«3INFI9S YILNHINOD ANV SIILVINIHLYIN ‘SFONIIOS TVIINHOAL FHL 40 MIIATY DI4ILNIIDS TYNOILYNHILNI IONIFHIANOD @3ZITVIOAdS JIH1LNIIOS IINIANOLSIHAOD TVNOILYNAYILNI AIX

/A\ ISBN 978-1-64655-030-2

INTERNATIONAL SCIENTIFIC REVIEW LIBRARY.RU

AND PRACTICAL CONFERENCE

S <
8 or SO HTTPS://SCIENTIFIC-CONFERENCE.COM

KIVINTERNATIONAL CORRESPONDENCE SCIENTIFIC SPECIALIZED CONFERENGE

INTERNATIONAL SCIENTIFIC REVIEW
OF THE TECHNICAL SCIENCES,
MATHEMATICS AND COMPUTER SCIENCE
LIBRARY OF

CONGRESS (USA) Boston. USA. March 11-12, 2020




ISBN 978-1-64655-030-2
UDC 08

XIV INTERNATIONAL CORRESPONDENCE
SCIENTIFIC SPECIALIZED CONFERENCE
«INTERNATIONAL SCIENTIFIC REVIEW OF
THE TECHNICAL SCIENCES, MATHEMATICS
AND COMPUTER SCIENCE»

(Boston. USA. March 11-12, 2020)

BOSTON. MASSACHUSETTS
PRINTED IN THE UNITED STATES OF AMERICA
2020



INTERNATIONAL SCIENTIFIC REVIEW OF THE PROBLEMS OF THE TECHNICAL
SCIENCES, MATHEMATICS AND COMPUTER SCIENCE / COLLECTION OF SCIENTIFIC
ARTICLES. XIV INTERNATIONAL CORRESPONDENCE SCIENTIFIC SPECIALIZED
CONFERENCE (Boston, USA, March 11-12, 2020). Boston. 2020

EDITOR: EMMA MORGAN
TECHNICAL EDITOR: ELIJAH MOORE
COVER DESIGN BY DANIEL WILSON

CHAIRMAN OF THE ORGANIZING COMMITTEE: VALTSEV SERGEI
CONFERENCE ORGANIZING COMMITTEE:

Abdullaev K. (PhD in Economics, Azerbaijan), Alieva V. (PhD in Philosophy, Republic of Uzbekistan), Akbulaev N.
(D.Sc. in Economics, Azerbaijan), Alikulov S. (D.Sc. in Engineering, Republic of Uzbekistan), Anan'eva E. (D.Sc. in
Philosophy, Ukraine), Asaturova A. (PhD in Medicine, Russian Federation), Askarhodzhaev N. (PhD in Biological Sc.,
Republic of Uzbekistan), Bajtasov R. (PhD in Agricultural Sc., Belarus), Bakiko 1. (PhD in Physical Education and Sport,
Ukraine), Bahor T. (PhD in Philology, Russian Federation), Baulina M. (PhD in Pedagogic Sc., Russian Federation), Blejh
N. (D.Sc. in Historical Sc., PhD in Pedagogic Sc., Russian Federation), Bobrova N.A. (Doctor of Laws, Russian Federation),
Bogomolov A. (PhD in Engineering, Russian Federation), Borodaj V. (Doctor of Social Sciences, Russian Federation),
Volkov A. (D.Sc. in Economics, Russian Federation), Gavrilenkova I. (PhD in Pedagogic Sc., Russian Federation),
Garagonich V. (D.Sc. in Historical Sc., Ukraine), Glushhenko A. (D.Sc. in Physical and Mathematical Sciences, Russian
Federation), Grinchenko V. (PhD in Engineering, Russian Federation), Gubareva T. (PhD in Laws, Russian Federation),
Gutnikova A. (PhD in Philology, Ukraine), Datij A. (Doctor of Medicine, Russian Federation), Demchuk N. (PhD in
Economics, Ukraine), Divnenko O. (PhD in Pedagogic Sc., Russian Federation), Dmitrieva O.A. (D.Sc. in Philology,
Russian Federation), Dolenko G. (D.Sc. in Chemistry, Russian Federation), Esenova K. (D.Sc. in Philology, Kazakhstan),
Zhamuldinov V. (PhD in Laws, Kazakhstan), Zholdoshev S. (Doctor of Medicine, Republic of Kyrgyzstan), Zelenkov M.YU.
(D.Sc. in Political Sc.,PhD in Military Sc., Russian Federation), /badov R. (D.Sc. in Physical and Mathematical Sciences,
Republic of Uzbekistan), [l'inskih N. (D.Sc. Biological, Russian Federation), Kajrakbaev A. (PhD in Physical and
Mathematical Sciences, Kazakhstan), Kaftaeva M. (D.Sc. in Engineering, Russian Federation), Klinkov G.T. (PhD in
Pedagogic Sc., Bulgaria), Koblanov Zh. (PhD in Philology, Kazakhstan), Kovaljov M. (PhD in Economics, Belarus),
Kravcova T. (PhD in Psychology, Kazakhstan), Kuz'min S. (D.Sc. in Geography, Russian Federation), Kulikova E. (D.Sc. in
Philology, Russian Federation), Kurmanbaeva M. (D.Sc. Biological, Kazakhstan), Kurpajanidi K. (PhD in Economics,
Republic of Uzbekistan), Linkova-Daniels N. (PhD in Pedagogic Sc., Australia), Lukienko L. (D.Sc. in Engineering, Russian
Federation), Makarov A. (D.Sc. in Philology, Russian Federation), Macarenko T. (PhD in Pedagogic Sc., Russian
Federation), Meimanov B. (D.Sc. in Economics, Republic of Kyrgyzstan), Muradov Sh. (D.Sc. in Engineering, Republic of
Uzbekistan), Musaev F. (D.Sc. in Philosophy, Republic of Uzbekistan), Nabiev A. (D.Sc. in Geoinformatics, Azerbaijan),
Nazarov R. (PhD in Philosophy, Republic of Uzbekistan), Naumov V. (D.Sc. in Engineering, Russian Federation),
Ovchinnikov Ju. (PhD in Engineering, Russian Federation), Petrov V. (D.Arts, Russian Federation), Radkevich M. (D.Sc. in
Engineering, Republic of Uzbekistan), Rakhimbekov S. (D.Sc. in Engineering, Kazakhstan), Rozyhodzhaeva G. (Doctor of
Medicine, Republic of Uzbekistan), Romanenkova Yu. (D.Arts, Ukraine), Rubcova M. (Doctor of Social Sciences, Russian
Federation), Rumyantsev D. (D.Sc. in Biological Sc., Russian Federation), Samkov A. (D.Sc. in Engineering, Russian
Federation), San'kov P. (PhD in Engineering, Ukraine), Selitrenikova T. (D.Sc. in Pedagogic Sc., Russian Federation),
Sibircev V. (D.Sc. in Economics, Russian Federation), Skripko T. (D.Sc. in Economics, Ukraine), Sopov 4. (D.Sc. in
Historical Sc., Russian Federation), Strekalov V. (D.Sc. in Physical and Mathematical Sciences, Russian Federation),
Stukalenko N.M. (D.Sc. in Pedagogic Sc., Kazakhstan), Subachev Ju. (PhD in Engineering, Russian Federation), Sulejmanov
S. (PhD in Medicine, Republic of Uzbekistan), Tregub I. (D.Sc. in Economics, PhD in Engineering, Russian Federation),
Uporov I. (PhD in Laws, D.Sc. in Historical Sc., Russian Federation), Fedos'kina L. (PhD in Economics, Russian
Federation), Khiltukhina E. (D.Sc. in Philosophy, Russian Federation), Cuculjan S. (PhD in Economics, Republic of
Armenia), Chiladze G. (Doctor of Laws, Georgia), Shamshina I. (PhD in Pedagogic Sc., Russian Federation), Sharipov M.
(PhD in Engineering, Republic of Uzbekistan), Shevko D. (PhD in Engineering, Russian Federation).

PROBLEMS OF SCIENCE
PUBLISHED WITH THE ASSISTANCE OF NON-PROFIT ORGANIZATION
«INSTITUTE OF NATIONAL IDEOLOGY »
VENUE OF THE CONFERENCE:
1 AVENUE DE LAFAYETTE, BOSTON, MA 02111, UNITED STATES
TEL. OF THE ORGANIZER OF THE CONFERENCE: +1 617 463 9319 (USA, BOSTON)
THE CONFERENCE WEBSITE:
HTTPS://SCIENTIFIC-CONFERENCE.COM

PUBLISHED BY ARRANGEMENT WITH THE AUTHORS
Attribution-ShareAlike 4.0 International (CC BY-SA 4.0)
https://creativecommons.org/licenses/by-sa/4.0/deed.en



Contents
PHYSICO-MATHEMATICAL SCIENCES

Labushev M.M., Labushev T.M., Fomina E.I. (Russian Federation) HYPOTHETICAL
STRUCTURE OF ATOM NUCLEI AND NATURE OF CHEMICAL ELEMENTS
TOXICITY / Jlabywese M.M., Jlabywes T.M., @omuna E.H. (Poccuiickas Deneparius)
TUIIOTETUYECKAS CTPYKTYPA ATOMHOIO AJPA W TIPUPOJA

TOKCMYHOCTU XUMHNYECKHNX DJIEMEHTOB .......c.cccoiiiiiniiiniiicicicncnceeeeeeene

TECHNICAL SCIENCES

Nomozov Sh.Yu., Seytnazarov A.R., Namazov Sh.S., Beglov B.M. (Republic of
Uzbekistan), Alimov U.K. (Republic of Uzbekistan, People's Republic of China)
BALANCED LIQUID NP-FERTILIZERS BASED ON PURIFIED AMMOPHOS
SUSPENSION AND NITROGEN FERTILIZER / Homo306 IL1FO., Ceiimuazapos A.P.,
Hamaszoe II.C., Beenoe b.M. (Pecniyonuka Y3o6ekucran), Ammos V.K. (PecnyOnuka
V36ekucran, Kuraiickas Hapomguas Pecnyonuka) YPABHOBEIIEHHBIE JKWJIKUE
NP-VJIOBPEHHS HA OCHOBE OUMILEHHOM AMMO®OCHOM CYCIIEH3UU U

A3OTHBIX YJIOBPEHMI .........oooooiooeeceeeeeeeeeeeeeee e

Mamataliev A.A., Sherkuziyev D.Sh., Primkulov B.Sh., Beglov B.M., Namazov Sh.S.
(Republic of Uzbekistan) COMPOSITION AND PROPERTIES OF NS -
FERTILIZERS / Mamamanues A.A., Illepxysuee /I, [Ipumxynoe b.I1., Beenos b.M.,
Hamasoe II.C. (Pecnybnuka V36ekucran) COCTAB M CBOMCTBA NS-

VIOBPEHHMS ...

Karshiev B.N., Seytnazarov A.R., Namazov Sh.S., Tuychieva U. (Republic of
Uzbekistan) DESULFURIZATION AND PURIFICATION OF WET PROCESS
PHOSPHORIC ACID BASED ON WASHED / Kapwues b.H., Ceimnasapos A.P.,
Hamaszoes LI.C., Tyiuuesa V.. (Pecniyonuka Y36ekucran) OBECCYJIbOAUMBAHUE

1 OUUCTKA DKCTPAKIIMOHHON ®OCDPOPHOM KUCIIOTBL.........oooveeveeeen.

Juraev Sh.T., Mukhiddinov B.F., Ibadullayev A.S., Isroilov O.1. (Republic of Uzbekistan)
PHYSICAL AND CHEMICAL CHARACTERISTICS OF THE CARBON MATERIAL
OBTAINED BY THE PYROLYSIS OF RUBBER-TECHNICAL PRODUCTS /
Kypaee LI.T., Myxudounoe b.®@., Hbaodymraes A.C., HUcpounoe O.HU. (Pecmybnuka
V36ekuctan) PUINKO-XUMUNYECKUE XAPAKTEPUCTUKU YIJIEPOAMUCTOI'O
MATEPHUAJIA, TIOJYYEHHOI'O IIMPOJIM3OM  PE3UMHO-TEXHUYECKUX

TIBJIETIVITA ..ottt es e s e s eeereseees

Pirimov T.J., Seytnazarov A.R., Eshburiev T.N., Mukhamedbaev A.A. (Republic of
Uzbekistan) NON-TRADITIONAL RAW MATERIAL MIXTURE FOR THE
PRODUCTION OF PORTLAND CEMENT CLINKER / ITupumos T.K., Cetimnuasapog
A.P., Dwobypues T.H.,  Myxameobaes A.A. (PecnyOmmuka  Y30ekucraH)
HETPAOAUIIMOHHAA CBIPLEBASI CMECH JJI MMPOMU3BO/JICTBA

HOPTIIAHJALUEMEHTHOI'O KIIMHKEPA .....cccoooiiiiiiiiieeeeee e

Holmurodov J., Numonov B. (Republic of Uzbekistan), Alimov U. (Republic of
Uzbekistan, People's Republic of China), Namazov Sh.S. (Republic of Uzbekistan) NP-
FERTILIZERS BASED ON NEUTRALIZATION OF ACID MONO BASIC
CALCIUM PHOSPHATE PREPARED BY CYCLIC METHOD / Xoauypodos K.,
Hywvmonos b. (Pecnybnmka VY3s0ekucran), Aaumos V. (Kuraiickas Haponnas
Pecniyonmuka, Pecriyonuka Y3oekucran), Hamazos I11.C. (Pecrydbnuka Y306ekucran) NP-



YIAOBPEHUA HA OCHOBE HEUTPAJIU3ALIUA KHCJIOI'O

MOHOKAJIBLIUH®OCDATA, TIOJTYYEHHOTO LIUKJIMYECKUM CIIOCOBOM .....

Iskakova A.T. (Republic of Kazakhstan) DEVELOPMENT OF THE SKILL OF
INFORMATION ANALYSIS THROUGH PROJECT ACTIVITIES / HUckaxosa A.T.
(Peciyonuka Kazaxcran) PA3BUTUE HABBIKA AHAJIM3A HMH®OPMAIIUU

YEPE3 ITPOEKTHVYIO JJEATEJIBHOCTD ......cciiiiiiiiiiniiinccccceneeene e

Nigmatov U.Zh., Naimov Sh.B. (Russian Federation) ANALYSIS OF SOLAR
RADIATION ENERGY POTENTIAL IN THE TERRITORY OF THE REPUBLIC OF
TAJIKISTAN / Huemamos V.JK., Haumos IILE. (Poccuiickas @enepaunss) AHAJIN3
I[MOTEHIIUAJIA HCIIOJIb3OBAHUA DHEPTUM COJIHEUHOI'O WU3JIYUEHUS

HA TEPPUTOPUN PECITYBJIMKN TAIDKUKMCTAH .....coooieiiiiiiiinininieieicieienene

Saparov  A.A., Sultonov B.E., Namazov Sh.S. (Republic of Uzbekistan)
INVESTEGATION OF THE PROCESS OF PRECIPITATION DEGREE PRECIPIATE
DEPENDING FROM NATURE OF PRECIPITATING AGENTS / Canapos A.A.,
Cynmonoe b.3., Hamazoe II.C. (Pecniyonuka Y3bekuctan) BJIMAHUE TIPMPO/IbI
OCAI[I/ITEJIEﬁ HA CTEIIEHb OCAXJIEHUSA OKCHUJA POCDPOPA B BUJIE

JIAKATIBLIAMDOCDATA ...

TECHNOLOGY OF ORGANIC SUBSTANCES

Sodikova D.G., Mamataliyev A.A., Iralivev B.H., Namazov Sh.S. (Republic of
Uzbekistan) NITROGEN-SULFUR FERTILIZERS BASED ON THE MELT OF
AMMONIUM NITRATE AND NATURAL GYPSUM / Caouxosa /1.I"., Mamamanues
A.A., Hpanues b.X., Hamazoe II.C. (Pecnyomuka Y30ekuctan) ASOTHOCEPHBIE
YAOBPEHHUS HA OCHOBE ITJTABA HUTPATA AMMOHUA U TTPUPOJIHOI'O



PHYSICO-MATHEMATICAL SCIENCES

HYPOTHETICAL STRUCTURE OF ATOM NUCLEI AND
NATURE OF CHEMICAL ELEMENTS TOXICITY
Labushev M.M.', Labushev T.M.?, Fomina E.L.’
(Russian Federation) Email: Labushev514@scientifictext.ru

'L abushev Mikhail Mikhailovich —Associate Professor,
DEPARTMENT OF MINERAL GEOLOGY AND EXPLORATION,
SCHOOL OF MINING, GEOLOGY AND GEOTECHNOLOGY
SIBERIAN FEDERAL UNIVERSITY, KRASNOYARSK;
’Labushev Timofey Mikhailovich — Student,

FACULTY OF SOFTWARE ENGINEERING AND COMPUTER
SYSTEMS,

UNIVERSITY OF INFORMATION TECHNOLOGY, MECHANICS
AND OPTICS, SAINT PETERSBURG;

SFomina Elena Ivanovna — Senior Lecturer,
DEPARTMENT OF FOREIGN LANGUAGES FOR NATURAL
SCIENCE,

SCHOOL OF PHILOLOGY AND LANGUAGE COMMUNICATION,
SIBERIAN FEDERAL UNIVERSITY, KRASNOYARSK

Abstract: we propose to consider hypothetic general cubic structure of
atom nuclei. This nuclear structure model represents 27 elementary
cubes composing a large cube. In the cube integers ranging from 1 to
8 with their sum equal to 9 are arranged in such a way that by
projecting them on three mutual perpendicular planes of the cube, we
obtain 3 x 3 matrices. The nuclear structure is proposed to be
characterized by using the information coefficients of proportionality
(1,) calculated for the matrices. If the I, values for the projections on
two mutual perpendicular faces of the cube are equal, the state of atom
nucleus structure in many cases corresponds to a chemical element’s
isotope and is named isotope state. The third projection of the integers,
which is perpendicular to the first two, corresponds to the number
combination for another chemical element. The third projection
determines the nuclear affinity for the chemical element of the same
name. The value of nuclear affinity of a chemical element for another
one is proposed to be determined by the number of corresponding
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isotope states obtained as the result of random sorting of general
nuclear cubic structure integers. We researched of all isotope states
associated with radioactive elements, which do not occur in nature.
These states can probably influence the progress of chemical
reactions. This property is proposed to be named as the uncertainty of
nuclear affinity, which is assumed to be associated with chemical
elements toxicity.

Keywords: computer simulation, structure of atom nuclei, toxicity of
chemical elements.

I'NMIIOTETUHYECKASA CTPYKTYPA ATOMHOI'O SAIIPA
MPUPOJA TOKCUYHOCTU XUMHNYECKUX 3JIEMEHTOB
Jdabymes M.M.', JTagymes T.M.?, ®omuna E.HN.}
(Poccuiickas Penepanus)

! Jla6ywes Muxaun Muxaiinosuy — doyenm,

Kagheopa 2eono2uu MecmopoHcOeHUull U MemoouKu pa3eeoxu,
Hucmumym eopnozo dena, 2eonocuu u 2e0mexHo02Ul
Cubupckuii ghedepanvruiii ynusepcumem, 2. Kpacnosapck,
*Tabywes Tumogeti Muxaiinosuy — cmydenm,
Gaxynomem npocPaAMMHOU UHICEHEPUU U KOMNbIOMEPHOU MEXHUKU,
Yuueepcumem ungopmayuonnvix mexnono2uil, MeEXaHuKu u ONMUKU,
2. Cankm-Ilemepoype,

S®omuna Enena Heanosna — cmapuiuti npenooasame,
Kagheopa UHOCMPAHHBIX S3bIKOB
0J1s1 ecmeCcmBeHHOHAYYHbIX HANPAGIeHULL,

Hucmumym gunonocuu u a3v1k0801 KOMMYHUKAYUU
Cubupckuii ghedepanvruiii ynusepcumem, 2. Kpacnosapck

AHHOmMauua: Mvl npediazaem UnOMemu4ecKyro 00wy Kyouueckyo
CmMpyKmypy s0ep amomos. Oma M0O0elb  CmMpPYKmypsl — s0ep
npeocmasisiem cobdou 27 21eMeHmapHulx Ky608, COCMABIAIOUUX
bonvuiotl Kyo. B kybe pacnonaearomes yenvle yucina om 1 0o 8, cymma
KOMOpblX pasHa 9, npu ux npoeyuposaHuu Ha mpu BE3AUMHO
nepneHOUKyIapHble N1ocKocmu noaydaem mampuysl 3x3. Cmpykmypy
AMOMHBIX s0ep Npeonazaemcs XxapaKmepuzosams UHGOpMayUOHHbIMU
koappuyuenmamu nponopyuonaronocmu (1,), paccuumannvimu 0ns
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makux mampuy. Eciu snauenus I, ona 06yx npoekyuii Ha 63AUMHO
nepneHoOuKyIapHsie NI0CKOCMU KyOa pagHbvl, CMPYKmMypa amoMHO20
A0pa 80 MHO2UX CHYYASX COOMBEMCmEyem U30MOny XUMUYECKO20
oNeMeHma U HA36aHa U30MONHOU. Ipemvs npoekyus ¢ yeavimu
YUCIAMU,  NEPNEeHOUKYIAPHAs  O08YM  OpYeUM,  COOMBENCHB)em
KOMOUHayuu yucen O0aa Opy2020 d2nemenma. Taxkasa npoexyus
onpeoensiem s0epHoe CPOOCMBO K IMOMY XUMUUECKOMY IJIeMEHM).
Benuuuny sa0epnozo cpoocmea Xumuueckoz2o snemeHma K Opyeomy
INeMeHmy NpPeOslON#CEHO ONpeoenams YUCIOM COOMBEMCMEYIOUUX
U30OMONHLIX COCMOSIHUU, NOJYYEHHbIX KAK pe3yibmam CAy4auHo20
nepemewenus yeavlx uucen odwel Kyouueckou cmpykmypol. Mol
uccneoosanu — ece  U3OMONHbIE  COCMOAHUS,  CBA3AHHblE  C
PAOUOAKMUBHBIMU — XUMUYECKUMU — IJIeMEeHmMAMUu,  KOMmopvle  He
ecmpeyaromcsi 8 npupooe. Taxue  cocmosanus  mocym,
NnpeonoNoNHCUMeENbHO, 6IUAMb HA NPOMEKAHUE XUMUYECKUX PearKyull.
Imo ce0UCmB0 NPedIoHCeHO HA368AMb HEONPEOeleHHOCHbIO SI0EPHO2O
cpoocmea. OHO, NpPeOnonoHCUMENbHO, CBA3AHO C MOKCUYHOCBIO
XUMUYECKUX DTIeMEHNO8.

Kniouegvie cnosa: xomnviomeproe mooenuposanue, cmpykmypa s0pa
amoma, MmoKCU4HOCMb XUMUYECKUX INEeMEHMOS.

INTRODUCTION

The model of hypothetical general cubic structure of atom nuclei
consists of 27 elementary cubes (3x3x3), each composed of integers
ranging from 1 to 8, with their sum equal to 9. If the information
coefficients of proportionality calculated using information theory
formulas [1] for the integers’ projections on any two mutually
perpendicular faces of the large cube are equal, we assume that the
nuclear structure model in many cases corresponds to a chemical
element’s isotope. These spatial combinations are named isotope
states [2].

The third projection of the integers, which is perpendicular to the
first two, corresponds to the number combination of another chemical
element. The third projection determines the nuclear affinity for the
chemical element of the same name and appears, for example, in
natural association of certain chemical elements.



Some new results of the simulation with the use of Mersenne
Twister 19937 random number generator are obtained. The nuclear
affinity uncertainty of chemical elements is proposed to be defined on
the basis of the population of their isotope states for radioactive
chemical elements with atomic numbers exceeding 95, which
presumably do not occur in nature. The uncertainty is associated with
the property of toxicity and can be calculated using the sum of the
relative frequencies of isotope states with respect to these radioactive
chemical elements.

Toxicity of a chemical element appears as its negative impact on
health. It related to both heavy and light chemical elements, metal and
non-metal ones. It is a receptor theory that gives explanation to drug
behavior as well as toxicity of some chemical elements and
compounds. Besides, chemical elements and chemical compounds
often act on cells unselectively while causing toxic effects with their
own presence only. There is neither a theory of nonspecific toxicity
nor of its overall quantitative estimation. We propose to consider
hypothetic general cubic structure of atom nuclei as a base for the
toxicity phenomenon.

The nuclear structure is proposed to be characterized by using the
information coefficients of proportionality (I,) calculated for 3 x 3
matrices with integer elements ranging from 1 to 8, with their sum
equal to 9. It is determined that there exist only 120 wvarious
information coefficients of proportionality values from 0 to 1.098612,
which can be calculated on the basis of the matrices [2].

This nuclear structure model represents 27 elementary cubes
composing a large cube. In the cube integers ranging from 1 to 8 are
arranged in such a way that by projecting them on three mutual
perpendicular planes of the cube, we obtain 3 x 3 matrices described
above. The structure is proposed to be named as general cubic
structure.

“Atomic Weights”, an open-source computer program can be used
for the computations. If the Ip values for the projections on two
mutual perpendicular faces of the cube are equal, the state of atom
nucleus structure in many cases corresponds to a chemical element’s
isotope and is named isotope state [2]. This is a basic, dominating,



yet not the only, type of the nuclear structure that determines the
1sotope existence.

There were not found any isotope states of the atom nuclei of
ytterbium, tantalum, rhenium, osmium, platinum, bismuth, polonium,
astatine, radon, thorium, protactinium, uranium, plutonium,
americium, curium, berkelium and all chemical elements starting with
fermium. The isotope states of atom nuclei contribute to the spatial
association of the corresponding chemical elements. It appears as the
property of their being together in nature, which is proposed to be
named as nuclear affinity [2]. The given property can be evident in the
existence of many chemical elements in native forms that can be
explained by the natural nuclear affinity of a chemical element for
itself in accordance with the given nuclear structure. Chemical
elements, found in nature in the form of nuggets, show nuclear affinity
for a small number of elements.

The value of nuclear affinity of a chemical element for another one
1s proposed to be determined by the number of corresponding isotope
states obtained as the result of random sorting of general nuclear cubic
structure integers.

