHrepaim
W CabakKa anablH ana ganblHaany mafaH TMimci3 6ongbl
M XaHa TakblpbINTbl MEHrepy KesiHae KMbIHAbIK Kepaim

«KBampar Tenieynep» Tapaybl OOHBIHINIA OKYIIBLIAPBIH 061iM OOMBIHIIA XKUBIHTHIK Oaranayra 4 Tarnceipma,

Gapibirel 15 ymaiimen Garananasl. KOpBITBIHIBICH:

3 15
=
S
2 10
=
o
3 5
>
3

0

13-15 10-12 7-9 1-6
¥nai caHbl

Bepinren cabakThlH apTHIKIIBLUIBIFGL OKYIIBIIAP
©3iH — 631 OacKaphIl, 63 OeTiMEH jKaHa MaTeMapHAaIIbI
tHiMai urepai. Kemmimiri: kei6ip okymbuiapra e3
OeriMeH >KyMbICTaHy#aH Tepi MyfajliMMeH Oipre
JKYMBIC — JKacay KaKeTTLNiri  TybslHAaabl.  bipax
KOPBITBIHABI ~ HOTIDKEIETi JEpeKTepAl Taijaiana
OTBIPHIIL, apajiac OKBITY TEXHOJIOTHACHI OKY MAaKCAThIHA

KOJI JKeTyre CeNTiriH THTi3im, Taxipubere oH Oara
Oepyre JalbIK JIen eCenTeHMiH.

Maiinananran sneduerrep:

1. EnGacsr KOJJIaybIHAaH
y3inai https://aikyn.kz/2017/02/25/5161.html

2. http://interactiv.su/
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3. https://www.inform.kz/kz/zhanartylgan-
bilim-mazmuny-kezen-kezenmen-zhuzege-asyrylady-
aygul-mynbaeva_a2987603/

4. JNxapacosa I'.C., Canranosa I'.A. Buenpenue
TEXHOJIOTHH CMEIIaHHOTO HWHHUIIHATUBHOTO O6y‘iCHI/Iﬂ B
yaebubIi nponecc //Bectank 3KI'Y. Nel(65). -2017. -
C. 79-84.

5. CoOopnuk 3amad mo anredpe s 8-9 kimaccos,
M, «IIpocBerieHne, 1995, M.JL.T anuukwid,
A.M.TI'onpnman, JI.M.3BaBuy.

6. HaydHo-TeopeTndyeckuii H METOIUYECKUIH
KypHaa «MaremaTrka B mKkoey, 7/2008.

"PHYSICAL EXPERIMENT IN TEACHING PHYSICS"

The laws of physics are based on empirically es-
tablished facts. And often the interpretation of the same
facts changes in the course of the historical develop-
ment of physics. Facts accumulate from observations.
But at the same time it should not focus only on them.
This is only the first step to knowledge. Then the ex-
periment and the development of concepts come that
allow qualitative characteristics in the form of numbers.
Consequently, without experiment there is not, and
cannot be, rational teaching of physics; one verbal
teaching of physics inevitably leads to formalism and
mechanical learning. The first thoughts of the teacher
should be directed to the student seeing the experience
and doing it himself, seeing the device in the teacher's
hands and holding it in his own hands.

A demonstration experiment is one of the compo-
nents of an educational physical experiment and is a re-
production of physical phenomena by a teacher on a
demonstration table using special instruments. It refers
to illustrative empirical teaching methods. [3]

The value of a demonstration physical experiment
is that:

- students get acquainted with the experimental
method of knowledge in physics, with the role of ex-
periment in physical research (as a result, they form a
scientific worldview);

- some experimental skills are formed in students:
observe phenomena, put forward hypotheses, plan an
experiment, analyze results, establish relationships be-
tween quantities, draw conclusions, etc.

The demonstration experiment, being a means of
clarity, contributes to the organization of students' per-
ception of educational material, its understanding and
memorization; allows you to carry out polytechnic
training of students; promotes increased interest in the
study of physics and the creation of learning motiva-
tion. But when a teacher conducts a demonstration ex-
periment, students only passively observe the experi-
ence conducted by the teacher, while they themselves
do nothing with their own hands. Therefore, it is neces-
sary to have an independent experiment of students in
physics. This is achieved when students perform a la-
boratory physical experiment, when they assemble the
facilities themselves, carry out measurements of physi-
cal quantities, and perform experiments. Laboratory
classes arouse great interest among students, which is
quite natural, since the student’s knowledge of the sur-
rounding world takes place on the basis of his own ex-
perience and feelings. [4]

Buteyev Orazgali Zhumabekovich
AIU master student, Nur-Sultan city
DOI: 10.31618/ESU.2413-9335.2019.1.61.5

The importance of laboratory studies in physics
lies in the fact that students form an idea of the role and
place of an experiment in cognition. When students per-
form experiments, experimental skills are formed,
which include both intellectual and practical skills. The
first group includes the skills: to determine the purpose
of the experiment, put forward hypotheses, select in-
struments, plan an experiment, calculate errors, analyze
results, and issue a report on the work done. The second
group includes skills: to assemble an experimental
setup, observe, measure, experiment. In addition, the
value of a laboratory experiment is that when it is per-
formed, students develop important personal qualities
such as accuracy in working with instruments; the ob-
servance of cleanliness and order in the workplace, in
the records that are made during the experiment, organ-
ization, perseverance in obtaining a result. They form a
certain culture of mental and physical labor. [5]

Frontal laboratory work is a type of practical work
when all students in a class simultaneously perform the
same type of experiment using the same equipment.
Accordingly, in the office should be 15-20 sets of in-
struments for frontal laboratory work. The names of
frontal laboratory work are given in the curriculum.
There are many of them, they are provided for almost
every topic of the physics course. Before carrying out
the work, the teacher identifies the students' readiness
to consciously do the work, determines its purpose to-
gether with them, and discusses the progress of the
work, the rules for working with the instruments, meth-
ods for calculating measurement errors. Frontal labora-
tory works are not very complex in content, are closely
related chronologically to the material under study and
are designed, as a rule, for one lesson. Descriptions of
laboratory work can be found in school textbooks on
physics.

The physical workshop is conducted with the aim
of repeating, deepening, expanding and generalizing
the knowledge gained from various topics of the course
in physics; development and improvement of experi-
mental skills in students through the use of more so-
phisticated equipment, more complex experiment; the
formation of their independence in solving problems
associated with the experiment. The physical workshop
is not related in time to the material under study, it is
conducted, as a rule, at the end of the school year,
sometimes at the end of the first and second half of the
year and includes a series of experiments on a particular
topic. Physical practical work students perform in a


https://www.inform.kz/kz/zhanartylgan-bilim-mazmuny-kezen-kezenmen-zhuzege-asyrylady-aygul-mynbaeva_a2987603
https://www.inform.kz/kz/zhanartylgan-bilim-mazmuny-kezen-kezenmen-zhuzege-asyrylady-aygul-mynbaeva_a2987603
https://www.inform.kz/kz/zhanartylgan-bilim-mazmuny-kezen-kezenmen-zhuzege-asyrylady-aygul-mynbaeva_a2987603
https://www.doi.org/10.31618/ESU.2413-9335.2019.1.61.5
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group of 2-4 people on a variety of equipment; in the
next classes, there is a change of work, which is done
according to a specially drawn up schedule. Drawing
up a schedule, take into account the number of students
in the class, the number of practical work, the availabil-
ity of equipment. For each job, the teacher must make
a statement that should contain: name, purpose, list of
instruments and equipment, a brief theory, a description
of the instruments unknown to the student, a plan for
completing the work. After the work, students should
submit a report, which should contain: job name, work
goal, instrument list, installation diagram or figure,
work execution plan, results table, formulas from
which values were calculated, measurement error cal-
culations, and conclusions. [6]

Interesting experiments in physics can not only il-
lustrate various physical processes, but also stimulate
cognitive activity and the desire to learn. An interesting
confirmation of the existence of inertia is an ordinary
top. Each particle of the top moves in a circle in a plane
perpendicular to the axis of rotation. According to the
law of inertia, the particle at each moment of time tends
to descend from the circle on a straight line tangent to
the circle. But every tangent is located in the same plane
as the circle itself; therefore, each particle tends to
move so that all the time to remain in a plane perpen-
dicular to the axis of rotation. It follows that all planes
in the top are perpendicular to the axis of rotation, tend
to maintain their position in space, and therefore the
common perpendicular to them, i.e. the axis of rotation
itself, also seeks to maintain its balance, the top seems
to resist trying to overturn it. The more massive the top
and the faster it rotates, the more stubbornly it counter-
acts the rollover. So in the laboratory, you can do the
following experiment. Take a centrifugal machine and
strengthen the disk on it (disk siren). Put a candle on
the edge of the disk and cover it with a conical vessel
to demonstrate the hydrostatic paradox. Secure the ves-
sel to the disk with wire. Why does the candle flame
deviate from the axis of rotation when the disk is ro-
tated?

Answer: cold, denser air moves away from the
axis of rotation, and warm, less dense, approaches,
which explains the deflection of the flame.

The force of gravity with which the bodies are at-
tracted to the Earth must be distinguished from the
weight of the body. The concept of weight is widely
used in everyday life. The weight of a body is the force
with which a body, due to its attraction to the Earth, acts
on a support or suspension. It is assumed that the body
is motionless relative to the support or suspension. Let
the body lie on a horizontal table fixed relative to the
Earth. The reference system associated with the Earth
will be considered inertial. The force with which the
Earth or another planet acts on all bodies near its sur-
face is called gravity. Gravity is directly proportional to
body weight. Now it is clear to you why a body with a
larger mass is heavier, because the Earth attracts it with
greater force. Gravity acts on the body vertically down-
wards. The following experiments can be used to test
the theory: Take a disk made of metal (plywood or plas-
tic) with a diameter of 10 cm. Cut a piece of paper ac-
cording to its size. In one hand, take a paper disk, and

in the other metal (plywood or plastic) and allow them
to fall freely from the same height. Why metal disc will
fall faster than paper? Put the paper disk on the metal
and let them fall freely. Why in this case they fall at the
same time? [1]

Answer: Two forces act on each disk: the force of
gravity and the force of air resistance. At the beginning
of the motion, the resultant of these forces is directed
downwards, more for a metal disk, so it will move with
greater acceleration. But with increasing speed, the air
resistance force will increase and become equal to grav-
ity. As a result, both disks will move uniformly, but the
metal disk will move with greater speed. (A similar sit-
uation occurs when the parachutist is in a state of free
flight: jumping out of an airplane, he has a relatively
low speed and then accelerates to about 50 m/ s, these
two forces are balanced and he falls at a constant
speed).

In the second case, the air resistance will over-
come only the metal disk, and the force of gravity gives
the bodies equal accelerations regardless of their
masses.

Take two sheets of paper of the same size and
weight. Crumple one sheet. Simultaneously release the
sheets from the same height. Why does the crumpled
sheet fall faster?

Answer: A crumpled piece of paper falls faster, as
it is affected by less air resistance.

Friction is a type of interaction between bodies. It
occurs when two bodies come into contact. Friction,
like all other types of interaction, obeys Newton's third
law: if a friction force acts on one of the bodies, then
the force of the same magnitude, but in the opposite di-
rection, acts on the second body. The forces of friction,
as well as the elastic forces, have an electromagnetic
nature. They arise as a result of the interaction between
atoms and molecules of contiguous bodies. Dry friction
forces are the forces that arise when two solid bodies
come into contact in the absence of a liquid or gaseous
layer between them. They are always directed tangen-
tially to touching surfaces. Dry friction that occurs
when bodies are relatively at rest is called resting fric-
tion. The force of static friction is always equal in mag-
nitude to the external force and directed in the opposite
direction.

Here is an experience showing what happens if the
action of the friction force is small. Take a silk thread.
We tie its end to knots to any load and pull the second
end of the thread. The knots will be untied. Or there is
an even more difficult experience to explain. Take a
ruler and place it horizontally on your index fingers.
Slowly move your fingers to the center of the ruler.
Why does the ruler move one by one, then by another
finger? [2]

Answer: The force of pressure from the ruler to the
fingers changes with movement. Thus, the friction
force between the fingers and the ruler also changes. If
one finger is closer to the center, then pressure acts
more on it. Between it and the ruler, there is a large
pressure force, so the second finger moves, and so on.

Already in the definition of physics as a science,
there is a combination of both theoretical and practical
parts in it. It is considered important that, in the process
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of teaching physics, a teacher can demonstrate as fully
as possible to his students the interrelation of these
parts. After all, when students feel this relationship,
they will be able to give the correct theoretical expla-
nation to many processes occurring around them in eve-
ryday life, in nature. This may be an indicator of fairly
complete ownership of the material. What forms of
practical training can be offered in addition to the teach-
er's story? First of all, of course, students observe the
demonstration of experiments conducted by the teacher
in the classroom while explaining new material or re-
peating the lessons, one can also offer experiments con-
ducted by the students themselves in the classroom dur-
ing the lessons in the course of frontal laboratory work
under the direct supervision of the teacher. [7]

You can also offer:

1) experiments conducted by the students them-
selves in the classroom during a physical workshop;

2) demonstration experiments conducted by stu-
dents in response;

3) experiments conducted by students outside the
school on the teacher's homework; 4) observations of
short-term and long-term phenomena of nature, tech-
nology and life, conducted by students at home on the
special assignments of the teacher.

Experience not only teaches, it fascinates the stu-
dent, makes better understand the phenomenon that he
demonstrates. After all, it is known that a person inter-
ested in the final result achieves success. So in this case,
having interested the student, we will continue the crav-
ing for knowledge.
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®YHIAMEHTAJIbHBIE CBOMCTBA 3JIEKTPOIIPOBOJIHBIX TOPOUJIAJIBHBIX TOKOBBIX
CTPYKTYP.

Iloka3ano CYIIECTBOBAHNUC BHCIIHCTO MAarHUTHOTO MOJIA U CTPYKTYpa BHYTPEHHET0O MarHuTHOT'O MOJISA B TO-
PONAAIBHBIX CTPYKTYpax € MOJIOUAAJIbHBIM TOKOM.

TI'puzopves Eezenuii Anexcanoposuu
4aACMHBIL UCCIe008aMENb

DOI: 10.31618/ESU.2413-9335.2019.1.61.4

KiroueBble c10Ba: TOPbI, BHCIIHEC MAHUTHOC NTOJIC, YACPIKAHNUC TepMOHZ[epHOﬁ I1J1a3MBbI.
Keywords: tori, external magnetic field, confinement of thermonuclear plasma.

16 sauBapsa 2000 roga crenaHo 0oJbIIOE HAYYHOE
OTKPBITHUC - BIICPBBIC B JJICKTPOAMHAMHKE YHCJICHHO
PacCYNTaHO M SKCIEPUMEHTAIHHO U3MEPEHO BHEITHEE
MarauTtHOe mosie (MII) 3IeKTpOmpPOBOIHBIX TOPOHU-
JAIBHBIX CTPYKTYpP C HMOJOMAAIbHBIM TokoM (Puc.l).
Panee, B KiTacCHUECKOH 3/IEKTPOAUHAMHUKE, 3TO CUNTA-
JIOCh HEBO3MOJKHBIM. VICTOPHIO OTKpBITHSI M €r0 BO3-
MOXHBIE TOCJIEJCTBUS MOXHO Y3HaTb Ha CalTax
http://thermonuclear.narod.ru u http://thermonuclear.ru
— 1am packpbITel Bce Hoy-xay. Crpenkamu, 0003Ha-
YEHHBIMH i, TOKa3aHbl BEKTOPHI 3JIEMEHTOB TOKa. Pac-
CMaTPHUBAITUCh TOPHI ¢ oTHOWIeHHeM R/ r~1uR/r=

2. Pe3ynbpTaThl pacdeToB BHIBEICHB! B BHJIE IPaUKOB
Kanrtopa. JIunuu Ha rpadukax MmokasplBalOT ceyeHHE
MIOBEPXHOCTEN YPOBHs paBHOI HampspkeHHocTn MIL
I'paduku — B ycnoBHBIX enuHuIax. HampasieHue Bek-
Topa HampsbkeHHocTd MII — nepneHgukyssspHO K
TUTOCKOCTH M300pa’keHns, TaK Kak critoBble TMHUE MIT
HUMEIOT MCKJIIOYUTENIFHO a3UMYTaJIbHYIO (WJIM TaHTeH-
LUAJIBHYIO WU KacaTeIbHYIO K OKPY>KHOCTH, KOTOpast
JIEKHT B INIOCKOCTH XY U ¢ IEHTPOM Ha ocu Z) COCTaB-
JISOIYIO.

Bnauane paccuntsiBanocs MII BuyTpu Topa. Top
c orHoweHueM R / r =~ 1 (Puc.1).

Puc.1
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Ceiiuac MHOTHE MaTeMaTHKH U (U3UKU BCEPHE3 B3SUTUCH 32 M3YUEHHE TOPOUIAIBHO-BUXPEBBIX CTPYKTYD.
Tak uTo TOpHI €1 KAYT CBOUX UCCIIEA0BATENICH, KOTOPHIM OHU OTKPOIOT CBOM TailHBI.
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Top ¢ otHomenueMm R / r ~ 2 (Puc.3).

P

Ha rpadwukax (Puc.2, Puc.4) BugHO, 9TO CTpPYK-
Typa MII BHyTpU TOpa HE COOTBETICTBYET CTPYKTYpE
MIT GecKkOHEYHOTO IPSAMOTO IIPOBOAHUKA C TOKOM, KaK
CYUTAJIOCH JIO CUX IIOp B KJIACCUYECKOM TEOpUU DJIEK-
TpoMarHeTu3ma. Jta cTpykrypa MII cooTBeTcTByeT

uc. 4

NOJIIO, CO3JaBaEMOMY OTJEJIbHBIM 3JIEMEHTOM TOKa,
PAacCIIOJIOKEHHBIM B LIEHTPE TOPA Ha €r0 [JIaBHOW OCH U
HaTpaBJICHHBIM BAOJb 3TOH ocu. I'paduk 3Troro MII
nokasaH Ha Puc. 5.
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Hanpsioxennocts MIT Brodb npsimoid L - L; [ y =0, x = const, B =(z) ].
Ha rpa¢uxe (Puc.6) Bunno, yro BHEHIHEE MIT Pacuer BHemnero MII, co3naBaemoro cucreMoit

Topa cymectByeT. ['paduk Ha Puc.7 BRIABISECT OCOOCH- W3 IBYX COOCHBIX TOpOB U Mexay HuMH (Puc.8) moka-
HOCcTh 3Tor0 MII - Tpu 3KcTpemyma | ABa Hyns. [lo-  3BIBaeT, YTO OHO MMEET MHHHUMYM IO TPEM KOOPIHHA-
nobnoe MII m3mepeno skcnepuMeHTansHO. M3 Pruc.7  TaMm B IIEHTpe CHCTEMBI M HaNPsDKEHHOCTBIO, HapacTa-
BUIHO, YTO IIPHU OCEBOM CONMIKEHHH JIByX TOPOB BHAa-  IOIIEH IO HATIPABICHHUIO U3 [IEHTPA KPUBU3HBI CHIIOBBIX
yaJjie BO3HUKAET UX OTTAIKHMBAHUE, a mocie npeogone-  nuHUA (Puc.9). Bee 310 moka3eiBaeT O6ecnepCreKTHB-
HUS TOTEHIMANBGHOTO Oapbepa - mpuTshkeHne. CucremMa  HOCTH yAep KaHU TU1a3Mbl BHyTpeHHIM MIT B 3amMKHY-
BXOJHT B COCTOSTHIE C MUHUMAJIFHBIM MarHUTHBIM IIO-  THIX JIOBYIIKaX C TOPOWAATIbHON KoHpurypammeir MIT
TOKOM (MUHUMAJILHOM DHEPTHUeil) M CTaHOBHUTCA ycToW-  Thma “Tokamak™ u “Crenmnapartop” - yaep)kaHHE BO3-
YHBOH. MOXXHO TOJBKO B OTKPBITOW IJIA3MEHHOW JIOBYIIKE
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BHemTHUM MII cucTeMbl ABYX COOCHBIX TOPOB MPOW3-  YTO U3 IEHTPA TAKOI CHCTEMBI BOONb OcH Z OyJeT BbI-

BOJIbHON KoH(uryparmu. [logo6Hoe MII m3mepeHo  jeraTh IuIa3MeHHas CTpys ¢ Temneparypoit 100 miH.

SKCIIEPUMEHTANBHO. Pacu€rhl, Takke, MOKa3pIBalOT, TIpaxycoB U ckopocTeio 10000 xm/cex. DTo HOBas MH-
pOBas SHEPTEeTHKA.

A7

Xv

s+ -19.043  -12695

- e
6.348_&522
-6.34870

L2 12695 _9.5227
15869 o]

ZO~19.0430 0348

- 6,348
T4 -6 348 @/'ESZ%K/

S (t19043 -12695/ 5 g 94 ) 031741 S " 127695 93226 s
N N\

-

- 60
- 707
0 o 20 30

I T T
90 100 110 120 130 14¢

Puc. 9

[Ipensinymue pacdersl Obuti  cxemansl i Puc.10, Puc.11. Oto nemaercs i mpoBepKH BO3MOXK-
CIUIOIIHBIX TOKOBBIX MOBepxHOcTell. Temeps caenmaem  Hoctu BocnpousBeneHus MII crionrHoro topa monem
pacder Ul TOpa, COCTOSIIIETO M3 OTACNBHBIX IPSIMO-  CETMEHTHPOBAHHBIX (peanbHbIX) TOpoB. IlomoOHoe
YTOJIBHBIX BUTKOB C TOKOM (CEerMEHTHpPOBaHHBEIH Top)  MII u3MepeHo sKCIIepuMeHTaIIbHO.

R1

Puc. 10
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Puc.11 Cmpyxmypa éneuine20 MAZHUMHO20 NOJSL CC2MEHMUPOBAHH020 mopa 8 naockocmu Y' (XZ)
6 euoe epaguxa Kanmopa.

ITokazaHbl cedeHUsI MOBEPXHOCTEH YpOBHS paB-
HoOM HamnpspkeHHocTr MIT.
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O IVIOMAIAX POMBOB, BIIMCAHHBIX B 3JIJIMIIC UJIX OITMCAHHBIX BOKPYI' HEI'O
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O0KMOp nedazocuieckux Hayx, npogeccop,

3a8edyrowuil Kagheopoi MamemMamuxy U MemoouKy ooyyeHus mamemamuxe
OmcKoz0 2ocy0apcmeenno2o nedazo2uieckozo yHugepcumema, 2. OMck
Cumonircenros Cepeeit /Imumpuesuu
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AHHOTAIINSL.

B craTtbe paccMaTpuBarOTCA r€OMETPUICCKUE 3a1a4Y HA MAKCUMYM U MUHUMYM, KOTOPBIC ITOKA3bIBAIOT CO-
OTHOILIICHUEC nnomaﬂeﬁ pOM6OB, BIIMCAHHBIX B 3JIJIUIIC U OITMCAHHBIX OKOJIO HETO.

ABSTRACT.

The article discusses the geometric problems of maximum and minimum, which show the ratio of the areas
of rhombuses inscribed in an ellipse and described around it.

KiroueBble cJioBa: TTIaBHEIN BIMCAHHBIN pOMO; poMO, BIUCAHHBIN B AJLIHIIC; POMO, OIMCAHHBIA OKOJIO 3JI-
JIMIICA, I1omaaun pOM60B, BIIMCAHHBIX B 3JIJIMIIC U OITMCAHHBIX OKOJIO 3JIJIMIICA.

Keywords: main inscribed rhombus; rhombus inscribed in an ellipse; the rhombus described near the ellipse;
the area of the rhombus inscribed in the ellipse and described near the ellipse.
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B Mupe He IPOMCXOIUT HUYETO, B YeM OBl
He OBLT BHJIEH CMBICI KaKOTO-HUOYIb
MaKCHMyMa WK MHHUMYMa.

J1.Diinep

Boubiiiast 4acTh BOMPOCOB MPAKTUKH ITPUBOJUTCS K 3a7[a4aM HauOOJbIINX U HAMMEHBIINX BEINYHH,
Y TOJIEKO PEIICHUEM JTHX 3a]1a4 MbI MOKEM YIOBJIICTBOPUTH TPSOOBAHUSIM MPAKTUKHY,

KOTOpast BE3/IC UIIET CAaMOTr'0 JIYYIIero,

€aMoOT0 BBITOTHOTO.

T1.J1.YeOrnI11eB

B xoopanHaTHOM MIIOCKOCTH JIaH 3JUINIIC, 3a/JaHHBIH KAHOHUYECKHM ypaBHEHUEM
X2 y?
— + 77 = 1,a > b.
a? b
[ycts A, B, A’,B’ — BepmuHbI 31utHTICa, TTEPEIHCIIIEMBIC TI0 X0y ABIDKCHHS IIPOTUB YaCOBOU CTpeiKu. Pom6
C BepIIMHAMHY B ATHX TOYKaX HA30BEM IJIABHBIM BIHCAHHBIM POMOOM.
B nanHO# cTaThe pemaroTcs ciaeayronue 3a1a4m.
3amaua 1. Cpean Bcex BIUCAHHBIX B JJUIMIIC pOMOOB HAaWTH TOT, Y KOTOPOTO IUIONIA/Ab a) HaHuOOJbIIas; 0)
HauMCHbIIIas.

OtBeT: a) HanbObIIIAs TIOIIAAb Y TIIaBHOTO poMba, paBHast 2ab;

6) HaMMEeHBIIIas IUIONIA b Y BIIMCAHHOTO KBajIpara, paBHast %.

3amaua 2. Ha ipomomkeHUH GONBIION OCH SIUTHITCA BEIGHpaeTcst HeKoTopast Touka C W BOKPYT 3JUIHIICA OITH-
CBIBaeTCsA POMO, OJJHA M3 BEPIIMH KOTOPOTro coBmanaer ¢ Toukoi C. [Ipu kakom mosokeHnu Todku C IUI0MIa b
pomOa HaumeHbIas?

OrtBeT: pH ynaneHHocTH Touku C OT LIEHTpa DIUIMICA HA paccTosHue av'2. Hibke IpHBOIATCS pelieHus

YKa3aHHbIX 3a7a4, U3 KOTOPBIX 6y[[yT SACHBI IPUBCACHHBIC OTBCTHI.

v

Puc. 1

Pemenve 3anaun 1. Ha nyre AB 6epem Touky M(X,y), 0 < x < a (puc. 1).

3neck nposenena npsiMasi OM u mepIeHIUKyYISAp K Hell, TPOXOIAIIHIA Yepe3 HeHTp dutnica. YeTbIpexyrob-
auk MPNQ — pom6. Ilycts x4, y;— koopaunatsl Touku P. Umeem: N(—X,—Y), Q(—x4, —Yy1), wiomaas pomba S =
%M N-PQ ==2/x2 +y?-/x2 + y2. Bepasum xy,y; 4epe3 X,Y, HCTIONb3ysl B3AUMHYIO TIEPTIEHMKYIAPHOCTD
Bektopos OM n OP. Mx ckansipHOE NMPOU3BEICHUE PABHO HYIO: XX, + yy; = 0 = y?y? = x2x2.

