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Physical and mathematical sciences
DuU3uKO-MaTeMATHYeCKUE HAYKH

V]IK 53:51

BOJIHBI B )KHJIKOCTHU, TIPOTEKAIOIIEN B YIIPYT O TPYBKE,
C YYETOM BA3KOYIIPYI'OI'O TPEHHUSA OKPYXKAIOIIENU CPE/IbI

A.B. Anues, 1oxTop procoduu Mo MaTeMaTHKH, TOLEHT, IPENoJaBaTelb
Bakunckuii ['ocymapcTBeHHbIN YHIBEpCHTET, AzepOaiimkan

Annomauusn. B npedcmasnennoti pabome, 8 pamkax 0OHOMePHOU TUHEHON meopuu OaHO ONUCAHUEe NePUoOU-
4ecko20 N0 8peMeHU NYIbCUPYIOue20 medeHus U0eanrbHol HeCHCUMAEMOT HCUOKOCTU 8 IMOHKOCIMEHHOT Ynpy20ti mpyo-
Ke, ¢ YYemom 6A3K0YNpy2020 6HeuHe20 mpeHus.

Knioueguie cnosa: sonna, ynpyeas mpyoxa, 6:43K0Cmy, CKOPOCb 601HbL.

Jlana monybecKoHeYHasi HUIHHIpUUecKas TpyOoka. O0o3HaunM depe3 R u h, cooTBeTCTBEHHO, €€ paauyc u

TonmuuHy. KUIKOCTh CUMTAETCS] OJHOPOJHOM M HEC)KUMAEMOM, € MJIOTHOCTHIO 'Df [1,3]. nmuHA BOJIH MHOTO OOJIbIIE
nuaMeTpa TpyOku. B oTHOMEpHO# MOJICNU TI0IaraeTcsi, 4T CKOPOCTh MOTOKA u=ulx,n , JaBJICHUE p=p x, ﬂ,

paauanbHOE CMEIeHHe w =wi(x, ﬂ. Toraa ypaBHeHHE HEPA3PHIBHOCTH UMEET BUIL:

dx ROt (1)

a YPaBHCHHUEC JIBUKCHUSA €CTh!:

du 2z dp

dt Pfﬁx 0 @)

3pech X € [DJ c;::-} — IPOJOJIbHAS KOOPAUHATA, & [ Bpemst. [Ipurnmast W/R <<1, BeinuineM ypaBHCHHE
JIBIDKEHUS TPYOKH:

ﬂhﬂ=ﬁ—iuﬂ
T dts Rz(l—'[’:} ' ©)

7
rae P+ — mnotrocts MaTepuana creHkH, E — moxyns ynpyrocry, a v ko3¢ punment Ilyaccona.

Janee npeanonaokuM, 4TO BEIMYUHA T cocront u3 JBYX THUIOB HaNpsOKEHUI: TUAPOJUHAMUYECKOTO 2
JIEHCTBYIOILETO CO CTOPOHBI KHUJIKOCTH B TPYOKE M HANPSIKCHUS, BOSHUKAIOIIETO B MPEIION0KEHHH, YTO OKpY>KaroImas

(rdw

BHCIIHAA Cpe€la BHOCUT JONOJHUTEIbHYIO BA3KOYHIPYT'YIO )KECTKOCTh ﬁ -I':-

Otcroza, 0 aHAJIOTUH ¢ HACIEACTBEHHOHN TeopHuel ynpyrocTu [2], 1 onepaTopa G 3aMUIIEM:

dw [ Gyt —)(ow(x, T
. i_’ ot —T)(Aw(x ?:_))51_
G_ |ot

) ot

(4)

© Ammes A.B./ Aliyev A.B., 2017
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B coorHomenun (4) Gu(f =T - Pa3HOCTHOE SO, OMHCHIBAIOIIEE BSI3KOE TPEHHE, a G _ MIHOBEHHBII
pa3MepHBIN napaMeTp ynpyroi >KeCTKOCTH.
YuutsiBas Terneps paBeHCTBO (4), ypaBHeHHE (3) mepenumeM B Gopme:

o hﬁ:u,f-'-G .ﬂu!_ l‘rG{f — I:}ﬁwﬁr + En W
=P+ Er L ot R3(1-v2) (5)

T

Takxum 00pa3oM, 3aMKHYTast CHCTeMa THAPOYIIPYTOCTH OMHCEIBaeTcs ypaBHeHISIM (1), 2) u (5).
Nwmes ypasuernns (1), (2) u (5) cBegeM UX K pemIeHHI0 HHTETpo-auddepennnansHoro ypapaeHus. C 3Toit 1e-
JBI0, BHAYaJle, KOMOWHUPYS ypaBHeHHAMH (1) 1 (2), HaX0qIM:

=0 ©)

Beruncnss no gpopmyste (5) ¥ noacTasisisl MOTy4YEHHbIH pe3yabTaT B (6), IMeeM:

p., 0w G *w G -t L 0Fwen
Pfhﬂ.ﬁﬁﬂ " Prdxadis Pf-[: Gt Uﬁb”ﬁl’: IT+
£ h Elfw_ iﬁfwz 0
PrRz(1—wv2)dx* ROt* ' 0
Bgens cnenyromue 0603HaYCHUS
E . h o.
— = C‘. , [ , — =
20 ¥ R(1—v2) ? Pr P

HOCTIe PsAJa IIEMEHTAPHBIX PeoOpa3oBaHuil, OyJyaeM clieqyrolee HHTerpo-nuddepeHranbsHoe ypaBHEeHHE OTHOCH-
TeNbHO (PYHKIMH TIpoTHda W.

[Ipuanmas B (8) Gu(f —-T}1=0 MPUXOIUM K CIIy4aro, KOrJa TPeHWEe BHEMIHEH cpensl ympyroe. Bszss

G=20 , UCKJIIOYaeM BIIMSIHHE OKpY’Karomiel cperbl. 3aTeM, IpeHeOperas quHaMudecknumu 3¢ dexramu, nomyyaem
(dopMyITy JUI1 CKOPOCTH pactipocTpaHeHus BoiHbl MosHca-Kopraeua:

C-CoyT.
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WAVES IN THE LIQUID PROCEEDING IN THE ELASTIC TUBE
CONSIDERING VISCOELASTIC FRICTION OF THE ENVIRONMENT

A.B. Aliyev, PhD in Mathematics, Associate Professor, Lecturer
Baku State University, Azerbaijan

Abstarct. In the presented work, within the one-dimensional linear theory, the description of the time-periodic
pulsating flow of an ideal incompressible liquid in a thin-walled elastic tube, taking into account viscoelastic external
friction is given.

Keywords: wave, elastic tube, viscosity, wave velocity.
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V]IK 53:51

O JIBUKEHUH BOJIHbI B MHOI'OCJIOMHOM YIIPYT'OM TPYBKE,
COJIEPKAILEM BSI3KOYIPYI'YIO )KUJIKOCTh

A.B. Asnes, noktop ¢puiocoduu 1o MaTeMaTHKH, IOLEHT, TPENnoaaBaTelb
Bakunckuii ['ocynapcTBeHHblll Y HUBEpCUTET, A3epbaiikan

Annomayus. Paboma noceswena 3adaue mamemamuieckozo MOOeIUPOSAHUL OBUNCEHUS KPOBU 6 KPYNHBIX
KPOBEHOCHbIX COCYOax (apmepusx u 8eHax), O KOMOPbIX XApaKmepHsl MHO2OCIOUHOCMb U HEeNpepuleHoe U3MeHeHUe
naoWaou nonepeuno2o ceveHus. Mcnonv3yomes aunelinvie 00HOMEpHble YPAGHEHU.

Knrouegvie cnosa: 6onnvl, MHO20CI0URAA ynpyeas mpyoKa, 63KOYNPY2as HCUOKOCHb, CKOPOCHIb 60JIHbI.

Apreputo OyZeM MOJAENIUPOBATH MHOTOCIOWHOH IMOJyOECKOHEYHOW TOHKOCTEHHOW TPYOKOW I€peMEeHHOro
kpyrosoro ceuenns R =R(X) u Tommunoii N, cocrasnennoit u3 N pasmuunex mo Tonmuue croes. Ipu sTom

R(X) = ng (X) ,Tne g (X) TIOJIOXKUTENbHAS TBAKAB AuddepeHnmpyemas GyHKIHS MPOIOITFHON KOOPIMHATEL X , JUIS
KOTOpO# ||m g(x) =1. OnHoBpemeHHO TONaraeM Ilm g'(x)=0u Ilm g"'(x) =0 . Ipumepom Ttakoii PpyHK-
X—>00 X—0 X—>00

muu spistercs [1] g(X)=1+e® (B>0), koTopas xapakTepusyeT cy:xeHue apTepuH 1o eé JuHe. MaTepua j-ro ci1os 06agaeT

n
ympyroii koHcTauTol Ej u mmotsoctsio pj (j=1, N). Tommuny xaxmoro crost o6o3HaummM hj, Tak uro h= Z h i Vcnosue
j=1
KOHTaKTa MEXKAY CIOSAMHU ITaKeTa 3aKIFOYalOTCS B MX JKECTKOM CICTUICHHH, YTO TO3BOJIICT HCIOIB30BATH THUIOTE3Y
IUTOCKUX cedeHni. Hakorer, OymeM cuuTath, 9TO pa3mell CI0OeB CHMMETPHYCH OTHOCUTEIBHO CPEIMHHON MOBEPXHOCTH
TpyOKu. Torna ypaBHeHUe e€ IBMKCHUS MOKHO 3amucaTh B Buze [3]:

W n O*W &
p=———— Eh+ p*h
Rigz(X),Z_ll P at? JZ; o &)

Bynem cuutath, 94TO KHUIKOCTH (KPOBb) — BA3KOYNPYTas U HeCXKUMaeMasl, il KOTOPOH CIIPaBEINBO CIIeAyIO-
11ee peosiornueckoe cootHorenue [1, 2]:

id 0 s o,ou
1+, —)o=2 1+60, —)—
131( r ﬂlj:!( hat’ ox @

Jo6asisist k ypaBHeHUsM (1) u (2) ypaBHEHUS HEPa3phIBHOCTH U IMITYIIHCOB

0 oW ou o
— L -0, p—=—(-p+
aX(Su)+ p 0: P ax( p+o) "

TOMyYnM TIOJIHYIO cHcTeMy ypaaeHuii runpoynpyroctu. B (1)-(3) U(X,t) — npomonbHas ckopocTh TeueHHst KHJKO-
ctu, W(X, 1) - panuansroe cmemenue crenku tpy6xu, P(X,t) - nasnenne, o(X,t) — «ssasko-ynpyroe» nanpsxenue, O
— miotHoeTs kuakoctr, S = S(X) u L = L(X) cooTBeTcTBeRHO MITOMmIas MOMEPEYHOr0 CEUeHHs W JTHHA OKPY/KHOCTH,
7] — MMHAMHYECKHH KOd(QHUIMEHT BA3KOCTH KUAKOCTH, a A ju 0 j 00pasyrOT CIEKTPbI PElIaKCALlU U PeTapaLiH.

CoxkpailieHne cep/ia COnpoBOKIAETCSI BBIOPOCOM KPOBH B KPOBSIHOE PYCJIO, YTO NMPHUBOJUT K MEPUOTHYECKUM
N3MEHEHMSIM THAPOAMHAMUYECKUX QYHKIMHA. 37ech TPUHIUITHAIFHOE 3HAYCHNE UMEET UCCIIEJOBAaHUE YHCTO CHHYCOU-
JTATbHOTO KoJIeOaHMs ¢ OJJHOM 33/laHHOM 4acTOTOH (). B 3TOM acriekTe mpeicTaBUM BCe MCKOMBIE TIEPEMEHHBIE MTPO-
NOPIMOHANBHEIMU BpeMeHHOMY MHOxHTen0 exp( 1@ t). CrienopaTensHo,

u=u(x)exp(iat), w=w,(x)exp(iat),

@
p=p()exp(iat), o =0 (x)exp(iat).

rae Uy, W,, P; u O] — KoMIekcHble GYHKUMI KOOPAMHATEI II0JI0KEHHUS.

© Anues A.B. / Aliyev A.B., 2017
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TTocnemyrommii X0,1 BEIYUCICHUI COCTOUT B TOM, 4TO BhIpakeHus (4) moacrasisrores B (1) — (3) B pe3ynbrate
4ero HaXOJMTCSI CHCTeMa OOBIKHOBEHHBIX ypaBHeHHH. KOMOMHHpPYS MX, OCIE AOBOJBHO TPOMO3JKHUX BBIYUCICHUH,

HOJTy4¥M ypaBHEHHE, KOTOPOMY yJoBIeTBoOpsAeT QpyHKkuus U, , KoTopoe, ncnonb3ys 3ameny JInysumnis

G, (%) 4y

y(x) =u, (x)exp= j T

U MPUHSB 0003HAYEHUE:

_,_ 1)
q(x)=1 57

npuaeM K BUIYy:

" 52 :52
y'+o°y=0°q(x)y ©)

3nech Gl(X),G2 (X) u 1(X) 3anannsie dynximm, a 6% =lim 1(x).

Jis  HaxoXIeHHs ~— pelleHus — ypaBHeHHs — (5)  mpuMeM  clefyionMe — TpaHHYHbIE  YCIIo-

BUA: y(O) = yo,lim y(X) =0, IpH

[la(dx < +e0, a IM5<0
’ (6)

rae Y, 3agaeTcs UCXOJs U3 KPaeBoro ycJIOBHsS Ha JI€BOM Toplie TpyOku. Takum o6pazom, chopMyanpoBaHHas 3a1adya

. . 2
THPOYTIPYTOCTH CBEJEHA K PEIIEHUIO CHHTYIAPHOM KpaeBoii 3anade IlITypma-JInyBunns. Paccmatpupas B (5) O q(x)

KaK BHEIIHUNM MCTOYHHK U MPpUMEHAA METO/J Bapualilu IMPOU3BOJIbHBIX MOCTOSAHHBIX, PCHICHUEC 3a/la4u CBOJUTCA K pPC-
INEHUIO DKBUBAJICHTHOI'O MHTETPAJILHOI'O YPABHCHUA:

Y(%~8) = Ce ¥ + 5 [sin 5(£ ~X)a(E)y(E,~S)dé o
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ELASTIC TUBE, CONTAINING VISCOELASTIC FLUID
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Abstract. The work devoted to the problem of mathematical modeling of blood flow in major blood vessels (ar-
teries and veins), which are characterized by layering and continuous change in cross-sectional area. The linear one-
dimensional equations are used.
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V]IK 53:51

TOYHOE PEINEHUE 3AJIAYM O ITIYJIBCUPYIOLLIEM
TEYEHUU )KUJIKOCTHU B JE®OPMUPYEMOM TPYBKE

A.B. Anues, 1oxTop rtocoduu Mo MaTeMaTHKH, TOLEHT, IPENoJaBaTelb
Bakunckuii ['ocymapcTBeHHbIN YHIBEpCHTET, AzepOaiimkan

Annomauyun. B Oannoti pabome, Ha OCHOGe NUHENHbIX YCPEOHEHHbIX VPABHeHUll, 0aemcs peulenue 3a0auu
2UOPOYNPY20CIU, CBA3AHHOU C BOIHOBLIM MeUeHUEM 65A3KOU HCUOKOCU, 3aKTIOUEHHOU 8 653KOYNPYeyIo MpYOKY KOHeY-
HOUL ONUHBL € Yuemom 3¢hgpexma ee CydrceHus.

Kniouesvle cnosa: snacmuunas mpyoa, H#cuokocmo, nyabCayus, nIOMHOCMb.

[pennonoxum, 4to gaHa TpyOka miuHoH |. IIpuHEMaeTCs, YTO IUIONIAb €€ TIONEPEYHOro CCUCHUS S 3aBUCUT
OT IPOJOIEHON KOOPIMHATHI X M OHA JKECTKO IIPUKPEIUICHa K OKpY)KaloIeil cpezie, BCIEICTBUE YETO CMEIIEHHE TPYOKH
B OCEBOM HAaIIPaBJICHHH OTCYTCTBYET. JKHIKOCTh CUMTAETCS OJHOPOIHOM C IUIOTHOCTBIO 7 M AMHAMUYECKHM KO3 du-

LIMEHTOM BSI3KOCTH i [2]. JIBIKEHUE KUIKOCTH MOXKET OBITh MPEJICTABICHO MOCPEACTBOM OCEBOM COCTaBIISIIOIIEH CKO-
poctu u(x, £}, e t — BpeMs. B ojHOMepHOI TIOCTaHOBKe CuYUTAeTCs, uTo jJaBinenue p = plx,t) , a paguansHoe cMe-
IIeHNEe TPYOKH tw = ei x, £). Jlsl IpUHATON MaTeMaTHYecKoil Mojenu << TpyOKa — XHIKOCTb >> BBIIHIIEM 3aMKHY-
TYI0 CUCTEMY YPaBHEHUH , KOTOpask UMEET BUJL:

d dw
E{Sﬂj + LE =0, (1)
swa 30, s, _
g Bx At + pRE(E Q=0 @
k t al
p= ;:iﬁ {m —[_re - ﬂm{_r,ﬂdf} + _E_hﬁ. 3)

B npuBeneHHbIX Bbile ypaBHeHusx @(x,t) — pacxox xwmakoctu, h - Tonmmua Tpy6ku , R(x} - ee pammyc
, L(x) - mepumeTp momnepe4Horo ceyenus, g, — MIOTHOCTH MaTepuana CTEHKU , £ — MTHOBEHHBIH MOJLYJIb YIIPYTOCTH, a
[t — 7)) — pasHOCTHOE s171pO penaxcanuu [3].

®ynxumo R{x) sanmmewm, kak R(x)} = Ryg(x) , rae g{x) — nonoxurenbHas, aBaxasl muddepenHupyemas
MOHOTOHHO yObIBaromas Gpynkuus ¥x € [0, 1] , npuaem g0} = 1. Torxa:

*.IrRé ) dp 8@ u
—g° —t—+——=0 =10,
A i toRgEm ¢
22 du
o + EEHDE{X:] at - ':I.l (4)
hE J‘r [t — Deole, D)d hﬂ:w
P=Rig @) T Deteddntaha g

CaezeM cuctemy (4) K pelIeHHIO OOBIKHOBEHHBIX IH(depeHInanbHbIX YpaBHEHUH, Mmojaras, 4To Bce Hepe-
MEHHbIE ITPONOPIIMOHATIFHBI BPEMEHHOMY MHOXKUTEIIO eXp (it , TIe & - 3a1aBaeMoe JIeHCTBUTEIEHOE YaCTOTHI ,T.€.

p=p &) explint) .Q =Q,(x) exp liwt) .0 = ey (x) explicat) (5)
VuuthiBas npecTabienus (5) U BBEM JUIS KDATKOCTH 3aIIMCH CJIETYFONIME 0003HAUYEHHS:

= J"‘r{ejg-fwﬂda (8 =t—1)
o
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6 = i () ko ©
Bu
nlx) = iw + m;
HMECCM.:
R: 2
b=t T 600,20, Q'+ 2miwRg (e = 0

KomOuHNpyst 311 ypaBHEHUs, OTHOCUTENBHO (QYHKINH Py TIOTYIHM:

p + g Gdpy + oy (dpy = 0 @)
rae
=7 g_r[r_‘. — M - - _.:,;_ﬂw nx)
uax) =2 g wm u2 () = Rogrxy £ ®)

3amena JTuysuins y(x) = p,exp = [ u, (x)dx = p, A(x) npusoaut ypasHenue (7) K BULy

}rr-l-f':_l'j_‘_l.’:U (9)
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Abstract. This work gives the solution of a problem of the hydroelasticity connected with a wave flow of the
viscous fluid concluded in a viscoelastic tube of final length taking into account effect of her narrowing, based on the
linear average equations.
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HOW MANY FUNDAMENTAL CONSTANTS
AND INITIAL FUNCTIONS ARE THERE IN MATHEMATICS?

H.B. Arakelian, Doctor of Philosophical Science, Leading Researcher,
Head of the Department of Theoretical Philosophy
Institute of Philosophy, Sociology and Law of Armenian National Academy of Sciences (Yerevan), Armenia

Abstract. The complete unity of fundamental mathematical constants (FMC) and initial functions (IF) can be
obtained in the boundaries of mathematical logic and universal mathematical axiomatics. FMC and IF turn out to be a
result of solving the system of functional equations, which are related with fundamental properties of the whole num-
bers set. By means of FMC, including the new constant w, some “inaccessible” numerical problems of physical theory
are attainable.

Keywords: constant, function, fundamental, calculus, initial, axioms, superposition.

Introduction

Before proceeding to the main topic of this paper, it is appropriate to have a general glance at sets of special
numbers with several subgroups in each of them.

1. Exclusive numbers of mathematics:

o fundamental mathematical constants (FMC),
e mathematical constants (MC),
e members of the most important numerical sequences.

2. Exceptional numbers of nature:

o fundamental physical constants (FPC),
¢ physical constants (PC),
o special numbers of various branches of natural science.

3. Sacred numbers:

o of mathematical magic,
o of numbers mystery.

Certainly, any of these groups deserves attention, but only the mathematical constants are the topic of our con-

sideration. Two principal questions here arise.
a.  What is a mathematical constant?
b. Which mathematical constants may be accepted as fundamental?

According to the general understanding, mathematical constant is a special number that is “significantly inter-
esting in some way” [27]. Obviously, this is not a strict definition, and there are hundreds of “significantly interesting”
numbers associated with number theory, calculus, geometry, complex analysis, discrete structures, inequalities, func-
tional iterations, etc. [17]. Then we have nearly two hundred “selected constants” [20]. At last, on the very top of num-
bers hierarchy there are dozens of “the most common”, “the most famous” and so on constants. It is the most elite group
of exclusive mathematical numbers in various sources and each of them, each author has his own list of such numbers.
However, some constants are present in almost any list. Actually, in all cases we see the number n, Euler’s number e,

Euler—Mascheroni constant y, imaginary unit i, golden ratio ¢, Pythagoras constant xﬁ . In the majority of cases the list
of the most exclusive constants contains Omega constant QQ, Khinchin’s constant K, Feigenbaum constants o and 9,
Catalan’s constant G, Apery’s constant {(3), zero 0, decimals 1 and 2.

Ultimately, there is a little over a dozen of constants, which are usually considered as the most common, the
most exclusive, the most important numbers of mathematics and its applications. However, are all these constant fun-
damental and what is to say “fundamental mathematical constant?” It is easy to notice that some constants of this list
are just combinations of some other numbers obtained by using mathematical operations. For instance, Pythagoras con-
stant is simply constructed from decimal 2, 1 and operation of exponentation; just the same for the golden ratio:

p=1+ 1+ {5) ,

which has many other, usually more complicated presentations, see [1]. In fact, any known number, any MC can be
constructed in different ways and expressed by means of other numbers. This indicates the unity of numerical mathe-
matics, especially MC, which essentially form a group of exclusive numbers closely related with each other.

This brings up another points. We see that the theoretical status of various constants is very different. Indeed,
there are famous numbers i and e playing a great role in whole mathematics on one hand and, on the other hand, a great

© Arakelian H.B. / Apakensn I'.B., 2017
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amount of little-known constants, used in very narrow fields of mathematics. However, is it possible to distinguish the
really fundamental constants from not fundamental ones, to separate the group of all FMC strictly, by some formal uni-
versal property or attitude, not on the “eye” or intuitively? What, figuratively speaking, is needed to add the letter F in
front of abbreviation MC? Fundamental is something much more significant than well-known or common. FMC is the
highest level of mathematical number, and a priory must be understood as the basic, universal, primary, etc. objects of
the infinite number continuum. Well, but which are the criteria of choosing FMC, which principles ought to be applied
to define these numbers? It is obvious that to work out such problems an original approach and general methods of in-
vestigation are required. The present paper provides the answers to the problem of FMC within the framework of the
foundations of mathematics.

Propositional and predicate calculi

First of all, it should be noted that “It's a long way to Tipperary” and the problem cannot be worked out at
once. Furthermore, it cannot be formulated explicitly, because, as we will soon see, the FMC are, if it may say so, care-
fully disguised and skillfully “hidden” in the depths of foundations of mathematics. Thus, we ought to forget for a while
about constants and apply to the formal basis of mathematics, that is, to mathematical logic. Steadily climbing the stairs,
starting with logic, we shall finally obtain the list of FMC, as well as the group of IF.

It is a common knowledge that the roots of formal mathematics are in mathematical logic. It means that such
theories of mathematics as formal arithmetic start from logical “atoms” — propositions (statements) and other basic logi-
cal elements, forming the propositional (sentential) calculus. This is, in fact, the first step on the long way to the solu-
tion of the task. Based on propositional calculus the predicate calculus (first-order logic) is being built (second step).
As can be seen from the title of this section, its initial concept is the predicate or logical function. These two steps are
very well studied and widely represented in the literature on mathematical logic, (see e.g. [7; 8; 24], so there is no need
to dwell on this in detail. It is only necessary to stress that the classical predicate calculus, without equality, contains
propositional calculus and can serve as a formal basis for a lot of different mathematical systems.

In the context of this paper the most remarkable feature of logical calculi and formal mathematics is that, they
reduced all their forms to a minimal basis of initial elements and principles. In a nutshell, they represent the main clas-
ses of logical-mathematical variables and functions, including constants as a limiting case of simple functions, and the
notion of composite function formed by means of superposition. In order to distinguish the well-formed and not well-
formed sequences of logical and mathematical symbols there are definitions of term — “logical word”, and formula —
“sentence”, as well as a list of initial logical and mathematical operations. The construction of the predicate calculus is
completed by a system of logical postulates — axiom schemes and inference (transformation) rules [10, p. 4-8].

The AG system

Propositional and predicate calculi are the logical roots for various systems of mathematics, so this part of
building the sought-for system is practically non-alternative and quite trivial. Transition from logical calculus to a uni-
versal system of formal mathematics is the third step of the whole construction. Such system is also known and denot-
ed as AG [7, § 39]. Its alphabet

~>2&v=Vi=+-0abc.xyzaB . yo/()

consists of seven logical and three mathematical operations arranged in decreasing rank from left to right, an
individual object 0, 26 Latin italic letters, 24 small Greek letters, left and right brackets, and symbol |.
The AG system is comprised of seven mathematical axioms:

M, a=bo(@a=cob=¢)
M, a=boa+c=b+c
M; a=boc+a=c+b
M, (a+b)+c=za+(+c¢)
M; a+0=a

M; a-a=0

M, a+b=b+a

Axioms M;—M, define the properties of equality and addition, M; establishes the unique properties of zero,
M introduces the operation “~” and the object —a, opposite to a, My is the commutative law for addition.

The AG system has decisive advantages in comparison with any other system of formal mathematics. In con-
trast to other systems AG allows a great variety of interpretations both of numerical and non-numerical, group-theoretic
nature. But the main point, exceptionally remarkable fact here is that equally with other interpretations there is one on the
set of all, complex and real, numbers including zero — the first, per se, and the only yet FMC. It should be also emphasized
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that if we strive to have a formal system including all numerical sets, then the operations of addition, subtraction and
constant 0, but not the secondary operations of multiplication, division and number 1, ought to be chosen. The AG sys-
tem with its alphabet, rules of inference and axioms M,;—Mj (shotly M) meets all these requirements and certainly, it is
a real basis of universal formal mathematics.

Hence, we have strong grounds to assert that AG is a universal logical-mathematical system constructed on the
universal logical basis, and now it is possible to axiomatically define the initial notion of mathematical number in gen-
eral, define the continuum of all numbers without any omission or lack. It is also of great importance to note that along
with the set of initial objects AG system provides the complete collection of primary logical and mathematical opera-
tions, through which all the other conceivable and permitted operations can be expressed. It means that we can make the
next step strictly remaining in the boundaries of given logical-mathematical system.

Functional Equations E

Still not bearing in mind the FMC and IF, we have come very close to the solution of sought-for problem hav-
ing nothing else at our disposal except the resources and not so far revealed potential of the AG system. This is the last,
forth and the most important, crucial step of the whole construction. It is reasonable now to put the following question:
which fundamental features of the AG system are not claimed and detected hitherto? Quite apparently, interpreting
symbols a, b, ¢ in axioms M,—M as numbers, we have a general implicit definition of the notion of number but only
one certain number 0 understood as zero. Further, interpreting “+” and “—” as “addition” and “subtraction”, it is neces-
sary to have the complementary mathematical operations of multiplication, consequently the inverse operation of divi-
sion. Two other fundamental concepts of universal formal mathematics are the periodicity for initial operations “+”, “—”
and the superposition of functions. Therefore, the task is to express the multiplication (division), periodicity and super-
position by means of initial elements of the AG system, mainly represented by its alphabet and system of axioms M.

In the framework of the AG system, it is impossible to reduce the new elements to the initial ones explicitly.
This task can be carried out only by the use of functional equations, which actually specifies certain functions, opera-
tions and numbers in implicit form. Introduction of the new mathematical objects by means of their reduction through
functional equations to initial elements is a powerful facility, a general method of formal system deployment, comple-
menting the axiomatically specified properties of numbers.

It should be clarified that, first, the new multiplication operation, marked by a point “-”, ought to be reduced to
addition by the use of addition and unknown yet functions y(x) and a(x). Secondly, it is necessary to introduce the pe-
riod A — a functional analogue of the initial mathematical constant zero, i.e. to assign a functional character to the main
properties a £ 0 = a, fixed in the axioms Ms;—Mj. Third, using the fundamental principle of superposition, we have the
unknown function S, the infinite application of which transfers any number x to some constant c.

Taking into account all possible combinations for functional equations containing +, — and - (six in total) and
choosing only those two where multiplication is reduced to addition and subtraction, as well as representing principles
of periodicity and superposition, we unequivocally come to a system E of five functional equations [4, 77-78; 3, 54—
54;10,12].

Er wlxi+X+ .+ %) = wiXe) W) -..y(Xe).
E, (X)) + .+ 0(X) = Xy X o Xp).

E; y(X+A+...+A)=y(Xx).

E, y(X—A—...—Q)=wy(X).

Es lim S(S(...S()...) =c.

Here the symbol S designates unknown, maybe different from y and o, function(s), whose infinite superposi-
tion must bring to hypothetical and distinct from others constant(s); x means an arbitrary number.

Equations E;, E, (called Cauchy functional equations) separately taken are well studied and give in solution
exponential and logarithmic functions, without any constants. The investigation of the whole system E in the frame-
work and strict limitations of AG logical-mathematical system is a rather long and laborious process. It is fully, in de-
tails performed and presented in [4, Ch. 2]. Ultimately, we have a unique solution of the system AGE, comprised of
four functions and six numbers: ci, €z, C3, C4, Cs, Cs. The thorough examination of all main features and peculiarities of
these functions and numbers brings about such identities:

y(2)=e’=expz, a(z) =Lnz=Inz = 2xni,
i i v, _—ix
S, (W= (=e”, S, ()= EHIVEE) _ TEeTE ik

Ci=€, Co=m, C3=1i,C4=2, Cs=w, Co=W (1).
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The period A in equations E; and E; proves to be a product of three constants: A = 2.

Hence, the functions y(z) and a(z) are identified with well-known exponent e’ and its inverse function loga-
rithm Ln z, numerical objects ci, €z, C3, C4 — with Euler constant e, number =, natural number 2 and imaginary unit i.
S1(x) is also exponent, the function S,(x) is just a simple combination of exponent, constants i, 2 and operation +. As to
cs = w and cs = W (1), we will soon return to them.

It should be noted that according to Euler’s well-known formulas the constants e, =, i, 2 constitute a closed system

eni/2 - i, e—ni/2 - _i, eini = iZE_l, eiZni - (iZ)ZE (_1)2 = 1,

giving all four real and imaginary units +i, +1. Together with initially given by axioms Mz, Mg zero it makes possible
to construct in a very simple way the set of all positive and negative numbers first, and then the infinite continuum of all
numbers [5, 123-126]. It immediately follows that numbers 0, e, =, i, 2 are not only fundamental constant but the first,
primary numbers, protonumbers in the hierarchy of formal universal mathematics.

It should also be taken into account that the integral form of the ratio (not presented in the system E) of two
maternal functions gives an exceptional number, called Euler—Mascheroni constant:

L ["‘ _ln{x] i
o

i g*

The constant y must also be added to the list of FMC. By the way, replacing in In(x) the variable x by —x, we
get a very interesting relation between maternal functions and a group of five fundamental constant:

= Inix
J‘ - I:]|:E_r="—*:1':'.
o

¥ !

Functional equation Eg

It remains to consider Es — the last equation of AGE system, which stands somewhat apart from the rest and is
directly concerned with such initial and important resource of logical-mathematical system as superposition. Here we
must take into account the existence of the inverse function S7(x), consider the expression in external brackets as a
function-variable and use the obvious property
lim = lim
M=o MN=1=o
of any infinite limit. Thence we can reduce E; to a system of two more simple equations for direct and indirect func-
tions, written in the form of double equality

Es; S(X) =S Y(x) =X,

containing the superposition constant(s) as a numerical solution of this system of equations [4, 106]. We seek the solu-
tion of equations in the domain of elementary functions, They are not many in number: exponential and logarithmic
functions, the power function, twelve trigonometric and inverse trigonometric functions, and twelve hyperbolic and
inverse hyperbolic functions; twenty seven functions altogether. To eliminate the functions, which do not satisfy the
equations Es;,, a list of general requirements must be imposed upon the sought-for functions.

a. The equation Eg, are valid for all real numbers without any exception.

b. The graphs of functions S(x), S(x) and y = x have a common point of intersection.

c. The functions S(x), S™(x) and y = x intersect in a single, nonzero point.

Only three functions: a”, cos x, sech x satisfy all these requirements. Taking into account that the equations Es;
are an integral part of the system E, the number a (0 < a < 1) should be equal to e * = 0,367879...

Thus, solution in elementary functions of real variable leads to the following functions and intersection points:

e =-In(x) =x x, =0.56714 32904 ...
COS X = arccos X = X x. =0.73908 51332...

sech x = arsech x = x xp = 0.76500 99545. ..

The system of formal mathematics was constructed not only for real numbers, so we have the last requirement.

d) The equation E; is valid for all imaginary numbers.

The function sech (ix) = sec (x) = 1/cos x is not defined in the points n-mi/2 (n = +1, £2, +3, ...), so we final-
ly come to the constants x, = w and x. = W (1). It should be also mentioned that the requirements a) — d) are given for
illustration only: we have exactly the same result presenting Es in the most general form of two functional equations
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Es !m S(S(...S(2)...)=x,wherez=x, or z = ix.

Remarks on the constant W (1)

Of the eight FMC 0, e, &, i, 2, v, w, W (1) less than others are known the omega constant W (1) and, espe-
cially, the cosine superpaosition constant w. Therefore, it makes sense to dwell on these two constants.

Omega constant W (1), obtained above as one of the two solutions of the equation E;, is usually known as the
special value of the Lambert equation, which is written in the form

z=W(2)e"®, or W (z) =e WO,
If the complex number z = 1, then
W (1) =e WO, or W(1) = -InW(1)

and it means that omega constant W (1) is equal to its exponent and logarithm, both taken with a minus sign. This is
exactly what we have from the solution of the equation E, consequently, the result obtained from the most general con-
siderations can be also obtained from the properties of the Lambert function. It follows from all this that the function e
is an attractor, the infinite use of which for an arbitrary taken real of imaginary number always leads to the constant

W (1) = 0.56714 32904 09783 87299 99686 62210 35554 ...

Geometrically W (1) is a threefold intersection point for functions y = e ™, y = —In(x) and linear function y = x

y
3 L
251
) =X
1.5¢F ’
1
w()
0.5 foomomeeee S y=e"*
0 -t — - X
0.56714 1\2
-0.5 V=-Inx

Fig. 1. The intersection point of functionsy = e, y = —In(x), y = X

Practically omega constant can be obtained with some accuracy by consistently pressing the keys e* and 1/x of
scientific calculator.

Some peculiarities of cosine and the constant m

Much of what was said about the omega constant refer to the cosine superposition constant as well, if only re-
placing e™ by cos x and W(1) by wi. However, there is one highly important and interesting point, giving among other
things the answer to the question: why cosine, but not sine in the fundamentals of formal mathematics? Geometrically,
the graph of cos x is the sinusoid shifted by n/2 along the real line; analytically it is expressed by a relation sin(x £ w/2)
= cos X. This fact is a source of a widely spread misconception about proximity, almost identity of two functions. How-
ever, the analytical structures of these functions, expressed by exponent and FMC e, i, 2, are quite different:

cos x = (™ + e ™)/2, sinx = (™ —e ™)/2i.

In order to clearly demonstrate the fundamental difference between the two functions, let us, for example, take
the variable x = 2i. The infinite superposition of cosine converts 2i, as any other real or imaginary number, into a con-
stant w. Meanwhile, the superposition of sine gives a sequence of imaginary numbers 3.6i, 18.8i, 7.2-109i,
4.7-1031227831i ... with an absolute number growing to infinity. Thereby, unlike cos x, the function sin x does not have
a finite superposition constant for imaginary numbers, but only such constant (zero) in the range of real numbers. It
means that the sine attractor 0 is of lower rank than the “brother” constants w and W (1).

It should be also mentioned that the function y = e™ + e ™ which seems to be simpler than the cosine, since it
does not contain 2 in denominator, does not converge by superposition to any number at all [4, 118-120].

As to the number

0.739085 13321 51606 41655 31208 76738 73404 ...
18



ISSN 2308-4804. Science and world. 2017. Ne 12 (52). Vol. I.

it could be solved with some approximation as a root of transcendental equation cos x = x even in 18™ century by New-
ton’s method, also known as Newton’s iteration, which was written in 1669 and published in 1711 [11, 183]. Bur really
the first appearance of this number was in the second half of the 19" century [14; 16; 18; 21]. Nowadays one can find
the cosine equation and, with some accuracy, its unique root in many studies, more often in textbooks explaining and
illustrating the Newton’s method or, sometimes, other methods of functional iteration.

As a fundamental mathematical constant and attractor the number 0.73908 51332... originally appeared in
1981 in the book [5, 135-136]. It was named “cosine constant”, or “cosine superposition constant”, designated by the
symbol w (the first small letter of the Armenian alphabet, pronounced as [a:]) and used in [3-6; 10-12] in searching
the foundations of mathematics and solving the numerical problems of physical theory. The first 6 400000 decimal
places of w are calculated and given in [13].

In 2007 the number 0.739085... as a “universal attractor” appeared in a small article and, perhaps because of
ignorance, was called “Dottie number” by the name of a professor of French, who “noticed that whenever she put a
number in the calculator and hit the cos button over and over again, the number on the screen always went to the same
value, about 0.739085...” [19]. Maybe it was something mysterious and amazing for the professor of French and her
math-professor husband, but actually this simple “empirical” consequence of equation Es was well known and often
mentioned (see. e.g. [12; 2, 94]) much earlier. Nowadays the naming “Dottie number”, unrelated with the real author-
ship of the constant, is widely used and this is hard to understand otherwise than as a violation of scientific ethics and
copyright infringement.

However, the naming “cosine superposition constant” and the symbol w are also sometimes used and we will
continue using these terms for the constant, interest in which, including reference books and articles on mathematics,
see e.g. [22; 23 25; 26; 28-30], is steadily growing.

The equation Es for cosine means that the consistent application of this function step by step and with increas-
ing accuracy (graphically shown in Fig. 2 for some steps) brings the solution more and more closer to the value
0.739085..., reaching it in the infinite limit.

IRV \/ SAVAY

Fig. 2. The graph of function cos (cos (...cos(X)...) for n = 28, 30, 36 steps

We know that in the range of all real and imaginary numbers the equation Es, as a part of the system E, is
equal to simple double equations for cosine, inverse cosine and linear function. Geometrically, the constant w, similar
to the omega constant, is a triple point of intersection of these functions.

y
2
_ Yy=x
15 }’ COS X
1
w
7777777777777777777777777777 2 0.739085
0.3 ¥ = arccos x
H X
0 0.5 0.739085 1 1.5\2

Fig. 3. The intersection point of functions y = cos x, y = arccos X, y = X
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Some properties and applications of the constant w

Any fundamental mathematical constant is a powerful instrument for solving various problems in mathematics and
its applications. The constant w is something like a hidden parameter of mathematics, useful in many areas of science and
technology. The most promising fields today are oscillatory processes, the theory of chaos, fractals, dynamical systems, plane-
tary orbits, see [15; 9]. Whenever the solution of the problem contains the expression cos ¢, we can simplify the answer, or
have the simplest solution replacing cos ¢ by the constant wi, For example, the length | of the arc starting from the pole and
ending at arbitrary point of the spiral is given by the expression | = r/cose, where the main parameter of spiral ¢ is the angle
between the radius vector and the tangent to the curve at the selected point. It is easy to see that the simplest relation | = r/wu
holds when the angle ¢ is equal to w. By the way, in angular units we have: w-180°/rt ~ 42.3465°, or 42°20'47" [10, 24].

And still the most significant area of application of the constant w is the physical theory. Realizing the idea of the
unit of mathematical logic, formal mathematics and foundations of fundamental physics and continuing the AGE system in
the field of physical theory, we come at last to a dimensionless system of physical quantities measurement. The first system of
natural units was suggested by Max Planck in 1901. In such a system the basic units of physical quantities are not seconds,
centimeters, grams and so on, but fundamental physical constant expressed by dimensionless numbers. By means of the “hid-
den mathematical parameter w” and other FMC, we have for the basic physical constants a system, called A-system:

k=1In2, c=a’?, m,= w/n?, h=n’dfhu,

where: k is the Boltzmann constant, ¢ — velocity of light in the vacuum, « — fine structure constant, m, — electron mass,
7 — Planck constant.

Alongside with other FMC, the constant w1 makes possible the theoretical definition of some physical constants in the
boundaries of A-system and the general theory, including the logical-mathematical system AGE [3, ch. 2; 4, ch.3; 3, ch. II-111].
The best example of this kind is the Fermi coupling constant G. In a few words it is a fundamental physical constant characteriz-
ing the interactions between 24 fundamental fermions (12 leptons and antileptons plus 12 quarks and antiquarks) as well as be-
tween 24 fundamental bosons of the famous SU (3) group; 48 particles all in all. Just a result of A-system, automatically, without
any assumptions and with an accuracy of 10 we have the value G, = e [10, 90]. This is an amazing result obtained on ac-
count of the constant w. In conventional dimensional units, accepted in physics, the value e is proved by the experimental data.

Conclusion

To define the group of really fundamental, not just “common” or “well-known” mathematical constants, we
applied the formal logical mathematical system of universal mathematics AG, which, among others, has an interpreta-
tion on the set of all numbers. It contains the propositional and predicate calculi and the system of seven axioms for
addition, subtraction, properties of zero and the commutative law for addition. Developing the system AG and using
only its own resources, we present a system of five equations E for multiplication periodicity (generalizing the property
of zero) and superposition of function. The unique solution of the system E brings about mutually inverse functions of
exponent and logarithm, seven constants, including the axiomatically given zero and cosine, constructed of exponent
and three constants. By means of constants 0, e, =, i, 2 can be constructed the infinite set of all numbers, so these fun-
damental constants can be also considered as primary numbers, protonumbers in the hierarchy of formal mathematics.

Adding to the eight constant the integral form of the ratio of exponent and logarithm functions — Euler—
Mascheroni constant we have the final list of maternal functions and fundamental constant of formal mathematics.
Thus, the answer to the questions posed at the beginning is as follows:

2 initial, maternal functions —e*and Ln x,
8FMC-0, e, m, i, 2, vy, wm, W (1),

cos x — combination of e**, operation “+” and FMC i, 2.

The constant w, as a hidden parameter of mathematics and alongside with other FMC, has various applica-
tions, especially in the physical theory.
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CKOJIBKO BCEI'O BMATEMATHUKE ®YHIAMEHTAJIBHBIX
KOHCTAHT 1 HCXO/JHBIX @YHKIIUN

I'.b. ApakenasiH, T0KTOp QMIOCO(YCKUX HAYK, BEAYIINH HAYIHBIH COTPYIHUK,
3aBeyIOLINH OT/IENIOM TeopeTHIecKoil prtocoduu
Wucruryt dpunocopun, connonoruu 1 npasa HarmonansHoi akanemun Hayk (EpeBan), Apmenus

Annomauus. Iornvii nabop gynoamenmanvhvix mamemamuyeckux konemanm (OPMK) u ucxoonvix ¢ynxyuil
(UD) (popmanvroti mamemamuru Modcem Obimb NOIYYEH 8 PAMKAX MAMEMAMUYECKOU I02UKU — UCYUCTIEHUs. NPeOUKA-
MO8 U aKCUOMamu4eckou cucmemul ynugepcanvrou mamemamuxu. PMK u UD sensiiomest pewenuem cucmemvl QyHK-
YUOHATILHBIX YPAGHEHUT, UCHONb3YIOUWUX OCHOBHBIE PECypCbl J02UKO-0COYKMUBHO2O0 (DOPMAIUIMA U OMPANCAIOUUX
@ynoamenmanvuvie ceolicmea u ocobenHocmu Koumunyyma ecex uucen. ®MK, exuouas HO8yI0 KOHCMAHMY Cynepno-
3UYUU KOCUHYCA W, OQIOM KIIOY K PeUeHUIO0 HEKOMOPLIX «HENPUCHYIHBIXY YUCLO0BbIX NPOOIeM (usuieckol meopuu.

Knroueewie cnosa: koncmanma, GyHkyus, QyHOAMEHMATbHBIU, UCHUCTIEHUE, AKCUOMbL, CYREePNOUYUSL.
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VIIK 532.6

HOBASI TEOPUSA NOJHATHSA ’KUJIKOCTU B KATMJLJIAPHOI
TPYBKE (KAITMJIJIAPHOTI' O ITOAHATHS)

B.K. Bepx0J10M0B, KaHAUJAT TEXHUUECKUX HAYK
r. JIeitkapuno, Poccust

Annomayus. Ha ocnose nogoco ypashenus FOnea-Bepxonomoea kpaeeoco yena cmauusauus paspabomaua
HOBas Meopusi NOOHAMUS HCUOKOCMU 8 KANULIAPHOU mpyOKe (KanuiapHo20 NOOHAMUSA).

Kntouesvie cnosa: xanuinapnoe nooHamue, KAnUiiap, MEHUCK HCUOKOCTU, CMAYUSAHIUe, KDAEeBOll Y20l CMAayu-
8AHUA, CUNA A02e3UU, CUNA KO2E3UU.

BBeaenue

Hogoe ypaBrenne FOnra-BepxomoMoBa paBHOBECHOTO KPaeBOTO yIia CMAayMBAHUSA OBLIO TIOIYYSHO HA OCHOBA-
HUH BBIIBHHYTON KOHIIECIIIMN OIEHKHM CHCTEMBI TBEPOE TEIIO/KHIIKOCTH/Iap, KaK pa3HOBUAHOCTH MEXaHWYECKOH CHCTe-
MHI [7, 8]. YpaBHEHHeE, TOTHOCTHIO COTNACyIomeecs ¢ MexannmdeckuM moaxonom T. FOHra [9], nmeet crenyrommuii BUa:

Cosbo = (06, —0,5) 0, )

rie Oa — Ciiia aare3uy Ha rpaHuile paszaena a3 Tepjoe Teno/map; Ors, OLV — MOBEPXHOCTHBIC HATSHKCHHS HAa TPAHHUIAX
paszena XUIKOCTh/TBEPIOC TEIIO U JKUAKOCTH/TIAP COOTBETCTBEHHO.

I'maBHOE, YTO OTIIMYAET HOBOE YpaBHEHHE OT M3BECTHOTO KJIACCHYECKOro ypaBHeHUs: FOHTa, MOJy4yeHHOTO Ha
OCHOBaHHUU TEPMOJAMHAMHYCCKOTO TOAX0/a MPU OICHKE PACCMATPHUBAEMOM CHCTEMBI TBEPAOC TEJIO/KHUIAKOCTh/Tap, CO-
CTOUT B TOM, YTO OHO, MPEKIE BCEro, sSBJSICTCS ypaBHCHHEM OajaHca cuil. BMecTo cBOOOMHOW MOBEPXHOCTHOM 3HEp-
TMH TBEpAOTO TECJia GSV BOIIlJIa BCJIMYHWHA CUJIbI aAI'€3NN GA, KOTOpas JIOKAJIbHO BO3HUKACT IMPU KOHTAKTEC KaIlJIk JKUIKO-
CTH C TOBEPXHOCTHIO TBEpOTo Tena. biarogaps HoBomy ypaBHeHHio KOHra-BepxoigoMoBa KpaeBoro yria cMaudBaHUS
MOXKHO OOBSICHUTh (PU3MYCCKYIO KAPTUHY PACTCKaHMS KAIUIU JKUIKOCTH IO TBEPIOU MOBEPXHOCTH, HOO CUJIA aare3uu
BBICTYIIAET JABWKYILEH CUIION 3TOr0 Ipolecca.

