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Physical and mathematical sciences
DuU3uKO-MaTeMATHYeCKUE HAYKH

V]IK 517.977

PEIIEHUE 3AJIAYY ONITUMHM3AIIANA PACXOJA CEEPEXXKEHUI

E.B. AKCeHIOIMIKNHA, KaHIUIAaT PU3NKO-MaTEMaTHIECKIX HaYK, JOLEHT
Baiikanbckuii rocynapctBeHHbli yausepeutet (Mpkytcek), Poccus

Annomayus. B pabome usyuaemcs 3a0aya ONMUMALLHO20 YHPAGIEHUs, CEA3AHHAA C NOUCKOM cmpameuu
nompeobnenus npu yCiosuu NOJIHO20 Pacxooa coepedcenull @ meueHue niano8020 Nepuodd ¢ Yeablio NOLYYeHUs MAKCu-
MAnbHOU CYMMAPHOU NONE3HOCMU nompebaeHus ¢ yuemom unguayuu. Pewenue 3a0auu onmumusayuu coepedicenutl
NPOBOOUMCS 8 PAMKAX NPUHYUNA MAKCUMYMA OJi CMeneHHou QyHKyuu noaesnocmu nompebaenus. Paccmampusaemas
3a0a4a 0onyckaem aHAIUMUYecKoe peuieHue 8 3a8UCUMOCmiL O COOMHOWEHUT MedcOy napamempamu mooeiu. B pe-
3yIbmame noiyyeHbl ONMUMAaibHble NPOSPAMMbL NOMpedIeHUs (PAcxo0a OeHeINCHbIX CPeOCmE) 6 NAaHe MaKCUMU3ayuu
@yHKYUuoHaNa NONE3HOCTU.

Knioueguie cnosa: onmumanvnoe ynpagienue, yHkyus nonesHocmy nompeoneHus, npuHyun MakCumyma, on-
MUMATHBIL PEeXCUM NOMPEONEHUS.

PaccMmoTpuM nmHEHHYI0 331a4y ONTHMAaIbHOTO YIPABIICHUS, KOTOPYIO Hanbojee eCTeCTBEHHO HHTEPIIPETHUPO-
BaTh KaK MOJENb ONITUMH3AINH cOepekeHuid [2]

qmu)z}e—mg(ua»dt—>nmx, €
0

X=pX—u, X(0) =Xy, X(T)=0
u)>0, te[0,T].

3nech X(t) — JIeHeXHbII KanuTtai (cOepexeHus); U(t) — MHTEHCHBHOCTb NMOTpedieHns (06beM pacxo/ioB);

g (U) — (yHk1us nonesHocTy norpednenus; (X — napameTp JUCKOHTUpoBaHUs (MH(ILUI); O — OaHKOBCKas AEMo-
3WTHAs CTaBKa (mapaMeTp pocta cOepexeHu ).
®yHKUHIO ToNe3HocTH notpedenust J (U) ,u=0 OIIPEAEINM CIIEIYIONMH yCIOBHIMHU:

1 g(0)=0,

2 g (U) crporo Bospactaer s U >0,

30 (U) cTporo BorayTas muddepenupyemas bpyskims B obmacta U = 0.

Vupasnenne U (t), te [0, T] CYHMTAeM KYCOYHO-HETIPEPHIBHOM (YHKIIMEH ¢ YCITOBUEM HEOTPHLATEITEHOCTH.

Takum oGpasom, 3axada (1) 3akmroyaeTcss B IOMCKE TaKO# CTpaTeruy NOTpeOIeHus U(t) C YCIIOBHEM IIOJIHO-
ro pacxona cOepeKeHHUi X(t) B TEUYCHHE IUIAHOBOTO IEpUOIa [0, T] , 4TOOBI 00ECIeYyUTh MAaKCUMYM CYMMAapHOH
nonesnocru norpe6nerns P (U) ¢ yueToM HH(IAIHH.

PaccMoTpUM TepMUHAIBEHOE YCIIOBUE x(l') =0. Cornacro ¢dopmyne Komm st GpazoBoro ypaBHeHUs!, IMEEM

x(t) =e*" xo-}e—Pfu(r)dz-, te[0,T].
0

© Axkcentomkuna E.B. / Aksenyushkina Ye.V., 2019
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CrnenoBaTeibHO,
T
xT)=0 <  JePu(t)dt=x,.
0

IIpoBenem aHanu3 3a1a4M Ha OCHOBE MPUHINIIA MAKCHMYyMa.
Brenem ynkmuro [ToaTpsruaa

H(y, x,u)=w(px-u)+g(u)

1 00pa3yeM COMpPsDKCHHOE YpaBHEHHE

y=ay-H,=(a-p)y.

EI‘O pemeHHe HUMECT BU/J
w(t) =peel " tel0,T],

e Yy Zl//(O), Yo #0.
Onpenennum H- MaKCUMU3MPYIOLIEE yIpaBIeHue A Y = l//(t)

u*(t,l//o)=argWﬁg(g(U)—V/oe(“‘p)tU), te[0,T], wo=0.
uz=

Otmertum, uto B ciydae W < 0 byHKIHS g(U) - woe(“_p )tU HE OrpaHHYeHa CBEpXy B 00JacTh

u=0 , moatomy Ux (t, WO) = 00, YTO He JOMYCTHMO IO CMBICITY 3amaun (1).
CoopmynupyeM OCHOBHOE YTBEPIKICHHE.

Hpunyun maxcumyma. /i onmumanshocmu ynpasierus Ux (t) >0, te [O, T] 6 3a0aue (1) neobxoou-

*
MO U OOCMAMOYHO cyujecmeoeaHue maxKkoeco MHoxHcumelis WO > O , WMO BbINOJIHAIOMCS YCI06UAL

1 U«(t)=ux«(t,g), te[0,T].
T

2. [e™PtuL(t)dt=Xx, .
0

Ortcroza BEITEKAET CICAYIOLIas cXxeMa pereHus 3anadn (1):
1. waiitu B siBHOM Buze ynpasieHne Ux (t, l//o), te [O, T], Yo > 0;
*
2. wHaiitn pewenue Y > 0 YpaBHEHHUS f (WO) = Xg mpu Xg > 0 (ytmbo mokas3ath ero CymecTBOBa-
T
HHE U €IMHCTBEHHOCTD), TIE f (WO) = _[e_ptu* (t, l//o)dt .
0

PaccMOTPUM KOHKPETHBIE peanu3anuu 3axaqu (1) mst HekoTopsix GpyHkimi J (U) .

Pemmm 3anauy (1) ¢ pyHKIuMeH monesHocTn

g(u)=+u,

KOTOpast yIOBJIETBOPSET ycaoBusim 1) — 3):
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9(0)=0; g'(u)=%>o, u>0;

<0, u>0.

" _ 1
g'(w)= 4uu

Omnpenenum 3a1a4y Ha MaKCUMyM 11t Y/ g > 0 te [0, T]

o) =Ju —yee® Py s max, u=0.

LeneBast HyHKUUS SBISETCS CTPOro BOTHYTO#H B obmactn U > 0.

v !
Haiinem ee craMoHapHYIO TOUKY U3 YCIOBUS (D (U) =0:

—1 - l//oe(a_p)t == O

2:u

Pemennem 3Toro ypaBHeHuUs ABIISETCS

1
4'//3 eZ(a—p)t !

U*(t,l//o): tE[O,T], Vo > 0.

[Mockombky U (t, l//o) >0, 10 MIOJIyYEHO pelIeHue 3anayu (2).

Huis moucka /g coctaBUM ypaBHEHUE

1 T e
4§ peert
Brruncnum 3HaueHue UHTETpana
T (p-2a)T
- e -1
[ S ——
0 p—2x

B ciaywae O = 20 , 3HAUEHUE UHTErpaJla paBHO T . Takum o0pa3oM, u3 ypaBHeHus (3) moiaygaeMm

1 X(p—2a)
ayl  elpm20T g

@

®)

B pesynbrare ontuMansHoe yrnpasienue B 3agade (1) ¢ dpynkuueii nonesnoctu J (U) = /U BeIpaxaercs o

¢dopmyne

Xp €27~ (p - 20)

Ux (t) - e(p—Za)T 1

B cnywae O = 20 , OITUMAJILHOE YIIPABJIICHUE UMEET BUJL

10

, p#2a, te[0,T].
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e 2at

u*(t):XOT, te[0,T].

OTMmeTHM XapaKkTep ONTHMaIbHOTO NOTPEOIEH)S B 3aBUCUMOCTH OT apaMeTpos &, [0

1. p <& —poct coepexxeHnit MeHblIe HHQIAMUU: PACX0bl HA HOTPEOIEHHE MOHOTOHHO YMEHBIIAIOTCS C
TEYEHHUEM BPEMCHH;

2. P > O — pocr coepexeHnii Oonblre MHOISIUN: PACXOABI HA MOTPEOICHHE MOHOTOHHO BO3PACTAIOT C
TEYEHUEM BPEMEHH;

3. P = O —cTabuibHOCTb: NOTPEOIEHUE HAXOUTCS Ha IOCTOSIHHOM YPOBHE.

Bo Bcex ClIy4dasXx KanuTal X (t), t S [0, T] YMEHbBIIACTC N0 HYJIA.
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Mamepuan nocmynun ¢ pedakyuro 05.01.19.

SOLVING THE PROBLEM OF SAVINGS EXPENDITURE OPTIMIZATION

Ye.V. Aksenyushkina, Candidate of Physical and Mathematical Sciences, Associate Professor
Baikal State University (Irkutsk), Russia

Abstract. The paper studies the optimal control problem associated with the search for a consumption strategy,
subject to the full savings expenditure during the schedule date in order to obtain the maximum total consumption utili-
ty, taking into account inflation. The solution the problem of savings optimization is carried out in the framework of the
maximum principle for the power function of consumption utility. The considered problem allows an analytical solution
depending on the relations between the model parameters. As a result, optimal consumption programs (expenditure of
funds) were obtained in terms of maximizing utility functionality.

Keywords: optimal control, function of consumption utility, maximum principle, optimal consumption mode.
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O KOJIEBAHUSAX YIIPYT'OT'O MASATHUKA HA KOHYCE

A.Il. baunoB, kauauaaT GU3UKO-MaTEMaTHYECKUX HAYK
Poccuiickuil rocynapcTBEeHHbIH arpapHblii YHUBEPCUTET —
MockoBckas cenbckoxo3siicTBeHHas akageMus uMeHu K.A. Tumupsizesa, Poccus

Annomayus. Ha 21a0xoti u nenoO0SudiCHOU KOHUYECKOU NOBEPXHOCHU ONPeOeaemcs OBUNCCHUE MASNHUKA,
NOOBEULCHHO20 HA YNPY2OM U HEBECOMOM CMEPICHE 6 6epuiliie KOHYca 6 chepuueckom wapnupe. 3adaua c6o0umcs K
661600y 0OBIKHOBEHH020 OUDDEPeHYUATBHO20 YPABHEHUS EMOPO20 NOPAOKA, ONUCHIBAIOUE20 MPACKMOPUID MAAMHUKA
Ha KOHYce npu 3a0QHHbIX HAYAILHLIX YCA08usX. HMccnedosanuio nioCKux KoaeOanutl ynpy2020 MAasmHuKka nocesuend
cmamos [5)], knuea [6] u opyeue pabomet.

Knrouesnle crosa: konyc, nOmenyuaibHble CUbl, OPMOSOHANbHASL CeNtb.

[TycTs BepmMHa HETIOABM)KHOTO KOHYCA, IO KOTOPOMY CKOJB3HMT MAasTHHK, Paclojo)keHa B Hadale JeKapTo-
BOIi cucTeMbl KoopanHat Oxyz, OCh Z KOTOPOH HalpaBJieHa 110 BEKTOPY YCKOPEHHMs CHIIbI TsbkecTH J (durypa).

[TonoxeHre MasTHUKA Ha KOHYCE 3aJaJuM C HOMOINBIO yINa o, 3aKIIOUEHHOTO MEXIY IUIOCKOCThI0 Oxz U
IUIOCKOCTBI0, TIPOXO/ISIIIEH Yepe3 OCh Z U MasTHHK (TOYKy M), M C TIOMOIIBIO paccTostaus / = oM Ha oOpa3yroleil Ko-

Hyca (durypa).
Tak Kak Touka M JIeXKHT Ha JIMHUU TepecedeHns KOHyca co cdepoii pamuyca | mo npsiMbIM yritioM, TO cOriac-
HO Teopeme Woxumcrans [4] nuuun miepecedeHus o = const u | = cONst o6pasyroT OPTOTOHAIBHYIO KOOPAWHATHYIO

ceTh Ha KoHyce. Paanyc-BexTop I = | B IeKapTOBBIX KOOPIMHATAX MOXHO 3aIHCaTh TaK:
r=I{cosasin®, sing sinf, cos B) (8]

rae yron 6 = (o) 3anannas nuddepenuupyemas 2z-neproandeckas Gyukuus. [pu 6(a) > 0 (burypa) npu 0 <a < 2x
KOHYC Ha30BEM 3HAKOOMNpeneNEHHbIM. BO3MOXKHEBI Takue cirydan He 2z-Tiepronudeckux (yHkuumit (o) 6e3 camonepe-
ceveHUi (CupaibHbIe KOHYCHI).

[TpuHAB Maccy MasiTHUKA 32 €AMHHIY MAaccChl, AJMHY MasTHHKa B HeJe(OpPMHPOBAHHOM COCTOSHUM [, — 3a

—
€/IMHNLLY JUTMHBI, & BENMYKHY + [/ g 32 €/MHULLY BpeMeHH t, 3anmIeM KHHETHYECKYH0 SHEPTUIO T 1 CHIIOBYIO (DYHKIMIO

Ul MasTHAKA V B Oe3pa3MepHOM BU/E M IPH COXPaHEHHH IPEKHUX 0003HAUYECHWH KOOPAMHAT M MapaMeTpoB (3a Hc-
KJIIOYEHHEM, 9TO Tereph M = 1).

T =32=1%sin 8 6 + [2), & = da/dt 2)
L’=g{cnsﬁ‘+c({—%fz—%{_) 3)

rae ¢ — K03 GUIMEHT YIPYroCTH Ha PACCTOSHUM CTEPIKHS MAsITHUKA,
h =T -V —nonHas sHeprusi MasiTHUKA (MHTETPAJ CHCTEMBI) 4)

Purypa

© binmnos A.II. / Blinov A.P., 2019
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Hanee, cornacHo MeToauke craThu [1] u 3amedanus Ha ctp. 2 [3], M OnpeneicHHss TPAEKTOPHH MasTHHKA
BoOCTIONb3yeMcst hopmyoii (2.2) [3].

1
q" = ——[EE; — 669" +(GE; —2EG,)q" + (26 E} — EG})q"] -

E+6Gq? (V) 1{;)
T2Wim\ET TG

TJIc B POJIK KOOPAUHAT p, (] HAJ0 UCIONB30BaTh o U | cooTBeTCTBeHHO, a E n G — K03 duIeHTs! IepBoil KBaapaTHy-
HOH (popMBI MOBEPXHOCTH KOHYCA.

E=(ar/dp)? = (%) G =(ar/ag)? = (?) ®)

[ocne nuTerpupoBanust ypaBHeHus (5) MO HaYaJIBLHBIM YCIIOBUSM &y, [, B HAUaJIbHBIH MOMEHT BpemeHH t = 0

OIIPEIEISICTCS. TPACKTOPHS ABIDKCHIUS MasITHAKA M, C YICTOM, H3BECTHOM MOCTOSHHOM monHo# sHeprun h (4), ompene-
JSIETCSI TAK)KE CKOPOCTH 3TOTO ABHIKEHHUS.

3ameuanue. 371ech mepeMeHHbIe | i o paccMaTpHBAaNIUCh COOTBETCTBEHHO KaK «ObICTpash» M «MEUICHHAS Tie-
PEMEHHBIC B CMBICIIE OJU3KOM K MPHHITOMY B TEOPHH YCPEIHCHUS, T.€. TPEAIONAraeTCsl, YTO TPU HEKOTOPOM, OJHOCTO-
poHHEM m3MeHeHuH (6osiee 0HOTO pasza). ITo, K MPUMEpPY, KOTIa HaYalbHas COCTABIISIONIAs CKOPOCTH MAasTHUKA U3 CTa-
THYECKOTO MOJIOKEHHUSI paBHOBECHSI ObLiTa HampaBiieHa Monepék oopasyroleil KoHyca (KonebaHus BpaIlaTeIbHOTO THIIA).

B 9TOM cilydae, H3MEHS COCTABISIONLYIO0 HAYAIbHONW CKOPOCTH det/ dt, MOKHO TOOUTHCS 27-IEPHOIUYECKHX
10 o IBHKEHUI.

B mpOTHBOMOIOKHOM CiTydae, KOTJa o MOYKHO PaccMaTpUBaTh Kak OBICTPYIO, a | — Kak MeUICHHYIO TIepeMeH-
HYI0, HAJI0 BOCIIOJIB30BaThest popmystoit (1.3) [1].

B o6r1iiem e citydae, TpaeKTOPHIO PHICTCS OMPEICISITh MO KycKaM, uemonb3ys Gopmyist (1.2) u (1.3) [1].

Ipumep. ycts cos 8 = a® sin o, a® < 1
Tor/ia B 1eKapTOBBIX KOOPJMHATAX BEKTOP I' K €ro MPOM3BOIHbIE HMEIOT BUL

r = I{cosesing,zing sind, cos ) = [{i(z) cos e, o) sin e, 2° coz?o )

| P - —
rae Alg) =41 — a* sint o,

T, = {a—r) = [{—A(g) sine — 4a* cos? e sin® afila)),
o A

AMe) cose —a* sinf e sin2 e/ Ae), e sin2 &,

= (%] = (Aa) cosa . Ala) sina , a® sin® &)

KoaddummeHT nepBoit KBaApaTHIHOH MOBEPXHOCTH

1 ., .
—;.1‘(&] sin? e — o cos®msin® osin? o +

1l
=

F=rym=1

+;.1:{a] gsin? & — o sin*o sin? o + ot sinf e sin? o

TokmecTBEHHOE PABEHCTBO HYIIO KO3 (HUIMEHTa F ¢i1e10Baio 05KUIAaTh B CHITY OPTOTOHATBHOCTH KOOPIHHAT
oul.

Boiuucius F = EXG = #? , BolpaxkeHue cuiioBoit GyHKIMM V U MOTHOM SHEPTrMH MasTHUKA h U MojCcTaBUB B

ypaBHeHHe (5), ToIy4uM (C y4eToM 3aMedanus rnocie GopMyisl (5)) ypaBHEHHE TPaCKTOPUH MasTHUKA Ha KOHYCE

=2 [EE - 6G,1% + (6B, — 2EGI" + (6 EN? — 2 (Ep 1], ©)

Wr+RI N E G

rue.
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'=8l/8a V; =8V/da V] =aV/al

Ilpu 3anaHHBIX HAYaIbHBIX YCIOBUSX [, U [ KOTOa & = @y pelieHue ypaBHEeHHs (6) OmpenersieT TPaeKTOPHIO
YIOpyroro MasTHHKA Ha KoHyce. M3 unTerpana suepruut h = T — V onpesensercss CKOPOCTh IBIKCHHS BIOJIb TPACKTO-
pun B Jr00OW TOuke mocienHei. [lpuuéMm, ecnu B 00JACTH BO3MOXHOTO JIBHKCHHUS (—V) = h BenuuuHa
I"'=al/da = +o npu 0 < a < 27, TO MasATHUK JenaeT 00X0/ KOHyca, T.e. MMEEM JIBIKCHUE POTAIIMOHHOTO ThMa. B
IIPOTUBHOM CITy4dae BO3MOJKHBI KOJICOAHNUSI B OTPAaHUYEHHOM yTJIe o1 < < 012 .

B nocrneaHeM ciydae BMECTO ypaBHEHHs (6) Halo MOJIB30BAThCS YpaBHEHHEM OTHOCHTENbHO de/dl. Bosee
MOAPOGHO 3TO HU3IOXKEHO B cTarhe [1].

3ameuanue. B HekoTOphIX cioydasx npu 18] = ng'g, yIOOHO MPEACTaBUTh KOHYC, 33/1aB €r0 CeUeHUE IIOCKO-
CTBIO IapauleNIbHOM IUIOCKOCTH XY (BEpILIMHA KOHYCa IO-IPEKHEMY COBIIAIAeT C HAYaJIOM KOOPJHMHAT), MPOXOASIIeH
yepes Touky (0,0,1).

[TycTh mpoekuus IMHAN ce4eHust KoHyca L1 3Toi MI0CKOCThIO 33/1aHa B OJISIPHBIX KOoopauHaTax p = p(a). To-
rna & = arctgp (&), (kouTyp L1B oTimuuu ot L (purypa) rockuit).

Hamnpumep, eciu mpoekuust KoHtypa L-smmune x = acosa , ¥ = bsine 10O

§ = arctgy/ @’ cos?ae + Bsinfa

B KadyecTBe JIPyToro npumepa MOJKHO B3STh «Kocoi KOHYC» [2], rae

a ——— 1/2 o
pP= I::]_ + A*cos2e — 2A cosa v 1 — Afsin? cc} , 4 = const — cMellleHne BepIINHBI KOHyCa OT HOpMaJId, MPOXO et
yepe3 IEHTP OKPYKHOCTH — OCHOBaHUs KOHYyca.
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ON OSCILLATION OF AN ELASTIC PENDULUM ON A CONE

A.P. Blinov, Candidate of Physical and Mathematical Sciences
Russian Timiryazev State Agrarian University (Moscow), Russia

Abstract. On a smooth and stationary conical surface, the motion of the pendulum suspended on an elastic and
weightless rod at the top of the cone in a spherical hinge is determined. The problem is reduced to a conclusion of the
ordinary differential equation of the second order describing a trajectory of a pendulum on a cone at the set initial con-
ditions. The article [5], book [6] and other works are devoted to the study of plane oscillations of an elastic pendulum.

Keywords: cone, potential forces, orthogonal network.
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KPUTUYECKOE NIOBEPXHOCTHOE HATA’ KEHUE CMAYUBAHUSA U EI'O CBA3U
C IIOBEPXHOCTHBIMH XAPAKTEPUCTUKAMM HA TPAHULIAX PA3IEJIA ®A3

B.K. BepxoJ10M0B, KaHAUJAT TEXHUUECKUX HAYK
JIpiTkapuno, Poccus

Annomayus. Ha ocnose nogozo ypasmnenus FOnea — Bepxonomoea Kpaegozo yana cMavusanuis noay4eHo ypas-
HeHue Kpumu4ecko2o NOGEPXHOCMHO20 HAMAICEHUS. YCMAaHo6aeno, Ymo @ ciyude cCMAuusaHus HenoapHblX Meepobix
men HenoAAPHLIMU JHCUOKOCMAMY (cayuail 3ucmana) Kpumuyeckoe no6epxXHOCHHOe HaAMAdICEeHUe PABHO COOMBENCME)-
rowell 8eudUHe NOBEPXHOCMHOU dHepeuL Meépoo2o meid.

Knrwouegvie cnosa: cmauusanue, Kpaesou y201 cMA4u8anus, NOGEPXHOCMHAA SHePIUsl, KPUMuiecKkoe nosepx-
HOCIMHOEe HAMANCEHUe CMAYUBANUSA, CUNA A02e3Ul, NONAPHAS HCUOKOCHb, NONAPHOE MEEPOOe Meo.

Beenenne

3Ha4YNTENIBHBII PAKTHYECKUI UHTEPEC B TEOPHU CMAUMBAHUSI BbI3bIBACT BEJINYMHA, HAa3bIBAEMasl KPUTHYECKUM TIO-
BEPXHOCTHBIM HaTsDKCHHEM cMaurBanus [1-6]. TIOHATHE 0 KPHUTHYECKOM MOBEPXHOCTHOM HATSHKCHHHU B TEOPHIO CMAYHBAHUSI
BBezieHo 3ucmanoMm [8]. OHO OCHOBaHO Ha SKCTICPUMEHTAIBHBIX TAHHBIX, KOTOPbIC OBUTH MOIYYEHbI PH CMAYMBAHUH HI3-
KODHEPTeTHYECKUX TBEPIBIX TeJ PA3IHYHBIMU OJHOKOMIIOHCHTHBIMHI HH3KOSHEPreTHYSCKUMH JKHAKOCTMHE. [IpH aToM pac-
CMaTpHBAJICS CITyJaid (PH3MIECKOr0 CMAuMBaHMS (OTCYTCTBHE XMMHYCCKHX PEaKLMi, pacCTBOpeHHs U Ip.). bputo momydeHo,
YTO MPY CMaYMBAHUU HETIOJSIPHBIX TBEPIBIX TEN (HAIpUMeEp, MONMATHIICHA, Te(IOHA) HEMOISPHBIMY XKUIKOCTAMH (TOMOJIO-
TUYECKUH P N-aIKaHOB) KOCHHYC KPAacBOTO YIJIa BO3PACTAeT MPH YMCHBLICHHN TIOBEPXHOCTHOTO HATSKCHHS YKUIKOCTEH.
ITpu 5TOM TOMyJanack 3apucuMocts Cost = (o), 6mm3kas k muHEHHOH. KputHaeckoe oBepXHOCTHOE HATSDKEHHE CMAdH-

BaHUSL Gc OTPENEIBIIOCh, KaK a0dcIycca TOUKH NepecedeHrs yKasaHHO! 3aBucuMocTy ¢ psmoit CosO = 1. Takum o6paszom,
KPUTHUYECKOE TTOBEPXHOCTHOE HATSDKEHHE TI0 CYIIECTBY SIBIACTCS TPAHMYHOM TOUKOH, XapaKTepH3YIOIEeH Iepexo OT orpa-
HUYEHHOTO CMavUBaHUsA (G,,, > O) K HOJHOMY (G, < G). BBLIO YCTAaHOBIEHO TaKke, YTO BEIUYUHA Gc MANO 3aBHCHT OT

CBOWCTB CMa4MBAIOIIHX JKHIKOCTEH, 8 3aBUCHT OT TIOBEPXHOCTHBIX XapPaKTEPHCTHUK COOTBETCTBYIOLIHX TBEPBIX TEI.

B Hacrosimiee BpeMsi SKCIIEPUMEHTAIbHO HANAEHBI 3HAYCHUS KPUTHUECKOTO ITOBEPXHOCTHOTO HATSIKEHHUS OC
MHOTHX TBEpPIBIX TEJl, B 0COOEHHOCTH IOJIMMEPOB. XMMUYECKHE ACHIEKTHI BOIIPOCA O CBA3H G¢ C MOBEPXHOCTHBIMHU Xa-
PaKTepUCTHKAMHU TBEPIBIX TeJ OBUIM MCCIIENOBAaHBI BO MHOTHX padoTtax [3, 8]. [lokazaHo, Hampumep, YTO 3aMeIlCHUE
BOJIOPOZA HA XJIOP B MOJIEKYJIE MOJIMATWICHA IIPHUBOAUT K BO3PACTAHHUIO G M, COOTBETCTBEHHO, K YIYUIICHUIO CMadH-
BaeMOCTH XJIOp3aMeIIEHHBIX MoJMepoB. [loaToMy B HacTosIIel paboTe OCTAHOBHMCS TOJILKO Ha (PM3MUYECKOI CTOpPOHE
BOIIpOCa, MOMbITAEMCA PACCMOTPETH U BBISIBUTH €0 CBA3U C MMOBEPXHOCTHBIMH XaPAKTEPUCTUKAMU Ha I'paHULAX pasJic-
na a3 npu cMaunBanuu. [Ipu 3TOM 1O MOBEPXHOCTHBIMH XapaKTEPUCTHKAMK Ha rpaHuLax (a3 OyJeM HOHUMAaTb, KakK
SHEepreTUYecKue, Tak ¥ CUIOBBIE XapaKTEPUCTUKH.

1. CBA3M KPUTHYECKOI0 MOBEPXHOCTHOI0 HATSIKEHUS ¢ TOBEPXHOCTHBIMM XapaKTePUCTHKAMH HA rpa-
HUHax ¢a3 npu cMaYMBaAHUH

U3 ypaBaenus FOHra kpaeBoro yria cMauyMBaHHMS MOTYy4YaeTCsl CIEeyIOIIee COOTHOIICHHE, CBI3BIBAIONIEe KPH-
THYECKOE MOBEPXHOCTHOE HATSHKCHUE C TOBEPXHOCTHBIMHU YHEPTeTHYCCKUMH XapaKTePUCTUKaMK Ha rpaHuiax ¢as3 [6]:

O¢ = Ogv ~ Os @

TJIE Gy, G5 — HOBEPXHOCTHBIE SHEPIUH Ha TpaHuIax (a3 TBEPAOE Teno/map 1 TBEPIOE TENO/ KHAKOCTh COOTBETCTBEHHO.
HexoTopble uccenoBaTen ObUIM CKIOHHBI OTOXKIECTBIATh G, C Gg,,, HO caM 3UCMaH ObL1 60J1€€ OCTOPOKHBIM
U yKa3bIBaJl, 4TO Gc NPONOPIUOHATLHO Gsy, TAK KaK He ObLI yBepeH, uTo og = 0.

Kak nam mpencrasisieTcsi, HanOobIIast SICHOCTh B BOIPOCE CBSI3M KPUTHUIECKOTO NMOBEPXHOCTHOTO HATSHKCHMS
C MOBEPXHOCTHBIMH XapaKTEPUCTHKaMH Ha rpaHHNax (a3 Imosrydaercs, ecii BMECTO TEPMOJIMHAMHYIECKOTO IT0IX0/1a K
IpoIieccy cMaduBaHus U ypaBHeHUs FOHra HCIoIp30BaTh MEXaHUYECKUI MOaX0a U HOBoe ypaBHeHHe IOHra — Bepxo-
JIOMOBA KpaeBoro yriia cMauuBanus. [Ipu 3Tom OyayT paccCMOTPEHBI CIEYIOMINE YEThIPE CIIydan:

. CmaunBaHHE MOJSPHOTO TBEPAOTO TeJa MOISPHBIMH KHUIKOCTIMH.

Il. CmaunBaHme MOJSAPHOTO TBEPAOTO TEIa HEMOIIPHBIMHU JKUAKOCTSIMH.

I11. CmaunBaHMe HEMOIAPHOTO TBEPAOTO TEIA MOISIPHBIMHU JKUAKOCTSIMH.

IV.CmaunBaHue HENOJSIPHOTO TBEPIOTO TejIa HEMOISAPHBIMHU JKUIKOCTSIMH (ciIydait 3ucMaHa).

IIpu sTOoM mepBbIi cityuyail sBIseTCS OOIMM, a OCTaIbHbIE — YaCTHBIMH. PaccMOTpHM IOCIIEJOBAaTEIbHO 3TH
Cllydau.

© Bepxonomos B.K. / Verkholomov V.K., 2019
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1.2. CmaynBaHue NOJAPHOT0 TBEPAOIO TeJIa MOJAPHBIMH KHIKOCTAMM
U3 HoBoro ypasuenus FOura — BepxosoMoBa KpaeBoro yriia cMaunBasus [7]

Cosbo = (206, —0,,) /0Ly 2
THOJTYYaeTCsl CIIENYIOIIEE YPABHEHUE ISk ONPEIEIIEHHS BEMUMHbI KDHTHUECKOTO TIOBEPXHOCTHOTO HATSDKEHHS B OOLIEM BUIE:
= d p= d d p p=
G =0y TO = v Osy Oy T v Osy” Oy~ OA 3

rae csvd, chd — JIMCHEPCHOHHBIE COCTABISIIONIME MOBEPXHOCTHBIX JHEPIHi HA IpaHMIAX TBEPAOE TENo/map U KHM-
KOCTB/IIap COOTBETCTBEHHO; Gg,f, G|, — MOIAIPHEIE COCTaBJIAIONINE TOBEPXHOCTHBIX PHEPTHl HA TpaHMIAX TBEPIOE
TEeNo/map M KHUIKOCTH/TIAp COOTBETCTBEHHO.

Takum 00pa3om, u3 ypaBHeHus (3) ceayeT BaKHBIA BBIBOJ O TOM, YTO KaK B OOIIEM, TaK M B YACTHBIX CITyda-
SIX BEJIMYMHA KPUTHYCCKOTO HATSIKCHUS 6cecdd PaBHA COOTBETCTBYIONICH cuiie aire3uu (KypcuB aBTopa). MOXKHO OT-
METHTh, YTO B OTJIMYUE OT BEIUYHUHBI CBOOOIHOI MOBEPXHOCTHOW IHEPTHH, COXPAHSIONICH MOCTOSHHOE 3HAUCHHE JIJIS
KOHKPETHOro TBEPJOro Tena (og, = Const) Bo3HuKaromas Npu CMauMBAHUU CHJIA AJIT€3UHU 3aBUCHT OT SHEPreTHUECKUX

XapaKTEepUCTUK U TBEPJOTO TeJa, M KUAKOCTH. [loaTOMY NpH cMayMBaHUM KOHKPETHOTO TBEPOTO Tela pa3HbIMU KU~
KOCTAMH CHJIA aJre3uu OyIeT MepeMeHHO BeIMUrHOM (G, = Var).

PaccMoTpuM CBSI3b KDUTHYECKOTO IOBEPXHOCTHOTO HATSKEHUSI GC C TIOBEPXHOCTHOM SHEPruel Gsy Ha Ipume-
pe KOHKpEeTHOro TBEPAOTO Tena. B kauecTBe Takoro (pMKCHPOBAHHOTO IMOJSIPHOTO Tella NPUMEM IUIACTHK TOJIMBHHMUII-
dropuz (65,=36,7; 64,°=31,3; 65, *= 5,4 Mlx/M?), a HemonspHOro Tena — napaduH (6g,~25,4 Mlx/M?) [6]. B kauectse
NOJSIPHBIX KUAKOCTeH ObUTM IpuHATEL Boja (o,,=72,6; o,,%=21,8; o,,=50,8 M/Lk/M?), stuneHrmkons (o,,,~48;
0,,°=29; 6,,,=19 MIk/M?), numeruncunokean (6,,~19; ,,,°=16,9; 6., =2,1 mJx/M?). HenonspHble KUAKOCTH: H-
rentat (6,,,~18,4 Mlx/M?), uuknorekcat (6,,~25,5 MIbx/m?), nekanu (6,,=29,9 mIbx/m?) [2].

Jnst onpenesneHus BEJIMYMHBI Gc B KaXXIIOM Cliydae ObLI HCIOJIB30BaH PAcyYETHBIM METOJ, KOTOPBIA MOYHO
Ha3BaTh «METOJIOM TUIIOTETUYECKHX KUAKOCTEH». OH 3aKiitouaeTcs B cieaytomieM. [y ka0l u3 BbIlIeNepeYHCICHHBIX
KHUAKOCTEU MOJYYaroT Psii TUIIOTETUYECKHX JKUIKOCTEl. Hanmpumep, rumoteTHYecKne KUIKOCTH HA OCHOBE BOJIBI MOJY-
YaTCs CACAYIONMM 00pa3oM. 3adUKCUpyeM OJHY U3 COCTABILSIIONINX MOBEPXHOCTHOTO HATSKCHHS U OYAeM H3MEHSTh
JIPYTYIO COCTABJISIOIIYIO TAKMUM 00pa3oM, 4TOOBI MOJTYYUTh PABEHCTBO MO ypaBHEeHUIO (3). Ho mpu 3ToM Kakaas Tumote-
THUYECKAasl UAKOCTh JOJDKHA OCTABATHCS MOJSAPHOM. Pe3ynbTaThl pacyera Jis psijia HA OCHOBE BOJIBI PUBE/ICHBI B Ta0M. 1.

Tabnuya 1
JKnakoctu Ha ocnose Boabl (6,,,°=21,8 m/lm/m?>=Const)
opyP, MIDK/M? 30 20 15 13 12,6
GA, MH/ 38,8 36,6 35,2 34,6 344
Oy MIDK/M? 51,8 41,8 36,8 34,8 344
Cosb 0,5 0,751 0,913 0,987 1

Kak cnemyer u3 tabm., A psAaa HOJISIPHBIX KHUJIKOCTEH Ha OCHOBE BOJBI KPUTHYECKOE IMOBEPXHOCTHOE HATS-
JKEHHE COCTaBUIO G-=34,4 MH/M. AHanorudnble pe3ynbTaThl ObUIH TONYYEHBI A7 PANOB APYTHX IOJAPHBIX JKHUIKO-

creit. Ha puc. 1 mpusenensl rpaduku 3aucumocteil Cos0=f(c,,,) 11 pacCMOTPEHHBIX PAIOB KUAKOCTEMH.

-

CosO

T $==Ha OCHOBe BOAbl

=

-

-

e=fil=Ha OCHOBE 3TU/IEHTNINKONA

-

~e

-

Ha OCHOBE AMMETWU/ICMNOKCaHa

-

(=k=Y=X=Y=X=R=
PN LORR

30 35 40 45 50 55
oLv, M1xx/m2
Puc. 1. 3aBucumoctn CosO = f{(cLV) mng nomiBuHIIQTOPHIA
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B tabn. 2 npencraBneHs! 3HAYCHUS KPUTHICCKUX MIOBEPXHOCTHBIX HATSIKCHUH.

Tabauya 2
Kpurnyeckue nNoBepXHOCTHbIEC HATSKEHHUS VIS NOJTUBHMHWIPTOPHAA
[onspHble )xuAKOCTU Ha ocHoBe Bozp! Ha ocHoBe sTuneHrnukoss Ha ocnose
JUMETUICHIOKCaHa

6. MH/M 344 36,5 31,9

Takum o6pa30M, TMOJYYCHHBIC PE3YJIbTAThl MOKA3bIBAOT, YTO B O6HI3M Cjly4a€ CMaduBaHUs MOJSAPHOIO TBép-
J0T0 TeJ1a NOJIAPHBIMHU KUAKOCTAMU OTCYTCTBYCT OAHO3HAUYHASA 3aBUCUMOCTb MECXKY Gc U Osv: JId KaXXKA0Tro MOJIAPHOTO
TEJia MOXXHO NOJYUYUTb MHOXKXECTBO 3HAYCHMI Cc-

1.2. CMaunBaHue NOJSIPHOTO TBEPAOTO TeJIa HEMOJISIPHBIMH KUIKOCTSIMHA
> s = O —
B aTOM CItyyae MOBEPXHOCTHEIE SHEPIUM HEMONAPHBIX KUAKOCTEH OynyT: 6|\~ 6, 6/, =0. IIpu moacranos-

Ke 9THX 3HaUYCHUH B ypaBHeHHE (3) MOIyInm
OC =0y~ \/ Gsvd OLv (4)
Orcroga
oc = os\°. 4

TakuMm 00pa3oM, B 3TOM Cllydae KPUTHUECKOE MOBEPXHOCTHOE HATSHKCHHUE PABHO TUCIICPCHOHHON COCTaBIIs-
IolIel TBEPIOro Tena

1.3. CMaunBaH#e HEMOJISIPHOTO TBEPAOTO TEJIA MOJSIPHBIMH JKATKOCT IMH

B sToM citydae umeeM: Og,~ GSVd; 05,”=0. IIpu mozacranoBke 3TUX 3HaueHUil B o0lIee ypaBHEHHE KPUTHUECKO-

I'0 IOBEPXHOCTHOT'O HAaTsHKEeHUS (3) MOTYyIHM CIEyIoIIee BEIpakKeHHUE:
o.=0, +06,f=Voy 0,0=0 (5)
¢ LV LV sv OLv A
OTcro/1a MOKHO NOJTyYUTh COOTHOIIEGHHUE IS Gsv
a2 d— d )2 d '
Oy =0c" /oy = (o +of)* /o (5)

ITonmyueHHbIe BRIpOKEHHS HE MOKA3bIBAIOT ABHYIO OJHO3HAYHYIO 3aBMCHMMOCTb MEKIY G M G, Ilonmbraemcs
YCTaHOBHTH CBSI3b MEXK]Ty STUMH BEIMYNHAMH C TOMOIIBI0 METOa THIIOTETUIECKUX JKuaKocTei. Kak yxke ObLTO cKasa-
HO, B KaUeCTBE HEIOISPHOrO TBEPLOro Tenma BhIOpaH mapapuu (cg,=25,4 MJIx/M?). ByxeM paccMarpuBath TpH psiia
THIIOTETUYECKUX JKUIKOCTEH Ha OCHOBE BOJBI. ITHJICHIVIMKOJIA M JTUMETHUIICHIIOKCAHa, KOTOpPhIE YK€ NMPUMEHSAINCH B
NepBOM ciiydae. EcTecTBeHHO, UTO caMu JKUIIKOCTH B psifax OyayT apyruMu. B tabn.3 npencraBiieHbl pe3ysibTaThl pac-
YE€TOB JUIsl PSAAA KUAKOCTEH HA OCHOBE BOJIBL.

Tabauya 3
JKnakocru na ocnose Boawsl (6, ,,°=21,8 m/x/m?=Const)
oL\ Ps MIK/m? 8 6 4 2 1,7
O, MH/M 23,5 23,5 235 23,5 235
O \» MIDK/M? 29,8 27,8 258 23,8 23,5
Cosf 0,577 0,691 0,822 0,975 1

Takum obpa3oM, AT psiaa )KUAKOCTEH HAa OCHOBE BOJBI KPUTHYECKOE NMOBEPXHOCTHOE HATSDKEHHE COCTaBHIIO
6.=23,5MH/M. AHanorudnsie pacuéThl IPOBEIEHE! IS KUAKOCTEH Ha 0cHOBE dTHIEHr UKo (6.=30,1MH/M) 1 aume-
Tuncunokcana (6,~23mH/M). Jlns 3Toro ciyyasi, Kak U s IEPBOTO CIydas, OTCYTCTBYET OJHO3HAYHAsS 3aBUCUMOCTh
MEXIY O H Ogy-

1.4. CMaunBaHue HeMOJISAPHOT0 TBEPAOTO TeIa HEMOJSIPHBIMH JKUAKOCTAMH (cay4aii 3ucmana)

e — o -0 6 = O -
B atom ciydae umeeM: 65~ 0sy"; 05"=0; 6,,~6,,,% o, =0.
[Ipn moscTaHOBKE 3THX 3HAYEHUH B ypaBHEeHHE (3) MOIy4nM cieyrollee ypaBHEeHHe:

Gc=Owy = v Osv OLv (6)
OTKyJa
S ®)
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Taxkum 06pa3om, B cirydqae 3UCMaHa KPUTHUECKOE IMOBEPXHOCTHOE HATS)KEHHE PAaBHO BEIMYMHE MOBEPXHOCT-
HOM 3Hepruu TBEPIOro Tena.

Ha ocHOBaHNM NOTyYEHHBIX PE3YIBTATOB MOXKHO CJIENIATh CJICIYIOINE BHIBOMBI.

BruiBoabI

1. Ha ocaoBe HOBoro ypaBHeHHs IOHTa — BepxomomoBa KpaeBOro yriia CMadMBAaHHS JJIS OOIIETO Ciydas
CMa4yMBaHUs TOJIIPHBIX TBEPABIX TEJ MOJSIPHBIMU JKUIKOCTSIMH HOJYYEHO ypaBHEHHE KPUTHYECKOTO MOBEPXHOCTHOTO
HaTSHKECHUS.