COMPUTER SIMULATION RESULTS

The new results of the calculations of isotope states of chemical
elements’ atom nuclei and their occurrence frequency at random
selection of all possible states, with the help of Mersenne Twister
19937 random number generator. From 4.3 million to 6.6 billion
random spatial combinations of the integers are generated for every
chemical element.

The value of nuclear affinity of a chemical element for another one
is also proposed to be estimated by the relative frequency of respective
isotope states occurrence. For example, the nuclear affinity of sodium
for itself can be calculated as (4000x2)/(4000x3) according to the data
in Table 1. The nuclear affinity of sodium for uranium is equal to
(4000x1)/(4000x3).

Based on the frequencies it is possible to calculate relative
frequencies of isotope states as the nuclear affinity values. If the
nuclear affinity of a chemical element for itself exceeds 0.6667, it
indicates that there is possibly a general nuclear cubic structure, which



in all three mutually perpendicular faces of a large cube, gives
projections of integers characterizing only this chemical element.

Table 1. Frequencies for the tripled number of isotope states of
elements (given in bold)

Element
relative frequencies of the tripled number of isotope states (nuclear affinity value )

0 H He Li Be B C N (0] E Ne Na
0.6686 0.0042 0.0031 0.0052 0.0011 0.0053 0.0056 0.0046 0.0039 0.0045 0.0090 0.0058
Mg Al Si P S a Ar K Ca Sc Ti v
0.0029 0.0006 0.0008 0.0037 0.0149 0.0055 0.0030 0.0043 0.0115 0.0050 0.0036 0.0084
C  Mn Fe Co Ni Cu Zn Ga Ge As Se Kr
0.0040 0.0012 0.0045 0.0011 0.0245 0.0003 0.0057 0.0024 0.0026 0.0057 0.0079 0.0059
Rb Y Nb Mo Tc Ru Rh Pd Ag Cd In Sn
0.0065 0.0013 0.0413 0.0047 0.0033 0.0003 0.0019 0.0090 0.0062 0.0006 0.0068 0.0005
Sb Te Xe Cs Ba La Ce Pr Pm Sm  Eu Gd
0.0008 0.0025 0.0042 0.0064 0.0006 0.0029 0.0017 0.0020 0.0004 0.0001 0.0107 0.0019
Tb Dy  Ho Er Tm  Lu Hf W Ir Au 11 Pb
0.0030 0.0002 0.0018 0.0012 0.0021 0.0049 0.0003 0.0013 0.0005 0.0017 0.0009 0.0011

Po Fr Ra Ac Np Cf Es No Db 119
>0 0.0025 0.0063 0.0004 0.0019 0.0017 0.0007 0.0001 >0 >0
H Si Ge I U Bh
0.6667 0.1766 0.0059 0.0036 0.0960 0.0513
He Al Ge Sm It Fm Bh Ts
0.7284 0.0331 0.0721 0.0579 0.0319 0.0038 0.0718 0.0010
0 He Li Al C Mn  Ge Kr w Ir Au Pu
0.0150 0.0252 0.6667 0.0255 0.0843 0.0101 0.0173 0.0562 0.0219 0.0262 0.0067 0.0039
Es No Bh Rg N1 E  Og
0.0012 0.0137 0.0248 0.0006 0.0004 0.0002 0.0003
Be Ho
0.8728 0.1272
B Si Mn U No
0.6667 0.2033 0.0110 0.0689 0.0501
C K W B No N F  Og
0.6667 0.1221 0.0078 0.0055 0.1941 0.0004 0.0009 0.0025
Be N Na Si Ca Ru Sb Ho  Yb At U Sg
0.0773 0.6667 0.0332 0.0533 0.0942 0.0204 0.0008 0.0391 0.0013 0.0003 0.0128 0.0006
Mt
>0
O S Mo Ir Bi U Rf Ds M
0.6667 0.2105 0.0046 0.0017 0.0060 0.1082 0.0008 0.0013 0.0003
0 Be F Mg Cr Mn Rb G Dy Ho Re Hs
0.0094 0.1183 0.6667 0.0377 0.0408 0.0145 0.0177 0.0139 0.0097 0.0689 0.0020 0.0004
0 He Ne Sc Mn Cu Ge Kr Mo Er Ir Bi
0.0536 0.0342 0.6667 0.0333 0.0421 0.0350 0.0029 0.0159 0.0045 0.0237 0.0182 0.0028
Bk No Rf Db Bh Ds  Mc Ts 119
0.0003 0.0431 0.0002 0.0002 0.0221 0.0006 0.0002 0.0004 >0
Na U
0.6667 0.3333
0 Mg Mn K Au  Am No H
0.0093 0.6667 0.0581 0.1407 0.0058 0.0064 0.1074 0.0057
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Ele

ment
relative frequencies of the tripled number of isotope states (nuclear affinity value )

He Al Ge Bh
0.1691 0.6667 0.0873 0.0770

Na sSi Ru Yb U  Sg

0.1258 0.6780 0.1262 0.0259 0.0359 0.0082

S P In Pb U L Hs

0.1923 0.6667 0.0161 0.0042 0.1202 0.0004 0.0003

Si P In Pb U L Hs

0.1923 0.6667 0.0161 0.0042 0.1202 0.0004 0.0003

He Be F Al 8 Ca sc¢ Cu Ge He Be F
0.0164 0.0668 0.0157 0.0063 0.6667 0.0453 0.0384 0.0052 0.0165 0.0164 0.0668 0.0157
Kr Mo Te Ce Pr Sm Ho E W K Mo Te
0.0070 0.0294 0.0096 0.0013 0.0001 0.0069 0.0437 0.0056 0.0012 0.0070 0.0294 0.0096
I A At Ac Pu Am Es Fm Bh I Au At
0.0078 0.0002 0.0008 0.0006 0.0004 0.0003 0.0002 0.0002 0.0068 0.0078 0.0002 0.0008
M F  Lv Ts Og

0.0002 0.0002 >0 >0 >0

Si a U Am H

0.0140 0.6667 0.3116 0.0052 0.0026

0 Ar Mn Kr Nb  Sb At No Mt Rg Nh Ly
0.1176 0.6667 0.0926 0.0470 0.0129 0.0121 0.0070 0.0371 0.0022 0.0014 0.0015 0.0003
Og

0.0017

Si K U Bk

0.1353 0.6667 0.1962 0.0019

He Li Be S Ar Ca Co N Ge Se Y Nb
0.0049 0.0184 0.0760 0.0078 0.0117 0.6667 0.0177 0.0354 0.0052 0.0079 0.0032 0.0121
A2 In  Sb La Ce Ho Hf W T Ac

0.0033 0.0175 0.0150 0.0048 0.0197 0.0386 0.0032 0.0147 0.0039 0.0122

He Al  s¢ Cu Ge Sm Er It Bi Bk Fm Rf
0.0493 0.0322 0.6667 0.0920 0.0160 0.0033 0.0541 0.0426 0.0091 0.0025 >0 0.0043
Bh  Ds Mc Ts

0.0252 0.0009 0.0014 0.0004

0 Na Mg S T C Mn Rb Ru Rh Cs Pm
0.0416 0.0361 0.0064 0.0621 0.6667 0.0098 0.0032 0.0148 0.0438 0.0603 0.0038 0.0002
Dy Yb Re U Sg Hs

0.0019 0.0097 0.0074 0.0283 0.0027 0.0013

0 S¢ ¥ Mn Cu Ge Kr Mo Te Tb E W
0.0368 0.0065 0.6667 0.0239 0.0064 0.0051 0.0417 0.0088 0.0721 0.0068 0.0028 0.0095
Ir' A Bi Pu Am Bk Es No Rf Bh Ds Rg
0.0054 0.0092 0.0074 0.0031 0.0130 0.0038 0.0040 0.0313 0.0046 0.0223 0.0016 0.0003
FI  Mc Og

0.0050 0.0016 0.0004

0 C Mn K& W Au Pb  Am No Lt Hs H
0.0865 0.6667 0.0845 0.0491 0.0035 0.0012 0.0118 0.0073 0.0804 0.0008 0.0017 0.0045
og 119

0.0017 0.0003

Mn No

0.6667 0.3333

Si  Fe U

0.0359 0.6667 0.2974

He Co Ge Bh Mt Lv

0.0870 0.6667 0.1822 0.0432 0.0183 0.0028
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Element
relative frequencies of the tripled number of isotope states (nuclear affinity value )

Be Ca Mn N 2z Kt Nb Rh Sb  Cs Ho W
0.1499 0.0084 0.0216 0.6667 0.0166 0.0179 0.0005 0.0129 0.0007 0.0204 0.0586 0.0021
Au At Am Bs No Mt Rg Nh Fl Lv Og
0.0201 0.0001 0.0005 0.0006 0.0017 0.0003 >0 >0  0.0002 0.0002 >0

Cu Er  Bi Rf Ds M
0.6667 0.1064 0.1810 0.0106 0.0303 0.0051

Zn No Rf Db Mc 119
0.6667 0.2974 0.0050 0.0031 0.0265 0.0013

He Na Al Si  Sc Ga Ge Mo Ru Te Pr  Sm
0.0207 0.0650 0.0052 0.0150 0.0440 0.6667 0.0122 0.0159 0.0811 0.0073 0.0017 0.0115
EE Y I U Sg Bh
0.0023 0.0165 0.0090 0.0216 0.0043 >0

He Ge I Bk Fm Bh Ts
0.1518 0.7023 0.0043 0.0125 0.0004 0.1273 0.0013

Si  As U
0.1470 0.6667 0.1863

He Ge Se Kr Te Sm Tb Ho W  Au At Ac
0.0393 0.0299 0.6667 0.0540 0.0043 0.0545 0.0140 0.0028 0.0193 0.0043 0.0140 0.0069
Pu Am Bk Es Fm No Lt Rf Bh Mt Rg Fl
0.0051 0.0061 0.0042 0.0070 0.0070 0.0072 0.0049 0.0042 0.0287 0.0035 0.0002 0.0037
Mc Lv Ts Og
0.0053 0.0003 0.0017 0.0009

Si  Mn Br
0.2111 0.1223 0.6667

0 € Mg C Mn Kr Rb R In W Re Au
0.0134 0.0656 0.0033 0.0233 0.0213 0.6875 0.0291 0.0163 0.0635 0.0205 0.0185 0.0029
Pb Ra Am No Lt Hs Fl  Lv 119
0.0046 0.0027 0.0026 0.0196 0.0005 0.0032 0.0012 0.0004 >0

Rb No H
0.6667 0.2941 0.0393

St sb
0.6667 0.3333

Y Bh Mt Lv
0.6667 0.3025 0.0220 0.0088

Si  zt Mo Bi Ds
0.1832 0.6667 0.0623 0.0717 0.0163

Nb Ho Mt Lv
0.6667 0.3328 0.0005 0.0001

Ge Mo Er Ir Bi Bk Rf Bh Ds Mc
0.1034 0.6667 0.0317 0.0659 0.0443 0.0059 0.0114 0.0413 0.0187 0.0108

Te Rf Db Fl  Mc Ts
0.6667 0.0388 0.0172 0.2422 0.0173 0.0180

Ru U
0.6667 0.3333

Mg C Mn K Rh Po No Db
0.0398 0.0220 0.0211 0.1320 0.6944 0.0030 0.0871 0.0007

Na Ge Y Ru Pd Ag In  La Ce Yb Tl Pb
0.1008 0.0083 0.0064 0.1190 0.6667 0.0057 0.0026 0.0071 0.0009 0.0271 0.0075 0.0003
U Sg Hs
0.0432 0.0043 >0

Ag In Ir Rf Bh Hs Mt Ds Mc Lv Ts

0.6667

0.0266 0.1638 0.0153 0.0935 0.0041 0.0028 0.0122 0.0055 0.0070 0.0023
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Ele

ment
relative frequencies of the tripled number of isotope states (nuclear affinity value )

Si € U Am H
0.1624 0.6667 0.1468 0.0158 0.0083

Ki In W Au Am Es No Lt Rg Nh Fl  Og
0.1225 0.6667 0.0191 0.0190 0.0363 0.0456 0.0395 0.0015 0.0028 0.0054 0.0353 0.0064
Si  sm U Bk
0.0928 0.6667 0.2341 0.0065

sb Mt Ly
0.6667 0.2568 0.0766

Ge Te Bk Fm Bh Ts
0.1770 0.6667 0.0136 0.0024 0.1385 0.0018

I  Pm
0.6667 0.3333

C Mg S C Mn Cu Ge K- Rb Mo Rh In
0.0132 0.0250 0.0005 0.0114 0.0034 0.0020 0.0015 0.0578 0.0777 0.0116 0.0004 0.0092
Te Xe Pr E W Re Ir Au Pb Bi Ra Pu
0.0029 0.6667 0.0071 0.0099 0.0127 0.0471 0.0039 0.0023 0.0065 0.0010 0.0034 0.0011
Es Lt Rf Br Hs Ds Fl Mc Ts
0.0027 0.0020 0.0013 0.0078 0.0049 0.0015 0.0003 0.0014 0.0003

Kr G Am No F  0Og 119
0.0930 0.6667 0.0040 0.2122 0.0220 0.0017 0.0005

Ba U
0.6667 0.3333

La Fm Bh Mt Lv Ts
0.6667 0.0115 0.3029 0.0109 0.0048 0.0032

Cc Kt In Sb  Ce At Mt Nni Lv  Og
0.0185 0.0668 0.0811 0.0709 0.6667 0.0308 0.0420 0.0065 0.0083 0.0085

Pr  Mc
0.6667 0.3333

Nd Db
0.6667 0.3333

Pm 119
0.6667 0.3333

He Ge Mo sSm It Bh Ts
0.0294 0.1643 0.0983 0.6667 0.0305 0.0104 0.0004

Eu  Au U  Sg
0.6667 0.1060 0.1902 0.0371

Gt Kt Mo In Gd W  Pu  Am Bk Bs Hs Ds
0.0193 0.0322 0.0613 0.0435 0.6667 0.0660 0.0060 0.0148 0.0040 0.0238 0.0102 0.0331
FI  Mc Og
0.0077 0.0076 0.0042

Mo Sb  Th Pb  No Lt Hs H
0.1929 0.0918 0.6667 0.0173 0.0058 0.0018 0.0014 0.0223

Dy No
0.6667 0.3333

Ni  He F  Lv Og
0.3233 0.6667 0.0045 0.0047 0.0008

Cu Mo Er Bi Rf Ds Ts
0.1070 0.0673 0.6667 0.1351 0.0080 0.0069 0.0091

Tm No Rf Db Mc 119
0.6667 0.1960 0.0207 0.0143 0.1018 0.0006
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Element
relative frequencies of the tripled number of isotope states (nuclear affinity value )

Lu U
0.6667 0.3333

Ge Mo In  Hf At Ac Bh Mt Ts  Og
0.1398 0.0707 0.0595 0.6667 0.0285 0.0240 0.0065 0.0036 0.0003 0.0005

Gt K Hf W T  Ac Am No Lr Hs Rg Nh
0.0483 0.0345 0.0162 0.7034 0.0611 0.0587 0.0131 0.0149 0.0003 0.0447 0.0011 0.0021
Fl  Og
0.0011 0.0005

Cu Mo Te Sm Er Ir Bk Rf Bh Me
0.0256 0.0254 0.0290 0.1336 0.0483 0.6932 0.0130 0.0047 0.0260 0.0013

Au No 119
0.6667 0.3303 0.0030

Sm T Bh Mt Lv
0.1362 0.6667 0.1735 0.0159 0.0078

Pb  EH O
0.6667 0.1918 0.1416

Kr Mo I Fr Lt Rf Bh Hs Ds Mc Ts
0.0263 0.0199 0.1176 0.6667 0.0108 0.0160 0.1051 0.0058 0.0230 0.0063 0.0026
Ra No FI  Og
0.6667 0.2809 0.0494 0.0030

Ac Mt Lv
0.6667 0.2837 0.0497

Np  Bh
0.6667 0.3333

Cf  Mc
0.6667 0.3333

Es Lv
0.6667 0.3333

Note. "H-H", "He-He", ..., "Es-Es" sorts of frequencies are given to
determine the nuclear affinity of an element for itself and should not be
considered as isotope state. Value ‘>0 means a range of “>0<0.0001"

Based on the given frequencies it is possible to calculate relative
frequencies of isotope states as the nuclear affinity values. If the
nuclear affinity of a chemical element for itself exceeds 0.6667, it
indicates that there is possibly a general nuclear cubic structure, which
in all three mutually perpendicular faces of a large cube, gives
projections of integers characterizing only this element.

Some chemical elements can present no isotope states at all; the
number of isotopes can exceed the number of isotope states and vice
versa. Besides the spatial association of chemical elements and the
phenomenon of nugget formation, we are interested in the research of all
isotope states associated with radioactive elements, which do not occur in
nature. These states can probably lead to the uncertainty of spatial
arrangement of atoms, and they also can influence the progress of
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chemical reactions and the processes of dissemination and concentration.
This property is proposed to be named as the uncertainty of nuclear
affinity, which is assumed to be associated with certain kinds of chemical
elements properties, for example their toxicity.

All radioactive chemical elements including americium have no
isotope states except for technetium, promethium, francium,
actinium and radium. There are 10 highly toxic chemical elements
out of 29 ones having no more than three isotope states. Such toxic
elements as beryllium, barium, and promethium have one isotope
state; arsenic, antimony, lead and actinium have two isotope states;
radium isotope is characterized by the three ones. Vanadium and
thallium can be mentioned as an exception, with their 26 and 4
isotope states respectively.

The link of isotope states of chemical elements with their toxicity
can be also seen by comparing iron and more toxic manganese: the
chemical elements are different as manganese is characterized by the
nuclear affinity for transuranic nobelium while iron reveals the affinity
for silicon and uranium.

The uncertainty of the nuclear affinity of chemical elements based
on their isotope states is proposed to be calculated as the one being
increased by 1/3 difference between the amount of nuclear affinity
for chemical elements with atomic numbers 96 to 119 and the sum
of the nuclear affinity of a chemical element for the first 95
elements of the periodic table found in nature, including conditional
Zero chemical element. According to the available data the
uncertainty of iron Ug. can be estimated as Ug, = 0-3569/12000-
431/12000 +1/3 = 0. The calculations of Uy, for manganese are
equal to 4000/12000-0 +1/3 = 2/3.
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Table 2. The uncertainty of nuclear affinity values of chemical

elements
Number | Element [g;::i;_ Number | Element Unce;‘talnt Nulrnbe Element Unce;tamt

1 H 0.1025 28 Ni 0.00617 55 Cs 0.47267
2 He 0.21492 29 Cu 0.09183 56 Ba 0

3 Li 0.08225 30 Zn 0.66533 57 La 0.66667
4 Be 0.20617 31 Ga 0.00874 58 Ce 0.1305
5 B 0.10025 32 Ge 0.31867 59 Pr 0.66667
6 C 0.40683 33 As 0 60 Nd 0.66667
7 N 0.00128 34 Se 0.15747 61 Pm 0.66667
8 O 0.00483 35 Br 0 62 Sm 0.02167
9 F 0.00081 36 Kr 0.15827 63 Eu 0.07427
10 Ne 0.13406 37 Rb 0.66667 64 Gd 0.18083
11 Na 0 38 Sr 0 65 Tb 0.06267
12 Mg 0.22617 39 Y 0.66667 66 Dy 0.66667
13 Al 0.154 40 Zr 0.0325 67 Ho 0.02
14 Si 0.02767 41 Nb 0.00115 68 Er 0.048
15 P 0.00133 42 Mo 0.17617 69 Tm 0.66667
16 S 0.01549 43 Tc 0.66667 72 Hf 0.02183
17 Cl 0.00517 44 Ru 0 74 W 0.16622
18 Ar 0.08833 45 Rh 0.20325 77 Ir 0.11633
19 K 0.00383 46 Pd 0.00872 79 Au 0.66667
20 Ca 0 47 Ag 0.28575 81 Tl 0.39433
21 Sc 0.06944 48 Cd 0.00825 82 Pb 0.66667
22 Ti 0.00798 49 In 0.273 87 Fr 0.339
23 \% 0.18638 50 Sn 0.013 88 Ra 0.66667
24 Cr 0.17883 51 Sb 0.66667 89 Ac 0.66667
25 Mn 0.66667 52 Te 0.31267 93 Np 0.66667
26 Fe 0 53 I 0 98 Cf 0.66667
27 Co 0.12833 54 Xe 0.04421 99 Es 0.66667

The maximum value of nuclear affinity uncertainty is equal to 2/3
and characterizes such toxic chemical elements as technetium,
antimony, promethium, radium and lead. The calculations given make
it possible to distinguish calcium - scandium, iron - manganese, copper
- zinc and tin - antimony correctly basing on their toxicity. Zero value
of nuclear affinity characterizes relatively non-toxic chemical
elements. What about such toxic elements as arsenic and barium?
Subsequently the uncertainty of nuclear affinity needs to be specified
for radioactive chemical elements and chemical elements having
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nuclear affinity only for radioactive chemical elements (barium, gold)
as well as for chemical elements with high values of nuclear affinity to
chemical elements with smaller atomic weights (arsenic).

The first practical experience of applying the hypothetical general
cubic structure of atom nuclei helped determine further direction in
chemical elements toxicity study.
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Abstract: the process of producing liquid NP-fertilizers based on
ammophos suspension (pH = 4.5; 5.5 and 6.5) and urea was studied.
Ammonization of extraction phosphoric acid precipitates solid
precipitates consisting of calcium and magnesium phosphates,
complex salts of sesquioxides and fluorine. After their removal,
transparent solutions were obtained that served as a basic solution for
balanced NP fertilizers of the N: P,Os = 1: 0.5, 1: 0.7, 1: 1 grades by
adding urea and ammonium nitrate powdered, a solution of urea-
ammonium nitrate (UAN) with a content of 32%. The use of UAN leads
to the production of fertilizers that are less concentrated in nutrients
than urea and ammonium nitrate powdered merely. In any case, in all
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variants of transparent NP-fertilizers, all phosphorus is in a digestible
and water-soluble form for plants.

Keywords: extraction phosphoric acid (EPC), ammophos suspension,
sediment, basic solution, urea, liquid NP-fertilizers, composition.

YPABHOBEUIEHHBIE ) KUJAKHUE NP-YIOBPEHUS HA
OCHOBE OYHUIIIEHHON AMMO®OCHOM CYCIIEH3UHA 1
A30THBIX YJIOGPEHUN
Homo30B HJ.IO.I, CeiiTHa3apoOB A.P.z, Hama3zos I]J.C.3,
Ber;ioB B.M.* (PecnyOsinka Y30ekucTaH),

AmmmoB Y.K.’ (Pecniy6imka Y36exncran,

Kuraiickas Hapoxnas Pecny0siunka)

"Homoso06 ILyxpamocon FOndawanu yenu — 6a308viii 0oKmopanm;
’Cetimnazapos Amanasap Peiinnazaposuy — OOKmMop mexHuieckux
HAYK, 2NIa6HbIU HAYYHbIUL COMPYOHUK,

I Hamaszos lagpaam Cammaposuy — OoKmop mexuuueckux Hayk,
akaoemux, 3asedyrowuil 1abopamopueil,

'Bopuc Muxaiinosuy beznos - 0oKmop mexHu4eckux HayK, akademux,
2/IABHBLLL HAYYHBIL COMPYOHUK,
nabopamopus hocghopHvix yoobpenuil,

Hucmumym obwetl u HeopeaHuueckou Xumuu
Axaodemus nayk Pecnyonuxu Yzoexucman,

2. Tawxenm, Pecnybnuka Y36exucman;
> Anumos Ymapbex Kadvipbepeenosuy — 00KmMop mexHuieckux Hayx,
cmapuuii HayuHvlll COmpyoOHUK, Npenooasameb,
HAYYHbILL UCCTe008ameilb,

Tanvy3uHCKUL yHUGEpCUmMem HAYKU U MexXHON02Ul,

2. Tanvy3un, Kumaiickas Hapoonas Pecnybonuka

Annomauyusn: uzyuen npoyecc noayuerus sxcuoxux NP- yoobpenuil Ha
ocHose ammodpocnou nynvnvl (pH = 4.5; 5.5 u 6.5) u xapbamuoa. llpu
AMMOHU3AYUU IKCMPAKYUOHHOU PocgopHOll Kuciomsl Gvinadaem
meépoble 0CaoKu, cocmoswue u3 ¢ocghamos Karvyus u MacHus,
KOMNJIEKCHbIX COJlell NOJYMOPHbIX oKucioé u ¢mopa. Illocne ux
yoanenus NOJNYYeHbl NPO3PAUHbIE PACMBOPbL, KOMOPbIE CAVHCUTU
Oa3ucHbLIM pacmeopom 07 ypasnoseuienHvlx NP-yooopenuti mapok
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N: P,Os =1 :05 1 : 07 1 : I nymem oobagnenus K HUM
UBMENILYEHHO20 NOPOWKA Kapoamuda U aMMUA4HoOU Celumpbol,
pacmeopa kapbamuoo-ammuaunou cenumpuol (KAC) ¢ codepocanuem
32%. Ilpumenenue KAC npugodum K  NOAYYEHUI0O  MeHee
KOHYEHMPUPOBAHHBIX NO NUMAMENbHbIM 8eujecmeam y0oOpeHul no
CPABHEHUIO C KapOamMuoom u ammuaqnou cexumpou. B niobom cnyuae,
60 @cex eapuanmax npospauHvix NP-yoobpenuii e6eco ocghop
HAX00UMCsl 8 YC8OEMOU U B000OPACMBOPUMON OJisi pacmeHull ghopme.
Kniwueevle cnoea: skcmpakyuonnas gocgoprnaa kucioma (IPK),
amMmoghochas nyavna, 0caooK, OA3UCHLIIL pPacmeop, Kapobamuo,
arcuokue NP- yoobpenus, cocmas.