Tonbko ¢ MOMOIIBIO HOBOTO YpaBHEHUsI MOXHO, HAKOHEI, OOBSCHUTH (PU3HMUYECKYIO CYHIIHOCTh KPUTHUECKOTO
MIOBEPXHOCTHOTO HATSKEHUS Oc, BBeIGHHOTO 3ucManoM [10].

Tonbko ¢ TMOMOIIbIO HOBOT'O YpaBHCHHA MOKHO O61)HCHI/ITL SIBJICHUEC BUCAIUX KaIllCJib HA MOKPOM ITOTOJIKE, HA
BETKC, Ha BBIXOJAC M3 HCTCPMCTUYHO 3aKPBITOI'O0 KpaHa WU OTBECTUTH Ha BOIIPOC, MOYEMY OHH B TCUHCHUE OTHOCUTECIBHO
MIPOAOJLKUTCIIBHOTO BpEMEHU HE NTaJat0T BHU3.

ToNBKO ¢ IOMOIIBIO HOBOTO YPaBHEHHUS MOKHO OOBSICHUTH (DMBUKY KAIIULPHBIX SBICHUM, IMAPOKO PacIpoOCTpa-
HEHHBIX B TIPHPOJIE, B OKPYKAIOIIEH HAC JKU3HU. JTO, HATIPAMED, MIepeMeIeHIe BOIBI B TIOYBE; TIOBEM BOJIBI C PACTBOPEH-
HBIMH TIHTAaTeJIFHBIME BEIIECTBAMH IO CTBOJY PACTEHHIl, CMaYMBaHHE (HECMAadMBaHHE) PA3IMYHOTO pojJa TKaHEW M Ap.
HawuGonee sipkrM MposiBiIeHHEM KaIMIDTIPHBIX SBJICHUH SBIISIETCS TTOIHATHE/OITyCKAaHUE KHUIAKOCTH B KaIMJULIPHON TpyOKe.

Hensimu HacTostmielt paboTHI SIBISETCSI, OCHOBBIBAsICH HA HOBOM ypaBHeHHMH FOHTa-BepxonoMoBa, paccMOTpeTs (pr3mKy
SIBIICHHS ¥ pa3paboTaTh HOBYIO TEOPHIO MOMHATHS JKHAKOCTH B KAWUTIPHOH TPyOKe (KalMLTIPHOTO MOMHATH). BHavane pac-
CMOTPUM COBPEMEHHYFO TEOPHIO TTOIHSTHUS KUIKOCTH B KAIMIUTIPHOM TPYOKe, OCHOBaHHYIO Ha TEPMOIMHAMUYECKOM TOIXO7IC.

1. CoBpemeHHas1 TeOpUs MOJHATHA )KUAKOCTH B KAaNMJLIAPHOI TpyOKe

PaccmoTpumM cityuail TOTHOTO CMAaYMBaHUS KHUIKOCTBIO BHYTPEHHEH MOBEPXHOCTH KAMWLIAPHONW TpyOKu. [{ns
OoJbILIeH ONIpEeneTeHHOCTH BO3bMEM CTEKJISIHHYIO TpYOKY, a B Ka4eCTBe KUAKOCTH — BoAy. HaibeMm Boay B HIMPOKHIA
cocyn (1), 1 omycTUM B HEro Kanwuispayo tpyoky (2) (puc. 1).

a2

\ \
[ ]
; - A .
1 h — C
I \J.-‘/ | - —B * 4 W ] 2
l B —4 s p
5 _
Puc. 1. Iloduamue xcudkocmu & KaNWIIAPHON mpyoxe 1 —

Puc. 2. Mexuex emonba »cudxocmi € x anunnapHoii mpyoxe:
1 - kanuarapHas mpyvoxa; 2 - xcudrocme
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IIpy MOJHOM CMa4YHMBaHHMHK BOJA B TPYOKE IOJHMMETCS Ha HEKOTOPYIO BhICOTY h. PopMy BOTHYTOr0 MEHHCKA
KHUJKOCTH B TPyOKE MOXHO MPHHATH moiycdepuueckoit. Ha oCHOBaHMH TEPMOIMHAMHYECKOTO MOIXOJa K SBICHHIO
KaIIJUBIPHOCTH, B COBPEMEHHON HayYHO-TEXHUYECKOH M YUeOHOU JIUTEepaType CIEAYIOINM 00pa3oM OOBsICHACTCS (HH3H-
Ka MOHSTHS JKHIKOCTH B KalMUIAPHON TpyOke. Hai moBepXHOCThIO MEHHCKA B TPYOKE AaBIICHHE, PaBHOE aTMOC(HEpHO-
My, OOJIbIIIe, YeM AaBJICHUE B )KUAKOCTH (IO MECHUCKOM) Ha BEIMUMHY KamnIIpHOTo paBieHus Py [1, 2, 5, 6 u mp.]

Px=20,/R =201, 2

rae R — paguyc mOBepXHOCTH MEHHCKA JKHIKOCTH; [ — PaAnyC KamMULIpa; B paCCMAaTPUBAEMOM Cllydae MOJHOTO cMa-
ypBaHuga R =r.

Takum 00pa3oM, MOTYyHYaETCsl, YTO B HKHIAKOCTH HETIOCPEACTBEHHO MO MEHHCKOM JICHCTBYET BaKyyMMETPUUYECKOES
JIaBJICHUE, paBHOE KarmwLispHOMY. [10 3To# npuYMHE KUIKOCTH B KAMWLIIPE U HIMPOKOM COCYJE HE MOTYT HAXOJHUTCS Ha
OJTHOM YpOBHE. B kamuuisipe oHa JT0/DKHA MOJHSTHCSA HA TaKyro BhICOTY h, utoObl naBieHue Pg (B T. B) BHU3Y Kanmmisipa u
naeieHue Pc Ha ToM ke ypoBHE B T. C B IMPOKOM cOCyie OBUTH OJIMHAKOBBIMHU U PABHBIMU aTMOC(EpHOMY JaBJICHUIO Po:

PB = Pc = Po .
Toraa BCJIMYUHY OaBJICHUA PB MOJKHO 3alrcaThb B CJICAYIOUIEM BUJEC:

Pg = Pg + Apgh - ZGLV/I’, (3)

rae Ap =P - Py (pa3HOCTH IDIOTHOCTEH KHUIKOW U ra30BOH (a3); § — yCKOpeHHe CBOOOTHOTO TTaCHHS.
Ortctrona, ¢ yuetoM P = Po, monyuaeTcs ciemyroliee BEIpaXKeHNe I BBICOTHI MOJHATHS KUIKOCTH B KalWILIApe:

h =20, /Apgr. (@)

[To Hamemy yOexxaeHHIO, Takoe OOBSICHEHUE KalIIIPHOTO MOJHSITHS KUAKOCTH HE COOTBETCTBYET JICHCTBH-
TCIBbHOCTH. HpI/I TCPMOJNHAMUYCCKOM ITOAXO01€ }IBH)KyH_[Cﬁ cuioi KalmuJIJIApHOTO MOAHATHSA BBICTYIACT MMOBEPXHOCT-
HOC HATSHKEHUEC JKUIKOCTU, UYTO HEBECPHO. Be,ﬂb, KaK U3BCCTHO, OCHOBHOM 33118‘-16171 TOBEPXHOCTHOT'O HATSXKCHUSA ABJIACT-
s COKpallleHHe IIOBEPXHOCTH TOTO MIIM HHOTO 00beMa XKHIKOCTH, HO HUKaK He yBennueHue. [lepBoii paboToii, rae, no-
BUAUMOMY, BIICPBLIC ObLjIa ITOKa3aHa HECOCTOSATENbHOCTh TepMOZ[I/IHaMH‘IeCKOﬁ MOJ€C/IN MMPUMEHUTEIIBHO K KalluJIJIAp-
HBIM SIBIICHUSIM Obl1a padota [4]. Bbuio nomy4yeHo, 4To TOJIBKO MEXaHUUYECKas MOJIEb OKa3ajiach IPaBUIbHON, XOPOIIO
COTJIACYFOIIEHCS ¢ TIOTyYEHHBIMH SKCTIEPUMEHTAIBHBIMHU JTAHHBIMHU.

Paccmotpum (HU3HMKY M TEOPHIO KalMUIIPHOTO ITOAHATHS ¢ Mo3uui ypasHeHus FOura — BepxonomoBa kpae-
BOTO yIjla CMauyMBaHUsL.

2. HoBasi Teopusi KANMJIAPHOTO MOAHATHS KUAKOCTH. O0cysKkIeHne pe3yabTaToB.
Jis oOIIHOCTH pacCyKICHUH pacCMOTPHUM CiIydail HETIOJIHOTO CMAa4YMBAaHUS BHYTPEHHEH TOBEPXHOCTH Kalui-
JSIpHO#T TpyOKH, T.€.00 > 0. B paBHOBECHOM COCTOSIHMU B TOYKE Tpex(a3HOro KoHTakTa T. A (puc. 2) neicTBYIOT Tpu

CHIIBL: cuJa anare3uu Oa (3), MOBEPXHOCTHOE HATSKEHHWE Ha TPAHHUIE >KUIKOCTH/TBepaoe Teno (4), MOBEPXHOCTHOE
HaTsDKEHHE Ha IPaHHUIe KUAKOCTh/Iap (5). AAre3noHHOE HaTsHKEHHE, BBEIEHHOE B padoTte [1] u paBHOE B paccMaTpH-

BaeMoM ciydae (Oa — OLs), MOXKHO CYHTATh B KayeCTBE PE3yNbTUPYIOIICH ABMKYIICH CHIIBI Tpollecca pacTeKaHWsI.
Crneayer moAYepKHYTh, YTO 3Ta BEJIUYHMHA MPU KAMUUISIPHOM TIOTHSITHH KHUIAKOCTH COXPaHIETCs TIOCTOSIHHON. AJre3n-
OHHOE HATSKEHHE YPAaBHOBEIIMBAETCA C IOMOIIBIO CHIOBOro Gamancupa o,/ CosOq [3], BenmuunHa KoTOpOTO, MO MEpe

MOJHATHS CTOJI0A KUIKOCTH, HEIPEPHIBHO YBEIMUUBACTCI. B COCTOSHNM paBHOBECHS, KaK 3TO CIEyeT U3 ypaBHEHUS
(1), BemM4mHa aAre3MOHHOTO HATSKECHUS paBHA BEJIMUMHE CHIIOBOIO OajaHCcHpa:

(Oa—0Oys) = GLVCOSGO, (5)

Bec cronba JKHUJAKOCTHU B KAIMMJUIAPE YPABHOBCIIMBACT CHUJIA aATC3MOHHOI'O HATSKCHUA, HeﬁCTBy}Omaﬂ 10 Bcer
JUIMHE JIMHUW CMaYuBaHUs:

hApgnr? = (Oa — Ois) 27r . (6)
Wnu ¢ Mcnosib30BaHUEM CUIIOBOTO OallaHcupa u3 ypasHeHus (5)

hApgnr? = 6,,,Cosfp 2nr . O

OTKyzia BeJIMYMHA MHAPOCTATUYECKOTO NABJICHHs PAaBHA BEJIUYUHE KAIIMJUIAPHOTO JABJIECHUS B OOILENPUHATON
dbopme:
hApg = Pk = 26,,,CosBolr . (8)
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BennurHa KanMIUISIPHOTO AaBICHUSI C UCIIOIb30BAaHUEM aAT€3MOHHOTO HATSXKCHUS U3 ypaBHEHHA (6) momyda-
€TCsl paBHOM

Pk=2(cp—o0. )/ Tr. 9)
[Tpu HEOONBIINX 3HAYEHHMAX JABJICHUS HACKILIEHHOTO Iapa MOYKHO HCIIONIE30BaTh TAKKeE CIEIyIOLIEE BEIpaKeHue [3]:
Pk=2(20,—o, )/ 1. 9

3nech ciieyeT OTMETUTD JiBa MOMEHTa. Bo-TiepBhIX, ypaBHEHHE KallMJUIIpHOTO AaBieHus (9) Hanbolee moaHO
oTBeyaeT (pusnKe ABJICHHS NPU KAHUIIPHOM HOAHSITHHU )KUAKOCTH, TIOCKOJIBKY KaK KalWIIIPHOE MOJIHSITHE, TaK U Ka-
NUUIIPHOE JaBiieHUue (PU3NYECKH ONPENENIOTCS UMEHHO BEIMYMHON aJre3MOHHOTO HATSDKEHMS — JABWKYILEH CHIION
npouecca. Bo-BTOphIX, ypaBHEHHE KaWIISIPHOTO AaBieHus (8), B KOTOPOM HCIIONb3YEeTCs BEIMYHMHA CHIOBOTO OaiaH-
CHpa, UMEET OrPaHMIEHHYI0 00JIACTh MPUMEHEHHUS: €r0 MOXKHO MIPUMEHSTH TIPH 3HAYEHUX Kpaesoro yrima 1800 >0y >
0°. B ornmuue oT ypasHeHus (8), ypaBHeHue (9) sBIseTCS YHUBEPCAIBHBIM: €0 MOYHO MCIOJb30BaTh B yKa3aHHOI
00yacTé M3MEHEHUs yIII0B Op 1 IpH BCEeX 3HAYCHUAX KOA(PUIIMEHTA pPacTeKaHHs.

Takum 00pa3oM, THAPOCTATHYECKOE AAaBICHHE B KAIMILIAPE PaBHO KaMJUIIPHOMY JaBieHHI0. B obmem ciry-
Yae BBICOTA CTOJI0A )KUIKOCTH MPU KAHJULIPHOM ITOJHATHA

h=2(c,— 0,9/ rApG. (10)

Taxum 00pa3oM, B OTIMYHE OT HBIHE CYIIECTBYIOIIECH TEOPHUH KAMMUIIPHOTO IOTHSTHS, MOJOKUTEIBHOE H3-
OBITOYHOE KaNWJUIIPHOE JaBleHNE ACHCTBYET BHM3Y Kamwunipa (T. B Ha puc. 1), rne oHO paBHO THAPOCTATHIECKOMY
naBneHnto. V30bITouHOe JaBiIeHne BBEPXY CTOI0a XKUIKOCTH (T10f MEHHCKOM) PaBHO HYJIIO.

BoiBoabl

1. TToka3aHo, YTO COBPEMCHHBIC MPEICTABICHHSI O MOJHATHH JKUAIKOCTH B KaNMJUIAPHONW TPyOKe BechMa jaajie-
KU OT (DU3UKH SIBIICHHUSL.

2. Ha ocnoBe ypaBrHeHus FOHra-BepxonmomMoBa kpaeBoro yriza cMaunBaHUs pa3paboTaHa HOBas TCOPHS KallwJl-
JISIPHOTO TIOJHATHS KAAKOCTH B OOIIEeM ciIydae CMadydBaHHA, TZIe B Ka4eCTBE NBIDKYIICH CHIIBI IPOIECCa BBHICTYHAET
aAre3MOHHOE HATSHKCHHE.

3. IToryyeHO HOBOE YHUBEPCAIBHOE YpaBHEHUE KaNJUBIPHOTO AAaBJICHHS, OCHOBAHHOE HA MCIOJIH30BAHUH aJI-
T€3MOHHOT0 HATSHKEHUS, KOTOPOE MOKHO MPUMEHSTh TPU BCEX 3HAUEHUAX Kod(dunuenta pactekanus (S>0u S <0).
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THE NEW THEORY OF THE LIQUID RISE IN THE CAPILLARY TUBE (CAPILLARY RISE)

V.K. Verkholomov, Candidate of Technical Sciences
Lytkarino, Russia

Abstract. The new theory of the Liquid Rise in capillary tube (Capillary Rise) has developed on the basis of a
new equation Jung-Verkholomov of contact angle.

Keywords: Capillary Rise, capillary, meniscus of the liquid, wetting, contact angle, adhesion force, cohesive
force.
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V]IK 539

HEJMHEHHOE OJJHOMEPHOE IBO/IOIMOHHOE
YPABHEHUE MOHOJUCIIEPCHBIX CYCIIEH3UU

M.M. TarueB, kanauaaT GU3NKO-MaTEMaTHIECKUX HAYK, TOLICHT
Bakunckuii ['ocynapcTBeHHbIl Y HUBEpCUTET, A3epbaiikan

Annomayun. B pabome nposedeno mamemamuieckoe MOOeIUPOSAHUe npoyecca pacnpocmpanenus 80H 6
MoHoOucnepcHvix cycnensuax. Cucmema HeMUHeHbIX YpasHeHUull 08yX@asHbix cped peulaemcs Memooom mMaioeo na-
pamempa. Bwigooumca HenumneliHoe ypasHeHue 3801H0YUU, ONUCLIBAIOUjee NPOYeccbl PACHPOCMPAHEHUs HeTUHElHbIX
807IH 8 MOHOOUCHEPCHBIX CYCNEeH3UAX. B nepeom npubnusxcenuu noayueHo oucnepCcuoHHoe cOOmHouleHue, d 60 8Mopom
— ypasHeHue 60m0yul ¢ Heaunelinocmvio Kopmegeza-oe @pusza u 00NOTHUMENLHO SKIIOUAOWUI ee NPOU3BOOHO, A
mMaxaice HelUHelHoOCmbio OUPPY3UOHHO20 Muna.

Kntouesvle cnosa: monooucnepchvie cycnensuu, HeUHeUHAs 60aHd, 08YX(hA3HAs cpeda, 803MYUeHUe, YPasHe-
HUe 3680T10YUU.

Beenenne

B [1] maTemaTHueckun MOJENUPOBAH MPOIECC PACIPOCTPAHCHHsS HETHHEWHBIX BOJH B CMOJIOCOJEpPIKAIIUX
HeTSAX M HACBHILEHHBIX MOPHUCTHIX CpelaX, ONMCHIBAIOIMXCs ypaBHeHHeM Kopresera-me ®dpuza — broprepca. bout
IIPOBEJICH HEJIMHEHHBIN aHAJIU3 CUCTEMBbl YPABHEHUN CYCIIEH3UN C aHTUCUMMETPUYHBIMU TEH30paMU HAINIPSKCHUM, HO
IIPU 3TOM PACCMOTPEHO TCUEHHE HBIOTOHOBOM KUIKOCTH HA MOMYyOECKOHEYHON IUIACTHHKE [8] M 3BOIIONHS MPOIOIIH-
HbIX BOJH [5]. B [3] HaliaeH BUA TEPMOIMHAMUYECKON CUJIBI B MEJIKOJUCIIEPCHBIX CYCIIEH3USIX U U3YYEHO paclpeaese-
HHUE c(hepUUecKNX YacTHIl B CTAllMOHApHBIX TedeHWAX. B paborax [§8,9] m3ydeHO TedeHHE B 3aIBUICHHOW JKHIKOCTH
(TBepaple chepruuecKre JaCTUIIBI B )KUIKOCTH). MexdasHas cuia, T.e. CHIa, ISHCTBYIOIAs Ha AUCIIEPCHYIO a3y u3-3a
MIPUCYTCTBUS M JIBIDKCHUS HETIPEPHIBHOHM (pas3bl, BKIIOYAECT B MPOBEICHHOM aHAJHM3€ CTOKCOBY CHIIY CONPOTHBIICHHS.
ITpu sTOM Mpeamonaranock, 4To AUCIEepcHast (a3a 3aHUMAET OYCHb MATYIO OO 00BeMa.

[pensnoxxeHHas: MOJIENb ONUCHIBAET IMPOLIECCHI PACIPOCTPAHEHHs HEIMHEHHBIX BOJH B JBYX(a3HBIX cpenax
(omHa ¢asza siBiSETCS TBEPAOW, Npyras KUAKOI) ¢ y4EeTOM TepMOJMHAMHUYECKUX CWI. B Monenu AByX(a3zHOro KOHTH-
HyyMa 00e (ha3bl CyCIIeH3MH PacCMaTPHBAIOTCS KaK JBE B3aMMOIPOHHKAIOIINE HENPEPBIBHBIE CPEbl, KOTOPbIE MeXa-
HUYECKH B3aMMOAEHCTBYIOT. [Ipennonaraercsi, 4T0 OJMHAKOBbIE MOHOJAUCIIEPCHBIE CIIOXKHBIE CEepUUECKHe YaCTHIIbI,
COCTOSIIIUE M3 ABYX M 0ojiee MENKMX MPOCTHIX YacTHL, 00JIaJat0T MHEPIMOHHBIMHU DPEJaKCallMOHHBIMH CBOMCTBAMHU.
Hecymas ¢a3za siBinsieTcs HBIOTOHOBOW JKMAKOCTBIO M IIpeHeOperaercss M3MEHEHHUEeM pajuyca cepH4ecKuX YacTHIl.
UYro0Os! aucepcHyo a3y MOKHO OBUIO paccMaTpHBaTh KaK HENPEPBIBHYIO CPEAY, CPEJHEE PACCTOSIHUE MEXKIY YaCTH-
IIaM{ JJOJDKHO OBITH MajbIM IO CPaBHEHHIO ¢ MaKPOCKOIMYECKUM MaciitaboM TedeHus. B paboTe mzyuatorest Te BOI-
HOBBIE TPOLIECCHI, B KOTOPBIX BbINONHsAETCs yenosue A >> A, A -nmuna Bonusl, A -Macirab MakpooGbeMma.

1. OcHOBHbBIE YpaBHEHHsI MOHOIUCIEPCHBIX CyCHeH3Uid. YCpeIHeHHbIE TI0 00beMY ypaBHEHHS JBHXKECHUS
(YpaBHeHUsI OanaHca Macc ¥ UMITyJIbca JUIs )KUAKOM U TUcTiepcHOit (ha3), COCTaBISIIOINX CyCleH3uto [8,9] umeroT BUA:
OIHOMCPHBIC YPABHEHHUA COXPAHCHUA MACChI

3(ai,0i)+ a(O[ipivi) — 0’ al -+-a2 = 1, | = K (1-1)
ot OX

COXpaHCHHUE NMITyJIbCa

a(alplvl) + 8(a|10|1/|1/|)
ot OX

0 i
== (0,20, + 0,a,7,)—(-1)'F (1.2)

JlvHeWHBIN 3aKOH BA3KOYIPYrol JedopManuy Juls AUCIIEpCHON (a3bl, YUUTHIBAIOIIMH MHEPIIMOHHBIN Xapak-
Tep nedhopmanmu [6] mpuMeM B CIIEAYIOIIEM BUIE

m D' n D'
b +b — =la+ya—|e 1.3
0 ; 1 Dt| O-ll 0 ; 1 Dt| 1 ( )

© Tarues M.M. / Tagiyev M.M., 2017
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Bemectsa, cocraBnstomne o0¢e (a3bl, CIUTAIOTCS CKUMAEMBIMHU U INIOTHOCTH KaXJOH (pa3bl 3aBUCAT TOIBKO
OT CBOUX HaIPsLKEHUH

/01 :pl(all)’ pz :pz(P) (1.4)

Cuctema (1.1) — (1.4) nomomHsIeTCs] KHHEMATHYSCKUM COOTHOIICHUEM
oe, N oe\V, ov,
ot OX OX

(1.5)

Cuiibl Mex(a3zHOro B3aUMOJECHCTBHUS BKIIIOYAIOT COCTABIIIONINE, 0OYCIOBICHHBIC IUIABYYECThIO, BA3KUM B3a-
nMojecTBrueM (a3, THePIHOHHBIME () hekTaMi TPUCOSANHEHHON MacChl B TEPMOANHAMHUYECKYIO cruiy [2]. 3mech 1 =

1 oTHOCHTCA K AmMCHEepcHOHHOH (ase, i = 2 xunkor daze, V., O., Q. -CKOPOCTb, HCTHHHAS IUIOTHOCTh M OOBEMHAs
1 1 1

KOHIEHTpalus, O, 1 P — HanpskeHus B TBEpAOH 1 UKol dasax.

IIpu ManeIxX KOHIEHTpauUAX OyJeM UCIOJIb30BATh U3BECTHBIE CHIIBL, JEHCTBYIOIINE HAa H30JUPOBAHHbIE MaJIble
cepuueckre 4acTullpl. B 3TOM ciydae yuTem cuily JaBleHHUs, CONPOTHUBICHUS, Y deKT nprucoeuHeHHOMH Macchl [8] u
TEPMOANHAMHYECKYIO CHITY, CBI3aHHYIO C XaOTHUECKUM JIBUKEHHUEM H30JIMPOBAaHHBIX dacTHll [3].

F=pl% Ol yy @l M Ny KT o Oa,
X, T 2 “dt dt’ 4m@° Oa, OX

p

[epBrrit ueH B paBOi YaCTH yCpeAHEHHAs IO 00BEMY CHIIA JaBIICHUS, BTOPOH — CTOKCOBasl CHJIA COTIPOTHB-
nieHus1, TpeTHit — S3GdEKT MPUCOSAMHEHHON MAacChl, YeTBEPTHIH — TepMOAMHAMMUecKas cuia, rae K — mocrosHHas

Bonbumana, T — abcomoTHas Temneparypa, 7, — BPeMsi pellakcaluu IepeHoca uMiyJsea [8],

DTO0 BeIpRXXEHHE CIPABEIMBO MPH MaJIbIX Ynciax PeltHombaca IS YacTHII

|V1 -V, |ap1 <
7

Re = 1.

3anaqa ABIAETCS OAHOMEPHOH, TOITOMY YCpEIHEHHAsI 10 00bEeMY IO IbeMHas CHJIa, ONMHMCHIBAIOIIAS MUT PALIHIO
YacTHIL ONEPEK OTCYTCTBYET [8].

Ten3op HanpsDKEHUH Hecymier (a3bl: yCPeTHEHHBIH 0 00beMy TEH30p HANPSDKCHUH B KHUIKOHN (haze MOXKHO
3anucaTh B Buje [8]:

4 5 \ov
-0, 1, =P+21+2 : 16
O-ll G TZZ 3# 2a1 ax ( )

B nepsom npubmmkeHnH B pacCMaTpUBaeMOM 3aa4a HCIOIb3yeM SHUHIITEITHOBY BA3KOCTS [5,8]
5 2 5)
()= u +5a |, Ale,)= —3H +3a,

rae ,UJ , /’Ly - CABUTOBaA 00beMHAs BI3KOCTHU KHUJIKOCTH.

Cucrema HenuHelHbIX ypaBHeHuH (1.1) — (1.6) 3aMKHyTa OTHOCHTENBHO NIEPEMEHHBIX &, , O,,V,, P, o, uc€.

2. HesinHeliHOE 0JHOMEPHOE IBOJIIOIHOHHOE YPABHEHHE MOHOIUCIICPCHBIX CyCIIEH3H.

BriBouM pe3ynbTUpyOIEe ypaBHEHUE, OMUCHIBAIOIIEE PACIIPOCTPAHEHUE BOJIH MaJIOH, HO KOHEYHON aMILIU-
TyJbl, OETYIIMX B OJJHOM HalpaBJIeHHUH B MOHOANCIIEPCHBIX CyCleH3usX. HezaBucumMpIMu iepeMeHHbIMU Oy IyT Bpems t
H IIPOCTPAHCTBEHHAsA KoopauHara X .
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Bribepem cuctemy otcueta B poctpanctse nepemennbix (X, 7) [6,7]:
X=nx r=t-c?X, n<<l (2.1)
rJie 7] — Masblii IapaMeTp, ¢ — CKOPOCTb JTMHEHHBIX (AKyCTHYECKHX) BOJIH.
Hcrone3yeM CleIyiolie CTEeNeHHbIE PA3IOKEH S [0 MAJIOMY MapaMeTpy 7] Ui HEM3BECTHBIX (BYHKIIHH:

a a(o) _|_77a(1> +7 a(z) Fol VoV

P=nR+n'P +..; o=no +n'o,+.;

p,=p” +nLo, +7* (Lo, +Lo? )+...; (2.2)
p, =P +1BR +7°(BP, +BR)+
e =e”+ne” +ne? +
rae nHaeKC “0” COOTBETCTBYET PABHOBECHBIM 3HAUCHUAM (DYHKITUH,

_10°p,

_0p,
L= = T2 o1 gt I

oo

_9p,
Loop

_1dp,
©2A 0P

R

3ammceiBas cucremy ypasHeHuit (1.1) - (1.6) B HOBBIX epeMeHHBIX (2.1), moxydanm

ANap,) o 8(051 PV )_ - Aa,pV,) 0

2.3
ot oX or #3)
a(Clzpz) + 77 a(azpzvz) _ Cfl a(azpzvz) — 0 (24)
or oX or
a(a1plvi) + 77 a(alplvlvl) _ Cfl a(alplvlvl) — _n a(alo-) + Cfl 6(6110') + F (2.5)
or oX or oX or
8(052 pzvz) . 6(0{2 PZVZVZ) e 8(0{2 szZVZ) . 8(0521'22) e 8(0{2722) _E 2.6)

or oX or oX or

{b +ZbH(—T+nv1&—c Vv %)q} _{a +ZbH(—T+77vl——c v i)q}eﬂ (2.7)

oX ‘ot
oe, oeyv, , o0ev, ov, _,0v,
B e [ v (2.8)
or oX or oX or
o +a,=1. (2.9)

Beauenum @, 0, &, P0,, &, PN, X, PN, ....;

Ioncrasnss ux B (2.3) - (2.9), 3aTeM cpaBHMBAs WIEHBI EPBOTO MOPSIKA MAIOCTH 7] , TIOJYYUM CHCTEMY JIH-

1 1 1
HEUHbIX OJHOPOAHBIX YPaBHEHUI OTHOCUTENBHO QYHKIUU: O, @ V.( " P o ej "
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pl(O)a(l) +a(0)LIO. c pl(O) (O)V(l) =0’

1

olal +a”BP —c?pla"v® =0, (2.10)
a® p® 3kTEC q®
(o)pw)v(l) al(mo_l _ 1 P (V2 _V1)_ 51 3 L =0,
4ra

o aop LGP, ), BT A
1

0 (0)y ,(1) 1_,(0) =
a, p,’V,” —ca,’P + i =0,

3

-bo, =ae”, o +a? =0, e =—C'Vv".

071 !

31ech

YuureiBasg ceqpmoe ypaBHeHue (2.10) B ISTOM ypaBHEHUH U €0 pe3ysbTaT B MEPBOM, a TaKXKe BBOJS I CO-
KpalleHust 0003HaUCHHS, UMEEM

af =c'a® (1 . ab Jv;n = AVY =g (2.11)
P,

o/~1

IToncraBus cootHomenus (2.11) B Tpetse ypaBHeHue (2.10), nmMeem

(0)
V;l) _o 2 1 24 )2 _ ao _ 3kT§1 [1_ a Ll J V(l) A&V(l) (212)

2" p bpC AmplC

CyMMHpYeM TPeThe 1 YeTBEPTOe YpaBHEHHS

)
Pl_ c {a(O)pl(t))_an(O)pz(O) 1 p1 _ a, _ 3kT§1 1— aOLL _
ol 2" pf bplc am'pc( bpl

a c¥(0)
——g v }vj” =Av” (2.13)
c

0

1]
[IpuHuMast BO BHUMaHHUE, 9TO (HYHKIIUSI Vl( ' # 0 unoxcrasus (2.11) — (2.13) Bropoe ypasuenue (2.10), mony-
YUM JTUCTIEPCHOHHOE COOTHOIIICHUE [Tl CKOPOCTEH MPOI0IBbHBIX BOJIH:

(0) (0)
R e L e e

b, p, b, o
1)
o (p® +2p0)+ XKo@ B (1 AL e ppm & TS AL 5 4y
23’ bp(o) b0 47’ bp(o)

B IIepBOM HpI/I6J'II/I>KeHI/II/I B paCCManHBaeMOﬁ 3aa4e UCIOJIb3yeM BﬁHHITeP'IHOBy BA3KOCTb
2
H, (al) = ,Ll(1+ 275“1)1 2(3 (al) = —gﬂ(l'i' 2,5&1)

rae ,uj y /’LJ — CABHUI'OBas 00beMHAas BI3KOCTH JKHJIKOCTH.
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Jucnepcruonnoe ypaBHeHue (2.14) mMeeT nBa JEWCTBUTEIBHBIX KOPHs. IIepBBIH COOTBETCTBYET CKOPOCTH
BOJTHBI B )KUJIKOCTH, BTOPOW — JAUCTIEPCHOM (a3e. B peanbHbIX 3HAYCHUSIX MAPAMETPOB 33aJa4uu U3 TUCIIEPCHOHHOTO CO-
otHomeHHA (2.14) cnexyert, 9T

a, >>|3kT 1- aL,
b,|”” |4’ " b,

1

DTO COOTHOILIEHUE MOKA3bIBAET, YTO CKOPOCTH aKYCTHUECKHX BOJH MOYTH HE3aBUCUMBI OT TEPMOIUHAMMYE-
CKOM CHIJIBL.

2
AHaoru4Ho, CpaBHUBas YWiIEeHbl BTOPOIo MOpPAAKa 7] M MOCle HEKOTOPOe MpeoOpa3oBaHUe MOIy4aeM Cley-

IOIIe YpaBHCHHUE:

O] @ (O] 2y, 4 N2y,0) n
XN, Rv® N _ R, 9 Ve N, R, ov_ RO V12 +RVOVY + &vf’ —&Z(—l)'+1 X
oX or or or 0wX n Ot n n =
a|+1v(1)
xS L =0. (2.15)
1+1 arHl

Ecimu V= 7]R1V1(l) = Rlvl, X =1 x, 10 (2.15) npunumaer Buj

ox Or R oOr

R[] o 9 ) o) g 2
ot owX 0r° R ¢ = or”

DTO U €CTh IBOJIOIMOHHOE YPABHEHUE B YACTHBIX MPOU3BOAHBIX BBICHIETO MOPsIAKa C HelnHeHHOCThI0 KopTe-
Bera-fec Opu3a U ero MPOU3BOIHEIH, a TakKe TUPPY3HOHHOTO THUIIA.

Pemennem 3amanHON 3amaum  Haxoautcsa V. Ilocme »toro ¢ momompio  (2.10) ompenensercs
v,,&,, p,,€,0,P. Korna xunkas ¢aza uneansnas (L = 0) , Torna ypaBHeHue (2.16) mepexoauT B ypaBHEHHE 3BO-

mouuu ¢ HenuHeHocThio KopTeBera-ne ®@pusa [4], onuckiBaoliee pacpoOCTpaHEHUE HEJIMHENHBIX BOJIH B TE€TEPOTEH-
HBIX Cpefax

oV oV n oV
—+V—+R -1)'"S =0,
OX oT 7121:( )" S or'
me T =C'X—t, v=-V.
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NONLINEAR ONE-DIMENSIONAL EVOLUTIONARY
EQUATION OF MONODISPERSE SUSPENSIONS

M.M. Tagiyev, Candidate of Physical and Mathematical Sciences, Associate Professor
Baku State University, Republic of Azerbaijan

Abstract. The work is devoted to mathematical modeling of the process of wave propagation in monodisperse
suspensions. The system of nonlinear equations of two-phase media is solved by the method of a small parameter. A
nonlinear evolution equation that describes the propagation of nonlinear waves in monodisperse suspensions is de-
rived. In the first approximation, the dispersion relation is obtained. In the second approximation, it is obtained the
evolution equation with the Korteweg-de Vries nonlinearity and additionally including its derivative, and nonlinearity
of the diffusion type.

Keywords: Monodisperse suspensions, nonlinear wave, two-phase medium, perturbation, evolution equation.
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Chemical sciences
XuMHYeCcKHe HAYKHU

V]IK 581.5
HE®TEILIAMBI U UX YTUJIN3ALUS

V.K. JTxycunoexon', M.T. Omax6aes?, B.T. YTenoaen3
! IOKTOp TeXHHYECKUX HAYK, IPO(Eeccop, 3aMeCTUTENb TeHePaIbHOTO AUPEKTOopa, uleH-koppecnonaenT HAH PK,
2 TOKTOp TEXHUYECKHMX HAYK, TPO(ECccop, TIABHbIA HAyYHBIH COTPY/IHHK,
% IOKTOp XMMHYECKUX HAYK, TPOPECCOp, TIIABHBII HAYYHBIN COTPYIHHK
WuctutyT Xumudeckux Hayk uM. A. bextypoBa (Anmatsr), Kasaxctan

Annomayusn. B npeonazaemoii 0030pHoti cmamoe uzio0diCceHbl Munsl He@pmewiamos u pekyibmusayus negme-
3a2psA3HeHHbIX 3eMenb. Paccmampusaemces cyuecmayioujue Memoouky ux ymuausayuu u nepepadomxu.
Knrwouegvie cnosa: negpmo, 600a, nousa, SMynocus, Hepmeuwiiam, 3aMasyIeHnbil 2pYHmM, Memoobl OYUCHKY

B HacTtosiee Bpemst HeTerazonooObiBaromias, HedrerazonepepadarsiBaromias 1 He)Tera30XuMUIECcKas oTpac-
JI1 TIPOMBIIIJIEHHOCTH SIBJISFOTCSI SKOHOMUYECKH 3HAYMMOM 4acThIO TOIJIMBHO-YHEPTeTHUECKUM KoMiuiekca [14]. B pe-
3yJIbTaTe UX MPOU3BOACTBEHHOW NIESTEILHOCTH NPH J00BIYE, TPAHCIIOPTUPOBKE U NepepaboTke HeTH-chipLa 00pasy-
I0TCS He(TeNIaMbl MPEACTABIIONIUE cO00H MHOTOKOMIIOHEHTHBIE YCTOWYMBBIE arperaTuBHbIC (PU3NKO-XHUMHUYECKHE
CHCTEMBI, COCTOSIIINE TIIaBHBIM 00pa3oM, U3 He(TEPOLYKTOB, BOIbI U MUHEPAIBHBIX 100aBOK (IIECOK, INIMHA, OKUCIIBI
MetaioB U T.4.) Exeronno B Pecybnmkn Kazaxcran Bo Bpems mepepaOOTKH ¥ TPaHCIIOPTUPOBKE HEPTH, B pe3yibTa-
T€ CTUXMHHBIX Pa3IMBOB M aBapuil oOpasyercs mopsinka 400 TeIC. TOHH HE(TEOTXOMOB, & PECYPCHI, HAXOISIINECS B
3eMJITHBIX am0apax, oneHuBaTcs B 4,5 MIH. TOHH. Hannune Takux aM0apoB MOBBIIIAET PUCK TMOETH KUBOTHBIX, 3a-
TPSI3HEHUS] TPYHTOBBIX BOJ, BO3AyXa. A 3arps3HEHHE IMOYB HE(PTHIO, TOMHMO CBOETO MPSIMOTO BO3ACHCTBHS, MOXKET
MIPUBOJNTH K CBEPXHOPMATHBHOMY HAKOIUICHUIO B HUX TSDKENBIX METaJUIOB — IIMHKA, MEIH, CBUHIA, YTO HAUXYAIINM
00pa3oM ckasbIBaeTCs KaK Ha 9KOJIOTWH Kpas, TAK M Ha Ka4ECTBE JKU3HM Jtonei. 1 yirydIeHns: 5KOJIOTHIECKOro co-
CTOSIHMSI U BO3BPAILCHUS B XO3IHCTBEHHBIH 000POT 3eMellb, 3arps3HEHHBIX He(TeIIaMaMy NIPEUIaraloTcsl pa3inyHble
NIPUPOJIOOXPAaHHBIE TEXHOJOTUI nepepaboTku u yruiauzauuu [2, 4, 6, 9, 10, 18, 23, 24]. Bo BceM Mupe HedTelLIaMbl
SIBJISIFOTCS] KK MCTOYHMK IIEHHOTO CBIPbS — TOBAp C peasibHOI PHIHOYHOM LIEHO, 1 HEOOXOANMO HMCHOJIB30BATh UX MO
NpsSIMOMY Ha3HAUYEHHIO, TO €CTh KaK DHEPreTHUECKHEe pecypchl. BakHO 0CO3HATB, UTO IITaMBl HAJI0 HE IPOCTO YTHIIM3H-
poBaTh, a nepepadaThiBaTh B NPOIYKTHl HEPTEXUMHUIECKOW MPOMBILIICHHOCTH. B HacTOsIIeH cTaThe cieNaHo MomnbITKa
0000111eHHE CIIOCOO0B YTHIIM3ALUH U TIepepadoTKH He(TEIIaMOB U «3aMa3yueHHBIX IPpyHTOBY». OnpeneseHne — «3ama-
3YYEHHBIH TPYHT», HICTOPHIECKU TIPUMEHSIETCS Il 0003HAYEeHHUS TT0YB M TPYHTOB, KOTOPbIE 3arpsi3HEHBI He(YTETIPOIyK-
TaMH, U MPOM30IIIO0 OT OAHOTO M3 TSXKEIBIX He(TEIPOIyKTOB, KOTOPHII Ha3bIBaeTcs «Ma3yT». [Ipn Bcem MHOT0OOOpa-
3UM XapaKTEPUCTHK Pa3IMUHbIX HE(TSIHBIX OTXOJOB B CAMOM OOIIEM BHAE BCE MOTYT OBITH pa3jejeHbl HA TPH OC-
HOBHbIE rPyNnbl Wjn BujabI [8]:

— TPYHTOBBIE — IIPOJIMBIIEHCS Ha HEE HEPTU M €ro KOMIIOHEHTOB B IIPOIIecce JOObIYM 1 €€ OUHIICHHS OT CO-
JIel, TBEPIBIX YIIIEBOIOPOIOB U MEXAHHUECKHUX IIPUMECH, T.€. 3aMa3ydeHHbII TPYHT;

— NPpHAOHHBIE — 00pa3yIoIIMecs Ha THE Pa3JIMuHbIX BOJOEMOB TOCIE MIPOU3OMICAIIECTO pa3anBa HeGTH U co-
Jiep>KaT MHOTO BOJIBI;

— Ppe3epBYapHOro THNAa — KOTOpble 00pa3yloTCs NMPHU XpaHEHUH M TPAHCIIOPTUPOBKE HEPTH B CaMbIX pa3HoO-
00pa3HbIX pe3epByapax (HedTenuiamsl).

B Hacrosiee Bpemsi Ha npennpusTusax HedTenoObiBatoniel, HerenepepabarpiBatolieil 1 HeTeXUMUIECKON
MIPOMBIIIJICHHOCTH, Ha He(Te0a3ax HAKOIUIEHO HECKOJBKO JIECATKOB MIJUIMOHOB TOHH He()TellIaMOB, KOTOpbIE 00pa-
3YIOTCSI TIPH OYMCTKE CTOYHBIX BOJ, B CHCTeMe OOOPOTHOrO BOJOCHAOXKEHHs, OypeHHs, TOATOTOBKH HEe(TH, BO BpeMs
peMoHTa 000pyI0BaHHUs, IpU YUCTKE pe3epByapoB [12]. [Ipobrnema nepepaboTku amMGapHbIX HedTelnIaMoB B HedTe-
noObIBaromiel M HedTernepepadaThIBAIOIICH MPOMBIIUICHHOCTH JI0 CHX TIOp MOJHOCTBIO HE pelleHa. DTO CBA3aHO C BbI-
COKOH yCTOIYMBOCTBIO aMOAPHBIX IMYJILCHH, OCOOCHHOCTSIMU UX COCTaBa M CBOMCTB, MOCTOSTHHO U3MEHSIOIIUXCS IO
BO3/ieiicTBIEM aTMOc(ephl U pa3IMuHbIX IPOLECCOB, MIPOTEKAOIIMX B HUX K 4nciy pesepByapHOTo THIIa MOXXHO OTHE-
cti u Jopymednbie Hedru [12]. Hakommenwue noBymieunsix He(dTeH MPOUCXOAUT B 3aKPBITHIX pe3epByapax-
HAKOMHTEJISX, I/Ie HET HEMOCPEJACTBEHHOTO KOHTAKTA C BO3JlyXOM, OTCYTCTBYET BIIMsSHHE aTMOC(HEPHBIX OCAIIKOB, CPOKU
XpaHEHHs] OIPAaHUYMBAIOTCS MECSAIAMH U JIMIIb B MCKIIOYUTENBHBIX CIy4asX HECKOJBKUMH TOJIaMH, T.€. OHU HE IOJI-
BEPIXKEHBI CTOJIb JUTUTEILHOMY U KECTKOMY CTapeHHIO, Kak aMOapHble SMyJbCHH. B cBsi3u ¢ 3TUM, 001a1asi MHOTUMH
XapaKTepHBIMH OOLIMMH MPU3HAKaMU (TIOBBIILIEHHOE COJIEpKaHIE MEXaHUUECKHX MPUMECeil OPraHn4ecKoro U Heopra-
HHYECKOTO MPOUCXOXJICHHUs, Napa(ruHOB € BHICOKOW TEMIEPaTypOi IIaBJICHHs, BHICOKOH BS3KOCTBIO M INIOTHOCTBIO),

© Ixycumbexos Y. K., Omakbaes M.T., Ytenbae b.T. / Jusipbekov U.Zh., Oshakbaev M.T., Utelbayev B.T., 2017
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JIOBYHIEYHBIE SMYJIbCUH B OCHOBHOM MEHEE yCTOHUYMBBI, YeM aMOapHbIC, a 3HAUCHH ITOKa3aTeJeH M0 MepednCICHHBIM
BBIIIE MTapaMeTpaM Ha MOPAAOK Hipke. JIoBymeuHsle HE()TH IIPH XpaHEHUH B pe3epByapax oTcramBaroTcs. I[Ipu xpaHe-
HHUM He(pTEIIUTaMbl B Pe3epByapax Mo NCTCUCHUIO BPEMEHH PAcCIauBaIOTCS HA YETBIPE CIIOS:

—  BepPXHHIl cJIOM NPEeNCTaBIsIET SMYIBCHIO «BOJIA B Macye», TIe COAEpKaHNe BOIBI He MpeBbImacT 5-8 %, Macen
70-80 %, acdansrenos 6-25 %, cmon 7-20 %, mapaduHoB 1-4 % 1 TOHKOANCIIEPCHBIX MEXaHUUYECKHX TpuMeceit 10 5 %.

—  CpeaHMii cJI0H, OTHOCUTENIHFHO HEOOJIBILON, SBISIETCS AMYJIbCHEH THIIAa «Maciio B BoJie» U conepkut 70-80 %
BoAbl, 1,5-15 % MexaHMUYECKUX MpUMeceil.

—  MpeanocjeaHuil ca0ii NeIUKOM COCTOUT U3 MUHEPAIM30BAHHOM BOJIBI ¢ TUIOTHOCTRIO 1,01-1,19 r/em®.

— NPHUAOHHBIH CJIOH WM JOHHBIN W NPECTaBIIsET reTepodasHyro CUCTeMY, cocTosuuid 3 45 % opranuye-
CKHX BellecTB, 50-88 % mexaHnueckux npumecei u 25 % BoabI.

PaznuTas HedTh M HeTENPOAYKTH NP (HU3UKO-XUMHUYECKOM B3aUMOZACHCTBUM C KOMIIOHEHTaMH OKPY’KaloIeH
cpenpl 00pasyeT HedTellJIaMbl, a ¢ TIOYBOH 3aMa3y4yeHHbIi rpyHT. C TeueHHeM BPEMEHH MPOUCXOANT YaCTHIHOE HCTIape-
HHE, OKHCJICHNE 1 KOHZIEHCALHS C 00pa30BaHUEM CMOJIONONOOHBIX coenuHeHUH. IlmaMbl, XpaHsimuecs B sMax M 3eMIISTHBIX
OTCTOWHHKAX, OOBIYHO "BRIBETPUBAIOTCA" 1 COMEPIKaT OOJIbIIee KOIMYECTBO TBEPABIX YacTUIl. B cBOtO odepenp, B3anMo e -
CTBHE BOABI C HEPTHIO U HEPTENPOAYKTAMH NMPHUBOJNUT K 00Pa30BaHUIO «BOIHO-MACIIIHBIX» 3MYIBCUH, a C MEXaHUIECKHMH
MIPHMECSIMH — CYCIIEH3H N MUHEPAIBHBIX Auctiepcuid. [1py 3ToM, OCHOBHBIMM HCTOYHUKAMU 3arPS3HEHNUS 36MelTb SBILTIOTCS
pa3muBEI HEPTH U HEe(TETPOIYKTOB, CTOYHBIC BOIBI HE(PTEIIEPETOHHBIX 3aBOJIOB W HE(PTEXMMUYECKUX IPEANPHUATHH, He-
CaHKIIMOHUPOBAHHBIC BPE3KU B MAarkCTpalbHBIE TPyOONpoBO/bl. ECTECTBEHHO, YTO MOCIE TAKOTO BO3JIECHCTBHS TOJIE3HBIC
CBOICTBA 3€MJIM SIBJISIFOTCSI HAPYILCHHBIMH U TPEOYIOT BOCCTaHOBJICHHUS, T.€. PEKYJbTHBALMU. PeKyabTHBALUS — 3TO KOM-
IUIEKC Mep, HalpaBJICHHbIX HA BOCCTAHOBJICHUE MPEKHUX IUIOJOPOJHBIX KaueCTB 3eMJIH, €€ OMOJIOTHUECKON 1 XO3SIHCTBEH-
HOM LIEHHOCTH, a TaKX€ Ha yJIy4lIeHUE YCIOBUI OKpY-Karoliel MPUPOIHON Cpepl.