2. YcTaHOBIEHO, YTO B OOIIEM CiTyyae CMayMBaHUsI MOJISIPHBIX TBEPJBIX TEJ MOJSPHBIMH KUAKOCTIMH MEXITY
BEJIMYNHAMHU KPUTHUYECKOTO NMOBEPXHOCTHOTO HATSHKEHUS U IMOBEPXHOCTHOM SHEPTHM OTCYTCTBYET OJTHO3HAYHAsl 3aBH-
CHMOCTB: JiIsl KOHKPETHOT'O TBEPJOrO TeNa CYIIECTBYET MHOKECTBO 3HAUEHHUH ..

3. HOKa3aHO, 4TO IJId ciiydas 3ucmana (CMa‘{I/IBaHI/Ie HCMOJISIPHBIX TBEPALIX TCJI HCTIOJIAPHBIMU )KI/IZ[KOCTHMI/I)
KPUTHUYCCKOC MMOBECPXHOCTHOC HATAKCHNUEC PaBHO COOTBeTCTByIOIlIefI BCJIIMYHUHC HOBerHOCTHOﬁ OHEPrun TBép[[OFO TCJa.
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THE CRITICAL SURFACE TENSION OF WETTING AND ITS CONNECTIONS
WITH SURFACE SPECIFICATIONS ON THE INTERPHASE BOUNDARIES

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

Abstract. The equation of the critical surface tension was obtained on the basis of a new equation Young-
Verkholomov contact angle. It is established that in the case of wetting of non-polar solids by non-polar liquids (the
case of Zisman), the critical surface tension is equal to the corresponding value of the surface energy of the solid.

Keywords: wetting, contact angle, surface energy, critical surface tension of wetting, adhesive force, polar lig-
uid, polar solid body.
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V]IK 53:51

BJIMAHUE OT/KUT'A HA KPUCTAJVIMYECKYIO CTPYKTYPY
IHOBEPXHOCTHU KPEMHUA, IETUPOBAHHOI'O HOHAMMUW HUKEJISA

B.2. Drambéepauen’, A.C. Masnaes?, M.A. Mupmomuiosa®, H.M. Paxumosa*
TamkeHTCKIA TOCYIapCTBEHHBIN TeXHUUECKUH yHIBepcuTeT uM. Mciaam Kapumona, Y36ekucran

Annomayusn. Ilpusooamcs pe3ynvmamol Uccied08anus npoguael pacnpeoeneHus UMRIAHMUPOSAHHBIX AMO-
MO8 HUKeNs 8 KPEeMHUU 6 3A8UCUMOCTU Om 003bl 0ONIYYEHUs U MEeMNepamypbl OmaiCUea Memooom pe3epphopooscko2o
obpamnozo paccesinust (POP). H3yueno enusnue mepmuueckozo omoicuea Ha pacnpeoenenue Hukens i 6 4acmHoCmu
Kucnopooa. JJokasauno, ymo npu onpeoeieHHbiX YCl08UAX mepmMuieckol oopabomku u 003ax 00ayYeHus Ha NO8EePXHO-
CMu MOHOKPUCMALIA 0OPA3YIOMCA MAK HA3blAeMble INUMAKCUATbHbIE CUTUYUObI, KOMOPble MO2YM USpams poib NPO-
800AUUX CTI0E8 UNU MEMATTUYeCKUX nokpuimuil. OmmeyeHa 603MONCHOCMb UCNONb308aHus memooa POP ona ananuza
KaK KOHYEHMPAYUOHHO20 pacnpedeneHus 1ecupyrowux npumecell, max u 3aumooeticmsus npumecell.

Knroueewie cnosa: npumecu, npoduiu, 6nuaHue, mepmMuiecKuti Omucue, UMRIAHMUPOBAHHbIE AMOMbI, MOHKUE
cou, 2nyouHa, 003a 00IYUeHUs, meMnepamypa aKmusayul, UOHHAS UMNIAHMAYUS, SNUMAKCUATbHbLE CUTUYUOBL.

BBEJIEHUE

Kak n3BecTHO, B KpeMHUH, JIETUPOBAHHBIM 3JI€MEHTAMHU MEPEXOAHBIX TPYII, B YACTHOCTH HUKeJIeM, Haluro-
JAK0TCS psiil PU3NUECKUX SBICHUH, TPEICTABISIIONINX HAYYHBII U pakTHueckux uutepec [1-3].

[NomydeHne TOHKHUX CIIOEB MMIUIAHTHPOBAHHBIX aTOMOB B IIPUIIOBEPXHOCTHOM 007IaCTH KPEMHHUS C 331laHHBIMU
MEKTPOYU3NUECKIMHI CBOWCTBAMH U OTPENECNEHHON TOJNIIMHON Ba)KHO, B YACTHOCTH, JUI TEXHOJIOTUH CO3JIaHMs pa3-
JMYHBIX JaTYNKOB M MPHOOPOB BEICOKOI YyBCTBUTENbHOCTH. Hanbonee MHTEpECHBIMHU B 3TOI 00IaCTH SIBIAIOTCS BBE-
JICHNE TIPUMECH 3JIEMEHTOB IEPEXOAHBIX I'PYII, B 4aCTHOCTH HUKENA. C TEXHOJIOTMIECKOH TOUKHU 3PEHHS CO3JaTh TOH-
K{E CIIOW B KPEMHUH C OTpaHWYEHHOI ITyOWMHOI M JocTaTOYHOH KOHIEHTpanuedl au(Qy3HOHHBIM METOJOM HEBO3-
MOJKHO M3-32 0OJIBIIOro 3HaUCHHs Kod(durmenta 1uddy3uu 3tux 3aeMenToB. [loaToMy mpuderaroT K METoay HOHHO-
ro jerupoBaHud. Tak Kak NMPUMeECH HUKEIS B KPEMHHH MOTYT HaXOJIUThCA Kak B y3JlaX, Tak U MEXIOY3JIUAX KpUCTall-
JIMYECKON PEeIIETKH U B3aMMOJICHCTBOBATH C Je(eKTaMU PELIETKH, TO paclpeeieHue X MPU MOHHOM MMIUIAHTAlMU U
MeXaHM3M MX aKTHBAIlMM MPEJCTaBJIAIOT OoNnpenenéHHbIi naTepec. OMHAKO B IUTEpaType MPAKTUUECKH OTCYTCTBYIOT pa-
0O0TBI, MOCBSIIEHHBIE HOHHOW UMILIAHTALMU U MCCIICA0BAHHIO IPOQHIIS pactpeieSICHus 110 TTIyOuHe HUKEIIsl B KDEMHHU.

VoHHas UMIUTaHTanMsa B 3aBUCHMOCTH OT J03bl U PHEPTUHU OOJydeHHS NPUBOIUT K CYIIECTBEHHOMY M3MEHe-
HHIO COCTaBa, CTPYKTYP M CBOWCTB IIOJyIIPOBOAHMUKOBBIX MaTeprasoB. B 3TOM OTHOIIEHNH MOHOKPHCTAJIIBI KPEMHHS,
nerupoBaHHbie HoHaMH Ni ¢ sHeprueit E=20-40 k3B, mpencTaBisioT 0coObIi HHTEpeC, TaK KaK MPH HU3KUX [03aX 00-
nyuenus (J1<10%° cM?) 60.1b110l KOHIEHTpALMIA, KOTOPbIE HEBO3MOKHO MOIy4aTh METOAOM TepMOAU(P(Y3UM; P BbI-
COKHX J103aX HOHOB 00pa3yIoTCsl CHIIMIHABI METAJJIOB HOBBIMHU (pU3n4ecKUMH cBoiicTBaMH. OJTHAKO TaKue CHIIMIUIBI B
HacTosIiee BpeMs moiay4arT Merogamu MJID u TDD. TMonyueHne CKPHITHIX MPOBOSNIMX UIEHOK cuuimaoB Ni me-
TOJIOM MOHHOW MMIDTAHTALMH U MCCIEAOBAHUS MX (PU3MKO-XUMUYECKHX, SIMEKTPOPHU3NIECKIX CBOMCTB MOKa eIé HaXo-
JATCS B CTaAMUMU pa3BuTHs. Kpome Toro, u3yueHue CTpyKTYphl H3MEHEHHUH B 0U€Hb TOHKUX CJIOSIX TOBEPXHOCTH CBSI3aHO
C OIpeaeNEHHBIMHA TPYAHOCTAMHU. BO-TIepBBIX, NCTIONB30BaHIE PEHTI€HOBCKUX JIyueil TpeOyeT O4eHb CIOKHBIX METO-
JIUYECKUX mporenyp. Tak Kak peHTTeHOBCKHE JTy4H IPOHUKAIOT 04YEHb TTTyOOKO B KPUCTAILI, /I MOJTYyYESHUS JOCTOBEP-
HBIX PE3yJIbTAaTOB C MHTEPECYIOIIeil Hac TIIyOMHBI HEOOXOIMMO HAHECTH Ha MOBEPXHOCTh 00paslia HEKOTOPBIM CIIOH
IJIEHKU U3BECTHOTO U YMCTOTO 3JIEMEHTA.

C npyro# CTOpOHBI, OYEHb TPYJHO aHAJIUTHYECKH BBIJICIUTH PEHTITEHOBCKUE peIIeKChl, CBI3aHHbIE NMEHHO C
nHTEepecyomeil Hac riryonnoi. [ToaroMy He BaBasch B MoJpoOHOCTH BHAA CTPYKTYPHI U €€ mapaMeTpsl, AJsl onpesie-
JICHUSI CTPYKTYPHBIX U3MEHEHUH MBI BOCTIOJIb30BAINCH OOBIYHBIM PacTPOBBIM MIEKTPOHHBIM MUKpockoriom POM-200.

METO/bI UCCJIEJOBAHUSA

B nanHO# paboTe NPUBOAMTCS PSiJi HOBBIX OPUTHMHAJBHBIX PE3YJIbTATOB M0 MUCCICIOBAHHUIO CBOMCTB BIIMSHUS
OTXKHIa Ha KPUCTALIMYECKYIO CTPYKTYpPY NMOBEPXHOCTH KPEMHHUS, JIETMPOBAHHOTO MOHaMHU HuKess. Kak m3BecTHO u3
YHCIIa NEePEeXOHBIX JIEMEHTOB B KPEMHHH, HUKEIb 00JIalaeT TOCTATOYHO BBICOKOW PACTBOPUMOCTBIO M OOJIBIIMM KO-
s¢¢urmentom auddysun. Beioop B kauecTBe KOMIICHCUPYIOIICH MPUMECH HHUKeNss 00YCIOBICH TEM, YTO B IIMPOKOM
00J1aCcTH TeMIIepaTyp COCTOSIHHE aTOMOB IPHMECH B peméTke KpeMHHs moctaTouHo ctabmibho (100-450 °C) u coot-
BETCTBYET MapamMeTpaM KPEMHHS, JISTUPOBAHHOTO WM. TeXHOJOTHS JISTHPOBAHUS KPEMHUSI HUKEJIEM C 33JaHHBIMU I1a-
pamerpamu pa3paboTaHa W OCBOCHA HaMHU NPAKTUYCCKU HA MPOMEBIIUICHHOM YPOBHE U HE TPeOyeT MOMOIHUTEIBHBIX
omepanuii (MEXaHHYECKUX, XUMHICCKUX U T.J1.) mocie Aup(y3HOHHOTO JICTUPOBAHM. MOXKHO JISTHPOBATh HUKEIEM
KPEMHEBBIE TUIACTHHBI JIOCTATOMHO 00NbHION ruiomany, 6onee 100 cmM?, 4To 0YeHb BaXKHO IS TIPOMBIILIEHHOTO H Ce-
PHUIHOTO BEIMyCKa Mpeodpa3oBareinell TeMIIepaTypsl C BOCIPOU3BOAMMBIMA TTApaMETPAMU.

B npoBesieHB! SKCIIEpHIMEHTAIIBLHBIE HCCIEIOBaHMST KOHIIEHTPALMOHHBIX podriel pacnpenesenus atoMoB Ni,
UMILUIAHTUPOBAHHBIX B KpeMHMii ¢ sHeprueii Eg = 40 k3B ¢ Bapuaumeii 10361 o6iydenus B unteppane 10%°-10Y won/cm?,

© Orambepaues b.9., Mamnaes A.C., Mupiiomunosa M.A., Paxumosa H.M. / Egamberdiyev B.E., Mallayev A.S., Mirshomilova M.A.,
Rakhimova N.M., 2019
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B kadecTBe MCXOJHOTO MaTepHaia UCroiib3oBaH kpemHuit Mapku KJIb ¢ yaensubiM conportuBiaenuem p=10 Om-cm.,
HCCIIEOBaHMS NMPOBOJWINCH C MCHONB30BAHHEM METOAOB BTOPHMYHOM HMOHHOW Macc-CHEKTPOMETPUH, 0OpaTHOTO pe-
3ep(OPAOBCKOTO paccessHUS U 3IEKTPOHHON Oke-MHKPOCKOITHH.

B kadecTBe 00BEKTOB HCCIIEA0BAHNH HCIIOIb30BANIMCH CIIMTKA MOHOKPHCTAIUTMYECKOTO KPEMHUS /1 ¥ P — THIIOB, JIe-
THPOBAHHOTO 60poM M (ochopoM COOTBETCTBEHHO, ¢ KoHLeHTpauueit ot 101 1o 10 cm®, BeipamiennsiM MetonoM Yo-
XpaJbCKOro M OecTHreNbHOI 30HHOW TUIaBKH. B kauecTBe mprMecei ObUTH BBEIOpAHBI SIEMEHTHI TTEPEXOIHON TPYIIIHI HIKe-
7s1. Be1bop 3Tux mpumecei TUKTOBAJICS TeM, UTO, C OJHOIN CTOPOHBI, MX MOBEICHHWE W CBONCTBA KPEMHUS, JIETHPOBAHHOTO
STUMH NIPUMECSIMH, OCTaBAJIOCh MAJI0 M3YYEHHBIMH, & C JIPyroil CTOPOHBI, BO3MOXKHOCTSIMU BBISIBJICHHS HOBBIX OCOOCHHO-
CTeH, CBS3aHHBIX C HAIMYKMEM Y STUX puMecel HesaroHeHHo! 3d-000510uky. [IpuMeHsiics MeTo1 HOHHOM MMITIaHTaL|H.

WmnnanTtanuio nonoB Ni, B KpeMHHH ocymiecTBisuid Ha ycraHoBke MJIY-3 npu snepruu nonos 40 k3B Brons
kpucramtorpaduueckoit ocu (111) - Ilpoduns pacnpencicHus HHUKENs, B KPEMHHH M3MEPSsUIM Ha BTOPUYHO-HOHHOM
Macc-crieKTpomerpudeckoit yeranoske LAS-2200 ¢bupmer «Riber» u Ha ycTaHoBKe, onucanHo# B [5].

Y aenbHOE CONpOTHBICHUE 00PA3I0B M3MEPSIIN YE€THIPEX30HI0BEIM METOIOM.

Ha puc. 1 npencrapnena ananuTuieckas kamepa. B coctaB KoMIuIekca BXOIAT TPU pOCTOBEIe Kameps (1, 2 u
3). B xamepe 1 ocymmecTBISIICS SMUTaKCHAIBHBIN pocT KpeMHus, cunituaa kobansra CoSiz u propuaa xamsimst CaFs
Jpyras kamepa Obl1a 000pysOBaHa TPEMsI HCTOUHHKAMH MOJIEKYIISIPHBIX ITyYKOB: ABYMS 3JIEKTPOHHO-Iy9IEBBIMHU HCIIa-
puTensaMu 2 U 3, CIyKalluMH UCTOYHUKAMU KPEMHUSI M HUKEIST COOTBETCTBEHHO, M 3()(hy3MBHOTO MCTOYHMKA JISl OCa-
xnerns CaF, 4. OOpasen 5, yKperui€HHBIH HA MOJMOICHOBOM JepikaTelie, TOMEIIald BHYTPH KaMephl Ha MaHUITYIISI-
Tope 6. MaHumyJIaTOp OBLI 000PYIOBaH HarpeBaresieM 7 U TepMONApoil 8, MO3BOJSIOLIMMH PEryJIHpOBaTh TEMIIEpaTy-
py obpasiia B auamnasone temieparyp ot komHatHoi 1o 1000 °C ¢ Tounocthio +-0.5 °C. [y obecrieucHuUs] paBHOMEP-
HOTO HarpeBa o0Opa3sla W paBHOMEPHOTO OCAXKICHHs UCIapsieMbIX MaTepUalioB ObLIO MPEIyCMOTPEHO BpalleHHe Aep-
xKarelsi ¢ 00pas3oM MPHU MMOMOIIH HJIEKTPOMOTOPA.
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Puc. 1. Ananumuueckas kamepa pocma: 1, 2, 3 — snekmponno-nyesvle ucnapumerni;

4 — s¢hpysuonnviii ucmounux,; 5 — oopasey,; 6 — manynyasmop, 7 — Hazpesamensv, 8 — «mepmonapay; 9 — sneKmporHas nywKa
oughpaxmomempa 6vicmpuix 21eKmporos; 10 — nromunecyenmuslil skpan; 11 — keadpynonvusiil easoanaiuzamop; 12 — kpuonanens,
13, 14 — xeapyesvie damuuku ckopocmu ocaxcoenus, 15, 16 — sacnonxu; 17 — uonnwlil Hacoc, 18 — ynpasnenue 3acionkamu
¢ mepmonpugooom,; 19 — ucmouHuKy numMarus d1eKmpoHHo-1y4esvlx ucnapumenei, 20 —-5BM

PocroBas kamepa Obl1a 000pyI0BaHa AUPPAKTOMETPOM OBICTPBIX IJIEKTPOHOB HA OTPaKEHHUE, TTO3BOJISIONAM
aHaJIM3UPOBATh CTPYKTYPY MOBEPXHOCTH KpPHCTAJUIA HEHNOCPEACTBEHHO B mpoliecce pocra. AudpakroMerp BKIOYA B
ce0s DIEeKTPOHHYIO MYNIKY 9 W moMuHecIeHTHBIN dkpaH 10. JIns koHTposnst coctaBa aTMOc(hephl OCTATOYHBIX Ta30B
HCIIOJIb30BaNIM KBAJIPYIMOJbHbIA razoananu3arop 11. B aHanmutnyeckoil kamepe 3 MCCIeIOBalIN BbIPAIIEHHBIC SMTUTAK-
CUAJIbHBIE CTPYKTYPbl METOAAMM OXKE-3JIEKTPOHHOM CIIEKTPOCKONMH, BTOPUYHO-HOHHON Macc-CIEKTpoMeTpuu. Bakyym
B CHCTEME NOJIepKUBAICs Ha ypoBHe 5x 107 TTa.

PE3VYJIBTATBI U UX OBCYKJIEHUE

Ha puc. 2 npecTaBiieHsl CIIEKTPbI 0OpaTHOTO paccestHust HoHOB He® ot monokpucTamia Si (111) , umruianTu-
posannoro nosamu Ni* ¢ 1030t ot 10 1o 10 non/cm?.

Bu/iHO, 4TO Ha CTIEKTPE MUK, XapaKTepHbIi st Ni, HauMHaeT nosBsThes pu j103e JI=10" non/cm?. OnHOBpEMEHHO
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M3YYAIUCh KPUCTAJUTMYECKas CTPYKTypa MOBEPXHOCTH U 3JIEKTPODU3HIECKHE CBOWCTBA HOHHO-JIETHPOBAHHBIX CIIOEB.
Pe3synbTaThl 5THX SKCHEPUMMEHTOB Mokasany, uto npu JI< 10 non/cm? noka emé He NPOUCXOIUT 3aMETHOE Pasynops-
JI0YEHME B IIPUIOBEPXHOCTHOM CJIOE, 4 KOHIIEHTPALUS 3JIeKTPOAKTUBHBIX aToMoB Ni He mpesbimaer 15.10%% cm®,

Veenuuenue 10361 10 5.10%° mon/cM? mpakTHYECKH He MPHUBOIMT K yBEIMYEHHIO KOHIEHTPAIMH DJIEKTPOAK-
tuBHBIX atoMOB Ni. IIpy 9TOM MPUIIOBEPXHOCTHASL 00JIACTh YaCTHYHO Pa3yHoOpsIOYMBACTCS, a MUK 0OpaTHOrO pacces-
nus ot Ni cranosuTcs Gonee 4éTkUM U MHTeHCHBHBIM. [Tpu no3e 108 mon/cm? npoucxoaut amopdusanus MpUnoBepx-
HOCTHOTO CJIOSI M CYLIIECTBEHHBIN pocT muka Ni, a Ha OTJEIbHBIX Y4acTKaX HOHHO-JETMPOBAHHOIO CJIOSI HAYMHAIOT MO-
ABIATLCA KiacTepHble $pasbl Ni +Si. DT usmenenus npoucxoast ao 103sl (8-10).10% won/cm?. JlanbHelinee yBenude-
HHE 1036 HE MPUBOAUT K 3aMETHOMY M3MEHEHHIO OTHOCHTENbHOU mHTeHCHBHOCTH MUKOB Si 1 Ni. [Tostomy mo3y I~
10" non/cM? MOKHO IIPUHUMATE KaK JI03Y HACHICHHMS.
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Puc. 2. Cnexmpui POP uonoe He* na monoxpucmanne Si, necupoeannozo uonamu Ni C snepaueti 40 k3B ¢ dozamu 10%°-10Y uon/cu?

Jis neneHanpaBlieHHOW MOJU(UKAIIMKA CBOMCTB MOHHO-JIETUPOBAHHBIX MaTEPUAIIOB BO MHOTHX CIIy4asx Tpe-
Oyercsl MoCIeMMIUIaHTaMOHHONW OTKUr. Kak M3BECTHO, Jake NpU HU3KUX J103aX OONy4YeHUs] KOHLIEHTPALUS DJICKTPH-
YECKH aKTUBHBIX METAIJIOB B Si B IECATKH pa3 MEHbIIIe KOHICHTPAIIMN BBEAEHHOM mprMecH. [10CIenMILTaHTAIIMOHHOM
OTXHI' MOXKET CIIOCOOCTBOBAThH YBEIWYECHUIO KOHICHTPAIMH 3JIEKTPOAKTHBHBIX aTOMOB. Takod OTKUT 0COOEHHO HE00-
XOUM AJIs1 00pa3IoB, UMITAHTHPOBAHHBIX HOHAMH BBICOKOH 103b1. [103TOMY IpM BBICOKHX J03aX OOIydeHHS MPHIIO-
BEPXHOCTHAsI 00JIaCTh TMOJTHOCTHIO aMOPTH3NPYETCS M He (POPMHUPYIOTCS] OTHOPOAHBIE COSANHEHNS METAIIIOB.

Ha puc. 3 npusenens! npodunu pactpenenenus Ni B Si i 1Byx 103 obiyuenus. [Ipoduin ObuUTH MOTyYeHBI
meronoM BUMC.

Kak BHIHO U3 pUCYHKa, MAKCUMYM pacIpelesIeHHUs N0 NTyOHHe He OYeHb CHIIBHO oTian4aercs ot Fe B Si u co-
crabnser 335A.

DKCMEPUMEHTHI MOKa3auu, 9To ¥ B ciydae Ni mpu 6osbmux go3ax obaydenus 107 won/cm? npu omxure npu
temmnepatype 850°-900 °C o6pasyercst anuTakcuanbHas wiéHka cuamiuaa Ni.

9 -

M w F 4y} [©)] =] [00]
1

HHaTeHCHBHOCTEL OTH. €]1.

0O 40 80 120 160 GHM

Puc. 3. [Ipogunu pacnpedenenus necuposannvix amomos Ni 6 Si,
J1e2UpOBaAHHOM ¢ Q030U 1 0%6-107 won/m/cm?, nonyuennvie memooom BUMC
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PesynbraThl McclieoBaHMs MOKa3aJid, 4TO HpH mporpeBe obOpaszuoB g0 T>650 °C, nermpoBaHHBIX 1030
D<10% non/cM?, HaOMIOIAETCS PE3KOE YBEMUEHHE KOHIIEHTPAIMM aKTHBHBIX aTOMOB B IIPUIIOBEPXHOCTHOM cJioe. I1y-
TEM BBIOOpa TEMIEPATyphl M JUIMTEIBHOCTH OT)KUTa MOKHO JOCTHYL PABHOMEPHOTO pacIpeeieHUs IpHUMeceld B 00b-
&Me KpUCTaJUIa 10 OIpeAeTIEHHON TITyOUHEI.

Ha puc. 4 npeacTaBieHbl IEKTPOHHO-MHKPOCKOINYCSCKIE H300paXKEHUsI IOBEPXHOCTH Si 10 HOHHOTO JIETH-
POBaHM, ITOCJIE JISTHPOBAHUS, @ TAKKE IMocie 00pabOTKU NMPH Pa3HBIX TEMIIEpaTypax.

Kak BUAHO M3 PpHCYHKOB, B CIIy4ae YHCTOTO KPEMHHUS IIOBEPXHOCTD IJIafKas U PaBHOMEPHAs, TaK KaKk 00pasIibl
OpUTH OTHLTH(OBAHEI U OTIIONUPOBAHEI (puC. 4a). [Toce HOHHOTO JIETHPOBaHUSA, B 3aBUCUMOCTH OT O3Bl OOIYUICHUS U
THUIIa HOHOB, 3JIEKTPOHHO-MUKPOCKONMYECKasi KapTHHA CYIIECTBEHHO H3MeHsieTcs (puc. 40).

TeMnepaTypHBIi OT)KUT CHIIBHO BIIMSIET HA COCTOSHHE MMIUIAaHTHPOBAHHBIX 00pasioB. [Tpu Mansix go3ax 00-
nydenusi U repmuaeckom omkure 10 800 °C B ciayyae Ni cyiiecTBeHHbIX H3MEHEHUH He mporcxoauTt. [Ipu Temmnepatype
800 °C u BbIIIEe Ha AIEKTPOHHO-MUKPOCKOIIMYECKOM HM300pa)KEHHH MOBEPXHOCTH HaOIIOJAIOTCS HEKOTOPHIE OKaHTO-
BaHHBIE 00JIaCTH, XapaKTEePHbIE ISl MOHOKPUCTAJUIOB. DJIEMEHTHBIN aHaIN3 dTHX «OKAaHTOBOK)» METO/IOM JJIEKTPOHHON
Oke-CIeKTPOCKONUH MMOKa3all, YTO OHH COCTOAT B OCHOBHOM 3 aroMoB Si 1 Ni ¥ 4acTH4HO — KHCIOpoaa. AMIUTUTY/I-
Hoe pacnpeneneHne OXe-TTMKOB KPEMHHS M HUKEJA ITO3BOJSIET YTBEPXKAATh, YTO 3TU OOIACTH SIBISIFOTCS CHITUIITHIAMU
trmna NiSis.

(a) ()

Puc. 4. DnekmpoHHO-MUKPOCKORUYECKUE KAPMUHBL HOBEPXHOCHIU YUCMO20 KDEMHUSL (@) U NOBEPXHOCMU,
obnyuénnoii uonamu Ni* dosoti 10* uon/cm?, nocne omocuza npu memnepamype 850 °C (6)

B mporecce Tepmoobpabotku npu T~750 °C KOHIEHTpAIHs SICKTPOAKTHBHBIX aToMOB Ni yBenHuHBaeTCst J10
(2-5)010'® cm3, uTo B 4-5 pasa Golblle SIEKTPOAKTUBHLIX aTOMOB HHUKEJNs, YeM IIpU Au((y3HMOHHOM JIETHPOBAHMHL.
JlanbHeiilee yBellMueHHe TEMIIEPATYPbl OTPUIIATENIFHO BIHMSIO HA KOHLEHTPAIMIO 3JIEKTPOAKTUBHBIX aTOMOB HHUKEJISL.
Hauunas ¢ remneparypsl 1000 °C, oHa Obuia cpaBHHMA C TOW KOHLEHTPAMEH 3JIEKTPOAKTHBHBIX aTOMOB, KOTOpast 10-
nydaercs npu auddy3noHHOM JerupoBanun. [y 06pa3oB KpeMHus, MIUTAaHTHPOBaHHBIX Ni 1 3aMeTHOE yBenHUeHHE
KOHIIEHTPAIH 3JIEKTPOAKTUBHBIX aTOMOB IIPOMCXOIMIO IIpU TemnepaTypax orxwura Beie 600 °C. ITo mepe yBenude-
Hus Temreparypbl omxura (600-1250 °C) KoHIIeHTpaust IEKTPOaKTHBHBIX atoMoB Ni yBennunBasach MOHOTOHHO B
npegenax 10%°-6-10Y cm3, u npu ToM HanGonblIee 3HAUYEHHE KOHIEHTPALUHU JIEKTPOAKTUBHBIX aTOMOB, JOCTHTAaeMBIX
npu Juddy3noHHOM JerupoBanuu. U3ydenne npoduie pacrpeneneHus oKa3aino, 9YTo A1 IPUMECHBIX aTOMOB aKTHU-
BalMsl IPOUCXOJUT B TOHKOM HPHUIIOBEPXHOCTHOM cioe. [Ipnuém pacnpesneneHne KOHIEHTPAIUU 3JIEKTPOAKTHBHBIX
aTOMOB B TOHKOM CJIO€ HE rayCcOBO, @ MOHOTOHHO yObIBarolee B IryOb KpucTala.

TeMnepaTypHBIi OTXKHI' CHIIBHO BIMSET HAa COCTOSHHE UMILTAHTHPOBAHHBIX 00pa3noB. [Ipu MaibIx 3HAYEHUAX
JI03bI 00 TydeHHs ¥ TepMudeckoM oTxure B cirydae Ni 10 800 °C cymiecTBEHHBIX H3MEHEHHH JICKTPOHHOM KapTHHBI HE
npoucxout. [Ipu remneparype 800 °C u BbIlle Ha KapTHHE HaOJIIOJAIOTCSl HEKOTOPBIE OKAHTOBAHHbBIE 00JIACTH, Xapak-
TEpHbIE JUIT MOHOKpHCTAIUIOB. [lanbpHelee MoBhIeHne Temeparypbl omkura 10 1100 °C npuBoauT K CylecTBEHHO-
MY M3MEHEHUIO COCTOSIHHS MTOBEPXHOCTH. DJIEKTPOHHASI KapTHHA MEPEXOAUT OT «3MUTAKCUAIIBHOI» 0 aMOp(HOH 1o-
BEPXHOCTH. DTH U3MEHEHUS] OTHOCSATCS HE TOJIBKO K CTPYKTYpPE, HO M K COCTaBY IMOBEPXHOCTH. 3aMETHO YMEHBILIAIOTCS
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[0 aMIUTUTYJIC NHUKH JIETHPYIOMINX 3JIEMEHTOB, YTO CBHICTEIBCTBYIOT O PA3JIOKEHUH CHIMIUIHBIX CIOEB M YaCTUYHO-
MY HCTIApEHHIO JETHPYIOIUX HNpUMeced. Pe3ysbTaTsl 3THX 3KCIIEPUMEHTOB JOKA3bIBAIOT, YTO CIIOXKHBIE MOBEPXHOCT-
HbIE MPOLIECCHI 3aBHCST OT TEMIIEPATypPhI U A03bI JICTHPYIOIIHX pumeceii [4, 5].

AHanu3 MOJTyYeHHBIX PE3YNIbTaTOB MCCIEIOBAaHMI MTOKA3bIBAET, YTO MOHHOE JIETHPOBAHNE KPEMHUS MEPEXO-
HBIMH METAJIIIaMHU UMEET PsiZi IPEUMYIIECTB 110 CPAaBHEHHIO ¢ U] (y3HOHHBIM JISTUPOBAHUEM:

— aKTHBAIMA IpHMecel HEMOCPEACTBEHHO B NPOLECCe UMITIAHTALUY WX NIPU HU3KOTEMIIEpaTypHOM OTXKHTIE;

— pe3Koe yBelIMYeHHEe KOHLEHTPAIUU 3JIEKTPOAKTUBHBIX aTOMOB B TOHKOM IIPUIIOBEPXHOCTHOM CJIO€;

— TIOJy4eHHUE Pe3KUX N-p NepexoioB;

— TOJIy4eHHE TePMOCTaOWIBLHBIX JIETUPOBAHHBIX CJIOEB.
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THE EFFECT OF ANNEALING ON A CRYSTAL
STRUCTURE OF SILICON SURFACE DOPED BY NICKEL IONS

B.E. Egamberdiyev?, A.S. Mallayev?, M.A. Mirshomilova®, N.M. Rakhimova*
Tashkent State Technical University, Uzbekistan

Abstract. The profiles of distribution of implanted atom nickel atoms in silicon depending on radiation dose
and annealing temperature by means of Rutherford backscattering are given. The influence of thermal annealing on
distribution of nickel and other impurities, in particular oxygen, is investigated. It is proved that under certain condi-
tions of heat treatment and radiation dose the crystal structure of a so-called epitaxial silicides are formed, which can
play the role of the conductive layers or metallic coatings. The possibility of use of Rutherford backscattering for ana-
lyzing both of concentration distribution of doped impurities and the interaction of impurities is noted.

Keywords: impurities, profiles, influence, thermal annealing, implanted atoms, thin layers, depth, radiation
dose, temperature of activation, ion-implant doping, epitaxial silicides.
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Chemical sciences
XuMHYeCcKHe HAYKHU

VK 615.07: 615.322
KAUYECTBEHHbBINA M KOJIMYECTBEHHBIN AHAJIN3 THBEKIIUN AJLJITPOMBOCEIIMHA

M.M. Bo6oxanosal, A.T. lllapunos?, C.H. AMunos3
! crynent TpeThero kypca, 2 3aBeyroluii kadepbl HEOPraHUYECKOH, PU3NUECKOM U KOJIOMIHON XMMHUH,
% mpodeccop xadeapsl HeopraHudeckoit, PU3MIECKO M KOIIOMIHON XUMUK
TamkeHTCKHiA (hapMaIeBTHUECKI HHCTUTYT, PecryOnmka Y30ekuctan

Annomayus. Ipusedenvl pe3yrbmamsl Ka4eCmMEeHHO20 U KOIUYECMEEHHO20 AHANU3A UHDEKYUOHHOU NeKap-
cmeennol popmvl Ampombocenuna, NOIYHEeHHO20 HA OCHO8E MECMHO20 NeKAPCMBEEeHH020 cbipbi. Kauecmeennvlii u
KOIUYECMBEHHbII MemOo0d anaiu3a OUOAKMUGHBIX BEUECmE — CEPOCOOEPIHCAWUX OPSAHULECKUX COCOUHCHUN — OCY-
wecmenen cnekmpogomomempuieckum anaiuzom. Konuwecmeo ecnomoeamensio2o euyecmea — 6eH3UN068020 CRUPMA
— 8 COCMABe UHBEKYUOHHO20 PACMEOPA ONPEOeleHO MEMOOOM 8bICOKOIPDEKMUGHOU HCUOKOCMHOU Xpomamozpaduu,
a maxaice KOMUYeCma0 XA10PUCO20 HAMpPust — XUMUYECKUM MEnOoOOM.

Knrouesvie cnosa: Annmpombocenun, unvekyus, cnekmpopomomempusl, 8blcOK0IDPEKMUSHAsE AHCUOKOCHAS
xpomamoepadghusi.

ITo manHbIM BceMupHO# opraHu3aniy 31paBOOXPaHEHHS, CEPACYHO-COCYAUCThIC 3a00IeBaHMs SBISIOTCS O-
HOH M3 OCHOBHBIX NPUYNH MPEXKAECBPEMEHHON CMEPTH HaceleHNs IaHeThl. COTIIacHO CTATHUCTHKE, «EXKETOIHO OT Ccep-
JIEYHO-COCYTUCTHIX 3a00JIEBaHNI YMHUPAIOT OKOJO 17 MIJUIMOHOB YENOBEK, YTO cOCTaBiseT 29 % oT obmiel cMepTHO-
CTH, KOTOpasi, 0 OLEHKaM, AocTUrHeT 23,6 mwunoHa k 2030 roxy»[1]. DTu cTaTUCTHYECKHUE NAaHHBIE MMOKA3bIBAIOT,
YTO CO3/aHHe NMPOQPIIAKTHYIECKUX M TEPAeBTHUECKHX METOMOB VIS CEPJICYHO-COCYAUCTBHIX 3a007E€BaHUH SBIISETCS
AKTYaJIbHBIM.

CyoOcrannus AsrpoMmbocenuH Obuta u3o0pereHa B TalIKeHTCKOM (hapMaleBTHYCCKOM HHCTUTYTE Ha 0ase
Allium cepa L., cbipbst koTOporo B Hamieii ctpaHe nocrarouto [2]. Ero dapmakonoruueckas akTHBHOCTh ObLiia Hcciie-
JIOBaHA METOJAMH in Vitro u in vivo, i GbUTH 0OHAPYKCHBI AHTHKOATYJITHTHRIC U aHTHArPEraHTHbIe cBoiicTBa [3]. Tak-
ke Obuta pa3paboTaHa CTPYKTYpa U TEXHOJIOTHS KaTlCyIbHOM JIeKapCTBEHHON HOPMBI Ha OCHOBE cyOcTaHmuu [4].

JanbHeitmue nccnenoBanus OblIM chOKYCHPOBaHbI Ha pa3paboTKe U CTaHIapTHU3AIMKU IIpenapara il HHbeK-
IIMOHHBIX JIEKapCTB Ha OCHOBE cyOcraHumu AurtpomOocenuna. B aToif ctatbe Mbl 0000IIMIN KaUe€CTBEHHBIH M KOJIH-
YECTBEHHBIH aHATHN3 «MHBEKINH AJITPOMOOCETTHHY.

JKCHepUMEHTAJIbHAS YacTh

CocraB 00beKTa HCCIIEIOBAHUS — «MHBEKIIMH AJUITPOMOOCETTNHY» BBITIIAINT CIEIYIOIINM 00pa3oM:

Cy0crannus AmTpoMOOCceTHH -50r;
(OCIT 42 V3-22175941-2908-2016)

bensunoBslii ciupt -9.0r;
(bpur. @., Esp. ©., CIIIA @.)

Xnopua HaTpust -34r;
(bpur. @., Esp. @., CIIIA @.)

Bopga mist ubeKmuii —goln

1) KauecTBeHHbIH aHanu3 cepocojepxariux opranuueckux coeaunnenuit (CCOC) B AmurtpoMOOCenuHe OCHO-
BaH Ha JBYX PEaKIMAX:

a) B 4 mu1 npenapara Oblin 06aBneHs! U cMemansl 2 karum 0,1 MoJb/n nepManranaTa kanus. LBet pacTBopa
nepMaHraHara Kanus (po3oBbiil) ucue3 (HeHacsienHslit CCOC).

6) CiekTpohOTOMETPHUUECKUN METO/.

2) MoaMHHOCTD GEH3MUIIOBOTO CIUPTA OBUIA MPOTECTHPOBAHA C MCIIOIB30BAHUEM BBICOKOI(DHEKTUBHON JKH/I-
kocTHO# xpomaTorpadun (BDXKX) (110 cpaBHEHHIO CO CTAHIAPTHBIMU 00pasIaMu).

3) K wnony Hatpus. K 2 mn mpenapary po6aBunu 2 miu 150 1/1 KOHIEHTPUPOBAHHOTO KapOOHATa KaHs U
HarpeBanu (0e3 oOpa3oBaHHUS OCaKa), 3aTeM KHITATIIIN ¢ 4 MJI pacTBOpa MUPOaHTH(OHATA KATHA M OXJIAKIATH Ha Jie-
nsiHO# OaHe. OGpa3oBasicst OEIbI 0CaIOK.

© Boboxanosa M.M., [llapunos A.T., Amunos C.H. / Bobojanova M.M., Sharipov A.T., Aminov S.N., 2019
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Tabauya 1
Pe3yabTaThl OnpeeeHus XJOPHAa HATPUSA B HHbEeKIMH AJLITPOMOOCcenuHA
Ne O06beM Mosy4eHHOTO Tpernapata, Mi (V) KomgectBo xnopuaa Hatpust, Mr/mi (X) Mertposnoruueckoe onrcaHue
1 10,05 3,40 2
X =3,44; F=4 S =0,00145
cp
2 10,08 3,42 S=0,0381
AX=0,1058
3 10,10 3,43 AX =0,0473
cp
4 10,12 3,45 £=3,08%
= 0
5 10,16 3,50 fp 13T

4) K nony xnopuzga. K 2 mn npemnapara 6pu1a go6aBieHa pa30aBieHHas a30THAS KHCIOTa U 00pa3oBaHa KHcas
cpena u 3atem cmemana ¢ 0,5 mn 0,1 mu/m pactBopa HUTpaTa cepebpa; B pe3yibprate oOpa3oBaics OembIii 0cagoK, KO-
TOPBII pacTBOPSETCS B a30THOM KHUCIOTE, HO HE PacTBOPSETCS B KOHIIGHTPHPOBAHHOM PACTBOPE aMMHAKa.

Onpedenenue cooepacanusi NaCl 6 unvexyuu Animpombocenun. Ilepemectinu 10 M mpenapara B Hamry Jis
turpoBanus. [lobasunu 150 mi Boael, 1,5 ma 5%-Horo pacTBopa xpomara kanus u TutpoBanu ¢ 0,1 mMons/n HuTpata
cepebpa 10 00pa30BaHUA KPAaCHOTO OCajKa.

1 mi1 0,1 Moub/1 HUTpaTa cepebpa COOTBETCTBYET ¢ 5,844 Mr Xjopua HaTpUs.

KonyecTBo Xj10puia HaTpHs B MI/MII pacCYMTHIBAETCSI 110 clienytoiell Gpopmyse:

V, % 5,844 x K
X="Tr——

rne: X — xnopun Hatpus, mr; ¥, — konmuectBo HUTpara cepedbpa 0,1 Moib/n, pacxoayemoro Ha cyer, Mit; V — o0beM
npenapara, B3AThIH 11 THTpoBaHMs, MIT; K — K03 GHUINEHT KOPPEKIUH THTPA.

Ananuz cepocooepicamux opzanuueckux coeounenuii (CCOC). bpio no6aBIeHO 5 MIT JIEKapCTBEHHOTO Cpel-
ctBa B 50 MJI TEpPMOCTOMKOTO CTEKJIa, ¥ K HeMY J00aBIISUIH 2 MIT IIEJIOYHOTO PacTBOPA IMHKA HATPHsL. 3aTeM P TEMIIepaTy-
pe 200 + 10 °C cymm B pedprkepaTope U CyNIMIBHOM MiKady 10 Bhichixanus. Octatok pactBopsutd B 60 mit 2%-Hoit
YKCYCHOMW KHCJIOTBI U TIOTPY)KaJI B M3MEPHUTEINbHYIO K010y ¢ oObeMomM 100 M 1 100aBisuM K moTy4eHHOMY pactBopy 10 mit
0,1% m-amuHOo N,N-1uMmeriianmvHa, nepeMenmBaiy u 3ateM gooasisumu 0,5 M 0e3BOAHBIN pacTBOp Keje3a U OCTABIISIIN
Ha 20 MUHYT J10 HIoJTydeHHs cuHero IBeta. Yepes 20 MuH 06beM yBennauBaau 10 100 M 1 ONTHYECKYIO MIIOTHOCTH PacTBO-
pa u3MepsIM Ha cnekTpodoromerpe ¢ IIOTHOCThIO 10 MM Ha ajMHE BOJIHBI 665 HM. B J0mosHEHHEe K SKCTpaKTy JieKap-
CTBEHHOTO CPEJICTBA B KAYECTBE BCIIOMOTaTEIILHOTO PACTBOPA NUCIIOJIb30BAIN PACTBOP, COACP KA BCE PEarcHTHI.