2 2,,2 2320,.2 2 2 2

2 _ 12 X 2 _ by 2 2 _ a“b (x“+y*) _ x“+y
Tak kak y; = b“(1 az), TO X{ = N, Torma xi + yi = P ,S =2ab TomanT
2
a

x? . .
Ioxacrapnss ciona y? = b? (1 - ;), MOJYYUM IUIOLIA/Ih KaK (DYHKIHIO OJ[HOH nepeMeHHoi x € [0, a]
(a? — b?)x? + a?b?
\/(az —b?)x? + a’b*
Hccrnenyem 3Ty GYHKIHUIO HA SKCTPEMYM IO CTAaHAAPTHOW METOIUKE, 3HASI, YTO IKCTPEMYMBI JTOCTHUTAIOTCS

Ha KOHLIaX OTpe3Ka WX B €r0 BHyTPEHHHUX CTALMOHAPHBIX TOYKAX.
Haiinem npoussoanyto. Omyckas AeTalu, yKaeM IPOMEeXYTOUHBIN pe3yabTat:

S=2b
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2b(a? — b?)x

J(a* = bY)x2 + a?b*

I'me R = 2[(a* — b*)x? + a?b*] — [(a* — bH)x? + a?b?(a® + b?)].

CrammonapHast Touka X=0 JIKUT Ha TPaHUIE OTpe3Ka, TOUKA X =

[ J—

— Hynb ¢pyHKIHA R — sBisgercs

a2+b2
BHYTpPEHHEH.
232
Wmeem S(0) = S(a) = 2ab, S (%) = ;“Tl;z

Ho MepBas BEJINYNHA — 3TO IUIOINAAb TJIaBHOI'O p0M6a, BTOpas sABJIACTCA IUIOMAAbI0 KBaJgpaTa, BMIUCAHHOTO

B 3JUTHIIC.
Pemenne 3amaun 2. Ha puc. 2 Touka C JIeXHUT IpaBee BePIIUHBI A 1 IpoBeeHa kacarenbHas CD kx myre AB.

4 Y
D
B K
A >
o) C X
Puc. 2

[ycrs o — abcmucca Touku C, f— opanHata To9kd D u t — momoBwHA yriia, MoA KOTOPBIM BHIIEH SJUTUIIC U3

touku C. Ha puc. 2 ator yron nomeueH nyroii. Torna f = atgt v cucrema ypaBHEeHUit
Yy

a  atgt
2 2
=y
2t =1
HMeeT eMMHCTBeHHOe pemreHue (Xg,Y,), TOe Xg, Yo — ITO KOOpAWHATHI Touku Kacauus K. Haiimem y =
atgt(1l — g) U3 TIEPBOTO YpaBHEHHUS CHCTEMBI, IIOICTABHM €ro Bo BTopoe. [lomyunmM KBagpaTHOE ypaBHEHHUE
1 tg’t tg’t a’tg’t
2 -
<F+?x —2a b2 X+ b2 —1]=0.
[Torpebyem, 4TOOBI €T0 AMCKPUMHUHAHT OBLT PAaBEH HYIIO:
4a’tgtt 1 tg?t\ (a’tg’t
T—él- §+ PP % —-1]=0.
Orcrozia Haiinem, uro atgt = /a?tg?t + b2. Ilnowane onrcanHoro pomda S = % - 20C - 20D cranet ¢pyHK-

T
, =

nuen yrna t € (0 2):

a’tg®t + b? b?
s=2—"""" -2 a?tgt +—)|.
tgt tgt

o b .
B crauuvonapHoii Touke t, = arctg - byHkuust S umeetr MHHHMYM, paBHb 4ab. Ilpu sToM abcmmcca

Jatg?ty + b?
VEIT TP a2

tgto
ITpu TakoM ynmajeHun OT IEHTpa dIUIMIICA KacaTellbHas K a1yre AB naet mapamnensao xopae AB.

[Tomaas ONMUCaHHOTO KBapaTa MoJIy4aeTcs npu t = %, ona pasHa 2(a? + b?), uro Gonbiue 4ab.

touku C

B Hamreli pabore [3] yuTarenp HaiiieT MHOTO MHTEPECHBIX MPUKIAIHBIX 3374 HA 3KCTPEMYM, KOTOPBIC Oy-
JIyT MHTEPECHBI yYalUMCs IIKOJ U KJIaCCOB MATEMAaTHYECKOTO MPOQHIISL.
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DISCRETE PLAYING OF PERSECUTION WITH LEVEL OF BRIGHTNESS OF DIGITAL IMAGE
DESCRIBED BY SECOND ORDER EQUATIONS
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ABSTRACT.

The work is devoted to the study of a class of discrete pursuit games with a digital image level, which is
described by systems of second-order equations. Sufficient conditions are obtained for the possibility of complet-
ing the pursuit in discrete games with boundary conditions. When solving the problem of pursuit with the level of
a digital image, Chebyshev polynomials of the second kind are used.

Keywords: pursuit, pursuit, evader, terminal set, pursuit control, runaway control

1. INTRODUCTION
The approach of applying a two-dimensional second derivative in the tasks of improving the brightness of a
digital image is reduced to the choice of a discrete formulation of the second derivative and to the subsequent
construction of a filter mask based on this formulation. Isotropic filters are considered, the response of which does
not depend on the direction of inhomogeneities in the image being processed. In other words, isotropic filters are
invariant to rotate, in the sense that rotating the image and then applying the filter produces the same result as the
initial application of the filter and then rotating the result.

The simplest isotropic operator based on derivatives is the Laplacian (the Laplace operator), which in the case
of a function of two variables, is defined as

0’1 01
_2+_2.
ox° 0y

Since derivatives of any order are linear operators, then the Laplacian is also a linear operator.

To apply this equation in digital image processing, it must be expressed in a discrete form. There are several
ways to set the Laplacian in discrete form based on the values of the neighboring pixels. The following definition
of a discrete second derivative is one of the most commonly used formulas. Taking into account that there are two

variables and notation Z(X, y)|(xi,y,-) = Z(Xi, yj ) =7

V= )

i for the partial second derivative with respect to X

, we get
0°z
6X2 :Z(Xi+1’yj)_22(xi’yj)+Z(Xi—l’yj) I+lj 22 +Z
(xiv;)
and, similarly for the partial second derivative Y, we get
0°1

W :Z(Xi’yj+1)_22(xi1yj)+Z(Xi1yj_1) |J+1 22 +Z
(xiy;)

The discrete formulation of the two-dimensional Laplacian given by (1) is obtained by combining these two

components
Vi, etz 2 2059, 20y, 2503,
+7Z

(x5

_42 + Z; i1, Zi+1,] +Z| j—l i,j+"
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So, as the Laplace operator is essentially the second derivative, its use underlines the discontinuity of the
brightness levels in the image and suppresses areas with weak changes in brightness. This results in an image
containing grayish lines at the site of contours and other gaps superimposed on a dark background without features.
But the background can be “restored”, while maintaining the effect of sharpening achieved by the Laplacian. To
do this, simply add the original image and the Laplacian. It should be remembered which of the definitions of the
Laplacian was used. If a definition using negative central coefficients was used, then obtaining the effect of in-
creasing the sharpness, the Laplacian image should be subtracted, not added. Thus, the generalized algorithm of
using the Laplacian for image enhancement is as follows.

z(xi,yj)—sz(xi,yj), ecau w(0,0) <0,
g(xi,yj)— z(xi,yj)+sz(xi,yj), ecau w(0,0) >0,

Where g(x, y) - processed image, Z(X, y) - input image, W(0,0) - value of the central coefficient of

the Laplacian mask. Hence it is clear that in order to improve the image as already noted, we must change the ie
drive Laplacian
2 —

Given the presence of noise, we obtain a model example of discrete games, the process of pursuing the equa-
tions described (show. [1] - [3])

-A47. . . . . . .. .. =—U: - . L < <
ST B I R TR I ks T R T B R I +”I,J"“h J“p"”" J“G’“p’
20,j =0, Z;mi,j =0, Zi0=0, Zjp =0, (*)
i=12,...mj=12,..6-1
_ o 0’1 %1 _ _
where the left side of the equation is a discrete analog of Laplacian —— + —— image brightness functions
oX~ oy
z=2(X,Y),a Zj,j — image brightness at a point, (X, yj) T.e. Zj j — the value of the brightness levels of the
image of the corresponding pixels (i, J), Uj j,u;, j — control parameters. Without loss of generality, it is con-
venient to assume that if either i =0, either i =m+1, either j =0, either j =46, that Zij = 0, those the
image is bordered by pixels with zero brightness levels. Harassment is considered complete if Zj satisfy the
condition: <7 j <5 +¢&,ig <i <y, o< j<Jp re 1<ip, i <m1<jg, jy <O-1 for some preset
0 >0,&>0. This means that Zi i the value of the brightness levels of the image in the predetermined pixels
was in a certain segment. Using boundary conditions, when i =1, 2,...,m from (*) get the system
—421’1' +Zo’j +22,j +21’j_1+21,j+1:—u1’j +Ul,j’
—422’1' +Zl,j +Z3,j +22,j—1+22,j+1 :—UZ’J' +02,j’

—4Z; {471+ Zijt T jat i ="Uij T

g
—A4Zm1,j T Zm-2,j + Zmj T Zm1,j1 + Zm-1,j+1 = ~Um-1,j T Um-1,j

_4Zm,j + Zm—l,j + Zm+1,j + Zm,j—l + Zm,j+1 = —Um’j + Um,j'

Denoting,
T T T
Zj :(Zl,j122,j1'"1zm,j) ,Uj :(ul,j’UZ,jv"’um,j) ,UJ' :(U.I.,j’UZ,j"“1Um,j)
we have
_Zj_1+CZj —ZJ-+1:UJ- _Uj,lg J <6-1,
ZOZO’ZGZO’ (**)
where  Zj € R™ u U; — pursuer control parameter;0j — escape player control parameter:

u; e Rm,uj eR" components that satisfies the condition, ‘ui,j‘ Sp,‘ui,j‘ <o,0<p, and C— Jacobi

square - three-diagonal matrix [2]
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M < R™ the terminal set that the game ends.

The tasks of pursuit and escape for various classes of differential and discrete games are the subject of nu-
merous studies [4-16]. General questions of the theory of discrete games are considered in monographs [4], [5].
In [6], discrete differential games with information lag were studied, in [7] - [10], the relationship between differ-
ential games with distributed parameters and discrete ones was studied. The pursuit and escape problems for linear
discrete games were studied in [11] - [14], the escape problem for nonlinear discrete games was studied in [15],
[16]. In these papers, the motion of points is described by discrete first-order equations.

The purpose of this work is to study a new class of game problems with discrete second-order equations. For
this class of discrete games, sufficient conditions are obtained for the possibility of completing the pursuit when
the position of the object is given in the boundary moments. To solve this problem, Chebyshev polynomials of the
second kind are used [2], [3].

2.PROBLEM STATEMENT
Instead of the game (**), we will consider a more general discrete game, which is point motion Z m di-
mensional Euclidean space R™ described by equations

—Zj_1+CZJ'—ZJ'+1:Uj—Uj,1Sjge—l, (D)

Zo=¢. 2o =9 @

where | - step number, C —mXxm - constant square matrix, U, v - control parameters, U - chase parameter,
U - escape parameter, U; € Pc Rm,uj €QcR™, P and Q - non-empty sets, parameter U selected as a

sequence u=u(.)=(u1,u2,...,u6,71),uj eP,j=12,..,0-1 parameter ©» - as a sequence
v=o()=(v,0y,...,Up_1),0j €Q, j=12,...,0 —1. Inaddition, in R™ allocated terminal set M

Purpose of the pursuing player Zj on the set M , fleeing player tends to put it.

Definition. We will say that in the game (1), (2) from the "boundary" position ((50 , (59) can complete the
persecution for N<@ steps, if in any order Uy,0,,...,UpN_1 escape control can build such a sequence
Uy, U,,...,Uy_q prosecution management, what's the solution z = z(.) =(2q, 71, Z5, ..., Zy_1, Zy ) the equa-
tions

—Zj_1+CZJ' _Zj+1:uj —Uj , 1< J <N —1,
Zy=0y. 2y =Py,
with some d <N hison M :Z, e M.

Let a discrete game be described by equations (1), (2). Through - U, (X) denote the Chebyshev polynomial
of the second kind of degree N .
sin(n+1)arccos x

- sinarccos X
U” X)= n+1
—(n+1)
;{(X+\/X2 —1) —(x+\/x2 —1) } | x|>1.
24x% -1

From here you can easily get the following: U_, (X) =-1, U_1(X) =0, Uy(x) =1, U;(x) = 2X, etc.
In the monographs [2], [3] there are the following recurrence relations

| x[<1

®)

Un2(X) =2xUp 1 (X)-Up(x), N2 0,
Up(x) =1, U,(x) = 2x. 4)



Eepasutickuti Cor3 YueHbix (ECY) # 4 (61), 2019 23
Further we denote by U, (X) Chebyshev matrix polynomial from a matrix X , determined by the recurrence

formulas (4). From here from (3), (4) we get: U_»,(X)=E, U_;(X) =0, Uo(X)=E, Uy (X)=2X,

where E —single, and O — zero matrix. Letbe 0T =T(j) = uj, 0 =0(j)=0j,1< j<N —preset controls.

If matrix C such that Uel(% C) non-degenerate matrix, then solutions of equation (1) with boundary condi-
tions z5 = 50 Zyp= ¢_59 determined by the formula (see [2], chap. L, § 4, equation (46))
(1 1 o 1
Z, :UH—l EC UH—n—l EC ZO+ZUk_1 EC (Uk—l)k) +
k=1
1 (1 1 g1 1
+U9—1(§Cjun—l(icj|:ze+ Zue—k—l(zc (U —v) |- )
k=n

3. FORMULATION OF KEY RESULTS
Assumption 1. M = Mg + My, where M, — linear subspace R™; M, — subset of subspace L - orthog-

onal complement M in R™. Through I1 denote the operation of the orthogonal projection of R™ to L,
and through A+B and AZB - algebraic sum and geometric difference of sets, respectively [17]. Let be
Ml,l + M1’2 = Ml and

n-1
Wia(n) = ZHue_il(%Cjue—n—l(%cjuk—l(%cj(PiQ)_ My
k=l

= 1 1 x
Wio(n) =2, HUHE1(Ecjun—l(zc)ue—k—l(acj(P_Q)_M1,2’ (6)

k=n

1
Inhere U, (ECJ — Chebyshev matrix polynomial.

Assumption 2. Let there be such N =Ny <@ -1, that

4 (1 1
I {ugil (EC]U g_no_l(zcj zo} €Wy (n)

(1 1
—H{U9—1 (EC)U%&(ECJZ&} €W, (ng).- )
Theorem 1. If assumptions 1, 2 are fulfilled, then in the game (1), (2) from the “boundary” position (Zo, 29)
may complete the pursuit of N(zg,2y) <ng steps. Letbe 1<n<8—-1, W, ;(0) =—My1, W, , =—M »,

Wor(n)= N |Wou(n—1)+TIUgY (%Cjue—n—l (ECJUH (%CJ(P - U(k))} ,

and

v(k)eQ 2
1<k<n-1,
1 (1 1 1
Woa= vvz,z(n—1)+Hue_l(—CJUn_l(—CJUQ_k_l(—Cj(P—u(k))}.
v(k)eQ| 2 2 2
n<k<@-1. (8)

Assumption 3. Let there be such N =ny <& -1, that

4 (1 1
Ry {u Hﬁl(acju g_no_l(icj zo} €W, (ng)

and
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1 (1 1
_H{Uﬁfl(icjuno—l(gcjze} €W, >(ng)- ©)

Theorem 2. If assumptions 3 are fulfilled, then in the game (1), (2) from the “boundary” position (ZO, 29)

may complete the pursuit of N (Zg,zp) < ng steps.

-1
yers o, (+) ={ey,ay,..., 0,1 0 20, Za(k):l},
k=1

o1
Ba () ={Bn: Basase s Boa i B 20, kg Bk) =1}

and

=t (1 1 1 \
Wi, (1)) = kZ oMy +1Up5 (Ecjuﬁ—n—l (_Cjuk—l (—Cj P =
)

2 2
“TUg4 (%Cjue—n—l (%Cjuk—l (%CJQ}
s (1 1 1 .
W, (4, () = k; Kﬁkmm +HU0_1(EC]Un_l(ECjUQ_k_l(ECJP]—

3HU531(%CjUn_l(%CjUg_k_lech}-

W5,(0) =My, Way(n) = aU( )Wl(ak (+)),1<k<n-1,
e

Set

W;,(0) = M; 5, W3 5(n) = ﬂU( )Wl(ﬁk (1), 1<k<o-1. (10)
(-

Assumption 4. Let there be what N =ny <@ —1, what

(1 1
-1 |:U651 (Ecjue—no—l (EC] Zo} eWsz1 (),

1 (1 1
—H{Uefl(icjuno—l(icjzo} €W3;(n). (11)

Theorem 3. If assumptions 4 are fulfilled, then in the game (1), (2) from the “boundary” position (Zo, 29)
may complete the pursuit of N(Zg,zg) < ng steps.

4. CONCLUSION
Summarizing the obtained results, we conclude that the discrete pursuit game (1), starting from the “bound-

ary” position (2) Zr\rer:@ , can be finished for N (ZO, 29) <Ny steps. Thus, to solve the game problem of

pursuit of the form (1), (2), we used the Chebyshev polynomials of the second kind of the form (3) and the recurrent
relation (4), the formula (5). The set (6) is a discrete analogue of the so-called first integral of L. S. Pontryagin
[17], the inclusion of (7) gives the first sufficient conditions for the possibility of completing the pursuit of the
task. The set (8) is a discrete analog of the second integral of L. S. Pontryagin, the inclusion of (9) gives the second
sufficient conditions for the possibility of completing the pursuit of the task. Set (10) is a discrete analogue of the
third method of N. Yu. Satimov [14], and the inclusion of (11) gives the third sufficient conditions for the possi-
bility of completing the game. In Theorems 1-3, sufficient conditions are obtained for solving the corresponding
problems in this form. It should be noted that many problems of mathematical physics can be approximated using
problem (1), (2).
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ATTACHMENT
Proof of Theorem 1. From (6) and (7) it follows that such

N nu;&l(%cjug_no_l(chuk_l(%cj(P—U(k)), 1<k <ny -1,

v(k)eQ 2
a(k) e
N nu;&lilc)un _1(1Cjug_k_1(le(P—U(k)), ng <k <6-1,
v(k)eQ 2 02 2
b €My, by €My,
that

4 (1 1 Mol
_H{Uﬁ—l(icjue—%—l(zcjZO}: 2. ak)-b,

k=1

(1 1 91
_H{Ugil[ECjUno_l(EC)ZH}Z Z a(k)—bz. (12)

k=ng
Letbe v =0(K), 1<k <@ —1 - arbitrary admissible control of the evader; pursuing player management
u=0(Kk) let's build as a solution to the following equation

1107756 Uy 2 5€ i 5€ (000500,

a(k) = 1<k<ny-1L (13)
nu;&lchuno_lchug_k_l(%cj(n(k)—a(k)).

It is clear that these equations have optional solutionsa(k), because D(k)eQ and U(k)eP.

Substituting v = =0 (k) and u =0, =U(K) in (1) and applying the formula (5), will get

np—1
z(no) =U5}1(%Cjue—no—1(%cj{zo + 2 Uk—l(%cj(ﬁk — ):IJF
k=

4 (1 1 g1 1), _
+Upy EC U, EC Zo+ 2 Uga EC (O =) |-
k=n0

Hence, applying to both sides of the equality the design projection operator and from equality (12), (13), we
have
(1 1 ot 1 1
z(ng) =T1| U4 | =C Uy, _ Zo+ Y UL =C Uy 4| =C |-
(o) [91[2j9n01(2j0 Z (2 0-n-1| 5

.uk_l(%cj(uk_5k)}n{ug}l(%cju%_{%cjzg+

{z;ugll@cju%l@cjug“@c)@ak)}
_n{u (2 jug_no_l( jzo}ffa(kn

BTCS Y O X TR

ol ool (1)

NP
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—H{Ugil(%CjUno_l(%CjZO:|+b2 :b1+b2 S M1,1+M1’2 = Ml'

From this inclusion we get that I1z(ny) € M and, means, z(ny) € M . Q.E.D.
Proof of Theorem 2. By the condition of the theorem and from (8), (9) there are such vectors

nu;&l(%cjug_%_{%cj@—u(k)), 1<k <ny-1,

a(k) e

U,y [%C)Uno—l [%Cjug_k_{%cj(P—u(k)), ng<k<6-1,

and b € M1,1’ b, M1,2' that

_n{ugil GCJUQ_nO_l (%Cj zo} eW,1(n)+a(ny - +a(ng—2)+...+a(n),

1<n<ny-1,

_n{ugflecjuno_lecjzg} eW,,(n)+a(@-D+a(@-2)+...+a(n),n<n<o-1.

From here we get that

4 (1 1 ol
_n{ug_1 (Ecjug_no_l (—cj zo} = kZ_l a(k)—by ,

2
4 (1 1 g1
_H{Ug_1 (Ecjuno_l (ECJZQ} = > a(k)—b,. (14)
k=ng
Now let v =0, =0(K), 1<Kk <8 —1 - arbitrary admissible control of the evader; control of the pursuing

player u =10, =U(k), U(k) € P are constructed as solutions of the following equation

U4 (%cjug_no_l (%Cj(ﬁ(k) ~o(k)), 1<k <ng -1,
a(k) = (15)

nu;&l(%cjuno_l(%c)ug_k_l(%cjw(k)—U(k)), ny <k <6-1.

Substituting U =0, =U(K), v =0, =0(K) in (1), (2), considering (14), (15) and simultaneously apply-
ing formula (5) and the design operator, we have

(1 1 (1 1
Mz(ng) =TT Up=y| 2C Upnya| 5C 20+ 2. Yo 5C Yon1| 5C
k=1

.Uk_l(%cj(uk —ak)}H{U;}l(%cjuno_lecjze+
’ 92_1 Ug}l(%CJU”0—1(%Cjua—k—1(%cj(ﬁk — U )} =

kzno
np—1
=11 u;&l[lcjug_no_l(lc)zo + Y a(k)+
2 2 k=1

6-1
+H|:U5}1(%Cjuno_1(%C)ZO:|+ Z a(k) = b_|_+b2 (S Ml,1+ M1,2 = Ml'

k:no
From here we get that Z(Ny) € M . Theorem 2 is proved.
Proof of Theorem 3. Instead of inclusion (11), bearing in mind (10), we consider the equivalent inclusion
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_n{u;}{%cjug_no_l[%cjzo} W, (@ (),
_n{u;}l@cjuno_l(%cjze} Wy (B ().

existence oy (-) ={n, ..., 0 1}, Bﬂo ) ={,5’n0,,3n0+1, ..y B4} follows from (11).
From here we get

(1 1 =2 _ 1 (1 1
—I1 U9—1 EC UH—nO—l EC ZO (S lé_ C(le’l‘i‘HU‘g_l EC UH—nO—l EC X
1 * 1 1 1
i 2K
_ 1(1 1 1 *
o b )

* 1 (1 1 1
e SIS "

(L 1 Sz 1 (1 1
—I1 Ug,l EC Unofl EC Ze € Z ﬂle,2+HU(971 EC Un071 EC X
k:n0+1
1 * -1 1 1 1
xU ~C |P-TIU —C U —c|u Ic +
6’—k—1(2 j 0—1(2 j no—l(2 j H—k—l(z jQ}
—_ _ 1 1 1 .
+(ﬁn0M1,2 +HU€E]'(ECJU”0_1(EC).Ug_no_l(zcjPj_
* — 1 1 1
#0256 Jon 3¢ Joona 3¢
Now let Dy, Dy, ..., Up_1, U €Q, 1<k <@ —1 arbitrary sequence. By virtue of (16) there is such 1
— 1 l _ 1 1
_H|:UHE1(§CJU9_HO_1(ECJZoj|+HU9E1(ECJU0_HO_1(ECJX

1.\ =2 _ 1 (1 1 1 .
XUnO_2 EC Uno_le z akM1’1+HUO_1 EC UH—nO—l —C Uk—l EC P-

and Eno that

k=1 2

TV, (%Cjue—no—1 (%C]'Uk—l (%C]Q}

_ 4 (1 1 1
("‘ano—lMl,l +T1U,Y (Ecjue—no—l (EC]U%—Z (Ecj Pj’ (17)

(1 1 q (1 1 1
11 {Uail (EC)UnO—l [Ecj Ze}rnugh (ECjUno_l (Ecjue—no—l (Ecjx

o ea_ (1 . . *
XOp € D, | BcMip+T1Up5 EC Una| € [Uoka EC px

k:no"rl 2

* (1 1 1
_HUQE]_ (ECjUnO_l (ECjUg_k_l (ECJQ:|+
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= (1 1 1
+(ﬂn0M1’2 +HU9_1 (EC]UHO_]_ (ECJ'Ug_nO_l (EC] Pj
Control U, 4 € P and Uy, € P let's build as a solution to the following equation

(1 1 1)
HugEl(Ec)ue_no_l(zcjuno_z (ECJUHO_1+

1 (1 1 1 _\_ _
+HU6&1 (ECJUH_nO_l (ECjUno_z (EC]UnO_l = ano_lal , € Ml,l’

(1 1 1)
Hugﬁl(ECJuno_l(Ec)ug_no_l (ECJU”O +

(1 1 1
+HU6&1[Ecjuno—l(_cjuﬁ—no—l( jUnO Prbr by eMy,.
Further, by virtue of (11) and (17) we have
1 (1 1 g2
_HUG—l(EC)UH—nO—l(EC]Zl + 2 | &My +11U, 1(

N~

2 2
c)
k=l
1 1 * 1 1 _
'Ue—no—l(EC)Uk—l(ECjP—HU9—1(§CJU9—%—1(2 Ukl jQ}rano—lal.

a(1 1 o Y _
—Hutg}l (ECjUno_l (ECJ 29_1i|+ Z |:ﬁkM1,2 +HU9}1 (EC)

k=n0+1

Up1 (%Cjue—k—l (%Cj PiHUéil(%C)U np-1 (%Cjue—k—l(%CjQ}rﬁnobl-

Similarly, if control Dno_z, Dno 41 becomes known, then the above described method can be constructed to
control Up 5, Uy 41, providing inclusion

(1 1 3 _ 1 (1
—HU9_1 EC UH—nO—l EC 22 S Z akI\/I1]1+HU‘9_1 EC .

k=1

1 1 * 1 1 1

+C_¥n071al + 6_¥n072a2 s a2 (S Ml,l’

(1 1 ) (1
—H[Ueil(zcjuno—l(Ecjze—z}E )3 {ﬁle,Z"'HUHEl(ECJ'
k:n0+l

1 1 w1 (1 1
.uno_l(icjue_k_l(acjP—Hugil(Ecjuno_lbcjug_k_l[gch}+

+,Bn0b1+ﬁno+lb2’ b, €My,

etc. so get

l_IZno = (5%_18.1 + §n0—2a2 +...+ &18.“0 )+ (:Bnobl + :Bn0+1b2 +...t ﬂn0+9—1b9—1) €

€ (§n0—1 +ap, 2.t 51) My4 +(,3n0 + P+ +---+ﬁn0+0—1) My2 =My +Mp =My,
from here we have

Zp, €M .
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The theorem is proven completely. Comment. If in (*) the game is considered finished when the average

value

h=ig+A4 h=Jg+u

Zi,j’iOSiSil’josjsjl:Z:_ -
o

; Zi j 1<ig,h <M< jo, y <6-1
Jo

satisfies the condition & <Z <+ &. Then a corresponding change can easily generalize Theorems 1-3.
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DISCRETE PLAYING OF PERSECUTION WITH LEVEL OF BRIGHTNESS OF DIGITAL
IMAGE DESCRIBED BY SECOND ORDER EQUATIONS

Mamatov M.SH.

