Austrian Journal
of Technical and
Natural Sciences

N2 3-4 2016
March—-April

o

< EASTWEST > __Fast West» Association for Advanced Studies and Higher Education GmbH

Vienna
2016



Austrian Journal of Technical and Natural Sciences
Scientific journal
N2 3-4 2016 (March—Apiril)

ISSN 2310-5607

Editor-in-chief Hong Han, China, Doctor of Engineering Sciences
International editorial board Andronov Vladimir Anatolyevitch, Ukraine, Doctor of Engineering Sciences
Bestugin Alexander Roaldovich, Russia, Doctor of Engineering Sciences

Frolova Tatiana Vladimirovna, Ukraine, Doctor of Medicine

Inoyatova Flora Ilyasovna, Uzbekistan, Doctor of Medicine

Kushaliyev Kaisar Zhalitovich, Kazakhstan, Doctor of Veterinary Medicine

Mambetullaeva Svetlana Mirzamuratovna, Uzbekistan, Doctor of Biological Sciences

Nagiyev Polad Yusif, Azerbaijan, Ph.D. of Agricultural Sciences

Nemikin Alexey Andreevich, Russia, Ph.D. of Agricultural Sciences

Nenko Nataliya Ivanovna, Russia, Doctor of Agricultural Sciences

Skopin Pavel Igorevich, Russia, Doctor of Medicine

Suleymanov Suleyman Fayzullaevich, Uzbekistan, Ph.D. of Medicine

Zhanadilov Shaizinda, Uzbekistan, Doctor of Medicine

Proofreading Kristin Theissen
Cover design Andreas Vogel
Additional design Stephan Friedman
Editorial office European Science Review

“East West” Association for Advanced Studies
and Higher Education GmbH, Am Gestade 1
1010 Vienna, Austria

Email: info@ew-a.org

Homepage: WWW.eW-2.01g

Austrian Journal of Technical and Natural Sciences is an international, German/English/Russian language, peer-reviewed
journal. It is published bimonthly with circulation of 1000 copies.

The decisive criterion for accepting a manuscript for publication is scientific quality. All research articles published in this journal
have undergone a rigorous peer review. Based on initial screening by the editors, each paper is anonymized and reviewed by
at least two anonymous referees. Recommending the articles for publishing, the reviewers confirm that in their opinion the
submitted article contains important or new scientific results.

East West Association GmbH is not responsible for the stylistic content of the article. The responsibility for the stylistic content
lies on an author of an article.

Instructions for authors

Full instructions for manuscript preparation and submission can be found through the “East West” Association GmbH home
page at: http://www.ew-a.org.

Material disclaimer

The opinions expressed in the conference proceedings do not necessarily reflect those of the «East West>

Association for Advanced Studies and Higher Education GmbH, the editor, the editorial board,

or the organization to which the authors are affiliated.

© «East West> Association for Advanced Studies and Higher Education GmbH

All rights reserved; no part of this publication may be reproduced, stored in a retrieval system, or transmitted in any form or by
any means, electronic, mechanical, photocopying, recording, or otherwise, without prior written permission of the Publisher.

Typeset in Berling by Ziegler Buchdruckerei, Linz, Austria.
Printed by «East West>» Association for Advanced Studies and Higher Education GmbH, Vienna, Austria on acid-free paper.



Population — level impact of regional anthropogenic factors on birds

Section 1. Biology
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Population — level impact of regional anthropogenic factors on birds

Abstract: Study of population — level impact of regional anthropogenic factors on birds is the first initiative.
It has been determined in the proximity of Baku in recent years that birds belonging to the same type in the same
territory and in the same year may have 1-5 populations [9]: resident or sedentary, those coming for reproduction,
coming for wintering, coming for food and migrant populations. It has been known that positive and negative impacts
of anthropogenic factors are typical. It is impossible to protect regional diversity without taking all these into
consideration.

The article is the result of ornithological studies conducted in Guba — Altiaghaj forests in 20132015 by the
author. The main objective is to identify the impacts of anthropogenic factors on birds in the region and assist in
eliminating negative conditions. We have taken into consideration some concepts of G.T. Mustafayev in order to
achieve the goal put forward: 1-Existence of parallelism between quality and quantity of residential area of fauna
with its anthropogenic “evolution; 2-the principle of need for the study of diversity of regional populations of species;
3 — the principle of multi-parametric nature in the ecological assessment of fauna; 4 —attitude of people to the fauna
all over the world and the principle of keeping its opposite in the background; S — the principle on all communities

from nature to family being for the sustainable development [3, 4].
Keywords: anthropic, anthropogenic, positive, negative, modification, transformation, sustainable development.

The materials of the area where we have conducted
field studies show that most of the measures implement-
ed under the guise of improvementnegatively affects the
protection of bio-diversity. In XVI —-XIX centuries, it
was in this was in all the countries of the world and now,
itis so.[6] Developed countries have realized since 1950s
that the Earth no longer endures the negative impact of
people. Only after this, International care has begun for
the protection of environment, as well as, bio-diversity.
However, there are still failures among successes [S].
There is no such a town, settlement and village in the
region where we have conducted studies that natural
forests around them remain in their initial state. The ter-
ritory in triangular shape among Gonagkand, Altiaghaj
and Girdmanchay became a destroyed ecosystem [2].
Gonagkand administrative division is in the worst state
(forests have been cut, soil erosion is in maximum limit,
rivers are destroyed either by floods or turn to stone by
drying). For example, tributaries of Valvalachay being
higher than Tangaalti sometimes overwhelm or some-
times dry. There stays regressed bio-diversity in most
places of rich landscape.

Impact of anthropogenic factors on landscape
passes 2 milestones: 1 — modification or qualitative
changes; 2 — transformation or quantitative changes
[3]. Transformation goes through modification, either
positively or negatively. Beginning the measures pre-
venting changes in the modification phase brings suc-
cess though late. The impact of population directly on
the organism is called anthropic, and the impact made
by changing its living condition is called anthropogen-
ic [3]. For example, hunting is anthropic, but cutting
forests is anthropogenic impact. Though how much
hunting is hard, it causes quantitative changes in the
fauna. However, cutting forests and growing agrarian
economic products cause to the qualitative changes in
the fauna.

In the territory where we have conducted field
studies, about 100 species of birds were reproductively
populated before the last 20-30 years [1, 9]. As a result
of anthropic and anthropogenic factors on them, repro-
ductive populations belonging to 19 species have been
ruined. Now, those birds can be seen in times other than
reproductions.
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List 1

Birds deprived of reproduction in Guba — Altiaghaj
forests:
1. Ciconianigra Linn., 1758 — Black stork
2. Tadornaferruginea Pall., 1764 — Ruddy shelduck (or
red duck)
Pandionhaliaetus Linn., 1758 - osprey
Pernisapivorus Linn., 1758 — Honey — buzzard
MilvusmigransBodd., 1783 — Black kite
Accipiter gentilis Linn., 1758 — Northern goshawk
Buteo - buteo Linn., 1758 — Common buzzard
Hieraetuspennatus Gm., 1788 — Booted eagle
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Aquila pomarinaBreh., 1811 — Lesser Spotted Eagle
10. Neophronperknoptericus Linn., 1758 — The Egyp-
tian vulture
11. Aegipiusmonachus Linn., 1766 — Cinereous vulture
12. Gyps fulvusHabl., 1783 — Gyps fulvus
13. Falco subbuteo Linn., 1758 — Eurasian hobby
14. Perdixperdix Linn., 1758 — Grey partridge
1S. Phasianuscolchicus Linn., 1758 — Caucasus pheasant
16. Columba palumbus Linn., 1758 — Common wood
pigeon
17. Columba oeans Linn., 1785 —Stock dove
18. Bubo bubo Linn., 1758 — Owl
19. Dendrocoposmartius Linn., 1758 — Black woodpecker
All of 19 species of birds given in the list 1 are the
objects of predators and hunting being chased for a long
time. Now, the most difficult problem in our responsi-
bility is to eliminate the sensitivity of birds to popula-
tion. One of the causes emerging this problem must be
acknowledge that it is related to the absence of the area
protected under a special regime. Most of those birds
now provide rare generation at IsmayilliState Nature Re-
serve in the neighborhood [7]. This fact clearly shows
that reserves existing in the past should be considered as
unimportant. They can at least keep the negative impact
of population on the fauna in the stage of modification.
Most of birds remaining and providing generation in
Guba — Altiaghaj forests are in the period of stagnation.
Such kinds of birds are populations belonging to 56 spe-
cies (56%).
List 2
Birds in the period of stagnation in Guba and Altiaghaj
forests
Circus cyaneus Linn., 1766 — Hen harrier
C.macrorius Gm., 1771 — Pale or Pallid Harrier
Accipiter nisus Linn., 1758 — Sparrowhawk
Falco tinnunculus Linn., 1758 - Common kestrel
Alectorischucar Gray.,, 1830 — Chukar partridge or
chukar
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30.
. S.alchata Hume., 1878 — Mountain warbler
32.
33.
34.
3S.
36.
37.
38.
39.
40.
41.
42.
43.
. Parusater Linn., 1758 — Coal tit
4S.
46.
47.
48.
49.
50.
S1.
52.
53.

Coturnix —coturnix Linn., 1758 — Quail
Streptopeliaturtur Linn., 1758 — Turtle dove
Asiootus Linn., 1758 — Long-eared owl
Otusskops Linn., 1758 — European scops owl

. AthenenoctuaScop., 1769 — Little owl

. Strixaluco Linn., 1758 ~Tawny owl or brown owl

. Caprimulquseuropacus Linn., 1758 — Nightjar

. Apusapus Linn., 1758 - Common swift

. A.melba Linn., 1758 — Alpine Swift

. Picusviridis Linn., 1758 — Green woodpecker

. Lullulaarborea Linn., 1758 — Lullulaarborea

. Alaudaarvensis Linn., 1758 — Eurasian skylark

. Anthuscampestris Linn., 1758 — Tawny pipit

. Atrivialis Linn., 1758 — Tree pipit

. MotacillacinereaTunst., 1771 — Grey wagtail

. Laniuscollurio Linn., 1758 — Red-backed shrike

. Oriolusoriolus Linn., 1758 — Eurasian golden oriole
. Garrulusglandarius Linn., 1758 — Eurasian jay

. Pica pica Linn., 1758 — Common magpie

. Cincluscinclus Linn., 1758 — White-throated dipper
. Troglodytes troglodytesLinn., 1758 — Eurasian wren
. Prunellamodularis Linn., 1758 — Dunnock

. AcrocephaluspalustrisBech., 1798 — Marsh warbler

. Sylvia hortensis Gm., 1789 — Western Orphean

warbler
S.communis Lath., 1787 — Gray warbler

PhylloscopuscollybitaViel., 1817 - Common chiffchaf
Ph. nitidusBechs., 1793 — Yellow-bellied warbler
Regulusregulus Linn., 1758 — Goldcrest
FicedulaalbicollusTemm., 1815 — Collared flycatcher
E.parvaBechs., 1794 — Red-breasted flycatcher
Muscicapastriata Pall., 1764 — Spotted flycatcher
Soxicolarubetra Linn., 1758 ~-Whinchat
Oenantheoenanthe Linn., 1758 —- Wheatear
Phoenicurusochrurus Gm., 1774 — Black redstart
Eritacusrubecula Linn., 1758 — European robin
TurdusphilomelosBrehm., 1831 — Song thrush
Twviscivorus Linn., 1758 — Mistle thrush

P.caeruleus Linn., 1758 — Blue tit
Tichodromamurarea Linn., 1766 — Wallcreeper
Serthiafamilaris Linn., 1758 — Common treecreeper
Passer montanus Linn., 1758 — Eurasian tree sparrow
Petroniapetronia Linn., 1766 — Rock sparrow
Spinusspinus Linn., 1758 — Eurasian siskin

Cardueliscarduelis Linn., 1758 — Goldfinch
Acanthiscannabina Linn., 1758 — Common linnet
Carpodacuserythrinus Poll,, 1770 - Common
rosefinch
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54. Coccothrustescoccothrustes Linn., 1758 — Hawfinch
55. Emberizacia Linn., 1766 — Rock bunting
56. E.hortulana Linn., 1758 — Ortolan

The main anthropic reason for birds being in the
period of stagnation in modern era is hunting, chas-
ing predatory birds knowing them as dangerous and
firing weed jungles that don’t have scientific basis.
Negative impacts of anthropogenic factors changing
the living conditions of birds are more. These fac-
tors include cutting forests and bushes, involvement
of raw land into agrarian economy, expansion of irri-
tation system, chemical protection methods against
pests and mono-cultural plant diseases are the remains
of destroying impacts on ecosystem. Frightened birds
are still in the period of stagnation. Regional thickness
of populations of such birds is in difficulty toward prog-
ress though it is said to be regress, they still prefer to
hide themselves and their offspring, and they search
safe condition for making nests, even keep safe distance
while flying in the air.

Population belonging to 25 species (25%) among
birds that we have listed achieved in catching the path
of progressive development according to their thick-
ness. Study of such birds can give direction to restore
the thickness of modern populations.

List 3

Birds living a progressive life in Guba — Altiaghaj forests:
1. Columbia livia Gm., 1789 — Rock dove

StreptopeliadecaoctoFeiv., 1838 — Eurasian collared

dove
3. Cuculuscanorus Linn., 1758 — Common cuckoo
4. Apusapus Gray,, 1830 - Common swift
S. Dendrocopos major Linn., 1758 — Great spotted

woodpecker
PtyonophrognerupectrisScop., 1769 — Crag martin

Delichonurbica Linn., 1758 — Martin
. Galeridacristata Linn., 1758 — Crested lark
10. Alaudaarvensis Linn., 1758 — Eurasian skylark
11. Motacilla alba Linn., 1758 — White wagtail

6
7. Hirundorustica Linn., 1758 — Barn swallow
8
9

12. Sturnusvulgaris Linn., 1758 — Common starling
13. Corvuscornix Linn., 1758 — Hooded crow
14. Pica pica Linn., 1758 — Common magpie
1S. Sylvia communis Lath., 1787 — Common whitethroat
16. Muscicapastriata Pall., 1764 — Spotted flycatcher
17. Turdusmerula Linn., 1758 — Common blackbird
18. Parusmaior Linn., 1758 — Great tit
19. Sittaeuropaea Linn., 1758 - Wood nuthatch
20. S.neumayer Mich., 1830 — Western rock nuthatch
21. Passer domasticus Linn., 1758 — House sparrow
22. Fringillacoelebs Linn., 1758 — Common chaffinch
23. Chlorischloris Linn., 1758 — European greenfinch
24. Emberizacalandra Linn., 1758 — Corn bunting
25. E.melanocephaloScop., 1769 — Black-headed Bunting
Streptopeliadecaocto, Hirundorustica and Passer
domesticus among the birds that are in progressive
development live fully sinanthropus, and Columbus
livia, Apusapus, Delichonurbika, Turdusmerula and
Sturnus vulgaris live semi- sinanthropus life. There are
those that are partially sinanthropus (Motacilla alba,
Corvuscornix, Pica pica). Fully sinanthropus birds
have rejected reproduction in natural condition, they
give breeding only in seliteb landscape. Cutting forests
and forming seliteb biotope in its place strengths and
spreads sinanthropism. Keeping bushes instead of for-
ests expands the spread of typical bush birds (Cucu-
luscanorus, Sylvia communis, Emberizamelanoceph-
alo). Cuculuscanorus having reproduction parasitism
prefers the nests of bush birds [8]. Cutting forests in
steep slopes strengths land erosion, and the remaining
rocks involves typical birds (Ptyonoprognerupestris,
Sittaneumayer). Formation of fields, grass and mead-
ows in valleys and gorges where forests are cut involve
outdoor birds: Galeridacristata, Alaudaarvensis, Em-
berizacalandra etc. The reasons for achieving progres-
sive way by populations referring to some species of
dendrophile birds is the formation of orchards, parks
and roadside green zones: Dendrocopos major, Cor-
vuscornix, Pica pica, Muscicapastriata, Sittaeuropaea,
Fringillacoelebs, Chlorischloris.
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Changes of brain serotonergic system activity in the brains of Persian
(Kura) sturgeon fingerlings (Acipenser persicus) in ontogeny

Abstract: The article presents the results of studies of serotonin-modulating anticonsolidation protein (SMAP)
content, being in linear relations with serotonin level, in the brains of 0.5-gram, 1-gram, 2-gram, and 3-gram sturgeon
fingerlings of 50 days and 70 days old. The studies are conducted with the ELISA-test with application of anti-
SMAP polyclonal immunoglobulins. The results show that in the course of maturation of sturgeon fingerlings’ brains,
decrease of serotonergic system activity, bearing step-like character, is observed.

Keywords: serotonin-modulating anticonsolidation protein (SMAP), persian (Kura) sturgeon, maturation, brain.
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N3MmeHeHne aKTUBHOCTU CEPOTOHUHEPIrN4€CKON CUCTEMbI
roJIOBHOro Mo3ra B paHHeM OHTOreHe3e nepcuackoro
(kypuHckoro) ocetpa (Acipenser persicus)

Annoranms: B craTbe IpUBOAATCS pe3yAbTaThl HCCAEAOBAHMS COAEPKAHUS CEPOTOHUH-MOAYAUPYEMOTO aHTH-
xoHcoanpanuonHoro 6eaka (CMAB) B roAoBHOM MO3re TOAYTPaMMOBBIX, OAHOTPaMMOBBIX, ABYXI'DAMMOBBIX U TPEX-
rPaMMOBBIX MAABKOB K MOAOAH TIEPCHACKOTO (KypHHCKOro) ocerpa S0-u 70-pAHeBHOTO Bodpacra. [loAydeHbI AaHHbIE,
CBHAETEABCTBYIOIIHE O TOM, 4TO B IIPOLjeCCe CO3PEBAHMS TOAOBHOTO MO3I'a MAABKOB M MOAOAH OCETPOB HAOAIOAQETCSI

CHIDKCHHE aKTUBHOCTH CePOTOHI/IHePFI/I‘IECKOﬁ CHUCTEMBI, UMCIOIIee CTYHeH‘IaTbIﬁ XapakKkTep.

KaroueBbIe CAOBa: CEPOTOHUH-MOAYAMPYEMBI aHTUKOHCOAUAALIMOHHBINA HEAOK (CMAB) , IEPCUACKHH OCeTp,

3pEeAOCTb, TOAOBHOM MOST.

BBeaenue

CeporonuHeprudeckasi CUCTeMa HI'PaeT BaXKHYIO
PpoAb B poljeccax npoaudepanuu U AupPpepeHIupoB-
KU KACTOYHBIX 9AeMEHTOB roAoBHOro mosra. Ceporo-
HUH-TIPOAyLpyomue KaeTku [ S, 1-188] mossasorcs
Ha OYeHb PAHHHX CTAAUSIX 9MOpHOreHesa YeAoBeKa [ 7,
413-424] TaK Ke, KaK U CEpOTOHUHOBbIE PELIENITOPHI
[12, 653-662]. CToap paHHEe BOSHUKHOBEHHE CEPOTO-
HHHIIPOAYLIPYIOIIMX KAETOK (AOKAaAUBYIOMKXCS B AAPaX
IIBa CTBOAA TOAOBHOT'O MO3T'a MAEKOITUTAIONIHX) B IIEPH-
OA, KOTAQ MEAMATOPHbIE CBOMCTBA CEPOTOHHHA HE MOT'YT

OBITH peaAH30BAHbI BCAEACTBIE HEAOCTATOYHOM 3PEAOCTH
KAETOYHBIX IAEMEHTOB L]eHTPAAbHOH HEPBHOM CHCTEMB,
CBHAETEABCTBYET 00 YYaCTHU STUX KAETOK B PEryASIIHU
npoaudepanuu u AnPpPpepeHINPOBKYI KAETOK IMOpHO-
HAABHBIX TKaHeH. Y KPBIC CepOTOHHHITPOAYLIUPYIOIHe
HePOHbI CTBOAA TTOSIBASIIOTCS OAHHMH U3 II€PBBIX B TO-
AOBHOM MO3I'€ ¥ HI'PAlOT KAIOYEBYIO POAb B PeryASITHU
Hefiporenesa [ 10,7136-7139]. CeporoHuHIpoAyLupy-
Iolye HeHpOHbI epBbIMU U3 HEHPOHOB UHHEPBUPYIOT
IPUMOPAHAABHYIO KOPTHKAABHYIO TIAACTHHKY, a Cepo-
TOHHUHEPIHYecKHe BOAOKHA BPACTAlOT B KOPTHKAABHYIO
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IAACTHHKY Ha IIMKe MUTOTHYECKOTO AGACHIS U CO3PeBa-
HUS €€ KAeTOUHBIX 9AeMeHTOB [ 8, 1-14]. C APYTOIi cTO-
poHbl, coraacHo AauHbM J. M. Lauder u H. Krebs [11,
15-30], uHbenupoBaHne MHTMOMTOPA CHHTE3a CEpOTO-
HHHA — TTapaXAOp(eHHAAAAHNHA — 3aMEAASIAO CO3pe-
BaHHe HeHPOHOB B IIPEHATAABHOM OHTOTeHe3e, TOTAQ KaK
AETKHII CTPECC, CIOCOOCTBYIOLINI BBIAEACHHIO TOPMOHOB
U CepOTOHMHA, YCKOPSIA AUPPepeHIINPOBKY HEHPOHOB.
OTH HCCAAOBATEAH HACHTUPUITPOBAAU AN depeHIra-
ITMIO HEHPOHOB KaK Pe3yABTAT P eKpaljeHUs KACTOYHOTO
A€AEHUSI, 0 KOTOPOM OHH CYAHAH IIO0 YPOBHIO BKAIOUE-
Hus® H-rumuanna. Ha HemocpeacTBeHHOE yuacTuHe ce-
POTOHHHA B PeryAsinuu AUQpPepeHITMpOBKI HEePBHBIX
KAETOK TaK’kKe YKA3bIBAIOT Pe3YABTAThl MCCACAOBAHUI
APYTHX aBTOPOB [9, 246-252; 13,255-265].

Mcxopst M3 CKa3aHHOTO, IIPEACTABASIAOCH Ba>KHBIM
oIpeAeAeHHe YPOBHS aKTUBHOCTH CEpPOTOHHHEpPIrHJe-
CKOH CHCTEeMbI TOAOBHOTO MO3Ta OCETPOBBIX B paHHEM
OHTOTeHe3e C IIeAbI0 YCTAHOBAEHUSI COOTBETCTBHS CTe-
IIeHHU 3PEAOCTH U CQOPMHUPOBAHHOCTH HX IIeHTPAABHOMN
HEPBHOM CHCTEMBI TPeOOBAHUSIM €CTECTBEHHbIX YCAOBHUIT
oburaHus.

Marepunas n MeTOAHKA

HccaepoBanus omoanensl B 2013-2014 rr. Ha pas-
HOBO3PACTHbIX IPYTIIAX MOAOAU MEPCUACKOTO (KypHH-
CKOTO) ocerpa (Acipenser persicus ), BBIpAIeHHBIX bacced-
HOBBIM METOAOM B YCAOBHUSIX XBIAAMHCKOTO OCETPOBOTO
pbiOHOTO 3aBoAa A3epbaripkanckoit Pecrry6anku. Maas-
ku Maccoit 0,5t (n=9) u 1 r (n=7) 6p1au SO-pAHEBHOTO
BO3PACTa, TOTAA KaK AByXI'PaMMOBBIE U TPEXTPAMMOBbIE
MaAbku 661au SO- (n=7) u 70-pHeBHOrO (N=7) BO3pacra.

OmpeaereHne aKTUBHOCTH CepOTOHHHEPTUYECKOM
CHCTeMbI OCYLIeCTBASIAU ITyTéM MUMMYHOXUMHYECKOTO
U3MEpEeHHS COACP)KAHHSA CePOTOHUH-MOAYAUPYEMOTo
aHTHKOHCOAMAAIMOHHOTO 6eaka (CMAB) B 6eAKOBBIX
9KCTPAKTaX TOAOBHOTO MO3Ia MAaABKOB OCETpPOB C HC-
[IOAB30BAHHEM IIOAMKAOHAABHBIX HMMYHOTAOOYAMHOB,
HoAy4eHHbIX K 9ToMy 6eaky. CMAD 6b1a BbipeA€H paHee
B UncruryTte dpusnororun um. A.U. Kapaesa (Baxy)
U3 TOAOBHOT'O MO3Ta HeABIX KPBIC, 00A2AQ€T MOAEKYASIP-
HoOM Maccoit 126 kAa [4, 147-150] u Aunién BUAOBOI
crenu$pUIHOCTH.

IIpu nmpoBeAeHUH NCCAGAOBAHUI Y MAABKOB H3BAE-
KAaAU TOAOBHOM MO3T U 9KCTParupOBaAM CyMMapHBIe
BOAOPACTBOPHMBIE OEAKH ITyTéM TOMOT€HU3ALIUH B CTe-
KASHHBIX romorenusaTopax B 0,05 M ¢pocparnom akc-
Tparupyromem 6ypepe (pH 7,2), coaepsxasmem 0,3 M
NaCl, 5 MM OATA u 0,1%-us1it Tpuron X-100. ITpo-
651 nenTpudyruposasu npu 6000 06./MUH. B TedeHHe
15 mMuHYyT M cobupaau cynepHarant. Konunenrpanuzo

9KCTParupOBaHHBIX OEAKOB H3MepsiAU MeToAOM Bpea-
dopaa ¢ momompro 0,01%-HOTro pacrBopa Kymaccu
sipko-roay6oro G-250 B criekTpopoTOMeTpe Ha AAMHE
BoAHBI 595 HM. KoHIleHTpanumio sKcTparmpoBaHHBIX
6eaxoB pAoBoarAr ¢ omosio 0,1 M 6ydepa Tpuc-HCl
(pH 8,6) A0 20 MKI/MA U HCITOAB30BAAM B KayecTBe
AHTUTEHOB ITPY NTOCTAaHOBKE HENpsIMOro TBEPAOPa3HO-
ro MMMyHO(PEpPMEHTHOTO aHAAM3a Ha IOAUCTHPOAOBBIX
TAQHIIETaX yMepeHHOro ypoBHs cBssbiBanus (Corn-
ing Incorporated, USA). Yepes 20 4 AyHKHU YeThIpex-
Ast ormbiBaan 0,15 M pactBopom NaCl, copeprxasimm
0,05%-up181 TBUH-20 1 HAHOCHUAM ITOAMKAOHAABHbIE FM-
MmyHorao6yauust Kk CMAB, pa3BeseHHbIE B COOTHOIIIE-
uun 1: 40 80,01 M pocdarnom 6ydepe aas anrturea (pH
7,2), copepxxasimm 0,15 M NaCl u 0,05%-us1i1 TBIH-20.
Yepes 24 u AyHKM BHOBb OTMbIBAAM M HAHOCHAH IIPO-
THUBOKPOAMYBH KO3bH KOHBIOTATbl HMMYHOTAOOYAHHOB
c nepokcupazoit xpena (Kapanouenrp, Mocksa) B pas-
Beperun 1: 6000 B 6ydepe aast anrurea. Yepes 3 4 ayHKH
BHOBDb OTMBIBAAH U 3AAUBAAY CYyOCTPATOM — OPTOEHMU-
AeHAMaMHHOM — B KoHIjeHTparuu 0,5 Mr/ma B 0,05 M
nurpar-pocparnom 6ydepe (pH 4,5), copepsranmmm
0,4 Mr/MA IIepeKuCcH BOAOPOAA. PeakIiyio ocTaHaBAMBaAK
depes 20 MuH IIyTéM A0OaBAeHMs B AyHKH 3 M pacTBo-
pa NaOH. Pe3yAbTaTbl peakIiuy CYMTHIBAAU C IOMOIIBIO
doToMeTpa AA IMMYHOPEPMEHTHOTO AaHAAN3a Ha AAMHE
BoAHBI 492 HM. [ToAydeHHbIe pe3yAbTaThl MOTPYTIITHO yC-
PEeAHSIAM M CPaBHHMBaAM 110 t-kputeputo CThiopeHTa [ 3,
1-343].

Pe3yAbTaThI H 06CyKACHHE

B pesyAbrare IpOBEACHHBIX HCCACAOBAHHI OblAQ
BBIABAGHA CA€AYIOIas 3aKOHOMEPHOCTb H3MeHEeHMM
B ypoBHe CMAD B roAOBHOM MO3re MaAbKOB OCETPOB
B 3aBUCUMOCTH OT CTeIleHU uX 3peaocTu. [Ipu cpasHe-
Huu S0-TH AHEBHBIX MaABKOB oceTpoB BecoMm 0,51, 1 r
1 2 T 6bIA0 OOHAPYIKEHO Pe3KOe CHIDKEHHE COACPIKAHUS
CMAD y oAHOTpaMMOBBIX MAABKOB OTHOCHTEABHO IIO-
AYTPaMMOBBIX ( p<0,01 ), TOrAQ Kak MEXAY OAHOTPaMMO-
BBIMH M AByXI'PaMMOBBIMH MaAbKaMH HUKAKOH Pa3HHITbI
no yposrto CMAB o6uapyskeno e 6b110 (Puc. 1).

Hapsiay ¢ aTum, Taxke IPOBOAMAU COYETAaHHOE
cpaBHeHue ypoBHA CMAD B roAOBHOM MO3re MaAbKOB
0CeTpOB pa3HOro Beca u Bospacra. [Ipu anaause coaep-
sanust CMAB y AByXIpaMMOBBIX MAABKOB, OTOOPaHHbIX
U3 TOMyASIMHA MaAbKOB 50-u 70-cyTo4HOro BO3pacra,
a TaKKe y TPEXIPaMMOBBIX MaAbKOB 58-u 70-cyTouHOoro
BO3pacTa ObIAA BBIIBAEHA ITPEO0OAAAQAIOIASI POAD CTEIIeHH
spenoctu (Beca) Hap BO3PACTOM SKUBOTHBIX B ACTEPMH-
HMPOBAHMU €ro 3HaueHu. B yacTHOCTH, AByXTpaMMOBbIe
MaAbKH oceTpoB 50-u 70-CyToOYyHOro BO3pacTa HMeAU
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6anskue sHadeHnss CMAD Tak ke, Kak U TPEXTpaMMo-
Bble MaAbkH 58-1 70-cyTounoro Bospacta (Puc. 2). Bme-
cTe C TeM, OBIAM OOHAPY)KEHBI 3HAUUTEAbBHbIE PA3AUYHS
MEXAY ABYXI'PaMMOBBIMU SO-CyTOYHBIMU U TPEXTPaM-
MOBBIMH 58-CyTOYHBIMH MaAbKaMU (p<0,01), a Takke
MEXAY ABYXI'PaMMOBBIMU 70-CyTOYHBIMU U TPEXTPaM-
MOBBIMHU 7(-CyTOYHBIMU MAaABKAaMHU OCETPOB (p<0,01 ;
Puc. 2). B yacTHOCTH, AByXTrPaMMOBbIe MAABKH OCETPOB

0,08 -

50-u 70-CyTOYHOTrO BO3pacTa UMEAH OAM3KIE 3HAYEHMUS
CMAB raxk xe, KaK ¥ TpEXrpaMMoBble Maabku 58-u 70-cy-
Tounoro Bospacra (Puc. 2). Buecre c Tem, 651au 06H2pY-
>KEHbI 3HAYMTEAbHbIE PA3AMYMS MEXKAY ABYXTPaMMOBBI-
Mu S0-CyTOYHBIMU U TPEXTPAMMOBHIMU S8-CyTOYHBIMU
maabkamu (p<0,01), a TaKKe MEXAY AByXTPaMMOBBIMH
70-CyTOYHBIMM U TPEXTPaMMOBBIMH 7(0-CyTOYHBIMHU
MaAbKaMHU OCETPOB (p<0,01,' Puc.2).

0,07 ~

)

0,06 -

0,05 -

)

0,04

)

0,03 +

)

OnTtudeckue eguHULbl, 492 HM

0,02 -

0,01 -

VT

N

Mpynnbl

@o5r Bir Mm2r

PucyHok 1. CopgepaHne cepoTOHMH-MOOYNMPYEMOro 6enka B roloBHOM MO3re
50-TV AHEBHbIX MaNlbkOB OCETPOB Pas3HOro Beca
0O603HaveHus: ** — p<0,01

IIpu cospeBaHMH MAABKOB B MUHTEpPBaAe OT IIOAYTPaM-
MOBBIX K OAHOTPAMMOBBIM SKHBOTHBIM HAOAIOAQETCS 3a-
METHOE (p<0,0 1) cHwKeHMe copepxanmst CMAD. Aaaee,
npu a"aause yposHs CMAD y oAHOrpaMMOBBIX 1 ABYX-
rPaMMOBBIX MAABKOB IIPOMCXOAUT CTAOMAM3AI[HS 3HAYe-
HHI1 3TOTO IIOKA3aTeAs — OHHU BBIXOAST Ha ITAATO, TOTAQ
KaK ITPH TIOCAEAYIOIEM PasBHTHUU OT ABYXI'PaMMOBBIX

K TPEXTPAMMOBBIM MaAbKaM BHOBb OTMEYAeTCsl 3aMETHOe
(p<0,05) mapenue yposus CMAB.

Takum 06pa3soM, Ha paHHUX JTAllaX CO3PEBAHMUS IO-
AOBHOTO MO3Ta OCETPOB B IOCTIMOPUOHAABHOM OHTO-
reHe3e OT MOAYTPAMMOBBIX MAABKOB K TPEXTPAMMOBBIM
HaBAIOAQ€TCS TIOCTENeHHOE CHIDKEHNE AKTHBHOCTH Ce-
POTOHMHEPIUYecKoi chcTeMbl. BhIiBAeHHOE CHIDKeHHe
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Changes of brain serotonergic system activity in the brains of Persian (Kura) sturgeon fingerlings (Acipenser persicus) in ontogeny

aKTUBHOCTH CEpOTOHMHEPIHYeCKON CHUCTeMbl OTMeYaeT-
Csl B IIEPHOA 3HAUUTEABHOTO COKpaleHHs NpoAudepa-
TUBHOM aKTHBHOCTHU KAETOYHBIX 9A€MEHTOB IOAOBHOTO
MO3Ta MaAbKOB OCETPOB UM MHTeHCH(UKAIIUH ITpolLiec-
COB ux AupdepeHnHauu 1 GOPMUPOBAHUS CTPYKTYP
TOAOBHOTO MO3ra. B wacTHOCTH, BO3pacT HMCHOAB30-
BaHHBIX B IPEACTABAGHHOM HCCAEAOBAHUH XXUBOTHBIX

0,07 5

0,06

0,05 H

0,04 4

OnTudeckwe equHuLbl, 492 HM

0,03 4

0,02 1

0,01 1

INPUXOAUTCS Ha 6-0i1 mepuop 111 arama passurus koHey-
HOT'O MO3TI'a OCETPOBbIX PbIO, OXBATHIBAIOIIUI HHTEPBAA
OT 35-TbIX A0 70-BIX CyTOK MOCTIMOPHOHAABHOTO pas3-
BuTHA [6, 253-257]. K aTOMY aTamy nponcxoaut obpa-
30BaHMe BCeX OCHOBHBIX 30H U SIA€P KOHEYHOT'O MO3Ta
OCeTPOBBIX, U AAABHENIIee pa3BUTHE CACAYeT II0 ITYTH
A PepeHIINPOBKU 0OPa30BABIINXCS CTPYKTYP.

N

pynned

B2r-S0cyr B2r-70cyr B31r-58cyr B3r- T0cyT

PucyHok 2. IameHeHne cogepxxaHns cepoTaHnH-Moaynmpyemoro 6enka
B MO3re MaJibkOB OCETPOB B 3aBMCMMOCTM OT BECa U BO3pacTa
O603HaveHus: * — p<0,05 oTHOCKTENIbHO CBOErO BO3pacTa

CHmwxeHHe aKTHBHOCTH CEpOTOHMHEPTHUYeCKOH
CHCTEMBI TOAOBHOTO MO3Ta MAABKOB OCETPOB B IIEPHOA
HMHTeHCUPHUKAUY NporieccoB AU PepeHIIUPOBKH ero
KACTOYHBIX JAEMEHTOB U 3aBepIIeHHUs HX IpOoAude-
PpaliH, BepOsITHO, 00YCAOBAEHO TEM, YTO PeLielTOPbI
ceporonmnHa S-HT 1A, 3apeficTBOBaHHbIE B PEryASIIUN

npoueccos AUPpPepeHIUPOBKHI KAETOK, 0OAAAQIOT BbI-
cokum yposHeM adpdunnoctu (10~ M) k cepoTonuy,
Ha TPHU MOPSIAKA IPeBbIIAomuM aPpPUHHOCTD peler-
TopoB ceporonuna S-HT2A (10°° M), oTBeTCTBEHHbIX
32 PEryAsLMIO MPOAMQEPALMM HEPBHBIX KAETOK |7,
413-424].
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0,08 -
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0,05 -
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OnTuyeckne eauHuLbl, 492 HM
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0,02 -

0,01 A

0,5 1

2 3  pammbl

PucyHok 3. 3aBUCUMOCTb YPOBHS CEPOTaHUH-MOAOYIMPYEeMOro 6enka
B MO3re MasibkOB OCETPOB B 3aBUCMMOCTM OT BECa 1 Bo3pacTa
0O603Ha4yeHus: * — p<0,05 oTHOCUTENBHO CBOEIro BO3pacTa

B HacTosmee BpeMs OAHMM U3 CIIOPHBIX BOIIPOCOB
IIPY HCKYCCTBEHHOM BOCIIPOM3BOACTBE OCETPOBBIX SIBASI-
eTCsI OIIpPeAeAeHHe CTAAUH HX BBIITYCKA U3 PhIOOBOAHBIX
3aBOAOB B ecTecTBeHHbIe BOAOEMBL. [Ipu aTOM 32 0cHOB-
HOW TIOKa3aTeAb MPUHUMAETCs UX Bec (Macca) U B HOp-
MATUBHBIX AOKYMEHTAX ITPEAyCMOTPEH BBIITYCK MOAOAH
IO AOCTM>KEHHM MAcChl TeAa 2-3 I, CUUTasl IIPH 3TOM
IIPOMBICAOBBIHM BO3BpPaT PaBHBIM 2—-3% OT KOAMYECTBA
BBIITyCKaeMOM MOAOAU. FICXOAS M3 9THX AQHHBIX, IIPEA-
AQTaIOT BBIITYCKATbh MOAOAD C OOABIIEI MacCoit (5-10T)
C TeM, YTOOBI [IOBBICUTD YPOBEHD ITPOMBICAOBOT'O BO3Bpa-
Ta A0 5—10%. BriocaepcTBHH, OAHAKO, OBIAO OOHAPYIKEHO,
4TO Macca TeAd He MOXKeT CAY>KUTb AOCTATOUHBIM KpHUTe-
PHeM AASI BBIITYCKa MOAOAM OCETPOBBIX U3 PbIOOBOAHBIX
3aBopoB. Mccaeposarmsa P.JO. Kacumosa [1, 1-136]
u B. B. Ayxpsenxo c coasropamu [2, 1-227] nokasa-
AM, YTO AAEKBATHBIM KPUTEPUEM AAS BBITYCKAa MOAOAH,
MOXXeT OBITb BO3PACT, IOCKOABKY OH OTpaxkaeT cdop-
MHPOBAaHHOCTD €€ IIOBeAeHYECKHX M PHU3NOAOr0-OHO-
XUMHUYECKHX II0Ka3aTeAel, CIIOCOOCTBYIOMUX AydIIeMy

IPUCIOCOOAEHHIO U BBDKHUBAHUIO )KUBOTHbIX B IIPHPOA-
HbIX YCAOBUSIX. C APYTOi CTOPOHBI, IPU BBIPAITHBAHUI
OCeTPOBbIX Ha PhIOOBOAHBIX 3aBOAAX B IIOTOMCTBE, IIOAY-
YeHHOM OT OAHO CaMKH, BCTPeYaIoTCs 0COOH, OTAMYA-
IOIITMeCs] TEMITAMU CBOETO Pa3BHUTHS, T. €. B OAHOBO3PACT-
HOJ ITOITYASILIMY BCTPEYAIOTCS KaK O0Aee KPyIIHbIe 0cobH,
TaK U 0COOU MEHbIIIETro pa3Mepa, C MeHbIIeH MacCO.
Mcxopst 3 M3BECTHOM AUTEPATypPhl PeryASITOPHOM
POAM CEPOTOHMHA B OTHOIIEHHH IIPOIIecCOB AU PepeH-
IUAIIU KACTOK |9, 246-252; 13,255-265 | BrisBAeHHAs
AvHamuKa usMeHeHus yposHsa CMAD nossoasier mpocae-
AUTD BO BpeMeHHOM MacIITabe XapaKTep 9TOH peryAsiIjuL
PaccMoTpeHue 9TOM AMHAMUKH B ITPOIiecce CO3PEBaHUS
TOAOBHOTO MO3Ia MAABKOB OCETPOB ITO3BOASIET IIPHUATH
K 3aKAIOUEHHIO O TOM, UTO CHIDKEHHe aKTUBHOCTH CepOTO-
HHHEePIUYeCKON CHUCTeMBI IIPOUCXOAUT He TPAAYAABHO,
a MMeeT CTyreH4aThil (Ha OTpe3Ke pasBUTHUS OT OAHO-
IrPaMMOBbIX K ABYXIPAMMOBBIM MaAbKaM) XapakTep. Beaea-
CTBHE PEeTyASIIHU CepOTOHHHOM ITporiecca AudpdepeHIy-
POBKH, MOXXHO IIOAAraTh, YTO AHAAOTUYHOMY BpeMEHHOMY
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XapakTepy M3MEHEHUI TAKKe MMOAYMHSIETCS AMHAMHKA
A depeHIHALIN KACTOYHbIX IAEMEHTOB H CO3PEBAHIS
CTPYKTYp TOAOBHOTO MO3ra MaAbKOB. CAeAOBaTeABHO,
II0 YPOBHIO aKTUBHOCTH CEPOTOHHHEPIHYECKOM CHUCTe-
MBI TOAOBHOT'O MO3T'a MAABKOB OCETPOB MOXHO AEAATh 3a-
KAIOYEHHE O CTelleHH 3PEAOCTH CTPYKTYP HX TOAOBHOTO
moara. O6HapysKeHHAs B AAHHOI paboTe 3aKOHOMEPHOCTb
MOXKeT OBITh BOCTpebOBaHa B IIPAKTHKE PHIOOBOACTBA AASI
OIIpEACACHHSI CTETIEHH 3PEAOCTH MAABKOB OCETPOB IIEpeA,
HX BBIITYCKOM B €CTECTBEHHYIO CpeAy OOUTaHMUSL.

BriBopbI

1. O6HapyXeHO pe3KOe CHIDKEHHE COAEPIKAHMUS
CMAB y OAHOIPaMMOBBIX MAABKOB OTHOCHTEABHO

IIOAYTPAaMMOBBIX, TOTAQ KaK MEXAY OAHOI'PAaMMOBHI-
MH U ABYXI'PAaMMOBBIMH MaAbKaMH HHKAKOH Pa3HHIIBI
o yposaio CMADB o6Hapy»keHO He 6b1A0.

2. Ilpu anaamse copepxanuss CMAD y aByxrpam-
MOBBIX MaAbKOB S50-1u 70-CyTOYHOro BO3pacTa, a Takxe
Y TPEXTPaMMOBBIX MaABKOB 58-1 70-CyTOYHOrO BO3pacTa
6bIAa BBISIBACHA IIPE0OAAAAIOIIASI POAD CTEIIEHU 3PEAOCTH
(Beca) Hap BO3PACTOM HMBOTHBIX B A€TEPMUHUPOBAHUH
€ro 3HAYEHHI.

3. Amnaawms copepxannss CMAD y moayrpaMMoBbIX,
OAHOTPAMMOBBIX, ABYXI'PAaMMOBBIX U TPEXIPAMMOBBIX
MaABKOB S50-AHEBHOTO BO3pPAaCTa YKa3bIBAaeT HA CTYIIeH-
YaThIN XapaKTep CHIKEHHUS eTO YPOBHA.
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Fauna of infusoria in Hovsan and Sahil water
purification plants of Absheron peninsula

Abstract: There is investigated the species structure and spread of infuzoria in two water purification plants

(Hovsan and Sahil). 54 species related to 6 subclasses are revealed. The distribution of infusoria by biotopes, their
role in the water purification and the relation of the species to saprobity are considered.
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Mamedosa Aiibenus Kapa xot3vl,

Baxunciuii Tocydapcmeennoiii Yuusepcumem,
Aoyenm, kandudam 6uorozuteckux Hayx,
E-mail: m__chingiz@yahoo.com

dayHa nHPy30punit B O4UCTHbIX COOPYXXEeHNaX FoBCaHbI
n Caxunb ANWEepoHCKOro nojiyocTtposa

Annoranus: VccaepoBaHBI BUAOBOM COCTaB, paCIpOCTPaHeH!s HHPY30PHUI B ABYX OUHCTHBIX COOPY>KEHHUAX

(Tocannt u Caxuab). O6HapyxeHa 54 BUAQ, OTHOCAIGUXCS, K 6-TH mopKAaccaM. PaccMaTpuBaeTcs pacipeseAeHue

HHQY30pHIL 10 HHOTOIAM, UX POAH B OUHCTKE CTOYHBIX BOA M OTHOLIEHHE BHAOB K CalpOOHOCTH.

KaroueBbre cAOBa: MakpoOeHTOC, HHPY30pHH, OHOTOIL.

BBepenne

Wudysopuu mmpoxo pacnpocTpaHeHbl B BOAOEMaX
3eMHOTO IIapa U 00AaAAI0T OOABIION CKOPOCTHIO pas-
MHOxeHus. Hapsay ¢ aApyrumu nmpocrefimumu uadpy-
30pHM UTPAIOT CYNIeCTBEHHYIO POAb B TPOPUUECKHX
B3aUMOOTHOIIEHHSIX TUAPOOHOHTOB M COCTABASIIOT 3Ha-
YUTEABHYIO AOAIO OOIIeil IIPOAYKTHBHOCTH BOAOEMOB.
OTO0 KacaeTcs MHPY30pHUH KaK MAAHKTOHA, TaK U MUKPO-
6eHTOCA U IEPUPUTOHA.

Hudysopun — OAMH U3 HanboAee MHPOKO PACIIPO-
CTpaHEeHHBIX KOMITIOHEHTOB OHOIIeHO30B OYHUCTHBIX COOPY-
xeHuil. MiccaepAOBaHMAMM YCTaHOBAGHO, YTO HHQY30pHU
COCTABASIIOT OCHOBHYIO I'PYTIIy HPOCTENIINX B OYHCTHBIX
COOPY>KEHHSIX OBITOBBIX M IIPOMBIIIACHHBIX CTOYHbIX BOA.
Tak, Ax. Kypac u A. Kox6opH [3, 237-249] yxasbiBator
AASL OYUCTHBIX COOPY>KeHHMI AHIAMU 67 BUAOB IIMAMAT.
H.B. Mamaesa [2, 1-16] 06Hapy>kuAa B akTUBHOM HA€
HEKOTOPBIX IPOM3BOACTBEHHBIX OYMCTHBIX COOpPYIKe-
Huit — 80 BUAOB OPraHM3MOB, U3 KOTOPBIX UHPY30PHH CO-
craBasiau SO BupoB. ITo poauapmvy H. H. Bannna [ 1,78-86]
B aKTHBHOM HA€ IIETPOABOPHOBbIX OYHUCTHBIX COOPY KEHHI
UHPY30pHU IPEACTABACHDI 79 BupaMu. Takoe 3HaUMTeAD-
HOe NpeobAapaHNe [IMAMAT B AKTUBHOM HA€ OYHCTHBIX
COOpPY>KEeHMHI FOPOACKHX M YaCTHYHO IMPOU3BOACTBEHHBIX
KaHAAM3AI[IOHHBIX CTOKOB CTUMYAMPOBAAM U3ydeHHe BU-
AOBOTO COCTaBa, 9KOAOTHH MHQY30PHIl U X POAU B IIPO-
Iiecce 6HOAOTHYECKOM OYUCTKH.

He menee BaxxHOe cA€ACTBHE QUABTPAIIMOHHOM Ae-
ATEAPHOCTU MHPY30pUN — OCBETACHHE OYHUIeHHOM
BOABI M YHHYTOXXeHHe 00Ae3HeTBOPHBIX OaKTepHil. JTa
POADb MHPY30pHIl OblAd IKCIIEPUMEHTAABHO AOKA3aHa
paboTamu HeKOTOPHIX aBTOpPOB [4, 335-367]. B pe-
3yAbTaTe IPOBEAEHHBIX SKCIIEPUMEHTOB BbIABAEHO, UTO
6e3 HH}Y30pHIl OUMCTKA OKA3bIBAETCS HEKAueCTBEHHOM.
Haanunem 60AbIIOro KoAM4ecTBa CBOOOAHBIX OaKTEpHUIT
OYHIIeHHAs BOAA OcTaeTcsi MyTHbIM. ITocae oo6aBAeHMs
YCTaHOBKH KYABTYP MHQY30pHUi OYHUCTKA B HUX PE3KO
YAY4IIAeTCs ¥ BOAA CTAHOBUTCS IIPO3PAYHOIL.

Marepnaa 1 MeTOANKA

HccaepoBanms nmposopnauch B 2014-201S rr. B oumcr-
HbIX coopykeHHAX [oBcanpl u Caxuab, MPOU3BOASIIEH
OYHCTKY CTOKOB OBITOBBIX, IIPOMBIIIACHHbIX U KAHAAN3A-
IIMOHHBIX ceTeil. [Tpo6bI AAs H3yueHHs HHPY30PHIT ObIAK
B3SIThI TIOCE30HHO M3 BCEX ACHCTBYIOIIMX OTCTOMHUKOB
(ux Beero 18). AAst usyuenus cupsaux $opm uHPy3opumit
npo6b1 661AU cObpanbI (cOCKabAMBaHUEM) U3 CTEHOK OT-
croiHNKOB. OAHOBpPEMEHHO B OTCTOMHUKAX B TOAIE BOADI
OBIAM ITOABEIIEHBI IIPEAMETHBIE CTEKAQ.

Bcero 3a epuoa rccaepoBaHst CobpaHo 1 06paboTa-
HO 120 mpo6, 13 KOTOPBIX 35 — MepUPUTOHHbIe.

AAs onpeaeAeHHs KOAUYECTBA HHPY30PHIl UCIIOAD-
30BaAach MepHas nurerka obbsemoM I Ma. MHdysopun
IIPOCYMTBIBAAKCDH B KaMepe boroposa, moa 61HOKyAsIpoM
B HECKOABKHX IIOBTOPHOCTSIX, TIOCA€ YeTO ACAAAM TTepecyeT
Ha M> BOABL

PesyAbTarsi 1 006Cy)KACHHE

B marepuase mpuBOAUTCS BUAOBOM COCTaB U pacIpe-
AeAeHre HHQY30pHI B OYUCTHBIX COOpy»keHHxX [oBcaHb
u Caxuab. B pesyabrare riccAepOBaHMIT BCeTo 6BIAO 06-
Hapy>keHO 54 BUAOB MH(Y30pHI, OTHOCSIIUXCS K 6-TH
noakaaccaM. Kak BUAHO 13 TabAmIb! 1, camoe BbICOKOe
pasHOOOpasue BUAOBOTO COCTaBA OTMEYEHO B adPOTEH-
kax [oBcanckoit asporonHoit crannun. IToTom caeay-
et asporenku Caxuab (cooTBeTcTBeHHO, 38-36 BUAQ).
Hauboabmree uncao BUAOB HH(PY30pUiL B OYUCTHOM CO-
OpY>KeHUH MPeACTaBACHO TMMHOCTOMaTamu (18 BUAOB).
ITo BAOBOMY pasHOOOPa3HIO BTOpOe U TPeThe MeCTa pas-
AEASTIOTCSI MEXKAY IIPEACTABUTEASIMH IIOAKAACCOB Peritricha
(12 BupoB) u Spirotricha (8 BupoB). CaepyeT OTMETHUTB, 4TO
OCHOBHOE SAPO BUAOBOTO COCTaBa MHPY30PHii B OYUCTHBIX
coopysxenusax Toscanp! 1 CaxyAb OKa3bIBAeTCS EAUHBIM
AASI OOABIIMHCTBA OYHCTHBIX COOPYYKEHHUI OOABIIMHCTBO
CTpaH MUPa. DTO 0OBICHSIETCS OAU30CTDIO IKOAOTHIECKUX
YCAOBHIA U IIHPOKO 9BPHONOHTHOCTH OOABIIMHCTBA BHU-
AoB nHQy3opuil. B cocraBe $payHbI OUHMCTHBIX COOpPYKe-
HMI BCTPEYAIOTCS TAKXKe MHOTO IIPEACTaBUTeAeH MECTHOM
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¢ayHsl, KOTOpble AKTUBHO YYACTBYIOT B GHOAOTUYECKOI
ouncTke cTouHbIX Bo (Tab. 1).

B mpo6ax 9THX OTCTOMHUKOB OCHOBHOM QOH CO3AQ-
BaAM IIPeACTABUTEAN TIOAKAAcca Peritricha. VIx maccoBoe
pasBuTHe 6BIAO OOHAPYIKEHO HA IIOBEPXHOCTH XAOIIBEB
MAQ, ACTPUTA, CTEHKAX OTCTONHUKOB M Ha APYIHX CyO0-
crparax. Cpean HallAGHHBIX IIEPUTPUX [IPEACTABUTEAN
poaa Vorticella 06pa3oBbIBaAM MacCOBbIE IOITYASILIHIL
o HaumM HaOAIOACHUSIM OOHAPY)KEHO, YTO OOHUABHOE
pasBHUTHE IEPUTPHX B OYUCTHOM COOPY)KEHUU AT Hau-
AydILIVe PEe3YABTATHI B OYMCTKE M OCBETACHHH CTOYHbIX BOA.

INosiBAeHue XUIHBIX rpynn uHysopuit (Litonotus,
Hemiophrys, Didinium u Ap.) B O4UCTHOM COOpYXKeHHH

COBITIAAQET CO BpeMeHeM OOUABHOM PasBUTHEM APYTHX
IIUAMAT, KOTOPbIe CAy>KaT UM nuimiedl. FIHTeHcCuBHBIM
norpebAeHIEeM APYTHX TPYII HHPY3OpPHUIL, MHOTHE
baxTeprosiAHbIe pOPMBI ITOCTEIIEHHO HCYE3AI0T U3 OHO-
IIeHO33, B Pe3yAbTaTe IMOBBINIAETCSA CTEIIeHb MyTHOCTH
BOADI, IIOAAEXKAIITHE OYMCTKE. YMEHbIIEHNE YHCACHHO-
CTH XUIIHBIX pOPM OOHAPYKEHBI B CAMBIX [IOCAEAHHX
OTCTOMHMKAX, TA€ HaOAIOAQETCA CHABHOE TIOHIDKeHUe
YHCA@HHOCTHU APYTHUX I'PYyTIIT HUHPY30PUH, ABASIOIIMXCS
VX NHILEeBHIMU 00beKTaMU. B aTHX OTCTOMHMKAX BOAA
CTAaHOBUTCSI 6OA€e YHUCTBIM U B IIPOHAX AOMUHUPYIOT
IPEACTAaBUTEAH IIePUTPHX.

Tabnuua 1. — CocTaB AOMUHMPYIOLLNX BUOOB MHPY30PUNIA CTOYHBIX
BOA, B O4YNCTHbIX COOPYXeHuax FoscaHbl u Caxunb

Pacnpocrpanenue
Buabi nadysopuit AdporeHKH Canpo6HocTs
T'oBcanbI Caxnasp
1 2 3 4
Kaacc. Kunerofragminophora
IToaxaacc. Gymnostomata
1. | Spathidium simplex + - 0-p
2. | S.spathula + - a-B
3. | S. modestum + - a
4. | S.pectinatum + — B
S. | Holophrya simplex + + B
6. | Prorodon ovum + - a
7. | Chaenea teres + — B-a
8. | Coleps hirtus + — B—a
9. | C.elongatus + + a
10. | Lacrymaria popula + - P-a
11. | Litonotus lamella + — a
12. | L. fasciola + + a-
13. | Loxophyllum multiplicatum + - a
14. | L. meleagris - + —a
15. | Hemiophrys fusidens - - a-p
16. | Enchelys pupa + - a
17. | Loxodes magnus + - a
18. | L.rostrum + - B
ITopxaacc. Vestibulifera
19. | Colpoda cucullulus - - P-a
20. | C.aspera + - a
21. | Colpoda sp. + - a
22. | Plagiopyla cucullio + - p
IToaxaacc. Hypostomata
23. | Chilodonella cucullulus - - a-f
24. | Ch. uncinata + - a
25. | Dysteria navicula - - a
26. | Trochilia minuta + - a-B
27. | Trochilia sp. - - p
Kaacc. Oligohymenophora
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1 2 3 4
ITopxaacc. Hymenostomata
28. | Paramecium caudatum + + P-a
29. | P.aurelia + - a-p
30. | P.trichium + + p
31. | Uronema marinum + + B-a
32. | U.nigricans + - P-a-
33. | Cyclidium citrullus + - p-a
34. | C.cingulare + + a-p
IToaxaacc. Peritricha
35. | Opercularia coarctata - + a-p
36. | Zoothamnium carinogammari — — a
37. | Epistylis bimarginata — - a-p
38. | E. plicatilis - - a-B
39. | E.polenesi — - a-p
40. | Vorticella microstoma + + a-p
41. | V.alba - - p—a
42. | V.ovum + - a
43. | V.striata var.octava - - -
44. | V.microstoma var.tipica - - a-p
45. | V.campanula - - -0
46. | V.nutans - - B
Kaacc. Polyhymenophora
IToaxaacc. Spirotricha
47. | Metopus setosus v.minor + + p
48. | Metopus sp. - + p
49. | Spirostomum ambiguum - + o
50. | Climacostomum virens + + B
51. | Stentor polymorphus + - a-B-0
52. | Strombidium styliferum + - 0-8
53. | Stylonychia putrina + + p
54. | S.pustulata + - B
BCETO: 36 15

IIpu usyyennu pacrnpepeseHus UHPY30pUH B pas-
AWYHBIX GHOTOIIAX YCTAaHOBAEHO, YTO KXKABIA OHOTOI
XapaKTepUsyeTcs OIpeAeAeHHbIM HabopoM BraoB. Ha-
IIpYMep, TOAIJA BOABI XapaKTePH3yeTCs MaCCOBBIM pas3-
BUTHEM PABHOPECHMYHBIX U HEKOTOPHIX CIIUPAABHO-
PeCHUYHBIX pOpM. DTOT OHOTOI MOXKHO CYUTATh 30HOM
MaKCHMaAbHOTO OpraHuyeckoro sarpssHenus. [locaea-
Hee XapaKTePHO TAKKe AAS AOHHDIX OTAOXKeHH# (MUHe-
PpaAbHbIEe YaCTHIIBL, IECOK, OpraHMYeCKHe B3BeIleHHbIe
YaCTHIIBI U AD.), TA€ BCTPEYAIOTCS B OCHOBHOM TIOAHCA-
po6Hbie BUABL UTO KacaeTcst OTHOLIEHUS HHPY30pHUit
K CarpOOHOCTH, TO CA€AyeT OTMETHUTD, YTO OCHOBHASI
9acTh UAMOPAYHbI H3yYEHHBIX OYMCTHBIX COOPYKEHUM
cocTaBAsIoT a, B 1 noaucanpo6busie Bupbt (Tab. 1).

W3sydenne nndysopuil uMeeT 6OAbIIOE 3HAYEHHE
AAS QYHAAMEHTAABHBIX OHOAOTHYECKHX HCCAEAOBA-
HUM, IIOCKOABKY 3TH IPOCTEMAINNE IIPEACTABASIIOT cobon

OAHOBPEMEHHO M KAETKY M IJeAbIN opraHusM. Muorue
UH(Y30pUH UCIOAB3YIOTCS B ITMTOAOIMYECKUX, QU3NO-
AOTHYECKUX, OMOXMMHMYIECKUX, TeHETHIECKUX K APYIrux
HCCAEAOBAHUSAX B KQUeCTBE on6H0171 MOAEAH 3YKapHOT-
HOM KAETKH.

Bmecre ¢ TeM n3yueHne HHPY30pHIl BAXXHO U AAS Ha-
YYHO-IIPaKTUIECKUX HCCACAOBAHMI, B YACTHOCTH 9KOAO-
rudeckux. BaxkHas poab nHPY30puUil B )KU3HU BOAOEMOB
B HacTosllee BpeMs He MOAASXKHUT coMHeHMIo. bes Bce-
CTOPOHHErO U3yYeHUs 6MOAOTHU BCEX OCHOBHBIX 9KOAO-
IHYeCKUX IPYII MOPCKUX M IIPEeCHOBOAHBIX HHQY30pHi
(MI/IKPO6€HTOC, TIAQHKTOH, l'[epI/I(l)I/ITOH) HEBO3MO>KHO
pemaTth I'IP06A6MI>I COXPaHEeHHs YUCTOTHI U IOBBIIIEHUS
6HOAOTHYIECKO IIPOAYKTUBHOCTU BOAOEMOB.

Mudysopuu He TOABKO SBASIOTCS HHAMKATOPaMH 3a-
I'PA3HEHHS BOAOEMOB, HO UTPAIOT BAKHYIO POAb U B Ca-
MOM IIpoLecce 6MOAOIMYECKOI OYMCTKU BOABL Baaro-
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Aapsi CBOei OOABILION YHCAEHHOCTH U ITIOBCEMECTHOMY
pacmpocTpaHeHuio B MupoBoM okeaHe MHPY30pHU —
CYIIeCTBeHHbIN PaKTOP B peryAMpOBaHUH YHCAEHHOCTHU
GaKTepuil 1 B yHHYTOXXEHUH TATOT€HHBIX MUKPOOPIaHU3-
MOB. B yacTHOCTH, MH}Y30pUH yYaCTBYIOT B CO3AQHHU

XAOIIbEB aKTUBHOI'O MAQ, HEOOXOAMMBIX AASL IIOAHOLIEH-
HOI1 OMOAOTHYECKOI OYUCTKU BOABL B 3KOAOrHMUecKoM
acrnekxTe U3yYeHHe HHPY30pui (KaK MOPCKUX, TaK U IIpe-
CHOBOAHbIX) 1 OLIEHKA UX POAM B BOAOEME IIPEACTABASIOT
60OABIION TEOPETUYECKUMN U IPAKTHIECKUI UHTEPEC.
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Uber einige Eigenschaften der Raume der Bootby-Wang-Zerlegung

Abstract: Im Artikel wird der Raum der Bootby-Wang-Zerlegung untersucht. Es werden zwei Lehrsetze bewiesen.
Erstens, wenn der Raum der Bootby-Wang-Zerlegung dem Grundsatz der 2r +1 — Untermannigfaltigkeiten (r >2),
die @ — holomorph sind, geniigend ist, so ist die Basis der Zerlegung die Hodge-Mannigfaltigkeit. Zweitens, der
Raum der Bootby-Wang-Zerlegung ist dem Grundsatz der 2r+1 — Flichen (r 22), die ®— holomorph sind,
geniigend dann und nur dann, wenn die Basis der Zerlegung eine raumliche Komplexform ist.

Keywords: Mannigfaltigkeit, Untermannigfaltigkeit, Untermodul, dual, fast-Kontaktstruktur, Bootby-Wang-

Zerlegung.

Man sagt, die metrische fast-Kontaktmannigfaltig-
keit P*"" entspreche dem Grundsatz der 2r +1 — Unter-
mannigfaltigkeiten (1<r<n),die ®— holomorph sind,
VpeP,VLcC Tp(P),dimL =2r+1,®(L)c L,
N < P - @ — invariante Untermannigfaltigkeit, so dass
peN,T (N)=L. Im Fall, wenn man die Untermannig-
faltigkeit immer geoditisch wihlen kann, sagt man, die

wenn

Mannigfaltigkeit P entspreche dem Grundsatz der
2r+1 - Flichen, die ® — holomorph sind.

Sei der Raum der Bootby-Wang-Zerlegung tiber die
allgemeine Hodge-Mannigfaltigkeit dem Grundsatz der
2r +1 - Untermannigfaltigkeiten, die ® — holomorph
sind, gentigend. Da Vp € P,L < T,(P)- der ungeradezah-
lige @ — invariante Unterraum ist,und N € P-® - in-
variante Untermannigfaltigkeit, so infolge seiner @ —
Invarianz sind die eigene Untermoduln der Enge @ auf
X(N) in eigenen Untermoduln des Operators @ be-
schlossen. Weiter werden wir glauben, dass die Indexe
die Werte von 1 bis r durchlaufen. Wihlen wirin T,(N)
A—TReper (p,&,v,,V,,...,v,,v,v7,...v"). Bezeichnen wir
j:T,(N)— T (P)- natiirliche Einbettung. Im beliebigen
A— Reper (p,€,6,,6,,...,€,,€',€",...€") wird sie durch
die folgenden Gleichungen gegeben:

jv,)=Ces
jv)=Cre"
j€)=¢&.

Bezeichnen wir (0,6,,0,,...,0.,0',6°,...0") —Cobasis,
die der Basis (&,V,,V,,...,V,,v',v?,...v") dual ist.

Dann

o' =C'0%
w,=C0,; (1)
w=0.

Differenzieren wir (1.1) durch duf8ere Ableitung:
do" =dC" A" +C d"

Unter Beriicksichtigung (1) und der erster Gruppe
der Strukturgleichungen der metrischen fast-Kontakt-
struktur, die auf dem Raum der Booby-Wang-Zerle-
gung induziert ist, haben wir

C'do" =(—dC" +C'a —\-1C"0) A 2)
AO“ +B™CICT0, AD,.
Merken wir, dass
CiCl =(Clz, Cle") = itv, ), v ) =61
Minimieren wir (2) durchC!, so ergibt
d07 =(~C’dC" +C'C' ' —~/-1570) A
A0 +BCIC/C'0, N6, .
Bezeichnen wir
0 =—CdC’ +C'C'a, (3)
so ergibt
0" =07 A" —\[-1510 AO* + B“C/C/C'0, nO,. (4)
Analogisch durch Differenzierung (1.2) ergibt
d6, =(~C"dC’ —C"Cl @ +3-1570) A
A, +B, CIC,C:0" nO".
Merken wir, dass die dufere Differenzierung der
Gleichung C;C? =6/ ergibt:
C'dC’ =-C'dC".
Unter Beriicksichtigung des ergibt

(5)
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6, =—0° N0, +\-15°0 A0, + C'C:C:B, 0" AO". (6)
Weiter, gemif (4) kann man die Gleichung (2) fol-
gendermaflen darstellen
(dC! = Cloyf +N-1CL0°) A0 +
+H(B™CLCICPC! = B™CPC)0, AD, =0
Angesichts der linearen Unabhingigkeit der Formen
{0“,0,} und Cartan’s Lemma gibt es solche Funktionen
{C,,}, dass
1.B*CIC’ = C'C/C'C'B"™; )
2.dC" - Clof +4-1C20" = C1,0%;Ct,, =0.
Die Beziehung (7.1) wird dargestellt
1
(B3 ~B"57)=C/CICC; =o0.

Da diese Beziehung in Bezug auf {C?} identisch er-
fullen soll, r>2

1 abc od __ pdbc Sa
“B*5! =B,

dass ergibt

angenommen,

Daraus gleich folgt, dass B™ =0, d.h. die Basis der
Zerlegung — die Hodge-Mannigfaltigkeit ist. Wennr =1
, so wird die Beziehung (7.1) automatisch erfiillt (beide
seine Teile gleich Null). Also ist bewiesen

Lehrsatz 1. Wenn der Raum der Bootby-Wang-Zer-
legung dem Grundsatz der 2r +1 — Untermannigfaltig-
keiten (r 22), die ® —holomorph sind, gentigend ist,
so ist die Basis der Zerlegung die Hodge-Mannigfaltig-
keit.

Sei die Mannigfaltigkeit P dem Grundsatz der 2r +1
— Untermannigfaltigkeiten, die ® — holomorph sind,
geniigend. So wird (7.2) dargestellt

dC! —Cloy +4-1C26% =0.

Durch duf3ere Differenzierung dieser Beziehung un-
ter Beriicksichtigung (1) und der zweiten Gruppe der
Strukturgleichungen ergibt

C;d@f =C,0; O’ +
+C,C,C;(2B""B,, + A,Y +26,5)0" A6, +
+CICiC B, 0" AO" ~CICPCIB*.0, AD.,.

a =By b

Weiter wird r 2 2. angenommen. Laut dem bewiese-
nen Lehrsatz B =0, also B, ‘ = B“, =0.

So wird die letzte Beziehung dargestellt
Ci0! =C'0) nO! +CZC;C§ (A +268.610" nO.  (8)

Durch die Differenzierung (4) ergibt A0, A6, =0,
rae AB] =db] —6) A6 +20" A0, .

Analogisch durch die Differenzierung (S) gilt
A A0 =0.

Mit Hilfe der allgemeinen Cartan’s Lemma ergibt,
dass AB] =21/10" A6, ,sodass A7 = A" =0. Durch die

ap] ap

bea

Einsetzung in (8) folgt
C,CiCl (A +25,6!)=-258]C, +CoAD.

Die letzte Beziehung wird dargestellt als
(ANS°8" +25,5°878" 255,575 — l;”;’6:5f) X

be T a ¢ a b~ a"p
bee vy
xC'C:C} =O0.

Dassie in Bezug auf {C''} identisch erfiillen soll, dar-
aus ergibt
ANG 425487 — A5 =0,

Minimierung durch Indexe (a,9) u (B,y) ergibt

Al = Agb‘f ,wo A= ;A:f —2. Aber das bedeutet,
dass die Basis der Z&(lre:cg& g eine riumliche Komplex-
form ist, und der Raum der Zerlegung eine riumliche
Sasaki’s Form ist. Andererseits ist eine beliebige raumli-
che Sasaki’s Form der A-Dimension mehr als 3 dem
Grundsatz der 2r +1-Flichen, die ® — holomorph sind,
geniigend [1].

Also, gilt

Lehrsatz 2. Der Raum der Bootby-Wang-Zerle-
gung ist dem Grundsatz der 2r +1 - Flichen (r 2 2), die
® — holomorph sind, geniigend dann und nur dann,
wenn die Basis der Zerlegung eine raumliche Komplex-
form ist.
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Single-degree of the sums of integers with stiping sings

Abstact: The formulas for calculating sums of the same integer degrees of an alternating real numbers with
arbitrary difference and a initial number are obtained. Formulas of an arbitrary degree and difference of bases are
presented. Integral and differential relations between such sums are found.
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The question about the final sum of the positive sin-
gle-degree numbers is an old problem and it is partially
solved in modern mathematics [1; 2; 3; 4; S]. In this ar-
ticle we look at a sum of the common form, which is an
alternating single-degree function

T (2n;m;t;x) =§:(—1)k“(x+(k—1)m)’ =

_ (2n—2)m)t -

—(x+m) +

(x+2m)[—(x+3m)t+...+(x+

—(x+(2n—l)m)t.

Note that in mathematical handbooks, we have not

(1)

found any analytical formulas for the calculation of such
amounts. In (1) m — the difference between the bases
of adjacent numbers, x — the initial number, m and
x — anyreal numbers, 27 — amount of summand, t —
non-negative integer degree of the number. Immediately,
we note that T(2mm;05x) =0T (2mst5x) =
=x' —(x+m)t. Earlier we considered [4; 5] positive
sum of the form

S(n;m;t;x) =kzn:l:(x+(k—l)m)t =x' +(x+m)[ +...
..+(x+(n—l)m)t, (2)

for which the new common integral and differential
equations were obtained. The sums (1) can be expressed
by S(n;m;t;x) as follows:
T (2nsmst5x) = S(n;2m;t5) — S(ns2ms 556 +m) . (3)
Using the results of [4; 5], we can obtain a common
formula for calculating sums in the form of an alternating
generalized binomial of Newton

T(Zn;m;t;x) = in -(Zm)k ‘a, (n) . [x"k
k=0

In (4) there are C; =t!/k!(t —k)! — the binomial
coefficients, and the sum of the form (2) a,(n)=n,and
when k>1 a,(n)=S(n-11k;1). Formulas for calcu-
lating a, (1) with a small k have the form

n n n on o on
al(fl)zg—g; az(l’l):?—7+g; as(n):

—(x+ m)’fk}. (4)

a(n)="l LS
’ 6 2 12 12’
o ont owon o
a,(n)= L

7 2 2 6 42
n* o 7n® 7n' w’ (%)

a,(n)=—-—+ +—

8§ 2 12 24 12.
a,(n) is the sum of successive natural numbers from
«1» to «n—1> in the degree of k. Always when
k>1 a,(1)=0, a,(2)=1.We have found the following

recurrence relations between these functions with k>1

a,.,(n)=(k+1) {Ua dn)—n(ja j} (6)

(kiJ e IR

Equations (6) and (7) allow you quickly find the
functions 4, (n) and calculate an alternating arbitrarily

large sums of the form (1).

Consider an example. Direct calculation
T(6;1.52;0.3)=0.3"—1.8"+3.3 —4.8° +6.3’ -7.8" =
=-36,45. Equation (4) gives

T(6;1.5;2;0.3)=1-1-3-(—3.15)+2-3-3-(—1.5) =—36.45.
Between the different values of T (2n;m;1;x ) there is
a recurrence relation

(1)(%} —T(2mmst-Lx)  (8)

t Ox
If you want to calculate T(2n+1;m;t;x), then this
sums is determined by the formula
T(2n + l;m;t;x) = T(2n;m;t;x) + (x + 2nm)t . (9)
Here is some concrete expression to calculate an al-
ternating sums
T (2n5m;1;x) = —nm; T (2n;m;25x) = —nm[Z(x +nm)— m};

T(Zn;m;3;x) = —nm(3x2 —3xm+6nxm—23nm’ +4n’m’ )
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Optimization of the width and speed of molten zone in the
conditions of purifying copper of impurities by zone melting

Abstract: The work presents the results on obtaining super-pure copper by way of zone melting with the use of
a new construction of installation. Technological regimes and parameters of purifying copper of impurities by zone
melting are well-adjusted on the example of purifying copper with the purity of 99,96%. Optimal parameters of
molten zone — width and speed of its movement are defined. It was established that effective reduction of the total
content of impurities in the purified metal with 380 ppm to 10 ppm is achieved at optimal width of molten zone
equal to SO mm and intensive stirring of liquid phase. As a result of conducted researches, super-pure copper with

the purity of 99,998% is obtained.

Keywords: zone melting, liquid phase, stirring, diffusion, metal, impurity.