PexyabTuBanus Hedre3arpsi3HeHHBIX 3eMeJIb

Pa3smemienne 0TX010B PON3BOJICTBA MM HEIPEIBUACHHBIH Pa3auB HEPTH 1 HEPTENPOIYKTOB HApyIIACT IKO-
JIOTHYECKYI0 OE30IIacHOCTh OKpY KaIOIIeH cpelibl BHI3bIBAs HapyIIeHNE JaHAmadTa; 3arpsA3HeHNE T0YB U BO3lyXa, MO~
3eMHBIX BOJ|, BOJ CYIIN M MOPCKOTO OacceiiHa, Aerpajanuio X 3KOCHCTeM. [y mpenoTBpalneHns] Ha3BaHHBIX Hera-
TUBHBIX BIMSHHHM COBEPIICHCTBYETCS METOABI NepepaboTKu HedTecomepKallux OTXOMO0B, KOTOPBIX MOXHO YCIOBHO
MIOJIpa3/ieuTh HA TePMUYECKHe, 0HoJIoTHYecKie, MeXaHHYecKre H XUMHYecKHe rpynmnsl. Bei6op MeTonoB omnpene-
JSIETCs XapaKTepoM | IIyOMHOMW 3arpsisHeHust. HanpuMep, 3arpsisHEHHE MOYB WM IPYHTa MOKET OBITH MOBEPXHOCTHOE
(rmy6uHa mpoHUKHOBeHUsI 3arpsizHenust 0-5 cm), moxnosepxuoctHoe (0-30 cm), rimyounHoe (0-1 M), ¢ TPOHUKHOBEHHEM
JI0 YpOBHS TpyHTOBBIX Boz (0T 1 no 5 M u Oonee). [Ipu 3arpsisHeHUH TIIyOMHHBIX CJIOEB [TOYBEHHOW cpelbl Haubolee
4acTO NMPUMEHSIOTCS METO/bI C HAaTHETAaHWEM MJIM OTKA4KOH BOJABI M BO3yXa uepe3 ckBakuHbI [3]. [Ipu KoHIeHTpanuu
yIJIEBOJOPOIOB TpeBblmaronei 50 r/kr, riyOrHe MPOHUKHOBEHHMS 3arpsi3HeHUs B TOUBBI M rpyHTHI 0,3-1 M, nipu TOJI-
LIMHE CJ10s1 He(TEPOIyKTOB Ha BOJHBIX MIOBEPXHOCTSIX, MpeBbiatoieii 0,03 M ucnonb3yeTcss MeXaHHUeCKHe METOIbI.
Kaxxap1if MeTo UMeeT CBOM MIPEUMYIIeCTBa M HEAOCTaTKU B 3aBUCUMOCTH OT MOCTaBJIEHHOH 3a1a4y U TpebyeT HaydHO-
000CHOBaHHOT'O TT0/IX0/1a OYUCTKH.

K TepMuyeckuM MeToaM OTHOCATCS TEPMOAECOPOIIMOHHBIE 1 TEPMOJIECTPYKTUBHBIE — ITPOIIECCHI TEINIOBOTO
BO3/IeiicTBYS HA He(hTe3arpsA3HEeHHBIH MaTeprai (0OBIYHO 3aMa3ydeHHbIH IPyHT U OypoBble uIambl). B xone Harpesa B
6apabaHHOIl Te4YM NMPOMCXOANT BHINIAPHBAHKE YIIIEeBOJ0pooB. ConepkaHKe YIiIeBOJOPOIOB B TAKOM I'PYHTE 3HAYH-
TeNbHO cHIpKaercst 10 0,5 % 0ocTaToYHOro cojep:KaHHs YIIeBOJOPOAOB, KOTOPOE MOXKHO HMCHOJIB30BAaTh B KadyecTBE
CTPOUTEIHHOTO MaTepHaa, MecKa WiIN peKyJIbTHBAHTA.

Buosnornyeckuii MeTox OCHOBaH Ha CIIOCOOHOCTH MHUKPOOPraHU3MOB MPEBpaIlaTh HEPTH B MPOCThIE COCAN-
HEHHs, HaKaIUIMBaTh OPTaHUYECKOe BEIIECTBO M BKIIOYATh €r0 B KPYrOBOPOT yriiepoaa. buopasnoxeHue ocymecTBis-
€TCsl MUKPOOPTraHM3MaMK B OCHOBHOM a3pOOHON MUKPO(MIOPOH, HCIIONB3YIOLIECH YHEPIHIO OKHCICHHUS COCTABHBIX KOM-
MMOHEHTOB HedTU. buonpenapar 3amaxuBaeTcsl B TPYHT, MTOCKOJBKY TeMmIepaTypa okpyxaromiei cpeasl Boime 40 °C u
COJTHEYHasl pajalys yrHeTaloT MUKPOOPraHu3MbI Ouompenapara [13].

Mexannyeckne npouecchl OYNCTKH HE(PTEOTXOJOB 3aKIIOYAIOTCS B NEPEMEIINBAHNN U (PU3UIECKOM pasfe-
JICHUM CMECH Ha COOTBETCTBYoIMe (a3bl. B cBs3u ¢ Bo3pacTtaromeil mpobiemMoil oXpaHbl OKpyKaroleil cpeasl u Jie-
(UINTOM 3HEProeMKOro ChIpbs HamboJee MEepCIEeKTUBHBIM HAIpPaBICHUEM IEpepadOTKH M yTWIN3alMK amMOapHBIX
HeTenuIaMoB SBJISETCS U3BIICUCHUE U3 HUX He(TH, BOABI M TBEPABIX OCTATKOB.

Xumuueckue ((PU3NKO-XHMHYECKHE) METOAbI 00€3BPEKUBAHMS KUAKAX M TBEPIABIX HedTecopepx amux oT-
XOJIOB 3aKJIIOYAIOTCS B 100ABJICHUN K HEHTpaM3yeMoil Macce XHMHYECKUX peareHToB. Vcrons30BaHHBIE pacTBOPH-
TENH JOJDKHBI IOJHO M JIOCTATOYHO IPOCTO PETSHEPHPOBATHCSA C HEOOIBIINMH YHEpPro3aTpaTaMy. B 3aBHCUMOCTH OT
THUTIA XUMUAYECKOI peaklny peareHTa ¢ 3arps3HEeHHeM IPOUCXOANT OCAKACHUE, OKHCICHNE-BOCCTAHOBICHHUE, 3aMellle-
HHUE ¥ KOMIIEKCOOOpa30BaHHE.

CrnenyeTr MOMHUTH, HU OIWH W3 METOJOB IIPOBEACHUS IEPEpabOTKH OTXOJIOB HE SBISIETCS MOITHOCTBIO ONTH-
MaJbHBIM H JOCTHYh MaKCHMAaJIBHOTO SKOHOMHYECKOTO 3(h(heKTa 3a CueT MCIOIB30BAHUS OTXO0B IIPU UX KOMILJIEKC-
HOii nepepaboTke.

CoBpeMeHHasi KOMILIEKCHAS. METOUKA OYMCTKH IPYHTA U NMOYBBI OT He)TH ¥ HeTENPOIYKTOB.

Ha naHHBI MOMEHT peKyJIbTHUBALMs 3arps3HEHHBIX HEPThIO N HEPTENPOAYKTaMH 3eMeib, OUYUCTKA IPYHTa OT
He(TEMPOIYKTOB, a TakXKe Mecka M He)TeliaMa MPOBOAUTCS C MCIOJIb30BAHUEM LIEJIOro KoMmIuiekca mep. B [8] pac-
CMOTPEHO OJHO M3 HanOoyee HKOHOMHYECKH BBIFOJHBIX Ha CETOIHAIIHUN JICHb LIENOYeK 00O0pYyJIOBaHMS, HA OCHOBE
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KOTOPOH CO37JaHO TEXHOJIOTHIECKHE INHIH — YCTAaHOBKA IepepadoTKu TBepabix HedreniamoB (maee YIITH) (cxema 1).
Ha cramgmm mpemBapuTebHONM TMOATOTOBKH OYMINIAEMBIN MaTepHal 3arpykKaloT B KaMHEBbIIeNHTeNb (1), rae mponucxoanuT
COPTHPOBKA M yAaJleHHe BKIFOYeHHH pazmepom Oosee 100 Mm. 3aTeM oumIaeMbli MaTeprail HalpaBJLIFOT B MEIIANKY (2),
I7le IPOUCXOJUT CMELIMBAHUE C MOJOIPETON BOJIOW M M3MEJIbUEHUE KPYIHBIX BKJIIOYEHUM. Jlanee ouMiaeMblii MaTtepuai
MIOCTYTIAeT B TPOXOT (3), TIe IPOUCXOIUT OT/ACNICHNE KaMHel pasMepoM Oojee 5 MM. Beck 0TcOpTHpOBaHHEII MOCIE TPOXO-
TOB MaTepual (KpyIHbIe KaAMHH, IPEBECHHA, MPOMBIILICHHBIH Mycop) codupaercs B OyHkep (4). Ilox rpoxotom (3) pacro-
JIO’)KeHa TOJUIOH-BOpOHKa (5), Tae cobupaeTcsi 0cBOOOXKIEHHAs OT KaMHEH pa3krkeHHas Macca. Jlanee, yepe3 ITHEKOBBIH
Hacoc (6) pa3KmKeHHas Macca nogaetcs B OyHkep (7) Ui BPEMEHHOTO XpaHEHHs WIM HEMOCPEICTBCHHO JJIs OYKMCTKH B
Oynkep (18). Ha cragum o4ncTKH, OZHOBPEMEHHO C IOflauell O4MIiaeMol Macchl B OYHKep, HarpeTasi Bojia U3 MHOTO(YHK-
UOHAIBHOM eMKocTH (16) ¢ TIOMOIIBIO IeHTpoOekHOTO Hacoca (15) mogaeTcs B 3:ekTop-ruapocMecutens (14), cMemmvBa-
IOIINH pa3KImKEHHYIO Maccy, TocTymaolyto 13 OyHkepa (18), ¢ ropsiueid Booit B TypOyneHTHOM pexxnme. Ha naHHoit cTa-
ITNA TIPOUCXOAXT TIPOIIECC OTMBIBKM YaCTHUEK TPYHTa OT He(pTH U HeTermpoaykToB. [lanee mpOHUCXOAUT Tporece pasaere-
HUSL KUIKOHN 1 TBepaoit (asel. 3 akexropa-runpocmecurens (14) ounmmaemast Macca ¢ IOMOIIBIO IIEHTPOOEIKHOTO IIIIAMO-
Boro Hacoca (11) mogaercss B THOPOIMKIIOH-TIECKOOTASIUTENH (9), TIOCe Yero ¢ MOMOIIBI0 IEHTPOOSKHOTO IILITAMOBOTO
Hacoca (10) oummraemass Macca mojaeTcs B THAPOUMKIOH-WooTAeuTens (8). amee, OCPEICTBOM CHCTEMBI JKEJIO0OB,
OUHIIIeHHAS TBepAas (aza OTIPaBISETC HA pa3rpy3Ky. [Ipy MOBTOpHOM IMKIIE OYHUCTKU TBEpAas da3a MOCPESICTBOM CHCTE-
MBI JKeJI000B HampasisieTcs: B OyHkep (13) 71t HOBTOPHOM OYMCTKH.

np noar
1 - KamHeBLIRRNHTEND;
2 - mewanxa;
3 - rpoxor;
4 ~ OMKOCTH ANA KPYNHOR NOPOALI;
5 ~ OMKOCTL ANA NYNbALY;
6 — HACOC NOAANM NYNLNLLBYHKEP-HAKONUTENL NYNbALY
7 = eMKOCTh ANA MyNkAbE
8 - Garapen

9- M;

10, 11, 15 — HacoC WNAMOBLIA;

12 - soponxa;

13 = GyHKOP-HAKONMTONL NYNLAKI ANA
umxna

14 - cTpyRHLIR annapar 3arpysxa
NEPEMEHHOR rEOMETPHH; HePTEIATPAIHEHNOTO
16 ~ emxocTL-CONApaTop rpyHTa

cobcToennon paipaboriu Ans noge!;
17 - ra-conaparop;
18 — GyHxep-HaxonuTeNb NYNLNLI;

v

E Paarpyaxa
ouMWeHHOro
rpyHTa

Cxema 1. Tunuunas cxema pabomer YIITH

CToHUT OTMETHTH, YTO CYIIECTBYET HECKOJIBKO MPUHLIUIINAIBHBIX CXeM paboThl KOMILIEKCa, HAIPUMEp, TOIBKO
Ha THJIPOLMKIOH-NIECKOOTIENUTENb (9) 0e3 NpHUMeHEeHUs! I'HIPOLNKIOHA-UI00TAeTuTeNs (8) U IEHTPOOEIKHOTO IITaMO-
Boro Hacoca (10) wiH ¢ uX NepUOANIECKUM MOIKITIOYeHNEM. BEIOOp TOH M MHON CXEMBI TTOAKIIIOUSHHUS OIIpeIesIeT-
cs mapaMeTpaMu 3arpy:kaeMoro Marepuaja Ha BXoJe U no3pojseT HacTpouTh YIITH Ha ontuManbHbIN pexum pa-
60t1el. Ha cranuu pasnenenus ®uaKoi ¢aspl OTHeNeHHas KuaKas (asa, cMelaHHast ¢ HeTenpoJyKTaMH, IIOCTYyIaeT B
MHOTO(YHIMOHAJIBHYIO €eMKOCTh (16), T/ie IpOMCXOAMT pa3aeneHue Bojbl oT HedrenpoaykToB. Bosa 3aTem Bo3Bpaia-
eTcs B IMKJI OYUCTKH, @ HEPTEIPOIYKTHI OTTPY>KAatOTCs, HE TEPsIsl CBOMX HOTPEOUTEIECKUX KauecTB.

s mepepaOoOTKH M yTHIIM3AIMHU 3aMa3ydeHHBIX TPYHTOB U TBEPJIBIX FOPIOYHX HE(PTECOAepIKAIIUX OTXOJIOB, B
T.4. HENOJJAIONINXCS YTUIN3alMHd METOAaMU OTMBIBa, OMO00OpaOOTKH MIIM APYTMMH METOIAaMH, a TaKXKe B CIIydasx,
KOTJa JpyTrue METOIbl 3KOHOMHYECKH MEHEE BBITOIHBI HCHOJIB3YIOTCS PAa3HOBHIHOCTH YCTAHOBKHM 3aMa3y4eHHOIO
rpynta (Y3I, Ilarent RU 2341547, Cepruduxar Ne POCC RU.HO01.B00158). YcraHoBKa 06eCeunBaeT yTUIIH-
3aIMI0 TPYHTOB CO CTeNeHbI0 3arpsi3HeHust oT 2 % a0 16 %. [lepepaboTka nmpousBoauTcs mpu Temmepatype 500-
900°C. VYcranoBka «Y3I'-1M.1,2/6.7.12» uMeeT TPOU3BOAUTEIHLHOCTh TEpEepPabOTKH 3aMa3ydyeHHBIX TPYHTOB JO0 6
1/4ac; «Y3I'-1M.1,2/4.3.7.12» — ¢ 6nokom ¢pakumoHnpoBauus; «¥Y3I-1M.1,2/4.2.7.12» u «Y3I'-1M.0,8/4.2.11» — ¢
KapOIPOYHOH BCcTaBKOHM B TepMozecopOepe. Pacxon auzensHoro Torumsa ot 20 no 40 n/gac. lnst cHykeHHst BEIOpoca
B3BEIICHHBIX BEIECTB B aTMOC(EPHBIN BO3/IyX B KOMIUIEKT YCTaHOBKH «Y3['-1M» BXoauT ycTpoiicTBO 00paboTKH OT-
Xoasmux ra3oB Tuna «L{ukimoH» M OJIOK OpOIIEHHUs, KOTOPOE MO3BOJISIET MAaKCHMAaIbHO CHU3UTH BBHIOPOCHI BPEIHBIX
BEIECTB 110 CPAaBHEHHWIO C YTWJIM3AIMEH OTKPHITBIM CXHraHueM. Kod(p@HIMEeHT OYMCTKM LUKIOHA Ha HadaJbHOM
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CTauy 3arPy3KH 00E€3BPEKMBAEMBIX OTXOAOB B Iedb cocTaBisieT 97,3 % (cyxas O4MCTKa), a B pe)KUME MaKCUMaJILHON
3arpy3ku «¥Y3I'-1M» ko3¢ dHUIHEHT 0YNCTKH UKIIOHA cocTaBisieT 88,4 %. OmHako, BHICOKAsl TEMIIEPaTypa MOYTH I10JI-
HOCTBIO YHHUYTOXKACT IUIOJOPOANE OYHUIIAEMON TTOUBHI.

Jl1sl OYMCTKH 3aMa3ydeHHOTO TPYHTa C COXpPaHeHHeM ILIOOPOIHBIX CBOICTB MOYBbI HanbOoJIee MOIXOs-
IIAM CIIOCOOOM SIBJIICTCS TIPEUIOKEHHS aHAIOTHYHO TaTeHTa [5] ¢ 106aBKOW TYMHHOBBIX COCTHHCHHM. DTH aBTOPHI
n300peTeHys], 10/l PyKOBOJCTBOM IIEPBOTO 3aMECTHUTEINs | eHepalibHOro JUpeKTopa MHCTUTYTe XUMHYECKUX HAYK HM.
A bexrypoBa, unen-koppecrnongenta HAH Pecny6nuku Kazaxcran V.JK. [xycunbexoBa pa3paboTaiy YHUKaIbHYIO
HOBYIO TEXHOJIOTHIO OYMCTKHU 3aMa3ydeHHOTO IPYHTa C HCIOJb30BaHHEM T'yMaTCOJACpXKAallUuX coequHeHui. B 3aBucu-
MOCTH OT XapaKTEePUCTUK 3aMa3y4eHHOI'O IPYHTa, MOCIEJHUI MOXET OBITh HCIIOJIb30BAaHO KAaK JOPOXKHBIA CTPOHUTEIb-
HBIIl MaTepual, a BblJeJeHHass HePTh Uil epepadOTKH 10 IKOHOMHYECKH 11eJeco00pasHOMY BapUaHTy (TOIUIMBHBIH,
MacCJISIHBIA, KOMIUIEKCHBIH M 1Ip.). [Ipu 3TOM, rymMaThl OKa3bIBalOT MOJIOKUTENbHBIN () (eKT Ha yiydIIeHHs IUI010pOo-
IS TIOUBBI - OYMIIEHHOTO IpyHTa. VccienoBaHus BO3ACHCTBHSI 3aMa3ydeHHOTO TPyHTa Ha OYHCTKY M BIMSHHE HA Xa-
PaKTEePUCTHKY MOYBHI IPEACTABISICT HAYYHO-TIPAaKTHIECKYIO LICHHOCTh. B HacTosmee BpeMs paboTa o ouncTke Hedre-
3arpsI3HEHHBIX Y9acTKOB 3amagaoro KaszaxcraHa npogoimKaeTcst.

Hcnonp3oBaHusi GHONPENapaToB YrieBOJOPOJOKHCISIIOIIMX MHUKPOOPTraHU3MOB JUJIsl 00e3Bpe:KUBaHMA
MO4BbI 0T HedTecoaep:KAUUX 0TX0/10B (0MOJIOTHYECKHA METON).

Bormpocs! ncnons3oBanus HeTeAETpaIMPYIOIINX OPTaHU3MOB JUIS OYMCTKH OKPY’KAOIIEH CPEembl CErOJHS 3aHH-
MaloT IIEHTpaJIbHOE MECTO B HeTsIHOM Mukpoouonoruw [8, 10, 11, 23, 24]. OnHy U3 BaXKHBIX CTOPOH peMeanalu (O4MCTKH)
3arpsI3HEHHOM MOYBBI HEPTHIO BBITOIHAIOT MUKpoopraHu3Mbl (MO) nouBbl. CKOPOCTh MX Pa3okKEHHs] 00YCIIOBJICHA OKHC-
JINTENTbHO-BOCCTAHOBUTEIIBHBIMU  YCJIOBUSIMU, TUAPOTCPMHUUIECCKHM PEXMMOM, AKTUBHOCTBIO MUKPOOPTaHHU3MOB U PSIOM
npyrux ycnoBuit [11]. B maHHO# cTaThe pacCMOTPEHBI TJIABHBIE ACTIEKTHI O COBPEMEHHOM COCTOSIHHH 3KOJOTHYECKUX MPO-
0JeM B MeCTax pacroOEHHs PENPUITHH He(hTera3oBoro KOMILIEKCa, IPOOJIeMbl 3arpsi3HEHUs] OUB HE(THIO, CIIOCOOBI
OYHCTKH TOYB OT 3arpsA3HEeHMs] He(PThIO U HeTeNpOLyKTaMH, PUMEHSISI MUKPOOHbIe OMOTeXHOIOTHH. Pe3ynpraTom Hayd-
HBIX TPYZOB B 3TOM O0JACTH CTAJIM Pa3NIMYHBIE Pa3pabOTKU IO Huopemeouayuy HeTH, B TOM UYNCIIEC aKTHBHBIC IITAMMBbI-
He(TeneCTPYKTOPBI M KX KOHCOPIIMYMBI, HA OCHOBE KOTOPBIX IPOM3BOATCS KOMMEPUIECKHE OMOTIpenapaTsl It JINKBU AN
YIIIEeBOJOPOIHBIX 3arpsizHeHuil. Oto "[lytumoiin", "lesopoitn", "bamun", "Ilerpo Tput", "Cotinekc", "daep3aitn" u T1.1I.
OnTuManbHEINH YpoBeHb pH cO31aeTcst pH MOMOIIH arpOXUMHIYECKHX MEPONPHATHI. JJIst CTUMYIISIINN IeITeNbHOCTH MUK-
POOpPraHU3MOB HEOOXOIMMO IMPOBOAUTH XUMHUUYECKYIO METHOPALMIO C BHECEHUEM MHHEpaNbHBIX cosiel. KomraecTBo u tum
OuonpenaparoB Uil YTHIH3ALMHI YIIIEBOJOPOIOB ONPEAEISETCS IPUPOION 3arpsi3HEHNs], €r0 KOHIEHTpaLeil, XUMHUYECKHM
COCTaBOM COITYTCTBYFOLIMX BEILECTB M YCIOBUSMHU MPOBeNieHuUs padoT. [IpuHnMaetcs, 4To s yTuiau3anuu 1 T ceipoid Hedtr
TpeOyercs: He MeHee 5 Kr Ouornpenapara. HanOosnblyto akTHBHOCTh OMOIIpenapartsl IPOSIBISIOT MPH KOHIEHTpAlUH HeTH
ot 0,05 1o 10,0 %. HedrstHoli nutaM mogaeTest B eMKOCTb, TJI€ MPOUCXOAUT CMEIIICHUE CO CICIHAIBHO MOI00PaHHBIM SMYJTh-
ratopoM (6nol1AB) u pazorpes ero ot 40 o 80°C. [lanee HedTenuiam nopaercs B ieKaHTHpyoLLyto ueHtpudyry. [loa nei-
CTBUEM LIEHTPOOESIKHOM CHIIBI B IEKAHTUPYIOLIEH LEHTpHU(Yre MPOUCXOJUT pas/ieieHre Ha TpH (a3bl: BOAHYI0, HeTsIHYI0
1 TBepaylo. CieyeT HOMHHTb, YTO NPH CBEXEM 3arps3HeHnH yrieBomoponamu 20 % u BbllIe, BO3MOXKHO, OyIeT peHTabe-
JIeH TIpoLiecC NepepabOTKN OTXOJIOB C BBIACJICHHEM TOBAPHBIX KOMIIOHEHTOB HE(TH NP MOMOIIM CIIEIHAIN3UPOBAHHOTO
000pyI0BaHUS U IOCIICAYIONICH OMopeMeanaNueii oTydnBIIniics TBepIon (a3bl.

TOO «[MTPOMOTXO/ KA3BAXCTAH» oka3bIBaeT YCIYrd 10 OYUCTKE TEPPUTOPHUH MPEANPUATHH OT 3aMa-
3YYEHHBIX TPYHTOB WJIM 3aXOPOHEHHMSI OCTATOYHBIX MPOJIYKTOB. I'pyHTHI, 3arpsi3HEHHbIE HE(TEIPOLYKTaMH, IPOXOJISAT
MHUKPOOHOJIOTMYECKYIO OYHCTKY MM 00pabaThIBaIOTCSI BBICOKOM TEMIIEpaTypoil B CIICIHMAIBHBIX IT€4ax s CHUKECHHS
KOHIIEHTPAILIMU B HUX OPTaHUYECKUX 3arps3HUTENEH.

OnHaKo, OYHMCTKA C NMPUMEHEHHEM MHUKPOOHBIX IpernapaTroB-HEPTEAECTPYKTOPOB caMuX IO cede sBiseTcs
BECbMa CJIOKHBIM W HEOJIHO3HAYHBIM I10 PEe3yJIbTATUBHOCTU HpoueccoM. [loaTomy juisi yTuinuzanuu HeTeluiaMoB U
HedTe3arps3HeHHBIX TPYHTOB HEOOXOJMMa pa3padoTKa KOMIUIEKCHBIX TEXHOJOTHH, BKIIIOYAIOIIMX MOJYJb MPUMEHE-
HUS OMOIIpenapaToB KaK COCTaBHYIO YacTh YCHENIHOI'O MPOIECCHHTa OTXO/IO0B.

IlepepaboTka u yruauzauurs HedTelJIaMOB

Haubonee pacnpocTpaHeHHBIM BHIAOM HPOMBIIIJICHHBIX OTXOJOB SIBISIOTCS He(TemlIaMbl — TPOIYKTHI
OUYHMCTKH CTOYHBIX BOJ Ha TEXHOJIOTMUECKHX Y4acTKax OT He()TENPOAYKTOB, a TAaKXKe Pe3yJbTaT repepaboTku HedTH.
ITpu aTom Ha 1 T HedTH MOCTE IepepabOTKN MPUXOANTCS A0 7 KT IIaMa. JTO TsHKeJble HeTSHbIE 0CaaKH, KOTOPbIE Ha
30-80 % cocrost u3 Boxbl, Ha 10-50 % u3 HedrenpomykToB u oT 1 10 40 % u3 TBepAbIX mpuMecei| 16]. TTo ux ke naH-
HBIM COOTHOUIEHHE HE(PTENPOIyKTOB, BOABI M MEXaHWYECKUX IIPUMECEH U3MEHSETCS B IIUPOKOM AMala3oHe: HeTh U
He(TENPOIYKTHI cOCTaBIIOT 5-90 %, Boasl 1-50 Y%un Mexanmueckue npumecu 0,8-65 %. [L1oTHOCTL WX KoyeOneTcs OT
830 10 1700 xr/m®, Temneparypa 3actbiBanus ot muayc 3°C mo +50°C u Temneparypa Bembimku ot 35 g0 120°C. B
HacTosIee BpeMs nepepaboTka HeTEIUIaMOB POM3BOIUTCS [0 HECKOJIBPKUM OCHOBHBIM HAIIPABICHHUAM [26].

*Corcuzanue — oTvH U3 CI0COO0B TIEpepabOTKU U YTHIIN3AIUN He(PTEeIaMOB TEPMUYECKUM METO0M.

IIpu comepxxannu mopsaka 30 %He(pTenpoayKTOB AaHHBIE OTXOABI MMEIOT TEIUIOTY CTOpPaHHs CPaBHUMYIO C
TeroTo anTpanuTa — 13-20 MJ[/kr. DTo M03BOJISIET UCIIOIb30BaTh He(TeIaMbl B Ka4eCTBE TONJIMBA /ISl TeYeid.

IIupon3 opranmveckux BemecTB, rae obpasyercs mo 10 %HedrenponykroB B raszoo0paszHoi ¢opme
(OONBPIIMHCTBO U3 KOTOPBIX MPUTOHO K MCIOJIb30BaHUIO B KaUeCTBE TOILUINBA), 10 30 % HEeQTAHOTO KOHAEHCaTa U OKO-
710 50 % TOPOIIKOBBIX OTXO0JI0B, HE COJEPIKAINX YIIIeBOAOPOIbl. HedTaHOH KOHAEHCAT TaK)Ke MOXKET OBITh HCIIOJIB30-
BaH B KauecTBE TOIIMBA WM NepepaboTaH B HE(PTEIPOIYKTHI.
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Cxuranue He(pTelLIaMOB B CHelMAJIbHBIX Medax, TIe oOpa3yeTcs TEIUIOBAsk SHEPIUS M 30714 HE COAEpIKa-
masi BPEJHBIX 0TX00B. JIJIsl CKUTaHMS HCTIONB3YIOTCSI KaMEpHBIE, HAaJCIOEBbIE MM IIMKIOHHBIE Tonku. Hanbomnee nH-
TEpEeCHOH SBIsIETCS TYP000ap0oTazkHasA METOINKA NepepadOTKH He(PTEIUIaMOB, IPH KOTOPOI MpoIecc TOPSHHUS TIPO-
HCXOIWT B MHOTOIIO/IOBBIX M 0apabOaHHBIX Iledax, a BBICOKAs TEMIEpaTypa OTBOASAIINX Ta30B IO3BOJIAET HCIIOIb30BaTh
UX U KOTJIa-yTrin3aTopa. HemoctaTkoM SIBISIETCS] YHHUTOKEHHE IIEHHBIX YITIEBOAOPOIOB U BEIOPOCHI YTIIEKHUCIIOTO U
JIPYTUX OMAacHBIX Ta30B B aTMochepy.

*@unavmpayus — JUTENBHBIA U JOPOTOCTOSIINI Mponecc ouncTk HedrenuamoB. O0bEMBI HeTEIIIAMOB
NPe/IBapUTEIbHO YMEHBINAIOTCS ITyTeM OTJeNeHus BoAbl. J[iIs 3Toro ucnone3yercst oTcTanBanue, GpuibTpamys, CyIika,
BBIMOpaKMBaHHE U leHTpudyrosanue. GuibTpanus NPOU3BOJUTCS C HIOMOIIBIO JIEHTOYHBIX M (QuibTp-npeccoB. Ouib-
TpOBaHUE 4epe3 IPecc AENUT Hegmewliamsl Ha JBE 4aCTU U OTAENAeT IPUMECU OT >KUIKOU cocTaBistomer. s no-
BBIIIEHUs 3 (PEKTUBHOCTH Tpoliecca HeTenuiaMbl IEPEMEIINBAIOTCS, YCPEIHIIOTCS, B HUX HO0ABIISIOTCS MOJIHAJIEK-
TPOJIUTEL, 30J1a U APYTHE PEAreHTHI, YCKOPSIOMNE U yinydmatomue ¢unbrpanio. OgHako, HE permaercs mpodiema J10-
MIOJTHUTEIbHON OYMCTKH BOJBI M YTHIIM3ALUN MaTepHAaOB.

*Omcmausanue — SBISETCS MEIUICHHBIM M HeA((EKTUBHBIM MIPOIIECCOM, KOTOPHIi TpeOyeT OoipIIne Iionia-
IV 1J1s1 OTCTOMHHKOB 1 OOJIBIITHE 03Bl JIOPOTUX XUMHKATOB.

*Anvmepuamugnsle cnocoosl nepepadomku Hehmeuiamos.

Baxxnoil 3agaueil yTUiIM3aluy ABJISETCS OUMCTKA HAKOIUTENIEH IPENIPUATHI, MHOTHE U3 KOTOPBIX IOCTPOEHBI
emé B Hayane 50-x rogoB npomnuioro croierus. Co BpeMeHeM 3T XpaHWIUINA IPEBPATUINCh B IOCTOSIHHBIM UCTOYHUK
SanSSHeHHfI. ITomumo YKa3aHHBIX BBIIIC METOAWK CKHUI'aHUA, OTCTaAUBAaHUA U (I)I/IJ'H)TpaHI/II/I, CYHIECTBYET MHOZKE€CTBO
TeXHOJIOTHIl HOBOTO NMOKOJIEHMSI, TIO3BOJIAIONINX 3HAYUTEIFHO YMEHBIIUTh Bpe] NMPHPOTHON cpele U pa3yMHO HC-
T0JIb30BaTh IEHHBIE YIIIEBOJIOPOABI VISl TIOBTOPHOTO MpuMeHeHus. B nepepaboTke HeTenIaMOB MOTYT OBITh HCIIOJb-
30BaHbl PA3JIMYHBIC TEXHOJOTMYCCKNUE NPOLUECChI B 3aBUCUMOCTHU OT UX (I)I/ISI/IKO-XI/IMI/ILICCKI/IX CBOMCTB C MCIIOJIb30BaHHU-
€M LEHTPU]YT, CENepaTopoB, IEKaTepoB, TPUKAHTEPOB U AP.

CoyeTaHneM XHMHYECKOr0 U MEeXaHMYeCKOr0 MeTO/I0B OYMCTKH, He(TEIIIIaMbl KHIAKOBA3KOH KOHCHUCTEH-
LM pa3leioTcs Ha He()TeNpPOAYKT, BOAY M MeXaHu4eckue npumecu. Jlanaoe ¢azoBoe pasiejieHue IPOBOAUTCS C
LEIbI0 MOTYyYeHHSI HeTEIPOIYKTOB M MCIIOIb30BaHMS HX TI0 MPSIMOMY HAa3HAYCHHUIO, T.€. IS epepaboTKu HedTH 1o
COOTBETCTBYIOIIEMY BapHaHTY (TOIUIMBHBIM, MACJITHBIN WIIN KOMITICKCHBIH).

MCXOOHbIN HEDTELLNAM

| CMELLEHME 1
[1031POBKA XUMUKATOB

XUMUKATB!
ans
OBPAEOTKM

«TPEX®A3HOE»
LEHTPO®YTUPOBAHUE

HEOTAHAA
OPAKUUA

BbIAENEHHAA
TBEPIAA OA3A

BOHAA ®A3A

st hazoBoro pasgesneHust )KUAKOBSI3KMX HE(PTEIIAMOB UCIIONb3YEeTCsl MeXaHHYeCKH U XUMHUYECKHU# cro-
co0bI. [ T1y60KO0# 0YMCTKH HEPTEPOAYKTOB HHOT A HCHIOIB3YIOT U KOMIUIEKCHYIO TeXHOJIOrHi0. OOBIYHO AT pa3-
pylIeHUs] YCTOHYMBBIX BOJHO- MACJASIHBIX IMYJbCHII MeXaHHYeCKHUM CIIOCO0OM OCHOBAaHO HA MCKYCCTBEHHOM H3-
MEHEHHN KOHIICHTpAIUil AUCTepcHON (ha3bl AIMYNBCHHU C MOCIEAYIONeH KoaJeCleHIMeH MEeIKHUX Kameilb 3TOH (a3bl.
TexHOIOrH4YecKOe OCYIIECTBICHHE MEX(Aa3HOrO pa3/elICHHs] OCYILIECTBIETCS COBPEMEHHBIMH aNNapaTypaMmHu, ce-
napaTopamu, ueHTpudyramu, 1eKaHTepaMu, TPMKAHTePaAaMH M THIAPOLUKIOHAMHU PAa3INYHBIX KOHCTPYKIMIA.

Y CcTOWYNBOCTD SMYJIBCHI THITA BOJIA-Macio 0OBSCHSETCS IJIaBHBIM 00pa3oM HaIM4MeM Ha TIOBEPXHOCTH Kare-
JIEK OMYJBCHH CTPYKTYPHO-MEXaHHUYECKOTO Oapbepa, NMpeICTaBISIONIETO CO00H ABOMHOW 3JEKTPUYECKHH CIIOH Ha
Mex(pa3HOM NOBEPXHOCTH. B cocTaB TakMxX 3alIMTHBIX IUIEHOK MOTYT BXOIMTH COJIM HOJIMBAJICHTHBIX METaJUIOB Opra-
HUYECKHUX KHCJIOT M JPYrHX IOJIIPHBIX KOMIIOHEHTOB HE(TENPOAYKTa, KOTOPHIE JOMOIHUTEIBHO aJCcOpOMpYIOTCS Ha
ac(aabTO-CMOJIUCTBIX arperaTax M MepeBoAsAT UX B KOJUIOMJHOE COCTOsIHME. B KoyutonaHoM ke cocTosiHuM acdanpre-
HBI 00J1aJaf0T HauOOJbIIEH IMYIBTUPYIONIEH CIOCOOHOCTHI0. MHOTOUYKCIIEHHBIE NCCIIEJOBAaHNS YKA3bIBAIOT Ha CyIIe-
CTBOBaHHUE TPSIMOH CBSI3U MEKAY YCTOHYMBOCTBIO IMYJIbCHHM M KOHIUEHTpalueld MPUPOAHBIX CTA0UIM3aTOPOB Ha
rpadune paszgena (as. EcTecTBEHHO, YTO KOHIEHTpaLusl TaKUX BEIIECTB BO3PACTaeT B 00beMe HE(TEHNPOIYKTOB
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10 Mepe YBEIUUCHHUS X MOJICKYJISIPHOTO Beca (Mepexo.l K TSHKEIbIM QpakiusaM HedTH). [loMumo oOpa3oBaHus IMYIlb-
cuii B cpee He(TEPOIYKTOB B MIpoIlecce MEPEeBO3KH M XPaHEHUS IIPOUCXOAUT 00pa30BaHIe MMOJUAUCTICPCHBIX CHCTEM
IIPY B3aUMOJICHCTBUH KUAKHUX YTIIEBOJOPOIOB M TBEP/IBIX YACTHI] MEXaHHICCKHX IIPIMEC CH.

Jlst mepepaboTku HedTenIaMoB, OYpOBBIX NUIAMOB (Ha HEPTSIHONW OCHOBE) W HedTecoaepkKameld BOIbI KOM-
nanus «Karachaganak Support Services» ucmoib3yer MoOmibHyI0 yeranoBky OCSS-50 npoussozacrsa CIIA npowus-
BojuTenbHOCThI0 10M® B wac [25]. B ocHose OCSS-50 ucnonb3yeTcss PUHIMI TPeX(Pa3HOro HEHTPU(YTHPOBaHHS,
KOTOpasi MOXKeT paboTaTh B aBTOHOMHOM pexxkuMe. B pesynbrare nepepaboTKH yCTaHOBKHM 00pa3yeTcsi TP KOHCHCTEH-
LIMH JJIsL BTOPUYHOTO MCIIOIb30BaHMs: OUUILEHHAs He()Th, TEXHUUYECKAasl BOJA ¥ TBEPABIH 0Ca/IOK.

000 «KoMmo3uT» — KOMIUIEKCHOE MPOM3BOACTBEHHOE TPENIPHUITHE, aKTUBHO padoTaroliee B 00JacTH pe-
[ICHUS YKOJIOTHYECKHUX TpolieM Ha mpeanpustusx [15]. TlpuopuTeTHsIM HampaBlieHHEM pabOThl KOMIAHUH SIBISICTCS
pa3paboTka U MPOM3BOACTBO 00OPYAOBAaHUS AJsl YTHIM3aLMK He(TenulaMoB U Hepre3arps3HeHHBIX 0TX0/10B. Ha 00b-
extax TOK pecrnybnmku KazaxcTaH MONOXHATENFHO 3apEKOMEHIOBATH €0 M YCIICIIHO SKCIUTYaTHPYIOTCS YCTaHOBKHU
s yruausanuu HedgremiamoB «YYH-0,8» n yctaHOBKH [utsi cokUTaHus Hed)TecoaepKAIIUX OTX010B «DakeJ-
1M». YcranoBku utst yrummzanun HedrenuiamoB «YYH-0,8» u ycTaHOBKH TSI COKUTaHUS He(TECOIepKalIuX 0TXO0I0B
«Daxen-1M» UMEIOT Ps HEOCTIOPUMBIX NPEHMYIIECTB IT0 CPABHEHUIO C M3BECTHHIMH aHAJIOTAMH, 2 IMEHHO:

— TpOCTOTa KOHCTPYKIIMH YCTAaHOBOK 3HAUUTENFHO CHIKAET TpeOOBaHMSA K 00CITy)KHBAIOLIEMYy MEPCOHATY H
MTO3BOJISIET IPOBOJIUTE OOCITY)KUBAaHHE U SKCIUTYaTalllio 000PYAOBaHHS MIEPCOHATY C MUHUMAIFHON TIOATOTOBKOM.

—  BBICOKas IPOU3BOJMTENILHOCTD NEPEepabOTKHU MCXOTHOTO CHIPSl U HEBBICOKHE TPEOOBAHMS B DHEProOpecyp-
cax MO3BOJIAIOT MOJYYHTh IKCILIYaTHPYIONICH OpraHu3aiueil MakCUMaIbHbIH SKOHOMHYECKHH 3P (EKT 3a cUeT CHIKe-
HUA OKCIUTyaTallUOHHBIX 3aTpar.

ITo cocraBy M CBOWCTBaM pa3HBIX THIIOB He(TELIIaMOB pe3epBYapHOro MPOMCXOKIEHHS CIEIyeT, YTO B
mpouecce 3a4ucCTK U Hepepa6OTKI/I njiaMoB MOTYT OBITH MMPUMEHCHBI PA3JIMYHBIC TEXHOJOTHYCCKNUEC NPUCMBI B 3aBHUCU-
MOCTH OT WX (DH3UKO-MEXaHHYCCKHX XapaKTepPHCTHK. B OOJBIIMHCTBE CIydaeB OCHOBHAs YacTh pPE3epPBYapHBIX
HE(PTEIUIAMOB COCTOUT W3 KHIKOBSI3KHX MPOAYKTOB C BHICOKHM COJCPKAHUEM OPTaHWKH M BOJABI U HEOOIBIIUMH I0-
0aBKkaMH MeXaHWYeCcKUX mpumeceil. ['ereobpa3Hble CHCTEMBI, Kak IpaBMIO, 00pa3yloTCs Mo CTeHKaM eMKocTei. Tra-
TENBHBIA aHAJN3 COBPEMEHHBIX TEXHOJOTUH IO 3a4UCTKE PE3epBYapoB OT HE(TENIIaMOB IO3BOJSIET CAeNaTh OIHO-
3HAYHBI BBHIBOJ] B TIOJIB3Y MIPUMEHEHHS METOIOB, OCHOBAHHBIX Ha MPUHIIUIIAX HCIIOJIH30BAHUS 3aMKHYTHIX, PEITHPKYJIIS-
UOHHBIX MPOIIECCOB, BKIFOYAIONINX B ce0S M OTHOBPEMEHHYIO aHTHKOPPO3HOHHYIO 3aIIUTy OTMBIBAEMBIX ITOBEPXHO-
creil. B ocHOBe Takux crocoOOB 3a4MCTKH pe3epBYapoB OT HeTEILIaMOB JIekaT (U3HKO-XUMHYECKUE OCOOCHHOCTH
UCIIOJIb3yEMBIX MOIOIIUX CPEJICTB, KOTOPbIE 001aal0T BHICOKOW /IeIMYJILIUPYIOLIEH CMOCOOHOCTHIO, 00eCIIeunBa0-
el moJiHOe pas3/ieJieHle MOKOLIEero pacreopa u Hedrenpoaykra. KoHKkpeTHOE MpakTHYECKOe BOIUIONICHUE YKa3aH-
HBbIC (I)I/ISI/IKO-XI/IMI/I‘IGCKI/IC MPUHIUIIBI OUUCTKU HAXOOAT, HAIIPUMEDP, B MOIOIIUX CPCACTBAX, B KOTOPBLIC B KAYECTBE 63-
30BBIX KOMIIOHEHTOB BXOJIUT HATPHeEBasi COJIb MOJINAKPHIIOBOIi KHCJIOTHI, 3JIEKTPOJIUT H Boja. Takue cocTaBbl 1o-
KazaJu BBICOKYIO 3((GEKTHBHOCTD P 3aUMCTKE JKEIE3HOJAOPOKHBIX [IUCTEPH U €MKOCTEH M3-1oa He(TH, MaszyTa, Ma-
cell U Apyrux HeTenpoayKkToB o6beMoM 10 120 M3,

CyIecTBYIOT IBa OCHOBHBIX cItoco0a (ha30BOTO pa3lesieHus JKUAKOBI3KIX HE(PTEIIIIaMOB — MEXaHHYECKHH 1
xumMudeckuii. s 6oee rimy0oKoit ounCTKH He(hTEIPOIyKTOB HHOTA TPHOETAIOT K KOMIIJIEKCHOH TEXHOJIOTHH.

JIJIs OCyIIeCTBIICHUS OIlepalui Mesk(pa3Horo pazaeeHus KAAKOBI3ZKAX He(TEIIIaMOB B HACTOSIIIEE BPeMsI
pa3paboTaHo 0ONBIIOE KOIMIECTBO TEXHOIOTUICCKHUX aNIapaToB, BKIIFOYAs CEMapaTophl, HEHTPUPYTH, THIPOIHKIOHBI
pa3MHYHBIX KOHCTpyKImid. Hepenko B kadectBe 3(pdekTHBHOrO croco0a MEXaHHYECKOTO pa3JeleHUs OOpaTHBIX
3MYJIbCUH CIIy’)KUT MeTOJ (pHuIbTPOBAHMA.

HecmoTtps Ha Gonbloe pasHOOOpa3ue TEXHOIOTHIECKUX IPHEMOB MEXaHMUECKOTo paszeneHns (a3 oOpaTHBIX
9MYJIbCHH, IIMPOKOE MPAKTUYECKOE UX MPUMEHEHHE SKOHOMUYECKH HEOOOCHOBAHHO IO CIIEAYIOIUM COOOPAKEHUSIM:

- TEXHOJIOTUA pa3acICHUs (1)83 JKHUIKOBA3KUX He(bTe[HJ'IaMOB CJIO)KHAa W 3KOHOMHUUYECCKH HC BbII'OJHA, IIO-
CKOJIbKY 3aTpaTbl HE pereHepanuio He(TenpoayKTOB HECOIOCTABHMBI C IUIAHUPYEMBIM 3((EKTOM HCIOJIb30BaHUS
KHUJIKAX TOprounX (OeH3uHa, Macia | T.11.).

—  HCIIONB30BaHHME BO MHOTUX TEXHOJOTHYECKHX YCTAHOBKAX BOJSHOTO IMapa WK TropsSdeil BOABI [UIS JTOIIOJ-
HUTETHHOH OYHCTKH HE(PTENPOAYKTOB IpearojaracT OO0sS3aTeNbHYIO IOCISAYIOIIYI0 OYUCTKY M O0E3BpEKHBAHUE
CTOYHBIX BOJI OT IEAMYJIEIaTOPOB U (DIOKYISTHTOB.

—  pa3zmereHHe KUAKOBI3KUX He(TENIAMOB C BBIICICHUEM JISTKAX YTIICBOJOPOIHBIX (hpakuuii HeTH CBI3aHO
C MOXapOOIIACHOCTHIO H, CIIE/I0BATENBHO, TPeOyeT obecriedeH s IOTIOTHUTENILHBIX Mep 10 OE30MaCHOCTH ITPOU3BO/ICTBRA.

