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SECTION 1. Theoretical research in mathematics.

Vadim Nikolaevich Lesev

Candidate of Physical and Mathematical Sciences,
Chief of the Department of Differential Equations of
Kabardino-Balkarian State University, Russia

diff@kbsu.ru

Maryana Adibovna Shardanova
Undergraduate of mathematical faculty of
Kabardino-Balkarian State University, Russia
shardanova2010@yandex.ru

THE APPLICATION OF THE METHOD OF FINITE INTEGRAL
TRANSFORMATIONS TO THE STUDY OF THE CLASSICAL EDGE TASK FOR
THE EQUATIONS OF HIGH ORDER

Abstract: The solvability of the classical edge task for the inhomogeneous equation in
partial fourth- order derivatives has been proven. The method of the finite integral
transformations has been used to prove the existence of the solution.

Key words: high-order equation, edge task, proof of the existence of solution method
of finite integral transformations.
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INPUMEHEHHUE METOJIA KOHEYHbIX HHTEI'PAJIbHbBIX IIPEOBPA3OBAHUI
K UCCIIEJOBAHHUIO KPAEBOMU 3ATAYM V1A YPABHEHUA BBICOKOTI'O
HOPAIKA

Annomauyun: B pabome 0okaszana paspeuwiumocms KiACCU4eckou Kpaegou 3a0adu
0151 HEOOHOPOOHO20 YPABHEHUS 6 YACMHLIX NPOU3BOOHLIX Hemeepmoco nopsaoxa. s
00KA3aMenbCmead Cywecmeo8anus peuleHus UCNOIb308AH Memo0 KOHEYHbIX UHMEZPalbHbIX
npeobpazoeanuil.

Knrwuesvie cnosa: ypasnenusi blcok020 NopsoKa, Kpaesas 3a0add, 00KA3ameibCneo
CYWecmeo8aHusl peuleHus:, Memoo KOHEYHbIX UHMe2PALbHbIX NPeodpPaA3068aHUII.

Pemenne MeTOnOB uCCEeNOBaHMS KpaeBbIX 3adad JUIsl ypaBHEHUH B YaCTHBIX
NPOM3BOJHBIX SBISETCS BAXKHBIM HAINpaBlIEHUEM B oOwied Teopuu AudQepeHnranbHbIX
ypaBHeHHi. [IpuyeM, BO MHOTOM MPUMEHEHHE MMEHHO TOTO MJIM MHOTO MeTona (GopMmupyet
JIOCTaTOYHBIE YCJIOBUS PA3pEIIMMOCTH KpacBOW 3amayd. XapaKTEpHbIE OTIMYUSA B
UCIIOJIb30BAaHUU PA3JIMYHBIX METOJOB Ha NPUMEPE YPaBHEHUH BBICOKOTO MOpPSAKAa MOTYT U
OBITH BBISIBJICHBI HA CPABHEHUH PE3yJIbTaTOB pador [1-5] u [6-8].

B nacrosmieit paboTe mpoBeneHO UCCIIeJOBAHNE KPAaeBOM 3aJauu I HEOHOPOIHOTO
YpaBHEHMsI 4ETBEPTOro IOpsIKa B OJHOCBSI3HOW 00JaCTH, OCHOBAaHHOE HA INPHUMEHEHHH
METO/a KOHEUYHBIX HHTETPAJIBHBIX TPeoOpa3oBaHuil.

B o6mactu Q= {Z 0<x<L0<t< T} (L,T =const>0) eBKIMAOBOH IIOCKOCTH

Touek z(x,t) pacCMOTPUM ypaBHEHHE
Uy T U, +f-u=f(x1), (1)
rne «, [ — 3aJaHHble TOCTOsSHHBIE, f(X,f)— 3agaHHas QYHKUUS.
Jlns ypaBHenus (1) B obnacti Q mccnenoBaHa cieayromias 3a1ada;
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3anpaua. Haiitu perymsipaoe B QQ pemenue u(x,t) ypaBHenus (1), yaoBieTBopstoiiee
YCIIOBUSM
w0,0)=¢,1), ul,t)=p,2), 0<t<T (2)
u(x,0)=7(x), u,(x,0)=v(x), 0<x<L, (3)
rae ¢(1),9,(t),7(x),v(x) — 3anaunble GyHKIMYM, IpHYEeM @, @, € C [O,t], ,vel [O,I 1
[Ipumensii KoHE4YHOe CcHUHYcC-TIpeoOpasoBanue Dypbe MO MNPOCTPAHCTBEHHOU
nepeMeHHon x [9.ctp.75]:

() = %isin(%}(x,t)dx, ()
K ypaBHeHumo (1), Oyaem umeTsb
pu'(t)+p-ut)=q, (%)
rme
p{a - (?j }q = f(0)- 2;2m -[(pln -9, 0O 1)”};1 =1,00,

a f(t)—pe3ynbTar npeoOpa3oBanus GyHKuuu f(x,t).
[lonarasa o # (%)2 u3 (5), HaxoAUM
u"(ty+a-u(t)=>n, (6)
rae a = ﬁ,b = 1.
'z P

YcnoBus (3) ¢ yuetom (4), IpUHUMAIOT BHUIL:

_ 2¢ . (mx _ 2¢ . (mx

#(0)=7 | sm(Tjr(x)dx, i7(0) = 7£sm(7)v(x)dx. (7)

0
Takum oOpazom, Bompoc paspemmumoct 3anadu (1)-(3) peaynupoBaH K BOIPOCY

paspemmmmMocty 3agaun Ko (6), (7) otHocuTensHo u(t).

Jlna monHoro uccinenoBanus 3aaadu (1)-(3) HEOOXOAUMO pacCMOTPETh ClEAYIOIINe
cinydan: 1) 3a1a4a OAHOPOIHA (b = 0) 2) xoaddumment [ B ypaBHenuu (1) pasen 0 (a = 0)
3) 3amava He ogHOpomHa u [ # 0. Jlerko 3aMeTHTbh, YTO NEPBBIE JBA CIydas TPYIHOCTH B

UCCIIeZIOBAaHUH HE MpecTaBisAoT. OctaHoBUMCS Oosiee TOAPOOHO Ha MOCIEIHEM Cllydae.

Tak kak (6) mpencrtaBisieT co0Oil ypaBHEHHE BTOPOTO TOpSAIKA C HOCTOSHHBIM
KodpuureHToM (HampuMep, N KaXAbIM pa3 (UKCUPOBaH), TO COOTBETCTBYIOIIEE
XapaKTEePUCTHYECKOE ypaBHEHUE, IMEET BU:

2
k"+a=0
a ero KOPHU, ONPEIEIIAIOTCS PABEHCTBOM:

ki, =tv-a (8)

Kak yxe ormedanoch Bblle, ciydail @ = 0 sBisieTcs NPOCTEHIIMM, T.K. oOluee
pelieHre ypaBHeHus (6) HAXOAUTCS MyTEM ABYKPAaTHOTO MHTErpUpOBaHUs QyHKUMHU b:

w(t)=[difbdt+3 t+2, 9)

rae ¢;,C, IOCTOSHHBIE, KOTOPbIE OJJHO3HAYHO OINPEEIIAIOTCS U3 yCiIoBHi (7).
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[TycTs Temepn P > <0, T.e. a <0. Torga, xak usBectHo (Harmpumep [10. cTp.

a-I* —(m)
107]), obiee pernieHre 0 JHOPOIHOTO YPABHEHHSI COOTBETCTBYIONIETO ypaBHEHHUIO (6), UMeeT
BUJI:
i0=c, e tere (10)
[Tpumensisi MeTOl BapuaIlK MPOU3BOJIBHBIX MMOCTOSHHBIX, M3 MOCIEIHETO PABEHCTBA,
¢ yueroM (6), HaXOUM:

, —L ~tV-a ' _ﬂ tN-a
Q=g 0=

Ortcrona, OyieM UMETh

. | b(t)-e " dt +c,
—da

Cl(t):T )

! bty e dt + e,
—da

o, ()= YN

[Moacrasnss (11) B (10), momyunm

tN-a —t-a
- e V=a Wa e a e
U(t)=——-|b(t)e ™" dt +c,-e - | b)) e dt+c, - e 12
=5 — [b) : > f_aju : (12)

ITocTosiHHBIE C;,C, OAHO3HAYHO OMPENEIISAIOTCS U3 yCuoBui (7).
AHanornyHo, eciau BedM4MHA [, KO3GQUIMEHTH «,f W 3HA4YCHHE Mapamerpan

p
ol —(m)

KOMIUIEKCHBIE, TO 3HaYeHHE KO (HUIMEHTOB % (¢) ompeaensercs mo Gopmyre

u(t)= ﬁ\/?;/j) . J.b(t) . sin(x/;t)dt +c - cos( at)+
+ ﬂ\/é@ . J.b(t) . cos(\/;t)dt +c,- sin(\/Zt)

TaKOBBI, YTO >0, T.. a>0 ¥ KOPHM XapaKTEPUCTUYECKOro ypaBHEHUs (8)

(13)

raec,;,c, —, MOCTOSIHHbIE, KOTOPbIE OJHO3HAYHO ONPENENAI0TCA U3 ycinoBui (7).
[Tpumensis 0OpaTHOE KOHEYHOE CHHYC- TIPEOOpa3OBaHHE:

u(x,t)= iﬁ (t)sin(?j, (14)

noiyunM uckoMoe pemenue 3agaun (1)-(3) B Buge psina (14), koophumeHTsr KOTOporo, B
3aBUCHMOCTH OT 3HaU€HUH mapamerpoB/,a, f u n omnpenenstorcs paeHcTBamu (9),(10),(12)

wim (13).
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SECTION 2. Applied mathematics. Mathematical modeling.

Konstantin Anatolyevich Chuev

Candidate of physical and mathematical Sciences, Assoc. prof.,
Gubkinsky branch of MSMU, Gubkin, Russia
kot111208@mail.ru

METHODS OF FINDING SOLUTIONS OF THE EQUATIONS OF HEAT AND
MASS TRANSFER WITH THE USE OF SYNTHESIS OF INTEGRAL
TRANSFORMATIONS

Abstract: To obtain approximate analytic solution of a system of linear equations of
thermodynamics the technique with the use of synthesis of integral transformations (unilateral
Laplace transform and the finite Fourier transform). The obtained approach to solution of the
equations of the model are tested using the finite-difference technologies.

Key words: the heat and mass transfer, drying, potential migration, Laplace transform
and the Fourier transform, convolution, integral equations, finite-difference.
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METOIMKA HAXOXXJIEHWSA PEINEHUS YPABHEHU MOJEJH
TEIIVIOMACCOIIEPEHOCA C HCIIOJIb3OBAHUEM CUHTE3A
UHTETPAJIbHBIX IPEOBPA3OBAHUI

Annomayua: [na nonyuenus npubIUNCEHHO-AHATUMUYECKO20 PeUeHUs CUcmembl
YPaeHeHull JUHEUHOU MePMOOUHAMUKYU NPEOTONCEHA MEeMOOUKA C UCNONb308AHUEM CUHME3d
UHmMezpanbHblx npeobpazosanuii (00HOCMOponHe2o npeobpasosanus Jlaniaca u KOHeYHO20
npeobpazosanusi Dypve). AdekeamHocmsb NONYYEHHO20 NOOX00aA OJisl peuileHus YpasHeHul
MoOenu npoeepena ¢ UCNONb308aAHUEM KOHEYHO-DAZHOCTHBIX MEXHON02UIL.

Kniwouesvie cnosa: mennomacconepenoc,  CywiKa, nOmeHyuaubl — nepeHocd,
npeoopasosanus Jlaniaca u @Pypve, ceéepmka, UHMESPANbHbIE YPAGHEHUS, KOHEUHO-
PA3HOCMHAR CXeMd.

HecmoTpss Ha mMpPOKOE HCIONB30BAHUE BBIYUCIUTEIBHOW TEXHHUKH MJIsi PEIleHUs
pa3IMYHBIX 3324 MaTeMaTH4eCKOH (PU3MKH, UHTEpEeC K aIrOpUTMaM M METOJIaM ITOIy4EHUS
NpUOIMKEHHBIX aHATMTUYECKUX PEUIeHH He ociadeBaeT B CUIIy BO3MOXKHOCTH MPOBEICHUS
aHanmu3a ¢ pu3nyecKor TOUKH 3pEHHs U NOTYUCHUs] MHKEHEPHBIX METOTUK.

W3BecTHO, 4TO MHOTHE SIBIEHUS TEpeHOca MOTYT OBbIThb 10 ONpPENEICHHON CTENeHU
TOYHOCTH OMHUCAHBI C TOMOIIBIO MaTEMAaTUYECKOT0 aHalIu3a JIMHEHHON TepMOJUHAMUKH [ 1, C.
24]. Hanpumep, cylika KanuUISIPHO-TIOPUCTBIX TEN SIBIAETCS TUIWYHBIM HECTAIMOHAPHBIM
IPOLECCOM, NPOTEKAIOLIUM IPHU HAJIMYUU T'PaAMEHTOB NOTEHLMANOB IepeHoca [2, c. 16].
M3BecTHble MaTeMaTHYeCKWe MOJETM B TEOPUU CYIIKM Oa3upyrTCs B OCHOBHOM Ha
TUQPY3MOHHO-PUIBTPAIIMOHHBIX ~ TPEACTABICHUSAX O  BIIArONEpeHOce,  KOTOpbIe
GoOpMAM3UPYIOTCST B BHUJAE CONPSDKCHHOW CHUCTEMBbl JUHEHHBIX AuddepeHInanbHbIX
ypaBHEHHI B YaCTHBIX MPOM3BOAHBIX A.B. JIbIKOBa ¢ COOTBETCTBYIOLUIMMH COMPSKCHHBIMH
TPaHUYHBIMU  YCIIOBUSIMH,  BBIp@XKAIOUIMEe  CYNEPHO3MIMIO  MEXaHHW3MOB  IepeHoca
noTeHuanos [3, c. 37]. 3a nocieHUEe TOJbl TAKUE MOJACIIM HAXOMAST IIMPOKOE MPUMEHEHUE
JUTSL MTH)KEHEPHBIX PAcYeTOB B CYIIMILHON TEXHHUKE, CTPOUTENIbHOM Teriopu3rKe, B pacuerax
psifa XMMHKO-TEXHOJIOTMYECKHX IIPOLIECCOB, a TaKkKe pa3paboTKe 3KCIEPUMEHTATBHBIX
METOJIOB OIpeeeHHs TeII0()U3NUIECKUX CBOMCTB BIIAXKHBIX MATEPHAJIOB.
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Kak mnpaBumo, mnpu MaTemaTudeckod (GOpMyJIMpPOBKE SIBIEHUH IepeHoca B
HETIOJBIKHBIX KaNMUISIPHO-TIOPUCTBIX CpPEAax HCIOJB3YIOT TPH HCKOMBIX TOTEHIIMANA:
JOKaJbHbIE BIIArocojiepXkaHue, Temreparypa M JaBieHue. Cumraem, 4TO TeOMETpUs Tel
obmamaer cummerpueil. HauanbHble yCIIOBHS 3a/JalOTCSi B BUJAE IOCTOSHHBIX 3HAYCHHUN
MOTEHIMAJIOB, U Ha OCH CUMMETPUU OTCYTCTBYyeT nepeHoc cyOctaHuumu. Ha rpanuue ten
paccMatpuBaetcs auddepeHnnanbHpli O0amaHCc TEIUIOTHl KaK CYNEPIO3UIUs MEXaHU3MOB
IepeHoca TEeIUIONPOBOAHOCTHIO, KOHBEKTUBHOI'O TEIUIOOOMEHA C OKpY’Karollel cpenoil c
yueToM (a3oBBIX TMpeBpalieHuil, a Takke auddepeHIuaTbHbIid OallaHC Macchl Kak
CYMepHo3uIlMsl MEeXaHu3MOB mepeHoca auddysueit, tepmoauddysueit, dbapoauddysueir u
KOHBEKTHBHBIM MacCOOOMEHHOM. [4, ¢. 23]. B aTom cinyuae cucreMa MpUHUMAET BUI:

oUu

— =k, VU +k,V’T +k,V*P; (1)
Fo
aT 2 2 2
—— =1k, VU + k, VT + k,,V*P; ()
oFo
5P 2 2 2
— =k, VU +k,V’T +k,,V*P; 3)
oFo
U(X,0)=T(X,0) = P(X,0)=0; “)
0U(0.Fo) _ 0T (0.Fo) _ @P(0.Fo) _ 5)
oX ox ox ’
oU(1,Fo) . oT(1,Fo) .
B [U, Fo)-1]= o B [T, Fo)-1]=
oP(1,Fo) .
= EaT) + Bi,[P(1, Fo)-1]=0; (6)
vio
ox*’

rae Fo— 0Gespa3MepHbiii kputepuii Dypbe- Foe(O, OO); , k, —TOCTOSHHBIE KOY()DHUIMEHTHI

niepeHoca, Bim, Big, Bip — MacCOOOMEHHOE, TEIII000MeHHOE U QUIIBTPAIIMOHHBIE Yucia bro.
bynem wunentudunmponars Oe3pasmepubie U, T,P-OTHOCHTENBHBIC  BIIArocoCpIKaHuE,
TEMITEpaTypa U JaBJICHUE I HEOTPAHUUEHHOM T1acTuHbI (X € [0,11).

[TocnenoBaTenbHBIM NMPUMEHEHUEM OJHOCTOPOHHEro npeoOpas3oBanus Jlarmaca [5, c.
31] nmo nepemeHHON Fo U KOHEYHOTrO KOcUHYyC-TpeoOpa3zoBanus Pypbe 1o nepeMeHHoil X ¢
XapaKTEePUCTUYECKUM  YPAaBHEHUEM A, -tgl, =1/Bi, cucrema (1)-(6) cranoBuTCA

anreOpanvecKkoil OTHOCHUTEIBHO H300paKEeHUH IMOTEHIIMAJIOB, IIOCJIEC PEIIEHUsS KOTOPOM

MOJIyYeH pe3yJibTaT B BEKTOPHOH (opMe B MPOCTPAHCTBE OPUTHMHAJIOB C HEU3BECTHBIMH
U(1,Fo), P(1,Fo):

— © 2+B'72 .

CD(X,F0)=1+2Z(/L‘2 d )ICOS@;X) :
k=1 (ﬂ,{-l—Bl; +Bi, )

1 /1 _— Fo___
x oS A, +S”j1—k-¢2(Fo)+ [(Biql—BiPI)- i (p3(Fo—Y)-P(l,Y)dY]cosﬂk}. (7)
0

k

{[(B i —Bz‘m’l)~ T{Z(Fo—Y) U, Y)dY} X

raec
®(X, Fo)=[U(X, Fo),T(X,Fo),P(X,Fo)|;
¢,(Fo—Y)=[p,(Fo-Y),0,(Fo-Y),p, (Fo-Y)[,
9,(Fo) = [p,, (Fo),p,,(Fo), ¢, (Fo)|';
@, (Fo—Y)= A, exp[k,(Fo-Y)]+ B, exp[k,(Fo—Y)]+ C, exp[k;(Fo-Y)];  i=13
ky,ky,ky; —xopuu ypaBHeHus:
s'+alls’ +bAls+cA =0; (8)
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A.,B

2o

C,

;»@,b,c —TIOCTOSIHHBIE KOO(D(YHUINEHTBI, 3aBUCSIIME OT ONPEJEISIOIMX KPUTCPUECB
3a/1a4H.
Ecou B (7) monoxute X=1, TO MOJy4MM CHUCTEMY HHTETPAIbHBIX YpPaBHECHUU THIA

Bonbrepal6, c. 42], otHocurensHo U(l, Fo),T(l,Fo),P(1,Fo). BHOBb mepexons K
n300paxeHusM 1o Jlaracy, perieHue mpu nepexojie K OpuruHaiaM, ¢ y4eToM CBepTKH [5],
MMEET BU/I:

(1, Fo)=L" % =§A_,,.(ﬂk)~exp(z,-Fo); j=13 )

rjae E(/‘tk,s)=[PSI(ﬂk,s),IDSE(/lk,s),Psl(/”tk,s)]T; st(/Ik;s), Qé(ﬂk;s)— COOTBETCTBEHHO

TIOJINHOMBI TIATOM U LIECTOH CTeNEHH s ¢ KO3(DPHUIUCHTaMH, 3aBUCSIIMMH OT A,; [, —KOpHH

ypasuermst Oy(4,,5)=0; 4, (4,)=[4,(4,), 4,(4,), 4,(4,)] —BexTop moctosmmpx. C yuerom

(9) Beipakenue (7) siBnsieTcs pemenneM cuctemsl (1)-(6), mpudyem BepXHHIA MPeaen CyMMEI,
3aMeHseTCd Ha KOHeuHoe uuciio N it oOecrneueHus 3aJaHHOW TodHOCTH. Mcxoms u3
¢u3MUecKoro cMeicia 3aJauyd, KOpPHH ypaBHeHHS (8) MOMKHBI OBITH JIHOO Tpems
JNEHCTBUTENBbHBIMU OTPULATENIbHBIMU, JTHO0 OAHUM OTPUIATENbHBIM U JABYMS KOMIUIEKCHO-
CONPSKEHHBIMU C OTPHIIATENIbHONW JEHCTBUTENBHON 4YacThi0. AHAJIOTUYHBIE PACCYKICHUS

IPUMEHHUMBI U JUIsl KOpHeit [, ypaBHenus O, (Zk ,s) =0.

Hcnone3yst anst O6e3pa3MepHBIX KPUTEPUEB, TUATIA30HBI M3MEHEHHS, IMOJNyYCHHBIE Ha
OCHOBE aHaJIN3a (PU3UKO-XUMUYECKUX CBOMCTB psAla KaMWUIIPHO-MOPUCTBIX MaTepuaioB |7,
c. 53] moka3zaHO, YTO KOPHHM XapaKTEPUCTUUYECKUX YPABHEHUN B MOJABISIOIIEM CBOEM
OOJIBIIMHCTBE YAOBIETBOPSIOT HAJOKEHHBIM YCIOBHUSIM (U3NYHOCTU. DTO O3HAUYAET, YTO
cucreMa (1)-(3) moxer ObITh KJIacCHPHUIMPOBAHA KaK CHUCTEMa YPAaBHEHHWH B YACTHBIX
MPOU3BOAHBIX TTapabOIMYeCcKOro THNa no XewBury |8, c. 18].

Teneps cucremy (1)-(6) MHTErpHpoOBaIU YKUCIECHHO MO MapIIEBOM OTHOCUTEIBHO Fo
KOHEYHO-pa3HOoCcTHOM cxeme [9, c¢. 21]. Ha nguckperHoit obmactd C  y31amu

Fo, =i-AFo, X, = j-AX, rue AX =1/m. Jlns annpoKkcMMalvi ypaBHEHUA MOJIENH BbIOpaH

YETHIPEXTOUCHYHBIN MIA0JIOH, JUCKPETHBIN aHaJIOr YPaBHEHWN MOJEIH C MEPBBIM MOPSIKOM
TOYHOCTH TO AFo ¥ BTOPeIM MmO AX. Ilpuyem nans CXOOUMOCTH U yCTOWYHBOCTHU
BBIYUCIIUTCIIBHOT'O mnmponecca COOTHOLICHUEC MCXKIY maramMmmn HUHTCTPpHUPOBAHUA 110
0e3pa3MepHOMY BPEMEHH W KOOPAMHATE BBIOMPATOCH MO YCJIOBHIO AFo<<AX [10, c. 53].
I[J'ISI TEX XK€ HCXOJHBIX JaHHBIX, 6LIJII/I MOJIYYCHBI PC3yJIbTAaThl IO KHUHCTHUKE IIPOICCcCa,
MpeJCTaBICHHBIE Ha pUC. 1.

U+1]
T 3
P 1
0.51
1 * 2 j ]
0 0.02 Fo

PucyHnok 1 - Pe3yJbTaTbl BBIYMCIUTENbHOI0 IKCIIEPUMEHTA: 1 - U +1;2 - T;3 - P
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AHanuTHYECKOE pelICHUE YpPaBHEHUH MOJENH IMpeacTaBiieHbl Gopmynoii (7) B BUAC
CXOMSIIUXCS PAIOB, YAOOHO JIJIsl MPAKTUYECKUX pacyeToB. B cymMmax MOKHO OTpaHUYHUTCS 10
8 WiIeHOB psAna, u3-3a UX OBICTPOH cxoauMOcTU. UUCIEHHOE pellleHne YpaBHEHHN MOICIH
aJICKBATHO COTJAcylOTCs CHElU(UKON MPOIECCOB CYIIKHA B KaMWJUIAPHO-MOPUCTHIX —Tenax,
YTO HMHTEPIPETUPYETCS Ha pHUC.l. W TONYYECHHBIM AHAIUTUYECKUM pelieHueM (Ha puc.l-
HemnpepbIBHBIE KpHBBIC). [IpesiokeHHbI MOAX0A MOXKET OBITh BIOJHE aJanTUPOBaH s
npyrux reomerpuid. [loaxon mo3BosnsgeT n30exaTh UCIOIb30BAHNE HE BIOJIHE 00OCHOBAHHBIX
YHUCIIEHHBIX TEXHOJIOTUN B CMBICIIE AMPOKCUMAIINH, YCTOWIHMBOCTU U CXOJUMOCTH.
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DEVELOPMENT OF MATHEMATICAL MODELS AND COMPUTER
SIMULATION OF EXTRUSION PROCESS IN THE ZONE DOSING

Abstract: In this research, a model is proposed for calculation of the characteristics of
the extrusion process.
Key words: extrusion, model, polymer, temperature, auger.

PA3PABOTKA MATEMATUYECKOM MOJEJIA U KOMIIBIOTEPHOE
MOAEJIMPOBAHME ITPOLECCA 9KCTPY3UHU B 30HE 1O3UPOBAHUA

Aunomayua: B Oannom  uccnedosamuu  npeonazaemcs  mooenb — pacyema
Xapaxkmepucmuk npoyecca 3KCmpy3uu.
Knrwuegwie cnoea: sxcmpysus, mooenv, NOIUMep, memnepamypda, WHex.

OnucaHue TeXHOJOTUM MPOLECCa IKCTPY3UH

DKCTpy3usi - CrOcO0 TONydeHHs] M3AeIuid Wi 1oiy(padpuKaToB M3 TOJIUMEPHBIX
MaTepUajIoB HEOTPAHUYCHHON /JIMHBI IMyTEM BBIIABIMBAHUS paclljlaBa MOJIUMEpa uepe3
(GOPMYIOIIYI0 TOJOBKY HYXHOTO TPOGWIsl. DKCTPY3Usi, HAPSLy C JUTHEM IIACTMACC TIOJ
TaBJICHHUEM, SIBIISIETCSI OJJHUM U3 CaMBIX MOMYJISIPHBIX METOJIOB U3TOTOBJICHHUS MJIACTMACCOBBIX
u3enuid. ODKCTPYy3UM TMOABEPraloTCs MPAKTUYECKH BCE OCHOBHBIE THUIBI TMOJTUMEPHBIX
MaTepHaJIOB, KaK TEPMOILIACTHI, TAKA U PEAKTOIUIACTHI, a TAKKE 37aCTOMEpPHI.[ 1]

B ocHOBHOM uisi SKCTpYy3uMH IUIACTMACC MPUMEHSIOT IIHEKOBBIC, WM YEPBSYHBIC
IKCTpyHepbl. Takke CyIIECTBYIOT AMCKOBBIE 3KCTpyAephl. [[is ycHemHoro npous3BOJCTBA
OPOIYKIIMM METOJOM SKCTPY3MHM HEIOCTAaTOYHO TOJBKO OJIHOTO 3KcTpyaepa. Kpome Hero
HEOOXOJUMO HMETh e€lle HECKOJIbKO EIMHMIl OOOpYIOBaHMs, BMECTE COCTABIISIOIINX
OKCTPY3MOHHYIO JHHHIO. OJKcTpynep (oT mnaT. extrudo - BBITAIKHBAKO), MalllMHA IS
pasMsrdenust (IJIACTUKAMU) MaTepuaioB M NpUAaHUS UM (DOpMBI MyTEM MPOIABIMBAHUS
yepe3 MNpOoGUIUPYIONNI HMHCTPYMEHT (IKCTPY3HMOHHYIO TOJIOBKY), CEUEHHE KOTOPOTO
COOTBETCTBYET KOHpUIypauuu wu3aenus. B skcTpynepe mnoiydaioT TJaBHBIM 00pa3om
U3JIeNUsl U3 TEPMOIUIACTUYHBIX MOJIMMEPHBIX MAaTEPHAIIOB (IJITACTUYECKUX MACC), UCIIOJIb3YIOT
UX TaKXkKe A 1nepepaboTKu pe3suHOBbIX cMmeceil. C MOMOIIbI0 SKCTPYAECPOB M3TOTOBISIOT
TUIEHKH, JTUCTHI, TPYOBI, IIUTAHTH, U3 CIOKHOTO MPO(UIIS U Jp., HAHOCAT TOHKOCIIOWHBIE
MOKPBITHSL Ha Oymary, KapTOH, TKaHb, ()OJIbIY, a TaKKe H30JIALMI0O Ha MPOBOJAA U Kabelu.
DKCTpyJlepbl MPUMEHSIOT, KPOME TOrO, JJisi MOJYYEHUs TpaHyJ, MOJTOTOBKH KOMITO3HIIUI
JUTSL KaJaHAPUPOBaHUS, (DOPMOBAHUS METAJUTMUECCKUX M3ACIUNA U JUIS APYTHUX Tenei.[2-5]
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Pucynok 1 - CxeMa 0JHOIIHEKOBOI'0 3KCTPYyaAepa.
1-0ynkep; 2-yepBAK(IIHEK); 3-HUIHHAP; 4-M0JOCTH I HUPKYJIALIMA BOAbI; 5-
HarpeBareJib; 6-popMupymomas roJioBka ¢ axantepom.

Haubonee mnpocTbiM 00OpYIOBaHUMEM Ui OSKCTPY3UU SBISETCA OJHOIIHEKOBBIN
(omHouepBsuHblil) (puc.l). Takue SKCTpyAephl HIMPOKO MPUMEHSIOTCS AJIS MPOU3BOJCTBA
IUICHOK, JIMCTOB, TPYyO, mpoduiiell, B KadyecTBE OJHOW W3 COCTABHBIX YacTeW JIMHUM-
rpanynaropoB u T.4. LIIHek skcTpyaepa 0ObIYHO COCTOUT M3 TPEX 30H: 3arpy3KH, CKaTUS U
JI03UPOBaHUs. 30HA 3arpy3Kd TPAHCIOPTHUPYET MOJUMEpP OT OTBEPCTUS MO OyHKEpOM K
0ojiee ropsYMM CEKIUSAM IMIMHApPA. 30HA CXKAaTUS - 3TO 30HA, I/l YMEHbIIAETCs TiIyOuHa
Hape3KH, a 3HaYuT, U 00bEM BUTKA, YTO MPUBOJUT K CHKATHUIO IUIABSIIMXCA TpaHyl. [ TaBHbIN
3¢ deKT cxaTus - YBEJIMYEHHE CIBUTOBOIO BO3JCHCTBUS Ha pACIUIABJICHHBIN MOJIUMeEp,
O00OyCIIOBJICHHOTO B3aUMHBIM JIBIDKEHHEM IMOBEPXHOCTH IIHEKA OTHOCHTEIBHO CTEHKH
HWIMHIpA. DTO yJIy4lIaeT CMEIICHNE, YBEIMYMBACT pa3orpeB OT TPEHUS U MPUBOJIUT K Ooliee
OJIHOPOJIHOMY pacIpellelIeHHI0 Tella B paciuiaBe. HazHaueHue mocienHel 30HbI IIHEKa -
nabHeNIIas TOMOTeHU3alMsl paciijiaBa, OJHOPOAHOE JO3UPOBAaHUE €ro uepe3 (popMyIIyIo
TOJIOBKY, CIVIaKMBaHHUE MyJibcallud Ha Bbixojne. LIIHek 3areM mpoaaBivBaeT paciiaBIeHHBIN
nonuMep 4epes (uiabepy, KoTopas omnpenenseT KoHeuHyro ¢opmy. IIIHeku coBpeMeHHBIX
HKCTPYAEPOB YACTO UMEIOT CIOKHYIO F€OMETPUYECKYI0 (OpMY M HEPaBHOMEPHYIO HApE3Ky,
Mo0UpaeMyIo CIelHUaIbHO MOJ KOHKPETHBIH MaTepuan U pekuM padoTbl. OJQHOIIHEKOBBIE
9KCTPYJEPHI MOTYT UMETh HE TOJBKO LMINHIPUYECKOE, HO U KOHMUECKOE UCIIOJIHEHHE IITHEKA
u rwib3bl. KoHMueckuil IIHEK Mo3BoJiAeT 3(PQeKTUBHEE OCYIIECTBUTH IEpeMelInBaHue
KOMIIayH/1a, ObICTpee MOAHATH JaBJICHUE paciljlaBa U cJellaTh MAlluHy 0ojiee KOMIIAKTHOU M
MPOU3BOAUTEILHOM.[2-7|

KiroueByto posib B MEXaHUKE JIBJKEHHSI MaTepualia BHYTPH SKCTpyJepa BO BCEX €ro
(hazax urparoTt cuibl TPEHHsI MaTepuala U paciulaBa O CTEHKU LWJIMHIpa U mHeka. [Ipouecchl
9TH BEChbMa CIJIOKHBIE, OMUCBHIBAIOTCS cucTeMaMu MU (depeHINaTbHBIX YPaBHEHUH, KOTOPHIS
CEeroJIHs PEIArOTCs IPU MOMOILIY MAaTEMAaTUYECKUX KOMITBIOTEPHBIX MOJIEIIEH.

Boixonsmmii U3 Guiibepbl pacIuIaBICHHbBIA TOpAYHid MaTepuan B (U3NIECKOM CMBICIIE
Mpe/CTaBIsieT COOO0M BBICOKOBSI3KYIO KUAKOCTb. IloaTOMy CKOpOCTh €ro BbIXOa
oTpeNeNsIeTCsl JaBICHHEM pacijlaBa M CONPOTHUBICHHEM €ro ABIKEHHIO B ¢uibepe. Ha
BBIXOZIE U3 (HUIIbEPHl CKOPOCTH JIBXKEHHUS OTIENIbHBIX MOTOKOB paciijlaBa Ha BBIXOJE M3
(buabepbl JOHKHBI OBITh ONMHAKOBHI. JIMHAMHUYECKHE CBOWCTBAa MaTepuaia M €ro paciiaBa
OTIpeCTAIOTCA €ro GU3NYECKUM U XUMHUYECKHM COCTaBOM, a Takxke TemrepaTtypoil. [loatomy
COBPEMEHHBIC JKCTPYIEpbl CHa0XarTCcsl A()(OEKTUBHBIMA CHUCTEMAaMH aBTOMATHYECKOTO
KOHTPOJISI M YIpaBJIEHUS 3arpy3Koil KOMIIOHEHTOB, TEMIIEpaTypoil, laBleHUEM pacIliaBa
(CKOPOCTBIO BpallleHHS IITHEKA).[4, 6-9]
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Baxneimmmu cBoiicTBaMH MaTEpHAJIOB, BIUSIOMIUMH Ha pabOTy SKCTpylepa B
TBEpIOW (a3e, ABJISAIOTCS HACBHIMHAS IUIOTHOCTh, CXKMMAEeMOCTh, pa3Mepsl M (opMma 4acTul,
BHYTpPEHHEE U BHEIIIHEE TPEHUE, CKIIOHHOCTh K arjoMepaliu, B pacijlaBI€HHOM COCTOSIHUU -
KOMIIJIEKCA BSI3KOCTHBIX XapaKTEPUCTHUK.

OCHOBHBIMU TEXHOJIOTUYECKUMH XapaKTEPUCTHUKAMHU OJHOIIHEKOBOI'O JKCTpyAepa
aprsitores L, D, L/D, ckopocTh BpallleHHS IIHEKa N, TeOMETPHUUYECKHl MpOoQuIb IIHEKA U
CTENEHb CKaTus (KOMIPECCUN) - OTHOILLIEHUE 00BbEMa OJTHOTO BUTKA YEPBSIKA B 30HE 3arpy3Ku
K 00beMy OJTHOTO BUTKA B 30HE J03UpoBaHus. KopoTkomHekoBble 3KcTpyAepsl umeror L/D=
12-18, mmabomHekoBbie L/D> 30. Hanboiee pactipoctpaneHsl skeTpyaepsl ¢ L/D = 20-25.
[Tokazarenem paboThl 3KCTpylepa sBiseTcss ero 3((eKTHBHOCTh - OTHOLICHHE
MIPOU3BOUTEILHOCTH K MOTpeOsieMoii MomrHocTh.[11]

Matepuanbl. BoJbIIMHCTBO TEpMOIMIACTOB M KOMIIO3MILMI Ha MX OCHOBE MOTYT
nepepadaTbIBaThCs SKCTpy3uel. st 3Toro qocTatouno, 4ToOB! BpeMs MpeObIBaHUS PacIlIaBa
B OKCTpyAepe Ipu [TaHHON Temmeparype ObIJIO MEHbIIE BpPEMEHH TEpMOCTaOUIBHOCTH
nojuMepa TpH TOM ke Temmeparype. Hambomee MMPOKO TPUMEHSIETCS OSKCTPY3HUs
KPYIHOTOHHaXHBIX mnonuMepos ciaenytommx tunos. [19, IIII, IIC IIK IIA, IIBX
(mmactuunpoBaHHelii W HemnacTuduuupoBaHueii), I[IOT® a Takke cmecu ¢
HEOPraHMYECKUMH U MOJUMEPHBIMU HAIOJHUTEIAMU U 00Jiee CIOKHBbIE KOMITO3UIMHM Ha UX
OCHOBE. [l 3KCTpy3UM NPUMEHSIOTCS MaTepHalibl U PEKUMBI MEepepabOTKU MPU KOTOPBIX
[1TP mensiercs B mpenenax 0,3 - 12 1/10 MuH, T.K. U3 MaJOBSI3KHX PACIIaBOB HEBO3MOXKHO
MOJYYHTh CIUIONIHYIO SKCTPY3HMOHHYIO 3arOTOBKY B BUJE IUICHKH, TPYOBI, ipoduist. Eciu ke
UCTIOJIb3YIOTCS JINTHEBBIE MApKH MOJIMMEPA, TO U3 HUX MOXKHO HOJYYHUTh SKCTPY3UEH JHUILb
OTJeNbHBIC TUMBI u3aenui, Tak kak [ITP y aux Haxoautcs B mpenenax 0,8 - 20 r/10 muH.
Tak, TpyObl, kKabenbHbIE NOKPBITUS MPOU3BOIAT U3 paciuiaBa nosumepa ¢ IITP or 0,3 no 1
r/10 MuH. DTO CBA3aHO C BHIOOPOM TOJMMEpa OOJBIION MONEKyIsIpHOW Macchl. [locmenHsis
oTpesieNsieT 3KCIUTyaTallMOHHbIE CBOMCTBA M3AEIHMH - MOBBILICHHBIE (U3MKO-MEXAHUYECKHE
xapakTepucTuku. [IeHKku, TMCTh N3TOTaBIUBAIOT IKCTpy3uei pacruiasa ¢ [ITP B npenenax 1
- 4 1/10 muH. JIucKpeTHbIe U3AETUs, TPOU3BOIUMBIE SKCTPY3UEH paciiaBa ¢ MOCIeAYIOIINM
paszayBoM B dopMme, monydaroT u3 paciuiasa ¢ IITP = 1,5 - 7,0 1/10 mun. JlamuaupoBanue ¢
MOMOIIBIO SKCTpy3uun npoucxoaut npu [ITP pacnnasa B npenenax 7 - 12 /10 muH.