Introduction

Currently, despite the production of a wide spec-
trum of non-ferrous, rare metals, there is almost no
obtaining of special alloys on the basis of these met-
als in Kazakhstan. There is a critical need of reliable
equipment with high operational life for national
machine building, energy, oil and chemical produc-
tions in the republic. In this regard, the development
of new highly efficient technologies allowing increas-
ing heat and corrosive resistance of responsible parts
of devices and mechanisms, service life of construc-
tion materials produced on the basis of manufactured
metals in the republic is a promising and relevant di-
rection. The turn of the raw materials to the internal
market and expansion of production capacities on
metal products manufacturing of4-5 process stages is
noticeable. The government of the republic developed
and is performing target programs with the allocation
of significant amounts of financial support aimed at
expansion of scientific-research works and research-
and-development activities in order to create produc-
tion of super-pure metals and alloys based on them.
These approaches are quite natural. For instance, a rare
metal rhenium extracted from a unique mineral dzhe-
zkazganite is produced in the form of salt — ammo-

nium perrhenate. Organization of the production of a
metal of high purity (rhenium) would allow expanding
portfolio of the manufactured products and obtaining
additional profit at the expense of difference in price
of the metal rhenium and its salts. The manufacture
of products (rhenium) with added value would allow
adjusting manufacture of alloys and finely-divided
powders of rhenium, which, as it is known, are widely
used in powder metallurgy to produce parts of differ-
ent mechanisms and devices in aerospace equipment,
power and other industries. The relevance of these is-
sues is enhanced by the fact that the role of powder and
composition materials is constantly growing with the
development of the industries of modern equipment
and electronics, where it is impossible to exploit ma-
chines and devices of aviation and rocket equipment,
chemical machine building etc. without ensuring spe-
cial properties of these materials.

The analysis of scientific-technical literature shows
that one of the most common and, often, most efficient
methods of deep purification of metals of impurities and
obtaining of especially pure metals are different variants
of the methods of directional crystallization, one of
the variants of which is the method of zone melting (the
term floating-zone refining is sometimes used) [1-4].
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The development of the direction of obtaining
super-pure metals is given special importance in the
world practice. It can easily be seen in the example of
active works on improvement of technology and de-
vice arrangement of purification of metals of impurities
abroad in the recent years. The works on deep purifica-
tion of copper of impurities by zone melting with obtain-
ing super-clean copper have noticeably advanced [5-7].
At the same time, the use of zone melting to purify dif-
ferent metals and obtained results are characterized by
a big variance, because physico-chemical properties of
the original metals and impurities content in them are
significantly different.

In this regard, a need to expand the production of
metal products of high limits — super-pure metals with
high added value, at the operating enterprises of the re-
public is obvious. The solution to the issue requires the
development of high effective technology adapted to the
conditions of the existing enterprises.

Optimization of width and speed of movement
of molten zone

Copper containing impurities is a multi-component
system of complex composition. However, the concen-
tration of impurities in the original copper is not big in
most cases and their mutual impact can be disregarded.
In this case, the purified material can be considered as a
combination of independent binary systems, the main
metal — separated impurity. Herewith, the coefficient of
distribution of the sought impurity is defined as a ratio
of the concentration of metal-impurity in the fixed-ratio
solid and liquid phase.

Such approach enables to forecast the distribution
of metals of impurities between liquid and solid phases
as well as the possibility and level of accumulation of
them in the head or tail part of a bullion and, thus, ef-
ficiency of the zone melting for every concrete metal.

In the research experiences, the process of purifying
the copper of impurities was conducted in the horizontal
quartz reactor in the atmosphere of argon. To remove dif-
fusion limits, intensive stirring of the melt in the molten

zone at the expense of the use of induction heater and
application of magnetic field along the front of crystal-
lization and melting with the use of magnetic rings was
employed. The chosen solution allowed achieving the
reduction of diffusion resistance and ensuring optimal
re-distribution of impurities between solid and liquid
phases. The temperature of the metal in the molten zone
was measured by an optical pyrometer and used as a con-
trol parameter to define the speed of the movement of
molten zone.

Method of experiments and research results

Rods of refined copper with the purity of 99,96%,
length of 800 mm, diameter of 35 mm were used as origi-
nal material. The original rod of copper with the weight
of 3 kg was placed in the quartz boat located in the quartz
reactor. The inert atmosphere in the reactor was created
by the supply of argon.

The speed of movement of induction heater along
the rod of the metal was 300 mm/hour. The tempera-
ture of the metal in the molten zone was controlled
by the optical pyrometer and was maintained within
1180-1230 °C, which corresponded to the tempera-
ture of excess of copper melting by 100-150 °C. Upon
the achievement of the set temperature, the sample was
kept for different time (10, 15, 20 minutes), after which
the heater moved along the rod with cooling it to the
temperature of 30-50 °C higher than the temperature
of copper melting.

The impurities, moving together with the melt zone
along the rod, were concentrated in the overheated zone
of the copper rod (sample). After optimal number of
runs (S runs), the end parts of the rod were cut off and
super-pure copper was obtained.

The results of the remaining concentration of impuri-
ties in the obtained metal showed that at the suggested
device solution and set technological parameters, deep
purification of copper is achieved at the expense of re-
duction of total content of impurities from 80 ppm to
10 ppm. Herewith, the super-pure copper with the purity
0f 99,998% is achieved.
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high-temperature synthesis of preliminarily mechano-activated burden are investigated. It is shown that, due to a
preliminary mechanochemical activation of the burden, a thinner and more homogeneous structure of the metallic
phase of powder- like iron monosilicide.

Keywords: morphological formation, copper and molybdenum slags, mechanical activation, X-ray fluorescence,
the restoration, powder iron monosilicide, synthesis.

Mapmupocan Burena Akonosua,

Hayuonaavnuiii norumexuuseckuil ynusepcumem Apmenuu,
npogeccop, doKmop mexHu4eckux Hayk, paxyrvmem
Xumuueckux mexrHoA02uii u npupodooxXpaHHoti urserepu,
E-mail: v. a.martirosyan@mail.ru

Cacynysn Mapune Edyapdosna

HayuonaavHuiii noaumexnuseckuii yHusepcumem Apmenuu,
doyenm, kandudam mexHuveckux Hayx, Paxyromem
Xumuneckux mexHoro2uil u npupo0o0XpanHoil urxceHepuu
E-mail: msasuntsyan@mail.ru

Mopdonornyeckoe uccnegosaHme GpopmMmmpoBaHusa MOHOCUIMLUMAA
)XeJsiesa U LWaKkoB, NoJIy4eHHbIX B NMpoLecce BbiICOKOTEeMMNepaTypHOro
CUHTEe3a npeaBapuTesibHO MEXaHOAKTUBUPOBAHHOM LUNXTbI

AHHOTaI[I/ISI: I/ICCACAYIOTCSI MOP(]?OAOI‘PI‘ICCKHC HN3MCHCHUA HOPOH.IKOO6paBHOI‘O MOHOCHAHMIINAQ JKEAE€3A U IITAAKOB,
TTIOAYYE€HHBIX B ITPOIIECCE CAMOPACIIPOCTPAHAIOIIErOCS BBICOKOTEMIIEPATYPHOTO CUHTE3a ITPEABAPHUTEAPHO MEXAHOAKTH -
BHPOBaHHOﬁ IIUXTBHI. HOKaSaHO, 4TO 3a CUET HpeABaPHTeAbHOfI MeXaHOXHMHUYEeCKOM AKTHUBAallMX HINXThI (l)OPMpreTCfI
6oAee TOHKAS U OAHOPOAHASI CTPYKTYpa MeTaAAUYeCKOM (l)aSbI — HOPOH.IKOO6P33HOFO MOHOCHAHMITHAQ JKEAC3a.

KaroueBbie cAOBa: MOP(l)OAOI'I/I‘leCKI/Ie (I)OPMI/IPOBaHI/Iﬂ, MECAHBIC 1 MOAI/I6A€HOBIJI€ IIAAKK, MEXaHOAKTHUBaIK,
PeHTI‘eHO(]?AyopeCLIeHTHbeI, BOCCTAaHOBAEHHE, ITIOPOIIKH MOHOCHAHNIIMAQ JKEAE3a, CHHTES.
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BBepenme. Ilopomxu MoOHOCHMAMIEAQ >KeAe3a
IIPOSIBASIIOT MAarHUTHbBIE M JAEKTPUYECKHMe CBOMCTBA
U MOTYT HCIIOAB30BAaThCS B KAUeCTBE ACTHPYIOLIEN AO-
0aBKH B IIPOM3BOACTBE IAEKTPOTEXHHYECKUX CTaAEH
U KPEeMHHUHCOAEPKAIINX CIIAABOB CO CIIeIIMaAbHBIMU QH-
3UKO-XUMHUYEeCKHUMH CBOMCTBaMHU. C 9TOM TOUKH 3peHH,
OpraHM3aLMs SHeprocbeperarmnieil TEXHOAOTHU pa3pa-
6OTKY [TOAYYEHHS CTOAD LEHHOM AeTHPYIOLieil AOOABKU
C YTHAM3AIMeH BTOPUYHBIX OTXOAOB SIBASIETCS AKTYaAb-
HOI 3apauer.

IlepcrieKTHBHBIM METOAOM IIOAYYEHHUS YKa3aHHBIX
MIOPOIIKOB SIBASIETCSI MEXaHOAKTUBHPYEMBIN CaMOpac-
IPOCTPAHSIONIMICS BBICOKOTEMIIEPATYPHBIN CHHTE3
(MACBC). Iyrem mpeABapUTEAbHOl MeXaHOAKTUBA-
ITUM MOXXHO IIeA€HAIIPABACHHO BAMSATH Ha CTPYKTYPY
peaxironHo# cMecu u mapameTpst CBC, obecneunBast
TeM CaMbIM BO3MOXKHOCTDb PeT'YAUPOBAaHHS CTPYKTYPBhI
1 $a30BOrO COCTaBa CHHTE3UPYEMbIX OPOIIKOB [ 1-2].
OAHaKO BO3MOXHOCTH IIOAYYEHHUSI IIOPOIIKOOOPAZHOTO
CHAMIIMAQ JKeAe3a U3MEeHeHeHHeM XUMUYeCKOro MapI-
PyTa B MeXaHOAKTUBHPOBAHHBIX PEAKIIMOHHBIX CMECSX
MPAKTUYIECKH HE U3Y4IEHBI [3;4].

LleAbto nccaepAOBaHUS SIBASIETCS IIOAyYEHHE MOHO-
($a3HOTO CHAMITHAA XKEeAe3a ITyTeM IIPEABAPHTEABHOTO Me-
XaHOXMMHUYECKOTO aKTUBHPOBAHHS IIHXTHI, COAEPKaIeH
CMeCh OTXOAOB OIPEAEACHHOIO COCTaBa, ITOAYYaeMbIX
U3 METAAAYPIHIEeCKOTO IPOU3BOACTBA — AAaBepAUI-
CKOTO MeAEIAABUABHOTO U EpeBaHCcKOro MoAnOAEHOBO-
ro 3aBopoB, a raxke KNO, n CaO, myTem coBmecTHOTO
AAIOMHHOTEPMHYECKOTO BOCCTAHOBACHHUSI B pPeXHMe
CBC, u usyueHHe YCAOBHIl CTPYKTypoOOpa3sOBaHMs
U MOPQOAOTHHIIOAYIEHHOTO PpeppOCIAaBa.

ITponecc aAlOMHHOTEpPMHYECKOTO BOCCTAHOBACHHS
mAaKoB mpepcrasaser coboit CBC, B pesyasrare koTO-
POTO KOAUYECTBO BBIAEASIEMOM 9HEPTHHU YAOBACTBOPSIET
CaMOIIPOU3BOABHOE TeUeHHe [IPOLecca U He TpedyeT pac-
XO0AQ TeIAA U3BHE. DTOT IPOIeCC MOXXHO OCYIIECTBASITD
BHEIIEYHBIM CIIOCOOOM, 4TO SIBASIETCS IIPEUMYIIeCTBOM
AAHHOTO MeToAa [4; S].

MarepHaAbl 1 METOABI HCCAGAOBAHHS. AAS U3-
MepeHMsI [APAMETPOB ILIAAKOB OBIAM HCIIOAB30BAHbI
KOHBEPTEPHbIM M OTBAAbHbIM IIAAKH AAABEPAUNCKOTO
MEAETIAABHABHOTO 3aBOAA M MOAMOAeHOBBII mAak Epe-
BaHCKOro 3aBoaa “Yucroe sxeae30”. ITo AaHHBIM XUMH-
YeCKOTO aHAAM3a, SAEMEHTHbIN cocTaB (B mepecuere
Ha MeTaAABl) 06Pa3IOB MEAHBIX OTXOAOB CAEAYIOIHIL:
44,59% Feun 17,5% Si — B oTBaAbHBIX IIAaKax u 47,95%
Fe n 10,10% Si — B KOHBepPTEPHBIX IIAAKAX. DAEMEHT-
HBII COCTaB 00pasIja MOAMOAEHOBOIO LIAAKA CAEAYIO-
mit: 8,75% Fewn 32,11% Si.

I/ICCAEAOBaHI/Ie COCTaBa

Ha penTtreHoBckoM audpaxromerpe APOH-3 B Cu,

¢pasosoro IIPOBOAMAOCH
u3AydeHHH. CheMKa peHTTeHOIPaMMBbI OCYIIeCTBASAACh
B HEIIPEPHIBHOM PEXHMe B HHTepBaAe yraos 20 =10°...
90° [6].

MccaepoBaHHe 9A€MEHTHOTO COCTaBa 0OOpasLioB
(B mepecueTe Ha OKCUABI) IPOBOAMAH HA aTTECTOBAH-
HOM peHTTeHOPAyOpeclleHTHOM crnekTpoMeTpe ED
2000 pupmbr “Oxford Instruments Analytical” (Beau-
ko6puranus) [7; 8].

Mop¢oAaoruzo IOBepXHOCTH MOKPHITHIA HCCACAOBAAU
Ha CKaHHPYIOIIeM SAeKTPOHHOM MHKPOCKOIIE BHICOKOTO
paspemenus “Mira>» ¢upwmpt “Tescan” (Yexust) c MUKpPO-
peHTreHOCneKTpaAbHbIM aHaAu3aTopoM “INCA Energy
350" AASl MCCAAOBAHUS PACIPEACACHUSI 9AEMEHTOB
II0 IOBEPXHOCTH NPUMEHIAH CHEMKY B XapaKTepPHCTH-
9eCKOM PEeHTTeHOBCKOM U3AyYeHHH [8].

MeToanKa aKCIIepUMeHTa. DKCIIePUMEHTBI IIPOBO-
AUAY B TUTAHOBOM PEAKTOPE, IPEACTABASIONIEM CO60IT
METAAAMYECKYIO eMKOCTb, COCTOSIINYIO U3 ABYX YacTeH.
HuxHsa5 9acTh HallOAHeHa KBapIIeBBIM IIeCKOM, BEPXHSISA
9acTh IIPEACTABASIET COOOM KOHUYECKYIO KPBIIIKY, OT-
KPBITYIO CBepXy. B cepepuHe HIDKHeH 4acTH peakTopa
B KBAPLIEBOM II€CKE A€AAAH YTAYOAEHMsI, TA€ TOMEINAA-
st oOpasel] IUXTbI, COCTOSIIUI U3 UCXOAHBIX CMecei
cTexuomerpudeckoro cocrasa. llluxra momemaaacs
B SIMY KBapI}eBOTO IIeCKa U 3aKPBhIBAAACh KOHHYECKOM
KpBIIIKOM. B mjeHTpe 06pasma 3aAHBAACS HHULIUATOP
(Fe304+C). T'openne ocymecTBASAOCH C IOMOMIIbIO
PACKaACHHOM 9AEKTPUYECKUM TOKOM BOAbPPAMOBOM
CIIMpAAH C BEpXHero Topia obpasia. B atux ycaoBusx
B IIOBEPXHOCTHBIX CAOSIX CMECH BO30OY>KAQETCSI XUMU-
JecKasl peakiis 1 $OPMHPYeTCsS BOAHA TOPEHHS, pac-
IPOCTPAHSIONASICA C IOCTOSHHOM CKOPOCTBIO IO BCeH
AAuHe o6pazsiia, T. e. uMeeT mecto CBC. Topenue mpo-
TekaeT B TeueHre 10...15 ¢ B mpeaeaax Temreparyp
2300...2500°C. ITocae OXAQXAEHHS IPOAYKTHI IO-
PeHIsI 00pa3yloT METAAANYECKYIO U IIAAKOBYIO $asbl,
npuyeM MeTaAAMdecKas dasa IpeACTaBAsieT coboil
CIIAOIIHOM KYCOK, KOTOPBIN COOMpPAeTCs Ha AHe LIAAKA
U AETKO OTAeAsieTcst oT Hero. [Tocae B3BemmBaHus Me-
TAaAAMYECKas U ITAAKOBAsI (pasbl TOABEPTAAMCH XMMHUYe-
ckoMy (OTIPeAeASAOCh COAePIKAHHE JKeAe3a M KPEMHUSL)
U peHTreHO(a30BOMY aHAAHU3AM.

Pe3yAbTaThI 9KCIIEpUMEHTA U UX 00Cy)AeHMe. Bpian
HICCAEAOBAHbI CAEAYIOLIHE OOPa3IIbL:

— 06pasisr NONe 1-4 — mpOAYKTHI aAIOMHHOTEP-
MHYECKOIO BOCCTAHOBAEHHS CMECEH, NCXOAHBIN COCTaB
KOTOPBIX [IOKa3aH B TabA. 1;

— 06pazery N¢ § — cTaHAAPTHbIN (pepPPOCUAULIUIL.
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Tak xak oTBaAbHbIE U KOHBEPTEPHDIE IAAKHN OTAMYA-
I0TCS APYT OT APYTa IIO COACPIKAaHHIO JKEAE3a 1 KPEMHU,
AASL CPAaBHEHUA 6I>IAI/I IIPUTOTOBAE€HDI IMXTHI C KOHBEP-

TEPHBIM M OTBAABHBIM IAAKAMH II0 OTACABHOCTH IIPH
3apaHee BbIOPAHHBIX ONITHMAABHBIX YCAOBHSIX U ITOCAE
60 MHIH MeXaHOAKTHBALIMH B BHOpoMeAabHuIle Tra M 30.

Tabnuua 1. — Hymepauus wnxtol ans CBC BocCTaHOBNEHUS

HanMeHOBaHHe Cocras cmecH, T
ob6pasma KOHBepTepHbIi/OTBaAbHbIA mMAaK | Moau6aenossiit mak | NaNO, | CaO Al
O6paserg N 1 10 (xoHBepTepHbDIiN) 1,5 2,5 1,5 8
O6pasery N2 2 10 (xoHBepTepHbII1) 1 2,5 1 8
O6paseng N2 3 10 (oTBaAbHBII1) 1,5 2,5 1,5 8
O6pasery N2 4 10 (oTBaAbHbII1) 1 2,5 1 8
Pe3yAbTaThI peHTTeHOPAYOPECIIeHTHOTO aHaAM3a 00pasijoB NON° 1...4 mpuBeAeHbI B TaOA. 2.
Tabnuua 2. — AneMeHTHbIN cocTaB 06pa3yoB NeN2 1...4
CopepskaHre OCHOBHBIX 9A€MEHTOB, %
obpazery N° 1 obpazerp N° 2 obpazery N2 3 obpasen N 4
DAEeMEHTHI
IIAQK. IIAQK. IIAQK. IIAQK.
MeT. pasa $asa MeT. pasa $asa MeT. pasa $asa MeT. pasa $asa
Si 20,7 9,1 19,8 8,8 22,1 5,6 19,2 4,0
Fe 41,6 6,4 39,7 8,3 44,1 55 38,79 5,8

OAeMeHTHBII cocTaB 06pasia NO S caepyromuit: Si—
74,7%, Fe — 13,22%, Al-1,1%, Ca — 1,5%. Kak BuanHO
U3 TAOAMYHBIX AQHHBIX, [10 COAEPIXKAHMUIO XKeAe3a 1 KpeM-
HUS B 000MX 00pa3Ijax MOAYYAOTCS [IOYTH OAMHAKOBBIE
AaHHbIe. [Ipy 9TOM B OTBaABHBIX IIAAKAX COAEPKAHUE
JKeAe3a M KpeMHUS B MeTAAANYEeCKOH pa3e CPaBHUTEAD-
HO BBIIIIE, 2 B IAAKOBOM — HHXKE.

[35-0822] mpeBaampyer Bo Beex o6pasnax, HO HHOTAA
BUAHBI pedaexcol kpemuus Si [27-1402].

3 pe3yapTaToB $pa3oBoro aHaAu3a obpasma N¢ S
(crampapTHBII peppocuannuit) BupHO (puc. 1), uto
OCHOBHBIMHU pasamu sBastoTC Si [27-1402] u dasa
deppocuanuus FeSi [35-0822], koropas cocTaBas-
eT 0koAo 98%. IIpoAyKThI AaAIOMHUHOTEPMUYECKOIO

[lpu cpasHenum penTreHorpamm obpasnos  BoccranoBaenus Tuma Al Fe Si, Al _Fe Si . orcyr-
Ne Ne 1...4 (puc. 1) BupHo, uto dasa FeSi Ferrosilicite  cTByroT.
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== * * \0 ¢ —FeSi
& i ‘ | e —Si .
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dazoBble COCTaBBI MIAAKOBOM Ppakyuy 06pasLos
NeNe 1, 2 u 4 npakTH4eCK: UAGHTUYHbI U IIPEACTABASIIOT
coboir Al O, [46-1212] Corundum, SiO, Quartz
u SiO, Cristobalite, Taoke B HEOOABITUX KOAUIECTBAX
npucyrcrsytor FeSi, Fe Sin Fe O, (puc.2).

®azoBble COCTaBBI MIAAKOBOM Ppakyuy 06pasLoB
Ne Ne 3 u 4, HecMOTpSI Ha UAGHTUYHbBI COCTaB HCXOAHBIX
CMecell, CyImIeCTBEHHO OTAMYAIOTCS APYT OT ApyTa.
OcnoBsHoi1 pasoit obpasiia N¢ 4 ssasercst Al O, [46-

Vewtos W00 Ot 03¢ Ovecor 300
ey S

x100

x1000

1212] Corundum, mpucyrcrsyior dpaser SiO, Quartz, Fe
u Al. B o6pasie Ne 3 daza AL,O, [46-1212] Corundum
OTCYTCTByeT, OCHOBHOH ¢asoit sBasercs AlFe,
oy Sl FeSi.

Ha puc. 3 mokasana MOPQOAOTHSI CTAHAAPTHOTO 06-

)

Al _Fe Si . npucyrcrsytor Al Fe,Si

pasua N S. M3 pucyHKka BUAHO, 4TO B OCHOBHOM CylIje-
cTByIOT ABe dasbl: dpasa FeSi (cBerao-cepsrit yyacTok)
1 $pasa, CopepIKamast TOAbKO Si (TeMHO-CepBbIil y4acToK).

OTO 4eTKO MOATBEPKAAETCS HA BCEX 0OpasIax.

x20000

Puc. 3. Mopdonorus ctangapTHoro obpasua N2 5 (cBeTno-cepblin yHacTok — pasa,
conepxatlasa FeSi, TeMHO-cepbIli y4acTok — pasa, coaepkalasa Tosbko Si)

Ha puc. 4-7 npuBOAATCS pe3yAbTaThl HCCAEAOBAHUS
MOpP$OAOTUH 0OPA3IIOB METAAAMYECKUX Ppa3 (CBeTAo-ce—

X100~

Y e

x1000

pbiit yaacTok — dasa, copepsxamas FeSi, TeMHO-cepblit
y4acTok — asa, copeprKamas TOAbKo Si).

20000

Puc. 4. Mopdponorus obpasua N2 1 (metannnyeckasn dpasa)

x100

x1000

x20000

Puc. 5. Mopdonorus o6pasua N2 2 (meTannmyeckasa ¢pasa)

x100

<1000

x1000 ©x20000

x20000

B 1]

Puc. 7. Mopdonorus obpasua N2 4 (metannndeckasn dpasa)
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W3 mopdorormyeckux CHUMKOB BBbITEKAaeT, 4TO
CTPYKTypbl MeTasamdeckoil ¢aspr FeSi, moayuennomn
U3 KOHBEPTEPHBIX M OTBAABHBIX IIAAKOB, OCOOEHHO
He OTAMYAIOTCS APYT OT APYTa, HalloMuHasi cebe Mop¢o-
AOTHIO CTaHAAPTHOTO 06Opasua. ToAbko cTpykTypa Me-
Tasandeckoit gpaspl FeSi, moayueHHON N3 KOHBEpTEPHBIX
1 OTBAABHBIX IAAKOB, 3AMETHO 3arps3HeHa pa3HbIMU MU-

HepaAaMH. Y HUX, KpOMe CBETAO- U TEMHO-CEPOTo OTTEH-
KOB, BUAHBI Tak)Ke MeAbYalliie OTTeHKH APYTHX MUHe-
PaAOB, HO 3a CYET IIPEABAPUTEABHON MEXAaHOXUMUIECKON
AKTHBALUH LIMXTHI BO BCEX CAYYasix popMHpyeTcsi Goaee
TOHKas U OAHOPOAHAs CTPYKTYpa ¢peppOCHAUIIUAOB.
Ha puc. 8-11 npuBeaeHbI pe3yAbTaThl HCCAEAOBAHUS
MOPPOAOrUH 0OPA3LIOB MIAAKOBBIX $pa3 1-4.

x20000

a) x100,

Puc. 9. Mopdonorusa obpasua N2 2 (unakoBas dasa)

a)x100,

b)x1000,

b)x1000,

B) x10000

B) x10000

Puc. 10. Mopdonorus obpasua N23 (lnakoBas ¢pasza)

a) x100,

)x1000,

B) x10000

Puc. 11. Mopdonorusa o6pasua N24 (nakosas ¢pasa)

W3 pucyHkoB BUAHO, 4TO Kak (a30BbIf COCTaB, TaK
U MOPPOAOTHS IMAAKOBOT Pppakimu 06pasrioB Ne N 3 11 4,
HeCMOTPsI HA HUAEHTHYHBIN COCTaB 06pasoB N Ne 1 n 2,
CYIIIECTBEHHO OTAMYAIOTCS APYT OT APYTa, HO OCHOBHOM
dasoit Bcex 06pasios sBasiorcs Al O, u SiO,.

BpiBoab1. O6001mast OCHOBHbIE 3aKOHOMEPHOCTH
Mop¢oaorur $OpMHUPOBAHUA CTPYKTYPBI U $Pa30BOTO
COCTaBa )KeAe30KpeMHHUeBbIX TopommKkoB MeTopom CBC,
IIOKA3aHO, YTO NTPeABAPUTEAbHAS MEXaHOAKTHBAIIUSA pe-
aKIIMOHHOM CMeCH, CoAepIKalleil CMeCh OTXOAOB OIIpe-
AEAEHHOTO COCTaBa, IOAyYaeMbIX M3 METAAAYPIUYeCKOro

IIPOM3BOACTBA — AAABEPAMICKOTO MEACTIAABHABHOTO
u EpeBanckoro moAn6AeHOBOTO 32B0AOB, a Taike KNO ,
1 CaO, Bo BcexX cAyYasixX 03BOAsIeT $OpMUPOBATH bosee
TOHKYIO H OAHOPOAHYIO CTPYKTYPY IIPOAYKTa IIPH ITOBBI-
LIIEHHO¥ TAyOUHe TIpeBpaIeH .

MccaepoBaHue BHIIOAHEHO IPU PUHAHCOBOM IIOA-
aepxxe 'KH MOH PA B pamkax ApmsiHo-6eaapyc-
CKOTO COBMeCTHOTO Hay4Horo mpoekra N¢ 13 Pb 049.
OKcrepuMeHTaAbHbIE AAHHBIE IIOAyYeHbI B beaopycckom
rOCYAAPCTBEHHOM HAy4YHO-IIPOU3BOACTBEHHOM 00beAr-
HEHHH IIOPOIIKOBOM METAAAYPTHH.
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Parameter optimization of heat recovery steam
generation for hyndai engine H25/33

Abstract: Conducted experimental studies of thermodynamic parameters changes in working environments in
Hyundai engine H25/33 when the engine is operating at different times of the year. Obtained regressional depen-

dence to calculate the parameters of working environment in the range of ambient temperature changes from 0 to

40 °C. Based the possibility of use of ICE cooling water in the heat recovery steam generator in its appropriate treat-
ment. Formed mathematical model of the heat recovery steam generator for Hyundai engine H25/33 and made its

numerical implementation. As a result of numerical implementation of mathematical models of heat recovery steam

generator the optimal parameters of the generated steam while using waste-gas heat and partially cooling water heat in

Hyundai engine H25/33.

Keywords: Heat recovery, diesel engines, exhausts gas, Renewable energy, heat power, waste heat generator

Introduction and statement of the problem.

About 60% of the heat produced in the cylinders
of internal combustion engines is lost irretrievably into
the environment. This leads to the need to: further im-
prove the efficiency of the internal combustion engine,
expansion of areas of use and increasing the amount of
energy generated by them [1-2]. One of the most prom-
ising ways of solving these problems is the utilization of
heat irretrievably lost in the environment [3-5].

To date worked out technical solutions in using the
heat of exhaust gases of main marine power systems
(mainly marine internal-combustion engine) for receiv-
ing of aqueous vapor in the waste heat recovery boiler.
In future, with this aqueous vapor: is heated fuel (heavy
fuel oil-fuel for the main engine), or is used for energy
production based on Rankine cycle [6]. Other second-
ary heat source (water-cooling system of internal-com-
bustion engine) is used loosely. This is due to the fact
that the low thermal capacity in the cooling system of

the internal combustion engine makes inefficient the uti-
lization plants in which working medium is water.

Hyundai engine H25/33 refers to the internal-com-
bustion engine with a turbocharger. Distinctive feature
of the internal-combustion engine with turbocharge is
a high excess air ratio (a = 3). This explains the signifi-
cant change in the exhaust gas temperature at the time
of purging of the engine cylinder [7]. This calls for an
experimental study of the exhaust gas parameters in the
existing diesel generator on the basis of Hyundai engine
H25/33.

Another significant feature of the high values of the
coefficient of excess air in the Hyundai engine H25/33 is
relatively low absolute moisture content of the flue gases
due to the high dilution of the mentioned with ambi-
ent air. Due to the nature of climatic conditions at the
location of power electric plant with Hyundai engine
H25/33 the absolute moisture content of the air varies
greatly by season. That in turn has a significant impact
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on the parameters of exhaust gases after Hyundai engine
H25/33.

The aforementioned features of Hyundai engine
H25/33 in the formation of flue gas heat recovery systems
require: experimental studies of parameters of working
environments at different climatic conditions; forming of
a mathematical model of heat recovery steam generator,
which takes into account changes in the parameters of
the working media depending on the climatic conditions
of power electric plant location; numerical implementa-
tion of the developed mathematical model of heat recov-
ery steam generator to determine the optimal technical
parameters of the generated steam.

Mathematical model of heat recovery steam gen-
erator that uses the water from the internal combus-
tion engine cooling system.

Mathematical model of heat recovery steam gen-
erator is based on the recommendations for the design

of ship recycling steam generators [8] and a standard
method of calculation of steam boilers [9-11].

In addition, in mathematical model is taken into
account: dependences of the actual parameters of the
working environment in Hyundai engine H25/33 from
the environmental parameters: gas temperature at the
outlet of the engine after turbocharger; temperature of
water at the outlet of the radiator and temperature of
water at the outlet of air cooler; effect of the composi-
tion of the fuel (fuel oil Crude oil Heavy fuel oil) on the
thermal characteristics of the waste gases; dependence
of the absolute moisture content of the waste gases from
the excess air ratio in the Hyundai engine H25/33; use
of appropriately treated water cooling system Hyundai
engine H25/33, etc.

Parametric variation of the exhaust gases, water and
steam in the steam generator can be represented by the
circuit shown in Fig. 1.

vapor -
liquid
separator

econoraizer

superheater
o (e]
Exhaust }
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A lTgl i
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|
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: |
| |

' |
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Fig.1. Pattern of variation of parameters in flue gas parameters from ICE,
water and steam in the heat recovery steam generator

Asinput parameters for the calculation of heat recov-
ery steam generator can be taken: i, = f(p,) — steam en-
thalpy in the drum separator (is determined by the pres-
sure of the cooling system condensing of Hyundai
H25/33, supplied to the heat recovery steam generator),
kJ/kg; i, = f(p,t,) — condensate enthalpy supplied from
the cooling system of Hyundai H25/33 (depending on
the pressure and temperature of the condensate before
economizer); k] /kg; Gg - flue gas flow, kg/s; Ig, — en-
thalpy of flue gas. k] /kg; I . — enthalpy of ambient air,
kJ/kg; p, — pressure in the condensate supply system of
the engine cooling system, bar; t, — condensation tem-

perature of the engine cooling system before the econo-
mizer, °C.

Parameter values Ig,, I, p and t,~kg (are deter-
mined on the basis of experimental studies of the param-
eters of the working environment in Hyundai engine
H25/33).

For each of the convective heating surfaces (super
heater, evaporator and economizer-fig 1) can be formed
the differential energy equation from the exhaust gases
and the production environment. Changing the amount
of heat in a heat exchanger element of length dx given
away by gases and perceived by the working environ-
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ment, equal to the amount of heat transferred by the heat
transfer. Assuming, that in the heat recovery steam gen-
erator there are no additional heat sources (absent radi-
ant heat from the internal combustion engine cylinder)
and it is gasproof (absent airflow from the environment)
the system of differential equations for the flue gas sys-
tem and the operating environment can be written as:

FE
—(p-Gg-dIg:K].-(Tg—tj)-j-dx.

E
~Gp-di=K, (T, —t,)-—-dx (1)
x
where Gg — design flow of exhaust gas, kg/s; Gp — flow

of working medium (steam, water), kg/s: ¢ — heat pres-
ervation rate; Ig — enthalpy of the gas, referred to 1 kg of
flue gas, k] /kg; i — enthalpy of the working fluid (steam,
water), kJ /kg; K}. — current value of the heat transfer
coefficient, Br-m>-K™'; Tg-t — current value of the tem-
perature difference between flue gases and the working
environment, °C; Fj/ x —relation of surface-to-length of
the device, m; x-current value of the length of the heat
exchanger for exhaust gases while moving, m.

Numerical implementation of mathematical
modeling of heat recovery steam generator for Hyun-
dai engine H25/33

Results of computer simulation in the steam genera-
tion in the heat recovery steam generator provided by ap-
proximation of the exhaust gas temperature to the inlet
water temperature in the economizer show that, depend-
ing on the ambient temperature in the steam is generated
from 1400 to 1500 kg of steam/h.

According to Newton — Richman’s equation for
convective heat transfer in surface devices to achieve the
maximum degree of superheated vapor temperature ap-

3
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proaches of the superheater outlet to the temperature of
exhaust gases entering the heat recovery steam generator
must be done one of the following conditions: heat trans-
ter coefficient Kj - oo — or heat exchange surface Fj » oo.

These conditions require an analytical assessment of
the real values of the coefficient of heat transfer Kj and
heat exchange surface Fjin the apparatus of heat recovery
steam generator, since according to the Newton — Rich-
man’s equation for convective heat transfer in surface
devices at a value Af, —> 0 heat exchange surface Fj »
oo. And it is impossible to achieve in real heat exchangers
at Kj= const.

Boundary temperature difference ATkp at which
occurs a sharp increase in the heat transfer surface is de-
fined as follows:

d
£(AT) —dA—T(Fpp(AD) -

—52.414-AT —0.036- AT —40.432 (2)
root (f,(AT),AT),°C. ATkp =32.527

According to the analysis performed was received
critical ATkp =32.527 °C. By reducing this value, there is
a sharp increase in the required heating surface in steam
superheater.

Asis the case with the steam superheater in the econ-
omizer is impossible to achieve the flue gas temperature
at the outlet of the economizer equal to the inlet water
temperature in the economizer. According to the analysis
performed is received critical value ATke = 32.527°C. By
reducing this value, there is a significant increase in the
required heating surface in the economizer.

On the basis of thermodynamic analysis of work
of heat recovery steam generator are received thermo-
dynamic efficiency nuk and energetic efficiency neuk

(Fig. 1).

0.804 1
0.8034 10.98
40.96
nuk 0.8027 nuke
40.94
0.8021 ~0.92
0.8015 0.9
0 10 20 30 40
ta
6)

Fig.1 Linear connection of thermodynamic efficiency (nuk) and energetic
efficiency (neuk) of heat recovery steam generator
(a), mount of the generated superheated steam (Ggp) and overheating temperature (Tgp)
(6) from ambient temperature (ta).

Besides found dependencies nuk= f(ta) and
neuk = f(ta) an important parameter for the thermo-
dynamic analysis of the Rankine cycle are the param-
eters of the superheated steam at the outlet of the heat

recovery steam generator. Fig. 1 shows the dependence
of the amount of generated steam Ggp and superheated
steam Tgp from ambient temperature ta.
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Received data on the number of generated steam
(Ggp) and superheated steam temperature (Tgp) will
continue to be used in determining the thermodynamic
characteristics of the steam turbine

Conclusions.

Numerical implementation of mathematical model-
ing of heat recovery steam generator for Hyundai engine
H25/33 power electric plant, located in the climatic zone
of Iraq, showed:

1. Minor dependence of the thermodynamic char-
acteristics of the heat recovery steam generator to the

ambient temperature.

In the zone of optimal parameters of the generated

steam thermodynamic efficiency varies between 0.8015
...0.8040 when the ambient temperature is from 0 to
40 °C.

2. Amount of steam generated more significantly de-
pends on the ambient temperature. When ambient tem-
perature changes from 0 to 40 °C the optimum amount of
steam generated increases from 1440 to 1500 kg/h. And
the optimum temperature of the superheated steam is in-
creased from 365 to 387 °C.
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Research of the filling of a casting mould with
liquid metal through step gate

Abstract: The description of laboratory step gate system is provided. Results of theoretical and experimental
determination of velocity, consumption and time of the filling of a mould with aluminum alloy depending on the
number of simultaneously operating feeders and their location throughout the height of the mould are set forth. A
good correlation of calculated and experimental data is obtained. The possibility of application of the Bernoulli equa-
tion to the cross section of the stream with different consumption, i. e. for the gate systems with a number of feeders

more than one, is proved on the example of liquid metal.

Keywords: sprue, collector, feeder, flow velocity, consumption of liquid.

Step gate systems (GS) were analyzed theoretically
and experimentally (on water) in the articles [1-3] de-
pending on the number of operating feeders and their
sizes. The difference between the calculated and experi-
mental values of velocities, consumptions and pressures
was several percent. The Bernoulli equation (BE) was
used in the calculations for the flow with variable con-
sumption (and mass). Although, it was developed for the
liquid flow with permanent consumption (mass) — in
the absence of flow distribution to feeders [4, p. 205; S,
p- 10], i.e. for the GS with one feeder. The possibility to
use the BE for the calculations of the GS with the liquid
consumption ranging from maximal value to zero along
the length of the collector (sludge chamber) was theoreti-
cally not proved. Why the BE works is not clear. The ex-

periments on water are apparently not sufficient to check
the proposed method of the GS calculation. Experiments
on liquid metal are required. Aluminum alloy was used in
the present work.

The analysis of the filling of the mould with the alloy
through the step gate system was conducted in 2 stages;
the top discharge of the metal from the feeders to the
buckets (Fig. 1) and filling of the mould to the flooded
level (Fig. 2). This was done to enhance the accuracy of
the measurements. Moreover, during the top discharge
from the feeders to buckets, one can define the velocity
and consumption of liquid in every feeder but not a total
consumption of metal in the system. This is important
for the check of the method of calculation of velocity and
consumption of liquid in every feeder of the GS.
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Fig. 1. Gate system for the top filling of the mould with the metal from the feeders
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Fig. 2. Gate system for the filling of the mould with the metal from bottom to top to the flooded level

The gate system consists of a funnel, sprue, collector,
return sprue and three identical feeders I-1II. The level
ofliquid H — distance in vertical direction from section
1-1 in the funnel till the longitudinal axis of the collec-
tor — was maintained constant: H =375 mm. The
sprue diameter was 24,1 mm; the diameter of the return
sprue was 16,0 mm. The sizes of the cross section of the
collector were 16,1x10,8x15,0 mm and the feeder diam-
eter was 9,0 mm. In the figure, the section of the collec-
tor is shown in the form of a rectangle. The distance in
the vertical direction from the horizontal axis of the col-
lector to the horizontal axis of the first bottom feeder was
27,5 mm; the distance between the feeders was 75,0 mm.
The liquid is discharged from top from the feeders to
buckets. Aluminum-silicon alloy AS12 was used under
the pouring temperature of 720 °C. The sand-clay mould
contained 5% of clay and 5% of water.

The internal diameter of the mould cavity (Fig. 2)
was 108 mm; the height of the moulding from the lon-
gitudinal axis of the collector was 205 mm. The time of
the filling of the mould with the metal was measured
with points A and B, the distance between which was
180 mm. The calculation of the filling of the mould with
the metal to the flood level and experiments on water are
set forth in the article [6].

Table 1 presents the results of the determination
of velocities of the feeders I, I, III, I and II, IT and III, I
and I1II, I-III at the top-to-bottom discharge to the buck-
et. Experimental values of the velocities in the feeders
were lower than the calculated ones by 2,3-9,5%. At the
operation of all three feeders, the total consumption in
the calculation was 226,9 cm?/s; in the experiment —
246,2 cm®/s — the calculated consumption is lower than
the experimental one by 7,8%.

Table 2 shows the results of the time of the filling of
the mould with the metal to the flooded level at different
number of the operating feeders. The experimental val-
ues were lower than the calculated ones by 8,0-11,1%,
i.e. the velocities of discharge from the feeders were
higher than the calculated ones, unlike the top-to-bot-
tom discharge, where the experimental values of the ve-
locities were lower than the calculated ones by 2,3-9,5%.
It’s not clear how to explain it. Perhaps, the discharge of
liquid from the feeders and the filling of the mould to the
level are different processes, although, it is implied that
they are identical.

Table 1. — Characteristics of the system at the top-to-
bottom discharge of the liquid metal to the mould

Operating v v, -
feeders
I 1,908
1,85
II 1,678
1,62
it 1,415
1,35
LI 1,645 1,422
1,55 1,39
IL, 111 1,457 1,168
1,4 1,09
L, IIT 1,723 1,124
1,59 1,06
I-III 1,439 1,251 0,854
1,32 116 0,78
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Table 2. — Time of the filling of the mould

to the flooded level
Operating Tealc c Teate ™ Texp .100%
feeders Texp Tep

15,9

! 14,6 8,9
9,4

LII 8.7 8,0
10,0

I, 11 5 7,5
8,0

[—1II - 11,1

As it is seen, the obtained results are barely differ-
ent from the calculated ones. Although, the coefficients
of resistance of the turn from the sprue to the collector,
from the collector to the return sprue and from the re-
turn sprue to the feeder were not defined specially for the
sand-clay mould and trapezoid section of the collector,

but were taken from the article [7] for steel collectors
and feeders of round cross-section in the experiments
on water.

The Bernoulli equation for the liquid flow with con-
stant consumption, i. e. at the operation of only one feed-
erin the GS, is deduced. The attempts to prove the appli-
cation of the BE for the flows with variable consumption
have been made for long. The review of these works is
presented in the monograph of [S] 1986. After 30 years
of the release of the book, there are still now advances in
the solution of this seemingly simple task.

Thus, the early described theory about the calcula-
tion of L-shaped, branched, combined, step, horizontal
and vertical ring systems, based on the usage of the Ber-
noulli equation to the cross section of the flow with dif-
terent consumptions and tested in thousands of experi-
ments on water, is also proved at the discharge of liquid
metals. Apparently, one can consider the possibility of
usage of the Bernoulli equation for the calculation of
multi-feeding gate systems proved.
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NMocTaHOBKa U aHaNMTUYECKoe peLueHne 3a4a4m o CBOOOAHbIX
KonebGaHnsaX COOPY>XEHUI HeCYyLLUX AiBe COCPeaAoTOYEHHbIe MacChbl

AnnoTtanus: B craTbe 060CHOBBIBAETCS IIOCTAHOBKA 3aAQ4H U IIPHBOAUTCS AHAAUTHYECKOE pelleHre CBOOOAHBIX
IIOIIEPEYHBIX KOAeOAHMUTT COOPYIKEHUIT HECYIIUX ABYX COCPEAOTOYEHHBIX MACC. AASI paCCMATPUBAEMOI MEXaHIIECKOM
CHCTeMBI COCTaBACHBI AU depeHIIHaAbHbIe YPAaBHEHHS ABIDKEHHS B YaCTHBIX TPOU3BOAHBIX. OIIpeAeAeHbI IPAaHHYHbIe
YCAOBHS 1 C IIOMOIIbIO HHTETPAABHOTO IpeobpasoBanmst Aamaaca-Kapcona ompeaeaeHbl HCKOMbIe GYHKIIHOHAABHBIE
3aBHCHMOCTH U KOPHU YaCTOTHOTO YPaBHEHNS], 4 TAKKe [IOAYYeHO ObIee pelreHne CBOOOAHBIX KOAeOAHUIT.
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KaAroueBrie cAoBa: CTE€PIKEHD, CBO6OAHI>I€ KOAE6aHI/UI, COOpPY>KE€HHUE, YIIPYTOCTD, COCPEAOTOYEHHDIE MACCDI, ACAb-

Ta-QyHKIHS, HHTErpaAbHOe peobpasoBanue Aamaaca-Kapcona, supdepennmaspHoe ypaBHeHHe B YACTHBIX IPOU3-

BOAHDIX, 'PAaHHUYHbIE YCAOBHAL.

PaccmarpuBaemas TeopeTuyeckas 3apada HMeeT
IPUKAAAHOM XapakTep. B nmpeanpusaTusix HepTsHOM Ipo-
MBILIAEHHOCTH | II0 IIepepabOTKe XUMHIECKHIX KHAKO-
CTell IMMPOKO HCIIOAB3YIOTCSI CAOXKHBIE pe3epByapHbIe
TeXHH4YecKue cucTeMbl. IIpeacTaBasieT HHTEpec mpoBe-
AEHUS TeOPETHIECKUX HCCAEAOBAHHI IT0 H3yYEeHHIO CBO-
00AHBIX KOA€OaHUIT BBICOTHBIX COOPY>KEHHII C pe3epBya-
PaMH, 3aITOAHEHHBIMHU KUAKOCTDIO.

PaccMoTpHM 3apady O CBOOOAHBIX KOAEOAHUAX COO-
PY>KEHHI B BHAE 9AACTHIECKOTO CTEP>KHsI, HeCYIIeTO ABe
COCPEAOTOYEHHBIE MACCHI C IIOCTOSIHHOM ITOIIePeYHBIM OT-
peskom. M3BecTHo, uTo AudpdepeHImasbHOE ypaBHEeHUEe
9TOI MEeXaHUYECKOH CHCTEMBI IMEeT CACAYIOITHI BUA:

Eli_f(x ). (1)

AASL paccMaTpUBAEMOTO CAy4asi 9TO ypaBHEHHUeE IIpe-
obpasyeTcs K BUAY

2 2 2

flx,0) = ma - 1%5(x—11)—M2%5(x—12), (2)
rae Miu M, — COOTBeTCTBEHHO MAacCpl IEPBOTO U BTO-
poro rpysa.

C y4eroM BhIpaskeHUs (2) ypaBHEHUE (1) IIpUMeT
BHA:

4 2
EIST+ 22 =-M, 8_u5( -1)-M a—5(x L. (3)
Pemenne ypaBHeHus ( 3) 6yaeM UCKaTh B BHAE

u(x,t) = ¢(x)coswt . (4)
[paHuyYHbIe YCAOBHS AASl ypaBHeHus (3) mpumem
B CAEAYIOIeM BHAE:
x=0, u(0,t)=u'(0,t)=0;

P R VL L L) (5)
ot Ox
ITopcraBasis Boipaxkenue (4) B ypaBHenue (3) moay-
UM
v My 2 6
9" (x)- =S L0)3(x1)+ 20 g5 -1,)-(6)

Aast YA06CTBa IIOCAEAYIOLIUX IPe0OpasOBaHuil BBe-

A€M CAeAyIoIye 0603HaquwI-
ma)

k*=——Q =
B utore HOAy‘{I/IM
" (x)=K'¢(x) = Q)8 (x ~1)+ Qp(L,)3(x~1,).  (7)

I'pannyunble ycAOBHA AASL #(x) IpHUMEM B CACAYIOIIEM

M, ,
> =— 0w,
o Q EI

BHAE:
x=0, $(0)=¢'0)=0;
- M,0*$()= EI$" (), ¢"(1)=0. (8)

x=1,

(S(kl)+Ak T(k(I-1,))+BK*T(k(I-1 )))¢"(0)+( T(kl)+CK*T(k(1—1))+ DK*T (k(1 -1 ))qu"’(o)

C y4eToM 3TOro 3apada CBOAUTCS K peIleHHI0 ypaB-
nenus (7) npu rpaHnaHbIX ycaosusx (8). B cssu c Tem,
uTO B AMdepeHImarbHoM ypasHeHuu (7) ydacTByeT
AeAbTa-QYHKIIMS IPOM3BEAEM HHTETrpaAbHOE Ipeobpa-

3oBaHue Aamnaaca-Kapcona ( pIe’P’ f@)de |:

D(p) > P(x), P(p)= p[(x)e *dx,
E(p) = f(x)=Q¢()5(x—1))+Qp(,)6(x—1,).
I.PJ.¢N (x)e—pxdx — _p¢111 (0)_p2¢ll (0)_P3¢I (0) _p4¢(0)+ p4(D(P)-

0

2.k quﬁ(x)e"”‘d =K'd(p).

3. pr(x)e’P"dx = p(Qe()e ™ +Q,p(1,)e ™.
ITpu yque ycaosuii (8) onpeaeanm P(p):

D(p) = [¢"’ (0)+ " (0)+Q(l)e ™ +Qp(l,)e ™ |.

Ecan BepHyTbcsl 00paTHO OT IMOAYYEHHBIX QYHKI[HIT
0TOOpaXKeHHUS K IEPBOHAYAABHOI [TOAYIUM CAEAYIOIee
BBIPa’KEHHE AASL HICKOMOM QyHKITHHU:

V(kx)p" (0) + kU (kx)$" (0) +
Op)—> 9()= 5| +QILIV(Kx—L)OGx =)+ |, (9)
+Qu¢(L,)V (k(x—1,))0(x—1,)
3aech U(x), V(x) — pyrkrmu Kppiaosa.

Onpepeasis us soipaxenns (9) ¢(,), ¢(,) u BBeas

0603HaYeHN,
QQV(k(l, —1,))U(kL)+k’QUI(kI,)
B +EQQVEk(, -1)
_ QQV(k(l, 1)U (kI + kK*QU(kL,)
- K +kQQ,V? (k(, 1))
QQ,V(k(I 1))V (kL) + K QU(kL)
K +KQQ,Vi(k(,-1))
_QQV(k(l,-1))V (kL )+ K QU(kL)
- K +kQQ,V2(k(l, ~1,))
TIOAYYUM CAEAyIOITiee BbIpaskeHHe UCKOMOi Gynkimu (9):

#(x)= (kZU(kx)+AV(k(x I))0(x—1)+BV(k(x—1,))0(x—1,) )¢11(0+

>

>

C=

( V(kx)+CV(k(x—1))0(x—1,)+ DV (k(x—1,))0(x — l)]gb’"()

(10)

AAsL OAHO3HAYHOTO OIIPEAEAECHNS ITOCTOSHHBIX HHTe-

rpuposanust ¢ (0), 9" (0) HCIIOAB3YSI TOCAEAHME ABE Ipa-

HHYHbIE YCAOBHA (S) B HTOTE OAYYHM CACAYIOLIYIO CH-
CTeMy ypaBHEHHIT:

(11)

(kV (kD) + AK*S(k(I~ 1))+ BK*S(k(I = 1,)))$" (0) + (S(KD) + CK*S(k(I~1,)) + Dk*S(k(I - 1,)) )™ (0)
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AAst TOTO, YTOOBI CHCTEMA YPABHEHHUIT NIMEAO €AUH-
CTBEHHOE pellleHre HeOOXOAUMBIM SIBASIETCS] PABEHCTBO
HYAIO AeTePMHUHAHT, COCTAaBAEHHBIN U3 KOIPPUITEHTOB
nepeA HeM3BeCTHBIMU BeAnYnHaMH. B aToM caydae moay-
YUTCS CAOXKHOE TPAHCLIEHAGHTHOE YaCTOTHOE ypaBHeHue
OTHOCHUTEAbHO k. B aToM cayyae u3 KopHell ypaBHeHHUs

k, (i=1.n) OAHO3HAYHO OMPEAEASIIOTCST  JaCTOTHI

me*

. 13 BBI-
1

o, (i=1.n), KOTOpbIE COOTBETCTBYIOT k' =

paxenusa T, = m (i= G)OnpeAeAﬁIOTCﬂ IIEPHOADI KOAE-
GaHMIT AAS COOTBETCTBYIONIHX 9aCTOT.

AAS pa3AMYHBIX XapaKTEePHBIX CAydJaeB BhICOTBI M Beca
COCPEAOTOYEHHbIX MACC IIepBble CeéMb KOPHHM YaCTOTHOTO
ypaBHeHHs OyAyT UMETb BUA:

1 cayyait. 1=40m,1 =30 m,1, =20m, M, =2m, M, =1m.
k, =0.0468, k, = 0.1963, k, =0.2748, k, = 0.3534, k, =0.4319,, =
k, =0.5104, k, = 0.6675.

2 caydait. =50 m, I, =25 m,1, =50m, M, =4 m, M, =2 m.
k, =0.0374, k, = 0.1570, k, = 0.2826, k, = 0.3435, k, =0.4082, =
k, =0.5340, k, = 0.6597.

3 cayvanm. =100 m,1 =20 m,[, =70m, M, =1.1m,
M, =3m.

k, =0.0469, k, =0.1413, k, = 0.2356, k, =0.3534, k, =0.4082, =
k, =0.5340, k, =0.6597.

4 caydaii. 1=100m,1, =20 m,1, =50m, M, =1.1m,
M, =3m.

k, =0.0469, k, =0.1413, k, =0.2357, k, =0.3298, k, =0.4555, =
k, =0.5774, k, =0.6544.

ITpeacTaBAsieTcs] HEOOXOAMMBIM OTMETHUTD, YTO CAe-
AyIolljiie KOPHH YaCTOTHOTO YPaBHEHUSI MOTYT ObITH
OAHO3HAYHO OIIPEAEAEHbI C BBICOKOM TOYHOCTBIO C II0-
MOIIIBIO YHCAEHHBIX MeTOAOB. OIpeAeAsis YacTHbIE pe-
LIIEHNS] COOTBETCTBYIOM[HE KAXXAOHU YACTOTE, HUCIIOAB3YS
METOA CyTepIO3HIMH, TIPH Y4eTe BbipaxkeHHs (4), MOXK-
HO ITOAYYHUTD O0lIee pelreHre CBOOOAHDIX ITONIEPEIHBIX
KOAeDaHHIT COOPY KeHHI HeCYIIUX ABYX COCPEAOTOUEH-
HBIX MacC: )

u(x,t) =Y ¢,(x)cosayt. (12)

Ha ocroBanmnn HOAy‘{IEIHHbIX KOPHEI MOXHO CA€AATh
BBIBOA O TOM, YTO €CAU OTHOCHTEABHO TSDKEAAs Macca
YCTaHABAMBAETCSI HA OAMHAKOBOM PACCTOSHUH, TOTAQ
He nMeeT OOABIIOTO 3HAYEHUS], HA KAKOM PACCTOSIHUM
YCTaHABAMBAETCSI BTOPAsi MACcca.
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Research and study mode vacuum infrared drying vegetables

Abstract: The paper studies the process of vacuum infrared drying vegetables as a method of preservation of the
product and the impact on its quality. Grounded drying modes — the temperature at which the vacuum infrared
drying vegetables and duration of the process, on the example of potatoes, carrots and onions. Special attention is

paid to the moisture content and water activity change.

Keywords: infrared drying, water activity, potatoes, carrots, onions.

Introduction. Great influence on the quality of the
dried product has a drying process. By drying is meant
the simultaneous occurrence of heat and mass transfer to
remove moisture contained in the product for the pur-
pose of lengthening the shelflife by eliminating or reduc-
ing the intensity of the processes due to the increased
amount of available moisture.

An analysis of modes of drying dry products of small
size has allowed establishing the minimum process tem-
perature equal to 50 °C. At this temperature, the stan-
dard value of moisture content reached a maximum after
3 hours. The processing at a drying temperature of over
70 °C the treatment time is reduced to a minimum of
30 min [1].

The high temperature of the heating agent and longer
drying contribute to the development of oxidative pro-
cesses, reduce food and biological value of the product
as a result of changes in the quality of protein, loss of vi-
tamins and biologically active substances, changes in the
structure of raw materials, which is the major drawbacks
of traditional methods of drying. On the other hand, ata
low temperature drying, the product is longer in the tem-
perature range favorable to the growth of microorgan-
isms, which reduces the sanitary quality of the product.

This indicates the need for alternative methods of
drying, to improve the quality of the product, ensuring
a guaranteed level of safety and reduction of energy con-
sumption, which is especially important in the produc-
tion of high-value products.

Infrared rays of a certain wavelength oscillation of
the water molecules increase. This leads to the release of a
large quantity of heat consumed exclusively on evapora-
tion without heating the tissue product, resulting in the
evaporation can occur at low temperature 50-60 °C. This
promotes intense evaporation of moisture without a
significant change in the structure of the surface layer,
reduction in processing time, preservation of biologi-
cally active components raw death of the microbial cells
and inactivation of enzymes. Performing IR drying un-
der vacuum dramatically increases the rate of evapora-
tion by reducing the pressure, no air and consequently
oxygen into the drying chamber to minimize oxidation
and microbial growth, which is the basis for the preserva-
tion of food products. Vacuum drying IR refers to gentle
methods of processing, therefore holds great promise in
the treatment technology of thermo labile materials.

Methods and research facilities. The analysis pro-
cess resulted in a review of the research showed that
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great interest is the study of vacuum infrared drying as
a method of preserving vegetables and the formation of
the product.

Justification of the temperature at which the vacu-
um infrared drying vegetables and duration of the pro-

Moisture, %

0 50 100
Time, min
—&— 50 degree Celsius

=8 =60 degree Celsius
- -& - 70 degree Celsius

150

Figure 1. The dependence of moisture
from the potato being dried sample of
temperature IR vacuum drying

Carrot and onion cut into plates with a thickness
0.8 mm and a radius of 25 mm, the potatoes in cubes
the size of the faces 10 mm. The main factor determining
the temperature and duration of drying is water activity,
which decrease to values below 0.35 and suggests mini-
mizing the amount of moisture available for the growth
of microorganisms, including toxigenic. By water activ-
ity that characterizes the state of water in foods and for
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—®— 60 degree Celsius
- -& - 70 degree Celsius

Figure 3. The dependence of moisture
from a dried sample of carrots process
temperature vacuum drying IR

cess, performed on samples of potatoes, carrots and
onions. Moisture content in the feedstock subjected to
drying, is: the potato — 78.8%, carrot — 88.7% and on-
ion — 90.3%, the amount of bound moisture is 88% of
the total water content.

Water activity

0 50
Time, min

100 150

=50 degrees Celsius
—= =60 degrees Celsius
- -A~ - 70 degrees Celsius

Figure 2. The dependence of the activity

of water in a dried sample of potato IR

temperature vacuum drying process
determining the availability of its chemical, physical and
biological reactions, foodstuffs are divided into three
groups: — fresh, with a water activity Aw>0,951; pro-
cessed with a water activity Aw = 0.9-0.95; processed
with a water activity Aw < 0,90. The relationship between
moisture content, water activity with a constant tempera-
ture characterized sorption isotherms [2].
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Figure 4. The dependence of the activity of
water in a dried sample of carrots on the
process temperature vacuum drying IR
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Figure 5. The dependence of the moisture
dried up sample of onion on the process
temperature vacuum drying IR

Drying performed in a pilot plant, which will be de-
scribed in Chapter 2, the raw material at temperatures SOC,
60 °C and 70 °C, the residual pressure due to the techni-
cal characteristics of the drying plant and in all cases was
40 kPa. The samples were laid out to dry in a single layer.

Figures 1-6 shows the graphs of the physical and
chemical indicators of vegetables (potato varieties San-
ta carrot varieties Shantane Royal and onion varieties
Karatal) and activity of water in them on the process
temperature vacuum drying, infrared.Fig. 1 shows the
experimental curves of the variation of humidity of the
sample of potatoes at temperatures of 50, 60 and 70 °C,
the main indicator in determining the duration and tem-
perature of drying is water activity, which decrease to val-
ues below 0.25 and testifies to minimize the amount of
moisture (Figure 2).

For those conditions the curves changes in humidity
and water activity for a carrot, which curves are shown in
Fig. 3—4 and onion, the curves of which are shown in
Fig. 5-6.

Discussion of the results. According to the survey,
the most uniform drying takes place when the productis
heated to a temperature of 60 °C. Analysis of the dynam-
ics of change of moisture content indicates that in each of
the time periods measured relative decrease of moisture
content was 37%. The value of water activity, required for
the stability properties of the dry product (Aw <0.6), was
achieved after 90 min of drying. The consistency of the
final dried product was characterized as dense and elastic
enough, by applying mechanical stress sample retains its
shape, it does not crumble.
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Figure 6. The dependence of the activity
of water in a dried sample of onion on the
process temperature vacuum drying IR

Upon drying under vacuum at a temperature of 60 °C
the rate of evaporation of moisture from the material in-
creases significantly. After 60 minutes the treatment re-
sidual moisture in the dried raw material was (15,31 +
1,1)% against (36,03 + 0,5)%, fixed for the same period
of drying the sample to 60 °C. Rapid removal of mois-
ture and micro vessel macro- and most of the moisture
adsorption effect on the organoleptic properties of the
dried sample. Uneven moisture evaporation led to ex-
cessive densification of the upper layer, giving a hard-
ness and brittleness while consistency, upon application
of mechanical force sample structure was destroyed to
form a crumb. The water activity was higher than the
recommended value and amounted to 0.3237, which is
consistent with the presence of the compacted surface
layer which hinders moisture transfer appearance at con-
stant temperature of the heating medium and the degree
of vacuum.

Drying feedstock at a temperature of 70 °C result-
ed in a more rapid heating of the raw materials and in-
crease the temperature of the central layer, which was
the consequence of a reduction of moisture content to
40.53% after 30 min of drying. After 60 min, relative de-
crease in the drying of moisture content was 73%, which
leads to the conclusion that the drying speed was higher
than the average of 1.5 times as compared with drying
up to 50 °C. The water activity of the dried product was
0.4212 mass fraction of residual moisture 10.85%. With
high efficiency moisture evaporation consistency of the
dried sample should be regarded as unacceptable, to
describe it applies the following characteristics: easily
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destroyed by slight mechanical action, overly dry, hard
wetted.

In the aggregate data suggest that when infrared heat-
ing in a vacuum drying vegetables, cut into thin slices,
should lead to 70 °C temperature drying of 2-3 hours
(depending on the type of vegetable), and the organolep-
tic properties of the dried samples correspond to those
that adopted for vegetables.

According to the data, the curve of drying potato
samples under vacuum and moderate temperature heat-
ing looks somewhat different from the curves charac-
teristic of capillary-porous colloidal structures. The
curve of the vacuum infrared drying of vegetables is no
warm-up portion of the material that is necessary to
explain the mechanism of the impact of infrared heat-
ing, which refers to the volumetric heating, and a small
thickness of dried samples. The result is a rapid heating
of the raw material, reducing its influence on the in-
tensity of heat and moisture evaporation. The residual
pressure maintained in the drying chamber, accompa-
nied by a reduction in the boiling point of water, which
also contributes to intensive evaporation of moisture in
the beginning of drying, when the raw material has a
moderate temperature.

If the total duration of 120 min period of drying,
flowing at a constant rate of 30 min. Limiting the du-
ration of the drying period with constant high speed,
or to explain the increase in the proportion of osmotic
ally bound moisture in the sample. The first portion of
the drying rate is 0.73%/min. During this period, the
mass fraction of moisture in the sample decreased from
73.08% to 51.87%.

Beginning of the period of falling drying rate corre-

sponds to the critical moisture content of the material. At

this time, moisture is removed, the most tightly bound to
the product. The drying vegetables falling velocity of 60 m.
End of the drying process in the experiment was calculated
from measurements of water activity and the achievement
of its normative value (0.8). The drying rate in the second
stage was 0.27%/min. Moisture content in the sample after
drying is 90 minutes (26.87 + 0.37)%, which is higher than
for the sample of unsalted dried under similar conditions.
However, the water activity value is 0.8, which corresponds
to the standard value.

To evaluate the effectiveness of the vacuum infrared
drying, part of the samples prepared in an analogous
manner was subjected to convective drying process at a
temperature of 90 °C.

The conditions in the absence of convection heat-
ing vacuum heating of the product occurs primarily due
heat hydraulic conductivity hat under constant pres-
sure in the chamber is determined by molecular thermal
diffusion of moisture due to the movement of moisture
due to different rates of molecules of different layers of
the heated product. Because of the low capacity of heat
and moisture at a temperature of 90 °C drying it takes
a long time even with a small thickness of the sample
evaporation is slow, to be explained, including increased
content firmly bound moisture. By the end of drying,
that is, to achieve the standard value water activity, the
mass fraction of moisture in the dry sample was 23.75%.

Conclusion. Thus, it was found that for the same size
of the potato samples, carrots, onions and methods of
preparation of raw material the use of a vacuum infrared
drying reduces the duration of the process and to achieve
a water activity, guaranteeing microbiological stability
of the product, the organoleptic characteristics typical
of dry products.
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The dynamic of conditions of winter cereals autumn growth in
Stavropol region against the background of region climate changes

Abstract: It was made the analysis of seeding conditions and winter cereals autumn vegetation in Stavropol
region over the last 25 years. Our research showed that against background of increasing climate instability there
was increase of precipitation sum during those periods and temperature rise in the period of winter cereals growth.
The optimal timing of winter cereals seeding and the nongrowing season moved to the post dates. In average we can

evaluate the conditions for acclimation as decantish.
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AvnHaMunka ycnoBum OCeHHEN Beretauum O3MMbIX KynbTyp
B CTaBpPOMNOJIbCKOM Kpae Ha @OHe USMEeHEHMS KJIMMaTa peruoHa

AHHOTa].II/I}I: IIPOBEACH aHAAN3 YCAOBI/Iﬁ CeBa U OCeHHeM BereTanuu O3MMbIX 3€pHOBBIX B CTaBPOHOAbCKOM Kpae

3amocaepnue 25 aet. ITokasaHo, 4To Ha GpOHe Bce BO3PACTAOLIei HeCTAOHMABHOCTH KAUMATA UMeeT MECTO yBeAYeHIe

KOAMYECTBA OCAAKOB U IIOBbINIEHNE TEMIIEPATYPBI IIEPHOAA OCeHHeN BereTanuu 3€pHOBDBIX. OrnruMaAbHbIE CPpOKH C€Ba

W CPOKHU IIpEKPAIl€HN BEre€Tallil CABUTAIOTCA Ha 60Aee IIO3AHHE AQTHI. YcaoBus AASL 3aKAAMBAaHUS U IIEPE3NMOBKHU

PaCTEHI/Iﬁ B CPEAHEM OLIEHUBAIOTCA KaK YAOBAETBOPHUTEADHBIE.

KaroueBbie cAOBa: CEB, BEreTanms, 3aKaAKa, TEMIIEPATypa, OCAAKH, CHEXXHbBIHN IIOKPOB, HIBMEHEHHNE KAMaTA.

Hsmenenne xamMara kacaercst Hac Bcex. OHO cka-
3pIBAETCs Ha CTPaTerndecKHX Pecypcax, TaKHX Kak BOAQ,
IIPOAOBOABCTBHE M SHEPIHUs, U 3aTParuBaeT MPaKTHYe-
CKHM BCe COITMAAbHO-9KOHOMHYECKHE OTPACAH: OT CeAb-

CKOTO XO3SHCTBa AO 3ApaBooxpaHeHms. Kammarnde-
CKHe M3MeHeHHUs], OTMeuaeMble Ha [IAAHeTe, He 000IAN
Craspomnoabe croponoit. Ha ¢pore obmiero moremnaeHus
U yBeAMYeHHs KOAUYEeCTBA OCAAKOB OTMEYEeHO BO3pPacTa-
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HHe MOBTOPSEMOCTH U HHT€HCUBHOCTH TeMIIepaTypPHbIX
AHOMAAWMIT, HeOAArOMIPHUSTHBIX M OIIACHBIX SIBAEHHIT IIOTO-
ABI — KaK FOBOPSIT, <« KAUMAT CTaA 60Aee HepBHBIM>. 3a-
$HMKCHPOBAHO TakXKe H3MEHEHHUE AAT CMEHbI BpeMeH road
U MX IPOAOAKUTEABHOCTH. [ [ponsomeamye kaumaTmye-
CKHe U3MEeHEHUs IPUBEAH, B TOM YHCA€, U K MI3MEHEeHHUIO
IIPOCTPAaHCTBEHHOTO PACIpPeAEAeHHS THApOTepMuYe-
ckxoro koa¢pPurmenTa I K. CeassHuHOBa, SBASIOMmEroCcs
OCHOBOM arpOKAMMATHYeCKOTO PallOHUPOBAHUS TePPH-
Topuu [2; 3].

CeAbcKOe XO3SIFICTBO SIBASIETCS HarboAee KAUMATO-
U ITOTOAO3aBUCHMOM OTpacAbio akoHOMUKH. [loaTomy
arpOKAMMATHYeCKasl IPOAYKIIS i OOCAY>KMBAHIE AOAXK-
HbI CTaTh IPOTAarOHUCTAMU B Cpepe MAAaHUPOBAHMS CEAb-
CKOXO3SIMCTBEHHOTO IIPOM3BOACTBA.

B Hacrosimei paboTe paccCMaTpHBAETCS AMHAMUKA
M3MeHeHHMs YCAOBHI OCEeHHe! BereTaljul O3MMbIX 3ep-
HOBBIX KyABTYP Ha pOHe H3MEHeHUs KAUMaTa B peruoHe.

ITo MHOrOAETHIUM HAaOAIOAEHHSIM, OLITHMAAbHBIE CPO-
KU TI0CEeBa O3UMBIX KyAbTYp Ha CTaBpoIoAbe HacTyIa-
10T B 1Tepuop ¢ 15-20 cents6bps. B 3aBucumocru or mo-
TOAHBIX YCAOBHIT OHU MHOTAQ CABUTAIOTCSI HA OKTSIOPb.
3amacel MPOAYKTHBHOM BAArM B IIAXOTHOM CAO€ ITOYBBI
Ha MOMEHT IT0CeBa O3MMBbIX KyAbTyp MeHee 10 MM olje-
HUBAIOTCSI KAK HEYAOBAETBOPHUTEABHbIE U ITAOXHUE U 0be-
CIIEYMBAIOT ITOSIBACHME CAAOBIX, H3PEKEHHBIX BCXOAOB.
3amacer paBHbIe 11-20 MM IPOAYKTUBHOM BAATH, CYMTA-

09.51HB 1
30.8€eK <
20.0eK <

10.0eK

IOIHeCs yAOBAETBOPUTEABHBIMH, 00eCIIeqUBaIOT IOSIBAC-
HHe BCXOAOB PacTeHMI B YAOBAETBOPUTEABHOM COCTOSI-
HHU. 3aIachl IPOAYKTHBHOM BAAru B caoe mouBsl 0-20 cm
paBHble 21-35 MM OIpPEAEASIOT MOSBACHHE XOPOIIUX
BCXOAOB. Takue 3amachl OIIEHHMBAIOTCS KaK XOpoIMe
u orruMmaAbHbie. Ha CraBpomoabe 06b14HO BAaroobecie-
YEHHOCTb IOCEBOB, KoaebaeTcs or 10-18 MM mmo Hema-
POBBIM MpeANIeCTBeHHUKAM A0 15-29 MM 1o mapoBbIM
IpeAlleCTBeHHHKaM. BeposaTHOCTDh oceHHero KyueHus
O3MMBIX KYABTYp cocTaBasieT S5-95%.

Ilpexpamenne BereTaluu O3UMBIX KYABTYD,
10 MHOTOAETHHM HaOAIOAEHUSIM, B CPEAHEM I10 KPAIo
ormedaeTcs 22-30 HOsIOps, KOrAa CpeAHHe CYTOYHbIE
TeMIIEPaTyPhl BO3AYXa [IEPEXOAAT Yepe3 +3° B CTOPOHY
noHmwkeHna. OAHAKO 3a MOCAGAHHE 25 AeT YeTKO Ipo-
SIBUACS TPeHA CMellleHHs CpOKa ITpeKpalleHus BereTa-
uu Ha Aekabpb (puc. 1). Tax, B SO % AeT npexpamenue
BereTaljii OTMEYAAOCh B IIeproa ¢ S 1o 21 aexabps. B
43 % AeT 03MMble KYABTYPBbI IIpeKpallaAl BereTaluio B
CpoKH 6auskue xk MHOroaeTHuM. Ocenbio 2010 roaa B
CBSI3U C aHOMAABHO TEIIAOM IIOTOAOF HOSIOPSI U AeKabpsi
pacTeHHs aKTHMBHO Pa3BHBAAUCH AO 1-2 auBaps 2011
ropa. Kak mpaBmao, 60AbIast 4acTh pacTeHUIl O3UMbIX
KYABTYP YXOAMAQ B 3UMY B pa3e 3-TO AUCTA U KyIJeHHSL.
IIpoposxuTeAbHAsE OCEHHSS BereTalus O3UMbIX KYAb-
TYpP OIpPEAEASAACh IOBBIIIEHHBIMU TeMIlepaTypaMH
BO3AyXa B HOsIOpe — Aekabpe.
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Oatbl n peKpaleHus Beretauum

31.0KT

21.0KT T

1991

1993 <
1995 <
1997 «
1999 <

lMpekpaweHue Beretauum

2001 <

2003 <
2005 <
2007 4
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Puc.1. MHoronetTHmnii xo, v TpeHa, Aathbl NpekpaLleHns Beretaumm 03umMbIX KyJbTyp

B 11eAoM TeMIepaTypHbIil pOH EPUOAA C CEHTAOPS ITO0 AeKAOPb BKAIOUHTEABHO ITOBBIIIAACS, YTO BHAHO M3 TaOA. 1.
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Tabnuua 1. — CpegHas MecsayHas TemrniepaTypa Bo3ayxa

Kanmarnyeckast XapaKTepHCTHKA Cenrsi6ps | OKkTsA6pH Hos6ps Aexabpn
CpeaHss 110 Kparo MecsiyHast
16.6 10.2 3.5 -1.6
Temneparypa Bosayxa T, °C
YHCAO CAyHa€eB C TIOAO)KUTEABHBIMU OTKAOHEHUSIME T
o ¢ 43 46 50 45

or T (%)
Y T

HCAO EquaeB ¢ oTpuIjaTeAbHBIMI OTKAOHeHMsMU T, a1 9 18 3
or T (%)
ucao caysaes c T, Gamsxmmu k T (%) 26 43 32 32

OOABIIEN CTEIeHH 3TO OTHOCHAOCH K IIEPBOM A€KaAe

Aexabps (puc. 2).