IIpu camoii TmaTenpHONW OYHMCTKE TBEPIOTO OCTaTKa HedTenuraMoB B HeM octaercs 0 10-15 % opranukwm, u
MOJTHOE 00€3BpEeKMBAaHUE €r0 JOCTUTASTCS JIMIIHF TepMHYecKoil 00padoTkoii. Onepanyu 1o nepepaboTKe KUAKOBSA3-
KHX HeTEIUIaMOB C MIPeIBapUTEIHHBIM MEXaHHYECKUM pa3zielicHneM (a3 1esiecoo0pa3Hbl JIMIIb MPH BHICOKOM CO-
JAep:KaHMM B ILIAMAaX OPraHuku. B aToM ciyuae omnepanus »KHIKOBS3KOTO pas/eieHus] HeTeliaMoB BbIF0JHa, M0-
CKOJIbKY He(TeluaMbl oJOOHOTO THIIA MO’KHO OTHECTH K Pa3psily BTOPUYHBIX MUHEPAJIbHBIX pecypcoB. OHUM U3
BO3MOXHBIX HyTeﬁ yTuiansanuun HO)IO6HOﬁ )KI/UIKOI\/’I OpPraHruKU ABJIACTCA €€ UCIIOJIb30BAHUE B KAYCCTBE OJJHOI'O U3 KOM-
TIOHEHTOB CHIPbS JJIsl KOKCOBAHMS MJIM 100aBOK B KOTeJIbHbIe TOMINBO. Hanboee npocTbiM criocoboM yTHIIN3auu
KHUJIKOBSI3KUX HE(PTEIUIaAMOB C BBICOKHM COJICPKAHUEM OpPTaHUKH SBISIETCS MpsMoe, 0e3 (a30BOT0 pa3ieicHUs Hc-
MOJIb30BAHUE UX B CMECIX C TOP(POM, YroJdbHOI MBLTbI0, OMMIKAME YN IPYTHMH JCIICBBIMA TOPIOYMMHE BEIECCTBA-
MU B OTXOJaMH B KQ4eCTBE OPHKETUPOBAHHOTO KOTEJIHHOTO TOILIHBA.
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XumMuvyeckuii cnocod pasgeneHusi He)TeIMYJIbCHI C IENBI0 PETeHEPAIlK M MMOBTOPHOTO HCIIOIB30BAHUS
YTICBOIOPOAHBIX MIPOAYKTOB IO WX MPSAMOMY Ha3HAUCHHUIO (JIETKHE Ppakiui HeTempoayKTOB, Macyia U T.J.) OCHOBAaH
Ha WCIIOJIb30BAHHUH CIICIIHATbHBIX MOBEPXHOCTHO-aKTUBHBIX BewlecTB (IIAB), urparwmux poJib 1e3MyJIbraTopoB.

ITockoaBpKy MPaKTHYECKH BCE JKUIKUE YTIIEBOJOPOIBI JETIe BOIBI, PACCIIOCHNE HEPTEIMYIHCHI CONPOBOXKIA-
eTcsl 00pa3oBaHWEM Ha WX MOBEPXHOCTHU CIIOS, COCTOSIIETO MPAKTUICCKH U3 OJHUX He(TEMpOoayKTOB (OOBOIHEHHOCTD
MeHee 5 %), 1 O3BOJISIET JIErKO C TEXHOJIOIMYECKOH TOUKH 3peHHUs coOpaTh UX JUIi JalbHeHIe yrnunuszanuu. B kaue-
CTBE TOBEPXHOCTHO-AKTHBHBIX BEINECTB KOJIJIOMAHOTO THUIIA MOTYT BBICTYNATh IMOJHAIEKTPOJIUTHL, K KOTOPBIM, B
MIEPBYIO OYEPEllb, CIEAYET OTHECTH COJIM BHICOKOMOJIEKYJISIPHBIX cyabgokuciaor. Mcxons u3 Gpuznko-MexaHHIECKUX
ocobenHocTel KoutonaHbIX [IAB, HEOOXOAMMO MPOBOAUTH IEJICHAIPABIICHHBIH BBHIOOP J€IMYJIbraTropa He(TeIM yilb-
cuil B Ka)KI0M KOHKPETHOM CJIy4ae.

OnHuM 13 HauboJiee pacpoCTPaHEHHBIX PEareHTOB B MIPAKTHKE YTHIIN3AIMH He()TeNJIaAMOB CIIy)XHUT OKHCH
KaJIbIUs WU HerameHas U3BeCcThb, IeHCTBHE KOTOPOH 00YCIOBJICHO €€ CIIOCOOHOCTRIO BCTYIIATh B K30 TEPMHUUECKYTO
peaxiuio ¢ Bojoi. OcoOEHHOCTh 3TOH peaKIui COCTOUT B TOM, YTO OHA MJIET CO 3HAYUTEIHLHON 3a/IeP)KKOH, YCKOPSSACH
pu pa3orpese cmecu. KoHedHbIe cTainy 3TOH peakIiy COMPOBOXKIAAIOTCA 00pa30BaHUEM Iapa, a MHOTAA M JIOKAJIHHEI-
MH BCHBIIKaMHA. [IpOIyKTOM peakmuu SBIETCS KOPHYHEBOE MOPOIIKOOOPAa3HOE BEIIECTBO, COCTOAIICE M3 MEJIKHX
rpanyi. OO0pa30BaHHBINA MPOAYKT MPOSIBISET HHEPTHBIE CBOWCTBA 110 OTHOIICHUIO K BOJIC U MOYBE, MOCKOIBKY YaCTHIIBI
TOKCHYHBIX BellecTB-3arpsA3HUTeNel 3aK/II0YeHbl B H3BECTKOBbIE 000104YKH-KANCYJIbl 1 PABHOMEPHO pacupene-
JICHBI B Macce MpOoAyKTa. MaTepuall, M3rOTOBJIEHHBIH U3 TaKUX IpaHyJl, 00jaqaeT BHICOKOH IUIOTHOCTHIO, BOJAOHENPO-
HHUIIAEMOCTBIO U MOXKET BbIIEPKUBATh Harpy3ku 10 90 Mlla.

Hepenko ¢ uenbio 00e3BpeKMBaHuUsI OTXOA0B HE(YTEPOAYKTOB BMECTE C HeramieHoii N3BecThI0 HCIOIB3YIOT
ITAB u3 kjacca *KUPHBIX U cyJb(OKHCIOT, a TAaKXKe APYTUX BBICOKOMOJICKYJISPHBIX MPUPOAHBIX M CUHTETUYECKHUX
BeniectB. [Ipu cMenieHun HedTenuiaMa ¢ ITUMH KOMIIOHEHTaMH B miporopiimu oT 1:1 g0 1:10 mpoucxoaut aacopOrus
OTXOJIOB Ha TOBEPXHOCTH THAPOOKUCH KaIbIUA. B pe3ynpTare momydaroT cyXxoi rHapo¢poOHBIH MOPOIIOK, KOTOPHIH
MOJKHO HCTIOJIB30BaTh B KAYECTBE CHIMYYETO JOPOKHO-CTPOUTEIHHOTO MaTepraa.

[Ipr yruam3zanuu HedTeNLIAMOB Pe3epPBYapHOro THIIA JJIS MOIXYYCHHS CYXOTro THAPO(POOHOTO MOPOIIKA B
[8] mpoBOIUITHCH TEXHOMOTHYECKUE OTIEPAIINA ABYX THIIOB.

B mepBoM BapmaHTe XHIKO-Bs3Kasg Macca HeTemmiamMa HampsSMyH0 3aMEIINBACTCS B MUHEPAIBHYIO ITUC-
MIEPCHYIO0 MATPHILY, POJIb KOTOPOW MOTYT BBITIONHATH TaKAE MaTepHAIBI, KaK TIHHA, TecoK U ap. [mapodoOHEIi mopo-
IIOK MPUrOTOBIsUICS 3amernuBanueM (30 % macc) KUIKOBSI3KOro HedTenuiamMa B MUHEpanbHy0 cMmech (70 % macce),
COCTOSIIIYIO U3 IVIMHBI, ecka H 30715l (20:40:40). IIpy ecTeCTBEHHOM MPOCYIIMBAHUU CMECH B TEUCHHE HECKOJIBKHUX
CYTOK TMOJIyYaJICsl CyX0Oi HecMayrBaeMblil THIPOGOOHBIN MOPOIIOK, MPUTOAHBIA ISl €T0 NaTbHEHIIEr0 UCIIOIb30BaHUS
B KaueCTBE CHINy4ero JOPOKHOTO MaTepHana UM KOMIOHEHTA IIUXTHI IJIsI U3TOTOBJIECHUS CTPOUTENBHBIX MaTepHasoB.
Ot Matepuansl (KHPHUYH, IHTHI, OpPyc, ¥ T.I.) MOTYT OBITH MOJyYeHBI JIMOO MPECCOBAHUEM CYXO#l LIMXTBHI, JMOO
METOJIOM 3JIMBKH HIJIMKEPa B COOTBETCTBYIOIIME pa30opHbie (Gopmbl. /sl MPUTOTOBIICHUS IUIMKEPA B KAYECTBE CBSI-
3YIOMIEr0 KOMIIOHEHTa MOYKHO HCITOJIb30BaTh IeMEHTHbIE U TNIMHSAHbIE PACTBOPHI, ;KHKO€ CTEKJIO0, THIIC U Ipyrue
BSUKYLIHE MATePHAJIbI THIPATAIIMOHHOrO TBepaeHusi. CaM MpoIecC OTBEPACHHS MPH 3TOM CIYKHUT (P(PEKTHUBHBIM
croco0oM 00e3BpeKUBaHUS BA3KOIUTACTUYHBIX U TBEPABIX OTXOHOB.

Bo BTOpOM BapmaHTe yTIIH3AaIWN KXUAKO-BI3KAX HEPTEIUIAMOB PEe3epBYapHOTO THITA OHH MPEIBaPUTEIHHO
MOJIBEPrafOTC YAaCTHYHOMY BBHIIAPUBAHHWIO Ha BOJSHON OaHe. B mpomecce BhIMapuBaHUS IO ITOCTOSHHOTO Beca
HeTeL1aM TepsieT U3 CBOEro COCTaBa BoAy U lerkokunsiue (10 100°C) yrieBonopoasble Gppakiuy U IPeBpaIaeTcs
B CyXOH MOPOIIOK OypoTro IBETa, B COCTaB KOTOPOTO BXOAAT MHUHEPAJIbHBIC IPUMECH U pxkaBuuHa. [Tocie n3MenpueHus
W MPOCEUBAHUSI TOHKOJUCIIEPCHBIA MOPOIIOK (CyXOH OCTaTOK HedTeluiamMa) 3aMeIIMBaeTCsl B ONPEJEICHHOM COOTHO-
LIEHHH C IIUXTOM, COCTOSIIEH U3 IJIMHBI, KBAPIEBOr0 MecKa HJIM 30JIbI M MopouiKka aaoMunus. [Tpu noGasienun B
mmxty 50 %-Horo BOAHOro pacTBOpa )KMAKOr0 CTEKJIA MOJIYy4YaroT BI3KOIUIACTHYECKYIO MacCy IIJIMKepa, U3 KOTOPO-
TO JIETKO MOXKHO TMOJYYHMTh M3JENHs HY)KHOTO pasmepa W Tumna (0JI0KM, KHPNHUYH, TVIMTKH M T.A.) JIUO0 METoI0M
MIPECCOBaHUs, TNOO JIUTHEBBIM MeTOI0M. OTIPECCOBAHHBIC HITH JINTHIC M3ACIHS ITOIBEPTalOTCs CYIIKE B €CTECTBEHHBIX
yCIOBUAX B TedeHUe 2-3 CYTOK, a 3aTeM B CYIUMIBLHBIX ycTaHoBKax npu 100-150°C B TeueHue HECKONBLKUX YacoB. Bbl-
CYIICHHBIC W3JENHS MMOBEPTaloTCs B KOHEUHOU CTaIuU OOKHTY B CIEIHANbHBIX medax. OOXHUT OCYIIECTBISETCS 10
CIeHATBHON porpaMMe HarpeBa 00pasmoB 10 TEMIIEpaTyp WHUIUHUPOBAHUS MPOIECca CaMOPACTIPOCTPAHAIONIET0CS
BbIcOKoTemmepaTrypuoro cunre3a (CBC-nporecca) [1,7]. CBC npencraBisieT co00# pexiM MPOTEKaHUS 3K30TEPMHU-
YEeCKOM peakluu, B KOTOPOM TEIIOBBIAECICHUE JIOKATU30BaHO B Y3KOM CIIO€ U MEPENacTCs OT CNIOS K CIOK0 IIyTEM Tell-
noniepenayd. Ha Hamn B3rsa mpu Terionepenade CyIIeCTBEHHAs POJib NMPHHAIICKHUT dJIEMEHTAPHBIM HEPEHOCUNKAM
TETJIOBON SHEPTUU- «TeruioTpoHamy» [16, 17, 19, 20, 21, 22]. B pesynbtate npoBeaenust CBC-niporecca B o0beme 00-
PAas3I0B U3IENUI CO3/1aeTCsI OTHEYIIOPHASt MYJUIUTOBAs CTPYKTYypa MaTepHaia, IpUCYIIasi KepaMHIECKUM H3ISITUSIM.

Takum 00paszom, A TUKBUAAINHE HEPTIHBIX 3arpsa3HEHUH U yTHIM3AIMK He)TECOAESPIKAIINX OTXOI0B HEOO-
XOIMMO KOMIUIEKCHOE pelIeHHe, KOTOpoe oOecreunBaeT MaKCHMAJIbHYIO CTeneHb 3(pQeKTuBHOCTH M 0€30macHOCTH
OKpY>Karollen cpebl.

Coueranust (pusuko-xumudeckux MeronoB ¢ CBC-texHosorueil B mporeccax nepepadOTKH W YTHIM3ALUN
HeTenuIaMoB yKa3blBaeT Ha NEPCIIEKTHBHOCTD PA3BUTHSI ATOTO HOBOTI'O TEXHOJIOTHYECKOTO HAIIPaBIICHHUSI.

Hcnonp3oBaHue NpUpOAHBIX BEICOKOMONEKYISAPHBIX COSANHEHUNH-TYMAaTOB B OYHCTKE 3aMa3y4E€HHBIX TPYHTOB
OTKpBIBAET IIMPOKUE BO3MOXHOCTH B PEKYJIbTHBALUU 3arpsA3HEHHBIX IMOYB C BOCCTAHOBIEHUEM HX IUIOAOPOIUS.
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[Tpu KOMOMHAITNH METOIOB OYHCTKU PE3yIbTATHI JOIDKHBEI OBITH SKOHOMHYECKH IeJIeCO00pa3HBIMHI B COOTBETCTBOBATh
COBPEMEHHBIM SKOJIOTHYECKUM TPeOOBAaHHSAM, TO3BOJISIONINN PEKYIbTUBAIMIO 3eMEbh C COXPAaHEHHEM IUIOAOPOANS U
BTOPUYHO MCIIOIB30BaTh YTICBOJOPOIBI ISl TPOU3BOICTBA HE(YTEIIPOTYKTOB.
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OIL SLUDGE AND ITS UTILIZATION
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Abstract. The proposed review article outlines the types of oil sludge and the reclamation of oil-contaminated
land. Existing methods of their utilization and processing are considered.
Keywords: oil, water, soil, emulsion, oil sludge, oil-contaminated ground, cleaning methods.
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HCIOJIb30BAHUE HEJTMHEMHOM TEOPHUU BA3KOYIIPYTOCTH JJ1S1 OITMCAHUA
PEOJIOTMYECKHNX CBOMCTB TEKCTUJIbHBIX HUTE 1 MATEPUAJIOB

I'.B. A6auesa’, O.C. Kypas?, JI. Hazaposa®, JI.P. Kamosiosa*
! kaunuaar Texauyeckux Hayk,> >4 accucreHt
L4 Byxapckuil MHKEHEPHO-TEXHOJIOTHYECKUH HHCTUTYT,
23 TamkeHTCKUI MHCTUTYT TEKCTUWIBHOM U JIEKOM IPOMBILIIEHHOCTH, Y30€KUCTaH

Annomayusn. B dannoil pabome npusooumcsi onucanue MexaHU4eCcKux C0UCme meKCmuibHblX Mamepuaos,
onucwigarowue ux ceolicmea. Ilpusooumcs ceedenust 0 peoiocuteckux MoOesx, UCHOIb3YeMbIX 0Jis ONUCAHUS NpoYecca
Juccunayuu SHepeuU 8 Mamepuaie npu pasiuyHblx OUHAMUecKux gosoelcmeusx. O60CHOBAHA BO3MONCHOCMb UCNO.Ib-
308aHUs HacieocmeeHHoU meopuu eazkoynpyeocmu bonvymana-Bonvmepa c siopom A.P.Pocanuyvina ons onucanus
peonozuueckux ceoticms Humei. I1o memoourxe M.A. Koamynosa uz sKkcnepumMeHmanbHblx KpUuebix NOA3y4ecmu onpeoe-
JIeHbl napamempsl A0pa peraKcayuy pasiudHbIX Humeu U mKaHu.

Knroueevie cnoea: mexanuyeckue ceolicmea, peoiocuyeckue Mooeau, OUCCUNAYUsL SHEP2UU, 83KOYRPY20CMb.

W3 aHanu3a npoBeAEHHBIX HCCIEIOBAHUN M COINOCTaBICHUS TEOPETUUECKUX M SKCIIEPUMEHTOB PE3yIbTaToB,
MIPUBEJICHHBIX Pa3lIUYHBIMH METOAAaMH, MOXKHO CIeNaTh BBIBOJ, YTO BO BCEX CIydasx, HE3aBUCHMO OT CIIOCOOOB M pe-
HUMOB Harpy>kK€HUs, BUJIOB BOJIOKOH, MX CTPYKTYPHOTO Pa3IMYMs U TEXHOJOTHYECKUX METOAOB MOIY4YEHUS, peabHBIM
HHUTSIM U3 BOJIOKHOOOPA3yIOUIMX HUTEH U TKaHM MPUCYIIA 00IIasi, CUILHO BBIpa)KEHHAs! M IIIy0OKasi CBSI3b MEXKAY (ak-
TOpaM BPEMEHH BHEIIHUX BO3/ACHCTBHI: CKOPOCTBIO HAarpyXXeHUs — Ae(OpMaIliH, ¢ OIHOH CTOPOHBI, U XapaKTepOM
MIPOSIBIICHUS] BHYTPEHHUX CBOWCTB — NEPEMEHHBIM 3HAYEHHEM MPOYHOCTH — PAcTSHKUMOCTH HHUTEH, C APYTroif CTOPOHBI.
Orta CBS3b BBIPAXKACTCS MHOTO(AKTOPHONW HEJIMHEHHON 3aBHCUMOCTBIO, IIPH KOTOPOIl 3HAYCHNE 3aTPavlBaEMbIX BHEII-
HUX YCHIIHH JUIS PacTsDKCHMS HUTEH, IEPEMEHHBIX M0 BEIWYHHE W BPEMEHH, 00YCIOBINBACTCS PA3INYHBIM Pa3BUTHEM
TI0 3TUM K€ TIPU3HAKaM BHYTPEHHET0 ITpoIlecca MepepacipeeeHus COCTaBHBIX yacTel oOmeit nedopmanum.

YCTaHOBJIEHO, YTO C POCTOM HAINpPsHKEHHUH MOYTH JUIS BCEX TEKCTHIBHBIX MAaTepHANIOB HAOJIOIAeTCsl OTKIIOHCHHUE
OT JIMHEHHOW TEOPHHU HACIIEICTBEHHOCTH: JlepopMaIu pacTyT OBICTpee, YeM 3TO MPEICKa3bIBACTCS JIMHEHHBIMU COOTHO-
mieHusiMu. B pabote [1] co3mana oOrias HeTHHEHHAS TCOPHUs BA3KO-YIIPYTOCTH, B KOTOPOI MPHUMEHSICTCS] IPHHITUIT 00pa-
IIEHHUS HeTMHEWHBIX ONEePaTOpOB JUIA MOJTydeHHs 00paTHBIX COOTHOIIECHUN MEeXAy O, & U l; TaMm ke pa3paboTaHbI BapH-
aHTBI OOIIEl TEOpUH TOJI3YyUeCcTH, Y0OHbIE IS MPAKTUYECKOTO NPUMEHEHHMS, MPeIUToXKeHb! 3()(EKTUBHBIE METOJIBI pe-
LICHMS 33714 JITHEIHON 1 HEJIMHEHHON TEOPHH TePMO-BI3KOYIIPYTOCTH, PACCMOTPEHBI 3a1[a41 JTHHAMUKH ¥ IPOYHOCTH.

B crarbe g omucaHus BSI3KOYNPYTUX CBOWCTB OyJIeM MCIOJIB30BATh HEIMHEHHYIO HACIEACTBEHHYIO TEOPHIO
BS3KOYIPYTOCTH KyOmueckor Teopun Mnprommaa-Orudanosa [1]

Si =2G((e; (1) _jfl(t - 7)e; (2)d7) -y (&; (t)e(t) —jf?, (t-1)e; (r)e(z)d7)),

o=K0,0=0;13 S, =0, -0

i 0= (e +6y +83)13, 8 =&, —00; 13,

0; =0ecu i# j; lecm i=j, 1, ],k 1. e=¢. e, 1)

¢ siapom A.P.Pxanurpiaa [2]
[y(t) = AleMt™; IL(t) = A"t (0<ala3<1),

3neck K, G — MrHoBeHHbIE MOAYIH 00BEMHOM M cIBUTOBOI nedopmanny; Sij, €jj — KOMIIOHEHTHI eBHATOPa
HaNpsDKCHUH U neopMalnii; G — MIapoBas 4YacTh TCH30pa HANPSHKCHUH; © — 00beMHas aedopManis; € — BTOpoi MHBa-
puaHT TeH3o0pa aedopMmanmii; y — ko3 dumment nenmueitnocty; ['1, ['s — sapa penakcanuu st HETMHSWHOW COCTaBIISI-
rormmx Bsskocty; Al, al, B1, A3, a3, B3 — mapamerps! siaep. st onpeaeneHus 3TUX MapaMeTpoB Ha OCHOBE 3KCIICPH-
MEHTAJIFHBIX KPHBBIX TOJI3YYECTH pa3pab0TaH ajJrOPHUTM, a IS MPHOJIKEHHBIX HHXCHEPHBIX OLICHOK — MPAKTHYECKHE
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MIPUEMBI, OCHOBaHHBIE Ha TPaQUIECKUX MOCTPOCHUSX [2].

Crenyet OTMETHTb, YTO HanOOJICe IPUEMIIEMBIM CIIOCOOOM ONpEENICHHs IPEAEia JHHEHHOCTH SIBIISIETCS IKC-
MEPUMEHTANBHBIN CII0CO0, KOTOPBIH MO3BOIAET BBIACINUTD 00J1aCTh HANIPSHKEHUH, TE U pelIeHus 3a1a4 aedopmMupy-
€MOCTH MOXKET OBITH MCIIOJIb30BaH MEHEE CIIOKHBIM aHATUTHYECKUHA anapaTt JMHEHHOH BA3KOYIIPYTOCTH.

IIpu ydere ¢pusznveckoil HEMUHEWHOCTH MOCTABIICHHAS 3a/1ada CBOAMTCS K PEIICHUIO HENMHEWHBIX WHTETPO-
muddepeHManbHBIX YpaBHEHHUI Bua:

7(t)+o’[z(t) —jFl(t ~7)2(r)d7]+ pw’[Z°(t) —jfg(t ~7)2%(r)dr = f (1) @

IIpU Ha4YaJIbHBIX YCIIOBHUAX

2(0)=1, 2(0)=p @3)
U UCXOOHBIX NAaHHBIX.

Jlns pewenus ypasHeHnue (2) HCMIONb3yeM METo, pejuiokenHoro JI.E. Manbuessiv [3]. B uacthocTts, npu
I,(t) = Ale ™™t T,(t) = A Pt (0< a <),

f(t) =[B1* + 0" - Al’t™ | al+ po*e "™ (1- A%t** | a3)e ™",

A1=0.123;, a1=0.15; p=0.0%;, 0 =2*7,,A3=0.11;, 23=0.2; p=0.0L, 0 =2*7.

Al=A3=A, al= a3= o, B1=, B3=2p u3 ypaBHeHus (2), IOIy4YHUM ypaBHEHHE, IPUBEACHHOE B [4].

B tabauue 1 npuBoauTCs pe3yabTaThl TOYHOTO PELICHUs YpaBHEHUH (2), pelIeHusl, TOIyYEeHHbIE C TOMOIIBIO
MeTO0/1a, TPEeATIoKEeHHOTOo B [4] U pemeHus 3aaaun (2) ¢ HadalbHBIMH yCIOBUSIMHE (3), OTyuYeHHBIE C TIOMOIIBIO pa3pa-
0O0TaHHOTO HAMH AJTOPUTMa MPH Pa3IUYHBIX 3HAYCHUSIX t.

CormocraBneHne, NPUBEICHHBIX PE3YyIbTaTOB B Tabx.l MOKa3bIBacT, YTO C MOMOIIBIO pa3pabOTaHHOTO airo-
pHUTMa, MOKHO TOJIyYHUTh PEIICHUE HHTErpo-aAndPepeHIINaIbHBIX YPaBHEHHI ¢ HEOOXOANMOH TOYHOCTBIO.

Bpewms, t,c. 0.4 1.2 2 4 8 12 16 20 24 28
Tounoe pemenne | 0.9802 | 0.9418 | 0.9048 | 0.8187 | 0.6703 0.5488 0.4493 0.3679 | 0.3012 | 0.2466

Pemienue, nomy- 0.9811 | 0.9413 | 0.9024 | 0.8124 | 0.6609 0.5393 0.4414 0.3621 | 0.2978 | 0.2455
4yeHHoe B [4]

Pemenue, nomy-
YeHHOE HaMH 0.9809 | 0.9416 | 0.9042 | 0.8179 | 0.6677 0.5408 0.4462

0.3645 | 0.2991 | 0.2459
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Puc. 1. Cpagnenue ynpyeo2o (nuneinsiil u HeIUHEUNbIL) U A3KOYNPY2020 (TUHEelU bl U HeluHelinblil) pewenus: — Z

-t - epema;
. (V. . (V. . (V.
1-ynpyeoe nuneiinoe pewenue — Z1 = ; 2-ynpyeoe nenunetinoe pewenue — Zh' = ; 3-eazxoynpyeoe nuneiinoe pewenue - ZV - ;
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IomydeHHbIE pe3ysIbTaThl MO3BOJISIIOT CACNIATH BBIBOJ O TOM, YTO MPEAIOKEHHbBIC TEOPETHUECKHE MPEAOCHIT-
K{ C JIOCTATOYHOM TOYHOCTHIO MOJACIUPYIOT ANHAMHUKY PEalbHBIX 00BhEKTOB. Pa3paboTaHHBIE METOINKA, alTOPUTM H
IIporpamMma pacueTa 00eCIeINBaloT MOTyUCHHE PEMICHNUS 3aJaul ¢ HEOOXOJUMON TOYHOCTBHIO.
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THE USE OF THE NONLINEAR THEORY OF VISCOELASTICITY FOR DESCRIBING
THE RHEOLOGICAL PROPERTIES OF TEXTILE THREADS AND MATERIALS
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Abstract. This work provides the mechanical properties of textile materials, describing their properties. It is
presented data on the rheological models used for the description of process of dissipation of energy in material at var-
ious dynamic influences. The possibility of use of the hereditary theory of viscoelasticity of Boltzmann-Voltaire with
A.R. Rzhanitsyn's kernel for the description of rheological properties of threads is proved. Parameters of a kernel of a
relaxation of various threads and fabric are determined by M.A. Koltunov's technique from experimental curves of
creep.

Keywords: mechanical properties, rheological models, dissipation of energy, viscoelasticity.
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CTATUYECKAS BAJTAHCUPOBKA TETEPOI'EHHBIX BHIUNCJIEHUI
HA HEHTPAJIBHOM U TPAOUYECKUX ITPOLHECCOPAX

A.C. Toayodes’, C.I1. Opaios®
! acnimpaHT Kadeaphbl BEIYMCIUTENLHON TEXHUKHY,
2 TOKTOp TEXHMYECKUX HAYK, 3aBeyIOUIMH KaeApoi BBIYUCITUTENEHON TEXHUKH
Camapckuii ToCyZapCTBeHHBI TeXHHYECKHI yHUBEpCHTeT, Poccuns

Annomauyus. B cmamve paccmampugaiomcs 2emepozennvie 8bl4UCIeHUs Ha NAPAIIeIbHbIX GbIYUCTUNETbHBIX
CMPYKmMypax u cnocodwl ux peanuzayuil. Paccmompenst nooxoosl Kk annapammomy u npocpammHoOMy pewenuro oanan-
cuposku. Paccmampusaiomess memoobl 0151 opeanuzayuu epanyiapiocmu. Paccmompen memod intra-frame gupmul
Intel ons ébryucaenus copmuposku memoodom pacuema nosuyuii ¢ ucnoavsosanuem cmanoapma OpenCL.

Knrouegvie cnoga: npoyeccopbl, cemepozennble 6bl4UCIEHUS, SPAHYIAPHOCHTb.

Beenenne. IloBblmeHre CKOPOCTH BBIYUCICHUN CBSI3aHO, B TMIEPBYIO O4Yepeab, C MapauleIbHOM opraHu3anuen
anmnapaTHBIX CPEJCTB M pacnapajuieIMBaHUM BBIYMCIMTENbHBIX 33aa4. B HacTosimee Bpems Haubosee 3QQeKTuBHbIC
pELICHUsI MOJTYyYeHbI PU HUCIIOJIb30BAHMH I€TEPOTSHHBIX BBIYMCICHHUH. [ eTeporeHHbIe BHIUMCICHUS - BBIYMCICHUS UC-
MOJIb3YIOIINE pa3HbIe THUIBI BBIYUCINUTEIBHBIX OJIOKOB. BhIUMCIHTENBHAS CHCTEMa, COCTOSIIAS M3 PA3HBIX BBIYHCIIH-
TENBHBIX OJIOKOB, Ha3bIBaeTCs rereporeHHoi. Takas opranuszamust HaseiBaetcs HSA  (Heterogeneous System
Architecture) — I'ereporennas Cuctemuas Apxurektypa [1]. [lomoOHbIe CHCTEMBI peanu3yIOTCs KaKk Ha OJHOM IpOoIec-
cope, Tak ¥ B BHJE OTICIBHBIX 0s10K0B. [IprMepom MoxeT ciyxuTh TexHonorus GPGPU — oObIuHbIe BBIYHCICHHS HA
rpadudeckux mpoueccopax Bupeokapt [2]. B crartee paccmaTpuBaercs 3amada 0aJaHCHPOBKH 00bEMa BBIYHCIHTEIb-
HBIX MPOLIECCOB MEXAY EeHTpaIbHBIM TporieccopoM CPU 1 maccuBom rpadmdeckux npomeccopoB GPU Ha Bumeokapre.

AnmnapaTHasi peaJu3anus reTeporeHHbIX BIYNCIEHMii. ANapaTHas peann3anus Obuia NpeacTaBieHa KOH-
copuuymoM HSA Foundation, Bxmrovatommum ce0st kopropamu ARM, AMD, Imagination, MediaTek, Qualcomm,
Samsung. HSA TexHonorus BeIMOMHIETCA Ha MHTerpupoBaHHOM yuiie SoC, conepxaiiem B cebe CPU, GPU, DSP 610-
ku. Llensto HSA sBnstercs yBenumuuTh npomyckHyio crnocobHocts Mexay CPU, GPU u npyrumu yctpoiictBamu. J{is
storo SoC J0DKeH UMETh YHH(DUIIMPOBAHHOE aJpECHOE MPOCTPAHCTBO, 0OECIeunBa paboTy uepes ykasateau. Eau-
HO€ aJIpecHOE MIPOCTPAHCTBO MO3BOJISAET MOJACPKUBATh YKa3aTe/M HAa TaKUe CTPYKTYpPHI, KaK JepeBbs, CIIUCKU U Ipa-
¢b1. UToOBI 00ECHIEYnTh TTIEPEHOCUMOCTh Koz Ha s3bikax C++, OpenCL noHano6mics mpoMeXyTOUHbIH A3bIK, Ha3bIBa-
embiii HSAIL (HSA Intermediate Layer), pa3paOoTaHHBIH cIIeIIHaTBHO IS TAPaUICIbHBIX BEIYUCICHUNA HA TETEPOTCH-
HOM apxurekrype [3].

Cpena BoimonHeHUst HSA siBitssercst oTkpbITOl utatdopmoit u Bkmodaet Tpancistop "HSAIL finalzer", xoro-
PBIit IEPEeBOANT ONEPATOPHI B COOTBETCTBYIONIMH MAIIMHHBIA KOJ, €CIIM amlnapaTHble KOMIOHEHTH HE MOTYT IMOJIEp-
xuBath HSAIL wu3HayanbHO. AJNBTEpHATUBHBIM pelieHueM siBisiercst komnmistop Intel Heterogeneous Research
Compiler ¢pupmsl Intel, npenocrapnsromumii cpencTpa, odierdaroiye pacnapamienauBanue 3aaauy mexay CPU u GPU
[4]. Lenbto mpoekra iHRC s Intel Lab sBisiercs oOecrieueHre BbIMOIHEHHS MTapaJUIeIbHBIX 3a]]a4 Ha HHTEIPHUPOBaH-
HBIX rpaduyeckux mnpoueccopax Intel. KomnuisaTop aBromMarnuecku reHepupyer HU3KOypoBHeEBbIH kox OpenCL st
GPU c nmoMombko cpes! BRITOTHEHUS, KOTOpHIi OyneT BoimonHATcs Ha GPU, ecniu GPU He 3aHAT APYTUM MPOIIECCOM.

[Mocnennue Mozaea MOKOJICHUI MpoleccopoB, BhiyckaeMbix ¢pupmamMu AMD u Intel, monnepxuBaroT cran-
nmapt OpenCL 2.0, oTBevaromuii TpeboBarmto Hanmaus yHUpHIUpoBaHHOH mamsati Mexny CPU u GPU mis oOmeHa
JTAaHHBIX. DTO MO3BOJISIET CKa3aTh, YTO 00a MPOM3BOJUTEINST 00ECIEUNBAIOT TPEOOBAHNE I'€TEPOTEHHOCTH BBIYHCIICHHH.
OpenCL 2.0 goctymnen Ha mporeccopax Intel moxonenus Broadwell u Skylake. [Tpomeccopsl nmokonenus Haswell u Ivy
Bridge nmerot nogmepxky apaiiepa OpenCL 1.2, KOTOpHIi, 0THAKO, HE UMEET TOANCPKKH YHUDUITUPOBAHHON ITaMsi-
tu. B 10 3%¢ Bpems crannapt OpenCL noapasymeBaeT pacrpeseleHHe Harpy3Ku Ha ypOBHE NpHiIoxeHus. B atom ciy-
yae He0OXOJMMO COOJIIOCTH TPeOOBAHNE TPAHYIISIPHOCTH.

I'panyasiproctb. KitoueBoii MOMEHT B pacmapauleIMBaHHE PECYPCOB - TPAHYJISAPHOCTh. | paHyIsSpHOCTH -
3TO Mepa OTHOLICHUsI 00beMa BBIYHMCIICHHUH, BBHITIOJIHEHHBIX B Iapajlie]bHON 3ajiade, K 00beMy KOMMYHHKaMi (s
obmena coobmenussmMu). CTeneHb TPaHyISIPHOCTH BapbUPYETCS OT MEIKO3EPHUCTON 10 KPYIMHO3epHUCTOW. Paccmarpu-
BAIOTCS J[Ba KJIacca.

1. KpymHo3epHHCTHIH mapaiuiens3M (coarse grained): Kakaoe mapajuleTbHOE BBIYMCIIEHHE JOCTaTOYHO Hesa-
BHUCHMO OT OCT&JIBHBIX, IIPHYEM TpeOyeTcs OTHOCHTENbHO PElKUi 00MeH MH(pOpMaIel MeXIy OTIEeIbHBIMUA BBIUNC-
neHusiMHA. EnuHMNaMu pacnapauieMBaHus SBJIAIOTCST OOJIBIINE M HE3aBUCHMBIC NPOIPAaMMBI, BKIIIOUAIOIIUE THICSYH
KOMaH/I. DTOT YPOBEHb IapajiesIn3Ma 00eceYMBaeTCsl ONEPAIlMOHHON CUCTEMOHA.

2. Menko3epHucTbiii napamienusm (fine grained): xaskmoe HapajuiellbHOE BBIYHMCIEHHE J0CTAaTOYHO Mallo U
3JIEMEHTAPHO, COCTABIAETCA W3 AECATKOB KoMaHA. OOBIYHO pacnapauleIMBaeéMbIMHU €IMHULAMHU SIBISIOTCS JIEMEHTHI
BBIPaYKEHUS! WIIN OTJIEJIbHBIE NTEPALUH LIUKJIa, IMEIOIUe HeOOIbIINE 3aBUCUMOCTH T10 JaHHBIM.

© T'ony6es [1.C., Opnos C.I1. / Golubev D.S., Orlov S.P., 2017
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KpynHo3zepHuCTBIN Mapaienn3M MOXKHO pacCMOTPETh B JBYX mnoaxonax. IlepBeril 3akimtouaercsa B TOM, YTO
Oonpmre 00bEMBI JaHHBIX, TAKHE KaK MHOKECTBO M300paKeHHH, MOKHO Pa3[eUTh Ha OTHENbHBIC H300paKeHUs IS
BBITIOJTHEHHSI Ha KaXIIOM yCTpoiicTBe. Takol MoIXod TO3BOIHUT YIPOCTUTH Pa3paboTKy TUHAMUYECKOTO TUIAHUPOBIIHU-
ka. JIpyroit mogxox Ha3bIBaeTcs «intra-frame», korma oOpabaTeiBaeMBble TaHHBIC Pa3OMBAOTCS HA YaCTH JJIS KaXKIOTO
Tumna npoueccopa [5]. Kaxnas ntepanus BEIYUCICHUS JODKHA COXPAHATH CBOIO UCTOPHIO. MEIKO3epHUCTHIN Imapajuie-
JIM3M 3aKJII0YaeTcsl B pas3/iesieHne HeOOoIbIINX MOPLUA 00beMOB JaHHBIX MEXIy yCTpoiicTBaMH. Takoil moaxon mno3so-
JIUT HE XKAATh JIUTEIbHBIX BerurciacHuil Ha CPU, a oTnpaBuUTh 4acTh JaHHBIX I BeIaucieHuit Ha GPU.

JKCIEePpUMEHTATBHOE UCCIeI0BaAHUE OaTaHCUPOBKH. [[1s1 SKCIIepuMeHTa HCTIONb30BajIcs MeTo inra-frames
JUISl COPTHPOBKH C TIOMOILBIO alrOPUTMa pacyeTa MO3MLIUM KaXJ0ro ieMeHTa. TecTupoBaHue MPOBOAMIOCH Ha MHK-
pomporieccope Intel Broadwell co BcTpoenHo#i rpaduueckoit kapToii Intel Iris Graphics 6100 u mporpamMmmHO#i OUOIHO-
tekoit OpenCL 1.2 [2, 6].

Kaxxgoe ycTpoHCTBO HCIIONB3YeT ONTHMAJIBHBIN 00BEM OIEpPAaTUBHON IaMSTH, OOECTICYCHHBIH CHCTEMHBIMH
BBI30BaMU porpaMMHoi onbmmorexkun OpenCL.

Jis mepBOTO SKCIEpUMEHTAa BBIIONHUM pacIpefelieHue C IOJHBIM 00BeMOM pecypca Uil KaKAOTO THIIa
ycrpoticTBa. Hike puBeIeHBI pe3ynbTaThl BHIIOIHEHUS dKCIIepuMeHTa (Tabnuma 1 u pucyHok 1).

Tabnuya 1
GPU u CPU: pacnpenesneHne ¢ NOJHBIM 00bEMOM JTAHHBIX
KonndecTBo 25ieMeHTOB 16384 32768 65536 131072 262144
Bpewms Bemoaaenns GPU 26 113 381 1431 5641
Bpewmst Bemnonsenus CPU 100 412 1566 6157 24786
30000 o CPU

,:,E —— GPU

=

& 22500

g8

5

5

]

& 15000

§

g

=

a 7500

g

L]

Gy

0
50000 100000 150000 200000 250000
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Puc. 1. Dxcnepumenm 0 Kaxcoo20 yempoucmea ¢ ROIHbIM 00beMOM OAHHBIX

AHanu3 BpeMEHH BBINIOJHEHHUS 3a/1a4M B KOKIOM yCTpPOHCTBE HokasbiBaeT, yTo CPU TpaTHT Ha CBOM BBIYHC-
JieHus B cpeaHeM 4 pasa 6osnbiie, ueM GPU Ha Kax0M 3Tare.

Iyt BTOpOTro 3KCIIepUMEHTa BOCIIONb3yeMcsl pekoMeHaanuei Intel aist merona intra-frame u pacnpenenuM mo
MOJIOBHHE 00beMa JTAaHHBIX HAa KaX/0€ YCTPOMCTBO.

Tabauya 2
GPU u CPU: pacipenesieHne ¢ NoJIOBHHHBIM 00EMOM TaHHBIX
KomnuecTBo 21eMeHTOB 16384 32768 65536 131072 262144
Bpewms Bemonnaenns GPU 30 55 219 821 3061
Bpewmst Boimonaenuss CPU 54 203 821 3201 12670
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Puc. 2. Dxcnepumenm ¢ nonogunnvim pasoenenuem 06vema OaHHBIX OJisl KAACO020 YCMPOUCmEa

ITonmy4yeHHble pe3ynbTaThl MO3BONIAIOT CAENATh CleAyIomui BeIBO. [lpu rubpuaHoit peanusanuu ¢ pacnpene-
JICHHEM 00beMa Ha KaXKI0€ YCTPOMCTBO 1O MOJOBHUHE BPEMs BBIIOIHCHUS (PHUC. 2) SKCIIEPUMEHTa CHU3MUIIOCH B 2 pasa.
Opnako pa3psIB BpeMeHH BbinonHeHus Mex 1y CPU u GPU ocraertcs CyIiecTBEHHBIM.

B tperbem skcnepumenTe 00beM nNaHHBIX paszzeneH B npomnopuuu: 80 % miust GPU u 20%ams CPU. Iocne
paszeneHus o0beMa JaHHBIX MPOIIEHTAM IT0Jy9YaeM CIeAyIomue 3HaueHns (Tabmmma 3).

Tabruya 3
GPU u CPU: pacnpenenenue nannbix80 % GPU u 20 % CPU
KoanuecTBo 351€eMEHTOB 16384 32768 65536 131072 262144
Bpewmst Bemmonsenus GPU 51 109 311 1169 4529
Bpewmst Bemonnenus CPU 54 112 418 1726 6642
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Puc. 3. Dxcnepumenm c paszoenenuem oannwvix 80 % GPU u 20 % CPU

W3 rpadukos Ha puc. 3 BUJIHO, YTO BPeMs BHIIIOJIHEHHUS Ha YCTPOWCTBaxX ObUIO BEIpOBHEHO. OHAKO, IIPH POCTE
00beMOB HaHHBIX BpeMs BoimosnHeHuss B CPU HaunHaeT yBenuunBaThes o cpaBHennto ¢cGPU. Ha pucynke 4 npuseme-
HO CpaBHEHHE PE3yIbTATOB TPEX BHIIOIHEHHBIX HKCIICPUMEHTOB.
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Puc. 4. Cpasnenue pe3yromamos

3akJ/r0ueHne. AHAJIN3 SKCIIEPUMEHTOB CTATHIECKO OalaHCHPOBKY HAarpy3KH LEHTPAIBHOTO U rpaduaeckoro
Iporeccopa IMOKa3bIBacT, YTO 03 KOPPEKTUPOBKH HATrPY3KH, JydIIee BPeMs IOIYyYCHO IPH IOJIHOM pacIipeAeiICHUH
pecypcoB Ha GPU. O6paboTtka Ha CPU 3aHMMaeT CIMImkoM MHOTO BpeMeHH, uTo 3acTaBisieT xaaTth GPU 3aBepireHus
Berunciennii Ha CPU. Takum o6pasom, pacnpenenenue nanabix Ha CPU n0mKHO OBITH pacCYUTaHO MPONOPLUHOHATIBHO
no otHomenuto k GPU, nocreneHHo yMeHbluas win yBenuunBas 00beM. OObeM JaHHBIX JOJKEH OBITh pacrpelesicH
JUHAMHYECKHU, UCXOJISl UX IMOJYYEHHBIX NPEIbIAYIINX Pe3yIbTaToOB, MPU 3TOM CIEIyeT IMOCTENEHHO YBEJIHMYUBAThH KO-
3¢ GUIMEHT pa3jeicHus pecypcoB B moin3y GPU.
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STATIC BALANCING OF HETEROGENEOQOUS
COMPUTATIONS ON CENTRAL AND GRAPHIC PROCESSORS

D.S. Golubev?, S.P. Orlov?
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Abstract. The article deals with the heterogeneous computing in parallel computing structures and methods for
their implementations. The approaches to hardware and software balancing solution are considered. Methods for the
organization of granularity are presented. The intra-frame method of Intel for sorting computation by method of calcu-
lation of line items with use of the OpenCL standard is shown.

Keywords: processors, heterogeneous computing, granularity.

45


https://developer.amd.com/wordpress/media/2012/10/hsa10.pdf
http://www.hsafoundation.com/html/HSA_Library.htm#PRM/Topics/00_About/about_the_PRM.htm
https://github.com/IntelLabs/iHRC/wiki/Intel-Heterogeneous-Research-Compiler-(iHRC)
https://github.com/IntelLabs/iHRC/wiki/Intel-Heterogeneous-Research-Compiler-(iHRC)
https://software.intel.com/en-us/articles/opencl-the-advantages-of-heterogeneous-approach
https://software.intel.com/en-us/articles/opencl-the-advantages-of-heterogeneous-approach

ISSN 2308-4804. Science and world. 2017. Ne 12 (52). Vol. I.

YK 67.02

HNCCIEAOBAHUE MEXAHUKHU HUTU B TEXHOJIOI'MYECKOM
INPOLECCE NNPAJEHUSA HA OCHOBE TEOPUMU BA3KOYIIPYTI'OCTH

I'.X. I:xxyma6aes’, I'.B. A6auesa’, C.A. Xampaena
! crapumii npenoiaBaTens, 2 KaHAUIAT TEXHUIECKUX HAYK, JOKTOPAHT, ° mpodeccop
L3 TamkeHTCKMT MHCTUTYT TEKCTWILHOM M JIETKOM IPOMBILIIEHHOCTH,
2 Byxapckuii MHKEHEPHO-TEXHOJIOTMYECKUH UHCTUTYT, Y30eKUCTaH

Annomauusn. B pabome npeonoscena memoouxa onpeoeneHus 0epopmupyemoeo cOCMOAHUSL HUmell ¢ y4emom
sasKoynpyeux ceolicme mamepuand. Ilpu smom Hums dgudicemcst ¢ onpedenentoll ckopocmuro. Onpedeneno, umo yyem
8A3KOU deghopmayuu A6IAEMCA NPUYUHOU 3ATYXAHUA KOIeOAMETbHbIX OBUNHCEHUI.

Kntoueswie cnosa: deghopmupyemoe cocmosnue, 63A3K0ynpyaue coUCmMaa, Humb, KO1eOamenbHble 08UNCEHUSL.

VY CTaHOBIIEHO, YTO YCIIOBUE IIPOYHOCTH 3BEHHEB MEXAHM3Ma HAKJIAAbIBACT OrPAHUYCHUE HA KUHEMATHUKY Me-
XaHH3Ma C HUTBIO, TaK KaK CUJIBI MHEPLUH, Bpallaromeiicss U MPpoAONbHO ABIKYIIEHCS HUTH, a TaKXkKe a3poJuHaMuye-
CKHe CUJIBI BIUSIOT HAa BEIMYMHY HATSDKEHUS] HUTH.

IIpu 5TOM ciexyeT ydecTb HEYNIPYrHe XapaKTEpUCTUKH HUTH. MI3BECTHO, UTO B HUTAX BCIECACTBHUE BHYTPEHHE-
IO TPEHHs BO3HHUKAeT Bs3Kas nedopmanms. OHa SBISICTCS OXHOM M3 NMPHUYMH 3aTyXaHUs KOJEOATENbHBIX IBI)KCHHH
Huty. [loaToMy B 1enoM A NPSDKM, KOMITIEKCHBIX HUTEH Bsi3Kas AedopMainust XapakTepHa U B pacyeTax MEXaHHde-
CKHX CHCTEM C IBIXYIIUMHCS HUTSIMH, YUET BSI3KOH JedopManuy SBIsieTCsS BEChbMa CyniecTBeHHbIM. K Takoi MexaHu-
YECKOM CHCTEME OTHOCUTCS TEXHOJIOTUYECKUH MPOLECC MPSAICHHUS.