Pa3zpaborka Moaeupyouiero aaropurMma

OCHOBHBIM Ha3HA4YEHUEM 30HBI AO3UPOBaHUA ABJIICTCA HOpUAAHHUC PaACIIIABY,
MOCTYNAIONIEMy W3 30HBI IUIaBJICHUS, TPEOYEMbIX XapaKTepUCTHK (TOMOTE€HHOCTh COCTaBa U
CBOWCTB, HAarpeB J0 HEOOXOAMMOW TeMIlepaTyphl, CO3/JaHUE 3aJaHHOTO JABICHHSA) W
MIPOJIaBIIBAHKE ero yepes hopmupyromuii WHCTPYMEHT c Tpebyemon
MPOU3BOIUTENLHOCTRIO. Kak mpaBmiio, mpomecchl B 30HE JIO3UPOBAHUS  MOXKHO
paccMaTpuBaTh KaK YHCTO THAPOJMHAMUYECKHE, XapaKTepU3YIOIIUecs JaMHUHAPHBIM
PEXUMOM BBUAY OOJIBIION BS3KOCTH MOJKUMEPOB. B TO jke BpeMsi, aHaIM3 MPOIECCOB B ATOM
30HE 3aTpPyJHEH M3-3a CJIOKHOCTU KaHAJIOB B KOTOPBIX, UMEET MECTO TEUEHHE pacIliaBa,
HUHTECHCUBHOT'O MaCCOOGMeHa MCKAY OTACJIBbHBIMU CCKIUAMU, SAPKO BLIpa)I(eHHOﬁ
M30TEPMUYHOCTH TMpPOLIEcCa U JIOCTATOYHO CJIOXHOTO pacIpenesieHus] AaBJIEHUsS B Macce
nepepabaTbIBAEMOro MaTepHaia.

[Ipu ananusze pabOThI 30HBI JOZUPOBAHUS OJHOUYEPBIYHBIX IKCTPYIEPOB HAUOOJIbILIEE
PAa3BUTHUC B HACTOAIICC BPEMsS MOJYUWIO MOACIBHOC IMPCACTABIICHUC PA3BCPTKU KaHaJIa
YyepBsika Ha IUIOCKOCTh € OOpalleHHuEM JBIKEHUS MaTepuaibHOro HwiIMHIApa. B Takoit
MOZCIIN PACCMATPUBACTCA TCUCHUC )I(I/IIIKOP'I CpcAbl B IPSAMOYT'OJIbHOM KaHaJIC MO IIGIZCTBHCM
OCCKOHEYHOM TIITIOCKOCTH, JBIDKYIICHCS HaJ KaHAJIOM CO CKOpOCThiO V moja yrioMm ¢. B
o0Im1eM BHUJIE pelIeHUe JaHHOM 3a/1a4 TIOCTUTAaeTCsl COBMECTHBIM PEIICHUEM ypaBHEHUH:
JIBUKECHUS
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IPU COOTBETCTBYIOIIMX T'PAHUYHBIX ycJOBUAX. [lyTeM MaTeMaTHdyecKux NpeoOpa3oBaHHMA
MO’KHO THOJY4YUTb (OpMyIy Ul pacdeTa 0ObeMHON MPOU3BOAMTENBHOCTH OJHOIIHEKOBOTO
SKCTpyJepa ¢ MEePeMEHHON TIIyOMHON Hape3KH CIMpalbHOTO KaHama Q, B cM’/c, KOTOPYIO
MO’KHO 3aIIMCaTh B BUJE:

A-K-n

o=-—2">"_
K+ B +C (1)

rae A1, Bi, C1 mocTossHHBIE COOTBETCTBEHHO MPSIMOTO U JBYX OOPATHBIX MMOTOKOB:

3
Al = T -(t — X-e)-cs
a+ t2-b
Bl = T t-(t - x-e)

12-Ln-(a + tz-b)

rre

t - Iar Hape3Ku, CM;

) - YMCIIO 3aX0JI0B HAPE3KHU IIHEKa;

0 - KO3(pPULUEHT reOMETPUUECKUX NTAPAMETPOB IIHEKA,;
a, b - pacuerHble kodpduLUEHTH, 1/cM%;

Ln - nnyHa 30HBI CKaTUs IIHEKa, CM;

[Torox yreukn Ci OOBIYHO SIBISIETCS OYCHb MAaJOW BEIWYMHOM, HE BIUSIOMICH Ha
MIPOU3BOIUTENILHOCTh, UM MOXKHO NpeHeOpeyb. PacueTHble k03(ppULIMEHTH MOKHO HAWTH MO

bopmytam:
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2
N D-(h2 — h3) .
" h2-h3| 2-h2-h3

b:=

23 | [hz-(D + dz)} , 2h2:h3 + (h2 + h3)-D
-10

h3-(D + dl)

(h2 — h3)-D° 2.D%-h2%h3>

rae D - nmametp mHeka, cM; h2, h3 - rimyOuHa Hape3Ku CupaibHOTO KaHajia IITHEKa B Havasie
¥ KOHIIE 30HBI cxartus, cM; d1, d2 - mnameTpsl cepZieyHHKa IIHEKa y 3arPy304HOIl BOPOHKHU U
B HayaJe 30HbI CKaTHs, CM;

@opmyna (1) mo3BoIsIET paccUUTaTh MPOU3BOIUTEIBLHOCTh SKCTPYAEpa, Y KOTOPOTO
I1ar MOCTOSIHHBIM, a ITyOMHa Hape3ku MeHsieTcsl. Toraa mponu3BOAUTENLHOCT Oy 1T 3aBUCETh
OT 4YacTOThl BpamleHus MHeka u 3((eKTHBHON BI3KOCTH paciiaBa, INIyOWHA Hape3Ku
CHOMPAJIBHOIO KaHaja IHEeKa. OTH [apaMeTpbl CleQyeT CUYUTaTh OCHOBHBIMH B
TEXHOJIOTUYECKOM Iporecce IKCTpy3un. Ciofa cienyer A00aBUTh TAaKKe TEMIIEPaTyphl IO
30HaM LWINHJApPA U TOJIOBKH, OT KOTOPBIX 3aBHCHUT BS3KOCThb paciljiaBa. JTH TEMIEpaTyphbl
BBIOMpPAIOTCS HAa  OCHOBE Temmeparyp (a3oBBIX NEPEeXOA0B, IOJNyYaeMbIX U3
TepMOMEXaHUYEeCKUX KpHBbIX. DopMyity (1) MOXKHO HCHONIB30BaTh JUIsl MIPEIBAPUTEIBHOTO
OIpeeNICHUs] POM3BOAUTEIBLHOCTU 3KCTpyAepa. MakcuManbHOE AaBiieHHE paciuiaBa Pm B
KOHIIE IIIHEKAa SIBJSETCA OJHUM M3 BAKHEHIIMX TEXHOJOTHMUECKUX MapaMeTpoB, OT KOTOPOIrO
3aBUCUT Ka4eCTBO JKCTpyJepa U IPOU3BOAMTEIBHOCTh MalHbL. Bennuuny Pm, Ila moxHO
IPUOJIN3UTENBHO MOJICUUTATh:
__ mD-Lg-pvn

h3%.tg 60 @)

Pm

rae Lg = (3+5)t - nnuHa 30HbI H103upoBanus, cM; t = (0.8+1.2)D - mar Hape3ku, cM.

Bemunna Pm npeBpimaeT aeiicTBuTebHOE naBieHne Pd pacraBa mepen rojJoBKOH B
1.2+1.5 pa3a. OT BelMYMHBI CKOPOCTH CIBUIA paciulaBa B KaHaie IIHeka y (c') 3aBucUT
BennurHa 2(HEKTUBHOM BI3KOCTH pacIliaBa.

y=nDn/h

Ha ocHOBaHHMM PacCMOTPEHHBIX MAaTeMaTHMYECKHX 3aBHUCUMOCTEH cocTaBisieM OJOK-
cxeMmy pereHus 3a1aun. Pa3paboTanHas 6J10K-cxeMa NpuBeeHa Ha PUCYHKE 2.
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( Ha4y4n0 )

Beog, MCXOOHBIX AaHHBIX
Dx.K.nLtT,hle

Pac4eT npoMesyTodHbIX KosddKLMedToB a,8,50

Pac4eT nocToAHHBIX 4nA noTokes ALB1,C1

BriumoneHKe ofbEMHOR NPoOMIBOOMTENEHOCTI SKCTPYaepa O
PacueT CHOpOCTH COBMIA PACNAAEE B KAHANE WHEKE ¥

Pac4eT MEKOMMANbBHOrD AABAEHMA PACNIEEa B KOHLE WHEKE Py
PacueT nefcTBMTENEHOMD AaBASHWA Ppacnnasa nepeq ronoekol Pd

/ BoiBOg, pesynsTaTtos /
( KOHEL, )

PucyHnok 2 - Bbiiok-cxema penieHus 3a1a4u

CocraBjieHue mporpaMmbl U pelieHue ee Ha JBM
Pemenne moctaBieHHO¥W 3amaum Oyaem BbeIMONHATH B Delphi B cooTBeTcTBHHM C
pa3paboTaHHBIM aJITOPUTMOM

@ Forml - - l‘:' =] éj‘

MaTeMaTi-eckan Modens |ﬂannb|e | Mpaduikl I Mpadx2 I padmk3 | MOAENE B MPAMOYTO/bHBIX KOOPAMHATAX

Crapt

CropocTb

(]
w3

Tabnuua AaHHL

Pucynok 3 - OcHOBHOE OKHO IPOrPaMMBbI
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3az[aeM Ha4YaJIbHBIC YCJIOBUA:

D=20 AnameTp WHekKa, cm
=1 Yucno 3axo0oe WHekKa
n=30 YacToTa BpaleHWi WHeka, ob/MuH
L=33D AnuHa WwHeka
X.=0.0055 Koag-T hopmMel ToNoBKK
t=11D LWar Hapeakk, cm
=22
A‘{w:=180 Temnepatypa nepepadoTkn
hl=0.13D [My@KMHA KAHana B HaYane 30He 3arpy3kn,
hi=3
&:=0.09D LH\pwHA rpedHA WHeKAE, CM
e=148
r@ﬁ)rml (== =
MaTemarieasan mopens | Aarroie | rpagwici | rpagux2 | rpagwics | mosens & npanoyrosHe koopamHaTax
CrapT
BXOOHBIE A8HHI IMEMETP LHERE YACTIO SXON0B HaCTOTa Bpalle kamiHa WHeka  Kosg-T JopMbl | War HApESKA | TEMNEpaTypa N ryBuka Kanan
CropocTb
v » L » s 0.0055 L1 180 0,15

Talnuua aaHHbIx

AMAHa 304 U rnyBiHa kak riyBiaHa ket AMEMETpBA AMEMETPBa O

Al

™|

NOCTPOMTE FPadiki SAEMCMOCTH
NOTOKOE OT WA HAPE3KIA

NOCTPOUTE FPEGMKI 3EBMOAMOCTH
MOTOKOS OT YACTOTHI EPALEHUA WHEKE

Bl

Pucynok 4 - Ucxoanblie 1aHHBIE

Jia  3amanHoro Marepuana IIOHII npunumaem
PaccunThiBaeM HEOOXOIUMBIE POMEKYTOUHBIE TAPAMETPBI:

CTCIICHb  YIUIOTHCHHA
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ANWHA 30H WHeKa

Ln=071L Le=L-1Ln

rnyGuHa KaHana g 30He O03UpoBaHuA

h3 = D.i-[D— JDE _ g —hl}:|
1

MyGWUHA KaHana B Hauane 30HLl CHATHA

n2o=pt - 2B

Lc

AWameTpel BaNa B COOTEETCTEYIOWMY TOUKAX

dl =D —2.hl

Haxonum npoMexyTouHble K03 (HUITUEHTHI:

6.9D h2 D’
c=1-|———log|l — | -
2(h2 - hl) h3 2-h2-h3
2

w [DM2-hy)
a:= o
h2-h3 | 2-h2-h3

b=

23 | |:h2~(D + dz)} | 2h2h3 + (h2 + h3)-D
-10,

8 13D + di)

(h2 - h3)-D° 2.0%h2% n3?

Haxoagum noctosiHHBIC npsaMoro u O6paTHOFO IIOTOKOB:

Al = TE3-('[ - x-e)-c
a+ tz-b
Bl .= Tc-t-(t - x-e)

12-Ln-(a + t2~b)

Cornacao ¢opmysie (1) BeramcisieM 00BEMHYIO POU3BOIUTEIBLHOCTH dKCTpyAepa Q,
cMm3/cex:

B Al-K:n
60 (K + B1+ C1)

Q:

,Z[anee pacCuUUuTbIBACM CKOPOCTh CABUI'Aa pacCIiljlaBa B KaHAJIC ITHCKA.
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B m-D-n
60-h3

A

HeoOxonumeie ansi nanpbHEMIIUX pacyeToB KOOPUIMEHTH a M b ompeaenseM ¢
UCIIOJIb30BaHWEeM Tpaduka TemmepaTypHoil 3aBucumoctd i marepuana [IDHII. Bepem
KOOPJIMHATHI ABYX TOYEK AJIs TUHUU TemiepaTypbl T=180.

ul :==1log(1800) pul = 3.255 vl :=1o0g(20) vl =1.301
u2 :=1log(500) u2 =2.699 v2 :=1og(350) v2 =2.544
CocrapinsieM ypaBHEHHUE MIPSIMOM, MPOXOAIIEH Yepe3 IBE TOUKHU.

log(p) — u1 _ log(y) — 1
p2 —pul v2 —v1

[Tocne mpeoOpa3oBaHus ypaBHEHUs onpeessieM KO3 PUITUEHTHI.

2—ul
a:=H |

72 -7l
bo=ayl+pl

Haxonum 3¢ pexTuBHYI0 BI3KOCTH paciijiaBa B 3a30pe IIHEKA.

HaXO,Z[I/IM JJIMHY 30HBI JO3UPOBAHMA U TAHT'CHC yIJla HAKJIOHA.

t
Lg:=4-t Lg=288 tghi=——o
D

Cornacho opmyie (2) onpenenseM MakCUMalIbHOE J1aBJIeHUE paciuiasa, [1a:

.D-Le-uv-
Pm.— XKV

h3%.tg$-60

OmpenenseM IEWCTBUTENIBHOE JaBJICHUE paciliaBa repes rojaoBkoi, [la:

Pd :=—
1.5
AHa/IU3 NOJIy4YeHHBIX pe3yJIbTATOB
B pesynbrare mnpoOBENEHHBIX pPACUETOB IJs1 3aJaHHBIX MCXOMHBIX ITAaHHBIX OBbUIH
MOJyYEHBbl CIEAYIOUIUE pe3yibTaThl MPOU3BOAUTEIHLHOCTH OJHOIIHEKOBOTO 3KCTpyaepa:
O6beMHas IPOM3BOAUTENBHOCTD: 557 cm’/cek. JleHcTBUTENbHOE JaBJIeHHE PACILIABA MEPes
royiopkoi cocrapiser 12774 Ila.
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MatemaTiueckas mogens | daHHbie | Mpadwicl I Mpadwix2 | Mpadui3 | MOAENE B NPAMOYTONBHEIX KOOPAMHATAX
Crapt
BXOAHEIE A&HH AWEMETD WHEKE YWCNO 33X00B YaCTOTa Bpalle kanuHa WwHeka Kkosd-T GopMbl War HEpesku  TeMnepaTypan rnybuHa kaHan
CropocTs
)
n & 0 1 30 35 0,0055 1,1 180 0,15
Tabnuua aaHHsIK
AMMHE 30H U NYBMHE Kat rNyBiHa Kat AMaMeTp B3 AWEMETP Ba 0 a b Al Bl AMMHE 30H U 0BLEMHEA N CKOPOCTE CF 3
490 1,369 2,511 14 14,578 96,354 6,667 0,00977643 5234,34079 47,4623379 210 0,31 22,948 0,44

™

NOCTPOUTE rPathMi 33BMCMOCTH
NOTOKOE OT Wara Hapesku

NOCTPOUTE rPathMiKi 33BMCMOCTH
MOTOKOE OT 4acTO0Thbl BPAULEHNS WHEKA

PucyHok S - OkHO nporpaMmbl ¢ BbIYMCICHHBIMU 3HAYCHUSIMH

]_-[J'ISI 3aaHHbIX HCXOAHBIX JaHHBIX ObUTH IMOJIYUCHBI CJIICAYIOIIUC PE3YyJIbTaTbl
NPOU3BOAUTCIIBHOCTU IMTPU U3MCHCHUHN YaCTOTHI BPAILICHHUA ITHCKA.

@ Forml

L N T D | TS ——

.:uﬁlng

Crapt

CropocTs

n &

Tabniua naHHbx

‘ MaTeMaTHYeckan Modens | [LaHHbe | Tpaur 1 | Mpadmk2 I Mpaduik3 I MOAENE B NPAMOYT ONbHBIX mopana'rax‘

TiChart

+ + t t
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YACTOTA BPAIleHHs IIHeKa, 00/MHH

-0
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Pucynok 6 - 3aBHCMMOCTb 00beMHOIi TPOM3BOIUTEIHLHOCTH IKCTPYAEpa OT
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i@ Forml

=k

Crapt

CKopocTe

(=]
n 3

Tabnuua AaHHSIX

MaTeMaTH4ec<as Modens | [laHHbie | I'parbm(?]- Tpaduk2 | Mpadwi3 I MOAENb B NPAMOYTOMBHBIX KOOPAWHATaX

+ +
50 55 =1] 85 70 75 a0 a5 a0 as

HacTOTa BpalleHHA IHeKa, 06/MHH

50,436

PucyHnok 7 - 3aBHCHMOCTB CKOPOCTH CABUIA PACIIaBa B KAHAJIE IIHEKA OT YaCTOTHI

Bpali€HUs IIHEKA

&) Forml =0
MaTeMaTHYeCKan MOAENL | HaHHbie | Mpadmkl | Fpad)mzl Tpadui3 |Hone.nb B NPAMOYTONEHEIX KOOPAMHATaX
CTapT
22500
- 123017
22000 - 2041 1
Cropocts - 130794
10 % 21 500 - 132199
- 133595
Tabnnua AanHexX 21 000 - 135001
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- 143505
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15 500 : - 153742
| == 165194
15 000 o == 16 6801
3 - 158053
14 500 T - 159454
! - 170932
14000 : - 172353
1 - 173755
e H - 175232
O H - 17 6635
t T t t t t T t t t t T t = 178057
naeneH el 35 40 45 50 85 B0 53 7 5 80 85 an 95 100 - 179435
mepen YacTOTa BpalleHHA IIHEKA, 0o0/MuH
—_— == —_———

Bpali€HUs IIHEKA
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Pucynok 9 - 3aBucuMOCTb NOCTOAHHOM NPSAMOIO OTOKA OT IIAra Hape3KH
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Pucynok 10. 3aBHCHMOCTH NOCTOSTHHOI 00PATHOr0 MOTOKA OT LIAra HApe3KH
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B npouecce BBINOMHEHUS [JAHHOTO UCCIENOBaHMS HaMu ObUIM pacCMOTPEHBI
Ipolecchl MepepadOTKU IMOJUMEPHBIX MaTepHalloB: TEPMO(POPMOBAHHE M HKCTPY3HSL.
TepmodopmoBaHre MONYyYMIIO  MIMPOKOE  PACHpOCTpaHEHHWE  Oiaromapsi  MPOCTOTE,
KOMITAKTHOCTBIO, ~ OTHOCHTEJIBHON  JCIIEBU3HOW  HCHOJB3yeMOro OOOpYIOBaHUS U
TEXHOJIOTMYECKONH OCHACTKH. ODKCTPY3Hsl IIHPOKO TMPUMEHSETCS B Pa3IMYHBIX OTPACISIX
HNPOMBIIIJICHHOCTH Ul NepepaboTKU Pa3HOOOpPA3HBIX MOJUMEPOB M KOMITO3UIIMOHHBIX
MaTepuajIoB. DKCTPy3UeH M3 IMIACTMUECKUX MAcC W3rOTaBIMBAIOT TPYObI, JUCTHI, IJIUTHI,
NaHeH, TUICHKH, 3JEKTpUYecKre KaOeau M pa3MyHble BUAbI NPOQHMIBHBIX H3IENUil, Kak
MaJIbIX, TaK ¥ OOJIBIINX CEYCHUH.

Hamu ObuiM paccMOTpeHbl OCOOCHHOCTH JAaHHBIX TEXHOJIOTMYECKHX IPOLIECCOB,
U3y4EHbl YUCIICHHbIE METO/bl PEIICHUs YPaBHEHUHM MOJeNed, 1 Ha UX OCHOBE pa3paOOTaHbI
OJ10K-cxeMbl perieHus 3afad. Ha ocHOBaHMM pa3paOOTaHHBIX aJrOPUTMOB pELICHHs ObLIO
BBITIOJIHEHO PEIICHUE TIOCTABICHHBIX 3a71a4 MPH MIOMOIIH cpesl porpaMmMupoBanust Delphi.

Pa3zpaOoTanHble adroOpuTMBI U MPOrpamMMbl MO3BOJSAIOT Ha ocHoBe MM mporeccoB
MIOJITOTOBKH pacIijiaBa B AKCTpyJlepe U (HopMooOpa3oBaHUs IJICHOYHOTO pykaBa 1 MM s
OLICHKM KadecTBa JKCTpyJaTa M IUIEHKM peularh 3aJadd NEPEHACTPOMKH SKCTPY3MOHHOMN
JUHUM Ha HOBBIE XapaKTEPUCTHKU IPOU3BOACTBA M YIPABJICHUS KayeCTBOM IUICHKU MJIs
pasIMYHbIX TUIOB IUJICHOK, THUIOB M KOHQUIypaluil 53KCTpylaepoB, TpeOOBaHMHA K
IIPOU3BOJUTENBHOCTH M KaUeCTBY IUIEHKH. [IprMeHeHue cuctemMbl MOJESIUPOBAHUS TIO3BOJIUT
HOBBICUTh KOHKYPEHTOCIIOCOOHOCTb MPOU3BOANUTENEH BBICOKOTEXHOJIOTUYHBIX YIAKOBOYHBIX
U TUTMEHUYECKHX IOJIMMEPHBIX IUIEHOK 3a CYET pOCTa KauyecTBa MPOIYKIUH, CHUKEHUS
Opaka npu nepeHacTpoiike JIMHUM Ha APYrod THUIl IUIEHKHU, POU3BOAUTEIBHOCTD, SJKOHOMUHU
JIOPOTOCTOSIIIETO ChIPhSl, YMEHbBILIEHUS! BPEMEHHBIX M (PMHAHCOBBIX 3aTpaT Ha MPOBEACHUE
HaTYPHBIX 3KCIIEPUMEHTOB [P OCBOEHUH ITPOU3BOJICTBA INIEHOK HOBBIX PELENTYP.
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COMPUTER SIMULATION OF EXTRUSION PROCESS IN THE ZONE
DOSING

Abstract: In this research, a computer model is proposed for calculation of the
characteristics of the extrusion process.
Key words: extrusion, model, polymer, temperature, auger.

KOMIIBIOTEPHOE MOJIEJIMPOBAHUE ITPOIECCA 3KCTPY3H1UU B
30HE JO3UPOBAHMUA

Annomayun: B OanHoM ucciedosaHuu npeonazaemcs KOMNbIOMEPHAs MOoOelb
pacuema xapakxmepucmux npoyecca 3KCmpy3suu.
Knrwueewie cnosa: sxcmpysus, mooens, noiumep, memnepamypd, WHex.

IIpyn MonxenupoBaHUM MPOLECCA DKCTPY3UU KIIIOYEBYIO POJIb B MEXAHUKE JBUKCHUS
MaTepuaia BHYTPU SKCTpyJepa BO BceX ero (asax HrparoT CHJIbI TPEHUs Marepuaia u
paciiaBa 0 CTCHKU HUJIMHApPA W IIHCKA. Hpoueccm 3TH BECbMaA CJIOXKHBIC, OIIMCBIBAKOTCA
cucteMamMu aupepeHnanbHbIX YpaBHEHUH, KOTOpbIE CErofHs PEelIaloTCs MPU MOMOLIA
MAaTEMAaTUYCCKUX KOMIIbIOTCPHBIX MOI[CJIGfI.

Brixoasmuii n3 Guiabepbl paciiiaBIeHHBIN TOPSYU MaTeprail B GU3MUYECKOM CMBICIIE
MPEICTaBIsET COOOH BBICOKOBSI3KYHO IKHUAKOCTH. [loATOMYy CKOpOCTH €ro BBIXOJa
ompezeNisieTcsl JaBJICHMEM paciulaBa M COMPOTHUBIEHHUEM €ro JBWKEHUIO B ¢uibepe. Ha
BbBIXOJEC U3 (I)Hnbepm CKOPOCTHU IABWIKCHHA OTACIBHBIX IMOTOKOB paciljylaBa Ha BBIXOAC H3
(buabepbl JOMKHBI ObITh OJMHAKOBBI. JIMHaAMHYeCKHWEe CBOWCTBAa MaTepuala M ero paciiaBa
OTIPEACTISAIOTCS €r0 (U3NYECKUM U XUMUYECKHM COCTAaBOM, a Takxke TemmepaTtypoil. [loatomy
COBPEMEHHBIE JKCTPYAepbl CHaOXkaroTcsi A(P(YEKTUBHBIMU CHUCTEMaMH aBTOMAaTHYECKOTO
KOHTpOJI U YIIPABJICHUS 3arpy3KOM KOMIIOHEHTOB, TEMIIEPATYPOU, JaBICHUEM PacIuIaBa.

Baxxneimmmu cBOWCTBAaMH MaTEpHANIOB, BJIUSIOMIMMH Ha pPabOTy SKCTpyaepa B
TBEpIOU (asze, ABISIOTCA HACBHIMHAS IUIOTHOCTh, CXKMMAeMOCTh, pa3Mepsl U (opMma YacTull,
BHYTPEHHEE U BHEIIIHEE TPEHUE, CKIIOHHOCTh K arjoMepaiiy, B paciylaBI€HHOM COCTOSIHUU -
KOMILJIEKCA BSA3KOCTHBIX XapaKTEPUCTHUK.

[Tpu ananusze paboOThI 30HBI JOZUPOBAHUS OAHOUYEPBSIUHBIX IKCTPYAECPOB HauOOJbIIEE
PAa3BUTHUC B HACTOALICC BPEMSA MOJYUWIIO MOACIBHOC IMPCACTABJICHUC PAa3BCPTKU KaHaJIa
YyepBsika Ha IUJIOCKOCTh € OOpallleHHEM JBIKEHUS MaTepuaibHOro LWIMHIApa. B Takoit
MOJCIN paCcCMaTpuUBACTCs TCUCHUC )I(HI[KOﬁ CpcAabl B IIPSIMOYT'OJIBHOM KaHAJIC MO/ I[Gf[CTBHCM
OCCKOHEYHOM IIJIOCKOCTH, JBIDKYIICHCS HaJ KaHAJIOM CO CKOpOCThIO V moja yriom ¢. B
o0ImIeM BHUJIe pelIeHUE TaHHOU 3a/1a4¥ IOCTUTAeTCsl COBMECTHBIM PEIICHUEM ypaBHEHUH:
JIBUKCHUS
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IIPY COOTBETCTBYIOIIMX I'PAHUYHBIX YCIOBHSIX.

Pemenne mocraBiieHHOW 3amauu OyjaeM BBIONHATH B Delphi B cooTBeTcTBHE C
pa3paboTaHHBIMU AITOPUTMAMH

unit Unitl;

interface

uses
Winapi.Windows, Winapi.Messages, System.SysUtils, System.Variants, System.Classes,

Vcl.Graphics,

math, Vcl.Controls, Vcl.Forms, Vcl.Dialogs, Vcl.StdCtrls, Vcl.Buttons, Vcl.ExtCtrls,
Vcl.ComCitrls, Vcl.Samples.Spin, Vcl.Grids, VclTee. TeeGDIPlus, VCLTee.TeEngine,
VCLTee.Series, VCLTee.TeeProcs, VCLTee.Chart;

var
Forml: TForml;

R,x0,y0,x1,y1,

t,dx0:double; tt:array[1..100] of real; pl,p2,p3:real;

yy,t0:integer;

implementation

{$R *.dfm}

function Ok(x0,y0,R:real):boolean;

var i:integer;

begin
form1.imagel.Canvas.Ellipse(trunc(x0-R),trunc(y0-R),trunc(x0+R),trunc(x0+R));
end;

function Okr(x0,y0,R:real):boolean;

var i:integer;

begin
form1.imagel.Canvas.Ellipse(trunc(x0-R),trunc(y0-R),trunc(x0+R),trunc(y0+R));
end;

Barcelona, Venezuela 25




ISJ Theoretical & Applied Science, -Ne 5 (13), 2014 www.T-Science.org

function Kvad(x0,y0,xL,yL:real):boolean;

begin
form1.imagel.Canvas.Rectangle(trunc(x0),trunc(y0),trunc(x0+xL),trunc(y0+yL));
end;

function KvadColor(x0,y0,xL,yL:real;c:tcolor):boolean;

begin

forml.imagel.Canvas.Brush.Color:=c;
form1.imagel.Canvas.FillRect(rect(trunc(x0),trunc(y0),trunc(x0+xL),trunc(y0+yL)));
forml.imagel.Canvas.Brush.Color:=clwhite;

end;

function Pryz(x0,y0,x1,yl:real):boolean;
var k,

i,j:integer;

L,hx,R,y,v:real;

begin

okr(x0,y0,5);0kr(x1,y1,5);
form1.imagel.Canvas.MoveTo(trunc(x0),trunc(y0));
R:=10;

L:=sqrt(sqr(x1-x0)+sqr(y1-y0));

k:=5;

h:=L/(360*k) ;

forI:=1 to 360*k do

begin

y:=y0+h*i;

x:=x0+R*sin(k*1/360);
form1.imagel.Canvas.LineTo(trunc(x),trunc(y));
end;

end;

function Pryz1(x0,y0,x1,y1:real):boolean;
var k,

1,j:integer;

L,h,x,R,y,v:real;

begin

okr(x0,y0,5);0kr(x1,y1,5);
form1.imagel.Canvas.MoveTo(trunc(x0),trunc(y0));
R:=10;

L:=sqrt(sqr(x1-x0)+sqr(y1-y0));

k:=5;

h:=L/(360*k) ;

forI:=1to 360*k do

begin

x:=x0+h*1;

y:=y0+R*sin(k*1/360);
form1.imagel.Canvas.LineTo(trunc(x),trunc(y));
end;
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end;

function setka:boolean;

var 1,j:integer;dy1:real;

begin

forml.imagel.Canvas.Pen.Width:=1;
form1.imagel.Canvas.Pen.Color:=clscrollbar;

dyl:=25;
forI:=0to 50 do
begin

form1.imagel.Canvas.MoveTo(0,trunc(i*dy1));
forml.imagel.Canvas.LineTo(1000,trunc(i*dy1));
form1.imagel.Canvas.MoveTo(trunc(i*dy1),0);
forml.imagel.Canvas.LineTo(trunc(i*dy1),1000);
end;

forml.imagel.Canvas.Pen.Color:=clblack;
forml.imagel.Canvas.Pen.Width:=1;

end;

function spir(x0,y0,h:real):boolean;
var i,j:integer;dx,dy1:real;
begin

forml.imagel.Canvas.Pen.Width:=1;

dyl:=25;

forl:=1to 15do
begin

form1.imagel.Canvas.Pen.Color:=clblack;
forml.imagel.Canvas.MoveTo(trunc(x0)+i,trunc(y0));

dx:=0;

if x0>500 then

dx:=x0-500;
forml.imagel.Canvas.LineTo(trunc(x0)+40+i,trunc(y0)+150);
end;
forml.imagel.Canvas.Pen.Color:=clblack;form1.imagel.Canvas.Pen. Width:=1;
end;

procedure TForm1.BitBtn1Click(Sender: TObject);
var dyl,i,a,b,c:integer; d1,d2, dex:real;

begin

// ouncTKa

imagel.Canvas.Brush.Color:=clwhite;
imagel.Canvas.FillRect(rect(0,0,1000,1000));
setka;
kvadcolor(-1*100+50-1,yy+20,100-2,30,clteal);
kvadcolor(-1*100+50-1,yy+200,100-2,30,clteal);
kvadcolor(0*100+50-1,yy+200,100-2,30,clteal);
kvadcolor(50+1,yy-50,10,100,clteal);
kvadcolor(150-13,yy-50,10,100,clteal);

fori:=1 to 4 do begin
kvadcolor(i*100+50-1,yy+20,100-2,30,clmaroon);
kvadcolor(i*100+50-1,yy+200,100-2,30,clmaroon);
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end;
form1.imagel.Canvas.Pen.Color:=clblack;

imagel.Canvas.Brush.Color:=clwhite;
kvadcolor(0,yy+100+1,700,50-2,clhotlight);
fori:=-4 to 4 do begin

if t0+i1*100+50-1>-100 then

if t0+1*100+50-1<550 then
spir(t0+i*100+50-1,yy+50,50);

end;
kvadcolor(5*100+50-1,yy+50,60,150,clteal);
imagel.Canvas.Pen.Width:=4;
imagel.Canvas.Pen.Width:=2;

d1:=sqrt(sqr(x0-100)+sqr(y0-200));

d1:=d1/2;

d2:=sqrt(10000/3-sqr(d1));
imagel.Canvas.Pen.Width:=4;
end;

procedure TForm1.Button1Click(Sender: TObject);
begin

timer1.Enabled:=not(timer1.Enabled);

if timerl.Enabled then button1.Caption:='Tlay3a";

if timer1.Enabled=false then button1.Caption:='Crapr';
end;

procedure TForm1.Button2Click(Sender: TObject);
var d,tt,x,n,L:integer;
K,t,h1l,e,In,lc,h3,h2,d1,d2,0,a,b,al,bl,
1,q,yv,ml1,m2,y1l,y2,aa,bb,mv,lg,tgf,pm,pd:real;
begin

1:=2;

d:=spinedit2.Value;

x:=spinedit3.Value;

n:=spinedit4.Value;

l:=d*35;

K:=strtoFLOAT(label19.Caption);

t:=1.1%*d;

tt:=spinedit2.Value;

h1:=0.15%d;

e:=0.09%*d;

In:=roundto(0.7%*1,-3);

lc:=l-In;
h3:=roundto(0.5*(d-sqrt(d*d-((4*h1)/i)*(d-h1))),-3);
h2:=roundto(h1-(h1-h3)/1*1c,-3);
d1:=roundto(d-2*h1,-3);
d2:=roundto(d-2*h2,-3);

o:=roundto(1-((6.9%d)/(2*(h2-h1))*math.Log10(h2/h3)-(d*d)/(2*h2*h3)),-3);

a:=roundto((pi*pi)/(h2*h3)*((d*(h2-h3))/(2*h2*h3)-1),-3);

b:=2.3/((h2-

h3)*d*d*d)*math.Log] 0(h2*(d+d2)/h3*(d+d1))+(2*h2*h3+(h2+h3)*d)/(2*d*d*h2*h2*h3*h

3);
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al:=((pi*pi*pi)*((t-(x*e))*0))/(a+((t*)*b));
bl:=(3.14*t*(t-x*e))/(12*math.LogN(2.7,a+t*t*b));
g:=roundto((al*k*n)/(60*(k+b1)),-2);
yv:=roundto((pi*d*n)/(60*h3),-3);
m1:=roundto(math.Log10(1800),-3);
m2:=roundto(math.Log10(500),-3);
yl:=roundto(math.Log10(20),-3);
y2:=roundto(math.Log10(350),-3);
aa:=roundto((m2-m1)/(y2-y1),-3);
bb:=roundto(((aa*y1)+m1l),-3);
mv:=roundto(power(10,(power(yv,aa))*bb),-3);
lg:=4*t;

tgf:=t/(pi*d);
pm:=roundto((pi*d*lg*mv*n)/(h3*h3*tgf*60),-1);
pd:=roundto(pm/1.5,-1);
label18.Caption:=inttostr(l);
label20.Caption:=floattostr(t);
label21.Caption:=floaTTOstr(h1);
label22.Caption:=FLOATTostr(e);
label46.Caption:=floattostr(In);
label47.Caption:=floattostr(lc);
label48.Caption:=floattostr(h3);
label49.Caption:=floattostr(h2);
label50.Caption:=floattostr(d1);
label51.Caption:=floattostr(d2);
label52.Caption:=floattostr(o);
label53.Caption:=floattostr(a);
label54.Caption:=floattostr(b);
label55.Caption:=floattostr(Al);
label56.Caption:=floattostr(b1);
label57.Caption:=floattostr(q);
label58.Caption:=floattostr(yv);
label59.Caption:=floattostr(aa);
label60.Caption:=floattostr(bb);
label61.Caption:=floattostr(mv);
label62.Caption:=floattostr(lg);
label63.Caption:=floattostr(pm);
label64.Caption:=floattostr(pd);

end;

procedure TForm1.Button3Click(Sender: TObject);
var j,d,tt,x,n,L:integer;
K,t,hl,e,In,lc,h3,h2,d1,d2,0,a,b,al,bl,
1,f,q,yv,ml,m2,yl,y2,aa,bb,mv,lg tgf,pm,pd:real;
qm,yvm,pmm,pdm:array of real,

begin

1:=2;

d:=spinedit2.Value;

x:=spinedit3.Value;

n:=spinedit4.Value;

[:=d*35;
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K:=strtoFLOAT(label19.Caption);

t:=1.1%*d;

tt:=spinedit2.Value;

h1:=0.15*d;

e:=0.09%*d;

In:=roundto(0.7%*1,-3);
series2.Clear;series3.Clear;series4.Clear;

for j:=1 to 100 do

begin

t:=j/100;

lc:=I-In;
h3:=roundto(0.5*(d-sqrt(d*d-((4*h1)/1)*(d-h1))),-3);
h2:=roundto(h1-(h1-h3)/1*lc,-3);
d1:=roundto(d-2*h1,-3);

d2:=roundto(d-2*h2,-3);
o:=roundto(1-((6.9*d)/(2*(h2-h1))*math.Log10(h2/h3)-(d*d)/(2*h2*h3)),-3);
a:=roundto((pi*pi)/(h2*h3)*((d*(h2-h3))/(2*¥h2*h3)-1),-3);
b:=2.3/((h2-
h3)*d*d*d)*math.Log10(h2*(d+d2)/h3*(d+d1))+(2*h2*h3+(h2+h3)*d)/(2*d*d*h2*h2*h3*h
3);

al:=((pi*pi*pi)*((t-(x*e))*0))/(a+((t*1)*b));
bl:=(3.14*t*(t-x*¢e))/(12*math.LogN(2.7,a+t*t*b));
q:=roundto((al*k*n)/(60*(k+b1)),-2);
yv:=roundto((pi*d*n)/(60*h3),-3);

lg:=4*t;

m1:=roundto(math.Log10(1800),-3);
m2:=roundto(math.Log10(500),-3);
yl:=roundto(math.Log10(20),-3);
y2:=roundto(math.Log10(350),-3);
aa:=roundto((m2-m1)/(y2-y1),-3);
bb:=roundto(((aa*y1)+ml),-3);
mv:=roundto(power(10,(power(yv,aa))*bb),-3);
tgf:=t/(p1*d);
pm:=roundto((pi*d*Ig*mv*n)/(h3*h3*tgf*60),-1);
pd:=roundto(pm/1.5,-1);

series2.addxy(t,al);

series3.addxy(t,bl);

label3.Caption:="tiar Hape3ku';
label4.Caption:="mpsimoii motok Al';
label5.Caption:="tar Hape3ku';
label8.Caption:='o0paTHsriii moTok B1';
label6.Caption:="tiar Hape3ku';
label7.Caption:='o6paTHsriii motok C1';

t:=t+1;

end;

end;

procedure TForm1.Button6Click(Sender: TObject);
var j,d,tt,x,n,L:integer;
K,t,h1l,e,In,lc,h3,h2,d1,d2,0,a,b,al,bl,
1,f,q,yv,ml,m2,yl,y2,aa,bb,mv,lg tef,pm,pd:real;
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qm,yvm,pmm,pdm:array of real,

begin

1:=2;

d:=spinedit2.Value;

x:=spinedit3.Value;

n:=spinedit4.Value;

[:=d*35;

K:=strtoFLOAT(label19.Caption);

t:=1.1*d;

tt:=spinedit2.Value;

h1:=0.15*d;

e:=0.09%d;

In:=roundto(0.7*1,-3);

series2.Clear;

series3.Clear;

series4.Clear;

for j:=n to 100 do

begin

lc:=l-In;
h3:=roundto(0.5*(d-sqrt(d*d-((4*h1)/1)*(d-h1))),-3);
h2:=roundto(h1-(h1-h3)/1*1c,-3);
d1:=roundto(d-2*h1,-3);

d2:=roundto(d-2*h2,-3);
o:=roundto(1-((6.9*d)/(2*(h2-h1))*math.Log10(h2/h3)-(d*d)/(2*h2*h3)),-3);
a:=roundto((pi*pi)/(h2*h3)*((d*(h2-h3))/(2*h2*h3)-1),-3);
b:=2.3/((h2-
h3)*d*d*d)*math.Log10(h2*(d+d2)/h3*(d+d1))+(2*h2*h3+(h2+h3)*d)/(2*d*d*h2*h2*h3*h
3);

al:=((pi*pi*pi)*((t-(x*e))*0))/(a+((t*)*b));
bl:=(3.14*t*(t-x*e))/(12*math.LogN(2.7,a+t*t*b));
g:=roundto((al*k*n)/(60*(k+b1)),-2);
yv:=roundto((pi*d*n)/(60*h3),-3);

lg:=4*t;

ml:=roundto(math.Log10(1800),-3);
m2:=roundto(math.Log10(500),-3);
yl:=roundto(math.Log10(20),-3);
y2:=roundto(math.Log10(350),-3);
aa:=roundto((m2-m1)/(y2-y1),-3);
bb:=roundto(((aa*y1)+ml),-3);
mv:=roundto(power(10,(power(yv,aa))*bb),-3);
tgf:=t/(pi*d);
pm:=roundto((pi*d*lg*mv*n)/(h3*h3*tgf*60),-1);
pd:=roundto(pm/1.5,-1);

series2.addxy(n,q);

series3.addxy(n,yv);

series4.addxy(n,pd);

label3.Caption:='yacTora BpaieHus IIHEKa, 00/MUH';
label4.Caption:='Q,cm3/cex’;
label5.Caption:='yacTora BpaieHus IIHEKa, 00/MUH';
label8.Caption:='ckopocTh clIBHTra paciuiaBa B KaHaJle IITHEKa';
label6.Caption:='yacToTra BpaiieHus IHeKa, 00/MuH';
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label7.Caption:='naBnenue nepen rojaoskoii,I1a';
n:=nt+1;

end;

end;

procedure TForm1.FormCreate(Sender: TObject);
begin

yy:=100;

stringgrid1.Cells[0,1]:="A";
stringgrid1.Cells[0,2]:="B";
stringgrid1.Cells[0,3]:='k";
stringgrid1.Cells[0,4]:="n";
stringgrid1.Cells[1,0]:="x1";
stringgrid1.Cells[2,0]:='x2";
stringgrid1.Cells[3,0]:="x3";
stringgrid1.Cells[4,0]:='x3";
stringgrid1.Cells[1,1]:='5";
stringgrid1.Cells[1,2]:='8'";
stringgrid1.Cells[1,3]:='38,6";
stringgrid1.Cells[1,4]:='0,26';
stringgrid1.Cells[2,1]:='5";
stringgrid1.Cells[2,2]:='8'";
stringgrid1.Cells[2,3]:='58,2";
stringgrid1.Cells[2,4]:='-45,2";
stringgrid1.Cells[3,1]:='5";
stringgrid1.Cells[3,2]:='8'";
stringgrid1.Cells[3,3]:='9,650000000';
stringgrid1.Cells[4,1]:='5";
stringgrid1.Cells[4,2]:='8";
stringgrid1.Cells[4,3]:='14,60000000';
stringgrid5.Cells[0,0]:='Temnepatypa npecc-popmsr';
stringgrid5.Cells[1,0]:='Temneparypa 3aroToBku';
stringgridS.Cells[2,0]:="Bpems oTBepk1eBaHU';
stringgrid5.Cells[3,0]:="muioTHOCTS';
stringgrid5.Cells[4,0]:='TemionpoBoIHOCTS';
stringgrid5.Cells[5,0]:='TenmoemkocTs';
stringgridS.Cells[6,0]:="TonmuHa';
stringgrid5.Cells[7,0]:="kon-Bo cnoes';
stringgrid5.Cells[0,1]:='185";
stringgrid5.Cells[1,1]:='65";
stringgrid5.Cells[2,1]:="24";
stringgrid5.Cells[3,1]:='730";
stringgrid5.Cells[4,1]:='0,187";
stringgrid5.Cells[5,1]:="1,45";
stringgrid5.Cells[6,1]:='0,027";
stringgrid5.Cells[7,1]:='5";

t:=0;

t0:=0;

R:=100;

x0:=100; y0:=300;

x1:=300; y1:=300;
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bitbtn1.Click;
end;

procedure TForm1.Timer] Timer(Sender: TObject);
var A,B,k:array[1..4] of real; ul,u2:real; i:integer;
begin

forl:=1to4do

begin

Ali]:=strtofloat(stringgrid1.Cells[1,1]);
BJ[i]:=strtofloat(stringgrid1.Cells[1,2]);
k[i]:=strtofloat(stringgrid1.Cells[i,3]);
ul:=strtofloat(stringgrid1.Cells[1,4]);
u2:=strtofloat(stringgrid1.Cells[2,4]);

end;

timer1.Interval:=10+1*(50-spineditl.Value) ;
t:=t+0.01;

dx0:= A[1]*sin(k[ 1]*t+B[1])+A[1]*sin(k[1]*t+B[1]);
y0:=y0+ 0.5*dx0;

yl:=y1+ 0.3*(A[2]*sin(k[2]*t+B[1])+A[2]*sin(k[2]*t+B[2]));
bitbtn1.Click;

end;

procedure TForm1.Timer2Timer(Sender: TObject);
begin

inc(t0);

inc(t0);

inc(t0);inc(t0);

inc(t0);inc(t0);

inc(t0);

1f t0>300 then t0:=0;

end;

end.