Kunkue kommnekcuele ynoopenus (ZKKY) npoctsl B mpon3BoacTse U
UCMoNb30BaHuU. WX MOXHO mnonyuuTb U3 (GocHOpHONM KHUCIOTHI
MPaKTUYECKH JII000TO KadectBa. Panee [1, 2] HaMu momydeHbl 0Opasiibl
XKKY Ha ocHoBe HuzkokoHueHTpupoBaHHo DPK cocrtaBa (Bec. %):
16.46 P,0s, 0.06 CaO, 1.11 MgO, 0.27 Fe,0s, 0.41 Al,Os, 2.98 SO; u
0.99 F, ¢ miotHOCThIO 1.18 I/CM’ TIyTeM eé aMMOHH3AIMHU 10 3HAYCHHH
pH or 35 po 6.5. Ilpu 3TOM wH3y4YeHBl (PUIMKO-XUMHYECKHUE
XapaKTEPUCTUKH aMMOHHU3UPOBAHHBIX IMyJbN cocTtaBa (Bec. %): 3,32-
6.3% N, P,Osq6, 16-16,5%, P2Osyep 1 P2Osogn, = 98.4-99.4%, a PyOspo .
PyOsoon,. = 91.3-97.1%. Ilokazano, uro mpu pgobaBke 26 %-HOii
CYCHEH3UM OEHTOHUTOBOM TIJIMHBI K TMyJdble B KomudyectBe 3%
CYCIICHIMPOBaHHBbIC KHJKHE KOoMIUleKcHble ymoopenus (CXKKY)
MIPUOOPETAIOT yIOBIETBOPUTENHLHBIC CBOMCTRA [3].

K BomonepacTBoprmoOii 4actTu aMMOGOCHOW TMYJBIIBI OTHOCATCS
docdarbl KanblMs U MarHus, aMMOHUIHBIE COJIU JKe€Je3a, aJlOMUHUS,
MarHusi 1 Topa, BhINAJAIOMINE B TBEPAYIO (pa3zy mpu aMMOHHU3ALUU
O®K. Yrtobbl NOBBICUTH €€ MapO4YHOCTb, TO €CTh IOBBICUTH
conepxkanue BogHON popm P,Os u monyduTh npo3pavyHble pacTBOPHI
HEOOXOAMMO  OTAENATh W3  cocTaBa  aMMO(OCHOM  MyJbIIbI
BOJIHEPACTBOPUMBIE TBEP/IbIE B3BECH.

Ucxons u3 atoro, B padote [4] aMMO(OCHYIO MYJIbITY, MOJYYSHHYIO
npu pH = 4.5; 5.5 u 6.5 pazaensuin Ha XKUAKYIO U TBEPIYIO (a3sl
MeTooM UeHTpudyrupoBanus. IlokazaHo, 4Tro mHpH HU3ydaeMbIX
3Ha4YeHHUAX pH IOCTUrHyTa MakcMMalibHas CTENEHb OYMCTKH ITYJIbIIbI

(CaO - 100%, MgO — 88-89%, Fe,O3 — 86-88%, A1,05 — 83-89%, F —
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59-75%). A cocTaB 0CaikOB BBITJISLIUT CIEAYIOIIMM 00pa3oM (Bec.%):
N - 7.7-14.3; P05 — 46-47; MgO — 6.4-7.9; Fe,O; — 1.6-1.9%, A1,0;
—2.3-2.8%, F —4.7-5.0%, P,0sycs. : P2Osogm, = 89.6-92.4%, a P05y, :
P,0s06u, = 72.8-79.2%. OHuU BIOJTHE COOTBETCTBYIOT ISl IPUMEHEHUS
B KayecTBe camocTosiTeibHOro NPMg-ynoopenust.

Jlnst momyuenust pactBopoB JKKY B 0a3ucHbIl pactBop aMmmodoca,
MOJTYYEHHBIM TIpU €€ pa3IMYHbIX 3HaueHUsIX pH mpu MOCTOSHHOM
nepemMenmmBanuu gooasisuin cyxue nopoiku NH4NO; u (NH;),CO, a
TaKXe PacTBOp KapOaMujo-aMMHadHOM cenutpbl Mapku KAC-32 no
noxydeHus maccoBoro cootHomenust N : P,Os=1:05;1:0.7u1: 1.

CycrieH3uii, TPUrOTOBIICHHBIE HA OCHOBE CYXOW MOYEBUHBI HUMEIIH
HauOOJIbIIINE KOHIIEHTPAIIMK TUTATEIbHBIX BEIIECTB, HEXKEIU YeM
NH4NO; unm pactop KAC.

CycnieH3uii, NpUTOTOBIIEHHBIE Ha OCHOBE pacTtBopa (ocdara
amMmmoHusa co 3HaueHusimu pH = 4.5; 5.5; 6.5 nu cyxoro NHyNO;
coaepxkar 17.90-18.48% N, 9.25-11.94% P,0506m, P2O0ssoms. : P2O05s06m.
= 95.32-97.55%, 14.85-15.16% N, 10.40-10.61% P,0s061, P2Osp0m. :
P20s06m, = 95.42-97.62% u 11.78-11.97% N, 11.78-11.97% P,0506u.,
P20ss0ms. ¢ P2O0sosm,. = 95.51-97.89% COOTBETCTBEHHO MJIsI BECOBBIX
cootHomienuit N : P,Os=1:0.5;1:07u1l:1.

CycrnieH3uii, TPUrOTOBJICHHBIE Ha OCHOBE CYXOW MOYEBUHBI UMEJIH
HauOOJIbIIINE KOHIICHTPAIIMM THUTATEIBHBIX BEIIECTB, HEXKEITU YeM
NH;NO; unu KAC. To ecth MOYEBHHA B 3TOM OTHOIIICHUHM HECKOJIBKO
yIy4dliaeT coctaB npoayktoB. Tak, B 3aBucumoctd oT N : P,Os mpu
pH nmynbnet 5.5 nmonyuyaemsele xugakue NP-ynoopenus: numerot ot 12.61
1m0 20.12% N, ot 10.06 mo 12.61% P,0s5061m, P2O0ssoms. : P2O0sogm. OT
95.42 1o 95.60% u ipu pH = 6.5 ot 11.23 no 18.06% N, ot 9.03 no
11.23% P20506111.a PZOSBOI[H. . P20506m4 ot 97.43 a0 97.96%.

AHaJloru4yHasi KapTUHA HaOJOJaeTCss ¢ MPUMEHEHHEM pacTBOpa
KAC. Tonbko NpoayKThl UMEOT OTHOCUTEIBHO HU3KUE COACPHKAHMS
MUTATEJIbHBIX KOMIIOHEHTOB, Y€M IIPU HCIIOJIb30BAaHUU CEIUTPHI U
KapOamuaa.

Takum 00pa3oMm, MNpeAIoKEH CHOCO0 TMOTYyYEHHUs MPO3PaUHbIX
Mapok Kuakux NP-yno0peHuii ¢ mpuMeHEeHuEM B Ka4ecTBE 0a3MCHOIO
pacTBOpa HU3KOKOHIIEHTPUPOBaHHOU (ochopHOit KUCIOTHL. C 1ebIo
MOBBIIIEHNS KOHIIEHTPAllMd MUTATENIbHBIX JJIEMEHTOB MPOJYKTa B
KaueCcTBE Aa30THOTO KOMIIOHEHTa PEKOMEHAYETCS  IPUMEHATH
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aMMHauHylo cenutpy, kapoamun auoo KAC. XKunkue, Kk ToMy ke
ypaBHOBellleHHbIe NP-ygo0peHuss MOXHO NPUMEHSITCS C BBICOKUM
abpdexToM B TEIIMYHOM XO3sicTBe (B camax, STOJIHUKAX,
BUHOTPAJHUKAX ¥ TIOI Jpyrue KyJIbTypbl), OCOOCHHO MpHU
BHEKOPHEBOM MOJKOPMKE MyTEM KameJIbHOTO OpAIICHHUS.
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Abstract: the process of obtaining granular nitrogen and sulfur-
containing fertilizer was studied on the basis of mixing melt of
ammonium nitrate with ammonium sulfate produced by Navoiazot JSC
at the mass ratios NH,NOj;: (NH,),SO, from 97 : 3 to 60 : 40. The
composition and properties of the products were studied. It was shown
that an increase in the amount of (NH,),SO, introduced into the
NH,NO; melt from 3.0 to 40% reduces the nitrogen content in the
product from 34.53% to 29.26%, but on the other hand increases the
sulfur content from 0.70 to 9.59%. At the same time, the (NH,),SO,
additive used significantly reduces caking, porosity and absorbency
with respect to liquid fuel, and increases the strength and dissolution
rate of fertilizer granules in water.

Keywords: ammonium nitrate (NH,NO;), ammonium sulfate
((NH,),S0,), nitrogen and sulfur-containing fertilizers, composition
and properties.
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COCTAB U CBOMCTBA NS-YJIOBPEHUSI
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Hncmumym obweii u Heopeanuyeckou Xumuu
Axaodemus nayk Pecnyonuxu Yzoexucman,

2. Tawxenm, Pecnybniuka ¥Y30exucmarn

AHHOmMauua:  uzyueH  npoyecc — NONYUEHUs  CPAHYIUPOBAHHOZO
asomcepycooepoicauweco  YOOOpeHuss Ha OCHO8e CMeWeHUs Niasa
numpama ammonusi (NH,NO;) ¢ cyrnvgpamom ammonus ((NH,),SO,)
npouzsoocmea AO «Hasoutiazom» npu Mmaccovlx COOMHOULEHUSIX
NH,NO; : (NHy),SO,0m 97 : 3 00 60 : 40. H3yuenvr cocmag u ceoticmea
npooykmos. Iloxkazano, umo yeemuuenue xoauwecmsa (NH,),SO,,
6600umoeo 6 pacniae NH,NO; ¢ 3,0 0o 40% ymenvuaem 8 npooykme
cooepoicanue azoma c¢ 34,53% oo 29,26%, Ho c Opyeoil cmopomwl
yeenuuueaem cooepxcanue cepvl ¢ 0,70 oo 9,59%. Illpu smom
ucnonvsyemas  oobaska  (NH,),SO,  3umauumenvho  cHudicaem
CNLENHCUBACMOCB, NOPUCTNOCHb U BNUMBIBAEMOCHb NO OMHOULEHUI) K
HCUOKOMY MONUBY, NOGbIULAEN NPOYHOCIb U CKOPOCMb PACMBOPEHUS.
2pamyn yoobpeHuii 8 800e.

Knioueevie cnoea: numpam ammonus (NH,NO;), cynepam ammonus
(NH,),S0,), azomnocepnble yOobpeHus, cocmaes u ce0Ucmaa.
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Beenenue. CyTth paspabaTbiBaeMOro HaMu cCrHoco0a MOJTy4eHUs
a30TcepycoAep Kallero yAoOpeHUsl 3aKo4yaeTcss B CIEAYIOLIEM: B
mnaB NHyNO; BBogsat (NH,),SO4 B peakrope-cMecurene, HUTPATHO-
cyab(haTHBIA pacIulaB BBIACPKHUBAIOT B TeueHue 3-5 mMuH mpu 175-
180°C, nmanee HUTpaTHO-CyIb(aATHBIM pAcIUIaB TPAHYIUPYIOT B
TPaHYJSIITUOHHON OalTHe METOIOM MPUJUTHPOBAHUS.

B pabotax [1-5] uzyueH nporecc moaydeHus: a30TCEPYCOIEPIKAIIETO
ynoopenwust Ha ocHoBe maBa NH4NO; (34,9% N) u (NH4),SO,, cocraa
(macc. %): N — 21,2; S — 24,2, TIpu stom xomuuectBo (NH,),SO,
BappupoBasiock B mpenenax ot 3,0 10 40 T Mo OTHOIICHHIO K IUIABY
cemutpel or 97 mo 60 1. Ilokazano, uro mobaBineHue (NH,4),SO4 k
CEeJIUTPE 3HAYUTEIBHO YBEJIMYMBAET MPOYHOCTH TPaHys MOCIETHEH. A
COCTaB a30TCEPYCOJIEPIKAIIETO YI0OPEHHSI MEHSETCSI B 3aBUCUMOCTH OT
MaccoBbIx cooTHomeHuit NH4NO; : (NH,),SO, cnenyromum obpazom: N
- 0T 29,26 o 34,53%; S - ot 0,70 no 9,59%. Cnenyer Takxe OTMETUTD,
yro npu aob6aske (NH4),SO, temneparypa kpuctamumzanuu NHyNO;
noBbImaeTcss ¢ ucxogHoro 167°C go 168,5-180,4°C, uro co3maer
OnmarompusiTHble  yCIIOBUSL  Juii  (OPMHUpPOBaHHMS ~ TpaHyl B
rpaHyJSIMOHHON OarHe (Tabmuna 1).

Tabauya 1. Temnepamypa Kpucmaniuzayuu u cocmas
NS—y0obpenus

Ne MaccoBoe CoOTHOLIeHHE Temneparypa Copep:xanue B IpoayKTax, %

B NH,NO; : (NHy),SO4  |kpucramauzamui, °C| Nosw. | Noysmaw, | Niwrp., S
1 ['panynupoBanubii NH,NO; 167.0 35.0 1750 | 17.50 B

MapKH «9»
AC ¢ marse3uaabHOH

2 jto6aKoit (0,28% MgO) 164,5 34,5 17,25 | 17,25 -
3 97:3,0 168,5 34,53 17,57 | 16,96 | 0,70
4 95:5,0 171,5 34,28 17,66 | 16,62 | 1,16
5 93:7,0 172,3 34,0 17,73 | 16,27 | 1,64
6 90:10 173,0 33,50 17,80 | 15,70 | 2,38
7 86:14 174,1 33,02 18,02 15,0 3,35
8 83:17 174,7 32,54 18,13 | 1441 | 4,03
9 80:20 175,2 32,12 18,17 | 13,95 | 4,76
10 78 :22 176,7 31,90 18,26 | 13,64 | 5,27
11 75:25 177,3 31,47 18,37 | 13,10 6,0
12 70:30 178,5 30,71 18,48 | 12,23 | 7,14
13 65:35 179,6 30,05 18,69 | 11,36 | 8,40
14 60 : 40 180,4 29,26 18,85 | 10,41 | 9,59
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B HacrosimieM COOOIIEHHM TPUBOASTCS PE3yJbTAaThl H3YyYECHHS
HEKOTOPBIX (U3UKO-XUMHUYECKUX CBOMCTB HaHHbIX NS -ynoOpenus
(Tabmuriet 2 u 3).

IIpouHocTh rpanyJ o0pa3uoB. [IpouHocts rpaHyn o00pa3ioB
yIOOpeHuil ¢ pa3MepamMu TpaHyd 2+3 MM ONpeaeisiid Ha Tpuodope
MMUII-10-1 [6].

N3 Tabmumpl 2 BUAHO, YTO C yBEJIMYEHHWEM KOJIHYECTBA JOOAaBKHU
(NH4),SO,4 noBbImiaercst IpoOYHOCTh TpaHyd npoaykTa. C n3MeHEeHueM
MaccoBoro cooTHomeHuss miaBa NH4NO; x (NH4),SO, mpodHoCTh
rpaHys MeHsieTcs clieayronmm odpazom: aist cooTHomeHuid NH4NO; :
(NH4),SO4 =97 : 3,0 — 3,85 Mlla; 86 : 14 — 5,34 MIla; 70 : 30 — 7,21
MIIa u 60 : 40 — 7,75 Mlla; npotuB 3Ha4eHUs: MpOYHOCTHU rpanys AC
c wmarHe3uanbHOM nob6aBkod (0,28% MgO) mnpousoactea AO
«Maxkcam-Yupuuk» — 1,58 Mlla u uncroit AC 6e3 n100aBKu — BCEro
1,32 MIlla. Yem BpllIE NOPOYHOCTH TpaHyJ, TEM MEHBIIE HX
MIOPUCTOCTh U BHYTPEHHSS yAEIbHAs MOBEPXHOCTh, O3TOMY MEHBIIIE
QU3TOIUIMBA TOMAJaeT BHYTPb TpaHyld, M Kak CJEJCTBHUE,
JETOHALIMOHHAA CIOCOOHOCTh HHUTpaTa aMMOHHS OIpPEAENseTCsl B
MEHBIIIEH CTEIICHH.

Tabnuya 2. [Ipounocms epanyn azomcepycooepaicauje2o Y0oopeHus.

Ne MaccoBoe COOTHOLIEHHUE IIpoyHOCTH rpanya

- NH,NO; : (NHY),S0, KI/TPaHyJx Kre/em’ MIla
1 I'panynupoBannsiii NH,NO; mapkn «a» 0,67 13,50 1,32
2 |AC ¢ marne3uanbHoi no6askoit (0,28% MgO) 0,80 16,12 1,58
3 97:3,0 1,95 39,31 3,85
4 95:5,0 2,16 43,54 4,27
5 93:7,0 2,34 47,17 4,62
6 90:10 2,53 51,0 5,0
7 86: 14 2,70 54,43 5,34
8 83:17 2,86 57,65 5,65
9 80:20 3,05 61,48 6,03
10 78 :22 3,24 65,31 6,40
11 75:25 3,58 72,17 7,08
12 70 : 30 3,65 73,58 7,21
13 65 :35 3,73 75,19 7,37
14 60 : 40 3,92 79,02 7,75
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Tabauya 3. Qusuyeckue c80UCMBA A30MCEPYCOOEPHCAULE0

yoobpenus

MaccoBoe Bpems

N cooTHomeHue |CaéxuBaeMocTs, | [lopuctocThb,| BnurpiBaemMocTh,| MOJHOTO
B NH,NO; : Kr/em’ % r, PacTBOpEHHA
(NH,),SO, TpaHyJ, CeK.
I'panynupoBaHHbIil
1 NH,NO, MapKu «i» 5,62 22,0 4,82 44,60
ACc
MarHe3uaabHON
f106asKoit (0,28% 4,67 9,10 4,33 46,80
MgO)

3 97:3,0 2,72 8,54 4,18 70,32
4 95:5,0 2,59 8,26 4,0 72,79
5 93:7,0 2,46 7,95 3,86 75,53
6 90 : 10 2,35 7,67 3,65 76,88
7 86 : 14 2,20 7,33 3,47 78,40
8 83:17 2,04 7,10 3,31 82,64
9 80 :20 1,91 6,81 3,12 89,07
10 78 :22 1,80 6,52 2,94 93,66
11 75:25 1,68 6,28 2,76 97,91
12 70 : 30 1,53 5,93 2,63 102,56
13 65 :35 1,37 5,64 2,40 110,45
14 60 : 40 1,26 5,36 2,29 116,24

Caé:xxnBaeMoCcTh IpaHyJ 00pa3uoB. CléxuBaeMoCTb yA00pEHUI
OTpeNeNIsId TI0 3Kcmpecc-Merony [7]. YcmoBus OpUKETHPOBAHUS:
JaBJICHUE CXaTusi oOpasuna npu rpyse 2,8 kr, temmneparypa - 50°C;
MPOJIOJKATEITLHOCTD MPEObIBAHUS IUITUHAPUYECKON KacCeThl B Mpece-
dbopme - 8 yacoB. bpuKeThl UCTIBITHIBATIN HA Pa3pyIICHUE C TTOMOIIBIO
npubopa MMUII-10-1. CnéxuBaemocth o60pa3ioB X (B Mlla)
BBIYUCIISIIN 110 (hopMyJIe:

X=P/S,

20e: P — paspywarowee ycunue, (kec), S — niowadv nonepeuHoco
ceuenus 06pasya (cm’).

JloGaBka mo6oro kommdectBa (NH4),SO, 3HauMTENHHO CHIKAET
cnéxuBaeMoctb AC. [Ing mosiydeHusi TpaHyJl a30TCEPyCOACPHKAIIETO
ynoOpeHus, conaepkaimiero He MeHee 28% N, koTopeie 00sa7ar0T
noctaTouyHoil mpodHocThio (3,85-7,75 Mlla), BecoBoe COOTHOIIEHUE
NH4NO; : (NHy),SO4 nomksao 61T OT 97 @ 3,0 mo 60 : 40. IIpu sToM
ciéxuBaeMocth AC ¢ nobaskoii (NH,),SO, coctaBiser 2,72-1,26 Kr/cMm”
(rabmuma  3), uyto B 1,7-3,7 pa3a MeHbIIE 1O CpPaBHEHUIO CO

CIIEXMBAEMOCTBIO CTAHIAPTHOM cenmuTphl ¢ qobaBkoit 0,28% MgO (4,67
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kr/cm’).  IlpenmonaraeMblii  MeXaHH3M — JCHCTBHS  Cy/b(aTHBIX
(NH4),SO,) no6aBok, MOBBIIAOIMX MPOYyHOCTh TpaHyl AC u
OJHOBPEMEHHO YMEHBIIAIOIIMX €€ CIEKUBAEMOCTh, OCHOBAaH Ha
CO3/IaHUH MHO>KECTBA LIEHTPOB KPUCTAIUIM3AIUH, YTO YCKOPSIET MPOIECC
KPUCTAJUTM3AIMM M BBI3BIBAET OOPAa30BaHUE MEIKUX KPHUCTAIIIOB,
KOTOpBIE JIENAIOT FPaHyJibl 00Jiee TUIOTHBIMUA U TIPOYHBIMH.

IopucrocTh rpanysa o6pa3uoB. OgHUM K3 TOKa3aTelel KauecTBa
yIOOpEeHUI SBJISETCS TMOPHUCTOCTh TpaHyJd. BenmwduHy mopucTocTH
rpaHyn y1o0peHuil onpeaesiv 00bEMHBIM MeToIoM [8]. st aToro B
25 Ma OI0OpeTKy, CHaOXKEHHYI0O KpaHOM, HAJIMBAIOT ONpEEICHHBIN
00bEM Kpuockomuueckoro Oenzona (V). 3arem B He€ BCHINAIOT
npumepHo 10 r obpasma u yepe3 1-2 MUH PUKCUPYIOT U3MEHUBIIUNCS
B Oropetke 00bEM (V;). 3aTeM OTKpBIBAIOT KpaH, CIIyCKalOT OEH30J1,
HaXOJIAIIMUACA MEXAY TPaHyJIaMH CEIUTPbI, BO BTOPYIO OIOPETKY U
3amepstoT ero 00bEM (V3). [lopuctocts B % BBIYUCHAIOT 1O (hopMyIie:
vi—r
=1

Y nopuctoit AC, npuMeHseMOM B KauyecTBE KOMIIOHEHTA
B3pPBIBUATHIX CMECEH, ITOT Mmokazareib coctaBisieT 20% u Oonee, B TO
BpeMs Kak y 00b14HOM AC C MJIOTHBIMU TpaHyJaMy OH HE MPEBBIIIAET
8-10%.

JlanHble TabnuIel 3 TOKa3bIBalOT, uto AodOamnenue (NHy),SO, B
miaB AC, kKak MNpaBWwiIO, MPUBOJUT K 3HAYUTEIHHOMY CHI)KEHUIO
MMOPUCTOCTH U BHYTPEHHEW YJIeTbHOW MOBEPXHOCTH T'PaHyJl HUTpATA
ammMmoHus. B azoTcepyconepxkaiieM yao0peHun 3Ha4eHUue MOPUCTOCTU
st MaccoBbiX cooTHomeHud NHyNO; : (NHy),SO, = 97 : 3,0
coctaBiseT 8,54%, mist NH4NO; : (NH,),SO, =84 : 14 — 7,33%, a nis
NH4NO; : (NHy),SO4 = 60 : 40 — 5,36%. Onsth ke i1 CpaBHEHUS —
MOPUCTOCTH TPAHYJI YUCTOU 0€3 100aBOK ceNuTpsl cocTaBiseT 22,0%,
a CeJIUTPBI ¢ MarHe3nabHOM 106aBkoii — 9,10%.

BnuThiBaeMOCTh COJIIPOBOr0 Macjia rpaHyjaMu o0pa3noB. Emé
OJIHUM u3 MoKa3arelnen, XapaKkTepU3yrImM KaueCTBO
rpanynupoBaHHo  AC, dBisieTcss aacopOUMOHHAsE CIOCOOHOCTH
rpa”ys K )KUIKOMY TOTUIMBY. BIUTHIBAIOIIYIO0 CLIOCOOHOCTH TPaHyJI MO
OTHOIIICHUIO K KUIKOMY TOTUIMBY (COJIIPOBOMY MAcCily) ONPEIeIsUIH
no  Meroauke,  npeaycMmorpenHoun — TY  6-03-372-74  Ha
rpanynupoBaHHor mnopuctoir AC wmapku «[I». DTOoT mnokazarens

17 = -100
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BBIPAXKAETCA YUCIOM TPaMMOB, KOTOpble MOryT moriaotuts 100r
rpanyin (r/100r). Yem mMeHbIIe TOPUCTOCTh FPAHYI, TEM HUXKE JIOJKHA
OBITh WX BIIUTHIBAEMOCTb.

Kakx moxa3piBaloT JgaHHBIE TAOMMIBI 3, DOTO  IIOJIOKCHHE
JNEUCTBUTEIBHO YBA3BIBACTCA MeEXay coboil. B 3aBucumoctu ot
MacCCOBOT'O COOTHONIIEHUS HCXOJHBIX KOMIIOHEHTOB BIUTHIBAEMOCTb
rpaHysl a30TCEPYCOJEpKalIero ynoopeHus: KonebaeTcs B Ipenenax
4,18-2,29r TtommuBa mo oTHomeHuto K 100r mpomykra. OHa y
rpanyinupoBanHoro NH4NOj; paBna 4,82r.

Pesynbratel mokaseiBator, 4to (NH4),SO, naér wnamGonbiuit
3¢ (}exT B TUIaHe CHWKEHUS KaK MOPUCTOCTH, TaK M BIUTHIBAEMOCTHU
rpanyn cenauTpbl. Ho B mo0OoMm ciiydae Bce ATH (PakThl OOBSICHSIOT
MPUYUHBl YBEJIMYEHUS MPOYHOCTH TpaHysl MpoAykToB. Huzkas
a7IcOpOLIMOHHAsT CIIOCOOHOCTh A30TCEPYCOMEPXKAILIEro yAOOpeHus Ha
ocHoBe AC MO OTHOIIEHHIO K >KHJIKOMY TOIUIMBY OO€CIEeYMBaeT
MEHBIIIYIO JETOHALIMOHHYO CIIOCOOHOCTB, CJIeI0BaTENbHO,
TEPMHUUYECKYIO0 YCTOMYMBOCTh HUTPATa aMMOHMUSI.