JIs1 aHaTMTHYECKOTO MCCIEIOBAHMS MEXaHUUECKUX CHCTEM C PEasIbHBIMU HUTAMH HEOOXOANMO MMETh TaKHe Me-
XaHHMKO-MaTeMaTHYECKUEe MOJIEH, KOTOphIe OTpakaji Obl OCHOBHBIE CBOICTBAa MaTepHasla pealbHbIX HUTEH, TeoMeTpuye-
CKHUE U CWIOBBIC YCJIOBMs, B KOTOPBIX OHU Haxogsrcs. IIpuuem rpaHulipl IpUMEHUMOCTH U CTEIIEHb COOTBETCTBUS MOJIEIIU
HHUTH K OOBEKTY TIPH OIpEJIETICHHBIX YCIOBUAX BO3JICHCTBHS BHEIHUX CHJI YCTAHABIMBAIOT CPABHEHHUEM DKCIIEPUMEHTAIIb-
HBIX JJAHHBIX, [IOJY4EHHBIX B PE3YJIbTATE U3MEPEHUS 1aPaMETPOB COCTOSHUSI HUTH, C aHAIMTUYECKUMU pacyeTaMH.

B xauecTBe MaTeMaTHUECKOW MOJENH, JUI ONMHCAHUS BASKOYIPYTHUX CBOMCTB HHUTEH OyIeM HCIIONb30BaTh He-
JMHEHHYIO HACIICNICTBEHHYIO TEOPHIO BSI3KO-YIIPYTOCTH KyOnueckoii Teopuu Uinbtornua-Orubanosa [1]:

t t

Sy = 26((e (1)~ [ T (t-7)e, (2)dr) — (e (Ve(t) - [ T (t-7)e; (r)e(r)d 7)),

0 0

0=K0,0=0y13, S;=0,-06, 0=(&,+&, +&5)/3, ¢ =5, 05, I3,

0y =0ecmu i# j; lecu i=j, i,j,k A e=e,e, (1)

¢ simpoM A.P. Pxannnpina [2]
Iy(t) = Ale™t; I(t) = Ae ™t (0< al,a3<1),

3neck K, G — MrHOBEeHHbIE MOy OOBEMHOI M CIBUTOBOI Nedopmanny; Sij, €jj - KOMIIOHEHTHI JIeBHATOPa
i Cij
HanpsDKeHUH 1 eopMalnii;c — mapoBas 4acTh TEH30pa HANpPSDKEHUH; © — o0beMHas fedopmalus; € — BTOpOil MHBa-

pHuaHT TeH3opa nedopmanuii; y — koadduuueHT HeauneitHocty; ', '3 — siapa penakcaiuu Jyisi HeTMHEHHOM cocTaB-
nsromux Bsizkocry; Al, al, Bl, A3, a3, B3 — mapamerpsl sinep. Jiis onpeneneHus 3TUX MapaMeTpoB Ha OCHOBE JKCIIe-
PUMEHTAJIBHBIX KPUBBIX MOJI3YUECTH pa3paboTaH aJropuTM, a JUId NPUOIIKCHHBIX HHXKEHEPHBIX OLIEHOK — IpakTH4e-
CKHE NPUEMbI, OCHOBaHHbIE Ha rpauecKuX NocTpoeHusx [2,3].

ITpu pabGote MpSAMIBHBIX MAIIHH KoJeOaHUS HUTEH coBepIIaeTcsl HOCTOAHHO. Eciu 3TH KosebaHus ABISIOTCA
MAaJIbIMH OTHOCHTEIBHO CTAIIMOHAPHOTO TOJIOKEHUSI HUTH U BBI3BIBAIOT MaJIble H3MEHEHUS apaMeTpPOB COCTOSIHHUS HU-
TH, TO OHH HE NPEACTABISIOT BPEJHOTO siBIeHUs. OJHAKO B HEKOTOPBIX CIydasiX Majible KosieOaHusl HUTEH MOT'YT UMETh
HEYCTONYMBBIM, pE30HAHCHBIHN XapaKTep IBMKEHUS. B 3TOM cilyuae He3HaUUTENbHbIE BHEIIHEE BOSMYILEHHE BBI3bIBAET
OoJbIlIie U3MEHEHNS [TapaMeTPOB COCTOSHUS HUTH M JIaXKe ee 0OpbIB, HOPMAIIBHBIN Tporiecc paboThl MaIINHbI C JIBH-
KYIIUMHUCS] HUTSIMU Hapymaercs.. Bo3HukaeT 3a1a4a onpeeneHus YacToThl COOCTBEHHBIX KOJIeOaHU HUTH M KpUTHYE-
CKOIl CKOpOCTHU BpAII€HUSI HUTH, TPU KOTOPOH B HUTSIX HACTYNAeT PE30HAHCHOE COCTOSIHUE.

[Ipn ydere pusnyecKoil HEJIMHEWHOCTH MOCTABJIEHHAs 3ajada CBOJIMTCS K PELICHUIO HEJIMHEHHBIX MHTErpo-
nuddepeHraIbHbIX YpaBHEHUH BUA:

© Jxymabaes I'.X., A6nuesa I'.B., Xampaesa C.A. / Dzhumabaev G.Kh., Abdieva G.B., Khamraeva S.A., 2017
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2(t) + w?[z(t) —j'Fl(t ~7)2(r)dz]+ po’[2°(t) —jfg(t ~7)2%(e)dr = f(t) @)

B nwmHeWHOM ciydae ABMXKEHHE HHUTH, C BA3KOYNPYTMMH XapaKTEPHCTHKAMH, OIMCHIBAETCS HHTETPO-
muddepeHnansHBIM ypaBHEHHEM, BUA KOTOPOTO TIOCIE MPUMEHEHHS Mporexypsl MeTona byonoBa-I"anepkuna u He-
KOTOPBIX HECTIOXKHBIX MaTEMAaTHUECKUX CBOJUTCA K BULY

t

1(t)+0°[2() - [ I, (t-2)2(e)dr] = £ (1) ®)

Jns pemienust ypaBaeHus (3) HEOOXOAUMO IPUCOEAMHUTH COOTBETCTBYIO IPAaHMYHBIE M HayallbHbBIC YCIIOBHSL.
Hcxonst u3 rpaduka IBMKEHHUS HUTH B IIPOLECCE MPAACHUS, IPUMEM 3aKOH M3MEHEHHUS] CKOPOCTH HUTH Ha PacCMaTpH-
BacMOM y4acTKe JTHHEHHBIM

v=Vo-bt

HpI/I 3TOM IoJlaraéM, 4TO OJIMH KOHEL HUTHU 3aKPCIUICHHBIM U (X, t) =0, 3aJaiM 3aKOH ABWXXCHUA APYroro
KOHIIa.

u (I, t) =vot-0.5bt2,
Ha‘IaJ'H)HI)Ie yCJ'IOBI/I)I, onpeﬂeﬂmoume 3aKOHBI CMCIICHUA Ce‘IeHI/Iﬁ B Ha‘-IaJ'II:HLIﬁ MOMECHT U HAa4YaJIbHBIC CKOpO-

CTH NECPEMECIICHUA CequHﬁ, HUMCIOT BU:

duf
u(x0) =0, Z22=0

ITpumensst MeTO] 3aMOPAXKUBAHNUS, TTOJTyYUM CMEIEHUs CEYCHUI HUTH B 1I000 MOMEHT BpeMeHU

bule* — x%)

e ®) = (3) (Vor — 508 ) 4 2oy

) 2he
+;“P{—U,5 cE gt )'-ut;] [(—1) 'mms{l —05-z- “—":u:] gt —

[ERE

—(-1)" . 2Voe 'n(l—

af 'I!I:I"I‘

Emnu)lu f] = s[nh:”x (4)

rue

t
w,(t) = J‘ It — tlsink, (t)dr
o

w, (B =J‘ It — theosiy (xdr
o

W3 (4) BuaHO, YTO CMEIIEHMS, MPEACTAaBICHHBIE B BUAE NMPOCTOT0 OECKOHEYHOrO psijia ¢ HKCHMOHEHIMAIBHO
yOBIBAIOIIMMH BO BpPEMEHH KO3((HUIMECHTaMH, SBISIOTCS 3aTyXalolnMK KojebanusiMu. M3 storo cmemyer, 4ro mpo-
L[ECC PAaCIPOCTPAHEHHs] BO3MYIIEHUI B HUTH CKJIAABIBAETCSA U3 ABMKEHHS YaCTULl HUTH, PUBOISAIIETO K BO3PACTaHHIO
nedopmanuii, ¥ 3aTyxaHHs aMIUIMTYAbI CBOOOIHBIX €€ KoJIeOaHHH.

Jedopmanust cBsi3ana ¢ nepeMerieHusIME (HOpMyJIIOn:

Elu

. b
= Vpt — 0.5bt" -
£T ﬂx { ot )+ fBea®

(e* —3x%) +
£ exp(~05 - cay(t) - ApB[(~1)” {n] cos(1 0,5 - 2gq () At —

1
._?

o2

Emm)lu ] u:u:usi:"x (5)
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Takum oOpa3zom, pedopmalys HATH B cIydae IPOAOIBHOTO IBIKECHHS B IPOLECCe MPAACHUS ONPEREIeTCS
pacTsHKEHHEM HHTH IIPH €€ Harpy>KCHHH M MOXKET OBITH BHIYHMCIICHA OTHOIICHUEM YAJIMHEHHS K JUTHHE.

Janee B 00mem cirygae U3 CIieKTpa COOCTBEHHBIX 3HAUCHUH, YIOBIECTBOPSIOMINX YpaBHEHHIO (2), OnpeaeIeHbI
TIepBEIC J1Ba 3HAYCHHSI COOCTBEHHBIX KoseOanmii IBM.

1 — T r : |

(uf?) /N A
ul 0.5F J_.-" o j 3 . . .

. )I':-'-. - "I \ : : I: II : II I. :;
(u2<1>) AN \ ')'/" . AR
(. (D 0'"'/ | 7 k N r Uﬁ Y \'[I\--i' A ﬂj I\“;::-;' 'f‘l\l P |‘$ \';'7-\[“;3’\ il 1[”L’:
(U3 ) \I} \ I \}; Y} ' _-\:I\I I- :{. b \'\\JI-‘\,“' J ]‘. ,'J .,:'\' ‘A :I'J:\] Jj‘ 1y

WY . L X

u4< ) i \ % _
- 03 'i L
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Puc. 1. Cpagnenue ynpyeo2o (MuHeliHblil U HeIUHELHbIL) U 8A3KOYNPY2020 (TUHEUHbII U HeTUHElHbIl) peueHUs:

(V.

-U <0t — gpems; 1-ynpyzoe mneiinoe pewenue — Z1 = ; 2-ynpyeoe nenunetinoe pewenue — Zh' ~ ;

(v

3-6askoynpyeoe aunetinoe pewtenue — ZN " ; 4-a3xoynpyeoe Heunelinoe pewerue — ZV

Ha puc. 1. npuBeneHsI CpaBHEHUS YIIPYTHX, BI3KOYIIPYTHX, HEIMHEHHBIX PEIICHNH ypaBHEHUS (2).
ITo pe3ynpTaTaM TEOPETHYECKUX MCCIEIOBAaHMN YCTAHOBJIEHO, YTO YYET BSI3KOYNPYTHMX CBOMCTB MPHUBOAMT K
YIIy4IICHAIO Ka4eCTBO NPSDKU (YMEHBIIAETCS HEPOBHOTA), YBEIHMIMBACTCS IIPOYHOCTH MIPSIKH.
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THREAD MECHANICS RESEARCH IN TECHNOLOGICAL PROCESS
OF SPINNING BASED ON THE THEORY OF VISCOELASTICITY

G.Kh. Dzhumabaev?, G.B. Abdieva?, S.A. Khamraeva®
1 Senior Lecturer, 2 Candidate of Engineering Sciences, Doctoral Candidate, 2 Professor
L3 Tashkent Institute of Textile and Light Industry,
2Bukhara Institute of Engineering and-Technology, Uzbekistan

Abstract. This article presents the method of determining the deformable state of threads taking into account
viscoelastic properties of material. The thread moves with a certain speed. It is defined that accounting of viscous de-
formation is the reason of attenuation of oscillating motions.

Keywords: deformable state, viscoelastic properties, thread, oscillating motions.
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OCOBEHHOCTH XAPAKTEPUCTUKHA MUHEPAJIbHBIX
OBPA30BAHUM B CBUHIIOBO-IUHKOBOM KOHIHEHTPATE

AM. Ecenrazuesl, P.X. Illapunos?, E.K. Mapkaes®, D.H. Cyaeiimenon*
1 MarucTp no MarepuanoBeeHUH, BEAYIUI HHKEHED,
MarucTp 10 MaTEPUANIOBEICHUH, MIIAIIINI HAYUHBIH COTPY/IHHK,
3 MarucTp 10 He()TEXMMHUH, MHIKEHED,
# JJOKTOp TEXHUYECKUX HAYK 110 META/LUTYPTUH, TJIaBHbII HAy4YHbIN COTPYIHUK
1 Kasaxckuit HaMOHAILHBIN TeXHUUEeCKUi yHuBepcuteT umMenu K.W. Carnaesa (Anmatsr),
23,4 Kaszaxcrancko-bputanckuil Texaudeckuil Yuusepcuter (Anmatsl), Pecny6nuxa Kasaxcran

2

Annomayus. B cmamve npugoosmcs pe3ynomamol Qu3UKO-XUMUYECKO20 AHATU3A COUHYOBO-YUHKOBO20 KOJI-
JIEKMUBHO20 KOHYEeHmpama, UCHONb306aHHO20 6 2UOPOMEMANIYPSUYECKUX UCCIe008aAHUAX NO usgnevenuio Pb u Zn.
IIpogeodena ananoaus KpUCmManIU3Ayuu MUKPOCMPYKMYp U MaKpocmpykmyp pasnuunozo macumada. Coenano npeono-
JI0JKCeHUe, YO GKIIOYEeHUs epaduma 6 CMPYKmMypy Cyib@UOHbIX MUHEPANIO8 MOdcem Oblmb Pe3VIbmamom pempozpao-
HO20 pacnada. Pesynomamuvl ananuza noxkaswleaiom, 4mo KpUCMAIIUIAYUSL MUKPOCTHPYKITYD Modicem Obimb aHai02uy-
Ha QopMUpoanUI0 KpUCMALIU3AYUY MAKPOCMPYKMYP onpedenennozo euda. OcobeHnocmu npoyeccos Kpucmaiiu3a-
Yuu MUKPOCIPYKMYP U MAKPOCMPYKIYP MOICHO UCHONb308AMb NPU OYEHKE XAPAKMEPUCIUK MUHEPATLHO2O0 CbIDbA.

Kniwouegvie cnosa: ceuney, yunk, KOINEKMUGHBLI KOHYEHMPAM, RPOMIPOOYKM, MUKPOCHPYKMYPA.

B Hacrositiee Bpemst GOJBIIMHCTBO MHOTOKOMIIOHEHTHBIX CBHHLOBO-IIMHKOBBIX M MEIHO-IIMHKOBBIX PYI OT-
HOCSITCS K Kiaccy TpyaHooOoratuMbix. B [1-3] moka3ano, 4To kpucTauinyeckue popMbl, B KOTOPBIX HAXOISITCSI OCHOB-
HBIE METaJUIbI, MOTYT pa3JIMuaThcsi HE TOJBKO C TOYKU 3PEHHs CTPYKTYpPbl MHHEpPAIbHBIX 00pa3oBaHMi, HO U BCIEI-
CTBHE Pa3iIn4Hs (PU3NUECKUX CBOMCTB MHHEPAIOB, KOTOPBIE ONPEACIISIOTCA KaK HACHTHIHBIC U3-3a TEKCTYPBI, CTEIICHA
Meramopdu3Ma U CTPYKTYPHBIX OCOOCHHOCTEHl Ha HAHO ypOBHE. DTH Pa3NW4Ms, KaKk NPAaBWIO, HE MPUHUMAIOTCS BO
BHUMaHHE TIPH (HOPMHUPOBAHNU TEXHOJOTHMYECKUX CXEM OOOTAlIEeHNH MHOTOKOMIOHEHTHBIX PYX, YTO MOXXET IPHBO-
JIITH HE TOJIBKO K MOJTYYEHHUIO IPOMIIPOIYKTOB, MIMEIOINX COOCTBEHHBIE (PU3NKO-XNMHUYECKNE XapaKTEPUCTHKH, HO U K
MOTEPsIM IIEHHBIX METaJUIOB. B TexHOMOrMYecknx mporeccax (Guotanuu o0pa3yroTcs HE TOJBKO KOHIECHTPATHI, HMEIO-
mye coOCTBEHHBIE OCOOCHHOCTH, HO M NMPOMIIPOAYKTHI, KOTOPBIE TPEOYIOT U3MEHEHHS TEXHOJOTHIECKUX ITapaMeTpoOB
nx nepepabotku. B [2] roBopuTcs, eciu He yUUTHIBATH OCOOCHHOCTH MUHEPAJIOB, COJIEPIKAIINX OCHOBHBIE METAJLIBI, TO
0e3BO3BpaTHBIE MTOTEPU MOTYT JIOCTHIaTh JOBOJBHO 3HAYMTENBHBIX BeJIM4MH. B [3] yka3biBaeTcs, 4TO U3BJICUCHUE Me-
TAJUIOB U3 TPYAHOOOOraTUMOTO CYJb(GHUIHOTO IPOMIPOIYKTa TPEOYET M3MEHEHUS TEXHOJIOTHYECKUX PEKUMOB B COOT-
BETCTBUH CO CTPYKTYPOH M (PU3UKO-XHUMHUYECKHM COCTOSIHUEM COCJMHEHUH, COoepKallliX OCHOBHOM MeTayul. B nmpupo-
nie u3BectHo O6onee 300 MuHEpAIOB, colepkanux cBuHell, U 6onee 140 — muHK. B pynax 3Tu MeTamibl 00bIYHO COTPO-
BOJK/IAIOT ApYT Apyra. Ha 10110 OCHOBHBIX MHHEPAJIOB CBUHIIOBO-IIMHKOBBIX Py, TaJleHUTa U c(haepuTa, NPUXOIUTCS
6omee 90 % cBurma 1 95% IMHKA B OLIEHEHHBIX PYIHBIX 3ammacax.

[Ipu uccnenoBaHNM BO3MOXHOCTH BBIIIEIAYMBAHUS CBUHIIA M [IMHKA U3 MUHEPAJIBLHBIX 00pa30BaHUi METOIOM
COBMEIIICHHBIX 3JEKTPOXUMHUIECKUX PEAKLUH [5] B 3KCIIEpIMEHTaX HCIOJIBb30BAIMCH MTPOMITPOILYKTHl M KOJJIEKTUBHbIE
KOHLEHTpaThl MecTtopoxaeHus llankus, koTopoe mo 3amacaM IIMHKa 3aHMMaeT IIIToe MecTo B Mupe. CBHHIIOBO-
IIMHKOBBIE PYZbl Ha3BaHHOTO MECTOPO’KAEHMS OTHOCSTCA K CTpaTn(OpMHOMY IPOMBINUICHHOMY Tumy [4]. B xome
OTIpe/ieIeHNs] BO3MOKHOCTH MPUMEHEHHUS pa3pabOTaHHOTO JIEKTPOXUMHYECKOT0 METO/a NMPH U3BJICYCHHUU CBHHIIA U
LMHKA U3 MIPOJYKTOB 00OTaIeHUs Py, IPOBOIMIOCH H3yUeHHE BEIIECTBEHHOTO COCTaBa KOJUIEKTHBHOTO KOHIIEHTpATa,
MOJY4EHHOTO B X0ie (hJIOTAIlMOHHOTO oboratieHus pya mectopoxaennn [ankus.

Jnst uccitemoBaHus MPUMEHSUTHCH ontideckuii Mukpockorn Olympus BX-51 u amekTpoHHBIH MHUKpOaHaIn3a-
top JEOLJXA 8230 Electron Probe Microanalyzer.

XUMHUYECKHI COCTaB KOJJIEKTUBHOTO CBUHIIOBO-IIMHKOBOTO KOHIEHTpara: % (mac.): 14. 94 Si; 5.68 Pb; 14. 57
Zn; 6.26 Fe; 14. 96 S; 6.94 C; 2.11 Ca. ®a30BbIif aHaMH3 KOJUIGKTUBHOTO KOHIICHTPATa, BEIIOJIHEHHOTO Ha Au(pakrTo-
merpe D8 Advance (BRUKER) noka3zai, 4to MUHEpasIbl IIMHKA U CBHHI[A HAXO/STCSA B OCHOBHOM B Cynb(uaHOM hop-
M€, U TJIaBHBIM 00pa3oM mpescTaBieHs! chanepuroM (29.2 %), muputom (12.8 %), ranenntom (10.9 %) u pexe Berpe-
YaeTcs aHrJe3uT, foyioMuT. CyMMapHOe cojiepKaHie HEpyIHBIX MUHEpaJoB (KBapll, MHPOKCEHBI, IIarMOKIIa3bl) B 00-
pasue He MmeHee 40 %. OTu 1aHHBIE TOATBEPKACHBI aHAIN30M Ha MUKpOaHaIu3aTope (PUCYHOK 1).

© Ecenrasues A.M., lllapumnos P.X., Mapkaes E.K., Cyneiimenos D.H. / Esengaziev A.M., Sharipov R.Kh., Markaev E.K.,
Suleymenov E.N., 2017
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25.0kV COMPO NO;OM J::ingl,Om;/igfég?ZO 25.0kV COMPO NO;OM J:‘;ngll.m;\/ii/iijlzl
Pexxum COMPO, ysen. 1500 IMupurt (1), Pesxum COMPO, ysen. 1000. Ksapr (1), chaneput (2),
raieHuT (2), chanepur(3) puT (3), MeNKue BKITIOYeHHs rajenuTa (4), gonomur (5)

Puc. 1. Ananuz munepanoHvix 06pa306anuil @ KOJIEKMUGHOM KOHYEHmMpame

Pesynbrarsl KapTUpOBaHHs 00pasia aHumda npuBeneHpl Ha pucyHke 2. C MOMOIIBI0 PACTPOBOTO JIEKTPOHHOTO
mukpockomna JEOLIJXA 8230 Electron Probe Microanalyzer B pesxume COMPO mosydeHbl CHUMKH Pa3HbIX YYaCTKOB aH-
uumda, NOArOTOBICHHOTO M3 UCCIIEYeMOro KOJUIEKTUBHOIO KOHIICHTpaTa. BbUN yCTaAHOBICHBI KBapLl, ChalepuT, TaJICHHT,
MUPUT, JOJOMUT. MUHEPAIb TAJICHUTA B KOHIICHTPATE XapaKTePU3YIOTCsl 0C000i TOHKOBKPAILICHHOCTHIO.

Mertomom Wavelength dispersive X-ray spectroscopy (WDS) kapTupoBaHusi IpOaHaIU3UPOBAH OTHOCUTEIBHO
OOJIBILION YYaCTOK CTPYKTYDBI, COJlep KaIlinil Cynb(pUIHbIE MHHEPAIBI M KBapIl. B OOJbIION CTENIEHH 3TOT y4acTOK CO-
CTOWT W3 MMUPUTA, B MEHbIIICH U3 canepura u rajseHuTa. [10 CHUIMKY MOXXHO 3aMETHTh, YTO KBapIl COCPEIOTOUCH MEXK-
Iy CynbGUIHBIME MUHEPAIaMU U pa3feNsieT OTAeIbHBIC MUHEPANbl IpYyT OT Apyra. Tak jke oOHapyXUBAETCS YIIIepO/
MPUCYTCTBHE, KOTOPOTO HAOMIOAAETCsI MOYTH 110 BCeMy 00beMy aHAMM3UpyeMOro ydacTka. Ha pucyHke 3 mokasaHo,
YTO OTHOCHUTENHHO OOJBIIONW YyJaCTOK CTPYKTYPBI COCTOUT W3 MHUPUTA, IO KPasM aHATH3HPYEMOTO y4acTKa B MAJBIX
KOJIMYECTBaX OOHAPYKUBAIOTCS chanepuT, KBapil U rajJeHuT. MOXKHO MPEANOIIOKNATh, YTO MUHEpaIbHbIC 00pa30BaHUs
Ha ypOBHE CyOMHUKPOCTPYKTYPbI HOCST SIPKO BBIPaKCHHBIN MHAUBUAYaJIbHBIN XapakTep. B uactHOCTH, B [4] oTMeuaeTcs
MOBBILICHHAS CYJIbGUIHOCTD UCCIIEAYEMbIX HAMH KOJUIEKTHBHBIX KOHI[CHTPATOB.

Project : DATA_D00S

Stage Soan
Acc ¥ 200Ky
Prob C 2 780e-0084
Beam Shape : SPOT
Prob Diarn.fum) 0
Duwelins] 10.00
Length fum) X:150.50
¥12050

C'wDS 1ch LDE2
Ka Order 1

S'%wDS 2ch PET)
Ka Order 1

CPIMS Och COMPO

0'WDS 1ch LDE2
Ka Order 1

Zn'WDS 2ch LIF
Ka Order 1

SiWwDS 1ch TAP
& Order 1

AUWDS 2ch LIF
LaOrder 1

Fe'wDS 1ch TAP
LaOrder 1

PbWwDS 2ch PETJ
Ma Order 1

20 um Fe

20um Pb 20 umn

Puc 2. WDS kapmupoeanus uccredyemozo o6pasya, yuacmox 1
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IIpoBeneH aHanu3 MUKPOCTPYKTYPhI M CYOMUKPOCTPYKTYpPBI COCTAaBIISIOIIUX KOJUIEKTHMBHOI'O KOHIEHTpATA.
Meromom Energy-dispersive X-ray spectroscopy (EDS) 6blin poaHaIn3HpOBaHbl OTIETbHBIC YUACTKH, 00OTaICHHbIE
o cepe. YCTaHOBIEHO, YTO CTPYKTypa, KOTOPYIO OTHOCAT K c(aJepuTy, COAEpPKUT yriepox B koimdectse 18.06.
ATOMHBIX MPOLIEHTOB. AHAJIOIMYHO, HEKOTOPHIE YYACTKH, OMpE/e/IieMble KaK TajeHUT, COIepIKAT YriepoJ, aTOMHast
JIOJIs1 KOTOPOT'O ISl BBIOPAHHOTO y4acTka cocTasiseT 6.77 %. I1o cripaBoYHbIM JaHHBIM MacCOBOE COOTHOIICHHE [IMHKA
u cepbl B chanepute: Zn — 67.7 %, S — 32.9 %, Tak e cBUHIA U cephl B ranenure Pb — 86. 6 %, S — 13.4 %. B Harem
cilydae MPUCYTCTBHUE YIIICPOia MOBIHIO HA MACCOBOE COOTHOIICHHUE AJIEMEHTOB MuHepaina chanepura: Zn — 55.43 %,
S —26.51 %, C — 18.06 %, ranenura Pb — 86.70 %, S — 6.53 %, C — 6.77 %.

Project: DATA_0002

Stage Scan
Aco M 200k
Frob C 33352 084
Beam Shape : SPOT
Prab Diamfum] 0
Diwellms] 10,00
Length fum)%:100.00
¥:100.00

CwD5 1ch LDEZ
Ka Order 1

SwWDS 2eh PETI
Ka Order 1

CPIMS Och COMPO

0WwDS 1ch LDEZ
Ka Order 1

Zn'wDE 2ch LIF
Ka Order 1

SiwDS Tch TAP
Ka Order 1
Au'wDE 2oh LIF
LaOrder 1

Fe'wDS 1ch TAP
LaOrder 1

Pb'WwDE 2ch PETI
ta Order 1

Puc. 3. WDS kapmupoganus ucciedyemozo obpasya, yuacmox 2
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0.00 ) 200 0 400 600 700 00 900 1000
Volt 20.00 kV Acquisition Condition Elements ms% mol% Sigma  Net K ratio Line
Mag x 500 Instrument  : 8230 C 1806 47.30 1.20 31899  0.0027689 K
Date 2017/03/03  Volt 20.00 kV S 2651 26.02 0.33 1478541 0.2178686 K
Pixel 1280x 960  Current 3.00 nA Zn 5543 2668 2.76 699525 0.5460599 K
Process Time . T1 Total 100.00 100.00

Live time 50.01 sec
Real Time 56.99 sec
DeadTime 12.00 %
Count Rate 429500 CPS

Puc. 4. Ananu3z yuacmxa, npeocmagienio2o caniepumom
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Countsfx1 E+3)
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|
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wV

Acquisition Condition Elements ms% mol% Sigma  Net K ratio Line
Volt 20.00 kV lnos?rumen'( 8230 Cc 6,77 47.52 0.13 56258 0.0035547 K
Mag x 1,600 Volt 20.00 KV S 6.53 17.18 0.08 714267 0.0766138 K
Date 2017/03/03 Current 3.00 nA Pb 870 3530 039 4764762 0.7839082 M
Pixel 1280 x 960 Process Time : T4 Total 100.00 100.00

Live time 50,00 sec

Real Time 57.11 sec

DeadTime 14.00 %

Count Rate 7216.00 CPS

Puc. 5. Ananu3s yuacmka, npeocmasneHno2o cganepumom

-~
10pm JEOL 5/19/2017
NOR WD 11.1mm 13:49:53

Puc. 6. Yuacmox 2 kapmupoeanus uccriedyemozo oopasya, KOmopwiil npeocmasier RUupumom

Ha pucyHke 6 mpencTaBieH y4acTOK 2 KapTHPOBAHUS HCCIEeTyeMoro o0pasia, KOTOPHIA MPeICcTaBICH MHpH-
tom. CHEMOK ObLT osTydeH B peskume SEI (Secondary electron image). Kak BuaHO, MUHEpanbHOE 00pa3oBaHUe OBAb-
HOHM (OPMBI HIMEET Pa3BETBICHHYIO CTPYKTYpPY. BKiltoueHHss MUHEpaIbHBIX 00pa30BaHUil B TIOJIOCTH CTPYKTYpBI 00pas-
12 UMEIOT OTJIMYHSI B XUMHYECKOM COCTaBE OT OCHOBHOM MacChl.

Jaxxe npeacTaBieHHbIE B JAHHOW CTaThe 00pa3lbl aHAIN3a MUHEPAIbHBIX 00pa30BaHHUi B KOJJICKTUBHOM KOH-
[EHTpATe MPHUBOST K BBIBOJY O 3HAYUTEIILHOM BJIMSHHH OCOOCHHOCTEH CyOMHKPOCTPYKTYPBI Pyl U KOHIICHTPATOB Ha
pe3yNbTaThl MPOIECCOB O0OTAIICHUS, YTO M yKa3biBaeTcs B [4]. AHAJOTHYHO B [6] TOBOPUTCS, UTO «CTPYKTYPHI Py
OTIIMYAIOTCSI OONBIINM Pa3HOOOpa3HeM, B3aHMOCOYECTAHHEM M HAJIOKCHHEM JIPYT Ha Jpyra. HeOmaronpusTHO BIUSIOT
Ha MPOIECCHl (UIOTAUU CTPYKTYPHI KAaTaKIACTHYECKUE, KOPPO3NOHHBIC, KOJUIOUIHBIC, Paclaga TBEPAbIX PacTBOPOB.
I'paHHIBI CpacTaHUH MUHEPAIOB B 3THX CTPYKTYPaxX HEPOBHBIC, YTO 3aTPYIHICT BHICBOOOKICHUE MOCICIHUX TPHU U3-
MelbueHHH pyabl». Ha Hamr B3rmsn paccMoTpeHne 0coOeHHOCTEH MUHEpaoo0pa30BaHUsl TOJIBKO C TOUYKH 3PEHHS I10-
BEJICHUSI MUHEPAJIBHBIX CTPYKTYP MPH JIC3UHTETPAIIUH OTPAHUIHBACT MOUCK 3P PEKTHBHBIX TEXHHUYCCKUX PEIICHUH PU
¢dnoraruu. Kpome toro, B [7] moka3aHo, 4TO «HAJIMYHE B PyJlaX TOHKOTO 30JI0Ta, aCCOIMUPOBAHHOTO C CyNIb(uIamu,
MPUCYTCTBHUE YIIEPOANCTOrO BEUIECTBA MMO3BOJISET OTHECTH 3TH PYJIbI K pyJaM JBOHHO# ynopHocTH... bonee copOuu-
OHHO-aKTUBHBIC MTPUPOAHBIC YITICPOJAUCTHIC U TIIMHUCTBIC BEHICCTBA MOTYT COp6I/IpOBaTI) 30JI0TO U TEM CaMbIM YXYyH-
LIaTh MPOIECC JAalbHEHIIero TEXHOJOrH4eckoro nepenenay. s npumepa Ha pucyHke 7 MOKa3zaHO pazHOoOpasue
CTPYKTYPHBIX COCTABIISIFOIIMX B KOJUIEKTHBHOM KOHIEHTpaTe Aaxe npu yBeiandenun X200.
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1 — mupwr, 2 — raneHur, 3 — chaneput

Puc. 7. Hz06padicenue nosepxnocmu anwinuga 6wiio coenano
¢ nomowwio onmuuecko2o muxpockona Olympus BX-51, npu ysenuuenuu 200

B npuBeneHHbIX BbIle MyOJMKALUSIX BIIOJIHE CHPABEUIMBO YKA3bIBACTCsl HA Ba)KHOCTH OIPEIEICHUS 0COOCH-
HOCTEH MUKPOCTPYKTYPHI PyA U MuHepanoB. OnHAaK0, TOBOPs. 00 accolMaluy 30JI0Ta ¢ CyIb(pHUIaMH, aBTOPBL HE pac-
CMAaTpHBAIOT 3Ty aCCOIMANNIO B KAUECTBE PE3yJIbTaTa PETPOrPaJHOTO paciaa IpH OXJIXKICHUN PacIlilaBOB C BBIIEIIE-
HHUEM pa3IndHBIX METAJIIOB, KOTOPHII IIMPOKO U3BECTEH B MMPAKTHUKE TUPOMETAILTYPIHH (PHCYHOK §).

Puc. 8. Pempocpaonulii pacnao KopoiwKa cyib@uoa ciodcHo2o cocmasa
Ha NOBEPXHOCMU ULIAKA (8UOHBL 60LOCOBUOHbIE 0OPA308ANUSI MEOU PA3TUYHOU OPMbL U OUAMEMPA).
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TouHo TakKe HAIMMH aHAJIM3aMH [TOKAa3aHO HAIHWYHE YIJIepola B CTPYKType MHHEpPAJIOB, YTO, CKOpEee BCEro,
TaKoKe BBI3BAHO PETPOTPAIHBIM PACHalOM CIOXKHBIX COCOMHEHUH B PACIIABICHHOM COCTOSIHHH C 00pa3oBaHHEM diie-
MEHTapHOTO YIIIeposia, YTO TAKKe MIMPOKO U3BECTHO U3 MPAKTHKH MOJy4eHHs YyryHa. Takol BEIBOJ MOSCHAET, IOYEMY
3TH PyJbl MOKHO OTHECTH K pyZIaM JBOIHON yHOPHOCTH, IIOCKOJBKY PETPOrpaiHbIi pacian He O3HadaeT IIO0JHOE pas-
PYLICHHE CBA3W BBLACIUBLIMXCS DIEMEHTAPHBIX YAacTHI[ ¢ OCHOBOI CylecTBOBaBIIero oopazoBanus. Ha ocHoBanum
aHaJM3a clejlaH BBIBOJ, YTO BKJIFOUCHHUS rpadura B CTPYKTYPY CYJIb(QHUIHBIX MHHEPAIOB MOXKET OBITH PE3yIbTaTOM
perporpagHoro pacnana. Takas CTPyKTypa MHHEpalbHBIX 00pa3oBaHH, HapsLy ¢ (QU3MUECKHMH XapaKTePHUCTHKAMHU
MHUHEpaIbHBIX 00pa3oBanuii [1, 2] cyniecTBeHHBIM 00pa3oM BJIMSET Ha TEXHOJIOTMUECKHE CBOWCTBA PYJ M KOHIICHTpA-
ToB. Ha pucynke 9 npencrasien arperar, COCTOSIIMN U3 CyabpuaoB MeTaiioB (chanepuT, rajJeHuT, MUPUT) U KBapla.
Kak o4eBusHO U3 prCyHKa, KOHQUTYpalisi MHHEPAIBLHBIX 00pa30BaHHUi OTIHYAeTCsl pa3HooOpa3ueM (GopM U pa3MepoB.
[TpumeyarensHO, YTO NP KPUCTAIUIN3ALMHY TAIEHUTa MOKHO HAaOJII0AATh OIPEIEICHHYIO aHAJIOTHIO C KPUCTAJI3alHe
ctanepura (pucyHok 10).

— 10pym JEOL 5/19/2017
20.0kV COMPO NOR WD 11.1mm 15:58:15

Puc 9. Aepecam cocmosuyuii u3z cyno@puoos memannos (cgharepum, eanieHum, nupum) u Keapyd.
CHUMOK noyuen 6 pezyiomame demekmuposanusi oopamuo paccesnnwvix anexmponos (COMPO). Veen. 700

— 10pm JEOL 3/3/2017
20.0kV COMPO NOR WD 11.lmm 14:45:54

Pucynox 10. Konghueypayus munepansbnvix exniovenuii ¢ konyenmpame. Cnega eanenum, cnpasa cganiepum

MHoroo6pa3ue HopM KpUCTAUIM3AIMA MHHEPAIOB B KOHIIEHTpAaTe MOXXHO HAOI0NaTh W TMPU HEOOJIBIIHX
yBennuenusix. Ha Pucynke 11 npencrasnenst Gopmbl kpuctaminsauu npu yseandenun X100 u X40.
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Pucyrnox 11. @opmbl Kpucmaniiuzayuu MUHEpaibHblx 00pazoeanuti 6 konyenmpame npu yeeauuwenuu X100 (cnpasa) u X40 (cresa)

IIpuMevaTenbHO, YTO M3BECTHYHO AHAJIOTHIO MOXKHO OOHApYXHPTh B (hopMaxX KPUCTAJUIA3ALUHUB OOIBIIUX
KyCKaX MOJMMETAJUTHYCCKON py bl (PUCYHOK 12).

¥ nv';l'[11|»\;||l_"|"t‘|‘ ~V|-\;!‘\wn:\nn\n;\ww;y~\ -

Puc. 12. @opmer kpucmaniuzayuuy Ha NOBEPXHOCMU OOIBUIUX KYCKO8 NOIUMEMAIUYECKOU pyObl

Be3yci0BHO, Ha MPOLECC KPUCTAUIN3AMNN METAIUICOAEPIKALINX COCANHEHUN BIMACT (HHOTAA B OY€Hb GOJb-
IO CTENCHH) KOJUYECTBO MPUMECHBIX JJIEMEHTOB, 4 HE TOJBKO YHEPIreTHIECKOE COCTOSHUE CHCTEMbL. Bompoc mexa-
HHU3Ma KpUCTAUIH3alud U HOpMbI 00pa3yrOIIUXCsl KPUCTATUIMYSCKUX (M IPYTHX) IEMEHTOB [0 HACTOSIIEr0 BPEMEHH
ocTaercst QUCKycCHOHHBIM [8]. Be3yciioBHO, KpHCTAIUTH3AlHs OTAEIBHBIX METAIUIOB UMEET CBOM OCOOCHHOCTH U HPO-
HCXOJIUT MO-Pa3HOMY B 3aBHCHMOCTH OT CTPYKTYPHO — DHEPTEeTHUECKOTO COCTOSHUS CHCTeMbl. Hampumep, Ha pucyHKe
13 npencraBiaeHbl BUIBI MUKPOKPUCTAIUIOB CBHHIIA M IIMHKA, OJYYEHHBIX B PE3yJIbTaTe dIEKTPOXUMHUECKOTO Pasiio-
KEHHsI COeMHEHMI MeTamoB. (BenukonenHpie CheMKU 3TUX M IPYTHX MPOIIECCOB BO BPEMEHH BBITIONHEHBI aBTOPOM
Wenting Zhu, dpoTorpaduu 3anmcToBaHbI U3 [9])

Puc. 13. Mukpoxkpucmanivl yunxa (creea) u ceunya (cnpasa),
NoIYYeHHble 8 PE3VIbIMAMe dNeKMpPOoOeKOMNOZUYUU COCOUHEHUL DMUX MEMATI08
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IIpencraBneHHBIC B CTaThe MATEPUAIBI TOBOPSIT O HEOOBITAHO OOJBIIIOM Pa3HOOOpa3H MUHEPATBHBIX (OPM,
KOTOpBIe (hopMHUPYIOTCSA TIpH 00pa30BaHUHU PYIHBIX Tel. MHOrooOpasue CTpyKTyp O3HadaeT HAIW9IHE pa3sHOoOOpasus B
anekTpodpusndeckux [1], GU3NKO - XUMUYECKUX U IPYTUX CBOHCTB MUHEPAJIHHBIX 00pa30BaHUil, YTO BIHSIET HA TEXHO-
JIOTUYECKHUE TI0KA3aTeIH IIPOLIECCOB 00OTalIeHHSI.
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FEATURES OF THE CHARACTERISTIC OF MINERAL
FORMATIONS IN A LEAD AND ZINC CONCENTRATE

A.M. Esengaziev!, R.Kh. Sharipov?, E.K. Markaev®, E.N. Suleymenov*
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Abstract. The article presents the results of physical and chemical analysis of lead and zinc collective
concentrate used in hydrometallurgical studies for the extraction of Pb and Zn. The analogy of crystallization of
microstructures and macrostructures of various scale is drawn. The assumption is made that graphite inclusions in
structure of sulphidic minerals can be result of retrograde disintegration. The results of the analysis show that
crystallization of microstructures can be similar to formation of crystallization of macrostructures of a certain form.
The features of crystallization processes of microstructures and macrostructures can be used at characteristics
assessment of mineral raw materials.

Keywords: lead, zinc, collective concentrate, middling product, microstructure.
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METOJ OITPEAEJIEHUSI KAYECTBA CEMSH CEJIbCKOXO3SIMCTBEHHBIX
KYJbTYP KAK BA’KHBIU PE3EPB KAYECTBA

I1I.C. Ko3sy6aes', A.C. Cyaranos?, I1I. FOcynos®, P.T. Kaanei6aes®, C.K. Aiinapoexona®
! NOKTOP CENMbCKOXO3SANCTBEHHBIX HAYK, ° KAHIUIAT CETbCKOXO3SHCTBEHHBIX HAYK, JOIEHT
IOxH0-Kazaxcranckuii rocymapcTBeHHbIN yHIBepeuTeT nM. M.O. Aya3oBa, Kazaxcran

Annomayus. B Oannoi cmamve ORUCHIBAIOMCsT MEMOObL, NO KOMOPbIM pazpabamvléalomest CmaHOapmol,
OPUEHMUPOBAHHbIE HA MEICOYHAPOOHbIE NPUHYUNDL BEOCHUsL CEMEHO0B800CAA, MO NO360AUM 0becnedums npasosoll
BbIX0O0 OMEYECMBEHHBIX CEMSIH HA MENCOVHAPOOHDBIL PLIHOK COPMOE U cemsH. Hccnedosanus npogoosimest npedcmasu-
menamu Pecnybnuxu Y3bexucman coemecmno ¢ yyenvimu Kasaxckozo Yuusepcumema skcnepumeHmanbol 6uoioeuu.
Ilpodenannas paboma nozsonuna enecmu uzmenenus ¢ 'OCT 12036 u 12037, komopule yHupuyuposanvl k mpebosa-
HUAM MeAHCOYHAPOOHBIX NPAGUIL.

Knroueswie cnosa: memoo, cmanoapm, cemena, Kauecmeo, papabomra

HopmaTuBHBIE TpeOOBaHUs, NPUMEHSIEMbIE B HACTOSIIEE BpeMsl K CTaHIapTaM 110 METO/aM OIpeJeIeHUs Ka-
YecTBa MOCEBHBIX CEMSH YCTapEeli, He OTBEYAI0T COBPEMEHHBIM TPEeOOBaHUAM CEIBCKOXO3SIMCTBEHHOTO TIPOU3BOICTBA,
a TaKKe He YUYUTHIBAIOT OOJBIION MEKIYHAPOIHBIN OIBIT CTaHAapTH3amuu [1].

Cnabast mpopabOTaHHOCTh HOPM TMPUMEHHUTEIBEHO K OMOJIOTHYECKUM OCOOCHHOCTSIM OTIENBHBIX KYNIBTYp HE
MTO3BOJISIOT AOCTATOYHO OOBEKTUBHO CYIHUTH O (PaKTHUCCKOW IIEHHOCTH CEMSH U NMPUHUMATh COOTBETCTBYIOIINEC MEPEI
TI0 WX MMOATOTOBKE, Pean3allii U PalOHATHPHOMY UCIIONB30BaHMI0. Bee 3T0, a Takke IpONCXOMISIINE B CEIbCKOXO03SH-
CTBEHHOM IIPOU3BOJCTBE CTPYKTYPHBIE H3MEHEHHS U TIEPEXOJ1 €ro Ha PHIHOYHBIE YCIIOBHS X035HCTBOBAaHHS 00YCIIaBIIH-
BaeT HEOOXOJMMOCTh KOPEHHOI'O MEepecMOTpa HOPMATHBHOW 0a3bl HA CEMEHa, CO3JaHUe HE TOJBbKO MPUHIMMHAIBHO
HOBBIX HAI[MOHAIBHBIX CTAHAAPTOB Y30E€KHCTaHa, HO U Pa3padOTKy CTaHAAPTHU3UPOBAHO MPUHIIUIIUAIBLHO HOBBIX METO-
JIOB OIpe/esieHHs KauecTBa ceMsH [5].

CoBpeMeHHbIH 3Tan pa3sBUTHA CTPaHBl XapaKTEPHU3yeTCs MEePEeX0JO0M Ha PHIHOYHBIE OTHOIIEHUS, BHEAPCHUEM
9KOHOMHUYECKUX METOOB YIpPaBJICHHs, TOBBIIIEHUEM CAMOCTOSITEIBHOCTH MPEANPUATHH, aKTUBH3aIMEl yJacTus cTpa-
HBI B MEXKIYHAPOJTHOM pa3lelIeHIH Tpyaa. [eneHTpanu3upyercst CTpyKTypa YIpaBIeHHS CeIBCKUM X035icTBOM. MHO-
roo0pasue GopM coOOCTBEHHOCTH, CBOOO/Ia BEIOOpA METOIOB XO3SHCTBOBAHIS BBISBIITIOT HOBBIE CYOBEKTHI SKOHOMHUYE-
CKHX U TIPAaBOBHIX OTHOIICHUH, YCHIIMBAIOT POJIb HEKOMMEPUECKUX M HErOCYIapCTBEHHBIX OpraHu3anuii [4].

Bce 310 ompeneneHHBIM 00pa3oM BIHSACT Ha BOMPOCH! CTaHAAPTH3ANNHU U TpeOyeT mepexoaa Ha HOBbIE (DOPMEI
U METOABI paboTHL. Pa3zBuTHE CHCTEMBI CTaHOAPTH3AIWU JOJDKHO, COXpPaHsSS HAKOIUICHHBIA IMOJIOKUTEIBHBIN OIIBIT,
obecrieynTh (OPMHUPOBaHUEC OOHOBICHHOW CHCTEMEBI, aJICKBaTHOW CO31aBacMOW HOBOW CHCTEME XO3SCTBOBaHHUSA [2].
OTeuecTBeHHAs CHCTEMa CTaHAAPTU3ALMHU CEMSH CETbCKOXO035HICTBEHHBIX KYIbTYp AOJDKHA OBITh MaKCUMAJIbHO TapMoO-
HHU3MPOBaHA C MEXAYHAPOJAHBIMH, PETMOHALHBIMU M HAIMOHAJILHBIMUA HOPMaMH U TPEOOBaHHUSAMH.

PazpaboTtka u BBeieHHE B IPAKTUKY HAy4YHO-0OOCHOBaHHBIX [ OCYZapCTBEHHBIX CTaHJAPTOB HAa METOJBI OIpe-
JIEJICHUS KaueCTBa CEMSH SIBJISIETCS] OJJHUM M3 BOKHEHWIINX yCIOBUI MOBBIIICHNUS YPOXKAITHOCTH U yIy4IIEHUS KauecTBa
CeJIbCKOXO035HICTBEHHBIX KyIbTyp [3].

VYcTaHaBiHMBasg oOIpeneNeHHbIe TPeOOBaHUSA, CTAaHAAPTHI, CHOCOOCTBYIOT IONYYEHHIO BBICOKOKAYECTBEHHBIX
CEMSH U CITy’)KaT OCHOBOM JJIs1 OObEKTUBHOTO M YCIICIITHOTO BHEIPEHHS HOBBIX MEPCIEKTHBHBIX COPTOB M THOPHIOB.