®opmyna mns pacuera konmaectBa CCOC B MHBEKIIUN AJIITpOMOOCETHHA

D, % 0,0001 x 100
a D, %5

X

rae: Dy — onTudeckas INIOTHOCTh aHAJIM3UPYEMOTro pacTBopa; [y — onTH4eckas INIOTHOCTh CTAHAAPTHOTO PEIICHUS.
Kommaectsennsiit ananmms CCOC B HHBEKIIMA AJDITPOMOOCETIHHA TIPUBEICH B TaOIHIIE 2.

Tabauya 2
Pe3yabTarsl onpeaenenns koanyecrsa COB B nHbeKIIMU AJUITPOMOOCENHHA
- * -
No O0beM MOTYIEHHOTO TMpeTia KomaectBo CCOC* (cepocoaepikaiiee opraHmde MeTpooriueckoe onmucanue
para, ma (V) ckoe coeannerue), Mr/mi (X)
1 8,00 0,150 X =0,1546; F=4;
cp
2
2 8,10 0,152 $ =0,0000158;5=0,00397;
AX=0,01105;

3 8,12 0154 AX =0,0049;

cp
4 8,15 0,157 e=7,1476%;

= %:
5 8,19 0,160 B 1 1905%:

*nepepacuem omnocumenvho K 3,3 - OUmMuoOunponarno8ol Kuciomuvl

Konuuecmeennwtii ananus éen3unoeozo cnupma. KommiecTBeHHbIN aHaIN3 OEH3UIIOBOTO CIUPTA MPOBOINIH
Ha BBICOKOI(PEKTUBHON KHUIKOCTHOW XpomMarorpadudeckor ammapatype Agilent 1200, o6opymoBaHHO# crieKTpodo-
TOMETPHYECKUM JieTeKTopoM. Pasmep konoHku cocrasisier 150 x 4,6 mm, BDS Hypersil C18 ¢ pasmepom uactuil 5 Mkm,
copberrom Hypersil ODS. Ilpomecc xpomaTorpadhuu MpOBOAMINA B H30KPATHUECKOM PEKUME C UCTIOJIL30BAHUEM CMECH alle-
TOHUTpPWIIA U BOIBI (22:78) B KauecTBE MOABIKHOM (has3bl, CKOPOCTh MOTOKA COCTABIIUIA | MII/MUH, TeMIlepaTrypa KOJOHKU
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cocrasisiia 250 °C. Pasmep o6pasma cocrasisut 20 MKII, a XpoMaTorpagudeckuii MpoQ b KOHTPOJIUPOBAIH TpH 257 HM [5].

Oyenusanue cucmemHol npU2OOHOCMU.

Xpomarorpaduieckast CHCTEMa AOJDKHA COOTBETCTBOBATH CIEAYIOIINM TPEOOBAHMUSIM:

— 3 PEeKTUBHOCTH XpOMaTOrpapUIECKON KOJIOHKH PacCUNTHIBACTCSA Ha MMHKe cTaHmapTHoro oopasua (CO) 6eH-
3WJIOBOTO CIIUPTA B XpomaTorpamme He MeHee 3000 TeopeTHuecKuX IIaCTUHOK;

— aCUMMETPHUYHBII KOAQ(UIIMEHT BO3HECEHUsT pacCUUTBIBaeTCsl Ha nike xpomarorpaduu CO pactBopa GeH3H-
JIOBOTO CIIUPTA, HE TPEBBIMIAIONIEM 2;

— CTaHJapTHasl OTHOCHUTENbHAs ASAYKIHs, pacCiuTaHHas 1o MUKy pactBopa CO OGeH3WIOBOro CnupTra B Xpo-
Marorpamme, He npesbiniatonas 2 %.

YT00BI aanTHPOBATh BHINICYIOMSHYThIE KPUTEPUH, MOXKHO M3MEHHUTh COOTHOIICHHE alleTOHUTPHIIA U BOJBI B
nepeIBMKHOM (ase.

[Ipurorosnenne pactBopa 6ersmioBoro crmpra CO. 100 Mr GEH3MIOBOTO CIHPTA MEPEHOCHIN B U3MEPUTEIh-
HYI0 K00y ¢ o0bemoM 50 Mt 1 iepemMermuBand, 100aBistst 40 MII HOIBIKHON (a3bl.

ITpuzomosnenue ucnoimyemozo pacmeopa (AP). 5 Mit HCHBITYeMOro mpenapara BBOAWIHM B U3MEPHUTEIbHYIO
KOJIOY ¢ 00beMOM 25 MIT M IPOITYCKaNX B a3y ABIKCHHA 0 3HAKa M MEPEMEIIHBAH.

CO u moy4eHHBIH pacTBOpP MOCIEIOBATEIHHO XPOMATOrpadHpOBAIN U MOTYyICHHBIE XPOMATOTPAMMEI OBLITH
[IOKa3aHbl Ha puc. 1 u 2.

¥ e

1z

T
0= 0.50 oTs 100 13 120 175 20 = 20 7 300 £ EE £ 1.0 12z

Pucynox 1. Xpomamozpamma cmanoapmmuozo obpasya 6en3unoeo2o cnupma

Pucynox 2. Xpomamoepamma 6eH3uno6020 cnupma ucnvlmyemozo pacmeopa
DTOT MpoIiecc MOBTOPsUTH TpU pasa. KoHIeHTpaliio OEH3MIOBOTO CITUPTA B Mpenapare (Mr/Mi1) pacCUUThIBAIN
0 CIIeAyIoIeH hopMmyIe:
Sxax P =25
T 5,%x50%5

riae: S — mom@ans nuka OEH3UJIOBOrO CIMPTa B XpOMATOrpaMMe HCIIBITYeMOr0 PacTBOpa; 5, — 001acTh nuka GeH3uIo-
Boro cnupra B xpomarorpamme CO pactBopa; a — 6ensuiossiii ciupt CO, Mr; P — konndecTBo OEH3MIOBOTO CIMPTa B
pactBope CO, %j;

PesynbTaThl OnpeeneHus KoJIMuecTBa OSH3UIOBOTIO CIHUPTA, COACPIKAIIETOCS B pacTBOPE JJIsi HHbEKIUH AJl-
nTpoMOOCenHA, TIPUBEICHBI B TabnuIe 3.
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Tabnuya 3
OmnpeneneHue KOJINYeCTBA 0€H3WJIOBOT0 CIMPTA, COAEPKALIErocsl B MHHbeKIIMH AJITPOMOOCennHA

Ne O6beM mosyderHoro npemnapara, mi (V) KonunyectBo CCOC*, mr/min(X) MeTponoruueckoe onucaHue
1 5,00 9,38 Xep = 9,42; F=4; $°=1,63-10%;5=0,040;

AX=0,1738,;
2 5,00 941 AX =0,1003;

cp
e=1,84%;

3 5,10 9,46 e,= 107%;

O030p pacTBOpa ISl UHbEKIUN ATITPOMOOCENUH Ul KaUECTBEHHOI'O M KOJIMYECTBEHHOI'O aHAIM3a: CaAMbIM BaX-
HBIM MHTPETUEHTOM B AJUITPOMOOCENHHE SBISIOTCS OPraHUMIECKUE COSIUHEHHUS, colepkamue cepy. X moammHHOCTE Obuia
IPOJIEMOHCTPUPOBAHA ABYMsl PAa3HBIMH CHOCO0aMHU, BKIIOYas NEPBYIO PEAKLUIO B Pe3yibTaTe OKHUCIECHHS HEHACHIILICHHOIO
COB, BbI3BaHHOTO PacTBOPOM IIEpPMaHraHaTa Kallisl, €ro I[BET M3MEHHWIICS C PO30BOrO Ha OecuBeTHbIN. BTOpoi MeToa ocHO-
BaH Ha peakIMU KOJIUYECTBEHHOrO aHanu3a AiarpombocenuHa, rae coeauHenusst COB ObliM npeBpalieHbl B METUIEHOBBIM
CHHUH C TIOMOIIBbI0 HECKONBKUX Peakiuid. Bo BceM CrieKTpe MOrinoTUTeNss METHIEHOBOTO CHHETO CBETa J[Ba HAIIMX KOHKPET-
HBIX MaKCUMyMa (IJIMHA BOJIHBI 618 + 2 1 665 HM) NOATBEPIWINCH B HAIIUX HCCIIEIOBAHUAX.

Ben3unoBblil ciupT ObUT 00aBJIEH B Ka4eCTBE KOHCEPBAHTa B MHBEKIMIO AJUITPOMOOCEIHHA, 3TO OBUIO JT0KAa3aHO
MmetosoM BOXKX. MccnenoBanus ObuIM IIPOBEAEHB! B cpaBHeHUU OeH3mioBoro cnupta ¢ CO. B pesynpTare NOBTOPHBIX HC-
cleZloBaHMid OBUTO 00HAPYKEHO BpeMsl 3axXBaTa OCH3WIOBOTO CIIUPTa, KoTopoe paBHo 1,7 & 0,2 munyTe.

XJI0pUA HaTPUS UCTIOJB30BAJICS B KAUECTBE CPEACTBA UL 00eCIeueHUs] H30TOHUYHOCTH HHBEKIUN AJUITPOMOOCEIHHA.
10 6BUIO TOCTHTHYTO 3a cueT peakiuii Na* u Cl', B ero Tounoctr ¢ I'® 1 OBUTH TOIYUEHBI TTIOJIOKUTEIBHBIE PE3YITBTATHL.

KomnyectBo conepxanust CCOC B «uMHBEKIMU AJUITPOMOOCENHHA) OBUIO CHEKTPO(YOTOMETPHUYECKH OIPEeSICHO
MyTEM METOIUYCCKOM-CTaATUCTHIECKOH 00paboTku pe3ynsTatoB B pucyrctBun 0,15 + 0,05 mr/mi CCOC B ero cocrae. Ko-
JIMYECTBO OSH3MWIOBOTO CIHPTA, COAEPAKAILErocs B 3TOM Ipenapare, onpeiesti no merony BOXX, u Obu1o ycTaHOBIEHO,
YTO ero conepkanue coctaBisuio 9,42 + 1,2 mr B 1 mut pactBopa st HHBbEKIHA. KpoMe Toro, KOIH4ecTBO XJIOpHIa HATPHS,
COJIEpIKAIErocs B pacTBOPE UL MHBEKLUH AJITPOMOOCENUHA, ONIPEAENISIIU 10 apIreHTOMETPUIECKOMY MeToAy. Pe3ynbTarsl
ObUTH 00paboTaHBl MATEMATHIECKH U CTATUCTUYECKH, ITyTEM IIOBTOPEHUS TUTPOBaHUS 5 pa3. [lomydeHHbIe pe3yabTaThl MoKa-
3a11u, 4YTO PAcTBOP JUI UHbEKIUH AuitpoMmbocenuH conepsxai 3,44 + 0,4 mr xnopuna HaTpus B 1 ML

3akmovenue. BriepBbie Oblia pa3paboTaHa UACHTH(PUKALUS UHTPETUCHTOB B COCTaBe AJUITPOMOOCEIIMHA: CEPOCO-
JiepoKallie OpraHuueckue CoeAuHeH s, OEH3WIOBbIM cnupT U xiopun Hatpua. KomnuectBo conepaxumoro CCOC B «MHBEK-
oK AJIITpOMOOCENHHA» aHATH3UPOBAJIOCH CIIEKTPO(YOTOMETPHIECKH, @ MaTeMaTHYeCcKasi 1 CTaTUCTHYECKass 0OpadoTKa To-
JIy4eHHBIX Pe3yJIbTaTOB 3aKJII04aiach B TOM, 4To oHa cojeprkana oT 0,01 no 0,05 mr/mn CCOC. KonnuecTBo copepxalierocs
B HeM OEH3WJIOBOTO crupTa cocTaBisuio 9,42 + 1,2 mr/mi, kotopoe onpenensuii mo Metoay BOXKX. Konuuecto xiopuaa
HaTpus ObLIa OIpeesIeHO CII0cOO0M apreHTOMETpUU U cocTaBisuio 3,44 + 0,4 mr/mi.

KauecTBeHHBIE M KOJHMYECTBEHHEIC METOAbI aHaJIn3a IJIAd yHOTpC6HCHHH UHBECKIIUNU AJ]J]TpOM6OC€HI/IHa 6]>IJ'II/I uc-
TIOJTb30BAHBI TS CO3aHMs (PapMaKONIEHHON CTaTbU MPEATPHUSTHSL.
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QUALITATIVE AND QUANTITATIVE ANALYSIS OF ALLTROMBOSEPIN INJECTION

M.M. Bobojanova?, A.T. Sharipov?, S.N. Aminov®
1 Third year Student, 2 Head of the Department of Inorganic, Physical and Colloid Chemistry,
3 Professor of the Department of Inorganic, Physical and Colloid Chemistry
Tashkent Pharmaceutical Institute, Republic of Uzbekistan

Abstract. The results of the qualitative and quantitative analysis of the injection dosage form of Alltrombosepin
obtained on the basis of local medicinal raw materials are presented. The qualitative and quantitative method for the
analysis of bioactive substances, sulfur-containing organic compounds, were carried out by spectrophotometric analy-
sis. The amount of the auxiliary substance — benzyl alcohol — in the injection solution was determined by the method of
high-performance liquid chromatography, and the amount of sodium chloride was determined by the chemical method.

Keywords: Alltrombosepin, injection, spectrophotometry, high-performance liquid chromatography.
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COPBIIMOHHOE PABHOBECHUE OBMEHA NOHOB HEKOTOPBIX
OBETHBIX METAJIJIOB HA IPUPO/IHBIX U CUHTETHYECKUX COPBEHTAX

®.T. Maxmymor?, 11.3. Dpenauera’?, B.X. Annera®, M.A. Parnmun’, M.A. A66acor’®
WHCTUTYT KaTaiu3a ¥ HEOPraHUYECKOM XMMHUU UMEHH akajeMuka M. Haruesa
HAH Asep6aitmkana (baky), AsepOaitmkan

Annomayusn. I[louck uOHOOOMEHHUKO8, 0OIAVAIOWUX CENEKMUBHOCIbIO, UMeem OO0IbUOe 3HAYEHUe, NOCKOIb-
KY UOHHbBLIL OOMEH 3aHSL 8ANCHOE MECMO CPeOU OCHOBHBIX MemOo008 pa30eieHus, KOHYEHMPUPOSAHUSL U OYUCTIKU DA3-
HOoobpasnvlx cmecell eewecms [6]. B cés3u ¢ 6ypHbIM pazeumuem GaliCHHIX OMPACLeli NPOMbIUIEHHOCIU, HedhmeXumu-
yecKas, 2a1b8aAHUYECKAsl, INEKMPOHUKA, DJIEKMPOMEXHUKA U Op. 8 Hawiell pecnybnuke, NHompeOHOCHb K MHO2UM nepe-
XOOHbIM MeMALIAM YEeIUUUsaemcs. Ymmenvuaiomes npupoouslie sanacwvl paoa ysemuvix memannos Ag, Ni, Co, Cu, Zn,
Cd u Hg 6 semnou kope. [lomeps ux 8 JcuoKux omxooax pasiuyHblx NPOMbIULIEHHbIX npoyeccos Hedonycmumbl. OOHa-
KO, NPUCYmcmeue ux 8 npupooHblX 6000EMAX eblule npedeibHou 0onycmumou konyenmpayuu (I1/[K) ¢ o0noii cmoponwl
BbI3LIGAION UX NOMEPU, KAK YEHHBIX DJIEMEHMO8, ¢ OpY2Oll CIMOPOHbLL OHU ONACHbL He MONbKO OISl HCUSHU 4eN08eKd, HO U
@nopwi, paynvl 600oémos [3].

Knroueswvie cnosa: cunmemuueckuti copbenm, copoyusi, UOHHbLI 0OMeH, CMAmuKa, KIUHONMUIOIUM.

BBeaenue

Co u Cd comepxwurcst B BBIOpOCax MPOU3BOJICTB METAJUTYPTHIECKUX, aKKyMYJISITOPOB, FaIbBAHOTEXHMYECKUX,
Kpacuresei, KepaMHYeCKHUX, a30THOM KUCIIOThI, MACIIOKHPOBBIX U JIp. MPOU3BOICTB HamHoro Boiire T[TJIK [3].

B 1aHHO# cTaThe 060ONIEHB! PE3yIbTaThl M3ydeHHs! paBHOBecHs copbimu uoHoB Co?* n Cd?* u3 pacTBOpOB ¢
KOHLEHTPALMSIMH HOHOB OJM3KUMH K MX KOHLICHTPALMSM B JKUIKUX IPON3BOJCTBEHHBIX OTX0/aX.

JInst SKCIIEPMMEHTANBHBIX HCCIIEI0BaHUI OBUIM MCIOJIb30BaHbl PACTBOPHI C KOHIEHTpauMsAMu HOHOB Co%* u
Cd?* B unreppane 1-103-1-10* N. DTH KOHLEHTPAIMH COOTBETCTBYIOT KOHIIEHTPALMAM HOHOB B IIPOM3BOJICTBEHHBIX
UX KUJKHX OTXOIaX C yKa3aHHbIMH HOHaMu. J[ist 3toro B3saThl conmu kobanbra — Co(CH3CCHO)2:2H20 u xaamus
CdCl;-2,5H20 mapoxk "x.u.".

B skcmepuMeHTax MCMONB30BaHbl MOgH(MUIIHpOBaHHbIe Na* noHaMu GOPMBI TIPUPOTHBIX COPOCHTOB KITHHOII-
THoNMTa Alitarckoro u 0eHToHuTa JlaricanaxanHCKOro MecTopoxaeHus Asepbaiimkanckoii Pecniyomuku. Jlns cpas-
HEHHUS W3 MPOMBIIUICHHBIX COPOSHTOB OBII MCIONIB30BaH CHHTETHUECKHH KaTHOHHT KVY-2-8 (comommmep ctuposa u
JMUBHHUIIOEH3071a), MoauduImpoBanueiii Hamu B HY, Na* -opmbr.

HeobxonnMeie MOHHBIE GOPMBI KIMHONTHIONNTA, OeHTOHNTa U KY-2-8 OBUIM MOMydYeHBI B TUHAMHYECKHUX
ycnmosusix myteM npombiBaaus 0,1 N pactBopamu NaCl u HC1 npu komuatHO# Temmeparype (22 °C). O6pasusl cop-
OEHTOB NPOCYIIMBAJIIICH HAa BO3IyXE A0 BO3YIIHO-CYXOT'O COCTOSIHMSI M XPaHHIINCh B CTEKISIHHBIX OaHKax ¢ MpoTEép-
TBIMH TIPOOKaMHU.

B Hammx ucclenoBaHusAX I ompeseneHus cojaepxkanus noHos Co* u Cd?* B pactsopax B unrepsaie 0,001-
0,IN u3MeHeHHs1 UX KOHIIEHTpalnii B OCHOBHOM OBLIM HCIIOJIb30BaHBI METO/bI KOMIJIEKCOHOMETPHYECKOTO THTPOBA-
Hus [7] 1 POTOKOIOPUMETPHUIECKOTO onpeaeneHust [4].

CriepBa B CaMOCTOSITEITBHBIX AWHAMHYECKHX OIMBITAX YePe3 KOJOHKH C Ha BECKO# (=5 T) yKa3aHHBIX BBIIIE,
o6pasioB copbentoB B HY, Na*-¢popmax [KY-2-8(H), KY-2-8(Na), Na-kiuHontuinonutr Na-GeHTOHHUT] ObUTH ONpesese-
HBI IMHaMuYeckre oOMeHHble éMkocTn DOE, co ckopoctbio 1 mmmun. no monam Co?* u Cd?* ucnonb3yst cooTBeT-
CTBEHHO alleTaTHBIE W XJIOPUCTHIE PacTBOPHI KOOaNbTa W KaaAMHUS B IIMPOKOM HHTEPBAJIC W3MEHEHMS KOHLIEHTPALUH
uoHoB (1-103-1-10*N). Iocne onpejencHus CyMMAapHOTO COIAEP:KAHUSA MOHOB B (DUILTPATAX, ONpeeNsin copoupo-
BaHHBIE KOJMYECTBA MOHOB. Jlayee, MONHBIC TUHAMUYECKHE OOMEHHBIE EMKOCTH PacCUMTHIBAIM B MI-3KB/T COpOEHTA.
Pe3ynbraThl OnbITOB MpHBeAeHB! B Tadn. 1 u 2. B maHHBIX ONBITaxX OBUTH MCIIOIB30BaHBI (PPAKIMK pacceBa KIMHOITH-
nonuta 0,63 — 1,00 mm, 6erronuta 0.3-0,5 mm.

Tabauya 1
JOE ucciienyeMbIXx MOIH(UIIMPOBAHHBIX COPOEHTOB N0 HOHAM
k00a1bTa (Co?*) M3 PacTBOPOB Pa3sHBLIX KOHIEHTPALMii B MT-)KB/T
CopOeHT Konuenrpauus, N
1-101 1-1072 1-103 5-10* 1-10*
KY-2-8(H) 5.3116 1,4918 0,1531 0,0644 0,01463
KVY-2-8(Na) 5,4922 1,6144 0,1942 0,0834 0,0365
Na-KJIMHONTHIIONUT 0,8723 0,6931 0,1311 0, 0483 0,0186
Na-GenTonur 2,0815 1,0744 0,1962 0,0692 0,0296

© Maxwmyzos @.T., Ddenauesa 111.3., Amiesa B.X., Parummi M.A., AG66acos M.A. / Makhmudov F.T., Efendiyeva Sh.Z., Aliyeva V.Kh.,
Ragimli M.A., Abbasov M.A., 2019
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Tabauya 2
JOE ucciexyeMbIx MOAM(PUIHPOBAHHBIX COPOEHTOB 10 HOHAM
kaamus (Cd?*) U3 pacTBOpPOB pa3HbIX KOHIEHTPANIMI B MI-3KB/T
CopOeHt Konuentpauus, N

1-10% 1-10? 1-10°3 5-10* 1-10*
KVY-2-8(H) 5.2418 1,4106 0,1409 0,0511 0,0198
KV-2-8(Na) 5,3946 1,5339 0,1744 0,0667 0,0293
Na-KJIMHONTHIIONNAT 0,9050 0,7108 0,1291 0, 0363 0,0171
Na-6eHToHHT 1,6126 1,0615 0,1663 0,0547 0,0329

Jns nonyyenus uzotepMm cop6uuu nonos Co?* u Cd?* Ha uccieqyeMbIX COPOEHTaX B CTEKISHHBIE KOJOBI C
omnpeenéHHPIMU HaBECKaM¥ MOAU(UIIMPOBAHHBIX COPOSHTOB NOOABISIIM PacTBOPHI COJiel yKa3aHHBIX HOHOB PasiIHy-
HBIX SKBUBAJICHTHBIX-KOHIICHTPANNH (METO]] IIEPEeMEHHBIX KOHIICHTPALINH 1-10°N, 5-:10* N, 1:10*N). Kon6sr BCTPAXH-
BaJIM JI0 YCTaHOBJICHUS! COPOLIMOHHOTO paBHOBECHs (BpeMs pPaBHOBECHS yCTAHABIHMBAIU B CAMOCTOSTEIBHBIX KHHETH-
YEeCKHX OMbBITax). 3aTeM B AJMKBOTHBIX MPOOAX PABHOBECHBIX PACTBOPOB OMPENENSIM KOHIEHTpaimu uoHoB Co?* u
Cd?*. Tocne pacuera cOpOUPOBAHHBIX Ha COPOEHTAX KOJIUYECTB HOHOB (0L) CTPOMIIM U30TEPMBI COPOIIMH, BHIPAKEHHBIE
Yyepe3 HKBUBAJICHTHbBIE KOHIICHTPAIIMM HOHOB Ha copOeHTe 1 B pactBope (puc. 1 u 2).
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Puc. 1. Hzomepmvl copbyuu uonoe Co®* us pacmeopos na KY-2-8. H- u Na- popme, Na-xnunonmunonume u Na-6enmonume
npu 3-x KoHyeHmpayuax ucxoonozo pacmeopa — 1+ 103,5-104, 1 « 10* N, coomsemcmsenno (1, 1, 1" — Na-Ky-2-8;
2,2', 2" — H-KV-2-8; 3,3',3"- Na-xrunonmunonum, 4,4',4"- Na-6enmonum)
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Puc. 2. Hzomepmot copbyuu uonoe Cd?* uz pacmeopos na KY-2-8. H- u Na-gpopme, Na-xaurnonmunonume u Na-6enmonume
npu 3-x KoHyenmpayusx ucxoonozo pacmeopa —1 « 103, 5-10"4, 1 » 10* N, coomeemcmeenno (1, 1' 1" — Na-Ky-2-8;
2,2', 2" — H-KV-2-8; 3, 3', 3" — Na-xmunonmunonum; 4, 4, 4" — Na-6enmonum)
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Pe3yabTaThl H UX 00CyKIeHHE

W3 tabmu (ta6mn. 1 u 2) Buano, uto DOE a5 nonos Cd*2 u Co* B ocobenHOCTH TP HU3KUX KOHIICHTPALIUIX
(5-10“% N u 1-10* N) ma Na-xnuHonTunonute u Na-OeHTOHHTE UMEETCS CXOAUMOCTh CO 3HAYEHHSAMM HAa CHHTETHYE-
ckux copbenTax H* u Na*-KV-2-8. DTu HU3KHE KOHIIEHTPAIIMH COOTBETCTBYIOT KOHIIEHTPAIMAM HUCTIOIb3YEMBIX HOHOB
B CTOYHBIX BOJAX.

ITokazatens DOE sBisieTcst 0YeHb BaXKHBIM, €CIIH YY€CTh, YTO COPOLMOHHBIC METOMbBI C MPUMCHEHUEM TBEp-
IIBIX COPOCHTOB YacTO WCIOJB3YIOTCSA JJS KOHIICHTPHPOBAHWS, WU3BICUCHUS WM PA3JCICHHS I[CHHBIX KOMIIOHCHTOB
(MOHOB psi/ia IIBETHBIX U TAXKEIBIX, PEAKO3EMEIbHBIX, TPAHCYPAHOBBIX DJICMCHTOB U T.II.) U3 Pa30aBICHHBIX PACTBOPOB
MIPOU3BOJICTBCHHBIX JKUJAKHX OTXOJOB, TAKXKE JJIS IOOYUCTKU MPOU3BOJACTBEHHBIX CTOYHBIX BOJ OT TOKCHYHBIX HOHOB
PAaa IePEeXOIHBIX 3JIEMEHTOB MepPe/l BBITYCKOM UX B TIPUPOTHBIC BOTOEMEL.

BrIpasui KOHIICHTPAIMU HOHOB B PACTBOPE M B MOHUTE Yepe3 IKBUBAJICHTHBIC TOJM HOHOB aBTOPHI paboTHI [5]
MOJTYYHIIM BBIPKEHHUS IS pacueTa 3HAYCHU I TepMOANHAMUYECKIX KOHCTAHT paBHOBECHSI HOHHOTO oOMena Krepmo.

1 ) Co(Ngy=1) dE
Inkpwor= [ INKIAN = 0
0

Co(N =)

M)
n

rae — n=CaZpa+CpZg, C =Ca+C,, dC =dCa+ dCg, Za 11 Zg — 3apsiabl 0OMeHnBaeMBIX HOHOB: Co M T CyMMapHBIE JK-

BUBAJICHTHBIC KOHHCHTPAIHUHU pacTBOpa U cop6eHTa, A u B — oOMeHHnBaeMbIe HOHBI, NA]_[ n NB]_[' KOHICHTpAuu NOHOB
1

A u B B cpene copbenra, K © , — KOHIEHTpaIMOHHAs KOHCTaHTa OOMEHa.
VYkazanHas (opMyia MO3BOJIET ONMPEIACTUTh 3HaUeHUs KTepMoa B MIMPOKOM HHTEpBalic N3MEHCHHS KOHIICH-
Tpalyy HOHOB B PaCTBOPAX MPH JHMHEHHBIX n30TepMax. Paccuntanneie 3HaueHNsT KTepMo/ BHeCeHHI B Ta0II. 3.

Tabauya 3
3navenust Krepmon 1711 HOHOB Co*?u Cd*, COpPOMPOBAHHBIX HA HCCIEAYeMBbIX
MOAN(UIIMPOBAHHBIX COPOEHTAX MPU PA3THYHBIX KOHIEHTPAIMAX HCXOIHBIX PACTBOPOB
Cucrema o = Cucrema o w
2 g~ = g
g £2 | g =2 | &
ol = = g = S o =
E[ = NS o E = N o
cE8Z| 82 ° sgz| 8z 5)
5 & g & g 5 & g g g
SE 5 S 2 SIS =S g
= £e o = £e &
e} 9 = I
g o g &
KY-2-8(H)+Co?* 1-10° | 0,8160, KV-2-8(H)+Cd?* 1-10° 0,714
5-10 798 0,793 5-10* 0,693 0,695
1-10% 0,765 1-10% 0,679
KY-2-8(Na)+Co?* 1-10° | 0,831 KV-2-8(Na) Cd?* 1-10° | 0778
5-10 0,809 0,807 5-10* 0,746 0,746
1-10% 0,782 1-10% 0,714
Na-xnmuaonTuionut+Co?* 1-10° 0,649 Na-xnmuaontuionut+Cd2* 1-10° 0,593
5-10 0,617 0,624 5-10* 0,572 0,573
1-10* 0,606 1-10* 0,554
Na-6enrorut+ +Co?* 1-10° 0,697 Na-6enTonnT + +Cd%* 1-10° 0,609
5-10 0,678 0,673 5-10* 0,584 0,590
1-10% 0,643 1-10% 0,577

TepmonHaMUUYecKass KOHCTAHTA HOHOOOMEHHOTO PaBHOBECHSI JUISl PA3HOBAJICHTHBIX HOHOB, PACCUMTAHHAS TI0
¢dopmyne (1) He 3aBUCUT OT KOHIIEHTPALUK PACTBOPA U [UIsl PacueTa ITOH BEIMYMHBI HE TPeOyeTCs onpe/ieneHus Kod¢-
(unMeHTa AKTHBHOCTH.

I'paduku 3aBucumoctu ko3¢ urrienta cenekTuBHOCTH (K¢) OT SKBHBajIeHTHOW 0N COPOUPYEMBIX HOHOB B

dase copbenra (N ), T.e. K, InK=f (N ) npusenenst na puc. 3, 114 HccienyeMbIx cOpGEHTOB XOPOIIMM HOATBED-
KJIEHHEM TOTO0, YTO IIPH MPOBEICHWH OOMEHa M3 PacTBOPOB C PA3IMYHON 3KBHUBAJICHTHOI KOHIIEHTpanuel CBOICTBa
HOHOB B (pa3e copOeHTa HE 3aBHCAT OT KOHIIEHTPAMK pacTBopa. KpuBble OTIH9ar0TCs B 3aBUCHIMOCTH OT BHIa HOHOB U
copbenros [1, 2].
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Puc. 3. 3asucumocmo ko3gpguyuenma cenexmusnocmu Ke(a) u e2o noeapugpma (6) om sxeusaieHmmnoui 00.1u N copoupyemuix
uoH06 6 (pase copbenmos. a) 1- Na-6enmonum+Co?*(A-1-10°N, A-5-10*N, x-1-10"*N)2- Na-kmunonmunonum+ Cd?*(O-1-10-°N,
O-5-10"*N, Y-1-10*N), 6) 1-Na-6enmonum+Co%*, 2- Na-xmunonmunorum+ Cd** (o6o3nauenus me dice)

BriBoabI
1. OnpenenéHuble TOYHbIE 3HAYEHUS TEPMOAMHAMUIECKON KOHCTAHTBHI HOHOOOMEHHOTO paBHOBECHS (Kiepwon)
1715 o6MeHa pasHosapaaubix (HY S Co?*; H $ Cd?*; Na* S Co?*; Na* Cd?* uonos na H u Na — popmax KY-2-8, xiu-
HONTHIIONNTA ¥ GEHTOHHTA HE 3aBHCAT OT CIIOCOOO0B BHIPAKEHHS KOHIIEHTPALUH HOHOB B (ha3ax pacTBOpPA M COPOEHTA.
2. Henoporue u gocTynHble Na-KIMHONTUIONAUT U Na-GEHTOHUT, HA OCHOBE OIIBITOB 110 OHpPEIENEHUIO PaB-
HOBECHBIX KOHIIEHTPALUH, PEKOMEHI0BAHBI HAMH B3aMEH CHHTETHYECKOTO IPOMBIIIeHHOro KY-2-8 i1 copOLHOHHO-
ro mBieueHus noHoB Co” 1 Cd?* U3 CTOYHBIX BOJI.
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SORPTION EQUILIBRIUM OF ION EXCHANGE OF SOME
NON-FERROUS METALS ON NATURAL AND SYNTHETIC SORBENTS

F.T. Makhmudov?, Sh.Z. Efendiyeva?, V.Kh. Aliyeva®, M.A. Ragimli*, M.A. Abbasov®
Academician M. Naghiyev Institute of Catalysis and Inorganic Chemistry
of Azerbaijan National Academy of Sciences (Baku), Azerbaijan

Abstract. Search of the ion exchangers having selectivity is of great importance as ionic exchange took an important
place among the main methods of division, concentration and purification of various mixes of substances [6]. Due to the rapid
development of important industries, petrochemical, galvanic, electronics, electrical equipment, etc. in our republic, the require-
ment to many transitional metals increases. Natural reserves of a number of non-ferrous metals Ag, Ni, Co, Cu, Zn, Cd and Hg in
crust are decreased. Their loss in liquid wastes of various industrial processes are inadmissible. However, their presence in natu-
ral reservoirs above extreme admissible concentration (maximum allowable concentration) on the one hand lead to losses as
valuable elements, on the other hand they are dangerous to not only human life, but also flora cause, faunae of reservoirs [3].

Keywords: synthetic sorbent, sorption, ionic exchange, statics, clinoptilolite.
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CKOPOCTB PACTBOPEHMSA BOPATOB (MHBOUTA, T'NIPOBOPALIUTA, UHIAEPUTA)
B PACTBOPAX ITPOITMOHOBOM KUCJIOTHI

B.X. Xa3zuxaHoBa, KaHIUIAT XUMHUCCKUX HAYK, mpodeccop
ATsipayckuii yHuBepcuteT He(hTH U Ta3a, Kazaxcran

Annomayun. Memooom npomounHoz0 pacmeopenuss u3yieHda CKopocms pacmeoperuss bopamos 6 pacmeopax
nponuonogoll Kuciomsl. Onpeoenensl MaKCUMymMsl CKOPOCMU pAcmEoperus DOpamos 6 3asUCUMOCIU O MeMnepamy-
Dbl U KOHYeHmpayuu pacmeopos nponuUoH08OU KUCIOMbL.

Knrwouegvie cnosa: bopamei, ckopocmu pacmeopenus, nponuoH08aAs. KUCIOMA, MAKCUMYMbL PACMBOPEHUSL.

W3yueHne CKOpPOCTH pacTBOpEHHsI OOpaToB, B TOM YHCIE NMPHUPOAHBIX OOpaToB, NMPEACTABISET MHTEpPEC A
OIIpe/ICTICHUs] ONTUMAJIBHBIX YCJIOBHUH JJIsi paCTBOPEHUsI U B cHHTe3e OoparoB. CHHTETHYECKHE OOpaThl IIUPOKO MPH-
MEHSIIOTCSI B TIPOU3BOJICTBE CTEKJIA, TIa3ypy M KEpaMHKe.

Lenp paboThl — M3yueHNHE CKOPOCTH PACTBOPEHHS MPHUPOAHBIX OOPAaTOB MHBHOMTA, THAPOOOpALNTA, HHICPUTA
B pacTBOpax IMPONUOHOBOH KUCIOTHI. [IpONMOHOBAsT KUCIOTA SIBISETCS COCTAaBHBIM KOMIOHEHTOM IIPOJYKTOB OKHCIIE-
HUS He(TSHOTO MapaduHa.

CKOpOCTh PACTBOPEHHS IPOBEACHA B M30TEPMHUUECKUX YCIOBHAX METOIOM IPOTOYHOTO PACTBOPEHUS IO Me-
tony [1, 2].

Jns ucenenoBaHus CKOPOCTH PacTBOPEHUS BBIOPAHBI IIPUPOHBIC KAJIbIMEBBIE M MATHUEBBIC OOpAThl (MHBHO-
UT, THAPOOOPAIUT, HHICPUT, OOpHAS KUCIIOTA).

Pe3ysbraThl Mccae0BaHKsI CKOPOCTH PacTBOPEHHs OOpaTOB IpHUBEACHBI HA pUCYHKax 1 a, 0, B.

i i [
20 ho 60 4o
CHBCHQCDUH}MGCC,% CH_:; EHPCDUH,MGM%

© Xasuxanosa b.X. / Khazikhanova B.Kh., 2019
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Puc. 1. Cropocmu pacmeopenus (a) unsuouma (1-25°; 2-50°), (6) euopobopayuma (1-25°; 2-50°; 3-75°; 4-909);
(8) unoepuma (1-25°; 2-50°; 3-75°; 4-90°), 6oproii kucromul (5-25°; 6-50°; 7-75°; 8-90°) ¢ pacmeopax CH3CH2COOH

W3 npuBEIEHHOTO CIIEAYET, YTO KPHBBIE CKOPOCTH PACTBOPEHHS OOPATOBBIX MHHEPAIIOB HMECIOT MAKCUMYMBI.

MakcuMyM CKOPOCTH PacTBOPEHHS] MHBUOUTA TOCTHraeTcs npu KoHueHTpauuu 15-20% (mpu 25°) u 20%-1om
(50°) pacTBOpE MPOMMOHOBON KHCIOTHI. MaKCHMyM CKOPOCTH PacTBOPEHHs Mapobopalura Habmoaaercst B 5%-HoM
(25°), 10%-nom (50°), 15-20%-HoM (75°) u 20%-HoM (90°C) pacTBOpe MPOMUOHOBOW KHMCIIOTHI, I MHAEPUTA MaKCH-
MyM cootBeTcTBYeT B 10%-HOoM (25°), 15%-H0M (50°), 15-20%-1H0M (75°), 20%-HOM (90°) pactBOpe.

MakcuMyMbl CKOPOCTH PACTBOPEHHS HCCIIEYEMBIX OOPATOB C YBEIUUCHUEM TEMIIEPATyphl MIEPEMENIAIOTCS B

CTOPOHY OOJIBIINX KOHICHTPAIH.
PaCTBOpCHI/IC MPpUPOAHBIX 60paTOB B pacTBOpax HpOHI/IOHOBOﬁ KHUCJIOTBI UACT 1O CICAYIOMIUM PCAKIUAM:
2Ca0-3B,03" 13H20+4CH3CH2COOH=6H3803+203(CH3CH2COO)2+6H20

Nupout

MgO-Ca0-3B;036H,0+4CH3CH;COOH+H,0=6H3BO3+Ca(CH3;CH,CO0),+ Mg(CH3sCH,COO0),
I'unpoGoparut

2Mg0~38203'15H20+4CH3CHchOH=2Mg(CH3CHchO)2+6H3803+8HzO
WNupepur
W3 peakiuu ClIeAyeT, 4yTo pas3ioKeHHe OOPaTOBBIX MHHEPATIOB HIET C 00pa30BaHMEM MPOMMOHATA MArHUs,

IIpOIMOHAaTa KaJabusd 1 60pHOﬁ KHUCJIOTHI.

YMeHbIIeHHe CKOPOCTH PAacTBOPEHHS OOpaTOB MHBHOWTA, THAPOOOpANNTa, HHACPUTA MOCIE MAKCHMAaIbHOTO
3HAUEHUS OTMpeeNsIeTcs ¢ 00pa3oBaHUEM Ha MOBEPXHOCTH OOpaTOB MIIEHKU U3 OOpHOUN KHUCIOThL. CKOPOCTh pacTBOpe-
HUS WHBUOTA, THIPOOOpAlUTa, WHIACPUTA JIHMUTHPYETCS C OOpa30BaHHMEM Ha IOBEPXHOCTH TPYAHO PACTBOPUMOMN
IUICHKH U3 OOpHOM KUCIOTHL. M3 prucyHKa 1 B, ClIeAyeT, 94TO ¢ POCTOM KOHIICHTPAIWU MPOITHOHOBOW KHCIIOTHI U TEMIIC-
paTypbl CKOPOCTh PACTBOPCHHS OOPHOM KHCIOTH MOHOTOHHO YMEHBIIAETCS.
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DISSOLUTION RATE OF BORATES (INYOITE, HYDROBORACITE, INDERITE)
IN THE PROPIONIC ACID SOLUTIONS

B.Kh. Khazikhanova, Ph.D. in Chemistry, Professor
Atyrau University of Oil and Gas, Kazakhstan

Abstract. The dissolution rate of borates in propionic acid solutions was studied using the flow dissolution
method. The maxima of the dissolution rate of borates were determined depending on the temperature and concentra-
tion of propionic acid solutions.

Keywords: borates, dissolution rates, propionic acid, dissolution maxima.
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YK 612.392
BBIJJAYA MOJIOKA PABOTHUKAM, 3AHATBIM BO BPE/IHBIX YCJIOBUAX TPY A

H.B. A6apaxmanosa’, I A. Eceaxanopa?
! KanaUaAT GMONOTMYECKHUX HAYK, 3aMECTHTENL TEHEPAIBHOTO MPEKTOPA MO HAYYHOI paboTe,
2 pykoBoauTENb 1a60paTOpUu
PecnyOnmkaHCKII HayqHO-HMCCIIEIOBATEbCKUIA HHCTUTYT 110 OXpaHe Tpya
MuHucTepcTBa TPY/Ia U COLMATBHON 3aiuThl Hacenenus Pecryonuku Kasaxcran (Acrana), Kazaxcran

Annomayus. B cmamve paccmampusaromcs 60npocyl QP pexmusHocmu U yeiecooopasHocmu npedocmaeie-
HUSL MOJIOKA PAOOMHUKAM, 3AHAMbIM 60 8PEOHbIX Ycao6uax mpyoa. Obpawaemcs 6HuManue Ha NPOMUBONOKA3AHUSA U
ocpanuyenls 8 6Onpoce NPeodoCmMasieHuss MOI0OKA paboOMHUKAM 8PEOHbIX NPOU3800cms. JJanvl npeodnodicenus no obec-
neyeHuIo 3auumyl Op2aHU3MAa paboOMHUKO8 OM HeOIA2ONPUAMHO20 8030€UCEUs PAKMOPO8 NPOU3EOOCMEEHHOU CPeOdbl
80 8peMs BbLINOHEHUSL MPYOOGbIX 00A3AHHOCHEN.

Knioueguie cnosa: speonvie yciosus mpyoa, pabomuuku, MOa0KO, NPOMUEONOKA3AHUS, MEPONPUAMUAL.