The work is devoted to the study of a class of discrete pursuit games with a digital image level, which is
described by systems of second-order equations. Sufficient conditions are obtained for the possibility of complet-
ing the pursuit in discrete games with boundary conditions. When solving the problem of pursuit with the level of
a digital image, Chebyshev polynomials of the second kind are used.

Keywords: pursuit, pursuer, evader, terminal set, pursuit control, evasion control
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B pabote pa3zpaboTan HOBBIA MOIXO ISl MOCTPOCHHUS CYOONTHMHUCTUIECKOTO U CYyONECCUMUCUTHIECKOTO
pelIeHn HHTEPBALHOM 3aa9i YaCTHYHO-IIETIOYUCIICHHOTO TIPOTPaMMHUPOBaHHUs. JTOT MOJAXO0 OCHOBAH Ha TI0O-
HATHH HeTMHEWHO-Bo3pacTaromero mrpada. Mcxoas u3 3Toro, pa3paboTaHbI JBa METOA IS IOCTPOCHUS pelie-
HUH. DTH METOBI 3apOrpaMMHUPOBAHBI U TIPOBEAEH Pl BEIYUCIUTEIBHBIX SKCIIEpUMEHTOB. [IpoBeéHHBIE HKC-
MIEPUMEHTHI eII¢ pa3 MOATBEPIKIAIN BEICOKYIO A3(PPEKTHBHOCTE Pa3pabOTaHHBIX METOOB.

ABSTRACT.

In this article, a new approach to construct subobtimistic and subpes-simistic solutions of an interval problem
of mixed-integer programming is developed. This approach is based on a concept of nonlinearly increasing pen-
alty. On this basis, two methods for constructing solutions are developed. The programs of methods were compiled,
and a number of numerical experiments were carried out on problems of sufficiently large dimension. Conducted
experiments confirmed high efficiency of proposed methods.

KiroueBble ciaoBa: HWHTEpBaJIbHad 3aJlada 4aCTUYHO-LCJIOYUCICHHOI0 MpOor-paMMUpOBaHNnAd, HEJIMHENHO-
BO3pacTaromuii mrpad, T0MycTUMOoe, ONTUMICTHIEC-KO€e, IIECCHMHUCTHIECKOe, CyOONITUMIICTHIECKOE U cyOImmec-
CUMHUCTHYCCKOC PCIICHNSA, BBIYMCIUTCIBHBIC DKCIICPUMCHTBI, ITIOIPECITHOCTH.

Keywords: an interval problem of mixed-integer programming, a nonlinearly-increasing penalty, an admis-
sible solution, optimistic, pessimistic, suboptimistic and subpessimistic solutions, computational experiments, er-
rors.

1.BBeaenue. PaccMOTpuM clenyrolyt0 HHTEPBAJIbHYIO 33a4y YACTHUHO-1IEJIOUHUCICHHOIO IpOrpaMMHUpO-
BaHUA:

n _ N _
D [e;.cilx; + D [c;.c]x; — max &)
j=1 j=n+1
n _ N _ _ _
Z[gijlaij]xj + Z [Q-ijsaii]xj S[Qifbi]’ (i =1, m)1 @
= j=n+1
0<x;<d;, (=LN), ®)
X;, uenste, (J =1,n), (< N). )
3nech TpeJoIaraeTes, uTO 0< C; SEj, OSgij < aij, 0 <bi SBi, dj >0,

(l = 1, m; j = 1, N) 3a/laHHbIE 1IeJIble YKCIa.

[Ipexne Bcero otmeTum, uto 3anava (1)-(4) sBaseTcst 0600IIeHneM CIESAYIOMUX 3a4a4: 3aj]a4 JHHEHHOTO
MpOrpaMMHUPOBAHUsSI, MHTEPBAJIbHOW 3a/1auy JIMHEWHOTO MPOrpaMMHUpPOBaHus, 3a/1a4 byneBoro nporpamMmmupoBa-
HUSI, MHTEPBaJIbHOU 3aja4k byjeBoro nporpaMMupoBaHus, 3aJa4k 4aCTUYHO-byneBoro nporpaMMupoBaHusl, HH-
TepBaJIbHOM 33/1a41 YaCTHYHO-BylIeBOro nporpaMMupoBaH#si, EJIOYUCICHHOTO IIPOrPaMMHUPOBAHHsI, UHTEPBAJIb-
HOM 3a/1a4H IIeTI0YNCIICHHOTO IPOTPaMMHUPOBAHHS, 3a/1a4 O PaHIle, IEJOYHUCICHHON 3a/1a41 O paHIle M HHTEePBaJIb-
HOM 1IeJIOYMCIICHHON 33j1a4M 0 paHue. HeoOXxonuMo 3aMeTHTh, YTO BCE INEpEUHCIICHHbIE 3a/1aul, KpOMe 3a/1a4
JMHEHHOTO IporpaMMupoBaHus BXoiaT B ki1acc NP-momabix. [Toatomy 3amaua (1)-(4) takxke Bxoaut B kimace NP-
MOJHEIX, T.€. TPYAHO-pemaemMbiX. B padoTax [2,3,4,7] rccieqoBaHBl HHTEPBATBHBIC 321a4H IEJIOYHCICHHOTO TIPO-
TrpaMMHUpPOBaHUs. A 3aJaudl JMHEHHOro MpOrpaMMHUpPOBAaHUS (HELEJOYHCIEHHOTO0) PAacCMOTpEeHBl B paborax
[5,6,10] u mpeuTosKeHBI crIeU(pUIESCKUE METO Bl PEIIICHUS.

B nanHoit paboTte MBI paccMaTpuBaiu 6oiiee o0myro 3amaqy (1)-(4), ¢ nenpio pa3paboTKU METOJI0B OCTPO-
eHus MpuOmmKEHHOTO pemeHus. J{ist aToro OyneM UCTIONb30BaTh MOHATHE HETMHEIHO-BO3pacTaromiero mrpada,
BBEJICHHOE HIKE.

2. ITocranoBka 3agauyn. OTMETHM, 9TO paccMoTpeHHas Monenb (1)-(4) BcTpewaeTcst BO MHOTHX 00JacTIX

9KOHOMUKHU. B YaCTHOCTH, €CJIN B HGKOTOpOﬁ obmacTu IMPON3BOACTBA BBIITYCKAIOTCHA N BHIOB TOBap, U3 HUX n

BUJIOB (n <N ) HITYYHBIE TOBAPHI, TO MOKET HMETh MecTO Mojieib (1)-(4).
JIomycTHM, 9TO B HEKOTOpOi ob6macTu mpoussoacTsa ais Beimycka N Bumos Toap Beimenen [T Bumo

pecypcoB, 00beM KOTOPOTO BXOJMT B WHTEPBAI [QI ) bi], (l = 1, m). ITpu 3TOM pacxosl 11l IPOU3BOACTBA

Ka)KJIOM CIUHUIIBI J —oro ToBapa AaéT MPHUOBLIL, BXOSAIIUNA B UHTEPBAI [9 j ,Cj], (J =1, N) . [Ipu sTom

TpeOyeTcsl pacxosl U3 00Iero 00bEMa, BXOASAIINA B HHTCPBAT [Qij ) aij], (l = l, m; j =1, N ) B Takoit

MIOCTaHOBKE, 0YEBUIAHO, YTO HEOOXOTMMO HAaWTH TaKOH 00BEM MPON3BEAEHHBIX IITYYHBIX U HEIITYYHBIX TOBAPOB,
JUTS KOTOPBIX 0011ast puOBLIh ObLIa MAaKCHMAaIbHOM, a CyMMapHBIE PacXo bl He TIPEBBIIIAHN 3aJaHHBIX PECypPCOB
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[bi,bi], (| =1, m). OuveBHIHO, YTO MPUHMMAs Heu3BeCTHblE X it (J =1, N) YIOBIIETBOPAIOIIUE YCIIO-

BusiM (3), (4), momywaercs 3amaua (1)-(4).

3. TeopeTnueckoe ooocHoBaHue MeToAa. st pa3paboTKK MeToa MPHONIMKEHHOTO pertenus 3anayun (1)-
(4), He0OXOIMMO BECTH CIICAYIOIINE ONPEICIICHUS, KOTOPEIC SBISIOTCS OoJiee 00IIel, ueM BBeICHHBIC B paboTax
B [8,9]. IIpu 3TOM HCHONB30BaHBI IPUHIIUIIBEI HHTEPBATBEHBIX UCUHCICHHUH.

Onpeoenenue 1. Bexrop X = (X1’ veny XN) Ha3bIBACTCS JOMYCTHMBIM pemenueM 3anaqn (1)-(4), ecnu

Uit vaij € [gij,aij],Vbi € [bi,bi], (| =1, m; J =1, N) BBITIONTHSIETCS YCIOBHSA (2)-(4).
Onpeodenenue 2. OntumuctuueckuM peruenneM 3amadu (1)-(4) HasbiBaeM Takoe JOMYCTUMOE PEIICHHE

XP =(Xfp,X§p,...,X§p), ecnmu A Vbl E[bi,bi], (I =1, m) yIOBJIETBOPSIETCS ~ CUCTEMA

N L N
op i = op _ -y OP
Zéij X; < bi ) (| =1, m) u s otoro pemenne dyrximn T P = ZC jXj TpHHMMacT MakcumabHoe
=1 j=1
3HAYEHHE.
Onpedenenue 3. TleccumuctudeckuM pemenueM 3agaun (1)-(4) HaspBaeM Takoe JONMYCTHMOE pelleHHe

XP = ()(1p , sz - )(E ), ecin s Vbl € [QI ) bi], (I =1, m) Y/IOBIIETBOPSETCS  CHCTEMA
N L N

Zaijxjp < bn (1=1,m) u ana storo pemenne ynxumn f P— Z gjxjp IPMHUMAET MaKCUMAIbHOE
=1 j=1

3HAYEHHE.

Onpeodenenue 4. CybonTumucTuueckuM (MpHOIIKEHHBIM) pelieHieM 3anaun (1)-(4) Ha3piBaeM Takoe J10-

nmyctuMoe pemeHne X 0 = (Xfo, X;O,..., Xilo), eCIu JUIS Vbl € [bl ) bi], (I 21, m) YIIOBJICTBOPSICTCS

N _ N _
so s so _ SO
cucreMa Z Q‘ij X i < bi , (I = 1, m) U ISl 3TOTO pelieHne (PyHKIUH f* = ZC iX j TpuHUMaeT 60J1b-
= =
I0€ 3HAYCHHE.
Onpeodenenue 5. CybneccumuctuaeckuM (puOImk€HHbIM) penienneM 3anaqu (1)-(4) HazpiBaeM Takoe 10-

nyctumoe pemenne X P = (Xlsp,XSp,..., X;p), eCIH JuIs Vbl € [t_)l ) bi], (l =1, m) YIIOBIIETBOPSIETCS

N _ _ N
CI/ICTeMazaij X?p < bl , (I =1, m) W JJIS1 3TOTO pelieHue QyHKINHA f = Zng?p MIPUHUMAET 0OJIb-
j=1 j=1

IIO0€ 3HAYCHHUC.

DukcupyeM HEKOTOPbIE bi S [bl ) bi ], (| = 1, m) U TI0CJIe 3TOT0 00€ YacTH HepaBeHCTBA (2) pa3faenum

Ha bi (S [bl y b| ], (I == 1, m) .B PE3YyJbTATE NOJYyYacM CJICAYIOUIYIO 3KBUBAJICHTHYIO 3a1a4y:

n _ N _
D [c;.cilx; + D [c;.ci]x; — max (5)
j=1 j=n+1
n _ N _ N
Z[Qijsaii]xj + Z [Qij’aij]xj <1, (i=1m), (6)
j=1 j=n+1
0<x,<d;, (=LN), ")
X;, nensie, (j =1,n), (N<N). ®)

eer & =8y /0, aj =2y 1y, 0<a; <1 0<ay<l (i=Lm), (j=LN). ro

Zij —
cKoJBbKY 3ama4a (5)-(8) Bxomut B kitacc NP—TTIOJIHBIX, HAXOXKICHHE ONITUMHUCTUIECKOTO M IIECCUMHUCTHIECKOTO pe-

meHuid Oyaer TpedoBaTh HepealbHOEe BpeMs. [103ToMy MBI pa3paboTalii adrOpUTM IMOCTPOSHHS CyOONITUMHUCTH-
YECKOTO M CYOONITUMHUCTHUYECKOTO (MPUOIMKEHHOTO) PEIICHHS dTUX 3a1a4.
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B HayvaJe HOCTPOCHUS CyOONTUMHUCTHYECKOTO peueHust IIPUHUMAETCS

X = (X1SO , XZO yeeny X;o) = (0, 0, . 0) . Jlanee 11 pasmMYHOIO j,. TOCIENOBATENBHO MPUHAMAETCS MOJIO-

SO H
JKUTENbHOE 3HaueHue X, . HaxoxeHne HoMepa ). ompenessieTcs HKe:
Onpedenenue 6. Yucno L =1/ (1 - ), (l = 1, m) Ha30BEM MITPa)oM 32 UCIOIb30BAHUE OCTABIIUXCS

. o i 1N
[paBbIX YacTedl cucTeMsl (3.2) i IPUHSTHS OYEPEIHOTO MOJOKHUTENBHOrO 3HaueHust X i (_l = 1, N ), rae

=2, (i=1m), o={j[x>0}.

jew

W3 sTtoro OIIPEACIICHUA HEMOCPEACTBEHHO BHUIHO, YTO YBECIMYCHHUEM HCIIOJIB30BAHHBIX PECYPCOB Q”,

(I Zl,_m), (_l Z:I.,_N), T.¢. yBenuueHuem [, (l =1,_m), snayenne mrpada {;, (l =1,_m) BO3pacTaeT

HEJIMHEIHO, T.e. OBICTpee, YeM 10 JIMHEWHOMY 3aKOHY. Y MECTHO, 3aMETHTh, 4TO B padoTe [8] Takoi Tun mrpada
MPUHAT JIs1 MHTEpBAIbHOM 3a/1au [IEJIOUUCICHHOTO IPOTpaMMHUPOBaHusA. A B TaHHOH paboTe 3TH MOHATHUSA pac-
MIMPEHBI ISl MHTEPBAJILHOM 3a/1aud 4YaCTUYHO-LEJIOYHUCICHHOT0 IporpaMMupoBanusi. M3 onpenenenus mrpada

ti , (| = 1, m) BUJIHO, YTO NMPHUHSATHS TAKOTO THIA ITpada odecreunBacT MEHbIIeE UCTIOIb30BAHUE OCTABIIMXCS

[IPaBBIX YacCTEH.
OTMeTnMm, 4TO C 1IeJIbI0 yCUIICHHS ITpada 3a MEHbILEE UCII0JIb30BaHHE MEHBIIUX PECYPCOB MOXHO MTPUHH-

Matb Ii =1/ (1— [i)k, (l = 1, m), e K- (UKCHpOBaHHOE, HATypalbHOE YHCIO. [IpH BEIMMCINTEIBHBIX

OKCICPUMEHTAX BBIACHUJIOCH, UTO JIYUIICC PECIICHUA MOJYy4YaCTCs MTPU k - 1 HJIn k - 2 .
VuwurteiBas BbBINICYKA3aHHBIC, O6H.II/II71 Lqua(b JUIIA MNPpUHATHUA IIOJIOKUTECIBbHOTO 3HA4YCHUA

X?O, (j elu R) COCTaBIISIET

N
a,=> a;t, G=LN), ©
rae | 2{1,2,..., n} u R ={n +1n+ 2,..., N}
Toraa npulbUIb 3a Kaxayro eaunuiy mwrpada cocrasiser C j / qj ) (j elu R) . OueBHIIHO, YTO HEOD-
XOAMMO NPUHUMATD MMOJOXKUTCIbHBIC 3HAYCHUA A TakoM Xi? . KOTOpBIﬁ COOTBETCTBYCT MAKCUMAJIbHOMY 3Ha-

yermmo Cj / S U= 1, N). Takum 06pasoM, MoTydaeM CIeTyIONIHi KpUTepHii BEIOOpa HOMEpa | |
! J

j. =argmax{c; / q} (10)
jelUR -
OTMeTuM, 9TO MOCTPOCHHE CYONECCHMUCTHISCKOTO PEIICHUS TPOBOIUTCS aHAIIOTUYHO TOCTPOCHUIO Cy0o0-
— N
NTUMHCTHYECKOro pentenus. IIpu stom Bmecto dopmynsr (9) u (10) mpunumaercs (] i~ Za ij ° ti,
j=L
(=LN), « j.=arg max{c;/q}, me t =1/(@-ri), (i=1m), ri=> ayx®,
Jelv é
jew

(=1m), o={j,

X = (Xlsp’ X;p . X;p) == (0, o,..., O) Hcnonesys xputepuii (10), s noctpoeHust npubImkEHHOTo

sp
XJ > 0}- B Haugane IMOC-TPpOCHUA Cy6H€CCI/IMI/ICTI/I‘{eCKOFO peuieHus NpuHUMACTCA

(cyOonTUMHUCTHYECKOr0) peLIeHHs] HAMHU pa3paboTaHbl [Ba MOJX0Aa!

| moaxoa. Buauane npurumaem X 0 = (Xlso, XZO yeey X;o) = (0, 0,..., 0) . Torga no onpenenenuto 6,

=D u r, =0, (| :l,_m) CrnenoBarensHo, t; =1 (| =1,_m) Torna,
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N
g, :;Qijti’ (Jel UR).

Taxum o6pazom, o kpureputo (10) MOXKHO OIIPEAETUTh KOHKPETHBIH HOMED j,. O4eBUIHO, YTO HEOOXO MO

YUUTHIBATH 2 CITydas: j* el wm j* eR.

. . )
Cayyaii 1. Ilycts |, € | . Torna X j. JIOJDKEH NPUHMMATD TOJIBKO LEbIE 3HAYCHUS CIIE/yIOIIM obpa3oMm:

Xx* :=min<d. ,min ——— |, rme [z] o3HawaeT mHenyr dYacTe uWcaa Z. Jlanee INpHHMMAaeTc,
Je Jx : y p
@i,
w=woU{ji} 1= 1\{i}
_ 0 (i _
Li=r +Zgijxj*’ (i=1m).
jew

Ecnu xoTst 651 U1 ojiHoro | ynosnerBopsiercst I =1, To mporece TOCTPOCHNS PENICHAs 3aBEPITAETCS.

Nuaue wmaxomum t.=1/(—r. i =1,m , HW 10 opmyne (9) BBUMCISEM ~ OYEPEIHOM
L i) pMy. p

9 i (J elu R) ITocne storo no kputeputo (10) HaxoaUTCSA TEKYIIUNA HOMEP j*.

Cayuaii 2. ITycts HOMep j*, HaleHHbIH Mo kpuTepuio (10) BXOIUT BO MHOXKECTBO R , T.€. j* eR.

. SO
Torna HeusBecTHbI X i OyneT npUHUMATh Jt000e 3HaYCHUE U3 MHTEepBaja [O, d j*]’ (ue Toabko 1ensie). [Ipu

SO
9TOM 3HA4YCHUC XJ* OIIPEACIACTCS YUUThIBaA CJICAYIOINUC YCIOBUS:

. .| 1-r, i -r.
X?O =min dj ,min| —== |+, Ecm d. <min| —={, 1o npunumaenm x°=d
* S o b i o b
“ij Lij.

w .= a)u{j*}, R=R \{J*} Jlanee, Hax0 UM £i = £i + Zgij X?f, (l = ].,_m) Heobxonu-Mo oT-

jew

b

METHTb, 4TO €CIIH XOTS Obl 711 OHOTO |, (l =1, m), I'; =1, To npouecc nocTpo-eHMs peIIeHNs 3aBEPIIACTCS.
Apcnyaae I; <1, (l =1, m) serancsiem £, =1/ (1—r;), (| =1, m) u 1o popmyite (9) Haxos TeKyIMe
HOBBIE 3HAUCHHS qj ) (J =1 N) ¥ TIPO-11ECC TIOCTPOEHMS PEIIEHHS POIOIKACTCS.

P 1_ri SO . : 1_ri 1_[i*
B ciyuae O i 2 MIN| —— |, npunumaem X = min| —— |= . OueBupHO, 4TO
i o ! (04

ai, &, &

HepaBeHCTBO ¢ HomepoM |, u3 cuctemsl (6) OyneT BHIONHATHCS Kak paBeHCTBO. [103TOMY mporecc nmocTpoeHus

pelleHui 3aBepiaeTcs.
IT moaxon. Eciu |}, € |, To mocTpoenue cy6ONTHMHCTHYECKOTO PEIIEHNs BHIMOTHIETCS COTIACHO 1-0My

H o vS0
CJIy4daro IepBoro noaxo/Ja a B cjiydac J* (S R, , T.C. KOraga HECU3BCCTHBIU X] MOXKET IPUHUMATD r00kIe 3HaUe-

SO
HUSA U3 HHTCpBajIa [O, d j*]’ 3HA4YCHUC X:

j OlpeaAciiAieM YUYUTBIBAasA CJICAYIOMIUE YCIOBHA: €CJIN

] . . .

dj* <min - , TO IPUHHUMAEM Xi? = dj* , (D= COU{J*}, R=R \{J*} Ecnu xots 661 11
i a;

Yij.
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omHoro 1, (| =1, m) BBITIOJTHSACTCS YCJIOBUE d j >min| —= , TO (HKCHpyeM BCe HaiiJCHHEIC 3Hade-
- i
;.
XSO XSO _ O H I XSO H R
mus X, npurmmaem X;© = U, ws J € | moncraBum B orpanmuenuio (6), a A OCTATBHBIX i (_] S )

CTPOMM 33J1ady JMHEHHOTO MPOrPaMMHUPOBAHMS M peIlacM KaKMM-TO M3BECTHBIM METOZOM. SICHO, 4TO paszmep-
HOCTB TTOJTy4eHHOH 331241 OyJIeT CyLIeCTBEHHO MEHbIIEH. DTH 00CTOATENLCTBA EIlIe Pa3 MOATBEPIKICHBI IIPH BbI-
YHUCIUTENBHBIX KCIIEPUMEHTAX.

Pe3ynbTaThl BBIYUCIUTENBHBIX 3KCIIEPUMEHTOB 000UX METOAOB MPEACTaBICHBI HIDKE.

Jnst Toro, 4TOOB!I OLIEHUTH HOTPELIHOCTH, ITOCTPOCHHBIX BBINIEYKa3aHHBIMH METOJAaMHU CyOONTHMHUCTHYE-
CKOT'0 ¥ CyONEeCCUMUCTHYECKOT0 3HaueHUH 1eneBor GyHKIuH (1) OT ONTUMHCTHYECKOTO U IECCUMUCTUYECKOTO
3HA4YEHHH, UCTIONIb3YEM CIIeAyIoIue HOPMYJIbI:

51 op so0.sht 52 op so0.sht
so.sht — ? ! Yso.sht — ? !
op op
fo—fl fo—f2
1 <_P sp.sht 2 < p sp.sht
sp.sht — T ' Ysp.sht — T '
p p
3ech 85 g O s O st Oroat .
AECh Ogo sty Ogg s+ Osp.sht s Osp.sht ~ 03HAUAIOT OTHOCHTENIBHBIC IIOrPELIHOCTH Ccy0OI-TUMHCTUYECKOTO U

C}/6HCCCI/IMI/ICTI/I‘IGCKOFO 3Ha‘IeHI/Iﬁ OT OIITUMHCTHYCCKOI'O U ICCCUMHUCTHUYCCKOI'0, COOTBECTCTBCHHO JJIA l-OFO nu 2-
Oro MoIX0/a,

f op! f p_ O3Ha4YaroT OINTHUMAJIbHBIC 3HAYCHUA I.[eJ'IeBOﬁ (l)yHK].[I/II/I COOTBCTCTBYIOIIUX 3adaq JIMHCHHOTO

[POTPaMMHPOBAHHS, T.¢. cirydail 1= 0.

1 2 1 f2
so.sht? "so.sht? ‘“sp.sht? 'sp.sht

JICBOM (I)yHKLII/II/I, IMOJYYCHHBIC TOAXOAaMHU lu2 COOTBETCTBCHHO,

k

JI0)KEHHOTO 2-0T0 IT0JIX0/1a JUIl ONTUMHUCTHYECKOH U MeCCH-MUCTHIECKON 3a/1a4uu.

4. Pe3y1bTaThl BBIYHCIUTEIBHBIX IKCIEPHMEHTOB.

J1nst BBISIBIICHNS KayecTBa pa3pabOoTaHHBIX METOI0B COCTaBJICHBI X ITPOTPaMMBbI M IPOBEAEH Psi/l BEIYHCIIN-
TENBHBIX HKCIEPHUMEHTOB HAaJl 3aJadaMi OonbIoN pa3MepHOCTH. KoadduuueHTs! pemeéHHbIX 3a1a4 BEIOpaHbI
TICEBIOCTYYaHO BYX3HAUHBIMHU MJIM TPEX3HAYHBIMU YHCIIAMHU YAOBJIETBOPSIOIINE CIECAYIOIINM YCIOBUSIM:

. 0<a; <99, 1<a; <99, 1<¢,; <99, 1<c;<99, (j=1N).
11.0<a, <999, 1<a; <999, 1< ¢, <999, 1<c; <999, (=L N).

= —
N _ N _
b, = 1Z:élij‘dj , bi = 1Z:aij'dj
343 3

Kpowme Toro, mpunsto d j = 10, (J = 1, N )-PGSyHLTaTLI MIPOBEAEHHBIX YKCIIEPUMEHTOB IIPECTABICHHI B

— 03HAYaI0T CyOONTUMHUCTHYECKHE U CYyOTIeCCHMUC-THYECKIE 3HAUEHHS I1e-

so.sht u kSp.Sht — O3HAYaroT YHCJIO OCTAaBHIMXC HEIIPECPBIBHBIX NEPEMEHHBIX TPU NPUMCEHCHNU BbIIICHU3-

CIEIYIONINX TaOIUIax, I/1e A KaKJOH pa3MEPHOCTH PEIICHBI 5 Pa3IMdHBIX 3a/1a4.

Tabmuna 1. Pe3ynapTaThl pemI€HHbIX 33724 C IBYX3HAYHBIMHA KOA(PUITUEHTAMH (N =500; n=300; m= 10).