Pa3zpaboTka cTaHmapTa HOJDKHA OBITH OPHEHTHPOBAHA HA MEXIyHApPOIHBIC NPUHIIUITEI BEACHUS CEMEHOBO/I-
ctBa. HopmaTuBHEIE TpeOOBaHUS, OTpaXkas OIMpENeNICeHHYI0 Crenn(UKy pa3BHTHS CEMCHOBOJCTBAa B HAIlleH CTpaHe,
JTOJDKHBI COOTBETCTBOBATH TI0 OCHOBHBIM MTOKA3aTEISIM YPOBHIO SKOHOMHIYECKH Pa3BUTHIX CTPaH. JTO MO3BOJHT, HAPSAY
C COBEpIICHCTBOBAHNEM CePTH(OUKAIINK CEMSH, 00ECTICUYNTh IPABOBOI BBIXO]] OTEYECTBEHHBIX CEMSH Ha MEKIYHAPO.I-
HBIN PBIHOK COPTOB U CeMsH [6].

I'ocymapcTBeHHBIN CTaHAAPT MO METOJAM OINpPENEeNeHUs KauyecTBa CEMSH CEIbCKOXO3IHCTBEHHBIX KYJIBTYp
paszpaboTaH B COOTBETCTBUU ¢ 3akoHOM PecmyOinku Y36ekuctan «O ceMEHOBOJICTBEY, B IENIIX OOHOBJICHUS U YHU(U-
Kallul HOPMAaTUBHBIX TPeOOBAHUI Ha OMpe/eTCHNE MOCEBHBIX KAa4eCTB CEMSH, C YIETOM JOCTI)KEHHUI HAayKH, COBpe-
MEHHBIX TPeOOBaHMIA arpOTPOMBIIIUICHHOTO KOMILIEKCa Y30eKUCTaHa U JPYTHX Pa3BUTHIX 3apyOEKHBIX CTpaH [7].

Tak Kak METOHBI OIpEeNICHUs] KauecTBa CEMSH B OCHOBE CBOEH YK€ COOTBETCTBYIOT TpeboBaHmsiM VICTA,
JlaNTbHEHIIINe MCCIIeJOBAaHNsI TPOBOJIIINCH Ha CEMEHAaX 3E€PHOBBIX, 36PHOOOOOBBIX, MACIMYHBIX, 3(QHPHOMACIUYHBIX,
TEXHUYECKHX, OBOLIHBIX, 3€JICHBIX KYJBTYpP, KOPMOBBIX M MEIOHOCHBIX TpaB. Pa3paboTka naHHOro cranmapra Obuia
BBI3BaHa, IOMUMO yZ0OCTBa ITOJIb30BAHUS TAKMM JOKYMEHTOM, HEOOXOIMMOCTBIO YHH(DHKALMH, 00eCTIeYeHNsT METOTH-
YEeCKOro ¥ HOPMAaTUBHOTO €IMHCTBA NMPHUMEHHUTENIFHO K ceMeHaM. Takoil moaxon, Hapsay ¢ Oosee 0ObEeKTHBHOW OIEH-
KOH CeMsiH, YIPOCTUII NOPSA0K UX JOKYMEHTALMK U OILUIAaThl IPU peannu3alui B JpyTue peruoHbl, COBEPIICHCTBOBAHUIO
ONTHMU3ALMY ¥ MOJIEPHU3AIINN CEMEHOBOJICTBA B Pecybmmke.

© Kozybaes I11.C., Cyaranos A.C., IOcynos I11., Kannei6aes P.T., Aiinap6ekosa C.K. / Kozubayev Sh.S., Sultanov A.S., Yusupov Sh.,
Kaldybaev R.T., Aidarbekova S.K., 2017
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Tabnuya 1
CpaBHHTe/IbHAs TA0JIMIA KAYeCTBEHHBIX NAPAMETPOB CeMSIH OCHOBHBIX CeJIbCKOX03AHCTBEHHBIX KYJIbTYP
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ITockonbKy cemMeHa SBIAIOTCS OMONOTHYECKMM IMPOAYKTOM, MX ITOBEICHUE HEJB3s NMPEJCKa3aTh C TaKOH XKe
YBEPEHHOCTBIO, KaK IIPH MCIBITAHNH NTPOIYKTOB HEOHOIOTHYECKOTo XapakTepa. OOMEH ceMeHaMH MEXIy CTpaHaMHU U
paiioHamMH, BO N30€XKaHNE NCKAKEHHUS JTaHHBIX TpeOyeT, 4TOOBI YCIOBHUS HCIIBITAHUS B OQHOI JTa0OpaTOpUH MCKIFOUH-
TEJIFHO COBIAAAJIH C YCIOBUSMH IIPOBEICHHS HCIIBITAHUH B APYToi mabopaTopun. UToOBI rapaHTHPOBATH BO3ZMOXHOCTh
MONMYYCHHST PA3TUIHBIMU JTa0OPAaTOPUSIMH CPABHHBAEMBIX PE3yJbTaTOB IO TAaHHOMY oOpasmy, ObLIM pa3paboTaHbI
CTaHAapTHBIE ONPE/ICIICHUS U METO/Ibl aHAJIN3a, OCHOBAaHHBIE HA TIIATEILHOM W3yYEHUH MPUHIUIIOB UCIIBITAHUS CEMSH.

MexyHapoJHbIe NpaBHiia aHaJIM3a CEMsH MPEICTaBISIOT COOOH CBOJ YHH(DUIIMPOBAHHBIX METOJIOB, TPHMe-
HSIEMBIX TIPU OTIPEEICHUH KauecTBa CEMSH CEJIbCKOXO3SICTBEHHBIX KYJIbTYp B MEXKIYHapOIHOH Toprosie. M3moxen-
Hble B [IpaBuiax MeTO/pl aHAIN3a U JIOKYMEHTALUK CEMSH SBIISIFOTCS 0013aTeNIbHBIMU NIPU OCYIIECTBICHUN B3aMMHBIX
TOPrOBBIX ONEpalnuii MeXIy CTpaHaMH-Y4aCTHUKaMH MeXIyHapOoJHOH accolMalMy 10 KOHTPOJIO KauecTBa CEMsH
(MCTA). Uupvu cnioBamu, [IpaBuna npenctaBisitoT co00H MeXIyHapOJHbIH CTaHIAPT HA METObI aHAJIHM3a CEMSH.

BBIBO/IbI:

IIpoBeneHHBIE, COBMECTHO ¢ yueHBIMH Kazaxckoro YHUBEpCHTETa 3KCIEPHUMEHTAIFHONW OMOIIOTHH, UCCIIENO-
BaHUs No3BoH HaM BHecTd m3MeHeHns B [OCT 12036 u 12037, koTopble YHUPHUIUPOBAHBI K TPEOOBAHUSAM MEKIY-
HapOJHBIX MpaBwi (Tabmumal.).

CoBMmecTHBIE pabOTHI 1T0 YHH(PHUIIMPOBAHHUIO CTAHIAPTOB, METOMIOB M TPABHII 10 COBEPIICHCTBOBAHUIO TPEOO-
BaHWH NpojonKaroTcsa. Hazmeemcs, 9TO 3TO MOCIYKHT 3HAUYNTEIBHOMY YIIYy4IICHHIO KAa4eCTBa CEMSH CEINbCKOXO3SH-
CTBEHHBIX KYJBTYP U BBIXOJY UX Ha MUPOBOH PHIHOK.
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METHOD OF DETERMINING THE QUALITY OF SEEDS
OF AGRICULTURAL CROPS AS IMPORTANT QUALITY RESERVE

Sh.S. Kozubayev?, A.S. Sultanov?, Sh. Yusupov?, R.T. Kaldybaev*, S.K. Aidarbekova®
! Doctor of Agriculture Sciences, ® Candidate of Agriculture Sciences, Associate Professor
M. Auezov South Kazakhstan State University, Kazakhstan

Abstract. This article describes the methods by which standards focused on the international principles of seed
production are developed. It will provide the legal entry of domestic seeds on the international market grades and
seeds. The research is conducted by the representatives of the Republic of Uzbekistan jointly with the scientists of the
Kazakh University of Experimental Biology. The work allowed to make changes in GOST 12036 and 12037, which are
unified to the requirements of international rules.

Keywords: method, standard, seeds, quality, development.
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ARCHITECTURE OF THE RECOGNITION EDUCATION-MONITORING
ENVIRONMENT FOR COMPARISON OF ELECTRONIC INFORMATION
RESOURCES (THE CASE OF MOODLE LMS)

A.Kh. Nishanov?, B.S. Samandarov?
L Professor, 2Senior Teacher
! Tashkent University of Information Technologies,
2 Karakalpak State University, Uzbekistan

Abstract. The article discusses the issue of constructing the architecture of environment for ensuring the moni-
toring of the system MOODLE activities in an educational process in Higher Educational Institutions. The environment
was built using the tools of pattern recognition, algorithms and software. The operation methods and environmental
architecture of the educational monitoring process were offered.

Keywords: MOODLE, educational monitoring environment, pattern recognition, information resources, envi-
ronment architecture, comparative analysis, software.

Introduction

The important issues are: to use and develop electronic resources of educational process, to place created elec-
tronic resources into MOODLE system of each Higher Educational Institutions (HEI), to organize educational process
according to the system, evaluation, administration and to carry out controlling of educational process constantly ac-
cording to the system [1-4].

Moreover, organizing educational process according to MOODLE system of HEI, controlling its activity and
comparing them with each other are also considered the more important.

Environmental architecture that ensure the monitoring of MOODLE system activity based on pattern recogni-
tion tools. The development of processing methods of educational monitoring environment and architecture is achieved
on this basis. The article suggests such methods as pattern recognition educational monitoring environment
(PREME).

The information taken from HEIs servers provided with requests are read in environment relying on electronic
resources taken from HEI servers with the help of special software, the course quality evaluation algorithms, [3] and
adaptive model of evaluating the condition [4]. The evaluation, monitoring and the PREME architecture ensuring the
mutual comparative analysis are created with the help of the events protocols’ objects classification.

Certainly, multi-dimensional Electronic Information Resources (EIR) that have to be analyzed are located in
MOODLE system and the large number of parameters that should be determined caused rivalry among the educational
institutions and comparative analysis of EIR that can solve the mutual rating issue, and as well as the issue of automated
monitoring of educational process.

The main goal of proposed environment is to organize and to manage educational process in educational insti-
tutions, to use modular object dynamically orientated environment and to carry out constant and centered control of
HEI.

The environment performs the following tasks:

1. Carrying out the monitoring of HEI activity that organizes the control of educational process in MOODLE
system;

2. Evaluating and comparing the usage condition of HEI MOODLE system by the guidance of specialties and
educational directions;

3. Creating the HEI students’ progress, the activity of professor-teachers, the personal areas for students’ par-
ents. Presenting the possibility of observing progress of their offspring’s in subjects to parents.

4. Arranging the mutual cooperation of HEI, professor-teachers, students and their parents in upbringing of
young specialists based on environment.

Main part

Creating of PREME is important and aimed at execution of monitoring of educational quality on the basis of
proposed architecture. The architecture of environment is created by the analysis of EIR on MOODLE platform, make
an analysis at determining symbols of information resources environment of MOODLE system and observe the educa-
tional process, calculates the effectiveness, evaluates the overall condition of educational system, determines the quality
of information resources — carries out complete system monitoring.

Using the inner opportunity of MOODLE system, evaluating information resources requires much time from
users. The main reason for that is the monitoring of users (leaners), processing the information about users, preparing

© Nishanov A.Kh., Samandarov B.S. / Hummanos A.X., Camannapos b.C., 2017
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the reports about users, making the system monitoring and other similar management functions, which are organized in
different ways. We cannot develop sufficient information for ourselves relying on opportunities of system standard,
more often because the automated educational systems are often developed for certain environment (certain countries
educational process) [1].

MOODLE has complicated modular architecture, and therefore, its possibilities have to be developed addition-
ally, that is why additional modules should be elaborated. It is necessary to state that MOODLE is modular object orien-
tated dynamic teaching environment, and it is created using PHP language and can work with MySQL, PostgreSQL,
Microsoft SQL Server and other MBBT that supports SQL language in order to store its information.

The problem statement

Developing of pattern recognition educational monitoring environment architecture is required in terms of
the structure and working principle of MOODLE system. Some of the methods of creating PREME architecture are
given below:

1. To change the system core —the environment created by this method is required to be with open code, be-
cause it is distributed by MOODLE GNU GPL license. The environment created by this method is required to process
existing environment according to our needs. Much work and difficulties are required in order to build such environ-
ment.

2. To create modules for the system- As MOODLE system has complicated modular architecture, there is
the possibility to expand opportunities to enter additional modules without changing the core. Such kind of modules and
are have to be set into the system and opportunities of existing system would be expanded.

3. To create the independent environment related to this sphere — the importance of this method is that the
environment that is planning to be created could be not exactly in the MOODLE language, it means that creating system
could be not in PHP, in terms of MOODLE. However, the disadvantage of this method is that created software might be
related to the MOODLE version. In other words, if there is a new version of the system, the created environment soft-
ware related to it also have to be updated. As is known, if any software has a new version, that means that it was modi-
fied. For instance, modification of the structure of the database and the structure of new charts, entry of new tables and
optimization of some schedules can be observed.

4. Environment that performs new functions relying on system modules- The software of this environ-
ment could be not in the language of the system as well, but in case of modification of the MOODLE version some-
times can provide the PREME work through the development of additional complex of parameters. Creating PREME
information can be stored in its own database or in separate charts of the database of MOODLE. As a result, we can
build flexible PREME for MOODLE versions through the input of small applications for different versions of MOO-
DLE of creating PREME software,

Constructing the architecture that works with pattern recognition educational monitoring environment
Analyzing the architecture of MOODLE system, the main modules can be presented as following:
e The course elements;
The reports of administrator;
Types of tasks;
Plug-ins authentication;
Reports by the course;
Database fields (for the “Database” element of the course);
Filters;
Reports by grades;
Grades exporting formats;
Grades importing formats;
Portfolio;
Test question types;
Importing/exporting formats of the tests ;
Reports by tests;
The places of files storage;
Resource types;
Search plug-ins;
If we consider the modification possibility of above-mentioned modules of the MOODLE system, the most op-
timal choice for us is to build environment that carries out new functions relying on the system modules. Therefore,
working architecture of PREME will be built as following:
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Figure 1. The working architecture of pattern recognition educational monitoring environment

Basing on the tasks assigned above, we define the working architecture of PREME. HEI server that wants to
enroll to the environment would be registered by the environment of administrator and the MOODLE system of the HEI
server provides access only to the information selected from database PREME. The special software of PREME carries

out this process.

Determination the opportunity and the duty class of the users
of pattern recognition educational monitoring environment

The duty class should be designated according to the working architecture of PREME, users of this environ-
ment, their role in environment and their work tasks. We will divide the users into three types: administrators, internal
users and external users. The administrators supply the access to PREME users according to their status. The internal
users are the users who works in MOODLE system according to their status in MOODLE system. They have access to
some of the information and analytical data.

The internal users relying on working principles of MOODLE system divides into two groups: teachers and
students. Here, teachers can overview such analytical and comparative data as their course monitoring, the students’
participation in the course and the dynamics of tasks order. Moreover, , they can take an access to other similar courses
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monitoring through the system administrators. Students, in their turn, can overview the grades reports, test results and
the dynamics of group activity of the course that they have enrolled.

The external users of PREME are also divided into two groups: the high status users and the low status users.
The high status users are the special responsible leading personnel of the system and leading personnel of HEI. They
can overview all reports in the frame of education system and HEI, and also they can make decisions relying on analyti-
cal-comparative data according to their responsibilities. That is, PREME allows leading personnel to analyze the condi-
tion of electronic education process. The low status users are the parents of students, and the access to PREME for
them is provided by system administrators. As a result, parents can overview the dynamics of progress of their children
who study in HEI.

Certainly, to create such environment is the complicated process. However, there is a solid argumentation to
create it. Nowadays most of the educational institutions of the foreign countries develop their educational process by
using MOODLE software complex. We can see statistical data about it in MOODLE official site. (moodle.net/stats).

Table 1
Statists about MOODLE system usage (according to 09.01.2017)
Registered sites 73 661
Countries 232
Courses 11417 281
Users 95 976 987
Participants of the courses 325084 378
Forum news 203 726 942
Resources 101 331 607
Task questions 540 707 276

Conclusion
PREME provides interactive services satisfying the parents and students, teachers and HEI needs, relying on
MOODLE system of HEI server. It is achieved through the evaluation the information resources of MOODLE system,
monitoring and mutual comparative analysis.
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APXUTEKTYPA PACIIO3HAIOIIEN CPEJIBI “OBPA3OBAHUE-MOHUTOPUHI™”
JJIs1 CPABHEHUSA QJIEKTPOHHBIX UHOOPMALIMOHHBIX PECYPCOB
(HA TIPUMEPE MOODLE LMS)

A.X. Humanos!, 5.C. Camannapos?
L npogeccop, ? cTapimmii npenoaBaTens
Tamkenrckuil yauBepcuteT MHYOPMAIMOHHBIX TEXHOJIOTHIA,
2 KapakamakcKuii rocy1apcTBEHHbIH yHUBEPCHUTET, Y30€KUCTaH

Annomayusn. B oanHou cmambe paccmompen 60npoc NOCMPOeHUs apXumeKmypbl cpeobl, obecneyusanuuil
Monumopune desmenvhocmu cucmemvt MOODLE 6 yuebnom npoyecce 6 gvicuiux yueonvix sasedenusx. Cpeda Ovina
HOCMPOEHA C NOMOWbIO UHCIMPYMEHMO8 DACNO3HABANUS 0OPA308, ANCOPUMMOS8 U NPOSPAMMHLIX obecneyenutl. Ha
9MOU OCHOBE ObLIU NPEOTIOANCEHB MEMOObl PAOOMbL U APXUMEKMYPA CPEObl MOHUMOPUH2A 00PA3068AMENbHO20 NPOYec-
ca.

Kniroueswvie cnosa: MOODLE, cpeda monumopunea 06pazosanus, pacnosHasanue 0opazos, un@opmayuonusie
Pecypcol, apxumexmypa cpeovl, CPAGHUMENbHbLL AHAU3, RPOSPAMMHOE 0becneyeHue.
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PA3BPABOTKA AJITOPUTMA ONPEJAEJEHUS ONTUMAJIBHOM KOHIIEHTPALIUA
BPEJHBIX COEAUHEHUHU B NIPOMBIIIIVIEHHBIX BBIBPOCAX

V.V. Ymoeron, B.A. Xy Ben-Ilen?, A.J. Aprunopa®
1.2 nokTOp TexHUYECKMX HAYK, mpodeccop, $ MarucTpaHt
1.3 Tapasckuii rocynapctennblii yausepeutet (Tapas), Pecniy6nuka Kazaxcran
2JOsxH0-Ka3axcTaHCKuii rocyjapcTBeHHbIH yauBepcuTeT uM. M. Ays3osa (ILlbivkenT), Pecniy6nuka Kazaxcran

Annomayun.B oannoti cmamve onucana paspabomxa aneopumma onpeoenenus OnMmuMaibHol KoHyeHmpa-
Yuu 6peOHbIX COeOUHEHUNl 8 NPOMBIUICHHbIX 8blOpocax. B amoii cmamve 3adaua onpedenenus MUHUMATbHOU KOHYeH-
mMpayuu paccmampueaemecs: MemoooM HeIUHENHO20 NPOePAMMUPOSanUs. Memoo HeruHeliHo20 npoSPaMMUPOBAHU
denumcs Ha 08a Memooda: Memoo HAUCKOpelue20 CHycKad U Memoo annpoKCumMupyouje2o npocpammuposanus. 3adava
MAKO20 ANOPUMMA ABNAEMCS HAXOHCOEHUE MAKO20 COOMHOUEHUS KOHYEHMPAYUll UCXOOHBIX 8eWecms, npu KOMopbvix
06pazyemcs HauMeHbulee 3HAUEHUe KOHYSHMPAyuu 8peOH020 COCOUHEHUS, 0OPAZVIOWUXCS 8 Pe3VIbimame XuMU4eckou
Deaxyuu UCXoOHbIX Belecms.

Kniouesvle cnoga: memoo Henunewino2o npospammuposanus, Memoo annpoKCUuMupyiowe2o npozpammuposa-
HUsL, MemooO HaucKopeuuezo CnycKka, onpeoeieHue KOHYenmpayuu 8peorvlx coeoOuHeHull.

B pabote BBINOMHEHA pa3padboTKa mporpammsel "OmpeneneHie MUHUMAIBHOM KOHIIEHTPALlMH BPEAHBIX COEIUHE-
HUH", mpenHa3HaYeHHas st BHeApeHus: B VIC NMporHO3MpoBaHHS MPOMBIIIICHHBIX BBIOPOCOB C LENBIO pacyeTa ONTH-
MaJIbHOH KOHIICHTPALMH BPEJHBIX COCTMHEHNH, 00pa3yIouXCs B pe3yIbTaTe XMMHIECKON PEaKINH NCXOTHBIX BEIIECTB.

JanHas 3ajada npeqHasHaueHa Il pa3pabOTKH METOJMKH ONTUMAJIBHO OE3BPEIHOTO MpoLecca BHIOPOCOB Tpeji-
MPUSTHEM-TIPUPOIOTIONH30BaTENIEM BPEHBIX BEIECTB U MOJUICKUT BHEIPEHUIO B cocTaB 3axad MC npornosuposanus. Ee
BHE/IPEHHE M TIOCTAHOBKA Ha PETYJISIPHYIO IKCILTYaTaIMIO PE/NONaraloT JOCTHKEHHE 3HAYUTEIBHOTO KOHEYHOro d(dexra B
BUJTY YBEJIMYEHHMS CKOPOCTH M TOYHOCTH pacuera cootHomenui [1/IB u [1/IC cranroHapHOTo HCTOYHUKA BEIOPOCOB.

3aja4ya omnpenesneHns] MUHUMAIbHONW KOHIECHTPAIMK BPEAHBIX COCIUHEHHH CTaBUTCA U (HOPMYIHpYETCs, Kak
HEJIMHe}Has 3a7jaya ONTHMHU3ALUU C OTPaHUYECHUSIMH THUIIAa HEpaBeHCTB. [[nd pemieHus 3agauu ucnonassyercs "Meton
HenrHetHoTo nporpammupoBanwst (HIIIT)" [2].

Merto HEMMHEHHOTO MPOTPAaMMHUPOBAHMS BKIIIOYACT B ce0s1 2 METOAAa — METOJ HAaUCKOpEHIIero ciycka U Me-
TOJI aNIIPOKCHMHPYIOIIEro IporpaMMupoBanust. PaboTa 3Toro MeTosa CBOANUTCS K CIEAYIOIMIEH cXeMe: CHavaja MpoBe-
psieTcsl HavdaibHAsl TOYKA HA YIOBJICTBOPEHHE YCIOBHSM 3a/1aud (33[aHHBIX B BHUJC OTPaHWYCHUH-PABEHCTB U Hepa-
BEHCTB), €CJIM TOYKA HE YIOBJICTBOPSCT YCIOBHUSM, TO 3aITyCKAETCsl METOJ] HAUCKOPEHILIETO CITyCKa C IIETBI0 OTpeierne-

(k) o
HMS TAKOI'O 3HAYCHMS apryMeHTa X , KOTOPBIM YAOBJICTBOPSCT 3aJJaHHBIM YCJIIOBHSM. ITocne storo MMpOU3BOJAUTCA JIN-

Heapu3alysi HeIMHeWHbIX (QYHKIUH B OKPECTHOCTH JONYCTUMOM HMJIM IOYTH JOIYCTUMOM TOYKH X(k). Ilo oxoHuaHUM
HIpoLecca JIMHEHHON allPpOKCUMAIUU METO IIEPEXOAUT B CTAIUIO JIMHEHHOrO NporpaMmupoBanus. Ha atom stane s
pereHus JIMHeHHOH 3aaun ucnons3zyercs CuMiniekc-mMeTo1. Jlanee mporeaypa moBTOpsSeTCs A0 TeX Mop, Moka He Oy-
JIET YIOBJIETBOPEHO YCJIOBHE OKOHYAHUS MOUCKA. TOYHOCTh HCKOMOTO 3HAYEHHUS OIIpeessieTcs 3aJaHHON BETMYUHOII €.

ITocTanoBKa 3axauu. VIMeroTcs 3a7aHHbBIe 3HAUEHHUS KOHIIEHTPAINH NCXOJHBIX BEIECTB, 00pa3yloIUX B pe-
3y/lbTaTe XUMHUYECKOH peakIi HEKOTOPOe KOJMYECTBO BPEIHOTO COEANHEHHS; TpebyeTcs HallTH Takoe COOTHOIIEHHE
KOHLEHTPALMHA MCXOJHBIX BEIIECTB, KOTOPBIE B PE3yJIbTaTe XUMHUYECKOW peakIuu oOpa3yloT HauMeHbIee 3HadeHUe
KOHLEHTPALMH BPEAHOTO coeanHeHus. HeoOXoanMocCTh B peleHnn 1aHHOW 3a1aur 00ycIIoBlIeHa HOTPEOHOCTHIO OTAE-
Jla MOHUTOPHHTA TIPOMBIIUIEHHBIX BEIOpocoB KO B cHaOXXeHUH NMPeaNpHUATHH-IIPUPOIONIOIb30BaTeNIeil METOJaMH OIl-
TUMAJBHOTO PACIpENeNICHNs] BEIOPOCOB BEIIECTB, MPU KOTOPBIX JOCTUTACTCS MHHHUMAaJIbHOE O00pa3oBaHWE BPETHBIX
COCIMHEHUH U TEM CaMbIM CHIDKACTCS HEraTUBHOE BO3JIEHCTBIE NCTOYHNKA BEIOPOCOB HA OKPY’KAIOLIYIO CPELy.

CooTtBeTcTBYIOIIas 3a7a4a MOKET ObITh CPOPMYITUPOBAHA CIEAYIOIHUM 00pa3zoMm:

B mpouecce ocymiecTBieHHs MPOU3BOACTBEHHOTO MPOIECCa MPOU3BOAATCS BBHIOPOCHI N MCXOTHBIX BEIECTB,
00pasyronux Xi KOHIeHTpanui, rae i=1,2, 3...n. [Ipu 9ToM Ha BETMYHHY KOHIIEHTPAIIMKM KaXI0r0 BELIECTBA X; Hajiara-
€TCsl OTpaHMYEHHE Ha MAKCHMAaIbHO M MHHMMAJbHO JOMYCTHUMOE 3HaueHue (mpsmble orpanndenus). O6pasoBanue ps-
JIa NCXOAHBIX BEIIECTB, 00Pa3yIOIINX BPEIHOE COSANHEHHE, OCYIIECTBISIETCS TAK)KE B Pe3yJIbTaTe XUMUYECKOH peak-
un. Takum 06pa3oM B 3a7ade MpeanosaraeTcs NpUCyTCTBIE TaK)Ke OTHOIICHUH B BU/I€ PABEHCTB M HEPABEHCTB B BHJE
(GYHKIMH OT MEpEMEHHOH X, I'/le — 3TO €CTh BEKTOp C KOMIIOHEHTaMH X. Llenblo 3aaun sBisieTcsi Hax0XkJIeHUEe TaKoro
COOTHOLICHHS KOHLEHTpaluili HCXOMHbIX BemecTB Xi (i=1,2, 3,...Nn), mpu KOTOpbIX 00pa3yeTcs HaMMEHbLIee 3HAYCHHE
KOHIIEHTPall BPEIHOTO COEMHEHUS.

MareMaTuuecku 3a1a4y MOXKHO omucaTh: GyHkuus f(X) — 910 3a1aHHas HenuHeiHas cKaysipHas QyHKLHS, He-
3aBHCHMAsl IepeMeHHas X — N— MepHbIi BekTop, g(X) u h (X) — 3T0 3aaHHbIe HEJTMHEHHbIC BEKTOPHO3HAYHBIC (DYHKLIHH
(orpanuuenust) ¢ komnoreHTamu gi(X), g2(X), ..., gm(X) u h1(X), h2(X), ..., h(X) cootBercTBenHO, raegi(X)Vi=1,..., nu
a(X)Vvj=1,..., k.

© YmbetoB V.Y., Xy Ben-Llen B.A., Aprunosa A.D. / Umbetov U.U., Hu Ven-Cen B.A, Arginova A.E., 2017
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Orpannuenue tuna h(X) — orpanndeHne THIIA HEPABEHCTB (QYHKIMOHAIBHOTO THIIA MOAUGHUIIMPYET UCCICAye-
Myt moBepxHOCTh f(X) myTem OoTCedeHMs: OT Hee HEKOTOPOW YacTH il KOTOPOi TPaHHLEH SBISETCS MOBEPXHOCTH
h(x)=0. Orpannucnune Tuma g(X) — OrpaHAUCHNE THIIA PABCHCTB He MOAU(HUIMpPYeET ToBepxHOCTH f (X), omHaKo 3amaeT
Ha Heil HeKOTOPYIO JIMHHIO, KOTOpast ONPEICISIET IMOI0KEHNEe HCKOMOM TOUKH ONTUMYMa. JIaHHAs THHUS XapaKTepu3y-
€TCsI TEM, UTO BCE TOYKH, IPHHAJICKALINE e, OJHOBPEMEHHO HpHHamIexKat moepxuoctsiM f(X) u g(X), To ecth maHHas
JIMHHS TPEACTABIsACT cO00# cien oT nepecedeHus mosepxuoctu f(X) u g(X).

DopMann30BaTh MOCTABICHHYIO 33724y MOKHO CICAYIOIIUM 00pa3oM:

F(x)—min
xeX
X = (X, Xy, X,,)

x:9,(x)=0,i=1m
h (x)=0,k=1m
D; > x; >2d;

rae T (X) — 910 3amaHHast ckajspHas GYHKLUA Ul pacyeTa KOHICHTPAIMU BPEIHOTO COCAMHEHHs, 00pa3yeMoro B pe-
3y/lbTaTe XMMUYECKOH peakIiuyi MeKIy HCXOIHBIMU BEIIECTBAMU Xj KOHLIEHTPAIIHH.

X —3T0 BEKTOp 3HAYCHHUI KOHIEHTPAIIUIN UCXOIHBIX BEIIECTB (PeareHTOB).

Djudj— rpannuHble 3HAYCHUS KOHIICHTPAILIHI PearcHTOB.

ginhi—yHKIIMOHATBHBIC 3aBUCHMOCTH, 3aJal0IIHEe CXEMBl XHMHUCCKUX PEaKiuii 0Opa30BaHUs UCXOAHBIX Be-
mects [1].

BuiGop u o0ocHoBaHMe MeToAa pemieHus. PaccMoTpeHHas 3ajjaya XapakTepU3yeTcs TeM, YTO ee IieJieBas
(GyHKIMA SBISIETCST HENMHEWHOW, a orpaHnueHHs (DYHKUIUM 3a/laHbl HEIMHEWHBIMH 3JIEMEHTaMU B SBHOM U HESIBHOM
Buje. Bece 3T0 OTHOCHT JaHHYIO 3aady K 3aJadaM HEITMHEWHOro MpOrpaMMHpPOBaHMA. MeTo HEIMHEMHOrO Mporpam-
MUpPOBaHHs NPeIHA3HAYEH IS PELICHUs 3a7a4 JaHHOTO KIIacca U XapaKTepPU3yeTCsl BBICOKOW CKOPOCTBIO U TOYHOCTBIO
CXOAUMOCTH.

Meton HenmuHEHHOTO TIpoTrpaMMupoBaHus (cokpamenno — merox HJIIT) paspaboran bapacom. OH npencras-
nsieT coboii 0000IIeHNe anropuTMa, peatoxkerHnoro JJudenna u Ctusencom. AnroputM [ubenna u CTUBeHca peaHa-
3HaYaJICs I pelleHHs 3a4ad HeIMHEHHOro MporpaMMHUPOBaHUS NPH HATMYMU OTPAHUYEHUI TOJIBKO B BUIEC PAaBEHCTB
(mroc orpaHUYEHUs, 3a/1al0IINe BEPXHUI U HIDKHUM Mpeiessl N3MEHEHUs He3aBUCUMBIX NIEPEMEHHBIX); JaHHBIN anro-
PHUTM OCHOBAH Ha MCHOJIb30BAHUM JIMHEHHOW alNpOKCUMAIMM HeJIMHEHHBIX (QYHKINH B OKPECTHOCTH JIOMYCTUMON WITH

[IOYTHU JTOIIYCTUMOM TOUYKHU X(k). Unes ubenna otHocuTenbHo Munumu3anuu f(X) myrem npumeHeHus: rpalieHTHOTO U
JTUHEWHO-aNIPOKCHMATHBHOTO METOAOB MOJyYMia NanbHeimee pasButHe y bapHca, kotopomy ynamock 0000MIHTE
YHOOMSIHYTBIN BBIIIIE aITOPUTM Ha Clly4dail, KOraa B JIONOJHEHUE K OTPaHUYEHHUSAM B BHJI€ PABEHCTB UMEIOT MECTO 3allu-
CaHHBIC B OOIEM BUJE OTPaHUYECHUs B BUAE HepaBeHCTB. Takum obOpa3om, ¢ momoiisto anroputma HIIIT moxHO pe-
LIUTh 33/1a4y HEJIMHEHHOr0 MpOorpaMMHUpPOBaHUS.

[Ipu peanuszanuy JaHHOTO alTOPUTMa B KaU€CTBE HAYAJIIBHOTO MOTYT MCIOJIb30BaThCS KakK JOMYCTUMbIE BEK-

TOPBI, TAK ¥ BEKTOPHI, BHIXOSIIHE 3a TPEJeIIbl IOMycTUMOM obnactu. Ecnu x” he spnsercs JIOITyCTUMBIM, aJITOPUTM
peanuzyeT a3y HaHNCKOPEWIIIEro CIycKa ¢ TeM, YTOObI MOIyYUTh TAKOW BEKTOp X, IUII KOTOPOTO MHOKECTBO OTPaHU-
YHBAIOUINX YCIOBUH “MOYTH” YIOBIETBOPSAETCS. 3aT€M AITOPUTM pabOTaeT Ha OCHOBE METOA JTMHEHHOHN almpoKcuMa-
UM ¢ IPUMEHEHHEM alrapara JMHEHHOTO MPOTrpaMMHUPOBAHHUS H, CIEAOBATEIFHO, 00ECIIeUNBaeT MOCTPOCHHUE HaJlIe-
JKalle MaTpHIbl JOKAIBHOTO JIMHEHHOTO0 HPOTrpaMMHUpPOBAHMSA, 3JIEMEHTaMU KOTOPOH SBISIOTCS 3HAUCHHS IEPBBIX
YACTHBIX MMPOU3BOIHBIX IIENIeBOM GyHKIuH 1 GyHKIHHA §i(X) MO HE3aBHCHMBIM MEPEMEHHBIM. 3ajava JTHHEHHOTO Tpo-
IPaMMHPOBAHUS PELIAeTCs ¢ TIOMOIIBI0 MOTUPHUIMPOBAHHOTO CUMIUIEKCHOTO METO/Ia; IIPU 3TOM K 3HAYECHHUIO LIEJIeBOI
GbyHKIMKM g00aBiseTCs ONTHMU3UpYIOIIas (MUHHMHU3UPYIOIIAs) IONpaBKa B HEOOJNBLION 00JacTH, SsBISIOIIEHCS
OKpECTHOCTBIO TekyIeil Touku X. ITocme atoro mporenypa IMHEHHOTO MPOrpaMMHUpPOBaHKs MOBTOpsieTca. Ha mo6om
JTarne BBIYUCIUTEIBHOTO MpOLEcca, KOrja B Ka4eCTBE TEKYIIEro PEIIEHHs HAaXOAUTCS BEKTOP X, OTKIOHSIONIMNCS OT
JIOITYCTUMOH 00J1aCTH CBEPX YCTaHOBJIEHHOTO Ipe/iea, MOBTOpsieTcs (ha3a HAUCKOPEHIIero Crrycka.

IIpn obcyxnennu anropurma HIIIT yno6Ho paccMorperh (a3y Haumckopeiniero crnycka u ¢a3y JHHEHHOTro
MIPOrpaMMUPOBAHMUS.

®aza Hauckopeiero cinycka B anroputme HJIII comnpsikeHa nuiib ¢ MOBBIIIIEHUEM CTETIEHH JIOIYCTUMOCTH
BEKTOPa X ¢ TOYKH 3PEHUS ydeTa MoAMHOKeCTB orpannuenuit hi(X) = 0 u gi(X) > 0; Ha 3TOM dTare 00 yIydIleHHH 3Ha-
yeHUsl 1eeBor GyHKIUKM He 3a00TsaTcs. [loamporpaMma HaUCKOpPEHTIIETo CIycKa pean3yeT 0e3yCIOBHYI0 MUHUMHU3a-
LU0 CYMMBI KB3/IPATOB OCTATOYHBIX ITOTPELTHOCTEH, T. €. BRIPAYKESHHS

m p
T(x) = _z_lhzi(x) +Z_Ui1g2i(x)
i= i=m+ (1)
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CoBepLICHHO OYEBUIHO, YTO [ULSI OTPAHMYCHUH B BHIC HEPABEHCTB OCTATOYHAs MOTPEUIHOCTH paBHsieTcs hi(X)
(i=1, ..., m), a w1 OrpaHUYCHHUIA, 3AMICAHHBIX B BH/C HEPABEHCTB, OCTATOYHASI OTPELIHOCTS paBHseTcs i(X), ecnn
gi(X) < 0, u obpamaercs B HyJ1b 3a cueT omeparopa Xesucaiina (Ui), ecm gi(X) > 0 (i = m+1, ..., p); ApYTUMH CIOBaMH,
Ui = 0 opu gi(X) > 0. CymMma KBaZpaToB OCTATOYHBIX MOTPELIHOCTEH BBIYHCIIETCS HEPel HadaloM Ka)kAOro JTama
HAaHUCKOPEHIIIero CIlycka M Ka)KAOro dTana JMHEHHOTO MPOrpaMMHPOBAHHS HE3aBHCHMO OT TOTO, NPUHAMJIEKAT JIH
TpEeABIYIINN TeKYIINH BEKTOP X JOMYCTUMOHN 00IaCTH.

Iocne BoruuciaeHus T(X) MalIMHHAS MPOrpaMMa OCYLIECTBISIET TECThI, pa3paOOTaHHBIC Ha OCHOBE aHAIM3a
GONBLIOTO KOMMYECTBA MPAKTHYECKUX PE3yJIbTATOB PEIICHHS Pa3IuyYHbIX “TPoOHBIX” 3a1a4. C MOMOIIBIO 3THX TECTOB
MOYHO yOCIHUTHCS B TOM, YTO TOYKA, 3aJaHHAS] BEKTOPOM X, TCUCTBUTEIIBHO HAXOAUTCS BOJIM3U JOMYCTUMOM 00IaCTH,
160 ycTaHOBUTH oOpatHOe. Ecii paccmarpuBaemasi TOUKa HAXOJMUTCS JOCTATOYHO OJMHM3KO OT JOMYCTHMOM 00JIacTH,
BBIYHCIHUTENBHBI MPOIIECC MEPEXOAUT B CTAAUIO JIMHEHHOTO MPOrPaMMUPOBAHMUS, OCYILECTBISIEMOTO M0 aarOpUTMY
I'pudduna u CTroapTa; B IPOTHBHOM ClIy4ae BEIYHUCICHUS IPOTOIDKAIOTCS B PEXKUME HAUCKOPEHILETO CITyCKa.

YckopeHue WK 3aMeJICHUE BBIYUCINTENBFHOTO TIpoliecca Ha CTAJNH JIMHESHHOTO IPOrpaMMHUPOBAHHUS JOCTH-
raeTcs IMyTeM BapbHPOBaHUS MaKCHMAaJbHOTO 3HAYCHHMS BEMYHMHBI AXj. B Tex ciydasx, Korja Touka, 3alaHHas BEKTO-
POM X, OCHMJUIUPYET OTHOCHTENBHO «XpeOTa» I «IOJNUHBEI», B PACCMOTPEHHE BBOMUTCS IapaMeTp pPj, MEHSIOMINH
3HaK, KaK TOJBKO JJBa IOCIEIOBATENbHBIX Iara AXj OKa3bIBAalOTCS NMPOTHBOIIOJIOXKHBIMU 10 3HaKy. [lapamerp pj BO3-
JIEeUCTBYEeT Ha CYETUYHK Aj (Tl B Hayale yCTaHABIHMBACTCS €AWHHUIIA), KOTOPBIH UCHONIB3YeTCs JUI TOTO, YTOOBI OIpesie-
JSATh HEOOXOAMMOCTh U3MEHEHHS MPEACIbHOM [UTHHBI [iara Mj. 3Ha4YeHHE Aj OMPEAEISETCS YHCIOM, KOTOPOE MMOKA3bI-
BACT, CKOJIbKO pa3 MEpeMEIleHHE 10 TIEPEMEHHON Xj OCYIICCTBISIOCH B OMHOM M TOM € HampaBieHuu. Takum obpa-
30M, YHCIIOBOE 3HAUCHUE Aj OTPaXKaeT KOIMIESCTBO OnaronpustHeIx (ontumisupyommux f(X)) npupamenuit Xj B o1HOM
1 TOM K€ HallpaBJICHWH,; 3HAYCHUEC 7\,] BHOBb CTAHOBHUTCS paBHBIM CIUHUILIC, KaK TOJIBKO HAIIPABJICHUC NTEPEMEIICHUSA 110
Xj MEHSIETCS Ha MPOTHBOIONOXKHOE. ECIi pj MEHsIeT 3HaK, TO BMECTO 3HAYEHHUSI Mj, KOTOPOE HCIOIH30BATIOCH Ha TIPE/IbI-
IyleM mare, 6epercs 3HaueHne Mj/2. Ecii ke 3HaK pj He MEHsIeTCs, @ YUCIOBOE 3HAUCHHE Aj IPEBBIILACT 4, 3HaYCHUE M,
UCIIONIb30BaBIIeeCs HA MPEIbIIyIIEeM IIare, yABaWBaeTCs. AKCenepanys BBIYHCIUTENBHOIO IMPOIEcca MOXKET BBIBECTH
BEKTOD X 3a Ipeesbl JOMYCTUMOMN 00JIACTH; OTHAKO TaK KaKk CyMMa KBaJpaToB OCcTaTOYHBIX norpermHoctei (T(X)) Berauc-
JIETCSI TIOCIe KKIOT0 U3MEHEHHS X, TO B CIIy4ae CIHMIIKOM OOJNBIIMX OTKJIOHEHHH TEKYIIeH TOYKH OT FPaHHLpbI JAOITY-
CTUMOH 00JNacTH HAYWHAET paboTaTh METOJ HAHCKOpeuIero ciycka. [locie kakIoro nepeMeIleH s B IPOCTPaHCTBE pe-
IICHUI HA CTAJUH JIMHEHHOTO MPOrpaMMHPOBAHHUS MPOBOIUTCS TECT, IIENb KOTOPOrO COCTOUT B TOM, YTOOBI BBIICHHTD,
SIBJIIETCS JTH UCIIONB3YeMOe MPHUPAIICHHE AXj IO CBOEMY a0COIOTHOMY 3HAYCHHIO MEHBIIIE HEKOTOPOil 3apaHee yCTaHOB-
JICHHOI (110 YCMOTPEHHIO 110JIb30BaTeIsI) KOHCTAHTHI € (JJaHHAasi KOHCTaHTa MOXET ObITh BRIOpaHa MMPOU3BOJIBHO, HO CIIEY-

€T UMCTb B BUY, YTO OHA JOJI’)KHaA OBITh OHHOﬁ M TOH Ke JJIA BCCX HC3aBUCUMBIX HepeMeHHLIX).

(k)

(k-1)
Ecmu yciaoBue ‘ Xj - Xj | < & BBIIOJIHAETCS, IOUCK 3aKaHYUBAETCS; B INPOTUBHOM CJIy4dac MOUCK ONTHUMaAJIb-

HOTO PEeLIeHUs MPOIODKACTCS.
Hwxe n3o0paxeHa TpacKTOPHS MIOKUCKA 10 METOLY HEJIMHEHHOTO MPOrpaMMHUPOBaHUS (PUCYHOK 1):

X2
5 _ - = TH=20
4
_ - = f(x)=-10
3 -
2 = = f(x)=0
i, T h(0=255" =0
I g(x)=10kg-x +10x)="-34= 0
0|1 1
1 2 3 4 5 X

Pucynox 1. Tpaexmopus noucka no memooy HeauHetno2o npoepamMmuposanus

Metoa annmpoxcuMupyoniero nporpammuposanus. ['puddun n Crioapt onucanu MeToa anmnpoKCUMHUPY-
IOLIEro MporpaMMupoBanus 3], KOTOpBII OCHOBAaH Ha MHOTOKPAaTHOM NMPHMEHEHUH aITOPUTMOB JIMHEHHOIO Mporpam-
MHUPOBaHHS, 00ECIIEYNBAIOIIEM B IpEJIeNie CXOIUMOCTD MOCIIE0BATEIbHOCTH PEICHUH TPOMEXYTOUHBIX 3aa4 JINHEH-
HOTO IIPOrPaMMHUPOBAHMS K PEIICHHUIO 33/1a4M HEJIMHEHHOT0 MporpaMMupoBanus. Takoi MeTox MHOTja Ha3bIBAIOT Ipa-
JTUSHTHBIM METOJIOM C MaJIOi JUTMHOW Iara B OTVIMYHE OT TaK Ha3bIBAEMOTO KPYIHOIIArOBOTO IPAaMEHTHOTO METOJa.
[Tocne BBITTONHEHUS TPOIETyPHI IMHEAPHU3AIUH 33aa9a GOPMYIHPYETCS TaK:
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n
K K K
MUHUMH3HPOBATH f(X) — f(X( )) =y MAX,'( )

=1
o, )
pu YCJI0BUH, YTO UMCHOT MECTO OIrpaHUYCHHS B BUJAC PABCHCTB
n
ohi (x(K) ) _
Z MAX] = hi(X(k)), i=1,..,m, (3)
0xj
1
1 OTPAaHUYCHHUA B BUAC HEPABEHCTB
n
5oi(x(K) ((N]
z MAX] = gi(X(k))’ i=mtl, ..., p, (4)

=1 xj

() (k)
rae AXj = (Xi - Xj ). MeTox anmpoKCHMHPYIOLIETO MPOrpaMMHUPOBAHUS MTO3BOJISIET YIUTHIBATh BCE OrPaHHYCHHMS, 3a-
IIICAaHHBIC B BUJIC HEPABEHCTB, ¥ ATUM OTJIMYAETCS OT HEKOTOPHIX M3 pacCMaTPUBACMBbIX HIKE METOIOB, KOTOPHIE OTle-
PHPYIOT JHIIb aKTHBHBIMH OTPaHUYICHUSIMHU B BUE PABCHCTB.
o (k)
Merton I'pudpduna u Ctroapra peanusyercs 1o cienyromei cxeme. [Tycts X — momyctumas Touka B R. IIpo-
o o . o (k)
U3BE/IeM 3aMEHY HENMHEHHBIX (YHKUMI MX JIMHEHHBIMU anmpoOKCHMANUsIMU, HAlICHHBIMU B OKPECTHOCTH TOYKH X .
OTO MPUBOAUT K COOTHOUICHUAM (2). 3aTeM pelInM 3ajady JUHEHHOTO NMporpaMMUpPOBAHUS, PEACTABICHHYIO 3TUMHI
COOTHOILIECHUAMH, [IPU CIIEAYIOIIEeM J00aBOYHOM YCIOBHH:

G .
8 - T-xi (=0, j=1,...,n, (5)
kD) (K)
rae [Xj - Xj |- abCoJoTHOE 3HAYCHHE NPUPAIICHUS Xj,
K A
adj >0(=1,...,n)ecTh Masas BeJIUYKMHA, OTPAHUYUBAIOIIAS JJIUHY [Iara Ipd [EPEMENIEHUH B TOM WA

MHOM HalpaBJICHUH U, TAKMM 00pa30M, HE MO3BOJISIONIAS BEKTOPY X BBIXOAMTH 3a MPEAebl JOIMYCTUMOM 00IacTH 3a1a-

K
g (2). Pemenne 3amaun (2) ¢ yaerom (3) amst pa3HOCTH X - X( ) pu X, 0003HAYEHHOM TeTeph Kak X, JaeT:

k+1 K K
NGV CIPSSINCN

(k+1)
Bpluuciiue X, Mbl MHOTOKPAaTHO ITOBTOPSIEM YKA3aHHYIO BBIILIE ONIEPALMIO IIPU OCTEIIEHHOM YMEHbIIECHUU

(9] .
& " (c Tem, 9TOOBI JOBECTH OTKJIOHEHUS AJIEMEHTOB X J0 BEIUYUHBI, ONpPEACTIeMOI MPUHATHIM JOIMYCKOM), CTPEMSCH
JIOCTHYb TAKOW CHUTYyalluH, KOTJa MUHUMU3UPYIONIAs MOMpPaBKa K HAalJEHHOMY Ha MpepiaylieM miare 3nauenuto f(X)

OKa3bIBACTCA MCHBIIIC HCKOTOPOI'0 HAICPE 3aIaHHOT'O (MaJ'IOl"O) quciia.