B Pecryonmke Kazaxcran oxpaHa 340pOBbS TPYIOCIIOCOOHOTO HACEIEHNSI OTHOCHTCS K IPHOPUTETHOMY HaIpaB-
JICHHIO TOCYapCTBEHHOM ITOJMTUKH B 00ONacTH 0e30IMacHOCTH M oxpaHsl Tpyna [6, 11]. B 3To0ii cBs3H, HAa NPEATIPHATHSIX
TIPOBOJISITCST KOMIIEKCHBIE TEXHIMYECKHUE, TEXHOJIOTHIECKUE, OPraHU3allMOHHbBIE W IIPOYHE MEPOTIPUATHS, HalpaBICHHbIC
Ha OrpaHUYECHUE HEOJIAaroNpHUsATHOTO BO3/ICHCTBHS HAa PAOOTHUKOB BPEAHBIX (haKTOPOB MPOU3BOACTBEHHOM cpe/pl. Bmecte
C TeM, UCCJICOBAHUS YCIOBUM U XapakTepa Tpyla paOOTHHKOB, 3aHATHIX BO BPEAHBIX YCIOBHAX TPYyZa Ha MPOMBIIUICH-
HBIX NPEINPHUATHAX PECIYOIMKH, OKa3ajM, YTO C TIOMOLIBIO BbIIICHa3BaHHBIX MEPONPHATHI HE BCerya oOecrednBaeTcs
coOJIOIeHNEe TPeJIeTIbHO JOMYCTUMbBIX BEJIMYHMH ITOKa3aTeneil BpeIHbIX MPOU3BOACTBEHHBIX (akTopoB [1, 3, 5]. B atux
YCIIOBHSIX 0CO00€ 3HAUCHNE MMEIOT THTUEHUYECKUE MEpONpHUATHA. B 4acTHOCTH, HA OCHOBaHMU NMyHKTOB 33 U 34 craThu
16 TK PK or 23.11.2015 r. pa3paboransl u yrBepxaeHbl [IpaBuina u HopMbl Beigaun paOOTHHUKAM MOJIOKA, WM PaBHO-
LEHHBIX MMUIIEBBIX MPOAYKTOB, JIe4eOHO-IPOPUIAKTHIECKOr0O MUTAHMS 3a CUeT cpencTB padbotonarens [8, 9].

Ha ocunoBanum HopMm Moi0K0 BBIHaeTcst pabOTHHKAM 110 3,2 MPOLEHTOB KUPHOCTH 10 0,5 JTUTPOB 3a CMEHY,
HE3aBHCUMO OT €€ MPOAOIDKUTEIBHOCTH, B JTHHA (PAKTHUECKOH 3aHATOCTH PaOOTHMKA Ha pabOTax, CBSA3aHHBIX C MPOM3-
BOJICTBOM WJIM C NPIMEHEHHEM XUMHYECKHX BEILIECTB, B COOTBETCTBHHU C yTBEPXICHHBIM [lepeunem. 3ameHa MoJoka
JIPYTUMH PAaBHOLEHHBIMH THIIEBBIMHU TPOAYKTaMH, W (WJIH) CHENHATU3UPOBAHHBIMU HPOIYKTAMHU UIS AUETHIECKOTO
(J1eueOHOTO M MPOQUIAKTUUECKOT0) MTUTAHUS JJOIYCKAETCsI C COTIacks pabOTHHKA, U OOPMIIIETCS] PELICHHEM KOJLIeK-
THUBHOTO JIOTOBOpa MJIM aKTOM paboTomaTens.

B yTBepkaeHHbIIl IepeyeHb PaBHOICHHBIX MUILIEBBIX IPOJYKTOB, BbIIaBAEMbIX PA0OTHUKAM BMECTO MOJIOKA,
BXOJISIT KACJIOMOJIOYHBIC JKUAKHE TPOIYKTHI, B TOM YHCJIE 00OTaIleHHbIe, C Coaep)anueM xupa 10 3,5% (kedup pas-
HBIX COPTOB, IIPOCTOKBAIIA, alUAOGIINH, PSDKEHKA), U HOTYPTHI C COAepKaHUEM Xupa 10 2,5% c HOpMOiIl BeIgaun
500mi; TBOpOT He Gosee 9 % xupHOcTH ¢ HopMoi Beimauu 100r; ceip He 60omee 24 % >kupHOCTH ¢ HOpMOH BbIauu 60r.
Bbitaua MoJIOKa WIIH IpyTUX PaBHOLICHHBIX MHUILIEBBIX MPOJIYKTOB HE MPOU3BOJIUTCS 3a OHY WIJIM HECKOJIHKO CMEH BIIE-
pell, paBHO Kak M 3a MPOIIEIIINE CMEHEI.

AnHanu3 myOnuKanyuii 0 XMMHYECKOM COCTaBE MOJIOKA ITOKa3aj, YTO B KOPOBBEM MOJIOKE COAEPXKHTCS Ooiee
JIBYXCOT Pa3JIMYHBIX OPraHMYECKUX ¥ MUHEPAJIbHBIX BEIIECTB, HEOOXOANMBIX Ul OpraHM3Ma 4YelOBEKa U CII0COOCTBY-
IOIIMX TTOBBIIICHHIO YCTOWYNBOCTH OpPTaHW3Ma K HEOJIaronpusTHBIM BO3JIEUCTBUSIM OKpy»Karomieil cpensl. B wactHOCTH,
MOJIOKO SIBJISICTCS] B)KHBIM HCTOYHHKOM MMMYHOIJIOOYJIMHOB, KOTOpPBIE BO3JEHCTBYIOT Ha OOJIE3HETBOPHBIE MHUKPOOpPTa-
HU3MBI U BHPYCHI, JakToeppHHAa M JIM30LMMA, OOJAJalONMX AaHTHOAKTEpHAbHBIMU CBOMCTBaMH, JETKOYCBOSEMOTO
KabIWs, BATAaMUHOB A, B2, B> u T.1. barogaps c6anancupoBaHHOMY COCTaBy, MOJIOKO MOJYYMIJIO UTUPOKOE TPUMEHE-
HUeE, KaK OJIH U3 HanboJiee BayKHBIX TIPOIYKTOB TIOBCEIHEBHOTO IMTAHMSI HACEIICHHST BO MHOTHX CTpaHax mupa [12, 13].

Bwmecre ¢ TeM, uccieoBaHus MOCIEIHUX ACCATHICTHH CBHIETEIBCTBYIOT, YTO B MOJIOKE, POIIEANIeM o0pa-
00TKy, HET TIIyTaTHOHA, yYaCTBYIOIIEr0 B OMOTPaHC(POPMALIMN TOKCHYECKHX BEHIECTB. 3aTO B HEM COJEPIKATCS Belle-
CTBa, MOJABJISIONIME AKTUBHOCTh IIyTaTHOHA. KpoMe TOro, MOJIOKO HeE SBISETCS JOCTATOYHO XOPOLIUM HCTOYHHKOM
cepocoJiep KallliX aMHHOKHCIIOT ¥ BUTAaMUHOB, KOTOPBIE TaK)KE Y4acTBYIOT B HpolieccaXx OMOTpaHC(hOpPMAUU dyiKe-
poxHbix Bemect B opranusme [10]. YcraHoBneHHbIe HayuHbIe GakThl HOAHMMAKOT BOIPOC O IEIeCO00Pa3sHOCTH Mpo-
(UIAKTHYECKOTO IPUMEHEHHS MOJIOKA HA BPEIHBIX IIPON3BOJICTBAX.

B Hacrosimiee BpeMsi BBISBICHBI MEIUIMHCKHE MPOTHUBOIOKA3aHMS K YIIOTPEOJIEHUIO MOJIOKA, 00YCIOBIICHHbIC
HaJIMYHEeM OTPEACNICHHBIX XPOHNUECKHX 3a00JIeBaHHH, TAKUX KaK auIeprus K MOJIOKY, KOJUTBI U TaCTPUTHI C MOHMKEHHON

© Ab6npaxmanosa H.B., Ecenxanosa I'.A. / Abdrakhmanova N.B., Eselkhanova G.A., 2019
35


http://adilet.zan.kz/rus/docs/K1500000414#z16
http://adilet.zan.kz/rus/docs/K1500000414#z16

ISSN 2308-4804. Science and world. 2019. Ne 2 (66). Vol. I.

KHCJIOTHOCTBIO JKEJTyI0YHOTO COKa, 3a00JICBaHMUsI TIEUCHH U [ODKEITYI0YHOM JKeIe3bl U Ap. marojioruu [2, 7].

B 3T0i1 cBS3M BaxkHO, 4TOOBI yTBEpKIAEMBIN pyKoBogUTEIEeM npennpusitus [lepedens npodeccuii U T0IHKHO-
CTEH, KOTOPBIM B AHU (haKTHIECKOW pabOTHI BO BPEAHBIX YCIOBUAX TPy/Zla YCTAHABIMBAETCS BBIAAa4a MOJOKA, COTIIACO-
BBIBAJICS HE TOJIBKO C MPEICTABUTEISIMU PAOOTHUKOB, HO M C MPEJCTABUTEIAMI MEJUIMHCKOTO IIEHTPa, 00CITyKIBaIO-
IIETO MPEATIPUSATHE, ST COCTABICHUS CIMCKA PAOOTHUKOB, KOTOPhIE HMEIOT MEAUIIMHCKNE MPOTUBOMOKA3aHMSA K yIIO-
TpeOJICHNIO MOJIOKA, ISl BBIJIAUM IPYTUX PAaBHOLEHHBIX MIPOIYKTOB BMECTO MOJIOKA, C LIEJIbI0 00ECIIEYeHUS 3alIUThl UX
opraHus3Ma rnpu padboTe BO BPEIHBIX YCIOBHSX TPY/a.

Kpome Toro, ycTaHOBIICHO, YTO HPBI MOJIOKA CIIOCOOCTBYET YCBOCHHIO JKUPOPACTBOPUMBIX TOKCHUYECKHX CO-
€IMHEHNH, a TaKKe YCKOPSIOT BCACBIBAHKME CBUHIIA, YIJICBOJAOPOJOB M MX TAJONPOM3BOAHBIX B KEIYAOUYHO-KUIIEYHOM
TpaKTe M YCHJIMBAIOT OTPABICHUE HUTPOOCH30IOM H TPHHUTPOOEH3010M [4].

Jannble (akThl 00yCIO0BINBAIOT HEOOXOIMMOCTh POBEACHNUS HAYYHBIX HCCIIeI0BaHU it o0ocHOBaHMs [lepeuns
TIMIIEBBIX MPOAYKTOB, B TOM YHCIIE U MUTHEBBIX IIPOLYKTOB, KOTOPBIE MOTYT OOECIIEIHTD 3aIIUTy OpPraHn3Ma PabOTHUKOB OT
BO3ZICHCTBUI BPEIHBIX MPOM3BOJACTBEHHBIX (JAKTOPOB B CIEIM(PHIECKUX YCIOBUSX NPOU3BOJICTBA BO BPEMS BBINOTHEHUS
TPYIOBBIX 00s13aHHOCTEH. B 3T0# cBsI3M BHUMaHMe paboTonaresnel, mpoCOI3HBIX OpraHM3aliii M HAYIHBIX IIEHTPOB HEOO-
XOJIMO COCPENOTOYUTh HA MPOBEIICHIN COBMECTHON PabOThI B 3TOM HAIPABICHUH C IIEJIbIO JOCTIKEHHS MaKCHMAaJbHOTO
a¢dekTa B oOecriedeHIH 3anThl paOOTHUKOB P KOHTAKTE C BPEIHBIMH IPOU3BOICTBEHHBIMH (haKTOPaMIL.
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THE SERVING OUT OF MILK TO WORKERS IN HARMFUL LABOUR CONDITIONS
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Abstract. The article discusses issues of efficiency and feasibility of providing milk to workers employed in
harmful labour conditions. The attention is paid to counterindications and restrictions in the serving out of milk to
workers in hazardous industries. The suggestions to ensure the protection of the workers' body against the adverse ef-
fects of the factors of the labour environment during performance of their employment duties are given.
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AJIATITALIMOHHBII MOTEHLUAJI BOJAUTEJIEN BOJILIIETPY3HBIX
ABTOCAMOCBAJIOB B TOPHO/IOBBIBAIOIIE MTPOMBIIIJIEHHOCTH

C.A. Bekeena', K. X. EcOenoeroBa’, A.E. Hypraszuesa®
! kaHaAuAAT OMOJNIOTHYECKHUX HAYK, CTAPIINKA HAYYHBIH COTPYIHHK J1a00paTOPUH periiaMeHTaluH,
2 pyKOBOJIUTEIIb JIAOOPATOPHH UCCIIEAO0BAHMUS MPOPECCHOHATIBHBIX PHCKOB,
3 HAyYHBIA COTPYIHUK JTa0OpaTOPUN aHATUTUICCKUX UCCIIEIOBAHIHA U OpraHM3alMoOHHOTO obecneuenmst HUP
PT'KII PecrryOnukaHCKMit HAyIHO-HUCCIIENOBATEIBCKII HHCTUTYT TI0 OXpaHe TpyAa
MunncrepcTBa TpyIa U COIMANBHON 3amuThl HaceneHus PecrryOmmkn Kazaxcran (Acrtana), Kasaxcran

Annomayus. Ilpeocmasnennvie pe3yibmamsl UCCICO08AHUS YCMAHOBUIU, YMO MeNCOY NOKA3AMENSIMU, O~
PasicarowuM (PYHKYUOHAIbHOE COCIOSIHUE OP2AHUIMA 00umenell, nPoO0NCUMEIbHOCIbIO CMEHbL, 8AXIMO0B020 Memo-
da opeanusayuy mpyoa u nPouU3800CMEEHHIMU (AKMOPAMU Cyujecmayem 00CmMOoGepHasl C8s13b, KOMOpAsi NPedvbasisiem
3HauUmMenbHvle MPeboanUs K QU3UOL0SUYECKUM MeXanusmam aoanmayuu. A maxsice pazpabomanvl peKomeHoayuu,
HAanpaeieHHble HA YNpasienue PUCKAMU 8 00Iacmu OXpanvl mpyod, RPeoloN’CeHbl NYMu NPUMEHEeHUs. Pe3yIbmamos Uc-
cedo6anust OJisl ynpaeieHust pUckamu pabouetl cpedst u mpyoo6o2o npoyeccd.

Knroueevie cnoea: 20pnooodvieaiowas NpoMbluUIEHHOCb, Gooumenell OONbUeSPY3HbIX ABMOCAMOCEAN08,
6axXmMOBbLIL Memoo pabomol, A0ANMAYUOHHBLL NOMEHYUAL.

Benymee Mecto B ropHOJOOBIBAOIIEH IPOMBIIIIIEHHOCTH 3aHUMAET OTKPBITBIN CIIOCO0 TOOBIYM MONIE3HBIX HC-
KOITaeMbIX, T/Ieé COBPEMEHHBIN Kaphep NPEICTaBIsIET COOOW CIIOKHOE TOpHOTEXHHUYecKoe mpeampusatie. IlepeBo3kn
PYAHOH Macchl IPONU3BOIATCS BOJUTEIIIMH OOJNBIIETPY3HBIX aBTOCAMOCBAJIOB (B OCHOBHOM BaXTOBBIH METOJ] OpraHU3a-
IINH TPYyZa), yCIOBHS TPyJa KOTOPBIX CYIIECTBEHHO OTJIMYAIOTCSA OT TAKOBBIX Y TOPHSIKOB OCHOBHBIX NMPOQeCcCHid, 3aHs-
TBIX JKCIUTyaTaluell U TeXHHYECKUM O0CITyKHBaHHEM ropHOmoObIBaroei TexHuku [6, 7]. K HemocTaTkaM BaXTOBOTO
METOo/ia TPYAa OTHOCHTCSI HHTEHCUBHAS Harpy3Ka, KOTOpasi COIPOBOXKAAETCSI XPOHUYECKUM HaIpsDKeHHEM BceX (uzno-
JIOTUYCCKUX CUCTEM OpraHusma, y4aCTHC KOTOPBLIX B HpOH3BOZ[CTBeHHOI7[ JACATCIBbHOCTU pa6OTHI/IKOB ABJIACTCA BEAY-
muM [5]. Lenb — u3yunTh afanTalHOHHbIN MOTEHIIHAN BOAUTENEH OOJBIIErPY3HbIX aBTOCAMOCBAJIOB FOPHOI00BIBAIO-
el TPOMBILIIIEHHOCTH B CBA3U C YCIOBUAMM TpyJa.

OneHka npodeccroHaNBFHOTO PHUCKa IO TOKa3aTessiM BPeJHOCTH YCIOBUM Tpy/a MPOBOIMIack coriiacHo Me-
toauke, paspaboranHoit PIKIT «PHUUOT MTC3H PK» [3]. Onenka (pyHKIMOHAILHOTO COCTOSIHUSI pAOOTHHKOB OT
YCIOBUHM TpyZJa, CTENEHH NPO(EeCCHOHATBHOTO pPHCKA, aJalTallMOHHBIX BO3MOXKHOCTEH IIPOBEAEHAa pPacueTHO-
IKCIIEPUMEHTAIBHBIM METOIOM 1o Metojuke baesckoro P.M. B coaBrT. [1, 4]. Tun cMeHHOro pexxuMa TpyAa BOIHTE-
JIeW-BaXTOBUKOB IIPEJICTABISIET cOOOH HENPEPHIBHYIO CMEHHYIO PaboTy B TedeHHe 24 4acoB B CYTKH (2 CMEHBI), BKIIIO-
Yasi BBIXOJIHBIE U Mpa3HUYHbIe THU. B Teuenne paboueil cMeHbl paboTHHKaM npenocTasisiercst 30 MUHYTHBIH TIepephIB
JUTA TIpHeMa MUK ¥ oTabIXa. [IpogomKuTeIbHOCTh BaXTOBOTO IIEpHOia COCTaBIsIeT 14 nHel.

OO0mast YHUCIEHHOCTh YYaCTHHKOB HCCIIEOBAaHHSA cocTaBWiIa 14 BomuTeneidl OOJBIIETPY3HBIX CAMOCBAJIOB,
MYXCKOro nojia B Bozpacte oT 29-61 ner ¢ npodeccronansubM ctaxkem 10-42 siet. OnieHka npodeccrnoHanibsHOTro puc-
Ka, pACCMOTpPEHHAas 10 5*-TH OCHOBHBIM MMOKA3aTeNsIM, YCTAHOBHJIA!

— MO pe3ysbTaTaM BPEAHOCTH YCJIOBHM TpyZa — 3 CTENeHb pUCKa (CPEemHsis), TaKk KakK TPYA BOAUTENCH IO
HANpPsDKEHHOCTH TPYJa OXapaKTepU30BaH KaK HANpPsDKEHHBIA TPYJA CpelHEH CTENeHH, YTO OTHOCHTCS K Kiaccy 3.1.
(BpemHbIi);

— II0 TPaBMOOIIACHOCTH TPYJIOBOTO TIpoliecca, 0e30MacHOCTH IPOU3BOJCTBEHHOTO 000pyI0BaHHUSI M obecte-
YEHHOCTH CPEJCTBAMH WHIMBUIYAILHOM 3aIUTHl — 2 CTEIEHb PUCKa (HU3Kas), padoyee MEecTo BOAUTEINS COOTBETCTBY-
eT TpeOOBaHMAM 3PrOHOMHKH, TEXHHMKa (CaMOCBAJIBI) MPOXOAAT €XKEroJHBbIC IUIAHOBBIE, €XKEIHEBHBIE TEXHHUYECKHE
OCMOTpBI 110 YCTAHOBJICHHBIM TEXHWYECKUM HOPMaM M BCE BOJUTENM 00ECIEUEHB! CPEACTBAMH MHIMBUAYAJIHHOW 3a-
IINTHI,

— IO OIIEHKE PUCKa 3a00JIeBaeMOCTH — 3 CTereHb pucka (cpeaHsisi). [[poBeCHHBIN aHAIN3 COCTOSHHUS 3/I0POBbS
M0 JIJAaHHBIM MEPHOJANYECKOr0 MEIUIIMHCKOIO OCMOTpa M 3a00JIeBAEMOCTH C BPEMEHHOW YTpaToi TpYyAOCIOCOOHOCTH
pa60tmx TIOKa3bIBACT, UTO Y O6CHe}10BaHHLIX BO)II/ITCJ'[Gﬁ qanie BCEro BBIABIIAINCH 0O0JIE3HU TJ1a3 U MpUAaATOYHOTO amra-
para (40,1 %), Ha BTOpoM MecTe 0OJIE3HH CHCTEMBI KpoBooOpamienus (32,2 %) 1 Ha TPETbeM MecTe OOJIE3HH OPraHOB
KpoBoobparienust (6,2 %) (Tabnuna 1).
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Tabnuya 1
Pacuer creneHu OLeHKH HHIMBHUAYAJIbHOI0 NPOo¢ecCHOHATBHOI0 PUCKA
BOAMTeJIsl 00JIbLIETPY3HBIX CAMOCBAJIOB FOPHOI00BIBAIOLIEH 0Tpac/Iu
CreneHp
Onenka 1P
pucka
Haumenosa-
HaumenoBanne BpEa- TpaBMO- 0e3011aCHOCTh 2
N HHe npodec- obecre-
MpeaAnpuiaTUn HOCTH OITIaCHOCTb IIpoun3BOa- PHUCK 3a0071e-
CHUH o o YCHHOCTH
yciioBun ycCi10BuUH CTBEHHOI'0 000- cu3 BaCMOCTH
TpyJa Tpyna PYZAOBaHMUs
T'opronoGriBa-
PHOL Bogurenu
FOIIasT TPOMBIIII- (n=14) 3 2 2 2 3
JICHHOCTH

OmeHka (yHKIMOHAIFHOTO COCTOSIHHUS BOAUTENEH B 3aBUCHMOCTH OT YCJIOBHH Tpy/la MPEACTaBJICHa B CPABHU-
TEJIFHOM acIeKTEe CO CTENEHBIO MPO(ECCHOHATIBHOTO pUCKa. Tak, yIOBIETBOPUTEIbHAS afanTalus ObUla BHIBICHA Y 3
Boauteneit (21,4 % ot o0miero KOIMIeCTBa), HEYAOBICTBOPUTENbHAs Y 6 BoauTeneit (42,9 %). Hanpsokenne amanraru-
OHHBIX MEXaHH3MOB, YCTaHOBIEHHOe y 5 Bomuteneit (35,7 % or oOrmiero konn4yecTsa), BOSMOKHO, BBI3BAHO BO3ZACH-
CTBHEM IOBBIIIEHHOTO HEPBHO-3MOLIMOHAIBLHOTO HANIPSKCHUS, IOATBEP K ICHHBIX pe3ysbTaTaMu arrectannu (3.1).

CpaBHUTENBHBIN aHAN3 OLEHKH (DYHKIMOHATIBHOTO COCTOSHHS BOJUTENEH B BO3PACTHOM acmekTe (4 Bo3pact-
HBIX TPYII) ¥ C YYE€TOM CTaxa rpezcraBieHbl B Tabnuue 2. Tak, s Bonureneit 11, 11 u IV rpynmsl xapakrepHa ymo-
BIIETBOpUTENBbHAsA anantauus, Toraa kak I, II u III rpynn — HanpsbkeHHMEe MEXaHU3MOB aJalTallid U HEYIOBIETBOPU-
tenbHas agantanus I u IV rpynn cocraBunu 33,4 — 80 % cooTBeTcTBEHHO. Y BOAMTENEH JAHHOTO MPEIIPHUSITHS CPBIB
ajantanuy GyHKIHMOHAIBHOTO COCTOSIHUS HE BBISIBJICH.

Tabnuya 2
3aBHCUMOCTD CTENEeHH aAaNTALMHU K YCJIOBMSM cpe/ibl OT BO3pacTa
BOJUTEIeH 00JbIIECTPY3HBIX ABTOCAMOCBAJIOB TOPHOA00bIBaIONIEH oTpacau, B %
Bo3spacThbie Konnuectso ['pynms!l G yHKIIMOHATBHOTO COCTOSHUS
TpYIIIBI 00CTIeI0BaHHBIX 1-ynosnerBo- 2-HanpsDKEHUS 3-HeyoBIIETBO- 4-cprIB
puTeNbHAs ajar- MEXaHH3MOB pUTENbHAs ananTa- | aganTandu
Tarus aJlanTalum LN
| rpynma — 18-30 ser 1 1 gem. — 25 % -
Il rpymma — 31-40 ner 6 1 yen. — 16,6 % 3 yenr. — 50 % 2yen. — 33,4% -
Il rpynma — 41-50 ser 2 1 uen. — 50% 1 gen. — 50 %. -
IV rpymmna — 51-60 et 5 1 gemn. — 20% 4 gen. — 80 % -
HUTOI'O 14 3 ven. — 21,4% 5 uen. — 35,7 % 6 uen. — 42,9%

AHayu3 3aBUCUMOCTH (PYHKIIMOHAIBHOTO COCTOSIHUSI paOOTHHUKOB OT YCJIOBUH TPyZa MOKa3aj, YTO HEyIOBIIe-
TBOpHTENIbHAS ajanTaius ycraHoBiena y Bogureneit 11 u IV rpynn B Bospacte ot 31-40 u 51 u 60 ner. Bo3amoxHo,
HETaTUBHOE BO3JICHCTBHE BPEIHBIX IPOU3BOACTBEHHBIX (DAKTOPOB, CBOCBPEMEHHO BBISBJICHHBIX IIPU OLEHKE MPOQec-
CHOHAJIBHOTO pHUcKa y BojauTesei Il rpymmsl, sBISIeTCS] KPATKOBPEMEHHBIM [2], BCIIEACTBHE Yero OPraHu3M MOXET CO-
XpaHWUTH YIOBJICTBOPUTEIBHYIO ajanTanuio. Torga kak y Bomurenei IV rpymmsl co craxeM paboTel Oomee 35 e,
(YHKIIMOHATBHOE COCTOSTHHUE COOTBETCTBYET HEYIOBICTBOPUTENHHON amanranm (3,36 0ajuioB), 9TO CBHUACTEIBCTBYET
00 yMEHBIIICHIH aTalITAIIMOHHBIX PE3EPBOB U YCIIICHHH PEaKIIUH OpraHu3Ma Ha YCIIOBHSI TPOU3BOJICTBCHHOM CPEIBL.

Takum oOpazom, mccineqoBaHUE (PYHKIMOHAIEHOTO COCTOSHES BOIUTENCH OONBIICTPY3HBIX aBTOCAMOCBAIIOB
FOpHOI[O6BIBaIOIJ.[efI MMPOMBINUICHHOCTH MOKAa3aJio, YTO HAPYIICHUE alallTAIIUOHHBIX MEXAaHU3MOB APKO NPOSABJIACTCS Ha
(oHe BpenHbIX (HaKTOPOB MPOU3BOJACTBEHHOM cpebl. C BO3pacTOM M C yBEIMYEHHEM CTa)ka paboThl y BOAUTENEH Hpo-
SABJIIACTCA YXYAUICHUE Q)yHKHI/IOHaHI)HOFO COCTOSAAHHA OpraHu3sma, 4To MPUBOJUT K HeyI[OBHeTBOpHTeHBHOfI azganralnuu
00 K BBICOKOH cTeneHH npodeccuoHanbHOro pucka. CiieioBaTelibHO, HEOOX0AMMO 00eCTIeYnTh [eJIeHAIpaBIeHHbIC
O3JI0POBUTCIILHBIC U HpO(I)I/IHaKTI/I‘IeCKI/Ie MEPOIPUATHA IO MOBBIIIECHUIO 3aIIUTHBIX CBOICTB OopraHnmsMa, Tak KakK HC-
YAOBJICTBOPUTECI/IbHAA aJlallTallusa BOZ[HTeHeﬁ K YCJIOBUAM TPYAOBOT'O ITpOHECCa XapaKTECPU3YCTCA Ooiee BBIPAXKCHHBIMU
N3MEHEHHUSIMH (DYHKIHMOHAJIBHBIX BO3MOXXHOCTEH opraHusma. [Ipyu nmpaBHIbHOM NPOBEIECHUN NMPOPUIAKTHUECKIX Mep,
HEY/IOBJIETBOPHUTENIbHAS aaNTalsl K YCIOBUSIM TPYJIOBOTO Npolecca y pabOTHUKOB JOCTATOYHO OBICTPO BOCCTAHABIIH-
BaeTCA.

IIpumeuanue
5*: 1 — Omenka BpeAHOCTH yCIOBHUH Tpyna; 2 — OmeHKa TPaBMOOIIACHOCTH YCIOBHH Tpya (OIMacHOCTH MpPOU3BOJICTBEH-
HBIX (akTopoB); 3 — OneHka 0e30IMacCHOCTH MPOU3BOACTBEHHOTO 0OopynoBaHus; 4 — Onenka obecreuenHoct CU3; 5 — Onenka
pucKa 3a00JIeBaEMOCTH.
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ADAPTATION POTENTIAL OF DRIVERS
OF THE LARGE DUMP TRUCKS IN MINING INDUSTRY

S.A. Bekeyeva', J.H. Yesbenbetova?, A.E. Nurgaziyeva?
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2 Head of the Occupational Hazards Laboratory,
3 Researcher of the Laboratory for Analytical Research and Organizational Support for Research
Republican Scientific and Research Institute for Labor Protection of the Ministry of Labor
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Abstract. The presented results of the study established that there is a reliable relationship between the indica-
tors reflecting the functional state of the drivers' organism, the shift duration, the work on a rotational basis and pro-
duction factors, which places considerable requirements to the physiological mechanisms of adaptation. Also we devel-
oped recommendations aimed at managing risks in the field of labor protection, suggested ways of applying the results
of the study to manage risks of the working environment and the work process.

Keywords: mining industry, drivers of large dump trucks, work on a rotational basis, adaptation potential.
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COBEPHIEHCTBOBAHME CUCTEMBbI IIOBBIINEHUSA KBAJTM®OUKALIUN
U IIPOBEPKH 3HAHUI 1O BOITIPOCAM BE3OHACHOCTH U OXPAHBI TPYJIA

H.I'. Jxymaryaosal, A.E. Hyprasuesa®
! pykoBoauTEND 1a60paTOPHKU, MATUCTPAHT, 2 HAYYHBIH COTPYHUK J1abopaTopuu
PecnyOnukaHcknii HayqHO-HCCIIE0BATEIbCKUI HHCTUTYT MO OXpaHe Tpyaa
MHuUHHCTEPCTBa TPyIa U COIMANBHOM 3amuThl Hacenenus Pecryonukn Kazaxcran» (Acrana), Kazaxcran

Annomayus. B cmamove paccmampugaiomes npobiemuule 60npoCcsl OP2anU3AYUL NPOYECccos NOGbIUEHUS KEa-
aupuKrayuu u npogepKu 3HaAHUL 8 obaacmu 6e30NACHOCMU U OXPaHbl Mpy0a pyKogoOumenel u Omeenm cmeeHHbIX Y.
Aemopamu npednodicensvi HOble MEMOObL OCYWeCMEICHUS NPOBEPKU SHAHUL RO PE3YAbMamam obyueHus, nocpeocmeom
€O30aHUs eOUHO020 ABMOMAMUIUPOBAHHO20 MECTNUPYIOU|e20 KOMNIeKCd.

Kniouesvle cnosa: 6ezonacnocmv u oxpana mpyoa, nogvluienue Kearupurkayuu, npoeepka 3Hanull, eouHulll
YeHmp mecmupoBaHus.

CoryacHO TpyJOBOMY 3aKOHOJATENILCTBY, PYKOBOJSIME PAaOOTHUKH U JIMLA, OTBETCTBEHHBIC 32 o0ecreueHne
buOT, nepuoanyecku, He pexke OAHOTO pa3a B TPU T0JIa, JODKHBI IPOXOAUTH 00yUYEHHE U MMPOBEPKY 3HAHHH 110 BOIPO-
caM 0€30IIaCHOCTH M OXPaHBI TPYy/a B OPraHU3aNMsIX, OCYIIECTBISIONINX NMPO(pECCHOHATIBHYIO ITOTOTOBKY, ITEPEIOATro-
TOBKY ¥ HIOBBIILICHUE KBATH(UKAMN KagpoB [6].

Ji1s OBBIIIEHNST YPOBHS KaduecTBa 00ydeHHUs! paboToaTeNb MOKET IIPUBIIEKATh K OOYIEHHIO CTOPOHHUX CIIe-
IIMAJIMCTOB M OpTaHu3aiy. Takoe 00y4eHHe JOJKHO, C OJHOW CTOPOHBI, OBITh BAPHATHBHBIM M yIHTHIBATh CHCHU(PHUKY
MIPOM3BOJICTBEHHOH NEATENLHOCTH PaboTONaTeNs, a ¢ APYrod CTOPOHBI, OBITH B ONpPEAEICHHON Mepe YHH(UIMPOBaH-
HBIM, CTaHAAPTU3UPOBAHHBIM M COOTBETCTBOBATH NPOBOJAMMON TOCYIApCTBOM M €T0 YIOJHOMOYEHHBIMH OpraHaMH
MOJIUTHKE B chepe 0E30MacCHOCTH U OXPaHbI TPY/Ia.

BmMecre ¢ Tem, cuctema MoBbINIeHHS KBaIU(UKAIMY, B TOM BHJE, B KOTOPOM OHa CYLIECTBYET CEroJHs, HE CO-
OTBETCTBYET TPEOOBAHUSIM, NIPEIBSBISIEMBIM K JTI0O0MY 00pa30BaTeIbHOMY ITPOLIECCY.

HccnenoBatensiMu (OTEUECTBEHHBIMU U POCCHIICKMMM) OTMEYaeTcs 3HAYMTEIbHOE KOJINYECTBO HEIOCTAaTKOB
CUCTEMBbI TIOBBIIICHHSI KBaJH(DUKAIIMK: OTCYTCTBUE CBS3M C NPAKTUUECKON AEATENHHOCTHIO, HEMHTEpECHbIe (HOopMbI
NPOBEJICHUSI 3aHITHI, HU3KUH ypOBEHb NPENOJaBaHusl KypcoB, OTCYTCTBUE y4éTa MOTPEOHOCTEH M HHTEPECOB CIylIa-
Telsel, OTCYyTCTBHE OOpaTHOW CBSI3M C ayANTOPUEH, HECOOTBETCTBHE MPOrpaMM MOTPEOHOCTSIM OOyJaronuxcs, HEBO3-
MOHOCTh BBIOOpa yUpexAeHuUs MpodeccHoHanbHON moarotoBku [2, 3].

Tak, pe3ynbTaTel NpoBeAeHHBIX HccienoBanuii HMM mokaszanu, 4TO KOJMMYECTBO CIEHHAIMCTOB IO OXpaHe
TpyZa, OTBEYAIOMNX OOJBIIMHCTBY TpeOOBaHMI MO OXpaHE TpyJa, COCTaBIIseT Bcero Jumb 3,5 % or obmero uucia
CHELHUATINCTOB ONPOUIEHHBIX NPeaNpUsATHiH. OCHOBHBIMH IPUYUHAMH JaHHBIX HEJZOCTAaTKOB aBTOPHI IMPHUBOJIAT: IIHUPO-
KO€ IPUBJICYCHUE K MPETIOAaBaHUI0 MAJIOKOMIIETEHTHBIX, MEIOIINX TOBEPXHOCTHBIE 3HAHUS B 00J1aCTH OXpaHBI TpyAa
CHELHUAINCTOB, He 00JI/IaI0IINX ONBITOM MPEIoAaBaTeIbCKOW paboThl; HEAOCTATOUHYI0 00ECIEYEHHOCTh 00YYaroIUX
OpraHu3aIiii COBPEMEHHBIMH TEXHUUECKUMH CPEICTBAMH MOAICPKKH YIeOHOTOo Tporiecca U MpoBepKu 3HaHui [4].

Ha ceropusiinuii nenp B Kasaxcrane B aeiictBytonmx [IpaBuiiax npoBeneHust 00ydeHusl, HHCTPYKTHPOBAHHS U
MPOBEPOK 3HAHUIA IO BOIIPOcaM OE3011aCHOCTH M OXpaHbl TpyAa paObOTHUKOB, YTBEpKICHHbIX [Iprkazom MuHuCTpa 31pa-
BOOXPAHEHHUS M COIMAIIBHOTO pa3BuThs Pecrybnuku Kasaxcran ot 25 nexabpst 2015 roma Ne 1019 [5], ve pernmamenTtupo-
BaHa (popma 1 TpebOBaHMS K MpolLieccy 00yUeHHs U POBEPKH 3HAHWH, YTO MPUBOAUT K CIIEAYIOIAM MOCIEICTBHAM:

— ¢QopmanbHOE NpoBeneHNE 00YUYEHHS U NMPOBEPKU 3HAHUU (Kypcbl He nOcewaiomcs, cepmuguxkamol v10a-
romes 6e3 nposedeHUs IK3AMEH08, TUOO0 3a OONOIHUMENbHYIO NIAMY);

— OTCYTCTBHE KOHTPOJIS 3a MOCEIAeMOCThI0 ¥ HACHTH(UKAIIMN 9K3aMEHYEeMOTO TIPH JUCTaHIIMOHHON (hopme
00y4eHUsI (Ha 91eKMPOHHBIN adpec BbICLLIAIOMCA MAMEPUAbl 0 CAMOCMOAMENbHO20 O3HAKOMLEHUS U Mecmbl, KO-
mopbvie ¢ Omeemamu Kypcanm 00axceH 3an0THUMb U OMNPAsUumys 8 00MeH na cepmuduxam).

— TpUBJIEYCHHE B JEKTOPCKUI COCTAB CIEI[HAIUCTOB, HE HMEIOIINX TOCTATOYHOMN KBAIMGHUKAIINN (3aY4aAcCmyio
He coomeemcmeylom 0opasoeanue, onvim pabomol, NPAKMUYecKue HagbiKu);

— HEIOCTAaTOYHOE OCHAIICHHE Y YeOHBIX EHTPOB MaTepHaIbHO-TEXHUUECKOH 0a30i.

YkazaHHbIE HEJOCTATKH MPUBOAAT K KOPPYILMOHHBIM HApYIIEHHUSM CO CTOPOHBI [ 0CYAapCTBEHHBIX MHCIIEK-
TOPOB, SBJISFOIINXCS TPEACEAATEIIMU 3K3aMEHAIIHOHHBIX KOMUCCHH.

IIpoBepka 3HaHWIT KaK OCHOBHOW 3JIEMEHT MpOIECCa MOJTIOTOBKH M IOBBIMICHUS KBaJH(UKAIMK CHEenUalm-
CTOB, Ha Hall B3I/, TpeOYEeT COBEPIICHCTBOBAHMS IPOIIECCOB C LIENBIO MOBBILICHUS €€ Pe3yJbTaTUBHOCTH U 3P deK-
THUBHOCTH.

B cBsi3u ¢ 3TMM npearaeTcs MpoBepKy 3HaHMH OCYIIECTBIIATh IIOCPEICTBOM €AMHOTO aBTOMAaTH3MPOBAHHOTO
TECTUPYIOIIEr0 KOMIUIEKca Ha 0asze TeppUTOPHATIbHBIX MOpa3ie]IeHHI HiIH MoBeIoMCTBeHHBIX oprann3anuii MTC3H PK.

© Jlxymarynosa H.I'., Hyprasuesa A.E. / Jumagulova N.G., Nurgaziyeva A.E., 2019
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IIpennaraemas cxema OCyILIECTBICHMS ITpoOLIEcca IPOBEPKHU 3HAHUI IPUBEJEHA HA PUCYHKE 1.
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Pucynox 1. Cxema ocywecmenenus npoyecca nposepKu 3HAHUL No pe3yibmamam nogvliueHus keanugurayuu 6 oonacmu buOT

VY4eOHBIH LIEHTP NOCIE OCYIIECTBICHHUsS OOy4YeHHs, IyTeM IOJayM 3asBJICHUs, HArpaBiseT o0y4aeMbIX Ha
MIPOBEPKY 3HAHMH B IEHTPBI TECTUPOBAHUS, B 3aBUCIMOCTH OT TEPPUTOPUAIBHON OJIU30CTH.

[TpoBepka 3HaHWI (UKCHPYETCS BUACO3AIUCHIO C 1IETBI0 MJICHTU(PHUKAMK SK3aMEHYEMBIX JIMI U KOHTPOJIS
€aMoro mporecca U OCYIIECTBISACTCS B IPUCYTCTBUU aIMHHHCTPATOPa TECTUPOBAHHUS, B 00SI3aHHOCTH KOTOPOT'O BXOIUT
00paboTKa 3asBOK, COCTaBICHHE TpadiKa TECTUPOBAHKS M ONOBELICHHE 3asBUTENICH O JaTe TECTUPOBAHUS; PErucTpa-
WS B CHCTEME TECTUPYEMBIX JIHL; KOHTPOJIb 33 MPOLECCOM U COOIOICHUEM NPOLICYp TECTUPOBAHUS; 3aBEPEHUE MO~
MHCHIO ¥ TIEYaThIO U BBIIa4a PE3yJIbTaTOB TECTUPOBAHHSL.

3asBKH ¥ Pe3yJIbTaThl TECTUPOBAHUS OYAyT PErUCTPHPOBATHCS B SAMHOI 0a3e NaHHBIX TECTHPOBAHUS, NPEIHA-
3HAYEHHON JUIS:

— XpaHEHUs TeCTOBOrO MaTepuaa;

—  PEerucTpaIliH JaHHBIX 00 SK3aMEHYEMBIX;

— XpaHEeHHUs pe3yJIbTaTOB IPOBEPKHU 3HAHU;

— (opMupoOBaHHs IPOTOKOJIOB;

— (GOpMHPOBAHHUS OTYETHOCTH.

Jnist peanu3alnvu JaHHOTO TPEUIOKEeHUsT TpedyeTcst pa3paboTka U BHEJIPEHUE COOTBETCTBYIOLIETO IIPOrpaMM-
HOro obecrieyeHus (10 aHAJIOTUH TECTUPOBAHHS KaHIHIATOB Ha 3aHATHE aIMHUHUCTPATUBHBIX FOCYAAPCTBCHHBIX JOJIK-
HOCTEH, NpH KOTOPOW Hcmonb3yeTcss nojacucteMa «TecTUpOBaHWE» HHTEIPHPOBAHHOW HWH(O)OPMALMOHHOW CHCTEMBI
«E-kpI3MeT») 1 BHeCeHUE U3MeHeHnd B [IpaBuiia U cpoku NpoBelieHUs 00YICHHUS, HHCTPYKTHPOBAHHS U IPOBEPOK 3Ha-
HHH [0 BOIIPOCaM OE30MACHOCTH M OXPaHbl TpyAa pabOTHUKOB.

3aKOHOAATENFHOE 3aKPEIUICHHEe MOACPHH3MPOBAHHOIO MpOLecca MPOBEPKH 3HAHUII MO0 OKOHYaHHU KYpCOB
o6yuenust no buOT mocpeacTBOM eqUHOrO aBTOMaTU3MPOBAHHOIO TECTUPYIOIIETO KOMILIEKCA TO3BOJIHT:

— o0ecrne4ynTh HeJOMYIIEHHE K BBIIIOJIHEHNIO 0053aHHOCTEH 10 00ecHeYeHnIo Oe30IaCHOCTH U OXPaHbI TPY-
Jla Ha TIPEANPUATHAX HeKBaHI/I(i)I/IHI/IpOBaHHBIX CIICUHUAaJINCTOB,

— HCKIFOYHTH «YeTOBEUCCKHN (aKTOp» M KOPPYMIIHOHHYIO COCTABISIONIYIO TIPH MPOBEPKe 3HAHWI MOCpe-
CTBOM IMPUMEHCHUSA KOMIBIOTEPHOTO TCCTUPOBAHUA,

—  HUCKJIIOYUTH HEOOXOTUMOCTH KOMHCCHOHHOM NMPOBEPKH 3HAHUI ¢ y4acTHEM FOCHHCIIEKTOPOB,;

—  OCYIIECTBIISATH MOHUTOPHHI KQUuecTBa yCIIyT YUeOHbBIX LEHTPOB IO MOBBIMICHUIO KBATU(HKALIMH 10 BOIPO-
cam buOT;

— BJaJeTh HHPOPMALHUEH O COCTOSHUH MOATOTOBKH KaapoB no BonpocaM buOT u kauectBa 06ydeHus Yueob-
HBIMHU LIEHTPaMH, IyTeM aKKyMYJIUPOBAHH PE3yJIbTATOB TECTUPOBAHUSL.