Ne 1 2 3 4 5
_Op 229490.527 227378.366 223084.763 224916.745 219829.074
Lo 228690.000 226478.417 222197.000 224412500 218485.882
f2 . 228690.000 226684.546 222197.000 224856.750 218546.732
8L 0.003 0.0039 0.004 0.002 0.006

2 0.003 0.003 0.004 0.0002 0.0058
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Ko sht 107 96 92 101 100

Tp 140399.242 141841.900 139481.812 137560.440 135850.227
o one 139740.971 141429.000 138863.509 137004.407 134805.818
oot 139845.315 141429.000 138863.509 137446.536 134915.512
Sy et 0.005 0.003 0.004 0.004 0.008
55 et 0.004 0.003 0.004 0.000 0.007
Kep s 142 137 128 135 135

Ta6m/1ua 2.P €3YyJIbTaThbL peHIéHHLIX 3aAa4 ¢ AByX3Ha4YHbIMU KO3(1)(1)I/IIII/I€HTaMI/I
(N =1000; n=600; m=10).
Ne 1 2 3 4 5

_Op 459128.212 452971.002 444381.328 450934.920 444367.018

fo o 458288.833 451789.182 443960.361 449902.471 443973.462

f2 458876.350 451865.322 444010.211 450720.012 444120.010
Ot 0.002 0.003 0.001 0.002 0.001

O 0.0005 0.002 0.000 0.0004 0.0005
Koo sht 182 210 192 197 204

Tp 278280.833 281824.033 280697.887 278230.307 274328.993

o ont 277755.804 281184.000 280082.765 277519.011 273675.906

o ont 277982.847 281184.000 280420.356 277954.033 273869.462
Sop et 0.002 0.002 0.002 0.003 0.002
52 w12 0.001 0.002 0.001 0.001 0.001
Kop.sht 263 268 259 276 274

Ta6m/1ua 3. PeSyanaTbI peI.HéHHBIX 3ajJa4 C TpéXSHa‘IHLIMI/I KOB(I)(I)I/IL[I/ICHT&MI/I
(N =500; n=300; m=10).

No 1 2 3 4 5

Top 2078143.461 2048008.113 2011136.079 2036905.014 1996025.589
£l 2071170.116 2042500.567 2003756.014 2029205.019 1983177.514
f2 2076170.125 2046500.667 2010756.014 2034205.019 1993477.124
O 0.003 0.003 0.004 0.004 0.006
O 0.001 0.001 0.0001 0.001 0.001
Ky st 111 105 94 107 104

Tp 1415717.044 1428348.507 1398445.814 1383115.720 1364663.837
foont 1408712.542 1422700.145 1393925.005 1377361.488 1356291.397
foont 1411712.042 1426700.845 1397934.009 1377961.378 1360091.005
8o et 0.005 0.004 0.003 0.004 0.006
Bt 0.002 0.001 0.003 0.0037 0.003
Kep.snt 140 134 130 132 136

Tabmuua 4. Pe3ynbraTsl pemI€HHBIX 33/1a4 C TPEX3HAYHBIMU K0 duimeHTamu
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(N =1000; n=600; m=10).

No 1 2 3 4 5

Top 4167732.651 4072629.011 4005598.048 4103210.997 4027310.198
fsjt;.sht 4160053.202 4062713.080 3998026.463 4094951.490 4016642.963
fsﬁ.sht 4166734.203 4069813.423 4001021.762 4100017.090 4019842.983
O it 0.002 0.002 0.002 0.002 0.003
OS2 0.002 0.002 0.002 0.002 0.003
Ko ane 194 222 204 213

Tp 2807549.865 2842500.397 2828228.952 2805374.485 2770284.307
f o ont 2798746.855 2833443.984 2820423.270 2795778.143 2765049.000
fsf).sht 2801546.155 2838443.564 2825421.370 2798978.583 2765049.000
Sep st 0.003 0.003 0.003 0.003 0.002
52 0.002 0.001 0.001 0.002 0.002
Kep.sht 262 268 260 277 272

5. BeiBoabl. Mcxoms 3 BeIIeyKa3aHHBIX TaOIHII,
MOXHO CZIeJIaTh CJeayIolne BhIBOAbI: PasHoCTh cy6o-
NTHMHCTHYECKOTO M CYOIIECCHMHCTHYECKOTO 3Hade-
HUH 3agagn (1) —(4), modydeHHAss METOJIOM B JTaHHOM
paboTe OT ONTUMHCTHYECKOTO W MECCHMUCTHYECKOTO
3HaueHnd (yHKIMOHana 3anadu (1)-(4) He Benmka, a
OTHOCHTEJIFHBIE TTOTPEIIHOCTH CyOONTHMHUCTHYECKOTO
U CyOIIeCCUMUCTHYECKOTO 3HAYEHHH OT ONTUMHUCTHYE-
CKOT'O M IECCHMHCTHYECKOTO 3HAYCHUI MEHSETCs B
npenenax 0.2-0.6 % u 0.1-0.8% cootBercTBeHHO. C
JPYTO# CTOPOHBI, BTOPOH MOIX0A B OOJIBIIMHCTBE CITy-
gaeB IaET JIydIIne pe3ybTaThl, yeM nepBblif. OnHaKo
€CTh 33124, B KOTOPBIX 00a MOAXO0/Ibl Jal0T OJIMHAKO-
BbIE pe3ysbTaThl. [103TOMY, yUUTBIBas, HE3HAUUTEINb-
HOE KOMITBIOTEPHOE BPEMsI ISl pelIeHs] KOHKPETHOM
3a7a4M TpeiaraeM NMpUMEeHNTh 00a Moaxoja U BHI-
OpaTh M3 HUX HAWIy4Ilee peleHne U3 HUX.
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B3AMMO/JENCTBHUE JIBOSIKONEPUOINYECKON CUCTEMbBI OPTOTPOITIHBIX YIIPYTUX
BKJIIOYEHHUI U IBYX CUCTEM NPSAMOJIMHENHBIX KOT'E3UWOHHBIX TPEIIIUH B
M30TPOIIHOM CPEJE
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AHHOTALIHAL.

Ha cragnm npoexTupoBaHMS HOBBIX MAaIllMH M KOHCTPYKIIMI HEOOXOMUMO yUHTHIBATH CITydaH, KOTAa B OT-
JACJIbHBIX Yy3JIaX MallluH U KOHCprKIlI/Iﬁ MOT'YT BO3SHUKHYTH TPCIIUHBI. 9TO0 0COOEHHO IMMPOABIIACTCA B ACTAJIAX
HOBOM TEXHHUKH, B KOTOPBIX HauOOJIbIIIEE MPUMCEHCHUEC HAXOAAT BBICOKONIPOYHBIC KOHCTPYKIIMOHHBIC MaTCPUAJIbI,
MMEIOIINX TIEPHOIUUECKYIO CTPYKTYPY (KOMITO3HTHI), ¥ CKIIOHHBIE K XpYIKOMY pa3pyuieHuto. Mx padoTocrnoco0-
HOCTb B 3HAYUTEJIbHOI CTENEHU OMpPEAEIAeTCS YPOBHEM KOHIUEHTpAMU HaNpsKEHUH Ha KOHTYpax pasnesia pas-
JIMYHBIX CPEA.

ABSTRACT.

At the design stage of new machines and structures, it is necessary to take into account cases when cracks
may occur in individual nodes of machines and structures. This is especially evident in the details of the new
technology, in which high-strength structural materials with a periodic structure (composites) and prone to brittle
fracture are most used. Their performance is largely determined by the level of stress concentration at the separa-
tion circuits of various media.

Keywords: doubly periodic lattice, mean stresses, boundary conditions, longitudinal shift, linear algebraic
equations, singular equations.

IlocranoBka 3agayu. IlycTs uMeercs U30TpoI-
Hasl ynpyras IJIOCKOCTb, OCJIa0JIeHHAs IBOSIKO IIEpHO-
JIMYECKOW CUCTEMOM KPYIOBBIX OTBEPCTHI, UMEIOLIUX
panuycel A (ﬂ, < l) U LIEHTPBI B TOUKaX
Ppn = mw, + nw,; (myn =0,+1,+2, ... ),
w; = 2; w, = w; - he'™; h > 0; Imw, > 0.
KpyroBele oTBepcTHsi IIIOCKOCTH 3aIOJHEHBI
maiitbamu 0e3 HaTsra U3 OPTOTPOITHOTO YIPYToro Ma-
TepHana, MOBEPXHOCTb KOTOPBIX PABHOMEPHO MOKPHITA
OJIHOPOJHOM MWIMHIPHUYECKOH TuieHkoi. Kpome Toro,
CYMTAETCA, YTO YIpyTas INIOCKOCTh OCJIabjieHa ABYMs
JIBOSIKOTICPUOTUYECKUMH CUCTEMaMH MTPSIMOJIMHEHHBIX
KOT€3MOHHBIX TPEIIHH, Oepera KOTOPHIX BHE KOHIIEBBIX

®©@ ©® 6

® @ ©

30H CBOOO/THBI OT BHELTHUX ycuuid. PaccmarpuBaemas

o0
IJIOCKOCTh IIOJBEPTHYTA CABUTY YCWIHAMU T y = Ty

, T, =0 (casur Ha 6eckoneunocty) (puc. 1).

[Ipu neiicTBUM BHEUIHEN HArpy3kH Ha COCTaBHOE
TENO B CBA3X, COEOUHAIOIINE Oepera KOHLEBBIX 30H
npes paspylIeHHs BO3HHMKAIOT KacaTelbHbIE YCHIHA

qy (X) u Q, (y) COOTBETCTBEHHO. DTH HAIPSHKEHUS
3apaHee HEM3BECTHBI U ITOJIJIeKAT ONPEICICHHIO B [IPO-

Hecce peuIeHusi KpaeBol 3a/1aund MEXaHHKH paspylie-
Hus [4].

® © O

Puc. 1. Pacuemnas cxema 3a0auu o 3aumo0eticmeuu nepuoouteckoll CUCmeMmbl UHOPOOHBIX GKIIOYEHUL
U KO2E3UOHHLIX MPewuHr npu nPOOOIbHOM COBU2e


https://www.doi.org/10.31618/ESU.2413-9335.2019.1.61.6

38 Espasutickuti Coro3 YueHbix (ECY) #4 (61), 2019

Bripaxkas HanpspKEHUS B CMeIeHne W 4epe3 aHATUTHIECKYI0 (QYHKITHIO

. 1
7, —ir, = f'(2), w="-Re f(z)
17
(rme J4 — TMOCTOSIHHAs MaTepHana Cpenbl; I =+-1), KPaeBBIC yCIIOBHS IIOCTABICHHON 3a/1a9H 3allHIIeM
B BHje [1]
ol f — 1 (r) = 2f
1+ b(Tl)"' 1 p\71) =2 t(z-l)’ @
My My
1+ 20 £ (0)+| 1= 22 |1,(r)=21.(7). @
s Hs

ft)- f0)=ft).  ft)-ft)="f) &)

rae 7 = e + mw; + nw,; myn =0,41,+2,...7; = (1 — h)e'® + mw,; + nw, h — TonmuHEa MOKpEITHS;
t u t; — adpUKCH TOUEK GeperoB TPEIINH, HATPABIEHHBIX 110 OCAM aOCIICC M OPJMHAT, COOTBETCTBEHHO. Bemn-
YHHBI, OTHOCSIIHECS K MOKPHITHIO, Ialibe U MIOCKOCTH, B JalbHeiIIeM 0603Ha4al0TCs COOTBETCTBEHHO MH/IEK-
camu t, b u s [6]:

Ha c80000HbIX bepe2ax mpewjut KOJLIUHEeApHbIX OCU abcyuce

—2iq, (t) Ha bepeaax KOHYeBblX 30H MpeujuH

Ha C80000HbIX bepe2ax mpewut KOJIUHeapHblX OCU OPOUHAM

0
fy (tl) =
- 2|qx (tl) HAa 6epeeax KOHYeBblX 30H mpeujur

OCHOBHBIE COOTHOIIICHHS paCCManHBaGMOﬁ 3a1a4u JOMOJIHAKOTCA COOTHOIICHUAMMU, CBA3BIBAOIIIMMU CABUT 0Oe-
PEroB 30H MNpEA pa3spyLICHUSA (KOHL{GBLIG SOHLI) 1 yCWJIUA B CBA3AX. bes norepu O6H.IHOCTI/I OTH COOTHOLICHUS IPEJACTA-

w*(x, 0)—w (X, 0) = C(x, qy(x))qy(x), 4)
w (0, y)—w (0, y) =C(y, q,(y))a,(¥). 5)

31ech QyHKIUH C(X, qy (X)) u C(y, a, (y)) MPEICTABISIOT CO00H 3(h(hEKTUBHBIE MTOIATINBOCTH CBSI-

Wt —we
3eif; (W —-W ) — CIBUT OEPETOB 30H TPEIIMH B INIOCKOCTH.
Pemenue kpaeBoii 3anauu. Pemenue kpaeBoit 3a1auu uieM B Buje [8]

f(2) = f,(2) + f,(2) + f;(2). ()
0 Z2k+1 © .
f, (Z) = 2 Aoy okl f, (Z) = k_Z_:waKZZk " @)
, & /12k+2 2k) 7
fl(z) = Fl(z) =7, + gazmz (Zlf—+1)€) (8)
f t)Ctg —-z)dt, ©
(O

F3(Z) = E L[ gl(tl)Ctg g(itl - Z)dtl’
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rae wuuterpansl B (9) OGepyres mo ymmmaM Ly = {[— (,—a]+[a, 5] }, L, = {[— I’,—b]—i—[b, I’] },

2 2

1 1

P (Z) = (Zj e (Zj ; g(t), gl(tl) — MCKOMBIE (BYyHKIUH, XapaKTePU3YIOLINE POTOIIb-
@) in2 % RN

w
HBIN CIIBUT OEPEroB TPEIIMH ¢ KOHIIEBBIMUA 30HAMHI

g(x) = %% [W+ (x,0) —w (x, O)] na Ly, (10)

g.(y) = [w ©0,9)-w (O y)] nL a

K ocHoBHBIM TipesicTaBieHusaM (6)—(9) mo6aBIAIOTCS MOTONHUTEIBHBIC YCIOBHS, BRITEKAONINE U3 HU3MUe-
CKOT'0 CMBICJIA 3a/1a41

fodt=0.  [g@®dt=0 [g,@)dt=0. [g,E)d =0

Hewussectusle Gynkuun (J (X) u gl(y) , 1 ko> dunmentsr A, , b2k , Olpy IOTOKHBI OBITH ONPE/ENIECHBI

u3 kpaeBbix ycioBwuii (1)—(3). J{ns cocraBnenus: ypaBHEHH OTHOCUTEIBHO HEU3BECTHBIX KOA(DPHUIIUSHTOB Mpeoo-
pa3yeM KpaeBoe ycioBHe (2) K BUIY

(1+z—:j ¢ (T){l_ﬂJ (O=2t()+ L)+ 6] o

s
OtHOoCHUTENBHO (QYHKIUH f2 (Z’ ) u f3 (Z’ ) OyzeM cuMTaTh, YTO OHH PA3JIAraroTCcs Ha KOHTYpe ‘Z’ ‘ =As

psinst Oypse.
Jl1st BBIBOA paspemiarolinX ypaBHEHHI MOJCTaBUM B TpaHudHble ycioBus (1) — (2) BMecto (yHKIHi

fb (Z), ft (Z), fl(Z) MX pa3JIoKeHus B psiabl JlopaHa B OKPECTHOCTH HYJIEBOW TOYKH, a BMECTO f2 (Z) u
f3(Z) — psansl Pypbe Ha KOHType ‘Z’ ‘ = A u npupaBuEBas KO>QUIMEHTH NPH OJMHAKOBEIX CTENCHSIX

exp(l 0) B 00€nX 4acTsX KPaeBbIX YCIOBHM, IOJIYYHUM M1OCIEe HEKOTOPHIX IIPEe0O0pa3oBaHUi COBOKYITHOCTH Oec-

KOHEYHBIX CUCTEM JIMHEHHBIX anreOpanueckux ypaBHeHUH [5]:

2k+1 R )Ak+2 g2kt
b, :(1+&]a2k 2(’1’3— b — [1+ ﬂngk (A —h)*2 13 (14)

t 2k + 1) A 1, 2(2k +1)47%2
2 A.a
1330 (91 + f 2h1)= 7, +C +Za2k+2/12k+2 0.k 1 34 0 [hz f2+ 92]: —a,,
=
le#—la . 0 . C
ZTkjk(gl + f 2hl)z a, A1y, +Z;“2p+2}“2p 2ro +ﬁ,
p=:
ZZkJrla /12k N
34/12?; (gz +f 2h2)= ey

31ech

g, = [1+ﬂJ(1+ ﬂ], g, = [1+—bJ(1—ﬂj, h = [1_i](1_&}
Hy Hs Hy Hs M My

2p+2k+1)ig;
_ ( p+ + )gp+k+l f:/l h1 gp+k+1_22

fou = (2p)1(2k +1)1 222k A

g=u _H
Ass 4

p+k+1



40 Espasutickuti Coro3 YueHbix (ECY) #4 (61), 2019

2 2
2l 2g 2
Ay = — , =0.
2 (1+gj +[1+gj foo =0

Tpebyst Ternepb, 4To0bl GyHKIHH (6)—(9) YIOBIECTBOPSIN IPAaHHYHOMY YCIOBHIO Ha Oeperax KOTe3HMOHHBIX

TPEIIUH, TIOJy4UM CHCTEMY JIBYX CHHTYJISIPHBIX MHTETPANIbHBIX ypaBHEHHUs OTHOCUTENbHO {J (X) u gl(y) [4]:

1 [g(t)ctg Z('[ —x)dt—Im[F,(x)]= f,(X)  maLs, (15)
T P

% Igl(tl)Cthg K(tl - y)dtl - Im[F**(Y)] = fy(Y) Ha Lz’ (16)

F.(X) = Fl(x) + Fs(x)' F.(y)= Fl(y) + Fz(Y)-

Beckoneunsle anredbpanueckue cucteMsl (14) COBMECTHO ¢ CHHTYJISIPHBIMU MHTETrPajbHBIMU ypaBHEHHSIMU
(15)—(16) u cootHomeHUsIMU (4)—(5) SIBIAIOTCS OCHOBHBIME Pa3pelIAIONIMME YPABHCHUSIMH 3a1a4H, TI03BOJISIO-

umu onpenenuts G X), gl(y) u kodppunmentsr A, , b2k , Ay, - Anrebpanyeckue cuctembl (14) u unre-
rpanbHbie ypaBHeHus (15) — (16) okazanuchk CBSI3aHHBIME U JOJDKHBI PEIIAThCsi COBMeCTHO. [locie onmpenenenus
KOMIUIEKCHBIX TIOTEHIHAJIOB fs (Z) fb (Z) u ft (Z) MOYKHO HAiTH HaNpsuKEHHO—Ie()OPMHUPOBAHHOE COCTOS-

HHE KyCOYHO—OJXHOPOJHOM CPEMBL.
T T .
Bocnonk30BaBIINCh Pa3NoKeHHEM (QYHKIHN Ctg—(Z) u Cth—(Z) B OCHOBHOM II0OJIOCE TIEPHOJIOB, a
4 (/)

TaKXe y4uThIBas, 410 ( (X) =—0 (—X) ) gl(y) = —gl(—y) Y TIPUMEHSSA 3aMEHY ITEPEMCHHBIX, HHTCTPaIbHbIC

ypasuenus (15)—(16) npuBenem k cranmapTHoii Gopme. Mcrnonb3oBaHue KBaapaTypHbIX (OPMYIT MTO3BOJISIET 3a-
MEHHUTh OCHOBHBIE pa3pelnaronie ypasuenus (15)—(16) nByMmst KOHEUHBIMU aNreOpanvIecKUMU YpaBHEHUSIMH OT-

o 0 0 o
HOCHUTCJIBHO HpI/I6J’II/I)K€HHLIX 3HA4YCHUUN pk y RV HCKOMBIX q)yHKI_[I/II/I B Y3JIOBBIX TOYKaX

n 1
> an Py -3 Im[F.,(77,,)]= f.(7,,), (m=1,2,..,M-1), 17)
k=1
n . 1
Z;‘am” R? -5 Im[F..(7,,)]= f,(7.,). (18)
3nech
1] 1 6, +(=1)"" g,
Bk =20 | sing, O 2 +Blnr)|
oo 11 9m+(—1)mVeV+B( 2)
" oM | sing. O 2 VI Ty ]

K cucremam (17)—(18) HeoOxommmMo 100aBUTH AOMOIHUTENbHBIE YCIoBHs (12), KOTOpBIE B JAUCKPETHOM
(hopme MPUHUMAIOT BU]T

M 0 M 0
pk Rv

N ) VTR S T ey e P

Cucremsl (17), (18), (19) siBastroTcsi cBSI3aHHBIMU ¢ OECKOHEYHBIMHU anrebpanueckuMu cucremamu (14), B

=0. (19)

KOTOPBIX BMECTO KO3 PHUIINEHTOB C2k MIOJICTaBJICHO KBaJPaTyPHOE COOTHOILICHHUE.

B mpaByto gacth monydeHHsix cucteM (17)—(18) BXomaT HEM3BECTHBIC 3HAUCHHUS HAPSIKCHUI qy(nm ),

qx (ﬂm) B Y3JIOBBIX TOYKaX, MPUHAJIEKAIIUX KOHILIEBHIM 30HaM COOTBETCTBYIOIIMX TpeuinH. HeusBecTHble
HaIIpsI)KEHUS B CBA3SIX qy (77m ) " qx (77m ) , BO3HHKAIONINE Ha Oeperax KOHIEBBIX 30H L1 1 L, cooTBeTCTBEHHO,

OTPEeNIeISIFOTCS U3 AOTOJHUTENbHBIX yeioBuil (4) — (5). Mcnonb3yst mocTpoeHHOe perieHue, ypasHenus (4) — (5)
IPECTaBUM B BHIEC
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4¢(S00 0,00)a, 00]=7 9. @

di[C(y, 0.8 (N]= 2 6,(). (21)
y n

TpeOys BeinosHenus ycosui (20) u (21) B y3JI0BBIX TOYKaX, MIPUHAJICKAIINX KOHIIEBBIM 30HAM |_1 u |_2
COOTBETCTBEHHO, MOTY4HM ere aBe cuctembl u3 V] | H M » YPABHEHHMH Kax/as JUIs ONPE/IETIEHNs 3HAYCHUH,
qy(ﬂml) u qx( mz) (m =12,..,M;, m,=12, .., M,). Ipu stom ucriomesyerest MeTox koHeu-

HBIX Pa3HOCTEH.

4/—-a

C(Xm+1! qy(xm+l))qy,m+1 _C(Xm—l’ qy(xm—l))qy,m—l = %g(xm )’ (m ::L 2’ " Ml)’
4r-b

s 0l s =1 s = X 00 (=12, M,)

rac
l{+a [(-a 2m-1
qy,m qu(‘[m), X1 =T+T77m+17 7 =C0s0, M :COSQm, Hm = M T,
b r-b
(m :11 2! e M)1 qx,m = qx(Tm)’ ym+l =%+r777m+1'

. Nno 0 "
Ilocie OIIPEACICHUSA 3HAYCHUN pk u RV KO3(1)(1)I/II_[I/IGHTLI HMHTCHCHUBHOCTHU HANPSI?KCHUU K||| HaxXoATCA

Ha OCHOBAHWUM COOTHOIIICHUM.
o . L a b 14 r
B nmocrasienHo# 3aqaue a1 K03(h(HUIIHCHTOB HHTCHCUBHOCTH HAMPSDKCHUM K,”, Km, K”I , Km y Bep-

IIIMH TPEIIMHA Ha KOHIax X = +/ X=xau y= +b , y =4r OyzneM IMeTh CIeAYIomue POPMYIIBI

Kiy = ~lim|\/27]x Ew()],KﬁﬁZ&E de—dg&ﬂ,

(22)
Ky ==lim |\/27]y -] 0.(y)]. K= lim Ay —blg(y) .
Hcnonb3ys MOIy4eHHOE PEIIeHNe, Ha OCHOBAHHH COOTHOIICHH (22) nmeeM
. ml-A22) 1 i arll-4) ,12 vin 0. O,
K = 11 Z k Otg , Ky = Z R\?tg?,
z
(23)

K, = ,/7:6‘1 ﬂji pkctg K, = ,/nril /12') Rctg—

YucaeHHbIe pe3yabTaThl H HX aHAIN3

Jnst ananusa npeaeabHOro PaBHOBECHS TPEIMH C KOHIIEBEIMU 30HaMH HEOOXOIMMBI JIBa YCIIOBUS (IBYXIa-
paMeTpuuecKnii KpuTepuii) paszpymenus. [1epBblil kpuTepuii 3T0 ycIoBUE NPOABHKEHHE BEPIIMHBI TPEIINHEI, a
BTOPOH 3TO YCIIOBHE pa3phiBa CBs3€il HA Kpal0 KOHIIEBOM 30HBI.

B kauecTBe nepBoro ycioBHs pa3pylleHHs HUCIOIb3yeM CUIOBOM kpuTepuil pazpymenus Upsuna. Cocros-
HUIO NPEJIENBHOIO PABHOBECHS BEPIINHBI TPELIHMHBI COOTBETCTBYET BBINOJHEHHUE YCIOBUS

Kin = Kie (24)
rae ch — TIOCTOSTHHAsA MaTepHajia, onpeaenieMast OnbITHRIM myTeM [ 143, 145].
B kagecTBe BTOPOTO YCIOBUS pa3pymIeHHs HCIOIb3yeM KPUTEPUil KpUTHYECKOTO CABHUra OEPEroB TPEIINHBI

W CUMTAEM, UTO MpEIebHBIA C/BHT CBs3eil Ha Kkpaio kowmesoit soubl (X, =f —F, u X, =&, —a wm

V.=I—I,uny, = b* —Db) npoucxonur npu Bemonsenun yenosuit

V( ) (X*’ O) (X*’ 0) Oliies V(y*):W:(O’ y*)—W;(O, y*):5|||c, (25)
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roc 5

or — TPCLIMH CTOHKOCTH MaTepHaia CBsA3yIOLIEro, ONPECIISETCs ONBITHBIM Iy TeM [4, 6].

HJ’IH 3alaHHBIX PasMEPOB TPEIINH U KOHIEBBIX 30H, UCIIOJIB3YS NMPEACIbHBIC 3HAUYCHUSA K u 5Cf MOXHO

llc
BBIJICTIUTH PEKMUMBI PABHOBECHS M POCTA TPEIIMH NTPY MOHOTOHHOM HarpyXeHHbIE. EC/n BBITIOIHAIOTCS YCIIOBUS

KinZ K V(X*) u V(y*)< Onies

TO IMPOUCXOAUT MPOABMIKEHUE BEPITUHBI TPEIIUHBI C OMTHOBPEMEHHBIM YBEJIINYECHUEM JJIMHBI KOHI_[CBOI\/'I 30HbI
6e3 pa3pbiBa CBsI3eH. DTOT ATaIl Pa3BUTHA TPCUIMH MOXKHO pacCMaTpuBaTh, KaK MIPOLECC l'IpI/ICHOCO6J'IHeMOCTI/I K
3aJaHHOMY YPOBHIO BHCIIIHUX HArpys3oK.