MaTeHaTHIeckan Monenb | fansie | Mpaduct | Mpadwe2 | rpadux3 | monens & npamoyronweix koopauraTax

i@ Forml SRACE X

Pucynok 1 - OCHOBHO€e OKHO NPOTrPaMMBbl.
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Dy N N e S ——— e
MaTeMaTHYeCKan Modens | fanrbie | Mpadmkl | Mpadwk2 I Mpadui3 | MOAENs B MPAMOYMONEHEIX KOOPAWHATAX
CrapT
EX0/HbIE AAHHI AMAMETP LWHEK: JWCIO 38X0A0E YACTOTa BPalle kANMHa WwHexa ko3h-T hopMbl War HApEsKM  TeMnepaTypa n raybuHa kaHan
CKopocTe
[}
o= i 1 20 35 0,0055 1,1 180 0,15
Tabmiua AaHHbx
AnuHa soH U raybuHa kar rnybuHa Kat AMaMETp Ba AWEMETPBa O a b Al B1 ANKMHE 30H U OBFbBEMHAA N CKOPOCTb € &
490 1,368 2,511 14 14,978 96,354 6,667 0,00977643 5294,34079 47,4523379 210 0,31 72,948 0,44

™

NOCTPOUTE FpatiiK 3EENCMOCTH
NOTOKOS OT Wara HAPESKK

NOCTPOUTE FpatiiK 3EENCMOCTH
NOTOKOE OT Y3CTOTE BPALLEHHA WHEKS

Pucynok 2 - OkHO nporpaMmbl ¢ BbIYMCICHHBIMU 3HAYCHHUSIMH.

[Tpu U3MEHEHNH UCXOJIHBIX JAaHHBIX KOMIIbIOTEPHAs MOJIEIb TIO3BOJISIET PACCUNTHIBATh
MIPOU3BOIUTENILHOCTB 3KCTpyaepa (puc.1-3). K npumepy oT 4acToThl BpallleHUs IIHEKa puc.3.

@I Forml

e s wm Sl e e B e Sl P L e -

el

Crapt

CKOpOCTE

)
w5

Tabnuua AaHHBIX

MaTeMaTHYeCKan MOLEN: | [OaHHeie | padwicl | Mpadik2 I Mpadur3 I MOAENE B MPAMOYT ONEHEX KOOPAMHSTaX |

TChart

- 031
- 032
- [ 33
= [ 54
- 035
- 036
- 037
- 038
- 039
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- 041
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- 043
- 044
- 045
- 046
- 047
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- 052
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- 056
100 |== 057

YacCTOThI BpalleHMs IITHEKA.

Pucynok 3 - 3aBucumMocTh 00b€MHOI NPOU3BOAUTEIBLHOCTH IKCTPYAepa oT
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SECTION 7. Mechanics and machine construction.
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ABOUT SOME FEATURES OF BURNING FLAME

Abstract: The article examines the features of the theory, mathematical models and
experimental data of process of burning gas.
Key words: fire, gas, current, model, a torch.

O HEKOTOPBIX OCOBEHHOCTAX I'OPEHUSA IVIAMEHH

Armomauuﬂ: B cmamove paccmampuearonics ocobenHocmu meopuu,
mamemamudeckue Mooeau U Onbimmsle OaHHbvle npoyecca coperus casa.
Knrwueswie cnosa: niaam=A, cas, mederue, MO()eflb, (ﬁal{eﬂ.

IIpy pa3nn4HBIX TEXHOJIOTMYECKHUX IPOU3BOJACTBAX B YCTPOWCTBAaX HCIOJB3YIOTCS
ra3oBble IJJAMEHA, METAJIyprU4ecKHe IeUd, CUCTEMbl TEPMHUYECKOro OO0e3BpEKHMBAaHUS U
npyrux. IloaToMy paccmoTpeHue Ipolecca TFOpeHus ra3a B IPOMBIIUIEHHBIX TOpeENKax,
SBJISICTCSL JIOCTaTOYHO BaXHOW 3amadeid. Jlmsi moBbImeHUs TeIwioBOM 3¢ (EKTUBHOCTH
YCTPOWCTB W CHUIKECHHUSI SKOJOTWYECKH OINACHBIX BHIOPOCOB HEOOXOIUMO 3HATH Hambojee
PalMOHAIBHBIA PEKUM CKMTaHUS TOILIMBA, PACIOJIOKEHUS U ONTUMAJIbHBIE PA3MEPHI COMEIN
ropenku. IlocTaHOBKa dKCIIEPUMEHTA OYEHb TPYIOEMKHI U HE BCEI1a peaanu3yeMblil IpoLecc.
ITosToMy, menecoo0pa3HO MCMOJIB30BaTh MAaTEMaTHYECKOE MOJICIUPOBAHUE IPOLIECCOB
MIPOUCXOJAIIMX NPU TOPEHUM T'a30BOro Torumaa. IIporecc ropeHus ra3oBoro TOIUIMBA, Kak
MPaBUJIO, PEATTU3YETCS ITyTEM OpraHU3alluy CTPYHHBIX TeUeHUM.[ 1]
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BaxHocTh mporiecca TOpeHHsl B TEXHUYECKHX YCTPOMCTBAX BMECTE C JOPOTOBU3HOM
HAaTYPHBIX  DKCHEPUMEHTOB  CIIOCOOCTBYET  OBICTPOMY  Pa3BUTHIO  KOMIIBIOTEPHOTO
MOJCIUpPOBaHUs TopeHus [2]. Mopaenu TmpolecCOB TOPEHHMsI OCHOBAaHBI Ha 3aKOHAax
COXpPAHEHHUs MAacChl, UMITyJbCa W HHEPIUM B MHOTOKOMIIOHEHTHOH pearupyromeil cmecu.
YpaBHEHUs] TEOPUU TOPEHUSI — 3TO YpPaBHEHHSI HETIPEPHIBHOCTU ISl CMECH B LIEJIOM U BCEX
OTZIENIbHBIX KOMIIOHEHTOB, ypaBHeHHe HaBbe-CTokca 11l CKMMaeMoil cpelipl U ypaBHEHHUE
nepeHoca Teruia ¢ XUMUYECKUMHU UCTOYHHKaMH. C MOJpOOHBIMH KUHETUYECKHMMHU CXEMaMHU
Ta cucreMa audGdepeHINaTbHbIX YpPaBHEHUH B YAaCTHBIX MPOU3BOJHBIX YPE3BBIYANHO
CJIOXHA, W JI0 HACTOSIIEro BPEMEHU HE CYIECTBYET YHHUBEPCAJIbHBIX UHCIEHHBIX CXEM,
KOTOpBIE MOTJIM ObI MPUMEHSATHCS BO BCEX PEKMMAaX FOPEHHS U TEMIEPATypHBIX TUana3oHax.
[ToaToMy Takue cXeMbl CTPOSITCS AJI YAcCTHBIX CIIy4aeB, IMO3BOJISIFOIIMX JOTOJHUTEIBHO
YIPOCTUTh CUCTEMY ypaBHEHHiIl. B kauecTBe TecTOBOM 3agauu paccMoTpuM [l] mMeTaHOBYIO
ropenky Sandia, pazpabotanHyto yHuBepcuTeToM CHIHES.

B onHomepHOM ciyyae Juisi MEAJIEHHOTO TOpeHHs (JTaMMHapHOE TiaMsi) pa3paboTaHbl
3¢ (GEeKTUBHBIE METOIBI PEIICHUS CUCTEMbl ypaBHEHHWH, B TOM 4YHCIE Ui TOAPOOHBIX
KMHETUYECKUX CX€M, M JIOCTYNHbl NAaKeThl MpPOrpaMM, pEHIalonMX 3T 3a1auu. B
HCCIIIOBAaHMSX Yalie Bcero ucnoib3yrorces kommepueckne naketst CHEMKIN u Cosilab, a
takke cBoboanoe 10 Cantera [3].

B 1Byx- u TpéxMepHOM ciy4asx 10 CUX IOp 4Yallleé BCEro MPUMEHSETCs Io0anbHas
KHHeTH4eckas cxema. Takol noaxon peanus3osad, Harpumep, B naketax ANSYS FLUENT u
KIVA, ogHako BMeCTE C YBEIUYEHUEM MOLIHOCTH KOMIIBIOTEPOB MOSIBIAIOTCS U PACUETHI C
COKpAIIEHHBIMA KHHETUYECKUMHU CXEMaMU U MOAPOOHBIMU cxeMamu [4,5].

JIBymMepHasi 0CECUMMETPUYHASI TEOMETPUSL COCTOUT U3 OCHOBHOM TOPENIKH AUaMETPOM
7.2 MM, B KOTOpOH TopuT cmech 25% metaHa u 75% cyXxoro Bo3ayxa, U HalpaBIISIOLIETO
BXo/Ja auamerpoMm 18.2 MM, cxkuraromero cMmech muiaoT-raza. CocraB muioT-raza: 73,2%
asora, 5,1% kucnopona, 14,6% yraexkucinoro raza u 7,1% napos Boasl [1].

700 mm

r
—_—

— Boamyx

2
2

., ) TIpoyKTEL CTOpaHNA
v _—
— [TunoTHEI raz

300 MM

® — Tommmuso

36 MM

Pucynok 1 - I'eomerpus ropesku [1]

JI7st pacdera rOpeHus 4acTo UCTIONB3YIOT IBE MOJEIH :
. rubpuanas Mozenb (OOpbIB TypOYJIEHTHOTO BHUXpSA), MO KOTOpPOM B KadecTBe
Pe3yIBTHPYIONIEH CKOPOCTH BEIOMPAETCS HANMEHBIIAS U3 CKOPOCTEH.

b

R, = _MINqRi,KlN R; psu ‘)

. flamelet Mmogens. CKOpOCTh IEpEMEIINBAHNS XaPAKTEPU3YETCSI CKOPOCTBIO CKAJIIPHON

JTUCCHUTIAIIAH Y = 2D(V & )2 ,KOTOpas CBs3aHa CO CKOPOCTHIO JIe(hOpMaIny a.
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FOpCHI/Ie METaHa CIOKHBIN TepMOXI/IMI/I‘-IeCKI/Iﬁ mponcecc. CyH_ICCTByeT MHOXECTBO
MCXaHU3MOB OIIMCAHUSA TOPCHHA MCETaHa B BO3AYyXC, HAUMHAA OT CaMOro mpocTtoro B OAHY
PCAKIMIO U 3aKaHYUBasA ACTAJIbHBIMH, COACPKAIMNMH HECKOJIBKO ACCATKOB peaKHHfI.

JlaMuHapHoe TropeHMe TJIAMEHHM M OCHOBHbIe YpPaBHEHHsl  TEOPHUH
pacnpocTpaHeHusl NJIAMeHH.

[Tponiecc pacnpocTpaHeHHs] IUIAMEHHM XapaKTEpU3yeTCs HOPMAIbHOH CKOPOCTBIO
pacnpocTpaHeHusl U, - JIMHEHHas CKOPOCTh NEPEMELICHUs 30Hbl TOPEHUS M0 OTHOLICHHIO K

ucxonHor cMmecu. OHa M3MepseTcs MO HOpMaIM K (PpoHTY. DTa CKOPOCTh MOXKET OBITh
OllCHEHa Kak 00bEM ra30BOM CMECH CTrOparoNIeil 3a eIMHUIY BPEMEHU HA €IUHULIE TUIOLIAIN

¢bponra, T.C. U, = 5

Bropas xapakrepucTHKa IUIaMEHU - €ro TolmuHa o . MHorma mpouecc ropeHus
XapaKTEepU3yeTCsl MacCOBOM CKOPOCTBIO TOPEHHSA U, = PU, , IPOU3BEIECHUEM ILUIOTHOCTH Ha
HOPMAJIBHYIO CKOPOCTb TOpeHus. MexaHu3M paclpoCTpaHEHUs TOPEHHsI OCHOBBIBACTCS Ha
nepesaye Terjaa U aKTUBHBIX LIEHTPOB MEXKIY 30HOM T'OpEHUs M CBEXel cMechro Oiaronaps
3HAQYUTEJIBHBIM I'PAaIUEHTaM TEMIIEpaTypbl U KOHLEHTPALMU BELIECTBA.

IlycTth GpOHT IUIaMEHU HENOJABMXKEH, IOproyYas CMECh JBMXKETCSI CO CKOPOCTBIO U, TeMIle-
patypa MEHJAETCs OT HayanbHOU T 10 KOHEYHOH TemnepaTypbl ropenus 7, . Konuenrpauus

UCXOJHBIX BemecTB MeHseTcs oT HadanbHOM C, no 0. M3MeHeHme Bcex mapamMeTpoB
ropro4eil cMecu moka3aHo Ha puc. 2.

T, Cy
+
'Ih TB Cag
Un
I
I1 Ta
0 5 = abod

Pucynok 2 - U3mMeHene TeMnepaTypbl H KOHIEHTPAIIMH TOPIOYEro B JAMHHAPHOM
njiaMeHu [6]

Bbynem mpeamonarath, 4To TEIUIOEMKOCTh M KO3(D(UIMEHT TEIIONPOBOAHOCTH HE
3aBUCAT OT TEMIIEPATypbl, U YUUTHIBAEM TOJIBKO OJHOMEPHBIN nepeHoc Teria [lorepu temna
B OOKOBBIE CTEHKH U 3a CUET W3IYUYEHUs HE YUMTHIBAIOTCS. YpaBHEHHE COXPAHEHUS SHEPIUU
JUIs DJIEMEeHTa 00bEMa 3aIHIIETCS TaK

oT 0T oT
Cpgzﬂaxz —Cpplzla'i'HW (1)

JleBast 4aCTh ATOTO ypaBHEHMS BBIPAXKACT KOJMUYECTBO TEIUIOTHI B eIMHHIIE 00bEMa 32
eIMHUIly BpeMeHHU. B mpaBoil yacTu mepBoe ciaraeMoe OINUCHIBAET U3MEHEHHE KOJIMYEeCTBa
Teria 3a CYET TEIUIONPOBOAHOCTH, BTOPOE - 3a CUET HarpeBa MOCTYMAIOLIEH CMeCH, TPEThe -
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3a cu€T XUMHUYECKOM peakiuu. BCBsi3M ¢ Tem, 4TO TMOCTyMaromias CMeChb HEM3MEHHA I10
COCTaBy U MapaMeTpaM TO UIIEM CTAllMOHAPHOE PEILIEHUE U = const , Toraa

d’T dT
— —+HW =0 2
dx’? <P dx @)

A

B 30He muiameHu OyneT HaONIONATHCSA MEPEHOC HE TOJBKO TEIia, HO W BEIIECTBA,
BCJICJICTBHE HAIMYMS TPAJINEHTa  KOHIEHTpauuii, KoHIleHTpanuss BemiectBa B 30HE
peakiuu, T.0., OYJIET ONpenensaThCS He TOIBKO XUMUYECKOU peakiueit, Ho U quddy3uei.
VYpaBuenue nuddys3un umeer Bun [6]

d dc dce
a Pax " )

rae D - koaddumuent nuddysun. [lepBoe ciraraemoe onmuchiBaeT M3MEHEHHE KOHIICHTPAIUN
BeliecTna 3a cu€T auddys3un, BTOpoe - 3a CUET KOHBEKIIHH, OOIIEro IBIKEHUS ra3a, TPEThe -
3a CUET XUMUYECKOU pEaKIUH.

BBeném B ypaBHeHUE (2) 3HTaIbINIO

di=c,dt 4)
Torna noay4um ypaBHEHUE
ii@—pu§+HW=0 (5)
dx c, dx dx

Cnenas JIOTTYIIIEHNE 0 pPaBEHCTBE ko3 purmeHToB muddy3un u
TEMIIEPATYPOIPOBOJIHOCTH [6]

D=a=-"- (6)

D
TOE camoe, 4To yuciio JIbtouca paBHo enunune Le =— =1. YMHoxkuB ypaBHenue (3) Ha H

a
C CJIOKHUB ¢ (5) noayuum

d 1 d d

=2 = (i+cH)-pu—I(i+cH)=0 (7)

dxc, dx dx

Pemenuem 3Toro ypaBHeHHS IPH HAYAITBHBIX YCIIOBUAX
x = too i(z'+cH)=O
dx
Oyner
i+ cH = const (8)

T.C. IIOJIHAsg SHTAJIBIIHA - CyMMa TEIJIOBOM W XUMHYECKOU OHEpPIrunu B XOJ€ T'OpPCHHA HC
Mmensiercss. du3nuecku 310 o3Ha4aer, 4to Auddy3us U3 XOJOJHON 30HBI B 30HY T'OPCHUS
HIOJIHOCTBIO KOMITCHCUPYETCSI TIEPEHOCOM TeIUIa B OOPaTHYIO CTOPOHY. YKa3aHHOE PaBEHCTBO

D
(8) cpaBeyMBO Mpu ycinoBuM Le =— =1, 4TO CripaBeUIMBO JIJIsl TA30BbIX CUCTEM, B HHOM
a

Cily4yae OHO Hapymiaercs.[6]
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Pucynok 3 — KoHcTpyKIusi ropejiku.

U3 (8) cnemyet

c,Iy+cyH=c,T+cH=c,I )
OTKyJa
T,-T
c=Ccp——— (10)
T, -T,
UIH
Co—¢C _ T-T, (11)
c T, -1,

Hanuume Takoi cBA3M IO3BOJIAET BBIPA3UThb CKOPOCTb XUMHUYECKOW pEaKLHU Kak
(GYHKIUIO OJTHOM NMEepeMEHHOMN - TeMIepaTypbl WM KOHIEHTPAIMH, & BMECTO PEILEHUs ABYX
muddepeHIranbHbIX YpaBHEHUI OTPaHUUUTBCS OJTHUM.

YuceHHOE pellleHne 3a1a4M 0 JIAMHUHAPHOM PaclpoCTPaHEHHH ILIaMeHu|[6].

CKOpoOCTb peakuy CyLIECTBEHHA TOJIBKO ITPH BBICOKUX TEMIIEpaTypax, TOria 30Hy ro-
PEHMS MOKHO Pa3/IeIUTh HA JBE 00JIacTu:
1. 30Ha MPOrpeBa, B KOTOPO# npeHedperaeM XMMHUYECKON peakiuei
2. 30Ha XUMUYECKOM peakluy, B KOTOPOH npeHedperaeM KOHBEKIIHEH.
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Jly1st mepBoii 00J1aCTH ypaBHEHHUE TETIONMPOBOIHOCTH 3AIUIIETCS B BUJIE

dx? o dx

! 0 (12)

Hauazno xoopauHat pa3MecTuM Ha rpaHuiie o0sacTu [6].

s obnactu 1 st obmactu 2
a’T dT d’T
A —c,pu—=0 A +HW =0 14
x> 7 o dx dx’ (14)
IIpu HaYAJIBHBIX YCITOBUSIX Hauanensie ycnoBus
X =-00 x=0,
r=1, T=T
ar _, (4]
dx dx dx ),
x=0
X =00,
_ ol
ar _ (d_Tj dT
dx \dx ), P 0.

T
B 5TOM Cilydae TEmIoBOH moTok u3 30Hbl | | YICHIONB3YeM IOJCTaHOBKY p :_dx [IoJIy9IuM
Oyner

ﬂj—p+HW:0 (15)
dT 1 ) *
— | =—c \T" -T, 13) | nu
(dle A p( O) ()
id—pd—T+HW:O (16)
dT dx

OKOHYATEIHHO MOTYUYUM

dp
A=+ HW =0 17
P (17)

OTKyJia

T,
dT 2H
[—j =[5 [wdr (18)
dx ), Ay
N3 ycnoBust paBeHCTBA TEIIOBBIX MTOTOKOB MOJIYyYHM [6]

Tg
Ll -1,)= 2 Jwar (19)
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Temneparypy Ha rpanuie obnacreii npumeM paBHoi 7, B uHTErpasie 3ameHum 7 ' Ha

T('). T.k. ocHOBHOH BKJIaqg 6y,HeT BHOCHUTBb CKOPOCTH IIPU BBICOKHX TEMIICpATypax, BECININHA

HUHTCrpajia USMCHUTCA HECUJIBHO. Torpga maccoBas CKOPOCTb I'OPCHUA MOKET OBITH 3aIlkcaHa
Kak

- 20
pucTTo (20)

p\rg
Jlyist BBIYMCIIEHUS MHTETPajia HCIIONb3yeM pasnoxkenne Opank —Kamenexoro [6]

z E _EAT

- 2
e KT xe Mg M (21)

rne AT =T, —T . U3 nocnennero pasencrsa nonyunm dT =—dAT . Tlpu sToM mpenenst

HUHTCTPHUPOBAHUSA USMCHATCA

T=T,
AT =0
T=T,
AT =T, T,
Torpa nosryyaem
T, E _EAT E o _EAT E 2 (7,-7,)

0 T RT : RT D
IWdT:— Ikocve Meo Mo gAT = kyc'e M —E-e M —k,c'e M —£|1-e ™ | (22)
E E

I, T,-Ty

BTOpOE CJIaraeéMoe B CKOOKax JiIs yTIA€BOAOPOAHBIX TOIUIUB MPUOIMKEHHO PAaBHO
_E(Tgi’fﬂ) ~40000%2000
e e Lo 2720000 o o710 (23)
[lepBble TpHU COMHOXHTENS Tepel] CKOOKaMH JaloT CKOPOCTh pPEaKUUH TpH

TEMIICPATYPC r'OPCHUSA Wg . B utore macconas CKOPOCTb T'OPCHUA COCTABUT

2

R
2AHW,
- £ (24)
& Cp (Tg - TO )

[Tpumensisi ypaBHEHUE HEPa3pbIBHOCTH pU = Pyu, TOJYYUM BBIPAKECHHE IJIs
HOpPMAaJIbHOU CKOPOCTH TOPEHUs

ZXJLIVVgl'?Tg2
pOZsz(Tg _T0)2E

B coorBercTBUM C paBEeHCTBOM ,oocp(T 2 —TO)=HWgtk, r7e B JIEBOW YacTH CTOUT

Mn:

(25)

KOJIMYCCTBO TCILJIA BBIACIAOIICECA B CAHWHHUIIC 06’béMa, a B HpaBOﬁ Ta XK€ BCIMYHUHA,
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BBIP)KEHHAsl 4epe3 MAKCHUMAIbHYI0 CKOPOCTb PEaKUUU U €€ IPONOJDKMTENBHOCTH f, U

YUYMTBIBAs —— = d NOJIYYHUM
p

u, = (26)
WIn
u, = A (27)
tk
[IuprHa 30HBI TOPEHUSI MOXKET OBITh HaliZieHa U3 ypaBHeHus (12) npu ycnoBusx[6]
X=-00
a _,
dx
[TepBrbrit maTErpan Oyaer
dr 1
—=—cC T-T 28
PR pp”( 0) (28)
Paznenum nepemeHHbIe
c
AT _ SR (29)
T-T, A
¥ ¢ y4€ToM HavaibHbix yenouid x = 0,7 =T, mony4um
c
(T, -7, )~ (7 - 7,) = 2% (30)
WIn
T, -T P
£ T=e (31)
T-T,

[Topsmok TONIIMHBI 30HBI MJIAMEHHM ¢ MOXHO OLIGHUTH IO XapaKTePUCTHYECKOU
TOJIILIMHE - PACCTOSIHUM, Ha KOTOPOM TEMIIEpaTypa Crajiaet B e pas.[6]

C
EPl 51 (32)
OTKyz1a
2
5= -4 (33)
cppl/tn u}’l

CapouHoe 1uiaMsi oOpa3yercs B pe3yJibTaTe CropaHHs TOPIOYMX Ta30B WIM HapoB
Troprounx )KPII[KOCTGﬁ B CMCCH C TCXHUYCCKHUM KHCIOPOIAOM. HpI/I 9TOM IJIaMsi HUMECT
CJIO)KHYIO CTPYKTYPY M CTPOCHHUE, KOTOPOE MOKa3aHO Ha puc.4-6. KauecTBo razoBoil CBapku
BO MHOI'OM 3aBUCHUT OT IPAaBUJIbHOCTU PETYJIMPOBKHU IINIAMCHH, KOTOPOC CBAPIIHK BBICTABJIACT
«Ha ria3» no gopme u uBery. [lo3ToMy 0O4eHb BaXKHO 3HATh CTPOCHUE U CTPYKTYPY IJIaMEHU
ra30BOil TOpPeNKH, YTOOB! YUUTHIBATh 3TO B IIOBCEAHEBHOM paboTe. PopMy, LIBET U CTPYKTYpPY
IUIAMEHU TOPEJIKM MEHSIIOT COOTHOIIEHHEM aleTHJIEHAa U KUCIOpoJa, MOJAaBaeMbIX B 30HY
ropenus. B kauecTBe mpumepa pacCMOTPUM alleTUIEHO-KUCIOPOIHOE TUIaMsl.
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Pucynok 4 — 130n0BepXHOCTH IIIAMEHH.

SAnpo miiamMeHn uMmeer GopMy IWIMHIpPA C 3a0CTPEHHBIM KOHIIOM, BOKPYT KOTOPOIO
pacroio’keHa sIpKo cBeTslasics obonouka. JluHa S1pa IIaMEHH PeryJupyeTcs CKOPOCThIO
II0JIa4X Ta30BOM CMECH U €€ KauyeCTBEHHBIM COCTAaBOM. /lMaMeTp sijpa 3aBUCHUT OT pPa3MepoOB
MYHJIITYKa U pacxo/a ropro4eil CMecH.

CrpoeHue miamMeHu MEHseTCsl IpU U3MEHEHUHM COOTHOIIEHHUS CMECH M MOKET OBbITh:
HOpPMaJIbHBIM, HayTJIEPOKEHHBIM U OKHCIUTEIbHBIM (pHC.6).

HopmanbHoe miaMs Mojy4aercsi, KOrja Ha OJUH O0BbeM TOpIOYEro rasa HoIaeTcs
oJuH 00beM Kuciiopojia. Eciu B kauecTBe roproyero rasa NpuHAT alleTUIeH, TO IPOLEecC ero
HOPMAaJIbHOI'O CrOpaHMsl MOXHO 3anucath B cienytomeM suae: C2H2 -F02 =2CO+ H2.

Pucynok 5 — CocraBisiionue aneTHJIeHO-KHCIOPOAHOI0 IiiaMeHu: 1 — sigpo; 2 —
BOCCTAHOBHTE/IbHAsA 30HA; 3 — (hakes1 JIaMeHH
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PucyHnok 6 - PAa3HOBHIHOCTH alleTHJIEHO-KHCJIOPOJIHOIO IJIAMEHM:
A — HOpMaJbHOe; b — HayriepaxuBawmee; B — okucanrenabHoe

[Ipy >TOM MNpPOAYKTHI HEMOJHOTO CrOpaHMsl JOTOPAKT 3a CYET KHCIOpOJa,
MPUCYTCTBYIOIIETO B armochepHOM Bo3ayxe. Tak Kak aOCOIMIOTHO YHUCTBIX BEIIECTB B
npupojie He OBIBAET U KHUCIOPOJA COACPKHUT B ceOe HEKOTOpOE KOJIUYECTBO MpUMECEH, TO
HOPMAaJIbHOE IJIaMsl MOJIy4YaeTcsl MPU HEKOTOPOM €ro MOBBIINIEHHOM 3HAY€HUHU, TO €CTh MpPHU
COOTHOIIICHUU aleTUJIeHa W Kuciopoaa, paBHom 1,1 -1,2. Snpo HOpManbHOro IUIAaMEHU
CBETJIOE CO CJIeTKa 3aTEMHEHHON BOCCTaHOBUTENIBHOU 30HOU U (hakenmom. Ilo dopme sapo
IUJAMEHU HANOMMHAET LWIMHAP C YETKUMH OYEPTaHUSIMHU M 3aKPYIJIEHHBIM KOHLIOM.
Huamerp umiauHApPa 3aBUCUT OT pa3Mepa MYHIIITYKa CBApOYHOM TOpPENKHU, a HJIMHA -
ONpENENsAeTC CKOPOCThIO MCTEUEHHUs ra30BOM cMmecu. BOKpyr sapa miamMeHu pa3meraeTcs
cBeTiIasi 000JI0UKa, B KOTOPOU MPOUCXOAUT CTOPAHUE PACKAICHHBIX yacTull yriepona. [Ipu
BBICOKOM CKOPOCTHU MOJAuy Ta3a IiiaMsi CIOCOOCTBYET CrOPAaHUIO METaula M BBIIYBAaHUIO €r0
U3 CBapOYHON BaHHBI. Maias CKOpPOCTh IMOJAaud Ta30B uypeBaTa OOpAaTHBIMH yJIapamu |
XJIONIKaMH.

BoccranoButenbHas 30Ha TIaME@HU UMeeT Oojiee TEMHBIM LIBET W pacrojaraercs B
npocTpaHcTBe B mpeaenax 20 MM oT KoHIA siapa. TeMneparypa rmiaMmeHd B 3TOM 30HE MOXKET
nocturatb 3150°C (nmpu cropanuu aneruieHa). Pazmep BOCCTaHOBUTEIBHOM 30HBI 3aBUCHUT OT
HOMEpA CBAapOYHOIrO0 MyHIITYKa. [Ipy momomm 3TOM 30HBI IUIAMEHM HArpeBarOT MeTad,
IIaBAT €ro MW BeayT cBapky. OcranpHas YacTh IUIAMEHM, pACIIOJIOXKEHHas 3a
BOCCTAHOBUTEJIBHOM 30HOW, COCTOSINAsl U3 YIJIEKHUCIOrO ras3a, MapoB BOAbI U a30Ta, UMEET
3HAQUYUTEJIbHO MEHBIIYIO TEMIIEPATYpy.

HayrnepoxxenHoe miamsi mojydaercs, KOI/ld COOTHOLIEHUE ALlETWICHA U KUCIOpOAa
NPEBBIIAET YyKa3aHHOE COOTHOIICHHWE, TO €CTh CTaHOBHUTCA Oojbine 3HadeHwus 1,1.
Teopernueckn HayTIEPOKEHHOE IJIaMs TIOJTydaeTcsi, Koraa B ropenky mojaercs 0,95 oobema
KHUCTIOpOoJia ¥ MeHee. B 3ToM citydae siipo TIaMeHH YBEITMYMBAETCS B 00bEME U TEPSET CBOU
ouepranusa. Hepocrarok kucimopoga B TakOM IUIAMEHM IPUBOAUT K HEIOJIHOMY €ro
CTOpPaHMIO, U OHO HAaYyMHAET KONTHUTh. M30BITOK aleThiieHa B HAyTIEPOKCHHOM ILIaMEHU
IIPUBOJMT K €r0 PA3JIOKEHUIO Ha YIIEpPOJI M BOJOPOI. YTIEPOJ U3 IJIJAMEHU NEPEXOIUT B
MeTalI, HayriepaxkuBas ero. OOBIYHO HAyTJICPOKCHHOE IUIaMsi TPUMEHSIOT ISl CBapKU
AJTIOMHHHUS M HAIUTABKE TBEPABIX CILUIABOB.

BoccranoButenbHasi 30HAa HAyTJIEPOKEHHOIO IUTAMEHU CBETJIask U MPaKTUYECKH
cnMBaetcs ¢ sApoM. TemmepaTypa Takoro IUIaMEHU HUXKE, IOITOMY paboTaTh ¢ HUM Oojee
TsKeno. J{Jis mepeBojia miiaMeHu B HOPMaJIbHOE COCTOSIHUE YBEJIMYMBAIOT M0AAa4y KUCIOPO/ia
WJIM CHIDKAIOT N0J1avy alleTHIICHA.

OkucinurenpHoe IUIaMsi TOJy4YaeTcss IMpU  HEJOCTAaTKe aleTUieHa, TO €eCThb
COOTHOUIIEHHUE aLlETUJICH: KUCIOpPOJA CTaHOBUTCSA MeHbuie 1,]1. [IpakTMueckun OKHCIUTEIbHOE
IaMsi TIoJy4aeTcsl Ipu oobeMe Kuclopoa, mpessimaronieM B 1,3 o6bem anerwmneHa. Sapo
TAaKOro IUIAMEHU YKOPAYMBAETCS W 3a0CTPSETCA, a €r0 Kpas CTAHOBSTCS PaCIUIbIBUATHIMU,
nBer OnemgHeer. Temmeparypa Takoro IUIAMEHHM BBIIIE TEMIIEPATypbl HOPMAIBHOTO.
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N30bITOYHBI KHUCIOPOA OKHUCISIET XKelle30 M IPUMECH, HaxoAsdlluecs B CTajlHd, 4YTO B
KOHEYHOM HTOr€ MPUBOJAUT K XPYIKOCTH CBAPOYHOrO IIBA, MOPUCTOCTH €r0 CTPYKTYPHI,
oOenHeHHON MapraHuemM u kpemHueMm. IlosTomMy mnpu cBapke cTaneil OKUCIUTEIbHBIM
IJIAMEHEM TOJIb3YIOTCSI NPUCAJ0YHOM IPOBOJIOKOM C MOBBIILIEHHBIM COJAEPKAHUEM ITHX
JJIEMEHTOB, SBJLIIOIIMXCSA packucauTenssMu. Camasl BBICOKas TEMIEpaTypa HOPMaJbHOIO
IJIAMEHU JOCTUTAETCS B BOCCTAHOBUTEIBHON 30HE.

[TpuMepHBI XMMHUYECKHH COCTaB HOPMAJIBHOIO AlleTUICHO-KHCIOPOJHOIO IJIaMEHU
npuBeneH B tabmuie 1. Hy)kHO OTMETHTB, YTO alleTHIICHO-KUCIOPOAHAS CMECh JTAeT CaMyIo
BBICOKYIO TeMmIepaTypy IUIaMeHHM. VI3MeHeHue Troprodux Tra3oB HECKOJIBKO CHHXKAeT
TEeMIepaTypy IUIAaMEHH M pacrpejaeieHue ee 1o o0wvemy. I'paduueckas 3aBUCHMOCTD
U3MEHEHMsI TEeMIIepaTyp METaH-KHCIOPOJHOIO M IPONaH-OyTaH-KUCIOPOIHOIO IUIAMEHH
IIpeCTaBjIcHa Ha pUc.’.

Taoauna 1
XMMHYECKHIl COCTAB HOPMAJIBHOT0 AlETHJIEHO-KUCJIOPOAHOI0 IUIAMEeHH!