CkopocTH _pacTBOpeHHMsI T'paHyJ] o0pa3unoB B Boje Bricokas
CKOPOCTh PacTBOPEHUSI TPaHyJl HUTpaTa aMMOHHUSI — OJHA W3 NPUYUH
HEOJIaroNpUsITHBIX TOBAPHBIX U (PU3UKO-XUMUYECKUX CBOMCTB HSTOTO
yn00peHus1, KoTopasi 00ycIaB/IMBaeT €€ CAEKUBACMOCTh TIPU XpaHEHUH
1 OOJIBbIIIME TTOTEPH MUTATENIBHBIX BEUIECTB B PE3YJIbTaTE BHIMBIBAHUS U3
MOYBbl TIOCJIE BHECEHHUSI IO/l CEIbCKOXO3AWCTBEHHBIE KYJIBTYpPHI.
[loBbIllIEHNE CKOPOCTM PACTBOPEHUS] TpaHysl — BaXKHas 3ajada Ipu
CO3/IaHUHM  BBICOKOA((DEKTUBHBIX yAOOpEHWI Ha OCHOBE HHTpara
ammonusi. [losTromy Hamu ObLTa TpoBeZieHa paboTa MO OIpPENIEICHUI0
CKOPOCTEN pacTBOPEHHsI IPaHyJl a30TCEPyCOoIepHKaIUX YA0OpEHUH.

boima wu3ydeHa CKOPOCTh pPACTBOPEHHUS TpaHyd TMOJydaeMbIX
yao0openuit pazmepom 2+3 mm. JlJig 3TOTO IpaHyily OMyCKalu B CTaKaH
co 100 M1 JIUCTWITUPOBAHHOW BOJIbI, BHU3yaJlbHO HAOIIOJATU U
¢ukcupoBaiu  BpeMsi €€ TMOJHOro pacTBOpeHus. Temmeparypa
KOMHAaTHasl, UCTIBITAHUS TISITUKPATHBIE.

CkopocTh pacTBOpPEHUsI MOJTYUYCHHBIX YJI0OpPEHUHN Tak)Ke MPUBEICHA
B Tabmuiie 3. VM3 3TuUX NaHHBIX BUJIHO, YTO MPU OJHOM U TOM K€
MaccoBoMm cootHouienn NHyNOj; : (NH,),SO,4 yBenuuenrne MosbHOTO
cootHomenuss (NH4),SO4 nmo otHomenuto k NHyNO; 3HauutenbHO
MOBBIIIAET BpeMsI pacTBOpeHUs rpanys NS-ynoOpenuii. Tak, nmoiaHoe
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pactBopeHue B Bojie rpanyi AC ¢ 100aBKOi MarHe3uTa COCTaBIISET B
cpennem 46,8 cek, a mpu cootHomennu NHy;NO; : (NHy),SO, =97 :
3,0 yBenuuuBaeT BpeMsl pacTBopeHus rpanyi 73,32 cek., npu NH4NO;
. (NH4)2SO4 =86:14 — 78,40 CCK. M IIpH NH4N03 . (NH4)st4 =60 :
40 — 116,24 cek.

OTO TOBOPUT O TOM, YTO TOMy4daeMble ynoopeHusi OyayT
3HauuTeNbHO (B 1,5-2,5 pa3a) meyieHHEE BHIMBIBATHCS U3 MOYBHI, YEM
guCcTas aMMHAdHas CEJIMTPa U CIEA0BATEIIbHO, IPUCYTCTBHE Cyb(dara
aMMOHUSI B CEJIUTPE CIOCOOCTBYET MOCTENEHHOMY BBICBOOOXKICHHUIO
a30Ta U3 rPaHYJIbL.

3akaouenue. Takum oOpa3oMm, BBEJCHHE B pacilaB aMMHUAYHOM
cemutpel  (NH4),SO4 mno3Bonsier HE TOJNBKO TMOBBICUTH €€
arpoXUMHYECKyl0 3(PQGEeKTUBHOCTb, HO M yiydiiaeT e€ Qu3uko-
XUMHUYECKUE W TOBApHBIE CBOMCTBA: CHUXAET CJIEKUBAEMOCTD,
MOPUCTOCTh U BIUTHIBAEMOCThH MO OTHOILICHUIO K KUJIKOMY TOILIUBY,
MOBBIIIAET MIPOYHOCTh U CKOPOCTh PACTBOPEHUS TPAHYJ B BOJIC.
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Abstract: the process desulfurization of wet process phosphoric acid
form washed and roasted concentrate, subsequent purification the acid
from bivalent and trivalent metals, as well as fluorine has been studied
by partial ammonization process (pH up 2 to 4). As a result, purified
ammoniated slurry containing 16.96% P,0s, 8.06% N, 0.09% CaO,
0.58% MgO; 0.004% Fe,0;, 0.031% A1,0;5; 0.78% SO;, and 0.52% F
was obtained by removing the precipitation of the stages of
desulfurization and partial ammonization. The resulting in some
sludge obtained when desulfurization and treatment processes can be
used as slow release fertilizer.

Keywords: wet  process  phosphoric  acid, desulfurization,
ammonization, sludge, mono- and diammonium phosphates,
CoOmposition.
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Annomauyusn: 6 pabome npugeoenvl pe3yibmamsl 00eccyibhauusanus
IKCMPAKYUOHHOU POCHOPHOU KUCIOMbL U3 MBIINO20 0DONCIHCEHHO20
KOHYyewmpama ¢ nociedyroueli e€é oyucmkou om 08yx- U
MPEXBAIEHMHBIX MeMmauilos, d makdce Gmopa nymem HaCMUYHOU
ammonusayuu (pH om 2 0o 4). Ilocne yoanenus ocaoxkoe uz cmaouti
obeccynvhauusanus U YACMUYHOU  AMMOHU3AYUU  NOJYYAEmCs
OUUWEHHAST AMMOHUBUPOBAHHAA cycneH3us, cocmasa 16.96% P,0s,
8.06% N; 0.09% CaO; 0.58% MgO; 0.004% Fe;O;, 0.031% Al,0;,
0.78% SO; u 0.52% F. Obpasyrowuecs npu obeccyrvhauusanuu u
oyucmKe WAAMbl NpPeoNasarmcs 8 Kaiecmee CamoCmOoAMelbHO20
y0oobpenus.

Knioueevle cnosa: sxkcmpakyuonnas — ¢ocghopuas  Kucioma,
obeccynbhauusarue, AMMOHU3AYUS, ocaoxu, MOHO- u
ouammonutigpocpamoi, cocmas.

DocPopHyIO KUCIOTY MOJYy4YalOT ABYMsI CIOCOOAMU: TEPMUUYECKUM
¥ DKCTPaKIMOHHBIM. B mepBoM cilydae MOIy4arOT BBICOKOYHCTYIO
KUCJIOTY M3 3JieMeHTapHoro (ocdopa (trepmudeckyro docdopHyro
kuciory — TOK) [1], koTopyto npeanoyTUTEeNbHO MPUMEHSTh €€ AJIs
XUMUYECKUX  PEaKTUBOB W THUIIEBOM  MPOMBIIIJICHHOCTH.
OkcrpakunoHHyo Qochopuyro kucnory (ODK), kak mnpasuIio,
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MOJIY4alOT CEPHOKHUCIIOTHBIM Pa3yioKEeHUEM MPUPOAHBIX (ocdaros [2].
O®K copepxur po 8-10% mnpumeceil, MO3TOMY HCHOJIB3YETCA B
OCHOBHOM I TIOJTy4eHHS (POCHOPHBIX M KOMIUICKCHBIX YI0OpEHUH.
Hecmotps Ha BbICOKyt0 umctoty TOK, mpomecc €€ mnosydeHus
SHEPro€MKH U  JOPOTOCTOSIIMA.  DHepromorpediieHue  mpu
npousBoactBe TOK B 13 pa3 Oonbumie no cpaBHeHutro ODK [3].
[ToaTOMY IpencTaBigeT NpakTUYECKHU HHTEpec ouncTku JDPK.

Mono- (MA®) u muammonuiidpocdar (JAD) sasmsrorcs 100%-
HbBIMM  BOJOPACTBOPUMBIMH M 3KCHOPTOOPHUEHTUPOBAHHBIMU
yI0OpEHUSIMH.

Hnsa nonydernss MAD® u JIAD HeoOXoauma mpeaBapUTEILHO
ouniieHHass oT npumecedn OPK. HMewTcs pa3nudHble METOAbI
ounctkn O@K: wMeTon ymapkw, OCaXIEHUA C Ppa3InYHbIMU
HIEJIOYHBIMA PEAreHTaMH, OYMCTKA OPraHUYECKUMHU PACTBOPUTEIISIMU,
HMOHHBIA 00MEH, COpOIIMOHHAsI OYMCTKA C TPUMEHEHHEM aJiCOPOECHTOB
U nepekpuctammsanus [4].

I[Ipy  oumcTke TEpPBBIM  ATAlOM  KCCJIECAOBAaHUS  SIBUJIOCH
obeccynbPaunBanne DDK mnpousBoactBa AO «Ammofos-Maxamy
coctaBa (Bec. %): P,Os - 16.46; CaO - 0.052; MgO - 1.11; SO; - 2.98;
Fe,O; - 0.28; ALO; - 042; F - 0.99. B kauecTtBe ocamuTencu
cylb(aTHbBIX MOHOB B UCcX0AHOU kucinore npuMeneH CaCO; (55.72%
CaO u 43.78% COy,).

C uenblo omnpeneneHuss ONTUMAIbHBIX yciaoBUK o4uCTKH DDK ot
Cynb(aTHBIX HOHOB OKCHEPUMEHTHI TMPOBOAWIM B  IIHPOKOM
nuariazoHe Hopmbl ocaaurtenei (100-150% ot crexmomeTpuu IS
ces3biBanus H,SO, B CaSQOy). s ocaxaeHus cyiab(aTHOTO MOHA U3
O®K onrumansHOot Hopmoit CaCO; oxazanocs 125% ot
CTEXUOMETPHH.

Boicymiennsiii ocanmok B pesynbrare obeccyinbpauuBanus DDK
UMeeT cieayromnui cocras: (Bec. %): P,Os - 22.12; CaO - 24.51; MgO
- 4.69; SO; - 32.01; Fe,O5 - 0.27; Al,O; - 0.50; F - 0.53, ipu aTOoM
obeccynbpauennont DK (Bec. %): P,Os - 18.42; CaO - 0.87; MgO -
0.93; SO; - 0.53; Fe,05 - 0.32; Al,05 - 0.47; F - 1.20.

3aTeM mpoBejeHa ouncTka odeccynbdaueHHor DPK oT ocTambHBIX
npuMeceil myTeM 4acTU4HOW e€ HeWTpanuzanuu npu pH ot 2 1o 4 ¢
razoo0paszubpiM ammuakom (100% NH;). Beimamaemyto tBepayio dhasy
BeicymmBaa npu 75°C. Ocaaku, mojay4eHHsle u3 o0eccyabpadeHHOM
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AKCTPAKIIMOHHON (ochopHOil kuciaoTsl npu 3HaueHussx pH 2.01-4.01
MMEIOT cienyromuil coctas: (Bec. %): PoOsosuy 54.45- 37.63; P2Os(gon)
30.48- 29.94; Ny6y 4.98 — 7.18; CaO 7.56 - 3.88; MgO 1.03 - 3.27; SO4
3.69 - 1.11; Fe,054.25 - 2.38; Al,05 2.54 -3.37; F 3.82 - 5.87.

Kunkas ¢aza nmpu pH=4.01 ouummaerca or CaO, MgO, Fe,0s,
A1,0;, SO; u F na 87.69; 48.53; 98.56; 94.46; 19.26 u 65.13%
COOTBETCTBEHHO U cojiepxkuT 16.96% P,0s5; 8.06% N; 0.09% CaO;
0.58% MgO; 0.004% Fe,0s; 0.031% A1,05; 0.78% SO5 u 0.52% F.
OTa OYMINEHHAS CYCIIEH3MS CIIYXUT KOMIIOHEHTOM JJisi TMOJyYEHUS
BbICOKOMapo4YHbIX MA®D u JIAD.
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Abstract: the paper presents the vresults of a study of the
physicochemical characteristics of carbon black obtained by pyrolysis
of worn automobile tires. Determined are bulk density, ash content,
pH, moisture mass fraction and particle size distribution of ground
carbon black. It has been established that a decrease in the particle
size of carbon black leads to an increase in bulk density, acidity,
humidity and practically does not affect the ash content. According to
the results of thermal analysis, the temperature range of the
decomposition of carbon black residues in the range of 150-900° C is
determined.

Keywords: carbon black, bulk density, ash content, used car tires,
anchor, pyrolysis.
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Annomayusn: 6 pabome npugoOSAMCS pe3yabmamsl UCCIEO08AHUS
PUBUKO-XUMUYECKUX — XAPAKMEPUCTNUK — MEXHUYeCKo20  yenepood,
HOJYYEeHHO20 — NUPOIUZOM — UBHOUIEHHBIX — ABMOMOOUTHBIX — UIUH.
OnpedeneHvl: HACBINHASL NIOMHOCMYb, 30JbHOCMb, pH, maccosas oons
6l1acU U SPAHYIOMEMPULECKUNL COCMAB USMETbYEHHO20 MEXHUUEeCKO20
yenepooa. Ycmauoeneno, umo yMeHbUieHUe pazmepa  4acmuy
MeXHUYeCKo20 yenepooa npusooum K VEelUdeHUur) HACbINHOU
NJIOMHOCMU, KUCTOMHOCMU, GIANICHOCMU U NPAKMUYECKU He Gausiem
Ha 301bHOCMb. [lo pe3yrbmamam mepmuueckoeo aHaiuza onpeoeieH
memnepamypHvlil. OUANA30H PA3JI0ONCEHUS. OCMAMKO8 MEeXHUYeCK020
yenepoda 6 duanaszone 150 - 900 °C.

Knioueevle cnoea: mexnuyeckoz2o yenepooda, HACHINHASL NIOMHOCHb,
30/IbHOCMb, USHOULEHHBIX ABMOMOOUTILHBIX UUH, AHKEPUMA, NUPOIU3.
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The number of motor transport complexes is increasing annually in
the world, which, naturally, leads to the formation of used tire dumps.
According to statistics from the European Association, tire recycling in
Europe produces more than 9 million tons of shock-absorbed car tires.
In the USA, the amount of used tires is about 1.5 million tons, in the
UK almost 500 thousand tons of used tires are formed annually, of
which 34% is recycled, 26% is recovered, 15% is burnt and 6% is
transported to landfills burial places. About 96 million used tires are
formed in Japan, 88.5% of them are processed, more than 400
thousand tons in France, 460-510 thousand tons in Germany, and more
than 1 million tons of used tires are formed in Russia, of which it is
processed no more than 10%. According to statistics in our republic,
about 1.0 thousand tons of used tires are accumulated annually in
NMMC alone (2018 y.) [1-3].

Among the existing methods for the disposal of used car tires, the
best method is thermal decomposition - pyrolysis.

The use of waste-obsolete tires as a raw material base is relevant
both from an economic and environmental point of view. Car tire is a
valuable secondary raw material containing rubber - 65-70%, carbon
material -15-25%, metal cord- 10-15%. Among these products, carbon
materials are of great importance. Therefore, the physicochemical
characteristics of this product have been studied in detail [4, 5].

The microscopic analysis of carbon material was studied. It was
determined that the carbonaceous material is a relatively fragile, lumpy
black with a grayish tint, an unpleasant odor substance, in some pieces
of which there are metallic inclusions. Before use, the carbonaceous
material was crushed by a lab 600 CV 600 laboratory jaw crusher. The
particle size distribution of the ground carbon material was
determined. It was found that particles of carbon material in a fraction
with a size of 0.063 mm, which is 63.0% of the total content of
particles, particles with a size of 0.25 mm is 24.0 mass %. Also,
particles with a size of 0.5 mm make up about 9.0 mass %.

The use of a carbon material having ground metallic inclusions as a
filler of rubber products adversely affects the quality of rubber
products. Magnetic separation is used to extract these metallic
inclusions.
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The physicochemical characteristics of the carbon material of the
initial (before grinding UM-1) and ground (UM-2) are studied are
presented in Table 1

Table 1. Physico-chemical characteristics of the carbon material
of the source (before grinding UM-1) and ground (UM-2)

Specifications Py, /s’ pH A% % W %
0,408 + 22,70 +
UM-1 0.02 6,5-5,4 0.44 0,40 £ 0,05
0,323 + 22,65 +
UM-2 0.02 6,5 0.44 0,24 £ 0,05

An analysis of the results of the study (Table 1) shows that a
decrease in the particle size of the carbon material leads to an increase
in bulk density, acidity, moisture and practically does not affect the ash
content.

The composition of the carbon material was also studied by x-ray
phase analysis. It is established that an analysis of the results of the
research according to the Rietveld method shows that the carbon
material consists mainly of amorphous carbon (88.4%), calcite
(7.59%), ankerite (1.21%), zinc oxide (1.14%) and other components.

The thermal stability of carbon black was also studied by
derivatography. Thermal analysis of the samples was carried out on a
Labsys evo SETARAM TG DTA DSC + 1600 instrument in the
temperature range 30-950 ° C with a heating rate of 5 deg/min.

It was determined that the DTGA curve consists mainly of two
sigmoid cells, which the process occurs in two stages. The first stage
occurs in the temperature range from 150 °C to 640 °C, while the mass
loss 1s 3.46%.

The second stage takes place in the temperature range from 650 °C to
900 °C, while the mass loss is 15.7%. Analysis of the TGP curve shows
that the rate of decomposition of carbon black in the temperature range
800-880 °C 1s maximal and amounts to 1.88 mg / min.

The structure of carbon black obtained by the pyrolysis of worn
automobile tires was also studied by the IR spectroscopic method. It is
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established that the structure of the carbon material formed after the
pyrolysis of worn automobile tires.

Thus, the obtained carbon-containing material according to physico-
chemical characteristics can be recommended for obtaining filled
elastomeric compositions.
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NON-TRADITIONAL RAW MATERIAL MIXTURE FOR THE
PRODUCTION OF PORTLAND CEMENT CLINKER
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Abstract: the chemical composition of limestone and clay of the
Zhamansaysky deposit of the Republic of Karakalpakstan, which can
become raw materials for Portland cement clinker, was studied. For
alignment in the charge of the iron-containing component, a pyrite
cinder was used. When preparing a three-component mixture,
parameters such as saturation coefficient (KH) and silicate module (n)
were taken into account. The calculation of the mineralogical
composition of the mixture and clinker, prepared on the basis of them,
is carried out. At the same time, optimal values of KN = 0.91 and n =
2.3 were proposed, which provide acceptable technological
parameters for clinker production and cement compositions.
Keywords: limestone, clay, pyrite cinder, charge, clinker,
mineralogical composition.
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HETPAIUIINOHHAS CBIPBEBAA CMECDH JJIA
IMPOU3BOJACTBA ITOPTJIAHAHNEMEHTHOI'O KVIMHKEPA
Mupumos T.K.', Ceiitnazapos A.P.”, Sm6ypues T.H.’,
Myxamen6aes A.A.* (Pecniy6amka Y36exuncran)

"upumos Tyituu JKymaesuy — maaduwiuii Hayunbisi COmpyOHUK;
’Cetimnasapos Amanaszap Peiinnazapoguy — 00Kmop mexHu4ecKkux
HAYK, 2NIA8HbIU HAYYHbIL COMPYOHUK,

Hucmumym obwetl u HeopeaHuueckou Xumuu
Axaodemus nayx Pecnybnuxu Y36exucman;

IDwbypues Typcunanu Hacpynnaesuy — cmapuuii npenodagament,
Kaghedpa obwell u HeoOpeaHU4ecKou XUMUU,
"Myxameobaes A60yeanu A60ycammaposuy — doyenm,
Kagheopa npoyeccos u annapamos XUMuieckou mexHoi02uu,
TawkenmcKul XUMUKO-mexHo102UYeCKUti UHCTMUmMYm,

2. Tawxenm, Pecnybonuka ¥Y36exucman

AHHOmayua: u3yueH XUMUYEeCKUll COCMA8 U3BECMHAKA U 2NUHbL
XKamancaiickoeo  mecmopooicoenusi  Pecnybnuku — Kapaxkannaxcman,
Komopvle — MO2Ym — Cmamb  Cblpbe8blMU  Mamepuanamu 07
NOpMIAHOYEeMEeHMHO20  KIuHKepa. [[na  evipasHusanus 6 uiuxme
aHcene30co0epicaeco KOMNOHEHMAa UCNOIb306AIICS NUPUMHBILL 02apOK.
IIpu npucomoenenuyu mpexKoMnOHEeHMHOU CMeCU YYUmvlanucs maxue
napamvempul, Kak Kodgguyuenm nacviyenus (KH) u cunuxammoii
MoOyb (n). Buinonnen pacuém munepanocuyecko2o cocmasa wuxmol u
KIUHKEPA, NpUSOmoGlenHo20 Ha ux ocHose. llpu smom npeonodicenvl
onmumanvuvle 3Havenus KH=0,91 u n=23, npu Komopwix
obecneuugaromcs.  npuemiemvle  MEXHON02UHeCKue  napamempwl
NOTYYeHUs! KTUHKepa U COCMABbl YeMeHma.

Knioueevle cnoea: uzeecmmusk, 21uHa, NUPUMHBIL 02apOK, WUXMA,
KIUHKED, MUHEPATOSUYECKUL COCMAS.

Pecnnyonuka Kapakanmakctan o0jagaeT OrpoOMHON MUHEPabHO-
CBIphEBOM 0a30l i1 MPOU3BOJICTBA IeMeHTa. K TakuMm pernoHam
MO>KHO OTHeCTH YKaMaHCalCKoe MECTOPOKICHNE U3BECTHIKOB U TJIMH.
N3BecTHSAKH cepble u CBETJIO-CEPBIE, MEJIKO- u
CpeAHEKpUCTAINTMYECKUE. B OTAENBbHBIX IIacTax MpaMOpPHU30BaHHBIE,
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HEPEAKO IOJIOMUTHU3UPOBAHHbIE. MOIIHOCTh TOJIIIUHBI HW3BECTHSIKOB
coctapisier oT 120 mo 480 m. K mpOMBINLIEHHOMY OCBOCHHIO JIA
OTKPBITOM J100b4M B ['OCyHapCTBEHHOM KOMMTETE 3alacoB YUYTEHBI
22364 Teic. ToHH u3BecTHsika [1]. JKamaHcalickoe MeCTOpOXJIEeHHE
[JIMHUCTBIX MHUHEPAJIOB B HACTOAIIEE BpPEeMs MIMPOKO MPUMEHSIIOTCS
CTPOUTEIBHBIX CHIPBIX M O00O0XOKEHHBIX KUpmHuuel. B cBsizm ¢ yem, Ha
ATOM MJIAaHUPYETCS] CTPOUTENILCTBO [IEMEHTHBIX 3aBOJIOB.

KadecTBO 1eMeHTa 3aBUCHUT OT MHHEPAJOTHMUYECKOTO COCTaBa
LHEMEHTHOIO KIIMHKEpa, YTO HANpsSMyK CBSI3aHO OT KadecTBa
CBIPBEBBIX MaTepHanioB. HeMoCTOSHCTBO MUHEPATIOTHYECKOTO COCTaBa
MOPTIAHAIIEMEHTHOTO  KIIMHKEpa SBISIETCS €ro  OCOOEHHOCTHIO,
KOTOpasi 3aBUCUT KaK OT COOTHOIIEHUS OCHOBHBIX CBhIPbEBBIX
MaTepuasoB, Tak U OT ycJoBHM oOxura xiuHKepa. [loaTomy ocoboe
BHUMaHHE HEOOXOIUMO YIENSIET Ha BBHIOOP M MOJTOTOBKY CHIPhEBOU
CMeCH JIJIsl KIIMHKepa.

OOGpa3upbl M3BECTHSIKA U TJIMHBI OTOOpaHbl HEMOCPEICTBEHHO U3
KaprepoB JKamaHcalickoro MecTopoxjeHusa. C LeNblo OMpeaeIeHUs
COOTHOILIEHUM CBIPHEBBIX MATEPHAJIOB B CMECH OIpPEISICHbl HX
XUMUYECKUM cocTaB. YTOOBI TMOBBICUTH COJIEPKAHUE B CMECH
COJICp’KaHMsl OKCHAa Keje3a B KadecTBe J00aBKM MPUMEHEH
NUpUTHBIA  orapok. CocTaB HCXOAHBIX KOMIIOHEHTOB BBITJISJIUT
cnenyromuM obpaszom (Bec.%): U3pectHsk - Si0, — 2.05; AlL,O3 — 2.0;
CaO — 52.1; MgO — 1.0; SO; — 0.27; n.n.n. — 42.15; I'nmuna - Si0, —
60.91; ALO; — 13.1; Fe,0O; — 4.79; CaO — 1.11; MgO — 1.2; SO;3 —
1.43; m.m.m. — 8.96; [IupurtHslii orapok - Si0, — 26.91; Al,O; — 4.98;
Fe,0O5; —45.35; CaO — 2.44; MgO — 2.34; SO; — 8.47.

[Ipy DOpPUTOTOBIEHUH TPEXKOMIIOHEHTHOW CBIPEBOM CMECH B
KAauecTBE OMNpPEeAeISIONIEer0 MapaMerpa NPUMEHSUIMCh KO3(PPUIUEHT
Haceimenuss (KH) u cunukarasiii mMoaysne (n). M3 Hux 3aBucur
MOCTOSTHCTBO KOJWYECTBA IMUXThL. [Ipu TeopeTHyeckux pacdeTax
uHTepBas u3MeHenus 3Hadennit KH 6epetcs ot 0,84 no 0,96, a n ot
1,8 no 3,0. Cnenyer ormetuth, uto yBenuuenne KH mpuBomutr k
MOBBIIIEHUIO TpexkanbineBoro cuiukata (C;S). CeIpbeBble CMECH C
BeicokuM KH oGxuraercst 6osnee JuTeNbHOE BpeMs. A KOJIMYECTBO
HernpopearupoBasiiei wim cBodoanor m3Bectu (CaO.,) BO3pacTaer.
IIpu nocrossuHOM 3HaueHnn KH ¢ moBbllieHMEM nokasarens n B
cnékax obpasyercs OOJbIIOe KOIMYECTBO TpexkaibimeBoro (Cs;S) u
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nByxkanpiueBoro (C,S) cuimukara. OJHAKO CHIPbEBBIE CMECU
CTaHOBATCA Ooyiee TpyAHOcnekaeMbiMu. [losToMy B mpakTuke
HauOoJiee pacnpocTpaneHnbie 3HaueHuss KH u n cunrarorces 0,88-0,96
u 2,0-2,5, cooTBETCTBEHHO [2-3].