[oBelenne kBamudukanuu pabOTHUKOB B cepe OS30IaCHOCTH U OXPAHBI TPYAa SBISIETCS OCHOBHBIM dlie-
MEHTOM O0ECIIeUeHHMS HAJUISKAIIET0 COOTFOICHUS] HOPM TPYIOBOTO 3aKOHOAATEIbCTBA, HAMIPABICHHOTO HA COXPaHCHHUE
JKU3HU U 3/I0pOBbSI paOOTHUKOB B TMPOIECCE UX TPYIOBOM NEATEIHLHOCTH. B CBs3M ¢ 3TUM mporiecc MpuoOpeTeHus 1
MIPOBEPKH 3HAHUHN TPeOyeT MPUCTATHLHOTO BHUMAaHUS U MOCTOSHHOTO OOHOBIIEHHUS C UCIIOJIb30BAHUEM CYIIECTBYIOIINX
1 MCPCHECKTUBHBLIX CPCACTBA HH(bOpMaHPIOHHBIX TeXHOJ’IOFHﬁ, B TOM YHCJIE XpaHCHUA U IEpeaavn I/IHq)OpMaHI/II/I.
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Abstract. The article deals with the outstanding issues of organizing the processes of advanced training and
assessment of knowledge on the safety and labor protection of managers and responsible executives. The authors have
suggested new methods for carrying out knowledge testing based on learning outcomes, through the creation of a uni-
fied automated testing complex.

Keywords: safety and labor protection, professional development, assessment of knowledge, integrated testing
center.
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JOBEPUTEJIBHBIE 'PAHUILIBI KPUIITOBAJIFOTBI
FEATHERCOIN B MHTEPMOJAJBHOM COOBIIEHUN

K.M. Kyansiméaes’, M.H. Apnadexos?, I11. Kanaéaepa®
1.2 nokTop TexHMueckux Hayk, npodeccop, 3 cTyaent rpymnst OI1J1-42
EBpaswuiickuit HaunoHanbHbIH yHuBepceuteT uM. JI.H. I'ymunea (Acrana), Kazaxcran

Annomayus. B 0annoil cmamve paccmampugaiomces 0ogepumenvhbvle 2panuybl Kpunmosanomel Feathercoin
8 UHMEPMOOANbHOM COOOUjeHUU.
Knrouesvie cnosa: oosepumenvhvle spanuybsl, Kpunmosanioma, Feathercoin.

B Hacrosimiee BpeMsi HaOMpaeT TEHICHIMS OPTaHU3alMs AJIEKTPOHHBIX TOPTOB C MCIOJIb30BAaHUEM KPHIITOBA-
moT. PaHee ObUIM TpenCTaBIEHBl MaTEepHaNbl 110 BO3MOKHOCTH HCIIOJIb30BAaHHMS B IEPEBO30YHOM IPOLECCE TAKUX
kpunroBanoT kak PEERCOIN (PPC) u “EOS” [1, 2]. B npeanaraemoii craTbe U3I0KHM BO3MOKHOCTh HCTIOJIb30BaHHS
kpunroBantotel FEATHERCOIN, FTC (®esepkount), KoTopas co3IaBanach Kak yaydiieHHbIi anaigor Litecoin. O6bem
MOHET yBeJNHYeH B 4 pa3a (336 MJIH. MOHET), alrOPUTM HMeeT He3HAuUTeNbHbIE YIydllleHus. B pexiame MMpoOKo Hc-
noJb3yercsi TepMuH «ataka 51 %». Cmbicn «araku 51 %» B ciepyronieM — TEOPETUUECKH, €CIId B OJTHUX PyKax cocpe-
norountes 6omee 51 % MOHET cHCTEMBI, TO TaKOH IMOJIH30BATENb MOXKET T€HEPHPOBATh HOBBIE MOHETHI O€3 MOATBEp-
KICHNAS YHUKAIbHOCTH, W TAaKUM O0pa3oM YCTaHABIMBAET IIOJHBIN KOHTPOJNb HaJ cucTeMod. PaspabGorumku
Feathercoin yTBepxIaroT, 4TO UX CHCTEMa MOJHOCTHIO 3AIMHIICHA OT TAKUX aTaK, HO IIEHHOCTb TaKOW BO3MOXXHOCTH
ceituac HeBennka. “Artaku 51 %’ mMpH HEIHEITHUX CIIOKHOCTSX CETeH KPUIITOBAIIOT MPAKTHYECKH HEBO3MOKHEI.

Pucynok 1. Jletibn kxpunmosaniomul Feathercoin

Hcmopus nosisnenus. Kpunropamrota Feathercoin mosiBunace Ha peiake B anpene 2013 roga. Kro umeHHO 51B-
JSIETCsl aBTOPOM CHUCTEMBI Hen3BecTHO. [Ipu pa3paboTke OCHOBaTeIM OPUEHTUPOBAINCH HE TOJIBKO Ha Bitcoin, HO 1 ero
¢opk Litecoin. ['maBHo# 3agadeii Obl1a MogepHH3aIMs cucTeMbl. OHAKO yIydIIEHHBIH, 0 X MHEHHUIO, TPOAYKT MOKa
He mosb3yeTcs OonbmmM cripocoM. Coznarenu HoBoro ¢opka Bitcoin u Litecoin MoxepHM3upoBaim anroputM. Tak,
Bitcoin ¢yakunonupyer na ocaoe SHA-256. Hosblit anropurm Feathercoin paciuupsier ¢pyHKIMOHAIBHBIE BO3MOXK-
Hoct SHA-256, Tem cambiM obecrieunBast 0ojiee ObICTpOE B3aMMOJCHCTBHE C TaMsThi0. [IpUSTHBIN pe3yabTaT — BeCh-
Ma ObICTpasi SMUCCUSI KpUNTOTpadUuecKoil BaOThI, OAMH OJIOK (GopMHpyeTcst 3a JiBe C MOJOBHHOW MUHYTHI. Kak u
MHoOrue apyrue 1nu¢posbie BamoThl, MoHeThl FTC BpamiaioTcs B JieleHTpaiu30BaHHOW cucteme. HesaBucumocTth
aTGopMbl U KPUITOBATIOTHI oOecrieunBaercsi Onaronapsi paBHOIPABHIO CPEIH IMoJb3oBaTesnel. bnaromaps stomy y
Feathercoin kypc 3aBHCHT TOJIBKO OT COOTHOIICHHUS TIPEIJIOKEHUSA M CIIpoca, mpoune (akTopsl BPoIe M3MCHCHHI B
MaKpOYKOHOMHUYECKOM IIIaHe, ero He Kacarorcs. OcHoBHble cxozactBa Feathercoin m Litecoin. Feathercoin muorue
9JIEMEHTBI CUCTEMBI T03aUMCTBOBAIN y Litecoin, mosToMy Mex 1y STHMH AByMs BaTIOTAMH MHOTO OOIIETO.

1. Ucnonvzosanue arcopumma

WzBectHO, uTo Bitcoin paboraer Ha ocHoBe SHA-256. HoBblii anroput™ nonosnHseT (yHKIHOHAJIbHBIE BO3-
MOXHOCTH, 3a CUET Uero odecneynBaeTcs: ObICTpOE B3aUMO/ICHCTBHE C MaMATHIO. Takas MOJEpHHU3aLus O3BOJISET J10-
OuThCs OBICTPOI SMHUCCHH BAMIOTHI. POPMHUPOBaHKE OHOTO OJI0KA 3aHUMAET 2.5 MUHYT.

© Kyansiu6aes JK.M., Apnadexos M.I., XKanabaesa I11. / Kuanyshbayev Zh.M., Arpabekov M.I., Zhanabayeva Sh., 2019
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Pucynox 2. Jleiibn kpunmosantomet Litecoin

2. Jleyenmpanuzayus. Kak v B ciydae MHOTHX IPYTHX KpUTITOBAIOT, Feathercoin ve nmeer emmnoro meHTpa.
PaBHOMpaBre MeXIy IOJB30BATEISIMH II03BOJISIET OOECIICYHTh HE3aBHCHMOCTH BajIOTHI, Kypc KOTOpPOW KoieOiercs
TOJIBKO OT CTIpoca U MpeaioxkeHuii. Pa3paboTka mpencTaBIeHHBIX MHU(PPOBBIX IeHeT ObuTa HHUIMHpoBaHa B 2013 roxy
U B3sJ1a 32 OCHOBY ajroputym Litecoin u HagéxuocTs GuTkouMHa. [I0CTENEHHO apXHTEKTYpa OJIOKUYeiiHa OblIa yiIyYIleHa
U B UTOTe KPUIITOBAIIIOTA Mepenuia Ha cobcTBeHHbIi anroputM NeoScrypt. Texuudecku 1 possie nensru Feathercoin
IIpeIaraoT CJIeAYIOIINe IT0Ka3aTelNu:

1. HosBslit anroput™ aenaer MaMHUHT ycToiunBEIM K ASIC-ycTpoiicTBam, 4TO 1aéT BO3MOXKHOCTh HCIIOJIB30-
BaTh JJIsl JOOBIYU BUACOKAPTHI;

2. Bo3snarpaxiaeHue 3a 070k cocTaBisieT 40 MOHET, €r0 YMCHBIICHHUE BBOC MPOUCXOMUT KaxIbpld 2,1 MIH
0JIOKOB;

3. Bpems ¢hopmupoBanue 0510ka — 1 MUHyTa;

4. MakcuManbHBIH 00beM dMICCHH — 336 MITH MOHET.

Paspaborunku Feathercoin mo3uioHUpyOT CBOIO KPUIITOBAIIOTY Kak 0ojiee YAOOHBIN U COBEPIICHHBIH Bapu-
aHT naiiTkonHa. [loquépkuBaeTcss HANWYMEe MHOTOYHCIICHHBIX IPOEKTOB, HANIPABICHHBIX Ha MOBBIIICHHE yIOOCTBA U
6e3omacHocTh cetd. Cpean MoJOOHBIX Pa3pabdOTOK BEIIEISAIOT IIepeUYeHb BOBMOXKHOCTEH Isi GAHKOMATOB M CO3JIaHHE
pearpHBIX DU(GPOBEIX MOHET ITOCPEICTBOM JIa3ePHOTO TPABICHNUS, KOM(MDOPTHBIC ISl HCIIOJIH30BAHUS KOIICTHKH U HHBIC
NPOCKTHI, OPHEHTHUPOBAHHBIE HA MOMYJSPU3ALUIO0 KPHUITOBAIOTEL W IM(QPOBBIX TexHOJOTHH. Paspaborumku
Feathercoin momu€pkuBaroT BEICOKYIO CKOPOCTh 00PabOTKH TaHHBIX, & TAKXKe OE30MaCHOCTh XPaHEHHs CPEICTB U OCY-
LIECTBJICHUS NepeBoioB. KoMmuccust Ha mepeBo/ibl He3HAYUTENbHA, YTO JeJaeT KPUIITOBAIIOTY yIOOHOM Il aKTUBHOM
ToproBiud. OIHAKO OCHOBHBIM aCMEKTOM, HA KOTOPBIHA oOpalaercs BHUMaHUE, OCTaéTcs MaWHHUHT. Y CTONYHMBOCTH K
ASIC-ycrpoiictBam nenaet Feathercoin yno6Hoit mis 100sr4n Ha BuaeOKapTax. MHOTHE MOJNB30BATENH aKTUBHO MOJI-
JIEPXKUBAFOT JAHHBIA MPOCKT UMEHHO 3a CYET JIOSUTBHOCTH K MalfHepaM.

Ocobennoctu Feathercoin. TTockonbKy TTaBHOM IENbI0 pa3pabOTYMKOB ObLIA MOJAEPHHU3AINS CHCTEMbI, OHA
HMMeeT HECKOIPKO BaYKHBIX OTJIMYHI, KOTOPBIE CIICNAIH €€ IPUBIICKATSIFHOHN ISl HHBECTOPOB.

1. Koauuecmso monem. B cimydae ¢ Bitcoin MakcuManbHO BO3MOXKHAsE CyMMa B oOpamieHun cocraBisieT 21
MUIUTHOH, Litecoin uMeer orpanudenue B 84 muminona, a Feathercoin — 336 muronos. Io coctosiHuio Ha 9 aBrycra
BCETO BBHIMYIICHO 131 MIJUTHOH, MTO3TOMY Y KPHIITOBATIOTEI OCTa&éTCsl OOIBIION MOTSHITHAI.

2. Meonennas smuccus. Huskasi IOMyJsIPHOCTh 00€CIIeYMBaeT HEOOJBIIONW BBIMYCK MOHET, TI03TOMY CIOX-
HOCTB CO3IaHUS HOBOTO OJIOKa ocTaércs HE3HAUMTENbHOH. Eciu B ciydyae ¢ qpyruMu KpUNTOBATIOTAMH HX 3arac MO-
HET yKe JIAaBHO MepeBail 3a TOJIOBUHY, To Feathercoin seimymieno menee 40 %. ITockoibky crpoc Ha FTC HeBenuk,
B CpellHeM ee IieHa AepxuTcs B npenenax 10 nentos. [Inatdgopmoii mo Goblieit yacTH MONb3YyIOTCS MalHEPHI, KOTO-
PBIX HE MOKUAAET HaJeX/a Ha BO3POXKICHNE CHCTEMBI. Tarke CTOUT OTMETHTh, YTO TOPTYIOT 3TY KPHITOBAIIOTY TOXKE
HeMHOrHe. B OCHOBHOM, YHOBJIETBOpDEHHE OT WCIOJIb30BaHMS IUIATGOPMBI TONYYHIH TOJBKO MalHephl-
nepBopoxo/ikl. Feathercoin maiiHUHT ObIIT BEChMa BBITOJICH, KOT/d KPUIITOBAIIOTA TOJIBKO-TOJILKO BBINUIA HA OUPKY.
Torma ee BiafeNbIpl 3apaboTai BechMa Heroxo. [Iporuossl pa3Buths cuctembl. Feathercoin mosiBusicst Ha phiHKE 3
mas 2013 co craproBoit ueHoit 0,499 nonnapos. [loka 3To Nydmuid nokazareiab KPUNTOBAIIOTHI 32 BCE BPEMsI €€ CyLIe-
ctBoBaHUs. [lociie BEIXO/Ia HA PHIHOK OHA Cpa3y yIajia B IeHe W3-3a HU3KOro crpoca. Tak Ha nmpotshkernn Beero 2013
rojia CTOUMOCTb B CpeJHEM cocTaBisna 10 eHToB.
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Pucynox 3. I'paghux xypca Feathercoin x Bitcoin

EnuncTBeHHBIN 3HAUMMBIA cKadok mpousomén B Havane 2014 roxa, korga 3a ogud FTC maBanu moutw 1o-
nmap. Ho mponepxkarscst Ha aToii otmerke Feathercoin tak um He cmor, u OvicTpo ckatmics BHu3. Ceiiwac meHa 1
Feathercoin cocrasmnser 0,0133 moimrapa wix 0,000023 BTC. B 0ocHOBHOM CHCTEMOI ITPOAOIDKAIOT IOJIb30BAThCS Maii-
HEpHI B HAJICXK]IC HA €€ BO3POXKACHHE.

IlepcriextuBsl pasButus. OIeHHBas BO3MOKHOCTH M IIEPCIIEKTHBBI pasBuths Feathercoin amammruku chep-
YKaHHO OT3BIBAIOTCS O MOTCHIIMAJIC JAHHON KPUITOBAIOTEL. HecMOTps Ha Bce 3asABICHHS pa3pabOTIHKOB, IPOCKT OCTa-
étcs kpaitHe orpaHnueHHBIM. OCHOBHBIM HEIOCTATKOM BBIICISIFOT OTCYTCTBHE OPHTHHANBHBIX uaeit. Feathercoin mpu-
HA/IJICKUT K IEPBOMY MOKOJICHHIO aJIbTKOMHOB, TOSBUBIIMXCS elle A0 pa3padotku 3¢upa. C yueToM JaHHOTO (pakTopa
TaKUM ITUPPOBBIM JCHbIAM OCTATOYHO CII0KHO KOHKYPHPOBaTh C COBPEMEHHBIMH U 00Jiee MEPCICKTHBHBIMHU ILJIaT-
dbopmamu. HOBBIX MPOCKTOB M AaTbHEHUIIMX Pa3pab0TOK B OMIDKAMIINX IUIaHAX Pa3pabOTYMKOB HE MPEABHIUTCS — HU
Oemnoii OyMaru, HA TOPOXKHOW KapThl Ha O(UIIHATIBHOM caiiTe He mpeacTaBicHo. [loapasymeBaercs, 4To JaHHbIC (-
POBBIC JICHBTH CIIOCOOHBI U Ceiyac KOHKYPHUPOBATh ¢ KPUIITOBAIIOTAMH IIEPBOTO MOKOJICHHUS, B TOM YHCJIE C TOMOBBIMHU
paspadotkamu. OHAKO BOMPOC O 3asABJICHHON YIYYIICHHON 0€30MacHOCTH TaKKe OCTaéTCs OTKPBITHIM. Psii aHanuTh-
KOB ITOJIEPKUBAIOT, yTO Feathercoin obpena u3BeCTHOCTE MMEHHO Ha (OHE COOOIIEHUI O B3JIOME MX CHCTEM Oe3o0rmac-
HOCTH, IT03aMMCTBOBaHHBIX y Bitcoin u Litecoin. Muorue cunrtaroT naHHBIC COOOIIEHUS (DUKTUBHBIMH, OJHAKO HMEHHO
Ha pa3ayBaHMK JaHHOK Tembl Feathercoin mabpama momynsspHOCTh. Pa3paboTYnKu MAaHHON KPHUIITOBAIIOTHI aKTHBHO
MTO3UITHOHUPOBAII CBOM MPOEKT Kak 0oJiee 3alMIIEHHBINA, TOCKOJIBKY UM YAJI0Ch HCIIPABUTh “ySI3BUMOCTH W PEIINThH
PAA TEXHUYECKHUX MPOOJIEM, KOTOPhIMH CTPAIal0T WHBbIC ajdbTKOUHBI. OTACIBLHBIM BOMPOCOM CTAHOBSTCS 3asBJICHHBIC
npoektsl Feathercoin. Mx akTyansHOCTDH C MOSIBIEHHEM CMapT-KOHTPAKTOB HHUBEJIMPOBAHA, a MPH OTCYTCTBUH HOBBIX
ujeil KOHKYpPEeHTOCTIOCOOHOCTh JIaHHOW CTOPOHBI Pa3BUTHS U BOBCE CTAaBUTCS MOJ coMHeHue. [IpakTudeckas peanusa-
U] ¥ aKTyaJbHOCTh JIA3€PHOTO TPAaBJIEHHs JUIS co3/aHus Hu(poBbiXx MoHeT Feathercoin takyke BbI3BIBAET CHOPHOE
oTHomienue. Jlaxxe eciau He MPUHUMATh BO BHUMAaHHE TEXHUYECKYIO CIOKHOCTh MOAOOHOW TEXHOJIOTHH M MHOT'OYHC-
JICHHBIC HIOAHCHI, BBI3BIBACT BOMPOC MPAKTHYECKast HEOOXOIUMOCTb.

Feathercoin Gupxu

Bupxa lNapa Kypc Qbném
QBTC FTC/CNY 500940331 390447
Bittrex FTC/BTC 500812945 $19970
Cryptopia FTC/BTC 50.0616038 35644
Upbit FTC/BTC 500814461 46826
LiteBit.eu FTC/EUR 50.0811934 37%0
EX Thailand FTC/BTC $0.0905092 §443
CainExchange FTC/BTC 50.0642338 3214
Bittylicious FTC/GBP $0.0927081 50

Pucynok 4. Kypc Feathercoin na 6upoice
45



ISSN 2308-4804. Science and world. 2019. Ne 2 (66). Vol. I.

Feathercoin — sto nmudposas BaxoTa C OTKPBITHIM KOJIOM, TIONydeHHAs B pesyiabrare dopka Litecoin B 2013.
['maBHOE HOBIIECTBO MPOEKTA — aTOPUTM XemIupoBaHus NeoScrypt, KOTOPBIi YCIOKHSIET MAaHUHT MOHET Ha OCHOBE
CHeHaTH3UPOBaHHOTO 000pyaoBaHus, Takoro kak ASIC.
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Pucynox 5. Kypc Feathercoin k USD

Ha rpaguke otobpakén xkypc kpunroBantoTsl Feathercoin k nosmapy, pyomto, a¢pupuymy u obutkouny. C mo-

MOIIIBIO TIEPEKITIOYATEIIS] MOXKHO JICTAIBHO PAacCMOTPETh pocT U maaeHus nensl FTC 3a ceromns, 3a Helelno, 3a MecsIl,
3a TOJI ¥ 32 BCIO HCTOPHIO.
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Pucynox 7. Kypc Feathercoin k USD 3a 3 mecsaiya
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Pucynox 8. Kypc Feathercoin k RUB 3a 3 mecaya kanendaprozo 2018 2.
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Pucynox 9. Kypc Feathercoin k EUR 3a 3 mecsaya kanendaprozo 2018 2.
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Pucynox 10. Konebanus kypca Feathercoin no omuowenuto k donnapy 6 meuenue xarenoaprozo 2018 2.
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Tabnuya 1
Kypc KpunTOBAJIIOTHI 10 OTHOIIEHUIO K JOMHHHPYIOLIHM BaJKOTAM MHpPa
Jara FTC/USD FTC/EUR FTC/RUB FTC/CHF
01.12.2017 0,288 0,246 16,91 0,28
03.12.2017 0,285 0,241 16,85 0,28
05.12.2017 0,336 0,286 20,21 0,33
07.12.2017 0,306 0,273 19,13 0,30
11.12.2017 0,366 0,344 24,00 0,36
14.12.2017 0,470 0,395 28,52 0,47
22.12.2017 0,318 0,301 21,30 0,31
26.12.2017 0,413 0,347 26,46 0,41
30.12.2017 0,345 0,293 23,92 0,34
04.01.2018 0,577 0,483 34,44 0,57
16.01.2018 0,307 0,253 1917 0,30
20.01.2018 0,370 0,250 19,05 0,37
05.02.2018 0,125 0,099 7,59 0,12
17.02.2018 0,266 0,210 14,36 0,26
05.03.2018 0,294 0,206 14,01 0,29
19.03.2018 0,250 0,245 16,44 0,25
20.03.2018 0,343 0,280 18,65 0,34
02.04.2018 0,175 0,152 11,02 0,17
24.04.2018 0,270 0,221 15,48 0,27
11.05.2018 0,167 0,142 10,50 0,16
18.06.2018 0,071 0,066 5,03 0,07
24.06.2018 0,120 0,095 6,64 0,12

Ha ocHOBaHMM JaHHBIX TaOJIMIBI | IPEICTaBUM ONpE/IelieHue JOBEPUTEIbHBIE IPaHULIBI Kypca KPUITOBAIIOTHI
Feathercoin o otHomIeHH O K TBEPABIM BATIOTaM MHpA, T.€. BEpXHEH W HIKHEH KOPHIOPHI. J{JIs 3TOH Lenn BOCIIONG-
3yeMcsi HOpMaJIbHBIM 3aKOHOM pacrpejelicHus konebanus kypca Feathercoin (puc.6, puc.10). IlocnenoBateabHOCTh
pacuéToB TakoBa:

1. OmnpenenseM MaTeMaTHYECKOE OKUIAAHNE

TR w
—=1=1i
m _—

£ n

PaC‘-IéTI)I IIOKA3bIBAKOT, YTO BCIIMYHMHA MATCMAaTHYCCKOT'O OXKUAAHHUA COCTABJIIACT:
m,=0,294

2. OmnpenensieM AUCIEPCHUIO:

D=0,0136

3. OmpenernseM BeUYUHY CPEIHEKBAIPATUIHOTO OTKIIOHCHUS:

Bennunna cpeqHEKBaApaTHYHOTO OTKIOHEHHWS Kypca TIpe/ularaeMod KpPHNTOBAIIOTHI COCTaBisieT O
— TS E— .
=4/0,0136=0,1166. Ha ocHOBaHMH MOJY4YEHHOW BEJIMYMHBI CPEIHEKBAPATHUYHOTO OTKJIOHEHUs 3a[aJHMCs JIOBEPH-

TEJIbHBIMH TpaHULAMHK (HW)KHEH 1 BepXHE) npearaeMoil KpUITOBAIIOTHI.
4. OmnpenenseM JOBEpUTEIbHbIC TPAHHIIBL:

FTC=m,+ 6
FTC=0,294+0,1167=0,41; FTC=0,294-0,1167=0,1773

B npenienax 10BepHUTENBHBIX IPaHUIL ONIPEEIsieM BEPXHHI 1 HIDKHHI KOPUIOp KOJIeOaHusI Kypca KpHITOBAIOTHI:
5. Bepxuuii kopuaop kosiebanus Kypca KpunroBamtoTel Feathercoin:

FTC=0,294+0,1167=0,41
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6. Hwkuuii kopumop xKoiebanus Kypca KpunroBamoTsl Feathercoin:
FTC=0,294-0,1167=0,1773

Ha ocHOBaHHHU M3JI0)KEHHOI'O MOXKHO YTBEpP)KIAaTh, YTO HPeENCTaBICHHAs METOJMKA pacyeTa KojeOaHHs Kypca
KpunToBanoTel Feathercoin mosBonser onpeaenuTh ero BepXHUA M HIKHUA KOPHIOP Ha OCHOBAaHHH OTYETHBIX TaH-
HBIX 1 U30erath pe3Koro Koiaebanus ero Kypca. OOpaTUMCst K MPeICTaBICHHBIM YKCIICPUMEHTAIBHBIM JaHHBIM KoJeha-
HUSI Kypca KpUNTOBAIIOTEL. Tak, HampuMmep, mpejcTaBlieHHbIe Kypesl BamoT 14.12.2017 2.y 26.12.2017 2.; 05.02.2018
2.; 11.05.2018 2.; 24.05.2018 2. HaxonsTCs 3a IpenesiaMy JOBEPUTEIbHBIX I'PAHUILl, TIO3TOMY UX KYpPCOBYIO CTOMMOCTh
HY)XKHO CKOPPEKTHPOBath. [IpeiioxkeHHAsT METOANKA PEKOMEHIYCTCsI K BHEAPECHHIO MPU UCYKMCIICHUH KypCOBOW CTOH-
Mmoctu kpunrosaimotel FEATHERCOIN.
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JIM'HUH KEJAPOBBIX OPEXOB B [TPOLHECCAX XOJIOJHOT'O AJEPHOI'O CUHTE3A (X5C)

I'.II. Meraxkcal, A.C. Merakca?, E.M. BoJienos®
! IOKTOp TEXHUYECKMX HAyK, 2 MATHCTP SKOHOMUIECKUX HAYK
WucturyT ropHoTo nena uM. J{.A. Kynaesa (Anmartsr), Kasaxcran

Annomayun. B cmamve uccnedosanvt npoyeccor XAC 0ns auenuna xedposvix opexos. Ilokazano, umo npu
pewenuu 3a0ay XAC neobxo0umo yuumsieames 0COOEHHOCMU CNOCOO08 8030€UCMEUS HA QIIOUO0-COO0EPAHCAULYIO CMECD
UCXOOHBIX KOMNOHenmo8. Taxdice onucanvl IKCHEPUMEHMANbHbIE OAHHble, KOMOpble C8UOeMENbCMEYIOm 0 MOM, Ymo
CMPYKmMypa ucciedyemo2o IUSHUHA CROCOOCMEYen CUHME3Y HOBbIX DJIEMEHMO8, U @ 3A8UCUMOCU Om 0CobeHHoCmell
NPUMEHAEMOU cXeMbl 00pabOMKU UCXOOHbIE XUMUYECKUE DNEMEHMbL MO2YIM MEHIMb C80I0 KOHYESHMPAYUI0 8 COMHU U
MbICSYU PA3 NO CPAGHEHUIO C UCXOOHbIM 3HayeHuem. [Ipu smom umeiom 3HayeHue KOHCMpPYKMUueHvle 0COOeHHOCmU
npuMeHsieMoll cxemvl 6030eticmausi. bvin nposeden nempozpaguueckuti ananus, OaHHble KOMOPO20 HOMO2AION NOHSMb
MEXAHUZMbL 83AUMOOCUCMEUsL UCXOOHOU MAMPUYbL C BHEUWHUM B030€LCMEUEM U NPeOCMABISION UHMepPeC NogedeHue
NpUPOOHO020 MUHEPATILHORO 8eljecmad 8 Xo0e 00pabomKu.

Knroueswte cnosa: xedp, muenun, XAC, mexnonozus, gnioud, gosodeticmsue.

CoBpeMeHHasI HayKa Y)Ke pacronaraeT J0CTaTOYHBIM 00hEMoM uHpopmarmn [1, 3-5] mis popmupoBaHus OTACTE-
HOTO HamNpaBJICHUS IS PEIICHNS 3a71a4 TOMyYeHU XUMHUUECKHIX 3JIEMEHTOB HETPaANIMOHHBIMU criocobamu. [Tocne oTkpbI-
THH [4] BO3MOXHOCTEH OMOTEXHOJIOTHH, MPECTABIISIET MHTEPEC MCIIOIB30BAHME TS 3THX LeJIeil MPOCTPaHCTBEHHBIX JIydeh
H. Tecna, momyyaeMbIX ¢ TOMOIIBIO KaTyIIeK HHIYKTHBHOCTH Pa3HONH KOHCTPYKIHMH. [ JTaBHOM 0COOEHHOCTBIO HAIIMX KOH-
CTPYKLMH SBIISIETCS] aBBTOHOMHOCTB SHEPTETHYECKOTO BO3/ICHCTBHS, HE 3aBUCSIIETO OT NMPOMBIIUICHHON 3IeKTpoceTH. B ka-
4yecTBe O0BEKTa BO3/IEHCTBHS BEIOPAH JIMTHUH KEAPOBOM CKOPIIYIIBI, IPEABAPUTEILHO BBICYILIEHHON M TIEPEMOJIOTOM 10 JIUC-
nepcHocTH > 40 MUKpOH. 3aTeM Bo/HbIN pacTBop (3:1) moaBeprayiv B TeYeHNH Mecsia 00paboTKH, BO3IEHCTBYS Ha (rons ¢
TIOMOILIBIO AIEKTPOJIOB, TOAKIIOUEHHBIX K IMpeoOpa3oBatesio Tecna ¢ pa3sHbIMU CIIOCOOaMU COITIAaCOBAHHUS:

e Cxema | — ¢ ynanéHHON BTOPUYHOH KaTyIIKOMH;

e (Cxema 2 — ¢ HAJIO)KEHHOHM BTOPUYHOM KaTyIIKOH;

e (Cxema 3 — ¢ KOMIUIEKCOM (DOTOIIIEMEHTOB.

B Tabnune 1 npuBeneHsI pe3yabTaThl CIEKTPAIbHOTO aHAIN3a JIMTHUHA JI0 ¥ [OCJIe 00padOTKH.

Tabnuya 1
XumMuyeckuii cOCTaB KeJPOBOro JUTHUHA JI0 U Nocjie 00padoTKu
Bun Copepxanue, %

00paboTku Co Zn Y Cu | Sn Mo Ni | Mn | V Cr | Ag Li Nb | Bi W | Sh P
104 | 10% | 10% | 108 | 10| 104 | 10% | 10® | 10®% | 10% | 105 | 10® | 10* | 10* | 10® | 10® | 10?

HWcxomablit 10 4 - 4 40 3 4 4 05106 |25 2 - - 6 - -

Cxema 1 10 80 - | 400 | 10 | 1000 | 3 4 6 20 [ 500 | 2 - 15 | 20 3 4

Cxema 2 2 3 - 10 4 10 3 4 0,5 1 10 2 - 10 - 30 -

Cxema 3 6 5 3 10 | 15 2 5 4 1 1 3 5 6 - 3 - 4

DKcIleprUMEHTaIbHEIC TaHHEBIC, IPUBEIEHHBIC B TAOJHUIC CBHIACTEIBCTBYIOT O TOM, YTO CTPYKTypa HCCIeaye-
MOTO JIHITHHHA CITIOCOOCTBYET CHHTE3y HOBBIX JIEMEHTOB (HHOOWIA, CypbMa, BUCMYT), a TaKXKe B 3aBUCHMOCTH OT OCO-
OCHHOCTEH PUMEHIEMOU cXeMbl 00pabOTKH HCXOAHBIE XUMHUYECKUE IIEMEHTHI MOTYT MEHATH CBOIO KOHIICHTPAITHIO B
CcOTHM (LIMHK, M€Jb, cepedpo) U ThHICAYU pa3 (MOJIUOJIEH) MO CPAaBHEHHUIO C MCXOJHBIM 3Ha4deHHeM. [Ipu 3TOM HMelT
3HauYe€HUE KOHCTPYKTHUBHBIE OCOOEHHOCTH MPUMEHSIEMON CXeMBbI BO3/eHCTBH. OTCIOAa CEeyeT BBIBOJ O TOM, YTO IS
CHHTE3a 3aJJaHHBIX JJIEMEHTOB CJIeJlyeT HAalTH KOHKPETHBIE CIIOCOOBI COTJAcOBaHUSI MapaMeTPOB B3aHMMOJECHCTBUS B
XOJIe CHHTE3a ONPeAeIEHHOT0 XUMHUYECKOro dIeMeHTa. {1 pemeHns 3aaad yrnpaBJeH!s] X040M CHHTe3a HEOOXOIHMMO
MIOHUMATh MEXaHU3Mbl B3aUMOJICHCTBUS MCXOHOW MAaTpPHIIBI C BHEIIHUM BO3JeicTBHEeM. [loaTOMY mpejicTaBiisieT UH-
Tepec MOBEACHUE MPUPOJTHOI0 MUHEPATBHOTO BEIIECTBA B X01€ 00paboTKu. 11 3THX Iielieil BBIMOIHEH meTporpadu-
YEeCKHId aHaJN3, JAaHHBIE KOTOPOTO MPEICTaBICHEI B TAOIHUIIE 2.

Tabnuya 2
PesysabTaTsl neTporpadgpuueckoro aHaJIM3a KeIpoBoro JUTHUHA 10 U nocjie 00padoTKkn
Bupn o6pabotku Conepxanue, %
Ca0 MgO Fe203 Al203 SiO2 Na.0O K20
Hcxomuprit 6 2,5 3 1 1 2 3
Cxema 1 5 2,5 6 6 10 2 3
Cxema 2 10 1 6 4 2 1 1
Cxema 3 3 0,8 8 6 8 0,6 2

© Merakca I'.I1., Merakca A.C., bonenos E.M. / Metaksa G.P., Metaksa A.S., Bolenov E.M., 2019
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W3 maHHBIX 3TOH TaOIUIBI MOKHO YBHJIETh, YTO HEKOTOPHIE MHHEPAIIBI SBJISIOTCS PACXOAHBIMH MaTEpHATIOM
IUTA CHHTE3UPYEMBIX AJIEMEHTOB, a JPYTHe — HA00OPOT — BeAyT ce0s Kak IMoOOYHBIE MPOIXYKTHI CHHTE3a. TaK OKCHI
KaJbIUSA PacXOIyeTcsl TOJMBKO mpu 00paboTke 1o 3 cxeme mpeoOpa3oBaHMsA, a TP BTOPOH CXeMe KOJIMIECTBO €TO BBI-
pocio B 1,5 paza. [loqoOHast cuTyalus CKJIaAbIBaeTCsA M IS OKCHIA MAarHUA. A IS TTOKa3aTeleil KOHIEHTPAIUN KeJle-
3a BO3HHKAaeT 0OpaTHEIN 3(deKT — Bo BceX CiIydasx ero cojaepkaHue B 2-2,5 pa3a MpPEeBHIIIACT HCXOAHOE 3HAYCHHE.
Taxkoii xe 3¢ ekt oTMedaeTes Ui OKCUIOB alOMUHMSA U KpeMHus. [llenoynbie MUHEpabl TakKe YYBCTBUTCIBHBI K
M3MCHCHHUIO YCIIOBUM BO3MICHCTBHUS, UTO YKA3bIBACT HA MX BHICOKYIO aKTHBHOCTB B TIPOIIECCaX CHHTE3a.

MOo3KHO caenaTh HOMBITKY TOHUMAHUS MEXaHU3MOB MPOTEKAHUS STHX MPOIECCOB, UCIIONIB3Ys MPUHITHIT TO/I0-
Oust. 31ech OyJeT YMECTHO PACCMOTPEHHUE YCIOBUN KPATHOCTH LEJIOYHCICHHOMY PSITy HEKOTOPBIX CBOWCTB MCXOJHBIX
U CHHTE3HPYEMBIX 3JICMCHTOB. Hampumep, CKOpOCTh 3BYKa SIBIICTCS MMapaMeTPOM, 3aBUCSIIUM OT IUIOTHOCTH M CTPYK-
TypsI (Moaynb FOHra, ko3dhdurment IlyaccoHa — uist TBEPBIX TEIT; BA3KOCTh — JUTS KHIKUX).

Tax, HanOoIee MHTEHCUBHO TIPOSBIIIIOT ce0sl IIPH CHHTE3€ IIIHK, MEIb, MOJIMOICH, BAHAIMHA, XpPOM, BOJB(GpaM
u cepedpo. HrnoOwuit 1 BUCMYT OTCYTCTBOBAJIM B HCXOHOM MaTepHale.

B Tabmume 3 moxazaHsl hU3WYECKHE COOTBETCTBUS Ui OCHOBHBIX MHHEPAJIOB, IPHUCYTCTBYIOUINX B KEIPOBOM
JUTHUHE 0 00pabOTKU. 371eCh CHHTE3UPYEMBIE SIIEMEHTHI 110 PHU3HAKY IMO100US CPaBHUBAIOTCA C IPUPOAHBIMH MUHE-
paJlaMH 10 CKOPOCTH pacIpOCTPaHEHISI MEXaHUIECKHX BOJIH (CKOPOCTD 3BYKa).

Tabnuya 3
IMapaMeTpsbl N0J00MS 1JIA CHHTE3UPYEMBbIX XUMHUYECKHUX JIEMEHTOB

DnemMeHT Zn Cu Mo \Y% Cr w Ag Nb Bi
CkopocTb 3700 3570 6190 4500 5940 5174 2600 3480 1790
3BYyKa, M/C

Koaddumment 1 1 1 1 1 1 2 1 2
rozoous
Musnepan SiO2 SiO2 Al20s SiO2 Fe20s SiO2 SiO Cu Cu

Koa¢ppuuunent nogodusi paBHbI eTUHUIE 03HAYAET, YTO CKOPOCTH OTKJIMKA HAa BHEIIHUE BO3JCHCTBHUS COBIA-
JTAIOT I TOHOPA U CHUHTE3UPYEMOT0 JIEMEHTA, €CIIM N=2 — 3TO 3HAYUT CYIIECTBYET KPaTHOCTh LIETIOYUCICHHOMY Psi-
Iy, T.€. CKOPOCTb BJIBO€ BBIIIIE MM HUKE y CPABHHUBAEMBIX JIEMEHTOB U MMHEPAJIOB. 37€Ch XOPOIIO BHUIHO, YTO BBI-
OpaHHBII IPUHIMIT OAOOUS XOPOLIO OTPAXKAET CYIIHOCTh MPOIECCOB CUHTE3a B IAHHOM SKCIIEPUMEHTE — B OOJIBILIIH-
cTBE CiTydaeB K03(h(UIMeHT moxooust paseH 1, TombKo cepedpo u BUCMYT UMEIOT n= 2. KpoMe Toro, BHOBb CHHTE3UPY-
€MBbIE JIEMEHTHI (HHOOUI M BUCMYT) HMEIOT BBICOKYIO CTEIIEHb IMOJOOMS HE C MHHEPAJIOM, a C CHHTE3UPYEMBIM 3JIe-
MEHTOM, B JAHHOM CIIy4ae C MEbIO.

Kpome Toro, B sKCriepuMenTe 3a1eficTBOBAaH NPUPOJHBIN (IIION — BOJIA, B KOTOPOH €¢ KOMIIOHEHTHI — BOJO-
PO ¥ KHCIIOPOJ] — CBSI3aHBI KOA(UIIEHTOM 110100151, paBHBIM YETHIPEM:

1270 _

Vi/Vor =——=4

217

OT0 03HAyaeT, YTO OHU BCEr/la KaTAJUTUYECKH aKTHUBHBI 110 OTHOIIEHHIO APYT K JIpyry. O6 3TOM CBHUIETENb-
CTBYIOT B3pBIBBI B IlIaXTax, PO30BBIE SIBJICHUS U T.I1. DTa HHGOPMAIHSI TOBOPUT O TOM, 4TO B XOJIe CHHTE3a HOBBIX dJie-
MEHTOB OHH MOTYT MI'paTh HE MOCIEAHIO ponb. He ciyuaifHO 3TOT hakT MCHONB3YIOT B Psie HOBBIX T€OTEXHOJIOTHI
[2]. CpaBHuTenbHBIN aHATN3 TOKA3a]d OTCYTCTBHE IEIOYHCICHHBIX KO3()MHUIHEHTOB MOMO0MS JJIsi CaMOW MOJIEKYJIbI
BOJIBI, @ BOT B XOJI¢ €€ aKTHUBAIMU €€ COCTaBIISIOIINE MOTYT MPOSIBISTH BHICOKYIO aKTHBHOCTB. Tak cepedpo umeer Ko-
3G GUIUEHT To100Ms, PaBHBII JBYM MO OTHOLICHHIO K BOJOPOAY — HE CIIy4aiHO cepeOpo BEKaMu UCIIOJB3YIOT JUIS aK-
THUBAaIUM BOJBl. Meap M IMHK UMeEoT n = 3, s Bodbdpama n = 4. Takum oOpa3om, B X0/1€ CPAaBHUTEIHHOTO aHAIN3a
BBIBIIEHO, 4TO BO (hrompocozaepskamier cpene B nporeccax XAC y4acTByIOT B pa3HOW CTENEHM BCe KOMIIOHCHTHI U
CTPYKTYpHBIE COCTaBIISIIOIINE pabodeli cpepl.

COBOKYITHOCTB TIOJIyYEHHBIX IKCIIEPUMEHTATIBHBIX JAHHBIX TI03BOJIIET CAENIATh CIIETYIOINE BEIBOIBL:

1. XomomHBIN SIEPHBIA CHHTE3 pean3yeM ¢ MOMOINBI0 IpeodpazoBaTeneii Tecna pasmuyHOW KOHCTPYKIIUH.
[Tpn 3TOM CTPYKTYpa JUTHWHA KEAPOBOH CKOPIIYITBI MOKET OBITh MCITOJIb30BaHA B KAUECTBE OCHOBBI JJIsI BOSHUKHOBE-
HMSI HOBBIX 3aJJaHHBIX 3J1EMEHTOB B xo71e XAC.

2. ns m3ydeHus: MexaHu3Ma yrpasiienus nporeccaMu XSC MoryT ObITh MPUMEHUMBI IIPUHIMIBI TT000US,
OCHOBaHHBIE HA COOTBETCTBHHM MapaMETPOB LEIOYHCICHHOTO Psia CKOPOCTEH PaclpOCTpaHEHUSI MEXaHMYECKUX BOJH
(cxopocTeii 3ByKa) B CPaBHUBAEMBIX dJIEMEHTAX.

51



ISSN 2308-4804. Science and world. 2019. Ne 2 (66). Vol. I.