Yacte niiaMeHn Coaepxanue mo cobémy %
CO H2 CO2 H20 N2 O2  [IIpouue raspl
Bonu3u koHIa siapa 60 |31 |- - 8 |- 1
B xoHIIE BOCCTAaHOBUTEIHHON 30HBI 33 |15 |9 6 33 |- 4
Bepenneit vactu akerna 3,7 12,5 22 2,6 |58 8 32
BOnu3u xonma gaxena - - 8 2,2 74 115 10,8

27150 °C 2200F—
| o™~
1200 1100
700
300 300

Pucynok 7 - /luHaMuKa pocTa TeMIepaTyp MeTaH-KHCJIOPOAHOIOo (A) U nponaH-0yTaH-
KucaopoaHoro miamenu (b): 1 — sapo; 2 — BoccTaHOBUTEIbLHAS 30HA; 3 — (aked; 4
— cBapuBaeMblil MmeTa/ul; L — quiHa saapa

3HauuTENbHBI 00BEM TEIUIa, CKOHIEHTPUPOBAHHOTO B IJIAMEHH T'a30BOM T'OPEIIKH,
paccenBaeTcs B OKPYJKAIOUIYI0 Cpely, MMO3TOMY €ro Ko3(p@QHIUEHT MOJIEe3HOro AECHCTBUS
(K.IL.J.) HM30K U npakTU4eCcKH He mpeBbiaeT 7%.
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Taoanma 2
Pacxoa 3Heprum njiaMeHu NpH ra3onjiaMeHHoii o0padoTke
‘ Pacnpenesienne 3JHepruu mjiaMmeHu ‘ KoanuectBo, %
KonuyectBo Temia, paxoayeMoro Ha IUIaBjIeHHE METallIa U MOAepKaHUe 6-7
peXrMa CBapoYHOro Ipoliecca
‘HOTepI/I TerJa: ’
‘- OT HETIOJTHOTHI CTOPAHUS ‘ 55-63
‘- C OTXOISIIIUMHU ra3aMu ’ 13-15
‘- Ha U3JTyYCHUE U KOHBEKITHIO ‘ 9-10
‘- Ha HarpeB OKOJICIIOBHOW 30HbI ’ 15-18
‘- Ha UCKpOOOpa3oBaHHE ‘ 1-2

L3 MogaenuposaHwe rasoBoi ropenku 2014r = B
Ysenmuenue

U

Kucnopon

Mo e

U

| c==u

.7 MozenuposaHue rasosoi ropeku 2014 r = =

Ysenuuenue

0

Kucnopon

i i

)

Pucynok 8 - Pazpadorannasi mojaeJib.
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Mertannypruyeckue Mpolecchl B CBapOYHOM BaHHE TpU €€ Ta30lIaMeHHON
00paboTKke, a TaKke B MPWIETAIONICH K HEH 30HE MMEIOT JIOBOJBHO CIIOKHBIA XapakTep U
HECKOJIbKO OTJIMYAIOTCS OT METaJUIyprH4ecKUX IPOIIECCOB, MPOUCXOASIINX MPU TYTOBOU
cBapke. OJTO OO0YCJIOBJIEHO TEM, YTO pAacIUIaBJICHHBIH MeETalyl IpPU €ro ra3olIaMEeHHOMN
00paboTKke B3aMMOJEWUCTBYET C Ta3aMH, NOJACPKUBAIOLUIUMHU IpollecC TopeHus. B
3aBUCHUMOCTH OT XapakTepa IJIaMEHH, KOTOPbI MEHSET COOTHOLIEHUE ra30B, U3MEHAIOTCS U
METaJUTypriuuecKue MpoIecChl.

ﬂ? Mogennposanue razosoil ropenku 2014r -

Ysenuuenne

Kucaopon

Dapnenwe: 2,425 arM.

Toprouw ras

Naenenmne: 2.2 artm.

.13 MoaennposaHue rasosoi ropenki 2014r = &

YeeauveHue

Kucnopon

Nasnenue: 3.7 arm.

Topiowu ras

laenenwe: 2.7 arm.

Pucynok 9 - Pazpadotannas moaeJib (yBeJHUYEeHHE JABJICHHA).

BaxxHoil 0COOEHHOCTBIO BCEX TPOLECCOB TOpPEHUsS sBIsieTcs TOT (akT, dYTO
XUMHYCCKUC ITPEBPALICHUA NJOJDKHBI UATH C CAMOYCKOPCHUCM. FOpeHI/Ie MOKCT IMPOABJIATHCA
B BHUJE NPOLECCOB CaMOBOCIUIAMEHEHHS M CTAl[MOHAPHOIO TOPEHHUs (pacmpoCTpaHeHUs
wiamenn). CaMOBOCIUIaMEHEHHE — 3TO CaMOIPOU3BOJIHHOEC BO3HUKHOBEHHE IUIAMEHHOTO
FOpEeHUsl MPEIBAPUTEIBLHO HArPETOM 10 HEKOTOPOW KPUTHUUECKON TeMmepaTypbl TOproyeu
cMmecu. IIpouecc caMoBOCIITIaMEHEHUsT MOXKET NPOSIBUTHCA JIUIIb B BUAEC KPATKOBPEMEHHOMN
BCIIBIIIIKH U HE 0053aTEJIbHO COMPOBOXKIAETCS YCTOMYUBBIM TOPEHUEM.

B omiMuume OT CcaMOBOCIUIAMEHEHMsI CTallMOHAPHOE TOPEHUE XapaKTEepU3yeTcs
o0pa3oBaHHEeM YCTOMYMBOIO IUIaMEHU. B ciyuyae JaMUHApHOTO TOpPEHUSs IPeaBapUTEIbHO
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IepeMeNIaHHbIX CcMeceil Ta3000pa3HOro TOpIOYero C BO3AYXOM (POHT  ITAMEHH
pacnpoCTpaHseTCs 1O XOIOIHON CBEXKEW CMECH.

10.
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EXPERIMENTAL UNIT FOR STUDYING THE INFLUENCE OF ADDITIVES ON
THE PROPERTIES OF CONCRETE

Abstract: Presented the description of the experimental setup and methodology of
experiments to study the influence of different additives on the properties of concrete
mixtures. The influence of additives of superplasticizers in terms of catching and uniformity of
change of volume of the received concrete mix is reviewed.
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IKCHHEPUMEHTAJIbHASL YCTAHOBKA VIS U3YUYEHWA BJAAHUSA
JAOBABOK HA CBOMCTBA BETOHOB

Annomavusa: [Ipeocmagneno onucanue 5KCnepUMeHmManbHOU YCMAHOBKU U MEMOOUKU
NnpoBeoeHUs. IKCNePUMEHMO8 Ol U3VHEeHUs GIUAHUSL pA3IUYHbIX 000A80K HA C8olicmea
bemonHvIx cmeceu. Paccmompeno enusnue 000asok cynepniacmughukamopos Ha — CPOKU
CX8AMbIBAHUS U PABHOMEPHOCMU U3MEHEHUSI 00beMa NoLy4eHHOU OemOHHOU cMecu.

Knwouesvie cnosa: bemon, dobaska, cynepniacmughukamop, cxeamviéauue.

Ha cerognsiminuii 1eHs OETOH SBISIETCS OJHUM M3 CAMBIX TOIYJISIPHBIX CTPOUTEIBHBIX
MarepuanoB B Poccun. K HeMy npenbsaBisitoT O4eHb CEphe3HbIE TPEOOBAHMS, TaK KaK OT €Tro
Ka4yecTBa M CBOMCTB 3aBHCUT OYCHb MHOroe. beToH 00s13aH OBITh JOJTOBEYHBIM U OYCHB
MPOYHBIM, TPU STOM OOECIEYMBATH TUIPOUZOJAIMIO M IPOTUBOCTOSATH MEXAHHUYECKUM
BO3AeHCTBUSAM [1].

Jlnst  yaydmieHusi KadecTBa OETOHHBIX CMeceld B HHUX HEOOXOJMMO J00aBIATH
ompezeNieHHbIe dJIeMeHThl. Hamu m3ydaercs BIHMSIHHE CymnepruiacTu(UKaTopoB Ha CBOMCTBA
OCTOHHBIX cMmecei [2].

HccnenoBanuss 100aBOK MPOBOAUM IO TPAJUIIMOHHO MPUHATOW Ha Kadeape
«TexHonoruvyeckue mporecch M anmaparb» TaMOOBCKOTO TOCYJapCTBEHHOTO TEXHHUUECKOTO

yHHUBEpcuTeTa cxeme [3-5].
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JUia mpoBeleHUs HCCIeIOBaHUN HEOOXOJMMO TIIPOBECTH CEPUI0 3aMECOB €
MOCTOSTHHBIM ~ KOJIMYECTBOM  COCTaBISIOIIMX  OeToHHOM  cmecu. IlepBwiii  3amec
0e3mo00aBouHbIi, BTOpoii Cc 25% pacTtBOopoM cymnepractudukatopa, tpetuii ¢ 30%
pactBopoM, U ueTBepThiii ¢ 35% pactBopoMm. Jlo3upoBka cymepruiacThukaropa BO BCeX
3amecax OyAeT cocTaBisTh 1,8% MO TEXHUYECKOMY BECY.

OCHOBHBIMHU COCTaBISIIOIIUMH OCTOHHON CMECH SIBISIOTCSI LIEMEHT, MECOK, IeOeHb.
Ham neo6xoaum 6etoH mMapku 350, 1711 KOTOPOTO COOTBECTBYIOT CIEAYIOLIUE PacXoiabl Ha
Im3: nementa=350 kr;necka=750 kr;me6us=1100 kr.

Hcnonszyem Bonbckuit nopraanaueMeHT M500 /10 — 3To rugpaBindeckoe BsKyIlee
BEILECTBO, €ro IMOJY4YaroT TOHKHUM H3MEJIbY€HHUEM KIIMHKepa u rumnca. KimHkep — OpoaykT
PaBHOMEpPHOTO O0XXHMra /0 CIEKaHUs OJHOPOJHOM CHIPbEBOM CMECH, COCTOSIIEH
U3 U3BECTHAKA M TIUHBI OINpEeAeNEHHOrO0 COCTaBa, OOECIEeYMBAIOUIET0 MpeoliagaHue
cunmukatoB Kanbims (3Ca0-Si02 u 2Ca0-Si02 70-80 %) [2].

OcCHOBHBIE CEpUU DKCHEPUMEHTOB TMPOBOJWINCH HaMU B OETOHOCMECHUTEIe
MPUHYIUTETBHOTO AeicTBus (puc. 1-2).

beronocMecuTenb 1a00OpaTOPHBI MPUHYAUTEIHHOTO ACWCTBUSA MpeJHA3HAYECH IS
IPUTOTOBJIEHUSI CTPOUTENIbHBIX PACTBOPOB M OETOHHBIX CMECEH, a TakKe JUIsl CMELIMBaHUS
CyXUX cMeced B KOJMYECTBaX, HEOOXOJUMBIX JJIsi M3TOTOBJICHHUS JabOpaTOpHBIX 00pa3ioB
[6].

dopma CMECUTENBHOM €MKOCTH U JomacTeil 00ecredynBaroT KayeCTBEHHOE
nepeMelIuBaHue 3a MUHUMallbHOE BpeMs. [liaBaroiiye 1onacTi UCKIIIOYaloT 3aKJIMHUBAaHUE U
npoblieHne KaMeHHOW (pakiuu Mpu MepeMelInBaHuK, 00eceynBalT paboTOCIOCOOHOCTh
npu 3HauuTeNHHOM (110 10 MM) BX HU3HOCE.

Konctpykuus obecrneynBaeT XOpOIIMA  JOCTyHn K JAeTalsiM, TpeOyroImuM
HNEPUOANYECKON OYMCTKM OT HAJWMAIOLUMX YacTHll, IPOCTOTY 3aMEHbl H3HALIMBAEMbIX
3JIEMEHTOB - JIONACTeH U eMKOCTH.

Al
d

Pucynok 1 - Konyc 1Jis1 onpeiesieHusi oJABHAKHOCTH
1 - pyuka; 2 - kopnyc; 3 - ynopsl; 4 - cBapHOil II0B

bwut nmpoBenen ananu3 nementa Bonbckoro M500 /10 maptus 3621 cormacao 'OCT
310.3-76 ot 1978-01-01 IlemenTtsl. MeTonbl ONpeneseHHss HOPMAJIBHOW T'YCTOTBI, CPOKOB
CXBaThIBaHUSI M PABHOMEPHOCTH HW3MEHEHHUs oObema. HopmanmpHas TycToTa IIEMEHTHOTO
tecta=24,25; Hauamo cxBaTteiBauus 3:00 4., koHel cxBaTbiBaHug 4:50 4.
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PucyHnok 2 - Beronocmecurens Jadoparopubiii CJI-I[b-10 (10 ;1)

HOKa3aHO, 4YTO KPYIIHOCTB IIE€CKa HCITOCPCACTBCHHO BJIMACT HA PaCcXo BOAbLI B OeToHe.

[ToBeIlIEHHAs BOJAONOTPEOHOCTh MEJIKMX [IECKOB OTPULIATENIBHO CKa3bIBAETCS HA MTOKA3aTENsIX
IIPOYHOCTH M IUIOTHOCTU YTO MNPUBOJUT K (OPMHUPOBAHHUIO IPOHULIAEMOH CTPYKTYpBHI.
[TomyuyeHHbIE JaHHBIE XOPOIIO COTIACYIOTCS C MOJAOOHBIMH MCCIEIOBAaHUSAMYU TPOBOIMMBIMH
B Poccun u 3a pyGexom [7-10].
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SOME INNOVATIVE BASIS OF RESEARCH OF HANDICRAFT
TRADITIONS OF GANJA TILL THE BEGINNING OF XX CENTURY

Abstract: In article has been investigated the significance of the main typical
characteristics of craftsmanship traditions of Ganja on the basis of innovative technologies
and methods in research of urban culture in this ancient city. Some basic local national
traditions also were researched from the historic-ethnological point of view in this scientific
work.

Key words: urban culture, handicraft traditions, innovative methods and technologies,
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Introduction

Development of some local handicraft branches in Ganja historically offered necessary
facilities for progress of urban culture. Ganja is one of the oldest cities and has more than
4000 years old as an urban center. This consideration is proved on the basis of indisputable
scientific arguments and facts [1-2]. Ganja city during centuries considered as one of the main
urban cultures and located on the ancient caravan routes, so merchants, travelers, scientists
and cultural workers from different countries of the world visited Ganja, and first of all, their
visiting helped our nation to integrate their spiritual values to all mankind civilizations. Also
in XI century, during the Arab Caliphate population in Ganja shows, that Ganja has become a
major center of culture and science in the Muslim East. From the sources it becomes clear; in
that period in Ganja there were personal and public libraries, medresses as modern
universities, observatories and medical centers. Muslim culture has spread to the neighboring
Christian states from here.

Materials and methods

In the scientific and cultural center of the East, in Ganja’s literary environment were
raised Abu Hafs, Abul Ganji, Abul Ula Ganjavi, Mahsati Ganjavi, Qivami Mutarrizi, Raziya
Ganjavi, Mirza Shafi Vazeh, who gave priceless pearls to the treasures of world culture.
Especially in that period, presence of such kind of chess-player, composer, thinker women as
Mahsati Ganjavi and Raziye, who owned world science and philosophy again shows, that
city from cultural point of view, stays on high level [1-4]. In middle ages in spheres of gentle
and applied art, Ganja of inhabitants of territory, in agriculture life bone was widely applied.
Bone products, raw materials, that found during investigations in and around Ganja prove that
time bone processing separated from other spheres of craftsmanship. Investigation of the main
traditional craft branches on the basis of new, innovative methods and technologies is very
important. Results of these researches show the significance of different patterns of
craftsmanship kinds as a source in studying of historical past of nations. The increase in
quantity of handicraftsmen in a city directly has been bundled to population growth. The
competition of production of production plants and factories has not reached still serious level
and consequently was created a favorable condition for spreading of traditional occupations
there. In addition, products of these craft branches have been closely bundled to a life and
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traditions of the people, and it would be difficult to replace with their factory production. In
the specified period of history in Ganja developed basically carpet weaving, weaver's
business, craft of the tailor, squeeze men, forge and a jeweler, trades of dyer, the stone mason,
the cooper and leather dresser, weapon business and other similar craft branches.

Results and discussion

During excavations there was found bone products that used as raw materials and
cutting with pipe. In XI- XIII centuries this sphere of art was developing mostly. This thought
is proved with a lot of bone and horn, found in zone of excavation. This period from bone
there were prepared buttons, knifes and etc. Found during archeological excavations and used
in wooden treatment and knife, showed that at the beginning of XI — XIII in and around
Ganja this sphere of craftsmanship in exist.

In this ancient city printed cotton and calico fabrics have been widely produced. In
traditional cloth productions the main place took the urban mines. In the early 30s of the XIX
century in Ganja there were more than 164 people - weaving. The majority of these artists
were weaving. In Ganja, which was the most important center of cloth production were
produced different kinds of cotton cloth. Only in the 30s of the XIX century in Ganja were
presently working 30 cloth bench. During one year this machine were producing 2000 of
white cloth, 200 top of red cloth (shile) and nearly 400 benchchalamaya (thin cloth) spoke [2-
71.

From the point of view silkworm breeding development and it’s preparing technology
there were two main forms of production: so-called raw silk weaving and felt weaving. In this
important technological process it has such kind of production stages as cocoon opening, silk
initial processing, preparing of raw silk, weaving technology, painting and decoration. In the
ancient Ganja during the stage of the Middle Ages the great progress of silkworm was
represented by raw silk weaving. For this reason, on the basis of local traditions production of
delicate silk textiles from raw silk. Historically the traditional art of saddle-making in Ganja
developed in direction of cargo and passenger saddle making. The art of saddle-making
within the local saddle-types and their components were determined on a specialization. The
production of cargo or pack—saddle a rule was engaged by pack-saddle maker. For this reason,
in most cases, the profession was called trade of pack-saddle maker. Samples of glass
decorations, of BC, we met in the patterns of Ganjachay, Mingechevir, Xachbulaq and others.
In these areas, the first centuries BC were found in samples of the glass plate. The majority of
containers and the analysis based on graphical elements of the Roman scholars came to the
opinion that the samples of the same scale as the Roman Empire through trade. There are
more than 2000 beads in complex materials. Colored beads have prepared of different types
products. Mostly distinguish beads that prepared from blue green and grey paste. A group of
beads made of bone and antimony [2; 6-8]. A part of the hanging beads were prepared from
cockleshells "Nassagibbosula" and "Suraeva Moneta". According to experts’ thoughts, such
kind of cockleshell that widely spared in the Indian and Pacific Ocean, also the Eastern
Mediterranean region were put to Azerbaijan with economic relations. In III-V centuries, the
local craftsmen themselves also became to produce better-designed containers. Among the
local clay and glass utensils that found in and around Ganja there were big similarity in the
form and also in the decoration. All the glass dishes found in and around Ganja are similar
with the local clays on decoration of that period.

Glass dishes were containing of Iron, cobalt, magnesium and other elements, that were
specific elements for Ganja and its surroundings. Results of archaeological excavations in the
territory of Azerbaijan and research show that in the preparation of glass utensils were two
technical methods: casting method and the method of blowing.

First of all, there have been discovered, that initial ceramic production in Ganja and its
surrounding regions are belong to the VIII-VII millennium BC. From the history point of
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view, these ancient clay vessels, belonging to the Neolithic stage, are differing from the
pottery samples of the neighboring ethnic in number characteristics. These differences are
seen in preparing technology, also in the area of external surface decoration. From the
construction point of view, samples of pottery, that concern to Antique period, also to the
period of Hellenism in Ganja, differed in various forms as pictorial vases, ceramic figures and
connected dishes. Pottery dishes, that concern to the first stages of Middle Ages of Ganja, are
differing from the ceramic samples of Antique period in two features: on shape and for
preparing techniques.

Along with the works and notes of medieval authors and travelers, a lot of material
samples, found in the territory of ancient Ganja, also found in Mingachevir and concern to
Middle Ages trough, ladle, wooden threshing board, shows that in Ganja wood treatment and
sculptor art have a rich tradition. Wood treatment products historically have been represented
in various fields of social and cultural life in Ganja. Abundance of local raw materials created
favorable conditions for development of metal treatment from ancient times. In general, in
the third millennium BC there was high culture of the Bronze Age in our country and in the
first millennium transition period from Bronze Age to Iron Age began. In that period in
Azerbaijan  there were appeared several branches of metallurgy treatment. Jewelries,
daggers, arms, copper products and other samples of art have been treated so refined, that in
nowadays they are protected as very valuable exhibits in famous museums in such cities, as
Paris, London, Brussels, Istanbul, Tehran and other cities.

Works of art, made from metal, for their content and their form are divided into two
major groups: products of art and household goods. Household equipment, works of art,
agriculture instruments have been executed into two main technical methods-casting and
forging.

On the basis of innovative methods investigation of local craft and national cultural
traditions of Ganja as the main features of urban culture is necessary. Scientific and
archaeological researches have proved that Ganja was cradle of science and culture not only
of Azerbaijan, but also of the whole East. Different facts are good example of that, the urban
culture has been on a wide area of Ganjabasar more than 4000 years.

Conclusions

1. The best samples of monuments, that concern to stone treatment are consists of
column props, mill and gridding stones. In whole there were founded in and around
Ganja a lot of samples, that concern to X century. They are consisting of stone
figure, mills and column props.

2. Mill is usually prepared from volcanic, quartz, limestone and basalt. They used for
grinding seed, millet, salt and for other aims [4-7]. We meet mostly mill stones,
scales and pumice stone in stone treatment. At the same time there were used hewed
stones for decorating buildings. In this period there were prepared decorations from
precious stone. In traditional production of cloth manufactory trade historically
played an important place. This kind of craft that developed on the basis of local raw
materials was tied with cotton-growing economy.

3. Since the time of the early Middle Ages, Ganja has been the main center of
Azerbaijan in production of cotton cloth. In this ancient city printed cotton and
calico fabrics have been widely produced. In traditional cloth productions the main
place took the urban mines.

4. Protecting the status of capital city Ganja, in the various stages of the history, had an
important role in the preservation of the ancient statehood traditions of Azerbaijan.
At the end of the VII century Ganja was the provincial city of Arabs, in the X
century the capital of Arran, in the XI century Seljuk’s, in the XII-XIII centuries
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was the residences of Atabek’s empire. During this period Ganja had renaissance
time of its development, science, culture, trade, crafts reached the highest peak.

In general, in Ganja from textile there were made cotton cloth with simple painting,
various kinds’ decorations. In most cases, in the XIX-XX centuries after coarse
calico colored in white colors of, it colored to different colors [7].
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Abstract: In this work the characteristic of the organization of development of
consumers' market in municipal entities on the example of foreign countries is given. The
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XAPAKTEPUCTHUKA OPTTAHU3ALIIMU PAZBUTHUSA IIOTPEBUTEJIBCKOI'O
PBIHKA B MYHUIIMITIAJIBHBIX OBPA30BAHUSAX 3APYBEKHBIX CTPAH

Annomauun: B Oannoti pabome daemcs Xxapakmepucmuka OpeaHu3ayuu passumus
nOmMpeObUmenbeKo20 pPulHKA 6 MYHUYUNATIbHLIX 00pA308AHUAX HA Npumepe 3apyOedrtCHbIX
cmpan. IIposooumcsi OemanvHvlil AHAIUZ CMPYKMYPbl U NPUOPUMEMO8  PA3BUMUS
nompeoumenbcko2o pvinka Benuxobpumanuu u cpagneHue ¢ OCHOSHLIMU NOKA3AMENAMU,
NPUMEHAIOWUMUCS OISl ONpeoeleHUss YPOGHS  Pa3eumusi NOMpeOUmenbcKko2o0 pPulHKA
I'epmanuu, Ascmpuu, @Ppanyuu u Opyeux 3apyoexdcuvix Cmpa.

Knrouesvie cnosa: nompebumenvckuti pulHOK, npuopumemul pazeumus, JIoHOOH,
npoOyKYus, MyHUYyunaivHoe obpasosanue, cgpepa ycuye.

Hay4HbIM co0011ecTBOM 3apyOSKHBIX CTpaH MPU3HAHO, YTO MOTPEOUTEIHCKUN PHIHOK
SBIISICTCS  OJTHUM M3 BaXHBIX HWHAMKATOPOB  COIMAJIBHOTO PA3BUTUS  TOPOJICKOM
UHQPACTPYKTYPHI, OH MPEACTABISET COOON KPYIMHYIO COCTaBHYIO YacTh €UHOTO KOMILJIEKCA
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TOPOJICKOTO XO03iiCTBa MYHHIIMIIAILHOTO 0Opa30BaHUs, Pa3BUBAIOIIASICS B COOTBETCTBUU C
LIEJIEBBIMU TIporpaMmamMu. MHAMKATOPHI pa3BUTHS TOTPEOUTEIHCKOTO pPHIHKA CIIOCOOHBI
MPEICTaBUTh MH(MOPMALIMIO O COCTOSIHUM Pa3BUTHUSL TOPOJCKOTO XO3siCTBa, TPAHCHOPTHOM
HH(PPACTPYKTYpbl, KyJIbTYPHOM U 00pa3oBaTeIbHOM YypoBHE HaceneHus. Hekoropbie
WCCIIeIOBATENN MOJIaratoT, YTO MOKa3aTelu AMHAMUKH JIBIXKEHUS MOTPEOUTETHCKOTO PhIHKA
MOTYT OBITh OCHOBOH TPUHSATHS PEIICHUN IS MHBECTOPOB M CIIOCOOCTBOBATH MOBBIIICHUIO
001Iero YpoBHS JOBEPHs CO CTOPOHBI OM3HEC-COO0IIECTBA K IEHCTBUSAM MECTHBIX BJIACTEH.
Kak ytBepxkmaer mdp ropona Jlonmona b. J[)KOHCOH mpoOiIeMbl CTAOWIW3ANUNA U
pa3BUTUSA TOTPEOUTENHCKOTO PHIHKA B COBPEMEHHBIX YCJOBHSIX MPHOOPETAIOT 0CO0YIO
3HAYUMOCTh. JTO OOYCJIOBIEHO, TPEKIE BCETO, MECTOM W pOJIBI0 PBIHKA B CHCTEME

BOCIPOM3BOJCTBA, B  OOECHEUEHHWH  CBA3M  MPOM3BOJACTBA U MOTpeOsieHus,
cOaNaHCUPOBAHHOCTU TMpPEMIOKeHUss u cmpoca. [2, c¢. 93] Opranuzanusi pa3BUTHS
MOTPEOUTENHCKOTO  pbIHKa B bpuTaHckoil  croiuie  y4YuTHIBAET MapKETHHIOBBIE,

ILCMOI‘pa(I)I/I‘-IGCKI/IC, d)HHaHCOBBIC, MNPOU3BOACTBCHHBIC TCHACHIHMH MW OCYIICCTBIIACTCA B
paMKax KOMILIEKCHOW MPOTPaMMBbI Pa3BUTHS, BKITFOUAIOIICH CIICAYIONIHE MOICHCTEMBI:

e  PBIHOK NPOJYKTOBBIX TOBAPOB;

e  PBIHOK IMPOMBIIUICHHBIX TOBAPOB OBITOBOTO Ha3HAYCHHUS;

e PBIHOK KOMMYHAaJbHBIX YCIIYT;

e  PBIHOK TPAHCIOPTHBIX YCIYT;

e  PBIHOK UH()OPMAIIMOHHBIX YCIYT.

[Tpu mapum ropoaa Jlongona ¢pynkuuonupyer Oo6mectBeHHbI CoBEeT MOTpeOUTENCH,

KOTOPBI TPUHUMAET PEIICHUS MO Pa3BUTHIO U KOPPEKTUPOBKE IUIAHOBBIX TMOKa3aTelel
KQXJIOTO W3 TIEPEUUCIICHHBIX CHCTEM IOTPEOUTENICKOTO DPHIHKA OpPWUTAHCKON CTOJIHIIBL.

[IpuoputeTsl OpraHu3alil  pPa3BUTHS THOTPEOUTENHCKOTO pbIHKAa ropona JloHmona
npecraBjieHsbl B Tabuie 1.
Taoauua 1.
IIpuopuTeTsl OPraHU3anMu Pa3BUTHA NOTPEOUTEIHCKOr0 PbIHKa ropojaa Jlonaona
HanmeHnoBanue noacucrTemsl [IpropuTeTsl pazBuTUs B03MOXHOCTH TOCTHKEHUS
PBIHOK MPOJYKTOBBIX | MOBBIMICHUE HKOJOTUYHOCTU | TOCYAAPCTBEHHAS MOJIEPIKKA
TOBapoOB IPOJYKTOB IUTaHMs" bepmepckux X03s1icTBa
BenukoOpuranumy,
pa3paboTka CTaH/IapTOB
HKOJOTUYHOCTH  TPOJYKTOB
MUTAHUS
PBIHOK MIPOMBIIIJICHHBIX | YBEITUYCHHE 00beMa BBITYCKa | HCIIOJIb30BAHKE
TOBapoOB ObITOBOTO | SHEprocOeperaroieit BO3MOXKHOCTEM
Ha3HA4YCHUS MIPOTY KLU BO300HOBJISIEMBIX
MCTOYHUKOB YHEPTUU
PBIHOK KOMMYHAJIBHBIX | UCTIOJIb30BaHUE MOJICPHU3AIUSL  COOPYKEHUHN
yCiIyr BO3MOXHOCTE  MOBTOPHOM | KOMMYHQJIbHOM
nepepadboTKu MPOJYKTOB | HHDPACTPYKTYPHI,
KOMMYHAaJIbHOM npuBliedyeHHe  Ou3Heca K
UHPPACTPYKTYPBHI. ¢dbopMHpOBaHHUIO CUCTEM

! Cornacno npasuiny, ycranosinenaomy EC, 5KOJNOTMUECKH YHCTBIMA MOTYT MPOJABAThCH  IIPOLYKTHI
CEIIbCKOXO3SMCTBEHHOTO MIPOUCXOKACHHS, UbE CBIPBE, 110 KpalHeH Mepe, Ha 95 % Impou3BOANTCS OpraHUYECKH
quCcThIM. J[06aBKM B NMPOAYKINHU CTAPAIOTCS M30€raTh, HO NCIIOJIb30BAHUE OMPEACICHHBIX BEIIECTB, ONPaBIaHO
COTJIACHO CTPYKTYpPE MPOJYKTa, U 9TOOBI 00ECIEYNTh €0 COXPaHHOCTh. [lomaBisiiomnee OOIBITMHCTBO MUIIEBBIX
J100aBOK B OPraHWYIECKH YHCTBIX MPOAYKTaX — 3TO CYIIECTBYIOILINE B CaMOI MPUPOJIE COCIUHEHUSI.
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IIpumeHeHne METOJOB | OUUCTKHU B TOpPOACKOM

pelMKIMHTa' B Pa3sBHMTHH | XO3AHCTBE

KOMMYHAJIbHON

UHPPACTPYKTYPbI

PBIHOK TPAHCIIOPTHBIX YCIYyT | CHWJKEHHE  3arpyKCHHOCTH | JlanpHeumiee IPOJABUKCHHE

OCHOBHBIX TOPOACKHUX | IPOrpaMMBl  II0  Pa3BUTHUIO

MarucTpaieu, CHI)KCHHE | BEJIOCUIIETHOTO [IBH)KCHUS B

HEraTUBHOIO  BO3JECHCTBHUA | LIEHTPE CTOJIULIBI.

TpaHCIIOPTa Ha TOPOJCKYIo | Peanuzanus mpoekToB U

cpeny [IPOrpamMM II0 Pa3BUTHUIO JKO
JIOTUYHOT O
HKEJIE3HOJOPOKHOTO
CKOPOCTHOTO TPAHCIIOPTa

Oo6mectBennbiii CoBeT mpu M3pe ropoja JIoHmaoHa Takke KOHTPOIHPYET CHCTEMY
OpraHM3aliy MPOJBKEHIE TOBapa J0 KOHEYHOro noTrpedurtens. Clenyer yuyuThIBaTh, 4TO
NPOABMKEHHUSI MaTepHaJbHOrO MPOAYyKTa (HAmpUMeEp, MPOJIOBOJIBLCTBEHHOTO TOBapa)
onieHuBaercs wieHamu OOmecTBeHHOro CoBeTa Kak MO aCCOPTHMEHTY COMPOBOMKIAFOIINX
POJAXy YCIYT, TaK U MO0 TEXHOJIOTHUH pabOThI C KIIUEHTAMH.

CnemyeT OTMETUTh, YTO B TIOCIEAHHME YETBIPE TOJa CTPYKTypa MOTpeOHOCTeH
HaceneHuss ropoja Jlonmona, ¢GakTopoB, GOPMUPYIOIIMX CIPOC Ha YCIyr'H, TaKke
KaueCTBEHHO W3MEHWINCh. B HacTosiee BpeMs OTMEYaeTcs pocT o00beMa JIHYHOTO
noTpedieHus, KaYeCTBEHHbIE U3MEHEHUS B €T0 CTPYKTYpPE, paclIMpeHue A0JIU NOTPeOHOCTEH,
YAOBIIETBOPSIEMBIX 3a CYET Pa3jIM4YHOro PojJa YCIyr COLUMaIbHOro HazHadeHus. [lpu stom
BIIMSIHUE SKOHOMHUYECKHX (DaKTOPOB Ha cdepy yciIyr o0yclaBiIMBaeTCs OOIICH JTUHAMHKON
BaJIOBOTO BHYTPEHHErO MPOJIYKTa, H3MEHEHHEM CIpoca Ha MOTPEOUTEIBCKUE TOBAPHI,
YPOBHEM 3aHATOCTH U YPOBHEM JIOXO0B HACEJICHUsI, COCTOSTHUEM TocOroKeTa. [5, ¢. 130]

Opranbel  ympaBieHus cronuieid BenukoOpuTaHuu Aiiss  BBIPAOOTKH  MOJIUTUKU
peryjaupoBaHusl Pa3BUTHS NOTPEOUTEIBCKOTO PpPbIHKA HA JIOKAJBHBIX TEPPUTOPHUSIX
UCTIONB3YIOT —MoKazaTenu nauddepeHmanyss JOXOIO0B IO OTACIBHBIM  COLMAIBHO-
neMmorpaduueckum rpynmnam. HMHpopMammonHoW 06a30i IS aHANM3a  COIMAIBLHOTO
paccioeHus MO JOXOJaM Ha YPOBHE OTIEIbHON TEPPUTOPUU B LIEJIOM CIIYXKHUT CTaTHUCTHKA
JOMAITHUX XO03gUCcTB. OOCIIeIOBaHHE MPOBOJIUTCS CTATUCTHYSCKUMHU OpraHaMd Ha OCHOBE
KBOTHOM BBIOOPKH IO BO3PACTY, MOJY, COCTaBy CEMbH, UCTOUHUKAM CPEJICTB CYIIECTBOBAHUS,
MECTy MpOXUBaHUA U T.1. KOHTpOJIb M3MEHEHUN MOKa3aTeseld OCYIIECTBISECTCS OJWH pa3 B
roa. Jns cpaBHeHus — B OOJBIIMHCTBE MYHHIIMIAIBHBIX o0OpazoBaHuil Poccuiickoit
Odeepaniil  CTATUCTHYECKON WH(MOpPMAMA HA YPOBHE MYHUIUIAIBHBIX OOpa30BaHHA,
HEOOXOUMOMN ISl OLIEHKH COLIMAJIbHOTO PACCIOCHUS U MPHUHATHA OOOCHOBAHHBIX PEIICHUM
10 Pa3BUTHIO MMOTPEOUTEIILCKOTO PHIHKA, HET. BMecTe ¢ TeM 1mojo0Hasi CTATUCTHKA TIO3BOJISET
MPOAHAIM3UPOBATh JOXOJAbI PAa3IMUYHBIX COLHUATBHO-AEMOrpadUyecKux TPYyMN HACEICHUS,
OLICHKY HAaceJIEHHEM CBOMX JOXOJI0B M CBOEr0 MaTEpUaIbHOIO IMOJIOXKEHUS [0 CPABHEHUIO C
OKPYXAaIOIIMMH, TOTPEOUTENbCKIUE HACTPOCHHUS  HACEJICHUS, W3MEHEHHs B  CTHIIE
MOTPEOUTEITHLCKOTO MOBEICHUS, CIIA0bIe CTOPOHBI MMOTPEOUTEILCKOTO PIHKA U T.1. [ 1, ¢. 24]

[Tony4yeHHble SKCIEPTHBIM COOOIIECTBOM JIJaHHBIE MyOIUKYIOTCS B OTKPBITOM JIOCTYIIE
Ha MopTajaX MyHHUIIMIAIUTETOB Topoaa JIoHT0Ha. DTO MO3BOJIIET TPOU3BOAUTEIISIM TOBAPOB
U yCIyr KOPPEKTUPOBATH IICHOBYIO MOJUTHKY, O0OBEMBI MPEIJIOKEHUS, YTO CIHOCOOCTBYET

! Tlog peuMKIMHIOM TMOHMMAKT MepepaboTKy OTXOMOB KaKMUM-THOO Croco6oM ¢ TONyYeHHeM

MaTepHalIoB, IPOAYKTOB WM M3/EJINH, IPUTOJHBIX K TOBTOPHOMY HCIIOJIb30BAHHIO
2 B JlonmoHe oiHa M3 pa3sBUTBIX ceTell Bemompokara B Espome. B crommme BemukoGpuranuu
HacuuThBaeTcsa 6000 BeocuIeI0B, BEIOTIOS3/IKA 10 ITofTydaca OecruraTHasl.
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TapMOHM3AIUHU U JATbHEHUIIIEMY Pa3BUTHIO MEPCIIEKTUBHBIX HAMIPABICHUN MOTPEOUTENHCKOTO
peika. OJHMM U3 TaKMX HANpaBIEHUH BHICTYNaeT cgepa IPOU3BOACTBA OHONMPOTYKTOB'.
[IpencraButeny oOIIECTBEHHOCTH TOPOJa AaKTUBHO IMPOJBUTAIOT WHUIMATHBY MOJACPKKU U
CyOCHIMPOBaHHS TOPTOBBIX TOUYEK, KOTOPBIE CIEHUATU3UPYIOTCS HA MPOJaXe SKOIOTUICCKU
YUCTBIX MPOAYKTOB. ['OpoACKHE BIACTH TMPEAOCTABISIIOT JIBIOTHI OH3HECY, KOTOPBIA
OCYUIECTBSIET NPOAAXY SKOJIOIMUECKHX YHUCTBIX IMPOAYKTOB NUTaHus. B pesynbrare Bce
BO3pACTAOIIEr0 CIpoca Ha JaHHBIA BHUJ MPOAYKUWH, a Takxke Ojaromaps MOAJEpKKe
MECTHBIX BjacTed B JIOHJIOHE pacTeT KOJWYECTBO TOPIOBBIX TOYEK, KOTOPHIE MIPEIararoT
MOJIHYIO MPOIYKTOBYIO JTMHEMKY IKOJIOTMYECKU YUCTHIX MPOIYKTOB NMUTaHUs. bruoctanmapTsl
B TAKOM Mara3uHe JICMCTBYIOT Ha BCE, B TOM YMCJI€ HA YIaKOBKY. LIeHbI 3/1eCh OTAMYAINCH OT
LIeH B OOBIYHOM cymnepMapkere B cpenHeM rae-to Ha 15-20%. Ompoc, mpoBeaeHHBIN
Accoumanyeit mo u3y4eHuIo noTpeduTenbekoro crnpoca BenmukoOpuranuu, eme B 2012 roay
rokasain, 4to 74% nHacenenus JIOHIOHA IOCTOSHHO WM BpeMs OT BPEMEHH MOKYMAT KaKue-
TO MPOAYKTHI, & TAK)KE HAIUTKU, KOCMETUKY, CPEJICTBA JIMYHOW TMTUEHBI, JETCKUE U JIpyTue
TOBapHI O] MapKaMu «Oouno» i «3ko». [10, c. 1281; 3, ¢. 249]

Jlnst cpaBHeHust B bepiuHe B cpelHEM Ha OPraHUYECKYIO €1y €ro KUTeIu Tpatar 84
eBpo B Mecdal. B ABcTpuu, mo JaHHBIM COIONPOCOB, OMONPOAYKTHI MOKYIAIOT MPUMEPHO
72% nacenenus. B Mcnianuu, rie COOTHOLIEHUE 1IEHBI M Ka4ecTBa MPOAYKTOB OJITHO U3 CaMbIX
nyuymnx B EBpome, cnpoc Ha OuOTOBapbhl Takke pacTeT. Bo Bcex KpYINHBIX CETEBBIX
cylepMapkeTax o00s3aTelbHO €CThb COOTBETCTBYIOLIME OTAENbl. DKOJOTHMYECKH YHCThIC
GpYKTBl M OBOILIM OOBIYHO JI€KAaT B OBOIIHBIX pa3Bajax, HO OTAEIbHO, 0003HAYEHHbIE
3€JICHBIMU ATUKETKaMu. MHOrHMe MaJpuIlbl U KUTENIHU APYrUX TOPOJOB CTPaHbl MOKYHAIOT
MPOJYKTHI, MEJI, TpaBsiHble Yau, BUTaMUHbl U BAJIpl B crieninaan3upoBaHHBIX SKOMarasmHax
cetu Hierbolario. Bo ®panuum uerBepo M3 JeCATH KHUTEICH CTPaHbl, KAaK BBIACHWIN
COIMOJIOTH, XOTA OBl pa3 B XU3HHM NMPOOOBaIM OMONMPOAYKTHL. 311ech, Kak W B Vcmanuw,
MPOU3BOJAT OMOBMHO, B KOTOPOE HE IOMAJaeT HU caxap, HU KpacHTelIH, HU OMOJ00aBKH.
EMkoctu niis BuHa 00pabaThiBalOT BOJIOM, OUUINEHHON KUCIOpoaoM. HecMoTpst Ha BBICOKYIO
CTOUMOCTh, (pPAHIy3bl AKTUBHO TMOKYMAKT OPraHUYECKYI0 €Iy, a TaKkKe KOCMETHUKY,
TEKCTHJIb, IETCKUE TOBAPHI, OJICKTY, 00yBb U MeOeib. [9, ¢. 163]

Opnako B cronuie BenukoOpuTaHWH TOPOJCKHUE BIACTU MOJACPKHUBAIOT HE TOJIBKO
TOPrOBbIE KOMIIAHUM, OCYIIECTBISIOLIME NPOAaKH OHOMPOIYKTOB, MOIpHUS Tropoja
MPEIOCTABIISIET JIBIOTHI BIaIebllaM OMOMAara3uHoM, HO U onoxade?.