Hcxoas u3 3T0oro, MpH pacueTe MIUXTH CHIPhEBOM CMECH HaMu ObLI
BbIOpan aumanazoH KH ot 0,84 mo 0,95 mpu moctossHHOM n = 2.4,
taxxe Bpioopouno KH=0,91 npu n = 2,3 u 2,2 (Tabnauua).

Tabauya 1. Pacuemuviii MuHepano2uiecKuil cCocmaes KiuHKkepa

JoneBasi Mmacca . .
. PacueTHBbII MAHEPATOrHYECKHI
KOMIIOHEHTOB B CHIPbEBOIi cocTap KimHKepa, mace. Y%
cMecH, macce. % KH n ? )
WSBECT= | rmma | OTOP" C:S C,S C;A C.AF
HAK KH
79,8 18,8 1,4 0,84 | 24 45,81 32,06 13,87 8,23
80,0 18,6 1,4 0,85 2.4 48,13 29,86 13,86 8,12
80,2 18,4 1,4 0,86 2.4 50,42 27,69 13,86 8,00
80,4 13,3 1,3 0,87 2.4 52,68 25,55 13,86 7,88
80,6 18,1 1,3 0,88 2.4 54,91 23,44 13,85 7,77
80,7 18,0 1,3 0,89 2.4 57,11 21,36 13,85 7,66
81,0 17,8 1,2 0,90 2.4 59,28 19,30 13,84 7,55
81,1 17,7 12 | 091 | 24 | 61,43 17,27 13,84 744
81,3 17,5 12 | 092 | 24 | 63,54 1526 | 13,84 7,33
81,5 17,4 1,1 0,93 2.4 65,63 13,28 13,83 7,23
81,6 17,3 1,1 0,94 | 24 67,69 11,33 13,83 7,12
81,8 17,1 LI | 095 | 24 | 69,73 9,40 13,83 7,02
80,9 17,4 1,7 0,91 2,3 61,10 17,17 13,07 8,63
80,7 17,0 2,3 0,91 2,2 60,75 17,07 12,24 9,91

PesynpraTamu ycTaHOBIIEHO, UTO IIMXTa U3 ChipheBOil cMecu ¢ KH
= 0,84 u 0,85 coorBerctByer TpeboBanusm ['OCT 5382-91 mo
coagepxkannto C3S W CyMMapHOro KOJIMYECTBA TPEXKAIBIIMEBOTO
amomuHara (C;A) dgerbipexkanbimeBoro amomodeppura (C4AF), HO
OHHM HE OTBEYAIOT TpeOoBaHUsM 1Mo coaepxkaHuio C;A (momxHa OBITH
He 6osee 5%). s monydeHus cynb(paTrocTONKOro KIMHKEpa, CIeayeT
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OPOBECTH  KOPPEKTUPOBKY  CHIPbEBOM  CMECH  JOIMOJHHUTEIIHHO
YETBEPTHIM KOMIIOHEHTOM.

B nemnom, Bo Bcem nmamazone KH MOXHO MHOSydduT OOBIYHBIM
MOPTJIAHALIEMEHTHBIA KIMHKEp C MPUEMIIEMbIMU TIOKa3aTeNsIMU U
npo4yHOCTHBIX xapakrepuctuk. Cymma C3S u C,S B pacueTHbIx
KJIIMHKepax kojeosercs ot 77,87 no 78,27%, a KOJIUYECTBO KUJIKOU
¢a3sl He 6omee 22,5%.

Hawnbonee npuemnaeMbliii 1Jis MPOU3BOJACTBEHHBIX YCIOBUN KIMHKEP
nomkeH umetb KH = 0,91 npu n = 2,2+2.4. B 3TOM ciydyae MOXeT
ObITh OOecreyuBaeTcsd MPUEMIIEMbI MHUHEPAJIOTMYECKH CcOCTaB
KJIMHKEpa, O0ecrevynBaroeldl ONTUMANbHBIE TMapaMeTpbl MOTYYEHUs
KJIINHKEpA U 3a/IaHHbIE CBOMCTBA LIEMEHTA.

Takum oOpa3zoM, B pe3ysbTaTe pacyeTa MUXThl TPEXKOMIIOHEHTHOM
CBIPbEBOM CMECH TMOPTIAHAUEMEHTHOTO KIMHKEPA U3 ChIPhEBBIX
MarepuasioB PecniyOnuku KapakanmakcTaH yCTaHOBJIEH MPUTOJAHOCTb
paccMaTpUBAaEMbIX  CBHIPBEBBIX  MaTEpUaJOB [JIi  IIPOU3BOJICTBA
MOPTJIAHALIEMEHTHOTO KJIMHKEPA.
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Abstract: the decomposition of mineralized mass with concentrated
phosphoric acid (40.76% P,0s) at 450 % of stochiometric rate was
studied. Neutralization process of acid mono basic calcium phosphate,
which separated from a mother solution of phosphoric acid
decomposition products was investigated by ammonia at pH in a
ranging 4.0; 4.5 and 5.0 .Depending on the pH, NP- fertilizers were
obtained containing 9.15-10.86% N, 55.98-56.71% P05, of Which
98.02-98.85% and 79.22-83.51% are in acceptable and water soluble
forms. CaQy,y in the fertilizers is 5.66-5.93%, 96.29-97.13% in
relative acceptable form. As calcium is the fifth element along
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nitrogen, phosphorous, potassium and sulfur. Products with the
regulated composition completely provide calcium starvation of plants
throughout the vegetation both in water and assimilated forms of CaO.
Keywords: mineralized mass, evaporated wet processing phosphoric
acid, decomposition, mono basic calcium phosphate, ammonia, NP-
fertilizer.

NP-YJIOEPEHUSI HA OCHOBE HEUTPAJIM3AIINA
KHCJIOT'O MOHOKAJIBIIUA®OCPATA, TIOJYYEHHOTI'O
HUKINYECKUM CIIOCOBOM
XosmypoaoB K., HybMmoHOB B.} (PecnyOsinka Y30ekucran),
Amnmos V. (Kuraiickas Hapoxuas Pecniy6inka, Pecniy6amnka
V306exkuncran), Hamazon m.c.’ (PecnmybOsiuka Y30ekucraH)

"Xormypooos JKamuudbex — mnaduiuti Hayunwvlii cCompyoHuK;
’Hywvmonos baxmuépocon — 6a308wiii dokmopanm,
nabopamopus hocghopHvix yoobpenui,

Hncmumym obweti u Heopeanuyeckot Xumuu
Akademus nayx Pecnybnuxu Y3oexucman,

2. Tawxenm,

I Anumos Ymapbex — kaHoudam mexuuieckux Hayx,
Tanv3uncKull yHugepcumem HayKu U mexHoa02uu,

2. Tanv3unw, Kumaitickas Hapoonas Pecnyoauxa,

OOKMOP MeXHUYEeCKUX HAYK, CMapuiull Hay4Hvlli COmMpPYOHUK,
Hucmumym obweii u neopeanuueckou Xumuu
Axaodemus nayx Pecnyonuxu Y36exucman, 2. Tawxenm, Pecnyonuka
Vsbexucman;

*Hamaszos Hlagpaam Cammaposuy — 3asedyiowuii tabopamopuell,
nabopamopus hocghopHvix yoobperutl,

Hucmumym obweli u neopeaHuueckou Xumuu
Axaodemus nayx Pecnybonuxku Y36exucman,

2. Tawxenm, Pecnyonuka ¥Y36exucmarn

AHHOmMauuA: U3YUEeHO PAa3lodCceHUue MUHePAIU308AHHOU  MACCbl
KoHyeHmpupogaurou ¢ocgopnoti xuciromou (40,76% P,0s) npu
450%-nou eé mnopme. H3yuen npoyecc Heumpaiuzayuu Kucio2o
MOHOKanvyutigpochama, 6vlOeIeHHO2O0 U3 HACHIUEHHO20 pPACMBOpPa
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npooykmos8 gpocghoprokuciomuozo pasiodcenus, 0o pH = 4,0; 4,5 u
5,0 ammuaxom. B 3asucumocmu om 3nauenusi pH noayuaromcs NP-
yoobpenusi ¢ cooepacanuem 9,15-10,86% N; 55,98-56,71% P;,0s544,,
uz Hux 98,02-98,85% u 79,22-83,51% naxooamcs 6 yceosemou u
sooopacmeopumvix Gopmax. CaO,s, 6 yoobpenusx cocmasnsem 5,66-
5,93%, uz nux 96,29-97,13% mnaxooamcs 6 yceosiemou ¢opme.
Ilockonvky kanvyuu Aensemcs NAMbvIM RUMAMENbHLIM  JIeMEHMOM
nocie azoma, gocgopa, xkamus u cepvi. I[Ipodykmel ¢ HallOeHHbLIM
Ype2yIupo8aHHbiM — COCIMABOM  BNOIHE  obecneyam  KAlbyuesoe
207100aHUe pacmeHuti 6 nepuod Ux eecemayuu KAK 6 600HOU MAaK
yesosiemoul popmamu CaQO.

Knioueevle cnosa: munepanuzosannas macca, ynapeHuas gocgpopHas
Kucioma, pasnodicenue, MoHoKanvyutigpocam, AMMUAK,
azomuogocgopnoe yoobperue.

Cenbckoe  XO34MCTBO Y30€KHMCTaHa OOECIICUMBACTCS a30THBIMH,
dhochopeiMu 1 kanmuiiHbIMU yaoopenusiMu Ha 100%, 33% u 59%, mpu
€XKEroIHOM HX MPOM3BOACTBE B KosmuecTBe 839,58; 145,33 u 168,47
TeiC. T B pacyere B 100% mnuTaTENBHBIX BEIIECTB COOTBETCTBEHHO.
Hambomee cnokHas cHTyanus CJIOXHWIACh C  TPOU3BOJICTBOM
dhochopconepxkamux ynoopeHuil. Bo-nepBbix, He XBaTaeT ChIPbs IS UX
npou3BoicTBa. KeB3bUIKyMCcKHid (POChHOPUTOBBIN KOMOWHAT MPOU3BOIAUT
©KerogHo 716 ThIC. TOHH MBITOTO OOOMOKEHHOTO KOHIIEHTpAaTa,
umetoriero 26% P,Os (MOK-26) u3 1875 Tbic. T pochopuTHOM pyabl co
cpenauM cojepxkanueM 17,12% P,0Os. BeiOpoc B oTBan 3a6amaHCOBBIX
PYI co ctaTycoM MUHepaiu3oBaHHas Macca (12-14% P,0s) u nmiamoBbIi
dochopur (10-12% P,0Os) cocraBisier 42% OT MCXOMHON PyABl HIH
134,77 Tteic. TOHH oTXoAa B mepecuere Ha 100% P,0s;. B ycrmoBusx
octperimiero nedunura (ocPatHOro Chipbsd €€ TOXKE KeIaTeIbHO
BOBJICUb B TIPOM3BOJICTBO (hochopcoaepk aimx yI00peHHA.

OnHUM 13 aTbTEPHATUBHBIX TEXHOJIOTHIECKUX TIPUEMOB IepepaboTKU
HU3KOCOPTHBIX  (pOCHOPUTOB MOXKHO CUUTATh PEIUPKYJISITAOHHBIA
MeTOJ| pazioxeHuss (GochaTHOro CoIpbsi MPU HU30BITOYHOM HOPME
KOHIIEHTPUPOBAaHHON  (pochopHON  KUCIOTBI €  MOCIEAYIOIIeH
Kpuctayumzanueit mMoHokanbimidocpara (MKD) B coOCTBEHHOM
dhochopHO KHCIIOTE, OTACICHHEM €ro OT MATOYHOI'O pacTBopa H
BO3BpaTa MOCJIEIHErO B UK pa3ioxkeHus [1].
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B uccnenopanusix nucnomns3obanack MM coctaBa (Bec. %): 14,33 P,Os;
43,02Ca0; 1,19MgO; 1,38 Fe,0;; 1,18 AlLOs; 2,22 SO5; 14,70 CO, u
ocBetnieHHas ynapeHHas DK cocrasa (macc. %): 40,76P,0s; 0,035Ca0;
0,74MgO; 0,81 Fe,O5; 0,84 ALO;; 3,84 SOspy. Mg momydenus
nocleaHel B kauectBe ucxoiHot DPK ciyxuna cocras (Macc.%): 18,44
P,0s; 0,21 CaO; 0,44 MgO; 0,33 Fe,Os; 0,79 ALO;; 1,50 SO;. EE
KOHIIEHTPUPOBAIIA METOJIOM YIIapUBAHMUSL.

JlaGopaTtopHble OMBITBI MPOBEACHBI  CIEIYIOINIMM 00pa3oM: B
TEPMOCTATUPOBAHHBII PEAKTOP C 3aBEAOMON KOJIMYECTBOM YINApEHHON
OOK u CHaOKEHHOM JIOMACTHOW MEIIAIKON 3arpyKaid HaBeCKY
m3MenpueHHo MM 1o mnopumsm.  Temmeparypa B TepMocTaTe
nogepxkuBasiack pu 90°C ¢ momoripio TepMmoperyssitopa. [Iponecc
paznoxenus MM nposoanmm pu 450%-n01 HOpMe DPK.

XuMu3Mm  B3aumojiercTBus  docdatHoro Ceippsi ¢ (pochopHoi
KHUCIIOTON 3akirovaercs B cienyromeM. dochopHas kuciaora BHaudase
pearupyer ¢ KapOOHATOM KaJbIIUSI:

CaCO3 +2H3PO4—> Ca(H2P04)2 : H20 =+ COZ

3aTeM ¢ OCHOBHBIMHU (hOC(PATHBIMU COCTABIISIOIINMU:

Ca5F(PO4)3 + 7H3PO4 + SHZO — 5Cﬂ(H2PO4)2'H20 + HF

[Tpo10IKUTENBHOCTh TIPOLIECCA PA3JIOKEHHUSI C MOMEHTAa OKOHYAHUS
3arpy3ku  (Goccbipbs — 30 wmunyT. llocne 3aBeprieHust mporecca
Pa3IoKEHUsT COIEP’KUMOE peakTopa (GMIbTpOBAINU Ha BOpoHke broxHepa
npu pazpexenun 160 mm.pr.ct. wim 0,02 arMm., 4TOOBI yHAIUTH
HEZI0Pa3JI0KEHHYIO YacTh Poc(haTHOTO CHIPHSI.

Jlasiee TPOBOAWIMCH OXJIaXAeHUE (QUiIbTpata W KpUCTAIIM3AIUS
MK® mnpu 40°C B TeueHwe 2 YacoB CaMOIpoOU3BOJILHO (0e3
MepEeMEeIIMBaHNs) M30THApUUecKUM MeTojoM  [2].  Oobpasyromieiics
kpuctauiel MK® oTaemsuii OT MaTro4yHOTO pacTBOpa METOAOM
neHTpudyrupoBanus. HemopasznoxkeHHass 4acTh (ochaTHOTO CBIphs U
MaTOYHBIM PacTBOpP COTJIACHO MO IMKIMYECKONM CXEME IOABEpraeTcs
cynb(haTU3aIuIo.

Boinenennbril kKucibiii MoHOKanbimidocdar ¢ cogepxanuem 27,87%
P,O5c506. HEUTpaAIM30BAIM ra3000pa3HbiM aMmmuakoM a0 pH = 4.,0; 4,5 u
5,0. I'panynsiMi0 aMMOHM3UPOBAHHOM MACChl OCYIIECTBIISIIIM METOJI0OM
okatbiBaHusA. ['panynsl BbicymmBamu mpu  90°C.  BeicymieHHbie
MPOAYKTHI aHAM3UPOBAIIM HA CoJiepKaHue pa3mudHbix Gopm docdopa,
a30Ta M Kanblysa no mMeroaukaM [3]. CTaTW4ecKyro MPOYHOCTh TPAHYJI
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m3Mepsuin Ha tipubope MUII-10-1 [4]. PesynbraThl npuBeneHbI B
TadJIHIIE.

B 3aBucumoctu ot pH Obun mosmy4yeHs! a30THO(GOCHOPHOKATIIINEBBIC
ynobpenusi coctaBa (macc. %): 9,15-10,86 N; 55,98-56,71 P,Os06u;
54,87-56,06 P,Osye, mo yamM. k-te; 54,14-55,78 P,Osy 1o TpHm. b;
44,35-47,36 POspom; 5,66-5,93 CaOgpyy,; 5,45-5,76 CaOyey; 2,20-2,80
CaOpop.. B HUX P0sycs 110 M. K-T€ : PyOs506, = 98,02-98,85%; POsycs.
o TpHJL. b : P20506m. = 96,71-98,36%, PzOsBoﬂH.I P20506m. = 79,22—
83,51%; CaOyg. : CaOgpr, = 96,29-97,13 1 CaOyyyy : CaOyspy, = 38,87-
47,22 ¢ npo4HOCTHIO Tpanyi 4,34-6,31 Mlla u BroiHEe NpUTOAHBIX HJIA
0e3TapHOr0 XpaHEeHHUs, TPAHCIOPTUPOBKM W TpuMeHeHus. Kanbimid
SBJISICTCS MATHIM MUTATEFHBIM KOMIIOHEHTOM, CTOSIIIUM TOCTIE a30Ta,
¢doctopa, kammsa u cepol [5]. To ecTb KOMIUIEKCHbIE YyHOOpEHHUS IO
COCTaBY U CBOMCTBaM BIIOJIHE NIPEBOCXOIAT TPAAULIMOHHBIA aMMOQOC.

Takum 00pa3zom, U3ydeH MPOLECC MOTYUYEHUs KOHIIEHTPHUPOBAHHOIO
KOMIUJIEKCHOTO  a30THO(OC(HOPHOKAIBIIMEBOTO  YAOOPEHUSI  IyTeM
paznoxxennss MM — orxona KeBbuikyMckod (QochopuTHOM pyibl
MOBBIIEHHON HopMmoi ynapeHHoi O®K. Pa3zpabortansblii cnocod
CO3/Ia€T  BO3MOXKHOCTh  BOBJICYEHMs  3a0aJaHCOBOM  pyabl B
neiictBytonyto TexHonoruro OA «Ammodoc-Makcam» U TOTyYEHHS
KOMILIEKCHOTO pocopcoaepraiiero yaoopeHus..
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Abstract: the article analyzes the problem of preparing students for
project activities, as well as ways to solve this problem. An example of
the form of organization of project activities implemented by the
author is given. The project is a huge part, requiring analysis and
development, which is organized, tested, evaluated and provided in the
form of a report. Project work enables students to show their own
abilities of thinking, analysis, designing software code, researching,
installing a software product, documenting and evaluating their
product. All these tasks give students the opportunity to show and
make the best of their programming abilities.

1. The application of this method is feasible and affordable for all
teachers.

2. It allows students to search for material of interest to them, choose
the most important things, analyze, build a system of evidence, draw
conclusions and defend their problem.

3. The level of knowledge acquisition increases, students learn to work
in a team, solve cognitive, creative tasks of cooperation, performing
various social roles.

4. Solving one problem connects various fields of knowledge and the
environment.

The implementation of the design and research method in the
educational process contributes to the development and formation of
personal growth of students and the formation of such high-quality
intellectual characteristics as:

» The desire for creative interpretation in the performance of
individual and collective educational tasks.

* The desire and ability of students to think independently.
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* Ability to navigate in a new situation for yourself, to find your own
approach to solving problems and methods of obtaining knowledge.

* Ability to critically evaluate the judgments of others.

* The development of the ability to argue their point of view, formulate
and clearly state their thoughts.

* Expansion of horizons.

* The ability to systematize and synthesize material and knowledge.
Keywords: project activity, project method, competence, analysis,
research.

PASBUTUE HABBIKA AHAJIN3A TH®OPMAIINU YEPE3
INPOEKTHYIO AEATEJIBHOCTD
HNckakoBa A.T. (Pecnyosuka Kazaxcran)

HUckakosa Aviscan Toxmapbaesna - yuumeinb uHGOpMamuKu,
Hazapbaes unmennexmyanvuas wkoaa
Gusuro-mamemamuiecKko2o HanpasieHusl,

2. Tanowvikopean, Pecnybonuxa Kazaxcman

AHHOmMauusa: 6 cmamve aHATUZUPYEemCsl NpoodiemMa NoO020MoBKU
VUAWUXCS K NPOEKMHOU O0essmelbHOCmU, d Maxce Nymu peuleHusl
oannoul npoonemsl. Ilpusooumcs npumep ¢opmel opeanuzayuu
NPOEKMHOU OesIMeNIbHOCMU, Peaiu308anHou agmopom. Ilpoexm - smo
02pOMHAsL Hacme, mpebyrowas pazoopa u papabomku, Komopas
OpP2aHU308AHA, NPOMECUPOBAHA, OYEHEHA U NPe0OCMABIeHd 8 (hopme
omuema. Ilpoexmnas paboma Oaem BO3MOICHOCML YUEHUKAM
nokazames  COOCMEeHHble  CNOCOOHOCMU — MbLULIeHUs,  AHATU3A,
NPOEKMUPOBaAHUe NPOSPAMMHO20 KOO, UCCIe08aHUe, YCMAHOBKY
NPOCPAMMHO20 NPOOYKMA, OOKYMEHMUPOBAHUE U OYEHUBAHUE CBOe20
npooykma. Bce osmu 3adauu Oarom yuauWuUMCs  803MONCHOCHIb
noxkazame U coeiamv Jjyduiee U3 CBOUX  CHOCOOHOCmel 8
NPOCPAMMUP OBAHULL.

1. Ilpumenenue 3moco memooa 6bINOJHUMO U OOCMYNHO OJisl 8CeX
npenoodagameiell.

2. OH noszeonsem YYeHUKam UCKamv UHMepecyrouwull ux mMamepudl,
8blOUpams  Haubosee BaAJNCHbIE e, AHATUIUPOBAMb, CMPOUMb
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cucmemy 00KaA3amMenbcmes, 0eiams 6uleo0bl U 3AWUUAMD  CEOI0
npooaemy.

3. Vposemv yceoenus 3nanuii 603pacmaem, yuyawuecs Y4amcs
pabomams 8 KOMaHOe, pewlarom KOSHUMUGHble, MEopyecKue 3adayu
COmMPYOHUYECMBa, GbINOJHASL PA3TUYHBLE COYUATILHBLE POJIU.

4. Pewas o0uy npobnemy, coedunsem paziuunvie 001acmu 3HAHUU U
OKpYHCAIOUYIo cpedy.

Bueopenue NPOEKMHO-UCCNIe008AMENbCKO2O Memooa 6
obpazosamenvuvili  npoyecc  cnocoocmeyem  pazsumulo - u
GopMUPOBAHUIO TUYHOCMHO20 POCMA YYAWUXCA U DOPMUPOBAHUIO
MAKUX KA4eCMBEHHbIX UHMEIEKMYAIbHBIX XAPAKMEPUCUK KAK:

o CmpemneHue K mMBOPUECKOU UHMepnpemayuu npu GblNoJHEeHUU
UHOUBUOYATLHBIX U KOJIEKMUBHBIX YUeOHbIX 3A0aHUL.

o CmpemneHue u ymeHue yyauuxcs MolCiums CamoCmMosmenbHo.

o Vmenue opuenmupoeamscs 8 HOBOU 0 cebs CUmyayuu, Haxooums
€801 NOOX00 K peuteHuio npoodiemvl U cnocooam 000vl8aAHUSL 3HAHUIL.

o VueHue kpumuuecku oyeHUBAmMb CyHcOeHus OpY2ux.

o Pazgumue yMmeHUus apeyMeHmuposams C8OK MOYKY 3DeHUs,
Gopmynuposams u ACHO U31a2amsv MblCIU.

o Pacwupenue Kkpy2o3opa.

o Vmenue cucmemamusupogams u 0000wams Mamepuan u 3SHaHus.
Kntouesvie cnosa: npoekmmuas OesamenbHOCMb, Memoo NpoeKmda,
KOMHemeHyus, anaius, Uccieoo8anue.

Ucxons u3z muccun HazapbaeB NHTemnekTyanbHas 1mkoia Gu3nuKo-
MaTeMaTH4eCKOTO HaIpaBJICHUS ropoaa Tannprkopran
«Crnoco0cTBOBATH Pa3BUTHIO BBICOKOHPABCTBEHHOM
MHTEJUIEKTYalIbHOM U YCIIEUIHOM JIMYHOCTH, TOTOBOM K OOYYEHHIO Ha
MIPOTSDKCHUH BCEH KU3HWY, TJIABHBIN aKIEHT IITKOJIBHOTO 00pa3oBaHuUs
B OTHONIICHUHM aKaJIEeMHYECCKUX YMCHHH IOJDKEH OBITh CcIenaH Ha
camocTosATeNbHOe A00bIBaHne 3HaHui. HaOmromas 3a ygammmucs 10-
11 xmaccoB Ha ypoke HHPOPMATUKH, OBIJIO 3aMEUEHO, YTO OTH YMEHUS
HaxoJATCA B 30HE PHCKAa WU JIODKHBI OBITh Pa3BUTHI JI0 BBICOKOTO
VPOBHSI C TIOCIEAYIOIIMM TE€PEX0JIOM Ha MEXIPEIMETHBIC CBSI3H.
Takum 006pa3om, ObLIa BBIZCICHA CIEAYIOIAS
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IIpob6aema: B xome mnegarort4eckoil MPaKTUKU BBISBICHO, YTO
yuamuecs 10 kiaccoB, paboTas camMOCTOSITEIBLHO 0€3 MOANEPKKU
YUUTENS, BJIAJICIOT HaBBIKAMHU MCCIIEIOBATEIILCKON NESITEILHOCTH Ha
HU3KOM U CPEJTHEM YPOBHSIX.

Heab: Pa3zpaboraTh METOAUWYECKHE PEKOMEHIAIUH I YUUTENeH
WHOOPMATUKA TIO PA3BUTHUIO HCCIEAOBATEIILCKUX HABBIKOB Y
yuamuxcs 10 kmaccos.