CIIMCOK JINTEPATYPbBI

1. Beicoukuii, B.M. SnmepHblii cHHTE3 W TpaHCMyTauus H30TOB B Ouonoruueckux cucremax / B.W. Bsicoukuii,
A.A. Kopnuosa. — M., Mup, 2003. — 302 c.

2. CeKI/ICOB, AT. HepCHeKTI/IBBI HCNOJIb30BaHUSI aKTUBAITUOHHOT'O KYYHOI'O BBIIICJIAYMBAHUSA IJIA JOU3BJICUCHUSA 30JI0Ta
n3 MatepHasa oOpaboTaHHBIX ITabenell M XBocTOB oborameHus pyn // IIpoGireMbl KOMIIIEKCHOTO OCBOEHHSI Te€OpecypcoB /
A.T. Cexucos, H.B. 3s1koB, A.1O. JlaBpos. — M.: ['opnas xaura, 2016. — C. 328-333.

3. Fleschman, M. Electrochemically induced nucllar fusion of oleuterium / M. Fleschman, S. Pons // Electroanal, chem. —
1989. — 261 (2). — P. 301.

4. Kervran, C.H. PreuvescnBiologie de Transmutations a Fable Energie / C.H. Kervran. — Paris, Maloine, 1975.

5. RocciAndreg, Metod and Apparatus for carringutnikel and hydrogen exsotermal reactions. Word intellectual property
organization, wo 2009, P. 125-444.

Mamepuan nocmynun 6 pedaxyuro 22.01.19.

PINE NUTS LIGNIN IN COLD NUCLEAR FUSION (CNF) PROCESSES
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Abstract. The article investigates the processes of NSF for pine nut lignin. It is shown that when solving prob-
lems of NSF, it is necessary to take into account the peculiarities of methods of influencing a fluid - containing mixture
of initial components. Experimental data are also described that indicate that the structure of the lignin under study
contributes to the synthesis of new elements, and depending on the characteristics of the processing scheme used, the
initial chemical elements can change their concentration hundreds and thousands of times compared to the initial val-
ue. In this case, the design features of the applied exposure scheme matter. A petrographic analysis was conducted, the
data of which help to understand the mechanisms of interaction of the initial matrix with an external influence and the
behavior of the natural mineral substance during processing is of interest.

Keywords: cedar, lignin, CNF, technology, fluid, impact.
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HEKOTOPBIE OCOBEHHOCTHU CUHTE3A XUMHWYECKHUX 3JIEMEHTOB
C IOMOIbIO BUOJIOI'MYECKUN AKTUBHBIX PACTBOPOB (BAP)

I'.Il. Merakca®, E.C. Opbinroxun?, K. H. Annmesa®, A.C. Merakca’, E.M. Boaenos®
Wucturyt roproro nena uM. J[.A. Kynaesa (Anmartsr), Kasaxctan

Annomayus. B cmamoe onucvisaemcs konyenyust Xon00Ho20 s0eprozo cunmesa. Ilokasano, umo cunmes Ho-
8bIX INEMEHINO8 MOIICHO OCYUWECMBIIAMb, UCNONb3YA 6 Kayecmee HOCUMEIsi UCXOOH020 MAMepudnd npupooHvle Murepa-
JIbl, KOMopble MeHAI0M C80U Xumuueckull cocmas 8 xooe oopabomxu ux BAP paznuunoii cenexyuu. Taxowce gviagneHvl
Hekomopble npusHaku ona cenexyuu BAP cneyuanvnozo nasnauenus. Paccmompenvi 6uovl cenexyuu, ocrnogannule Ha
8bl0eNeHUU ONPeOeNEHHO20 8UOA MUKPOOP2AHUIMO8 U3 MHO2OKOMNOHEHMHOU CUCMEMbl KUCTOMOIOUHOU CbIGOPOMKIL.
Obosnaueno HoGoe Hanpasienue nposedeHus UCCIe008amenbCKux pabom no noayueHuI0 3a0aHHbIX 21eMeHMOo8 ¢ No-
mowpto BAP paznuunoti cenexyuu. Taxowce Obi10 NOKA3aHO, YMO CUHME3 HOGLIX INEMEHMOE MOJICHO OCYUIeCMEIAMD,
UCNOIBL3YA 8 Kauecmee HOCUMENs UCXOOH020 Mamepuand npupooHsle MUHepasl (6 OAHHOM CIIy4ae U36eCmHsK), KOmo-
Dpble MeHAIOM CE0U XuMuyeckuii cocmag 8 xooe 06padomxu ux HAP.

Knroueswie cnosa: BAP, XonoOuwiti sdepblil cunmes, celeKyusl, COeOUHeHUs, MUHePAallL.

B mociemHme Toabl TOSBIIOCH MHOTO PaboT IO XOJIOHHOMY simepHoMy cuHTe3y (XSC) XUMHYECKUX 3IeMeH-
TOB M HX coenuHeHni [2, 5, 7]. Yame Bcero UCHONB3YIOT ABa IYTH pean3alyy 3a7ad 3TOro HampaBieHus. Tak B pado-
TaX UTAJbSHCKOTO HccienoBareins Poccu A. [7] HCIONIB3YIOTCS HUKEIEBbIE KATANM3aTOPhI, a B KA4eCTBE pabouero tena
BEIOpPAaHBI M30TOIBI BOJOPOJA, a CHCTeMa BO3OYXKICHUS MPU STOM MOJKET HCIIONB30BaTh JIFOOBIE BHUABI YHEPTHH — OT
TEIUIOBOI'0 HarpeBa A0 3JIEKTPOMEXaHHYECKUX BOJIH OIPEeNIEHHOTO IHuama3oHa.

IMocsie mosiBneHus muoHepckux padort JI. Kepepana [6] chopmupoBanocs HOBOe HanpaBiieHHe paboT, OCHOBOM CHH-
Te3a JJIEMEHTOB B KOTOPBIX SIBJISIACh JKMBasl KieTka. Ha mpumepe OHMOJIOrMUYecKr — akTHBHBIX PacTBOPOB OBbLIM MOKa3aHbI
BO3MOXKHOCTH (pOPMHUPOBAHMS HOBBIX ajlb()a — YacTUIl B TEMIEPATyPHBIX MpeJieiaX CyLIeCTBOBaHHUS MUKPOOpPraHu3MoB. Tak
MOSIBUJIACH HOBAs HayKa — OMOHeopraHudecKkas XuMmus [4], pa3BUTHE KOTOPOH MO3BOJIMIIO TOJTy4aTh NPAKTUUECKU BCE XHUMH-
YECKHE JICMEHTHI C MIOMOIIBI0 MUKPOOPraHu3MoB [3]. OOIIHM HEJOCTATKOM 3THX pabOT SABISIETCS HEOOXOMMOCTh 3aKa3bl-
BaTh MHKPOOPTAHU3MEI B CIICIIUATH3NPOBAHHBIX OPTaHU3ANMAX, [ICHHl HA TIPErapaThl B KOTOPBIX UCKIFOYAOT BO3MOXKHOCTD
MX MCIOJB30BaHUS B COBPEMEHHBIX HAYYHBIX HCCIeqoBaHUIX. OTCIO/Ia BO3HUKIIA HEOOXOIUMOCTh MIPUTOTOBIICHUS OHOJIOTH-
YeCKU — aKTHBHBIX PACTBOPOB HETPAJIUIHOHHBIM CIIOCOOOM, KOTOPBI UCHOJB3yeTCs B MEAUIMHCKOI npakTrke bormorosa B.B.
[1]. OcHoOBHBIM IpenMyIIeCTBOM 3THX BAP siBisieTCs: MPUHIMIT CETIEKIMK, OCHOBAHHBIH HA BBIJICIICHUHU ONPEIeIEHHOTO BHIA
MHKPOOPTaHU3MOB M3 MHOTOKOMITIOHCHTHOW CHCTEMBI KHCJIOMOJIOYHOH CBHIBOPOTKH. 31eCh OTCYTCTBYET HSKOJIOTHYCCKAs
OTIACHOCTH 3apaKEHMUSI, T.K. BCE KICIOMOJIOYHBIE TIPOTYKTHI aCCHMIDTIPOBAHEI C YEIIOBEYECCKIM OPTaHU3MOM.

Hcnonb3yst MpUHIMIBEI OMOHEOPTaHWYECKOW XMMHHM HaMH ObLI IOCTaBJICH JIAOOPATOPHBIH IKCIEPUMEHT, CYIII-
HOCTh KOTOPOTO 3aKJII0YaJach B CEJIEKIUH ONpPeNeIEHHBIX MUKPOOPTaHIM3MOB C TIOMOIIBI0 MUHEPAIBHBIX COJIEH, opra-
HUYECKHUX KHCJIOT U SAOBUTHIX pacTeHHi. [10ydiB MOHOKYJIBTYPY OaKTepHii, HOMELIAIN B YCIOBUs pa3BUTON Mexpa-
30BOI MOBEPXHOCTH (ITOPOIIIOK), B HAIIEM CJIy4ae M3BECTHSK, KOTOPBIN Mocie momMoia uMen auameTp dactuil 40-60 pkM.
[IpucnocabauBasich K HOBBIM YCIOBHSAM NMHUTaHHUSA, MUKPOOPTAaHU3MBI IMEIOT BO3MOXKHOCTh CHUHTE€3MPOBATh HOBBIE 3J€-
MEHTHI U coeuHeHus. Hipke nmpeacTaBieHs! pe3ynbTaThl 3KCIIEPUMEHTAIBHBIX PadoT.

OCHOBHBIM ITOKa3aTeJIeM MPOIECCOB TPAHCMYTAIIMH SBISIETCS W3MEHEHMSI KOJMMYECTBa MUHEPAJIOB (TIeTporpa-
¢udeckuil cocTaB) MO CPAaBHEHUIO C HCXOIHBIM COCTaBOM. B Tabnmie 1 mpuBeIeHBI KOJIMYICCTBEHHBIC ITOKA3aTEIH 110
TpacMyTaIluHl U3BECTHIKA OaKTEPUSMHU, TOTYICHHBIMHU CEJICKITUCH C TIOMOIIBI0 MUHEPATEHBIX COJICH.

Tabnuya 1
XumMuyeckuii cCOCTaB MUHEPAJIOB, OCJIe 00PAa0OTKM MUKPOOPTraHU3MaMHU,
MOJIyYeHHBIMH CeJIeKIMEeH € y4acTHeM HeOpraHu4ecKkmux coJieit
Bunosoi Copepxxanue, %
TPHU3HAK CaO MgO Fe20s Al2Os SiO2 Na20 K20
Oakrepuit
Ucxonublit >20 1 0,8 10 6 0,1 <0,5
K3Cr207 10 1 0,1 10 2 0,5 5
CaCl >20 2 1,5 10 10 0,3 <0,5
LiCl 8 1 1 10 5 0,2 2
NH4POs >20 1 3 10 4 0,2 <0,5
NaCl 10 5 0,8 10 6 6 2
KCI 10 3 1 10 6 0,4 >10
CuCl >20 3 1 10 6 0,2 <0,5

© Meraxkca I'.I1., Opsiaroxun E.C., Anumiesa XX .H., Merakca A.C., bonenos E.M. / Metaksa G.P., Oryngozhin E.S.,
Alisheva Zh.N., Metaksa A.S., Bolenov E.M., 2019
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V3 naHHBIX, IpUBEAEHHBIX B TaOJIUIIE, BUAHO, YTO U TPAHCMYTAlUH KaJbIUEBBIH KOMIIOHEHT HCIOJIB3YeTCs
TOJIEKO MHKPOOPraHM3MaMH, KOTOPbIC BBIpALICHb! B XJIOPUCTOM JIMTHH, KalUU U HATpHU. KoIM4ecTBO MarHus Hews-
MEHHO TOJBKO Ui OakTepuil MUt U (HOCcHOPHON CENUTPHI, HO IPEodIaaloT MPOIecCH CHHTE3a, OCOOCHHO WHTCH-
CHBHO BBIPa0aTHIBAIOT €ro OAKTEepUH, BEIPAILCHHBIC B XJIOPHIAX KaJHs, HATPHs, MEAU U Kanblus. JKene3o cuHTe3upy-
€TCs XJIOPHIHO-KaIbIUEeBEIME U (HOCHUIHBIME MUKPOOPTaHU3MaMHU. AJIOMUHUN MPaKTHYECKA MHEPTEH AJIA BCEX pac-
CMaTpUBaeMbIX OAaKTEpHii, TOra Kak KPEMHHI aKTUBHO PACXOJyeTcss MHUKPOOPTaHU3MAaMH, BBIPAIICHHBIMH B XPOMITH-
KOBO# cpezie. LllenouHble MeTaIbI PaCXOMyIOTCSl U CHHTE3UPYIOTCS CEIEKTHBHO.

KonmuecTBo CHHTE3MPYEMBIX 3JIEMEHTOB JJIsl 3TOH IPYIIIBI MUKPOOPTaHU3MOB IIPUBEACHO B TabuLe 2.

Tabnuya 2
XuMnyeckuii cOCTaB CHHTE3UPYEMbIX 2JIEMEHTOB MUKPOOPraHU3MaMH,
N0JIYYeHHBIMH CeJIeKIMeil HeOpraHn4yecKux coJiei
Bunmosoit Conepxanue, %
TIpHU3SHAK Jn103 Sr102 Col0* Zn10° Cul0® Sn10+ Pb10-3 Cr10® Gal0*
OakTepuit
WcxomHbri <1 3 8 1 2 <1 0,8 0,5 <1
KsCr207 15 1 <1 2 5 100 1,5 1000 8
CaCl <1 6 1 2 6 150 1,5 20 3
LiCl 15 1 1 3 4 50 2 15 8
NH4PO3 <1 2 6 2 4 1000 6 2 5
NaCl 30 15 6 4 8 200 2 40 15
KCI <1 2 3 2 6 600 2 1 5
Cucl <1 2 4 2 300 200 1 0,8 <1

Ortcrofa cienyer, YTo B CHUCOK CHHTE3UPYEMBIX SJIEMEHTOB BXOJAT TaKHE METAJUIbl KaK WHAUM, CTPOHLHUH,
K0OaJbT, IIMHK, MENb, OJIOBO, CBUHEI, XpoM H Tayumuil. [Ipu 3ToM cymiecTByeT HEOOHOPOAHOCTh B PACIPEICICHUN HX
KOJIMYECTBEHHBIX 3HAYCHUN MO BHUIOBHIM NPH3HAKAM MHKPOOPTaHW3MOB. Tak, OaKTepHH, BBIPAIICHHBIC B XPOMHHKO-
BOM pacTBOpE, BEIPA0ATHIBAIOT PEKOPIHOE KOJIMIECTBO OJIOBA, HA TIOPSIOK IPEBBIMIAONINE BOSMOXHOCTH JPYTUX MUK-
POOPIraHU3MOB. 3/1€Ch KE CIEAYET OTMETUTD, YTO KOJIMYECTBO CUHTE3UPYEMOT'O IO BUIOBOMY IIPU3HAKY 3JIEMEHTA MaK-
CHMAaITbHOTO MMEHHO U TeX OaKTepuhil, COJIb KOTOPOTO MCHOIB30BaHa AJIS CENECKIMH. DTOT MPU3HAK MOXKHO B JTAJb-
HEWIlEeM UCTIO0Ib30BATh JJI1 IPOTHO3UPOBAHMS CUHTE3UPYIOLIUX CBOMCTB.

[ToBeneHue GakTepwii, MOJTYUCHHBIX CENEKIUEH B Cpe/ie OPTaHUIECKUX COSAMHEHUN, U3y4alli, UCIIOb3Ysl pac-
TBOPBI YUCTOTENA, OECCMEPTHHKA, THOMOYCBHHBI, AllCTHICATHIIMIOBON M HUKOTHHOBBIX KUCIOT. B Tabmure 3 u 4
MPEACTaBIEHbI KOJIMUYECTBEHHBIE 3HAYEHUS TPOU3BOAUTEIHBHOCTH 3TUX MUKPOOPTaHU3MOB.

Tabauya 3
Kosnu4yecTBeHHBI COCTAB MUHEPAJI0B EeTPOrpaduyeckoro aHajau3a
J0 M 1nocJie 06padoTKu 0aKTepUsMH OPraHUYecKOM ceJleKIUU
Bunosoii mpusHak 6akrepuit Coneprxanue, %
Ca0 MgO Fe203 Al203 SiO2 Na.0O K20
beccMepTHUK >20 1 0,5 10 6 0,2 0,5
Yucroren 10 1 0,5 10 2 0,2 0,6
TuomoueBuHA >20 1,5 1 10 5 0,2 <0,5
ATleTHICATUIIAIIOBAS 5 15 0,4 0,5 2 0,2 <0,5
KHCJIOTa
HuxotnHoBas kucmnora 15 2 3 10 20 0,5 0,5
UCXOIHBIN >20 1 0,8 10 6 0,1 <0,5

Kak u B mpeapiaymieM ciiydae XOpOIIO BHIHA HEOJHOPOIHOCTh COCTaBa MUHEPAJIOB mociie oOpadoTku BAP.
ITpu 3TOM OONBIIMHCTBO U3 HUX IOMAAAeT B pa3ps PacXOdyeMBbIX ATl CHHTE3a MUHEpanoB. AIIOMUHUM, OBIBIIHHA pa-
HEC B paspaaec Hef/'ITpaJ'IBHI)IX HCIOJIB3YETCA B IpOoLCCCaxX TPAHCMYTAlIUN TOJIBKO MUKPOOPTraHU3MaMH, BbIpAIlICHHBIMHA B
aleTWICATUIMIOBON KucioTe (acmupuH). IIpy 3TOM OHM TakXe YCHENIHO pacXoJyloT KaJIbIHH, XeJle30 ¥ KPEeMHUIL.
HukotrnHOBEIE 6aKTEpHUH XOPOIIO TPACMYTHPYIOT KPEMHHUH, KOJTMYECTBO KOTOPOTO BO3PACTAET 110 CPABHEHHIO C UCXOJI-
HBIMH B 3 pasa. Onu TaKKe aKTUBHBI M 110 OTHOIIEHUIO K OKCHJaMHATPpHA U KA — UX KOJIMYECTBO BO3PACTACT B 5 pas.

SInoBHTOE pacTeHHE YHCTOTEN CHOCOOCTBYET CEJIEKIMH MUKPOOPTaHU3MOB, KOTOPBhIE MOTYT IOTJIONIATE Kajlb-
LM, JKele30, KpeMHUH U CHHTE3UpOBaTh HIEIOYHbIE MeTaIbl. Ero aHTHIION — GECCMEPTHUK OCTaBIISET MPAKTHYECKU
MHEpTHBIE OaKTepuu (KpoMe IIEeIOYHBIX Me), KOTopble ci1abo y4acTBYIOT B IpoLieccaX TPAaHCMYTAllHH.

B tabnuue 4 mpezcraBieHbl pe3ybTaThl TPAHCMYTALMHM STHMH BUJIAMHM OakTEpHUH HOBBIX XMMHYECKHX dile-
MEHTOB.
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Tabauya 4

KosnyecTBeHHBII cOCTAB XMMHYECKHMX 3J1eMEHTOB 10 1 nocJje cuure3a BAP oprannyeckoii npupoasl

Bunosoii npusHak Gaxkrepuit Coneprkanue, %
Jn103 Col0* Zn103 Cul03 Sn10# Mo10* Ni10-3
BeccmepTHuK 10 1 3 3 300 15 1
Yucroren 15 1 4 15 30 15 1
TuomoueBrHA <1 6 2 6 60 1 2
AleTHIICATUIUIOBAS <1 2 2 6 30 1 1
KHCJIOTa
HuxotnHOBas KHCIOTA 15 6 5 10 30 2 4
HUCXOIHBIN <1 8 1 2 <1 0,5 2
Bunosoii npusHak 6akrepuit Conaeprkanue, %
Mn10-3 Cr10® Agl0°® Zr10? Li10® Bi10* Ga10*
beccmepTHHK 8 0,6 0,8 1 2 2 6
Yucroren 10 1 0,6 1 <2 <2 8
TuomoueBuHA 40 2 2 15 3 3 3
AlleTHIICATNIUIIOBAS 8 5 1 15 10 10 <1
KHCJIOTa
HuxkotnHOBas Kuciora 20 5 0,8 1,5 20 20 10
HMCXOIHBII 15 0,5 0,5 0,5 <2 <2 <1

JlaHnHble, TpUBEJEHHBIE B Ta0JHIIE, CBUIETEILCTBYIOT O TOM, YTO OPraHUYECKHE COCIMHEHHS, B TOM YHCIE U
pacTuTeNbHble KOMIO3UIMU MOTYT OBITh YCHENIHO MCIOJB30BAaHBI AJIS TPAHCMYTAaIlMM HOBBIX 3yeMeHTOB. Tax BAP,
MOJYYSHHBIH U3 TpaBbl OecCMEpTHHKA JaéT HauOoblIee KOJMYECTBO OJIOBa, cojepkanue kotoporo B 300 pa3 mpeBbl-
IIaeT KOJIMYECTBO €0 B MCXOXHOM MuHepaie. [IomyTHeIMH 3rieMeHTaMu ABIstioTcest mHAuH (B 10 pa3 GonbIe HCXOmHO-
Ir0), IMHK, MElb, BACMYT M TJUIMH. 3aTO KOJIMYECTBO MCXOJHHKOB MapraHiia U KobanbTa Ha MOPANOK HIKE. Buanmo
OHH YYacCTBYIOT B TPAaHCMYTAIlMM KaKk OCHOBA JAJISI CHHTE3a 0oJiee CIIOKHBIX 37eMeHTOB. [lonoOHas cutyanus xapakrep-
Ha Jui1 BAP uncrorena. 3neck MakCUMalbHO cofepkanue HHAUS (B 15 pa3 Goiblle HCXOIHOTO), MEI, OJIOBA U IIHKA.
PacxonHnkamu SBISIOTCS HUKENb, KOOAJIBT, MapraHell, COepKaHNe KOTOPBIX B pa3bl MEHBINE HCXOJHOTO.

BAP u3 cepHHCTHIX COCIMHEHUH CTIOCOOCTBYET TpacMyTallii MEIIH, 0JIOBa, MapraHiia, xpoma u cepedpa. BAP
U3 OPraHUYeCKUX KHCJIOT MOXKET OBITh YCIICIIHO HCIIOJBb30BaH JUIS TOJyYSHHs] MHAMS, IMHKA, MEIH, 0JI0Ba U XpOMa.
BAP HUKOTHHOBOW KHUCJIOTHI IPEAMOYTHTEIICH Il CHHTE3a HHMsI, KOOAIbTa, [IMHKA, 0JI0BA, HUKEIIS U XpoMa.

Takum 00pazoM, COBOKYIHOCTh IOIYYEHHBIX 3KCIIEPUMEHTAIBHBIX JAHHBIX IT03BOJIAET CAENAThH CIEAYIOIIHe
BBIBOJIBI!

1. Konnenuus xonomnoro saepHoro cuntesa (XSC) nomydaer cBoé monreepxaeHue Ha BAP, npurorosnen-
HBIX U3 KHCIIOMOJIOYHBIX OaKTepHi, CEJEKIMsI KOTOPBIX OCYLIECTBISIETCS C TIOMOIIBIO SAOBUTHIX BEIIECTB OpraHUye-
CKOT'0 ¥ HEOPTraHWMYECKOTO MPOHUCX 0K ICHHS.

2. TloxazaHO, 9TO CHHTE3 HOBBIX 3JIEMEHTOB MOXKHO OCYIIECTBIISITH, UCIIOJB3Ysl B KAUECTBE HOCUTENS HCXO/-
HOTO MaTepHalia MPUPOIHbIE MUHEPANBI (B TAHHOM CIIy4ae M3BECTHSK), KOTOPbIE MEHSIOT CBOM XUMHYECKHUIl COCTaB B
xoze 00padoTku ux BAP paznuyHoii cenexuu.

3. BbIsIBIEHBI HEKOTOPBIE MPU3HAKH JUTs cestekiuu BAP crienmanbHoro HasHaueHus. Hanpumep, s cuHTe3a
0JI0Ba MpeANoYTUTEIbHBI BAP, mpurotoBneHHsle ¢ yyactuem cosneit GochopHON KUCIOTHI, a JUIsl CHHTE3a XpOMa Mak-
cuManbHbI 3¢ ekt nat BAP, nonydeHHble ¢ HOMOIIBIO OBapEeHHOW conu. J[iis nomyueHns: peko3eMeNnbHbIX MeTal-
JIOB HaWJIy4IIuM oOpazom nposiBuiu cedst BAP, mpuroToBiieHHbIE C MOMOLIBIO COJIEH XPOMOBOM KHCIIOTHI, XJIOPUIOB
JUTHA ¥ HAaTpus, a Takke BAP nekapcTBEHHBIX TPaB U HUKOTHHOBON KHUCIIOTHI.

4. O0603HaueHO HOBOE HAIMpABJICHUE MPOBEIEHMS MCCIICA0BATEIbCKUX PA0OT MO IMOJYYEHHIO 3aJaHHbIX dJie-
MEHTOB ¢ Momol1sio BAP paznnuHoil cenexuu.
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SOME FEATURES OF SYNTHESIS OF CHEMICAL ELEMENTS
BY MEANS OF BIOLOGICALLY ACTIVE SOLUTIONS (BAR)

G.P. Metaksa?, E.S. Oryngozhin?, Zh.N. Alisheva®, A.S. Metaksa*, E.M. Bolenov®
Mining Institute named after D.A. Kunaev (Almaty), Kazakhstan

Abstract. The article describes the concept of cold nuclear fusion. It is shown that the synthesis of new ele-
ments can be carried out using natural minerals as a carrier of the initial material, which change their chemical com-
position during the processing of their BAR of various breeding. Also identified some signs for the selection of special
purpose BAR. The types of selection based on the isolation of a certain type of microorganisms from a multicomponent
system of fermented milk whey are considered. Designated a new direction of research on obtaining the specified ele-
ments using BAR different selection. It was also shown that the synthesis of new elements can be carried out using natu-
ral minerals (in this case, limestone), which change their chemical composition during the processing of their BAR, as a
source material carrier.

Keywords: BAR, Cold nuclear fusion, selection, compounds, mineral.
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TEXHUYECKOE OBOCHOBAHUME CO3JAHUSA
B KABAXCTAHE JIOPOKHBIX IOKPBITHUI U3 OTXO/10B

I'.II. Meraxkca?!, A.C. Merakca?
! IOKTOp TEXHMUYECKUX HAYK, 2 MATMCTP 3KOHOMHYECKHUX HAYK
Wucturyt ropaoro nena uM. J[.A. Kynaesa (Anmarsr), Kasaxctan

Annomayus. B 0anHol cmamee paccmMampusaemcst UCnoib308anue meepoblx KOMMYHAIbHbIX OMX0008 Oilsl
co30anusi dopodcHo2o nokpwimusi 8 Kazaxcmane. Hzyuen onvim Opyeux cmpaw, KOmopwvle nepeuiiu uiu HOCmMeneHHo
nepexo0sim Ha «3eNEHYI0 IKOHOMUKY Y.

Knroueewie cnosa: niacmux, TKO, omxoouvl, 0opodcrnoe nokpsimue, Oumym.

3a mociegnue 100 et yenoBe4ecTBO clenano OOJBLIME MIard BO BCEX HAINPABJICHUSX, OT MEAULUHBI U HAYKH
JI0 YJIy4dlIeHUsl KayecTBa XKU3HU YesoBeKa. J[IMTeNbHOCTh XKU3HU BBIPOCIA, a TAKXKE BBIPOCIIA YUCICHHOCTh HaCEIeHUS
ria”etsl. J{ns npumepa B 1820 roay HaceneHue 1iaHeTsl Obuto 1 MuuMapn, Torga xak B uioHe 2018 roxa sta uudpa
3HAYHUTEIBHO YBEIHYUIACH, 10 7,6 MuunapaoB uenoBek [10]. YuursiBas yBenuueHUs HACEICHUS] 3eMITH YBEIHIMUINCEH
U BCEBO3MOJKHBIE OTXO/BI, OT MIPOMBIIIJICHHBIX 10 OBITOBBIX.

[Ipobnema B TOM, 4TO YENOBEK MPUAYMall OY€Hb MHOTO Pa3JIMYHBIX MAaTEPHAIIOB AJISI OOJIETYeHHUS CBOCH KH3-
HH, HO 3a nocieaane 100 jeT oHM MpeBpaTHUINCh B MIUNTHAPBI TOHH OTXO/0B, KOTOPBIE JIEXKAT B 3eMJIE, U X KOJHIe-
CTBO OyJET TONBKO YBEIMYMBATHCA. BBITOBBIE OTXOBI MOTYT pasnaratscst oT Mecsia 1o 1000 ner. Takum oOpazom, Mbl
ObIcTpee MPEeBpaTUM Hally IUIAHETY B KOMOK Mycopa, a OyIyIIuM MOKOJICHHSM IIPOCTO HE OCTAHETCS MECTa JUIsl )KU3HU
0e3 mycopa. He cunTas mpOMBIIUICHHBIX OTXOA0B OJHUMHM M3 CAMBIX ONACHBIX OBITOBBIX cuuTaercs ruactuk (180 —
200 net pazmoxxenus), amromuauH (500 1et paznoxenns) u ctexiio (okono 1000 jet pazmoxeHus).

Pa3BuThIe cTpaHHBI MHpA, CTAPAIOTCS HANTH BO3MOYKHOCTH BTOPHYHO MCIOB30BaTh IIacTUK. Ecnu nmpocmor-
peTh NTaHHble ATeHTCTBa 0 oxpaHe okpyxkaromei cpeast CIIA, MoxHO yBuaeTs, uto B 2011 roay mimactMacchl cocTa-
BuitH 6osee 12 % TBEPABIX OBITOBBIX OTXOJIOB, TorAa Kak B 1960 rogax ata mudpa 6puta 3HaunTensHo Hinke — 1 % [9].

OrpoMHO€ KONHYECTBO Pa3lIUYHBIX IMPOEKTOB OBIJIO 3alMaTEHTOBAHO M YK€ NPUMEHsSETCS B KHM3HH. Tak,
Harnpumep, B [lIBenuu cxxurarot okoso 2500000 ToHH B roj. 99 % Mycopa UCTIONB3YIOT KaK TOIUTUBO IS AJIEKTPOCTaH-
it win npoussoacTia. ['opox Maneme 60 % sHepruu 6epet u3 coOOCTBEHHBIX 0TX010B. boee Toro, mycopomnepepabda-
TBHIBAIOIIME 3aBOJBI HACTOIBKO MOIIHBIC, YTO MYCOp IPUXOIHUTCS 3aBO3UTHh U3 NPYrHX cTpaH EBpomsbl, Takux Kak I'ep-
MaHus U BennkoOputanus. B Toit xxe BennkoOpuTaHny fenaioT 3HEPTHIO U3 00BEIKOB, UCTIONB3Ys «aHA’POOHOE pac-
IIETUICHHUE)» — UCTIONIb30BaHNE OaKTepHid ATl epepaboTKU MUIIEBBIX OTXO0B U IOMydIeHHUs Onorasa n Onoynoopenus.
B Cunramype moctpomnu 3Heprodioku Ha mycope. OHu cxuraror 6onee 8000 TOHH Mycopa B ACHB, YTO IO3BOJSET
YMEHBIIHUTE ero 006EMBI Ha 90 %. braromaps «mycopHoit sHeprum» Cunramyp npoussoaut 2500 MBT-4acoB 3meKkTpu-
4YeCTBa B JIEHb U HE UMEET GOJIBIIHMX CBAOK [8].

Ho camoe uHTepecHOe, 4TO Ha JaHHBIM MOMEHT HAYYWJIUCh CTPOUTH JAOPOrM U3 IUIACTUKA. TEXHOJIOTHH IO
MIPOU3BOJICTBY TaKHX JOPOT HECKOIbKo. Cample MOMyJISIpHBIE HAa JAHHBI MOMEHT — 3TO JOPOTH TOJJIaHICKONH CTPOHU-
TesibHOM KoMnanuu VolkerWessels, KOTOpbIE TOJIBKO HAUMHAIOT IPUMEHSTh M JOPOTH TI0 IPOEKTY npodeccopa XumMun
Paxaronanan Bacynesan B Unauu.

Oxomno 100000 kumomeTtpoB Aopor B MHmMK caenano u3 nepepaboTaHHOTO MiacTuka. Takue noporu osee mpod-
HBI, YeM M3TOTOBJICHHbIE M3 OOBIYHOTO ac(asbTa, OHM OE30IacHBI JUISl OKPYKAIOIIEH CPeabl M MO3BOJISIET COKOHOMHUTH Ha
outyme. CornacHo nokiaay BeemupHOro skoHOMIYecKoro gopyma — Ha okTsi0ps 2017 roma B MHaum yxke mpoioxkeHo 00-
nee 100 ThICSY KMIOMETPOB TAKUX JIOPOT M X KOJIMYECTBO C KaX<IbIM THEM yBenmumBaeTcs. COriacHO MpoBeIEHHBIM HCTIBI-
TaHUSAM, TaKHe JIOPOTH SIBILSIIOTCS SKOJOTMYHBIMHU 1 O0Jiee MPOYHBIMH, YeM TPaIMIMOHHBIE. TakKke OHHM JOJTOBEYHEE ac-
(anpToBBIX MOpOr Ha 3-5 pa3. [t MHmum Takue H0pory — IMOJIOKHUTENBHBIN BBIXO/, T.K. CTPaHa MCIOJb3yeT repepaboTaH-
HBIH TUIACTUK, CHIDKAsl KOJIMYECTBO MycOpa, U CO3aéT paboune MecTa JUlsl THICSIM TpakaaH. Takke B CTpaHe BBEIM HOBBIH
3aKOH, TI0 KOTOPOMY KKl Mpa’kIaHWH MOXKET CJIaTh IUIACTHK IS IOPOT U MOJTYyYHUTh 32 HETO JICHBTH.

TexHOJOorHA 10 CO3JJaHMI0 TaKUX JOPOT SIBISETCA MPOCTOM H, YTO caMoe TJIaBHOE, HeJJOporoi. B xauecTse ChI-
PBS IS JOPOYKHOTO TTOKPHITHS HCIIONB3YIOT IMTOYTH BCE BUJIBI INIACTUKOBBIX OTXO/IOB, HO B OCHOBHOM 3TO OYTBIJIKH U3-
I10JT BOJIBI MJIM Ta3MPOBAHHBIX HAMUTKOB. CHavaja MX COPTUPYIOT, ITOCTIE YeT0 OYHINAIOT, BRICYIITHBAIOT U U3MENbYAIOT.
V3Menpu€HHBINM IIACTUK CMENIMBAIOT M IJIABST NMpH Temreparype okoio 170 °C. 3ateM B paciuiaBIeHHBIN IUIACTHK
J00aBysIIOT ropstumnii ontym. Iocie cMemmBaHus cMech YKIIaIbIBalOT, KaK OOBIYHBIN ac(aibT.

Cam n3o0peraress TakuxX AOPOr Ha4yal n3ydeHue 3Tod Temsl emie B 2002 roay, IpOJIOKUB MEPBIH Kycouek
IUTACTUKOBOM ZI0pOru y cedst BO JBOpe. YOEIMBIINCH B JIEECIIOCOOHOCTH CBOETro M300peTeHusl, OH MOIIEN K rocyaap-
CTBEHHBIM YHHOBHHUKAM.

«MBI Tak MHOTO TpaTUM Ha CTPOMTEILCTBO JIOPOT, HA KOTOPBIX OBICTPO IOSIBISIOTCS BBEIOOWMHBI M KOTOpBIE
OUYEeHb CKOPO HAaUMHAIOT HY)XIaThCsl B peMOHTe», — ckasan Bacynesan ®onny ThomsonReuters. — Jlopora, kotopyto

© Merakca I'.I1., Merakca A.C. / Metaksa G.P., Metaksa A.S., 2019
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sl TIOCTPOMJI, TIO-TIPE&KHEMY HE TOBPEXKICHA, HET HUKAKNX BBIOOWH, HUKAKUX TPEIIMH. DTO JOKA3aTENbCTBO €€ MPOYHOCTH U
JIONTOBEYHOCTH. TaKKe B 3TOM METO/IE HCTIONB3YIOTCSI OTXO/IbI, KOTOPBIE B IPOTHBHOM CITydae ITONaIyT Ha YIIHIIBI HIIH B PEKID».

Pucynox 1. Paoscazonanan Bacyoesan (Rajagopalan Vasudevan), npogpeccop xumuu
Hnorceneprozo konnedoca Tuazapadcapa 6 wocHom 2opode Maodypaii

B EBporme Takxke Hauanu u3y4aTh TOporu u3 miactuka. Ho ecnu B Hauu miacTuk qo0aBUIIM B CMECh IS J0-
pory, To 'onnanackue yuéHsle PeliIy JeiaTh JOPOrH MONMHOCTRIO U3 MPOYHOro HepepaboTaHHOro miactuka. CTpou-
TenbHas kommaHus VolkerWessels paspaborana HOBBIH THIT MMOKPHITHS [UIS MEMICXOIHBIX, BEIOJOPOKEK U JETKOBBIX
aBToMOOmIeil. Ha naHHBIIT MOMEHT MPOEKT HAXOAUTCS HA paHHEH CTaJHy MPOTOTHITMPOBAHUS, HO BIACTH YK BBIICIIH-
JIM Y9ACTKH JUIS UCTIBITAHHS.

CMBICIT TAKHX JOPOT 3aKITI0YAETCS B TOM, YTO M3 TOPOACKOTO NepepaboTaHHOTO Mycopa OyIyT co3/aBath IUIa-
CTHUKOBBIC OJIOKH, IOJIbe BHYTpHU. [10 COOOIICHNIO MPOU3BOAUTEINCH, 9TH MOIYJIN CHOCOOHBI BBIACPIKUBATH TAKYIO KE
HarpysKky, Kak u acaJibT, OZHAKO HMEIOT MacCy MPEUMYIIECTB: Oarofaps MajoMy BeCy UX JIETKO TPaHCIIOPTUPOBATb,
cobupath U MOAJEPKUBATh B HaAJeXKalleM COCTOSHUY, a M0YBa IIPU 3TOM IOpa3fo MEHbIIE CKIOHHA K OCEIaHUIO.
YuuteiBasi, 4to GJIOKH OYAyT Mojible, TaM OyIyT MPOKJIAIbIBATHECS KOMMYHHKAIUH, a TAK)KE IPEHaX JJIsl CTOYHBIX BOJ,
YTO MO3BOJIUT MOJHOCTHIO HCKIIOYUTH 3aTOIJICHUE AOPOT. BaxxHbIM sBIISETCS TO, YTO MPU pa3zpyHICHUHU KaKOro-To
y4acTKa JOPOTH, MOXKHO OyZeT IPOCTO 3aMEHHUTh OJMH OJIOK JIPYIHM, a CTapble OJIOKU 3aHOBO IepepadoTaTh.

cenVolker\Wessels onderpeming

Pucynok 2. 0opooicnoe nokpvimue om cmpoumenvhoti komnanuu VolkerWessels

Taxoke Takoe IIOKPBITHUE 6yz[eT, MO3BOJIATH IMPOJIOKUTL JOPOTr' B OTJIAJIEHHBIX MeECTax, KyJa JOpOoro Hujiu He-

BO3MOXKXHO JOCTAaBUTb TEXHUKY. IToka HCHU3BCCTHO, 6y,£[yT JIM OHU BBIACPIKUBATH HAIPY3KY TSKENIOTO TpaHCIlopTa, HO
BEC JIEFKOBOI'O0 aBTOMOOMIIS OHH BBIJACPIKMBAIOT.
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[IpenmymiecTB IaCTUKOBBIX AOPOT Meper acGaabTOBBIMA MHOTO: TAKHE JOPOTH JIETKO YKJIAABIBAIOTCS U yOu-
paroTcsi, OHH TPOIIE B 0OCIYXHBAaHUU: N3HOCUBIIHMIiCS (parMeHT AOPOTH MPOCTO 3aMeHsieTcs Ha aApyroi. K Tomy xe,
OH Jy4IIe ac(anbTa IIPOTUBOCTOUT SKCTPEMalIbHEIM Temreparypam: oT -40°C mo +80°C.

TexHoMOTHI MO MCHONB30BAHUIO TOPOT U3 IUIACTHKA TOSBHIOCH MHOTO, HO ITOKA CaMbIM IOIYJISIPHBIM SIBIISICT-
cs1 IHpwmiickas cucteMa 100aBiIeHNs TUIaCTHKA B ac(albTOBYIO CMECh. Y UUTHIBAs MPEHMYIIECTBA TAKUX JAOPOT, KaXaast
CTpaHa CEro/iHs MbITACTCsI NCII0JIb30BATh OTXO/bI VISl H3TOTOBJICHHS, SHEPTUH WU JIEKOPA.

PaccmatpuBas npunsaryro Crparernto «Kazaxcran-2050» naHHbIE TEXHOJIOTHH SIBIISIOTCS XOPOILUEH Mpemrno-
CBUIKOH JUUI MOCTPOCHUs YCTOHUMBOM U 3 heKTHBHON MO SKOHOMHKH, OCHOBAaHHOW Ha Mepexojie CTpaHbl Ha «3e-
JIEHBIW» IIYTh PA3BUTHSL.

OO6umit 00beM HAKOIUICHHBIX TBEPIBIX KOMMYHabHBIX 0TX010B (TKO) B Kazaxcrane cocrapmsier okoso 100 mita
TOHH, IIPH 3TOM €XKETr0JJHO 00pasyercs yke nopsiaka 5-6 MiH ToHH. K 2025 rogy sTa 1udpa MoXKeT BbIpacTH J10 8 MIIH TOHH,
TIPH DTOM 0OPa3yIOIIHECS OTXOBI PA3MEIITAOTCS Ha MOJIMIoHax 6e3 MpeaBapuTebHON COPTHPOBKH M 00€3BpeKHBaHs [5].

B Kazaxcrane ocHOBHast Macca OBITOBBIX OTXOJOB 0€3 pa3/eNICHNsI HA KOMIIOHEHTHI BEIBO3UTCS U CKIIaUPyeT-
Csl Ha OTKPBITBIX CBajKax, 97 % KOTOPBIX HE COOTBETCTBYIOT TPEOOBAHMAM IPHPOAOOXPAHHOTO M CAHHUTApHOTO 3aKO-
HozarenscTBa. Menee 5 % TBepApIX OBITOBBIX OTXOZOB B PECIyOJIMKE MOABEPTacTCs YTHIM3ALUKM WIN CXHUIAHUIO.
Hamnbonsmee xommaectBo TKO obOpasyercs B [laBmomapekoit obmactn u Anmartsl. 3a 2008 rox 0Opa3oBaHO COOTBET-
ctBeHHO 1,2 miH ToHH U 0,5 MiH ToHH. HanmMenbmnii 006eM o0OpasoBaHHEIX 32 2008 rox TKO ormedaercs B JKawm-
ObuIcKOH 06Mactu (50 ThIC. TOHH), AKMOIUHCKO# obmacth (65 Thic. TOHH) [1].

JlanHyro ipo0JIeMy yxKe pacCMaTpHBAIOT HE TOJBKO yuéHble, HO U monuTuku Kasaxcrana. Tak, B 2019 roay B
AcTaHe OTKpOIOT MEpBbIi 3aBOJ] KOMIUIEKCHOH nepepabotku mycopa. O6 3TtoMm akum ctonuibl Acer HcekemeB coo0-
uma Ha npecc-koudepeniuu B CLIK. 3aBoa Oyaer mepepabaThiBaTh MOJHOCTHIO OPTaHUYECKHE OTXOJIbI, IIPOU3BONTH
n3 HUX OWoras u psja ynoOpeHHH, a Takke Oyaer nepepabarbiBaTh IUIACTHK, AEPEBO M Apyrue marepuaibl. Hamuuue
Takoro 3aBoja B KazaxcraHe MO3BOJINT cO3/1aBaTh HOBBIC TEXHOJOTHH, CBSI3aHHBIC C IIEPEepabOTKON Mycopa.