Peanuzanusi mporpaMMbl 1O MOAJAEPKKE TOPrOBBIX KOMIIAHUM, MPOJAIOIIMX
9KOJIOTUYECKH YHUCTYH0 NpOAYyKUHUI0, ocymectBisercs B Jlopgone c¢ 2006 rona.
[IpencraBureny MyHHUIMNAIBHOM BIACTH W OOIIECTBEHHOCTH IMPOBOAST MOHUTOPHUHT
BIIUSTHUSL TIOTPEOJICHUST IKOMPOIYKTOB HA 30pOBbe HaceneHus. OTMedaeTcs, 4YTo TpaxaaHe,
peryJiIpHO MOTPEOJISIFONTNE TTOA00HBIE MPOAYKTHI 00paIIaoTCcs K Bpady B 4 pas3a pexe, ueM
T€, KTO HE BKJIFOYAET B CBOM paIlMoH 3TH TOBaphl. [7, c. 159; 4, c. 92]

Ha oOmeropoackoM ypoBHE BIIACTAMHU OCYLIECTBISIETCS psii  MIporpaMm U
WHUIMATHB, HANpPaBIECHHBIX HA Pa3BUTHE MOTPEOUTENHCKOTO pbiHKAa. (CamMo Tropojackoe
yIpaBiieHHe MIPEJICTaBICHO MHOTOYHCIICHHBIMU ~ MHCTUTYTaMHU, MIPU3BaHHBIMU
MOAJEPKUBATh HMHTEPECHl MECTHBIX COOOIIECTB 1 On3Heca. Ha ypoBHE MyHUIMIAIUTETOB,
win kak B JIOHZOHE HX Ha3bIBAIOT «00OpOY», BEAECTCA CBOE YIPAaBIEHHUE: CYIIECTBYET
maBa (M3p) palloHa M €ro aJAMUHUCTpAlMs, B KaXJOM pailloHE €cCTh JIeapTaMEHT,
OTBEYAIONTUN 3a pa3BUTHE IMOTPEOUTEIHCKOTO PhIHKA B pamMKkax paiioHa. CiemayeT OTMETHUTD,
YTO y KaXJA0ro panoHa JIoHIoHa ecTh cBOM cailt B HHTEpHETE, TIA€ MOXKHO HAWTH

! ExeroiHbIii pocT MEPOBOTO PhIHKA GHONPOIYKTOB cocTaiseT 20%
2 CTouMOCTh GOJBIIMHCTBA SKOJIOTHYECKH YUCTHIX POAYKTOB B EBpomne B 2—2,5 pasa BhIIIE CTOMMOCTH
00BIUHBIX, B Poccru e pa3HuLa B [IeHaX WHOT/A JOXOJHUT O THICSYH HPOLIEHTOB.
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UHPOPMAITUIO O COCTAaBE W JMHAMUKE PA3BUTHS MOTPEOUTEIHCKOTO PHIHKA TOTO WJIH HMHOTO
palioHa, a Ha HEKOTOPBIX JaXKEe IMOKAJIOBAThCA Ha YIIEMJICHHWE TNpaB WM HEAOCTATOYHbBIN
YPOBEHb OOCITY>KUBaHHS. B ¢ynkumm mapa BXoamT pa3paboTka IIaHA Pa3BUTHS
MOTPEeOUTEIBLCKOTO PhIHKA, B YaCTHOCTH €ro poJib B MOJJACpKaHUM OajlaHca WHTEPECOB
MpeICTaBUTENCH OOIIECTBEHHOCTH, Ou3Heca U BiaacTu. Mpop JloHgoHa Bcerja NpUHUMAET
BECOMOE y4YacTHE B OOCYXXKIEHHH MPOOJeM pa3BUTHUSA NOTPEOUTEIHCKUX PHIHKOB, M JaeT
Ha4yaJo BaXHEUIIUM WHUIMATHUBAM.

10.
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PRESENT DAY PROBLEMS OF TEACHING HISTORY OF KAZAKHSTAN

Abstract: This article considers urgent problems of teaching and researching modern
history of Kazakhstan, new point of view on national history development, and scientific
methodological bases of teaching History of Kazakhstan.
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AKTYAJIBHBIE ITPOBJIEMBI ITPEIIOJABAHUA HCTOPUU KA3AXCTAHA

Annomayuna: B oanHOU cmambve paccmompenvl aKmyajibHble NpoOiembl U3VUeHUs
ucmopuu Kazaxcmana, HO80U mMOUKU 3peHUS HA HAYUOHANbHYIO UCMOPUI) U HAYYHO-
Memoodoo2uiecKkue 0CHo8bl npenodasanus ucmopuu Kazaxcmana.

Kniouesvle cnoea: memoouxa npenooagaHus ucmopuu, Memoooo2us, UCMOpus
Kaszaxcmana.

Hctopuss — kak mIKodbHas ydeOHas AWCHUIUIMHA COCTABISET CTEPKEHb BCEX
TYMaHUTapHbBIX U 00IIECTBOBEAUECKUX KypCOB B IIKOJ€e. /JlaHHas AMCHUIUIMHA OTpa’kaeT BeCh
ONBIT yesioBeuecTna [1].

[IpenogaBanue w#CTOpUM Ha COBPEMEHHOM »JTane TpeOyeT IMoucka Hauboee
3¢ (HEeKTHBHBIX PEIICHUH MHOTHX BOIPOCOB: MPAaBWIBHOE ONpEICICHHUE Ielield U 3aaad
COBPEMEHHOI0 HCTOPUYECKOro 00pa3oBaHUs, pa3BUTHE II03HABATEJIBbHOM aKTUBHOCTH
IIKOJIbHUKOB, Pa3HOOOpa3Hble crocoObl TUAarHOCTUKH, (POPMUpOBAaHUE 3HAHUN M YMEHUN Ha
TBOPYECKOM ypoBHE. M3MeHmIMCh 1ienu obiero cpennero oopasoBaHus, pa3padaTbIBarOTCs
HOBBIC y4YeOHBIC IUIAHBI, HOBBIC IMOAXOJBI K OTPAKEHHUIO COJAEPKAHUS IOCPEICTBOM HE
OTJIENbHBIX JUCLUUIUIMH, a Yepe3 UHTErpUpOBaHHbIE 0Opa3oBareiabHble oOsacTu. TpyaHOCTH
BO3HUKAIOT B CBSI3U C T€M, YTO B y4EOHBIX IIAHAX IIKOJIBI YBEIMYMUBACTCS YHCIO U3y94aeMbIX
JTUCIUIUIMH, a BpeMsl Ha UX U3y4yeHHe cokpamaercs. Bece 3T oO6crosTenbeTBa co3aaoT 0azy
JUISE. HOBBIX TEOPETUYECKUX HCCIIEOBAHMI B O0JIACTH METOAWMKHU IPENOJaBaHUs HCTOPHH,
TpeOyIOT UHBIX [TOAXO0/I0B B OPraHU3aIlK y4eOHOro mpoliecca.

B coBpemennbix ycnoBusx uctopus Kazaxcrana urpaeT BCEBO3pACTAIOIIYIO POJIb B
(GhopMUpOBaHUM TPAXJTAHCTBEHHOCTH, NATPUOTH3Ma Ka3axcTaHLeB. Bcerma Ha KpyThIX
M3IIOMaxX pa3BUTHS, KOTJa B OOIIECTBE MPOMCXOIUT pe3Kas CMEHa WJIeajoB, MapajurM,
LIEHHOCTEH, BBI3BIBAIOIIMX HANPSHKEHHOCTb, KPU3UCHI M CMYThI, CTaOWIM3UPYIOIIUM,
KOHCOJUIAUPYIONINM HAYaloM, IEMEHTHPYIOIIUM OOIIEeCTBO, BBICTyMaeT ucrtopus. Ho mmns
ATOTO OHAa cama JOJDKHA OBITh MPAaBAMBOM M OOBEKTHBHOM. 3ajauyd OrpPOMHOM HAy4YHOW W
COLIMAJIbHOW 3HAYMMOCTH IIOCTABJIEHBI IIEpell MCTOpUuYecKoil Haykoil Kasaxcrana B kHure
[Ipesunenta PK H.A. Hazap6aeBa “B moroke uctopun”. “JlJis Ka3axCKuX T'yMaHUTapUEB HET
CeroAHs 3aaun 0oJee aKTyallbHOM, HEXKEIH MPOJIOKUTH JOPOTY B 3TOM KOJIOCCATBLHOM TIOJIE
B3aUMOJCICTBUS HAIMOHAIBHOW WIEHTUYHOCTH U JUHAMUYHBIX UMIIEPATUBOB BPEMEHU , —
noguepkuBaeTcs B Heil [2, c. 12]. Takum 00pa3om, B COBPEMEHHBIX YCJIOBUSX HCTOPHS
Kazaxcrana — He TOJIBKO akajJeMHUyecKas HayKa, OHa SBJIETCS OCHOBOW (OpMHUpPOBaHUS
MHPOBO33PEHUECKHUX MO3UIINI Ka3aXCTAHIIEB.
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B 50-80 rr. mpouuioro cTojieTHsi BOIPOC O HAYYHOM CTAaTyCe METOAMKU OOyueHUs
UCTOpUU OBLI B IIEHTPE aKTUBHBIX MeJarorndeckux auckyccuil. Torna e€ oTHOCHIN K 4HCTY
U UCTOPUYECKUX, U NEIArorn4eckux AucUUIUIMH. CeroaHsi NpuHATa BTOpas TOUKa 3pEHUs Ha
Bonpoc. Ho, korma mnepuoaMyeckd BO3HUKAKOT TUCKYCCMM 00 HCTOpUM Kak y4eOHOM
npeaMeTe, BBIABISETCS TaKOH (DakT, 4YTO B HAYYHOM CTaTyCe METOAWKH OOYYEHHUS MCTOPHUU
ONpEACININCh JAJIEKO HE BCE CIELMAIUCTBL. MeTomosorus mpeaMera HCTOPUU TECHO
CBsI3aHa C BOIPOCOM O HAYYHON METOJMKE O0yUEHUSI UCTOPUU B LIETIOM.

Tak A.M.CrtpaxeB, npu3HaBas METOAUKY OOyUYEHMs OJHOBPEMEHHO HUCTOPUYECKOH U
MEIarOrM4ecKOr HaAyKOM, OTMEYal B Ka4eCTBE METOAO0JOTMYECKOM OCHOBBI TUAIEKTUYECKUI
U MCTOPUYECKUN MaTepuainu3M, HO Oojiee OOCTOSTEIBbHO M KOHKPETHO B CBOUX M3JIaHHBIX
paboTax 1mokasaj METOJ0JOTHYECKOE 3HAUEHHUE M1E€JarOTMKH.

Bmecre ¢ Tem, apyroi wusBecTHbli Mmeroauct B.I'. Kapuos cunmraer MeTOAMKY
IIPENOIaBaHUs UICTOPUU TECHO CBSI3aHHOM C METOJOJIOTMEN caMOW McTopudeckor Hayku. Ho
A.A. Barus yTBepaeT, 4T0 OCHOBA METOJMKHN 00Y4YEHHUSI UCTOPUH SIBIISETCS MOJIUTUYECKO,
nearornyeckoi Teopueid. Bee 3T TOUKM 3peHUs NMOJBOAMIN TaKyl MBICIb, YTO METOIMKA
00y4eHHUs UCTOPUH B IIEJIOM HOCUT KJIACCOBBIN, MApTUHHBIN xapakTep [3, c. 384].

VYxe mozxe, MepecMOTpy MOJABEpriach METOJOJIOTMS MHOTHMX YacTHBIX METOJIUK,
0COOEHHO METOA0JIOT U METOAUKH 00y4EHUs] HICTOPUH U OOILECTBOBECHHUIO.

Ecmu paccmarpuBath GyHKIMH METOAMKH OOyUYEHHSI UCTOPHH, TO CICAYET BBIICIHUTH
TaKHE KaK:

1. ornucaTeNbHast, U3JI0)KEHUE TOCTYIHBIX ()aKTOB OTBITA U MPAKTHKH;

2. JMAarHOCTHYECKasi, COMOCTABJICHHE U OLIEHKAa (PAKTOB C KPUTEPHIAMH, YiKe
IIPUHATBIMU U IIPOBEPEHHBIMU;

3. OOBSICHUTENIbHAs,,  HalpaBlE€HHas  HA  BbIABIGHUWE  TEHACHUUH U
3aKOHOMEPHOCTEN B IPUYMHHO-CIICICTBEHHBIX CBA3IX PACCMAaTPUBAEMBIX SIBJIICHU;

4. IIPOTHOCTUYECKAsA, IO3BOJAET IPEABUACTb  BO3MOXHBIE  IIOCICACTBUSA

IIPAKTUYECKOT0 UCIIOIb30BAaHUS KOHIIETIIINNA, UHHOBALIMOHHBIX TEXHOJIOTUH.

BzaumoneiictBue 5tux ueThipex OGYHKIUH (QOpMHPYET TEOpeTHYECKHe 3HAHUS,
AKKyMYJIUPYsl pa3JIMYHbIE JAHHBIE B TEOPHUIO. [laHHOE TEOPETUYECKOE 3HAHHE MPEJCTABICHO
Ha MPAaKTUKE HE TOJIbKO B BUJIE HAyYHBIX TEKCTOB, HO U B BHJE AJalITUPOBAHHOIO K HEH
METOANYECKOTO 3HAHHUS.

DTOT mpolecc CBA3aH ¢ APYTUMU QYHKIUSIMU:

* IIPOEKTUBHO-KOHCTPYKTHUBHOW, C IIOMOIIbIO KOTOPOH IPOUCXOAUT NEPEBOL
TEOPETUUECKHUX IPOEKTOB B peajbHble 00pa30BaTebHbIE KOHCTPYKIIUU;

* mpeoOpazoBaTeNbHOW — TIEPEBOJAIICH MMapaMeTpbl TNPAKTHUKH, OT KOTOPOH
OTTaJIKMBAETCSl HAYYHOE MCClIe/IOBaHNe, Ha O0Jiee BHICOKUI KaUueCTBEHHBII YPOBEHb;

* KpUTEpUAIbHO-OLICHOYHOW — 3aHMMAIOUICHCs Pa3pabOTKONW KPUTEPHEB M OICHKOMN
COCTOSIBLIMXCS MTPE0Opa30BaHU;

*  KOPPEKIMOHHO-pe(IEKCUBHOH — 00ecrneynBaomeil HEnpepbIBHOE pPa3BUTHE
00pa3oBaTesIbHO-TIEJarOTHIECKOM eSITeIbHOCTH [4, ¢. 256].

B coBpemennom KazaxcrtaHe HIET CTaHOBJIEHHE CBOEH, HAIMOHAJIBLHON CHUCTEMBI
oOpa3oBaHus, MPOXOAUT WHTEHCUBHAsT WHpopMaTtu3anusa. MabopmaTuzanus obpa3oBaHus —
nporecc obecriedeHus: cepsl 00pazoBaHMSA METOAOJNOTHEH M TPAKTUKOM pPa3paboTKu U
ONTUMAJIBHOTO  MCIIOJIb30BAHMUSI COBPEMEHHBIX HH(POPMAIMOHHBIX TEXHOJOTHHM IS
oOecrieyeHHss MOHUTOpPHMHIa KadectBa oOpasoBanusa. B Ilocmanum Ilpe3umpenTta cTpaHsl
Hapony Kaszaxcrana H.A. HazapGaeB otmeuaeT: «Ham kak HMKOTJa HEOOXOAMMO BCEMUPHO
HapaliyBaTh OCCIICHHBIM KamuTajd 3HaHUH M 00pa30BaHUs, NMpPUIABaTb €My COBPEMEHHBIC
dopmbly. CeronHsi 00pa3oBaHUE MEPEKUBAET HEMPOCTON MEPHUOJ, MEPUOJT IEPEOCMBICICHUS
NOJXOJ0B, OTKa3a OT HEKOTOPbIX YCTOSBUIMXCA TpagulMii U crepeoTuroB. Tema
MHHOBAIIMOHHBIX TEXHOJOTHH B MeIaroruke U 00pa3oBaHUU CcTaja MOCTOSSHHOW pyOpUKOi BO
BCEX IMEJaroruueckux M oOpa3oBaTeibHbIX >KypHanax. Ilemarormka BcTymaer B dasy
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TEXHOJIOTH3AIMH, Yepe3 KOTOPYIO YXKe MPOIUIH BCE OTPaciv OOIIECTBEHHOTO MPOU3BOJICTBA.
OBnazneHne TEXHOJOTHSIMU CTAHOBUTCS NPUOPUTETHBIM KaK IMPU OCBOCHHUU YUHUTEIbCKOMN
npodeccun, Tak U TpU OLEHKE KauecTBa o0Opa3oBaTelbHBIX yciyr. BHenpeHue
MeIarOTMYECKUX TEXHOJIOTUH B 00pa30BaTENbHBINA MPOIECC 3aCTABISET KaKJOTO Ieaarora
MOBBIIIATH CBOE MpodeccuoHanbsHoe MacTepeTBo |5, c. 3-11].

B T'ocymapcTBenHoii mporpamme pasButus obpaszoBanust PK Ha 2011-2020 romsr u
3akone Pecriy6nuku Kazaxcran «O6 oO6pazoBaHuU» MOCTAaBJICHHI 1€ MPO(ecCrnoHaIbHOTO
00pa3oBaHusl, BIMSIONME HA KAY€CTBEHHOE YJIYUIIICHHE BCEH CUCTEMBI [6].

Cpenu HHMX — TIOBBIIIEHHE CTaTyca IeNarora, BHEIPEHHE SJIEKTPOHHOTO OOydYeHHs,
MOJICPHU3AUSl BCEX YPOBHEH o0Opa3oBaHMA. B CBS3M C 3TUM MNPELyCMOTPEHO TaKXKe
BHEJIPEHHE DJIEKTPOHHOU cucTteMbl o0yueHus (e-learning). [losromy HeoOXoauMoO BHEIPSTH
NepeZIoBble TEXHOJOTMH M METOAMKH, HOBBIE CIIOCOOBI Mepefauyd 3HAaHUM U pa3BUTHA
MOTHBAIMKM 00Yy4aloUIMXcs, HAalpaBJieHHbIE Ha (pOpMHUpOBaHUE MO3HABATEILHON aKTUBHOCTHU
yuamuxcs. CaMOpacKpbITHE, CaMOBOCIUTAHUE, CAMOAKTUBHOCTH U  CaMOpeaTH3allus
JMYHOCTH B KM3HHM CTAHOBSITCSI OPUEHTUPOM OpraHu3alliy Melaroruueckoro mpoiecca [7, c.
22-26].

CoBpeMEHHBIN YpPOK HUCTOPHM — 3TO YPOK C IPUMEHEHHEM HH(POPMAIIMOHHBIX
TEXHOJIOTHH, TO3BOJISIOIIUX HATJISAHO MPUMEHUTHh TEOPHIO HA MpakTuke. MylbTUMEIUIHbIE
KOMIIBIOTEPHBIE TEXHOJIOTUH IO3BOJISIIOT 3aMEHUTH MOYTH BCE TPAJAWLUOHHBIE TEXHUYECKUE
cpeacTBa 00y4yeHus, yTo jenaer 0onee F3(PPEKTUBHBIM U HACHIILICHHBIM MIPOBEACHUE YPOKa U
MO3BOJISIET TE€/Iarory ONepaTHUBHO COYETAaTh camble pasHOOOpa3HbIE CPENCTBA JUIsl YCBOEHUS
M3y4aeMoro MaTepuaia.

ObpazoBarenbHble pecypcbl HTepHeTa, 3JeKTpOHHas CHOpaBOYHAsl JIUTEpaTypa,
TpEeHaXXepbl TECTUPOBAHMSA, WIUTIOCTPATUBHBIA MaTepHajl Ha 3JIEKTPOHHBIX HOCHUTENSX, BHJICO
U ayJIMOTEXHUKA, MHTEPAKTUBHbIE KapTbl, UHTEPAKTUBHbIC online-ypoku, TUCTAHIIMOHHBIE
OJIMMIIHAJbI, KOH(EpeHIH, KOHKYpchl. OHUM U3 CPEICTB aKTHBU3ALUHU MO3HABATEIHLHOU
NESATeIbHOCTH yYallluXCsl SBJISETCS HCIOJb30BaHWE KOMOMHATHUBHBIX CPEICTB OOYyYEHHS.
KomOuHaTuBHbBIE (B3aMMOAOMOJHSIIOMIME) CpEACTBa OOyYEHUS — CpEeACTBAa Ha pPas3HbIX
HOCHUTENSAX (claiiiax, KOMIaKT-IMCKax, KacceTax, Oymare  Jip.), KOTOpPbIE MCIIONb3YIOTCS B
OTIpeICIEHHBIX KOMOMHALMAX Ul JOCTHXKEHHUSI KOMIUIEKCHOTO mojaxona B o0yuyenuu. Crozna
MO>XHO OTHECTH KapThl, JIOTUYECKHWE M TMOMCKOBBIE CXEMbl, KapPTHHBI M HWILTIOCTPATHUBHBIN
MaTepuall, BUICOMaTEpUabl, KOMIBIOTEPHBIC MPE3CHTALUU U AJIEKTPOHHBIC YUEOHHUKH [8, C.
3-12].

VY4yeOHble WUIphl B pa3yMHOM COYETAHWU C JAPYTMMHM TpUEMaMH M CpPEICTBAMHU
o0y4eHHsl TIOMOTal0T MHTEHCU(PUIIUPOBATh MpPOLEcC 00y4YeHUs UCTOPHH, YCIIEUIHEE pellaTh
3aa4 1Mo (GOPMUPOBAHUIO 00IIE YYEOHBIX U HCCIEAOBATEIHCKUX YMEHHI M HABBIKOB, IO
(GOpMUPOBAHMIO  AHAJIUTUYECKOTO U TBOPYECKOTO  MBIIUICHHS  y4YalIUuXcs,  HUX
camocTtosaTenbHoCcTH [9, ¢. 3-10].

CoBpeMeHHOEe O0IIECTBO — 3TO HOBEHINNE TEXHOJOTHH U OTPOMHBIC TUTACTHl 3HAHUM,
HE00XO0/IMMBbIE COBPEMEHHOMY CTYACHTY Ul YCIICHIHOM COIMaIN3alii, B TOM YHUCIIe 3HAHUH
uctopuueckux. M yem 60sbIlie NpoxXoauT BpEMEHN — TEM COJIep)KaTeIbHel CTAHOBUTCS TOT
MaccuB 3HaHMKA 10 wucTopuu Kazaxcrana, KOTOpHIH HEOOXOAMMO OCBOUTH HOBOMY
nokosieHuto. Cuctema o0OpazoBaHusi TpeOyeT HOBBIX CTaHAAPTOB MU HOBBIX METOJMK, B
KOTOpbIX MH(pOpMAIysl BBICTYNAET CPEACTBOM, a KIIOUEBBIMH HOBOOOPa30BAHUSAMU
CTAHOBSTCS KOMITETeHIIUU JuyHOoCTH [ 10, c. 28].

Huxkakas 3amaua He MOXeT OBbITh Ba)KHEE, HEXKEIIM COXpPAaHEHUE UCTOPUU OTEUYECTBa,
JYILIU YeJIOBEKa, €ro S3bIKa U 00bIYaeB. XOTEN0Ch Obl MOAYEPKHYTh, UTO HAIIMOHAIBHBIN TyX
— BEJIMKasg CWIa, U Mbl JOJDKHBI IOCTOSIHHO JyMaTb, 4TOObI €€ SHeprus Haxoausa
IUIOJJOTBOPHBIN BBIXOJA M NHUTala CO3UAATENbHYIO ACSITENbHOCTh HAa OJaro mpouBeTaHUs U
nporpecca Bcex HapojoB Kazaxcrana.
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SIGNIFICANCE OF THREE-VALUED LOGIC IN INFORMATICS FOR STUDENTS
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Abstract: The article is considered application of Three-Valued Logic in informatics
on the whole. It reveals significance of Three-Valued Logic for students from technical
universities who will do some research in engineering area as well as apply it in a
professional engineering activity.
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XX and XI century are marked by a progressive increase of protest against the two-
digit. It is presented into two ways. The first one is a problem of up-to-date mathematical
logic that closely associated with the lack of presentation of fundamental logical relations in
double-valued algebraic objects. There are intuitionistic mathematics rejection of the excluded
middle; Lewis’s attempts and then Ackermann’s attempts for overcoming “paradoxes” of
material implication; an invention of Lukasiewicz’s Three-Valued Logic, Reichenbach’s
assumption about Three-Valued Logic microcosm (Quantum Mechanics), general increase of
activity in the field of Multi-Valued Logic and, finally, fuzzy sets introduced by Lotfi
A. Zadeh.

The increase productivity of digital devices is one of the main problems in modern
circuit techniques [6]. For example, the achieved clock frequency is close to the limit, not
suitable for parallelization of any problem. The developers of microprocessor technology are
interested in Multi-Valued Logics, particularly, in ternary implementation of microprocessor
technology' and nanotechnology. Nowadays Ternary Logic is increasingly used in design of
digital circuits, electronics and telecommunications.

So, researchers' attention again turn to the schemes which use Three-Valued Logic.
More over Three-Valued Logic may be used in the development of computer intellectual
functions and artificial intelligence. In Brusentsov's judgment two-digit mathematical logic
does not correspond to common sense: “the law of the excluded middle” cuts other
conclusions except “Truth” and “Non-Truth”. But the process of man’s cognition of reality
can not be reduced to the dichotomy of “Yes /No”. Brusentsov N. P. states that an intellectual

'There are such companies as IBM, Motorola and Texas Instruments who lead
research work based on silicon-germanium alloys. In this case, it is possible to realize a digital
integrated circuit operating with three or more signal levels.
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computer should be ternary [1, 2, 3]. Some researchers including Brusentsov N. P.! believe
that the use of Ternary Logic will approach closer to solving problems of artificial
intelligence [4]. In this connection Three-Valued Logic should be learned in informatics by
students from technical universities.

It is proposed to include TVL in training informatics students from technical
universities. This course of informatics is based on the suggested text-book of informatics for
technical universities [7].

The theme “Informatics. Description of information” should include the basic
concepts of Ternary Logic as well as its application and significance in management of
computing machines.

Three-Valued Logic (also Trivalent, Ternary, Trinary Logic, or Trilean, sometimes
abbreviated 3VL) is one of several Many-Valued Logic systems in which there are three truth
values indicating “True”, “False” and some indeterminate third value “Unknown” (also mean
“Undefined” or “Neither”). Conceptual forms and basic ideas of 3VL were initially created by
Jan Lukasiewicz and C. I. Lewis. 3VL is historically the first Three-Valued Logic (TVL). It is
an extension of Boolean Logic (Two-Valued Binary Logic) or Boolean Algebra.

It is necessary to point out that there are crisp mathematical 3VL and fuzzy 3VL. Crisp
mathematical 3VL has three crisp values (0, 1, 2), (-1, 0, +1), (0, 1/2, 1). Fuzzy 3VL is a
particular case of Fuzzy Logic with three values: one, two or all three values are fuzzy. For
example, the values of fuzzy 3VL with one crisp and with two fuzzy values are “Less”,
“Equally”, “More” etc [3].

Logic operating three values corresponds to ternary or symmetric ternary numerical
notation. It is suitable for data representation. It is represented like a system with the base
which is equal to the Euler number 2.71. The nearest integer to this number it is three. Hence,
the ternary system is optimal numerical notation with the integer base [5]. In data
transmission a ternary signal carries information in 1.6 times more than a binary signal. So,
computer storage device with ternary cells stores data in 1.6 times more than digital computer
storage device with the same number of cells [1].

Ternary numerical notation (having three digits, for example, + 1, 0 u -1) gives the
following advantages. In this system negative numbers are represented like positive numbers:
there is no need to allocate a special place in the sign bit. Operations with negative numbers
are carried out without preliminary operations: reduction to reverse or additional code as in
the case of operations with negative numbers in the binary system. In addition, ternary
numbers are simpler compared and rounded than digital numbers.

Three types of signals formed by a basic unit of a ternary computer are called trit.
Information capacity of trit is equal to about 1.5 bytes. The ternary computer processes more
data per unit time than a binary computer.

In the theme “Information engineering” it is supposed to include some information
about the ternary computer and the base of design arithmetic circuits in TVL (ternary
technologies).

Brusentsov N. P. is a main constructor of the SETUN ternary computer in Russia. It
was developed in 1958 by him and his team at the Moscow State University. SETUN is based
on TVL (-1, 0, 1) which completely distinguishes it from the binary computer. While Two-
Valued Binary Logic just allows two states yes (1) | no (0), TVL has three different logical
states: yes (1) | no (-1) | both (0). Western scientists tried to create the ternary computer in the
following years but never succeeded.

Students should expand their knowledge in the history of computing machines. For
example, the work [4] deals with the production and representation of knowledge, the

'Brusentsov N. P. is a developer of the first practical computer running a three-value system.
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historical and ideological aspects of technological development. And it aims to create an
understanding of the intertwining of current technological and social developments using a
historical perspective. The book makes original Russian sources available in English and
German language and is accompanied by an original essay investigating into the relations
between the “communist” Easts and capitalist Wests technological development. While the
book aimes to provide a basis for further research, the artistic work tries to involve visitor and
artist into what can not be expressed within the realm of theoretical discourse.

Trait is a minimum addressable unit of memory in the ternary computer. It is equal 6
trits and possesses the value from -364 to 364. Operation with a range of negative values is a
peculiarity which distinguishes trait from bitsbyte. The values of bitsbyte cover the range
from 0 to 255.

TVL has several advantages in comparison with Double-Digit Logic. But although
most modern computers are based on the two-digit representation of numbers, there are
thanks to the capabilities of semiconductor technology. So, new perspectives are opened up
for the ternary computers. For example, a creation of a photon computer is a perspective trend
in the field of the development of the ternary computer. A computer operating three values
can be created. It will be high-performance and resistant to electro-magnetic interference.
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INNOVATIVE TECHOLOGY POSTHARVEST PROCESSING GRAIN

Abstract: Innovative technology in the area of receipt and processing of cereals and
grain thrower-classifier is used for grain handling and cleanup mainly of grain and grain
products from large, metallomagnetic, light impurities and dust, as well as for grain products
and pre-drying. The results of research of the technological capabilities of grain thrower-
classifier and the ways of their expansion.
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WHHOBAIIMOHHBIE TEXHOJIOTUH MTOCJEYBOPOUYHOM OBPABOTKH
3EPHA

Annomauyun: HHHOBAYUOHHASL MEXHONO2US OMHOCUMCS K O001ACMU NPUEMKU U
00pabomKU 3ePHOBLIX NPOOYKMOS, A 3ePHOMemameb — KAACCUPUKAmMoOp NpeoHA3HayeH O
nepeKuoKu, nepezpy3Ku 3epHa U OYUCIKU NPEUMYUECMBEEHHO 3EPHA U 3ePHUCTIBIX NPOOYKMOG
Om  KPYNHbIX, MEMALIOMACHUMHbIX, JlecKUX npumecei U Noliy, a makxce OJs
obe33apanicusanusi 3epHONPOOYKMO8 U NpeosapumenvbHou cywku. B pabome npusedenwvl
pe3yrbmamsl  UCCIeO08AHUS  MEXHON0SUYECKOU  BO3MOJMCHOCMU — 3epHOMemamens — —
KAaccuukamopa u  nymu ux pacuiupeHus.

Knrwuegvie cnosa: nepepabomra 3epHa, oyucmka o npumeceu, NHEGMOPOMOPHbIU
Kaaccuguxamop, 3epHOMemamensb-Kaiaccugukamop, sghgexkmueHocms  nepepabomku,
cosmeujeHue nepezpy30uHblX Onepayuu ¢ MexHoI02UYeCKUMU.

ITocney6opounass 0OpaboTKa 3epHa HanpaBieHa HAa NpUBEACHHE YOpaHHOH ¢ mosel
36pHOBOM MacChl B CTOMKOE COCTOSHME IIpU COXPAHEHHWM WM YJIY4YIIEHHMM KadecTBa
npuHsaToro 3epHa. [locieybopouHast 06paboTKa 3epHa Ha TOKY COCTOUT U3 IPeIBapUTEIIbHON
OUHCTKH, IEPBUYHON OYMCTKH, BPEMEHHOTO XPAHEHHUS BIIAXKHOI'O 3€pHA, CYLIKH, BTOPUYHOMN
OYHUCTKH, COPTUPOBKU. BIIaKHOCTh COpHBIX IpHUMeceil B 3epHOBOM Bopoxe cocrtaBisier 40-
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45%, a wuHOrma W 3HAYUTENbHO Oousbiie. [IpM XpaHeHHMHM Takoro 3epHa B HEM HJET
nepepacnpeielieHe BIaXKHOCTH MEXAY IPUMECHIO U 3€pPHOM, YTO NMPUBOAUT K yBEIUUYEHUIO
BJIQXKHOCTH 3€pHA. DTO JOTMOJHHUTENbHBIC 3aTpaThl Ha CYUIKY 3epHa. BiaroooMmen mexmy
COpHSIKAMHM U 3E€pHOM 3aBEpPIIACTCSI B OCHOBHOM B IIE€PBbIE CYTKH XpaHEHUs, MOITOMY
NpeABapUTENIbHAs OYMCTKA 3€pHA JIOJHKHA NPOBOJUTHCA HEMEMJIEHHO, KAaK TOJIBKO 3€pHO
MOCTYNIJIO HAa TOK. UTOOBI YCHENIHO CHPAaBIATHCS C 3TOW pabOTOM, MPOU3BOAUTEIHLHOCTH
MalluH MEepPBUYHON OYHMCTKM JoikHa ObiTh B 1,5 pa3a Oosblie MNPOU3BOAUTEIHLHOCTH
KOMOafHOBOTO MapkKa.

[Tocneybopunas 06paboTka 3epHa SIBISIETCS OJHOM M3 BaXKHEHIINUX TEXHOJIOTHYECKHX
onepauuid, NPEJONPEACISIIOIIas COXPAaHHOCTh 3€pHA. B oTinmume OT CylmecTByrOLEH
TE€XHOJOTMH OYHCTKH, OCHOBaHHOW Ha MPUMEHEHUH OOJbIIOr0 Habopa TIPOMO3JKHX,
SHEPro€MKUX M  JOPOTOCTOSIIMX  3€PHOOUYHCTUTENIBHBIX MAIIMH W CTaHJAPTHBIX
3epHOCYLIMJIOK IO TMpEAJiaraéMoil TEXHOJIOTUU Mpouecc o0pabOTKU 3€pHOBBIX, COCTOUT M3
TPEX TEXHOJIOTMYECKUX OIEepaluid: 0UMCTKa—HOPMAaIM3allis 3€pHOBOTO BOpOXa OT MEIKHUX U
JNETKUX TPUMECEd — TIOJIOBBI, COJIOMBI, MBUIM W JPYIMX JIETKMX BKJIIOYEHUH, C
OJTHOBPEMEHHOM OCYIIIKOH MOBEPXHOCTH 3€pHA U €ro 00e33apakuBaHUEM.

[IpenBaputenbHas ouucTKa BbINONHsAETCS Ha MammHax MIIO-50 u CIIO-100,
BXOJALIMX B cocTaB KoMmiuiekca 3AB-50 u ceMeHHBIX JIMHMH, a TaKKE OYUCTUTENH BOPOXa
camoniepensmxHon  OBC-25, MC-4,5. B npouecce npeaBapuTeIbHOW OYHMCTKH CEMSH
JOJDKHO BbLAEIATHCS HE MeHee 50% copHOM IpUMECH 3€pHa U BCA COJIOMUCTAasi OpraHuyecKas
npumech. Ouucturenb Bopoxa camonepenswxHo  OBC-25  npenHazHadyeH i
IIPEIBAPUTEIILHON U TEPBUYHONM OYMCTKM IIOCTYIAIOLIET0 C MOJs 3€pHOBOIO BOpOXa
KOJIOCOBBIX, KPYISHBIX, 3€pHOO00OBBIX KYyJIbTYpP, KYKYpYy3bl, COPro, MOJCOJHEYHHUKA OT
MpuMeceld Ha OTKPBITHIX TOKaX BO BCEX CEIbCKOXO3MCTBEHHBIX 30HAX CTpaHbl. TexHuueckas
XapaKTepUCTHKA- HAa MEPBUYHON OUMCTKE BJIAXKHOCTBHIO 0 16% WM 3acopeHHOCThIO He Ooliee
10% - 12 1/u.

N3BecTHBl 3epHOMeTatenn 3M-60, mpeaHa3HauyeHHbIE ISl 3arpy3Kd W pasrpy3Ku
3€pHOCKIJIaJI0OB, MEXAHUUYECKOr0 MepesionaurBaHusl 3€pHAa Ha IUIOLIAJKAX 3€PHOTOKOB, IS
(dhopmupoBanusi OypTOB 3€pHa U MOTPY3KH B TPAHCHOPTHBIE CPENCTBA, CEMapaiiy 3epHa C
OTJeNICHHEM JIETKUX TpPUMECed, COCTOSIIME U3 CHUCTEMbl CKpEOKOBBIX KOHBEHEpOB,
JIEHTOYHOTO METaTessl, XOJA0BOM 4acTu ¢ dJeKTponpuBoaamMu. Hemoctatok 3epHOMETaTENECH:
HU3Kas TEXHOJOrmueckas 3(pPeKTUBHOCTD OTACNICHUS JETKHX MPUMECEH M3-32 OTCYTCTBUS
ITHEBMO-TEXHOJIOTHYECKUX KIIACCUPUIUPYIOLUINX YCTPOMCTB.

VHHOBaIIMOHHAs TEXHOJOTUSI OTHOCUTCSI K 00JIACTH MPUEMKU U 00pabOTKU 3epHOBBIX
MIPOJYKTOB, @ 3€pHOMETaTelb — KJIacCU(PUKATOP MpeJAHAa3HAUEH NIl IEPEKUKH, MTeperpys3Ku
36pHA U OYMUCTKU 3€pHA OT KPYIMHBIX, METAJUJIOMAarHUTHBIX, JIETKUX MPUMECEH U MbUIH, a
TakKe A o0e33apa)KUBaHUS 3epHONPOAYKTOB. TeXHHUUECKUH pe3ysibTaT MHHOBALMOHHON
TEXHOJIOTHH 3aKJII0YAETCA B PACHIMPEHUHN TEXHOJIOTHYECKUX BO3MOXKHOCTEH 3€pHOMETATENsI-
kiaccudukaropa [1].