Ha ocHoBanuu TNOJIYYCHHBIX PE3YJIbTATOB HA pUC. 1B CJIydaec JKE€CTKOro BKIIIOUCHUS TIPpU VS - 0,3 oCTpoO-

v —_— 0 —_—
eHbI TpaduKu 3aBUCUMOCTH KPUTHYECKOW Harpy3ku T, = T V@ / K llc OT paccrosuus A, = a — A s

000MX KOHIIOB TPEIIMHBI, BAOJIb OCH abcuucc (KpuBasi | COOTBETCTBYET JIEBOMY KOHILY) TIPH A= 0,3 Tpn-

XOBOU JIMHKEH I CPaBHEHUS IOKa3aHa 3aBUCUMOCTb 7, IPU OTCYTCTBHM BKIIOUCHUH M MOKPBITHH (MaTepHan

BKJTIOYEHUS, TIOKPBITHS U CBSI3YIOLIETO OJAMHAKOB) IIPH TOIl Jke TeOMETPUHU TPEIMH, BEIUNCIIEHHAs 10 OITMCAaHHOMN
METOJIUKE.

Ha puc. 2 — 3 npencraBieHsl rpauKy 3aBUCUMOCTH IIPEAENbHOM Harpy3ku 7, OT UIMHBI TpewmuHbl. IIpu

pacuerax ObuI0 NpUHATO L) / M = 25; My / M = 50.

T.
1
2,0
W=
= - = -
e
7 1
/

0,1 0,2 a..

=a—A om

£

Puc. 2. 3asucumocmu xpumuuecxoi naepysku T, = T;(;, A\ C()/K llc om paccmosnus @

000UX KOHY08 MpeujuHbl

Kak BuIHO, TpH HEKOTOPHIX 3HAYCHUAX PAJANyCa OTBEPCTHS A Bo3MOXKHO YCTOIYMBOE Pa3BUTHE CHCTEMBI
TpeluH (MX B3auMHOe yrpodHeHue). [IpoBeieHHbIH napaMeTpUIecKUi aHaIN3 33/1a4H 110Ka3all, YT0 KOHIIEHTpa-
LSl HANIPSDKEHUH OKOJIO BKJIFOUEHHH B CBSI3YIOIEM OKa3bIBACT CYILIECTBEHHOE BIUSHIE HAa PA3BUTHE OUE€Hb MaJIbIX
TpemuH. C pOCTOM JUIMHBI TPEIIMH C KOHLEBBIMHM 30HAMH 3TO BIMSHHUE 3aTyXaeT M YK€ IpH 0—A>Au

r—A>A um moxno npeHedpeys, OJHAKO TMPH TOM HAUMHAETCS CKa3bIBaThCs B3aMMOJICHCTBIE TpeuuH. B
3aBHCHUMOCTH OT TCOMETPUYCCKUX M (PU3UICCKUX IapaMeTPOB 3a/1a4u HAONIOIACTCS YCTOHYNBOE pa3BHTHE Tpe-
IIMH ¢ KOHIIEBBIMH 30HAMHU.
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Puc. 4. 3asucumocmu npedenvroti Hazpysku T, Om ONUHbL MPeujuHbl

Hannure ruOKoro BKITIOYCHHUS IMOBBIMIACT KO-
(DUIIMEHT WHTCHCUBHOCTH HANPSDKCHUH, TOrjga Kak
KECTKHE BKJIIOYCHHS MO CPABHEHHUIO C MaTepyaioM
CBSI3YIOILIETO YMEHBIIAIOT €ro. BiusHue BKIIOUEHHS
0co0eHHO 3(pPeKTUBHO CKa3bIBAETCs Ha OJIM3KO pacro-
JIOXKEHHYIO BEPIIMHY TPEIIUHEI.

BoiBoa. Mojienb TpelHbl ¢ KOHIIEBBIMU 30HAMU
MO3BOJIIET MCCIE0BAaTh 3aKOHOMEPHOCTH pacIpesie-
JIEHUS] YCUJIMH B CBSI3SIX MpPH Pa3MYHbBIX 3aKOHaX Je-
(hopMupoBaHHUs, IPOBOAUTE AaHATU3 IPEACITBHOTO PaB-
HOBECHS TPEIIHH C yY4ETOM Ae(POPMAIMOHHOTO U CHJIO-
BOT'O KPUTEPHUM pa3pylIeHUs, @ TAK)KE POTHO3UPOBATH
KPUTHYECKYIO BHEILIHIOI HArpy3Ky W TPELUUH CTOM-

KOCTh COCTaBHOTO TeJa (KOMIo3uTa). MOXXHO Tak Io-
J00path cucTeMy KOHLEHTPAaTOPOB (BKJIIOUYEHHH), YTO
CO3/IaHHOE MMM TI0JIe HANpsKeHWH OyaeT TOPMO3UTH
pa3BUTHE TPEIINH B CBSI3YIOLIEM.
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O KOHBEKTUBHOM YCTOMYUBOCTH I'A30-IIAPOBO CMECH ITPH
OKOJIOKPUTUYECKON TEMIIEPATYPE
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Domun Ilasen Apxadvesuu
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Hnemumyma euopoounamuxu um. M.A. Jlaspenmovesa CO PAH

2. Hosocubupck
Li You-Rong

Ipogheccop konnedica snepeemuxu npu Yynyunckom ynusepcumeme

2. Yynyun
Wu Chun-Mei

Hoyenm xonneosica snepeemuxu npu Yynyunckom ynusepcumeme

AHHOTAIUA.

2. Yynyun

[pennoxxeHa HoBast PpU3KMKO-MaTeMaTHUeCKast MOJIeNIb KOHBeKIMK Panesi-benapa B ra3o-napoBoii cMecH Kuc-

JIOpOJia ¥ LIMKJIOTE€KCaHa, TJ€ 3aBUCUMOCTb IUNIOTHOCTH OT TEMIIEPATypbl UMEET MAaKCUMYyM. BBINIOJIHEH IMHEHBIN
aHaJIn3 yCTOfI‘IPIBOCTH, AHAJIUTUYCCKU HUCCIICAOBAHBI Ba MPEACIbHBIX Cliydas, KOraa napaMeTp MHBEPCHUU CTPEC-
MUTCSA K CBOUM IIPEACIIbHBIM 3HAYCHUSAM. HOJ’Iy‘{eHBI (I)OpMYJ'ILI U1 MHKPEMCHTAa HapaCTaHUsA W 3aTyXaHusd,
HEUTpaTbHON KPUBOM U TPAHUIIBI OOJIACTH HEYCTOWYHBOCTH Ha BOJIHOBOH IJIOCKOCTH.

ABSTRACT.

A new physico-mathematical model of Rayleigh-Benard convection in a gas-vapor oxygen-cyclohexane mix-
ture has been proposed, where the density dependence on temperature has a maximum. A linear stability analysis
was performed, two limiting cases were analyzed analytically, when the inversion parameter tends to its limiting
values. Formulas for the growth and decay increment, the neutral curve and the boundary of the instability region

on the wave plane are obtained.

Kuarwuesbie cioBa: kousekuus Panes-benapa, uncno Panes, uucno Ilpanarns, auHeiHas Teopus, HHKpe-

MCHT.

Keywords: Rayleigh-Benard convection, Rayleigh number, Prandtl number, linear theory, increment.

Brenenne

KonBexmust B cpee ¢ MOHOTOHHOM 3aBHUCHMO-
CTBIO IUIOTHOCTH OT TEMIEPaTyphl XOpOLIO U3ydeHa U
onucana [1,2]. Ho B npupojie 1 orpoMHOM 4HCIE TIpaK-
THUYECKH BXHBIX IPUIIOKEHUH, HAIIPUMED, IIPU TPaHC-
MOPTHUPOBKE YIIIEBOAOPOJIOB MO TPYyOOIPOBOIaM, KOH-
BEKIMH XOJIOJHON BOJBI NP TassHUH JIEAHUKOB [3-7],
MHEPTHBIX U PEarupyrolluX ra3o-MapoBbIX CMeced B
XMMHYECKHX PEAKTOpax M TEXHOJIOTUYECKUX yCTAHOB-

Kax, IUDIOTHOCTh KOHBEKTHPYIOIIEH Cpebl €CTh HEMO-
HOTOHHAsT W HENWHCHHas (QYHKIHMS TeMIepaTypel C
MaKCUMYMOM IIPH OTPEICICHHOM e¢ (KPUTHYECKOM)
3HaYeHUU. HanOompImyto CI0KHOCTh, TEOPETUICCKUIN
Y PaKTUYEeCKHUH UHTEpEC MPEeCTaBIsaeT OO0 nccie-
JIOBaHUE XaPaKTCPUCTHK KOHBEKIIMH B OKPECTHOCTH
TOYKU MaKCUMyMa TJIOTHOCTH [6,7].

B pabote [8] paccmarpuBaiach KOHBEKIIHS XHMH-
YeCKH WHEPTHOM Ta30-MapoBOW CMECH KHCIOpola U
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IIUKJIOTEeKCaHa (OCHOBHOE CHIPhE IS IIPONU3BOICTBA Ka-
MIPOHA, HEHMJIOHA, KapoJaKTaMa U Jp.), C yIeTOM Ipo-
[IECCOB €r0 MCIapeHMs M KOHIEHCAIMU Ha TPaHHUIIaxX
obmactu. [TokazaHo, 9TO IpH OIIpeeNIeHHOH (KpUTHYe-
CKOIf) TemMIieparype, Koria HerapseTcs Bech T00aBIeH-
HBIA JKUIKUAN LUKIOTEKCaH, IIOTHOCTh ra3o-MapoBOn
Cpebl UMEeT JTOKAIBHBIA MAaKCUMYM, a COOTBETCTBYIO-
it K03 UIKEHT TEIIOBOrO PACIIMPEHUS U MHOXKH-
TeJb MPU YJICHE TUIABYYECTU B YPABHEHUSX JBIKECHUS
MPOXO0Js Yepe3 HyJb MEHSIOT 3HaK.

ITomyepkHeM, YTO MPEAINOIOXKEHHE O KOHJAEHCa-
L[UM [UKJIOTeKCaHa Ha CTEHKaX U, Kak CleICTBUE, 00-
pa30BaHWH HA HUX IDICHKH OoJee BA3KOH KUAKOH cy0-
CTaHIMH TO3BOJISIET CYUTATh TPAHUIIBI OOJIACTH Hene-
(opMupyeMbIMH H CBOOOIHBIMH OT KacaTeIbHBIX
HanpspkeHu# [5,9]. Ananmu3 3aBucuMoctd ko3¢dduiu-
€HTa TEIUIOBOTO PACHIMPEHHUS OT TEMIEpaTyphl ITOKa-
3BIBACT, YTO IIEeJIECO00pa3Ho, Kak U B [8], cCAUTATh KO-
3G GUIMEHT TEIJIOBOTO PACHIMPEHUS KYCOYHO-TIOCTO-
SHHOH (hyHKLIMeW TeMieparyphl.

OtmeTHM, uTO 3a7a4a 0 KOHBeKIMH Panes-benapa
B TakOl ra3o-mapoBOd CMECHU aCUMITOTHYECKH Iepe-
XOJUT B KJIacCHUUECKyto 3anauy Panes [1], ecan makcu-
MyM IUTOTHOCTH JOCTUTAeTCS Ha ONHOW M3 TOPH30H-
TaNBHBIX TPAHUIL.

OTMeTHM TaKkKe OYCBUIHYIO KaUeCTBCHHYIO aHa-
JIOTHIO C NMPOHUKAIOIIEH KOHBEKLUEH XOJIOAHON BOJBI
TIPY TeMIIepaType BOJIM3M MaKCUMyMa IUIOTHOCTH, TIe
KO3 (PHUINESHT TEIIOBOTO PACIIUPEHUS TAKXKe MPOXO-
JIUT uYepe3 Hyllb, SBISCH, OJHAKO, JIMHEHHOH (yHK-
nuel Temnepatypsi [3,4], 9To JaeT MaTepua i CpaB-
HeHUs 1 Bepr(UKaMy npeioKeHHoH Moienu [5].

B uacTHOCTH, aHAIOrUs C IPOHUKAIOIIEH KOHBEK-
LMeW XOJIOAHOW BOJIbI MOACKA3bIBAET, UTO €CJIM MaKCH-
MyM IUIOTHOCTH JIOCTHUTAETCSI BHYTPH CJIOS, TO JIMHUS
MaKCUMyMa IUIOTHOCTH pa3JeNisieT BeCh CJIOH Ha JBa
MOJICIIOST, TPHYEM HEYCTOMYUBOCTH MOXET pa3BU-
BaThCsI TOJIBKO B HIDKHEM, a BEPXHUH ITOJICITION Bceraa

ycroiums. [Ipudem cutyanus KaueCTBEHHO HE U3MEHS-
€Tcd TpU 3aMEHe IIOJOrpeBa CHHU3Y Ha IIOJOTPEB
cBepxy [4]. A Taxke, YTO YMEHBIIEHHUE OTHOCHUTEIh-
HOM TOJIIMHBI HHUKHETO HEYCTOMYMBOIO IOJCIOS
JOJDKHO MIPUBOJUTH K CTaOMIM3anny TedeHus [3,4].

Hempto HacTosme#t paOOTHI SBISAETCS OIHCAHHE
HOBOH (DM3MKO-MAaTEMaTHYECKOH MOJENN KOHBEKIIMU
Panes-benapa razo-napoBoil cMecH KHUCIOpOJa U Ma-
POB LIUKJIOTEKCaHa, C Y4eTOM MPOLECCOB UCTIAPEHUS U
KOHJICHCAIlU!U IIUKJIOTeKCaHa U OIMCaHUe pe3yIbTaToOB
JIMHEHHOTO aHaJIN3a YCTOHYHUBOCTH.

Pu3uyecKHe CBOICTBA ra3o-nmapoBoii cpesbl

PaccmarpuBaercs  KOHBEKLMsS  ra3o-IapoBOM
cmecu kucaopona O, u mapos muxiorekcada CeHio, ¢
Y4€TOM BO3MOXHOH KOHIEHCALMHU MTOCJIEAHETO Ha Tpa-
HUIax obnactu. s onpeneneHHOCTH, 00IIas Macco-
Bas JIONS IUKJIOTeKcaHa (B BHAE KOHAECHCHPOBAHHOMN
(a3el 1 mapa) npuHATa paBHOM fo = 0.524.

IIpu xputndeckoil Temmeparype Ter HCHapseTcs
BeCh J100aBJICHHBII B CHUCTEMY IMKJIOreKkcaH. Takum
o6pazoM, ipu T < T¢r HUKIIOTEKCaH NPUCYTCTBYET B CH-
CTeMe B BUJE XKUAKOIH KOHIECHCUPOBaHHOI (ha3bl Ha
rpaHHUIax 00JacTy U B BUJIE HACHIIIEHHOTO Mapa, MpHU-
YeM YBEIMUCHNE TEMIIEpaTyphl IPUBOAUT K OBICTPOMY
pOCTy JaBIEHHs HACBIMICHHOIO Tapa LUKIOTeKCaHa,
cornacHo ¢opmyie (1) 1 COOTBETCTBYIOIIEMY YBEIH-
YEHUIO INIOTHOCTH ra30-TapoBoii cpeabl. A mpu T > Ter
LUKJIOT€KCaH MIPUCYTCTBYET B CUCTEME TOJIBKO B BUJE
HEHACBHIIICHHOTO Napa ¢ OTHOCHTEIBHO CIa0BIM M3Me-
HCHHUEM €T0 NapuuaJIbHOro AaBJICHUSA, TOOTOMY AaJlb-
Hellllee YBEJIMYEHHE TEMIEPaTypbl IPUBOJUT K
YMEHBUICHUIO TUIOTHOCTU B COOTBETCTBUU C YpaBHEC-
HHEM COCTOSIHUS HJICAJIHOTO Ta3a.

BBI/II[y MaJIOro U3MCHEHU TEMIICpATYphl B paM-
Kax HCIoJp3yeMoro npubmpkerus byccunecka, map-
IMaJbHOE JaBJIEHHE KHCIOpojaa IoyiaraeM (pukcupo-
BaHHBIM U paBHbIM / amm. [loiHOE 1aBneHue paccMmar-
puBaeMoil ra3zo-mapoBoil cpeapl P paBHO cymme
MapUUabHBIX JaBJICHUHN KHCIOPOA U Mapa

P=1+Py.
IMpu T < T¢r JaBineHHE HACHIIEHHOTO Mapa LUKJIOTeKCaHa (aTM.) MOXKET OBbITh BBIYMCIIEHO 110 M3BECTHOM

a0COJIIOTHOM TeMIlepaType:
_ 12085

2.9784 TSI

A npu T> Tcr HUKJIOTCKCaH MPUCYTCTBYET B CUCTEME TOJILKO B BUJIC HCHACBIIICHHOT'O I1apa U OTHOCUTEJILHO

cnaboii o cpasuenuio ¢ (1) saucumocteio P, or Temneparypsl npu T > T¢r 31€ch npeHeOperaem.

sV
MOJ'IHpHaH Macca ra3oBOil cMecH 58 (KF/KMOJ'H)) orpeaciicHa MOJAPHBIMU MaCCaMU KHUCJIOPOJa U HUKIIOT'CK-
CaHa " UX MNnapuuajJbHbIMU JaBJICHUSIMMU!

w(TYy=(1-32+ P (T)-84)/ (1+ P(T).

3nech 32ke/kmonb U 84ke/kmoab CyTh MOJSIpHBIE Macchl kucnopoia Q» u nukinorekcana CeHio, coorBer-
ctBeHHO. [Ipu T > T 3HaUeHHE MOJISIPHON MacChl ra30-apOBO CMECH B BEIOPaHHOM MPUOIIKEHHH TIOCTOSHHO.

p(T)=Q0+P ) u(T)/RT.

[T10THOCTP MICATLHOTO Ta3a MOXKET OBITh ONPE/ICIICHA B COOTBETCTBHUHU C COCTOSTHIEM HJICAILHOTO ra3a (puc.
1): 3xech R - yHuBepcanbHas ra3oBasi MOCTOsIHHAS. TeMmrepaTypbl XOIO0IHON U MOAOTPETON TPpaHHIl HAa puc. 1
MOKa3aHbl YCIOBHO JUIS TIOSICHEHHSI [IOCTAHOBKH 33/1a4¥ U pPealibHbIM 3HAYCHHUSIM HE COOTBETCTBYIOT.
KoadhdunpeHT TemnoBoro pacmmpeHns S MOXKET ObITh BBIYHCIEH U3 COOTHOIICHWS:
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1 dB

f=——L-—Z B-(1+P)8+21-P)/T.

BdAT

-~

25

P . kglm-’

20 40

60 80 T,C

Puc. 1. [Inomnocms eazo-napogoui cpeowl.

B paborte paccmarpuBaetcs cirydai, KOria MakcH-
MYM IUIOTHOCTH JIOCTHTaeTCs BHYTPH CJosl. Pa3pbiBHAs
3aBUCHMOCTh KO3()(UIMEHTa TEIIOBOTO PACIIUPEHHUS
OT TEMIIEPaTypPhl alNPOKCUMHUPYETCSI KyCOYHO-TIOCTO-
SIHHOHM (DYHKIMEl C pa3pbIBOM MPH KPUTHYECKOU TeM-
neparype, riae AaHHas QYHKLUs MPUHUMAET 3HAYCHUSI
0.003054 B HW)XHEM HEYCTOHYMBOM IIOJCIOEC U -
0.01583 - B ycroitunBoM BepxHeM. [Ipu aTOM, KMHEMa-
THUYECKas BA3KOCTh V ¥ TEMIIEPaTYPOIIPOBOHOCTb )y BE-
IyT ce0s1 Kak HenpepbIBHbIE (YHKIIUH U B PaMKaX IpH-
OommkeHnst bByccnHecka MOTYT CUMTaThes IOCTOSH-
HBIMH.

MoOXXHO TOKa3aTh, YTO 3HAYEHHS KPUTHUECKOTO
JIaBJICHUS] HACBHIIICHHBIX MapoB mukiorekcana (Psy =
0.4191amm.) u remneparypsl (Ter = 54.32°C (327.5K))
OIIpEZIeTIeHO0 MAacCOBOW JoJel IUKIorekcaHa fo =
0.524.

J1nst oTIpeIeNIeHHOCTH TPEIIoNIAraeTcsi, YT TeM-
neparypa BEpXHEH XOJIONHON T'OPU30HTANbHOM Ipa-
HUIBI Tc MEHBIIE KPUTHUYECKOW T¢r, a Temmeparypa

JInHelinplii aHAIU3

HIDKHEH HarpeToil TOPWU3OHTANBHOW TpaHHUIBl Th
OoubIe U, cuenoBatenbHo, Tc < Ter < Th. Kak u B cimy-
Yae KOHBEKIIMH XOJOIHOHM BOJBI, IMHUS MaKCHMyMa
mioTHOCTH (T = Ter) AETUT Bech CIIOM Ha JBa MOJCIIOSN
U HEYCTOMYHMBOCTh Pa3BHUBACTCS TOJNBKO B HIDKHEM
MoJIciIoe, a BepxHUH ycroiuuB Bceraa [4]. OTHocu-
TeNbHbIC TOJLIMHBI ATUX MOACIOEB XapaKTepHU3yeT Ia-
pametp unBepcun T = d/H =(Th - Ter)/(Th- Te), 0< <
1, KOTOpBIil €CTh TOMIIMHA HEYCTOHYHBOTO mozcios d
OTHECEHHas K TOJIIMHE Bcero cinost H. B mpeaenbHbIx
cirydasx 7 = 1 u 0 onmcaHHas MOCTaHOBKA MEPEXOIUT
B Kiaccuyeckyro 3amady Pames ¢ f = 0.003054 u -
0.01583, cootBerctBerHo [1]. Kak n mpu KoHBEKINH
XOJIOZHOM BOIBI, aHAMH3 (POPMBI IPOGUIIS TNIOTHOCTH
(puc.1) moka3sIBaeT, YTO CUTYaNHsI HE H3MECHSETCS Ka-
YECTBEHHO, €CIIM HArpeB CHHU3Y 3aMCHUTH HArpeBOM
cBepxy [4].

Paccyxnas no ananoruu [1], MOXHO NOJTYyUUTh JUIsl UCCIIEOBAaHNUSI KOHBEKTUBHON yCTOWYMBOCTH B JIMHEH-

HOM TNIPUOJIVKEHNH CIIEAYIONIYI0 CHCTEMY YPaBHEHHH:

@, =Aw + C(7,y)-Ra-Q,, Ay =—w, Q =(AQ — y,)/Pr.

HopmupoBanHsiii ko3 duiueHT TeroBoro pacumperus C(z,y) onpesenieH Kak:

Clr.y)=L0<y=r 5183 r<y=1 (2)

B cucreme (2) 1 @ ecth HYHKIHS TOKA U 3aBUXPEHHOCTD, & Q - OTKIIOHEHUE TEMIIEPATyPhI OT €€ JINHCHHOTO
paBHOBecHOTO Tpodmist. XapakTepHble 3HAYEHUS pa3MEpHBIX BETHYMH BBHIOpaHBI Kak: H (BbIcOTa cios) Ui
IJuHb, y/H - ni1s ckopoctu, H2A - nyist Bpemenu, povy/H? - s nasnenus, 1/Ter (3Ha4eHre B HEYCTONYMBOM MOJI-
cioe) - st kodddunmenta TeruioBoro pacmmperus u 07 = Th - T¢ IUIsl TEeMIIepaTypsl, a TapaMeTp HHBEPCUU T =
d/H = (Th - Ter)/(Th - Te), 0 < £ < I ecTb BbICOTA HEYCTONYMBOTO MOJCIIOs d OTHECEHHAs K BBICOTE Beero ciost H.
3neck, Ra = gH33T/(vTer) u Pr = v/y - uucna Panes u [panaris.

Jnst perieHus cucteMsl (2) U He CIMIIKOM MaJIbIX 7 Hcnonb3yrotcest Meton ["anepkuna [1,10], a mpu Mansix

7T - MCTOJ OpTOrOHaJIM3aluu.

B cootBercTBHYM ¢ MeTo10M ["anepkuHa, MpuOIMKEHHOE pelIeHne CUCTEMBI (2) paccMaTpuBaeTCst B BUJIE:
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o(t, X, y) = exp(- At)sm(ax)Zw sin(mzy), w(t,x,y) = exp(- /It)sm(ax)z msm(m;zy)
m=1n 3

Q(t,x, y) = exp(-At)cos(ax) Z Q, sin(mzy), S, =a’ +m?z’,
m=1
3meck, A ecTh cOOCTBEHHOE 3HaUeHHE (MHKPEMEHT), a ¢ - BOTHOBOE Yrcio. OTpHIaTebHbIe 3HAYCHUS A CO-
OTBETCTBYIOT HEYCTOIYMBOCTH, a ITOJIOKUTEIILHBIC - YCTOWYMBOCTH TCUCHHS.
[oncrasnss npeacranerne (3) B cucteMy (2) u ciexys craHaapTHOM npouexype merona [anepkuna [1,10],
HaXOJINM, YTO yCJIOBHE CYIIECTBOBAHM HETPHBHAIHHOTO PEUICHHUS CHCTEMHI (2) MOXKET OBITh 3alrcaHo B BUAE
PaBEHCTBA HYJIIO ACTEPMHUHAHTA Iie A ecTh KBaJpaTHas MaTpHLA C KOMIIOHEHTaMH Akm:

aet(A-D)=0, (4)

1 .

Ay = Ay = [ Clz,y)sin(may)sin(kzy)dy, Ay =—(a ) ENCYTD) o a2 m=k,
0

a+l . .
Ay = ———< (mcos(mz 7)sin(kz r) —k cos(kz r)sin(mz 7)), m =Kk,
2(kF—m?)
a D - anaronanbHas ¢ snementamu om: Qo = S;, (S, = A)(S, — 4 Pr)/(ZRa'az), 1<m<N.

PaccMoTpuM Temeph acHMITOTHYECKHE COOTHOLICHUSI PU 7 — [, KOTJJa MAKCHUMYM IUIOTHOCTH TOCTHTaeTCst
Ha BEPXHEH rOpU30HTAIBHON TPaHUIIE M paccMaTpuBaeMast 3371a4a aCHMIITOTHYECKH IEPEXOANT B KITACCHIECKYTO
3anauy Panes [1].

U3 (4) MOXXHO HaTH BBIpasKeHUS 1A Ak

A, =%—; M’z (L+a)(l-7)", m=k; A, ——mk;r (L+a)(1— 1) (~1)™*L, m k.
BeimuaHHBIE COOTHOLIEHUS TOKA3bIBAIOT, YTO MaTpHIia A Ipu T — / UMeeT quaroHajabHOE MPHOOIaTaHue u,
Kak CJIEACTBHE, yPABHEHMs ISl CTApLIMX FapMOHHK OTAENAIOTCA M MOTYT OBITh PaccMOTpeHb! oThenbHO. Ho,
HUMEHHO 3TH TApMOHUKH U OTPEACISIOT YCTOWYNBOCTh U XapaKkTeprCTHKH Teuenus [ 1,2,10].
TecToBble BBIYHCICHHS IMOKa3aliHM, YTO HNpU 7 — 1 Bce XapaKTEPUCTUKH YCTOMYMBOCTH MOTYT OBITH
JIOCTATOYHO TOYHO BBIYHCIICHBI C YUETOM TOJBKO 0HOM rapmornku (N = 1).
ITpu N = 1 HeiiTpanbHas kpusas (A = () IpUHUMAET BUJ:

s st 2 2 (5)
Ra=_—— Ra=—(l+7n 2(1+a)(1-17)° )——(1+4o 68-(1—7)%), S = a? + 7°.
2A 3
Orcroia HaXOIMM KPHUTHUYECKOE 3HaueHne uncia Pases (Muaumym Ramo a):
4
Ra, = 675 = B g57511.04 2 2@ a)1- 1)), (g
2A, 2A, 3

Ra, =

cr

657.511- (1+40.68(1- 7)), a, =2.221.