(k)
B 3aga4e (2) JOIIOJIHUTEJIbHBIC OTPAHUYCHUS I X MOKHO BBECTH U MHBIM criocooom. O003HAUKM X - X

(k) (k) (k) LM
mpu X > X 4gepe3 A*X , ampu X < X gepe3 AX . Torma, mpexie yeM peaan30BaTh OUSPEIHYIO allPOKCHMHUPYIO-
LIYI0 NPOLENYPY, CIEAYET yUECTh OTPAHUYECHUS JJIS JOIIYCTUMBIX IIEPEMELICHUN B IPOCTPAHCTBE PELICHUI, ONIpENeIs-
€MBIE CIEAYIOUIMMHU COOTHOIICHUSMU:

K K K K k) .
A% g ax@ <m®j=1...n, (6)
rac
K (K
0" = max {1, m 3.
0%

W _ (5.

Qi =max{l, "—}
XYoL

) .

M- MaKCHMAJIBHO OMYCTHMOE MEPEMEICHIE BIOJb j-i 0CH KOOpAWHAT Ha K-oM rirare;

L - myxHAS TpaHMIA 1A X;;

VUi — Bepxuss rpaHua Ad Xj.
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) () (Y (k) (k)
Eciu AXj =0, 10 pj A*Xj < mj . Koraa 3HaueHue Xj = OJIHM3KO K CBOEMY BepxHeMy mpejeny, To ectb (Uj
(N (k) () () ®) Q) .
-Xj )= 0,108 {1, mj /Uj-X '} MakcumaJbHbIM Oka3siBaetcs wieH Mj /Uj - Xj . CriemoBarensHo, Xj - Xj < Uj -
K
Xj( ), win Xj < Uj, To eCThb MBI UMEEM TapaHTHIO, YTO Xj HE MOXET MPEBBICUTH CBOC BEPXHEE MPEICILHOC 3HAUYCHHE.

AHaJIOTHYHBIE PACCYKICHUS MPUMEHHTEIBHO K YCIOBHAM, KOTrIa A = 0, O3BOJIAIOT YOSIUTECS B TOM, YTO Xj HE
MOKET IPHHUMATh 3HAUYCHU I, MEHbIINX Lj.

CootHoutenust (2) u (4) o0pa3yloT cUCTEMY JIMHEHHBIX COOTHOILEHUH, KOTOpasi U TOAJIEKHUT aHaJIU3y C TIOMO-
IIBI0 METO/IOB JIMHEIHOTO MpOorpaMMHpoBaHus. [1epBblii mar B mmporecce MoUcKa peleHns JaHHOH 3ajauyl JINHEHHOTO
MPOrpaMMHPOBAHUS C TOMOIIbI0 MOAM(MHUINPOBAHHOTO CUMIUIEKCHOTO METOJa 3aKJII0YaeTCsl BO BBEIICHUH B PACCMOT-
pEeHHUE TIEPEMEHHBIX elle JIBYX KaTeropHi, a IMEHHO TaK Ha3bIBAEMbBIX OCIAOJISIOMINX U UCKYCCTBEHHBIX IIEPEMEHHBIX.
C moMOIIBI0 OCTA0ISIONINX [IEPEMEHHBIX OTpaHMYEHHUS] B BHIEC HEPABEHCTB NMPeoOpa3yloTCsl B OTPaHUYECHHUS] B BHJE
paBeHCTB. Mcronb3yst 11t 0003HauSHHUST OCIa0IAIONINX HEPEMEHHBIX CUMBOJ Ui, MOXKHO 3alUCaTh OIpPaHUYEHHs, KOTO-
peie B (2) purypupyer Kak HEpaBEeHCTBa, B CIICAYIOIIEM BHIE:

n n
Ao (K K Ao (K K K] K]

5 a®Ary® |y ac®ay® 0 g®),

=1 iF g .

X i=mtl, ..., p,

oxj

)
rae Ui > 0. YtoOsl mpeobpa3oBaTh B PABEHCTBA OTPaHUYCHUS (2), TAKKE HCIOIB3YOTCS OCIa0ISIONIUE IEPEMEHHBIC
(0003HaYMM HX Yepe3 Vj); B pe3ybTaTe BMECTO (2) MOoJIydrM

K K K K .
%A + q¥ax® +vi =mi,  j=1,...n

HckyccTBeHHBIE TIEpeMEHHbIe Wi BBOJSTCS JIMIIb C TOM II€JIbl0, YTOOBI MMETh BO3MOXKHOCTB 33J1aTh B KauecTBE
HavyaJIbHOI JIOMYyCTUMYIO TOYKY B CIIydae, KOrJa HadaJlbHbIH BEKTOpP X OKa3bIBAETCS BHE MPENEIOB JIOMYCTUMOW 00a-
ctu. IlyTem BKIIFOUEHHS UCKYCCTBEHHBIX IEPEMEHHBIX B OTPAHUYEHUS TTOJIy4aeM:

n n
K K K K K K
yae®) png® 3 0y ® @ )
F ooy By i=1,..,m,
u
n n
itk K I K K K K
> o) A*Xj( ' > 26i0%9) A’Xj( o w®e —gi(X( )),
i1 axj =1 axj i=m+l, ..., p,

rae Wi > 0 MckyccTBeHHBIE TIepeMEHHbBIC, OTIIMYHBIE OT HYJIS, €CIHM YCIOBUE, OMPEENIeMOe COOTBETCTBYIOIINM OTpa-
HUYCHUEM, HE YAOBJIETBOpsieTcs. IIpuMeHeHHEe MOTU(PHUIIMPOBAHHOTO CHMIUIEKCHOTO METOJa IO3BOJSICT OOpaTHUTh
KaXIYI0 U3 UCKYCCTBEHHBIX TIEPEMECHHBIX B HYJIb ITyTEM MUHHUMH3AIUU y Wi. [Ioka Ha KaXJ0M Iare mporecca moucka
MOJIy4aeMoe PEeIlIeHNe OKa3bIBAETCS JOCTYIIHBIM, METOJ] allpOKCHUMUPYIOIIETO MPOTrpaMMHUPOBaHKs paboTaeT BechMa
obicTpo. OIHAKO B CiTydyae, KOTrja Ha KaKOM-JTHOO Iare BEeKTOp X, JA0NIMi MUHUMU3HPYIOIUIYIO MMONPABKY K 3HAYCHHUIO
neneBoit Gpyukuun f(X), BBIXOJUT 32 MpeAesbl JOIMyCTUMON 00aCTH, MPOIIECC B 3HAYUTENBHON CTeleH: 3ame yisercs. B
XOZIe JINHEWHOTO TPOTrPaMMHUPOBAHIS B HaYajie CTPEMSTCS YAOBICTBOPUTH OTPaHUUCHUS, HE TIO3BOIAIONINE BEKTOPY X
BBIXOJUTH 32 MPEIENbI JOMyCTUMOW 00JIacTH, a 3aTeM IBITAIOTCS YIYYIINTh 3HaYCHHUE TeNieBol pyHKumu. [Ipu sToM He
HCKJIF0YeHa BO3MOYKHOCTB TOT'O, YTO perieHneM (2) u (4) Ha CIIeAYIOIIEM IIare CHOBa OyIeT TaKOW BEKTOP X, KOTOPHIH,
obecrieunBasi MUHUMU3HUPYIOIIYIO MMONPABKY K MOMydeHHOMY paHee 3HaueHuio f(X), okaxercs B HemomycTUMOM 00ma-
cti. Takum 00pa3oM, KaKk TOJILKO Cpa3y HECKOJIBKO OTPAaHUYCHHI CTAHOBSTCS akTUBHBIMH, MAII HaunHaeT paboTaTh
BecbMa MeasieHHo. CreyeT OTMETHTD, YTO, MOCKOJIBKY Ha KaXKJIOM 3Talle MUHUMH3AIMN OCYIIECTBISETCS TIOTHAs pe-
JIUHEeapH3alus PacCMaTPUBAEMOM 3a7ayi, BCSA paHee MOJydeHHas WHGOpMAIHs CTaHOBHUTCS OECIONE3HOMH; CienoBa-
TenbHO, MAII MOkeT OBITh MPUMEHEH JIJISl PEIISHUST HEBBIMYKIIBIX 3a/1ad. [I[poMexxyTouHbIe pelIeH s TIPH UCITOIb30Ba-
Hur MAII SBASIFOTCS THOO AOMYCTUMBIMU, TUOO0 OIM3KUMH K IOy CTUMBIM.
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DEVELOPMENT OF THE ALGORITHM FOR DETERMINATION OF THE OPTIMUM
CONCENTRATION OF HARMFUL COMPOUNDS IN INDUSTRIAL EMISSIONS
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Abstract. This article describes the development of an algorithm for determining the optimum concentration of
harmful compounds in industrial emissions. In this paper, the problem of determining the minimum concentration is
considered using the non-linear programming method. The method of nonlinear programming is divided into two meth-
ods: the steepest descent method and the approximating programming method. The task of such an algorithm is to find
such a ratio of the concentrations of the initial substances at which the lowest concentration of the harmful compound
formed as a result of the chemical reaction of the starting substances is formed.

Keywords: method of the nonlinear programming, method of the approximating programming, method of the
quickest lowering descent, determination of harmful connectionsconcentration.
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HUcTopuyeckue HAYKH U apXeo0JI0TUs

VIIK 902, 6 (575). 908

XAPAKTEPHBIE YEPTbBI YPBAHU3AIIUU HOKHOI'O
IIPUAPAJIBS B O11I0XY CPEJHEBEKOBbBS

O.111. KapipHusi3oB, JOKTOPAHT
Kapaxkanmakckuii rocynapcTBeHHbIH yHIBepcuTeT M. bepaaxa (Hykyc), Y30ekuctan

Annomauyus. B cmamve uzyuaemcs ucmopusi ypbanucmuueckux npoyeccog ¢ FOxcnom Ilpuapanve 6 cpedne-
6EKOBYI0 INOXY, GbIAGIIOMCS UX 0CODEHHOCMU U XapaKmepHhvie yepmul. 30ecb Ha meppumopuu Xope3mcko20 0asuca u
600J1b YUHKA Yemiopma 6 cpeoHue 6eKa CLONCUILCS apXeosocuiecKue Kyabmypsl ¢ XapakmepHulMu npusHakamu. Yepmol
MAmMepuanbHoU Kyibmypbl 20p0008 umeem ceou KopHu. Kpome moeo, umeemcs nexomopwvie dj1eMeHmol KyJIbMypPHO2O
B3AUMOBTUAHUSL C COCCOHUMU 20POOCKUMU YeHMpaMU U Kouesol cmenvio Apano-Kacnus.

Knrouesovie cnosa: Ipuapanes, cpedonesexosolii Xopesm, 20poocKas Kyibmypd, Imansl, 63auUMOGIUsIHUSL.

B IOxuoM I[Ipuapanse B APEeBHOCTH M CPEAHEBEKOBRE 00Pa30BaJIOCH TOCYIApPCTBO XOPE3M, TEPPUTOPHS 3TOTO
00BEMHEHNST OXBAaTHJIO HBIHEIIHIO TEPPUTOpHIO Y30ekucraHa, roro-3amaj] KasaxcraHa m ceBepHyo TypkmeHHIo.
AHanM3 HCTOPUYECKUX UCTOYHUKOB, MaTEPHAIBHBIX apTe(aKTOB, JaTUPYEMBIX IPEBHIMH IIEPHOIAMH, 1ACT OCHOBaHHMS
CYHTATh, YTO 3TOT PETHOH, KaK HCTOPHKO-KYJIbTypHas 00JIaCTh, OBIT IEHTPOM ypOaHM3AIMK U 3THOT'€HETHUECKHUX PO-
IIECCOB. APXEOJIOTHIECKUE KYIbTYPhl CpeaHeBeKOBOH 3moxu B IOxuOM [Ipnapanbe ncciaenoBatenu pasnensioT Ha ad-
puruackyio (IV-VIII BB.), xopeammaxckyro (Xl-maa.XIll BB.), xope3mcko-mkyunnckyio (XI-XIVes.) u Temypua-
ckyto (XIV-XV BB.). B adppuruackom starne no-npexHeMy COXpaHsSIOTCS NPEpOraTUBHI APEBHE XOPE3MUHCKO KyJbTY-
pbl. OTHAKO HAYMHAETCS CTaaus yNaJgKa aHTUYHBIX TPAJULUIA B ypOAaHUCTHYECKOW LIMBMIM3AIMHU, CTarHAIMS B 9KOHO-
MHKE M MaTepHalbHOH KynabType. B ator neproa B FOxxHom Ilpuapasnbe Hauaicsi cMMOMO3 HAPOAOB, CUHTE3 KYJIBTYPHI
KOUYEBOT'O M OCEAJIOr0 HACEJICHHUs, CIUIaB 00pa3loB MaTepHaIbHON KyJIbTyphl. DTO ObLIO CBsi3aHa ¢ Benukum mnepecerne-
HUeM HapojoB ¢ Bocroka Ha 3aman (IV-VII BB.). HoBast BomHa TIOPKOSA3BIUHBIX KOUEBBIX IUIeMeH u3 LleHTpanbHOI
Azny mpuBeNM K KapAWHAIBHBIM M3MEHEHUSIM STHHYECKOTO COCTaBa HaceleHHs roponos Xopesma. [lo maHHBIM Kpa-
HHosIornyeckoro Mareprana (Muznaxkan, Tok-kana, Hapumkan, [Tymkait 3) npousornia MoHronmmsanus Gpu3naeckoro
THUIIa HACEJICHNS U TIOPKM3AIMs YacTH MPAHOS3BIYHBIX 3eMIICACIBLEB U ropoXkaH. B paccmarpruBaeMyro 310Xy MHTEH-
CHBHO TIPOTEKAaeT CHHTE3 00BbIYaeB, BEPOBAHUH, OOPAIOB M KYJIbTYp UPAHOS3BIYHBIX M TIOPKOS3BIYHBIX HaponoB Cpen-
Hel Azuu. C 1pyroii cTOpoHsbl, B cepeanHe | ThicsdeneTys Hamei 3pbl 37ech MO BIMSHAEM MYCYJIbMaHCKON IIMBHIIN-
3aIlM M CBUIOB CONMAJILHO-3THUYECKUX OTHOLIEHUH, BHYTPH CTPAHbI HayaJCsl HOBBIN CPEJHEBEKOBBIN dTan ypOaHH-
CTHYECKUX MPOLIECCOB. DTOMY CIIOCOOCTBOBAIN pasziuyHbie (HakTophl (reorpaduyecknii ¥ SKOHOMUYECKH I TIOTEHIIHA,
STHUYECKHE CBA3M M Jipyrue). 3aeck, B KOxHoM [Ipuapanse, nporecchl KyabTyporeHe3a ypOaHu3aIuy, Kak U B Ipebl-
JIyIINE 3TOXH, CBSI3aHbI CO CIIOHTAHHOW TpaHc(hOpMalel MECTHBIX KyJIbTYPHBIX TPAAUIMN U KyJIbTYpHOI MHTErpaly-
eif. [Tocye anuTeNEHOTO TEpenasa MOJIUTHYECKOH, SKOHOMHUUYECKOH M KyJIbTYPHOU H3HH, CBA3aHHOTO C paclajoM aH-
TUYHOH KyJbTYpBI, HOCTENEHHO PAaCUIMPSIOTCS MPOLECChl ypOaHU3alUuKu B AeibTe AMyAapbu. 31eCh HEMAIOBAXKHYIO
POJIb MIpalH IJIACTHI KYJIbTYPHOTO HACIIENUs IPEBHEXOPE3MUICKOI MBMIIM3auny. [IpeBHsI MPakTHKA MCIOJIb30BAHHS
UPPUTAMOHHBIX CUCTEM, TPaJULHUs I'PaJlOCTPOUTEIHCTBA U BHICOKHE HABBIKH PEMECIICHHOW NMPOMBIIUICHHOCTH NMEIH
HEMaJIOBa)KHOE 3HAUCHHE JUISl TeHE3MCa U Pa3BUTHS HOBBIX apXEOJIOTHYECKUX KyJIbTYp paHHECPETHEBEKOBOM ATIOXH.

[TuceMeHHBIE HCTOYHUKY, B JAHHOM CIIydae 1o CBUAETENbCTBY aT Tabapu u benazypu, ToBOpAT 0 TOM, 4TO TO-
pomamu Xopesma atoT mepuoy osumm Kar-Kac, Xaszapacn u Yprernu. CaMbiM yKperieHHBIM ObuT Manumaat an Oup
(Ksat) u Xazapacn. B VII-VIII Be. ropox Magunaat an @up cocTosir U3 TpeX YacTe — «TpeX TOPOMIOBY», OKPYKEHHBIX
o0mum BaoM [2; 8]. OnHaKo, COTJIaCHO HOBBIM apXeOJOTHYECKHM paboTaMm, B PaHHECPEIHEBEKOBOM Xope3Me ObLIo
OoJbIIie TOPOOB, YeM CKazaHo y aT Tabapu. Tak, 0 TaHHBIM CBOJA apXeoJIOTHIECKHX MaMsATHUKOB Pecmyommku Kapa-
KaJIaKCTaH M XOPEe3MCKOIr0 0a31ca, COCTABICHHOTO Kapakainakckumu apxeosioramu emie B 60-70-rr. XX 8. 8 VI-VIII Bs., B
npubpekHoit mosioce JleBoOepekbsi CyIIecTBOBAIM XMBa, Xaszapaci, BosHraH—CcpeHeBEeKOBbI ApaaxymmMuman [7],
ropogok Anma AteimkaH — CaBkaH. PanHecpenHeBekoBas kepamuka HaiineHa B Jpxurepoente [3], CaaBape u [lapran
[10]. B JleBobepexnbe Bmosb Illaxpucranckoi goporu depes necku KapakymoB B XopocaH Obutd ropojia 3amaximiap-
3myknmp u lax Cenem-CyOypHa. B 3Tnx roponax Ha 0OcCHOBE aHTHUYHBIX CJIOEB JKU3HB noepskuBanuch U B VII-VIII Ba.
bnaropaps nmpoBeneHHBIM apXeoJOTHUECKMMHU uccienoBanusaM B Yprende (I'ypranmk) B xoame Keipk-myina «oOHa-
PY’KEHBI pa3BaJIMHbI JPEBHETO YKPEIUIEHHUS C MOIIHOW KPErocTHOH cTeHol u kBaapaTHeiMu OamrHsmu (1V-111 BB. 1o H.3.)
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U «MHOTOYHMCIICHHBIE (hparMeHThI paHHecpeaHeBekoBoit kepamukm» (VII-VIII BB.) [13]. B TIpaBoGeexxHo# yactn AMy-
Japbu, kpoMme croiauuHoro Ksra, npomomxkator cymectBoBath lypaxan, Hapunmkan, I'yneaypcys, Jxamnbik-kana u
Barman [4; 12]. B xozxe npoBeneHNsI HOBBIX apXeOJOTHIECKUX PadOT yCTaHOBWIIH, UTO BOJIHM3HM As3-Kalbl 2 Hadall CKia-
neIBaThCs Topoaok (25 ra) [9]. E.E. Hepa3suk B cBeTe mcciie1oBaHNI paHHECPEIHEBEKOBBIX CPEIHEa3HaTCKUX TOPOJIOB B
MOCTIETHIX ACCATIIICTHSX OMpenersieT, 4To bepkyT-kana (6ojee 6 ra) «CUNTAETCS TOPOICKUM TIOCENICHHEM, COPMHPO-
BaBIIMMCS BO3JIe KpylHeHmero 3amka oasuca» [10]. IIpu aToM, TOpoa COCTOSUT U3 IBYX YacTel: «I0XKHOW» YeThIpeX-
YTOJBHOW M «BOCTOYHOW)» HENPAaBWILHOW KOH(UIypaluH, T.e. UMeEJNl JABYXYacTHOE IEJECHHE T'OPOJCKOro THma. JTO
JpeBHsIS IIaHUrpaduueckas TpaauLust B Xope3Me U3BeCTHAa U3 aHTHYHBIX NMaMATHUKOB (AKIIaxaH-Kana, Tomnpak-kaia
u 1p.). B ceBepnoii yactn Kapakanmnakcrana, B panHecpeiHeBeKoBo# obnactu Kepuep, pacuseraroT ropojckue moce-
nenus tTuna Kypranua, Kyiink-kana (Uumo6aii), Xausan-kaina (Kepzaep), Tok-kana ([lapcaH) n roposuiie Ha BO3BBIILICH-
Hoctn Kpanray- Kpan-kana [1]. C y4eToM 3TUX rOpoJOB, UMEIOIIMX KPYIHbIE U MEJIbKHE pa3Mepbl, YUCIO TOpPOJIOB
Xope3Ma NpeBBIIAET JECATKH yPOAHNCTUIECKUX HEHTPOB. POpPMUpPOBAHIE 3THX TOPOJOB «BECHMA XapaKTEPHBIN MPH-
3HAK» 111 ypOaHNCTUYECKON IMBWIIM3AIMU paHHECPETHEBEKOBOTO Xopesma. Cpean HUX Hambosee KPYIHBIMH SIBIIS-
mch Kyiink-kana (44 ra), Tok-kxana (8 ra), XanBan-kana (500x500 M), Xusa (26 ra) u an @up-Kar. [locnennuii, cro-
JMYHBIA TOpoA, 1o cioBaM benasypu, «ObIT caMbIM yKpETIICHHBIMY, «3T0 1 ecTh CamapkaHny, «mpocto Camapkasiy,
T.. TeppuTopus an-dup HAMHOTO NMPEBOCXOANIA IPyTHE XOpe3MHuiickue Topoaa [2]. 31eck OH, BUAUMO, HMET 00HbEMBI
rOpoJCcKHX nmocTpoek. OHaKo 00 3TOM TPYAHO CyIUTh, TOPOJ HEOAHOKPATHO pa3pymiajics TpaHcrpeccueil Bogsl Oxca
(dxeiixyna). TeM He MeHee, CPABHUTEIBHBIN aHAIN3 HOBBIX apXCOJOTHYECKUX AAaHHBIX MOKA3bIBACT, YTO KOJIUYECTBO
TOpPOJIOB PaHHECPETHEBEKOBOTO X0pe3Ma Majlo OTIMYANICS OT IPYIHX TOPOJCKHX MOCETICHUH cpeiHeasHaTCKuX (heoalb-
HBIX rocynapctB (Hampumep, roponos Coraa) [10]. HeoOxomuMo OTMETHTB, YTO OOJBLIMHCTBO TOPOAOB PACIOJIOKEHO
BJIOJIb TOPTOBEIX Tpacc. Tropkckast Aerneranus (pykoBoauTtens MaHHax), BO3Bpallaonascs U3 Busantuu Bo riiase ¢ Ku-
JUKUAIIEM 3eMapXxoM, «IBUTAINUCh IO IETIOYKEe KPEHocTei» I0ro-BOCTOYHOro Apaina, mumeT uctodHuk [11]. B menom,
KyJIbTYpOTeHE3 ypOaHHUCTHIECKOH apXeoJorny Xope3Ma paHHECPEAHEBEKOBOH AIIOXH NMEET cBOM ocobeHHocTH. Hapsany
¢ 3THM KynbTypa Adpurnnos n Kepaepa nMeIoT HEKOTOPBIE CXOJCTBA C PaHHECPEAHEBEKOBON KYIIBTYPOH APYTHX PETHO-
HOB Cpennedt Aszun. Ho B KymbType Xope3ma eIe COXpaHSIOTCS HEKOTOPBIC TPAAWIMOHHBIC 3JIEMEHTHI MPEABIIYIINX
smox. B mocnemyromue amoxu 3Tn 4epTsl TpaHC(HOPMHUPYIOTCS, IEPEINIETAIOTCS C ”HHOBAIIMOHHBIMH TIOKAa3aTEISIMU.

OTOT mpouecec B UCTOPUH LUBIIM3ANNKN X0ope3Ma HaOJfoAaeTcs U B KyJIbTypOT€HE3€ apXeoJOrHIeCKUX KyJIb-
Typ 3moxu pazpuroro cpeaHeBekoBbs (X-XI BB., XIV-XV BB.). OcTaTtku OBUTBIX (e0qaTbHBIX YAEIOB, B CBSI3H C 0Clad-
JICHUEM TOCIOJICTBA apabckoro xanudara, 00beMHIINCH BOKPYT MOILIHBIX FOCYIapPCTBEHHBIX O0OBEIMHEHUH, Kax10e
13 KOTOPBIX MMEJO CBOIO MPABAIIYI0 IMHACTHIO. 3a 3TOT MHOTOBEKOBOII Iepuo Ha Tepputopuu oasuca u Ilpuapains-
CKOT'O PEerHOHa MOYKHO BBIJICIUTh OCHOBHBIE ATAIBl YPOAHUCTUYECKON IMBUIIU3AIUH CpeHeBeKoBoro Xopesma X-XV BB.

X-XI BB. — 3TO BpeMs MpaBJIcHUs JUHACTHU Xope3MinaxoB MamyHumos (995-1017 rr.). B ycnoBusx crabnusupy-
o1uxcst (heoNanbHBIX OTHOLIEHHH MPOIOJDKAIOCH Pa3BUTHE TOPOJCKON KyJbTyphl. BrirogHoe reorpaduoueckoe monoxe-
HHE WM TPAH3UTHAsl TOPTOBJISl, KOHTAKTHI 3eMJIEICIIBIEB C KOUEBOW CTENBIO CIIOCOOCTBOBAIN YKOHOMHYECKOMY YIIPOUYCHHIO
obmactu. B Xll-ragane XIIl B. — xopeammaxckuit nepuoy (anymreruauabl 1097-1231 rr.), ypOaHH3aIMOHHEIC LIEHTPHI TO-
POJIOB BBIABIISIIOTCS BO BeeX pernonax HOskHoro IIpnapanbs. COBOKYITHOCTh apXeOJO0THYECKUX M MMMCbMEHHBIX HCTOYHUKOB
OTpakaeT TPOMAJIHBIN IIar BIIepe]] 5SKOHOMHUKH U KyJIbTYphI 00JIACTH 110 CpaBHEHHIO ¢ TpeamecTByomumMu nepuoxamu (V1I-
X BB.). [logpeM IUBUIM3AIMOHHOM cUTyanuy HaOJIFOAETCS M B Pa3sBUTHH NPON3BOAUTEIHHBIX CHII, OCOOCHHO pemMecia.
CrposiTCs HOBBIC HJIEMEHTBI TOPOJCKON IMBHIIIN3ALNH, apXUTEKTYPHBIE COOPYXEHHS U MX OOraThlil EKOp, Ia3ypoBaHHAs
KalllMHHAS NPOAYKIMs. YPOAHUCTHYECKUH IMpOIece 3aXBaThIBAET CEBEpO-3allaJHble OKpanHbI oasuca. Bpois Boctounoro
YHMHKA TJIaTO Y CTIOPT OYpHO Pa3BHUBAIOTCS TOPTOBO-PEMECIICHHbIE TOCEICHHUSI TOPOICKOTO THIIA.

Hoserit aTan passutus ypbanusamuu B HOxuOro Ilpnapanbes — 310 Xope3McKo-mKyduackuil nepuon (1221-
1388 rr.). ITOT OTPE30K UCTOPUUYECKOTO TPOIlecca UMEET TPH ITarna Pa3BUTHS: PAHHE30JI0TOOPABIHCKUHN (BOCCTAHOBIIE-
HHE JOMOHTOJIBCKUX TOPOJIOB); BTOPOH 3Tal-pa3BUTHE I'PaJOCTPOUTENECTBA, SKOHOMUKH M AyXoBHOH xu3HH (1310-
1360 rr.); Tpetuil sTan-ocnabieHue rpafoCTPOUTENFHON KyIbTYphI (BBI3BAaH IEPEIBUKEHUEM HOBON BOJHBI KOYEBHU-
koB u3 Jlemru-Keimyaaka) (1370 r.-xoner X1V B.).

Ipasnenns Amup Temypa u Temypumos (1388-1500) B 3emirsix Xopesma OIarompusATCTBOBAIO Pa3BUTHIO
KyJIbTYPHOH JXH3HH. B 3TOT mepuos pacuBeT ropoAckoi KyabTypsl Xope3Mma npopoipkaercs. Uepes Xope3M ocymiecTs-
JsieTcst 0€30MacCHOCTh CEBEPHBIX I'PaHMI] IEHTPAIN30BAHHOTO TOCYapCTBa, Pa3BUBAIOTCS TOPOAA, peMeciia, TOPTOBIIS,
HUHTETPUPYETCS KYJIbTYpa.

OnHOHM M3 OTIMYUTENBHBIX 0COOEHHOCTEH Mpornecca ypOaHUCTHYECKOH MUBHIM3ALUK B CPEIHEBEKOBOM XO-
pe3Me cieayeT CYMTaTh BOZHUKHOBEHHUE Psiia TOPOJOB B pe3yabTaTe B3AaUMOOTHOIICHUH XOPE3MHUICKOTO HACEICHUS C
KOYEBOW CTembi0. B CBS3M ¢ 3TUM, 0COOBIN MHTEpEC MPEICTABISIIOT NEHCTBUS 3THO-IeMorpaduieckoro (akropa Ha
pa3BuTHE ypOAHHUCTHIECKOTO Mpoliecca. B cpeHeBEeKOBYIO 3MOXY BO3HHUKIHM TOPTOBO-PEMECIICHHBIE TIOCEICHHS BO3JIE
KpemocTel Ha nepudepun, B KoHTakTHBIX 30Hax (ITymxkaii, borpaxan, llemaxa-kana, Tonpak-kana (KyHrpaackas) u
ZIp.). ApXeoJoruuecKnii MaTepuaa dTUX TOPOIUIN MPEACTaBIsIeT COO0H CIIaB XOPE3MHMCKUX TPATUIMA W BIHSHHMA
W3BHE, U3 COMPEIETHHBIX PalOHOB OTY3CKHX M KepACPCKHX BIAAEHHUH [5; 15], 9TO CBHAETENHCTBYET O HAYaBIIMMCS pa-
Hee (IX-XI BB.) u nponomkasummces B XI1-XIV BB. npoHnKHOBEHHHN B roposia Xope3Ma HOBBIX 3THHYECKHX JJIEMEHTOB,
MIOCTETICHHOW TIOpPKHM3aleld UM KOpEeHHOro HaceneHus. Takum oOpa3oMm, ofHa W3 NPUYMH aKTHBHM3AIMH TIpoliecca yp-
0GaHMCTHYECKOH IUBMIN3A3A[MH — TO B3aUMOBIIMSIHHAE OCEIJIO-3eMJIEIENIbUECKON KYJIBTYPHI U KYJIBTYPbl KOUCBHUKOB
Apano-Kacmus.
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B nenom, 3a 3TOT MHOTOBEKOBOM MIEPHOA Ha TEPPUTOPHH oazuca U [IprapanbCckoro pernoHa MOXKHO BBIIEIHTh
OCHOBHBIE 3Tallbl, XapaKTEPHbIC MPU3HAKNA ypOAHUCTHIECCKON HUBHIM3ALUKN U KyJIbTYpOTCHE3a apXeoJornu Xope3ma
X-XV BB. B 310 Bpems mpouzomén psx KapIHHAIBHBIX COOBITHH B KyJNBTYPHOH JKH3HH HE TOIBKO Xope3Ma, HO U B
ctpanax Bocroka u 3amaga. Ha orpomuoit Teppuropun ot ['mbpambsrapa 1o rpanumsl Kuras oOpa3zoBanach sanutapHas
SI3BIKOBAs CyOKyIBTYpa Ha OCHOBE apabckoro anb(haBuTa M apaOCKOTO sI3BIKA. DTO MPHUBEIIO K WHTETPATHOHHOMY IIPO-
neccy B KyJibType LlenTpanbHoit A3un U MycynbMaHcKkoro Boctoka. DTo BecbMa 3aMETHO B apXHTEKTYpE, apXeoJIorH-
yeckux apredaxrax (KepaMHKe, CTEKJIO, TOPEBTHKE M JEKOPaTHBHOM HCKYCCTBE) M IHCHMEHHOCTH MYCYJIBMAaHCKOT'O
Mupa.

OTOT nporecc 0COOCHHO pa3BUBAETCS B AIIOXY XOPE3MCKO-IDKYUUICKON KynbTyphl (3omoToit Opabr). Xopesm
TOT/Ia CHOCOOCTBOBAN HCIaMHU3aluKM KodeBoro mupa Apano-Kacnuiickoro pernona. Iloutu Bo Bcex nepudepHitHbIX
roponax Xope3ma Takux, kak EpOypyH kana (Xau Tepcek), Manas AiOyiip kana, At Ara, Kynanmnsl, Kusxoin, Ypra,
Amxubait, Kypranda u xapaBaH, capasx bemeynu u np. mMeroTcss MyCyIbMaHCKHAE MOTTUIBHIKH, COXPaHUBIINE dJICMEH-
THI SI3BIYECKOH, JOUCIAMCKON morpebansHoi oOpsaHocTH. B menom, B snoxy 3omoToit Opasl Xope3M IyXOBHO OKa3bI-
BaJI OTpOMHOE BiMsiHME Ha J[yuneB ymyc. Ero mpencraBurenu — cyduiickue meixu, SBIABIINECS HACTABHUKAMH Xa-
HOB, 00pETaIOT 3/1€Ch 3HAYUTENBHYIO HOJINTHIECKYIO CHITy. DTH MOKAa3aTelIH COIMAIbHO-3KOHOMHUYECKUX WHCTUTYTOB
CBHUJICTENBCTBYIOT O B3aUMO/ICHCTBUY B CUCTEME LINBUIM3ALMOHHBIX OTHOLIIEHUH B CPETHEBEKOBOM XOpE3ME.

YpbaHu3annoHHBIE IPOLECCHl B XOPE3ME B CPEAHEBEKOBYIO 3I0XY MPOUCXOIMIN 0] BIUSHHEM Takux (ak-
TOPOB, KaK 00pa3oBaHKE WM HAYalo CO3AaHMs LEHTPaIN30BaHHOTO TOCYJapCcTBa B JIMIE TOCyAapcTBa ahpuruioB, Ma-
MYHHJIOB, XOPE3MIIAX0B — aHyNITernHUJ0B. HaOmromaercss ycuieHue ypOaHMCTHYECKOW IMBWIM3AIMU HE TOJBKO B
LIEHTpe 0a3Kca, HO M MepudepuiiHoi 30He. DTO Takke CBs3aHO ¢ oOpa3zoBaHueM BeTBU Benuxoro IllenkoBoro mytu ¢
Boctoka Ha 3amax u MuIMTapu3aliedl rocyaapcTBa, BHEIIHUMHU 3aBOCBaHMAMM 3a Ipenenamu obnactu. Ha Tpaccax
BBIPOCII HOBBIE TOPIOBO-PEMECIIEHHBIE TOPOJIa, B KOTOPHIE IPUE3KUE PEMECTICHHUKH, KYJIbTYpPTPErephl, KyILbl IIPHBO-
3WJIM 3JIEMEHTHI KYJIBTYPBI U3 EHTPOB 0oJiee T100abHO Pa3BUTHIX [IMBUIIN3AIMN, OOBIYaN, PEUTHO3HBIC BEPOBAHHUS, A
TaKke uaeu rymannsMa. B ropomax IOxnoro IIpmapanbs nmepexpeluBainch HHTEPECH XPUCTHAHCTBA, UCIIaMa, BO3-
MOXHO M BepoBaHMA KoueBoro mmpa Apano-Kacnus. [Ipudem BocipuHHManach HE TOJBKO PEIHIHS, HO U BECh KOM-
IUIEKC KyJIbTyphl. Hampumep, u3 3amaga MycyJIbMaHCKOTO MUpA MIPUILINA: HAESA 3aXpUsl, apXUTCKTypHbBIC ITPHEMBI, QH-
noco()CKHe HWAEH, MNChbMEHHOCTh (apaOCKuif), TUTEpaTypHbIE TPaaAULMK U Apyrue obsrdan. Ha Teppurtopum Mycyis-
MaHCKOT0 MHpa o0pa3oBajiack €InHas MHCbMEHHOCTb-apaOCKasi, MPUHATAs M TIOPKOS3BIYHBIMU Hapogamu LleHTpans-
HOW Asum u HaceneHueM Xope3Mmckoro oazuca u Apano-Kacnug. OGIIHOCTE SI3bIKa M MHCBMEHHOCTD SIBIISIIMCH OIpe-
JIENSIOIMMU (DaKTOpaMH, OHH K€ CIIOCOOCTBOBAJIM €IMHEHUIO OOMTABILETr0 Ha OTPOMHON TEPPHUTOPHU XOPE3MCKOTO
rocyJapcTBa pa3sHOITHHHYECKOTO HACEICHUS.
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CHARACTERISTIC URBANIZATION FEATURES
OF THE SOUTHERN ARAL IN THE MIDDLE AGES

0.Sh. Kdyrniyazov, Doctoral Candidate
Karakalpak state university named after Berdakh (Nukus), Uzbekistan

Abstract. The article studies the history of urban processes in the South Aral region in the Middle Ages, re-
veals their features and characteristics. Here, in the territory of the Khorezm oasis and along the chines of Ustyurt,
archeological cultures with characteristic features developed in the Middle Ages. The cultural material of cities has its

roots. In addition, there are some elements of cultural interaction with neighboring urban centers and the nomadic
steppe of the Aral-Caspian Sea

Keywords: Aral region, the medieval Khorezm, urban culture, stages, interference.
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YAK 902/904

KNINIINA CAMAPKAH/JIA B 3I1IOXY KAPAXAHU/OB

M.M. CaupgoB, MIaAIINHA HAyYHBIH COTPYAHUK
WHcrutyTt apxeonornieckux ucciepoBanuii Akanemun Hayk Pecrry6umku Y36ekucran (Camapkann), Y30ekucTan

Annomayus. B cmamve ananusupylomcs pe3yiomamsl U3y4enus camapkanockol CmpoumensHol Kyabmypbl
Ha ocHoge apxeonozuieckux mamepuanos Agpacuaba. Bo epems packonok 6 obvexme Ne 47 6vin o6Hapyscen kaprac-
noti dom XI-XII 66., komopwiil npedcmasisiem coboil 00HY U3 NIAHUPOBOK 00MO8 Xopoulo uzeecmuwix 01 Camapkanoa
u Byxapvr 00 XX eexa. Oma mpaouyuoHHo CIONCUBWAACA HA NPOMANCEHUU MHOSUX 6€KO8 NAAHUPOBKA OMAUYAEMC
KOHCEPBAMUBHOCIBIO OCHOBHBIX IJIEMEHMO8 KOHCmMPYKyuu. Packonannuiii 0om no3eoisem 6vis8ums HeKOmopble 0Co-
benHocmu monozpaguu u coyuanvrol cmpykmypul Agppacuaba 6 snoxu Kapaxanuoos.

Knroueewie cnosa: Kaprac, oom, Appacuab, osop, ouae, atigan, cyga, (pynoamenm.

Kunyia SBISIFOTCS. CO3UAATENbHON M TBOPYECKOW AEATEIBHOCTHIO UEIIOBEKa, HA OCHOBE KOTOPBIX MOXKHO
OILIGHUTh COLMAILHO-?)KOHOMMYECKOH, KyJIbTYpHOH, STHHYECKON U TyXOBHOM >KM3HU. B CBS3U ¢ 3TUM B UCTOpUYECKOI
HayKe MCCIeJOBaHUEe KM 3aHMMaeT Ba)KHOE MECTO B IOHUMAaHUU B3aUMOOTHOIICHHUH APEBHEr0 rOpPOAa U CeNbCKOi
OKpYTH, a TaKXKe POJIM TOPOJICKOTO peMecia U COLMAIBLHOTro CTposi obmiecTBa. B mpolecce apxeosioruyeckux padoT,
MPOBEACHHBIX Ha ropomuine Adpacuad Obutd BCKpbIThl Kunia XI-XII Beka, KOTOpbIE MO3BOJSIOT BBISBUTH YCPTHI
TOPOJICKMX COTIMHCKHUX JOMOB, IPHHAUICKABIINX JINIAM Pa3IMYHBIX COLUAIBHBIX CJIOEB O0LIECTBA — PpEMECICHHUKAM,
MEJIKUM TOPTOBIaM, YAHOBHUKAM HEBBICOKOTO PaHTa.

B nanHOI myOsiMKanny paccMaTpUBAIOTCSl ApXUTEKTYPHBIE OCTATKH J0Ma, HaXOAsIerocs Ha oobekre 47 ro-
pomuma Adpacuabd. OH pacmonokeH B I0r0-3aMaHON YacTH, BHYTPU BTOPOU KPETIOCTHOH cTeHBl Adpacnada. JlaHHBIH
ydacTok ObUT packonan A.A. AHap6aeBsiM B 1978-79 romax, a ¢ 2014 rona mccienyercst aBTOPOM CTAThH.

B pesynpraTe packomnok BeIsiBIeHO Oonee 30 MOMEIIEHHH, B KOTOPBIX OBIIH OTKPBITHI TP CTPOUTEIBHBIX IIE-
puona (VI-VII; Bropas monosuHa XI — koHen XII BB.; konery XII — Hagamo XIII BB.). CiieyeT OTMETHTB, UTO IS paH-
HECPEHEBEKOBOI'0 MEpHo/ia MOCTPOIKH He OBIIM CTPOro OPHEHTHUPOBAHBI IO CTOPOHAM cBeTa. Takas OpHEeHTHPOBKa
COXpPaHWJIACh U JJIS TIOCJIEAYIOIINX TEPHOIO0B.

Hawubonee nyunie npencrasies Il meproa, B KOTOPOM YaCTHYHO OTKPBHIT OJMH JIOM ILEITUKOM U3 CHIPIIOBBIX
KUpIHUYeH, U TOIHOCTBIO J[Ba JI0Ma KapKacHOTO THIa. MexXTy JoMaMH BCKpbITa TYNMHKOBAs ynuila MUpuHOH 2,60 M.
OHa BBIMOIIICHA CJIAHIIEM U OYIbDKHUKOM ¢ UyImaHaTHHCKHX Top, TOJNIIMHA TPYHTOBOTO CJI0 KOTOPOil Ha MOBEPXHOCTH
COCTaBIISI 5-6 cM.

Ha ceBepo-BocToke ynuisl pacnosoxeH oM Ne2 pazmepamu 7,5x7,9 M, cOCTOSIBLINI U3 5 TOMELIEHUM U ABO-
pa o HeHTpy pasmepamu 2,55x3,30 M, BEIMOIIIEHHBIH ¥OKEHBIMU KuprmaaMu (27x15x4; 28x16x4;30x17x4-5 cm). Ypo-
BEHb JIBOpa HWXKE, 4eM Mosibl noMmemeHuit Ha 10-15 cm. B nentpe aopa BeisABIIEH TaliHay. Ha 10ro-BoctouHom yrity
JIBOpa MMeeTcst MpuroaasATast mionanka (1x0,35), rae oTMedeHbl OCTaTKH odara.

CreHbl ToMa KapKacHbIE, 3a UCKIIIOUEHHEM CEBEPO-BOCTOUHBIX M CeBepo-3amaHbIX. CeBepo-BOCTOUHBIE U Ce-
BepO-3amagHble CTEHbl BO3BEACHBI U3 CHIPLOBOrO Kupnuya pazmepamu 35x17x6; 36x18x7 cM. OT kapKacHBIX CTEH CO-
XpaHWICS TOJIBKO (PyHIaMEHT, KOTOPBIH BBIJIOKEH B OJUH PSIJI U3 JKKECHBIX KUpNUYel pazMepaMu 22x22x5 cM, BBIIIE Ha
10-14 cm ot ypoBHs 1osa. Pa3pes roro-3amajHoro yrjia JaHHOTO y4acTKa MOKa3bIBACT, YTO BO3BEACHHUIO (PYHIaMEHTA
IIpuaaBagock ocoboe 3HaueHHe. BHauane ObUT BBIPHIT KOTIIOBAaH, B OCHOBAaHHE KOTOPOTO CKJIABIBAINCh PBaHbIE KAMHH,
3aTeM Iuia chiproBas kiajaka (35-37x16-18x6-7cm) B Tpu psAfa U TOJBKO MOTOM J[Ba Psijia U3 AOKEHOTO Kuprnuda. Hux-
HU psiJI TIOCTIETHEr0 COCTOSUT M3 1IEJIbIX U O0JIOMKOB KHMpIIMUeil, a BepXHUU — U3 1eJIbIX KBajapaTHbiX. [loBepx dyHaa-
MEHTa COXpaHMICs 2-3 CM TIMHSIHO-caMaHHbIH pacTBop. COOCTBEHHO KapKac HE COXPaHMJICS, JIUIIb MECTAMH BBISBJICHA
JIpeBecHast Tpyxa.

ITomemienue 12 pacnosioxkeHO B CEBEpo-3anaJHOM yriy goma padmepamu 2,30x2,80 m.

ITomemenue 13 Haxoguiioch K oro-3amanay ot noMeuienust 12. Ero pasmepsl cocrapisitor 4,80x2,80 M. B et
3a()MKCHpOBaHa IIOMIA/IKa C KEPAMHUECKUM OYaXKKOM TPaJUIMOHHON (OpMBI — B BHIE HOAKOBBI, pa3MepaMH TOMOY-
Horo 1npoema B 32 cM. Ha ero cTreHkax mectaMu OTMEUEHBI ciebl KOTIOTH, HO 0e3 ClIe/IoB JUINTEIbHOTO OTHs. BHemHe
CTEHKH O4a)KKa 0(pOPMIICHBI B BU/IE BBIMYKJIBIX BAJIMKOB C 320CTPEHHBIMH KOHIIAMH M PU(IICHON MOBEPXHOCTHIO, CTOS-
e 1o Tpu psiga. Ppu3 odopmireH pombamu B Haceuky. [lo meHTpy ero BHyTpEeHHEH HMOBEPXHOCTH BBIITYKJIO BBICTY-
MAlOT Tapa CTUIN30BAaHHBIX (PUTYpHBIX KOIOHOK. OCTajgbHAs 4acTh CTEHKH OYaKKa O(pOPMIICH B BHIE TEOMETPUIECKUX
OpHaMEHTaIbHBIX MOTHBOB, marupyembie XI-XII BB. [[Iyrauenkosa, Pemmens, 1972. C. 206-234; Cokonosckas, 2015.
C. 133-134].

TTomemenwne 14 (1,70x2,5 M) pacmonokeHO ¢ FOT0-BOCTOUHBIN CTOPOHBI ometeHust 13. 1o moMenienus: oueHb
XOpOIIO yTpaMOOBaH U UMEET CIIOUCTHIH XapakTep. C I0’KHOW CTOPOHBI OH TPAHMYHT C YIIHIIEH, a C CEBEPHON — JIBOPOM.

Momemenune 15 (2,3x1,70 M) HaXOAUTCS B IOTO-BOCTOYHOM YIITy noma. [1os momemeHnss OTHOCUTEIFHO POB-
Hblil. B nenTpe nomemenus umeercs sma guamerpom 0,9 M.
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TTomemenne 16 (1,70x2,5 M) pacmoiokeHo K ceBepy oT nomenienus 15. CeBepo-BOCTOUHAS CTEHA MIOMEIICHUS
HMEET IUIOXYI0 COXPaHHOCTb. B moMemerny 3amKCHpOBaHbI OCTATKH KEPAMHIECKOTO O9aXKKa.

K ceBepy BocToka oT ABOpa, Mexay moMemeHusmMu 12 u 16 pacrmonoxena cyga (2,8x2,5 M) BeicoToit 40 cm,
Kpaif KOTOPOH BBUIOKEH U3 IEIBIX U ()PArMEHTOB *IKEHBIX M CHIPLIOBBIX KUPIHUYEH, a BHYTPH yTpaMOOBaHHbIN I'PYHT €
TIIMHSHO-CaMaHHOH 00Ma3koi moBepxy. OOMaska coXpaHMIIach TOJIBKO HA BOCTOYHOM KOHIIE cy(dsl. CeBepo-BOCTOUHAS
CTeHa SIBJISUIACh O0MLIel Kak 1y cydbl, Tak U Juist nomenieHuit 12 u 16. Taxke HaJO0 OTMETHUTH, YTO MOJIBI TIOMELIEHHHA
HaXOJATCsI Ha OTHOM YPOBHE.