DTO JOCTUTAeTCsl TeM, YTO Ha 3epHOMeETaresie MEXAy CKPeOKOBBIM KOHBEHEPOM M
JICHTOYHBIM  METaTeJeM YCTAaHOBJIEH ITHEBMOPOTOPHBIM  KIAacCU(PUKATOpP, HMMEIOIIUN
3arpy304Hbld M pa3rpy304HBId  MAaTpyOKW,  pacmpelenuTeNbHble  KJIAamaHbl  C
3JIEKTPOMAarHUTaMH, KOJIBLIEBOM POTOpP € YCTAHOBJICHHBIMM BHYTPU HETO MEXKOJIEUHBIMU
peryisTopamMu 3a30pa, ¢ Hapy>KHOW OOKOBOI CTOPOHBI BUJIbYATBIM CKPEOKOM U MaTpyOKOM
OTBOJIa KPYNHBIX TIpUMECEH, a C TOPLEBOM CTOPOHBI OYHMCTUTEIIBHBIM JIFOKOM,
IMHEBMOCETIAPUPYIOLIYI0 KaMepy, OTPAaHUYEHHYI0 C HapyXHBIX CTOPOH PEryJIupyeMbIMU
KATIO3UHHBIMUA pPELIETKaMHU, OJHA U3 KOTOPBIX COOOIIeHAa C MaTpyOKOM BCAaChIBAIOIIETO
BEHTUWISTOPA, & C TOPLIEBOK CTOPOHBI CMOTPOBBIM OKHOM.

WNHHOBanme B TEXHOJIOTHH SBJISIETCS TO, YTO MHEBMOPOTOPHBIN Kiaccudukatop [2]
YCTaHOBJICH Ha 3€pHOMETATENIe MEXKIy CKPEOKOBBHIM KOHBEHEPOM U JICHTOYHBIM METATEIIeM,
YTO IO3BOJUT COBMECTHUTH IEPErpy304YHBIE ONEPALMH C TEXHOJIOTMYECKHMH, KaK OYHMCTKA
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3epHa OT KpPYINHBIX, METAJUIOMAarHUTHBIX, JIETKUX IpUMECEl M MbUIM, a Takke Kak
o0e33apaKuBaHuE 3epHONMPOAYKTOB. PacrpenenurensHble KilamaHa ¢ 3JIEKTPOMAarHUTaMH He
TOJIbKO 00€CIIeYMBAIOT PAaBHOMEPHYIO MOJauy HPOAYKTa IO IONEPEUYHOMY CEUEHHIO, HO U
BBIJICJISIFOT METANIOMAarHUTHBIE IPUMECH.

Kosb1eBoii poTop ¢ yCTaHOBJIEHHBIMU BHYTPH HETO MEKKOJIEUHBIMH PETYJIATOpaMU
3a30pa SBISETCS NPOCEUBAKOUIUM 3JeMeHTOM. [IponyKT mpoxons depe3 KOJbLEBOW pOTOp
pacciianBaeTcs Ha MHOKECTBO CJIOEB, 00pa3ysi CBOOOHbIE MEK3EPHOBBIE IIPOCTPAHCTBA, YTO
crocoOcTByeT 3(pPeKTUBHOMY BO3ACHCTBHUIO BO3[lyXa Ha JIETKHE MPUMECH B BEPTHKAIBHOMN
ITHEBMOCEIIAPUPYIOLIEN KaMepe.

Bunpyateiii ckpeOOK HE TOJNBKO OTAENSET KpyHHbIE MPUMECH C IOBEPXHOCTU
KOJIBLIEBOTO POTOpa, HO M MPEJOTBpamiaeT 3a0MBaHUE YACTUI] MEXKIy Koiblamu. B ciydae
3a0MBKHM BHYTPEHHEH YacTH KOJBIIEBOTO POTOPA MPEILyCMOTPEHBI OUUCTUTEIbHBIC JTIOKH.

CyIHOCT, HHHOBAIIMOHHOM TEXHOJOIMM TMoOsicHseTcs: uyeprexamu. Ha puc.l
n300pakeHa MPUHIUITHAIbHAS CXEeMa 3epHOMETATesI-HOPMAallu3aTopa, KOTOPBIM COCTOUT W3
3epHomerarens (3M-60) 1 THEBMOPOTOPHOTO Kiiaccupukaropa /2/. OCHOBHBIMHU JJIEMEHTAMU
3epHOMETATeNsl SIBISIFOTCS  CKpEeOKOBBIM KOHBeiiep 1 ¥ JIEHTOYHBI MeTaTenb 7.
[THeBMOPOTOPHBIN KIACCU(PUKATOP BKIIOYACT KIACCU(PUKATOP S5, BCACHIBAIOIINN BEHTHIIATOP
6, UUKIOH-OTHENuTEeNns 4, BO3MyXoBoA 3 U pykaBHbli ¢unbtp 2. Knaccudukarop 5
YCTAHABJIMBAETCS MEX/ly CKPEOKOBBIM KOHBEMEpOM 1 M IEHTOUHBIM MeTaTeseM 7.

3epHOMeTaTeNb-KIaccu(ukaTop paboTaeT cieayommM o0pazoM. 3epHO 4depe3
CKpeOKOBBIH KOHBeliep 1 mocTymaer Ha kiaccudukartop S5, TAe OTAETSAIOTCS MeTa-
JIOMarHUTHbIE U KPYNHbIE IpUMeEcH. Jlerkue npumecu, B TOM YHUCIE IMbUIb U HACEKOMBIE C
THEBMOCETIAPUPYIOIEH KaMepbl KiaccupukaTtopa S OTCAchIBAIOTCS TPU  [TOMOIIU
BEHTWJISITOPA BBICOKOTO JIaBJIEHUS 6 U MOAAIOTCA B LIMKJIOH-OTACIUTEND 4, A€ OTAEISIOTCS
JIETKHE MPUMECH, a MbUIEBO3yIlIHAs CMECh YEPE3 BO3yXOBOJ 3 HAIPABIIAIOTCS B PyKaBHBIN
bunbTp, TIe ocaxnaercs npuib. OUUIIEHHBIE OT MPUMECced 3epHOMPOAYKTHI C Pa3rpy304HOTO
narpyOka Ki1accupuKaTopa 5 mocTymnamT Ha OECKOHEYHYIO JICHTY 3€pHOMETaTeNs 7.

Pucynok 1 - IllpyHuunuajbHas cxemMa 3epHOMeTaTesI-HOPMAaJIU3aTopa.
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Memoouka npoeedenus sKkcnepumeHma

[THeBMOpOTOpHBINA KiIaccuPHUKATOpP OTAEISET W3 TOCTyMAarolield 3epHOBOM cMecu
KpyHHbIE, METAJJIOMArHUTHBIE  JIETKME TNpUMecH M Hacekomble. (OCHOBHBIE 3ajauu
9KCIIEPUMEHTAILHBIX UCCIICIOBAHMIA:

1. OmpeneneHrie ONTUMaIbHOM TONIIUHBI MOCTYHAIOUIETO CJIOSI 3€pHA U YaCTOTHI
BpaIlleHUs1 KOJBIEBOTO POTOpA MPH KOTOPBIX OTIENSIOTCS KPYIHbIE MPUMECH U CO3JIaHUE
PaBHOMEPHOI'O PACIPEAEIEHUS PACCIOCHHOIO 3€pHA IO IUIOIAAU IIONEPEYHOI0 CEYECHUS
IMHEBMOCENapUPYIOIIEH KaMephl.

2. OrmpeneneHue ONTUMAIBHOW TOJIIMHBI IOCTYIAIOLIETO CJIOSI 3€pHA, KOTopas
pacciiauBaeTcs OT KOJIbLIEBOTO POTOpa U JJIMHBI BCACHIBAIOLIETO KaJIO3HOTO MarpyOka, mpu
KOTOPBIX JOCTHraeTcs MakcuMalbHast 3()()eKTUBHOCTh OYMCTKU 3€pPHA OT JIETKUX MPUMECEH.

Jliig onpenienieHys paoHaIbHbIX MapaMeTPOB U PEKUMOB PabOThl THEBMOPOTOPHOIO
Kinaccu(ukaropa M3rOTOBJIEHA SKCIEPHUMEHTAIbHAS YCTaHOBKA, IOKa3aHHAs Ha puC 2.
VYcraHoBka cocTtouT u3 mpuémMHOro OyHkepa | ¢ 3acioHkod 2, ogHOM cekiuu 3
knaccudukaropa 4, cOOpHUKA KPYIHBIX NpUMecel 6, OyHKepa JUis OYMIIEHHOTro 3epHa 9,
nuKioHa-otaenurens 15. BeacwiBaronuii xanro3HpIid matpybok 16 cexnum kiaccuduxkaTopa
3 coeaunéH ¢ otaenuteneMm 15 uepe3 GokoBoe oTBepcThe. Pabouas AmMHA BCACBHIBAIOIIETO
Kaimro3Horo marpyoka 16 perymupyercs mmbepom 18. Otmenmurens 15 coenuHéH C
BCAChIBAIOLIMM BEHTUIISITOPOM YEPE3 BO3AyX0npoBoa 17.

KoneueBoii potop 13 coctout u3 xosern 14 (ceuenne A-A), monepedyHbIX mIacTuH 19,
K KOTOPBIM K TOpIaM mpucoeauHeHsl ase ctynuibl 10 ¢ Bagom 12. Konpia 14 obpasyroT
MIPOJIOJIbHBIE OTBEPCTUSL MO OKPYKHOCTH U SIBJISIOTCS MPOCEUBAIOLIUM 3JIEMEHTOM POTOpA.
Konbuesoii porop 13 umeer ckpeGok 4 A OYMCTKU 3aCTPABIIMX YACTHUI] MPOIYKTa MEXKIY
kosbliaMu 14, [lHeBMoOcenmapupyromnias kKaMmepa 8 HaXOIUTCS MEXKIY BCAChIBAIOIIUM
KAIIO3HBIM MAaTpyOKOoM 16 1 skanro3uitHOM perméTKoit 7.

DKCNepUMEHTANBHBIA Klaccu(ukaTop paboTaeT claeAyrommM o00pa3oM. 3epHOBas
Macca ¢ npuémHoro OyHkepa I depes 3aciioHKy 2 MOCTymaeT Ha BPAIIAIOUIUIICS KOJIBIIEBON
porop 13. Ilpm »5TOM KpynHBIE MNPHUMECH, OCTAaBasICh HAa MOBEPXHOCTH Kojel 14,
HaNpaBJISIIOTCA B MaTPyOOK 5 M BBITPY’KAIOTCS B COOPHUK KPYIHBIX IpUMecei 6. 3acTpsBiine
B OTBEPCTHUSIX MEXKIY KOJIbLIAMU KPYIHbIE IPUMECH OYHUIIAIOTCS CKpeOKkoM 4. OuHIlleHHOE OT
KpYIHBIX IPUMECEH 3€pHO, MEPEMEIAsACh BHMU3, MPOXOAMUT UYEPE3 IPOAOJIbHBIE OTBEPCTHUS,
00pa30BaHHbBIX M0 OKPYKHOCTHU KOJbI[aMH 14 U ocTynaeT B MHEBMOCEIAPUPYIOIIYIO KaMepy
8. Ilpu sTOoM OOLIMIT 3epHOBOI MOTOK pacciIaMBaeTCsl M paclpelesseTcss Ha MHOXKECTBO
CJIOEB, MEXy KOTOPBIMH 00pa3yroTcsi CBOOOAHbBIE MEK3EPHOBBIE TPOCTPAHCTBA.
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PucyHok 2 - JkcnepuMeHTa/IbHasi YCTAHOBKA.

B BepTHKanbHON MHEBMOCEMAPUPYIOLIEH KaMepe 8 paBHOMEPHO paclpeeiEéHHbIe 110
IUIOLIAJM CEUEHHUs 3€PHOBBIE CJIOU NPOJYBAIOTCS B MOMNEPEYHOM HAINPABICHUU BO3TyXOM.
Bo3nyx mpu 3TOM BXOOUT dYepe3 KalIO3HYIO pemETKy 7, MNpPOHU3BIBAET CBOOOIHbBIE
MEX3EpPHOBBIE IMPOCTPAHCTBA, YHOCSA 3a COOOW JErKWe MpUMECH W HampaBseTcs uepe3
BCAChIBAIOIIMN >Kalo3HbIM martpyOok 16 B oraenutens 15, rae NpouCXOAUT OTAENIEHUE
JErKUX YacTHULl OT BO3YILIHON CMECH.

PaccrossHne Mexnay KoiabLaMu poTOpa pPaBHO MAaKCHUMaJIbHOMY pa3sMeEpPy 3€pPHOBOK
(okomo 12 MM ), mpH KOTOPOM 3€pPHOBOl TOTOK CBOOOJHO TNEpeMeniaeTcsi BHU3 IO
JIEUCTBUEM CUJIbI TsKecTH. [{nameTp kosen poropa 380 MM, IIMpUHA THEBMOCENAPUPYIOILEH
kamepsl 450 MM. MakcumanpHasi ITMHA BCACHIBAIOIIETO KAIIO3HOTO MATPyOKa, YKAITO3HBIX
PELETOK U paccTosiHue MexAy HUMU 110 400 Mm.

IMopsiiok npoBeaeHUsI IKCTIEPUMEHTA

DKCIepUMEHTHI TIPOBOMIINCH B JBa Tana. [IepBblil Tam 3aKiIovaics B ONpeIeICHUN
palMoHATFHON YacTOTHI BPAIICHUSI POTOPA, KOJIMUYECTBA MOTIEPEUHBIX TUIACTHH BHYTPH KOJIEI]
U BaJla pOTOpa B 3aBUCHUMOCTH OT TOJIIIMHBI MMOCTYMAKONIETO CJOS 3€pHA, MPU KOTOPBIX
o0ecrieynBaeTCss paBHOMEPHOE pacIpeesieHHe TOTOKa 3epHa M 00pa3yroTcsi CBOOOIHBIC
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BO3/YIIHBbIE NPOCIONKH BHYTPU cemapupyomieii kamepsl. Kak H3BECTHO, OCTaTOYHOE
MIPOCTPAHCTBO B 3€PHOBOM IOTOKE CIOcOOCTBYeT 3(ppekTuBHOMY yHOCY JETKHUX MpPUMECEi
BO3IyXOoM. BTopoil sTam 3akitouaeTcss B YCTAaHOBIICGHHUHU PallMOHANBLHOW pabodeil IIMHBI
BCACBHIBAIOMIETO JKATIO3HOTO TMATpyOKa B 3aBUCHUMOCTH OT TOJIIUHBI MOCTYHAIOIIETO CIOS
3epHa, MPU KOTOPOM TaKkxke OyleT obecrneuynBaThcss MakcuMainbHas 3Q(PEeKTUBHOCTh OUYUCTKU
3€pHA OT JIETKUX ITPUMECEH.

Jlisg  ocyliecTBICHHMS TEpBOTO JTama HJKCIepUMEHTa B HIDKHEH 4YacTd, BHYTpU
[THEBMOCENapUpyIolell KaMepbl YCTAaHOBJIEH KOpOO, pa3lelieHHbII B MPOJOJIBHOM
HampaBiieHnd Ha 10 0MHAKOBBIX OTCEKOB. Paccrosinue Mexay orcekamu coctaBisieT 40 MM.
Uepe3 Bpalaroniuiics, KoybleBOl poTop mporyckaiock 3epHOo Maccoid 200 kr. Ilpoxons
yepes LIeNId MEeX]y KoJell, 36pHOBOM MOTOK pa30pachiBaeTcsl MOMEPEUYHbIMH TUIACTUHAMU 10
BCEHl IIMpHUHE MHEBMOcenapupymomeil kamepsl. I1o BbicoTe 3epHa B OTCeKax KOpoba MOKHO
OLICHUTh O PAaBHOMEPHOCTH paclpeiesieHus] 3¢pHOBOT0 IOTOKA IO MONEPEYHOMY CEYCHHIO
HEeBMoOcenapupytomei kamepsl. [Ipu 3Tom KodpPUIMEeHT paBHOMEPHOCTH:

kp :hmin/hHOA Hu kp :hHOM/hma), 1)

rac hmax - MakcuMalbHast BEICOTA 3€pHA B OTCCKaAXx,

hnov - HOMHHAJIbHAs BBLICOTA 3€pHa B LICJIOM K0p06e, Koraa obOecreynBaeTcs OJMHAaKOBasi
BBICOTA BO BCCX OTCCKaAx,

hmin - MHHUMAaJIbHAs BEICOTA 3€pHa B OTCCKaX.

k,=K,/n @)

[To BbICcOTE 3amoyIHEHUsI 3€pHA B OTCEKaX KOpobOa, BHYTPHU CEMapHUpyIOIe KaMmepsl,
MOHO BHECTH COOTBETCTBYIOIIME U3MEHEHHUS B KOHCTPYKIIMU paboyero oprana (KoJIn4ecTBO
Y HampaBlIeHHE, YToJl HAKJIOHA U BBICOTA MONEPEYHBIX IUIACTUH BHYTPU LMJIMHJPA, YACTOTa
BpaIeHUs] POTOpA U Ip.).

[Ipenenst n3menenus (pakTopoB: yacTora BpamieHus poropa oT 10 go 60 o6/muH.
Tonmuuua nocrynaromero cios 3epHa ot 20 g0 70 MM; KOJWYECTBO MOMEPEUYHBIX IJIACTHUH,
MPUKPETUIEHHBIX Ha Bajly poTtopa oT 3 a0 6 mryk. [IpeaensHoe 3HaYeHHE YaCTOTHI BpallleHus
KOJIBLIEBOTO POTOPA OrPAaHHMYUBACTCS JIOIYCKAEMbIM 3HaYCHHEM €€ 71p TIPU KOTOPOM YaCTHIIBI
3epHOBOrO TMOTOKA HAaxXOJAIIMECs] Ha TOPLEBON BHEIIHEH MOBEPXHOCTH KOJiblia OyIyT
OTPBIBATHCA 3a MPEIETbl radapuTOB POTOPA U MOMATYT B OYHKEp ISl KPYITHBIX PUMECEH.

MaxkcuMasbHble 3HAYeHUS KOJIMYECTBA TOIMEPEUHBbIX IUIACTUH OTrpaHUYMBaETCs
BO3MOXXHOCTBIO CBOOOTHOTO UCTEUCHHUS 3epHA Uepe3 IIeNH, 00pa30BaHHBIX KOJIBIIAMHU POTOpPa
Y TUTaCTUHAMU.

B PE3YIbTATC SKCIICPUMCHTAJIbHBIX AAHHBIX BBIABJICHO, YTO IPHU PACCTOAHHUU MCKIAY
KOJIbIIAMH, PABHOM MaKCHUMaJbHOMY pa3Mepy JIBYX-TpEX 3epHOBOK (12 MM) U mpu BpallieHuu
KOJIBLIEBOTO POTOpA C YaCTOTOW BpaIleHus #p = 25 - 45 00/MUH KpYITHBIE IPUMECH, Pa3MephI
KOTOPBIX IMPEBBIIAIOT 3a30p MEXIY KOJBbIAMHU, OJTHOCTHIO OTIENSIOTCS U3 MOCTYIAIOIIETO
3€pPHOBOTO CJI0S1, YTO BECHMAa BaYKHO IS TIOCJIEAYIONINX TEXHOIOTHYECKHIX OEPaIlnil.

B pesynbrare mepBoro srarna SKCIEPUMEHTaIbHBIX MCCIIEOBAHUN YCTAaHOBIEHO, YTO
00JbIION KO3 PUIIMCHT paBHOMEpPHOCTH pactpezaeneHus 3epHa Kp= 80 - 92% nocturaercs
MIPH YaCTOTE BPAIICHHs KOJIBLIEBOTO POTOPA Tip, - 30 - 40 006/MHH U TONIIMHBI TOCTYTAIONIETO
cimos H ¢ ,=30-50 mm.

Ha BTOpOM 3Tarme sxcrepuMeHnTa NPUHATHI CIEAYIONIe 3HaYeHHs (paKTOPOB: TOJIIUHA
nocrymatomiero cios 3epHa h = 30 - 70 mm; paGodas JyIMHA BCACHIBAIOIIETO >KAJTIO3HOTO
natpyoka L = 60 - 200 mm.

O PeKTUBHOCTh OYNCTKH 3€pHA HA JIAHHOW YCTAHOBKE OICHUBANIACH depe3
K03 (HULIMEHT U3BJIeUCHHUs JIETKON MPUMECH U3 3€pHOBON MacCChI;

kl‘:(l—mJIOO% (3)

m

o
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A€ Mo um - MacChl JErKOM mpuMecH ( apOIMHAMHYECKH OTACITMMOI) B 36pHOBOI CMecH
COOTBETCTBEHHO 10 U mociie ouncTku. CoaepkaHue Jerkoi MpUMecH B 3epHOBO Macce 10 U
MOCJIE OYMCTKHU €€ Ompeessiiachk Mo U3BECTHOM MeToauke [3].

Bo BTOpoM sTame skcmepuMeHTa MPHUHSATO: TOJIIMHA TMOCTYIAIOIIETO CJIOS 3€pHA
h=30...70 mm; paboyast [rHA BcackIBaOUIEeTo xeae3Horo narpyoka L=80...400 mm.

O} hEeKTUBHOCTh OYHMCTKH 3€pHA OICHUBATH KOA(DPHUIIMEHTOM H3BJICUCHHS JIETKOU
IIPUMECH U3 36PHOBON MAaCCHI:

Ku=(1-M/Mo0)100%,
rae: Mo,M-maccel Jierkoit mpumecd ( a’dpoJMHAMHYECKH OTJCIMMOKM) 3epHOBOM CcMecH
COOTBETCTBEHHO JI0 ¥ TIOCIIE OUYUCTKH.

HccnenoBanus mokasaiy 4YTO MaKCUMANbHBIH KOX(P(OUIIMEHT H3BICUYCHHUS JETKUX
npumeceir 78-80% mmeeT MeCTO MpU TOJIMIMHE MOCTYMArOMIero cios 3epHa 30MM. U JTHHE
BcachiBaromiero xkamo3Horo mnatpyoka L=400 mm. IIpu h=30 mm. KonblEeBOHl poTOp
pacciauBaeT MPOXOJSAUIMM Yepe3 KOoJIblla 3€pHOBOM IOTOK Ha MHOXECTBO CJOEB H
PaBHOMEpPHO pachpelesieT MO IUIOUAAu IONEPEeYHOro CeYeHUs MHEBMOCEeNnapHupyrolen
KaMmepbl, 00pa3ys CBOOOIHBIE MEX3EPHOBBIE NIPOCTPAHCTBA, H BO3AYIIHBIA MOTOK
NpoHU3bIBasi ero 3(G(GEeKTUBHO BO3IEHUCTBYET HA JIETKHME MPUMECH U BBIHOCHT UX U3 30HBI
knaccupukanuu. [Ipu L=400MMm. paBHOMEpHO pacHpeleseHHbI NOTOK 3epHa 3(deKTUBHE
IIOJIBEpPIaeTcsl BO3AEHCTBUIO BO3AYLIHOIO IIOTOKA.

7 O } — QMY
i !
* 1 %:251'*!/0 ] Q@ .
80 '”‘“_'_‘:l'"_"‘""'L'*""'_'"_‘"'”'"""”l""_‘"”“' \y: 05
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Pucynok 3 — 3aBucumocts 7 1 Q OT / NpH Pa3JUMYHBIX /.

O6paboTka HSKCHEPUMEHTANBHBIX JAaHHBIX IMO3BOJIMJIA TOJYYUTh MATEMATHUYECKYIO
MO/JIeJIb MPOIIECCa OUNCTKU 3€pHA OT JIETKUX MPUMECEH B 3aBUCUMOCTH OT h 1 = /3/.

K=46,98+601,36h+18,23 L+714,29h L-3137,76h?>-546 L>.

CpaBHeHuEe pe3yJabTaTOB OSKCIIEPUMEHTAIBHBIX HCCIECJOBAaHUM C pacyeTHBIMU
KO3 UIIMEHTaMH U3BJICUYEHHUS JIETKUX MPUMECEH MOoKa3au0,4T0 MaKCUMalIbHOE OTKIOHEHUE
cocraiseT He 6oie 7%.

Pe3yabTarsl

1.Ilpu gactore BpameHus: koyibieBoro poropa [Ip=30...40 06/MuH U npu pacCTOTHUA
MEXIy KOJbI[aMU paBHOM |5MM, KpymHBbIE MPUMECH pa3Mepbl KOTOPHIX MPEBBIIIAIOT 3a30p
MEX/1y KOJIbLIaMH, MIOJTHOCTBIO OTJEISIFOTCS U3 TIOCTYMAOIIEro €105 3epHa.
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2. MakcumanbHblil K03 duuueHt u3pnedenus yerkod npumecu K=78...80% umeer
MECTO TpW TOJIIMHE MOCTymarmero cios 3epHa h= 30 MM U JAJMHE BCACBHIBAIOIIETO
xano3Horo narpyoka L= 400mm.

MaremaTtnueckass Mojenb KodpduuueHTa u3BIedYeHUs JErkux npumecedt k (%) B
3aBHCUMOCTH OT TOJIIIMHBI MOCTYHAIOIIEro cjios 3epHa h (M) M AJMHBI BCACBIBAIOLIETO
YKaITIO3HOTO marpyoka L(m).

k=46,96 + 601,36 h+18,23 L +714, 29 hL - 3137 ,76h*>-546 L2 4)

AHanus pe3yabTaToB HKCIIEPUMEHTAIbHBIX UCCIEA0BAHUN U BBIBOBI.

DKCIIepUMEHTAJIbHbIE UCCIIEI0BaHMS BBIIBUIIM 3aKOHOMEPHOCTH BIIMSTHHS TOJILMHBI
MOCTYTAIOLIET0 CJI0S 3€pHAa M JUIMHBI BCACBIBAIOIIETO JKAJIO3HOTO MAaTpyOKa Ha CTENEHb
OUYHMCTKH 3€pHa OT JIETKUX NTPUMECEH.

Koadpduuuenr wu3Bnedyenuss nErkoid mpuMecH, TMPUH YMEHBIICHHUH TOJIIUHBI
roctymnaromiero ciosi 3epHa ¢ 70 1o 30 MM U JJIMHE BCACBHIBAIOIIETO JKaIF03HOTO NaTpyOka L=
200 MM, cymecTBeHHO yBenuuuBaeTcs ¢ 67 10 80% .Oto oOycnaBiuBaeTcst TEM, YTO IPH
MaJbIX TOJIIIMHAX 3€pHOBAas Macca, MPOXOJAs 4Yepe3 KOJbLEBOM POTOp, pacciauBaeTcs Ha
MHOXECTBO MAaJbIX IIOTOKOB, HpHU O3TOM 00pa3yloTcs CBOOOIHBIE MEK3EPHOBBIC
IIPOCTPAHCTBA, 4YTO IO3BOJSET B ITHEBMOCEHNAPUPYIOLIEM KaHajle oOcIaOuTh CHIIBI
BHYTPEHHETO CLEIUICHUS] YaCTHUI] 3€pHAa U JETKUX MPUMECEH M TeM CaMbIM CIIOCOOCTBYET
5G(GEeKTUBHOMY  BO3JCHCTBUIO  BO3AYIIHOTO  IIOTOKA Ha  JETKME  IPUMECH B
ITHEBMOCENApUPYIOILEM KaHaJe.

3HaueHue kodduueHTa U3BJIeUeHUs JErKUX npumeceil ypenuunbaercs ¢ 69 no 78%
IpU YBEIMYCHHUU JUIMHBI BCACBIBAIOLIETO JKAJIO3HOTO MarpyOKa, YTO OOYCIIOBIIEHO
JUINTENILHOCTBIO IPEOBbIBAHUS 3E€PHOBOM MacChl B 30HE pa3JENEHUs, a 3HAYUT JOJIbLIE
II0/IBEpraeTcs BO3AEHCTBUIO BO3AYILIIHOTO ITOTOKA.

Ha ocHoBanmm mnosydeHHOW Maremarnueckor moxaenu (popmymna 4) mOCTpOCHBI
pacuéTHble TpapUKH 3aBUCUMOCTH Ko3(dduumeHra wusBnedeHus JIerkoid mnpumecn K OT
TOJIIIMHBI IOCTYMAOLIETO €105 3¢pHa h M OT JUIMHBI BCaChIBAIOLIETO JKaI03HOro narpyoka L.
XapakTep KpUBBIX TpaUKOB  IOJyYEHHBIX  pacuyéTHbBIM MyTEM  COBHANaeT ¢
HKCHEPUMEHTAIbHBIMU KPUBBIMU. 3HAYEHUS CTENEHU OYMCTKU 3€pHA OT JETKUX MpUMECceH,
MOJTyYCHHbIE PACYETHBIM MyTEM OJIM3KM K SKCIEPHUMEHTAJILHBIM JaHHBIM. PacxokaeHus
coctaBisioT 3 - 4%. CrenoBarenbHO, MONyYeHHAs mMateMmatudyeckas mozensb ( popmyna 4)
aJIcKBaTHa peajbHOMY IIPOLIECCY.

BbIBO/IbI

1. B pe3ynbrare mepBOoro srama SKCIEPUMEHTA BBISIBIEHO, YTO IPU PACCTOSHUU
MEXIy KOJIbIIAMH pPaBHOMY MaKCHUMaJIbHOMY pa3Mepy 3€pHOBOK (/ = [2 MM. ) W mpu
BpAaIllEHUH KOJIBIIEBOTO POTOPA C YAaCTOTOMU 71p = 25 - 45 06/MHUH KpyIHbIE IPUMECH, Pa3Mephbl
KOTOPBIX IMPEBBIIAIOT 3a30p MEXIY KOJbLAMH, NOJHOCTHIO OTIENSIOTCS U3 MOCTYIAIOLIEr0
3epHOBOro cjos. Takke yCTaHOBJIEHO, YTO OOJbIION KOA(P(UIMEHT pPaBHOMEPHOCTH
pactpenenenust 3epHoBol maccel Kp= 80 — 92% mno momaayn MmonepevyHoro CedyeHus
ITHEBMOCETAPUPYIOLIEH KaMEPbI JOCTUTAeTCsl IIPH YacTOTE BPALIEHUs KOJBLEBOIO POTOpA 1p
= 30-40 06/MHH, ¥ TOJIIMHE MOCTYIAOMIETO CJI0s 3epHA her= 30-50 MMm.

2. g 3¢¢dexTuBHONW OYMCTKH 3€pHA OT JIETKOH NMpPUMECH CJelyeT yCTaHABJIMBATh
TOJIIIUHY NOCTYMHAIOMIET0 ¢0s 3epHa hex=30 MM MpU KOTOPOM KOJIBLIEBOM POTOP paBHOMEPHO
pacrnpenessieT 3epHOBYIO MaccCy 0 IUIOMIAAN MOTIEPEYHOr0 CEYeHUsI KaMephl ¢ 00pa3oBaHuEM
CBOOOJTHOTO MPOCTPAHCTBA, YTO CIIOCOOCTBYET MHTEHCU(DHUITMPOBAHMIO MPOIIECCa U3BICUCHHUS
JErKUX NMPUMECEN U3 THEBMOCEINAPUPYIOLLEH KaMEpBI.

3. U3Biedenne mnpuMeceid HEOOXOAMMO MPOW3BOIUTH TPH JUIMHE BCACBHIBAIOIIETO
KaIt03HOro naTpyOka He MeHee 200MM, IMpHU KOTOPOM OYHMIIIaeMasi 3epHOBAs Macca JI0JIbLIe
HaxOJIUTCS B 30HE KJIaCCU(UKAIIUH, YTO TTO3BOJIUT MOBBICUTH A(D(PEKT OUUCTKH.
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SECTION 23. Agriculture. Agronomy. The technique
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CREATING A COMPLEX INNOVATIVE MACHINERY GRAIN PROCESSING

Abstract: In this paper proposes a set of innovative machines for the processing of
grain (KIMPZ) : 1. Pnevmorotorny classifier; 2. Five, plant for treatment of major grain
products, and light impurities; 3. Grain thrower classifier.

Innovative developments include the agro-industrial complex, to the acceptance and
processing of cereal products intended for cleaning the grain and grain products from large,
metallomagnetic, light impurities and dust, as well as for disinfection of grain products.

Key words: pnevmorotorny classifier, grain thrower, classifier cleaning the grain.

Corn growers (farms), grain-collecting stations and grain-processing enterprise of the
RoK and the CIS are currently unable to carry out postharvest treatment of grains as available
precleaners, grain separators, pneumatic separators, scalping machines are bulky, complicated,
energy-intensive with low capacity and efficiency. Pneumatic cleaning and dust-collecting
devices do not provide proper removal of light impurities and dust.

Grain separators and pre-cleaners used for primary treatment are worn and aged and
their parts (sieves, disks and etc.) are expensive.

The proposed machine complex for primary processing of grain consists of five
innovative developments;

- device for removal of light impurities at conveyor’s loading point; pneumatic rotary
classifier, pneumatic classifier of products at conveyor’s discharge, unit for removal of light
and coarse impurities, grain thrower-classifier.
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Innovative developments refer to agro-industrial complex, acceptance and processing
of grain, intended for removal of coarse, heavy, metal-magnetic admixtures and dust as well
as for disinfection of grain products.

Development of innovative equipment and technology involves introduction of
effective grain treatment to remove coarse and light impurities, insects and mites at barn yards
of farms and receiving lines of grain-collecting and grain-processing enterprises before grain
mass enters production facilities, that enables to reduce operation costs on receipt and
processing and establishes more favorable working conditions for transporting and production
machines.

Project purpose:

- to create and introduce complex of innovative equipment and technology for primary
treatment of grains to remove coarse and light impurities enabling to increase separators
capacity and efficiency of grain processing;

- to reduce costs on acceptance and processing of grain and to significantly decline
contamination of grain products, carry out primary drying of grain and establish favorable
conditions for drying and storage of grain products.

Project factuality:

There are currently no works on development of highly productive and efficient
machine on grain throwers basis and research of optimal parameters as a process operation for
removal of various impurities from grain, as well as on structure of pneumatic rotary classifier,
pneumatic whirl normalization, enabling to combine overload, primary processing, and primary
drying of grain products.

There are no R&D works for production of machines and devices of highly productive,
efficient acceptance, primary processing, primary drying of grain products under conditions of
grain-producing and grain-processing enterprises. In connection hereof the proposed project is
up-to-date and actual.

Taking into account that the project is directed to development and introduction of
complex of innovative machinery and technology of primary grain processing to remove
coarse and light impurities, enabling to increase productivity of separators and efficiency of
grain processing, decreasing contamination of grain products and establishing favorable
conditions for drying and storage of grain products, thus, R7D perspectives are doubtless

Main working part of the proposed machine complex is pneumatic rotary classifier. It is
designed for processing of grain and grain products in particular for removal of coarse, metal-
magnetic and light impurities and dust, and can be used at the grain products enterprises,
agriculture and other branches of industry.

The innovation in development is that the frame of pneumatic rotary classifier consists
of two sections, that increases productivity. Cargo valve with electric magnets not only
provides uniform feed of product along the cross-section, but also removes metal-magnetic
admixtures. Ring rotor with installed inside cross blades is a screening element. Product passes
ring rotor and is separated into several layers forming intergranular spaces that facilitates
effective impact of air over light impurities in vertical pneumatic separating chamber. Fork
scrapper not only separates coarse impurities from the surface of ring rotor, but also prevents

jamming of particles between the rings.

Y-scraper not only separates coarse admixtures from the surface of ring rotor btut also
prevents jamming of particles between the rings. In case of jamming in the interior of ring
rotor cleaning holes are provided.

Second variant of innovation: pneumatic whirl normalizer is installed on grain
thrower, where energy of whirl is used for separation of grain through vortex tube.

The next know-how: SHF source is installed on grain thrower for primary treatment of
grain products.
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The drawing 1 demonstrates circuit diagram of pneumatic rotary classifier. Classifier
includes hopper 1, valves 2, receiving pipe 3 with bends and cargo valve with electric magnets
4 for regulation of product flow and removal of metal-magnetic impurities. Any bend of
receiving pipe 3 is followed by ring rotor 5 with pipe 6 for coarse admixtures, pneumatic
separating chamber 7 and discharge pipe 8. Conveyor 9 is located under discharge pipe.

Pneumatic rotor classifier is installed at reloading points of conveyors in grain products
receiving and processing line that enables to combine transportation operation with processing
ones, such as removal of metal-magnetic, coarse and light impurities as well as dust removal
and desinfection of grain. Electromagnetic sheet not only provides uniform feed of product to
ring rotor but also discharges metal-magnetic impurities. Ring rotor with installed inside cross
blades is a screening element.

/?‘:f’:‘-‘_
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Picture 1 - Circuit diagram of pneumatic rotor classifier.

Drawing 2 demonstrates circuit diagram of unit for removal of coarse and light
impurities from grain, that consists of pneumatic rotary classifier 2, air ducts 3, cyclone-
separator 7, filter 4 and suction fan 5.

Unit operates the following way. Grain from charging bin 1 passes through valve 12
and enters pneumatic rotary classifier 2, where coarse and light impurities are removed from
grain. The removed impurities are discharged through pipe 11 to discharge collector. Light
impurities from pneumatic separating chamber are sucked out by fan 5 through suction pipe 8
and system of air ducts 3 to cyclone-separator 7, where centrifugal forces make impurities and
dust settle and discharge them through rotary lock 6 to discharge collector. The remained dust is
cleaned in filter 4. The air purified from light admixtures and dust is exhaled to atmosphere.
The purified grain enters working conveyor 9.

Rotation of ring rotor is carried out through geared motor 14 by chain belt 13.
Adjustment of ring rotor frequency is included. There is an inspection door 11 for observation
over coarse impurities removal process and inspection window 7 for observation of light
impurities treatment.
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Picture 2 - Circuit diagram of coarse and light impurities removal unit.

Drawing 3 demonstrates circuit diagram of grain thrower — classifier consisting of grain
thrower (P6-M3C-100) and pneumatic classifier (PRK-100). Basic elements are scrapper
conveyor 1 and belt thrower 7. Pneumatic rotary classifier includes classifier 5, suction fan 6,
cyclone separator 4, air duct 3, bag hose 2. Classifier 5 is installed between scrapper conveyor 1
and belt thrower 7.

Grain thrower — classifier operates the following way: grain passes through scrapper
conveyor 1 and enters classifier 5, where metal-magnetic and coarse impurities are removed.
Light impurities including dust and insects from pneumatic separating chamber of classifier 5
are removed by high-pressure fan 6 and are delivered to cyclone-separator 4, where light
impurities are removed and dust-air mixture through air duct 3 is delivered to bag hose, where
dust is settled. Purified grain from discharge pipe of classifier 5 enter endless belt of grain
thrower 7.

A X

Picture 3 - Circuit diagram of grain thrower — classifier.
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Thus, the advantage of proposed classifier is high productivity and efficiency of
removal of impurities from grain, as well as combination of transportation operations with
processing ones.

Primary treatment of grain in receiving line prior to entering production facilities
permits to reduce dust content, explosion hazards an premature wear of processing equipment
and to increase resistance of grain during storage.

Introduction of complex for primary grain processing into production positively affects
environmental conditions, as dust emissions to environment and production facilities are
eliminated, thus providing basic principle of environmental protection.

Introduction of machinery and technology of primary processing of grain products
excludes emission of dust into both production facilities and atmosphere. Application of highly
effective equipment and up-to-date technology permits to reduce unexpected risks and increase
culture of agricultural production.

Combination of reversal and primary treatment of grain products at barnyards of farms
and farm households enables to effectively and timely carry out removal of impurities, to
reduce operation costs on receipt and processing of grain, to decline contamination of grain
with pests, to establish favorable conditions for drying and storage of grain. Application of
the proposed equipment and technology enables to reach economic effect of 1.5 million
tenges through reduction of costs by combining receipt and primary treatment of grain.