TeraoobecriedeHHOCTD TTEPHUOAQA TIPEKPAIIEHNUS Be-
reTaIluy TakKe HEYKAOHHO ITOBBIIIAAACD, IPUYEM B HaH-
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Puc. 2. MHoOroneTHuin xo4, 1 TpeHa, cpefHen aekanHom Temneparypbl BO3ayxa
a) BTopas aekana Hosops, b) TpeTbs gekaaa HoA0pS, ¢) nepBas Aekana aexkabps
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Baaroob6ecrieueHHOCTb OCEHHETO IIEPHOAA B IIEAOM
TaoKe MOBbImaAach. OAHAKO eCAU B CEHTIOpe 1 OKTIOpe
MeCSYHOE KOAUYECTBO OCAAKOB B OCHOBHOM 6oAee ueM
Ha 20% IpeBhIIIAAO X CPEAHEMHOTOACTHEE 3HaueHuUe,

TO B HOSIOp€ IIOBTOPSIEMOCTD TOAOXKUTEABHBIX M OTPHL[A-
TEABHBIX AaHOMAAHI ObIAQ IIPIMEPHO OAUHAKOBA, A B Ae-
KaOpe HaubOAEe YACTO OTMEIAAOCH KOAIECTBO OCAAKOB,
6AM3KOE K KAMATHIeCKO HOpMe (Ta6A. 2).

Tabnuua 2. — CpegHee MecsiHHOE KONMYeCcTBO 0CaKoB

Kanmarmyeckasi XapaKTepHCTHKA CenTs6pD OxTa6pD Hos6ps Aekabpp
CpeaHsis 110 Kparo MecsdHast CyMMa 0CaAKoB P, MM 37 38 31 27
Yucao cAydaeB C HOAOKHTEABHBIMU OTKAOHeHHAMH P

o ¢ 46 58 40 35
or P (%)
Yucao cayyaeB ¢ OTpHIL]aTeABHBIMH OTKAOHEHUSIMU P

o ¢ 21 21 43 26
or P (%)
ucao cayuaes c P 6amskuMH K P (%) 33 21 17 39

HsmeHeHne KAMMAaTHYeCKUX TAPAaMeTPOB He ABAsIeT-
Cs1 pPaBHOMEPHBIM IIPOLIeCCOM C IIOCTOSTHHBIM HaITpaBAe-
HueM. MeTeopoAoruyeckue mokasaTeAr OTAEAbHbBIX AeT
MOTYT CYIIeCTBEHHO Pa3AMYaTbCs M AQ’Ke UMeTh aHO-
MAAMH Pa3HBIX 3HaKOB. OAHAKO Jallle BCEro, AAXKe eCAU
BHYTPHU aHAAU3HPYEMOIo IIepUOAA BapHaIlMH XapaKTe-
PHUCTHUK OTAEABHBIX BpeMEHHbIX COCTABASIOIIMX 3TOTO IIe-
PHOAQ CyIeCTBEHHbI U PAa3HOHAIIPABAEHBI, BECh IIEPUOA
B IIeAOM BCe K€ COOTBETCTBYeT KAUMAaTHIeCKOMY TPEHAY.
ITockoAbKY aHAAUBHPYEMBIH ITEPHOA ITO IIPOAOAKHTEAD-

HOCTH AOBOABHO GAM30K K Han60A€e yCTONIMBOMY IIepH-
OAy OCpeAHeHHs 3HauUeHui1 Temneparypsl [ 1], ormeuen-
HBIA KAMMATHYeCKHI TPEHA MOXKHO CYUTATh AOCTATOYHO
YCTOMYMBBIM.

KauMaTuueckue 3HAHUS, HAKOMAEHHbIE 3a TIO-
CAGAHHE AECATUAETHSL, SBASIOTCS LIeHHBIM PECYPCOM,
MICTIOAB30BaHKE KOTOPOIO MOXKET ChIIPAaTh OIPOMHYIO
POAB B A€A€ CBEAEHHS K MUHMMYMY KAUMATHYeCKHX
PUCKOB 1 06eCIIeYeH s yCTOMYMBOTO PAa3BUTHUS PErH-
OHa.
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Compilation of map of soils salinization on basis of processing
of space images and measures of struggle with salinization

Abstract: In the article compilation of map of soils salinization of the Kur-Araz lowland is considered. This

map is compiled on basis of prepared electronic map of the agricultural lands by results of the digital processing of
the space images taken from the LANDSAT-TM (in 1998) and LANDSAT-8 (in 2014) artificial satellites of the
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Earth, with using of contact method. It is showed the measures and ways of struggle against soils salinization and
agro-ameliorative activities are given.

It is established that during 16 years, passed from 1998 till 2014, in result of bad condition of collector-drainage
net on research territory square of middle salinity soils increased on 33,2 ths hectares, and squares of strong salinity
and solonchack increased on 41 ths hectares.

Keywords: Kur-Araks lowland, soils salinization, agricultural lands, collector-drainage net, agro-ameliorative
activities, space images, digital processing, LANDSAT-TM (in 1998) and LANDSAT-8 (in 2014) artificial satellites.
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CocTaBneHue KapTbl 3aCOJIEHNS NOYB HA OCHOBE 00pPaboTKMN
KOCMMNYECKNX N300paxeHnii n mepbl 60pbObI C 3acOosIeHneMmM

AnnoTtanms: B cTaTbe paccMaTpuBaeTcs cOCTaBACHHE KapTh 3acoAeHus o4B Kypa-ApakcHHCKON HUBMEHHOCTH
Ha OCHOBE IIOATOTOBAEHHOI 9AeKTPOHHOM KaPThl CEAbCKOXO3SIFICTBEHHBIX YTOAUIL [I0 Pe3yAbTaTaM Li$ppOBOI 00pa-
6orku kocmudeckux nsobpaxenuit ¢ MIC3 “LANDSAT-TM” B 1998 1. u “Landsat-8” B 2014 r. ¢ nCrioAb30BaHIeM KOH-
TaKTHOTO MeTOAQ. [ToKa3aHb! MepbI 1 Iy TH 6OPBOBI C 3aCOACHUEM IIOUB, AAFOTCSI ArPOMEANOPATUBHbBIE MEPOIIPHSTHL.
YcranoBAeHO, uTO 3a mpomepnre 16 aet ¢ 1998 r. mo 2014 1. B pe3yAbTaTe IIAOXOTO COCTOSIHUS KOAAEKTOPHO-Ape-
Ha)KHOM CEeTHU Ha HCCAAYEMOM TepPUTOPHUH MAOIAAD CPEAHE 3aCOACHHBIX II0YB YBEAUYHAACD Ha 33,2 THIC.TA, 2 CHABHO

3aCOAEHHBIX U COAOHYAKa Ha 41 ThIC.ra.

KaroueBbie cAOBa: Kypa-APaKCI/IHCKa}[ HHU3MEHHOCTD, 3aCOACHME ITIOYB, CEeAbCKOXO03SIICTBEHHbBIE YI'OAbS, KOAAEK-

TOPHO — APEHAXXHASI CETh, arPOMEAHOPATHBHBIE MEPOIPHSTHS, KOCMUYECKHe CHUMKH, Iudpposast oopaborka, 1C3

“LANDSAT-TM” u “Landsat-8”.

Teppuropust AsepbaiipxaHa sIBASIETCS ADEBHUM 3eM-
AGAEABYECKHM PErHOHOM, B Pe3YAbTaTe THICSYEACTHETO
BAUSIHUSL aHTPOIIOT€HHBIX PaKTOPOB 3aCOAEHHE IT0YB
OpOIIaeMbIX 3eMeAb ITOAYYHAH IIMPOKOE PACIPOCTpPa-
HEHHe.

Oxpana MoyB U UX paIfHOHAABHOE HCIIOAb30BaHHE
ITOA ITAIITHY SBASIETCSI OAHOY M3 BAYKHBIX 3aAQY B CEAbCKOM
XO3SCTBeE.

Crarucruveckrie AQHHbIE TIOKA3bIBAOT, YTO B HACTOS-
Iee BpeMs Ha 3 MHOM IITApe B 3eMACACAUH UCTIOAb3YeTCS
1,78 MApA. ra mo4B. V13 HuX opomnraembie OYBBI COCTABAS-
1oT 270 maH.Ta. HecMoTps Ha TO, 4TO B 3eMAGACAHH TIOA
IIOCeBHBIE MAOIAAU 3aHATO 15,1% opomraeMpIx MOYB,
IIOAYYEeHHBIN C HUX ypoXKa# cocTaBasieT 35-40%

Bo muorux crpanax mupa (Kurait, Unaus, CILA,
[TakMCTaH U T. A.) C OPOIIAEMBIX 3eMeAb YPOXKail CHUMA-
eTcs 2—-3 pas B ropy. Hapsiay ¢ moAosxuTeAbHbIMU ITPOSIB-
AeHUSIMU OpOIIeHHe IT0YB UMeeT TAKoKe PSIA HeAOCTaTKOB.
B 3aBHCHMOCTH OT IIPUPOAHBIX YCAOBHIL U IIOYBOOOpa-
3YIOILIUX CBOVCTB, BCAEACTBHE HECOOAIOAEHMS arpoMe-

AMOPATHBHBIX MEPOIPUSATHI Ha CEAbCKOXO3SHCTBEHHbIX
YTOADSIX, Ha OpOIIAeMbIX IIOYB HAET IIPOIECC 3aCOACHHS.

M3 parabix OOH Ha ceAbckoxo03sHCTBEHHbIE ITPO-
AYKIIUH CA@AYET, YTO U3-3a OTPHUL]ATEABHOTO BO3ACHCTBHE
AHTPOIIOTeHHbIX PaKTOPOB B TeUeHHE IoAa IAOIAAb
OpoOIIaeMbIX 3eMeAb Halllel IIAAHETHI 32 CYeT 3aCOACHHS
yMeHbIIaeTcsi Ha 60Aee 1 MAH. ra.

Kypa-ApakcuHckass HHM3MEHHOCTb PACIOAOXKeHA
B BOCTOYHOM yacTu A3epbariaxaHa, mexxay Kacnniickum
MOpeM 1 TOpHbIMU cucTteMamu boasmoro u Maaoro Kas-
Kasa. 3eMeAbHbIN GpoHA Kypa-ApakcuHcKkol HU3MEHHO-
ctu cocTaBasieT 21536 xm? uau 24,5% Bcell MAOIAAK
AszepbaiipxaHa.

KAnMaT HU3MEHHOCTH OTHOCHTCS K CyOTpOIIIecKo-
MYy CyXOMY, TEIIAOMY, KOHTHHEHTaAbHOMY. /AeTO Cyxoe
U )KapKOe, 3MMa OTHOCHUT@ABHO TeIIAasl U MAAOCHEeXHAS.
CpeaHeropoBasi TeMIieparypa B HI3MEHHOCTH KOAeOAeT-
cs B Ipepesax oT +14,5 ° a0 + 16° Cymma apdexTusHOM
TeMIIepaTyphl 0becIieunBaeT BOZMOXKHOCTh BO3AEABIBA-
HUS IeHHbIX TeXHUYECKHX 1 TETIAOAIOOUBBIX KYABTYP.

46



Compilation of map of soils salinization on basis of processing of space images and measures of struggle with salinization

Pacrureabnsiii mokpos Kypa -ApakcHHCKO# HU3MeH-
HOCTH OTHOCHTCS K 60TaHUKO-TeorpaduyecKOMy peruo-
HY [TOAYITyCTBHIHb BOCTOYHO-3aKaBKa3CKOM HU3MEHHOCTH.

CoBpeMeHHbII TOKPOB HI3MEHHOCTH 110 CYIIIeCTBY SIB-
ASIeTCSI BTOPUYHBIM F FOPA3A0 OeAHee TOro, KAKKM OH ObIA
B Ha4aAe cBoero paspurisl. Ha reppuropun HU3BMeHHOCTH
BBIAGASIFOTCST CACAYIOII[HE TUIThI PACTUTEABHOCTH: ITyCThIH-
Hasl, TIOAYITyCTBIHHASI, YAABHO, YAABHO-AYTOBASI 1 A€CHASsI.

M3ydeHre reHeTHYeCKUX 0COOEHHOCTE IIOYB, Pas-
BUTHEM U PACIPOCTPaHEHHEM IIPOIIeCCOB 3aCOACHHS
U paspaborkoit Mep 60pbObI ¢ 3acoreHuM mouB B Ky-
pa-ApaKCHHCKOI HU3BMEHHOCTHU B Pa3HOe BpeMsI 3aHH-
MAAUCh MHOTHE YUeHbIe U HCCAEAOBATEAU. YCTAHOBAEHO,
9TO 3A€Ch CEpO3eMHBII THII [I0YBOOOPa30BaHMs pOpMHU-
PYeTcs B Ka4eCTBO OCHOBHOTO 30HAABHOT'O IIOYBEHHOT'O
tuna.Mcxops m3 reorpadpuueckux 3aKOHOMEPHOCTeMH
U3MeHeHHs 00Ieil 3ACOAeHHOCTH 0B, B IIPEATOPHBIX
paiioHaxX Pa3BUTO A€AIOBUAABHOE 3aCOAEHHE, BHIPAXKAIO-
Ieecs B lepeMeleHIUH BHU3 IT0 CKAOHY COAeH, COAepIKa-
IIMXCs B TOpoAe. B KOHycax BBIHOCA TOPHBIX PeK IUPOKO
PACIPOCTPaHEHO NPOAIOBUAABHO-AAAIOBHAABHOE 3aCO-
AeHne. VICTOYHHMKOM 3TOro THIIA 3aCOACHUS SBASIOTCS
MUHEpPAAH30BaHHbIE IPYHTOBBIE BOABL

B 30He MOLIHBIX AAAIOBHAABHBIX OTAOKEHUH BbIAE-
ASIeTCSI AAAIOBHAABHOE 3aCOACHHUE, UMelolllee MUPOKOoe
pacrpocTpaHeHue. JTa popMa 3aCOAEHMS, IPOUCXOAS-
Iast 3a CYeT KaIHAASPHOTO ITOAHSTHS Ha IOBEPXHOCTb
CHABHO MHHEPAaAM30BAaHHBIX TPYHTOBBIX BOA, HE HMEIO-
IIMX OTTOKA. B F0r0-BacTOYHOM 4acTH HU3MEHHOCTH BbI-
AEAEHO 3aCOAeHHe IPUMOPCKOTo Tuma [1].

B 3aBHCHMOCTH OT TOYBEHHO-TPYHTOBBIX YCAOBHUIT
U MEAMIOPATHBHOM 06cTaHOBKY B 1934-1935 rT. Ha Tep-
puropuu Kypa -ApakcHHCKO HUI3MEHHOCTH B MyraHb-
CaabsiHCKOTO MaccuBe ObIAQ IOCTPOEHA KOAAEKTOP-
HO-ApeHaXHOM ceTb AauHOM 104 kM, B 1951-1952 rr.
B Muanckoit crenu aanHon 830 kM, B 1958-1980 rr.
B [ITupsanckoit u Kapabaxckoii crersix 6oaee 10 Thic.kM.

B Hacrosiiee BpeMs Ha HCCAGAYyeMOM HU3MEHHOCTH
AAMHA KOAAEKTOPHO-APEHKHOM CETH COCTaBAsIET HoAee
2S5 TPHIC. KM Ha HAOIIAAK OKOAO 650 ThIC. Ta.

B pesyAbTaTe MpOBEACHHOTO UPPHUIAIIMOHHO-MEAH-
OpaTHBHOTIO CTpOUTeAbCTBA B Kypa-ApakcHHCKoi HU3-
MEHHOCTH IIPOU3OLIAH KPYITHbIe U3MEHEHHUs U YAydIle-
HIle MEAOPATUBHOMN 0OCTAHOBKY OTA€ABHBIX MACCHUBOB.

C 1954 r. mo 19685 r. rop BrarounTeAabHo B Kacmuii-
cKkoe Mope oTBeAeHO 4604 MAH. M?> COAEHBIX BOA, copep-
Kamux 113 MAH. T. APEHaXKHOTO CTOKA, COAGHOCTb CHU-
3uAaachk 29,2 /4 20,2 1/A.

B Haykax o 3eMAe Bce yalje CTpeMsITCS IepeiTH
OT KA4eCTBEHHDIX, OIMCATEABHBIX METOAOB H3y4eHHS

IIPHPOAHOI CpeAbl K KoandecTBeHHbIM. KocMuraeckoe
CHHMKH, OOAQAQIOIIE U3MEPUTEABHBIME BO3MOXKHO-
CTSIMHL, MOT'Y'T CAY>KUTb OAHHM U3 BXKHEMNIINX CIIOCOO0B
HEITOCPEACTBEHHOTO KOAMYEeCTBEHHOTO U3YUeHMUs Teo-
rpaduyecKnx 3aKOHOMepPHOCTeH.

Oco6eHHOCTH KQKAOTO perroHa IPOSIBASIFOTCS B Xa-
PaKTepHBIX ONITUYECKUX CBOMCTBAX AQHAIIAPTA, GOpPMH-
PYIOLIHX eT0 BHELIHU#T 00AMK. BbIIBAsIs 0AHOpOAHBIE 00-
AACTH IIO MX OITHUYECKUM XaPAKTEPUCTHKAM, MBI MOYXKEM
pelaTh 3aAauH $U3UKO-reorpadpIeckoro paiOHHPOBa-
Hust. Takum 06pasoM, pu $oTOrpadupOBaHUS 3eMAH
U3 KOCMOCA, MbI PUKCHPyeM ero MTHOBEHHOE COCTOSI-
Hue. [IpocTpaHcTBeHHAsI CTPYKTYpa 3TO ITOASI TAKOBA,
YTO €r0 MOKHO AGAUTD HA COCTABHbIE YACTH — OOBEKTHL.
[Mousrre “06bekT” OpMUPYETCS Ha OCHOBY KPHTEPHUEB,
BBITEKAIOIHX U3 PellaeMbIX 3aAAY.

B 1998 r. 6p1aa OCymIecTBACHA KOCMUYECKAs ChEM-
Ka Bcell TeppuTopun Asepbaiip’kaHa ¢ HCKYCCTBEHHOTO
ciiythuka seman (MIC3) “LANDSAT-TM” Ilo moay-
YeHHBIM CHUMKaM B auamnasone 0,45-0,52; 0,52-0,60;
0,63-0,69; 0,76-0,90; 1,55-1,75; 2,08-2,35 u 10,45-
12,50 MxM mmpoBeaeHa ux HUPPOBasi 0OPAOOTKH.

ITo peayabraTam 06pabOTKH KOCMITYECKUX H300pasKe-
Huti ¢ ucnioabzoBanreM ['VIC TexHOAOTHIT 6bIAA TIOATOTOB-
AeHa 9AeKTPOHHASI KAPTA CeAbCKOXO3SIFICTBEHHBIX YTOAHIL
Asepbaiipxana B Maciarade 1:50000. 113 aT0it KapThI BBI-
AeaeHa teppuTopsi Kypa-ApakcHHCKOM HUBMEHHOCTH.

AASL KAPTHPOBAHMUS CEAbCKOXO3SIMCTBEHHBIX YTOAHI
pu 00paboTKe KOCMUYECKUX CHUMKOB HCIIOAB30BAH Me-
TOA KAACTE€PHOTO aHaAM3a Ha ocHoBe aaroputM ERDAS-
Isodata “LANDSAT-TM” TM3, TM4, TMS.

O6paboTka KOCMHIYECKON HHPOPMALIUH ITPOBOAU-
Aach B ABa 9Tara: TIepBbIil 3Tall — cerMeHTauu (Bbl-
AeAeHHE OAHOPOAHBIX o6pasoBaHm71) Y BTOPOM 3TaIl —
KAQCCHQHUKAIIMS [TOAYYEHHBIX CETMEHTOB HCXOAHOTO
H300pasKeHNUsL.

IepBblit 9Tall OCHOBAH HAa AATOPUTME BBIACACHIS
KBa3HOAHOPOAHBIX 0OpasoBanuit. Ha Bropom sTare cer-
MEeHTHPOBAHHOE HU300pasKeHUe IIOABEPraeTCst KAaCCUPH-
KAI[MH OAHHM U3 MeTOAOB. B paboTe 6b1A ncrioab30Ban
MeTOA MUHHMAABHOTO PACCTOSIHUSL, B Pe3yAbTaTa IIPOBe-
AEHHOI 00pabOTKU KKAASL CTPYKTYPHAsI eAUHHUIIA HC-
CAeAyeMbIil TEPPUTOPUH OXAPAKTEPU3OBAHA OAHOM UAU
TPYIIIO# CIIEKTPAABHBIX KAHAAOB. [ paHUIIBI HCCACAYEMBIX
apeaAOB YCTAHABAMBAIOTCS II0 ONTHYECKUM CBOMCTBAM
IPHPOAHBIX OOBEKTOB U IO AQHAIIAQTHBIM HHAUKATO-
paM. AaAree Ha OCHOBE 3TOH KapThI C HCIIOAb30BAHHEM
KOHTAKTHOTO MeToAa U momombio I'VIC rexuoaoruu co-
CTaBAsieTCs KapTa 3acoAeHust mous Kypa- ApakcuHckoit
HU3MEHHOCTH.
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CaepyeT OTMETHTD, YTO Ha 9ACKTPOHHOM KapTe CeAb-
CKOXO3SMCTBEHHDbIX YTOAMM Ha OCHOBE KOCMHYECKUX
H300paKEHNT PACIIO3HAIOTCS He TOABKO YYACTKH IAIIHH
(sepHOBoe KYABTYPBbI, XAOIIOK, OBOIIIH 1 baxueBble), MHO-
rOAeTHHe HaCaXAeHUs (Cappl, BI/IHOI‘PaAHI/IK) , BBITOHBI,
A€C, BOAHBIE OOBEKTBI ML T. A,., 2 TAK)KE IAOIAAM CUABHO 3a-
COAEHHBIX IIOYB M COAOHYAKH, TO3TOMY ITPHU COCTaBACHUU
KapThbl 3aCOACHHS HCCAEAYeMOM TePPUTOPHU M3 KapThl
CEAbXO3YTOAMI IIAOIAAY CUABHO 3aCOACHHBIX ITOYB H CO-
AOHYAKH ITePEHOCATCS Ha KapTy 3aCOACHMS ITOYB.

ITpoBeaenHas coaeBas cpeMKa mous Kypa-Apakcus-
CKOM HU3MEHHOCTH IMOKa3bIBAET, YTO KOAMYECTBO COAEH
Ha ray6uHe 0—50 CM IIOYB I10A MALIHSIMY X MHOTOAETHH-
MU HaCQKAEHMSIME KoAaebaeTcst B ripeperax 0,18-0,40%

] nesacozennsie u c1ao 3acoaennsie
:] CpeaBe 3acoJdeHHble

[ cuIBHO 33CO/EHHBIEC H COTOHYAK

4TO XapaKTepU3yeT He3aCOAEHHbIE H CAA003aCOAEHHBIE
1o4Bbl. [109TOMY Ha TOATOTOBACHHOM 9AEKTPOHHOM Kap-
T€ CEAbCKOXO35ANCTBEHHBIX YTOAUM 3TU YIaCTKH OTHOCAT
Ha KapTe 3aCOAEHHSI K He3aCOACHHBIMU U CAA003aCOAEH-
HBIMH TIOYBAMHU.

AAs M3ydeHuUs MAOLTAAM CPeAHe 3aCOAeHHBIX ITOYB
Ha MCCAEAYeMOIl TEPPUTOPUH ObIAH B3SIThI IIOYBEHHbIE
poOBI, IIPOBEAECH AaHAAU3 BOAHOI BBITSDKKH, HA OCHOBE
CYMMBI COA€H Ha KapTe 3aCOAEHMS OIIPEAEAEHBI UX IIAO-
IIAAM.

TakuM 00pa3oM, HCIOAB3YSI 9AEKTPOHHYIO KapTy
ceAabxo3yropuit Kypa-ApakcHHCKO HUSMEHHOCTH, TIPeA-
AaraeMbIM HAMH METOAOM COCTaBASIETCS KApTa 3aCOACHHMS
T0YB HccAeAyeMoil TeppuTopun (puc 1).

Kapra 3acoaennii mous Kypa-Apa HH TH ,
MOJrOTOB/IEHHAs HA OCHOBE 06PaGOTKH KOCMHYeCKHX

nzobpaxennii ¢ MC3 "LANDSAT-TM" B 1998r.

Puc. 1. Kapta 3aconeHus no4ys (1998 r.)

Kapra 3acoaennii nous Kypa-ApakcHHCKoOH HH3MEHHOCTH ,
MOATrOTOBJICHHAS HA OCHOBE 00PAatOTKH KOCMHYECKHX

Hiobpaxkennii ¢ MC3 "Landsat-8" 2014 r.

[ ncsacoennie i craSocoenmbic

[[] cpeane 3aconenusie

[l cnabHO 3aCOTEHHbIE H COTOHTAK

Puc. 2. KapTta 3aconenus noys (2014 r.)
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B 2014 r. MC3 “Landsat-8” 6s1aa mpoBeaeHa
cpeMKa Teppuropuu Asepbaripxana. ITo pesyasraTam
nudppoBOI 06pabOTKHM KOCMUIECKUX U300pakeHHUI
¢ nomompio I IC TexHOAOTHII 6bIAQ TIOATOTOBACHA
Kapra ceapxodyroauit Kypa—ApakcuHcKol HU3MEH-
HocTH B MacmTabe 1:50000 1 Ha ocHOBe paspaboraH-
HOTO METOAQ HAMH COCTaBA€HA KapTa 3aCOACHMUS II0YB

(pnc. 2).

W3 xapTe1 3acoaenms nmous Kypa-Apakcunckoi Hu3-
MeHHOCTHU B 2014 I. BUAHO, 9TO Ha HCCACAYEMOM TEPPUTO-
PHH ITAOIIAAD 3aCOACHHS B TeUeHHe 16 AeT, IpOLIeATTHX
¢ 1998 r., 3HaYMTEABHO YBEAMIHAACh.

B HuKenprBeAeHHOM TabAHIIe IIOKA3aHO U3MEHEHIe
MEAHOPATUBHOTO COCTOsHMA 1o4B KypB-ApakcuHckoi
HU3MEHHOCTH II0 pe3yAbTaTaM KOCMMYECKUX CHUMKOB

(1998 r.m 2014 1.).

Tabnuua 1. — 3aconeHus noys Kypa-ApakCUHCKON HU3MEHHOCTM

1998 . | 2014r.
Ne CreneHb 3aCOACHHS
ITaomaap, THIC. Ta
1 He3sacoaeHHble U cAab03acOACHHBIE 894,2 820,0
Cpeatie 3acoAeHHbIE 545,1 578,3
3 CHABHO 3aCOAEHHBIE U COAOHYAK 364,0 405,0

W3 TabAULIBI BUAHO, YTO Ha UCCAEAYEMOI TEPPHUTO-
PHH MAOIIAAD HE3ACOAEHHBIX M CAA003aCOAEHHBIX [I0YB
B 1998 1. cocraBasira 894,2 ThIC. ra.

B pesyabrare HeCOOAIOAESHISI arPOMEANOPATUBHbIX Me-
pomnpusTuit Ha Tepputopuu Kypa-ApakcuHckor HU3MeH-
HOCTH IAOIIAAD HE3ACOACHHBIX M CAA0032COACHHBIX II0YB
¢ 1998 rno 2014 r. ymeHpIInAach Ha 74,2 THIC.IA, 2 CHABHO
33aCOACHHBIX M COAOHYAKA YBEAUIHANCH Ha 41 ThIC.Ta.

CaepyeT OTMETHTB, YTO yBeAUYEHNUE IAOIAAH 32C0-
AeHns oy Kypa-ApakcHHCKON HU3MEHHOCTH 3a yKa-
3anHoit meprop (1998-2014 rr.) B OCHOBHOM CBSI3aHO
C TIAOXHM COCTOSTHHEM KOAACKTOPHO-APEHaKHOM CeTH
Ha HCCAEAYEMOI TEPPUTOPHH, & TAKXKE HECOOAIOAEHUEM

arpoOTeXHUYECKHX H arpOMEAHOPATUBHBIX MEPOIPUATUI
HA TePPHUTOPHIX ITOA MAITHH.

OKCIIAYaTallUOHHBIA CPOK MEAMOPATHBHOM KOH-
CTPYKIUH ITO IIPUHATHIM HOPMaM IIPEAyCMOTpPeH Ha 35—
40 aet. Ha ceropHAmHMIT MOMEHT CPOK 9KCIIAyaTaI[uH
KOAAEKTOPHO-APEHA’KHOM CeTH Ha TepPUTOPUH MHOTHX
paitonoB Kypa -Apakcunckoit HusMeHHOCTH HcTek. [To-
3TOMY 3Ta CEThb He MOXET paboTaTh Ha IPOEKTHYIO MOII-
HOCTb.

HrTak, B pe3yabTaTe HCCAGAOBAHHI II0YB OTIPEAEACHO,
9TO OAHHMM M3 OCHOBHBIX IIPHYHH IIPOII€CCa 3aCOACHHUS
IIOCEBHBIX MAOIIAACH SIBASETCS IIOABEM IPYHTOBBIX BOA

Ha BEpXHHNE CAOH ITIOYBbI.

Puc. 3. Kambliw v gpyrne BogontobumBble pacTeHUst BHYTPW APEHAXHON ceTun

AAs TIpeAOTBpaleH s IIPOIecca 3aCOAeHH S, a TaK ke
YAy4IIeHHs Pa3BUTHUS PaCTeHMI CaMbIM BaXKHBIM YCAO-

BHEM SBASIETCA IIPABUADPHOE IIPOBEACHUE YE€PEAOBAHMS
IIOCE€BOB Ha ITalllHAX.
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ITpoBeaeHHbIE OIBITHI IOKA3aAH, BBIPALIUBAHIE 00-
OOBBIX KYABTYP, B YACTHOCTH AIOLIEPHBI, 3HAYUTEABHO
YAy4IIaeT IOYBEHHYIO CTPYKTYPY. DTOT BUA pPacTeHHI
IIOKPBIBAET IIOBEPXHOCTD IIOYBbI, UTO M 3AMUITIAET IOAS
OT M36BITOYHOTO UCIIAPEHUSL

Kopuesas cucrema atoriepHsl poocturaer 1-1,5 me-
TpOB rAy6uHbL [T04BBI, 3acesHHbBIE AIOLIEPHOIT, 00AAAQOT
BBICOKOIT CTEIIeHBIO TOTAOLIEHHSI OAArOAApsI CrieLjirKe
ero KOpHeBOM cucTeMbl. ITpu mpaBUABHO IpOBeACHHOM
IIOAMBKE BIIMTHIBAHIE ITOYB HA TAKHX ITOASIX OAAromnpu-
SITCTBYeT IMOHI)KEHUIO YPOBHS IPYHTOBBIX BOA Ha 9THX
MAOIAASX, YTO AQeT BO3MOXKHOCTD YAYUIIEeHHS pU3UKO-
XUMHUYECKHUX CBOVICTB MOYBBI. HaKamAuBaroTCsS XvMH-
9eCKHe 9AeMEHTHI, 0COOEHHO a30T, KOTOPBIE SBASIOTCSI
IUTaTeAbHbIM 9AeMEHTOM AASI TOUBBL [ToceBbl B mocaeay-
IOIIVe TOABI HA 9THX [I0YBAX AAeT O0Aee OOraThlil ypoxKail.

ITpoBepka Dxoaoruueckoro cocrossuus Kypa-Apak-
CHHCKOM CTeIIH IIOKA3aAd, YTO KOAAEKTOPHO-APEHAKHAS
cucrema, ocobenno B IlTupBanckoit 1 MHABCKOII CTeIIsX,
paspymensl. Bo MHOrHX MecTax IpOHM30IIAO paspyle-
HHe CTeHOK APeHaXXa, TAk’Ke BHYTPHU ITOSIBUAKCH 3apOC-

AUl KaMBIIIA ¥ APYTON BOAOAIOOUBOM PAaCTHUTEABHOCTH
(Puc. 3.). Takoe moAoxeHue MPUBEAO K TOBBIIIEHUIO
YPOBHA TPYHTOBBIX BOA AO 1,5 M, a B HEKOTOPBIX MeCTax
AaXe A0 1 M, YTO U ABASETCS IPUYUHOM POCTA 3aCOACHUS
Ha 9TUX ITOYBAX.

AAs mpepoTBpameHys nporecca 3acoaeHus Kypa-
ApPaKCUHCKON HH3MEHHOCTH CAeAyeT IPAaBUABHO BbI-
MIOAHATDH HIDKEIIPUBEAEHHbBIE arPOMEANOPAaTUBHbBIE Me-
pONpUATHA:

1. Ha MAIIHSIX COOIOAATD ATPOTEXHUYECKHE [IPABU-

A, IOAMB ITOCEBHBIX MAOIAAEH TTOYB TPOBOAMUTD
IO YKAa3aHHBIM HOPMaM AASL PaCTeHUL;

2. KOHTPOAMPOBATb TEYEHHE BOABI KOAAEKTOPHO —
APEHAXHBIX CEeTel;

3. IOBCEMECTHO MPOBECTH OYUCTKY KOAAEKTOPHO-
APEHQKHOM CETH U YIAYOUTDb ee AO IPOEKTHOM
ormetkH (3 m);

4. 1o 0bouM GeperaM MOAMBOYHBIX KAHAAOB ITOCEB-
HBIX IIAOIAAEH IPOBecTU 1 u 2-psAAHYIO Aecomo-
AOCBI;

S. IPOBOAUTD POMBIBKY COAOHYAKOBBIX YYaCTKOB.
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NMony4yeHne HOBbIX aMUHOKAPOOKCUJIbHbIX aMpOIUTOB
C 3apaHee 3agaHHbIMU CBOUCTBaAMM

AnnoTtanus: B craTbe npuBeAeHbI TeOpeTHYECKHUE U IIPAKTHIECKIIE OCHOBBI IOAYYEHHS AMUHOKAPOOKCHABHOTO
ampoanTa Ha OCHOBe GypPypoAa B KyOOBBIX OCTATKOB AKPHUAA HUTPHAOBOI KHCAOTHL. C IIOMOIIBIO COBPEMEHHbIX
METOAOB AaHAAM3a U3yYeHa CTPYKTYpa U MeXaHH3M ITOAydeHus aMPpoanTa. OnpeaeAeHO ONITUMAABHOE MOABHOE COOT-
HOIIEHME PearupyIOIIUX BeIecTB.

KaroueBbie cAOBa: AKPUAOHUTPHA, IOAUAKPHAOHUTPUA, PypPypoA, KybOBbIE OCTATKHU, IOAUMEPAHAAOTIHbIE
IpeBpalje s, aMPOAUT, 0OOMeHHAsI EMKOCTb, COPOLIHS, MEXaHUIECKASI P OYHOCTb.

BBepenne. OpHOI U3 BOKHENIINX 33Aa4 B 00AACTH  HCIIOAB30BAHUSI HOHUTOB: OIPECHEHHE COASHBIX BOA,
XMMHU BbBICOKOMOAEKYASIDHBIX COEAMHEHMIl SBASIETCS ~ OYMCTKA IPOMBIIIACHHBIX CTOYHBIX BOA, OYHMCTKA AHTH-
CHHTe3 MOHOOOMEHHBIX CMOA C 3aAQHHBIMH CBOFICTBAa-  OHMOTHKOB, COPOILIHS, pasaeAeHHe U KOHIIEHTPUPOBAHIEe
MU ¥ CTPyKTypamit. [ToCTOSIHHO pacIIupsIOTCst 0OAACTH  HOHOB METAAAOB B THAPOMETAAAY PTHH, IAEKTPOXUMHUYE-
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CKasl TeXHOAOTHUSA U T. A. OHU CTUMYAMPYIOT HCCACAOBA-
HUS B 00AACTH CHHTE3a U HCCAEAOBAHMS HOHHUTOB | 1;2].

HecmoTpst Ha AOCTHIHYTHIE yCIieXH B 00AACTH CHH-
Te3a HOHOOOMEHHbIX IOAUMEPOB, OCTAETCSI AKTYAABHBIM
BOIIPOC MTOAYYEHMS HOHUTOB Ha OCHOBE AEIIEBOTO, AO-
CTYIIHOT'O CBIPbs C YAy4IIeHHbIMH CBOMCTBaMU. B cBs3u
C 9TUM CO3AQHHE HOBBIX aM(OTEPHBIX HOHOOOMEHHBIX
MaTepPHAAOB Ha OCHOBE IIPOMBIIIACHHOTO OTX0AA IIPOU3-
BOACTBA IOAMAKPUAOHUTPHAQ SBASETCS BECbMa aKTyaAb-
Hot 3apadert. OAHAKO BBHAY BBICOKOM U pa3HOOOpa3HOI
PeaKUUOHHOM CIOCOOHOCTH HUTPUABHOM IPYIIIIBI I10-
AVIMEPOB aKPUAOHUTPHUAQ, HATIPABACHHUS PeAKITMY XUMH-
YEeCKMX MPeBPAlIeHUN UX CHABHO 3aBUCHUT OT IIPHPOABI
peareHToB M yCAOBMU IIpOBeAeHMs peakiuu. Iloaromy
CO3AAQHHe HOBBIX 9 PEeKTUBHBIX COPOEHTOB ITyTeM XHMU-
9EeCKOTo IpeBpalljeHusl TOAHAKPUAOHUTPHAA C Pa3AWY-
HBIMH peareHTaMu, HanpuMmep ¢ypPyposoM, H3ydeHue

I m4
12

~1
.2

1 ’
| \
SN \

3aKOHOMEPHOCTEH UX ITOAYYEeHHS, HICCACAOBAHUE PU3H-
KO-XMIMUYECKHX 1 COPOIIOHHBIX CBONCTB UMeeT Hayd-
HBII ¥ IIPAKTUYECKUN HHTEpeC.

PesyabTarsl 1 HX 00cy)aeHne. Cunres aMdpoauTa
IIPOBOAMAU ITPH PA3AUYHOM MOABHOM COOTHOLIEHHH pe-
arMpyIoOIMX BeIeCTB, OAHAKO ONTHMAABHBIM OBIAO BbI-
6pano cooTHomeHue PpypPypora K KyOOBBIM OCTaTKAM
HAK xak 1:1 B mpHCYyTCTBHE KaTaAH3aTOPa XAOPHCTOTO
IIMHKA.

C 1jeAbto peBpamneHNs] HUTPUABHBIX TPYIIII B Kap-
6OKCHABHBIE IIPOBOAMAY OMBIA€HIE IOAYYEHHOTO [IOAU-
Mepa pacTBOPOM €AKOTO HaTpa. AAs IepeBOAAQ AMUAHBIX
TPYIII B aMUHHBIE ObIAA TpOBeaeHa peakuun [opdmana
CITUPTOBBIM PAaCTBOPOM IHITIOXAOPHTA HATPHSL.

C 11€ABIO BBIICHEHUS CTPYKTYPBI CHHTE3UPOBAHHOTO
aMdoAUTa HaMU OBIA IIPOBEAEH XPOMOTOrpadHIeCKHUIT
aHaAu3 Ky6oBbIx ocTaTkos npoussoactsa HAK (puc. 1).

/10

— S—

Puc. 1. Xpomatorpaduyeckumin aHanmna kybosbix octaTtkoB HAK

Pacumdposka pAaHHBIX XpoMaTOrpapuIeckoro aHa-
Ausa kyboBbix octarkoB HAK nokasaaa, 4To oHM HMerOT
caeaytomuit cocras (Tabamra 1).

Boi60op XAOPHCTOTO IIMHKA B KaueCTBe KATAAH-
3aTOpa AAS CHHTE3a MOHOOOMEHHON CMOABI 00y-
CAOBAEH HAaAWYHEM Y HEero cBo60AHOM 4 p-opOuTasu
(15?252 2p©3s23p©4s23d°4p°). Dro mO3BOASIET eMy
6oAee aKTUBHO (T10 CPaBHEHHIO C IPOYUMHU KHUCAOTA-
M1 AbIOHCa) pearupoBaTh C ABONHOIA TT-CBA3BI0. B x0A€
AKTUBAIMH TT-CBSI3H XAOPUCTBIM LIMHKOM CHABHODAEK-

TPOOTPHIIATEABHBIN XAOP CMeIJaeT B CBOI CTOPOHY
9AEKTPOHHYIO MAOTHOCTD C IIMHKA, KOTOPHIM B CBOIO
O4Yepeab AeCTAOMAUBUPYET T-CBsI3b, OTTSTUBASL ee
Ha cebst 3a cueT CBOOOAHOI 4 p-opbuTasu. ITO mpu-
BOAUT K TOMY, 4YTO CBSI3b BOAOPOAA C YTAEPOAOM IIPH
ABOWHOM CBsI3M OcAabeBaeT, B pe3yAbTaTe 4ero CTa-
HOBUTCS BO3MO>XHbBIM OTIEIIACHHE er0 KMCAOPOAOM
dypdypoaa c o6pasosanmem Boabt [ 3; 4]. Cxema ak-
THUBALUU AKPHMAOHMTPHAA XAOPUCTBIM IJUHKOM ITPeA-
CTaBA€HA Ha puc. 2.

Tabnuua 1.
N¢ | HaumeHoBaHue BemecTsa Copepsxanue, macc.% | Moaspaas Macca, r/MoAb | MoAbHOE COOTHOLIEHHE
1 2 3 4 S
1. | AKpUAOHUTPHA U €ro Io- 68 53 0,1
AVIMEpPHI
2. | AakToHUTpHA 14 10,9 0,016
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Synthesis of new aminocarboxylic ampholytes with predetermined properties

1 2 3 4 N
3. | Lluan6yroauen 2 1,56 0,02
4. | AuBHHHAAIIETAT 2 1,56 0,02
S. | Boaa 7 5,46 -
6. | Apyrue npmecu 7 5,46 -
Vs,
C Jo ~ T
HC=C —H,C—C—
= |H
0 o J
el ] — 0
H 0
H — ——
H,C=C. HC=C
\‘ J CN CN
L _1n

7

Puc. 2. Cxema akTnBaLMmn akpUIoHUTPUNA XNOPUCTLIM LIMHKOM

Hcxopst u3 cocraBa ky0oBbsix ocrarkoB HAK — pum BaaeHTHBIX CBsi3eil HaMM ObIAa IIPEAIIOAOXKEHA
(Taba. 1), HAAEHHOTO ONTHMAABHOTO MOABHOTO CO-  TeOopeTHyeckas cxema o6pasoBanus moaumepa [S; 6]
OTHOIIEHUS PearupyomKX BelecTs U y4eToMm Teo-  (puc. 3).

100n H,C=CH-CHN <+ 8n H;C:(%—CN +n H,C=CH—C=C—CH=CH, +
OH

—C—(H— 0
+ n HC (% CH=CH, + 100n || | C,/
CM 0 -

CN C|N thm [ cN
|

—H;C—C—{H;C—( —CHy~ C=CH—CH:CHz— CH CH— -H;:—é—

OH A

CN CN
—H,C—C Hr:—é CH—é_CH CH—CH— CH CH— c —Hzc—q—
CH DH 4 CH
28

I
CH

- Iy _

25

Puc. 3. NMpepnonoxurensHasa CTPYKTYypa NoJiy4eHHOro nojimmMmepa

TakuM 06pa3oM, CTPyKTypHOE 3BEHO CHHTe3HPOBAHHOTO HOHHTA GyAeT caeaytomum (puc. 4).
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—CH=CH—1CH CH
CN OH_4
|

HC
"o
- _l25

CN
CHz=C=CH—CHz=CHz—CH—
C
Il
i
oH
CH,

Puc. 4. NpepnonoxurensHoe CTPYKTYPHOE 3BEHO CUHTE3MPOBAHHOIO MOHUTA

OAHaKO, IPOBEAEHHbIE HCCACAOBAHHUS TIOKA32AH, YTO
B COCTaB [IPOCTPAHCTBEHHOM CETKH HOHUTA BXOAUT TOAB-
KO aKpUAOHUTPUA [ 7]. DTO 06ycAaBAMBAETCSA HAAMYHEM
B €r0 COCTaBe HUTPHABHOM IPYTIIIbI, KOTOPAsi XapaKTepH-
3yeTcst GOABIION IAEKTPOOTPHULIATEABHOCTBIO, YTO CHAD-
HO aKTHBUPYET ABOWHYIO CBSI3b, KOTOPAs paspymIaeTcs
B pesyabTate clmBku [ 1; 8; 9].

Taxum 06pa3oM, CTPYKTypPy CHHTE3HPOBAHHOTO HO-

HHUTA MOXHO TIPEACTABHTDb CAeAytoleit opmyaoit (co-
epunenue N 1 puc. 5).

C 1eApio IOAy4eHHS Ha OCHOBE AAHHOTO IIOAMMepa
aMdoAuTa ObIA IIPOBEAEH PSIA XUMUYECKHX IIpeBpalie-
HUi1 (TMAPOAH3, C TOCAEAYIOIMM IIPEBpAIjeH e AMUAHDIX
TPYIIII B AaMUHHBIE C COKPAIleHHeM yTAepOAHOM IIeTIOYKH
Ha opuH atoM (peakius [opmana). Cxema peakiuu npu-
BeAEHa Ha puc. S.

[ ] B NaO O |
ClnN \G.r
_HZC_T_ —HC—C—
I A ]
o +NaOH, t° o” [ +NaOCl, CHLOH
—_— [ -
HC—C NH, PN S ‘NaCl, -CO,
‘ CN ‘ d
[|Ol| CH | CHO/ NH,
I R 0" ]
I —1n
HO O
¢
—H.C—C—
+NaOCl, C,H,COH | ] |H
NaCl,-CO, © |
HC—C
T ‘ NH,
E j—CH
o |
I —n

Puc. 5. Cxema nonydyenus amgponuta AHKBD

3akAroueHue.
1. VIsyueH MeXaHU3M MOAy4YeHHUsSI aMPOTEPHOTO HO-
HOOOMEHHOTO IIOAUMEpPa HA OCHOBE KYOOBBIX OCTaTKOB

HAK u pypoypoaa.

2.C IIOMOIIBbI0 COBPEMEHHBIX METOAOB aHAAM3a HC-
CA€AOBaHA CTPYKTYPpa IIOAYyIEHHOTO aM(l)OAI/ITa.

3. Ha ocuoBanuu PEe3yAbTATOB I/ICCAeAOBaHI/IfI yCTa-
HOBA€HA (l)OpMYAa ITOAYYEHHOTO aM(l)OAI/ITa.
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CTepeoBnaoBoOi cOCTaB TPUaLUNMnLEepPUHOB cadIOPOBbIX Mace/

MONTY4YEeHHbIX N3 CeéMsAH BO34€eJIaHHbIX Ha 60raprlx n opoLiaemMbiX 3eMnax

AnHOTanMsA: YCTAaHOBAEHO, YTO B HCCAEAYEMbIX 06pasuax cadpAOPOBbBIX MaCeA TPUHEHACHIIEHHbIX TPUTAUIIEPHAOB

HpeO6AaAaIOT TAULIEPHUADI C AlTMABIMU AVHOAEBBIN X OAEMHOBBIX KMCAOT. M3 MOHOHECHACBIIN€HHbIX-AMHCHACbIINICHHDbIX

TPHUTAMIIEPHAAX B UCCACAYEMBIX 06pa3uax Ca(l)AOPOBI)IX MacCeA HPeOGAaAaIOT TAMLEPHUADI C AlJBIABPIMH MMAaABMUTUHOBOM

W AMHOAEBOI KMCAOT.

KaroueBbie caoBa: BO3AC€AQHHDBIE CEMCHAQ, 60rapr1e H OpolIaeMbI€ 3€MAL, ca<1)Aop0Boe MacCAO, CTepeOBHAHbeI

COCTaB, TPUAITMATAUITIPUADI, HACBIIIIEHHbIE 1 HE HACBIIEHHDIE )KUPHbIE KM CAOT.

55



Section 8. Technical sciences

V3BeCTHO, 9TO CTPYKTypa M COCTAB TPHALUATAUIIE-
PHAOB PACTUTEABHBIX MaceA 00YCAOBAMBAIOT UX OHOAO-
TMYECKYIO M B YaCTHOCTH MUIIEBYIO LIeHHOCTS [ 1].

B Hacrosimee BpeMsi, 6Aaropapsi IpUMeHEHHUI0 MeTO-
AOB CTepeoCeludUIEcKOro anaamsa [ 2—4 | ycraHoBAeHbI
CTPYKTYPbI X COCTAaBbI IOACOAHEYHBIX, XAOIKOBBIX U CO-
€BbIX MaCeA, IIMPOKO IPOM3BOAMMBIX [IPOMBIIIACHHOCTBEO.

CadaopoBoe MaCAO — KaK HOBBII BHA PACTUTEABHO-
O MaCAQ IIOCTENeHHO OCBAMBAETCSI PHIHKOM Y30eKucTaHa
U €T0 BBIITYCK OPTaHH30BBIBAETCS IIePepabOTKOM CeMsIH,
BO3AEAOBAHHbIX Ha OOTapHbIX M OPOIIAEMbIX 3eMASIX.

B AuTeparype MacAo U3BeCTHO O CApAOPOBOM MACAE
U IPAKTUYEeCKU OTCYTCTBYeT HHPOPMAILIHS O CTEPEOBHU-
AOBOM COCTaBe ero TPHAIIMATAUILIEPUAOB, YTO TpebyeT
BECKHUX 9KCIIEPUMEHTAABHbIX AAHHBIX, TOATBEPXKAAFOIINX
HX OUOAOTHYECKYIO U IIUTATEABHYIO IIEHHOCTb.

Kak BHAHO, CTPYKTYpPBI H COCTaBbI CApAOPOBBIX Ma-
CeA, IIOAYYaeMBIX U3 CeMSIH BO3AEAOBAHHBIX Ha OOrapHbIX
U OPOIIAeMbIX 3€MASIX IOAHOCTBIO He H3y4eHa. AHAAU3Y
nopBeprasu MacAa, moaydernsle n3 AOOT «TomkenT
ér-Moi KOMOUHAT> . Pacnpeaeaenue aruaos B 3 moao-
xeHusx (sn-1, sn-2 u sn-3) rauLeprAOB cadAOPOBBIX
MaceA yCTaHaBAUBaAM MeTOAOM [ S ]. [Tpu sToMm axcnepu-
MEHTAABHbIE AQHHbIE 00PabaTHIBAAKCH CTATHCTHYECKUMU
MeTopaMu [6].

B Ta0A. 1. mpeACcTaBAEHBI pe3yAbTATHI AHAAU30B [IO3H-
IIMOHHOT'O PAaCIpeASACHHS alIUAOB OCHOBHBIX ITAABMHUTH-
), OAeHHOBOI (Cl&l)

nosoit (C,_ ), creapunosoit (C

16:0
u aurOAeBO¥ (C

18:0

1s.,) KHCAOT B TPHAIMATAMLIEPHAAX Cad-

AOPOBBIX MaceA, MMOAYYEHHBIX U3 CEeMSH BO3AECAAHHBIX
Ha 0OTrapHBIX M OPOIIAEMbIX 3eMASIX.

Tabnuua 1. — No31UNOHHOE pacrnpeneneHme aumnoB XNUPHbIX KNCNOT B TpUrnuuepuaax cadropoBbix
Macer, NoJly4EHHbIX N3 CEMSIH BO34eI0BAHHbIX Ha OOrapHbIX M OPOLLIAEMbIX 3EMIAX

CoaeprxaHne )KHPHbIX KHCAOT, % MOAD.

JKupnbie KHCAOTBI B cyvva JE——
IOAOKeHHUH C o Cieo Ceu Cio Hac. HeHAC.
CadaopoBoe MacA0, IOAYYEHHOE U3 CEMSIH BO3AEAOBAHHBIX Ha OOTapHbIX 3eMASIX:
sn-1 11,2 4,3 26,1 58,4 15,5 84,5
sn-2 0,4 0,1 21,7 77,8 0,5 99,5
sn-3 94 6,8 19,1 64,7 16,2 83,8
TAT 7,1 3,7 22,2 67,0 10,8 89,2
CadaopoBoe MacA0, IOAyYEHHOE M3 CeMSTH BO3ACAOBAHHbIX HA OPOIIAeMbIX 3eMASX:
sn-1 11,5 4,6 26,3 57,6 16,1 83,9
sn-2 0,6 0,3 22,0 77,1 0,9 99,1
sn-3 9,6 0,7 19,3 64,1 16,6 83,4
TAT 7,3 4,0 22,5 66,2 11,3 88,7

ITpumevanue: TAI-TpuanMArAuIlepuAbL; CyMMa Hac. M HeHAC.-CyMMa HACBIIEHHBIX U HEHACHIIIeHHBIX al[HAOB

B TPUTAMIIEPUAHBIX MOAEKYAQX.

U3 paHHBIX TabA. 1 BHAHO, YTO SKHPHbIE KHCAOTHI Cad-
AOPOBBIX MaceA, IOAYYEHHBIX U3 CEMSH BO3AEAOBAHHBIX
KaK Ha 60rapHBIX, TaK M OPOIIAeMBIX 3eMASIX HEPABHOMEP-
HO pacIipeAeAeHbI MeXAY sn-1, sn-2 1 sn-3 MoAOKeHHAMU
TPUTAHIIEPUAHBIX MOAEKYA. Tak HanpuMmep, sn-2 moAO-
xenue Ha 99,1+ 99,5% arepu¢unrpoBaHO HeHACHIIIEH-
HBIMU KUPHBIMU KMCAOTaMU: AMHOAeBOM — 77,1+77,8%
u orenHOBOM — 21,7+22,0%, HeHacbIleHHbIe )KUPHbIe
KHCAOTHI (TTAABMUTHHOBAS 1 CTeapI/IHOBaSI) NpaKTUYeCKU
HEe3HAYUTEAbHO MAABI, OHH B OCHOBHOM PacCIpeAeAeHBI
Mexay sn-1 u sn-3 nosunuamu. Ilpuyem, cymmapHoe
COAep>KaHMe HACBIIIeHHbIX M HEHACHIIIEHHBIX allUKAOB
B KpaitHuX noaoxenusx TAI' npakTuyecku OAMHAKOBO.
IIpu aTOM, AASI HHAMBHAYAABHBIX XMPHBIX KHUCAOT YCTa-
HOBAEHO HEPaBHOMEpHOE paclpeAeACHHEe MeXAY sn-1
u sn-3 noaoxenusmu: C npeobaapaeT B 00erx BUAAX

|8, — B SN-3 [IOAOXKEHUH.

B HNCCACAOBAaHHBIX 06pa3uax Ca(l)AOPOBbIX MaC€A HE3Ha-

cadaoposoro macaaBsn-1,a C

uuTeAbHbIN u3bpiTok C

CAeAyeT OTMETHUTD, HYTO IIOAYY€HHbIC AaHHbIE

HaMAEH B Sn-1 MOAOXKEHHH.

o crpykrype TAT B 06enx 06pa3rioB cadpAOPOBBIX MaceA
COTAACYIOTCS C U3BECTHOM Teopuen 1-, 2-u 3-craTucru-
JeCKOT'O PACIpPEeACACHHS allMAOB B PACTHTEABHBIX TPH-
raunepuaax [7].

B TabA. 2 mpeAcTaBACHbI AQHHbIE O O3HIJMOHHO-TH-
[IOBOM COCTaBe TPHTIAULIEPUAOB HCCAEAYEMBIX 00pasLioB
CapAOPOBBIX MaceA.

Kak BUAHO 113 AQHHBIX Ta0A. 2 HCCAeAyeMBbIe 00PasLIbL
CaQAOPOBBIX MAaCeA XapPAKTePH3YIOTCS BBICOKUM COAEP-
>KaHUEeM TPHHEeHAChIIeHHbIX (U3=69,48+69,6% MOAB)
¥ MOHOHACHIIIEHO-AUHEHACBII[eHHbIX TPUTAHLIEPHAOB
(SU2=27,58+27,64% MOAb). TIpH 3TOM KOAMYECTBO
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AVHACBIII€eHHO-MOHOHEHACHIIEHHbIX TPUTAHILIEPHAOB
(SZU:2,8+2,85% MOAB) OTHOCHTEABHO MAAO, a Tpu-

HACPII[€HHBIX TPUTAMIIEPUAOB (SS=0,02—O,03% MOAb)
NPaKTHYEeCKU He3HAYUTEABHO.

Tabnuua 2. — MNMo31UNOHHO-TUMNOBOW COCTaB TPUaLMNrIMLepaoB cadpsIOpPOBbLIX Macen,
MOJTy4eHHbIX N3 CEMSIH BO3e10BaHHbIX HA OOrapHbIX M OPOLLAEMbIX 3EMIIAX

Coaeprxanne TAT,% moap

B MacAe, HIOAyYEHHOM H3 ce- B MacAe, HOAyYEHHOM
BuABI TPHTAHIIEPHAOB
MSIH BO3ACAOBAHHBIX Ha 60- | M3 CeMSIH BO3A€AOBAHHBIX
TapPHBIX 3eMASIX Ha OPOIIAEMbIX 3€MASIX

TpuHachIIeHHBIX (S3) 0,02 0,03
AMHaCBIITIEHHO-MOHOHEHACHII€HHBIX (SZU) 2,80 2,85
sn-SSU 0,07 0,09
sn-SUS 2,64 2,69
sn-USS 0,09 0,07
MoHOHACHIIeHHBIX-ANHACHII€HHBIX (SUZ) 27,58 27,64
sn-SUU 13,12 13,18
sn-USU 0,41 0,44
sn-UUS 14,05 14,02
TPHHEHACHIIeHHbIX (U3) 69,6 69,48

KPOMe TOrO, Cp€AN HAChIIEHHO-HEHACHIIIEHHDIX
TPUTAULIEPHUAOB HpeOGAaAaIOT TPUTAULEPHUADI C HEHA-
ChIIIIEHHbIM AITHUAOM BO BTOpPOM (51’1-2) IIOAOXKCHHH.
Ecan Y4€CTb, YTO CYMMAPHO€ COACPIKAHNE HACDIIIEHHDIX
W HEHACPIIIEHHDBIX )KUPHBIX KMCAOT B sn-1 1 sn-3 moAoxxe-
ansax TAT 6Aansku o 3HAYCHUAM, TO CTAHET ACHO OAMHA-

KOBOe copepkanue TpUraunepupos B sn=SSU n sn=USS,
a taoke B sn=SUU u sn=UUS.

Hamu paccunTaHbl CTepeOBHAOBBIE COCTaBBI OC-
HOBHbIX BHAOB TPUTAHLIEPHAOB HCCAEAYEMBIX 00Pa3IioB
caAOPOBBIX MaCeA, Pe3yABTATBI KOTOPBIX IIPEACTABAEHDI
B TabA. 3.

Tabnuua 3. — CTepeoBMa0BO COCTaB OCHOBHbIX BUAOB TPUMNLNPUAOB

nccnenyembix 06pasLoB cadnopoBbIX Maces

Coaeprxanne, % MOAD
Bua Tpuranme- B MacAe, HOAyYeHHOM H3 CEeMSIH BO3AGAO- | B MacAe, IOAYYeHHOM M3 CEeMSTH BO3AEAO-
pHuAOB BAHHBIX Ha OOTAPHBIX 3€MASIX BaHHBIX Ha OPOIIAeMbIX 3eMASIX
H30MepPOB CYMMBI H30MEPOB H30MEPOB CYMMBbI H30MEPOB
1 2 3 4 S
AAA — 29,32 — 29,26
sn-AAO 8,51 8,48
sn-AOA 8,05 29,62 8,03 29,54
sn-OAA 13,06 13,03
sn-AOO 2,34 2,31
sn-OAO 3,80 9,73 3,78 9,65
sn-OOA 3,59 3,56
000 — 1,05 — 1,03
sn-TTAA 5,71 5,69
sn-ATTA 0,17 10,26 0,15 10,2
sn-AAIT 4,38 4,36
sn-CAA 2,27 2,26
sn-ACA 0,05 5,56 0,04 5,52
sn-AAC 3,24 3,22
sn-OITO 0,01 0,02
sn-OO0I1 0,52 0,98 0,50 0,99
sn-ITOO 0,45 0,47
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1 2 3 4 N
sn-COO 0,16 0,18
sn-0O0C 0,37 0,54 0,39 0,59
sn-OCO 0,01 0,02
sn-TTOA 1,55 1,58
sn-AOIT 1,19 1,22
sn-OTTA 0,07 0,08
sn-TTOA 1,64 6,45 1,66 6,57
sn-OAIl 1,94 1,96
sn-ATTO 0,06 0,07
sn-COA 0,61 0,63
sn-AOC 0,86 0,88
sn-OCA 0,02 3,55 0,03 3,65
sn-CAO 0,64 0,66
sn-OAC 1,41 1,43
sn-ACO 0,01 0,02

ITpumeuanue: Anuast: I1-maasmutnHOBOIM, C-cTeapunoBOH, O-0AeHHOBOM U /A-AUHOAEBOM SKUPHBIX KHCAOT.

W3 TabA. 3 BHAHO, 9TO B HCCAeAyeMBIX OOpasuax
cadAOPOBBIX MaCeA TPUHEHACHIIIEHHbIX TPUTAULIEPHAOB
Pe00AAAQIOT TAUIIEPHABI C ALMAAME AUHOAEBOJ U OA€H-
HOBOM KUCAOT: TPHAUHOACHUH (A3=29,26+29,32% MOAb ),
OAEOAVAMHOAEHH (A2 0=29,54+29,62%<MOAb) U AHIOAE-
omenoaent (AO,=9,65+9,73% moan ). [Tpu aTom copep-
JKaHUe TPUOAECHHA (O3=1 ,03+1,05%MOAD) HAXOAUTHCS
B mpeaesax 1% moasp. IIpryem, cpepn H30MepoB MOAO-
JKeHUS 0OAe0AnANHOAeHA sn-OAA copepxxuTcst 60AbIIe
(13,03+13,06%mo0ab ), yem sn-AAIL=0 u sn-AOA.

Kaxk BuaHO 13 TabA. 3 U3 MOHOHEHACHIIeHHO-ANHE-
HAaCBIIeHHbIX TPUTAULIEPHUAOB B ICCAEAYEMBIX 0Opasiax
capAOPOBBIX MaCeA IIPE0OAAAAIOT TAULIEPHADI C AL[FAAMH
HAAPMUTHHOBOMN U AUHOAECBOM KHCAOT: MAABMUTOAUAU-

HOAEVH (HA2= 10,2+10,26%MOAD ) ¥ TAABMHTOAEOAHHO-
aenn (cymma ITOA=6,45+6,57% MOAD), a copepaHue
sn-TTAA cocrasaser 5,69+5,71% MoAb.

Takum 00pa3soM, IOAyYEHHbIE AAHHBIE O CTE€PEOBH-
AOBOM COCTaBe TPUTAHILIEPHAOB HCCAEAYEMbIX 00OPa3IIOB
cadpAOPOBBIX MaCEA [IO3BOASIIOT HAyYHO-000CHOBAHHO I10-
Ka3aTh MX OTAUYUTEABHbIE OCOOEHHOCTH OT APYTUX BUAOB
PACTHTEABHBIX MACEA F CO3AATH PALIMOHAABHBIE TEXHOAO-
ruu ux nepepaborku. Kpome Toro moayueHHsIe cBeAeHIS
O CTPYKTYPBI K B COCTaBe CapAOPOBBIX MaceA, ITOAYIEH-
HBIX F13 CEMSIH BO3ACAOBAHHBIX HA OOTAPHBIX X OPOIIAEMBIX
3€MASIX [I03BOASIET UX MAEHTHU(HKALIHIO II0 CBOUM OTAMYH-
TEABHBIM 0COOEHHOCTSIM, B YaCTHOCTH IT0 PACIIOAOYKEHHIO
SKUPHBIX KHCAOT B TPUALIMATAUIIEPUAAX.
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In Uzbekistan on the dry and irrigated lands safflow-
er seeds, which refined at the fat-and-oil enterprises in
the various methods (peeling and without peeling), are
cultivated. Unfortunately, oils obtained in both cases de-
spite their completeness refining have bitterish smack and
specific smell, which consumers are not satisfied with.

First of all, it is caused by a complex low-fat aggre-
gate accompanying triglyceride substances, the part from
which have the sour nature. And, not all components
accompanying triglyceride complex have coloring oil
properties and consequently it is difficult to distinguish
them from other accompanying substances. Besides, in
safflower oil though and there are hydrocarbons with the
branched out lateral chain at very small quantities, con-
cerning various biologically active substances, which also
cause their bitterish smack and specific smell. Certainly,

their maintenance depends on dirtiness of safflower
seeds, conditions of their cultivation, and also on ways
of extraction and processing of obtained oil.

It is known that carotinoids represent coloring oil
substance of the various colour, consisting of 65-80 nat-
ural pigments concerning the group of polyunsaturated
hydrocarbons terpene character. Natural hydrocarbonic
connections of them are named carotinoids, and oxy-
gen-containing derivatives (spirits, aldehydes, ketones,
etc.) — xanthophylls [1].

In practice, in safflower oils total carotinoids are basi-
cally defined on the basis of a technique [2].

The comparative analysis of the maintenance of ca-
rotinoids in the oils obtained from peeled and peeled
saftlower seeds has been carried out by us.

The obtained results of analyses are presented in tab. 1.

Table 1. — The change of the maintenance of carotinoids in safflower oil depending on its obtaining method

The maintenance of carotinoids in safflower oil, mg

Initial raw materials for obtaining oil
Before refining After alkaline refining
Peeled safflower seeds 0,169 0,114
Unpeeled safflower seeds 0,131 0,095

Apparently from the given tab. 1 the maintenance
of carotinoids in safflower oil, obtained from unpeeled
seeds is less than the peeled. And their maintenance in
both cases considerably decreases in the course of
their alkaline refining. There are opinions that car-
otene makes positive influence on the formation of
peroxides which reduce food advantage of safflower
oils. On the other hand, carotinoids are provitamin
A that is necessary for maintenance of its biological
activity.

Hence, on the one hand it is necessary to keep ca-
rotinoids in saftlower oil and on the other also natural
antioxidants (tocopherol, phosphatedes, etc.).

Another, chlorophylls, which are subdivided on a
[C,,H ,ON,Mg]andb [C_H ON Mg]kinds [3],are
considered as pigments not less important accompany-
ing triglycerides of coloring safflower.

The difference between a chlorophyll and a chloro-
phyll b consists what in the last methyl group SN is re-

0]

placed aldehyde group — Cf

H
It is known that both kinds of chlorophyll are well
dissolved in vegetative, in particular safflower oils. Con-
sidering it, their general maintenance in safflower oils
obtained in the various ways has been studied.
Obtained results are presented in tab. 2.
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Table 2. — Change of the maintenance of a chlorophyll in safflower oil depending on its obtaining method

The maintenance of chlorophyll in safflower oil, microgram
Initial raw materials for obtaining oil
Before refining After alkaline refining
Peeled safflower seeds 850 525
Unpeeled safflower seeds 1280 880

Apparently from given tab. 2 peeled seeds of safflow-
er promote considerable decrease in the maintenance of
chlorophyllin obtained saftlower oil. And, alkaline refin-
ing of both oils does not promote their full removal from
safflower oils that demands carrying out of additional
processes, for example, their adsorptive bleach wash with
use of effective adsorbents.

It is known that at processing of chlorophyll by alkali
colour less substances are not formed and consequently,
it is necessary to use other methods of additional after
purification of safflower oils. Presence of chlorophyll in
safflower oil is undesirable since they can play a role of
photosensitizer at its storage, in light chlorophyll is stim-
ulators of oxidation of unsaturated fat acids. On the other
hand, in the presence of phenol inhibitors the oxidation

of chlorophyll is positive synergist, and at illumination
they also show negative synergism. Therefore, in veg-
etative, in particular safflower oils can be and also some
products of disintegration of chlorophyll [4].

In safflower oil there are sterols-polycyclic mono-
hydric unsaturated alcohols of hydroaromatic series i. e.
phytosterols which make the basic part of unsaponifi-
ables. They are well dissolved in oil and they decay at
high-temperature processing. Thus chromaticity of saf-
tlower oils does not change practically. Oxidation of ste-
rols forms ketones which worsen food advantage in par-
ticular and organoleptic characteristics of obtained oil.

The change of the maintenance of sterols depending
on a way of obtaining and refining of safflower oils has
been studied. The findings are presented in tab. 3.

Table 3. — The change of the maintenance of sterols in safflower oil depending on its obtaining method

o ] o _ The maintenance of sterols in safflower 0il,% from the whole mass
Initial raw materials for obtaining oil
Before refining After alkaline refining
Peeled safflower seeds 0,38 0,21
Unpeeled safflower seeds 0,20 0,14

It is known that more quantity of sterols is local-
ized in the kernel of safflower seeds than the last husk.
Therefore, their transition into the structure of extrac-
tive oil leads to the necessity of minimum highly thermal
processing. Apparently from tab. 3 alkaline refining of
safflower oils allows to remove only partially sterols in
soap stock that demands the further carrying out bleach
wash oil effective adsorbents.

Carried out analysis of nonsaponifying components
of safflower oils show that the majority of them easily
give in to oxidation and decomposition with the forma-
tion of substances detrimental to health of people. There-
fore preservation of natural antioxidizing substances (an-
tioxidants) in safflower oil is considered an important
problem.

Tocopherol (vitamin E) concerns derivatives of

chroman which are based in the molecule of tocol hav-
ing two methyl groups and saturated isoprednoid lateral
chain from 16 atoms of hydrocarbon [5].

It is known that tocopherols differ from the number
of mixed methyl groups and in their arrangement rela-
tive to each other in a benzene ring i. e. six of eight kinds
of tocopherol are tocol derivatives, and two are tokot-
rienol derivatives. All kinds of tocopherols are well dis-
solved in vegetative, in particular in safflower oil. There-
fore in practice the general maintenance (amount) of
tocopherols in vegetable oils is mostly defined, including
their relative actions.

We investigate the amount of tocopherols in the oils
obtained from peeled and peeled seeds of safflower.

Obtained results are presented in tab. 4.

Table 4. — The change of the maintenance amount of tocopherols in
safflower oil depending on the obtaining method

. . .. .| The maintenance of tocopherols in safflower oils, mg/gg (mg 0f%)
Initial raw materials for obtaining oil
Before refining After alkaline refining
Peeled safflower seeds 45 22
Unpeeled safflower seeds 36 1S
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Apparently from given tab. 4 tocopherols trans-
fer into oil structure at processing of the peeled seeds
of safflower more than unpeeled. Thus, alkaline refining
of safflower oils promotes the transition of more half of
tocopherols into the structure of soap stock that it is im-
possible to consider rational since high unsaturated oil
[6] are necessary, also antioxidants.

Thus the conducted complex research of non-
saponifying components of the oils obtained from
peeled and unpeeled seeds of safflower has shown
that carotenoids, sterols and tocopherols are more
removed from the first, and chlorophyll — from

the last. Thus alkaline refining crude safflower oils,
obtained from both kinds of seeds leads to consid-
erable decrease in their maintenance though their
residual quantity is enough for course of processes
of oxidation, decomposition and formation of new
compounds at storage of oils in light and in the pres-
ence of molecular oxygen.

Hence, perfection of processing technology of saf-
flower oil taking into account the maximum preservation
ofits antioxidants and extracting undesirable nonsaponi-
tying components allows to obtain the product of high
food advantage.
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00630p NnocneaHNX AOCTUXEHUN B 00/1aCTV TEXHOJIOTUMN,
NMPUMEeHSAeMbIX MO OTHOLUEHUIO K N1oa4aM XypMbl, C LLeNblo
COXpaHeHUsa UX Ka4ecTBa nocne coopa ypoxas

AnHoTanms1: 3HAYUTEABHBIN POCT IPOU3BOACTBA XyPMBI B COYETAHHHU C OOAee BHICOKUM IPOLIEHTOM PPYKTOB,

TIPEAHA3HAYEHHDIX AASI OKCIIOPTA, IPUBEAN K HeOGXOAI/IMOCTI/I aAallTallu HOCAeY6OP OYHOM TEXHOAOTHUH K TOMY, 9TO-
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651 IIAOADBI AOXOAHAML AO KOHEYHOTI'O HOTPE6I/IT6A}I B OIITUMAABHOM COCTOSIHHH. M3 cTaThH MOXXHO IIOAYYUTD IIOAHOE

IIpEACTAaBAEHHE O Pa3pa60TaHHOCTI/I 3TOro BOIIpoOCa.

KaAroueBbie caoBa: ITAOADI Xy PMbI, Hapy>KHa 1 o6pa60TKa AAST VAQACHHS TEPIIKOCTH, XOAOAHOE XpaHEHUE, MOAM-

¢unmposanHasg arMmocdepa.

BBepenne.

XypMa BOCTOYHASI PaCIIPOCTPAHHAACH B A3epbaria-
JKaHe ITyTeM UHTPOAYKIIMU. AOIIOAAMHHO HEH3BECTHO,
KTO ITOCAAHA 3A€Ch IIEPBBIe AepeBbsi XypMbL. OAHAKO 3Ta
HCTOPHS UMeeT AaBHHe KOpHM; eme B 1889 roay npo-
¢deccop A.H. KpacHos npuse3 u3 SnmoHnn KoAAeKIuzo
XyPMBI, COCTOSIIIYIO U3 12 COPTOB, U IIEepBbIe MOCAAKU
0b1au ipou3BeaeHs! B Ipysum. I1aopsr aTOTO pacreHus
OYeHb [TOHPABUAKMCH MECTHBIM JKHTEASIM, YTO U CTAAO
[PHYUHOMN €r0 Pa3MHOXEHUSI U IIPOABIDKEHHS B COCEA-
Hut AsepbariaKaH.

Co BpemeHeM MAOABL XypMbI BocTouHOit (Diospyros
kaki L.) 3aHsIAM BasKHOE MECTO B PAljUOHe [IUTAHUS Ha-
ceaenust Asepbaripxanckoit Peciry6ank, 4To 00ycAOB-
A€HO BBICOKUM COAEPKAHHMeM B HUX QU3HOAOTMYECKU
AKTHBHBIX BEIIeCTB, 0COOEHHO (eHOABHbIX COEAUHEHHIL.
Takke AOABI Xy PMBI LIHPOKO HCIIOAB3YIOTCSI B MECTHOI
HAPOAHOU MEAUIFHE I10 IPUYHHE UX PEHOABHON KOM-
mosurmu [1].

B Hamm AHU XypMa BOCTOYHASI BO3AEABIBAETCSI IIPAK-
THYeCKA BO BCEX CTPAHAX CYOTPOIHYECKOro IOsca,
U B MUPOBOM MacuITabe OTHOCHTCS K YHCAY HanboAee
B)KHbIX IIAOAOBBIX KYABTYP.

KpynHeimum mpou3BOAUTEAEM XYPMbI SIBASETCS
SInonust, rae 3TOT GPYKT LeHUTCs Bbe Apyrux. OpHa-
KO, HECMOTPsI Ha 6OABIIe 00BEeMBI IPOU3BOACTBA, OHO
LIeAMKOM PACCYUTAHO HA BHYTPEHHHUI PBIHOK.

Tax ke, kak B SImonnu, o6¢crout paeao u B CIITA, xo-
TOpasi HaIlpaBASIeT BCIO IPOU3BOAMMYIO XypMy Ha BHY-
TPEHHMI PHIHOK M AOTIOAHUTEABHO HMIIOPTUPYET ee.