I[J'IFI HWHKpPEMCHTA A HapacCTaHus HaXOAWUM, 4YTO

S 1+Pr 82 1 Pr 2Raoc2All
2’__( ) ” -
SPr (7)
S 1+Pr LT (a+1)Raa2 3 S? 1-Pr,, Raca?®
,1—— JD .(1-7), D=
o)™ aprsvp 07 755 T shr

Ipu Pr = 1 BBIP@KECHHUE IJIS1 HTHKPEMEHTA A CYIIECTBEHHO YIPOLIaeTCs

2
A=S—-aJRalS +w\/Ra/s-(1—r)3, A= S—-ayRals +20.34-aRals-(1-7)* ®

W3 cootHomenuit (6-8) MOXHO BHUAETH, YTO KPH-
THYeCKOe Yucio Paes u MHKpEMEHT A OTIHYaroTCs OT
MOJIYYEHHBIX B KJIacCHYECKOU 3anaue Panes Ha Bemnu-
uuny nopsaaka O(1-7)° [1] u 4ro ymeHbIeHHEe 3Hade-
HUS T IPUBOJUT K CTaOWIIN3AIIMU TCUCHHUSI.

Ha puc. 2 kak (yHKIUsS BOJIHOBOTO YHCIA ¢ TIPH-
BE/ICH MHKPEMEHT HapacTaHus A, HudpaMu Ha KPUBBIX
MOKa3aHbl COOTBETCTBYIOIIME 3HAYEHUS T, 37AECh

Ra = 10-Racr, Racr = 657.511 u Pr = 0.71. Ha puc. 3
MokazaHa o0JacTh HEYyCTOWYMBOCTH Ha BOJHOBOM
IJIOCKOCTH, 34€Ch CIUIOIIHOW JIMHMEN IOKa3aHa rpa-
HHIA 00JaCTH HEYCTOWYMBOCTH A1 3a1a4u Panes (7 =
1), npepriBucThIME - rpanuipl pu 7 = (.8 u 0.85. Puc.
2 ¥ 3 NOKa3bIBAIOT CTAOMIIN3ALMIO TEUCHHUS IPU YyMEHb-
LIEHWH T.
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Puc. 2. Unkpemenm napacmanus.

o 0.2 0.4 0.6 0.8 o

Puc. 3. Obracmv neycmotiuugocmu.

Tenepps paccMOTpHM mpenenbHbIE IPH 7 — () COOTHOIIEHUS, KOTAa MAKCUMYM IUIOTHOCTH IOCTUTACTS Ha

HIDKHEH rpanune cnos. U3 (4) cnemyert, 910

1

A, =_%a+%m2n2(1+a)r3, m=k; A, ==mkz’(l+a)z’, m=k.

3

Mo>XHO BHAETH, YTO MaTpuia A mpu ¢ — () UMeeT AnaroHaJbHOE NMPHOOIagaHue, ypaBHEHHS IS CTAPIINX
TapMOHHK OTAEIAIOTCS U MOTYT OBITh PACCMOTPEHBI OTAEIBHO.

CooTHorreHue 1A HEHTpambHONH KpHBO# (6) MOKa3bIBaeT, 4TO Mpu 7 — () BCE BO3MYIICHHS 3aTyXaroT,
MpUYEM OCHUISITOPHO, €CIIK YUCII0 Panes npeBsbiiaeT moporosoe 3uauenue 3.757 [1].

Beinuiem cooTHOIIEHHE /1711 UHKpEeMEHTa A ipu T — (), 1S TPOCTOTHI TToJIoxkKB Pr = 1:

2
A=S-iafaRals-(1-Z @+D) 5y 4= s-2277i0/RATS - (1-3.9257%).

3a

W3 mnpuBeNeHHOrO COOTHOIICHWS BHAHO, 4YTO
CKOPOCTh 3aTyXaHHs BO3MYILCHHH, ompenesieMas
BEIICCTBEHHON YacThI0 HHKPEMEHTA, OT BEJTMIHMHBI Ta-
paMeTpa MHBEPCHH T HE 3aBHCHT, a €TO YBEIMUCHHE
(yMeHbIIEHHE) MPUBOINT K JIMIIb HE3HAUYNUTEIHHOMY
YMEHBIICHUIO (YBEJIMYEHUIO) YaCTOTHI OCIMIUIAIIUIM.

Ha puc. 4 1 5 crionIHBIMY JIMHUSIMUA U300paskeHBI
pe3ynbpTaThl HacTosmell paboTsl (JIMHKUA 1) U TaHHBIE
0 pacueTy KOHBEKIIMU B X0JOAHOH Boje ([4] - muHus

2 u [3] - ToYkH), a MyHKTHPHAS JIUHUSI COOTBETCTBYET
Kkyaccuueckor 3anmadye Panmes [1]. Ha puc. 4 mrpux-
ITyHKTUPHOH JIMHHUEH ITOKa3aH pe3yIbTaT SKCIIEPUMEH-
TaJIBbHOTO HCCIICOBAHUS KOHBEKIMH XOJIOJHOH BOJBI
[5]. Ha puc. 4 u 5 3a Mmacmtad JIMHBI IPUHSTA BEICOTA
HEYCTOWYMBOTO TOJCNIOS, IIPU 3TOM JAaHHBIE HACTOSA-
1ieit paboThl mepecuMTanbl Kak Racrt* u acrt, cooTBeT-
CTBEHHO.

Racr 657.5

600

400

200 L N L N
0 0.2 0.4 0.6 0.8 T

Puc. 4. Kpumuueckoe uucno Panes.

MoxHO BHAETh, 9TO TipH (.8 < 7 < [ pe3ynabTaTsl
HacTosmel paboTel OIU3KK K TaHHBIM PacyeToB KOH-
BEKIIMHU B XOJIOJHOH Boje [3,4], mpu 7 = / acUMITOTH-
YeCKH COOTBETCTBYIOT JAHHBIM JUIA 3a1aun Pames, a
IIPY MalbIX T BEIXOAT HA aCHMITOTUKH Racr = 526.4/7*
U Ocr = 2122/‘[

OTtMeTnM, 9TO 10 3HAYEHUIO KPUTHIECKOTO YHUCia
Panest pe3ynbTaThl 9KCHEPUMEHTAIFHOTO HCCIIEI0Ba-
HUSl KOHBEKIIMM B XOJIOAHOW Boje [5] CyIIECTBEHHO
OmmKke K pe3ysipTaTaM HacTosmed paboTsl (OTKIIOHE-
Hre 9.6%), ueM K TEOpEeTHYECKHM pe3yJbTaTaM IIo
KOHBEKIIMM B XOJOAHOW Boxe [3,4], TIle OTKIOHEHUE
coctaBuio okojo 43%. B kadecTBe BO3MOXKHOM MpH-
YUHBI MOKHO YKa3aTh TO, UTO B OKCIIEPUMEHTE [S5], Kak
U B HacTosel padbore, KO3 (HUUHEHT TEIIOBOTO pac-
mUpeHus f cuuraincst HocTostHHbIM. 1o 370t ke mpu-

2.221

2122

1.59

0 02 0.4 0.6 0.8 T
Puc. 5. Kpumuueckoe onnogoe uucno.

YHHE, Pe3yJbTaThl HACTOAIICH pabOTHl TaKKe 3HAYH-
TEJIBHO OJIMKE K pe3yIbTaTaM pemieHHs KIaCCHIECKO
3amaun Panes (c mocrostHHBIM f) [1], ueM TeopeTnde-
CKUE pe3yNnbTaThl IO KOHBEKLUUH B XOJOIHOH BOAE
[3,4].

3akiroueHue

B Hacrosmieli paboThl onricaHa HOBast GU3UKO-Ma-
TEMAaTU4eCKOH MoOJAenb KOHBEKIUHM Tra30-MapoBOi
CMeCH KHCIIOpOJia W MapoB LUKJIOT€KCaHa, C yIETOM
MIPOIIECCOB MCTIAPEHMs U KOHJCHCAIINH [UKIOTeKCcaHa
Ha rpaHumax obmactu. [TokazaHo, 4To pH ompeeIeH-
HOW (KpHUTHYECKOW) TeMIepaType, KOrja HCIapsercs
BECh JT0OABIEHHBIN KUIKUN IIUKIOTEKCaH, MIIOTHOCTh
ra30-mapoBoil cpelsl JOCTUTAeT JIOKATbHOTO MaKCH-
MyMa, rae Ko3(p(GHUUHUEHT TEIIOBOrO PacIIMpPEHUS U
CHJIa MJIABY4YECTU B YPAaBHEHMAX JBUXKEHUS MPOXOAS
yepes3 Hylb MEHSIOT 3HaK.
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IIpoBeneHn nWHEHHBIM aHATU3 YCTOMYMBOCTH U
BBINOJIHEH AHAJIN3 JaHHBIX, IIOTYYEHHBIX B XOJ€ YHC-
JIEHHBIX PACYETOB HEJIMHEIHBIX CTAL[HOHAPHBIX PEXKH-
MOB KoHBeKIH Pames-Benapa. B o6enx mpenenbHBIX
Cllydasix, KOrAa MaKCUMYM IJIOTHOCTH JOCTHUTaeTcsa Ha
OJIHOW M3 TOPH30HTAIBHBIX TPAHUL] ITOJYyYEHBI aHAIIU-
THUYECKHE aCUMIITOTHYECKHE (OPMYIBI Uil XapakTe-
PHUCTUK yCTOMYMBOCTH. B paMkax ogHOMOAOBOTO IpH-
OMIDKEHUST MOJydeHbl BBIPAKEHUS Ul MHKPEMEHTa
HapacTaHus (3aTyXaHUs) NEpBOH crapiieil Moabl, Uc-
CcJle/IoBaHa rpaHuLa 001acTH HEYCTOWYMBOCTH Ha BOJI-
HOBOM IIJIOCKOCTH.

Iloka3aHo, 4TO MMEET MECTO KaueCTBEHHAs aHa-
JIOTUSI MEXAYy KOHBEKLMEHW B paccMaTpUBaeMoin raszo-
[apoBOM Ccpejie U NMPOHUKAIOIIEH KOHBEKIMEH X0JIOA-
HOHM BOJBI BOJIM3HM TOYKH MAaKCUMyMa IUIOTHOCTH, I'IE
K03((UINEHT TEIUIOBOTO PACIIUPEHMS TAKXKE MPOXO-
JUT 4Yepe3 Hyllb, HO SIBIAETCS MPH 3TOM JIHHEHHON
¢ynkpel Temneparypsl. B 4acTHOCTH, yMeHbIICHUE
OTHOCUTEJILHOM TOJIIIMHBI HUXKHETO HEYCTONYUBOIO
MOJICIIOST TPUBOAUT K CTAaOMIIN3AI[H TCUCHHS.

Pabota BeimonmHena B pamkax [Ipoekra PODU
Ne17-58-53100.
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HETPAJJUIIMOHHBIE,9BPUCTUNYECKUE HAYYHBIE NJJEN B TEXHUKE, B ’)KUBBIX
OPI'AHU3MAXM 3EJIEHOM PACTUTEJBHOM MHUPE.

AHHOTAIIUA.

Ypceumoes Oposzoait Ypceumosuu
Kanouoam mex. HayK, OOYeHm.
Aob0ovinoaes Kypmanoex Kvianosuu
Kanouoam mex. HayK, OOYeHm.
Topybaesa Ynon Coxkybawesna
cm. npen., COuCKamernv.

B cratpe paccMaTpuBaACTCd HETPAAUIIMOHHBIC, S BPUCTUYCCKHUE HOBBIC B3IJIAAbI HA NPEAMET 3JICKTPOTCXHUKA
1 3JICKTPOHHKA,Ha JKHBOK OpraHusMm 3€JICHBIN paCTI/ITeJ'IBHHﬁ MHp. ABTOpBI BBOJIAT HOBOC ITOHATHUC «BO36yI[I/I-

TCJIb — BOBﬁy)KZ(eHI/IC».

KuioueBbie cjioBa: BO30yAUTENb, YCHIIUTENb, YTOIb, «uerm»

B cBsi31 ¢ OTCYTCTBHEM B paMKax KJIIACCUYECKOU U
COBpEMEHHOW TeoprH 3()(HEKTOB OT MPaKTHIECKOTO
MPUMEHCHUA DJJICKTPOTEXHUKU B IIaHHOﬁ CTaThe
pacCMaTpuBAOTCA HETPAAUIIUOHHBIC 3BPUCTHYCCKUE
HOBBIE B3IJISJIbI Ha TMpeIMeT DJJEKTPOTEXHHKA U
9JIEKTPOHUKA HA JKUBOM OpraHu3M M 3€JICHBIH
PACTUTENBHBIN MUD.

C pa3BuTHEM M NPAKTUUYECKUM NPUMEHEHUEM
9JIEKTPOTEXHUKH, DJIEKTPOHUKHU B JKUBBIX OpraHU3Max
W 3€J€HOM pacCTUTEIbHOM MHpPE BCTpEuaroTcs
3¢ (}eKThI, KOTOPhIE HE PACKPHITHI TEOPETUICCKH U HE
OITyOJIMKOBAHBI IO HACTOSIIETO BpeMeHH. [ [pianHbI nx
BO3HHKHOBEHHS HE pacCMaTpHUBAIOTCS B paMKax
KJIaCCHUECKOW M COBPEMEHHOU Teopuu. B pesynbrare
POXKIAIOTCS HETpPaJUIINOHHBIE, IBPUCTHYCCKHUEC

Hay4dHbIE WOeH. 3HAKOMCTBO C TPEAJIOKEHHBIMHU
HOBBIMH HJEAMH, O€3yCIIOBHO, OyZeT IMOJIE3HO st
guTaTeNs (CTYyJCHTHI, CONCKATENN U aCIIUPAHTHI).

3a 00BexT mpearaeMoro 3G GexTa MPUHATHL:

- HOJy4EeHUE YCHUIIEHHOTO MIOCTOSTHHOTO 3JEKTPU-
YEeCKOTr0 HaIpsHKEHUs BRIIPSIMUTENBHOH cxeme Jlapu-
OHOBA;

- IPUHLUIT YCUJICHHUS] MArHUTHBIM YCHJIUTEIIEM;

- IPUHIUI BO3HUKHOBEHUS (heppo Pe30HaAHCa;

- IPUHLUI TOPEHHs KaMEHHOTO YTJIsT;

- IPUHLUI BO3HUKHOBEHHS 3JICKTPOMArHNTa;

- IPUHLUI BO3HUKHOBEHHSI BHYTPEHHETO (hOTO-

s dekra;

- IPUHLUIIBI PAa3MHOXEHUSI Ha )KMBOM Opra-

HHU3ME;
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- MPUHIUTIB (POTOCHUHTE3A.

ITepeuncnennpie d3PGEKTHl MOXKHO OOBSICHUTH B
MPE/TIOKEHHOM HOBOM (DM3MYECKOM MOHITHH «BO3-
OyXIeHHs - BO3OYIUTEIIB.

Bo30yxneHus - 3T0 I3MEHEHHOE COCTOSTHHE ( JKH-
BBIX, He)KUBBIX) TIPEIMETOB I0]1 BIUSHHEM (€CTECTBEH-
HBIMH, UCKYCCTBEHHBIMH ), BO3MYIICHUSIMUA U3BHE.

BrimsiHue «Bo30yauTens» Ha MPEAMET U PEAKLIUH
MIPEAMETOB, a TAK)KE MPUMEHEHHE HAa TEXHUKE O0BsIC-
HUM BBIIIIE TIEPEUNCIICHHBIME () (heKTamm.

[ToxydyeHne yCHJIEHHOTO MOCTOSHHOTO 3JIEK-
TPUYECKOTO  HANpsDKCHUS  BBIIPAMHUTENbHOMN
cxeme JlapuoHnosa.

Cxema HapucoBaHa Ha pucyske 1, rae A, B, C-
(assl TpexdazHOl CHCTEMBI.

A
Dt

Bo

D2

) I

D3

- ol

J1-16 -momynpoBOHUKOBBINA auoasl, ~U - mo-
CTOSIHHOC BBIMPSIMHUTEIEHOC HANPSIKCHHUE, YCTAHOB-
JIEHO MEXTY JTUHEHHBIM HAIPSIKCHUEM
(Ua=Ug=Uc=Ur) HampsokeHUsIMH MOCTOSHHBIMHU -
U=1,64UA(1), [1]

VYnpasnerue (1) mokaspiBaet, 9To cxema, n300pa-
>K€HHasl Ha puc. 1, umeer ycunurensHoe cBoicTBO. Of-
HaKo, MPWHINN yCHWICHHS HE PAacCMOTPEH B y4eOHH-
Kax.

YcuneHuss MOXKHO MPEIIOKUTE CICAYIOIINM He-
TPaIUIMOHHBIMH, SBPUCTHYCCKUMH HAYYHBIMU HJIC-
SIMU: KOTJIa IIECT U0/ TOIKIII0YaeTcs mo cxeme Jlapu-
OHOBA, KXKJBIA THOA «BO30YXKIAeTCSI» U CBOIO BHYT-
PCHHIOIO DHEPTHUIO 100aBOK M00aBIsAET B AMOMABL. [Ipu

Pue. 1

9TOM HEPIHUs Ha BBIXOJIE OKa3bIBAETCs OOJIbIIE, YEM Ha
Bxozie. Takum o0pa3om, B cxeMe HaOIoaeM YCHIIH-
TeNnbHbIH 2 deKT.
Caenyroummii 3¢ ¢eKT — NPUHIUI YCUJIEHUS HA
MATHHTHOM YCHJIHTeIe.

CxemMa MarHMTHOTO YCHIINTEIS TIOKAa3aHO Ha PH-
CyHKe 2. rae |- cepleyHHMK Kak BTpaHCcopmarope;
W1,W>- paboune 0OMOTKH IOCIICIOBATEIFHO BKITFOYA-
FOTCS ¢ HAarpy3ko# Z, W3-00MOTKa yIipaBIeHHS MOCIe-
JIOBaTeNILHO BKIFOYaeTcs ¢ conpotuBieHueM R. Korna
W1 W, W3 nmurarotcss COOTBETCTBYIOIIMMHE HATPsIKe-
HUSIMU cepJiedHrKa 1 M3 cocTosiHust (eppomarHura
(OOBIKHOBEHHOE KEJIe30) MEePEXOAUT B COCTOSHHUH
3IEeKTPOMarHuTa.

Shesly o~
R 4
/—
74
o ) 5 A
o Z
N‘L \/1 (e < 5WZ
e_

To ectp xene3o «BO30YXKIAeTCS» M CEPIEUHHK
BHYTPEHHEH SHEPTUH JIaeT B JOOABOK MOCTYNAIOLIEMY
9NEKTPUYECKYIO0 3HEPTHI0. MarHUTHBIN NIOTOK niepece-
KaeT 0OMOTKY, TaM HaBOJUT JIEKTPOJBIKYIIYIO CHITY.
C perynmupoBaHHEM THOCTOSHHOT'O HAINPsDKEHHS PEry-
JUpyeM TaficHHe HANPSKCHWS Ha CONPOTHBICHHE Z.
YeunmutensHbIH 3QQeKT momydaercs ¢ H0OaBICHHEM

PL/'C'- Z

BHYTPCHHEH JHEPIHH CEPIACYHHKA C MOCTYMAOIIAMHU
SHEPTHsSIMH U3 CETH.
Caenyromuii 3¢ pekT NPUHIMN BO3HUKHOBEHUS
(deppo - pe3onanca
Cxema moka3aHo Ha pucyHke 3 rae L-kaTymku ¢
(eppuMarHuTHEIM cepaedHuKoM; C-KoHAeHcaTOp Oy-
MaxkHbld. Korya nocnenoBaTenbHO BKIIOYEHHOMY L 1
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C nHTaT MePEeMEHHBIM HAPSHKEHUEM, MaIeHUE
Hanpspkeaus Ha L(UL) u C(Uc) 3HaunTenpHO O0bIIe,

O
4
E %l =
mu b
_J_ »~
C== ¢
P 4

loue.S

3ToT mpouecc 0OBACHICTCS TEM, YTO MaTHUTHOE
oJie Ha KaTyIIKe BO30YyXmaeT (epprUMarHUTHBIN cep-
JICYHMK, @ CEpJICYHHUK YacTb CBOEH BHYTPEHHEH 3HED-
UM JaeT oOmeit cxeme. Pe3oHaHCHOE SIBIICHHE TOITY-
9aeTcsl B pe3ysbTaTe oOMeHa 3HEpruM W3 dJIeKTphue-
CKOT0 TI0JIS Ha YHEPT U0 MAarHUTHOTO NOJIS U HA000POT.

Caenyrommii 3¢ ekt — NPUHIUI TrOPeHUsT KaMeH-
HOIO yIJIsfl

KameHHBI# yroyib OyneT roperb ¢ MoMouIbio pac-
TOIKHU U TaK Ha3bIBaeMOro «uueru». [lmams ropsiero
WYeTH BO30YXK/IaeT BHYTPEHHIOIO SHEPTUI0 KaMECHHOTO
yrist. «uern» (Ha3BaHUE Ha KBIPTHI3CKOM SI3BIKE) €CTh
JIEPEBO OIPENEICHHON MacChl, BBIJCISIIOIIMNA 10CTa-
TOYHYIO SHEPTHI0, KOTOPHIA CIocOOeH BO30YAHTH
BHYTPEHHIOIO SHEPTUI0 KaMEHHOTo yrid. «uern» He
TOJIBKO CXKUTaeT KAMEHHBIN yrojb, €0 MOXHO NpPHMe-
HATH JUIA TUITAaBKH METAJUIa, [T Tepexoia BEIecTBa 13
OJTHOTO arperaTHOTO COCTOSIHUSA B IPYTOE.

Caenyromuii 3¢ ekt — NPUHIUT BOZHUKHOBEHUSI
3J1eKTPOMATHHUTA.

[Tyts mpeBpaiieHust HeppoMarHUTHOTO MaTepu-
aja B IOCTOSIHHBIA MarHUT OY€Hb JI0JIFO U JTUTENIEHO.
BBezaeHbl MHOTO HOBBIX MOHSTHH, TAKUXKAK «IIOTOKY,
«HHAYKIOUN», «KOIPIUTHAS CHiay WUT.J. Bo30yxmeH-
HOE COCTOSIHUE (peppOMarHUTHOTO MaTepHuala, puMe-
HUMOTO KaK CEpJIEYHHK KAaTYIIKH, B TEOPUHU MpEBpalle-
HUS B 3JCKTPOMArHuT He oroBopeHo. CepredHuKk 00-
JnajaeT CUJIBHOM MarHuTHOM WHIYKLIHEH,
COOTBETCTBEHHO OOJBIION NPUTSATATeIbHON CHIION.
311ech KaueCTBOM BO30YANTENS ABISIETCS KaTyIIKa HH-
JTYKTHBHOCTH, 4epe3 KOTOPYIO NMPOXOAWT JJIEKTpUIe-
ckmii Tok. Korma cepaednuk Bo3Oyxkmaercs, ¢eppo-
MAarHUTHBIN CEpAEUHMK OTAAeT YacTU CBOEH BHYTpPEH-
HEH SHeprUU ¥ BO3HUKAET MPUTATATENIbHAS CUA.

Caenyrommii 3p¢eKT - NPUHUUN BO3HUKHOBEHUS
BHyTpeHHero gorodddexra.

BuyTtpennnit ¢pororddexr Bo3HMKaeT Ha ¢oTO-
sneMeHTe. CxeMa BKJIIOUCHHMS JlaHa Ha pUCYHKe 4, rae
-CTEKJISTHHBIN 0ayuioH (¢oTo3neMenT);2-poTokaros; 3-
(hoTtoano; 4-cBEeTOBOI MOTOK.

[punmun padotsr: Korma cBeToBOM MOTOK OTCYT-
CTBYET, MeX1y (pOTO aHOZOM M KaToi0M OECKOHEYHOE
0opIIOe CONMPOTHBICHHWE, M AHOTHOW TOK PaBEeH K
Hymo. Koria cBeToBoOM MOTOK MMajjaeT Ha MOBEPXHOCTD
B KaToje, MOSBISETCS (OTORIEKTPOHHAS IMHUCCHUSI.
Mexny poTokarooM M aHOAOM BO3ZHHMKAET JJIEKTPO-

yeM Up» ~U nin Ue»~ U, B cxeme BO3HUKAeT yCUIIH-
TEeNbHBINA dPPEKT .

—lge
L)\\}\
R
2
E
-+
Pue. 4

MPOBOJUMOCTb U MOSBISETCST aHOAHBIA TOK .. CooT-
BETCTBCHHO MOSBILICTCS HATIPSHKCHHE HA COTIPOTHUBIIC-
HUM R.31ech B kKauecTBe BO30YIUTENS SBISIETCS CBETO-
Boit motok. [lagas Ha MOBepXHOCTH (POTOKATOMA, CBE-
TOBOM TOTOK BBI3bIBAET BO30YKAeHHE Ha (oToKarome
U MOSIBISIETCS (DOTOIIEKTPOHHAS SMHUCCHSL.
Caenyrommii 3¢ ekt — HA KUBOM OpPraHu3Me.

Bei111e MBI TIEpeYHCITIN POJIb «BO30YKICHUIT» Ha
HEXMBOM IIpeIMETe.

OxkaszpiBaercs, 3QQPeKT «BO3OYKICHUM» TPHUCYT-
CTBYET M Ha XHBOM OpPTraHU3ME, M HTPacT OTPOMHYIO
POIb TIPH MOSBIICHUH HOBOTO JKMBOTO OpPTaHU3Ma.

B xadecTBe mpuMepa BO3BMEM CYIPYKECKYIO
KI3Hb MY>KYHHA (MyXa), )KCHITUHBI (KeHbI). B Opau-
HOW CHUTYaIll MYX MPHUXOIHT K JKCHE B BO30OYKICH-
HOM COCTOSIHUHM M BO30YKJIaeT B CBOIO OUEpPeb JKEHEI.
B pesynbTaTe y Myka BBIACISACTCA BHYTPEHHSS dHEp-
THs — ceMeHa (crepma), a TakXKe y KEeHbI TOXKe — sHIie-
KJeTka. [Ipi COBMECTHOM B3aMMHOM BIHMSHUH MOSBIIS-
eTcs 3a49aToK OyIyIero 4eaoBeKa.

Takum xe 00pazoM 3PdeKT «BO30YKIEHUI» CO-
MIPOBOKAACT JIFO00H JKUBOMOPTaHN3M, B KOTOPOM HIMeE-
FOTCSl TIPOTHBOTIONOKCHHBIE MPHU3HAKK I0JIa, SIBILTIO-
[Irecss ICTOYHUKOM Pa3MHOXKEHUS.