Freshly gathered grain in northern regions is known to have high moisture, thus food
value is lost without primary treatment and grain resistance is reduced dramatically by 20%
during storage. Application of the proposed technology except for removal of harmful
(vegetative, compounds of grain piles and impurities) impurities is accompanied by blow-off,
1.e. preliminary drying, that positively affects preservation and disinfection of grain reserves.
As a result of primary processing of newly harvested grain, in northern region of RoK in
particular, moistening of grain is eradicated and its resistance during storage is increased.

Production and effective primary treatment of grain in receipt lines of grain-collecting
and grain-processing enterprises before entering production facilities enables not only to
increase resistance of grain during storage by 20% but also to provide safe working
conditions; dust and explosion hazards are excluded, sanitary and hygienic conditions are
improved, premature wear of processing equipment is prevented.

Almost all farms and farm households, grain-collecting and grain-processing
enterprises gain profit from introduction of the proposed equipment and technology in the
amount of at least 1600000 tenges, as they are reliable in operation, simple in structure, are
cost-effective and can be easily installed in transport communication lines of receipt and
primary processing of grain.

Profit of all grain manufacturers from introduction of a whole complex of innovative
machinery and technology of primary treatment of grains is in reduction of expenses by 2.5
times per 1 ton of processed grain at the expense of increase in productivity and efficiency of
removal of coarse, metal-magnetic, light impurities and dust as well as harmful pests.

Market objects are all grain producing enterprises: farms and farm households, grain-
collecting and grain processing enterprises: elevators, mills, mash-, alcohol-, beer- and oil-
producing enterprises. Almost all grain producing and grain processing enterprises of the RoK
and CIS require equipment and technology of primary processing of grain.
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SECTION 25. Technologies of materials for the light and textile industry.
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CLOTHING FOR THE SPECIAL SETTING TROOP FIGHTERS

Abstract: Based on the analysis of the existing range, operating conditions, analysis of
the impact of hazards, topography of wear and a survey of potential consumers, requirements
for clothing for special forces fighters were developed and product sample was designed. The
developed model of uniform for the special task force meets all produced requirements.
Thanks to the rational, technological design and optimum processing it is possible to produce
this type of product in a commercial environment.

Key words: special clothing, hazardous and harmful environmental factors, heat-
insulating properties, climbing equipment, mountain infantry troops, materials.

VK 687.157
OJEXIA JJIS1 BOMIIOB BOMCK CHEIIMAJTBHOTI'O HABHAUYEHU S

Annomauyun: Ha ocHose ananuza cyujecmeyouje2co daccopmumenma, YCiosutl
IKCHIYAMAYUU, AHATU3A GIUAHUA 6PEOHbIX U ONACHBIX (PAKmMopos, monocpaguu usHoca u
ONnpoca NOMeHYyuaIbHbiX nompeobumenell paspabomansvl mpebo8arus K 00exHcoe CHyHcaujux
OmpA0a CneyuairbHo20 HA3HAYeHUs U Cnpoekmuposan obdpazey uzdenus. Paspabomannas
MoOenb Ccneyooexncovl OJisl CAVYHCAWUX BOUCK CHeYUAIbHO2O HA3HAYEHUsl Omeedaem 6cem
npeovasieHHbiM mpedosanus. bnacodaps payuonanvhotl, MexHoN02UUHOU KOHCMPYKYUU,
ONMUMATILHOU  MEXHOI02UYECKOU 00pabomKe B03MOJNCHO U320MOBNeHUs OAHHO20 6Udd
u30enus 8 NPOMbIULIEHHbIX YCI0BUSX.

Knwuesvie cnoea: cneyuanvHas o0exncoa, Onackuvie U 8peouvie  PAKmopwl
OKpydfcaloujell  cpeovl, MenoOU30IAYUOHHbIE CBOUCMEA, AIbNUHUCTICKOE CHAapsdceHue,
20pHOCMpeENKOBble.

l'opHOCTpenkoBbIE BOWMCKAa — CHEHUATBLHO OOYYEHHBIE CTPEJIKOBBIC (TIEXOTHBIE),
apTWUIepUiicKie, MHXXEHEpHble M Npouue MOApa3feieHHs, YacTu U COCIUHEHHUs
BOOPY’KEHHBIX CHJI FOCYJapCTB, IIPeIHA3HAYEHHbIE JIUIsl BeIeHUsI O0EBBIX JEHCTBHUI B rOpHOI
MecTHOCTH [1].

KocTtioMmsl, ucnosnbs3yemsle OoiillaMu crieliHa3a TOPHOCTPEIKOBBIX BOMCK B HaCTOsILIEE
BpeMs U NpEACTaBICHHbIE HAa PUCYHKE 1, 007aJaloT psAIOM JOCTOMHCTB, HO HE OTBEYAIOT
BCEM HEOOXOAMMBIM TpeOoBaHUsAM. Psn KoHCynpTanmuil co chnenuanuctamu (Oonnamu
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CIIEUITOAPA3ACIICHNI), a TAK)Ke U3YUCHHE PA3TUYHBIX UCTOYHUKOB MO3BOJIMIIN BBISIBUTH KPYT
npobiieM, TpeOyrommx pemeHuss [2-4].  OcHoBHbIE HEJIOCTaTKU  CBS3aHbl C
(yHKIIMOHATBFHOCTBIO U KOHCTPYKTHUBHBIM PEIICHUEM KOCTIOMOB M OT/ACJIBHBIX JJIEMEHTOB,
a TaK)ke BOMPOCaMU TEII000OMEHa U HECOBEPIICHCTBA MMaKeTa MaTEPUAJIOB.

AHanmM3  KOHCTPYKTHMBHOTO PEIIEHUs MOJIEJeH-aHAIIOTOB BBISIBUJI, YTO AaKTyaJIeH
OpsIMOM  CUJTYST, BTAYHOW JIBYXIIOBHBIA pyKaB, BETPO3AIIUTHAS IJIaHKA, KAIIOIIOH C
CHUCTEMOHN pEeryJHMpOBKH. B wu3menusx HCHOIB3YIOT pas3nyHbIE MaTepuaiibl, HE BCEraa
OTBEUAIOIIE COBPEMEHHBIM TPEOOBAHUSIM.

7

\

Pucynok 1 - ®@ororpadumn mojaesieil-aHa10roB KocTioMOB «I'opka P»- yrenieHHbIi
BeTpo3amuTHbI 1 "BAPC I'opka 4"

[Ipoananu3upoBaHHbIE MOJEIN COOTBETCTBYIOT CBOEMY INITaBHOMY (DYHKLMOHATIBHOMY
Ha3HAYCHUIO — KOCTIOM i pabOThl B TOPHBIX YCJIOBUSAX, HO CJIE€AYEeT OTMETUTh, YTO B
CYLIECTBYIOIIMX AK3EMIUIApax y4TeHbl HE Bce OCOOEHHOCTH paboThl B ropax. Hampumep,
HaKJIaJHbIe KaApMaHbl HA KYPTKE YBEJIMYUBAIOT PUCK 3aLEIIJICHUS 32 CKaJIb.

IIpu  npoekTupoBaHMe  M3AEIMHA  CIEUUATBHOIO  HA3HAYEHHUS  HEOOXOAUM
(GYHKIIMOHAJIbHO-KOHCTPYKTUBHBIN MOX0/, OCHOBAHHBIM Ha BBISIBICHUH ONACHBIX U BPEIHBIX
(bakTOpOB, ONpeAeAIOIINN Tonorpaguu 3Toro Bo3AeHCTBUSA, pa3paboTKe KOHCTPYKTUBHBIX U
(GYHKIMOHAJIBHBIX PEIICHUN OJEXK/Ibl, yIOBIETBOPSIONINX NPEIbIBISIEMbIM TPEOOBAHUAM U
YPOBHIO KauecTsa [5, c.1-11].

Jis  pa3paboTKu OOBEKTUBHBIX TpPEOOBAHUN K MPOEKTUPYEMOW oAexae A
CJIy>KallMX OTPsijia CIIeHaIbHOIO Ha3HaYeHUs1 He0OOXOAMMO MCCIIe0BAaTh BIMSHHUE OMACHbIX
U BpeIHbIX (DAaKTOPOB OKpY’KaroLel Cpe/ibl, TAKUX KaK CUJIbHBIA BETEp, Bilara U MOHUKEHHbIE
TEMIIepaTypbl; YCIOBMs IKCIUTyaTallMM; WU3yYUTh TONOTpa(uio M3HOCA O0pa3LlOB OMAEXKbI,
[IPOAHAIU3UPOBATh XapaKT€pHbIE II03bl U JBM)KEHUS, BBINOJHSAEMBIE CIIy)KALUMU OTpsAla
CIHELMAIbHOI0 Ha3HAYEeHUs B TOPHBIX YCIIOBUSX, a TAKXKE MOTPEOUTENbCKUE IPEANOYTEHUS Ha
OCHOBE MH(OPMALIUHU, IPEAOCTABICHHOHN JIeHCTBYIOINMHI OOHIIaMH TOPHOCTPEIKOBBIX BOHCK
[6, c.107].

IIo pesynpraTy yCTHOIO OIIpOCAa CIY’)KalMX BOWCK CIELHMAIBHOIO HAa3HAYCHUS
BBISIBJIEH ACCOPTUMEHT W3JENUi, He00X0AUMble KOHCTPYKTUBHBIE AJIEMEHThI U Jetanu. 13
acCOpTUMEHTa HauboJee MpeInoYTHTENbHA KypTKa IPSMOT0 CHIIy9Ta C BTAaUHBIMU PyKaBaMu
U TOJYKOMOMHE30H. 3a CYeT MPUTAYHOr0 IosAca C 3JIACTUYHOM TEeCbMOW BHYTpU U
BHYTPEHHEH [OIMOJHUTEIBHON BETPO3ALIMTHOW IOOKM IO JIMHUM Taluud OO0€ll MOXKEeT
IIOJIHOCTBIO IIPEJOTBPATUTh NIONAJaHUE CHETA U BeTpa oA KypTKy. C TOM K€ LIEIBIO 110 HU3Y
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pyKaBa JI0JDKHA OBITh DJIAaCTHUYHAS MAaH)KETa, PeryJHUpyIollas MUPUHY pyKaBa, U HAMYJIbCHUK
B PyKaBe, 3allUIIAIOMNN KUCTh O0MIIa OT BETpa.

KypTka ¥ momykoMOMHE30H [isi paOOThl B XOJOJHBIX YCIIOBUSIX JIOJKHBI OBITH
yTEIUIEHHBIMU.  TemIou30MOHHbIE CBOWCTBA CHELMAIBHOM OAEKABl BO MHOTOM
OTIPEACIAIOTCA TOABMKHOCTBIO 3aKIIOYEHHOTO B HEW HHepTHoro Bo3ayxa. I[loaTomy
TEIUIOBOE COCTOSIHUE YEJIOBEKAa NP MPOYUX PABHBIX YCIOBMSIX OAEKIbl (TEIIO(PU3NUECKUX
CBOMCTB IMakeTa MaTepUajoB, TOJIIMHBI MMAaKeTa) B 3HAYUTEIHHOM Mepe OyleT 3aBUCETh OT
KOHCTPYKIIMM CaMOW OJIEX/bI, OOYCIIaBIMBAIOIIEH pPA3JIMYHOE TOCTYIUICHHE Hapy>KHOTO
BO3/yXa B MOJOJEKHOE MPOCTPaHCTBO. [Ipu mocTosHHOU Tspkenol (QU3MYEecKol Harpyske
BaXXHO, YTOOBI MMAKET MAaTEPUAIOB ObLJI MAaKCUMAJIbHO MApONIPOHUIIAEMBIM, a 3TO 3HAYUT, 4TO
HEe0OX0IUMO BBIOpaTh YTEIUIUTENb C BBICOKMM COJIEpP’KaHHEM HATypajbHBIX BOJIOKOH, B
KayecTBe OCHOBHOM TKaHM - MEMOpaHHbIE MaTepHajbl, 3aIIUIIAIONIIE OT BETpa U BJIard, HO
MPYA 3TOM C BBICOKOHM MAapONPOHUIIAEMOCTBIO, U HAaTYpAJIbHBIM MOAKIAI0YHBIN MaTepuan [7,
c.72].

boeny nHaxoautcs B HempepblBHOM JBMKEeHMH. [l HOpMmanu3auuu TersiooOMeHa
YeJIOBEKAa C OKPYXKAIoLIeW Cpefod M CHIXKEHUS TEMIEpaTypbl BO3AyXa B IMOJOJAEKHOM
MIPOCTPAHCTBE HEOOXOIMMbI BEHTUJISLIMOHHBIE OTBEPCTHUS 10 OOKOBOMY IIIBY KYPTKH.

JUis  3ammTbl  OT BETpa, KOTOPBIM IIOCTOSHHO IPUCYTCTBYET B  Iopax,
MIPEANOYTUTEIbHBI BOPOTHUK-CTOMKA, BETPO3AIUTHAS IIJIaHKa, PEryJIMpyeMble MaHXKeThl Ha
pYyKaBax, KaIloIIOH.

Ha BbIcoTe Bce AeiicTBHsI OYeHb ObICTpBIE, TO3TOMY KOCTIOM HE JOJDKEH 3aTpyIHATH
JBIDKEHUST OOHIla, HE JOJDKHO OBITh BBICTYNAIOIIMX JETaJiel, YTO TO3BOJIAET CHHU3UTH
OTIACHOCTh CHEro- M KaMHemaJoB Ha Ooiima. I[lpeamouTuTenpHbl MOTAaHBIE KapMaHbI Ha
3aCTEXKKE-MOJIHUM — B TaKyl KOHCTPYKLHIO IONaJaHUE CHEra U KaMHEl MUHUMallbHO. Bce
KapMaHbl Ha KypPTKE JOJIKHBI ObITh JIETKOJOCTYIHBI, JETKO PaCCTETUBAThCA, 1aXe eciau 0oerl
B nepuaTkax. [ maBHas pyHKIUS KamIoIOHa — 3alIUTa OT BETPa, OH JIOJIKEH COOTBETCTBOBATH
pasMepaM 3alUTHON KacKH, HO TPH 3TOM OBITh YAOOHBIM M TIPH HOIICHWH KaIomoHa 0e3
He€. Ero o0beM J0KEH peryaupoBaThes, OH JOJDKEH OBbITh CheMHBIM JIMOO CKIIAJbIBATHCS B
KapMaH Ha BOPOTHUKE.

VY xaxzoro 0oiina AoKHA OBITH ¢ COOOM palus, €€ JKeNnaTeNIbHO 3aKPEIUISITh CHAPY KU
KypTKH, 4TOOBI OHa OblIa JIOCTYIHA JUIsl CHATUS pyKoil B mepuartke. IIpu cuibHOM Xomone
panMio JepXaT BO BHYTPEHHMX KapMaHaxX, 4ToObl COrpeBaTh TEIJIOM Tela, I[03TOMY
HEe0OXOUMO MPEeIyCMOTPETh B U3JEIUU BHYTPEHHUI KapMaH, pa3paboTaTh KOHCTPYKIUIO
KpEIUIEHHs paliii CHapYKH.

OnpamuBaemMble MOTEHLUATIbHBIE MOTPEOUTENH CHENadd aKLEHT Ha TOM, 4TOOBI B
u3JeNuu ObUIa BO3MOYKHOCTh OCYILECTBIICHHS PA3IMUHBIX 33JaHHBIX JBWKCHHUH, YTO TOBOPHUT
O MOBBILLIEHHBIX TPEOOBAHUAX K IPTOHOMUYHOCTH KOHCTPYKIIMH U3/1EIHSL.

Ha ocHoBe aHaim3a CyLIECTBYIOIIEIO AaCCOPTUMEHTA, YCIOBHH DKCIUlyaTaluH,
aHaJM3a BJIUSHUS BpEeAHBIX M OHAacHbIX (HaKTOpOB, Tomorpaguu H3HOCA W Ompoca
MOTEHIMATIBHBIX MOTpeOuTeneil pa3zpaboTaHbl TpeOOBaHHUS K OACXKAE CIYKaIIUX OTpsaa
CHEIMaIbHOTO Ha3HAUYEHUS U CIIPOEKTUPOBAH o0paszel] U3Aeusl.

Haubonee 3HaunMMbIMH TpeOOBaHUAMHU K KOCTIOMY JUISi TOPHOCTPEJIKOBOTO CIIEIIHA3a
SBJISIOTCA 3alUTHBIE, KOTOpble (OPMUPYIOTCA MO BIMSHUEM HEOIAronpUsSTHBIX BHEUTHHX
MIOTO/IHBIX YCJIOBUM, TaKUX Kak BETEp M HM3KME TemrmepaTypel. Tak 3ammra OT xoJona
JIOCTUTAETCs HE TOJbKO Ojarojaps CBOMCTBAM IAaKeTa MaTepHalioB, HO U MPOJyMaHHOU
KOHCTPYKLIMU: BBICOKMH BOpPOTHHK-CTOMKA, IJIaHKA, HAIyJbCHUKM Ha pyKaBaxX 3alUILAIOT
yeJioBeKa OT BeTpa. KamommoH MoxkeT peryinpoBaThes Mo JAJIUHE U MHUPUHE, Ojaroaaps yemy
yoOeH B MCIIONB30BAaHUU NPU HaJETON Kacke u O0e3 He€. [ cokpalieHus 3aTpaT BpeMEHH
Ha pacCcTeTMBaHUE KYPTKH, PETYJIHUPOBKY IIMPUHBI MAHXKET pyKaBa, U3BJICUCHHE KaIIOLIOHA
U3 KapMaHa BOPOTHHKAa M TMOMEIICHUS €ro OOpaTHO, MCHOJB3YIOTCS 3aCTEXKKH Ha JICHTY-
BEJIbKPO, KOTOpbIE OYeHb yA0OHBI B 3KcIUTyatanuu. KapmaH BOpoTHHKA, IpelIHA3HAYCHHBIN
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JUISL KallloIllOHa, CHPOEKTUPOBAaH /JIs TEX CJIy4yaeB, KOrja IpH IOJbEME B TOPbl HET
HEOOXOJIMMOCTH B KallIOIIOHE, 1 OH HaXOJIUTCS B CHATOM IOJOXEHHU. B Takoil curyanuu
KaIlIOILIOH BO M30€XaHME ONalaHusl KaMHEH IOMENIaeTCsl B KapMaH BO BHYTPEHHIOKO YacTh.

B ropax BO3MOXXHbl MeXaHHYECKHE MOBpEXkAEHUsA. ['OpHbIE MOpPOJBI MOTYT MUMETh
paznuuHylo (opMy, B TOM YHCJIE U OCTPYIO, MO3TOMY MaTepuaj Bepxa JOJDKEH ObITh
IOPOYHBIM, C BBICOKMM IIOKa3aTeleM pa3pblBHOM Harpy3ku.  Harpyska Ha KocCTIOM
pacmpenensieTcsi HEpaBHOMEPHO, HEOOXOIUMO JIOKAJbHOE YCHIICHHE 3aIIUTHBIX CBOMHCTB
MaTepHala B pa3HbIX 30HaX, IpUMeEp IPOJIEMOHCTPUPOBAH Ha pUCyHKe 2. B obnacTu 10KTS Ha
pyKaBe, KOJIEHa, I10 HU3Yy IIAaroBOro cpe3a KOMOWHE30HAa pPacIoJIOKEHbI JTOTOJHUTEIbHBIC
HaKJIaJKu 13 OoJjiee MPOYHOTO MaTepuana, KOTOpbIe 3aIIMLIAIOT 3Ty 00JacTh OT OBICTPOTrO
W3HALIMBAHUS.

PucyHok 2 - 30HbI Han00JIbIIEr0 H3HOCA U3/IEeJIUs

[Tpu pnuTenbHBIX GU3NYECKUX HArpy3Kax BaKHbI THTUEHHMYECKHE CBOWCTBA M3JICIHA,
KOTOpble O0OECIEeYMBAIOT OTBEJCHHUE IPOJYKTOB >XH3HEIEATEIHOCTH 4YeloBeKka (TeIo Hu
BJara) U3 MOAOAEKHOIO IPOCTPAHCTBA B OKPYXKAMOLIYIO Cpely. DTO AOCTHraercs 3a CyeT
MaTepuajoB M palMOHAIBHOIO KOHCTPYKTHBHOIO pEIIEeHUs MOJENU (BEHTWIALUOHHBIE
OTBEPCTHS Ha 3aCTEKKE-MOJIHUU 110 OOKOBOMY ILIIBY KYpPTKH).

Bo Bpems HempepbIBHOIO JBM)KEHUS PYKM M HOTM Ooillia yaiie BCero HaxoJIsTcs B
COTHYTOM TOJIOKEHHUH, KaK BUIAHO Ha pUCyHKe 3. JIs mpumaHusi HOMOIHUTENFHOTO 00BbemMa
Ha pyKaBe B 00JIACTH JIOKTS M KOJIEHa, HA JIOKTEBBIX HAKJIAJKaX U HAaKOJIEHHUKaX BbIMOJIHEHBI
BBITAUKH.

a 6 B
PucyHnok 3 - OcHOBHbIE (PYHKIHOHAJIbLHBIE N103bI N0J10KeHUs Tesla foifna:

a —M0JIOKeHHe TeJIa ¢ He0OJIbIIMM YIJIOM CTHOAHMSA JIOKTEBOr0 CycTaBa; 0 — MOJI0KeHHe
TeJa C OCTPBIM YIJIOM CrUOAHUA JIOKTEBBIX CYCTABOB; B — MOJIOKEHHUE Tesia ¢ 001bIINM
YIJIOM CrH0aHUsl JIOKTEBOI0 CyCTaBa, BEPTUKAJIBLHBIN MOAbEM PYKH.
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B kadectBe TKaHM Bepxa BBIOpaH MeMOpaHHBIM MaTepHall, KOTOPBIA TapaHTHPYyeET
HEIIPOMOKAaEMOCTb M BETPO3AIUUTy IPU BBICOKOW CTENEHH BO3AYXONPOHHULAEMOCTH [8].
YTemnurens u MaTepuall MOJKIAIKA TAKXKe JODKHBI 00J1a/1aTh BRICOKMM YPOBHEM HUCTIAPEHHS
BJIaru, YTO JOCTUTAETCsA 3a CUET COJEpKaHMsI MAPO(UIBHBIX BOJIOKOH B UX cocTase [9].

IIpn mogbseme Ha ropy akKTMBHOM SABIJISIETCS IIpaBasi pyKa, JIeBas pyKa IMPAKTUYECKU HE
3aIeCTBOBAHA, IIO3TOMY DPHUCK 3alENUTHCS €10 O CKalbl MUHMMaseH. Ha neBom pykase
KypPTKH PacHoJIOKeH HAKJIaJHOW KapMaH ¢ KiamaHoMm uisi pamuu. Ocobas popma kimamaHa
o0ecreynBaeT MPaBWIBHOE PACIONIOKEHUE PAaluU (aHTEHHa M PEryJsaTop TPOMKOCTH HE
3aKpBITHI KJIAIAHOM, 00€Il MOXKET PeryJIMpOBaTh TPOMKOCTH MPH JIFOOOM IMOJIOKEHUU PYKH).
KocTtiom npesncraBiien Ha pucyHke 4.

PucyHok 4 - Icku3 KOCTIOMA /1J1s1 00HIIOB OTPs/Ia CNeNMATbHOT0 HA3HAYeHHsI 0e3 U ¢
KANIOIIOHOM.

IIBer kocTioMa st Oo#Ila CHeIHa3a TOPHOCTPEJIKOBBIX BOWCK OJDKEH OBITh
MaKCHMAallbHO TMPHUCTIOCOOIEH K KOJOPUCTUYECCKOU raMMe OKpY>Karolllel Cpeabl.
PaccmaTrpuBasi ropHyI0 MECTHOCTH Pa3IUYHBIX TEPPUTOPHUH, HEIb3s OJHO3HAYHO CKa3aTh,
KaKH€ IIBE€Ta ABJISAIOTCSA HpCO6JIaHaIOH_[I/IMI/II BBICOKHC T'OPbI ITOKPBITHL 6€H0-CepBIM CHCIOM, B
00J1aCTSAX C JIECOMOJIOCON MPeo0Ia aroT 3eJIeHO-KOpUYHEBbIE OTTeHKH. [oCKOIbKY 3amadeit
MPOCKTUPOBAHUSA ABJIACTCA CO3AAaHHUC KOCTIOMA, SKCIUIYaTHPYEMOI'O0 B 3UMHUX YCJIOBUAX, TO
1esecoo0pa3Ho OCTAaHOBUTH BBIOOP Ha cepom oTTeHke [10].

Pa3paboranHass MoOJeNnb CHCHOACKIBI JJS CIOYXKAIIMX BOWCK CIEIHAIBLHOTO
Ha3HAYeHUs OTBEYAET BCEM TPEIbSIBICHHBIM TpeboBanus. brarogaps panuoHaIbHOM,
TEXHOJIOTUYHOW KOHCTPYKIMH, ONTHMAJIBHOM TEXHOJOTHYECKOH 0O0paboTKe BO3MOXKHO
W3TOTOBJICHHS JAaHHOTO BHU/Ia U3/IEJIHSI B IPOMBIIIICHHBIX YCIOBHSIX.
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Abstract: Optimization of interconnections in design by “Chip — package - PCB”
technology is considered.
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MEXCOEAJUHEHHUA B MHOT'OYPOBHEBOM KOMMYTAIIMOHHOM
ITPOCTPAHCTBE «CUCTEMA B KOPITYCE — IIEYATHAS IIJIATA»

Anuomauu}l: PaCCMampugaemC}l onmumusayus MedccoeouneHuil npu
NpoeKmuposaruu N0 MexHojilocuu «Kpucmaﬂﬂ — Kopnyc — neyamuas njiamay

Knrwueesvie cnosa: cucmema na Kpucmaiiie, cucmema 6 Kopnyce, MeofccoeduHeHuﬂ,
npoexkmuposarue.

Cucrema B xopryce (CBK) — 3T0 enuHBIi KOHCTPYKTUBHBIM MOJYJb, COCTOSIINA U3
HECKOJIbKUX 3JIEKTPOHHBIX Y3JI0B U KOMIOHEHTOB Pa3IUyHON (pyHKUIMOHaANIBbHOCTH. CHcTeMa
B KOpITyCE€ MOXKET OOBEAMHATh B CBOEM COCTaBe LM(POBBIC U aHAJOTOBBIE PaMOYaCTOTHBIC
kpuctauibl CBMC, maccuBHbIe KOMITIOHEHTBI, ONTUYECKUE MOJYJIM U IPYTHE YCTPOUCTBA.

VYcenex npoektupoBanusi CBK cBs3an B nepByto ouepes ¢ 3 pekTuBHBIM pa3dbueHuem
pa3zpabaTbiBaeMOl  MHMKpPORJIGKTDOHHOM  CHUCTEMbl Ha  OTAENbHBIE  COCTaBJISIOIIME,
peanusyeMsble, kKak KOMIIOHEHTbI CBK, OLleHKOH B3aMMHOIO BIMSHUS KOMIIOHEHTOB IO pSIY
napamMeTpoB (y4eT »3JIEKTPOMarHUTHOM COBMECTUMOCTH, aHAJIM3 TEIUIOBBIX PEKUMOB).
Baxxnbpim acriektoM koHCcTpyupoBaHus CBK sBiisieTcs yueT BHEIMIHUX BO3ACHCTBUM.

KonctpyupoBanne CBK cBsizaHO, B TOM 4HCIE, C aHAM30M CIIOCOOOB pa3MEIICHUS
KOMIIOHEHTOB B 00beME KOPITyca ¢ yYETOM €ro IEKTPHUECKUX XapaKTEPUCTHUK.

CymectBytonie kiaccupukanuonusle cxembl 11 CBK yuuThIBaloT pasznnyHbie
BapUaHThl PAa3MEIIECHNUS KOMIIOHEHTOB B KOpIyC€: B OJHOW IIIOCKOCTH, JIPYT Haja JIPYIroM,
KpUCTaJIJI Ha KpUcTajuie ( B TOM 4YMCJIE B IMOJIOKEHHUU MEepeBEepHYTOro kpucramia). Eciu
otaenbHble KOMIOHEHTH! CBK y’ke KOHCTPYKTHBHO PEaM30BaHbl B BUJIE KOPITyCUPOBAaHHBIX
y3J10B, KOJMYECTBO BapUaHTOB KOMIIOHOBKHM eule Oosee yBenuuuBaercd. [losBistorcs
BapUaHThI «KOPILYyC HA KOPITyCE», «KOPILYC B KOPILYCE.

[To onenke pa3pabOTYMKOB, IOMUMO KOPIIYCOB MHUKPOIIECKTPOHHBIX Y3JIOB I€YaTHbIE
IUTaThl TaK)Ke OKAa3bIBAIOT CYIIECTBEHHOE BIIMSHUE Ha OBICTPOACHCTBUE BIIEKTPOHHBIX
YCTPOMCTB.

MHuoroo0Opa3ue  BapuaHTOB  IOCTAHOBKH  3a/Ja4d  MPOCKTHUPOBAHUS  CUCTEM
«KPUCTAJUI/KOMIIOHEHT — KOpIyC — IledaTHas IUlaTa», 3HAYUTENbHOE BIMSHHUE CcIrlocola
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00BbEAMHEHNS KOMIIOHEHTOB AJIEKTPOHHOI'O YCTPOICTBa B KOPITyCE M HA ME€YaTHOM IUIaTe Ha
€ro 9JIEKTPUYECKUE XapaKTePUCTHKH, JENaloT aKTyaJlbHOW 3aJady  ONTUMH3alUU
MEXCOEMHEHUH TaKUX MHOI'OYPOBHEBBIX CUCTEM.

TpaauuuoHHBIE TEXHOJOTUM IPOEKTUPOBAHMSA IEYATHBIX Y3J0B 3JEKTPOHHBIX
YCTPOWCTB C MPUMEHEHUEM CTaHJAPTHBIX HA0OPOB MUKPOCXEM OTPaHHMUYMBAIOT BO3MOXKXHOCTH
KOHCTPYKTOpA JJIEKTPOHHOM amnmapaTrypbl IO OOECHEeYeHHMIO IIeJIOCTHOCTH CHTHAJIOB,
OJIHOPOJHOCTH JIMHUI Nepeaaun CUTHAJIOB.

B 3ToM ciydae KOHCTPYKTOpY JAOCTYIEH YPOBEHb, Ha KOTOPOM BO3MOXEH YYeT
AIIEKTPUYECKUX XaPAKTEPUCTUK KOPIYCOB MUKPOCXEM JUIsl OLIEHKH BIMSIHHUSI KOHCTPYKIUHU
KOpITyca Ha YpPOBEHb [IOMEX U LIEJIOCTHOCTh CUTHAJIOB.

BnusTe Ha 2JIEKTpUYECKHE XapaKTEPUCTUKU BCETO COEAUHEHMSI «KOHTAKTHas
IUIOIAJIKa Ha KpHUCTaJlJle — KOHTaKTHas IUIOINAJKa Ha IEeYaTHOH Ijarey», onpelenseMble B
TOM YHCJIE€ OLICHKOM JUIMHBI U OAHOPOJHOCTH JIMHUHU NIEPEJauH, KOHCTPYKTOP HE MOXKET.

B sToM cityyae BO3MOXKHBI NOTEPHU YpPOBHS MPOU3BOJUTEIBHOCTH U LEIOCTHOCTU
CUTHAJIA, JOCTUTHYThIE JUIsl KpUCTaJlIa.

[Ipu peannzanuy MOJHOTO LMKIA KOHCTPYHPOBAHUM INEUATHBIX Y3JIOB 3JIEKTPOHHBIX
YCTPOHCTB BBICOKOTO OBICTPOJCHCTBUS MO TEXHOJOTHH «KPHUCTAIT / KOMIOHEHT — KOPIYC —
neyaTHasi IUIaTay HOSABISETCS BO3MOXKHOCTh YUMTBIBATH HE TOJBKO 3JIEKTPO(U3NYECKHE
XapaKTePUCTUKU KOPIyCOB U BBIBOJIOB MHUKPOCXEM M IE€YaTHBIX MPOBOJHUKOB, HO U
XapaKTePUCTUKH BCEH COBOKYITHOCTH COEIMHEHUI «KOHTAKTHas IUIOIIAJKa HA KpHCTaie —
KOHTaKTHAas IUIOIIAKa Ha TIeYaTHOM I1aTe» B LIEJIOM.

Taxke B eIMHOM IMKJIE NPOEKTUPOBAHUS [OJDKHBI OBITh COBMEILEHBI MOJENN
(parMeHTOB AIIEKTPHUUYECKUX COCAMHEHHWH I KpUCTalUla, KOpIyca W TEeYaTHOW IUIATHI.
Y4uThIBas YUCIIO BApUAHTOB peau3allMi TakuX (parMEeHTOB COEAMHEHHH, a TeM Oosee UxX
KOMOMHALIMKA B IpeAesaX COCIUHEHMsI B II€JIOM, BaXXHOW SBJISIETCS 3ajadya BbICTpauUBaHUS
METOAMKH KOHCTPYHUPOBAHUS, HAIPABJICHHON HAa ONTUMU3ALINIO MEXCOCTUHEHUH.

C oaHOM CTOPOHBI Il KPUTUYECKUX COSIMHEHUN BBOJSATCS KECTKUE OTPaHUUYEHUS Ha
UIEKTPUUYECKUE MapaMeTppl M TEeOMETPUYECKYI0 KOH(Urypauuioo s oOecreueHHs
LIEJIOCTHOCTU U HEIPEBBIIIEHUS 00yCIOBIEHHOIO BPEMEHH 3a/iep:KKu curHainos. Ho mponece
KOHCTPYUPOBAHMsI YCIIOXKHSETCSI TeM OOCTOSITEIbCTBOM, UTO OTHAEJIbHBIE 3JIEKTPUYECKHE
COCJIMHEHUS] PEAIN3YIOTCSd Ha HECKOJIbKMX YPOBHSIX MHTErpallid €IWHOM KOHCTPYKLUU
[IEYaTHOTO y37a, a »JJIEKTPUYECKHE NapaMeTpbl M TeOMeTpUYecKHe KOH(UTrypauuu
MEXCOCTUHEHUH crietn(UIHBI I KaXKI0TO0 YPOBHS HHTETPALIUH.

B cdopmynupoBaHHOM 3ajadye KOHCTPYHMpPOBaHMS 3a OCHOBY B3AT pecypc Ha
reomeTputo — R, a Taxke snekrpuueckue napamerpsl (R, L,C,Z) u Bpems 3anepxkku (T).
Pecypc HopmupyeTcsi Ui BCEro MEKCOECIUHEHHUS, PACKIAAbIBACTCd HA KOMIIOHEHTBHI IIO
YPOBHSIM MHTETpaliii KOMMYTallMOHHOTO npocTpaHcTsa — (1):

R{G,R,L,C,[Z], T} == Ri{Gi, Ri, Li, Ci, [Zi], Ti}. (1)

[TosiBnisieTcst BO3MOKHOCTH COTJIaCOBAaHHOTO IepepacipenesieHus pecypca R 1o
YPOBHSIM KOMMYTAIlMOHHOTO TIPOCTPAHCTBA.

Takum oOpa3om, akTyallbHa 3agada pa3paboTKHU MOJEIBHOTO psifa Ui pealn3aiuu
MEXCOCIMHCHU M TUTAHUPOBAHMS IIETIOYeK OOpabOTKM CHTHAJOB BO MHOTOYPOBHEBOM
KOMMyTaI_II/IOHHOM HpOCTpaHCTBC CUCTCMBbI «KpI/ICTaHH—KOPHyC—He‘{aTHaH miara».

B mpocreiimiem ciiydae 3Ta 3agaya CBOJUTCS K TPAJULIMOHHOW T€OMETPHYECKOU
3a1a4ec BBICTpaI/IBaHI/ISI TOIIOJIOT'HH MG)I(COGI[HHGHHP'I, B HallemMm cnyqae yC.HO)KHeHHOf/’I
MHOTOYPOBHEBBIM XapaKTepOM KOMMYTAITMOHHOTO MPOCTPAHCTRA.

B mpemaraeMoil MOAenu KOMMYTAaLMOHHOTO IIPOCTPAHCTBA C LIEJIBIO YMEHBIICHUS
Pa3MEPHOCTH BBIYMCIUTEIBHON 3aa4ll MTPUMEHEH METOJ[ 30HUPOBAHUS KOMMYTAIIMOHHOTO
NPOCTPAHCTBA KAXJIOTO YPOBHS U pacHpeeNiCHHs Ha TPYIIbI «OIMKHUAX» U «IaJIbHUX)» 30H.
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[Ipy w3MeHeHMHM TIOJIOKEHMS KOMIIOHEHTa BEpXHEro YpOBHA B Hpezenax
KOMMYTAallUOHHOTO TOJSl HW)KHETO YPOBHS OpHUEHTALMsI KOMIIOHEHTa MEHSETCSl TaKuM
00pa3oM, YTOOBI BBIUTH B «OJIMIKHIOIO» 30HY Ul KDUTUYECKOI'O COEAUHEHHUS.

[Tomumo pa3paboTku MeToauKH KOHcTpyupoBaHus CBK ¢ ydeTroM uHTErpanuu B
CHUCTEMY «KPHMCTAJJI/KOMIIOHEHT — KOpIyC — IledaTHas IuiaTa», HaIpaBlIeHHOM Ha
ONITUMH3AIHNIO MEKCOCTUHEHUH MBI CBSI3bIBAEM pa3pabOTKy TEXHOJIOTUH MPOEKTHPOBAHUS
MHorokpuctansHo CBHC CBK ¢ pemenuem cineayomux akTyalbHbIX 3a1ay:

- pa3paboTKa peKOMEHJAIHA, a MOXKET OBITh M METOJHMKH OICHKU M BBIOOpa criocoba
KOMIIOHOBKH KPUCTAJUIOB/KOMIIOHEHTOB B KOHCTpYKIuH CBK;

- pa3paboTka MOJENBHOrO psijia A pealin3alliil MEXCOSAMHEHUH Ha pPa3IUYHBIX
YPOBHSIX CUCTEMBI «KPUCTAJUI/KOMIIOHEHT — KOPITyC — [1eYaTHas IJIaTay;

- pa3paboTKa  KOMIIBIOTEPHOM  TEXHOJIOTUM  KOHCTPYUPOBAHHS  CHCTEM
«KpUCTAJUI/KOMIIOHEHT — KOpIyC — IledaTHas IuUlata» ¢ [pOoeKIUed Ha OJUH U3
CYILLIECTBYIOIIUX MPOrPaMMHBIX KOMILJIEKCOB.
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Abstract: This article describes the problems of management of investment processes
in the Republic of Kazakhstan. ldentified and the necessity of enhancing the competitiveness
of the country's economy in the long term by attracting and implementing investment projects.
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CUCTEMA YIIPABJIEHUS UHBECTULIUOHHBIMHU ITPOLHECCAMMUA B
PECITYBJIMKE KA3AXCTAH

Annomauyun: B Oannoii cmamve paccmompeHnvl npoodnemvl CUCmeMbl YIPAGIeHUs.
ungecmuyuoHnviMu  npoyeccamu 6 Pecnybnuxe Kazaxcman. Bviserena u obocnosana
HeoOX00UMOCMb ~ NOBLIUEHUSL  KOHKYDEHMOCHOCOOHOCMU — 9KOHOMUKU — CMPAHbL 8
00120CPOUHOM Nepuooe 3a cuem npusiedeHus U peaiu3ayuu UH6eCMUYUOHHbIX NPOEKMOS.

Knrwouesvie cnosa: unsecmuyuu, oueepcugpuxayus, KOHKYPEHMOCNHOCOOHOCHD,
UHOYCMPUATbHO-UHHOBAYUOHHOE passumue, NOCMUHOYCMPUATbHAS 9KOHOMUKA,
MoOepHU3ayus, uHppacmpykmypa.

B mensax obecrieueHust auBepcu(UKANMA M TOBBINICHUS KOHKYPEHTOCIIOCOOHOCTH
skoHOMUKH PecnyOnuku KazaxctaH B JOITrOCpodyHOM TMepuoje Oblia yTBEpKIEHa
locynapctBennast mporpamma 1o (OPCUPOBAHHOMY HHJYCTPHAIBHO-HHHOBAIIMOHHOMY
passutHio Pecniyonuku Kazaxcran na 2010—2014 roast (manee — [Iporpamma).