3agaun

e Co3math ONTUMAJIbHBIE YCIIOBUS TUTSL PacCKpbITUA
UHANBUIYATbHBIX CIIOCOOHOCTEH ydammxcs U GOpMUPOBATH HABBIKU
CaMOCTOSATENIbHONM  y4eOHOW  JESATENIbHOCTH C  MPHUBICYCHUEM
MHOOPMAIITMOHHO KOMMYHUKATHUBHBIX TEXHOJIOTHM I  CO3/aHuUs
TeMaTUYECKUX MPOEKTOB.

e Pa3BuBaTh HaBBIKK KPUTUUYECKOTO MBIILICHHUS.

e Pa3BuBaTh U COBEPIICHCTBOBATH CUCTEMY PAaOOTHI U MOJJICPKKU
OJIAPECHHBIX yYAIIUXCS.

e lcnosib30BaTh WHHOBAIIMOHHBIE TEXHOJIOTUWA JJISI TTOBBIIICHUS
KauecTBa 00pa3oBaHUsl.

e [Iponomxutrh paboTy Mo OOOOLIEHHWIO UM TPAHCIUPOBAHUIO
MeJIarOrMYeCKOro OMbITA.

N3yunB u mpoaHaIM3UpOBAB JIUTEPATYPY MO PA3BUTHUIO HABBIKOB
MCCJIEIOBAHMS Y YUAILIUXCS YEPEe3 CaMOCTOATENbHOE 00yUEeHHUE, MOKHO
OTMETUTh, YTO 3HAYUTEIbHYIO POJIb UTPAET MPOEKTHAsI AEATEIbHOCTD.
AptembeBa M.B., besymoa O.JI. (1) oTMeuaroT, 4TO OJHUM U3
METO/0B 00y4ueHus: HHOOPMATUKU HAa YPOKaX JOHKHO CTaTh PEIICHUE
VYAIIUMHUCS  y4eOHO-UCCIEOBATEIbCKUX 3a7ad, KOTOPBIE YUYUTENb
CTaBUT Tiepen HUMH, GOpMHUPYS HX TOTPEOHOCTH U pa3BUBas
FOTOBHOCTh K OBJIQJICHUI0 TEOPETUYECKUMU U MPAKTUYECKUMHU
3HaAHUSAMH IO UHGOPMATHKE.

AHanmu3upysi MeToj MNpoeKToB B 00yueHuu, M.M. PyOunmreitn
MOJYEPKUBAJL, UTO «Er0 YacTO HA3bIBAIOT METOJOM MpPOOJIEM, U OH, BO
BCSIKOM Cllydyae, HAacTOJIbKO OJIM30K K TMOCIEAHEMY, YTO psil
aMEpPUKAHCKUX AaBTOPOB TMOCBAIIAET MHOTO YCWIMH TOMY, YTOOBI
MOMeIIaTh 3TOMy cMeneHnto» [2]. OH npeaynpexaan, 4To «1u3 camou
CyTM METOJIa TIPOCKTOB BHUJHO, YTO OH HE MBICIUTCS Kak
€MHCTBEHHBII METOJ IWIKOJAbl M YTO OH M CaM BXOJIUT B OoJiee
UPOKYI0 OOIIyI0 CHUCTEeMYy H B OTACIBHBIX CBOMX JTamax, B
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BBITIOJIHEHUM TIOCTABJIICHHOM 3a7aud  MOXET UATH Pa3IuYHbIMU
METO/IaMH (J1abopaTopHbBIM, HKCKYPCUOHHBIM, KHIKHO-
UCCIENOBATENbCKUM U T.0.)» [2]. Takum oOpa3zoMm, yduTels,
CTpEMsIIIMECS] K BBICOKMM pe3yJbTaTaM CBOUX YYAIIUXCS JOJDKHBI
MCIOJIb30BaTh Pa3HOOOpa3re METOI0B M TEXHOJIOTHI MPEnoJaBaHusl.

YenioBeK ¢ pa3BUTHIM KPUTHYECKHM MBIIUIEHUEM — 3TO YEJIOBEK,
YMEIOIINA aHATU3UPOBaTh MH(OPMAIHIO, JeTaTh CAaMOCTOSITEIbHBIC
BBIBO/IbI, TPOTHO3UPOBATh MOCIEIACTBUS CBOMX PEIIEHUN W HECTH 3a
HUX OTBETCTBEHHOCTb

Crnenyroommii 3Tan MOEro uccieAoBaHus ObUT cOOp MNEPBUYHBIX
JaHHBIX Yepe3 HaOJIo[eHHe, UHTEPBbIOMPOBAHUE, aHKETUPOBAHUE U
anmpoOaIuo METO0B.

B mpouecce nHaOmogeHuss ObUIO BBISBICHO, 4YTO MPOEKT JJIs
y4almxcs — 3T0 OrpOMHas 4acTh, TpeOyromas pa30opa u pa3paboTKH,
KOTOpasi OpraHu30BaHa, MPOTECTUPOBAHA, OLICHEHA U MPEOCTaBlIeHa B
dbopme otuera. IlpoexkTHass paboTa HaeT BO3MOXKHOCTh YUYECHHKaM
IIOKa3aTh  COOCTBGHHBIC  CIOCOOHOCTHM  MBINIICHUS, AaHAJIN3a,
MPOEKTUPOBAHUE MPOTPAMMHOIO KOJa, HCCIEIOBAaHUE, YCTAaHOBKY
MPOTrPaMMHOTr0 MPOAYKTA, JOKYMEHTHPOBAHHUE U OLIEHUBAHHE CBOETO
npoaykta. (OCHOBHOM TE€3UC IOHUMAaHUS METOJA  IPOEKTOB,
3aKJIIOYAeTCs B TMOHUMAHUM YYAIUMUCS, JUISI YETO MM HYXKHBI JTH
3HaHUS, T7le U KaK OHU OYyIyT MCIOJIb30BaTh UX B CBOEW XKU3HU. B
OCHOBE METO/Ia MPOEKTOB JIKUT Pa3BUTHE MO3HABATEJIbHBIX YMEHUHN
yyalxcs, yMeHHe KOHCTPYHUpPOBaTh CBOU 3HAHUA.

[IpoexTsl W wuccenOBaTENbCKUE PAa0OTHI B paMKax yueOHOW u
BHEYPOUHOM JESATENbHOCTH MO HWH(POPMATHKE TIO3BOJSIOT YUHUTEIIO
pPa3BUTh B YYalUXCSl HEMOAJCIbHBIA WHTEPEC, PACIIMPUTh T'PAHMILIBI
CBOETO NpeaMeTa W HAWTU Ty 00JIaCTh, B KOTOPOW pPEOEHKY Jierde
BOCIIPUHUMATh HOBYIO HWH(OPMAIIMI0O W TIPUMEHATh Ha TPAKTHUKE
MoJTyyaeMble 3HAHMSI, COBEPIATH NEepBble MPOoQecCHOHaIbHbIE MPOOBI U
oOpecTu MOHMMAaHUE TOT0, KAKUMH KOMIIETEHUMSMHU JTOJDKEH 00safarh
cenuanuct cgepsl HHOPMATUOHHO-KOMMYHHUKATUBHBIX TEXHOIOTHA.

HaGmrogass 3a yvammmucs pabOTalONMMU C MPOEKTOM, MOTY
CKa3aTh, YTO B OCHOBHOM METOJIMKA MPOEKTa sBJseTCA d(PPEeKTUBHON
MHHOBAIIMOHHOW TEXHOJIOTHEH, 3HAYUTENbHO MOBBIIIAIOIIAs YPOBEHb
KOMIIBIOTEPHOW TPaMOTHOCTH Y  y4YalllUXcs, MOTHBAIMIO, HX
CaMOCTOSTENbHOCTD, TOJEPAHTHOCTD, U UHTEIUIEKTYaIbHOE Pa3BUTHE.
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HNHTepBpl0O ¢ KOJUIETaMHM IOKA3ajJl0, 4YTO YYWUTEN HCIOIb3YIOT
CIEAYIOIIME METOJbl BHEAPEHHS IMPOEKTOB: mo mporotumy 30%,
caMocTosiTeibHOe u3yueHue 27%, cpaBHUTENbHBIM aHanu3 15%,
rpynnoBoe usydeHue 14%, uHIMBHUAYyanbHblE KOHCynbTaluu 14%.
Tem He MeHee, METOJl BHEIPEHUS ITPOEKTOB MO MPOTOTUITY HAUMEHEE
3¢ (PEeKTUBEH 1O CPaBHEHUIO C CAMOCTOSITEIILHBIM U3YICHUEM.

[lo pe3ynbraraM aHKETUPOBAHMUS  y4Yal[UMeCs  HCIHBITHIBAIOT
cleyIolue 3aTpyJHEHHs: nporpammupoBanue 19%, BeiBoabl 17%,
wianupoBanue 17%, anamuz15%, BeIOOp Tembl 15%, monbop
unpopmaruu 13%, npyroe 4%. B cooTBeTCTBUU C MOTPEOHOCTSIMU
ydaluxcs, s BBIACIAI0 CIEAYIOIIHE acCIeKThl HCCIEA0BATEIBCKUX
HAaBBIKOB ISl YYalIUXCS:

1. [IpaBuiIbHYIO TOCTAHOBKY BOMpPOCA JIsl BBISIBIICHUS IIPOOJIEMBI:

e KTo sBisieTcs BalllUM KIMEHTOM U KaKHe Y HEro mpooyieMbl?
KiueHt u ero nmpo0siemsl

e Kak B JaHHBII MOMEHT OH PEIIAET 3TOT BONPOC?

e Kakue anbTepHaTHBHBIE METOABI BBl MOXETE NPEIJIOKUTH IS
pelieHus: JaHHON npoOemMbl?

2. CocTaBUTh CIUCOK BOIPOCOB ISl CBOETO KJIMEHTA, U IIPOBECTH
Oeceny ¢ HUM.

3. B 4HactTu anropuT™M NEUCTBHW ydalIMMCS MpEeIarar0 Halucarhb
CIIMCOK 33J1a4, B KOTOPBIX PEKOMEHAYIO HaMCaTh CJIEIyIOUIEe:

e Yro Oyner aenath nmporpamma.

e Kaxkue nmpoOiemsbl Oyner pemarb.

e HapucoBatb 6J10K-CXeMy POrpamMMBl.

4. VccnenoBanue 17} aHau3, Ipeasararo UCCIIEI0BATh
MH(})OPMAIMOHHBIN MOTOK, AHAIIM3UPOBATH U OTOMPATh UHPOPMALIH B
nmpoiiecce mnoucka. JleTabHO coOpaThb TEXHUYECKOE 3ajaHHe.
PaccMoTpeTh NpOTOTHUIIBI TPOTPaMM.

5. JIu3alH — 3TO 4acCTh CAMOCTOSATEIBHOTO PELICHUS, HO U HA 3TOM
JTame ydyalluMcsl HY)KHO HapHCcOBaTh, CO3JaTh rpaduyecKuid
uHTepdeic WM TOCTPOUTH NpeAanojaraemyro (QopMmy HOpOrpamMMBI.
JleTanbHasi TOPOEKTUPOBKA CHUCTEMBI, MPEAINOJIAraeMble 3aIlHCH,
CTPYKTYpBl (ailla U CTPYKTYphl JaHHBIX JOJKHBI OBITH OIMUCAHBI,
MPOEKTHbIE TPEOOBAHUS BKIIOUECHBI

6. Yacte pa3paboTka W NPOTPpaMMHUPOBAHUE — CO3JaHUE U
HaIlMCaHWE MPOTPAMMHOIO KO/, JIMCTUHIA MPOrpaMMbl, B KOTOPYIO
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0053aTeNBHO JOJKHBI ObITH BKIIFOUEHBI ONIEPATOPhI IUKIIOB, MACCUBOB,
IpoLEeayp, B 3aBUCUMOCTH OT KJIacca y4allnuxcs.

7. TectupoBanue: mpejuiaral0 TaOJWIly IUIaHa TECTUPOBAaHUS B
KOTOPOM ydYamuMmcsl HYXHO T[OKa3aThb, YTO OHH COOMparoTcs
TECTUPOBaTh, KAK OHU COOMPAETECH ITO JIeNIaTh, KAKOW PE3ybTaT OHU
OXXHMJAIOT YBUJETh M KaKoW pe3ynabTar OyleT yBUJEH B KOHIIE, C
JIOKA3aTEIbCTBOM.

8. YCTaHOBKA M PYKOBOACTBO MNPOTPAMMHOIO MNPOIYKTA, JOJKHBI
OBITh OTOBOPEHBI C 3aKAa3UYMKOM, PACHUCaHbl B KaXKI0W YacTH.

9. BeiBonbl. Ilpennararo ydeHHMKaM BCHOMHHUTh KakKMMHU ObUIH
MEepBOHAYAJIbHBIC 3a/1aud MX IPOEKTa, KOTOPbIE BBl Mepes coOou
CTaBWJIH B CEKUMU J(M3aliH.

10. [demoHcTpanusi CBOErO MPOEKTa W onucaHue. [[eMoHcTpanus
3aBUCHUT OT KJIacca y4yalluxcs, B KOTOPO 00s3aTeIbHO MPUCYTCTBYIOT
KPUTEPUU OLICHUBAHUS, peIieKcusl.

[IpoekTHO-UCCIIEIOBATENbCKAS ~ JEATEIBHOCTh HUMEET  OOJIBbIINE
BO3MOXXHOCTH ISl Pa3BUTHSI TBOPYECKOM, AaKTUBHOM JIMYHOCTH.
[ToroMy uTO pmaHHas JAEATEIBHOCTb IIO3BOJISIET CTUMYJHUPOBATH
MO3HABATENIbHYI0 AaKTUBHOCTh, OCO3HAHHOCTb 3HAHUMW, OIIYIIATh
BAXXHOCTh COOCTBEHHBIX JOCTHXKEHUH, YTO MOJHUMAET O0YyYarOIINXCsl
B COOCTBEHHBIX IJla3ax, I[IOBBIIIAET MPECTHXK 3HaHUU. Eciu
OOydJaronuiicss CymeeT CHpaBUThCA C paboTOMl Haag y4eOHBIM
IIPOEKTOM, MOKHO HAJEIThCs, YTO B HACTOALIEH B3pOCION XKU3HHU OH
OKaxkeTcsi  Oojee  MPUCHOCOOJCHHBIM:  CyMEeT  IUIaHUPOBATh
COOCTBEHHYIO J€SATEIbHOCTh, OPUEHTUPOBATHCS B Pa3HOOOPA3HBIX
CUTYallMsIX, COBMECTHO PabOTaTh C Pa3IUYHBIMU JIOJIbMH, TO €CTh
aJanTUPOBATHCS K MEHSIOIIMMCS YCJIOBUSIM. [lenmas BBIBOABI MOTY
CKa3aTh, 4YTO, WPOEKT sBJseTcs HS(PGHEKTUBHOW WHHOBAIIMOHHOM
TEXHOJIOTUEH, pa3BUBAIOIIECH HABBIKM KPUTUYECKOTO MBIIUICHHUS,
3HAYUTEIHFHO TOBBIIIAIONIEH YPOBEHb KOMITBIOTEPHON IPAMOTHOCTH Y
y4ammxcsi, MOTHUBAIMI0, UX CaMOCTOSTEIBbHOCTh, TOJICPAHTHOCTh, U
HaBBIKM HCCIICIOBAHMS, COBEPIICHCTBYS HMX B HECKOJBKO pa3 M 10
100% ypoBHs. PaboTa mpoekToM oMOTaeT y4dalumcs IJIaHUPOBaTh U
aHaJM3UPOBaTh COOCTBEHHYIO JIESATEbHOCTh, pPa3BUBAECT yMEHHUE
OpPHEHTHUPOBATHLCS B Pa3HOOOPA3HBIX CUTYyAIUsIX, COBMECTHO pabOTaTh
C pa3HBIMH JIIOAbMH, pPa3BUBasi KOMMYHUKATHBHBIC CIIOCOOHOCTH.
[IpoekTHast NEATENBHOCTh AOJDKHA MJIAHUPOBATHCA U BHEAPATHCS B
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COOTBETCTBUM C BO3PACTHBIMHU U TMCHUXOJOTMUYECKUMHU OCOOEHHOCTSIMU
yuamuxcsi. [lpu 3ammre NpoeKTOB HE BCE yualuecs TOTOBBI K
nyOJIMYHOM JAEMOHCTpalMu CcBoero mpoekTa. llpu omucanum 3tamnoB
MIPOEKTAa HE BCE yYalllMecsl CHOCOOHBI IE€TAJbHO yKa3aTh Ha Pa3BUTHE
yacTel mnpoekTta. Camblil JIESTKUH METOJI BHEAPEHUSI MPOEKTOB — 3TO
cpaBHUTENbHBIH  aHanmu3. Cambli  >Q¢eKTUBHBIT  MeTon  —
WHJVBUTyaJIbHbIE KOHCYJIBTALIMH.

[IpoekTHass JEATENBHOCTh YYAlIUXCS CIOCOOCTBYET Pa3BUTHIO
CaMOCTOSITENIbHBIX ~ MCCIIEIOBATEIbCKUX  yYMEHUH,  TBOPYECKHX
CIIOCOOHOCTEM W JIOTUYECKOTO MBINIJICHUS; WHTETPUPYET 3HAHUA,
MOJIy4YE€HHBIE B XOJI¢ y4eOHOro mpouecca, 1 IpuoOIaeT yJaumxes K
PELICHNI0 KOHKPETHBIX >KM3HEHHO BaXKHBIX mpoOseM. IIpoexTHas
JESTeNIbHOCTh ABJIAETCS OJHOM W3 (OopM oOpraHuzauuu y4yeOHOro
mpolecca, OHa CHOCOOCTBYET MOBBILICHUIO KauecTBa OOpa30BaHUA,
JNEMOKpATH3alUK CTHIISI OOIIEHHUSI Mpero/iaBaTesieil 1 00yJarommxcs.
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Abstract: after the global energy crisis in the 1970s, the development
of non-traditional and renewable energy began. Currently, the total
capacity of existing renewable energy plants is about 600 GW, which
is almost twice the capacity of all operating nuclear power plants in
the world and about three times the capacity of all Russian power
plants [1,2]. Renewable energy development is particularly relevant
for those countries that lack natural resources (oil, gas, coal, etc.) to
meet the needs of traditional energy stations. One such country is the
Republic of Tajikistan. 93% of the territory of Tajikistan out of
142,970 km? is occupied by mountains, so of all renewable energy
sources (wind, sun, hydropower, geothermal energy and low-potential
heat of the land) the most accessible for the republic after is hydro-
and solar energy [3-6].

Keywords: solar power, solar potential, alternative source, solar
collector, photovoltaic installations.

AHAJIN3 HOTEHIIUAJIA UCITIOJIB30OBAHUS SOHEPT'NHU
COJIHEYHOI'O U3JIYYEHUSA HA TEPPUTOPUUA
PECITYBJIUKHU TAJUKUKUCTAH
HurmartoB Y.)K.l, Haumos IILB. (Poccuiickas ®@enepanus)

1 N
Huemamos Ynyebex Kypaxysuesuu — cmaicép,
Kagheopa 2udposHepeemuKu 1 60300HOBIAEMbIX UCTNOYHUKOB DHEP2ULL;
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’Haumos Llloxnaszap bobomypodosuu — mazucmp,
Kagheopa 31eKmpoCcHaAbICEHUSL NPOMBIULIEHHBIX NPEeOnPUsMuLL
U 271eKMpPOMexXHOI02Ul,

DedepanvHoe 2ocyoapcmeeHnoe 0i00dcemuoe 0opazoeamenbHoe
yupeosicoeHue vlcuie20 0o6pa308anus
Hayuonanvnuiii uccneoosamenvckuil yHugepcumem
«Mockosckuti sHepeemudecKuil UHCMUmym»y,

2. Mockea

AHHOmMauusa: nocie Mupogoco sdHepeemuyecko2o kpuzuca 6 70-x
200axX NPOULIo20 CMOJIeMUsi HAYAI0Ch PA36umue HempaouyuoHHOU u
60300H065eMOl  dHepeemuKku. B nacmosiwee e6pems cymmapHas
MOWHOCIb  OellCMBYIOWUX DHEeP2OYCMAHOBOK HA B0300HOBISAEMbIX
ucmouHuKax suepeuu cocmasasem okono 600 I'Bm, umo noumu 6 08a
pasa  Ooavule  MOWHOCMU — 8CeX  OCUCMBYIOWUX — AMOMHBIX
INEKMPOCMAHYULL 68 Mupe U NPUOIUUMETbHO 8 mpu pasza 0o.vuie
mowHocmu  ecex anekmpocmanyui  Poccuu [I, 2]. Ocobenno
AKMyanbHO passumue 80300H0BIAeMOl IHEPeMUKU 011 mex CMpan, 8
KOMOPbIX HeO0CmAamo4Ho 3anaco8 HPUpPoOOHbIX pecypcos (Hepmu,
easza, yensi u m.o.), umoobvl y0081emeopums nOmpeOHOCMU CMaHyutl,
pabomarowux Ha MPAOUYUOHHBIX UCMOYHUKAX dHepeuu. OOHOU u3
makux cmpan  aenaemcs  Pecnybnuxka — Tadocuxkucman. 93%
meppumopuu  Taodocukucmana uz 142970 xm? 3anumaiom 2opeol,
NO2MOMY U3 B8CEX B0300HOGIAEMbIX UCMOYHUKOB 3Hepeuu (gemep,
coninye, 2UOpOIHepeemuKa, 2e0mepManbHas. SHepeusl u
HU3BKONOMEHYUAIbHOe Menio 3emau) Hauboiee OO0CMYNHOU OJis
pecnyonuxu a6asemcs 2uopo- u ColHeyHas snepeemura [3-6].
Knioueevle cnosa: conmneunas sHepeemuxda, NOMEHYUAL COTHEUHOU
SHepeUuu, albMePHAMUBHLIL UCMOYHUK, COJIHEUHbIL  KOJLIEeKMOop,
Gomosiexkmpuueckue yCmaHo8KuU.

BBenenue

Pa3zBuTne Hayku, TEXHOJOTMH W MPOU3BOJCTBA, a TaKXKE POCT
HaceJICHWs  IUIAHEThl  BEAET K  YBEIMYCHHIO  TOTpeOJeHUs
anekTpo3Hepruu. I[loaTomy BO BCeM MHpE HINYT albTEPHATUBY
TPaIUIIMOHHBIM HMCTOYHHKAM SHEPrud B BHIE Oosiee OE30IaCHBIX,
SKOJIOTHYECKH YHMCTBIX M BO300OHOBISIEMBIX. OJHHUM H3 BO3MOKHBIX
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pelIeHnil TaHHOM MpoOJIeMbl SIBISETCS HETPAIULMOHHBIE UCTOYHUKU
DHEPIruM, a UMEHHO, CONIHEYHas dHeprusa. Cchuiasich Ha JOCTOBEPHBIE
UCTOYHUKH, B KOTOPBIX TMPOBOJUTCA AaHajdu3 IO  BOIPOCY
WCIIONIh30BaHUs HanbOosee 3(PGEeKTHBHOTO BUAa WCTOYHHKA SHEPTHH,
MOYXHO 3aKJIOUUTh YTO B TaIKUKUCTAaHE CYIIECTBYIOT BCE YCIOBUS
IUTsl IPUMEHEHHUsI SHepTrun coHna [8-12].

Tepputopusa TaKukucTaHa pa3JelicHa HAa CaMble pPa3jIuyHbIC
TFCOKJIMMATUYECKUE 30HBI — OT KAPKUX ITYCTHIHb JI0 BEUHBIX JICTHUKOB.
Ha 3anage B mnpenmenbl CTpaHbl BXOASAT IIYCTBIHHBIE YYaCTKH
TypaHCkol HHU3MEHHOCTH, Mepexoasmme B mnpearopbs. Ha BocToke
CTpaHbl BO3BBINIAIOTCS TopHble XpeOThl Tsub-1llans u I[lamupa, roe
PACIIOJIOKEHBI BBICOYANMINKME TOpPHBIE BeplIUHbI LleHTpanbHOM A3uun
(7495 m - mux Ucmauna Camanu). Csbiie 80% JieMHUKOB (Kak IO
IoWaaM, Tak W 1o o0bemy) LleHTpanbHO-a3uaTCKOro peruoHa
HaxoJATCs Ha TeppuTopur TalKUKUCTaHA.

['eorpajguueckass mupoTa W KIAMAT — TJIABHbIE (PAKTOPBI,
OTPEEIISIONME BO3MOXKHOCTH HCIIOIb30BAHUSI COJTHEYHON 3HEPTUH.
PecryOmuka TaKHKUCTaH pacrosiokena Mexay 37° u 41° ceBepHoit
IIUPOTHl W TMOJHOCTBIO BXOAUT B TaK Ha3bIBaGMbId «MHPOBOMU
COJIHEUHBIN mosicy (45° c.u1. — 45° 1o0.11.). [lo 1aHHBIM CTATUCTUYECKUX
HaOIIOACHUI KOJMYECTBO COJHEYHBIX JHEW B TOAY MO pecnyOsuke
coctapisier B cpeaHem 280 — 330, WMHTEHCHBHOCTb COJIHEUHOM
paguanuy B OOJIBIIMHCTBE pailoHOB mocturaer 1000 BT/MZ, a roJioBas
cymma pagmamuu npesbimaer 2000 kBr/m”. KommdectBo romoBoid
CyMMapHOW paauaiuu B Ta/pKMKHCTaHE B JiBa pa3a OOJIbIIE, YeM B
cpenHer mnosioce EBpOIbI, rli€ MCMOJIb30BAHUE COJIHEYHOM SHEPTUU
HOCHUT CaMblii IIMpOKUi xapakrtep [12-18].

[Io yKpynmHEHHBIM OIIEHKAM IIOTEHUHAT COJHEYHOW OSHEPrUU
Pecnybnuku TamxkukucTan coctaBisieT okojo 25,16 mupa. kBt u/roa
n Moxer yaosiuetBoputh 10-20 % cnpoca Ha sHepronocutenu. Kak
m3BecTHO, KIIJ[ comHeyHBIX yCTAaHOBOK (3JIEMEHTOB) B HACTOSIIEE
BpeMsi HEBEJIMKM U cocraBimsaor  12-18  %. Opnako, BBUILy
CPaBHUTEJIBHO OOJIBIIIOr0 MOTEHI[MATa COJIHEUHOM DHEPTreTHKU, JTaxe
npu HuzkoMm KIIJ[ 3a cuér sneprum CoiHIa MOXHO 00€CIeunTh
obmue morpedHocTH HaceneHus Ha 60-80 % B TeueHUe, 110 MEHBIIICH
Mepe, NECATH MECSLEB B IOAYy Ha BCEU TEPPUTOpUM TaJKUKHCTaHA.
I[TostoMmy B HacTosiiee  BpeMsl ~ OpOrpaMMbl  Pa3BUTHUSA
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anekTposHepretuku PecnyOnuku  TamkukuctaH paccMaTpUBaIOT
pa3BUTHE COJHEYHOM OHHEPreTMKH Kak Hauboliee MepPCHeKTUBHOE
HanpaBieHue [3-8]. OTu 0O0CTOATENbCTBA TO3BOJSIOT CUUTATH
TamxkuKuUCTaH  €CTECTBEHHOM  jabopatopuedl  JJid  HCIBITAaHUSA
YCTAHOBOK U YCTPOWUCTB aJIbTEPHATUBHOM HEPTETUKHU JJISI PA3IMUHBIX
KJIIMMaTUYECKUX YCIOBUH.