Kpowme Anonnu nu CIIA (KaAI/Iq)opHm, CI)AopHAa),
KPYTIHBIMH IIPOU3BOAUTEASIMHU IIAOAOB Xy PMBbI SIBASIFOTCSI
Kurait, Utaaus, M3pauas, Bpasuans, Koaym6us, Iepy,
Yunau u HoBas 3eaaHaus.

Mraans, co cpeaHerop0BbIM IIPOU3BOACTBOM ITAOAOB
XypMsI B 60 TBIC. T., TOCTaBASIET Ha 9KCIOPT 0koAo 10%
9TOM IIPOAYKIUH.

B Hspamuae, c06Hpa10meM B roA A0 30 ThIC. T. Xy pMBbl,
Takke, Kak 1 B KoaymM6un, Bo3apeABIBaeTCS B OCHOBHOM
ocobpiit copr lapon (Sharon Fruit), koTopsiit oTAR-
JaeTCcsl OT APYTUX COPTOB BOCTOYHOM XypPMbI MEHbIIeH
TeprKocThio. COOP XyPMBI 9TOrO COPTA HAYMHAETCS B OK-
1s16pe — HOst6pe. [IpoU3BOACTBO paccUMTaHO B OCHOB-
HOM Ha 3KCIIOpT.

Hawu6oaee kpymHble HacaKAeHHs XypMbl B [pysun
HaxopsTcss Ha YepHOMOpckoM mobepexbe Abxasuu
U ApKapHy, a Takoke Ha 3arape CTPaHbL

Kpymnneitmummu skcriopTepaMu XypMbl sBAsiFOTCS M3-
pauab, Mtaaus, Mcnanus, Bpasuaws, Koaym6ust, Ipysust
u Azepbaiipxan. baaroaapst mupoxoit reorpaduu Bos-
AEABIBAaHHSI HA MHPOBOM PBIHOK ITAOABI XyPMBI ITOCTaB-
ASIFOTCS IPAaKTHYECKU B TeUeHHe KPYTAoro ropa (Taba.)
C MAaKCUMYMOM IIPeAAOXKeHHUs B HOsiOpe — deBpaae.

Tabnuua 1. — NocTaBKM XypMbl H2 MUPOBO 1 POCCUINCKUI PbIHOK [2].

Crpanpr Mecanpi

NOCTaBINUKH sIHB. | ¢eB. | MapT | amp. | Mail | MIOHb | HIOAb | aBI. | CeH. | OKT. | HOSA. | AeK.
Asepbaripxan + + + + +
ABcTpaaus + + +
bpazuana + + + + +
I'pysus + + +
W3zpauap + + + + + +
Hcnanna + + + +
HNraaus + + +
Koaymbus + + + +
HoBas 3esanpus + + +
Ilepy + + +
CIIA + + + +
Opannusa + + + +
Yuan + + +
IOAP + + +
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Kaxaas crpaHa — 9KCHOpTep OpHMEHTHPOBaHA
Ha cBoil ppiHOK: MTaaus, Micnanus u M3panap nocras-
ASIIOT CBOIO ITPOAYKIIMIO B €BpOIelicKue cTpaHbl; bpasu-
Aust, Koaym6us u Ilepy — npenmymecrsenno B CIIIA;
Ascrpaans u HoBast 3eaaHpanss — raaBHbIM 06pasom
B CTpaHbI A3HH.

IIpsmble mocTaBKU IMAOAOB XypPMbl Ha POCCHICKUI
PBIHOK OCYIIeCTBASIIOTCS U3 A3epbariakana u I'pysum,
CYILIIeCTBEHHO B MEHBIIMX KOAMYECTBAX — OAaropaps
peakcnopTy npopykuuu Mspaunas, Mraauu, Bpasuaun
u Ynan u3 Toanaupmn.

B T0 BpeMsi Kak GOABIIMHCTBO APYTUX pPYKTOBBIX Ae-
peBbeB UMeeT MHOXECTBO ITPU3HAHHBIX KOMMepYeCKUX
COPTOB, BOCTOYHAsI XypMa MMeeT UX O4eHb MaAo [3].
KomMmepueckast mponu3BOACTBEHHAS TAOLIAAD U 0O'bEMBI
IIPOM3BOACTBA ITAOAOB XypMblI B Vcranuu yBeAMdHANCDH
3HAYUTeAbHO 3a nmocaepHue 10 aet, poocturays S000 ra
u 50000 TOHH COOTBETCTBEHHO, B OCHOBHOM 3a CYeTg
copra Brillante, KOTOPBIA BBICOKO LIEHUTCS HA €BPOIIei-
ckux priHKax [4]. B Vipase moapsyercs HOIMyASpHOCTBIO
xypma copra Karaj [S]. Caaakas xypma ¢ copToBBIM
HasBaHueM Qyi0 B KOMMEPYECKHUX IIeASX BbIpalIHBa-
eTcs B ceBepHOM yacTu HoBoit 3eaanany U mpopaercst
B 3apyOexHbIX MapkeTax mo uexe 4,0-7,1 poasapos
CIIA 3a 1 xr. B 2012 ropy ee 65140 IIPOM3BEACHO 3AeCh
2250 TouH, npuyeM okoAo 50% 2To¥ XypMbl He OTBeYa-
er cranpaptam [6]. B Asepb6aiipkaHe, IpeANOIUTAIOT
XypMy copTta XHakyMe, B IOCAGAHHE TOABI TIOAYYHA Pac-
IpocTpaHeHue copT Xauua, KOTOPbIM MecTHble pepme-
por HasbiBatoT Shishburnu, 4ro B mepeBoae Ha pycckuit
03HauaeT 3a0CTPEHHbII KOHIHK [ 7].

KyaprypHbIe copTa XypMbI IIOAPA3AEASIOTCS Ha ABe
OCHOBHbBIE KaTeTOPUH B 3aBUCHMOCTH OT MX COCTOSIHUSA
pu cbope ypoxkasi: BSDKyLiue 1 He BsDKyInue. B aecsTky
HarboAee moIyAsIpHbIX B EBpoIte COpTOB XypMbl BXOASIT:
u3 BspKymux — Rojo Brillante, Tone Wase, Gibashi, Kaki
Tipo, Aizumishirazu-A, Gimbo, Hachiya; u3 ue Bsoxy-
mux — O'gosho, Hana Fuyu u Jiro [8].

ITaoABI XypMBI BOCTOYHOM SBASIIOTCSI CKOPOTIOPTSI-
IMMUCSI U B CBSI3U C 9THM Pa3pabaThIBAIOTCS TEXHOAOTH-
JeCKHe peXXUMbI, 00eCIIedrBaloIIIe yBeAUIeHHe CPOKOB
XPaHEeHUsI [IPH BBICOKO CTaOMABHOCTH OHOXUMUYECKOM
U TIUIEeBOM I[eHHOCTH.

B cBsi3u ¢ 9THM, Tepea HaMH ObIAA TIOCTABACHA 3aAa-
4a [T0Ka3aTh, KAK ¥ HACKOABKO YCIIEIIHO YAQETCs pelIaTh
9TOT BaXKHEHIINI BOIIPOC B Pa3pabOTKAX YUEHBIX.

O630pHas 9acTh.

TpaAULIMOHHO, AASL TOTO, YTOOBI IPUBECTH B KOM-
MepuecKoe COCTOSHHUE IIAOABI TeX COPTOB, KOTOpbIe ITPH
yO0pKe OBIBAIOT BSDKYLIMMU, IPUMEHSIIOT HAPY>KHYIO 06-

PabOTKY 9THAEHOM, YTO AEHCTBUTEABHO IIPHUBOAUT K ITO-
Tepe TePIIKOCTH U Pa3MATIeHHUIO IIAOAOBOJ TKaHH, IIOCAE
9ero ¢ XypMO¥1 CTAHOBHUTCSI TPYAHO paboTars.

TTAOABI XypMBI OOBIYHO KAACCUPHIIUPYIOTCS KAK KAH-
MaxTepuiecKre GppyKTbL.

Kanmaxrepudeckue $pyKTbl — 9TO Te, y KOTOPBIX
€CTb OIPEACACHHBIN [ePHOA OMOXUMUYECKON aKTHUB-
HOCTH, YTO BKAIOYAET SIPKO BHIPAXKEHHBIE TEMITBI PeCIIH-
paLiK U TEAOOOPa30BaHMUS, OOBIMHO COIPOBOXKAAETCS
ABTOKATAAHTHYECKOM BBIPAOOTKON ITHAEHA, 2 MHOTAQ
B pe3yAbTaTe IOMelleHHs $PYKTOB B KaMepbl, TAe OHU
IIOABEPIalOTCSI HEIIOCPEACTBEHHON 00paboTKe ra3om.
Kanmaxrepuyeckuit mepuoa AASL 60ABIIHHCTBA PYKTOB
CBHAETEABCTBYET O IIEPeX0A€ OT IIEPHOAA POCTA K CTape-
Huio [9].

TeMm He MeHee XypMa, B OTAMYHE OT TUIINYHBIX KAH-
MaKTepH4YeCKHX QPYKTOB, 00AaAQEeT YHHKAABHOM CIIO-
COOHOCTBIO, KOTOPAsI BRIPAXKAETCS B TOM, YTO I€M MOAOKE
CTAAHS OTACACHHS IIAOAQ, TeM DOAbIIIe YPOBEHb IPOU3BO-
AUMOTO UM 9THAEHA. YCTAaHOBAEHO, YTO 9TUAEH [IePBOHA-
YAABPHO MHAYLIUPYETCS B YalleuKe U BIIOCAEACTBUH AUG-
yHAUpYeT B ApyTHe PyKTOBbIE TKAHU U ACHCTBYeT KaK
BTOPUYHBII CUTHAA, KOTOPBIN CTUMYAHPYeT OHOCHHTE3
ABTOKATAAHTHYIECKOTO STHAEHA B 9THX TKAHSX, YTO IIPHU-
BOAMT K BCIIA€CKY TIPOM3BOACTBA 9THAEHA [10].

B opHOM U3 ombiToB [11], mAOABI cAaAKO# XypMBI
cobupaau B ueTbipe cpoka (6 OKTA6ps, KOTAA ee u3-
MepsieMasi IIeHeTpOMeTpoM Dderu MAOTHOCTh ObIAa
Ha CaMOM BBICOKOM ypoBHe — 15,8 xr/cm?; 19 oxrs-
6pst — 11 xr/cm?; 4 HOs10pst — 9,5 xr/cm? u 29 Hos-
ops— 1,2xr/ cM?) ¢ TeM, 9TO6bI YCTaHOBHUTD OITHMAAb-
HBII CPOK ee cO0pa A0 XOAOAHOTO XpaHeHHUsI. BeiBoAbI
OBIAM CACAQHBI HA OCHOBAHHM IIPOCAEKHBAHMS H3Me-
HeHMs1 CTOMKOCTH ITAOAOB B TeueHre 20 HeAeAb HX Xpa-
HeHMs npu Temmeparype 2 °C. Bbla0 ycTaHOBA€HO, 4TO
Aara yOOpKH ypoxKasi SIBASETCS pellalomuM $aKTopoM
B OIIPEACACHUH OINTHMAABHOTO HCXOAHOTO COCTOSIHHS
AASL AaAbHefIIero xpaHeHus. Hanpumep, npouenr mo-
TepH Beca IIOBBIIIAACS IIPOIOPLHOHAABHO BO3PACTAHHIO
cpoka cbopa xypMsL. B caMmoM mocaepHeM yposKae yBe-
AUYHACS TIPOLIEHT THUEHHSL. YOOpKa ypoXKasi B paHHew
CTAAMH 3PEAOCTHU YBEAMYUBAAA CTOMKOCTD ITAOAOB Xy PMbI
6€3 3HAYUTEABHOTO CHMYKEHUS X Ka4eCTBa B KOHIIE XO-
AOAHOTO XpaHEHHS.

Briao u3ydeHO M3MeHeHHe KayecTBa XypMbl Rojo
Brillante B mporjecce ee xpaHeHws IpU Pa3HbIX TEMITEpa-
typax (1°C, 8 °C, 15°C) 1 OTHOCHTeABHO# BAXHOCTH
Bo3payxa 85-90%. I1aoabL, XpaHuBIIMECS U TeMIIepa-
Typel °C MeAn caMyIo BBICOKYIO TBepAOCTb. Hanboas-
IIMie YPOBHH ALI€TAABAETHAQ OBIAU HAMAEHBI B [IAOAAX,
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xpanuBmuxcs npu Temneparype 8 °C. Camoe BbicOKOe
0bIee KOAMYECTBO PACTBOPHUMBIX CYXHX BEIeCTB OBIAO
OTMEYEHO B IAOAAX, XPAHUBIIHNXCS IIPU TeMIlepaType
15 °C. B xpanuBmuxcs npu temmeparype 1 °C maopax
CoAeprKaHHe PAaCTBOPUMBIX CYXHX BEIleCTB TAK)Ke IIOBbI-
IIAAOCh, HO TOPAa3A0 MEAACHHEE U B TedeHHe BCeX OTBe-
ACHHBIX AASL UX XpaHeHus 34 AHeit [12].

Cpox xpaHeHus BbIpaleHHOHN B M3pamae xypmer
Fuyu 6b1 yBeandeH c 6 A0 18 HepeAb 32 CHET UCIIOAB30-
BaHUSA AAS €€ XPaHeHHS YIIAKOBKH C MOAMPHUIIMPOBAH-
Hoi aTMocdepoit. ITpu BeipepiKKe B TEYEHUH CACAYIO-
el BCAeA 32 XpaHEHHEeM HeAeAM Ipu Temmeparype 20
°C KaueCTBO ITAOAOB YXYALIAAOCH, IpHIeM 6oAee OBICTPO
B makere u3 [IBA — maenku toamunon 0,06 MM, yem
roamuHo 0,08 MM. Pazandne MexAy KadecTBOM IIAOAOB
B ABYX IIaKeTaX OOBSICHUAU CreLMPHIeCKUM BAUSHHEM
Pa3AMYHBIX aTMOC(EPHBIX paBHOBECHH, YCTAHABAMBAIO-
IMXCS 33 CYET TOAIUHBI TIAeHKH [ 13].

HoBpIi1 MoAXOA K MAaHHUITYAUPOBAHHIO IIPOIIeCCAMHU
CO3pEeBaHMs U CTAPeHUsI TAOAOB obecreunBaer 1 — Me-
tuanukaomnporen (1 ~MCIT) B kadecTBe HOBOTO ra300-
Opa3HOro MHrHOUTOPA AEHCTBHS STHACHA.

YcraHOBAEHO, YTO 06pabOoTKa CHATHIX B KOMMepUe-
CKOH cTapnH 3peAocTr mAopoB Xypmsl 1-MCII, ¢ Toukn
3peHHs IPOAACHHS CPOKOB MX XpaHEHHs IIPU TeMIlepa-
Typax 0 u S ° C, 6oaee apPexruBHa, YeM ux 06paboTKa
ropsiueit BoAo# ¢ remrieparypoii 25. 45 u S0°C B reyeHne
25, 30 1 20 MUH cOOTBeTCTBeHHO | 14].

OTMeuaeTcs], 4TO OCHOBHOM IIOCAEYHOPOUHOI IIPO-
6aeMoit Aast XypMbl B MpaHe siBAsieTCs ee OBICTpOe pas-
MsrdeHre U IOMAAAomue 6OAe3HH Ha Hee BO BpeMs
xpaHeHus. CaAMITAOBAS KHCAOTA MOXKET CAY>KHTD IIPHU-
POAHBIM HHAYKTOPOM YBEAMYEHHS COIPOTHBASIEMOCTHU
pacrenuit B 60pb0e ¢ ux 6oaesnsmu. B aTom nccaepo-
BaHuu XypMy copra Karaj 06pabarbIBaAu CaAUIIMAOBOM
kucaoToi. KauecTBeHHbBIE TapaMeTphI IIAOAOB OIIPeAe-
ASIAUCD B TedeHHe 3 Mec. C HHTepBaAoM B 1 mec. Peayan-
TaTHI IOKA3aAH, YTO 0OPabOTKA CAAHI[AOBOI KUCAOTOM
He BAUSET Ha THUTPYEMYIO KUCAOTHOCTH, COACPKAHUE
PACTBOPHMOTrO TAHMHA U TBEPAOCTD $pykTOB. OHa TarKe
He BAUSIET Ha BBIACACHHUE STHACHA ITO CPABHEHUIO C KOH-
TpoAbHbIM 06pasiiom (6e3 06paboTku). 3aTo cHuKaeT
3260A€BaeMOCTb XypMbl (MHAYLIUPYET ee COIPOTUBAS-
eMOCTb) B IOCA€Y6OPOUHBIiT IEPHOA, UTO AGAAET BO3-
MOXXHBIM €e IIPHMEHEHHe C IIeABIO IIPOAACHHS CPOKOB
ee xpanenus [15].

B nepaBHeM mccaepoBanuu B Mcmanum B KxomMep-
YeCKHX MAPTUSIX IAOAOB XypMbl copTa Brillante 6b1au
O6Hapy>KkeHbI PYKTHI C Pa3OPOCAHHBIMU 10 UX IIOBEPX-
HOCTH KOPHYHEBBIMU M TEMHO-KOPHYHEBBIMU TeMHBIMHU

naTHaMU. MccaepAOBaHMS ITOKA3aAH, YTO THUEHHE XyPMBI
soisbiBaer rpub Colletotricum gloeosporioides (Penz.).
AnTpaxos (Tak Ha3bIBaeTCs 3T 60AE3Hb ), BHI3BAHHDII 3TH
[IATOreHOM, AO CHX ITOP OBIA H3BECTEH B APYTUX PETHOHAX
BBIPAIUBAHMUS Xy PMbI — B a3HATCKHX CTPAHAX, TAKHX KaK
Kurait u Kopes, B Bpasuanu. M aTo mepBblit cAydait, Koraa
aTa 60Ae3Hb 6bIAa OTMeueHa B Vicranuu [4].

YaprpadroreToBOE U3AyYEHHE B MAABIX AO3aX, KO-
TOPOE HCIIOAB3YETCSI AASL KOHTPOASI IIOCAE€YOOPOYHBIX
3a00A€BAHUI M CACPXKUBAHMS Pa3MSATYeHUS HEKOTO-
PBIX pPYKTOB, OBIAO HCIBITAHO Ha copTe XypMbl Karaj
B lpane. Pe3yabTaTsl TOKa3aAH, XOTSI OHO X MOXKET OBITH
[IOA€3HBIM C TOYKH 3PeHHUsI YMEeHBIIEeHHs PHCKa 3ab0Ae-
BaeMOCTH. AASI COXpaHEHHS TBEPAOCTHU XyPMbI AOAXKHA
IPUMEHSITbCS BMECTe C APYTHMH, 60Aee 3¢ PeKTUBHBIMU
B 9TOM OTHOIIEHUU MeTopamH [ 16].

Xypwmy copra Karaj xpanuan npu remneparype 0 °C
B TeueHHUe 4 Mec. nocae norpy>xenus ux s 0,5, 1 u 2% pac-
TBOPBI XAOPHAQ KAADBITHS, @ TAKXKE B AHCTHAAMPOBAHHYIO
Bopy (koHTpOAb). Hanayumine pesyAbTaThl O coxpaHe-
HHIO TBEPAOCTH, KaK M aHTHOKCUAAHTHOM aKTMBHOCTH
¥ MUHUMAABHBIM [IOTEPSIM B BeCe OBIAM [IOAYYEHBI OT 06-
paborku 2% pacTBOPOM 3TOrO BeleCTBa [17].

VccaepoBaHbI OKasbiBaeMble OKCHAOM azoTa (NO)
adPexTsI Ha mocAeybOpoUHOe cospeBanue xypmsol. Kak
okazarock, NO crocoOcTByeT 3aaepKKe OTeph B Bece
XyPMbI, a TaK’Ke COXPAaHEHHIO B OIIPEACACHHOM Mepe ee
CYMMapHOH aHTHOKCHAQHTHYIO aKTHBHOCTH U TBEPAO-
cru [18].

B Ilakucrane, B mopsiAke 9KCIIepPHUMEHTA, CBEXKeCo-
OpaHHbIE IIAOABI XyPMbI YIIAKOBBIBAAU C 00epThIBAHIEM
B BOLI[EHYIO OyMary, LIBeTHYIO OyMary, pucoByio bymary.
Pesyapratsr mo pH, PCB, KMCAOTHOCTH M BAQKHOCTH
CPaBHUBAAM C KOHTPOAEM — IIAOABI Oe3 obeprku. Co-
CTOSIHHE TIAOAOB OBIAO OLIEHEHO 3 pa3a C HHTEPBAAOM
B S pAHeH. Pe3yAbTaThI MOKa3aAH, 4TO YIIAaKOBKA B PUCOBYIO
6ymary criocobcrBoBaaa cHivkermto pH, PCB u kucaor-
HOCTH, B TO BpeMsI KaK COAEPIKAHHe BAATH YBEAMIHUAOCH.
Apyrue yrnakoBOYHbIe MaT€PUAAbI He OKA3aAW BAVSHUS
Ha TeCTUpyeMble TOKa3aTeAH, OHU OCTAAUCD TAKMMH, KaK
U B KOHTPOABHOM BapHaHTe, TO ecTb pH mouru He us-
MEHUAACh, KHCAOTHOCTb BHaYaA€ HEMHOTO YBEAMYHAAC,
3aTeM CHU3MAACH K KOHITy XpaHenus [ 19].

Taxoxe yCTaHOBAEHO, UTO B IIAKETAX U3 OTHOCUTEABHO
toacroro (0,06 Mm) rieAr0paHa TAOABL XyPMBI HEpBOit
CaMO¥ paHHEH CTAAMHU 3peAoCcTH XpaHaTcsa 60-80 pHei,
a co6paHHb1e BO BTOPOH U B TPeThel CTAAUAX 3PEAO-
CTH — 3HaunTeAbHO MeHbme — 50 u 15-30 aneit [20].

Eme B oaHOI pa6ote [21] 611 H3ydeHbI TPOUCXO-
ASIIIFe M3MEHEHHs B MacCce M CPOKAX XPAHEHHUs Xy PMbI
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B OOBIYHBIX U OXAQKAAEMBIX YCAOBHUSIX, B 3AaBUCHMOCTH
OT CTEINEHH OIBIACHHS U HEKOTOPBIX XUMHYECKHX TI0Ka-
3aTeAel MAOAOB KOHKPETHOT'O IIOMOAOTHYECKOTO COPTa.
OxkaspIBaeTcs], UCITOAB3Ysl XapaKTePHBIE AASI CBEXKECO-
OpaHHBIX IIAOAOB XyPMbI OPTaHOAENITUYECKHE CBONCTBA
U XMMHYeCKUe IOKa3aTeAH, MOXKHO C OOABIION yBepeH-
HOCTBIO IIPOTHO3UPOBATh CPOKU UX XPAHEHUSA U YIH-
THIBaTh YObIAb B Macce ITAOAOB, A TAK)Ke ITPEAYTaAbIBATH
IpSAyIIHE€ HM3MEHEHHS B COACP)KAaHHU IMTATEAbHBIX
Y OMOAOTMYECKY AKTHUBHbIX BEI[ECTB.

CraBs Ha XOAOAHOE XpaHeHHe XOPOIIO OIIbIACHHbIE
(cemeHHbIE) MAAOCOUHBIE TIAOABI XYPMBI C TEMHO# HAH
HECKOABKO TeMHOM MAKOTbIO, OTHOCUTEABHO BBICOKHM
COAEp’KaHMEM CYXMX BellleCTB, IPOTOIEKTHHA U LIEAAIO-
AO3bI M HU3KHM COAEP)KaHHEeM TePIKUX NOANPEHOAOB
(oaHA TpyTITIa), HY’KHO 3apaHee 0)KHMAATD, 4TO TAKUe MAO-
ABI OYAYT XpaHUTBCSI OTHOCHTEABHO AOATO, HO 3TO OyAeT
CBSI3aHO CO 3HAYUTEAbHbIMH IIOTEPSAMH B UX Macce. Xpa-
HEHMe B 9THX XK€ YCAOBHSX OOAe€e COYHBIX HEOTIBIAEHHBIX
(6ecceMSIHHBIX) AOAOB XYPMbI CO CBETAO# MSKOTBIO,
OTHOCHUTEABHO HHU3KUM COAEpPXKaHHEM CYXUX BElleCTB,
IMPOTONEKTHHA U LIEAAIOAO3BI M BBICOKMM COAEPKaHHEM
TePIIKUX MOAHNPEHOAOB COIIPOBOXKAAETCS, C OAHOI CTO-
POHBI, TOpa3A0 MEHbIIUMH IIOTEPSAMU UX MACCHI, C APY-
rOM CTOPOHBI — 3HAYMTEABHBIM COKpallleHHeM CPOKOB
UX XPaHEHUS AO TIOAHOTO Pa3MArYeHHsl.

ITorpeburean u mepepabOTINKH ITUX CrieUPHIIe-
CKUX CYOTpOIIYECKUX ITAOAOB TAKOKe AOAKHDI 3HATD, YTO
PasMArYMBIIMECS IIOCAE XPAHEHHS B CKAAACKUX YCAOBHAX
C HEeperyAupyeMoM TeMIIePaTypOM OIbIAEHHbBIE TIAOABI
XyPMBbI C CEMEHAMH 10 OHOAOTHYECKOI [JeHHOCTH CTO-
AT BbIIIE HEONBIACHHBIX HE COAEPKALIMX CEMSH ITAOAOB
9TOTO BUAQ.

Yuaensie us Kaanpopuun [22] pexomenaytor ompe-
AEASTb CaMbIil pAHHUI CPOK cOOpa IIAOAOB XyPMBI Ha OC-
HOBAaHMM M3MEHEHHUH IIBeTa MX KOXHIIbI OT 3€ACHOTO
B OPaH>KEBBINA AW KPAaCHO-OPAHIKEBBIM (Hachiya) UAU
oT sxeATo-3eaeHOro B keaThrit (Fuyu, California Fuyu,
Jiro). Ayummit MeToa c60pa IAOAOB — Cpe3aHue C T10-
MOIIBIO CEKATOPA, OCTABASS YaII€YKH IPUKP eITACHHbIMU
K ppyKTaM. DTO AEAAETCS B ABA-TPH IIPHUEMa, B 3aBHCH-
MOCTH OT pa3Mepa IIAOAOB H UX IiBeTa. PazMep ocobeHHO
Ba’KeH, €CAH TTAOABI IKCIIOPTUPYIOTCS B SNOHUIO. TAE X
I[eHa CHABHO BapbHpPyeT UMEHHO B 3aBUCMMOCTH HX Pa3-
MepoB. JKeaaTeapHast Macca opHOTO 1A0OAQ Fuyu paBHa
230-250 1, a 200 r siBAsIFOTCST HanboAee BOCTpebOBaH-
HBIM BECOM AASL 9TOTO COpTa.

TTAOABI AOAKHBI OBITH TBEPABIME POBHO HACTOAB-
KO, 4TOOBI BBIACP)KMBATh ITPOHMKHOBeHHe > 22,2 N
(S ¢ynT — cuaa) oT ycTpoitcTBa ¢ 8 MM- M HAKOHEUHH-

KoM. OHM AOAXHBI OBITb CBOOOAHBI OT TPELIHUH, MEXaHHU-
JeCKHX MOBPEXACHHI U IPU3HAKOB THUEHUS.

TeprkocTb Iepep XpaHeHHEM MOXeT OBITb yAaAe-
Ha C IOMOINbI0 0OPabOTKU 3THAEHOM, HO IPU ITOM
He AOAKHO AOITYCKAThCS Ype3MepPHOe pasMATrdeHHe IAO-
AOB. UT06bI 36€XXaTh ITOTO U MIOAAEPXKATH YIIPYTOCTH
MO>KHO BO3AEMCTBOBATh oborameHHbIM Ha 80% CO, Bos-
AyxoM B TedeHue 24 4 mpu 20°C.

Xypma Fuyu u apyrue copra 6bICTpO pasMsrdaercst
npu Temmeparype 15°C. DTOT mpU3HAK IPOAOAXKAET ObI-
CTpO pa3BuBaThCs pu Temreparype S—7 °C u Hanboaee
3amepreHeH npu 0 =1 °C, koTopast ONTHMAaAbHA AAS Xpa-
HeHMs M TPAHCIIOPTUPOBKHU XyPMBbI, KAaK X OTHOCHUTEAbHAS
BAOKHOCTD 90-95%. Touka 3amepaanus: — 2 °C, Ho oHa
MOXXET U3MEHSATHCS B 3aBUCHMOCTH OT COAEPYKAHHSA pac-
TBOPHMBIX CYXHX BelllecTB. BripepskuBaHue pH TemIte-
parypax or 2 A0 15 °C 6BICTPO IPUBOAUT K IIOSIBACHUIO
TAKUX IPU3HAKOB, KaK Pa3MsAryeHHe TKAHH, IOTeMHEHHe,
IpHOOpeTeHre BOASHICTOIO BHEIIHETO BUAA. Bospeii-
CTBUe 3THAEHA B KOHIIEHTPALiH Bblie 1 ppm obocTpsier
3TH CHMIITOMBI, TOTAQ Kak TeMneparypa Huwke S °C u pe-
ryanposanHas armocepa (3-5% 0, 5-8% CO,) mosBo-
ASIOT yAywmuTh ux. Bosaeiictsue yposusa O, nrwxke 3%
IPY XpaHEHUH MOXXeT ITPUBECTH K BBIXOAY U3 CTPOS Xy p-
MbI — Iepe3peBaHHI0 1 IPUBKYCy. BosaericTBre ypOBHS
CO, sbime 10% npu XpaHeHUU B TedeHHe HOAbIIE OAHOTO
MecsIja MOXKeT IIPUBECTU K H3MEHEHUIO IIBeTa MSIKOTH
B KOPHYHEBBIH I1BeT U IPUBKYCy. Kypc apixanms: 2—4 Ma
CO, xr 1 npu 0 °C; 10-12 ma CO, xr 1 mipu 20 °C.

[Tocaey60podHas >KU3HD Xy PMbI B XOAOAUABHUKE ITPU
OIITHMAABHOH TeMITepaType U OTHOCHUTEABHON BAAXKHO-
CTH BO3AYXa MOXXET AAUTBCS AO 3 MecCsIieB, B TO BpeMs
KaK 33 CYeT peryAMpOBAHHS ra30BOH CPEABI 3TOT CPOK
MOJKeT OBITb yBEAUUYEH AO S MeCSIIIEB.

YpeamepHoe ya0OpeHHe a30TOM MOXET [IPUBECTH
K pusnosorndeckum 3aboreBanmsam. Mudexuus Alter-
naria alternate (rHHAbB) CTAaHOBHTCS OYEBHAHOI B BUAE
YepHBIX [LITEH II0CAe COOpa ypoxKast. Apyrie BUABI ITOP-
9 Xy PMBI BBI3BIBAIOTCSE BuAamu Botrytis, Cladosporium
colletotrichum, Penicilium, Phoma u Rhizopus.

BreapeHHne HOBOW TeXHOAOTMH IIOA Ha3BaHHEM
< deastringency treatment>, BKAIOUYatOIIel BO3AENCTBHE
BO3AyXa, oboramenHoro 95% COz’ B TedeHHe 24 4 Ipu
temneparype 20 °C 1 OTHOCUTEABHOH BAQKHOCTH BO3-
Ayxa 90%, T03BOASIET YAAAATD TEPIIKOCTD, COXPaHSIS IPH
3TOM IIepBOHAYAABHYIO TBEPAOCTD ITA0AOB. C BHeApeHH-
€M 9TOH TeXHOAOTHH ITOSIBUAACH BOZMOXKHOCTD IIPOBO-
AHTB IIPOAQKY <TOTOBBIX K YIIOTPeOAEHHIO » XPYCTAIINX
TIAOAOB XypMmbl [23-25].
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The obtainment of carbon adsorbents and their
compositions for cleaning industrial wastewater

Abstract: The novel coal adsorbents based on Angren coal have been elaborated. They are the following: a)
composite material obtained by addition in coal carbonates of alkaline-earth metals, allowing to rise sorption capac-
ity adsorbent by 70-80% and use it can be used for sewage purification from some ions of inorganic impurities and
decreasing of the water rigidity from 16.4 to 0.5 mg-eq/l; b) heat-treated at 550 °C, with hydrophobic properties
(wetting angle a = 99°), a porosity of 30%, capacity to kerosene to 25% and the specific surface to 150 m?/g which are
suitable for purification of waste surface from oil-products; c) the activated coal, obtained by treatment of granular
coal by water vapor at 800 °C, with the activity by the methylene blue is not less than 225 mg/g, the specific surface
more 700 m?/g and they can be used in the processes of waste purification from some dissolved organic impurities; d)
oxidized by air at 180200 °C (pre-heated Angren coal at 550 °C) with a high ion selectivity, capacity of 1.8 mg-eq/g
and these adsorbents can be used for waste purification from some inorganic micro impurities.

Keywords: coal, adsorbent, industrial wastewater, treatment, hardness, softening, thermal activation.

Introduction

Coal adsorbents are widely used for purification and
hardness decreasing of sewage in the metallurgy, oil-
industry, chemical-industry and other fields of national
economy. In connection with the increasing of their
necessity it is advisable to organize their production on
the base of local raw materials [ 1-3]. The problem of in-
dustrial wastewater purification and reducing of their ri-
gidity, has solved not only some environmental and also
economical problems but will promote to saving of raw
materials and some other material resources. Therefore,

the development of obtain methods of new eeffective
adsorbents based on brown coals of Angren deposit of
Uzbekistan by their thermal and steam-gas activation will
promote to solution of some actual problems.

Analysis of investigations devoted to obtain and
using of the activated coal adsorbents for purification
of wastewater from some dissolved inorganic salts has
showed that the problems of purification of industrial
wastewater by activated coals are widely studied in litera-
ture. It is necessary to note that the decisive role at this is
devoted to microporesty of activated coals. However, at
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present the purification of wastewater by the method
ofion — exchanging has a great significance as this meth-
od has allowed to utilize some valuable impurities and
to purify water to the required standards — maximum
permissible concentration (MPC). Therefore, in litera-
ture it is proposed to oxidize activated coals with aim
to impart them the ion-exchange properties. However,
the expenditures on the oxidation of activated coals have
raised their cost and decreased the profitableness of their
using. It is known that many sorts of brown coals have
natural cation-exchanging properties, due to the pres-
ence some humic components with carboxyl groups in
their structure. The using of the adsorbents obtained on
the base of Angren coals will reduce not only the rigidity
of water and purification from inorganic impurities, as
well as to utilize some of heavy metals heaving in their
composition. We have established the possibility of using
of obtained coal adsorbents for the purification of flow-
ing of the mine JSC “Koch-Bulak” JSC “Almalyk MMC”
and also the waste of JSC “Uzmetkombinat”

Results and discussion. In present study the fol-
lowing types of coal adsorbents on the base of brown
coal of the Angren deposits were obtained for the first
time for the effective purification of wastewater from the
dissolved ions of inorganic impurities and petroleum
products: a) composites with the addition of carbon-
ates of alkaline-earth metals allowing enhance the sorp-
tion capacity of the adsorbents by 70-80%, they can be
used for purification and reducing of their hardness from
16.4 to 0.5 mg-eq/l; b) the coal heat-treated at 550 °C
with hydrophobic properties (wetting angle a = 99°, the
porosity 30%, capacity to kerosene to 25%, and the spe-
cific surface to s = 150 m?/ g) suitable for the cleaning
of surface of wastes from oil-products; c) the activated
by water vapor treatment at 800 °C with the activity by
methylene blue not less than 225 mg/g, with the specific
surface more 700 m?*/g, which can be used for purifica-
tion of wastewater from dissolved organic impurities; d)
oxidized air at 180-200 °C (pre-heat-treated of Angren
coals at 550 °C) with a high ion-changing selectivity and
the capacity to 1.8 mg-eq/g.

In this paper we have investigated the composition
of brown coals from Angren deposit of Uzbekistan Re-
public, their physic-chemical properties, the amount of
humic acids (their amount was varied from 30 to 50%)
and the total sum of carboxylic, hydroxyl and phenol
groups. New methods of the coals activation and obtain
on their base effective adsorbents and compositions used
for waste purification were elaborated. The nature of the
surface and changes occurring at the surface reactions

on Angren coal were investigated by methods of infrared
spectroscopy (IRS), electron paramagnetic resonance
(EPR) and thermograph. In particular it was shown
the disappearance in IR- spectrum of bands of func-
tional groups during heat treatment in the temperature
range 200-800°C which increased the hydrophobicity
of coal; and by EPR method the increasing of unpaired
electrons concentration during heat treatment in the
range 200-550°C was determined and also it was shown
the formation of the “oxygen complex” on the surface
of thermo-coal, which partly increased its hydrophilic-
ity. The works by the investigation of ion exchange of
cations of different charge (valence) at using of Angren
coals have shown that the values of individual sorption of
cations from aqueous solutions were significantly differ-
ent and they can be carried out to the following series by
their adsorption strength NH,*<Na*<Mg*<Cd**, Mn*",
Sn**<Sr**<Ca?, Zn*, Fe**<Co*<Ni?*, Al**<Ba*'<
<Cr*<Pb*<Cu’*< Hg*"<Fe*

which has differed from such obtained on strongly
acid cationic exchangers of the type KU-2, but it is closer
to series typical for the weak acid cationic exchangers of
the type KB-4 [1].

These obtained data have suggested that Angren
coals are typical weak-acid ion exchangers.

The initial local coals and obtained on their base
adsorbents have been used at wastewater purification at
JSC “Uzmetkombinat” and at the mine “Koch-Bulak’,
JSC “Almalyk MMC” (Uzbekistan). In mine waters of
“Koch-Bulak” the content of cations Ca?*, Na * and an-
ions SO, CI" and also the water rigidity have varied in
wide ranges and in some months their content has ex-
ceeded the norms of the MPC. Series of experiments by
wastewater purification of “Koch-Bulak” by Angren coal
of the sort BSSH and also by the obtained composite
coal adsorbent were carried out and obtained results are
presented in Table 1.

From the data of Table I it is shown that the initial
Angren coal and composite adsorbent obtained on its
base have decreased in waste of mine “Koch-Bulak” the
cations content: Ca*" from 230.42 to 24.25 mg/l; Na*
from 156.0 to 6.2 mg/l and anions: Cl" from 153.17 to
20.10 mg/I; SO42‘ from 2249.80 to 214.5 mg/1. The total
rigidity of water has decreased from 16.4 to 8.1 mg.ekv/1.
Thus, the rigidity of the mine waters has decreased in two
time and content of such ions as Ca2*, Mg**, Na*, Cl" and
SO, — to level of the MPC.

For purification of wastewater of the “Uzmetkom-
binat” from some contaminations the heat-treated, ac-
tivated coals and some composite adsorbent obtained
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on the base of Angren coal were tested. The heat treat-
ment of coal was carried out at temperature 550°C for
30 min. without of air; the activation of coal was carried

out by treatment with water vapor at 800 °C for 60 min.;
composite adsorbents were synthesized by addition of
alkaline earth metals salts to coal.

Table 1. — Wastewater purification of the mine “Koch-Bulak” JSC of the “Almalyk MMC”
(Republic of Uzbekistan) by Angren coal and composite adsorbent, obtained on the it’s base

. . Flowing purified by Flowing purified by the
) Flowing of mine water o .

Ne Ingredients, mg/1 > N the initial coal of the composition on the base

of the “Koch-Bulak o

sort BSSH of the initial coal

1 | Potassium, 9.30 6.8 3.0
2 | Sodium 156.00 6.4 6.2
3 Calcium 230.42 105.45 24.25
4 | Chlorides 153.17 29.58 20.10
S | Sulfates 2249.80 349.37 214.58
6 |pH 8.0 8.0 7.8
7 | CO, 2.46 2.82 Not detected
8 | The dry residue 3931.0 846.0 766.0
9 Total rigidity, mg.ekv./1 16.4 8.4 8.1

It was determined that at the thermal treatment of
coal were obtained the hydrophobic (wetting angle was
a>99°), high-porosity (pores volume was 30%) adsor-
bents with the capacity according to kerosene 25%.

New type of the activated coal adsorbents was ob-
tained at treatment of Angren coal by water vapors which
characterized by the micro porous structure with an ac-
tivity by the methylene blue not less than 225 mg/g and
the specific surface was over 700 m*/g.

The obtained adsorbents were tested for wastewa-
ter purification from dissolved inorganic impurities and
oil- products at the JSC “Uzmetkombinat” Purification
was carried out in three stages under static and dynamic

conditions. The first stage was carried out in static condi-
tions at using of thermo-treatment Angren coal; the sec-
ond and third stages in dynamic conditions by activated
coal and composite adsorbent. The obtained results are
presented in Table 2.

From the data of this table it is shown that at waste-
water purification of “Uzmetkombinat” by heat-treated
and activated coals and also some composite adsorbents
the purification degree has achieved norms of MPC.

It was found that petroleum products have adsorbed
on the heat-treated and activated coals; but the compos-
ite adsorbent has adsorbed some cations of dissolved in-
organic impurities and has decreased the water rigidity.

Table 2. — The results of wastewater purification of JSC “Uzmetkombinat” by some coal adsorbents

The composition After purification After purification After purlﬁca.tlon
Name of the of wastewater of . by composite
Ne o y o by heat-treated coal, | by activated coal,
contamination Uzmetkombinat”, /1 (Istage) /(11— stage) adsorbent, mg/1
mg/] e SHge e SHge (I1I-stage)
1 Oil products 12.9 2.5 - -
2 Potassium 3.0 2.8 2.6 1.0
3 Sodium 40.0 38.6 34.5 17.3
4 | Calcium 100.4 95.6 90.2 26.2
S Magnesium 22.7 22.6 21.0 8.2
6 Chlorides 53.2 52.0 48.7 8.4
7 Sulfates 169.8 167.0 158.0 42.0
8 pH 7.9 8.0 8.1 8.0
9 CO, 2.5 2.4 1.5 Not detected
10 | The dry residue 531.0 490.6 418.8 188.6
11 | Total rigidity,
mg ekv./1 8.9 8.4 8.0 0.5

Conclusion. Thus, some new methods of obtain of
coal adsorbents on the base of Angren coal were elaborated

[2-7]: a) composite, obtained by addition to coal carbon-
ates of alkaline-earth metals, with high sorption capacity
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which can be used for sewage purification from some ions
ofinorganic impurities and decreasing of the water rigidity
from 16.4 to 0.5 mg-eq/l; b) heat-treated at 550 °C, with
hydrophobic properties (wetting angle a = 99°), a poros-
ity of 30%, capacity to kerosene to 25% and the specific
surface 150 m*/g which are suitable for purification of
wastewater surface from oil-products; c) the activated,
obtained by treatment of granular coal by water vapor at
800 °C, with the activity by the methylene blue is not less
than 225 mg/g, the specific surface is over 700 m*/g and
they can be used in the processes of wastewater purifica-
tion from some dissolved organic impurities; d) oxidized
by air at 180-200 °C (pre-heated Angren coal at 550 °C)
with a high ion selectivity, capacity of 1.8 mg-eq/g and
these adsorbents can be used for wastewater purification
from some inorganic micro impurities.

The industrial tests were curried out by waste puri-
fication of the mine “Koch-Bulak” by composite adsor-

bents. The decreasing of cations: Ca** from 230.42 to
24.25 mg/l; Na* — from 156.0 to 6.2 mg/l and anions:
CI from 153.17 to 20.10 mg/I; SO42‘ from 2249.80 to
214.5 mg/l was determined. Total rigidity of water de-
creased from 16.4 to 8.1 mg.ekv/l. Obtained results
of waste purification of the abovementioned mine by
content of some cations and anions have corresponded
to norms of the MPC. It was proposed the three-stage
purification of wastewater containing dissolved inor-
ganic impurities and oil-products. It was shown that on
the first stage of purification by the heat-treated Angren
coal the degree of purification has reached 90%. On the
second and third stages of purification at using of acti-
vated Angren coal and the composite adsorbent the de-
gree of purification of wastewater has met the norms of
the MPC. Industrial tests of the proposed adsorbents for
wastewater purification at JSC “Uzmetkombinat” have
yielded positive results.
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Verwendung des verallgemeinerten ausgewogenen Verlustenbewertung
fuir Flugsicherung des Flugschiffes

Abstrakt: In diesem Artikel wird die Originalregel des Auswahl von Flugschiffsroute in den Bedingungen der

erhoheten Flugverkehrsleistung vorgeschagen. Es werden die Fehler analysiert, die mit den Abweichungen in der
Arbeit der Navigations — und Verbindugsausriistung des Flugschiffes verunden sind. Es wird den Begrift der verall-
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gemeinerten ausgewogenen Verlustenbewertung als der Hauptcharkteristik fiir die Bewegungslinienanderung des

Luftschiffes eingefiihrt.

Schliisselworter: Routeninderung, verallgemeinerter ausgewogene Verlustenbewertung, Routenpunkt.

Fiir den Aufbau der Luftschiffsflugstrecke im Fall,
wenn die Bordmannschaft dazu Recht hat (zum Bei-
spiel, beim Ubergang zur Flichennavigation), braucht
man die Information iiber alle in der Region befindli-
chen Luftschiffe, sowie iiber die Wahrscheinlichkeit der
unzulissigen Aweichungen bei der Navigationssicherung
dieser Schiffe und tiber die Wahrscheinlichkei der sto-
rungsfreiein Arbeit der Dateniibertragungsleitungen,
durch welche die Navigationsinformationen an Refe-
renzbord iibertragen werden, zu verfiigen [1].

Fithren wir die Bezeichnungen ein:

n — die Anzahl der Flugschiffe (FS) in der uns zu in-
teressierenden Region,

P — die Wahrscheinlichkeit des Ausfalles bei der
Navigationssicherung vom i-n Flugschiff (Abweichung
tiberschreitet die zulissige Fehlergrenze),i=1, ..., n.

p, — die Wahrscheinlichkeit der unzulassigen Ab-
weichungen bei der Navigationssicherung des Referenz-
schiffes,

p. — die Ausfallwahrscheinlichkeit der Verbin-
dungsleitung mit dem i-n Flugschiff.

Die Wahrscheinlichkeit der Gewinnung der fehler-
haften Navigationsinformationen auf dem Referenz-
schiff vom i-n Flugschiff (FS) wird nach Formel errech-
net:

a,=p,+p/~pp] (1)

Es wird vermutet, das die Abweichungen bei der
Navigationssicherung des Flugschiffes (FS) und der
Ubertragung der Informationen durch die Verbindungs-
leitungen in einer Verbindungssession im Rahmen der
automatischen abhingigen Beobachtung (AAB) gesche-
hen kénnen [2].

Mit der Beriicksichtigung von (1) und solcher Tat-
sache, das auf die Abweichungen beim Routenauswahl
auch die Fehler bei der Navigationssicherung der Refe-
renzflugschiffes auswirken, bekommen wir die Wahr-
scheinlichkeit der Gewinnung von den fehlerhaften Na-
vigationsinformationen fiir den Aufbau der Flugstrecke
des Referenzflugschiffes:

B, = Poy + 0, = Py = po, (1= p, = pl+ PP+ P+ Pl =pp (2)

Es existieren zwei Varianten der Fehler bei dem Auf-
bau der Flugstrecke des Flugschiffes (FS) [3; 4]

1.Die Luftlinie des Flugschiffes (FS)ist verindert,
obwohl es nicht erforderlich ist.

2.Die Luftlinie des Flugschiffes (FS) ist nicht veran-
dert, obwohl es gemacht werden soll.

Der Fehler beim Flugstreckenaufbau des Flugschiftes
kann aus zwei Griinden entstehen:

1. Es wurde die unrichtige Navigationsinformation
empfangen.

2.Es wurde die richtige Navigationsinformation
empfangen, aber existieren die Fehler, die mit der fehler-
haften Analyse dieser Information durch die psychologi-
schen Griinde, die Uberbelastung der Bordmannschatft,
die Unkompetenz, die komplizierten Wetterbedingun-
gen usw. verbunden sind.

Vermuten wir, das bei der Verdnderung (oder bei der
Nichtverinderung der Route) kann der Flugschiffin den
einen der m- Punkte sich verlagern. Fithren wir die Be-
zeichnungen ein:

¢, — die Wahrscheinlichkeit der fehlerhaften Rou-
teninderung in den j-n Punkt bei der Gewinnung der
fehelerhaften Navigationsinformation vom i-n Flugschiff
(ES),i=1, ..., n;j=1, ..., m.

8, — die Wahrscheinlichkeit der fehlerhaften Rou-
tenunverinderung in den j-n Punkt bei der Gewinnung
der fehelerhaften Navigationsinformation vom i-n Flug-
schift (FS).

Die Werte ¢, und 8, konnen aus den Versuchsdaten,
zum Beispiel, als Verhiltnis der Fehlerzahl in den dhnli-
chen Situationen zu der Gesamtzahl dieser Situationen
gewinnen. Die dhnliche Information kann aus der Ge-
schichte der Flugsituationen bei den anderen Flugschif-
fen, sowie aus der Vorhermodelierung ausgenommen
werden [S].

Fithren wir die Bezeichnungen ein:

Y — die Abweichung, deren Grund keine fehlerhaf-
te Gewinnung der Navigationsinformation ist. Diese
Abweichungen konnen folgenderweise geteilt werden:

1. Die systematische Abweichungen (oder die Ab-
weichungen des objektiven Charakters), die von der
Bordmanschaf des Flugschiffes nicht abhingen und
gewohnlich mit der Ausriistung des Flugschiffes, dem
automatisierten System des Aufbaues der Luftstrecken,
der Luftverkahrleistung usw verbunden sind.

2. Die zufillige Abweichungen, die mit dem psycho-
logischen Zustand der Bordmannschaft des Flugschif-
fes, den Wetterbedingungen usw. zum jetzigen Zeit-
punkt verbunden sind;

3.Die grobe Fehler der Manschaft des Flugschiffes.

Fithren wir die Bezeichnung ein:

P(A)— die Wahrscheinlichkeit des unrichtigen Rou-
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tenaufbaues aufgrund der Faktoren, die mit der fehler-
haften

nicht verbunden sind.

Gewinnung der Navigationsinformation

Bestimmen wir die Wahrscheinlichkeit des Rou-
tenaufbaues beim Ubergang in den j-n Punkt mit dem
Gebrauch der Formel der totalen Wahrscheinlichkeit:

g = i[g’,sv + p(A)

Bestimmen wir die Wahrscheinlichkeit des Routen-
aufbaues beim Nichtﬁbergang in den j-n Punkt:

5 = Zﬁ,&,} +p(A

Fithren wir die Bezelchnungen ein:

A; — Fehlergewicht ¢;,

1, — Fehlergewicht §;.

Bestimmen wir die verallgemeinerte ausgewoge-
ne Verlustenbewertung fiir den j-n Punkt:

P =2g +n6,= A[Zﬂ»‘?,ﬁp J+n](2ﬂ161]+p

Bezeichnen wir:

®)-6)

81-]- = tijg)
gt
6;=t;0,
wo &, 8 — die auf Grund der experimentalen Daten aus-

gewihlte Werte, und ¢, , t; — die Zahlen, die diese Wer-

’J”J

WO P Uberang
tenbewertung beim Ubergang des Flugschiffes in den
] n Punkt Plechtnubergung
wogenen Verlustenbewertung beim Nichtiibergang des
Flugschiffes (FS) in den j-n Punkt.

Formulieren wir die Regel des Uberganges vom
Flugschiff (FS) in den nichsten Routenpunkt, dafiir
zeigen wir die folgende Reihe der Bedingungen:

Wenn P, Ubergang < PN“”t“be’“”g dann ist fiir Flugschiff (FS)
vorzugswurdlger in den j-n Punkt zu tibergehen, als in

die verallgemeinerte ausgewogene Verlus-

der verallgemeinerten ausge-

diesen nicht zu iibergehen.

Wenn P, Ubergarg PN“”t“be’“”g dann ist fiir Flugschiff (FS)
vorzugswurdlger in den j-n Punkt nicht zu iibergehen,
als in diesen Punkt zu iibergehen.

Wenn P},U"”g“"g = PjN"C"“”b"“”g’ dann braucht man fiir die
Bestimmung der weiteren Bewegungslinie des Flug-
schiffes (FS) die andere Mdglichkeiten der Bewegung
zu untersuchen.

Fithren wir die Bezeichnung ein:

{ P}= { Pjszrgang: PjUbergang < PjNichtﬁbemng) ] — 1} e m} ( 5)

Schlagen wir das folgende Verfahren des Routenaus-
wahles (weiter werden wir P Y% als P_bezeichnen):

Wenn min{P} = P, so die rationale Route ist einen

te mit den ¢ und 8, verbinden. Ubergang in den k-n Punkt.
Dann wird die Glelchelt (3) in Form abgeschrieben:
P = PUbergung +P Nichtiiberang _
] ]
=Y ABte+ >0 Brio+(4+n,)p(A), (4)
-1 -1
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Abstract: Processes of rain scavenging of radioactive particulate matter have been studied by means of
mathematical models. Trapping process by a rain-drop of radioactive particulate matter has been analyzed for the
first time taking into account superficial properties and occurrence charge. It has been determined that occurrence
of charge appreciably influences for microparticles with a r,<0,1 ym. It has been that the most part of radioactive
particles have the sizes in the range of 0,1-10 microns consequently for them intensity of rain scavenging will be the

smallest.
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Discharge into the atmosphere of radioactive mater
can be expected at emergence of major accidents on fa-
cilities of nuclear power engineering. A large amount of
gaseous and aerosol radioactive matter is spewed into
the atmosphere at the emergency depressurization of a
nuclear reactor [1].

Radioactive matter getting into upper troposphere
under the influence of convective airflows extend on long
distances.

The sizes and form of a zone of pollution are gov-
erned by weather conditions, a district landscape, exis-
tence of vegetation, density of buildings and some other
factors. Atmospheric precipitation in a accident zone

significantly deminish the contamination area and the
radiation level. It has occurred because of sorption by
drops of water of radionuclides.

Process sorptions intensity of radionuclides and rain
scavenging intensity of the atmosphere from radionu-
clides depend on its state of aggregation, dispersion and
physical and chemical properties of a radioactive particle
[2;3;4].

Considering sorption process by drops of precipitation
of radioactive aerosol particles all solid particles in prefer-
ence to water can be separated on soluble and insoluble
(hydrophobic and hydrophilic). Insoluble fuel particles

compound the main part of radioactive dust. (Fig. 1.).

Fig. 1. SEM backscattered images of Zr-U-containing hot particles and inclusions in Chernobyl
fuel particles (a) Sectional view of fuel particles (b) appearance of fuel particles [5]

Insoluble hydrophilic particles penetrate into
drop volume with a velocity corresponding to their de-
gree of hydrophily. Their bulk diffusion has been deter-

mined by coeflicient of a superficial tension on border

water/an insoluble radioactive particle.

Penetration of the insoluble radioactive particles ad-
sorbed on a surface of a drop will be less, than at soluble
particles due to their lower velocity.

73



Section 8. Technical sciences

Insoluble hydrophobic particles accumulate on the
drop surface. Particles due to high surface tension don’t
penetrate into drops. In this connection the free surface
of arain-drop will decrease as time goes by owing to slow
down in radioactive particles intensity of trapping.

Besides, at the radioactive radiation there is an ioniza-
tion of nearby molecules of air to the subsequent accumu-
lation of charge on a surface of radioactive particle. It has
been determined [6]. On a surface of particles accumu-
lates 60 elementary charges owing to this effect.

Therefore, the accounting of the electrostatic has to
be a necessary condition by consideration of sorption of
radioactive particles rain-drops. Trapping of radioactive
aerosols an atmospheric precipitation can be related to
gravitational coagulation. Here the main method of re-
moval of dangerous radioactive aerosols from the atmo-
sphere has been given. The mechanism of gravitational
coagulation consists in trapping by a coarse rein-drop of
fine radioactive particles when falling. The fine aerosol
particles with a radius of T, and concentration of n (rrp)
soar in air. It becomes under the influence of airflows (V,
= 0). The drops of precipitation the size r, with some ve-
locity V of under the influence of gravity move down.
The stream of air flows round a coarse drop and entrains
fine aerosol particles when falling.

As aerosol particles have weight other than zero
that inertial forces affect them. forces trend to retain a
rectilinear path. The probability of collision of a coarse
drop with a fine particle of an aerosol (coefficient of
trapping of Kg) is dependent from the size of drop and

0.75+

Kg 0.5-

0.25

particle and viscosity of the environment (1)) and move-
ment velocity.
Quantity of the aerosol particles attached to a rain-

drop will be defined as:
T R 2
N =K (r, o) V), (1)

Most often the theory of similarity for determina-
tion of coefficient Kg of trapping (for creation of semi-
empirical models) has been used.

In article [4] the model for definition of Kg which
take into account Reynolds and Stokes and Schmidt’s
numbers has been suggested. However, this model
doesn’t take into account influence of particle charge.
In article [7; 8] the first attempt of numerical modeling
of coagulation process of the charged aerosol has been
made:

da ’
Kg - 1 y &= qupqdz y U= Erij )
—H 24r e nrr u, r
u =2P%
9 n
where ¢, — an electric constant; § — dynamic viscosity
of air; p — drop density; u_ — the potential falling speed
of drops; g — gravitational acceleration.

According to (1) intensity of coagulation depends
from the sizes of rain-drops, the sizes of radioactive
particles, their concentration and trapping coefficient.
Calculation of trapping coefficient will be executed tak-

ing into account existence of charge at the interacting
particles (2).

)

Fig. 2. Influence of the charge of a rain-drop and radioactive particle (n ) and the sizes
of a radioactive particle (rrp) on intensity of coagulationatr,=1mm, K -0
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Rain scavenging of a radioactive aerosol atmospheric precipitation

7.5 L
dNg
dt

5

0 2.5 10—3

Fig. 3. Dependence of intensity of rain scavenging of aerosol radioactive matter
(dn,/dt, rrp =5 pm, n°rp=106 m-2) from intensity of precipitation (r,, dN_/dT)

We will assume equal in sign a charge of a rain-drop
and a radioactive particle. on Fig. 1 results of estimated
calculations of trapping efficiency have been introduced.
From the dependence presented on Figl it is possible
to see that at gravitational coagulation efficiency of par-
ticles trapping rises with increase in the sizes of radioac-
tive particles.

Coarse particles have big inertial forces. Therefore,
these particles don’t push off the airflow which is flowing
round the falling rain-drops.

It should be noted that at the expense of a lag effect
of particles influence of a mutual charge to 10* elemen-
tary charges essentially only to fine particles. Influence
of electrostatic forces will decrease with increase of size
radioactive particles. Therefore, influence of a charge
on intensity of gravitational coagulation for coarse par-
ticles (micron rerIOO) can be neglected.

Radioactive particles will have the smallest intensity
of atmosphere purification with a size in the range 0,1
10 mkm. It has been detected the analysis of calculation
results.

In this connection with that thermal diffusion influ-
ences particles with such sizes insignificantly. Air drag
grows. Thus it isn’t enough inertial forces of a particle for
overcoming of an airflow which flows round rain-drop.

Therefore particles of such sizes move round a rain-
drop without contacting to it. It should be noted, that
the bulk of the radioactive particles released into the

atmosphere has been formed by particles the size of
0,1-10 micron [S].

Intensity of rain scavenging depends on precipita-
tions intensity and dispersion of an aerosol and its con-
centration in air subject to a trapping efficiency.

Therefore intensity of rain scavenging of aerosol ra-
dioactive matter has been modeled (Fig. 2) by means
of (1).

On (Fig. 2) dependence increase of efficiency of rain
scavenging with increase of precipitation intensity has
been shown. Thus the intensity increase of rain scaveng-
ing with stream increase dispersion at identical intensity
of precipitation has been watched. It has been explained
by increase of a free surface of drops and smaller velocity
of the flowing round airflow. This repulsion of radioactive
particles reduces by trajectories of flight of a drop.

Conclusions: 1. Existence of charge on a surface of
aradioactive particle has been considered. It is essential
only to fine particles withr,_<0,1 micron. For coarser par-
ticles the taking into account of charge in the range up to
10* elementary charges can be neglected. 2. For particles
of the average sizes (0,1 10 microns) purification intensi-
ty of the atmosphere with precipitation will be the small-
est. These particles are the bulk of a radioactive aerosol in
the atmosphere. 3. The purification intensity of the atmo-
sphere of radioactive particles will be the maximal at the
large area of a free surface of drops and low velocity of the
flowing round airflow of fine precipitation.
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Nitrogen-phosphate fertilizers based on ammonium nitrate
melt and nodule phosphorite from Kara-Kalpakistan

Abstract: The investigations on obtaining of the thermostable nitrogen-phosphate fertilizers based on ammonium
nitrate melt and Kara-Kalpakistan's phosphorite at weight ratios of ammonium nitrate: phosphorite flour from 100:
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3 to 100: 35 and at temperature of 180 °C have been carried in this study. The composition and the properties

(strength, solubility and granule thermostability, pH of product) of phosphate containing ammonium nitrate

have been determined. The rheological properties (density and viscosity) of nitrophosphate melt in the range of

temperature of 160-185 °C and weight ratios of ammonium nitrate to phosphorite 100: (3-35) have been studied.

Keywords: ammonium nitrate, phosphorite, melt, nitrogen-phosphate fertilizer, composition, granule dissolution

rate, rheological properties, thermostability.

Introduction

Since 2009 in Uzbekistan join stock company (JSC)
“Navoiazot” has developed the manufacture of ammo-
nium nitrate containing phosphate fertilizer (APF)
by introduction either Kyzyl kum’s phosphate or am-
mophos into ammonium’s melt. Composition of the
phosphorite was (wt.%): 17-18 P, O, 47-48 CaO, 17-
18 CO, P,0, :P,0, x100=17-18) [1-4,28-30-
35-361-368]. In this case the melt of ammonium nitrate
was mixed by phosphate containing component in the
mixer directly before granulation process. The phosphate
additive escapes the neutralization stage, evaporation and
after evaporation of ammonium nitrate solution where
salt precipitation and heat-exchange apparatus skulling
are not took place. Therefore, when we performance in-
stallation building to obtain nitrogen-phosphate fertil-
izer based on ammonium nitrate’s melt and phosphorite
flour we will increase gross production of phosphate
containing fertilizers from low-grade phosphate raw
material. According to the technical compliance (TC)
6.1-00203849-111:2007 APF has 22-28% of nitrogen,
1-6% of P, O as well as grain-size composition the fol-
lowing: 1-4 mm — not less 95%, less 1 mm — not over
3%. The granule strength of APF exceeds the ammonium
nitrate strength upon 4-5 times.

Should be noted, that in Uzbekistan, besides the
phosphorite of Central Kyzyl kum there are phospho-
rites from Surkhondaryo, Jizzakh, Bukhara, and Kara-
Kalpakistan. In order to expand phosphate production
to produce APF on technology of JSC “Navoiazot” we
decided to use nodule phosphorite from Kara-Kalpaki-
stan instead of granular Central Kyzyl kum’s phosphorite.
There are ten deposits of nodule phosphorites on area

Kara-Kalpakistan. These are Khodjakul, Sultan-Uizdag,
Khodjeli, Nazarhan, Chukay-Tukay and others. They
are differenced on their location, chemical composition
and properties, as well as reserves. However, this type of
phosphorite has not developed yet. Difference of nodule
phosphorite of Kara-Kalpakistan from Kyzyl kum phos-
phorite included the following: the first there is a lot of
silicain it, the second there is francoplite one. It is known
that, 20-25% phosphorus exchanged by carbon in apa-
tite structure.

In prevailing mass of ore phosphorus is in such mineral
form which assimilated badly by plant. Therefore, there are
few studies about nodule phosphorites in the literatures.
In agrochemistry part of P, O, leached by 2% solution of
citric acid from compound s criteria of phosphorus assim-
ilation. The solution of citric acid on dissolution ability is
approximate to humic acid of soil. The relative content
of citric acid dissolution of P, O in nodule phosphorite
makes 40% that is more than Karatau (Kazakhstan) and
Kyzyl kum, as well as apatite ore [5, 28-32].

This fact it can be explained by crystal structure im-
perfection of cutsite minerale that allows to use nodule
phosphorite for direct application in soil in form of phos-
phorite flour. However, application it on neutral or chalk
soil is ineffective. Possible way of this phosphorite for
crop farming in Republic concludes using them in the
composition ammonium nitrate.

Experimental procedure

In this study we have investigated the APF obtaining
process based on ammonium’s melt (AN) and
phosphorite (PR) from Khodjakul and Khodjeli, Kara-
Kalpakistan. The chemical composition and power of the
phosphorites are shown in Table 1 and 2.

Table 1. — Chemical composition of the phosphate raw

The type of phos- Components content, weight%

phate raw material | PO, | P,O,_ | CaO,_, SiO, FeO, ALO, MgO Co,
Khodjakul 19,05 741 39,19 | 30,88 2,01 3,18 0,69 3,92
Khodjeli 16,48 6,59 33,39 28,04 3,26 5,09 0,49 3,84

The experiments were conducted in the following
way. The sample of AN (34.5% N and 0.3% MgO),
product from JSC “Maxam-Chirchik” was melt by elec-
tric heating. The phosphate raw was introduced into the

melt when weight ratios of AN: PR from 100: 3 to 100:
35, at 180 °C.

Nitrogen-phosphate melt was stirred up for 20 min.
at constant 180 °C.
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Table 2. — Disperse composition of the phosphate raw

The type of Fractiona.tl yield, weight%
hosphate Size grade
PRospaate 10,315 | 0,315 | -0,25 ~0,16 ~0,1+ | -0,063+ | -0,05 | Initial
raw material mm +0,25 mm |+0,16 mm | +0,1 mm |0,063 mm | 0,05 mm mm mass, %
Khodjakul 3,9 3,1 17,35 12,8 20,05 10,1 32,7 100
Khodjeli 3,82 3,60 18,05 13,1 19,95 9,90 31,58 100

Subsequently the melt was poured into the granula-
tor, which made of metallic glass with perforated bot-
tom; the diameter of hole was 1.2 mm.The pressure
was created by air-pump the top of glass. And the melt
was sprayed on polyfilm, lying on the soil, at a height of
35 mm. At that APF granules were obtained as a standard
AN granules. Then measuring of granule strength was
studied. Further the granules were ground and analyzed
to contain of various components according to known
technique [6, 218]. The decarbonization degree was
calculated by CO, content changing in phosphate raw.
Moreover, the dissolution rate of APF granules was de-
termined. For that the fertilizer granule put into the glass
with 100 ml distiller water where the dissolution process
was tested visually and fixed completely its dissolution.
The procedure was carried out at room temperature, and
test was fivefold.

We studied rheological properties (density, viscosity)
of nitrogen-phosphate melt having large value when tech-
nology implementation. The density and viscosity were
defined noted above of ratio AN: PR in the range of 160—
185 °C. The density was studied picnometric method, but
the viscosity with viscometer VPJ-2. The product obtained
was ground in order to tested rheological properties. The

result powder formed and it fed into the picnometer and
12

the viscometer, and then placed in the thermostat, filled
with glycerine. While the temperature in the thermostat
raised until indicated value the powder melt. The melt was
hold at indicated temperature for S-7 min. then the mea-
surings were conducted. However, heat stability of granule
multiply was replicated on cycle heating-cool in the ranges
of 20560°C according to [7, 47-49]. 100 granules with
the same size were placed in the special weighting battle
and hold in the oven drying for 15 min. that was heated
to 750C, and then they were hold at room temperature
(20°C) and heated again.

After each cycle of heating-cool determined the
numbers of destroyed granules which were removed oft
battle. The relative error was not over +5%.

Results and Discussion

The results of granules strength tests are shown in
tig.1. As shown that additive phosphorite from Khod-
jakulin the ammonium nitrate melt in the ranges from
100: S to 100: 35 (in amount from 0,90 to 4,96%
P, O,) increases the granule strength with diameter
2-3 mm from 3,24 to 10,26 MPa. Even 0,56% addi-
tive of P, O_ in form of phosphorite flour increases
the strength of standard ammonium nitrate granule
(1,6 MPa) in two times (3,24 MPa). The product ob-
tained contents 33,45% N.

10
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Fig. 1. Granule strength of APF samples obtained by introduction Khodjakul (1)
and Khodjeli (2) phosphorite flour into ammonium nitrate melt
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Introduction of the phosphorite from Khodjakul into
the ammonium nitrate melt in the ranges from 100: 3 to
100: 35 leads to raise the granule strength from 3,2 to
9,72 MPa. The increase of granule strength argues about
reduction its porosity and inside specific surface that
leads to decrease amount of diesel fuel into granule. So,
explosion ability of ammonium nitrate is reduced.

Table 3 presents the melt of ammonium nitrate
makes an activation the phosphate raw, i. e. destroys its
structure and changes unassimilable form of P, O into
assimilable for plant form. So, the product in the range
of AN: PR with use of Khodjakul phosphorite flour
containing 28,46% N and assimilable form of P, O, by
relation to overall 90%. However, the product from
Khodjeli phosphorite has 28,74% and 84,31%, respec-
tively. It can be seen that the Khodjakul phosphorite in
the ammonium nitrate melt more efficiently subjects to
activation process than Khodjeli. This fact can be ex-
plained presence of hard decomposition phosphates in
Khodjeli phosphorite, which subject badly activation
process with ammonium nitrate melt. The activation
process correlates well with decarbonization degree of
phosphate raw. The large of phosphate raw put into the
ammonium nitrate melt the reducing assimilable form
of P, O, in the product and decarbonization degree of
phosphate raw.

Presence of water form of CaO and CO, waste into
gas phase argues that at 180 °C occur reaction between

ammonium nitrate and calcium carbonate with forma-
tion calcium nitrate as below.

2NH,NO, + CaCO, > Ca (NO,), + 2NH, + CO,
+H,0

pH of Khodjakul phosphorite was prepared by its
10% water solution that is in the ranges from 6,42 to
6,79 pH, but pH of product from Khodjeli phosphorite is
from 6,37 to 7,16 (Table 3).

As these value of pH are more significant than am-
monium nitrate (pH = 5,5). In connection with additive
of phosphorite at 180 °C and the oxidation process does
not occur, i.e. free nitric acid is neutralized rapidly by
phosphorite.

It is can make a conclusion that phosphate addi-
tives influence on pH of melt and reduce acid during
the heating of ammonium nitrate. Therefore, phosphate
additive promotes increase ammonium thermostability.

Fig.2. presents rheological properties of nitrogen-
phosphate melt in weight ratios of AN: PR =100: (3-35)
and in the temperature ranges 160-18S °C.

As it is seen from the draws that introduction of
Khodjakul and Khodjeli phosphorites into ammoni-
um nitrate melt affects appreciable on the density and
the viscosity. So, at 160 °C standard ammonium nitrate
does not melt and flows naturally. Additive either the
same phosphorite or another one leads to reduce crystal-
lization temperature of ammonium nitrate. Although it
has large viscosity and melt at 160 °C, but flow readily.

Table 3. — Chemical composition nitrogen-phosphate fertilizers obtained by introduction
of Kara-Kalpakistan phosphorite into ammonium nitrate melt

Weight ratio of | pH of 10% solu- | Component content, weight. % CaO_ : | Decarboniza-
AN: PRC tion of product N PO . CaO,_ CaO, . % tion degree
1 2 3 4 S 6 7

Based on Khodjakul phosphorite
100: 3 6,42 33,45 0,56 1,12 26,79 21,25
100: § 6,49 32,78 0,90 1,87 25,13 19,80
100: 8 6,54 31,69 1,42 2,88 24,65 17,96
100: 12 6,58 30,34 2,07 4,20 23,57 15,51
100: 15 6,60 29,85 2,49 5,12 22,85 14,32
100: 18 6,62 29,20 2,90 5,95 22,02 13,04
100: 20 6,64 28,46 3,21 6,53 21,44 12,04
100: 25 6,69 27,56 3,79 7,84 19,90 9,44
100: 30 6,74 26,40 4,42 9,01 17,98 8,67
100: 35 6,79 25,44 4,96 10,14 16,77 6,87
Based on Khodjeli phosphorite
100: 3 6,37 32,82 0,49 0,96 26,04 12,41
100: 5 6,45 32,71 0,77 1,57 24,20 12,00
100: 8 6,56 31,94 1,22 2,45 22,44 11,58
100: 12 6,61 30,64 1,78 3,57 21,29 10,26
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1 2 3 4 s 6 7
100: 15 6,78 29,87 2,16 4,35 20,00 9,17
100: 18 6,85 29,01 2,53 5,07 18,15 8,69
100: 20 6,92 28,74 2,74 5,57 16,70 7,89
100: 25 7,01 27,42 3,32 6,66 14,86 5,56
100: 30 7,11 26,48 3,81 7,70 13,25 4,30
100: 35 7,16 25,45 4,29 8,65 12,14 3,00

The change the density and the viscosity of ammo-
nium nitrate melt depending on the weight ratio of AN:
PR and temperature increase of Khodjakul phosphorite
additive (fig. 2-a, curve —1) from 3 to 35 weight parties
to 100 weight parties of ammonium nitrate will lead to
raise the density of nitrogen-phosphate.

1,70 o

Density, r/iem®

o
100:35 100:30  100:20 100:12 100:3 B

Weight ratio of AN:PR

Increase of the temperature leads to reduce the den-
sity and the viscosity of nitrogen-phosphate melt indepen-
dently of AN: PR. So, temperature increase from 160 to
185 °C promotes decrease the density and the viscosity of
nitrogen-phosphate melt from 1,610 to 1,592; from 1,655 to
1,629 g/cm? and from 7,90 to 6,03; from 8,55 to 6,89 cps, re-
spectively for weight ratios of AN: PR = 100: 20 and 100: 30.
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Fig. 2. The density (a) and the viscosity (b) of nitrogen-phosphate melt depending on the
temperature and amount of Khodjakul (1) and Khodjeli (2) phosphorites additive

Analogous dependence of rheological properties
changing can be observed when other AN: PR. When
the studied AN: PR = (100: 3-35) with use Khodjeli
phosphorite raise of temperature from 160 to 185 °C
makes for reduce the density and the viscosity of nitro-
gen-phosphate melt from 1,691 to 1,54g/cm? and from
9,480 5,21 cps, respectively (Fig. 2-aand 2-b, curve - 2).

Thus, the results of experiments on determining the
density and the viscosity of nitrogen-phosphate melt say
to the effect that obtained melt has significant high fluid-
ity that creates facility to pump over them from one de-
vice to another one and to granulate existing granulation
tower without techniques difficulty.

As it is shown data (Table 4) presence of phosphate
raw in the ammonium nitrate composition effect on
granule dissolution rate of the latter. When increase of
the phosphorite weight portion from 3 to 35 in the APF
obtained, the time of granule full dissolution increases
from 49,5 to 80,8 sec., i. e. raises in 1,7 times.