Caenyrommii 3¢pdexr - porocunres

®DoToCHHTE3 — 3TO B3aUMOJICHCTBHEC MEKAY *KH-
BBEIMH 3€JICHBIMH PACTCHUSMH C JYYHCTOW SHEprueit
conHIIa. 3/1eCh B KauecTBe BO30ymutesst siisercs (o-
TOH — KBAHT 3JIEKTPOMAarHUTHOTO M3JIy4eHUs COJIHEU-
HOH sHepruu. PoToH, Nasas Ha OBEPXHOCTB JICHIECTKA
3€JICHOTO pAacTEHUs, BO30YXKIaeT €ro, B pe3yibTare
poxmaercst kuciaopon. ExxeronHo B pesynsTare ¢GoTo-
cuHTe3a Ha 3emiie Boiaensiercs 200 Mipa TOHH KUCIIO-
poaa Ox.

3aki0ueHue

Ha ocHOBaHHH BBIIIE IEPEUUCICHHBIX YPPEKTOB
MOXHO CJ€JIaTh BBIBOJ aJIbTEPHATHUBHBIE, 3BPUCTUYE-
CKHE UJIeU HOBU3HBI:

-He XHWBOH IpeoOpazoBaTesb, y KOTOPOTO HMe-
eTcs yCWJIEHHasl SHEprus, 3aHMMaeT MECTO IpeJIo-
JKEHHOTO TIOHATHS «BO30YAUTENh-BO30YXKACHHUE». A
TaK’Ke IMOSBIIIETCS] HOBU3HA B TEPMOJMHAMHUKE, YTO KO-
s punment nonesznoro aeiictus (KI1/1) 6Gonbime ean-
Hute. Ha BbIxoae sHeprus paBHA SHEPTHH BXOa IUTIOC
4acTb BHYTPEHHEH YHEPruu.
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-IUISL JKABBIX OpPTaHW3MOB TakKXe HMEET MeECTO
MPEeJIOKEHHOE TIOHATHE «BO30YAUTEIh-BO30YXKIe-
HHUE», TaK KaK OHU SBIIAIOTCS MCTOYHHKOM JKH3HU H
pa3sMHOKEHUS.

- Ha OCHOBE TPEIOKEHHOTO MOHATHS «BO30yaH-
TeNb-BO30YKICHHE)» TPOUCXOAUT Tporecc (POTOCHH-
Te3a, SBJIAIOLICHCS OCHOBHOW MNHILNEH Uil BCEro KU-
BOT'0 OpraHu3Ma — KUCJIOpOJa.
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AHHOTAIUA.

Ha npumepe KpynHbIX IPOMBILIUICHHBIX PEATIPUATUN XUMUYECKON IPOMBIIIEHHOCTH IIPOBEACH aHAIN3 3a-
6011€BaeMOCTH, CBSI3aHHBIX C MPO(PECCHOHAIBEHON NEATETBHOCTHIO. Y CTAHOBJIEHO, YTO (aKTOPHI paboUel cpeabl
HETAaTUBHO BJIMAIOT HA 3JOPOBLEC pa60THI/IKOB, C MPEBAJTMPOBAHUEM ITATOJIOTUH OPTaHOB CUCTEMBI IbIXaHUA, CITyXa,
OIMMOPHO-ABUTATCIILHOI'O armnapara. OnpeaeneHHe pUCKa TOPAXKCHUA OpFaHOB-MI/I[HeHeﬁ IIO3BOJIICT BBIACINUTH
MPUOPHUTETHI B IPOBEIEHUH MPOPIIAKTHIECKUX MEPOTIPUSTHH.

ABSTRACT

On the example of large industrial enterprises of chemical industry the analysis of morbidity associated with
professional activities. It is established that the factors of the working environment adversely affect the health of
workers, with the prevalence of pathology of the respiratory system, hearing, musculoskeletal system. The defini-
tion of high-risk lesions of the target organs allows you to allocate priorities in the implementation of preventive
measures.

KuioueBble ciioBa: npodeccrnoHanbHas 3a00J€BaeMOCTh, XUMHUYECKAs! IPOMBIIIIIEHHOCTh, BPEIHbIE YCIIO-

BUSA TpyZa.

Key words: occupational morbidity, chemical industry, harmful working conditions.

[Ipobrema coxpaHEHHUS TPYIOBOTO IOJTOJIECTHS
PabOTHHUKOB MPOMBIIUICHHBIX TPEATPHUSATHN B TOCIIE-
HHE ToJIbl pacCMaTPUBAETCS KaK KJIOYeBas 3a/1a4a Me-
jqunueel TpyAa [3]. HecMoTps Ha peamusanuioo mpo-
rpammbl [Ipesnnenta PO «3xopoBbe paboTaromiero
HacesneHnus Poccun Ha 2004-2015 rr.» MOXKHO KOHCTa-
TUPOBATh, YTO MOKA3ATENHU 10 YCIOBUAM TpyJa U Mpo-
(heccnoHanbHOE 310pOBbE paOOTHUKOB JAJEKH OT OIl-
TAManbHBIX Hdp. B mocnennue roast B PO yposeHsb
npodeccnoHaTbLHOM 3a00IeBaeMOCTH PabOTAIOIINX BO
BPEIHBIX M OTTACHBIX YCIOBHUAX TPyIa ObLT MaKCHMAITb-
HBIM Ha TPEANPHUATHAX, 3aHUMAIOIIUXCS HOOBIUEH U
nepepaboTKON TOJIEe3HBIX MCKOIAEMBIX, B YaCTHOCTH,

Ha TOPpECANIPUATUAX XUMHYECKOMH TTPOMBINIIICHHOCTH.
310poBbE PAOOTAIINX TPAXKAAH JTOJDKHO PacCMaTpH-
BaThCs KaK CTPaTErMYCCKH BAXKHBIA KOMIIOHEHT 3KOHO-
MHUYECKOI MOJUTHKH rocyaapctBa. Ha coBpeMeHHOM
JTane >KOHOMHYECKHE MOTEePH OOIIeCTBa OT YTPaThHI
MpOo(ECCHOHATBHON MPUTOJHOCTH IO MEIUIIMHCKUAM
MIPUYHHAM OOYCIIOBIICHBI, B IEPBYIO 0Yepelb, 00IIECO-
MaTHYECKOW MATOJIOTHEH, a He MpodecCHOHATEHBIMU
3abosieBaHusAMH [2].

B mpowmbinenno-passutom ropoje Ilepmckoro
Kpasi bepe3sHukn pacrosokeH psix rpagoodpa3yronnx
MIPEATIPUATHI XUMUYECKOW TepepadaThIBarOIIeH MmMpo-
MBIIIJICHHOCTH, TaKWX Kak? akIHOHEpHOE OOIIEeCTBO



Eepasutickuti Cor3 YueHbix (ECY) # 4 (61), 2019

53

«O0beaHEeHHAS XUMAYecKas KOMIIaHUS
«YPAJIXUM» (AO «OXK «YPAJIXM») — ogHa u3
KpYNHEWIINX KOMIAHUM Ha pBIHKE MUHEPAIBHBIX
ynobpennii B Poccuiickoit @enepannu, CHI' u Bo-
crouHoil EBpomne. KommaHusi siBiIsieTCs pOCCHUICKUM
JIUIEpOM B IIPOM3BOJACTBE aMMHAYHOM CENUTPHI, a
TaKKe 3aHMMaeT BTopoe MecTo B Poccuu o oovemMam
MPOM3BOJICTBA aMMHaKa M a30THBIX ynoopenuii. Kom-
naua «YPAJIXMM» pacrnonaraeT MOLIHOCTSIMH IO
MPOU3BOJICTBY OoJiee 3 MITH TOHH aMMHaKa, 3 MJIH TOHH
aMMHUavyHOHM cenuTpbl, 1,2 MIH TOHH KapOamuna u 1
MJTH TOHH (pOCc(OPHBIX U CIIOKHBIX yI00peHuii B roj. B
2018 romy mpennpuatrus komnaHuu «YPAJIXUM»
npousBenu 27,6% ammuadHON cemutpsl, 16,9% poc-
CHIHCKOTO aMMHMaKa, 15% kapOammuza, a TaKkxe Apyrue
ymobperuns. AxmuoHepHoe obmectBo «bepe3sHukoB-
ckuit comoBeIii 3aBo» (AO «BC3») - mpou3BOIUT COXY
KaJIBI[MHUPOBAHHYIO TEXHHYECKYI0 MapKH «A» U
Mmapku «b» ¢ mokasarensiMu KauecTBa COrjiacHoO Tpebo-
Banuit 'OCT 5100-85. IIpon3BoACTBO KaJbLIMHUPO-
BaHHOM conbl MapKu «b» OCyIIecTBIIsIETCs 10 aMMUay-
HOMY METOJy IyTEM HACBHIIICHHUS BOJHOTO pacTBOpa
XJIOpU/a HATPHSI aMMHAKOM U YTIIEKUCIIBIM Ta30M € 00-
pasoBaHHMeM OuKkapOOHaTa HATpuUs, KOTOPBIA 3aTeM
MOABEPTaeTCs KANbIMHALINN, IPX KOTOPOH 00pasyercs
HaTpusl KapOoOHAT — coja KaJabIMHUpOoBaHHas. Kpome
OCHOBHOTO NPOJYKTa — COJBI KaJIbLIHHAPOBAHHON Ha
AO «bC3» BBIpadaThIBAIOTCA: CPEICTBA MOIOIIUE TEX-
Huueckue CM-15, CM-37, cpenctso unctsuiee «Ilocy-
JIOMO¥1», M3BECTh HeramieHass KOMOBas, M3BECTKOBOE
MOJIOKO, (DIFOCOBBIE U3BECTHSIKH U 11e0EHb Pa3IMYHBIX
dpakuuii. Punman «Azom» AO «OXK «YPAIIXUM»
— eIMHCTBEHHOE Mpeanpuatue Poccuu, BeIycKatomiee
BBICIIME AIU(ATHUECKHE AMUHBI, KPUCTALTMYECKUMN
HUTPUT-HATPHsI, HATPUEBYIO M KAaJHEBYIO CEIHUTPEHL.
Kopnopaun ABUCMA — 310 MeTaJulyprudeckoe u
XMMHUKO-METaJUTyprUuecKoe IPOU3BOJCTBO, KOTOpPOE
BKJIIOYAET B ce0s pa3IMUHbIC HAIIPABJICHNS, 2 UMEHHO:
3JIEKTPOIIN3 MarHusl, MEKTPOIUIABKA B PyIHOTEPMHIE-
CKHUX TIeYax, ONEpallii XJIOPHUPOBAHWS M CeTapalyy,
BOCCTAHOBJIEHUSI M AUCTWILIINMY THTaHa. CoderaHne
HeONaronpusaTHbIX  (akTOpOB  MPOU3BOJCTBEHHOI
Cpesl IPUBOIUT K U3MEHEHUSAM CO CTOPOHBI (DyHKIIH-
OHAJBHOTO CTaTyca OPTaHOB U CHUCTEM, CIIOCOOCTBYS
dhopMupoBaHuio 0OJIC3HEH, CBA3aHHBIX ¢ MPOdeccHo-
HaJIbHOM JIEATENbHOCThI0. XUMHUUECKasl IPOMBILUICH-
HOCTb 3aHMMAeT OJHO U3 BEAYIUX MECT M0 XUMHUe-
CKOM OIaCHOCTH. YXyAILIEHHE YCIOBHH TpyJa cKasza-
JOCb M Ha IIOKazaTelsiX  NpodecCHOHAIBHON
3a00JIeBaEMOCTH, KOTOpBIE 110 JlaHHBIM Pocnorpebna-
J130pa B XUMHUYECKOHN IPOMBIIIIEHHOCTH 3a TOCJIEHHE
5 JeT mpeBbIANU CPEAHEPOCCUNCKUE U B OTAECNbHBIE
rogs! nocturamm 3,21 ma 10000 padoruuxos [1]. Ipn
aHaIM3e CTPYKTYPhI Ipo(ecCHOHAIFHON TATOJIOTHH Ha
BBIIICYKA3aHHBIX TPEANPHUATHIX, YCTAaHOBJIEHO, YTO
npeobiagaror  3a00ieBaHWST  OPraHOB  JBIXaHUS
(44,9%), 3aboneBanus koxu (24,7%) W TPOU3BOI-
CTBEHHBIH TpaBMmatusM (6%). B mepuox ¢ 2007 romga
cirydan npodecCHOHaIbHBIX 3a00JIeBaHuM, U 3aboite-
BaHMH CBS3aHHBIX C MpoQeccueii ¢ MopakeHUeM opra-
HOB JibIxaHus BblsiBiIeHbI B 2007 rony y 20 paObOTHHKOB
B Bo3pacte 20-45 ner (42,7% ot obuiero yucna 3abo-

JIEBaHWH), C TIOPAKEHUEM OpraHoB ciayxa y 15 paboT-
HHUKOB B Bo3pacte 25-55 net (36,8% ot obmero gncna
3abonesannii), B 2009 roxy y 15 paboTHHKOB B BO3-
pacte 35-50 et BBIABNCHBI 3200JI€BaHUS OTIOPHO-IBH-
rarensHOro anmapata (35,7% ot obmiero uncia 3a060-
JIeBaHU), Y 5 paOOTHHKOB B Bo3pacte 45 JeT AuarHo-
cTUpoBaHa BUOpanuoHHas 6osesns (16,4% ot obiero
yucna 3abosieBanuii), B 2010 romy 3aduKCUpOBaHO
HauOoblIee YHUCIO CJIydaeB MPOHM3BOACTBEHHOTO
tpaBMarusma — 30 paboTHHUKOB B Bo3pacte 20-50 jer
(4% ot oOmero uncna 3abosieBanuii), B 2015 romy
YCTaHOBJICHBI CIIy4au XPOHHYECKUX HHTOKCUKALUK Yy 5
pabotHukoB B Bo3pacte 30-65 net (5,2% ot obmero
grcia 3aboneBanuii), B 2017 rogy y 12 paGOTHHKOB B
Bo3pacte 20-65 ier BEBIABIEHBI 3a00JICBaHHUA KOXKH
(24,7% ot obmero gucna 3aboneBanuii) [5]. OcHOB-
HBIMH IIPUYUHAMY OBUIM HEKaYECTBEHHOE NPOBEICHNE
00y4eHHs 10 BONPOCAaM OXpaHbBl TPYAd; OTCYTCTBHE
KOHTPOJIS 32 COOJIIOIGHHEM TEXHOJIOTHUECKHX TIPOLEeC-
COB U HUCIIOJIb30BAHUEM CPECIACTB HH}IHBHI[yaHLHOﬁ 3a-
LIUTHI, HECOOIOICHHE TPEOOBAHNUI MHCTPYKITHIA Mpa-
BUWJI, HOPM, CTaHAAPTOB, HECOBEPUICHCTBO TEXHOJIOTH-
YCCKHUX IMPOLECCOB. OCHOBHBIMH MpuYruHaMu
po¢eCCHOHATBHBIX 3a00JI€BaHUH MOTYT OBITH HHTCH-
CHBHOE KPaTKOBPEMEHHOE WM JUINTEIBHOE BO3ICH-
CTBHE BPEIHBIX ()aKTOPOB B pe3yibTaTe aBapuH, He-
MIPaBWJIBHOM OpraHm3aliy MPOM3BOACTBEHHOTO IPO-
recca, HapyIICHHS HOPMAJIBHOTO TEXHOJIOTHYECKOTO
PEKMMa, HEUCTIPABHOCTH MIIM OTCYTCTBHS KOJUICKTHB-
HbIX CPEACTB 3allIUTBI, HCUCIIOJIBb30BaHUA WJIUW HEIIpa-
BUJIBHOTO HCIIOJIb30BaHUA CPEACTB HH}IHBHZ[yaHBHOﬁ
3aIUTHI, APYTUX IPUIHH [4].

Pa3nnynas uyacTora npeBaJIMPOBaHMS TOM WIU
WHOW NATOJOTUH B Pa3JINIHbIC IEPHUOJbI 00BICHSIETCS
0COOEHHOCTSIMU TPOU3BOJICTBEHHOTO Tpoliecca (mpo-
M3BOJICTBO TOHM WJIM WHOU MPOIYKIUH CO CHeIH(DHUKOIH
MIPOM3BO/ICTBEHHBIX MPOLECCOB) M 3aIa3/bIBaHUEM
BHEJIPEHHSI U TPOBEACHUS NMPEBEHTUBHBIX Mpodutak-
THYECKUX MEPONPUITHH, HAIlPaBIEHHBIX Ha INPOQH-
JIAKTUPOBAaHUE TOW MATOJIOTHH, PUCK KOTOpOH Hambo-
Jiee BEJIUK JUIs KOHKPETHOTO pabOTHHKA, CBS3aHHOTO C
KOHKPETHOM IPOU3BOJCTBEHHOU JesTesbHOCThIO. Ha
pa6OTHI/IKOB COBPEMEHHBIX XUMUYCCKUX MIPOU3BOJICTB
BO3JIEHCTBYET KOMIUIEKC (hakTopoB paboyel cpensl U
TPYJIOBOTO Tpoliecca (XMMHUUYECKHH, IIyM, TSDKECTh U
HAIpPsDKEHHOCTh TPYAOBOrO Mpoliecca, HeOIaronpusT-
HBII MUKpoxJiMMaTt). Hanbosee cymmecTBeHHBIM 110 T'H-
TMEHMYECKOH 3HAYMMOCTH B H3Y4YEHHBIX IPOHM3BOJ-
CTBax SIBIISUICS XUMUYECKUH (haKTop, MpeACTaBICHHBIN
CJIOXKHBIM KOMIIIEKCOM BPEIHBIX BellecTB 1-4 kiacca
OITaCHOCTH C Pa3JIMYHbIM XapaKTepOM JEUCTBHS Ha Op-
TaHU3M. Y CIIOBUS TPYZa Ha COBPEMEHHBIX XMMHUUECKHX
MIPOU3BOACTBAX ABJIAIOTCA NMOTCHIIMAIBHO OIIACHBIMU
JUIsl paOOTHHUKOB M CITY)KAaT HENOCPEJICTBEHHON MPUYH-
HOW KaK OCTPBIX, TaK U XPOHHYECKUX MPO(ecCHOHATb-
HbIX 3aboneBanmii. [1]. Hampumep, mpou3BOACTBO
KaJIbLIUHUPOBAHHOM Cco/ibl Mapku «b» coctouT u3 cie-
IYIOIIUX CTaaui: 1o0bIUa W MOATOTOBKA M3BECTHSIKA,
OO>XHUTI' U3BECTHSKA B N3BECTKOBO-O0KUTaTEIbHBIX I1e-
Yax C MOJIyYCHHEM YIIICKUCIIOTO I'a3a U U3BECTH; raiie-
HHE W3BECTH C IIOJIyYEHHEM H3BECTKOBOTO MOJIOKA;
OYHCTKA pacTBOpa XJIOPHJa HATPHS OT COJIEH KallbLus
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W MarHus; abcopOIMs OYMIEHHOTO paccoja aMMHa-
KOM M YaCTHYHO YIJIEKHCIIBIM ra3oM ¢ 00pa30BaHHEM
aMMOHM3UPOBAHHOTO paccoia; KapOOHHM3aLHUs aMMO-
HU3MPOBAaHHOTO paccoia ¢ 00pa30BaHHEM CYCIECH3UHU
OmkapOoHaTta HaTpus; O¢uIbTpamys OukapOoHaTa
HATpH; KaJbIIMHAIN OMKapOOHAaTa HATPHS; percHe-
pauusi aMMuaKa ¥ yrieKHCIoTo ra3a mapoM U U3BeCT-
KOBBIM MOJIOKOM. Ha KaxJ10M 13 3TanoB npon3BoACTBa
TpeOyeTcsl CBOH KOMIUIEKC MPO(HIaKTHYECKUX Mepo-
NPUATHH C YYETOM NPEBATUPYIOMIEr0 BO3/EHCTBUSA
BPEIHBIX MPOU3BOJICTBEHHBIX (hakTopoB. Kpome Toro,
CYIIECTBYIOT M CyObEKTHBHBIE (DAKTOPBI, TAKHE KaK He-
JOCTaTOYHOE KA4ECTBO NMEPUOJMIECKAX MEIUIIMHCKUX
OCMOTPOB, C HEIOOIICHKOHN crenn(puIeckoro BO3ueH-
CTBHSI TIPOM3BOJICTBCHHBIX (DaKTOpOB Ha pabOTHHKA,
CTpax MOTepH pabOvero MecTa ¢ «MacCKHPOBKOW» H CO-
KPBITHEM aJlo0, HETaTHBHOE OTHOIIEHHUE CO CTOPOHBI
aJIMUHUCTPAMK K BBUIBICHHUIO NpodeccrnoHaNbHOMN
MaTOJIOT UK.

[ToMumo MoaM(UKALMK U BHEIPEHHS HENPEPHIB-
HBIX TEXHOJIOTMYECKUX IPOIECCOB, KOMIJICKCHOW Me-
XaHu3alluu U aBTOMaTu3aluu, repMeTru3anuuu UCTo4d-
HUKOB BPCAHBIX XUMHUYCCKUX BCUICCTB IJIs1 HUBCJINUPO-
BaHMS HETaTHBHOTO BIIMSIHUS Ha 310pOBbE paOOTHHKOB
(haKTOpOB NMPOM3BOACTBEHHOH CpeJibl HEOOXOIUMO HC-
MOJIb30BaTh MHAWBUIYaJIbHBIH KOMIUIEKC peaOuinTa-
IIMOHHBIX MEPONPHATHH HAIPaBICHHBIX Ha IpeIyIpe-
JKJICHHE TMPOTPECCUPOBAHUS M PEIHUAMBOB 3a00JeBa-
HUA.  Takke  TEpCIeKTHBHONW  MPEACTABISIETCS
METOJIMKa OIpEeeNICHNs] PUCKOB pa3BUTHUs 3aboJeBa-
HUH y paOOTHUKOB XUMHYECKUX TPEATIPUATHH.
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ANNOTATION.

Using prepared dendritic porous silicon powder as a promise adsorbed material for heavy elements (i.e. Cu)
from wastewater. The maximum removal percent of Cu (I) reached 1383.9 mg/g and 92.5%, respectively, at an
initial Cu (1) concentration of 200 mg/L, adsorption time of 10 min.

AHHOTAILMSI.

Hcnoab3oBanue MMPUTOTOBJICHHOT'O ICHAPUTHOI'O ITOPUCTOTO MOPOIIKAa KPEMHHUA B KAYECTBE MEPCIIEKTUBHOT'O
a7copOMPOBAHHOIO MaTepHaia AJ TAKeNbIX 37eMeHToB (T.e. Cu) U3 CTOUHBIX BOA. MaKCHMaJbHBIN MPOLIEHT
ynanenust Cu (1) moctur 1383,9 mr/ r u 92,5% cootBeTcTBeHHO IpH HauanbHO# kKoHueHTpamuu Cu (II) 200 mr /
71, BpeMs agcopOuun 10 MuH.

ABSTRACT.

New and inexpensive dendritic Porous Silicon powder (dendritic PS) powder is prepared by alkali chemical
etching using ball milling technique and is subsequently investigated as an adsorbent in batch systems for the
adsorption Cu (1) ions in an aqueous solution. The optimum conditions for the Cu (I1) ion adsorption capacity of
the dendritic PS powder are studied in detail by varying parameters such as the initial Cu (1) concentration, the
solution pH value, the adsorption temperature and contact time. The results indicated that the maximum adsorption
capacity and the maximum removal percent of Cu (I1) reached 1383.9 mg/g and 92.5%, respectively, at an initial
Cu (I1) concentration of 200 mg/L, adsorption time of 10 min and no effect of the solution pH and adsorption

temperature.

Keywords: dendritic morphology, porous silicon, heavy metals, copper element, water treatment.
KiroueBble cjioBa: MOP(OIOTUs ACHAPUTOB, MIOPUCTHIN KPEMHHIA, TSDKENIBIC METAIUIbI, MEIHBIN 3JIEMEHT,

BOOOIIOATOTOBKA.

Introduction

Porous silicon (PS) presents an artificially struc-
tured material formed by alkali stain etching of com-
mercial polycrystalline silicon powder. The variety of
the preparation conditions provides the growth of PS
layers characterized by a wide range of pore sizes and
structural types [6, p. 10]. The dendritic shape of PS is
highly branched constructed with a well-defined sym-
metrical structure consisting of a central core, repeating
units, and terminal functional groups while hyper-
branched materials share analogous structural features
but are non-symmetric. [1, p. 10]

The physicochemical properties of PS could be
quite dissimilar to those of bulk silicon and are strongly
affected by the type of surface orientation of the initial
silicon powder. PS has exceptional properties such as
the extremely high effective surface area, large adsorp-
tion capacity and unique optical properties, especially
the dendritic shape of PS. [4, p. 10]

Nowadays, fast urbanization, industrialization,
and unplanned activities of human beings have in-
creased the environmental pollution especially air and
water. These are generally caused by effluents from
various industries and a major part is constituted by the
dye industries. [10, p. 10]

The presence of heavy metals in wastewater, re-
sulting from mining operations, various manufacturing
industries, leather tanning, paper production, fertilizers,
photographic materials, explosives, is a major environ-
mental concern. The admissible levels of heavy metals

are regulated in most countries, during the wastewater
treatment. With water playing a crucial role in a sus-
tainable development, the removal of heavy metals
from contaminated waters has been the subject of many
studies [2, p. 10]. The development of novel Sorbents,
able to remove organic or heavy metal pollutants from
wastewaters, represents an intensive and popular re-
search field during the last years. [3, p. 10]

Adsorption, on the other hand, has emerged as a
potential alternative to conventional physicochemical
technologies in waste-treatment facilities. Adsorption
is an effective separation process that has advantages in
terms of cost, flexibility and simplicity of design, and
ease of operation compared to other techniques. Ad-
sorption also does not result in the formation of harmful
substances. [7, p. 10]

The presence of the copper element (as a heavy
metal) at a higher rate than allowed globally leads to
change in the nasal mucous membranes, brain damage,
demyelization, renal disease, and copper deposition in
the cornea. It had to strive to remove it from the water,
as shown in this study. The present study includes the
adsorption studies on Cu using dendritic PS powder.
The efficiency of this adsorbent is studied and maxi-
mum adsorption and lowest equilibrium time for this
adsorbent is recorded.

Materials & Methods:

- The dendritic PS Powder Preparation as an
Adsorbent Material
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The ball mill technique is used in this work, be-
cause of its simplicity. To prepare (dendritic PS) pow-
der, we used a commercially available Si-powder [Si-
licium, Pulver — 99%]. It is prepared via wet alkali
chemical etching. Briefly, appropriate amount of Si
powder is dispersed in a solution of KOH, n-propanol
and distl. H,O. The resulting powders are filtrated and
washed, and then dried overnight at 40°C to obtain PS
powder. The structure of producing powder is charac-
terized by XRD (X-ray 7000 Schimadzu diffractome-
ter). XRD equipped with a Cu anode operated at 40 kV
and 30 mA,; the samples were scanned at a rate of 4
°/min. The PS-powder morphology is investigated us-
ing SEM (Scanning electron microscopy, JEOL (JSM
5300).