[IIupokomacmTabHOE HMCHOJIB30BAaHUE COJHEYHOW DHEPTHH B
Tamxukuctane (0COOCHHO B CEIIBCKOM MECTHOCTH W TOPHBIX
perroHax) Oyner CcHnocoOCTBOBaTb HE  TOJBKO  YJIYUYHICHUIO
HHEProoOeCTeYeHHOCTH  HACEJCHUS, TMOBBIIMICHUIO  KU3HEHHOIO
YPOBHSI, HO U OJIHOBPEMEHHO Pa3BUTUIO COBPEMEHHBIX TEXHOJOTHUH,
CO3/ITaHUI0 HAYKOEMKOTO MTPOU3BO/ICTBA B cTpaHe [14-18].

ITo mpeaBaputenbHbIM pacyeTHbIM AaHHBIM [19,20], moTeHIman
albTEPHATUBHBIX  DHEPropecypcoB  TaKUKUCTAaHA  COCTABJISET:
COJIHEUHOTro u3nydenus - 3103 mapa. kBr*u/ron, sHeprun Ouomaccsl -
2 wmupa. kBt*u/ron, sHeprum Betrpa - 25-150 muapa. xkBr*u/rogn,
reotepManbHOil sHepruu - 450 mupa. kBr*u/rox. [axke yactuuHOe
HCIIOJB30BaHME ATOT0 MOTEHIMAIa MO3BOJIUT 3HAYUTEIHHO YIYUIIUTh
JOCTYNl ~ HaceJleHus K  DHepropecypcaMm,  CTaOWIM3UPOBATH
SHeproOajaHC M JKOJOTUYECKYH) CUTYyallMl0 B CTpaHe U B
LentpanbHo-a3uatckoM peruone. B Tamkukucrane, Ha JOJIIO
ATbTEPHATUBHBIX HMCTOYHUKOB DHEPTUU TPUXOAUT MPHUOIM3UTEIHHO
2% obmiero sHeprodanaHca u 5T0 B OCHOBHOM CBS3aHO C BHEIPEHHUEM
Mukpo- 1 MuHH-I'DC. Becero B Tamkukucrane: 6osee 300 Maibix
I'SC, HebGonpInoe KOIUYECTBO BETPOYCTAaHOBOK (MoiHOCThIO OT 0,1
1o 10 xBT), conneunsie ®OC (B cymme npudnusurensHo 300 xkBT),
COJTHEUHBIE KOJUIEKTOPA MIOMAABI0 MPUOTH3HTETbHO 20 000 M°.

[lenbto HacTositel pabOTHI  SIBASIETCS  OILIGHKA TOTEHI[Maja
WCIIOJIL30BAHUS DHEPTUM COJTHEYHOTO M3JIYyUYCHHUS] Ha TEPPUTOPUH
PecnyOnuku Tamxukuctan. [[ns gocTuxkeHuss 3ToM 1ieau  OblLia
npousBe[eHa OIlleHKa 3(PQPEeKTUBHOCTH MpeoOpa3oBaHUsl HHEPrUu
COJIHEUHOTO M3JTy4eHUs B Tpex peruoHax PecnyOnuku TamkukucTas.

1. OcHOBHBIE MCXO/IHbIE TAHHbIE

[Ipupogno-knumaTtnueckue ycnoBus PecnyOnuku Tamxkukuctan
SABJISIIOTCS ~ HauOoyiee  ONMArompusiTHBIMM  JUIS  MCIOJIb30BaHUS
conHeuHou 3Hepruu. B cpeanem 280-330 cosHeuHbIX AHEN B rofy, a
MHTEHCUBHOCTb CYMMAapHON COJHEYHON pajauanuyd B TEUECHHE Tojia
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xomeGnercst o 280 10 925 MJIx/M” B IIPEATOPHBIX PaiioOHAX, a TAKIKE
or 360 mo 1120 M,Z[}K/M2 B TOpHOW MeCTHOCTH. Kcrmonb3oBaHue
COJIHEUHOU 3Hepruu B Tapkukuctane MOXeT yaoBiaeTBopuTh 10-20%
crpoca Ha »HeproHocutenu. [lo oOlleHKaM MOTEHUIHA COJIHEUHOU
sHeprum TaKUKUCTaHa COCTaBIsIeT OKoio 25 mipa. kBtu/rox. Otot
MOTEHIIUAJ MPAKTUYECKHU HE UCIIOIb3YETCS, €CJIM HE yUeCTh HEKOTOPOE
€ro MCMOJIb30BaHUE JIJIsl HarpeBa Bojibl [13,14].

OCHOBHBIMM HUCXOJIHBIMH JIAHHBIMM JIJIS OLICHKHU TOTEHIMana
COJIHEYHOM PHEPreTUKU U BHIOOpA Harbosee ONTUMAILHOTO MECTa JIJIst
pasMmelieHuss  coiqHeyHo  anekTpoctaHmuu  (COC)  saBngercs
KOJIMYECTBO CYMMapHOW (NpsAMOM U  PpaCCESHHON) COJHEYHOU
paguanui Ha TOPU30HTAJIBHYI0 MOBEPXHOCTh NMPHU JEHCTBUTEIBHBIX
YCIIOBUSX OOJIAUHOCTH, KOTOPBIE SBJISIOTCS CIPABOYHBIMU JTAHHBIMU
[3,4]. Ans PecriyOnuku TapkuMKHUCTaH OHU NMPUBEACHBI B Ta0I. 1.

Tabnuya 1. Cymmaphas (npsamas u paccesiHias) COTHeYHas paouayus
Ha 20pU30OHMANILHYIO NOBEPXHOCMb NPU OeUCTNBUMEIbHBIX YCI08UAX
obauHocmu, 0151 XapakmepHulx paiionos Pecnyonuku Tadscuxucman

T'opon, Mecsn
NYHKT I o |mm v v [vi|vo|vin|ix [ x [ X1 [xi
Kaiipaxymexoe | o) ol he0 | 418 | 561 | 722 | 833 | 839 | 760 | 601 | 408 | 245 | 164
BOZ[OXpaHI/IJ'II/IH_Ie
Kypran-Trobe | 188 | 268 | 389 | 528 | 691 | 812 | 837 | 823 | 616 | 427 | 264 | 172
Henmmi 272|354 | 532 | 718 | 846 | 917 | 892 | 754 | 654 | 458 | 316 | 243
deueHko

Onnako s BbeIOOpa Haubojee ONTUMAJIBHOTO paiioHa IS
pasmemenus COC  HEOOXOAUMO  OIEHUTH MPOJOJDKUTEIHHOCTD
COJIHEYHOTO CHSIHMSI B TEUCHHE CYTOK 3a MECAIl M 3a ToJ. Meroanka
pacuéra uznoxkeHa B [2]. ICXOAHBIMH JAHHBIMU SIBJISLIUCH CyMMAapHast
COJIHEUHAsl pajuaIiusi, MpeACTaBIeHHas B TaOnauie | U KOOpAMHATHI
PacmoJIoKeHUs pailoHOB (TabI. 2).

Tabauya 2. Koopounamel xapakmepuuix paiionos Pecnyoauku

Taoorcukucman
Paiion IIupora Hoarora
Kaiipakymckoe BOIOXpaHHUIIUILE 41°15'44" c.im. 69°47'28" B.A.
Kypran-Tro0e 37°50'02" c.q. 68°46'54" B.A1.
Jlenauk @equeHko 39°15' 37" c.1. 72,2°46'54" B.1.
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2. PacyeTHO-MaTeMaTHYeCKasl YacTh

ITo meroauke, W3JIOXKEHHOW B [2] ObUIM MPOU3BEIACHBI PACUETHI
CKJIOHCHHSI COJIHIIE O, YACOBOTO yTJla COJHIIE (® U MPOJIOKUTEIHHOCTH
COJIHEUHOTO CHUSIHHS B T€UEHHE CYyTOK T, B TOUke A ¢ KOOpAMHATAMHU
(¢, ¥) B paccmaTpuBaeMbie CYTKHU IO MecsliaM U B TeueHue rozga. Ilo
pe3yJbTaTaM BBINOJHEHHBIX PACUETOB JJI BCEX BBINICHPUBEIEHHBIX
XapaKTepHBIX paiioHOB PecnyOnmku TamKUKHCTaH TOCTPOCHBI
3aBUCHMOCTH, PEICTABIEHHBIE HA pUC. 1+3.

Tcoc, cyT. 4
17
Te.cmin=14,36
15 pn i lil
13
11
g 23ld 9,454
7 Te.cmin=9,45
mnAil. 12
5
1 2 3 4 5 [ il a 9 10 11 12 a)
Mecaus
Tecc,rom a

S00

Teo.cmin=2]1540
450 ana 2206

400

350

304,73y 296,97}

300

750 Tc.cmin=144,30
onaiz 12 6)

200

M ecAupl
Puc. 1. I'pagpux npooonscumenbHocmu coIHEUHO20 CUAHUS OIS

Kypean-Tioobe:
a) 3a mecay, 6) 3a 200
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Tcc,eyT. g
17

Tec.cmin=14,55
15 anAZz.oa
13
11
9 931y 9,35y

7 Tc.c min=9,25
mnazz.la a)

1 2 3 4 5 3 7 8 9 10 11 12

Ve caupl

To.c,rom o
500

Te.cmin=21515

450 nnad2.06

400

350

_ 299,49/ 14L,60M
0)
250 Te.omin=218,15
Juf £ QIR )

200

1 2 3 4 5 ] 7 B 9 10 11 12

Mecaup

Puc. 2. I'pagpux npooonscumenvHocmu coineuHo2o custus ojs
Jleonuka @eduenxo:
a) 3a mecay, 6) 3a 200

Kak Bumno u3 puc. 1 — 3 HauOosblias MNPOIOIKUTEIEHOCTh
COJIHEUHOTO CUSTHUS 32 MeCSI U 3a ron qocturaercs s Kypran-Trobe
(37°50'02" c.m1., 68°46'54" B.11.).

Opmnako mpu BeIOOpE onTUMaIbHOTO MecTa it yerporictBa COC ¢
HCIIOJIb30BaHUEM (hOTOINEKTPUIECKUX npeoOpa3oBareneit
HEOOXOAMMO 3HAaTh HE TOJBKO MPOJOKUTEIHLHOCTh COJTHEYHOTO
CUSIHUSA, HO M KOJIMYECTBO MPSAMOW COJIHEYHOM pajguanuu, T.K. JJIs

BI)Ipa6OTKI/I (i)OTOTOKa B COJHCYHBIX OJJICMCHTAX HMCCT 3HAYCHUC
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MMEHHO KOJMYECTBA MPSAMOW CONHEYHOW paguauuu. [losTomy Ha
BTOPOM JTalleé aHalIW3a IOTEHIMana COJIHEYHOW DJHEPreTHKU IS
PecniyOnuku TamkukucTaH OBUIM BBIMOJHEHBI PAacyEThl M3MEHEHUS
MAaKCUMAJIbBHOM CYTOYHOW MPSIMOM COJIHEYHOW pajJhalid B TEUYCHUE
rojla ¥ IOTOKA COJHEYHOW paaualvy 3a ToJ Ha TOPU30HTAIBHYIO
IUIOMIAIKy A7 BCEX  XapaKTepHbIX  paiioHoB  PecmyOmmku
TamKkukucTad.

Tc.c,cyT. 4
17

Te.cmin=14,74
15 ana 2206
13
11
9 o1ty 9,154

7 Te.c min=9,04
mnald 1z

1 2 3 4 5 3 7 a 9 10 11 1z

Mecaue!

To.c,rom 4
500

Te.omin=221.10

150 nna .06

350

294,094 254.93 1y

50 Te.cmin=135460 6)
onazd.l2

MecAubl

Puc. 3. I'pagpux npooondxcumenbHocmu COTHEYH020 CUAHUSL OIS
Kaiipaxymckoeo sodoxpanunuwa: a) 3a mecay, 6) 3a 200

MeTroauku pacyéToB U3MEHEHUS MAaKCUMAJIbHOM CYTOYHOM MPSIMOU
COJIHEYHOW paJHaliy B TEUCHHE I'0/1a U MOTOKA COTHEYHOW paauanuu
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32 TOA Ha TOPU3OHTAIbHYIO IUJIOUIAJIKy TPHUBEIEHBI B
pe3yJbTaTaM BBIIOJHEHHBIX PacY€éTOB IOCTPOEHBI
MIPE/ICTABICHHBIE HA pHUC. 4.

[2]. To
3aBUCHUMOCTH,

S, £Br w2 oyT) Shmae = 8,553 xR wi{m2-cyT) o, M2 cyr)
[" I
E 36 a7 1
2 E ]

7E
6 F

125

_ K
IE ]
115

110

30 a)
o 10
v oWl VI VIl I¥ ¥ X XI
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Kak crnenyer u3 3aBUCHMMOCTEH, MpEACTaBICHHBIX Ha puc. 4,
MakCHUMajbHas MpsiMas COJIHEYHas pajualus A TOPU30HTAIbHOMN
IJIOIIA/IKK TakXKe XapakTtepHa misg paiioHa Kyprau-Trob6e (37°50'02"
cam., 68°46'54" B.n.). IloaTomMy wuCX0oad U3  ONPEACIEHHBIX
MOKa3aTeleld BBIIIE, XAPAKTEPU3YIOIIMX MOTCHUHAT COJIHEYHOU
DHEPTEeTUKH, HanOOoJIee ONTUMATIBLHBIM MECTOM s paszmerieHus COC
c ¢oTornekTpuyeckuMu  mpeoOpazoBarensimu B PecryOmmke
Tamxukuctan sBnsercs paiion Kypran-Tio0Ge, koTopas sBisieTcs
aJIMMHUCTPATUBHBIM LIEHTPOM XaJTOHCKOW O0JacTh M OJHUM W3
KPYITHBIX TOPOJIOB PECITYOJINKHY.

BoiBOABI

Ouepreruueckasi crparerusi Pecmyonuku TapkukucTaH HampaBiieHa
Ha JIOCTHKEHHME SHEPIeTUUECKON HE3aBUCUMOCTH CTPaHbl U OTPAKEHA BO
MHOTMX JCWCTBYIOIIMX IIporpamMmax M JoKymMeHrax. OpHoil w3
OCHOBHBIX LIEJIEH B SHEPreTUKE SBJSIETCS OOECleYeHne HAAEKHOIO U
KayeCTBEHHOI'0 JIOCTyIla K SHEPrUU BCEro HACEIEHUSl CTPaHbl, cQepsl
MPOM3BOJICTBA M YCIYI, a Takke >(PPEKTUBHOE HCIOIB30BAHHE
BO300HOBIISIEMBIX HMCTOYHMKOB JHEPIWM, B YACTHOCTH COJIHEYHOU
sHeprud. [1o pe3synpraTam, IpOU3BEAECHHOIO aBTOPAMH aHAIIN3A CIIEAYET:

l. moTeHMan UCMONb30BAHUS COJIHEYHON SHEPTUM HA TEPPUTOPUHU
Pecnnyonuku ~ TamkukucraH  O4eHb  BEIMK W HauOouee
OJIarONpPUSITHBIMU SIBJISIFOTCS BhILLIEyKa3aHHBIE PallOHbI CTPaHBbI;

2. 11 TIOBBILIEHUSI 3(PQPEKTUBHOCTH HCIIOJIb30BAHUS COJIHEYHON
SHEPruM HEOOXOAMMO MPABUIBHO MOA00OpAaTh COOTBETCTBYIOLIUE
MIPOEKTUPOBOYHBIE pelIeHUs 1o cTpoutesibeTBy COC;

3. ACTIONB30BAHUE  BHEPIMM  COJIHEYHOTO  HW3JIy4EHHUS  JUIA
ABTOHOMHOTO 3JIEKTPOCHA0KEHMSI OTJAJICHHBIX OT LIEHTPAJIBbHOTO
ANEKTPOCHAOKEHUSI HACEJICHHBIX IYHKTOB, ABJSETCS 3()(PEKTUBHBIM
MPaKTUYECKHU BO BCEX PACCMOTPEHHBIX PETHOHAX.
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Abstract: the influence of the nature of the precipitating agents on the
degree of precipitation of nitricohosphoric acid suspensions has been
studied. The effects of the norm of precipitating agents and
concentration of nitric acid on the degree of precipitation and the
degree of CaO passage into liquid phase were also studied. The
optimal precipitation parameters are defined. The obtained
precipitates under optimal conditions contain as 23.75-24.75% P,0s,
20.95-21.92% PyOs4cca, 25.16-28.19% CaOypr, 22.60-23.70%
CaOg.cq. The degree of precipitation under optimal conditions is
93.92-100%. The rate of filtration of precipitate suspension is within
350-500 kg/m’ an hour for wet precipitate.

Keywords: mineralized mass, nitric acid, precipitate, degree of
precipitation, degree of passage.
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AuHomauyua: uszyueno GauUsHUE NPUpoObl ocadumenelti Ha CMeneHsb
NPeYUnUMUpOBanus a30mHo@pocghoprokuciomusix cycnensuu. Taxoce
U3YYEHO GIUSHUE HOPMbL ocaoumenei U KOHYeHmpayuu a30muou
KUCJIOMbL HA cCMeneHb npeyunumuposanus u cmenensb nepexooa CaO 6
pacmeop. Onpedenenul ONMUMabHble napavempbul
npeyunumuposanus. Ilonyuennvle o0bpazyvl npeyunumamos npu
ONMUMATILHBIX YCA0BUAX codepacam 8 ceoem cocmaege 23,75-24,75%
P305061, 20,95-21,92% P05y no 2%-1i tumonnou kuciome, 25,16-
28,19% CaO,gy,, 22,60-23,70% CaOyee no 2%-1i TUMOHHOU KUCTIOME.
Cmenenb npeyunumupo8anus 8 ONMUMAIbHBIX YCa08usx pasua 93,92-
100%. Ckopocmbv  unempayuu  npeyunumamioi  CYCHeH3Uuu
Haxooumes 6 npedenax 350-500 ke/m’ uac no enasicHomy ocaoky.
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At the moment, phosphorites of Central Kyzylkum are the raw
material for the production of phosphorous fertilizers. Since 2015,
the plant annually produces 716 thousand tons of washed and burned
phosphoconcentrate (WBPhC) with an average content of 26% P,Os,
which is a phosphate raw material suitable for the production of
complex high-concentration phosphorus-containing fertilizers, such
as ammophous (10% N, 46% P,0s) and superfos-NS (8-15% N, 20-
24% P,0s5).

However, the volume of WBPhC can not provide the production of
concentrated phosphorus-containing fertilizers. It is also known that
the production of WBPhC produces phosphorous-containing waste -
mineralized mass and phosphorite sludge, which contain about 42%
P,0s of the total phosphorus content that is processed into WBPhC.

The main pressing tasks in the field of production of phosphorous
fertilizers are as follows: increase of their production volume,
expansion of their variety, involvement in processing of poorer raw
materials and reduction of the cost of produced products. In the
conditions of acute shortage of phosphoric fertilizers due to the limited
volume of high-quality phosphate raw materials, it is necessary to find
effective ways to recycle phosphoric wastes and involve poor
phosphate raw materials in the production of qualified phosphoric
fertilizers.

Advantages of recycling of phosphates by nitric acid is that nitric
acid in it is using bilaterally as a base of active hydrogen ion and as a
nitrogen carrier for useful part of fertilizers. It does not make high
requirements on phosphate raw materials as sulfuric acid processing.
Earlier we studied [1,2] the obtaining of fertilizer precipitate on the
base mineralized mass (MM) and nitric acid. In the work [1], the
production of a fertilizer precipitate from nitricphosphoric suspensions
obtained be decomposition of MM with nitric acid followed by
neutralization of Ca(OH), without the release of an insoluble residue
and the optimal pH is determined, where the passage (loss) of P,0s
into the liquid phase will be minimal. This work is devoted to the
influence of the precipitating agents norm on the process of
precipitation of the nitric acid extraction of phosphates [2]. The
optimal parameters of precipitation are determined, where the degree
of precipitation will be the highest.

74



In this work, we studied the influence of different types of
precipitating agents (CaCQO;, Ca(OH), and gaseous ammonia) on the
degree of precipitation of the nitric acid extract obtained on the basis
of MM and nitric acid.

In this work, we studied the influence of different types of
precipitating agents (CaCQO;, Ca(OH), and gaseous ammonia) on the
degree of precipitation of the nitric acid extract obtained on the basis
of MM and nitric acid.

For laboratory experiments used off-balance ore (mineralized mass)
containing, weight,%: 14.60 P,0s, 43.99 CaO; 14.11 CO,, 1.58 SOs;
10.82 1.r.; CaO : P,Os = 3.01. The concentration of nitric acid varied
from 45 to 55%. The nitric acid norm was taken 100% of
stoichiometry at CaO in the raw material. Neutralization norms
CaCO;, Ca(OH); u NHj 95, 100 and 105 % were used for
deposition of P,Os (in the form of CaHPO,). The use of more
concentrated nitric acid 1s due to the fact that when decomposing high-
carbonate phosphorites, there is abundant foam formation, which
prevents the introduction of a normal technological regime. This
significantly reduced the performance of the equipment.

The obtained wet precipitate was washed double time with hot water
at ratio of dry precipitate : HO =1: 2,5 and 1 : 2,0. The wet precipitate
was dried at 80- 90°C.

Samples of fertilizer precipitates and the filtrate were subjected to
chemical analysis by the following way: all forms of P,Os the
containing [total (t) and acceptable by citric acid (ac.c.a.)] were
determined by calorimetric method on the calorimeter CPhC-3
((A=440 nm) in the form of yellow phosphorovanadiomolybdenum
complex compound [3]. The total (t), acceptable by citric acid (ac.c.a.)
and water solubility (w.s.) forms of CaO were determined by volume
complexometric method titration with 0,02N EDTA in the presence
indicator fluorene or chrome navy-blue [3]. Form of N total (t) was
determined by method Kjeldahl's nitrogen [4,5]. pH of nitrophosphate
suspension was controlled by pH-150MI (Russian Federation, 2013).

The results of laboratory experiments on obtaining samples of
fertilizer precipitates from mineralized mass showed that with the
increase in the neutralizing agent rate at the same acid concentration,
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the increase in P,Os, and CaOy, in the obtained precipitate samples is
observed.

For example, at 45% nitric acid concentration norm with increasing
Ca(OH), from 95% to 105%, the content of P,Os, and CaO, in the
obtained precipitates increases from 22.79 to 23.34% and from 25.07
to 28.00 % respectively. A similar pattern is observed at other nitric
acid concentrations. With the same precipitating agents, with increase
concentration of nitric acid, there is a slight increase in CaO; and a
slight increase in CaOy, in the received products, and the content of
P,0s; decreases slightly. For example, when using 45 % nitric acid and
with a precipitation rate of 100 % (precipitating agent — CaCOs), the
content of Ca0Q,, CaO,, and nitrogen is respectively 26,57; 1.83 and
0.56 %, when using 50 % acid, they are 27.00; 1.87 and 0.63 %, and
when using 55 % acid they are 27.20; 1.90 and 0.65 % respectively. In
this case the content of P,0Os, in the obtained precipitates is 23.11;
23.08 and 23.05 %, respectively, for the concentration of acid 45, 50
and 55%. The use of more concentrated nitric acid leads to a slight
deterioration in the quality of precipitate. This circumstance 1is
explained by the fact that when using more concentrated nitric acid, a
bad washing of Ca(NO;), from a wet fertilizer precipitate occurs. And
also from these data it’s clear that the nature of the precipitation
significantly affects the qualitative parameters of fertilizer precipitates.
For example, when used as CaCO; precipitation, the content of P,Os,
ranges from 22.79 to 23.34% with an increase in the precipitation rate
from 95 to 105% at an acid concentration of 45%. When used as a
precipitation Ca(OH),, the content of P,Os; ranges from 23.75 to
24.41% under the same conditions, and when using NH;, the content
of P,Os, ranges from 24.43 to 24.75%. A similar pattern is observed at
other nitric acid concentrations.

From the above dates, it can be concluded that all the above
concentrations of nitric acid are optimal. Optimum precipitating agents
are Ca(OH), and NH;. All norms of precipitating agents can be
considered optimal. The rate of filtration of the precipitate suspension
is 350-500 kg/m’-hour for wet precipitation.

Thus, based on the results of laboratory test, the effect of the nature
of the precipitating agents on the degree of precipitation and passage
of CaO into liquid phase is shown.
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Abstract: to obtain samples of nitrogen-sulfur fertilizers, the mass
ratio of AN : NG varied from 100: 0,5 to 100:45. It is shown that the
crystallization temperature of the saltpeter melt decreases from 165 to
148,6°C. In products, an increase in the water-soluble form of calcium
(CaO aq) and sulfur (SO; aq) from 40,62 to 18,93% and from 37,39 to
16,25% indicates the reaction of ammonium nitrate with calcium
sulfate dihydrate with the formation of calcium nitrate and ammonium
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sulfate. When studying ratios of AN : NG = 100 : (0,5+45) strength of
granule is increased from 2,33 to 7,83 MPa.

Keywords: ammonium nitrate, natural gypsum, crystallization
temperature, nitrogen-sulphuric fertilizer, composition, strength.