Henbto IIporpammsl siBisieTcst oOecriedeHrne yCTOWYMBOTO W CcOAJaHCHPOBAHHOTO
pocta SKOHOMMKH yepes TuBepCcUUKAIUIO u MOBBILIEHUE ee
KOHKYpPEHTOCTIOCOOHOCTH. ['1e OHON M3 TIaBHBIX 3a/Jay SBISETCS YCWICHHE COIUAIBHON
3¢ ()eKTUBHOCTH  PAa3BUTHS  NPUOPUTETHBIX CEKTOPOB OKOHOMUKM U  pealu3aluu
WHBECTULIMOHHBIX MPOEKTOB.

Ha mepuon mo 2015 roma OCHOBHBIM TPHUOPHUTETOM TOJUTHKUA (HOPCUPOBAHHOU
WHIyCTpUATU3AIlMU SBIAETCS pealu3alusl KpPYMHBIX HWHBECTHUIMOHHBIX IPOEKTOB B
TPAJULIHOHHBIX JKCIIOPTOOPUEHTHUPOBAHHBIX CEKTOpPAaX SKOHOMHUKH, C MYJIbTHIUIMKALMEN
HOBBIX OM3HEC BO3MOXKHOCTEW JUIsl MAJIOTO U CpeHero OM3Heca 4yepes3 IeJIeHANPaBIeHHOE
pa3BUTHE Ka3aXCTAHCKOTO COJIepKaHus, OCIEAYIOIIHNX MEPeIesioB U NepepadOTKH.

NuunmatopamMu  OpoABMXKEHUS  KPYHHBIX  mpoektoB  ctaiun  AO  ®Donja
HammonansHoro brnarococrosaus «Campyk-KaspiHay, cucteMoo0pa3yromye KOMITAaHUH
TOIJIMBHO-PHEPT€TUYECKOTO M METaJUIypru4ecKoro CEeKTOPOB HKOHOMHMKH, a TaKke
CTpaTErn4eCcKue HHOCTPAHHBIE HHBECTOPBI.

[MapamnensHo  ocymiecTBisieTrcs  (GopMUpoBaHWE W/WIM  YCWJICHHE OTpaciel
SKOHOMUKH, HE CBS3aHHBIX C CBHIPHEBBIM CEKTOPOM M OPHUEHTHPOBAHHBIX Ha BHYTPEHHMII, a B
NOCIEAYIOIEM Ha peruoHalbHble pbIHKM (cTpaHbl TamoxkenHoro Coro3za, LleHTpasbHOI
A3zun).

locynapcTBy HEOOXOAMMO MOAIEPKUBATH MHUIIMATUBBI Ka3aXCTAHCKOTO CPEIHETO U
Majnioro Ou3Heca, HalpaBJICHHbIE Ha TpaHCPEepT MEepPEeAOBbIX TEXHOJOTUM, MPHUBJICUYECHUE
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WHOCTPAaHHBIX  MHBECTOPOB /I  CO3/IaHHSl  COBPEMEHHBIX  HMMIIOPTO3aMELIAIOIINX
MIPOU3BO/JICTB, C IEPCIEKTUBON Pa3BUTHUS UX IKCIIOPTHON OPUEHTUPOBAHHOCTH.

B wmemsx ¢dopMmupoBaHHS OCHOB IOCTHHIYCTPHUAIBHONH OSKOHOMHUKH  Ba)HO
MPOJOIDKUTH PAa3BUTHE HAIMOHAIBHOW WHHOBAIIMOHHOW HWHQPACTPYKTYPHl M TOAICPKKY
HAy4YHO-TEXHOJOTUYECKHX 33]1€I0B, UMEIOIINX NEPCIEeKTUBbI KOMMEPIIUATU3AIUH.

B uenoMm, rocynapcrtBeHHas NOJAEpKKAa AUBEPCUPUKALMUA 3KOHOMHUKU JOJKHA
OCYIIECTBIISITHCS YEPE3 PEeaTU3alUI0 CUCTEMHBIX MEpP SKOHOMHUYECKON MOJUTHKU Ha MaKpo -
U CEKTOPaJbHOM YPOBHSX, a TaKXe CEJIEKTUBHBIX MEp MOJJIEPKKU KOHKPETHBIX CEKTOPOB
9KOHOMHUKH U MTPOEKTOB.

CucreMHbple MEpbl SKOHOMMUYECKON IOJIMUTUKM JOJDKHBI KOHLEHTPUPOBATHCA Ha
(¢bopMupoBaHUM OJArONPUATHON Makpocpelbl M WHBECTHUIIMOHHOTO KiIuMMaTa, Mepax 0
MOBBIIIEHUIO TIPOU3BOJUTEIHLHOCTH U KOHKYPEHTOCIIOCOOHOCTH HAIIMOHAJIbHON SKOHOMHUKH.

CenexTuBHbIE Mepbl HEOOXOJUMO OCYIIECTBISITH Ha OCHOBE KOMOMHHUPOBAHHOI'O
nakeTa Mep (UHAHCOBOM M HE(PUHAHCOBOM MOAECPIKKH TPUOPUTETHBIX CEKTOPOB U IMPOEKTOB.

l'ocynapcTBO JOMKHO CHUCTEMHO BBICTPOMT CBOE B3aUMOJEHMCTBHE C OM3HECOM Ha
ocHoBe  (opmupoBaHus  3(GGEKTUBHBIX ~ MHCTUTYTOB  COTPYAHMYECTBA, KaKk  Ha
pecnyOIMKaHCKOM, TaK U PETHOHATILHOM YPOBHSX.

AnexkBaTHas8 OOBEKTHMBHOMY COCTOSIHHUIO OSKOHOMHUKM  TPACKTOPHS  IMOJUTHUKH
uHayctpuamuzauun a0 2015 roma momKHA HMMETh BHYTPEHHIOIO COTJIACOBAHHOCThH €
pecypcHbIMH,  HMH(PACTPYKTypHBIMH, HHCTUTYUMOHAIBHBIMA W TEXHOJOTMYECKUMHU
OTrpaHUYEHUSIMHU.

CucreMHBI XapakTep BCTPOEHHbIX B [IporpamMmy MexaHM3MOB, CTHUMYJIMPYIOLIMX
TUBEPCUPUKAINIO U TEXHOJOTUYECKYIO MOJEPHU3ALINIO SKOHOMHUKH, O0ECTICUHT:

- cOo3/1aHuE OIaroNMpUATHBIX MAKPOIKOHOMUYECKUX YCIIOBHIA;

- yilydileHue Ou3Hec-KJIMMaTa U CTUMYJIMPOBAHUE MTPUTOKA HHBECTHULIMIA;

- MAacCOBYIO TEXHOJIOTMUECKYI0 MOJEPHU3ALMIO U Ppa3BUTHE HAIMOHAJIbHOMN
MHHOBAIIMOHHOM CHCTEMBI;

- MOBBILIEHUE KaYeCTBA YEJI0BEUYECKOr0 Kanurana. [2]

KonuenTpanusi pecypcoB rocyaapctBa U OusHeca Ha pa3BUTUU HPHOPUTETHBIX
CEKTOPOB dKOHOMMKH JIOJKHA CONPOBOKIATHCSI MHTEPAKTUBHBIM IPOLIECCOM COIIACOBAHMS
pemieHuid rocynapctBa M Ou3HEca, HCIOJIb30BAaHUEM COBPEMEHHBIX HWHGOPMAIMOHHBIX
CUCTEM MOHUTOPHHIA U KOHKPETHBIX HHCTPYMEHTOB PEAIN3ALINH.

NndopmanonHass cucrtema yOpaBlIeHUS HMHBECTHLIIMOHHBIMU IpOIECCAaMH B
PecnyOiinke KazaxcraH — 3TO MHCTPYMEHT aHaiM3a U MOHHUTOPHHIA HHBECTUIIMOHHBIX
MIPOEKTOB, pealu3yeMbIX B paMKaX ['ocyJapcTBEHHOH MporpaMMbl 1O (OPCUPOBAHHOMY
UHAYCTpUAIbHO-UHHOBALIMOHHOMY pa3BuTuio Kazaxcrana Ha 2010-2014 roaer.

Cucrema oprueHTHpOBaHa Ha oOecreueHue:

- MOHUTOPHHIA U MPOABIKEHUS YACTHBIX U OIOPKETHBIX MHBECTUIIMOHHBIX MPOEKTOB
[IpaBuTenbcTBa 1 AKUMOB PETHOHOB;

- KOHCTPYKTMBHOI'O [JMaJOra MEXAYy TIOCyAapCTBOM M YacTHBIM CEKTOPOM s
peanusaiuu MpoeKToB;

- TPHUBJICYEHUS «IKOPHBIX» (CTpAaTerMYeCKWX) HWHBECTOPOB, B TOM 4YHCIE
WHOCTPAHHBIX, I TPOU3BOJCTBA HECHIPHEBOW BBICOKOTEXHOJOTUYHON MPOAYKIHMH, C
aKLIEHTOM Ha ocBoeHue pbIHKOB TamoxenHoro Coro3a;

- “HQOPMHPOBAaHHOCTM  HMHOCTPAHHBIX W  OTEYECTBEHHBIX  KOMIAHUH O
NEPCIEKTUBHBIX, I BJIOXKCHUS WHBECTUIUH, MPOEKTaM, U OTKpHIBAIOIIUMCS Ou3HeC -
BO3MOXHOCTSIM 110 BBOJUMBIM MPOEKTaM. [2]

Cuctema 1mo3BoJIsieT BECTH MOHUTOPUHT U 00pabOTKy MH(pOpPMAIUU 110 MPOSKTaM JIJIst
pacueta TmToOKazaTeled B pa3pe3e OoTpaciied PEerHOHOB, pacueT BajJoOBOW 100OABICHHOU
ctoumoct (BJIC), a Takke MO3BOJSIET OIEHUTH COLMATBHO-dIKOHOMUYECKUU SP(deKT oT
peanu3aliy HHBECTUIIMOHHBIX TPOEKTOB HA MAKPO M MUKPO YPOBHSIX.
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Cucrtema COCTOUT U3 CIEAYIOIIUX KOMIIOHEHTOB!

1.CBopnas Kapra unpgycrpuanuzauuun (PecnyOnukanckas u perumoHanbHas Kapra
WH/Ty CTPHAITU3AINH) — COJCPKHUT CBOIHYIO HH(OpMAIHi0 00 MHBECTUIIMOHHBIX MTPOEKTaX.

2. lopoxHas kaprta Ouszneca — 2020 — cogepUT CBOAHYIO HH(POPMAIHIO O MPOEKTaxX
naHHou IIporpammel.

3. PecniybnukaHckue, PernonanbHble 010/ PKETHbIE HHBECTULIMH.

4. busHec uAeH — COACPKUT WHGOPMAIMIO O TIEPCIEKTUBHBIX HWHBECTHIIMOHHBIX
IIPOEKTax.

5. Cxema paloHaJILHOTO pa3MEIlEeHUs IPOU3BOJICTBEHHBIX MOIIHOCTEN — COCTOUT U3
6 nononokoB: «['naBHas crpaHuuay, «HepreTuueckas MH(pacTpykrypay, «TpaHcnopTHas
uHpacTpykTypa», «Bomnbie pecypce», «TpynoBeie pecypcb», «MuHEpaIbHO-CHIPHEBBIC

pecypeh».
6. JInuHble KAOWHETHI — JIJIs1 PyKOBOJIUTEIIEH.
7. busHec-cooOmecTBO — OJIOK MNpeAHa3HAa4eH s IMyOJUYHOro JOCTyma K
MH(POPMALMOHHO — AHAJTUTUIECKON CHCTEME yIpPaBJICHUS IPOCKTaMHU.
8. IIpoextHblii o¢uc - ONOK MpenHa3HauyeH JuIsi NyOJIMYHOTO JOCTyNa K

WH(POPMAITMOHHO - AHATUTUYCCKOW CHCTEME YIIPABJICHUS MTPOSKTaMH. |3 ]

B paMkax WHBECTUIIMOHHOW  TOJIUTUKA HEOOXOJAMMO  COBEPIICHCTBOBATH
3aKOHOJATENbHYI0  0a3y, ONpEACISIONIyI0 IPAaBOBbIE W SKOHOMHYECKHE  OCHOBBHI
CTUMYJIUPOBAHUS UHBECTHUIIHH.

HecmoTpss Ha ompeneieHHBIC pe3yJbTaThl, IOJUTHKA JUBEpCUDHUKAIIIN U
WHHOBAIIMOHHOTO Pa3BUTHS He ObLIa peagn30BaHa B MOJHOW Mepe B CBSA3H C HAIMYUEM psaa
CUCTEMHBIX 3(Q(EKTOB, OOBEKTHBHO TPUCYIIMX PECYpPCHBIM 3KOHOMHKAM CTpaH C
Pa3BUBAIOIIMMHUCS PHIHKAMU:

- TPOSBJISIIOTCS CUMITOMBI "TOJUTAHJICKOH 00Je3HH" SKOHOMHKH, CIIOCOOCTBYS
BOCIPOM3BOACTBY 3(pdekTa nepepacnpeieieHuss pecypcoB (MHBECTUIIMOHHBIX, TPYJIOBBIX) B
CBIPBEBOU CEKTOP;

- PBIHOYHBII MEXaHHU3M B 3TOT MEPUOJ OKA3aJCs HE B COCTOSIHMM MOJIaBaTh CUTHAJbI,
MPEIOTBPAIIAIOIINE «IIEPETPEB» OTACIBHBIX CEKTOPOB SKOHOMHKH, M HE CMOT TOMOYb
TOCYAAapCTBY BBICTPOUTH «IIPABUIIbHYIO» CTPYKTYPY SKOHOMUKH;

- TIOJIUTUKA JUBEPCU(PUKANNU CTOJKHYJACh C OTCYTCTBHEM HEOOXOAMMOM
KPUTHUYECKON MaCChl JJis €€ MPOABHKEHUS.

MacmtaOsl BBIICTICHHBIX TOCYJapCTBEHHBIX WHBECTHUIIMA Ha AWBEPCUDUKAINIO ObLIN
HEJOCTAaTOYHBbl M PpACHbUICHBl, YTO HE MOIVIO MPHUBECTH K KAKUM-JIHOO CEphe3HbIM
CTPYKTYPHBIM CIIBUTaM.

B pesynbprate CTpyKTypa SKOHOMHMKH COXpaHHWIIa CHIPbEBYIO HANpaBlIE€HHOCTb, a
CTPYKTypa 3aHSATOCTU XapaKTepu3yeT HHU3KYI 3(PQPEKTUBHOCTh HCIOIB30BaHUS TPYAOBOTO
MOTEHLMaNa.

Cpenu  (akTOpOB HETaTMBHO BIUSIONIMX HA TPUBIEKATEIHLHOCTh MHOTHX
nepcrnekTuBHbIX sl KazaxcTana ceKTopoB 9KOHOMUKHU KITFOUEBBIMHU SIBIIIOTCS CIIEAYIOLIUE:

- HU3Kasi EMKOCTh BHYTPEHHETO PBIHKA;

- OTHAJEHHOCTh OT KPYIHBIX PBIHKOB COBITA U OTCYTCTBHE YIOOHON JIOTUCTUKU
BJICKYT 3HAUUTENIBHBIE PACXO/IbI HA TPAHCIIOPTUPOBKY TOBAPOB;

- OTHOCUTENbHO  BBICOKAas  CTOMMOCTh  pabouell  cuibl IpPU  HEXBaTKe
BBICOKOKBATU(DUIIMPOBAHHBIX KaJIPOB U OTCYTCTBUE COOTBETCTBYIOIIEH HHPPACTPYKTYPHI;

- OTCYTCTBHUE LIEHTPAJIM30BAaHHOM CHUCTEMBI 110 paboTe ¢ HUHBECTOPAMH, B TOM UYHUCJE C
WHOCTPaHHBIMH, a TaKXe HEAOCTAaTOYHO d((HEeKTHBHBIE MEPhI TOCYAAPCTBEHHOU MOIACPKKU
WHBECTULIUH.

B Hactosimiee BpeMs pacUIMpEHHE KaHAJIOB MPUBIICUEHUS MPSMBIX HHOCTPAHHBIX
MHBECTULIMM OCYIECTBISAETCS Yepe3 MOBBILICHUE HHBECTUIMOHHOM MPUBJIEKATEIbHOCTH
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crenuaIbHbIX 3KOHoMHYeckuX 30H (CO3), umuayctpuanbHeix 30H (M3) u pasButue
MEXaHU3MOB T'OCYJapCTBEHHO-YaCTHOTO TapTHEPCTRA.

MupoBoii ONBIT CBUIETEILCTBYET O TOM, 4TO co3ganue CO3 u U3 sBusercs
(haKTOPOM YCKOPEHHOI'0 3KOHOMHYECKOT'O POCTa 3a CUET aKTHBU3AIMH MEXIYyHapOIHOIO
TOBapooOOpOTa, MOOHIN3AIINU WHBECTHIIHH, yIIyOJIeHus MHTETPalMOHHBIX
SKOHOMHYECKHUX MPOIECCOB.

NuBecTunonHasi TNpuBiIeKaTeNbHOCTh KazaxcTaHckux CO3 u M3 B Hacrosiiee
BpeMsl HEJOCTaTOYHO BBICOKA, TaK KaK YCIOBUS HX (PYHKIMOHHPOBAHUS HE BIIOJIHE
OpUEHTHUPOBAHBI HAa peajbHbIe MOTPEOHOCTH U UHTEPECHl NHBECTOPOB.

B 1menom cucrema mnpuBiedeHHs UWHBecTHIHMA B PecmyOnmKy BBICTpPOCHA,
WHBECTULIMOHHAS TPHUBJICKATEIBHOCTh IUIAHOMEPHO pa3BUBAECTCS, HO ISl JaJIbHEUILETO
COBEPIICHCTBOBAHMS TOCYJAPCTBCHHON IOJMTHUKH B 3TOH 00JIaCTH TPeOYyeTCs BHECCHHE
ONPEJICICHHBIX M3MEHEHUN KaK B 3aKOHOJATEIbHOE, TAK MU B HMHCTUTYIMOHAJIBHOE IOJIE
CTpaHBbI.

HccnenoBanne mpoBeNEHO TOJ PYKOBOJACTBOM: JOKTOpPa JKOHOMHUYECKHX HayK,
npodeccopa AnaduseBa Xubexk AnaduseBHbl, KazaxCkuii YHMBEPCHTET TEXHOJIOTHU U

6usueca, Kazaxcran.
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PA3BMBITBIE TPOEKTBI: MOAEJIN U AJITOPUTMBbI

Annomayun: B pabome paccmompenvi cogpemenHble MOOenu U aieopummbl peuleHus
3a0ay aHanu3a pazmsvimulx NPOEeKmos.

Knioueswie cnosa: Husecmuyuonmvie npoekmul, pasmulimble MHOMCECMEA, PAZMbIINbLE
NPOEKmbl, PUCKU, MOOEU, AI2OPUMMbL.

PaGora mpencraBiser co0oif 0030p COBPEMEHHBIX METOAOB aHAJM3a Pa3MBITHIX
MIPOEKTOB U SIBJISIETCA MPOJOKeHreM paboTsl [1].

Heonpenenennoctn wuHBecTULMOHHBIX MpoekToB (MII) Moryr ObITh onucaHsl
MHOTUMU criocobamu. M3BeCTHO, YTO MPH 3TOM MpeodIaaoT BEPOSITHOCTHBIE MOJIETH, OHU
K€ 4Yalle BCEro HCIOJB3YIOTCS U IpPU OLEHUBAHUU PHUCKOB. BepoATHOCTHBIE MOJENU
ABISIOTCA (yHIaMEHTAIbHON OCHOBOM NS pemieHus 3ana4d ananuza Ul Ha s dexTuBHOCTD.
OpnHako BEpOSITHOCTHBIE MOJENM HE BCErJa MOTYT XOpOILIO ONMcaTb HEKOTOPBIE BHJIbI
HEONpeAeNeHHOCTeH, BO3HUKAIOIIUMX Ha  MpakTuke. Jlpyrue Monaenu  ONUCaHUS
HEONPEIeTICHHOCTEH, Takue, HapuUMep, Kak HEUeTKHUE MHOXKECTBa [2; 3], TO3BOJISIOT SIBHO
paccMOTpPeTh OCHOBHBIE MPUYMHHO-CIICACTBEHHBIE CBSI3U M aJ€KBAaTHO IPEICTABUTH
HEOIPECICHHOCTh CIIOKHBIX O0BEKTOB, K KakuM oTHocsaTcs u MWII. Ecnu  ¢yHkimum
pacnpenenenus napamerpoB UII 3agaHbl HETOUHO (T.€. MPUCYTCTBYET HEOIPENEICHHOCTh B
UX 33JJaHUH), TO OOBIYHO MPHUMEHSIOT AHAJIOTMYHbIE (YHKLUHUH, MMOCTPOCHHBIC HAa TEOPHHU
pPa3MBITBIX MHOXeCTB. B naHHO# paloTe mnpenmosiaraercs, 4To W pa3MbITas (QyHKIHS
IUIOTHOCTU BEPOATHOCTEN ITapaMETPOB IPOEKTA 3a/1aHa HETOYHO.

B pa6otax [4; 6-8] paccMOTpeHbI BOIIPOCH! UCIIOIB30BAHMS PA3MBITBIX MHOYKECTB TIPH
aHaJIM3€e KPEAUTHBIX JIM3MHTOBBIX MPOEKTOB M MPOEKTOB 0AHKOB, KOTAAa HEONPEAEICHHOCTH
OTHOCSITCS. K BpEMEHaM aKTHBHOCTEH MpoekToB. [Ipu 3ToM aHanu3upyeTrcsi U3MEHEHUue
JUINTEIBHOCTU KPUTHUECKOTO Iy TH IIPOEKTA.

B pa6otax [13; 14] ucnonb30BaHbl pa3MBIThIE MHOXKECTBA TPU aHAIM3E IMPOCKTOB,
KOI'Zla HEOIPEAEICHHOCTH OTHOCSTCS KaK K BpEMEHaM AaKTHUBHOCTEH, TaK M K CTPYKType
IIPOEKTOB.

3ajaun IUTAHUPOBAHMSI NPOEKTOB IIPU Pa3MBITBIX OIPAaHUYEHUSAX HA PECYPCHI
(FRCPSP) u BeipaBHHBaHUsA pa3MbIThIX pecypcoB (FRLP) paccmotpens! B pabore [15]. B Hei
s pemienust FRCPSP u FRLP 3amau ucnonb3oBanbl Greedy-anroputM M TeHETHUYECKHIM
anroput™. [lpuBeneH mnpuMep HUCHOIB30BAaHUSI ANTOPUTMOB IPU aHAIM3E MPOEKTOB I10
00CITy’)KHUBaHUIO TPAXKAAHCKUX BEPTOJIETOB B pPaMKax (PPAHILy3CKOTO MPOMBIIUIEHHOTO
nmpoekTa noJ Ha3BanueM Helimaintenance.
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B pa6ore [16; c. 277-320] paccMOTpeHBI BOMPOCH MPUMEHEHHUS] MakeTa Mporpamm
MatLab nmist pemieHust 3aJay MCIOJIB30BAHHS PA3MBITBIX MHOXECTB C HCIIOJIb30BaHUEM
9KCIIEPTOB IIPU IPOEKTUPOBAHUU CETEH.

Pucku nuBectunmonssix npoektos (MI1), npeacraBumbix B BUE MOTOKOBBIX MOJENIEH

BP, (¢)[17], 0BycnoBNEHbl HEONPEEIEHHOCTAMU B 3HAHMM 3HAYCHHUII X NApaMeTpoB 7 .
OdeBunHO, Takas HEONPEAEICHHOCTh B 3HaHMM XxapakTtepuctuk MII mpuBoauT k Tomy, 4TO
BMECTO BEKTOPA IUIAHOBHIX MOKa3aTelel dpPEeKTHBHOCTH () peanbHO OyleM MMETh JIeJ0 C
BEKTOPOM 5 BenuunHa OTKIOHEHHS BEKTOpa () OT BEKTOpa 5 u OyZeT XapakTepu3oBaTh
puck UII. Ilpouenypa olieHUBaHUS] pUCKOB MOKET OBITH MPEACTABICHA OTOOPAKECHUEM:
(BP,7)—2>R(r),

rjie ¢, — OIepaTrop OLEHHMBAaHUS PUCKOB. BekTop ﬁ(r) BKJIIOYAET B ce0sl Kak BHyTpEHHHE,
TaK U BHEIIHUE PUCKHU.

[Ipn mMonmenupoBaHMM W OLUEHHWBAHWM 3HAYEHUM IMOKazaTenen E(t) UCIIOJIB3YOTCS
XapakTepUCTUKH HeonpeneneHnoctu UII: 1 (7) — IUIOTHOCTb BEPOSTHOCTEH BO3MYIIECHHBIX
3HAaYCHUH MHOXECTBA IIAPaMETPOB 7T, [, (7;)- f (7;) — IUIOTHOCTh BEPOATHOCTEH IS
pPa3MbITOIO MHOXKECTBAa IapaMeTpoB. 3Aech U A~(7~r) — (QyHKIUS TPUHAIICHKHOCTH,
A 11, I1—- obnacth 1OMyCTUMBIX 3HAYEHUN MTapaMeTPOB T [1].

[Ipennaraercss HEONPEAENCHHOCT, B 3HAHWM TOYHOTO BHAAa JTHUX (QyHKIUN
TIPE/ICTABUTEL B BUJIE MHOXECTB UX JOMyCTUMbIX 3Hauennid: f(7)eF (7) u w,;(7)eF (7).

Hampuwmep, MHO>KECTBa F, (7;) u EF, (7;) MOTYyT  OBITh  JIUCKPETHBIMU
(Ff, N, (7) = { fl(;}), f2(7~z),..., Iy, (7;)}) WIM NIapaMEeTPU30BaHHBIMU TAK, YTO IPU U3MEHEHUU

napaMeTpoOB JJIEMCHTBI 3TUX MHOXCECTB IIPUHHUMAIOT BCC JOITYCTUMBbBIC 3HAUCHUS U3 obnactu

HEOIPEICIIEHHOCTH (Fﬂ’ p (7~r) = { U A(7~z, 0) |¢9 € @}) . Torma, B pe3yibraTe MOJEIUPOBAHUS B

COOTBETCTBUHM C MHOXECTBAMU (DYHKIMI HEOIPEICICHHOCTH F v, (r) wma F ,(7) Oyayr

TIOJIYUCHBI apsbIl «II0Ka3aTcIn B(I)q)eKTI/IBHOCTI/I — PUCKN» BHUaa
A pOl _ ~
O =(Quii {R}.j =12 K I=12, 0 N,),  ie{l2.. M}  am F, (1) om

Oy :<Ql.7m ;{Rj,i(H)},j =L2,...K,0¢ ®>, ie {1,2,...,M} TS Fﬂ’g(;}). OcTaercst TOJBKO

CBEpPHYTh MHOXKECTBO PHCKOB, OIICHEHHBIX Ul MoKazarenedl 3¢(eKTUBHOCTH, B OJHO
3Ha4YCHHUE.
Hanpumep, ecnu pucKkd OLIEHHMBAIOTCS HAaWOOJBIIMMHU BO3MOXKHBIMHU IOTEPSIMH, TO

9 . pmax) _ ) -
CBEPTKM MOTYT MMETh TakOM BUI: R _[zgflfgv / R, na F (r) u R

(max)
Jost

= max R, (0)

ISt Fﬂﬁ(;r). U okoHuatenbHO noiayunM oueHku: O =<Ql.m ;{RJ(.:?X)}>, ief{l,2,...,M}.

311ech UHIIEKC j, € {1, 2,...,K } Y COOTBETCTBYET PUCKY HAaMOOJBIINX BOSMOXKHBIX TTOTEPH.

Bosiee mompoOHO ¢ BUAAMH PHUCKOB M alTOPUTMAMH HMX OIICHUBAHHS MOXHO
03HAaKOMHTHCS B pabdote [17].
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V]IK 336.565.2

METOIbI ATAIITAIMU BU3HEC-ITIPOIIECCOB

Annomauyun: Paccmompenvt Mmooenu U Memoovl  A0anmueHO20  YNPAGIeHUs.
IKOHOMUYECKUMU CUCTEMAMU, NPeOCMaBIeHHbIMU OU3HeC-Npoyeccamu 8 NOMoKo8oll hopme.

Knrwueswvie cnosa: Busnec-npoyeccuvl, ynpasienue KOHOMUHECKUMU CUCTIEMAMU,
aoanmugHoe ynpasieHue, Mooeiu, 2ubKoe ynpasieHue.

PaccMoTpum  Mopmens  OuW3HEC-TIpOIlECCOB,  KOoTopas ~ 0000maeT  MoJienb,
paccMoTpeHHyro B [1], [2], u BkiIouaeT B ce0si CETEBYIO, MOTOKOBYIO, MAaTEMaTHYECKYIO
(omepatopHyto, (YHKIMOHATBHYI WU QITOPUTMHYECKYIO0) MOJEIH U XapaKTePUCTHKHU
OM3HEC-TIPOIIECCOB BUA:

BP(t)= (G, (£)+ Fyp, (£):M g (£). 705, () Ly, (£))i =1.2,..., N, )
rae ais i-ro 6usuec-mpouecca: Gy, (¢) — ceTeBas Mozens; Fy,,(¢) — MOTOKOBAs MOIEIb;
My, ,(t) — MaTeMaTHuecKas MOACNb; 7y, (¢) — MapaMeTphl (XapaKTEepPUCTHKH) MOJENeil

F

BP,i
(dunancoBbIe, pecypcoB, paboT u ap.).

[ToBTOpsieMOCTh (WM HEMOBTOPUMOCTH) BO BPEMEHM MPOLIECCOB (CTaJWi, IIAros,
9TamnoB M T.A.) (DYHKIMOHMPOBAHHS BCEX WJIM YacTH OU3HEC-IPOIIECCOB 3KOHOMHYECKOU

(t), My, (1) n HexoTOpBIX APYruX; Ly, (f) — MOJemb OrpaHMYCHMII HA IOTOKH

cucrembl (OC) B BHIE BP, (t) TO3BOJISICT OMPEICTUTh OWU3HEC-TIPOIECCHl IUKJIMYECKHE,

YAaCTUYHO-IUKIIMYCCKHUE U AlITUKIIMYCCKUC. ALII/IKJ'II/I‘-ICCKI/IG IpONUECChI, KaK IMPaBUJIO, CBA3AHBI
C BBITTOJTHEHUEM HEKOTOPBIX Pa30BBIX (OJHOKPATHBIX) MPOrpaMM (TIPOEKTOB, 3aJaHUN H T.1.).
D10 MOryT OBITHh TIPOLIECCHl, CBA3AHHBIE CO CTPOMTEIBCTBOM, PEKOHCTPYKLUEH,
nepenpopuInpoBaHUeM JAedTeabHOCTH U Ap. Lluknuueckue (M YaCTUYHO-IUKIMYECKHE)
IIPOLECCChL MOTYT 6LITI> BbIJICIICHBI B MPOU3BOACTBCHHBIX, TPAHCIIOPTHBIX,
CEJIbCKOXO3SIMCTBEHHbIX  cucTeMax H  T.1. [locKkoibKy CcO BpeMEHEM  MEHSIOTCS
XapaKTePUCTHKH U apaMEeTPhl BHEIIHUX U BHYTPEHHUX OM3HEC-TIPOIIECCOB, U ATH U3MEHEHHS
4acTO HOCST CIIy4alHbIM (HENpeABUACHHBIN) XapakTep, TO HAealbHbIe LUKINYECKUe (WIn
YaCTHYHO-LIUKINYECKUE) OM3HEC-TIPOLIECChl Ha MPAKTHKE BCTPEUAIOTCS JTOCTATOYHO PEIKO.
OnHako, MOKa OCTAIOTCS HEW3MEHHBIMHU IMOBTOpsiomuecs mpoiecchl B DC (X 1eneBoe
Ha3zHa4YCHUC, ITOCICA0OBATCIIbHOCTD pa60T, MMOCJICAOBATCIIBHOCTL UCIIOJIB30BAHUSA PECYPCOB U
MOJIy4YEHHUSI SKOHOMUYECKUX PE3YyJIbTaTOB B pa3HbIX (opMax U T.1.) AaKe C UCIOJIb30BaHUEM
HEKOTOPBIX M3MEHUBIINXCS XapaKTEPUCTUK WIM MapaMeTpoB IMPOIECCOB OyJeM CUMTATh UX
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IUKJIAYECKUMHU (MJIM YaCTUYHO-IMKIIMYECKUMH). A STH HM3MEHEHMsI OyJieM NpPUITHCHIBATH

BO3MYIIIAIONIMM BO3JCHCTBHUSIM (BHYTPEHHUM WJIM BHEUTHUM) WK peakuusM DC Ha HUX.
[IpuHnMnuaneHbIM  OTJIMUKMEM 3adad  yrpaBieHuss OC M3 ITUX JBYX KIJIacCOB

(IMKIUYECKUX M aAIMKINYECKHUX) COCTOMT B TOM, YTO BO3MOJKHBIE M3MCHCHHS B OJIHOM W3

6a3uCHBIX TIpoleccoB Gu3Hec-nponecca BP, () MOTYT IPUBECTH K H3MEHEHHSM:

1) B ciiyyae HMKIMYECKUX OU3HEC-TIPOLIECCOB — B CMEKHBIX C M3MEHUBIIMMCS OM3HEC-
IPOIIECCOM IpoIeccax, MPUIeM KaK MPEIISCTBYONNX €My, TaK U B CISAYIONINX 32 HUM;

2) B chnydasx alMKIMYecKUX OM3HEC-MPOIIECCOB — TOJIBKO B OM3HEC-TpoIeccax, KOTOphIe
WIA  peaIn3yIOTCs  OJHOBPEMEHHO C  W3MEHHBIIUMCS, WIH OyAyT CJeIoBaTh
(peanu30BBIBATHCS) 32 HUM BO BPEMEHH.

O003Ha4YMM KOPPEKTUPYIOIINE BO3IEHCTBUs (yHpaBieHHUs) Ui Tpoliecca Zﬂ'@: (¢)
yepes AEE (t). OueBumHO, YTO HApsAy C YHPaBICHHAMH AI/BE (t) wmoryr ObITh
WCIIOJIb30BaHbI TaKXe ympapiieHus napamerpamu IC (A;z(t)) 1 000OIICHHBIMU TIOTOKAMH (

AF(t)). CoOOTBETCTBYIOIE OSTHM YNPABICHUAM IOAXOABI MOIYT OBITH HA3BaHbI

CTPYKTYpPHBIM, [TapaMETPUUECKUM U KOOPAMHATHBIM yIpaBleHUs MU (CM., Haripumep, [3-5]) .
Kpome 310r0, B cOOTBETCTBUU ¢ MOJENbI0 (1) MOryT ObITh BBeleHHI ynpaBieHus AG,, (t) ,

AM,,, (t) 1 ALy, (7).
[Ipenmonoxum, uro uszBecTHa wmoaenb OJC B Buae Ou3Hec-Mpolecca E_f\)s,l(t).

MatemMaTHYECKyl0 ~MOJENb JTOro  Ou3Hec-mpomecca o0o3Haumm uepes M, ().
[Ipenmnonoxum Takxke, 9To Yepe3 0000meHHbIe TOTOKU Tporiecca BP;i(f) ynanoch OICHUTh

BeKTOp nokasatened sddextuBHoctn OC B BHAE (O, EQ(BPs,l(t)) OTHOCSILLIMMCSA K
HEKOTOPOMY MOMEHTy BpemeHu f. Ecim Ha ocHoBe Momemu M, () OBLIO mpHHSTO

pemienue 06 wusmenenun OC (u /B?)s,l(t)) U Tepexojie K Ou3Hec-poIeccy E’s,z(t)
(BO3MOXHO, B MOMEHT BPEMEHH f+Af) C JECKPHIITHBHON MOAENbi0 M, , (¢), TOraa Ml
MoxeM oneHuTh 3pdexktuBHOoCcTE DC (1MOCHEe ee M3MEHEeHMs, NpeoO0pa3oBaHMs) BEKTOPOM
nokazateneit O, = é(l/{}?’s,z (t))

[Tepexon OC wu3 cocTostHUS /BRPS,I(ZL) B COCTOSIHUE Z??%,z(t) B oOmem ciyyae
noTpeOyeT JOMOJHUTEIBHBIX 3aTpaT (pecypcoB, paboT) U OH MOXET ObITh OMUCAH MOJCIIBIO
BP, (1) wu ouenen Bextopom Q,,,=Q0(BP, ,(t)). Tpouecc BP,

5,12 5,152 5,12 (t) SABIIACTCA

IPOMEKYTOUHBIM (TIEPEXOHBIM) IMPOLIECCOM M OH €lle HE COMIacoBaH C IMpolieccami,
CIIEIYIOIIMMH 32 HUM, TI03TOMY KpUTepuii Q, ., He OyleT XapakTepu3oBaTh 2()(PEKTUBHOCTh
nporecca BP;2(t). busHec-mponecc, CBA3aHHBIA C TepecTpokoill  (M3MEHeHueM,
Momudukanue)  OusHec-mporecca  BP,i(t) 1ox  JEHCTBHEM  KOPPEKTHUPYIOMIETO
(YHpaBJIsIOLIEro H3MEHEHUAMH) nporiecca ABP, (1) B COOTBETCTBUHU ¢ MOZENbI0 BP, |, (t)
, MOXHO NPEACTAaBUTh TakuM oOpasom: BP, ,(t)=BP.i(t)v,,, ABPs(t). 3nech
UCIIOJIb30BaHUE ONEPALMH T1apAJUIEIEHOIO COETMHEHUS OUM3HEC IIPOLIECCOB CO CABHIOM V ,, ,
MOJYEPKUBAET TO OOCTOATENHCTBO, 4TO Tpouecchl BPsi(f) u ABP;, (t) MOTYT IPOTEKATh

NnapajjICJIbHO-IIOCTIEA0BATCIILHO. 3ameTUM TAaKXKEC, 4YTO npeo6pa303aHHe n COrjIacoBaHUEC
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II0TOKOB MPOLIECCOB, BXOAAIIUX B BP

> 2 (1), MOXKET BBITH IPEACTABICHO OCIEI0BATENLHO

BBITIOJIHACMBIMUA OIICpaTOpaAMMU:
1) Str:{BPu (1), ABP. (1)] > ((ﬁ (6)Vars ABPui (1)) = BP, (t))

(cTpyKTypupOBaHus);
2)C

oout

oC, :BP, (1)~ BP1 (¢) (cormacoBauus MOTOKOB).

N

BeimonHenne miara 2) mpearonaraeT CoOINIACOBaHWE ITOTOKOB OW3HEC-TIpoIecca

BP, ,(f) co cuenyiommvu 3a HuM (BO3MOXHO, MPEOOPa3OBAHHBIMH) IPOLIECCAMH,

5,12
HanpuMep, ¢ mpoueccoM BP'(t). B Takom ciydyae cHayana CIeIyeT IOJNY4YHTh MPOLECC
BP, ., (t)~yp BP'si(t)=BP_,(t) u 3atem npeoOpasosats BP,(t) B BP:(t), KOTOpbI 1

OylleT pealM30BBIBATHCS B MOCIEAYIONIEM BIUIOTH JI0 €ro mpeodpa3oBaHus B Jpyroit (6osee
a¢dexTrBHBIN) OHU3HEC-TIPOLIECC.
[IpencraBnsiercs nenecooOpa3HbIM it OLEHUBaHHUA S((EKTUBHOCTH TEepexona OT

npouecca BP;, (¢) x mpoueccy BP, > (t) cpaBHUTb 3HAYCHMS NIOKA3aTeNell O IS MPOLECCOB
BP,, (t)ym C,,,°C,, oStr{gf’s,] (l‘),A/B?)s,] (t),f??’s,l (t)} (cMm. mogpoGHee B [6]) .

Mogenu anmantuBHoro (rubkoro, resilience) ymnpaBieHHS NPOU3BOJACTBEHHBIMU
CHUCTEMaMH TpeJCTaBICHBI B padoTtax [7-12].
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