Ecmm obpatutes K JaHHBIM CPEAHET0J0BOTO MOP(HOIOTNIECKOTO COCTaBa TBEPABIX OBITOBBIX OTXOAOB IO OT-
JIenbHBIM roposaM KazaxcTraHa, TO MBI YBHIMM, YTO IIACTMacca 3aHHMAaeT OOJIBIIOE KOJHMYECTBO OBITOBBIX OTXOJOB,
KOTOPOE IPOCTO CKIIAJMPYeTCs Ha MOJIUIOHAX M OTKPHITHIX CBaJKax [2-4, 6, 7]:

Tabnuya 1
CpenneronoBoii mopgdosioruueckuii cocraB TKO nHexoTopbix ropoaos Kazaxcrana (B %)
Komnonentst TKO . AlMatsl r. ATbIpay r. lIIeIMKeHT r. Acrana

bymara 27,8 27,6 27,0 26,0
IInieBsle OTXOABI 23,4 32,5 25,0 25,0
Meramn 1,6 2,9 3,0 3,0
Crexino 8,6 4,3 7,0 7,0
Hepeso 2,4 1,2 2,0 2,0
ITnactmacca 14,3 8,3 21,0 20,0
TexcTuian 1,3 2,4 4.0 4,0

Koxa, pesuna 0,04 0,7 0,2 -
CTpoUuTEebHBIA MyCOp 9,4 10,8 11,0 3,0
Koctu 0,1 0,1 1,0 1,0
Ipouee 11,6 8,6 0,4 1,0

Pazymuoe ncnonpzoBanne TKO MokeT He TOJIBKO TOMOYb BCTAaTh CTPAaHE HA ITYTh «3eNEHON SKOHOMHKNY, HO
u yBenuuuth BBII Ha 3 %, co3math 6omee 500 ThICSIY HOBBIX paboduX MecCT, cpOpMUPOBATH HOBBIC OTPACIH IPOMBIIII-
JICHHOCTH ¥ cepBbl YCIyT, 00eCeunTh IIOBCEMECTHO BHICOKME CTAHAAPTHI KaueCcTBA KU3HHM JUISI HACEIICHHS.
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Abstract. This article discusses the use of municipal solid waste to create a road surface in Kazakhstan. The

experience of other countries that have moved or are gradually moving to a “green economy” has been studied.
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MATEMATHYECKOE MOJAEJIMPOBAHUE CUCTEMbI YIIPABJIEHUS
B3AUMOCBA3AHHBIM 3JIEKTPOIIPUBOJIOM HAKATHOM MAILIMHBI,
OBECIIEYUBAIOHIEU CTABUJIN3ALINIO IIVIOTHOCTU HAMOTKHA TKAHU B PYJIOH

M.A. ConomannyeB, CTAPIIN PETIOTaBATEN
denepanbHOE TOCYJAPCTBEHHOE OIOKETHOE 00pa30BaTENbHOE YUPEKACHUE BBICIIETO 00Pa30BaHMA
«/IBaHOBCKUII rOCYJapCTBEHHBIN sHEpreTuueckuil yausepcurer umenu B.U. Jleauna», Poccus

Annomayusn. [lpu ucnonv3o06anuu ¢ 0mMOeIOYHOM NPOU3BOOCHIEEe MEKCMULbHOU NPOMBIULIEHHOCTNU CUCHEM
NEKMPONPUBOOOE OCEBbIX HAKAMHBIX MAWUH, 20€ OCHOBHOU YNpasisioujeli KOOPOUHAMOU S6IAemcs NOCMOSHHOE
HamsiiceHue Hamamvl8aemo20 Mamepuaid, aKkmyaibHd 3a0a4a GopMupo8anust pyioHo8 ¢ He0OX00UMOU NIOMHOCbIO
HAMOMKU, OCOOEHHO 8 CyHae HaAMOMKU MAMepuaiog ¢ HOOGUICHOU N1e2KOOehOopMUpyeMol CmpyKmypou, Hanpumep
mKaHu unu ocroswvl. Mzeecmuvie mamemamuueckue mooenu [1, 11], onucvisarowue cocmosinue HaMoOmaHHo20 pyloHa,
He 0aiom adeKkeamHo20 peulenus YKa3anHou 3aoaqu. Paccmompen sapuanm mamemamuyeckou Mooeiu CUucmemvl 63d-
UMOCBA3AHHO20 INEKMPONPUBOOA 0CEBOU HAKAMHOU MAWUHbL, KOMOPAs, 8 OMJUYUE OM YKA3AHHbIX MOOeLel, N0360/15-
em peuums ROCMAGLEHHYIO 3a0ayy .

Knrwuesvie cnosa: naxamnas MawuHa, ocesdast HAMOMKA, MKAHb, HAMSNCEHUE, PAOUYC HAMOMKU, YCMPOU-
cmeo cmabunuzayuyu WIOMHOCMU HAMOMKU, G3AUMOCESI3AHHbII IAEKMPONPUEoo0, cnupaits Apxumeda, mamemamuye-
CKasi MOOEIb.

Beegenne. IloctaHoBKa 3a1a4H HCCICAOBAHUA

OnHOM U3 0COOEHHOCTEW TEKCTUIILHOTO IPOW3BOJCTBA SIBISETCS LIMPOKOE MPUMEHEHHE Pa3jIMYHBIX arpera-
TOB, BBIMOJHSIOUIMX TEXHOJOIMYECKUE OIEpalluy, CBA3aHHBIE C MEepeMOTKOi 0O0pabaTkiBaeMbIX MarepuanoB. Hanpu-
MEp, B OTACIIOYHOM MPOU3BOACTBE JI1 HAMOTKH TKaHU B PYJIOHBI UCIIOJIB3YIHOTCA nepmbepnqecmle 1 OCEBbIC HAKATHBIC
MaruHbl. [Ipu 3TOM OCeBO# COCOO HAMOTKH, B OTJIMYHE OT Mepuh)epuIecKOro, MO3BOJISICT YIPABIATH MapaMeTpaMu
dbopmupyemoro pyiona. OCHOBHbIC U3 HUX (IUIOTHOCTh HAMOTKHU U JJIMHA HaMaThIBaeMOro marepuaia) [1] cyiiecTBeH-
HO BIHSIIOT Ha 3()()EeKTUBHOCTH IMOCIEAYIOMNX TEXHOJIOTHUSCKUX OTIePaIlnii.

Takum 00pa3oM, MPH MTOCTPOCHUH CHCTEM YIPABICHUS HAMOTKOW TMOKUX TEKCTHJIHHBIX MaTEepHAIOB (HAIpH-
Mep, TKaHH WIIH OCHOBBI), OCOOCHHO Ba)KHOW CTAHOBHTCS 3af[ada IMOyYSHHS PYJIOHOB C PAaBHOIDIOTHOH (IO paguycy)
CTPYKTYpO#. B CBsI3U ¢ 3THM, U yCTpaHeHHS paAnaibHON AedopMariiy HIDKEIeKaIuX CI0eB GOpMUPYEMOTO PYIIo-
Ha, 00yCIIOBJICHHOW MEXBHUTKOBBIM JaBJICHHEM CO CTOPOHBI €T0 BBIIICIEKANINX CIIOEB [2], HATsDKCHHUE TKaH| (YIpaB-
JSIFOLIYEO KOOPAMHATY) HEOOXOJMMO PEryIMpoBaTh B GYHKIMH paJnyca HAMOTKH U YaCTOThI BpallieHus pyaoHa [6].

MeToabl U cpeACcTBa pellleHUs TOCTABJEHHOM 3a1a41

Hannure MUKpOIPOIIECCOPHON TEXHUKH M COBPEMEHHBIX CHCTEM aBTOMATHU3UPOBAHHOT'O AJIEKTPOIPUBOJA, a
TaKXKe MPOBEACHHBIC B MOCieaHee BpeMs uccienoanus [6, 8-10] BO MHOrOM CIIOCOOCTBYIOT PEIICHUIO YKa3aHHOU
BBIIIIE 33/1a4M. TeM He MeHee, Ha CeTOJHSIIHIN IeHb pa3paboTKa aJleKBaTHOH MaTeMaTHIeCKOW MOJIENH, TTO3BOJISIOIEH
HCIOJIb30BaTh €€ B CUCTEME YNPABJIICHUA IUIOTHOCTBIO HAMOTKH, OCTACTCsA aKTyaHLHOﬁ. I[J'IH TMOJYYCHUA PYJIOHOB,
HUMCHOIIUX HeO6XO}II/IMyIO INIOTHOCTh HAMOTKH, TaKasd CHUCTCMa OOJIXKHA OBITH YKOMILIEKTOBaHa HOI[CI/ICTCMOﬁ JaT4yu-
KOB, PETUCTPUPYIOMINX HHPOPMAIIHIO O IJIMHE HAMOTAHHOH TKaHW, €€ HATSOKSHHH, panuyce popMupyemMoro pyinoHa U
JMUHEWHOW CKOPOCTH HAMOTKH, a TaKKE€ COBPEMEHHBIMHU CPEJICTBAMH aBTOMATH3HPOBAHHOTO AIICKTPOIPUBOIA (HATIPH-
Mep, NEKTPONIPUBOIA IEPEMEHHOTO TOKA C YACTOTHBIM HIIH BEKTOPHBIM YIIPABICHUEM).

Pemienue nmocraBjIeHHOM 32241

OmHAM U3 BO3MOXHBIX BAPHAHTOB PEIICHUS 33a[a9d CTAOMIN3AIIH IDIOTHOCTH HAMOTKH THOKOTO TEKCTHIHHO-
ro Marcpualia (TKaHI/I) B PYJIOH ABJIACTCA MaT€MaTU4YCCKasA MOACIb CUCTEMbI YIIPABJICHUA B3aMOCBA3AHHBIM 3JICKTPO-
MIPHUBOJIOM OCEBOM HakaTHOM ManmHsl [3] (puc. 1, @), B coctaBe koTopoit comaepxurcst moaens [3] (puc. 1, 6) usBectHO-
ro yctpoiictsa [12].

© ConomannueB M.A. / Solomanichev M.A., 2019
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Puc. 1. Cmpyxmypul mamemamuyeckux mooeneli (paspabomanul 6 cpede UMUMAYUOHHO20 MOOTUPOBAHUS
Simulink MATLAB R2006a): a — cucmemsl 63aumocesi3anno20 3AeKmponpugooa Oisi 0Ce80t HAMOMKIU MKAHU 8 PYNIOH;
0 — anekmponpugooa GopmupyemMo2o pyioHa ¢ yCmpoucmeom Cmaburu3ayuy RAONHOCHU HAMONKU

B cocraB paccmarpuBaeMoll MaTemaTnueckod Mogenu (puc. 1, @) BXOIAT CTPYKTYphl MOJENEH OCHOBHBIX
(YHKIIMOHAIBHBIX OJIOKOB B3aMMOCBSI3aHHBIX 3JIEKTPONPHBOIOB MEXAaHM3MOB Iojauu TkaHu B pysoH (OII1) [4] n
dopmupyemoro pynona (3I12) (puc. 1, 6), a TakxKe 30HBI TPAHCIOPTUPOBaHUs TKaHU (Zona transp polotna). Bunx mone-
JIM TIOCJIEJIHEH aHAJIOTHYEH CTPYKType, NpUBeIeHHOW B [4], 3a MCKIIOUeHHEM (QYHKIIMOHAIBHOTO 3JIEMEHTA B KaHaie
00paTHOM CBSA3M IO HOJIOKEHUIO U3MEPHUTEIILHOTO POJIMKA MeTieo0pa3oBarens (1aTynKa HATSDKEHHUS ), KOTOPBIA MMeeT-
s B YKa3aHHOM BBIIe ycTpoiictse [12].
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INomMuMO yNOMSHYTHIX (YHKIHMOHAJBHBIX OJIOKOB B CTPYKTYPY MaTeMaTHYeCKOW MOIENH, IOKa3aHHOH Ha
puc. 1, a, TOTOTHUTETFHO BKIIOUEHB! (PYHKIHMOHATBHBIC OJIOKH 3aJaTdiKa HHTEHCUBHOCTHU (ZI) (T03BONAET MOTyIUTh
aIlepUOANYCCKUIl NEPEXOAHBIH MPOIeCC M0 CKOPOCTH HAMOTKU TKAHH B PEKHMME IYCKa CHCTEMBI 3JIEKTPONPHBOJA) H
HHTEpHOIATOpa (TpyIIIa SIIeMEeHTOB Ha puc. 1, a, 00BezieHHas IITPUXOBOM JTrHNKEH). Hanndre 3Toro HHTEpIoONsITOpa BO
BHEIITHEM KaHaJie YIPaBJICHHUS 10 HATSHKEHUIO TKaHW OO0YCIIOBJICHO alropuTMoM pabotsl [12] yerpoiicTBa cTtabmmmza-
LM TUIOTHOCTH HAMOTKH (Tpymma 0JIokoB Ha puc. 1, 6, nmeronmx cepsiii Gpon). [Ipn 3TOM curHanm Ha BBIXOJE TaKOTO
HHTEPIONATOpa GOpMHUPYETCs KaK JIMHEITHAsI 3aBUCHMOCTD OT paanyca HaMoTku (obo3Hauyenue R2 Ha puc. 1, a, 6) [3]:

f(Rz) =kR2 + b, (D)

rae K, b — koadduimenTs! TUHEHHON HHTEPIOIALKE (OIPESISIFOTCS SKCIIEPUMEHTAIPHO B 3aBUCHMOCTH OT 33/1aHHOM
BEJINYNHBI CKOPOCTH HAMOTKH).

B nanHOM cirydqae aHAJIOTOBBIM CUTHAJ YIPABICHHA 110 HATSHKCHUIO TKAHU SIBJISCTCS PE3yIbTaTOM YMHO)KECHHS
TEKYIIMX 3HAUCHNH CHUTHAJIOB Ha BBIXoJe ykazaunHoro uateprnonstopa (Ur) (o6o3unauenne UF wa puc. 1, a, 6) u B kaHa-
nie oOpatHoii ¢Bsi3u o HaTshkeHHIo (AF) (o603Ha4uenue UosF Ha puc. 1, a).

Ha puc. 1, 6 npuHAT psa cAeAyrOUMX 0003HAYCHUH 3JEMEHTOB M CHIHAIOB: 02 — TONIIMHA HEPACTAHYTOM
TKaHu, M; SWitchl — QyHKIMOHANBHBIH OIOK, UMUTHPYIOLIKI paboTy KIIFOUYEBOTO 3JIEMEHTa B COCTABE UCMOIB3yEMOro
ycrpoiictsa [12]; UOF — HanmpsbkeHHe B KaHaie 00paTHOM CBS3U 110 HATSHKEHUIO, B.

Perynarops! Toka 3yeKTpoABUTaTENEeN U TMHEHHON CKOPOCTH HAMOTKH, MOJICJIN KOTOPBIX BKJIFOYEHBI B CTPYK-
Typbl QyHKIHOHANBHBIX 0J0K0B mpuBoaoB DI11 u D112 (puc. 1, a), cHHTE3MPOBaHbI C TOMOLIBIO METOJIa MOCIIEA0Ba-
TEJIbHOM KOPPEKIMH MPH HACTPOHWKE AAaHHBIX PETYJITOPOB HA MOIYJIBHBIN ONTUMYM C YyYETOM €CTECTBEHHOH BapHaINN
panmyca HaMOTKH [4].

Kpome yka3zaHHBIX 0COOEHHOCTEH, B CTPYKTYpe MaTeMaTHYECKOH MOJIENN yCTPOHCTBA CTAOMIM3aLH TIIIOTHO-
CTH HaMOTKH (Tpymia 6J0k0B Ha puc. 1, 6, nmMeromux cepblif GOH) COAEPKATCS MOAETH UMIYJIECHOTO AAaTYHKa YHCIa
000pOTOB pyJIOHA U cUeTYUKa uMITyibcoB [1] (puc. 2, a, 6).
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Puc. 2. Cmpykmypsl mamemamuyeckux mooenei (papabomanst 8 cpeoe UMUMAYUOHHO20 MOOTUPOBAHUS
Simulink MATLAB R2006a): a — umnyiscrozo damuuxa uucia 060pomos popmupyemo2o pyioHa; 6 — Cyemuuka UMRyIbCo8
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Ha puc. 2, a, 6 npunsT psag cienyromux o0o3HadeHWd curHanoB: N — yros moBopoTa Baja HaMaThIBAEMOTO
pynoHa, rpam; Imp — curaan B BUE MOCIEI0BATEIHOCTH YIPABISIOINX UMITYIbCOB 32 MOJHBINA 000poT pynoHa; Impl
— WMITYJIbCHBI CHTHAJ, (OPMHPYIOUIMHA TepeqHud W 3aAHUH (QPOHTH HWMITyJBCOB Ha BBIXOAe Omoka Switchl
(puc. 1, 6); Imp3 — HenpepHIBHEIN aHAIOTOBbINA CUTHAN, HHOOPMHUPYIOMIHMIA O TEKYIIeM 3HAYECHNH JTMHBI MOJIOTHA TKa-
uu B pynone (L;).

[MpuHnun paboTel MaTEMaTHYECKONH MOJIETH CUCTEMBI YIIPaBJICHHUs B3aMMOCBS3aHHBIM JJIEKTPOIIPUBOJOM OCe-
BOW HakaTHOW MammuHbl (pHC. 1, @) OCHOBaH Ha KOHTpPOJE B MpOIleCCe HAMOTKH peanbHOro (o6o3HaueHne R2 Ha
puc. 1, a, 6) 1 BBHIYMCICHUM Ha OCHOBE 3aKOHa ApXuMeIoBOW crupanu [5] Teopermueckoro (obo3Hauenue Rt na
puc. 1, 6) paanyco popmupyemoro pyiaoHa. IIpy 5TOM perynnpoBaHHe HATSDKCHHS! TKAHU OCYILECTBIAETCS B (DYHKIMN
pasHoctH AR yka3aHHBIX pasnycoB.

B xole MMHTAIMOHHOTO MOJCIMPOBAHMS TOJMYYCHBI KPHBBIC MepexoaHsix mpoueccos [3] (puc. 3), cooTBet-
CTBYIOIIHE 33aHHOM CKOPOCTH HaMOTKU TKaHU (0,3 M/C) ¢ ydeToM mapaMeTpoB MaTeMaTHIECKOW MOIEIH, IPHUBEICH-
HEBIX B [3, 4].

N, rpa s, ; ; ; ; ;
1000 : : : :
500
o
A00
Impl I ! | ! T | I | \
05l : : : : : : : _
0 i i i I I i i i I t,c
1 2 3 4 5 6 7 8 9 10
Imp - \ I | | | T
05—
o i i i i I \ t,c
1 2 3 4 5 6 7 8 9 10
L,M nz T T T T T T T T T
01 - : : : : : : : —
OS5 e : —
o i i i i \ i i i t,c
1 2 3 4 5 6 7 9 10
AR/M o T T T T T \
005 : -
015 -
a2 i i i i I i i i i t,c

Puc. 3. Pesynomamul umMumayuonHo20 MoOeIuposanus, noACHAIowue aizopumm pabomsel yCmpoucmea cmabuiusayuu
NAOMHOCMU HAMOMKYU MKAHU 8 CUCMeMe YNPABIeHUs 63AUMOCBAZAHHBIM INEKIMPONPUBOOOM 0CeB0U HAKAMHOU MAUUHbL

O0cyxneHue U aHAJIU3 Pe3yJabTATOB HCCIEI0BAHMSA

Crenyer OTMETHTBH, YTO MaTeMaTH4ecKas MOJENb MMITYJILCHOTO AaTYHKa YHCIIa 00OpOTOB HaMaThIBAEMOTO
pynoHa (puc. 2, a), BKIIOYEHHas B CTPYKTYPY MOAENH »JekTpornpuBoaa 112 ¢ ycTpoiicTBOM CTaOMIM3AIMH TNIOTHOCTH
HaMOTKH (puc. 1, 6), naet npuemieMsIii pe3yibTaT Tonbko mpu N = 0+1440 rpan. B cnydae Goipuinx Bapuauii pagny-
ca HAMOTKH, COOTBETCTBYIOIIUX YTy MOBOpOTa Baja Gopmupyemoro pyiaona N >> 1440 rpag, oreHka paboTocmocoo-
HOCTH paccMaTpHuBaeMol MaTeMaTHuecKod mojenu (puc. 1, a) HenenecooOpaszHa MO MPUYHMHE 3HAYUTEIHHOTO YCIO0XK-
HEHUS CTPYKTYPhl MATEMATHYECKOM MOJIENTH YKa3aHHOTO BBIIIE HaTuuKa (puc. 2, a).

AHanu3 pe3ynpTaToB UMHTAIMOHHOTO MOJEIMPOBaHUS (pHC. 3) MOKa3al, YTO B CUCTEME YIIPABICHHS B3aHMO-
CBSI3aHHBIM DJICKTPOIIPUBOIOM OCEBOM HaKaTHOW MammHbI (puc. 1, @) 3a BpeMs 0JHOro 000pOTa PyJIOHa MHHUMH3HPY-
ercst 3HaueHne AR U, Kak CclieICTBHE, CTAOMIM3NPYETCs] BEJIMUMHA IFIOTHOCTH HAMOTKH TKaHHU B PYJIOH C Y4E€TOM IIpH-
HSTOTO CII0C00a peryIMpOBaHMs €€ HATSKEHHS.

BriBox

Jist cucTeMbl B3aMMOCBSI3aHHOTO JIEKTPOIIPUBO/IA OCEBOI HaKaTHOM MallMHBI pa3padoTaHa MaTeMaTHdecKas
MOJIeNIb CHCTEMBI yIPaBICHHS MPOIECCOM HAMOTKU TKaHM B pyNoH (puc. 1, a) ¢ n3BecTHBIM ycTpoicTBoM [12] u uH-
TepriosistopoM [3], peanusyromuM 3aBucuMocth (1), obecreynBaroiieil CTaOMIN3AIMIO TUIOTHOCTH HAMOTKH IyTEM
peryiIMpoBaHMS HATSDKEHHS TKaHU B (QYHKIMH Pa3HOCTH (PaKTHUECKOTO U pacyeTHOTO PaiyCcoB (GOPMHUPYEMOTO PYJIOHA.
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MATHEMATICAL SIMULATION OF THE CONTROL SYSTEM
OF THE INTERCONNECTED ELECTRIC DRIVE OF THE BATCHING MACHINE
PROVIDING STABILIZATION OF FABRIC WINDING DENSITY INTO A ROLL

M.A. Solomanichev, Senior Lecturer
Ivanovo Power Engineering Institute, Russia

Abstract. When using the electric drive systems of axial batching machines in the finishing works of the textile
industry, where the main controlling coordinate is the constant tension of the winding material, the task of forming rolls
with the necessary winding density is important, especially in the case of winding materials with a movable deformable
structure, such as fabric or warp. The well-known mathematical models [7, 11], which describe the state of a wound
roll, do not provide an adequate solution to this problem. A variant of the mathematical model of the system of an inter-
connected electric drive of axial batching machine is considered, which, unlike the mentioned models, allows to solve
the assigned problem.

Keywords: batching machine, axial winding, fabric, tension, winding radius, winding density stabilization de-
vice, interconnected electric drive, Archimedean spiral, mathematical model.
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PRODUCTION OF THE STABLE-COMPOSITION
SILICA-CARBON MATERIAL FROM RICE HULLS *
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Abstract. The conducted research was aimed at studying the composition and structure of the silica-carbon material
produced during the rice hulls pyrolysis, and control of the hydrocarbons composition stabilization process. In the course of
the research, the mechanism of hydrocarbon phases’ transformation during the rice hulls thermal decomposition was deter-
mined. It was demonstrated that the temperature was the principal factor having influence on transformation of the hydrocar-
bon phases. It was found that in the temperature range of 300-500°C three hydrocarbon phases were present in silica-carbon:
the stable phase, unstable polynaphthenic phase and resinous phase. At temperatures of 600-700 °C the polynaphthenic phase
partially transformed into the carbon phase and resinous hydrocarbons volatilized. The technology was developed to produce
silica-carbon with the stable-composition hydrocarbons that met the requirements as to the fillers for carbon structural mate-
rials and elastomers as well as the charge material for production of high-purity silicon.

Keywords: rice hulls, silica-carbon material, hydrocarbon compounds.

Introduction

The rice processing waste — rice hulls — take a special attention among the huge variety of the waste materials of
vegetable origin. It happens not only due to its great annual amount and insufficient application, but also due to the peculiarity
of the material composition — high content of silicon dioxide and combined carbon. That’s why the rice hulls are the unique
source of the raw materials for a variety of carbon-silicon and silicon carbide composites that are analogs (by the use) of sili-
con- and carbon-containing fillers produced from non-renewable hydrocarbon and other natural raw materials.

The research studies for replacement of the natural hydrocarbon raw material by the material of the vegetable
origin including the rice hulls were carried out for more than 100 years with the purpose to obtain carbon materials.
Therefore, dozens of monographs and hundreds of articles and patents have been published. Dozens of ways were of-
fered for the rice hulls processing with their use as fuel, a component of the building materials and fillers, silicon-
carbide and silicon materials, etc. [3, 7]. The most number of papers concerns the carbon sorbents production from the
rice hulls for extraction of nonferrous, rare and precious metals as well as for some other purposes [2, 4, 6, 8, 12].

But till the present time, in the world there are no industrial-scale productions of silica-carbon- and silicon-
carbide fillers of the composite materials (elastomers, and carbon friction and anti-friction products) from the rice hulls.

Also there are few [9] studies of nanostructures of the carbon- and silicon-bearing products from the rice hulls
processing, explaining its role and importance in the hardening of the composite materials.

In the course of the rice hulls processing within the continuous technological cycle, the produced silica-carbon
product (SC-1) is in the gas-vapor atmosphere with high hydrocarbons content. Therefore, their content in SC-1 is nota-
bly higher than the equilibrium one. The use of SC-1 as filler for rubbers and structural carbon materials does not ensure
the required physical and mechanical properties in the articles from them. This is due to the hydrocarbons precipitation
at the thermal treatment of rubbers and carbon materials in the course of their production and also due to formation of
the porous structure. There are not less severe requirements to:

— the hydrocarbons content in SC as a charging material for smelting the iron-silicone alloys and pure silicon.
For this reason, the process was studied of SC-1;

— composition stabilization by way of its additional heat treatment with removal of the excess amount of hy-
drocarbons and production of SC-2 with hydrocarbons content close to the equilibrium one. When employing SC-2, this
provided not only;

— to improve characteristics of the products from the carbon materials and rubbers to the regulatory require-
ments but to decrease considerably their gas permeability and wear in the corrosive environment. This has been con-
firmed by a number of tests.

The rice hulls processing technology for producing the stable-composition silica-carbon and for smelting the
low-aluminum ferrosilicon has been authorized by the Committee for Subsurface Resources Management under the
President of the Republic of Kazakhstan. Furthermore, this technology has been included into the roadmap for the met-
allurgical cluster development in the Kyzylorda region, and now it is at the stage of its practical implementation.

Experimental and Results
When creating the industrial-scale production, it’s important to take into account the reliability factor of all op-
erating systems in order to ensure the forming of products with stable quantitative and qualitative composition.

© Sukharnikov Yu., Bunchuk L., Dzhusupov S., Anarbekov K., Kablanbekov A. / Cyxapuukos 0., Bynuyk JI., [xxycynos C.,
Amnap6ekos K., Kabnan6exor A., 2019
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Such factor is fully kept in the heat recycling technologies of the rice waste processing (rice hulls) during the
pyrolysis process in the steady state for producing polyfunctional products [14].

The rice hulls were heat-treated at temperatures between 400-1000 °C on the laboratory-scale plant consisting of the
shaft furnace with automatic temperature control, stationary sealed reactor made of the stainless material, condensation system
of vapor-gas mixture, and gas vent for non-condensable gases. Steam-gas mixture produced during the thermal destruction of
the natural polymers (cellulose, lignin) was liquefied on cooling, and non-condensable gas was after-burnt at the outlet.

As a result of the weight loss in the rice hulls during pyrolysis at 600 °C for 30 minutes on the laboratory-scale
plant operating under steady-state conditions, two products were formed: solid product — silica-carbon of the chemical
composition with mass %: Si02~32-35; C~ 50-52; hydrocarbons ~ 10-12; and condensate: aqueous solution of organic
acids, alcohols, phenols and ethers.

The study of silica-carbon samples from the rice hulls by X-ray phase analysis [13] enabled to find three phas-
es in the composition of the carbonaceous component: carbon phase typical for non-graphite carbon and two hydrocar-
bon phases . Nanostructure of the hydrocarbon phase (graphite-like (Gp)) with an interplanar distance d = 3.75-3.8 A is
formed by graphite grids, but less perfect than the structure of graphite d = 3.4 A. One of the detected hydrocarbon
phases — polynaphthenic (Np) diagnosed by the main reflection with d ~ 4.7 A, is a clathrate structure consisting of the
condensed and separated by methylene bridges naphthenic cycles having alkane chains. The structure of the second
hydrocarbon phase (Hp) with d ~ 8.0 A is not detected because of its lack in pure form, wherein the amount is stable
and significantly lower than the content of polynaphthenic phase (Table 1).

Table 1
The phase composition of the carbonaceous component
of the rice hulls silica-carbon depending on the RH pyrolysis temperature
Material Temperature, Phase content, %

°C Gp Np Hp

400 - 82 18

500 45 45 10

RH 650 55 35 10
800 60 30 10

1000 100 no no

1200 100 no no

When changing the temperature of processing, as Table 1 shows, a clear correlation of the phase content in the
obtaining materials is fixed. The crystalline phase of silicon dioxide is lacking up to 800 °C [1, 11] while at the temper-
ature from 800 to 1200 °C the o — quartz forms. In the process of the thermal treatment of the rice hulls at 400 °C there
is no (Gp), and the main phase is polynaphthenic one that at 500°C is partially comes into graphite-like phase, and at
the further temperature increase up to 800°C the amount of graphite-like phase is increased as a result of polynaph-
thenic component transformation, obviously, as the less resistant as compared with Hp phase, which proportion is not
changed even up to 1000 °C, remaining at 10 % level. After processing the original sample at 1000 °C, the both hydro-
carbon phases disappear, and there is one graphite-like phase in silica-carbon.

Taking into account the deficiencies of the laboratory-scale plant for the rice hulls pyrolysis which lie in low
productivity of the pyrolysis process and uneven heating of the material in the cross section of the reactor, a pilot plant
(300 kg/day with continuous operation) was set up for pyrolysis of the rice hulls (Fig. 1).

Figure 1. The pilot plant for the thermal treatment of RH

The main idea of the technological scheme for the rice hulls processing on the pilot plant is that the prepared
raw material is filled into 2 loading boxes and one-by-one it continuously goes from one box and the other to the screw
feeder that helps to pass to the reactor. The last one is in the tubular resistance furnace consisting of two separable sec-
tions. The furnace is tilted to the horizon.
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The rice hulls go under the thermal processing during 30 minutes at the reactor in the atmosphere of steam-gases.

The steam-gas mixture of the reactor is output from the gas flue to the condensation system. Non-condensable
gases are used as power fuel at the stage of the original material drying. Rotation of the reactor ensures the mixing and
uniform heating of the rice hulls. Due to the furnace slope, the obtained solid product continuously moves to the dis-
charge unit and unloaded one-by-one in two water-cooled tanks.

Some specific peculiarities of the pilot plant connected with the pyrolysis process in continuous operation were
detected during its start up. So when working off the parts of the loadings of the rice hulls to the reactor and unloading
of silica-carbon, some resinous formations were detected on its surface.

The results of the chemical analysis of silica-carbon obtained on the pilot plant (SC-1) indicated that its content
is different from the silica-carbon content obtained under laboratory conditions. The content of volatile hydrocarbons
increased almost twofold from 8-12 % to 22-26 %.

Besides, there were some changes in the X-ray phase composition of the carbonaceous component of silica-
carbon. The silica-carbon diffractogram (Figure 2) reflexes the d = 4.0A and d = 8.6A, close to the previously named
for silica-carbon, which were obtained in the stationary mode, could indicate the presence of such phases therein.

Occurrence of three hydrocarbon phases in SC-1 was found: polynaphthenic phase (Np) with d = 4.0A, stable hy-
drocarbon phase (Hp) with d = 8.6A and hydrocarbon phase in the form of resinous components with d = 8.6A (Table 1).

It’s important to notice that a great amount of resinous substances is unacceptable in silica-carbon which is a
polyfunctional product. The presence of resinous substances has an effect on properties of elastomers and carbon com-
posite materials produced from silica-carbon, whereas at smelting ferrosilicon and silicium the heating of the granules
and briquettes prepared from silica-carbon will result in their destruction.

In order to optimize the composition of silica-carbon SC-1, its reheat treatment was carried out under station-
ary conditions. The effect of heat treatment temperature on the mass loss and residual of hydrocarbon compounds in the
final product was studied.

Intensity, nominal unit
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Figure 2. Diffractogram of silica-carbon obtained on the pilot plant

For this purpose the laboratory reactor was filled with silica-carbon obtained on the pilot plant, then silica-
carbon was heat-treated at the temperature of 400, 500, 600 °C and hold at the final temperature for 30 and 60 minutes.
After this process, the residue was weighed, and the mass loss in it and the residual hydrocarbon content were deter-
mined.

In Table 2 the summary data are given on the results of the reheat treatment of SC-1 content, mass %: SiO ~
29.5; C ~ 40.2; hydrocarbons ~ 24, moisture ~ 3.

The data of Table 2 demonstrate that the temperature in the reactor of the pilot plant was known lower than
400°C, that’s why the pyrolysis of the rice hulls reached only the stage of formation of various hydrocarbon compounds
which appear on the diffractogram (Fig. 2). It should be noted that in the steady state at 400°C the rice hulls pyrolysis
reaches only the formation of hydrocarbon phases — polynaphthenic (Np) and hydrocarbon (Hp) in the ratio 76:24 per-
cent respectively, in the absence of the graphite-like phase. But the presence of some carbonaceous phase in SC-1 is
indicated by chemical analysis as well as on the diffractiogram by weak reflex with d = 3.47A and angle 27.8° = 20.
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Table 2
Summary data on reheat treatment of the pyrolysis silica-carbon on the laboratory-scale plant
Temperature, °C Duration, Load, | Mass loss, | Residual hydrocarbon | X-ray phase composition of carbonaceous
min. g % content by analysis, components in SC, XRF analysis, %

% Np Hp resins Gp
300 60 250 - 24.0 76 10 14 -
400 30 250 8.0 16.0 78 14 8 -
400 60 250 9.0 16.0 78 14 8 -
500 30 250 12.0 135 45 10 2 43
500 60 250 12.0 135 45 10 2 43
600 30 250 13.6 12.0 35 10 0 55
600 60 250 13.6 10.0 35 10 0 55

Temperature 400 °C is sufficiently effective for resinous hydrocarbons, the number of which decreased from
24.0t0 16 %.

At 500 °C another 2 % of hydrocarbons are removed up to their residual content in the silica-carbon in the vol-
ume of 12 %, the Gp phase appears and its amount is comparable with the amount of polynaphthenic phase content,
which is partially transformed into Gp phase. Only at 600 °C the process stabilizes, the condensation-polymerization
processes in the solid product are completed, and Hp content in the products comes into the line with its amount in the
silica-carbon previously received on the laboratory-scale plant operating under stationary conditions.

All of this is reflected in the data of X-ray phase analysis of the carbonaceous component in silica-carbon ob-
tained as a result of its reheat treatment (Table 2).

Thus the reheat treatment SC-1 under stationary conditions allowed to trace the sequence of transformation and
removal of hydrocarbon substances from the silica-carbon obtained during the initial pyrolysis on the pilot plant, as well
as to understand the origin of the resinous substances on the pilot plant.

Appearance of the resinous substances during the initial pyrolysis on the pilot plant relates to the load of the
rice hulls, which continuously entering the reaction zone discretely reduces the temperature in the reactor enriching the
gas-vapor mixture with low-temperature resinous substances formed during the rice hulls destruction as it was defined
at the temperature of 180-220 °C. If the temperature in the reactor does not go above 350 °C, the resinous substances
are deposited on the discharged silica-carbon, which includes other hydrocarbon phase — the polynaphthenic one and a
small amount of the stable Hp phase. According to the X-ray phase analysis, composition of the hydrocarbon phases
remains practically unchanged with increasing temperature to 400 °C and holding for 30 and 60 minutes. Only at 500
and 600 °C the polynaphthenic phase is partially structured into the graphite-like one where its amount increases at 600
°C up to 50 % with the stable content of the Hp phase at 10 %. According to the results of X-ray phase analysis, Np is
non-stable phase, and its amount in silica-carbon is defined by the final process temperature.

Visual presence of resinous formations in SC-1 after the initial pyrolysis is found during its processing by the
alkaline solution with heating. When leaching the silica-carbon, the resinous substances pass into the solution, pigment-
ing it. Depending on content of the resinous matter, the solutions become yellow, brown and black. It was found that by
the residual content of resinous hydrocarbons in the discharged product at the level 10-12 %, the alkaline solutions be-
come colorless during the leaching. Thus the color index of the alkaline solution can be regarded as an indicator of the
quality of silica-carbon by its resinous hydrocarbons content.

Furthermore, a carbonaceous residue remains in event of the alkaline treatment of SC-1. And on its diffracto-
gram a wide halo is observed with d = 3.8A at the angle of 20 = ~24° (Figure 3) confirming the results of the sample
chemical analysis. The research has demonstrated that such carbonaceous residue is a stable phase at the temperatures
up to 400 °C, and if the temperature rises the stable carbon phase is the graphite-like one.

Intensitv. nominal unit

¥.88 8.8 i6.8 240 3z.e 49,8 = 48.8 68.8

20, angle degree
Figure 3. Diffractogram of the carbonaceous residue obtained as the result of the alkaline treatment of SC-1
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The results of this research showed the necessity in the secondary heat treatment of the pyrolysis silica-carbon
SC-1 because the presence of non-stable carbon- and hydrocarbon phases of different composition would adversely
effect on its functional properties.

In particular, presence of the resinous hydrocarbons in the charge mixture based on the silica-carbon material
and used for smelting the metallurgical-grade silicon is unacceptable whereas the charge mixture sintering technology
involves the briquettes heating up to 300 °C whereby the volatile resinous hydrocarbons tear the sintered material.

Moreover, use of the pyrolysis silica-carbon as filler in the rubber technical goods leads to the deterioration of
the strength and structural characteristics of the produced rubber [10].

Taking into consideration the results obtained, the rice hulls heat treatment technology has been adjusted. The
pyrolysis silica-carbon SC-1 produced on the pilot plant was subjected to the secondary heat treatment on the pilot plant
at the temperature of 500-550 °C for 30 minutes. The silica-carbon SC-2 has the stable chemical composition, mass %:
SiO2 ~ 39-41, C~43-45, hydrocarbons ~10-12, inorganic impurities 2 %, and moisture 3-5 %.

Previously, with using the electron microscopy of SC-1, which contained about 24 % of hydrocarbons, it was
demonstrated that it was formed by the closely packed nanoparticles of amorphous carbon and silicon dioxide with the
size 10-100 nm equally distributed between each other. Considering the fact that only the hydrocarbons content in SC-2
was changed (10-12 %), it seems that the particle sizes will remain as before.

Decrease in the volatile hydrocarbons content from 24 to 10-12 % in the silica-carbon as the result of the sec-
ondary pyrolysis is reflected on the diffractogram of this sample by reducing almost twice the intensity of the reflection
with d = 8.6A (Figure 4), that confirms the earlier conclusion concerning the presence of three hydrocarbon phases in
SC-1 in comparison with SC obtained under the stationary conditions at the temperature of 500, 600 °C.

Thus during the research of the technological peculiarities of the rice hulls pyrolysis on the pilot plant operat-
ing in the continuous mode, the physical and chemical principles of the changes in composition and structure of the
obtained silica-carbon products have been defined. And such principles were considered in development of the new
technology and device, which enable to produce silica-carbon with the required stable composition in a single techno-
logical cycle meeting all the requirements specified for the polyfunctional material.
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Figure 4. Diffractogram of the silica-carbon (SC-2) obtained on the pilot plant
after the secondary treatment of the pyrolysis silica-carbon SC-1
Conclusion

The process of the rice hulls pyrolysis was studied on the pilot plant operating in the continuous mode. It was
found that the content and structure of the silica-carbon obtained on the pilot plant were different from the content and
structure of the silica-carbon produced in the stationary mode.

It was demonstrated that the temperature had a great impact to the transformation of hydrocarbon phases dur-
ing pyrolysis. At the temperatures before 400 °C there were three X-ray amorphous hydrocarbon phases in the silica-
carbon: low-temperature phase (resinous substances), non-stable polynaphthenic phase (Np) and stable (Hp) phase. At
600-700 °C, the polynaphthenic phase partially transformed into the graphite-like (Gp) phase at the constant amount of
the stable hydrocarbon phase at 10 % and in the full absence of the resinous hydrocarbons.

Stabilization of the composition and structure of the pyrolysis silica-carbon is carried out by its reheat treat-
ment at the temperature of 550-600 °C and holding it for 30 minutes on the pilot plant.
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The technology has been developed that enables to obtain the silica-carbon within a single technological cycle
meeting all the requirements for a filler of the composite carbon materials, elastomers, and for a component of the
charge mixture for high-purity silicon smelting.

*In the process of this paper writing, the deliverables obtained within the framework of the Project
No. AP 05130465 of the Ministry of Education and Science of the Republic of Kazakhstan have been used
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HOJYYEHHUE KPEMHEYIJVIEPOJHOI'O MATEPHAJIA
CTABUJIBHOI'O COCTABA M3 PUCOBOM HIEJTYXH

10. Cyxapuuxkos’, JI. Bynuyk?, C. J.xycynos®, K. Anapoexos*, A. Kaéaan6exon®
! loKTOp TeXHUUECKUX HayK, Npodeccop, INIaBHbIM Hay4HBIN COTPYIHHK,
23 KaHMIaT TEXHUYECKUX HAyK, CTAPILMi HAy4HBIH COTPYIHUK, * 5 MIa M HAYYHBIH COTPYHUK
HarronansHBIH HEHTp 10 KOMIIEKCHOH nepepadoTke MHHEPAIBLHOTO ChIPhS
Pecrryommku Kazaxcran (Anmatsr), Kazaxcran

Annomayusn. llenvio pabomvl A671510CH U3yHeHUE COCMABA U CIPYKMYPbl KPEMHEY2IEPOOHO20 MAMepuad,
NOIYHEeHHO20 NPU RUPOIU3E PUCOBOL WELYXU, U Pe2YIUPOSAHUE NPOYeccd CMAbUIU3AYUL COCMABa 6 HEM Y2lee000po-
0086. B npoyecce ucciedosanus 6vin onpedenén mexanusm mpancopmayuu yenes000pooHsiX (haz npu mepmooecmpyK-
yuu pucogoil wenyxu. Ilokazano, umo 0CHOGHBIM (PAKMOPOM, GIUAIOUEM HA MPAHCHOPMAYUIO YerIe8000POOHbIX ha3,
A6AeMCc memnepamypa. Yemanoseieno, umo 6 kpemneyenepooe, noayuennom ¢ unmepeane memnepamyp 300-500 °C,
npUCymcmeyiom mpu yeieo000poonvie asvl: cmaduivhas, Hecmabunvias nagpmenosas u cmoaucmas. Ilpu memne-
pamype 600-700 °C noarunagpmenosas ¢paza wacmuuno mpancopmupyemcs 8 yenepoouyio (pasy, a CMoaucmeole yeie-
6000p00bL yiemyuueaiomcs. bvlia paspabomana mexuono2us NOIYYEHUs KPEMHEY2Iepood cO CMAOUIbHbBIM COCIABOM
Vene6o0opo00s, OmeeuaiowuM mpebosanusim, nPeovAGISAEeMbIM K HANOIHUMENSIM Y2AePOOHbIX KOHCMPYKYUOHHBIX Md-
MepUanos u 31Acmomepos, a Mmakdice K WUXmosbim Mamepuailam 0Jis BPoU3600Cmea GblCOKOUUCMO20 KPEMHUSL.