JlatpoBKka loMa OCHOBaHa Ha JIOCTATOYHO OOJIBIIOM KOJIMYECTBE IVIa3ypOBAaHHOM M HETJIa3ypOBaHHOM KepaMu-
ku. Bpems nocTpoiiku onpenensercs He paHee cepequHsl X1 Beka. bianskue o BpeMeHH U TOXXKJECTBEHHBIE 110 IITaHUPOB-
Ke *uIble oma 6butr packornansl B [Taiikerne [3umun, 1915. C. 1-15] u 8 Bapaxiue [[Humkun, 1963, C. 97-105].

CpaBHUTENBHBIN aHaIU3 KWIbIX JoMOB Adpacuaba, [lalikenna u Bapaxuiu oT4eTIMBO MMOKa3bIBa€T Ha CXOJI-
CTBO MX apXUTEKTYPbl U €AWHCTBO IUTAHWPOBOYHOT'O PEUICHUS, XOTS OTMEUAIOTCS U JIOKaIbHbIE ocoOeHHOCTH. Hampn-
Mep, IIomab ahpackabeKoro AoMa cocTaBiseT 59,25 M2, BapaxIIMHCKOro JjoMa — 75 M2, a naifkeHckoro goma — 102 M2,

K coxanenuto, n3-3a MI0OXOH COXPAaHHOCTH KapKACHBIX CTEH HEBO3MOXKHO OIPEAEIHTH MPOXOJBI MEXKIY I0-
MemeHnsIMA. Ho CcOmocTaBiIeHHE apXEOoNOTHYeCKHMMH M 3THOTPA()UYECKHIMHU MAHHBIMH MOXKHO PEKOHCTPYHPOBAaTh
(yHKIIMOHAIbHOE Ha3HAUCHHE TIOMEIICHHH.

Ha ocHoBanum 3THOrpadMUeCcKnX JAHHBIX MOXKHO MPEAINOIO0XKNTh, YTO MOMeneHne 14 UCTonHANI0 GyHKINN
«IapBo3axoHa» (BeCTHOIONIb) — COOPY)KEHUE y BXOJHON KaJUTKU MM BOPOT. 1o cOOOMIEHUIO OJTHOTO HCCIe0BaTeNs
«U3 YBXEHUS K TPAJUIMU U CTPEMJICHHE HE 3aCTaTh CEMbIO BPACILIOX JIO MOCJIEIHEro BPEMEHH, COXpaHseTcs oObryan
CTPOHTH MOMEIICHNE I NpHeMa MOCTOPOHHUX JIIOJEH, OCOOCHHO Uy)KUX MYXUYUH, B IOMELICHHUE, COOPYKECHHOM Yy
BX0J1a, KyJla MO’KHO BOWMTH, HE TPEBOXKA OCTAIbHBIX oOuTareneit gomay [[Tucapuuk, 1975. C. 129]. U3 atoro momerie-
HUSI MO’KHO OBUIO 3aX0AUTH BO JIBOD, TJIE pacrojiarajiach JIETHAS KyXHs-omxoHa. C ceBepo-BOCTOYHOI CTOPOHBI ABOpa
Ha MecTe cy(bI ObliIa paclooKeHa «IenIaiBaH» — KpbITas Teppaca.

W3BecTHO, 4TO coueTaHHe M3 IBYX KOMHAT U aiiBaHa, PacllOJIOKEHHOTO MEXTy HUMH, JOBOJIBHO YacTO BCTpe-
JaInch B CaMapKaHICKNX JIOMax, TaKk KaK CYMTAINCh HAHOOJIee TPaAUIMOHHBIM M CaMOH y/IOOHOH CXEMOH IIIaHa >KHJIbs.
Ipu 3ToM KOMHaThI ObLIH JTHOO 00€ KUJIble, MO0 OJHA XKIIasi, a aApyras xossiicTBeHHas [[Iucapuuk, 1975. C. 24]. Co
JIBOpa MOXXHO OBLIO 3aX0AWTH B rmoMemnieHus 13 u 16, KOTopble CUUTANCh KUIBIMU TOMeIeHusIMH. OOHapy>KeHHbIE B
9TUX NOMELICHHAX KePaAMHYECKHE OYAKKH HCIIOIB30BAJIMCh Ul OTOIUICHUS M npurotosieHue muimu [Caunos, 2014. C.
78-84]. Ilomeruenus, pacnojoxeHubie kK FOB oT nmomemnieHust 16 MOKHO CUHTATh KIaJOBBIM C XO3SMCTBEHHOMN SIMOU.

Jlnst Bo3BeeHMsl CTeH OBUIM KCIIOJIb30BaHbl OJMHAPHBIE KapKacHbIE CTEHBI, KOTOPBIE SBILUIMCH Mpeodiaaato-
MK ¢ koHna XIX u Hayana XX Beka B xuioit apxutektype Camapkanaa. CTEHBI IITyKaTypUINCh CHAPYKH camMaH-
HOW TJIMHOW, a M3HYTPU TaHYXOKOM (B JKMJIBIX IOMEUICHUAX) MM CaMaHHOW I'IMHOM (B XO3SAHCTBEHHBIX). TomuHa
OIITYKATYPEHHBIX OJAMHAPHBIX KapKaCHBIX CTeH goxoiuia a0 21-22 cm [Pemmens, 1960. C. 201]. Tom ObLT MEPEKPHIT
JIEpEBSIHHBIMU 0aJIKaMu, KOTOPBIE 110 BEPXY MOKPBIBAINUCH 3¢MIITHBIM HACTHIIOM.

U3 BhIIIEIPUBEAEHHBIX ONMHCAaHUH MOXKHO INPEJITOI0KHTh, YTO adpackaOCKUil JOM INpeNCTaBisieT cOO0H OHY U3
TUIAHMPOBOK JIOMOB XOPOIIO M3BeCTHBIX Jutst Camapkanaa 1 byxapsl 10 XX Beka. OTa TpaIMIIMOHHO CIIOKHBILASCS HA TIPO-
TSDKEHHM MHOTHX BEKOB INIAHMPOBKA OTINYAETCS] KOHCEPBATHBHOCTHIO OCHOBHBIX 3JIEMEHTOB KOHCTPYKIMH. LIeHTpoM Takmx
JIOMOB OBUI NIPSIMOYTOJIBHBIN ABOP, BOKPYT KOTOPOTO pacIiojiarajych noMenieHus. JJoma Mornmm ObITh MaleHbKMMH 1 Oef-
HBIMH, C OTPaHMYEHHBIM KOJMYECTBOM HOMEIIEHHH, HIIM OOTaThIM, HO TIPUHIIHIT INTAHUPOBKU OCTABANIach OJJMHAKOBBIM.

PackomaHHBIN HaMH IOM TIO3BOJISIET BEISIBUTH HEKOTOPBIE OCOOCHHOCTH TOMOTpadMy M COLMAIBHON CTPYKTY-
pbl Adpacuada B XI-XII Be. Bo Bropoii monosune XII Beka ceBepo-BOCTOUHASI YaCTh TOPOJAMINA 3aHOBO 00)KMUBAETCS,
IOCJIe JIMTENBHOTO nepuona 3anycrenus ¢ VI B. HesnaunTensHOCT Iuiomaaum 10MOB HEJBYCMBICICHHO yKa3blBaeT
Ha JIOPOTOBU3HY 3€MENbHBIX YIaCTKOB IOJI CTPOUTENBCTBO IS 3TOTO nepuoja. V3-3a OTCYTCTBHS CIIEAOB KaKOH-INO0
IIPOU3BOJICTBEHHOM J1€ATEIFHOCTH MOXHO YTBEPXKIAaTh, YTO JOM IIPUHAAJIEKAN PAIOBOMY FOpPOXKAHUHY, MEIKOMY TOp-
TOBIly WJIM YHHOBHHUKY HEBBICOKOTO PaHTra.
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SAMARKAND DWELLINGS IN THE ERA OF THE KARAKHANIDS

M.M. Saidov, Research Assistant
Archaeological Research Institute of the Academy of Sciences of the Republic of Uzbekistan (Samarkand), Uzbekistan

Abstract. The article analyzes the results of a study of the Samarkand construction culture based on archaeo-
logical materials of Afrasiab. During excavations the frame house of the XI-XII centuries, which represents one of pop-
ular house plannings in Samarkand and Bukhara till the 20th century has been found in the object No 47. This planning,
which has traditionally developed throughout many centuries, differs in conservatism of basic elements of a design. The
excavated house allows to reveal some features of the topography and social structure of Afrasiab in the era of the Ka-

rakhanids.
Keywords: frame, house, Afrasiab, yard, fireplace, iwan, sufa, foundation.
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Study of art
HUckyccTBoBeieHne

V]IK 7.072
A. CIIEHJIUAPOB U OPUEHTAJIU3M: B3IJISIJI A. ATAMSIHA

M.M. MaBucakaJisiH, COUCKaTeIIb
Wucturyt uckyccts HAH, Apmenus

Annomayusn. Cmenens uzyyeHHOCMU HAYYHO20 HACEOUSt 0OHO20 U3 OCHOBONOLOINCHUKOG COBEMCKOU ICMemu-
xku Apwara Abzaposuua Aoamsna (1884-1956) u no ceii denv He coomeemcmeyem MACUIMAOAM TUYHOCIU IMO20 6bl-
darouezocs yuenoeo. B cmamve npedcmaenena manouzsecmuas nosuyusi A. Aoamsana no 60npocy cywHoCmu opuenma-
JUBMA U OYEHKU MBOPHeCmEd KIACCUKa apManckot mysviku A. Cnenouaposa.

Knrwouesvie cnosa: A. Adamsin, opuenmanuszm, éocmounas kyromypa, A. Cnenouapos.

OpmHOW W3 NIpPUMEYATEeNbHBIX CTPAHUI[ TEOPETHUECKOrO Hacieaus A. AJaMsHa SBISCTCS aHANN3 (EHOMEHa
OPHEHTAIN3MA, OCYLIECTBICHHBIN YUEHBIM B €T0 cTaThe «A.A. CHEHIHAPOB U KyJIBTypHAS My3bIKa apMsIH».

B cBoux paccyxneHuax A.AnaMsH OIHEpacTcs Ha MapKCHCTCKOE YUeHHe 00 SKOHOMHUKE Kak 0a3znce o0IIecTBa
1 OOIIECTBEHHOM CO3HAaHWH KaK €ro HaJCTpOHKe, JaBas, COOTBETCTBCHHO, COYUAIbHO-IKOHOMUYECKOe OOOCHOBaHHE
9TOi1 (hopme oTHOIIEHUH Mex Ty BocTokom u 3ananom.

«OpuenTanuszm, BocTok B eBponeiickoM HCKyccTBe, — MUIIeT A. AJaMsiH, — €CTh MPOJIYKT €BPOIEHCKOM KyIib-
TYpBl, WM TOYHEE — UJCOJOTUYECKUM IPOLYKT €BPONEHCKON SKOHOMMKYU. B IponuioM Hajuyue ONpeesIeHHbIX COLu-
aNbHO-’KOHOMHUYECKUX YCJIOBHH, B KOTOPBIX Pa3BUBAJIOCh €BPOIEHcKoe 00IIeCTBO, 0Ka3al0Ch HEOOXOIUMBIM M 10CTa-
TOYHBIM JUJISI TOTO, YTOOBI XYI0KECTBECHHBIN HHTEPEC 3TOro oOIIecTBa ObUT HAIlpaBlicH B cTOpoHy BocTtoka. He ¢ Tewm,
YTOOBI TIOHATH €r0 JYXOBHYIO KYJIBTYPY, €Ille MEHBIIIE YTOObI €if MOAYUHUTHCS, HO C €JMHCTBEHHOH EJIbI0 OBIIAJIETh
MaTepHAIBHBIMH €r0 OOTaTCTBaMH, 3TO OOIMIECTBO HAYYHIIOCH CTPOUTH B CBOEM BOOOPaKCHHH 3aMaHYHUBO-TIPEKPACHBIC
o6pasel 3Toro Bocroka»[l; 3-4]. OOIeCTBEHHO-HCTOPUYECKAs] POJb OPUCHTAIUCTCKOrO HCKYCCTBA CBOJAUTCS, IO
A. AnamsHy, K TOMY, «4TOOBI OPraHM30BaTh U MOAICPIKUBATH BOJIO K nopabomiennto Bocrokay [1; 20].

«HauBHas paHTacTHKa», «<MacKapamy, «CTHIN3AIIS (IPH 3TOM — OTBPATHTEIBbHANY), «IK30THIECKOE OJIF0/IO,
BKYCHOE U TMPSHOE B MEpPY €BPONEUCKOro >KelayAKa, T0OpOKadecTBEHHO MPUTOTOBICHHOE HAa €BPOICHCKOW KyXHE II0
CBSIIICHHBIM TIPABUJIAM E€BPOICHCKO# KymuHapum»[1; 7] — BOT Wb HEKOTOpPBIE M3 XapaKTEPHCTHK, KOTOPBIMH
HarpaxjaeT OpueHTaIn3M A.AamsH.

Paccyxnenns A. AnaMsHa MOTYT IOKa3aTbCs depecuyp HACOIOTH3UPOBAHHBIMH — B COBETCKMX TPAJMIUSIX
pa3obiayeHus] UMIIEpUATI3Ma/KOJIOHHAIM3Ma - U IT09TOMY HeOeccropHbIMU. TeM He MEeHee OHM JlaXke MSITKHU IO CpaB-
HEHHIO C PE30HAHCHOM KHUIOM aMepHUKaHCKOTO YUEHOTO MaJeCTHHCKOTO MpoucxoxaeHus Dasapaa Bagu Canga «Opu-
eHTanu3M» (1978r.), e OpUeHTaIN3M NPEICTaBlICH KaK «3alagHbli CTHIIb JOMHHHPOBAHUS, PECTPYKTYPHPOBAHUSA U
OCYILIECTBIICHUS BIACTH Haa BocTtokom» [2; 6], Kak «pacmpocTpaHEHHE TeOTOIMTHYECKOTO CO3HAHUS Ha 3CTETHICCKUE,
rYMaHUTapHbIE, SKOHOMHUYECKHE, COIIMOJIOTUIECKUE, HICTOPUIECKUE U (GuiIoornueckue TeKCThi» [2; 14], u T.1.; nin xe
paccyXIeHHSIMH B KHHTE€ aMEpHUKAaHCKOro Mcropuka uckycctB Jlmaapl Hoxmma «BooOpaxaemsrii Boctok» (1983) o
TOM, YTO HCKYCCTBO XYI0KHUKOB-OPHEHTAIICTOB AaBaJi0 3PUTEIIO OIIYIICHHE «MOPaIHFHOTO, HPABCTBEHHOTO TPEBOC-
X07cTBa 0EJIOTO YeloBeKa, eBpOIICiIla, Ha i YSIIOBEKOM BOCTOYHBIM M CIYXKHJIO ONpaBJaHHWEM BIacTH 3amanay [4] (He
TOBOPSI YK€ O €€ ICUXOaHATUTHICCKAX MHTEepIpeTanusX: mo MHeHuio JI.HoxXumH, «uisi opueHTalbHBIX XYIO0KHAKOB
Bocrok ObuT Bcero numb (GOHOM, Ha KOTOPBIH OHM MPOCLUUPOBANU CBOW (haHTa3MM, CBOM CTPACTHBIC IKEIaHUs,
9pOTHYECKHE, CATUCTUIECKHE WM OJJHOBPEMEHHO H Te, U Apyrue» [4]).

Ho BaxHO He 3TO: Ba)kHa KOHKPETHAasl MPaKTHYECKas IeJIb aJJaMIHOBCKOTO aHAIN3a CYIIHOCTH OpHUEHTAIH3MA.
Iens 3Ta — AOKa3aTh HEMPABOMEPHOCTH MCIIOJIB30BaHUS OIPEICNICHNS «OPUEHTATUCTY» B OTHOIEHNH A.CrieHanaposa.
«41 He 3Ha0 omubOKK Goliee rpy0Ooil U OlIeHKH GoJiee 0OMIHOM, YeM oTHeceHre CrieHanapoBa K opreHTaaucTam»[1;5],-
mumeT A.AJaMsH; HECMOTPS Ha TO, YTO «BCIO CBOIO 3HAYUTEIBHOCTH M CBOIO MHANWBHAYanbHOCTH CrieHAnapoB MpHood-
pern uepe3 Boctok, opueHTanucTom CrieHnuapoB He ObIIT HUKOTIa» (oa4epkHyTo Hamu — M.M.) [1;3].

Jiist 000CHOBaHUS CBOEH TOYKH 3peHUs A.AaMsH BRIPHCOBBIBACT 000OIICHHBIN 00pa3 OpHEHTANICTA. JTO —
eBpoIeell, KOTOPBIHA, pU Bcel MpefaaHHOCTH BoCToKy, caM B €ro KyJIbType HE y4acTHUK. My3blka €ro M TBOPYECKOE
MBIIIUIEHHE TOXE BCErJa €BPONEeHCKUe; HAKOHELl, ayAUTOPHsl, IPU3BAaHHASI CYIUTh O XyJI0>KECTBEHHOU MpaBJe €ro My-
3BIKH, TOXE Cyry0o eBporeiickas. 3auMcTBYsI Ha BocToke «TeMaTnky, pUTMHKY M Ipyrie MOMEHTHI TBOpUYEeCKOW pado-
ThI, OPUEHTAJIMCT BECh 3TOT MaTEpUaIl MOJIMHSCT JIOTUKE U KaHOHAM €BPOIEHCKOH KyIpTyphl» [1;6], mpeBpamias ero B
«OTBJICUCHHBIE, OE3)KN3HEHHBIE, HU C KAKOW peaylbHOW NMPHUPOIOH HE CBA3aHHBIC, HUKAKOTO BHYTPEHHETO CONPOTHBIIEC-
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HHS1 HE OKa3bIBAOIINE KPACKH, OCTYLIHBIC XY/A0KECTBEHHOMY BKYCY M TBOPYECKOMY Karpu3y eBporeiira» [1; 6-7].

A. Cnengmapos, o yoexxaeHno A. AnamsHa, XynokHUK Boctoka. OH HE MOT OBITh XYJOXXHHKOM €BpOIICH-
CKOTO OOIIECTBa, MOCKOJIBKY HE OTpaXkall MPOLECCOB, NMEPEKNBACMBIX B €BPONEHCKOM OOIIECTBE, HE BOIUIOLIAT €TO
ACTETUYECKUX 3aJaHUi W He IMOMYMHSI ce0sl ero XyqoKecTBeHHOH mpaBzae. 3amaueil A.CrieHanapoBa OBUIO «HE aTh
EBporie y3uath BocTok, a 1ath BocToky y3HaTh cebst camoro» [1; 21].

TBopueckas Bonst A. CrieHanapoBa, BOCIMTAaHHAS OJHOBPEMEHHO KaK Ha €BPOIEHCKOll, Tak U Ha BOCTOUHOU
KyJIbType, CTpEMWIach, Mo A. AlaMsiHy, OTPa3uUTh CaMOCTOSTENIbHbIE TPeOOBaHUS 00EMX KYJIBTYp — B OTJIHYHE OT
TBOPUYECKOH BOJIM OPHUEHTAIIMCTA, OTPAXKAIOIIETO TPeOOBAHMS OJTHOI-€ANHCTBEHHOM — EBPOIEHCKOM KyIbTYpHI.

To, yero ynanock noctiub B My3bike A. CrieHIuapoBy, A. AlaMsH OIPEACIET, KaK meopyeckoe npeodoe-
Hue, B OTJINYWE OT NMPUHIUNA 3AUMCMBEO8AHUs — WCTIOIIB30BAHMUS B KaueCTBE «OE3yIIHBIX aOCTpaKLUil» 3JIEMEHTOB
Yy)KOW KyJIbTYpBI, OIMHAKOBO XapaKTEPHOTO KaK JUIs UCKYCCTBA OPUEHTAIN3MA, TaK U JUISL apMSHCKOM JOPEBOJIFONOH-
HOM MY3BIKH: CYMEB OBJAJIE€Th EBPONEHCKON KyIbTYPOH, KOMIIO3UTOP IPEOA0NIEBAET €€, ONUPasACh Ha KynbTypy Bocro-
ka. EBpomnelickue pecypchl MOJUYNHEHB! UM JIOTUKE BOCTOYHOM MY3BIKH, HO IIPU 3TOM OHH «HE TOJIBKO HE SIBIISTFOTCS Me-
XaHHMYECKUM IPHUIATKOM K JKUBOW pedH, HE TOJNBKO HE BBIMAJAIOT U3 OPTaHMYECKOW TKAHM XyI0’KECTBCHHOTO PHCYHKA,
HO ... TIOMUYEPKUBAIOT €IUHYIO M OOMIYIO JJIsI BCEH €ro TpeoGpa3oBaHHOM MY3BIKH 3aKOHOMEPHOCTE MBIDKEHH [1; 24].

B cBere BrImeckazanHOTO A. ATaMsSHOM OIIPENENsIeTCs U CYITHOCTh HoBaTopcTBa A. CrieHauapoBa: B OTIHYHUE
OT HOBaTOpPCTBAa KOMIIO3UTOPa-€BPONENIA, B NPEOJOJIIEHUN CTapOil KyJbTypbl 3HAMEHYIOIIErO0 HOBBIM 3Tam TOW e,
MIPEOI0JICHHOH UM, KyJIbTypBsl, HOBaTOpcTBO A. CrieHauapoBa 3aKI09aeTcsl B TOM, UTO €ro UCKYCCTBO, TBOPYECKHU Ipe-
0J10JIeBasi €BPOIEHCKYIO KyJIbTYPY, OTKPHIBAET HOBYIO CTAIHIO Yoice 8 OpY2oil — 60CMOYHOU Kyabmype.

Utak, no3unus A. AnamsiHa OJHO3HAYHA U OCCKOMITPOMHCCHA: «OpHEeHTANUCTOM CIEHIHApOB HE OBLIT HUKO-
raa.

Tem He MeHee, B apMSIHCKOW MY3BIKOBEIYECKOIl JINTEpaType MOHATHE «OPUSHTAIN3M) JOCTATOYHO 4acTo (u-
rypupyeT psiioM ¢ nMeHeM A. CrieHanapoBa, U TOXE, B ONPEACICHHOM KOHTEKCTE, BIIOJHE 000CHOBaHHO. B 3T0i1 cBsA3n
CYNTAEM, B YaCTHOCTH, HEMAJIOBA)KHBIM pPa3INYCHHE OPHEHTAIN3Ma €BPOIEHCKOTO M PYyCCKOTO, YeTO CO3HATEIFHO HE
nenaet A. Agamsin.?

Pazymeercs, kak cnpaBemmBo otMmeuaer H.IllaxmazapoBa, «pyCCKHI OpPHEHTAIU3M OCTAaBAICA U pPYCCKUM H
OpUEHMATUZMOM», TIOCKOIIBKY «oOparenne Kk oopasam BocToka TUKTOBAIOCH HENSIMU M 3aJadaMi HCKYCCTBA PYCCKO-
ro, a He BocToyHoro» [3; 10]. TeM He MeHee, IO CPaBHEHUIO C €BPOINIEHCKHUM, B PyCCKOM OPHEHTAJIM3ME B LIEJIOM HaJu-
YECTBYET MEHBIIE IK30THKH® M GOJIbIIE PEan3Ma, YTO He B MOCIEIHIO OYepelh 00YCIOBIEHO reorpapUIecKuM T1o-
JoxeHueM Poccuu M KOHTHHEHTaIbHBIM XapakTepoM Poccuiickoil umnepuu. Benp ecnu, k npumepy, nins bpuranckoin
nmnepun, @paHIK U APYTUX 3aMaJHBIX CTpaH BocTok — 310 «3amopckuex» Tepputopuu, To At Poccun — ToT xe Kas-
ka3 win KpbiM, riie XoTst Obl pa3 B JKM3HU NOOBIBAJIM €/IBa JIM HE BCE JEATENN PYCCKOTO MCKYCCTBA. TBOpYECKHE UTOTH
9THUX NOE30K IJIA PYCCKUX KOMIIO3UTOPOB— KUBBIC HCTTIOCPECACTBECHHBIC BIICUATIICHW A, 3aIIUCDh, 06pa60TKa, HU3y4YCHUEC U
HCIIOJIb30BaHHE MECTHOTO (OJIBKIIOpA.

C npyroii CTOpOHBI, pyccKass KOMIIO3UTOPCKAs IIKOJIA, caMa OTHOCHTENILHO HEJAAaBHO CyMEBIIasl CBS3aTh IIpe-
CIIOBYTBIMH «y3aMH 3aKOHHOTO Opaka» eBpOINCHCKUHN MPpOoQecCHOHaNN3M U HallMOHAIBHBIC TPAAWINN, IPEKPACHO BIIa-
Jiena yMEHHEM TapMOHM3alMH HapOIHOH IIECHH HE Ha «HEMEIKHIH» JIaJl, ¥ 3TO YMEHHE PEean30BbhIBajIa 110 OTHOLICHHIO
HE TOJBKO K PYCCKOM, HO M K MHOHAIIHOHAJIEHBIM KYJIbTYpaM.

«Pycckuit My3bIKanbHbIN opreHTann3M, — numeT H. IllaxnazapoBa, — 3HaMEHOBaJ HEPBYIO MOMBITKY OCBOMThH
CBO€0Opa3ne BOCTOYHOTO MBIIUICHHS HE TOJBKO B €r0 BHEITHUX NPOSBJICHUAX, HO ¥ U3HYTPH — M IIPETBOPUTH B PaMKax
€BpOMENCKON Tpaauiuu (moguepkHyTo Hamu — M.M.) [3;11]. DTo 06CTOSATENHCTBO, HA HAI B3IJISJI, CIEAYET YUUTHI-
BaTh U B IIPOIIECCE MOCTIKEHUS SIBICHUH apMIHCKOH KyJIbTYpHl, B TJaHHOM ciy4ae — TBopuyecTBa A. CrieHanaposa.

Ho ermme 60r1ee Ba)KHBIM HaM MPEJCTABISAETCA COBCEM APYTroe, a UMEHHO, TO, 9TO JIO CHX IO B MOJHON Mepe He
OIICHEHO 3HaucHHEe paboT A. AnamsiHa Kak 0OHOU U3 Nepevix NONnblmoK ocmvicieHus mecma u poau A. Cnenouaposa B
ApPMSIHCKOM (¥ B I[€JIOM BOCTOYHOM) MY3BIKE.

COOTBETCTBEHHO, NPEOJIOJICHUE TPAIUIINN HEBKIIIOUEHHS B3TISI0B A. AlaMsiHa 1O 3TOMY BONpocy (U, K co-
KAJECHHUIO, HE TOJIBKO I10 3TOMY) B YHCJIO OCBEIAEMBIX M BBI3BIBAIONINX KaKyl0 OBbI TO HM OBLIO PEakIHIo — IyCTh Jaxe
U B BUJIE TIOJTHOTO HETIPUATHSL, - MBI CYUTAEM OJJHOM M3 aKTyaJbHBIX 33124 OT€UECTBEHHOTO MY3bIKOBEICHHSI.

NOPUMEYAHUSA

! Crarbs GbuTa OMyONMKOBAHA B TIEPEBOJIE HA ApMSHCKHI B xypHane «Hop yrm», 1930. — NeNed-5. — C.107-119. B cBoem
aHanm3e MBI oOpamaeMcs K PycCKOMY MaIIMHOMHCHOMY OpHTHHANy, xpaHsmiemycs B 'MJIM um.YapeHna u mpencTaBiIsSIONEeMy
coboii 3 BapuaHTa JaHHOW CTaTHU.

2 (XopoIIIo U3BECTHO, YTO OPHEHTATMCTHI HMEIOTCS M CPENIU PYCCKHX KOMITO3UTOPOB. BEICKA3BIBAEMBIE B TEKCTE CYXKICHUS
B OJJMHAKOBOM Mepe PacnpOCTPAHSIOTCS U Ha TIOCISIHUXY, - oauepkuBaetr A.AxamsH. [1; 8].

8 [MapafokcanbHBIM 00pa3oM HauboNee PK30THYEH BocTok B mpousseneHusx yuutens A.Crenauaposa — H. Pumckoro-
KopcakoBa, uTo, 0JHaKo0, SBJIAETCS XapaKTepUCTUYHBIM HE CTOJIBKO Ul PYCCKOTO OpHEHTaIn3Ma, CKONbKO At camoro H. Pumcko-
ro-KopcakoBa ¢ ero u3BecTHOIi TAroit k Cka304HOCTH BOOOIIIE.
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A. SPENDIAROYV AND ORIENTALISM: A. ADAMYAN’S POINT OF VIEW

M.M. Mavisakalyan, Applicant
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Abstract. Nowadays, the study level of scientific heritage of one of founders of the Soviet Esthetics of Arshak
Abgarovich Adamyan (1884-1956) does not correspond to scales of this outstanding scientist identity. The article pre-

sents the A. Adamyan’sposition on the question of orientalism essence and evaluation the creativity of the classic Arme-
nian music of A. Spendiarov.
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O®OPMUPOBAHUE I'PAJJOCTPOUTEJIBHOI'O KAJACTPA B PECIIYBJIMKE KA3AXCTAH

I'.A. MeilipumoBa, MarucTp Hayk, CTapIlIuii IpenojaBaTenb
Kazaxckwuit arporexanueckuii yausepcutet nMmenn C. Ceiidymninnna (Acrana), Pecrryonmika Kazaxcran

Annomayua. B cmamve paccmompenvi opmuposanue u CmanosieHue 2ocyOapcmeeHHo2o padocmpou-
menvHo2o kaoacmpa 6 Pecnybnuxe Kasaxcman. A makoice, npeonoxceHvl nymu co8epueHCmME08anus 6e0eHus epado-
CMpoumenbHo2o Kadacmpa.

Knroueewie cnosa: epadocmpoumensHuii Kaoacmp, 6a3a OaHHbIX, eOUHAs CUCeMAd 2pa00CmpOUmenbHO20 Ka-
dacmpa.

I'ocynapctBenHslit rpagoctpoutenbHbiii kagactp (I'TK) — 310 rocynapcTBenHas cucrema yuéra 00BEKTOB 3a-
CTPOWKH 3aCeIEHHBIX TEPPUTOPHH, a TAK)KE COOPYKEHHH MHKEHEPHO-TPAHCIOPTHON MHPPACTPYKTYPBI, CHCTEMA KOJIH-
YECTBEHHBIX M KaYEeCTBEHHBIX IIOKa3aTeliel, BKIIOYAIOMINX KapTorpapuyecKyro, CTaTHCTHYECKYI0 M TEKCTOBYIO HH-
(bopManuio rpaloCTPOUTEIBHON, apXUTEKTYPHON U CTPOUTENBHOM JIESITENFHOCTH IO IPU3HAKAaM COIMAIILHO-TIPABOBOTO
pEKHMa €€ MCIOIb30BaHUs | TI0 YPOBHIO HHXEHEPHO-TEXHUUECKOIT obecrieueHHOCTH [1].

Lemnsto ['ocymapcTBEHHOTO IPaOCTPOUTENBHOTO KalacTpa SBISIETCS CO3AAHNE OOIIEIOCTYITHOM SIIEKTPOHHOH 0a3b1
JIAHHBIX B c(epe TpaJOCTPOCHUSI M aBTOMATH3alWs Mpollecca BEICHWS KalacTpa, apXWBa I'PafOCTPOUTENBHBIX JaHHBIX,
OBICTPOTO pearnpoBaHsl Ha 3aMpOCHl MOJIb30BaTelNel, POPMUPOBAHMS U BbIAAYa IPaIOCTPOUTENBHOM TOKYMEHTAlNH 1 T. .

B Pecry6nike Ka3axcTaH B COOTBETCTBHH € 3aKOHOM AEHCTBYIOIIAs CHCTEMa IpaJloCTPOUTEIILHOTO KaaacTpa
IIpeAyCMaTpHBACT TPU YPOBHS: peciryOIMKaHCKUH, 00J1acTHON 1 0a30BbIM.

BriepBbie mOpsIIOK CO31aHUS U BEACHUS TOCYJapCTBEHHOTO TPalOCTPOUTEIHHOTO KajgacTpa OIpeesieH IocTa-
nosneHneM Kabunera Mununctpos Pecriyonuku Kazaxcran ot 6 utons 1995 roga Ne 931 «O IN'ocynapcTBeHHOM rpajio-
CTPOUTEJIBHOM KajacTpe» (Ha AaHHBI MOMEHT yTPaTHJIO CHIy). YKa3aHHBIM IIOCTAHOBJICHHEM TaKKe ObUI OmpeJeieH
MepedYeHb ropoJIOB, PalOHOB U 001acTel A ONMBITHONH OTPabOTKH METOIUKHU CO3/IaHMs M BEACHUS I'pasloCTPOUTEIHHO-
r'o KaJacTpa BO B3aUMOJICHCTBUH C APYTUMH KaJaCTPOBBIMU CHCTEMaMH.

B pamxax co3zmganus ['ocynapcTBEHHOTO IpaJOCTPOUTEIBHOTO KaIacTpa BHIMIOIHEHBI CIIEAYIOIINE BUIBI padoT:

- TIpOBeJIeH aHaJU3 (PaKTHIECKOTO COCTOSHMS ['0cy1apCTBEHHOTO TPaJOCTPOUTEIBFHOTO Ka1acTpa 00IacTHO-
T'O TEPPUTOPHAIFHOTO YPOBHS, BKIIFOUYasi 0a30BbIe TEPPUTOPHAIBLHBIE YPOBHH;

- paspaboTaHO cnenHanu3upoBaHHOE porpammHoe obecreuenne AVC I'TK;

- paspaboTtaHsl reonH(pOopMaOHHEIe TeMaTideckue 06a3bl qanHeIX AVIC I'TK pecmyOmukaHCKOTO YpOBHS —
«[IpompinuteHHOCTHY, «TpaHCTIOpTHAS HHPPACTPYKTYpa», « ArpoIpOU3BOJCTBOY», «JHEprocHadxeHue», «BomHble pe-
Cypchl», «MUHEpaIbHO-CHIPEEBBIE PECYPChI», «IDKOJOTHYecKas 0O0CTaHOBKa», «MHAycTpHalbHO-MHBECTUIIHOHHBIE
poeKTh», «['pagocTpouTenbHble MPoeKThl», «CTpaTterus passutus PecnyOnuku Kazaxcran». Kaxmas u3 temarude-
CKuX 0a3 JaHHBIX COJEPIKUT OTIPE/IENICHHBIE 1 COTJIACOBAHHBIE C OTPACIEBBIMH MUHHCTEPCTBAMH HAOOPHI KI1acCOB 00b-
€KTOB, THITbI C OCHOBHBIMH I'pa)U4€CKUMH ¥ aTPUOYTUBHBIMHU JIAHHBIMHU.

OcHOBHasi 0COOEHHOCTh aBTOMATHU3UPOBAHHOM HMH(OPMALMOHHONW CHCTEMBI I'PaJOCTPOUTENFHOTO KaJacTpa
COCTOMT B HCIOJIB30BAaHUM TIPOCTPAHCTBEHHBIX HaHHBIX. CHCTeMa MMeeT MHOTOYPOBHEBYIO TEPPUTOPHAIBHO-
pacrpeseneHHyo opranuzamuio. COop NepBUYHBIX JAHHBIX OCYIIECTBIISETCS Ha CaMOM HIDKHEM — 0a30BOM, COOTBET-
CTBYIOILIEM KPYITHOMY HACEIICHHOMY ITyHKTY, U3 KOTOPOTO 0OCITy>KHBAETCS TEPPUTOPHS aIMUHICTPATUBHOTO IO JYNHE-
HUSI — HAIIpUMep, palioH JuIs pallOHHOTO IIEHTpa WK 00JIacTh Ul 00JIaCTHOTO [IEHTPA.

B nacrosiee BpeMst peciyONMKaHCKHH ypOBEHb KaJlacTpa CO3/aH LEHTPAIbHBIM YIIOJHOMOUYEHHBIM OPTaHOM M
BBeJIeH B 9KcIuTyaTanuio. O0nacTHON 1 6a30BBIi ypOBHU KaJacTpa BEAYTCS MECTHBIMU HCIIOJIHUTEIbHBIMU OpraHaMHU.

Bwmecte ¢ Tem, TpaJoCTpOUTENBHBIN KagacTp PeCcyOIMKaHCKOTO YPOBHS Oe3 BeAeHHs KaJacTpoB 00JIacTHOTO
1 0a30BOTO YPOBHEH SBISIETCS HEMOIHOIICHHBIM, IMIOCKOJIBKY €ro WH(OPMAIMOHHOW OCHOBOM SIBISIOTCA KaaacTPhl HU-
JKECTOSIIIUX YPOBHEH.

OTtcyTcTBHE OOBEKTUBHON M JTOCTOBEPHON MH()OPMAIMH O COCTOSHHH HACEICHHBIX ITyHKTOB M MEXCEJICHHBIX
TEPPUTOPHUH ABISIETCS HE TOJNBKO CACPKUBAIOMNM (HaKTOPOM IIPH pearu3aliy MporpaMM pa3BUTHA, HO 3a4acTyIO MpHU-
BOJIUT K YAOPOXKaHUIO CTPOUTEIHCTBA, CBSI3AHHBIM C HEOOXOIMMOCTBIO 0OecrieueHHst 0OBEKTOB CTPOUTEIIECTBA HHIKE-
HEpHOW MHPPACTPYKTYPOH, a TakKe HEOOXOAUMBIMHU PECYPCAMH TSI TOCIIEAYIOIIET0 NX (QYHKIIMOHUPOBAHHS.

© Meiipumona I'.A. / Meirimova G.A., 2017
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AHau3 CyIIECTBYIOIIECH CUTYallMH U OIBIT 3apyOeXkHBIX CTPaH I0KA3aJld, YTO BEICHUE IPATOCTPOUTEIHLHOTO
KaJlacTpa Ha TEPPUTOPHH PECIyOINKH HEOOXOAUMO OpPraHU30BaTh Ha MPHHIHUIAX HEHTPAIU3aLUK U yYHUpuKanuu. To
€CTh CHCTeMa IPaOCTPOUTENHFHOTO KaJacTpa JOJDKHA OBITh B KOMIIETCHIIMN LEHTPAIBHOTO YIIOIHOMOYEHHOTO OpraHa.

Enunas cucreMa IrpagocTpOUTENBHOTO KaJacTpa MpelcTaBisieT coO0l pecryOIrKaHCKOe TOCIPeNpUsITHe ¢
¢umanamu B peruoHax. MHGOpManus eMHON CHCTEMBI IPaJOCTPOHUTEIBEHOTO KajacTpa OyaeT nepenaBaTbes rocynap-
CTBEHHBIM OpraHaM, a TakkKe OyAyT NMPeJoCTaBISATHCS HHPOPMAIIOHHBIE YCITYTH ISl PU3NYECKUX U IOPUANYECKUX JIUIL
[2].

Enunas cucrema ['ocynapcTBEHHOrO IpaJOCTPOUTENBHOIO KaJacTpa MO3BOJIUT OOECHEUUTH IOJHOLEHHOE U
spdexktuBHOE  (QYHKUMOHMpPOBaHWE HHPOpPMANMOHHONM  0a3bl JaHHBIX O  COCTOSIHMM  aJAMHUHHCTPATHBHO-
TEPPUTOPUABHBIX €MHUII, HACEJICHHBIX ITyHKTOB, HCIOJIB30BaHNE KOTOPOH OYAET OCYLIECTBISATHCS B PEKHUME Peallb-
HOT'O BPEMEHH.

Kpome Toro, Ha craguu cOopa JaHHBIX M BBIJaYM TEXHHYECKHX YCIOBHH Ha NPOSKTHPOBaHME O00BEKTa Oyner
U3BECTHA M OTOOpa)keHa B aBTOMATH3MPOBAHHOI MH(OPMAIMOHHOW CHCTEME IpaJoCTPOHTEIBHOTr0 KagacTpa HHPOP-
Mamys 0 BO3MOXHOCTH TEIUIOCHAOKEHUS, IIEKTPOCHAOKEHUS I HH)KEHEPHBIX CeTel, KOTopble o0ecreyar MpoeKTHpPY-
MBIl 00BEKT HEOOXOIMMBIMH pECypcaMy M MOIIHOCTSIMH, YTO, COOTBETCTBEHHO, HCKIIOYUT WH(POPMALIMOHHBIE Oaphe-
PBI Ha YTH COLMAIBHO-9KOHOMHYECKO MOICpHH3AIIUK CTPAHbI U €€ PErHOHOB.

Takum 00pa3oM, BHEApPEHHE SAWHOW CHCTEMBI IPAJOCTPOUTENIBHOTO KamacTpa KaK CTPYKTYPHOTO 3JIEMEHTa
COBPEMEHHOTO BBICOKOPA3BHTOI'O TOCYAApCTBa MO3BOJIUT OOECHEUUTh NPHUHATHE ONTUMAJbHBIX PELICHUH B CHUCTEME
rOCYJapCTBEHHOIO YIPAaBICHHUS.
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Abstract. The article considers the formation and establishment of Town Planning Cadaster in the Republic of

Kazakhstan, and the ways to improve management of Town Planning Cadaster are suggested.
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Abstract. The article deals with the problem of achieving a certain food security level and describes the history
of its formation. The relevance of solving the problems of rational use of land resources is discussed.
Keywords: food security, land resources, rational use.

In spite of the fact that the problem of food security became a subject of active consideration by the world
community in connection with social and economic processes in developing countries only from the middle of the 70th
years of the 20th century, it has arisen in the face of mankind for a long time. At all times people tried to solve effec-
tively this problem as the shortage of food caused any social conflicts in society [4].

All this has defined that achievement of a certain level of food security, became the main objective of society in gen-
eral and a concrete individual because the instinct of self-preservation, which all human activity based on, is the cornerstone of
it. Society already at early stages of the development and the organization develops mechanisms and rules of ensuring satis-
faction of the vital requirements. Nevertheless, the level of food supply, its structure and mechanisms are in direct dependence
on production of agricultural products and only then — from the level of development of processing industries, trade.

Long time, until the end of the 19th century, ensuring necessary level of food security was regulated based on
traditions within communities and subsistence economy. The state at this stage performed functions of the organization
of military safety and only in extreme cases interfered with process of redistribution of products between social groups
and sectors of society. Formation of the main stocks and reserves was carried out at the micro level by a household,
community, and in the period of feudalism, these functions were assigned as well to the landowner. Level of agricultur-
al production and backwardness of the goods exchange relations could provide only a consumption minimum and rather
simple structure of food reflecting local living conditions, national and religious peculiarities [2]. With development of
the capitalist relations, living conditions of the person radically change. First of all to the place of the isolated closed
forms of existence open mobile society in which owing to development of the market relations interdependent social
production within which there is a mixture of ethnic, social groups is created comes and there is integrated society char-
acterized by the standard norms and structure of consumption, the public mechanism of ensuring food security is creat-
ed. The state and various social institutes that act as factors of the organization of production and distribution of produc-
tion resources objectively begin to play the increasing role in these conditions.

The market, which through the system of pricing, supply and demand influences formation of necessary stocks
and consumption level becomes the most important instrument of food supply [3].

At the same time in society, considerable divergences in structure and norms of consumption depending on social
accessory and income level remained and observed. At initial stages of capitalism, development of the market mechanism did
not exclude malnutrition and hunger in various social groups. Over time by establishment of certain social guarantees in the
most developed capitalist countries, these problems in many respects have been solved though differences in consumption
level exist still. The Soviet history gives an example of operation of other mechanism of formation of food security — econom-
ic planning which also intended for the solution of this problem, but owing to exclusive complexity of an object.

In a generalized view, assessment of a condition of food security of the population is defined by physical and
economic availability of food and safety of food. In 2011, the world's population has overcome a qualitative boundary
of the number of 7 billion people and nowadays annually increases by 100 million people.

According to the Food and Agriculture Organization of the United Nations now, about one billion people liv-
ing on the planet suffer from hunger and malnutrition. Proceeding from the existing technologies, annual providing one
person with food requires 0,20-0,30 hectares of productive lands, on a global scale for this purpose it is necessary to
introduce into agricultural circulation annually about 40 million hectares of new lands. Considering the fact that the
territory of Kazakhstan takes the 9th place of the world territory and in it with concentration 23 % of chernozems oils of
the world, special tasks for the decision above the put problem have to be assigned to our country [1].

But the feature of this problem for our country is thatKazakhstan, having huge agricultural potential, can't pro-
vide in full degree the population with full-fledged food due to own production yet (see tab. 1). Owing to development
of processes of industrialization and urbanization, land resources, available mankind, for production of agricultural food
products gets more and more limited. In Kazakhstan lately we observe reductions of lands of agricultural purpose. For
the last three years, it is about 9 million hectares. As a part of lands of agricultural purpose, the agricultural grounds,
which possess a priority in use and subject to special protection, are of particular importance. The problem of rational
use of these grounds, their reproduction and protection has paramount value for all countries of the world present days,

© Talzhanov S., Zhangozhina G., Shugaev N., Igibayeva A., Zhanayeva M. / Tamkanos C., XKauroxuna I'.,
Llyraes H., Urnbaepa A., )Kanaera M., 2017
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it became a universal problem and the main component of food security.

Tablel
Ne Product name Threshold criterion, % Actual value, % Deviation actual value
from threshold, %

1 Grain 95 99,4 +4,4

2 Meat 85 72,5 -12,5

3 Milk 90 79,6 -10,4

4 Potato 95 95,4 +0,4

5 Vegetable oil 82 74,9 -3,1

6 Sugar 80 96,1 +16,1

Main objectives, on which agricultural grounds are withdrawn, are expansion of settlements (67,6 %) and use
for the enterprises of the industry and other special purpose (28,2 %). Not only their general reduction, but also high-
quality deterioration, decrease biological and economic fertility became the revealed problem of transformation of agri-
cultural grounds, and it is direct threat of deterioration in food security of the state. Lately for the ecological reasons
connected with degradation and pollution of soils significant areas of arable grounds have been brought out of use.

Certainly, the production intensification, growth on this basis of productivity of cultures remains an important
factor of increase in production of agriculture. However only at the expense of this factor, according to us, it is impossi-
ble to reach the level of the indicators reached earlier at the beginning and to ensure food security of the region. Use of
the earth as most important subject to ensuring food security of society is the phenomenon quite many-sided and diffi-
cult. In evolutionary aspect, it is lawful to consider use of land resources as continuously repeating full cycles, each of
which, as a rule, is implemented at qualitatively new level. From a position of system land use in each cycle, it is possi-
ble to allocate three main operational stages of the earth.

The first stage is initial in a cycle, defines target uses of the earth and provides necessary conditions for effective
realization of the subsequent stages. Contents it is legal, institutional, organizationally territorial, information support of
system of land use. The second stage represents direct, real use of the earth, for the realization it demands the correspond-
ing information, technological, resource, financial, enterprise and marketing support. It main distinctive feature consists in
creation of a real product owing to use of the earth, at the same time consumption of a resource takes place. In technical
aspect, the second stage the most difficult in view of the multi-purpose nature of use of the earth by society and as the main
means of production and spatially operational basis and goods. The third stage consists in reproduction of the consumed
resource, here the earth is notused and the product is notmade; only costs for reproduction of land resources take place.

Thus, taking into account influence of the land relations on ensuring food security we have come to need of
specification of the concept "food security of the state”. Food security of the state is such development of the state terri-
torial systems of various level at which there is the actual providing the population with gquality food due to own pro-
duction, by means of achievement of the most effective use of land resources of agricultural purpose and also accumula-
tion of production capacity of lands. This state can be reached on condition of change of the relation to the earth as to
the perennial spring which is continuously making material benefits, formations of the coordination center for use of
lands, formations of the mechanism of economic incentives of maintenance of fertility, effective control of use of lands
by the agricultural enterprises, sufficient financing of actions for increase in fertility of lands.
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Annomayun.B cmamve npedcmasienanpobiema 00CMUNCeHUs ONPedeieHHo20 YPOBHs NPOO0BOIbCIMEEHHOU
bezonacHocmu u Kpamko onucwvleaemcs ucmopus eé popmuposanus. OOvACHAEMCA AKMYAIbHOCHb peuienus npooie-
Mbl pAYUOHATILHO20 UCNOTIb306AHUA 3eMENbHbIX PECYPCOE.
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