In case of Khodjeli phosphorite and increase its
weight portion from 3 to 35 leads to raise full dissolution
time from 48,2 to 76 sec. Then APF granules dissolve
slowly than ammonium nitrate. Slow solubility of APF
granules in determined degree renders positive influence
on assimilation nutritious components of fertilizers by
plant root system.
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Table 4. — Duration of APF granules dissolution in the water

Full dissolution time of granules, sec. (Middle value)
The type of . .
Weight ratio of AN: PR
phosphate raw
100:3 | 100:5 | 100:8 | 100:12 | 100:15 | 100:18 | 100:20 | 100:25 | 100:30 | 100:35
Khodjakul 495 | 520 | s42 | 612 | 660 | 688 | 71,0 | 756 | 784 | 808
Khodjeli 482 | 536 | s44 | s76 | 618 | 672 | 690 | 71,4 | 730 | 760

Data on destructible granules of ammonium nitrate
after determined amount of heat-cool cycles in the ranges

20560°C are shown in Table 5.

Table 5. — Thermostability of the nitrogen-phosphate granules depending on the weight
ratio of ammonium nitrate: phosphorite flour and thermo cycles amount

. . Amount of the destructible granules on cycles transitions of form IV<III,
Weight ratio of AN: PR
10 30 S0 80 920 100
AMMHa:f:;;; ?;‘)Tg; e 0 15 31 70 85 100
Based on Khodjakul phosphorite
100: 3 0 0 0 S 15 25
100: 20 0 0 0 2 7 12
100: 30 0 0 0 1 4 7
Based on Khodjeli phosphorite
100: 3 0 0 0 6 12 23
100: 20 0 0 0 3 7 11
100: 30 0 0 0 1 4 6

From it seen that ammonium nitrate granules with
magnesia additive even after 30 cycles destroyed by
15%, after SO cycles by 31%, after 80 cycles by 70%, after
100 cycles they destroyed fully. APF granules with both
types of phosphate raw additives from Kara-Kalpakistan
keep continuity after 60-70 cycles. Disintegration of
granules starts after 80 cycles. And even after 100 ther-
mo cycles APF granules based on Khodjakul phospho-
rite when ratios AN: PR = 100:3 destroyed by 25%; at
100:20 by 12%, but 100:30 by 7% only.

Similar draw is observed when use of Khodjeli phos-
phorite in the composition of ammonium nitrate. The
heights thermostability of APF conditions that it has
lower explosion hazard. Therefore, phosphate additive
to ammonium nitrate melt inhibits thermo decomposi-
tion process and reduces detonating properties of APF in
comparison with standard ammonium nitrate.

Conclusion

Low grade nodule phosphorite has used to ammo-
nium nitrate as phosphate additive when weight ratios
of AN: PR =100: (3-35). In this case the ammonium
nitrate melt is stirred with phosphorus containing
component in the mixer before granulation process
at 180°C. The phosphate component escapes neutral-
ization, evaporation, after evaporation process of am-

monium nitrate solution. Where falling out salts and
heat-exchange apparatus skulling do not occurred. It
was shown that nitrogen-phosphate melt obtained in
the wide AN: PR and temperature 160-185°C pos-
sesses sufficient fluidity that creates opportunity to
pump over them one device into another one and to
granulate existing granulation tower without tech-
niques difficulties.

The results of granule strength determining of samples
showed that even 0,56% additive of P,O, in form of phos-
phorite flour (AC: ®C = 100: 3) increases the strength
of standard ammonium nitrate granule (1,6 MPa) in
two times (3,24 MPa). It was shown that ammonium
nitrate melt makes an activation phosphate raw too, i.e.
destroys its structure and changes unassimilable form of
P, O, into assimilable for plant form.

The nitrogen-phosphate fertilizer granules obtained
are dissolved slower than ammonium nitrate. Ammo-
nium nitrate granules with magnesia additive even af-
ter 30 cycles destroyed by 15%, after S0 cycles by 31%,
after 80 cycles by 70%, and 100 ones destroyed fully.
APF granules with phosphate raw additives from Kara-
Kalpakistan keep wholeness after 60-70 thermo cycles.
The heights thermostability of APF conditions that it has
lower explosion hazard.
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Multi-criteria analysis of systems at fuzzy criteria

Abstract: The aim of the work is to develop a unified method of comparison of different complex technical,
socio-economic, security and other systems under a set of criteria. The task of ranking the systems at fuzzy
original information is solved. An algorithm of the synthesis of rank and cluster ratings of the systems in the case
when the values of criteria and their significance are presented in the form of triangle or trapezoid fuzzy numbers is
proposed. This allows formalizing the processing of non-structured, inaccurate, fuzzy information from experts

evaluating the systems. An example of synthesis of the integral assessment in a multi-criteria task is given.
Keywords: decision-making problem, multiple alternatives, fuzzy original information.

Introduction

This work is the continuation of the researches dedi-
cated to multi-criteria analysis of the systems based on
the fuzzy models. The tasks of such class arise in the
systems of support of managerial decision-making in
different spheres of economic, production, social and
other areas of the man’s activity. In practice, the origi-
nal information is, as a rule, inaccurate and presented in-
completely. In this case, standard computational algo-
rithms cannot produce a really practice-wise significant
decision. Obtaining of a decision is not a guarantee ofits
correctness.

Original information is usually presented by experts
(in the form of figures). However, it is quite difficult for
an expert to formalize their assessment. It is easier for
them to give a verbal assessment, which, from their point
of view, reflects the real situation quite well.

Thus, there is a problem of formalization of the
processing of inaccurate linguistic information about
the values of the criteria under which the systems are
compared (alternatives, objects, subjects) and about lev-
els of significance (weights) attributed to them.

The method of analysis and comparison of the sys-
tems under a set of criteria, which is based on the ensur-
ing of a possibility to process fuzzy linguistic information
with the help of fuzzy numbers, is proposed.

An algorithm of the synthesis of a generalized indi-
cator of activity, analysis, comparison and rating of sys-
tems based on triangle and trapezoid fuzzy numbers is
developed.

Fuzzy arithmetic for triangle and trapezoid num-
bers is known quite well [ 1; 2; 3]. However, all these re-
searches consider operations separately, for only triangle
numbers or only trapezoid numbers. There are publica-
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tions dedicated to multi-criteria analysis of the level of
security of complex systems (for instance, [4]).

Semantic idea of a triangle number is «roughly
equal>», trapezoid — «roughly in the interval>», which
are close to the contemplations of the man in natural lan-
guage; it is intuitionally clear and does not require ad-
ditional strict formalization. Thus, equipment of mutual
use in one algorithm and triangle and trapezoid num-
ber is put in the foundation of the proposed method of
multi-criteria analysis of the system.

Task description and method of solution.

The task of comparison and ordering of the elements
of multiple systems (alternatives) U under criteria (indi-
cators) out of the set G is examined.

A set of fuzzy assessments looks as follows:

G = J’ .uc(“)

where 14 (u) is the assessGrXrll]entl(A)f the system u according
to the indicator from G — characterizes the degree of
correspondence of the system to the notion defined by
the respective indicator.

If the assessments of the systems are in the form of
trapezoid fuzzy numbers, i. e. set G is two-level, in which
the values of membership function are fuzzy sets:

~ x
U (u) = @(u,g) = .[‘UQT()
Fuzzy trapezoid numbers © are the values of the el-

ement of term-set (fuzzy variable) of a linguistic variable
«assessment>, for instance, «bad>, «good> etc.

Thus:

J'.U@ (x)

G= [ X
G;!.U u
Significance levels (weight) of criteria are presented,

for example, in the form of triangle fuzzy numbers:
wy (8)
g )

that have semantic meaning «important>, «quite im-

W=

portant> etc.

Task solution, the synthesis of composite indicator of
the systems at the set of criteria, is a composition (con-
volution) of two sets of fuzzy numbers:

DoeG=ptel®)

Composite indicator is a tgapezoid number. The as-
sessment of preference of alternatives, rank and cluster
rating of the systems is performed on the basis of nor-
malization of the values of coordinates of the center of
gravity of the membership function of the obtained trap-
ezoid numbers from D.

Example

There is n=5 alternatives, which can be evaluated un-
der m=6 criteria. Identify a more preferable system in the
set of certain criteria, perform rank and cluster rating of
the entire set of alternatives.

Linguistic variable «assessment> (of the systems ac-
cording to criteria) is defined in the following fuzzy vari-
ables «unsatisfactory>, «satisfactory>», «good> and

«excellent>, presented in the form of trapezoid numbers

© (Fig. 1):

Fig. 1. Graphic presentation of the set of assessments

The combination of assessments G can be conve-
niently placed in the form of a matrix mxn, for instance,

g, | good good sf good @ sf

g, | sf ex] good sf exl
g | st good exl exl good

G=|g, |good exl good sf = exl |
g, | unsf good good sf  good
g, | sf exl sf  good good
Sl ou u u u u

1 2 3 4 5

The significance levels (weight) of criteria are pre-
sented in the form of combination of triangle fuzzy num-
bers. The names of the respective variables are defined
as: «<less important>, «not that important», «quite im-
portant», «<important>, «very important>, «extremely
important>» (LI, NTL QI I, VI and EI respectively). In-
troduced triangle numbers are presented graphically in
Fig. 2.

Fig. 2. Triangle numbers setting
the importance of criteria
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Let’s present the assessments of importance W in
the form of matrix 1xm.
W:(QI I NTI VI EI QIJ'
& & & 8 & &
The, the composition D=WoG will be as it is
shown in Fig. 3.

Fig. 3. Fuzzy decision in the form of trapezoid numbers

We obtained n=S$ of fuzzy trapezoid numbers. The
ranks of each of analyzed systems can apparently be set
with a vector (Fig. 4 on the left):

[0,68 1,00 0,84 0,74 0,95J

u u u u u

1 2 3 4 5

In this case, the set of ratings can be differentiated
into three clusters (Fig. 4 on the right), the first of which
includes the second and fifth objects, the second — the
third object and the third — the first and the fourth objects.

Fig. 4. Ranking of the systems and
division into three cluster

Conclusion

The proposed method of multi-criteria analysis of
complex systems, synthesis of composite indicator and
rating (rank and cluster) for the managerial decision-
making support systems is unified and presupposes the
use of representation of knowledge about assessments
of alternatives and their weights in the format of triangle
or trapezoid fuzzy numbers. The scheme of processing
of information is simple and does not require special
knowledge from experts giving assessments with the
help of expressions in natural language. The algorithm
allows generalization in in case of multi-variable
original information.
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The review of methods of identification of a
personality on the basis of a man’s iris

Abstract: The work presents the review of methods of identification of a personality on the basis of a man’s iris.
Basic specific moments as well as problems related to the processing of iris are considered. The method of contour
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analysis proposed in the article allows reducing the equipment expenses significantly and ensuring an acceptable

level of correct identification of a personality based on iris.

Keywords: identification of personality, eye’s iris, contour analysis, binary codes, normalization, parameterization.

Biometric technologies take one of the important
places among the ways of identification of personality.
The problem of personality identification is becoming
more current in the modern world. It is primarily relat-
ed to the fact that with the development of information
technologies, a big number of systems requiring the pro-
cedures of identification and authentication has come up.
They may include access to a personal computer, online
payments and transfers, access to a mobile device and
application. Also, identification and authentication are
widely used in the access control systems and criminal-
istics. Presently, identification of personality based on
eye’s iris is 10% in the world market.

As it is known, the iris of an eye is a membrane lo-
cated in the frontal part of an eye-ball, some properties of
which allow using it as a unique identifier of personality.

First of all, the iris is a more stable parameter of indi-
vidual biological peculiarities of a man. It stabilizes at the
age from six months to two years and does not change
throughout life. The iris is potentially one of the most
diverse biometrics. Also, the theoretical possibility that
two different people have same pattern of the iris is ap-
proximately equal to 107
of the Earth is less than 10'* The presence of glasses or
contact lenses does not prevent from authentication.

Biometric technology based on the usage of the iris
of the eye is one of the low-cost and steady technologies
during personality identification.

It is thought that the technology of authentication
based on the iris developed from another known tech-
nology called the eye’s retina authentication. The scien-
tists conducted a range of researches that showed that
the man’s retina can change with time whereas the iris
remains unchanged. The most important thing is
that it is impossible to find two identical patterns of

, whereas the entire population

the iris even in twins. Glasses and contact lenses, even
colorful ones, do not affect the process of obtaining
an image. It should also be noted that the eye surgeries,
cataract extraction or plantation of cornea implants, do
not change the characteristics of the iris — it can’t be
changed or modified. A blind person can also be identi-
fied with the help of the iris. Until the eye has the iris, its
owner can be identified.

The general scheme of solving the task of identifica-
tion of a person based on the eye’s iris looks as follows:

1. Image capture;

Image processing;
Iris distinguishing;
Iris normalization;

5. Parameterization of the iris data by different
methods;

6. Composition of binary codes of the image;

7. Comparison of the image with the images in the
data base.

In 1994, the iris identification system based on Daug-
man’s research was patented.

There are algorithms that use special equipment to
capture the image, which allows making a high qual-
ity image of the eye, obtaining good contrast, brightness
and aligning the iris. Apart from all this, the camera sys-
tem should not require a person to be in a certain posi-
tion at a certain distance from the camera; there is also
no need for special light.

In some events, apart from one image, another im-
age is made with the use of infra-red camera.

To distinguish the eye’s iris from the rest of the im-
age, one can express the edges by way of analyzing one
derivative and performing their approximation by simple
geometric objects. For instance, external frontier of the
eye’s iris and pupil can be found using the Hough Trans-
forms. Also, the frontier of the iris and eyelids can be
determined by two parabolas or by cutting off pieces of
the image that do not relate to the iris.

In the event when special devices to capture the im-
age were not used, one will probably need to conduct a
preliminary processing to subside undesired eftects, such
as noise or glares.

The iris normalization:

Rl

When the preliminary processing is done, the image
of the iris is ready to be used to extract more formal data
from it.

Space and frequency convolution of the image by Ga-
bor filters is a classic method of a code composition. All
bits of the code depend on the mark of the result of the ap-
plication of Gabor filters on a small area of the iris pattern.
For instance, let’s take Hamming distance for comparison.

Code composition using the Gabor filter is based
on the absolute deviation of the filtered image from the
original. Euclidean distance between vectors will be a
comparative function.

One can apply the filtering by Gaussian filter to re-
move high frequency noise [2; 3] or median filtering [4].
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To increase the reliability of a weak image, histogram
equalization takes place [2; 3; S, 16].

Apart from this, the filtering of insignificant parts of
the image is done; it may include upper and lower lines
(several pixels) of the image after the conversion into
Cartesian coordinates [2; 6] or removal of glaring areas
that noise the pattern of the iris [7].

Wildes takes the decomposition of the image using
the Laplacian of Gaussian filters. Then, the resulting im-
age is a multiscale pyramid of images processed with the
Gaussian filter. Such image should give spatial character-
istics of the iris; in this case, normalized correlation of the
processed image and the image from the data base is used
for comparison. Normalized correlation is the correlation
of two image points or image areas relative to each other.
The system uses Hough Transforms to localize the iris; the
Laplacian pyramid of Gaussian filters is used to compose a
code; normalized correlation is used as a criterion. Special
equipment is used to capture the image [1].

Tisse deals with multi-dimensional Hilbert trans-
form. The algorithm of code composition and the algo-
rithm of comparison are similar to the classic method.

Contour analysis of the iris allows distinguishing
typical feature structures on the image, which will be
used for further detection. First, one should accentuate
the area of interest, i. e. the iris from the internal to ex-
ternal edge. Then, the contours are formed, normalized
and put into the data base [8].

The entire process of formation of the iris contours
consists of several parts. The first step is the application of
Sobel operator that allows expressing the frontiers. The
result of application of the given operator in every point
of image is either the vector of brightness gradient or its
norm. The Sobel operator is based on the convolution
of the image by small separable integral filters in vertical
and horizontal directions.

At the second step, the image is sent to Canny detec-
tor, which allows obtaining an optimal detection of the
edges of the areas of interest.

The Canny method has two important features:
low level of errors and good localization of edge points,
which allows preserving a maximal number of the fea-
tures of the eye’s iris.

The task of detection narrows down to the definition
of two sets of contours belonging to different objects maxi-
mally similar to each other. The method is invariable to
the angle of turn of the iris as well as the size of the pupil,
which eliminates some problems related to detection.

Conclusions.

The work presents the review of methods of identi-
fication of a personality on the basis of a man’s iris. Basic
specific moments as well as problems related to the pro-
cessing of iris are considered.

The main obstacle of practical realization lies in the
difficulty of obtaining of such images, which leads to high
requirements on the conditions of registration.

The method of contour analysis proposed in the arti-
cle allows reducing the equipment expenses significantly
and ensuring an acceptable level of correct identification
of a personality based on the iris.

On the basis of the given problem, the practical tasks
for the masters of the discipline «solution and analysis
of the problem> in the algorithmic language MathCad is
performed.
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Physical and chemical characteristics of the insoluble rests in water
and their influence on process deslurrying sylvinites of Tyubegatan

Abstract: Results of the analysis of work of factory of potash fertilizers and research of mineralogical contents of

the insoluble rests in water sylvinites of Tyubegatan deposit by methods of the chemical and physical and chemical

analysis and their influence on process hydro mechanical deslurrying of ores are resulted.

Keywords: sylvinite, insoluble rests in water, deslurrying, sulphate, carbonate, silicate, clay minerals.

Introduction: Potassium chloride is the basic potas-
sium fertilizer for agriculture, potassium participates at
biochemical level in pest control of plants, in particular,
with wilt of cotton [1; 2].

From 2012 to 2015 manufacture of potassium fer-
tilizers in the world has increased from 29.1 million
Ton to 31.5 million Ton K, O in a year or by 4.2%. In
2016 will increase to 31,8 million Ton K, O or by 0.8%.
Under forecasts by 2019 manufacture of potassium fertil-

izers will increase in comparison with 2014 by 9 million
ton K, O or 21%. The increase in release of potassium
fertilizers will occur at the expense of input of new man-
ufactures in the northern America (Canada) on 7 mil-
lion ron K, O, the Eastern Europe and the Central Asia
(Russia, Belarus) — on 1 million ron K, O and East Asia
(China) — on 1 million Ton K,O [3].

On existing technology potassium chloride on UP
«Dechkanabad factory of potassium fertilizers» receive
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by flotation method from sylvinite ores of the Tyube-
gat deposit with the contents of potassium chloride not
less than 31.93% [4]. Negatively affects the quality of
production raised (more than 3.25%) the contents of
the insoluble rests in water (i.r.).

In practice of enrichment of potassium ores with the
low contents of i.r. spend flotation deslurrying with use
flocculant and collectors of slimes, for ores with the high
contents of i.r. — a combination hydromechanical and
flotation methods of deslurrying [S]. Existing methods
of deslurrying, used for enrichment sylvinite ores for
Tyubegatan deposit are ineffective and caused by essen-
tial difference of contents extracted sylvinite ores from
putin pawn in the project and properties of an insoluble
part in water, the low contents of potassium chloride and
the raised contents of i.r., namely: the contents of in-
soluble impurity in extracted ore fluctuates from 1% to
10% and for maintenance of the design contents ofi.r. in
ore (~ 3.25%) on mine are carried out reclaimer opera-
tion and ore averaging; contents of KCI in ore more low
and i.r. above, than it is put in pawn in the project. Thus
asignificant amount of ore with the contents ofi.r. 4-5%
also are more stored on mine [6].

For finding-out of the reasons of decrease in efficiency
of process deslurrying is necessary carrying out of regular
researches, studying of physical and chemical characteris-
tics of i.r. and their influence to degree deslurrying ores.

Objects and methods: Researches spent with syl-
vinite ore of the Tyubegatan deposit containing 20% KCI
and 3% 1i.r.

Deslurrying of low-grade sylvinite ores spent on the
modelling installation simulating industrial conditions,
and in industrial conditions of first turn UP «Dech-
kanabad factory of potassium fertilizers» [7]. The es-
sence of deslurrying consists in processing crushed to
fraction less than 1 mm of low-grade sylvinite in the sated
solution of sylvinite, branch of the suspension contain-
ing particles in the size of 100-200 microns in first and
30-40 microns in the second hydrocyclones.

The chemical analysis initial, intermediate and end-
products spent by known methods [8-11].

X-ray analysis of samples of insoluble impurity has
been spent on x-ray diffractometer DRON-6, equipped

with a tube with Co-anode and graphite monochromator
with length of a wave A =1.79021 Aina range from S to
76 degrees on 2 6.

In the process of work of the first turn on UP «Dech-
kanabad factory of potassium fertilizers> insufficient ef-
ficiency of processes deslurrying of ores and decrease,
thereof, selectivity of the subsequent flotation of sylvin-
ite has come to light.

For the purpose of revealing of the reasons of de-
crease in efficiency of a stage deslurrying the comparative
analysis arriving sylvinite ores and indicators of operat-
ing manufacture of first turn UP «Dechkanabad factory
of potasium fertilizers>» with data put in pawn is carried
out at designing.

For an establishment of influence of structure of ar-
riving ore researches on technology working off deslur-
rying ores with the raised contents of i.r are carried out.

Distribution researches of i.r. on fractions size ores of
the Tyubegatan deposit spent on four samples selected for
this purpose low-grade sylvinite ores with the various con-
tents of i.r. (Table. 1). Samples consistently split up to size
less than 1 mm in click and hammer crushers and spent
wet sieve. After wet sieve analyzed on the contents of i.r.
in fractions of +0.1 mm, —0.1 mm and in “free” dispersed
slimes. In selected for wet sieve ore samples defined also
the fraction ratio —0.1 mm to fraction of +0.1 mm.

The received results show, that with reduction of the
contents of potassium chloride in sylvinite ore the con-
tents of i. 1. increases from 3.25% to 5.30%. The contents
of i.r.in fraction of +0.1 mm also increases from 2.42% to
4.68%, whereas the contents of i.r. in fraction —0.1 mm
remains at one level of 8.33-8.90%. The exception makes
the contents of i. r. in sample 4. With decrease in the con-
tents of potassium chloride in ore decrease and indicators
of the differentiated distribution of insoluble impurity in
large and fine-grained fractions of the crushed ores. The
fraction relation —0.1 mm to fraction of +0.1 mm de-
creases from 3.68 till 2.35, whereas at designing in ore
the contents of i. r. in small fraction was at 4.39 time more
than in large. It in turn leads to decrease in degree of ex-
traction i.r. in fraction —0.1 mm from 35.2% to 20.02%.
It one of the reasons of decrease in efficiency of hydro-
mechanical deslurrying of ores.

Table 1. — The results of chemical, mineralogical and fraction contents sylvinite ores of the Tyubegatan deposit

Samples
Parameters 1 5 3 4
1 2 3 4 S
Contents of KCI,% 30.4 25.0 23.2 20.1
Contents of i.r.,% 3.25 4.05 4.95 5.30
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1 2 3 4 S
Contents of NaCI,% 63.92 67.56 69.27 71.77
Contents of CaSO,,% 1.32 1.74 1.10 1.41
Contents of MgCI ,% 0.55 1.09 0.90 0.75
Contents of W,% 0.56 0.61 0.58 0.67
The contents of i. 1. in fraction size +0.1 mm,% 2.42 3.40 4.51 4.68
The contents of i.r. in fraction size —0.1 mm, % 8.90 8.61 8.33 11.01
The fraction ratio of —0.1 mm to fraction of +0.1 mm 3.68 2.53 1.85 2.35
Extraction of i.r. in fraction size —0.1 mm,% 35.20 21.35 20.65 20.02
Extraction of i.r. in free dispersed slimes, % 9.20 6.77 6.69 5.73

In table presented 2 results of the chemical analysis
ofi.r. on the contents of carbonate, silicate and sulphatic

minerals from selected before four samples of ore with
distinction contents of KCI and i.r.

Table 2. — Mineralogical contents of the insoluble rests in water residue of sylvinites of the Tyubegatan deposit

The name of minerals Mine;ralogich conte;ts of in|soluble3impurity, weig:lts.% Average on
Chemical analyze ore samples
Sulphates 20.92 20.10 16.90 18.50 19.10
Carbonates 51.50 45.00 55.60 49.30 50.35
In total not silicate minerals 72.42 65.10 72.50 67.80 69.45
Silicates 27.58 34.90 27.50 32.20 30.54

Researches have shown, that i.r. of sylvinite ores of
the Tyubegatan deposit, according to the chemical analy-
sis, contain 65.10-72.50% of not silicate minerals and
basically are presented carbonate and sulphatic minerals.

Contents of “free” i.r., liberated at ore crushing, and
taken first of all at its enrichment, differs from contents of
the general of i. 1. increase in a share of a silicate component
from 27.50-34.90% in general i.r. to 53.23-54.72% in “free”.

The analysis has shown, that insoluble impurity of po-
tassium ore of the Tyubegatan deposit, basically, are pre-
sented weak slurrying carbonate and sulphatic minerals
on 65.10-72.50% from the general quantity ofi.r. in ore.

If to compare the received results with data of con-
tents i.r. Verhnekamsky and Starobinsky deposits, con-
siderably essential difference from contents of i.r. Tyube-
gatan deposit under the contents weak slurrying, silicate
minerals. A silicate component in i. r. Verhnekamsky and
Starobinsky deposits makes 65-80% from totali.r., from
which 25-40% make clay minerals that there correspond
22-32% in general i.r. ores [12].

On the basis of the received data decrease efhiciency
of hydromechanical deslurrying ores in hydrocyclones,
in comparison with design indicators, it is possible to ex-
plain also decrease contents of i. r. weak slurrying silicate
and clay minerals.

For acknowledgement of the version of decrease in
efficiency of process deslurrying because of decrease in
contents of i.r. of silicate and clay minerals researches with

application X-ray diffraction the analysis are carried out.

Data quantitative X-ray diffraction the analysis of i. r.
of new 6 samples sylvinites with the contents of i.r.
1.3-10.4% and “free” i.r. from samples N¢ 1 and 2 are
resulted in table 3.

“Free” i.r.— is that part of i. r. which at wet crushing
of ore release and also leaves with suspended view.

The insoluble impurity allocated from samples of
1-6 ores of the Tyubegatan deposit, basically, are pre-
sented carbonate minerals which contents fluctuates
from 38 to 61%. Carbonate minerals are presented
from dolomite — 6-9% and magnesite of 10-54%. The
contents of silicate minerals changes from 32 to 56% of
which the clay make from 7 to 29%.

Unlike from i.r. initial ores in “free” i.r. the contents
of silicate minerals makes 79-86% from which clay
minerals make 43-56% and not clay — 29-36%
that is one more acknowledgement of decrease in
efficiency hydromechanical deslurrying at the expense
of decrease in contents of i.r. in ores of the Tyubegatan
deposit of silicate minerals which it is easy slurrying.
Besides, in contents of “free’ i.r. samples N¢ 1 and
2 there are no sulphates that specifies that they are a
part intracrystal of i.r.

The results of definitions of structure of the insoluble
rests with various methods have shown sufficient
convergence of results, especially in definition of silicates
and sulphates.
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Fig. 1. The roentgenogram of the insoluble rest in water

252455

50

45 |

40 |

oT 35

30 ]

25 ]

20 ]

15 |

10 3554?‘?15.85

5 | 144190
0.0 . . . . . . . . . - . . .
4000.0 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 600 400.0

cm-1

Fig. 2. Infra-red spectrum of the insoluble rest in water
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Influence research phosphate coating alkilolamids
of fatty acids on formation of structure of the cross-
linking grid and properties of composites

Abstract: In this article of influence the phosphate coating of alkillolamid of fatty acids on kinetics of curing of

rubbers is given results research. Show high-speed sulfuric curing without reversion signs at a stage of formation of

structure of a cross-linking grid.
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UccnepoBaHue BnusHna GochoTUpOoBaHHbLIX aNIkKu01aMmuaoB
XXUPHbIX KNCNIOT Ha POpMUPOBaAHUE CTPYKTYPbI
BYJIKAHU3ALMOHHOW CEeTKU U CBOMCTB KOMMO3UTOB

AnnpoTanmsi: B AaHHOM CTaTH IPUBOAUTCS PE3yABTAThI HCCAGAOBAHHUE BAUSHME GOCPOTHPOBAHHBIX AAKHAAOAA-

MHAOB JKHPHbBIX KMCAOT Ha KWHETHKH BYAKAaHHU3aIIHH KayIyKOB. ITokazana BPICOKOCKOPOCTHAs C€pHAs ByAKaHU3aIIH]

0e3 MPU3HAKOB PeBEPCHU Ha CTAAHU 0OPA30BaHMS CTPYKTYPbI ByAKAHU3AIIMOHHOM CETKH.

KaroueBbie caoBa: Bansnue, kuHeTrka, pochoTHpOBaHHE, AAKUAAOAMHUADIL, CEPHAs ByAKAHU3AIUs1, PU3HKO-Me-

XaHUYECCKHEe CBOI:ICTBG., AUMHaMH4Y€CKasl BBIHOCAUBOCTD.

Beeaenne. I3BecTHbI MHOTHE OpraHM4eCcKHe COAH-
HEeHMSI, CIIOCOOHbIE YCKOPSITH IMPOLIeCC CEPHOM BYAKAHH-
3aluH, T. €. IPOIIeCC B3aUMOAEHCTBHA KaydyKa C CepOil.
OaHaxo, npeabsBAseMble K ByAKAHM3YIOIUM CHCTeMaM

OCHOBHO€ TpeboBaHIe — COYeTaHHEe BBICOKON BYAKAHH-
3allMOHHOM AKTUBHOCTH C OTCYTCTBHEM ITPEXAEBpeMeH-
HOM BYyAKQaHHM3AIIMU B TEMIIEPATYPHBIX YCAOBHUSX TEXHO-
AOTHYECKOH 06pabOTKM pe3HMHOBBIX CMeceil — BechMa
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OTpPaHUYMBAET IepeYeHb YCKOPUTEAeH ByAKAaHU3AIIHH,
HAlICAITNX ITMPOKOEe ITPOMBINIACHHOE IpHMeHEHHe.
B aToM acmexTe OAHOI U3 AaKTYaABHBIX 3aAa4 SIBASIETCS
Pa3paboTKa HOBBIX BBICOKO9({PEKTUBHBIX YCKOPUTEAEH
BYAKAQHHU3AIUU 9AACTOMEPOB C Pa3AMYHBIMU COCTABAMH.

Du3NKO-XMMHYECKHe  CBOMCTBA  YCKOPHTEAeH
BO MHOT'OM OITPEAEASIFOTCSI TPUPOAOH IAEKTPOAOHOPHBIX
U 9AEKTPOAKIIENITOPHBIX 3AMECTUTEACH U MX dACKTPOH-
HbIM cTpoenueM [1]. B cBssu ¢ aTum MoxHO 66140 1IO-
AQraTh, YTO HAAUYHE AOHOPHO-aKIIeITOPHOIO XapaKTepa
yckopureAs: $ocPOTHPOBAHHBIX AAKHAOAAMHAOB XKHP-
HBIX KHCAOT ITOAYYE€HHOI'O U3 XAOIIKOBOTO COAIIOCTOKA
OAArOIPHUATCTBYET OCYILIECTBACHHIO IIPOL[eCcca CTPYKTY-
PHUpPOBaHMA ByAKAHU3AIMU 9AACTOMEPOB.

O6BeKTHI 1 METOABI HCCAEAOBaHH . BbiAY H3yyeHbI
[2; 3]ocobennocTn BYyAKaHM3alluU Pe3HMHOBBIX CMECEH
Ha ocHoBe KayyykoB CKM-3 u CKMC-30 APKM-15
(cTanpapTHBIX penenTyp) ¢ $pocHOTUPOBAHHBIX AAKH-
AOAAMHAOB KHPHBIX KUCAOT. MoAekyasipHas Macca ¢poc-
$OTHPOBAHHBIX AAKMAOAAMHAOB SKUPHBIX KHCAOT B UH-
tepBaae 850-10-20, IK-cnekTpockonuyecKiIM METOAOM
YCTaHOBAEHO HAAMYHe HHTEHCHUBHBIX XapaKTepUCTHYe-
CKHX ITOAOC ITOrAomeHnus B obaacrax 900, 1070, 1210,
131011370 cm™' 1 ymepeHHOTO moraomeHws npu 2360,
2930 1 3300 cm ™!, yxaspiBator Ha mpucyrcrue = CO, -
H,=P =0, =0, =N - Hrpynn coorBercTBeHHO.

Xumuyeckoe cTpoeHne $ocPaTHpOBAHHBIX AAKUAAO-
AAMHAOB XXHPHBIX KUCAOT:
i
P—OCZH4 C2H4l‘\| CZH4B‘IH
C,H,0H C,H,0H

R—COI\‘ICZH4O

N
\
C,H,0H C,H,0H

OCHN — CHNH

C,HOH  C,H,OH

KuneTnka ByAKaHU3aI[UH pE3MHOBBIX CMeCeH u3yJa-
AU Ha peomeTpe « MoHCaHTO>.

Pesyabrarpl B 006CyxAeHHs1. Baaropapst HaAmdumio
$YHKIIMOHAABHBIX MMOASPHBIX TPy $pOCPaTHPOBAHHBIX
AAKHMAAOAAMHAOB XHPHBIX KHCAOT MOXKET ITPOSIBASITD I1O-
BEpPXHOCTHO-AaKTHBHbBIE CBOMCTBA. V3ydeHbI n30TepMbI
IIOBEPXHOCTHOTO HATSDKEHUSI BOAHBIX PacTBOPOB pocda-
THPOBAHHBIX AAKHAAOAAMUAOB KHMPHBIX KUCAOT B 3aBUCH-
MOCTH OT AAMHBI yTA€BOAOPOAHOTO pasukasa. Ompeaeae-
HO, 9T ¢ yBeandenrem C, H, — rpymm B yraeBopopopHom
PaArKaAe BO3pacTaeT rTHAPOPOOHOCTD MOAEKYABI pocPa-
THPOBAHHBIX AAKUAAOAAMHAOB XXUPHBIX KHCAOT, KOTOpPast
IIPUBOAUT K BO3HHKHOBEHHIO ITPOIIECCOB aCCOIMAIINI
B AOMHIIEASIPHO! OOAACTH ¥ TeM CaMbIM BAMSIET Ha $pop-

MHUPOBAHME AACOPOLIMOHHOTO CAOS Ha TPAHMIIE Pa3AeAd
¢a3. Ha ocHOBaHNM H3y4eHUs BAVSIHIS KOAYECTBA yTAe-
BoAOpoaHOTro paprkaAa v moAsspHex OH, COO — rpymm
Ha aAcop6uI/IOHHme cBOMCTBa $OCPATHPOBAHHDIX AAKHA-
AOAAMUAOB >KUPHBIX KUCAOT TIOKa3aHa BO3MOYKHOCTD Iie-
AEHAIIPaBACHHOTO BAPbUPOBAHIUS AACOPOLIHIOHHBIX B3aU-
MOAENCTBUI Ha IpaHulle pasaesa $pas, MMerolee BaXHOe
3HaueHHe NP1 pOPMHUPOBAHUU CTPYKTYPbl KOMIO3UIIMOH-
HbIX 9AACTOMEPHBIX MaTe€PUAAOB.

Kax moxasaAu pe3yAbTaThl HCCAEAOBAHUI KMHETHYe-
CKHMX KPUBBIX ByAKaHM3aLUU CMeceil HA OCHOBE METHA-
CTHPOABHOTO Kay4yKa, C yBeAUYeHHeM KOHILeHTPaLu1
$ochaTrpOBaHHBIX AAKMAAOAAMHUAOB XHUPHBIX KUCAOT
IPOMCXOAUT yBeAMdeHHEe HHAYKITMOHHOTO IIepPHUOAQ, CBH-
AETEeAbCTBYIOIee O BO3PACTAHHH CTOMKOCTH dAACTOMEp-
HBIX KOMITO3UIIMI K IIPeXAeBPeMEeHHON ByAKaHU3alL[UH.
Basxueriieit 0COO€HHOCTBIO ITpepAaraeMoro $pocparu-
POBAHHDBIX AAKMAAOAAMUAOB XHUPHBIX KUCAOT SBASETCS
3aMeAAeHHe ITpoljecca B HA4aAbHOM CTAAMM BYAKAHH3a-
IIUH, KOTOPOe 0OYCAOBAEHO TeM, YTO KOMITO3ULIUH B Te-
YeHHe AAMTEAbHOTO BpeMeHH MOI'YT HaXOAUTBCS B BSI3-
KOTEKy4eM COCTOSHHU. JTO OOCTOSTEABCTBO KpailHe
B)KHO IIPU ByAKAHHM3AL[UU AyOAMPOBAHHBIX CMeCe, IIPH
KOTOPBIX YBEAUUYEHHE IIPOAOAKUTEABHOCTH IpeObIBa-
HH B 30He CThIKA B BA3KOTEKy4YeM COCTOSHHH IPUBOAUT
K TIOBBIIIEHHIO IPOYHOCTH CBsI3ei MHOTOCAOMHBIX pe3HH
U U3AEAMI Pa3AMYHOMN KOHPUTypallku.

Ha ocHoBaHMM ITOAYYeHHbIX pe3yAbTaTOB yCTaHOB-
AGHO BAUSIHHE TeMIlepaTypHO-BpPeMEHHBIX (aKTOpOB
U KOHIIeHTpaluu $ocPaTHpOBaHHBIX AAKHMAAOAAMHAOB
SKUPHBIX KMCAOT Ha KMHETHKY BYAKAHH3AI[UH 9AACTO-
MepHbBIX KOMITO3ULIUH Ha OCHOBE HUTPHABHbIX KayqyKOB.
IToxazana BBHICOKOCKOPOCTHasl CepHas BYAKaHM3AIUs
KOMITO3ULIUF 6e3 IPU3HAKOB PeBEePCHU HA CTAAUH 06-
Pa3oBaHMA CTPYKTYPBI KOMIIO3UTOB. A B CMeCSIX Ha OC-
HOBE M30IIPEHOBBIX KAYIyKOB HAOAIOAAIOTCS (Puc. 1)
COKpaleHHe HHAYKITMOHHOIO IIepHOAA M 3aMeTHOE BO3-
pacTaHue CKOPOCTU ByAKaHM3allUH, U MIHPOKOE MAATO
BYAKAHU3AI[UU.

CoIoCTaBASISI KHHETUYECKHE AAHHBIE KOMITO3HITUU
Ha OCHOBE BBIIIEHU3AOXXEHHBIX KAyIyKOB CACAYeT OTMe-
TUTb OTHOCHUTEABHO BBICOKYIO CKOPOCTDb BYAKQaHHM3AL[UH
KOMITO3HUIIMK Ha OCHOBE M3OIPEHOBOIO Kaydyka, 00-
YCAOBAEHHbIE CIIelIMPUKOM cTpoeHHs pocPaTHpOBaH-
HbBIX AAKMAAOAAMMAOB SKUPHBIX KUCAOT ¥ H30IIPEHOBOIO
KaydyKa.

B pesyabrare npoBeaeHHbBIX HCCAGAOBAHMIL ITOAYYe-
HbI AQHHBIE ITO3BOASIIOIIHE CA@AATD 3aKAIOUEHHE O IIPeA-
IIOAATaeMbIM MeXaHU3Me AeHCTBHA GpoCcPOTHPOBAHHBIX
AAKMAOAAMHAOB XMPHBIX KUCAOT.
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PucyHok 1. KnHeTuka BynkaHM3auum pe3nHOBbIX CMecel Ha OCHoBe kaydykos CKN-3 (a)
n CKMC-30 APKM-15 (6). ConepxaHusa docdaTtnpoBaHHbIX ankKn0aamMmaoB XUPHbBIX KUCOT
n onbensotmaszonunaucynbdung 2 (1.1°), 3 (2.2’ ) n 5 (3.3’) mac. 4. Ha 100 mac. 4. kaydyka

1. TIporiecc compoBoXxAaeTcst 06pazoBaHIeM IpoMe-
XKYTOYHOTO CYAbPHAMPYIOIEro KOMIIAEKCA IIUHKA

2. O6pa30BaBIIMIICS KOMIIACKC SBASIETCS HCTOYHUKOM
reHepanyu ¢pparmeHToB RS — moancyabpuaHbIX mopBe-
cok yckoputeaed. B oranaune ot RS — noancyabduanpix
paankasos, RY — MOHOCYAbGHAHDBIE paAMKAABI HOACE K-
THBHbI, KOTOpbIe BCTYTIAIOT B PEAKIIHIO IIPHCOCAMHEHHUS
TI0 ABOMHO¥ CBA3U MaKPOMOAEKYABI, TPEBPAIAsICh B AAAD-
HeIIeM B IIOTIepeyHble CBA3M KayJyKa I10 CXeMe:

RSZnS + Sg —> RS, + ZnS + RS

KaH KaH

RSy +RS — RSH+ KaSXR — KaS,Ka+ RSH

rae: -R-GCH;—-N
|
C2H40H n

n = 2+3; Ka — MakpoMoAeKyAbI Kaydyka

BaxxHerturert 0cO6€HHOCTBIO YCKOPHUTEAEl ByAKAHH-
3allii 9AACTOMEPOB ABASIETCS UX BAMSHHUE Ha CTPYKTYpPY
BYAKaHU3ALMOHHOM CETKM M CBOMCTBA ByAKaHU3aToB. B
9TOM CBA3U HECOMHEHHBIN HHTEPEC MPEACTABASIET U3yYe-
HKe pOCHOTUPOBAHHDBIX AAKHMAOAMUAOB KUPHBIX KUCAOT
Ha CTPYKTYpPy ByAKaHM3allMOHHOM ceTku. MHTepec k Aan-
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HbIM COEAVHEHUSIM 00YCAOBA€H ellje F TeM, 4TO OAAroAapst
GOABIION KOHIIEHTPALIMY AMUHOTPYIII B AAMATHIECKOM
LIeNN U APKO BBIPA’KEHHBIM IOBEPXHOCTHO AKTHBHBIM
CBOMCTBAM CTAaHOBHUTCS BO3MOXXHBIM PeryAupOBaHHE
CTPYKTYPbI ByAKAaHU3AITHOHHOM CETKH.
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ITpu BBepAeHMH PpOCHOTHPOBAHHBIX AAKUAOAMUAOB SKHP-
HBIX KHCAOT B COCTaB 92AaCTOMEPHOM KOMITO3ULIMK He TOABKO
YCKOPSIeTCsl TPOLIeCC BYAKAHU3AIMH B Pe3yAbTaTe COKpaIe-
HUSI HFHAYKITMOHHOTO ITePHOAA F OOAee NHTeHCHBHOTO CIIH-
BaHUI, HO M MEHAETCS TakoKe CTPYKTYpPa ByAKaHU3AI[MOHHOM
CeTKH U TeXHUYeCKue cBoiicTBa kommosuuuu (Puc. 2).
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PucyHok 2. 3aBUCUMOCTb COAEPXKaHNSA CBSAI3aHHOM cepbl (1) 1 cTeneHn cluvBaHus (2) pe3viH Ha OCHOBE
CKWN-3, copepxawmx no 3 mac. 4. yckoputenein ochdoTUpPOBaHHbIX ankuinoamMmaoB XUPHbLIX KUCTOT
(-A-) n pubensoTmazonunaucynbdu, (-« -) oT NPOAOIKNTENbHOCTU ByNKaHM3auumn (T).

Kax BHAHO M3 pHUCYHKOB BAMsIHHE $OCPOTHPOBAH-
HBIX AAKHAOAMHAOB SKHPHBIX KHCAOT Ha CTPYKTYPY CETKH
Ha ocHoBe Kayuyka CKII-3 6Au3Kky K KOMIIO3HIHSIM Ha
ocHoBe CKH-18, rAe MaKCHUMyM COAepP>KaHUS CBSI3AHHOM
Cephl II0 BpeMeHH COBITAAAeT C MAKCHMYMOM CITHBKH.
AaHHOe yKa3bIBaeT Ha TO, YTO B HAYAABHBIX CTAAMSX BYA-
KaHHU3AIMU 00Pa3yIOTCs MOAUCYAbQUAHBIE CBSI3H, KOTO-

20

pri€ Ipu AaAbHeﬁmeM Harpe€BaHHH IIEPEXOAAIT B CBA3H
C MEHDbIINM YHCAOM aTOMOB CE€pPbI. XapaKTePHbIM AN
(POC(]?OTHPOBaHHbIX AAKHMAOAMHAOB JXUPHDBIX KHCAOT B
AQHHBIX KOMIIO3HUIIHIX SABASIETCS YMEHDIIEHNE CTEIIEHH
CYAb(]?HAHOCTH IIOIIEPEYHBIX CBsi3el B OIITUMYME BYA-

KaHH3aIlNU IIpH OAHOBPEMEHHOM YBEAMYEHUH I'yCTOTHI
CE€TKH.
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PucyHok 3. 3aBUCUMOCTb 'ycTOThl CeTKM (1) 1 HabyxaHus (2) anacTomepHbIX KOMMO3MLMii Ha ocHoBe kaydyka CKN-3
OT coaep>xaHnst GocHOTUPOBAHHbIX aNKNI0AMUAOB XMUPHbIX KUCNOT (-A-) 1 AnbeH3oTnasonmnamcynboug, (-o-).

M3meHeHue CTpyKTYypbl ByAKQHU3AIIMOHHOM CETKH
CBUAETEAbCTBYET O TOM, YTO YCHAUBACTCS reTepOreHHbIN

XapaKTep peakIiui, yMeHbIIAeTCs AOASI CEPbI M yCKOPHUTe-
ASl, PACXOAYIOIIUXCS B IT0O0UHBIX peakifisix. CAeACTBHEM
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reTepOreHHOT0 XapaKTepa peaKIuu BAsIeTCs OpMHUPO-
BaHUe ByAKAaHU3ALIMOHHOM CETKHU C O0Aee Y3KOI MeXXMO-
AEKYASPHOM peaKlMel aKTUBHBIX I[eIeH, YTO IPUBOAUT
K CO3AQHMIO 9AACTOMEPHBIX KOMIIO3HIIUMI C BBICOKMM MO-
AYAEM YTIPYTOCTH.

BrimeckasaHHOe IpPEATIOAOXKEHHE ITOATBEPIKAAET
Pe3yABTATBI HCCAEAOBAHMS KHHETHKY HAOYXaHUS ByAKa-
HU30BAHHON PE3UHON (Puc. 3) BHAHO, YTO KOMITO3UIHH
Ha ocHoBe CKM-3, copepxamue $pocPoTHpOBaHHBIX
AAKHAOAMUAOB XKUPHBIX KHCAOT, 60Aee MEAAEHHO ITOA-
AQIOTCSI HaOyXaHUIO, 9eM BYAKAQHU3ATOB, COAEpPKAL[Ue
CepHIlHbIE YCKOPHUTEAH. YKa3aHHOE 0OCTOSTEABCTBO Ha-
OAFOAQETCSI TaKoKe B KOMIIO3HIIMSX HA OCHOBE CTUPOAb-
HBIX M1 HUTPUABHBIX KAyYyKOB M COXPAHSIOTCA C yBeANde-
HHeM HX COAep>KaHusL. Bce aTo cBUAeTEABCTBYeET O 6oAee
[IAOTHOM OOPA30BAaHUM U YBEAUIEHUN AOAH BHYTPHMO-
AEKYASPHBIX CBS3€H.

MccaepoBaHUAMH yCTaHOBAEHO, 4TO $OCPOTHPOBaH-
HbIX AAKHAOAMHAOB SKUPHBIX KHCAOT 3aMETHOE BAUSHUE
OKa3bIBAIOT Ha GU3NKO-MEXaHUYEeCKHe U, AHHAMUYECKHUe
CBOMCTBa KOMIIO3UTOB. KlcCAEAOBaHMS ITOKA3aAH, YTO
C POCTOM coaepskaHMs $OCPOTHPOBAHHBIX AAKHAOAMH-
AOB >KUPHBIX KUCAOT B COCTaBe KOMITO3UIIMH HA OCHOBE
kaygykoB CKMC-30 PIT ¢pusuko-mMexaHmIecKre CBOH-
CTBa, AMHAMHYECKasl BRIHOCAUBOCTD IIPH MHOTOKPAaTHOM
PACTSDKEHUH M CKATHU M K09 QHITHEHT TEIIAOCTOMKOCTH
YBEAMYHBAETCS U ee HalOOAblIIee 3HaYeHIe HAOAIOAQETCSI
npu copepxanue 3,5-4,5 mac. 4. Ha 100 Mac. 9. kayuyka
(Taba. 1).

YKa3aHHOE 06CTOSITEABCTBO KpailHe BaYKHO IIPH CO3-
AQHHU Pe3UHOTeXHHYECKHE H3ACAHI, SKCIIAyaTHPYeMbIX
B 9KCTPEMAABHBIX YCAOBUSIX, TA€ BAUSIIOT AUHAMHYECKYEe
U TEIIAOBBIE HarPy3KH.

Tabnuua 1. — Prn3nKo-MexaHMYeCKMNE U JUHAMUYECKNE CBONCTBA 9/1aCTOMEPHbIX KOMMO3ULNIA
Ha ocHoBe kaydyka CKMC-30 PTI1, cogepxalumx GochoTUpPOBaHHbIX aNKNN0aMUA0B XUPHbIX KNCNOT

Coaepxanne pocpornpoBaH- HanmenoBaHue nmokasareaer
-3
HBIX AAKHAOAMHAOB KHPHBIX fp, MITa E_ % E_ % P, <H/n Npacl() K mo ors.
KHCAOT, Mac. 1. IHKA YAA
1 2,8 1200 62 14 S 0,20
2 5,6 880 44 28 25 041
3 11,8 660 18 62 200 0,84
4 12,1 650 18 64 180 091
S 11,2 360 12 60 160 0,62
6 11,8 340 10 48 80 0,74

IIpoBeaeHHBIE NCCAEAOBAHUS MTOKA3AAH, UTO POC-
$OTHPOBAaHHBIX AAKMAOAMHMAOB XHUPHBIX KUCAOT B Ka-
9eCcTBe YCKOPUTEAEH ByAKAHM3AI[UU 9AACTOMEPOB IIO-
3BOASIOT IJ€A€HAIIPABACHHO PETyAHPOBATh CTPYKTYPY
BYAKQaHU3ALMOHHON CEeTKU IIPH OAHOBPEMEHHOM YAY-
IIeHUN MX KOMIIAEKCA CBOMCTB. OKCIIAyaTal[HOHHBIE
CBOWCTBA Pa3pabOTaHHOI KOMIIO3UIIUH C IPUMEHEeHH-
eM $OoCcPOTUPOBAHHBIX AAKHAOAMHAOB XKUPHBIX KUCAOT

B KaueCTBe YCKOPHUTEAS, IOAHOCTbIO COOTBETCTBYIOT
KOHTPOABHbIM.

Takum 06pa3soM IOAydYeHHBIE AQHHbBIE CBHAETEAD-
CTBYIOT O BO3MOXXHOCTH IpuMeHeHus ¢$pocpoTupo-
BaHHBIX AAKMAOAMUAOB >KMPHBIX KHMCAOT B KauecTBe
YCKOPHTEAS B pelieNType 9AACTOMEPHbIX KOMIIO3HUIIUI
IIMPOKOTO Ha3HAYeHUsI 6e3 N3MeHEHNUS AeHCTBYIOIIEro
TeXHOAOTMYECKOIO IPOIiecca M perAaMeHra.
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MpoekTupoBaHne peKoHPUrypupyembix MaHUNYNSALUNOHHbIX
MeXaHU3MOB AJ19 BOCNPOU3BeAeHUa peryimpyembix
KOHTPOJINPYEeMbIX BUHTOBbIX U BpallaTesibHbIX NepeMeLLeHUi

AHHOTaI.II/IH: HpHBeAeHbI TIPUHIUIIBI IIEACHAIIPABAEHHOI'O CTPYKTYPHOT'O 1 KWHEMATHIECKOI'O CUHTE3a PEKOH-

$UrypupyemMpIx MAHUITYASIIMOHHBIX MEXaHHU3MOB AASL BOCITPOU3BEAEHUS Per'yAUPyeMbIX KOHTPOAMPYEMbIX BUHTOBBIX

H BpamaT€AbHbIX HepeMemeHHﬁ.

KaroueBbie cAoBa: pexon(})nrypnpyeMbIe MaHHITYAIITUOHHbIE MEXaHN3MbI, BHHTOBbBIE II€pEMENICHM, Bpallia-

TEAbHbBIC II€PpEMEIIEHI .

AASL OCYyIeCTBAEHNS IIPOU3BOABHbIX IIepeMeleH I
06beKTa B MPOCTPAHCTBE, KAaK IIPABUAO, UCIIOAB3YIOT
YHUBEpCaAbHbIE MAHUITYASITOPBI € 6-10 1 6OA€€e CTeleHs-
MU TIOABHKHOCTH.

OAHAaKo, IpY aBTOMATH3ALMU OCHOBHBIX U BCIIO-
MOTATeAbHbIX OTepanuil (B Omepanusx TUMA “B3ATh-
TIOAOXKHTD” ) HEOOXOAUMO MEPUOAMYHO OCYIIECTBASTD
OAHO ¥ TO K€ AEHCTBHE: IIEPEeBECTH OOBEKT M3 OAHOTO
33AQHHOTO [TOAOXKEHUS B IPOCTPAHCTBE B APYTro€ Ipo-
U3BOABHOE [IOAOKEHME. 3aTeM U3 YCAOBHUSI BOCIIPOU3BE-
AEHHS ABYX ADPYTHX IIPOU3BOABHBIX [IOAOXKEHHIT 0ObEK-
Ta HEOOXOAMMO [IepPeHAAKUBATH MAHUITYASTOD. Takue
33AQ4U MOXKHO PELIUTh IOCPEACTBOM PEKOHPUIYPUPY-
€MBIX MaHUITYASIIIOHHBIX MEXaHU3MOB, BOCIIPOU3BOASL-
LIUX peryAupyeMble KOHTPOAMpPYeMble BUHTOBbIE HAU
BpamareAbHble nepeMenjerus. CTpyKkTypHO-Iapame-
TPUYECKOMY CHHTE3Y U CO3AAHHIO I1ePEeHAAVKIBAEMBIX
MaHUITYAS[IMOHHbIX MEXaHU3MOB IIOCBSIIeHbI paboThI
[1-11].

AATOpUTM CHHTE32a ONUIIEM Ha PUMepe IPOeKTH-
POBaHUS IPOCTPAHCTBEHHOIO PEKOHPUIYPUPYEMOTO
MaHUyAsiuoHHOro Mexanusma tuna IITICBIICIIT
(puc. 1) AAS BOCTIPOM3BEACHHS PETYAMPYEMBIX KOHTPO-

AMPYeMBIX BUHTOBBIX ABIKeHHIL [Ipu pabore mMaHumy-
ASIIMOHHOTO MeXaHMU3Ma PYHKIIMOHUPYIOT AUIIb IOAYEP-
KHYTBbI€ TIapBL.

ITo 3apQHHBIM IIPOU3BOABHO PACIIOAOKEHHBIM B IIPO-
CTPAHCTBE ABYM IIOAOYKEHHSIM 0ObeKTa HAXOAUM IIapa-
MeTpBI BUHTA KOHEYHOT'O ITepeMeljeHUs Si]. [12].

Bunr §ij , IEPEBOASIIUIT O6BEKT U3 1 -TO MOAOXKEHHUS
B ] -0€, XapaKTePU3yeTCsl CACAYIONUMHU MTaPAaMeTPaMH:
S,.]. (XS,Y ,ZS) — @AVHHYHBIA BEKTOP ITAPAAACABHBIN

s

ocu BuHTa, A; (XA,YA,ZA) — BEKTOP IPOU3BOABHOM
TOYKH Ha OCH BUHTa S,
AVMHHbI BPAIIATEABHOTO M IOCTYIIATEABHOT'O IIepeMellle-

91-]- u tij — COOTBETCTBE€HHO BE-

HUI BOKPYT 1 BAOAb OcH BuHTa (pHC. 1).

Ocp BuHTa §ij AOAXKHA COBITAAATD C OCHIO OAYEPKHY-
TOM BpamaTeAbHOH napbl. CXBaT MaHMITYASIIMOHHOTO
MeXaHHM3Ma YKPEeNASIeTCs C IOCTYIaTeAbHOM KHHEMATH-
YeCKOM IMapOox.

AAst obecriedeH st HAMAGHHOTO TIOAOXKEHHUS OCH BUH-
Ta B IPOCTPAHCTBE OIpPeAEeAsieM TOUKHU Nepecederuss D
u D' ocu BuHTa C ABYMS TapaAA€ABHBIMU ITAOCKOCTSMH
Pu P' (puc. 1):

Y=0,Y=I.
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X

Puc. 1. NpocTpaHCTBEHHbI PEKOHPUIYPUPYEMBIA MaHUMYNSLUNOHHBIA Mexannam Tuna [1ICBIICTIN

Koopaunarsi roukn D onpepeasiem kak koopAuHATHI
TOYKH TepecedeHus AMHIH (OCH BUHTA) C TAOCKOCTBIO
Y =0. B o6mem Bupe (Y #0):

X-X, Y-Y, Z-Z
XS YS N
X,=X,-Y, X, /Y, Z,=Z,~Y,-Z.1Y,

!
Koopaunarsi ske Touku D onpepeasieM Kak KOOpAH-

A orkypampu Y =0:

HATbI TOUKH IIePeCeYeH s ITOM 5Ke OCH BUHTA C IIAOCKO-
creio Y =1
X=X, +(1-Y,)- X, /Y, Z,=Z,+(1-Y,)-Z, Y,

IToaoxenus Touex D u D' obecreunaem ¢ momo-
w0 kuHeMatndeckux neneit tuna II1IC, xotopsre Ha-
xopsTcs B iaockoctsax P u P'. TIpu aTom nenTps cde-
prdeckux map cosmaparor ¢ Toukamu D u D', Oany
U3 chepUIeCcKUX Map HYXHO CHAOAMTD IAABIIEM AAS
IPeAOTBpalleHHsI BOZMOKHOCTH CaMOIIPOHU3BOABHOT'O
Bpamenus cxsara Bokpyr ocu DD,

AASI BOCIIPOM3BEAEHHS ABYX APYTUX IIOAOXKEHH I 00'B-
eKTa B IIPOCTPAHCTBE HAXOAMM APYTOi BUHT KOHEYHOTO
nepememenys. Och BUHTa epeceyeT ITapasAeAbHbIe IIAO-
ckoctu P u P’ B Apyrux TouKax, MOAOKEHHS KOTOPBIX
06ecIedrnBaloTCsl peKOHPUIypUupoBaHueM (HepeHa-
CTpOIKOit) ABYX KuHematnueckux reneit tuna IIT1C.

ITpryem mocTymaTeAbHbIe Mapbl PYHKIUMOHUPYIOT
TOABKO ITPU NePEHACTPOHKe PeKOHPUTYPHPYEMOTO Ma-
HUITYASIIIMOHHOTO MeXaHH3Ma.

OTH IOCTyTaTeAbHbIe TTAPhl MOXXHO 3aMEHHTD Bpa-
IJATEABHBIMH ITAPAMH, OCH KOTOPBIX IIePIIeHAUKYASPHbI
naockoctsivu P u P’

Taxum 06pa3oM, C MOMOIIBIO CIPOEKTHPOBAHHbIX
PEKOHQUI'YPUPYEMbIX MAHUITYASIIOHHBIX MEXaHU3MOB
IPOHM3BOABHbIE ABA TOAOXKEHHS 0ObeKTa BOCIIPOU3BOASIT-
¢ QYyHKIJMOHMPOBAaHHEM AMIIb ABYX ABHTaTeAei. CxBaT
MaHHITyASTOPA BOCHPOU3BOAHT BUHTOBOE ABIDKEHHE BO-

xpyr ocu DD’

AASL BOCIIPOM3BEACHUSI ABYX APYTHX [IPOM3BOABHBIX
[IOAOXKEHHUI 00bEKTa, IePEeHAADKUBAEM PEeKOHPUIYpH-
PyeMBLil MaHUITASILINOHHbIN MEXAaHU3M.

PaccMoTpuM Temeps 3aAa9y BOCIIPOU3BEAEHHS IIPO-
M3BOABHBIX ABYX MIOAOXEHMUI TOHKHX, AAMHHBIX (KOTAQ
COOTHOIIEHUE AAUHDI K AHAMETPY AeTaAH 60AbIIe 6-1)
AeTaAell TUIIa TeA BpaieHus. B aToM caydae oaoxeHue
AETaAU B IIPOCTPAHCTBE MOSKHO OIIPEAEAUTDb KOOPAUHA-
TaMH ABYX TOYEK Ha €I0 OCH.

AATOpUTM CHHTe3a OIMIIEM HA IIPUMEpPE IIPOEKTH-
POBaHUS IPOCTPAHCTBEHHOIO PEKOHPUIYPUPYEMOIO
MaHHIyASMOHHOrO Mexanusma tuna BBCBCBB
(puc. 2) AAS BOCTIPOMBBEACHHS PeryAHPYeMbIX KOHTPO-
AVMIPyeMBIX BpallaTeAbHBIX ABIKeHuit. [Ipu pabote MaHu-
IyASLIMOHHOTO MEXaHU3Ma PYHKIHOHUPYET AVILID IIOA-
YepKHyTasl BpaljaTeAbHAsl KUHeMaTH4YeCKasl [apa.

ITo 3apQHHBIM ABYM IIOAOSKEHHSIM A€TAA€Hl TUIIA TeA
BpaIleHHs MOYKeM HAlTH OCh YMCTOTO BPAILleHUs [13], Bpa-
IjeHreM BOKPYT KOTOPO¥ Ha YTOA 0, MOXHO IIepeHecTH
AETaAb U3 CBOETO I-TO MOAOXKeHHUS B | -oe. C IIOMOIIbIo
dopmya [13] HaxOAMM HaTIpaBASOLIHE KOCHHYCHI OCH Y-
CTOTO BpaljeHust fij ¥ KOOPAMHATBI TOUKH A, Ha 9TOH OCH.

Ocp 9KMCTOro BpaleHNs] AOAXKHA COBIIAAATD C OCBIO
[OAYEPKHYTON BPALIATEAbHOM ITapbL. AaAee, Kak U B Ipe-
ABIAYLIEM CAyHUae, OLIpeAeAsieM TOUKHY Iepecederust D u
D' ocu umcTOro BpaImeHus ¢ mapaeAbHbIMU IAOCKOCTS-
mu Pu P,

IMoaoxenus Touexk D u D' o6ecmeunBaem ¢ momo-
mpio KnHeMarudeckux nereit Tuna BBC, ocu Bpama-
TEABHBIX I1ap KOTOPBIX IEPIIEHANKYASPHBI IAOCKOCTSIM
PuP.

Ilpu aToM 1eHTpHI cPepuuecKux Iap COBIAAAIOT
c roukamu D u D'. Opny u3 cpepudeckux map (D)
CHAOAVIM IIaABLIEM AASL IIPEAOTBPALEHHs] CAMOIIPOU3-
BOABHOTO BpaIlleHus cxBaTa BOKpyr ocu DD,
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Puc. 2. NpocTpaHCTBEHHBIV PEKOHDUIYPUPYEMBIA MAHUMYSILLMOHHBIN MexaHn3m Tuna BBCBCBB

AAsL BOCTIpOU3BEACHHS ABYX APYTHX OAOKEHHI Ae-
TAAM THIIA TeAA BPAIleHHs] HAXOAUM APYTYIO OCb YUCTOTO
Bpamenust. Och epeceder napasseAbHble maockocru P
u P' B Apyrux Touxax, moAoKeHUs KOTOPBIX obecreun-
BAlOTCA peKoHPUrypupoBaHueM (IepeHacTpoitKoit)
ABYX KnHemarmaeckux neneii turma BBC .

Tpuuem Bpamareasnbie mapet B, C u B, C' pynx-
ITMOHUPYIOT TOABKO IIPU ITePeHACTPOHKe PeKOHPUTYPH-
PYyeMOro MaHUIYASIIIMOHHOTO MeXaHHU3Ma.

Taxum 06pa3oM, ¢ MOMOMLIBIO CIIPOEKTHPOBAHHOTO
PEKOHPUTYPUPYEMOT0 MAHUITYASITHOHHOTO MEeXaHU3Ma
IPOM3BOABHbIE ABA IIOAOXKEHMS TOHKHX, AAMHHBIX AeTa-

Al THIIA TeA BPaIlleHHs BOCTIPOM3BOAATCS QYHKIIMOHM-
POBaHHEM AUIIb OAHOTO ABUTATEASL.

CxBaT MaHHUIIyASTOpPa BOCIPOU3BOAUT BpalaTeAb-
HOe ABWXeHUe BOKpyr ocu DD’

AAsl BOCTIpOM3BEAEHHUS ABYX APYTUX IIPOM3BOABHBIX
IIOAOXKEHHUFT 0OBEKTa, TUITA TEA BPAIeHNUs], IlePEeHAAQKHIBA-
eM peKOHQUI'yPUPYyeMbIil MAHUITYASIIOHHbII MEXaHHU3M.

Takum 06pazoM, CIIpOeKTUPOBaHHbIE PeKOHPUTYPH-
pyeMble MAHHUITYASIIOHHbIE MEXaHH3MbI 00€eCIIeYNBAIOT
IIPOCTPAHCTBEHHBIE [TePeMeIlleHHsI 00BEKTa U3 OAHOTO 3a-
AAQHHOTO IIOAOXKEHHS B APYTOE C IIOMOIIbI0 MUHUMAABHOTO
qHCAA ASICTBYIOIUX KUHEMATHYeCKUX nap (PHBOAOB).
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NccneposaHue n meTopa pacyeTa BUGpoonop asTo6eToHocMecuTens

AnnoTtanus: B crarbe paccMoTpeHa mpobaeMa BHOPOU3OASIIMU 6€TOHOCMECHTEAS] OT H30bITOUHBIX BUOPAIfHiT

IIpu CAY‘-IafIHbIX KOA€OAHHAX aBTOOETOHOCMECUTEAS BO BpeM: TPaHCIIOPTHPOBKH 6eToHa. HPI/IBQAEH METOA pacdeTa

BI/I6p00HOp aBTOOETOHOCMECHTEAS.

KaroueBbie caoBa: BH6poonopa, aBT066TOHOCMeCI/ITeAb, BI/I6POI/130A}II_II/1$I, CquafIHbIe KOA€OAHMS CUCTEMBL.

ObecneyeHrer}eAbHOCTHO TOHHOMCME CUIIPH TPAHC-
[OPTUPOBAHHIH UX ABTOOETOHOCMECHUTEASIMH OT HETOHO-
pacrBopocmMecuTeabHoro yaaa (BCY) k crpouteapromy
00BeKTY, BOBMOXXHO AOCTHYb YCTAaHOBKO BHOPO3aIHT-
HBIX YCTPOFICTB MEXAY BPAIIAIOIIUMUCS OeTOHOCMeCH-
TeAeM U LIACCH ABTOMOOHASL.

Kak 13BecTHO, OOABIIMHCTBO SKCIIAYaTHPYEMBIX CO-
BpEMEHHBIX YCTPOMCTB AMOPTU3ALMH U BHOPO3AIHTHI
IPEACTABASIOT CO0OI1, B CYIHOCTH, HEAMHEFHbIE CHCTe-
MBI, paboTaioliye P 3HAYUTEABHBIX CMEIeHHSX U Ha-
rpy3Kax.

B M3BecTHBIX CHCTEMAaX aKTHBHOM U [TACCHBHOM BU-
OpO3aIUThI HIMEIOT MECTO IIMPOKOe IPHUMeHeHHe pe3u-
HOMETAAAMYECKUX U [THeBMATHYECKUX AMOPTH3aTOPOB,
TUAPO ¥ ITHEBMATHYECKUX AeMIIPEepOB, a TAkKe aMop-
TH3aTOPOB C peryAnpyeMeiMu mapamerpamu. Caepyer
OTMETHUTBD, YTO YIPyrHe BOCCTAHABAMBAIOIINE, & TAKOKe
AUCCHIIATUBHBIE CHABI B TAKUX aMOPTH3ATOPAX IIPeA-
CTaBA€HbI, KaK IIPABHAO, B BHAE HEAUHEHHbIX (yHKI[UI
CMeIeHMM U CKOPOCTEM.

CaepyeT paccMOTpeTb NMpOCTEHIIne Pe3HHOBBIH
aAMOPTH3aTOP, KOTOPBIA YCTAHABAUBAETCS OOBIYHO
B OIIOPaX BPAIAIOIIErocsi 0eTOHOCMeCHTEAS IIPHU YCTa-
HOBKE €r0 Ha IIaCCH aBTOMOOHUASI pabOTaOIHi1 Ha CKa-

P(x) A

i

THe. B 3aBUCMMOCTH OT BEAUYMHBI OTHOCUTEABHOM Ae-
dopmanuu
e=(6-x)/6, (1)

Yipyrasi BOCCTaHaBAMBAIOLIAsI CHAQ OYAET oIpeae-

ASITHCSL OMITMPUMECKUM COOTHOmeHueM [ 1+3]:

P(EFk,,, =k, -E-F[(1/67)-2]/3)  (2)
rAe § — ToamuHa (BbICOTA) PE3MHOBOTO aMOPTHU3aTOPA;
X — abcoAloTHOe ymeHbleHue pasmepa; k, —=——
SMIIMPHUYECKUN KO3PPUIIMEHT, YIUTHIBAIOIUN GOpMy
IIOTIePeYHOTro ceueHusl; E — MOAYAb YIPYrocTH Ipu
MaAbIx Aepopmanuax; F — maomapp momepeyHoro
CeyeHUs Pe3MHOBOTO aMoOpTH3aTopa. Bmeass HOBYyIO
nepeMeHHYI0 ¥ =0 — X, AAl BOCCTAHABAMBAIOIIEH CHABI
IIOAYYHM IIPUOAYDKEHHYIO pOPMYAY

P=EFk_( 36°x-36x"+x" )/35(6 -x) %

~k,,EFx/(6 —x)=k,,,EF(6 /v-1), (3)
KOTOPasi C AOCTaTOYHOM CTEIIEHbI0 TOYHOCTHU COTAACYeT-
CS1 C 9KCTIePMMEHTAABHBIMU AQHHBIMHE [ 1+4].

Hosas nepemennas ¥ =0 —X HpeAcTaBAsieT coboil
pa3Mep pe3HHOBOrO aMOPTH3ATOPA B IIpoIiecce KoAeba-
HUI U SIBASIETCSI BEANIMHOM TOA0XKUTeAbHON V > 0. Yipy-
rasi cuAa P 3aBUCUT OT KOOPAMHAT X UAU V COOTBETCTBEHHO
runep6oaryeckoMy 3akony (pucyHok 1).

P(v) A

V>0

PucyHok 1. 3aBUCUMOCTb yrpyrom BoOCCTaHaBNMBALOLLEN CUbl P B pe3MHOBOM
amopTm3aTope OT abCONMOTHOIO X M OTHOCUTENIBHOTO V CMELLEHWNI
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AASL IOAYeHYIsL yPAaBHEHYSI KOAeOAHUIT CACAYeT BBe-
CTU UHEPLMOHHYIO CHUAY MX WM AUCCHIATHBHYIO CHUAY
2£X, COOTBETCTBYIONIYI0 MOAEAU BS3KOTO TPEHHSL
(Macca

oyaeT

ABIDKEHUSI  aMOPTHU3HPYEMOIT
Bpalalomerocs  GeTOHOCMecHTeAs)  m
OTIPEACAATHCS CAEAYIONMM BBIPKEHHEM

mx+2& x+ P(x) = Q(t), (4)
rae Q (t) — aKTHBHAs CHAQ, ACHCTBYIOMAs HA MACCY /M.
Ecan

MacCChbl

BO30y>XA€HHMEe  KOAeOAHMI  IIPOM3BOAUTCS

kuHeMarudeckuit, To cuaaQ (t) 6yaeT BbIpaskaThcs uepes
YCKOpeHHe OCHOBAHHS w(x) :
Q(t)=-mo
YauThIBast 3aBECHMOCTb AAS yrpyroit cuast P (140)
¥ TIepexoAs K epeMeHHoM v (1), 3aruineM ypaBHeHHe
ABYDKEHHS
v+2ev+b(1-8/v) = (s)
rne €=6/mb=k,, EF/m
Ilpyn HaAmMYMM aKTHBHOM CHABL, AEHMCTBYyIOIIei
Ha MacCy #1. IPaByIo 9acTb B (5 ) 3aMeHNM BeAMIMHON —
Q/m u 3amumeM ypaBHEHHe ABIDKEHHS CACAYIOIIHM
obpasom
v+2ev+b(1-8/v)=Q/m, (6)
CaepyeT OTMETHTD, YTO €CAU BHEIIHEE BO3ACHCTBHE
Q ®

IIPEACTABASIOT

AN KHHeMaTHYecKoe BO30y)XXAeHHE @
IIPOIECCHI,
10 ypasHenus (S) u (6) 6yAyT OnHMCHIBATD CAy9ail cAy-

YaMHBIX KOAeOAHMM 0OBbeKTa MAacCOM 1, a TAKKe ero

coboil  cAydaiiHbIe

a6CcOAIOTHOE cMemeHue X =0 — V MOAOXKHTEABHO, ECAH
HAlpaBA€HO B CTOpPOHy ocHoBaHuA. OmpeaeseHue
OITHUMAABHbIX TAPAMETPOB BUOPO3ANUTHBIX yCTPOFCTB
AKTMBHOTO HMAM IIAaCCMBHOIO THIIA HEIIOCPEACTBEHHO
CBA3aHO CO 3HAHMEM CTATHCTUYECKMX XapaKTEPUCTHK
CAYYalHOTO Mpoliecca x (t) uam v (t). CaepoBaTeAbHO,
BO3HUKAeT 3ajpada CTaTUCTHYECKON AMHAMUKH AAS
ypasrenwuil (5) u (6). XapakTepHO#t 0cO6€HHOCTDIO 9THX
YPaBHEHUIL IBASIETCS TO, YTO IepeMeHHast v (1) He MOXKeT
IIPUHMMAaTh OTPHUIIATEAbHBIX 3HadeHuil. To >xe camoe
MOXXHO CKa3aTb M O PpE3UHOBBIX aMOPTHU3aTOpaX,
YCTaHOBAEHHBIX ~MEXAY ONOpPOM  BpalJaoIerocs
beToHOCMeCHTEASI U aBTOMOOMAS,  Kak
0 BHOpPO3AmUTHON CHCTEMe, B KOTOPO# 00001eHHasI
koopauHara v (f) C TOYHOCTBIO AO MOCTOSIHHOM
OIpeAeAsieT MEXAY
U aMOPTUBHPYEMBIM 0OBEKTOM.
YcTaHoBKa  Bpaljaromerocs
Ha IIACCH aBTOMOOMAS IIOCPEACTBOM ITHEBMOOIIOD
ITO3BOAUT  3al[UTUTh  AMOPTUSHPYEMYIO  MaccCy
OT BO3AEHCTBHA BHOpanuii ¢ yacroramu or 3...5 I
U Bbllle, KOTOpble mupoko nmpumensioorcs B CIIA,

Iepannmn u CHIL  BaxspiMH  AOCTOMHCTBaMU

naraccu

paccTosaHue OCHOBAaHHEM

6eToHOCMECUTEAS

IIHEBMOOIIOPHI SIBASIETCSI BOSMOXHOCTD O0ecIieueH s ee
HU3KOM KECTKOCTH ITPU OOABIIHX HATPY3KaX U BHICOKAS
TOYHOCTh CTAOMAMBALMH YPOBHS. YIOpyras CHAQ
B IIHEBMOTIOPIIHEBbIX aMOpTH3aTOpax (MHeBMOOIOpax)
COBAQETCS 32 CUET CKATHS BO3AyXa (Tas3a) mpu ABIXEHUU
NOPIIHS B 3aMKHyTOM o6beMe [ S, 136-137]. Tlpu Maabix
M3MeHEeHUX 06'beMa 1 AaBACHHS BO3AyXa (Ta3a) AOAKHO
BBIITOAHATHCS Y paBHEHHE IIOAUTPOITIYECKOTO COCTOSHUS
[6,139-140]:
pV" =p,V, = const, (7)
rae p — AaBaeHue; V — obbeM; h — Imoxasareab
TIOAUTPOTIBL, p, U V| — HavaAbHble 3HAYECHHUSL.
PaBHOAEHCTBYIOIAs! AABACHUS p B THEBMOIIOPIIIHE-
BOM aMOpTH3aTOpe
R=pF=pV,-F/F'(§-x), (8)
BoccranaBamBaromas ypyrasi CHA2 paBHa Pa3HOCTH
R u crarnmaeckoro yeuans R, = p F
P(x)= pOF{[5 1(5-x)] - 1} 9)
[Tpu BpiBope (8) 1 (9) HEO6XOAMMO yUecTD BbIpaxe-
uus aag o6vemos V, = F -0,V = F(6 —x) . Toraa ypas-
HeHUe ABWKEHHUs aMOPTH3MPYeMoil Macchl (Macchl Bpa-
aroIerocs 6eToHoCMecuTeAsl C 6eTOHHOM CMeChIo) m
IIPHHAMAET BUA
x+2&x+(p,FIm)[ (5 /(8 —x))' —=1]=Q(t)/m (10)
3ameHUB nepeMeHHY0 V =0 — X, HOAYYUM
v+2ev+b[1-(8 /v)' |=-Q(t) I m,
ae b=p'F/m
B cAyyae KuHeMaTH4eCKOT0 BO30Y>KAEHMS KOACOAHHIT
Q=-m-o
YpaBHeHHe ABIDKEHHS 3aIIMIIEM B CACAYIOLIEM BUAE
v+2ev+b|1-(3/v)' |=o, (12)
rae v>0. TTokasateab moautponst h B Bipaskenusx (7)+

(11)

(12) ecTh sMnupraecKuil K09 P PUIHEHT, 3HAYEHHE KOTO-
POTO AASL CEpUIHBIX aMOPTH3aTOPOB HAXOAUTCS B IIPEAe-
rax 1,5...1,3S.