A30THOCEPHBIE YIOBPEHUS HA OCHOBE IIVTIABA
HUTPATA AMMOHMUMS 1 TPUPOJHOI'O I'NIICA
Caauxosa JI.I' .1, MamarajueB A.A.z, Hpanuesn E.X.3,
Hamasos II1.C.* (PecmyOsinka Y30ekucraH)

!Caourosa Juadysa Fappaposna — npenodasamens,
Kagheopa 00UKOIbHO20 U HAYATIbHO20 00PA308AHUS,
Jlenaycxuii punuan
Tepmesckuii 2ocyoapcmeeHublil YHUgepcument,
Cypxanoapvunckas ooracmn,

’Mamamanues A6dypacyn A60ymanuxosuy — dokmop guiocoduu no
MeXHU4eCKUM HayKam, Cmapuuti HayyHull COmpyOHUK,
nabopamopus pocghopHvix yoobpenuil,

Hncmumym obweti u neopeanuyeckou xumuu Axademuu Hayx
Pecnybonuku Y36exucman, 2. Tawkenm;
 Upanues Botimypsa Xoamupsaesuy — KanOuoam mexHuvecKux Hayk,
3amecmumens OUpekmopa no Hayke,

Jlenaycxuii hunuan
Tepmesckuti cocyoapcmeennsiti ynugepcumem, CypxXanoapbuHcKast
obnacmu;

‘Hamasos Hlagpoam Cammaposuy — JOKmop mexHuveckux Hayx,
npogheccop, akademux, 3asedyowuii 1abopamopuell,
nabopamopus hocghopHvix yooopenui,

Hucmumym obweii u neopeanuueckou xumuu Axademuu HayK
Pecnybonuku Y3o6exucman, e. Tawkenm,

Pecnybnuka ¥36exucman

Annomayus: 0Ona nojyuenus 00pa3y08 A30MHOCEPHLIX VYOOOpeHull
maccosoe coomuouenue AC : III" eapvuposanoce om 100 : 0,5 0o
100 : 45. Ilokazano, umo memnepamypa KpUCmaiiuzayuu niasd
cenumpul nonudicaemest ¢ 165 oo 148,6°C. B npooykmax yeenuuenue
sooopacmeopumori popmul kanvyusi (CaOgpp,) u cepvl (SO3g00,) €
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40,62 oo 18,93% u c 37,39 oo 16,25% ceuoemenvcmsyem o
NPOXONHCOEHUU pearyuu 63aumMOO0elcmseusi Humpama amMMOHUsL C
oucudpamom cyroghama Kauvyus ¢ 0o6pazoeanuem HUMpama Kaabyus
u cynvgpama ammonus. Ilpu uzyyaemvix coomuowenusix AC : I1I" =
100 : (0,5+45) npounocms epanyn npodykma nogviuiaemes om 2,33 00
7,83 Mlla.

Kniouegvie  cnosa: numpam — aMMOHUs,  HPUPOOHLIU  2UNC,
memnepamypa KpUuCmauiu3ayuu, asomHocepHoe yoobpenue, cocmas,
NPOYHOCb.

BBenenmne. AMMuayHas cenuTpa ABJISIETCS CaMbIM
pacnpocTpaHEHHBIM U 3P (PEKTUBHBIM B MUpE a30THBIM yJ00peHueM. B
2007 rogy MUpOBbIE MOIIIHOCTH €€ MPOU3BOJICTBA COCTABUIIN 43 MIIH.
T B rof [1]. B Y30ekucrane coBOKynmHbIE MOIIHOCTH TPEX 3aBOJAOB,
NpPOU3BOAAIIMX ammuauHyro cemutpy (AO «Makcam-Yupuuky,
«HaBonazor» u «®epranaazor»), npeBbicuau 1 MuH. 750 THIC. T B TOI.
OHa ucnosb3yercs B CEIbCKOM X035KCTBE MOJ] BCE BUABI KYJIbTYp U Ha
moObIX Tumax mnouyB. Ho el mpucym OAMH OYeHb CEephE3HBIN
HEJIOCTaTOK — B3pbIBOOMAacHOCTh [2]. B cBa3u ¢ a3tumMm, ObUH
Y>)KECTOUEHbl TpeOOBaHUS K KAauyeCTBY aMMMAYHOM CEIUTPbl U K
ycioBusIM €€ XxpaHeHus. [lepen mpon3BoauTeNsIMU MMOCTaBIEHA 3a/1a4a
— obecrnieunTh MEPEexXoj Ha BBIMYCK ynoOpeHuii Ha 6a3ze aMMHUAYHOM
CEJIUTPBI, COXPAHAIOIIMX arpOXMMHYECKYI0 d3(PPEeKTUBHOCTH, C
CYIIIECTBEHHO OOJIbIIEH YCTOWYNBOCTHIO K BHCITHUM BO3JICHCTBUSIM H,
COOTBETCTBEHHO, MEHBIIIEH B3PBIBOOIIACHOCTHIO.

B kauectBe BemectB — J00aBOK, CHIKAIOUIUX YpPOBEHb
MOTEHIUAIBHOW OACHOCTH AMMHAYHOMN CEJIUTPBI, HCIIOIb3YIOTCS:

1) kapboHaTCcoaepIKaIe COCTUHEHUS TTPUPOTHOTO U TEXHOTEHHOTO
MPOUCXOXKIEHUS (M€, KapOOHAT KLU, JOJIOMUT);

2) Kanuiicofepikallue BelecTBa (XJOPUCTBIM Kanuil U cynbdar
KaJus);

3) BemiecTBa, cojaeprKallde OAHOMMEHHBIM KAaTHOH — aMMOHHI
(cyabdatr aMMOHUs, OpTO- U MOAUPOCHATHl AMMOHUS );

4) mpouune OaJlJIaCTHBIE BEIIECTBA, HE HECYIIUE MOJIE3HOW HArpy3KH,
a OmpeleNsIoNMe TOJbKO MEXaHMYecKoe pa30aBiieHHe aMMHUAYHON
cenutpsl (rurnc, pocdorurc u nmpouune) [3].
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JloOaBku mepBOM Tpymmbl MCHOJB3YIOTCS B MPOU3BOJICTBE, TaK
Ha3bIBAEMOM, M3BECTKOBO-aMMHayHOU cenutpbl [4-8]. B EBpomne eé
npom3Boaut 31 ¢upma, B Poccum — mATHP TPOMBIIUICHHBIX
npeanpusatuii. Ho npumenenune e€ 3¢h(EKTUBHO TOJBKO Ha KHCIBIX
EBponeiickux mnouyBax. Ha menounblx KapOOHATHBIX MOYBAX
V36ekucrana ona HedppekTuBHA. K TOMY XK€ M3BECTKOBO-aMMHAYHAs
CeIuTpa B MBUICBUIHOM COCTOSTHUU TAaKK€ B3PBIBOOIACHA.

N3 BemecTB — A00aBOK BTOPOW TPYMIBI IMIAPOKO HCIOJIB3YETCS
XJIOpUJ KaJusl IS TPOU3BOACTBA KaTUHHO-aMMHAYHOU CEJIUTPHI.
[locnenHsist B HEKOTOPBIX 3apyOeKHBIX CTpaHaX BBIYCKAETCAd B
JIOBOJIBHO 3HAYMUTEIBHOM KOJUYECTBE C coiepxkanueM 16-16,5% N u
25-28% K,0 [9]. Ilyck B Y306ekucrane JlexkaHna0aackoro koMOMHaTa
KAJIMWHBIX yAOOpPEHUI, MOIIHOCTh KOTOPOro B OJrpKaiiiiee Bpems
nocturdeT 360 teic. T K,O B rox B BUIE XJOpHUIA Kaus, OTKPbIBAET
IIMPOKHE TIEPCIEKTUBBI JUIsI  CO3JaHUs IPOM3BOJCTBA a30THO-
KAJIMWHOTO y100peHus Ha 0a3e aMMUAYHON CEIUTPHI.

B pabGorax [10-12] wu3ydeHsl cOCTaB W CBOMCTBa KaJUWHO-
aMMHMA4YHOM CEJIMTPhl HA OCHOBE IJIaBa HUTpaTa aMMOHMS U XJIOpUJIA
KM TPU  PAa3IU4YHbIX MaccoBbIX cooTHomeHusax N : K,O.
Pe3ynbraTel nokaseiBaroT, 4to npu cootHomeHnuu N : K,O =1:0,1 ¢
ucnoap3oBaHueM 99,8 %-HOro 1aBa CEIUTPBI MOTYYaeTCs MPOAYKT C
coagepxxanuemM 32,60% N, 3,26% K,0O, B kotopom 89,0% NH;NO;,
3,72% NH,4CI, 7,02% KNOs, 0,26% KCI u npounoctsio rpanyin 4,37
MIIa. A mpu N : K,O =1 : 1,4 ¢ ucnosib30BaHUEM TOTO KE CaMOTO
IJIaBa CEJIUTPHI, MOJTYYEHHBIH NPoAYKT coaepxkut 19,10% N, 26,76%
K0, 33,76% NH4NO;, 14,47% NH,4CI, 27,35% KNO;, 24,42% KCl u
MMEET MPOYHOCTh rpanyn 9,23 Mlla, npoTUB 3HAYEHUS MPOYHOCTH
rpanyn 1,6 MIla ucxomnoit AC. Ilpucyrcrue NH4Cl B cenutpe B
konuuectBe 0,1% mnpuBoaur Kk OypHOMY €€ paslIioKEHUIO Mpu
temneparypax Hmwke 175°C [1]. A BBenenue B coctaB AC cynbdara
Kalusg BpsJ JU CTOMT OXHUAATh B Onmkaiiiee BpeMs H3-3a €ro
BBICOKOW CTOMMOCTH U HE3HAYUTEIHHOTO KOJIMYECTBA TPOU3BO/ICTBA.

BemectBa — ngo0aBku TpeThel rpymmbl ucnonb3oBanbl Ha OAO
«YepenoBenkuii a3ot», rae B 2002 r. ObIJIO0 HATAXEHO MPOU3BOJICTBO
CTaOMIIM3UPOBAHHON aMMHUaYHOU cenuTphl coctaBa 32% N u 5% P,0s
MolTHOCTBIO 400 ThIC. T yaoOpeHus B roj MyTEM BBEJCHUS B pacIljiaB
CEJIUTPHI KUAKOTO KOMILIEKCHOTO yao0peHnus, coaepxkamiero 11% N u
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33% P,0s u nonysaemoro u3 cynepdocopHoOil KUCIOTHI, TO €CTh
UCIOJIb30BaHa J00aBKa U3 cMecu OpTo- U mnosivdocdaroB amMMoOHHUS.
Ota no6aBKa MOBBICHIIA TEMIIEPATYPy Hadaja pa3jioKEHUs CeTUTPHI Ha
22-24°C, 3aMennuia CKOPOCTb €€ TEpMOPA3JIOKEHHUS, YBEIUYMUIA
OPOYHOCTh TpaHyJl, yMEHbBIIWJIA MOPUCTOCTh TMPOJYKTa, CHAeana
cenutpy ©Oojee YCTOMYMBOM K MHOTOKPATHO MOBTOPSIFOIIMMCS
($a30BbIM MpEBpaIEHUSIM, U TJABHOE — YMEHbBIIWIA CIOCOOHOCTH
cemutpel Kk gaetoHamuu [13]. Ho cymepdocdopnas xuciora B
VY30ekucrtane He npousBoauTcs. K Tomy ke oHa OYeHb Joporasi.

[lepcriekTUBHBI ¥ TPEACTABUTENIM UYETBEPTOM TPyNIbl JOOABOK K
amMmMuayHoil cenmutpe: runc u ¢docdorumnc [14-16]. B atux paborax
pa3pabaTblBaJIaCh ~ TEXHOJOTUS  MOJIYYEHHS  TEPMOCTAOUIILHOTO
yA00peHus Ha OCHOBE aMMMAYHOM CEJIIUTPBI IMYTEM BBEACHHS B €€
paciujiaB Iurujpara, nojayruapara gochorurnca u NpupoIHOro THUIICA.
[Tonyyaemblii  mpoOayKT C  5-TH  TPOUEHTHOM  J10OABKOM
dbochononyrunpara u coxepxkammii 33,6% N wumen B jJBa pasa
OOJIBIITYI0 MMPOYHOCTH TPaHyJI, UeM YHCTas cenutpa, coxpansi 100 %-
HYI0O pPacChIlYaTOCTh B TEYEHHUE 4-X MECSLEB, BbIICPKUBAT 7
TEPMOIMKIOB TMpu Temneparypax 20-60°C 06e3 3HAYUTEIBHOTO
CHIDKEHMSI CTAaTMYECKOW MPOYHOCTH TpaHyl, uMen Oosee crnaldyto
PacTBOPUMOCTbH IO CPABHEHMIO ¢ YUCTOM cenuTpoid. [Ipoaykt obnanan
3HAUUTENTBHO O00JIe€ BBICOKOM TEPMHUUYECKOW CTA0MIBHOCTBIO MO
CPABHEHUIO C YMCTOW aMMHUAYHOU CENUTPON (IHEprusi akTUBALIMM IS
guctod cenutpel 160 kJ[k/MOJb; ¢ MakCUMalbHBIM KOJHUYECTBOM
nob6asku ¢docdorunca coctabmiia 240 kJI>x/Mob).

Mbe1 pemmm anpoOupoBaTh nporecc HOJTyYEHUS
a30TcepycoepKaIuX ya00peHnid Ha OCHOBE aMMHuavyHOU ceruTphl (AC)
myTéM BBEJCHUA B €€ pacIuiaB MEPCIEKTUBHBIX T00aBOK — MPUPOTHOTO
rurica (I1I") [ypcyiickoro mecropoxkaenust depranckort odmactu. [T
conepxkuT B cBoeM cocTaBe 32,18% CaO u 46,09% SOs, ero pH 10 %-
HOM BojHOM cycneH3uu — 9,56. O6e3BoxkuBanue 1" metogom cytiku
MOKAa3bIBAIOT, YTO €ro coctaB cootrBeTcTBYyeT CaSO,  2H,0. Ilpexne
yem n100aButh III" k mmaBy AC, ero u3Menp4yalid U BBICYIIMBAIM MPH
80°C mo mocrositHHOro Beca. Kpucrammmueckuii 1IN - CaSO, ¢ 2H,0
MPEIBAPUTELHO pa3MaibiBasicss B (apopoBOil CTymke 110 pa3Mmepa
gactur; 0,25 mMM. A B KauecTBe OOpasIlOB JJIsi CPAaBHEHHS BBHIOPAHBI
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rpanyiaupoBaHHblidi NH4;NO; u npomsbinmieHHsii mpoaykt — AC ¢
conepkanueM 34,6% N u 0,28% marnesura B nepecuete Ha MgO.
OKCIepUMEHTHl MPOBOAWIMN cienyronmm obpazom. Hasecka AC
pacmiaBisiach B METAUTMYECKOW Yalllke MyTEM 3IIEKTPOOOOTrpeBa.
3artem B pacruiaB BBogwin [1I" npu maccoBbix cootHomenusix AC : I1I°
or 100 : 0,5 no 100 : 45. Jlanee runcoBo-HUTpaTHbIA pacmiaB AC
BbiAiep)kuBasin B TedeHue 10 muH. mpu 170-175°C, mocne yero ero
NEepeIMBAIM B Ja0OPATOPHBIN FPaHYIATOP, NPEICTABISIOMINNA U3 ce0s
METANIMYECKU cTakaH C nepOpUPOBAHHBIM JTHOM JIHAMETP
OTBEpPCTUH B KOTOpOM paBHsuica 1,2 mm. Hacocom B BepxHeil yactu
CTaKaHa CO3/1aBaJIOCh JIABJICHUE U IJIaB PACHBUIIICS C BBICOTHI 35 M Ha
IOJINATUJICHOBYIO  IUIEHKY, Jexamyro Ha 3emie. IlosydeHHsle
rpaHyJibl PacCEeBANKCH MO pazMepaMm yacTull. HacTuipsl pasmepom 2-3
MM MOABEPIVIMCH UCHBITaHUIO Ha mpouHocTh o ['OCTy 21560.2-82.
[locne 4ero mNpPOAYKTHl HW3MENbYAIUCh W AHAJU3UPOBAIKUCH IO
n3BecTHbIM MetonukaMm [17]. U3mepenune Bemmumubl pH 10 %-HbIx
BOJAHBIX  CYCIIEH3UHM TOTOBBIX YJOOpPEHUH  OCYIIECTBISUIM B
naboparopHoM nonomepe M-130M ¢ tounoctsio 10 0,05 equnun pH.
PesynbraTel mpuBeneHsl B Tabmumax 1 u 2. JloGaenenue III" B
pacmiaB AC 3HAYUTENBPHO CHMXKAET TEMIIEPATYpy KPHUCTAJUIM3aLAU
mnaBa (tabnuna 1). Ipu uzygaemorx cootHomenusix AC : II' = 100 :
(0,5+45) temneparypa KpUCTA/UIM3AIMH T1JIaBa CEIIUTPHI MOHIKAIACH
or 165 (ucxomuass NH4;NO3) no 148,6°C. To ects BBenenue I B mias
NH4;NO; npuBOIuT K YMEHBUIEHUIO TEMIIEPATyphl €€ IUIABICHUS [0
16,4°C. CuHmxenue teminorsl Kpuctaimzauu AC B OpUCYTCTBUU
nob6asku I’ MOXHO OOBSICHUTH TEM, 4YTO HEPACTBOPUMBIEC
KOMIIOHEHThl ~ 0OaBKH, SBJSSACH LEHTpPaMH  KPUCTAJUIM3ALIMH,
oOJeryaroT mpotiecc 3arBepJeBanus miasa. M3 tabauisl 1 BUgHO, 4TO
¢ yBenuuenueM kosmmuectsa [II' ¢ 0,5 mo 45 r no otHomenuto 100r
mnaBa NHy;NO; npuBOAUT K YMEHBIICHUIO COAEp>KaHUS a30Ta B
npoaykre ¢ 34,72 no 24,12%, HO mpu 3TOM coxaepxkaHue SO;qgu
noBbimaetcs ¢ 0,23 go 14,32%, a CaOgy, € 0,16 10 10,15%.
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Tabauya 1. Xumuueckuii cocmas y0oopeHuil, no1y4eHHbIX 88e0eHUeM
8 PACNIA8 AMMUAUHOU CeaUmpbvl NPUPOOHO20 2UNCA

Coneprxanue KOMIIOHEHTOB, Bec. % Ca0,,) |8O0s,,

MaccoBoe Ca0,, |50, Temneparypa
COOTHOIIIEHUE 00w °0u |RPUCTAJIIA3A-
AC: IIT N |Ca0y5u(Ca0 4011 [SO306u[SO3p01u. ’ s M, °C

% %
NH4NO; |35,0 165,0

100:0,5 |34,72| 0,16 | 0,065 | 0,23 | 0,086 | 40,62 | 37,39 163,2
100:1,0 (34,38 0,34 | 0,133 | 0,47 | 0,171 | 39,11 | 36,38 162,6
100:2,0 |34,16] 0,65 | 0,246 | 0,90 | 0,312 | 37,85 | 34,67 161,4
100:3,0 |33,62| 0,96 | 0,351 | 1,36 | 0,456 | 36,56 | 33,53 160,7
100:5,0 (32,98 1,58 | 0,558 | 2,24 | 0,722 | 35,32 | 32,23 159,3
100:8,0 |32,08] 2,44 | 0,827 | 3,45 | 1,06 | 33,90 | 30,72 158,8
100:10 (31,50, 2,92 | 0,954 | 4,26 | 1,258 | 32,67 | 29,53 157,5
100: 12 |30,94] 3,47 | 1,085 | 5,01 | 1,416 | 31,26 | 28,26 156,9
100:15 |30,12] 4,26 | 1,283 | 6,09 | 1,639 | 30,12 | 26,91 156,0
100:18 29,35 4,96 | 1,420 | 7,10 | 1,806 | 28,64 | 25,44 155,1
100:20 28,87 542 | 1,477 | 7,78 | 1,887 | 27,25 | 24,25 154,3
100:22 28,40, 5,84 | 1,506 | 8,40 | 1,918 | 25,79 | 22,83 153,6
100:25 |27,71] 6,49 | 1,592 | 9,31 | 2,022 | 24,53 | 21,72 152,4
100:30 |26,66] 7,48 | 1,727 | 10,74 | 2,181 | 23,09 | 20,31 151,5
100:35 |25,65] 8,40 | 1,835 | 12,07 | 2,249 | 21,85 | 18,63 150,7
100:40 |25,01] 9,23 | 1,887 | 13,16 | 2,302 | 20,44 | 17,49 149,2
100:45 |24,12] 10,15 | 1,921 | 14,32 | 2,327 | 18,93 | 16,25 148,6

Cepa BXOIuT B cOCTaB O€IKOB M aMUHOKUCIIOT MIPH (POPMUPOBAHUU
ypoxas. Ilo, ¢u3monmornueckoid poyii B NUTAHUU PACTEHUH cepy
CeAyeT MOCTaBUTh HA TPEThE MECTO Mocie azora u gocdopa [18]. A
KaJIBIIMA TO 3HAYMMOCTH JJIi TUTAHUS PACTCHUHW CTOUT Ha ISATOM
MecTe Tocie a3oTa, (pocdopa, kamus U cepsl. Ecim ero BHOCHTH B
MOYBY B YCBOSIEMOM 71l pacTeHuii (hopme, TO OH JACT 3HAYUTEITHHYIO
npubaBky ypoxkas [19]. Takum 06pa3zom, MOKHO TOBOPHUTb, YTO COCTaB
AC nomoTHUTENBHO OOOTaIaeTcss AByMs MaKpOdJIeMEHTaMU — CEepPOH
U KanbllMeM. YBenWdeHHEe B o0pas3iiax a30THOCEPHBIX YyIOOpeHUi
BosiopacTBOpUMBIX (popM Kanmbiust (CaOyoy) U cephl (SO350m.) € 40,62
no 18,93% wu ¢ 37,39 no 16,25% cBuaeTenbCcTBYET O MPOXOKICHUU
BbIIIENIPUBEACHHON peakiuu B3aumoaeiicteusi NH;NO; ¢ CaSO,
2H,0 c o6pazoBanuem Ca(NOs), u (NH,),SO,.
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Tabnuya 2. [Ipounocms epanyn y0oobpeHull, NOIYYEeHHbIX 86e0eHUEM 8
PACNiae AMMUAUHOU ceaumpuvl NPUPOOHO20 UNCA

MaccoBoe Conep:xanue [pH 10 %-noro IIpoYHOCTE rpanya
coorHomenue | IIT" B cmecn, pacTBopa
AC : I % npoaykra | Kr/rpanyiy Kre/em’ MIla
I'panynupoBaHHbII1
NH,NO; MapKu «» 5,17 0,67 13,51 1,30
AC ¢ marae3nambsHON J0OaBKOM

(0,28% MgO) 6,13 0,80 16,13 1,60

100: 0,5 0,498 6,76 1,18 23,78 2,33
100 : 1,0 0,990 6,79 1,30 26,20 2,57
100 : 2,0 1,961 6,82 1,53 30,84 3,02
100 : 3,0 2,913 6,85 1,70 34,27 3,36
100 : 5,0 4,762 6,88 1,88 37,90 3,72
100 : 8,0 7,407 6,91 2,05 41,32 4,05
100 : 10 9,091 6,94 2,23 44,95 441
100 : 12 10,71 6,97 2,40 48,38 4,74
100 : 15 13,04 7,01 2,57 51,81 5,08
100 : 18 15,25 7,03 2,75 55,44 5,43
100 : 20 16,67 7,06 2,91 58,66 5,75
100 : 22 18,03 7,09 3,08 62,09 6,09
100 : 25 20,0 7,12 3,27 65,92 6,46
100 : 30 23,08 7,15 3,48 70,15 6,88
100 : 35 25,93 7,18 3,63 73,18 7,17
100 : 40 28,57 7,21 3,80 76,60 7,51
100 : 45 31,03 7,24 3,96 79,83 7,83

W3 Tabnuipl 2 BUAHO, YTO C YBETMYEHUEM KOJMYECTBA T0OABOK Kak
TUIICOBOTO ChIPbS TMOBBIIIAETCS IMPOYHOCTh TpaHyd mnpoaykra. C
M3MEHEeHHeM MmaccoBoro cootHomenus mmaBa AC k III' mpouHocTs
rpa”yJsl MEHsIeTCs cleayromumM oopazoM: npu cooTHomeHuu AC : T1T
=100: 0,5 —2,33 MIla; npu 100 : 15 — 5,08 MIIa; npu 100 : 25 — 6,46
u npu 100 : 45 — 7,83 Mlla, npotuB 3Ha4eHUs NpOYHOCTH rpanysn AC
¢ wmarHe3uanbHOoM noOaBkoi (0,28% MgO) mnpousBoactea AO
«Maxkcam-Yupuuk» — 1,60 MIla u uucroit AC 6e3 mo6aBKku — BCEro
1,30 MIla. Yem Bblllleé NOPOYHOCTH TpaHysl, TEM MEHbIIE UX
MOPUCTOCTh W BHYTPEHHSIS YJAENbHAas IOBEPXHOCTb, TEM MEHbIIE
OU3TOIUIMBA IONAJAeT BHYTPh TIPaHyJ, U Kak CJIEACTBUE, TEM B
MEHBIIIeH CTENEHH IeTOHALMOHHAs CIIOCOOHOCTh HUTPAaTa aMMOHUS.
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Ucnonb3yembie mg00aBKku Takxke OSOPEKTUBHO HEUTPATUZYIOT
kuciaotHoctb NH4NO; ¢ wucxomnoro pH = 5,17 no 6,76-7,24 B
npoaykre (Tabauua 2).

3akiouenue. Takum 0O6pa3oM, cMeleHHE TIaBa HUTpaTa aMMOHHMS
C TOPOMIKOBHIHBIM TPUPOJHBIM THUIICOM C  TOCJIECAYIONUM
TPaHyJIMPOBAHUEM THIICOBO-HUTPATHOTO paciulaBa B TrpaHOaIIHe
MO3BOJISIET TOJy4YaTh KayeCTBEHHBIE Aa30THOCEPHBIC YAOOPEHHS C
VIIY4IICHHBIMA (U3UKO-XUMHIECKIMHU u MEHBIITMUA
JIETOHAIIMOHHBIMU ~ cBoiicTBaMu. [lpu 3TOM cocTaB  CENUTPHI
oboraiaercs TaKUMH MAaKpOdAJIEMEHTaMH, KaK cepa W KaJlbLIUi,
CIIOCOOCTBYIOLITUMU MOBBIIICHUIO ypokaitHOCTH
CEJIbCKOXO3SIUCTBEHHBIX KYIBTYP.
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