Preparation of Metal lon Solutions

The Cu is synthesized using standard methods.
The double distilled water was used for all the analyses.
The concentrations of the metal ions are estimated us-
ing UV-Visible Spectrophotometer Double Auto cell
(Labomend. INC, USA). Standard Copper Solution: Cu
solution is prepared by using Copper sulfate; 0.15 g of
Copper sulfate is taken into a 1000 ml volumetric flask.

- Batch Procedure for Cu Element Removal

Batch Equilibrium Method: All experiments are
carried out at room temperature (27 °C) in batch mode.
Batch mode is selected because of its simplicity and re-
liability. The experiments are carried out by taking 40
ml metal ion sample in a 100 ml Erlenmeyer flask and
after pH adjustments; a known quantity of solution
dried adsorbent (PS) is added. The flasks are agitated at
200 RPM for predetermined time intervals using a me-
chanical shaker until equilibrium conditions are
reached. After shaking, the suspension is allowed to

g

8

3
=
=
& 400
T
Q
-
£

settle. The residual biomass adsorbed with metal ions,
the filtrate is collected and subjected for metal ion esti-
mation using UV- Visible Spectrophotometer Double
Auto cell (Labomend. INC, USA). The values of per-
cent metal uptake by the sorbent (Sorption efficiency)
and the amount of metal ion adsorbed has been calcu-
lated using the following relationships: [8, p. 10]

Sorption ef ficiency = CL;—Cf x100 Eqg.1

Amount Adsorbed (Q,) = % X V Eq.2

Where, Ci= Initial concentration of metal ion in
the solution (mg/L), Cs = Final concentration of metal
ion in the solution (mg/L), W = Weight of adsorbent
(9), V = Volume of solution (L) and Qe =Amount of
metal ion adsorbed per gram of adsorbent.

Results & Discussion:

- Adsorbent Powder Study

The XRD pattern of fabricated PS powder, before
using it as an adsorbent, is shown in FIGURE 1. All the
diffraction peaks can be well indexed to the cubic phase
PS reported in (JCPDS Card No. 01-079-0613 and 00-
027- 1402). Before removal process, the strongest peak
is appeared at 20 = 28.22° correspond to (111), and
other peaks are appearing at 20 = 47.173°, 56.02° and
69.12°, which correspond to (220), (211) and (400), re-
spectively. No diffraction peaks arising from any impu-
rity can be detected in the pattern confirming that high
purity PS powdered material has been obtained. Either
after the Cu-removing process using PS powder, no-
ticeable, the appearance of the diffraction peaks at 26 =
30.48°, 31.6° and 38.16° arising from the Cu (110),
(111) and Cu (200) planes (JCPDS Card No. 00-001-
1241and 00-001-1142), respectively.

Si(400)

Figure 1. X-ray diffraction patterns of (a) PS powder; (b) adsorbed Cu on the PS powder.

Figure 2 shows the surface morphology of PS
powder. The dendritic shape of PS surface is recorded

in figure 2.a, that has many active sites of adsorption
process as a result of high surface area. The Cu particles
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appear on the dendritic PS surface, as shown in figure
2.b, the Cu particle size on the dendritic PS surface is
in the range 0.1-0.23 pum.
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Figure 2. SEM micrographs of (a) dendritic PS powder before adsorption;
(b) adsorbed Cu on the dendritic PS powder.

- Adsorption Study

Uptake of the Cu (I1) by PS as a function of contact
time in different Cu concentrations; as it can be seen, in
all of the Cu concentrations (30, 50, 100, 200 ppm), re-
moval process took place. Cu (1) is removed faster; it
exhibited a subsequent removal until equilibrium is
reached. The main reason for the appearance of rapid
process, the plenty active sites on the dendritic PS pow-
der and gradual occupancy of these sites causes of
emerging [9, p. 10]. In fact Cu ions, form a molecule
(actually ion) layer on the adsorbent surface. After that,
the uptake rate is controlled by the rate at which the Cu
(11) ions are transported from the exterior to the interior
sites of the dendritic PS powder particles.

- Effect of initial Cu (I1) concentration on ad-
sorption:

The initial Cu (I1) concentration serves as an im-
portant driving force for overcoming mass transfer re-
sistance of Cu (Il) between the aqueous and solid
phases. The effects of different initial Cu (1) concen-
trations on the dendritic PS adsorption capacity are
shown in FIGURE 3. The adsorption capacity of the

dendritic PS powder toward Cu (I1) is directly propor-
tional to the initial Cu (I1) concentrations at a constant
value of dendritic PS dose. As shown in figure 3.b, the
adsorption capacity value at dendritic PS dose = 0.07
gm/l is the best one (1383 mgm/gm) at 10 min.

Noticeable, the removing percent of Cu (l1) at sev-
eral concentrations is nearly similar values at a time (10
min). Studies are carried out to obtain optimum condi-
tions for the adsorption of Cu (II) using 0.09 g of ad-
sorbent (dendritic PS) in a 1L solution of 50 ppm of Cu
(11) concentration adjusted to different contact time val-
ues from 2 to 10 min, which produce Cu removal per-
cent is 92.5% and the value of the adsorption capacity
of PS is 513.9 mg/g. This result is observed because
higher Cu (I1) concentrations result in an increased con-
centration gradient, which, leads to a higher probability
of collision among Cu (Il) ions and the active adsorp-
tion sites on the PS powder, thereby increasing adsorp-
tion capacity. With further increases in Cu (Il) concen-
tration than 50 ppm, the adsorption capacity remained
constant because the active adsorption sites became sat-
urated [7, p. 10], as shown in figure 4.
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Figure 3. The effect of the initial copper concentrations on the values of the adsorption capacity value of
PS each gm; initial copper concentration (Cuconc)= (2) 0.05; (b) 0.07; (c) 0.09 and (d) 0.12 gm/I.

Figure 4. At the dendritic PS powder dose 0.09 g/L, a) Cu removal concentration percent as a function of con-
tact time (min), b) Effect of contact time on desorption capacity of NPS.

Effect of contact time on adsorption:

The effects of different adsorption times on the
dendritic PS powder adsorption capacity toward Cu (1)
are shown in FIGURE 4. At prolonged adsorption
times, the Cu (11) adsorption capacity of the dendritic
PS powder initially increased rapidly and then de-
creased slowly because the surface of the dendritic PS
powder is covered with a large quantity unsaturated
functional groups. Cu (1) ions are adsorbed by diffus-
ing into the microporous adsorbent (dendritic PS); thus
resulting in a sharp adsorption equilibrium that de-
creased with the saturation of the functional groups on
the dendritic PS powder surface. [5, p. 10] Therefore,
the optimum contact (adsorption) time is 10 min, the
studies are carried out to obtain optimum conditions for
the adsorption of Cu (I1) using 0.09 g of adsorbent (den-
dritic PS) in a 1L solution of 50 mg/L of Cu (lI) con-
centration adjusted to different contact time values

from 2 to 10 min, which produce Cu removal percent is
92.5 % and the value of adsorption capacity of dendritic
PS is 513.9 mg/g.

In addition, the effect of acidity and temperature
on the adsorption value of copper is studied. It has been
shown that by changing the pH value and temperature
values, there is no obvious effect at the varying process
of the Cu adsorption values, which are the same as in
case of the room temperature and pH = 7.

Conclusion:

A new dendritic PS powder is prepared by alkali
chemical etching using the ball mill technique. The re-
sults of this study show that the synthesized dendritic
PS powder can be used effectively for the adsorption of
Cu (1) ions from aqueous solutions. The maximum Cu
(11) ion adsorption capacity for the dendritic PS powder
reached to 1383 mg/g under an initial Cu (I1) concen-
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tration 200 mg/L and adsorption time is 10 min, in ad-
dition, no effect of pH and at adsorption temperature.
Only using 0.09 g of adsorbent (dendritic PS) in a 1L
solution of 50 mg/L of Cu (Il) concentration at contact
time 10 min, which produce Cu removal percent is 92.5
%.
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B HaHHOﬁ CTaTb€ NPUBECACHBI TOJTYUCHHBIC PE3YJILTAThI OKCIEPUMECHTAIbHBIX 1 KUHECTUYCCKUX HUCCIICI0BA-
HUH 10 U3YYECHHIO 00X 3aKOHOMEPHOCTEH Mmporiecca pacTBOPEHHSI 30J10Ta B KUCIBIX pacTBOPAX alleTUIATHOMO-
YEeBHHA C MMOCICIYIOMNIEH pa3pabOTKOM TEXHOIOTHH U3BJICUCHHS METAJIOB U3 XBOCTOB (DIIOTAIIMH BKJIFOUAs KHHE-
TAYECKUEC 3aKOHOMEPHOCTU MPOTCKAHUA ITPOLECCA, BIUAHUE MMPOJODKUTCIBHOCTH BPEMEHU BLIIICTIaYBaHUA U
BJIMSIHUC TEMIICPATYPhlI HA OCHOBE AlICTUJII-TUOMOYCBUHHOI'O BhbIIICIaYBaHU . Ha ocHOBe KMHETHYECKHUX KCIIe-
PUMEHTOB U paC‘IéTOB, OIPCACIICHbI TOPAAOK XHUMHUYECKOH pCaKun, KOHCTaHTa CKOPOCTHU PCAKIIMN W DHEPrus
aKTHUBallUuU.

ABSTRACT

This article presents the results of experimental and kinetic studies on the general laws of the process of
dissolution of gold in acid solutions of acetylthiourea, followed by the development of technology to extract metals
from flotation tailings, including the kinetic laws of the process, the effect of temperature based on acetyltiourea
leaching. Based on the kinetic experiments and calculations, the order of the chemical reaction, the reaction rate
constant and the activation energy are determined.

KuioueBble ¢j10Ba: aleTHITHOMOYEBHUHA, KHHETHKA, TeMIlepaTypa, rpadudeckuii meton Bant-T'odda, mo-
PSAOOK XMMHUYECKOU PEaKIMK, KOHCTAHTa CKOPOCTh PEAKLIMU U SHEPIHsI aKTUBALUH.

Keywords: acetylthiourea, kinetics, temperature, graphical Vant-Hoff method, chemical reaction order, re-
action rate constant and activation energy.

AUCTHITHOMOYEBUHHOE BBINICTIAYNBAHIE IPUME-
HsEMOE TIPU BBIICTAYNBAHIH XBOCTOB (proTammu 30-
JIOTO-CYPBMSIHO-PTYTHBIX PY/I, SIBJISETCSI BEChbMa CII0XK-
HBIM TIporieccoM [1, c. 7]. TIpobnemoii naHHOTO CTO-
coba sBIISIETCS CIIOKHOCTh MON0Opa ONMTHMAIBHBIX

YCIIOBHI M3BJICYCHUS 30JI0Ta U3 MPOYKTA, YIOBIETBO-
psronield TpeOOBaHHEM TEXHOJIOTHYECKOTO Ipolecca
[2, c. 35]. [loaTOMy nJIst CTPOTrOM ONTUMM3ALUHU HPO-
1ecca HeoOX0 UMbl KHHETHYECKUE HCCIIEIOBAHHS.
PesynpraThl 1O BbIIIENAYUBAHUE 30JI0TA [MO-
JPOOHO OCBEIIECHBI B COOTBETCTBYIOIINX TYOIMKALIMIX
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[3, c. 22]. TloaTOMY 3/1€CH MBI OTPAHUYUMCS JIUIIb W3-
JI0)KEHHEM TJIaBHBIX BBIBOJIOB M PEKOMEHAAINH, Kaca-
IOIINXCSI OCHOBHBIX BOINPOCOB KHMHETHKH alETHITHO-
MOYEBUHHOTO BBIIIETAYNBAHMA 30JI0TA W3 XBOCTOB
(motanyu, UMes BBHIY IIPEXKIE BCETO BO3MOXHOCTh
MCIIONIb30BaHMS 3TOTO TpoIiecca.

OmBITH MPOBOAMIIUCH C XBOCTAMH ()IIOTAIMH, CO-
Jiep>KaHKe 30J10Ta B KOTOPHIX — 1,8 1/T.

JKcnepuMeHTATBHAS YaCTh

CepusiMH SKCIIEPUMEHTOB M3yUeHa KMHETHKA pac-
TBOPEHUSI 30J10Ta B alleTHIITHOMOYEBHHHBIX PaCTBOPAx
JUIS OTIPEJICTICHUS] 3aBUCHMOCTH CKOPOCTH TIPOLIecca OT
OCHOBHBIX TEXHOJIOTHYECKHUX MapaMeTpOB — KOHIICH-
tpauuu H.SO4, Temmnepatypsl u T.1. B cBsBU ¢ 3TUM
OBLTH ITPOBECHBI KWHETHUECKHE HCCIICIOBAHMSL.

B Tabmumne 1 mpuBeneHbl dKCIEPUMEHTaIbHBIS
JaHHBIE PACTBOPEHHUS 30JI0Ta B alETHITHOMOYCBHH-
HBIX paCTBOpAaXx IPH Pa3lIWYHBIX TeMIiepaTypax. [Ipen-
CTaBJICHHE MHTETPaIbHBIE KHHETHIECKNE KPUBBIC, OT-
pakaroIye 3aBUCHMOCTh CTETICHH M3BJICYCHUS 30JI0Ta
OT TPOJIOJDKUTENEHOCTH AlleTHITHOMOUYEBUHHOTO BHI-
LIeTaYMBaHus TPH Pa3IMYHOW KOHIEHTpALUHU CYJb-
(ara xenesa, cepHoil KucI0TH ¥ PH cpexnbl. YcnoBus
MIPOBEACHUS HKCIIEPUMEHTA: UCTIBITAHNE ITPOBOIMIACH
B | %-HOM pacTBOpe alleTUITHOMOUYEBUHHBI B IIPUCYT-
ctBuu 1,38 % cepnoit kucnotel u 0,5 % TpéxBaneHT-
HOro cynb(ata xeje3a. JJIUTeNTbHOCTh BpeMsl OIBITOB
8 wacos, pH cpensr — 1,2-6,0 [5, c. 86].

Ta6m/1ua 1. 3BaedeHne 3010TO pu aeTUITUOMOYCBUHHOM BbIIICITIAYUBAHUHU XBOCTBI q)HOTaI_[I/II/I HW)XHETO I'0-

HN30HTa ﬂ)KI/I)KI/IprTCKOFO MCCTOPOKACHUA

VYcioBus onbiTa Konnentparms Au B W3Bneuenne
pacTBope, Mr/i Au,%
j=p
= = 3 z 5 3 2 E%
& E ¢ 1222582
S F 50| TE|E
Hayano a)
100 200 2 15 1,5
2 1,0 5,8 0,165 19,4
4 6,1 0,174 20,5
6 5,8 0,175 20,6
8 5,8 0,177 20,8
XBocThl (rotamuu nocie obsxkura mpu 200 °C 6)
100 200 2 1 1
2 53 0,144 16,9
4 5,3 0,152 17,9
6 5,8 0,168 19,8
8 5,8 0,166 19,5
XBocTsl pnotanuu nocie obxura mpu 400 °C B)
100 200 2 1 1
2 5,6 0,162 19,0
4 5,9 0,173 20,3
6 6,2 0,181 21,3
8 6,0 0,184 21,6
XBocThl ¢otanuu nocie ooxura mpu 600 °C r)
100 200 2 1 1
2 6,2 0,338 39,8
4 6,4 0,379 44,6
6 6,2 0,381 44,8
8 6,8 0,384 45,2
XBocThI (aoTanuu nocie ooxura mpu 600 °C 1)
100 200 2 20 1
2 1,6 0,631 74,2
4 1,4 0,663 78,0
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6 1,4 0,700 82,3
8 1,2 0,708 83,3
XBocThl (rotanuu nocne o6xura npu 600 °C + 06pabotka H2SO4 )
100 200 2 20 1

2 2,4 0,648 76,2
4 2,8 0,685 80,6
6 2,6 0,730 85,9
8 2,6 0,732 86,1

Kak BugHO 13 prucyHka 1 u Tabnuiia | ¢ MOBBINIEHHEM TeMIIepaTyphl, yMeHbIicHHEeM PH cpembl 1 00paboTka
C CepHOUM KHUCIIOTOW B allCTUITHOMOYEBUHHBIX PACTBOpPaX CKOPOCTh PACTBOPEHHUs 30Ji0Ta Bo3pactacT. CTeneHb
u3BIeYeHHsI Bo3pacTaeT oT 45,2 no 86,1 %.

90
—0=—Hauano, pH=6,0
80
70 ={J=XBOCTHI (NIOTALIHH ITOCIIe
obmxura mmpu 200 0C,
prH=6.0
- 60
= ==X BOCTEI QIOTA I IIOCTIE
ﬁ obmura ipu 400 0C,
= rH=6.0
5 50
A
©
% XBOCTEI (IOTAITHH IIOCTIE
g 40 obxura nmpu 600 0C,
2 pPH=6.0
e
)
= 30
—#—XBOCTEI GIIOTALINH TIOCTIE
odxura ipu 600 0C,
prH=1.2
20
—O—XBocTEL rroTauu mocie
obxura mpu 600 0C +
10 obpaboTka cepHOI
kucaoroi, pH=1,2
0
0 2 4 6 8
Bpewms, u

PuC‘yHOK 1. 3asucumocms NPOYEHMHO20 U361e4eHUsl 3010ma om }’lpO()O/ZDfCMmEJZbHOC‘mu evlujenadueanust

J1nst BBIICHEHHSI MEXaHU3Ma XUMHYECKOH peakny U pacdyeTa KOHCTaHThI CKOPOCTH 00513aTeNIbHO HAJI0 3HATH
HOPSIOK PeaKIUK [0 PearupyroluM BelecTBaM U CyMMAapHbIN NOPAJOK JaHHOM peakuuu. CymecTBYIOT CHEIH-
aJbHBIE SKCIIEPUMEHTAIBHbIE IPUEMBI, TO3BOJISIOMINE ONPEAEISATh, KaK MOPSAKY 0 OTIENbHBIM KOMIIOHEHTAM,
TaK ¥ 00U mopsaok peakuuu [4, c. 12].

Bocnonezyemcst nanabie Tabmumpl 1 u paccautaem N i1 pa3HBIX TPOMEXYTKOB BpeMeHH. 11 3Toro Heob-

xozumo paccuntats (g ulQa,.

Jnst ompeneneHus Mopsiika peaknuy UCIoiib3yeM rpadudeckuit metox Bant-I'odda, koTopsiii mo3somser
OIPENENUTh MOPAJOK PEAKIIUU IO YPABHEHUIO

9, a
n=|I ~1 | 1
99 /94
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Tabmuma 2. Tabmuna nmopsiika peakiuu o Metony Bant — l'odda

Ne Ta6mupr tg o, tg a, a a n
1 0,17 0,169 79,5 79,4 2,6
2 0,232 0,230 80,2 80,1 3,7
3 0,9 0,6 81 80,15 3,8
4 0,608 0,6 55,4 55,2 2,5
5 0,988 0,922 17,7 17,4 3,33
6 0,072 0,71 14,1 13,9 2

IMopsimok XMMHYECKOH peakiiy, paCCIMTaHHBIE 110 SKCIEPUMEHTAIBHBIM JaHHBIM, OJNU3KH 10 3HAYEHHIO,
CJICIOBATENBHO, JAHHASA PEaKIHs TOTINHICTCS] YPAaBHEHHIO ISl PEaKLIi TPETHETO MOpPSIIKa.

OO0cy:xaeHne pe3yibTaTOB ISl TPEThEro NopsiaKa:

[Nopsmok peaknu MOXKET BBIpakaThes Kak mensiMu gucnamiu 0,1,2.3, Tak u apoOHBIME [6, ¢. 74]. IpoOHbIe
MOPSIKH BCETAA CIYXKaT NPU 3HAKOM CIIOKHOCTH ¥ MHOTOCTaJMHHOCTH U3y9IaeMOH PEaKIiH.

JAnst peakiuii TpEThero Mopsizika CKOPOCTh PEAKIIUH MPONOPIIMOHANBHA MPOU3BEACHUIO KOHIIEHTPALMH Tpex
pearupyronux BemecTs.

Paccmotpum Oonee mpocTol ciaydail, Koraa KOHIEHTPAIMU BCEX PeardpyloIUX BEIIECTB PaBHBI, TO €CTh
a=B=c. B aTom ciyuae

dx

P k,(a-x)°. (1)

Ucxonst nz popmyast (1)

7 = 2kt+ = (2)

(a-x) a
HOCHG,Z[Hee BBIPAKCHUE CIIYKUT IJIA ONPEACICHUA KOHCTAHTBI CKOPOCTHU PCAKUIHUU TPETHEro MmopsjakKa Mmpu
PaBEHCTBE KOHIICHTPAIMI pearupymrolIux BemecTB apyr apyry. Kunetnueckas KkpuBasi, mpecTaBlIeHHast B KOOP-

2
JIMHaTax ]/ (a' X) M0 ypaBHEHHIO (2), MOJDKHA MpeoOpa3oBaThCS B HPAMYIO JIMHHIO C TaHT€HCOM YTIiia

2
HakJIOHa, paBHBIM 2 K3, Ha Tabnunax 3 1 pucyHOK 3 3aBHCHMOCTH ]/ (a - X) oT t XopoI1o noka3zasa.

Tabnuna 3. Tabnuna onpeeneHne NOpsAAOK PEaKIIuu

1 1
Ne (100-x) (a i X)2 T No (100-x) (a i X)2 T
a) 0)
1. 80,6 1,539 x 10 -4 2 1 83,1 1,448 x 10 -4 2
2. 79,5 1,581 x 10 -* 4 2 82,1 1,482 x 10 4 4
3. 79,4 1,587x 104 6 3 80,2 1,554 x 104 6
4. 79,2 1,593 x 10 -4 8 4. 80,5 1,549 x 10 -4 8
B) T)
1. 81,0 1,524 x 104 2 1 60,2 2,759 x 10 -4 2
2. 79,7 1,572 x 104 4 2 55,4 3,258 x 10 -4 4
3. 78,7 1,615x10°4 6 3 55,2 3,295 x 10 -4 6
4. 78,4 1,626 x 10 -4 8 4. 54,8 3,329 x 10 -4 8
n) e)
1. 25,8 1,502 x10-3 2 1 23,8 1,765 x10-3 2
2. 22 2,066 x 10 - 3 4 2 19,4 2,066 x 10 - 3 4
3. 17,7 3,191 x10-3 6 3 14,1 3,191 x10-3 6
4. 16,7 3,585x10-3 8 4 13,9 3,585x10-3 8
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1,95 2
1,8 1.8
1,65 16
A e T fﬂ
1,5 14
1,35 1,2
1,2 1
0 2 4 6 8 10 0 2 - 6 8 10
=i ].!‘(a—x)l _.]IHHEI:IHM (1:”(:1—)()2) +]J"(a'x)2 _JIHHEI‘:[HM (L;(a_xp)
1,8 375
16 ' + /7
]
2,85 N4
14
24
L2 1,95
1 1,5
0 2 4 6 8 10 0 2 4 6 8 10
——1/(ax)2 —Jhmeitnas(1/(ax)2) ——1/(ax)2? —Jluneitnas (1/(ax)2)
7 4
.~
pZ
58 35 /
X /
46 /
25
34 i ' /
= b 7
22 o
2 1,5
—
1 1
0 2 4 6 8 10 0 2 4 ) 8 10
——1/(ax)2 —JIuneiinagz(l/(a-x)2) ——1/(ax)2 — JInneiinag (1/(a-x)2)

Puc. 3. I'pagpuueckoe onpedenenue KOHCMAanmMvl CKOPOCMU PEAKYUU

OHpeI[CJICHI/Ie TIOpsAAKa 9TO IO HAYaJIbHBIM CKOPOCTAM HE MIOMOT'YT TaK KaK HEM3BECTHO HAYAJIbHOEC KOHLICH-
Tpanus Au. PacueTHble JAaHHBIE HA OCHOBE JSKCIIEPUMEHTAIIBHO ITOJTYYEHHBIX TaHHBIX IIPEACTABIICHBI B Ta6JII/IHe

4.
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Tabmuna 4.PacdeTHbIe TaHHBIC IS OTIPEACIICHUS] KOHCTAHT CKOPOCTH PEaKIuu

1

Ne TaOauIB! (a - X)2
|(0)71 k
1. 0,003 0,0015
2. 0,01617 0,008085
3. 0,002275 0,011375
4, 0,02025 0,010125
5. 0,3372 0,1686
6. 0,3033 0,15165

OnrHaKoBHIE HAYAIFHBIX KOHIIEHTPAIIMH HAOIIOAAI0TCS TOIBKO ISl BTOPOH, TPETHi M YeTBEPTHIH 4acTh Tab-
Juibl 1 moaxoauTh AJs HaluX uccienoBaHuil. [losToMmy onpenensieM Heprust akTupauuu. PaccuuraeM no me-
TOIly HANMEHBIINX KBAJIPATOB TAHTCHCH YTIIOB HAKIIOHA MPSIMBIX, KOTOPBIE COOTBETCTBYIOT KOHCTAHTAM CKOPO-
CTe TIpW pas3IMYHBIX TeMIeparypax (Tabmmmna 5).

Tabnuma 5.PacueTHbIe JaHHBIC ISl ONpEACIICHNs YHEPTHH AKTHBAINH

Ne t,°C T, K 1 K Ink

T
L 200 473,15 0,0021135 0,008085 - 4.8177
2. 400 673,15 0,0014855 0,011375 - 4,25633
3. 600 873,15 0,0011453 0,02025 - 3,89960

Janee moctpouM rpaduk 3aBUCUMOCTH KOHCTaHTBI CKOPOCTH OT TEMIIEPaTyphl B KOOPJIMHATAX ypaBHEHHS
AppeHHyca 1 pacCUUTBIBAEM SHEPIHs aKTUBAIUU:

Ink =InA- —;
RT

2,2
0,0023
E =Rxtga =8,3144%956,522 = 7952,906 J[x =7,9529k]Jx.

tga = =956, 522.

U3 rpaduka 3aBucumoctu Ink ot — (puc. 7) cinenyert, uro INA = -2,8. DHepruro akKTUBAIIUN HAXOIUM IIO

TaHTEHCY yTJIa HakIoHa npsmoit: Ea = 7952,906 [x/Momb = 7,96 kIx/MOIb.

lgA
|

-4.25633

o 0.00032 0.0006 00,0009 0.,0012 0.0015

0.,0018

00,0021 0.0024

5 5
Puc. 7. Jluneapusayus no ypasuenuto Appenuyca
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BoiBoabl: TakuM 00pa3oM, omnpesiesieHbl 3HAUCHHS YHEPT s aKTUBAIlMK, KoTopas paBHa 7,9529 k/[x/mMornb,

YTO CBHIECTEIBCTBYET O OBICTPO MPOTEKAHUN PEAKIIUH.

INomyaeHnsle JaHHBIE MOTYT OBITH HCIOJIB30BAaHBI IIPH MCCICIOBAHMH PA3IUYHBIX PYA, COACPIKAIINX Ce-
pedpo U MPOEKTUPOBAHUH 30JI0TO-M3BIEKATEIbHBIX (haOpHK, TAE MPELyCMOTPEHO AlETHITHOMOYEBUHHOTO BBI-

meIaYuBaHUsA.
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