Knrouesvie cnosa: pucosas wienyxa, KpemueyenepooOHblll MAmepua, y2iee000pP0OHble COCOUHEHUSL.
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Agricultural sciences
CesIbCKOXO0351iCTBEHHbIE HAYKH

YIK 631.51

BJIMAHUE PECYPCOC};EPEFAIOIIIEI‘/JI TEXHOJOI'MA OBPABOTKH
ITHOYBBI HA BOJHBIN PEKUM TEMHO-KAIITAHOBOU ITOYBbI

P.X. Kapunos, KaHIuAaT CENbCKOXO35IMCTBEHHBIX HAYK, JOLEHT
Kazaxckwuit arporexandecknil yausepcutet uM. C. CefipymumHa (Acrana), Kazaxcran

Annomayus. Llenvio Hayunvix uccie0o8anuil A6AemMcs 6blAGNEHUE POIU MUHUMATLHOU U HYJIeB0U MEeXHON02UU
8030€NIbI6AHUS PLINCUKA APOB020 HA OUHAMUKY B00HO20 pedcumd, NJIOMHOCHU U CIPYKMYpbl MeMHO-KAUMAHO8OU
NOYGbl 8 YCI0BUAX CYXOCENnHoU 301bl. Hayunvle ucciedosanus nposoounuch 8 4emulpEXnoibHoM n1000CMEHHOM Ce8o-
obopome. Hayunas HOGU3HA pe3ynbmamos Uccie008aHUll 3aKN0Yaemcs 6 mom, 4mo 6nepevle 6 azpodK0N02UHEeCKUX
yenogusax cyxocmennou 30nbl Ceseproco Kasaxcmana onpedenenvi 3aKOHOMEPHOCU USMEHEHUsS. KOTUUECIEEHHbIX U
KA4eCcmeeHHbIX Napamempos 00HbIX U AepoPUIULECKUX C8OUCME MEMHO-KAUMAHOBOU NOUEbl NPU NPUMEHEHUU pa3-
HbIX 10 UHMEHCUBHOCTNU cucmemM 00pabomKu noysvl. Ycmanoeneno, umo Kpome ygeruuenus uH@uibmpayuu 800wl
CHUDICEHUS. pACX00a HA UChapeHue, Y8eauyeHus KOauyecmea 00CmynHou Oasl pacmeHuti 6006l MUHUMAILHAS U HY1e8as
MexHon02uy 06pabomMKYU NOUEbl OKA3LIBAIOM NOZUMUBHOE GLUAHUE HA QusuyecKue u OuonocuiecKue coUCMed no4ebl.
IIpu smom 6viA61€HO 00CHMOBEPHOE NPEGLIUIEHUE YPOICAUHOCIMU PLINCUKA APOBO20 NO MUHUMATLHOU U HY1€8olU 00pa-
60mKU NOuBbL 8 CPABHEHUU C MHO2OPYHKYUOHATLHOU.

Knrwouegvle cnosa: mMunumanbhas mexnHono2us, Hyne8asi MeXHOA02Us, DLIJICUK SAPOBOll, MEeMHO-KAWmMAaHo8as
nousa, pecypcocbepesicenue.

H3BecTHO, yTO B 3acymuinBoM 3emieaenuu CeBepHoro Kasaxcrana Bosa — 3To caMblid ieuUUTHBIN Gakrop. B
MECTHBIX YCJIOBHUSX HaKOIUICHHE BJIard B MOYBE MPOUCXOIMUT B OCHOBHOM 3a CUET OCEHHE-3UMHHUX ocajkoB. Habmone-
HUSI TTOKa3bIBAIOT, YTO JNE(QHUIUT ITOYBEHHOW BJard B ATOHW 30HE OOYCJIOBIJIEH, MPEXJEe BCEro, HE HEAOCTATKOM aTMO-
cepHBIX 0CaJKOB, a HEMPOIYKTUBHBIMU UX moTepsiMi. OcOOCHHO MHTEHCHBHO TepseTCs IOYBSHHAs Biara myteM Qu-
3MYECKOT0 HCIAPEHHs B MPEANOCEBHON MEPHOA. DTU MOTEPH OT CXOJa CHEra 0 MOCEBa B OTACIbHBIE TOABI MOTYT J0O-
ctigb 70-80 MM. AHalOTMYHBIC JaHHBIC TIPUBOIAT M TaKue HccienoBateny, kak A.P. Makapos [3], M.E. Uepemnanos
[5]. o uX naHHBIM B 3TUX YCIOBHSX YMEHBIICHUE HHTCHCUBHOCTH PHIXJICHHUS MMOYBHI MITH MOJIHOE €€ UCKIIFoYeHHe Oa-
TOIPHUATCTBYET YIYYIICHHIO BOJHOTO PEXHMMa arpoleHO30B U MOBHIIICHUIO YPOXKaHHOCTH KyJIbTyp. OCHOBBI OeCIITyX-
HOW 00paboTky Hanum oTpaxenue B padore U.E. OBcunckoro «HoBas cucrema 3emienenus» [4]. Dmoxa abCOIOTHOTO
TOCIIOJICTBA TUTyra M IabjoHa B 3eMJIC/IENINH 3aKOHYMIIACHh IIOCIe TOro, Korna Obuia paszpabortana T.C. ManbueBsiM
crcTeMa 00pabOTKY MOYBbI, OCHOBaHHAS HA YEPEIOBAHUH TITyOOKOH 6€30TBaIbHOM U MOBEPXHOCTHOI 06paboTok [2]. B
TEOPHUH U MPAKTHKE COBPEMEHHOI'0 3e€MJIACIHS BRIISIMINCE J1BAa HAMIPABICHUS] — MHUHUMAaJIbHASL U HYyJIeBask pecypco-
cOeperaromye TeXHOJIOTHH, MPEAYCMaTPHUBAIOIINE 3HAUYNTEIbHYI0 SKOHOMHIO HEBOCIIOIHUMOW HEPTHH, COXpaHEHHE
MTOYBEHHOTO IUIOJIOPOJIHS, SKOJIOTHIECKYI0 0e30IIaCHOCTh M, B KOHEYHOM HTOTe, JOCTHKEHHE 3HAUMTEIBHOTO 3KOHO-
mugeckoro sddexra [1].

B 53710if cBsI3M Ha3pena HEOOXOOMMOCTh M3Y4YHTh U HayYHO O0OOCHOBAaTH BO3MOKHOCTH COKPAIIEHHS MM HC-
KIIFOUCHNSI MEXaHWYECKMX 00pabOTOK ITOYBBI IIPU BO3JIENBIBAHMU CEIbCKOXO3IHCTBEHHBIX KyIbTyp. C 3TOH Lesbio
HaMH{ MPOBOJMIINCH TIOJIEBBIE OMBITHI 10 CPABHUTEILHOMY MU3yUYEHHUIO OOBIYHOM, MUHUMAJILHOM M HYJIEBOI TEXHOJIOTHI
00pabOTKM MOYBHI I10]] TOCEB HETPAIMIIMOHHON JIst cyxocTenHoi 30Hb CeBepHoro Kazaxcrana pepkuka siposoro. [Ipu
3TOM TPAAMIHOHHAs (MHOTO(YHKINOHAIBHAS) TEXHOJOTUS BKIIOYaa mocieybopouHoe peixienue noussl 111-3-5 Ha
riryouny 23-25cMm, panHeBeceHHee OopoHoBanme BMIII-15, mpenmoceBnyro kymbruBammio OIT-8 Ha 6-8 cMm. moceBa
ceskol «JIxoH-/up»; MUHUManbHAsg TEXHOJIOTHSA COCTOSUIA M3 OCEHHEr0 YHM3ENIBHOIO PBIXJIECHUS, MPEANOCEBHOIO
OTIPBICKMBAHUS YparanoMm ¢opTe B 03¢ 2 j/Ta. ¥ mocesa cesnkoit «Jxon-Aupy. Ilpn HyneBoil TeXHOIOTHH MEXaHUYe-
cKre 00pabOTKK OBUIM MCKIIIOUEHBI TIOJTHOCTBIO: TPEANIOCEBHOTO ONPHICKMBaHUs YparaHoMm ¢oprte B no3e 2 y/ra. Ha
BCEX BapHaHTaX IMOCEB PHDKHKA SIPOBOTO MPOBOAMICS MOCEBHBIM KOMITIEKCOM «J[>koH-J{Mp» ¢ aHKEPHBIMH COITHUKAMHU.

HccnenoBanus moOKazaiw, B MOMEHT CHETOTAsSHUS MUHHMMaJbHAs W HyJeBas TEXHOJOTHH MMETH 3aMETHOE
MIPENMYIIECTBO IepesT TPaIUIIOHHOM 10 3armacaM BOJbI B cHere. Ha 3Tux BapmaHTax 3amachl BOABI B CHETE COCTAaBHIIN
cootBeTcTBeHHO 40,8-55,8 MM npoTHB 31 MM 11O TPaANIIMOHHON TEXHOJIOINH 00pabOTKH MOYBHI (Tadmuna 1).

© Kapunos P.X. / Karipov R.Kh., 2019
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Tabnuya 1
YcBoeHHe I0YBOH OCeHHEe-3UMHHUX 0CA/IKOB B 3aBUCHMMOCTH OT T€XHOJIOTHM 00pa0OTKH I10YBbI
[Tokazarenu TpagunroHHast MuHumanbHast Hynesas
3amacel BOJIBI B CHETE, MM 31,0 40,8 55,8
['nmyOuHa mpoMayrBaHus, CM 78,0 76,0 81,0
Koa¢duireHT ycBOCHUs OCCHHE-3UMHHUX OCA/IKOB 0,87 0,81 0,80
[ToTepu MOYBEHHO# BIArd OT CXO/ia CHera JIo IoceBa, MM 40,6 27,4 25,2

YCcBOGHHE TalbIX BOJ IMMOYBOI 3aBUCENO OT COCTOSHUS YBIaKHCHHUS MMOYBBI B TIPEA3UMHUN TIEPUO] U TIOPHUCTO-
CTH TIOYBHI. M3BECTHO, UTO MPOIIECC BBICHIXaHMS, KaK MIPAaBHIIO, COMPOBOXKIAETCS TpemuHooOpa3oBanueM. JInHeitHOe
CKaThe TOYBHI MPOUCXOAUT OJHOBPEMEHHO B TOPHU3OHTAIBHON W BEPTUKAIBHOM IIIOCKOCTAX, Pa3phIXJIAi MOYBESHHBII
mokpoB. Ilpu 3ToM yBennumBaeTcsi 00beM KPYIMHBIX HOYBCHHBIX IMOP. OTKPHITHIE C TIOBEPXHOCTH TPEIIMHBI 00ECTIeH-
BalOT BBICOKYIO CTETICHb HH(MWIBTPAILIUH BOAHI B ITOYBY.

Kpome Toro, TeMHO-KaIITaHOBEIE TTOYBHI CIIOCOOHBI K «CAMOPBIXJIICHUIO» 33 CYET MEPHUOTMYECKOTO YBIIAXKHE-
HUS ¥ BBICBIXAHUS, IPOMEP3aHUS U OTTaMBaHUs. [103TOMY CYIIECTBEHHOW PAa3HHUIIBI IO KOA(DDUIIMEHTY YCBOCHHUS OCCH-
HUX ¥ 3UMHHX OCAJIKOB MEXJly BApPHAHTAMH OTBITa HE HAOJI0aach.

IIpr MUHUMANBEHOW U HYJICBOW TEXHOJIOTUH OOpaOOTKH MOYBHI MOJ COJIOMCHHOW MYIbYCH COBEpPIICHHO IIO-
JIPYTOMY CKJIaJbIBa€TCsl BOAHBIM M TEMJIOBOH PeXUM IOYBBL. 3UMON OHA MEHBIIE NPOMEP3aeT, XOPOLIO 3aJePKUBACT
CHET, aKTUBHO BITUTHIBACT BOIY MPH OTTENESIX BeCHOU. OTKpBITask MOBEPXHOCTh MOYBBI TP WHTCHCUBHBIX MEXaHUYC-
CKUX 00paboTKax, JIMIIEHHAsT OPraHUYECKOM 3alIuThl OOJIBIIE TOTJIONIAeT CONHEYHBIX hydei (82-91 %), cuibHee
HarpeBaeTcs, OBICTpee TepsieT BJIary Ha wmcmapeHue. M3Menpu€HHAs cojoMa, OCTaBICHHAS Ha MOBEPXHOCTH IOYBHI BO
BpeMsi YOOPKH yposKas, oclabiseT CyTOUHBIC U CE30HHBIC KOJeOaHMs TeMIIepaTyphl HOYBBI U TEM CAMBIM IIPEIOXPAHs-
€T pacTeHHs OT IeperpeBa, a, CIeJ0BaTeIFHO, U HHTCHCHBHOCTD UCIIapCHUS IOYBCHHOW BIard. Brimagaromue e ocani-
KH JITKO TIPOHUKAIOT Yepe3 COJOMEHHYIO MYJbUYy ¥ TOTONHSIOT 3alachl TIOYBCHHOW BJIArw. JTOT CJIOW BBITIOJHSET
OB CBOEOOPa3HOH JOBYIIKU BIIATH, JETKO MPOITYCKAIOIIEH ¢ B TI0UBY W MPETATCTBYIONIEH HETPOAYKTHUBHOMY HCIIa-
pennto. [TosToMy ipy MUHIMAIBHOM M HYJIEBOI TEXHOJIOTHH 00paOOTKH MOYBHI Oarofaps HAIMIHIO OOJBIIOTO KOIH-
YeCTBa CTCPHH U COJIOMEHHOM MyJbUM MOTEPH Bl B MPENIOCEBHOM MEPHOI COCTABMIM COOTBETCTBeHHO 32,6 1 38,0 %
MEHbIIIE, YeM Ha BapHaHTe C TPaJUIMOHHON TexHojorueil. Kpome Toro, Ha 3TuX BapuaHTax No4Ba ObLIa HECKOJBKO
IUIOTHEE, YTO CIOCOOCTBOBAJIO 3aMEIUICHHI0 KOHBEKIMOHHO-AN(QY3HBIX ImporeccoB. [loATBepxaeHne 3TOMY MBI
HAXOJUM U B HAYYHBIX HCCIICIOBaHUAK, MpoBeaEHHBIX B mTate CeBepHas Jlakota (CILIA) [6] u B mpoBuHIIMKH MaHUTO-
6a (Kananma) [7].

Ilepen moceBOM pBDKHKA SPOBOTO TIPH TPATUIIMOHHON TEXHOIOTHH 00paOOTKH B ITAXOTHOM M METPOBOM CIIOSIX
ITOYBBI COJCPKATACH COOTBETCTBEHHO 25,5 1 91,2 MM IpoayKTHBHOH Biiaru (Tabnuia 2).

Tabauya 2
3amachbl NPOAYKTUBHOI BJATH B NMOYBE M0 BADHAHTAM OnbITa, %0
Bapuantst Croii mouBEI, cM [epen B ¢asze B ¢asze [epen
IOCEBOM BCXOJIOB [[BETCHHS yGopkoit

1. TpaguuuoHHas 0-20 25,5 18,2 5,8 11,6
0-100 91,2 48,2 24,9 36,6
2. MunuMansHas 0-20 28,2 13,8 9,6 17,4
0-100 1218 47,0 38,7 42,9
3. HyneBas 0-20 36,1 19,5 16,8 29,3
0-100 127,6 90,9 46,6 49,7

[Ipn 3ToM Ha BapmaHTax ¢ MHHUMAaJbHOW M HYJIEBOI TEXHOJOTHEH 0OpabOTKM IMOYBHI MTPEBBIIICHHE 3aI1acCOB
MIPOAYKTUBHOM BJIarM B METPOBOM CJIO€ IOYBHI B CPABHEHUH € TPAJAULMOHHON COCTaBUIIO cOOTBETCTBEHHO 30,6 1 36,4 MM.

B ¢aze nBerenust KynbTypbl Ha (OHE TPAJAWUIMOHHONW TEXHOJOTMH OOpPaOOTKH MOYBHI 3amachkl NPOJYKTHBHOM
BJIarM B METPOBOM CJIO€ CHH3WINCH 10 24,9 MM, a B TaXOTHOM CJIO€ OHM NMPUOIIDKAINCH K YPOBHIO MEPTBBIX 3aI1acoB.
ITpn sToM 3a cuér Goiee 3KOHOMHOTO PACXOJIOBAaHMS MOYBEHHOHM BIIarM MHHHMAJbHAs W HyJeBas TEXHOJOTWH 00pa-
OOTKH MOYBBI HMENH 3aMETHOE MIPEUMYIIIECTBO.

B OonpmmHCTBE €T K MOMEHTY (DOPMHUPOBAHUS MACIO CEMSH YBIaXHEHHE METPOBOTO CIIOS TIOYBBI OOBITHO
OKa3bIBAETCSI HIKE YPOBHS BJIQKHOCTH pa3pbiBa KaIMUISIPOB, YTO 3aTPYAHSET NEPEABIKCHNE BIIAr IO MMOYBEHHOMY
npodmto. MccnenoBanns mokasai, YTO BIarooOeCHeYeHHOCTh PACTEHHH B MEPHOJ OT I[BETEHHUS BIUIOTH 1O YOOpPKH
HaXOJIUTCS B OCTPOH 3aBUCHMOCTH OT BBIIIA/IAIOIINX B 3TOT HEPHO]] OCAIKOB.

Pacuérel nokasbIBarOT, pH TPAAULMOHHONW TEXHOJIOTUH Ha | 1| 3epHa pacxoxyercs 6,5 MM MOYBEHHOH BIary,
8,7 MM Biaru neTHUX ocaakoB. OJMH MM IOYBEHHOM Biaru gopmupyer 15,3 Kr 3epHa, a 1 MM 0Ca/IKOB, BBINABIINX Je-
ToM, popmupyet 11,5 kr 3epHa. [Ipy MUHUMaTBHOM M HYJIEBOI TEXHOJIOTHSIX IOYBEHHAs Bilara oKas3bIBaeTcs ele Ooiee
5 PEKTUBHOM B CPaBHEHHUH C JIETHUMH OCAJKaMH.

Ponb oprannueckoil Myapuu HE OTPAHUUMBACTCS JIHIIb TO3UTUBHBIM BO3AEHCTBUEM HA BOJHBIN PEXKUM MOYBBI.

Myrbua U3 pacTHTENBHBIX OCTAaTKOB IPU MHUHUMAIILHOW 1, 0COOCHHO, HYJIEBOH TEXHOJIOTHSIX 00paOOTKH MOYBEI
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HaJEXKHO 3aIUIIACT €€ OT BBIAYBAHHS, SBISCTCS [IEHHBIM OPraHMYECKUM YAOOPCHHEM, HCTOYHUKOM IUIOZOPOANS IOYB,
MTO3BOJISIOT 3aTOPMO3HUTh POCT W Pa3BUTHE COPHON PaCTUTEILHOCTH. Y CTaHOBJICHO, UTO 3a 2,5-4 Mecsla pasjaractcs 10
46 % comnomsl, 3a rog-ronropa — A0 80 %. 3To OCHOBHOM CTPOUTENBHBIN MaTepHaI AJsl CHHTE3a TYMyCa TIOYBEI.

CaMbIM IIEHHBIM CBOMCTBOM MHHHMMH3AaIUU 0OpabOTKM IMOYBBI B 30HE PHUCKOBAHHOTO 3EMIICACIHS SIBISIETCS
CPaBHUTEIHFHO BBICOKHHA ypOXaid, 0COOCHHO B Upe3MEpHO 3aCyIUIMBEIC TOIbl. B Hammx omeiTax HaMOOMBIINN yposkait
SIPOBOY MIIEHHIBI ObLT MOJyYeH Ha BapHAHTE ¢ MUHMMAJIBLHON TeXHOJIOrueld o0padoTku mouBbl. OH COCTaBUI B Cpej-
HeM 14,7 1w/ra, yro Ha 2,4 1/ra Gosplie, YeM 110 TPaJULIUOHHOM TexHoMornd. HeckobKko MeHblle, YeM 110 MUHUMAaJIb-
HOHW TEXHOJIOTMH, HO Ha 1,6 1/ra GoJbIle O OTHOIICHHIO K TPAAMIMOHHON OKa3ajiach ypoKallHOCTh Ha HYJIEBOM BapH-
aHTe.
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THE INFLUENCE OF RESOURCE-SAVING TECHNOLOGIES
OF SOIL TILLAGE ON WATER REGIME OF DARK-CHESTNUT SOIL

R.Kh. Karipov, Candidate of Agricultural Sciences, Associate Professor
S. Seifullin Kazakh AgroTechnical University (Astana), Kazakhstan

Abstract. The purpose of research is to identify the role of minimum and zero technology of cultivation of gold-
of-pleasure on the dynamics of the water regime, density and structure of dark chestnut soil in the dry steppe zone. Sci-
entific research was carried out in the four-field crop rotation. The scientific novelty of the research results lies in the
fact that for the first time in the agro-ecological conditions of the dry steppe zone of Northern Kazakhstan the regulari-
ties of changes in the quantitative and qualitative parameters of water and agrophysical properties of dark chestnut soil
when using different intensity tillage systems. It is established that in addition to increasing water infiltration, reducing
evaporation costs, increasing the amount of water available to plants, minimum and zero tillage technologies have a
positive impact on the physical and biological properties of the soil. At the same time, a significant excess of the yield of
gold-of-pleasure on the minimum and zero tillage in comparison with multifunctional was revealed.

Keywords: minimal technology, zero technology, gold-of-pleasure, dark chestnut soil, resource saving.
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EFFECT OF GREEN MANURE APPLICATION ON SOIL FERTILITY,
GROWTH, DEVELOPMENT AND YIELD OF COTTON IN TYPICAL
SANDY LOAM SIEROZEM SOIL CONDITIONS OF ZARAFSHAN VALLEY

N. Khalmanov!, M. Elmurodova?
LProfessor,2 PhD student
The Department of Ecology
Samarkand State University, Uzbekistan

Abstract. It is discussed on effect of green manure application on changes of agro physical and agrochemical
properties of sierozem soils of Zarafshan valley of Uzbekistan. Several varieties of field crops such as typhoon, pea, and
rye were used as a green manure. Field and laboratory investigations showed an improvement of physical, chemical
and biological soil properties, as well as on better growth, development and yield of cotton plants under influence of
green manure.

Keywords: green manure, sierozem, light sierozem, typical sierozem, meadow sierozem, agro physical.

Introduction. Nowadays, the most important problem of land husbandry in condition of intensive agriculture
is concluded in extended restoration of soil fertility. However, in the same way, creation of limitless balance of the nu-
trients in soil-plant system is one of factors of the potential fertility of the soil and its humus content is considered as signif-
icant index of soil fertility. Local and international experiences show that systematic increase of the soil fertility and
productivity of the field crops is possible under constant application of organic and mineral fertilizers in required rates.

Under application of green manure, it is incorporated a lot of growth agents, vitamins, hormones which are es-
sential compounds for soil inhabited microorganisms. Several researchers pointed out a dissolving influence of the root
system of crops on soil phosphates, in particular, it was stated that rye, oats, mustard grown on sandy soils capable to
transform indissoluble phosphoric compounds into absorbed nutrient forms (Marupov, 2003). Authors recommend us-
ing such crops in green maturing. Green manure cultivation as an intermediate crop positively influences to soil fertility.
According to Marupov (2003) plowing in an aboveground biomass of rye and mustards have increased soil organic mat-
ter content from 0.175 to 0.296 %.

Amount of microorganism and their productivity has a direct correlation with soil fertility. Broad application
of pesticides negatively caused on to soil microbiological activities. During the last 20-30 years in long-term irrigated
sierozem soils of Central Asia the number of microorganism reduced for three-four times, the number of protozoa de-
creased tenfold, rain worms practically did not remain (Zimovetz, 1988).

Materials and methods.

1.1. Green manure crops. The field crops for green manure were planted in autumn time, in a second decade of
October of 2006-2008. The sowing rate for rye was 80 kg/ha, pea — 50 kg/ha, and typhoon — 4 kg/ha. At the springtime
crops for green manure were fertilized by nitrogen of 100 kg/ha. After maturing time aboveground biomass were grind-
ed with using special implement KIR-1.5 and plowed in to soil to the depth of 40 cm with using two-tiered plow.

1.2 Experimental setup. The field experiments were installed on meadow and typical light sierozem soils in
farmlands of Samarkand and Navoi provinces of Uzbekistan.

Field experiments were conducted in four replicates, with 28 subplots in total. The size of each subplot was
240 m? (50x4.8m) agro physical, agro chemical and biological characters of soil were determined by commonly accept-
ed methods, described in proceedings of cotton growing research institute (2007). Soil samples were taken from three
places of each subplots, before plowing in and at the end of august to the depth of 0-20 and 20-40 cm respectively.

Soil water content was determined by balance methods. Soil humus content was determined with using Tyurins
methods, which is modified Walkley-Black method, total nitrogen on Kieldal, nitrate nitrogen on Granwald Liege, re-
movable phosphorus on Michigan.

The fungi were determined in a Chapec media, bacterium — on meat pepton agar, actinomycetes on starch-
ammonium agar, dinitrificators of Giltay media.

All field observation was performed according to methods developed by Research institute of cotton growing
(2007). Cuttings from each subplots determined the total yield.

2. Results and discussions. It was stated that for better growth and development of cotton plants during differ-
ent phase of growth it needs to maintain constantly optimal soil moisture content. The optimal soil moisture creates the
best conditions for normal growth, development of cotton plants with early ripening. Field and Laboratory analyses of
soil moisture showed that application of green manure has improved a soil water properties (Table 1)

In case of control treatment of field experiment in a depth of 0-20 cm it was 12.0 %, in 0-40cm it was 14.5 %,
but application of green manure increased the soil moisture up to 14.7- 15.2 and 18.1-18.8 %, respectively.

© Khalmanov N., EImurodova M. / Xanmanos H., Damypomosa M., 2019
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Table 1
Soil water content under application of green manure (in % to absolute dry soil)
Treatments Before plowing in Before first irrigation | Before last irrigation
Layers, cm

0-20 20-40 0-20 20-40 0-20 20-40
1 Controle 16,4 18,8 12,6 14,1 12,0 14,5
2 Pea 14,5 17,3 14,0 17,6 14,8 18,2
3 Rye 14,3 17,7 13/7 174 14,7 18,1
4 Typhon 151 17,2 13,9 17,8 14,7 18,2
5 Pea-Rye 14,0 175 14,2 18,4 15,0 18,5
6 Typhone-Rye 14,2 17,7 145 18,2 14,9 18,3
7 Typhone-Pea-Rye 14,6 17,4 147 18,7 15,2 18,8

The increase of soil humus content due to green manure application caused positively to aggregate composition
of soil and favored to improvement of physical characteristic of arable layer, decreases the bulk density of soil. Investi-
gation showed that highest bulk density of soil samples (Tabl.1) is noted on treatment without organic fertilizers (con-
trol) herewith both in upper (0-20) and in under-stratums layers plowing in of green biomass noticeably reduce the bulk
density of soil.

The basic characteristic to which green manure can effect is variation of soil humus, nitrate nitrogen, mobile
phosphorus and exchangeable potassium contents.

From the table 3 we can see that lowest soil humus content was observed in a treatment without green manure
application as compared to other treatments with application of green manure.

The most active period of the growing of the numbers of microorganism in soil is a period of the blossom and
fruiting of cotton plants (June-July). Especially, the last treatment where combined mixture of different crops applied as
a green manure, caused to increase a number of soil microorganisms significantly.

Application of organic biomasses positively influenced to growth and development of cotton plants. Field
measurements of the rate of growth of cotton plans has shown that application the organic fertilizers before of the blos-
som there was not observed a significant difference in the height of main steam of cotton plants. The main differences
on steam growth are become visible starting from second decade of June, and later on starting from July, these differ-
ences are more intensive.

Green manure application in the scheme of typhoon+pea+rey had more stable effect on main steam growth,
where cotton plant steams were taller on 12.7 -14.7 cm as compared to control treatment, where green manure were not
applied (Table 2).

Table 2
Effect of green manure to growth and development of “Omad” cotton
plants variety in meadow sierozem soils of Uzbekistan (2006-2009)
Treatment Main steam Number of Number of Wilting, %
growth, simpodias bulbs total strong
cm

01.09 01.09 01.09 01.09 01.09
1 Control 80,9 13,6 10,9 17 5
2 Pea 89,8 15,3 13,5 7 2
3 Rye 86,6 15,2 12,9 8 1
4 Typhon 83,6 15,1 12,6 9 1
5 Pea-Rye 92,0 154 13,8 6 -
6 Typhon-Rye 90,1 15,3 14,2 6 -
7 Typhon-Pea-Rye 95,6 15,7 14,7 4 -

The same relationship was observed in the typical and light sierozem soil conditions. Better nutritional status
of soil under green manure application had effect on the quantities of simpodial branches as well as cotton bulbs as
compared to unfertilized control treatment.

Application of organic fertilizers creates enhanced conditions for mineral nutrition and causes to growth, de-
velopment and productivity of cotton (Table 2).

There was obtained an additional yield as 0.48 — 0.92 t/ha due to application of green manure. The highest
yield was obtained in a treatment where mixture of different herbage such as Typhon-Pea-Rye were incorporated which
allowed to obtain an additional yield of cotton as 0.77-0.92 t/ha as compared to control.

Conclusions. On the basis of obtained results, it was possible to conclude a positive effect of green manure
application to growth development and yield of cotton in irrigated sierozem soil conditions. Application of green ma-
nure positively caused to improve a microbiological activity of soil microorganisms. Green manure creates better nutri-
tional regime on supply of plant with bioavailable mineral elements for field crops. Application of green manure in a
different scheme allowed obtaining an additional yield of cotton such as 0.48-0.92 t/ha.

76



ISSN 2308-4804. Science and world. 2019. Ne 2 (66). Vol. I.

REFERENCES

1. Conklin AE., Erich M.S., Liebman M., Lambert D., Gallandt E.R. and Halteman W.A. 2002. Effects of red clover
(Trifolium pratense) green manure and compost soil amendments on wild mustard (Brassica kaber) growth and incidence of disease.
Plant Soil. Vol. 238, 3, p. 245-256.

2. Davis J.R., Huisman O.C., Everson D.O., Schneider A.T. and Sorensen L.H. 1999. Suppression of Verticillium wilt
with wheat and improved yield and quality of the Russet Burbank potato. Amer. J. of Potato Res. a, Vol. 76, 367.

3. Davis J.R., Huisman O.C., Everson D.O., Sorensen L.H. and Schneider A.T. 1999. Control of Verticillium wilt of the
Russet Burbank potato with corn and barley. Amer. J. of Potato Res., Vol. 76, p. 367.

4. Davis J.R., Huisman O.C., Everson D.O., and Schneider A.T. 2001. Verticillium wilt of potato. A model of key factors
related to disease severity and tuber yield in southeastern Idaho Amer. J. of Potato Res. Vol. 78, 2, p. 296-300.

5. Elfstrand S., Bath B., Martensson A. 2007. Influence of various forms of green manure amendment on soil microbial
community composition, enzyme activity and nutrient levels in leek // Applied Soil Ecology, Volume 36, Issue 31, pp. 70-82

6. Elfstrand S, Hedlund K, Martensson A. 2007. Soil enzyme activities, microbial community composition and function
after 47 years of continuous green manuring // Applied Soil Ecology Volume 35, Issue 3, pp. 610-621.

7. Jennifer Miller. 2004. Cropping project finds benefit from Mustard green manure. Reserv. Alternat. Amer. J. of

Pesticide Reform, Vol. 56. p. 125.

8. Lazzeri L. and Manici L.M. 2001. Allelopathic effect of glucosinolate containing plant green manure on Pythium sp.
and total fungal population in soil. Hort Science, Vol. 36 (7) p.1283-1289.

9. Macrae R.J, G. R. Mehuys G.R. 1985. The Effect of Green Manuring on the Physical Properties of Temperate Area

Soils // Advances in Soil Science Volume 3. pp. 71-94.

Mamepuan nocmynun ¢ pedaxyuro 10.01.19.

BJIMAHUE BHECEHUA CUAEPAJIBHOT'O YJIOBPEHMUS HA IIVIOJOPOAME
IIOY4B, POCT, PASBUTHE U YPOXKAMHOCTD XJIONKA B THHIUYHOM
CYIIECYHAHOM CEPO3EME B YCJIOBUSAX JOJIMHbI 3APABIIIAHA

H. Xanmanos!, M. Dumypoaona?
Y npodeccop, 2 kaHauaar Hayk
Kadenpa sxonornn
CaMmapKaHICKUI TOCYJapCTBCHHBIH YHUBEPCUTET, Y30E€KHUCTaH

Annomayus. B cmamve obcydcoaemes enusnue npumMenenus cudepamos Ha UsMeHeHue azpopusudeckux u
azpoxumuyeckux ceovcmeg ceposéma 3apaguanckoll donunvt Yzbexucmana. Heckonvko paznosuonocmeil nonegvix
KYIbIyp Makux, KaK mati@)yH, 20pox u podiCb UCONb30BANUCL 8 KAYeCmEe CUepaibHo2o yooopenus. Tlonesvie u 1abo-
Pamopuvie UCcie008anus NOKA3AU YIyYueHue Quauieckux, XUMU4eckux u OU0I02UYecKUX CEOUCME NoY8, d MAKice
VAYHULeHUe pOCma, pa3eumusi U yporCatiHoCmu XA0n4amHura noo 6030eticmeuem cuoepaibHo2o y0oopenus.

Knwuesvie cnosa: cudepanvhoe yoobpenue, cepo3émM, CEemiblil cepo3ém, MUNUYHBIL CEPO3EM, TY2060-
cepo3EMmbLL, azpoghuzuyeckue.

77


http://www.sciencedirect.com/science/journal/09291393/35/3

ISSN 2308-4804. Science and world. 2019. Ne 2 (66). Vol. I.

Earth sciences
Haykm o 3emJ1e

UDC 551

ANTHROPOGENIC CHANGE IN THE AQUATIC ENVIRONMENT
OF THE NURA RIVER BASIN (MID-20™ CENTURY)
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3 Master of Economic Sciences, Senior Lecturer,  Master of Ecology, Lecturer
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Abstract. This article is considered the historical stages of the geoecological situation of the Nura river basin.
The main regions of conversion the researching territory are studied. Based on the classification of anthropogenic im-
pacts, there was identified the influence of industrial enterprises on the environment of the Nura river basin.

Keywords: anthropogenic factor, geoecological situation, anthropogenic, basin, techno genesis, industrial
zone, monitoring, ecological destabilization, heaps, recultivation of lands.

Anthropogenic factors are caused by various forms of human influences on the individual components of the
environment in general and geosystems. They cover the processes occurring in the course of direct human impacts on
the environment or indirectly owe their origin technogenesis. Anthropogenic factors impact on the nature and human
body (the development of land under crops and crop planting, deforestation, construction of hydro, passive and active
foreign importation of various animals and plants, pest control, etc.).

The concept of anthropogenic load is used for quantitative and qualitative characteristics of anthropogenic fac-
tors. It characterizes the amount of direct or indirect anthropogenic impacts on the environment. Anthropogenic factors
are usually related to the side effects of interaction between society and the natural environment. Most often they appear
as random, one-time impacts on the natural environment and geosystems accompanying purposeful human activities.
These effects may be in the nature of intentional (planned, expected impacts) and unintended (unexpected consequenc-
es) impact on geosystems [2, p. 8].

There are several versions of the classification of anthropogenic of environmental factors developed by differ-
ent authors. I.P. Laptev offers to classify them based on the following criteria: nature, origin and time of action, for the
duration of human impacts, the ability to accumulate in the nature and type of human activity [3, p. 65].

Human impact on the natural environment of the Nura pool can be associated with its industrial development.
All studies were conducted in the basin left behind a certain environmental effects. In this connection, geo-
environmental situation can be considered at different stages: 1) pre-industrial stage, 2) stage of industrial development,
and 3) stage of agricultural development of the basin, and 4) the current stage of basin formation.

Each stage in the formation of geo-ecological situations give and characterize a certain picture of development
of territories. Each reflected stage recognizes the signs of anthropogenesis — hydrogeological work (drilling, explora-
tion), hydraulic engineering, exploration of mineral deposits, construction of dams, urban planning, etc. Degree of man-
ifestation of symptoms in the pool anthropogenesis of the Nura with each step increases, which causes the tension level
of geo-ecological situations — from relatively fair to critical.

Pre-industrial stage (Paleolithic — 30" of XX century). Archaeological sites indicate that the basin of the Nura
including neighborhoods Karaganda, back in the Paleolithic man lived. He was engaged in hunting, fishing, gathering
plant foods. In the Neolithic in the river basin. The Nura appear basics of agriculture. Parking this period are found on
p. PMCU Late Neolithic — Green bar. Since the 2" millennium BC (Bronze Age), the ancient population of the region
originates pastoral — agricultural economy with a predominance of cattle. This is confirmed by archaeological excava-
tions settlement Suykbulak (Karkaralinsk) and the ancient irrigation system.

Since the late 40s. XIX century. 30-ies. XX century. the Nura basin to form local sources of environmental de-
stabilization had Koyandinskaya Fair (Koyandinsko-Botovskaya), which annually conducts auctions. It was located in
the river valley near the mouth of the Taldy and Lake Karasor 50 km from the village Koyandy. Creating conditions
favorable for the development of regional trade and economic ties Koyandinskaya Fair attracted merchants from Russia
and Central Asia. In 1905-1910 years.

Analysis of the pre-industrial stage of development of the region shows that economic activity began to have
transformative impacts on the environment. During this period, there is a change in the geo-ecological situations pool of
the Nura from environmental well before the formation of local sources environmental destabilization.

© Zhangozhina G.M., Talzhanov S.A., Dosmakhov S.M., Kozhakmetova L.T. / XKauroxuna .M., Tamkanos C.A., locmaxos C.M.,
Koxaxmerosa JI.T., 2019
78



ISSN 2308-4804. Science and world. 2019. Ne 2 (66). Vol. I.

Stage of industrial development (30" XX century — 50™ XX ¢.). During the years of Soviet power Karaganda
region and become one of the largest industrial centers in Kazakhstan. In 1940, the Karaganda coal basin has 22 mines
and 1 strip mining of coal (Fedorov). Karaganda coal basin played an important role in the industrial development not
only of the Republic of Kazakhstan, but also the whole of the USSR (now CIS) since the Karaganda coal supplied with
Enterprise Middle Volga region, the Urals, Bashkiria, etc. The pool was the third coal base USSR. Coalfield develop-
ment led to the establishment of other industries. For the successful formation of Karaganda region as an industrial cen-
ter and its water supply in the 30s and 40s XX century, there was built from plumbing of the Nura (Samarkand reser-
voir). By the end of 1933, the construction of the Central power was completed, began to build a hydroelectric power
station. In 1937 came to operation Karaganda cement plant, which annually produces 14 tons of cement. In the same
years were commissioned mechanized bakeries, brewery, dairy and other plants in Karaganda. Continued construction
of railways through Akmola to Karaganda.

In the early 30s of XX century, in connection with the construction of several large industrial enterprises in
Kazakhstan produced hydrogeological studies I.1. Filimonov and D.N. Bourtsev. In the article, «Prospects reclamation
in Central Kazakhstan» (1930) summarized the materials reclamation expedition in Central Kazakhstan and former
subdivisions district land offices, who worked on the rivers Tokrau, Bakanas, Nura and Sarysu [1, p. 4].

In the future hydrological work in the basin continued hydrogeologists V.Y. Grinyov, S.V. Komissarov,
A.P. Vykhodtsev, I.I. Bozhkova, etc. (Kargeolbyuro Kazahuglerazvedka — Karaganda Geological Bureau, Kazakhstan
coal exploration). At the same time, except for waters of the Lower Jurassic sediments studied fissure water limestones
and volcanic, which is carried by water and rail stations working settlements [4, p. 32]. At the same time were orga-
nized permanent stationary surveillance regime of groundwater in boreholes, mines.

Stage of agricultural development of the basin (50" XX century. — 80™ of the XX). During these years, the
need to expand the resource base for industrial enterprises in the Southern Urals received significant scale geological
survey and exploration, as well as hydrogeological work in areas designed and built railroads and mining. This line of
work especially increased during the Great Patriotic War. Note some of them. In 1944-1948, Kazgeolupravlenie (Ka-
zakhstan Geological Department) (M.B. Gamaley, A.A. Emelyanov, V.A. Kurdukov, N.l. Timpani) summarized exten-
sive factual material on groundwater as combined hydrogeological maps, which mainly displayed on the first surface
aquifers. These maps form the basis of planning subsequent exploration of the water. In 1946, V.S. Zhavago (Kazgeo-
lupravlenie — Kazakhstan Geological Department) were launched, and in 1947-1951, A.F. Kalmykov and I.I. Subbotin
continued exploration of water sources for deposits Akmaya, Baynazarov, Celta, etc. In general, the results of hydro-
geological investigations before the military carried out the first stage of the assessment of groundwater resources and
surface water study region. Revealed the possibility of organizing a centralized water supply of large industrial and ad-
ministrative centers through groundwater and surface water [4, p. 70]. In the stage of agricultural development pool of
the Nura have been converted to crops virgin lands. There are certain pockets of agriculture. Intensive development of
agricultural production led to an increase in agricultural waste, which together with household waste significantly affect
the chemical composition of the soil, causing a deterioration of its quality. In this connection, there are systems of envi-
ronmental protection measures, which include prevention of erosion and knitted its dehumification soils.
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Annomayus. B dannoti cmamve paccmampusaiomes ucmopuyeckue Smansi 2e039K0N02UHeCKoU cumyayuu 8 bacceline
pexu Hypa. Hzyuenvi ochoshble pecuotvl Kongepcuu ucciedyemoll meppumopuu. Ha ocnosanuu kiaccuguxayuu anmponozen-
HObIX B030eliCIBULL BbIAGTEHO GIIUSHUE NPOMBIUIEHHBIX NPEONPUSIMULL Ha OKpYdIcaloufyio cpedy baccetina pexu Hypuol.

Kniouesvie cnosa: ammponozenuviii (haxmop, 2e09K0I0SUMECKAsl CUMyayusi, aHMPONO2eHHblll, Oacceli,
MEXHO2EHe3, NPOM30OHA, MOHUMOPUHE, IKOIOSUYECKAsE 0eCMabUIU3ayus, Omeaisl, PEKyIbmueayus 3eMeib.
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