CaepOBaTeABHO, AQHHAS 3aAa9a CBOAMTHCS K H3yde-
HUIO CTaTHCTHUYECKHMX XapaKTePUCTHK CAYYaHHbIX ITPO-
neccoB x (t) u v (t), yYAOBAETBOPSIIOIMX ypaBHEHUSIM
(10), (12) npu 3aAaHHBIX XapaKTePUCTUKAX BO3AEHCTBHI
Q (t) mau @(t). Mo MOAY4EHHBIM Pe3yABTATAM CACAYET
BBIOPATh OIITHMAABHBIE TAPAMETPHI PACCMATPUBAEMO
CHCTeMbI [IPH OIIPeAeAeHHBIX TPeOOBAHUSAX K €€ Ka4eCTBY.

OCo0eHHOCTBIO MTOCTAaBAEHHON 3aAQYU C TOYKH
3peHusl  CTaTUCTMYECKOM  AMHAMUKU  SIBASETCS
OrpaHHYEHUs Ha 3HAYeHH TIepeMeHHbIX

v(t)>0,x(t) <8 (13)

Yeaosus (13) He TTO3BOASIIOT HCTIOAB30BATD TUTIOTE-
3bI TayCCOBOCTH AU KBA3HTayCCOBOCTHU MPO1eccos v (t),
x (t). CTarmcTryeckas AVIHEApU3ALK BhIPAXKEHUHA (10),
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(12) TarKe HCKAIOUEHA, TAK KaK He MOXKET BbIIBUTD Kaue-  BaTEAbHO, IPUMEHEHHUE CIIEKTPAABHOTO METOAQ HCCACAO-
CTBEHHBIX 0COOEHHOCTe! HeAMHEHBIX XapaKTePUCTUK.  BaHHS HeljeAecoO0bpasHo.

AoOnoAHHTeAbHAs TPYAHOCTb aHAAM3a CAyYalHBIX AASl aHAAM3a CTAIIMOHAPHBIX CAYYANHBIX KOAeOAHHUT],
KOA€OAHHIT CHCTEMBI CBSI3aHA C HAAMYHEM APOOHBIX CTe-  C IJ€ABIO yCTPaHEHHs YKa3aHHbIX TPYAHOCTER, HeOOXOAU-

rneHemn B BbIpa’K€HHH BOCCTaHaBAHBaIOLHEfI CHABDI. CAeAO- MO IPUMEHHUTD KOPPEASIITMOHHYIO METOAUKY.

w
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CFD simulation of production of NOx in coal-fired furnaces

Abstract: Computational fluid dynamics (CFD) has been accepted as a powerful and effective tool for control
and analysis of coal-fired utility boilers. Since coal burning in a utility boilers is a very complex process that comprises
high-temperature reacting turbulent flow, particles transport and radiative heat transfer a reliable numerical simulation
models of coal combustion requires high accuracy and careful interpretation of its numerical results.

Keywords: Computational fluid dynamics, Furnace, Combustion, Heat and mass transfer.

The object of this study was to improve an engineer-
ing tool by which combustion behavior of low-grade
coalsin coal-fired utilities boilers can be predicted. Com-
putational fluid dynamics code FLOREAN was used to
predict performance of full scale pulverized-coal util-
ity and introduce additional models to simulate boilers
of various types and pollutant emissions formation in
combustion process, to provide and validated the model
parameters required for the simulations. The main mo-
tivation of the numerical combustion research is its use
for design and development of the combustion chamber
modifications and other important parameters needed
for the effective boiler performance.

Computational Fluid Dynamics is a powerful tool in-
creasingly used for the solution of flow and combustion
related scientific and engineering problems. The appli-
cations of CFD tools have a broad variety: combustion,
heat and power generation, turbo machinery, aerospace
and auto industry, chemical engineering etc. In the field
of combustion CFD is being widely used for the optimi-
zation of pulverized coal-fired industrial furnaces. The
modern combustion systems of power generation must
satisfy the number of demands. They are high degree of

solid fuel burnt out with a minimum of excess air, lower

slagging in the combustion furnace, operation with easily
removed friable ash deposits, low NOx emissions due
to combustion process modifications, acceptance of
coal quality variations without significant reduction of
combustion efficiency and boiler plant availability etc.
Additionally there is requirements for the combustion
systems to be in agreement with CO2 sequestration.

In the last years emissions regulations throughout
the world are driving the need to modernize combustion
equipment to reduce NOx and other pollutant emissions
from power and steam generating plants. As environmen-
tal regulations on industrial emissions have increased,
the focus of coal research has shifted more and more to
understanding and reducing harmful pollutants such as
nitrogen oxides.

Common methods of reducing NOx emissions dur-
ing coal combustion include different primary and post-
combustion measures. The objective of these methods is
to assure that nitrogen is emitted as N2 rather than NOx.
For example, staged combustion has achieved moder-
ate success in reducing the amount on volatile nitrogen
that is converted to NOx. However, because the nitro-
gen in the char is released by heterogeneous oxidation,
staged combustion methods have little effect on NOx
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formed from nitrogen in the char. Low-NOx burners re-
duce NOx emissions by creating locally fuel-rich regions
with sufficient residence time and appropriate tempera-
tures in which volatile nitrogen is converted to N2 rather
than NOx. Low-NOx burners have the potential to sig-
nificantly reduce NOx emissions from coal combustion
facilities and are currently the most economically favor-
able alternative.

This study also sought to enhance the industrial use-
fulness of the applied CFD tool. It is expected that with
these additional features, the CFD complex FLOREAN
will be very useful in improving combustion process of
low-grade colas in different boilers of industrial enter-
prises. A three dimensional computational fluid dynam-
ics code was used to analyze the performance of different
boilers with pulverized coal combustion at different opera-
tion modes. The main objective of this study was to show
anumber of possibilities of the applied three-dimensional
furnace modeling as an effective method for design, opti-
mization and problem solving in power plant operation.
Consequently, the FLOREAN — code was used to pre-
dict thermal and hydrodynamic aspects of airflue gases
mixing in the near wall region and in inside of the combus-
tion furnace. In the case of OFA technology study it was
demonstrated that effective mixing between flue gases and
over fire air is of essential importance for CO reburying
and NOx reduction.

Air staging or two-stage combustion, is generally
described as the introduction of over fire air into the
boiler or furnace. Staging the air in the burner (inter-
nal air staging) is generally one of the design features of
low NOx burners. Furnace over fire air (OFA) technol-
ogy requires the introduction of combustion air to be
separated into primary and secondary flow sections to
achieve complete burnout and to encourage the forma-
tion of N2 rather than NOx. The Over fire Air (OFA)
process involves diverting a portion of the combustion
air from the primary zone and channeling it through
a number of ports above the top row of burners. This
creates two zones, an oxygen lean primary zone and a
second oxidizing burnout zone where the combustion is
completed. Primary air (70-90%) is mixed with the
fuel producing a relatively low temperature; oxygen de-
ficient, fuel-rich zone and therefore moderate amounts
of fuel NOx are formed. The secondary (10-30%) of the
combustion air is injected above the combustion zone
through a special wind-box with air introducing ports
and/or nozzles, mounted above the burners. Combus-
tion is completed at this increased flame volume. Hence,
the relatively low-temperature secondary-stage limits the

production of thermal NOx. The location of the injec-
tion ports and mixing of overfire air are critical to main-
tain efficient combustion. Retrofitting overfire air on an
existing boiler involves waterwall tube modifications to
create the ports for the secondary air nozzles and the
addition of ducts, dampers and the wind-box. For stan-
dard OFA systems the injection velocity through the
ports is typically similar to that through the burners as
the air is taken at the windbox or secondary air pressure.
OFA has the advantage of needing no additional power
consumption as the FD fan supplies the over fire air. Due
to the higher air velocities, reduced residence times are
required before the injection of the over fire air, to allow
complete burnout of the coal particles.

A number of numerical experiments have been car-
ried out with the aim to study influence of different tech-
nologies on formation of harmful emissions and furnace
performance. First way is Over Fire Air technology. Over
fire air (OFA) has been used for a long time on many coal
fired boilers to achieve NOx reductions in addition to
Low NOx Burners alone. OFA is a very cost effective way
for reductions between 20 and 40% of the uncontrolled
NOx emission.

The Over Fire air is injected by jet injectors at differ-
ent planes at upper levels in the furnace chambers. The
arrangement of the jets is similar to the burners arrange-
ment. Mixture of the air and coal powder is injected in
down furnace part.

The mixture then flows up and burns, while it trans-
ters some of the combustion heat to the walls containing
the water pipes. A fraction of 10% and 20% of the total
combustion air is diverted from the burners and injected
through the OFA in the upper part of furnace. Use of
over-fire air can lead to reduction of NO emissions up
to 28% in comparison with operation without OFA,
while boiler thermal efficiency decrease to 0,17% due
to increased losses by with unburned carbon and car-
bon monoxide corresponds up to efficiency loss. Veloc-
ity fields in vector shape for the level of OFA location for
studied boiler is given on Figure 1.

Figure 2 shows temperature distribution via furnac-
es height for studied cases. Points are correspondent to
experimental data (Fig.2) for furnace PK39 operation
without OFA [2; 1]. Large differences in calculated and
experimental values of temperature are observed in the
region of ignition and extinguishing. Apparently, it could
be due to the increased heat radiation which is set be-
cause of the supposition about complete combustion
of carbon and in neglect by endothermic restitution of
CO2 in coke resulting in increase of temperature.
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The influence of OFA on NOx formation in furnac-
es is shown on fig. 4. Use of over-fire air can lead to re-
duction of NO emissions up to 28% in comparison with
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Figure 1. Velocity field

operation without OFA, while boiler thermal efficiency
decreases up to 0,17% due to increased losses by with
unburned carbon and carbon monoxide (Fig. 7).
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Figure 2. Influence of OFA on temperature distribution in the furnace of PK39-steam generator
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Figure 3. Influence of OFA on temperature at the furnace outlet of PK39-steam generator
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Autophase microwave-convertor with multiple energy input

Abstract: The article considers the two-section TWT with an autophase output section model. It presents the
results of numerical modelling of the back conversation in autophase TW'T at the multiple microwaves energy input.
It has been revealed that the efficiency of the back conversation can be considerably increased by the choice of optimal
low of the static potential profile change.
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The main mechanism of the autophase TWT workin ~ much more, for example ten times more, than in a bunch
the direct operation is described enough in the article  section. Given certain conditions electron bunches are
[1]. The interaction mechanism in the autophase de-  taken by the running wave in its potential minimum and
vices is the following: a bunch electron beam is gunin  drift with speed that equals phase speed of the wave,
the interaction space, where the resistive coupling is  saving their stability. Shifting the bunch in the breaking
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phase of the field by the static electrical field the high
level of the conversion from the energy of static field to
the energy of the microwave can be reached. The reverse
conversation can be efficiently carried out by changing
the pulling field sign or shifting the bunch into the ac-
celerate phase of the microwave field [2; 3].

In the article the reverse conversation operation is
studied by the numerical modeling method and the
common scheme of such operation is investigated too.
According to this scheme the input signal has to be suf-
ficient to form an electron bunch. The bunch section can
be realized by several ways. It can be a segment of the
TWT, for example. The significant microwave power is
given to the autophase section enter. Due to the phasing
methods the entering electron bunch stand on the bot-
tom of the running wave potential well, and the shifting
static field conditions the bunch pressure on the well
wall from the accelerating field side. Such scheme pre-
supposes the presence of the natural restrictions on the
transformable microwave power and transformation ef-
ficiency.

The conditions of the transport of the extensive
beam in the interaction space determine the enter pow-
er level. The upper bound of the microwave power, that
transforming in a constant one, is determined by the
conditions of the saving of the bunch and wave finite
movement [4]:

| Ecm

Eo |V0 —Ll0|

g lg|’K,

E, — the static field, E  -the microwave field, g —
the electron charge, @ — frequency, K, — the resistive
coupling, v, — drift velocity, u, — group velocity of the
wave.

The presence of the powerful transverse variable
fields also promotes a decay of the electron bunch. The
electron, leaving the bunch and escaping the potential
well, will infinitely shift along the interaction space,
taking the energy for an acceleration, and set on the
breaking system. Both these phenomena decrease the
conversation efficiency.

There is also a lower microwave power bound,
where the autophase conversation stops. In case of a
single microwave power input in the interaction space
and its following conversation in the current power the
potential well depth decreases along the interaction
space. So the running wave field cannot hold the electron
bunch in the given phase relationships. The shoaling
of the potential well to the critical level occurs at the
significant remnant enter microwave power values. As the

numerical calculation showed this remnant power value
can reach 30% at one energy enter. To reduce it the
breaking system with increasing resist coupling at the
exit is necessary to make. But it is needed to account
the changing of the breaking system dispersion which
conditions the increasing difficulties in the phasing of
the bunch and field.

To resolve this contradiction it was suggested to
make several microwave power inputs in the exit part
of the autophase TWT [S5]. They allow to prolong
the interaction space length, on which the condition of
the electron bunch containment in the potential well
of the running wave saves. The injection of the next
microwave power can de technically carried out by using
the directing device of communication, for example, like
directional coupler. It is of interest to construct such a
method of conversion control in which the additional
enter microwave power and the bunch are in the
optimal phase relationships. But the additional enter
of the energy is situated on the mutually fixed distance,
while depending on the regime parameter the necessity
of additional microwave energy injection can be in the
point before enter. These difficulties can be removed
by the optimal selection of the electrical breaking field.
The properties mentioned above condition the necessary
of the model researches of the back conversion at the
different parameter values. The researches carried out by
the numerical analysis in 3-D model of the TWT, what
was described in [ 6] first.

The plots of dimensionless amplitude of the high-
frequency field in the autophase section are shown in
Pic.1. At the points £ = 2 and £ = 3 the additional
microwave power was injected and the back conversation
process was lasted and the conversation efficiency was
essentially increased. The generic plots are presented in
Pic.2. Using them the static field parameters can be
optimally matched in the interaction space between the
second and the third additional energy injections at the
different values of the breaking field at the autophase
section start. The present dependence allows to optimally
manage the back energy transformation at the fixed
distance between energy injections.

The model studies allow to state that the introduced
way of the energy conversation actually allows lasting
the back transformation and constructing the effective
convertor. The nonfulfillment of the autophase condition
cannot prevent the bunch destruction. The analysis
of the calculation results allows to make the following
conclusions. At the transition from the grouping to the
autophase section the resistive coupling jump has to be
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rather large, according to the transition coefficient equals ~ maintenance. The distance between microwave
100. The additional energy inject has to realize before =~ power inject decreases while the autophase section

the capture breaking at the well grouping condition  length increases.
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Pic. 1. The dependence of the nondimensional amplitude
of the high-frequency field on autophase section length
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Aral Sea.

Nowadys an dichlorohydringliserin [DGG] is widely
used for the polymers synthesis, and its high reaction
ability made it possible to synthesize some epoxy poly-
mers [1;2].

The reactions of interaction DGG with amino-units
are more studied [ 1; 3] and as a result, the polymers with
high reaction activity were received, which are used as
superficial active substances, high-molecular stabilizers,
polymer glues, etc. In this aspect the reaction of inter-
action DGG with trivalent phosphorus units, which is
the same according to structure of trivalent nitrogen, is
much more interesting for study. We have studied the re-
action of interaction DGG with triphenilphospin [ TPP]
which is less toxic.

The DGG before using was twice outrun (Boiling
T=389 K, n,*=1.4350; J1, n2°=1,1807). In IR-spectrum
the line of absorbtion at 2870-3000 cm™ ‘is reliable to
group (CHZ). The middle-intensively absorbing line in
850-800 cm™ is relating to the valents oscillation of
CCl1 structure group.

In PMR — spectrum the DGG is characterized by
two multiplete signals at 2,5 and 2,75 m. p. This is ex-
plained by the form of these signals which is the same

with the signals in PMR spectrum of propilen oxide
[S;6].

The multiplete complex signal situated in more
weak fields with a centre 3,45 is reliable to the two pro-
ton metilen groups which are connected with chloride
atom. Triphenilphosphin is the white crystals recrystal-
ized twice before using from the mixture of ethanol and
diethyl ester.

There are some absorbed zones of weak activity
in IR — spectrum.

IR —, PMR - and UV - spectroscopic investiga-
tions show that this product is a linear polymer, con-
taining guarternary phosphonium groups in its exter-
nal bonds. Accordind to potentiometric titration of
the polymers water solution, the polymer contains
chlor ions 10+1,0%, that is near the theoretical con-
tent of chlor ions in polymer, received of equimolecular
composition.

Thus the 1-st stage of the polymersization is
Menshutkin reaction — the quarternization of TPP by
dichlorohydringliserin.

For the investigation of TPP and DGG interaction
the IR and UV-spectrums of the 1-st and final products
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were registered, so as PMR spectrum of the 1-st compo-
nents, their mixtures during start and time.

In the polymer IR — spectrum, made on the basis
of TPP and DGG interaction, the stripe of deforma-
tion oscillation P-Ph is in the low-frequent zone up to
1350 cm™ in comparison with the zone in TPP- spec-
trum. This fact is explained by the low strength of P-Ph
unit because of quarternizied phosphor.

The valent oscillation C—Cl unit (850-800 cm ') of
DGG CH,-group disappears because of formation new
stripe in 1350 cm™, zone.

In the zone 1050-1100 cm™ new intensive absorb-
tion stripes appear and they are the result of valent os-
cillation of the simple ester unit (C—O-C) because of
the opening of epoxy — groups (1260,93 cm™) ECG
during interaction with TPP. The stripe in the zone
of 930 cm' is partially reserved, characterizing epoxy
-groups, that was proved by the definition of epoxy num-
ber which was equal to 1,18 according to the method [7].

In PMR — spectrum of the polymer the signals of
phosphonium benzene rings protons appear by 7,80 m. d.
as a multiplete and protons of the qroups O— CH,-CH
and P*-~CH, DGG as a multiplete with a centre 3,8 m. d.
The groups of multiplete signals by 2,33 m. d. probably
because of the polymer chains formation, in which CH
and CH, groups are more shield than in the first compo-
nents. The ratio charge of the protons signals of benzene
and non — benzene rings is about 1:2,2, that practically
corresponds to the proposed structure.The presence of
quarternary phosphonium group in the polymer struc-
ture was proved by UV — spectrum. So in the zone of
240-260 nm there are absorption stripes which are typi-
cal for the quarternary phosphonium group. The spec-
trum investigation shows that the beginning of TPP and
DGG interaction is the quarternization (Menshutkin re-
action which involves the epoxy cycle into this one and
the opening of this process leads to the receiving of the
linear polymers.

The kinetic regularity of TPP and DGG interaction
by dilatometrical method was received. It is proved, that
efflctive ingibitors of the radical polymerization such as
hydroquinone, air oxygen, stable imine oxide radicals,
2.2.6.6-tetramethylpiperidine — 1 — oxide don’t influ-
ence on the polymerization speed and that proves the
non — radical character of the process. In EMR — spec-
trum of TPP and DGG system with different conditions
the formation of radical is not seen. The influence of sol-
vent nature on the starting speed of TPP and DGG in-
teraction has been studied.

Thus the synthesized polymer is a powder of brown

colour, stable to long storage with 428 K, the density
determined by pycnometer method is 1,388 g/cm’, it is
solved in dymethilphormamid, ethanol, methanol, water
and in the other polar solvents. The study of viscosity
proved that it is the typical polyelectrolyte and the de-
pendence of ¢/n from c for water solvents of the synthe-
sized polyelectrolytes is of linear character which proves
that water solvents behavior is described by Fuoss —
Strauss equation [9].

The dependence of polymer solution viscosity on the
concentration of phosphonium polymers in the presence
of strong electrolyte 0,25 KC1 solution is of straight —
line character, because of creation screen “fur coat” anti-
ions around macro-molecular ions.

The molecular mass of polymers was determined
by the method of high — speed sedimentation using
the equation of Flory-Mandelkern which was equal to
39000.

Thus on the basis of kinetic, spectral and chemical
methods was studied the reaction of interaction DGG
and TPP and supposed polymerization process was
shown, that is able to receive the catione polyelectrolyte,
contained in the side chains the quarterized groups.

The brief characteristic of the causes of occurrence
of problems and description of actions on their elimina-
tion is given in this report. The article is based on the
official statistical information, materials of the Ministry
of Natural Resources and Environmental Protection of
the Republic of Uzbekistan [10].

Today these lands are either water logged or salinized.
Former arid soils of the Pre-Aral area with automorphic
teed and moisture regime became meadow-swamp soils
with hydromorphic regime. To support this regime ar-
tificially it is necessary to raise standards by 2-3 times,
in order not to activate the secondary salinization pro-
cess. A vicious circle of agriculture was formed in this
region, where heavy swamped lands are left. The land-
improvement condition of irrigated soils in Central
Asia is worsened by collective-drainage water saturated
with pesticides and discharged as return runoff into nu-
merous locallandscape depressions. As a result, artificial
reservoirs-accumulators appear. These reservoirs are a
real disaster for surrounding lands. Some of them cause
secondary pollution when poisonous bed depositions
become dry and are brought on irrigated lands, ruin them
and pollute the atmosphere in the surrounding regions.

It is shown that the basis of the proposed method
of fixing salted sand complex additions is the rocess of
translation their surface layers (up to Scm) from the free
dispersed state to the connected-dispersed by forming
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a structure (crust) , consisting of a water-macro aggre-
gates — particles> 2,5 mm, having mechanical strength
(to 4,0 MPa). Optimal conditions for the composition of
additives, hardeners exhibit the maximum effects of ac-
tion, as well as the procedure for their introduction into
the sand. It is found that a composition consisting of
0,32kg/m? sawdust and 0,014kg/m* GSK (calculated on
a dry product that provided using a 0,8% solution) is con-
sidered optimum and promotes crust having a sufficiently
high strength about 2,4 MPa, and the amount of water-re-
sistant aggregates (> 0,32 mm) in the structure with equal
72,43% vs.7,36% in the original. Using obtained based on
a dilute solution (0,075%) waste “Maxam-Ammophos”
AC — 16% solution of phosphor containing in combina-
tion with a dilute (0,05%) with a solution of 17%.

In agriculture there is a steady tendency to transi-
tion to ecological management of production. One of
the main principles of the above mentioned tendency is
maintenance of positive humus balance in soil at the ex-

pense of introduction of alternation of crops and applica-
tion of organic fertilizers.

For the decision of the set forth above problems of
economy of our republic on department «Ecology and
life protection» Karakalpak state university and Tash-
kent state technical university, the centre of science on
maintenance of ecological and industrial safety of the
Central Asian global environmental problems and indus-
trial enterprises of all branches of our republic is created.
The centre of science renders the necessary competent
and practical help at the decision of various problems
both natural, and ethnogeny character, and also develops
necessary recommendations under their decision.

We believe that researchers not only be connected
with researchers of Uzbekistan, but our academic collab-
oration will form the foundation of one of the most im-
portant scientific projects to solve the environmental
problems that threaten alot of population in whole Cen-
tral Asia and even the whole globe.
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Any activity of the person renders the negative influ-
ence on total facility of the Land. Seemingly, as a result
such activity facility land must run short. However does
not follow to forget that land constantly gets the influx to
new energy, which the source isa Sun [1].

Thereby, activity of the person does harm surround-
ing ambience regardless of its good intentions and prob-
lem consists in that to do the consequences to this activ-
ity the most harmful.

The main harmful of a biosphere are chemical, oil
and gaze industry and energy. In this plan all developed
countries have plans on creation cleaner (so named
cleaner) technology.

For the reason conducted by us studies is involve-
ment departure to chemical industry and secondary
raw materials resource of the Republic Uzbekistan for
development new hither efficient, cheap and available
stabilizer bore solution since searching for and exploring
the oilfields and gas in Republic Uzbekistan on new area
and growing of the depths of the boring shoos objective
need in improvement composition bore solution. Here-
with used bore washing liquid must possess certain rheo-
logical, physic-chemical and technological characteristic
depending on geological construction of the cut of the
bore hole and mineralization opened by her ground of
water steadfast to influence aggressive fluids [1]. The na-
ture applicable polymer renders on applied characteristic
bore solution enormous influence.

As is well known [2], amongst enormous amount
known natural and synthetic polymer only a few pos-
sess the ability open in water. For water solution poly-
mer characteristic of presence in chain macromolecule
gidrofilings of the functional groups (the gidroxil,
carboxyl, amides, sulfur and others). The degree dis-
sociation water solution polyelectrolyte is connected
with ion power of the solution. The form changes with
change last macromolecule polyelectrolyte. Conse-
quently, must be changed and their working, for in-

stance, coagulation, flocculation characteristic and to
distend. Increase the number of the kinetic units in so-
lution as a result dissociation and change the form mac-
romolecules polymer brings its gidrodinamic character-
istic about change. Consequently, viscosity and density
of the bore solution must be such to with other tech-
nological factor and acceptance possible was provide
sufficient ant pressing on passable layers, but in ditto
time she must not noticeably worsen the condition of
the work chisel and field-performance dates productive
horizon [3]. Other word, in each concrete event must
be chosen best values to viscosity and density of the
bore solution. Density also is one of the main factors,
providing stability wall bore holes [4].

In this aspect was of interest study physic-chemical
characteristic designed by us on base departure water
solution polymer, which as we seem, can find broad us-
ing in prospect in preparation bore solution, especially
firm to influence aggressive fluids.

As object of the studies were applying copolymers
departure of the processes delintation seed cotton plant
with GIPAN.

The product to reactions copolymerization depar-
ture of the processes delintation seed cotton plant with
GIPAN presents itself very viscous ancolloring or paint-
ed in amber color of the liquids, with specific scent, their
physic-chemical features are completely identified. At
study of viscosity powerfully diluted solution was discov-
ered that many polymers, as from a certain “critical con-
centration” show the deflection brought viscosity from
linear dependency. In diluted solution copolymer ion-
ized nearly completely, but because of relatively small
quantity free carboxyl groups in its composition effect
to ionizing not is too expressed. The study to dependen-
cies to viscosity and pH from concentration solution
copolymers and natural polymer has shown that with
growing of the concentrations copolymer in solution im-
portance pH changes small (tabl.1).

Table 1. — Change to specific viscosity and pH solution polymer depending on concentrations

copolymer lignin lignosulphonate

Ne | Concentration solution polymer,%
pH n pH n pH n

1 0,005 6,0 0,10 71 - - -
2 0,010 6,0 0,12 71 - - -
3 10,05 6,1 0,14 7,1 - N -
4 |0,10 6,1 0,16 72 0,1 0,11 0,08
s o5 6,2 0,20 72 0,11 0,12 0,09
6 | 1,0 6,4 0,22 74 0,12 0,12 0,1
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Electronic-microscopic studies is installed that for
solution a new copolymers typical convolute type of
the structure in the manner of formless unit, changing
depending on concentrations copolymer, system in this
case is homogeneous. Since time (for S hours) in system
occurs the orientation, particularly in concentrated solu-
tion. Under the most further keeping of the solution (after
24 hours), appears the second type of the structure — an
fibrillating andese molecular formation, due to that ho-
mogeneous system becomes microgeterogen. Probably,
globular type of the structure conditions the small degree
electrolytic dissociation functional groups and low their
gidratation. The aging copolymers and their solution are
connected with soaping amides of the groups that can be
confirmed by increase pH water solution with reduction
of the concentrations. Herewith, was installed that heating
renders on process of the structuring in solution copoly-
mers such influence, either as keeping.

So, at half hour heating under 60 °S 10% a new pre-
pare solution copolymer exists such speedup fibriling
formed, as at keeping of the solution. The study change
to viscosity and pH solution copolymers depending on
concentrations has shown that they possess the feeble a
reaction, increasing with increasing of the contents co-
polymer in solution.

Beside water solution copolymer relative viscos-
ity powerfully grows with increase the concentrations;
anomaly to viscosity exists already in the field of pow-
erfully diluted solution moreover for copolymera she
denominated more strong, than for lignin and ligno-
sulphonate. The anomaly to viscosity copolymer, even
powerfully diluted solution is conditioned presence in
them andese molecular of the structures.

Electronic-microscopic study lignin and lignosul-
phonate andese molecular has shown that they are
microgeterogen and consist of varied unit macromol-
ecule — a globule and fibril. They united in units of the
different forms, changing depending on concentrations
of the solution natural polymer.

In the course of study was installed that interaction
designed by us water solution copolymer with disperse
particle depends on many factor: concentrations copo-
lymer and mineral suspending, presences electrolyte,
the temperature, salting and others amongst mineral
suspending systematically and in detail studied soil and
glay suspending, from Navbakhor grounds. So, influ-
ence designed by us copolymer in analogy with polyac-
rilamid (PAA) has shown that polymeric preparations

enter in interaction with soil particle in consequence
of which in suspending appears structure. pH soil sus-
pending in whiteness of these polymer does not change
that probably, is connected with buffer influence of
ground on change the concentrations hydrogen ion in
mixture.

The method sedimentation analysis was studied in-
fluence synthesized us copolymer on disperse different
mineral suspending. The experiences conducted with
0,2% suspending, which in 24 hours after preparation
added the solutions copolymer in corresponding to
dosage. The influence studied in kinetics through 5, 10,
1S and etc minutes. It is revealed that degree disperse
change under influence copolymer and the other values,
connected with size of the particles suspending. Aggre-
gating disperse of the phase occurs within optimum
dosage of the polymer. The further increasing to con-
centrations copolymer promotes increase disperse and,
accordingly, reduction of the value of the perhaps radius
of the particles that can be due to disintegration ad unit
under influence polyelectrolyte and stabilization of the
particles suspending.

Experimental is revealed that bore solution, con-
taining new stabilizer possesses high swabbing ability.
Swabbing surface of the pipes, full tilts chisel, hydraulic
equipment, solution promotes the reduction of the en-
ergy expenses on boring, reduction damage with boring
pillar that particularly it is important at rotor boring.

Density also is one of the main factors, providing
stability wall bore holes. With its increase intensity
ground and collapse of the stem, as a rule, decreases,
herewith also falls other type to dangers of the com-
plications — absorptions of the bore solution. So in-
troduction new stabilizer increase stability a wall bore
holes, factor to filtering, saltiness of the bore solu-
tion. But reduction to viscosity bore solution, brings
about increasing of the penetration filtrate bore solu-
tion in times of the sort to account of the filtering, os-
mosis and others thereby, called on by us studies on
using departure to chemical industry as stabilizer bore
solution has shown that designed by us new reagents
on base departure and secondary resource in significant
measure create the happy circumstances for provision
of stability wall bore holes. They are revealed main ap-
plied, physic-chemical and rheological characteristic
bore solution. The practical application of the develop-
ment can will solve many economic and technological
problems to branches.
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Abstract: Studying the influence of pH and the temperature of the environment to viscosity of water solutions,
swelling kinetics and collapse of cross-linked polymers and copolymer on the basis of natural ox acids there are
founded the presence of pH and heat-sensitive qualities. It is revealed that the existence of polymers as a form
of amides and as well as carboxyl groups leads to the appearance of a unique quality of having a little interval of

temperature of two critical mixed temperatures.
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In recent years, interest on water-soluble and wa-
ter-swelling polymers with various reactive functional
groups is growing. These polymers demonstrate large
possibilities of usage in medicine, pharmacy (controlled
release of the drugs), biotechnology, electronics, environ-
mental protection and other fields of human activity [ 1; 2;
3]. A special group of monomers capable of forming a hy-
drophilic polymer systems are substituted N acrylamides,
containing non-ionic and ionic functional groups. Thus
polymerization of substituted N-acrylamides and meth-
acrylamides containing weak acid groups is practically not
explored. Therefore, the study of radical polymerization
of substituted N-acrylamides, with carboxyl groups and
further their conversion into water-soluble and water-
swelling polymers make interest from the theoretical and
practical standpoint. It is known that the polymerization
of ionic monomers is strongly influenced by the reaction
ofenvironment. As in comparison with the polymeriza-
tion of nonionic monomers, in ionic monomers there
appears whole range of additional factors (dissociation,
specific and non-specific binding of ions, electrostatic and
hydrophobic interactions and etc), which can dramatically
affect the process of polymerization in solution. Therefore,

the goal of this work is to conduct research in the field of
synthesis of monomers of substituted N acrylamide series
with ionic groups, and the studying their polymerization
to obtain a hydrophilic polymer. In the research asone of
the components for the synthesis of substituted N acryl-
amide containing an ionic functional group has been cho-
sen natural oxyacid — citric acid. Interest in this subject
has grown due to the fact that, depending on the method
employed we may obtain monomers of having functional
carboxyl or simultaneously active hydroxyl and carboxyl
groups. The presence of such groups would produce poly-
mers with a wide range of properties, and the study of the
kinetics of the polymerization and copolymerization of
these monomers would facilitate the development of rep-
resentations of the reactivity of the functionalized mono-
mers.

Previously in the department, polymers based on
otheroxyacid's — glycolic acid and lactic acid, in partic-
ular, such as theacrylic glycolic monomers, methacrylate
glycolic, acrylamide-N-methylene-glycolic acid, acryl-
amide-N-methylene-lactic acidwere obtained [4; S; 6].
Abstract-radical polymerization of these monomers in
aqueous solutions of various pH values and could ionic
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strength of solution were researched. This work is a con-
tinuation of the research in this area.

Synthesis of acrylamide -N- methylene citric acid
(AA-N-MCA) is held by the reaction of Mannikha. In

this reaction interaction of acrylamide with formalde-
hyde, in this way forms methyl acrylamide, which inter-
acts with citric acid and as a result of water release forms
AA-N-MCA. AA-N-MCA can be represented as follows:

OH
\
CH=CH + CH;0 + HOOC—H,C~C~CH,~COOH —> CH,=CH

‘C:O
NH,

During studying the dependence of the ratio of the
monomers of reactants we found that the highest yield
(up to 62-75% of theoretical) of the monomer is ob-
served at equimolar ratios of the source components.
The most suitable conditions for the synthesis of mono-
mers is the simultaneous loading of the initial compo-
nents and heating the reaction mixture at 60°C for three
hours with continuous stirring. Purification was carried

COOH

C‘):O

|
HOOC*HgC*C‘I*CHZ*COOH
COOH

out by repeated washing of the monomer the reaction
mixture with diethyl ether and chloroform, as it was
found that the resulting monomer is subjected to dis-
tillative decomposition. AA-N-MCA is a light yellow,
viscous liquid, soluble in water, alcohol, and in many
polar solvents but not soluble in nonpolar solvents and
hydrocarbons. Some physical and chemical parameters
of derivedmonomersare shown in the table.

Table 1. — Some physical and chemical acrylamide-N-citric acid characteristics

The elemental composition,%

Mono- MR, cm?/g g2 C H N Acid number
mer calcu | n. % 4 calcu calcu calcu calcu
found D cm?® | found found found found

lated g/ lated lated lated lated
AA-
NMCA | 7956 | 80,06 | LSL| 131 | 436 | 48 | 47 | 49 | S1 | 54 | 1726|1747
%T
106.0
1944.01
(00 867.13
95
9 1315.03 1102.09
85
808.35
634.81
a0
75
70 \ 2907.56 1726.99
2964.83 1407.86
65 3075.63 1238.09 S84.61
., 1020.65
60 ~1547 61 1043.35
3333.20 1667 02 102785
55 :
50.0 : . . . . : . . . . : : .
4000.0 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 600 400.0
cm-1

Figure1. IR —spectrum of acrylamide — N — citric acid
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Identification of the resulting monomer was per-
formed to determine the elemental composition (C
atoms, H, N), acid number, the calculation of molecu-
lar refraction and removing the IR and PMR spectra.
The table shows the data obtained in the determina-
tion of the acid number, elemental composition and
calculation of molecular refraction. IR monomer
shown in Figure 1.

As can be seen from Figure 1, the IR spectrum of AA-
N-MCA absorption bandsin the 1627 cm™ corresponding
to the double bond and 1668 cm™ stretching vibrations
-SONH- group monomer. The intense absorption band at
1345 cm™! corresponds to OH (carboxyl) group. The pres-
ence of hydroxyl groups in the AA-N-MCA confirms same
characteristic absorption bands in the IR-spectra in space
3200-3600 (OH) and 1100 cm™ (C-OH). At 3753 cm!
absorption band of hydroxyl groups linked with hydrogen
bond, which indicates that the monomer is in solution as
a dimer. The absorption band at 1720 cm™ corresponds
to the stretching vibrations of the carbonyl group of the
carboxyl monomer.

The structure of the monomer was also confirmed
the withdrawal of its H NMR (on the frequency of
400 MHz). The PMR spectrum of the solution of AA-
N-MCA in heavy water the group of acrylic signals frag-
ment present at 6.15 ppm (2H) and 5.875 ppm (1H)
and two equivalent doublet splitting 14Hz belonging
group -NCH -c protons centered at 2.9 ppm (equivalent
1H) and 2.75 ppm (axial 1H). The signal at 4.88 ppm
HD belongs to the proton impurities in D,O. The signals
of the protons of the hydroxyl groups and -NH- do not
appear because of deuterium exchange in D,O medium.

Thus, spectroscopic study confirms the above obtained
compound of formula.

It is obvious that one of the ways of obtaining poly-
mers based on N-substituted amides is free radical po-
lymerization of their unsaturated derivatives. Therefore,
in order to obtain poly-AA-N-MLC research was car-
ried out with radical polymerization of AA-N-MCA in
aqueous solutions in the presence of a radical polym-
erization initiator hydroisolubricative dinithryle acid.
Polymerization of the monomer was carried out for
10 hours at 60 °C. It was found that the solubility of the
obtained polymer is strongly influenced by the mono-
mer concentration in the reaction solution. Increasing
monomer concentration in solution is above 10% leads
to gelation, the resulting polymers strongly swell in wa-
ter but do not dissolve. At lower concentrations formed
polymers are readily soluble in water.

Thus, in this study we received a new AA monomer
N-MCA-containing reactive carboxyl functional group.
The structure of the resulting monomer identified a
number of chemical and physical-chemical methods. By
radical polymerization of AA-N-MCA in aqueous solu-
tions and found that depending on the reaction condi-
tions, may receive a water-soluble and water-swelling
polymers.

Summary

new monomer — acrylamide -N- methylene citric
acid was synthesized and it is chemical structure was
determined by chemical and physico—chemical meth-
ods. It was shows abbility of obtain on the base of these
monomer some water- soluble and water- swallowing
polymers.
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Abstrakt: New monomers: acryl amide -N-methylen lactic acryl amide -N- methylen glycolic, acryl amide -N

- methylen-citric acid was synthesized and it's chemical structure was determined by physico-chemical methods.

Water-soluble polymers on the base of this monomers were obtained.
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CuHTte3 N 3ameLlueHHOro akpunaMmmaa Ha OCHOBe HaTypaJZibHOW KUCJIOThbI

Anporanus: CHHTe3HpOBAaHbI HOBblE MOHOMEPbI: aKPHAAMUAO-N-MeTHAEH MOAOYHOM KUCAOTHI XUMHUYECKOe

CTpOeHHEe KOTOPBIX HACHTHPHIIUPOBAAN PUIUKO-XUMUYECKUMHU MeToAaMH. ITokazaHa BOZMOXXHOCTD MOAYYEHHS BO-

AOPaCTBOPHMBbIX IOAUMEPOB Ha UX OCHOBe.

KaroueBbie caoBa: AA-N-MMA-akpusamMuA-N-MeTHAeH MOAOYHOM KuCAOTY; AA-N-MAA-akpuaaMua-

N-meTrnaen auMoHHOM KHCAOTA; AA-N-MI'A- akpruaamup - N- MeTHACH TAMKOAEBON KHCAOTA.

Kax n3BecTHO IpHpOAHBIe OKCHKHUCAOTBI, TAKHE KaK
TAUKOA€BAsl H MOAOYHASI IPEACTABASIIOT CO00i1 6HPYHK-
ITHOHAABHBIE COGAMHEHHUS U ITHPOKO HCIOAB3YIOTCS
KaK IIOAMKOHAEHCAITHOHHbIe MOHOMepHl. IloamMepsr
STHX COeAMHEHM, (IOAMTAMKOAUABI ¥ TOAUAKTHADL)
He TOKCHYHBI M He IMMYHOT€HHBI H B Pe3yAbTaTe Me-
TabOAMYECKHX TIpeBpaIlleHUil B OpraHu3Me 00pasyroT
CO,u H, O.IlosToMy OHM MHPOKO HCHOAB3YIOTCS
B MEAMI[UHE AASL U3TOTOBACHHS INOBHBIX XHUPYypIrHye-
CKMX HHUTEeH M IOAyYEeHHS IPOAOHIHMPOBAHHbIX AeKap-
creenHbix dopm [1].

Panee mpoBeaeHHBIE HMCCAEAOBAHHS IO CHHTE3Y
MOHOMEPOB U KapOOIeITHBIX IOAUMEPOB Ha OCHOBE TAH-
KOAEBOM OKCHUKHMCAOTHI IIOKA3aAH HX II€PCIIeKTUBHOCTb.
IToAnMepsl, CHHTe3UpOBaHHbIE HA OCHOBE aKPHAOBOT'O
adupa rAUKOAEBOH KUCAOTHI IPOSBASIAM pH — wyBcTBH-
TeAbHbBIE CBOMCTBA U 00AAAAAM MAAOM TOKCHYHOCTBIO
¥ 65141 Heaaneprens! [ 2 ]. [ToaTomy cHHTe3 HOBBIX MOHO-
MepOB U TIOAMMEPOB Ha OCHOBE IIPHUPOAHBIX OKCUKHCAOT
IPeACTaBASIET OIPEeASACHHBIN HAyIHbIN HHTEpeC.

B pabore BrmepBble OBIAM  CHHTE3HPOBAHBI
N-3amemniéHHbIe aKPHAAMUABI HA OCHOBE TAUKOAEBOH,
MOAOYHOM U AMMOHHOM KHCAOT. Ilpu cuHTe3e akpuaa-
mup0 N-metraen morounoit (AA-N-MMK), akpraamu-
Ao N-meTuaen aumonnoit (AA-N-MAK) u akpuaamupo
N-meTtuaeH rankoaesoit kucaot (AA-N-MI'K) ucroas-
30BaHa peakuusa MaHHuXa [3] B aannOM peaxiumn
IIPOMCXOAUT B3aUMOAEHCTBHE aKpHAAMUAA € POPMaAb-
AETHAOM B pPe3yAbTaTe KOTOPOTro 00pasyeTcsi METHAOAQ-
KPHAAMHMA, KOTOPBIM AAA€€e ITOCASAHMI B3aUMOAEHCTBYET
C IPUPOAHOM OKCHKHMCAOTOM U B Pe3yAbTaTe BBIACACHUS
BOABI 00pasyIoTCsl COOTBeTCTBYyIOIe N-3aMeleHHbIe
aKPHAAMUABI OKCHKHCAOT IO CACAYIOIIIelt CXeMe:
AA-N-MTI'K npepcraBasier co607t OeCIiBeTHYIO Bsi3-
KYI0 XXHAKOCTb C XapakTepHbIM 3armaxoM, a AA-N-MMK
IIPeACTaBAsIET COOOI KPACHOBATYIO T'YCTYIO XKUAKOCTb,
a AA-N-MAK cBeTAO XeATYIO BS3KYIO KUAKOCTb. OHU
PaCTBOPSIOTCA B BOAC, CIIUPTe, d9$Hpe, AUOKCAHE H T. A.,
HO He PACTBOPSIOTCS B HEIOASPHBIX PAaCTBOPHTEASX.

HPI/I H3y4YE€HUH 3aBHCHMMOCTH BbIXOAQA MOHOMEPOB
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OT COOTHOIIEHHS UCXOAHBIX PEareHTOB YCTAHOBACHO,
4TO HamboAbmmil BbIxOp (A0 62%-75%) MOHOMEpOB
HaOAIOAQ€TCs IIPU 9KBUMOABHBIX COOTHOIIEHHSX HCXOA-
HbIX KOMIIOHeHTOB. Hanboaee mprueMaeMbIM ycAOBHEM
CHHTe3a MOHOMEPOB SIBASIETCSI OAHOBpEMeHHasl 3arpys-

Ka UCXOAHBIX KOMIIOHEHTOB U HarpeBaHHe PeaKIJMOHHOMN
cmecu nipu 60 °C B TeyeHNH 3 4aCOB IPH ITOCTOSTHHOM
nepememuBanuu [4-7]. Hexotopsie ¢pusnko-xummde-
CKHe IIOKA3aTeAU ITOAYYeHHbIX MOHOMEPOB IIPEACTaBAC-
HbI B Tabaute 1.

aKpI/IJ'IaMI/I}ZI,O-N-MeTl/IJ'IeH-MOJ'IO‘-IHaﬂ Kncnota

CHy=GH

NHo

+ CH0 + HgC —CH—COOH —= CHp=GH

OH =0
NH
Giila

H3C —G —OH
COOH

aKpI/IJ'IaMI/I,EI,O-N-MeTVIJ'IeH-J'II/IMOHHaﬂ KMNCNoTa

CH2 — COOCH

’

Csz(fH +CH204eHO—C— COOH ———> CH, = CH + H:0

T:o

NH2

CH2 —cooH

C‘\,:O

NH

‘ CH2COOH
H2 |

o0— C—COOCH

CH2CO0

aKpI/IJ'IaMI/ILI,O-N-MeTl/IﬂeH-FJ'Il/IKOﬂeBaﬂ KNCNoTa

CHo,=CH + CHyO + C‘HQ_COOH —»CH2=('T‘H
(%=O OH C|=O
NH, |\|IH

(12
H—C —OH
CIOOH

Tabnuua 1. — HekoTopble U3UKO-XUMUYECKME NMoKasaTenu akpunammaoo-N-MeTuneH- rmkoneBomn,
akpunamnao- N-meTmneH nMMOHHOM 1 akpunamnao-N-MeTUneH-MOoI0YHOM KNCOT

OAEMEeHTHBIN coCTaB %

d20
3 20
Monomep MR, cm®/r n’ y 2M3
HaiflA  BbIY HamA
AA-N-MMK 41,5 42,0 14312 1,05 48,5
AA-N-MTI'K 36,6 37,1 1,3435 1,12 445
AA-N-MAK 79,6 80,1 1,5102 1,31 43,6

XyMuYeckoe CTpOeHHe CHHTEe3HMPOBAaHHbBIX MOHO-
MepoB HAeHTHPHIIMPOBaAH ¢ momombio MK-crexTpos,
pacyeTaMu MOAEKYASIPHOM pedpaKiliu, OIpeAseAeHHeM
KHCAOTHOT'O YHCAQ METOAOM IOTEHIJMOMETPUYECKOTrO
turpoBanus. B K -cnexTpax AA-N-MI'K, AA-N-MAK
1 AA-N-MMK Ha6A10A250TCS TOAOCHI TOTAOIIEHHUSA B 00-
aactu 1620 cM™', COOTBeTCTBYIOIUE ABOMHOM CBS3U
u 1680 cm™' BaaenTHbIM KOAebaHusaM -CONH- rpymmsr
MoHoMepa. Iloaoca moraomieHus B IIMPOKOM HHTEpPBa-
Ae 1050-1300 cm™ COOTBETCTBYeT CAOKHO3(PHPHOM

C H N Kuc.uncao
BBIY Haup  BBIY Hamp  BBIY Hamp  BBIY
49,0 6,3 6,8 8,5 8,8 230 231
45,0 6,6 6,8 8,8 9 250 252
48,0 4,7 4,9 5,1 5,4 172 174

cs3u B Moaekyae AA-N-MI'K. MurencuBHast moao-
ca moraomenust B obaactu 1345 cm™' coorBeTcTByeT
—OH xapbokcuabHoi#t rpymie, a 1720 cm™' xap6oHuAY
KapOOKCHABHOM IPyYIIIIbl OKCUKUCAOTHL Ipu 3753 cm™
HabAIOAAETCS [IOAOCA TIOTAOLEHHSI COOTBETCTBYIOIASI
THAPOKCHABHBIM TPYIIIIAM CBSI3aHHBIM BOAOPOAHBIMHU
CBA35IMU, KOTOPasl CBUACTEAbCTBYET O AUMEPU30BAHHOM
cocTossHuM MoHOMepa. MuTeHcuBHbIE AepOpMaITOHHbIE
koaebanusa -OH IPYILIBL B 6au3u 1100 cM™' 11 BaaeHTHBIE
koaebanms C=0 cBs3U KapOOKCHABHOM IPYIIIIBL B 00AQ-
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ctu 1210 cM™' AOKa3bIBAIOT MPUCYTCTBUE KapOOKCHAA
u ruppoxcuaa. IToaoca moraomenus B6ausu 1690 cm™!
XapakTepusyeT BaaeHTHbIe koAebanust -C=C- cBs3y, co-
npspkéanoit ¢ C=0 rpymmoii.

PapuxaapsO#M moanMepusanmeit AA-N-MMK, cun-
Te3HPOBAHbI €I0 TOMOIIOAMMEPbI, KOTOPbIe IIPEACTABAS-
10T coboit TBEpPAbIE BEI[€CTBA KPACHO-XXEATOTO 1[BETA,
AA-N-MTI'K npeacTaBasitoT o605t mOpoImKoobpasHbie
BemecTBa 6eaoro nsera a AA-N-MAK MPEACTaBASIIOT
co00il mopomkoobpasHbie BemecTBa 6eA0-KEATOro
1BeTa. PacTBOpUMOCTD MOAYYEHHBIX TIOAMMEPOB OIpe-
A€ASIeTCSI YCAOBUSIMU IoAnMepusanun. I1pu 60apmix
KOHIIeHTPAIlMU pacTBopa MoHoMepa (6oaee 10%) nau
IIpU TIOAMMEPHU3AIUU B BOAHOM PacTBOpe B IPUCYT-
CTBUM MHHUIIMATOpa nepcyabdaTa KaAKs MOAydeHHbIe
[IOAMMEPbI OrPaHUYEHHO HabyxatoT B Boae. [Toanmepsr
CHUHTE3UpPOBaHHbIe B U30IIPOIHMAOBOM CIIUPTE U IPH-
CYTCTBUHM MHUIIUATOPE AMHUTPHAA -a30-U30MACASHOM
KHCAOTBI, a TaKoKe [IPU IIOAUMEPH3ALNU B pa3baBAeH-
HBIX BOAHBIX PaCTBOpaX MOHOMEPOB XOPOIIO PacTBO-
PHMBI B BOAE.

Takum o6pasom peakuueir MaHHIXa BIIepBble CHH-
TEe3HPOBAHBI PSIA MOHOMEPOB Ha OCHOBE IIPUPOAHDIX OK-
CHKMCAOT: aKpUAAMUAO N-MeTHAEH MOAOYHAS, aKPUAQA-
MHAO N-MeTHAeH AMMOHHAS M aKpHAAMUAO N-MeTnAeH
TAMKOA€BasI KHCAOTBI, CIIOCOOHbBIE 0OPa30BbIBATH BOAOHA-
Oyxarolue 1 BOAOPACTBOPHUMbIE IIOAUMEPHI.

JxcnpemenmarvHas wacmo

a) Curnmes moHomepos

Axpuaamup N — MeTHAE€H TAMKOA€Basl KHMCAOTA
(AA-N I'K). B AByxropayo K0oAOy ¢ MeLIAAKO¥ ITOMe-
maau 7,11 (0,1 Mmoab) akpuaamuaa, 3 (0,1 Moab ) pop-
MaauHa, 7.6 T (0,1 MOAB) TAEKOAeBOI KuCAOTHI 1 0,03 T

(0,002 moab) rupApoxuHoHa. CMech IepeMelInBaAK IPU
tremneparype 333 K 3 gaca. 13 moayueHHOro mpoaykra
BBIIIAPHMBAAU BOAY C IIOMOIIbIO BOAOCTPYHHOIO Hacoca
npu Temneparype 333 K. LleaeBoit TpoAyKT ouMIaAn
OT HeIpOpearMpoBaBIIMX KOMIIOHEHTOB ITOCAEAOBA-
TEABHOM 9KCTPaKIMEHN Y€ THIPEXXAOPUCTHIM YTAEPOAOM

u xA0popopMoM. MoHOMep IpeacTaBAsieT cOHOI 1I0-
porukoo6pasHsle BemecTBa 6eAoro npera. Berxoa npo-
AyKTa cocTaBuA 62%.

Axpuaamua N — MeTrAeH MOAOYHOM KucaoTa (AA-

N-MK). B AByxropay:o koAGy ¢ MeLIaAKOF IOMEIAAH
7,11 (0,1 Moab) akpraamupa, 31 (0,1 MoAb ) popmaruHa,
9r (0,1 MmoAB) MorouHO# KHCAOTHI M 0,03 rp (0,002 moab)
ruppoxuHoHa. CMech epeMeNIBaAY IIPU TeMIIepaType
333 K 3 gaca. M3 moAy4yeHHOTO IpOAYKTa BBIITAPHBAAH
BOAY C IIOMOIITbIO BOAOCTPYHHOTO Hacoca IIpU TeMIlepa-
Type 333 K. LleAeBoi IPOAYKT OYHIAAM OT HEeIlpopea-
THPOBABIINX KOMIIOHEHTOB II0CACAOBATEABHOM 9KCTPaK-
I11el YeTBIPEXXAOPUCTBIM YTAEPOAOM U XAOPOPOPMOM.
Monomep mpeacTaBAsieT coboit KPaCHO-)KEATOM, BA3KYIO
JKHAKOCTD C XapaKTePHbIM 3araxoM. Berxop npoaykra co-
craBua 70%.

Cunres akpraaMua0- N — MeTHAeH AMMOHHOW KHC-

201b1 (AA-N-MAK). B AByXroaoByio koaby c Melmas-
kot momemanu 7,1 rp (0,1 MoAb) akpuaamupa, 22,8 Ma
(0,1 Moab) Ppopmaauna, 1,92 rp (0,1 MoAD) AMMOHHO
kucaoTel 1 0,03 rp (0,002 MoAb) ruppoxuHoHa. CMech
nepememnBaan npu temmeparype 60° C 3 gaca. 13 moay-
JEeHHOTO ITPOAYKTA BBIITAPHUBAAU BOAY C TOMOIIBIO BOAO-
crpyitHoro Hacoca rpu remmeparype 60° C. Berxop mpo-
AyKTa cocraBua 62%. MoHOMep mpeacTaBasieT co6oit
XKEATOH, BSIBKYIO SKHAKOCTD C XapaKTePHbIM 3aITaXOM.

6) Curimes noaumepos

IToAnMepH3aIiHIO0 IOAyYeHHbIX MOHOMEPOB IIPOBO-
AVIAYL B BOAHOM PAacTBOpe B CTeKASTHHBIX amiTyAax. [Tocae
3arpy3Ky aMITyA HeOOXOAMMBIM KOAUYEeCTBOM MCXOAHBIX
PEeaKTHUBOB, aMITyAbI ACTAa3UPOBAAH B BAaKyyMe AO OCTa-
TOYHOTO AaBAeHHs 10~ MM.PT.CT., OTIIAMBAAH U IIOAMIMeE-
pusoBaAn B TepMocTare npu Temneparype 333 K. Kon-
IIeHTPAIKs MOHOMepa COCTAaBASIAA 5%, a KOHIIEHTpaLjus
uHUIaropa 1%. B kauecTBe MHUIIMATOPA HCIIOAB30BAAT
AVHHUTPHA a30M30MACASTHOM KHCAOTHL. [ToAayuenHbIe 110-
AUMepBI ObIAM BHIACACHDI OCAKACHUEM B H30IIPOIIHAO-
BOM CIIHPTE H IOABEPTAAKCD CYIIKE ITOA BAKYYMOM B 9KC-
HKATOpe AO MOCTOSTHHOM MacChL.
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MMmMoOOMNn3oBaHHble peareHTbl Ang onpeageJsieHnd MOHOB MeTaJlJioB

AHHOTaHPI}I: HPOBeAeHa I/IMMO6I/IAI/133L[I/IH Pp€areHToB, N3y4€Ha NX KNHETHKA 1 HafIAeHbI OIITMMAAbHbBIE YCAOBHL

I/IMMO6I/IAI/133L[I/II/I u KOMHAeKCOO6PaSOBaHI/Iﬂ HMOHOB K06aAbTa.

KaroueBbie caoBa: I/IMMO6I/IAI/ISaI_II/I5[, IIPON3BOAHDBIE HI/ITPOSOHaCI)TOAOB, TAXKEABIC 1 TOKCHUYHBIC METAAADL.

Ifeabto AaHHOF pPaboOTHI sBAsIETCS paspaborka
COPOLIMOHHO-CIIEKTPOCKOINYECKUX METOAUK OIpeAe-
AeHUA KobaAbTa, MMMOOHAM3AIE Ha BOAOKHMCTBIX
HOCUTEASIX CHHTE3UPOBAHHBIX HOBBIX OPIaHUYECKUX
peareHTOB HA OCHOBE IIPOU3BOAHBIX HUTPO30HA(TOAOB,
YAy4IIEHHE C KX IOMOLIbI0 METPOAOTHYECKIX XapaKTePU-
CTHIK 9TUX METOAUK OIIPEAEACHUSI KOOAABTA IIPY AHAAU3E
IPUPOAHBIX OOBEKTOB U IIPOMBILIACHHBIX MATEPHAAOB.

CHipkeHHe IpeAeAd 0OHAPY>KEeHUS AOCTHIAeTCsI KOH-
LIeHTPUPOBAHIEM OIPEAEASIEMBIX HHIPEAUEHTOB U3 OT-
HOCHTEABHO H0ABIIOTO 06’beMa pacTBOpa B pase copben-
Ta. B 0OTAMYME OT 9KCTPAKIIMOHHOTO KOHIIEHTPUPOBAHIIS,

COpOILIIOHHBIE METOABI HE TPEOYIOT UCIIOAB30BAHUS Op-
FaHHYECKUX PACTBOPUTEAEH, 2 IIOTOMY 0e30IaCHBI AAS
3a0poBbst [1]. Camu cOp6eHTBI HETOKCHYHDI X XOPOIIO
OTAEASIOTCS OT pacTBOpa pUABTPOBAHHEM, YTO ACAAET
aHaAM3 60Aee IKCIIPECCHBIM.

HurposzonadToa B3aMOoAeNCTBYeT CO MHOTHMU Me-
TaAAAMH C 0Opa3oBaHHeM KOMIIAEKCOB, II09TOMY TOT
peareHT SIBASIETCSI OAHUM M3 MeHee M30UpaTeAbHbIX pe-
areHToB. OAHAKO AASL YBEeAMYEHHSI M30MPaTeAbHOCTH
CHHTE3HPOBAHBl HOBbIE peareHThl HA OCHOBE HHUTPO-
30HadTOAQ: 2-TUAPOKCH-3-HUTPO30-1-HadTaAbAeTHA,
4-6poM-2-HUTP030-1-HaPTOA, 4-TUAPOKCH-3-HUTPO3OH

123



Section 11. Chemistry

aTaAuH-1-cyAbPOKICAOTA BHEAPDEHHEM B MOAEKYAY pe-
areHTa aToMOB 6poma, cyapdorpymnmst u opyrue [2]. Ha-
IpuMep, IpU NepexoAe OT HUTPO30HAPTOAA K FaAOTeH-
3aMelleHHbIM Harpumep 4-6poM-2-HuTpo30-1-HaToAy)
HOBBIE PeareHThbI CTAHOBSTCS O0Aee CrIelIUPHUIHBIMU, U3-
OMpaTeAPHOCTD X YAYYIIAETCS, TAK KaK OHU IpHOOpe-
TAIOT CIIOCOOHOCTD B3aHMOAEHCTBOBATD B 00OA€€ KMCABIX
CPeAAX U C MEeHbITHM YHCAOM HOHOB.

Tax BBepeHHE CyAbQOTPYIIIBI B MOAGKYAY HUTPO30-
HadTOAA CITOCOOCTBYET IMOBBIIIEHUIO PACTBOPUMOCTH
pearenra B Boae. Tak, ObIA CHHTe3HPOBaH peareHT 4-rup
poxcu-3-HuTpo3oHadrasuns-1-cyapdoxucaora [3], ko-
TOpbIil ¢ noHamu kobaabTa (II) 06pasyer uHTEHCHBHO-
CHHHH pacTBOPHUMBIN kKoMiAeKkc. HekoTopble KaTHOHDI
C 9THM peareHTOM OOpa3yIOT HEPACTBOPHUMBIE COEAU-
HEeHHsI, IIOCKOABKY COA€00pa3OBaHHe y HUX IIPOXOAUT
o cyabdorpyriie.

IToBbieHue H30MPATEAPHOCTH IIPU MOAUPUIIIPO-
BaHMHU PeareHTa CBA3BIBAIOT C M3MEHEHHeM CTephye-
CKUX (AKTOPOB B MOAeKyAe HUTpo3oHadToaa. [Tpu pH
45 HUTPO30HA(PTOA AAET PEAKIIHIO CO MHOTHMH JAEMEH-
TaMH, B TOM YHCA€ C HOHAMHU KOOAABTA, HUKeAS], )KeAe3a,
MEAH U ITUHKA, B TO BpeMsI KaK CHHTe3UPOBAHHbIN HAMHU
2-TUAPOKCH-3-HUTPO30-1-HadpTaabAETHA He B3aMOACH-
CTBYeT C MEADbIO M ITHHKOM. B Tox<e BpeMs HOBbIH pea-
TeHT 2-HUTPO30 4-u30aMuA HapTOA-1 B3aMMOAEHCTBYeT
U C MeAbIo U IMHKOM. M3oamuabHas rpymma cospaer
IPOCTPAaHCTBEHHbIE IIPENATCTBUS AAS Pa3MelleH s HOHA
C GOABIINM PAAHyCOM B XeAATHOM KOAbLje. B To sxe Bpe-
MsI MeAb U IJHHK, KOTOPbIe TIPOSIBASIOT 60Aee CHABHOE
CPOACTBO K a30TY, PearupyioT C 2-HUTPO30 4-H30aMHUA
HagTor0M-1 [4]. TIpearioroxeH e O TOM, 4TO 3A€Ch HIPa-
IOT POAb IIPOCTPAaHCTBEHHbIE MIPEIATCTBUSA, A He IPO-
CTO BBEAGHHE M30aMUABHOM I'PYTIIBI, IOATBEPXKAACTCS
U3y4eHHUeM CBOMCTB 2-HUTPO30 4-u30aMuA HaPpTOAa-1.
OTOT peakTHB B3AUMOAEHCTBYET C METAAAAMHU ITOAOOHO
He3aMell[eHHOMY HUTPO30HA(PTOAY, TaK Kak HU30aMHAbHAs
TPYIIIIa B 9TOM CAy4Yae HAXOAUTCS AOBOABHO AQAEKO OT Ie-
TEPOLUKAMYECKOTO a30Ta.

YAyunreHne U30MpPaTeAbHOCTH 00YCAOBAEHO TEM, YTO
[IPU IMMOOHAM3ALUY OPTaHIYIECKUE PeareHThI OAaropa-
PpsiTeOMeTpHYeCKUM 0COOEHHOCTSIM 3aKPeIIACHUSI AUTaH-
AQ Ha TIOBEPXHOCTHU HOCHTEAS B PSIAE CAyYaeB H3MEHSIOT
CBOH KOMITAEKCOOOpasyiolryie CBONCTBA, HAIPUMED AeH-
TaTHOCTb. MOXXHO IOAAraTh, YT0 MOAUPHIIMPOBAaHHbIE
copbentsl HanboAree 3PPeKTHBHO HM3BAEKAIOT HOHBI
METAAAOB, KOTOPbIe 00Pa3yloT ¢ UMMOOHAN30BAaHHBIM
peareHTOM MOHHbIE ACCOITMAThI MAM KOMIIAEKCHI C COOT-
HOIIEHHEM MeTAAA: AUTaHA, paBHbIM 1:1. B aTom caydae
CBOASITCSI K MUHUMYMY CTepHYeCKHe 3aTPyAHeHMHs, 06-

yCAOBA€HHbIE PpUKCallei AMTaHAQ Ha TIOBEPXHOCTH COP-
beHTa.

KoMmIiaeKkchl METAaAAOB € IMMOOHAN30BAHHBIMHU 2-T1
APOKCH-3-HUTPO30-1-HadTaAbBAETUAOM U 2-HUTPO30
4-u30amuA HaQpTOAOM-1 B OTAMYHKE OT X PEAKIIUH B pac-
TBOPE SIBASIFOTCSI TAKOKe 1 OOAee YCTOMIUBBIMHL

IToa6op OnTHMAABPHOTO 3HAYEHHSI COPOIHHA HO-
HoB Ko6aabTa (II) B 3aBucuMoctH ot pH. Tak kak Au-
TaHADI SIBASIFOTCS CAAOBIMU aHHOHAMH, KOMIIA€KCOO0Opa-
3YIOIIasi CIIOCOOHOCTD HUTPO30HA(PTOAA CHABHO 3aBUCHUT
ot pH cpeabl. DT0 BecbMa BaXKHO AASI U3OHUPATEABHOTO
OCQXXAEHHSI HUTPO30HAPTOABHBIX KOMITAEKCOB KOOAAD-
Ta, IOCKOABKY, YeM MeHbIlIe KOHCTAHTa YCTOMYUBOCTH
KOMIIAEKCA, TeM BbIllIe AOAKeH ObITh pH pacTBOpa AAst
YAOBAETBOPHUTEABHOTO ero ocakAeHus. Kpome roro, us-
6HpaTeAPHOCTD, KOTOPAs AOCTHUTAETCSI PEryAUPOBAHIEM
pH, MoxHO emje 60AbIIe YBEAMYHUTD, IPHUMEHSISI TIOAXO-
AslIIe MaCKUPYIOIe peareHThl.

[pu nuskux sHavenusx pH (B KucAO#t cpeae) HOHBI
ko6aabra (II) HAXOAATCS B THAPaTHPOBaHHOI popMme.
OT0 0becreynBaeT BBICOKYIO CKOPOCTD COPOLINH, HO HU3-
KYIO CTETIeHb U3BACUEHHUS] HA HEeMOAHHUIIUPOBAHHBIX HO-
cureadx. Ha MoAMHUIIMPOBaHHBIX HOCUTEASIX IIPOLecC
copbuun kobassta (II) mpoTekaeT caeayromuM Crioco-
6om. I1pu nossimennu 3Hadenust pH B pacTBope mpo-
Tekaer o6pazoBanue ruapokcupa kobaavra (II). B rakom
CAy4ae CKOPOCTb copbuuu yBeandnBaeTcst. ITo Buaumo-
My, IIPU 9TUX YCAOBHSIX 0OA€TYaeTcs 3apOAbIIIe06pa3oBa-
HHe, HapUMeP THAPOKCHAA KobaabTa (11), 4To mpusoauT
K 00pa3soBaHMIO OOAee MEAKON AMCIIEPCHOM CHCTEMBI.
I'A0OyASIpHBIIT MEXaHU3M COPOLMM CTAaHOBHUTCS OoAee
3¢ PeKTUBHBIM, YTO AOKA3aHO MAKCHMAABHOM CTEIIeHbIO
M3BACUEHHsI HOHOB KOOaAbTa B HoAee M[EAOHON Cpeae
Ha HeMOAUQUITMPOBAHHBIX HOCHTEASX.

CopbeHT, TOAyYeHHbI IMMOOHAM3AIIHEN 2-HUTPO30
4-u3zoamua HapToAa-1 Ha arnonuT CMA-1, mocae KoH-
TaKTa C PacCTBOPOM KOOaAbTa MpHOOpeTaeT 3eAeHYyIo
okpacky. Puabrpar npospader. OpHaxo, HayuHas ¢ pH
8,5, okpacka GpHAbTpaTa CTAHOBUTCS cAaboxeaToit. [Tpu
9TOM MHTEHCHBHOCTb OKPACKU COPOEHTa 3HAYUTEABHO
YMeHbIIAeTCs.

AvHaMMKa HM3MeHeHHs COpOLUM HOHOB KOOaAb-
ta Ha aHumoHuTe CMA-1, UMMOOHAMBHPOBAHHOM
2-HUTPO30 4-u30aMHUA HaPTOAOM-1 U 2-TUAPOKCH-3-HU
TPO30-1-HadPTaABAETHAOM M CKOPOCTh COPOIIMN HOHOB
KODaAbTa HCCAEAOBAAU METOAOM OTPAHIYEHHOTO 00beMa
pacTBopa. AASI 9TOrO B CepHIO MPOOHPOK C HaBeCKAMH
copbenra maccoit 0,1 r BBoprau 10 Ma MOAEABHOTO pac-
TBOPA C OTIPEAEACHHOM KOHIIeHTpal[el 1 BbIACP)KUBAAU
OT 2 MMH A0 1-r0 Yaca Ipu MOCTOSSHHOM ITIOMEIIUBAHUH.
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Yepes onpepeAeHHbIE IPOMEXYTKH BpeMeHH JKHAKHE
¢$a3bl MOABEPraAMCh aHAAN3Y POTOMETPHIECKUM CIIOCO-
6oM, Kak 9T0 oncaHo paHee. Kuneruky c0p6uHH H3y4da-
AM TIpH BbI6paHHOM ontuMaAbHOM 3HadeHun pH. 3Ha-
gyenue pH B pacTBopax ycranasausaau 0,1 H pacTBopoM
XAOPUCTOBOAOPOAHOM KHCAOTBI, YKCYCHOM KHCAOTOM
u pas6aBAeHHb1M pacTBOpPOM aMMHaKa.

PesyAbTaTbl 9KCIIEpUMEHTOB IIOKA3aAH, YTO AASL AO-
CTIXeHUS MAKCUMAAbBHOTO U3BA€UEHHS KOOAaAbTa npu
onTuMaAbHOM 3HaveHuu pH, Heob6xoanmo 10-15 muH,

He3aBUCHUMO OT MCXOAHOI KOHIIEHTPALIU HOHOB KO-
6aabTa B xuAKOM pase. ITpu 6oabIIeM BpeMeHH KOH-
TaKTa CTEIleHb U3BACYEHHUS OCTAETCS IIOCTOSHHOI, YTO
CBHAETEABCTBYET 00 YCTaHOBACHHMH COPOLIMOHHOIO
paBHOBeCHS.

Asmopot svipaxcatom co10 24y60kyi0 6AazodapHocmo
npogeccopy M. I. Myxameduesy u 0.x.H. A. A. Tapyposoii
3a npedocmasAeHHble BOAOKHUCTIbIE COPOEHMbY, 4 MaKHce
Hypmyxammadosy 2K., Toxnumyxamedosy X. C. 3a cunme-
3UPOBAHHbBIE PeazeHNbL.
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HCITIOAB30BAaHNE KOTOPBIX ITO3BOANAO pa3pa60TaTb TEXHOAOT'HIO IIOAYIE€HH S KOMITO3MIJHOHHBIX 9AACTOMEPHBIX MaTe-

PpHAAOB U I/ISACAI/Ifl C SaAaHHOfI CTPYKTYPOfI ¥ CBOMCTBAMH. YCTAaHOBAEHbI 3aKOHOMEPHOCTHU CTPYKTYPHBIX N3MeHEeHUN

MHHEPAADHBIX HAIlOAHUTEAEN npu TepMOO6Pa6OTKe, IIPUBOAAIINE K YBEATIEHHIO MACAOEMKOCTH, YAEABHOﬁ ITOBEPXHO-

CTHU Y1 KOHIIEHTpalun CBO6OAHI)IX PAaAHKaAAOB. O6H3.PY)K€H3 B3aMMOCBS3b MEXKAY CTPYKTYPHBIMH XapaKTE€PHUCTHKAMH,

IIPHUPOADI ITIOBEPXHOCTH MOAI/I(l)I/ILII/IPOBaHHbIX AAIOMOCHAMKATHBIX HAITOAHUTEAEN 1 MAKPOMOAEKYA KaydyKa.

KaroueBbie cA0Ba: MOAI/Iq)I/IKaL[I/Iﬂ, 9AACTOMEPHBIE KOMITO3UINH, TEXHOAOI'H, MHHepa_AbeII:I HAaITOAHUTEAD, p€3HHaA.

Beepenne. Ha reppuropuu Pecriy6anku Y6exucra-
HA UMEIOTCS KPYTIHbIE MECTOPOXKACHHS AAIOMOCHANKAT-
HBIX U KAPOOHATHBIX HAIIOAHHUTEAEH, TAKHE KK KAOAHH,
BOAAAQCTOHHT, OEHTOHUT U AP. APYyTHM BHAOM HeOpra-
HHYECKOTO U OPTAaHUYECKOTO ChIPbs, IIPEACTABASIONTHM
HECOMHEHHbIN UHTEPEC AASL PE3UHOBOM ITP OMBIIIAE€HHO-
cTH, ABasgercs ¢pocdoruc. IlepeuncaeHHbIe ChIpbeBbIe
MaTepHaAbl HEOAHOPOAHBI ITO XUMHKO-MHHEPAAOTHYe-
CKOMY M TPAHYAOMETPHUYECKOMY COCTABY U TPeOYIOT BCe-
CTOPOHHETO U3y4eHUs PU3NKO-XUMUIECKUX CBOMCTB, C
IIEABIO BBIIBACHHS UX IIOBEAEHHUS B IIPOLjecCe CMeIIeHUs
1 GOpMHPOBaHNUS SAACTOMEPHbIX KOMITO3HIJHOHHbIX Ma-
TEPUAAOB C 3aAAHHOM CTPYKTYPOM ¥ CBOXMCTBAMH.

OO6BbeKTBI U1 METOABI MCCAeAOBaHHMsA. Ha ocHo-
Be aHAAM3a AAHHBIX MHOTOYMCACHHBIX HMCCAEAOBAHUI
U 9KCIIEPUMEHTAABHBIX Pe3yAbTaTOB YCTAaHOBAEHO, YTO
KAOAUH, BOAAACTOHHT, OEHTOHUT, TAMHA eCTeCTBEeHHAsI
JOKeHHast U pocdorurnc MectopoxaeHus Pecrrybanku
Y36eKkucTaH HEMOCPEACTBEHHO, 6e3 IpeABAPUTEABHBIX
06pabOTOK 1 COOTBETCTBYIOLIUX XUMHIECKAX MOAUH-
KAI[{il He MOT'YT ObITh UCIIOAb30BAHBI B IIPOU3BOACTBE
pesuHO-TexHHIecKuX uspeanit. OHu coaepkar A0 5%
oxcupa xeae3a A0 30% BOABI, KOTOPbIE OTPHIJATEABHO
BAMSIIOT Ha TEXHOAOTHYECKHE B PU3NKO-MEeXaHUIeCKHe
CBOMCTBA 9AACTOMEPHBIX KOMIIO3ULMNM U MU3ACAMMN U3

HHUX. A OCHOBHBIM TpeOOBaHHEM, IIPEABSIBASIEMBIM K
9THUM MaTePHUAAAM, SIBASIETCS], HX COAepXKaHUe He OoAee
0,3%. ITocae aAeKTPOMArHUTHOM CeMapaluu U CyIIKU
npu 373-426K copepkaHne OKCUAOB METAaAAOB YMEHb-
IIAeTCSI AMIIb AO 2,2%, a KOAUYECTBO CBSI3AHHOW BOABI
ymeHnbmaercs A0 15% [1-7].

Pe3yabTaThl H 00Cy>KA€HHSI. AAS TOBBIIIEHNS Mar-
HUTHO BOCIPHUMYUBOCTU CAAOOMArHUTHBIX OKCHAOB
MeTaAA0B (B OCHOBHOM Fe203) U YAAACHUS CBSA3aHHOM
BOABI B COCTaBe HCCAEAYEMBIX HATOAHUTEAEH, OBIA ITPU-
MeHEeH MeTOA TepMudecKoin obpaborku. ObpadoTka
MHHEPAAbHBIX HATIOAHUTEACH IIPOBOAUAACDH B TeYEHUHU
PA3AMYHOTO BpEMEHH U TeMIIePATypPax, 3aTeM OCYIIeCT-
BASIAACh OYMCTKA HA IAeKTPOMArHHUTHOM CemapaTope.
M3 pAaHHBIX TaOAULBI 1 BUAHO, 9TO AASI AOCTIDKEHHS
6oAee BBICOKOM CTEIIEHH OYMCTKH MUHEPAAbHBIX Ha-
IIOAHHUTEAEH, CAEAYET IOABEPIaTh IMPEABAPUTEADHOM
9AEKTPOMATHUTHOM CeIlapaliuy C IIOCAEAYIOIEeN Tep-
MoobpaboTxoit mpu T=1000-1273 K B revernu 60 mu-
HYT M 9AeKTPOMArHUTHOMN OYHCTKe. AOCTaTOYHO BBICO-
Kasi CTeleHb OYMCTKU YKa3aHHBIM CIIOCOOOM CBsI3aHa
C TeM, YTO B IpOIjecce TeMIIepaTyPHOIO BO3ACHCTBHS
npu 950 K noHsI xxeae3a U3 IMapaMarHUTHOTO COCTOS-
uus (A-popmbr Fe203) IePEXOAAT B peppOMArHUTHYIO
(r-popmy Fe3O4).

Tabnuua 1. — BnusHve BpeMeHn n Temnepatypbl 06paboToK Ha CTENEHb
O4YNCTKM MUHEPAJIbHBIX HAMOJIHUTENEN OT OKCUAO0B METANIOB

CopeprkaHre OKCHAOB METAAAOB, %
Ao 2AeKTpOMarsuT- ITocae anexTpomar- Bpewms TepM0o06paboTKH, MUH.
HOM OYMCTKH HUTHOM OYHMCTKH Tem. 06p. K 20 40 60 80
773 2,20 2,18 1,99 1,90
973 2,07 1,91 1,56 1,50
>7 2,22 1173 1,98 1,02 0,21 0,20
1373 1,25 0,98 0,19 0,19

AepuBoTOrpaduIecKre HCCACAOBAHHS TAKOKe II0Ka3a-
AH, AASI TAYOOKOTO 00€3BOKHBAHHUSI KAOAHHA AOCTATOUHO
TepMUYecKasi 06paboTKa MHHepaAa IIPH TeMIlepaTypax
T=773-823 K. B cayuae 6eHTOHHUTA, yAaAeHHE AACOPOH-
POBaHHO¥ BOABI ITpOTeKaeT AaKe Ipu 363-463 K u 3aBu-
CHT OT BUAQ KATHOHA. YAAA€HHE BOABI 1 00pa3oBaHMs bes-
BOAHBIX TAMH IIPOUCXOAUT IIPH TeMIteparypax, 933-983 K.

ITpoussoacTBeHHbI 0TX0p Pocdorunc (OT) mo
XUMHYECKOMY COCTAaBY OTAMYAETCS OT TPAAUIMOHHBIX

MUHEPAAbHBIX HAIIOAHHTEACH M COACPXHUT B OCHOBHOM,
CaSO,, Si0,, H,O, P,O, n Apyrue oKCHADI IjeAOYHBIX
U I[eAOYHO3EMEAbHBIX MeTaAAOB. ITo AQaHHBIM peHTTe-
HOCTPYKTYPHOTO aHAAM3a B COCTaB KPUCTAAAMYECKOH
pemerku QI BXOAMT KPHCTaAAM3AIMOHHAS BOAQ, KOTO-
pasi TepsieTcs IpH ero HarpeBaHuw Bbimre 423 K, makcu-
MaAbHOe ypaseHue BoAbI u3 OI' mponcxoauT B mporec-
ce TepMoobpaborku npu temneparype 473 K. B aTux
YCAOBHSX OAHOBPEMEHHO HMeeT MeCTO CTPYKTypHOe
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IpeBpalleHHe, Ha YTO YKa3bIBaeT HCUE3HOBEHMUS AUHUI
d=5,96; 4,25 A u nosBaenne annnn d=3,49 A, Ha And-
pakrorpamme. ITocaeaHsist OTHOCHTCSE K 0Opa3oBasiie-
Mycs aHruApHuAY. IToBpimenue Temneparypser oo 773 K
U BbIIIe IPUBOAUT K 60A€e HHTEHCHBHOMY IIOSIBACHUIO
AVMHUH, XapaKTepHBIX AASl AaHTHAPHAQA. B mHTepBase xe
temnepatyp 1073-1273 K OI' moAHOCTBIO IIEpEXOAUT B
anruapupHoe (6e3Bopnoe) cocrosinue. VIcXoas U3 aToro,
HaMU ObIA BBIOPaH, HHTEPBAA TEMIIEPATYPHI IPOKAAHBA-
mus OT 1073-1273 K. VccaepoBanus mokasaau (Taba.2),

4TO IIPH TePMOOHOPAOOTKE TAKUX IIPUPOAHBIX MUHEPAAOB
KaK AHTPEHCKHUI KAOAUH, pOCPOTHIIC, GEHTOHHUT, BOAAQ-
CTOHHT, TAMIHA eCTeCTBeHHas xokeHHas mpu 1000-1273K
TaKKe IMeeT MeCTO CTPYKTYPHbIe U3MEHEeHUSs, yBeAnYe-
HHSI MACAOEMKOCTH U YAGABHOH reOMeTPHYEeCKOH II0-
BepxHocTy. C momomisio Metopa DIIP 6140 ycTaHOBAE-
HO ITOBbIIIEHNe KOHI[EHTPALIMH CBOOOAHBIX PAAUKAAOB,
CBHAETEABCTBYIOIHMX 06 00pa3OBaHUH [TAPAMATHUTHBIX
IIEHTPOB B HICCAEAYEMBbIX 00pasIax.

Tabnuua 2. — l3MeHeHus yaenbHO reOMeTpruyecKkoir NOBEPXHOCTU 1 MACIOEMKOCTU MUHEPasbHbIX
HanoJsIHUTENIEN B 3aBUCUMOCTM OT YCNOBUSX TepMoobpadoTku, npn 1273 K, B TeyeHne 60 MUHYT

Haumenosanue [Tokasarean’
[TOKa3aTeAer Ao Tepmoobpaborku ITocae TepMo06pabOTKH
b AK BA |TAEX | O Mb | MAK | MB | TAEX | MOT
S M/t 291 | 212 | 21 | 183 | 22 | 354 | 242 | 29 | 222 | 29
Macaoémkocts Ma/100r:

— ABHSIHOE 32,0 21,0 7,48 21,3 164 | 34,1 27,0 | 9,46 24,5 17,9
— Ba3eAMHOBOE 38,2 | 28,0 10,2 20,3 24,6 | 44,2 34,0 | 12,3 27,1 26,4
- AB® 36,4 25,2 11,9 18,1 26,2 | 43,0 31,5 14,3 24,3 27,6

"Ucxopnsiit B-6enronnt, AK-anrpenckuit kaoant, BA-soasacronnt, TAEXK-rauna ecrscrsenno xoxennas, OI-
pocdorurc. Mopndunuposauusiit MB-6enronut, MAK-anrperckuit kaoans, MB-Boaracrorut, MOI-$pocdorumc.

Ob6HapyskeHO TaKoKe CYlIeCTBEHHOE OTAUYNE MOAM-
$UIIMPOBAHHDBIX HATOAHUTEAEH IO AUCTIEPTHPYEMOCTH
U PpaclpeAeAeHMIO YaCTHL] MOAM(UIIMPOBAHHBIX Ha-
IIOAHHMTEAE! B 9AACTOMEPHOM MaTpHIje, II0 CPaBHEHMIO
C HeMOAMUIIMPOBAHHBIMU. AydIasi AUCTIEPIUPYeMOCTb
U, COOTBETCTBEHHO, HAOOABIIAS CTeIleHb PABHOMEPHO-
CTH pacIpeAeACHHs YaCTHIL] HATIOAHUTEAS] XapaKTepHO
AASl PE3HOBBIX CMecCel, HATOAHEHHBIX MOAMPHUIIMPO-
BaHHBIMHU HAaIIOAHUTEASIMU.

MeTOAOM CTaTHYEeCKO AACOPOIMH U3 Pa36aBACHHBIX
PacTBOPOB, OBIAM M3yYeHbI 92AACTOMEPBI C II€ABIO BBISB-
AeHHSI 0COOEHHOCTe! B3aHMOAEHCTBUS MAKPOMOAECKYA
Pa3AMYHBIX KayYyKOB C YaCTUIIAMH MOAMQPHIIMPOBAH-
HBIX MMHEPAAbHBIX HallOAHUTeAei. bbiao ycTaHOBAEGHO,
4TO MOAMQUIIMPOBAHHbIE MHUHEPAAbHbIE HATIOAHUTEAU
06AaparoT 6OAbIIEN AACOPOLIMOHHON AKTUBHOCTBIO
K MaKPOMOAEKYAAM KaydyKa I10 CPaBHEHHIO C HEMOAH-
¢urposanubiMu. [To-BiarMOMY, AQHHBII 9P deKT 06-
YCAOBA@H BO3PACTaHHEM MX YAGABHOM IOBEPXHOCTDHIO
U KOHIIEHTPAI[MU AKTHUBHBIX IIeHTpoB. OOHapysKeHO,
9YTO MOAMQUITMPOBAHHbIN POCPOTHUIIC, TOYHO TAKKe KaK
H MeA, IPOSIBASIET MAAYIO AACOPOIIMOHHYIO CIIOCOOHOCTD,
CA@AOBATEAbHO, MOYKHO 3aKAIOUHTD, YTO 3TU MATePHAABI
00AaAQI0T OAMHAKOBOM YAEABHOF TOBEPXHOCTBIO. 3aMe-
4eHO, YTO B 3aBUCUMOCTH OT TUIIA 92AACTOMEPA, 3HaYeHHe
MaKCHMAABHOF BEAMYHHbI AACOPOIIMM HATTOAHUTEAEH CY-
IeCTBEHHO U3MEHSeTCs.

B pesyabTaTe mpoBeAeHHbIX 9KCIIepUMEHTAAbHBIX HC-
CAEAOBAHMIT OBIAA YCTAHOBACHA CACAYIOIIASI IIOCAEAOBA-
TEAbHOCTb PACIIOAOXKEHHMS HCCAEAYEMbIX MHHEPAABHBIX
HAITOAHHTEACH 110 AACOPOIIIOHHOM AaKTHBHOCTH K MaKPO-
MOAEKyAaM KaydyKa:

Mb > MAK > TAEX > MB > MOT

YcranoBAEHO, YTO MPOM3BOACTBEHHBIE CMECH, HATTOA-
HeHHble MOAUPUIIMPOBAHHBIM AHI'PEHCKMM KaOAMHOM
U BOAAACTOHMTOM, IO 9KCIIAyaTaIlMOHHbIM CBOMCTBAM
He OTAUYAIOTCS OT CepPUIMHBIX KOMITO3HIIUM A0 COAEpIKa-
a1 S0 Mac. 4. Ha 100 Mac. 4. kaydyka. OpAHAKO, IIpH BbICO-
KHX CTeTIeHsX HATOAHEHHsI HAOAI0AQeTCSs 3AMeTHOE CHHU-
JKeHMe MAACTHYHOCTH, BO3PAaCcTaHHUe )XeCTKOCTHU 1o Aedo
PEe3HHOBBIX CMecell U TBEPAOCTH KOMITO3UTOB. B To ke
BpeMsI 9KCIIAyaTaIlMOHHbIe CBONCTBA KOMITO3UIHIA, B 1,6—
1,8 pasa mpeBbIAIOT COOT-BETCTBYIOIIUE TIOKA3aTeAU
KOMIIO3MTOB, HAalIOAHEHHbBIX He MOAMQUITMPOBAHHbIMU
HAMTOAHUTEASIMH. DTO COOTBETCTBYeT pPe3yAbTaTaM HC-
CA@AOBAHHI Ha MOA@ABHBIX CMeCSX.

B cayuyae ncrnoab3aoBaHus rAMHA €CTECTBEHHAS HOKeH-
Has B NPOM3BOACTBEHHBIX cMecsx BBeas > 30 mac.d.
Ha 100 Mac. 4. Kay4dyka, HaOAIOAQ€TCsI 3AMEeTHOE CHIDKe-
HMe [TAACTHYHOCTH U IIOBbINIeHHE BA3KOCTU PE3MHOBBIX
cMecel, 10 CPaBHEHUIO CEPUMHO IPHMEHSIOIerocs
kaoauHa. Ilpu aToMm AAA yBeAMYeHHS NMAACTUYHOCTH
Y yMEHbIIeHHUs BA3KOCTH B pelieNITypax yBEeAMIUBAAH CO-
Aep>KaHHe MAACTUPUKATOPOB U MAruuTeAer Ao 15-20%
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Oxa3aAoch, 4TO IKCIAYATAIIMOHHbBIE CBOMCTBA PE3HH, CO-
Aep>KalllMX TAMHA eCTeCTBeHHas ¥OKeHHas B 1,2—1,6 pasa
BbIIIIe, YeM TAKOBbIX B CAy4Yae CEPUIHOTO KAaOAWHA. Y4u-
TBIBasi TO OOCTOATEABCTBO, YTO HAIIOAHEHHBIE 9AACTO-
MepHble KOMITO3UIIMM TAMHA eCTeCTBeHHas O KeHHas
HMEIOT OOABIIYI0 KOHPEKIIMOHHYIO KACHKOCTD, KOTOPbIE
IIO3BOASIAM TIOAYYaTh ApMUPOBAHHbIE Pe3UHO-TeXHUYe-
CKUe u3AeAns], 6e3 IpUMeHeHHsT AOIIOAHHTEABHBIX KAE-
SIIMX MaTepUAAOB.

HccaepoBanus ¢ NMPOU3BOACTBEHHBIMH CMECAMU
MOAUQHIIPOBAHHBIM OEHTOHUTOM BMECTO HEAON CaKH
BbC-50 u BC-7S nmo3BoAnAu HaliTH COBEPIIEHHO HOBbIE
BO3MOXXHOCTH AASI TIOAYYEHUS Pe3UHO-TeXHUIeCKHX H3-
Aeanit. Tak, HampuMep, peryAupys KOAUYeCTBOM MOAU-
QUITMPOBAHHOTO OEHTOHUTA M APYTHX MHTPEAUEHTOB
B CMECH MOXXHO AOOUTHCSI MAKCMAABHYIO H3HOCOCTOM-
KOCTb MaTe€pPHaAd. JTOT IIyTh COBEPUIEHHO HEAOCTYIIeH
A1 BC-50. Tak, 3amenstst 70 mac. u. BC-50 ma 100 mac. .
MOAUQUIIMPOBAHHOTO OEHTOHHTA, MOKHO COXPAaHUTD
M3HOCOCTOMKOCTD, TOTAA KaK YBEAUYEHHE COAEPKAHMUS
BC-50 po 100 Mac.u. BeaeT k moTepe Ha 25% H3HOCO-
CTOMKOCTHU. Br1r0 ycTaHOBAEHO, 4TO MOAMUITPOBaH-
HbIN 6@HTOHUT MOXKHO 3aMeHUTb BC-75 A0 80%.

Hrax, MOXXHO 3aKAIOUUTDH, YTO MOAUPHLIMPOBAHHBIMN
6eHTOHUT TOAHOCTBIO 3aMeHsgaeT BC-50 u o0 80% BC-75
B pellenTypax Pe3MHOBbIX CMecel AASl IOAYYEeHUs pe3u-
HOTeXHHMYeCKHX U3AeAril. IIpu aToM caepayeT 00s13aTeAD-
HO YBEAUYHUTDb COAEPIKAHHUE MAACTUPHUKATOPOB Ha 3—-5%,
9TO HEOOXOAMMO AASL YAYHIIEHUS AMCIIEPTHPOBAHIUS Ha-
TIOAHMTEAS ¥ PSIAA TEXHOAOTUYECKUX CBOMCTB Pe3UHOBBIX
cMecen.

B cayvae ncnoab3oBanI MOAMUIIMPOBAHHOTO POC-
¢orurica B KageCTBe HATIOAHUTEAS B TPOU3BOACTBEHHBIX
CMeCSIX OBIAO YCTaHOBAEHO, YTO OH BEAET Ce0s1 KaK 00bIY-
HbIN HAITOAHUTEAD, IOAOOHO CEepUIHO IPHMEHSIEMOMY
Meay. I Tpu aToM TexHOAOTHYeCKHe M 9KCIIAYaTAI[IOHHbIE
CBOMICTBA 9AACTOMEPHBIX KOMIIO3UITHI, COAEPKAIITHX
MOAMQUITMPOBAHHBIN POCPOTHUIIC U MeA, IPAKTHYECKH
MAEHTUYHBI.

Taxkum 06pazoM paspaboTaHa TEXHOAOTHS IPOIleC-
ca QUBHUKO-XMMHYECKON MOAMPHUKALINN KAOAUHA, OeH-
TOHHTA, BOAAACTOHUTA, $OCPOTHUIICA U T.II., IPHUTOAHBIX
B Ka4eCTBe HAIIOAHUTEAS AASI IIPOM3BOACTBA KOMITO3H-
LIMOHHBIX MaTepraAroB. ITokazaHo, 4T0 TepMOOOpabOT-
Ka MUHEpaAbHbBIX HalloAHUTeAel ipu 973-1273 K npu-
BOAWT K CYIIeCTBEHHBIM CTPYKTYPHBIM H3MEHEHUSIM,
B YaCTHOCTH YBEAWYEHHMIO UX MACAOEMKOCTHU U YAEAb-
HOIl FeOMeTPUYECKON MOBEPXHOCTH, O0OYCAOBACHHOE
IIpOTeKaHUeM TeNMAOPU3HIeCKHX mporieccos. [Ipu arom
TaKoKe OBIA OOHAPYIKEH POCT KOHI[EHTPALIMH CBOOOAHBIX
PAAHKAAOB, IPUBOASIIUX K 0OPa30BaHUIO ITAPAMArHUT-
HBIX IIEHTPOB B IIpoOIlecce TepMOOOPabOTKH, KOTOpbIE
SIBUAUICh OCHOBOM AASI OIIEHKHU PSIAQ CBOMCTB CHCTEMBI
9AACTOMEP-HATIOAHUTEAD.

BbLsiBA€HBI 0COOEHHOCTH B3AUMOAEHCTBIS MAKPOMO-
AEKyA KayIyKOB Pa3AUYHON IPUPOABI C Pa3pabOTaHHBIMU
MOAHMHITIPOBAHHBIMU MUHEPAAbHBIMU HATIOAHUTEASIMH.
YcTaHOBAEHA B3AUMOCBSI3b MEXAY CTPYKTYPHO-aACOPO-
IIMOHHOM aKTUBHOCTBIO HATIOAHUTEAEH C TEXHOAOTHYE-
CKMMH U pU3UKO-MeXaHUIeCKUMH CBONCTBAMU IIOAYYeH-
HbIX 9AACTOMEPHBIX KOMITO3HIUH.
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UpeHTdUKaumsa nakoKkpaco4HbiX MaTepuasioB ra3oBoim xpomartorpadpum

AnnoTtanus: B paboTe usydeHns! pH3UKO-XUMHUYECKHE [IOKA3ATEAN aBTOMOOHABHBIX KPACOK C IIOMOIIBIO FA30BOTO
xpomatorpada. PaspaboTaHsl HOBbIE KOAOBbIE HOMEPA AASI aBTOMOOHABHBIX KPACOK, CIIOCOOHDIX 3AIUTUTh 9KOHOMH-
JeCKHe HHTepPeChl Y30eKHUCTaHa B MeXXAYHAPOAHBIX OTHOIIEHHUSIX.

KaroueBbie cAOBa: AAKOKPACOYHBIN MaTEPHUAA, HOMEHKAATYPA TOBAPOB, aBTOMOOUABHBIE KPACKH, TOBAPHASI HO-
MEHKAATypa BHEITHEIKOHOMHUIECKOT AeSITEAbHOCTH, HACHTUPUKAIIUS aBBTOMOOHABHBIX KPACOK, PH3UKO-XUMHUIECKITe
II0Ka3aTeAr aBTOMOOMABHBIX KPAaCOK, ra3oBbiit xpomarorpad Agilent 7890B, HoBbIe KOAOBbIE HOMEpPA AASI ABTOMO-
OMABHBIX KPACOK.

Baeaenue. L]eabio AQHHOT PabOTHI SIBASIETCSI U3yde-  BHEIIHEIKOHOMHYECKOH AeSTEABHOCTH (TH BOA PY3)
HYe $UBUKO-XMMUYECKHX [T0Ka3aTeAell aBTOMOOMABHBIX ~ aBTOMOOHMABHBIX KPAcOK, pa3paboTKa HOBBIX KOAOBBIX
KPacoOK € IIOMOIIBIO Ta30BOTO XpoMaTorpada, co3paHne  HOMEPOB aBTOMOOHABHBIX KPACOK, CIIOCOOHBIX 3AIUTHTD
KAACCHHKAIIMYA TOBAPOB HA OCHOBE BCECTOPOHHETO  OKOHOMHUYECKHE MHTepPechl Y30eKUCTaHa B MEXKAYHAPOA-
aHaAM3a KOAOBBIX HOMEPOB II0 TOBAPHOM HOMEHKAAType  HBIX OTHOIIECHHUSX.
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ITpaBuabHas KAACCHPUKAIIMA U CePTUPHKAIIHA TOBA-
POB Ha OCHOBE HX XHMHUYECKOIO COCTaBa ObecIievnBaeT
CTPOTO BBIBEPEHHYIO KOAUPHUKAIIMIO ITO TOBAPHOM HO-
MeHKAAType BHeIIHedKOHOMUdecKoit aesireabnoctu (TH
BOA). AakokpacouHble TOKPHITUS PEACTABASIOT cO60it
CAOXKHYI0 MHOTOKOMITIOHEHTHYIO CUCTEMY, COCTOSIIYIO
U3 [MAEHKOOOpa3oBaTeAel], IUIMEHTOB, HAIIOAHUTEAET,
pacTBOpUTeAeHl U APYTUX KOMIIOHEHTOB, obecIieyrBa-
IOIIMX TeXHOAOTMYeCKHe U QyHKIIMOHAAbHbIE CBOMCTBA
ITOKPBITHI [1].

OCHOBY AaKOKPAaCOYHBIX TOKPHITHI COCTABASIOT IIO-
AVMepHbIe IAeHKH IPeUMyIeCTBeHHO OpPraHUdeCcKOM IpH-
poabL. XuMudecKkas KAACCUPHKAIIHS AAKOKPACOYHbIX IIO-
KPBITHI1 OCHOBBIBAETCS HA IIPUPOAE IIACHKOOOpasyromjero
BelecTBa AAKOKPACOYHOTO MaTepHaa (CocTasa), U3 KOTO-
POro OHO M3rOTOBAEHO. TaK, BHIACASIOT SIIOKCHAHbIE, TIOAH-
aKpHAAaTHbIE, KPeMHHMIOPTaHHIeCKHe, MACASHbIE U APYTHE
nokpaiTus. [To cocraBy AakoKpacoyHble ITOKPHITH II0APA3-
AEASIIOTCSI HA OAHO- ¥ MHOTOCAOIHBIE; IIOCAEAHVIE, B CBOIO
OYepeAb, MOTYT OBITh OAHOPOAHBIMH H Pa3HOPOAHBIMH, T. €.
M3rOTOBA€HHBIMU M3 OAHOTO MAU M3 PA3HbBIX IO XMMMYe-
CKOJ1 IPHPOAE AAKOKPACOYHBIX MATEPHAAOB [2].

OcHOBHAast Macca AAKOKPACOYHBIX MATEPHAAOB, SIB-
ASTIOIIUXCSL 00BEKTAMH KOHTPOASI B KPUMHHAAHUCTHKE,
II0 CBOeMy Ha3HA4eHMIO MOXKeT ObITh YCAOBHO paspeAe-
Ha Ha CACAYIOIIME IPYIIIbL:-AAKOKPaCOYHbIe MaTepHAADI
AASL OKPAaCKH TPAHCIIOPTHBIX CPEACTB (Ha3eMHBIX, BO3-
AYIIHDBIX U BOAHBIX), IPHOOPOB U aNNapaToB (AaKu, MO-
POIIKOBbIE KPACKU, 9MAAH, TPYHTOBKH U HIMATAEBKH);-
cTpouTesbHble (B TOM 4HCAe 6BITOBblE) KpacKu
M AAKOKPaCOYHbIe MaTepHaAbl (MaCASHBIX, TIOPOIIKO-
Bble M1 BOAOOMYAbCHOHHbIE KPAaCKH, INITATA€BKH, 3aMa3KH
M MaCTHKH); — XYAOKeCTBEHHbIe KPacku (IPYHTOBKH,
MACASTHbIE KPACKH, aKBAPEAH U Iyallin). XyAOKeCTBeHHbIe
KPACKH TaK 5ke 9aCTO OTHOCAT K 9KCIIepTH3e MaTepHaAOB
¥ AOKYMeHTOB [ 3].

OO6bexThI 1 METOABI HiccAepAOBaHuUS. Hamu usydeHsr
XapaKTepUCTUKH, PH3UKO-XUMHUIECKHe IIOKA3aTeAN 3 BU-
A0B aBToMO6HABHBIX Kpacok B CIT OO0 «Y3-AoHrky
ITsuut Ko>.

48 L-xpacka BxopauT B coctab AHT-000 BASE COAT
MEDIUM SOLID — 3T0 0CHOBHOE ITOKPBITHE CO CPEA-
HUM COAEP>KaHHEM TBEPABIX YaCTHUI] HA OCHOBE IIOAUD-
$UPHO-MEAAMHHOBBIX CMOA, TPUMEHSIEMbIe AASI OKPACKU
Ky30BOB aBTOMOOFAE# B KOMIIAEKTE C O€CIIBETHBIM Ad-
KOM, KOTOpble 00eCIIeurBaIOT AGKOPATUBHBII BUA IIO-
KPBITHS HA YPOBHE COBPEMEHHbIX TPebOBaHMUIL.

GVL_MET aro xpacka u3 rpynmnst AMT-000 SOLID
BASE COAT ENAMEL — aro BepxHee aMaAeBoOe I0-
KpBITHE Ha OCHOBE NMOAMA(PUPHO-MEAAMUHOBBIX CMOA

CO CMECBI0 aTMOCPEPOCTONKIMH TUTMEHTAMH, IpUMe-
HsIeMBble AASI OKPACKH Ky30BOB aBTOMOOMA€H B KOMIIAEK-
Te ¢ OeCIIBETHBIM AAKOM, KOTOpPOe 00eCIIeYrBaeT CO3AA-
HHe OTAMYHOM U IIPOYHOM BHEITHOCTH HaA Pa3AMYHBIMU
IIPOMEXKYTOYHBIMU MOKPBITUSIMU.

GCW- xpacka Bxoaut B coctas BP-410 ACMEL
TOP COAT - siBasteTcs GBICTPOBBICBIXaEMOIT KPACKOH,
COCTOSIIIeN M3 TEPMOYCTOMYUBON AKPUAOBOI U Oy THA-
MEeAAMUHOBOM CMOABI B CMECHU C aTMOCHePOCTONKUMHU
[MTMEHTaMH. JTO 00ecIieduBaeT XOPOIIYI0 CTONKOCTD
AASI BHEITHETO ITPUMEHEHH ], OTAMYHYIO AATEe3HIO, yCTOM-
YUBOCTD K MAUPOBAHUIO, CTOMKOCTDb K XUMUYECKHM H aT-
MOC{ePHBIM BO3ACHCTBHUSM.

HccaepoBanue MPpOBOAMAOCH Ha Ta30BOM XPOMATO-
rpade «Agilent Tech.7890B. GCSystem> ¢ mporpamm-
HbIM ObecriedenneM. [a3oBbiit xpomaTorpad (kommanus
Agilent Tech) Macc ceAeKTUBHDI ACTEKTOP C TUPOAUTH-
9eCKUM yCTPONCTBOM HAXOAUT BCe OOABIIee IPHMeHeH e
B IIPOMBIIIACHHOCTH U OPTaHHYECKOM XUMUH AASL Pac-
IIO3HAHUS M KOAMYEeCTBEHHOTO U CTPYKTYPHOTO aHAAM3a
HeM3BeCTHbBIX COeAMHeHHil [4; S; 6].

IToAydeHHbIe pe3yAbTaThl 1 UX 00CyxAeHue. Tira-
TEABHO CMelnBaeTcs obpaser. Macca HaBecka o6pasia
1-3 mxr. ITpo6b1 MOXHO BBOAUTD BO BITYCKHBIE KAHAABI
C TIOMOIIBIO aBTOMATHYECKOTo mpobooT6opuuka (Ha-
[IPHMep, AaBTOMATUYECKOTO MPOHOOTOOPHUKA AASL XKHUA-
KUX MAaT€PHUAAOB MAH MapodasHOro mpobooTbopHUKa
Agilent) HAM BPYYHYIO C IOMOMIIBIO IIIPHUIIA [4]. O6pa3eu
BBOAMTCS HA KBapLIeBYIO TPYOKY, IOCA€ 9TOTO CTABUTCS
Ha [IUPOAUTHUYECKYIO IpucTaBKy. Obpaser; yAep>KUBAeTCs
B IIMPOAUTHYECKOH IpHcTaBke B Temreparype 750°C,
9TOOBI BCe OPraHIYeCKIe KOMIIOHEHTBI KPACKU IIePexo-
AV Ha Fa30BbIi peXXHM. A IIOTOM 00pa3el] OTIPABASIIOT
B XpoMarorpa¢. AHAAU3BI IIPOBOASITCS B Ta30BOM XPOMa-
torpade. [TapameTpbl ycTaHABAMBAIOTCS B COOTBETCTBUH
C IIepBBIMU AQHHBIMH. AHAAHU3BI AAST 0OPa3Lia IPOBOASITCS
B COOTBETCTBHUH C THMH ITapaMeTpamu. Pe3yabTaTs! aHa-
AM33 OTTIIPABASIIOT B KOMIIBIOTEP B TeueHHe 27—-35 MUHYT.
[ToAyueHHbIe AaHHbBIE 6YAYT poaHaAusupoBansL [Tocae
9TOrO Pe3yABTAThl AaHAAM3A OYAYT pacIiedaTaHsl Ha Gymare
B BUAE XPOMATOTPaMMBI.

C momompio ra3oBoro xpomarorpada H3y4eHbI
CTPYKTYPbI TPeX BHAOB aBTOMOOHABHOTO AAKOKPACOY-
HOTO MaTepHaAa.

A TaxoKe, oripeAeAeHbI Pa3AUYHbIE OPTAHUYECKHe CO-
eanHernsa AKM mo onpepeAeHHIO IOAOC TIOTAOI€HHS
B XPOMATOTPaMMe H B3SIThI MACC-CIIEKTPBL.

BrIBoABI aHAAM3A TIPUBEACHBI HA PUCYHKAX.

B 1-mpo6e-48L B 2-MUHyTaX HAYAAUCH OIIPEACASITHCS
XpOMAaTOrpaMMBbl BelleCTBa.
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PucyHok 5. XpomaTtorpamma. JumeTnnosblii adup 6yTagnoHOBOM KUCAOTI

BosicHeHO, 4TO B 1-IIpobe HAXOASITCS CAeAyroLine
opranudeckue coegnnenus (Tabaunma-1).

Bo 2-npo6e (GVL_MET) u B 3-mpobe (GCW)
ompepeaeHsl 6oaee 10 pasHBIX OPraHIMIECKUX COEAUHE-
Huit. B Tabaue N 1 niprBeaAeHbI HEKOTOpBIE OpraHuye-
CKMe COeAMHeHHs, CPOPMUPOBAHHbIE B OIPEACACHHBIN
IIepHOA BpeMeHH.

Aaxoxpacounbie marepuabt (AKM) kaaccudpunu-
PYIOTCS COTAQCHO XMMUYECKOMY COCTaBy B Pa3HbBIX TO-
BapHbix nosunusix TH BOA Pecrrybauxu Ys6exucras.
Caepyer ormeruts, uto AKM xaaccudunupyrorcs B VI
pasaeae (TPOAYKIMU XMMIYeCKOH 1 CBA3aHHbIX C Heill OT-
pacAeil IPOMBIAEHHOCTH), B rpytine 32 (9KCTPaKThI Ay-
OHMABHbBIE HAU KPACHAbHbIE; TAHHHBI M UX TPOU3BOAHBIE;
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Section 11. Chemistry

KpacHUTeAM; IIUITMEHTHI U ITpOYHe Kpacsliye BeljecTBa;
KPACKH 1 AAKM; IIIIATABKH U IIPOYHe MACTUKHU; TIOAUTPa-
Puyeckas Kpacka, 4epHHAQ, Tymb) B TOBApHOM O3ULIUI
3208 [7]. Mccaepyemple Kpacku KAACCUQPHUIMPYIOTCS

0 xoAy 320890910 1 mo TH B3A Pecrybanxu Y36e-
kucTad. [AaBHas mpobAeMa COCTOUT B HEOOXOAUMOCTH
KOHKPETH3aL1HU CyOMO3ULIUH.

Tabnuua 1. — OpraHuyeckme coeamnHeHne B kpacke 48 L

Bpems (MI/IHYT t,— HadaAbHO®, t — KOHeYHOe)

£,-2.064-2.137 | t-3.939-4.098

t,t,—4.244-4.329

t,5.108-5.315 t,5.547-5.632

t-2271-2.624 | t-4.098-4.244 | t-4.329-4.402 t 5.450-5.567 t 6.484-6.557
Obmjee ckaHMpOBaHHe BemecTsa (pa3)
30 | 15 | 8 18 | 8
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e o
toc
as
o

e /\©\
s

i cH3
Hac HiC
an
i
°

Hassanwne OPTraHMYECKOI'O BEIIECTBA

3,5-oxTapuen 1,3,5-rpumerna-

6eH30A

1-aTHA,4-MeTHA
6eH30A

AUMETHAOBBIN dPHP
OyTaAMOHOBOM KHCAOTHI

n-KymoA 1-Merua-4-
(1-mMeTmaaTHA) 6eH30A

TaxuMm 06pa3oM, Ha OCHOBe ra30BOr0 XpOMATOrpa-
¢a nAeHTHPUIMPOBAHbI aBTOMOOHABHBIE Kpacku o TH
BOA Pec.Ys. Pa3zpaboTka HOBBIX TOBAPHBIX KOAOB AQeT

BO3MOXXHOCTD 3alUTUTh OKOHOMHUYECKHE HNHTEPECHI
1 6e30IMacCHOCTb 9KOHOMUKH y366KI/ICTaHa B MEXAYHa-
POAHBIX OTHOLIEHUAX.
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Quantitive value of effectivity of nitrogen and
phosphor-containing ingibitors by the results
electrochemical and gravimetical investigations

Abstract: In article the results of electrochemical and gravimetrical investigation by the influence of new elaborated
oligomeric salts on the base of some organic compounds on the corrosion behaviour of steel samples (St -3) in different
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mediums are presented. It was shown that protective effect of investigated oligomeric salts has increased with increasing

their molecular mass and hydrocarbon radicals, diminutions presented in the molecules. The influence of the experiments

duration and also some other factors on the protective effect of the investigated oligomers have discussed.

Keywords: Oligomers, Inhibitors, steel corrosion, mechanism of inhibition, hydrocarbon, electrochemi-

cal investigation.

One of the perspective directions at the elaboration
of high- effective regulators of rate of metals electro-pre-
cipitation and industrial inhibitors of corrosion is a us-
ing of some water- soluble oligomers. The high pollution
of environment and hard regimes of exploitation of the
technological equipment oil-gaseous branch have caused
to great damage from the corrosion which in industrial
development contrives has achieved about 10% of the
combined profit.

At the exploitation of cooling systems of circulating
water-supply in without through high regime the brev-
ity of using of circulating waters has increased what has
caused the increasing of their mineralization. Owing to
this the investigation of some particularities of the elec-
tro-chemical and corrosion behavior of the constructive
materials in water with high content of different salts and
also the elaboration of different methods of their protec-
tion from corrosion is an actual task [1].

Some organic nitrogen — containing compounds are
known as effective inhibitors of the acid corrosion of dif-
ferent metals. Aliphatic, aromatically and heterocyclic am-
ides, amines, hinolines and some other compounds are the
most investigated in this plan. In spite of the wide spectrum
of investigations in this field some quash ions have remain
practically not enough investigated [2]. Anodic protection
by the passivating inhibitors has based on the fact that in
process of the reduction the current has appeared which
enough to transition metals in passive state. Some salts of
Fe®" — nitrates, dichromates and some others can be used
as inhibitors. Application of such inhibitors has allowed to
protect metals in hard accessible places — cracks and clear-
ances; itis necessary to note that their short ate is a contami-
nation of technological medium [3]. Inhibitors can change
the rate of corrosion processes if they can to influence on
the kinetics of the electrochemical reactions which have
caused the corrosion. Car amide (urea) has dissolved in
water solution of formaldehyde (phormaline) even at room
temperature.

In neutral or weak- based mediums (pH=7...8) and
moderate temperatures mono — and di methyl urea were
obtained. Di methyl urea is solid colorless substance; it
has dissolved in water. At 20-50 ° C and molar ratio of
urea — formaldehyde 1:1 practically only mono methyl
urea was formed. But at molar ratio 1:2 and temperature

above 50 ° C some one mole of CH,O has bonded to
mono methyl urea with formation of di methyl urea.

Comparison of the rate constants of above men-
tioned reactions has shown that the reaction ability of
NH, group of mono methyl urea in reaction of condensa-
tion in two time less than in urea, but the reaction ability
of the methylolic group in di methyl urea in 3 time less
than in mono methyl urea. Accordantly condensation in
the system urea-formaldehyde has carried out with high
rate at their low mole ratio. For example at ratio of initial
component 1:1 the rate of reaction is in 3 times higher
than at their ratio 2:1. That at higher mole ratios the
degree of polycondensation was the same as at low ra-
tios it is necessary to increase the time of reaction and
temperature and also to decrease pH of the reaction me-
dium. Thus at pH=4,5 the rates of reactions at the same
molar ratios of initial components were the same, but at
lower values of pH the rate of condensation was higher
and at values of pH above 5.0 on the contrary the rate of
addition reaction was higher [4].

Di methyl urea with different acids has formed com-
pounds similar to its phosphate which are soluble in wa-
ter. Phosphates of di methyl urea in neutral, weak-acid
and weak- base mediums at usual temperatures have a
linear structure with the degree of polycondensation
8-13; that is they are an oligomers with molecular mass
1418-2400. Investigation of the inhibitoral properties
of oligomeric inhibitors on the base of melamine, forma-
lin and phosphoric acid has shown that their protective
effect has caused by formation adsorbent layer on the
surface of metal. Such inhibitors have bounded with the
surface of metal by NH,-groups. By this reason the in-
hibitoral effect has shown in more degree in compounds
having more NH,-groups in their molecules. These
groups are the reaction centers’ in initial compounds
which are used in industrial production of car amide,
melamine- formaldehyde oligomers and also linear and
linear-cyclical polyamides.

Objects of our investigation were synthesized ni-
trogen- and phosphor-containing inhibitors: mono
phosphate of tio urea (MPTU); mono phosphate of
urea (MPU); mono phosphate hexamethylendiamine
(MPHMD) and also oligomeric phosphates of di methyl
urea (OPDU) and di methyl melamine (OPDM). Inves-
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tigation of corrosion behavior of steel (St-3) was carried
out on samples in form of plastics on the potenciostat
PI-50.11 with programmatic PR-8 by recoding the an-
odic and cathode polarization curves. The rate of the
electrochemical corrosion of metals in acid mediums was
determined by measuring of the polarization resistance
of two electrode corrosion ditched constant current on
the devise R-5035Y.

Investigations were carried out in following phone
solutions: 5% Na, SO, + 3% H_SO, (Ph-1), 3% NaCl

+ 5% Na, CO, (Ph-2) at different temperatures. Cor-
responding solutions were prepared from reagents of
the mark «chemical pure» on the distilled water. The
steel electrodes were obtained from the steel St-3, which
has the following composition (%): Fe=98,36; C=0,20;
Mn=0,50; Si=0,15; P=0,04; $=0,05; Cr=0,30; Ni=0,20;
Cu=0,20. Results of calculation of the corrosion rate and
the degree of protection at 50 ° C and different concen-
trations of the investigated inhibitors are presented in
table.

Table 1. — Results of the electro-chemical determination of the protective action of Investigated
oligomeric inhibitors at their different concentrations in phone solution Ph-1 (pH=5,27)

Inhibitor t,°C C. . ,mg/l -E ,B i, mA/sm? g Z,%
Ph-1 0 0,780 536,40 - -
MPTU 0,620 20,54 26,11 96,17
MPU 50 0,560 14,21 37,74 97,35
MPHMD 20 0,590 12,23 43,86 97,72
OPDU 0,430 3,97 135,14 99,26
PDMM 0,450 2,31 232,56 99,57

As shown the best results were obtained in weak-acid
medium in the presence of such inhibitors as MPHMD,
OPDU and OPDM (20 mg/1). The polarization measur-
ing have shown that nitrogen — and phosphor-contain-
ing oligomeric inhibitors OPDU and OPDM in inves-
tigated concenrational interval have braked the anodic
electrochemical process, that is they are an anodic inhibi-
tors. Inhibitors MPTU, MPU and MPHMD in investi-
gated interval of their concentrations have broken the
both electrochemical processes that are they are the in-

hibitors of the mixed type. Mechanism of action of oligo-
meric inhibitors of corrosion is determined in main by
the transition of the surface of protective metal in stable
state by formation of film owing to interaction of the in-
hibitors with metal ions. Analysis of the obtained data
had allowed to make conclusion that length of the alkyl
radical and molecular mass of the investigated inhibi-
tors have an important influence on their effectively. The
protective effect of inhibitors MPU and MPHMD had
achieved 97,35-97,72%.

Table 2. — Influence of the duration of the corrosion tests on the effectively of protection
of the carbonaceous steel by inhibitor MPU at temperature 25 °C in phone P-1 (pH=5.27)

inhibitor 360 hours 720 hours

[mg/1] K [g/(m’day)] Z[%] K [g/(m’day)] Z[%]

0 182,36 - 157,03 -

10 31,58 82,68 26,21 83,31
20 20,57 88,72 14,81 90,57
30 19,82 89,13 14,10 91,02
40 16,65 90,87 13,86 91,17
S0 15,24 91,64 13,31 91,52

Table 3. — Influence of the duration of the corrosion tests on the effectively of protection
of the carbonaceous steel by inhibitor MPHMD at temperature 25 °C in phone P-1 (pH=8,63)

hibitor 360 hours 720 hours

[mg/1] K [g/(m’day)] Z [%] K [g/(m’day)] Z [%]

0 182,36 - 157,03

10 19,95 89,06 12,62 91,96
20 10,63 94,17 5,487 96,51
30 8,17 95,52 4,98 96,83
40 8,08 95,57 4,69 97,01
S0 8,02 95,60 4,79 96,95
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Itis shown from the presented experimental data that
the best results were obtained at concentration 50 mg/1
of investigated inhibitors MPU and MPHMD.

The obtained results also have shown that at
small concentrations MPU and MPHMD have dis-
played inhibition properties. Their optimal concen-

tration is 20 mg/I from the economical and techno-
logical presentations. These inhibitors by the value
of the protective effect didn’t yield to analogues and
can be used in oil industry for the anticorrosion pro-
tection of equipment of boring wells and in some

other fields.
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Investigation of the mutual effect of the components in systems
substantiating the process of obtaining a new defoliant

Abstract: Heterogenic phase equilibrium in aqueous systems composed of calcium and magnesium chlorates
were investigated. It was found that the system including calcium and magnesium chlorates belongs to the simple
eutonical type, where salting-out effect of the components to each other were observed. Change dependence of physi-
cochemical properties of the solutions in the system, including chlorates and chlorides of calcium and magnesium
and carbamide, depending on the composition of components has been studied. “Composition-property” diagram
has been constructed for this system.

Keywords: defoliant, polythermal, temperature crystallizations, solubility, diagram, calcium chlorate, magnesium
chlorate, carbamide, thermogravimetric, roentgenophasic.

Introduction

In obtaining early and rich crop of raw cotton with
high technological properties exceptionally an impor-
tant role plays timely conduction of agrotechnical treat-

ment — defoliation by chemical preparations called
defoliants. By chemical effect on cotton plant for the
purpose of removal of leaves it is necessary high effective
defoliants that can give more than 80% phylloptosis of
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cotton for one treatment at low norms of consumption,
acting mildly on plants and consequently not to affect
adversely on crop, oil content of seeds, quality of lint cot-
ton and not to litter it.

Existing assortment of recommended defoliants
do not completely comply current demand put forth
by agriculture and public health services with chemi-
cal weed and pest killers. Chlorate containing defoli-
ants in terms of production and application are low
toxic and cheap.

Manufactured in Uzbekistan and widely used in ag-
riculture magnesium chlorate defoliant contains 36% of
the active substance in its composition [1]. Magnesium
chloride (bischofite) is used as a raw material for the
production of magnesium chlorate, S50% of which is im-
ported for the currency from abroad. It increases the cost
rising of the defoliant.

In this regard, production of chlorate containing
preparations based on local raw materials and increasing
their efficiency, and also reducing the “rigidity” effect on
cotton and development on their of more effective, fully
acting defoliants is an actual problem in cotton growing.

Currently, a new calcium-magnesium chlorate defoli-
ant based on local raw material dolomite is being devel-
oped, decomposing it by hydrochloric acid and subse-
quent conversion of decomposed products by sodium
chlorate [2].

It is known that a combination of chlorate contain-
ing defoliants with mineral fertilizers leads to increase of
defoliating activity and reduce “rigidity” of their effects
on plants [3,4]. To improve the defoliating activity of a
new calcium-magnesium chlorate defoliant by introduc-
ing carbamide into its composition and development of
more efficient cotton defoliant on their bases it is neces-
sary to gain information about the mutual influence of
the initial components in the system: Ca (ClO,) -Mg
(ClO,),-H, 0 and {[40.03%XCa (CIO,) +Mg (CIO,) ]
+7.45%% [CaCl+MgCl,]+52.52%H,0} — CO (NH,),

Objects and methods of research

The objects of research are calcium and magnesium
chlorates and carbamide. Dihydrate calcium chlorate Ca
(CIO3) ,-2H, 0 obtained as described in [ 5 ]. Magnesium
chlorate was synthesized by the method described in
[6]. Carbamide was used grade “clean for analysis”
which was twice recrystallization from water solution.
Visual-polythermic method was used during the study
[7]. Generally known techniques of analytical chemistry
was used in quantitative chemical analysis, in particular,
chlorate and chloride ions were determined by volumet-
ric-permanganometric and argentometric methods [9;

10], calcium and magnesium were determined on the
atomic-absorption spectrophotometer [10].

The content of elemental nitrogen, carbon and hy-
drogen were determined according to [11]. Analytical
data were used to determine the composition of solid
phase by Schreinemakers'method [12].

The solid phases were identified by various chemical
and physico-chemical methods of analysis. Values of in-
terplanar spacings were found from the reference book
[13] according to the angle of reflection, and the inten-
sity of the diffraction lines were evaluated by a hundred
point scale. Thermal analysis of examining new phase
was carried out on a Netzsch Simultaneous Analyzer
STA 409 PG (Germany), with thermocouple K-type
(Low RG Silver) and aluminium crucible.

Results and discussion

Mutual influence of the components in the system
Ca (ClO,),-Mg (ClO,),-H,0 was studied by visual
polythermal method at a wide temperature and concen-
tration range. Calcium chlorate-water and magnesium
chlorate-water binary systems were previously studied.
The data we obtained are agreed well with the literature
[14; 15]. The solubility of the components in the system
of Ca (CIO 3) ,-Mg (CIO 3)2—H2 O has been studied using
ten internal sections. Sections I-IV has been conducted
by magnesium chlorate-water side to the top of calcium
chlorate, and V-X from calcium chlorate-water side to
magnesium chlorate pole. Based on solubility data of bi-
nary systems and internal sections solubility polyther-
mal diagram of Ca (CIO3) ,-Mg (CIO3) ,-H,O have been
constructed from the eutectic freezing point (-61.7 °C)
till 60.0 °C (Fig. 1).

Field of crystallization of solid phases of ice, hexa-,
tetra- and dihydrated calcium chlorates as well as six-
teen-, twelve-, hexa- and tetra hydrated magnesium chlo-
rates have been demarcated on polythermal solubility
diagram of the studied system. Fields converge in four
nodal points of invariant ternary system (Table 1).

On polythermal diagram of state isothermal curves
of solubility were plotted at every 10 °C. Projections of
polythermal curves of solubility have been constructed
on corresponding side water systems. It is seen that the
given data in the studied system formation of new chemi-
cal compounds have not been taken place on the basis
of initial components. The system refers to a simple eu-
tonical type.

Analysis of solubility polythermal diagrams of Ca
(CIOs)Z—Mg (CIO3)2-HZO indicates that the compo-
nents of the system have a mutual salting-out effect to
each other.
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CalClOs) mass, %

Figure 1. Solubility diagram of the system of Ca (CIO,),-Mg (CIO,),-H,0

Table 1. — Double and triple nodal points of the system of Ca (CIO,),-Mg (CIO,),-H,0

Composition of liquid phase, %

Ca(Cl0,), | Mg(ClO,), | H,0 |t ,°C Solid phase

1 2 3 4 S

- 36.9 63.1 | -52,0 Ice + Mg (ClO.) 16 H, O
6.4 35.3 587 | -61.7 Ice + Ca (ClO,),-6 H O + Mg (ClO.) -16 H O
9.3 27.3 63.4 | -552 Ice + Ca (ClO,).-6 H O
16.4 18.3 653 | 484 Same
18.6 16.7 647 | -47.7 —

26.5 11.6 619 | 442 —
36.6 6.4 57.0 | —42.2 —
37.8 5.7 56.5 | -41.7 —
46.1 - 53.8 | -40.3 —

- 42.0 580 | -21.7 Mg (ClO,) 16 H, O + Mg (ClO,) -12H. O
4.8 41.0 542 | =350 |Mg(ClO,)16H O+ Mg (ClO,)-12H O+ Ca(ClO,)-6H O
5.0 38.0 570 | —41.8 Mg (ClO,),)16 H,O + Ca (ClO,) -6 H O

- 454 546 | -7.5 Mg (ClO,).-16 H,O + Ca (ClO,) -6 H O
3.9 45.0 511 | -15.6 | Mg(ClO,),-12H,0 + Mg (ClO,).-6 H,O + Ca (ClO,) -6 H,O

55.0 - 45.0 | -27.2 Ca (ClO,),-4H O+ Ca(ClO,).-6H O
50.5 5.0 44.5 | 274 Same

44.0 11.8 442 | -27.8 —

36.4 19.7 439 | -28.0 —

27.5 29.8 427 | -282 —

14.6 52.0 334 | 294 —

62.0 - 380 | -6.8 Ca (ClO,),2H O+ Ca(ClO,).-4H O
57.5 4.7 37.8 -7.0 Same
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1 2 3 4 S
52.0 10.2 37.8 -7.3 Same
46.2 16.7 37.1 -7.6 —
44.0 19.4 366 | -7.9 —
39.8 24.8 354 | -8.1 —
28.3 43.0 287 | -89 —
— 63.3 36.7 34.2 Mg (ClO,) -6 H O + Mg (CIO,) -4 H O
32 62.8 344 | 30.0 Mg (ClO,) -6 H. O + Mg (ClO,) -4 H O+ Ca (ClO,) -6 H O

The aim subsequent studies is investigation of novel
more effective preparation, which has high defolationing
activity and “soft” action on cotton based on calcium-
magnesium defoliant having the following composi-
tion {[40,03%XCa (ClO,),+Mg (ClO,),]+ 7,45%%
[CaClz+MgClz] +52,52%HZO} and carbamide.

It is necessary to know the behavior of the physi-
cal and chemical properties of the solutions of
{[40.03%3Ca (CIO,),+Mg (CIO,),]+7.45%%
[CaCl +MgCl ]+52.52%H,0}-CO (NH,), for the
physico-chemical validation and recommendations for
the process of obtaining of a new defoliant.

In this connection, to ascertain the influence of the
components on the physico-chemical properties of the
solutions of the above indicated system, the dependence

T.% H
sn= 10—

e 8

20 = 7

of the crystallization temperature change, pH, refrac-
tive index, viscosity and density of the fluids from the
composition have been determined. On the basis of the
obtained data on physico-chemical properties of the so-
lutions “structure-property” diagram of the system has
been constructed (Table 2, Fig. 2). “Composition-tem-
perature of crystallization” of the system is characterized
by the presence of two branches of crystallization with a
clear break in the solubility curve according to the data
chart (Fig. 2, Curve 1). Crystallization of {[84.3%YCa
(CIO3)2+ Mg (CIO3)2]+ [15.69%ZCaCIZ+MgC12]} ex-
tends to 14.55% of carbamide at —4.3 °C. At this point, the
crystallization of {[84.3%XCa (ClO,),+Mg (CIO,), ]+
[15.69%ZCaCIZ+MgClz]} and the compound of Ca
(ClO,),-Mg (ClO,),-8 CO (NH,) -4H,O take place.
d, gfsm’n, mmtls npgg

b r
1,71 —1,4450

110

-1, 66 1,4425

100

1,61 1, 4400

1,56 —1,4375
|-1,51 —1,4350

—1,4325

1,41 —1.4300

T 1

[40,03%Y Ca,Mg (ClO3),+
7,45%% Ca,MgCh+
52,529%H,0]

15 20

COMNH,),

Figure 6. “Composition—property” graph of the system

{[40.03%xCa (ClO,),+Mg (ClO,),]+7.45%% [CaCl,+MgCl,]+52.52%H,0}-CO (NH,),
1-crystallization temperature, 2—pH, 3-refractive index, 4—viscosity, S—density
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Increasing the concentration of carbamide by more
than 14.55% causes crystallization of the compound of
Ca (CIO3) Mg (CIO3) ,-8 CO (NH,),-4H, 0. Analysis of
the diagram of “composition-pH” (Fig.2, curve 2) shows
that the pH of the solutions gradually increases by ad-
dition of carbamide. In the double point the pH of the
solution is 4.71. Further, with increasing the concentra-
tion of carbamide over 14.55%, i. e. in the crystallization
point of the compound, the pH of the solutions increase
sharply from 4.71 to 5.30.

“Composition—property” graph is also character-
ized by the presence of two branches of crystalliza-
tion, with fracture index on the curve (Fig. 2, curve 3).
Viscosity values of solutions of the studied system are
gradually increased from 6.69 mm?/s and reach a value

of 8.75 mm?/s at a double point, i. e. at the content of
14.55% of carbamide (Fig. 2, curve 4). With increas-
ing the concentration of carbamide the viscosity of the
newly formed solutions rises and reaches 9.75 mm?/s,
due to the change in the field of crystallization of the
system.

Analysis of “composition-density” graph of the
system (Fig. 2, curve S) shows that with increasing the
concentration of carbamide the densities of the newly
formed solutions decrease. There is also a fracture on
the curve S of the “composition-property” diagram.
The crystallization branches of the sum of calcium and
magnesium chlorates, and calcium and magnesium
chlorides correspond to the densities of solutions of
1.5110+1.471S g/cm3 (Table 2).

Table 2. — The relationship of the crystallization temperature change, refractive index, pH, viscosity, density of
solutions in the system of {[40.03%2Ca (CIO,),+*Mg (CIO,),]+7.45%2 [CaCl,+MgCl,]+52.52%H,0}-CO (NH,),

Content of components,% d
Ne | {[40.03%xCa (CIO,) +Mg (CIO,) ]+ CcO o m;‘l; s | g s | PH n,,
+7.45%Y [CaCl +MgCl ]+52.52%H O} (NH,),
1 100 10 6.69 1.5110 4.01 1.4300
2 98.86 1.14 9.4 6.83 1.5095 4.17 1.4320
3 97.1 2.90 8.2 7.08 1.5060 4.28 1.4337
4 95.8 4.20 7.0 7.28 1.5020 4.30 1.4350
S 93.66 6.34 5.2 7.45 1.4950 4.32 1.4366
6 91.5 8.50 3.0 7.89 1.4875 4.37 1.4383
7 90.0 10.0 1.4 8.14 1.4830 4.45 1.4393
8 88.66 11.34 -0.2 8.29 1.4800 4.50 1.4401
9 86.8 13.20 -2.4 8.56 1.4750 4.60 1.4412
10 85.45 14.55 -4.3 8.75 1.4715 4.71 1.4419
11 84.43 15.57 13.5 9.20 1.4635 4.94 1.4430
12 82.85 17.15 22.7 9.50 1.4590 S5.12 1.4435
13 81.43 18.57 28.0 9.75 1.4550 5.30 1.4440
Densityvaluesofthesolutionsof1.4715+1.4550g/cm? TG-DSC investigation of Ca (ClO,),-Mg

correspond to the crystallization branch of the compound
of Ca (CIO,) Mg (CIO,) -8CO (NH, ) 4H,0.

Compounds formed in the studied system were iso-
lated in the crystalline form and identified by chemical,
X-ray and thermal methods of analyses.

According to chemical analysis, the masses of the
compounds found were%: Ca ((3103)Z = 21.55; Mg
(ClO,), = 20.0; CO (NH,), = 50.7; H,0 = 7.68.

Formation of compound Ca (CIO,),-Mg
(CIOS) ,-8 CO (NH,),-4H,0 was confirmed by X-ray
diffraction data. Comparison of diffraction lines and
corresponding values of the interplanar spacings of the
compound and its components showed that the com-
pound is individual, with its inherent structure of the
crystal lattice (Fig.3).

(CIO3) -8 CO (NHZ) ,4H,O at the temperature range
of 20-550 °C is characterized by the presence of an en-
dothermic effect at 144.1 °C and two exothermic effects
at 248.0 and 264.7 °C.

The endothermic effect at 144.1 °C corresponds to
the removal of water, the weight loss at which is 7.86% on
the TG derivatograph. Exoeffect at 248.0 °C corresponds
to the decomposition of the compound, the weight loss
at which is 39.70% on the TG curve.

In the next exothermic effect at 264.7 °C further de-
composition of the compound occurs and the weight
loss is TG = 76.13%. At the temperature range of 20—
50 °C the total weight loss was 90% (Fig. 4).
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Figure 3. X-ray diffraction of [Ca (CIO,),:-Mg (CIO,),-8CO (NH,),-4H,0]
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Figure 4. TG-DSC of [Ca (CIO,),;Mg (CIO,),-8CO (NH,),-4H,0]

The isolated compound of the Ca (ClO,),-Mg
(ClO,),-8CO (NH,),4 H, O is a white crystalline sub-
stance. Solubility in water at 0, 10 and 20 °C are 54.4%,
59.0 and 62.8 wt.%, respectively. The compound is slight-
ly soluble in alcohol and acetic acid, and poorly soluble in
acetone and benzene.

Itis necessary to dissolve carbamide in the solution
of calcium-magnesium chlorate defoliant in a mass ratio
of 1.0:0.1 to obtain an effective “soft” acting prepara-
tion, having defoliating activity based on the results of
the “composition-property” study of the above men-
tioned system and conducted agrochemical tests of
the defoliant components. This forms a defoliant so-

lution, with good physicochemical properties, having
a temperature of crystallization of 1.4 °C, viscosity is
8.14 mm?*/s, density is 1.4830 g/cm?, and the pH is
4.4S.

Conclusions

Thus, the mutual influence of the components in the
systems Ca (ClO,),-Mg (CIO,),-H, O; Ca (ClO,),-CO
(NH,),-H,Oat25and 50°C,{[40.03%XCa (ClO,),+Mg
(ClO,),]+ 7.45%% [CaCl +MgCl,]+52.52%H,0}-CO
(NH,), have been studied.

The results of the studied systems were the basis for
the recommendation of the composition of the new lig-
uid chlorate containing preparation for defoliation.
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About the reaction of urea with epichlorohydrin

Abstract: In the paper the reaction of urea with epichlorhydrin in the absence and presence of acid catalysts has
been studied. It has been established that in absence of the catalyst the reaction proceeds on amides with the forma-
tion of chlorohydrin of urea, and in the presence of acid catalysts there is a formation of cyclic ketals.
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(0 peakuumn B3auMMoOOencTBUs MO4YEeBUHbI C AnuxnaopruapvHom

AHHOTaIII/HI: B AaHHOﬁ pa60Te H3y4YeHa peaKInd BSaI/IMOAefICTBI/lﬁ MOY€BHHDI C JITMXAOPIUAPHHOM B OTCYT-

CTBHH U IIPHUCYTCTBHH KHCAOTHDBIX KaTaAM3aTOPOB. YCTaHOBAeHO, 4TO B OTCYTCTBHHU KaTAAHN3ATOPA peaKIUA IIPOTEKAET

110 aMHUHHOM rpymme O6paSOBaHI/I€M XAOPTHAPHUHOB MOYEBHH, 4 B IPUCYTCTBUH KMCAOTHDIX KAaTAAM3aTOPOB IIPOHC-

XOAUT O6Pa30BaHI/Ie OUKANYCCKHUX KeTaAel.

KaAroueBnie caoBa: MO4Y€BHHA, SIIMXAOPIHUAPHH, CHHTE3, CTPOEHHE.

BBepenune

ITpousBopHBIE MOYEBHHBI BCTPEUAIOTCS CPEAH IIPEeA-
CTaBUTeAeH AAM(ATHIECKUX, ApOMATHIECKHUX, AUKANYe-
CKUX, FeTepOLIUKANYECKIX COEAUHEHUI 1 HACIUTDBIBAIOT
MHOTHe COTHH TpeAcTaBuTeAei. I [ponsBopHbIe MOYeBH-
HbI IIPEACTABASIIOT COO0i HanboAee BOXXHYIO U LIHPOKO
[PUMEHSIEMYIO TPYIITY COBPEMEHHBIX OHOAOTHYECKH
aKTHMBHBIX coepuHenwuit [ 1, 136-140].

B paboTe mccaep0BaH CIIOCOO ITOAYYEHHS AL[UKAU-
YeCKHUX M IIMKAMYECKUX aMHAOB AM(EHOBON KHCAOTHI
c MoueBnHamu |2, 152-157]. ITokasaHo, 4To IIpupoaa
AMUHHPYIOLIETO peareHTa OIPEeACAsSeT COCTAaB IMPOAYK-
TOB peaKIIUH: IPU AMUHHPOBAHHU APEHOBOM KHCAOTHI
He3aMeIlleHHOM MOYeBUHO OCHOBHBIM IIPOAYKTOM SIBASI-
eTCsI IMHA, a IIPH AMUHUPOBAHHUHU 3aMellleHHBIMU MOYe-
BUHAMH M aMHHAMU — COOTBETCTBYIOLINE MOHOAMHABL.

B paboTe u3ydyeHsI KOMIIAEKCHbIE COEAUHEHHSI HA OCHOBE
MOp{OAMHO6eTanHOB ¢ MOYeBHHOI! [ 3, 7075 ]. Peakums
IPHCOeAUHEHNsT MOPPOAMHOOETANHA K MOYEBUHE IIPH
KOMHATHOJ TeMIIepaType B CpeAe 9TAaHOAAae IPOTeKaeT
AETKO 1 ¢ 00pa3oBaHieM 6eAOT0 KPUCTAAAUIECKOTO IIPO-
Aykrta. CTpoeHHe KOMIIAEKCHOTO COEAUHEHUS OTIpeAeAe-
HO METOAOM PEHTT€HOCTPYKTYPHOI'O aHAAH3A.

AKTYaAbHOCTD UCCAEAOBAHUS AOTIOAHUTEABHO IT0A-
TBEPXKAAETCSI AOCTYIIHOCTBIO HCXOAHBIX PEareHTOB, KaK
MOYEBHHBI TaK U SIMMXAOPTHAPHHA — MHOTOTOHHAXXHO-
IO IIPOMBIIIAEHHOTO IIPOAYKTA.

O6cy>xAeHHe IOAYYEeHHBIX Pe3yAbTATOB

M3ydyeHa peakijus B3aUMOAEHCTBUS MOYEBUHBI
C AIIUXAOPTHAPHHOM B Cpeae 9TaHOAQ. [Tpu mpoBepennn
3TOH peaKI[uH B CpeAe dTaHOAA IpH TeMneparype 60 °C
IIOAYYEeHBI CACAYIOIIUE ITPOAYKTBI:

0
I
HZN—ﬁ—NHz + H2C\—/CH—CH2—C1 — H2N—C—NH—CH2—$H—CH2C1 (1)
) OH
NH, 0
| _CH, Il
¢=0+20( ] “—> Cl—H,C—CH—CHy—HN—C—NH—CHy—CH—CH,C! (2)
NH, [ OH OH
X
Cl

Crpoenne coepnnenuit (1-2) OATBEPKACHO AQH-
HbiMU MK-criexTpockonuu. B MIK-cexkrpax ModyeBHHBI
BaAreHTHbIe Koaebamms >NH -rpymmer mabaropaercs
B obaactu 3138 cm'; aepopmarioHHbIe KOAeOAHIS
ONH, mpu 1352-1401 cM'; BaseHTHbBIE KOAeOaHHSA
N-C=O0 rpynn npu 1764 cm .

B MK-crexkTpax SIHXAOPTHAPHHA HAOAIOAAIOTCS
OTYETAMBBIE IIOAOCHI, OTHOCSIIUECS K BaACHHBIM KO-
aebanmsm C—Cl cBszu npu 723-760 cm™' mpucymeit
CH, Cl-rpynme; BaAeHTHbIE KOA€6AHHS STIOKCHTPYTITTBI

npu 1267,927-853 ecm™.
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About the reaction of urea with epichlorohydrin

IIpu mepexope OT HCXOAHBIX peaKIJMOHHBIX pea-
TeHTOB K IIPOAYKTY PEaKIIHH, IIOAyYeHHOMY Ha OCHO-
Be B3aMMOAEHCTBHS MOYEBUHBI C SITUXAOPTUAPHHOM
(1,2) mpoucxoaur usmenenue WK-cmekrpa. Tak,
B HMK-cnexrpax xapakTepUCTHYeCKHe BaAeHTHbBIE
koAeOanust >NH-rpynmst nposiBASIFOTCSI B BUAE ABYX
noaoc npu 3439 u 3469 cm', a AedpopMaIMOHHBIX
KoAebOanuit mpu 1456 u 1622 cm™'. AcumMeTpudHbIe
u cummerpudnbie koaebanus CH, -rpynn npu 2828
2985 cm'. HabaropaeTcs 0Opa3soBaHue HOBBIX HHTEH-

Mass Change: 6064 %

CHBHBIX IIOAOC ITOTAOI[eHUs B 0o6Aactu 3344 cM™, oT-
HOCsIUecs K BaAeHTHbIM KoAebOaumsiM —OH rpymm.
Baaentnsie koaebanus C=0 rpymnmn o6HapysKeHsI IpH
1682 cm™', CCl-rpymm B o6aactu 778 cm™'. B ob6aacru
760, 848 cM™' xapaKTepUCTHIECKIE YACTOTHI SIMOKCHA-
HOTO IJUKAQ OTCYTCTBYIOT. DTO TOBOPHT O TOM, 4TO pe-
aKITMS OCYIIECTBASIETCS C PAaCKPBITHEM ITOKCHAHOTO
KOADI]A SITUXAOPTUAPHUHA.

ITpoBeAeHBI TepMOAHAAMTHYECKHE HMCCACAOBAHMS
CHHTE3HPOBaHHOTO KPUCTAAAMYECKOTO o6pasa (2).

DSC {mWimg)

[1] 47(2) dsv
- t e

0.0
02
04
06
Peak 3428°C

08
Mass Change: -21.73 % L 10
12
Mass c 1293 % F-14
f FH-16
m [ is

50 100 150 200 300 350 400

250
Temperatwe "C

Puc. 1. TepmMorpamma CUHTE3UPOBAHHOMO NpoAaykTa (2) Ha OCHOBE MOYEBUHbI C SNUXTOPrUOPUHOM.

Kax BUAHO M3 TepMOrpaMMbl CHHTE3HPOBaHHOE CO-
eaunenue (2) crabuabho Ao Temneparypst SS °C. Tlpu
temreparype 55.4 °C mMpoOHCXOAUT IAABACHHE BeljecTBa
(3HA0TepMquCKm71 muk ¢ Tmax=74 °C c nocaeayrommm
pasaoxkeHueM obpasija. B TemmepaTypHOM AmanazoHe
54-18S °C HabAroAaeTCs repBast CTYIIeHb IIOTePH MACChI
Am=60,64%. (COOTBETCTBYIOIIHIT SHAOTEPMITIECKHUII TTUK
umeer maxmpu 159.9 °C,). AaHHas oTepsi MAcChI COOTBET-
cTByer Bbrxoay AeTyqmx komnonent CO,, 2NH,, H O (Teo-
peTndeckuii pacueT AaeT Beanarnty 60% ). Bropas crymenn
notepu Maccel Am=21.73%, cBsi3aHHAsI C OCBOOOXKACHHEM

XAOPHCTOTO BOAOPOAQ HAOAIOAQETCS B TEMIIEPATYPHOM HH-
TepBase 183-268 °C (sHAOTEpMUMECKHII TMK MMEEeT max
npu 207 °C). O6uas moraoiraemast 9HEPTHs AO KOKCOBOTO
ocrarka cocraBasier 1089 J/ g. TpeTbs cTyneHb HOTEpU Mac-
cp1 B pasMepe 11.54% cooTBeTCTByeT BO3TOHKE OCTaTOYHO-
ro kokca (Teoperudeckoe sHavenue 10%).

Taxoke, peakIjHio B3aMMOAEHCTBHS MOYEBHHBI C TIHX-
AOPTHAPHHOM IIPOBOAMAU B IIPUCYTCTBUH KHMCAOTHBIX
KaTaAU3aTOPOB, B KaueCTBe KOTOPOIO BhIOpaHa cepHast
kucaoTa. CxeMy peakIlMu MOXKHO IIPEACTABHTD CACAYIO-
1M 00pa3oM:

NH,
+ |
HoN—C—NH, + HyC—CH—CHy—Cl _H HN—(—0—CH—CHy—Cl 3)
0 O——CH,

CTpyKTypa CHHTe3MPOBaHHOTO coepunenus (3) uc-
caepoBasn MIK-Oypre ciexrpasbapiM anasnzom. B K-
CTeKTpe CHHTe3MPOBAaHHOTO coepnHenus (3) obHapyke-
HBI BaAeHTHbIe Koaebanms >NH, -rpynmst mpu 3416 cm ™!

u 1445 cm™!, N-C-O rpymmst ipu 1789 em™'; C-O rpymm
npu 1644 cm™'; C-O-C rpynnnpu 1381 em'; CClrpymmn
npu 747 cm'.

143



Section 11. Chemistry

I/ISY‘-IGHO BAMSHHE: TEMIIEPATYPbI K1 COOTHOIIEHM MC-
XOAHBIX p€areHTOB Ha CKOPOCTb pE€aKIJHH. AAﬂ BBIICHCHUA
P %

100 —
90 —

80—

3aBHCHMOCTH BBIXOAQ U CKOPOCTH PeaKI[HH ITPOLiece Ipo-
BOAMAU B uHTepBaae Temieparyp 60-80 °C (puc. 2).

70 —

60—

50—

40

30—

20—

10—

I | I I I I I I
10 20 30 40 50 60

I | | I I I I |
70 80 90 100 110 120 130 140 150 160 170 180 T, min

Puc. 2. 3aBncnMOCTb BbixOaa npoaykra B3ammogenctaus IXI ¢ kapbamuaom OT TeMnepaTypsbl,
"C: 1-60; 2-70; 3-80. Katanusarop [H,S0,]=2% 0T Maccbl MICXO[HbIX PEareHToB.

Kax BUAHO 13 pUCYHKA C yBeAHYeHHEM TeMITePaTyphl
YBEAUYHBAETCSI CKOPOCTD PEAKIIUU M BBIXOA IPOAYKTA.
Taxoke n3y4eHO BAUSHIE KOHIIEHTPAIIUU CEPHOM KUCAO-
THI Ha CKOPOCTD PEAKIJHH U BBIXOA KOHEYHOTO ITPOAYKTA
(puc. 2). Kak BUAHO 13 puc. ipu 2%-HOit KOHL|EHT LUK
CEPHO KUCAOTHI HAOAIOAQETCSI HAMOOABIIIAsT CKOPOCTD
peaxuuy ¥ HanbOABIIHIT BHIXOA [IPOAYKTA.

IKCcrepuMeHTaAbHASI 9ACTh

Onuxaopruppur (1-xa0p-2,3-3MOKCHIPONAH) —
IiepeA MCIIOAb30BAHIEM [IEPErOHSIAU U OTOHpaAr ppak-
mmo ¢ Temmeparypoir kunenus 116 °C; d,*=1,18;
n* =1,4381.

MoueBnHa (AUAMHA YTOABHOI K-Tbl, Kapbamup)
(NH2)2CO — 6eciBeTHOE KPUCTAAAMYECKOE Bellje-
cTBO, Temreparypa maaBaeHus 132,7 °C; maoTHOCTD
1,330 r/cm3 (25 °C); nD20 1,484; MoueBuna Xopomio
PacTBOpsIeTCS B BOAE, METAaHOAE, 9TAHOAE, H3OIIPOIIAHO-
A€; He PacTBOPSIeTCs B XAOpOdopMe. DTaHOA (3THAOBBII
CIUPT) — a6COAIOTUPOBAAH 00E3BOXUBAHUEM OKCH-
AOM KAABLIUS, 3aTeM IIePeTOHSIAH U OTOUpaAU PPAKIIUIO
c remneparypoii kurnenus 78 °C, e=25,7 (20 °C). Aueton
IIepEerOHSAHU IIPH aTMOC()EePHOM AABACHHH, TEMITEpaTypa
kunenus 56 °C.

CTpyKTypa CHHTe3MPOBaHHBIX COEAMHEHUH HCCAe-
aoBaHa AaHHbIMH HK-cnexrpaspHoro amaamsa. MK-
criexTpsl cauMaAn Ha MIK-Oypre ciekrpodoTopmerpe
SISTEM- 200.

TepMmoanaauTHYeCKHIE

HCCACAOBAaHHUA CHHTE3H-

POBAHHOTO KpHCTaAAMYecKoro obpasua (2). mposo-

Ananch Ha npubope Netzsch Simultaneous Analyzer
STA 409 PG, c tepmonapoit K-runa (Low RG Silver)
M AAIOMUHUEBBIMU THTASIMU. Bee n3MepeHust 6b1AH Ipo-
BeACHbI B HTHEPTHOH a30THOM aTMocdepe CO CKOPOCTHIO
noToka asora S0 Ma/MuH. TeMIepaTypHbIi AUAIIA30H
usMepeHuit coctaBasia 20-470 °C, ckopocTp HarpeBa —
5 K/mun. Koandectso o6pasija Ha 0OAHO U3MepeHHe Ba-
prrpoBaroch 4 Ao 30 mr.

CHHTe3 XAOPIrUAPHUHOBBIX coepAnHeHHUH. B Tpex-
TOPAYIO KOAOY, CHAOXKEHHYIO MEXaHMIeCKOM MelIaA-
KO, 0OpaTHBIM XOAOAUABHHUKOM M AEAUTEABHOM BO-
POHKOM 3arpy>kaA pacyeTHOE KOAMYEeCTBO MOYEBUHBDI,
SIHMXAOPTHAPHHA U PACTBOPUTEAD 3TAHOA. PeakiinoH-
Hyl0 cMech KunsATHAM pu 60 °C B Teuenue 3 4. ITo-
CAe 9TOTO PEeaKIIMOHHOH CMECH AAAH ITOCTEIIEHHO OX-
AAAUTBCS AO KOMHAaTHOM TeMIeparypsl. BrimaBmuit
OeCLiBeTHBIN HIOABYATHIN OCAAOK OTPHABTPOBBIBAAU
u cymuAn. OTTOHSIAH U3 PUABTPATA STAHOA, ITTHXAOP-
rupapuH. IIpu aTom BrpeaseTcst ocapoK. BrimaBimui
0CAAOK IIPOMBIBAAM Ha GUABTpE M30BITKOM alleTOHA
U CYLIMAH.

CHHTe3 LIUKAMYeCKHX KeTaAeil. B Tpexropayo koaby
3arpy>aAu MOYEBUHY, 9TAHOA, CEPHYIO KHCAOTY M Harpe-
BaAM Ha BoastHOM Oane A0 80 °C mpu HelpepbIBHOM IIe-
peMennBaHue MO KaIlASM IPHAUBAAH SITUXAOPTUAPHHA.
Peakruo mpopoAxKaan 2—2,S 4, IPH 9TOM CMeCh B KOAOe
probperaer 6AEAHO XKEATHII [jBeT. ATMOCEepHOI1 Iepe-
TOHKOH OTTOHSIAU 9TAaHOA, 3aT€M BBIACASIAU COEAMHEHHe
(3). Temneparypa kumnenus 85 °C. Borxoa 82-84%.
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Corbtsionno-fluorimetric determination of lead ion polymer immobilized reagents and application in the analysis of natural waters

Takum 06pa3oM, H3ydeHa Peakiiys B3aHMOAEHCTBISL  PeaKIjHs IIPOTeKAeT 10 AMHHHOM IpyIITe ¢ 06pa3oBaHH-
MOYEBHHBI C IMUXAOPTUAPHHOM B OTCYTCTBHU U IIPU- €M XAOPTUAPUHOB MOYEBHH, a B IPUCYTCTBUH KUCAOTHBIX
CYTCTBHH KHCAOTHBIX KATAAM3ATOPOB IIPU TeMIIEPaType  KaTAAH3aTOPOB IIPOUCXOAUT 0OPa30BaHIe [IUKAMIECKIX
60-80 °C. YcTaHOBACHO, YTO B OTCYTCTBHHU KaTaAM3aTOpa  KeTaAeH.
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Cop6unoHHO-dnyopumMmeTprnyecKkoe onpeaeneHme NMOHOB
CBUHL,A NOIMMEPHbLIMU UMMOOUIN3OBaHHLIMMN peareHTaMmm
M X NPUMEHEHMe B aHann3e NpupoaHbIX BOA,

AHHOTaHHﬂ: Pa3pa60TaHa COP6IIHOHHO-AIOMI/IHCCIIEHTH35[ METOANKA OITPEACACHHMS CBUHITA MMMOOUAU30BAHHOMN
9PpHOXPOMOM KpaCHbIM B. HaﬁAeHbI OIITHMAAbHBIE YCAOBHS AFOMHHECIIEHTHOI'O OIIPEACACHI CBHHIA 1 OIITUMH3HU-
POBaHbI YCAOBHI I/IMMO6I/IAI/IBaIII/II/I. HpeAAaraeMaﬂ METOAHMKA onp06np03aHa Ha pa3AMYHBIX THUIIAX BOA.
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KaroueBbie cAOBa: I/IMMO6I/IAI/ISaI_II/Iﬂ, AOMHUHECIIEHTHOE OIIPEAEACHHE, COP6I_II/IOHH8.SI CIIEKTPOCKOIINS, CBUHEI,

3pHOXPOM KpacHbIi B.

CBuHel] MUPOKO UCIIOAB3YeTCSI B CAMBIX Pa3AMYHBIX
OTPacASX IIPOMBIIIAEHHOCTH. Bce aTo KkpymHbIe mpous-
BOACTBA, HIMeloIIre 60AbIIre 06BeMBI OTXOAOB U BHIOPO-
COB, KaKk B aTrMocdepy, Tak U B BOABL B cBA3M ¢ HU3KMM
sgavenneM ITAK (TTAK cBuHIIa B IHTHEBOH BOAE CO-
craBasieT 30 MKr/A) Tpe6yeTcs MOCTOSHHDBIN KOHTPOAD
32 COAEpKAHUEM CBHHIIA B PA3AMYHBIX 0OBEKTAX OKPY-
JKaroIlle CpeAbl M B BOAAX [1—2].

B xayecTBe aHAAMTHYECKHX METOAOB OIIPEACACHUS
CBHUHIJA B 00bEKTaX OKPY>KAIOIIEH CPEABI HCIIOAB3YIOTCS
PasAMYHbIE ONTHYECKHE METOABI: aTOMHO-abcopOm-
OHHbIE, CIIEKTPOPOTOMETPUYECKHE C UCTIOAb30BAHHEM
OpPraHMYeCKUX PeareHTOB Pa3AMYHBIX KAACCOB, CPeAU
KOTOPBIX a30peareHThbl Hauboaee U3BeCTHHI [ 3-S5 ]. Ato-
MHHeCIIeHTHbIe METOADI OTIPeAeACHHSI CBUHI]Aa HEMHOT'O-
Y CAEHHBI, XOPOIIUX AIOMUHECI[@HTHbIX OPTraHUYeCKUX
peareHTOB Ha CBUHeI MpaKkTHYecku HeT [6]. Mexay
TeM, IPeUMYIeCTBa UMEHHO AIOMUHECIIeHTHBIX MeTO-
AOB, B aCIleKTe BbICOKOM YyBCTBHUTEABHOCTH OIIpeAeAe-
HUS Pa3AMYHbBIX TOKCHKAHTOB, IIO3BOASIIOT CYUTATD, YTO
pa3paboTKa yKa3aHHbBIX METOAOB OIIPEAEAEHHS CBUHIA
SIBASIETCSI HAUOOAE€e aKTYaABHOM.

Cpealt HOBBIX IIOAXOAOB K YAYUIIEHHIO aHAAHTHYe-
CKHX XapaKTePHUCTHK AFOMUHECIIEHTHBIX PeareHTOB CAe-
AyeT OTMETHTb UMMOOUAN3ALIIO OPTaHUYECKHUX PeareH-
TOB Ha TBEPABIX HOCHUTEASX, IIO3BOASIIONTYIO COYeTaTh
KOHIIEHTPHPOBAaHHE C OAHOBPEMEHHBIM OIIpeAeACHHEeM
HEMOCPEACTBEHHO Ha copbente [7].

Ifeabto paboThI sIBUAACh pasdpaboOTKa IKCIIpecc-
HOM M YyBCTBUTEABHOHN METOAUKHU AIOMHHECI[eHTHOTO
U COpPOIIMOHHO-AIOMUHECIIEHTHOTO OIIPEAEACHHSI CBUH-
I1a C IIOMOIIbI0 UMMOOUAN30BAHHOTO HAa BOAOKHHCTBIN
HOcuTeAb opranndeckoro pearenra (OP) psiaa oxcuaso-
COeAMHEeHHMI 9pHOoXpoM KpacHbiil B. Baaroaaps cBoeii ce-
AeKTUBHOCTH, N301PaTeAbHOCTH AQHHBIH PeareHT HaIéA
CBOe NMpUMeHeHUe ITPH aHAAU3€e CBUHIIA B IPUCYTCTBUU
APYTHX METAAAOB.

IKcrepuMeHTaAbHASI YACTh

HUcxopnsrit pactsop cBunna (1 mr/ma) rorosuan
pacTBOpeHHeM TOYHOM HaBeCKH MeTaAAd KBAaAUPUKAIIUI
oc.4. mo MeTopuke [8]. Pa6oure pacTBOPBI TOTOBUAH
pazbaBAeHHEM HCXOAHOTO PacTBOpA.

CraHpapTHBIE PaCTBOPHI IPUMEHSEMBIX METAAAOB I'O-
TOBHAHU PaCTBOPEHHEM HX TOYHBIX HaBeCOK HUTPATOB HAH
XAOPHUAOB IO U3BECTHBIM METOAMKAM | 8], c mocAeAytommm
UX pa3baBAeHHEM OUAUCTHAANPOBAHHOMN BOAOHL. TuTp mmo-
AyYEHHBIX TAKUM 00Pa3oM pacTBOpOB cocTaBua 1,0 Mr/A.

Bydepnrie pactsopsr ¢ pH or 1 a0 10 roToBuan
W3 COAH U KUCAOT «X.4.> IO MeToAHKe [9].

AAs BBLICHEHHUSI OIITUMAABHBIX YCAOBHIT OBIAM ITPO-
BEeAEHbI 9KCTIEPUMEHTBHI 110 OITPEASACHHIO OTITHMAAbHOMN
pH cpeap1, BbI6Op onTHMaAbHOTrO cocTaBa 6ydepHOI
CMeCH, OpPraHM4YeCKOrO PacCTBOPUTEAS], ONTHMAABHOTO
KOAMYECTBA PaCTBOPUTEAS], ONITUMAABHOM KOHIIEHTpa-
IIMH PeareHTa, IOPSIAOK CAUBAHHSI KOMIIOHEHTOB, BbIOOP
BpeMeHH 00pa30BaHHUs KOMIIAEKCOB H T. A.

B Hacrosmee BpeMs MUPOKO MCIIOAB3YIOT BOAOKHH-
CTble MATePHAABI B Ka4eCTBe MATPHIIBI AASI IMMOOHAN3a-
tuu OP. B otaudue ot Apyrux copbeHTOB IIOAUMEPHBIe
BOAOKHA MMEIOT BBICOKOPA3BHUTYIO YAEABHYIO IOBEpX-
HOCTB, CIIOCOOHOCTD K pereHeparjyiy, yAydIleHHbIe KIHe-
THUYECKHe XapaKTepUCTHKH. B kadecTBe HocHuTeAel Aas
MMMOOHAM3AIIIHU HCIIOAB30BAAU BOAOKHHCTBIE COPOEHTBI,
MOAUQHIIPOBAHHbIE PA3AMYHBIMH AHHOHOOOMEHHBIMH
rpymnmamu. 13 n3BecTHBIX BOAOKOH HaUOOAee IIOAXOAS-
M BeiOpan copbenT CMA-1, MOAMQUIIPOBAHHBIH
reKCaMeTUACHAHAMUHOM, IIPH 3TOM IIBeT COpOeHTa, M-
MOOHMAM30BAHHOTO OPraHHYECKUM peareHTOM 9PHUOXPO-
MOM KpacHbIM B, MeHseTcst oT 6exeBOro A0 po3oBOro.
ITpeAAOXKeHHBII HAMH MEXaHU3M HMMOOHAM3AIINY Opra-
HUYECKUX PeareHTOB Ha TBePABIX HOCUTEASX TOATBEPXXAEH
sanabiMu MIK-cnekrpockonuu. CpaBHeHue CIeKTPOB UM-
MOOUAM30BAHHOTO PeareHTa U HCXOAHOTO OPTaHUIECKOTO
peareHTa II0Ka3aAo, 4TO QyHKI[HOHAAbHO-aHAAUTHYECKHE
IPYIIIIbI OTBETCTBEHHbIE 32 KOMAEKCOOOPAa3OBaHUE B HM-
MOOUAM30BAHHOM U HATHBHOM peareHTe aHaAOTHYHBI, 4TO
yKaspIBaeT Ha TO, YTO CTPYKTypa peareHTa COXpaHseTcs
¥ B IMMOOUAM30BaHHOM COCTOSIHHH.

ITop06paHbI ONMTHMAABHbIE YCAOBHUS PEAKIIUH KOM-
IIA€KCOOOPa3OBaHMs CBHHIJA C AIMMOOUAM30BAHHBIM pe-
arenTom aproxpomom kpacubiM B (MM3K), noxasana
BO3MOXXHOCTb COPOITMOHHO-AIOMHHECIIEHTHOTO OIpe-
AEAEHUS CBUHIIA, IPH 9TOM YCTAaHOBAEHA 3aBUCUMOCTD
TIOAYYeHHBIX AQHHDIX OT Pa3AMYHBIX PaKTOPOB (KOHIeH-
Tpalus peareHra, BpeMsi MMobuausary, pH cpeasr
¥l APYTHE), B TO JKe BPeMsI OIPEACACHBI ¥ PACCIMTAHDI
HEeKOTOpble GUNKO-XMMHYECKHe XapaKTepUCTUKHU II0-
Ay4YEHHbIX KOMIIAEKCOB. MakcuMaAbHasi MHTEHCUBHOCTD
AIOMUHECIIEHI[IHU peareHTa HabAroaaeTcs: mpu A=540 Hm,
obpazosanHoro npu pH 3,0-5,0. IHTeHCHBHOCTD AfO-
MMHECIeHIIMY He 3aBHCUT OT U3MeHeHMs TeMIlepaTyphl
B IIMPOKMX TpeAeAaX. AHAAUBUPYs CBA3H MeXAY Opra-
HUYECKUM PeareHTOM M HOCHTEAEM YCTaHOBAEHO, 4TO
$YHKIIMOHAAPHO-aHAAMTHYECKHE TI'PYIIIbl peareHTOB,
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Solubility in system calcium chlorate-diethanolamine-water

OTBETCTBEHHBIE 32 KOMIIAEKCOOOpa3OBaHIe He YIaCTBY-
10T B 00pa30BaHIU KOBAAEHTHOM CBSI3U C IOAMMEPHbIM
HOCHTEAEM, OHH AHIIb TOABKO OOpa3yloT KOMIIAEKCHI
C MOHAMH CBUHIIA.

Mertoanka nMmMoOnAn3amun: K 0,3 I HOCUTeAS IpH-
6aBasiau 0,2 Ma pacTBopa pearenra (MMOK) u 3,0 ma
6ydepHOIt cMecH ¢ onTuMaAbHbIM 3HadeHHeM pH. ITepe-
MEIINBAAY U 4epe3 S MHHYT CAUBAAM PACTBOP Hap COp-
6erToM. ONTUMHU3ALNS YCAOBUI IMMOOHAUSALINY IIPU-
BeAeHa B Tabaurie 2.

Anaan3s npupopHoi BoabL. K 500 M mpo6b1 A06aB-
asror 3mMa H, SO, (1:1)m0.5r (NH4)SZOSAAﬂpaSPYH.Ie-
HISI KOMIIAEKCOB ITMHKA C OPTaHHYECKHMH BelleCTBaMU
IPHPOAHOI BOABL [IpOOY KUIIATAT AASL TepeBeAeHHS TH-
APOAM30BAaHHOTO CBMHIA B KATHOH B TedyeHue 10-15 mun
U OCTaBASIIOT Ha 1 4. PacTBOp $HABTPYIOT, H3OBITOK
KHCAOTBI HEUTPAAU3YIOT aMMHakoM A0 pH 1-2. 3atem
B pacTBOp BHOCAT S50 MI cCOpOEHTa M yCTAaHABAMBAIOT OII-
THUMaAbHbII pH A0OaBAeHHEM ITO KamAsIM CH,COONa.
CMech nepemMemuBalOT MATHUTHOMN MEIIAAKOH B Tede-
Huel0—-15 MHMH Ipu KOMHATHOH TeMIlepaType. 3aTeM
COpOEeHT OTGUABTPOBBIBAIOT HAa YHABTP <« CHUHSIS ACHTA>

U IPOMBIBAIOT 20 MA AUCTHAAMPOBAHHOM BOABL CBHHeI]
AeCOpOHpYIOT ITpOMBIBaHUEM KOHIleHTpara S Ma S M
HNO& ITapasareAbHO IIPOBOAST KOHTPOABHBIM OIIBIT.

ITpaBUABHOCTD OITpeAeAEHNS CBUHIIA IIOCAE KOHIIeH-
TPHUPOBAHUS IPOBEPSIAU METOAOM «BBEACHO-HANACHO >
Ha obpasLax IPUPOAHOI BOABL Be3 pobaBku B mpu-
poanoi Boae HampeHo 0.021£0.003 MKT/MA CBUHIIQ
(Sr=0.03; n=5; P=0.95).

Takum 06pa3oM, mpeasaraeMasi HOBast IKCIPeCCHAs
METOAMKA BKAIOYAeT ITpeABApUTEAbHOE KOHIIeHTPHUpPO-
BaHHE CBHHIIA, ITO3BOASIET KOAUYECTBEHHO BBIAEASITH
CBHHeI] 13 00ABIIOro 00’eMa IIPOOBI CO CAOSKHBIM POHO-
BBIM COCTABOM U O0eCIIednBaeT HaAe)KHOE U IIPAaBUABHOE
onpeAeAeHHe KOHIIEHTPALMU C BOCIPOM3BOAUMOCTDIO
(Sr=0.02-0.04). Ipeaea o6HapY>KeHUS CBUHI]A COCTAB-
asteT 0.1 MKT/A.

PaspaboTaHHbIe HAMH METOAMKHI AFOMUHECLIEHTHOTO
M COPOLIMOHHO- AFOMUHECI]EHTHOTO OIIPEAEACHHS B BO-
Aax ceunna (11) mo IyBCTBUTEABHOCTH OTBEYAIOT TPe6O-
BAHMSM CAHUTAPHOTO KOHTPOAS IIUTHEBBIX BOA U MOTYT
OBITH IIPHIMEHEHBI K PA3AMYHBIM 00BEKTaM, COAEPKALINM
CBUHEII.
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Solubility in system calcium chlorate-diethanolamine-water

Abstract: Explored interaction component in triple system calcium clorate — diethanolamine — water
by visual — politermyc method. It Is Built politermyc diagram of solubility of components in system, is delimited
field to crystallizations source component and new joining the composition Ca (ClO,), - NH (C,H,OH),,
which is identified by methods chemical and physico-chemical analysis. The certain compositions of equilibrant
solutions of the system and corresponding to there temperature of the crystallizations.
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PacTBOpMMOCTb B CUCTEME XJIOpaT KaJibUUea — AUN3TaHOJIaMUH —BOAa

Annoranms: Fccaep0BaHO B3aUMOAEHCTBHE KOMIIOHEHTOB B TPOMHOMN CHCTeMe XAOPAT KAABIIUS — AUITAHOAA-

MMH — BOAQ BU3yaAbHO — IOAUTEPMHYECKUM MeTOAOM. IlocTpoeHa moanTepMuyeckas AuarpaMMa pacCTBOPIMOCTH

KOMIIOHEHTOB B CUCTEME, Pa3rPpaHNIE€HDI ITOASL KPUCTAAAN3AINH NCXOAHDIX KOMIIOHEHTOB 1 HOBOI'O COCAHEHMS CO-

crasa Ca (ClO,), NH (C,H,OH),, KoTOpBI1 HAHTHGUIUPOBAH METOAAMHU XMMUYECKOTO i GpUBMKO-XMMHIYECKOTO

aHaam3a. OnpepeAeHbI COCTaBbl PABHOBECHBIX PACTBOPOB CUCTEMBI H COOTBETCTBYIONIHE UM TEMIIEPATYPbl KPUCTAA-

AMBAITUH.

KaroueBbie cAOBa: CHCTeMa, IOAUTEPMA, BU3yaAbHO-IOAUTEPMHYECKHI METOA, AUATPAMMa, PaCTBOPUMOCTD,

XAOPAT KaABIIHS, AUOTAHOAAMHH, COCAMHEHHe, HACHTHUPUKAIIHS.

BBepenne
B coBpeMeHHOM XAOTIKOBOACTBE ITPUMEHSIOTCS XH-
MHYeCKHe Iperaparsl — AepOAMaHTHI, OTOOpaHHBIE

U3 Pa3AMYHBIX KAACCOB HEOPTaHUYECKUX M OPraHMYeCKUX
coepnHennit. K aepoaranTaM mpeApsBASIIOTCSE G0AbIIIIE
TpebOoBaHHs: BbICOKAs 9P PeKTUBHOCTD, 0OeCIIeunBao-
Iast OIaAeHusI ANCTbeB Ooaee 80% 3a 0AHY 00paboTKYy,
He BBI3bIBAsI OKOTOB AMCTheB K KOPOOOUEK XAOITIATHUKA,
MaAast TOKCHYHOCTD, HU3KHe HOpMBI pacxoaa. Kauecrsen-
Hasl M CBOeBPeMeHHas! AePOAMAIIHS CeAbCKOXO3SHCTBEH-
HBIX KYABTYP KOMIIA€KCHOAEHCTBYIOIIMMU ITPeIlapaTaMu
SIBASIETCSI 3AAOTOM ITOAYYEHHS BBICOKON 9KOHOMHYECKOH
BBITOABL B CBSI3M C 9THM aKTyaAbHO COBEpIIEHCTBOBAHUE
U pacIIMpeHIe aCCOPTUMEHTA XAOPATCOACPIKAIIIKX TIpe-
IIapaToB M Pa3paboTKa Ha MX OCHOBE MATKOAEHCTBYIO-
IIMX HAa PACTEHMs BBICOKOIPPEKTHUBHBIX AePpOAUAHTOB.
B aToM acriexTe peACTaBAsIeT HHTepeC IIOAyUeH s AedOo-
AMAQHTOB Ha OCHOBE XAOPATOB HATPHsI, MATHHSI, KAABIIHS
U 9TAHOAAMHHOB. IIpHUCYyTCTBHE MOCAEAHHX B COCTaBe
XAOPATOB 3HAYMTEABHO CIIOCOOCTBYIOT ITOBBIIIEHHIO -
PeKTUBHOCTH AepOAHAIINH, CHIDKAIOT HOPMBI PacX0oAd
1 TIOAOXKUTEABHO M3MEHSIIOT XapaKTep AeHCTBUS aKTHB-
HbIX KOMITOHEHTOB A€ OAMAHTOB.

AAsT PH3UKO-XUMHIECKOTO 000CHOBAHMS MpoLjecca
HOAYYeHHs] KOHIEHTPUPOBAHHOTO IO AEFICTBYIOLIeMy
BEI[eCTBY XAOPATCOAEPIKAIIEr0 ITHAEHIIPOAYIIHPYIO-
mero AeGOAMaHTa HEOOXOAMMO 3HATD ITOBEACHHE KOM-
MOHeHTOB B cucteMe Ca (CIO3) ,-NH (CZH 4OH) ,-H,0
B IIMPOKOM TEMITEPATyPHOM U KOHIIEHTPAlJHOHHOM HH-
TepBaAe.

IKCnepuMeHTaAbHAs 9acTh

AAsL BBITOAHEHHUS MCCAEAOBAHMI XAOPAT KaABITHS
IIOAYYAaAH Ha OCHOBE OOMEHHOM PeaKIJHU IIAABACHOTO
XAOPHCTOTO KaAbIIMS C XAOPaTOM HaTPHs B alleTOHOBOM
cpeae 1o Metopuke [1]. B pesyabrate o6meHHOI peak-
IIMU ITOAYYeH PacTBOP XAOpaTa KaAblid B anjeToHe. Ilo-
CA€ OTAGAEHHS alleTOHOBOM BBITSDKKH OT TBEPAOH U OT-
TOHKHM al[eTOHA I0A BaKyyMoM npu Temneparype 30-35
° C u3 obpasyromericsi IyCTOM MAacChl OXAKACHHEM
BBIACASIAU O@ABIT KPHCTAAAUYECKHUIT IIPOAYKT, KOTOPBIH
OYHMIIJAACS TIEPEKPUCTAAAU3AIIHET.

Pacuer xoHcTaHT BcaauBaHus K B u3yueHHbBIX cHCTe-
Max MPOBOAUAH TI0 popmyae [2]:

K= S-S,
S,—N
rAe, S 1 S — pacTBOPUMOCTb BCAAMBAEMOTO KOMIIOHEH-
Ta B BOAE U PAaBHOBECHOM CHCTeMe, MOAb,%;

N — KOHIIeHTpaIus BCAAUBaTeAs] B PaBHOBECHOM
CHCTeMe, MOAB,%.

S, 4 S AASL cHCTeM C BCAaAMBAIOIIUM ACHCTBHEM KOM-
TIOHEHTOB BCEraa OTPHUIlaTeAbHbI, moaToMmy K xapakre-
pu3yIoliee OTHOCHTEAbHOE YBEAMYEeHHe BCA-AMBAaeMOT0
KOMIIOHEHTA C Mi3ME€HEeHHeM KOHIIEHTPAIIMU BCAAMBATeAS
AOAKHBI HIMETh OTPHIIATEABHOE 3HaYeHHe.

Aworponnbiit (coaeBoit) 3dPeKT paccuMTHIBAAK
1o ypasHenuio [3]:

lg%o -k
m()
rae, S,, M, — PacTBOPUMOCTb BHICAAMBAEMOTO KOMIIO-
menTa (I) u Boicaausareas (II) B Bope, Mac.,%;
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S, m — KOHIIeHTpaI¥s BBICAAHBAE€MOTO KOMITOHEHTa
Y BBICAAMBATeASl B COA€BOM PacTBOpe, Macc.,%;

K — xoa¢durment coaeBoro apexra.

Tsepabie $pa3pl MACHTUPHUIIMPOBAAN XUMHYECKUMU
U Pa3AUYHBIMH METOAAMH PU3HUKO-XUMUYECKOTO aHAAH-
3a. PenTreHo¢a3oBblil aHAAU3 POBOAMAU Ha AMPpaK-
ToMerpe ApoH — 2,0 Ipu OTGUABTPOBAHHOM MEAHOM
M3AyYeHMH npu HanpsbkeHMH 40 KB., cuae Toka 20 MA,
CKOPOCTH ABIDKEHHSI AMCKA CYeTYHKa — 2 Ipap/MHH
[4]. 3HaueHMNA MEXIIAOCKOCTHBIX PACCTOSTHHIT HAXOAH-
AW TIO CITPaBOYHHKY [S] coraacho yray OTpaXKeHHs, A IH-
TEHCUBHOCTD AUPPAKITMOHHBIX AMHHI OIIeHHBAAH ITO CTO
0aABHOI HIKAAE.

AAsI BBIICHEHHSI XapaKTepa B3aUMOAEHCTBHS MEXAY
COCTaBASIIOITMMH KOMITOHEHTaMU CHHTE3HPOBaHHBIX CO-
earHeHn# nmpoBoaran MK-cnexkrpockonu-ueckuit aHa-
An3. IK-crieKTpbl OTAOIIeHHSI HCXOAHBIX KOMITOHEHTOB
M HCCA@AYEMBIX COGAMHEHHI PeTUCTPUPOBAAH HA CIIeK-
Tpoporomerpe Specord IR-7S B obaactu vacror 4000
400 cm'. O6pasLbl FOTOBHUAH C IIOMOLIIBIO ITPECCOBA-HIUSI
TabAeTOK ¢ 6poMuAOM Kaaus [6].

TepMuyeckmil aHAAM3 HFICCAGAYEMBIX COEAMHEHUI
IIPOBOAMAM Ha aepuBaTorpade cucremsl Ilayank — Ila-
YAMK — DpAeit [7] B arMocdepe BO3ayXa IPU CKOPOCTH
Harpesa 10 rpaA/ MUH., HaBecKa BemectBa 100 mr, yB-

crBUTeABHOCTD raapBanomerpos ATA 1/5, ATT 1/10,
T —900° C. OTar0H — NpOKaA€HHAS OKHCh AAFOMHIHHL.

B KOAMYECTBEHHOM aHAAM3€e IIPUMEHSAU OOILIen3-
BECTHbBIE METOABI AaHAAUTHYECKON XUMHUH.

Pe3yAbTaThl H HX 00Cy>KACHHE

CucreMa XAOPAT KaAbITHSA — AMSITAHOAAMHIH — BOAQ
M3y4eHa BU3YaAbHO-TIOAUTEPMUYECKAM METOAOM | 8]
C LIeABIO BBLSICHEHUS B3AUMOAEHCTBUS HCXOAHBIX KOMIIO-
HEHTOB IIPU X COBMECTHOM IIPUCYTCTBUH B ITHPOKOM
TeMIIEPATyPHOM U KOHIJeHTPAIJMOHHOM HHTEPBAaAAX.

CocraBasioIast AQHHYIO CHCTeMy OMHApHAS CHCTeMa
XAOPAT KaAbITHSA — BOAA M AUDTAHOAAMHH BOAA PaCCMO-
TpeHa B paboTax [9,10]. Hamu M3ydeHa 3Ta CHCTeMa IIpH
remneparypax ot —40,3 oo 50° C. I[ToayueHHbIe pe3yab-
TAThI XOPOIIO COTAACYIOTCS C U3BECTHBIML.

Cucrema Ca (ClO,), - NH (C,H,OH), - H,0 u3-
y4eHa IATbI0 BHYTPEHHUMHU pa3pe3amu oT —57,9 a0 50
° C. Ha ee moAuTepMHYeCKOi AMarpaMMe pacTBOPH-
MOCTH Pa3TPaHHYEHbI IIOAS KPUCTAAAMBALUU AbAQ,
AMITAHOAAMHHA, IIeCTH-, YeTHIPEX-, AByX BOAHOTO XAO-
para KaAbIus U coepnmHeHus cocTaBa Ca (ClOa)z-NH
(CZH 4OH) 5 (puc. 1). YcTaHOBAEHbI YeThIpe TPOiiHbIE
TOYKH CHCTEMBI, AASI KOTOPBIX OTIPeACAEHbI TeMITePaTy-
PBI KPUCTAAAUBAIIMY M COCTaBbl PABHOBECHBIX PacTBO-

pos (Taba. 1).

Tabnvua 1. - [IBoliHble 1 TpoiHble Toukn cuctemsl Ca (ClO,),— NH (C,H,OH), — H,0
Cocras xxupxoit ¢passr, % Temm-pa T
Ca(ClO,), | NH (C,H,0H), [ H,0 | pucr,°C Bepaast dasa
62,0 - 38,0 -6,8 Ca (ClO,),-4H,0+ Ca (ClO,),-2H,0
Ca (ClO,).-4H O+ Ca (ClO,) -2 H 0+ Ca (ClO,), -
8,8 17,4 23,8 -8,0 2 NH ( C7H4302H)7 2 32
61,6 16,5 21,9 L6 Ca (ClO,),2H,0+Ca (ClO,) -NH (C HOH),
58,2 17,2 24,6 -9,0 Ca (ClO,),-4H,0+Ca (ClIO,),-NH (C H OH),
55,0 - 45,0 -27,2 Ca (ClO,),-4H O+Ca (ClO,) -6H O
530 180 290 10 Ca (ClO,),-6H,0+Ca (ClO,),4H,0+
' ' ’ - +Ca (ClO,) -NH (C,H,OH),
52,5 18,0 29,5 -30,0 Ca (ClO,),-6H,0+Ca (ClIO,) -NH (C_H OH),
Aép+Ca (C103)2-6H20+
46,8 19,4 33,8 42,0 Ca (CIO.).NH (C.H OH),
46,0 - 54,0 -40,3 Aéa+ Ca (ClO,) -6H O
43,7 21,0 35,3 47,4 Aép+ Ca (ClO,) -6H O+Ca (ClO,) -NH (C H,OH),
9,0 55,2 35,8 -43,6 Aép+Ca (ClO,) -NH (C H,OH),
4,0 63,9 32,1 -57,9 Aép+NH (C H,OH) + Ca (ClO,) -NH (C H,OH),
4,6 77,6 17,8 -26,8 NH (C,H,OH), +Ca (ClO,) -NH (C H,OH),
5,6 90,2 4,2 2,6 To xe
5,6 91,4 3,0 7,0 To xe
5,7 91,9 2,4 8,9 To xe
5,8 92,2 2,0 10,2 To xe
6,0 93,2 1,0 14,1 To xe
- 65,0 35,0 -56,2 Aép+NH (C H,OH),
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Kax BUAHO U3 IPHBEACHHBIX AAHHBIX B H3y4eHHOM CH-
CTeMe B KauecTBe HOBOI1 asbl obpasyercs Ca (ClO 3) NH
(C H 4OH) , CoeanHenve 06pasyeTcs Py BBeACHHHU XAO-
paTa KaABLMS B CHCTEMY, HACBIIEHHYIO AUSTAHOAAMUHOM.
MuHIMaAbHAS KOHIIEHTPAIIUS XAOPaTa KAABIIUS, BBI3bI-
Baromas obpasosanue Ca (CIO3)2-NH (CZH 4OH)2B cu-
creme — 4,0%, a amoTanoaamuna — 16,5%. CoepviHeHre
BBIACACHO B KPHCTAAAMIECKOM BHAE U HACHTHPUIINPOBA-
HO XMMUYECKUM, PEHTTeHO($a3OBbIM, TEPMOTPaBUMETPH-
veckuM 1 MIK-criekTpockomniraeckiM aHaAU3aMu.

XUMUYeCKUI aHAAM3 TBepPAON (asbl, BBIACACH-
HOV M3 mpeamoaaraemori obaacru Ca (ClO,), NH

NH‘(C2H4OH)Z: %

(CZH 4OH)2n0KasaA CACAYIOIIIME PE3yAbTATBI: HabAe-
H0,%: Ca* — 12,79; ClO,” — 53,419; C — 15,410;
H —3,532; N —4,491.

Anast coepnnenns Ca (ClO,),-NH (C,H,OH), Brr-
ancaeno, %: Ca* — 12,820; ClO,” — 53,526; C —
15,385; H — 3,526; N — 4,487.

Ilo pAaHHBIM peHTreHO($a3OBOro aHAAU3a, AUP-
PaKTOrpaMMa BBIAEACHHOTO COEAMHEHHS] OTAHMYAeTCsI
OT MCXOAHBIX KOMIIOHEHTOB, KaK 10 3HAYEHHIO MEX-
IIAOCKOCTHBIX PACCTOSIHUH, TaK U 110 UHTEHCUBHOCTSIM
AUPPAKIIMOHHBIX AUHHIL.

Ca(ClO,),2H,0

\ 14,1
\\- 1816 NHz(C:H:OH)2
10
80F
-30 %
-40 \\
=50
-56,2 ¢ 1
ol Ca(ClO,),-NH(C,H,0H),
40
20F
e Cl0,),\d o
\ 208040 5p
\Ca((:lo\s \ X )
H,O -‘6,3 272 ()68 l

PucyHok 1. MonuTepmunyeckas avarpamma pactsopumocTtu cuctemsl Ca (CIO,), -

80 Ca(Cl03)2%
NH (C,H,OH), - H,0
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PucyHok 2. PeHtreHorpammbl: Ca (CIO,), - 2H,0 (1), Ca (CIO,),-NH (C,H,0OH), (2)

Ha audpakrorpamme coepnnenns Ca (ClO,),-NH
(C,H,OH), Han6osee wnHTEHCHBHBIE AHPPAKIMOH-
Hble pe(AEKCH MPOSIBASIOTCS B OOAACTH YIAOB OT-
paxenus 4-14°. B To Bpems kak aas ucxopnoro Ca
(ClO,),-2H, O oHU cOOTBETCTBYIOT OBAACTH YIAOB OT-
paxenus 7-15° (puc. 2).

ITo panHBIM TepMoOrpaBuMeTpuYeckoro aHaausa Ca
(ClO,),-2H, O ipu 98 ° C MHKOHIPYSHTHO IIAABHTCS
B COOCTBEHHO KPUCTAAAU3AIIMOHHOM Boae. ITpu 178-
180 ° C ypaasiercst kpucrasausanuoHHas Bopa. Obe-
3BOXKEHHBIN XAOPAT KAABLYSI HAYMHACT Pa3AaraThCs IPH
aHAOTepMudYecKoM apdexTe 344-346 ° C, c mepexopoM
B 9Kk303¢PekT ¢ MakcumymoM npu 370-37S ° C. Kpu-
Bble HarpeBaHusa Ca (CIO3)2-NH (CZH 4OH)20TAI/I‘-Ia-

T, °C

400

300

200

100

~T,°C
400
300

200

100

IOTCS OT AePUBATOIPaMMBbI XAOpaTa Kaabmua. Ha aud-
depennmasbroit kpuoit Harpesarus Ca (ClO,),-NH
(C,H,OH), HabAI0AQ€TCSl OAMH 9K30TEPMIYECKHUIT ¢-
dext c Makcumymom ipu 250 ° C, KOTOPbIi XapaKTepH3y-
ercs pasaokeHueM coepnHenus. [To TT aepusarorpam-
MbI 0611ast yobIAb Macchl cocTaBaseT 81,96% (puc. 3).

AAsL yCTaHOBAEHHUSI MeCTa U CIIOCOO0B KOOPAHMHA-
ITMM MOAEKYA BBIAGACHHOTO COGAMHEHUS U3ydeHBI ero
HIK-cniexrpsr. MK-criekTp AnaTaHOAAMUHA IPEACTABACH
Ha pUCYHKe 4, KOTOPBIH COACPKUT BCe IPHCYIIHe eMy Ba-
AeHTHbIe 1 AepOPMAIIMOHHbBIE KOAeOAHNMS U COTAACYeTCSI
c auteparypubivu [ 11]. B 06aacTu 9acToT BaAeHTHbBIX
Koaebanmit cesisu NH 1 OH nmeroTcst HeCKOABKO IOAOC
TIOTAOIIIEHUSL.

] Am,%

20

40

60

80

10 20 30 40 T, MHH

PucyHok 3. lepusatorpammsl: Ca (CIO,),-2H,0(1), Ca (CIO,),-NH (C,H,OH), (2)

BpICOKOYACTOTHBIE KOACOAHHS B CIIEKTPE AMITAHO-
AamuHa 3360-3310 cM™' OTHeCeHbI K BAAGHTHBIM KOAe-
6anmsim OH-rpymmsl, cBS3aHHON BOAOPOAHBIMH CBSI-
35IMH, 4 9aCTOTa C MAKCUMyMoM 3215 cM™' BaaeHTHBIM
koaebanmsim N-H cssseitr. IToaocst 1654 u 875 cm ™! 06-
YCAOBA€HBI AePOPMAIIMOHHBIMH U BAAEHTHBIMU KOA€0a-
usimu N-H csiseit. [Toaoca 1280 cm™' npuHapAexuT

BaAeHTHBIM KoAebanmam CN, 1056 cMm™ BareHTHBIM
CO u f(OH) oaHOBpemeHHO.

IMupamupaasueiit CIO3-noH umeer yeTsipe GpyHAA-
MEHTAAbHBIX KOAebaHuU#t akTUBHBIX KakK B MIK-crexrpe,
Tak 1 B ciekTpe KP [11]. Cummerpundmsie BaseHTHbIE
koaebanmst ClO3-nona Ha MIK-criekTpe nCXOAHOTO ABYX
BOAHOTO XAOPATa KAABLIHSI HAMU OOHAPy>KeHBI B 00AACTH
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gacTor 985-955 cM ™!, a aHTHCHMMeTpUYHBIE BAACHTHbIE
KOAe0aHMsI 9TOro HoHa B obaactu 1025 cm™'. Aepopma-
noHHBIM KoAaebanusiM ClO3-1oHa COOTBETCTBYIOT Ya-
croTs 630,498 cm. [Toaoca moraomeHus, HabAIOAaeMbIe

B ob6aacTr yactoT 3420, 3190 1 1645 cm™' 06ycaoBAeHBI
AHTUCUMMETPUYHBIMY, CUMMETPHYHbIMA BAACHTHBIMU
AePOPMAIIMOHHBIMY KOA€OAHMAMU KPUCTAAAU3ALMOH-
HOM BOABL.
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PucyHok 4. UK-cniektpbi: Ca (Cl03)2-2H2 O (1), NH (C2H40H)2 (2), Ca (CI03)2:-NH (C2H40H)2 (3)

Ha HK-cmexrpe coepMHeHHS IO CpaBHEHHIO
CO CIIEKTPOM AUITAHOAAMHHA OCTAIOTCS 6e3 U3MeHeHHs
IIOAOCBI, COOTBETCTBYIOIIM€ BAACHTHBIM KOAeOAHMSIM
CH2-rpymmer 2930, 2820, 1400 cm'. TToaoca morao-
menust v(OH) nabaopaercs B o6aactu gacror 3350
3280 cm . ITo cpaBHenmio MK-crekrpoB cBo6oaHOTO
AMSTAaHOAAMHHA 9T [IOAOCA CMeljeHa B HU3KOYACTOTHYIO
obaactp Ha 10-30 cMm ™', uTo yKasbiBaeT 06 yyactun OH
TPYIIIBI Ha 00pa3oBaHue KOOPAMHAIIMOHHOM CBSI3H C HO-
HaMH KAABIIUSL

Koae6aumo v(NH),v(CN) uv(CO)+B(OH) B criex-
Tpe COeAUHEHHsI OTHEeCEHBI IIOAOCHI IIOTAOLIEHNUS TIPH
1580, 1100 u 1038 cm-1. [Toaoca noraomenus v(CN)
B CIIEKTpe COeAUHEHMUS CMelljeHa HA AAMHHOBOAHOBYIO

o6aactp Ha 23 cm . B IK-criekTpe coepnHeH s 4acTOTa
xoaebarmsiv (ClO,), v (ClO3) u§(ClO,) Habaropaercs
COOTBETCTBEHHO B 06AacTu 9acToT 947,920 1 466 cm.
Ornocureasno MK-cnexrpos Ca (CIO3)2-2H20 9TH IIO-
AOCBHI B CIIEKTpe COeAMHEeHHs cMelaeTcs Ha 32—38 cm-1
B HM3KOYAaCTOTHYIO 00AacTh. Takum 06pasom, B crek-
Tpe coeannenus noaock noraomenus v(OH), v(CN)
u v(ClO,) cmempaercs B HM3KOYACTOTHYIO 0GAACTD
II0 CPaBHEHHIO CO CIIEKTPAMHU CBOOOAHBIX MOAEKYA AU-
3TaHOAAMHHA U XAOpaTa Kaabius (puc. 4).

Takue usmeHeHust koaebareapnsix yactor B MK-
cnexrpax Ca (ClO,),-NH (C,H,OH), no-Buamimomy, 06-
YCAOBA€HBI y4aCTHEM B 00Pa30BaHUI KOOPANHALIIOHHbIX
cBsizelt aroma azota u kucaopopa CN, OH u ClO, rpynm.

Tabnuua 2. — KoadppuumeHTbl BbiCanMBaHUs U KOHCTaAHTa BCalnBaHUS
KOMMOHEHTOB B CUCTEME X/10paT KanbUusg — AM3TaHONaMUH — BoAda

Temm- ITonmwxeHue pact- ITospimenue pac- Koncranra Bca- KoaddpurmenTs
pa,°C | BOPHMOCTH XAOpaTa KaAb- | TBOPHMOCTH AUSTAHO- | AMBAHHSAXAOpaTa | BBHICAAMBAHMS AUITA-
IMS B IIPUCYTCTBUM AM9TA- | AAMHHA B IIPUCYTCTBUH | KAABIHA HA AUOTA- | HOAAMHHA Ha XAOpAT
HOAaMHHA,% XAOpaTa KaAbIus, % HOAAMUH KAAbITHS
-30 - 1,8 0,163 -
-20 2,9 1,7 0,157 0,103
-10 2,5 1,6 0,151 0,091
0 2,4 LS 0,143 0,084
10 LS 14 0,135 0,076
20 0,4 - - 0,016

OAHa 13 ocobernocrei PaCCManHBaeMOfI CHUCTEMDBI
BTOM, 4YTO B HeM Ha6AIOAaETCSI BbICaAMBaIoIce AeﬁCTBHe

AHI3TAaHOAAMHHA Ha XAOPAT KaAbIIMs M BCAaAHIBaromjee Aefl-
CTBHE ITOCACAHEI'O Ha AUOTAHOAAMHUH.
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Kax BUAHO 13 BEIYMCACHHBIX 3HAYEHUH KO3 P PHITHEH-
TOB BbICAAUBAHISI M KOHCTAHT BCAAMBAHUS B TAOAUI|E 2 9TH
3¢ $exThI C NOBbIIIEHHEM TEMIIEPATYPbl TOHMKAFOTCSL.

CoepnHeHHe OOHApy>KEHHOE B BOAHON CHCTeMe
C y4acTHeM XAOpaTa KaAbIMS U AUITAHOAAMUHA IIPeA-
CTaBAsIeT MHTEPeC B KadeCTBe AePOAUAHTOB XAOITYATHHKA
6Aaropapsi HAAMYHUIO B CBOEM COCTaBe PpU3HOAOTUYECKU
AKTHBHBIX XAOPATa U 3THAEHIIPOAYLIUPYIOLIErO KOMIIO-
HEHTOB. JTO 00YCAABAMBAET AAABHEHIIYIO PaspaboTKy
TeXHOAOTHH ITOAYYEHHS KOMIAEKCHOAEHCTBYIONIUX Ae-
$OAMAHTOB Ha OCHOBE MX AMarPaMM PaCTBOPHUMOCTH.

CoraacHO MOAUTEPMHIYIECKOH AMarpaMMe pacTBOPHU-
MOCTH TPOHMHOM CHCTEMbI XAOPAT KaAbIHS — AUITAHOAQ-

MUH — BOAQ AASL 00pa3oBaHus coepuHeHus cocrasa Ca
(CIO3)2-NH (CzH 4OH)20HTI/IMaAbH06 COOTHOIIIeHHEe
KOMIIOHEHTOB B BOAHOM cpeae siBasieTcst 1:1. B aopyrux
COOTHOIIEHHUSIX 3TO COCAMHEHHE ITOAYYAeTCS C IIpUMe-
CHIO XAOpaTa KaABIIMS U AUSTAHOAAMUHA. B BopHOI cpe-
A€ AMDTAaHOAAMHUH XAOPATa KAaABLIUS IOAy4aroT pu SO
° C U3 BOAHBIX PacTBOPOB, coaepxamux 58,0% xaopara
KaAbiusa U 29,4% ausTtanosamuHa. [Tocae oxaaxaeHus
noAy4eHHOTO pacTtBopa A0 0 ° C 1 GHABTpAIUH ITyABITBI
¢ coornomenuem T: XX = 1,0: 0,872 moayuennsie mpo-
AYKTBI TIPEACTABASIIOT CO00# HeAble KPHCTAaAAMYECKIe
BemjecTBa. Brixop Ca (CIO3)2-NH (CZH 4OH)2 COCTaB-
Astet 61,1%.
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From the history of development of classic colloid chemistry

(Message One)

Abstract: The historic analysis of the condition of colloid-chemical knowledge at different periods, establishment

of their objective critical evaluation and generalization of the research results with practical application of the
achievements of science in the national economy is the main task of research of the history of colloid chemistry
development.

Keywords: colloids, adsorption, solution, crystalloids, suspension, properties, structure, composition.
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N3 ncropum passutus K1acCUYe€CKom KOJITIONAHON XUMUN

(CoobuieHne nepsoe)

AHHOTaI[I/I}I: OcHoBHO 3aAaqe171 HCCAEAOBAHMA HCTOPUHU Pa3BUTHA KOAAOHAHOﬁ XUMHUHU SABASICTCA I/ICTOPI/I‘IECKI/Iﬁ
AaHAAN3 COCTOAHHUA KOAAOUAHO-XUMHYCCKUX 3HAHUH B Pa3AHNYIHbIE IEPHUOADL, YCTAHOBACHHE OCHOBHBIX HAayYHBIX Ha-
HpaBAeHI/Ifl B 9TUX HCCACAOBAHHAX C UX 00BEKTUBHOMN KPHTHHECKOfI OHEHKOfI, 0606meHne PE3YAPTATOB I/ICCAeAOBaHI/Iﬁ
C IPaKTHI€CKHUM HCIIOAP30OBaHHEM AOCTPI)KEHI/IfI HAayKH B HAPOAHOM XO3SHCTBe.

KaAroueBnie caoBa: KOAAOHAPDI, aACOp6LII/UI, PacTBOP, KPUCTAAAOHADI, CYyCIIE€H3H S, CBOfICTBa, CTpo€Hue, COCTaB.

Oco6eHHOCTH UCTOPHIECKOTO Pa3BUTHUSI KOAAOHA-
HOJ XMIMUH, 10 OOIeIIPUHSTHIM B UCTOPHUH AIOOOIT Ha-
YKH TEHAEHIIMSAM, CBA3aHbI B IIEPBYIO OYepeAb C TAKMMHU
PakTopamy, Kak:

— COLIMAAPHO-9KOHOMMYECKHE, IPOABASIOIUECS
BO B3aUMOCBS3H HAyKH M IIPOU3BOACTBA;

— IIPOTpecc MUPOBOM HAYKU;

— BHYTpeHHHe IOTPeOHOCTH CaMOil HayKH II0 Ha-
KOIIACHHUIO MaTepHaAd M HEOOXOAUMOCTD €r0 TeOPeTH-
4ecKoro 0606menus;

— HaAWYMe TAAAHTAUBBIX Y4EHBIX, IPOBOASIIMX CH-
CTeMaTH4YeCKUe UCCAEAOBAHUS B AAHHOM 00AACTH.

Hcropust pa3BUTHSI KOAAOHAHOM XUMUH B Y30eKu-
CTaHe HePa3phIBHO CBI3aHa C obmeit HUCTOpHUEN Pa3BUTHSA
KOAAOUAHOM XUMUH.

B o6uieit ucTopun pasBUTUS KOAAOUAHOM XMMHHU
H.A. Quryposckum [1] u T. Opaosckoii [2] BripereHo
$OpMAABHO TPU OCHOBHBIX ITEPHOAQ:

1) C APeBHOCTH ( 5000 aet A0 H. 3.) AO cepeau-
ub1 XVIII B.

2) MIEPHOA KAACCUYECKON KOAAOMAHOM XUMHH C Cepe-
aunbl XVIII B. o0 TpeTbero pecaruserus XX B.

3) MIEPUOA Pa3BUTHSA COBPEMEHHON KOAAOUAHON XUMHH.

ITepBblit mepuop OBIA CBSI3aH C BOSHUKHOBEHHEM XH-
MMH KaK AUCKYCCHOHHOM KaTeropuu (HayKH HAU HCKYC-
cTBa). DTO MOXHO IPOCAEAUTD IO BO3HUKHOBEHUIO XH-
MHMYECKOro pemecAa B Erunre B monsiTKax mpeppareHus
METAAAOB B 30A0TO, 10 MaTepHUaAaM 3aXOPOHEHHUS U Ha-
CcTeHHBIM pocriucsaM mupamug [ 3], B [penun — o coun-
nennsm Qaneca, [Iaarona u Apucroreas [4], 8 Kurae —
IO aHAAM3Y APeBHHMX KMTAlCKMX KPAacOK U Iopoxa [ 5],
B VHpun [6] 10 M3ydeHnIO HCTOPUU KEPAMUKH.

Caedyem ommemumu, umo 8 mpydax Byxapckozo epa-
ua Asuyennnt (980-1037 z2.) onucaro 6oree 800 eusecme
PACMUMEALHO20 U HUBOMHO20 NPOUCXONOEHUS, A MaKe
NpuU20mMosAeHuUe HACMOeK, MUHKMYP, 0meapos U maseil,
CBA3AHHBIX C UCNOAL30BAHUEM BEUYECTNE 8 KOAALOUOHOM CO-
CMOSHUU.

TakuM 00pa3oM, epBbIil EPUOA PA3BUTH KOAAOUA-
HOM XMMHH XapaKTepH3yeTCcsl HAYaAOM HeCHCTeMaTuye-
CKMX MCCAEAOBAHHI 10 IPAKTHYEeCKOMY HCIIOAb30BaHMIO
MaTepUaAOB KOAAOMAHOM IIPHPOADI B Pa3AMIHBIX peMec-
ASHHBIX IIPOU3BOACTBAX HA SMITHPHIECKOM yPOBHE. DTOT
MepUOA OAHU UCTOPHKH GOPMAABHO 3aBEPINAIOT UCCAL-
aoBaHusasMH M. B. AoMoHOCOBa, KOTOPBIiT U3yYaA TBEp-
Able KOAAOHAHBIE PACTBOPBL, Pa3paboTaA psia METOAOB
UX TIOAYYEHHsI, OCHOBAA IIPOU3BOACTBO IIBETHBIX CTEKOA
B Poccun Ha niepBoit YcTbpyAHULIKOI pabprke [7].

Apyrue ucropuxu [8] cuuratot, uto HapsAy ¢ Axa-
6up ubu Xaitssom (721-815) u ap-Pasu (865-925)
ABurieHHa OBIA IIOCAGAHHUM KPYIIHBIM y4eHBIM apab-
CKOTrO MHMpa, IIocae KoToporo Ha Bocroke HacTymmaa
IIOpa yIaAKa, yCKOPEHHOTO MOHIOAbCKUMU Haberamu.
W nenTp Hay4HOM MBbICAM TTepeMecTUACs B EBporry.

Bropoii meproa 1o aHaAM3y COCTOSHHS KOAAOUAHO-
XUMHMYECKUX IPEACTAaBACHUHN MOXKHO Pa3ACAUTD HA IIATh
9TAIlOB:

1) cepeanHa XVIII — cepeauna XIX BB.;

2) 18601880 rr;

3) xonen XIX B,;

4) nepsoe pecatuserre XX B.;

S) BTOpOE U TpeTbe AecsaTHAeTHE XX B.

Iepeviii aman (cepeauna XVIII — cepeaunna XIX BB.)
XapaKTepU3yeTCs 3apOXXKAeHHeM pa3sANYHbIX, He3aBUCH-
MBIX U, Ka3aA0Ch OBI, He CBSI3aHHBIX MEXAY CO0O0M HCTOY-
HUKOB OCHOBHBIX Pa3A€AOB OyAyIIeit KOAAOUAHOM XHMUK
Kak caMmocTosiTeAbHOU Hayku. Ha aToMm aTame MHOTHE
y4eHbIe B Pa3HbIX 00AACTSIX XUMUH, PUIUKH U OHOAOTHH
BIIEPBbIe ONMCAAM TUIIUYHbIE KOAAOUAHO-XUMHYECKHe
SIBA€HUSL.

IIpuBepeM HECKOABKO IPHMEPOB, IO3BOASIOIIUX
ITPOCAEAMTD, KAKO€ Pa3BUTHE TIOAYIHAO TO MAU HHOE OT-
KpbITHe 3TOro BpeMeHH. Hanpumep, oTkpbiTHe aHTANYA-
HuHoM P. BpoyHoM B 1828 1. 6pOYHOBCKOTO ABIDKEHHS
LIBETOYHOI IIABLIBI |9 | HEKOTOPBIMHU COBpEMEHHUKAMH
BOCIIPHHHMAAOCH KaK oImnOKa aKcriepumeHTa. 1 ToAbKO
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gepe3 60 aer B 1888 r. 'y, a 3aTem B 1900 1. Okcaep
BIIEPBbIE IIPEATIOAOKHUAN MOAEKYASIPHO-KUHETHYECKYIO0
IPHPOAY OPOYHOBCKOTO ABIDKEHUSL.

Yepes 80 aer B 1906 r. Cmoayxosckum [11-13]
u DitamreitHoM [ 10, 14-16] BrepBbie 65140 AQHO TeO-
perudeckoe 060CHOBaHHE OPOYHOBCKOMY ABIDKEHMUIO
U AOKa3aHa PEaAbHOCTb MOAEKYASIPHO-KUHETHIECKOTO
ABIDKEHMSI KaK CAEACTBHSI 6€30CTAaHOBOYHOTO U Xa0-
THYHOTO TETIAOBOTO ABIDKEHHS MUKPOYACTHI] CO CPeAHe-
KBAAPaTUYHBIM CMeIleHHeM.

OTO IIPOH30IIAO 32A0ATO AO TOTO, KAK ObIAA AOKA3AHA
PEeaABHOCTD CYI[eCTBOBAHHUS CAMOM MOAEKYABI, UTO CTa-
BHAOCDH TI0A COMHEHHE IITKOAON 9HePreTUKOB BO TAABE
¢ Maxom u OcTBaAbAOM.

B 1908 r. ITeppen [17] u B 1912 r. Cepbepr [18]
IIPOBEAH BCECTOPOHHIOI0 KCIIEPHUMEHTAABHYO IIPOBEP-
Ky Teopun OiHmTeNiHA — CMOAYXOBCKOTO, BIIepBbIe
OIIpEeAEAMB He3aBHCHMBIMU Iy TAMH YUCAO ABOTaAPO.

Bce ot paboThI IPUBEAH K TOPYKECTBY MaTepHAAU-
CTUYECKOTO MOAeKyAsipHOTO yueHus. Kpome Toro, pac-
cunTaHHOe CMOAYXOBCKMM U DHMHIITEHHOM COOTHOIIE-
HHe YCTaHABAMBAET CBSI3b MEXAY CPeAHEKBAAPATUIHbIM
CMeIeHHeM YacTHUIbl U KoapPuuueHToM AUPPysuu,
MaKpOCKOIIIYeCKOe OIMCAHIe KOTOPoil 66140 AaHO Pu-
KoM B 1855 1. B «AByxX 3akoHax A Pysuu Quka>. I10,
B CBOIO O4epeAb, 0OBEAMHIAO MAKPO- K MUKPOCKOIIHYe-
CKHe ONUCaHuA AUPPy3UH, AaBasi OCHOBY COBPEMEHHOM
TEOPUHU PAYKTYAITU U CTATUCTUYECKON GUIHKH.

OmnmrreiiH, Ileppen u Csepbepr cumTasm, 4To
He TOABKO KOAAOHAHBIIN PACTBOP, HO U IPy0ObIe CyCIIeH3UH
Y 9MYABCUU He OTAMYAIOTCS CYI[eCTBEHHO OT UCTUHHBIX
PacTBOPOB, KpOMe KaK BEAUYHHOH JaCTHI], TIOBEACHHE
KOTOPBIX IIOAYMHSETCS 3AKOHAM MOAEKYASPHO-KUHETH-
YECKOM TEOPHUH.

CaepyeT OTMETHTD, YTO HEKOTOPBIMH HCTOPHKA-
MH OCIApPUBAETCS BOIPOC O IMPUOPUTETE DHMHIITEHHA
1 CMOAYXOBCKOT'O B YCTAHOBAEHUH 3aBUCHMOCTHU MEXAY
CKOPOCTbI0 AUPPY3HU U pasMepaMu YaCTHUI] B KOAAOUA-
HbIX pacTBopax. Tak, E. C. Pockun B cratbe «K Bompocy
o npuoputere pycckoro ydeHoro H.I. bopmosa B ycra-
HOBAEHHU 3aBHCHMOCTH MEXAY CKOPOCTBIO AU PYy3un
B KOAAOMAHBIX PAaCTBOPAX M pasMepaMH HX YaCTHI[>
[19] ormeuaer, yto W.T. Bopmos omy6ankoBaa aTn
pacuerst B 1869 . [20], xoTs BO Bceit Hay4HOM AUTEpa-
Type, B y4eOHHKAX IT0 KOAAOHMAHOM XUMUH U y4eOHBIX
IIPOrpaMMax By30B IPUOPUTET OTAACTCS DUHIITEHHY
1 CMOAYXOBCKOMY.

Orxprrrue O. . Peiiccom B 1808 1. sBACHUIT 9A€KTPO-
dopesa n anexrpoocmoca [21-22] roabko B 1852 r. moay-
YHAO AOCTOMHYIO MHTepIIpeTanuio B paborax Bupemana

[23] u Kpunke [24], a Tawke B Tpypax [IuxToHa n Aun-
Aepa [25], 9T0 cocTaBMAO OCHOBY KPYIHOTO pa3AeAa KOA-
AOMAHOM XMMHU — «IJASKTPOKUHETHYECKHE SIBACHHS
U TEOPHUS CTPOEHHUS ABOMHOTO SACKTPUIECKOTO CAOST>.

Orxpsrrue T.E. Aosunem B 1789 1. aacopbuuu
u3 pactBopos [26] u Illeeae B 1770 . apcop6uuu ra3os
yraeM [27-28 ] IpUBeAO K PasBUTHIO HCCACAOBAHUII B OA-
HOM U3 BAKHENINX 00AaCTel KOAAOUAHOM XUMHUHU — aA-
copbuum.

TepMoAMHAMITIeCKIEe OCHOBBI IIPOLIECCa AACOP O
Ob1AU BriepBble paccunTasl B 1878 1. Axx. B. Tu66com
[29]. OHK OAOXKHAM HA9AAO TEOPUM MOBEPXHOCTHBIX
SIBAGHUH U HCCAEAOBAHHIO HX POAU B KOAAOUAHO-XUMH-
YeCKUX IMPOILeccaX, MO3BOAMAM PACCYUTATDH IAOIIAAD
1 AAMHY MoAekyA ITAB (cnupToB, OpraHMYecKHX KHC-
AOT U AP.), TOAIUHY 2ACOPOILIMOHHBIX CAOEB, AOKA3aTh
crpoeHre MoAekyA ITAB 3aA0AT0 AO TOrO, KaK 3TO 6bIAO
caeaano metopamu IKC, ATP, OTIP u . a.

Pa3sBUTHIO OCHOBHBIX Pa3AeAOB KAACCHYECKOH KOA-
AOUAHOM XMMHUM CIOCOOCTBOBAAM TAKXKE HCCAEAOBA-
uus lyabra (1882 r.) [30-31], Tapau (1900 1.) [32],
IIepoBa (1889 r.) [33], Teopus ceropaccesnus Pa-
aest (1890 r.) [34], Teopust kanuarspHOCTH Aamaaca
(1806 1.), orkpsitue Lisera (1903 r.) u Apyrue paboTst
[35].

Ho cranoBAeHMe KOAAOMAHOM XMMHUU KaK CAMOCTO-
SITEAPHOHN HAayKU HAYHMHAETCS, 10 MHEHHIO HCTOPHKOB,
c pabor T. I'pama, T. e. co BTOpOro 3Tarma.

Bropoit atan (1860-1880 rr.) oxsaTbiBaeT paboTht
anrangannHa T. [pama [36-37], ucropraeckas sacayra
KOTOPOTO 3aKAI0YAETCSI B TOM, YTO OH ITePBBIM IOIBITAA-
51 0606IUTh UMEIOIIKeCs K TOMY BpeMeHHU Pa3pO3HeH-
Hble KOAAOUAHO-XMMUYECKHEe CBEACHHS U KAACCUPHUITH-
POBaTh PACTBOPHI IO UX AUPPY3HOHHOM CIIOCOOHOCTH,
OCMOCY U AMAAU3Y Ha KPHCTAAAOUAHbBIE 1 KOAAOUAHBIE.
Kpucrassonmpapivu I'pam cunTas pacTBOphI HEOPraHH-
JEeCKUX COAel, a KOAMMOMAHBIMU OH Ha3bIBAA PaCTBOPHI
«0c000#t PpOpMbI»> U HEOOBIYHBIX CBOWCTB, CIIOCOO-
HbIe OITAAECITHPOBATh, AUAAUZUPOBATH, KOAI' YAUPOBAT,
UMeTb MaAy 0 AUPPY3HIO U OCMOC U T. A.

TUIUYHBIMU TPEACTABUTEASIMH KOAAOHAHBIX PACTBO-
POB, 110 MHeHHIO [PaMa, SIBASIAUCD KA€ETIOAOOHbIE PacTBO-
polL. Tax, BriepBble B UCTOPUU XUMHH OBIA BBEACH TepMUH
«Koaroup> (rped. «colla» — kaeit, «eidos» — Bup),
KOTOPBIH OCTAACS AO CHX ITOP, XOTSI 3HAYeHHe COBpeMeH-
HOM KOAAOUAHOH XMMHU KAPAMHAABHO H3MEHHAOCD.

Byaymee mnoxaxer, uro kaaccuukanmsa I'pama
Ha KOAAOMABI ¥ KPICTAAAOHADBI HeBEpHA, HO OHA IIOATBEP-
AVIAQ €TO TIPEACTaBAEHHE O CIIeIUPUIHOCTH KOAAOUAHDIX
PAacTBOPOB U HAAOATO OTIPEACAMAA Pa3BUTHE KOAAOHUA-
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HOM XMMHHU. DTO OTKPBITHE CHUCKAAO I'pamy MupoOByIo
M3BECTHOCTb U OQUIIMAABHO B yIeOHON U HAYYHOM AM-
TepaType OIPEeACAMAO HAa4aAO Pa3BUTHS KAACCHYECKOM
KOAAOUAHOM XUMHH C ero pabor B 1860 .

ITosiBAenue pabor I'pama, ero mepsast Kaaccuduka-
ITHs BEI[eCTB Ha KOAAOMADI M KPUCTAAAOHABIL, €T0 IepBast
TUIIOTe3a O CAOXKHOM CTPOEHHH KOAAOUAHBIX YACTHI] KaK
arperaTroB MOAEKYA CTUMYAMPOBAAH Pa3BUTHE HCCACAO-
BAHUIH 110 ITOAYYEHHIO KOAAOMAHBIX PAaCTBOPOB U U3y4e-
HHIO ITPUPOABI KOAAOUAHBIX YaCTHI].

Caeayer ormeTuts, uto A0 I'pama B 1845 1. Ceapmu
ob6Hapyxwua [38], uTo mpombiBanHme xA0pHAA cepebpa
IPUBOAUT K IENTU3ALMN OCAAKA U TIOAYYEHHIO 0COOBIX
PacTBOPOB, Ha3BaHHBIX UM <IICEBAOpacTBOpaMu>. MM
OBIAH [IOAYYEHBI < IICEBAOPACTBOPbI»> Cepbl, O PAMHCKOM
Aa3ypH, KpaxmaAa u Ap. BemecTs. F3-3a cucremariye-
CKMX HCCAAOBAHUM «IICEBAOPAcTBOPOB> MrasbsaHckas
IIKOAQ AOATOE BpeMs cunTasa CeAbMHU OCHOBaTeAeM KOA-
AOHUAHOM XUMUU.

B 1857 r. ®apaaeit ormucaA METOABI IIOAYYEHHS 30A€H
30A0Ta BBICOKOH CTEMeHH AucriepcHocTH [39].

I'poMOM OBIAM ITOAYYEHBI 30AM KPEMHUEBOM, BOAD-
$pamoBoit, ocPOpPHOM KHCAOT, TUAPOOKHCEH AAIOMH-
HUS, KeAe3a, xpoma [37].

B 1898 r. BpeAur moAyduA psip 30Aeit 6AATOPOAHBIX
METAAAOB METOAOM PacCIIbIACHHS dAeKTPOAOB, B 1903 .
AoTTepMo3ep — 30AM HEOPTaHUYECKUX BellleCTB [40].

B 1903 r. CBepbGepr ImpesAOKHA CHCTEMATU3HUPO-
BaTb METOADI IIOAYYEHHUS 30AeH M KAACCUPHUIIUPOBATD HX
Ha KOHAGHCAIMOHHbIE U AMCIIeprajuoHHble [41].

Pa3Burne paboT IO IIOAYYEHHIO KOAAOHAHBIX pac-
TBOPOB M M3YYEHUIO UX IPHUPOABI COIPOBOXKAAAOCH
AVCKYCCHEH MeXAY HPEACTAaBHTEASIMH <« CyCIIeH30HA-
HOI>» M «PAaCTBOPHOM > TEOPHUH B CBETE CYILIECTBYIOLIEH
B TO BpeMs KAACCUQHKAIIUN PACTBOPOB HA MCTHHHBIE
PACTBOPHI H CYCIIeH3HU.

OcHosbiBasich Ha pabotax Lllepepa [42], D6eara
[44], Boasenaepa [43] u Ap. IO OCaXKACHHIO CyCTIeH3HiT
aaexTpoanTamH, bapyc u IlIHaiiaep BRIABUHYAU BaXXKHOE
HIOAOKeHHe 00 OTCYTCTBHU PA3AHIUI MEXKAY CYCIIeH3H-
SIMU M UX TIOAHOH aHAAOTHH. TaK BO3HUKAQ «CYCIIEH30-
HAHAsI»> TEOPHSI KOAAOMAOB, KOTOPAst BCTPETHAQA Oy pHBIIT

OTIIOP CO CTOPOHBI IPEACTAaBUTEAEH <«PaCTBOPHOM >
Teopun — IlukToHa 1 Aunpepa [25], o6HapyXuBmHUX
3apsiA KOAAOUAHBIX YACTHI] U IIOAAEPKABIIHX TOUKY 3pe-
HIS [paMa 0 CAOXKHOM CTPOEHHMH KOAAOUAHBIX JACTHI]
U OAHOPOAHOCTH KOAAOMAHOTO PacTBOPA.

Criop MeXAY CTOPOHHUKAMH « PACTBOPHOM>» U «Cy-
CIIEH30MAHOM » TeOPUH CTPOEHHS KOAAOUAHBIX PaCTBO-
POB BTSTHBAA Bce HOAbIIIee KOAMYECTBO HCCAEAOBATEAETT
B HOBYIO 00AACTb HAYKH H CIIOCOOCTBOBAA pOPMHUPOBA-
HUIO OCHOB KOAAOHUAHOM XMMHH KaK CAMOCTOSITEABHOM
00AACTH 3HAHMIL.

OTOT 3Tanm KAACCHPUITPYETCS KaK TPEeTHUH ITall
BTOPOTO IIEPHOAA Pa3BUTHS KAACCHIECKON KOAAOUAHOM
xumuu (xoner XIX B.), AASL KOTOPOTo HauboOAee Xapak-
TEePHBIM SIBASIETCS CHCTEMaTHYeCKOe IIeACHAITPAaBACHHO
U3y4eHre KOAAOUAHOTO COCTOSIHUS BeIjeCTBa.

Tomac I'pam cumTaA, YTO KOAAOHMAHBIE JACTHIIBI ITPEA-
CTaBASIFOT CO0OI1 arperarsl MUKPOYACTHI] HAU AAAOTPO-
MUYeCKre MOAUPUKAITH [27].

B 1869 r.M.Bopuos B pabore «O cBoiicTBax
U CTPOEHHH KOAAOHMAOB, Y4aCTBYIOIIHX B 0Opa3oBaHUH
PACTHTEABHBIX ¥ SKHBOTHBIX OPTaHu3MOB>» [20] yKasbI-
BAaA Ha BO3MOYKHOCTb KPUCTAAAMYECKOTO CTPOEHHUS KOA-
AOMAHBIX YaCTHII.

Pa6oTsr Atob6aBuna [46 ] u Cabaneesa [45] B 1889 .
MIO3BOAMAM IO KPHUOCKOIIUH OTIPEACAUTD BEC KOAAOUAHBIX
YacTHil.

B 1890 r. A.11. MeHnpeAeeB MHCaA, YTO KOAAOHABI
SIBASIFOTCSL aMOPQHBIMU M CAOXKHBIMH 10 XHMHUYECKOMY
COCTaBy [47].

B 1904 r. I1. I1. BefiMmapH noka3aa, YTO OAHO U TO e
BEIECTBO B 3aBUCUMOCTH OT YCAOBHI1 MOXeT 06AaAaTh
CBOMCTBAMHU M KOAAOHAOB, I KPUCTAAAOHAOB, HATIpUME]P
XAOPHCTBII HATPUIL B O€H30A€ U B BOAE [48].

ITo BefimapHy, npaBHAbHEe TOBOPHUTD He O KOAAOHA-
HOM BeII[eCTBE, A 0 KOAAOMAHOM COCTOSIHHH BEI[eCTBa.

YcTaHOBUB Ha COTHSIX OOBEKTOB YCAOBHS ITEPEXOAA
AI0O0TO KPUCTAAAMYIECKOTO BeljeCTBa B CAMOM IIpoIjecce
ero 06pasoBaHMUS B IPEAEABHO AUCIIEPCHOE COCTOSIHIE
B COOTBETCTBYIOIel cpeae, BefimapH npoaeMoHCTpHpO-
BAA BCEOOIIHOCTD KOAAOUAHOTO COCTOSIHHSL B IIPHUPOAE
U TEXHHUKE.
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